
Exploring the Institutional Foundations of Cumulative Innovation: 
A New Agenda for Organization Theory

Fiona Murray

Sloan School of Management

Massachusetts Institute of Technology

fmurray@MIT.EDU

Siobhán O’Mahony

Graduate School of Business Administration

Harvard University

somahony@hbs.edu

August 31, 2006


Under Review: 

PERSPECTIVES Essay of Organization Science 

Special Issue on “Multiple Levels in Innovation Research”

Abstract


While some innovation scholars fear that the landscape of innovation is becoming more restricted due to an expansion of intellectual property rights, others show that innovation processes are becoming more open.  The question which unites these disparate literatures is not whether intellectual property rights are more expanded or relaxed, but how do the conditions and rules that guide access and use affect others’ ability to build on prior innovations?  If we take this question seriously, it suggests an important role for organizational theorists concerned with innovation. To articulate a new research agenda, we import the concept of cumulative innovation from economics, to more explicitly emphasize the organizational and institutional conditions affecting knowledge accumulation.  We argue that such a perspective can help link contributors from different levels of analysis and conclude with suggestions for future research. 
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Introduction

In 2006, Research in Motion (RIM) agreed to pay NTP more than $600M to settle patent infringement claims over eight patents to avoid a potential court injunction
. The more than 3 million Blackberry mobile device owners breathed a collective sigh of relief – they could remain connected!  RIM had been held in violation of NTP’s patent, even though NTP, the patent holder, had made no attempt to commercialize or build upon their ideas.  In contrast, as one commentator noted, “RIM’s contribution of complementary technologies, business acumen, product R&D and marketing is what “enabled” the NTP invention to achieve commercial relevance” (Sewell 2006: A14).  In other words, RIM was engaging in cumulative innovation; building on ideas that came before them to contribute new innovations.
For observers of this protracted debate, RIM’s battle has become a touchstone for patent reform (e.g. Jaffe and Lerner 2004).   As Microsoft’s general counsel stated “One lasting impact of the [NTP Inc. v. RIM Ltd.] case is that it has turned patent litigation from simply a legal issue into a broader business, commercial and even an economic issue.” (Heinzl 2006: B4).  This call for reform is important. But, we argue that this, and other debates over the institutional foundations that support innovation, can not be left to economists and lawyers.  
Organizational theorists need to take their place at the table. They have a role to play in grounding our understanding of the institutional factors that shape an innovator’s ability to build on the work of others.  Indeed, had an organizational theorist been in the RIM court room, they might have drawn on research that explains the effort, investment and use of diverse institutions, communities and organizations required to transform an invention to an innovation (e.g. Hargadon and Douglas 2001). Such a contribution might have influenced preliminary damages.  In this essay, we argue that while the RIM case was framed as a patent dispute, the broader social factors that are at work in this and other cases of contested knowledge accumulation are all too often neglected.  

Our call is not for organizational theory to take a position on patent reform.  Rather, we propose a research agenda that explicitly considers the challenges inherent in accumulating knowledge from disparate parties to produce new innovations.  Our agenda moves beyond the design of a patent system to consider the host of institutions that can help balance the rights and interests of innovators as they stand on one another’s shoulders.  The organizational theory perspective examines the role of not only legal institutions, but also of organizations, technical communities and networks in shaping the ability of innovators to build on one another’s ideas.  
The overarching question that we encourage scholars to investigate is this: How do the conditions or rules surrounding the access and use of an innovation affect others’ ability to innovate cumulatively?  This question cannot be the sole purview of law and economics, for “organizational processes are often the drive train by which social and economic change are affected” (Davis and Marquis 2005: 333).  Our focus then is on the complex interplay of institutional and organizational factors that shape the process of knowledge accumulation - a key process through which cumulative innovation happens.
Our intent is not to adjudicate the degree to which an innovation is or is not cumulative, or has the potential to serve as a foundation for future innovations.  We recognize that innovation is, more often than not, cumulative to the extent that it builds and incorporates prior knowledge from diverse sources (e.g. Hargadon and Sutton 1997; Fleming 2001; Katila and Mang 2003; Katila and Ahuja 2002; Garud and Karnoe 2003; Nerkar 2003; Garud and Kumaraswamy 2005). Rather, the agenda we propose examines how the interplay of social, economic and legal factors, that together make up the institutional conditions for knowledge accumulation, ultimately come about, are enacted at the local organizational level and shape the ability of others to innovate cumulatively.
To explicate our argument, we first define the cumulative perspective and where its application is likely to be most relevant.  Then we revisit two institutional logics for innovation (public and private) and explore the mechanisms by which these logics support knowledge accumulation.  From these two logics, we identify the antecedent conditions for cumulative innovation: disclosure, access and rewards, all of which are affected by their local organizational context.  We then explore the ‘fertile middle ground’ (von Hippel and von Krogh 2003) between these two logics by examining recent empirical evidence and the ongoing debate in this territory.  We offer two empirical examples to illustrate how public and private logics for knowledge accumulation are selectively integrated and provide “local” experiments that move beyond the public-private dichotomy.  We show how actors selectively choose elements from public or private logics to more explicitly meet their goals of cumulative innovation than they could through either logic alone.  We use these examples to move the research agenda forward along dimensions that can be explored within organizations and fields.  
The Cumulative Innovation Perspective

Scholars have long recognized that when we innovate, we stand on the shoulders of others (Merton 1973).  However, while the notion of cumulative innovation and its institutions is of growing importance to the economics and legal literature (Scotchmer 1991; 1996, 2004; Dasgupta and David 1994; Romer 2002; Aghion and Howitt 2001), it has yet to make its way to organizational theory.  Our objective is to import this construct into the organizational literature.    
For organizational theorists, the cumulative perspective shifts our attention from ‘who knows who?’ to ‘who is able to share, reuse, and build upon knowledge?’ and, most importantly, ‘under what conditions?’  Organizational scholars have typically focused on factors that affect the structure and flow of knowledge (Hansen 1999; Hansen and Nohria 1999; Hansen 2002; Hansen, Mors and Loves 2005).  One assumption is that if knowledge flowed more seamlessly to those who needed it, then innovation would be more likely to occur.  However, for innovation to occur knowledge must not just flow; it must be understood (Carlile 2004) and combined in new ways (Hargadon and Sutton 1997; Hargadon and Douglas 2001; Fleming 2001; Fleming and Sorenson 2003).  While this observation is central to our understanding of the innovation process, organization science has said little about the institutional factors that affect an innovator’s ability to actually combine or accumulate knowledge from prior innovators.  
It is crucial that organizational scholars focus on the institutional and organizational conditions that enable knowledge accumulation because accumulation is not an inherent property of the innovation process itself.  Rather, it can either be supported or limited by the context in which innovation occurs (Mokyr 2004).  Indeed it is only when we acknowledge that cumulative innovation is an essentially behavioral process that we can fully examine the role of institutions, organizations and communities in shaping cumulative innovation - and this is of concern to organizational theorists.  To more fully understand the conditions that foster knowledge accumulation, we argue that a new perspective is required: one that focuses on the antecedents of cumulativeness and seeks to understand the conditions that foster (or inhibit) the accumulation of disparate ‘pieces of’ knowledge.  
This theoretical perspective helps achieve three objectives.  First, it allows us to consider multiple levels of analysis in a conceptually consistent way.  While studies of knowledge networks often focus on individuals within organizations (Hansen 1999, 2002; Hansen, Mors and Lovas 2005) and studies of institutional logics focus on the broad institutional conditions that foster knowledge accumulation (Merton 1973), the cumulative approach considers how parties at multiple levels - individuals, communities and organizations work together to enable (or stifle) the accumulation of knowledge.  This is important because organizational scholars increasingly recognize that not only are sources of innovation likely to be more diverse but they are also more distributed than previously supposed (von Hippel 1988, 2005; van de Ven 1993, 2005; Chesbrough 2003; Powell, White, Koput and Owen-Smith 2004; Jeppersen and Frederiksen 2006; Lakhani 2006; Chesbrough et al 2006).  Moreover, contributors to innovation may come from different sectors, a feature of modern innovation that is likely to foster competing interests and make the need for new institutional arrangements to support knowledge accumulation more pressing (Rosenberg and Nelson, 1994; Timmermans and Leiter, 2000; Nelson and Nelson, 2002; Murray 2006).  

