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Foreword

Firms acting in an environment of rapid technological change are often dependent on
externally developing knowledge sources in order to generate radical innovations. This
pressing need of integrating external R&D sources has forced many firms to shift from a
Closed Innovation model to an Open Innovation model. In the chemical industry — as the
industry of focus in the present work — the innovative force slowed down in the last 20 years.
As a consequence, many chemical firms strive for implementing new forms of innovation
management and follow an innovation strategy that involves the external environment to a
greater extent. They implement the Open Innovation concept by setting up separated
organizational units (e.g. Degussa’s ‘Creavis Technologies & Innovation’ or BASF’s ‘Joint
Innovation Lab”), which focus on innovation projects that cannot be operated by their internal
R&D departments alone. However, many firms are facing difficulties during the
implementation. While the implementation effort often focuses on external ideas and

technologies and the processes to identify them, cultural challenges are neglected.

Given the actual relevance and increasing importance of the innovation culture in Open
Innovation settings, it is quite astonishing that this subject has not been addressed in research
on technology and innovation management so far. The dissertation of Philipp Herzog closes
this important white spot. Philipp Herzog develops a theoretical framework arguing that Open
Innovation and Closed Innovation cultures need to be different in many aspects. For example,
he argues that being infected with the not-invented-here (NIH) syndrome may not be
problematic in case of a Closed Innovation strategy. However, since sourcing knowledge or
technologies from outside the organization is a major building block of an Open Innovation

strategy, a NIH infection would be disastrous.

Philipp Herzog tests his hypotheses on cultural differences between Open and Closed
Innovation units by means of a multi-respondent empirical survey among 120 R&D
employees within three business units of a leading multinational company from the specialty
chemicals industry. He provides first empirical evidence for many of the hypothesized
differences in innovation culture between Open and Closed Innovation units. The empirical
findings as well as the applied approach to measure elements of innovation culture are
particularly relevant for firms that plan to implement or have already implemented an Open
Innovation strategy. They can easily identify gaps between the existing and desired state of
innovation culture and take adequate actions to close such gaps. Since (radical) innovation
projects are often long-term endeavors, the quantitative culture assessment is an attractive tool
to measure the impact and/or progress of Open Innovation initiatives. It can therefore be
applied as a very useful indicator for future innovation success.
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The theoretical and practical relevance of Open Innovation culture has been confirmed in
international conferences. Parts of the present work have been awarded “The Best Student
Paper Award” at the Conference of the International Society of Professional Innovation
Management (ISPIM) in Warsaw, Poland, 17-20 June 2007. I hope that this publication will
see the broad dissemination and considerable recognition that it deserves, both in the research

community as well as in corporate practice.

Prof. Dr. Jens Leker



Preface

In recent years, there has been increased awareness of both managers and researchers within
the field of technology and innovation management regarding the concept of Open
Innovation. The former ‘do-it-yourself’ mentality of Closed Innovation is no longer
sustainable in many industries. For example, in order to generate radical innovations or build
new business, firms are quite often depending on external ideas, technologies, or ways of
commercialization. This pressing need to integrate external R&D sources has prompted many
firms to shift from a Closed Innovation to an Open Innovation model, using external ideas and
knowledge in conjunction with internal R&D to achieve and sustain innovation. The broad
awareness of the concept of Open Innovation as well as its relevance and significance in the
academic community can be seen in several special issues of the leading journals within the
field of technology and innovation management. Although strategies, processes, or the role of
business models have been addressed in the Open Innovation literature, the evolving debate is
missing a key element: the people side of the equation. Since Open Innovation requires a
different way of thinking and a change in employees’ practices in dealing with ideas,
knowledge, or technologies, it is quite surprising that aspects of innovation culture have been
neglected so far.

The central objective of the present work is to shed light on the cultural aspects of Open
Innovation. A questionnaire-based empirical study into differences between Closed and Open
Innovation cultures constitutes the core of the present work. 120 employees from R&D within
three business units of a leading multinational company within the specialty chemicals
industry participated in the study. As the first large-scale empirical study into this area, the
present work not only diminishes existing white spots in research. Apart from contributing to
the literature on Open Innovation and apart from stimulating further research, the results of
the study also may be directly applied in corporate practice. That is, the results may help firms
cope with the difficulties and challenges experienced in the implementation of the Open

Innovation concept.

The present work is the result of my doctoral research project at the Institute of Business
Administration at the Department of Chemistry and Pharmacy, Center for Management
(CfM), University of Miinster. During the time of the doctoral research project, I was funded
by the Ministry of Innovation, Science, Research and Technology of the State of North Rhine-
Westphalia, whose support I gratefully acknowledge.

Though in the end, I am solely responsible for the creation of this dissertation, it is my
pleasure to thank various people for their support. Without their considerable tangible and
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especially intangible “investments”, the successful completion of this research project would
not have been possible.

I am greatly indebted to my academic advisor, Prof. Dr. Jens Leker, for coaching me during
the research project in an excellent way. He was the supportive and at the same time
challenging mentor who strongly influenced the quality of my thesis in a positive way. [ am
especially thankful for the academic freedom he provided and the valuable experiences I was
able to gain during my time at the institute. Moreover, I would like to thank Prof. Dr. Gerhard
Schewe from the Center for Management’s Chair of Organization, Personnel & Innovation,
University of Miinster, for co-advising my dissertation. I also thank Prof. Dr. Jens Leker,
Prof. Dr. Gerhard Schewe as well as Prof. Dr. Seren Salomo, Center for Technology,
Economics & Management (TEM), Technical University of Denmark, for publishing my
work in their scientific series “Betriebswirtschaftliche Studien in forschungsintensiven

Industrien”.

Furthermore, I thank all my former and current colleagues and friends at the Institute of
Business Administration for creating such an — in various ways — inspiring atmosphere. |
especially would like to thank Dr. Stefanie Bréring, Benjamin Niedergassel, Jan-Henning
Trustorff, and Dr. Dirk Mahlstedt. Steffi was a great help and played a significant role in data
collection for this research project. We have also co-authored several papers together, which I
greatly enjoyed. Ben was always available for discussing my emerging ideas (once in a while
in one of Miinster’s pubs). Both Steffi and Ben took the trouble to proof-read my manuscript
in its whole-length. They provided valuable comments for further improvement. Due to them,
1 was able to correct some more or less severe blunders. Jan-Henning was so kind to provide
an insight into his exceptional statistical knowledge, often during long-lasting tours with our
racing bikes. Dirk and I not only shared the same office but also the ups and downs of
academic research. Listening to his expert knowledge in soccer was always fun and a pleasant
distraction from daily work. Besides my colleagues and friends at the institute, I would like to
thank my aunt, Prof. Dr. Kerstin Stender-Monhemius, for being my personal advisor over the

years in all study and research issues.

Above all, I thank my girlfriend Rieke, who has been accompanying me along the way for
(almost) all the time, for her patience, encouragement, and personal support. Finally, my
greatest gratitude goes to my parents, Margarethe and Karl Herzog, who made all my
education possible. They generously supported and always encouraged me in an outstanding

way during all my endeavors. Thank you so much! To you I dedicate this work.

Philipp Herzog
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1 Introduction

1.1 Research problem

In the past, researchers and managers in the field of technology and innovation management
associated strong internal R&D capabilities with innovativeness. Ideas and inventions were
generated within the firm’s own research labs and further developed into commercial products
by the firm’s own engineering department. Eventually, the market diffusion of innovations
was driven by the firm’s own marketing and sales department via the firm’s own distribution
channels. Overall, firms only sporadically shared their innovative results with others as a
means to generate competitiveness.' The underlying opinion of innovation managers and
researchers was that “successful innovation requires control”.> This strongly self-reliant way
to innovate was coined Closed Innovation by CHESBROUGH in 2003.°

In the context of Closed Innovation, research in the field of technology and innovation
management has largely focused on finding the optimal innovation process which resulted in
a multitude of different process models with the stage-gate model probably being the most
wide-spread used concept.* Subsequently, portfolio management became the next major wave
in helping firms to improve their innovation management.’ Today, however, one cannot think
of research on technology and innovation management without thinking of Open Innovation,
a term also introduced by CHESBROUGH.®

Several reasons, such as stronger global competition, increased technological complexity, or
greater availability and mobility of highly skilled research & development (R&D) personnel,
have caused the former ‘do-it-yourself’ mentality of Closed Innovation being not longer
sustainable in many industries.” Firms have realized that the importance of overall control
diminishes. Instead, valuable ideas and technologies do not need to origin within the own firm

and the release of those ideas and technologies into the market does not need to be

' See Gassmann (2006), p. 223.

2 Chesbrough (2003c), p. Xx.

> See Chesbrough (2003c), p. xx.

*  See, for example, Rubenstein and Ettlie (1979); Kline (1985); Cooper and Kleinschmidt (1991); Clark and
Wheelwright (1993); Hart and Baker (1994); Cohen, Kamienski and Espino (1998); Song and Montoya-
Weiss (1998); Figueroa and Conceicao (2000); Cooper (2001); Crawford and Di Benedetto (2003).

In order to maximize the overall value of innovation projects, portfolio models help developing and
maintaining a balanced mix of innovation projects (e.g. in terms of high-risk vs. low-risk projects or long-
term vs. short-term projects) and ensuring alignment with the overall innovation strategy. See Cooper,
Edgett and Kleinschmidt (2001), pp. 26 f. For different portfolio models see, for instance, Brockhoft (1999),
pp. 213 ff.; Cooper, Edgett and Kleinschmidt (2001); Specht, Beckmann and Amelingmeyer (2002), pp. 95
ff.

®  See Chesbrough (2003c).

These and further reasons are discussed in detail in section 2.2.3.
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accomplished by the firm’s own activities. In order to generate radical innovations and/ or
build new businesses, firms are quite often depending on externally developing knowledge
sources. This pressing need to integrate external R&D sources has prompted many firms to
shift from a Closed Innovation model to an Open Innovation model, using external ideas

and knowledge in conjunction with internal R&D to achieve and sustain innovation.®

Open Innovation denotes, on the one hand, the use of external and internal knowledge sources
to accelerate internal innovation and, on the other hand, the use of external paths to markets
for internal knowledge.” However, many of the Open Innovation tools, such as licensing'’,
joint R&D agreements'', minority investments and corporate venture capital'?, or spin-offs'?,
were well known before the term took root in theory and practice. But Open Innovation is
more than just the sum of its parts. Open Innovation is a holistic approach to innovation
management as “systematically encouraging and exploring a wide range of internal and
external sources for innovation opportunities, consciously integrating that exploration with
firm capabilities and resources, and broadly exploiting those opportunities through multiple

channels”."

In corporate practice, the trend towards opening up the firm’s boundaries to outside
innovation seems to continue. As the latest annual survey of the Industrial Research Institute
(IRI) on R&D trends forecast revealed, firms expect a significant increase in the use of
outside resources.”” To put it another way, Open Innovation will continue being of major
importance for innovation management in corporate practice. For instance, firms plan to make
increasing use of licensing technology from and to other firms and to establish closer
collaborations with universities and research institutes.'® Furthermore, overall firm
expenditures on R&D are forecasted to have the largest growth that has been witnessed for

the last seven years. Yet, most of the R&D expenditure increase is planned for new business

See Chesbrough (2003c), pp. xxvi ff. In contrast to many other prominent management concepts, the
underlying principles of Open Innovation were first realized in management practice rather than induced by
academic research. Scholars (e.g. Rigby and Zook (2002); Wolpert (2002); Chesbrough (2003c)) later on
began to emphasize the opening of the firm’s boundaries to the surrounding environment during the
innovation process. Gassmann (2006), pp. 223.

®  See Chesbrough (2006b), p. 1.

See, for example, Atuahene-Gima and Patterson (1993); Tidd and Trewhalla (1997); Arora, Fosfuri and
Gambardella (2002):

See, for example, Arora and Gambardella (1990); Steensma and Corley (2000); Ritter and Gemiinden
(2003).

12 See, for example, Ernst, Witt and Brachtendorf (2005); Dushnitsky and Lenox (2005a); Dushnitsky and
Lenox (2005b); Markham et al. (2005).

B See, for example, Birkenmeier (2003); Lichtenthaler (2006).
% West and Gallagher (2006), p. 320.

'S See Scinta (2007), p. 17.

' See Scinta (2007), pp. 17 f.
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development while support of existing businesses and basic research are forecasted to
decline.'” This may be due to the fact that — parallel to managing their product portfolios —
firms also need to manage their set of competencies to create the basis for innovation
strategies.'® To be competitive, firms need to deepen their competence base in their current
technologies and markets. However, technologies and markets sooner or later mature. In order
to grow and stay profitable in the long run, firms therefore need to initiate new businesses.
This poses a huge challenge on the organization. On the one hand, firms need to focus on
their current business. On the other hand, they simultaneously need to identify, acquire, and
develop new competencies.”” To do so, firms open up their corporate boundaries to the
external environment. For example, they set up separated organizational units which follow
an Open Innovation strategy and which focus on innovation projects that lie outside the firm’s

core business or cannot be operated by the internal R&D departments alone.?

With the identification of its overall importance for innovation management, the Open
Innovation concept has developed itself as an own research area shortly after its first
introduction by CHESBROUGH in 2003. Since Open Innovation is a complex issue, various
research streams have contributed to the development of the field.?' Those different
perspectives include, for example, outsourcing of R&D, globalization of innovation, early
supplier and user integration, external technology commercialization and application, or the
role of the business model. Furthermore, Open Innovation can and should be analyzed at a
number of different levels, such as individuals, firms, dyads, interorganizational networks,
and nations or regions (Figure 1-1). An approach which distinguishes between different levels

of analysis can broaden the scope and deepen the understanding of Open Innovation.”

Although various research streams have contributed to research on Open Innovation and some
of the different levels of analysis have been addressed in previous studies, the evolving debate
is missing a key element: the people side of the equation. This seems paradoxical, since many
firms are facing difficulties during implementation of the concept. In a recent survey by Bain
& Company, Open Innovation received a satisfaction rating of only 3.7 out of 5, ranking it

7" See Scinta (2007), pp. 17 f.
See Broring and Herzog (forthcoming).

See Bakker, Jones and Nichols (1994), pp. 13 ff. New business development can be an effective process for
a firm to develop and acquire new competencies to build new businesses. See Vanhaverbeke and Peeters
(2005), p. 247.

2 See Broring and Herzog (forthcoming)

2! For a brief overview of the different research perspectives and their points of view, see Gassmann (2006),
pp. 224 f.

22 See Vanhaverbeke and Cloodt (2006), p. 277; Vanhaverbeke (2006), pp. 206 ff.
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15" out of 25 management tools.”® According to DOCHERTY, many firms pay too much
attention to external ideas and technologies or the processes to identify them.** Although
those technologies and processes are necessary, “[i]t’s just as important to focus on the

interpersonal, cultural, and implementation challenges” >

Individuals

te

Firms/ organizations

te

Dyads

te

Interorganizational networks

te

National/ regional innovation systems

Figure 1-1: Open Innovation and different levels of analysis®®

With regard to the different levels of analysis, much of the Open Innovation research has
focused on the firm level. The first level of analysis — the level of individuals — has not
received much attention in previous research on Open Innovation.”’ Since many firms seem to
struggle leveraging the commercial potential of technologies that have been developed
outside the firm boundaries, VANHAVERBEKE states that “it is interesting to analyze how
firms’ internal organization plays a role in improving the assessment and integration of
externally acquired knowledge””® The same applies to the external commercialization of
internal knowledge and technologies. Furthermore, as the above-mentioned definition implies,
Open Innovation requires a different way of thinking and a change in employees’ practices in

dealing with ideas, knowledge, or technologies. With regard to the research streams

2 See Bain & Company (2007), p. 3. The survey among executives assessed 25 different management tools. It

should be noted that the questionnaire used the term ‘collaborative innovation’ instead of Open Innovation.
However, both terms are treated synonymously.
# See Docherty (2006), p. 15.
» Docherty (2006), p. 15.
% Source: adapted from Vanhaverbeke and Cloodt (2006), p. 276.
2" Even the recently published book “Open Innovation: Researching a new paradigm” which was edited by
Chesbrough, Vanhaverbeke and West (2006) does not contain any chapter focusing on the level of
individuals.

% Vanhaverbeke (2006), p. 207.
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contributing to the field of Open Innovation, a change in a firm’s innovation culture

therefore needs to accompany the move towards Open Innovation.

1.2 Research questions and objective

Although there is widespread agreement that the Open Innovation model plays an
increasingly critical role in the management of innovation, little is known about innovation
cultures in Open Innovation settings. Whereas cultural requirements of Open Innovation have
been mentioned in the literature, there exists — to the best of my knowledge — no study that
empirically examines Open Innovation cultures. The thesis at hand attempts to fill this white
spot in research on Open Innovation. Thus, the following research questions are addressed:

(1) Which dimensions characterize an innovation culture?

(2) What are the special requirements for Open Innovation cultures compared to Closed
Innovation cultures, i.e., do both innovation cultures need to be different?

(3) If innovation cultures within Open and Closed Innovation environments need to be
different, which are the key cultural dimensions these differences refer to?

(4) If innovation cultures within Open and Closed Innovation environments need to be
different, is this supported by empirical evidence?

(5) In how far are these possible cultural differences caused by individual differences in
personality or motivation, and by organizational factors?

(6) Which implications can be drawn for research in technology and innovation
management as well as for managerial practice regarding innovation cultures in Open

and Closed Innovation settings?

By answering these questions, the study at hand will help diminish existing white spots in
research at the theoretical and at the empirical level. Apart from contributing to the literature
on Open Innovation and apart from stimulating further research, the results of the study may
be directly applied in corporate practice. That is, the results may help firms cope with the
difficulties and challenges experienced in implementation of the Open Innovation concept. In
view of the foregoing discussion, the central objective of this research is to make a

worthwhile contribution by shedding light on the cultural aspects of Open Innovation.

1.3 Outline of the thesis

In approaching the outlined research purpose, the present study consists of seven chapters and
is organized as shown in Figure 1-2. Following the introductory remarks in this first chapter,
Open Innovation and innovation culture as the two main components of the research problem
are illustrated in chapters 2 and 3. The intention is to frame the research problem and provide
a basis for the conceptual framework.
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The purpose of chapter 2 is to define Open Innovation and to give an overview of major
findings in prior research regarding different tools for technology sourcing and technology
commercialization. Although an extensive and rich literature exists on how to select
cooperation partners or how to assess the fit between different potential partners, this is
necessary, since it will facilitate argumentation during the hypotheses generation.
Furthermore, challenges involved with the organizational implementation of the Open
Innovation concept are discussed drawing on the notion of organizational ambidexterity.

Chapter 3 gives a detailed overview of the concept of organizational culture. Corporate
culture will be defined and its major models and typologies will be described. Afterwards,
innovation culture will be introduced as an important subculture of corporate culture.
Following an extensive literature review, the major building blocks of the innovation culture
concept are highlighted. Hence, chapter 3 answers the question of the key dimensions

characterizing the concept of innovation culture.

The outputs of both the detailed overview of Open Innovation given in chapter 2 as well as
the key building blocks of innovation culture derived in chapter 3 are incorporated into the
conceptual framework constructed in chapter 4. Building on the resource-based view, the
different elements of innovation culture are conceptually addressed, and hypotheses are
derived regarding cultural differences between Open Innovation and Closed Innovation

environments.

Chapter 5 is dedicated to the empirical analysis of the hypotheses that are formulated in
chapter 4. After the introduction of the overall research setting — the chemical industry — the
research design of the empirical study is laid out. Before hypotheses are tested, quality of
construct measurement is assured, and assumptions of the central test procedures, which are
analysis of variance (ANOVA) and analysis of covariance (ANCOVA), are checked. Finally,
the results of the hypotheses testing are presented.

The main results of chapter 5 are discussed and compared to other research findings in
Chapter 6. Furthermore, chapter 6 provides a detailed discussion of the study’s implications
for research and practice, and points out some major limitations as well as some future
research opportunities. The thesis ends with a summary of the major findings and the main

conclusions, which are both given in chapter 7.



2 Innovation and the Open Innovation concept
2.1 Definitions and dimensions of innovation

2.1.1 Innovation

Theory and practice of innovation management lack a clear and generally accepted notion of
the term ‘innovation’. On the one hand, literature on innovation management has created a
plethora of definitions. Depending on particular research issues, different criteria to describe
innovation have been used.” However, the scientific discussion is still far from reaching
common agreement. Corporate practice, on the other hand, reveals a similar picture.
Notwithstanding interfirm differences in defining innovation, even employees working within
the same department of a firm do not necessarily share the same understanding of the term

. .30 . . . . .31
innovation™, often confusing it with invention™ .

According to HAUSCHILDT AND SALOMO, existing definitions of the term innovation share the
following underlying aspects: Innovations are

= “qualitatively new products or processes which

» markedly differ ... from the preceding status”. >

HAUSCHILDT AND SALOMO further argue that an invention by itself is not yet an innovation.
Rather, an invention needs to be commercially exploited in order to qualify for the term
innovation. Thus, an invention must at least be introduced to market as a new product or be
used as a new process in production.*® Stressing the commercial use of any R&D endeavor,
this thesis follows ROBERTS who uses a slightly broader definition:

“Innovation = Invention + Commercial Exploitation” **

For a detailed overview of the different definitions of ‘innovation’ see Hauschildt and Salomo (2007), pp. 3
ff. Especially regarding studies on success factors for innovation, different definitions of innovation make it
difficult to compare and generalize research results. See, for instance, Hauschildt and Salomo (2007), pp. 6
f.; Leker (2005b), p. 50; Tornatzky and Klein (1982), pp. 31 f.

See Leker (2005b), p. 52. However, speaking a common language internally is a prerequisite for comparable
project evaluation, for instance.

According to Fleming and Serenson (2004), p. 910, an “invention comes either from combining
technological components in a novel manner, or through reconfiguring existing combinations”.

Translated by the author from Hauschildt and Salomo (2007), p. 7; bullet points by author.
3 See Hauschildt and Salomo (2007), p.7.

** Broring (2005), p. 11. See also Roberts (1988), p. 11 and Roberts (2007), p. 36 who does not use the word
‘commercial’ in his definition. Thus, the definition of innovation as used in this study explicitly stresses the
commercial use. Other new products or services that are not commercially exploited, such as new university
courses (e.g. business chemistry), are not considered here.
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Thus, innovations are not only bound to new products or processes which are directly applied
in the production process. Referring to the conversion of an invention into a business or other
useful application, i.e. commercial exploitation, this definition also allows for the inclusion of
licenses and other means to exploit inventions.*® These additional ways to commercialize

inventions play a considerable role in the concept of Open Innovation.

As a consequence of this broad definition of innovation, the literature on technology and
innovation management has come up with several classification schemes to distinguish
between various types of innovations. One of those classification systems refers to the degree
of innovativeness, which has drawn a great deal of attention in the literature.’® One
possibility is to differentiate between the two extreme types of innovation — incremental and
radical innovation. Both types affect the technological and market-related competencies of a
firm in different ways. Regarding the technological dimension, incremental innovations
build on the firm’s existing competencies and are characterized by minor technological
changes. Radical innovations are competence destroying, since they fundamentally change
the technological trajectory.’’ With respect to the market dimension®, incremental
innovations address the needs of existing customers. However, for the innovating firm,
newness to the customer is difficult to measure. Especially in the case of radical innovation,
fundamental changes in a technological trajectory can evoke new markets before customers
have articulated or even identified a need.** Moreover, innovations designed for new markets
often require significant organizational changes as well as significant departures from existing
activities, including new market insights.*’

2.1.2 Innovation process

While innovation is defined as the commercial exploitation of a new idea or invention, “the

process of innovation refers to the temporal sequence of events that occur as people interact

with others to develop and implement their innovation ideas within an institutional context”.*!

3 See Broring (2005), p. 11.

3 The construct of innovativeness has been analyzed in various studies, such as Schlaak (1999); Salomo

(2003); Broring, Leker and Rithmer (2006); Green, Gavin and Aiman-Smith (1995); Song and Montoya-
Weiss (1998); Danneels and Kleinschmidt (2001); Johannessen, Olsen and Lumpkin (2001); Garcia and
Calantone (2002)

3 See Tushman and Anderson (1986), pp. 440 ff.; Green, Gavin and Aiman-Smith (1995), pp. 203 ff.

3 A detailed overview of the market dimension as well as the technological dimension of innovation will be

given in section 2.1.4.

¥ See Broring, Leker and Riihmer (2006), p. 154.

% See Benner and Tushman (2003), p. 243. This has also been referred to as market-related absorptive

capacity as firms tend to reinforce existing marketing resources (e.g. distribution systems, brand

management) which leads to a certain rigidity. See Bréring (2005), pp. 270 ff. and section 2.3.2.1.

#1" van de Ven and Poole (1989), p. 32; emphasis in the original is in italics.
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But where does the innovation process begin and where does it end?*? An answer to this
question can be obtained by considering the fact that an innovation consists of two distinct
parts, the generation of an idea or invention and its commercial exploitation. Although
innovation literature has created many models to structure the innovation process®, there is
general agreement that it ranges from idea generation to commercial exploitation. The whole

process is composed of three main phases (Figure 2-1).*

Front end Idea realization
of innovation and development

Figure 2-1: Main phases of the innovation process

The first phase — also referred to as the front end of innovation® — includes all efforts aimed
at generating and selecting new ideas, as well as the assessment of their technology- and
market-related feasibility. Within the second phase, selected ideas are realized and developed.
This also includes testing and evaluating different alternatives of product functions and
designs. The third phase includes planning and execution of the broad-based utilization and
market diffusion of the development output.*®

Among the different conceptualizations of the innovation process, COOPER’S stage-gate
process has probably gained the most attention by both scholars and practitioners. The stage-
gate process breaks the innovation process into a series of discrete stages that are associated
with different cross-functional activities. A gate serves as a go/kill decision point where the
path forward to the next stage of the innovation process is decided.*” Stage-gate processes

2 This question refers to one of the four innovation dimensions proposed by Hauschildt and Salomo (2007), p.

7 ff. Besides the process or scope dimension (“where does it begin, and where does it end?”’), Hauschildt
and Salomo (2007), p. 8, also distinguish the content dimension (“what is new?”), the intensity dimension
(“how new?”), the subject dimension (“new for whom”?), and the normative dimension (“does new stands
for successful”?).

$ See Saren (1984) for a literature review of innovation process models. In accordance with the Anglo-

American literature on innovation and technology management, the terms ‘innovation process’, ‘R&D
process’, and ‘new product development process’ are used interchangeably in this thesis.

# See, for instance, Gerpott (1999), p. 52, who coins the different phases (1) idea generation and selection, (2)

idea realisation, and (3) idea commercialization. Koen et al. (2002), p. 6, use the terms (1) fuzzy front end,
(2) new product development, and (3) commercialization.

4 For a detailed analysis of the front end of innovation, see Bréring (2005) and Broring, Cloutier and Leker

(2006).
For a detailed analysis of the concept of market orientation during the commercialization phase and the
respective success factors, see Talke (2005).

47 See Cooper (1994), p. 4; Cooper (2001), pp. 130 f.

46



12 Innovation and the Open Innovation concept

with more or less modifications (e.g. different number of stages) have been implemented by
most chemical companies, such as BASF, Degussa, Dow, DuPont, Air Products & Chemicals,
or Eastman Chemical.*® Figure 2-2 shows the three main phases of the innovation process and

the related stage-gate pattern.

Discovery
‘|[dea screen’
y
Gate
Stage 1 Stage 2 Stage 3 Stage 4 5 Stage 5
‘Scoping’ ‘Build Busines ‘Development’ ‘Testing &

Case’ Validation’

Post-
launch
review

|:> Front end of innovation
D Idea realization and development
- Commercialization

Figure 2-2: Main phases of the innovation process and Cooper’s stage-gate process*’

2.1.3 Innovation strategy

It is well known and accepted in theory and corporate practice that innovation is crucial for
the long-term survival and growth of the firm. Therefore, firms should design and implement
an innovation strategy. Embedded in the overall strategy of the firm, the innovation strategy is
driven by the mission and vision as well as by the long-term objectives of the firm.*® As such,
it can be understood as a functional strategy like, for example, marketing or human resources

% See Runge (2006), p. 791.
4 Source: adapted from Cooper (2001), p. 130, and Bréring (2005), p. 30.
3 See Stuckenschneider and Schwair (2005), p. 767.
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strategies. However, an innovation strategy can also be a general commitment to innovation.

As a meta-strategy it would then embrace the overall business.”'

Besides the improvement and refinement of existing technologies and products, innovation
strategies also address the development of new technologies and competencies.’ This is due
to the fact that firms, on the one hand, need to exploit resources to generate rents for today
and, on the other hand, need to explore new fields of knowledge and technologies for the
future.”> Exploration, in this sense, “includes things captured by terms such as search,

variation, risk taking, experimentation, play, flexibility.”**

In contrast, exploitation includes
“refinement, choice, production, efficiency, selection, implementation, execution.”® In
addition to the exploitation versus exploration duality®®, the multiple objectives of innovation
strategies are also reflected in many, often opposing demands, such as incremental versus
radical innovation®’, continuous versus discontinuous innovation®, sustaining versus
disruptive innovation®, or commitment to well-defined innovation pathways versus flexibility
to hold innovation options open®.®! Since the first part of these dualities usually involves
relatively stable conditions with little uncertainty, a top-down and systematic approach — from
long-term objectives to the implementation of a specific innovation project — may fit. Such an
approach, however, may not be very practicable in situations of high ambiguity and
uncertainty, as it is typical for innovations represented by the second part of the
abovementioned dualities. Rather, several feedback loops are necessary due to the dynamic

and the strategic options which come along with new technologies.*

Regardless of its respective focus, i.e. existing technologies and products or new technologies
and competencies, innovation strategies need to direct innovation activities regarding

(1) the functions or requirements to be fulfilled by the innovation,

(2) the needed technologies to meet these functions or requirements,

1 See Vahs and Burmester (2002), p. 107 f.; Albers and Gassmann (2005), p. 5.
2 See Faems, Van Looy and Debackere (2005), p. 238.

3 See Broring, Leker and Rithmer (2006), p. 156.

* March (1991), p. 71.

3 March (1991), p. 71.

See also, for example, Cohen and Levinthal (1989); Tushman and O'Reilly (1996); Benner and Tushman
(2003); Danneels (2002).

See, for example, Dewar and Dutton (1986); Song and Montoya-Weiss (1998); McDermott and O'Connor
(2002).

See, for example, Veryzer (1998).

¥ See, for example, Christensen (1997); Danneels (2004); Govindarajan and Kopalle (2006); Henderson
(2006).

See, for example, Ghemawat (1991).

57

58

60

" n order to follow these different objectives of innovation strategies, different organizational arrangements

are usually necessary. These will be discussed in section 2.4.
2 See Afuah (2003), p. 351.
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(3) the markets to be targeted, and
(4) the required production processes.*

Hence, an innovation strategy is composed of two parts: the technological dimension and the
market dimension. The four aspects of an innovation strategy, as proposed by MAISSEU,
further address the ‘what’ and ‘where’ of innovation. However, no answer is given to the
question of ‘how’ to adopt the technologies that are needed for innovation. For instance,
technologies can be developed internally or sourced from outside the firm’s boundaries. The

latter alternative is a major building block of the Open Innovation concept.

Therefore, this thesis follows the definition by CLARK AND WHEELWRIGHT who also
emphasize the combination of both the technological and the market positioning of a specific
innovation. According to them, innovation strategy is “a plan for technology and a plan for
product-market position”.** The technological and the market dimension are discussed in the
following section.

2.1.4 Technological and Market Dimension of Innovation

DANNEELS points out that the two major tasks involved in product innovation are “to
physically make the new product ... and to sell that product to certain customers”.®> Whereas
the former part regards the technological dimension of innovation, the latter part addresses its
market dimension. Although DANNEELS specifically refers to product innovation, the
decomposition of innovation into a technology-related (invention) and a market-related part
applies to any R&D endeavor, which gets commercially exploited, i.e., it applies to any
innovation. Thus, the impact of both technologies and markets on innovation needs to be
addressed during the innovation process.®® The aspects constituting both dimensions will be
discussed in the following.

2.14.1 Technological dimension

Literature on innovation and technology management offers a multitude of different
definitions for the term technology. This is due to the very different forms technologies can
take.”” According to BROCKHOFF, technology is a system of application-oriented, but general

% See Maisseu (1995), p. 4.
#  Clark and Wheelwright (1993), p. 88.
% Danneels (2002), p. 1102.

% See Danneels (2002), p. 1004.

" See Arora, Fosfuri and Gambardella (2002), p. 3. Different forms of technology are, for example,

intellectual property (IP) or other intangibles (e.g. designs). A technology can further be a technical service
or be embodied in a product, e.g. as a prototype or an instrument (e.g. a computer chip) to perform certain
operations. Therefore, Arora, Fosfuri and Gambardella (2002), p. 3., do not define technology, but rather
treat it as an imprecise term that comprises useful knowledge, which is rooted in engineering and scientific
disciplines.
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relations of means to an end®, i.e. technology refers to basic knowledge, which is transformed
into useful applications.”” As regards the stage of technology, established and emerging
technologies can be distinguished. “Emerging technologies are those where

(1) the knowledge base is expanding,

(2) the application to existing markets is undergoing innovation, or

(3) new markets are being tapped or created.””

Established technologies are typically characterized by a well defined technology,
infrastructure, and industry, as well as by well-known markets and customers. In contrast,
emerging technologies are often ambiguous: standards are usually not available, the scientific
basis is uncertain, supplier networks are shaping, and market knowledge is scarce. Altogether,
firms need to cope with great uncertainty and complexity, keep up with a high rate of change,

1

and develop new competencies.”' Table 2-1 gives an overview of the differences of

established and emerging technologies and the appropriate managerial thinking and practice.

DAY AND SCHOEMAKER argue that managing emerging technologies requires an
organizational climate that allows for using external partners in order to fill in competence
gaps. Management also needs to emphasize diversity among innovation team members.
Individuals and teams working on emerging technologies might require different
compensation or recognition systems, and other motivational techniques.” Another important
aspect in coping with emerging technologies regards the intellectual property (IP) strategy.”
Whereas established technologies call for building up barriers and credible threats to avoid
imitation, IP management in a situation of emerging technologies must explicitly account
for sharing IP rights with external partners.”” Though patenting an invention is an important
incentive to engage in R&D, there are also some major limitations. For example, patents
disclose information that can trigger competitors to legally invent around a firm’s IP. Or, the
pace of technology development can be so fast that patents become irrelevant.”

% Furthermore, Brockhoff (1999), p. 27, distinguishes technology from technique. A technique is a realized

and applied element of a technology. Therefore, technologies can comprise many potential techniques.

% See Day and Schoemaker (2000), p. 2.

" Day and Schoemaker (2000), p. 2; emphasis by author.

"' See Day and Schoemaker (2000), p. 4.
™ See Day and Schoemaker (2000), pp. 9 ff.

3 For different patenting strategies and their respective relationship to firm performance see Ernst (1995).

™ For the general theme on imitation, see Schewe (1992) and Schewe (1996).
> See Gassmann and Bader (2006), pp. 187 ff.

" See Levin et al. (1987), p. 803; Winter (2000), pp. 247 ff.
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Table 2-1: Comparison of emerging and established technologies’

7

Domain

Established technologies

Emerging technologies

Environment/ industry

a) Texture
b) Feedback
c) Players

)

(
(
(
(d) Domain of play

Organizational context/
climate

(a) Mind-set/ routines

(b) Boundaries

(c) Decision making

Strategy making

Resource allocation
(a) Criteria

(b) Process and responsibility

(c) Monitoring

Market assessment
Development process

People management

Appropriating the gains

Manageable risk and uncertainty (a
few discrete outcomes define the
future)

Stable and predictable
Linear and structured
Familiar

Clearly defined

Accepted rules, known comfort
zones

Rigid, well-defined boundaries, with
a reliance on existing capabilities

Well-established procedures and
processes, conflict avoidance

Focus on gaining advantage and
leveraging resources, present
timetable “traditional” strategy tools,
convergent thinking

Traditional discounted cash flow/
pay-back period or shareholder
value creation

Well-specified procedures (explicit
risk/ reward trade-offs)

Clear yardsticks

Structured research in a defined
context, with known attributes,
identifiable trade-off and known
competitors; focus on primary
demand

Formal stage-gate process that
aims for replicability, defined steps,
fixed specifications, and time-to-
market pressure

Traditional recruitment, selection,
supervision, promotion and
compensation

Gains appropriated through
sustainable advantages based on
durability, causal ambiguity, barriers
to imitation, and credible threats

Volatile and unpredictable (no basis
to predict the future), high
complexity and ambiguity
Turbulent and uncertain

Causally ambiguous

New or uncertain

Formative/ evolving

No rules, conventional wisdom,
irrelevant or misleading

Permeable boundaries with an
emphasis on outreach, use of
patterns to overcome lack of
capabilities and a reliance on
external resources

Accelerated decision making that
puts a premium on constructive
conflict and intuition

Focus on creating a robust and
adaptive set of multiple strategies;
real time, issues-oriented process;
scenario development; divergent
thinking

Real options value; heuristic

Informal and iterative (small initial
commitments)

Seasoned judgment

Experimentation and probe-and-
learn approaches; latent-need
research; lead users analysis; focus
on secondary demand

Adaptive process for early-stage
development through
experimentation, carrying multiple
alternatives forward and elastic time
frame

Novel/ emphasis on diversity, rule
breaking, new compensation
systems, and so on

Gains appropriated through
mechanisms such as patents,
secrecy, lead time and control of
complementary assets

" Source: Day and Schoemaker (2000), pp. 10 f.
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2.1.4.2 Market dimension

Having discussed the technology dimension and the differences between established and
emerging technologies, the second constituent of innovation regards commercialization
issues. In general, innovations can be commercialized on either Business-to-Consumer
(B2C) markets or Business-to-Business (B2B) markets.”® Both markets differ significantly.
Table 2-2 shows the differences between B2C and B2B markets.

Table 2-2: Differences of B2C and B2B markets”

Business-to-consumer markets Business-to-business-markets
Type of demand Original Derived
Customers Individual persons Organizations
Busing behavior Rather based on emotional Rather based on rational
reasoning considerations
Buying decision making By individual persons By buying center
Product features = Usually less complex and less = Customized products and

technical services,
= Often standardized Specific requirements for certain
= Little or no expertise needed product specifications
= ‘Ready-to-use’ Involve to a greater extent
complex and technical features
Require qualified experts on

buyer side
Product advantages Are to a greater extent based on Clear technical product advantages
intangible emotional facts (e.g.
brands)
Buyer-seller relationship Usually = Individual customer organizations
= Anonymous are usually well-known
= Mass market = Close and long-lasting
relationships
Strategy Strongly market-driven Market- and technology-driven
Distribution system Retail Sales force
Market for technology Non-existent Very important as an alternative for

technology commercialization

Customers on B2B markets are — by definition — organizations. These organizations usually
base their buying decisions, which are determined by buying centers, on rational
considerations.® In contrast, B2C markets are characterized by individual persons whose
buying behavior is often based on a rather emotional than rational reasoning. Demand on B2B

7 In the following, the terms ‘B2B market” and ‘industrial market’, as well as ‘B2C market” and ‘consumer

market’ are used interchangeably. For a detailed discussion of these terms, see Backhaus and Voeth (2007).
" Source: own table based on Backhaus and Voeth (2007); Kotler, Pfoertsch and Michi (2006); Hultink et al.
(2000); Arora, Fosfuri and Gambardella (2002).
However, while this is certainly true in general, non-rational factors, such as brands, can also play a role on
B2B markets. Within the specialty chemicals industry, many players have established (ingredient) brands
(e.g. Bayer’s Makrolon® or DuPont’s Teflon"™). See Leker and Herzog (2004), p. 1185.

80
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markets is derived, i.e., demand is pulled through the value chain starting with the demand for
the final product. For example, a producer of silicon dioxide (SiO,) only faces demand for
that product because of the demand for PCs and related products.’ HULTINK ET AL. find that
strategies in B2C markets are mainly market-driven while firms acting on B2B markets also
put a strong emphasis on the underlying technology. B2C firms often launch incremental
innovations (e.g. product line extensions) to their current customers. Commercialization
strategies of B2B firms, on the other hand, aim at getting a foothold in new markets. By
focusing on new technologies, these firms proactively develop new products rather than
relying on imitating competitors’ products.®? Furthermore, B2C markets are often referred to
as anonymous mass markets, which are targeted by means of mass communication.*> On B2B
markets, however, firms usually know their customers and are engaged in close and long-
lasting relationships with them. They further customize their products and services to the
individual needs of their customers.** This is due to the fact that B2B products are often
integrated in larger systems. Thus, they require a high level of fine-tuning.*

Since B2B products are usually parts of larger systems on subsequent levels of the value
chain, technologies play a crucial role on B2B markets. While there is little demand for
technologies on B2C markets, firms acting in a B2B environment need to explicitly consider
the possibility of commercializing technologies. According to ARORA, FOSFURI AND
GAMBARDELLA, markets for technologies encompass “transactions involving full technology
packages (patents and other intellectual property and know-how), and patent licensing. Also
included are transactions involving knowledge that is not patented and perhaps not even
patentable (e.g. software, or many nonpatented designs) but excluding standard software site
licenses.”® Since firms do not commercially use all technologies they develop, licensing
technology and other technology-related transactions become a very important source to
generate additional revenues on B2B markets.*” Within the Open Innovation concept, markets
for technologies play a crucial role. The focus of this thesis is on the chemical industry and
therefore on B2B markets.

81 See Kotler, Pfoertsch and Michi (2006), p. 22.

82 See Hultink et al. (2000), pp. 11 ff.

% One exception refers to direct marketing practices where individual customers are known and directly

targeted.
8 See Backhaus and Voeth (2007), pp. 9 ff.; Kotler, Pfoertsch and Michi (2006), pp. 20 ff.
8 See Kotler, Pfoertsch and Michi (2006), p. 22.

8 Arora, Fosfuri and Gambardella (2002), p. 6.

8 For example, a start-up’s business model may be based on the mere development and licensing of a new

technology rather than on its manufacturing and commercialization, which require substantial resources. See
Arora, Fosfuri and Gambardella (2002), pp. 223 f.
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2.2 Closed and Open Innovation — definitions and underlying rationales

In 2003, CHESBROUGH stated that firms from various industries, from high-technology
industries in particular, fundamentally changed their way to innovate.*® These firms shifted
their innovative efforts from a Closed Innovation model to an Open Innovation model. Since
then, this so-called paradigm shift from a closed to an open model received significant
attention among scholars and practitioners.*® But what constitutes both innovation models?

2.2.1 Closed Innovation

The underlying assumption of the Closed Innovation model says that “successful innovation
requires control”.”’ It is a logic that is strongly internally focused, since it is not guaranteed
that others’ technologies or ideas are available and of sufficient quality. This self-reliance is
rooted in the following — admittedly slightly overstated — implicit rules of Closed

Innovation:”!

= A firm should hire the best and smartest people.

= Profiting from innovative efforts requires a firm to discover, develop, and market
everything itself.

= Being first to market requires that research discoveries originate within the own firm.

= Being first to market also ensures that the firm will win the competition.

= Leading the industry in R&D investments results in coming up with the best and most
ideas and eventually in winning the competition.”

= Restrictive IP management must prevent other firms from profiting from the firm’s

ideas and technologies.

Taken to the extreme, this means that a firm has to do everything by itself, beginning with
idea generation, development and production to marketing, distribution, service, and
financing. This implies that innovation projects (1) can only enter the innovation process at
the very beginning, (2) are developed using only internal resources and competencies, and (3)
finally can only exit the process by getting commercialized via the firm’s own distribution
channels. Once ideas or technologies are rejected or projects cancelled, they are stored and
collected in internal databases. Unless innovation teams pick up these ideas, technologies and

8 See Chesbrough (2003c), p. xx. These industries include, for example, computers, semiconductors,

information technology, pharmaceuticals, or biotechnology.

8 See, for example, the special issue of R&D Management (2006) ‘Opening up the innovation process’ and

the forthcoming special issue of the International Journal of Technology Management ‘Broadening the
Scope of open innovation’; see also Kirschbaum (2005); Huston and Sakkab (2006); Fetterhoff and Voelkel
(2006).

% Chesbrough (2003c), p. xx.

! See Chesbrough (2003c), p. xx.

For example, by using a meta-analysis approach, Capon, Farley and Hoenig (1990) find that dollars spent on

R&D have a particularly strong relationship with profitability.
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projects again at a later date, they remain unused.” Thus, the traditional funnel analogy is

appropriate here. Figure 2-3 depicts the Closed Innovation model for innovation

94
management.

\4

Innovation process

Collection of cancelled

™ mm " ideas,
boundary " concepts,
. " projects...
Internal

innovation ¥
projects

. Current

market

|:> Front end of innovation
|:> Idea realization and development
|::> Commercialization

Figure 2-3: Closed Innovation mode]
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As a result of such an inward-looking innovation model, many promising business ideas and

technologies will never be exploited. According to WOLPERT, this is due to two major

reasons: first, firms fear losing their intellectual property to other firms or organizations.

Second, there is likely no firm that knows what to do with every new research finding or has

all the necessary resources to execute all those opportunities.*®

93

94

95

96

See Chesbrough (2003c¢), pp. xx ff.; Chesbrough (2006b), pp. 2 f.

An evident analogy for Closed Innovation refers to a chess game. When playing chess, the player plans
several plays ahead of time. The player knows his own resources as well as those of the competitor. New
information about customer needs or technologies does not emerge during the game. The plays are in line
with the road map for future projects and fit the existing business model. Once a project, which was
originally evaluated as attractive, proves inferior to other projects, it is eliminated from the project portfolio.
Development then stops on that project. See Chesbrough (2003c), pp. 13 f.

Source: adapted from Chesbrough (2003c), p. 31.

Wolpert (2002), p. 80. Not being aware of every new opportunity refers to the problem of missing
absorptive capacity, which will be discussed in sections 2.3.1.1 and 2.3.2.1
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2.2.2 Open Innovation

Firms have realized that the importance of such overall control diminishes. Instead, valuable
ideas need not to origin within their firm and the release of those ideas into the market need
not to be accomplished by the firms’ own activities. That is, firms not only use internal ideas
and technologies as well as internal paths to market. They rather can and also should use
external ideas and technologies as well as external paths to market in order to advance their
innovation projects.”” In fact, innovation “[i]nitiatives must gain access to and leverage from
the insights, capabilities, and support of other companies without compromising legitimate

98
corporate secrets”.

In general, this approach to innovation makes the boundary between the firm and its
environment more porous, turning the former solid boundary into a semi-permeable
membrane. Figure 2-4 depicts the Open Innovation model for innovation management. In
contrast to the Closed Innovation model, the launch of an innovation project can be triggered
by either internal or external idea and technology sources. Those ideas and technologies can
enter the innovation process at any time by various means, such as technology in-licensing or
venture investments. Besides going to market by the firm’s own distribution channels,
innovation projects can be commercialized in many other ways as well, such as through spin-

off ventures or out-licensing.”

As such, Open Innovation therefore applies to all three phases of the innovation process (front
end of innovation, idea realization and development, and commercialization). During the front
end of innovation, firms externally search for problem solutions. For example, they look for
inventors or start-ups that can be the source for internal innovation. In the idea realization and
development phase, firms may license external IP or acquire external innovations, which may
have already been commercialized, but now offer new opportunities. Furthermore, firms may
also license their technology to others to generate additional sales. During the
commercialization phase, firms may spin-out technologies that have already been

commercialized via the firms’ own distribution channels.

According to the above-mentioned implicit rules of Closed Innovation, the underlying

rationale of Open Innovation is reflected in the following principles:'®

= A firm does not need to employ all the smart people, but rather work with them inside
and outside the firm.

7 See Chesbrough (2003c), p. xxiv.

% Wolpert (2002), p. 78.

% See Chesbrough (2003c), p. xxiv; Chesbrough (2006b), p. 2 .
1% See Chesbrough (2003c), p. xxvi.
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= Internal innovation activities are needed to claim some of the significant value which
can be created by external innovation efforts.

= In order to win the competition, it is more important to have the better business model
than getting to market first.

=  Winning the competition does not require coming up with the best and most ideas, but
to make the best use of internal and external ideas.'"!

= Proactive IP management allows other firms to use the firm’s IP. It also considers to

buy other firms’ IP whenever it advances the own business model.'”

Consequently, Open Innovation can be defined as “the use of purposive inflows and outflows
of knowledge to accelerate internal innovation, and expand the markets for external use of

103 . . . . .
19 However, Open Innovation is more than just using external ideas

innovation, respectively.
and technologies. It is a change in the way to use, manage, employ, and also generate
intellectual property. Thus, Open Innovation is a holistic approach to innovation management
as “systematically encouraging and exploring a wide rage of internal and external sources for
innovation opportunities, consciously integrating that exploration with firm capabilities and
resources, and broadly exploiting those opportunities through multiple channels”.'® This
definition explicitly includes cultural aspects accompanying the move towards Open
Innovation.'”® Having defined Open Innovation, the following section discusses some major
reasons for firms of various industries to shift from a Closed Innovation model to an Open

Innovation model.

1% This approach is fully embraced by, for example, Procter & Gamble. See Drake, Sakkab and Jonash (2006),

pp. 35 ff.

Taking up the aforementioned chess analogy, Open Innovation can be compared to a poker game. In
contrast to chess, each play in poker must be adapted to the latest information. Although the player knows
his resources, their values are uncertain. Furthermore, the competitor’s resources are not known. During the
game, new information emerges. The player has to decide whether to invest additional money to stay in the
game in order to see the next card. See Chesbrough (2003c), p. 14. Therefore, options for future business
fields need to be created and, thus, the business model needs to be expanded. Due to the more open dealing,
poker allows for managing innovation projects that have actually been eliminated by the conventional
procedure, and would never have been pursued. These eliminated innovation projects are made accessible to
the external environment. For the most part, the potential of these supposedly failed projects can be rightly
evaluated through ‘public’ assessment. Such projects can often be successfully commercialized by using a
different business model. In order to carry the poker analogy further, Cooper (2001), p. 13, provides a good
example (although he does not use it in the context of Open Innovation). Accordingly, one might say that
playing poker is nothing but luck. This is undoubtedly true to a certain extent, because the cards are dealt
randomly and, thus, each player has the same odds that he is dealt a winning hand. However, in the long-
run, the professional poker player will always win. This is due to the fact that the professional knows how to
bet, i.e. knowing when to bet high or low, and when to fold.

193 Chesbrough (2006b), p. 1.

1% West and Gallagher (2006), p. 320.
105

102

Interestingly, some aspects that have been considered necessary for successfully managing emerging
technology (see section 2.1.4.1) are similar to those required for Open Innovation; among those are the
notions of ‘permeable boundaries with an emphasis on outreach’ and ‘use of patterns to overcome lack of
capabilities and a reliance on external resources’.



Innovation and the Open Innovation concept 23
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Figure 2-4: Open Innovation model'*®

2.2.3 Reasons to follow an Open Innovation approach

Scholars and practitioners in the field of innovation management constantly stress the
importance to accelerate innovation processes while simultaneously reducing costs and
increasing quality.'”’ But do these factors automatically force firms to open their corporate
boundaries to the external environment, i.e., do they force them to adopt an Open Innovation
approach? Are there other factors that make the Closed Innovation logic obsolete, leading to

shifts in the internal-external balance of innovation management?

Technology intensity has increased in many industries, so that not even the most capable
R&D firms are able or willing to afford technology development on their own.'® HOWELLS,
JAMES AND MALIK state that the innovation process generally becomes more and more
complex. Today, many difficult and intractable scientific problems call for interdisciplinary

research. This in turn typically results in higher costs and risks of the innovation process.'”

1% Source: adapted from Chesbrough (2003c), p. 44.
197 See, for example, Leker (2005a), p. 569.

1% See Chesbrough (2003c¢); Gassmann (2006), p. 224.
19 See Howells, James and Malik (2003), p. 398.
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Therefore, it becomes more and more unlikely that a single firm can solely rely on internal
R&D to generate radical innovations.''® Furthermore, the market for technological knowledge
continues to develop. Many firms outsource routine research tasks to research partners or
contractors but are still reluctant to do so with critical technologies. However, the
technological knowledge market is highly dynamic and its actors are expected to play a

central role in the future.'"

CHESBROUGH also stresses the increasing capability of external
suppliers. He argues that firms can today draw on a much more developed external
knowledge base. Capable external suppliers can usually offer sufficient quality that may even
exceed the quality that a firm can achieve internally. Thus, firms do not need to perform every

function of the value chain on their own.'"?

The growing market for technological knowledge and the increasing capabilities of external
suppliers are strongly affected by an increasing availability and mobility of knowledge
workers. The increasing availability of well-trained and knowledgeable workers means that
more people are able to produce useful knowledge. It also implies that this useful knowledge
is widely distributed and located at suppliers, customers, partners, start-ups, consultants,
universities, or research institutes.'"® The increase in mobility of skilled workers leads to an
increase in knowledge diffusion and knowledge spillovers'™®. It has been shown by ALMEIDA
AND KOGUT that knowledge flows through career movements.''> Since highly qualified
workers are able to constantly migrate from one firm to another, working for the one with the
best offer, firms can tap that extensive knowledge and experience by simply hiring away
talent from other firms or even competitors. Thus, the individual’s knowledge, skills,
experience, as well as its informal network ties are brought to the firm at the time of hiring."'®
This phenomenon is most intense in Silicon Valley and exquisitely depicted by KIMBERLY
AND BOUCHIKHIL: “If loyalty was the glue that bound talent to firms in the past, intense
competition for knowledge-based assets is the lubricant which creates the nomadic context of
the present.”""” Hence, it becomes more difficult for a firm to appropriate and control its R&D

investments.''®

1% See Rigby and Zook (2002), p. 83.

"' See Howells, James and Malik (2003), p. 398.
12 See Chesbrough (2003c), p. 39 f.

'3 See Chesbrough (2003c), pp. 34 ff.

According to Afuah (2003), p. 71, spillovers “can be anything from basic scientific knowledge to
advertising ideas”.

'3 See Almeida and Kogut (1999), pp. 905 ff.
16 See Simard and West (2006), p. 224.
""" Kimberly and Bouchikhi (2002), p. 400.

Only few scholars have addressed technological knowledge drain through the movement of people in a
systematic way. See, for example, Fosfuri, Motta and Ronde (2001).
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One way to access the worldwide distributed and diversified knowledge is the use of
innovation intermediaries. The business model of idea brokers, such as NineSigma,
yet2.com and InnoCentive, is based on bringing together technology seekers and solution
providers. One major advantage is the comparatively low financial risk if the desired solution
to a problem cannot be found.'” Making use of this opportunity provided by yet2.com,
DuPont was able to find a licensee for an artificial soil technology — based on a newly
developed polymer — a technology that could not be used within DuPont. The biodegradable
polymer can be utilized in the form of in-ground fiber balls, providing an optimal balance of
water and gas supply for plant growth. In addition, the fibers can retain 20 to 50 times their
weight in water. These properties make the fiber balls ideal candidates for an application in
the transportation of plants, as a substantial reduction in shipping and handling costs can be
achieved. Furthermore, applications in regions with insufficient soil properties or a difficult
water supply could be possible. The company 6062 Holdings identified this market potential,
licensed DuPont’s technology and now actively pursues the commercialization.'?* Overall,
using intermediaries comes also with the major advantage of confidentiality. This facilitates
the exchange of sensitive innovation information between (even competing) firms without

revealing their identities as well as their interests and motives.'?!

In addition to the availability and mobility of highly skilled people, the growing presence of
private venture capital created significant risks to firms that heavily relied on internal
innovation. The large pool of venture capital has increased the tendency of individual
employees to establish their own or join existing start-up firms.'* Compared to established
companies, these start-ups usually offer more attractive risk-reward compensation packages.
Furthermore, university patenting has increased over the last few years due to, for example,
policy changes and growing funding by industry partners.'” One outcome of this trend
concerns university researchers who show increasing interest in capturing rents from their
research and thus set up start-up firms as well. Due to limited resources, start-ups are often

more inclined to search for external ideas and technologies than established firms.'**

19 See Herzog and Niedergassel (2007a), pp. 11 f., and Herzog and Niedergassel (2007b), pp. 532 f., who also
give some examples from the chemical industry on how to successfully use idea brokers in innovation

management.

120 See Herzog and Niedergassel (2007a), p. 11.

121 See Wolpert (2002), p. 82.

22 Today, it is much easier to receive venture capital than it was 30, or even ten, years ago. See Rigby and

Zook (2002), p. 83.

See Fabrizio (2006), pp. 134 f. A major driver of the growing patenting activities of universities is the so-
called Bayh-Dole Act. The Bay-Dole Act, which was enacted in 1980, allows universities to claim formal IP
right protection to their research results, which have been developed using federal government funds. Before
the Bay-Dole Act was enacted, university research results were considered to be wasted on the shelves of
university research laboratories. The goal was to encourage and support the commercialization of these
university research results. See Fabrizio (2006), pp. 134 f.

123

124 See Soininen and Hurmelinna (2005).
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Another factor that increases pressure on firms to seek outside support is the phenomenon of
industry convergence, which becomes increasingly relevant in some industries.'”
Convergence, defined as the blurring of boundaries between industries due to converging

value propositions, technologies and markets'?®

, can be observed in many industries and
triggers new inter-industry segments.'”” One current example concerns the convergence of the
marketing-driven food industry and the science-driven pharmaceutical and chemical industry,
which results in the new industry segment of nutraceuticals and functional foods (NFF). Here,
a company from the food industry usually has the marketing knowledge but might lack
sufficient technological knowledge in order to develop functionalized products based on
certain ingredient technologies (e.g. low-density lipoprotein (LDL)-cholesterol lowering food
products). To fill the knowledge gap, a company requires knowledge possessed in another

industry.'?®

Hence, new business models where complementary partnerships are formed can
play an important role.'” Opening up the corporate boundaries is usually indispensable in

such a situation.

