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Abstract
When firms contribute to open source projects, they in fact invest into public goods which may be
used by everyone, even by their competitors. This seemingly paradoxical behavior can be explained
by the model of private-collective innovation where private investors participate in collective action. Previous literature has shown that companies benefit through the production process providing
them with unique incentives such as learning and reputation effects. By contributing to open source
projects firms are able to build a network of external individuals and organizations participating in
the creation and development of the software. As will be shown in this doctoral dissertation firmsponsored communities involve the formation of interorganizational relationships which eventually
may lead to a source of sustained competitive advantage. However, managing a largely independent
open source community is a challenging balancing act between exertion of control to appropriate
value creation, and openness in order to gain and preserve credibility and motivate external contributions. Therefore, this dissertation consisting of an introductory chapter and three separate research papers analyzes characteristics of firm-driven open source communities, finds reasons why
and mechanisms by which companies facilitate the creation of such networks, and shows how firms
can benefit most from their communities.

Zusammenfassung
Wenn Unternehmen Beiträge an Open Source Projekte leisten, dann investieren sie in öffentliche
Güter, die alle nutzen können – selbst die Konkurrenten. Dieses auf den ersten Blick paradoxe
Verhalten wird durch das Private-Collective Model of Innovation beschrieben, das die Teilnahme
von Privaten an kollektiven Innovationsprozessen erklärt. Die bisherige Forschung hat gezeigt, dass
Unternehmen Vorteile aus dem Prozess der Software-Entwicklung ziehen und von Anreizen wie
Lerneffekten und verbessertem Ansehen profitieren. Firmen können mittels Beiträgen an Open
Source Projekte ein Netzwerk von Personen und Organisationen aufbauen, die bei der Schaffung
und Weiterentwicklung mitwirken. In dieser Doktorarbeit wird gezeigt, wie von Unternehmen finanzierte Communities ein interorganisationales Beziehungsnetz darstellen, das zu einem dauerhaften Wettbewerbsvorteil führen kann. Die Leitung einer weitgehend unabhängigen Open Source
Community bleibt jedoch eine herausfordernde Gratwanderung zwischen der notwendigen Kontrolle, um die Wertschöpfung sicherstellen zu können und der unverzichtbaren Offenheit, um die
Glaubwürdigkeit der Firma sowie die Motivation der extern Beitragenden zu bewahren. Die
Dissertation besteht aus einem Einführungskapitel und drei unabhängigen Forschungspublikationen.
Unter anderem werden die Eigenschaften von Firmen-eigenen Open Source Communities dargestellt, Ursachen und Mechanismen der effizienten Schaffung solcher Netzwerke durch Firmen aufgezeigt sowie erläutert, wie Firmen den grösstmöglichen Nutzen aus ihren Communities ziehen
können.
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When firms contribute to open source projects, they in fact invest into public goods which may be
used by everyone, even by their competitors. This seemingly paradoxical behavior is explained by
the model of private-collective innovation where private investors participate in collective action.
Previous literature explains that companies benefit through the production process providing them
with unique incentives such as learning and reputation effects. By contributing to such open source
projects firms are able to build a network of external individuals and organizations, who may participate in the creation and development of the software. As will be shown in this doctoral dissertation
firm-sponsored communities involve the formation of interorganizational relationships which eventually may lead to a source of sustained competitive advantage. However, managing a largely independent open source community is a challenging balancing act between exertion of control to appropriate value creation, and openness in order to gain and preserve credibility and motivate external contributions. Therefore, this dissertation consisting of an introductory chapter and three separate research papers analyzes characteristics of firm-driven open source communities, finds reasons
why and mechanisms by which companies facilitate the creation of such networks, and shows how
firms can benefit most from their communities.

1. The Balancing Act of Community Management
Creation and appropriation of value are the two
core elements of every firm's business model. Therefore a company usually protects its assets in order to
appropriate their value exclusively. Since knowledge
represents one of the key sources of competitive advantage (Grant, 1996), there exist various ways for a
firm to protect its intellectual property (Liebeskind,
1996). Surprisingly, empirical research on open
source software has shown that in certain cases firms
do not conceal their knowledge but actively reveal it
publicly (Lerner and Tirole, 2002; Lee and Cole,
2003; Henkel, 2006). The behavior of investing in
public goods for the purpose of increasing private
profits has been coined as the private-collective model of innovation (von Hippel and von Krogh, 2003;

2006). Small as well as large software companies release previously proprietary software under open
source licenses, they employ engineers who program
code for publicly available open source software, and
they sponsor the creation and maintenance of volunteer and partner firm communities. Obviously, making friends seems to be an attractive option for many
firms to support their innovation activities.
It is known that community building is one of the
major goals in all open source projects (Stuermer,
2005). However, if a profit-oriented organization intends to create an innovating community, this task becomes particularly challenging. On the one hand, volunteers may become suspicious if a firm invests in a
public good because the main objective of a for-profit
company is to maximize corporate profits (Bae and
Cameron, 2006). On the other hand, while engineers
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within a company follow hierarchical control, communities outside the boundaries of the firm act independently based on their individual motivations
(Dahlander and Wallin, 2006). Therefore, firms have
to find other ways than direct control in order to induce contributions to their open source projects.
Dahlander and Magnusson (2005) argue that firms
should follows a symbiotic approach. By giving
knowledge assets to the community and respecting its
norms and values, firms are able to exert means of
subtle control in their interaction with the community.
Nevertheless, successfully building and maintaining a thriving community remains a challenging task
for a firm. Academic researchers as well as practitioners are thus interested to better understand the
characteristics of corporate-sponsored open source
communities and find the mechanisms how firms are
able to facilitate the creation of such networks. Research so far has identified firm-driven communities
as valuable assets for companies (Dahlander and
Wallin, 2006; West and O'Mahony, 2008), but has
omitted in-depth empirical analyses on why and how
companies benefit from their communities. Therefore, this thesis takes up the concept of private-collective innovation, extends its perception of firmdriven communities, and suggests an integration with
an existing model in the strategic management literature.
As has been explained, an active open source
community of a firm is a resource difficult to imitate.
Therefore once a company has reached the position
of an influential participant within a community and
can appropriate value from the community's innovations, it has gained so-called interorganizational competitive advantage. This concept by Dyer and Singh
(1998) constitutes an alternative to the industry structure view by Porter (1980) and the resource-based
view by Wernerfelt (1984) and Barney (1991) and is
also called the 'relational view'. It explains why interfirm resources and routines embedded in a network
of relationships represent a sustainable competitive
advantage. As will be shown in the concluding section, firm-sponsored open source communities in private-collective innovation represent a perfect example of such interorganizational competitive advantage.
The present doctoral thesis consists of an opening
chapter and three independent research papers in the
appendix co-authored by the writer of this thesis.
This opening chapter presents a literature overview
on open source communities, the research framework
of the three pivotal papers, a summary of three firmsponsored projects, and a synthesis of the empirical

findings positioned as example of the relational view.
Each of the three dissertation papers in the appendix
elaborates a different perspective on firm-sponsored
open source projects. The first paper “Enabling
Knowledge Creation through Outsiders: Towards a
Push Model of Open Innovation” provides insight on
open source development by IBM pointing out
knowledge creation deficiencies in the current conception of open innovation. The second paper “Extending private-collective innovation: a case study”
presents an in-depth qualitative analysis of a corporate sponsored open source project by Nokia explaining benefits and costs of this distributed type of innovation initiative. And the third paper “The credible
sponsor: Participants’ motivation and organization attributes in collaborative digital innovation” looks at
the sponsoring effect on individual's motivation and
on their performance.
2. Communities of Open Source Projects
Research on open source projects is attractive because of their impact on economy and society, the
theoretical puzzles they pose, the availability of data,
the reflexivity of their communities, and the parallels
with science (von Krogh and Spaeth, 2007). The current literature on open source software research can
be grouped into three different areas (von Krogh and
von Hippel, 2006): Motivation, governance, and
competitive dynamics. In the following, an overview
of research in these three areas is presented with emphasis on firm-driven open source projects and their
communities. Then, the concepts of community- and
firm-driven projects will be contrasted followed by
an introduction to the private-collective model of innovation.
2.1. Motivation
The first stream of literature on open source software treats the issue of motivation. Discovering the
underlying cause for contributing to open source
projects has been one of the most puzzling mysteries
for social scientists. A single motivational factor has
not been found. However, a thorough review of current research on open source projects shows that the
motivation among participants is highly diverse. Von
Krogh and colleagues (2009) found ten different incentives for participation in open source projects,
namely ideology, altruism, kinship amity, enjoyment,
reputation, reciprocity, learning, own-use value, career, and pay. These motives, categorized into intrinsic, internalized extrinsic, and extrinsic motivations,
have been studied widely by a multitude of re-
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searchers (Lerner and Tirole, 2002; Hars and Ou,
2002; Lakhani and von Hippel, 2003; Hertel et al.,
2003; Roberts et al., 2006; Steward and Gosain,
2006; Wu et al., 2007).
While programmers in the early days of open
source development were mostly driven by intrinsic
and internalized extrinsic motives, the importance of
extrinsic incentives has increased in recent years
(O'Mahony, 2007). One example is the development
of Linux. When Linus Torvalds and colleagues started to program their operating system, they were
mostly driven by fun and other intrinsic motives
spending much of their spare time on their computer
hobby (Raymond, 1999). Today, however, at least 73
percent of contributions come from employees of
software corporations (Red Hat, Novell, IBM, Intel
etc.) or the foundation itself, as reported by the Linux
Foundation in a recent study (Kroah-Hartman et al.,
2008). This shows that even in initially noncommercial open source projects the influence of firms may
rise and new motivational structures can become important. When extrinsic incentives are introduced in
intrinsically motivated communities, crowding-out
effects may occur leading to an overall decrease of
activity (Frey and Oberholzer-Gee, 1997; Frey and
Jegen, 2001; Alexy and Leitner, 2008). And when
software companies start an open source project
themselves still other incentives are important to attract external contributions (Dahlander and Magnusson, 2005; von Krogh and von Hippel, 2006). One of
the dissertation papers (Stuermer et al., 2009) treats
the case where Nokia initiated an own-branded open
source platform and built a community for it. Benefits and costs of this effort are analyzed and best practices of Nokia are elaborated.
2.2. Governance
The second area of open source research is devoted to governance. Governing organizational and production processes in open source projects is related to
motivational issues, but involves also challenges of
its own. Markus (2007) defines governance of open
source projects as “the means of achieving the direction, control, and coordination of wholly or partially
autonomous individuals and organizations on behalf
of an OSS development project to which they jointly
contribute.” Governance of an open source project
thus includes the management of a more or less independent community by a few individuals who are in
charge of control. Markus (2007) states that governance in fact solves the motivational problem by empowering open source contributors and giving them

control, ownership, and the opportunity to utilize the
benefits of their investments. In this way governance
of an open source project resolves the collective action dilemma by mechanisms such as open source licenses (Franck and Jungwirth, 2003; Lee and Cole,
2003; Henkel, 2006) and non-profit foundations
(O'Mahony, 2003; O'Mahony and Bechky, 2008). Another perspective on overcoming the collective action
problem is presented in the private-collective model
of innovation which will be explained below (von
Hippel and von Krogh, 2003).
Governance substantially differs between community-driven and firm-managed open source projects.
In a community-initiated project, governance structures evolve bottom-up through a meritocratic
process providing those authority who engaged in
technical contributions and organizational-building
behavior (O'Mahony and Ferraro, 2007). If a heterogeneous community controls an open source project,
principles such as independence and decentralized
decision-making prevail (O'Mahony, 2007). On the
other hand, if firms found an open source project, its
governance structure has to serve a different goal.
Since firms can exist in the long run only if they are
profitable, appropriation regimes are required to capture the profits generated by innovations (Teece,
1986). Therefore, companies which invest into the
creation of open source code must somehow govern
their project in a way that allows them to capture the
created value. This suggests that firms need control
of critical aspects of the innovation process in order
to appropriate the returns of their investment
(Dahlander and Wallin, 2006). Owners of open
source projects typically have several options to open
up or restrict access to the software and the development process. Shah (2006) coined the term “gated
communities”. It implies that the project initiator
controls the permeability of the community, e.g. by
imposing restrictive property rights of the software or
by excluding non-corporate members from code integration and decision-making. As Shah noted, value
appropriation may sometimes negatively affect value
creation by the community. She observed that contributions were low in a tightly controlled environment
like the gated community but participation was lively
in a broadly accessible open source project governed
by a heterogeneous community. Also West and O'Mahony (2008) indicated in their analysis of sponsored
open source communities that firms managing an
open source project need to balance the level of control and opportunities for outside contributors in order to create a sustainable participation architecture.
Dahlander and Magnusson (2005) explained why this
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balancing act of managing a community is a key issue: With too much control communities may not
contribute with all of their energy, interest, and creativity. With too little control the results may not
serve the firm's goals. Therefore they suggest that
firms should seek a symbiotic relationship with their
communities in order to stimulate contributions while
retaining control by subtle means. Interaction between voluntary communities and software firms
have allowed O'Mahony and Bechky (2008) to observe the conciliation of divergent interests through
collaboration in non-profit foundations. Still, only
few research has quantitatively explored the impact
of firm control on communities. As one of the dissertation papers has found (von Krogh et al., 2009a),
transparency of the project's management and the
reputation of the firm positively influence contributors' efforts. Accessibility for the open source community, however, has only a weakly positive impact.
2.3. Competitive Dynamics
Thirdly, analyzing open source projects raises an
intriguing question on competitive dynamics: Why do
firms give away for free valuable investments in the
form of source code? The fact that this happens implies that firms benefit in a certain way when they
freely reveal some of their technologies. Already in
the beginning of the nineties Garud and Kumaraswamy (1993) noted the success of Sun Microsystem's knowledge revealing strategy by being
the first to break proprietary barriers. On the one
hand the company benefited from network externalities of its products which diffused at a higher rate
than their competitor's solutions. On the other hand
sponsoring open technologies allowed Sun to be the
first to implement it in new products thus gaining
temporal competitive advantage. From an economic
point of view, free revealing of innovations benefits
firms in various ways, among others through reputation gain (Harhoff et al., 2003) and better opportunities for R&D partnerships (Muller and Pénin, 2005)
as well as increased technology diffusion (Pénin,
2007) and standard setting (Bonaccorsi and Rossi,
2003; West and Gallagher, 2006). A common value
appropriation strategy for open source software involves selective revealing of knowledge. Henkel
(2006) found in his study on embedded Linux firms
that they revealed about half of their code while protecting the other half. Such selective revealing strategies have been common practice in the IT industry as
cases of Apple and Sun Microsystems showed (West,
2003). In one of the dissertation papers the case of

Nokia is elaborated where partial revealing of knowledge also plays a key role (Stuermer et al., 2009).
Intuitively, imitation by competitors may appear
to be a great threat for firms investing in open source
projects. However, the mere use of open source software does not destroy the firm's competitive advantage since the open source license of the technology
already has turned it into a commodity (West, 2003).
It is the creation and maintenance of a symbiotic
community which may become the source of sustainable competitive advantage (Dahlander and Magnusson, 2008). The capability to manage an external
community enables a firm to access its knowledge
and quickly integrate it into new products. By extending this core idea of open innovation (Chesbrough,
2003), one of the dissertation papers explains how
IBM was able to create and maintain a broad community for its open source project Eclipse (Spaeth et al.,
2009a). Already during the first years after the release
of the platform, programmers not employed by IBM
started offering contributions. The external community has been growing continuously ever since, forming
about half of the Eclipse developers' population in
2007, the time of the study. This example shows that
investing in open source projects and building an active community can create a valuable resource difficult to imitate by competitors. Von Krogh (2002) has
defined communities as resources of firms but has
also pointed out the dilemma that once a community
displays a high level of voluntary action and self-organization, the ability to control it from the outside
decreases.
2.4. Characterizing Firm-Sponsored Open Source
Projects
The previous sections distinguish between two
types of open source projects: community-driven and
firm-managed initiatives. Although this distinction
has been made before in the research on open source
communities by West and O'Mahony (2005 and
2008), the definition of a firm-sponsored open source
project has remained vague or too simplified. A more
precise description is necessary because several dimensions have to be taken into account in order to
position a community. O'Mahony (2007) lists five
principles of a community-managed open source
project which determine its governance structure: independence, pluralism, permeable representation, decentralized decision-making, and autonomous participation. Therefore, a firm-driven open source project
may be defined by the opposite of these characteristics: dependence on a single sponsor, dominance of
one company, undisputed control by one sponsor,
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centralized decision-making by the company's management, and strictly restricted participation.
While both extreme types of communities do exist
in the open source universe, many intermediary
forms prevail. As has happened in the subsequently
described case of Eclipse, the initiating firm may for
example relinquish control by creating an independent foundation and assigning it with the leadership
of the open source project. Or decision-making can
be substantially influenced by the will of the community as was the case with the Openmoko project. This
shows that although a firm-initiated open source
project usually starts off at the extreme position, it
may shift towards a more accessible, communitymanaged structure if the company allows it to.

Level 3:
Community Building
Building of a firm-sponsored
open source community
Level 2:
Knowledge Revealing
Revealing of proprietary source
code under an open source license
Level 1: Open Innovation
Integration of externally available
open source components

Figure 1: Adoption levels of the open source development model
In this context O'Mahony (2007) has introduced
the concept of primarily independent elements of the
open source development model. According to this
analysis firms can determine their adoption level of
the open source model by choosing their position on
one of three basic levels (see Figure 1): The first level
involves integration of externally available knowledge which is better known as 'open innovation' in
the sense of Chesbrough (2003). Alternatively, a
company directing an open source project can employ legal elements by freely revealing source code
under an open source license (von Hippel and von
Krogh, 2006). The control of the development
process, however, remains fully governed by the
firm. Finally, to apply the community element, too,
the firm has to renounce some of the project's governance in order to create a prospering community
(Shah, 2006).

Usually companies are free to choose up to which
level they want to adopt the open source development
model. While some firms such as Motorola have decided to use open source components without deliberately revealing own developments nor intending to
attract outside contributors, other companies such as
Nokia or IBM have chosen to publish open source
code and also build an external developer community
(Stuermer et al., 2009; Spaeth et al., 2009a). Why did
they reveal more knowledge than they were obliged
to by the software license? The model of private-collective innovation provides an explanation.
2.5. The Private-Collective Model of Innovation
The private-collective model of innovation represents a combination of the private investment model
and the collective-action innovation model (von Hippel and von Krogh, 2003). In the private investment
model innovators appropriate financial returns from
innovations through intellectual property rights such
as patents, copyright, licenses, or trade secrets within
the legal framework imposed by society. Any knowledge spillover will reduce the innovator's benefits.
Thus freely revealed knowledge is not in the interest
of the innovator.
The collective-action innovation model explains
the creation of public goods which are defined by the
non-rivalry of benefits and non-excludable access to
the good. In this case the innovators do not benefit
more than anyone else not investing into the public
good, thus free-riding may occur. In response to this
problem, the cost of innovation has to be distributed.
Therefore governments typically invest into public
goods through public funding.
Combining these two concepts the private-collective model of innovation explains the creation of
public goods through private funding. The model is
based on the assumption that an innovator privately
creating a public good will benefit more than a freerider just consuming the public good. While the result
of the investment is equally available to both, the innovator benefits from the very process of creating the
public good (Spaeth et al., 2008). In the case of open
source software production, the programming code as
explicit knowledge is freely revealed and accessible
to all, even to competitors. Nonetheless, the innovator gains tacit knowledge and expertise through the
creation process representing an advantage which is
difficult to imitate (Grand et al., 2004). Therefore,
private-collective innovation occurs on a sustainable
basis when the process-related rewards exceed the
process-related costs (von Krogh, 2008).
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Typical benefits of firms investing in public goods
have been analyzed in open source development (von
Hippel and von Krogh, 2006). These benefits include
low knowledge protection costs, learning effects for
the firm, reputation gain, high diffusion level of innovations, creation of external innovations, lower manufacturing costs, and faster time-to-market (Stuermer
et al., 2009). However, as the case study on Nokia
shows private-collective innovation activities also involve costs such as loss of differentiation from competitors, leakage of business secrets, investments into
community creation and maintenance, loss of control,
and efficiency loss caused by organizational changes.

find options for organizational interventions in order
to increase the contributions of external communities.
The strength of these independent research projects
lies in the diverse selection of methods (longitudinal
data, grounded theory building, and structured equation modeling) and dataset (quantitative archival data,
expert interviews, and online survey) providing a
holistic view on firm-sponsored open source projects.
Each study uses a unique set of data and applies a different method of analysis as will be described subsequently.

3. Research Framework

The first paper “Enabling Knowledge Creation
through Outsiders: Towards a Push Model of Open
Innovation” (Spaeth et al., 2009a) presents a perspective on the deficiencies of the current concept of open
innovation in explaining external knowledge creation. Chesbrough (2003) defines open innovation as
adding external knowledge to internal research and
development processes and selling unused internal
innovations on external markets. However, this does
not explain why and how the outside knowledge was
produced in the first place. The extended model of
open innovation therefore attempts to describe how
firms may facilitate the creation of product-related
knowledge receiving it 'pushed-back' into its internal
innovation processes instead of having to 'pull-back'
this knowledge themselves.
The study illustrates IBM's creation of and continued investments in the open source platform Eclipse.
Based on quantitative archival data of communication and production processes and comparing the
contributions of IBM versus non-IBM individuals,
the ratio of knowledge revealing versus knowledge
reception is calculated. The longitudinal analysis
shows that during a six year period around 70 IBMemployed developers were constantly programming
for Eclipse. While in the beginning external participation was low, it increased up to a 100 active contributors after IBM gave up much of its control of the
open source project. Details on the case are elaborated in the next section.

This dissertation seeks to shed light on two issues
related to community building and firm-sponsored
open source projects. First, what are the main benefits and costs for firms conducting private-collective
innovation by investing in open source projects? And
second, since the collaboration of firms with external
communities affects their incentive structures, how
are the contributions influenced by the involvement
of commercially oriented technology companies?
These questions point to gaps in the literature where
previous research has not yet found answers.
3.1. Filling Gaps in the Literature
In earlier studies economists have conceptualized
possible benefits derived from knowledge revealing
by firms (Harhoff, 1996; Harhoff et al., 2003; Muller
and Pénin, 2005; Pénin, 2007). Analyzing the options
and consequences of a firm's openness in its research
and development activities has provided interesting
theoretical insights. However, while the models
promise attractive returns from investments in publicly available knowledge resources, the applicability
of the theory has yet to be proved.
By reviewing empirical research in various industries and analyzing the case of the open source development model in depth, von Hippel and von Krogh
(2006) have found that firms in the past have abandoned monopoly positions by disclosing innovations.
This unintuitive behavior was explained by the underlying benefits firms gain during the knowledge revealing process. Yet, while the conceptual study perfectly integrates the models of private-collective innovations, no new evidence is presented in order to
prove the validity of the arguments.
Therefore, this dissertation presents three pivotal
studies which empirically analyze the benefit and
cost structure of private-collective innovation and

3.2. Extending the Open Innovation Paradigm

3.3. Nokia's Entrance Into the Open Source Industry
The second paper “Extending private-collective
innovation: a case study” (Stuermer et al., 2009) conducts an in-depth qualitative analysis of a corporatesponsored open source project. The case of Nokia's
mobile device platform Maemo represents a successful new product development process based on an
open source technology stack. Through integration of
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external innovations Nokia was able to create a new
mobile device very quickly. To this end, Nokia invested into the building of a user and developer community. These and other activities of private-collective innovation created costs unrecognized until then.
Therefore, the paper presents an analysis of benefits
and costs of this distributed type of innovation.
To provide an empirical basis 23 in-depth expert
interviews with Nokia managers and engineers, contractors, and voluntary community members were
conducted leading to around 250 pages of transcripts.
The semi-structured interview guideline was designed to find causal relationships between the firm's
activities and their consequences. The questions treated issues like e.g. knowledge revealing strategies,
community activity, and organizational issues such as
recruiting or forms of collaborations. With the support of a computer-aided qualitative data analysis
software the transcribed interviews were consolidated
into 12 constructs following the grounded theory
building method (Glaser and Strauss, 1967).

