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PREFACE 

When I started the undergraduate program in Business Administration at Tilburg 

University over a decade ago, my foreseeable future was pretty certain: learn as much as 

possible and obtain a degree in about four years of studying in order to start a successful 

career. Back then, I did not even consider starting a career as an academic. Fast forward to 

now, it appears that I have deviated slightly from the original plan, and this dissertation is the 

result of my work as a doctoral student at Tilburg University.  

Not unlike a triathlon, writing this dissertation has been a versatile, challenging, but also 

very rewarding journey. When you start, you know that hard work is necessary to reach the 

finish line, yet you do not know exactly what the race will be like. Another similarity 

between racing a triathlon and writing a dissertation is that you cannot make it to the finish 

line all by yourself. Whether by helping in preparation, guidance, or support, the help of 

others is indispensable. Therefore, I am very thankful to everyone who has helped me 

completing my dissertation. 

First and foremost, I would like to thank my advisor, Xavier Martin. Xavier, you have 

shaped me as scholar. I admire your rigor, high standards, as well as your vast knowledge of 

both theory and methodology. Your way of thinking has had a very profound impact on my 

personal development and the development of the chapters in this dissertation. Furthermore, I 

would like to thank you for being supportive and understanding at those times when it was 

difficult or even not possible for me to focus at doing research. It has been an honor to work 

with you, and I hope to continue to do so in the future. 

I would also like to thank my dissertation committee for spending their time and effort on 

providing invaluable feedback on this dissertation. I am very fortunate in having such 

outstanding scholars on my committee. Niels Noorderhaven, you introduced me to the world 

of qualitative research by inviting me to join one of your research projects. Even though this 

dissertation largely relies on quantitative analyses, the experience that I gained during that 

project has been indispensable for the fieldwork in support of this thesis. Moreover, I greatly 

enjoyed our talks during our visit to Kyoto. Geert Duysters, I am impressed by your 

knowledge of the innovation literature. Furthermore, I am very grateful for your professional 

advice. Elena Golovko, thank you for providing very detailed feedback on my work. Your 

knowledge of advanced methodologies and their use in the innovation literature inspires me, 

and has greatly improved my dissertation. As for the external committee members – Joe 

Lampel and Wolfgang Sofka – thank you for taking the time to come to Tilburg for me. Joe, 
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your work on creative industries has helped me in understanding and approaching the video 

game industry. I felt very privileged when you agreed to serve on my committee. Wolfgang, 

your knowledge of the Community Innovation Survey and the search literature resulted in 

excellent ideas for writing and revising this thesis. Moreover, I would like to thank you for 

the always pleasant and insightful talks we had about work and life. Thanks for your support 

when times were rough. 

I am very grateful for the support I received from the Center of Innovation Research at 

Tilburg University. Martyna Janowicz, Xavier Martin, Marius Meeus, Niels Noorderhaven, 

and Leon Oerlemans, thank you for setting up and managing an excellent platform for 

discussion and interaction between innovation scholars. 

Part of this dissertation stems from a research project in the video game industry. Many 

people have helped me in approaching, understanding, and studying this industry. In 

particular, I would like to thank the following people: Olivier Dauba, John van den Elst, 

Richard Haans, Frank Peters, and Joost Rietveld. 

Besides the internal members of my committee, more people at Tilburg University have 

had a major impact on my academic development. Harry Barkema, thank you for inspiring 

and persuading me to do a research master after you supervised my first master thesis. 

Furthermore, my sincere thanks go out to Jean-François Hennart, Hans Pennings, Zi-Lin He, 

and Inge Geyskens for the excellent training I received during my research master. 

In addition, I would like to thank all past and current department members of the 

Department of Organization and Strategy at Tilburg University. Thank you for your interest 

in me and my work. Daniela Blettner, Daniela Defazio, Eric Dooms, Marco Furlotti, Kim van 

Geijn, Marjan Groen, Job de Haan, Stijn van den Hoogen, Astrid Kramer, Jeroen Kuilman, 

Cindy Kuijpers, Bert Meijboom, Louis Mulotte, Fons Naus, Aswin van Oijen, Tal Simons, 

James Small, Adam Tatarynowicz, Karin Thomas, Alma Timmers, Bart Vos and Zheying 

Wu, thank you for the nice talks about research, teaching, and life in general. Marloes 

Röthengatter, thanks for your drive in creating a nice atmosphere at work, whether through 

organizing walks at lunch or social events for the department. Finally, I would like to thank 

the secretaries and administrators Nienke, Angelique, Nancy, Heidi, Scarlett, Ank, and Aafke 

for their excellent assistance. 

My experience as a Ph.D. student would not have been the same without my former fellow 

Ph.D. students. Joeri, Korcan, Linda, Mieneke, Miranda, Youtha, and Zhengyu, thank you for 

the nice chats we had about almost everything a Ph.D. student encounters. Jean-Malik, thanks 

for sharing your insightful ideas about research and company politics in our always pleasant 
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and lively discussions. David, we became good friends during the time we jointly spent at 

Tilburg University. I admire (and enjoy) your competitiveness and drive to succeed, and I am 

truly honored that you will be my paranymph. Aukje, we have shared our office for almost 

our entire time as Ph.D. students. I simply could not have wished for a better and nicer 

officemate during this period. Specifically, I would like to thank you for making our office 

such an enjoyable and good place to work, and for all your practical and personal advice. I 

am happy that we currently are colleagues again in Eindhoven. 

My other current colleagues at the Innovation, Technology Entrepreneurship and 

Marketing Group at TU/e also deserve my gratitude for their support. Specifically, I would 

like to thank Bianca van Broeckhoven, Marion van den Heuvel, and Bob Walrave for making 

me feel welcome the minute I joined the team. Furthermore, I would like to thank Fred 

Langerak for his flexibility in the final writing stages of this dissertation. 

I also need to thank my friends from outside the world of academia for supporting me and 

offering pleasant distractions from work, although I also need to apologize for being stuck 

behind my computer for most of my time. In particular, I would like to thank Thijs van 

Blitterswijk for the nice, interesting, and challenging talks, which often took place in the train 

between ‘s-Hertogenbosch and Tilburg. I am very glad and honored that you will be my 

paranymph. 

My family-in-law has also been of great support. Anke, Robin, Corrie, and Fred, your 

continuous support and interest in me and my work, even in times when it is not obvious at 

all to think of others, is something that I am very grateful for. 

Finally, I am fortunate to be surrounded by a great family. Thank you for your support and 

interest in me. It means more to me than I can express in words, yet I try to do so anyway. 

Lotje and Lenneke, thank you for always being there for me. Mom and dad, thanks for 

providing me the love, support, freedom, inspiration, and opportunities that helped me 

become who I am. Dad, although I already have always been very proud of you, you make 

me prouder each day. Thank you for your love and support during my entire life, but 

especially during this very tough last year. Mom, thank you for giving me some of your 

doorzettingsvermogen, which would translate best as a mix of persistence, stubbornness, and 

the German word Ausdauer. Thank you for the 30 wonderful years we spent together. I will 

never stop admiring you. Last but not least, I would like to thank my wife Renée for her 

unconditional support. Your endless love is the key ingredient for everything good that I do. 

Thank you. 
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CHAPTER 1: 

 

GENERAL INTRODUCTION 
 

The quote ‘Nothing endures but change’ is ascribed to Heraclitus of Ephesus, a Greek 

philosopher who lived around 500 BCE. Indeed, much has changed and little has endured 

since Heraclitus’ quote. People, firms, and organizations contribute to this change through 

innovations (Damanpour, 1991). People’s lives are influenced daily by changes caused by 

innovations, and innovations have made complete markets emerged and disappear, 

sometimes even in a relatively short time span. As such, innovation continues to have a both 

deep and broad impact on our societies and economies (Furman, Porter, & Stern, 2002; 

Nelson & Winter, 1982; Solow, 1957). 

From a firm-level perspective, innovation is at the core of the dynamic capabilities of 

firms, and it is essential for gaining and sustaining competitive advantage (Brown & 

Eisenhardt, 1995; Teece & Pisano, 1994). Moreover, innovation plays a key role in the 

survival of firms (Banbury & Mitchell, 1995; Cefis & Marsili, 2005; Schumpeter, 1942). 

Therefore, it is not surprising that scholars from many different disciplines have frequently 

addressed and continue to address innovation as an interesting subject of study. As an 

illustration of the size of the field, a recent review of handbook surveys of innovation studies 

estimates that several thousand academics are currently researching innovation related issues 

(Fagerberg, Fosaas, & Sapprasert, 2012). 

Perhaps the largest precursors of this flow of innovation studies are the seminal works of 

the economist Joseph Schumpeter (1934, 1939, 1942). Since his contributions, many aspects 

of the innovation process and its impact have been the locus of attention (Fagerberg et al., 

2012). This introductory chapter firstly provides a brief review of this innovation literature, 

with a focus on recent developments in the specific fields that are central in this dissertation: 

the use and search of externally developed knowledge. This review is followed by the 

overarching topic of this dissertation. Next, the research questions that are addressed in the 

remainder of this dissertation are introduced. This chapter concludes by outlining the 

structure of the dissertation by highlighting the set-up and key findings per chapter. 
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CONCEPTS OF INNOVATION 

To start our review of the innovation literature, it is useful to firstly assess what is widely 

understood by the term innovation. The term innovation is so commonly used that it is 

seldom defined in nowadays’ research. Perhaps resulting from this, there is not one 

universally accepted definition of innovation. Yet, many of the scholars who do define 

innovation use definitions that have some overlap. For example, a study to the definitions of 

innovation shows that in 60 definitions the word ‘new’ is used 76 times (Baregheh, Rowley, 

& Sambrook, 2009). Other frequently used words are ‘product’, ‘organization’, and ‘idea’. 

Moreover, the same scholars find that most of the definitions are tailored to the specific 

setting of the study, as many definitions contain attributes referring to the type, aim, or means 

of innovation and the social context of the study. 

The interpretation of innovation throughout this dissertation is best captured by the 

definition that is used in a large scale survey series on innovation: the Community Innovation 

Survey (CIS). In the handbook for constructing these innovation surveys in over 30 countries, 

the following definition is used: “An innovation is the implementation of a new or 

significantly improved product (good or service), or process, a new marketing method, or a 

new organizational method in business practices, workplace organization or external 

relations” (OECD & Eurostat, 2005, p. 46). Three elements of this definition deserve special 

attention. Firstly, the word implementation is essential in distinguishing between what 

constitutes an innovation and what constitutes an invention. An innovation is an invention – a 

novel idea – that has been implemented or commercialized (Roberts, 2007). Secondly, this 

definition acknowledges that both something new and something significantly improved can 

be an innovation, as opposed to only something that is totally new. Thus, innovations can 

vary in newness. Thirdly, this definition takes into account that innovations do not only occur 

at the product or process level. Although the following chapters focus on product innovation 

and inputs therein, it is important to note that innovation also occurs throughout other levels 

of the organization (van de Ven & Poole, 1995). 

The latter two of the highlighted elements represent two commonly applied dimensions for 

classifying innovation: innovation newness and innovation type. In the following paragraphs 

we further elaborate on these and other dimensions of innovation. Furthermore, we review 

the current state of some of the components of the innovation literature, with a focus on the 

components that are of interest in the later chapters of this dissertation. 
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Innovation types 

In the innovation literature, innovation is often classified or demarcated by the type of its 

output or, put differently, by what is innovated. Schumpeter distinguished between five 

different types of innovation: new products, new methods of production, new sources of 

supply, exploitation of new markets, and new ways to organize business (1934, p. 66). Four 

of these types are still frequently used in the current literature, albeit under somewhat 

different labels: product (and service) innovations, process or production innovations, 

organizational or administrative innovations, and marketing innovations (Fagerberg, 2006; 

OECD & Eurostat, 2005). Just as the output of these types is different, its facilitators and 

processes differ. Therefore, many studies address only one innovation type in isolation. 

However, these innovation types are found to be interdependent in many circumstances, as 

for example product innovations can lead to process innovation or vice versa (Utterback & 

Abernathy, 1975), or pro-activeness in marketing spurs product innovations (Zhou, Yim, & 

Tse, 2005). 

As mentioned earlier, in this dissertation we focus mainly on product innovations. A 

product innovation is the implementation of a new or significantly improved product. 

Although we do acknowledge the importance of other types of innovations and 

interdependencies between these innovation types, we choose to simultaneously reduce the 

variance in our studies and enhance the focus of our reasoning by selecting only product 

innovations. 

Innovation newness 

Newness of the innovation, or innovativeness as it is sometimes labeled, is another 

frequently used dimension for classifying innovations. Perhaps the most well-known 

classification of innovations is based on how incremental versus radical an innovation is 

compared to the existing state (Ettlie, Bridges, & O'Keefe, 1984; Garcia & Calantone, 2002; 

Gatignon, Tushman, Smith, & Anderson, 2002; Knight, 1967). Innovations are labeled 

incremental or marginal if there is little change to the existing state. For product innovations, 

innovations that are incremental improve the price/performance frontier at a pace that is 

consistent with the current technical trajectory (Gatignon et al., 2002). Radical product 

innovations, on the other hand, improve the price/performance frontier of a product at a much 

faster pace than would be expected by the existing progress, which often results in a new 

market infrastructure (Garcia & Calantone, 2002; Gatignon et al., 2002). A radical innovation 

often interrupts relatively long periods of incremental change and spurs a period of intense 
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technical variation and selection (Abernathy & Utterback, 1978; Tushman & Anderson, 

1986). This period is followed by another relatively long period of incremental change until 

the next breakthrough occurs, similar to the punctuated equilibrium theory in biology 

(Anderson & Tushman, 1990). As such, incremental innovations are far more frequent than 

radical innovations (Ettlie et al., 1984). Furthermore, the empirical evidence in the literature 

demonstrates that more radical innovations are riskier (with corresponding returns) than more 

incremental innovations (Gatignon et al., 2002). Although radical innovations are mostly 

ascribed to new entrants in an industry and are generally believed to lead incumbents into 

decline, recent research shows that incumbent firms possessing the right characteristics are 

capable of surviving and even creating such impactful innovations (Hill & Rothaermel, 2003; 

Rothaermel & Hill, 2005; Tripsas, 1997). 

Other scales to assess the newness of innovations are used in the literature as well. For 

example, some scales assess to whom the innovation is new. An often applied distinction is 

that between innovations that are new to the market and innovations that are new to the 

innovating firm only (Aschhoff & Sofka, 2009; Laursen & Salter, 2006). Furthermore, other 

gradations of newness are used as well, such as new to the world, or new to the country 

(Arvanitis & Hollenstein, 1994). This measure shows whether the innovating firm is a 

pioneer or a follower and relative to whom. 

These two measures of innovativeness are not perfectly correlated. Although it is unlikely 

that an innovation that is new to the innovating firm but not to the market improves the 

product/quality frontier faster than expected, an innovation that is new to the market or new 

to the world does not necessarily have that effect either. Put differently, most radical 

innovations are new to the world or new to the market, but only few innovations that are new 

to the world or new to the market are radical. 

Other influential classifications of innovation 

Aside from classifying innovations by type and innovativeness, two other influential 

approaches to classify innovations have emerged in the literature. First, Tushman and 

Anderson distinguished between competence-enhancing and competence-destroying 

innovations (1986). Competence-enhancing innovation reinforces and builds on the current 

know-how, skills, and competencies, whereas competence-destroying innovations overturns 

and makes the existing know-how, skills, and competencies obsolete (Gatignon et al., 2002; 

Tushman & Anderson, 1986). Whether an innovation is competence enhancing or destructing 
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is dependent on the firm’s characteristics and its innovation history (Gatignon et al., 2002), 

and thus may differ per firm. 

Building on work by Abernathy and Clark (1985), Henderson and Clark proposed a two-

dimensional framework of component changes and architectural changes (1990). 

Specifically, this framework distinguishes between how much an innovation affects product 

components (physically distinct portions of a product that embody a core design concept) and 

the architecture or linkages between components. They assess whether the competences or 

knowledge of the firm are reinforced or overturned, similar to Tushman and Anderson 

(1986), but in this framework the assessment is made at the product component and the 

architecture level (labeled component knowledge and architectural knowledge, respectively 

(Henderson & Clark, 1990; Henderson & Cockburn, 1994)). As such, the resulting two-by-

two matrix allows for a more modular classification of innovation. 

Mapping the approach by Tushman and Anderson and the approach by Henderson and 

Clark onto the earlier discussed innovation typology by output, these approaches were 

originally developed with product innovations in mind. However, the competence-enhancing 

versus competence-destroying distinction in particular can easily be applied to process, 

organizational, or marketing innovations as well. For example, the rise of the Internet and its 

advertising opportunities spurred marketing innovations that required totally new 

competencies, know-how and skills. It is harder to apply the component/architectural change 

framework to other innovation types. Yet, if components are thought of as distinct portions of 

a process, organization, or marketing strategy that embody a core concept rather than 

physically distinct portions, then both component and architectural changes can be observed 

in processes, organizations, and marketing methods. As such, both methods seem to be 

compatible with all the discussed types of innovations. 

Mapping innovativeness or newness onto these methods, however, shows a distinction 

between them. The competence-enhancing versus competence-destroying dimension is 

independent from how incremental or radical an innovation is (Gatignon et al., 2002). Since 

the competence enhancement or destruction is dependent upon a firm’s innovation 

characteristics, the very same innovation can be competence enhancing for one firm, yet 

destructive for the competences of another firm. However, it is quite rare that an incremental 

innovation causes destruction of the existing competencies, know-how, and skills of a firm. 

For the component/architectural change framework, there is a stronger connection to the 

incremental/radical dimension. In fact, it is even integrated in the framework, with 

innovations in the low/low quadrant being incremental, and innovations in the high/high 
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quadrant being radical. The innovations at the off-diagonal are called ‘modular innovation’ 

for high component changes but low changes in the architecture, and ‘architectural 

innovations’ for low component changes but high changes in the architecture (Henderson & 

Clark, 1990). 

Summarizing this review, different types of innovation can be identified: product 

innovations, process innovations, organizational innovations, and marketing innovations. In 

this dissertation, the focus is on product innovations. The impact of an innovation and its 

newness are distinct but related concepts. Two common approaches to assess the newness of 

innovation have been identified: The first approach is assessing how incremental versus 

radical an innovation is. The second approach is to assess to whom the innovation is new, 

where higher levels of aggregation indicate newer innovations. Also two approaches to assess 

the impact of innovation have been identified: An approach to assess whether an innovation 

is competence enhancing or destroying, and an approach to assess the changes at a 

component and an architecture level. Whereas newness of an innovation can be assessed at 

the moment the innovation is released, it takes more time to assess the true impact of an 

innovation. In this dissertation, we use the dimension of newness that assesses to whom the 

innovation is new (Chapter 2). Our assessment of the impact of innovation is more geared 

towards the short term impact (as opposed to the more long term perspectives in the 

approaches described above). We assess the impact of product innovations by studying the 

performance of new products (Chapter 3). 

RECENT DEVELOPMENTS IN THE INNOVATION LITERATURE ON THE USE OF AND SEARCH 

FOR EXTERNAL KNOWLEDGE 

Having discussed the different types of innovation and the most influential dimensions 

along which innovation is assessed, we now turn to a review of recent developments in the 

innovation literature. This review is only a selection of current topics in the innovation 

literature. Providing a comprehensive overview of the innovation literature and its current 

developments is beyond the scope of this chapter and the dissertation as a whole, as entire 

handbooks can be written on innovation (e.g. Fagerberg, Mowery, & Nelson, 2006; Hage & 

Meeus, 2006; Shavinina, 2003). Therefore, we focus on the recent developments on the 

topics that are central in this dissertation: the use of and search for external knowledge in 

innovation. 
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External knowledge use in innovation 

According to various theories of the firm, such as the resource based view (Barney, 1991; 

Wernerfelt, 1984), knowledge based view (Grant, 1996a, b; Kogut & Zander, 1992), and the 

dynamic capabilities theory (Teece & Pisano, 1994; Teece, Pisano, & Shuen, 1997; Zollo & 

Winter, 2002), knowledge is an important source for competitive advantage. Applied to the 

topic of interest in this dissertation, knowledge is considered the vital source of the creation 

and sustenance of innovation (Leonard-Barton, 1995). 

Firms can be characterized as consisting of knowledge domains and product domains 

(Grant, 1996b; Grant & Baden Fuller, 2004). Firms strive for congruence between these 

domains as it allows for efficient utilization of knowledge (Grant, 1996b). In that case, the 

knowledge of the firm is fully deployed in its products, and all knowledge that is required for 

the products is available within the firm. However, in the case of product innovation, an (at 

least temporary) incongruence exists between these domains. Nonaka states that this 

incongruence can be bridged or reduced by knowledge creation by the firm itself, “Innovation 

can better be understood as a process in which the organization creates and defines problems 

and then actively develops new knowledge to solve them” (1994, p.14). The most well-known 

and documented form of such internal knowledge creation in an innovation context is 

research and development (R&D) (Nelson, 1982). The role of R&D in innovation has been 

described in great detail (e.g. Dosi, 1982; Nelson & Winter, 1982). Furthermore, R&D is 

known to be a significant contributor to innovative output in many empirical settings (e.g. 

Laursen & Salter, 2006; Leiponen & Helfat, 2010). Aside from formal R&D, firms can create 

internal knowledge that leads to innovation by performing other activities, for example 

through designing products, using advanced manufacturing technologies, and training 

personnel (Santamaría, Nieto, & Barge-Gil, 2009). These internal methods of knowledge 

creation are path-dependent: the efforts in the past determine the pace and direction of the 

future efforts (Cohen & Levinthal, 1994; Coombs & Hull, 1998; Dosi, 1988; Nelson & 

Winter, 1982). 

However, sometimes the gap or incongruence between the knowledge domain and the 

product domain cannot be bridged by the firm by relying solely on the knowledge it created 

or can create internally: a capability gap has emerged (Capron & Mitchell, 2009; Leonard-

Barton, 1995). Three major causes for capability gaps have been identified in the literature: a 

deliberate strategy or policy of firms to lessen internal research, sizable advances or 

discontinuities in a given technology (competence destruction), and newly identified 

opportunities for technology fusion or combination (Leonard-Barton, 1995). When firms are 
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confronted with capability gaps, they need to tap into complementary external sources of 

knowledge. Recent developments amplify the causes leading to capability gaps, with many 

firms cutting back on (basic) research expenditures in these recessionary times (Czarnitzki, 

Hottenrott, & Thorwarth, 2011; Krugman, 2010). Furthermore, firms face expanding 

knowledge frontiers, implying that it becomes harder and harder for firms to be on the 

leading edge of multiple knowledge domains, forcing them to specialize (Jones, 2009). This, 

in turn, implies that it becomes less likely that firms can use  solely internally developed 

technologies to innovate. Therefore, the use of externally developed knowledge in innovation 

is common practice, and the amount of its use is even expected to increase (Chesbrough, 

2003). 

Yet, sometimes the existence or absence of a capability gap is not sufficient to explain the 

use of external knowledge (or the lack thereof). Some managers refrain from using 

knowledge or technologies that has been developed outside the boundaries of the firm. This is 

often referred to as the ‘Not Invented Here syndrome’ (Katz & Allen, 1982). On the other 

hand, some other managers value externally developed knowledge higher than internally 

created knowledge, especially when there is strong internal competition within a firm(Menon 

& Pfeffer, 2003). 

Early work by Utterback (1971) already signaled the potential for “use of existing unused 

technology” in the environment surrounding firms. However, it took relatively long before 

the use of external knowledge (including its antecedents and its effects) was tested 

empirically in the innovation literature. Pisano’s (1990) study of R&D projects in the 

biotechnology industry is one of the first studies to do so, by approaching external knowledge 

sourcing from a transaction cost perspective. A similar make-or-buy approach is used by 

Kurokawa (1997). Based on insights from data obtained through the Belgian CIS, the 

perspective of the literature shifted from internal (make) and external knowledge (buy) being 

regarded as substitutes to strategies that can be pursued simultaneously, i.e. make and buy 

(Veugelers, 1997; Veugelers & Cassiman, 1999). Further research showed that internal and 

external knowledge even are desirable complements (Caloghirou, Kastelli, & Tsakanikas, 

2004; Cassiman & Veugelers, 2006). 

This stream of research stimulated a large number of studies of the various means to 

obtain external knowledge and to the specific sources of external knowledge, with many 

studies being a combination between these two topics. Examples of the methods to attract 

external knowledge include inward market transactions of technologies (Atuahene-Gima, 

1992), various forms of collaboration in R&D (Shan, Walker, & Kogut, 1994), outsourcing, 
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(short or longer term) hiring of people (Creplet, Dupouet, Kern, Mehmanpazir, & Munier, 

2001), venturing (Dushnitsky & Lenox, 2005; Williams & Lee, 2009), acquisitions of 

complete subsidiaries or firms (Karim & Mitchell, 2000; Karim & Mitchell, 2004), and 

receiving spillovers by observation (Leonard-Barton, 1995). Among the sources of external 

knowledge that have been studied are: customers or users (Nambisan, 2002; von Hippel, 

1986; von Hippel, 1978), (technological) consultants (Creplet et al., 2001), suppliers (Clark, 

1989; Wynstra, Van Weele, & Weggemann, 2001), competitors (Cassiman, Di Guardo, & 

Valentini, 2009; Oxley & Sampson, 2004), and public research organizations and universities 

(Bierly, Damanpour, & Santoro, 2009; Lhuillery & Pfister, 2009; Veugelers & Cassiman, 

2005).Combinations of these methods and sources have been studied in various specific 

settings, such as foreign direct investment (Penner-Hahn, 1998), networks of innovation 

(Freeman, 1991; König, Battiston, Napoletano, & Schweitzer, 2011; Powell, Koput, & Smith-

Doerr, 1996; Tsai, 2001), and ecosystems (Adner & Kapoor, 2010). 

Of the means to obtain external knowledge, collaboration in R&D has received the most 

attention in the literature. Collaboration can occur in various forms, ranging from higher 

intensity governance forms such as technology joint ventures to lower intensity governance 

solutions such as non-equity alliances. These two examples of collaboration can be pictured 

as extremes on a hierarchy-market continuum (Oxley, 1997) and have different capacities to 

transfer knowledge (Oxley & Wada, 2009). R&D alliances are more vulnerable to 

opportunism hazards, with knowledge leakage as a threat. However, the work by Sampson 

(2004) shows that R&D alliances can also suffer from too much hierarchy and bureaucratic 

costs, thereby illustrating that governance modes in R&D alliances should be carefully 

aligned with the characteristics of the alliance. Furthermore, empirical results show that even 

cooperation between direct competitors can be successful when the scope of the alliance is 

narrow so that the amount of necessary knowledge sharing is limited (Oxley & Sampson, 

2004). 

There is overwhelming empirical support for the positive effects of R&D collaboration on 

(innovative) performance (e.g. Belderbos, Carree, Diederen, Lokshin, & Veugelers, 2004a; 

Belderbos, Carree, & Lokshin, 2004b; Miotti & Sachwald, 2003), but mostly so if the 

collaboration meets the right criteria. For example, apart from the already mentioned 

importance of having a rightly aligned governance mode, having a large firm participating in 

the collaboration contributes to its success (Lhuillery & Pfister, 2009; Okamuro, 2007). Also, 

the technological diversity between the participating firms should be moderate rather than 

low or high (Sampson, 2007), and dynamic leadership is necessary to cope with the 



Chapter 1 

10 
 

uncertainty of cooperative R&D (Davis & Eisenhardt, 2011). General alliance experience 

also contributes to the performance of the collaboration, whereas specific experience with the 

collaboration partner has a detrimental effect (Hoang & Rothaermel, 2005). 

Search for external knowledge 

An essential process in product innovation is identifying and selecting relevant knowledge 

for solving product development related problems, a term labeled search (Dosi, 1988; 

Hansen, 1999). The solutions to these problems can be found in knowledge from within 

and/or outside the firm (Rosenkopf & Nerkar, 2001; Zhang & Li, 2010). In this dissertation, 

as already mentioned, the focus is on external knowledge. 

Despite the plethora of (sources of) external knowledge, firms still have to direct their 

search for external knowledge (Köhler, Sofka, & Grimpe, 2012). The search literature 

addresses these search activities of firms from two broad perspectives: One perspective is 

how firms search for knowledge, the other perspective is where firms search for knowledge 

(Phelps, 2010). The how perspective corresponds closely to the methods to attract external 

knowledge. Firms can, for example, use alliances as a mechanism for search 

(Carayannopoulos & Auster, 2010; Phelps, 2010; Rosenkopf & Almeida, 2003; Shenkar & 

Li, 1999). Achieving high geographical proximity by clustering close to knowledge sources is 

another mechanism for search (Sorenson, Rivkin, & Fleming, 2006). 

The stream of literature with the where perspective partially consists of studies of the 

sources of external knowledge that were mentioned in the previous section. A set of papers 

has recently studied the simultaneous use of multiple sources (e.g. Laursen & Salter, 2006; 

Leiponen & Helfat, 2010). One of the dimensions that is central to these studies is called 

breadth. The breadth of search indicates how many different sources a firm searches. The 

upside of broad search is that a wider set of options increases the odds for success. Thus firms 

can mitigate the typical uncertainty in innovation processes by using different knowledge 

sources (Leiponen & Helfat, 2010). However, breadth of search also has downsides: Firms 

have difficulties in managing and choosing between the many sources (Iyengar & Lepper, 

2000) and it is increasingly difficult to allocate the required amount of attention to the an 

increasing amount of knowledge available (Koput, 1997; Laursen & Salter, 2006). In fact, 

empirical results show an inversely U-shaped relationship between the number of knowledge 

sources searched and innovative performance (Laursen & Salter, 2006), indicating that there 

is an inversion point in the performance effects of searching more broadly.  
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In addition to the breadth of search, firms decide how much effort is put in searching a 

source, ranging from superficial scanning to thorough examination. The measure of this effort 

has been labeled depth (Laursen & Salter, 2006). Deep or effortful search leads to more 

innovative outcomes because of the better understanding of the source through frequent 

exchange, yet because of the extra resources and attention required firms cannot maintain 

deep search links with too many sources simultaneously (Laursen & Salter, 2006). Therefore, 

only the potentially most valuable sources are searched deeply (Leiponen & Helfat, 2011). 

Although the studies to breadth and depth have resulted in valuable insights to firms’ 

search behavior, the most influential part of the literature that approaches search from the 

where perspective has studied the distance of search or, put differently, whether firms engage 

in local (exploitative) search versus distant (explorative) search (March, 1991; Phelps, 2010). 

Search is labeled local when knowledge from familiar search spaces is used, and, contrarily, 

search is labeled distant when knowledge from unfamiliar search spaces is used(Fleming, 

2001). This entails that local search is relatively close to the existing knowledge base of the 

firm, whereas distant search refers to searching for knowledge relatively far from the 

knowledge base and the current routines of the firm (Katila & Ahuja, 2002). 

These two approaches are quite distinct. Local search is guided by experience and 

cognition (Gavetti & Levinthal, 2000; Gavetti, Levinthal, & Rivkin, 2005), whereas distant 

search is based on experimentation (March, 1991). This makes local search relatively path 

dependent and inert, yet the familiarity with the space searched leads to reliability and 

predictability of its outcomes (Fleming, 2001; Katila, 2002). In distant search, firms face a 

nearly unlimited amount of potential solutions to choose from, but these have highly 

uncertain and variable outcomes (Fleming & Sorenson, 2001). Moreover, distant search is 

hard to conduct and often results in negative outcomes (March, 1991). Therefore, local search 

is often the default option in the search behavior of firms (Fleming & Sorenson, 2004; Martin 

& Mitchell, 1998; Nelson & Winter, 1982; Podolny & Stuart, 1995). Yet, local search may 

not yield enough (distinct) solutions to combine and innovate with (Rosenkopf & Nerkar, 

2001; Rothaermel & Alexandre, 2009). However, local search is self-enforcing and can lead 

to myopic behavior of firms, leading to even more local search, thereby overlooking more 

valuable distant solutions (Laursen, 2012; Levinthal & March, 1993; March, 1991; Sørensen 

& Stuart, 2000). 

Firms thus need to engage in some extent of both local and distant search. Several studies 

have focused on how firms can mitigate the uncertainty and likelihood of failure when 

searching distantly. One approach is crowdsourcing, which can make distant search more 
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local while the beneficial variety of solutions of distant search is retained (Afuah & Tucci, 

2012). Furthermore, engaging in alliances and mobility of people aid in achieving distant 

search (Rosenkopf & Almeida, 2003). 