Regarding the commercialization of internal ideas and technologies, CHESBROUGH states that
today there are many more options and opportunities for their commercialization that lie
outside the firm’s boundaries."*® In the past, ideas, technology and knowledge that could not
be internally commercialized were usually stored and collected in internal databases.
According to WEST AND GALLAGHER, this valuable IP either waits to be picked up again by
internal innovation teams or waits for its research proponents to leave the firm in order to
further advance it to the commercialization stage.">' For example, due to their mobility,
advocates of the stored IP could leave the firm to establish their own start-up financed by
venture capital. However, WEST AND GALLAGHER also refer to another, even more dangerous
possibility for IP to leave the firm. It could spill over to other firms that would eventually
benefit from it."*> So why not use external options for commercialization and, for example,

sell IP and in this way generate additional revenue?

However, these developments and trends do not generally apply to every industry and every

firm. Contingencies have to be considered in order to take into account context factors, which

12 See Herzog, Broring and Leker (2006), p. 6. See also Bierly and Chakrabarti (1999), p. 7.
126 See Choi and Valikangas (2001), p. 426.

127 See Broring (2005), p. 2. In general, the development of new technologies across different industry sectors

can lead to industry convergence. For example, recent developments in biotechnology have led to new
technology platforms crucial to different industries.

128 See Broring, Cloutier and Leker (2006); Herzog, Broring and Leker (2006), pp. 6 f.
129 See Gassmann (2006), p. 224.

139" See Chesbrough (2003c), pp. 38 f.

131 See West and Gallagher (2006), p. 319.

132 See West and Gallagher (2006), pp. 319 f.
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have implications for the organization.'**> As regards the management of innovation, this
implies that, depending on a special context, an appropriate approach to innovation has to be

identified."*

In a similar vein, SCHEWE argues that “it is imperative that innovation
management be aware of the context-related key factors, because only when these are known
can the management activities be oriented appropriately”.'*> Regarding the abovementioned
factors, following an Open Innovation approach is usually appropriate (a) in high-technology
industries or (b) when the focus is on emerging technologies. However, a survey by
CHESBROUGH AND CROWTHER found that firms across a wide range of low-technology or

mature industries also apply Open Innovation to a certain extent.'*®

2.3 Two aspects of Open Innovation — technology sourcing and technology

commercialization

As already mentioned, Open Innovation is based on two main pillars. One the one hand, Open
Innovation stresses the importance to use external technologies to advance internal innovation
projects. On the other hand, unless a firm decides to commercialize the outcome of an internal
innovation project via its own distribution channels, it should go to market via external
pathways. In both cases ideas, technologies or knowledge flow through the semi-permeable

corporate membrane.

To characterize the different flow patterns, GASSMANN AND ENKEL use the terms outside-in
(integrating external knowledge, customers and suppliers) and inside-out (selling IP and
bringing ideas to market by transferring them to the outside environment)."*” CHESBROUGH
AND CROWTHER use similar expressions. They distinguish inbound and outbound Open
Innovation."*® Whereas inbound Open Innovation denotes the practice of utilizing external
sources of innovation, such as suppliers, customers, or universities, outbound Open
Innovation refers to profiting from bringing ideas or technologies to market via pathways
that lie outside the firm’s boundaries. These pathways might be even located outside the

current businesses of the firm.

GASSMANN AND ENKEL further distinguish a third core process or archetype of Open
Innovation: the coupled process. The coupled process combines “the outside-in and inside-

133 For the contingency theory, see Lawrence and Lorsch (1967); Thompson (1967); Drazin and van den Ven

(1985); Donaldson (1987).

See Poole and van den Ven (1989), p. 641, who propose five immediate conditions, i.e. contingencies, that
apply to innovation processes: (1) whether natural or institutional rules prescribe the sequence of innovation
development, (2) degree to which innovation participants commit to the innovation process and its desired
outcomes, (3) innovation novelty, (4) complexity, and (5) resource dependence.

135 Schewe (1994), p. 25.

1% See Chesbrough and Crowther (2006), pp. 232 ff.
137 See Gassmann and Enkel (2004).

13 See Chesbrough and Crowther (2006), p. 229.

134



28 Innovation and the Open Innovation concept

out processes by working in alliances with complementary partners in which give and take is
crucial for success”.'*® Based on their empirical research, GASSMANN AND ENKEL conclude
that although all three processes are necessary to successfully embark on an Open Innovation
strategy, firms usually focus on one primary process while more or less integrating elements
of the others.'*” However, for the ease of illustration and discussion, this thesis only

distinguishes between inbound and outbound processes.

Although Open Innovation emphasizes the opening of the corporate boundaries to the external
environment, ideas, technologies and knowledge need not necessarily enter or leave the firm
through its boundaries. Internal innovation activities are still very important.'*" Besides
inbound and outbound processes of Open Innovation, this thesis also explicitly considers
internal innovation processes. In order to account for both external as well as internal
technology sources and commercialization opportunities, the following sections distinguish
between technology sourcing and technology commercialization as the two dimensions of
Open Innovation and discuss the different alternatives to source and commercialize
technologies.

2.3.1 Technology sourcing

The technology sourcing decision has traditionally addressed the firm’s choice to either
innovate internally or acquire technology from external sources.'*? Regarding both as extreme
alternatives, a firm then has to make a classical ‘make’ or ‘buy’ decision. However, the
increasing complexity of this decision and the growing need for interdisciplinary R&D
requires moving beyond the ‘make’ or ‘buy’ dichotomy.'* Furthermore, sources of
technologies are manifold. As a logical consequence, firms need to employ different
mechanisms to make these technologies accessible."** This thesis, therefore, follows the
definition of NICHOLLS-NIXON AND W0O. According to them, technology sourcing “refers to
the firm’s approach to developing new technological capabilities, both in terms of the use of
in-house R&D and through the use of external technology sourcing ‘linkages’ ... or ‘strategic
technology alliances’ ... such as R&D contracts, licenses, joint ventures, minority equity

13" Gassmann and Enkel (2004).

140 See Gassmann and Enkel (2004).
41 For example, absorptive capacity as the firm’s “ability to recognize the value of new information, assimilate
it and apply it to commercial ends” (Cohen and Levinthal (1990), p. 128) is needed to use external sources
of technology.

42 See, for example, Kotabe (1992); Noori (1990).

14 See Swan and Allred (2003), p. 485; Howells, James and Malik (2003), p. 397.

14 See Burgelman, Christensen and Wheelwright (2004), p. 150.
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investment, and acquisitions”.'** Hence, only institutional forms to access external technology

are considered here.!*®

In general, external sources for technology can be classified in acquisitions and different
forms of strategic alliances. A strategic alliance typically takes the form of an agreement
between two or more organizations to cooperatively achieve a shared strategic goal.'*’ In the
field of innovation management, this shared strategic goal usually refers to the co-
development of a new technology or product.'”® Since a great variety of different forms of
strategic alliances exist'®’, only the most common forms are discussed here. These are
licensing, joint R&D agreements, and joint ventures. Furthermore, corporate venture capital
(CVC) investments have received increasing attention in academic literature and corporate
practice and are of particular interest in the context of Open Innovation.'™® All these different
mechanisms for technology sourcing represent different levels of, for example, commitment
and reversibility.

However, previous empirical studies in the field of innovation and technology management
often do not differentiate among those different types of alliances. They rather focus on a
subset of two or three methods for external technology sourcing and the choice between them,
such as non-equity versus equity alliances or acquisitions versus alliances per se.'*' This is
due to the high degree of communality among different types of strategic alliances. Therefore,
VANHAVERBEKE, DUYSTERS AND NOORDERHAVEN state that it makes little sense to
differentiate among them.'*> However, since the empirical investigation of external
technology sourcing mechanisms is not part of this thesis, the most common ones — classified
into internal R&D, non-equity alliances, equity alliances, and acquisitions — are separately
discussed in the following.

145 Nicholls-Nixon and Woo (2003), p. 652.

146 Non-institutional forms, such as directly recruiting personnel from other firms (see, for example, Cappelli

(1999)), reverse engineering (see, for example, Dussauge, Hart and Ramanantsoa (1992)) or informal know-
how trading (see, for example, Schrader (1991); von Hippel (1987)), are not further described in detail.
47 See Dyer and Singh (2000), p. 360.

148 See Hagedoorn and Duysters (2002), p. 168.

149 For example, transitory alliances are a relatively new form of strategic alliances. Transitory alliances are set

up to complete “very narrowly defined tasks in a very short time frame”. See Duysters and de Man (2003),
p. 52. Other authors use the term ‘fruit fly” alliance to refer to this kind of alliance. See Spekman and Lambe
(1997).
159" See van de Vrande, Lemmens and Vanhaverbeke (2006), p. 354.
151 See, for example, Lambe and Spekman (1997); Hagedoorn and Duysters (2002); Vanhaverbeke, Duysters
and Noorderhaven (2002); Folta (1998); Steensma and Corley (2000); Yoshikawa (2003); Veugelers and
Cassiman (1999); Cassiman and Veugelers (2006).

132 See Vanhaverbeke, Duysters and Noorderhaven (2002), p. 717. In fact, Stuart (2000) found that
differentiating among types of strategic alliances leads to similar findings compared to an analysis of only
selected types of alliances.
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2.3.1.1 Internal R&D

Firms can conduct R&D in-house and build their own knowledge as well as develop their
own technology. Internal technology sourcing therefore depends on the internal R&D
capabilities of a firm. It requires the firm to commit significant resources to a specific course
of action. For example, investments have to be made in R&D employees, facilities,
equipment, and materials. These investments are usually costly to reverse.'® Internal R&D
can further be a time consuming and complex process compared with external sourcing

alternatives.'**

One major advantage of performing in-house technology development is, however, that it can
be a source of sustainable competitive advantage'> due to the accumulation of scarce
resources. A study by HERMES shows that managers regard internal R&D as the best mode to
ensure exclusiveness of knowledge exploitation.'>® However, according to BURGELMANN,
CHRISTENSEN AND WHEELWRIGHT, only the largest firms in R&D-intensive industries can
support the kind of internal R&D that can result in new technologies.'>” Does this imply that
other firms, which cannot support intensive internal R&D, should not make any investments
in internal R&D? Usually, the answer is ‘no’ since internal R&D is closely linked to the
ability to use external sources of technology. It has been shown that firms with a higher
degree of internal R&D are more inclined to external technology sourcing.'*® The underlying
reason is that internal R&D is closely related to the firm’s absorptive capacity.

Absorptive capacity is the firm’s “ability to recognize the value of new information,
assimilate it and apply it to commercial ends”.'® Thus, a firm needs to have prior knowledge
— built within internal R&D processes — in order to identify relevant technologies outside its
boundaries, or as ROSENBERG states: it takes “a substantial research capability to understand,
interpret and to appraise knowledge that has been placed upon the shelf”.'®® As such, internal

R&D is a major building block of a firm’s absorptive capacity.'®’

But absorptive capacity is
not only crucial for identifying and evaluating external technologies. It is also required to

implement these external technologies into the internal innovation process.

133 See Montoya, Zarate and Martin (2007), p. 162.
13 See Brockhoff (1999), p. 153.

'35 For a detailed discussion of sustainable competitive advantage, see Barney (1991).
13 See Hermes (1993), p. 181.

7 See Burgelman, Christensen and Wheelwright (2004), p. 150.

See Arora and Gambardella (1990), pp. 373 f. Concerning R&D investments, Gambardella could
empirically confirm that more R&D spending improves a firm’s ability to exploit external sources of
technological knowledge. See Gambardella (1992), pp. 405 ff.

159" Cohen and Levinthal (1990), p. 128.
190 Rosenberg (1990), p. 171.
181 See Nicholls-Nixon and Woo (2003), p. 652.
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2.3.1.2 Non-equity alliances

Non-equity alliances are controlled by negotiation rather than by hierarchy.'®?

They are based
on contracts between the participating organizations, and equity ownership is not part of the
relationship. Two common types of non-equity alliances are distinguished: (1) licensing and

(2) joint R&D agreements.

Licensing

Licensing is one of the most used methods to source external technology.'®

Licensing refers
to the exploitation of other firms’ intellectual property within a certain time frame. In return
for the grant of a license, the licensee (i.e. the firm that in-licenses the technology) has to pay
a fee plus a royalty based on sales. The typical license contract specifies the applications and
markets in which the technology may be used.'® The contract may also include subsequent
improvements in the technology. That is, it may give the licensor (seller) access to those

improvements.

The chemical industry has some standard templates for licensing contracts (for example,
offered by the Institute of Chemical Engineers in the United Kingdom), which are, for
example, frequently used in the polyethylene market. However, ARORA, FOSFURI AND
GAMBARDELLA note that these standard templates are often not sufficient to accommodate
complex issues and variations in commercial conditions.'® The major advantages of licensing
technology as opposed to internal technology development are speed of technology access,
less technology risks, and lower development costs. Within the chemical industry, the latter
one is least important compared with the benefit of fast technology access.'®® Potential
problems of technology licensing include the prior search for the appropriate technology and
licensor, and the loss of control of decision-making, which is due to restrictive conditions
'7 ATUAHENE-GIMA AND PATTERSON further state that many firms
are particularly concerned about the requirement to grant back subsequent improvements in

imposed by the licensor.

the technology. Thus, licensing often includes only components of a technology in order to

12 This refers to the definition of collaboration by Lawrence, Hardy and Phillips (2002), p. 282. However,

Lawrence, Hardy and Phillips’ definition also includes other collaborative activities, such as joint ventures.
163

See Tidd and Trewhalla (1997), p. 365. Studying the relative importance of different technology sourcing
strategies, Tidd and Trewhella show that about one third of the interviewed firms in-license external

technology. See Kern and Schroder (1977), p. 79, for different types of licenses.

1% See Tidd, Bessant and Pavitt (2005), p. 296. Regarding the chemical industry, the typical licensing

agreement consists of an up-front payment that ranges in the amount of 15 to 30 percent of the total value.
Also, the site of technology use and the production capacity are usually specified. Markets on which the
technology is to be commercialized are typically not restricted. See Arora, Fosfuri and Gambardella (2002),
pp- 20 f.

See Arora, Fosfuri and Gambardella (2002), p. 20. For the use of patents in the chemical industry, see also
Fosfuri (20006).

1% See Atuahene-Gima and Patterson (1993). pp. 327 ff.
17" See Atuahene-Gima and Patterson (1993), pp. 327 ff.
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allow for own improvements of the overall product or process that do not need to be granted

back to the licensor.'*® Besides licensing a patent, it can also be sold to other organizations.

Joint R&D agreements

Joint R&D agreements can come in a variety of different forms. In general, they comprise
agreements between firms or organizations to collaborate on the development of specific
technologies, products, or processes.'® The scope of joint R&D agreements can range from
dyadic relationships for limited projects to networks for industry-wide or inter-industry
collaboration.'” For example, in case of research-oriented collaborations, firms often
cooperate with universities and research institutes. Selected (lead) users'”" are often involved
in application-oriented collaborations. Process-oriented collaborations typically involve
suppliers.'”? But collaboration does not imply a lack of competition between organizations.
Hence, competing organizations may also decide to engage in joint R&D agreements if they
find that it is mutually beneficial. Joint R&D agreements involve the sharing of resources,
such as groups of engineers and scientist from each partner organization. Laboratories and

investment costs are also shared in some fashion.

In general, horizontal, vertical, and lateral cooperation can be distinguished.'”* Horizontal
cooperation refers to R&D agreements between firms that come from the same industry or act

on the same value chain level. Cooperation between competing firms is very common in the

175

case of emerging technologies. Most cooperation agreements focus on specific

technological subfields.'” Since emerging technologies are highly ambiguous and uncertain,
joint R&D agreements among competitors are a preferred means to reduce risk. In a pre-
competitive research setting, cooperation between rivals can assist in defining and setting

177

technical standards. However, since cooperation partners still compete in other

168 See Atuahene-Gima and Patterson (1993), pp. 327 ff.; Tidd, Bessant and Pavitt (2005), p. 299; Tidd and
Trewhalla (1997), p. 366. Overall, empirical studies have shown that firms that often in-license technologies
are also more inclined to and use more often the option of out-licensing own technologies. See, for example,
Ford (1985).

19 See Contractor, Kim and Beldona (2003), p. 505.

170 See Ritter and Gemiinden (2003), pp. 691 ff.

"I The term ‘lead user’ was coined by von Hippel. “Lead users are users whose present strong needs will

become general in a marketplace months or years in the future.” von Hippel (1986), p. 791. Lead users are
highly motivated to contribute to innovative endeavors, since they usually seek to fulfill their needs.

72 See Rithmer and Leker (2005).

13 See Hagedoorn and Osborn (2003), p. 530.

174 See Contractor and Lorange (2003), p. 5; Sydow (2004), columns 1545 f.

!> The coexistence of cooperation and competition has been coined ‘co-opetition’ by Brandenburger and

Nalebuff (1996).

See Arora and Gambardella (1990), p. 364. In high-technology industries, such as biotechnology or
pharmaceuticals, joint R&D arrangements often focus on in-depth research efforts. See Hagedoorn and
Osborn (2003), p. 530.

77" See Teece (1992), p. 12.
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technological subfields or markets, each partner usually focuses on its own set of competing
objectives. Hence, technological knowledge flows might be limited due to the fear of

knowledge leakage and opportunistic behaviour of the partner firm.'”®

In contrast, cooperation across value chain levels, i.e. cooperation with suppliers and
customers, is called ‘vertical’. TATIKONDA AND STOCK argue that the sourcing firm does not
always fully understand the technology it receives from its supplier.'”® Therefore, the firm
might engage in collaboration with a supplier in order to facilitate new technology
incorporation in the end product, which could finally lead to an end product innovation.
Regarding joint R&D with customers, firms aim at understanding the customers’
technologies. A possible driving force is the design of system solutions in order to enhance
customer loyalty and establish switching barriers. These barriers arise when customers

180 Nevertheless, vertical

increasingly depend on the supplier’s technological know how.
cooperation often refers to exploiting established technologies rather than exploring emerging

technologies.

Lateral cooperation exists in case of collaborative R&D activities with universities and
research institutes. According to ARORA AND GAMBARDELLA, R&D agreements between
firms and universities or research institutes typically focus on basic research activities.
Usually, university research is financed by the collaborating industry partner. That way, firms
can learn about the basic knowledge in the respective field and usually have the privilege to
license any R&D endeavor made within the cooperation.'®! R&D collaborations with
universities and research institutes offer another benefit: they are sometimes supported by
government or EU funds. For example, Degussa — the world’s largest supplier of specialty
chemicals — receives public funding for its science-to-business (S2B) center ‘Nanotronics’
which is part of Degussa’s new business development and Open Innovation unit Creavis
Technologies & Innovation. Besides corporate funding, the S2B center ‘Nanotronics’
involves public funding from the European Union and different national sources (e.g. from
German Research Foundation (DFG), or Federal Ministry of Education and Research

78 See Steensma and Corley (2000), p. 1048.

17 See Tatikonda and Stock (2003), p. 446.

'8 For switching barriers see Backhaus and Voeth (2007), pp. 406 ff. Switching barriers are an important

aspect in the specialty chemicals sector. BASF Coatings, for example, realized that car manufacturers not
only need paints but completely painted cars. Accordingly, BASF Coatings no longer sells paints, but
manages entire paint shops for customers like Mercedes-Benz. By coordinating other paint suppliers and
suppliers of paint shops, BASF Coatings’ business model is now based on ‘price per painted car’ instead of
‘price per ton of paint’. BASF Coatings created a complex and customized solution, which not only
increased quality of painted cars but also decreased usage of paint, leading to higher margins. The required
know how for the efficient operation of those paint shops represents a strong switching barrier for the car
manufacturer. See Leker and Herzog (2004), pp. 1187 f.

181 See Arora and Gambardella (1990), p. 364.
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(BMBF)). In the S2B center, Degussa works closely together with academic and industry

partners. 182

Besides focusing on specific technologies, products, or processes, joint R&D agreements also
have a specific timetable, which is usually medium to long term, and involve medium levels

of commitment and reversibility.'*?

2.3.1.3 Equity alliances

Equity alliances are based on equity ownership. Three common types of equity alliances are
distinguished: (1) minority investments, (2) corporate venture capital investments, and (3)

joint ventures.

Minority investments and corporate venture capital investments

According to DUSHNITSKY AND LENOX, corporate venture capital (CVC) investments are
commonly referred to as consisting of “minority equity stakes in relatively new, not publicly
traded companies that are seeking capital to continue operation”.'™ In other words,
established firms invest in entrepreneurial and innovative start-up firms. Some authors'®
distinguish between CVC and minority investments. Both terms differ according to the
involvement of a mediating unit. Minority investments are typically carried out directly by the
firm itself. In contrast, CVC investments are carried out by a legally separated corporate
venture capital unit which is created by the firm and endowed with an investment budget.
That is, the interaction of the firm and the new start-up is mediated by the CVC unit.'®
However, both direct minority investments and CVC investments rely on investment in a
start-up firm. For the ease of illustration and discussion, this thesis uses both terms

interchangeably.

A major motivation for CVC investments, literature often refers to, is the so-called ‘window
on technology’."¥” Using CVC investments enables the firm to closely monitor technological
developments, particularly in the early stages.'*® CVC creates the opportunity to learn about

182 See Broring and Herzog (forthcoming).

See Contractor and Lorange (2003), p. 5; van de Vrande, Lemmens and Vanhaverbeke (2006), p. 355.
'8 Dushnitsky and Lenox (2005a), p. 948.

185 See, for example, Ernst, Witt and Brachtendorf (2005); Schildt, Maula and Keil (2005).

'8 See Ernst, Witt and Brachtendorf (2005), p. 233; Schildt, Maula and Keil (2005), p. 497.

'87See Roberts and Berry (1985), p. 7.

'8 See Markham et al. (2005), p. 52; Arora and Gambardella (1990), pp. 366 f. A study by Ernst, Witt and
Brachtendorf among 21 German corporate venture capital investors revealed the following priority of
objectives of CVC activities: (1) window on technology, (2) enhance ability to innovate, (3) create new
business unit, (4) promote entrepreneurship, (5) return on investment, (6) improve corporate image, (7)
improve company value, (8) make use of non-strategic IP know-how, and (9) open new markets. See Ernst,
Witt and Brachtendorf (2005), p. 238.

183



Innovation and the Open Innovation concept 35

emerging technologies, while simultaneously involving a relatively low level of commitment.
Moreover, the investing firm does not only have the opportunity to learn, but also the
privilege to later enter the emerging technological field. Hence, CVC provides the option to
defer commitment of significant resources.'® This is of particular importance in case of
emerging technologies where it is not clear, which ‘goose will lay the golden egg’, and where
a specific technology can turn out to be of little value.'”” If the technology does not develop as
ex ante expected or hoped for, the minority equity stakes can usually be easily sold. Thus,

CVC investments are highly reversible."”!

While being privileged to enter a technological
subfield at a later date, however, CVC investments provide only modest control over the new
venture. This can be attributed to significant information asymmetries between the new

venture and the investing firm.'*?

Finally, a major advantage of CVC investments over joint ventures should be mentioned.
While joint ventures allow firms to access only those technologies and technological
capabilities brought to the venture by the partnering firms, minority investments as well as
corporate venture capital investments expose the full portfolio of technologies.'

Joint ventures

Joint ventures involve the creation of an independent organization in which two or more firms
own equity. This implies a relatively high commitment for the participating firms. In general,
each firm brings specific capabilities to the joint venture that the other firm does not have.
ROBERTS AND BERRY offer a framework — the familiarity matrix — that accounts, on the one
hand, for the degree of familiarity with the underlying technology and, on the other hand, for
the degree of familiarity with the market.'” For example, a firm is familiar with the
technology, i.e., it has the technological capabilities. However, it is not familiar with the

'8 Thus, the corporate venturing approach can be interpreted as a real options approach. McGrath and

MacMillan (2000), p. 35, define a real option as being “analogous to a financial option contract; it is a
limited-commitment investment in an asset with an uncertain payoff that conveys the right, but not the
obligation, to make further investments should the payoff look attractive.” Real options take many forms,
such as the option to defer an investment or the option to abandon an investment. For an overview of the
different forms of real options, see, for example, Perlitz, Peske and Schrank (1999), pp. 255 ff. With regard
to technology and innovation management, a firm may make a small investment in an emerging technology
(i.e. a CVC investment) that later on provides the opportunity to make larger investments and gain the
returns through commercializing the technology if technology development was successful. In that case, the
option price is usually the initial investment in the technology. The exercise price then is the cost of
commercialization. See Hamilton (2000), p. 274. For the use of the real options approach in technology and
innovation management, see, for example, MacMillan et al. (2006); McGrath and MacMillan (2000); Smit
and Trigeorgis (2006); Perlitz, Peske and Schrank (1999); Hartmann and Hassan (2006); Hamilton (2000).

190" See Folta (1998), p. 1008; Dushnitsky and Lenox (2005a), p. 948; Roberts and Berry (1985), p. 7.

11 See van de Vrande, Lemmens and Vanhaverbeke (2006), p. 355.

192 See Markham et al. (2005), p. 50; Dushnitsky and Lenox (2005a), p. 949.

1% See Folta (1998), p. 1021.

See Roberts and Berry (1985). The degree of familiarity with technology and market is basically
complementary to the degree of technology risk and market risk, respectively. See Brockhoff (1999), p. 167.
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market in which the technology is to be commercialized. Thus, the firm can find a partner
firm that has the necessary market capabilities. The joint venture then combines the
technological capabilities of one firm with the market capabilities of another firm."”® In 1997,
for example, the chemical firms Cargill and Dow formed the joint venture Cargill-Dow to
develop and commercialize plastic from corn to be used in the conventional plastics industry
instead of the traditional petroleum feedstock. Whereas Cargill brought the initial technology
around lactic acid and polylactic acid to the table, Dow provided the market access.'”® As far
as relationships between established firms are concerned, joint ventures are more relevant

. . . 1
than minority investments.'”’

Joint ventures are advantageous when innovation projects increase in size and scope and
capital stakes involved are large.'”® Pursuing a joint venture is further advised when
exclusivity of technology ownership is critical to achieve competitive advantage. Since
knowledge flows and coordination between firms may be critical in technology sourcing
endeavors, joint ventures also enable smoother information flows and enhance coordination
and control.'”” According to KALE AND PURANAM, joint ventures provide a unique balance
between costs and benefits in the context of external technology sourcing.’”® However, the
inherent organizational risk — including, for example, the dependence on new organizational
structures or external partners and a lack of fit with capabilities’™ — might be a major reason
why more than 50 percent of all joint ventures fail to achieve their goals.*® This might also be

a reason why only a minority of firms uses joint ventures to source external technology.””

Strictly speaking in the context of external technology sourcing, however, joint venturing
would only be relevant for firms that miss the technological capabilities. But since those firms
possess the market capabilities, they can as well in-license the technology if they also have
the absorptive capacity to realize the value of a certain technology and to successfully transfer
that technology.”™ Are joint ventures then an important means to source external technology?

In this context, Roberts and Berry (1985), p. 7, state that the so-called ‘new style’ joint venture is becoming
increasingly important. Here, a small firm provides the technology and a large firm the market capabilities.
See also Hlavacek, Dovey and Biondo (1977).

See Gruber (2004). In 2005, however, Cargill bought out Dow’s 50 percent interest in the joint venture.
Cargill now runs the business as a wholly owned subsidiary under the new name NatureWorks.

17 See Schildt, Maula and Keil (2005), p. 497.

1% See Hagedoorn and Osborn (2003), p. 531.

19 See Kale and Puranam (2004), pp. 80 ff.

20 See Kale and Puranam (2004), p. 96.

See Doering and Parayre (2000), pp. 90 f.

According to Tidd, Bessant and Pavitt (2005), p. 329, for only 45 percent of all joint ventures, all partners
mutually agreed to have been successful.

The study by Tidd and Trewhalla (1997), p. 363, revealed that only 13 percent of the firms considered joint
ventures as an important source for external technology.

24 See Afuah (2003), pp. 205 f.
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That is, are there joint ventures in which both partners source technology from the other one?
Examing the phenomenon of industry convergence, BRORING, CLOUTIER AND LEKER provide
an interesting example where both partners benefit from the other’s technological capabilities.
They distinguish two different dimensions of convergence: (1) supply-side convergence,
which refers to the application of the same technology in different industries, and (2) demand-
side convergence, which refers to the trend of satisfying different needs in one transaction.”*®
Hence, a joint venture in which both partners source technology can be a suitable solution in
case of technology-driven supply-side convergence. For example, the biotechnology and the
nanotechnology industry collaboratively create the new technology platform
nanobiotechnology.?®® The area of the so-called ‘nanotronics’ offers another example. Here,
nanotechnology converges with electronics technologies to result in products, such as
printable RFID tags or flexible solar cells.*”” In both examples, firms pool their
complementary technological capabilities. Besides the advantage of risk pooling, the
partnering firms can jointly establish possible standards.

2.3.1.4 Acquisitions

In the context of external technology sourcing, acquisition refers to the full integration of the
target firm’s complete portfolio of technological capabilities.’®® The decision to use
acquisitions as a means for technology sourcing can be generally based on two different
motives: (1) acquiring a (specialized) knowledge or technology base or (2) short cutting the
R&D process when the firm is a relatively late entrant in a particular technology area.””
Irrespective of the underlying rationale to acquire another firm, STEENSMA AND CORLEY point
out that the acquiring firm can hierarchically control the target’s technology, personnel, and
other assets. Acquisition also involves the highest level of financial and managerial
commitment, since both firms are closely intertwined.”'® Hence, acquisitions are highly

irreversible.?!!

In high-technology industries, however, firms prefer other types of equity based
collaborations, i.e. joint ventures or minority investments, instead of acquisitions. The

underlying rationale refers to technological uncertainty. In case of high technological

05 See Broring, Cloutier and Leker (2006), p. 489.

26 See Broring (2005), pp. 81 f.; Malhorta and Gupta (2001), pp. 1 f. Here, biotechnology and nanotechnology

are considered as separate and independent industry sectors. See Rithmer (2006) for a detailed overview of
nanotechnology.

27 See Broring and Herzog (forthcoming).

2% For contributions on the role of acquisitions for technology sourcing, see, for example, Arora and
Gambardella (1990); Pisano (1991); Hitt et al. (1996); Hagedoorn and Duysters (2002).

2 See Arora and Gambardella (1990), p. 365. See also Roberts and Berry (1985), pp. 5 f.

210 See Steensma and Corley (2001), p. 273.

211 See van de Vrande, Lemmens and Vanhaverbeke (2006), p. 356.
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uncertainty, equity collaborations present an option to defer the acquisition of a firm. Thus,
the technology buyer limits its commitment, while simultaneously being flexible to hold
technology options open. A study by FOLTA shows that firms in the biotechnology industry
prefer equity based collaborations over acquisitions in case of greater dissimilarities between
partners’ technology bases, more growth opportunities, greater technological uncertainty, and

212 HAGEDOORN AND DUYSTERS arrive at a similar

fewer rivals in a technological domain.
conclusion. They find that acquisitions are the preferred mechanism for technology sourcing
in low-technology industries, whereas high-technology industries prefer technology

alliances.”"?

Furthermore, acquisitions are the preferred option if the technological capabilities
involved are part of the firm’s core business.”'* Table 2-3 summarizes the different methods

for technology sourcing and their underlying rationales and disadvantages.

With respect to the foregoing discussions about innovation strategy (particularly regarding the
technology dimensions) and technology sourcing, BROCKHOFF empirically identified two
major types of innovation strategies. Both can be well linked to Open and Closed Innovation.
The first type of innovation strategy has a strong focus on external technology sourcing via
licensing, joint R&D agreements, or acquisitions. It has, thus, some similarities with Open
Innovation. In contrast, the second strategic type strongly focuses on internal R&D and
specific technological areas. Accordingly, it is similar to a Closed Innovation strategy.*'®

212 See Folta (1998), pp. 1012 ff. See also Nagarajan and Mitchell (1998), pp. 1066 ff., who argue that equity
based alliances will be the dominant mechanism used to source external technology in regimes of
encompassing technological change.

213

See Hagedoorn and Duysters (2002), pp. 168 ff. Besides equity based collaborations, Hagedoorn and
Duyster’s definition of technology alliances also includes non-equity based collaborations, such as joint
R&D agreements.

214 See Hagedoorn and Duysters (2002), pp. 171 ff.

Brockhoff (1989), pp. 21 f. It should be noted that the first type of innovation strategy is — in contrast to the
second type — also characterized by a slightly stronger focus on imitation. For the general theme on imitation
see Schewe (1996) and Schewe (1992).
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Table 2-3: Forms of technology sourcing

Technology Typical
sourcing method duration Advantages (rationale) Disadvantages
Internal R&D Long term = Build absorptive capacity = Usually no longer sufficient to
= Exclusiveness of technology/ keep pace with increasing
knowledge exploitation speed and complexity of
technological developments in
high-technology industries
= High commitment
= Low/ medium reversibility
Licensing Fixed term = Fast technology access = Loss of control of decision-
= Lower development cost making because of contract
= Less technology and market constraints
risks = Competitive advantage usually
= Low commitment and high not realizable unless exclusive
reversibility license
Joint R&D Medium/ = Explore emerging technologies = Limited flow of technological
agreements long term = Define and establish standards knowledge
= Access to public funding = Knowledge leakage/ spillovers
= Reduce risk (horizontal and = Opportunism
lateral collaboration)
= Exploit established
technologies
= Develop system solutions
(vertical collaboration)
Corporate venture  Flexible = Window on technology = Information asymmetries
capital = Option to defer high between new venture and
commitment of resources investing firm
= High reversibility = Modest control over
development of technology
Joint ventures Long term = Technology convergence = Organizational risk
= Define and establish standards = High commitment
= Smoother information flows = Low/ medium reversibility
= Coordination and control
= Exclusivity of technology
ownership
Acquisitions Long term = Hierarchical control over new = Highest degree of commitment

technology/ knowledge basis
= Short-cut to new technologies

Low reversibility

2.3.2 Technology commercialization

In order to acquire technology from outside of the firm’s boundaries, some other organization

needs to offer that technology. That is, another organization needs to commercialize its

technology outside its boundaries. Or, as KORUNA puts it: “The more firms are relying on the

external acquisition of technological knowledge, the larger the opportunities for firms in

possession of state-of-the-art technological knowledge to exploit such opportunities.

2216

According to the technology sourcing decision — i.e. to either innovate internally or acquire

technology from external sources — the technology commercialization decision refers to the

choice of applying technology in own products or services and commercialize them via own

216 Koruna (2004a), p. 507; See also Tschirky, Koruna and Lichtenthaler (2004), p. 117.
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distribution channels or commercializing technology externally, e.g. licensing out technology.
Thus, equivalent to the ‘make’ or ‘buy’ decision, technology commercialization refers to

‘keep’ or ‘sell’.

Usually, it makes little sense to source a specific technology from both internal and external
sources simultaneously. Hence, firms have to take an ‘either-or’ decision. However, internal
and external commercialization modes of a specific technology often do not exclude each
other.?'” External technology commercialization refers to an organization’s intended transfer
of technology to another independent organization.’'® Since the technology transfer is a
deliberate action of the organization, technology commercialization does not account for
involuntary loss or leakage of technological knowledge. In contrast to other authors who use
the term ‘exploitation’ instead of or synonymously with ‘commercialization’, the above-
mentioned definition implicitly excludes informal know-how trading'® Furthermore,
BOYENS argues that an organization must also have the opportunity to exclusively use and
apply a technology internally.??° If there is no possibility to exclude other organizations from
using a technology, there is also no possibility for external technology commercialization.
This is due to the fact that in case of non-exclusivity of technology usage, others will be able

to somehow access that technology.?”!

Usually, external technology commercialization
involves some kind of contractual agreement with the technology receiver on monetary or
non-monetary compensation.’”? Thus, these forms are referred to as formal types of

technology commercialization. In the following, the focus will lie on these formal types.”?

External technology commercialization is a major constituent of a firm’s or business unit’s
Open Innovation strategy. The underlying rationale refers to the fact that firms often do not
fully exploit their technologies. This means that technologies that are not used in the firm’s
own products or services could be licensed or sold to another firm, while simultaneously
generating additional sales.””* CHESBROUGH as well as WEST AND GALLAGHER point to
another reason which is of major importance in an Open Innovation environment. They argue

217 See Brockhoff (1998); Ford and Ryan (1981), pp. 117 f.

218 See Boyens (1998), p. 12; Lichtenthaler (2005), p. 233.

Lichtenthaler (2005), p. 233, uses the terms ‘exploitation’ and ‘commercialization’ synonymously.

However, referring to the deliberate action of the organization, he excludes informal know-how trading (see

von Hippel (1987); Schrader (1991)) as a means for technology commercialization. Lichtenthaler argues that

informal know-how trading involves the deliberate action of individuals and is usually not based on strategic

considerations of the organization. See also Boyens (1998), pp. 27 f.

Thus, contract research (see, for example, Hauschildt and Salomo (2007), pp. 78 f.; Brockhoff (1999), pp.

63 ff.) is not considered a method for external technology commercialization.

21 See Boyens (1998), p. 21.

22 See Boyens (1998), pp. 22 f.; Lichtenthaler (2005), p. 233.

Informal types, such as publications or presentations, are not considered here.

24 See Ford and Ryan (1981), pp. 117 ff.;; Ford (1985), p. 108; Boyens (1998), pp. 52 f.; Chesbrough (2003c),
p. xxiv; Chesbrough (2006a), p. 15.
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that research discoveries sooner or later spill out into the external environment when the firm
decides not to commercialize them.??® In order to create value from those R&D discoveries,
firms have several options, such as licensing those technologies to other organizations or to
spin-off separate firms.

In contrast to literature concerning external technology sourcing®®, research in the area of
external technology commercialization is very limited. In an extensive literature review,
LICHTENTHALER identifies only six major studies that empirically examine and explicitly
focus on external technology commercialization.””’ Together with a lack of success factor
studies in external technology commercialization, this results in a significant imbalance
compared with the extensive literature on internal technology commercialization. However,
external technology commercialization becomes increasingly important for many firms.*®
Despite the importance of external technology commercialization in corporate practice,

academic research lags behind this development and has neither initiated nor accompanied
- 229
1it.

The next sections address the different forms of technology commercialization. According to
the discussion of technology sourcing, external forms of technology commercialization can be
classified into strategic alliances and divestments of firm units. Regarding the former type,
licensing out and joint ventures can be distinguished. Since both forms have been discussed in
sections 2.3.1.2 and 2.3.1.3, only relevant differences to the previous discussions will be
highlighted. The internal commercialization of technologies, which refers to the application of
technologies in a firm’s own products and services, is not discussed here. However, as the
concept of absorptive capacity plays a crucial role for identifying external technology sources,
its complement — the ability to external technology commercialization — will be described.

2.3.2.1 External technology exploitation capability

As argued in the above section on internal R&D (section 2.3.1.1), absorptive capacity is not
only crucial for identifying and evaluating external technologies. It is also a prerequisite for
implementing external technologies into the internal innovation process. Hence, firms require

the ability to apply certain technologies in their products, processes, or services. However,

25 See Chesbrough (2003a), p. 403; West and Gallagher (2006), pp. 319 f. Acknowledging the prerequisite for

external technology commercialization, which says that firms must have the opportunity to exclusively use

and apply a technology internally, spill overs may nonetheless occur, e.g. through involuntary loss or

leakage of technological knowledge. This could in turn enable other firms to invent around the originator

firm’s IP.

See section 2.3.1.

27 See Lichtenthaler (2005), pp. 244 ff. Lichtenthaler refers to the following studies: Ford (1985), Mittag
(1985), Vickery (1988), Brodbeck (1999), Elton, Shah and Voyzey (2002), and Birkenmeier (2003).

28 See Rivette and Kline (2000), pp. 93 ff.; Amesse and Cohendet (2001), pp. 1460 ff.

229 See Lichtenthaler, Ernst and Lichtenthaler (2007), pp. 222 f.
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absorptive capacity is often referred to technology in the literature.”** For example, COHEN
AND LEVINTHAL argue that “the possession of related expertise will permit the firm to better
understand and therefore evaluate the import of intermediate technological advances that
provide signals as to the eventual merit of a new technological development”.”*' Thus,
‘knowledge’ is associated with technological knowledge. BRORING states that the debate on
absorptive capacity is widely neglecting the fact that two types of absorptive capacity
should be distinguished: technology-related absorptive capacity and market-related
absorptive capacity.** The former one has been discussed in section 2.3.1.1 and is strongly
related with inbound Open Innovation, i.e. external technology sourcing. Market-related
absorptive builds on existing market knowledge. It is needed to understand and value certain

market trends as well as to exploit those market trends.”**

In a similar vein, LICHTENTHALER also extends the notion of absorptive capacity to market-
related absorptive capacity. However, he uses the term ‘desorptive capacity’ instead of
market-related capacity. Drawing on the distinction between the actual knowledge about a
technology and the knowledge about its application®*, LICHTENTHALER regards the concept
of desorptive capacity as a complement to absorptive capacity. Desorptive capacity is defined
as the firm’s ability “to

(1) recognize the external exploitation potential of [its] knowledge assets,

(2) identify and contact potential users and establish appropriate transaction conditions

and

(3) adequately transfer the knowledge assets to the recipient.”*

LICHTENTHALER argues that, whereas absorptive capacity is crucial for identifying suitable
technologies for specific applications, the opposite is true for desorptive capacity. Desorptive
capacity is needed in order to be able to find suitable applications for specific technologies.?*®
The fact that firms often develop technologies, which they do not commercialize, could be
attributed to the missing desorptive capacity. They are just not able to identify potential
applications outside their corporate boundaries. Thus, they are familiar with the technology

and its current internal applications but lack the knowledge about the technology’s

30 See Broring (2005), p. 270.

31 Cohen and Levinthal (1990), p. 136. Cohen and Levinthal (1990), p. 137, further state that “[t]he greater the
organization's expertise and associated absorptive capacity, the more sensitive it is likely to be to emerging
technological opportunities™.

B2 See Broring (2005), p. 270. See also Broring and Leker (2007).

23 See Broring and Leker (2007), p. 270.

34 For the differentiation between technological knowledge and application knowledge, see, for example,

Kogut and Zander (1992), Iansiti (1997), van den Bosch, Volberda and de Boer (1999), Shane (2000),
Adner and Levinthal (2002), Koruna (2004a).

35 Lichtenthaler (2006), p. 65; see also Lichtenthaler, Ernst and Lichtenthaler (2007), p. 226.
36 See Lichtenthaler (2006), pp. 64 ff.
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applications in other firms or contexts. Overall, application knowledge is regarded the most
important element of desorptive capacity.>’ In her study about converging industries,
BRORING uses the example of the emerging nutraceuticals and functional foods (NFF) sector
to illustrate the importance of market-related absorptive capacity. She states that a firm from
the technology-driven chemical and pharmaceutical industry that aims at entering the NFF
segment needs to acquire “additional technological knowledge on the application-side of its
technologies in certain foodstuffs”.>** Furthermore, these firms need to generate ideas that are
not only technologically sound. They also need to be based on a distinct consumer insight,
which requires market-related absorptive capacity.”’ Figure 2-5 illustrates the difference
between technology-related and market-related absorptive capacity (desorptive capacity).

r Technology-related absorptive capacity

Technological UJ—>
knowledge [

Application
knowledge

Commercialization

r Market-related absorptive capacity

Technological
knowledge

Application ‘
knowledge

Figure 2-5: Two types of absorptive capacity and the focus on different knowledge components

Commercialization

240

Regardless of the internal innovation process and considering only the firm’s external
environment, Open Innovation is about exploring a multitude of external sources for
innovation opportunities and also about exploiting these opportunities through channels
outside the firm’s boundaries. Thus, in order to successfully follow an Open Innovation
approach, a firm needs both absorptive capacity for technology sourcing and absorptive
capacity for technology commercialization.

Z7 See Lichtenthaler (2006), pp. 68 f.

8 Broring (2005), p. 277.

9 Broring (2005), p. 278.

20 Source: adapted from Lichtenthaler (2006), p. 69.
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2.3.2.2 Strategic alliances

Out-Licensing

Many authors refer to out-licensing when speaking about technology commercialization.
Licensing decisions by technology holders are driven by the motivation to, for example,
generate additional revenues. This refers to the fact that firms often develop technologies that
they finally do not commercialize. So why not licensing those unused technologies to other
firms, while simultaneously generating additional sales? In the chemical industry, firms can
earn up to 10 percent of their operating income from licensing technology to other firms.
However, chemical firms earn usually less than .5 percent of operating income from
licensing.**! Examples of notable exceptions refer to Union Carbide (now Dow Chemical)
licensing its Unipol linear low-density polyethylene process and Basell, Europe’s largest
polypropylene producer, whose polypropylene technology is used by 40 percent of the
worldwide installed capacity.”** But even when technologies are incorporated in a firm’s
products or services, it may be worthwhile to use external pathways to market as well. This
way, the firm may be able to set industry standards or gain access to external technology, e.g.

via bi-directional technology transfer.”**

According to FORD, licensing out technology to other organizations can be separated into
three categories: (1) reactive licensing, (2) proactive licensing, and (3) strategic licensing 2**
Reactive licensing refers to situations where a firm decides to license its technology to
another organization based on that organization’s request for the technology. Hence, the
licensor acts as a passive seller of technology. Problems, such as out-licensing a technology,
which ex post turns out to be of critical importance to the firm’s competitiveness, can occur
when the licensing decision is made ad hoc. In case of proactive licensing, a firm, which
possesses the respective technology, takes the initiative to find a potential licensee. Reasons
may, for example, refer to the difficulty of market entry due to import restrictions in particular
countries or generally because of added costs to serve a foreign market.”** Proactive licensing

may also result from the awareness of a licensing opportunity, e.g. in the industry.”*®

#1 See Reisch (2003), p. 15.

See Runge (2006), p. 674. Royalty fees that technology licensors obtain depend on the technology type and
the chemical industry sub-sector (see section 5.1.2 for an overview of the major sub-sectors in the chemical
industry). In the commodity markets, licenses on processes (products, application) typically yield .1 to 1 (1
to 2, 1 to 3) percent of sales. For specialty chemicals, earnings are higher and licensors usually earn 1 to 3
percent of sales for processes, 2 to 5 percent for products, and 3 to 7 percent for applications. In the markets
for high performance chemicals, licensing technology generates 3 to 5 percent of sales for processes, 5 to 7
percent for products, and 7 to 10 percent for applications. The highest royalty payments are usually obtained
in biotech and pharmaceutical licensing deals where royalty rates usually run between 15 and 20 percent of
sales. See Reisch (2003), p. 15.

3 See Boyens (1998), pp. 31 ff.; Koruna (2004b), p. 243.
*# See Ford (1985), p. 110.

25 See Arora, Fosfuri and Gambardella (2002), p. 175.

26 See Ford (1985), p. 111.
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However, similar to reactive licensing, proactive licensing rather occurs by chance. Only if
the firm is aware of a licensing opportunity, it will actively search for a potential licensee. To
facilitate the identification of licensing opportunities intermediaries or idea brokers, such as
NineSigma, yet2.com or InnoCentive can be used.**’

The more deliberate and purposive use of licensing technology to other organizations refers to
strategic licensing. Besides the need for considering the effect of technology licensing on
product sales, FORD further stresses the importance that any licensing decision should refer to
a long-term strategy for exploiting the underlying technology. This also includes the firm’s
technology development strategy as well as the timing of the introduction of replacement
technologies.”*® Accordingly, in order to exploit the full market value of a given technology,
firms need to account for the different stages of the technology life cycle.”* Since it is a
major building block of Open Innovation, any Open Innovation strategy should explicitly
address licensing technology to third parties. Thus, following an Open Innovation approach
requires a firm to consider licensing on a strategic level rather than on a reactive and proactive
level.

Besides out-licensing, any technology may also be transferred to another organization in a
technology sale agreement. In contrast to out-licensing a technology, technology sale involves

the transfer of technology ownership.**’

Joint ventures and interorganizational collaborations

Besides using licensing as a mechanism for external technology commercialization, firms can
also jointly commercialize a given technology. ARORA, FOSFURI AND GAMBARDELLA refer to
these modes of technology commercialization as horizontal transactions. These transactions
are typically carried out between firms in an industry, particularly at the international level !
GRANSTRAND uses the term ‘joint technology ventures’. Joint technology ventures typically
involve some form of technology-related commercialization activities that are jointly

undertaken between firms.?*

%7 See Herzog and Niedergassel (2007a), pp. 11 f; Herzog and Niedergassel (2007b), pp. 532 f. See also
section 2.2.3.

8 See Ford (1985), p. 111.

29 See Ford and Ryan (1981), p. 119; Ford (1985), p. 111. The technology life cycle, as proposed by Ford and
Ryan (1981), consists of six stages: (1) technology development, (2) technology application, (3) application
launch, (4) application growth, (5) technology maturity, and (6) degraded technology. See Ford and Ryan
(1981), pp. 119 ff.

0 See Chiesa, Manzini and Pizzurno (2003), pp. 1 ff.

! See Arora, Fosfuri and Gambardella (2002), p. 6. Accordingly, vertical transactions refer to technology

transactions between specialized firms that do not compete with each other.
22 See Granstrand (2004), p. 212.
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In general, the abovementioned reasoning on technology sourcing applies with similar logic
to technology commercialization strategies. Firms engage in a joint venture when both
partners possess certain capabilities or resources that are complementary to each other. The
example of the Cargill-Dow joint venture, described in section 2.3.1.3, can also be regarded
as a form of external technology commercialization from Cargill’s point of view. As the
owner of the technology around lactic and polylactic acid, Cargill needed Dow, which had the
necessary market access that Cargill lacked. However, joint ventures or alliances are not only
appropriate when the technology owning firm lacks the necessary market access or market
knowledge. Degussa’s Creavis Technologies and Innovation, for example, focuses on
partnerships with firms that have complementary IP positions. In the field of nanotechnology,
Creavis has a strong IP position in nanomaterials but lacks the application know-how.
Therefore, Creavis engages in partnerships with firms possessing the needed application
know-how. That way, both material IP and application IP are combined, which likely results

in successful technology commercialization.”**

2.3.2.3 Divestment of firm units

Next to licensing or selling technologies, a firm can also divest an entire firm unit. In contrast
to the sale of technology that only involves the transfer of technology ownership, divestment
of firm units also includes the transfer of physical assets.”>* In this regard, spin-offs provide
an adequate means of external technology commercialization. Consistent with CHESBROUGH
and LICHTENTHALER, only technology spin-offs are considered here.”> In contrast to the sale
of larger firm units to other firms, which are typically motivated by non-technological and
strategic considerations, a technology spin-off is a certain form of divestment that is primarily
realized for technological reasons. Such a spin-off “is created for the purpose of
commercializing one or more research discoveries outside the main business of the firm” 2>
That is, spin-offs are typically used as a vehicle to commercialize these research results when
they do not fit into the mainstream organization’s business. For example, the mainstream
organization may not be willing to allocate the required critical financial and human resources
to the venture, since the current size of the technological opportunity may be too small
relative to the growth objectives of the overall organization, or commercializing the
underlying technology may require a different cost structure.”’ Technology spin-offs are also
appropriate when both strategic importance and operational relatedness are low.”®

3 See Runge (2006), p. 552.
4 See Lichtenthaler (2006), p. 19.
25 See Chesbrough (2003a), p. 404; Lichtenthaler (2006), p. 19.

256 Chesbrough (2003a), p. 404. Drawing on Garvin (1983), Chesbrough (2003a), p. 404, further notes that
apart from technological consideration, spin-off firms have also been set up in fields, such as strategy
consulting or advertising.

57 See Christensen and Overdorf (2000), p. 73.
8 See Burgelman, Christensen and Wheelwright (2004), p. 669.
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Furthermore, HERBER, SINGH AND USEEM note that technology spin-offs are an important

vehicle to commercialize expensive and risky emerging technologies.”

Bayer
MaterialScience, for example, aims to commercialize promising new technologies through its
so-called ‘Greenhouse’ concept. The ‘Greenhouse’ provides a business environment that
shields the innovation project from resistance within the mainstream organization. In 2006,
Bayer spun off its activities on electroluminescent films. The new spin-off venture, called
Lyttron Technology, manufactures and markets electroluminescent films for applications,

such as the automotive industry or lifestyle products.*®

Due to the fact that technology spin-offs are usually legally separate from the parent
organization, they can pursue different strategies, follow variant financial and performance
goals, or can respond to changing market and technology conditions in a more flexible way.
As it has been argued in the above section 2.2.3, one major reason why firms shift their
innovation model from a closed to an open model is the increasing mobility of knowledge
workers. Spin-offs are able to use a variant of remuneration and incentive schemes, such as
stock options, to attract, motivate, and retain talented employees.”®’

During the foregoing discussion about the major forms of technology sourcing and
commercialization as the basic means to embark on an Open Innovation strategy, it has
become apparent that those tools were well known before the Open Innovation concept took
root in theory and practice. Open Innovation, however, is a holistic approach of innovation
management. It is more than just the sum of its individual parts. Thus, following Open
Innovation requires a change of the overall corporate mindset if the concept is to be
implemented for every business of the firm. But many firms only want to apply Open
Innovation to selected businesses. Hence, they face the challenge of finding a suitable
organizational set up in order to follow Open Innovation. The following section will discuss
just that: how can firms manage the tension between further innovating in a rather closed
mode in certain business or technology areas and simultaneously being open in other fields
using the complete repertoire of Open Innovation tools?

2.4 Organizational implementation of the Open Innovation concept

The overall innovation strategy of the firm is enacted through the performance of a sequence
of different tasks — from the front end of innovation to internal and/ or external
commercialization. In between, key innovative tasks are “associated with the major corporate
innovation challenges: the development of new products and new business”.*** As it has been

2 See Herber, Singh and Useem (2000), p. 387.

260 See Bayer (2006), p. 70.

201 See Herber, Singh and Useem (2000), p. 387.

22 Burgelman, Christensen and Wheelwright (2004), p. 658.
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argued in the introduction of this thesis, firms need to manage their portfolio of competencies.
They need to do both exploitation, i.e. focus on their current business with its existing
competencies, and exploration, i.e. identify, acquire, and develop new competencies for new

. 263
businesses.

Thus, they need to pursue incremental as well as radical innovation
endeavors.”®* This has two major implications for the innovating firm. First, firms need an
appropriate organizational set up to generate incremental and radical innovation. Second,
incremental and radical innovation may require different approaches to innovation. That is,
whereas Closed Innovation may be suitable for incremental innovation, Open Innovation may
be the appropriate approach to tackle radical innovation. Both implications of the need to

pursue incremental and radical innovation will be discussed in the following sections.

2.4.1 Ambidextrous organization and Open Innovation for solving the radical-
incremental innovation dilemma

Literature has noted that firms engaging exclusively in radical innovation (i.e. exploration)
will ordinarily be prone to failure since they are not able to gain the returns of their innovative
efforts due to lack of tangible results. On the contrary, relying solely on incremental
innovation (i.e. exploitation) may not be sustainable as well. Although a firm becomes better
at what it is doing well, pure exploitation bares the risk of missing technological changes in
the industry or of not understanding changing customer needs. In order to pursue both
incremental and radical innovation, many firms tend to address both tasks sequentially.®®
Success over the long run, however, requires maintaining the two disparate innovative efforts

. 266
at the same time.

Hence, firms must effectively balance exploration and exploitation by
simultaneously generating incremental innovations and radical innovations. But what does
this imply for the organizational design, which needs to allow for shifting between

exploration and exploitation?

TUSHMAN AND SMITH argue that incremental innovation requires an organization with
relatively formalized roles and linking mechanisms. In addition, organizational units for
incremental innovation are associated with centralized and highly engineered procedures.

Being often relatively large and well established, these rather rigid units show highly

263 The discussion of exploration and exploitation has drawn a great deal of attention in a wide range of

management literature, including strategic management (see, for example, Winter and Szulanski (2001)),
organizational learning (see, for example, Levinthal and March (1993)), and innovation management (see,
for example, Danneels (2002)). See also section 2.1.3.

264 By targeting the needs of existing customers with minor technological changes, incremental innovations are

exploitative and build on existing knowledge and competencies. In contrast, radical innovations are
explorative, since they are designed for new customers or markets and can be characterized by fundamental
changes in technology. They require new knowledge and competencies. See Levinthal and March (1993), p.
105; Benner and Tushman (2003), p. 243.

%635 See Burgelman, Christensen and Wheelwright (2004), p. 659.
266 See March (1991), pp. 71 ff.; Levinthal and March (1993), p. 105; Herber, Singh and Useem (2000), p. 378.
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embedded assumptions and knowledge systems. In contrast, organizational units for radical
innovation are relatively small. Those units have decentralized structures and loose work
procedures. Instead of being efficiency-oriented, these small units are inefficient and rarely
profitable.”” Hence, the organizational processes underlying incremental and radical

2%8 Both activities, however, need to be balanced.

innovation are contradictory different.
The literature suggests several approaches to strike this balance beginning with organizations
alternating between different designs®® or rhythmically switching between organic and
mechanistic structures®”° to organizations where exploring units are buffered””" or separated””>
from exploiting units.”” In this regard, the concept of organizational ambidexterity received
much attention among scholars and managers. It is argued that successful firms need to be
ambidextrous.”’* According to BENNER AND TUSHMAN, ambidextrous organizations are not
loosely coupled, nor do they switch between different organizational structures.””> Although
ambidextrous organizations separate their radical innovation activities from those aiming at
incremental innovation, they tightly link these different organizational units at the senior

. 276
executive level.