Second, our approach allows us to consider how legal, technical, economic and social interests combine to create institutional logics that shape and are shaped by the local conditions in which cumulative innovation occurs.  One of the key challenges of knowledge accumulation is that contributors to the same innovation may work within different institutional logics that affect the degree to which they can disclose their ideas, allow others to build on them and distribute the attendant rewards.  As a result, contributing parties to an innovation may share a common goal but sustain divergent logics (von Hippel and von Krogh 2003).  Consider for example, how user-innovators (von Hippel 1988; 2005) and firms share an interest in extending a firm’s innovations but also sustain divergent interests.  Whereas firms might prefer to retain intellectual property rights to any follow-on innovations created and restrict access to the inner-workings of their innovation, users assert the right to experiment, understand, and learn from the innovations they have purchased (Samuelson 2001; Samuelson and Scotchmer 2002; von Hippel 2005).  Samuelson argues that restricting a user’s right to access an innovation can limit scientific and technological progress (2001), a proposition which suggests the need for more in-depth examination of the conditions that support (and inhibit) cumulative innovation.  Doing so requires greater integration of legal issues into organizational theory than we typically observe.
Third, our approach highlights the importance of the mechanisms through which knowledge accumulation is enabled.  Rather than focus on a broad, overarching institutional logic of knowledge accumulation, an organizational theory perspective on cumulative innovation examines mechanisms that operate at the organization and community level, and are shaped by the fields in which they operate.  For example, Hall and Ziedonis (2001) provide convincing empirical evidence of the impact of successful patent infringement suits by Polaroid and Texas Instruments in 1985-1986 on the patenting and licensing practices and competition in the semiconductor industry.  In the period after the strengthening of patent rights (as exemplified by the two cases noted above), the patent intensity (patents per R&D dollar) of the semiconductor manufacturing firms, increased dramatically.  

Examples such as this remind us that the effect of institutional logics on the local level is too often underspecified.  Mechanisms can help provide the missing link with “an intermediary level of analysis in-between pure description and story-telling, on the one hand, and universal social laws, on the other” (Hedstrom and Sweberg 1998: 6; also Elster 1998).  Davis and Marquis (2005) argue that a mechanism based approach helps to not only return to organization theory’s roots (e.g. March and Simon 1958), but is particularly helpful in explaining how macro level shifts affect actors on the ground (Lounsbury and Ventresca 2002). A mechanism-oriented approach to cumulative innovation thus allows us to consider how local variations in epistemic cultures and norms (Knorr-Cetina 1999, Hargadon and Bechky 2006) affect knowledge accumulation.  
The cumulative innovation perspective is not limited to any particular arena of innovation.  Nonetheless, it is particularly well suited to understanding knowledge-based arenas of innovation where new innovations emerge “on the shoulders” of previous innovations generated by disparate parties.  It is therefore critical to our understanding of innovation in software, biotechnology, and creative industries (Edwards et al 2003; Owen-Smith and Powell 2003) that have a distributed ‘locus of innovation’ (Powell et al 1996) but is not limited to these domains.  Firms in sectors as diverse as semi-conductors, oil and gas exploration, consumer products and electronics increasingly rely upon divergent sources of ideas from outside the boundaries of the firm in order to innovate cumulatively (Chesbrough 2003; Linder, Jarvenpaa and Davenport 2003; von Hippel, 2005).  Thus, if the economy is increasingly reliant upon the production, refinement and accumulation of ideas (Powell and Snellman, 2003) and the locus of innovation does not fall neatly within the boundaries of any one organization (Powell et al, 1996), then it becomes essential that we understand not just the flow of knowledge and ideas, but what affects the degree to which innovators are able to accumulate, combine and integrate these ideas with extant stocks of knowledge.
Traditional Perspectives on Innovation: Public and Private Logics
Institutional logics are widely shared organizing principles or frameworks that furnish guidelines for practical action at the field-level or above (Friedland and Alford 1991: 248).  Logics convey the appropriateness of various types of action (Thornton 2004: 3-4; Hoffman and Ventresca 2002).  Building on the classical distinction between “free access” and “private property rights” emphasized by Weitzman (1974), scholars have argued that two distinct institutional logics support innovation (Dasgupta and David 1994; David 2003; von Hippel and von Krogh 2003): a public logic that depends upon normative control and a private logic that depends upon contractual and legal control.  While these logics are widely understood as providing distinctive incentives for innovation, in the following comparison, we focus on those institutional elements that either enable or inhibit an innovator’s ability to build on prior knowledge and thus innovate cumulatively.  

Public Institutional Logic.  A public institutional logic is one that embraces the underlying belief that knowledge should be accessible and widely distributed with limited constraints on an actor’s ability to build on and recombine it.  In its pure form, a public institutional logic is embedded in social institutions that provide normative foundations for cumulative innovation.  In this setting, knowledge accumulation depends on the adoption of norms that allow for full disclosure, verification and diffusion of knowledge.  These norms are most commonly associated with the norms of science (Merton, 1973), and in describing the public logic, we draw on traditional views of academic science for illustration.  Nonetheless, the public logic is not limited to this setting, and forms of recognition other than tenure and academic priority (standard rewards for academic science) can support the public logic.

Individuals working within a public logic are encouraged to disclose their findings through a variety of incentives.  Academic scientists are rewarded with recognition of scientific priority by future scientific generations and a system of public (or coordinated) research expenditures to reward those who contribute to knowledge production over the long term (Merton 1973; Dasgupta and David 1994; David 2003).  By premising career rewards (such as tenure) upon disclosure through publication, the public logic enables research to be sustained as a public good.  Accessibility is provided through norms of disclosure – typically publication - that require a detailed description of methods, which enhances others’ ability to replicate, interpret or understand the author’s approach.  Academic journals now reinforce this norm by requiring key materials or data to be made available at the time of publication.  Accessibility is also reinforced by the scientific community’s interest in replicating prior experimental results
.  
Additional incentives for disclosure and accessibility have traditionally been structured through normative expectations of reciprocity.  Even among competitors, knowledge exchange is institutionalized through academic conferences.  For example, the revolutionary elucidation of the structure of DNA in 1953 by Watson and Crick would not have been possible without their discussion of the X-ray crystallography results by Franklin, Wilkins and Gosling at a small meeting at University College London organized in July 1951 (Berressem 2005)
.  For publications to be accepted as public knowledge, they must cite the work of earlier scholars.  Citations help scholars to recognize the valuable contributions of others, while proving the novelty of their distinct contribution.  