Ideally, firms should not only be successful in distant search, but balance local and distant 

search (He & Wong, 2004). Firms that are able to successfully pursue local and distant search 

are called ambidextrous (Tushman & O'Reilly, 1996).1 Given that local and distant search 

entail contradictory knowledge processes, it is hard to conduct both simultaneously 

(Lubatkin, Simsek, Ling, & Veiga, 2006; March, 1991; Simsek, 2009). Ambidexterity can be 

achieved through structural antecedents, contextual antecedents, and leadership-based 

antecedents (Raisch & Birkinshaw, 2008). An example of a structural antecedent is the 

organizational separation of the units engaging in local and distant search (He & Wong, 

2004). Instead of structurally separated business units, such separation can also be achieved 

by temporal separation or separation across domains (Lavie, Stettner, & Tushman, 2010). On 

the other hand, combined contextual antecedents such as stretch, discipline, trust, and support 

can facilitate ambidexterity too (Gibson & Birkinshaw, 2004). Finally, leadership-based 

antecedents can also aid firms in achieving the right balance between local and distant search. 

For example, behavioral integration of top management teams (information exchange and 

joint decision making among leaders in a firm) facilitates ambidexterity (Lubatkin et al., 

2006). However, managing the paradoxes that can spring from innovation requires the right 

leadership and management across all levels of the organization(Andriopoulos & Lewis, 

2009). 

Summarizing, there has been great progress in the literature on the search for and use of 

external knowledge. Particularly, the various sources of external knowledge and the means to 

obtain external knowledge have been studied in great detail, with cooperation or alliances 

receiving most attention. Given the focus in the literature on cooperation, we control for 

collaboration in every study in this dissertation. In addition to the studies of obtaining 

knowledge from different sources, the search for external knowledge has received much 

attention. In this literature, most attention has been given to the differences of local versus 

distant search, including many studies of the effects of these approaches. We take the 

important distinction of local versus distant search into account in the fourth chapter.  

                                                
1 In the ambidexterity literature, it is more common to denote the two counterparts by exploitation (local search) 
and exploration (distant search). However, the exploitation-exploration label is used for other dilemmas than the 
knowledge search of interest here, such as the choice between continuing exploiting existing products and 
exploring new opportunities in order to renew the product line-up. Thus, we do not use the terminology of 
exploration and exploitation except when referring specifically to literature that uses these words. 
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RESEARCH QUESTIONS AND OVERVIEW OF THE REMAINING CHAPTERS 

In this dissertation, I present three papers that build on the insights summarized above, 

thereby focusing on previously unexamined issues. Specifically, I aim to contribute to the 

growing work on external knowledge in innovation by providing more detail on the use and 

search of external knowledge.  

As illustrated in the previous section, many aspects in the external knowledge literature 

have been studied. However, despite anecdotal evidence of different uses of external 

knowledge (e.g. Leonard-Barton, 1995), no study has focused on the actual use of external 

knowledge, and how different uses affect the innovative performance of firms. Therefore, the 

first research question that is addresses in this dissertation is What are the performance 

effects of different uses of external knowledge? Here a distinction is made between using 

(external) knowledge “as is” versus transforming it alongside other (internal) knowledge. The 

next research question builds on this theme by taking into account the capabilities of firms 

when assessing the use of external knowledge. Furthermore, instead of focusing on the 

overall innovative performance of the firm, this question addresses the performance of the 

innovative product: How does the knowledge use strategy affect new product development 

performance, and how is this relationship affected by the absorptive capacity of the product 

developer? The last research question aims to refine the search literature. The current 

empirical studies in the search literature infer their recommendations to search strategy by 

studying used external knowledge as a proxy for search. Examples of proxies that have been 

used for search are patent citations (Katila, 2002; Katila & Ahuja, 2002; Miller, Fern, & 

Cardinal, 2007) and information sources used (Laursen & Salter, 2006). Although these cited 

patents or used information sources are the result of search, these studies do not capture the 

search attempts that did not result in using external knowledge. Yet, firms differ in their 

abilities to search and in their search strategies (Laursen, 2012), thus it is implausible to 

assume that success or failure in search is distributed homogeneously across firms. 

Furthermore, to optimize the use and search of external knowledge, it is important to know 

what drives success in search. Therefore, the last research question is: What causes variance 

in the accuracy of search for external knowledge to be incorporated in a firm’s product 

development process? 

Overview of the Chapters 

The next chapter examines the performance implications of three distinct R&D strategies. 

We differentiate between innovations strategies that rely on mostly internally created 
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knowledge, strategies that rely mostly on externally created knowledge, and strategies that 

rely on both internally and externally created knowledge. These strategies are labeled 

internal, replication, and compounding, respectively. In replication strategies, firms use 

external knowledge ‘as is’, whereas in compounding strategies they use external knowledge 

as one building block for their innovation. 

Building on insights from the knowledge based view of the firm, we theorize that a 

strategy of replication leads to significantly fewer substantive innovations than a strategy 

focusing on compounding or internal knowledge. Moreover, we argue that the effects of these 

strategies on innovative performance are affected by two separate contingencies: the 

innovative abilities of the innovating firm and whether or not these firms cooperate in the 

R&D process. We test our hypotheses using data from the fourth wave of the Dutch CIS. In 

total, our dataset consists of 1948 Dutch firms in 21 industries. The results of our analysis 

support our hypotheses: Firms with replications strategies deliver fewer innovations that are 

new to the market (measured as the proportion of the total sales of these firms that consist of 

products that are new to the market) than firms with internal or compounding strategies. 

However, these strategies do not differ in their less innovative output (proportion of sales 

consisting of innovations only new to the firm). Furthermore, the results show that firms with 

less innovative abilities benefit from pursuing a replication strategy, as this enables them to 

achieve innovations that are new to the market. Finally, we find proof that cooperation adds 

to the innovative output of firms with compounding strategies, but not to the innovative 

output of firms with the other innovation strategies. 

In the third chapter we examine external knowledge use at the product level. Based on 

recent advances in the knowledge sourcing and knowledge management literatures, we link 

absorptive capacity and R&D strategies to various new product development performance 

implications, such as product quality, product sales, and whether the intended product release 

deadline was met. We study the modification of internal and external knowledge components 

and suggest a refinement of the recombination concept. In our definition, recombination is 

the substantial modification of internal and external knowledge components, rather than just a 

mere combination of these concepts. We label the absence of such modification replication. 

We hypothesize that replication helps in avoiding delays in the product release date, whereas 

recombination leads to superior product quality and sales. Furthermore, we predict that 

transformation ability positively affects these effects of recombination on product quality and 

sales. 
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The concepts of this third chapter partially overlap with those central to chapter two, with 

the caveat that the concepts in the second chapter are describing the overall innovation 

strategies of firms in a three-year timespan and may refer to the development of multiple 

products. In chapter three though, these concepts are applied at the project level and refer to 

one product development project. The replication concepts in chapter two and three match 

closely. Replication is described in chapter two as third parties’ knowledge that is acquired, 

copied, and used close to ‘as is’. Correspondingly, in the third chapter we deem knowledge 

from third parties more replicated the less it is modified. The overlap between the concepts 

compounding (chapter two) and recombination (chapter three) is smaller than that of the two 

replication concepts. Recombination, the substantive modification of internal and external 

knowledge components, is a form of compounding, using external knowledge as building 

blocks in product development. However, not all compounding is recombination, as 

compounding also occurs when knowledge components are merely combined, without the 

substantive modification. Thus, compounding is a hypernym or proper superset of 

recombination (compounding ⊃ recombination).    

The data that is used in the analyses in the third chapter is gathered through an in-depth 

on-line questionnaire, distributed to technical project leaders in the video game industry 

across the world. Based on the analyses of 82 observations we find proof that recombination 

results in superior product quality and sales, but only if the recombining organization has 

sufficient transformation ability to do so. This finding stresses that recombination can be a 

beneficial strategy, but not unconditionally so. The results do not support our hypothesis on 

the delay in the product release, hinting that project teams are able to properly assess ex-ante 

how much time will be necessary to perform replication and recombination. 

The fourth chapter takes a closer look at the search of external knowledge. The extant 

literature on search has implicitly assumed that the search strategy of firms corresponds 

strictly to the actual found and used of knowledge, and that this correspondence is 

homogeneous across firms. We challenge these assumptions and propose search accuracy as 

the label for the congruence between the search efforts of firms and the knowledge that 

eventually is used by the firm. We further decompose search accuracy into two sub-concepts: 

the congruence between what is searched and found (search-find congruence) and the 

congruence between what is found and used (find-use congruence). As such, we divide 

search into scanning and screening stages. Corresponding to the preceding chapters of this 

dissertation, we examine the distinctions between search, find, and use in the context of 
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product development projects where external knowledge is incorporated in the product 

development process. 

Using insights from the absorptive capacity literature and the search literature, we theorize 

how absorptive capacity, knowledge distance, and knowledge novelty impact search 

accuracy. Specifically, we expect that knowledge novelty and knowledge distance have direct 

effects but also are mediators of the effects of the different dimensions of absorptive capacity 

on search accuracy and its sub-concepts. We thereby differentiate between the absorptive 

capacity dimension that is mainly associated with the process before the acquisition of 

external knowledge and those that are associated with the process after the acquisition of 

external knowledge. 

Based on 99 observations in the video game industry (gathered through the same 

questionnaire as for chapter 3), the results suggest that knowledge novelty negatively affects 

search-find congruence, and that a curvilinear relationship exists between knowledge novelty 

and find-use congruence, such that moderate levels of knowledge novelty yield the highest 

find-use congruence. Furthermore, transformation ability stimulates search for more novel 

knowledge, such that the positive effects of transformation ability on search-find congruence 

are partly nullified because more transformation ability makes the firm search for more novel 

knowledge. Searching for more distant knowledge, surprisingly, increases the likelihood that 

firms find what they search. We offer some plausible if untested explanations for this finding. 

All in all our findings suggest that the accuracy of search is heterogeneous, thereby 

invalidating the implicit assumptions that have been made before in the search literature. 

Furthermore, our findings imply that search accuracy is endogenous to the capabilities of the 

firm and the dimensions along which search is targeted. 

The final chapter, chapter 5, provides the general conclusion of this dissertation, thereby 

summarizing and discussing the main contributions and key implications of the different 

papers. The last part of that chapter contains the main limitations and suggests directions for 

further research. 

(Coff, Coff, & Eastvold, 2006; McDonald, 1998; Moran & Ghoshal, 1999; Rivkin, 2001; 

Shamsie, Martin, & Miller, 2009; Winter & Szulanski, 2001)  



 
 

 
 

CHAPTER 2: 

 

STRATEGIES FOR KNOWLEDGE USE IN R&D AND THEIR IMPLICATIONS FOR 

INNOVATIVE PERFORMANCE12 
 

ABSTRACT 

We argue that research on R&D strategy and on the use of external knowledge in R&D in 

particular, should differentiate between distinct uses of external knowledge. We 

distinguish between uses of external knowledge for replication (using knowledge as is) 

vs. for compounding (building on acquired knowledge by transforming it together with 

internal knowledge). We theorize about the respective innovative performance 

implications of these two strategies and compare them with a self-reliant strategy of 

internal R&D. We also elaborate contingencies for each strategy, pertaining to firm 

capabilities and cooperation. We test our predictions and find support for them using a 

large-sample survey of Dutch innovators. This research demonstrates the importance of 

distinguishing between innovation strategies that replicate versus compound external 

knowledge.

                                                
1 This chapter is the result of joint work with Xavier Martin 
2 The empirical analysis for this paper has been performed at CBS/Statistics Netherlands. The views expressed 
in this paper are those of the authors and do not necessarily reflect the policies of Statistics Netherlands. 
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INTRODUCTION 

The nature of innovation is changing, as firms face expanding knowledge frontiers to 

overcome (Jones, 2009). To cope with these expanding frontiers, a growing number of firms 

have recently recognized the opportunity to attract external knowledge for use in their 

respective innovation processes (Belderbos et al., 2004b; Chesbrough, 2003; Laursen & 

Salter, 2006). Policy makers too have signaled the important role external knowledge can 

play in innovation strategies. Recent initiatives such as the ‘Innovation Union’ in the Europe 

2020 strategy of the European Union even specifically address the facilitation of knowledge 

transfer. 

Scholars have examined this tendency towards the usage of external knowledge in R&D 

strategy, in particular in recent studies of the decision to make or buy in R&D. R&D was 

long regarded as being done best internally. As a result, R&D became analogous to internal 

R&D and the strategy of R&D sourcing was largely neglected. However, some earlier work 

did take the R&D sourcing strategy into account, such as Pisano’s (1990) study of 

biotechnology R&D projects. The view on R&D strategy has since then shifted from a 

dichotomous make or buy approach (Kurokawa, 1997) to the view that make and buy can be 

pursued simultaneously (Veugelers, 1997; Veugelers & Cassiman, 1999) and are even 

desirable complements (Cassiman & Veugelers, 2006; Hagedoorn & Wang, 2012). 

Extensions of the plain ‘make-or-buy’ decision have been made as well: scholars have 

extended the set of decisions to make, cooperate, or buy (Penner-Hahn, 1998; Shan et al., 

1994). 

Changing the focus to external sources of R&D, scholars have studied several ways of 

attracting external knowledge, such as R&D alliances (e.g. Oxley & Sampson, 2004; 

Sampson, 2004; Sampson, 2007), venturing, outsourcing R&D (Calantone & Stanko, 2007; 

Ulset, 1999), and inward technology licensing (Atuahene-Gima, 1992). In even more recent 

studies, the innovation objectives have been taken into account (Bierly et al., 2009; Leiponen 

& Helfat, 2010). 

However, the purposed usage of ‘bought’ knowledge remains neglected in these studies. 

This is unfortunate, as significant differences exist between R&D strategies using external 

knowledge for different purposes, in particular with whether external knowledge is intended 

to be used together with internal knowledge. As such, approaching these strategies as equals 

under the same ‘Buy’ label can be misleading. 

We aim to extent the literature on R&D strategy by differentiating between two 

fundamentally different purposes of acquiring external knowledge: compounding and 
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replication, and by comparing them with internal R&D. Compounding refers to using 

external knowledge as building blocks in R&D, whereas replication refers to the ‘as is’ use of 

external knowledge. In this study, we develop this theoretical distinction and examine 

empirical differences between compounding and replication. We focus on the performance 

implications of R&D strategies using external knowledge for these different purposes and 

also contrast them with a strategy of internal R&D. We theorize that a strategy of replication 

leads to significantly fewer substantive innovations than a strategy focusing on compounding 

or internal knowledge. Furthermore, we argue that the effects of these strategies on 

innovative performance are affected by two separate contingencies, pertaining respectively to 

the innovative abilities of firms and to their cooperative stance. We test our hypotheses using 

a database of 1948 Dutch firms in 21 industries. We demonstrate relevant differences along 

each of these dimensions. 

 

THEORY BACKGROUND 

Knowledge-Based Perspective 

We use the knowledge based view of the firm to ground hypotheses about the performance 

effects of R&D strategy. First, we address the current understanding on the use of external 

knowledge. Thereafter, we develop our theory about distinct R&D strategies. 

Knowledge residing within individuals, and the way organizations deal with that 

knowledge, can explain the shape and performance of firms (Conner & Prahalad, 1996; 

Kogut & Zander, 1992, 1993). Knowledge integration from individuals to the organization 

thus plays an important role in gaining competitive advantage (Grant, 1996a). Knowledge 

integration varies in terms of the efficiency, scope, and flexibility of the resulting know-how 

(Grant, 1996a). Efficiency is the extent to which specialized knowledge of individuals in an 

organization is accessed and utilized, whereas scope refers to the breadth of that specialized 

knowledge (Grant, 1996a). The more sophisticated common knowledge a firm has, the more 

efficient is its integration. Firms can protect their advantage from unwanted replication by 

competitors by increasing the scope of knowledge, i.e. the range of distinct knowledge bases 

used as inputs, since this creates causal ambiguity and time-based diseconomies for imitators. 

Flexibility represents the ability to access additional knowledge and to reconfigure existing 

knowledge. We argue that efficiency, scope, and flexibility are also relevant in setting R&D 

strategy. 
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Integration of knowledge is most efficient when there is congruence between the 

knowledge domain and the product domain of the firm. However, in the case of new product 

development, such congruence is lacking. Instead, there may be an excess of knowledge for 

which a product domain has to be created, though alternatively and more frequently a firm 

will aim to extend its product domain and therefore needs to extend its knowledge domain to 

reach that goal. Dissimilarities of this kind give rise to external sourcing: “Typically, perfect 

congruence does not exist: the firm's knowledge is not fully deployed by the products it 

supplies, and the knowledge required by the products supplied is not entirely available from 

within the firm (…) Imperfect congruence between firms' product and knowledge domains 

creates opportunities for knowledge trading to achieve fuller utilization of knowledge” 

(Grant, 1996b: 120). However, incongruence can be solved by creating new knowledge 

internally as well (Argote, McEvily, & Reagans, 2003; Nonaka, 1994), if the firm is not 

constrained by the path dependency of its own knowledge management practices (Coombs & 

Hull, 1998). 

As such, firms face the decision to bridge the knowledge gap by either creating new 

knowledge or by acquiring knowledge (Capron & Mitchell, 2009). Pursuing either of these 

strategies consequently has varying implications for the efficiency, scope, and flexibility of 

the integration of this new or newly acquired knowledge. Furthermore, even within the 

strategy to acquire knowledge externally, different implications exist for compounding and 

replication. Therefore, we differentiate between the following R&D strategies: a strategy with 

the main focus on in-house developing, a strategy with the main focus on replicating external 

knowledge, and a strategy where the main focus is to compound internal and external 

knowledge. We label these strategies respectively Internal, Replication, and Compounding. 

R&D Strategies 

We now describe the three R&D strategies implied by the argument in section 1 – the 

commonly studied strategies of conducting R&D internally and replicating externally sourced 

knowledge, and by contrast the strategy of compounding internal and external knowledge by 

reference to the knowledge-based criteria of efficiency, scope, and flexibility of the resulting 

know-how (Grant, 1996a). We summarize the knowledge integration consequences of the 

three strategies in Table 1. 
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TABLE 1: R&D Strategies and Knowledge Integration 
 
 Integration performance indicators 
R&D Strategies Efficiency Scope Flexibility 
    
Internal High Moderate Mixed 
Compounding Low High High 
Replication Lowa Variable Low 
 
a As explained in section 2.2, replication requires less integration than the other strategies. 

 

An internal R&D strategy closely resembles the traditional view of R&D: the firm relies 

mostly on the people within the firm to develop their new ideas into inventions and 

innovations for the focal firm. Internal R&D has been positively linked to innovative 

performance in many empirical settings (e.g. Laursen & Salter, 2006; Leiponen & Helfat, 

2010). The process by which internal R&D leads to innovative output has been described in 

detail since the seminal work of Schumpeter (1939), and the process of creating new 

knowledge has been described by Nonaka (1994). As a result of path dependency, internally 

generated knowledge has the advantage that it connects closely to a firm’s existing 

knowledge base and therefore can be integrated efficiently (Grant, 1996a; Kogut & Zander, 

1992). Also, because of its broad scope, internally developed knowledge is likely to benefit 

from safeguards to imitation (Capron & Mitchell, 2009; Chi, 1994). The flexibility of 

internally developed knowledge is mixed. On one hand, flexibility tends to be high in that 

firms can actively give direction to the development of their own knowledge. On the other 

hand, by restricting itself to one source (i.e. the firm), the set of feasible directions is limited, 

as is the flexibility of reshaping knowledge (Liebeskind, Oliver, Zucker, & Brewer, 1996). 

In a replication strategy, firms rely mostly on other firms and institutions for their 

innovations. These firms and institutions can be within the same industry as the firm, though 

may as well be from a different industry. What matters is that the knowledge is relevant to the 

firm. The knowledge of these third parties is acquired, copied, and used close to ‘as is’, i.e.: 

“Replication [. . .] is effort towards exact copying of a set of activities” (Williams, 2007: 

867). Some examples of replicating knowledge are the use of licenses, buying production 

lines with accompanying technologies, and the outsourcing of complete R&D projects. An 

example of a replicating well-known firm is Cisco. Cisco has shifted from relying on an 

internal strategy to a replication strategy. After it identified that it could not rely on internal 

development alone to achieve the desired growth numbers, Cisco focused on building long-
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term relationships with selected partners and opening up its systems and processes. “Today, 

partners provide most of Cisco’s component, hardware and manufacturing innovation” 

(Quinn, 2000: 14). Replication in our context refers to the approved transfer of knowledge, 

rather than the unapproved imitation of knowledge.1 Although no painstaking integration 

process is typically needed before replicated knowledge can be used, integration of such 

knowledge is likely to be less efficient than that of internally generated knowledge (Grant & 

Baden Fuller, 2004). Moreover, firms have to put effort in identifying what external 

knowledge is valuable to them and needs to be acquired (Cohen & Levinthal, 1990). Gaining 

a competitive advantage from replicated knowledge is possible under the condition that 

exclusivity contracts exist between the focal firm and the supplier of knowledge. 

Furthermore, firms can gain a competitive advantage through replication, since it allows them 

to focus all attention on forming one or few key differentiators (Shenkar, 2010, 2012). 

However, as the replicated knowledge by definition has already been transferred successfully 

at least once, and its scope is narrow, imitation is a serious threat. Flexibility of replicated 

knowledge is limited. Indeed, there are multiple sources to choose from (Laursen & Salter, 

2004, 2006; Leiponen & Helfat, 2010), though because of less thorough integration it may be 

hard to connect other knowledge to it. 

Compounding, the third R&D strategy in our study, has been studied in various contexts, 

such as the combination of business units (Karim, 2006), or the combination of resources 

within the firm (Galunic & Rodan, 1998). In our context, Compounding involves the creative 

mixing of internally generated knowledge and external R&D or knowledge. Such integrative 

mixing of ideas is the basis of creative thinking (Welch, 1946) and the notion of 

(re)combination as innovation (Schumpeter, 1934). The acquired knowledge is used as 

building blocks such that not everything has to be invented by the firm itself. For example, 

instead of ‘working around’ patents, firms can acquire a technology in order to elaborate on 

it. An example of a product resulting from a compounding strategy is (the software of) the 

Amazon tablet computer Kindle Fire. Instead of developing the operating system for this 

device from scratch or using a generic operating system that is used on other tablet 

                                                
1 The terms replication and imitation are closely related in knowledge based literature. Both entail the accretion 
of knowledge. Moreover, the concepts are often intertwined and hard to disentangle (Coff et al., 2006; Rivkin, 
2001). However, they differ in one respect. Replication is often seen as the desired within-firm or between-firm 
multiplication of knowledge (Winter and Szulanski, 2001). Empirical studies in contexts such as the movie 
industry (Shamsie et al., 2009) and the technology firm Intel (MacDonald, 1998) have shown the positive 
effects of replication in this definition from the perspective of source and recipient alike. Imitation, on the other 
hand, is the undesirable copying of a focal firm’s knowledge by other firms, often without the focal firm’s intent 
or approval (Coff et al., 2006; Rivkin, 2001). We study replication rather than imitation, in this precise sense. 
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computers, Amazon licensed Google’s Android and independently developed it further to 

meet its own demands.2 In a compounding strategy, firms have a wide array of technologies 

to choose from. Because it is raw material to some extent, external knowledge acquired for 

compounding purposes needs to be fully integrated in the firm’s knowledge domain. The 

efficiency of this integration will be lower than that of internally generated knowledge (Grant 

& Baden Fuller, 2004). On the upside, as a result of this integration, the scope of the 

knowledge is broadened and compounded knowledge is likely to be more protected by 

safeguards to imitation than replicated knowledge. Furthermore, the flexibility of 

compounded knowledge is high, as the firm can both set the direction of knowledge 

development and access multiple sources of knowledge. 

 

A CONTINGENCY-ENHANCED THEORY OF R&D STRATEGIES AND PERFORMANCE 

Starting with their different implications for knowledge integration, we hypothesize that 

the three R&D strategies therefore vary in their innovative performance implications, and 

specifically with respect to their ability to generate the most substantive (new to the whole 

market) innovations. 

We compare the strategies in pairs and start with Compounding vs. Replication. The 

integration efficiency of both strategies is low. However, the intensity of integration is likely 

to be higher for Compounding than for Replication. Because of the low integration intensity, 

Replication leads to a higher speed to market (Chatterji, 1996; Quinn, 2000; Stanko & 

Calantone, 2011) and allows firms to be more innovative in that respect by being the first to 

introduce the technology to their market. On the other hand, Compounding involves more 

sources of ideas and knowledge as both external and internal sources can be used – the 

flexibility and scope are higher. Following Leiponen and Helfat (2010), we expect that 

Compounding has higher innovative performance because the higher breadth of search 

associated with the use of more sources increase the odds of success in innovation. Simply 

put, the odds of success are greater when you search for ideas and knowledge from sources 

within as well as outside the firm. Furthermore, because in a replication strategy the 

knowledge has been produced by third parties, the possibility exists that the technology has 

already been introduced in the same market where the focal firm operates, and therefore is no 

longer new to it. Compounding mitigates this possibility. We expect that the higher flexibility 

                                                
2 In software development, this is called ‘forking’. 
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and scope of Compounding outweigh the benefits obtained by the low integration intensity of 

Replication. 

 

Hypothesis 1a: Compounding has a significantly higher positive effect on innovative 

performance than Replication. 

 

Next, we compare Replication vs. Internal strategies. The efficiency of knowledge 

integration is high for firms with an Internal strategy, whereas it is low for replicating firms. 

Yet, again, the integration intensity of Replication is low, allowing for speedier innovation 

(Chatterji, 1996; Quinn, 2000; Stanko & Calantone, 2011). Regarding the scope, although 

Replication might draw from a larger pool of potential sources than Internal, the scope of 

these sources – taken in isolation – is likely to be less distinctive and less novel because a 

replicating firm is dependent on the supply of knowledge available to it. The suppliers of this 

knowledge are concerned with optimizing the rents from their knowledge. These source firms 

will only sell or license their most distinctive and novel knowledge when that is more optimal 

than commercializing products themselves, so in general the knowledge readily available 

from outside sources is comparatively less advanced – leading to low flexibility for 

replicating firms. Firms undertaking an Internal strategy avoid this constraint since they have 

freedom in setting the direction of their R&D, albeit subject to the limits of their 

competencies. Internal R&D has been found to be a significant contributor to innovative 

output in numerous studies. Replication, on the other hand, has been associated more with 

adaptation and catching up (Kim & Nelson, 2000; Rosenberg & Steinmueller, 1988). Thus, 

we expect that the higher efficiency of knowledge integration in an Internal strategy 

combined with its higher flexibility and scope of the integrated knowledge outweigh the 

benefits obtained by the low integration intensity of Replication. 

 

Hypothesis 1b: Internal has a significantly higher positive effect on innovative 

performance than Replication. 

 

The comparison of Compounding with Internal is ambiguous. On the one hand, firms 

applying Compounding are not bound by path dependence in the way that they are with 

Internal; its flexibility and scope are higher. In particular, they can avoid the restrictions 
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among elements of internal knowledge that render it inert (Henderson & Clark, 1990). In 

general, broadening the sources of ideas and knowledge leads to higher innovative 

performance (Leiponen & Helfat, 2010). Furthermore, the acquired knowledge might quickly 

elevate a firm’s current state of technology and thus allow it to form more complex 

combinations of knowledge and to innovate faster (Chesbrough, 2003). Faster development is 

an important difference as developing knowledge internally can entail long time lags (Grant, 

1997), thereby risking obsolescence of the innovative outputs even before they are introduced 

in the market (Sørensen & Stuart, 2000). On the other hand, an Internal R&D strategy, as a 

result of path dependency, has the advantage that it can build on strong integration within the 

knowledge domain of the firms (Grant, 1996b; Karim & Mitchell, 2000). As discussed in 

section 2.2 and described in Table 1, this integration is more efficient than the integration of 

compounded knowledge because it connects more closely to a firm’s existing knowledge 

base (Grant, 1996a; Kogut & Zander, 1992). More efficient integration can lead to higher-

quality and speedier innovation. Besides these conflicting effects, the empirical results of 

other studies do not provide conclusive support for hypothesizing that one strategy leads to 

more innovative output either. Cassiman and Veugelers (2006) find that firms with internal 

and external R&D expenditures have superior innovative performance, which may be 

interpreted as superior performance of a compounding strategy. Yet, they study expenditures 

rather than uses of knowledge, and they find that the complementarity between internal and 

external R&D expenditures is highest for firms investing heavily in internal basic R&D. 

Thus, their finding of complementarity may be highest for firms who rely mostly on internal 

development, i.e. firms with an Internal strategy. Therefore, we do not make a main 

prediction pertaining to Compounding vs. Internal, but we do explore this distinction.  

Capacity to Innovate 

According to Hypotheses 1a and 1b, choosing a replication strategy is inferior to the other 

two strategies with respect to innovative performance. However, we expect that the 

hypothesized benefits of Compounding and Internal are contingent on the capacity of firms to 

execute these strategies successfully. Firms need to have sufficient capacities to pursue 

innovative activities and harness the knowledge involved therein if they are to pursue 

substantive internal innovations, and likewise for compounding purposes (Leiponen, 2005). 

In particular, firms need to be able to both create knowledge (Nonaka, 1994) and integrate 

knowledge (Grant, 1996a) to produce self-developed innovations. All else equal, a firm 

lacking such capacities would be more likely to access substantive innovations by using 
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existing sources close to “as is”. From this standpoint, choosing replication is comparatively 

suitable for firms low in capacity. Accordingly we predict: 

 

Hypothesis 2: For firms with a high lack of innovative capacity, Replication has a 

significantly higher positive effect on innovative performance than Internal and 

Compounding. 

 

Cooperation 

Cooperation is regarded as an important factor in R&D strategy (Bayona, García-Marco, 

& Huerta, 2001; Oxley & Sampson, 2004; Shan et al., 1994) and is sometimes regarded as an 

R&D strategy in itself (Penner-Hahn, 1998; White, 2000). In our view, cooperation can be 

thought of not as a stand-alone R&D strategy, but rather as a means of facilitating one of the 

three main strategies we discussed in section 2.2. For instance, a firm that aims to compound 

internal and external knowledge can do it by purchasing or licensing external knowledge and 

then compounding it by itself with its own knowledge (no cooperation), or it can do the 

compounding jointly with the source of the external knowledge (cooperation). Likewise, 

replication may be undertaken by either the recipient or (more likely) the source, or be a 

cooperative endeavor (Martin & Salomon, 2003). 

Cooperation has been found to have beneficial effects on innovative performance in 

various settings (Becker & Dietz, 2004; Belderbos, Carree, & Lokshin, 2006; Shan et al., 

1994). This positive effect is explained by various factors, including access to more varied 

sources of knowledge than internal only (Laursen & Salter, 2006), and higher scale and joint 

commitment to R&D facilitated by stronger coordination relative to arm’s length knowledge 

sourcing (de Faria, Lima, & Santos, 2010; Kaiser, 2002). However, we argue that these 

possible benefits of cooperation are contingent upon the R&D strategies of firms. 

To assess the potential moderating effect of cooperation on innovative performance, we 

theorize differential benefits of cooperation depending on the R&D strategy. We start with 

Compounding. An essential contribution of cooperation is that it enhances the integration of 

knowledge by providing more joint understanding and relation-specific skills (Kotabe, 

Martin, & Domoto, 2003; Uzzi & Lancaster, 2003). This facilitates access and sharing of 

knowledge and renders joint tasks more efficient. For firms using a Compounding strategy, 

these benefits are essential, as R&D aims to meld knowledge from internal and external 
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sources. Cooperation allows contributions from the sources best equipped to provide and 

process knowledge inputs, whereas absent cooperation, a firm pursuing a Compounding 

strategy is left to its own device to deal with both external and internal knowledge. 

Accordingly we predict: 

 

Hypothesis 3:The association between undertaking a Compounding strategy and the 

innovative performance of a firm is more positive when that firm undertakes 

cooperation. 

 

The cooperative advantages are not maximized in either Replication or Internal, but to 

continue our comparison of strategies, we briefly consider this further. Previous studies have 

found that the benefits of cooperation are contingent upon the existence of internal R&D 

capabilities (Bayona et al., 2001; Becker & Dietz, 2004). Since firms using Replication need 

no internal R&D capabilities – indeed replication substitutes for own R&D – we expect no 

inherent innovative benefits of cooperation.3 Furthermore, as Replication requires less 

thorough integration of external knowledge, we do not expect that firms undertaking 

replication can benefit from cooperation in the same way as firms undertaking compounding.  

Firms with a focus on developing innovations internally, for their part, intrinsically choose 

not to cooperate in R&D. They may cooperate with other firms, but this will be done for 

reasons other than obtaining external technological knowledge, such as to share efforts in 

other corporate functions such as marketing (Bucklin & Sengupta, 1993). We expect that the 

latter kind of collaborations provide limited improvements of innovative performance, if any, 

as they do not aim to share R&D inputs proper. Thus, we only hypothesize a positive 

cooperation effect for Compounding, rather than Replication or Internal. 