To build ambidexterity into the organization, new business development can be an effective
means of developing and acquiring new competencies to build new businesses and generate
radical innovation.””” According to ROBERTS AND BERRY, new business development refers to
new markets and/ or new technologies.”® To successfully commercialize a new technology,
firms need two types of capabilities: the capability to spot value-creating opportunities in
technology and the capability to identify new market trends. Furthermore, they also need to be

7 See Tushman and Smith (2002), p. 396.

268 See Teece, Pisano and Shuen (1997), p. 520.

29 See Hedberg, Nystrom and Starbuck (1976).

20 See Brown and Eisenhardt (1998).

21 See Leonard-Barton (1998); Levinthal (1997); Weick (1976).
22 See Christensen (1997).

3 Benner and Tushman (2003), p. 247.

2 See, for example, Duncan (1976), pp. 168 ff.; Tushman and O'Reilly (1996), p. 24; O'Reilly and Tushman
(2004), p. 76; Birkinshaw and Gibson (2004), p. 47; Gibson and Birkinshaw (2004), p. 223; He and Wong
(2004), pp. 487 ff.

5 See Benner and Tushman (2003), p. 247.

776 See O'Reilly and Tushman (2004), pp. 75 f. Gibson and Birkinshaw (2004), pp. 210 f,, refer to the structural
separation of radical and incremental innovation activities as structural ambidexterity. They argue that
structural ambidexterity results in high coordination costs. Accordingly, both activities are best achieved not
through structural separation but rather by focusing on contextual ambidexterity where individual employees
can decide whether to pursue incremental innovation activities or radical innovation activities on a day-to-
day basis. Although their empirical study indicates that contextual ambidexterity relates positively to
performance, it has been noted by Bréring and Herzog (forthcoming) that implementing the concept is a
challenging task.

27 See Vanhaverbeke and Peeters (2005), p. 247.
28 See Roberts and Berry (1985).
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able to combine those insights into new products, processes, or services. In other words: “new
business development requires the absorptive capacity for both the technology and the market

- L0279
dimension.”’

After having identified a technological opportunity in the outside environment, a firm can
choose among the different mechanisms for technology sourcing, which have been described
in section 2.3.1, in order to bring in as well as combine the required technological knowledge
with internal R&D. A common organizational instrument to manage this process is to
incorporate new business development activities into a semi- or quasi-autonomous new
venture division or a corporate incubator.”® Such a radical innovation unit is then tightly
linked at the senior executive level with the mainstream organization responsible for
incremental innovation. According to VANHAVERBEKE AND PEETERS, new venture divisions
come along with some major advantages. First, innovation projects that are too risky for the
mainstream businesses of the firm are not abandoned but rather get nurtured for a

281 R . .
8 Thus, new venture divisions are well suited for radical

considerable amount of time.
innovation endeavors, which usually require many years of development and involve high
risks. Second, the new venture division’s autonomy allows it to explore new technologies and
develop new competencies by, for example, establishing alliances with other firms that
possess complementary technology or market know-how, or by sourcing technology from
other external sources.”® Thus, Open Innovation seems to be the adequate approach to tackle

the radical innovation challenge.2*®

O’CONNOR stresses the importance of Open Innovation for radical innovation. Based on a
longitudinal, cross-case research among several large industrial firms, she argues that the
white spots in a firm’s competence profile, which usually accrue in case of radical innovation
projects, require partnerships and openness in order to be filled. In fact, O’CONNOR concludes
that “Radical Innovation Must be Open Innovation”.?®* This result is supported by BRORING
AND HERZOG who apply an in-depth case study approach. They find that explorative

organizational units follow a rather Open Innovation strategy. These units focus on innovation

2 Broring and Herzog (forthcoming).

%0 See Vanhaverbeke and Peeters (2005), p. 248. According to Burgelman, Christensen and Wheelwright

(2004), p. 669, a new venture division “provides a fluid internal environment for projects with the potential
to create major new business thrusts for the corporation but of which the strategic importance remains to be
determined as the development process unfolds”. Becker and Gassmann (2006), p. 2, define corporate
incubators as “specialized corporate units that hatch new businesses by providing physical resources and
support. They support external start-ups or internal entrepreneurs with a promising business idea or
technology.” For an overview of different types of incubators, see Becker and Gassmann (2006).

21 See Vanhaverbeke and Peeters (2005), p. 249.

#2 See Vanhaverbeke and Peeters (2005), p. 249.
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In this regard, Rice et al. (1998), pp. 52 ff., have found that external partners are most important during the

development phase of radical innovations projects.

24 O'Connor (2006), p. 79; capital letters in original.
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projects that lie outside the firm’s core business or cannot be operated by the internal R&D
departments alone, i.e., they focus on radical innovation. In contrast, exploitative
organizational units follow a rather Closed Innovation approach and aim at further
development of existing competencies. Thus, they aim at incremental innovation.®® The
following section presents a detailed example of how to implement Open Innovation and
ambidexterity into the firm in order to develop radical and incremental innovation
simultaneously. Furthermore, the example illustrates how firms can manage the transfer from
exploration to exploitation, which involves Open Innovation and Closed Innovation,

respectively.

2.4.2 The example of Degussa’s Creavis Technologies & Innovation

Degussa is a multinational company within the specialty chemicals industry.”*® Degussa
supplies major companies in almost every industry, including automotive, textiles, or
pharmaceutical. With sales of €10.9 billion and some 36,000 employees (year 2006)
worldwide®’, Degussa is the world’s largest supplier of specialty chemicals. Degussa
established Creavis Technologies & Innovation in 1998 “to enhance Degussa’s portfolio by
building high-value businesses in specialty chemistry through technologies and/or markets
new to the world. Creavis is Degussa’s strategic research & development and corporate
venturing arm and as such it takes on the task of high risk business creation”.”®® These
objectives are fulfilled by a ‘Business Ventures’ unit identifying new development
opportunities and related markets as well as technologies. Moreover, there is an ‘Exploration
and Validation’ section within Creavis, which is focusing on new technology development.
Next to these two basic units of Creavis, there are different organizational entities employed,
which match the degree of innovativeness of the individual new business development
project. These entities reflect different degrees of newness indicated by the extent of market-
and/ or technology-related competence gaps. Furthermore, they follow different innovation
strategies, i.e. Open and/ or Closed Innovation, depending on the size of the competence gaps.
The three different organizational entities are (1) ‘corporate funded projects’, (2) ‘project
houses’, and (3) ‘science-to-business centers’, which will be described in the following.

25 See Broring and Herzog (forthcoming). For a similar result, see Broring, Leker and Rithmer (2006), pp. 156

ff., who find that innovations, which are radical for the innovating firm usually require external partners.
Thus, Open Innovation (although the authors do not use this term) is the appropriate way to innovate. It
should be noted that radical innovation not necessarily must be Open Innovation as stated by O'Connor
(2006), p. 79. Firms that have the required competencies or that are able to somehow acquire the missing
competencies can also develop radical innovations on their own. Nevertheless, Open Innovation can be an
efficient way to speed up development time and to reduce development cost.

This section draws on Bréring and Herzog (forthcoming).
#7 See Degussa (2006).
28 Degussa (2005), p. 44.
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Corporate funded projects

The majority of all innovation projects (90 percent of the total R&D budget) are conducted in
the operational business units focusing on fast commercialization and exploitation of R&D
activities. A hybrid type between operational, exploitative R&D and more long-term,
explorative R&D projects can be seen in the concept of corporate funded projects. These
projects are generated by an internal call process so that individuals in a business unit can
submit proposals, which are evaluated by an internal expert committee on corporate level.
Selected projects are set-up for two years and jointly funded by both business units and
Creavis (corporate funds). Next to general market and technological screening criteria, the
potential of short-term commercialization of R&D activities is very important for selection.
Thus, the exploitative character of the corporate funded project approach is evident. Since
projects are conducted within the business units and do not require new external
competencies, this approach can be considered a Closed Innovation process, which fosters the
linkage of knowledge and enables the realization of synergies within Degussa.

Project houses

The project house concept has been initiated with the intent to combine know-how and
technological competencies, which are spread across different business units. The goal is to
develop new technological platforms for Degussa. To achieve this aim, project houses
comprise an interdisciplinary team of 20 to 30 scientists from various Degussa business units,
which are brought together for three years. The physical tie of employees is preferred to their
mere virtual interconnection, since the latter does not allow for the transfer of tacit
knowledge.” Like corporate funded projects, project houses are based on a joint funding
concept — i.e. 50 percent funds from business units and 50 percent corporate funds. Thus,
business units are provided with an incentive to delegate highly qualified employees to a
funded project house.””® Currently, Degussa runs two projects houses, which focus on the
production and modification of functional films and the intensification of processes.”’’ As
illustrated in Figure 2-6, project houses use and accumulate know-how of the participating

business units.

Next to the combination of internal knowledge and competencies, project houses work in
close collaboration with external partners from universities and research institutes as well as
with Degussa customers. The use of external knowledge is channeled through R&D

collaborations to source in technological competencies that complement own R&D activities

0 The knowledge associated with innovations can be classified as tacit or explicit. This distinction, first

suggested by Polanyi (1966), assumes that knowledge is either transmittable in formal, systematic language
(explicit knowledge) or has a personal quality, making it hard to formalize and communicate (tacit
knowledge). See also Nonaka and Takeuchi (1995); Niedergassel, Herzog and Leker (2006).

20 See Brockhoff (2005), pp. 25 ff.

! See Degussa (2007).
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and expand expertise in specific areas. In this respect, project houses do have an explorative,
learning, and therefore knowledge creating character. But the concept also allows making the
new technological platform accessible for the whole Degussa organization and thereby
exploiting the newly generated knowledge. This is done by either transferring the output of a
completed project house back into a business unit or directly commercializing it by the
foundation of a new internal start-up. For example, the project house ‘Advanced
Nanomaterials’, founded in 2000, has paved the way for an internal start-up in 2003. After
generating first sales, the start up now complements the business unit ‘Aerosils and Silanes’

and, thus, is a good example for new business development, enhancing the existing portfolio.

- Corporate boundary

Business Business Business Business
unit 1 unit 2 unit 3 unit ...
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=R =R ==

Technology ¥ v ¥ ¥
platform —
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Universities,
research
institutes

---% Knowledge flows, including tacit knowledge
— Physical delegation of employees (own company)

Figure 2-6: Organizational structure of a project house?”

Science-to-business centers

The science-to-business (S2B) concept is the consequential extension of the philosophy that
underlies the project houses. These centers involve corporate funding as well as public funds
from the European Union and national sources (e.g. from German Research Foundation
(DFG) or Federal Ministry of Education and Research (BMBF)). In contrast to the project
houses, which focus on the development of new technology platforms, S2B centers go one

2 Source: adapted from Broring and Herzog (forthcoming).
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step further. They strive to access emerging markets with a high growth potential outside the
existing portfolio of Degussa. This approach implies significant technological and market-
related competence gaps, which explains why Degussa fosters the integration of external and
internal R&D under the roof of its S2B centers. Hence, in order to speed up the innovation
process, the S2B concept aims at joining basic research, application oriented research, the
development of marketable products, and pilot production seamlessly together. The close
physical cross linking of science and business by vertically integrating all R&D activities and
resources along the value chain under one roof enables internal and external partners to work
closely together. The S2B centers are organized in project teams involving employees from
different backgrounds and functions that reach from basic research to market analysis. Creavis
opened its first S2B center ‘Nanotronics’, which focuses on future electronics markets, at the
Marl chemical park, Germany, in 2005.2** The name ‘nanotronics’ symbolizes the
convergence of the chemical industry — i.e. nanotechnology — and the electronics industry,
leading to hybrid materials, such as chemical materials with electronic properties. Some of the
fields of application include printable electronics, flexible solar cells, and mobile energy
systems. From a competence perspective, successful innovations in the field of nanotronics
require both material competencies and electronic competencies. Even though the chemical
sector can benefit from its material competencies, including underlying technology platforms,
such as ink formulation and printing, the missing electronics competence poses huge
challenges. That is why the innovation process regarding the development of nanomaterials
for the electronics market is by far more open than the traditional innovation process in
established and well known markets.

As illustrated in Figure 2-7, the S2B center ‘Nanotronics’ integrates scientists from
universities and research institutes as well as from small and medium sized firms who work in
close cooperation with Creavis employees. To achieve this integration of internal and external
R&D, the S2B concept employs all kinds of different organizational options. That means that
next to common R&D cooperation with external partners, the exchange of scientists between
partners is also an important vehicle to source in new knowledge. For example, graduate
students who are challenged in certain areas work in the S2B center to put their scientific
results into industrial practice. The acquired know-how will flow directly back to the students
and to their university. That way, the S2B center strengthens the practical scientific education
of the participating doctoral candidates. As with these doctoral students, Creavis provides lab

facilities and pilot plant equipment within the S2B center for all of its partners.

Until now, Creavis has already made agreements to cooperate with more than 20 universities

and research institutes in the field of nanotronics. Scientific knowledge gained from academia

23 See Gutsch and Droscher (2005), p. 91.
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and R&D institutes comprises the fields of chemical engineering, physics, chemistry,
semiconductors, nanotechnology, process technology, or electrical engineering. Cooperation
with industry and start-up firms focuses on specialty chemicals, end users, electronics,
printing, and system integration. Thus, the S2B approach to innovation is highly
interdisciplinary and transsectoral. In addition to R&D cooperation and the exchange of
human capital within the S2B Center, Creavis also forges partnerships that involve capital
investments, leading to joint ventures or to the acquisition of a start-up company. This enables
Creavis to source in missing technological competencies. A high share of exploration is
conducted externally, which allows Creavis to speed up the development process. Thus, even
though the degree of innovativeness is very high and many competencies are missing, the
S2B approach does not solely focus on competence development. It also envisions its direct
commercialization. Therefore, it has an exploitative character as well by sourcing in not only
external partners, which complement the technological competencies but also gives Creavis
market access to the yet unfamiliar electronics market. Overall, the S2B concept follows a

very open approach to innovation.
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Figure 2-7: Organizational structure of a science-to-business center™*

2% Source: adapted from Broring and Herzog (forthcoming).
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The example of Degussa’s Creavis Technologies & Innovation shows that exploration and
exploitation is nothing like black or white, but requires different tools, which need to be
closely linked to each other. The different organizational arrangements aim at different
degrees of innovativeness and follow different approaches to innovation, i.e. from Open to
Closed Innovation. That is, exploitative organizational units generally follow a more Closed
Innovation model relative to explorative units. However, the relationship between exploration
and exploitation, on the one hand, and Closed Innovation and Open Innovation, on the other
hand, is not always straightforward. As the case of Creavis shows, there is no Open-Closed
Innovation dichotomy. While innovating in a more open manner compared with Degussa
business units, Creavis still employs different organizational entities for innovation. The
reasoning can be seen in the need to account for different levels of market- and/ or
technology-related competence gaps and their associated risks. For example, project houses
focus on the inbound or outside-in process in making use of external knowledge from
universities, research institutes, and customers. Thus, they apply an Open Innovation model.
S2B centers, however, push this process to an extreme, since all activities along the value
chain are physically joined under one single roof. This indicates that different degrees of
openness need to be distinguished. The same holds for exploration and exploitation activities.
The organizational entities within Creavis differ, for example, with respect to the underlying
time horizon. Thus, project houses aim at faster commercialization — i.e. exploitation of
research results — compared with S2B centers. Furthermore, the organizational set up of
Creavis allows innovation projects moving from one type of organization and innovation
model to another.”® Table 2-4 summarizes the differences between the new business

development tools at Degussa.

Table 2-4: Comparison of new business development tools at Degussa®®

Organizational entity

Corporate funded Science-to-business
Elements project Project house center
Newness Existing in Degussa New to Degussa New to the world
Fit with existing Builds on existing New competencies Competence gaps get
competencies competencies closed externally
Fit with organization Existing organization is Requires new Requires new

sufficient organization organization

Exploitative or explorative Merely exploitative Balance between both Explorative with

exploitative elements

Degree of openness Rather closed Open and closed Open

5 This refers to Burgelman, Christensen and Wheelwright (2004), p. 670, who state that “as the development

process unfolds, new information may modify the perceived strategic importance and operational
relatedness, which may require a renegotiation of the organization design. The organization design
framework must thus be used dynamically, with ventures potentially moving from one type of arrangement
to another.”

2% Source: adapted from Broring and Herzog (forthcoming).
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The example of Degussa’s Creavis Technologies & Innovation has highlighted that Open
Innovation is a particular useful approach to innovation management when in-house
competencies of the firm are not sufficient. This is often the case when radical innovation is
pursued. In so far, O’CONNOR’S statement that radical innovation projects must follow an
Open Innovation approach is supported. Nevertheless, the case of Creavis also highlights that
different degrees of openness need to be taken into account for different degrees of newness.
Radical innovations that are completely new to the world, as pursued with the S2B concept,
certainly call for Open Innovation. However, innovations that are only new to the firm
(undertaken in project houses) do not necessarily require the very high degree of openness as
in the S2B centers.



3 Innovation culture

Scholars and practitioners argue that organizational culture has a strong impact on innovation
and innovation success. Nevertheless, empirical evidence is scarce.””’ A review of the
literature on organizational culture indicates that corporate culture is a complex and multi-
faceted element of an organization. Whereas many authors state that research on
organizational culture is highly important, literature still lacks sufficient operationalizations
and empirical studies of organizational culture.””® The following section addresses corporate
culture in detail. Corporate culture will be defined and its major models and typologies will be
described. Afterwards, innovation culture will be introduced as a subculture of corporate
culture.

3.1 Corporate culture

3.1.1 Definition of corporate culture and overview of different research paradigms

Already in 1952, KROEBER AND KLUCKHOHN identified 164 definitions of the term
‘culture’ *” Since then, no consensus about the definition of corporate culture has emerged in
the literature. However, there is broader agreement that a major aspect of culture is that
groups share or hold certain things in common.’”® These things are usually referred to as
values, norms, attitudes, and behavior patterns etc. that form the core identity of an
organization or of one of its subunits. A common and frequently used definition in
management research originates from SCHEIN who defines organizational culture as a “pattern
of shared basic assumptions that the group learned as it solved its problems of external
adaptation and internal integration, that has worked well enough to be considered valid and,
therefore, to be taught to new members as the correct way to perceive, think, and feel in
relation to those problems”.**! These “shared values and beliefs .. help individuals understand

organizational functioning and thus provide them norms for behavior in the organization”.**

According to these definitions, three levels of culture can be distinguished and analyzed.

They include shared basic assumptions or values, behavioral norms, as well as artifacts and

#7 See Hauschildt (1993), p. 308; Wind and Mahajan (1997), pp. 5 f.
2% See Ernst (2003), p. 23.

2 See Kroeber and Kluckhohn (1952).

%0 See Schein (1997), p. 8.

390 Schein (1997), p. 12.

392 Deshpandé and Webster (1989), p. 4. For the ease of discussion and interpretation, the terms ‘basic

assumption’ and ‘basic value’ are used interchangeably in this study. Schein, however, states that basic
assumptions are taken for granted and treated as nonnegotiable, whereas values can be discussed so that
individuals can either agree or disagree about them. See Schein (1997), p. 16. Hofstede et al. (1990), p. 291,
state that values refer to “feelings that are often unconscious and rarely discussable”. Thus, they treat values
as a mixture of what Schein views as separate dimensions.



60 Innovation culture

behaviors.*”® These levels refer to different degrees of a culture’s visibility to the observer.
Artifacts include rituals and ceremonies, stories, arrangements, and language created by an
organization. Together with corporate behavior patterns, they build the surface level, i.e. the
most visible level of organizational culture*® HOFSTEDE ET AL. subsume these visible
elements under the term “practices’.*” Behavioral norms are “expectations about behavior or
its results that are at least partially shared by a social group”.>°® As such they can be viewed
as social principles, goals, philosophies, and standards that define appropriate attitudes and
legitimate specific behaviors.’”” They are further much more specific and relevant for these
behaviors than values.®® Values as the deepest manifestation of culture can be defined as “a
conception, explicit or implicit, distinctive of an individual or characteristic of a group, of the
desirable which influences the selection from available modes, means, and ends of action”.>®
As the core of culture, values can be characterized as broad and nonspecific feelings of what
is, for example, good and bad, or normal and abnormal.*'°

Overall and in accordance with the model suggested by SCHEIN, this thesis distinguishes three
different levels of corporate culture, which are well illustrated by the iceberg or onion
analogy.*'' The tip of the iceberg consists of practices, while the under sea level involves
norms and shared basic assumptions with the latter ones being at an ever deeper under sea
level. The same can be explained using the onion analogy. Accordingly, practices, norms, and
shared basic assumptions refer to layers at the outside, inside, and core of the onion,
respectively.’'? Drawing on the iceberg metaphor, the three different levels of corporate
culture are depicted in Figure 3-1. Furthermore, the three cultural levels are highly

interrelated .

3% See Schein (1997), pp. 16 ff.; Homburg and Pflesser (2000b), p. 450. It should be noted that Schein (1997),
pp. 13 ff., does not include overt behavior patterns in his definition of organizational culture. The reasoning
is that these behavior patterns are not solely determined by the cultural predisposition but also by situational
contingencies arising from the immediate external environment.

3% See Schein (1997), p. 17; Homburg and Pflesser (2000b), p. 450.
3% See Hofstede et al. (1990), p. 291.

3% Homburg and Pflesser (2000b), p. 450.

7 See O'Reilly and Chatman (1996), p. 166.

3% See Katz and Kahn (1978), p. 43; Homburg and Pflesser (2000b), p. 450; Hatch (1993), p. 659. The
understanding of norms as it is followed in this thesis is similar to what Schein (1997), pp. 19 ff., calls
‘espoused values’

39 Kluckhohn (1951), p. 395, cited in Homburg and Pflesser (2000b), p. 450.
310" See Hofstede et al. (1990), p. 291.

311 See Ulijn and Weggeman (2001), p. 492.

312 See Hofstede et al. (1990), p. 291.

313 See Schein (1997), pp. 16 ff.; Hofstede et al. (1990), p. 291.
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Degree of visibility
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Practices’
Artifacts Behaviors
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Figure 3-1: Levels of corporate culture

Also inherent in the abovementioned definitions is that corporate culture evolves over time
and that it is no part of the formal organizational structure but rather a non-structural

314

coordination instrument.” " As such, it guides members’ perceptions of what is valued as

positive or negative or of what is important.®'®

Thus, organizational culture plays a key role in
determining the organization’s behavior. But would it not be desirable if managers could
change and modify their organization’s culture in order to adapt to certain circumstances and
to follow specific purposes? The answer to the question if culture is manageable heavily
depends on the underlying conceptions of organizational culture. Drawing on anthropology
and organization theory, SMIRCICH develops five different paradigms of organizational
culture: (1) comparative management, (2) corporate culture, (3) organizational cognition, (4)

. . . . . . 1
organizational symbolism, and (5) unconscious processes and organization.>'®

Regarding the (1) comparative management paradigm®'’, culture is treated as an independent
variable, which is brought to the organization through membership. It is manifested in the
attitudes and actions of individual members of the organization. In contrast, the second

14 See Ernst (2003), p. 25.
315 See de Brentani and Kleinschmidt (2004), p. 312.
316 See Smircich (1983), pp. 340 ff.

317 See, for example, Harbison and Myers (1959), Roberts (1970), Bhagat and McQuaid (1982), Slocum (1971).
The comparative management paradigm is particularly concerned with country specific cultures. See, for
example, Ouchi (1981) and Pasquale and Athos (1981).
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paradigm, (2) corporate culture’®, regards culture as an internal variable which develops
within the organization. As such, it can be formed and influenced by management to direct
the course of organizational action. The cognitive paradigm, (3) organizational cognition®'’,
treats culture as a system of shared cognition, knowledge, and beliefs. This perspective does
not regard culture as an element of an organization. Rather, it understands organizations as
being cultures. Similarly, the (4) organizational symbolism paradigm®?® sees culture as a
system of shared symbols and meanings which are interpreted by organization members and
finally result in action. Finally, culture can be regarded as (5) unconscious processes and
organization.’*! This paradigm attributes organizational actions to projections of its members’
unconscious processes. Here, culture “displays the workings of the unconscious

. 322
infrastructure”.

Overall, these five different paradigms can be broadly classified into two perspectives.
Whereas the first two paradigms treat culture as a variable — i.e. culture is something the
organization has — the other three paradigms are seen as metaphors for the organization — i.e.
culture is something the organization is.’*® Figure 3-2 depicts the different paradigms of
organizational culture. The metaphoric conceptualizations imply that — if at all — culture is
hardly manageable. The comparative management paradigm, which views culture as being
imported to the organization from the external environment through membership, implies that
culture can be managed by selecting certain types of members. However, only the corporate
culture paradigm treats culture as an internal variable of the organizational system, which can
be shaped by corporate management to pursue strategic goals.

It should be noted, however, that culture cannot be changed by managerial action as easily as,
for example, production processes or product portfolios. Furthermore, BARNEY argues that it
is particularly difficult to modify corporate culture to the extent that it becomes a source of
competitive advantage.*** Nevertheless, management may have to take culture-shaping
actions to gain mid-term competitive advantages or to keep pace with other firms. Altogether,
ERNST states that management literature usually follows — implicitly or explicitly — one of the

% See, for example, Deal and Kennedy (1982), Tichy (1982), Woodward (1965), Pfeffer (1981), Meyer
(1982).

319" See, for example, Rossi and O'Higgins (1980), Argyris and Schon (1978), Weick (1979).

320 See, for example, Manning (1979), van Maanen (1973).

321 See, for example, Rossi (1974), Turner (1977).

22 Smircich (1983), p. 351.

33 See Smircich (1983), p. 347; Ernst (2003), p. 26.

324 See Barney (1986), pp. 663 f.
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variable-oriented paradigms.’®® This thesis explicitly follows the corporate culture

paradigm.’*

Paradigms of organizational culture

— Something the organization has

Comparative management Organizational culture as variable
that can be influenced by
management

(particularly ,corporate culture®)

Corporate culture

— Something the organization is

Organizational cognition

Organizational culture as metaphor
that can not be influenced by
management

Organizational symbolism

Unconscious processes and organization

Conception of culture followed
within this thesis

Figure 3-2: Different paradigms of organizational culture

325 See Ernst (2003), p. 26.

326 Furthermore, the culture-related term ‘climate’ has to be clarified. In the organizational behavior literature
some theorists have confused culture and climate. For example, Parker et al. (2003), p. 389, state that there
is “considerable confusion regarding constructs of ... organizational climate, and organizational culture”.
Accordingly, Denison (1996), p. 619, asks: “What is the difference between organizational culture and
organizational climate?” In general, research on culture focuses on the evolution and history of social
systems over time, whereas climate research is rather concerned with how those systems affect groups and
individuals. Furthermore, culture researchers stress the importance to deeply understand the basic
underlying assumptions within an organization, whereas climate researchers are more concerned with
organizational members’ perceptions of visible practices.”® See Denison (1996), pp. 621 f., and the referred
literature. Thus, climate rather refers to the more visible surface of culture. In a similar vein, Ekvall (1996),
pp. 105 f., suggests that climate — if it is to be included into a culture model — should be regarded as a
manifestation of basic assumptions and norms at the culture level of artifacts and behavior patterns. In
summary, Denison (1996), p. 645, calls for culture and climate as being viewed as “differences in
interpretation rather than differences in the phenomenon”. Therefore, both terms will be used
interchangeably in the following.
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3.1.2 Measuring corporate culture

How should corporate culture be assessed? So far, there is no definite answer to this
question.’”” DENISON notes that whereas traditionally, organizational culture studies were
qualitative, more recent studies increasingly apply quantitative research methods.**® Some
researchers, however, refuse to apply quantitative methods at all. According to ERNST, these
divergent opinions are due to different perspectives on corporate culture. Whereas opponents
of quantitative assessment seem to adhere to the metaphoric conceptualizations of culture, its
advocates view culture from the comparative management or corporate culture perspective.’”’

Apart from different underlying cultural paradigms, however, the decision to apply qualitative
or quantitative methods can be made depending on the cultural level to be analyzed. For
example, the measurement of deep elements of analysis, such as shared basic values, is
difficult via a standardized questionnaire. These cultural elements require the researcher “to
tap subconscious, but taken-for-granted, learned responses™.*** Therefore, qualitative analysis
using in-depth interviews, case studies and observations®' are more likely to yield
meaningful results. In this regard, cultural data is discovered rather than measured.’*
Quantitative research methods, based on answers of organizational members to written
questions, are more appropriate to measure organizational members’ perceptions of their
organizational work practices.**® Thus, quantitative research methods tap facets of the surface
level of corporate culture.***

A major advantage of using quantitative research methods is that it makes the fuzzy field of
corporate culture accessible to a certain extent.**> This is an important aspect for scholars as
well as practitioners. First, quantitative approaches allow comparing findings from different
research endeavors. The accumulation of findings across corporate cultures eventually

contributes to the development of scientific knowledge and theory.™ Second, from a

27 See Sparrow (2001), p. 86.

38 See Denison (1996), p. 620. See, for example, the quantitative studies by Hofstede et al. (1990); Calori and
Sarnin (1991); Chatman (1991); O'Reilly, Chatman and Caldwell (1991); Gordon and DiTomaso (1992);
Chatman and Spataro (2005).

329 See Ernst (2003), pp. 27 f.

330 Sparrow (2001), p. 88; emphasis in the original.

Becoming a participant observer of the group would be the traditional way to gather data on the
organizational culture of interest. However, Schein (1997), p. 169, notes that such an approach is very time
consuming and only necessary if one wants to analyze the culture in great detail.

32 See Schein (1997), pp. 145 ff.; Sparrow (2001), pp. 88 f.

33 See Sparrow (2001), p. 89. For a list of the main culture assessment instruments, see Sparrow (2001), p. 88.

3% This relates to the above discussion on the differences between corporate culture and climate. This way, it

could be argued that qualitative research methods are more suitable for the analysis of corporate culture,
whereas quantitative measurements are more appropriate to analyze corporate climate.

335 See Hofstede et al. (1990), p. 313.

36 See van den Berg and Wilderom (2004), pp. 573 ff.



Innovation culture 65

practitioner’s perspective, quantitative assessment of corporate culture is a useful tool in order
to identify gaps between the existing and the desired state of culture. For organizational
development or culture change programs, it is an attractive tool to measure the impact and/ or
progress of those initiatives. Furthermore, practitioners can use quantitative methods to assess
differing cultures between several business units or create awareness of those differences in
case of planned mergers and acquisitions of culturally different units.**’ The different
perspectives of scholars and practitioners can be described as follows: whereas researchers

" 338
attempt to ‘measure to know’, practitioners ‘measure to change’.

In order to find cultural differences between a firm’s business units or between different
firms, VAN DEN BERG AND WILDEROM argue to focus on the cultural level of work practices.**’
This is due to the fact that organizations usually show more differences in practices than in
shared basic values.**® An appropriate means to analyze corporate culture is therefore to focus

on organization members’ perceptions of organizational work practices.

3.1.3 Typologies of corporate culture

Literature often refers to a typology that has been suggested by BURNS AND STALKER who
distinguish between mechanistic and organic organizations.**' Both terms — mechanistic and
organic — describe organizational structures as well as organizational cultures. In the organic
culture, communication is lateral. That is, employees from the R&D department talk directly
to their colleagues in the marketing department. In mechanistic cultures, communication is
rather vertical, involving the boss or supervisor. Decision-making in organic cultures is
mainly driven or influenced by those employees who have the technological and/or market
knowledge and is not based on hierarchical position. Furthermore, employees working in
organic cultures have more opportunities to be more receptive and open to new ideas,
technologies, or market insights than those working in mechanistic cultures. Organic cultures
also foster the exchange of ideas and information rather than emphasizing their unidirectional
flow from a central authority.>** Finally, organic cultures are assumed to be more flexible in
processing information and exchanging ideas and, thus, are more likely to recognize the
potential of a (radical) innovation. The differences between both types are summarized in
Table 3-1.

337 See Hofstede et al. (1990), p. 313; Sparrow (2001), p. 87.
38 See Sackmann (2001), pp. 143 ff.; Sparrow (2001), p. 88.
3% See van den Berg and Wilderom (2004), p. 571 f.

0 See Hofstede (2001), p. 394, who — also finding opposite results among national cultures — explains this by
the fact that one’s early life, mainly in the family, has a great impact on one’s value acquisition.

341 See Burns and Stalker (1961), pp. 119 ff.

32 See Burns and Stalker (1961), pp. 120 f.; Afuah (2003), pp. 102 f.; Hauschildt and Salomo (2007), pp. 110 f.
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Table 3-1: Mechanistic and organic cultures*®

Mechanistic

Organic

Communication

Locus of influence

Communication is vertical along
hierarchical lines, largely from
boss to subordinate, telling them
what to do.

Influence rests more with those

Communication is lateral, allowing,
for example, for marketing and
engineering to talk to each other
directly and more often.

Those with expertise of knowledge

higher up in the hierarchy. have the influence.

Job responsibility Well-defined job responsibility. Job responsibilities are not well-
defined, allowing for objectivity in

receiving and evaluating ideas.

Information flow Emphasis is on unidirectional top-

down flow of information.

Emphasis is on exchange of ideas
and not unidirectional top-down
flow of information.
Conduciveness to innovation Least conducive to recognizing the
potential of an innovation.

Most conducive to recognizing the
potential of an innovation.

According to BURNS AND STALKER, it depends on contingency factors to determine which
type is the appropriate one. As such, the mechanistic type is rather appropriate to stable
market and technology conditions.*** In contrast, the organic form better fits changing market
and technology conditions, “which give rise constantly to fresh problems and unforeseen
requirements for action which cannot be broken down or distributed automatically arising
from the functional roles defined within a hierarchic structure”.>* This has prompted many
scholars to adopt the general view that mechanistic organizations hinder innovation, whereas
organic organizations foster innovation.**® Criticizing this generalization of the mechanistic-
organic paradigm, HAUSCHILDT AND SALOMO conclude that firms should move from organic
to mechanistic structures in accordance with the different phases of the innovation process,

i.e. from front end and development to commercialization.*"’

In addition to the mechanistic-organic dimension, QUINN and colleagues as well as CAMERON
AND FREEMAN use a second dimension in order to measure corporate culture.**® This second
dimension differentiates between a focus on internal orientation and integration and an
emphasis on external orientation and differentiation. Together, the resulting four cultural
dimensions, which are labeled clan, hierarchy, adhocracy, and market, constitute the
competing values framework, which is illustrated in Figure 3-3.

3 Source: adapted from Afuah (2003), p. 103.

" See Burns and Stalker (1961), p. 119.

%5 Burns and Stalker (1961), p. 121.

6 See Hauschildt and Salomo (2007), p. 111.

37 See Hauschildt and Salomo (2007), p. 114

8 See Quinn and Rohrbaugh (1983); Quinn (1988); Cameron and Freeman (1991).
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Organic processes
(flexibility, spontaneity)

r Culture type: Clan

Dominant attributes:
cohesiveness, participation, teamwork,
sense of family

Leader style:
mentor, facilitator, parent-figure

Bonding:
loyalty, tradition, cohesion

Strategic emphases:
towards developing human resources,
commitment, morale

r Culture type: Adhocracy

Dominant attributes:
entrepreneurship, creativity,
adaptability

Leader style:
entrepreneur, innovator, risk taker

Bonding:
entrepreneurship, flexibility, risk

Strategic emphases:
towards innovation, growth, new
resources

Internal maintenance
(smoothing activities, integration)

External positioning
(competition, differentiation)

r Culture type: Hierarchy r Culture type: Market

Dominant attributes:
competitiveness, goal achievement

Dominant attributes:
order, rules and regulations, uniformity

Leader style:
coordinator, administrator

Leader style:
decisive, achievement-oriented

Bonding: Bonding:
rules, policies and procedures goal orientation, production, competition

Strategic emphases:
towards stability predictability, smooth
operations

Strategic emphases:
towards competitive advantage and
market superiority

Mechanistic processes
(control, order, stability)

Figure 3-3: Types of organizational culture in the competing values framework®"

The lower right quadrant — market culture — identifies an external and control (mechanistic)
focus and emphasizes competitiveness and goal achievement. Employees in a market culture
are expected to be goal-oriented producers. The overall goal is to maximize productivity and
profits to increase competitive advantage and to finally attain market dominance.’® The

market culture type stands in direct contrast to the values that constitute the clan culture in the

" Source: adapted from Cameron and Freeman (1991), p. 29. The competing values framework was initially

developed to identify indicators of organizational effectiveness. Later on, it was adopted to identify the four
different types of corporate culture. Since then, many studies have empirically applied the competing values
framework to measure culture. See, for example, Deshpandé, Farley and Webster (1993); Quinn and
Spreitzer (1991); Zammuto and Krakower (1991); Ernst (2003); Ralston et al. (2006).

30 See Cameron and Freeman (1991), pp. 23 ff.
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upper left quadrant of Figure 3-3.%°' The clan culture has an internal and flexible (organic)
focus and emphasizes cohesiveness, participation, and teamwork. Similar to a family, leaders
in a clan culture act as mentors or parent-figures, and people share their personal values and
goals. Clan cultures emphasize the development of human resources, team cohesion, as well
as employee morale and commitment. In contrast to the market culture, personal satisfaction

is rated more important than financial performance objectives and market share.**?

The lower left quadrant of Figure 3-3 depicts the hierarchy culture type, which identifies an
internal and control (mechanistic) focus. The underlying set of values in a hierarchy culture
put strong emphasis on formalized rules, procedures, and policies that govern employees’
actions in the organization. The strategic emphasis of a hierarchy culture is on stability,
predictability, and efficient operations.’>® The competing set of values is found in the
adhocracy culture, which is depicted in the upper right quadrant of Figure 3-3. The
adhocracy culture identifies an external and flexible (organic) focus and emphasizes
entrepreneurship and creativity. It can be characterized as a dynamic and creative workplace
where individual initiative, experimentation, flexibility, and freedom are important. Its overall
goal is to find new markets and new directions for growth, as well as to adapt quickly to new
technological and market opportunities.*** Finally, it has to be noted that the four culture
types of the competing values framework are not mutually exclusive, but rather represent
dominant types. As stressed by DESHPANDE, FARLEY AND WEBSTER, firms usually have
several types of cultures.*”> Thus, different business units of one firm may have different
cultures.

Similar to the mechanistic-organic paradigm where the organic culture is assumed to be more
appropriate for innovation than the mechanistic culture, also one of the four culture types of
the competing values framework — the adhocracy culture — is considered being more
conducive to innovation than the other three types. The adhocracy culture provides first
indications of the characteristics of an innovation-supportive culture. In order to get a richer
picture of the different attributes of such a culture, the following section reviews the different

literature streams that have contributed to the concept of innovation culture.

331 This is the reason for the terminology of ‘competing values’.

32 See Cameron and Freeman (1991), pp. 23 ff.; Deshpandé, Farley and Webster (1993), p. 26; Ralston et al.
(2006), pp. 831 f.

See Cameron and Freeman (1991), pp. 23 ff.; Deshpandé, Farley and Webster (1993), p. 26; Ralston et al.
(2006), p. 831.

3% See Cameron and Freeman (1991), pp. 23 ff.; Deshpandé, Farley and Webster (1993), p. 26; Ralston et al.
(2006), p. 831.

35 See Deshpandé, Farley and Webster (1993), p. 26.
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3.2 Innovation culture

An important sub-culture is the firm’s or business unit’s innovation culture. So far, however,
a clear definition of the term ‘innovation culture’ has not emerged in the literature on
technology and innovation management.*>® Nevertheless, drawing on the discussion about
corporate culture and its different levels — i.e. shared basic values, norms and practices —
innovation culture can be defined as

(1) organization-wide shared basic values that support innovation,

(2) organization-wide norms for innovation, and

(3) perceptible innovation-oriented practices (artifacts and behaviors).>*’

However, the question arises, which values, norms, and practices are characteristic for such an
innovation culture. For example, are there certain values or norms that are more likely to
support innovation than others? Thus, innovation — although wanted by the firm — may not be
possible if values, norms, and practices emphasize the status-quo. For gaining an overview of
the characteristics of innovation culture, this section draws from different research strands
focusing on, for example, market orientation, organizational learning, entrepreneurial
orientation, and creativity. These research strands have various major aspects in common,
which are closely related to innovation culture. In the following, central aspects of the various
fields of research will be presented as well as some selected empirical studies. Finally, the
identified major building blocks that relate to innovation culture will be summarized.

3.2.1 Research streams related to innovation culture

Many elements of an innovation culture can be found in related orientation constructs, such as
market orientation or learning orientation that have been linked to innovation. Although some
researchers, particularly within the marketing field, do not regard these orientation constructs
as parts of a firm’s culture. For example, KOHLI AND JAWORSKI define market orientation as
the organization-wide generation of market intelligence that pertains to current and future
needs of customers, dissemination of this intelligence across departments, and organization-
wide responsiveness.’>® They cite some of the literature that links organizational norms and
values to the concept of market orientation. However, they neither point out nor indicate that
market orientation is an aspect of a firm’s culture.* DESHPANDE, FARLEY AND WEBSTER on
the other hand, define customer orientation as “the set of beliefs that puts the customer’s

interest first, while not excluding those of all other stakeholders ... in order to develop a long-

36 According to Ernst (2001), p. 46, this is due to a general lack of research on innovation culture and a lack of

sophisticated methods to measure innovation culture.

*7 The term ‘organization’ does not necessarily refer to a firm as a whole. It can also refer to the business unit

level.
358 See Kohli and Jaworski (1990), p. 6.
39 See Hurley and Hult (1998), p. 43.
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term profitable enterprise”’® As part of a set of values and beliefs that pervade the
organization, they conceptualize customer orientation as a part of corporate culture. SLATER
AND NARVER’S definition of market orientation explicitly refers to “the culture that (1) places
the highest priority on the profitable creation and maintenance of superior customer value
while considering the interests of other stakeholders; and (2) provides norms for behavior

. . . . . . 1
regarding the organizational development and responsiveness to market information.”®

In contrast to the other cited authors, SLATER AND NARVER implicitly link market orientation
and innovation culture by referring to the creation of superior customer value which is usually
some attribute of innovation. In a similar vein, JAWORSKI AND KOHLI suggest that market
orientation may be regarded as a form of innovative behavior, since “a market orientation
essentially involves doing something new or different in response to market conditions”.**
Recently, other scholars have stressed the importance to distinguish two types of market
orientation: (1) responsive market orientation that focuses on discovering, understanding, and
satisfying the expressed needs of customers, and (2) proactive market orientation that focuses
on discovering, understanding, and satisfying the latent needs of customers.*®> While both
forms of market orientation are regarded as having a positive relationship to innovation,
proactive market orientation is expected to lead “to deeper insight into customer needs and,
thus, to the development of innovative products and services”.*** HULT, HURLEY AND KNIGHT
conclude that “market orientation is an aspect of culture and is a latent construct whose

indicators are values, beliefs, and symbols that demonstrate a concern for markets”.>®

As has been pointed out already, innovation can be decomposed into a market-related and a

technology-related part.>®®

Accordingly, next to market orientation as a part of corporate
culture, technology orientation needs to be considered as another important cultural
dimension. GATIGNON AND XUEREB refer to technology orientation as the firm’s ability and
will to acquire new technological knowledge that can be used to build new technical solutions

7 . .
37 Whereas market orientation

in order to meet and answer customers’ new and latent needs.
emphasizes the market pull philosophy of innovation, being technology-oriented resembles a

technology push approach. Hence, technology orientation stresses commitment to R&D,

30 Deshpandé, Farley and Webster (1993), p. 27. It should be noted that Deshpandé, Farley and Webster view
customer and market orientation as being synonymous.

Slater and Narver (1995), p. 67. See also Han, Kim and Srivastava (1998), p. 31, who state that “market
orientation, as a corporate culture, characterizes an organization’s disposition to deliver superior value to its
customers continuously”.

362 Jaworski and Kohli (1993), p. 56.

3 See Narver, Slater and MacLachlan (2004), pp. 335 f.

3% Narver, Slater and MacLachlan (2004), p. 338.

5 Hult, Hurley and Knight (2004), p. 431.

366 See section 2.1.4.

37 See Gatignon and Xuereb (1997), p. 78.
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proactiveness in acquiring new technologies, and the application of these technologies in new

3% Although it has been argued that technology orientation

products, processes, or services.
solely refers to the creation of new technologies within the organization®®, the definition
provided by GATIGNON AND XUEREB also allows for considering technologies that are
developed externally. Therefore, technology orientation is strongly related to Open

Innovation.

Furthermore, like market orientation, technology orientation is an aspect of corporate culture
that puts strong emphasis on values and norms related to creativity and invention.>”® ZHoU,
Y1M AND TSE argue that both market and technology orientation encourage openness to new
ideas. However, whereas ideas that better satisfy customers’ needs are favored in a market-
oriented environment, ideas that employ state-of-the-art technologies are preferred in

. . 371
technology-oriented environments.*’

In order to effectively and efficiently respond to market and technology conditions, firms
need the ability to use and act on information. Otherwise, market orientation would not
positively affect firm performance.’’? According to SLATER AND NARVER, both market
orientation and an entrepreneurial culture promote organizational learning.’” Learning
orientation as the development of new knowledge that has the potential to influence behavior
occurs at the firm’s culture level’”® Viewing market and learning orientation as cultural
antecedents to innovation, HURLEY AND HULT conclude: “Being oriented toward markets
provides a source of ideas for change and improvement; being oriented toward learning
indicates an appreciation for and desire to assimilate new ideas” " Accordingly, technology
orientation provides idea sources that are related to technologies. Entrepreneurial
orientation as another orientation construct, which is embedded in the firm’s culture, is

characterized primarily by proactive and risky behaviors to exploit opportunities.”’® An

38 See Gatignon and Xuereb (1997), p. 78.
369

See Srinivasan, Lilien and Rangaswamy (2002), p. 49.

37 See Zhou, Yim and Tse (2005), p. 46.

1 See Zhou, Yim and Tse (2005), p. 45.

See Slater and Narver (1995), p. 71; Hurley and Hult (1998), p. 43. Reviewing the literature on market
orientation, Baker and Sinkula (2005), p. 484, find that 16 out of 17 (94%) empirical studies examining the
effect of market orientation on new product performance reported a significant and positive relationship.

See Slater and Narver (1995), p. 63. Hurley and Hult (1998), p. 44, stress the importance to distinguish
entrepreneurship and innovation. Entrepreneurship is a part of the broader innovation concept as it involves
entering new or established markets with new or existing products or services. Innovation, however, also
refers to the implementation of, for example, new ideas or processes within an organization (e.g.
implementation of a new production process), which has nothing to do with new entry or entrepreneurship.
See also Lumpkin and Dess (1996), p. 136.

3 See Hult, Hurley and Knight (2004), p. 431; Kandemir and Hult (2005), p. 433.

3 Hurley and Hult (1998), p. 44.

376 See Hult, Hurley and Knight (2004), pp. 432 ff.

373



72 Innovation culture

entrepreneurial culture or orientation values exploration, experimentation, risk taking,
autonomy, receptivity to innovation, competitive aggressiveness, or active resistance to

;
bureaucracy.””’

HuULT, HURLEY AND KNIGHT, who study market, learning, and entrepreneurial orientation as
antecedents of innovativeness, conclude that all three types of orientation enhance
innovativeness.’”® A positive relationship between technology, market, and entrepreneurial
orientation to innovation has also been found empirically by ZHOU, YIM AND TSE.*”® Thus,
market, technology, learning, and entrepreneurial orientations are parts of and should be
embodied in a firm’s innovation culture (Figure 3-4).

Innovation
culture

A

Market Technology Entrepreneurial Learning
orientation orientation orientation orientation

Figure 3-4: Facets of innovation culture

Finally, it should also be noted that orientation concepts often refer to both beliefs or attitudes
and actions.*®® Acknowledging that both behavioral and cultural definitions have merit,
HURLEY AND HULT stress different organizational levels at which market orientation and
learning orientation can be manifested. However, besides at the firm’s strategy, processes,
structure, and behaviors, they suggest “that the deepest manifestations of market and learning
orientation are at the cultural level, where over time, stories, reinforcement of behaviors, and
the creation of organizational processes produce a basic assumption among employees that
customers and learning are important”.*®' Accordingly, the same can be assumed for
technology and entrepreneurial orientation.

77 See Slater and Narver (1995), p. 68; Lumpkin and Dess (1996), p. 149; Miller (1983), p. 771.

8 See Hult, Hurley and Knight (2004), pp. 434 ff.

37 See Zhou, Yim and Tse (2005), pp.50 ff. Atuahene-Gima and Ko (2001), pp. 64 ff., find that — with respect
to innovation — firms with both strong market and strong entrepreneurial orientation outperform even those
firms that are strong at only one orientation dimension.

3% See Siguaw, Simpson and Enz (2006), p. 560.

31 See Hurley and Hult (1998), p. 44.
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3.2.2 Selected empirical studies on innovation culture and synopsis of major findings

Having emphasized the relationship between market, learning, and entrepreneurial
orientations and innovation culture, this section additionally presents some selected empirical
studies from various research strands, including the orientation constructs, creativity as well
as general innovation management. These studies focus on innovation culture or are at least
closely related to innovation culture and provide a sufficient overview of past research into
this field. Another reason for only presenting a selection of studies is that only a few works
specifically focus on innovation culture. A very rigorous and methodically advanced study of
the relationship between a firm’s culture and its innovation performance has been realized by
ERNST.**? However, the magnitude of research only regards specific aspects of innovation
culture. For example, HURLEY AND HULT focus on power sharing, participative decision
making, as well as on learning and development.*®® Others like DE BRENTANI AND
KLEINSCHMIDT concentrate on management support in terms of encouraging
entrepreneurship, new ideas, and failure tolerance.’® Furthermore, many studies on
innovation culture measured culture at the very surface level, i.e. at the level of observable

practices, which are assumed to result from underlying norms and shared basic values.*®®

The selected 11 studies and their respective methods and main results with regard to
innovation culture are presented in Table 3-2. Although the content of the table will not be
repeated, the most interesting results will be pointed out. Furthermore, the major building
blocks that constitute an innovation culture are identified and discussed while additionally
drawing on conceptual works and other empirical studies.

Overall, the empirical studies reveal that a strong innovation culture positively affects
innovation performance. However, the definitions of innovation culture or very closely
related constructs, such as creative climate, also emphasize the lack of a common
understanding as to what constitutes an innovation culture. On the other hand, however, they
are characterized by some communalities of the underlying components of such a culture.

32 See Ernst (2003). Ernst uses the competing values framework (see section 3.1.3) to assess corporate culture.

% See Hurley and Hult (1998).

3 See de Brentani and Kleinschmidt (2004). In this regard, Ernst (2001), p. 50, states that the different
elements of innovation culture are not derived from a theoretical concept. He therefore stresses the need to
use more theoretically sound operationalizations of corporate culture. In particular, Ernst (2001), p. 50,
suggests to adapt the competing values framework, which was described in section 3.1.3, to innovation. So
far, however, such an instrument is not available in the literature. Since it is not the aim of this thesis to
develop a new assessment tool for innovation culture, some of the most important elements of innovation
culture as identified in the literature will be analyzed.

3% See Ernst (2001), p. 50.
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Innovation culture 79

Numerous works in the field of innovation management have argued that openness to new
ideas is a major requisite for innovativeness.**® According to HURLEY AND HULT who refer to
innovativeness as a part of a firm’s culture, openness to new ideas is a measure of a firm’s
orientation towards innovation.”®” In order to initiate the innovation process, firms need to be
willing to consider the adoption of new ideas. As such, being open to those ideas is
particularly relevant for starting the innovation process.*®® Since ideas usually originate from
individuals, but innovation is typically the result of a joint effort of several different
individuals, these interest groups must be willing to develop ideas into innovation or “into

good currency” as VAN DE VEN puts it.*®

Thus, openness to new ideas — regardless if the idea
comes from internal or external sources — requires employees to pay attention to and
appreciate new ideas.*”® Furthermore, it should be noted that openness to new ideas as a
central aspect of an innovation culture is closely linked to absorptive capacity. Although firms
may be willing to consider the adoption of new ideas, they might not be able to do so without
adequate absorptive capacity. However, a positive innovation culture also encourages and

391

rewards the development of new ideas.”" Therefore, a strong emphasis on creativity is one of

the most important elements of an innovation culture.**?

Another important element of innovation culture involves a firm’s affinity toward risk
taking. Innovation, i.e. developing new products, technologies or processes and introducing
them to the market, often comes with the risk of failure. For example, ATUAHENE-GIMA AND
Ko argue that innovation efforts involve the creation of new resource combinations. Since this
may require, for example, technological knowledge that is not currently available in the firm,
firms need to source them from the outside environment.’”® This is usually associated with

greater risk and experimentation.’®* CALANTONE, GARCIA AND DROGE refer to the often cited

36 See, for example, Kleinschmidt, de Brentani and Salomo (2007), p. 423.; Hurley and Hult (1998); Berthon,
Hulbert and Pitt (1999); Zaltman, Duncan and Holbek (1973); Worren, Moore and Cardona (2002); Hult,
Hurley and Knight (2004); Cooper and Kleinschmidt (1995); de Brentani and Kleinschmidt (2004);
Sundgren et al. (2005); Capon et al. (1992); Russell and Russell (1992).

7 See Hurley and Hult (1998), p. 44.

38 See Zaltman, Duncan and Holbek (1973), p. 64.

3% van de Ven (1986), pp. 591 ff.

3 The studies by Cooper and Kleinschmidt (see Cooper and Kleinschmidt (1995); Cooper and Kleinschmidt
(2007)) offer another aspect that is related to openness to ideas. Accordingly, the studies’ findings suggest
giving employees free time to do creative things, or encouraging skunk works. Wolff (1987), pp. 7 f.,
defines skunk works as “a sort of elite, working officially on a given project alongside the formal
organization to solve problems more officially. Skunk work research projects last only a limited period of
time.” Some, such as 3M, Lilly, or Google, give their employees 15 to 20 percent of their time to work on
their own ideas. See Canner and Mass (2005), p. 20. However, this refers to organizational arrangements
rather than to innovation culture.

1 See Amabile et al. (1996), pp. 1158 ff.; Worren, Moore and Cardona (2002), p. 1128.

2 See Amabile (1997), p. 52. See also Amabile et al. (1996), p. 1155; Ernst (2003), p. 31; de Brentani (2001),
p. 179.

See section 2.3.1 for the discussion about different mechanisms of technology sourcing.
3% See Atuahene-Gima and Ko (2001), p. 56.
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phenomenon of shortening product life cycles and the resulting need to accelerate
development times. Accordingly, it may also engender higher risks when innovations are
commercialized without extensive testing in order to grasp the window of opportunity.’’
Therefore, firms with a strong innovation culture create an atmosphere where risk taking is

396
encouraged.

Being comfortable with or even aggressive about risk taking simultaneously requires a firm to
accept failure. Otherwise, employees will not be inclined to engage in risky innovation
projects. DAY AND SCHOEMAKER state that especially innovation projects focusing on
emerging technologies require continuous experimentation, making it necessary to tolerate
and to learn from failure. This “trial-and-error learning ... is easily subverted if there is a fear-
of-failure syndrome”.*’ Thus, an innovation culture involves an atmosphere where
individuals or teams are not punished when innovation projects do not deliver expected
results. That is, personal retributions or career blights from failure have to be minimized or
well considered.**® An innovation culture thus encourages experimentation, tolerates creative

mistakes and fosters learning from failure.**

Furthermore, some authors have stressed the importance of a general openness regarding
communication and discussion among employees. CAPON ET AL., for example, empirically
find that the most innovative firms in their study provided a culture that encouraged
innovation and facilitated scientific discussion and informal communication.*” This has also
been suggested by others who argue that innovation is promoted in cultures which permit
freedom of expression.*”" Similar to tolerance of failure, individual participants of the
innovation process need to feel free to express their own opinions and beliefs about the
direction being taken during an innovation project. This freedom of expression is only
possible if innovation participants do not perceive pressure to adhere to group or firm norms,
which hinder open discussions, and if conflict is viewed rather as a chance for improvement

402

than as being destructive.”~ Thus, diverse viewpoints about market opportunities or

3% See Calantone, Garcia and Droge (2003), pp. 94 f.

3% See de Brentani and Kleinschmidt (2004), pp. 312 f.; Amabile (1997), p. 52; Jaworski and Kohli (1993), p.
55; Atuahene-Gima and Ko (2001), pp. 55 f.; Sundgren et al. (2005), pp. 362 f.; Ernst (2003), p. 31; Capon
et al. (1992), p. 162; de Brentani (2001), p. 179; Cooper and Kleinschmidt (1995), p. 377.; Russell and
Russell (1992), p. 648.

*7 Day and Schoemaker (2002), p. 44.

3% See van de Ven and Chu (1989), p. 61; Hauschildt and Salomo (2007), p. 119; Andriopoulos (2001), pp. 834
ff.; de Brentani and Kleinschmidt (2004), p. 312.

3% See Cummings and Teng (2003), p. 49; Sundgren et al. (2005), p. 362; Day and Schoemaker (2002), p. 44;
Botcheva, White and Huffman (2002), pp. 421 ff.; Huber (1996), pp. 88 ff.; Atuahene-Gima and Ko (2001),
p. 61; de Brentani and Kleinschmidt (2004), p. 312; Cooper and Kleinschmidt (1995), p. 377.

40 See Capon et al. (1992), pp. 161 ff. See also Gupta and Wilemon (1990), pp. 277 ff.
1 See Siguaw, Simpson and Enz (2006), p. 565; Sundgren et al. (2005), p. 362; Horibe (2001), pp. 9 ff.
42 See van de Ven and Chu (1989), pp. 60 f.; Hauschildt and Salomo (2007), p. 118.
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technological solutions should be encouraged, particularly at the front end of the innovation

403
process.

Having elaborated on the key values, norms and practices that are characteristic for an
innovation culture the abovementioned definition of innovation culture can be extended and
circumstantiated. Thus, in line with this theoretical and empirical background, it is subsumed
that innovation culture can be defined as

(1) organization-wide shared basic values that support innovation,

(2) organization-wide norms for innovation, and

(3) perceptible innovation-oriented practices (artifacts and behaviors)
constituting a firm’s or business unit’s internal environment that, for example, encourages risk
taking, supports openness to new ideas, tolerates failures, fosters learning, and promotes
constructive dissent.