These core elements of the public logic have dominated academia for centuries. However they also apply to other innovators, including communities producing open source software (von Hippel and von Krogh 2003).  While open source communities lack many of the supports that reinforce academic norms (O’Mahony and Ferraro forthcoming), they are strongly influenced by ‘hacking’ or programming norms which embrace the sharing of information and knowledge (Stallman 1999; Levy 1984; Williams 2002).  In this regard, similarities with the academic model abound (Ketly 2005):  The public nature of the open source development process enables others to detect errors and improve upon it more rapidly (Raymond 1999; Ketly 2005); contributors are more likely to be motivated by recognition than reward (Lakhani and Wolf, 2005); and contributors and users alike are concerned with accessing and validating the knowledge produced.  While it has been argued that this model is most likely to emerge as a solution to market failure (von Hippel and von Krogh 2003), we do not consider this a necessary condition.  Recent economic theory (Aghion et al 2005; Stern 2004a) demonstrates that even in the absence of market failure, individual preferences for low levels of control or freedom in project selection are sufficient to sustain a public logic of innovation (as may be provided in an occupational community (e.g. van Maanen and Barley, 1984)).
Private Institutional Logic. The private logic for innovation relies upon legal institutions that are structured around the provision of private property rights and, in this logic, social institutions and normative behavior operate in the shadow of the law.  Innovators can be awarded intellectual property rights (IPR) (including patents and copyrights) which provide the inventor with the ability to exclude others from accessing or using that invention for a time limited period. In contrast to the public logic, rewards are based on the ability of an inventor to appropriate the value of their specific innovation, rather than the impact of that innovation on future generations of innovations (Nelson 1959; Arrow 1962; Levin et al 1987). As a result, the rewards of the private logic are less closely aligned with the process of knowledge accumulation than the public logic. 

Nonetheless, the granting of property rights also requires disclosure (via legal as opposed to normative guidelines).  For example, governments have made the full disclosure of inventions a core requirement for the granting of patents.  Patent law requires that disclosure of an invention is “enabling”; in other words, it allows an individual to replicate the work.  The deposition of critical materials (particularly biological materials) is also required if they are not publicly available through simple experimentation (35 USC114).  However, enablement is only enforced by a federal patent examiner (who is often overworked and understaffed (Jaffe and Lerner 2005: 142)), not by peers as in the public logic (at least in the US).  Moreover, there are no normative mechanisms to promote the verification of patents and validity is typically only established through patent suits initiated by competitors seeking to establish alternative claims.  In comparison to secrecy, the disclosure requirements of the private logic certainly provide important foundations for cumulative innovation.  Nonetheless, in comparison to publications in which the standards for disclosure are normatively reinforced by peer-review, we would expect the private logic to fall short in terms of disclosure.  
With regard to access to knowledge for future accumulation, the private logic has several limitations. The information provided in patents is freely available 18 months after the patent application is made.  However, follow-on innovators are limited in the degree to which they may access and build upon the innovation. Under the experimental use exemption an innovator can replicate a patent simply for “idle curiosity” and to “learn” how the innovation works
.  As the RIM case demonstrates, reuse for commercial purposes would constitute infringement of a patent.  Furthermore, patent owners have no legal obligation to provide access to others through a license.  If a license is granted, cumulative innovation can be further restricted through the use of exclusive licenses which narrow the number of cumulative paths that may follow from an innovation. Thus, the arrangements necessary to foster cumulative innovation are far more likely to be contractual (or be contested) than they are in the public logic.  
Under these circumstances, there are fewer normative arrangements shaping the relationships among innovators and follow-on innovators.  This affects the types of rewards that can be distributed. Rewards are far more likely to be extracted through legal rather than normative means, and thus are far more likely to be remunerative than intrinsic or reciprocal. Armed with a patent, an inventor can selectively contract with any party interested in incorporating their ideas into their own activities
.  Thus, follow-on innovators must bargain with early innovators to access their ideas through licensing agreements (Scotchmer 2004).  Some regard this process as fostering an efficient market for ideas that allows individuals to trade access rights (and to that end, avoids the status-driven dynamics that beset access in the public logic (Crane, 1969)). However, as the RIM case shows, within the context of our current legal institutional framework, this process can also be highly contested and incur great costs for all involved (Jaffe and Lerner, 2004).  Thus, while the private logic offers some conditions for cumulative innovation (particularly relative to secrecy), at its core, it still has significant limitations in supporting cumulative innovation.
Antecedent Conditions for Cumulative Innovation

A detailed analysis of both the public and the private logics suggests that each logic provides the basic elements necessary for cumulative innovation – disclosure, accessibility and reward, albeit to a greater or lesser degree.  In their most simplified formulation, these three inter-related conditions provide follow-on innovators with the minimal requirements to build upon the work of earlier generations.  Our aim is to identify the underlying mechanisms that affect the degree to which these conditions are met in specific innovation settings.  To do so, we first explicate how these minimally sufficient conditions support cumulative innovation.  
First, in order to cumulatively build upon the ideas that “came before”, the innovator must know of it; this requires disclosure on the part of prior generations. Second, the innovator must be able to access these ideas. Not only must they be able to simply “read” about the ideas of others, but the innovator must also be able to understand how these ideas work in order to combine them into his or her current innovation.  Access thus includes not only access to the mechanisms behind the ideas but also the ability to build on them in new ways.  Third, both of these conditions depend upon rewards, not only to encourage earlier innovators to disclose their ideas but also to encourage them to provide access (to the information, materials or skill) so that later generations can usefully integrate these ideas. To clarify how these conditions are applied in practice, we draw upon examples from academic publishing, biotechnology and open source software.  
Disclosure.  Disclosure is the first step in initiating a cycle that allows for cumulative innovation. Disclosure makes information about an innovation available to other innovators (for free or for a price), but does not provide access or the capability to reuse it or modify it.  Disclosure alone is therefore a necessary but insufficient condition for knowledge accumulation. When we consider the institutional logics that encourage disclosure, we explore the normative, organizational or legal mechanisms that affect an innovator’s willingness or ability to share their ideas.  

These mechanisms may be informal – as simple as a reciprocal exchange relationship such as that among academic colleagues (Crane 1969) or prior co-workers (Saxenian 1996; Almeida and Kogut 1999), or they may be supported by more formal arrangements (such as academic journals), or legal structures (such as Non Disclosure Agreements (NDAs) or patents).  To acquire a patent, an innovator must disclose enough to “allow one skilled in the art” to replicate the claims described in the patent and cite prior art.  Disclosure is however a matter of degree and as scholars of tacit knowledge have articulated, “full” and “meaningful” disclosure may require more than simply a “text”.  In order for that knowledge to be actionable, it may require access to materials, know-how, translation or the sharing of expertise (Collins 1974; Polanyi 1967; Brown and Duguid 1991; 2000; 2001; Carlile 2004).