 

DATA AND METHODS 

The source of our data is the Community Innovation Survey (CIS). The CIS is an ongoing 

two-yearly study to firm-level innovation data that is conducted in all member states of the 

European Union, Iceland and Norway. The CIS has a large and representative sample, is 

harmoniously surveyed in the participating countries and is thoroughly constructed by an 

                                                
3 Cooperation may be beneficial in implementing the knowledge transfer that underlies replication. However, 
transfer efficiency by itself does not enhance innovative impact as we study it, in the sense of new product sales.  
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international group of scholars (OECD & Eurostat, 2005). CIS data has been used 

successfully before in various disciplines, e.g. economics (Belderbos et al., 2004a; Veugelers 

& Cassiman, 1999) and strategic management (Laursen & Salter, 2006; Leiponen & Helfat, 

2010). For a recent evaluation of the use of CIS data in management, see Grimpe and Sofka 

(2009: 498). Furthermore, Appendix A at the end of this chapter contains a more detailed 

description and discussion of CIS data.   

We use Dutch CIS-4 data. The fourth wave of CIS took place in 2005 and measures 

innovation activities during the three year period from 2002 to 2004. Dutch CIS data is 

gathered, processed, and controlled by Statistics Netherlands (Centraal Bureau voor de 

Statistiek, CBS). In the Dutch CIS, the unit of analysis is the business entity. In the definition 

that Statistics Netherlands uses, a business entity has autonomy over production processes 

and the delivery of products and services to third parties. CIS data is gathered through a 

mixture of census and surveys. All business entities with 50 or more employees are in the 

census, whereas a representative sample of business entities with less than 50 but at least 10 

employees are approached through a survey. In the fourth wave of the Dutch CIS, 14450 

business entities (hereafter firms, for simplicity) are considered innovative, 13770 of them 

having reported finished innovations. 

In this study, we use a sample of 1948 product-innovating firms that reported on all 

questions that were used for constructing the variables as described next. These firms 

represent 21 different industries (at a NACE-2 level, which corresponds with the ISIC) and 

vary in size from 10 to over 20000 employees. 

Measures 

The dependent variable in this study is the innovative performance of the firm. Innovative 

performance can be measured in various ways, such as radicalness (Knight, 1967), time-to-

market (Cohen, Eliashberg, & Ho, 1996), new product intensity (Hitt, Hoskisson, Johnson, & 

Moesel, 1996), patent counts (Ahuja & Katila, 2001), patent citation counts (Trajtenberg, 

1990), or even via a multi-dimensional approach with a combination of these measures 

(Hagedoorn & Cloodt, 2003). Given the variety of industries and firm sizes and the 

accompanying heterogeneity in the propensity to patent (or the lack of this propensity), we 

opt for measuring the share of turnover that consists of innovative products and services 

(Cassiman & Veugelers, 2006; Hitt et al., 1996; Laursen & Salter, 2006). Consistent in 

particular with CIS-based studies (Brouwer & Kleinknecht, 1999), performance is thus 

associated with a greater share of innovative output in the firm’s sales. 
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Differences in characteristics and impact exist between innovations with low and high 

levels of novelty (Garcia & Calantone, 2002). In our data, we can distinguish between 

innovations that are new to the market and innovations that are only new to the focal firm. 

We focus on innovations that are new to market in measuring innovative performance, as 

previous CIS users have commonly done (e.g. Laursen and Salter (2006) and Aschhoff and 

Sofka (2009)). Specifically, Innovations New to the Market is the ratio of turnover in 2004 of 

products and services introduced between 2002 and 2004 that are new to the market. The 

ratio ranges between 0 and 1, where 1 means that all turnover consists of products new to the 

market. 

We use CIS data to identify R&D strategies. This yields mutually exclusive binary 

variables that identify which strategy each responding firm deems to be its main approach to 

innovation, knowing that firms may use other strategies to a lesser extent. Thus, Replication 

is coded 1 if the firm indicated that its innovations were mainly developed by others (and 0 

otherwise); Internal is coded 1 if innovations were mainly developed by the focal firm with 

its own knowledge means (and 0 otherwise); Compounding is coded 1 in other cases where 

the innovations were developed by the focal firm and by others (and 0 otherwise). Table 2 

presents some firm descriptive statistics per category. Importantly, there is no substantive 

difference in size between firms that follow one strategy vs. the other, implying that the 

strategies are not confounded with size but rather represent intentional choices made by the 

respondent firms. 

Lack of Innovative Capacity is constructed by summing the responses of firms on two 

questions measuring to what extent the innovation process was hampered by a) a lack of 

qualified personnel and b) a lack of information on technology. A high (small) value of this 

variable represents a large (small) lack of innovative capacity. 

We include a binary variable to indicate whether a firm cooperated with other enterprises 

or institutions in its innovation activities. We measure Cooperation as the active participation 

of the respondent with at least one other party in joint R&D. This yields a binary variable 

coded as 1 if the firm actively undertakes joint innovative efforts, and 0 otherwise. 846 Firms 

in our sample actively cooperated in R&D, this corresponds to 43.4% of the sample. Table 2 

shows that not only firms with a compounding strategy cooperate. However, the proportion 

of cooperating firms is higher for firms with a compounding strategy (63.9%) than for firms 

with an internal (33.8%) or replication (42.0%) strategy. 
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TABLE 2: R&D Strategy Descriptive Statistics 
 

Principal R&D 

Strategy 

Observations Share in sample Cooperation Size: Employees 

 Yes No Mean 
(s.d.) Min Max 

        

Internal 1225 62.89 % 414 811 362 
(1514) 

10 23581 

Compounding 585 30.03% 374 211 319 
(1432) 

10 26602 

Replication 138 7.08% 58 80 396 
(2517) 

10 29000 

 

We add several controls. Although studies have yielded mixed results, several studies with 

CIS data have found positive effects of firm size on innovation such as among Belgian 

(Veugelers & Cassiman, 1999) and Italian firms (Evangelista, Perani, Rapiti, & Archibugi, 

1997). We measure size in two ways: via the logarithm of the number of employees in 2004 

and via the logarithm of turnover (i.e. sales) in 2004. These variables are labeled Employees 

and Turnover, respectively. 

Beside the chosen strategy, our dependent variables can be influenced by the level and 

quality of the firm’s innovation. Firms spending more on R&D are expected to have more 

innovative output. Also, firms that are simply ‘better’ at producing innovations are expected 

to have more innovative output. We use several variables to elicit these effects. To control for 

R&D spending, we include a measure of R&D Intensity, measured by dividing the total R&D 

expenditures in 2004 by the turnover in 2004. The total R&D expenditures include 

expenditures for both internal and external R&D. The binary variable R&D Continuously 

indicates whether the firm conducts R&D on a continuous basis. Continuous R&D is a signal 

of effort, and of the intent and capability of the firm to produce innovative output (Grimpe & 

Sofka, 2009). New KM System is a binary variable indicating whether the firm has 

incorporated a new knowledge management system in the period of reference. We expect that 

firms with such a knowledge management system are better at organizing their knowledge to 

produce innovative output (Cantner, Joel, & Schmidt, 2011). 

To control for heterogeneity across industries, we add industry fixed effects at the NACE-

2 level. The addition of industry fixed effects significantly improves model fit. 
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Analyses 

We use a two-tailed Tobit model (or censored regression model) because our dependent 

variable is constrained between 0 and 1 (Greene, 2003; Verbeek, 2004). Since a main 

contribution of this study is to establish the differences between the uses of external 

knowledge for replication vs. compounding purposes, we take replication as the base case 

(omitted category) of the set of binary variables indicating the R&D Strategy. As a result, the 

sign and significance of the Compounding variable indicates whether significant differences 

between these two strategies exist (Hypothesis 1a). Consequently, the significance and 

magnitude of the Internal variable is used to examine the hypothesized difference between 

Replication and Internal (1b). To assess the relative value of compounding and internal 

development, we can subtract the value of the Internal variable from that of the 

Compounding variable. 

RESULTS 

The descriptive statistics and correlations of the independent and control variables are 

presented in Table 3. The signs and magnitudes of the correlations are as expected. The 

highest correlations are those between the binary variables Internal, Compounding, and 

Replication, which can be explained by the nature of the set of mutually exclusive variables 

indicating R&D strategy. (The Replication variable is omitted as the base case in our 

analyses.) The relatively high standard deviation of R&D Intensity exists because there are a 

few firms in the sample which specialized in R&D or were early-stage startups, and therefore 

had higher R&D expenditures than sales in 2004. Excluding these outliers did not change the 

results. 

 

TABLE 3: Descriptive Statistics and Correlations 
 

 
Variable Mean S.D. 1 2 3 4 5 6 7 8 

1 Internal 0.63 0.48         
2 Replication 0.07 0.26 -0.36        
3 Compounding 0.30 0.46 -0.58 -0.18       
4 Cooperation 0.43 0.50 -0.25 -0.01 0.27      
5 New KM system 0.33 0.47 0.01 -0.01 0.00 0.04     
6 R&D Continuously 0.68 0.47 0.11 -0.23 0.01 0.10 0.06    
7 R&D Intensity 0.18 4.22 0.02 -0.00 -0.02 0.02 0.04 0.01   
8 Employees (ln) 351.82 1584.96 0.01 0.01 -0.01 0.00 0.12 0.02 0.02  
9 Turnover (ln) 9.75 1.69 0.01 -0.07 0.03 0.13 0.09 0.16 -0.07 0.33 

Correlations with absolute values above 0.03 are significant at p < 0.10. 



Chapter 2 

32 
 

TABLE 4: Effects on Innovative Performance 
 
 Tobit models: Explaining Innovations New to the Marketa 

 
(1) (2) (3) (4) 

Internalb 
 

0.10*** 0.11*** 0.10*** 

  
(0.02) (0.02) (0.02) 

Compoundingb 
 

0.09*** 0.09*** 0.07** 

  
(0.02) (0.02) (0.03) 

Lack of Innovative Capacityc 0.00 0.00 0.04* 
 

 
(0.01) (0.01) (0.02) 

 Lack of Innovative Capacity 
 

-0.03 
      x Internal 

  
(0.02) 

 Lack of Innovative Capacity 
 

-0.04* 
      x Compounding 

  
(0.02) 

 Cooperation 0.01 0.02 0.02 
 

 
(0.01) (0.01) (0.02) 

 Internal and Cooperation 
  

 0.11** 

   
 (0.03) 

Compounding and Cooperation 
 

 0.10*** 

   
 (0.02) 

Replication and Cooperation 
 

 -0.00 

   
 (0.04) 

New KM system 0.03*** 0.03*** 0.03*** 0.04*** 

 
(0.01) (0.01) (0.01) (0.01) 

R&D Continuously 0.08*** 0.06*** 0.06*** 0.06*** 

 
(0.01) (0.01) (0.01) (0.01) 

R&D Intensity 0.00 -0.00 0.00 -0.00 

 
(0.00) (0.00) (0.00) (0.00) 

Employees (ln) -0.01 -0.01 -0.01 -0.01 

 
(0.01) (0.01) (0.01) (0.01) 

Turnover (ln) -0.01*** -0.01 -0.01 -0.01 

 
(0.00) (0.00) (0.01) (0.00) 

   
 

 Constant -0.03 -0.13* -0.12* -0.12* 

 
(0.06) (0.07) (0.07) (0.07) 

Industry fixed effects Yes yes yes Yes 
χ2 115.03*** 137.06*** 140.71*** 137.53*** 
d.f. 28 30 32 31 
N 1948 1948 1948 1948 
 
Notes for Table 4: 
* p<0.10, **p<0.05, ***p<0.01 
a Unstandardized coefficients. Standard errors between parentheses. Two-tailed tests. 
b In model 4, the variables Internal and Compounding represent non-cooperating firms choosing these strategies. 
c In model 3, the coefficient of Lack of Innovative Capacity represents the effect of the lack of innovative 
capacity for replicating firms.  
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Table 4 reports the Tobit regressions with the dependent variable Innovations New to the 

Market. The improvement in model fit from model 1 to model 2 in Table 4 shows that adding 

the independent variables (innovation strategy) leads to significantly higher explanatory 

power. Hypothesis 1a is corroborated by the results of model 2: the effect of Compounding is 

positive and significant. Examining the value and significance of Internal, we find that having 

an Internal strategy results in significantly more innovations that are new to the market than 

having a replication strategy, thereby corroborating Hypothesis 1b. 

Hypothesis 2 predicted that firms with a lack of innovative capacity are better off 

replicating. We test this hypothesis by interacting the strategies with the variable measuring 

Lack of Innovative Capacity. To overcome issues with generating and interpreting 

interactions given that we use a Tobit (maximum likelihood) model (Ai & Norton, 2003; Yip 

& Tsang, 2007), we opt for the base model approach. To further facilitate interpretation, we 

standardize Lack of Innovative Capacity before interacting with the R&D strategies (Aiken & 

West, 1991; Jaccard & Turrisi, 2003). We interact this variable with a set of binary variables 

representing the other R&D strategies, so the main effect can be interpreted as the effect of 

the Lack of Innovative Capacity for firms using the Replication strategy, and each interaction 

effect represents the difference between the interacted strategy and the base case (Jaccard & 

Turrisi, 2003). 

The results can be found in Table 4 (model 3). There is a significant and positive effect of 

Lack of Innovative Capacity, indicating that with  increasing Lack of Innovative Capacity, 

Replication becomes a more worthwhile strategy to consider. Conversely, the coefficients are 

negative for Compounding and Internal, with only the Internal interaction significant. These 

effects are represented graphically in Figure 1, which shows that the effect of Lack of 

Innovative Capacity on Replication is much the stronger one. Yet, at the tested levels of Lack 

of Innovative Capacity, Replication still yields lower innovative performance than the other 

strategies. Thus, we do not find support for hypothesis 2. 

Per Hypothesis 3, the benefits of Compounding are partly contingent on cooperation. To 

test this, we include interactions between the R&D strategies and Cooperation. Again we use 

the base model approach (Ai & Norton, 2003; Yip & Tsang, 2007), but since this time all 

interacted variables are binary, we subdivide records of both cooperating and non-

cooperating firms based on their R&D strategies. This results in six binary variables. We then 

omit the Replication and Non Cooperation variable, making this combination the base case in 

this model, but also do further testing by running analyses with different base cases, as per 

Jaccard and Turrisi (2003). 
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We report the results as model 4 in Table 4. First, though, we note a few points of 

interpretation. In model 2, cooperation has a significant positive effect on Innovations New to 

the Market, though this effect only appears once we incorporate the main effects of the 

primary R&D strategies (it is absent in model 1). The Cooperation main effect is not included 

in model 4 where, instead, we interact Cooperation with the comprehensive set of the three 

strategies. Furthermore, in model 4, Internal and Compounding represent the effects of these 

strategies for non-cooperating firms. The binary variables labeled Internal and Cooperation, 

Replication and Cooperation, and Compounding and Cooperation represent cooperating firms 

choosing the respective strategies combined with cooperation. 

 
FIGURE 1: Moderating Effect of Lack of Innovative Capacity on the Relationship between 

R&D Strategies and Innovative Outputab 

 

 
 

a ‘Low’ indicates one standard deviation beneath the mean of the sample; ‘High’ indicates one standard 
deviation above the mean of the sample. 
b The lines are only illustrative of the difference between the effects of low and high Lack of Innovative 
Capacity, as the effects have only been calculated for these points (Bowen, 2012).  
  

 

We find that Replication and No Cooperation and Replication and Cooperation both have 

a significantly lower effect than all other combinations. The difference between the two 

Replication effects (with versus without Cooperation) is small and insignificant. Conversely, 

Cooperation has a significant positive effect for firms using a compounding strategy, i.e. 
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Compounding and Cooperation is significantly superior to Compounding and No 

Cooperation. This is consistent with Hypothesis 3. The difference between Internal and No 

Cooperation and Internal and Cooperation is not significant. Combinations of Internal 

strategy, with or without Cooperation, have a significantly higher effect than Compounding 

and No Cooperation, but not than Compounding and Cooperation. Thus, with Innovations 

New to the Market as our dependent variable, differences in innovative output can be 

explained primarily by the distinction between Internal, Replication, and Compounding; and 

Cooperation only leads to a substantially different outcome for firms that focus on 

Compounding. We illustrate these findings in Figure 2. 

 
FIGURE 2: Joint Effects of Cooperating and R&D strategies a 

 

 
a The lines are only illustrative of the difference between the effects of not cooperating and cooperating within a 
strategy, as the effects have only been calculated for these points (Bowen, 2012).  

 

The control variables have the expected signs, except for the size measures. Having 

introduced a new knowledge management system (New KM System) has a significant 

positive effect on Innovations New to the Market. Conducting R&D continuously has a 

significant positive effect in all models. However, R&D Intensity by itself has a non-

significant effect which is very close to 0 in magnitude, implying that the quality of R&D 

matters more than its quantity. The number of employees does not have a significant effect, 

and turnover only has a significant (negative) effect in model 1. 
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Exploring Less Novel Innovation Outcomes 

As breakthrough R&D outcomes are uncertain (McGrath & Nerkar, 2004; Oriani & Sobrero, 

2008), firms might achieve less or more innovative products than what they aimed for. 

Furthermore, it might be that firms aim at being innovative in the sense of doing things 

differently than they did before without developing a product that is new to the market as a 

whole; this implies innovative output that is less novel (Aschhoff & Sofka, 2009). To explore 

this, we replicate our analyses using as dependent variable the share of turnover that is new to 

the firm but not to the market (in short, Innovations New to the Firm). The results are 

presented in Table 5. 

By contrast with our main results, for such lower-novelty innovation, adding the strategies 

(model 6) or interactions (models 7 and 8) did not increase model fit. No significant 

differences exist between the performance effects of the strategies. Regarding Lack of 

Innovative Capacity, the interaction with replication is negative and significant. The effects 

of the interactions with the other two strategies are positive and significant, though the net 

effects are close to zero as the magnitudes are almost similar to the negative main effect. 

Furthermore, the interaction variables between the R&D strategies and Cooperation all have 

insignificant effects. Among the control variables, R&D Intensity has a pattern opposite to 

that of New KM System: R&D Intensity has a significant positive effect on Innovations New 

to the Firm, but not on Innovation New to the Market, while the reverse is true for New KM 

System. On the other hand, R&D Continuously is significant for both dependent variables. 

We discuss this pattern of results further in section 6.1. Overall, these results confirm that it is 

important to distinguish between innovations that are new to the market and innovations that 

are only new to the firm, as their determinants differ and opposing effects could get 

confounded when these outcomes are combined (Brouwer & Kleinknecht, 1999). 

DISCUSSION 

Implications of the Findings 

We examined the R&D strategies of firms and their performance implications. Specifically, 

we tested whether the understanding of R&D strategy can be improved by looking at the 

purpose of external knowledge sourcing: Does the firm develop new products mostly based 

on internal knowledge, does it compound its internally available knowledge with knowledge 

from external sources, or does it mostly replicate this knowledge from external sources? For 

this study, we focused on the innovative performance implications of having one of these 

strategies.  
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TABLE 5: Extension of the Analysis to Less Substantive Innovation 
 

 Tobit models: Explaining Innovations New to the Firma 

 
(5) (6) (7) (8) 

Internalb 
 

0.00 0.00 0.02 

  
(0.01) (0.02) (0.03) 

Compoundingb 
 

-0.00 -0.00 0.01 

  
(0.02) (0.02) (0.03) 

Lack of Innovative Capacityc 0.00 0.01 -0.04** 
 

 
(0.01) (0.01) 0.02 

 Lack of Innovative Capacity 
 

0.05** 
      x Internal 

  
(0.02) 

 Lack of Innovative Capacity 
 

0.05** 
      x Compounding 

  
(0.02) 

 Cooperation -0.02 -0.02 -0.02 
 

 
(0.01) (0.01) (0.01) 

 Internal and Cooperation 
  

 -0.00 

   
 (0.03) 

Compounding and Cooperation 
 

 0.00 

   
 (0.02) 

Replication and Cooperation 
 

 0.03 

   
 (0.04) 

New KM system 0.02 0.02 0.02 0.02 

 
(0.01) (0.01) (0.01) (0.01) 

R&D Continuously 0.03** 0.03** 0.03** 0.03** 

 
(0.01) (0.01) (0.01) (0.01) 

R&D Intensity 0.00** 0.00** 0.00** 0.00** 

 
(0.00) (0.00) (0.00) (0.00) 

Employees (ln) -0.01 -0.01 -0.01 -0.01 

 
(0.00) (0.01) (0.01) (0.01) 

Turnover (ln) -0.01 -0.00 -0.00 -0.01 

 
(0.00) (0.01) (0.01) (0.01) 

   
 

 Constant 0.03 0.03 0.03 0.01 

 
(0.07) (0.07) (0.07) (0.07) 

Industry fixed effects yes yes yes Yes 
χ2 66.71*** 68.18*** 74.23*** 67.72*** 
d.f. 28 30 32 31 
N 1948 1948 1948 1948 

 
Notes for Table 5: 
* p<0.10, **p<0.05, ***p<0.01 
a Unstandardized coefficients. Standard errors between parentheses. Two-tailed tests. 
b In model 4, the variables Internal and Compounding represent non-cooperating firms choosing these strategies. 
c In model 3, the coefficient of Lack of Innovative Capacity represents the effect of the lack of innovative 
capacity for replicating firms. 
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We found support for our first hypotheses (1a and 1b) concerning innovations that are new 

to the market. Internal and Compounding each lead to significantly higher innovative 

performance than Replication. Thus, as expected, it is hard to achieve an innovation that is 

new to the market by solely relying on external knowledge. However, this is not due to the 

use of external knowledge per se, but rather to the way in which this external knowledge is 

used. We did not hypothesize any differences in the effects of Internal and Compounding 

because the difference is ambiguous, and indeed we find that firms with a Compounding 

strategy achieve innovation outcomes similar to those of firms with an Internal strategy. 

However, the negative correlation between R&D Intensity and Compounding – in contrast to 

the positive correlation between R&D Intensity and Internal – suggests that less such effort is 

needed to achieve Innovations New to the Market through Compounding. The correlations 

between the R&D strategies and absolute R&D expenditures (not reported here) are similarly 

opposite in sign, thereby amplifying this presumption. This may be due to the benefits of 

cooperation that we show apply primarily to the Compounding strategy. The correlations just 

mentioned are but tentative indications of what may be driving the choice and outcome of 

these two strategies, though. 

Our second hypothesis is not corroborated. Replication leads to significantly more 

innovations new to the market with increasing Lack of Innovative Capacity, meaning that 

Replication makes more sense as the lack of innovative capacity increases. For firms using a 

compounding strategy, by contrast, innovative performance is dependent on possessing a 

high level of innovative capacity. However, Replication is not superior to the other strategies 

for firms with a high Lack of Innovative Capacity. 

We also found support for our third hypothesis. The findings of model 4 in Table 4 and of 

Figure 2 show that our distinction between strategies is relevant when studying the conditions 

under which cooperation matters too. While at first glance cooperation is beneficial in 

general, in fact this effect is only significant for the interaction with Compounding. This 

shows that the integration of external knowledge can be a difficult task, and that cooperation 

can help firms get the most out of this external knowledge, but only if the firm’s strategy is 

genuinely focused on compounding internal and external knowledge. Our findings thus 

extend those of Kotabe et al. (2003) and Uzzi and Lancaster (2003) whereby durable 

cooperation enables better performance of key tasks – in this case innovation. Cooperation 

does not significantly help when a firm mostly relies on its own knowledge, or merely aims 

to replicate external knowledge. 
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The non-significant effects in our extension of the analysis to innovations new only to the 

firm are noteworthy as well. For Innovations New to the Firm, it appears that “all roads lead 

to Rome”. That is, no substantive differences exist between the effects of the R&D strategies 

when the firm aims at these incremental innovations. However, one may expect that 

comparing these strategies with regard to efficiency may yield different results. For example, 

when firms are aiming to catch up with the industry and are seeking an innovation that is only 

new to the firm, replicating technology that is widely used in the industry may be more cost 

efficient than internally developing that technology. 

If we interpret the variable New KM System as an antecedent of R&D quality (see 

Cantner et al., 2011) and R&D Intensity as an indicator of R&D effort or quantity, we may 

conclude that the quality of R&D matters when aiming at Innovations New to the Market, 

whereas Innovations New to the Firm is more dependent on R&D effort. This finding, 

combined with the fact that the R&D strategies are only significant for Innovations New to 

Market, shows that dedication, quality, and originality are needed for the most novel 

innovations. Again, external knowledge can be used in generating such innovations, but only 

if a firm is compounding that knowledge actively with its own knowledge – that is, open 

innovation requires extensive efforts at bringing internal and external knowledge together, 

something that can become forgotten when the firm focuses on obtaining external knowledge 

for its own sake. We thus show an important caveat for research (and practice) on open 

innovation (Chesbrough, 2003). Extending the implications of this finding to existing policies 

on innovation, facilitating knowledge transfer may not be sufficient, but facilitating 

compounding may be. 

By differentiating between Internal, Compounding, and Replication strategies, we shift the 

focus from studying R&D expenditures (Cassiman & Veugelers, 2006; Veugelers & 

Cassiman, 1999) to studying to what purpose external knowledge has been sourced, and how 

this relates to a strategy of mostly relying on internally developed knowledge. Specifically, 

our findings elaborate on Cassiman and Veugelers’ (2006) finding of complementarity 

between expenditures on internal and external R&D. As mentioned in our theory section, 

Internal and Replication represent that a firm relies mostly on internal or external sources for 

innovation development, respectively. Therefore, these strategies do not imply that firms with 

an Internal strategy have no external R&D expenditures nor that a replicating firm has no 

internal R&D expenses. Although the complementarity of these expenditures seems most 

obvious in the case of a Compounding strategy, the complementarity may also be present for 

firms with an Internal or Replication strategy. For example, replicating firms may need to 
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invest in internal development to be able to identify what technology to acquire or to specify 

what technology needs to be developed by external parties. Thus, the actual sort of 

complementarity between internal and external R&D may differ per strategy. 

Limitations and further research 

Notwithstanding the above findings and contributions, this study and its outcomes have 

some limitations. First, although our data contains confidential, hard to collect, and valuable 

data on innovative performance and R&D expenditures, it has some potential flaws. The data 

include subjective assessments, albeit by qualified and knowledgeable respondents, of their 

firm’s R&D strategy. Factors such as the Not Invented Here-syndrome at the level of the 

individual respondent (Katz & Allen, 1982) could lead to a bias towards emphasizing the 

firm’s own contribution in R&D, leading to a shift from assigning a firm in Compounding to 

Internal or, to a lesser extent, from Replication to Compounding. However, some interviews 

with the target population provided confidence in the validity of this measure, as we found 

interviewees to generally provide answers consistent with their firm’s strategies. Moreover, 

should this bias be present, it would make our reported findings more conservative. 

Another possible limitation in our data is that we do not have a control for acquiring 

knowledge through acquisitions of (parts of) firms, as described for instance by Ahuja and 

Katila (2001). In our data, a firm which mostly relied on acquisitions to innovate would label 

its R&D strategy Internal, since the targets then become part of the respondent firm. 

Depending on the time lag between acquisition and innovation, one could argue that in such 

cases Compounding or Replication would be a more accurate description. We believe, based 

on general statistics on mergers and acquisitions among the target population in the period of 

reference (IMAA, 2013), that the frequency of such cases in our sample is not sufficiently 

high to bias the results. When we interviewed him, the Statistics Netherlands officer in charge 

of the CIS surveys corroborated this. Another possible limitation is that we assess all 

innovations of a firm between 2002 and 2004 and assign one strategy to that firm based on its 

identification of its main strategy. It might be that a firm changed its strategy during this 

period, or did multiple R&D projects in the period of study and had different R&D strategies 

for these projects – i.e., the “main” strategy may have a close second or even third. Thus, we 

do not know how intensively a strategy has been followed, nor if the firm followed that 

strategy exclusively. It would take R&D project-level data to solve this issue. 

Furthermore, we do not take the specific costs of the chosen strategies into account. That 

is, our results indicate the effectiveness of the three strategies, but not the efficiency. We do 
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take into account the intensity of R&D, though, and the correlation between R&D Intensity 

and the strategies is only positive for the Internal strategy, pointing out that R&D 

expenditures for firms with an Internal strategy are on average higher than the expenditures 

of other firms. However, more fine-grained data that allows for precise matching of costs and 

strategies would be needed to draw firmer conclusions regarding the efficiency of the 

strategies. 

Another limitation is that, although we were able to control for the overall innovative 

capacity of firms, we did not have access to data that would allow us to control for specific 

R&D capabilities. For instance, we would expect that different sets of research vs. 

development capabilities are needed to successfully implement the three strategies that we 

identified. If firms mismatch their capabilities to their strategy, this likely leads to a lower 

innovative performance. A study that took into account both discrete capabilities and strategy 

would result in better understanding of R&D’s performance implications, and clearer 

practical recommendations. Moreover, the possible effects of particular sets of R&D 

capabilities on the choice of strategy could be researched in such a set-up. 

Notwithstanding these limitations, we showed that distinguishing compounding with 

external knowledge from replication of external knowledge is a valuable research area. This 

has relevance beyond our theory and evidence about performance implications. Rather than 

simply asking whether firms source knowledge internally or externally, or ‘make’ or ‘buy’ 

knowledge, we show that it is important to distinguish between developing knowledge 

internally, replicating external knowledge, or compounding internal and external knowledge. 

That is, the intent of external knowledge sourcing, and its relationship with internal 

knowledge sourcing, is essential. This distinction can lead to a more refined understanding of 

the determinants of R&D strategy too, and might have implications for other aspects of R&D 

management. We already showed that this distinction is relevant for one of these aspects, 

R&D cooperation, and expect similar promising results for other aspects, such as search 

strategies. 

 

CONCLUSION 

We believe that our main contribution lies in developing a richer perspective on R&D 

strategy that uses external knowledge. By illuminating the distinction in the use of knowledge 

between compounding and replication, and identifying their performance implications, we 

hope to have triggered a new approach to studying the external or open components of R&D 
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strategy. We also show that our distinction can explain different effects in a popular theme in 

R&D strategy: cooperation. Our distinction might be used to revisit other popular themes in 

R&D strategy as well, such as studies of the breadth and depth of external knowledge 

(Grimpe & Sofka, 2009; Laursen & Salter, 2004, 2006) or studies of the complementarities 

between internal and external knowledge (Cassiman & Veugelers, 2006; Veugelers & 

Cassiman, 1999). Research building on our findings is thus well warranted.  
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APPENDIX A: DISCUSSION OF CIS DATA 
 

The source of the data used in this chapter is the Community Innovation Survey (CIS). As 

already mentioned in the main text, the CIS is an ongoing two-yearly4 study to firm-level 

innovation data that is conducted in all member states of the European Union (EU), Iceland 

and Norway. The first CIS wave took place in 1992 (CIS-1), and currently the eight wave is 

underway (CIS-2012). The CIS is harmoniously surveyed in the participating countries and is 

thoroughly constructed by a group of international scholars (OECD & Eurostat, 2005). The 

CIS draws from a long tradition of innovation research, such as the Yale survey and the 

SPRU innovation database (Laursen & Salter, 2006). More specifically, the CIS is based on 

the Oslo Manual, providing guidelines for collecting and interpreting innovation data. The 

Oslo Manual, in turn, is based on the Frascati Manual, the Canberra Manual, and other 

guidelines and handbooks covering R&D, patents, and biotechnology statistics, amongst 

others (OECD & Eurostat, 2005). Furthermore, the survey’s interpretability, reliability, and 

validity have been established by extensive piloting and pre-testing within different EU 

member states (Laursen & Salter, 2006). 

The data generated by the CIS are a useful complement to other measures of innovative 

output, such as patent statistics (Brouwer & Kleinknecht, 1999; Duguet & MacGarvie, 2005; 

Kaiser, 2002; Mairesse & Mohnen, 2002). Not surprisingly, CIS data has been used 

successfully before in various disciplines, e.g. economics (Belderbos et al., 2004a; Veugelers 

& Cassiman, 1999) and strategic management (Laursen & Salter, 2006; Leiponen & Helfat, 

2010). 

We use Dutch CIS-4 data. The survey is launched in 2005 and measures innovation 

activities during the three year period from 2002 to 2004. Dutch CIS data is gathered, 

processed, and controlled by Statistics Netherlands (Centraal Bureau voor de Statistiek, 

CBS). In the Dutch CIS, the unit of analysis is the business entity. In the definition that 

Statistics Netherlands uses, a business entity has autonomy over production processes and the 

delivery of products and services to third parties. The Dutch survey is 11 pages long, 

including the cover page and the instructions (totaling two pages). Text boxes with 

clarification for potentially ambiguous constructs (product innovations, process innovations, 

innovation activities) are placed underneath the question headings. Furthermore, many of the 

answer possibilities contain clarifications to minimize misinterpretations or ‘interpretive 

flexibility’ (Tether, 2001). The survey is normally completed by the managing director, chief 
                                                
4 Until 2005, the interval between two CIS waves was four years. 
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financial officer, or the R&D manager of the business entity. The name of the respondent is 

asked in the final question of the survey, allowing CBS to check the source of the answers. 

The respondents are promised strict confidentiality, and academics seeking to study the 

Dutch CIS microdata have to follow strict regulations and can only work with anonymized 

data. 