4. Three Cases of Firm-Sponsored Open Source
Communities

3.4. Antecedents of Intrinsic and Extrinsic Motivation

4.1. Eclipse by IBM

The third paper “The credible sponsor: Participants’ motivation and organization attributes in collaborative digital innovation” looks at the sponsoring
effect on the contributers' motivation and on their
performance. While previous studies have concentrated on the causes of motivation within communitymanaged open source projects (Hertel et al., 2003;
Stewart and Gosain, 2006; Roberts et al., 2006), this
research project analyzes the effect of perceived firm
characteristics on the intrinsic and extrinsic motivation of voluntary contributors.
In order to assess the significance and impact of
the attributes of firm perception (knowledge revealing, accessibility, and corporate credibility), a survey
was sent to the two independent communities of
Maemo and Openmoko. Within two weeks 1233 individuals filled out the questionnaire corresponding to a
response rate of 27.9 percent. The items were
grouped into constructs and then analyzed by a structured equation model. The results show that the firm's
credibility has the highest impact on the intrinsic motivation of contributors while knowledge revealing
and accessibility were significant only on a low impact level. Counterintuitively the model shows extrinsic motivation to exert a slightly higher positive effect on contribution level than intrinsic motivation.

On February 22, 1996 IBM announced the acquisition of Object Technology International Inc. (OTI),
a leading development firm of object-oriented software technology (Business Wire, 1996). OTI remained an autonomous subsidiary of IBM Canada
employing about 100 highly skilled developers
(O'Mahony et al., 2005). At that time IBM was looking for a common technology platform to unite their
various software solutions using Java as a programming language. The OTI team was appointed to develop this key platform for IBM and other corporate
partners so they could create complementary products with it. In 2000 the platform was named 'Eclipse'
and gained internal adoption throughout IBM. Since
IBM's strategy was to make money not from client or
development software but from server software (e.g.
WebSphere), they decided to release Eclipse as open
source software in order to gain the maximum market
share in software development tools (West, 2003).
With this move they convinced partner firms to use
and extend Eclipse because they did not have to fear
to be locked into a proprietary platform.
The management of IBM was aware that starting
an open source project involved more than publishing
the source code on some website. According to
O'Mahony and colleagues (2005) the Eclipse team
adapted its processes and practiced for several
months to collaborate in an open source development
mode e.g. by setting up mailing lists and newsgroups
and communicating internally in a transparent way.

In the following section the three firm-sponsored
open source communities will be characterized. They
were analyzed qualitatively and quantitatively in the
dissertation papers in the appendix representing the
empirical evidence of this thesis. In the following
case summaries emphasis is placed on relevant interdependencies between individuals, communities, other stakeholders, and the firm which initiated the open
source project. Insight shall be gained in the different
reasons of technology companies to found and continuously sponsor their own open source project and
how they manage issues such as governance, control
and motivation of developers. First, the case of
Eclipse, the software development environment
founded by IBM, is portrayed. Next, Nokia's open
source community Maemo is described. Finally, the
history and background of the mobile phone project
Openmoko is presented.
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The Eclipse managers also wanted to attract corporate partners. Thus they invited other software firms
to join the board of stewards governing the future direction of the open source project. The members were
granted equal decision rights in the consortium but
IBM remained the legal owner of Eclipse.
In November 2001 the public responded positively to the announcement of IBM releasing its 40 million dollar investment Eclipse as an open source
project (see e.g. commentary by Gartner analysts
Feiman and Driver, 2001). During the following
months many more companies joined the consortium
and started building extensions for the platform.
Eclipse evolved as a typical sponsor-driven open
source project including public source code and public mailing lists. However, the effective role of IBM
remained unclear because consortium members as
well as the public perceived Eclipse as still mainly
controlled by IBM.
In conversation with the consortium members the
IBM management proposed a new governance model
based on the structures of successful communitymanaged open source organizations such as the
Apache Foundation. In February 2004 the new nonprofit Eclipse Foundation was created owning the intellectual property rights of the software platform,
taking care of the technical infrastructure, managing
the release process, and undertaking public relations
and marketing activities. Simultaneously the foundation demanded more formal commitment from its
members including up to 500'000 dollar annual membership fee and employment of several full-time
Eclipse developers.
The strategic move by IBM to give up its privileged role as owner of Eclipse and to create an independent foundation proved successful. Many more
large corporations joined the Eclipse Foundation
since its start (e.g. HP, Intel, Nokia, Motorola, Oracle,
and SAP), and contributions from non-IBM developers increased substantially since 2004 representing
about half of the programmer population in 2007
(Spaeth et al., 2009a).
4.2. Maemo by Nokia
Already in the year 2000 Nokia had started to experiment with the Linux kernel and other open source
software (Stuermer et al., 2009). Engineers tested
embedded Linux on mobile devices in Nokia's laboratory until they felt that this operating system was
mature enough to be used on portable products. At
the same time and totally independently, another
stream of research was developing the novel product

category of Internet tablets. The basic idea was to
provide customers with a convenient device to
browse the web, receive emails and communicate via
chat and voice-over-IP. Nokia decided to use Linux
as a platform for this innovative product because the
software provided high flexibility and independence
from other firms in order to explore the yet unknown
consumer requirements of the new device category.
Inspired by this vision, Nokia designed an overall
software architecture of the operating system Maemo
based on open source components. Partly the engineers adapted these software components themselves
and partly they contracted external open source developers for specific implementation tasks. After having signed non-disclosure agreements these programmers were assigned to adapt existing open source
components to the hardware requirements of the mobile device. Through the strategy of hiring core developers well acquainted with open source technologies and development processes Nokia gained indirect access to existing open source communities.
Collaboration with and active participation in incumbent open source communities was a major
process goal since the beginning of the project. Nokia
deliberately chose open source components not only
due to their functionality, but also based on their licensing opportunities and their community structure.
The legal requirements of the open source software
allowed Nokia to mix it with proprietary elements. As
a goal the project's community had to be lively and
diverse without the dominance of a single company
(Jaaksi, 2007). Another goal was to establish an own
open source community around the Maemo operating
system. Nokia created a community platform for
communication and collaboration. Later community
building activities included e.g. a logo competition
for the Maemo brand or the organization of a developers' conference. As of June 2009, there are over
18'000 registered users on the community platform
sharing 861 applications for the Maemo system.
The first version of the device, the 770 Internet
Tablet, was announced in May 2005. Simultaneously
Nokia started its developers' device program giving
away 500 products at a low price to qualified open
source developers. In this way Nokia gained rapid acceptance from skilled programmers because they enthusiastically started to develop new applications and
port existing Linux programs for the Internet Tablet.
Attracting these technology leaders enabled Nokia
also to test the device and receive valuable feedback
and even bug fixes from the community. Eventually
in November 2005 the public sales of the Internet
Tablet began.
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While building the device using open source components and releasing source code under open source
licenses, Nokia deliberately kept certain parts of the
device closed as proprietary software. On the one
hand they were not able to publish proprietary thirdparty software such as hardware drivers or the Internet browser Opera, on the other hand they retained
some of their own developments such as the graphical user interface in order to prevent competitors to
copy Nokia's end user experience. In addition to this,
Nokia preserved complete control over the development process of the Maemo software release. Therefore, the process of development was more or less
transparent while the direct influence on the feature
set or timing was strictly controlled by the Nokia
management.
However, Nokia granted access to software functionality and project governance by other means.
Technology-wise, Nokia invested substantial effort in
the provision of a free software development kit allowing skilled programmers to create applications as
well as improvements at the operating system level.
In this way community members were able to enhance Maemo according to their needs and without
depending on Nokia's permission. And in order to
permit external contributors to voice their positions
more clearly, Nokia invited them to elect the Maemo
Community Council in 2008. This group of five volunteers represents the community to the company.
While this council has no formal authority towards
Nokia it allows better communication of the interests
of the community.
4.3. Openmoko by Openmoko Inc.
In 2005 the Taiwanese computer and components
manufacturer First International Computer, Inc. (FIC)
intended to create a smart phone based on the Windows Mobile operating system (von Krogh et al.,
2009a). However, due to the project leader's lobbying
the management of FIC became convinced to try a
completely new way of developing a mobile phone.
In order to differentiate from established smart phone
manufacturers using software from third-party vendors, FIC decided to invest into the development of a
completely open platform based on the Debian
GNU/Linux operating system and other open source
components. Although embedded Linux software
manufacturers such as MontaVista existed, FIC
thought they were not collaborating sufficiently with
the open source community and thus not using the
full potential of its innovative capabilities.

Nevertheless, revealing substantial investments of
the new platform worried the management. By accessing the full software stack on a source code basis
potential competitors were thought to be able to imitate FIC's product development quickly. On the other
hand implementing the software with the hardware
was known to be very difficult requiring know-how
and experience with the platform. Therefore the
project leader argued FIC would retain competitive
advantage possessing the knowledge and resources to
integrate the software and manufacture the devices
for the mass market.
In fact, the market response was overwhelming:
Soon after the product announcement in November
2006 and the beginning of the sales in July 2007, volunteer programmers and other companies started to
improve FIC's platform, eventually developing different types of operating systems for the mobile phone.
Analysts as well as open source developers were enthusiastic that a hardware manufacturer had finally
announced the production of a completely open mobile phone.
Similar to Eclipse and Maemo, the Openmoko
community, too, received an online collaboration
platform in order to exchange knowledge and source
code. Unique to the Openmoko management was that
they not only let the outside community participate in
the software development, but also involved them in
the hardware selection process. For instance when the
Openmoko engineers were looking for an appropriate
Wi-Fi chip for the smart phone, they asked on the
public mailing list if someone could recommend a
certain manufacturer. Indeed, as many of the subscribers on this list were working in relevant companies, the feedback to the request was high and eventually led to the discovery of the best-suited chip set.
Recently, in May 2009, Openmoko management released even the exact hardware specifications including architecture files with the computer-aided designs. With this step the company wants to test the
ability of the community to contribute also to the
hardware design.
Unfortunately, the Openmoko project was not so
much a success from a business point of view. Although FIC decided in 2006 to spin-off the Openmoko project as an independent company and found
Openmoko, Inc., recently the product planning for
2010 had to be radically changed. Partly because of
the world economic crisis starting in late 2008, partly
because of technical problems, the sales figures of the
mobile devices did not turn out as well as expected.
Thus, in February 2009 Openmoko, Inc. announced
that the development of the third generation of the
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free mobile phone had to be postponed indefinitely
while the company had started a client project in order to increase cash flow immediately. Therefore, at
the time of writing, the commercial future of Openmoko is unclear.
5. Conclusions and Implications
So far, previous literature on corporate-sponsored
open source communities has been reviewed and the
empirical findings of this thesis have been presented.
This final section completes the picture with a broader concept that characterizes the unique qualities of
such a firm-influenced network of open source software producers. It is proposed to see corporate-sponsored communities as a successful example of how a
firm may gain interorganizational competitive advantage through its community.
By portraying Eclipse, Maemo, and Openmoko,
three cases of corporate-driven open source initiatives are presented in detail. They illustrate the statement by O'Mahony (2007) that individuals are no
longer the only parties founding open source projects.
In all of the above examples, large technology corporations started their own branded open source project
with the goal of releasing source code in order to attract external actors to contribute to the future development effort. While the specific strategies and processes differed, all of the firms attempted not only to
integrate code and reveal software, but also to actively build a symbiotic community of third-party participants (Dahlander and Magnusson, 2005). The firms
made use of all three elements of the open source development model: integration of innovations, revealing of knowledge, and creation of a community
(O'Mahony, 2007). The firms applied the principle of
private-collective innovation and enhanced the model
by creating an external community of volunteers and
partner firms.
In fact, empirical evidence in the dissertation papers shows that only by building a prospering community will the benefits of private-collective innovation become fully accessible. For instance in the
Maemo case reputation gain was possible only because Nokia successfully managed to start and maintain a community of volunteers and partnering firms
(Stuermer et al., 2009). In the case of Eclipse the
community contributed innovations only because
IBM gave up control of the open source project and
empowered the members of the Eclipse Foundation
(Spaeth et al., 2009a). As the third dissertation study
shows, the perception of the project-sponsor positively affects the behavior of the community (von Krogh

et al., 2009a). The three organizational attributes
knowledge revealing, accessibility, and credibility
positively influence the motivation and thus the contribution level of the outside participants.
Therefore it proves necessary for firms to attract
active contributors in order to benefit the most from
their investments in open source technologies. Such a
thriving community cannot be acquired on the market
but it requires substantial, credible, and long-term
commitment by the sponsor (Dahlander and Wallin,
2006). In return, such a realm of friends is not easily
imitated making it a valuable asset of the firm.
5.1. The Concept of Interorganizational Competitive
Advantage: Towards a Related Research Agenda
Drawing from literature, Dyer and Singh (1998)
have introduced the concept of interorganizational
competitive advantage. This so-called relational view
constitutes an alternative to the industry structure
view (Porter, 1980) and the resource-based view
(Wernerfelt, 1984; Barney, 1991). According to this
concept unique resources and industry position are
not the exclusive requirements for gaining above-average rents. Firms may also achieve competitive advantage through a network of relationships with other
organizations. Such embedded interfirm resources
and routines are difficult to imitate because they require durable collaboration and cannot be acquired on
the market. However, unlike resources owned by a
firm alone these relationships depend on mutual understanding and trust of the partners and thus cannot
be fully controlled by a single organization.
Reflecting on the qualities of firm-sponsored open
source communities it becomes obvious that they represent an example of such interfirm relations. In all
the cases presented the focal firms IBM, Nokia, as
well as Openmoko Inc. are connected to external individuals and organizations creating a network of
durable relationships. Although each company cannot
completely control its partners, it is able to benefit
substantially from the community it has initiated giving it an interorganizational competitive advantage as
described by Dyer and Singh (1998). Analysis of
their list of determinants shows that the characteristics of firm-sponsored open source communities indeed matches the definition of interorganizational
competitive advantage (Table 1). In the following,
characteristics and sub-determinants of firm-sponsored open source communities are described based
on the framework of relational rents by Dyer and
Singh (1998:663; the terminology of the titles in
boldface is quoted from their illustration):
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Determinants of relational rents

Subprocesses facilitating relational rents

1.

Relation-specific assets
In firm-driven open source communities: A firm creates open source software components and other artifacts
collaboratively with its community.

a) Duration of safeguards
In firm-driven open source communities: Open source software licenses protect jointly produced open source software code thus ensuring availability of the code for all at all times.

Knowledge-sharing routines
In firm-driven open source communities: Continuous interaction between
employees of the company with external community participants externalizes the firm's tacit knowledge.

a) Partner-specific absorptive capacity
In firm-driven open source communities: Overlapping bases of the firm's and community's
knowledge evolve over time e.g. when external participants read source code or manuals.

Complementary resources and
capabilities
In firm-driven open source communities: Stakeholders collectively develop
software such as the Linux kernel or
the Eclipse platform by contributing
complementary capabilities.

a) Ability to identify and evaluate potential complementarities
In firm-driven open source communities: Through the transparent development process of
open source software complementary capabilities become assessable.

Effective governance
In firm-driven open source communities: Adaptive governance mechanisms ranging from informal agreements up to legally binding contracts
enable effective collaboration between
the firm and its community.

a) Ability to employ self-enforcement rather than third-party governance enforcement
In firm-driven open source communities: As the private-collective model of innovation explains firms often contribute more to open source projects than they are legally obliged to
because of process-related benefits.

2.

3.

4.

b) Volume of interfirm transactions
In firm-driven open source communities: Collaborative software development platforms on
the Internet facilitate communication of the firm with its community members.

b) Incentives to encourage transparency and discourage free riding
In firm-driven open source communities: Shared norms and values by the firm and its community are critical elements favoring open communication and transparent decision processes.

b) Role of organizational complementarities to access benefits of strategic resource
complementarity
In firm-driven open source communities: Collaboration of the firm with its community aligns
their communication and culture over time.

b) Ability to employ informal versus formal self-enforcement governance mechanisms
In firm-driven open source communities: Firms are very much interested to act as credible
members of the community in order to attract contributions from external participants.

Table 1: Firm-driven open source communities as an example of interorganizational competitive advantage (table
based on Figure 1 by Dyer and Singh, 1998:663)
1. Relation-specific assets: As firms must do something special to develop a competitive advantage,
the creation of assets has to be unique to the partners. In the case of firm-sponsored communities
e.g. Nokia has collaborated closely with professional developers and open source firms specialized in certain open source components in order to
assemble the integrated software platform. Such
product development processes require intense
knowledge exchange and transaction-specific
know-how. Thus all stakeholders made substantial
nonrecoverable investments for the asset by e.g.
learning a certain software code and architecture.
While a decade ago physical proximity was essential for interorganizational cooperation, today it is
superseded by the virtual proximity derived from
the Internet.
a) Duration of safeguards: In order to protect
their investments, the partners seek to safeguard against opportunistic behavior. In the
case of open source communities it is the software license which ensures that the asset, the
source code, remains equally available for all
at all times (Stewart et al., 2006; Osterloh and
Rota, 2007).
b) Volume of interfirm transactions: Alliance
partners increase their collaborative efficiency

by raising the frequency and scope of transactions. In the case of corporate-sponsored open
source communities this is achieved by the
firms facilitating communication and contributions from within the open source community
by introducing a collaborative software platform.
2. Knowledge-sharing routines: Interorganizational
learning is argued to be critical for competitive
success. In open source projects this corresponds
to intense knowledge sharing between organizations and individuals. It is facilitated by various
mechanisms. On a technical side there exists a tradition of using newsgroup channels, mailing lists,
wikis, forums, film clips, chat rooms and many
other communication media in order to broadcast
knowledge initially residing in one firm. Its diffusion outside the firm boundaries may then trigger
innovations from the community and thus contribute to the development process of the software.
Through continuous interaction even tacit knowledge residing within the community may be externalized as explicit knowledge (Nonaka, 1994) becoming available for use by the sponsoring firm.
For instance experimentation by some community
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members lead to radical innovations in the case of
the Maemo platform.
a) Partner-specific absorptive capacity: Recipients have to be able to recognize and assimilate valuable knowledge from the sender. Cohen and Levinthal (1990) therefore coined the
concept of absorptive capacity. In open source
communities the required overlapping knowledge bases evolve over time through frequent
and often informal interactions. This enables
the external community to absorb the knowledge revealed by the firm e.g. by studying the
source code or reading manuals.
b) Incentives to encourage transparency and
discourage free riding: Knowledge sharing
activities are fragile and in their essence cannot be fully controlled. Therefore, appropriate
incentives as well as norms are necessary to
achieve a culture of sustainable knowledge exchange. As the presented cases and other research on open source communities has shown
(Shah, 2006; Stewart and Gosain, 2006),
norms and values are critical elements of the
ideology in open source communities encouraging transparency and discouraging free riding.
3. Complementary resources and capabilities:
Firms benefit in an alliance when they own complementary resources. In this way the collective
effect is enhanced resulting in greater rents than
the assets of each individual partner. Companies
that are not part of the network are thus underprivileged. In the software industry examples of such
synergies are found as network externalities when
companies use and create compatible technologies. When firms pool their resources and collectively develop a platform such as Linux, they benefit from collective rents (West and Gallagher,
2006). Standardized components and file formats
diffuse more rapidly if they are open and freely
accessible (Garud and Kumaraswamy, 1993). On
an organizational level foundations of open source
projects (e.g. Eclipse) represent formal networks
where members share benefits and costs of product development.
a) Ability to identify and evaluate potential
complementarities: Finding the right alliance
and integrating into it successfully is a delicate
endeavor. Firms have to invest substantial resources in order to identify matching partners.
Transparency and permeability of open source
projects enable gradual acquaintance between

potential partner firms and future employees
reducing the risk of a failed choice. E.g. Nokia
used its firm-sponsored open source community to spot the most skilled, innovative, and motivated individuals. Through their prior participation in the community they felt attached to
Nokia and were very likely to accept its recruitment offer.
b) Role of organizational complementarities to
access benefits of strategic resource complementarity: Next to the strategic fit the organizational complementarity represents a challenge in forming alliances, too. Intense collaboration within open source communities facilitates alignment of communication and culture
and therefore increases the probability of success. E.g. a common norm is reciprocity or the
culture of gifts which characterizes open
source communities strongly (Bergquist and
Ljungberg, 2001; Lakhani and von Hippel,
2003).
4. Effective governance: When organizations are
interconnected, it is critical in which way they behave towards each other bringing up the question
of governance. Dyer and Singh distinguish between third-party enforcement of agreements (e.g.
legal contracts) and self-enforcing agreements
(e.g. strategic alliances). The latter is further divided between formal (e.g. financial investments)
and informal (e.g. trust and reputation) safeguards
(1998: 669). The authors propose that transactions
should be appropriately aligned with the specific
governance structures minimizing transaction
costs and maximizing value creation. Looking at
the governance mechanisms present in open
source communities different forms of control are
indeed in use, sometimes several of them in the
same open source project at once. For instance in
Eclipse there exist formal contracts obliging foundation members to pay certain fees and ordering
engineers to program using the publicly available
software code. Simultaneously, a second governance structure regulates the development process
in a rather self-enforcing way by allowing participants to influence the platform's properties
through their contributions.
a) Ability to employ self-enforcement rather
than third-party enforcement governance
mechanisms: According to various research
self-governed mechanisms are more effective
than is third-party enforcement. They save
contracting, recontracting and monitoring
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costs, prove to be more flexible, and are more
probable to induce value-creating initiatives.
In addition self-enforced relationships are
more difficult to copy than contractual agreements. Thus they are more likely to represent a
sustainable advantage. The concept of privatecollective innovation depicts an example of
such a self-enforced safeguard. As described
previously the model stimulates (but does not
force) firms to contribute to the creation of
open source software rather than just using it
as free-rider.
b) Ability to employ informal versus formal
self-enforcement governance mechanisms:
Informal safeguards such as trust or reputation
are much more difficult to copy than formal
mechanisms like symmetric investments.
While the latter can be imitated by competitors, informal safeguards require time and
trustful behavior to develop. Similarly, credibility of firms within an open source community proves to be an important antecedent of
intrinsic motivation leading to the conclusion
that trust and reputation increase the benefits
of firm-sponsored communities.
As these theoretical and empirical characteristics
of interorganizational relationships have illustrated, a
network of partners may result in a source of sustained competitive advantage. However, managers of
such firm-sponsored communities have to bear in
mind that the rents are jointly generated and owned
by both sides, the corporation and the external community. The competitive advantage is extinguished
either if the firm withdraws its resources from the
community or if the community decides to separate
itself by forking the software code (Kogut and Metiu,
2001). Therefore, wise management techniques are
required by the sponsor in order to sustain a prospering community of skilled contributors and thus benefit from its competitive advantage.
5.2. Impact on Theory and Practice
On a theoretical level this dissertation contributes
to the understanding of distributed innovation. On the
one hand it shows that today's concept of open innovation (Chesbrough, 2003; Chesbrough and
Crowther, 2006) covers only part of the reality at
least within the software industry. The examples given show that firms have done far more than just integrating external innovations. Rather they have substantially released knowledge and invested in its dif-