3.3 Summary of the literature on Open Innovation and innovation culture

The discussion of Open Innovation shows that there are already many contributions to this
young area of research. Previous research has contributed from different perspectives, such as
outsourcing of R&D or early supplier and user integration. In this regard, different methods of
technology sourcing and commercialization, which open up the corporate boundary to the
outside environment, as well as the organizational implementation of the Open Innovation
concept have been discussed in the previous chapter. However, although Open Innovation is a
holistic approach to innovation, cultural challenges have not been addressed so far. This is
surprising insofar as many firms are facing difficulties during the implementation of the Open
Innovation concept.** Accordingly, there is a great need to fill this white spot of research on
Open Innovation culture at the theoretical and empirical level.

To fill this white spot, the first research question, asking for the characteristics of an
innovation culture, has been answered in this chapter. Accordingly, the major building
blocks of innovation culture, such as encouragement of risk taking, openness to new ideas,
failure tolerance, emphasis on learning, and openness to constructive dissent, have been
identified.

Furthermore, all previous empirical studies on innovation culture implicitly follow the
corporate culture paradigm, which views culture as an internal variable of the organization
that can be shaped by management to pursue strategic goals. This relates to the next two

research questions (i.e. research questions (2) and (3)) considering cultural differences

43 See Day and Schoemaker (2002), pp. 41 f.; Sundgren et al. (2005), p. 362; Capon et al. (1992), pp. 162 ff.

For a detailed analysis of the front end of innovation, see Broring (2005).

404 See section 1.1.
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between Open and Closed Innovation culture. This is in line with SACKMANN who suggests
addressing issues of cultural fit more systematically: “That is, depending on the nation,
region, and industry in which a firm operates, studies could investigate the characteristics of
the most appropriate cultural context. At the moment, all practitioners seem to strive toward
more flexibility, more adaptability and toward more self-organization within the context of a
learning organization. Similar to innovation (Burns and Stalker, 1961), not all contexts may,
however, require the same level of flexibility, adaptability and/or self-organization.”"*
Accordingly, innovation culture must fit the innovation strategy followed. Similarly, the
discussion of established and emerging technologies in section 2.1.4.1 has shown that
innovation management involving emerging technologies needs to, for example, put a strong
emphasis on conflict or follow a different approach for managing people. Accordingly, the
innovation strategies Open Innovation and Closed Innovation may be different regarding their

cultural requirements.

The following chapter will address the constituting elements of innovation culture. It will be
argued whether those elements need to be shaped differently in order to successfully follow

an Open Innovation strategy compared with a Closed Innovation strategy.

45 Sackmann (2001), p 160.



4 Conceptual framework and hypotheses

In this study, a conceptual framework is employed, which is grounded in the theory of the
resource-based view (RBV) of the firm applied to innovation management. The RBV is based
on the works of PENROSE and WERNERFELT and understands firms as bundles of resources.
These bundles differ across firms and industries and persist over time.*” In general, the RBV
postulates that a firm’s sustainable competitive advantage is based on its unique resources and
their interactions. So far, it has been stressed that Open Innovation is about integrating
different resources and capabilities that originate from a variety of internal and external
sources. Since the RBV emphasizes the bundling of unique resources, it is crucial for the

understanding of Open Innovation.*"’

In the subsequent sections of this chapter, the fundamental ideas and concepts of the RBV are
laid out.*”® Furthermore, Open Innovation as well as innovation culture are linked to the RBV.
Then, hypotheses are derived, which relate to different elements of an innovation culture. The
various hypotheses concern similarities and differences between innovation cultures of Open

and Closed Innovation units. Finally, the conceptual framework is summarized.

4.1 Resource-based approach to Open Innovation

Firms differ regarding their activities and strategies pursued. This does not only apply to firms
coming from different industries but also to firms within the same industry. These differences
are rooted in two factors: (1) assets or resources and (2) competencies, which, in and of
themselves, are a function of both the technological and the market knowledge that underpins
them.*”” From a resource-based perspective, innovations are new combinations of existing
and/ or new resources and competencies.*'® To further discuss resources and competencies,
which determine a firm’s innovation strategy, a clear distinction of these constructs is needed.

Resources or assets are any tangible or intangible productive factors that a firm can use to
achieve its business objectives.!! With regard to innovation, tangible resources are, for

example, R&D equipment, laboratories, or production and distribution facilities, whereas

46 See Penrose (1959); Wernerfelt (1984).

7 See Vanhaverbeke and Cloodt (2006), p. 274.

%8It should be noted that the general literature on the RBV is very comprehensive and it is not the aim of the

present study to repeat some general reviews that can be found, for example, in Peteraf (1993); Teece,
Pisano and Shuen (1997); Silverman (1999).
49 See Afuah (2003), p. 51.
410 See Penrose (1959), p. 85.
The terms ‘resources’ and ‘assets’ are used interchangeably in this study. This has also been done, for
example, by Liebermann and Montgomery (1998); Thomke and Kuemmerle (2002); Afuah (2003); Broring
(2005).
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intangible resources refer to patents, licenses, tacit knowledge, innovation culture etc.*

Both tangible and intangible resources are needed for creating innovation. Furthermore,
resources can be distinguished according to the extent to which they can be exchanged. For
example, whereas licenses are exchangeable, a special consumer insight or tacit knowledge,
which is inherent in a technology development system, are in-exchangeable.*’® To be the
source for sustained competitive advantage, BARNEY argues that resources have to be

valuable, rare, imperfectly imitable and non-substitutable.**

The term ‘competence’, which is used interchangeably with the term ‘capability’, refers to
“an ability to accomplish something by using a set of material (e.g. equipment, machinery,
mail list) and immaterial resources (e.g. manufacturing know-how, understanding of customer
needs)”.*"® To put it another way, a competence is “an ability to sustain the coordinated
deployment of resources”.*'® This implies that resources and competencies are interdependent
to a certain extent. The reason why the interplay between resources and competencies is
important is that resources, in and of themselves, are not of much use. Firms need to have the
adequate competencies for resource deployment in order to create value from their
resources.*'” Furthermore, competencies and resources are mutually constitutive, since each
contributes to and builds on the other.*'® For example, a firm can accumulate intellectual
property because of its competence to perform good research and win patents. On the other
hand, existing intellectual property can enable a firm to develop strong competencies in
intellectual property protection.*'® Hence, resources are the source of competencies, which in

. .. 420
turn enable a firm to use those resources to achieve competitive advantage.

412 See Hall (1992), p. 135; Sanchez, Heene and Thomas (1996), p. 7; Afuah (2003), p. 51. The role of
innovation culture as an intangible resource will be discussed in section 4.1.3.

13 See Perks and Easton (2000), p. 328; Bréring (2005), p. 95.

414 See Barney (1991), pp. 105 f. For a firm resource to be ‘valuable’, it must exploit opportunities and/ or

neutralize threats emerging in the firm’s environment. A resource must also be ‘rare’ with respect to the
firm’s current and potential competitors. Besides being ‘imperfectly imitable’, a firm’s resource must not
have any equivalent substitutes. That is, it must be ‘non-substitutable’. See Barney (1991), pp. 105 f. For a
similar argumentation, see Grant (1991), pp. 123 ff.

Danneels (2002), p. 1102. The terms ‘material’ and ‘immaterial’ resources used by Danneels denote tangible
and intangible resources, respectively.

416 Sanchez, Heene and Thomas (1996), p. 8. The terms ‘competencies’ and ‘capabilities” have also been used

synonymously in other works, such as Grant (1991); Liebermann and Montgomery (1998). Liebermann and
Montgomery (1998), p. 1112. state that “’capabilitites’ or ‘competencies’ represent the organization’s
collective capacity for undertaking a specific activity”. Hamel and Prahalad (1992), p. 164, note that “the
distinction between competencies and capabilities is purely semantic”.

47 See Afuah (2003), p. 53. See also Rumelt (1994), p. xix, arguing that resources alone will not explain a

firm’s competitive advantage.

418 See Dougherty (1995), pp. 113 ff.

9 See Afuah (2003), p. 56.

420 See Grant (1991), p. 119.



Conceptual framework and hypotheses 85

As competencies enable a firm to achieve a given task*’!, an extensive amount of literature
has pointed out that the two key tasks involved in product innovation are to physically build
the new product and to commercialize that product within certain market segments.*?
Whereas the former task requires technological competencies, the later task is enabled by
marketing competencies. Accordingly, the underlying resources to accomplish both tasks
can be classified as technology-related and market-related.*® Figure 4-1 presents the
reciprocity of a firm’s technological and marketing competencies as well as their constituent

tangible and intangible resources.

Technological |—» +— Marketing
competencies |€¢— — | competencies

Technology-related resources Market-related resources
= Manufacturing plant and equipment = Knowledge of customer needs and
= R&D equipment/ laboratories processes
= Engineering know-how = Distribution and sales channel
= Quality assurance tools = Firm/ brand reputation
= Intellectual property = Relationships with customers

Figure 4-1: Innovation as linking of technology and marketing competencies***

In a similar vein, TEECE argues that complementary assets are needed to commercialize
technological innovation. Complementary assets are those assets not underpinning the
technology (e.g. manufacturing, brand reputation, or distribution channels). This implies that
new technological knowledge is not sufficient. In fact, technological knowledge has to be
used in conjunction with other resources and competencies, such as marketing or
manufacturing.*> With respect to emerging technologies, TRIPSAS states that “companies

#21 " See McGrath, MacMillan and Venkataraman (1995), p. 254.

42 See, for example, Dutta, Narasimhan and Rajiv (1999), pp. 549 ff.; Cooper (2001); Danneels (2002), p.
1102.

See Danneels (2002), p. 1102. In order to develop an innovation, Dougherty (1992), p. 78, stresses the need
to address the impact of both technologies and markets simultaneously as “a product is not a technology nor
a set of customers, since, for example laser technology underlies a wide range of products, such as fiber
optic networks or cutting tools, which can be marketed to a wide variety of customers, from banks to
surgeons”. However, the underlying resource profiles differ across industries. While technology-related
resources are prevalent in science-driven industries, market-related resources are common in marketing-
driven industries. See Broring (2005), p. 97.

Source: adapted from Danneels (2002), p. 1103; Afuah (2003), p. 57; Herzog (2007), p. 4.
435 See Teece (1986), p. 288.

423
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often focus on the technological challenges alone. But successful commercialization requires
more than mastering the technology. Managers must also understand and build
complementary assets”.*”® Whereas new entrants are often the first to introduce a new
technology, they usually lack the necessary complementary assets to commercialize that
technology. The necessary complementarities are usually possessed by incumbent firms.
Overall, TEECE argues that firms that come up with technological innovation often
overestimate the strength of the appropriability regimes surrounding the innovation and
underestimate the importance of complementary assets. The existence of markets for
technologies, i.e. the possibility to transfer technologies via licensing etc., does not
necessarily require the technology developer to possess the complementary assets as well in
order to gain value from the technology.*”’ In case a firm lacks the necessary complementary
assets, Open Innovation provides the opportunity of technology commercialization by using
other firms’ complementary assets. Therefore, the role of the coexistence of technology, on
the one hand, and complementary assets, on the other hand, in one firm diminishes under an

Open Innovation model.

TEECE focuses his analysis on pioneering firms in technological innovation, which may lack
complementary assets.*”® However, as it is a central part of the Open Innovation concept,
CHRISTENSEN argues also to consider firms, which possess complementary assets and which
are in search of external technology or innovation ideas.*” In order to identify external
technology and innovation ideas, a firm needs absorptive capacity as the “ability to recognize
the value of new information, assimilate it and apply it to commercial ends”.*** Thus, for the
technology sourcing side of Open Innovation, technology-related absorptive capacity is of
particular relevance. The other important part of the Open Innovation concept refers to the
commercialization of internal technologies or ideas. Accordingly, market-related absorptive
capacity is needed. In this regard, LICHTENTHALER has emphasized the need of desorptive
capacity which is the firm’s ability “to (1) recognize the external exploitation potential of [its]
knowledge assets, (2) identify and contact potential users and establish appropriate transaction

conditions and (3) adequately transfer the knowledge assets to the recipient.”431

426 Tripsas (2000), p. 172.

47 See Arora, Fosfuri and Gambardella (2002), p. 227.
48 See Teece (1986).

#9 See Christensen (2006), p. 40.

0 Cohen and Levinthal (1990), p. 128.

#1 Lichtenthaler (2006), p. 65; see also Lichtenthaler, Ernst and Lichtenthaler (2007), p. 226. Since both the
concept of technology-related absorptive capacity and the concept of market-related absorptive capacity or
desorptive capacity have been discussed in section 2.3.1.1 and in section 2.3.2.1, respectively, both are not
further discussed in this section.
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4.1.1 Resource-based view and relevance of core competencies for Open Innovation

PRAHALAD AND HAMEL state that a firm cannot only be viewed as a portfolio of products but
also as a portfolio of competencies.**> Focusing on technology-intense firms, they argue that
in order for such firms to be successful in the long-run, they have to concentrate on a limited
set of distinctive technological competencies in which they can gain specialization. This
would enable them to deliver a constant flow of innovations to several markets.**> In case
these competencies differentiate a firm strategically, they are considered core
competencies.”* As the “collective learning in the organization”, core competencies specify
“how to coordinate diverse production skills and integrate multiple streams of
technologies”.435 The definition implies that core competencies evolve over time and follow a
cumulative development. Whereas resources (especially tangible resources) deteriorate over
time, core competencies are enhanced as they are applied.

With regard to innovation, core competencies can turn into core rigidities as they inhibit a
firm to think out of the box, i.e., core competencies may hamper new ways of value creation.
Due to their cumulative and path-dependent character, existing competencies may not allow a
firm to look at the right or left side of that specific path.*® Similar to the distinction of
technological and marketing competencies, path dependencies can refer to the technology
side as well as to the market side. However, according to BRORING and DANNEELS, there is a
focus on technological path dependencies in the literature. Both stress the need to also
consider the market path dependencies.*’ For example, analyzing the front end decision
making in converging industries, BRORING concludes that existing market trajectories play an
important role for generating ideas. That is, a firm’s direction of searching ideas is headed
towards arcas, which are familiar or at least similar to what the firm already does.**®
Following an Open Innovation strategy, path dependencies are of particular relevance. With
respect to technology commercialization, market path dependencies play a critical role. Here,
a firm may not be able to find markets outside its current business for its technologies. This
refers to the problem of market-related absorptive capacity (or desorptive capacity).

Regarding technology sourcing, a firm that has deep specialized knowledge in a limited

42 See Prahalad and Hamel (1990), p. 86.

43 See Prahalad and Hamel (1990), pp. 79 ff.
4 See Leonard-Barton (1992), p. 111.

45 Prahalad and Hamel (1990), p. 82.

#6¢ " See Leonard-Barton (1992), p. 112.

437

See Danneels (2002), p. 1112; Bréring (2005), pp. 99 f. However, a literature review by Herzog (2007) only
partly confirms Broring’s and Danneel’s judgment on the unilateral treatment of path dependence in the
context of innovation management in the literature. That is, path dependence is mostly, explicitly as well as
implicitly, considered as being closely connected to technology. In fact, there are quite a few articles that
acknowledge the marketing dimension of path dependence. Although many authors only implicitly refer to
path dependence and its marketing related dimension.

8 See Broring (2005), p. 214.
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number of technology fields may not be able to find adequate external technologies in order
to advance internal innovation, since it is trapped by technological path dependencies. On the
one hand, technological path dependencies are closely related to the problem of absorptive
capacity. On the other hand, those deep and narrowly specialized technological competencies
may hamper the successful implementation of an Open Innovation strategy. The underlying
reason will be discussed in the following paragraph. However, to leave historical, market or
technology-related paths and to follow an open approach to innovation, many firms have set

- L 439
up separated organizational units.

Drawing on the distinction between the two levels of innovation — component level and

architectural level — as suggested by HENDERSON AND CLARK**

, CHRISTENSEN points out that
the core competence concept is double-sided.**' On the one hand, PRAHALAD AND HAMEL
sometimes associate core competencies with firm-wide and integrative competencies, which
are needed for developing architectural and radical innovations. On the other hand, however,
they sometimes associate core competencies with specialized technological competencies,

. . 442
which are needed for developing core components.

With respect to Open Innovation,
CHRISTENSEN asks: “What has happened to the core competency perspective?**** He answers
this question by arguing that in order to gain and sustain competitive advantage, the
importance of deep specialized technological core competencies decreases. Firms rather need
integrative competencies to combine and integrate widespread useful knowledge into their
own systems to generate innovation. These integrative competencies can be viewed from two
different perspectives: (1) the technology perspective and (2) the managerial perspective. The
former one associates integrative competencies with application-specific knowledge needed in
product design (both of components and architectures). This relates to KOGUT AND ZANDER’S
understanding of combinative capabilities*, describing the processes by which firms
synthesize and acquire (external) knowledge resources in order to generate new applications
from them. Regarding the managerial side, CHRISTENSEN draws on the long-term and
cumulative character of core competence building and stresses the need for integrative

9 See section 2.4 and the case of Degussa’s Creavis Technologies & Innovation. Furthermore, idea

intermediaries, such as NineSigma, yet2.com and InnoCentive, can be of great help to leave existing paths.
See section 2.2.3.

#0" Henderson and Clark (1990), p. 11, suggest that since products are usually made up of components that are

somehow connected together, product development requires two different types of knowledge: (1)
component knowledge (i.e. knowledge about the particular components) and (2) architectural knowledge
(i.e. knowledge of the linkages between the individual components).

The following paragraph relies on Christensen (2006), pp. 38 ff.

2 See Christensen (2006), p. 38.

3 Christensen (2006), p. 36.

#4 " See Kogut and Zander (1992), p. 384. See also Koruna (2004a), p. 508, who distinguishes product-oriented
combinative capabilities and technology-oriented combinative capabilities. Whereas product-oriented
combinative capabilities refer to “the process of combining either existing products into new products”,
technology-oriented combinative capabilities are defined as “the process of synthesising existing
technologies into a new technology with a new functionality”.
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competencies to be responsive and adaptive to changing external contingency factors. From
this point of view, integrative competencies are similar to the concept of dynamic capabilities
grounded in the work of TEECE, PISANO AND SHUEN.

The dynamic capabilities approach stresses “the exploitation of existing internal and external
firm-specific competencies to address changing environments”.*** As such, dynamic
capabilities are defined as “the firm’s ability to integrate, build, and reconfigure internal and
external competencies to address rapidly changing environments”.**® Similar, EISENHARDT
AND MARTIN define dynamic capabilities as “[t]he firm’s processes that use resources —
specifically the processes to integrate, reconfigure, gain, and release resources — to match and
even create market change”.*"” Furthermore, EISENHARDT AND MARTIN note that dynamic
capabilities include well-known specific organizational and strategic processes, such as
product development, alliance formations, or acquisitions.**® Thus, they are consistent with
open modes of innovation, making the RBV a useful theory in explaining Open Innovation.
The RBV is also applicable, since Open Innovation brings together different players with
complementary resources and capabilities that are necessary to develop and market new

products.**

4.1.2 Resource-based view and the role of asymmetries for Open Innovation

One of the standard assumptions of the resource-based view — requiring a resource to be
valuable — has been weakened recently. MILLER put forth the notion of asymmetries, which
are defined as “[s]kills, processes, talents, assets or outputs an organization possesses or
products that its competitors do not and cannot copy at cost that affords economic rents. They
are rare, inimitable, and non-substitutable.”*** The major difference is, thus, that asymmetries
are initially not valuable, i.e., they are not connected to any value creation mechanism.
However, they might have the potential to be converted into valuable resources. Accordingly,
a firm needs to be able to discover its asymmetries and their inherent potential. It needs to
match those asymmetries to market opportunities. To exploit such market opportunities, it

must then strategically embed its asymmetries within an organizational design, which

45 Teece, Pisano and Shuen (1997), p. 510.

Teece, Pisano and Shuen (1997), p. 516. For a detailed analysis of dynamic capabilities, see also Eisenhardt
and Martin (2000).

7 Eisenhardt and Martin (2000), p. 1107.

#¥ " See Eisenhardt and Martin (2000), p. 1106.

See also Vanhaverbeke (2006), p. 215. It has to be noted that already Penrose (1959), p. 79, placed Open
Innovation (without using the term) as an upcoming agenda: “we should not ignore the effect of increased
experience and knowledge of the external world and the effect of changes in the external world. Clearly
external changes may also become part of a firm’s ‘stock of knowledge’ and consequently they may change
the significance of resources to the firm. Knowledge of markets, of technology being developed by other
firms, and of the tastes and attitudes of consumers, are of particular importance.”

40 Miller (2003), p. 964. This paragraph relies extensively on Miller (2003).
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includes formal organizational aspects, such as structure, as well as informal aspects, such as
corporate culture. Although he does not use the term ‘Open Innovation’, MILLER’S notion of
asymmetries offers a further promising opportunity to link the resource-based view with Open
Innovation. The rationale will be discussed in the following.

A major aspect of Open Innovation is that many firms have various technologies lying around
unused. Obviously, these technologies are not valuable, since they are not commercialized.
This could be due to the fact that they do not fit into the current business model of the firm.
However, they might fulfill the other criteria of rareness, inimitability, and non-
substitutability and, thus, be regarded as asymmetries. The question then is: how to enhance
the value of these technologies? Some possibilities to extract that value, as pointed out by
MILLER, refer to: integration of asymmetries in a system solution, commercializing
asymmetries on other markets, or using them in conjunction with other asymmetries of the
firm.*' This fits well with Open Innovation; particularly the outbound side of Open
Innovation, i.e. external technology commercialization, is concerned. In this sense, a firm
requires sufficient market-related absorptive capacity in order to leverage the value of its
asymmetries. It must be able to spot opportunities in (unfamiliar) markets. That way, it can
recover its ‘false negatives’, i.e. “projects that initially seem almost worthless, but turn out to

be surprisingly valuable™*.

MILLER also argues that firms need to embed their asymmetries within the organization,
putting strategic emphasis on them at the expense of their other resources.*® In contrast, Open
Innovation is not detrimental to other firm resources. As was shown in section 2.4, firms can,
on the one hand, follow a Closed Innovation strategy in those business fields where they
possess the required competencies. On the other hand, they can innovate in a very open
manner in those technological and market fields where they lack some necessary
competencies to, for example, build integrated systems. Furthermore, why should it be at the
expense of other resources if asymmetries, such as unused technologies, are licensed or sold?
In that sense, they are connected to another firm’s engine of value creation, thereby also

generating additional value for the licensing or selling firm.

However, MILLER is primarily concerned with leveraging asymmetries to valuable assets
through the firm itself, which is in possession of them, i.e. through the firm’s own other
resources.*® Nevertheless, the extension of the resource-based view through the notion of
asymmetries offers a promising theory avenue for research on Open Innovation.

#1 - See Miller (2003), p. 965.
#2 Chesbrough (2003c), p. 38.
#3 " See Miller (2003), p. 968.
4 See Miller (2003).
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As mentioned above, turning asymmetries into valuable resources is best when embedding
them within the organizational design. Among others, corporate culture is a key element of
such a design. Being a potential resource of the firm, corporate culture focuses employees’
efforts on identifying, developing, and harnessing asymmetries.*> The role of corporate and
innovation culture as a firm’s resource as well as their relations to Open Innovation will be

discussed in the following section.

4.1.3 Resource-based view and innovation culture for Open Innovation

As has been noted above, both tangible and intangible resources are needed to create
innovation. As such, culture is an important intangible and people dependent resource of an
organization.**® However, since intangible resources are by definition difficult to assess, many
empirical resource-based studies have focused on tangible resources in order to explain
variation in firm performance. According to ROUSE AND DAELLENBACH, literature has
recently shifted the focus of analysis to a broad set of intangible organizational resources.*’
Nevertheless, whereas intangible resources, such as intellectual property or firm reputation,
have been addressed in empirical research, only very few studies have been conducted so far

that focus on corporate culture.*®

The importance of corporate culture to business success has been shown by HALL. In his
study, HALL established a comprehensive framework of intangible resources and how they
lead to sustainable competitive advantage.*”® His survey is based on a sample of 847 Chief
Executive Officers (CEOs) in the U.K. Asking for their perceptions of the relative importance
of the contributions of different intangible resources to the success of the business, it revealed
the important role of corporate culture. Among the 13 intangible resources, culture was
ranked fourth behind company reputation — the most important intangible resource to business

success — product reputation, and employee know-how.*®’

BARNEY identifies corporate culture as a firm resource, which is a potential source of
sustained competitive advantage and therefore of great strategic importance. He argues that in

#35 See Miller (2003), pp. 668 ff.

#6 See Hall (1992), pp. 135 ff.; Michalisin, Smith and Kline (1997), pp. 361 f.; Grant (2002), p. 144.

#7 See Rouse and Daellenbach (1999), p. 488.

#% See van den Berg and Wilderom (2004), p. 577. Rouse and Dacllenbach attribute this to the trend towards
the use of large sample, quantitatively-operationalized research designs. They note that “[u]ntil now, only
the lack of a theoretically appropriate research framework has prevented testing of culture/advantage (and
other resource-based, complex, highly inimitable, firm-specific/advantage) relationships. In testing these
relationships, the privileged use of large sample, multi-industry, single time-period samples using secondary
data sources exacerbates the search for key factors, such as organizational culture, that may provide
competitive advantage”. Rouse and Daellenbach (1999), p. 492.

49 See Hall (1992); Hall (1993).

40 See Hall (1992), p. 141.
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order to provide a source of sustained competitive advantage, a firm’s culture needs to be (1)
valuable, (2) rare, and (3) imperfectly imitable.*' Referring to sustained superior financial
performance, BARNEY argues that a valuable culture enables a firm to behave in ways that
result in high sales, low costs, and high margins, or adds financial value to the firm in some
other ways.*® With regard to innovation, an innovation culture must be valuable in order to
provide sustained innovative performance. In general, it must enable the firm to generate
innovative ideas and to turn these ideas into commercially successful products or services.
However, BARNEY argues that a valuable corporate culture is a prerequisite to generate even
normal financial performance.*®® Accordingly, it can be argued that a valuable innovation
culture is a prerequisite to generate normal innovation performance. Therefore, a valuable
innovation culture consists of the elements, which were described and discussed in section
3.2.2 and which are of fundamental importance to generate innovation. Thus, a valuable
innovation culture encourages risk taking, supports openness to new ideas, tolerates failures,

fosters learning, and promotes constructive dissent.

Furthermore, a culture is only valuable when it fits the strategic and competitive context. An
example of an innovation culture, which is not valuable in an Open Innovation setting, can be
developed from the one pointed out by LEONARD-BARTON. She found that the culture at
Chemicals Corporation valued chemical engineers over mechanical engineers.*** Assuming
that Chemicals Corporation follows an Open Innovation strategy aiming at combining
(internal) chemical and (external) mechanical knowledge to generate innovation, its culture
would not be valuable. It would rather pose a significant barrier to the successful
implementation of the Open Innovation strategy. Furthermore, suppose the science-to-
business (S2B) center ‘Nanotronics’ at Degussa’s Creavis Technologies & Innovation would
stress one type of competence to the detriment of the other. Since R&D at the S2B center
‘Nanotronics’, which focuses on the field of printable electronics, requires nanomaterial
competencies, which are possessed in house, as well as electronic competencies, which need
to be sourced from external partners, it is indispensable to value both.

The second condition requires that a valuable culture must be rare to generate sustained
superior financial performance. That is, a culture must have some characteristics or attributes
that are not common to the cultures of many other firms. According to BARNEY, if many firms
have similar cultures that allow them to behave and compete in similar ways, culture will not
be the source of competitive advantage. Drawing on the fact that corporate culture reflects the
unique personalities and experiences of a firm’s employees and its founders and that culture is

1 See Barney (1986), pp. 658 ff.

42 See Barney (1986), p. 658.

3 See Barney (1986), p. 658.

44 See Leonard-Barton (1992), p. 118.
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historically bound, BARNEY argues that “[r]are experiences can lead to a rare culture”.*®®

However, it needs to be stressed that different organizational experiences only ‘can’ lead to a
rare culture. In fact, different experiences may also result in similar cultural outcomes.
Finally, a firm’s culture must be imperfectly imitable. In case of an easily imitable culture,
any competitive advantage that is based on that culture dissipates due to imitation by
competitors and is, thus, not sustainable. However, values, norms, and practices underlying
corporate culture are difficult to understand and to describe and therefore corporate culture is
usually difficult to imitate.**® Furthermore, the characteristics that make a culture valuable
and rare, such as its unique historical context or the employees’ unique personalities, may also

make it difficult to imitate.**’

As CHESBROUGH noted, many firms shift their innovation model from a Closed Innovation
approach to an Open Innovation approach. However, what would such a shift imply for the
underlying innovation culture? Although a firm may want to shift its innovation strategy from
closed to open, it may face difficulties to overcome its cultural path dependencies. The
requirement that a valuable innovation culture must fit the strategic context implies that a
firm’s culture has fitted to the Closed Innovation strategy, but may not be appropriate
anymore for the Open Innovation strategy. Hence, a firm needs to be able to successfully
modify its culture, i.c., it must have the necessary culture management skills.*®® According to
TEECE, PISANO AND SHUEN, culture cannot be acquired; it rather has to be build.*® This refers
to the notion of dynamic capabilities enabling a firm to adapt its intangible resource
‘innovation culture’ to its innovation strategy. As EISENHARDT AND MARTIN point out,
dynamic capabilities are also related to the gain and release of resources, which “include
knowledge creation routines whereby managers and others build new thinking within the
firm”.*’° This is a crucial dynamic capability, particularly in industries like pharmaceuticals or

chemicals.*"!

Overall, the RBV is a useful theory to analyze innovation culture in Closed and Open
Innovation environments. In this regard, innovation culture is, on the one hand, an intangible
and people dependent resource of the firm that potentially leads to sustainable competitive
advantage. On the other hand, if a firm wants to follow an Open Innovation strategy after
having innovated in a rather closed mode in the past, it needs to change its innovation culture.

45 Barney (1986), p. 660.

%6 See Michalisin, Smith and Kline (1997), p. 377.
47 See Barney (1986), p. 661.

48 See Barney (1986), p. 662.

%9 See Teece, Pisano and Shuen (1997), p. 528. Teece, Pisano and Shuen (1997), p. 528, argue that imperfect
factor markets or the non-tradability of intangible resources in general make it impossible to acquire them.

470 Eisenhardt and Martin (2000), p. 1108.
411 See Eisenhardt and Martin (2000), p. 1108.
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The firm then needs the dynamic capabilities to modify its resource ‘innovation culture’ to fit
the new situation. The question remains, however, which cultural aspects require special
attention during the transformation process? The following chapter discusses several elements
of an innovation culture. For each cultural element, it is argued if this element needs to be
different in an Open Innovation environment compared with a Closed Innovation

environment.

4.2 Hypotheses development

In the following, hypotheses are formulated that address cultural similarities and differences
between Open Innovation and Closed Innovation cultures. To do so, the hypotheses address,
on the one hand, the major elements of an innovation culture as identified in the previous
chapter and, on the other hand, the upper two levels of innovation culture, i.e. norms and
practices. Openness to new ideas is addressed by taking into account employees’ attitudes
towards both sides of Open Innovation: external technology sourcing and external technology
commercialization. Thus, only openness to external ideas and technologies is considered here.
The underlying attitudes that will be discussed are the not-invented-here and not-sold-here
syndromes that generally denote a negative attitude towards external technology sourcing and
external technology commercialization, respectively. Both attitudes are considered belonging
to the level of norms. Furthermore, the level of observable practices will be addressed. First,
technological opportunism is considered. Technological opportunism can be seen as a
behavior pattern that refers to the openness to new ideas and technologies. The last three
major elements of innovation culture to be discussed in the following also belong to the
surface level of innovation culture. Thus, organizational risk taking, freedom to express
doubts, and management support of innovative behavior will be addressed. Besides these
aspects of innovation culture, the motivation of individual employees working in Open and
Closed Innovation environments as well as their underlying personality will be considered. As
it has been stated in the foregoing section, culture is people dependent and, thus, both
personality and motivation are assumed to influence innovation culture. The different aspects
of innovation culture that will be discussed in the following sections and there respective
cultural levels are illustrated in Figure 4-2.
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Not-invented-here
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Figure 4-2: Dimensions of innovation culture analyzed in this study

4.2.1 Personal characteristics of employees

As an innovation idea moves from its generation through development and
commercialization, it is people who push, modify, or drop the innovation.*’” Hence, an
individual’s personality plays a crucial role in determining innovative behavior. The
innovative personality involves those personal characteristics (e.g. temperaments, interests,
or needs) that are assumed to positively influence the innovative behavior.*”® Such personal
characteristics are further assumed to be relatively constant over time. However, whereas
personal characteristics as such are constant over time, their influence on innovative behavior
is not necessarily constant. This is due to the fact that behavior depends on the characteristics
of the person and the environment. That is, neither personal characteristics, such as
dispositions, nor situational characteristics, such as corporate culture, entirely predict
behavior.*’* Thus, besides the innovation culture employees are part of, their individual
personalities have an impact on whether they behave in a manner, which is conducive to
innovation. The question is, however, which personal characteristics are positively related

with innovative behavior.

472 See van de Ven (1986), p. 592.
413 See Rogers and Shoemaker (1971), pp. 187 f.
47 See Chatman and Barsade (1995), p. 423.
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MICHALIK provides a comprehensive study of the main factors that influence the innovative

engagement475

of industrial researchers. Next to other organizational factors, such as
innovative environment and innovative climate, MICHALIK explicitly considers personal
characteristics. She identifies four dimensions that constitute an innovative personality:
‘determination’, ‘non-conformity’, ‘imagination’, and ‘achievement-motivation’.*’® Among
those, the last three dimensions have a particularly strong and positive impact on innovative

477
engagement.

Similar results can be found in other studies. For example, next to creativity — a major
prerequisite for innovation — the proactivity concept of personal initiative plays a crucial role
in order to successfully transform an idea into innovation. Personal initiative involves
behavior patterns that can be characterized as being self-started, proactive, and persistent.*’®
Thus, personal initiative consists of behaviors, such as going substantially beyond one’s
formal job prescriptions, spending additional energy at work, and demonstrating stamina in
the face of innovation barriers and resistance.*”> These three behaviors, which are typical for
personal initiative, are reflected in the factors of innovative personality found by
MicHALIK.**" It has been shown that proactive personality — “a stable disposition to take

C e . . P . . 481
personal initiative in a broad range of activities and situations™®

483

— is positively related to
innovation*? and entrepreneurship*®. Most of these personal characteristics, such as being

self-determined, taking the initiative, or being action-oriented, can also be found in the

45 “Innovative engagement represents a voluntary behavior during the generation of innovations, which is

based on one’s own authority, and which is usually characterized by self-initiated, ambitious, and sustained
actions of individual persons, and which is furthermore characterized by a high risk propensity, a distinct
stamina, and a at least temporarily extraordinary high intensity of innovative activities.” Translated by the
author from Michalik (2003), p. 15.

See Michalik (2003), pp. 150 ff. The original factor names have been translated by the author. The factor
‘determination’ consists of the four variables power of concentration, stamina, assertiveness, and
consideration of alternative solutions. The factor ‘non-conformity” includes the three variables willingness
to take risks, considering alternative applications for the innovation, and enthusiasm. The factor
‘imagination’ consists of the variable considering alternative applications for the innovation as well as
extraordinariness of ideas. The factor ‘achievement-motivation’ involves the four variables taking on
additional tasks, being positive about one’s own ideas, constructively coping with new situations, and idea
generation beyond one’s job prescriptions.

477 See Michalik (2003), pp. 218 ff.
478

476

More specifically, Frese et al. (1996), p. 38, state that “personal initiative is characterized by the following

aspects: it (1) is consistent with the organization's mission, (2) has a long-term focus, (3) is goal-directed

and action-oriented, (4) is persistent in the face of barriers and setbacks, and (5) is self-starting and

proactive.”

479 See Rank, Pace and Frese (2004), p 523; Salomo and Mensel (2005), p. 478.

#0 See Michalik (2003), pp. 150 ff. Whereas the first two behaviors refer to the factor of ‘achievement-
motivation’, the latter one is similar to the first factor ‘determination’.

1 Seibert, Kraimer and Crant (2001), p. 847.

42 See Seibert, Kraimer and Crant (2001), p. 860.

43 See Becherer and Maurer (1999), pp. 28 ff.
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literature on intrapreneurship®™. In this regard, it has been found that an intrapreneurial
personality is positively related to innovation.*s> Furthermore, RANK, PACE AND FRESE state
that action-orientation — referring to the “efficient translation of intentions into goal-directed

behavior” — is positively associated with innovation implementation.**

Another important
personal characteristic is extroversion. Extroversion may be beneficial for innovators who

need to convince other people in the firm of the value of new ideas.*®’

Summarizing the hitherto discussion, it can be stated that personal characteristics, such as
being proactive, being action- or results-oriented, being extroverted, or being creative, are
conducive to innovative behavior. However, does following an Open Innovation strategy
require emphasizing those characteristics more strongly compared to following a Closed
Innovation strategy? Extroversion, for example, is needed for both radical innovations and
Open Innovation. In case of radical innovation, different stakeholders in the firm need to be
persuaded of the radical innovation idea, which usually affects many functions within the
firm. Regarding Open Innovation, it has been emphasized above that collaboration with
external partners is essential. Thus, potential partners for innovation also need to be persuaded
of the value of a new idea. The need for R&D employees in an Open Innovation environment
to be particularly extroverted, proactive, as well as results-oriented has been stressed by
HUSTON AND SAKKAB who state that Open Innovation requires personalities that are “quick in
identifying the opportunity, running the experiments and then closing the deal”.**® This also
requires employees that have both a technical and a business mindset.*® Subsuming the
personal characteristics, which are conducive to innovative behavior, under the term ‘go-
getting’, the following Hypothesis is postulated:

Hypothesis 1a: Open Innovation units and Closed Innovation units are different in that
employees in Open Innovation units have a more ‘go-getting’ personality than

employees in Closed Innovation units.

The discussion so far has only focused on personal characteristics that are assumed to
positively influence the innovative behavior. However, there are also some characteristics that
may negatively influence innovative behavior. CRAWFORD takes up a very rigorous position.
She states that “[r]isk aversive ... personnel are persona-non-grata in new product

development.” Subsuming such personal characteristics, which are disadvantageous to

44 See, for example, Pinchot (1985); Pinchot and Pellman (1999) for the general theme of intrapreneurship.

#5 Amo and Kolvereid (2005), pp. 15 ff.

46 Rank, Pace and Frese (2004), p. 520. See also Kuhl (1992), pp 97 ff.
7 See Rank, Pace and Frese (2004), p. 520.

*% Huston and Sakkab (2007), p. 23.

9 See Huston and Sakkab (2007), p. 23.

0 Crawford (1977), p. 57; emphasis in the original.
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innovation, under the term ‘halfhearted’, there seems to be no reason why employees
working in an Open Innovation environment should be different regarding their degree of
halfheartedness compared to those working in a Closed Innovation system. This leads to the
following Hypothesis:

Hypothesis 1b: Open Innovation units and Closed Innovation units are not different

regarding their employees’ ‘halfhearted’ personalities.

4.2.2 Motivation of employees

As it has been argued in the foregoing section, it is people who push, modify, or drop the
innovation. Thus, firms need to provide motivating conditions, i.e. incentives, rewards etc.
that foster innovation team members’ will to innovate. Regarding those conditions, both

. . . . . . 491
intrinsic and extrinsic motivations have to be taken into account.

Intrinsic motivation may be defined as “the motivation to work on something because it is
interesting, involving, exciting, satisfying, or personally challenging”.** As such, intrinsic
motivation drives self-initiated activities and, thus, high levels of intrinsic motivation are
assumed to result in high levels of spontaneous, innovative behaviors from innovation team
members.*” It is a well-established research finding that creativity — the seed of innovation —
and thus the performance of innovation teams is strongly driven by intrinsic motivation of

individual employees.***

ANGLE points out that intrinsic outcomes either come from the
behavior itself, i.e. having fun or doing interesting work, or from one’s accomplishments, i.e.
enhanced self-esteem. Hence, intrinsic rewards are administered by the individual itself,

rather than being mediated by the firm or business unit.**®

Whereas it has been demonstrated that intrinsic motivation plays a crucial role in enhancing
creativity and innovative behavior, the role of extrinsic motivation has been discussed
controversially. Extrinsic motivation relates to “the motivation to work primarily in response
to something apart from the work itself.** Goals outside the specific work tasks are, for
example, the desire to achieve a promised reward or position, or to meet a deadline.*’ Studies
by AMABILE and her colleagues have shown that these extrinsic motivators can undermine

intrinsic motivation and therefore result in lower creativity.498 Extrinsic motivators have a

1 See Angle (1989), p. 139.

42 Amabile (1997), p. 39

3 See Sundgren et al. (2005), p. 362; Angle (1989), p. 139.

44 See, for example, Amabile et al. (1996), p. 1158; Sundgren et al. (2005), p. 368.

5 See Angle (1989), p. 139.

46 Amabile et al. (1994), p. 950.

7 See Angle (1989), p. 139; Dhawan, Roy and Kumar (2002), p. 403; Sundgren et al. (2005), p. 362.

4% See Amabile (1996) for a summary of these studies.
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detrimental effect on intrinsic motivation: employees no longer work because of the
interesting work, but rather to get a reward or recognition. This effect occurs primarily when
work performed by employees is challenging and when they perceive that they do not have
the choice how to behave.*”” Other scholars have argued that extrinsic motivators would
enhance any behavior when administered properly.’® However, ANGLE notes that it is not
straightforward to provide powerful extrinsic incentives and rewards to trigger innovative
behavior. The challenge is, on the one hand, to provide these incentives and rewards in a
systematic and timely manner. On the other hand, they must be valued by each individual
employee.”®" An interesting example for motivating employees via rewards and incentives can
be seen in the ‘Venture Bonus Plan’ of Creavis. Here, employees are able to invest part of
their performance-related remuneration in one or more internal start-ups. That way,
employees have the chance to profit from these opportunities, if they are also willing to take
the risk. The resulting interest earned by the employees’ capital depends on the commercial
success of the start-up. The rationale is that employees have detailed information on the
projects and are therefore particularly able to determine and implement what will most likely
result in project success. Thus, employees’ interests and those of Creavis are aligned.*”

Today, most firms generally use some form of bonus system to motivate their R&D
employees. However, there seems to be no reason why employees working in an Open
Innovation environment should be motivated differently compared to those working in a
Closed Innovation system. For example, in order to foster the use of external technology,
R&D staff in an Open Innovation model should be rewarded for its ability to solve technical
problems — regardless of the source (internal or external) of the solution. In contrast,
employees in a Closed Innovations system are often rewarded according to their internal
invention success.®® Thus, whether employees work in an Open or Closed Innovation
environment, they are likely to be motivated by the same forms — regardless of specific
designs — of intrinsic and extrinsic factors. This leads to the following two Hypotheses with
regard to intrinsic motivation and extrinsic motivation, respectively:

Hypothesis 2a: Open Innovation units and Closed Innovation units are not different

regarding the employees’ intrinsic motivation.

49 See Eisenberg (1999), p. 254.
30 See, for example, Eisenberger and Cameron (1996), pp. 1153 ff.; Eisenberger, Armeli and Pretz (1998), pp.
704 ff.

O Angle (1989), p. 140.

32 See Herzog, Broring and Leker (2006), pp. 13 f.; Hocker and Nettelnbreker (2004), pp. 22 f.

%5 See Herzog and Niedergassel (2007a), p. 12; Herzog and Niedergassel (2007b), p. 533; Tao and Magnotta
(2006), p. 18.
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Hypothesis 2b: Open Innovation units and Closed Innovation units are not different

regarding the employees’ extrinsic motivation.

4.2.3 Attitudes towards external technology sourcing and external technology

commercialization

4.2.3.1 Not-invented-here syndrome

As has been argued in section 2.3.1, Open Innovation puts a strong emphasis on the use of
external technology within the innovation process. It is therefore necessary to employ
appropriate management processes for technology transactions with the external
environment.>® Firms need to establish organizational processes and structures that facilitate
technology transactions, which require dynamic capabilities and new operating routines
during the innovation process.’” However, Open Innovation should come along with a
change in the firm’s innovation culture. An innovation culture is open to new ideas, regardless
if the idea comes from internal or external sources.””® This includes openness to new
technological ideas. With regard to external technology sourcing, LICHTENTHALER AND ERNST
state that individual employees as well as the firm as a whole need to be sufficiently open
towards external technology. Accordingly, it is critical for the success of an Open Innovation

strategy to overcome certain attitudes that inhibit the firm to fully exploit its potential.**’

Many scholars and practitioners®® have referred to the not-invented-here (NIH) syndrome to
describe members of an organization that view internal knowledge as superior to knowledge
that lies outside of the own organization. The NIH syndrome is rooted in a negative attitude
towards external technological knowledge or external innovations. It has also been used to
describe the negative effects resulting from an overemphasis on internal technologies, ideas,
or knowledge. According to MEHRWALD, the “NIH syndrome represents a negatively biased,
invalid, generalising and rigid attitude of individuals or groups to externally developed
technology, which may lead to an economically detrimental neglect or suboptimal use of
external technology”.*” The use of the term ‘syndrome’ already implies that the existence of

3% Some authors note that — compared to transactions on markets for products or services — technology

transactions are much more difficult and complex, involving higher transaction costs and leaving
considerable room for opportunistic behaviour. See, for example, Arora, Fosfuri and Gambardella (2002),
pp. 223 ff.; Bidault and Fischer (1994), pp. 373.

%5 See Zollo and Winter (2002), pp. 340 ff.; Lichtenthaler and Ernst (2006), p. 368.

3% See section 3.2.2.

37 See Lichtenthaler and Ernst (2006), p. 368.

3% See, for example, Clagett (1967), p. II, here referred from Mehrwald (1999), p. 24; Katz and Allen (1982),
pp. 7 ff.; Cohen and Levinthal (1990), p. 133; Dodgson (1993), pp. 101 and 151; Brockhoff (1997), pp. 23,
43 and 104; Leonard-Barton (1998), pp. 159 f.; Afuah (2003), p. 77; Chesbrough (2006a), p. 17; West and
Gallagher (2006), p. 321; Herzog and Niedergassel (2007a), p. 12; Hauschildt and Salomo (2007), pp. 106
and 196.

39 Mehrwald (1999), p. 50. The translation is taken from Lichtenthaler and Ernst (2006), p. 371.
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the NIH syndrome is an undesirable condition or attitude in the sourcing of external
technology. Accordingly, using this term is appropriate only in case a particular attitude
differs from an ideal (based on rational economic considerations) attitude.’'® Furthermore,
MEHRWALD argues that the term ‘syndrome’ also implies that these attitudes and the resulting
behavior pattern do not occur by chance but systematically. Thus, they are repeated in similar

S MEHRWALD uses the term ‘NIH syndrome’ in a very narrow

ways in comparable situations.
definition by regarding external technology as technology that has been developed by other
institutions (e.g. other firms or universities).”’> LICHTENTHALER AND ERNST follow a
somewhat broader approach and also include technology that originates from other business
or functional units within the same firm, or even from other project teams or persons within

. . .. 513
the same business or functional unit.

However, although the NIH syndrome has been mentioned in many works in the academic
and managerial literature, these works only refer to the theoretical concept of the NIH

14
syndrome. There are only a few works®

that specifically address and empirically analyze the
NIH syndrome, MEHRWALD’S PhD thesis being the most detailed and comprehensive work.’"?
Table 4-1 gives an overview of major studies on the antecedents and consequences of the NIH
syndrome as well as on some potential means to avoid or reduce the NIH syndrome.
Generally, the studies’ findings show consistent results. Regarding the consequences of being
infected with the NIH syndrome, two major findings can be distinguished: (1) the biased,
wrong and generalized evaluation of external technology, and (2) the negative impact on a
firm’s innovation performance, which may finally result in the failure of the implementation

of external technologies.

310 See Mehrwald (1999), pp. 5 ff.; Lichtenthaler and Ernst (2006), p. 369.

ST See Mehrwald (1999), p. 8.

312 See Mehrwald (1999), p. 12.

13 See Lichtenthaler and Ernst (2006), p. 369. However, this study follows Mehrwald’s approach.

314 See, for example, Clagett (1967); Katz and Allen (1982); de Pay (1989); Mehrwald (1999); Menon and
Pfeffer (2003).

315 See Lichtenthaler and Ernst (2006), p. 369.
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With regard to antecedents of the NIH syndrome, it has been stressed that individuals’ or
groups’ prior experiences influence their attitude to external technology. Negative or no
experiences with external technology, for example regarding development times, cost aspects,
or meeting technological objectives, are likely to result in a NIH syndrome.”"” Employees
assume that since the use of external technology was not successful in the past, it will not be
successful in the future as well. In a similar vein, CLAGETT argues that negative attitudes to
external technology may be based on a general resistance to any change in the familiar
working environment.’"® Thus, because innovation success has been achieved in the past
without using external technology, employees assume that it will be sufficient for future
innovation success to further rely solely on internal technology. According to KATZ AND
ALLEN, an innovation team “may begin to believe that it possesses a monopoly on knowledge
in its area of specialization”.’"’ Thus, it may begin to believe that internal technologies are
superior in comparison to external technologies. No experience with external technology
sourcing can also lead to the NIH syndrome. For example, employees may fear knowledge
leakage or spillovers during cooperation with a technology provider. As it has been discussed
in section 2.3.2, technology sourcing from an external partner, for example via licensing, may
also involve greater dependence on that partner. This is due to, for example, restrictive
conditions imposed by the partner or a general willingness of the technology providing
organization to offer technological support.

Since on average MEHRWALD found a neutral and even rather positive attitude to external
technology among R&D managers and scientists**’, one could assume that the NIH syndrome
is a theoretical concept that has no meaning in managerial practice. This finding is supported
by MENON AND PFEFFER who provide evidence that firms may even prefer outsider
knowledge over knowledge from internal sources.””' However, MEHRWALD also identified
some individuals (35.7%) who exhibited some warnings of being infected with the NIH
syndrome. Being slightly infected with the NIH syndrome might not be problematic for an
organization following a Closed Innovation approach. However, sourcing ideas, technologies,
and knowledge from the external environment is a major building block of a firm’s Open
Innovation strategy. Therefore, being infected with the NIH syndrome would be disastrous for
such a firm. Accordingly, WITZEMAN ET AL. propose that “[h]arnessing external technology
for innovation requires a fundamental change in employee thinking. The ‘Not Invented Here’
syndrome is replaced with the ‘Invented Anywhere’ approach”*** Similarly, HUSTON AND

317 See Mehrwald (1999), p. 140.

18 See Clagett (1967). See also Katz and Allen (1982), pp. 7 ff.
1% Katz and Allen (1982), p. 7.

30 See Mehrwald (1999), pp. 139 ff.

321 See Menon and Pfeffer (2003), pp. 504 ff.

322 Witzeman et al. (2006), p. 27.
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SAKKAB state that the innovation culture has to move “from “not-invented-here” to one based
on “proudly-found-elsewhere”.3?* This leads to the following Hypothesis:

Hypothesis 3a: Open Innovation units and Closed Innovation units are culturally different in
that Open Innovation units are not as heavily relying on their own

technological competencies as Closed Innovation units.

Besides the need of not relying too much on the own firm’s or business unit’s technological
competencies, literature indicates that the NIH syndrome is also rooted in the fear that using
external technology may threaten the firm’s or business unit’s competitive position. Suppose
that a firm sources a critical technology from external suppliers. The firm then relies on the

external technology’s quality, performance, and availability.’**

Further, the perceived threat to
the competitive position of the firm or business unit may be based on different assumptions
held by employees. For example, customers could get the impression that the firm lacks the
necessary and critical technological competencies. Or, customers generally demand products
that are based on the firm’s own technologies.”>® However, arguing from the core competence
perspective, CHRISTENSEN points out that large firms have broadened their technological
competence profiles. That is, they increased the number of technical fields in which they
possess at least a fairly deep level of technological knowledge. Simultaneously, the role of
deep core competencies diminishes in the firm’s overall technology profile. CHRISTENSEN
further argues that firms need to develop integrative competencies, which relate to application
knowledge. Within an Open Innovation environment, firms increasingly take on the role of
innovation architects.’*® Thus, the importance of deep technological core competencies for
gaining and sustaining competitive advantage decreases. Firms rather need to combine and
integrate widespread useful knowledge into their own systems to generate innovation. With
regard to the NIH syndrome, employees within an Open Innovation environment need to
recognize the increasing importance of integrative competencies in order to gain and sustain
competitive advantage. Compared with employees following a Closed Innovation strategy,
they should have less concern that external technology negatively affects the firm’s or

business unit’s competitive position. Accordingly, the following Hypothesis is postulated:

Hypothesis 3b: Open Innovation units and Closed Innovation units are culturally different in
that Open Innovation units have fewer concerns that external technology has

a negative impact on the competitive position than Closed Innovation units.

53 Huston and Sakkab (2007), p. 23.

2 See Chesbrough (2003c), p. 30. See also Ford (1985), pp. 121 f., who found that technology sourcing firms
are concerned about the quality of the technology they receive.

323 See Mehrwald (1999), pp. 140 ff.
%6 See Christensen (2006), p. 58.
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Having discussed the antecedents and consequences of the NIH syndrome, the question
remains of how to avoid or reduce it. As DE PAY notes, being infected with the NIH syndrome
means that greater resistance — relative to using internal technology — on the side of the
employees needs to be overcome in order to use external technology.””’ In general, many
authors call for appropriate information and communication inside the firm or business unit.
Positive experiences with and potential advantages in applying external technology should be
communicated.*”® Furthermore, all persons involved in the innovation process should be
integrated into the decision-making process and informed as early as possible about
implementing external technologies.”” One underlying reason is that participation in

30 If problems

decision-making processes is a strong motivational factor for R&D employees.
with external technologies occur during the innovation process, R&D staff may prompt to
attribute these problems to a lack of participation during decision-making.”*' Further
appropriate managerial actions to reduce or avoid the NIH syndrome are adequate incentive
structures. Employees innovating in a Closed Innovation environment are expected to invent
everything on their own. The incentive structure rewards R&D employees according to their
internal invention success. Thus, “knowledge creators, not users, are the ones celebrated in
the technology transfer process”.>*? Therefore, it stands to reason that external ideas and
technologies are viewed as a threat rather than a chance. Such an incentive structure would be
counterproductive under an Open Innovation strategy. In order to overcome or avoid the NIH
syndrome in such an Open Innovation environment, management needs to employ an
incentive structure that rewards R&D staff based on its ability to solve technical problems —
regardless of the source (internal or external) of the solution.®® This is likely to result in the

use of external technology as it is intended by management.***

CLAGETT and DE PAY suggest using technological gatekeepers and promotors.”® Although
their informal roles make it difficult to manage gatekeepers and technological promotors

27 See de Pay (1989), p. 156.

% See de Pay (1995b), p. 93; Mehrwald (1999), pp. 221 ff.
2 See Clagett (1967), p. 52; de Pay (1995a), p. 133.

30 See Brockhoff (1990), pp. 79 f.

31 See Mehrwald (1999), p. 178.

32 Gibson and Rogers (1994), p. 548. See also Arora, Fosfuri and Gambardella (2002), p. 246, who note that
the NIH syndrome often has legitimate roots, since firms aim at motivating and instilling pride in the
achievements of their researchers.

33 See Herzog and Niedergassel (2007a), p. 12; Herzog and Niedergassel (2007b), p. 533; Tao and Magnotta
(2006), p. 18. Mehrwald (1999), pp. 228 ff., notes that incentives may change employees’ behavior but not
necessarily their attitudes. Accordingly, employees, which are infected with the NIH syndrome, may only
use external technology as long as adequate incentives are provided. For a discussion on specific incentive
structures see Leptien (1995).

34 See Mehrwald (1999), p. 230.

35 See Clagett (1967), pp. 56 ff.; de Pay (1995a), p. 133 ff. See section 4.2.7 for a detailed discussion of
gatekeepers and promotors.
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directly, they may substantially contribute to a more positive attitude to external
technology.*® However, management can — in a more formal role — act as a power promotor
to communicate the importance of external technology for the firm’s or business unit’s
innovation performance.”*” Regardless if management acts informally or formally in order to
persuade and convince employees to use external technologies and to avoid or reduce the NIH
syndrome, employees need to perceive their management as being open to external
technology or at least as not preferring internal technology. ARORA, FOSFURI AND
GAMBARDELLA state that markets for technologies being a major prerequisite for Open
Innovation “increase the penalty of nurturing the not-invented-here syndrome”.>
Accordingly, with regard to Open Innovation the following Hypothesis is postulated:

Hypothesis 3c: Open Innovation units and Closed Innovation units are culturally different in
that Management in Open Innovation units is perceived to have weaker
preferences for internal technology development than management in Closed

Innovation units.

In conclusion, “the most successful antidote to NIH is an organizational culture that embodies
a sense of urgency for innovation, encourages interactions with outside sources of expertise,
and helps employees understand the wellsprings of creativity — which are almost never filled

L L5539
in isolation.”

4.2.3.2 Not-sold-here syndrome

In the previous section, the NIH syndrome, its antecedents, consequences and appropriate
managerial reactions have been discussed. However, besides stressing the importance to use
external technologies to advance internal innovation projects, Open Innovation also favors
external pathways to market for internal technologies. As such, external technology
commercialization is a major constituent of a firm’s or business unit’s Open Innovation
strategy. More than 20 years ago, FORD stated that many firms may be engaged in reactive
rather than proactive external technology commercialization.** However, in order to follow a
more proactive approach, firms — on the one hand — need to develop organizational processes
and structures that facilitate these technology transactions. On the other hand, it requires
substantial changes in a firm’s culture. Similar to the cultural requirement of openness

towards external technology sourcing, openness of individual employees and the firm or

36 See Lichtenthaler and Ernst (2006), p. 376.

37 See Mehrwald (1999), p. 227. Nevertheless, management should be cautious not to intimidate R&D staff. In
such a case, R&D staff may be prompted to pretend that it agrees with arguments in favour for external
technology although R&D staff is still infected with the NIH syndrome. See Mehrwald (1999), p. 227.