Dutch CIS data is gathered through a mixture of census and surveys. All business entities 

with 50 or more employees are in the census, whereas a representative sample of business 

entities with less than 50 but at least 10 employees are approached through a survey. In the 

fourth wave of the Dutch CIS, 14450 business entities are considered innovative, 13770 of 

them having reported finished innovations. 

The CIS has improved between waves. For example, many of the issues raised in critical 

assessments of the CIS (e.g. Tether, 2001) have been taken into account for the revision of 

the third (and to date most recent) edition of the Oslo Manual (OECD & Eurostat, 2005). 

Based on this revision, CIS-4 has improved over CIS-3 by improving the coverage of 

innovation types, (amongst others on organizational and marketing innovation), by revising 

the questions on innovation activities and expenditures, by deleting several questions, and by 

altering several of the CIS-3 questions. 

Nevertheless, CIS data still has its limitations. Firstly, CIS data is self reported by single 

informants (Criscuolo, Haskel, & Slaughter, 2005; Grimpe & Sofka, 2009). As mentioned in 

the first paragraph of this appendix, several features have been implemented in the survey to 

limit the possible negative effects stemming from relying on a single self-reporting 

respondent (Criscuolo et al., 2005; Grimpe & Sofka, 2009; Laursen & Salter, 2006). Yet, 

multiple respondents per business entity and different data sources would establish even 

higher validity of the data (Podsakoff, MacKenzie, Lee, & Podsakoff, 2003). Secondly, some 

constructs are conflated in the survey. Specifically, although CIS distinguishes between 

product/service innovation, process innovation, organizational innovation, and marketing 

innovation (from wave 4), no such differentiation is made between products or services, even 

though these forms of innovation differ (Nijssen, Hillebrand, Vermeulen, & Kemp, 2006; 

Tether, 2005). Another conflation issue appears in the measure of innovativeness. The 

respondents are asked the proportion of turnover of year t (2004 in CIS-4) that consists of 

innovative products or services that have been introduced in the years t-2, t-1, and t (2002, 

2003, and 2004, respectively). This is problematic to the extent that innovations (late) in 2004 

are likely to have little impact on the turnover in that year, yet it is impossible to distinguish 

between the impact of the innovations introduced in 2003 and 2002 (Tether, 2001). Thirdly, 
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related to the second issue, some questions only provide coarse information on constructs. 

For example, the questions do not reveal the extent to which the respondent has cooperated in 

its innovation activities. The respondents are asked whether or not they actively cooperated in 

their innovation activties, and if so they can indicate the type of partner or partners (e.g. 

competitors, universities, suppliers) and their location (e.g. the Netherlands, EU, the United 

States, or other countries). However, the actual role of the cooperation partner, the number of 

cooperation partners, and the amount of cooperation are not revealed by these questions. 

These limitations also have implications for the analyses in this chapter. For example, the 

question on the innovation strategies is another example of providing coarse innovation. The 

respondents have to choose which statement is most applicable to the innovation strategy of 

the firm in the last three years. Therefore, these strategies are mutually exclusive, which is 

represented in our data by the binary coding scheme: a firm scores one on only one of the 

strategies Internal, Compounding, or Replication, and zero on the others. Unfortunately, this 

entails that some firms with multiple strategies for different product groups are forced to 

select the most applicable strategy during the entire period rather than being able to indicate 

multiple strategies. Furthermore, we are not able to capture whether firms have switched 

strategies in the period of reference. We also address these issues in the discussion section of 

Chapter 2. 

Our analyses also suffer from the coarse information that the cooperation variable 

captures: we only measure if  the firm cooperated in their innovation activity. Yet, this entails 

that firms that actively cooperated once on one development aspect in their innovation 

activity for one of many products and firms that actively cooperated with multiple partners on 

multiple development phases of all new developed products are both regarded as cooperating 

firms. Further research ahould take these differences into account with a more fine-grained 

measure of cooperation. 

One limitation applies to the Dutch version of CIS data, but not necessarily to CIS data 

gathered in other countries. The confidentiality of the respondents’ inputs is extremely well 

warrented. To illustrate: Dutch CIS-data is only accessible by government officials or 

researchers affiliated with a Dutch university. Furthermore, analyses on the data can only be 

performed in secure environments, such as working stations at CBS’own office, and any 

output has to be controlled by CBS to make sure no confidential information leaves the 

secure environment. Yet, the protective measure that is limiting the usability of the data the 

most is the absolute anonymity of the respondents. CBS replaces the respondent ID with a 

self-generated code. Therefore, any matching with other databases needs to be performed by 
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CBS. Moreover, one cannot be certain to what extent the firms in a specific sample can be 

matched. Finally, when interviewing the survey’s target group, we were not able to verify 

their answers by matching them to observations in the dataset.5 

Another limitation pertains to our measure capturing the lack of innovative capacity. We 

measure and sum the extent to which the firms has hampered by a lack of qualified personnel 

and a lack of technological knowledge. This of course is an imperfect proxy of innovative 

capacity, as firms with no qualified personnel and no technological knowledge that were not 

hampered in their innovative activity would score low on the lack of innovative capacity 

measure. However, since we sample on innovative firms (producing at least one innovation), 

we expect that such extreme cases are not present in our data. 

Lastly, we discuss our dependent variable, the share of turnover that consists of products 

and services new to the market. First, it is worth mentioning that we cannot distinguish 

between products or services in this measure. This puts this chapter at odds with the other 

chapters of this dissertation, as the other chapters focus purely on product innovation. 

However, the industries in this sample or most likely to produce products rather than services. 

Yet, we cannot entirely rule out that a small number firms in our sample launched new 

services. Second, our dependent variable has been criticized for being flawed (Brouwer & 

Kleinknecht, 1996; Brouwer, Poot, & van Montfort, 2008). The actual question asks the 

percentage of turnover consisting of significantly improved products and services new for the 

respondent’s market. Brouwer and Kleinknecht (1996) show that exporting firms have a 

smaller proportion of innovations new to the market than non-exporting firms. They argue 

that the market of exporters is bigger and may be more advanced, and therefore it is harder 

for exporters to introduce innovations that are new to the market. Thus, this measure captures 

innovations that are truly new to the world, and innovations that may be only new to the 

regional market the respondent’s firm is serving. As such, whether an innovation is new 

market or new to the firm becomes dependent on the firm it is introducing. However, 

although this variable is undeniably conflated, our findings point out that important 

differences exists between the innovative output that is measured at the new to the market 

level and innovative output that is measured at the new to the firm level. This strengthens our 

                                                
5 Another illustration of the protection of Dutch CIS data can be seen in the data that Grimpe and Sofka (2009) 
use. Eurostat has released a CD-ROM containing anonymized CIS-3 microdata of various countries. Permission 
to use the data on this CD-ROM can be granted for research by academics under specific and strict conditions. 
Yet, the Netherlands is one of the few countries that did not grant permission for use of the anonymized data, 
and therefore the CD-ROM does not contain Dutch CIS-3 data. 
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belief that innovations new to the market are truly more innovative than innovations new to 

the firm. 

 



 
 

 
 

 

  



 
 

 
 

CHAPTER 3:  

 

KNOWLEDGE MODIFICATION AND PRODUCT INNOVATION PERFORMANCE: 

FROM REPLICATION TO RECOMBINATION* 
 

ABSTRACT 

Building on the knowledge sourcing literature, we advance the understanding of how 

internally and externally developed knowledge can be used to achieve superior performance. 

By focusing on modification of internal and external knowledge, we distinguish between 

replication and recombination strategies. We theorize about the respective performance 

implications of these strategies and also test the moderating effect of transformation ability, 

one of the dimensions of absorptive capacity. Using unique in-depth survey data on video 

game development studios, we find that recombination of knowledge positively contributes to 

product sales and product quality, but only if the developing team has sufficient 

transformation ability.  

                                                
* This chapter is the result of joint work with Xavier Martin 
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INTRODUCTION 

Nowadays, more and more managers and scholars realize that both internally developed 

and externally developed knowledge are important in research and development (R&D) 

strategies (Cassiman & Gambardella, 2009; Chesbrough, 2003; Fabrizio, 2009). More 

specifically, the integration of knowledge from individuals to the organization (Grant, 1996a) 

or from external sources to the organization (van den Bosch, Volberda, & de Boer, 1999) are 

an important source of competitive advantage (Kogut & Zander, 1992). In this study, we link 

capabilities and R&D strategies to various new product development performance 

implications, such as product quality, sales, and time-to-market. Specifically, our research 

questions are: How does the knowledge use strategy affect new product development 

performance, and how is this relationship affected by the absorptive capacity of the product 

developer? We thereby suggest a more fine grained role of external knowledge in R&D 

strategy by focusing on the specific use rather than on the acquisition of external knowledge 

per se. 

We draw upon the literature on knowledge sourcing in R&D. Several relevant aspects of 

using internal and external knowledge in R&D strategy have been highlighted in the strategy 

and management literature so far. One stream has focused on the interdependencies between 

internal and external knowledge, finding that these two methods of sourcing complement 

each other (Cassiman & Veugelers, 2006). Other scholars have studied ways of attracting 

external knowledge, varying from relatively simple transactions such as through inward 

technology licensing (Atuahene-Gima, 1992; Laursen, Leone, & Torrisi, 2010) and 

outsourcing R&D (Calantone & Stanko, 2007; Ulset, 1999) to using more complex and larger 

vehicles such as R&D alliances (e.g. Sampson, 2007), venturing (Dushnitsky & Lenox, 2005; 

Williams & Lee, 2009), or even acquisitions of complete firms (e.g. Puranam & Srikanth, 

2007; Schweizer, 2005). In even more recent studies, the link between knowledge sources 

and innovation objectives of firms has been taken into account (Leiponen & Helfat, 2010). 

Yet, what is missing is research to how the external knowledge is used, or to what purpose it 

was acquired. We aim to extent the literature on R&D strategy by identifying and 

differentiating between two fundamentally different purposes of acquiring external 

knowledge: recombination and replication. Recombination is probably the best known way, 

already mentioned in Joseph Schumpeter’s definition of development*; “[…] carrying out of 

new combinations” (1934, p. 66). Since Schumpeter’s contribution, scholars have argued that 

                                                
* Later, he extended the meaning of development to innovation (Schumpeter, 1939) 
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novel knowledge and, sequentially, invention and innovation are generated by reconfiguring 

the ways knowledge elements are linked (Henderson & Clark, 1990), or by new combinations 

of existing knowledge elements (Fleming, 2001; Sorenson et al., 2006). The other way to use 

external knowledge, replication, has a less prominent role in innovation literature, and is 

often even seen as an antonym of innovation. It has been portrayed as a strategy for those 

who cannot innovate (yet) and need to catch up with current technologies (Kim & Nelson, 

2000; Rosenberg & Steinmueller, 1988). Perhaps because of the less positive perception of 

replication, much attention in the literature has been given to the question how to prevent 

other firms from replicating your knowledge (Coff et al., 2006; Rivkin, 2001). However, 

others have argued that product development through replication might be more efficient and 

even more effective than through internal R&D, which is traditionally seen as the main driver 

of innovation and new product development (Levitt, 1966; Shenkar, 2010). 

Another important concept explaining heterogeneity in performance benefits realized 

through integrating external knowledge is absorptive capacity; the ability to exploit external 

technological developments (Cohen & Levinthal, 1989, 1994). After Cohen and Levinthal’s 

seminal papers on absorptive capacity (1989; 1990; 1994), the concept was interpreted and 

used in multiple ways and stretched in several directions, often diverging from the original 

meaning (Lane, Koka, & Pathak, 2006). Therefore, several scholars have proposed a 

reconceptualization or even reification of the concept, with the most recently added 

dimension - transformation - as frequent subject of debate (e.g. Lane et al., 2006; Todorova & 

Durisin, 2007; Zahra & George, 2002). However, no convergence has been reached and there 

still is debate about the appropriateness of the transformation dimension. (Fabrizio, 2009; 

Todorova & Durisin, 2007).We therefore focus on the role of this specific dimension in 

relationship with R&D strategy. 

By combining the fields of absorptive capacity and knowledge sourcing, we contribute to 

the innovation literature by providing a more comprehensive answer to the questions 

organizations face in their innovation strategy, thereby addressing the call of Cassiman & 

Gambardella (2009). First, we focus on how organizations actually use internal and external 

knowledge. We do this by examining whether and how organizations adapt their internally 

created and/or externally acquired knowledge, thereby going beyond studying the simple 

make-or-buy or make-and-buy decision (Cassiman & Veugelers, 2006; Veugelers, 1997). 

In so doing, we add to the innovation literature by refining the understanding of the 

recombination concept. Since its use by Schumpeter (1934), the term recombination has been 

used regularly, with even an increasing frequency of use in the last years (e.g. Davis & 
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Eisenhardt, 2011; König et al., 2011; Padula, 2008; Phelps, 2010). However, the concept 

itself is rarely defined, and in most of these studies the term is used to denote combinations of 

resources, knowledge, or technologies, and the terms combination and recombination can be 

used interchangeably. We suggest and use a definition of recombination that is different from 

and more complex than mere combination. 

Furthermore, our approach adds insights to the absorptive capacity literature. This study is 

one of the few studies capturing the multidimensional structure of absorptive capacity 

(Jansen, van den Bosch, & Volberda, 2005; Lichtenthaler, 2009), yet it is the first suggesting 

and testing that the necessity for the transformation dimension differs for two distinct ways of 

utilizing external knowledge. We thereby provide a partial answer to the ongoing debate 

about this dimension of absorptive capacity (Fabrizio, 2009; Todorova & Durisin, 2007). 

This paper also contributes to the knowledge based view of the firm (Grant, 1996b; Kogut 

& Zander, 1992). We show how and when external knowledge can be used together with 

internal knowledge to gain superior performance. We thereby contribute to the literature that 

stresses transformation ability in a knowledge based perspective (Carlile, 2004). Specifically, 

we show the important but contingent role that transformation ability plays in explaining how 

firms can exist by making use of externally developed knowledge.  

Finally, by using video game industry data to answer our research questions, we contribute 

to the literature on creative industries. Despite its size and impact on society, the video game 

industry has received relatively little attention in the management literature  (Binken & 

Stremersch, 2009). In particular, the capabilities of developing teams has been put forward as 

an understudied research area (Tschang, 2007). Yet, the video game industry is also a highly 

dynamic large multi-billion industry, where new titles are developed and managed on a 

project basis (Siwek, 2010; Tschang, 2007). Therefore, we believe that our results are not 

only interesting for this industry, but can be generalized to other project-based and new 

product development settings, too. 

THEORY 

The literature on the use of external knowledge has been vastly growing in the last 

decades. An important stream has focused on the relationship between internally and 

externally developed knowledge. The focal area has changed from the choice between using 

internal or external knowledge (Pisano, 1990) to simultaneous use (Veugelers, 1997; 

Veugelers & Cassiman, 1999) and the finding that internal and external knowledge 

complement each other (Cassiman & Veugelers, 2006). Rather than addressing the question 
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whether organizations use external knowledge, we are interested in how organizations use 

external knowledge. Therefore, this section starts with a discussion and definition of the two 

distinct ways of using external knowledge: recombination and replication. Because the way 

of using external knowledge is likely to be (at least partly) affected by the organizations’ 

capabilities of handling external knowledge, the second part focuses on absorptive capacity. 

Lastly, our hypotheses are formed. 

Recombination and replication 

Since recombination and replication of external knowledge are essential to this paper, we 

need to go beyond the brief review of these concepts in the introduction. To be able to 

provide clear definitions, we picture the knowledge base of an organization as consisting of 

knowledge components. From a static perspective, the knowledge components in the 

knowledge base of an organization consist of either internally developed or previously 

internalized knowledge. When the organization acquires knowledge from outside its borders, 

an external knowledge component will be added to the knowledge base. During the iterative 

process of integration into the knowledge base, an organization must decide to what extent it 

modifies the external component, if at all, and to what extent it modifies the existing internal 

components, if at all (Williams, 2007). We thereby identify two reasons for modification. The 

first reason for modification is that the external component is likely based on other heuristics 

than in use by the acquiring organization (Leonard-Barton, 1995). Compatibility between 

components is essential for effective use of knowledge (Capron & Mitchell, 2004; Williams, 

2007), thus modification may be necessary to achieve better product performance (Argote & 

Ingram, 2000, p. 152; Christensen, 1992). The second reason for modification is that 

organizations aim to increase the potential performance and uniqueness of the end product. 

The roots of this mechanism can be found in Porter’s product differentiation strategy (1980) 

To be able to outperform competitors, organizations’ product offerings should be different 

from what their competitors offer. As such, organizations looking to outperform others may 

need to modify their knowledge components to differentiate from and stay ahead of 

competitors (Geroski, Machin, & van Reenen, 1993). Furthermore, when the acquired 

knowledge does not exactly fulfill the need of the acquiring organization, reconfiguration is 

necessary (Capron & Mitchell, 2009). In both cases, the knowledge acquiring organization 

can decide to modify the internal and/or the external knowledge components to increase the 

performance of the end product. 
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In assessing replication, we follow Szulanski, Capetta and Jensen’s (2004) notion that 

knowledge is more replicated the less it is modified or adapted after its transfer. Thus, we 

define replication as using external knowledge in the state in which it was acquired. Defining 

recombination, however, is harder. In a Schumpeterian sense, every new combination of 

knowledge can be considered a recombination, regardless of whether any of the components 

have been modified and regardless of whether an external knowledge component has been 

involved. However, we aim to deepen the understanding of recombination. In genetics, 

recombination is a process that results in new genes or chromosomal combinations that are 

not found in the parent cells (Clark, 1971; Griffiths, Miller, Suzuki, Lewontin, & Gelbart, 

1993). Translated to our setting, after recombination of external knowledge has occurred, the 

result of this recombination is not just a sum of an internal and an external knowledge 

component, but if one were to disentangle the components from the result, the components 

would have changed compared to their initial state in their parents’ knowledge base. 

Assessing recombination becomes assessing whether the internal and external knowledge 

components have been modified. Thus, we define recombination as substantial performance-

enhancing modification of both existing internal knowledge components and the acquired 

external knowledge component. These modifications of both components can lead to 

synergies between them so that the result is more than the sum of the components. 

However, rather than choosing between either no modification of the external component 

(replication) or substantial modification of both internal and external components 

(recombination), it is likely that organizations set the extent to which they modify internal 

and the extent to which they modify external components. To assess the meaning of non-

substantial or substantial modification of internal and/or external knowledge, we depict a 2 by 

2 matrix (Table 1). Starting in the upper left cell we have positioned replication. This cell 

represents non-substantial modification of both the internal and the external components. By 

our definition, the replication effect is stronger the less substantial the modification of 

external knowledge. The cell on the lower left side (non-substantial modification of external 

component, substantial modification of internal components) does not represent just 

replication, but replication where the organization chooses to adapt its internal knowledge 

base to the acquired external component. We deem differentiation between this cell and the 

cell above (Replication) of importance because organizations in this cell face the additional 

of costs and efforts for this adaptation. The upper right cell represents adaptation of the 

external component. This again involves extra costs and effort and increases the performance, 

though it lacks the true recombination of internal and external knowledge since the internal 
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components are not substantially modified. The last cell, representing substantial 

modification of both the internal and the external component, is labeled Recombination. By 

our definition, more substantial modification of internal and external knowledge components 

(moving closer to the lower right corner of the cell) indicates stronger recombination. 

 
TABLE 1:Modification of knowledge components 
 
 Modification of external knowledge components 

Non-substantial Substantial 

    

Modification of internal 

knowledge components 

Non-substantial  Replication Adaptation of external 

component 

    

Substantial  Replication with adaptation 

to external component 

Recombination 

    

In summary, recombination is substantial modification of internal and external knowledge 

by the focal organization. This fusion of knowledge leads to a wide array of possible new 

knowledge creations. By applying a replication strategy, organizations use acquired or 

licensed knowledge in the state it is developed by the supplying party. Therefore, 

organizations that mostly replicate the external knowledge are dependent upon the 

availability and quality of the knowledge supplied to them. The next two quotes from 

respondents to our survey illustrate the decision whether or not to modify internal and 

external knowledge: 

 

“As my experience says, external tools are always risky, because in 90% of cases third 

side developed technology does not fit ideally into your project, and has to be modified” 

 

“[The external technology in our project] is also very commonly used (Havok physics for 

example) and well understood so we spent some time adjusting our code base to it's use but 

little time making significant changes [sic]” 
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Based on the review above, the first hypotheses are formed. We only formulate hypotheses 

about the effects of recombination and replication on successful new product development, 

although we acknowledge that there are main effects of internal or external component 

modifications. Before we are able to outline our reasoning, however, it is necessary to define 

successful new product development. Three performance criteria are commonly used when 

studying new product development: product sales, the quality of the newly developed 

product, and whether the product launch deadline is met (Cohen et al., 1996; Krishnan & 

Ulrich, 2001). We refer to these in our hypotheses as ‘product sales’, ‘product quality’ and 

‘product release delay relative to the intended release date’, respectively. 

From the general tendency of preferring original new product development over 

replication, it may seem that replication is a valid option only for organizations that are not 

capable of modifying knowledge or developing products themselves. However, the success of 

replicating organizations has shown that replication can be a strategy worthwhile pursuing 

(Levitt, 1966; Shenkar, 2010). Compared to recombination, or compared to any modification 

of external knowledge, replication has the advantage that the acquired knowledge needs less 

elaboration, if any at all. Furthermore, by replicating something tried and tested, uncertainty 

in the developmental process is reduced. This results in a shorter process of using the 

knowledge in the development of the new product, and thus in better time to market 

performance (Quinn, 2000).Conversely, the interaction and modification of internal and 

external knowledge taking place in recombination adds complexity (Sorenson et al., 2006) 

and uncertainty, thereby leading to worse time to market performance, i.e. project launch 

delays. 

 

H1: The more recombination an organization undertakes during new product 

development, the more its product release is likely to be delayed relative to the intended 

release date. 

 

Yet, replicating organizations are dependent upon what knowledge is available to them, 

while recombining organizations can benefit from the large number of possible combinations 

that can be developed by them as both internal and external knowledge components are 

modified. While modification of either internal or external knowledge components results in 

new possible combinations as well, modifying both components implies a multiplication of 

these potential new combinations. These combinations or reconfigurations have been hailed 

as major source of innovation in general (Henderson & Clark, 1990; Phelps, 2010; 
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Schumpeter, 1934) and in the video game industry in particular (Tschang, 2007). 

Furthermore, substantial performance-enhancing modifications of internal and external 

knowledge result in rare combinations allowing for a product differentiation strategy (Porter, 

1980). Moreover, the relation between differentiation and quality, sales, and profit may well 

be positive in any industry, yet it is particularly apparent in the creative or cultural industries 

where “competition […] is driven by a search for novelty” (Lampel, Lant, & Shamsie, 2000, 

p. 266; Tschang, 2007). In project-based industries, organizations willing to differentiate 

have to develop capabilities in projects where rivals are not already successful (Shamsie et 

al., 2009). Therefore, we expect that products developed with recombined knowledge 

outperform those developed with plainly replicated, adapted internal knowledge, or adapted 

external knowledge on sales and quality. 

 

H2a: The more recombination an organization undertakes during new product 

development, the higher the sales of the new product. 

 

H2b:  The more recombination an organization undertakes during new product 

development, the higher the quality of the new product. 

 

Absorptive capacity 

Beyond these hypotheses, we also look at what moderating effect the capabilities of 

innovators have on the effects of these strategies on new product development performance. 

Various capabilities are associated with innovation, R&D, or R&D strategy, ranging from 

relatively general and overarching concepts such as dynamic capabilities (Teece & Pisano, 

1994) to specific concepts as absorptive capacity (Cohen & Levinthal, 1989), ‘combinative 

capabilities’ (Phene & Almeida, 2008), and ‘technology specific and exploitation specific 

R&D capabilities’ (Sosa, 2009). Of these, absorptive capacity, or the “ability to identify, 

assimilate, and exploit knowledge from the environment” (Cohen & Levinthal, 1989, p. 589) 

has received the most attention from management scholars. 

Absorptive capacity has, since its inception in 1989, evolved from a three dimensional 

construct to a four dimensional construct (Cohen & Levinthal, 1989; Jansen et al., 2005; 

Todorova & Durisin, 2007; Zahra & George, 2002). These dimensions represent abilities that 

are shaped by learning experiences (Cohen & Levinthal, 1990; Nelson & Winter, 1982). The 

prior stock of knowledge of an organization is an indication of the learning experiences of the 
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past, and these (together with R&D investments) determine the learning experiences of the 

future. As a result, absorptive capacity is often seen as a recursive construct (Volberda, Foss, 

& Lyles, 2010). Furthermore, because of this renewal and adaptation, absorptive capacity has 

been labeled a dynamic capability in recent literature (Volberda et al., 2010; Zahra & George, 

2002). This entails that, although previous experiences and the prior stock of knowledge are 

important determinants, organizations can actively manage the level and the composition of 

their absorptive capacity. 

The first dimension of absorptive capacity is the ability to recognize or identify and 

subsequently acquire valuable knowledge (Cohen & Levinthal, 1990; Todorova & Durisin, 

2007). Organizations need prior technological and market knowledge to be able to assess 

what technology to acquire and to assess whether and how this technology can become a 

profitable innovation (Lichtenthaler, 2009). The next two dimensions are assimilation and 

transformation. The ability to assimilate allows organizations to understand and analyze the 

acquired knowledge (Jansen et al., 2005). Assimilation occurs when newly acquired 

knowledge or technology fits the existing knowledge base reasonably well, and no changes in 

the cognitive structure are needed to incorporate it into the existing knowledge base (Lane & 

Lubatkin, 1998; Todorova & Durisin, 2007). However, knowledge frequently needs to be 

modified by the recipient (Mowery & Oxley, 1995). When such substantial modification is 

necessary that changes in the cognitive structure are applied before the new knowledge can 

be incorporated, transformation occurs (Todorova & Durisin, 2007). An important aspect of 

transformation is reactivation and synthesis of the existing knowledge base (Carlile & 

Rebentisch, 2003; Garud & Nayyar, 1994). As a result, knowledge can iterate between 

assimilation and transformation when further transformation is needed after (partly) failed 

assimilation, or the other way round when successful transformation allows organizations to 

assimilate the newly acquired knowledge (Todorova & Durisin, 2007). Assimilation ability is 

built by grasping the underlying principles of knowledge, and by understanding the nature of 

eventual benefits attributable to that knowledge (Fichman & Kemerer, 1997), whereas 

transformation ability requires more involvement of the cognitive structures of the existing 

knowledge base and is strengthened by maintenance and retention of the existing knowledge 

base since it relies so heavily on that base of internally available knowledge (Carlile & 

Rebentisch, 2003; Garud & Nayyar, 1994). The final dimension of absorptive capacity is 

application (Cohen & Levinthal, 1989; Todorova & Durisin, 2007; Zahra & George, 2002). 

Application is the ability to extract value from the newly assimilated and/or transformed 

knowledge (Jansen et al., 2005). 
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Following this absorptive capacity review, it is not surprising that organizations vary in 

how successful they are in developing new products. For example, not all organizations are 

capable of replicating successfully (Rosenberg & Steinmueller, 1988). For successful use of 

external knowledge through replication, organizations need to have the capability to spot 

what is right for them. Furthermore, the better organizations grasp the acquired knowledge, 

the better and sooner they can realize its potential value. A third capability is closely 

connected: Organizations that are more capable of applying external knowledge are expected 

to benefit more from the replicated knowledge. For recombination, it is also important that 

organizations are able to identify what external knowledge is valuable. However, since the 

acquired external knowledge and internal knowledge will be modified, understanding the 

knowledge thoroughly and making the knowledge compatible to the existing knowledge base 

are both necessary. Assimilation and transformation capabilities are thus needed. Finally, 

organizations need to be able to apply the modified knowledge in order to extract value from 

it. 

The difference between organizations that can only replicate successfully and those that 

can recombine successfully thus can be found in the capability to transform internal and 

external knowledge. As announced in the introduction, most of the current debate in the 

absorptive capacity literature is about the transformation dimension (Fabrizio, 2009; Lane et 

al., 2006; Todorova & Durisin, 2007). Although we test for the effects of all dimensions of 

absorptive capacity, we hypothesize only the effects of the more novel addition to the 

literature: transformation. Following the reasoning above, we expect an interaction effect 

between recombination and the capability to transform knowledge, resulting in higher 

product sales and quality: 

 

H3a: Transformation ability moderates positively the positive effect of recombination 

on product sales. 

 

H3b: Transformation ability moderates positively the positive effect of recombination 

on product quality. 

METHODS 

The context of our study is the video game industry. Market research organizations 

estimate the global video game industry revenues for 2011 at $65 billion, and the real annual 

U.S. industry growth rate between 2005 and 2009 was 10.6% (Siwek, 2010). This industry 
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has been labeled ‘complex’, ‘creative’, and ‘dynamic’ in previous studies (Schilling, 2006; 

Tschang, 2007; Venkatraman & Lee, 2004). Yet, the main reasons to study this industry are 

the openness to external knowledge in the development process (Gaume, 2006) and the 

willingness to admit that external knowledge has been used. 

Three main actors can be observed in the video games industry: Console manufacturers 

(providing the hardware), developers (providing the software), and publishers, whose main 

task it is to market the games (Schilling, 2006). These actors can be vertically integrated (Gil 

& Warzynski, 2011) and sometimes even a fourth actor is considered to be part of the 

industry: customers (Tschang, 2007). Our focus is on the actual creator of video games, the 

project teams in developing studios. Some developing studios consist of several of these 

teams, whereas in other cases there is only one single team in a studio. These teams are 

responsible for developing the video game and can be regarded as dynamic, temporary 

organizations (Bakker, 2010) 

Data 

Our primary source of information is an on-line questionnaire. Given the target group’s 

proficiency in working with computers and the length of the survey, we deemed an on-line 

questionnaire more appropriate than telephone or mail surveys. To encourage response, the 

questionnaire is designed using Dillman, Smyth, and Christian’s tailored design method 

(2009).The questionnaire is used to measure the independent variables and most of the 

control variables at the studio level. The questions have been drafted after interviews with 

industry experts and are constructed by using known and tested items where available (see 

Appendix A for an overview). The survey has been pretested in three rounds, after each of 

these rounds the pretesters’ comments were used to improve the survey: The first round of 

pretesting by five industry experts was followed by a pretest by two survey experts. In the 

final pretesting round, two (new) industry experts deemed the improved survey appropriate 

for the target population. Depending on the answers of the respondent, the final version of the 

survey contains 49 or 52 questions.  

The questionnaires have been sent out to leading persons in projects of video game 

developing studios. Given the somewhat technical orientation of the survey, we specifically 

aimed at leading persons with a technical background. The job titles that we targeted included 

executive producer, lead producer, senior producer, technical director, lead programmer, and 

lead engine programmer. This approach led to receiving multiple respondents per project 

development team for some projects. All people were  invited to fill out our questionnaire on-
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line by e-mail or by similar electronic messages in a professional networking website. To 

prevent respondents from ‘cherry picking’ their most successful project, the respondents were 

asked to apply the questions in the survey to their most recently released title. We asked for 

the duration of the involvement of the respondent in the project to ensure that the respondents 

were able to reliably answer our questions. 

Of the 1220 survey invitations sent out, 130 were completed on-line, resulting in a 

response rate of 10.7 %. After removal of observations with missing data on critical values 

and the removal of observations that reported not to have used external knowledge, 82 

observations remained to be included in our analyses.* We have examined non-response bias 

by performing t-tests comparing video game sales, video game quality and studio age of 

responding and non-responding studios, as well as by comparing early and late responses and 

by comparing completed and non-completed responses, but did not find indications of the 

presence of such bias. 

Our sample consists of large and small projects, undertaken by studios spread across the 

world. Their reported budgets vary from $40,000 to over $50 million. Slightly less than 55% 

of our respondents are based in Europe, approximately 35% is based in the Americas, and 

about 10%  is based in Asia or Australia. Given the dynamics of the industry, reliable up-to-

date numbers on studios and their locations are not available. However, based on the most 

recent available estimates, we suspect a slight overrepresentation of European studios and an 

underrepresentation of Asian studios. Especially Japanese studios are underrepresented in our 

sample. However, the Japanese video game industry is a special case, with many products 

intended for the Japanese market only (Aoyama & Izushi, 2003), making it hard to compare 

these games to globally available titles. 

Furthermore, we complement the studio level data obtained by our in-depth survey with 

secondary data from focused industry web sites (VGChartz.com, metacritic.com, 

gamebomb.com) and data from the market research company GfK and the UK video game 

trade association UKIE. When using data from web sites dedicated to the industry, we made 

sure to cross-validate the data with data available from other sources. 