fusion by creating communities of volunteers and
professionals. On the other hand this dissertation extends the model of private-collective innovation (von
Hippel and von Krogh, 2003) by emphasizing the
crucial role of value appropriation by community
building. Investing into the production of public
goods without actively creating relationships with
other contributors would not make full use of privatecollective innovation. Also, as described in the previous section, firm-managed communities are shown to
represent an empirical example of the relational view
as defined by Dyer and Singh (1998) illustrating
comprehensively how interorganizational competitive
advantage results from the relationship between the
sponsoring firm and its community.
Furthermore communities in private-collective innovation represent in themselves a new form of distributed innovation. In the literature on collective innovation various concepts have evolved. Two of them
shall be briefly highlighted and delineated against
communities of private-collective innovation. Eric
von Hippel (1986) coined the idea of lead user communities pointing out that users of technologies often
achieve product innovations when they try to solve
their personal problems. Such product improvements
in turn can be commercialized by firms manufacturing them through mass production. While the concept
of user innovation is often taken as theoretical explanation for open source communities (von Hippel,
2001), it does not take into account that in firm-sponsored projects the community building activity is
started by a firm, not by the user. Therefore communities in private-collective innovation are a separate
concept of collective innovation because they follow
a different path of initiation.
Another concept are communities of practice
(Brown and Duguid, 1991; Wenger and Snyder,
2000). These groups of professionals with similar interests inside an organization meet to find novel solutions for problems and thereby help to drive strategy,
start new lines of businesses, transfer best practices,
develop skills, and recruit and retain talent. Communities in private-collective innovation differ from
communities of practice mainly by their cross-boundary participation. Although often a majority of contributions stems from the sponsor of the community, it
is the fundamental goal of communities in privatecollective innovation to enable and encourage external participation.
On the practical side managers of software companies is shown the great benefits of building a community. Though just a rough estimate, the case study
on Eclipse shows that external firms and individuals
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contributed software code valued at approximately
1.7 billion USD (Spaeth et al., 2009a). However, revealing knowledge and investing in the creation of
communities also incurs costs which have to be considered in strategic decisions (Stuermer et al., 2009).
For policy makers, this dissertation shows possible economic advantage of supporting the use and development of open source software. The private-collective model of innovation illustrates how firms may
be incentivized to invest in the production of public
good. Therefore, establishing a stimulating environment for firms to create and integrate open source
software may possibly multiply the economic benefits for society in comparison to allowing incumbent
proprietary software firms to collect monopoly rents.
5.3. Future Research Agenda
Although literature on open source communities
is abundant, research-wise the phenomenon is
nowhere near consummated. Within the context of
firm-sponsored open source communities many questions remain regarding governance. E.g. what is the
optimal level of control which a firm should exert on
its community? As has been shown it is a precarious
balancing act: If the company loosens the reins too
much, the software project may not evolve in the intended direction or competitors may imitate the technology all too quickly. If the strings are tightened too
much, the credibility of the sponsor drops and motivation and performance decrease. Or even worse, the
external community actively opposes the sponsoring
firm and spins-off by forking the software code
(Kogut and Metiu, 2001). Therefore future studies on
balancing control and value appropriation of communities are of great interest to researchers as well as
managers.
Focusing particularly on the forking phenomenon,
a thorough empirical analysis could clarify what
characteristics of control and openness have led to
community splittings in the past and which factors
have determined the success respectively the failure
of the renegades. Research so far has mostly looked
at successful communities. Analyzing the behavior of
firms and individuals which have caused a forking of
the project could lead to a better understanding of
how to prevent this usually wearing-out process.
Studying so-to-speak failed projects could also help
to clarify the unique factors of successful projects
leading to a clearer definition of sustainable community management.
Another strategic challenge is the decision on
what kind of knowledge should be revealed and what

not in order to attract external contributions. West
(2003) has titled this dilemma bluntly “How open is
open enough?” It represents another balancing act between revealing of knowledge and thus enabling and
cultivating participation, and retaining innovations
and thus being able to appropriate their value more
easily. So-called selective revealing has been analyzed (Henkel, 2006), a generic theory, however, as
well as practically applicable rules are still missing.
Also related to this issue is the question how much of
a competitive contribution can a community provide
and how sustainable is it. While e.g. Openmoko Inc.
successfully created a helpful community, it could not
prevent the product sales from dropping. Therefore,
knowing the impact of the community's innovativeness on the overall business success might help future
product development investments to better appoint its
resources.
Finally, finding sustainable business models of
firms investing in open source technologies represents an intriguing quest for strategy researchers as
well practitioners. As Dahlander and Wallin (2006)
found, open source software development in its original sense is very diverse. Broadly independent communities create open source components which may
even compete for being employed in end-user applications (Spaeth et al., 2009b). Therefore, firms often
fill in the gap as so-called distributors integrating the
components and applications as compact software solutions as in the case of Nokia and Openmoko Inc.1
For creating the Maemo platform, Nokia for instance
contracted several specialized individuals and small
businesses in order to demand low-level changes on
some components. Nowadays it is Nokia's strength to
integrate all these interdependent parts into a complete end-consumer product. Acting as system integrator may be an attractive position in the value chain
of complex technology products, as Brusoni and colleagues (2001) argued in their empirical study of the
aircraft engine control system industry. Future research could advance findings of the evolution of
such interconnected systems and provide advice on
how to manage them efficiently (von Krogh et al.,
2009b). Also qualitative and quantitative studies on
firms assembling open source software are necessary
to gain more insight into the classical organizational
research question of differentiation and integration
(Lawrence and Lorsch, 1967).
1
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It needs to be noted that there are some successfully managed bundles of open source software packages such as the
Debian GNU/Linux distribution. This is particularly important since it represents a comprehensive source for
sampling open source components (Spaeth et al., 2007).
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The delicate position of firms starting and managing an open source project has been illustrated. It has
become apparent that only when firms sponsor open
source projects in a substantial and credible way
while carefully accepting the norms and rules of the
external contributors, a thriving community will
evolve. By analyzing and interpreting the myriad
facets of communities in private-collective innovation and by providing a characterization of such communities, this dissertation hopes to help firms to succeed in the balancing act of entering into sustainable
relationships with outside participants.
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Open innovation is increasingly being adopted in business and describes a situation in which firms
exchange ideas and knowledge with external participants, such as customers, suppliers, partner
firms, and universities. This article extends the concept of open innovation with a push model of
open innovation: knowledge is voluntarily created outside a firm by individuals and organizations
who proceed to push knowledge into a firm's open innovation project. For empirical analysis we examine source code and newsgroup data on the Eclipse Development Platform during a six year
timespan. We find that outsiders invest as much in the firm's project as the founding firm itself.
Based on the insights from Eclipse, we develop four propositions: “the preemptive generosity” of a
firm, “continuous commitment”, “an adaptive governance structure”, and “a low entry barrier” are
contexts that enable the push model of open innovation. We conclude with a summary of the push
model and discuss implications for research and management practice.

Introduction
Since its introduction by Chesbrough (2003), the
framework of 'open innovation' as a major source of
knowledge and contributor to the firm's competitiveness has attracted attention. The framework “assumes
that firms can and should use external ideas as well
as internal ideas, and internal and external paths to
market, as they look to advance their technology"
(Chesbrough et al., 2006, p.2). According to Chesbrough “inflow is concerned with the exploitation of
*

existing ideas and knowledge outside the firm's
boundary.” While literature on this topic has mostly
focused on utilization of readily available external
knowledge, how that knowledge was originally created has often been neglected. However, it is important
to ask who and why outsiders would produce knowledge for open innovation in the first place? What is
the motivation of individuals and firms to create and
freely reveal knowledge that is of use to other (even
competing) innovators? West and Gallagher (2006)

The authors would like to thank Peter Amhof for his valuable research assistance as well as Daniel Megert, Ian Skerrett, Sonali
Shah, the editors of the special issue and two anonymous reviewers for their helpful feedback. This research was supported by the
Swiss National Science Foundation (grant #100012-101805).
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asked what would happen to open innovation if everyone sought to be a 'free rider' absorbing others’ innovations.
We believe there could be a form of open innovation that does not merely rely on the inflow of readily
available existing knowledge, but one that stimulates
or enables the voluntary creation of knowledge by individuals and organizations outside of the firm, contributing to the firm's open innovation projects. The
purpose of this study is to empirically investigate
such a push model of open innovation, by asking
what are the enabling contexts that make this model
of open innovation work? Thus we aim to find organizational and technical decisions and activities firms
can make in order to get external constituents to
proactively push knowledge into open innovation initiatives by the firm. The next section briefly reviews
work on open innovation and identifies the research
gap. The third section describes the case of the
Eclipse Developer Platform, initiated by IBM. The
fourth section describes the research design and
methodology. The fifth section presents the findings
and the sixth section develops four propositions on
enabling contexts. The last section discusses implications for research and management practice.
Open Innovation
Distributed knowledge creation (Gibbons, 1994)
and the open innovation framework (Chesbrough,
2003) have increasingly gained the attention of scholars and practicing managers alike. Firms such as Procter & Gamble (Dodgson, Gann and Salter, 2006) and
platforms such as InnoCentive (Allio, 2004) have
been actively pursuing and benefiting from open innovation. Chesbrough (2006) and Chesbrough, Vanhaverbeke, and West (2006) provide excellent overviews on this emerging field of research and theorizing.
Gassmann and Enkel (2004) provide an in-depth
analysis of the framework, suggesting three core processes. They classify by the direction of knowledge
flows and call these: 1) inside-out, 2) outside-in, and

3) the coupling of the former processes. In the following section, we build upon these core processes
and categorize them according to two dimensions: the
main actors in innovation and their relationship characterized by knowledge creation and utilization. The
resulting framework is summarized in Table 1.
First, firms sell internal knowledge for further exploitation by outsiders (inside-out). In this process,
firms profit from existing internal knowledge or
knowledge creation with other partners, as was examined, for example, by Gassmann and Enkel (2004) in
the case of IBM's Industry Solution Laboratory and
by Hounsell and Smith (1988) in the case of cellophane licensing. The firm appropriates returns from
their existing knowledge by licensing it to third parties. Another, well-researched entity which bases
their business model on this process is InnoCentive
(see Allio, 2004).
Second, the firm takes advantage of available external knowledge to improve competitiveness for example, by licensing in intellectual property (IP) or integrating the knowledge of suppliers early on (outside-in). This process is frequently mentioned in association with open innovation (Chesbrough, 2003;
2006). Licensing in of intellectual property, rather
than creating it through investment in R&D, is one
way for the firm to benefit from pools of external
knowledge. Tapping into freely available knowledge,
for example, in the form of open source software, is
another method analyzed by several authors (Henkel,
2006; Dahlander and Wallin, 2006; von Hippel and
von Krogh, 2003, 2006; Chesbrough, 2006). Occasionally, firms set up “listening posts” or use various
forms of technology and perform research scans to
identify pools of knowledge which can be of use to
their internal innovation (Gassmann and Gaso, 2004).
Such methods may also be of use for firms that
source external innovations created by users of technologies (von Hippel, 1988; von Hippel and Katz,
2002). In this case, the firm benefits from exploiting
knowledge in the relationship with an outsider. The
outside-in process can, therefore, be found in the
lower left-hand corner of Table 1.
Actor

Firm

External constituents

Knowledge Creation

Inside-out process
e.g., licensing of
intellectual property

Push model
unsolicited knowledge creation through
outsiders

Knowledge Utilization

Outside-in process
e.g., technology sourcing,
using open source software

Knowledge spillover to outsiders
e.g., reverse engineering

Activity

Table 1: Open innovation categories
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Third, firms also couple the previous two processes and innovate jointly with other organizations that
have complementary characteristics. Knowledge creation and utilization in these settings have been examined exhaustively, for example, in research on
strategic alliances and joint ventures (Kogut, 1988;
Hamel, 1991; Mowery et al., 1996, Hagedoorn 1993;
Hagedoorn, Link and Vonortas, 2000). Combining
both knowledge creation and utilization and referring
to knowledge that flows between actors inside-out
and outside-in this process spans both corners on the
left-hand side in Table 1.
Depicted along the two dimensions, actor and
type of relationship, two more settings need to be examined: knowledge creation and utilization through
externals warrant more attention. Knowledge utilization by outsiders is concerned with the usage of firminternal knowledge by outside actors. In contrast to
the licensing of intellectual property to third parties,
such knowledge spillover usually does not result in
financial remuneration for the firm. Knowledge
spillovers can be voluntary or involuntary (e.g., in the
form of reverse engineering). Although research has
identified some positive aspects of knowledge
spillovers for firms (Harhoff 1996; Harhoff, Henkel,
von Hippel, 2003), for example, through the creation
of industry standards or positive effects on the firm's
reputation, firms usually seek to prevent this type of
uncompensated knowledge outflows (Mayer, 2006).
While the literature on open innovation claims
that this framework can save development cost and
time by "leveraging external development" (Chesbrough, 2006, p.17), it has thus far neglected the
process of how readily available external knowledge
which could be exploited was created in the first
place. Questions remain as to how and why external
individuals and firms create pools of readily available
external knowledge and how and why they make it
possible for a company to use it. West and Gallagher
(2006, 2006a) recognized this and underscored that
motivating the supply of external knowledge is one
of the critical factors to make open innovation work.
This shows an open and promising space for further research, namely the situation where outsiders
voluntarily create knowledge which is pushed into
the firm’s open innovation project. An example
serves to highlight the importance of this category:
while the firm's use of open source software is often
highlighted as a case of knowledge exploitation by
the firm (Chesbrough, 2006), voluntary contributions
to open source software are left out of the analysis. In
open source software, individual developers and organizations contribute technologies that exhibit char-

acteristics of public goods (Bessen, 2002; Myatt and
Wallis, 2002). Although there is a general interest in
the motivation behind such contributions (Lakhani
and von Hippel, 2003; Bagozzi and Dholakia, 2006),
little is known about why programmers would contribute to a project that is tightly associated with a
commercial firm. Such voluntary (but “not-calledfor”) contributions by outside participants, targeted to
a specific open innovation project, are not well explained by current research (West and O’Mahony,
2008). Understanding the motivation of contributors
and identifying enabling contexts for the creation of
external knowledge pools is in the interest of a firm
seeking to benefit from such knowledge and allocate
resources to such activity (Grand, von Krogh,
Leonard and Swap, 2004). To summarize, our research question can be formulated as: What are the
enabling contexts that make a push model of open innovation work?
In order to explore the setting of a push model and
identify the enabling contexts, we examined the
Eclipse Project founded and dominated by IBM as an
example of such a push model project inductively. In
the next section, we describe the project in detail before turning to the research design.
The Eclipse Platform
Eclipse is an Integrated Development Environment (IDE) and consists of a hierarchical structure of
software components called top- and sub-projects.
Initially designed for developing applications based
on the programming language Java, the Eclipse platform today supports a wide range of programming
languages and software development frameworks. It
is used and developed by many major software companies, who are often direct competitors, and also by
academic institutions and individuals.
The initial version of Eclipse was developed by
the Canadian company Object Technology International (OTI) which was acquired by IBM in 1996. In
order to increase the adoption of the platform and sell
complementary products, IBM released the source
code of Eclipse, then valued at $40 million (Fitzgerald, 2006), as open source software on November 7,
2001. A board of directors staffed with representatives from major software companies such as Borland
and Rational Software exerted some influence on the
development path of Eclipse.1 However, IBM still remained in control of the overall development strategy, as well as of the technical infrastructure of the

1
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Eclipse project. This changed on February 2, 2004
when the Board of Stewards announced the formation
of the Eclipse Foundation, an independent governance body.2 With this decision, IBM ceded the controlling position it had held since the start of the
project and allowed other firms and institutions to become equal members in the project governance. Today the Foundation is responsible for all the technical
infrastructure, the coordination of the development
process such as central release management and
project life cycle steering, the handling of the source
code's intellectual property rights, and the promotion
of Eclipse and its wider ecosystem e.g., through the
organization of developer conferences.3 As will be
shown subsequently, IBM still invests a vast amount
of resources into the development of the open source
software. From a business perspective this may be
explained by strategic as well as operative reasons.
On the one hand Eclipse enabled IBM to focus their
software product portfolio while entering rapidly into
the IDE industry and gaining a key position (O'Mahony et al., 2005). On the other hand IBM earns revenues by selling licenses for the WebSphere product
line which is based on Eclipse.
In the Eclipse development process there are three
different groups of individuals involved: first, the
users of the software who are able to freely download
the executable application as well as the source code.
These individuals may also contribute by submitting
bug reports to the central issue tracking system, by
providing bug fixes and code enhancements to the
core developers, or by communicating through newsgroups and mailing lists. Second, there is the 'neutral'
Eclipse Foundation which governs everything but the
source code itself. For instance, within the Foundation, there is a Project Management Council for each
top-level Eclipse project. The Council, is required to
accomplish numerous administrative and coordinative tasks as elaborately defined in the Eclipse Development Process.4 Third, there is the type of developer
community usually associated with open source
projects, allegedly based on meritocratic principles
(Fielding, 1999; Scacchi, 2004), which requires developers to prove their skills through code contributions before they are granted commit access to the
code repository (von Krogh et al., 2003). Those developers can be independent, or employed by IBM or
other companies. There is no need to be a formal
member of the Eclipse Management Organization,
the coordinating body of the Foundation, in order to
2
3
4

http://www.eclipse.org/org/press-release/feb2004foundationpr.php
http://www.eclipse.org/org/
http://www.eclipse.org/projects/dev_process/development_process.php

actively participate in the ongoing development of
the platform, although the intellectual property of the
committed source code has to be assigned to the
Eclipse Foundation and licensed under the "Eclipse
Public License," an open source license.
Research Design
In the following section, we outline the research
design adopted to explore the enabling contexts for
the push model of open innovation. Due to the exploratory nature of our research and the open research question, we performed a single case study
and inductively generated propositions on enabling
contexts (Campbell, 1975; Yin, 2003). The main purpose of the design is to establish a “real-world case”
of a push model and to identify and operationalize the
enabling contexts. In effect, we create a push model
of innovation from the case (Eisenhardt, 1989). We
sampled the case of the Eclipse Development Platform for two reasons. First, Eclipse is an open innovation project started by a dominant and unambiguous sponsor, IBM, which aims at facilitating external
adoption and attracting outside developers to contribute to the software platform (O'Mahony et al., 2005).
Thus, it fits with the broad initial category of a “push
model” that was established by examining and positioning existing research contributions (Table 1). Second, Eclipse was released as open source software in
2001 and since then it has been developed in a transparent manner, providing our research team access to
data accumulated over a period of six years.
Yin (2003) suggests identifying key informants
that can shed extensive light on the context of a case.
Following initial desk research on the Eclipse project,
we gained a deeper understanding of the project by
interviewing an Eclipse core developer employed by
IBM who has been involved with the project since
1999. The key informant relayed a narrative of how
the project had evolved over time (Pentland, 1999).
He provided his viewpoints on topics such as IBM's
relationship with external participants, the overall
governance and structure of the project, communication within the community, as well as the norms and
actual behavior within the community.
Before proceeding to the different data sources in
this study, it is necessary to clarify the terminology
applied in order to distinguish between the roles and
actors involved. 'Contributors' is the term used to describe individuals that participate in an open source
project though programming, testing, or commenting.
A 'committer' is a contributor and software developer
with permission to alter the official source code of
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the project in question. We also distinguish between
'employed' versus 'external' contributors or committers as people who are employed or not employed by
IBM. 'Employed' and 'voluntary' contributors differentiate between individuals who develop open source
code as part of their job and those who are not directly paid for doing so.
One crucial construct in this study is the measurement of internal and external knowledge creation.
Two data sources were used for this. First, we measured the evolution of the source code itself, an established and common source of data in open source
software projects (MacCormack et al., 2006). All
source code contributions within the Eclipse Concurrent Versions System (CVS) code repository were analyzed, using the tool CVSAnaly (Herraiz et al.,
2007; Robles et al., 2004). This effort provided all
added lines of code minus all deleted lines of code
per developer over the entire development period.
The timespan of the development activities collected
ranged from April 20015 until February 2007. We accumulated the code repositories of all Eclipse toplevel projects which covered 63 million lines of code
contributed by 605 distinct committers. By identifying the developers' names and comparing them to
participants in the Eclipse newsgroups, we were able
to identify the organizational affiliation of 565 developers, categorizing them into IBM and non-IBM developers. Code contributions for both groups were
examined on a monthly basis and split into the timespan before and after the creation of the Eclipse Foundation in January 2004. The purpose of this split was
to better identify the role of the firm and external participants in knowledge creation, as well as adaptive
governance structures in the push model of open innovation.
Second, given our interest in contexts that enable
the push of knowledge in open innovation, there was
a need to focus on knowledge flows between the
firms and its outside contributors. Hence, we examined knowledge flows by measuring the communication between what scholars have categorized as
“knowledge seekers” (people with a need to learn,
obtain information, help, and insights, etc.) and
“knowledge providers” (people with knowledge who
are willing and able to share it) within the Eclipse
community (Constant et al., 1996). We adopt Ikujiro
Nonaka's view that “dialogue” between knowledge
providers and seekers is one amongst several ele-

5

Although the project was not publicly available until November 2001, development in the central code repository
was started in April 2001 by members of IBM

ments of knowledge creation (Nonaka, 1994). Hence,
measures of dialogue provide one type of access to
the level of knowledge creation within and outside of
IBM over time. In this work, we limit our focus to
explicit knowledge (e.g., documentation, software
code, answers to queries) and exclude the sharing of
tacit knowledge between project participants. In order
to capture knowledge creation based on dialogue, we
analyzed the traffic of the 90 distinct newsgroups
(discussion forums) centered on several topics within
the Eclipse project. Most top- and lower-level
projects offer such a newsgroup intended for exchanging advice within the respective knowledge domain. There are ten top-level projects, such as 'core'
Eclipse, web tools, performance tools etc. At the time
of the writing 73 sub-projects dedicated to more narrow topics or technologies were associated with one
of these top level projects. Examples of such subprojects are integrations of specific programming languages, specific clients, or embedded platforms. Although mailing lists exist, we decided to focus on discussions in the newsgroups. The key informant suggested that mailing lists are used exclusively for internal discussions on software development issues
and address only core developers of the platform.
However, newsgroups serve general programmers by
providing support services directly from the developers on how to use the Eclipse platform. Examining
such support activities within newsgroups enabled us
to focus on knowledge flows since the structure of
conversations consists mostly of questions asked and
answers provided as will be shown subsequently.
We downloaded all the messages from the Eclipse
newsgroup servers starting from February 2001 until
July 2007, which resulted in 371,942 unique messages. Out of these, 116,973 messages started a new
discussion thread and 254,969 messages replied to
them. No established coding scheme exists in the literature that use thread starts and replies to differentiate between knowledge-seeking versus knowledgeproviding messages. Therefore, we assume that starting a new discussion thread contains a question and
responding to such a message presents an answer.
This assumption was confirmed by the key informant, and it has also been used in recent research on
communication within communities (Dahlander and
Frederiksen, 2007). To further test the assumption in
our case, we coded the content of a random sub-sample of 500 newsgroup messages. The results confirmed that thread starts are mostly knowledge-seeking activities and thread replies are generally knowledge-providing messages.
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In order to classify the content, we assigned each
message to one of five different types: to qualify as
"question," a message had to contain a request for
knowledge, while an "answer" provided a response to
a specific demand. Since the solution to a technical
problem often required a certain amount of information, sometimes a clarification question was necessary. Further, the response provided occasionally did
not solve the problem directly. Thus, the knowledge
seeker answered with a more elaborated question. We
coded these two types of messages as "follow-up"
questions. Thread starts which included announcements or coordination issues as well as thread replies
containing non-specific information or 'Thank you'
without verification of the success of the answer were
classified as "comment." Finally, wrongly addressed
emails or spam mails were assigned the category
"noise."
Two authors coded the randomly selected messages independently and inter-rater reliability was
measured using Fleiss Kappa (Fleiss, 1971). The
Kappa of 0.816 is well above 0.7, usually recommended as the acceptable minimum (Straub et al,
2004). As Table 2 illustrates, knowledge-seeking
messages (questions) constitute 93.6% of all 'thread
start' messages, while "answer" messages represent
70.8% of all replies - the rest mostly being comments
such as 'Thank you, it worked' or others. The categories "follow-up," "comment," and "noise" were excluded since knowledge-seeking, respectively -provision, is unclear or not present.
Analogous to the source code analysis, we distinguished between messages from IBM and non-IBM
authors. Newsgroup messages contain the real name
of the sender as well as their email address and institutional affiliation. According to the key informant,
IBM has an explicit company policy to disclaim company affiliation, and any attempt to deviate from this

would be quickly noticed and reprimanded. In the
case of OTI (see below), which was acquired by
IBM, early members communicated using OTI email
addresses. Therefore "OTI" affiliation was coded as
IBM affiliation. With newsgroup messages, we also
distinguished between a pre- and post-Eclipse Foundation period.
Findings
In this section, we present the findings from the
case study examining the results of the two sources of
data. These cover the number of active source code
developers and their programming productivity, as
well as the knowledge-seeking and -providing patterns within the community. The data from the case
leads to the formulation of propositions on contexts
that enable the push model of open innovation.
The first data source consists of the code analysis
analyzing who programmed how much in which
timeframe. Figure 1 shows the increase of active developers over time, where an 'active developer' is defined as a person who creates (or removes) at least
one line of source code of the project within the calendar month. Before launching the Eclipse foundation in 2004, IBM involved on average 41.8 active
committers per month (sd:18.6). IBM's commitment
increased in the period with the Eclipse Foundation
to an average of 98.3 active developers per month
(sd:8.3). The number of committers without IBM affiliation also increased. Including the unidentified
committers, it went from an average of 7.4 active developers per month before 2004 (sd:4.6) to 63.8
(sd:38.5), multiplying by a factor of 8.62. While IBM
provided more manpower in the beginning, the
growth of external committers is apparent. Since May
2006, but for one month, the number of external committers has always remained higher than the number
of IBM committers.

question

answer

follow-up

comment

noise

sum share

thread start

140 ; 139

3;3

0;1

5;6

1;1

149

(140+139) / (149*2) = 0.9362

thread reply

29 ; 32

249 ; 248

26 ; 43

46 ; 27

1;1

351

(249+248) / (351*2) = 0.7080

sum

169 ; 171

252 ; 250

26 ; 44

51 ; 33

2;2

500

Table 2: Inter-rater coding (coder A; coder B) of content of 500 messages
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Figure 1: Active committers per month

Figure 2: Total messages per month by IBM and nonIBM newsgroup participants

Figure 3: Thread reply over thread start ratio

Figure 4: External knowledge flow ratio over time

While the number of external contributors is important, previous research found that employed contributors are more active than voluntary contributors
(Dahlander and Wallin, 2006). Thus, it is also necessary to examine the productivity of contributors. Although much debated, one of the standard measures
of productivity in software engineering is the number
of added lines of code (LOC) (see Albrecht and
Gaffney, 1983). Table 3 give an overview of LOC
contributions from both IBM and non-IBM parties
using the LOC-added metric. The percentage of external code contributions increased significantly after
2004 and represents about a third of all added lines of
code.