38 Arora, Fosfuri and Gambardella (2002), p. 246.
3% Leonard-Barton (1998), p. 160.
0 See Ford (1985), p. 133.
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business unit as a whole towards external commercialization of technologies is critical to fully

exploit the organization’s technology portfolio.**!

While the NIH syndrome regards negative attitudes towards external technology sourcing,
firms may also have negative attitudes towards the external commercialization of
technologies. Whereas some authors®*” have mentioned negative attitudes towards external
technology commercialization, BOYENS extended the concept of the NIH syndrome. He
proposed an equivalent concept for external technology commercialization and coined the
term ‘only-used-here (OUH) syndrome’.>* For this counterpart to the NIH syndrome,
CHESBROUGH refers to the expression ‘not-sold-here (NSH) syndrome’.** The NSH
syndrome refers to an attitude to external technology commercialization that is more negative
than an ideal attitude which is based on rational economic considerations.”* It says, if we
don’t sell the technology, no one should.**

Even if technologies are incorporated in a firm’s products or services, it may be worthwhile to
use external pathways to market as well. This way, the firm may be able to set industry
standards based on its own technologies or gain access to external technology, for example
via bi-directional technology transfer. Being infected with the NSH syndrome would inhibit
the firm or business unit to realize these strategic benefits. Hence, the major consequence of
being infected with the NSH syndrome is the suboptimal exploitation of R&D investments.**’
However, besides the full exploitation of the firm’s technologies and thereby generating
additional sales or setting industry standards, CHESBROUGH points at another drawback
resulting from an infection with the NSH syndrome. He notes that firms, which are infected
with the NSH syndrome, likely frustrate many of their R&D staff, because many of those
people’s ideas are never introduced to market. This would discourage R&D staff to further
generate ideas and develop new technologies.™*®

31 See Lichtenthaler (2006), p. 135.

2 See, for example, Ford and Ryan (1981); Ford (1985).

3 See Boyens (1998), pp. 51 f.

3 See Chesbrough (2006a), p. 23; Chesbrough (2003c), p. 186. Both the OUH and the NSH syndrome will be
used interchangeably in this thesis. However, since the term ‘not-sold-here syndrome’ is semantically closer
to the term ‘not-invented-here’, the former one will be used in the following instead of OUH syndrome.

5 See Boyens (1998), p. 52. See also Lichtenthaler (2006), p. 137; Lichtenthaler and Ernst (2006), p. 377.

36 See Chesbrough (2003c), p. 186; Chesbrough (2006a), p. 23.

7 See Boyens (1998), pp. 31 ff.; Lichtenthaler (2006), p. 138; Lichtenthaler and Ernst (2006), pp. 377 f.

38 See Chesbrough (2003c), p. 57; Chesbrough (2006a), p. 24. It should be noted, though, that this implies the
existence of the NSH syndrome at the management level. Thus, R&D staff is supposed to have a neutral or
even positive attitude towards external technology commercialization. Chesbrough (2003c), p. 57, assumes
that “[m]ost researchers are thrilled to see their ideas in action and to learn from the use that others make of
them”.
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With regards to antecedents of the NSH syndrome, most of them are equivalent to those of the
NIH syndrome. For example, no or negative experiences with external technology
commercialization are likely to result in a NSH syndrome. LICHTENTHALER AND ERNST state
that many firms have traditionally focused on their product or service business in the past.
Only a limited number of firms have used external modes to commercialize their

technologies.**’

Thus, one may assume that no or little experience with external technology
exploitation may result in negative attitudes to this kind of technology commercialization.
Some authors also mention legal or organizational difficulties>, which employees may have
experienced during former external technology commercialization activities. However, the
fear of strengthening competitors and negatively affecting the firm’s core competencies are
considered the main reasons for the NSH syndrome.’' According to MITTAG, not only may
existing competitors be strengthened but also new competitors created.> Thus, being
infected with the NSH syndrome refers to a systematic overestimation of the negative

influence that external technology commercialization has on the firm’s competitiveness.**

Employees may also perceive the risk of weakening the firm’s or business unit’s core
competencies, because they fear to lose exclusive control over the technology. In this regard,
CHESBROUGH argues that competitors sooner or later find a way to invent around a firm’s IP
and that it therefore makes little sense not to out-license technologies. The advantages, such
as learning from other firms new ways to apply or integrate those technologies into own new
innovative products or services, outweigh possible risks of, for example, cannibalizing the

. 554
own business too early.

Whereas at least some works have empirically addressed the NIH syndrome, the NSH
syndrome has been almost completely neglected by research on innovation and technology
management. Although BOYENS was the first to coin a term — only-used-here (OUH)
syndrome — to describe negative attitudes towards external technology sourcing, he ‘only’
employs simulation analyses.>> Thus, BOYENS provides no evidence of the NSH syndrome
from managerial practice. Only recently, LICHTENTHALER empirically analyzed for the first
time the existence and impact of the NSH syndrome. LICHTENTHALER found a high relevance
of the NSH syndrome in managerial practice. That is, less than five percent of the analyzed

9 See Lichtenthaler and Ernst (2006), p. 377.
30 See Boyens (1998), p. 52; Lichtenthaler and Ernst (2006), p. 377.

31 See Boyens (1998), p. 52; Mittag (1985), p. 6; Chesbrough (2003c), p. 186; Lichtenthaler (2006), p. 137;
Lichtenthaler and Ernst (2006), p. 377.

32 See Mittag (1985), p. 6.
33 See Boyens (1998), pp. 51 ff.

See Chesbrough (2003c), p. 57. This argument is similar to Christensen (2006), p. 58, stating that the role of
core competencies changes in that integrative competencies become increasingly important when following
an Open Innovation model.

35 See Boyens (1998), pp. 65 ff.
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firms have an ideal and unbiased attitude towards external technology commercialization.”®
Furthermore, he found strong and highly significant negative impacts of the NSH syndrome

on a firm’s external technology commercialization performance.””’

Overall, purposively using external pathways to market is a major constituent of a firm’s or
business unit’s Open Innovation strategy. However, it has been shown that a firm’s strategic
openness towards the external commercialization of technologies per se does not lead to an
increase in revenues from out-licensing or selling technology. In this regard, the existence of
the NSH syndrome presents a severe barrier to the effective implementation of such a
strategy.”*® For Closed Innovation units, the detriments of being infected with the NSH
syndrome are assumed to be rather minor. Compared with employees following a Closed
Innovation strategy, employees within an Open Innovation environment, however, should
have less concern that the external commercialization of technology negatively affects the
firm’s or business unit’s control over technology. Therefore, the following Hypothesis is
posited:

Hypothesis 4a: Open Innovation units and Closed Innovation units are culturally different in
that Open Innovation units are less concerned of losing control over
technology than Closed Innovation units in the course of external technology

commercialization.

What actions can management take to avoid or reduce the NSH syndrome? Again, most
possible managerial actions are similar to those fighting the NIH syndrome. For example,
management may provide information on external technology commercialization and
communicate its benefits to employees. Information may include positive experiences the
firm has made with commercializing technologies outside the firm boundaries or benefits that
other firms have realized. Establishing an appropriate incentive system may be another
promising way to fight the NSH syndrome.®® CHESBROUGH argues that a considerable
number of firms have many technologies, which are lying around unused. A major reason
why so many technologies are shelved refers to the fact that a business unit may insist “on
vetoing any external use of the technology”.’®® However, since competitors are assumed to
develop some variant of that technology sooner or later, the business unit will face

competition in any case. So why shouldn’t it profit from licensing the technology to

36 See Lichtenthaler (2006), pp. 199 f.

7 See Lichtenthaler (2006), pp. 240 ff.

38 See Lichtenthaler (2006), p. 282.

% See Lichtenthaler and Ernst (2006), p. 378.
30 Chesbrough (2003c), p. 187.
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competitors, if it cannot profit from its internal use?”®" For example, Procter & Gamble
(P&G) realized that it only used less than 10 percent of its technologies in its own products,
leaving 90 percent unused. In the context of P&G’s ‘connect and develop’ strategy, which can
be regarded an Open Innovation strategy, P&G now defaults all of its technologies to out-
license — even to competitors — three years after market introduction or five years after patent
approval. Besides additional revenues which go back to the business unit that owns the
technology, the external commercialization of its technologies enables P&G to see and learn
from its technologies in unexpected and even totally unrelated fields of application.’®* Thus,
management forces employees or business units to decide within a defined time interval, if a
technology is to be used internally. In case the technology is not claimed for internal use, it is
made available to any other firm. Overall, actions are taken much faster, which is particularly

important regarding many emerging technologies.>®

Although such managerial actions do not
necessarily change employees’ attitudes in the short-run, they are likely to lead to a change in

behavior.

As it was argued in the previous section on the NIH syndrome, gatekeepers and promotors,
such as relationship promotors or alliance champions, may also be used to support external
technology commercialization and, thus, fight the NSH syndrome.’®* However, to establish
the external commercialization of technology as a rule rather than an exception and to heal the
innovation culture from an infection with the NSH syndrome, employees’ perceptions of their
management are important. Regardless if those perceptions are influenced by informal or
formal managerial actions, employees need to perceive their management as being open to
external technology commercialization. At least, management should not give the impression
of preferring the internal use of technologies. Accordingly, with regard to Open Innovation,
this leads to the following Hypothesis:

Hypothesis 4b: Open Innovation units and Closed Innovation units are culturally different in
that management in Open Innovation units is perceived to foster external
technology commercialization more strongly than management in Closed

Innovation units.

6! See Chesbrough (2003c), p. 187.

%2 See Sakkab (2002), p. 43.

%63 See Chesbrough (2003c), p. 148.

34 See Lichtenthaler and Ernst (2006), p. 378
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4.2.4 Technological opportunism

4.2.4.1 Technology-sensing capability

According to BRORING, sensing sources of innovation, such as technologies or customers, and
the access to these is a strong enabler for successful innovation.’® Particularly in case of rapid
technological change, a firm’s internal resources and capabilities may not be sufficient to
solve complex technological problems.**® Hence, a firm is forced to open up its corporate
boundaries and establish channels to access external information. As it has been discussed in
section 2.3.1, firms can actively collaborate with external partners for technology sourcing.
Another way to access external information refers to passively scanning that information, for
example, through technical reports, use of patent databases, or scientific publications.®’
Either way, since Open Innovation is based on external ideas or technologies, sensing the
external environment is of major importance for a successful Open Innovation strategy. Thus,
as a central component in the movement toward Open Innovation, firms need to change their

way of searching for new ideas and technologies for innovation.

Some firms actively search for information on new technology and allocate resources to the
search activities. They hire technically oriented people that also have a sufficient background
of management skills. Or, they designate whole departments to the search and monitor
process.”® For example, Degussa’s corporate venturing unit ‘Creavis Technologies &
Innovation’ has a whole team devoted to finding new technologies, called ‘Business
Ventures’. Its objective is to identify new development opportunities and related markets as
well as new technologies. Moreover, there is an ‘Exploration and Validation’ section within
Creavis which is focusing on new technology development.*®® This is in line with other firms,
which use dedicated ‘technology identification process’ teams, as described by O’CONNOR, in
order to find new opportunities for innovation.’” Firms may also send internal staff members

(e.g. ‘idea hunters’) into the field, searching outside the firm for new technologies or ideas.’”"

Which knowledge sources a firm uses, partly depends on its external environment, including
the availability of technological opportunities and the degree of technological turbulence.””
Since technological knowledge comes from a diverse set of sources, LEONARD-BARTON

argues that the more sources a firm uses, the more likely it will find valuable information on

5 See Broring (2005), p. 49.

3% See Caloghirou, Kastelli and Tsakanikas (2004), p. 31
67 See Broring (2005), p. 49; Soutaris (2001), p. 26.

38 See Daft and Weick (1984), p. 288.

% See Broring and Herzog (forthcoming). See also section 2.4.2.

30 See O'Connor (2006), p. 72

' See Daft and Weick (1984), p. 288; O'Connor and Ayers (2005), p. 24; O'Connor (2006), p. 71.
2 See Laursen and Salter (2006), p. 134.
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new technologies.””® However, “the challenge is to recognize some momentum beginning to
form around a given technology”.>™* That is, regardless of the number of idea sources used, a
firm needs to be able to understand technological change and possible new technologies
resulting from it. SRINIVASAN, LILIEN AND RANGASWAMY coined the term ‘technology-
sensing capability’ to refer to “an organization’s ability to acquire knowledge about and
understand new technology developments, which may be developed either internally or

externally” >

A strong technology-sensing capability is critical for successfully employing an Open
Innovation strategy. This is mainly due to the following reason: Open Innovation is based on
the premise that value from innovation does not lie in having the initial idea generated in
one’s own laboratory. Rather, this value comes from identifying the appropriate context and

applying the relevant resources to commercialize the technology.’”®

Hence, Open Innovation
units are expected to be more aware of technology developments than Closed Innovation

units. Therefore, the following Hypothesis is postulated:

Hypothesis 5a: Open Innovation units and Closed Innovation units are culturally different in
that Open Innovation units have a stronger technology-sensing capability

than Closed Innovation units.

4.2.4.2 Technology-response capability

Next to a firm’s ability to sense technological developments, the question arises if and — if
necessary — how to respond to these new technologies. RICE ET AL. note that many firms have
difficulties bridging the so-called ‘initiation gap’ at the front end of innovation. That is,
although an individual or group of individuals from technical staff may discover a new
technology, he lacks the necessary experience and knowledge in order to recognize the
inherent commercial opportunity. Thus, commercial opportunities associated with
technologies may either not be recognized or that recognition may be delayed until some
capable person, i.e. someone who possesses sufficient business experience and knowledge,
becomes aware of the technology’s potential.””’ Furthermore, a new technology can

cannibalize a firm’s existing products or services, markets, and may involve switching costs.

See Leonard-Barton (1998), p. 156. However, as a study by Laursen and Salter (2006) indicated, the number
of external knowledge sources used is positively — but curvilinear due to over-searching — linked with
innovation performance. Furthermore, they found that the extent to which firms draw intensively from
different idea sources is also curvilinearly related to innovation performance. Furthermore, using too many
sources intensively (9-16 sources) leads to decreasing returns in innovation.

™ Doering and Parayre (2000), p. 83.

5 Srinivasan, Lilien and Rangaswamy (2002), p. 48.

376 See 0'Connor (2006), p. 66. See also Iansiti and West (1997), pp. 69 ff.

37 See Rice et al. (2001), p. 410.
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In general, willingness to cannibalize “refers to the extent to which a firm is prepared to
reduce the actual or potential value of its investments”.>”® According to CHANDY AND TELLIS,
it is an attitude of a firm’s key decision makers and is inherent in the culture of the firm.””
Reluctance to cannibalize its existing products or technologies can be a major barrier to
respond to new technologies. Another barrier for responding to new technologies may be seen

in the NIH syndrome™®.

Hence, although a firm senses a new technology, it may not be willing or able to respond to it.
Overall, “an organization’s willingness and ability to respond to the new technologies it
senses in its environment that may affect the organization” has been conceptualized as a
firm’s technology-response capability.”™® A firm may respond to a new technology in
several ways by, for example, ignoring the technology, monitoring it, exploiting it by forming
alliances, experimenting with it, or adopting it within the firm. Thus, a firm with a strong
technology-response capability is able to take advantage of a new technology or to avert
threats that come along with the new technology.*®?

As it was argued above, firms following an Open Innovation strategy are hypothesized to be
more aware of technology developments compared to Closed Innovation units. Since firms
employing an open approach to innovation derive value from exploiting new technologies
from the external environment, they are also expected to perceive technology developments as
potential sources of growth. Accordingly, they will respond to new technologies more
proactively than Closed Innovation units. Hence, the following Hypothesis is postulated:

Hypothesis 5b: Open Innovation units and Closed Innovation units are culturally different in
that Open Innovation units have a stronger technology-response capability

than Closed Innovation units.

4.2.5 Organizational risk taking

As has been discussed in section 3.2.2, innovation, i.e. developing new products, technologies
or processes and introducing them to the market, often comes with the risk of failure. Creating
an innovation usually involves combining different resources. For example, an innovation
may require a new technology, which is not currently available to the firm. The firm then has

to decide if the technology is to be developed internally or to be sourced from outside the

38 Chandy and Tellis (1998), p. 475.

7 See Chandy and Tellis (1998), p. 475.
3% For the NIH syndrome see section 4.2.3.1.
Srinivasan, Lilien and Rangaswamy (2002), p. 49.

See Srinivasan, Lilien and Rangaswamy (2002), p. 49.
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firm. Either way, this is usually associated with risk and experimentation.”®* Following an
Open Innovation strategy, however, involves higher risks in comparison to pursuing a Closed
Innovation strategy. The reasons for these different risk levels will be discussed in the
following with respect to external technology sourcing and external technology

commercialization.

Literature on innovation and technology management often cites the phenomenon of
shortening product life cycles and the resulting pressure to accelerate development times.*™
Being risk averse and thus putting too many risk filters in place may dramatically slow down
the flow of the innovation project”® This could result in missing the window of
opportunity.**® Nevertheless, participants in the innovation project seek to minimize project
risks. Compared to team members’ perception that internal technology sourcing poses enough
risk to the innovation project, external technology may be perceived as even increasing
project risk. As argued by CHESBROUGH, this is due to higher uncertainties (when compared
with internal technology sourcing) about the external source of a respective technology. Thus,
although the expected value of an external technology may be even higher than the value of
an internal technology, the variance around that expected value may be higher as well.™®’ The
project risk also increases when external technology sourcing is conducted in a joint effort
with other organizations. In joint R&D agreements or joint ventures, for example, innovation
success depends on the joint probability that the participating partners will be able to fulfill

their commitments.*®®

When compared with internal technology sourcing, external technology sourcing may also
come along with higher risk, because of difficulties in assessing external technologies. These
difficulties are of particular relevance in case of increasing technological complexity.’® One
major underlying problem of assessing the performance or feasibility of an external
technology refers to information asymmetries. According to HAUSCHILDT, the technology
provider has a qualitatively higher level of knowledge about the technology than the
technology recipient.”® This provides room for opportunistic behavior, i.c., the technology

provider may take advantage of the information asymmetry and may ‘cheat’ on the

% See Atuahene-Gima and Ko (2001), p. 56. See also Bromiley (1991), p. 40, and Dess and Lumpkin (2005),
p. 152, who argue that venturing into new markets or technologies usually involves high risks. For a general
overview of different types of risk see Trustorft (2006), pp. 5 ff.

3 See, for example, Leker (2005a), p. 569.

%5 See Smith and Reinertsen (1992), p. 209.

% See Calantone, Garcia and Droge (2003), p. 95.

¥7 " See Chesbrough (2006a), p. 17

¥ See Adner (2006), p. 101.

% See Doering and Parayre (2000), pp. 90 ff.; Tidd, Bessant and Pavitt (2005), p. 286.
3 See Hauschildt (1992), p. 106.
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technology sourcing organization.591 However, CONNER AND PRAHALAD argue that even when
the technology provider has no intentions to be opportunistic, transaction costs may still be
high. In this case, the risk of not being able to sufficiently assess technological feasibility can
be attributed to the tacit nature of the technological knowledge to be transferred.”? Overall, a
mistaken technology assessment may result in problems with regard to the fit with internal

capabilities or the technology’s manufacturability.>

Regarding external technology commercialization, BOYENS argues that technological
knowledge is a critical resource of the firm in order to gain competitive advantage. By
externally commercializing technologies or disembodied technological knowledge a firm may
lose at least a part of its competitive advantage. How severely external technology
commercialization puts a firm’s technological position at risk depends on the technology’s
relevance for the commercializing firm. Thus, in case of technological core competencies the
risk of weakening the firm’s technological position is particularly high.*** Furthermore,
LICHTENTHALER points to another type of risk that comes along with external technology
commercialization. He notes that once a technology has been externally commercialized, this
transaction can hardly be reversed.® On the one hand, external technology
commercialization is an important way to recover false negatives, i.e. “projects that initially
seem almost worthless, but turn out to be surprisingly valuable”.**® On the other hand, it may
be possible to recover false negatives by combining them with other projects.>®” Thus, a firm
may internally exploit the underlying technology. According to LICHTENTHALER, a firm may
realize — after it has externally commercialized a technology — that it would have been more
appropriate to purely exploit that technology in its own products, services, or process. Even
worse, this could also negatively effect the firm’s subsequent technological developments that

are based on that technology.”®

Finally, CHESBROUGH notes that sourcing more external technologies may result in an
asymmetry in risks and rewards between the management and the R&D team. This is due to
the fact that the R&D team bears the full responsibility if an innovation project fails, but also

bears the other long-term costs if using external technologies succeeds. This argument

¥ See Ring and van de Ven (1989), pp. 171 ff. The risk of opportunistic behavior has been noted in section

2.3.1 for technology sourcing methods, such as joint R&D agreements and corporate venture capital
investments. See, for example, Coase (1937) and Williamson (1975) for the general theme of opportunism
and transaction cost theory.

%2 See Conner and Prahalad (1996), pp. 477 ff.

33 See Doering and Parayre (2000), p. 91.

3% See Boyens (1998), pp. 42 ff.

3% See Lichtenthaler (2006), p. 89.

3% Chesbrough (2003b), p. 38.

37 See Chesbrough (2003b), p. 38; Chesbrough (2004), p. 25.
3% See Lichtenthaler (2006), p. 89.
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assumes that managers may conclude that the firm or business unit does not need its entire
R&D staff. In order to carry out future innovation projects, it may rather rely on external
technologies to a greater extent. The costs if using external technologies succeeds, thus,
include future downsizing of internal R&D staff and internal research funding.599 Employees
in an Open Innovation environment must therefore perceive an innovation culture that

strongly encourages risk taking. This leads to the following Hypothesis:

Hypothesis 6 Open Innovation units and Closed Innovation units are culturally different in
that employees in Open Innovation units perceive a higher degree of

organizational risk taking than employees in Closed Innovation units.

4.2.6 Freedom to express doubts

Usually, different alternatives of how to proceed with an innovation project emerge at several
stages during the innovation process. Thus, by its nature, innovation comes with conflicts or
dissents over certain development decisions or agreements, which involve different
perceptions of goals or roles.*”® Drawing on various literature streams, ANCONA AND
CALDWELL offer different reasons for intra-team conflict during the innovation process.
Accordingly, intra-team conflict increases when innovation team members are interdependent
and have different goals. Diversity in cognitive styles, attitudes, and values among innovation
team members also results in, for example, slow decision making. Another potential source of
conflict refers to innovation teams that consist of individuals from different thought-worlds or
from different functions, such as marketing or production. Usually, these teams have
difficulties in finding a shared purpose and reaching agreement on the course of action to be
taken. %!

However, conflict or dissent is critical to innovation.’> For example, AMABILE ET AL. state
that creativity — a major prerequisite to innovation — can be encouraged by the innovation
team itself. This can be achieved through team members’ diversity regarding their educational
backgrounds, mutual openness to ideas, or shared commitment to the innovation project.
Another important way innovation teams can encourage creativity is to constructively

challenge one’s ideas and opinions.®” Other researchers, like HOEGL, WEINKAUF AND

39 See Chesbrough (2006a), pp. 17 f.

8% See Bstieler (2006), p. 60.

! See Ancona and Caldwell (1992), p. 323, and the respective literature referenced there.

2 See Hauschildt and Salomo (2007), p. 118; Horibe (2001), pp. 9 ff.; Angle (1989), p. 159.

5 See Amabile et al. (1996), pp. 1160 ff. Amabile et al. subsume several aspects under the term ‘work group

encouragement’. These aspects are team member diversity, mutual openness to ideas, shared commitment to
an innovation project, and constructive challenging of ideas. Overall, they find that among the factors that
influence creativity, work group encouragement has one of the highest effect sizes on creativity. See
Amabile et al. (1996), p. 1179.



Conceptual framework and hypotheses 117

GEMUENDEN, find a positive relationship between innovation team quality and performance of
the innovation team.’® In their study, team quality involves respecting suggestions and
contributions of innovation team members and constructively discussing these suggestions
and solving the resulting controversies.’”> Also, DORNBLASER, LIN AND VAN DE VEN state that
effective innovation processes involve methods of conflict resolution that openly confront
disagreements among innovation team members.®”® The need for conflict or dissent during the
innovation process is exquisitely depicted by HORIBE: “Organizations that don’t allow dissent
inadvertently discourage innovation. Dissent and innovation are opposites only in the same
way exhaling and inhaling are. You must exhale to be able to inhale. You must have dissent
to have innovation.”®’ As such, dissent is necessary to stimulate people to search for new
direction.®® Hence, conflict and dissent are major prerequisites for any innovation process,

regardless of the underlying innovation strategy, i.e. open or closed.

However, conflict or dissent among innovation team members can only occur when
individuals can easily express their opinions. Thus, innovation participants must not perceive
pressure to adhere to business unit or firm norms, which hinder open discussions about the
direction being taken during an innovation project. They need to feel free to express their own
opinions, doubts, and beliefs. In such an innovation culture, “important issues are subject to
renegotiation in an open, assertive manner”.*” However, a culture that allows for expressing
such criticism is a prerequisite for any innovation culture — regardless of the underlying
innovation strategy, i.e. open or closed. Therefore, differences between Open and Closed
Innovation units regarding the degree to which people are encouraged to express their
criticisms and opinions about innovation projects are not expected. Accordingly, the

following Hypothesis is postulated:

Hypothesis 7:  Open Innovation units and Closed Innovation units are not culturally different

regarding the perceived freedom to express doubts.

4.27 Management support

Studies of correlates of new product development (NPD) performance indicate a positive

relationship between an innovation environment where management supports innovative

4 See Hoegl, Weinkauf and Gemuenden (2004), pp. 46 ff.

95 See Hoegl, Weinkauf and Gemuenden (2004), p. 52. Besides mutual support, the conceptualization of team

quality also involves open communication of relevant information, coordination of individual activities,
establishing work norms of high effort, and support of team cohesion.

8% See Dornblaser, Lin and van de Ven (1989), p. 210. See also Ring and van de Ven (1989).
7 Horibe (1999), p. 34.

% See Angle (1989), p. 159.

9 Angle (1989), p. 160
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behavior and NPD performance.®’’ One possibility to support innovation is to provide
sufficient resources in terms of people, budget, and time. Thus, management needs to provide
funding for innovation concerns, such as technology sourcing or hiring the right people for

the innovation effort.®!!

Besides those ‘harder’ forms of management support, management can also be personally
involved in the innovation process. The value of management playing a visible, involved role
during the innovation process has received great attention in research on innovation and
technology management as well as in managerial practice.*’> A variety of expressions has
been used to refer to these informal, supporting roles. Among them, the most often applied

*613 and ‘promotor’®™*. At its roots, the champion or promotor concept is

ones are ‘champion
based on the assumption that innovation usually comes up against resistance, which results in
different types of conflict."'> To overcome these barriers to innovation, promotors or
champions are required. Although many definitions and classifications have been applied to
describe different roles of championing behavior during the innovation process®'®, three major
types can generally be distinguished: (1) the technology promotor, (2) the power promotor,
and (3) the process promotor. The technology promotor is involved in designing and
developing the innovation and contributes specific technological knowledge to the innovation
process in order to overcome the barrier of ignorance.’’” The power promotor helps
overcome the psychological barrier of unwillingness by using hierarchical power.
Furthermore, the power promotor provides access to sufficient resources and protects the
innovation from organizational opposition.®’® The third promotor type — the process
promotor — is needed in case of increased complexity regarding the technological or

organizational level.*"’

Using his organizational know-how, the process promotor builds a
bridge between the technology promotor and the power promotor. The process promotor is
able to translate technological language into a more general language that is understood in the

firm to enthusiastically promote creative ideas within the firm.®*” The process promotor helps

See the meta-analysis of drivers of new product success by Henard and Szymanski (2001).
' See de Brentani and Kleinschmidt (2004), p.313.

012 See, for example, Witte (1973); Chakrabarti and Hauschildt (1989); Howell and Higgins (1990); Markham
(1998); Hauschildt and Kirchmann (2001).

613 See Schon (1963); Chakrabarti (1974); Howell and Higgins (1990); Day (1994); Hauschildt and Gemiinden
(1999); Markham (2000); Folkerts (2001); Howell, Shea and Higgins (2005).

614 See Witte (1973); Hauschildt and Gemiinden ( 1999); Hauschildt and Kirchmann (2001).

615 See Witte (1973), pp. 5 ff.

See Hauschildt and Salomo (2007), p. 214 for an overview of these different classifications and roles.

17 See Witte (1973), pp. 18 f.; Howell and Higgins (1990), p. 318; Hauschildt and Kirchmann (2001), p. 41.
18 See Witte (1973), p. 17; Howell and Higgins (1990), p. 318; Hauschildt and Kirchmann (2001), p. 41.

619 See Chakrabarti and Hauschildt (1989), pp. 161 ff.

20 See Howell and Higgins (1990), p. 318; Hauschildt and Kirchmann (2001), p. 42.
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overcome the barrier of nonresponsibility and indifference. These barriers are usually caused

by organizational and administrative resistance to new ideas.®!

These three different types of promotors are responsible to overcome rather intra-
organizational barriers. Increasing cooperative activities between organizations in today’s
innovation environment, however, call for another type of promotor — the relationship
promotor622 or alliance champion623 — in order to overcome resistance to inter-firm
collaboration. Relationship promotors establish links between partners of the innovation
process, support meaningful dialogue between them, or conciliate in case of conflict. To do
so, they require network know-how, personal relationships, and social competence.®*
Relationship promotors or alliance champions may be particularly necessary within an Open
Innovation context. On the external technology sourcing side, they help to overcome barriers,
such as not knowing or not wanting to search for external technology providers. Regarding
external technology commercialization (ETC), LICHTENTHALER empirically found that ETC
championing activity has a positive effect on ETC performance.®® The promotor concept is

illustrated in Figure 4-3.

v v v v

Technology |, R Power » R Process » .| Relationship
promotor N promotor A promotor A promotor

. . . .
Barrier of Barrier of Barrier of Inter-organizational
ignorance unwillingness nonresponsibiliy barrier

and indifference

Figure 4-3: The promotor concept

21 See Hauschildt and Kirchmann (2001), p. 42.

2 See Gemiinden and Walter (1995), pp. 973 ff.; Walter (1998a), pp. 61 ff.; Walter (1998b), pp. 268 ff;
Walter and Gemiinden (2000), pp. 86 ff.

33 See Forrest and Martin (1992), S. 51.
24 See Walter (1998a), pp. 116 ff.
35 See Lichtenthaler (2006), pp. 235 ff.
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Overall, most of the earlier works on champions and promotors of innovation focused on their
supportive role in environments that are obstructive to innovation. Within such environments,
champions and promotors informally emerge and decisively contribute to the innovation
process, especially during critical stages. Recently, however, it has been found that champions
or promotors also emerge in firms which are supportive of innovation.*® Since champions
and promotors are of particular importance in specific innovation projects and to overcome
project-specific barriers, management can also actively create such an innovation supportive
environment. BUCKLER points out that top management needs to provide a climate in which
everybody understands that producing new ideas and innovation is a vital necessity for the
firm or business unit.*”” According to AMABILE ET AL., people are more likely to generate and
provide unusual, useful ideas if they are either legitimated to do so by the situation or
explicitly instructed.®® Since ideas usually originate from individuals, but innovation is
typically the result of a joint effort of several different individuals, innovation team members
must be willing to develop ideas into innovation. Crucial for innovation success then is to
trigger action thresholds of individual innovation team members for appreciating and being

attentive to new ideas and opportunities.®®

When management is perceived as not being
supportive of innovative behavior, participants in the innovation process may not be willing to
support innovative ideas. The underlying rationale for such a behavior could refer to team
members’ assumption that those ideas can hardly survive without sufficient management

support.630

Nevertheless, management needs to employ the right mix of support and criticism.
As VAN DE VEN AND GRAZMAN observed, too much support and not enough criticism may
result in an innovation project that, for example, proceeds through the innovation process but
finally fails in the market. Conversely, too much criticism may discourage the innovation

team to produce enough ideas.*!

Altogether, management needs to support entrepreneurship, encourage employees to take the
initiative, and provide a clear vision to guide innovation efforts.®*> However, a supporting and
encouraging management is a prerequisite for any innovation culture — regardless of the
underlying innovation strategy, i.e. open or closed. Therefore, differences between Open
Innovation units and Closed Innovation units regarding the underlying management support

of innovative behavior are not expected. Hence, the following Hypothesis is proposed:

%6 See Ernst and Lechler (2003), here referred from Lichtenthaler (2006), p. 131.
27 See Buckler (1997), pp. 43 ff.

8 See Amabile et al. (1996), p. 1159 f.

2 See van de Ven (1986), p. 594.

30 See Janssen (2005), p. 574.

! See van de Ven and Grazman (1997), pp. 279 ff.

2 See van de Ven and Chu (1989), p. 60; Swink (2000), pp. 211 ff.; de Brentani and Kleinschmidt (2004), pp.
312 ff.
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Hypothesis 8:  Open Innovation units and Closed Innovation units are not culturally different
regarding the perceived degree of management support of innovative

behavior.

4.3 Synthesis and implications

In this chapter, hypotheses have been derived that relate the different elements of innovation
culture to the innovation strategy followed. Thus, it has been argued if Open Innovation and
Closed Innovation units need to be different regarding those cultural elements. However, it
should be noted, that the cultural aspects analyzed in this study are not meant to be an
exhaustive list that covers all dimensions of an innovation culture. Practical and theoretical
considerations (e.g. limitations in survey length and the interest of the sponsoring firm)

influenced the decision to explore them.

Furthermore, the personality of the people working in those different innovation settings has
been taken into account. Together with the overall job satisfaction of an employee, these
variables will be further included as control variables into the model. This is due to the fact
that they are expected to impact a respondent’s answer scheme on the different cultural
elements. Accordingly, the detailed framework for the empirical Open and Closed Innovation
culture study is summarized in the following Figure 4-4. In the following chapter, these

hypotheses will be tested in a large-scale empirical study.
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5 Analysis and results
5.1 Research setting — the chemical industry

5.1.1 Overview of the chemical industry

The chemical industry comprises a multitude of segments with an estimated 70,000 different
product lines: for example, paints and coatings, fertilizers, pesticides, herbicides and other
agricultural chemicals, pharmaceuticals, cosmetics, detergents, solvents, composites, plastics,
synthetic fibers and rubbers, inks, photographic supplies, and many others.** This plethora of
different products is manufactured by more than 1,000 large and medium-sized companies, let
alone countless small firms.*** Along with a total sales volume of about €1,476 billion
(excluding pharmaceuticals) worldwide in 2005%%°, the chemical industry is one of the largest,
most complex, and most diversified industries at all. Due to the enormous diversity of
products, the chemical industry supplies virtually into every other industry.®*® Having its

7. chemicals form the building blocks at every

starting point in the petrochemicals sector™
level of production and consumption in many industries. Therefore, only 25 percent of the
chemical output goes directly to the consumer, which is the main reason for the industry’s
relative invisibility.**® The chemical industry is further highly fragmented with the top ten

chemical firms accounting for only 18 percent of the total market.**

Since the early 1990s, the chemical industry has been undergoing some dramatic changes,
which are due to globalization, important technology shifts in the fields of biotechnology and
nanotechnology, as well as converging markets and technologies.*® A central characteristic
of this change process is that many chemical firms focus on their core competencies, resulting
in a number of large mergers and acquisitions. Accordingly, many firms have modified their
business model and changed from suppliers with diversified product portfolios to global

suppliers of specialty chemicals.*"! In 1999, for example, the conglomerates Hoechst and

3 See Landau (1998), p. 139.
4 See Hofmann and Budde (2006), p. 1.
5 See Cefic (2006), p. 1.

36 See Leker and Herzog (2004), p. 1173; Hamelau (2004), p. 235.

%7 The petrochemicals sector provides the major feedstocks — the educts — such as ethylene, propylene,

benzene, styrene, vinyl chloride, acrylic acid etc., which are used for synthesizing a large range of industrial
(organic) chemicals. See Runge (2006), p. 54.

3% See Arora, Landau and Rosenberg (1998), p. 6.

9 See Hofmann and Budde (2006), p. 5. In contrast to the chemical industry, other industrial sectors are much

more concentrated. For example, the top ten firms in the automotive industry account for 85 percent of total
market sales.
0 See Leker and Rithmer (2003), pp. 268 f.; Leker and Herzog (2004), pp. 1173 f.

The difference between specialty chemicals and commodities will be discussed in the following section
5.12
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Rhone-Poulenc merged their life science divisions into the new firm Aventis, which is now
part of Sanofi-Aventis, and spun-off their traditional chemical businesses into independent

specialty chemical firms, such as Celanese and Rhodia.**

Bayer spun-off its chemical and
parts of its polymer business into the new firm Lanxess. Bayer now focuses on its core
business health care, nutrition and innovative materials. Furthermore, other chemical firms
merged their businesses in order to gain economies of scale, which led to several new large —
mainly oil-based — firms, such as BP Amoco, ExxonMobil, or TotalFinaElf. Today, the major
players in the chemical industry differ with respect to their product portfolios ranging from
primarily commodity players to hybrid firms, which operate at all levels of the chemical

industry, to firms like Degussa, which focus solely on specialty chemicals.®*

5.1.2 General product classification — commodities and specialty chemicals

The multitude of chemical products can be roughly segmented into petrochemicals, basic
chemicals, specialty chemicals, fine chemicals, and agrochemicals. However, a clear-cut
classification scheme does not exist and scholars as well as practitioners, in particular, apply
many different definitions.*** Furthermore, an unambiguous segmentation is not always
possible.**® For the ease of illustration and discussion, these different product categories can
simply be classified as commodities and specialty chemicals. This section discusses some
major characteristics that are common for commodities and specialty chemicals,

respectively.®®

Regardless of the industry considered, commodities are typically referred to as being

homogenous and undifferentiated goods.*’

Within the chemical industry, commodities are
mature products which are not expected to be significantly developed and improved in the
future.*® They are typically produced in large volumes and include basic products, such as
industrial gases and hydrocarbons or polypropylene and polyethylene. Their sales typically
follow the overall economic cycles.** Production technologies and processes are well known
and established so that usually many firms compete with each other to serve a large number of

customers.®®® Competition among commodity suppliers is mainly based on pricing and

2 See Leker and Herzog (2004), p. 1174.
3 See Hofmann and Budde (2006), p. 7.
4 Usually, each company applies its own classification scheme.
5 See Hamelau (2004), pp. 236 f.

46 See Runge (2006), pp. 121 ff., for a detailed discussion of petrochemicals, fine chemicals, agrochemicals, or

pharmaceuticals.

7 See Enke, Reimann and Geigenmiiller (2005), p. 20. See also Wolfe (1977); Chafin and Hoepner (2002);
Lurie and Kohli (2002).

% See Leker and Rithmer (2003), p. 269.
9 See Andre, Sanghvi and Réthel (2006), pp. 63 ff.; Runge (2006), p. 55.
00 See Heegewald (2001), p. 390; Runge (2006), p. 151.
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availability.**' This is due to the fact that commodities are produced according to specific
industry standards. However, chemical commodities still offer more opportunities for

differentiation than true commodities such as crude oil or copper.®>

Furthermore, the production of commodities is very capital-intensive. For example, a
production facility with an annual capacity of 285,000 tons propylene oxide and 635,000 tons
monomeric styrene requires an investment of €600 million.” Overall, managers of
commodity chemical firms constantly face squeeze on margins because of (1) high product
homogeneity, (2) established industry standards, (3) substantial capital intensity, and (4) high
degree of supply transparency. In order to tackle this challenge, they usually aim at improving
production profitability, economies of scale, and generating process innovations (i.e.
incremental improvements of existing production processes) rather than developing new
products.®**

In contrast to commodities where product specifications are most important, specialty
chemicals are sold based on functionality or performance.® This means that they improve
performance of a production process or an end-product. Hence, high degrees of
innovativeness and a strong customer orientation during product development are typical for
specialty chemical firms.® The specialty chemicals business also involves high technical
service requirements. Suppliers of specialty chemicals can be classified as being either

market-oriented or product-oriented.®”’

Whereas the former ones offer a great variety of
functionally different products for a specific market, product-oriented producers supply many
different markets with products that are functionally similar.*® In general, the market and
application focused features of specialty chemicals require sound know-how about both
product formulation and synthesis of individual product components as well as about product
specifications and customer needs. Formulations, applications, and (small-batch) production,
thus, lead to high (R&D) costs.®® Furthermore, production processes and technologies are

usually not publicly known or proprietary. This implies — along with the heterogeneity of

1 See Hamelau (2004), p. 236; Heegewald (2001), p. 389; Runge (2006), p. 151.

2 Opportunities for differentiation in the field of chemical commodities are discussed by Leker and Herzog

(2004), pp. 1180 ff.
3 See Leker and Herzog (2004), p. 1176.
% See Leker and Herzog (2004), pp. 1176 £.; Da Rin (1998), p. 327; Bartels, Augat and Budde (2006), p. 30.
3 See Budde et al. (2001), p. 23; Jerjen, Kaffenberger and Spitz (2000), p. 1123; Unger (1983), p. 12.
%6 See Leker and Rithmer (2003), p. 270.

%7 See Jerjen, Kaffenberger and Spitz (2000), p. 1123. See also Runge (2006), p. 149, who uses the terms
‘market-directed’ and ‘function-directed’.

See Jerjen, Kaffenberger and Spitz (2000), p. 1123; Runge (2006), p. 149. Examples for market-oriented
offerings are water treatment chemicals, paper chemicals, food additives, textile chemicals, photographic
chemicals, or plastic additives. Product-oriented offerings include, for example, adhesives and sealants,
specialty surfactants, biocides, flame retardants, flavors and fragrances, catalysts. See Runge (2006), p. 148.

9 See Hamelau (2004), p. 236.

658
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specialty chemicals — that competitors are not able to outright imitation. Entry barriers based
on technology are therefore high. Due to customized product formulations and applications
and rather weak competitive forces, specialty chemicals can generate high profit margins

despite their lower production volumes.*®

Commodities and specialty chemicals can be defined from the supplier’s perspective or from
the customer’s perspective. Regarding the supplier’s perspective, JERJEN, KAFFENBERGER AND
SpITZ separate commodities and specialty chemicals based on the production volume
(commodities = high, specialties = low) and the price-volume ratio (commodities = low,
specialties = high).®" In contrast, WILLERS AND JUNG argue from the customer’s point of
view. According to them, switching costs and total cost reduction are the discriminating
dimensions rather than production processes, volume, or required technical service. Switching
costs are those costs that occur at the customer’s site when changing from supplier A to
supplier B.%? Since commodities are produced according to standards, customers can easily
switch suppliers and thus would face low switching costs compared to specialty chemicals.®®®
The total cost reduction refers to the resulting cost difference in case of a ‘x’ percent
reduction of the supply price.** LEKER AND HERZOG combined both perspectives and derived
a schematic typology to differentiate between commodities and specialty chemicals, which is
illustrated in Figure 5-1.

However, chemical businesses are very heterogeneous. In addition, many specialty chemicals
are affected by commoditization, i.e., they experience declining growth, lower margins,
increasing concentration of the customer base, and increasing competition due to imitation.%**
This phenomenon is exquisitely depicted by RICHARDS who states that a “purely cynical view
of the chemical industry thus acknowledges only two types of chemical products: commodity
and soon-to-be-commodity”.**® Therefore — as mentioned earlier — a clear-cut separation is
not possible. The range from specialty chemicals to commodities is rather a continuous

spectrum.

0 See Arora and Gambardella (1998), p. 401; Heegewald (2001), p. 390; Jerjen, Kaffenberger and Spitz
(2000), p. 1123.

1 See Jerjen, Kaffenberger and Spitz (2000), p. 1122.

662 Switching costs include very different types of cost. For example, switching suppliers during the product

development phase results in R&D costs. Switching during production further leads to logistic costs and
costs due to adjustments of production processes.

3 See Leker and Herzog (2004), pp. 1178 ff.

4 See Willers and Jung (2000), p. 1376. These costs also include, for example, negotiation costs with potential

new suppliers.

85 See Leker and Rithmer (2003), p. 269; Claret, Lowth and McVeigh (2001), pp. 47 ff. In order to counter the
commoditization trap, Leker and Herzog (2004), pp. 1183 ff., suggest different alternatives, such as
(ingredient) branding (e.g. DuPont’s Teflon” or Bayer’s Macrolon®) or customized system solutions (e.g.
BASF Coating or Hercules).

6 Richards (1998), p. 496.
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Figure 5-1: Schematic typology of chemical products®”’

5.1.3 Innovation beyond molecules — Open Innovation in the chemical industry

The last century was undoubtedly the century of chemical innovation. Natural products like
paper, wood, or cotton were replaced by synthetic substances. For example, the big fiber
innovations nylon, polyester and acrylic tremendously changed many industrial and consumer
markets. They systematically substituted the traditional natural cotton and, additionally, made
totally new applications possible.’® However, despite many radical innovations during the
last century, the flow of major breakthroughs in chemical molecules dried up during the last
20 years. For example, the number of really new molecules that were developed or discovered
decreased significantly. Furthermore, changes in properties of molecules and materials — in

1.5° At the same time,

comparison with those of existing substances — became incrementa
however, radically new inventions and technology platforms, which are of high importance to
the chemical industry, are developed in the biotechnology and nanotechnology sectors. In
these areas, start-up firms were the first to generate innovations, while established firms were

said to miss the window of opportunity to corner the market.

7 Source: adapted from Leker and Herzog (2004), p. 1178.
8 See Landau (1998), pp. 140 ff.; Schlenzka and Meffert (2001), p. 109.
9 See Schlenzka and Meffert (2001), p. 109.
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With respect to the theory on organizational ambidexterity and Open Innovation, it seems that
chemical companies become trapped by their own past success staying close to their existing
customers. Today, chemical companies spend about 90 percent of their total R&D
expenditure on exploitative innovation efforts, let alone an average R&D budget to sales ratio
of only five percent which is already low compared with other industries.””® Hence,
exploitation is driving out exploration. Further, the opportunities of the traditional approach in
chemical R&D to achieve radical innovation have decreased significantly as the advances in
biotechnology and nanotechnology indicate. Here, attributes like small and loose structures
combined with experimental cultures (e.g. being more inclined to external search of new
technologies) and strong technological competencies, which are often characteristic for start-
up companies, are crucial for radical innovation. Therefore, a more open approach to

innovation appears to be necessary.

That is not to say that chemical companies innovated in a completely closed fashion relying
solely on internal research. In the past, they collaborated with universities and research
institutes to a certain extent.””' Nevertheless, the eroding factors of the Closed Innovation
paradigm, particularly the growing presence of venture capital and the increasing availability
and mobility of knowledge workers, has enlarged the number of valuable knowledge sources
in the external environment. In addition, industry convergence requires some chemical
companies to collaborate or ally with different partners that provide complementary

knowledge.

This pressing need of integrating external R&D sources seems to have been identified by
many players of the chemical industry. They built ambidexterity into their organization and
applied an Open Innovation approach to a certain extent by setting up separated
organizational units, which are responsible for exploring innovation (e.g. Degussa ‘Creavis
Technologies & Innovation’ (1998)°”2, DSM ‘Venturing & Business Development’ (2001),
BASF ‘Future Business’ (2001) and ‘Joint Innovation Lab’ (2006), and Bayer ‘Innovation’
(2004)). Generally, these organizational units focus on innovation projects that lie outside the
firm’s core businesses or cannot be operated by the internal research departments alone. They
usually aim at the development of system solutions, which could extend beyond the pure
supply of chemicals, could open up new business areas, or could give access to new
customers. All of these examples indicate that when it comes to innovation, the big

established chemical companies try to regard innovations as being more than just molecules.

670 See Schlenzka and Meffert (2001), p. 111.
67

Their higher degree of openness to external knowledge sources in comparison with firms from many other
industries has been revealed by Laursen and Salter (2006).

Year in parentheses indicates the year of establishment.
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5.2 Sample, data collection, and operationalization of measures
5.2.1 Sample and data collection

5.2.1.1 Information on survey

As noted by HOFSTEDE ET AL., a “crucial question is what represents “an organization” from a
cultural point of view”.” Since an organization may consist of several different departments
that are culturally different, it is both a theoretical and empirical problem to determine which
units are sufficiently homogeneous. Following HOFSTEDE ET AL., a pragmatic approach is
chosen here and the decision whether a unit was culturally homogenous was based on

management’s judgment.®™*

Accordingly, the present study focuses on the innovation cultures
of three business units (BUs) of a leading multinational company — named ChemCo in this
study — within the specialty chemicals industry. The rationale for deploying a one-site
sampling scheme refers to the fact that a cross-company research approach would not allow
controlling a number of broad contextual factors that influence the innovation culture, such as
the historical context of the firm. Therefore, studying innovation cultures in Open and Closed
Innovation environments and comparing those cultures with each other would hardly yield
meaningful results in a cross—company research design. By focusing on different business
units of one firm it is ensured that all innovation cultures have the same underlying cultural
background. Furthermore, a multiple-informant approach was chosen. This is mainly due to
the fact that culture is a collective characteristic. A single-respondent approach, therefore,
would not yield results which can be generalized for the whole organizational unit.
Accordingly several employees within each business unit were approached.

Decisions on classifying a business unit’s innovation model being either open or closed were
based on the judgments of ChemCo’s Chief Technology Officer and the Senior Vice
President for Corporate Innovation Management. Accordingly, one business unit (BU OI)
applies the Open Innovation concept, while the remaining two business units (BU CI; and BU
CI,) follow a rather Closed Innovation approach.

Data collection was undertaken via a detailed standardized questionnaire in German language.
The questionnaire was pretested with three experts from the field of innovation and
technology management and with three employees from ChemCo. The pretest resulted in
some minor changes. Some new questions were added and some questions were
reformulated.” The revised instrument was administered personally (BU CI,), by e-mail (BU
ClL,), and by mail (BU OI) from July until September 2006. Respondents were approached

3 Hofstede et al. (1990), p. 289.
74 See Hofstede et al. (1990), p. 289.

%5 See section 5.2.3 and Appendix 1 for the final questions.
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differently due to personal demands of the respective R&D Vice Presidents. In all cases,
however, participants were informed about the goals, scope, and confidentiality of the study.
Furthermore, the participants had the opportunity to contact the researcher directly whenever
questions arose while completing the questionnaire. Together with providing definitions of
critical terms and expressions used in the questionnaire, such as the specific understanding of
external technology, this procedure ensured that all questions were fully understood.
Regarding BU CI;, management arranged three appointments at which 15 to 20 employees
came together to complete the questionnaire. Employees that were not able to keep one of
those appointments were subsequently approached via e-mail or phone. That way, it was
ensured that all relevant employees in BU CI; participated in the survey. In BU ClIy,
management provided a list with e-mail addresses of all relevant employees. Two weeks after
sending the questionnaire as well as another two weeks later, the participants received a
reminder via e-mail. Employees of BU OI were contacted in a similar way, except that regular

mail was used.

5.2.1.2 Information on sample

The questionnaire was mainly administered to employees from R&D.®® In order to ensure
that participants are knowledgeable about the issues being researched and able to
communicate them, only employees with management function were approached. Thus,

laboratory assistants or secretaries did not participate in the survey.

Due to the fact that the names of all potential participants were known and the survey was
supported by management, almost all relevant employees within each business unit
participated. Only in some cases, employees were not available during the data collection
period. Overall, extremely high response rates of more than 90 percent could be realized in
each business unit. Hence, virtually the entire available sample was measured. A total of 120
employees participated. From those, 51 employees came from BU CI;, 37 from BU Cl,, and
32 from BU OI. Since corporate culture evolves over time and it also takes some time to
recognize its different facets, cases were removed from the sample when the respective
employee had been working less than six months in the business unit. Accordingly, five cases
were removed (two in each BU CI; and BU ClI,, as well as one in BU OI). Finally, the extent
of missing data was too high in some cases, so that those cases were removed. A sample size
of N=109 (46 in BU CI,, 34 in BU Cl,, 29 in BU OI) remained for the following factor
analyses.*”’

7 At the request of the management of business unit CI;, also employees from other functions, such as
marketing or strategy, participated in the survey within that business unit.

77 Cases with missing data above 17.1 percent were removed. For the remaining cases, possible missing data
were replaced with the unweighted average of the respective variable. See Hair et al. (2006), pp. 58 ff., for a
discussion of different imputation techniques for missing data.
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Figure 5-2 illustrates the composition of employees within each business unit regarding their
career paths. The majority of employees within both Closed Innovation units has not worked
in another business unit of ChemCo before. Regarding the Open Innovation unit, the number
of employees that have worked in another business unit before equals the number of
employees that have not worked in one of ChemCo’s other business units before. It seems that
Closed Innovation unit CI; and the Open Innovation unit have a balanced mix of employees
with and without prior experience in other business units. In contrast, most of the R&D staff

in Closed Innovation unit CI, did not work in another business unit before.

Figure 5-3 depicts the age of employees within each business unit. Closed Innovation unit CI,
is characterized by a high amount of employees within the age of 40 to 49 years. These
employees represent the largest group. Both other business units — Closed Innovation unit CI,
and the Open Innovation unit — show quite a different pattern. Here, the majority of
employees is 30 to 39 years old. Concerning employees’ job tenure, Figure 5-4 shows that the
vast majority of employees in business unit CI; has worked there for nine or more years
(median = 10 years). In contrast, both other business units are characterized by a more
balanced tenure structure. The median of job tenure in Closed Innovation unit CI, and the
Open Innovation unit is 4.5 years and 3 years, respectively. The reason why the Open
Innovation unit has no employee with a job tenure of 9 years refers to the simple fact that it
had not been established eight years ago.

Number of employees
30 -
B Worked in another BU before
5 [ Did not work in another BU before
20
15 1
10 |
5 4
0 - Business unit
Open Closed Closed
Innovation Innovation Innovation
Cl, Cl,

Figure 5-2: Job history of employees
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Figure 5-3: Age of employees
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5.2.2 Principles of scale construction

All variables in this study are hypothesized or latent constructs. According to BAGOZZI AND
FORNELL, these constructs are “abstract entities which represent the ,true’ nonobservable state
of nature of a phenomenon”.’® A latent construct cannot be measured directly. However, it
can be measured or represented by one or more variables — so-called indicators or items.
Therefore, it is measured indirectly by examining consistency among multiple empirically

679

measured items.””” Regarding construct operationalization, it is necessary to determine those

facets that are of major significance to the underlying phenomenon and directly measurable.

In general, single-item and multi-item scales can be distinguished to measure latent
constructs.®®® In case of single-item scales, the latent construct is measured by just one item.
Such an approach is only advisable when the construct to be measured is very simple. Single-
item measures should, thus, only be used in exceptional cases. This is due to the fact that
single-item measures may reflect more complex latent constructs less precisely. Therefore,
more complex latent constructs are usually measured by multi-item scales.®®' Since most of
the constructs in this study refer to cultural aspects, such as the attitude towards external
technology sourcing, single-item scales can never measure those constructs so precisely as to
eliminate uncertainty. Thus, multi-item scales are used to give a reasonably accurate measure

of the latent constructs.

Furthermore, the causal relationship between a latent construct and its measures needs to be
taken into account. Accordingly, formative and reflective measurement models can be
distinguished.®® In a formative measurement model, the measures cause the construct. That
is, changes in the measures are hypothesized to cause changes in the underlying construct.®®®
Formative models also do not assume that the measures are correlated — although they may
be. Indeed, formative measures may even be mutually exclusive.®® Since the items jointly
determine the conceptual and empirical meaning of the underlying construct, dropping one of

. 685 .
them may have serious consequences.”~ In contrast, reflective measurement models are

%8 Bagozzi and Fornell (1982), p. 24.

7 See Hair et al. (2006), p. 708 and p. 712.

0 See Bruner II and Hensel (1993), pp. 339 ff.

81 See Jacoby (1978), p. 93; Bagozzi and Baumgartner (1994), p. 388.

%2 For a discussion about the appropriate use of reflective and formative item constructs, see, for example,

Joreskog and Goldberger (1975); Chin (1995); Homburg and Giering (1996); Chin (1998); Cassel, Hackl
and Westlund (1999); Diamantopoulos and Winklhofer (2001); Jarvis, MacKenzie and Podsakoff (2003);
Gotz and Liehr-Gobbers (2004); Albers and Hildebrandt (2006).

3 See Fornell and Bookstein (1982), p. 441; Jarvis, MacKenzie and Podsakoftf (2003), p. 201.
8% See Jarvis, MacKenzie and Podsakoff (2003), p. 202.

5 Many scholars argue that formative items require capturing all concepts that form the construct. By

dropping an item, an unique part of the underlying construct may be omitted resulting in a different meaning
of the construct. See Jarvis, MacKenzie and Podsakoff (2003), p. 202.
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thought to cause measured variables. Thus, changes in the construct are hypothesized to cause
changes in the measures. Unlike formative items, reflective items are caused by the same
construct and, therefore, are expected to be highly intercorrelated. HAIR ET AL. note that
reflective items “can be viewed as a sample of all the possible items available within the
conceptual domain of the construct”.®®® Theoretically then, dropping an item from the
measurement model does not alter the meaning of the underlying construct.*” Behavioral
researchers usually study constructs that are assumed to cause measured items, i.e., they study
reflective measures. This is due to the substantive theory behind those constructs. FORNELL
AND BOOKSTEIN state that “[c]onstructs such as “personality” or “attitude” are typically
viewed as underlying factors that give rise to something that is observed. Their indicators tend
to be realized, then, as reflective”.%*® Since most constructs in this study address facets of

innovation culture, they are operationalized more appropriately with reflective items.

Next to choosing the appropriate type of measurement model, quality of construct
measurement needs to be assured in order to answer the proposed research questions.
Therefore, objectivity, reliability, and validity of the measurements need to be addressed.’®
Objectivity refers to measurement results that are independent of the researcher. Reliability
can be defined as “the degree to which measures are free from error and therefore yield
consistent results”.®" Thus, reliability refers to the extent to which an observed variable
measures the ‘true’ value. The lower the measurement error and, thus, the higher the amount
of variance that is explained by the underlying construct, the more reliable is the measurement

1.°! For example, if the same measure is asked repeatedly, measures of high reliability

mode
will show greater consistency than those of low reliability.® The type of reliability measure
used in this study is internal consistency. Internal consistency refers to the consistency among
the items of a construct. The rational for this form of reliability is that the individual items of
the construct should all measure the same construct. Thus, they should be highly

intercorrelated.®*®

Having assured an adequate level of reliability, validity needs to be assessed. Validity pertains

. . 694
to the degree to which a measure or a set of measures assesses the construct of interest.