                                                
* Some observations with missing values on control variables were ‘salvaged’ by  replacing missing values with 
estimations based on archival data, for example replacing the missing value of the variable team size (number of 
employees in the team at the studio of the respondent at the peak of the project) by a count of unique names in 
that studio on the game’s credit list. The results are qualitatively robust to omission of the salvaged observations. 
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Measures 

Product Release Delay, our first dependent variable, is the measure of the difference 

between the intended product release date (at the start of the project) and the actual product 

release date, relative to the project length. One item in the questionnaire asks for the intended 

release date at the start of the project. This date is cross-validated with press announcements, 

if available. This date in month/year format is subtracted from the actual release date (found 

on and validated by several websites), resulting in a negative number (months) if the project 

was released early, or a positive number if the project was released late. Finally, this number 

is divided by the project length, measured in months. For positive values, the resulting value 

thus indicates the delay as a proportion of the total project length. 

Video game Sales is the second of our dependent variables. Sales is a binary variable and 

represents whether a title appeared in the weekly top 40 sales charts in the UK game market. 

The charts are ranked on unit sales and include all prices (i.e. full priced titles and budget 

priced titles) and all platforms (consoles, PC, and handheld consoles). 

Video game Quality, our third dependent variable, is measured by the review scores that 

experts like video game journalists award to a game, similar to the measure used by Binken 

and Stremersch (2009). Specifically, we used the meta-review scores published by 

metacritic.com, a well-known source in the video game industry. Some publishers even have 

tied their developer’s bonuses to the quality rating published on this website (Wingfield, 

2007). Quality ratings range between 0 and 100. A quality rating between 90 and 100 

indicates ‘Universal acclaim’. Values between 75 and 89 are regarded as an indicator of 

‘Generally favorable reviews’, whereas values between 50 and 74 indicate ‘Mixed or average 

reviews’. Values between 20 and 49 represent ‘Generally unfavorable reviews’, with values 

from 0 to 19 signaling ‘Overwhelming dislike’. The average rating of all 500 rated titles in 

2012 is 69,70. 18 of those received a rating of 90 or higher.  

All independent variables are measured by multiple items using 7 point likert scales, 

ranging from ‘strongly disagree’ to ‘strongly agree’. An overview of the items and their 

sources can be found in Appendix A. For assessing Recombination, we measure the extent 

of modification of internal and external components of the game engine, the technical core of 

a video game (three items each). We based our items on Szulanski et al. (2004) and Williams 

(2007). By multiplying the standardized scores on these constructs (Aiken & West, 1991), we 

obtain a number that represents more recombination (replication) the higher (lower) that 

number. Thus, our Recombination measure is the interaction between the amounts of 

modification of internal and external components. 
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Absorptive capacity is, as already mentioned, measured as a second-order 

multidimensional construct consisting of four first-order dimensions. These dimensions are 

measured using multiple-item seven-point scales. Identification ability (five items) captures 

the ability to assess what technology to acquire. Assimilation ability is represented by four 

items that measure the ability to incorporate knowledge to the existing base without changing 

cognitive structures. Transformation ability consists of six items, focusing on maintenance 

and retention of the knowledge base (Garud & Nayyar; Jansen et al., 2005). Application 

ability consists of four items measuring the ability to extract value from acquired knowledge. 

We also add several controls variables to our model. The size of the project is assessed by 

the relative size of the project budget compared to similar titles, and the team size at its peak 

at the studio. We control for two sources of diversity: educational diversity and nationality 

diversity are both measured by a single item using a six-point scale. We capture experience at 

the level of the team: team experience is an aggregate measure of three six-point scale items 

assessing relevant experience of junior members, senior members, and the team as a whole. 

We control for independent development versus collaboration (Shan et al., 1994) by asking 

whether the project was a multiple studio project. This binary variable is coded 0 for 

collaborating studios, and 1 for studios that independently developed the game. 

We have collected a large and important part of our data using a single survey instrument, 

and the majority of observations rely on a single respondent per studio. To control the 

potential threats that common method bias and single respondent bias pose to the validity of 

our conclusions, several remedies can be undertaken (Podsakoff et al., 2003). Of these, the 

most influential remedy is to measure the dependent and independent variables from different 

sources, which renders additional statistical remedies unnecessary (Podsakoff et al., 2003). 

Two of our dependent variables (product quality and product sales) are obtained from 

archival data. However, our dependent variable product release delay is calculated with 

measures partially obtained from the same survey as the independent variable (and partially 

from archival data). Moreover, common method bias can be present within higher order 

multidimensional constructs (Johnson, Rosen, & Djurdjevic, 2011). Therefore, we have 

undertaken a set of remedies (all reported in Appendix B) that affirm our confidence that the 

potential biases do not substantially affect our findings. 

RESULTS 

The descriptive statistics of the variables are reported in table 2. We start by assessing the 

reliability of our scales. The scales for assessing the modification of internal knowledge and



 
 

 
 

TABLE 2: Descriptive statistics and correlationsab 
 Min Max Mean SD 1 2 3 4 5 6 7 8 9 10 11 12 13 

1. Project Length 1 96 24.31 19.49              

2. Independent 
development 

0 1 0.18 0.39 -.096             

3. Relative size of budget 1 5 2.53 1.06 .359 -.058            

4. Team size (FTE) 2 300 52.68 63.75 .668 -.021 .467           

5. Team experience 5 14 8.89 2.43 -.260 -.005 -.039 -.231          

6. Educational diversity 1 6 3.63 1.25 .122 .066 .068 .223 -.143         

7. Nationality diversity 1 6 3.10 1.42 .155 .079 .119 .256 -.075 .386        

8. Identification ability 2.2 6.8 4.59 1.07 .261 -.054 .171 .232 .127 .070 .241       

9. Transformation ability 2.5 7 4.95 0.92 .022 .003 .145 -.045 .162 -.129 .003 .389      

10. Modification of  
internal components 

1 7 3.80 1.70 .270 -.042 .016 .148 -.152 -.127 -.014 .102 -.003     

11. Modification of  
external components 

1 7 3.92 1.85 .275 .094 -.032 .051 -.063 -.045 .059 .100 -.090 .521    

12. Quality 24 97 70.73 13.37 .255 -.147 .556 .359 -.135 .199 .199 .144 .263 -.054 -.060   

13. Product Release Delay -1.33 2.67 0.17 0.43 .054 .082 .019 -.023 -.058 .126 .192 .002 -.180 -.093 .162 -.084  

14. Sales 0 1 0.33 0.47 .318 -.402 .357 .567 -.161 .106 .244 .212 -.041 .074 -.012 .385 -.057 

 
aPearson correlations, except for the correlation between Independent development and Sales (tetrachoric) 
br > 0.218 and r < -0.218 statistically significant at α 0.05 (two-tailed), except for correlations with Quality (threshold values are 0.232 and -0.232, 
respectively) 
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external knowledge (used for assessing recombination) have Cronbach’s alphas of 

respectively 0.814 and 0.814, indicating good internal consistency. The items measuring 

Identification ability and Transformation ability have an acceptable internal consistency (with 

alphas of respectively 0.732 and 0.720). Surprisingly, although having been validated in 

previous research, the other two dimensions of absorptive capacity do not have reliable items. 

The items measuring Assimilation and Application have alphas associated with unacceptable 

internal consistency: 0.338 and 0.371, respectively. These low alphas force us to exclude 

these dimensions from the model. 

The second step of our analysis is to stringently test for convergent and discriminant 

validity. We do so by including all latent constructs in a single confirmatory factor model. 

Removing one item from the Identification construct (ID1) and one item from the 

Transformation construct (TR5) leads to the best fitting model. Although the Chi-square is 

highly significant (χ² (160)=225.349), other indicators suggest an acceptable fit of the model: 

the root mean square error of approximation is 0.071, with its 90% confidence interval 

boundaries below the 0.10 cutoff value at 0.048 and 0.092, and the standard root mean square 

residual at 0.097. The comparative fit index (0.864) and the Tucker-Lewis Index (0,838) 

however, show that the model fit is mediocre at best. Given our relatively small sample size 

and the contradictory indicators of model fit, we decide to continue with OLS analyses for the 

models with the dependent variables Product Release Delay and Quality. For the models with 

Sales, we use a logistic regression. However, the main effects of our variables of interest 

show the same pattern of signs and significance in the SEM models. 

First, in models 1 to 3 (Table 3), we test the effects on Product Release Delay. In these 

models, Product Release Delay is represented as the delay in months minus the delay 

accountable to eventual collaboration partners, divided by the project length in months.* 

External modification appears to cause delays, but this significant effect disappears when the 

interaction effect of recombination is entered into the model (3). Contrary to our first 

hypothesis, this interaction term has an unexpected but insignificant negative effect. In model 

3, transformation has a significant and negative effect, indicating that more transformation 

ability leads to lower release delays. However, these results should be interpreted with care, 

as model 3 is not significantly better than model 2, and model 2 is not a significant 

improvement over model 1. 

 
                                                
* The results remain largely the same when we take a measure without subtracting the delay accountable to 
collaboration partners, with no changes in sign or significance. 
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TABLE 3: OLS Regression Product Release Delay 

 
 Dependent variable: Product Release Delay (Delay in months minus delay caused 

by collaboration partner, divided by project length) a 
Variable: Prediction Model 1 Model 2 Model 3 

     
Modification of internal components   -0.052 -0.055 
   (0.034) (0.034) 
Modification of external components   0.050* 0.044 
   (0.029) (0.030) 
Identification ability   0.030 0.042 
   (0.053) (0.054) 
Transformation ability   -0.085 -0.103* 
   (0.054) (0.056) 
Recombination (H1: +)   -0.074 
    (0.057) 
Control variables     
Team Experience  -0.011 -0.011 -0.012 
  (0.020) (0.021) (0.021) 
Educational diversity  0.023 0.004 0.018 
  (0.042) (0.043) (0.044) 
Nationality diversity  0.055 0.051 0.037 
  (0.037) (0.038) (0.039) 
Team size (FTE at peak)  -0.001 -0.001 -0.001 
  (0.001) (0.001) (0.001) 
Independent development (binary)  0.070 0.055 0.073 
  (0.125) (0.124) (0.124) 
Relative size of budget compared to similar titles 0.021 0.033 0.029 
  (0.051) (0.051) (0.051) 
Constant  -0.012 0.326 0.438 
  (0.275) (0.388) (0.396) 
     
R square  0.056 0.137 0.157 
Df  6 10 11 
N  82 82 82 
 

aStandard errors between parentheses, * p <0.10 (two tailed test) 
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TABLE 4: Logistic regression Sales 
 

aStandard errors between parentheses, * p <0.10, ** p<0.05, ***p<0.01 (two tailed test)  

 Dependent variable: Sales (Binary measure: Presence in top 40 sales charts)a 
  
Variable Prediction Model 4 
  β Wald χ² P Odds ratio (eβ) 

Modification of internal components  0.864 2.239 0.135 2.372 
  (0.577)    
Modification of external components  -0.630 1.375 0.241 0.533 
  (0.537)    
Identification ability  0.471 1.115 0.291 1.602 
  (0.446)    
Transformation ability  -0.884 2.411 0.120 0.413 
  (0.570)    
Recombination (H2a: +) 0.990 2.438 0.118 2.690 
  (0.634)    
Internal modification x Transformation  0.299 0.219 0.640 1.349 
  (0.640)    
External modification x Transformation  -0.188 0.070 0.792 0.829 
  (0.712)    
Recombination x Transformation (H3a: +) 1.839* 3.780 0.052 6.290 
  (0.946)    
Control variables      
Team size (FTE at peak)  0.028*** 11.127 0.001 1.028 
  (0.08)    
Independent development (binary)  -4.719** 5.378 0.020 0.009 
  (2.035)    
Relative size of budget (compared to  0.274 0.483 0.487 1.316 
similar titles)  (0.395)    
Constant  -3.352*** 7.327 0.007  
  (1.238)    
      
Test   χ² Df P 
Overall model evaluation      

Likelihood ratio test   51.256 11 0.000 

Score test   37.259 11 0.000 

Goodness of fit test      
 Hosmer and Lemeshow test   7.912 8 0.442 
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TABLE 5: OLS Regression Quality 
 
Dependent variable: Qualitya     

Variable Prediction Model 5 Model 6 Model 7 Model 8 
Modification of internal    -1.843 -1.837 -1.780 
Components   (1.463) (1.458) (1.500) 
Modification of external    1.348 1.799 1.547 
Components   (1.523) (1.562) (1.702) 
Identification ability   -0.527 -0.703 -0.891 
   (1.464) (1.466) (1.472) 
Transformation ability   3.0738 3.513** 3.401* 
   (1.577) (1.612) (1.887) 
Recombination (H2b: +)  1.822 2.2486 
    (1.499) (1.607) 
Internal modification x Transformation  0.859 
     (1.551) 
External modification x Transformation  -0.738 
     (1.785) 
Recombination x Transformation (H3b: +)   2.780* 
     (1.628) 
      
Control variables      
Team size (FTE at peak)  0.022 0.042 0.0458 0.048* 
  (0.023) (0.025) (0.025) (0.025) 
Independent development (binary) -5.177 -6.839* -7.442* -8.943** 
  (3.655) (3.748) (3.767) (3.809) 
Relative size of budget  6.269*** 5.469*** 5.669*** 4.946*** 
(compared to similar titles)  (1.458) (1.502) (1.506) (1.547) 
Constant  54.402*** 40.578*** 37.026*** 56.117*** 
  (3.502) (7.913) (9.225) (3.909) 
      
R square  0.335 0.384 0.398 0.437 
Df  3 7 8 11 
N  72b 72b 72b 72b 
F  11.585*** 5.795*** 5.292*** 4.308*** 

      
a Standard errors between parentheses, * p <0.10, ** p<0.05, ***p<0.01 (two tailed test) 
b n is lower in models 5 to 8, since not every title in our sample has received a quality score.   
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Table 4 contains the results of the logistic regression with Sales as the dependent variable. 

We only present the full model here (model 4). The overall model evaluation tests show that 

this model performs better than the baseline model. Furthermore, this model performs better 

than the model without two- and three-way interactions (not reported here, χ²=13.648; df=4; 

p=0.0085). Finally, the non-significance of the Hosmer and Lemeshow test shows acceptable 

fit of the model. Out of the 27 titles in our sample that secured a top-40 spot in the weekly 

charts, 20 were predicted correctly to have a ‘1’ on the Sales variable (74,1%). 55 titles are 

observed with a ‘0’, and 51 titles were predicted correctly (92,7%), resulting in a total correct 

predictions percentage of 86.6 (cut value at 0.5). 

The size of the team has a significant and positive effect on the likelihood of reaching the 

sales charts with a title: one FTE extra increases the odds by 2.8%. Independent development 

of a game has a significant strong negative effect. The relative size of the budget has a 

positive but non-significant effect. The recombination interaction term is positive and non- 

significant, whereas the three-way interaction term between recombination and 

transformation  ability  is  significant  and  positive (p=0.052). However,  interaction  terms in 

logistic regressions cannot be evaluated like interaction terms in linear models. Simple 

summary measures are difficult since the magnitude, sign, and significance of the interaction 

effects differ across observations (Ai & Norton, 2003). Therefore, we calculated and assessed 

the conditional effects at various values of the moderating variable, using the pick-a-point 

procedure (Preacher, Curran, & Bauer, 2006; Rogosa, 1980). Similar to Ai and Norton 

(2003), we found negative interaction effects for some values and positive for other values of 

the same variable. The recombination interaction effect is insignificant (at the p<0.05 level) 

across all values of the moderator. The three-way interaction effect between recombination 

and transformation ability is negative (but not significant) for negative values of the 

(standardized) transformation ability variable. However, its effect is positive and significant 

for most positive values of the transformation ability, with increasing magnitudes of the 

effect at increasing values of transformation ability. Using a slightly adjusted Johnson-

Neyman technique for determining the regions of significance (Hayes & Matthes, 2009; 

Johnson & Fay, 1950), we find that the positive interaction effect is significant for 

transformation ability values from 0.2931 standard deviations above the mean (corresponding 

to a transformation ability value of 5.22), with higher magnitudes of the effect at higher 

levels of transformation ability (at α 0.05). The results thus do not support hypothesis 2a, 

stating that more recombination leads to higher sales, but they do partially corroborate 

hypothesis 3a. 
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In Table 5, we represent models 5 to 8, testing the effects on Quality. The relative size of 

the budget compared to similar titles has a strong positive effect on quality across all models. 

After entering the absorptive capacity and knowledge modification dimensions (model 6), the 

binary variable indicating independent development shows a negative significant sign, 

indicating that collaboration leads to higher quality. The effect remains significant in models 

7 and 8. Transformation ability has a positive significant effect on quality. The effect of 

identification is negative and significant. The main effects of internal- and external 

knowledge modification are respectively negative and positive, but both are non-significant 

and remain non-significant in later models. Entering recombination in the model, the 

interaction between these two, does not make any changes. The effect of the interaction is 

insignificant and positive, thereby not supporting hypothesis 2b that predicts a positive effect 

of recombination. 

In model 8, we add the three-way interaction that is central to hypothesis 3b. In so doing, 

we also add the two other two-way interactions underlying this three-way interaction: 

Transformation ability with internal knowledge modification and transformation ability with 

external knowledge modification. The interaction between internal- and external knowledge 

modification was already present in the model as recombination. All two way interactions are 

non-significant, but the three-way interaction term is significant and positive.  

This significant interaction needs further clarification. We use the techniques and tools 

described and provided by Preacher et al. (2006) and Dawson and Richter (2006) for 

determining the regions of significance and to test for statistically significant differences 

between slopes, respectively. These techniques assess the significance, sign, and effect of the 

interaction term for low and high values of two out of three interacting variables, with the 

third variable held constant. Since hypothesis 3b is about the moderating effect of 

transformation ability on recombination, the effects of high and low transformation ability on 

the interaction term are inspected. However, we also have to split up the recombination 

interaction in internal and external knowledge modification. We choose to inspect the 

interaction effect at low and high values of external knowledge modification, and in the 

following section the simple slope should be interpreted as a one unit increase of internal 

knowledge modification. Nevertheless, our theoretical reasoning was based on transformation 

ability and recombination (as opposed to internal knowledge modification alone). As such, 

we are most interested in the effect of transformation ability on the interaction term when 

external modification is high.  
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For the region of significance of the simple slopes, when external knowledge modification 

has a value of one standard deviation above its mean, the interaction term is only significantly 

positive at transformation ability values 0.6175 times it standard deviation above its mean (at 

α 0.05), corresponding to a transformation ability value of 5.52. With transformation ability 

at 1 standard deviation above its mean, the simple slope of the interaction term is 7.691 (SD 

3.3618, p 0.0256), indicating support of hypothesis 3b. When external knowledge 

modification is one standard deviation below the mean, the interaction term is not significant 

for any value of transformation ability (see table 6 for the simple slope effects of other values 

of transformation ability). The slope difference test (last column of table 6) shows that the 

slope at high external knowledge modification and high transformation ability is significantly 

different from the other slopes. Most notably, the simple slope is different from the negative 

(but not significant) simple slope at low transformation ability and high external 

modification, thereby strengthening the support for hypothesis 3b. Given the limited 

significance regions of the interaction term, we deem depicting the slopes in a graph not very 

relevant. However, it is relevant to note that the region of significance of the interaction term 

exists at relatively high levels of external modification and transformation ability, and that the 

simple slope is positive in this region. 

 

TABLE 6: Simple slopes table and slope difference test. 
 Transformation 

abilitya 
Modification of 
external 
knowledge 
componentsa 

Simple 
intercept 

Simple 
slope 

SE Simple 
slope 

p value Statistically 
different 
from slope 1 
(one-tailed) 

         

1 High High 56.743 7.691 3.3618 0.0256  
        
2 Low High 58.585 -2.365 3.2308 0.467 Yes 

(t = 2.2102, p 
= 0.0154) 

        
3 High Low 51.931 3.607 3.2866 0.2767 Yes 

(t = 2.3020, p 
= 0.0124) 

        
4 Low Low 57.209 4.671 (3.9125) 0.2382 Yes 

(t = 1.6109, p 
= 0.0562) 

a ‘High’ denotes values one standard deviation above the mean, ‘low’ denotes values one standard deviation 
below the mean. 
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As a robustness check, given our relatively small sample size, we decreased the potential 

for overfitting by excluding all control variables in our models. These analyses yielded highly 

similar findings in terms of significance and signs. 

 

DISCUSSION 

In this study, we have built on key insights in the innovation and absorptive capacity 

literatures to create an understanding of how organizations’ usage of internal and external 

knowledge affects three important project outcomes: product release delay, sales, and quality. 

Based on our theory and quantitative data obtained by an in-depth survey, the findings 

suggest that high recombination of internal and external knowledge in combination with high 

transformation ability leads to superior product sales and quality. An overview of our 

hypotheses and the results can be found in Table 7. 

We did not find any support for our first hypothesis, stating that less recombination would 

lead to shorter product release delays. We do find that external modification leads to delays in 

product release, but this effect is not significant across all models. Furthermore, both internal 

and external modification correlate positively (and significantly) with project length. The 

most straightforward interpretation of this finding is that, in general, studios account for 

(anticipated) modification when setting their deadlines. In fact, the negative (but non-

significant) effect of recombination even suggests that recombining studios have unused 

slack in their planning. 

 
TABLE 7: Overview of hypothesis and results 
Hypothesis Corroborated? 
   
H1: Less recombination shortens the 
Product Release Delay. 

No The interaction term has a sign opposite of predicted, and 
is not significant. 

   
H2a: More recombination has a positive 
effect on product sales. 

No The interaction term has the predicted sign, but is not 
significant  

   
H2b: More recombination has a positive 
effect on product quality. 

No The interaction term has the predicted sign, but is not 
significant 

   
H3a: The capability to transform 
knowledge positively moderates the effect 
of recombination on product sales. 

Yes The three-way interaction term has the predicted effect 
and is significant. Further analysis shows that the three-
way interaction is only significant for relatively high 
values of transformation ability. 

   
H3b: The capability to transform 
knowledge positively moderates the effect 
of recombination on product quality. 

Yes The three-way interaction term has the predicted effect 
and is significant. Further analysis shows that the three-
way interaction is only significant for relatively high 
values of transformation ability. 
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Our second hypothesis is unsupported, but our related third hypothesis is corroborated by 

our results. Combined with the regions of significance of these interactions, these findings 

suggest that the positive performance effects of recombination hinge on the presence of 

sufficient transformation ability. The necessity of sufficient ability to transform and having to 

the intensely modify both internal and external knowledge may seem very stringent 

requirements to gain competitive advantage. One might wonder if this finding is specific to 

highly dynamic and competitive creative industries like the video game industry, where a 

studio has to come up with something new and better every time a new title is launched. 

However, this characteristic of hypercompetition is found across a wide range of industries 

(Wiggins & Ruefli, 2005). Furthermore, the environment in the video game industry is not 

demanding radical innovations As Lampel et al. put it: “Competition in cultural industries is 

driven by a search for novelty. However, while consumers expect novelty in their cultural 

goods, they also want novelty to be accessible and familiar” (2000, p266). Therefore we are 

convinced that our findings can be generalized outside the video game industry, too. 

Theoretical contributions 

Our research, we believe, makes some noteworthy theoretical contributions. First, it adds 

to the current understanding of the growing work on knowledge sourcing (Cassiman & 

Veugelers, 2006; Pedersen, Soo, & Devinney, 2011; Rothaermel & Alexandre, 2009), and in 

particular to the understanding of the effects of knowledge sourcing on performance. Our 

findings suggest that through acquisition of external knowledge in new product development 

superior value can be gained: the way in which the acquired knowledge is used matters. The 

finding that recombination is only improving sales and quality in interaction with a 

sufficiently high transformation ability reveals that, beyond the right sourcing of knowledge, 

labor and skills are necessary to achieve better performance. It thus tightens the connection of 

the knowledge sourcing literature with the knowledge based and (dynamic) capabilities view 

of the firm (Caloghirou et al., 2004; Smith, Collins, & Clark, 2005; Spender, 1996). 

Specifically, our finding reaffirms and extends the finding of Nag and Gioia (2012) that 

knowledge adaptation is a method to create a strategic resource out of knowledge. 

Furthermore, we think this finding is an important contribution to the related literature on 

open innovation (Chesbrough, 2003), too. Although our current study only touches upon the 

inward (or external knowledge attracting) perspective of open innovation and we therefore do 

not use many of the insights of this literature in our theorizing, given its close ties with the 
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knowledge sourcing literature we clearly see how our findings can help in refining the open 

innovation paradigm. The same caveat that the right knowledge sourcing per se does not lead 

to higher performance applies here, too. Furthermore, but this is something that should be 

tested carefully, knowing what it takes to benefit from others’ knowledge might increase 

outward openness, the willingness to sell or share your technology. 

Another theoretical contribution of this study is to the absorptive capacity literature. As 

mentioned before, a current debate in this literature is on the role of transformation ability,  

(Todorova & Durisin, 2007; Volberda et al., 2010). This ability, crafted by maintenance and 

retention of knowledge, contributes to more successful new product development through 

recombination. Unfortunately, due to measurement problems we have not have been able to 

depict its role amidst all other absorptive capacity dimensions. Nevertheless, our findings 

underline the important function of transformation ability in external and internal knowledge 

use and modification. 

This specific finding also contributes to the knowledge based view of the firm. It does not 

only show when recombining knowledge positively affects performance, but it also stresses 

the importance of transformation ability when organizations are relying on their knowledge to 

gain advantage (Carlile, 2004; Marsh & Stock, 2006). The capabilities developed through 

retention and maintenance of the knowledge base of a organization aid in successful 

recombination through knowledge modification. 

Our final theoretical contribution is to the concept of recombination. Although it may well 

be regarded as a matter of semantics, we hope to have shown the difference between the 

concepts of combination and recombination. Staying close to its meaning in the relatively 

distal genetics literature, we deepened the concept by adding modification of the combined 

components as a necessary ingredient for recombination. We believe that our findings justify 

differentiating between combination of unmodified components and combination of modified 

components. Furthermore, we would like to suggest the use of the combination label for the 

former act, and the recombination label for the latter act. 

Managerial contributions 

Our research also has some more practical implications. We show that in a highly dynamic 

and competitive industry, organizations can outperform their competitors by modification of 

internal and external knowledge. Previous research has found that some managers prefer 

externally developed knowledge over internal knowledge (Menon & Pfeffer, 2003), whereas 

other managers suffer to a greater or lesser extent from the Not Invented Here syndrome and 
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have opposite preferences (Katz & Allen, 1982). Perhaps especially for these managers it is 

important to know that they can lever the potential value of commonly available external 

knowledge by recombination with internally created knowledge or vice-versa, if the 

transformation ability of the team is sufficiently high. In more practical terms, if 

organizations put enough effort in maintaining and retention of knowledge, they can gain 

competitive advantage by the modification of internal and external knowledge. 

Limitations and suggestions for further research 

Unfortunately, despite these contributions, our study is not without limitations. With 

regard to research design, firstly, the relatively small sample size that we used for our 

analyses is undeniably a limitation. Despite having a reasonable statistical power with the 

current sample size, we would have been able to detect smaller effects with a larger sample. 

Secondly, our sales variable (presence in the top 40 game charts) is binary and thus very 

rough. Moreover, it is based on data on the UK market, which may favor local titles and may 

have a disproportional preference for sports titles. However, robustness checks with US sales 

data (number of titles sold) yielded similar results. Since this measure reduced the number of 

usable observations even further, we decided to report the results with the binary sales 

variable based on UK data. Thirdly, many of the observations in our data are based on single 

respondents. Although we have taken many procedures to prevent the biases that may stem 

from this and did not find evidence for the presence of common method bias in our data, we 

clearly see room for improvement. Fourthly, although we have taken great care in designing 

the survey, we may have missed unobserved project characteristics that could have 

influenced the recombination decision and/or our dependent variables. Furthermore, as an 

alternative logic to hypotheses 3a and 3b, one might wonder whether transformation ability is 

a determinant of the decision to recombine. Our analyses do not rule out this possibility, as 

we do not test for self-selection. However, the correlation between internal component 

modification and transformation ability is negative and very low, and the correlation between 

external component modification and transformation ability is negative and low. Finally, two 

constructs in our study (assimilation ability and application ability) turned out to be measured 

unreliably by their corresponding survey items, despite these items having been validated in 

previous research. As a result, we could not control for the effects of these dimensions for 

absorptive capacity. Summarizing, future research building on this study ideally would be 

based on a larger sample of multiple respondent data, and would use better measures of sales, 

assimilation ability and application ability. Ideally, that research would also use qualitative 
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techniques such as observations of project teams to discover potential relevant previously 

unobserved project characteristics and to study what drives these organizations to engage in 

Recombination. 

Partly related to our research design is the next suggestion for further research. We did not 

find support for hypothesis 1. Perhaps our reasoning was too simplistic or, as proposed in the 

beginning of the discussion, alternative explanations exist. However, the explanatory power 

of all models with product release delay as dependent variable was low. This could be related 

to the project management methods used in this industry: many studios make use of agile or 

scrum methods. This could, for example, lead to adaptation of the modification tasks during 

the development process. Alternatively and certainly not uncommon in any software industry 

is to have crunch time to make sure a deadline is met. Either explanation would remain 

undetected in our current data and analysis. An in-depth qualitative case study could provide 

valuable insights here and shed more light on the recombination process.  

Related to the suggestion above is the cost factor of recombination. In our models, we only 

observe the benefits of recombination and do not account for the costs. We thus cannot assess 

any net effects nor the efficiency of replication and recombination. Therefore, we see great 

promise for a study taking into account the benefits and the costs of recombination, in terms 

of both money and time. 

Another suggestion for further research stems from the nature of our data. Video game 

studios manage their new product development on a project basis (Tschang, 2007). 

Furthermore, there is a relatively high number of freelancers in the industry. As such, 

turnover of personnel between projects is high and project leaders are likely to work with a 

share of new people in each project. Simultaneously, the number of people on these projects 

tend to fluctuate, with the team’s peak size sometimes multiple times higher than at the start 

or end of the project. Knowledge retention and maintenance and building transformative 

ability thus may be even more challenging than in normal organizations. How can product 

development project leaders efficiently make sure that their team is ready for recombination? 

Finally, as mentioned above, a surprising and interesting finding is the low reliability of 

the items of two out of four dimensions of absorptive capacity: assimilation and application. 

Despite using items that have been validated in multiple studies and our pretesting efforts, the 

items did not work out well in our study, whereas all other items in our survey do work. 

Given the growing importance of the multidimensional absorptive capacity concept in current 

and future research, more research needs to be done to establish generally applicable and 

reliable measures of all dimensions of absorptive capacity. 
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CONCLUSION 

In the last decades, scholars have greatly progressed the understanding of how knowledge 

can be used to gain competitive advantage. Joining the debate on knowledge sourcing in 

R&D, we aimed to extend the literature by showing how the right strategy of using internal 

and external knowledge can be used to excel. By drawing on the absorptive capacity 

literature, we argue and show that organizations can achieve superior product performance 

through recombination if they have sufficient transformation ability. In so doing, we hope our 

theorizing and findings contribute to a more comprehensive view of knowledge use in the 

organization.  
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APPENDIX A: SURVEY ITEMS AND THEIR SOURCES 
 
 

Concept ID Item Format Source(s) 

 Recombination 

 Modification External Knowledge (independent variable) 

Modification 
External 
Knowledge 

EXT1 We implemented software from our source 
exactly as it existed Likert 1-7 Williams, 2007 

Modification 
External 
Knowledge 

EXT2 We modified software from our source when 
we implemented it in our game  Likert 1-7 Williams, 2007 

Modification 
External 
Knowledge 

EXT3 
We spent substantial time modifying 
software from our source to make it work in 
our game  

Likert 1-7 Williams, 2007 

 Modification Internal Knowledge (independent variable) 

Modification 
Internal 
Knowledge 

INT1 We introduced modifications to our existing 
software to make the game more workable Likert 1-7 Szulanski et al., 

2004 

Modification 
Internal 
Knowledge 

INT2 

We spent substantial time making sure 
software we acquired from our source 
worked just as it did there by modifying our 
own software 

Likert 1-7 Williams, 2007 

Modification 
Internal 
Knowledge 

INT3 
We modified our own existing software when 
we implemented the acquired software in our 
game Likert 1-7 Williams, 2007 

 Absorptive Capacity 

 Identification (independent variable) 

Identification ID1 We have do not have information on the 
state-of-the-art of external technologies.  

Likert 1-7, 
reverse coded 

Szulanski, 1996; 
Lichtenthaler, 2009 

Identification ID2 
The search for relevant externally developed 
software concerning our game is every-day 
business In our team  

Likert 1-7 Flatten et al., 2011 

Identification ID4 Our team has frequent interactions with 
suppliers of externally developed software. Likert 1-7 Jansen et al., 2005 

Identification IDX2 We observe in detail external sources of new 
technologies. Likert 1-7 Lichtenthaler, 2009 

Identification IDX4 We thoroughly observe technological trends.  Likert 1-7 Lichtenthaler, 2009 
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Concept ID Item Format Source(s) 

 Assimilation (independent variable) 

Assimilation AS1 We can hardly grasp the abstract principles 
on which the acquired technology is based. 