Access. We distinguish disclosure from access because the mere act of disclosure does not specify the terms under which follow-on innovators can engage in two distinctive (but related) activities: i) explore, understand and practice the ideas and ii) build on and combine the idea into a new innovation.  We describe the first type as reuse access in that this implicitly grants ‘reuse rights’ and allows others to experiment to understand how those ideas were developed or produced.  The second type, recombinative access, explicitly provides permission to not only reuse those ideas but to recombine them.  To cumulatively build on the knowledge developed by someone else, both types are required: one must understand how the original knowledge was developed and have access to the various inputs (tools, materials, information, techniques) in order to make use of them.  The management of both types of access can be thought of as ways in which early generations of innovators impose control over the use of their ideas by later generations.  

It is important to note that innovators can exert control over both types of access through non-exclusive use of normative, technical and legal means.  For example, innovators who rely upon the Digital Millenium Copyright Act (DMCA) use two layers of enforcement to restrict recombinative access:  legal and technical.  First, hardware can be engineered to restrict follow-on innovators from accessing copyrighted works – limiting reuse access.  Second, the DMCA reinforces this barrier by restricting follow-on innovators from reengineering or bypassing technical barriers - restricting recombinative access (Samuelson, 2001; Felten, 2002).  In the case of software, open source code provides reuse access through technical means:  An informed reader of the source code can understand how it was developed and figure out how to modify that code.  However, to have the right to modify that code, recombinative access must also be granted through legal means (typically though a software license) that allows the follow-on innovator to accumulate the ideas embedded in that source code with his own.  

As an alternative example of how access is managed through both normative and legal means, consider academic publishing.  Academic publications are an important form of disclosure, but reuse access is typically not free and is protected by legal means (e.g. publishing companies take copyright of the “texts” and charge a “toll” for access).  While reuse access is guided by copyright constraints, recombinative access is free (albeit guided by normative constraints that encourage appropriate citation of prior work).  Thus, random copying of an article would violate copyright law, but reuse and recombination of the ideas therein is permitted.  

On the other hand, consider the management of access to materials such as cell lines, which are key inputs into scientific experiments in the life sciences.  While many academic journals require that materials described in published experiments be made available directly from the author for reuse and recombination, the informal local practices associated with these materials allow communities of scientists to exercise considerable control over such access (Hilgartner 1997). For example, in the mouse genetics community, an author may refuse on the basis of competition, they may demand co-authorship, or they may provide different terms to authors who are close colleagues (Murray 2006).  There is little legal redress for future generations who have been refused access, although recently journals have started to formalize these arrangements (e.g. Stern 2004b). 
Innovators who tightly manage reuse and recombinative access can develop a competitive advantage that may be disruptive to those that would otherwise be able to generate follow-on innovations.  As research on Intel, Microsoft, Palm, and Cisco (Gawer and Cusumano 2002) shows, “platform” leaders may provide selective access to parts of their platform technologies in order to allow other firms to develop complementary follow-on innovations.  While the management of this type of access has been regarded as a way to achieve industry dominance, what has not been appreciated is how such access control affects the overall innovation landscape.  Some countries, such as France, have viewed access control in terms of national interests.  France has taken steps to mandate access to closed, proprietary platforms (such as Apple’s iTunes) with the aim of creating a more level innovation playing field
.  Thus, the management of access crosses technical, political, organizational and legal boundaries and may thus be the most contested antecedent condition of cumulative innovation.  

Reward.  Lastly, in order to encourage innovators to disclose their ideas and provide access to others, they should be assured some form of reward – this may be intrinsic, but typically also includes remunerative, or reciprocal rewards from later innovators.  The institutional logics supporting such a reward structure can be founded upon normative or legal arrangements.  For example, in academia, networks of collaborators exchange knowledge, techniques and materials in return for shared recognition.  While many open source software communities allow their work to be freely used, modified, and distributed, their software licenses request that those who build on their work appropriately recognize the community’s prior contributions (O’Mahony 2003; Rosen 2005).  

In this manner, normative and legal arrangements are used in concert.  For example, when a piece of free or open source software is covered by the Gnu General Public License (GPL), a follow-on innovator who incorporates that software into their new product must freely distribute the source code of their derived works (Stallman 1999; Williams 2002; O’Mahony 2003; Rosen 2005).  This license reinforces norms of the free software community by requiring reciprocity of access (Rosen, 2005).  This effectively prevents expropriation of future derivations of GPL licensed code (O’Mahony 2003; Rosen 2005).  In biotechnology, patents and licenses with ‘reach-through’ rights are an important way in which first generation innovators extract rewards from second generation innovators.  ‘Reach-through’ clauses allow first generation innovators to collect royalties from the future stream of derived works.  But as the GNU GPL demonstrates, ‘reach-through rights’ to next generation innovators can be used to extract either remunerative or reciprocal gain.  Thus, the ability of second generation innovators to recognize or reward first generation innovators without too much difficulty is an important determinant of cumulative innovation - for this may affect a first generation innovator’s willingness to disclose or provide access to their innovation. 

As these examples illustrate, the three basic requirements for cumulative innovation can be supported through the use of technical, legal and normative arrangements widely available at the level of the field.  Although the tools used to provide disclosure and access inside organizations might differ from the ones discussed here, we would expect these antecedents to still be necessary to support cumulative innovation.  Inside organizations, the social structures and norms of particular work groups, communities of practice and occupational communities (Knorr-Cetina, 1999; Brown and Duguid, 2000; 2001; Bechky, 2003; Hargadon and Bechky, 2006) may affect the degree to which disclosure and access are rewarded and practiced.  For example, Nerker and Paruchuri (2003) suggest that innovators’ structural position in networks affects the degree to which their ideas are reused and built upon.  While local conditions may vary, with the antecedents for cumulative innovation in mind, scholars can more precisely measure the specific mechanisms that may affect the degree to which cumulative innovation can flourish.  
Building New Logics for Cumulative Innovation: Local Experiments
While the public and private institutional logics have dominated our thinking on innovation and knowledge accumulation, when we strip away public and private distinctions and focus on the antecedent conditions for knowledge accumulation, the stark public-private dichotomy seems limiting.  Indeed in recent years a few scholars have identified the emergence of "a very rich and fertile middle ground” where elements of the two archetypes are recombined (von Hippel and von Krough 2003).  However, the literature that explores this territory has generally addressed two separate debates: one concerned with the introduction of private practices into the public realm (focused on patenting in academic science), the other concerned with the introduction of public practices into the private realm (focused on the open source software model).  Furthermore, these debates have taken place in separate spheres with little dialogue.  We argue that these two seemingly divergent phenomena are simply examples of an emerging logic designed (not without controversy), to more specifically foster cumulative innovation and meet the needs of a range of follow-on innovators. 
The Introduction of Private Practices to the Public Logic.  Elements of the private logic have certainly encroached on the public logic, particularly in previously protected arenas such as academic science, (Jaffe 2000; Lessig 2001; David 2003; Nelson 2003).  For example, the ability to patent scientific research has expanded to include computer algorithms, living organisms, and methods and processes (Coriat and Orsi 2002).  Facilitated by the 1980 Bayh-Dole Act, universities have taken advantage of their ability to claim intellectual property rights for scientific research (Mowery et al, 2001; Nelson, 2004).  In fiscal year 2000, universities were awarded more patents than the largest recipient of patents in industry (IBM) (Shulman 2003).  This phenomenon has been greeted with growing concern.  One argument is that patenting as a form of disclosure distorts the incentives for academic research and shifts the norms of reciprocity and collegiality to a logic of private property (Campbell et al 2002; Owen-Smith and Powell, 2003; Krimsky 2003).  Others have argued that the increased use of ‘private property’ institutions fragments the ownership of knowledge and undermines the public logic of innovation (Heller and Eisenberg 1998; Eisenberg 2001; Jaffe and Lerner 2004; Rai 2005).  
However, we would argue that when used effectively, the introduction of patenting into academia has the potential to provide differentiated access and rewards to a variety of follow-on innovators – from the public and private sectors.  The study of intellectual property rights in and of themselves must be de-coupled from examination of their use.  As this essay will show, rights can be used offensively or defensively, to restrict or preserve access.  In order to discover what unfolds, we must examine not only the presence of intellectual property rights, but how they are used. An empirical example illustrates the opportunities but also the tensions associated with building a new logic for knowledge accumulation, even within a small community, that introduces private practices into the public logic.