According to PETER, a measure has high validity when it is “not contaminated with elements

% Hair et al. (2006), p. 787.

7 See Jarvis, MacKenzie and Podsakoff (2003), pp. 200 f.
8 Fornell and Bookstein (1982), p. 442; emphases in the original.
9 See Herrmann and Homburg (2000), p. 23.

0 See Peter (1979), p. 6.

! See Homburg and Pflesser (2000a), p. 420.

92 See Herrmann and Homburg (2000), p. 23; Peter (1979), p. 8.
3 See Hair et al. (2006), p. 137; Churchill (1979), pp. 64 ff.

%% See Peter (1981), p. 134.
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from the domain of other constructs or error”.*® Among the different forms of validity that
can be distinguished, convergent and discriminant validity are of particular interest in this
study. Convergent validity refers to “the degree to which multiple attempts to measure the
same concept are in agreement”.%® Thus, items that operationalize a certain construct should
be highly correlated. According to BAGOZzI AND PHILLIPS, “[d]iscriminant validity is the
degree to which measures of distinct concepts differ”.®” A measurement scale is considered
sufficiently different from other related scales, i.e. discriminant validity is high, if its items do

not highly correlate with those from the other scales.

5.2.3 Selection of variables

The operationalization of a latent construct requires the identification of appropriate items. To
do so, researchers can choose among different alternatives, such as applying existing
measurement scales, conducting exploratory preliminary studies, making theoretical
considerations, or drawing on experiences from practice.”® The first approach — applying
existing scale items®” — comes along with the major advantage that it allows for comparing
results across different studies. Another reason for using existing scale items has been
proposed by DILLER. He argues that generating new scale items should be avoided whenever
possible, because otherwise this will result in a plethora of different measurement scales in

790 Whenever possible, scale items will be used in this study if

the underlying research fields.
they have been found very useful in previous studies.””' However, those measurement items
should not be taken for granted. For example, although a construct may have been validated
using several data samples, it usually has been validated with respect to a certain research
question. When applied to other research questions, which may also involve other moderating
variables, some of the original scale items may turn out to be useless as regards content. In
case of using previously established latent constructs, it is therefore still necessary to allow
for elimination of individual items during operationalization.””” Table 5-1 presents the sources

and numbers of the different scale items used in this study.”®

5 Peter (1981), p. 134.
696 Bagozzi, Yi and Phillips (1991), p. 425.
%7 Bagozzi and Phillips (1982), p. 469.

% See Homburg and Giering (1996), p. 12.

% Within the field of marketing research, different compilations of multi-item measures exist. See, for

example, Bruner, James and Hensel (2001); Bearden and Netemeyer (1999). Unfortunately, such a
compilation does not exist in the field of innovation and technology management research, although it
would be very helpful.

0 See Diller (2004), p. 177.

This approach refers to the ‘construct-to-items method’. In the ‘construct-to-items method’, indicators for a
specific construct are chosen from the literature. Then, appropriate items are picked and adapted to the
respective research question. See Souder and Song (1998), p. 211.

™2 See Eschweiler (2006), pp. 149 f.

™ For an overview on the individual scale items see section 5.2.5. See also Appendix 1 which shows

descriptive statistics of individual scale items.
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The items to measure personality aspects — go-getting and halfhearted — were taken from
different studies as well as developed for the present study.”® The scale items regarding
intrinsic motivation were taken completely from the literature. As regards extrinsic
motivation, one item from the original scale proposed by SUNDGREN ET AL. was dropped due
to validity concerns.”® In order to capture different aspects of the construct, one new item

was added to the scale.

Regarding the not-invented-here syndrome, MEHRWALD’S study is the only work that
conceptualizes and operationalizes the NIH syndrome in detail. Considered as a multi-

dimensional construct, MEHRWALD identifies nine different factors of the NIH syndrome.”

Here, three of these factors are used.””’

At the time the questionnaire was developed and
administered, literature lacked a conceptualization of the not-sold-here syndrome.”® Thus, the
measurement items for both constructs of the NSH syndrome were specifically developed for

the present study.

Both scales of technology opportunism, i.e. technology-sensing capability and technology-
response capability, were completely taken from the literature. The items of the last three
constructs in Table 5-1 — organizational risk taking, freedom to express doubts, and
management support — are taken from different studies. All items in this study were measured

on a 1-7 Likert scale.

74 1t should be noted that literature — particularly within the field of psychology — provides many scale

inventories for personality assessment as, for example, the Kirton Adaptation-Innovation Inventory, which
is used to measure innovative (as opposed to adaptive) individual cognitive styles. See Kirton (1976).
However, these measurement scales usually consist of a large number of items, which make them not very
useful for the present study’s purposes. Practical consideration therefore led to the decision of only using a
small number of scale items to capture employees’ personality.

5 The item, which was dropped referred to motivation by challenges in the work. In the study by Sundgren et

al. (2005), p. 366, this item loaded on both intrinsic and extrinsic motivation. Since the item rather
represents a facet of intrinsic motivation than of extrinsic motivation, this item was only used as a measure
of intrinsic motivation in the present study.

6 See Mehrwald (1999), pp. 144 ff.

"7 Furthermore, it has to be noted that the original scale of the ‘NIH syndrome — trust in one’s own

technological competence’ consists of six items. However, only five of these items will be used in this
study. The decision not to use the sixth item was made based on the factor loadings reported by Mehrwald
(1999), p. 146. See also for this approach, for example, Petrick and Backman (2002), p. 40.

In the meanwhile, Lichtenthaler (2006), p. 173, has published his PhD thesis operationalizing the NSH
syndrome as a three-item measure.

708
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Table 5-1: Number and literature sources of items used in his study

Number
Construct of items® Items identified/ applied by
Personality — go-gettin 3 O'Reilly, Chatman and Caldwell (1991); Sarros
¥~ go-getling et al. (2005); Amabile et al. (1996)

. O'Reilly, Chatman and Caldwell (1991); Sarros
Personality — halfhearted 4 et al. (2005); own
Intrinsic motivation 3 Sundgren et al. (2005)
Extrinsic motivation 3 Sundgren et al. (2005); own
NIH syndromel— degree of trust in one’s 5 Mehrwald (1999)
own technological competence
NIH syndrome — impact of external 3 Mehrwald (1999)

technology on competitiveness

NIH syndrome — estimation of the
management’s preferences for external 2 Mehrwald (1999)
technology sourcing

NSH syndrome — fear of losing control over 4
Own

technology

NSH syndrome — estimation of the

management’s preferences for external 3 Own

technology commercialization

Technology-sensing capability 4 Srinivasan, Lilien and Rangaswamy (2002)
Technology-response capability 4 Srinivasan, Lilien and Rangaswamy (2002)
Organizational risk taking 4 van de Ven and Chu (1989); Calantone, Garcia

and Drége (2003); Amabile et al. (1996)

van de Ven and Chu (1989); Amabile (1996);

Freedom o express doubts 4 Ekvall (1996); Sundgren et al. (2005)

de Brentani and Kleinschmidt (2004); Amabile

Management support 4 (1996); van de Ven and Chu (1989)

Note: “Indicates the original number of items as used in the questionnaire. Item eliminations during
construct operationalization are not considered.

Existing scales — except the ones for the different dimensions of the NIH syndrome — had to
be translated from English into German. However, the pretests revealed that several items did
not translate well into German or were not well understood by the respondents. Thus, an

adaptation of some scale items was necessary, mostly in the form of rephrasing or rewording.

5.2.4 Reliability and validity of measures

Reliability and validity of measures used in this survey can be assessed by means of different
methods and criteria. Literature usually distinguishes between first-generation and second-
generation methods.”® The individual criteria are briefly presented below. For detailed

information, the reader is referred to the respective literature.”"’

" See Homburg (1998), p. 72. It should be noted that this differentiation can be found particularly in the

German marketing literature.
10 See, for example, Gerbing and Anderson (1988), pp. 186 ff.; Homburg and Giering (1996), pp. 5 ff.



138 Analysis and results

Most important among the first-generation methods are (1) exploratory factor analysis (EFA),
(2) item-to-total correlation, and (3) Cronbach’s alpha. Exploratory factor analysis can be
utilized to analyze the underlying pattern for a number of variables. It determines whether the
variables can be condensed or summarized in a smaller set of factors or constructs.”!
Operationalizing an unidimensional construct requires the extraction of only one single factor.
Otherwise, meaningful convergent and discriminant validity cannot be assessed. If the items
of a factor account for less than 50 percent of the total variance, the item with the lowest
factor loading is deleted from the analysis. The item-to-total correlation relates to each

separate item. It refers to the correlation of the item to the construct.”’?

High item-to-total
correlations indicate high convergent validity.””* Cronbach’s alpha is the most widely used
reliability coefficient that assesses the internal consistency among the variables in a
construct.”'* In general, the lower limit of Cronbach’s alpha is .70. The threshold value may
decrease to .60 in exploratory research.”" In this study, the traditional limit of .70 will be
applied for all scales, which are completely borrowed from past research. However, in case a
scale consists of items that have not been used together in past research or are completely
new, .60 is used as threshold value. If a scale does not meet the required Cronbach’s alpha

value, the item with the lowest item-to-total correlation is removed from the scale.

Although widely used in research practice, first-generation methods and criteria exhibit
several weaknesses. Criticism primarily refers to restrictive assumptions underlying these
approaches.”'® For example, Cronbach’s alpha assumes all items having equal reliabilities.””
Therefore, a differentiated assessment of the reliability for individual items and their
respective measurement errors is not possible. Furthermore, Cronbach’s alpha is positively
related to the number of items in the scale, i.e., increasing the number of items will increase
the reliability value.”'® Finally, threshold values for the assessment of reliability and validity
are rather based on rules of thumb than on statistic inferences.”'’ To overcome these
weaknesses, second-generation methods and criteria, which are based on confirmatory factor
analysis (CFA) can be used in addition.

Confirmatory factor analysis is used to provide a confirmatory test of how a measurement

model fits the empirically measured variables. The researcher can choose among a variety of

"' See Backhaus et al. (2006), pp. 260 ff.

712 See Nunnally and Bernstein (1994), pp. 301 ff.

3 See Hair et al. (2006), p. 137.

14 See Cronbach (1951), p. 299.

"5 See Hair et al. (2006), p. 137.

716 See Gerbing and Anderson (1988), pp. 188 ff.; Hildebrandt (1984), p. 44.
"7 See Gerbing and Anderson (1988), p. 190.

"8 See Churchill and Peter (1984), pp. 360 ff.; Hair et al. (2006), p. 137.

"9 See Gerbing and Anderson (1988), pp. 188 ff.
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iterative estimation methods.”*

Which estimation algorithm to employ, depends on data
characteristics. For example, maximum likelihood estimation requires measures to correspond
to a multivariate normal distribution. A Kolmogorov-Smirnov test for the variables reveals
that no item can be assumed to be normally distributed.””' Therefore, Unweighted Least
Squares (ULS) estimation is chosen as an iterative estimation technique, since it does not

2 .
22 However, tests on statistic

require measures to correspond to a certain distribution.
inference are not possible when using ULS. Thus, statistical significance of estimated
parameters cannot be assessed. Since no hypothesis is tested on basis of the measurement

models, the results’ explanatory power is not influenced.

Second-generation criteria can be classified as global and partial criteria. Global criteria are a
direct measure of how well the model specified by the researcher fits the sample data. Partial
criteria can be used to assess single parts of the overall measurement model, i.e. indicators
and constructs/ factors. They are applicable for assessing adequate validity and reliability.
Measurement issues at the level of individual factors require at least three indicators, global
criteria even four indicators.”” For assessing adequate measurement properties, three global
criteria are used. These are the (1) Goodness-of-Fit Index (GFI), the (2) Adjusted Goodness-
of-Fit Index (AGFI) as well as the (3) Root Mean Square Residual (RMR).”** Regarding the
threshold values of the different criteria, suggestions of the respective literature are followed.
For the GFI, values of greater than .90 are typically considered good. The same holds for
AGFI values.”” However, AGFI values are usually lower than GFI values, since the AGFI

2% -
26 its values

penalizes more complex models. Since the AGFI is sensitive to sample size
decrease when the degrees of freedom increase in relation to sample size. A threshold value of
.80 for the AGFI is therefore acceptable for studies with smaller sample sizes.”” In contrast to

the GFI and AGFI, lower RMR levels represent better fit, which puts the RMR into a category

™0 See Backhaus et al. (2006), pp. 368 ff.

Kolmogorov-Smirnov tests were significant (p < .05) for all items except one (p < .10) in the present study.
See Janssen and Laatz (2005), pp. 535 ff., for details on the Kolmogorov-Smirnov test.

™2 For different estimation techniques and their respective assumptions, see Joreskog (1996), pp. 17 ff.; Long

(1986), p. 44.

See Biihner (2004), p. 210. Confirmatory factor analysis cannot be conducted for dimensions that have two-
item or single-item measures. Those measurement models are unidentified, since they have more parameters
to be estimated than there are item variance and covariances. A three-item factor model is just-identified
(i.e., there are zero degrees of freedom). Just-identified models have perfect fit, because confirmatory factor
analysis will reproduce the sample covariance matrix identically. Hence, assessing global criteria is useless.

"4 See Bagozzi and Yi (1988), p. 79; Hair et al. (2006), pp. 745 ff.

5 See Hair et al. (2006), p. 747.
726

723

See Bagozzi and Baumgartner (1994), p. 401.
™7 See Morgan and Hunt (1994), p. 30; Talke (2005), p. 184.
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of indices also known as ‘badness-of-fit’ measures.””® In accordance with the respective

literature, RMR values of less than 1.00 are considered acceptable in this study.””

Next to the global measures of fit, partial criteria need to be considered. In this regard,
BAGOZzz1 AND YT note that “it is essential that researchers carefully scrutinize the internal
structure of any model along with the preliminary assessments criteria and global criteria”.”*
Regarding the evaluation of single indicators and factors, the following partial criteria are
used: (1) item reliability (IR), (2) construct/ factor reliability (CR), and (3) average percentage

731

of variance extracted (VE).””" There is no consistent guideline of which IR value should be

used as a cutoff value. Usually, a value of .40 is considered acceptable.”** The rule of thumb

733

for the construct reliability estimate is that .60 or higher suggests acceptable fit.””” Regarding

the average percentage of variance extracted, a value of .50 or higher suggests adequate

734
convergence.

Finally, it is necessary to evaluate the discriminant validity of the single constructs. This is
done by using the Fornell-Larcker criterion, which compares the average percentage of
variance extracted for any two constructs with the square of the correlation estimate between
these two constructs. Evidence of discriminant validity is provided if the VE value of a
construct is greater than the squared correlations between that construct and all other
constructs.”® The estimation of the correlation between the constructs requires analyzing all
constructs together in one measurement model. That way, patial criteria can also be assessed

for two-item measures.

Overall, the analysis of reliability and validity of the chosen constructs consists of three steps.
The first two steps analyze measurement issues at the level of individual constructs. First-
generation methods and criteria are employed as well as global criteria of second-generation
measures. However, in case of two-item measures confirmatory factor analysis cannot be
conducted. Single-item measures are not assessed due to their unambiguousness. The third
step comprises the analysis of all constructs together to test for partial criteria. Figure 5-5

illustrates the procedural method for assessing the measurement models. According to FRITZ,

"8 See Hair et al. (2006), p. 748.
™9 See Bagozzi and Yi (1988), p. 79; Fritz (1995), p. 126.
730 Bagozzi and Yi (1988), p. 80.

1 See Bagozzi and Yi (1988), pp. 80 f.; Bagozzi and Baumgartner (1994), p. 170 and pp. 386 ff.; Fritz (1995),
pp. 130 ff.

See Bagozzi and Baumgartner (1994), p. 402.

3 See Hair et al. (2006), p. 778, Bagozzi and Yi (1988), p. 80.
See Homburg and Baumgartner (1995), p. 170.

5 See Fornell and Larcker (1981), p. 46.

732
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a measurement model has acceptable fit when all global criteria and more than 50 percent of

all partial criteria are fulfilled.”*® This approach is consistent with the respective literature.”’

Step 1
First-generation criteria Threshold level
= Variance explained using > 50%
Exploratory Factor Analysis
= Factor loading > 40
o )
= Cronbach'’s alpha >.707 100% fulfillment
> .60°
= ltem-to-total correlation Elimination of the item with the

lowest item-to-total correlation,
if Cronbach’s alpha < .70?/ < .60°

Notes: 2If scale is completely borrowed from past research; °If scale
items have not been used together in past research or if they are
completely new.

Step 2 L
Second-generation global

criteria Threshold level
= GFI >.90 100% fulfillment
= AGFI > .80

* RMR <.10

Step 3 ‘
Second-generation partial

criteria Threshold level
= Item reliability (IR) > .40

= Construct reliability (CR) > .60

> 50% fulfillment

= Average percentage of variance > .50
extracted (VE)

= Fornell-Larcker criterion Construct's VE > squared
correlation with other construct

Acceptance of measurement model

Figure 5-5: Procedure for ing the rement models”™®

6 See Fritz (1995), p. 143.
7 See, for example, Bongartz (2002), pp. 41 f.; Betz (2003), pp. 83 ff.; Eschweiler (2006), pp. 152 ff.
8 Source: adapted from Eschweiler (2006), p. 152; Fritz (1995), p. 140; Bongartz (2002), p. 42.
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5.2.5 Results of construct operationalization

This section presents the results of the reliability and validity assessments for the individual
constructs as well as for the overall measurement model.”® The statistical characteristics of
the individual constructs, which are reported in the following tables (Table 5-2 through Table
5-15) refer to the final structures of the constructs. All items were measured on a 7-point
Likert scale anchored by ‘strongly disagree’ (1) and ‘strongly agree’ (7).

Personality

As personality variables, two constructs are distinguished: ‘personality — go-getting’ and
‘personality — halfhearted’. Responses to the single personality items were optional.
Participants were also assured that there are no right or wrong answers. The first construct
‘personality — go-getting’ is a three-item measure, which describes a person’s decisiveness in
taking advantage of opportunities. It further captures a person’s self-perceived creativity as
well as its orientation to achieving results rather than paying too much attention to details. All
statistical characteristics fulfill the above criteria and, therefore, all three items will be
retained for further analyses (Table 5-2).

Table 5-2: Operationalization of ‘personality — go-getting’

Factor Item-to- Item
Items ‘Personality - go getting’ loading  total corr. reliability
Generally, | am always quick to take advantage of opportunities. .698 573 487
| am currently very creative in my work. .675 .559 456
| am very results-oriented. 748 599 .560

Cronbach’s a = .750; Variance explained = 66.6%; Average variance extracted (VE) = .501; Construct
reliability = .750.

The second personality variable ‘personality — halfhearted’ consists of four items. In contrast
to the construct ‘personality — go-getting’, which describes proactive persons, this item
describes a rather passive personality. Thus, a person classified as halfhearted in the present
study would react to, adapt to, and be shaped by its environment, rather than showing
initiative or taking action. Furthermore, the construct captures a person’s risk-aversion. The
initial four-item solution explained 49.3 percent of variance. Although this is only slightly
below the required 50 percent level, the item with the lowest factor loading was dropped.
Despite the fact that average variance extracted falls below the required threshold level for the
resulting three-item construct, overall statistical characteristics are satisfied. Therefore, the

three remaining items are kept for further analyses (Table 5-3).

9 Confirmatory factor analysis is performed by using AMOS 6.0. See Arbuckle (2005). For all other methods,
SPSS 14.0 for Windows was used. For a review of both software programs, see Hesse (2004), p. 172 f. For
both exploratory and confirmatory factor analyses, data was standardized (mean = 0, standard deviation =
1). See Backhaus et al. (2006), p. 271.



Analysis and results 143

Table 5-3: Operationalization of ‘personality — halfhearted’

Factor Item-to- Item
Items ‘Personality - halfhearted’ loading total corr. reliability
| dg no feel comfortable in situations that require taking quick 644 494 415
actions.
| never take individual responsibility. item eliminated
Overall, | am very risk-averse. 646 495 A17
| am one of those people that are easily put up with something. .648 496 420

Cronbach’s a = .682; Variance explained = 61.1%; Average variance extracted (VE) = .417; Construct
reliability = .682.

Motivation of employees

The three-item scale ‘intrinsic motivation” addresses how strong employees within a business
unit are motivated by challenges in their work and to what degree they are satisfied with their
work. The scale which was completely taken from SUNDGREN ET AL."*" showed acceptable

measurement properties. Therefore, all items are retained (Table 5-4).

Table 5-4: Operationalization of ‘intrinsic motivation’

Factor Item-to- Item
Items ‘Intrinsic motivation’ loading  total corr. reliability
| feel happiness and satisfaction in my work. 563 515 317
| am motivated by challenges in my work. .761 650 .579
| feel positive involvement in my work. .928 727 .861

Cronbach’s a = .787; Variance explained = 70.5%; Average variance extracted (VE) = .586; Construct
reliability = .803.

The construct ‘extrinsic motivation’ assesses the degree to which employees are motivated by
other factors than the work itself, such as salary or attractive career paths provided by the
business unit. The initial three-item solution showed a non-acceptable Cronbach’s alpha
(.536). Having the lowest item-to-total correlation (.270), the third item was removed from
the scale. Cronbach’s alpha of the resulting two-item solution only improved slightly (.557).
Because of the two-item scale, the item-to-total correlation cannot be used as a criterion for
item deletion. Rather, the decision on which item to drop has to be made based on plausibility
considerations. Accordingly, the second item was removed from further analyses. Extrinsic

motivation is finally measured on a single-item scale (Table 5-5).

™0 See Sundgren et al. (2005).
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Table 5-5: Operationalization of ‘extrinsic motivation’

Factor Item-to- Item
Items ‘Extrinsic motivation’ loading total corr. reliability
| am motivated by salary and attractive career paths within this a a a
organization.
| am motivated by getting acknowledgement for creative work. item eliminated

| am motivated because my business unit supports the
development of my professional skills by providing professional item eliminated
trainings, job rotations, etc.

Note: “The construct is measured with one item. Factor loading, item-to-total correlation, and item reliability
cannot be computed.

Not-invented-here syndrome

The construct ‘NIH syndrome — degree of trust in one’s own technological competence’ has
been measured on a five-item scale (Table 5-6). It captures the degree to which a business unit
relies on its own technological competence rather than on external technologies. All first-
generation criteria as well as all second-generation global criteria exceed the required
thresholds. Regarding the partial criteria, reliability of two items falls below the threshold
level of .40. Also, average variance extracted is slightly below .50. Thus, more than 50

percent of all partial criteria are met. All items are therefore kept as parts of this construct.

Table 5-6: Operationalization of ‘NIH syndrome — degree of trust in one’s own technological

competence’
Items ‘NIH syndrome - degree of trust in one’s own Factor Item-to- Item
technological competence’ loading  total corr. reliability

We rather develop a technology on our own than buying a pig in a

.800 .686 .640
poke.

We rather develop a technology on our own than being dependent
on the technology provider's cooperation in order to understand the 749 .629 .561
external technology.

Even without using external technology, we can achieve market
success.

.564 517 .318

External technology sourcing is less attractive to our business unit,
because we would run the risk of disclosing our technological 740 .659 .548
knowledge during the cooperation with a technology provider.

Using external technology is an important alternative for technology

. . 291
sourcing within this business unit. (R) 539 491

Cronbach’s a = .809; Variance explained = 57.0%; Average variance extracted (VE) = .471; Construct
reliability = .813; GFI = .985; AGFI = .955; RMR = .069.

The second dimension of the not-invented-here syndrome addresses employees’ perceptions
of how external technologies may impact the competitiveness of the business unit (Table 5-7).
MEHRWALD conceptualized the construct ‘NIH syndrome — impact of external technology on
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competitiveness’ as a three-item construct.”*' However, the initial three-item structure showed
an insufficient Cronbach’s alpha of .623 in the present study. Based on the item-to-total
correlation (.303), the third item was therefore deleted. All measurement properties of the
resulting two-item scale, then, exceeded the required threshold levels.

Table 5-7: Operationalization of ‘NIH syndrome — impact of external technology on competitiveness’

Items ‘NIH syndrome - impact of external technology on Factor Item-to- Item
competitiveness’ loading  total corr. reliability

In order to sustain our competitive position, relevant technologies 841° 540 707"

for this business unit must not be sourced externally. ’ ’ ’

We Wouldl weaken our competitive position, if we sourced important 642b 540 412

technologies externally.

Technologies that are relevant for our business unit, cannot be

developed in a similar effective and efficient way by any other item eliminated

company.

Cronbach’s a = .701; Variance explained = 77.0%; Average variance extracted (VE) = .560°; Construct

reliability = .714°.

Note: ®The construct is measured with two items. Because a separate measurement model is not identified,
measurement information is taken from the overall measurement model (Appendix 2).

As the final variable on the NIH syndrome, the construct ‘NIH syndrome — estimation of the
management’s preferences for external technology sourcing’ focuses on the perceived
management support for external technology sourcing. The original scale, which was
conceptualized by MEHRWALD, consisted of two items.’”* As in the case of the construct ‘NIH
syndrome — impact of external technology on competitiveness’, the initial solution showed a
non-acceptable Cronbach’s alpha of .628. Since this construct is measured with two items, the
item-to-total correlation cannot be used as a criterion for item deletion. Rather, the decision
on which item to drop has to be made based on plausibility considerations. Accordingly, the
second item was removed from further analyses. Therefore, the construct ‘NIH syndrome —
estimation of the management’s preferences for external technology sourcing’ is finally
measured on a single-item scale (Table 5-8). It needs to be stressed, however, that the
remaining single item asks for the perceived preference of management for internal
technology development. Therefore, the name of the construct is a bit confusing, because it
implies that high scores on the scale represent strong preferences for external technology,
which is not correct. High scores mean that management rather prefers internal technology
sourcing and, thus, might be infected with the NIH syndrome. The reason for not reverse
coding this item is to ensure consistency among all three constructs of the NIH syndrome.
This facilitates ease of use in subsequent interpretation and discussion.

™1 See Mehrwald (1999), pp. 190 ff.
™2 See Mehrwald (1999), pp. 196 ff.
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Table 5-8: Operationalization of ‘NIH syndrome — estimation of management’s preferences for
external technology sourcing’

Items ‘NIH syndrome - estimation of management’s Factor Item-to- Item
preferences for external technology sourcing’ loading  total corr. reliability
It seems that management prefers internal technology a a a

development.

Management urges us to search for and to utilize external

item eliminated
technologies. (R)

Notes: *The construct is measured with one item. Factor loading, item-to-total correlation, and item
reliability cannot be computed; (R) = reverse coded item.

Not-sold-here syndrome

The counterpart of the not-invented-here syndrome — the not-sold-here syndrome — was
conceptualized with two constructs. The first one, which is named ‘NSH syndrome — fear of
losing control over technology’, addresses employees’ concerns that using external pathways
to market for technology commercialization may put the technology position of the business
unit at risk (Table 5-9). The construct initially consisted of four items. However, this initial
solution explained only 45.0 percent of variance. According to the measurement standards
that have been established above, the item “we should have exclusive rights to use a
technology” which had the lowest factor loading was removed. Unfortunately, the resulting
three-item solution did not meet second-generation partial criteria on the level of the single
construct. That is, less than 50 percent of the partial criteria were fulfilled. The last item,
which had the lowest factor loading, was dropped from the scale. Although some
measurement properties are still below their respective threshold levels, the remaining two-
item scale fulfills the overall measurement standards.

Table 5-9: Operationalization of ‘NSH syndrome — fear of losing control over technology’

Factor Item-to- Item
Items ‘NSH syndrome - fear of losing control over technology’ loading  total corr. reliability
We woulq run the risk .to lose control over our technology, if we 738 429 5450
licensed it to third parties.
Our innovations should be brought to market rather through our b b

. ) . . .581 429 .338

business unit than through licenses, alliances etc.
We should have exclusive rights to use a technology. item eliminated

Our technologies should be marketed exclusively via our existing

item elimin
distribution channels. item eliminated

Cronbach’s a = .600; Variance explained = 71.4%; Average variance extracted (VE) = .441°; Construct

reliability = .581°.

Note: ®The construct is measured with two items. Because a separate measurement model is not identified,
measurement information is taken from the overall measurement model (Appendix 2).

The second construct ‘NSH — estimation of management’s preferences for external
technology commercialization’ captures the management support for external technology
commercialization as perceived by employees. As such, it is similar to the above mentioned
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construct ‘NIH syndrome — estimation of the management’s preferences for external
technology sourcing’. However, the initial three-item scale explained less than the required 50
percent of variance (47.4 percent). Accordingly, the second item “management insists on the
internal use of technologies” was dropped. Unfortunately, Cronbach’s alpha of the resulting
two-item solution was non-acceptable. Since the item-to-total correlation cannot be used as a
criterion for item deletion for a two-item construct, the decision on which item to drop was
based on plausibility considerations. Therefore, the third item was removed from further
analyses. The construct ‘NSH - estimation of management’s preferences for external
technology commercialization’ is finally measured on a single-item scale (Table 5-10).
Similar to the construct of the NIH syndrome, asking for management’s preferences regarding
external technology sourcing, the name of the remaining single-item construct might be
confusing. This is due to the fact that the item, which actually asks for management’s
preferences regarding external technology commercialization, has been reverse coded. The
reason for reverse coding this item is to ensure consistency among the two constructs of the
NSH syndrome in order to facilitate ease of use in subsequent interpretation and discussion.
Therefore, high scores on this scale mean that management rather prefers internal use of
technology and, thus, might be infected with the NSH syndrome.

Table 5-10: Operationalization of ‘NSH syndrome — estimation of management’s preferences for
external technology commercialization’

Items ‘NSH syndrome - estimation of management’s Factor Item-to- Item
preferences for external technology commercialization’ loading total corr. reliability
Using external pathways to market is an important alternative for a a a

technology commercialization within this business unit. (R)
Management insists on the internal use of technologies. item eliminated

If we decide not to use a technology internally, management urges
us to search for pathways to market outside of our business unit. item eliminated
(R)

Notes: *The construct is measured with one item. Factor loading, item-to-total correlation, and item
reliability cannot be computed; (R) = reverse coded item.

Technology opportunism

The following two constructs concern the way business units cope with new technology
development. The first construct addresses a business unit’s ‘technology-sensing capability’.
It comprises four items and captures how a business unit understands new technological
developments. The scale, which was completely taken from SRINIVASAN, LILIEN AND
RANGASWAMY ', showed acceptable measurement properties. Therefore, all items were
retained for further analyses (Table 5-11).

™ See Srinivasan, Lilien and Rangaswamy (2002).
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Table 5-11: Operationalization of ‘technology-sensing capability’

Factor Item-to- Item
Items ‘Technology-sensing capability’ loading  total corr. reliability
We are often the first in our |n§ustry to detect tec.hnolog|cal 584 497 341
developments that may potentially affect our business.
We lactlvely seek |nformat|on on technologl?al changes in the 638 530 407
environment that are likely to affect our business.
We are often §Iow to detect changes in technologies that might 661 549 437
affect our business. (R)
We periodically review the likely affect of changes in technology on 717 579 514

our business.

Cronbach’s a = .745; Variance explained = 56.7%; Average variance extracted (VE) = .425; Construct
reliability = .746; GFI = .992; AGFI = .961; RMR = .049.
Note: (R) = reverse coded item.

In addition to the construct ‘technology-sensing capability’, the construct ‘technology-
response capability’ describes the business unit’s ability and willingness to respond to new
technology developments. The four-item scale was also completely taken from SRINIVASAN,
LILIEN AND RANGASWAMY.”* Since statistical characteristics of this construct met the
required standards, all items were kept as parts of the construct (Table 5-12).

Table 5-12: Operationalization of ‘technology-response capability’

Factor Item-to- Item
Items ‘Technology-response capability’ loading  total corr. reliability
We lgenerally respond very quickly to technological changes in the 687 611 472
environment.
This busmless unit lags behind the industry in responding to new 796 698 634
technologies. (R)
For one rgason or another, we are slow to respond to new 885 753 783
technologies. (R)
We tend to resist new technologies that cause our current 565 516 319

investments to lose value. (R)

Cronbach’s a = .820; Variance explained = 65.3%; Average variance extracted (VE) = .552; Construct
reliability = .828; GFI = 1.000; AGFI =.998; RMR =.012.
Note: (R) = reverse coded item.

Organizational risk taking

The measure ‘organizational risk taking’ captures how employees perceive their business
unit’s propensity to risky activities and behaviors. For this measure, which was initially
composed of four items borrowed from different studies, factor analysis did not support
unidimensionality. Therefore, the first item which loads on a second factor is deleted from
further analysis (Table 5-13). The remaining three items show acceptable measurement

properties.

™ See Srinivasan, Lilien and Rangaswamy (2002).
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Table 5-13: Operationalization of ‘organizational risk taking’

Factor Item-to- Item
Items ‘organizational risk taking’ loading  total corr. reliability

When a person tries something new and fails it, it will be considered

item eliminated
disadvantageous for the individual’s career. (R)

My business unit places high value on taking risks, even if there are

X . .950 .709 .903
occasional mistakes.
_Fallure .|s acce_ptable in this business unit, if the effort on the 633 556 401
innovation project was good.
In this business unit, risky activities are common place. .610 .540 372

Cronbach’s a = .766; Variance explained =68.3%; Average variance extracted (VE) = .558; Construct
reliability = .784.
Note: (R) = reverse coded item.

Freedom to express doubts

The construct ‘freedom to express doubts’ describes the business unit’s openness for
constructive dissent in the course of innovation projects (Table 5-14). Accordingly, the items
capture if employees perceive their innovation work environment allowing for different
opinions and thoughts. Although two of the statistical characteristics (item reliability of the
first item and average variance extracted) of the construct do not meet all the standards that
have been established above, all four items are kept as parts of the construct in order to
capture its different aspects as regards content. Partial criteria are also fulfilled by more than
50 percent.

Table 5-14: Operationalization of ‘freedom to express doubts’

Factor Item-to- Item
Items ‘freedom to express doubts’ loading  total corr. reliability
People in this business unit are encouraged to provide information
that challenges the feasibility of what is being done to develop an .338 297 114
innovation.
| sometimes get the feeling that others are not speaking up
although they harbor serious doubts about the direction being .640 522 410
taken. (R)
Eeople !n this bL{smess ynlt cgh ‘express different opinions and 818 671 669
ideas without quickly being criticized.
Sometimes, | feel pressured not to ‘rock the boat’ by speaking my 798 637 637

mind about what’s going on with an innovation project. (R)

Cronbach’s a = .733; Variance explained = 57.0%; Average variance extracted (VE) = .457; Construct
reliability = .756; GFI = .997; AGFI = .986; RMR = .030.
Note: (R) = reverse coded item.

Management support
The construct ‘management support’ has been measured on a four-item scale (Table 5-15). It
captures if the business unit’s management has created an innovation culture. All

measurement properties of the scale exceed the required threshold levels, most notably
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Cronbach’s alpha and the global fit measures of confirmatory factor analysis (GFI, AGFI, and
RMR). Thus, all items are kept as part of the construct.

Table 5-15: Operationalization of ‘management support’

Factor Item-to- Item

Items ‘management support’ loading  total corr. reliability
Management has created an open and innovative culture for our
new product development activities by...:

= ...recognizing and rewarding entrepreneurship. .785 737 .616

= ...actively encouraging employees to submit new product ideas. .812 .761 .659

= ...placing a high level of trust in individuals. 814 .760 .663

= ...encouraging individuals to take the initiative. .908 .835 .824

Cronbach’s a = .898; Variance explained = 76.6%; Average variance extracted (VE) = .689; Construct
reliability = .899; GFI = 1.000; AGFI = .998; RMR = .012.

Having assessed reliability and validity of the individual constructs, discriminant validity of
the constructs needs to be assessed. In order to obtain correlations between constructs, it is
necessary to analyze the overall measurement model. Confirmatory factor analysis produces
moderate fit statistics: GFI = .928, AGFI = .910, RMR = .077. Applying the Fornell-Larcker
criterion provides evidence for discriminant validity of most of the constructs. Only
‘technology-sensing capability’ and ‘technology-response capability’ as well as ‘freedom to
express doubts’ and ‘management support’ exhibit insufficient discriminant validity.”*
However, since all global criteria and more than 50 percent of local criteria are met, all

constructs will be retained for further analysis.”*®

Having ensured that the constructs meet the necessary levels of reliability and validity, a final
decision needs to be made on which construct value to use in subsequent analysis. The
researcher can choose between three general approaches: (1) single surrogate variables, (2)
factor scores, and (3) summated scales.”*’ Following the latter approach in this study, the

748

unweighted average™™ of the items in the scale is taken.

Appendix 3 shows the results of the assessment for discriminant validity using the Fornell-Larcker criterion.

™6 Degree of fulfillment for the local criteria is 77 percent. For details on measurement properties for local

criteria, see Appendix 2.

™7 For (dis)advantages of the different approaches see Hair et al. (2006), p. 140.

™ The use of summated scales, for example the unweighted average of the scale items, experiences increased

application in managerial research. It represents a compromise between using factor scores and a single
surrogate variable that is chosen based on the highest factor loading. The major advantage of using
summated scales is the ease of interpretation. Furthermore, summated scales capture multiple facets of a
concept and can be easily replicated across studies. See Hair et al. (2006), pp. 138 ff.
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5.3 Results of analysis

5.3.1 Method

Within the present study, differences between innovation cultures of different business units
within a single firm are to be examined. Since the non-metric variable (factor) ‘type of
business unit’ is used as independent variable with three levels (business unit OI, business
unit CI;, and business unit Cl,) and several metric variables serve as individual dependent
variables, an one-way analysis of variance (ANOVA) has to be used. But why not using
multiple #-tests instead? Conducting separate #-tests for the difference between each pair of
means (i.e. group 1 vs. group 2; group 1 vs. group 3; group 2 vs. group 3) inflates the overall
Type I error rate. ANOVA avoids inflation of overall Type I error rate. Instead, ANOVA
determines in a single test whether differences in means across several groups exist.”*

A way to reduce variance that is not accounted for by the factor refers to the integration of so-
called covariates into the analysis. Thus, ANOVA is extended to ANCOVA (analysis of
covariance). Within-group variance (sometimes also referred to as error variance) is primarily
due to individual differences among the subjects.””° ANCOVA accounts for these initial
differences on the covariate. For example, personal differences (e.g. attitudes or opinions)
may affect responses. The analysis (ANOVA), however, does not include these differences as
a factor. In order to take out any differences due to these factors, covariates are used.””' That
is, a covariante will adjust the means of the dependent variables to what they would be if all
groups scored identically on the covariate.”? By statistically removing this part of within-
group variance, a smaller error term results and, hence, ANCOVA provides a more powerful
test.”® Technically, ANCOVA is a statistical technique that combines regression analysis and
ANOVA.”* 1t is often used in non-experimental situations that do not allow assigning
subjects randomly to particular groups.

For the present study, theoretical considerations legitimate the use of the following variables
as covariates: (1) ‘personality — go-getting, (2) ‘personality — halfhearted’, and (3) ‘job

™9 See Hair et al. (2006), p. 390; Diehl (1977), p. 302; Bortz (1988), p. 437.

70 See Stevens (2002), p. 341. According to Stevens (2002), p. 341, within-group variance can be dealt with in

several ways, such as sample selection, factorial designs (blocking factors), repeated measures analysis, or
analysis of covariance.

1 See Hair et al. (2006), p. 406.
52 See Tabachnick and Fidell (2007), p. 196; Stevens (2002), p. 341.

753 After removing the differences between subjects on a covariate, remaining group differences are presumed

to be related to the effects of the independent variable (factor). It should be noted, however, that group
differences could result from other attributes, which have not been used as covariates. See Tabachnick and
Fidell (2007), p. 196.

% See Bortz (1988), p. 438; Stevens (2002), p. 339; Hair et al. (2006), p. 385.
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satisfaction’”. Taking into account possible differences among respondents with respect to
these variables allows controlling common method bias’. For example, the degree to which
a respondent has a go-getting personality may affect his perception about the business unit’s
speed in sensing of and responding to new technological developments. Respondents that are
rather quick in taking advantage of opportunities may perceive their business unit as being
slower in sensing and responding to new technological development than employees that are
rather slow in taking advantage of opportunities. Furthermore, a respondent’s halfhearted
personality may affect his perception about the use of external technology. Being risk-averse,
this respondent could be more concerned about a negative impact of external technologies on
the business unit’s competitiveness than a person without such a risk aversion. By using a
respondent’s ‘job satisfaction’ as a covariate, it is particularly controlled for common method
bias caused by the so-called transient mood state of respondents. As such, a respondent’s
transient mood state can be caused by various negative events, such as concerns about
downsizing of staff or a bad day at the office, as well as positive events, such as receiving a
compliment from one’s boss or being promoted.””’ With regard to the present study, job
satisfaction is assumed to produce artifactual covariance in that more satisfied R&D
employees perceive their management being more supportive of innovative behavior than

their less satisfied colleagues.

Finally, the focus of this study is only on innovation cultures in the three business units of
ChemCo. Since 12 respondents in business unit CI; are not involved in R&D (e.g. general
management), they are removed from the sample. Overall, the sample size of N = 97 is
distributed as follows: BU OI =29, BU CI,; = 34, and BU CI, = 34. Correlations between the
constructs are depicted in Table 5-16. The variable ‘job history’ is a binary variable with ‘0’
referring to employees that have not worked in another business unit of ChemCo before and
‘1’ denoting those employees that have worked in another business unit of ChemCo before.
Furthermore, the ‘hierarchical level’ of an employee has been measured. Here, five levels are

taken into account, ranging from 1 = low to 5 = high.

‘Job satisfaction’ is a single-item scale, measured with the first item of the construct ‘intrinsic motivation’
(see Table 5-4).

Common method bias refers to “variance that is attributable to the measurement method rather than to the
constructs the measures represent”. Podsakoff et al. (2003), p. 879. Common method biases are problematic,
since they typically increase measurement error. See Podsakoff et al. (2003), p. 879.

57 Podsakoff et al. (2003), p. 883.

756
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5.3.2 Test of assumptions for AN(C)OVA

Before conducting analyses of variance (ANOVA) and analyses of covariance (ANCOVA) as
central techniques for hypotheses testing in the present study, different assumptions must be
met. In order to assess whether the different assumptions hold true, a two-stage approach
seems to be appropriate. First, assumptions for usual analysis of variance (ANOVA) are
assessed, which are also required for analysis of covariance (ANCOVA). Then, the special
requirements for ANCOVA are tested. Table 5-17 summarizes the different assumptions for
ANOVA and ANCOVA and the results of the respective tests. Since some of the
requirements are violated, it needs to be discussed in how far any remedies can be applied.

Table 5-17: Overview on the results of testing assumptions for ANOVA and ANCOVA"®

Guideline/
Assumption formal test Violation? Remedy
ANOVA
Theory based hypotheses No
generation
Group-wise
Absence of outliers inspection of z No
scores

Group size > 20 No
Group-wise normal . ) .
distribution of dependent Shapiro-Wilk Yes Approxmate'ly equal

. test group sizes
variables
Homogeneity of variance Levene test Yes Approxmatgly equal

group sizes
ANCOVA
Covariate is metric variable No
. . Personality — go-getting: No ‘Personality —

S;)V::g;if 3;:?;):25 with Personality — halfhearted: Yes  halfhearted’ is not used

P Job satisfaction: No in ANCOVA
Homogeneity of regression SPSS Yes Approximately equal
slopes/ planes Manova® group sizes

Note: “SPSS syntaxes for these tests are shown in Appendix 6.

ANOVA is especially sensitive to outliers and their effect on Type I error.”’ Since ANOVA
uses grouped data, outliers have to be sought separately within each group.”® However,

detecting and designating outliers always involves the researcher’s judgment. Therefore,

8 For the assumptions see Backhaus et al. (2006), pp. 150 f.; Glaser (1978), pp. 104 ff.; Stevens (2002), pp.
256 ff. and pp. 345 ff.; Tabachnick and Fidell (2007), pp. 201 ff.; Hair et al. (2006), pp. 406 f.; Diehl (1977),
pp- 330 ff.; Bortz (1988), pp. 343 ff.

9 See Hair et al. (2006), p. 410.
0 See Tabachnick and Fidell (2007), p. 73.
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different rules of thumb can be found in the literature.”®' For example, TABACHNIK AND
FIDELL recommend designating those cases as outliers that have very large standardized
scores (z scores). Accordingly, z scores in excess of 3.29 are potential outliers.”®* After
examining variables in each group, no observation was designated as outlier. Furthermore,
ANOVA can be markedly affected by the sample size used. In contrast to other multivariate
techniques, considerations on sample size relate to individual group sizes and not the total
sample. According to GLASER, at least 10 observations per group are needed.”® HAIR ET AL.
recommend 20 observations per group.”** Since all three groups in this study consist of more

than 20 observations, this assumption is complied.

ANOVA also requires that the observations are normally distributed in each group.’®
Violation of this assumption can affect the level of significance or power. However, the F
statistic in ANOVA is quite robust against non-normality with respect to Type I error. As
regards power, platikurtosis has been shown to have a substantial effect for small N’s, while
skewness has only a slight effect.”*® Besides applying graphical tests, such as normal
probability plots or histograms, several nongraphical tests can be used to assess normality.
Here, the Shapiro-Wilk test has been shown to be more powerful than the Kolmogorov-
Smirnov test.”®” Results of the Shapiro-Wilk statistic, which are shown in Appendix 4,
indicate that the assumption of normality is violated for some variables (seven in BU OlI, six
in BU CI;, and four in BU CI; at a = .05).”® However, relatively equal sample sizes mitigate

violations of this assumption and, thus, the use of ANOVA vyields meaningful results.”®

A major assumption of ANOVA is that the variances of dependent variables are equal across
groups. This is often referred to as the ‘homogeneity of variance’ assumption. Among the
different tests that are frequently used to assess homogeneity of variance, such as Bartlett’s,
Cochran’s, and Hartley’s Fona, the Levene test is most robust against non—normality.770
Results of the Levene tests, which are shown in Appendix 5, indicate that three variables
violate the assumption of homogeneity of variance at a = .05 and one at o = .10. However, the

.. . . . . . . 771
F statistic is quite robust against heterogeneous variances if group sizes are equal.

! For different rules of thumb, see Tabachnick and Fidell (2007), p. 75.
62 See Tabachnick and Fidell (2007), p. 73.

3 See Glaser (1978), p. 111.

64 See Hair et al. (2006), p. 391.

65 See Stevens (2002), p. 261.

766 See Stevens (2002), p. 263.

7 See Shapiro, Wilk and Chen (1968), pp. 1343 ff.

768 Furthermore, the Shapiro-Wilk test was significant at & = .1 for two variables in BU OL.
9 See Glaser (1978), pp. 110 f.; Tabachnick and Fidell (2007), p. 202.

70 See Stevens (2002), p. 269.

" See Glass, Peckham and Sanders (1972), pp. 237 ff.
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According to STEVENS, as long as the ratio ‘largest group/smallest group’ < 1.5, the F statistic
is robust.””* In the present study, the largest and the smallest group consist of 34 and 29
observations, respectively, resulting in a ratio of 1.17.

As regards the extension of ANOVA to ANCOVA, covariates need to be measured on a
metric level, which is the case for all three possible covariates in this study. In order to
remove some part of the within-group variance, covariates should be significantly correlated
with the dependent variable.”” Examining the correlations of the dependent variables with the
possible covariates ‘personality — go-getting, ‘personality — halfhearted’, and ‘job
satisfaction’, reveals that ‘personality — halfhearted’ is not significantly correlated with any
dependent variable (Table 5-18).

Table 5-18: Pearson correlations between covariates and dependent variables

Covariates

Personality — Personality —
Construct (dependent variables) go-getting halfhearted Job satisfaction
Intrinsic motivation 474 -.170 .844x++2
Extrinsic motivation 233" -.056 .230*
NIH syndromel— degree of trust in one’s o7 096 - 100
own technological competence
NIH syndrome — impact of external -.069 084 _019

technology on competitiveness

NIH syndrome — estimation of the
management’s preferences for external -.202* .004 -.189
technology sourcing

NSH syndrome — fear of losing control 076 011 010
over technology

NSH syndrome — estimation of the

management’s preferences for external -.212¢ .099 -.143
technology commercialization

Technology-sensing capability 272 =171 277
Technology-response capability .260* -.183 145
Organizational risk taking 427 -.137 .292**
Freedom to express doubts 222* -.021 .546***
Management support .360*** -.032 .606***

Notes: *p < .05; **p < .01; ***p < .001; “The item ‘job satisfaction’ is part of the construct ‘intrinsic
motivation’.

In contrast to the theoretical considerations made above, a halfhearted attitude of the
respondent has surprisingly no affect on the dependent variables. Therefore, this variable will

72 See Stevens (2002), p. 268.
3 See Tabachnick and Fidell (2007), p. 200; Stevens (2002), p. 345; Hair et al. (2006), p. 407.
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not be used as a covariate for further analyses. As regards the other two possible covariates,
Table 5-18 shows that both correlate significantly with some of the dependent variables, i.e.,
‘personality-go-getting” correlates with nine and ‘job satisfaction’ with five dependent
variables. It should be noted that the correlation between ‘intrinsic motivation’ and ‘job
satisfaction” will not be considered here, because the latter item is part of the construct
‘intrinsic motivation’. Moreover, in case of five dependent variables, both covariates show
significant correlations with those variables. This has different implications for hypotheses
testing. That is, the variables ‘personality — go-getting’ and ‘job satisfaction” will only be used
as covariates for those dependent variables with which they are significantly correlated. In
case both covariates correlate with a dependent variable, they are jointly used for hypotheses

testing.

Ideal covariates are not only significantly correlated with the dependent variable; they also
have low correlations among themselves. According to STEVENS, intercorrelations of
covariates should be less than .40.”" Since Pearson correlation between both covariates is
389 at a = .01, both are used for further analyses. Furthermore, using more than just one
covariate allows for making better adjustments for initial differences between the groups.
However, using too many covariates will result in unstable estimates of the adjusted means.””

HUITEMA recommends limiting the number of covariates to the extent that the ratio

c+(1171)<
N

.10

where C is the number of covariates, J is the number of groups, and N is the total sample
size.”’® Thus, since the present study is a three-group problem with a total of 97 observations,

the maximum number of covariates to be used is (C +2)/97 <.10 or C<7.7.

In addition to ANOVA, ANCOVA also assumes homogeneity of regression, meaning that the
covariate has equal effects on the dependent variable across the groups. In case of one
covariate, the slope of the regression line needs to be the same in each group. For two
covariates the assumption refers to parallelism of the regression planes in each group.””
Unfortunately, neither SPSS nor SAS automatically provide the test for homogeneity of
regression planes. According to TABACHNIK AND FIDELL, the most straightforward program

7 See Stevens (2002), p. 353. In case of high correlations between covariates, they remove much of the same

error variance. Accordingly, the second covariate will not have much incremental validity. See Stevens
(2002), p. 345.

5 See Stevens (2002), p. 346.
776 See Huitema (1980), p. 161.

"7 See Hair et al. (2006), p. 407; Tabachnick and Fidell (2007), pp. 202 f.; Stevens (2002), p. 347; Diehl
(1977), p. 330.
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for testing this assumption is SPSS MANOVA, which is available only in syntax mode.””

Both syntaxes that have been used in the present study — one for testing homogeneity of
regression slopes and one for testing homogeneity of regression planes — are shown in
Appendix 6. The results (Appendix 7) indicate that this assumption is violated at o = .05 in
case of only three dependent variables. According to BORTZ, however, several studies have
shown that equal sample sizes mitigate violations of this assumption and that neither
significance nor power is substantially affected.””

In summary, it can be stated that although some assumptions are violated, the use of
AN(C)OVA for hypotheses testing is appropriate. This is mainly due to the fact that all three
groups have approximately equal sample sizes. As regards the use of ANCOVA, only those
hypotheses will be tested that involve significant correlations between dependent variable and
covariate(s) (Table 5-18).

5.3.3 Hypotheses testing

In this chapter, the hypotheses, which have been formulated in the preceding chapter 4.2, are
tested and results are presented. The most important role of covariates is to increase the
statistical power’®" of the test and reduce within-group variance. In order to do so, the
hypotheses are tested with and without the covariates. Effective covariates will improve the

781

test.””" However, HAIR ET AL. note that covariates may be eliminated in case they do not result

82 1n the following, each dependent variable is assessed using

in substantial improvements.
simple ANOVA. Although the underlying test statistic of ANOVA — the F statistic — assesses
the null hypothesis of equal group means, it does not answer the question of which means are
different. For example, considering the three-group situation of this study, all three groups
may be significantly different. Or, both Closed Innovation units may be equal but differ from

the Open Innovation unit as it has been argued in most of the hypotheses.

To assess the statistical significance of group differences, so-called post hoc tests are
employed. Post hoc methods test all possible group combinations. Among the different post

hoc methods, the Bonferroni procedure, which is robust in case of unequal sample sizes, will

"8 See Tabachnick and Fidell (2007), p. 213.

" See Bortz (1988), pp. 447 f.

™0 In terms for analysis of variance, power is the probability that a statistical test will identify a difference

regarding the dependent variable between groups caused by the independent factor if it actually exists. It can
also be expressed as power = 1 —  with B denoting the Type II error. See Hair et al. (2006), p. 414.
According to Hair et al. (2006), p. 414 and p. 418, power should be above the .80 level for the selected o
level.

See Hair et al. (2006), p. 418.

See Hair et al. (2006), p. 419. Furthermore, covariates may be too powerful and reduce the variance to such
an extent that group differences are non-significant.

78

782
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be used.”® Following simple ANOVA and Bonferroni post hoc tests, hypotheses tests are
repeated including covariates if it has turned out in section 5.3.2 that the use of a covariate
may reduce within-group variance.

Personal characteristics of employees

Hypothesis 1a suggested that employees in Open Innovation units have a stronger ‘go-getting’
personality than employees in Closed Innovation units. Group means and a significant Welch
test, which are presented in Table 5-19, preliminarily support Hypothesis 1a. The overall
significant Welch test is driven by the difference between the Open Innovation unit and
Closed Innovation unit CI; (p = .014). However, there is no statistically significant difference
regarding ‘personality — go-getting’ between the Open Innovation unit and the second Closed

Innovation unit Cl,. Thus, Hypothesis 1a is not supported.

Table 5-19: ANOVA and post hoc test results for ‘personality — go-getting’

Group means (S.D.)

Mean Partial Observed
BU Ol BU Cl4 BU Cl, df Square F Sig. n’ power
5.487 4.798 5.063 i B a 004 i B
(.619) (.977) (1.117)
Bonferroni comparisons
95% confidence interval
BU Ol BU Cl4 BU Cl; Sig. Lower limit Upper limit
X X .014 109 1.270
X X .233 -.156 1.005
X X .749 -.822 .292

Note: “Since the assumption of homogeneity of variance is violated at a = .05, using the F statistic is not
appropriate. bSignificance is calculated using the Welch test (corresponding test statistic = 6.146),
which is an appropriate test in case of heterogeneity of variance

The second hypothesis on the personal characteristics of R&D employees refers to the degree
of ‘halfheartedness’. Hypothesis 2b predicts that Open Innovation and Closed Innovation
units do not differ regarding their employees’ halfhearted personalities. The overall
significant Welch test does not support this hypothesis. As the post hoc tests reveal,

significant differences exist between the Open Innovation unit and Closed Innovation unit

™ See Janssen and Laatz (2005), p. 357. Another way to systematically analyze group differences across

specific pairs of group for a dependent variable is to conduct “a priori tests”. A priori comparisons (also
known as “planned comparisons”) examine only specified comparisons (so-called contrasts), which are
defined from the entire set. Using a priori comparisons results in greater statistical power. They should not
be used in exploratory studies, because they do not control against inflating the Type I error level. They are
most appropriate when theoretical considerations support the specific comparisons to be made. See Janssen
and Laatz (2005), pp. 362 ff.; Hair et al. (2006), pp. 424 f.; Tabachnick and Fidell (2007), pp. 218 f.
However, all possible comparisons (BU OI vs. BU CI;, BU OI vs. BU CI,, and BU CI, vs. BU Cl,) are of
interest in this study. Bonferroni post hoc tests are therefore appropriate for assessing group differences.
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Cl,, as well as between both Closed Innovation units. However, there is no significant
difference between the Open Innovation unit and Closed Innovation unit CI,. Overall,

Hypothesis 2b is not supported

Table 5-20: ANOVA and post hoc test results for ‘personality — halfhearted’

Group means (S.D.)

Mean Partial Observed
BU OI BU Cl4 BU Cl, df Square F Sig. n power
2.204 2.199 2.854 ) R a 022° B _
(.672) (.942) (1.197)
Bonferroni comparisons
95% confidence interval
BU OI BU Cly BU ClI; Sig. Lower limit Upper limit
X X 1.000 -.595 .606
X X .029 -1.251 -.050
X X .020 -1.231 -.079

Note: “Since the assumption of homogeneity of variance is violated at a = .05, using the F statistic is not
appropriate. “Significance is calculated using the Welch test (corresponding test statistic = 4.049),
which is an appropriate test in case of heterogeneity of variance

Motivation of employees

It has further been hypothesized that employees in Open and Closed Innovation units do not
differ with regard to their intrinsic motivation (Hypothesis 2a). Group means and a non-
significant Welch test, which are presented in Table 5-21, preliminarily support Hypothesis
2a. However, the respective group means may be affected by the covariate ‘personality — go-
getting’. As can be seen in Table 5-22, ‘personality — go-getting’ has a large and highly
significant effect on employees’ intrinsic motivation (partial n* = 19.7%, p < .000).”
Differences in the adjusted means are even much smaller compared to the unadjusted means.
Overall, data support Hypothesis 2a. However, as regards the independent variable (open —
closed) results should be interpreted with caution, since statistical power is well below the

recommended threshold level of .80.