Likert 1-7, 
reverse coded 

Fichman & 
Kemerer, 1997 

Assimilation AS2 We thoroughly understand the nature of the 
benefits attributable to the acquired software. Likert 1-7 Fichman & 

Kemerer, 1997 

Assimilation AS3 Our team has the necessary skills to 
implement the software obtained externally. Likert 1-7 Szulanski, 1996 

Assimilation ASX1 We regularly match new technologies with 
ideas for new products. Likert 1-7 Lichtenthaler, 2009 

 Transformation (independent variable) 

Transformation TR1 
New opportunities to serve our (potential) 
customers with existing technologies are 
slowly understood.  

Likert 1-7, 
reverse coded 

Jansen et al., 
2005; 
Lichtenthaler, 2009 

Transformation TR2 Our employees do not store technological 
software for future reference.  

Likert 1-7, 
reverese 
coded 

Jansen et al., 
2005; Lichtenthaler 
2009 

Transformation TR3 We quickly analyze and interpret changing 
market demands for our technologies. Likert 1-7 

Jansen et al., 
2005; Lichtenthaler 
2009 

Transformation TR4 We can quickly reactivate in-house software 
for new uses. Likert 1-7 Garud & Nayyar, 

1994 

Transformation TR5 We continuously maintain our in-house 
software 

Likert 1-7, 
reverse coded 

Garud & Nayyar, 
1994 

Transformation TRX2 We communicate relevant software across 
the units of our firm.  Likert 1-7 Lichtenthaler, 2009 

 Application (independent variable) 

Application EX1 It is not well known who can best exploit 
newly acquired software inside our firm. 

Likert 1-7, 
reverse coded 

Jansen et al., 
2005; 
Lichtenthaler, 2009 

Application EX2 We constantly consider how to better exploit 
acquired software. Likert 1-7 

Jansen et al., 
2005; 
Lichtenthaler, 2009 

Application EX3 We easily implement acquired software in 
new products. Likert 1-7 

Jansen et al., 
2005; 
Lichtenthaler, 2009 

Application EX4 We rarely use software obtained externally in 
new games.  

Likert 1-7, 
reverse coded Lichtenthaler, 2009 
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APPENDIX B: REMEDIES UNDERTAKEN AGAINST COMMON METHOD BIAS AND SINGLE 

RESPONDENT BIAS 
 
Remedy and underlying rationale Implementation 
Procedural  
Measure predictor and criterion variables from 
different sources. 

Two out of three dependent variables were completely 
measured from archival data, the remaining one 
(Product Release Delay) was partially based on 
survey data, partially on archival data.   

Protect respondent anonymity. Respondents anonymity was ensured, tracking options 
in online survey have been switched off. 

Reducing item ambiguity. When available, previously validated measures were 
used, the first draft of the survey has been constructed 
based on interviews with industry experts, and three 
rounds of pretesting have been implemented. 

Separating scale items. Items have been spread over the survey. For some 
questions, the order of questions and the order of 
items within questions were randomized, i.e. were 
different for every respondent. 

Multiple respondents per observation. Some observations have multiple respondents. We 
calculated inter-observation correlations to assess 
overall respondent reliability. 

  

Statistical  
Harman’s one factor test. We performed this test. The factor was able to explain 

only 13.474% of the variance. 
Triangulation using archival sources. Secondary data from market research companies, 

industry websites, and industry magazines were used 
to triangulate. 

Triangulation using field interviews. Interviews with industry experts and key industry 
players were used to triangulate. 

SEM approach to CFA marker variables  (Williams, 
Hartman, & Cavazotte, 2010) 

Marker (knowledge novelty) was a priori identified and 
chosen, using same scale (Richardson, Simmering, & 
Sturman, 2009). Marker was expected to tap into one 
or more of the sources of bias (Williams et al., 2010), 
but none is found. However, our sample size may not 
have been high enough to detect small effects. 

  



 
 

 
 

CHAPTER 4: 

 

SEEK AND YOU SHALL FIND?* 
 

ABSTRACT: 

The current literature on knowledge search approximates knowledge search activities by 

measuring the knowledge that is used by organizations, thereby assuming that the fit between 

knowledge search and knowledge use (search accuracy) is complete or homogeneous across 

targets. We challenge that assumption and argue that differences in accuracy can be explained 

by the distance of knowledge searched, the novelty of the knowledge searched, and the 

absorptive capacity of organizations. We test our hypotheses based on data gathered by an in-

depth questionnaire in the video game industry. We find mixed support for our hypotheses.   

                                                
* This chapter is the result of joint work with Xavier Martin 
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INTRODUCTION 

The literature on external knowledge use in innovation strategies has been expanding in 

recent years. One important part of sourcing knowledge externally is identifying and 

selecting relevant knowledge for solving product development related problems, a term often 

labeled search (Dosi, 1988; Hansen, 1999). The search literature has produced a wealth of 

insights on how organizations learn and innovate. One branch of this literature has 

highlighted the distinction between exploitation and exploration – or in search terms, local 

and distant search (March, 1991; Phelps, 2010). Others have focused on vehicles through 

which knowledge can be searched and attracted, for example alliances (e.g. Carayannopoulos 

& Auster, 2010; Rosenkopf & Almeida, 2003; Shenkar & Li, 1999) or even alliance networks 

(Phelps, 2010). Various knowledge sources that can be searched (other than alliance partners) 

have been studied as well, such as universities and other sources of scientific research (e.g. 

Fleming & Sorenson, 2004; Laursen & Salter, 2004), service intermediaries (Zhang & Li, 

2010), and a subsidiary’s own conglomerate (Monteiro, Arvidsson, & Birkinshaw, 2008). Yet 

another branch has highlighted the dimensions along which organizations search knowledge: 

the breadth and depth of knowledge (e.g. Katila & Ahuja, 2002; Laursen & Salter, 2006). 

Moreover, attention has been paid to the intensity of search (Chen & Miller, 2007). 

The learning and innovation literature has benefited greatly from the above mentioned 

studies (see Laursen (2012) for a valuable and comprehensive synthesis). However, most 

studies focusing on search behavior end up applying the actually used external knowledge as 

a proxy for search – e.g. patent citations (Katila, 2002; Katila & Ahuja, 2002; Miller et al., 

2007) or information sources used (Laursen & Salter, 2006). Although one of the outcomes 

of search can indeed be measured via the external knowledge that is used, these studies do 

not capture the search attempts that did not result in finding or using external knowledge. Put 

another way, these studies focus on what used rather than what is searched or found. By 

labeling the organizational behavior that is studied ‘search’, it is implicitly assumed that the 

search strategy of the organization corresponds strictly to the actual finding and using of 

knowledge, or that if they differ then the congruence among these values is homogeneous 

across organizations. In this paper, we challenge these assumptions and introduce a label for 

the congruence between the search efforts of organizations and the knowledge that eventually 

is used by the organization: search accuracy. We decompose search accuracy into two sub-

concepts: search-find congruence and find-use congruence. The Euler diagrams in Figure 1 

represent the common assumption in the literature, versus our perspective in this paper. 
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We examine the distinctions between search, find and use in the context of one 

organization sourcing knowledge externally to incorporate it in its own product development 

process. This context is appropriate because it illuminates the search process in two essential 

ways: It focuses on knowledge inputs and their transformation without the organizational 

confounding that can be associated with joint product development in organizational alliances 

or other combinations; and it ties the search for knowledge inputs, via processes of selection, 

to an end-product that bounds the overall search process in an empirically coherent as well as 

practically relevant manner. Specifically, our research question in this paper is: What causes 

variance in the accuracy of search for external knowledge to be incorporated in an 

organization’s product development process? 

 

FIGURE 1: Euler diagrams representing the gap in the literature 
 

 
We address these questions with a focus on three concepts: knowledge distance, 

knowledge novelty, and absorptive capacity. We define knowledge distance as a function of 

the extent to which two knowledge entities are technologically related (Makri, Hitt, & Lane, 

2010; Rosenkopf & Nerkar, 2001), specifically in a knowledge sourcing context the extent to 

which the recipient organization’s knowledge base is related to a technology it seeks to 

obtain; where higher distance results from lower relatedness. Knowledge distance is closely 

linked to search, as it is one of the dimensions along which search can be targeted 

(Rosenkopf & Nerkar, 2001).The distance of knowledge searched has been theorized and 

found to influence the likelihood of finding results and the value of those results (March, 

1991; Levinthal & March, 1993). Apart from that, searching for knowledge with low 

technological distance requires other techniques and capabilities than searching for 

knowledge with high technological distance does (Gavetti & Levinthal, 2000). Thus, we 

believe that knowledge distance can be used to explain search accuracy within and across 

new product development projects. 

Search 
= 

Find 
= 

Use 

Current (implicit) assumption Conception in this paper 
  

 

Use 

Search 
Find 
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Knowledge novelty, on the other hand, is a concept that is less frequently used in the 

search literature. Of course, it is very plausible to assume that organizations search for 

knowledge that is novel to at least some extent, for if the knowledge were already known 

there would be no necessity to search for it. Yet, some problems in product development may 

call for more novel knowledge and solutions than other problems. Furthermore, novelty 

seeking is a personal trait, and individual decision makers (and search initiators) differ in the 

amount of novelty they seek (Cloninger, Przybeck, & Svrakic, 1991; Hirschman, 1980). 

Thus, search can be targeted at various levels of novelty as well. In this paper, we define 

knowledge novelty as the newness of knowledge in an industry. The newness of knowledge 

in an industry is higher when it is new to more players in that industry, i.e. the more unique it 

is in that industry. Whereas knowledge distance is assessed at the level of the organization 

(and its knowledge base), knowledge novelty is thus assessed at the industry level. 

The last concept we focus on is absorptive capacity. Absorptive capacity is a 

multidimensional construct that represents the capabilities of organizations to process 

external knowledge (Cohen & Levinthal, 1989; Todorova & Durisin, 2007; Zahra & George, 

2002). Specifically, it represents the ability and capacity of organizations to identify, 

assimilate, transform, and apply (exploit) knowledge (Todorova & Durisin, 2007; Zahra & 

George, 2002). These abilities are formed by the organization’s learning experiences 

combined with its prior stock of knowledge (Lichtenthaler, 2009). Given the partial overlap 

between the search literature and the literature on absorptive capacity, it is not surprising that 

scholars have combined them in one setting, as we do in this paper. As Koput put it: “the 

level of innovative search activity must be linked to the organization's capacity for processing 

and implementing the outcomes of that activity” (1997, p. 529). Previous studies that link 

these concepts have resulted in the finding that absorptive capacity improves search results 

by a higher innovation pace, a higher share of innovative products in total turnover, and more 

important inventions (Fabrizio, 2009; Grimpe & Sofka, 2009). Another study found that the 

innovative performance effects of absorptive capacity (measured by R&D intensity) 

substitute those of search breadth and depth (Laursen & Salter, 2006). Yet these studies did 

not differentiate between search for, finding of, and use of external knowledge, our main 

focus in this paper. Furthermore, these studies measured absorptive capacity 

unidimensionally and thus failed to test whether all or which of its dimensions influence 

search behavior of organizations. In this study, we test whether the abilities of organizations 

along multiple dimensions of absorptive capacity can predict each component of search 

accuracy. 
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We contribute to the literature in several ways: Our first three contributions advance the 

innovation literature (and the search literature in particular) theoretically, methodologically, 

and empirically, respectively. Firstly, we differentiate between the constructs of searched, 

found, and used knowledge. As mentioned above, the extant literature largely compounds 

these constructs into one: search (Katila, 2002; Laursen & Salter, 2006), whereas the process 

of search consists of a sequence of tasks (Kuhlthau, 1991). 

Secondly, we introduce the construct of search accuracy and the underlying concepts of 

search-find congruence and find-use congruence. As mentioned above, we define search 

accuracy as the level of congruence between knowledge search and knowledge use. Search-

find congruence and find-use congruence are defined as the level of congruence between 

searched knowledge and found knowledge and found knowledge and used knowledge, 

respectively. By establishing these constructs, we provide a measure for the degree to which 

searched, found, and used knowledge are similar. 

Thirdly, we argue that the (in)congruence between these constructs can be explained by 

the level of the absorptive capacities of organizations, the distance between the organization’s 

existing knowledge base and the knowledge searched, and the novelty of the knowledge 

searched. This reveals and explains critical sources of heterogeneity in search accuracy and 

thus helps refine the understanding of the search process from an organizational and strategic 

perspective. 

Our fourth contribution is of importance to the part of the learning and innovation 

literatures that addresses absorptive capacity. We use a multidimensional view of absorptive 

capacity (Todorova & Durisin, 2007; Zahra & George, 2002) and predict that these 

dimensions impact the process of searching external knowledge differently. While absorptive 

capacity and knowledge search have been studied simultaneously before (Fabrizio, 2009; 

Grimpe & Sofka, 2009), our findings demonstrate that the distinct dimensions of absorptive 

capacity have different roles in the knowledge search process. 

Another empirical contribution is the setting in which we apply our research questions: the 

video game industry. In this large multi-billion creative industry, new products are developed 

and managed as projects (Siwek, 2010; Tschang, 2007). We contribute to the understanding 

of new product development in this specific industry, and yet our results can be generalized 

to other project-based and new product development settings. 
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THEORY 

To understand how absorptive capacity influences the fit between the search and use 

strategy of organizations, we draw from insights on both search theory and absorptive 

capacity. In line with the current literature, we acknowledge that organizations can search for 

knowledge within the organization as well as outside it (Rosenkopf & Nerkar, 2001; Zhang & 

Li, 2010). Our focus is on the external sector. Furthermore, Phelps (2010) noticed two 

different perspectives in the search literature: one addresses where organizations search for 

solutions, the other addresses how organizations search. In this study, after our brief 

discussion of the search literature in general, we mainly zero in on local versus distant search, 

an exponent of the where perspective (Phelps, 2010). 

Search outside organization boundaries 

The results of an organization’s search processes are recombined with its existing 

knowledge base to form new (Schumpeterian) innovations (Galunic & Rodan, 1998; Phelps, 

2010; Schumpeter, 1934). For a variety of interconnected environmental reasons, 

organizations are relying more on external knowledge for innovations than they did in the 

past (Chesbrough, 2003; Grimpe & Sofka, 2009). Given that innovation and the search for 

solutions is an uncertain process, organizations benefit from pursuing a variety of approaches 

(Leiponen & Helfat, 2010; Zhang & Li, 2010) Without external knowledge, organizations 

willing to innovate have to rely solely on their existing knowledge base and internal R&D 

investments, which can hamper innovative output (Henderson & Cockburn, 1994; Rosenkopf 

& Nerkar, 2001). In search terms, this entails that organizations look outside their own 

organizational boundaries more often when they are searching for solutions for innovation 

problems. 

As mentioned in the introduction, our perspective on search is that of searching for 

solutions to problems encountered in new product development. Thus, we focus on what has 

been labeled discovery, formal search, or problemistic search (Cyert & March, 1963; Daft & 

Weick, 1984; Greve, 2003). This type of search represents what Daft and Weick labeled an 

actively “intrusive organization” detecting a solution in an “analyzable environment” (1984, 

p. 289). As such, it contrasts with passive, undirected types of search, also known as slack 

search (Choo, 2001; Daft & Weick, 1984; Greve, 2003). 

When searching for external knowledge, organizations have a variety of sources to choose 

from. Organizations can overcome the uncertainty of success in innovation processes by 

using more knowledge sources, since a wider set enhances the odds for success (Leiponen & 
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Helfat, 2010). Recent empirical results show an inversely U-shaped relation between the 

number of knowledge sources searched and innovative performance (Laursen & Salter, 

2006), indicating that the positive effects of the wider set of usable knowledge can be 

outweighed by the negative effects of searching too many sources. Three main related 

reasons exist for these negative effects: Organizations have difficulties in managing and 

choosing between the many sources; knowledge often reaches the organization at the wrong 

time to be fully utilized; and the difficulty to allocate (the required amount of) attention to the 

knowledge found increases with the amount of knowledge found (Koput, 1997; Laursen & 

Salter, 2006). 

In addition to the number of sources to search, organizations determine the extent to which 

a source is searched, ranging from superficial scanning to in-depth examination. The measure 

of this extent has been labeled depth (Laursen & Salter, 2006), which is often connected to 

the importance of the source’s knowledge to the acquiring organization (Leiponen & Helfat, 

2011). Deep or intensive search leads to more innovative outcomes because of the better 

understanding through frequent exchange, yet because of the extra attention and resources 

required, organizations cannot maintain deep search links with too many sources 

simultaneously (Laursen & Salter, 2006). 

Local and distant search 

As announced in the introductory part of this section, our main interest is in where 

organizations search as opposed to how organizations search. Rosenkopf and Nerkar plotted 

two axes on the virtual search map: organizations can engage in organization and 

technological boundary spanning (2001). Since we study external knowledge search and use 

(and by definition organizations thus engage in organization boundary spanning), we solely 

apply local and distant search on the technological axis. We follow Fleming’s (2001) 

approach by labeling search local when knowledge from familiar search spaces is used, and 

search is labeled distant when knowledge is used from unfamiliar search spaces. Local search 

thus refers to searching relatively close to the knowledge base of the organization, whereas 

distant search refers to searching relatively far from the organization’s knowledge base. 

Local search is guided by both experience and cognition (Gavetti & Levinthal, 2000; 

Gavetti et al., 2005). This makes local search relatively path dependent and inert, yet 

increases familiarity with the knowledge space searched. This familiarity, in turn, leads to 

reliability and predictability of its outcomes (Fleming, 2001; Katila, 2002). Therefore, local 

search is often the default option in innovative search (Fleming & Sorenson, 2004; Nelson & 
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Winter, 1982). Its widespread use has been shown in a variety of settings, such as patenting 

(Podolny & Stuart, 1995) and new product design (Martin & Mitchell, 1998). When assessed 

over time, local search is even self-enforcing, leading to more local search (Sørensen & 

Stuart, 2000). 

The primary guide to distant search is experimentation (March, 1991). When organizations 

engage in distant search, they search a virtually infinite knowledge space (Fleming, 2001). As 

opposed to the space searched by local search, this distant and infinite knowledge space is 

unknown to the organization. As a result, the organization can choose from endless 

combinations of knowledge, but with highly uncertain and variable outcomes (Fleming & 

Sorenson, 2001). Distant search often results in negative outcomes (March, 1991), and 

successful distant search is hard to conduct. Moreover, distant search is hampered by 

cognitive limitations (Gavetti & Levinthal, 2000). 

Local search leads to clearer, earlier, and closer feedback than distant search (Levinthal & 

March, 1993), but cumulative combinations with only locally found knowledge lead to less 

useful innovations (Fleming, 2001). This implies that organizations at times need to step out 

of their ‘comfort zones’ and engage in distant search; indeed they must do so if they wish to 

undertake the most ambitious innovation. 

Knowledge novelty 

Another important characteristic of knowledge is its novelty. We conceptualize knowledge 

novelty as a continuous construct. Thus, rather than applying a dichotomous distinction 

between non-novel and novel knowledge (the only way to operationalize so-called absolute 

or objective novelty (Witt, 2009)), we employ a concept and measure that allow knowledge 

to range from less to more novel. Organizations can thus target their search at knowledge of a 

certain novelty. When assessing knowledge novelty, it is important to ask to whom it is novel. 

Knowledge can, for example, be novel in its purest form, meaning that it did not exist before 

and is novel to everyone, a state also known as absolute novelty (Stace, 1939) or objective 

novelty (Witt, 2009). In contrast, knowledge can also be novel to the observer only, implying 

that only the observer was not aware of it before (Cooper, 1979; Garcia & Calantone, 2002). 

The perspective that something can be novel to one person but may not be novel to another 

person is called subjective novelty (Witt, 2009).This distinction in novelty has also been put 

forward by Levitt (1966) in his perception of innovation: “(1) newness in the sense that 

something has never been done before, and (2) newness in that it has not been done before by 

the industry or by the company now doing it” (p.63)). We deem something more novel if it is 
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novel to more actors. In this sense, knowledge that is known to only one or few organizations 

is very novel, and the most novel knowledge is known to none. This closely aligns 

uniqueness to novelty: the more unique knowledge is in an environment, the more novel that 

specific knowledge is to organizations in that environment. 

Knowledge distance and knowledge novelty may seem related to each other. Yet, these 

constructs are distinct. Knowledge that is technically unrelated (distant) to an organization’s 

knowledge base can be more or less novel in its industry. Of course, the same holds for less 

distant knowledge; knowledge that is closely related to the organization’s knowledge base 

may be less well known to other organizations. However, by engaging in distant search, 

organizations search a virtually infinite knowledge space that contains more potential 

solutions than the space that is searched when organizations search locally. Therefore, one 

might expect that the likelihood that knowledge is very novel to the industry (the knowledge 

is new to many players) is higher with increasing distance of that knowledge. Yet, although 

organizations within the same industry tend to have different search strategies (for example 

local versus distant search), they end up with very similar technological profiles (Patel & 

Pavitt, 1997). This phenomenon has been labeled ‘the variety paradox’ (Laursen, 2012). 

Absorptive capacity 

As mentioned above, absorptive capacity is a multidimensional construct. It was originally 

designed as a three dimensional construct: its dimensions were identification (or recognition 

or acquisition), assimilation, and application (Cohen & Levinthal, 1989; Cohen & Levinthal, 

1990). In recent literature, however, an extra dimension has been added to the construct: 

transformation (Jansen et al., 2005; Todorova & Durisin, 2007; Zahra & George, 2002). The 

capabilities that are captured in these four dimensions are formed by learning experiences 

(Cohen & Levinthal, 1990; Nelson & Winter, 1982), which in turn are determined by 

previous R&D investments and, related to that, the prior stock of knowledge (Cohen & 

Levinthal, 1989; Cohen & Levinthal, 1990). Converted to future tense, future R&D 

investments will influence the future stock of knowledge and future learning experiences 

which, consequently, will form the future capabilities. They will thus contribute to shaping 

the organization’s absorptive capacity. Our short discussion of the dimensions of absorptive 

capacity is in the same order a organization would normally use them when external 

knowledge is acquired and processed: first identification, then assimilation and 

transformation, and finally application (Todorova & Durisin, 2007). 
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The identification dimension represents the ability to recognize, identify, and judge the 

potential value of knowledge so that the right knowledge can be acquired (Cohen & 

Levinthal, 1990; Todorova & Durisin, 2007). Previous experiences with acquiring knowledge 

and the knowledge that resides in an organization help the organization in assessing what 

knowledge should be acquired. Both technological knowledge and market knowledge are 

relevant (Lichtenthaler, 2009). Thus, identification capability stands to contribute to the 

initiation and conduct of the search for new knowledge and facilitates finding what is 

searched for. 

The next two dimensions are assimilation and transformation. Their order in the process of 

handling external knowledge is disputed. Zahra & George (2002) argued that assimilation 

occurs before transformation, whereas Todorova & Durisin (2007) argued that assimilation 

and transformation are complementary to each other so that knowledge may iteratively move 

between them. We apply the latter perspective in this paper. The assimilation dimension 

measures the ability of organizations to understand, comprehend, analyze, and learn from the 

acquired knowledge (Jansen et al., 2005; Zahra & George, 2002). Through learning, 

organizations can build routines and processes easing and facilitating assimilation (Nelson & 

Winter, 1982; Zahra & George, 2002). Assimilation takes place when newly acquired 

external knowledge becomes understood and can be integrated with the organization’s 

existing knowledge base. As a result, changes in the cognitive structure of the acquired 

knowledge are not inherently necessary to incorporate the new knowledge into the existing 

base (Lane & Lubatkin, 1998; Todorova & Durisin, 2007). However, assimilation is not 

always feasible after the external knowledge has been acquired. Instead, modification of 

external knowledge by the recipient is frequently needed (Mowery & Oxley, 1995). 

Transformation occurs when changes in the cognitive structure are necessary before the 

acquired knowledge can be incorporated (Todorova & Durisin, 2007). Since knowledge can 

be very complex and likely embodies heuristics foreign to the acquiring organization 

(Leonard-Barton, 1995), in some cases knowledge needs to be assimilated and transformed 

step by step and thus can iterate multiple times between the assimilation and transformation 

stages (Todorova & Durisin, 2007). The learning experiences that generate assimilation and 

transformation abilities differ. Assimilation is strengthened by understanding the underlying 

principles and eventual benefits attributable to the assimilated knowledge (Fichman & 

Kemerer, 1997). Improving transformation ability is done through learning by doing (King & 

Tucci, 2002; Teece et al., 1997) and requires involvement of the existing knowledge base and 

its cognitive structures (Carlile & Rebentisch, 2003). Developing transformation ability 
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requires the maintenance and retention of the existing knowledge base, so that the knowledge 

base can be reactivated and synthesized when necessary (Garud & Nayyar, 1994). 

Application (Cohen & Levinthal, 1989; Lane, Salk, & Lyles, 2001), which also came to be 

labeled exploitation in later research (e.g. Lichtenthaler, 2009), is the fourth dimension of 

absorptive capacity. Application pertains to extracting value in implementing the newly 

acquired and subsequently assimilated and/or transformed knowledge. Application capacity is 

mainly strengthened by learning experiences and prior knowledge related to the market 

(Jansen et al., 2005; Lichtenthaler, 2009). 

In some studies, the multiple dimensions of absorptive capacity have been bundled into 

two concepts: potential and realized absorptive capacity (e.g. Jansen et al., 2005; Volberda et 

al., 2010; Zahra & George, 2002). These concepts consist of the identification and 

assimilation and the transformation and application dimensions, respectively (Lane et al., 

2006; Zahra & George, 2002). However, following Todorova & Durisin (2007), we believe 

bundling the dimensions in this way does not serve the purpose of this paper. Since we focus 

on the distinction between searching and using knowledge, we rather propose a distinction 

between the ability that is of importance mostly before acquiring external knowledge 

(identification) and the abilities that are of importance mostly after acquiring external 

knowledge (assimilation, transformation, and application). 

Search accuracy 

Up to now, we have used the term ‘search’ as it is commonly understood in the literature. 

We note however that rephrasing the sentences above and replacing ‘search’ with ‘knowledge 

use’ (the most commonly used measure) would in some cases alter the logic and validity of 

the above mentioned concepts and relationships. Advancing the theory thus requires attention 

to the stages of knowledge search, discovery, and use (Kuhlthau, 1991). Scholars have 

divided the search process into a scanning stage (Daft & Weick, 1984) and a screening stage 

(Koput, 1997). Scanning is concerned with knowledge gathering and is an antecedent to 

screening, which operates on previously gathered knowledge (Thomas, Clark, & Gioia, 

1993). In our problem-driven setting of search, scanning is performed by sending “carefully 

devised measurement probes (…) into the environment to relay information back to the 

organization”(Daft & Weick, 1984, p. 289). The information that has been relayed back to 

the organization is the irreversible result of scanning: “What is found is found” (Nelson & 

Winter, 1982, p. 247). Subsequently, in the screening stage the information found is 

interpreted by fitting it into a structure for understanding and using (Thomas et al., 1993). 
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Then, the most relevant solution(s) in this stock of information are sought and selected 

(Kuhlthau, 1991). The greater the stock of knowledge resulting from scanning is, the more it 

costs to screen (Koput, 1997). 

Having established the importance of separating the different stages of a search process, 

from here on, we use the terms search, find, and use in a literal sense, i.e. to indicate search 

for knowledge, finding knowledge (the result of scanning), and use of knowledge (the result 

of screening), respectively. Similar to scholars in cognitive psychology (Dukewich & Klein, 

2005; Fleck, Samei, & Mitroff, 2010), we denote the congruence between the search and the 

result as search accuracy. In our case, search accuracy is the congruence between the 

knowledge searched and the knowledge used. Search accuracy thus encompasses both the 

scanning and the screening stages. This can be further broken down into the congruence 

between the input and output in the scanning stage versus in the screening stage. We label 

these the search-find and find-use congruence, respectively. Search-find congruence is the 

result of scanning, and a perfect search-find congruence indicates that all possible solutions 

have been identified. Find-use congruence is the result of screening. A perfect find-use 

congruence indicates that all solutions that have been screened are used. Figure 2 illustrates 

the concepts of search accuracy and of the search-find and find-use congruence therein. 

 

FIGURE 2: Search accuracy 
 
 

 
 

Hypotheses 

Having elaborated the concept of search accuracy and the dimensions of search-find and 

find-use congruence therein, we now turn to predicting their antecedents, conditions and 

consequences. Figure 3 presents a framework and overview of our hypotheses. 

As described above, the knowledge space that organizations search in can be measured in 

its degree of technical relatedness of the searched space to the knowledge base of the 

searching organization (Fleming, 2001; Fleming & Sorenson, 2001). Search in spaces with 

low relatedness to the knowledge base has ‘uncertain, distant, and often negative’ outcomes, 

whereas search in spaces with high relatedness is prone to yield returns that are ‘positive, 
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proximate, and predictable’ (March, 1991, p. 85). Put differently, increasing distance between 

the knowledge base and the space searched (reducing technological relatedness) leads to 

more uncertain, less proximate, and fewer positive results – three features that each affect 

search accuracy, albeit in somewhat different but complementary ways. 

 

FIGURE 3: Overview of hypotheses

 
Uncertainty blurs perceptions, increasing the error rate of judgments (Tversky & 

Kahneman, 1974). This decreases search-find congruence, as misjudgment leads to 

unsuccessful scanning that fails to find what was searched for. That is, as distance increases, 

the organization becomes less likely to find any instance of a potential solution. Uncertainty 

also decreases the find-use congruence as, besides increasing the probability that scanning 

yields inadequate knowledge, it is also associated with causal ambiguity that hampers 

screening for the most appropriate knowledge (March, 1978; Reed & Defillippi, 1990). 

Furthermore, due to myopia (Levinthal & March, 1993) or a bias against creativity fed by 

uncertainty (Mueller, Melwani & Goncalo, 2012; Rietzschel, Nijstad & Stroebe, 2010), 

certain and well-known ideas are preferred over creative and distant ideas. Thus, even if 

scanning resulted in potentially valuable distant knowledge, these distant options might not 

be screened and selected. 

The less proximate outcomes that result from distant search affect search accuracy as well, 

and in particular the find-use congruence: Since it is harder to take advantage of less 

proximate knowledge (Fleming & Sorenson, 2001), the likelihood that any less proximate 

knowledge that is found can effectively be put to use is relatively small. Finally, the 

decreasing likelihood of positive results when searching at greater distance influences the 

search-find congruence because it implies that it will be proportionately harder for the 

organization to find what it was looking for. 
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Altogether, we predict that knowledge distance has a negative impact on search accuracy. 

Between them, the uncertain, less proximate and less positive outcomes of distant search 

reduce both search-find congruence and find-use congruence. Accordingly, we predict that: 

 

H1a: The higher the knowledge distance, the lower the search-find congruence. 

 

 H1b: The higher the knowledge distance, the lower the find-use congruence. 

 

Organizations do not only target their search with respect to knowledge distance, but also 

target their search to less novel or more novel knowledge. Knowledge novelty is expected to 

affect search accuracy. As mentioned earlier, our definition of knowledge novelty 

encompasses the uniqueness of knowledge: more novel knowledge is knowledge that is novel 

to more observers in the environment. That is, something that is novel to more observers is 

rarer and harder to find than something that is novel to less observers. Therefore, the odds 

that the search for novel and unique knowledge is successful in that a potential solution is 

found are lower than when searching for less novel knowledge. 

 

H2a: The higher the knowledge novelty, the lower the search-find congruence. 

 

Beside influencing search-find congruence, novelty also affects the likelihood that 

knowledge that has been found will be put to use. However, we deem this relationship more 

complex than the previous one. On the one hand, organizations engage in search to find and 

attract new knowledge (Rosenkopf & Almeida, 2003; Rosenkopf & Nerkar, 2001), as the 

novelty of knowledge can contribute to an organization’s competitive advantage (Kogut & 

Zander, 1993). Thus, organizations may be selecting more novel and unique knowledge with 

a view to outperforming their competitors. On the other hand, a similar negative mechanism 

that we described in the hypotheses on distant knowledge is present. Higher novelty implies 

higher uncertainty, specifically a higher novelty-induced uncertainty (Witt, 2009).Similar to 

the uncertainty that accompanies distance, this novelty-induced uncertainty causes a bias that 

makes less novel alternatives more prone to be selected than more novel ones (Mueller, 

Melwani, & Goncalo, 2012; Rietzschel, Nijstad, & Stroebe, 2010). Indeed, such social 

pressures can greatly influence the search process in product development (Maggitti, Smith, 

& Katila, 2013). Moreover, another negative mechanism of novelty is described in the 

psychology literature: Intense novelty triggers an aversion system in decision makers’ minds 
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(Kashdan & Silvia, 2009). Furthermore, we expect that these negative effects are especially 

strong for knowledge that is highly novel, since the higher uncertainty and aversion against 

novelty are most likely to occur at high levels of novelty. Combining these arguments, we 

expect that the positive effects of novelty outweigh the negative effects for low to moderate 

levels of novelty, whereas the negative effects prevail over the positive effects for high levels 

of novelty. In sum, we predict: 

 

H2b: Knowledge novelty has a curvilinear association with the find-use congruence, 

such that the find-use congruence is highest for moderate levels of knowledge novelty. 