The second data source is concerned with knowledge flows through newsgroup message postings as a
proxy for knowledge creation through dialogue (Nonaka, 1994). We look at knowledge flows from internal and external sources and distinguished between
knowledge-seeking and -providing messages. As explained in the research design section, a message
posting containing a question ("thread start") is considered as knowledge-seeking, while sending an answer ("thread reply") as knowledge-provision. Figure
2 shows the aggregation of the monthly newsgroup
traffic from 2001 until 2007. While the number of
messages from IBM senders remains at an approximately constant rate, the newsgroup postings from
non-IBM individuals continuously increase over
time.
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LOCs before Foundation
(4.01–12.03: 33 months)

LOCs after Foundation
(1.04-2.07: 37 months)

Total LOCs
(4.01-2.07: 70 months)

IBM

8,410,972

73.94%

31,346,054

60.42%

39,757,026

62.85% 313 committers

Non-IBM

2,042,365

17.95%

19,507,145

37.60%

21,549,510

34.07% 252 committers

Unidentified
Total

922,488

8.11%

1,027,085

1.98%

1,949,573

3.08% 40 committers

11,375,825

100.00%

51,880,284

100.00%

63,256,109

100.00% 605 committers

Table 3: Lines of code from IBM and non-IBM developers

Pre-Foundation
Post-Foundation
Sum
Share

IBM
Non-IBM
IBM
Non-IBM

Thread Replies
(Knowledge Provision)
28,649
45,040

Thread Starts
(Knowledge
Seeking)
3,406
26,287

52,156

5,116

47,040

129,124

82,164

46,960

254,969
68.55%

116,973
31.45%

Net Knowledge
Flow
25,243
18,753

Relative External
Knowledge Flow
(non-IBM / IBM)
0.743
1

Table 4: Knowledge flow of IBM and non-IBM developers

A first knowledge flow pattern can be observed by
analyzing thread start versus message reply ratios. As
Figure 3 demonstrates, the proportional rate of thread
replies over thread starts remains constantly consistently higher (mean: 9.56) for IBM than for non-IBM
people (mean: 1.63). For example, in February 2006
non-IBM individuals answered 1.8 times as many
discussion threads as they initiated (4145/2289),
whereas IBM members replied to 9.9 times more discussion threads than they started (1327/134). Assuming that replies provide answers while thread starts
represent questions, IBM members provided significantly more knowledge than non-IBM participants
during the timespan investigated.
In a second analysis we examined the newsgroup
data in absolute numbers (see Table 4 and Figure 4)
showing that knowledge provision was initially carried out by IBM members but is increasingly accomplished by external individuals. In order to measure
the amount of knowledge flow we created the metric
of net knowledge flow for each group of knowledge
providers subtracting questions from answers both
for IBM and for non-IBM individuals. This resulted
in an estimation of a net knowledge flow value per
month, bearing in mind that we focus narrowly on
explicit knowledge only that can be exchanged
through electronic media. Taking the ratio of non-IBM's over IBM's values results in one measure of relative external knowledge flow. This measure equals 1

if both non-IBM and IBM contributors provide the
same amount of knowledge in the open innovation
project and becomes larger than 1 if non-IBM participants provide more knowledge than IBM members.
The values of relative external knowledge flow in the
project before and after the creation of the Eclipse
Foundation can be found in Table 4.
In the period before the Eclipse Foundation was
installed in the open innovation project, the external
knowledge flow ratio measured by this method is below 1, meaning that more knowledge was provided to
the Eclipse user community by IBM employees than
by external participants. However, the value for the
second period is approximately 1. Thus, the external
contributors provided just as much explicit knowledge as IBM did. The monthly values are plotted in
Figure 4 and show that the ratio has been larger than
1 since the middle of 2006 until mid 2007. Measured
during this period non-IBM contributors provided
more knowledge within the Eclipse project than IBM
employees.
We also analyzed knowledge flow ratios for each
of the 90 different newsgroups. Interestingly, the patterns in the single newsgroups differ widely. Some of
the “sub-communities” communicating through a
particular newsgroup are dominated by IBM members, whereas others are almost completely run by external non-IBM programmers. For example, the
newsgroup for the top-level project BIRT (Business
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Intelligence and Reporting Tools) is mostly contributed to by non-IBM developers, both in terms of
source code as well as in newsgroup messages. A
possible interpretation of this finding is that being
able to create an architecture in which outsiders can
take the lead may reduce the entry barrier for newcomers (external and voluntary contributors).
Enabling contexts and the push model
In this paper, we seek to inductively generate
propositions (Eisenhardt, 1989) on contexts that enable the push model of open innovation. A push model of open innovation refers to knowledge creation by
external contributors that is uncompensated by the
firm but that pushes knowledge into the open innovation process of the firm. As such, the push model of
open innovation refers to an extension of the processes of open innovation proposed by Gassmann and
Enkel (2004). A summary of the case observations,
corresponding propositions on enabling contexts, and
the related literature can be found in Table 5.
First, we propose that preemptive generosity enables the push model of open innovation. In the case
we found that by releasing the source code of Eclipse
under a liberal open source software license IBM revealed valuable knowledge to the public. The decision giving away source code valued at 40 million

USD was not done for altruistic purposes. It was
rather a generous first signal which in turn attracted
other software firms and stimulated the creation and
sharing of explicit knowledge by external contributors, including software patches or bug reports. The
source code analysis revealed that non-IBM developers begun to participate in the development process
immediately after the release of the source code by
IBM. Our proposition relates to existing research in
various areas. Based on observations of IBM's release
of more than 500 patents to open source software developers, von Krogh (2006) suggested that companies
need to show preemptive generosity in order to motivate customers to contribute to an external knowledge pool. Similarly, Sawhney and Prandelli (2000)
commented that communities of customers that engage in innovation need to obtain sponsorship of resources from firms. Nahapiet and Ghoshal (1998,
p.250) suggest that “social capital” plays a role in
knowledge creation which, according to Coleman
(1988), in turn facilitates certain actions. Thus, social
capital for the firm can be understood as the value of
its relationships. It facilitates the creation of knowledge by effecting the conditions necessary for exchange and combination knowledge as it builds trust
and establishes norms of sharing (Nahapiet and
Ghoshal, 1998).

Findings

Propositions on enabling contexts

Literature

• Revealing of initial Eclipse source code
by IBM

Preemptive generosity

James Coleman (1988)
Nahapiet and Ghoshal (1998, p.250)
Sawhney and Prandelli (2000)
Harhoff et al. (2003)
Spencer (2003)
von Krogh (2006)
Muller and Pénin (2006)

• Constant number of IBM programmers
involved in Eclipse development
• Constant level of participation in newsgroups

Continuous commitment

Rizova (2006)
Gächter et al. (2006)
Shah (2006)

Adaptive governance
• Launching non-profit foundation with
equal membership of firms and other in- structures
stitutions concerning organizational control, technical infrastructure, and management of intellectual property

Shah (2003)
West (2003)
Dahlander and Magnusson (2005)
Shah (2006)
Fauchart and von Hippel (2006)
Sawhney and Prandelli (2000)
O'Mahony and Ferraro (2007)

• Sub-projects run by non-IBM developers Lowering barriers to entry
• Modular architecture

Rullani (2006)
Lakhani and von Hippel (2003)
Shah (2003)
von Krogh, Spaeth and Lakhani (2003)

Table 5: Contexts enabling the push model of open innovation
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Second, we propose that continuous commitment
enables the push model of open innovation. The findings indicate that IBM showed such continuous commitment. Opening up a project in terms of architecture and intellectual property rights is a required, but
maybe not a sufficient, condition in order to receive
outside contributions. IBM continuously contributed
to Eclipse with more than 40 developers until 2003,
and afterwards with more than 80 people. Thus, IBM
permanently invested significant resources in their
open innovation project although external source
code commits remained low until the initiation of the
independent non-profit foundation. This finding also
receives some support from existing research. It has
been shown that successful research projects receive
continuous resource commitment by the firm (Rizova, 2006). Shah (2006) also finds that stable norms of
reciprocity in a community of contributors, that is,
the need to both give and receive ideas and knowledge, is key in order to motivate contributors.
Third, we propose that an adaptive governance
structure enables the push model of open innovation.
IBM ceded control over the administration and intellectual property of the software code in the Eclipse
project. Not until IBM let external contributors become equal members of the governance structure, did
outside contributions increase significantly. IBM employees continued to provide more knowledge to the
technology development (software code) than nonIBM developers. Yet, the steady growth of participation in communication by external participants led to
a higher share than that of IBM employees in the creation of explicit knowledge through dialogue, measured by thread starts and replies. Thus, an adaptive
governance structure matters for open innovation
projects to succeed in attracting continuous contributions from external participants (see also Shah, 2006).
Based on the case findings, we can conclude that the
establishment of a foundation is not only used to protect intellectual property rights (O'Mahony, 2003) and
to resolve IP conflicts but also to facilitate continued
contributions from external participants by providing
a fair governance body. While it might well be that
voluntary and external contributors would not enjoy
working for IBM for free, external contributors seem
to be less hesitant to assign their IP to an independent
foundation even if IBM remains the dominant player
in the open innovation project.
Fourth, based on some preliminary findings from
the case study, we propose that low entry barriers enable the push model of open innovation. While they
were not strong, we found indications that low entry
barriers could be important to attract external partici-

pants to the Eclipse project. A first indication is seen
in some sub-projects which are run by and contributed to almost exclusively by IBM-external developers. Entry barriers, or the cost of joining and contributing to an open innovation project, affect the level of contributions of external participants. According
to previous research in the context of open source
projects, external and voluntary contributors typically
join by conducting peripheral tasks and then later
gravitate towards more important and technically
complicated tasks (Rullani, 2006; Lakhani and von
Hippel, 2003; Shah, 2003). Moreover, a modular architecture which allows for such plug-ins to be easily
added would seem to have an effect on entry barriers
(von Krogh et al, 2003). Thus, entry barriers may be
of a technical as well as of an organizational nature
and can be influenced, for example, by the choice of
programming language or creation of acertain software architecture.
Discussion and conclusion
Enabling contributions of external participants, be
they individuals or organizations, and benefiting from
these is crucial for any effective open innovation
project. Extending the processes identified by
Gassmann and Enkel (2004), we show that the literature to date has mainly examined how already existing external knowledge is exploited by firms. Profiting from internal knowledge by making it available
to selected parties against direct financial reimbursements has also been part of the open innovation
framework since its inception (Chesbrough, 2003).
However, the creation of knowledge with outside
contributors and the provision of contexts that enable
this process represents a research gap. We extended
the open innovation framework by proposing a push
model of open innovation. In this model, knowledge
specific to the open innovation project is created by
external constituents, without direct financial remuneration from the firm. We conducted a case study of
the Eclipse Development Platform and focused, in
particular, on the creation of explicit knowledge that
can be exchanged through electronic media. Based on
the findings, we inductively developed four propositions on contexts that enable the push model of open
innovation: the preemptive generosity of a firm, continuous commitment by the firm, an adaptive governance structure, and a low entry barrier.
By releasing valuable source code under a liberal
open source software license, IBM revealed valuable
knowledge to the public and showed preemptive generosity. While managers will often hesitate to make
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the firm's knowledge available without direct financial compensation, “preemptive generosity” can be
economically advantageous under conditions where
future returns may ensue (Harhoff et al., 2003; Muller
and Pénin, 2006). Thus, firms enable a push in open
innovation through preemptive generosity, contributing some initial knowledge (including intellectual
property) which is considered valuable by outsiders
and, thus, motivates others to reciprocate by contributing knowledge. Empirical evidence of the positive influence of knowledge sharing on innovation
performance has also been found by Spencer (2003).
Future research should investigate preemptive
generosity across a range of projects with different
objectives, constituents, and technologies. Motivating
people to contribute by first giving may be one of the
most fundamental factors in open innovation projects.
Moreover, more research is needed on the targets of
preemptive generosity. Firms may choose to release
technology to the public, but one can imagine many
other “gifts” too, including workshops and seminars,
free labor, brands, infrastructure, etc.
The second enabling context, continuous commitment was found to be crucial to the push model.
Gächter et al. (2006) argue that "social norms in the
community reward innovators' reciprocal contributions." Following this reasoning, preemptive generosity will not be sufficient to sustain external knowledge creation by external participants in the innovation process. Hence, firms enable outside knowledge
creation in open innovation through continuous commitment, that is, contributing knowledge (including
intellectual property) over time which is considered
valuable by outsiders, and that creates norms of reciprocity.
Moreover, further research is needed in order to
establish a minimum (or maximum) threshold of contribution by founding firms in order to sustain open
innovation projects. The benefit of investing in open
innovation projects may be tremendous as we estimated in a simple calculation: While IBM initially
contributed software that was valued at 40 million
USD, external contributors to the Eclipse Development Platform project created software representing a
value of roughly 1.7 billion USD over the examined
period.6 Thus, any calculation of return on investment
6

Applying the COCOMO model (Boehm, 1981), a somewhat
simplifying yet common metric for estimating the effort of creating software, external contributions of 21.5 million lines of
code in Eclipse represent a work effort of approximately
214,000 man-months, or an investment of about 1.7 billion
USD. For the calculation we assumed the parameters for a
semi-detached software project and defined the costs of a highly qualified Java software developer at USD 8000 per month.

in open innovation needs to take the full project life
cycle into account, including the continuous commitment by the founding firm and cumulative contributions by external constituents.
In addition it would be interesting to investigate
values comparable to the "net knowledge flow" in
other projects in order to verify the usefulness of the
method. Furthermore, our research takes a very restrictive view of explicit knowledge that can be exchanged through electronic media. Our concept of dialogue is also tied to electronic media (used by
knowledge seekers and providers) and does not cover
dialogue and collective reflection in face-to-face interaction as proposed by Nonaka and Takeuchi
(1995). In line with knowledge creation theory, future
research needs to focus on both explicit and tacit
forms of knowledge and investigate more extensively
processes of knowledge creation including socialization, externalization, combination, and internalization
(Nonaka, 1994, Nonaka et al 2006).
Third, while open innovation projects are often set
up outside the firm, the firm may tend to govern the
project (e.g., Sawhney and Prandelli, 2000). The level
of control varies: while some firms might prefer to
keep tight governance in which they continue to
wield control, others hope to benefit from the “openness” of their projects by receiving third-party contributions and, thus, save on development costs. West
(2003) examined the tension inherent in governance
structures. The firm is caught between retaining control and benefiting from openness and, in particular,
he showed situations in which it is beneficial to follow the one or the other strategy. Shah (2006; see
also 2003; see also Dahlander and Magnusson, 2005)
also finds that companies will either try to retain control over a project (lead a gated community) or focus
on openness. Governance structure impacts on the
contribution levels of external contributors in open
innovation: the more open the project, the more emphasis contributors put on a 'fair' governance structure (Shah, 2006). As shown in the case of Eclipse, a
transparent and independent legal structure was required to attract contributions. It seems that while under some conditions purely norm-based intellectual
property systems work (Fauchart and von Hippel,
2006), open innovation projects require a legal governance structure considered 'fair' by outside contributors (O'Mahony and Ferraro, 2007). However, what is
“fair” might differ amongst outside participants, depending on their short- and long-term interests, the
actions of the firm, alternative projects where they
can work, and so forth. Thus, firms enable a push in
open innovation through adaptive governance struc-
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tures, that is, governance that over time will be considered fair by outside contributors.
It is interesting to observe that the introduction of
an independent, non-profit foundation did not immediately increase the number of active outside participants. Only some months after the launch of the
Eclipse Foundation, could we register a significant
increase in numbers. Thus, external knowledge creation through dialogue needs time to evolve in open
innovation. This observation lends support to Wasko
and Samer's (2005) analysis of knowledge sharing in
electronic networks of practice. The authors found
that individuals' experience in knowledge sharing and
their structural embeddedness in the network correlate with the amount they share. The current research
cannot conclude which aspects of governance structures matter most to external knowledge creation in
open innovation. Possible explanations could be the
ceding of organizational control, the technical infrastructure run and owned by a neutral organization, or
the management of intellectual property by the nonprofit foundation. Future research needs to examine
these factors in more detail.
There were indications in the case study that entry
barriers potentially impact on the level of contributions by outside contributors. Von Krogh, Spaeth, and
Lakhani (2003) identified four technical dimensions
of entry barriers in open source projects that impacted on newcomers' propensity to join: the ease of
modifying a module (that is the difficulty of the task
at hand), the extent to which a developer could
choose the computer language to fulfill the task, the
ease with which to plug in a new module of code into
a software architecture, and the extent to which a
module of code is intertwined with or works independently of other modules. Firms impact on the choice
of programming language used or the amount of developer information to hand. Thus, firms can enable
outside knowledge creation in open innovation
through lowering the entry barriers for external participants who seek to join and contribute. However,
more research on a large sample of projects will be
needed in order to test the proposition.
To conclude, researchers will benefits from categorizing open innovation projects using the simple 2by-2 framework presented in section 2 of this paper.
The framework allows the ordering of the investigation into the motives and sources of knowledge
which play out in open innovation. In particular, given the current state of research, more empirical work
should be targeted at the push model of open innovation. The case of Eclipse is an exemplary case of such
a push model. However, the study is limited to a sin-

gle case within the realm of open source software.
Future research should replicate and externally validate our inductively generated propositions. Largescale quantitative studies could evaluate the effectiveness and impact of specific contexts that enable external knowledge creation for the purposes of a specific
domain of innovation. Additional qualitative research
is also needed on the motivation of external contributors in order to identify factors that increase levels of
outside participation.
Managers wanting to benefit from knowledge creation with external contributors should consider the
four contexts that enable the push model of open innovation. Although the initial revealing of knowledge, continuous commitment, adaptive governance
structure, and the lowering of entry barriers require
substantial investments and are associated with risks,
the benefits of receiving knowledge from outside participants can often be extensive. However, as the case
of IBM shows, managers need to take the “long
view” of open innovation: addressing, inviting, and
attracting external contributors into the project requires substantial investment over time. External participants have many alternative projects to which they
can contribute, and they make their choices based on
their expectation as to whether or not projects will
succeed. Seeing long-term sustained commitment by
the firm may make them more inclined to join the
open innovation project.
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The private-collective innovation model proposes incentives for individuals and firms to privately
invest resources to create public goods innovations. Such innovations are characterized by non-rivalry and non-exclusivity in consumption. Examples include open source software, user-generated
media products, drug formulas, and sport equipment designs. There is still limited empirical research on private-collective innovation. We present a case study to 1) provide empirical evidence of
a case of private-collective innovation, showing specific benefits, and 2) to extend the private-collective innovation model by analyzing the hidden costs for the company involved. We examine the
development of the Nokia Internet Tablet, that builds on both proprietary and open source software
development, and that involves both Nokia developers and volunteers who are not employed by the
company. Seven benefits for Nokia are identified, as are five hidden costs: difficulty to differentiate,
guarding business secrets, reducing community entry barriers, giving up control, and organizational
inertia. We examine actions taken by the management to mitigate these costs throughout the development period.

Introduction
In a private investment model of innovation, firms
use internal processes to create ideas, knowledge, and
technologies and commercialize these in the market
place. Firms appropriate returns from private investment in innovation through intellectual property
rights (Granstrand, 1999). This model is contrasted
with the private-collective model of innovation,
*

where firms and individuals expend private resources
to create public goods innovations. Such innovations
are characterized by non-rivalry and non-exclusivity
in consumption (von Hippel and von Krogh, 2003;
2006). It is similar to “open innovation,” pertaining
to models of innovation where firms frequently exchange ideas, knowledge, and technology with outside firms and individuals (Chesbrough, 2003). However, open innovation does not assume that intellectu-
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insightful comments and reviews.
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al property rights are forfeited and the resulting innovation is offered to the public for free. Examples of
private-collective innovation model include collaborative composing of music on the Internet by many
musicians, the open and collective development of a
drug formula for treating malaria, or the creation and
sharing of new designs for sporting equipment among
sports enthusiasts. An oft-cited example of the model
is open source software development resulting in
products such as Linux, MySQL, or Apache. Open
source software comes with licenses that make it
non-exclusive: the software is free for all to download, use, modify, and redistribute. Open source software is also characterized by non-rivalry as one person's use of the product does not diminish anyone
else's benefits from using it.
Although researchers have examined individuals'
motivations to participate in open source software development, to date there has been limited empirical
examination of a firm's incentives for private-collective innovation. Moreover, the literature has emphasized the benefits the model brings to the innovator
rather than the costs and has not discussed how the
latter could be mitigated. Research has shown that the
implementation of new models of innovation often
have unintended consequences, including “hidden
costs” (e.g., Crawford, 1992), and there is a need for
more empirical work on the benefits and costs of implementing private-collective innovation.
In this paper, we advance empirical research on
the incentives and costs of the private-collective
model of innovation. A case study design permits an
in-depth investigation of benefits, costs, and actions
only partly discussed in prior work (von Hippel and
von Krogh, 2006). Our case draws on quantitative
and qualitative data from the creation of the Nokia
Internet Tablet. Nokia based the development of this
product mainly on open source software and made a
large part of the research and product development
transparent and accessible as a “public- goods innovation.” Outside contributors involving firms and individuals, unpaid by Nokia, expended a significant
amount of private resources on its development.
The paper is structured as follows. In the next section, we discuss the private-collective model for innovation incentives. The third section describes the
research design, and the fourth section contains the
case description. The fifth section presents the findings organized along the topics of benefits and costs
incurred in the implementation of the model and
strategic actions to mitigate these costs. Finally, we
conclude the paper and outline implications for management practice and future research.