Example: Building on the Oncomouse:  The Oncomouse is one of the first so-called “animal models” (animals with a predisposition to a particular disease) of cancer not widely recognized outside scientific circles.  It is an innovative tool that has been an important building block in the development of further innovations in the life sciences.  The story of the Oncomouse shows how private and public logics were integrated to further cumulative innovation in a way that supported the interests of diverse parties. The Oncomouse was developed by geneticists at Harvard using research funding from DuPont Corporation.  Under the terms of the grant, DuPont had the right to any commercializable inventions that might come out of the academic laboratory.   The Oncomouse was one of the first applications of transgenic methods to cancer.  More specifically, scientists were able to insert a cancer gene into a normal mouse, thus rendering the mouse highly susceptible to cancer.  This development was an important step in building a model system on which to test new cancer drugs. 

With encouragement from DuPont, Harvard filed a patent on the Oncomouse.  Four years later, when it was granted in 1988, DuPont signed an exclusive license; giving the firm full and exclusive rights over the Oncomouse (this simple, far-reaching license is less common in universities today).  The mouse was now firmly incorporated into the private logic and DuPont, following its traditional practice with patented products, set out to develop a strategy to capture the economic value from the invention.  They laid out a series of terms for those wishing to use the mice for further experimentation and research: A high price per mouse, a price for the license, a share of any commercial breakthroughs made using the Oncomouse in the form of “reach through rights” to follow-on inventions, restrictions on breeding, oversight of any projects using the mouse and publication oversight.  While these terms applied to both commercial and academic scientists, academic scientists were exempt from licensing fees. 


The response of the commercial community – specifically scientists in the pharmaceutical and biotechnology companies who might incorporate the mice into their drug development strategies was initially mixed.  Many found the reach through rights too costly.  Firms worried about what has been called “royalty stacking”:  this arises when a firm must share its profits from a particular project (typically a drug) with so many other parties (each of whom claims a royalty fraction of the final benefits) that the program becomes economically unviable. As other tools for drug development began to diffuse into the commercial sector, DuPont began to lower its royalty rates and reduce the cost of the license.  

However another community – academic scientists - was “outraged” over the conditions imposed by DuPont when they bought Oncomice or developed an Oncomouse in their own laboratory.  The story of incorporating the private logic into the public world of mouse geneticists has been detailed elsewhere (Murray 2006), but from DuPont’s perspective, the response of academic scientists was unexpected.  The firm had not anticipated that academic users would object to terms that they considered “free” (there was no licensing fee for academics).  What they failed to recognize was that many of the other terms – breeding restrictions, a prohibition on exchange and publication review were at odds with the traditional norms and practices of academics steeped in the public logic and used to gaining access to research mice for follow-on cumulative research with few stipulations.  According to observers, “the grumbling reached insurrection proportions after a meeting [of academics] at Cold Spring Harbor” in August 1992 (Anderson 1993).  What followed was a long period of negotiation between DuPont and the Director of the National Institutes of Health who stepped in to negotiate at the behest of the academic mouse genetics community.


It took until 1999 for the two sides to find common ground.  When an agreement was reached, DuPont stated that it “deeply appreciates the importance of wide dissemination of tools for basic research and is committed to making [Oncomouse] available to the academic community” (quoted in Marshall 2000).  In the face of strong normative challenges, the firm had come to appreciate that legal rights could not easily be upheld without sustaining considerable financial and reputational costs.  They established a new university-level agreement with fewer terms from the private logic.  The license was adapted to public norms thus allowing full access for follow-on innovators who were then able to proceed without the shadow of the law shaping their research agenda.  DuPont also abandoned their claims to reach through rights, allowing scientists to share mice with one another, albeit under the condition that the university receiving the mouse signed an Oncomouse license.  


The most compelling aspect of this story is the degree to which the public and private parties associated with the Oncomouse failed to understand and appreciate one another’s logic.  DuPont did not initially recognize the strength of the public logic and the degree to which norms with no legal basis might be integral to the academic community.  On the other hand, some members of the academic community could not appreciate the role of intellectual property rights in a commercial context.  What DuPont came to realize was that in order to maximize use of the Oncomouse in scientific research and speed its acceptance as a research tool, the firm needed to establish terms and conditions for recombinative access that could meet the different needs of various constituents. As one academic scientist described the problem:

I won’t reject a mouse because of complex conditions, but it slows the process down and if there is a choice well sometimes its easier to do it yourself if you possibly can.  This is exactly what happened with DuPont, we just kept doing things ourselves and that made it much more difficult to compare our work. I think it really slowed down the adoption of mice by industry too because just at the time we should have been generating all the basic information to make this a standard model, we were slowed down.

DuPont resolved these tensions by establishing differentiated access terms. Commercial users were willing to work under the private logic with traditional licensing conditions (in part because it provided them with clarity of ownership and access rights), while academic users wanted access that conformed more closely with a public logic.  This new triaged approach is increasingly widespread as a mechanism to extend access to research tools and accelerate their acceptance by both academic and commercial innovators.

The Introduction of Public Practices to the Private Logic.  While the Oncomouse illustrates the tensions associated with introducing private practices into a public logic, the private logic has also been open to similar encroachment from public practices.  Concerned that the private logic of innovation does not adequately further cumulative innovation, firms in several industries have introduced a number of public practices into the private logic.  These include: 1) more ‘open’ approaches to innovation and the management of intellectual property (Chesbrough 2003; Chesbrough et al 2006); 2) the development of communities to test and refine innovation ideas (von Hippel 2005; Shah 2005; Shah and Franke, 2003) or help with problem solving (Lakhani 2006); and 3) new forms of collective action such as patent pools, technical committees (Rosenkopf et al 2001; Rosenkopf and Tushman 1998), standard setting bodies (Simcoe 2006), non-profit foundations (O’Mahony 2003, 2005) and consortia (O’Mahony, Cela Diaz and Mamas 2005) that help manage shared information resources upon which many parties depend.  All three approaches encourage openness and reciprocity in ways that are traditionally more common to the public logic.  