 

Our third set of hypotheses pertains to the influence of absorptive capacity on search 

accuracy. Combining search theory with the absorptive capacity literature firstly leads to the 

already mentioned point that the identification dimension is associated with the 

organization’s ability to recognize, identify, and judge the potential value of knowledge. On 

this basis, it is straightforward that higher identification abilities lead to more effective 

scanning, thereby enhancing search-find congruence. Furthermore, the result of better 

scanning also facilitates subsequent screening. Staying close to the old “garbage in, garbage 

out” adage in computing, the find-use congruence is dependent upon the quality of what is 

scanned. If the organization is successful in judging the potential value of the knowledge, it 

should increase the odds of that knowledge ‘surviving’ the screening stage and being put into 

use. If, conversely, the scanning is poor, then it is more likely that the solutions from the 

scanning stage cannot be used, i.e. they are filtered out in the screening process. Effective 

identification thus leads to both higher search-find congruence and higher find-use 

congruence. 

 

H3a: The higher the organization’s identification ability, the higher the search-find 

congruence. 

 

H3b: The higher the organization’s identification ability, the higher the find-use 

congruence. 

 

By contrast, the other dimensions of absorptive capacity outlined above (assimilation, 

transformation, and application), which are of importance after acquiring external 

knowledge, may seem to be only loosely connected to search outcomes. However, these 
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dimensions can explain some variance in search accuracy – specifically, if the before 

dimension of identification is a driver of the organization’s ability to find what it searches for, 

so the after dimensions of assimilation, transformation, and application are associated with 

the ability of the organization to put to use the external knowledge it finds. Holding the 

quality of what is searched and found constant, better assimilation, transformation and 

application implies that the organization can better finalize the screening of knowledge and 

implement the selected knowledge. As such, we expect the assimilation, transformation, and 

application dimensions to improve the find-use congruence. 

 

H3c: The higher an organization’s (1) assimilation ability, (2) transformation ability, 

and (3) application ability, the higher the find-use congruence. 

 

Our two last sets of hypotheses pertain to the mediating role of knowledge distance and 

knowledge novelty on the effect of the absorptive capacity dimensions on search accuracy. 

We expect that the absorptive capacity of organizations not only impacts search accuracy, but 

also partly determines how distant or novel the searched knowledge is. Thus, we hypothesize 

that absorptive capacity not only improves search accuracy, but also directs search. Given 

that we predicted earlier that knowledge distance and knowledge novelty affect search 

accuracy, this entails that the effect of absorptive capacity on search accuracy is mediated. 

The advantages of distant search are that its outcomes are richer, more varied, and 

potentially more valuable (Fleming & Sorenson, 2004; Gavetti & Levinthal, 2000), which is 

of importance especially in the long run (Fleming, 2001; March, 1991). However, compared 

to local search, distant search is less likely to succeed and its outcomes are also more 

uncertain and less connected to the knowledge base (Fleming & Sorenson, 2001; March, 

1991). Given the potential value in distant search, mechanisms that highlight this value or 

limit its downsides should encourage organizations to engage in distant search (Fleming, 

2001). The latent value of distant knowledge thus gets within reach (Demarest, 1997). 

Overall, we predict that the reluctance to engage in distant search can partially be overcome 

by the absorptive capacity of organizations, so that more absorptive capacity leads to higher 

knowledge distance. However, there are important distinctions between the dimensions of 

absorptive capacity in this respect. 

First, the before dimension of absorptive capacity (identification) enhances the ability of 

organizations to recognize promising knowledge. As Moran and Ghoshal put it: “Value 

realization generally requires some awareness of this potential” (1999, p.393). Organizations 
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with higher identification abilities can better judge the potential value of knowledge. As such, 

these organizations are better at recognizing the latent value of distant search. Hence, we 

expect that organizations with higher identification abilities are more likely to step out of 

their comfort zone and engage in such distant search. However, if higher identification ability 

is associated with more distant search, then knowledge distance becomes a mediator of the 

effects of identification ability on search-find congruence and find-use congruence: 

 

H4a: The effect of an organization’s identification ability on the search-find 

congruence is mediated by knowledge distance. 

 

H4b: The effect of an organization’s identification ability on the find-use congruence 

is mediated by knowledge distance. 

 

Second, the after dimensions of absorptive capacity (assimilation, transformation, and 

application) are also expected to spur more distant search. One of the ways to unlock the 

value of distant search is to combine distant knowledge with the existing knowledge base of 

the organization (Gruber, Harhoff, & Hoisl, forthcoming; Nerkar & Roberts, 2004). As 

described in our theory section, organizations build their abilities to assimilate, transform, 

and apply through learning experiences. Although these learning experiences differ per 

ability, they have in common that they are connected to the existing knowledge base of the 

organization, whether through understanding the underlying principles (assimilation), 

maintenance and retention (transformation), or implementation (application) (Fichman & 

Kemerer, 1997; Garud & Nayyar, 1994; Jansen et al., 2005). Thus, organizations with higher 

skills in these dimensions can be expected to have better knowledge of their existing 

knowledge base. These organizations are able to unlock the latent value of distant search 

(Demarest, 1997). Hence, we expect them to see more potential in combining the eventual 

results of distant search with their knowledge base than organizations with less knowledge of 

their own knowledge base. As a result, we expect that organizations with higher abilities to 

assimilate, transform, and apply are more likely to engage in distant search than organizations 

with lower abilities. However, the hypothesized negative effects of knowledge distance on 

search accuracy imply that the effects of these abilities on search accuracy are mediated by 

knowledge distance. 
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H4c: The effect of an organization’s (1) assimilation ability, (2) transformation 

ability, and (3) application ability on search-find congruence is mediated by 

knowledge distance. 

 

H4d: The effect of an organization’s (1) assimilation ability, (2) transformation 

ability, and (3) application ability on find-use congruence is mediated by knowledge 

distance. 

 

We expect that the effects of the absorptive capacity dimensions on search accuracy are 

also mediated through knowledge novelty. Organizations that differ in levels of absorptive 

capacity differ in their behavior. According to Cohen and Levinthal (1990), organizations 

with high absorptive capacity tend to engage in proactive behavior, whereas organizations 

with modest absorptive capacity tend to be more reactive. Being proactive is about 

anticipating and preventing problems and seizing opportunities (Parker, Bindl, & Strauss, 

2010). Proactiveness is associated with the innovating and early adopting groups in the 

diffusion of innovation model, whereas reactiveness is associated with the late adopting and 

lagging groups (Rogers, 1962; Welsh, 1975). Extending proactiveness to the investigation of 

novel knowledge, we expect more proactive organizations to be better in spotting the 

potential value of knowledge before others do so – they seize the opportunity. Therefore, 

compared to reactive organizations, proactive organizations are expected to see the potential 

value in knowledge when it is more novel. Thus, we expect that higher absorptive capacity 

increases the likelihood that the organization searches for knowledge that others around it 

have not yet obtained – i.e. more novel knowledge. Conversely, less absorptive capacity and 

reactive behavior are associated with less novel knowledge, i.e. organizations with weaker 

absorptive capacity end up searching for knowledge that is already more common in the 

industry. 

The higher likelihood of searching for more novel knowledge is expected to affect search 

accuracy. Thus, the effects of the absorptive capacity dimensions on search accuracy are 

expected to be mediated through knowledge novelty, because organizations with higher 

absorptive capacity are expected to search for more novel knowledge. We do not expect the 

mechanism by which absorptive capacity leads to search for more novel knowledge to work 

differently for the before and after dimensions of absorptive capacity. Therefore, we 

formulate a set of hypotheses, between them, address how the effects of both the before and 



Seek and You Shall Find? 

99 
 

after dimensions of absorptive capacity on both search-find congruence and find-use 

congruence are mediated by knowledge novelty: 

  

H5a: The effect of an organization’s identification ability on the search-find 

congruence is mediated by knowledge novelty. 

 

H5b: The effect of an organization’s identification ability on the find-use congruence 

is mediated by knowledge novelty. 

 

H5c: The effect of an organization’s (1) assimilation ability, (2) transformation 

ability, and (3) application ability on search-find congruence is mediated by 

knowledge novelty. 

 

H5d: The effect of an organization’s (1) assimilation ability, (2) transformation 

ability, and (3) application ability on find-use congruence is mediated by knowledge 

novelty. 

METHODS 

We study the above predictions empirically in the video game industry. This industry, 

sometimes called ‘interactive entertainment industry’, has been characterized as ‘complex’, 

‘creative’, and ‘dynamic’ (Schilling, 2006; Tschang, 2007; Tschang & Szczypula, 2006; 

Venkatraman & Lee, 2004). To illustrate the size of the industry: Its global revenues in 2012 

were estimated at $78 billion (Reuters, 2012), and the most successful title of 2012 generated 

$500 million in the first 24 hours after its launch (Sherr, 2012). In the video game industry, 

three main groups of actors can be identified: The console manufacturers that provide the 

hardware, the developers that provide the software, and the publishers whose main task it is 

to market the games (Schilling, 2006). Our focus is on the actual creator of video games: the 

developers. Specifically, we are studying the search accuracy of project teams in developing 

studios. Some studios employ several of these teams simultaneously, whereas in other cases 

there is only one single team, and the team is the studio and vice versa. These teams are 

responsible for developing the video game and can be regarded as dynamic, temporary 

organizations (Bakker, 2010).  
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Data 

Our information stems from an on-line questionnaire, which we developed using Dillman, 

Smyth, and Christian’s tailored design method (2009). Given the length of the survey and the 

target group’s proficiency in working with computers, we chose an on-line questionnaire over 

telephone or mail surveys. The complete survey was pretested in three different rounds in an 

iterative process. After each round we improved the survey based on the comments received. 

In total, nine experts were consulted: five industry experts in the first round, two survey 

experts in the second round, and finally two industry experts in the second round. The length 

of the complete survey is dependent upon the answers of the respondent, and ranges from 49 

to 52 questions. The median of the time spent on completely filling out our survey is exactly 

20 minutes. 

We used video game credits and a professional networking website to identify and select 

potential respondents. In the video game industry, as in motion pictures, credits are an 

essential acknowledgment of the work done in the project (Modrovich, 2012). We targeted 

leading persons in video game studios who recently had been involved in a finalized video 

game project. Since our survey is technically oriented, we specifically selected leading 

persons with a technical (programming) background. The specific job titles selected include 

executive producer, lead producer, senior producer, technical director, lead programmer, and 

lead engine programmer. The invitations to participate in our survey were sent to the selected 

potential respondents by e-mail. We asked the respondents to apply the questions in the 

survey to the most recently released title that they had been significantly involved in. This 

approach was chosen to reduce bias in the respondents’ answers that could emerge if they 

were allowed to select their most successful project, or older projects more subject to recall 

bias. To verify whether the respondent was able to reliably answer the questions, we asked 

for the respondent’s job title in the project and the duration of the respondent’s involvement 

in the project. 

In total, we sent out 1237 survey invitations. 151 Surveys were completed and submitted 

on-line, resulting in a response rate of 12.2%. The removal of observations with missing data 

on critical values and of responses that reported no search for externally developed 

knowledge left 99 observations that could be included in our analyses.1 We examined 

                                                
1 For some observations with missing values on control variables, we replaced the missing values with 
estimations based on archival data. For example, in one case the value of the variable team size (number of 
employees in the team at the studio of the respondent at the peak of the project) was missing. It is replaced by a 
count of unique names in that studio on the game’s credits. The results are qualitatively robust to omission of the 
observations thus completed. 
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potential bias caused by non-response by performing t-tests comparing video game sales, 

video game quality (both variables were obtained for another study), and studio age of 

responding and non-responding studios. We also compared early and late responses, and 

complete and incomplete responses. We did not find statistically significant differences. 

The final sample consists of projects of various sizes undertaken by studios from five 

continents. The (optionally) reported budgets of these projects vary from $40,000 to over $50 

million, and the average studio the respondents are working for is slightly less than ten years 

old. The oldest studio in our sample was founded in 1980. We suspect an overrepresentation 

of respondents at European studios in our sample (59%), and an underrepresentation of 

respondents at Asian studios (10% in our sample is from Asia or Australia). In absolute, the 

Japanese video game industry is larger than the proportion in our sample. However, the 

Japanese video game industry is different from video game industries in other parts of the 

world, with many studios developing games for the large internal Japanese market only 

(Aoyama & Izushi, 2003) and much video game production being done by studios that are 

integrated with console manufacturers and would therefore not be likely respondents using 

external knowledge. The remaining 31% of the respondents reported on a game developed in 

studios based in the Americas.  

Measures 

All dependent and independent variable are measured using a 7-point Likert scale, ranging 

from “strongly disagree” to “strongly agree”. All questions were tailored to the audience after 

interviews with industry experts and constructed by using known and tested items where 

available. For the measures that did not have previously validated items, we first constructed 

items based on theoretical insights. In particular, to the best of our knowledge of the existing 

literature, no items have been developed for our dependent variables search-find congruence 

and find-use congruence. Based on the theoretical discussion of these concepts, we created 

eight items for search-find congruence and six items for find-use congruence. We then 

assessed their substantive validity using Anderson and Gerbing’s (1991) pretest assessment 

method, which entails predicting which items would likely work out as planned in a 

subsequent empirical construct validity assessment, and which items would not. Based on the 

input of 22 knowledgeable respondents, we selected three items for each congruence 

construct. The selected items and their substantive validity indices are reported in Appendix 

A. 
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Dependent variables 

Search-find congruence, our first dependent variable, is a measure of the extent to which 

everything that is searched is found. Its items measure to what extent potential solution could 

be found and whether the search for the solution was efficient. Our second dependent 

variable is Find-use congruence. Its items measure if all found solutions were used and 

whether alternatives to the used solutions were screened. This construct thus measures the 

extent to which the potential solutions found were actually put into use. 

Independent variables 

Knowledge distance is, as mentioned above, a function of the extent to which two 

knowledge entities are technologically related (Makri et al., 2010). We measure this by two 

items that assess how much extra investment in personnel or training would be necessary to 

independently develop the focal knowledge. Knowledge novelty is measured using four 

items that assess how common or unique the knowledge is (Steensma & Corley, 2000). 

We measure absorptive capacity as a second-order multidimensional construct consisting 

of four first-order dimensions. Identification ability (five items) measures the ability of the 

project team to assess the value of external technologies (Flatten et al., 2011; Jansen et al., 

2005; Szulanski, 1996). Assimilation ability, the ability to incorporate knowledge to the 

existing base without changing cognitive structures, consists of four items that measure the 

understanding of external knowledge and the ease of its implementation (Fichman & 

Kemerer, 1997; Szulanski, 1996). Transformation ability is represented by six items, 

focusing on maintenance and retention of the knowledge base (Garud & Nayyar, 1994; 

Jansen et al., 2005). Finally, Application ability (four items) measures the ability to extract 

value from acquired knowledge (Jansen et al., 2005; Szulanski, 1996). 

Control variables 

Several control variables are included into our analyses. We control for independent 

development versus collaboration (Shan et al., 1994) by asking whether the project was a 

collaboration between the respondent’s studio and other stakeholders. This binary variable is 

coded 0 for studios that collaborate, and 1 for studios that independently developed the game. 

We have three different measures that tap into the size of the project: the Relative size of the 

budget compared to similar titles asks the respondents to assess the size of their 

development budget, relative to similar titles. This question was validated by an optional 

question on the actual size of the budget, but not all respondents wanted or were allowed to 

answer that question. We also asked for the project’s Team size at the studio when the 

project was at its peak. Our last measure associated with the size of the project is the Project 
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length, measured in months. Diversity of the project development team is controlled for by 

two measures: Educational diversity (measuring diversity of the team members with regard 

to the level of education) and Nationality diversity (measuring diversity of the team 

members with regard to nationality). Finally, we measure experience at two levels: Team 

experience and the respondent’s Personal experience. The experience variables are 

aggregate measures of respectively three and two questions. 

We have collected our data using a single survey instrument, and the majority of 

observations are based on one response. To deal with the potential threats that common 

method bias and single respondent bias pose to the validity of our conclusions, several 

remedies exist (Podsakoff et al., 2003; Williams et al., 2010). Therefore, we have undertaken 

a set of statistical and procedural remedies (as reported in Appendix B) to minimize the threat 

of single respondent bias. On this basis we are confident that the results are largely free from 

such bias. 

RESULTS 

We start our analyses by assessing the reliability of our scales. To start with our dependent 

variables, search-find congruence has a Cronbach’s alpha of 0.631, whereas the alpha of find-

use congruence is 0.696, well above the acceptable level of 0.5 for newly developed scales 

(Nunnally, 1967; Steensma & Corley, 2000). Knowledge distance has an alpha of 0.671 and 

knowledge novelty has an acceptable alpha of 0.711. The items measuring Identification 

ability and Transformation ability have acceptable alphas too (0.700 and 0.747). The two 

other dimensions of absorptive capacity, Assimilation ability and Application ability, 

surprisingly have unacceptably low alphas. Although these items have been used in previous 

research, their respective alphas are very low in our data: 0.345 and 0.448. These low alphas 

force us to exclude these dimensions from the further analyses. 

The second step of our analysis is to stringently test for convergent and discriminant 

validity. We do so by putting all latent constructs in a single confirmatory factor model. Even 

though the Chi-square is highly significant (χ² (253)=595.150), other indicators suggest an 

acceptable fit of the model: the root mean square error of approximation (RMSEA) is 0.069, 

with its 90% confidence interval boundaries below the 0.10 cutoff value at 0.052 and 0.080. 

The standard root mean square residual (SRMR) is 0.092. The incremental fit measures 

however, show that the model fit is poor: the comparative fit index (0.705) and the Tucker-

Lewis Index (0.653) are relatively low. This is not surprising given that the average 

correlation of the latent constructs is not high (Kenny & McCoach, 2003). Given our 



 

 

TABLE 1: Descriptive statistics and correlationsa 
 Min Max Mean SD 1 2 3 4 5 6 7 8 9 10 11 12 13 

                  
1. Search-find congruence 1 7 4.37 1.18              

2. Find-use congruence 1 7 3.18 1.30 .111             

3. Identification ability 2.2 6.8 4.57 1.03 .185 -.036            

4. Transformation ability 2 7 4.75 1.07 .186 .077 .351           

5. Knowledge distance 1 7 5.64 1.19 .235 .124 .251 -.039          

6. Knowledge novelty 1 6 3.20 1.09 -.305 .061 .021 .252 -.113         

7. Team experience 4 14 8.65 2.47 -.061 .076 .098 .189 -.030 .142        

8. Respondent experience 2 9 6.05 1.58 -.054 .087 .157 .214 -.120 .282 .261       

9. Educational diversity 1 6 3.65 1.21 .053 .000 .141 -.154 .234 -.104 -.134 -.001      

10. Nationality diversity 1 6 2.91 1.39 .052 -.104 .224 -.035 .081 -.208 -.001 .062 .331     

11. Independent 
development 

0 1 0.21 0.41 -.025 .221 -.066 .031 .157 -.070 .004 -.017 .009 .105    

12. Relative size of budget 1 5 2.47 1.00 -.016 -.221 .199 .130 -.026 .035 -.026 .126 .072 .075 -.148   

13. Team size (FTE) 2 300 53.82 61.59 .027 -.207 .211 -.080 -.012 -.060 -.182 .192 .167 .222 .026 .472  

14. Project length 1 164 24.23 22.66 .061 -.247 .211 .026 .018 -.120 -.215 .121 .182 .131 -.134 .338 .559 

aPearson correlations, r > 0.198 and r < -0.198 statistically significant at α 0.05 (two-tailed) 
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relatively small sample size, we decide to continue with OLS analyses rather than a 

structural equation model that would not be reliable under these circumstances. 

The descriptive statistics and correlations are presented in Table 1. The highest 

correlations can be found between the measures that are indicators of size (relative size of the 

budget, the team size in FTE at the studio at the project’s peak, and project length). Omitting 

one or two of these variables from the regression did not alter the results significantly. On 

average, the studios’ search-find congruence is higher than their find-use congruence. 

Furthermore, the average of knowledge distance is higher than that of knowledge novelty.  

The correlation between these concepts (-0.118) is not significantly different from zero. 

The results of the regression are presented in Table 2. Models 1 and 2 have the mediators 

knowledge distance and knowledge novelty as dependent variables. As a part of our 

mediation hypotheses (H4 and H5), we predict that having better identification abilities and 

having better transformative abilities lead to greater knowledge distance and knowledge 

novelty in search. In these models, identification ability has a significant and positive effect 

on knowledge distance, but not on knowledge novelty (the effect is negative and not 

significant). Conversely, transformation ability has a negative and insignificant effect on  

knowledge distance, but a positive and significant effect on knowledge novelty. Of the 

control variables in these models, independent development stimulates knowledge distance. 

The personal experience of the respondent (who has a leading role in the project) is positively 

and significantly associated with knowledge novelty. The diversity of nationalities amongst 

the team members has a negative and significant effect on knowledge novelty. 

Model 3 reports the effects on search-find congruence. None of the control variables has a 

significant effect, and adding the hypothesized variables leads to a significantly better model 

than the baseline model (presented as model C3 in Appendix C, F=6.153, p<0.001). 

Knowledge distance has a positive and significant effect on search-find congruence, contrary 

to our prediction in hypothesis 1a. In line with hypothesis 2a, knowledge novelty has a 

significant and negative effect. Identification ability has a positive but not significant effect 

on search-find congruence, whereas we find a positive and significant effect of 

transformation ability, which we did not hypothesize about under the assumption that 

transformation ability only comes into play once knowledge is found. 

Model 4 presents the results of the analysis with find-use congruence as the dependent 

variable. Again, none of the control variables has a significant effect. The presented model 

(with the squared term of knowledge novelty) has significantly better fit than the model 

without this squared term (presented as model C5 in Appendix C, F=5.916, p<0.05). 



Chapter 4 

106 
 

TABLE 2: OLS regression results 

  Model 1 Model 2 Model 3 Model4 

Variables Hypothesis Knowledge 
Distance 

Knowledge 
Novelty  

Search-find 
congruence 

Find-use 
congruence 

      
Hypothesized variables      
Identification ability 3a (+), 3b (+) 0.3719** -0.0390 0.0542 -0.0197 
  (0.1288) (0.1168) (0.1307) (0.1457) 
Transformation ability 3c (+) -0.1239 0.2129* 0.3307*** 0.1085 
  (0.1237) (0.1122) (0.1230) (0.1374) 
Knowledge distance 1a (-), 1b (-)   0.2095** 0.1287 
    (0.1035) (0.1155) 
Knowledge novelty 2a (-), 2b (+)   -0.3991*** 0.1097 
    (0.1141) (0.1368) 
Knowledge novelty² 2b (-)    -0.2727** 
     (0.1182) 
Control variables      
Team Experience  0.0018 0.0058 -0.0310 0.0006 
  (0.0513) (0.0465) (0.0498) (0.0556) 
Personal experience  -0.0925 0.1789** 0.0163 0.0995 
  (0.0794) (0.0720) (0.0802) (0.0900) 
Educational diversity  0.1962 0.0206 0.0119 0.1062 
  (0.1038) (0.0941) (0.1027) (0.1152) 
Nationality diversity  -0.0462 -0.1537* -0.0351 -0.1400 

  (0.0910) (0.0825) (0.0901) (0.1014) 
Team size (FTE at peak) -0.0020 0.0007 0.0016 -0.0022 
  (0.0026) (0.0024) (0.0025) (0.0028) 
Independent development (binary) 0.5447* -0.1947 -0.3067 0.5345 
  (0.2923) (0.2651) (0.2897) (0.3231) 
Project length 0.0012 -0.0079 -0.0027 -0.0087 
  (0.0064) (0.0058) (0.0063) (0.0070) 
Relative size of budget compared to -0.0016 0.0230 -0.1034 -0.2023 
similar titles  (0.1353) (0.1277) (0.1313) (0.1471) 
      
Constant  4.4622*** 1.7494** 3.1785** 2.0793* 
  (0.8552) (0.7755) (0.9747) (1.0867) 
      
R²  0.1740 0.1895 0.2310 0.2187 
F  1.8535* 2.0570** 2.1525** 1.8302* 
Df  10 10 12 13 
N  99 99 99 99 
aStandard errors between parentheses, * p <0.10, ** p <0.05, *** p <0.01 (two tailed tests) 
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Contrary to hypothesis 1b, knowledge distance has an unexpected negative but non-

significant effect on find-use congruence. The effect of knowledge novelty is positive, as 

predicted, but not significant. The squared term of knowledge novelty, however, is negative 

and significant, indicating the predicted curvilinear effect of hypothesis 2b. Surprisingly, 

identification ability has a negative albeit non-significant effect on find-use congruence. Thus 

we do not find support for hypothesis 3b. Finally, transformation ability has a positive but not 

significant effect, so hypothesis 3c is uncorroborated. 

Figure 4 contains an illustration of the curvilinear effect of knowledge novelty on find-use 

congruence with all other predictors kept at the mean. In this figure, low and high knowledge 

novelty correspond to values at 1.5 times the standard deviation below and above its mean 

(values of approximately 1.6 and 4.8, respectively), values well within the limits of our 

measurement scale and well within the observed range. Following the procedure outlined in 

Aiken and West (1991), we calculated the simple slope and its standard error. The simple 

slope is statistically significant (at α=0.05) for knowledge novelty values below 2.4 and 

above 4.4. The effect of knowledge novelty on find-use congruence becomes negative at 

values above 3.43 (0.2179 standard deviations above its mean). The simple slope of 

knowledge novelty and its 95% confidence interval boundaries are presented in Figure 5. 

To test the hypotheses on mediation, we first test whether the error terms from the regressions 

in model 1 and 2 correlate with models 3 and 4 (Shaver, 2005). No significant correlation is 

found (r≈0.00 for all four combinations), indicating we do not have a  

simultaneous equation problem (Greene, 2003; Shaver, 2005). We calculate and assess the 

indirect effects using bias corrected bootstrap confidence intervals, generated by the 

computational tool PROCESS (Hayes, 2012). Using bias corrected bootstrapping is a more 

powerful and reasonable method than using normal theory or Sobel tests, especially with 

small to moderate size sample sizes like ours where the assumption of normally distributed 

indirect effects is rarely met (MacKinnon, Lockwood, Hoffman, West, & Sheets, 2002; 

Preacher & Hayes, 2008). Following Preacher and Hayes’ (2008) recommendations for 

assessing multiple mediators,  we assess both the total indirect effects and the individual 

indirect effects through knowledge distance and knowledge novelty. The results are displayed 

in table 3. 

For search-find congruence, the effect of identification ability is positively mediated by 

knowledge distance: higher identification abilities lead to higher knowledge distance, which 

in turn leads to higher search-find congruence. The indirect effect through knowledge novelty   
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FIGURE 4: Effects of knowledge novelty on find-use congruence 
 

 
 

FIGURE 5: Effect and confidence intervals of simple slope 
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is positive but not significant. The effect of transformation ability is negatively mediated by 

knowledge distance and knowledge novelty, though only the latter effect is statistically 

significant. However, the total indirect effect through these two mediators is negative and 

significant. The effect size of the total indirect effect is about one-third of the direct effect of 

transformation ability, indicating that the net effect of transformation ability on search-find 

congruence is still positive but contains a substantive mediation effect. For find-use 

congruence, we do not find any statistically significant mediation effects. Furthermore, the 

effect sizes of the indirect effects are rather small. 

 
TABLE 3: Indirect and direct effects of absorptive capacity 

Search-find congruence  
  Hypothesis Effect SEa Lower level 

CIab 
Upper level 
CIab 

       
Identification ability  
Direct effect  0.0542 0.1307 -0.2056 0.3140 
Indirect 
effect 

Through Knowledge distance 4a (-) 0.0779** 0.0596 0.0001 0.2473 
Through Knowledge novelty 5a (-) 0.0156 0.0515 -0.0850 0.1237 

 Total  0.0935 0.0836 -0.0448 0.2924 
       
Transformation ability  
Direct effect  0.3307*** 0.1230 0.0862 0.5753 
Indirect 
effect 

Through Knowledge distance 4c (-) -0.0260 0.0349 -0.1440 0.0103 
Through Knowledge novelty 5c (-) -0.0849** 0.0572 -0.2434 -0.0037 

 Total  -0.1109** 0.0680 -0.2931 -0.0112 
       
       

Find-use congruence  
  Hypothesis Effect SEa Lower level 

CIab 
Upper level 
CIab 

Identification ability  
Direct effect  -0.0197 0.1368 -0.3095 0.2700 
Indirect 
effect 

Through Knowledge distance 4b (-) 0.0478 0.0507 -0.0260 0.1813 
Through Knowledge novelty 5b (+) -0.0043 0.0243 -0.0828 0.0281 

 Through Knowledge novelty² 5b (-) 0.0088 0.0578 -0.0880 0.1512 
 Total  0.0524 0.0860 -0.0859 0.2538 
       
Transformation ability  
Direct effect  0.1085 0.1374 -0.1646 0.3817 
Indirect 
effect 

Through Knowledge distance 4d (-) -0.0159 0.0243 -0.1029 0.0101 
Through Knowledge novelty 5d (+) 0.0233 0.0367 -0.0241 0.1337 

 Through Knowledge novelty² 5d (-) -0.0434 0.0481 -0.1692 0.0270 
 Total  -0.0360 0.0618 -0.1740 0.0749 
       
       a For indirect effects: Based on 10,000 bootstrap samples 
b 95%, two tailed. For indirect effects: Bias corrected bootstrap confidence intervals 
*** p <0.01 
**   p <0.05 
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Given our relatively small sample, we decreased the potential for overfitting in our 

equations in a robustness check by excluding the control variables. These analyses yielded 

the same findings in terms of significance and signs compared to the models presented in 

tables 2 and 3. In an alternative analysis, serving as robustness check, we tested whether 

search-find congruence could be a sequential mediator. In this model, we tested whether the 

effects of the hypothesized variables on find-use congruence are mediated through search-

find congruence. The error terms of the equations estimating search-find and find-use 

congruence do not correlate significantly (r=0.062), but we conservatively opted for a 2SLS 

approach, with the predicted values of search-find congruence as the instrument (Shaver, 

2005). Again, we assess the indirect effects with confidence intervals established using bias 

corrected bootstrap samples, but no significant indirect effects are found. Furthermore, the 

search-find congruence is not a significant predictor of find-use congruence. 

 

DISCUSSION 

In this study, we have proposed that organizations differ in their search accuracy. We have 

introduced the concepts of search-find and find-use congruence, and by building on insights 

from the search and absorptive capacity literatures, we have theorized how important 

constructs in the search literature affect these concepts. Based on the analysis of quantitative 

data obtained by an in-depth survey, we find that the abilities to identify and to transform 

knowledge affect the congruence between what is searched and found, and so does the 

distance and the novelty of the knowledge searched. Furthermore, identification ability has a 

positive association with knowledge distance, and transformation ability has a positive 

association with knowledge novelty. For the congruence between what is found and used, 

only knowledge novelty is found to have an effect. A complete overview of all hypotheses 

and the respective results can be found in table 4. 

Knowledge distance and knowledge novelty 

To start with a discussion of the results that corroborate our hypotheses, knowledge 

novelty indeed impacts search-find congruence negatively, and has a curvilinear effect on 

search-find congruence. The results thus support our reasoning that searching for more novel 

knowledge decreases the accuracy of search, with distinct effects for search-find and find-use 

congruence. The positive effect of knowledge distance on search-find congruence (model 3) 

is contrary to our predictions. An explanation for this finding is that organizations might be 

more prone to screen what they see if they search for more distant knowledge, i.e. they are 
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less selective at the scanning stage because they do not fully comprehend whether something 

can become valuable. However, we would then expect even lower find-use congruence when 

organizations searched for distant knowledge, whereas we find a positive if non-significant 

effect of knowledge distance on find-use congruence. A pessimistic view would be that even 

at the screening stage organizations do not fully comprehend the distant knowledge and thus 

are less selective. On the other hand, given the high average value of knowledge distance in 

our sample, these studios may be very experienced in dealing with distant knowledge, and the 

theoretical reasoning that organizations drop distant knowledge in the screening stage 

because of the difficulties to use such knowledge may not apply. As a result, in this sample, 

knowledge distance may not be a significant predictor for find-use congruence. 

A recent valuable addition to the search literature uses attention-based theory to link 

novelty and unfamiliarity to search (Li, Maggitti, Smith, Tesluk, & Katila, 2013). They argue 

that because novel and unfamiliar information departs from expectations and norms, it is 

more likely to enter the consciousness of managers and affect subsequent actions. As such, 

novel and unfamiliar knowledge should lead to higher search-find and find-use congruence. 

Our results for knowledge novelty contradict this theory, but the findings for distant 

(unfamiliar) knowledge on search-find congruence are in line with what would be expected 

by following this reasoning. This further validates our efforts to refine the concept of search 

and to elaborate the distinctions between searching, finding, and using. 