8 Effect size can be interpreted as the proportion of variance in the dependent variable that is associated with

the levels of an independent variable. Whereas statistical significance assesses the reliability of the
association between dependent and independent variable, it does not assess the degree of that relationship.
Effect size measures how much association there is between an dependent and an independent variable. A
popular estimate of effect size is partial 5> (eta squared) which only contains variance attributable to the
effect of interest plus error. See Tabachnick and Fidell (2007), pp. 54 f. What to consider a large or small
effect depends on the research area and type of study. According to Cohen (1988), pp. 285 ff., partial 5 for
univariate tests can be interpreted as follows: #” = .01 is characterized as small, > = .06 as medium, and #* =
.14 as a large effect size.
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Table 5-21: ANOVA and post hoc test results for ‘intrinsic motivation’

Group means (S.D.)

Mean Pargial Observed
BU Ol BU Cly BU Cl, df Square F Sig. n power
6.024 5.578 5.794 ; _ a 101° R _
(.604) (1.033) (.946) :

Bonferroni comparisons

95% confidence interval

BU OI BU Cly BU CI; Sig. Lower limit Upper limit
X X 154 -.105 .996
X X .934 -.321 .780
X X .965 -.744 312

Notes: °Since the assumption of homogeneity of variance is violated at a = .10, using the F statistic is not
appropriate. “Significance is calculated using the Welch test (corresponding test statistic = 2.38)
which is an appropriate test in case of heterogeneity of variance.

Table 5-22: ANCOVA and post hoc test results for ‘intrinsic motivation’

Mean Partial Observed
Covariate/ independent variable df  Square F Sig. n? power®
Personality — go-gettingb 1 14.780 22.846 .000 197 .997
Business unit 2 .186 .287 751 .006 .094

Bonferroni comparisons

BU OI BU Cl4 BU Cl, 95% confidence interval
(5.859°) (5.704°) (5.809°) Sig. Lower limit Upper limit
X X 1.000 -.362 673
X X 1.000 -453 555

X X 1.000 -.583 .375

Notes: R? = .229 (Adjusted R?= .204); ®*Computed using a = .05; bRegression coefficient = .421; *Adjusted
mean; adjusted with mean of ‘personality — go-getting’ = 5.097.

Furthermore, Hypothesis 2b suggested that employees in Open and Closed Innovation units
do not differ regarding their extrinsic motivation. Again, group means and a non-significant
Welch test provide support for this hypothesis (Table 5-23). Although both variables
‘personality — go-getting’ and ‘job satisfaction’ have been considered appropriate covariates
in section 5.3.2, both are not significant when used together. Therefore, only ‘personality —go-
getting’ was used. Adjusting group means for the covariate ‘personality —go-getting’, which
has a significant effect on extrinsic motivation, and computing the F statistic provides further
support for Hypothesis 2b (Table 5-24). As it turned out for intrinsic motivation, statistical
power is also well below the recommended level of .80 for extrinsic motivation. Results
should therefore cautiously be interpreted.
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Table 5-23: ANOVA and post hoc test results for ‘extrinsic motivation’

Group means (S.D.)

Mean Partial Observed
BU OI BU Cl4 BU Cl, df Square F Sig. n’ power
5.714 5.382 5.382 : R a 386" R _
(.881) (1.256) (1.670)
Bonferroni comparisons
95% confidence interval
BU OI BU Cly BU CI; Sig. Lower limit Upper limit
X X 976 -.486 1.150
X X .976 -.486 1.150
X X 1.000 -.785 .785

Notes: °Since the assumption of homogeneity of variance is violated at a = .10, using the F statistic is not
appropriate. “Significance is calculated using the Welch test (corresponding test statistic = .967)
which is an appropriate test in case of heterogeneity of variance.

Table 5-24: ANCOVA and post hoc test results for ‘extrinsic motivation’

Mean Partial Observed
Covariate/ independent variable df  Square F Sig. n? power®
Personality — go-gettingb 1 7.482 4.396 .039 .045 .546
Business unit 2 .318 187 .830 .004 .078

Bonferroni comparisons

BU OI BU Cl4 BU Cl, 95% confidence interval
(5.597°) (5:472°) (5.393%) Sig. Lower limit Upper limit
x X 1.000 714 965
X X 1.000 -.613 1.022

X X 1.000 -.698 .856

Notes: R* = .058 (Adjusted R?= .027); ® Computed using a = .05; bRegre'ssion coefficient = .299; “Adjusted
mean; adjusted with mean of ‘personality — go-getting’ = 5.097.

Not-invented-here syndrome

In general, Hypotheses 3a-3c predict that Open Innovation units are less infected with the
NIH syndrome than Closed Innovation units. Regarding Hypothesis 3a, it has been argued
that Open Innovation units are not as heavily relying on their own technological competencies
as Closed Innovation units. Descriptive statistics, the highly significant F* statistic, and the
Bonferroni post hoc tests provide support for this hypothesis (Table 5-25). Furthermore, there
is no statistically significant difference in the NIH syndrome with respect to the degree of
trust in one’s own technological competence between both Closed Innovation units. Although
the variable ‘personality — go-getting’ seemed to be suitable to be used as covariate, its effect
turned out to be non-significant (F = 2.209, p = .141). As recommended by HAIR ET AL.,
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‘personality — go-getting’ is therefore dropped from final analysis.785 Furthermore, effect size
regarding this dimension of the NIH syndrome is very large, i.e., 27.6 percent of variance is
accounted for by the type of business unit.

Table 5-25: ANOVA and post hoc test results for ‘NIH syndrome — degree of trust in one’s own
technological competence’

Group means (S.D.)

Mean Par%ial Observed
BU Ol BU Cly BU Cl; df Square F Sig. n power®
2421 4.006 3.700
(.945) (1.243) (1.066) 2 21.642 17.927 .000 276 1.000
Bonferroni comparisons
95% confidence interval
BU Ol BU Cl4 BU Cl, Sig. Lower limit Upper limit
X X .000 -2.262 -.908
X X .000 -1.956 -.602
X X .759 -.343 .956

Notes: R? = .276 (Adjusted R? = .261). “Computed using a = .05.

The second hypothesis regarding the NIH syndrome — Hypothesis 3b — suggested that
employees in Open Innovation units are less concerned than employees in Closed Innovation
units that the use of external technology negatively affects the competitive position of the
business unit. Table 5-26 presents means and standard deviations for each group, the result of
the ANOVA, as well as the Bonferroni post hoc tests. The overall significant F statistic (F =
4.003, p = .021) is driven by the difference between the Open Innovation unit and Closed
Innovation unit CI; (p = .018). However, there is no statistically significant difference
regarding this dimension of the NIH syndrome between the Open Innovation unit and the
second Closed Innovation unit Cl,. Thus, Hypothesis 3b is not supported. The observed
statistical power is slightly below .80. In contrast to the foregoing NIH dimension, effect size

is rather medium.

™5 See Hair et al. (2006), p. 428.
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Table 5-26: ANOVA and post hoc test results for ‘NIH syndrome — impact of external technology on

competitiveness’
Group means (S.D.) Mean Pargial Observed
BU Ol BU Cly BU Cl, df Square F Sig. n power”
2.741 3.824 3.427
(15596) (1.623) (1.344) 2 9.277 4.003 .021 .078 .703
Bonferroni comparisons
95% confidence interval
BU Ol BU Cly BU Cl; Sig. Lower limit Upper limit
X X .018 -2.020 -144
X X .235 -1.623 .253
X X .855 -.503 1.300

Notes: R? = .078 (Adjusted R? = .059). “Computed using a = .05.

Regarding the third dimension of the NIH syndrome, Hypothesis 3c predicts that management
in Open Innovation units has a weaker preference for internal technology development
compared to management in Closed Innovation units. Group means and the overall significant
F statistic (' = 8.740, p < .000) indicate preliminary support for this hypothesis (Table 5-27).
As regards the Bonferroni post hoc comparisons, both comparisons involving the Open
Innovation unit are significant. Although it seemed promising to include the variable
‘personality — go-getting’ as a covariate, it was dropped since its effect was non-significant (¥
=.940, p = .335). Furthermore, effect size is large (partial n*= 15.7%). Overall, management
preferences for internal technology development are weaker in Open Innovation units than in
Closed Innovation units. Thus, Hypothesis 3c is supported.

Table 5-27: ANOVA and post hoc test results for ‘NIH syndrome — estimation of management’s
preferences for external technology sourcing’

Group means (S.D.)

Mean Pargial Observed
BU OI BU Cl4 BU Cl; df Square F Sig. n power”
2.621 4.324 3.706
(1.656) (1532) (1.680) 2 22.996 8.740 .000 157 .966
Bonferroni comparisons
95% confidence interval
BU OI BU Cly BU CI; Sig. Lower limit Upper limit
X X .000 -2.702 -.703
X X .029 -2.085 -.086
X X .359 -.341 1.577

Notes: R? = .157 (Adjusted R? = .139). *Computed using a = .05.



Analysis and results 165

Not-sold-here syndrome

Hypotheses 4a and 4b basically proposed that Open Innovation units are less infected with the
NSH syndrome than Closed Innovation units. Hypothesis 4a specifically suggested that Open
Innovation units are less concerned than Closed Innovation units that control over technology
may be lost in the course of external technology commercialization. Descriptive statistics and
a highly significant F statistic (F' = 7.913, p = .001) support this hypothesis (Table 5-28). The
Bonferroni post hoc tests confirm that the Open Innovation unit is significantly less infected
with this dimension of the NSH syndrome than both Closed Innovation units. Thus,
Hypothesis 4a is supported. It can also be seen that the type of business unit (open — closed)
has a large effect size of 14.4 percent.

Table 5-28: ANOVA and post hoc test results for ‘NSH syndrome — fear of losing control over

technology’
Group means (S.D.) Mean Pargial Observed
BU OI BU Cl4 BU Cl; df Square F Sig. n power”
3.517 4.662 4.456
(1.161) (1.204) (1.227) 2 11.388 7.913 .001 144 .948
Bonferroni comparisons
95% confidence interval
BU OI BU Cly BU Cl; Sig. Lower limit Upper limit
X X .001 -1.884 -.405
X X .008 -1.678 -.200
X X 1.000 -.503 915

Notes: R? = .144 (Adjusted R? = .126). *Computed using a = .05.

The second hypothesis regarding the NSH syndrome — Hypothesis 4b — predicts that
management in Open Innovation units fosters the use of external pathways to market for
internal technology more strongly than management in Closed Innovation units. Similar to the
results for Hypothesis 4a, descriptive statistics and the overall significant F' statistic (F =
9.155, p <.000) provide preliminary support for Hypothesis 4b (Table 5-29). The results of
the Bonferroni post hoc comparisons confirm that the Open Innovation unit rather considers
external distribution channels an important alternative for technology commercialization than
both Closed Innovation units. In contrast to what has been expected above, the covariate
‘personality — go-getting’ had no significant effect (F = 1.152, p = .286) and was therefore
dropped from the analysis. However, effect size of the independent variable ‘type of business
unit’ is large (partial n” = 13.3%). Overall, Hypothesis 4b is supported.
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Table 5-29: ANOVA and post hoc test results for ‘NSH syndrome — estimation of management’s
preferences for external technology commercialization’

Group means (S.D.)

Mean Pargial Observed
BU OI BU Cly BU Cl; df Square F Sig. n power”
3.035 4.824 4.294
(1.658) (1.732) (1.661) 2 26.002 9.155 .000 163 973
Bonferroni comparisons
95% confidence interval
BU Ol BU Cly BU Cl; Sig. Lower limit Upper limit
X X .000 -2.827 -.751
X X .012 -2.298 -.221
X X .595 -.467 1.526

Notes: R* = .163 (Adjusted R?=.145). *Computed using a = .05.

Technology opportunism

Open Innovation units have been hypothesized to be characterized by higher levels of
technology opportunism than Closed Innovation units (Hypotheses 5a and 5b). Hypothesis 5a
suggests that Open Innovation units have a better ability to acquire knowledge about new
technology developments and also to understand these technological developments better than
Closed Innovation units. Group means and a non-significant F statistic (F = 1.204, p = .304),
which are presented in Table 5-30, do not support Hypothesis 5a. Furthermore, the statistical
power is well below the threshold value of .80.

Table 5-30: ANOVA and post hoc test results for ‘technology-sensing capability’

Group means (S.D.)

Mean Pargial Observed
BU OI BU Cl4 BU Cl, df Square F Sig. n power”
4.888 4.581 4.449
(.990) (1.071) (1.313) 2 1.565 1.204 .304 .025 .257
Bonferroni comparisons
95% confidence interval
BU OI BU Cl4 BU CI; Sig. Lower limit Upper limit
X X .868 -.395 1.009
X X 392 -.263 1.142
X X 1.000 -.542 .806

Notes: R? = .025 (Adjusted R? = .004). *Computed using a = .05.

Although both variables ‘personality — go-getting” and ‘job satisfaction” have been considered
appropriate covariates in section 5.3.2, the former is not significant (F = 2.498, p = .117).
Adjusting group means for the covariate ‘job satisfaction’ does not result in a significant F'
statistic for the main effect (F = 1.827, p = .270). However, the covariate has a highly
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significant effect on technology-sensing capability with an acceptable level of statistical
power (Table 5-31). Nevertheless, data fail to support Hypothesis 5a.

Table 5-31: ANCOVA and post hoc test results for ‘technology-sensing capability’

Mean Partial Observed
Covariate/ independent variable df  Square F Sig. n? power®
Job satisfaction® 1 9.686 8.011 .006 .079 .800
Business unit 2 1.605 1.327 270 .028 .280

Bonferroni comparisons

BU Ol BU ClI, BU Cl, 95% confidence interval
(4.864°) (4.638°) (4.411° Sig. Lower limit Upper limit
X X 1.000 -.456 .907
X X 321 -.225 1.103

X X 1.000 -.428 .882

Notes: R? = .102 (Adjusted R?= .073); * Computed using a = .05; bRegression coefficient = .230; “Adjusted
mean,; adjusted with mean of ‘job satisfaction’ = 5.074.

The second dimension of technology opportunism regards the business unit’s technology-
response capability. Hypothesis 5b predicts that Open Innovation units have a better ability
and are also more willing to respond to new technologies that possibly affect the organization
than Closed Innovation units. Descriptive statistics and a significant F statistic (F = 5.986, p =
.004), which are shown in Table 5-32, provide preliminary support for the hypothesized
relationship. The Bonferroni post hoc comparisons provide further support for the relationship
between the Open Innovation unit and Closed Innovation unit CI; (p = .002). However, there
is no statistically significant difference in technology-response capability between the Open
Innovation unit and the second Closed Innovation unit CL, (p =.179).

Table 5-32: ANOVA and post hoc test results for ‘technology-response capability’

Group means (S.D.)

Mean Par;ial Observed
BU OI BU Cly BU Cl; df Square F Sig. n power”
5.390 4.309 4.795
(1.087) (1.376) (1.206) 2 9.145 5.986 .004 113 .872
Bonferroni comparisons
95% confidence interval
BU Ol BU Cl4 BU Cl, Sig. Lower limit Upper limit
X X .002 .319 1.843
X X 179 -.166 1.357
X X .326 -1.217 .245

Notes: R? = .113 (Adjusted R? = .094). “Computed using a = .05.
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Including the covariate ‘personality — go-getting’ only slightly reduces error variance.
However, it has a significant effect on the perceived technology-response capability. Again,
Bonferroni post hoc comparisons reveal that the Open Innovation unit’s degree of technology-
response capability is only significantly higher (p = .016) with respect to one Closed
Innovation unit (BU CI,), as can be seen in Table 5-33. Therefore, Hypothesis 5b is not
supported. However, results should be interpreted with caution, since statistical power for
both effects — the main effect and the covariate’s effect — is below the recommended threshold
level of .80.

Table 5-33: ANCOVA and post hoc test results for ‘technology-response capability’

Mean Partial Observed
Covariate/ independent variable df  Square F Sig. n? power®
Personality — go-getting® 1 4.715 3.157 .079 .033 420
Business unit 2 6.043 4.047 .021 .080 .708

Bonferroni comparisons

BU OI BU Cl4 BU Cl, 95% confidence interval
(5.297°) (4.380°) (4.803°) Sig. Lower limit Upper limit
x X 016 131 1.703
X X .357 -271 1.260

x x 480 -1.151 .305

Notes: R? = .142 (Adjusted R?= 1 14); *Computed using a = .05; bRegression coefficient = .238; *Adjusted
mean; adjusted with mean of ‘personality — go-getting’ = 5.097.

Organizational risk taking

Hypothesis 6 predicts that Open Innovation units — as perceived by employees — are more
aggressive regarding risk taking than Closed Innovation units. Both the descriptive statistics
and the highly significant result of the ANOVA (F =41.564, p = .000), which are presented in
Table 5-34, provide preliminary support for Hypothesis 6. Bonferroni post hoc tests indicate
the overall significant F statistic is driven by significant differences between all three business
units. As predicted by Hypothesis 6, the Open Innovation unit has a higher degree of risk
taking than both Closed Innovation units. However, although it was not hypothesized, there is
also a highly significant difference in risk taking between both Closed Innovation units. With

46.9 percent, the main effect accounts for a remarkably high proportion of variance.
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Table 5-34: ANOVA and post hoc test results for ‘organizational risk taking’
Group means (S.D.) Mean Partial Observed
BU OI BU Cl4 BU Cl, df Square F Sig. n power”
ﬁ;‘g‘;) (f:ggl) (‘gfi) 2 48302 41564 000 469 1.000

Bonferroni comparisons

95% confidence interval

BU OI BU Cly BU CI; Sig. Lower limit Upper limit
X X .000 1.816 3.144
X X .000 .551 1.880
X X .000 -1.902 -.627

Notes: R = .469 (Adjusted R = .458). “Computed using a = .05.

To test Hypothesis 6, including both covariates ‘personality — go-getting” and ‘job
satisfaction’ has been considered appropriate to reduce error variance. As expected, both
covariates significantly reduce error variance, although ‘job satisfaction’ is only significant at
a .10 a-level (Table 5-35). The covariates’ effect sizes are rather small (partial n* of ‘job
satisfaction” = 4.1%) and medium (partial n° of ‘personality — go-getting’ = 6.1%).
Furthermore, all pairwise Bonferroni post hoc comparisons are highly significant, which
provides strong support for Hypothesis 6. However, since observed statistical power of both

covariates is below the recommended level of .80, ANCOVA results should be interpreted
with caution.

Table 5-35: ANCOVA and post hoc test results for ‘organizational risk taking’

Mean Partial Observed
Covariates/ independent variable df  Square F Sig. n? power®
Personality — go-gettingb 1 6.029 5.950 .017 .061 675
Job satisfaction® 1 3.945 3.893 .051 .041 497
Business unit 2 35.656 35.189 .000 433 1.000

Bonferroni comparisons

BU Ol BU ClI, BU Cl, 95% confidence interval
(5.311%) (3.0879) (4.210%) Sig. Lower limit Upper limit
X X .000 1.576 2.871
X X .000 467 1.735

X X .000 1.724 -521

Notes: R? = 547 (Adjusted R? = .527); *Computed using a = .05; "Regression coefficient = .291;

°Regression coefficient = .159; dAdjus,ted mean; adjusted with means of ‘personality — go-getting’ =
5.097 and ‘job satisfaction’ = 5.074.
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Freedom to express doubts

Hypothesis 7 suggested that there is no difference between Open Innovation and Closed
Innovation units in the perceived freedom to express one’s thoughts. Group means and
standard deviations as well as the results of the ANOVA and the post hoc tests are shown in
Table 5-36. Although means of business units Ol and CI; indicate the expected equality of
group means, freedom to express doubts is perceived higher in business unit Cl,. Since the F'
statistic is highly significant (F' = 6.123, p = .003), it seems that Hypothesis 7 is also not
supported. Looking at the results of the Bonferroni post hoc comparisons, this first impression
is supported. That is, the degree to which people can express their criticisms and opinions is
significantly higher in Closed Innovation unit CI, compared to both business units OI and CI,.

Table 5-36: ANOVA and post hoc test results for ‘freedom to express doubts’

Group means (S.D.)

Mean Par%ial Observed
BU Ol BU Cly BU Cl; df Square F Sig. n power”
4.325 4177 5.140
(1.340) (1.184) (1.096) 2 9.014 6.123 .003 115 .879
Bonferroni comparisons
95% confidence interval
BU Ol BU Cl4 BU Cl, Sig. Lower limit Upper limit
X X 1.000 -.560 .896
X X .028 -1.563 -.067
X X .004 -1.680 -.2458

Notes: R? = .115 (Adjusted R = .096). “Computed using a = .05.

In the previous section, ‘personality — go-getting’ and ‘job satisfaction’ have been considered
appropriate covariates to reduce error variance. However, including both covariates in the
analysis, results in a non-significant F statistic (/' = .158, p = .692) for ‘personality — go-
getting’. The variable ‘personality — go-getting’ is therefore dropped from final analysis.
Results of ANCOVA and post hoc comparisons with only one covariate — ’job satisfaction’ —
are presented in Table 5-37. As expected, including ‘job satisfaction’ as covariate strongly
reduces error variance by 41.853. Similar to testing Hypothesis 6, partial 5 for ‘job
satisfaction’ indicates a very large effect size of 30.2 percent. Altogether, results fail to
support Hypothesis 7.
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Table 5-37: ANCOVA and post hoc test results for ‘freedom to express doubts’

Mean Partial Observed
Covariate/ independent variable df  Square F Sig. n? power®
Job satisfaction® 1 41.853 40.326 .000 .302 1.000
Business unit 2 6.610 6.369 .003 120 .892

Bonferroni comparisons

BU Ol BU ClI, BU Cl, 95% confidence interval
(4.275°) (4.296°) (5.063°) Sig. Lower limit Upper limit
X X 1.000 -.653 .610
X X .009 -1.416 -.160

X X .008 -1.373 -.159

Notes: R = .383 (Adjusted R?=.363); “Computed using a = .05; bRegression coefficient = .478; °Adjusted
mean; adjusted with mean of ‘job satisfaction’ = 5.074.

Management support

Regarding Hypothesis 8, which predicts that both Open Innovation and Closed Innovation
units have equal levels of management support for innovative behavior, Table 5-38 depicts
the group means and standard deviations as well as the results of the ANOVA and the post
hoc tests. Whereas means for ‘management support’ in business unit OI and business unit CI,
seem to be equal, business unit CI; shows a much lower level of management support. Since
the F statistic is highly significant (¥ = 8.106, p = .001), it seems that Hypothesis 8 is not
supported. This is verified by the Bonferroni post hoc tests. Accordingly, management
support in business unit CI, is significantly lower compared with both other business units.
Furthermore, management support in business unit OI and CI; is not significantly different.
Thus, preliminary results fail to support Hypothesis 8.

Table 5-38: ANOVA and post hoc test results for ‘management support’

Group means (S.D.)

Mean Par%ial Observed
BU OI BU Cl4 BU Cl, df Square F Sig. n power®
4.912 3.868 4.956
(1.286) (1.297) (1.160) 2 12.614 8.106 .001 147 .953
Bonferroni comparisons
95% confidence interval
BU Ol BU Cly BU Cl; Sig. Lower limit Upper limit
X X .004 .276 1.813
X X 1.000 -.812 725
X X .002 -1.826 -.351

Notes: R? = .147 (Adjusted R? = .129). “Computed using a = .05.

In the previous section, ‘personality — go-getting’ and ‘job satisfaction” have been considered

appropriate covariates to reduce error variance. Using both covariates for hypothesis testing
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results in a non-significant F statistic (¥ = 1.113, p = .294) for ‘personality — go-getting’.
Therefore, this covariate is dropped from further analysis. Including only ‘job satisfaction’ in
the analysis strongly decreases error variance by 53.826 (Table 5-39). Partial #” for this
covariate indicates a very large effect size of 36.8 percent. Statistical power is also clearly

above the recommended level of .80. Overall, however, Hypothesis 8 is not supported.

Table 5-39: ANCOVA and post hoc test results for ‘management support’

Mean Partial Observed
Covariate/ independent variable df  Square F Sig. n? power®
Job satisfaction® 1 53.826 54.148 .000 .368 1.000
Business unit 2 8.007 8.055 .001 148 .952

Bonferroni comparisons

BU OI BU Cl4 BU Cl, 95% confidence interval
(4.856°) (4.003°) (4.868°) Sig. Lower limit Upper limit
X X .003 .235 1.470
X X 1.000 -.627 602

X X .002 -1.459 -.271

Notes: R? = .461 (Adjusted R’= .444); *Computed using a = .05; bRegression coefficient = .542; *Adjusted
mean; adjusted with mean of ‘job satisfaction’ = 5.074.

The results of the hypotheses testing are summarized in Figure 5-6. Out of the 14 hypotheses
that have been postulated and tested, seven hypotheses are supported and seven hypotheses

are not supported.
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Figure 5-6: Results of hypotheses testing



6 Discussion of findings and implications for theory and practice

In the following, empirical findings are discussed and theoretical implications are highlighted.
The present study’s findings are discussed in the order of the underlying hypotheses testing.
Hence, results regarding both personality measures are discussed first. This is particularly
useful, since the variable ‘personality — go-getting’ has also been used as a covariate for some
hypotheses. Accordingly, group means have been adjusted for that variable. The effects on the
results of the other dependent variables will be interpreted. Although no hypothesis has been
formulated regarding the employees’ overall job satisfaction, results for this variable are
discussed as well, since it has also been used as a covariate. Furthermore, figures are
presented that show the group means for each variable in order to facilitate the discussion. In
case variables have been adjusted by a covariate, both raw means and adjusted means are
displayed.

After the discussion of the results and their theoretical implications, insights for management
practice are highlighted. Finally, some limitations of the present study are pointed out at the
end of this chapter.

6.1 Discussion of findings and theoretical implications

6.1.1 Personal characteristics of employees

The overall scores for the means of ‘personality — go-getting’ indicate that employees in all
three business units are proactive and results-oriented to a certain extent (Figure 6-1). This
was expected. However, it was also expected that the Open Innovation unit is significantly
more proactive and results-oriented than both Closed Innovation units. The results only
support this hypothesis with respect to Closed Innovation unit CI,. Furthermore, it was
expected that R&D employees in all three business units — regardless if an Open or Closed
Innovation approach is followed — are not very risk-averse or feel uncomfortable in situations
that require quick decisions and actions. Figure 6-1 shows that this is certainly the case for all
three business units, although employees in Closed Innovation unit CI, have a slightly
stronger ‘halfhearted’ personality. Overall, however, differences in personality exist and
future research endeavors in the field of technology and innovation management should
consider taking those differences into account.

Although both Hypotheses 1a and 1b were not supported, the mean values of the personality
measures, particularly ‘personality — go-getting’, within each business unit seem to be in line
with the notion of person-situation fit or congruence. In studying person-situation fit,
organizational researchers have focused on exploring specific characteristics of an
organization as well as the people working in it and the fit between them. In this regard, the fit
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between individual skills and the respective job requirements or the fit between personal
characteristics of employees and organizational culture have been studied. In general, greater
fit between personal characteristics, such as skills, preferences, or personality, and
organizational characteristics, such as job requirements and organizational culture, is
positively associated with job performance or commitment to the firm.”*® It has further been
argued in the literature that a person will select a job, which fits or which is similar to the
person’s characteristics.”®” In case of a strong person-organization fit, employees are also

usually happier and more satisfied with their job.”*®

Personality
High 7 1
B 'Go-getting’
6 5.49 O ’'Halfhearted’
5.06
5 4 4.80
4
3 2.85
2.20 2.20
2 4
Low 1 - Business unit
Open Closed Closed
Innovation Innovation Innovation
Cl, Cl,

Figure 6-1: Group means for ‘personality — go-getting’ and ‘personality — halfhearted’

In the context of the present study and in the light of person-organization fit theory, one could
argue that R&D employees with a strong go-getting personality have deliberately chosen to
work within the Open Innovation unit. R&D employees for the Open Innovation unit are
recruited from both other business units of ChemCo as well as from outside. A job in the
Open Innovation unit requires, for example, technical as well as business skills and being
comfortable with collaboration. Therefore, people from other business units within ChemCo
who have the necessary skills and characteristics may have been attracted to the Open
Innovation unit. Interestingly, the descriptive results on sample composition in section 5.2.1.2
show that, compared with both Closed Innovation units, the Open Innovation unit has the

highest share of employees who have worked in another business unit before. Thus, one may

% See O'Reilly, Chatman and Caldwell (1991), p. 488; Chatman and Barsade (1995), p. 425. Chatman (1989),
p- 339 (italics in original), defines person-organization fit as “the congruence between the norms and values
of organizations and the values of persons”.

7 See O'Reilly, Chatman and Caldwell (1991), p. 488.

™ See Diener, Larsen and Emmons (1984), p. 582.
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assume that this pattern is a result of ChemCo employees searching for a job that better fits
their personal characteristics. This is supported by group-wise correlations between the job
history of employees” and their personality. Whereas correlations in both Closed Innovation
units are close to zero and non-significant, correlations are high and significant in the Open
Innovation unit. That is, correlations of ‘job history’ of employees with ‘personality — go-
getting’ and ‘personality — halfhearted’ are .616 (p < .000) and -.459 (p = .014), respectively.
Thus, there is a strong and positive (negative) association between employees that come from

other business units and a proactive and results-oriented (halfhearted) personal character.

Furthermore, group-wise ANOVAs with ‘job history’ as independent variable and both
personality measures as dependent variables provide further support for the argument of
person-organization fit. Regarding the Open Innovation unit, employees who have worked in
another business unit before significantly differ from those who have been hired from outside.
First, they have a stronger go-getting personality with a mean value of 5.87 compared to 5.11
(F = 15877, p <.000) as shown by their colleagues that joined the Open Innovation unit
without having worked in another business unit of ChemCo before. Second, they have a
weaker halfhearted personality with a mean value of 1.90 compared to 2.51 (F = 6.948, p =
.014) as measured for their colleagues hired from outside. In contrast, differences in both
Closed Innovation units are not significant for both personality measures. A possible
explanation for these significant differences in the Open Innovation unit may refer to the fact
that employees coming from inside of ChemCo are more familiar (e.g. because of personal
contacts) with the Open Innovation unit and its particular R&D activities. Thus, they may
better be able to assess fit with their own personality. Altogether, the results are in line with
person-organization fit theory. Focusing on the level of individuals, future research endeavors
could further elaborate on this issue: does Open Innovation attract people with a certain type
of personality?

Besides the variable ‘personality — go-getting’, the overall job satisfaction of employees was
measured and used as a covariate. As illustrated in Figure 6-2, the overall scores indicate that
there is no great difference between satisfaction levels across business units. Although
employees in Closed Innovation unit CI; are the happiest and most satisfied people among the
three business units, the difference to the other two business units is not significant (¥ = .856,
p =.428). The degree of satisfaction also resembles the results of the study by SUNDGREN ET
AL. who analyzed 453 R&D managers and researchers from the pharmaceutical company
AstraZeneca. SUNDGREN ET AL. found an average degree of employees’ happiness and

™ This is a binary variable with ‘0’ referring to employees that have not worked in another business unit of
ChemCo before and ‘1’ denoting those employees that have worked in another business unit of ChemCo
before.
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satisfaction of 4.97.7°° Overall, it can be assumed that ChemCo’s R&D employees are to a
certain extent happy and satisfied with their job.

Scores of both covariates ‘personality — go-getting’ and ‘job satisfaction’ are below the
overall average within Closed Innovation unit CI; and above the overall average within the
other two business units. Therefore, values of the dependent variables are adjusted upwards in
Closed Innovation unit CI; and adjusted downwards in Closed Innovation unit CI, and the

Open Innovation unit.

Job satisfaction
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Figure 6-2: Group means for employees’ overall job satisfaction

6.1.2 Motivation of employees

As expected and illustrated in Figure 6-3, employees within Open and Closed Innovation
units do not differ regarding their intrinsic motivation. That is, R&D employees are equally
attracted to their work in and of itself, regardless of the underlying innovation strategy. In all
three business units, the high values of intrinsic motivation are particularly driven by the fact
that R&D employees are especially positively involved in their work and highly motivated by
the challenges in their work. The levels of intrinsic motivation in the present study are also
slightly higher than those found by SUNDGREN ET AL. among 453 R&D managers and
researchers from AstraZeneca. SUNDGREN ET AL. found an average degree of employees’
intrinsic motivation of 5.18."' Taken together, R&D personnel in all three business units are

adequately motivated by the work itself.

0 See Sundgren et al. (2005), p. 366.
! See Sundgren et al. (2005), p. 366.
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Before interpreting the influence of the covariate ‘personality — go-getting’, the results for
extrinsic motivation, which are depicted in Figure 6-4, are discussed. In accordance with the
results for intrinsic motivation, employees within Open and Closed Innovation units also do
not differ regarding their extrinsic motivation. Thus, R&D staft across business units is
equally motivated by attractive salary and career opportunities. Again, comparing the present
study’s results on extrinsic motivation with those reported by SUNDGREN ET AL., the
employees of ChemCo are motivated stronger by salary and career opportunities than R&D

personnel at AstraZeneca with an average level of extrinsic motivation of 4.67.

Intrinsic motivation B Raw means
High 7 1 [ Adjusted means
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Open Closed Closed
Innovation Innovation Innovation
Cl, Cl,

Figure 6-3: Group means for ‘intrinsic motivation’

Looking at the relation between both intrinsic and extrinsic motivation, it becomes apparent
that intrinsic motivation is slightly higher than extrinsic motivation. However, the difference
is much smaller as one would have expected. As MICHALIK notes, studies from the field of
technology and innovation management arrive at different conclusions. Whereas some
researchers have found that incentives, such as money, which relate to extrinsic motivation,
are the preferred means to motivate R&D personnel, others conclude that such incentives do

92 .
"2 Furthermore, literature —

not play a dominant role for motivating researchers and scientists.
especially from the field of creativity research — has not yet clarified the relationship between
both motivation constructs. Initially, researchers argued that intrinsic and extrinsic motivation
work in opposition. That is, a person’s intrinsic motivation will decrease to the extent that his
extrinsic motivation increases. Other theorists, however, suggest that both constructs not

necessarily work in opposition to each other.”* The results of the present study provide some

2 See Michalik (2003), p. 226.
™3 See Amabile et al. (1994), p. 952.
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suggestive evidence of the additive effects of intrinsic and extrinsic motivation. First, levels
of both types of motivation are high, and second, both constructs are positively and
significantly correlated (» = .334, p < .01). Thus, being intrinsically or extrinsically motivated
is no ‘either-or’ question. As these results are derived with respect to R&D personnel, it
would be interesting to study if people from other functions of the firm show a similar pattern
of intrinsic and extrinsic motivation. For example, does extrinsic motivation of sales
employees outweigh their intrinsic motivation?

Extrinsic motivation M Raw means
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Innovation Innovation Innovation
Cl, Cl,

Figure 6-4: Group means for ‘extrinsic motivation’

The high levels of the two types of motivation may be due to the fact that extrinsic motivation
was operationalized in this study as motivation by salary and attractive career paths in the
firm. According to AMABILE ET AL., conceptualizations of extrinsic motivation can include
aspects, such as money, recognition, or the dictates of other people. Among these, being
motivated by the dictates of others “may be the only component of extrinsic motivation that
relates negatively to involvement in creative activities”.”” Thus, controlling extrinsic
motivation (e.g. being oriented towards the dictates of other people) is detrimental to
creativity. Other forms of extrinsic motivation, however, can be conducive to creativity,
especially when the initial level of intrinsic motivation is high’®, which is the case here. The
study by SUNDGREN ET AL. reveals a similar picture. Linking various independent variables to
creative climate, they found both extrinsic and intrinsic motivation having positive effects on

creative climate, although the influence of the latter one is slightly stronger.”*®

% Amabile et al. (1994), p. 951.
5 See Dewett (2007), p. 199.
76 See Sundgren et al. (2005), p. 369.
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Finally, the influence of a proactive, creative, and results-oriented personality, which has been
used as a covariate, offers some interesting insights into the interplay of personality and
motivation. In this regard, MICHALIK supposed that different preferences of R&D employees
for motivational factors may be affected by their different personalities. As far as employees
of ChemCo are concerned, ‘personality — go-getting’ and intrinsic motivation are highly
positively and significantly associated with each other ( = .474, p < .001). Furthermore, the
ANCOVA revealed that the type of business unit (open — closed) only had a very small effect
size (partial #* = .6%) on intrinsic motivation. In contrast, effect size of the covariate
‘personality — go-getting” was large, accounting for 19.7 percent of variance. Together with
the high regression coefficient of .421, one can assume that researchers and scientists with a
strong go-getting personality are also rather intrinsically motivated. Although not as strong as
intrinsic motivation, the second dimension of motivation — extrinsic motivation — is also
positively and significantly related to ‘personality — go-getting’ (r = .233, p < .05). The results
of the ANCOVA provide further evidence of the weaker and less significant relationship

between both variables.””’

Altogether, however, it can be concluded that a proactive, creative,
and results-oriented personality is positively related with intrinsic motivation rather than with

extrinsic motivation.

6.1.3 Not-invented-here syndrome

Two of the three hypotheses regarding the NIH syndrome have been supported in the previous
chapter. Although not significant in one case, the Open Innovation unit is less infected with
the NIH syndrome than each Closed Innovation unit. However, the question remains whether
there is any infection at all. To answer this question, the results of the present study will be
compared with those reported by MEHRWALD'*®. Then, an alternative way to interpret the
data, as it has been suggested by LICHTENTHALER AND ERNST’®?, will be used.

MEHRWALD noted that a maximum score of 7.0 on the NIH scale does not clearly indicate an
infection with the NIH syndrome. At best, a person that scores 7.0 on the scale could be said
to be suspicious of being infected with the NIH syndrome.*® In general, high scores refer to

negative attitudes to external technology. The threshold level is 4.0. Scores less than 4.0 are,

"7 The regression coefficient is .217 and the effect size is rather small (partial #* = 4.5%).

8 See Mehrwald (1999), pp. 128 f.

™ See Lichtenthaler and Ernst (2006), p. 372. See also Lichtenthaler (2006), pp. 136 ff.

800 See Mehrwald (1999), p. 128, who argues that the NIH syndrome is a prejudice, which — in contrast to a

valid attitude — is based on invalid information. The problem is one of measurement here. That is, due to the
fact that data are collected via a standardized questionnaire, it is not possible to distinguish if answers have
been based on valid or invalid information.
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in general, classified as positive attitudes, whereas scores greater than 4.0 are considered

negative attitudes.*"'

With regard to the first dimension of the NIH syndrome — the degree of trust in one’s own
technological competence — Figure 6-5 illustrates that no business unit is infected with the
NIH syndrome. Employees within the Open Innovation unit have a very positive attitude to
external technology. For example, those employees do not solely rely on internal
technological competencies. Rather, external technology is considered an important
alternative for technology sourcing. Employees also think that external technology is needed
in order to achieve market success. In contrast, employees within both Closed Innovation
units think that they can be successful without using external technology. Overall, however,
R&D staff in these two units has a neutral (Closed Innovation unit CI,;) or slightly positive
(Closed Innovation unit Cl,) attitude to external technology. This finding is consistent with
the findings reported by MEHRWALD who also observed a neutral and even rather positive
attitude to external technology. For this NIH dimension, MEHRWALD found 78 percent of
R&D managers having scores of 4.0 or less on the measurement scale.*”® Taking into account
that the scale of this dimension of the NIH syndrome, i.e. the degree of trust in one’s own
technological competence, consists of five instead of six items in the present study,
MEHRWALD reports an average value of this construct of 3.34.%% This is similar to the value

observed in Closed Innovation unit CI,.

The second dimension of the NIH syndrome in this study considers the perceived impact of
external technologies on the business unit’s competitiveness. The results show that no
business unit fears a negative impact of external technology on competitiveness (Figure 6-5).
The difference between the Open Innovation unit and Closed Innovation unit CI, was not
significant and, thus, Hypothesis 3b was not supported. Nevertheless, employees within the
Open Innovation unit have the most positive attitude to external technology. Again, these
findings are consistent with MEHRWALD’S findings. For this NIH dimension, MEHRWALD
found 75 percent of scientists having scores of 4.0 or less.*™ Taking into account that the
scale consists of only two items in the present study instead of three items as in the original
study, MEHRWALD reports an average of 3.25.5*° This is also similar to the value observed in
Closed Innovation unit Cl. Interestingly, both Closed Innovation units show the lowest score
for this NIH dimension compared with the other two NIH dimensions. Why do employees

8L As regards negative attitudes, however, it should be noted that Mehrwald (1999), pp. 128 f.,, further

differentiates between a rigid prejudice to external technology (scores greater than 5.0) and being
susceptible to the NIH syndrome (scores greater than 4.0 but less than 5.0).

802 See Mehrwald (1999), pp. 148 ff.

803 See Mehrwald (1999), p. 149. The average of the original six-item scale was 3.2.

84 See Mehrwald (1999), pp. 193 ff.

805 See Mehrwald (1999), p. 193. The average of the original three-item scale was 3.2.
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have rather little concern that using external technologies has a negative effect on the
competitive position of the business unit? A possible explanation may be that such a risk can
more or less be avoided through adequate contractual agreements between the technology
provider and its receiver. Thus, the technology provider is bound by contract to deliver the

technology according to specified quality and performance standards.
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Figure 6-5: Group means for the different dimensions of the NIH syndrome

As regards the third dimension, i.e. the management’s preferences for external technology
sourcing, management in the Open Innovation unit is not perceived as preferring internal
technology development.®® In contrast to Closed Innovation unit Cl,, which has a slightly
positive attitude, and the Open Innovation unit, which has a strongly positive attitude towards
external technology, management in Closed Innovation unit CI, is perceived as rather slightly
preferring the internal technology development. Thus, Closed Innovation unit CI; shows some
warnings of the NIH syndrome. Whereas in MEHRWALD’S study more than 75 percent of
R&D staff had neutral or positive attitudes to external technology for the two former
dimensions of the NIH syndrome, only 48 percent of scientists perceived their management as
not necessarily preferring internal technology development. As it was found for the two

806 As already mentioned in section 5.2.5, the name of this construct is a bit confusing, because it implies that

high scores on the scale mean strong preferences for external technology. The underlying question of this
single-item scale asks if the management is perceived as having preferences for internal technology
development. Thus, high scores on this scale imply negative attitudes to external technology.
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former dimensions of the NIH syndrome, results for Closed Innovation unit CI, seem to
resemble the findings by MEHRWALD who reported an average value of 3.6 for this item.*’

Overall, the results for the different dimensions of the NIH syndrome are consistent with the
findings by MEHRWALD. That is, at least some warnings of being infected with the NIH
syndrome could be found. However, it has to be stressed that MEHRWALD’S results are rather
consistent with the findings for both Closed Innovation units, especially for Closed
Innovation unit Cl,. But why did neither MEHRWALD’S results nor the results of this study
provide evidence for severe infections with the NIH syndrome? One reason could be that the
not-invented-here syndrome has no meaning in corporate practice. However, for more than 30
percent of the respondents MEHRWALD found at least some warnings of being infected with
the NIH syndrome. Hence, the problem does exist in managerial practice. Another reason for
not finding severe infections with the NIH syndrome can possibly be seen in the industry
focus adopted in MEHRWALD’S as well as in this study. Accordingly, it has been found by
LAURSEN AND SALTER that chemical companies — compared with companies of other
industries — follow a relatively open approach to innovation.*”® Since chemical companies
have always collaborated with universities and research institutes to a certain extent, they

exhibit a higher degree of openness to external knowledge sources.

Interestingly, MEHRWALD’S sample consisted of a large amount of respondents from R&D-

809

intensive industries (e.g. engineering or electronics™ ). Among those, the chemical and

pharmaceutical industry represented the second largest subgroup.t'’

Unfortunately,
MEHRWALD does not report results for these subgroups. Therefore, one can only presume that
the rather open approach to innovation in the chemical industry has influenced the average
degree of the NIH syndrome in MEHRWALD’S study. However, although the Closed
Innovation units in this study are not infected with the NIH syndrome, the Open Innovation
unit still has a significantly more positive attitude towards external technology sourcing.
Thus, taking into account industry specifics, one can say that Open Innovation units differ

from Closed Innovation units regarding the degree of the NIH syndrome.

In line with the Open Innovation strategy followed, employees within the Open Innovation
unit seem to have the required attitude towards external technology. If these attitudes are the
ideal ones cannot be answered. However, there may also be an overly positive attitude

towards external technology, leading to a pure focus on external technology sourcing.

87 See Mehrwald (1999), pp. 197 f. The average of the original two-item scale was 4.2.

808 See Laursen and Salter (2006), p. 139.

899 The study by Laursen and Salter (2006), p. 139, found the machinery and electrical industry being the most

open ones — besides the chemical industry — as regards the use of different external knowledge sourcing.
810 See Mehrwald (1999), p. 137.
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LICHTENTHALER AND ERNST argue that most works in the literature on the NIH syndrome

811

analyze only the negative attitude towards external technology® ', which has been coined

‘buy-in> (BI) syndrome by BOYENs.*"?

This has been exquisitely depicted by LADEN who
states: “less attention is paid to the other side of the coin...When certain people in
management show more interest in what is going on elsewhere than in their own laboratories.
To them, ‘the other person’s dessert always looks better.””*"* Accordingly, LICHTENTHALER
and colleagues suggest interpreting both types of syndromes as follows. Whereas the interval
[-1;0] represents the NIH syndrome with x = 0 being the ideal attitude and x = -1 being the
highest degree of NIH infection, the interval [0;1] refers to the buy-in syndrome with x =0
still being the ideal attitude and x = 1 representing a pure focus on external technologies. In
either case, the ideal attitude (x = 0) is not biased at all. It leads to rational decisions by taking
into account both advantages as well as drawbacks of different technology sourcing

. . e 814
mechanisms in specific situations.

Applying this interpretation scheme to the present study’s results would mean that none of
ChemCo’s business units has an ideal attitude to external technology sourcing. It needs to be
highlighted that the scale for an appropriate attitude to external technology sourcing only
captures the existence or non-existence of the NIH syndrome. Thus, the other side of the coin
— the potential buy-in syndrome — is not considered in the present study. Following this
interpretation scheme implies that even the Open Innovation unit, which has a minimum score
of 2.42 on the NIH scales, has negative attitudes to external technologies. In contrast to the
NIH syndrome, the buy-in syndrome, then, is obviously not of major importance in
managerial practice. However, this interpretation scheme should be applied with caution. In
order to decide if R&D employees have an overly negative, ideal, or overly positive attitude
towards external technologies, a different scale needs to be used. Future research could,
therefore, use different types of measurement scales capturing both positive and negative
attitudes.®'® This would then further broaden and enrich our yet relatively unexplored view of
the NIH and BI syndrome.

811 See Lichtenthaler and Ernst (2006), p. 372.

812 See Boyens (1998), pp. 59 f.

813 See Laden (1996), p. 10.

814 See Lichtenthaler (2006), p. 136; Lichtenthaler and Ernst (2006), p. 372.

A suitable scale design would ask respondents to assess external technology based on two anchor adjectives/
phrases describing extreme negative attitudes at one end of the scale and extreme positive attitudes at the
other end. For example, the item ‘In order to successfully generate innovations, we should use...” would
have two anchors denoting extreme attitudes and labeled as ‘...internal technologies.” on one end and
‘...external technologies.” on the other end. The respondent then marks one of the blanks between the
statements to indicate his/ her opinion. Accordingly, the middle would indicate an ideal attitude, which is
not biased at all, possibly leading to well-considered decisions.
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Besides the work of MEHRWALD, however, the present study is the only one that
operationalizes and also measures the NIH syndrome as a multi-faceted construct. Still, there
is strong need to further study the NIH syndrome, offering many promising paths for future
research. Does the degree of NIH infection differ across industries? Are certain industries
more likely to be infected with the NIH syndrome than others? In this study, the type of
personality had no significant effect on an individual’s attitude towards external technology.
However, what are the antecedents of the NIH syndrome? Although some possible
antecedents have been discussed in the literature on a conceptual level, large-scale empirical

studies could answer this question.

6.1.4 Not-sold-here syndrome

Both hypotheses regarding the NSH syndrome have been supported in the previous section.
That is, the Open Innovation unit is less infected with the NSH syndrome than both Closed
Innovation units. According to the discussion on the NIH syndrome, the question remains if

any business unit is infected at all.

Figure 6-6 illustrates the means of the two NSH dimensions within each business unit. In
contrast to the results of the NIH syndrome, both Closed Innovation units have slightly
negative attitudes to external technology commercialization. Although not as positive as in
the case of external technology sourcing, the Open Innovation unit has also positive attitudes
to the use of external pathways to market. In the case of the perceived risk of losing control
over technology when using external paths to market, the Open Innovation unit’s attitude is
only slightly positive. Therefore, it has to be questioned if the Open Innovation strategy is
effectively implemented in this business unit. Since it was not measured if the business units
effectively exploited their existing technology bases, this question cannot be answered.
Unfortunately, the literature on technology and innovation management lacks empirical
studies that examine the not-sold-here syndrome. Comparisons of the present study’s results
for the NSH dimension ‘fear of losing control over technology’ are therefore not possible.

LICHTENTHALER’S PhD thesis is the only work that empirically addresses the NSH syndrome.
Although he does not distinguish between different dimensions of this phenomenon, his scale
provides the opportunity to compare his results with those for the second NSH dimension of
this study. LICHTENTHALER’S three-item scale for the NSH syndrome has a mean of 5.1 on a

816

7-point Likert scale.”” One of those scale items is very similar to the item, which has been

used here. It asks whether external technology commercialization is considered an equivalent

816 See Lichtenthaler (2006), p. 199. Tt has to be stressed that the original mean value for this scale, as reported

by Lichtenthaler, is 2.9. Here, this scale has been reverse coded, since 7 denotes an ideal and unbiased
attitude in the original study. In the present study, however, 7 represents the maximum value for the NSH
syndrome.



Discussion of findings and implications for theory and practice 187

exploitation option compared to the application of technology in company own products and/
or services.!"” Similar to the results for the NIH syndrome, the Closed Innovation units
resemble the results of previous studies rather than the Open Innovation unit. That is, both
Closed Innovation units are slightly infected with the NSH syndrome. In contrast,
management in the Open Innovation unit supports the search for external pathways to market.
Nevertheless, people’s attitudes towards external technology commercialization are not as
positive as towards the external sourcing of technologies.
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Figure 6-6: Group means for the different dimensions of the NSH syndrome

It seems particularly necessary, however, that management needs to further influence and
modify the innovation culture of the Open Innovation unit. That is, it needs to further
encourage external technology commercialization in order to effectively follow the Open
Innovation strategy. This can be achieved by, for example, communicating the considerable
benefits realized by other firms or by using promotors of external technology

commercialization.

In accordance with the alternative interpretation of the NIH scale, there is also an alternative
possibility to interpret the results for the NSH syndrome. Whereas the buy-in syndrome can
be considered the antonym of the not-invented-here syndrome, the so-called ‘sell-out (SO)

syndrome’ represents the antonym of the not-sold-here syndrome. The SO syndrome refers to

817 See Lichtenthaler (2006), p. 173.
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an overly positive attitude towards external technology commercialization.*'® Following this
way of interpretation implies that the scale used in the study only captures the existence
(measured as ‘7’ on the Likert scale) or non-existence (measured as ‘1’ on the Likert scale) of
the NSH syndrome. Accordingly, no business unit has an ideal attitude to external technology
commercialization. In contrast, the NSH syndrome would be very present in both Closed
Innovation units. Furthermore, even employees in the Open Innovation unit would have
attitudes towards the external commercialization of technologies, which are far from being
neutral. Again, however, caution is required when using this interpretation scheme and
drawing conclusions. Future research should use a different measurement scale which
captures both overly positive and overly negative attitudes to external technology

commercialization.®"’

Whereas LICHTENTHALER has conceptualized the NSH syndrome as an uni-dimensional

construct820

, the present study provides the first work that conceptualizes and empirically
measures it as a two-dimensional construct. Relative to the NIH syndrome, even more future
research is needed to fully understand this counterpart of the NIH syndrome on the external
technology commercialization side of Open Innovation. It has been found that external
technology commercialization is currently not used very often as a tool to generate additional
sales. However, its importance is increasing in managerial practice.*?' Is this due to the fact
that many firms have changed their innovation strategy from Closed Innovation to Open
Innovation? Thus, being infected with the NSH syndrome could become a severe barrier for
firms to fully exploit their technologies. Will more (positive) experiences with external
technology commercialization lead to a reduction of the NSH syndrome? What are the
antecedents of the NSH syndrome? The present study’s results suggest that personality is not
critical to having either negative or positive attitudes towards the external exploitation of
internal technologies. Again, large-empirical studies could shed more light on this issue.
Furthermore, there may also be industry-specific differences of NSH infection as it was
expected for the NIH syndrome.

6.1.5 Technological opportunism

In section 4.2.4 it was argued that scanning the external environment for new ideas and
technologies is crucial for the success of an Open Innovation strategy. This is due to the fact
that Open Innovation is built on the assumption that firms not necessarily need to have the
initial idea in order to successfully innovate. Ideas and technologies can also come from
various sources in the outside environment of the firm. Since Open Innovation explicitly

818 See Boyens (1998), p. 53.
819 See footnote 815 for a promising approach to measure both syndromes.
820 See Lichtenthaler (2006), p.173.

821 See Lichtenthaler (2006), p. 274.
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considers external technologies as a major component for innovation, Open Innovation units
were expected to have a stronger capability to recognize, understand, and acquire knowledge
about new technologies. In contrast to what has been expected, the hypothesis regarding
technology-sensing capability was not supported. As depicted in Figure 6-7, it can be seen
that the Open Innovation unit only has a slightly stronger capability to scan for information on
new technological opportunities and threats. The values for this construct, which consists of
four items, are mainly positively driven by the two questions regarding the technology search
behavior. In contrast, respondents assessed their business unit’s speed of detecting new

technologies that are likely to affect the business, as being rather slow.
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Figure 6-7: Group means for ‘technology-sensing capability’

Thus, although all three business units actively scan their environments for new technology
development on a regular basis, other firms seem to be faster in actually detecting new
technologies. This applies particularly to the Open Innovation unit. One reason may relate to a
lack of adequate absorptive capacity, which is needed for identifying and evaluating external
technologies. In particular, the capacity of understanding industry evolution and technological
developments is crucial when following an Open Innovation strategy. Moreover, Open
Innovation requires integrative or combinative competencies rather than deep specialized
technological competencies. For example, as it was described in section 2.4.2, next to
nanomaterial competencies, R&D at Creavis’ science-to-business center ‘Nanotronics’
requires electronic competences, which are not possessed in-house in a deep and narrowly
specialized manner. Hence, understanding the evolution of and the technological
developments in other industries, which may fundamentally differ, is a huge challenge for

successful innovation management in an Open Innovation environment. It may therefore be
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concluded that the Open Innovation unit is not very fast in detecting new technologies that
may even originate in other industries because of lacking absorptive capacity and integrative

competencies.

Furthermore, absorptive capacity is also needed for implementing external technologies into
the internal innovation process. The second dimension of technological opportunism —
technology-response capability — addresses the way a firm responds to new technologies.
Figure 6-8 illustrates the raw as well as the adjusted means of this construct. Whereas the
Open Innovation unit and Closed Innovation unit CI; significantly differ with respect to the
response to new technologies — as it was expected — there is no significant difference to the

second Closed Innovation unit.
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Figure 6-8: Group means for ‘technology-response capability’

It is quite interesting that, on the one hand, R&D employees in the Open Innovation unit
perceive their business unit’s speed in detecting technological development as being rather
slow but, on the other hand, perceive a rather quick response time of their business unit. This
implies that once a technology is detected the Open Innovation unit is able to respond very
quickly. The Open Innovation unit’s relatively fast response could thus counterbalance or
even outweigh its possible lack of sufficient technology monitoring competencies.
Management may even not perceive and be aware of this lack of monitoring competencies,
since its negative effect is masked by the fast response time.

Furthermore, it is worthwhile to compare this study’s results for both dimensions of
technological opportunism with those of the study by SRINIVASAN, LILIEN AND
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RANGASWAMY. They conducted two studies among 183 and 200 B2B firms, respectively,
from different industries (overall 62 chemical firms). However, the comparison is not that
straightforward, since SRINIVASAN, LILIEN AND RANGASWAMY did not analyze both
constructs separately but combined them to the overall construct of technological
opportunism. Although they used a summated scale for their construct, they further applied a
different calculation scheme.®® Nevertheless, they report mean values for technological
opportunism of 35.62 (S.D. = 9.62) and 34.93 (S.D. = 9.49) with each in the range of 8 to
56.52 Applying the same calculation scheme for the summated scale, means for technological
opportunism of ChemCo’s business units are as follows: Open Innovation unit = 41.11 (S.D.
= 7.29, Range: 27-53), Closed Innovation unit CI; = 35.56 (S.D. = 8.87, Range: 15-51), and
Closed Innovation unit CI, = 36.97 (S.D. = 9.31, Range: 16-53)."** Similar to what has been
found for the NIH syndrome, results of technologival opportunism for both Closed Innovation
units — rather than those for the Open Innovation unit — seem to resemble the results of
previous studies. Not only is the mean value higher in the Open Innovation unit, but also the
minimum value. SRINIVASAN, LILIEN AND RANGASWAMY also found no evidence for an
(chemical) industry effect. That is, although other industries (heavy manufacturing, light
manufacturing, and telecommunications) had positive and significant effects on technological
opportunism, chemical firms are not significantly related to technological opportunism.®*
Accordingly, the level of technology opportunism at ChemCo may be an effect of the
innovation strategy followed, i.e. Open and Closed Innovation lead to different degrees of a

business unit’s technology opportunism.