The private-collective innovation model
There are two predominant models of innovation
incentives in the technology and innovation management literature. The private investment model assumes that innovators step forward and invest in innovation if and when they can appropriate returns
from these investments. Intellectual property rights is
a necessary condition for the model because it safeguards returns appropriation (Arrow, 1962; Dam,
1995). In contrast, the collective action model assumes that innovators, provided with the right public
subsidy, contribute to public goods innovations
(David, 1992; 1998; Stiglitz, 2006). Public goods are
characterized by non-rivalry and non-exclusivity in
consumption. Innovations are made freely available
to all as public goods. Science is often cited as an example of this model. However, companies have the
option to free-ride on public goods innovations, such
as, for example, a biotechnology company commercializing scientific knowledge on genetics without
contributing research back to the scientific community. Therefore, society elects to subsidize the activity
of innovators, e.g., university-based research on the
human genome funded by the government.
Recently, a third model, called the private-collective model of innovation incentives, has been suggested where public subsidy is absent and where the
innovator expends private resources for public goods
innovation (von Hippel and von Krogh, 2003). The
model is counter-intuitive: why should I make my innovations available to all and why pay for something
that anyone else can use for free? Generally speaking,
in the case of private-collective innovations the innovator receives higher benefits when contributing to
the public goods creation than by only free-riding on
its production by others. One aspect is the privately
retained tacit knowledge innovators receive through
the production of freely available knowledge which
distinguishes them from pure users of the explicit
knowledge. This implies that firms receive certain
benefits during the process of creating publicly available innovations, while the mere application of such
knowledge bears less incentives. (see also Grand et
al., 2004; Gächter et al., 2006)
Benefits when applying private-collective innovation
A closer examination of the model outlined in von
Hippel and von Krogh (2006) and other literature reveals six complementary benefits for firms to innovate in this manner: the cost of controlling knowledge, learning, reputation gains, and fast and wide-
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spread diffusion of innovations, as well as lower cost
of innovation and manufacturing. First, in the long
run, the cost of protecting knowledge needed to innovate (Liebeskind, 1996) might outweigh the benefits
of doing so. Often extensive investments in knowledge management systems are needed to protect information which ultimately and inevitably spills over
to the public (Foray, 2004; Alavi and Leidner, 1999).
For example, although the source code for Sony's robot dog Aibo was protected, it was ultimately hacked
and published by Sony's customers.
Second, innovators that contribute to collective
goods innovations benefit from learning from their
own and others' contributions. In addition to benefits
garnered from the public goods itself (products and
services), innovators also benefit from learning in the
process of creating it (Allen, 1983; Nuvolari, 2004;
Baldwin and Clark, 2006). Thus, it should come as no
surprise that many contributors to open source software projects are computer science students. By providing open source software to the public, contributors may get others to use it, test it, and provide feedback on how to improve it (Lakhani, et al. 2002).
Some authors have even referred to open source software projects as “epistemic communities,” where
people create shared knowledge of software development (Edwards, 2003).
Third, innovators may gain a positive reputation
by privately expending resources for public goods innovations (Allen, 1983; Lerner and Tirole, 2002;
Muller and Penin, 2006). For example, PricewaterhouseCoopers gains a positive reputation amongst
regulators, peers, and customers when they provide
research to the public on practices of corporate governance. The firm's reputation is further enhanced
when regulators actively use and reference the research during standard setting in principles of auditing and corporate governance (PricewaterhouseCoopers, 2005).
Fourth, being the first to contribute a public goods
innovation increases the likelihood of benefiting from
fast and widespread adoption of the innovation
(Allen, 1983). As a consequence, firms may gain an
advantage over competitors stemming from network
effects (von Hippel and von Krogh, 2003). Establishing a “dominant design” or “open standard” onto
which the firm can fit other technologies and even
preempt the introduction of competing technology
may provide the firm with additional advantages
(Economides, 1996; see also Economides and Katsamakas, 2006)
Fifth, by contributing to public goods innovations,
the firm may lower the cost of innovation. Ches-

brough (2003) argued that involving outside firms,
organizations, and individuals in the development of
products reduces the direct labor cost in innovation.
In addition, when the firm contributes to public goods
innovations, such as open source software, it can also
effectively reuse existing technology found in the
public sphere. Research has shown that, in software
development, the reuse of open source software is
considerably higher than the reuse of firm-internal
software, which should have a positive impact on the
cost of innovation (see Haefliger et al., 2008). However, much of this software comes with restrictive
open source licenses, which requires the firm to make
any combination between this and other software adhere to this license. Hence, while the reuse of such
products may reduce costs of innovation, it also
“forces” the firm to contribute to public goods innovations.
Sixth, the supply of public goods innovations to
the market makes it possible for manufacturers to
learn about these innovations and reduce manufacturing-incurred fixed costs related to research and development. Free access to innovations may incentivize
manufacturers to ramp up manufacturing capacity,
pursue economies of scale, and reduce the price of
manufactured products. Additional benefits to the
customers of the manufactured product may include
enhanced product quality and product warranties
(Kotha, 1995; Harhoff et al. 2003).
Empirical evidence and hidden costs
Empirical research on the private-collective innovation model is mainly found in the field of open
source software development where the focus has
been on individual contributors and projects (e.g.,
Shah, 2006; Baldwin and Clark, 2006; Roberts et al.
2006; Gambardella and Hall, 2006). Research on the
application of the model by firms is rare with some
exceptions: Dahlander (2004) explored the network
effects available to firms that provide open source
software to the public. Jeppesen and Frederiksen
(2006) explored users' motives to contribute voluntarily to the development of media products by firms.
Henkel (2006) investigated firms that revealed open
source software embedded in their devices to other
firms and found incentives for them to do so. Given
the focus on public goods innovations in these works,
the authors have tended to focus on the cost of forfeiting intellectual property rights in the private-collective innovation model.
Innovation research has pointed to several types
of “hidden costs” in the implementation of new inno-
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vation models that are not inherent to or captured in
the models themselves. For example, Crawford
(1992) and Smith (2004) pointed to the costs of implementing the accelerated product development
model in US manufacturing industries. Firms often
find that the rapid launching of products that have not
been properly tested leads to costly recalls, or that
fast product development leads to significant delays
in pilot- and full-scale manufacturing. Related to
open innovation, Kessler et al. (2000) found some indication that the cost of product development rose
with increasing dependency on external sources of
technology in the innovation process. Empirical research is needed that validates the specific benefits in
the implementation of private-collective innovation,
examines the costs incurred in such innovation, and
identifies firms' strategies to mitigate these costs. We
contribute to this research by investigating the implementation of private-collective innovation in the case
of the Nokia Internet Tablet development.
Research design
The research on the development of Nokia's Internet Tablet focuses on the process of implementing
private-collective innovation. We investigate benefits
in implementation and extend the private-collective
innovation model by identifying implementation
costs and strategies to mitigate these. Research on
implementation processes typically require longitudinal observation (Pettigrew, 1990), prompting a case
study design. In order to obtain insights into the development process, we gathered different types of
data and performed quantitative and qualitative analysis. Done properly, such combined analysis offers
valuable insight, as Shah and Corley (2006) have recently argued. In the following sections, we describe
sampling, data sources, and data analysis.
Sampling
Our research design is a single-case study demanding particular attention to sampling (see Eisenhardt, 1989). There are three reasons for selecting a
particular case: fit, distinctiveness, and its revelatory
nature (see also Yin, 1999; Siggelkow, 2007). First,
Nokia's Internet Tablet development represents a case
that both serves to explore and extend the private-collective model. The Internet Tablet was created by private investments by Nokia, building on existing open
source products as well as releasing a substantial
amount of knowledge (source code).
Second, the distinctiveness of the case is provided
through Nokia's unique approach in producing a

product based on open source software. While Nokia
is not the first manufacturer to create a mobile device
based on the open source operating system Linux, its
strategy of a conspicuous commitment to open source
software and its devotion to building a community of
volunteers is unique for a multinational corporation
in the consumer electronics industry. In order to determine the distinctiveness of the case, we compared
it to a wider sample including Sharp, Motorola,
Hewlett-Packard, and Sony.
In the 1990s, Sharp introduced a Personal Digital
Assistant called Zaurus which ran on an adapted Linux operating system. Soon after, voluntary developers
programmed a variety of applications for the device
and started a vivid community of developers (among
them one of the interviewees). However, in contrast
to Nokia, Sharp did not reveal much of its own
source code, scarcely supported the community and
its interests, and eventually stopped selling the device
in Europe and the United States.
Motorola brought Linux-based cell phones to the
market in 2003. The development of their operating
system was done by MontaVista, a vendor of embedded Linux software, and TrollTech, the provider of
the graphical user interface ‘Qt.’ In contrast to Motorola, Nokia did not rely on a few service providers
to implement the software but collaborated with
many, mainly small, software firms in an open fashion. By using open source software, Motorola expected to cut costs and speed up software development,
since they did not pay per-unit royalties and built application software on the existing open source software (Shankland and Charny, 2003). Similar to
Sharp, however, Motorola neither revealed source
code beyond legal requirements, nor did the firm provide extensive developer documentation of the software on its devices. Moreover, their Linux appliances
granted no administrator access to the user, inhibiting
the installation or modification of native applications.
Other mobile devices running embedded Linux included HP’s iPAQ and the Sony Mylo. However, as
we discovered in interviews and in press articles,
these companies retained the software’s source code
and we could find no evidence that these firms attempted to build up a community of outside developers as proposed by the private-collective innovation
model (von Hippel and von Krogh, 2003).
Third, given the research gap on the implementation of private-collective innovation, we also
searched for a revelatory case. The main criterion for
selecting a revelatory case is the researchers' access
to a previously inaccessible setting for scientific observation. Establishing ties to Nokia and the develop-

How Firms Make Friends: Communities in Private-Collective Innovation

35

er community surrounding the Internet Tablet, the researchers gained access to a variety of data including
documents, interviews, prototypes, and online conversations. Shedding light on the reasons for and effects of this innovation project going open and abstracting these underlying intentions into a model that
can be used in future research, as well as raising the
attention of practitioners to this mode of product development, motivated the selection of the case.
Data sources
This study relies on several sources of data. First
and most importantly, we conducted semi-structured
interviews, allowing participants the opportunity to
narrate stories, provide anecdotes, and state opinions.
Through an initial reading of the mailing lists, relevant stakeholder groups and data sources in the development project were identified as “Nokia employees,” “Nokia-paid contractors,” and “independent individuals.” Interviews were conducted with participants from all the stakeholders identified. The initial
participants were selected from the developer and
user mailing lists, and subsequent interviewees were
identified through snowball sampling (Heckathorn,
1997). In total, 23 interviews were conducted, 10
#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Key
N1
C1
V1
V2
V3
C2
V4
N2
N3
N4
V5
N5
N6
C3
C4
N7
V6
C5
N8
N9
N10
V7
V8

Role
Nokia
Contractor
Volunteer
Volunteer
Volunteer
Contractor
Volunteer
Nokia
Nokia
Nokia
Volunteer
Nokia
Nokia
Contractor
Contractor
Nokia
Volunteer
Contractor
Nokia
Nokia
Nokia
Volunteer
Volunteer

Date
Nov 15, 2006
Nov 22, 2006
Dec 6, 2006
Dec 7, 2006
Dec 13, 2006
Dec 14, 2006
Dec 15, 2006
Dec 15, 2006
Jan 12, 2007
Feb 19, 2007
Feb 20, 2007
Feb 20, 2007
Feb 28, 2007
Mar 5, 2007
Mar 13, 2007
Mar 21, 2007
Apr 4, 2007
Apr 10, 2007
Apr 11, 2007
Apr 12, 2007
Apr 12, 2007
Apr 15, 2007
Apr 23, 2007

Duration
89 min
71 min
55 min
52 min
54 min
89 min
79 min
58 min
92 min
83 min
85 min
96 min
80 min
81 min
email
60 min
71 min
email
69 min
77 min
91 min
email
66 min

with Nokia employees, 5 with contractors, and 8 with
unpaid volunteers (see Table 1). In order to protect
their privacy, interviewees were anonymized. The interviews lasted on average 75 minutes. The interview
guidelines included questions on the firm-community
relationship, strategies Nokia used to reveal knowledge and technology to the community, motivation,
and other issues (see Appendix for examples of two
distinct interview guidelines). The initial interview
guidelines were updated and enhanced over time, integrating and building upon the results of interviews
already analyzed. All interviews were transcribed
verbatim and, using the software Max.QDA, codified
using an open coding technique (for a discussion, see
also Strauss and Corbin, 1998). This led to the creation of 80 codes, which were subsequently merged
and reduced to 12 categories including seven incentive and five cost categories.
The second data source consisted of the project’s
user and developer mailing list. The monthly archives
were downloaded from their inception in May 2005
until the end of December 2006. The archival data
was examined using the statistical software 'R' in order to indicate the size and activity of the community.
The resulting statistics are presented later in the text.

Contribution, Function
Head Open Source Software Operations at Nokia
Developed Window Manager
Linux Distribution Release Manager
Developed Mapping Software
Developed Music Player
Performance Measurements and more
Developed Swap Memory Feature
Maemo Product Manager
Software Architecture Team Leader at Nokia
GNOME Desktop Developer at Nokia
Ported Remote Control Software
GNOME Desktop Developer for Nokia
Multimedia Player Developer for Nokia
GNOME C++ Bindings Developer
Software Developer at Contracted Firm
GNOME Desktop Developer for Nokia
Developed Geolocation Software
CEO of Contracted Software Company
X Windows Developer for Nokia
Maemo Community Manager
Testing Team at Nokia, Volunteer in Browser Project
Linux kernel patching for Maemo
GNOME Foundation Board Member

Table 1: List of interviews including identifier keys, role, date of the interview, duration, and the person's
contribution or function in the context of this case study
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Third, one co-author followed the developer mailing list over the course of several months and observed the project’s chat channel on IRC (Internet
Relay Chat) which is not publicly archived. Often, informal discussion takes place on IRC giving the researchers a feeling for what “really happens” in the
community. Such online participant observation is
rather uncommon in the research on open source software development but is deemed both necessary and
helpful in understanding the unfolding dynamics of
the Internet Tablet development. No formal analysis
was done with the data but being immersed in the
community helped to interpret mails and understand
issues raised in the interviews.
Fourth, secondary sources, such as news reports,
blogs of Nokia members and volunteers, and corporate Web sites of Nokia and contracting firms were
included in the case study database. For example,
these sources provided additional information on the
extent to which Nokia sponsors other open source
projects. Some Web articles were used to get background information on the Nokia device and potential
competitors. We also searched an independent Web
forum for discussions and opinions of users of the Internet Tablet.
Nokia and the development of the Internet Tablet
In this section, we present a short overview of the
history of Nokia and the Internet Tablet development,
and we provide a descriptive analysis of Maemo, the
community for the Internet Tablet software platform.
The purpose of this analysis is to confirm the correctness of the case to examine the implementation of the
private-collective model for innovation incentives.
Nokia was originally set up in 1865, producing
pulp and paper. It underwent a series of remarkable
transformations in its business model. In 1967, it
merged with the Finnish Rubber Works Ltd. and the
Finnish Cable Works, forming the Nokia Corporation
with four major businesses: forestry, rubber, cable,
and electronics. A diversified company, with a product portfolio ranging from tires to television sets, it
first started producing mobile phones in 1981, manufacturing car phones for the first international cellular
mobile phone network. The first hand-portable phone
sets were introduced in 1987. During the 1990s,
Nokia focused on telecommunications, especially on
mobile phones based on the then emerging GSM
standard, which had been published by the European
Telecommunications Standards Institute (ETSI) in
1990. During this period, the company also divested
its other businesses. In 1998, Nokia overtook Mo-

torola as the world's largest mobile phone manufacturer (ICFAI, 2005). R&D operations at Nokia have
always been scattered across the world, working in a
dispersed, non-hierarchical structure, allegedly to
prevent the development of ’tunnel vision.’ In 2003
and 2004, Nokia suffered a decline in market share of
its mobile phone business. The company had misinterpreted the market demand for ‘clamshell’ devices
and camera phones and had failed to adapt fast
enough to these new developments (ICFAI, 2005).
However, in 2007, Nokia posted EUR 51.1 bn of net
sales and an operating profit of EUR 8.0bn, spending
EUR 5.6 bn on research and development.
Internet Tablet History
According to N1, Nokia started to experiment
with incorporating open source products, specifically
based on the Linux kernel, into their devices in 2000.
At the same time, the company sought to develop a
device that would take advantage of the increasing
availability of wireless access points and give access
to Internet appliances everywhere. N1, the head of
the software development team, summarized the vision for this new type of mobile device as follows:
“At the same time, totally independently, we had
another stream of thought which was this kind of category of Internet Tablets. The big idea behind that
was really the same way mobile phones liberated
voice. Not only houses or offices have phone numbers, but people have numbers. So you can take the
phone wherever you go. We have the same vision that
we want to do the same thing with the Internet and
Internet use cases. You don’t need to fire up a PC and
you don’t need to go to your desk. You have this very
light portable device that gives you access to the Internet. Whether that is browsing, email, chat, VoIP.”
(N1)
Inspired by this vision, Nokia designed an overall
software architecture of the operating system based
on open source components and partly adapted these
components themselves and partly contracted developers for specific implementation tasks. In 2002, individuals who were active in architecture-crucial
open source projects were approached by Nokia and
asked to perform some tasks as contractors for the
company (e.g., C1, C2, and C3). They had to sign a
Non-Disclosure Agreement (NDA) which prevented
the leaking of much information until the Internet
Tablet went public.
The prototype device was first publicized on May
25, 2005. At the GNOME User and Developer European Conference on May 31, 2005 Nokia announced
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that it would give away 500 devices for about a third
of the regular sales price to selected software developers and donate the sales to the GNOME foundation, a not-for-profit organization dedicated to supporting the GNOME graphical desktop environment
(Nokia, 2005). The sales of the product did not commence until November 2005 when the 770 Internet
Tablet was officially released with a price of USD
439. Customers could order the product via a Nokia
Internet Tablet dedicated Web site or through the official Nokia Web shop. However, little effort went into
promoting the Internet Tablet to the wider public. The
product was not available through other distribution
channels such as local Nokia mobile phone shops2.
While the Internet Tablet 770 was still being sold
throughout 2006, its successor was announced by
Nokia’s CEO Olli-Pekka Kallasvuo on January 8th,
2007, at the International Consumer Electronics Association show in Las Vegas. The successor product
was added to the N-series of Nokia devices, a popular
brand for Nokia’s major communication products,
and marketed to the ‘mainstream’ public as the N800.
On October 17, 2007, the third generation of the Internet Tablet, the N810, was presented in San Francisco at the Web 2.0 Summit. Nokia executive VP
and head of the company's multimedia business unit,
Anssi Vanjoki, stated "The N810 is the first of these
devices targeted at a 'normal' consumer group, beyond the geeks." (Martin, 2007)
The hardware of the Internet Tablet differs in one
main aspect from other Nokia products: it does not
contain mobile phone functionality. It offers a 4.13”
display with – given its size – an unusually high resolution of 800x480 pixels which, using a stylus, can be
utilized as a touch screen. It connects wireless
through Bluetooth (connecting to a mobile phone) or
through a common WiFi to the Internet. It is also possible to connect to another PC through the integrated
USB port. The device has no hard disk, but flashbased storage is included which can be extended with
external flash storage media. Since the N800, a VGA
webcam has been integrated and in the N810 a GPS
receiver is also included.
The Maemo Community
The operating system and the software of the
Nokia Internet Tablet are based on the Maemo software platform, an effort led by Nokia and announced
the same day the device was launched. The intention
2

A brief anecdote: in 2006, when one of the co-authors of
this paper asked for accessories in such a shop, none of the
shopkeepers were even aware of the product's existence.

behind the platform was to provide open source components usually deployed on Linux desktop distributions and to adapt and enhance these for the environment of handheld devices (Maemo.org, 2006). Nokia
had downloaded the open source GTK graphical toolkit and other components such as the GStreamer
framework for multimedia and modified these to fit
the needs of an embedded device with restricted
hardware resources. Nokia also added their own software developments and parts from independent software vendors as proprietary software, protected by
commercial software licenses and released as binary
code only. Figure 1 gives an overview of the software
architecture distinguishing between software published under an open source software license, commercial software components published by third-party vendors, and Nokia's proprietary components.

Figure 1: Maemo software stack

The Maemo platform uses its own infrastructure,
such as a revision control system, a software bug
tracker, and mailing lists that allow communication
between developers and users. In November 2006,
the Maemo.org site had 54,000 unique visitors. While
the operating system contains proprietary software
(some hardware drivers and applications such as the
Opera Web browser), the main software platform,
Maemo, was open source and developed by the Maemo community.
A source code repository allows developers to add
new software components to the product and upload
improved software that resolves problems and bugs
in previous versions. The Maemo source code has its
own repository of source code. As of January 2007,
our descriptive analysis shows that 33 developers
added more than 7.2 million lines of code to this
repository, forming the core of the operating system
(although much of this is unmodified code from other
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open source projects). Figure 2 visualizes growth in
the source code over time. It should be noted that the
developers were exclusively employees of Nokia or
formally affiliated with the Maemo project, indicating that Nokia retains tight control over the actual
changes that happen to the core system in the software architecture (see also Kuk, 2006).

Figure 2: Lines of code in the Maemo Subversion
code repository

In order to help identify and remove software
bugs, Maemo also has a so-called “bug tracker” of its
own. This is used to enter software errors, - or bugs,
and keep track of the bug-fixing process. Our analysis shows that in June 2008, this tracker contained
3228 bugs of which 1133 bugs were marked as
“open,” meaning that they were waiting to be fixed.
The Maemo project infrastructure also offers a
repository, garage.maemo.org, where people independently of Nokia can register their projects and use the
developer infrastructure for free. Our analysis shows
that in June 2008, Garage consisted of 615 active
projects and 12,446 registered users. Projects led and
contributed to by independent individuals ranged
from GPS navigation solutions and system administration tools to an Electronic Flight Information System for use with small aircrafts.
Most communication happens through mailing
lists. For discussion purposes, Maemo has a developer list where actual technical development issues are
discussed and a user mailing list for discussing issues
related to the operation and use of the product. We
examined the Maemo developer mailing list from its
inception in June 2005 until December 2006. In total,
832 participants identified by their email address contributed to the list, with 79 participants (9.5%) posting from an official @Nokia.com or @maemo.org
email address. The monthly number of postings to the

list ranged from 98 to 548 with a median of 328
(mean 339.8). 19.6% of all mails were sent by Nokia
addresses. Out of the top fifteen posters, only four
had an official email address from Nokia/Maemo.
Communication on mailing lists is organized in socalled “threads.” Often, a thread is started by someone asking a technical question, followed by replies
by others who attempt to discuss and answer the
question. 183 threads were started by Nokia affiliates,
while 931 mails were replies to an existing thread.
Non-Nokia participants, on the other hand, started
1,670 threads and posted 4,010 replies. A chi-square
test of the frequency contingency table confirms that
Nokia participants differ significantly in the thread
start/reply frequencies from non-Nokia participants:
Nokia members were more likely to post a reply to an
existing thread rather than start a new one.
Besides discussing development, there is also a
Maemo user mailing list which serves to support general user discussion. This list follows similar patterns
although it is less frequented than the developer mailing list. Its number of postings per month ranged
from 3 to 253, with a median of 133 and a mean of
127 mails. As can be expected, user-related discussions started to pick up after the device was introduced to the market in November 2005, whereas development discussions preceded this point. Our analysis shows that 511 participants contributed to the
list, 6.46% of them from Nokia. Only two out of the
top fifteen posters identified themselves as belonging
to Nokia. 10.9% of all mails were sent from Nokia
employees. These started 29 new threads and replied
to 220 existing threads. Non-Nokia participants, on
the other hand, started 775 new threads and sent
1,510 mails to existing ones. Also on the user mailing
list, a chi-square test confirmed that Nokia affiliates
were significantly more likely than non-Nokia participants to reply to existing threads rather than start
new ones.
Our brief examination of the Maemo community,
including source code development and technical and
user discussions, supports the statement that the development of the Nokia Internet Tablet is an implementation of private-collective innovation. Large
parts of the product are a public goods innovation and
Nokia employees as well as external individuals and
organizations expend considerable private resources
(time, knowledge, and technology) to contribute to
the innovation. In the mailing list geared towards development, more than 80% of all emails were sent by
non-Nokia affiliates. In the next section, we present
the findings from the case study.
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Findings
The following section presents findings on the implementation of private-collective innovation in the
case of the Nokia Internet Tablet development. The
aim of this section is twofold: first, we illustrate a
case of private-collective innovation with empirical
data, providing specific benefits for the company involved. The findings confirm the six conjectures on

benefits derived above from the existing literature
and additionally identify a benefit in the case: faster
time-to-market. In addition, we extend the model of
private-collective innovation, highlighting the hidden
costs related to the implementation of private-collective innovation and strategies to mitigate these costs.
The benefits and costs of this extended model are
summarized in Tables 2 and 3.

Benefits

Findings in the Nokia case

Low knowledge protection costs

Revealing source code rather than protecting it; however, undetermined
costs for revealing.