Absorptive capacity 

Focusing on the results of the dimensions of absorptive capacity on search-find 

congruence and find-use congruence, we do not find significant direct effects for the ability 

to identify. A possible explanation could be found in the literature on routines in search 

(Nelson, 1982). Learning and experience shape identification (Cohen & Levinthal, 1990; 

Jansen et al., 2005), so organizations can build their ability to identify by identifying more. If 

organizations do not alter their search routines even though they have improved identification 

ability, i.e. they keep searching even if an acceptable set of solutions has been identified, then 

the effect on search-find congruence is absent. However, such strong search persistence is not 

very commonly observed (Li et al., 2013). 

The ability to identify does significantly increase the search-find congruence, but this is an 

indirect effect through knowledge distance. Thus, higher identification ability is associated 

with higher knowledge distance, which, as described above, is associated with higher search-

find congruence. 
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TABLE 4: Overview of hypothesis and results 
Hypothesis Corroborated? 

   

H1a: The higher the knowledge distance, the lower the search-
find congruence. 

No A significant, positive effect is found. 

H1b: The higher the knowledge distance, the lower the find-use 
congruence  

No A non-significant positive effect is found 

H2a: The higher the knowledge novelty, the lower the search-
find congruence. 

Yes A significant, negative effect is found.  

H2b: Knowledge novelty has a curvilinear association with the 
find-use congruence, such that the find-use congruence is highest 
for moderate levels of knowledge novelty 

Yes A negative effect is found for the squared term of knowledge 
novelty. This effect is significant for low and high values of 
knowledge novelty, but not for moderate values.  

H3a: The higher the organization’s identification ability, the 
higher the search-find congruence. 

Partly The direct effect is positive and not significant, but 
identification ability has a positive indirect effect through 
knowledge distance. 

H3b: The higher the organization’s identification ability, the 
higher the find-use congruence. 

No A non-significant negative effect is found. 

H3c: The higher an organization’s (1) assimilation ability, (2) 
transformation ability, and (3) application ability, the higher the 
find-use congruence. 

Noa A non-significant positive effect is found. 

H4a: The effect of an organization’s identification ability on the 
search-find congruence is mediated by knowledge distance. 

Yes Identification ability has a significant and positive effect on 
knowledge distance, but higher knowledge distance has a 
significant positive effect on search-find congruence, making 
the indirect effect positive. 

H4b: The effect of an organization’s identification ability on the 
find-use congruence is mediated by knowledge distance. 

No A non-significant positive indirect effect is found. 

H4c: The effect of an organization’s (1) assimilation ability, (2) 
transformation ability, and (3) application ability on search-find 
congruence is mediated by knowledge distance. 

Noa A non-significant negative indirect effect is found.  

H4d: The effect of an organization’s (1) assimilation ability, (2) 
transformation ability, and (3) application ability on find-use 
congruence is mediated by knowledge distance. 

Noa A non-significant negative indirect effect is found. 

H5a: The effect of an organization’s identification ability on the 
search-find congruence is mediated by knowledge novelty. 

No A non-significant positive indirect effect is found. 

H5b: The effect of an organization’s identification ability on the 
find-use congruence is mediated by knowledge novelty. 

No A non-significant negative indirect effect through knowledge 
novelty and a non-significant positive indirect effect through 
the squared term of knowledge novelty are found.  

H5c: The effect of an organization’s (1) assimilation ability, (2) 
transformation ability, and (3) application ability on search-find 
congruence is mediated by knowledge novelty. 

Yesa A significant and negative indirect effect is found. The indirect 
effect is smaller in effect size than the direct effect of 
transformation ability. 

H5d: The effect of an organization’s (1) assimilation ability, (2) 
transformation ability, and (3) application ability on find-use 
congruence is mediated by knowledge novelty. 

Noa A non-significant positive indirect effect through knowledge 
novelty and a non-significant negative indirect effect through 
the squared term of knowledge novelty are found. 

aOnly the hypothesis on transformation ability could be tested 
 

Although we did not ex ante have ground for stating a hypothesis about the effect of 

transformation ability on search-find congruence, the positive direct effect that emerges is 

both unexpected and intriguing. A possible explanation is that organizations with high 

transformation ability, through maintenance and retention of their knowledge base, are better 

at finding valuable knowledge. Another explanation might be that organizations with higher 

transformation abilities are more confident that they can create value out of the knowledge 
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they identify, i.e. they are less selective in the scanning stage. Of course, these explanations 

are not mutually exclusive. 

Transformation ability does not only appear to improve search accuracy, but also to direct 

search. A higher transformation ability is associated with higher knowledge novelty, which, 

in turn, is associated with lower search-find congruence. By directing the search at harder to 

find knowledge, transformation ability thus also hampers search. However, even when taking 

the negative indirect effects through both knowledge distance and knowledge novelty into 

account, the net effect of transformation ability on search-find congruence is still significant 

and positive. 

Neither of the absorptive capacity dimensions has a significant effect on find-use 

congruence. It may well be that the selection at this stage is driven by more pragmatic 

decision making, such as taking into account the costs of the identified solutions. As one of 

the respondents remarked: “[…]selecting 3rd party software components was mainly a 

financial question, we couldn't select the best solutions which were more expensive”. We 

address this issue further in the section on further research.   

Theoretical and managerial contributions 

We believe that our research makes several interesting and important contributions to 

research as well as practice. Our first contribution is that we differentiate between the 

constructs of searched, found, and used knowledge. The current literature on search largely 

compounds these constructs into one: search (Katila, 2002), whereas our approach more 

closely follows the conceptualization of search as a sequence of tasks (Kuhlthau, 1991). 

Secondly, we have introduced the concepts of search-find congruence and find-use 

congruence, and we have developed items that reliably measured these constructs. By having 

established these constructs, we provide a usable measure for further research that takes the 

degree to which searched, found, and used knowledge overlap into account. Thirdly, we have 

shown that the search-find congruence (and, to a lesser extent, find-use congruence) can be 

explained by the level of the abilities of organizations to identify and to transform, the 

distance between the organization’s existing knowledge base and the knowledge searched, 

and the novelty or uniqueness of the knowledge searched. Altogether, these contributions are 

both proof and explanation of the heterogeneity in search accuracy. Therefore, our study thus 

helps refine the current understanding of search from an organizational and strategic 

perspective. 
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Another contribution is to the learning and innovation literatures, specifically to the parts 

of these literatures that address absorptive capacity. We show how the identification 

dimension and the transformation dimension impact search-find congruence differently. 

Whereas the ability to identify only has an indirect effect on search-find congruence, the 

ability to transform has both an direct effect and an indirect effect. Specifically, the ability to 

identify impacts search through higher distance of knowledge searched, whereas the ability to 

transform impacts search through higher novelty of the knowledge searched. Thus, we 

provide a more fine grained picture of the role of absorptive capacity in search (Fabrizio, 

2009; Grimpe & Sofka, 2009). 

Our study also has implications for practitioners. Many organizations are prone to apply 

dysfunctional search strategies (Laursen, 2012). Our results help in clarifying this important 

phase in new product development. Specifically, we show that higher abilities to identify and 

to transform lead to higher search-find congruence. Practitioners willing to streamline their 

search efforts can now better understand how investing in these abilities can help in making 

their search more efficient. Furthermore, we have shown how characteristics of the 

knowledge searched affect search accuracy. Although we acknowledge that organizations 

may well need very distant or very novel knowledge and thus are unlikely to adjust distance 

or novelty with the sole purpose of achieving better congruence, our findings at least help in 

grasping the consequences of distant search or search for novelty, as well as measures and 

capabilities that organizations may rely upon to mitigate these consequences. 

Limitations and suggestions for further research 

Notwithstanding these contributions, our study also has several limitations. First, some 

limitations pertain to our research design. Although our data is unique and hard to obtain, 

analyses are limited by the relatively small sample size. This sample size affords acceptable 

statistical power, yet smaller effects could have been detected with a larger sample. Next, 

many of the observations in our data are based on single respondents and data used in the 

analyses stems from the same survey. Although we have taken many steps to prevent and 

check for the biases that may stem from this set-up and we did not find evidence of common 

method bias in our data, we acknowledge that our approach is not perfect. Thirdly, despite 

using items that have been validated in previous research, two of the constructs in our study 

(assimilation ability and application ability) turned out to be measured unreliably by their 

corresponding survey items. As a result, we were not able to test the hypotheses associated 

with these dimensions of absorptive capacity. Finally, we consider knowledge distance and 
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knowledge novelty as constants throughout the search process. Of course, this is a 

simplification of reality, where knowledge may be more novel or distant during the scanning 

stage than during the screening stage. In short, a replication of our study or further research 

building on our findings would ideally be based on a larger sample of multiple respondents, 

would use more appropriate measures of assimilation ability and application ability, and 

would take into account the dynamics of the knowledge characteristics such as novelty and 

distance during the search process. 

Another area for further research, especially if more dimensions of absorptive capacity 

could be measured reliably, would be to examine the effect of the sequential interplay 

between these dimensions on search-find congruence. For example, should an organization 

be aware of its relatively high abilities to assimilate, transform, and apply knowledge, it 

might become less careful in its identification of valuable knowledge. It could then be prone 

to underutilize its identification abilities and perform poor scanning due to its overconfidence 

in its screening ability – comparable to the hare’s behavior in Aesop’s fable of the tortoise 

and the hare (2010). We believe that if such a ‘hare effect’ occurs it is much smaller in 

magnitude and outweighed by the positive effects of the high abilities, but testing this 

hypothesis was unfortunately not possible with our data. 

A rather obvious suggestion for further research is to apply our insights on previous 

findings in the search literature. For example, consider the literature on the breadth and depth 

of search (Katila & Ahuja, 2002; Laursen & Salter, 2006). Does the relationship between 

breadth and performance differ when one takes into account not only the breadth of the 

knowledge used, but also the breadth of the knowledge searched for and found? 

Yet another avenue for further research is in assessing search strategies of organizations 

over longer time spans. Organizations have strong incentives to pursue exploitation or local 

search. A better fit between knowledge search and knowledge use makes external search and 

in particular distant search more attractive, and frees up resources for even more distant 

search in current or future projects. Measuring this effect (and thus forming a non-recursive 

model) is beyond the scope of this study as we focus on understanding the determinants of 

search-find and find-use congruence at the project level, but research in other contexts could 

deal with this. 

In this study, we have explicitly chosen to study problemistic search rather than slack 

search. Although slack search and problemistic search differ (Chen, 2008; Cyert & March, 

1963; Greve, 2003), we believe that search accuracy and its sub-concepts is also applicable to 

slack search. However, organizations engaging in slack search may be more interested in the 
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search-find congruence than in the find-use congruence of their search. That is, we expect 

them to be more interested in finding as many of the potentially valuable solutions available 

as possible than in the efficiency of the screening process. Furthermore, slack search may be 

less directed than problemistic search, i.e. the distance and novelty of knowledge are more 

variable during search, and other characteristics may influence search accuracy. Thus, we 

recommend that future research on search accuracy in slack search takes not only a more 

dynamic perspective than we did, but also explores other determinants of accuracy.      

Finally, we have not measured the performance implications of search-find and find-use 

congruence. Following an economic reasoning, we could argue that higher congruence is 

desirable: Search is both costly and time consuming (Dosi, 1988), and significant savings can 

be realized by searching efficiently. An alternative view may hold that organizations cannot 

waste search efforts, in the sense that some amount of slack is good for innovation (Nohria & 

Gulati, 1996), and that high accuracy can lead to myopia and performance traps (Välikangas 

& Gibbert, 2005). We believe that our findings, combined with these contradictory views, 

make for an interesting and promising research agenda for the search and innovation 

literature. 

CONCLUSION 

In the beginning of this study, we identified that the search literature often implicitly 

assumes that search equals what is found and used. We split up search accuracy into search-

find and find-use congruence, and by building on insights from the search and absorptive 

capacity literatures, we predicted how absorptive capacity and distance and novelty of the 

knowledge searched would affect these concepts. Based on quantitative analyses of survey 

data from the video game industry, we find that the abilities to identify and to transform 

knowledge affect the congruence between what is searched for and found, and so does 

knowledge distance and knowledge novelty. For the congruence between what is found and 

used, only knowledge novelty is found to have an effect. These results help in building 

further understanding of the important processes in identifying and selecting relevant 

knowledge for solving product development related problems. 
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APPENDIX A: OVERVIEW OF CONSTRUCTS, ITEMS, AND SOURCES 
 
Concept ID Item Format Source 

 Search accuracy 

 Search-find congruence (dependent variable)  

Search-find 
congruence 

SF1 

Very few of our search efforts resulted in 
solutions that we could screen for their 
applicability in the development of this 
project. 

Likert 1-7, 
reverse coded 

None 
psa = 0.8235 
Csv = 0.6471 

Search-find 
congruence 

SF2 Our search strategy for externally developed 
solutions was very efficient. 

Likert 1-7 None 
psa = 0.8235 
Csv = 0.7059 

Search-find 
congruence 

SF3 
In this project, we often could not find the 
externally developed solution we were 
looking for. 

Likert 1-7, 
reverse coded 

None 
psa = 0.7059 
Csv = 0.5294 

 Find-use congruence (dependent variable) 

Find-use 
congruence 

FU1 
In developing this product, we used about all 
the externally developed solutions that we 
screened 

Likert 1-7 
None 
psa = 0.8824 
Csv = 0.7647 

Find-use 
congruence FU2 

All externally developed solutions that we 
screened were used in the development of 
this project 

Likert 1-7 
None 
psa = 0.9412 
Csv =0.8824 

Find-use 
congruence 

FU3 
We did not screen any alternatives for the 
externally developed solutions we used in 
developing this project 

Likert 1-7, 
reverse coded 

None 
psa = 0.8235 
Csv =0.7059 

 Knowledge distance (independent variable) 

Knowledge 
distance KDA1 

To independently develop this software by 
our team, highly trained personnel would 
need to be hired.  

Likert 1-7 Steensma & 
Corley, 2000 

Knowledge 
distance KDA2 

Little new investment in equipment or staff 
would be required of our firm to 
independently develop this technology. 

Likert 1-7, 
reverse coded 

Steensma & 
Corley, 2000 

 Knowledge novelty (independent variable) 

Knowledge 
novelty NOVA1 Many of our competitors have fundamentally 

similar technology. 
Likert 1-7, 
reverse coded 

Steensma & 
Corley, 2000 
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Knowledge 
novelty NOVA2 There is a limited number of organizations in 

our industry that possessed this technology.  Likert 1-7 Steensma & 
Corley, 2000 

Knowledge 
novelty NOVA3 Few credible substitutes compete with this 

technology.  Likert 1-7 Steensma & 
Corley, 2000 

Knowledge 
novelty NOVA4 This specific technology is common within 

the industry. 
Likert 1-7, 
reverse coded 

Steensma & 
Corley, 2000 

 Absorptive Capacity 

 Identification (independent variable) 

Identification ID1 
We have do not have information on the 
state-of-the-art of external technologies.  

Likert 1-7, 
reverse coded 

Szulanski, 1996; 
Lichtenthaler, 2009 

Identification ID2 
The search for relevant externally developed 
software concerning our game is every-day 
business In our team  

Likert 1-7 Flatten et al., 2011 

Identification ID4 
Our team has frequent interactions with 
suppliers of externally developed software. Likert 1-7 Jansen et al., 2005 

Identification IDX2 We observe in detail external sources of 
new technologies. 

Likert 1-7 Lichtenthaler, 2009 

Identification IDX4 We thoroughly observe technological trends.  Likert 1-7 Lichtenthaler, 2009 

 Assimilation (independent variable) 

Assimilation AS1 We can hardly grasp the abstract principles 
on which the acquired technology is based. 

Likert 1-7, 
reverse coded 

Fichman & 
Kemerer, 1997 

Assimilation AS2 
We thoroughly understand the nature of the 
benefits attributable to the acquired 
software. 

Likert 1-7 
Fichman & 
Kemerer, 1997 

Assimilation AS3 
Our team has the necessary skills to 
implement the software obtained externally. Likert 1-7 Szulanski, 1996 
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Assimilation ASX1 
We regularly match new technologies with 
ideas for new products. 

Likert 1-7 Lichtenthaler, 2009 

 Transformation (independent variable) 

Transformation TR1 
New opportunities to serve our (potential) 
customers with existing technologies are 
slowly understood.  

Likert 1-7, 
reverse coded 

Jansen et al., 
2005; 
Lichtenthaler, 2009 

Transformation TR2 
Our employees do not store technological 
software for future reference.  

Likert 1-7, 
reverese 
coded 

Jansen et al., 
2005; Lichtenthaler 
2009 

Transformation TR3 We quickly analyze and interpret changing 
market demands for our technologies. 

Likert 1-7 
Jansen et al., 
2005; Lichtenthaler 
2009 

Transformation TR4 
We can quickly reactivate in-house software 
for new uses. Likert 1-7 

Garud & Nayyar, 
1994 

Transformation TR5 We continuously maintain our in-house 
software 

Likert 1-7, 
reverse coded 

Garud & Nayyar, 
1994 

Transformation TRX2 
We communicate relevant software across 
the units of our firm.  Likert 1-7 Lichtenthaler, 2009 

 Application (independent variable) 

Application EX1 
It is not well known who can best exploit 
newly acquired software inside our firm. 

Likert 1-7, 
reverse coded 

Jansen et al., 
2005; 
Lichtenthaler, 2009 

Application EX2 We constantly consider how to better exploit 
acquired software. 

Likert 1-7 
Jansen et al., 
2005; 
Lichtenthaler, 2009 

Application EX3 
We easily implement acquired software in 
new products. Likert 1-7 

Jansen et al., 
2005; 
Lichtenthaler, 2009 

Application EX4 We rarely use software obtained externally 
in new games.  

Likert 1-7, 
reverse coded 

Lichtenthaler, 2009 
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APPENDIX B: REMEDIES UNDERTAKEN AGAINST COMMON METHOD BIAS AND SINGLE 

RESPONDENT BIAS 
 
Remedy and underlying rationale Implementation 
Procedural  
Protect respondent anonymity. Respondents anonymity is ensured, tracking options in 

online survey have been switched off. 
Reducing item ambiguity. When available, previously validated measures were 

used, the first draft of the survey was constructed 
based on interviews with industry experts, and three 
rounds of pretesting were implemented. 

Separating scale items. Items were spread over the survey. For some 
questions, the order of questions and the order of 
items within questions are randomized, i.e. they will be 
different for every respondent. 

Multiple respondents per observation. Some observations have multiple respondents. We 
calculated inter-observation correlations to assess 
overall respondent reliability. 

  

Statistical  
Harman’s one factor test. We performed this test. The factor was able to explain 

only 14.4% of the variance. 
Triangulation using archival sources. Secondary data from market research companies, 

industry websites, and industry magazines were used 
to triangulate. 

Triangulation using field interviews. Interviews with industry experts and key industry 
players were used to triangulate. 

SEM approach to CFA marker variables (Williams 
et al., 2010) 

A marker was identified a priori and chosen, using 
same scale as other constructs (Richardson et al., 
2009). Marker is expected to tap into one or more of 
the sources of bias (Williams et al., 2010), but none is 
found. However, our sample size may not have been 
high enough to detect small effects. 
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APPENDIX C: BASELINE AND INTERMEDIATE MODELS IN OLS REGRESSIONS 
    

  Model C1 Model C2 Model C3 Model C4 Model C5 

Variables  Knowledge 
Distance 

Knowledge 
Novelty  

Search-find 
congruence 

Find-use 
congruence 

Find-use 
congruence 

       
Hypothesized variables       
Identification ability      -0.012 
      (0.150) 
Transformation ability      0.090 
      (0.141) 
Knowledge distance      0.120 
      (0.119) 
Knowledge novelty      -0.012 
      (0.131) 
Control variables       
Team Experience  0.016 0.014 -0.015 -0.003 -0.008 
  (0.053) (0.047) (0.055) (0.056) (0.057) 
Personal experience  -0.091 0.205*** -0.039 0.122 0.124 
  (0.0794) (0.071) (0.084) (0.085) (0.092) 
Educational diversity  0.232** -0.008 0.025 0.092 0.076 
  (0.106) (0.093) (0.110) (0.112) (0.118) 
Nationality diversity  -0.001 -0.156* 0.037 -0.106 -0.107 

  (0.093) (0.0825) (0.096) (0.098) (0.103) 
Team size (FTE at peak) -0.001 0.000 0.000 -0.002 -0.001 
  (0.003) (0.002) (0.003) (0.003) (0.003) 
Independent development (binary) 0.466 -0.141 -0.084 0.631 0.551 
  (0.300) (0.265) (0.311) (0.318) (0.332) 
Project length 0.003 -0.007 0.003 -0.009 -0.009 
  (0.007) (0.006) (0.007) (0.007) (0.007) 
Relative size of budget compared to 0.009 0.066 -0.050 -0.147 -0.166 
similar titles  (0.137) (0.122) (0.143) (0.146) (0.150) 
       
Constant  5.093*** 2.377*** 4.599*** 2.978*** 2.117* 
  (0.751) (0.665) (0.780) (0.796) (1.117) 
       
R²  0.096 0.155 0.013 0.150 0.165 
F  1.190 2.063** 0.153 1.987* 1.416 
Df  8 8 8 8 12 
N  99 99 99 99 99 
aStandard errors between parentheses, * p <0.10, ** p <0.05, *** p <0.01 (two tailed tests) 
 
Model C1: Baseline model to model 1 in Table 2. 
Model C2: Baseline model to model 2 in Table 2.  
Model C3: Baseline model to model 3 in Table 2. 
Model C4: Baseline model to model 4 in Table 2. 
Model C5: Intermediate model on find-use congruence without squared term of novelty.  
 



 
 

 
 

 

  



 
 

 
 

CHAPTER 5 

 

GENERAL CONCLUSION 
 

In the last chapter of this dissertation, I outline the main contributions of the dissertation 

and its separate chapters. Thereafter, I discuss the limitations and some suggestions for 

further research. 

MAIN CONTRIBUTIONS AND DISCUSSION 

In this section, I discuss the main contributions of each chapter. I first highlight the 

theoretical contributions, and then I mention briefly the main managerial and methodological 

implications of the findings. The last part of this section contains the overarching 

contributions of this dissertation. 

In the second chapter, we find that it is worthwhile to study how external knowledge is 

actually used. By examining the R&D strategies of firms and their performance implications, 

we find that Internal and Compounding strategies each lead to significantly higher innovative 

performance than Replication strategies. Thus, it is hard to achieve an innovation that is new 

to the market by relying mostly on external knowledge. However, this finding is not due to 

the use of external knowledge per se, but rather to the way in which this external knowledge 

is used, as the successful Compounding strategy shows. We also find that Replication makes 

more sense for firms with less innovative capacity. By contrast, innovative performance is 

dependent on possessing a high level of innovative capacity for firms using a compounding 

strategy. 

The differentiation between the different uses of knowledge also contributes to the 

knowledge on cooperation in innovation strategies. Cooperation only significantly contributes 

to innovative performance when firms pursue a Compounding strategy. This shows that the 

integration of external knowledge so that it can be used as building block can be a difficult 

task, and that cooperation can help firms get the most out of this external knowledge. 

Cooperation does not significantly help firms that mostly rely on their own knowledge, or 

those that aim to replicate external knowledge. Our findings thus extend the findings of 

Kotabe et al. (2003) and Uzzi and Lancaster (2003) whereby durable cooperation on key 

tasks enables better performance. 
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Another contribution stems from our findings when we assess the less innovative output of 

firms. For innovations that are only new to the firm, it appears that “anything goes”. More 

precisely, when the firm’s output is measured by these incremental innovations, no 

substantive differences exist between the effects of the R&D strategies Combined with the 

effects of some of the control variables, we may conclude that the quality of R&D matters 

when aiming at innovations that are new to the market, whereas innovations that are only new 

to the firm are dependent on R&D effort. This finding, combined with the finding that the 

type of R&D strategy is only significant for innovations that are new to the market, shows 

that a combination of dedication, quality, and originality is needed for the most novel 

innovations. 

Overall, these findings have a managerial and policy implication, too. When policy makers 

and managers aim at stimulating innovations that are new to the market, just facilitating 

knowledge transfer may not be sufficient. Instead, facilitating compounding may be 

necessary, but even this may also require addressing the necessary contextual antecedents, 

such as quality and dedication. 

The contributions of the third chapter partly match those of the second chapter: It is 

worthwhile to take into account how external knowledge used. The main theoretical 

contribution is in showing how organizations can achieve superior performance at the product 

level by using external knowledge. The findings suggest that recombination by substantial 

modification of internal and external knowledge in combination with high transformation 

ability leads to superior product sales and quality. This reveals that, beyond the right sourcing 

of knowledge, labor and the right skills are necessary to achieve better performance. 

A theoretical and methodological contribution stems from our operationalization of the 

recombination concept. By staying close to the meaning of recombination in the genetics 

literature, we refined the concept by adding modification of the combined components as a 

necessary ingredient for recombination. Combined with the findings of our analysis, we hope 

to have shown the difference between combining and actively modifying knowledge 

(recombination) and  mere combining as pairing of unmodified knowledge components. 

The main contribution of the fourth chapter is in refining the understanding of search, and 

in particular of its the understanding of the outcome. First, we show that organizations are 

heterogeneous in the accuracy of search for external knowledge, and that this accuracy is 

affected by the absorptive capacity of organizations and the dimension along which search is 

targeted. We find that the abilities to identify and to transform knowledge affect the 

congruence between what is searched and found. In addition, the distance and the novelty of 
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the knowledge searched affects whether what is searched is found. For the congruence 

between what is found and used, only knowledge novelty is found to have an effect 

Furthermore, we make a methodological contribution by introducing reliable items to 

measure the congruence between what is searched and found, and between what is found and 

used. 

For managers, the findings of the third and fourth chapter underline the importance of 

maintenance and retention of the knowledge base of the organization. Our results suggest that 

the resulting transformation ability is essential for recombination, and helps organizations in 

finding the knowledge they are searching for. 

As mentioned in the introduction of this dissertation, the central concepts in chapters two 

and three partially overlap. In the second chapter, replication is hypothesized to be the best 

strategy for firms lacking innovative skills and in the third chapter replication is hypothesized 

to reduce product release delays. Both hypotheses are not corroborated, and we do not find 

support for these expected positive effects of replication. Regarding the overlap between 

compounding and recombination, we find interesting results. In chapter two we show how a 

Compounding strategy outperforms a Replication strategy and performs on par with the 

strategy relying on mostly self-developed innovations. In the third chapter, we show how 

recombination (a particular form of compounding) leads to superior quality and sales when 

an organization has sufficient transformation ability. Recombination outperforms minor 

modifications of external and internal knowledge components, or focusing modifications at 

only the internal or external knowledge component. Thus, in the empirical setting of the third 

chapter, recombination outperforms also other forms of compounding. 

Our results in this dissertation also show the importance of absorptive capacity, and of 

acknowledging the multidimensionality of this construct (Todorova & Durisin, 2007; Zahra 

& George, 2002). Even although we were only able to test the effects of two out of four 

dimensions, the findings suggest that these dimensions differ in their effects on the important 

concepts of recombination, product performance, and improving and directing search. 

Overall, the main contribution of this dissertation is in the refined insights it offers into the 

use of and search for external knowledge. We show that the use of external knowledge does 

not impact innovative performance per se, but the way it is used in the development process 

does. We also take a closer look at the search process of organizations and show that 

heterogeneity in search accuracy is related with the abilities of the organization and the 

dimensions along which it targets its search. 
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LIMITATIONS AND SUGGESTIONS FOR FURTHER RESEARCH 

Notwithstanding these contributions, this dissertation unfortunately has several limitations. 

First, the limitations in our research design have already been addressed in their respective 

chapters and in Appendix A to chapter two, but the most important ones are mentioned here. 

All chapters are based on analyses of cross-sectional data. We thus cannot control for 

changes over time, and although we corroborate our results by theorizing and insights from 

interviews with industry experts, we have to be careful in differentiating between cause and 

effect and mere correlation. Finding the same results with longitudinal research designs (i.e. 

panel data analyses) would make our findings even more robust. Secondly, although the data 

used in chapter 3 and 4 is unique and hard to obtain, the relatively small sample size limits 

our analyses in these chapters, and smaller effects could have been detected with a larger 

sample. Thirdly, we were not able to test the hypotheses associated with the assimilation and 

application dimensions of absorptive capacity in the third and fourth chapter. Fourthly, two 

out of three chapters are based on a specific industry. We specifically chose this industry for 

a variety of reasons, not in the least for the existence of a market for technology (Arora, 

Fosfuri, & Gambardella, 2001). Although the single industry setting could limit the 

generalizability of our results, we are confident that many aspects of new product 

development of video games are common to other new product development settings. 

Specifically addressing the particular market for technology for video game developing 

companies, we think that this market may be more pronounced and developed than in the 

average industry. Thus, it may be easier to find, attract, and use external knowledge in the 

video game industry than in other industries. This may make recombination even more 

important to distinguish an organization’s products from competitors’, and it also might 

imply that it is easier for organizations to direct search. Yet, the video game industry 

certainly is not the only industry with a well-developed market for technology (Arora & 

Gambardella, 2010). Furthermore, we believe that the mechanisms described in this 

dissertation also apply to industries with a less developed market for technology. For 

example, with regard to the study in the third chapter, although replication may become more 

attractive when a certain technology is hard to find, recombination still offers better 

protection from imitation by competitors. Furthermore, the mechanisms of the study in the 

fourth chapter may be more pronounced in environments with less developed markets for 

technology, as the search accuracy of its incumbents may display higher variance because of 

the difficulty of finding suitable technologies. 



General Conclusion 

127 
 

Another limitation stems from our focus on R&D and product development. We do not 

address the financial consequences of the decisions and actions that we study in the three 

empirical analyses. That is, we do not know if a whether a compounding strategy is more 

profitable than an internal or replication strategy. Furthermore, we do not know at what costs 

organizations pursue recombination, or if it pays off to build transformation ability. We thus 

have tested the effectiveness of replication, compounding, and recombination, and cannot 

infer the efficiency of these strategies and actions. Moreover, we do not know what the net 

effects on search accuracy are when organizations invest heavily in their absorptive capacity. 

However, concepts like innovation, quality, sales and search have been linked to financial 

performance increase in previous research. Furthermore, since search is costly and time 

consuming (Dosi, 1988), significant savings can be realized by searching efficiently. Yet, we 

are not able to assess directly the net financial effects of the decisions and actions that are 

central to the previous three chapters. 

With regard to these limitations, however, we tried to resolve some of the research design 

issues during the writing of this dissertation. As already mentioned in Appendix A to chapter 

two, the CIS data used in chapter two has a number of well-known and less well-known 

limitations. Because of the absence of detailed measures of capabilities and because of the 

coarse nature of the data, we decided to design and conduct our own survey. Furthermore, the 

survey data allowed us to study the inputs in the development of one specific product and the 

performance of that product, rather than assessing a three-year strategy and the 

innovativeness of the entire product portfolio in a single year. However, notwithstanding its 

limitations, studying CIS data allowed us to assess the benefits of compounding over a longer 

period and across several industries, thereby adding to the validity of our results. 

Our fourth chapter is, despite its solid anchors in the literatures on search and absorptive 

capacity, still of a pioneering nature. Therefore, we presume that more refinements can be 

made to the concepts of search accuracy, search-find congruence, and find-use congruence by 

building on our concepts and measures. Moreover, we are convinced that more interesting 

and relevant contingencies can be found that help in explaining these concepts. Furthermore, 

the innovative as well as financial performance effects of these concepts should be explored.  

Finally, we deliberately limited our setting to the use of and search for external 

knowledge. Although external knowledge is an important component in innovation strategies 

(e.g. Cassiman & Veugelers, 2006; Chesbrough, 2003; Freeman, 1991; Steensma & Fairbank, 

1999; Utterback, 1971), organizations also still rely on internally created knowledge 

(Leonard-Barton, 1995; Nelson & Winter, 1982). For example, it can be interesting to study 
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recombination of internal knowledge with knowledge from an organization’s foreign 

subsidiaries, thereby adding to the understanding of innovation in multinational corporations 

(e.g.Almeida & Phene, 2004; Monteiro et al., 2008; Mudambi & Navarra, 2004; Penner-Hahn 

& Shaver, 2005). More generally, instead of focusing on knowledge residing in foreign 

subsidiaries, it is interesting to study recombination of knowledge from all different domains 

within the organization (Kogut & Zander, 1992; Nerkar & Paruchuri, 2005). The results of 

such studies could be compared with the results of recombining internal and external 

knowledge, or even be integrated in a comprehensive study that takes these multiple forms of 

recombination into account. 

CONCLUSION 

In the last decades, scholars have made great progress in understanding how knowledge 

can be searched for and used in order to gain a competitive advantage. Joining the debate on 

the search for and use of external knowledge, this dissertation aimed to extend the literature 

by showing how the right strategy of using internal and external knowledge can be used to 

excel, and how organizations can improve their search accuracy. I believe that the results 

convincingly help in building further understanding of the important processes in identifying, 

selecting, and using relevant external knowledge for solving product development related 

problems. Research building on the findings herein is thus well warranted. 
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