As with DuPont’s integration of public and private elements, these public practices are increasingly used in tandem by firms that were traditionally bastions of the private logic.  However, this trend has not been without controversy: while organization scholars have largely focused on the positive aspects associated with introducing public practices into the private logic, legal scholars and industry participants have expressed concern over what they see as the rise of a “copycat economy” and piracy (Buchanan 2006; Engardio and Keenan 2002; Al-Refee and Cronan 2006). For example, Microsoft spokespersons have on occasion called open source development methods ‘a cancer’ and ‘unAmerican’ (Sherriff 2001).
Software is not the only industry affected by the introduction of public (normative) practices.  Other sectors traditionally associated with a private logic such as sporting goods, consumer products, music, scientific industries, and medical devices have adopted practices that embrace more open boundaries to innovation and problem-solving (Lessig 2004; von Hippel 2005, Lakhani 2006; Shah 2005; Jeppersen and Frederiksen 2006).  Bar-Gill and Parchomovsky identify over 1,000 firms engaged in unprotected public disclosure of their R&D findings (a practice sometimes referred to as defensive publishing) (2003).  This practice prevents others from establishing ownership and provides disclosure and accessibility without fragmenting ownership. It may also allow firms to signal their openness to follow-on cumulative innovators in order to encourage the development of complementary products (Bar-Gill and Parchomovsky 2003).   However, as with the introduction of patenting into academia, the introduction of public practices into the private logic is not without its complexities. Again an empirical example illustrates the opportunities and tensions associated with experiments in building a new logic. 
Example - The Apache http Webserver.  The Apache http webserver is a software program that accepts http requests from a web browser and ‘serves’ a webpage to the requester.  Next to Linux, the Apache webserver is probably one of the most popular open-source projects:  used by over two-thirds of the 80 million websites regularly surveyed
.  While Apache’s success may be well known, what is not appreciated is the role of both public and private logics of innovation in its creation.  Apache is based on the HyperText Transfer Protocol (http) server developed at the National Center for Supercomputing Applications (NCSA), an NSF funded center at the University of Illinois at Urbana-Champaign.  In accordance with the terms of the NSF funding, the project’s code base was placed in the public domain and made freely available. After policy changes allowed the Internet to permit commercial use in 1994, demand for the program increased dramatically.
However, the server’s development stalled when several NCSA administrators left.  Web developers around the world then began independently updating the server for their own needs but no one at the NCSA integrated these improvements back into the code base.  Developers eager to explore the Internet’s commercial potential posted their frustrations with the NCSA’s lack of cumulative innovation on the project’s mailing list.  

NCSA httpd 1.3 was originally released the better part of a year go.  Since this release…there hasn't been a new release of Unix server software from NCSA…..(I)n the absence of further visible development from NCSA, a lot of people have found themselves fixing or extending 1.3 to meet their needs --- in the process fixing the same bugs and deficiencies over and over..(posting to httpd list, February 27, 1995)

The NCSA had disclosed the source code (thus providing access as to its development) which allowed others to build on the project, but it was not innovating in a cumulative fashion.  

In response, eight developers communicating on the list decided to ‘fork’ (break away from) the NCSA code in order to integrate improvements to the code themselves (Fielding, 1999).  They assumed the name ‘the Apache’ group because the server was ‘patchy’.  This group was able to take the NCSA code, modify it and re-release it under new terms because it was in the public domain.  Nevertheless, in terms of reciprocity and rewards, what the group ‘owed’ the NCSA was uncertain: “We'd also be interested to know if/how NCSA would like to fit into this project and/or how we might be able to fit into theirs (if they want us)” (posting to new httpd list, March 8, 1995).  With no response from the NCSA, the group moved forward independently, built a revamped code base and protected it with an ‘Apache’ license.  This license works much like an ‘academic’ software license, permitting free modification and reuse of the code as long as derived works cite the Apache project (Rosen, 2005).  Thus, there is no legal requirement of reciprocity to contribute back to the project, yet in this regard, norms of reciprocity prevailed - hundreds of contributors began donating bug fixes and system enhancement ideas almost immediately (Mockus et al, 2002).  By the end of 1995, when Apache 1.0 was released
, it was the number one Web server, constituting 36% of the market (Wall Street Journal 1998). 

The Apache group has grown substantially since then and, with advice from a Fortune 500 firm, incorporated as a nonprofit (Apache Software Foundation or ASF) in June, 1999.  The organization now provides organizational and legal support to the http server as well as over 30 other projects.  Volunteer contributors assist in governance through project management committees and annually elect a board.  While still an informally self-managed group, the ASF has incorporated a number of formal legal and organization practices to allow them to manage an increasingly sophisticated body of contributors from both commercial and non-commercial realms.  For example, in a shift from informal reciprocal exchange to legal practices, contributors can no longer be anonymous.  To ensure the provenance of their code, the Apache project requires volunteer contributors to sign legal agreements that grant the ASF the specific legal right to use any code contributed.  

The introduction of practices more common to the private logic created modest changes to the community’s academic style of collegiality, but the introduction of commercial supporters created yet additional challenges to the ASF’s ability to serve both public and commercial communities.  Since the ASF formed, an entire industry has emerged that sells related services and software:  one firm provides 70% of Fortune 100 and 50% of Fortune 500 firms with products and services that rely upon software managed by the ASF.
  The ASF receives donations of hardware from Apple, HP, IBM and Sun as well as other forms of support such as code donations.
  Commercial support accelerated Apache’s growth, but also created new concerns. As one Project Management Committee representative explained,

You know we’ve always been fairly open meaning that if anyone wants to contribute a project to the incubator they are open to regardless of their corporate affiliation… However we have to walk a really fine line because the more corporate projects that we take on board the more perception becomes reality that we are fairly tight with commercial interests or we have these close relationships which does discourage more organic community projects…from wanting to join the Apache Foundation.

Community members recognized that catering closely to commercial interests could compromise the ASF’s roots in the public logic.  And yet, ignoring the needs of commercial developers would limit the role that the Apache group’s software could play in furthering cumulative innovation. 

Two things are worth noting from this institutional history. First, the emergence of a private voluntary institution to support cumulative innovation helped both sectors. The public sector was relieved from the burden of supporting the project at the NCSA.  The private sector gained from the availability of a low cost webserver – from which they could create value added products and services.  Second, this group began informally with only the norms that emerged on the http mailing list to guide them.  Over ten years, they developed a widely respected organization that now manages open source projects donated by such firms as IBM and Sun.  The integration of legal practices from the private logic (a legal entity, governance process, a respected license) with the group’s culture and norms of reciprocity rooted in the public logic has enhanced their ability to sustain the development of software that is routinely used in cumulative innovation for both public and private use.
Future Research: A New Logic to Support Cumulative Innovation? 
Our analysis of the Oncomouse and Apache cases, along with our other examples, suggests that the selective integration of public and private logics to create a more effective foundation for cumulative innovation may becoming quite pervasive.  These local experiments are indicators of an emerging logic that more explicitly supports knowledge accumulation.  Using an organizational theory lens to examine knowledge accumulation highlights not only the role of institutional logics but also their interplay with field and local-level factors to establish conditions that foster cumulative innovation. In contrast to innovation approaches that focus on the source, dispersion or location of innovation (e.g. ‘distributed’ or ‘open’ innovation (Chesbrough 2003; Chesbrough et al 2006; von Hippel 2005; Lakhani 2006), our approach pays attention to the institutional and local context that affects “who can share and under what conditions”?  These two approaches are not mutually exclusive; rather they have a different emphasis.   
The cumulative innovation approach suggests a new overarching research question: How do the conditions and rules surrounding the ability to access an innovation affect others’ ability to innovate cumulatively? This agenda incorporates at least three important and fertile arenas for future research:  
· First, we must explore the degree to which a new logic is emerging, its key characteristics and its prevalence.  To what extent are these local experiments forming a new accumulative logic that explicitly embraces and rewards cumulative innovation?  If we more fully understand how local “experiments” become a dominant logic, this will shed light on the transformation of fields and the actors within them. 
· Second, organizations, communities and social networks that are emerging to span the boundary between public and private logics and to support knowledge accumulation among diverse actors need to be examined.  
· Finally, we need to look inside firms to examine the challenges that arise when they try to focus on cumulative innovation, whether these challenges come at the individual, work organization or strategic level.  