Learning effects

Collaboration with external firms and individuals

Reputation gain

Increased attraction of Nokia as an employer and for building their own developer community

Adoption of innovation

Standard setting of the platform configuration

Increased innovation at lower costs

Reuse of open source software, outsourcing of software testing and bug fixing and maintenance to open source communities. Experimentation and contributions of new applications by lead users

Lower manufacturing costs

No licensing fees for software platform

NEW: Faster time-to-market

Tapping of distributed technology expertise and high flexibility of software
platform

Table 2: Benefits in the implementation of Private-Collective Innovation and findings in the Nokia case

Cost

Findings in the Nokia case

Mitigation strategy

Difficulty to differentiate

Released source code can be
reused by competitors

Partial revealing of source code to retain
control of look and feel

Guarding business secrets

Plans for new products

Selective revealing of future plans and protection of information through NDAs

Reducing community entry barriers

Investments for Software Development Kit, preview version of platform, device program, staff for community management, and increased
communication effort

Sharing the costs with other actors in the
community

Giving up control

Development direction such as
Hiring of key developers and participation
scope of functionality of open source in upstream communities. No single vendor
projects is controlled by external
controls platform
parties

Organizational inertia

Required internal restructuring of
processes

Adapting and opening up processes

Table 3: Costs and possible mitigation strategies in the implementation of Private-Collective Innovation
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Benefits in implementation
First, considering the reduced cost of knowledge
protection, product development managers at Nokia
were conscious that costs stemming from protecting
proprietary knowledge and costs of voluntarily revealed knowledge imply a trade-off. For the Internet
Tablet platform, Nokia decided to keep some components proprietary, while developing other components
as open source software. According to the interview
with N1, about 25% of the software is unmodified
open source software. Another 50% consists of existing open source code to which Nokia made improvements or adaptations and which was again released
under an open source license. Only 25% comprises
closed code that Nokia either implemented from
scratch or which is closed commercial (proprietary)
software from a commercial vendor. N1 stated a reason for not releasing source code under an open
source license was that Nokia wanted to keep control
of the look and behavior of end-user applications,
rather than fearing a loss of valuable knowledge. Disclosing the knowledge was not free either, all source
code had to be checked by Nokia's department to ensure that Nokia did not reveal intellectual property or
patents they did not have the right to. Altogether, it
remains unclear whether Nokia saved costs by revealing knowledge rather than spending effort to protect
it. Nokia seems to see it as beneficial:
“We have evidence that some of our competitors
are now looking at our code and they are investigating if they could use our code in their products. You
might say that we help them now to get their products
out fast. [...]But if we had not put it out then we could
not have used the OSS communities who have already helped us to develop that code.” (N1)
Second, Nokia obtained learning effects by experimenting with open source software technologies
and by collaborating with contractors, firms, and volunteers. The platform had started as a research

project within Nokia, seeking to explore new possibilities with open source components in order to
build new competences. Although the company could
have chosen a commercial open source software integrator such as Red Hat or Montavista, delivering
ready-made solutions in order to release a new product quickly, Nokia decided to learn about the novel
technologies internally in order to gain the potential
for future innovations. N3 reported:
“[We wanted to make] something that is more
than just putting a product into the market through
learning about the possibilities of leveraging open
source in deeper and more substantial ways. As a result, we didn’t take the quick and simple approach,
we went a little bit deeper and we learned more.”
Building upon technologies developed mainly by
external contractors and volunteers implied that many
outsiders, rather than the internal research and development staff, had the most intimate knowledge of
certain software components. The interview with
contractor C2 revealed that in the beginning, Nokia
tried to solve technical issues internally. However,
when the company faced severe time pressure on a
product launch date, it would outsource the request to
a trusted external firm which specialized in the area
of technical development. For specific parts of the Internet Tablet software, Nokia contracted several small
enterprises with experience in open source components (see Table 6). Working with these experts and
listening to feedback from the Maemo community
helped Nokia to rapidly learn new open source technologies and how those were produced by their communities.
Nokia’s strategy was deliberately focused on
small companies, rather than on a few, large contractors. Collaborating with small firms all over Europe
enabled Nokia to fill gaps in the company-internal
technical knowledge needed for development, while
still retaining control of the core software architecture
by having internal experts in these areas (C2).

Company

Expertise

Country

KernelConcepts

GPE and Embedded Linux

Germany

OpenedHand

Matchbox

United Kingdom

Collabora

Telepathy

United Kingdom

Imendio

GNOME and D-BUS

Sweden

Fluendo

GStreamer

Spain

Movial

Scratchbox

Finland

Table 6: Some contractors to Nokia in the software development process
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In addition to learning about the technologies in
use and acquiring the skills to work with them, Nokia
learned to cooperate with a diverse community of
employees, volunteers, and contractors rather than relying on contractors only who could be forced to
keep schedules and timelines:
“It’s all about the process... You develop this
openly within the communities and you try to synchronize your own work with the heartbeat of the
communities. Some companies now understand this
better than others. We certainly have done our learning. We have made some mistakes too on this front.”
(N1)
For example, one of Nokia's major learnings concerned the early decision to independently continue
development of the GIMP Toolkit (GTK), a collection of software constituting the core of the graphical
interface. Among others, C3 stated “the disadvantage
of doing this of having a forked or large patch was
experienced by Nokia.” By following a separate development stream Nokia became disconnected from
the code maintenance effort by the community and,
thus, realized they had to move their changes back
into the main open source project as architecture team
leader, N3, reported:
“It was also a learning field that we had to go
through. If we had known then what we know today,
we would have been able to do it without such a
large patch. We would have been able to do more directly upstream in technically better ways with less
effort for changing code.”
Third, the growing commitment to open source
software development led to a reputation gain for
Nokia, and interviewees V2, V3, and V4 suggested
this led to the increasing attachment of volunteers
and recruiting benefits. Particularly the openness of
the Maemo platform encouraged volunteer users and
developers to buy such a device, to improve the operating system, and to create applications on top of it.
Nokia was accredited with pioneering development
of an open embedded platform by users who enjoyed
running applications from third parties as for example
V6 stated:
“Yeah, I definitely have a more positive view of
Nokia this way. Especially, I think they are handling
the open source interaction quite well. I think they
are quite a good open source citizen.”
For Nokia, recruiting active open source contributors enabled them to select the best individuals based
on their prior contribution to the various projects that
constituted the development of the Internet Tablet. In
some cases, Nokia directly contacted skilled open
source software developers and invited them to apply

for jobs. Thus, most of the Nokia employees working
on the Internet Tablet were previously active participants in open source projects and known to the Nokia
managers through prior collaboration. This fact reflects that for many, Nokia became an interesting
company to work for, as C1 testified:
“At that time, it was a dream come true. I did not
have a good job. I was spending all my spare time
hacking Matchbox [window manager of the Internet
Tablet]. I was really enjoying it. And then you’re given a chance to get paid to do that full time. It was
pretty fantastic and an amazing piece of luck.”
According to interviews with Nokia development
managers, Nokia employees selected through the
community were highly motivated to continue to
work on technologies they already knew. Possibly intrinsic motivation, such as fun - often a primary cause
of contributions to open source development - played
a role in their continued high-level efforts (see e.g.,
Luthiger Stoll, 2006; Torvalds and Diamond, 2001).
Fourth, the private-collective innovation model
proposes that being first to contribute a public goods
innovation increases the likelihood of fast and widespread adoption of the innovation. According to the
interviews, since the community was already familiar
with underlying technologies, adapting existing applications from other projects to the Internet Tablet
platform proved a relatively easy task. Nokia also invited competitors to participate in the creation and
use of their platform, citing a “the more the merrier
approach.” By initiating a vendor-independent embedded software platform intended for use in other
mobile devices, Nokia made it easier for volunteers,
contractors, and competitors to contribute. Spreading
the innovation and inviting others to participate was
seen as crucial:
“We believe the world is changing and the competitive advantage comes from how many others you
can get to participate in this network.” (N1)
In fact, in July 2007, Intel announced they were
adopting the Internet Tablet's user interface framework Hildon into their new product category called
Mobile Internet Devices (Paul, 2007), which will
eventually lead to a higher developer and user basis
of Nokia's Maemo platform.
Fifth, by contributing to public goods innovations
firms can lower the cost of innovation. Building on
existing and mature technologies which could be integrated into the new hardware, Nokia enabled the development of a solid, yet cheap operating system for
embedded platforms. Collaborating within existing
open source projects allowed Nokia to benefit from
the collective programming efforts:
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“So what is happing in the D-BUS, in the GTK, in
the GStreamer, in the Linux kernel is that I put two
guys there, IBM puts two guys, Motorola maybe puts
one guy, maybe Novell puts a couple of guys. So for
the price of two guys, I get four or six guys working
on the same problem.” (N1)
Additionally, the company benefited from voluntary contributions leading to enhancements of the device. The volunteers contributed several innovations
including applications, user interface improvements,
translations, bug reports and fixes, testing different
peripherals, and making feature requests. Letting volunteers experiment with the software also created
“proof of concepts” which enabled innovations previously seen as unrealistic by Nokia engineers (V3).
One example of this is the swap memory enhancement (using the flash memory as extended virtual
memory) which was initiated by volunteer V4 and included in a subsequent official version of the Internet
Tablet's operating system. Thus, the likelihood of
finding a “killer application” (see e.g., Downes and
Mui, 1998) in the process (by evolution or sheer
luck) increased. An open source software developer
observed:
“I think from my point, if you let people change
things [...] and document them and open them up so
people can hack their own stuff, you never know what
is going to happen, what kind of things people are
going to write for your device which ultimately could
make it sell millions and millions if someone writes
the killer application for it.” (C1)
As such, both the costs of innovation were kept
low and ideas which would not have been developed
otherwise could be tested and integrated:
“I can develop, say, twenty ideas a day and this
community can develop a hundred ideas a day. So it’s
more important to be part of the community with a
hundred ideas than by yourself with twenty ideas.”
(N1)
Investigating the software architecture, we found
most contributions by volunteers were separate applications which could be installed independently from
the core operating system. The interviews showed
that volunteers who made such contributions showed
high commitment to and responsibility for their work,
listening to user feedback and, in some cases, when
others demanded it, even enhancing their software
against their personal belief of the usefulness of the
features (explained by V2). Through their contributions and feedback from users, volunteers slowly
gravitated towards more development work in the
community.

Sixth, supply by anyone of public goods innovations to the market enables manufacturers to learn
about innovations and, thereby, reduce costs in manufacturing. This conjecture indicates particular benefits private-collective innovation in software offers to
computer hardware manufacturers (von Hippel and
von Krogh, 2003). Through choosing a software platform which is available under an open source license
as indicated, Nokia reduced fixed costs related to research and product development. Nokia manufactured and sold the Internet Tablet, but the product's
functionality and, thus, ability to fulfill user needs
were to a large extent shaped by the users themselves.
User-developed applications, such as mapping and
navigation software, could easily be installed by the
end users themselves for free, keeping Nokia's costs
down. Interestingly, in addition to fixed cost reduction, Maemo also has a positive impact on variable
costs in manufacturing since Nokia did not have to
pay a per-device license fee to an intellectual property owner. For example, at the beginning of 2006, a
comparable proprietary operating system, Symbian,
demanded USD 7.5 per device for the first 2 million
units.
In addition to confirming theoretical conjectures
on benefits, one more benefit emerged in the study
that should be considered crucial for private-collective innovation: faster time-to-market. Using external, modular technologies not only impacted on costs,
it also led to the creation of a new operating system
working on a new hardware platform in a short time.
According to interviews with N1 and N3, this fast development created flexibility which, combined with
user feedback of pre-releases, allowed for a quick
time-to-market compared to other devices the company had launched.
However, integration of the numerous open
source components into a executable environment is
very challenging as, for example, C3 explained. One
way to rapidly tap into this knowledge of open source
communities was achieved by Nokia's strategy of
contracting open source developers and small firms –
the “bridges between Nokia and the communities”
(N3):
“It’ll get done quicker and probably better if they
pay us to do it. [...] Over the years we have been involved, we have so much experience and knowledge,
we know all the tricks. We know how to get things
like X and Matchbox up and running quickly on
hardware. We are just basically selling that knowledge as well. Although they could very well likely figure it out themselves, we just can get them there a lot
quicker.” (C1)
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Costs of implementation and strategies to mitigate these
While the benefits of private-collective innovation
have been spelled out previously, the hidden costs of
implementing the model have been neglected in previous work or remain unknown. In this section, we
present the findings from the case study along five
categories of costs together with Nokia's strategies
(where applicable) to mitigate these. First, when software is freely available even to direct competitors, it
is possible for current and future competitors to design clones that look like and behave in a very similar
way to the original product. Competitors are in the
position not only to imitate but to replicate the product (see Kogut and Zander, 1992). This potential lack
of differentiation of products represents a cost to the
firm as it forfeits an opportunity to gain competitive
advantage (Granstrand, 1999). Such reuse of open
source software is completely legal and, in fact, took
place as explained in this illustrative example:
“The OpenMoko actually bases on our stuff. [...]
the Moko window is a kind of base window for their
applications I think. There in the comments of the
source file you can find that this is based on the
Hildon window by Nokia. They even have this copyright “Nokia corporation.” So they are based on our
stuff. But, on the other hand, our stuff is not that revolutionary. I mean that’s how it goes. We base on
somebody else’s stuff too.” (N4)
Nokia’s strategy to mitigate this cost was to selectively open up its software development. Figure 1
(see above) visualized how Nokia revealed the middle layer of software, the basic infrastructure, under
an open source license, while keeping parts of the
bottom layer (hardware specific software) and much
of the user-visible applications under their own proprietary license. N1 argued that it wanted to ensure a
unique “Nokia look” by retaining control over applications, for example of the device's email program. In
doing so, they kept crucial parts closed (e.g., power
management and other hardware drivers) and prevented replication of these parts by competitors. In all
the interviews conducted with volunteers, the respondents demonstrated understanding for Nokia's decision to selectively reveal source code, although some
stated their strong preference for releasing all software under an open source license.
Second, Nokia was concerned with potential costs
stemming from losing business secrets, such as plans
for future devices. In order to mitigate these costs,
Nokia revealed knowledge in terms of software but
kept future key product innovations and business figures, such as devices sold, number of employees, or
investments expended, confidential. For the develop-

ment of new software features, they contracted several small enterprises or even motivated individual volunteers with unique knowledge critical to the development of the Internet Tablet to sign a NDA. The
NDA protected Nokia against the leakage of information about planned new product developments. The
agreements effectively created a three-tiered community of people “who knew,” which meant Nokia insiders, “those with a clue,” which meant contractors,
and the “regulars” (C3). However, this information
imbalance led to strong tensions for Nokia with its
external community members. Thus, Nokia hired N9
e.g., in order to update the technical roadmap of the
Internet Tablet with all the information necessary for
software developers.
Third, in order to facilitate the increasing involvement of volunteers, Nokia needed to carry the costs
of reducing community entry barriers. The company invested in the creation of a Software Development Kit that enabled new volunteers to easily start
development for the Internet Tablets. It is common
practice for software manufacturers to provide such
an SDK at high costs (Jacobson et al., 1999). However in the case of the Internet Tablet, Nokia offered the
development tools for free. In order to allow volunteers to adapt their software for upcoming platform
releases, Nokia also offered a development snapshot
of their work-in-progress (often including software
for yet unannounced features) which could be used to
ensure that an application would also run on future
releases. Employees were sent to related conferences
in order to increase awareness of the platform and answer questions from current and future volunteers
and contractors. Additional staff, such as “community
representative” N9, were hired in order to communicate between Nokia internal developers and the external community members. In order to mobilize more
volunteers to join the Maemo community, Nokia sold
1,500 heavily subsidized devices to active open
source developers. While such direct costs by Nokia
cannot be mitigated easily, investments in community
building, knowledge diffusion, and marketing may be
lower in the future through sharing the effort with
other community members. Some interviewees explained that, for example, with increasing popularity,
well-integrated Maemo community members started
to support new volunteers who were getting involved
in the development process.
Fourth, by contributing source code to open
source projects which were not managed by the company, Nokia gave up control of the future development direction of core technologies deployed in the
company's hardware. According to N1, the company
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traded having full control of the technology for participation in joint development, thus benefiting from
sharing the cost of innovation with outsiders. For example, GTK was originally intended for use on desktop PCs, and according to interviewees N1, C1, V2,
V4, and N3, it was necessary to adapt GTK to the
low resource environment of the Nokia Internet
Tablets by decreasing memory consumption. In order
to regain some control of these critical software components, Nokia hired key developers from the GTK
community and contracted small enterprises with
deep knowledge in this area. According to N3, the
contribution of code improvements and modifications, combined with a meritocratic organization of
the projects involved, gave Nokia enough influence
on the direction of software development. Yet, the
practice of contracting developers from incumbent
communities such as GNOME in order to gain reputation and control raised concerns from some Maemo
community members as to how Nokia would influence the future of the projects. For example:
“Obviously when they are sponsoring a project,
then they are going to have some control over the direction and what gets into it. [...] I think, they truly
want to work with the community and want to keep
them happy as well, so it’s all a bit of give and take, I
suppose.” (C1)
The situation was different for projects that were
initiated and controlled by Nokia itself. According to
C3, Nokia granted only write-access to its software
repository to its employees, thus retaining control of
the actual published source code. It is worth noting
that this strategy created some tensions in the community, with the non-Nokia members complaining
that they could not help or contribute if they did not
know about the future direction of the software development or about the estimated timeframes of future software releases. The Maemo community tried
to influence Nokia's behavior, mostly through providing intense feedback on mailing lists. For instance, in
2000 Nokia released a new version of the Maemo
platform as a binary download as V4 remembers.
However, Nokia did not publish the source code at
the same time but staved off the community by arguing that the legal department needed three more
weeks to clear the code for reasons of intellectual
property protection. A strong, negative reaction from
the community taught Nokia to proceed differently
next time, releasing both binary and source code simultaneously. Sanctions on the part of the community
were mainly “withdrawal of love” and the “threat of

forking.3” When attempting to balance control and
openness, Nokia considered the threat of defection of
volunteers to other open platforms used by emerging
competing “open devices.”
Fifth, since the private-collective model of innovation incentives breaks with the traditional privateinvestment model that is prevalent in industry, it is
reasonable to expect that the implementation of the
model in an established firm incurs costs of organizational inertia (see Sorenson and Stuart, 2000).
Since the Internet Tablets also include software written by third-party vendors, Nokia needed to ensure
that their software revealed to the Maemo community
did not infringe on intellectual property rights. As
mentioned above, interviewees commented that
Nokia's internal approval of open source software
was slow and bureaucratic. In addition, the complex
internal processes of a large multinational organization often made it difficult for Nokia's developers to
collaborate with external open source projects. One
interviewee commented:
“The biggest problem is that Nokia is a very big
company and that Maemo is a very small group. I
think it’s like ten or twenty people in total working on
it. A lot of software which they use on the 770 is developed in some other groups in Nokia. For example,
the movie plug-ins and MP3 plug-ins. Those are the
same I think as they use on their phones in Symbian.
So that’s a Symbian decision. You can’t tell the Symbian people to use that bug system instead of the internal bug system. They would say, 'Why?' ” (V1)
Nokia employees also commented that the internal Nokia firewall would not allow connection to the
official developer chat room of the Maemo community, which was located outside Nokia’s network. In order to mitigate the costs of organizational inertia,
Nokia employees stated that they would work on a
case-by-case basis to remove obstacles. Employees
were, for example, assigned to make sure that entries
in the external, publicly accessible bug tracking system would be paid attention to.
Altogether, Nokia managers were conscious of the
trade-offs between revealing knowledge and technology and the benefits from participating in private-collective innovation. The following statement summarizes well the experiences had regarding the tradeoffs between cost and benefits in the model:
“Some people might say that one of the problems
is that you are leaking and giving out your secrets
3
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and so forth, but it’s more like a trade-off. What is
more important to you: to give some of your secrets
an internal work-out or how much help in creating
these products you get for free. I think, if you calculate, you are far more on the positive side when you
decide to share.” (N1)
Discussion and conclusion
In this paper, we identified a research gap in the
literature on private-collective innovation (von Hippel and von Krogh, 2003; 2006): little is known about
the implementation by firms of the private-collective
model of innovation incentives. We argued that the
implementation of the model will be associated with
benefits, “hidden” costs, and strategies to mitigate
these. In order to examine and extend the model
through empirical work, we employed a case study
design. Using quantitative and qualitative data, we
demonstrated that the development of the Internet
Tablet is a case of private-collective innovation.
Next, we analyzed data from several sources in order
to identify benefits and costs incurred in the implementation of private-collective innovation and strategies by Nokia to mitigate these costs.
Nokia launched the Internet Tablet as a privatecollective innovation project and as a low-cost probe
(Brown and Eisenhardt, 1997). At the time of product
launch, neither a product category nor a market for
these devices existed. Rather than following existing
market demand, Nokia targeted technology pioneers
to find out who would use the Internet Tablet and
how it would be used in real-life applications (similar
to what Zander and Zander, 2005, called “exploiting
the inside track’). Nokia opened up the product's software using externally developed open source technologies, allowed for and encouraged contributions
by outsiders and, in the process, created a new market
for a product it had envisioned. When the product
proved successful, Nokia moved from targeting technology pioneers towards the mainstream market with
the subsequent release of the Internet Tablet N800
and N810.
This study confirmed most incentives to innovate
identified in previous literature (von Hippel and von
Krogh, 2003; 2006). It remains inconclusive whether
Nokia saved knowledge protection costs by revealing
most of their software. However, the company gained
skills and knowledge through collaborating with outside volunteers and contractors and, thus, also acted
as a system integrator coordinating a loosely coupled
network of component providers (see also Brusoni et
al., 2001). As the main contributor in the project,

Nokia enjoyed reputation benefits both as an attractive employer and as an “open-source friendly company” amongst open source software developers who
contributed software to the platform. By creating the
vendor-independent GNOME embedded platform
and inviting competitors to contribute and use the
software platform, Nokia facilitated the adoption of
the software as a common platform for embedded devices. Moreover, Nokia built upon existing technology and took advantage of users' previous contributions to open source software projects. By taking advantage of existing open source components, Nokia
managed to create a complete operating system with
only a handful of developers and was able to integrate ideas and improvements from other Maemo
community members. In terms of costs, Nokia's manufacturing could benefit from low cost software development and avoided paying the common per-device license fees. Finally, our study found that increased flexibility and a faster time-to-market is a
benefit in implementing private-collective innovation.
Thus, although the six benefits at first glance
make it rational for the firm to choose private-collective innovation amongst alternative models, previous
work also raised the awareness of unintended consequences or “hidden costs” resulting from implementing private-collective innovation. For example, in order to obtain outside contributions, a firm may need
substantial investments in documenting the released
software, training potential contributors, and developing online tutorials. These costs of implementation
may offset the benefits to private-collective innovation4.
We briefly reviewed literature that indicated “hidden costs” associated with the implementation of
novel innovation models (Crawford, 1992; Kessler et
al. 2000; Smith, 2004). The study found that the implementation of the private-collective model of innovation incentives in Nokia's development of the Internet Tablet incurred costs and that the company found
strategies to mitigate these. In particular, the potential
lack of product differentiation as well as revealed
business secrets incurred costs to the company. Nokia
mitigated these costs by selectively revealing knowledge and technology. Another cost concerns the lowering of entry barriers to the Maemo community. The
company invested in several measures to reduce such
barriers, including discounted devices and a free
4
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In addition, Osterloh and Rota (2004) pointed out that the
mere presence of a firm in private-collective innovation
may “crowd out” intrinsic motivation by voluntary contributors (e.g., fun and enjoyment).
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SDK, as well as allocating employees responsible for
community communication in order to attract further
volunteers. Moreover, using technologies that are
partly maintained externally has the advantage of
shared innovation costs but implies giving up full
control of the future development of that technology.
Through hiring key developers of software for the
product, Nokia regained some influence and control.
Internal processes sometimes proved inadequate to
enable a transparent and open development process,
incurring some delays and costs as well as frustration
in the community. Nokia acknowledged this challenge that the interviewees described as a “learning
process.”
The extended model of private-collective innovation provides additional insights for researchers.
First, implementing private-collective innovation
may enhance organizational learning and renewal, in
addition to being a form of “open product development” (Chesbrough, 2003). During the development
of the Internet Tablets, Nokia adapted and learned to
work with a community of volunteers. An open research question is to what extent such learning can
enable firms to work with outside volunteers across
generations and categories of products. Second,
Harhoff et al. (2003), modeling the payoff for innovators to freely reveal their innovations find that one of
four conditions, “greater generality of the
knowledge,” reduces the likelihood of free-revealing
by the innovator (see also Muller and Pénin, 2006).
However, this case study showed that much knowledge revealed proved to be generic frameworks: it
laid the foundation for a generic embedded Linux
desktop environment. More specific components,
such as power management and some end-user applications were kept proprietary. This contradicts
Harhoff’s et al. findings and the issue of what kind of
knowledge is likely to be revealed under what conditions requires more attention in future research.
Limited by its design, the current study can only
generalize findings to theory. The extended privatecollective innovation model provides a set of benefits, costs, and mitigation strategies that must be tested on a larger sample in future research using crosssectional as well as longitudinal designs. Thus, it will
be important to garner insights on technological, industry, and market conditions that provide different
levels of benefits and costs of innovation. For example, in industries of non-virtual goods or where product development constitutes a minor share of fixed
costs in production (e.g., cement manufacturing),
companies may find it more attractive to pursue private-investment innovation. Moreover, if innovation

is largely based on tacit knowledge acquired through
extensive and costly apprenticeship (e.g., luxury
goods), volunteers who join product development
products may be rare. Future research will also have
to investigate the impact of company age and size on
the innovation incentives in the private-collective
model. As we found in the case of an established
company, the process represented costs of organizational inertia.
Managers who want to experiment with flexible
solutions, while keeping their own product development costs low, should investigate ways to implement
private-collective innovation. Sharing development
costs and enabling contributions from third parties, as
well as boosting organizational learning, are powerful
reasons why the model is attractive in practice. However, there are potential “hidden costs” in implementing the model. Learning from Nokia's successful approach, managers should think ahead about possible
costs and create strategies to mitigate them. The experience from the development of the Internet Tablet
provides possible mitigation strategies.
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Collaborative digital innovation projects often involve a sponsoring firm and voluntary, unpaid participants. While important to both the firm and the participants, such projects are challenging because participants are not exposed to pay or career-related incentives offered by firms. Recently,
various research projects have focused on the motivation of voluntary participants in innovation enabled by digital technology, for example, open source software projects. However, little is known
about how the sponsoring firm affects this motivation. In this paper, we use a self-determination
framework of motivation (intrinsic/extrinsic motivation) and research on developers’ motivations in
open source software, to create a model that explains how perceived firm attributes impact on participants’ motivation. We test the model with data from two collaborative digital innovation projects
sponsored by Nokia and OpenMoko Inc. Both projects are formed around the development of mobile consumer devices. We found that attributes of the sponsoring firm as perceived by individual
participants affected both their intrinsic motivation and the effort they invested in the project.
Among firm attributes, corporate credibility mattered most, while the perceived level of information
revealed by the firm had a moderate impact on motivation. Finally, no effect on motivation and effort was found for the degree to which participants perceived that they had an influence on the firm.
In summary, the effort voluntary contributors invest in firm-sponsored projects seems to be a function of both extrinsic and intrinsic motivation.