Another interesting result found by SRINIVASAN, LILIEN AND RANGASWAMY refers to the
effect of management support and innovation culture on technology opportunism. Using a
measurement scale for management support that is similar to the scale applied here, they
found a positive and significant effect on technological opportunism. Although regression
analysis was not used in this study, the positive and highly significant correlation coefficient
(r = 424, p < .001) between management support and technological opportunism reveals a
similar relationship.**® They further applied the competing values framework to measure

corporate culture. Among the four cultural types, adhocracy culture is the only one that has a

822 Instead of calculating the unweighted average of the items in the scale, they use an equally weighted

additive measure. See Srinivasan, Lilien and Rangaswamy (2002), p. 51.

823 See Srinivasan, Lilien and Rangaswamy (2002), pp. 54 ff.

824 Comparing group-wise values for technological opportunism, the overall ANOVA result is significant (F =

3.460, p = .035). However, Bonferroni post hoc comparisons reveal that only the difference between the
Open Innovation unit and Closed Innovation unit CI, is significant (p = .037).

See Srinivasan, Lilien and Rangaswamy (2002), pp. 57 f.

826 Srinivasan, Lilien and Rangaswamy (2002), pp. 53 ff., use the four-item construct ’top management’s

advocacy of new technologies’, which includes items about championing behaviour of management and
their encouragement of employees to develop and implement new technologies. Correlations of
management support and both technology-sensing capability and technology-response capability are .393 (p
<.001) and .373 (p <.001), respectively, in this study.
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positive and significant effect on technological opportunism. Since it was argued in section
3.1.3 that an adhocracy culture includes several elements typical for an innovation culture
(e.g. entrepreneurship and risk taking), freedom to express doubts and organizational risk
taking can be used for comparing research results. Again, results of the present study exhibit
similar results. Both constructs of an innovation culture are positively and significantly
related to technology opportunism (r = 390, p < .001 for freedom to express doubts; r =401, p

<.001 for organizational risk taking).*’

6.1.6 Organizational risk taking

As expected, the Open Innovation unit is more open towards risk taking than both Closed
Innovation units (Figure 6-9). Its higher willingness to take risks can be attributed to the fact
that the Open Innovation unit ventures into new markets and technologies, which is usually
associated with higher risks. This finding is also consistent with the open approach to
innovation. However, although the Open Innovation unit was expected to exhibit a
significantly higher level of risk tolerance compared with the Closed Innovation units, a
significant difference between both Closed Innovation units was not expected.
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Figure 6-9: Group means for ‘organizational risk taking’

Employees in Closed Innovation unit CI; perceive their work environment as being risk

averse. Respondents particularly scored low on those items that ask about the degree of risk

87 Regarding the dimensions of technology opportunism individually, correlations between freedom to express
doubts and technology-sensing capability and technology-response capability are .427 (p < 001) and .287 (p
<.01), respectively. Correlations between organizational risk taking and technology-sensing capability and
technology-response capability are .302 (p <.01) and .414 (p <.001), respectively.
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taking being valued and the degree of risky activities being common place.*”® One possible
explanation addresses the underlying R&D time horizon. Since Closed Innovation unit CI,
develops products and technologies that are supposed to be commercialized within the near
future, taking too many risks could jeopardize its market position. The same, however, applies
to Closed Innovation unit CI,, which is rather risk neutral. Thus, it could be assumed that risk
taking in Closed Innovation unit Cl, is not biased in that rational and well-considered
decisions with regard to market and technology risks are made. Thus, it needs to be
questioned if the degree of organizational risk taking in Closed Innovation unit CI; is
conducive to innovative performance.®*” One may even assume that this practice of risk
taking does not correspond to an innovation culture.

Interestingly, management support for innovative behavior is positively and significantly
related with organizational risk taking in both Closed Innovation units.**® Hence, high levels
of management support come along with higher levels of perceived risk taking. Furthermore,
raw means have been adjusted by both covariates ‘job satisfaction’ and ‘personality — go-
getting’. In contrast to the foregoing constructs, the covariates’ effect sizes on organizational
risk taking are rather small (partial #° = 4.1%) and medium (partial #* = 6.1%), respectively,
whereas the type of business unit has a very large effect size of more than 43 percent. Thus,
the type of innovation strategy followed (open — closed) accounts for the major share of

variance in risk taking.

Another interesting result regards the relationship of organizational risk taking and job tenure.
Longer job tenure is negatively and significantly associated with the perceived level of risk
taking (r = -.295, p < .01). A possible explanation refers to the fact that a longer tenure
automatically leads to longer experience in the respective business. When starting R&D work
in a business unit, employees may perceive higher risk taking of their business unit. Since
they start to work in an unfamiliar environment, they are not able to assess the degree of risk
taking in an unbiased way. This results in the tendency to perceive the new and unfamiliar
R&D environment as pursuing more risky activities. Longer experiences with the business
may then lead to a slightly revision of that perception in that employees realize that risk
taking actually may be lower. Thus, tenure length influences perception of organizational risk
taking.

88 See Appendix 1.

89 Again, the items used in this study to assess organizational risk taking are similar to those used by van de
Ven and Chu (1989). For different innovation projects, van de Ven and Chu (1989), p. 75, report values of
organizational risk taking ranging from 2.9 to 4.2 on a 5-point Likert scale. Out of the eight innovation
projects studied, only one is characterized by a rather neutral degree of risk taking (2.9). The minimum level
of risk taking in all other projects was 3.4.

80 The correlations between management support and organizational risk taking are = .593 (p < .001) and r =
.601 (p <.001) in Closed Innovation units CI; and CI,, respectively.
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6.1.7 Freedom to express doubts

Next to a supportive management, an innovation culture needs to allow for conflict and
dissent. Because conflict and dissent can only occur when R&D employees can easily express
their opinions, norms and values of an innovation culture must not hinder open discussions

about innovation projects.

In contrast to expectations, employees in Closed Innovation unit CL, perceive a significantly
higher degree of freedom to express their opinions and criticisms than their colleagues in both
other business units (Figure 6-10). Compared with these business units, respondents in Closed
Innovation unit CI, scored particularly low on the question if they feel pressure not to speak
their minds.®®' They also perceive that employees can rather easily express different opinions
without quickly being criticized. However, although freedom to express doubts is
significantly lower in both other business units, this result does not indicate that cultural
norms and values discourage people in these business units to express their own opinions and
thoughts about innovation projects. Since all business units seem to allow dissent and conflict
during the innovation process, effective and efficient innovation management should not be

hindered.®*

Freedom to express doubts
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Figure 6-10: Group means for ‘freedom to express doubts’

See Appendix 1.

$2 van de Ven and Chu (1989), p. 75, report similar results. Studying different innovation projects and applying

a measurement scale, which is very similar to the one used in the present study, they found values for the
construct ‘freedom to express doubts’, ranging from 2.5 to 4.1. However, it needs to be stressed that van de
Ven and Chu used a 5-point Likert scale. Values of six out of the eight innovation projects under study had
levels higher than the neutral level of 3.0.
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In contrast to the aforementioned constructs, the covariate ‘job satisfaction’ has a very large
effect size of more than 30 percent on ‘freedom to express doubts’. Together with a high
regression coefficient of .478, it can be concluded that the degree to which an employee is
happy and satisfied with his job has a strong influence on how that employee perceives its
innovation culture in terms of freedom to express doubts. The other way round, higher
freedom to express doubts may enhance job satisfaction of employees. Nevertheless, without
controlling for the so-called transient mood state of employees, this measure is apt to be
strongly influenced by common method bias. Future research should therefore include

transient mood states, such as job satisfaction, in order to obtain more meaningful results.

Finally, an employees hierarchical position is positively and significantly related with
freedom to express doubts (» =.296, p <.01). Thus, there may be a possible bias in perceiving
a business unit’s way of coping with different opinions of employees that is caused by the
hierarchical level of the respondent. Controlling for this effect in future studies is also likely
to yield more meaningful results.

6.1.8 Management support

It was argued that besides providing sufficient resources (e.g. people, budget, and time) and
the emergence of champions and promotors, which are particularly useful in innovation
obstructive environments, management needs to create an innovation supportive climate. In
case of insufficient management support of innovative behavior, R&D employees may not be
willing to support innovative ideas, which is a prerequisite for following both an Open and a

Closed Innovation strategy.

Although management support of innovative behavior is significantly weaker in Closed
Innovation unit CI; compared to the other business units, it can still be regarded as being
rather neutral (Figure 6-11). That is, management neither excessively fosters nor inhibits
entrepreneurship. In contrast, the other two business units are characterized by a management
that also avoids excessive encouragement of innovative behavior, but rather follows a modest
approach of encouraging and supporting people. Although the influence of management
support on employees’ willingness to submit new product or technology ideas etc. was not
examined, one can assume that at least in Closed Innovation unit CI, and in the Open
Innovation unit employees are not distracted from innovative behavior. Furthermore, people
in Closed Innovation unit CI, perceive the highest degrees of management support and
freedom to express doubts. This is in line with the notion of providing the right mix between
support and criticism. In this regard, VAN DE VEN AND GRAZMAN observed that too much
support and not enough criticism may lead to market failure.***

83 See van de Ven and Grazman (1997), pp. 279 ff.
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Furthermore, raw means of management support have been adjusted by the employees’
overall job satisfaction. The influence of an employee’s job satisfaction is strong with a very
large effect size of almost 37 percent. In line with the discussion about freedom to express
doubts, it is particularly necessary to control for transient mood states of respondents when
measuring perceptions about management support It is also noteworthy that the correlation
between job satisfaction and management support is highly positive and significant (» = .606,
p <.01). Although correlations do not allow making causal interpretations, it may be possible
that stronger management support in business unit CI; may lead to higher overall job
satisfaction of employees. Employees in that business unit scored particularly low on the
question if management recognizes and rewards entrepreneurship. This can also be observed

regarding the second Closed Innovation unit.***
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B Raw means
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Figure 6-11: Group for ‘manag; t support’

Finally, as it could be observed for freedom to express doubts, perceived management support
is positively and significantly associated with the hierarchical position of the respondent (r =
218, p < .05). Thus, it is worthwhile to control for this bias in future research endeavors on

management support for innovative behavior.

4 de Brentani and Kleinschmidt (2004), p. 318, used almost two identical measures for management support.
Among others, they used the first two items of the present study’s measurement scale for management
support and reported mean values of 4.16 and 4.34, respectively. These values are rather consistent with the
mean values of Closed Innovation unit CI; (3.50 and 4.00) and Closed Innovation unit CI, (4.16 and 5.12).
See Appendix 1. However, comparisons should be done with caution, because de Brentani and Kleinschmidt
(2004) asked for respondents perceptions of top management support with regard to international new
product development initiatives.
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6.1.9 Overall implications

Next to discussions of individual constructs, some overall implications need to be highlighted,
which result from considering certain constructs and their relationships between each other.
First, the relationship between the not-invented-here syndrome and technological opportunism
yields some interesting implications. The pattern of technology-response capability across all
business units resembles the picture of the results for the NIH syndrome. That is, while
Closed Innovation unit CI; shows the highest degree of the NIH syndrome and
simultaneously the weakest technology-response capability, the Open Innovation unit, which
has the most positive attitudes towards external technologies, also has the strongest response
capability. The NIH syndrome has been argued to represent a barrier for responding to new
technologies, a belief that is partly corroborated by negative and significant correlation
coefficients between technology-response capability and two of the three constructs of the
NIH syndrome.**> Surprisingly, there are no significant correlations between the three NIH
dimensions and technology-sensing capability. Does being infected with the NIH syndrome
not necessarily determine a firm’s way of scanning for new technological opportunities and
threats? The notion of ‘threats’ may provide an answer to this question. As such, a firm may
not be willing to source technologies from the external environment. However, in order to
stay competitive with its own internal technologies, applied in its products, processes, and
services, the firm monitors technological developments undertaken by its competitors. That
way, it can adapt its own technologies to the possible new requirements fulfilled by the

competitors’ technologies.

Thus, it seems that the NIH syndrome does not prevent firms from monitoring technological
developments in their external environment. It may only become a severe barrier in
responding to those new technologies if this requires the firm to source external technologies.
Future research could analyze these relationships between technological opportunism and the
NIH syndrome more thoroughly in large-scale empirical studies. Research questions could
address the major influence factors determining the speed of responding to new technologies.
Is that response speed mainly driven by the NIH syndrome? Or, is this relationship moderated

or mediated by the firm’s technology-sensing capability?

Second, the relation of the NIH and the NSH syndrome seems worthwhile to be discussed. As
such, the NSH syndrome is obviously more problematic in managerial practice than the NIH
syndrome. However, what are the underlying reasons for this pattern? Is it simply because

external technology commercialization has not played a major role in managerial practice so

85 Technology-response capability is negatively associated with ‘NIH syndrome — degree of trust in one’s own

technological competence’ (r = -.255, p < .05) and ‘NIH syndrome — estimation of management’s
preferences for external technology sourcing’ (r = -.260, p < .05). The correlation between technology-
response capability and ‘NIH syndrome — impact of external technology on competitiveness’ is close to zero
(r=.041) and not significant.
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far? Or, is this imbalance the cause for the observation made by HURMELINNA, KYLAHEIKO
AND JAUHIAINEN that “[i]t is more common to extract ideas from external sources than to give

even non-core ideas to others”?%°

That would imply that due to stronger infections with the
NSH syndrome — compared with the NIH syndrome — firms do also make less use of external

technology commercialization compared to external technology sourcing.

Another reason, however, could refer to the underlying absorptive capacity. As has been
argued in section 2.3.2.1, two types of absorptive capacity can be distinguished: technology-
related absorptive capacity and market-related absorptive capacity. In this regard, the sourcing
of external technology may not be that complicated since the firm’s technology-related
absorptive capacity enables it to not only identify lacking technologies or technological
competencies but also to identify potential firms, universities etc. that could provide the
needed technology. Finding potential technology providing organizations may be relatively
easy because once a firm has identified a white spot in its technology profile, it is able to
narrow potential technology providers down to a limited set. As noted above, for example,
R&D within Degussa’s Creavis Technologies & Innovation focuses on the field of
nanotronics combining chemicals and electronics. Since Creavis has the materials competence
in nanotechnology but wants to generate innovations in the field of printable electronics, it is
relatively clear that the missing competencies are very likely to be found in the electronics

and printing industries.

Finding other markets for technologies than the ones currently addressed may be an unlikely
challenging task. The reason can be seen in the required application knowledge. Some
commercialization ideas may just be too far away from the firm’s existing knowledge base.®’
For example, the Bayer spin-off Lyttron Technology manufactures and markets
electroluminescent films, which can be applied in various industries and products, such as
lifestyle products. It can be assumed that — coming from the chemical industry — identifying
applications for electroluminescent films in those unrelated fields (e.g. handbags that are
illuminated inside) is not that straightforward. The relatively higher degree of the NSH
syndrome may, thus, result from a greater lack of market-related absorptive capacity. Future
research could analyze the relationship between technology-related and market-related
absorptive capacity and their interplay with both the NIH and the NSH syndrome. Is outbound

Open Innovation generally more challenging for the firm than inbound Open Innovation?

Third, it has been shown that the effectiveness of a covariate depends on the cultural level of
analysis. Although an employee’s motivation has not been considered belonging to one of the

three levels of innovation culture — i.e. shared basic values, norms, and practices — the

8¢ Hurmelinna, Kylaheiko and Jauhiainen (2007), p. 134.
%7 See Lichtenthaler (2006), p. 73.
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employee’s personality had an impact on his motivation. This relationship is particularly
strong in the case of intrinsic motivation. On the level of norms, the NIH and the NSH
syndromes have been analyzed as attitudes towards external technology sourcing and
commercialization, respectively. Interestingly, these attitudes were not related to employees’
personalities or job satisfaction. This could be due to the fact that personality is assumed to be
relatively stable. In contrast, attitudes can change. Such a change in attitude can, for example,
result from certain experiences. Attitudes to external technology sourcing and
commercialization may therefore have their roots in positive or negative experiences with
those tasks. In case of the Open Innovation unit, management also could have influenced
employees’ attitudes by communicating the benefits of external technologies and using
external distribution channels for internal technologies. Thus, personality or the degree of job
satisfaction do not lead to a change in attitudes. On the very surface level of innovation
culture, the perception of practices is rather influenced by the job satisfaction of an employee.
The strength of this relationship, however, seems to depend on how subjective those
perceptions are. The perception of organizational risk taking, for example, might be possible
on a rather objective level. In this sense, a business unit is either involved in risky activities or
not, which is due to factors, such as technological and market turbulence. Being satisfied or
proactive and results-oriented then only has a small or medium effect on the perceived level
of risk taking. In contrast, perceptions of management support and freedom to express doubts
are much more subjective. This may be the reason why job satisfaction strongly affects
perceptions of both cultural elements. Future studies on innovation culture should therefore
use control variables depending on the cultural level of analysis. Particularly in case of highly
subjective measures like management support, the transient mood state (e.g. job satisfaction)

of respondents should be taken into account.

Finally, beyond proving the importance of innovation culture in shifting from Closed to Open
Innovation, the findings strengthen the dynamic capability approach to culture management.
Obviously, ChemCo has had the necessary dynamic capabilities to manage the move from
Closed to Open Innovation culture. It was not measured how ChemCo achieved this
transformation. Thus, it would be interesting to study the underlying dynamic capabilities that
are needed for such a move. Longitudinal studies could accompany Open Innovation
initiatives and track their implementation within the firm. How do certain elements of
innovation culture develop over time? For example, whereas it can be expected that personal
characteristics, such as motivation, are stable over time, it would be interesting to see how the
NIH and NSH syndromes develop. Which managerial actions are well suited to speed up this
process and which actions are rather detrimental to the success of implementing an Open

Innovation culture?



200 Discussion of findings and implications for theory and practice

6.2 Managerial implications

In the course of the study not only theoretical implications have been derived but also a range
of managerial implications became apparent. The following implications provide guidelines

for firms in their attempts to establish an adequate Open Innovation culture.

First of all, it has been shown that a quantitative assessment of innovation culture is a useful
tool to identify differences between innovation cultures per se. This is particularly important
in case of mergers and acquisitions when different cultures collide leading to so-called culture
shocks. Reactions of employees as a consequence of such a culture shock are manifold,
including poor morale, increased sickness absence, lower productivity, or movement of
employees. Thus, many researchers and practitioners regard culture shocks as a major factor
for failed mergers and acquisitions.**® Focusing on the R&D function of the firm, VITT
studied the effects of firm acquisitions on the behavior of key inventors™’ in the acquired
firms. He observes that the larger the cultural gap — as perceived by the key inventors — is, the
higher is their attrition rate.** Also focusing on the R&D function, BRAST studied success
factors of post merger integrations of R&D departments. BRAST concludes that aligning
different R&D cultures positively affects post merger integration success. He attributes this to
the aforementioned loss of key inventors in case of cultural gaps between R&D departments.
The loss of such key scientists is associated with the loss of tacit knowledge. Accordingly,
reducing cultural gaps may lead to the retention of key inventors and, thus, to an increase in a
firm’s knowledge stock.**' Hence, it is particularly important that management makes some
cultural assessment of a potential merger partner to evaluate fit of innovation cultures in

advance of any legal combination.®*

Besides the quantitative assessment of innovation cultures in advance of a possible merger or
acquisition, it is also worthwhile to quantitatively assess innovation culture in order to
identify gaps between the existing and the desired state of innovation culture. Regarding the
research focus of this thesis, firms, which have set up an Open Innovation unit, can monitor
the success of such an endeavor. This becomes particularly relevant when firms implement
the Open Innovation concept in order to create new businesses or develop radical innovations.
Since both are typically long-term endeavors, quantitative culture assessment of such a ‘new’

organizational unit offers an attractive tool to measure the impact and/ or progress of Open

88 See Vitt (1998), pp. 178 f.

89 Key inventors are inventors that are highly active in terms of being involved in large share of a firm’s or

business unit’s patenting output. See Vitt (1998), pp. 6 f.
80 See Vitt (1998), p. 257.

81 See Brast (2006), pp. 237 ff.

82 See Cartwright and Cooper (1993), p. 68. However, this cultural assessment could be a challenging task in

managerial practice, because employees of the target firm may be reluctant to participate in the evaluation
procedure.
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Innovation initiatives. For example, as mentioned above, both inbound as well as outbound
Open Innovation are important to fully embark on the Open Innovation model. Accordingly,
not-invented-here and not-sold-here syndromes are detrimental to Open Innovation success.
Assessing the degree of infection with both types of syndromes could yield important insights
considerably in advance of any negative outcomes. Thus, innovation culture assessment is a
very useful indicator for future innovation success. Managers can therefore early create
awareness of those differences between the actual and the desired state of Open Innovation

culture.

When the existing state of an innovation culture deviates from the desired state and
management wants to change innovation culture, culture change efforts should take into
account the different cultural levels of shared basic values, norms, and practices. Each level
requires a different approach of culture change management. These are discussed in the
following paragraphs.

The deepest level of an innovation culture refers to shared basic values. Whereas this level
was not considered in the present study, personal characteristics have been analyzed.
Personality and motivation are assumed to be relatively stable. Therefore, management can
hardly exert direct influence on an employee’s personality and the dominant type of
motivation, i.e. intrinsic vs. extrinsic. However, although management cannot shape the
personality of an individual employee, it can strongly influence the recruiting process by
recruiting only those employees that are characterized by the necessary proactive, creative,
and results-oriented personality for Open Innovation initiatives. This relates to the question
posed by WEST, VANHAVERBEKE AND CHESBROUGH: “Is hiring for Open Innovation different

than for Closed Innovation...?%%

With respect to innovation culture, this can be answered
with a ‘yes’. The necessary first step in implementing such an effort would be giving
prospective employees a personality test. Based on the resulting personality profile, it can
then be decided if a prospective employee fits into the Open Innovation environment.

However, personality tests provide only one — but important — input to the selection process.

On the cultural level of norms and attitudes, the not-invented-here and not-sold-here
syndromes have been studied. To reduce or avoid both types of syndromes, management
should create awareness among employees by confronting them with the results of the
quantitative assessment. Furthermore, management should persuasively communicate other
persons’ or firms® positive experiences with external technology sourcing and
commercialization, respectively, to its R&D staff. Different incentive schemes that reward

R&D staff based on its ability to solve technical problems — regardless of the source (internal

83 West, Vanhaverbeke and Chesbrough (2006), p. 288.
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or external) of the solution — also provide an adequate means to influence behavior.
Regarding external technology commercialization, management could employ an approach
similar to Procter & Gamble and force employees or business units to decide within a specific
time interval if a technology is to be used internally. If not, management could make those
technologies available to other firms. Admittedly, those incentives and directives not
necessarily lead to a change in employees’ attitudes in the short run. However, employees
may change their attitudes after positive experiences with using external technologies and
external pathways to market. Such a change in attitudes is likely to have a longer term and
sustainable effect on the success of an Open Innovation endeavor. It needs to be stressed,
however, that determining the ideal degree of the NIH syndrome is difficult to define since it
is highly interdependent with the underlying innovation strategy and the existing
competencies of the firm. Firms could therefore define specific intervals for employees’
attitudes towards external technology sourcing and commercialization.

Closely related to the discussion of changing incentives and employing adequate directives is
the fact that employees need to perceive their management as being open to external
technology sourcing and commercialization. This refers to the surface level of innovation
culture, the level of practices. Managers should work directly on this level, since it is, on the
one hand, much more directly amenable and, on the other hand, much more observable and
likely to be perceived by employees. From this perspective, the present study suggests that
managers should support and facilitate practices that enhance employee job satisfaction and
perceived openness to constructive dissent among innovation team members. Specific
suggestions for how this could be accomplished may include the following: placing high
levels of trust in individuals and encouraging employees to take the initiative. For Open
Innovation cultures, it is furthermore of particular importance to encourage and support the
use of external technologies and the use of external commercialization channels. However,
results indicate that the latter one deserves special attention. It became apparent that the NSH
syndrome — although there is no severe infection — is more evident in the Open Innovation
unit than the NIH syndrome. This could lead to an imbalance between inbound and outbound

Open Innovation. Both, however, are needed to fully exploit the potential of Open Innovation.

6.3 Limitations

Apart from the present study’s implications for research and practice in technology and
innovation management, some limitations should be emphasized, which also provide further
research opportunities. First, some general methodical issues have to be addressed. Concerns

about social desirability, which denotes “the tendency of some people to respond to items
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more as a result of their social acceptability than their true feelings™*

of responses are
warranted. In order to lessen social responsibility of responses, anonymity and confidentiality
were guaranteed to the participants in the study. Furthermore, more socially desirable
responses may be expected in case of the personality items. To make people less likely to
answer questions in a more socially desirable way, respondents were also assured that there
are no right or wrong answers.’** Also, the personality assessment was based on simple
constructs. Literature provides many scale inventories to measure personality. The reason
such an existing scale inventory was not chosen refers to the fact that they consist of a large
number of scale items. Although those scales may provide a more detailed measurement of a
person’s personality, they have been considered not very useful for the present study.

Second, the ability to generalize the findings of this study to other firms and industries was
traded for an increase of control over firm and industry specific variations by collecting data
only for different business units of a single firm. On the one hand, this one-site sampling
approach ensures that the analyzed business units are all equally affected by the same
historical context of the overall firm. On the other hand, the present study’s results may or
may not generalize to other firms in other industries or even in the same industry. Future
research could therefore investigate and compare innovation cultures of other firms in the
chemical industry. As several firms in the chemical industry established separated
organizational units that follow an Open Innovation strategy, these units could be contrasted
to units innovating in a Closed Innovation mode. Furthermore, it would be of interest if other
industries show similar differences regarding the cultural dimensions, such as the not-
invented-here and not-sold-here syndrome, between Open and Closed Innovation units.
Furthermore, the study was undertaken in Germany. The situation of cultural differences
between business units may be another in other regions of the world. Some recent qualitative
studies indicate, for example, that US firms make use of external technology
commercialization methods more proactively compared to European firms.**® Thus, one could
expect to see lower levels of the not-sold-here syndrome as it was measured in the present
study.

Finally, Open Innovation is a relatively new concept in technology and innovation
management, which is not yet fully implemented by the majority of firms. Since the use of
Open Innovation is expected to further increase in the future, the present study’s findings,
which are based on the current situation of Open Innovation in practice, may have to be
reconsidered in the future if more firms have implemented the concept and are more

84 podsakoff et al. (2003), p. 882. See also Crowne and Marlowe (1964), p. 109, who define social desirability
as “the need for social approval and acceptance and the belief that it can be attained by means of culturally
acceptable and appropriate behaviors”.

5 See Podsakoff et al. (2003), p. 888.
86 See Rivette and Kline (2000); Davis and Harrison (2001); Kline (2003).
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experienced with using it. The successful use of external technologies within Open Innovation
units may, for example, trigger opening up corporate boundaries in former Closed Innovation
units. In general, however, the results may be expected to hold true in the long-term.



7 Summary and conclusion

The initial motivation to analyze innovation culture in an Open Innovation environment was
twofold: first, since the introduction of the concept of Open Innovation in 2003, it has gained
widespread interest in theory and practice. Numerous works from several research streams
have addressed this topic and contributed to the development of the field. Furthermore, many
firms have implemented the concept by switching from Closed to Open Innovation or by
setting up separated organizational units to follow this approach. This trend is expected to
continue as many firms plan to make increasing use of it. Second, however, while many firms
have implemented the concept of Open Innovation, many of them faced difficulties during its
implementation. They had to realize that besides paying attention to external ideas and
technologies as well as to the processes to find them, cultural aspects need to be considered.
The move from Closed Innovation to Open Innovation needs to be accompanied by a change
in the underlying innovation culture. A different way of thinking and a different way of
dealing with ideas and technologies is required to fully exploit the potential of Open
Innovation. It is therefore quite surprising that empirical research on Open Innovation culture
is missing. The central objective of this thesis was therefore to shed new light on the
unexplored research field of cultural aspects of Open Innovation. Overall, six major research
questions haven been posed. Their answers will be summarized in the following paragraphs:

(1) The first research question addresses innovation culture in general and asks: which
dimensions characterize an innovation culture? Three different levels of culture have
been distinguished: shared basic values, norms, and practices. These levels refer to
different degrees of a culture’s visibility to the observer. Using the iceberg analogy,
the three cultural levels can be illustrated as follows. The tip of the iceberg consists of
practices, while the under sea level involves norms and shared basic assumptions with
the latter ones being at an ever deeper under sea level. With regard to innovation, a
central aspect of an innovation culture is the openness to new ideas and technologies
which can originate from internal and/ or external sources. As such, openness to new
ideas and technologies is of particular relevance to start the innovation process. Since
innovation activities usually involve the risk of failure, innovation cultures also create
an atmosphere that encourages risk taking. Closely related to the affinity towards risk
taking is the extent to which failure is accepted. Accordingly, innovation cultures
allow for experimentation, creative mistakes, and learning. Employees are not quickly
and overhastily punished when innovation projects do not deliver expected results.
Finally, an innovation culture encourages diverse viewpoints, opinions or beliefs
regarding market opportunities and technological solutions. Conflict among
innovation team members is viewed rather as a chance than being destructive.
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Taking into account different cultural levels (i.e. shared basic values, norms, and
practices), innovation culture has been defined as organization-wide shared basic
values that support innovation, organization-wide norms for innovation, and
perceptible innovation-oriented practices (artifacts and behaviors) constituting a firm’s
or business unit’s internal environment. Such shared basic values, norms, and
practices, for example, encourage risk taking, support openness to new ideas, tolerate
failures, foster learning, and promote constructive dissent.

(2) The second research question concerned possible differences between innovation

cultures of Open Innovation and Closed Innovation: what are the special requirements
for Open Innovation cultures compared to Closed Innovation cultures, i.e. do both
innovation cultures need to be different? It has been argued that not all innovation
cultures necessarily require the same level of risk taking, openness to new ideas, or
constructive dissent. It is rather a matter of fit between innovation culture and the
underlying innovation strategy. In general, it therefore has been argued that Open and
Closed Innovation cultures need to be different.

(3) The next question to be answered referred to specific elements of an innovation

culture: if innovation cultures within Open and Closed Innovation environments need
to be different, which are the key cultural dimensions these differences refer to? First
of all, the employees’ personalities have been addressed. To do so, two facets of
personality have been considered, a ‘go-getting’ personality, describing an
individual’s proactiveness, creativity and results-orientation, and a ‘halfhearted’
personality, mainly describing an individual’s risk-aversion. Whereas the former type
of personality has been argued to be more relevant in Open Innovation settings, the
latter is expected to be similar in both settings. Furthermore, motivation of innovation
team members has been addressed, distinguishing between intrinsic and extrinsic
motivation. There is no reason why there should be any differences in an employee’s

motivation within an Open Innovation and a Closed Innovation environment.

Besides these characteristics of R&D personnel, two of the three cultural levels were
addressed during hypotheses generation — the level of norms and the level of practices.
On the level of norms, two cultural aspects require special attention during the course
of Open Innovation initiatives. On the side of external technology sourcing, it is
particularly important to overcome or avoid the not-invented-here (NIH) syndrome,
which, in general, denotes a negative attitude towards external technology sourcing.
Since using external ideas, knowledge, and ideas is a major building block of Open
Innovation, being infected with the NIH syndrome would be disastrous. Accordingly,

it has been hypothesized that Open Innovation cultures exhibit a smaller degree of
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NIH infection than Closed Innovation cultures. The counterpart of the NIH syndrome
can be seen in the not-sold-here (NSH) syndrome on the side of external technology
commercialization. Thus, the NSH syndrome refers to a generally negative attitude
towards using external distribution channels for internal innovations. Since external
technology commercialization is the second major building block of a firm’s Open
Innovation strategy, it was hypothesized that Open Innovation cultures are less
infected with the NSH syndrome than Closed Innovation cultures.

On the level of practices, the two dimensions of technology opportunism, technology-
sensing capability and technology-response capability, have been addressed. Whereas
the former one describes an organization’s ability to acquire knowledge about and
understand new technological developments, the latter one refers to the organization’s
willingness and ability to respond to those new technological developments it has
sensed. It has been hypothesized that Open Innovation cultures have stronger
technology-sensing and -response capabilities than Closed Innovation -cultures.
Furthermore, organizational risk taking has been taken into account. Although any
innovation activity involves risks, venturing into new technologies and markets and
thereby possibly depending on other organization’s competencies comes with even
greater risks. Accordingly, it has been expected that Open Innovation cultures exhibit
a higher degree of risk taking than Closed Innovation cultures. Finally, general
perceptions have been addressed in how far different views, opinions, and thoughts
can be easily communicated without quickly being criticized, as well as to which
extent management is supportive of innovative behavior. Both of these cultural
elements were argued not to be different between Open and Closed Innovation

environments.

(4) Having determined which cultural elements need to be different between Open and
Closed Innovation environments, hypotheses testing was done answering the fourth
research question: if innovation cultures within Open and Closed Innovation
environments need to be different, is this supported by empirical evidence?
Hypotheses testing focused on the chemical industry. Three business units of a leading
multinational firm — named ChemCo — from the specialty chemicals sector were
analyzed (total N=120). Whereas two of those business units followed a Closed
Innovation approach, one business unit applied the Open Innovation concept.

Overall, data analyses have shown that ChemCo has been successful in modifying the
innovation culture in the Open Innovation business unit. Most notably, the degrees of
two of the three dimensions of the NIH syndrome and of both dimensions of the NSH

syndrome were significantly lower in the Open Innovation unit compared with both



208 Summary and conclusion

Closed Innovation units. Overall, it can be stated that all elements of innovation
culture have sufficiently high levels in all three business units. Therefore, one could
conclude that all three cultures can be considered as innovation cultures.

(5) After the identification of cultural differences and similarities between Open and
Closed Innovation culture, the fifth research question asks: in how far are these
possible cultural differences caused by individual differences in personality or
motivation, and by organizational factors? In order to answer this question, the
influence of an individual’s ‘go-getting’ personality as well as his overall job
satisfaction on the cultural measures was analyzed. It could be shown that none of the
two personal influence factors had an impact on the second cultural level, the level of
norms. Accordingly, the NIH and NSH syndrome were not affected by personality or
job satisfaction. In contrast, perceptions of cultural elements at the very surface level
of innovation culture, the level of practices, were affected by both personality and job
satisfaction. However, the strength of this relationship depended on how subjective
those perceptions are. In the case of perceptions of work practices that are rather
objective, such as both dimensions of technology opportunism and organizational risk
taking, the influence of personality and job satisfaction has been rather small or
medium. The perceptions of management support and freedom to express doubts —
which are much more subjective — have been strongly affected by the degree of job

satisfaction.

(6) The final research question of this thesis concerned theoretical and managerial
implications: what are the implications of innovation cultures in Open and Closed
Innovation settings for research in technology and innovation management as well as
for managerial practice? The present study’s findings led to various conclusions; the
most important ones are presented next. As mentioned above, the results have revealed
that employees’ attitudes and perceptions are influenced in a different way by their
personality and job satisfaction. Depending on the cultural level of analysis (i.e.
shared basic values, norms, and practices), future research should therefore use
different control variables. The results for the NIH syndrome imply that — at least in
the chemical industry — there is no severe infection with the NIH syndrome. However,
further research needs to refine the measurement scale accounting for both very
negative and very positive attitudes towards external technology sourcing. This holds
also for the technology commercialization side. However, as data have shown, the
NSH syndrome seems to be more relevant in managerial practice. Interestingly, the
NIH syndrome has not been significantly related to the way a firm senses new
technological developments in its environment. It seems to be a promising research

path to elaborate more on this issue. Finally, it has been assumed that the different
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degrees of infection with the NIH and the NSH syndrome, respectively, are caused by
different levels of technology-related and market-related absorptive capacity,
respectively. Explicitly considering the different types of absorptive capacity, further
studies could confirm this assumption.

Regarding the practical domain, the quantitative assessment of different dimensions
constituting an innovation culture is a useful tool to uncover cultural differences
between two R&D units that are planned to be merged or between the actual state and
the desired state. To diminish such potential differences, management can best work
on the level of perceived practices. That is, supporting innovative behaviour and
creating an environment that allows for constructive dissent are likely to increase
employees’ job satisfaction. To reduce or avoid the NIH and the NSH syndrome,
management should communicate positive experiences with external technology
sourcing and commercialization, which have been made by other firms or business
units. Another way to bring the required talent to the Open Innovation initiative refers
to the recruiting process. In order to recruit those employees that are characterized by
the necessary proactive, creative, and result-oriented personality, prospective

employees could be asked to participate in a personality test.

Although a major white spot in research on innovation and technology management has been
reduced by the present study, there are many opportunities for further research which have
emerged during the discussion of the study’s theoretical and managerial implication as well as
its limitations. While much remains to be explored, the work presented makes a worthwhile
contribution by shedding new light on the people and culture side of the equation in Open and
Closed Innovation environments. It will hopefully stimulate further academic work on the

exciting topic of innovation culture in Open Innovation.
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Appendix 1: Descriptive statistics

Mean
(S.D.)

Business unit

Constructs and items or ci® (ol Overall®

Personality — go-getting

Generally, | am always quick to take advantage of 5.231 4.345 4.750 4.752
opportunities. (.770) (1.243) (1.557) (1.290)
| am currently very creative in my work 5.462 4.866 5.063 5.113
v very Y work. (.935) (1.148) (1.301) (1.162)
| am very results-oriented 5.769 5.182 5.375 5:425
i ’ (.671) (1.330) (1.121) (1.109)
Personality — halfhearted
| do no feel comfortable in situations that require 1.920 2.036 2.531 2175
taking quick actions. (1.032) (1.059) (1.633) (1.300)
N L e 1.385 1.354 1.313 1.349
| never take individual responsibility. (:540) (464) (456) (481)
Overall, | am very risk-averse. 2115 2.067 2688 2299
! y : (1.012) (1.071) (1.424) (1.213)
| am one of those people that are easily put up 2.577 2.495 3.344 2.817
with something. (1.075 (1.300) (1.490) (1.354)
Intrinsic motivation
| feel happiness and satisfaction in my work 5179 4.824 5.235 5.074
PP Y work. (1.167) (1.359) (1.600) (1.394)
| am motivated by challenges in my work 6.500 5.912 6.029 6.129
Y 9 Y WOrK. (.500) (1.026) (.969) (.905)
| feel positive involvement in my work 6.393 6.000 6.118 6.159
P y work. (.724) (1.181) (.844) (.950)
Extrinsic motivation
| am motivated by salary and attractive career 5.714 5.382 5.382 5.482
paths within this organization. (.881) (1.256) (1.670) (1.323)
| am motivated by getting acknowledgement for 6.429 6.147 6.412 6.324
creative work.® (.678) (.744) (.857) (.771)
| am motivated because my business unit
supports the development of my professional 4.429 3.765 3.758 3.961
skills by providing professional trainings, job (1.425) (1.327) (1.860) (1.575)

rotations, etc.®
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Appendix 1: Descriptive statistics (continued)

Mean
(S.D.)

Business unit

Constructs and items or ci® (ol Overall®

NIH syndrome - degree of trust in one’s own
technological competence

We rather develop a technology on our own than 2.310 3.735 3.909 3.370
buying a pig in a poke. (1.285) (1.544) (1.464) (1.590)
We rather develop a technology on our own than

being dependent on the technology provider's 2.207 3.706 3.265 3.103
cooperation in order to understand the external (1.473) (1.382) (1.693) (1.630)
technology.

Even without using external technology, we can 2.828 4.147 4.412 3.845
achieve market success. (1.794) (1.893) (1.811) (1.938)
External technology sourcing is less attractive to

our business unit, because we would run the risk 2.103 3.647 3.147 3.010
of disclosing our technological knowledge during (1.145) (1.756) (1.635) (1.661)

the cooperation with a technology provider.

Using external technology is an important

alternative for technology sourcing within this 2655 4.794 3.765 3.794

business unit. (R) (1.654) (1.431) (1.634) (1.779)

NIH syndrome - impact of external technology

on competitiveness

lovanttoonnologes o s busmossunt must | 2080 3265 2528 2649
9 (1.387) (1.675) (1.542) (1.608)

not be sourced externally.

We would weaken our competitive position, if we 3.414 4.382 4.324 4.072

sourced important technologies externally. (2.180) (1.793) (1.753) (1.932)

and efficient way by any other company.® (1.880) (1.579) (.737) (1.742)

NIH syndrome - estimation of management’s

preferences for external technology sourcing

It seems that management prefers internal 2.621 4.324 3.706 3.598

technology development. (1.657) (1.532) (1.679) (1.748)

Management urges us to search for and to utilize 2.690 4.794 3.971 3.876

external technologies.® (R) (1.755) (1.533) (1.784) (1.878)
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Appendix 1: Descriptive statistics (continued)

Mean
(S.D.)
Business unit

Constructs and items or cl® cl,° Overall®
NSH syndrome - fear of losing control over
technology
We would run the risk to lose control over our 3.138 4.294 4.000 3.845
technology, if we licensed it to third parties. (1.407) (1.508) (1.537) (1.550)
Our innovations should be brought to market 3897 5029 4.912 4.649
rather through our business unit than through : : ’ :
licenses, alliances etc. (1.543) (1.527) (1.264) (1.514)
We should have exclusive rights to use a 4.759 5.353 5.088 5.082
technology.® (1.596) (1.555) (1.464) (1.539)
Our technologies should be marketed exclusively 2.621 3.441 3.529 3.227
via our existing distribution channels.® (1.347 (1.829) (1.674) (1.674)
NSH syndrome - estimation of management’s
preferences for external technology
commercialization
Using external pathways to market is an important
alternative for technology commercialization (?gg:) (‘1‘%‘2‘) (‘1122‘11) (411:322)
within this business unit. (R) ’ ' ' ’
Management insists on the internal use of 2.621 3.618 3.030 3.114
technologies.® (1.293) (1.393) (1.403) (1.413)
If we decide not to use a technology internally,
management urges us to search for pathways to (?%?) (:ggg) (:igg) (:(1332)
market outside of our business unit. (R) ’ ' ' ’
Technology-sensing capability
We are often the first in our industry to detect
technological developments that may potentially 3.897 3.412 4.088 3.794

) (1.372) (1.520) (1.815) (1.600)
affect our business.
We actively seek information on technological 5.966 5147 5206 5412
changes in the environment that are likely to ) ' ' ’
affect our business. (.944) (1.480) (1.452) (1.367)
We are often slow to detect changes in 4.483 4.824 4.294 4.536
technologies that might affect our business. (R) (1.661) (1.507) (1.643) (1.601)
We periodically review the likely affect of changes 5.207 4.941 4.206 4.763

in technology on our business. (1.320) (1.301) (1.533) (1.442)
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Appendix 1: Descriptive statistics (continued)

Mean
(S.D.)

Business unit

Constructs and items or ci® (ol Overall®

Technology-response capability

We generally respond very quickly to 4.931 4.000 4.471 4.443
technological changes in the environment. (1.361) (1.498) (1.461) (1.479)
This business unit lags behind the industry in 5.897 4.618 5.061 5.155
responding to new technologies. (R) (1.235) (1.652) (1.594) (1.590)
For one reason or another, we are slow to 5.517 4.618 4.971 5.010
respond to new technologies. (R) (1.479) (1.633) (1.487) (1.565)
We tend to resist new technologies that cause our 5.214 4.000 4.676 4.600
current investments to lose value. (R) (1.544) (1.651) (1.571) (1.651)

Organizational risk taking

When a person tries something new and fails it, it

5.185 5.000 5.647 5.282

will be considered disadvantageous for the
individual's career.® (R) (1.536) (1.518) (1.323) (1.470)
My business unit places high value on taking 5.143 2.618 4.000 3.857
risks, even if there are occasional mistakes. (1.529) (1.393) (1.436) (1.763)
Failure is acceptable in this business unit, if the 5.037 3.618 5.059 4.547
effort on the innovation project was good. (1.210) (1.436) (1.496) (1.542)
In this business unit, risky activities are common 6.143 2.647 3.618 4.032
place. (1.060) (1.300) (1.577) (1.962)
Freedom to express doubts
People |r1 this bu.slness unit are encouragedAttlJA 4.370 3488 4.706 4179
provide information that challenges the feasibility (1.735) (1.760) (1.818) (1.833)
of what is being done to develop an innovation. : : ’ :
| somgtlmes get the feeling that other§ are not 3536 3853 4.500 3.985
speaking up although they harbor serious doubts (2.044) (1.617) (1.581) (1.771)
about the direction being taken. (R) : : ’ :

pinl Quicly being (1.496) (1.724) (1.552) (1.655)
criticized.

Y speaking my going (1.773) (1.572) (1.167) (1.566)

an innovation project. (R)
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Appendix 1: Descriptive statistics (continued)
Mean
(S.D.)
Business unit
Constructs and items or cl® cl,° Overall®
Management support
Management has created an open and innovative
culture for our new product development activities
by...:
= ...recognizing and rewarding entrepreneurshi 4857 3.500 4.235 4.163
-fecognizing g enirep P: (1.156) (1.376) (1.394) (1.418)
= ...actively encouraging employees to submit 5.000 4.000 5.118 4.691
new product ideas. (1.669) (1.326) (1.320) (1.509)
. . L 4.607 4.029 5.265 4.635
...placing a high level of trust in individuals. (1.676) (1.623) (1.378) (1.627)
L - 5.185 3.941 5.206 4.756
...encouraging individuals to take the initiative. (1.390) (1.594 (1.343 (1.556)

Notes: 2N = 29; °N = 34; °N = 34; °N = 97; ®item has been eliminated; all items measured on a 7-point Likert
scale anchored by “strongly disagree” (1) and “strongly agree” (7); (R) = reverse coded item.
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Appendix 2: Local measurement criteria from the overall measurement model

Factor Item

Constructs and items loading reliability Item identified/ applied by

Personality — go-getting (VE = .499; Construct

reliability = .749)

. O'Reilly, Chatman and

Generally,. | am always quick to take advantage of 752 566 Caldwell (1991); Sarros et al.

opportunities. (2005)

I am currently very creative in my work. .709 .503 Amabile et al. (1996)
O'Reilly, Chatman and

| am very results-oriented. .655 429 Caldwell (1991); Sarros et al.
(2005)

Personality — halfhearted (VE = .417; Construct

reliability = .682)

| dz? no felel comlfortable in situations that require 644 415 own

taking quick actions.
O'Reilly, Chatman and

| never take individual responsibility. item deleted® Caldwell (1991); Sarros et al.
(2005)

Overall, | am very risk-averse. .698 487 Own

| e.im one of fhose people that are easily put up 502 350 own

with something.

Intrinsic motivation (VE = .553; Construct

reliability = .787)

| feel happiness and satisfaction in my work. 764 .584 Sundgren et al. (2005)

| am motivated by challenges in my work. .683 466 Sundgren et al. (2005)

| feel positive involvement in my work. .780 .608 Sundgren et al. (2005)

Extrinsic motivation (VE = 1.00; Construct

reliability = 1.00)

lam mo_tlv_ated_ by sala_ry a_nd attractive career 1.000 1.000 Sundgren et al. (2005)

paths within this organization.

I am motlvated by getting acknowledgement for item deleted® Sundgren et al. (2005)

creative work.

| am motivated because my business unit

supports the development of my professional item deleted? own

skills by providing professional trainings, job
rotations, etc.
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Appendix 2: Local measurement criteria from the overall measurement model
(continued)

Factor Item
Constructs and items loading reliability Item identified/ applied by

NIH syndrome - degree of trust in one’s own
technological competence (VE = .464;
Construct reliability = .811)

We lrather fie.velop a technology on our own than 730 533 Mehrwald (1999)
buying a pig in a poke.

We rather develop a technology on our own than
being dependent on the technology provider's
cooperation in order to understand the external

technology.

.710 .504 Mehrwald (1999)

Even without using external technology, we can

h .534 .285 Mehrwald (1999)
achieve market success.

External technology sourcing is less attractive to
our business unit, because we would run the risk
of disclosing our technological knowledge during
the cooperation with a technology provider.

.745 .555 Mehrwald (1999)

Using external technology is an important
alternative for technology sourcing within this .667 445 Mehrwald (1999)
business unit. (R)

NIH syndrome - impact of external technology
on competitiveness (VE = .560; Construct
reliability = .714)

In order to sustain our competitive position,
relevant technologies for this business unit must .841 707 Mehrwald (1999)
not be sourced externally.

We would weaken our competitive position, if we

) ) .642 412 Mehrwald (1999)
sourced important technologies externally.

Technologies, that are relevant for our business
unit, cannot be developed in a similar effective item deleted® Mehrwald (1999)
and efficient way by any other company.

NIH syndrome - estimation of management’s
preferences for external technology sourcing
(VE = 1.00; Construct reliability = 1.00)

It seems that management prefers internal

. . Mehrwald (1999
technology development. 1.000 1.000 ehrwald ( )

Management urges us to search for and to utilize

item deleted® Mehrwald (1
external technologies. (R) tem delete ehrwald (1999)
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Appendix 2: Local measurement criteria from the overall measurement model

(continued)
Factor Item
Constructs and items loading reliability Item identified/ applied by
NSH syndrome - fear of losing control over
technology (VE = .441; Construct reliability =
.609)
We would run the risk to lose control over our 738 545 own

technology, if we licensed it to third parties.

Our innovations should be brought to market
rather through our business unit than through .581 .338 Own
licenses, alliances etc.

We should have exclusive rights to use a

item deleted® Oown
technology.

Our technologies should be marketed exclusively

item deleted® Own
via our existing distribution channels.

NSH syndrome - estimation of management’s

preferences for external technology

commercialization (VE = 1.00; Construct

reliability = 1.00)

Using external pathways to market is an important

alternative for technology commercialization 1.000 1.000 Own
within this business unit. (R)

Management insists on the internal use of

) item deleted® Oown
technologies.

If we decide not to use a technology internally,
management urges us to search for pathways to item deleted® Own
market outside of our business unit. (R)

Technology-sensing capability (VE = .419;
Construct reliability = .742)

We are often the first in our industry to detect
technological developments that may potentially 701 491
affect our business.

Srinivasan, Lilien and
Rangaswamy (2002)

We actively seek information on technological
changes in the environment that are likely to .627 .393
affect our business.

Srinivasan, Lilien and
Rangaswamy (2002)

We are often slow to detect changes in 681 464 Srinivasan, Lilien and
technologies that might affect our business. (R) ’ ! Rangaswamy (2002)

We periodically review the likely affect of changes 574 329 Srinivasan, Lilien and
in technology on our business. ’ : Rangaswamy (2002)
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Appendix 2: Local measurement criteria from the overall measurement model

(continued)
Factor Item

Constructs and items loading reliability Item identified/ applied by
Technology-response capability (VE = .547;
Construct reliability = .821)
We generally respond very quickly to 863 745 Srinivasan, Lilien and
technological changes in the environment. ’ : Rangaswamy (2002)
This business unit lags behind the industry in 757 573 Srinivasan, Lilien and
responding to new technologies. (R) ' : Rangaswamy (2002)
For one reason or another, we are slow to 822 676 Srinivasan, Lilien and
respond to new technologies. (R) ’ : Rangaswamy (2002)
We tend to resist new technologies that cause our 441 194 Srinivasan, Lilien and

current investments to lose value. (R)

Organizational risk taking (VE = .531; Construct
reliability = .769)

When a person tries something new and fails it, it
will be considered disadvantageous for the
individual's career. (R)

My business unit places high value on taking
risks, even if there are occasional mistakes.

Failure is acceptable in this business unit, if the
effort on the innovation project was good.

In this business unit, risky activities are common
place.

Freedom to express doubts (VE = .411;
Construct reliability = .731)

People in this business unit are encouraged to
provide information that challenges the feasibility
of what is being done to develop an innovation.

| sometimes get the feeling that others are not
speaking up although they harbor serious doubts
about the direction being taken. (R)

People in this business unit can express different
opinions and ideas without quickly being
criticized.

Sometimes, | feel pressured not to “rock the boat”
by speaking my mind about what's going on with
an innovation project. (R)

item deleted®

.726 527
.852 726
.584 341
.654 428
.538 .289
.783 .613
.559 312

Rangaswamy (2002)

van de Ven and Chu (1989)

van de Ven and Chu (1989);
Calantone, Garcia and Droge
(2003)

Amabile et al. (1996)

Calantone, Garcia and Droge
(2003)

van de Ven and Chu (1989)

van de Ven and Chu (1989)

Ekvall (1996); Amabile et al.
(1996); Sundgren et al. (2005)

van de Ven and Chu (1989)
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Appendix 2: Local measurement criteria from the overall measurement model

(continued)
Factor Item
Constructs and items loading reliability Item identified/ applied by
Management support (VE = .691; Construct
reliability = .899)
Management has created an open and innovative
culture for our new product development activities
by...:
= ...recognizing and rewarding entrepreneurship. 782 612 ?zeog‘r‘(;ntam and Kleinschmidt
= ...actively encouraging employees to submit 775 601 de Brentani and Kleinschmidt
new product ideas. ’ ! (2004); Amabile (1996)
= ...placing a high level of trust in individuals. .843 71 van de Ven and Chu (1989)
= ...encouraging individuals to take the initiative. 917 .841 van de Ven and Chu (1989)

Notes: All items measured on 7-point Likert scale anchored by “strongly disagree” (1) and “strongly agree”
(7); °For details see section 5.2.5; (R) = reverse coded item.
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Appendix 4: Shapiro-Wilk test (test of normal distribution)

Business unit

ol Clh Cl
Construct Statistic Sig. Statistic Sig. Statistic Sig.
Personality — go-getting .967 488 948 107 .966 .362
Personality — halfhearted .949 A77 .916 .013 .950 125
Intrinsic motivation .948 162 .891 .003 .921 .017
Extrinsic motivation .875 .003 910 .008 .835 .000
NIH’syndrome - deg_ree of trust in 929 052 973 555 967 388
one’s own technological competence

NIH syndrome — impact of external 904 012 953 147 956 192

technology on competitiveness

NIH syndrome — estimation of the
management’s preferences for .842 .001 937 .049 .931 .035
external technology sourcing

NSH syndrome — fear of losing control

973 .656 .935 .042 .961 .265
over technology

NSH syndrome — estimation of the
management’s preferences for .890 .006 .841 .000 .935 .043
external technology commercialization

Technology-sensing capability 977 770 .967 373 .981 914
Technology-response capability .908 .015 .965 .347 .948 110
Organizational risk taking 929 .051 .964 .323 .965 .348
Freedom to express doubts 917 .026 975 .627 .957 .205
Management support .796 .000 .949 112 978 712

Note: If Shapiro-Wilk test is significant, the assumption of normal distribution is not tenable.
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Appendix 5: Levene test (test of homogeneity of variances)

Construct Levene statistic Significance
Personality — go-getting 3.925 .023
Personality — halfhearted 5.247 .007
Intrinsic motivation 2.727 .071
Extrinsic motivation 6.529 .002
NIH syndrlome — degree of trust in one’s own 473 625
technological competence
NIH syr?c_lrome — impact of external technology on 1.439 249
competitiveness
NIH syndrome — estimation of the management's

. .639 .530
preferences for external technology sourcing
NSH syndrome — fear of losing control over 233 703
technology
NSH syndrome — estimation of the management’s
preferences for external technology 769 466
commercialization
Technology-sensing capability 1.467 236
Technology-response capability 1.567 214
Organizational risk taking 1.201 .306
Freedom to express doubts .611 .545
Management support 467 .628

Note: If the Levene statistic is significant, the assumption of homogeneity of variances is not tenable.
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Appendix 6: SPSS syntaxes for test of homogeneity of regression slopes/ planes

SPSS syntax for test of homogeneity of regression slopes (single covariate):

MANOVA

Dependent variable BY Business unit(1,3) WITH Covariate
/PRINT=PMEANS/

/ANALYSIS= Dependent variable
/DESIGN Covariate Business unit Covariate BY Business unit.

SPSS syntax for test of homogeneity of regression planes (two covariates):

MANOVA

Dependent variable BY Business unit(1,3) WITH Covariate 1 Covariate 2
/PRINT=PMEANS/
/ANALYSIS= Dependent variable

/DESIGN Covariate 1 + Covariate 2, Business unit, Covariate 1 BY Business unit +
Covariate 2 BY Business unit.
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Appendix 7: Test of homogeneity of regression slopes/ planes

Covariates
Personality —
go-getting
Personality — +

go-getting Job satisfaction job satisfaction
Construct Statistic Sig. Statistic Sig. Statistic Sig.

Intrinsic motivation 15 .860 B > - >
Extrinsic motivation - - - - 1.36 .256

NIH syndrome — degree of trust in 167 195 b b b b

one’s own technological competence

NIH syndrome — estimation of the
management’s preferences for 4.08 .020 B L L L
external technology sourcing

NSH syndrome — estimation of the

management's preferences for 1.24 294 - > - >
external technology commercialization

Technology-sensing capability -2 -2 2 -2 72 582
Technology-response capability 15 864 E > > >
Organizational risk taking 2 -2 B -2 19 .944
Freedom to express doubts 2 2 2 2 1.77 143
Management support -2 -2 B -2 2.62 .040

Notes: In order to test for homogeneity of regression slopes (one covariate, i.e. ‘personality — go-getting’ or ‘job
satisfaction’), an effect involving the interaction of that covariate with the factor (‘type of business unit’) has been
set up on SPSS (see Appendix 6 for SPSS syntax). If this effect is significant, the assumption is not tenable. In
case of two covariates (‘personality — go-getting’ and ‘job satisfaction’), the test needs to assess homogeneity of
regression planes. Since there are two interaction effects (one for each covariate), both effects are lumped
together (see Appendix 6 for SPSS syntax). If the combined interaction is significant, the assumption is not
tenable. See Stevens (2002), p. 355.

“Not calculated because both covariates are used in analyses. Therefore, test for homogeneity of regression
planes is required; "Not calculated because only ‘personality — go-getting’ is used as covariate. Therefore, only
test of homogeneity of regression slopes for that variable is required. “Not calculated because only ‘job
satisfaction’ is used as covariate. Therefore, only test of homogeneity of regression slopes for that variable is
required.
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