Examining an Emerging Accumulative Logic.  The first research question we propose is to examine the degree to which a new logic is in fact emerging: one that more explicitly embraces and rewards cumulative innovation.  We refer to this as an accumulative logic. As we have described, parties in the Oncomouse and the Apache cases who developed innovations that could potentially serve as the foundation for future knowledge accumulation ultimately borrowed elements from both public and private institutional logics.  They then incorporated these elements into a new context that could more effectively support cumulative innovation than either logic could alone.  Other cases of open source software highlight the extent to which community-based social norms become supported by private legal institutions over time (O’Mahony and Bechky, 2006).  Likewise, across the field of biotechnology, legal and contractual mechanisms are ultimately being reshaped by public practices imposed by the scientific community (Powell 1990, Powell and Brantley 1992).  More broadly, we argue that these changes are indicative of an accumulative logic that may be emerging at the field-level.   To initiate this research agenda, we identify a number of core features which seem to exemplify an accumulative logic.  

The new logic combines elements from both the private and the public logics.   For Apache and DuPont, this meant that rather than shifting wholesale to either a private or public logic, sophisticated actors in both cases used legal mechanisms and strong social norms to ensure that continuity of access is provided to public users in a way that can co-exist with commercial opportunities.  Thus, in the accumulative logic, normative and legal mechanisms can be used simultaneously to govern subsequent accumulation.  In both the Apache and DuPont cases, the need to develop such a differentiated legal and normative approach was complex, contested and emerged over a long period.  The challenge is for parties to create a path that parses rights by types of usage in order to further innovation around shared interests without violating divergent interests.  

DuPont was able to triage licensing agreements for different users and, in doing so, provide differential terms of access and rewards for different types of follow-on innovators. In the free software community, the GNU General Public License accomplishes a similar objective.  This license is reciprocal in the conditions set for future users, but applies only to those who distribute derivative code commercially (Rosen, 2005).  It does not require every “hobbiest” to license their derived creations under the GNU GPL. This triaging of rights allows a more diverse group of actors to sustain a shared resource for cumulative innovation than might otherwise be possible. 
Our preliminary insights suggest that when practices from one logic are introduced into another, they undergo transformation. Practices that are incorporated from the “other” logic are not always imported wholesale but rather adapted to meet the complex goals of multiple parties.  In the Oncomouse case, academics incorporated patenting into their public logic but adapted its meaning to include symbolic recognition and to reshape the terms of peer collaboration (Murray 2006).  Likewise, the use of defensive publishing (described earlier) provides a striking example of a practice transformed in the new logic. The use of the Gnu GPL (or copyleft) license is perhaps the most dramatic expression of a legal practice from the private logic applied to accomplish a public goal: copyright law in service of preserving as opposed to restricting access.
Our insights concerning the nature of this new logic also suggest that organization scholars pay more attention to the intersection of legal and normative practices.  Organizational theorists can not leave the negotiation of intellectual property agreements to legal scholars alone. For they are implemented within complex organizational settings that are likely to influence innovation outcomes as much as they are the legal terms themselves.  Our examples suggest that legal tools can be used with greater elasticity than previously assumed, particularly within novel organizational contexts. Intellectual property rights are not good and bad in and of themselves. When used flexibly and in tandem with new organizational practices, they can be used to preserve access as well as they can be used to restrict it (O’Mahony 2003). Furthermore, they can be triaged to do both for different parties. Therefore it is not just the ownership of innovations or the lack thereof that shapes cumulative innovation.  Rather, it is the conditions or rules surrounding the access and use of an innovation that affect others’ ability to innovate cumulatively.  

Taken together, these elements of the emerging accumulative logic are both controversial and complex.  It remains an open question whether knowledge accumulation is more effectively accomplished through the selective integration of private and public practices that we have described.  However, this is one question that organization scholars are uniquely able to address given their sustained focus on the drivers of innovation.  
Organizations to Support the Logic of Cumulative Innovation. The second aspect of the cumulative innovation research agenda we highlight are those organizations and communities specifically designed to support cumulative innovation – organizations that by their very nature span public and private logics.  Our empirical examples suggest that for actors working within the accumulative logic managing the boundaries of commercial and non-commercial action becomes essential.  Gieryn showed how scientists performed ‘boundary-work’ in order to distinguish between ‘science’ and ‘non-science’, reinforcing boundaries that preserved their professional autonomy (1983).  This type of boundary-work is critical to actors working within the new logic precisely because boundaries are more likely to be negotiated and contested when trying to innovate in ways that can support the interests of multiple follow-on innovators.  
Such boundary work seems to be greatly facilitated by the emergence of boundary organizations – intermediary organizations that enable actors from different logics or social worlds to substantively and legally engage (O’Mahony and Bechky, 2006; Guston, 1999, 2000, 2001).  As O’Mahony and Bechky (2006) argue, such organizations have characteristics amenable to the structures and interests of both actors but do not violate the foundational features of either.  They help actors collaborate in ways that they might not otherwise be able. Recently, boundary organizations (in the form of non-profit foundations) have emerged in the areas of software, biotechnology, science and the arts to foster the development and distribution of resources to further cumulative innovation.