Introduction
In many industries, such as software, computer
hardware, or the media, firms increasingly invest in
collaboration with outside communities of participants who often seek personal rewards in return for
voluntary contributions to digital innovation. Firms
benefit from such collaborative digital innovation

through learning about new technologies, increasing
their reputation, lowering the cost of product development, obtaining useful information about user
needs, and decreasing the time to market (Stuermer et
al., 2009; Henkel, 2006). At the heart of this collaboration are digital technologies, such as the Internet,
which mitigate the time spent and costs of communi-
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cating and coordinating work with outsiders, and
therefore enhance the resulting benefits for firms and
communities (Kogut, 2003; Osterloh and Rota,
2007). Open source software (OSS) is a case in point:
firms (e.g. IBM, Nokia, Hewlett-Packard, Sun Microsystems, or Oracle) draw upon the contributions
of hundreds of thousands of volunteer software developers, creating open source software that runs on
hardware sold by these firms or in conjunction with
their other software products or services. A prerequisite for collaborative digital innovation is a community of highly motivated participants (e.g., Kogut and
Metiu, 2001; von Hippel, 2005).
In a recent literature review on collaborative digital innovation and open source software development, von Krogh and von Hippel (2006) show that a
fast-growing stream of research focuses on participant motivation. The authors conclude that most of
the existing literature examines the motivation for
OSS developers in general, without taking into account how a given project’s context shapes and influences the participant’s motivation. Although many
scholars recognize that firms sponsor OSS projects
and collaborate with communities of project participants (Dahlander and Wallin, 2006; Shah, 2006; Osterloh and Rotha, 2007), little is known about how
participants’ perception of the firm and its involvement in the project affect their motivation to contribute. Yet, there are at least three reasons why the perceived attributes of a firm might affect people’s motivation to participate in digital innovation projects and
contribute on a voluntary basis.
First, prior studies in organizational psychology
have provided many examples of how employees’
perception of their work context affects their willingness to show high effort for a firm (e.g., perceived
procedural and distributive fairness, perceived organizational support, perceived fit between personal
and organizational values, level of participation)
(e.g., Rhoades and Eisenberger, 2002). This is particularly true for voluntary behavior that extends beyond what is written in a formal job contract. On the
one hand, so-called “extra-role” or “organizational
citizenship behavior” (e.g., Cohen-Charah and Spector, 2001; Coyle-Shapiro, 2002; Organ and Moorman,
1993; Organ et al., 2006; Robinson and Morrison,
1995) is particularly likely when persons perceive a
firm as fair, nurturing, and pursuing values similar to
the employee’s own. In addition to reciprocity processes (e.g., Blau, 1964), these effects can be additionally amplified by individuals’ affective commitment to and identification with the organization (e.g.,
van Dick et al., 2006). On the other hand, voluntary

engagement can be expected to be low when a firm
and its actions are perceived as unfair, exploitative,
and in conflict with personal values or the values and
norms of a community to which an individual belongs. Since voluntary engagement in collaborative
digital innovation projects resembles organizational
citizenship behavior, the predictors of this voluntary
engagement might also be similar.
Second, as Dahlander and Magnusson (2005) argued, sponsoring firms exert influence on the community of participants for commercial and strategic
reasons, such as ensuring that the collaboratively developed technology provides a sufficient level of economic benefits. The firm may attempt to make the
technology compatible with other software or hardware, or to add features that are of importance to the
firm but not necessarily wanted by the community.
One strategy to influence the developer communities
is to finance “men on the inside” of the community,
who contribute to the collaborative digital innovation
(Dahlander and Wallin, 2006). Yet, little is known
about how such strategies are perceived by participants, and how they affect their motivation. However,
the heated discussion of perceived attempts by commercial software firms to interfere with OSS development (e.g., Feller and Fitzgerald, 2002; Raymond,
1999) suggests that the consequences for their motivation may be rather negative.
Third, Gruber and Henkel (2006) showed that
companies expect to increase their reputation when
they reveal source code and other knowledge to the
community of participants. Yet, an empirical question
is to what extent such activities yield the expected effect, as well as higher effort from the participants.
In this paper, we develop and test a model that
predicts participants’ contribution to collaborative
digital innovation as a function of the motivational
consequences of their perception of the sponsoring
firm. In creating the model, we draw upon research
on collaborative digital innovation processes and motivations in OSS development, as well as a self-determination framework. To test the model, we designed
a cross-sectional survey study that was conducted in
two communities of collaborative digital innovation
projects: the Maemo project, developing software to
run on Nokia’s Internet Tablet devices N800/810, and
the OpenMoko project, developing software for
OpenMoko mobile phones. The results revealed that
participants’ motivation was not affected by the perceived accessibility of the firm and the perceived influence they had on the firm. However, participants’
motivation was significantly affected both by the degree of knowledge and information revealed by the
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firm and by the perceived credibility of the firm, the
latter showing the strongest effect.
Our study makes two important contributions to
the literature. First, we advance the emerging work
on participant motivation in collaborative digital innovation by integrating participants’ perception of
firm attributes as additional predictors of their level
of contribution to the project. Second, we contribute
to the literature on collaborative digital innovation by
exploring how the effects of firm strategies might impact community participants’ motivation, and in turn
affect innovation outcomes. From this study it can be
concluded that perceived firm attributes strongly affect the extent to which participants contribute to collaborative digital innovation. We provide extensive
evidence for the conjecture that firms need to manage
their “image” (Dutton et al., 1994; Dutton and Dukerich, 2006) in collaborative digital innovation, and
devote particular attention to their credibility as perceived by the individual developer.
In the next section, we start with a brief literature
review and develop the research model. The third
section presents our sample and research design, and
the fourth section presents the results. Finally, we discuss implications of the study for theory, future research, and practice.
Development of the Research Model
Phenomena such as OSS projects have opened
new and unprecedented access for researchers to
large amounts of data that enable a thorough investigation of a plethora of management and organization
theories (e.g., Fleming, 2001). A recent review of research on collaborative digital innovation and open
source software grouped this work in three streams;
the motivation of voluntary and often unpaid participants, the process of collaborative digital innovation,
and the competitive dynamics resulting from the
availability of products with public good’s characteristics in the market (von Krogh and von Hippel,
2006). The two first streams are relevant for the current study.
Initially, characterizing open source software as a
public good that is non-exclusive and non-rival,
Lerner and Tirole (2002) asked why top-notch software developers contribute to creating it for free.
With a traditional understanding of homo economicus, where humans seek to maximize economic benefits, such behavior is difficult to explain, even when
advantages for personal career development are taken
into account. The question initiated a fast-emerging
stream of research using various frameworks, most

frequently including intrinsic motivation as well as
extrinsic motivators.5 Intrinsic motivation (e.g., Deci
and Ryan, 1985) is given when people perform a task
for its own sake, because it is inherently joyful (they
feel capable and competent, and have fun) and satisfies explorative needs (learning new things, personal
growth). Extrinsic motivation, on the other hand, is
given when people perform a task for incentives or
outcomes that are distinct from the task itself, such as
making money or advancing their career by gaining
reputation as software developer. Given that many
developers work without direct financial remuneration, the inclusion of intrinsic motivation has been
quite useful to capture a broad range of motives in
OSS development (Hars and Ou, 2002; Lakhani and
Wolf, 2005; Roberts et al., 2006; Wu et al, 2007). Indeed, Lakhani and Wolf (2005) presented data showing that intrinsic motivation affected work motivation, in addition to extrinsic motives. Lakhani and
von Hippel (2003) showed that participants’ experience of competence and fun during support tasks was
significantly related to their willingness to help users
of open source software. Roberts et al. (2006)
demonstrated the central role of intrinsic motivation
in a longitudinal study of the Apache project.
As observed by Lerner and Tirole (2002), open
source software is a successful outcome of collective
action by people who may or may not be paid for
their contributions. While organization theory mostly
construes innovation as hinging on work by firm employees (e.g., Miller and Friesen, 1982; Kogut and
Zander, 1992; Zenger and Hesterly, 1997), open
source software is an interesting phenomenon for the
study of complementary intrinsic motivation in collective action (e.g. Lakhani and Wolf, 2005; Hars and
Ou, 2002).
In addition to research on the motivation of participants, academic work has also focused on the processes within collaborative digital innovation
projects, including coordination and governance, the

5
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Alternative frameworks are often closely related to the distinction between intrinsic and extrinsic motivation. For example, building on Feller and Fitzgerald’s taxonomy
(2002), Bonaccorsi and Rossi (2006) separate economic,
social, and technological motivation. Economic motivation and extrinsic motivation are similar, and social motivation resembles intrinsic motivation. In addition, “technological motivation” includes benefits from learning and
working with a new technology. A broader and more integrative framework is provided by Hemetsberger (2004),
who viewed motivation as “self-interest” and “others-orientation” and Hertel et al. (2003) who used a model of
voluntary action in social movements proposed by Klandermans (1997), including collective, norm-oriented, reward, and identification motives.
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knowledge and roles of developers and users, the
structure of communication, or the evolution of technology (e.g., Franck and Jungwirth, 2003; von Krogh
et al. 2003; Kuk, 2006; MacCormack et al., 2006; Osterloh and Rotha, 2007). Recently, several authors
have analyzed the economic benefits for firms participating in collaborative digital innovation and OSS
development and have concluded that firms “sponsor” collaborative digital innovation (Shah, 2006) to
lower the cost of development, accelerate introduction of a new product into the market, diffuse a technology, obtain new information about user needs, or
improve product quality (Bonaccorsi and Rossi,
2003, 2006; Dahlander and Magnusson, 2005; Lerner
and Tirole, 2005). On the one hand, a sponsoring firm
can pay developers to perform certain tasks and support projects in other ways, financially or with a technical infrastructure. On the other hand, in order to realize economic benefits, the sponsoring firm might
influence the innovation process and developer community by controlling the knowledge revealed to the
community (e.g., Harhoff et al., 2003), by providing
or restricting access to the sponsored project and its
source code (e.g., West and O’Mahony, 2008), and by
building credibility within the developer community
(e.g., Dahlander and Magnusson, 2005).
In the past, research on the motivation of participants in collaborative digital innovation projects, and
research on firm participation in these projects, have
been pursued independently from each other. Our
study seeks to connect and integrate these two
streams of work, leading to the interesting question of
how participants’ perceptions of the attributes of the
sponsoring firm might affect their motivation to contribute to collaborative digital innovation projects.
Based on the literature we introduced above, we
develop a model that links perception of firm at-

Knowledge Revealed by the Firm
Many authors argue that knowledge revealed by
firms (for example, of product and process technology, software code, algorithms) leads to multiple economic benefits, such as downstream product improvements (Harhoff, 1996), increased innovation activity by users and manufacturers (Harhoff et al.,
2003), ease of access to innovation networks (Muller
and Pénin, 2006), reciprocal knowledge revealing by
other firms (Pénin, 2007), enhanced reputation and
low-cost marketing activity (Gruber and Henkel,
2006), network externalities and technological standard-setting (Bonaccorsi and Rossi, 2003), and enhanced ability to recruit new participants (Stuermer et
al., 2009). Moreover, providing information about
processes and source code can also trigger reciprocal
behavior by community members (Blau, 1964). By
voluntarily revealing software code and related
knowledge, firms can attract and motivate volunteer
participants to write, test, and debug code, and also
enhance services (Dahlander and Magnusson, 2005).
Yet, firms choose to reveal knowledge selectively;
sharing detailed engineering knowledge and processes is often delayed or prohibited (Pénin, 2007). When
sponsoring OSS projects, firms often blend open and
proprietary source code in their products and choose
to reveal some but not all software with open source
licenses (Henkel, 2006; West, 2003).
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tributes as the antecedent of developers’ contribution
to OSS development. Moreover, we specify developers’ intrinsic and extrinsic motivation, as well as their
commitment to and identification with the community as important mediating mechanisms. The model is
shown in Figure 1.

Identification
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Perceived Firm Attributes

Inidividual Identification, Motivation, and Contribution

Figure 1: Proposed effects of sponsor firm attributes on participant contribution
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As Osterloh and Rota (2007) argued, the threshold
for voluntary contributions is low, due to digital technology that decreases efforts for communication and
coordination in the innovation project. Previous revelation of knowledge by a sponsoring firm gives participants access to software code or other knowledge
that they can either use directly or extend to create
their own enhancements (Lerner and Tirole, 2002).
Revealed documentation or technical specifications
enable participants to program for some hardware
more easily and demonstrates the firm’s willingness
to cooperate with external participants. Surveys of
participants have shown that previous contributions
by others impact positively on their motivation to
contribute (Lakhani and von Hippel, 2003; Lakhani
and Wolf, 2005). We expect that both the access to
knowledge and cooperative gestures from a firm’s
side will increase participants’ intrinsic motivation to
contribute to collaborative digital innovation, such as
OSS projects, because these activities provide the
necessary information to trigger explorative as well
as reciprocal behavior. Therefore, we suggest:
Hypothesis 1: The perceived revelation of knowledge by the firm in a firm-sponsored open source
project positively affects the intrinsic motivation of
participants to contribute to the project.
In addition to the expected direct effects of firms’
knowledge revelation on participants’ intrinsic motivation, there are also conceivable indirect effects that
will lead to higher engagement. One central factor
explaining participants’ voluntary engagement is
whether they feel personally connected with “their”
community. For instance, social identification processes have been demonstrated to be the strongest
predictors of voluntary engagement in a study of Linux developers by Hertel et al. (2003). However, developing emotional bonds, commitment, and social
identification with a collaborative digital innovation
project is challenging, as many traditional ways of
experiencing social connection are hampered by spatial distance and predominant electronic communication. One way to foster social identification and commitment is by experienced similarity of values and
norms among participants (Fiol and O’Connor,
2005), facilitating feelings of sympathy and common
identity, as well as reduced uncertainty as major
mechanisms of identification processes (e.g., Hogg
and Terry, 2000). Research on OSS development processes indicates that participants may expect sponsoring firms to be “similar” and to adhere to the general
norms of the community. For instance, Lee and Cole
(2003) observed strong norms of knowledge sharing
within an early study of the Linux developer commu-

nity. Stewart and Gosain (2006) supported this finding and argued that in communities where participants adhere to an “open source ideology,” free revealing of software and knowledge, information sharing and helping others are collective beliefs and represent important values. Their study showed that
norms and values increase participants’ group identification because adherence to them enhances emotional attachment to the OSS project. West and
O’Mahony (2008) suggest that sponsoring firms also
become more “transparent” when they reveal information and source code. In their comparative case
study of 12 firm-sponsored OSS projects, the authors
found that the sponsoring firm’s change from private
to public communication was positively acknowledged by both the firm and the developer community.
The developer community perceived that following
and contributing to technical discussions, understanding how decisions are made, and using revealed software across projects would increase the firm’s adherence to the norms and values of OSS development.
On the other hand, a firm’s loss of transparency may
lead to reduced community identification by participants (Lattemann and Stieglitz, 2005). If participants
perceive the firm is acting in accordance with community norms and values by revealing knowledge,
the firm is perceived as “similar” to other community
participants and this in turn should positively affect
commitment and identification processes. Thus, we
propose:
Hypothesis 2: Perceived revelation of knowledge
by the firm, in a firm-sponsored open source project,
affects positively participants’ commitment to and
identification with the project.
Perceived Accessibility of Firm-Sponsored Projects
In unsponsored communities, people become active participants and rise through an informal hierarchy through discussing and demonstrating their skills
in coding (von Krogh et al., 2003). In sponsored
projects, firms retain some level of control, for example, deciding which developers have the right to alter
the project’s source code. Dahlander and Magnusson
(2005) refer to a “balancing act of control” by the
firm in sponsored OSS projects. Firms need to open
the software development process to participants
from the outside to generate their energy, interest, and
creativity, while maintaining a certain level of control
to realize appropriate economic returns (West, 2003).
To capture this tension between control and openness,
West and O’Mahony (2008) suggest that firm-sponsored OSS projects not only reveal knowledge to
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members of the participant community (“transparency”) but also realize “accessibility,” by providing participants with access to the project’s core resources,
such as the roadmap, discussion lists, or the official
version of the software code. The accessibility construct captures the extent to which participants perceive that they can influence the development
process. When the firm is perceived to restrict accessibility—for example, by denying participants the
possibility to adapt the source code to their needs—
the intrinsic motivation of participants should decline, due to lack of autonomy and control. This is
consistent with conceptual models in work psychology that explain perceived autonomy as a major predictor of intrinsic motivation (e.g., Hackman and
Oldham, 1980; Hertel, 2007); and also consistent
with self-determination theory, which postulates negative effects of perceived external determination on
intrinsic interest in a task (Deci and Ryan, 1985; Frey
and Jegen, 2001; Osterloh and Rota, 2007). Indeed,
empirical research demonstrates that voluntary participants in collaborative digital innovation dislike external control (Shah, 2006; Schroer and Hertel,
2009). Thus, we suggest:
Hypothesis 3: Perceived autonomy within a firmsponsored open source project, and possible influence
over it, affects positively participants’ intrinsic motivation to contribute to the project.
In addition to these direct effects of autonomy on
intrinsic motivation, perception of the sponsoring firm’s accessibility might also affect voluntary engagement by increasing commitment and identification
processes. By giving them access to OSS projects and
their governance, sponsoring firms may offer participants additional opportunities to develop a sense of
belonging to the community. For example, by giving
participants access to the source code the sponsoring
firm grants them the right to influence decisions on
the future direction of the project (West and O’Mahony, 2008). This kind of reinforcement of outsiders’
opportunities to influence decision-making in the
project reduces participants’ uncertainty about the
project’s future, and should lead to higher identification with the community (Fiol and O’Connor, 2005).
Access to the project’s core resources also signifies
that a participant has entered a “core team” of software developers in the community (von Krogh et al.,
2003). Participants rewarded in this way are likely to
experience increased feelings of self-worth because
of a sharper distinction between “us” (the core-team
members) and “them” (regular participants with no
access rights) (Hertel et al., 2003; Kelly, 1993). This
sort of enhancement of self-worth occurs when the

distinctive qualities of the group (access) are perceived to be valuable and attractive, leading to
stronger identification with the group (Fiol and O’Connor, 2005). We suggest:
Hypothesis 4: The perceived accessibility of a
firm-sponsored open source project affects positively
participants’ commitment to the project and identification with it.
Corporate Credibility
One important reason for firms to sponsor OSS
projects is to enhance their reputation within the
community of participants and beyond (Gruber and
Henkel, 2006). Therefore, the firm would need to be
perceived as “credible” (Herbig and Milewicz, 1993)
and trustworthy (e.g., Kramer and Tyler, 1996; Mayer
et al., 1995) by community participants. So far, this
aspect has not been considered in either the literature
on participant motivation or the literature on innovation process. Studies of sponsorship in the field of
marketing (Cornwell and Maignan, 1998; Cornwell et
al., 2005) suggest that corporate credibility relates to
how consumers perceive the “goodness” of a company’s actions and how it manages its activities and
supports good initiatives (Javalgi et al., 1994). While
the approaches in firm sponsorship towards participants and consumers differ, the basic effects of sponsorship interventions are similar, because individuals
make causal inferences about events they observe and
experience (Rifon et al., 2004). For example, in cases
where the firm sponsors charitable initiatives, individuals often mistrust the firm because they believe
the firm’s main objective is to maximize corporate
profits (Bae and Cameron, 2006). Likewise, authors
have argued that when a firm sponsors an OSS
project, community participants may mistrust this effort and worry that the firm might exploit and secretively sell community-based innovations (Varadarajan and Menon, 1988; Bae and Cameron, 2006; Dean,
2002).
Newell and Goldsmith (2001) define perceived
corporate credibility as “personal judgment of a firm’s reputation.” The authors review and test credibility measures and cluster them statistically in two
components. “Expertise” measures the extent to
which the observer feels the firm is capable of fulfilling its claims, while “trustworthiness” measures
whether or not the firm can be trusted.6,7 Consistent
with more general approaches on organizational trust
6
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(e.g., Kramer and Tyler, 1995; Mayer et al., 1995), research on virtual collaboration (Jarvenpaa et al.,
1998; Jarvenpaa and Leidner, 1999) and open source
communities (Osterloh and Rota, 2004; Stewart and
Gosain, 2006) have shown that mutual trust among
participants is important for the coordination of work
in distributed work contexts (see also de Laat, 2005).
However, while theory has addressed the interplay
between incentives and trust in motivating agents in
employment relationship intrinsically and extrinsically (Bénabou and Tirole, 2003), no work has examined the extent to which a sponsoring firm’s corporate credibility leads participants to be more intrinsically motivated to contribute.
There are several reasons for assuming that firms’
corporate credibility (in terms of perceived expertise
and trust) affects developers’ intrinsic motivation in
OSS projects. One main aspect that software developers value in OSS projects is that they can extend
their own programming skills by learning from others
(e.g., Hars and Ou, 2001; Hertel et al., 2003). The
more competent and “top-notch” a sponsoring firm is
perceived to be, the more participants will be driven
by such intrinsic learning needs. In a similar way, if
developers perceive the sponsoring firm as untrustworthy, participants will reduce their efforts to avoid
being a “sucker” and being exploited (Kerr, 1983).
Preliminary empirical work on firm involvement in
OSS communities demonstrates that a firm’s reputation and trustworthiness may impact on developers’
reported willingness to contribute, justifying the role
for perceived corporate credibility in a model of participant motivation (Dahlander and Magnusson,
2005; 2008; Dahlander and Wallin, 2006). Thus, we
propose:
Hypothesis 5: A firm’s perceived corporate credibility in a firm-sponsored open source project affects
positively the intrinsic motivation of participants to
contribute to the project.
Again, we expect that the perceived credibility of
a firm will not only directly affect the intrinsic motivation of community members, but will also have an
impact on effort and performance through commitment and identification processes. Marketing scholars
have argued that a decrease in a sponsoring firm’s
credibility might raise suspicions about hidden motives behind its sponsoring initiatives, and the its actions will be perceived negatively (Goldsmith et al.,
2000; Newell and Goldsmith, 2001; Bae and
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This dual construct of corporate credibility stems from the
idea of “source credibility” (Shimp and Delozier, 1986;
Belch et al., 1987; see also Ohanian, 1990).

Cameron, 2006). Such suspicions and mistrust will
also lower the willingness of participants in collaborative digital projects to identify with the project and
to feel committed to it. In a similar way, psychological theories assume that the perceived trustworthiness, support, and fairness of an organization are preconditions to developing a sense of belonging and
identification (e.g., Meyer et al., 2006; Rhoades et al.,
2001). This line of argument leads us to propose:
Hypothesis 6: The perceived corporate credibility
of a firm affects positively the commitment and identification of participants with the firm-sponsored
open source project.
Interrelation between Extrinsic and Intrinsic Motivation
A model based on the distinction between intrinsic
and extrinsic motivation needs to address the question of how these two constructs are interrelated. In
the context of a self-determination framework (Deci
and Ryan, 1985), various scholars have argued for
“crowding-out effects,” describing a decrease in intrinsic motivation due to external incentives (e.g.
Deci, 1975; Frey, 1997; Frey and Oberholzer-Gee,
1997; Weibel et al., 2007). The argument is based on
the idea that extrinsic incentives might be perceived
as constraining self-determination and diminishing
self-esteem, which in turn reduce the interest and enjoyment of a task (Frey and Jegen, 2001). Apart from
initial laboratory studies with school children, empirical evidence for such crowding-out effects have been
reported in the context of the positioning of a nuclear
waste facility (Frey, 1997), the collection of monetary
donations (Gneezy and Rustichini, 2000a), or interventions in daycare centers (Gneezy and Rustichini,
2000b).
However, the overall empirical support for crowding-out effects in ongoing work settings is mixed at
best (see Cameron et al., 2001; Rynes et al., 2005 for
overviews). For instance, a meta-analysis by Eisenberger and Cameron (1996) based on 83 empirical
studies found that, overall, extrinsic rewards and intrinsic motivation were not negatively but actually
slightly positively related. Crowding-out effects were
mainly demonstrated for children in laboratory research with low monetary incentives. However, there
is no clear evidence that this can be generalized to
adults in more meaningful long-term settings where
they work for substantial monetary rewards. In daily
work settings, the informational functions of external
rewards might often outweigh the controlling aspects,
so that money or reputation increase rather than reduce intrinsic motivation.
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Indeed, research on open source software provides
no clear evidence for crowding-out effects. On the
one hand, Osterloh and Rota (2007) propose that firm
sponsorship involves extrinsic incentives, such as
payment and careers, for some (but not all) participants, and that these incentives crowd out the intrinsic motivation of participants in the community.
However, empirical data for this conjecture is still
pending. On the other hand, Alexy and Leitner (2008)
suggest that introducing extrinsic rewards might be a
feasible way to acknowledge voluntary participants
in OSS projects. Moreover, Roberts et al. (2006)
measured intrinsic and extrinsic motivation of OSS
developers in a longitudinal study of the Apache
project and did not find negative effects of extrinsic
rewards on intrinsic motivation. In a compound model, negative and positive effects of extrinsic rewards
seem to outweigh each other in collaborative digital
innovation, leading us to propose:
Hypothesis 7: Extrinsic rewards are unrelated to
the intrinsic motivation of participants in firm-sponsored open source software projects.
Commitment and Identification
Feeling connected to social groups and communities is a basic need of humans, because we are social
animals. This basic need is also relevant in work contexts, acknowledged in constructs such as affective
organizational commitment (e.g., Allen and Meyer,
1996; Meyer et al., 2006) or organizational identification (e.g., van Dick et al., 2006). Although these constructs differ in various aspects, the motivational consequences of commitment and identification for the
focused group, organization, or community are generally positive. People with high rather than low commitment usually show higher motivation and engagement with the group, organization, or community because they feel strong emotional bonds with it. Moreover, high commitment is also linked with feelings of
obligation to support the group, organization, or community. Likewise, people with high rather than low
identification with a group, organization, or community exert higher support as they experience the group
as part of their social self; the success of the group
also increases their personal self-esteem and feelings
of security.
Even though spatial distance and reduced opportunities of face-to-face communication make the development of high commitment and identification in
digital collaborative innovation challenging, these
positive effects of commitment and identification
should hold. Indeed, Lakhani and Wolf (2005) have

shown that strong identification of OSS developers
with a “hacker community” is a crucial cause for
obligation- or community-based intrinsic motivation.
For mundane but necessary tasks, such as user support, identification with the community’s cause also
proved to be relevant for motivation (Lakhani and
von Hippel, 2003). Hars and Ou (2002) suggest that
social identification is a special sort of altruism and
they find strong evidence of such “kinship” motivation. In their survey of Linux developers, Hertel et al.
(2003) found that motivational processes in OSS
communities resemble voluntary actions in other
groups, like civil rights, labor, or peace movements
(see also Kelly, 1993; Simon et al., 1998). Open
source software participants were strongly motivated
by identification with their project and showed high
motivation by investing many hours per week for the
progress of the Linux project. While the causality of
this process might work in both directions—strong
social identification motivates higher levels of contributions and vice versa (Kelly, 1993)—commitment
and identification are thought to impact mostly on the
motivation for collective action (Simon et al., 1998).
We propose:
Hypothesis 8: Commitment to the community in
a firm-sponsored open source project, and identification with it, affect positively the intrinsic motivation
of participants.
Consequences of Extrinsic and Intrinsic Motivation
Finally, both extrinsic and intrinsic motivation of
participants in collaborative digital innovation should
be positively related to behavior and performance, as
indicated by voluntary contributions (cf. Roberts et
al., 2006). For extrinsic rewards, we base our prediction on exchange processes (e.g., Blau, 1964) and
economic contracts (Rynes et al., 2005) rather than
on basic reinforcement effects as explicated in classic
learning theories (e.g., Skinner, 1953). Participants in
digital collaborative innovation projects face complex
tasks that afford thorough planning and persistent
work as well as evaluation and self-regulation processes that cannot be shaped by simple reinforcement
plans. Instead, participants fulfill work contracts and
accomplish tasks to reach personal goals (career,
make money, etc.). Moreover, external incentives
also have a feedback function relevant for intrinsic
motivation (cf. Deci and Ryan, 1985; Hackman and
Oldham, 1980). Thus, we propose:
Hypothesis 9: Extrinsic rewards in a firm-sponsored open source project affect positively the contribution rate of participants.
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Positive effects of intrinsic motivation on contribution rate are assumed to be largely independent of
conscious strategic reasoning. Instead, intrinsic motivation leads to high persistence and effort for its own
sake, and should therefore increase contribution rate
because participants simply enjoy what they are doing. This conjecture also holds in collaborative digital
innovation, as has been demonstrated by initial empirical studies (Lakhani and von Hippel, 2003;
Roberts et al., 2006; Wu et al., 2007). Thus, we propose:
Hypothesis 10: Participants’ intrinsic motivation
in a firm-sponsored open source project affects positively their contribution rate to the project.
Sample and Research Design
In the following section, we describe our sample
of firm-sponsored OSS projects and the methodology
we used to test the model.
Sample
As our empirical research setting, we wanted to
examine two OSS projects that were heavily sponsored and dominated by a commercial firm but were
still seeking and inviting voluntary contributions
from outside participants. Both projects needed to be
similar enough to provide a comparable setting, yet
different enough to observe potentially diverse behavior and motivation of participants. The core
source code repository needed to be controlled by the
firm, so that it could grant outside writers access to
the source code base. Finally, we intended to look at
areas where developer resources were scarce and
multiple projects were competing for participants.
For this study, we sample two projects. The first,
Maemo, was initiated by Nokia in 2005 as the operating system of their newly developed Internet Tablet.
Maemo is an open source platform, partly using existing software (Linux, GTK, Debian package management) and partly developing new software. In order to achieve this, Nokia hired independent subcontractors to solve specific tasks. The technical infrastructure and source code administration were provided and controlled by Nokia. While releasing much
of their underlying software as open source, some
end-user applications and hardware drivers remained
closed-source software. Nevertheless, a lively community of participants, supported by Nokia employees, sprang up. Participants were able to give feedback to Nokia developers and to enter failures in the
bug-tracking system (or indeed provide the piece of
source code that would fix them). An infrastructure

was set up, also provided by Nokia, which allowed
community participants to develop and offer their
own OSS programs to customers. While Nokia supported this initiative, the company did not control it
directly.
Second, OpenMoko Inc. was publicly announced
as a project by Taiwanese mobile phone manufacturer
FIC in November 2006, and became an independent
company in January 2008. The company is developing a new mobile phone that is based entirely on open
source software. Care was taken to ensure that OSS
developers had access to all hardware functionality
(for example, the GPS chip was changed when it became clear that there was no open source driver for
it). The hardware design of the mobile phone was
published under a liberal license whereby developers
could inspect how the hardware was built up or manufacture their own “OpenMoko,” should they wish to
do so. Like Nokia, OpenMoko provided and controlled project infrastructure and the source code
repository. The company also used subcontractors to
fulfill specific tasks. A community of voluntary participants could give feedback via various mailing lists
and a bug-tracker. OpenMoko also adopted Nokia’s
approach, providing infrastructure that allowed independent programmers to host and develop OSS programs related to the mobile phone.
Research Design
In this section, we describe the data sources, measures, and analysis we conducted. All the available
archives of an email list relating to the development
and community discussion of both the Maemo and
OpenMoko projects were downloaded and harvested
for email addresses. Obviously fake and duplicate
(e.g., work and private) addresses were removed, resulting in 2,151 unique addresses for the Maemo
community and 2,593 unique addresses for the OpenMoko community. We developed and distributed a pilot version of the survey to about 30 community
members at the Maemo conference in Berlin on September 19, 2008. Based on their feedback, the questionnaire was refined and adapted to make it as clear
as possible to community participants. Two versions
of the survey, one geared toward Maemo-Nokia and
one toward OpenMoko-OpenMoko Inc., were created
and put online in November 2008. Both Nokia and
OpenMoko Inc. were asked to endorse the survey.
However, while both firms encouraged us to perform
the survey, they were not in any way affiliated to it.
Invitations, complete with the appropriate version of
the questionnaire, were sent to all identified partici-
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pants of the Maemo and OpenMoko communities. As
an additional incentive, we offered to raffle off four
Internet Tablet/OpenMoko devices. Within three
weeks (and following two reminders), 322 email addresses were reported as failing and 1,233 usable responses were received (Maemo: 429, OpenMoko:
804), corresponding to an acceptable response rate of
27.9%.
Measures
The dependent variable in our model “number of
hours spent” is the self-reported number of hours that
a participant dedicates to the community using and
producing digital technology. The types of effort collected include writing source code, communicating
through electronic means, as well as testing and improving the resulting software. Validity checks of
these self-reports are described in the results section.
Measures, questionnaire items, and sources in the literature are provided in the appendix. Unless otherwise indicated, all measures used a response scale
from 1 “strongly disagree” through 5 “strongly
agree.”
Knowledge Revealing. This variable refers to the
company’s perceived level of information and knowledge revelation. The measure captures whether participants perceive that the company reveals sufficient
documentation and source code, and whether it is secretive about future plans for the project. Three items
are part of this latent variable, for example, “The
company reveals sufficient proprietary source code as
open source software.”
Accessibility. This variable refers to the level to
which community participants perceive that they can
access relevant databases belonging to the firm and
can influence its actions. Item examples are “I can get
commit access for the PROJECT source code repository if I want to” or “My opinion is sufficiently taken
into account when COMPANY makes decisions regarding PROJECT.” In total, four items measured
this latent variable.
Credibility. This latent variable refers to the perceived credibility of the firm, based on the perceived
expertise of the company’s employees and the company’s trustworthiness. Questions asked here included, for example, the perceived skill of company employees and the attractiveness of the firm as an employer. In total, five items were used to measure this
variable.
Commitment and Identification. This latent
variable indicates whether participants feel emotionally attached to the respective community and identi-

fy with its members. Although organizational commitment and social identification cover slightly different aspects, they both refer to individuals’ feeling
of connection with a community, crucial to their motivated actions toward it (e.g., Meyer et al., 2006; van
Dick et al., 2006). Four questionnaire items were
used from Allen and Meyer’s measurement of the
“affective commitment” construct (1990), which includes social identification (see Appendix).
Extrinsic Motivation. The extrinsic motivation
of participants includes pay and career orientation
and whether participants receive non-monetary gifts
from the company, such as travel or conference subsidies. Three items are part of this latent variable, such
as “I contribute to the project because it increases my
career opportunities.”
Intrinsic Motivation. Despite the long tradition
of research on intrinsic motivation, there is no unambiguous agreement about the definition and measurement of this variable. Given the central role of this
construct in the current study, we decided to adopt a
broader approach that includes both enjoyment of
various subtasks in the community (coding, bug reporting, marketing, etc.), feedback from others, and
learning (cf. Deci and Ryan, 1985). Please note that,
as part of intrinsic motivation (e.g., Hackman and
Oldham, 1980; see Hertel, 2007, for a recent discussion in the OSS context), feedback from others is distinct from mere status motivation, which can be categorized as extrinsic motivation. Accordingly, in a
confirmatory factor analysis, feedback from others
showed a loading of 0.48 when assigned to intrinsic
motivation but no fit to extrinsic motivation (see also
Roberts et al., 2006). A total of 13 items measure this
latent variable.
We modeled the constructs according to our hypotheses and tested them in a structural equation
model (SEM). Such models have been created in the
context of OSS development to identify the link between developer motives and performance (i.e.,
“rank” changes in the formal hierarchy) (Roberts et
al., 2006). PLS models have been used to test the impact of ideology on trust and contribution efforts
(Stewart and Gosain, 2006).
Results
We present the empirical results of our study in
this section. We start by discussing the findings on
the dependent variable, then the results on the full
model. We measured the self-reported dependent
variable “number of hours invested” in the model and
decided on additional verification of its validity. The

How Firms Make Friends: Communities in Private-Collective Innovation

59

questionnaire asked for a detailed split of the time
spent on different tasks (coding, bug reporting, bug
fixing, mailing lists, etc.), so we could calculate the
hours a participant would spent on each activity per
week. We collected data on the number of bugs reported and the number of bugs fixed from the respective projects’ bug databases for all participants and
matched survey respondents with participants in the
bug database. Of the 429 Maemo respondents, 118
were found to have reported bugs to the Maemo bug
tracker, with 62 participants claiming to have spent
time on bug reporting (57 claimed to have reported
bugs and were found to have done so). Since the total
number of self-reported hours spent was roughly estimated, and since we cannot necessarily assume equal
productivity for all participants (some might take
longer to report a bug than others), we calculated
Spearman’s Rank correlation coefficient, which assumes only a monotonic relationship between two
variables. The correlation of the number of self-reported hours of bug reporting versus the actually
measured number of filed bugs was 0.63, which is
sufficient to confirm that community participants reported a valid number of hours per week.
In the OpenMoko project, 90 people claimed to be
spending time on bug reporting and 85 were found to
have been reporting bugs, with an overlap of 44 people both claiming to and actually having reported
bugs. The rank correlation for self-reported hours of
bug reporting versus actually filed bugs is r = 0.44,
which also confirms the validity of the measure.
There are three possible reasons for this result. First,
participants may have used different email addresses
for mailing lists and bug reporting and did not reveal
their bug database ID in the survey. In this case, some
participants could not be allocated to the data. Second, productivity among participants might differ, as

one person might need more time to report a bug due
to a very thorough debugging process, while others
simply enter a new feature request without any research in the database. This might diminish the correlation between the time spent and the number of bugs
reported. Third, in Maemo and OpenMoko, there is a
plethora of surrounding sub-projects and related
projects, many of them with their own bug database.
If participants reported bugs there, we would not
have been able to measure accurately the number of
bugs reported. Altogether, this analysis provides confidence that the number of self-reported hours spent
per week is a valid measure on both projects.
A structural equation model was set up explaining
the number of hours participants dedicated to the
project in question. It was fitted using the SEM package in the R software by the method of minimizing
the negative log-likelihood (Fox, 2006). The model
Chi Square value of 3612 (d.f. = 521) is significant,
which is not surprising given the comparably large
sample size. The goodness-of-fit index of 0.84 (AGFI
= 0.82) indicates a somewhat non-optimal model fit,
whereas the RMSEA index of 0.07 is below the general acceptance value of 0.08, indicating an acceptable but not optimal fit (Browne and Cudeck, 1993).
Further measures are the standardized root mean
square residual (SRMR) of 0.18, which is quite high,
and the Bayesian information criterion (BIC) of
-52.95. Including a dummy variable that controls for
the project in question (Maemo/OpenMoko) did not
lead to significant model improvements. Thus, we
conclude the same model holds for both projects in
the sample.
Hypothesis 1 was rejected: the amount of knowledge the firm was perceived to reveal did not have
any significant direct impact on the intrinsic motivation of community participants. There is an indirect
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Figure 2: SEM model and standardized path coefficients
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mediated link, however, as knowledge revealing correlates with affective commitment (H2) which, in
turn, correlates with intrinsic motivation (H8). While
community participants may have been complaining
about the lack of source code and specifications in
their email communication, it does not mean that a
lack of knowledge revealing reduces their intrinsic
motivation. Yet, the firm that reveals information and
knowledge seems to increase participants’ attachment
to the community and identification with it.
The effect of company accessibility is significantly positive on both intrinsic motivation (H3) and
commitment to/identification with the community
(H4). Although significant, the effect is small in the
direct case (standardized path coefficients of 0.03) as
well as in its effect on commitment/identification
(standardized path coefficients of 0.05). Participants
do not appear to expect companies to listen to their
opinions or pick up their contributed code. It seems
participants’ perception of accessibility provided by
the firm does not largely affect their intrinsic motivation.
Firm credibility, indicated by the perceived expertise of employees and the trustworthiness of the firm,
had by far the largest effect on both intrinsic motivation (H5) and commitment/identification (H6). These
perceived firm attributes matter more than the
amount of information revealed and the degree to
which company participants can influence the company and its actions. Moreover, Hypothesis 8 was
confirmed, as commitment and identification were
significantly related to intrinsic motivation, showing
that the more participants identified with their community, the more they were intrinsically motivated to
participate. Finally, the extrinsic (H9) and intrinsic
motivation of community participants correlates positively with the number of hours that a participant
spends on the project.
Consistent with Hypothesis 7, no evidence for the
so called “crowding-out” effect was found, as extrinsic and intrinsic motivation were close to zero and
not statistically significant. Thus, in accordance with
a skeptical view on the generalizability of the
“crowding-out” effect (e.g., Cameron et al., 2001;
Rynes et al., 2005), no evidence was found for detrimental effects of external rewards on intrinsic motivation in the two projects (see also Roberts et al.,
2006, for similar results).
Discussion and Conclusion
Firm boundaries become more permeable when
they embrace and participate in collaborative digital

innovation. However, if and how participants perceive, accept, and use technology is dependent not
only on the technologies per se, but also on the social
context (Orlikowski, 2000). This study makes two
contributions to the literature. First, we advance the
research on participant motivation in virtual collaborative digital innovation projects, showing that the
distinction between extrinsic and intrinsic motivation
is useful to predict the level of contributions by participants. This lends extensive empirical support to
prior work by Hertel et al. (2003), Shah (2006),
Lakhani and Wolf (2003), and Roberts et al. (2006).
In both projects examined, participants’ collective
contributions to development of the mobile devices’
software were quite large, however thanks to using
electronic platforms the required efforts of making
such contributions were low. Going beyond the motivation of community participants per se, our study
shows that the context of innovation affects participants’ commitment, identification, and motivation. To
our knowledge, this study is the first to demonstrate
that participants’ level of contributions to collaborative digital innovation is significantly related to perceived firm attributes, and that the effects of this are
mediated by intrinsic motivation as well as commitment and social identification processes.
Somewhat surprisingly, perceived firm accessibility, i.e., autonomy within the project and impact on
firm decisions about it, had only a small (albeit significant) effect on community identification or intrinsic motivation. This result might be that, while the
projects investigated do not grant community participants direct access to the code repository, they do offer a means to contribute to and influence the development process. For example, on the project’s online
collaboration platform, participants can create independent subprojects that aim to enhance the device’s
functionality without interfering with the official software distribution. Bug fixes may also be submitted
by anyone, leaving integration to the firm. Some similar anecdotal evidence was found in qualitative interviews by West and O’Mahony (2008) who conclude
that “people can be phenomenally valuable contributors without having [code repository commit] access
for a long time” (p. 158).
Another surprising result is that the firm’s perceived level of knowledge and information revelation
has only a moderate impact on participant motivation, and only through community identification. The
result is unexpected, since we initially believed this
to be a major driver in the model. Information and
knowledge provided by the firm were expected to increase the available resources for participants to com-
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plete their tasks and, thus, should also have increased
their motivation. Yet, in hindsight, looking at enthusiastic communities of participants who reverse-engineer proprietary applications, or create applications
for the more closed Apple iPhone, it is plausible that
information and knowledge revelation in isolation
does not increase the intrinsic motivation of participants. This lends additional credibility to the result
that context matters for the motivation of participants
in collaborative digital innovation.
Second, we contribute to the literature on processes of collaborative digital innovation (e.g. Franck and
Jungwirth, 2003; von Krogh et al. 2003; Shah, 2006;
Kuk, 2006; MacCormack et al., 2006) by exploring
how firms and developers form a symbiotic relationship in creating motivational structures and producing an innovation outcome. Based on the results, we
can conclude that the perceived attributes of firms
strongly affect the extent to which participants identify with the community and contribute to collaborative digital innovation, in particular that firms need to
be perceived as “credible sponsors.” We provide evidence, of interest to innovation process scholars, that
in order to succeed in attracting voluntary participants to collaborative digital innovation, firms need a
positive “image” (Dutton et al., 1994) along the three
dimensions of knowledge revealing, accessibility, and
credibility.
Some potential limitations apply to our study. Participants received a personal invitation to participate
in the online survey and, although the response rate
of 28% is acceptable, there might be a self-selection
bias among respondents. Given that community participants are defined by informal and voluntary presence in the project, it was impossible to exert additional pressure on potential survey respondents to reveal their identity. The incentive of winning a consumer device might also have introduced a self-selection bias, although the data were screened manually
to detect and remove any non-serious survey submissions. However, because this research investigated interrelationships between the variables instead of main
scores, potential selection biases lead to a more conservative test of the hypotheses.
Our research focuses on individually perceived
firm attributes. This approach is appropriate because
of the initial conjecture that participants’ motivation
will be shaped by their perception of the sponsoring
firm in collaborative digital innovation. However, the
chosen design does create the difficulty that some individuals might expect higher standards of knowledge revealing and accessibility from firms dedicated
to open source software, such as OpenMoko, than

they expect from firms like Nokia and Apple, which
are known to protect most of their software through
traditional intellectual property rights, including commercial software licenses. Determining an
“objective” degree of openness and information revealing by comparing the protection mechanisms and
activities of each firm is beyond the scope of this
contribution. Future research should extend this question to a large sample of firms that conduct collaborative digital innovation and examine how openness
and information revealing shape perceived openness.
Moreover, the data provide for a cross-sectional analysis of collaborative digital innovation with data
mainly drawn from the same source (self-ratings).
Apart from common method biases that might overestimate the interrelations (Podsakoff et al., 2003),
causal processes could not be tested. Longitudinal research designs are desirable in future studies, allowing scholars to explore the extent to which knowledge and information revealing will lead to a subsequent increase in corporate credibility. Such temporal
consequences of changes in the model’s constructs
are relevant for innovation process research.
Practitioners interested in supporting the digital
collaboration between a firm and a surrounding community of voluntary contributors may observe that
“openness” per se does not increase the intrinsic motivation of community of participants and their
propensity to contribute. Voluntary participants in our
study did not expect to have access to company decisions or impact on them. Yet, this did not reduce their
motivation. However, both Nokia and OpenMoko offered a repository for autonomous, community-managed applications that mattered to participants. The
mere provision of knowledge and information by the
firm, even if perceived by the participants, may not
directly boost participants’ motivation. However, in
the sample, if participants perceive that the firm reveals knowledge, they identify somewhat more
strongly with their community. Thus, making participants feel “at home” in their community is an important part of raising voluntary engagement. Above all,
practitioners should recognize that corporate credibility (the perceived expertise and trustworthiness of the
firm and its employees) proves to be the most important factor for motivation. While corporate credibility
is not easy to control (increasing the employees’ expertise), the perceived characteristics can be improved to a certain extent, e.g., by sending developers
to conferences or by having them engage in discussion with community participants.
This study has contributed to the increasingly important topic of voluntary contributions in collabora-
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tive digital innovation sponsored by firms. Our findings confirm that perceived firm attributes, in particular corporate credibility, affect participants’ intrinsic
motivation to contribute. This result is relevant to innovation research and practice and opens up new research questions and a call for extended testing.
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