For example, biological resource centers reinforce norms of reciprocity by providing central depositories that manage access and certification of biological materials such as cell lines (Furman and Stern, 2006; Stern, 2004b).  Non-profit foundations are providing a neutral forum to foster cumulative innovation among open source software community and firm contributors (O’Mahony, 2003; O’Mahony, 2005a, b; O’Mahony and Bechky, 2006).  New organizations such as creative commons, science commons and patent commons are focused on fostering diffusion and recombination of cultural artifacts and intellectual property (Lessig, 2004).  Artists that want others to build on their work can use a creative commons license to specify the conditions under which their work can be reused.  Other communities (such as ccmixtr.org) allow recording artists to deposit their work centrally in order to foster its cumulative reuse.  
While preliminary evidence suggests that such boundary organizations do have a positive impact on cumulative innovation (see Furman and Stern 2006 for an exemplary study), much remains to be done.  Future research should examine the effectiveness of different types of boundary organizations, and how different types of access, reuse, and recombinative rights affect the degree to which an innovation is reused, recombined, or diffused. How do such organizations affect follow-on innovator’s ability to accumulate patterns of accumulation of knowledge and ideas? How do they affect first generation innovator’s incentives to invest in innovation?  
Prior research suggests that tensions can arise among firms, individuals and non-profit organizations (including committees and standard setting bodies) when they collaborate (e.g. Rosenkopf and Tushman 1998; Healy 2000; Rosenkopf et al 2001; Stern 2004b).  Thus, we need a better understanding of not only how such organizations work in practice but also how they manage the conflict inherent in their boundary spanning roles.  In addition, organizations designed to manage common information resources may be used as substitutes or as complements to laws and contracts.  Thus we need to examine how such organizing mechanisms work relative to legal and contractual mechanisms.  
Inside Organizations.  If firms that engage in internal recombination of knowledge are better able to establish and retain competitive advantage (Chesbroughand Teece, 1996), then it is also important to understand how the antecedents of cumulative innovation are provided at the local level.  A growing rhetoric suggests that more firms are embracing an open approach to innovation (Chesbrough, 2004; von Hippel, 2005; Chesbrough et al, 2006). However, we would submit that firms engage in different innovation logics selectively and simultaneously. For example, IBM is simultaneously one of the top patent filers but also the largest corporate supporter and developer of open source software (e.g. Baldwin, O’Mahony and Quinn 2003).  The firm maintains a substantial patent portfolio but also recognizes that alternative forms of IPR management can be used to support norms of reciprocity.  By opening up over 500 patents that it owned for public use, IBM allows open source developers to cumulatively build on selected areas of their patent portfolio without risk of infringement
.  A more nuanced understanding of examples such as IBM, should provide deeper insights into how firms engage with both public and private logics to foster cumulative innovation and to further their own strategic goals.  This agenda is multi-level in that it considers not only how firms manage their interests and rights when pursuing cumulative innovation with other parties, but also how they manage internal processes that support knowledge accumulation practices.   

From a strategy perspective, we need to develop a clearer understanding of the types of knowledge firms are willing to share and when.  When in the innovation cycle are firms more likely to pursue a traditionally closed and private innovation strategy? When do firms make their ideas openly available for other innovators? And when do they strike the more complex public-private balance? As with most innovation studies, the answer will likely be contingent.  We must consider that the answer to these questions may depend upon the types of innovations under examination or the firms involved (e.g. Tushman and Rosenkopf, 1992).  
And what of the tensions that arise within the firm among researchers, strategists and lawyers in setting such strategies?  A firm’s legal counsel can and should play a significant role in shaping the precise mechanisms through which a firm participates in cumulative innovation.  However, doing so effectively, requires a deep understanding of not only how intellectual property rights can be used to protect a firm’s assets, but also how the allocation of rights can affect downstream innovation – inside as well as outside the firm.  Moreover, understanding when to pursue legal rights and how to apply or triage them requires a deep understanding of the norms associated with the relevant public and private communities.  Such decisions also require close integration of complex technical and legal considerations.  These insights can only be developed through the participation of multiple parties and yet the practices through which the legal, technical and strategic functions come together have not been a topic of interest to most organizational scholars.

From an organizational behavior perspective, a firm’s strategic choices with regard to the logic of cumulative innovation must also be congruent with their internal practices. Individual innovators must have the appropriate incentives to participate in cumulative innovation (both as follow-on innovators building on the ideas of others and in making their own innovations available to others).  Firms policies and resources affect whether people can find and access the knowledge they find around them.  To date “knowledge management” has largely focused on sharing or building repositories of information – the locus of relevant knowledge.  As we have argued, disclosure without reuse or recombinative access, may be insufficient to foster cumulative innovation.  A cumulative innovation perspective would broaden this approach to address issues of disclosure, access and reward.  Do all users have access and are they aware of access restrictions (such as NDAs, patents etc.)?  Are there rewards for the accumulation of knowledge from outside the firm (e.g. Huston and Sakkab, 2006)?
These are important questions for those attempting to align organizational practices with firm strategy, but they also provide a challenging new context in which individuals must manage their careers.  How does the simultaneous pursuit of knowledge accumulation within both the public and private logics affect individual careers? Research on academic scientists has shown that, particularly in the disciplines that underpin modern biotechnology, there are growing opportunities to produce dual-purpose knowledge (e.g. innovations that are simultaneously of interest to the academic community and that have potential commercial value) (Murray 2002).  These academics must choose whether to both publish and patent their research.  A growing body of empirical evidence supports this practice (Agrawal and Henderson 2002; Azoulay, Ding and Stuart 2006; Ding, Murray and Stuart 2006; Owen-Smith 2003) and yet the implications for career success and the early-career determinants of these decisions remain unexplored.  Likewise, as software programmers contribute to code that is both community and commercial, how do they accrue appropriate credit and reward? As with individuals pursuing careers outside the traditional boundaries of the firm (Barley and Kunda, 2004), innovators working in the emerging logic must formulate a career path that can co-exist with public and private logics.  

Conclusion

It has become increasingly clear that innovators have much to gain from shared knowledge upon which they can privately or publicly build.  But this can only happen if competing agendas and rights can be reconciled – and this requires an institutional context that supports cumulative innovation.  We therefore suggest that rather than explore whether innovators should be ‘more open’ or ‘more closed’, a more fruitful path evaluates how private contracts, public laws, and community norms are used to build an emerging logic for knowledge accumulation that meets the divergent needs of multiple stakeholders.  Some may argue that it is too early to conclude that the emerging logic we have described more effectively supports cumulative innovation.  However, recent research in this area suggests that both public and private actors are frustrated with the limitations of living within either public or private logic alone. They are creating new organizing mechanisms that make equally creative use of legal and normative practices to enhance cumulative innovation in ways that balance the interests of first and second generation innovators and society as a whole. 
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� For more information on the BlackBerry case, see NTP Inc. v. Research In Motion Ltd., 01cv767, U.S. District Court, Eastern District of Virginia (Richmond).





� However replication and falsification may not be rapid – in the case of the contaminated HeLa cell line, evidence of contamination and therefore the limitation in the results of hundreds of research papers was not recognized for over a decade (Gold 1996).





� It is noteworthy that several leading historians of science have speculated that had the leading chemist Linus Pauling not been banned from attending the Kings College meeting because of passport difficulties associated with the McCarthy investigations, he might have elucidated the correct DNA structure in advance of Watson and Crick.  





� In a recent case, Madey v. Duke, universities were considered to be engaging in commercial activities and therefore no longer have a formal experimental exemption although there are few cases of academics being sued for infringement.


� See for example Edwards, Murray and Yu, 2003 for more explication on norms of patenting access in the biotechnology industry.


� At the time of this writing, French lawmakers supported a draft bill headed for the Senate ruling that closed and proprietary music platforms are anti-competitive and mandating access across providers. This ruling would affect providers of closed music platforms like Apple’s iTunes. � HYPERLINK "http://news.bbc.co.uk/2/hi/technology/4833010.stm" ��http://news.bbc.co.uk/2/hi/technology/4833010.stm�


�� HYPERLINK "http://news.netcraft.com/archives/web_server_survey.html" ��http://news.netcraft.com/archives/web_server_survey.html�





� Acknowledging that portions of the Apache software were based upon public domain software originally written at the NCSA, at the University of Illinois, Urbana-Champaign.


� For more information, see: � HYPERLINK "http://www.covalent.net/" ��http://www.covalent.net/�.





� For more information, see: http://www.apache.org/foundation/thanks.html.


� This ‘patent sharing’ behavior was recently rewarded on the cover of the April 24, 2006 issue of BusinessWeek.
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