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Abstract

Open Source Software (OSS) products have become an essential compo-
nent in the value-creation mechanisms of commercial software development.
Therefore, many OSS development projects are driven by strong profes-
sionalism in an environment that mixes the common good interests with
commercial direction. For organizations that hope to create new, or engage
with existing OSS development communities, it is essential to understand
this balance to create a successful collaboration.

This thesis addresses the many problems of organizing and managing OSS-
development model-based communities. We present mixed-method case
studies of large and established, commercially influenced OSS development
projects, that are orchestrated by a central organization. This evidence
describes how differently the organization and governance of hybrid com-
munities can be configured. It illustrates how a community’s participa-
tory options and knowledge flows can be used to leverage its openness.
Management challenges of these complex environments are described, and
practitioner-proven means for alleviating them are presented.

We find that the hybrid OSS developer community can be organized as
an environment for serious, goal-oriented work, and as an environment for
experience-based learning. Our results highlight how important it is to
consider what value each in- and outflow of knowledge brings to both the
orchestrator, and to the community’s contributors. Similarly, orchestra-
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tors should consider the extent to which they want to interact with the
community’s processes, and by what means they could support the com-
munity’s contributors in achieving their goals. This thesis aims at inspiring
new Open Innovation strategies for software producing organizations that
want to either engage with existing, or create new hybrid OSS development
model-based communities.

Computing Reviews (1998) Categories and Subject
Descriptors:
K.6.3 [Management of Computing and Information Systems]:

Software Management - Software development - Software process
K.7.2 [The Computing Profession]: Organizations

General Terms:
Software and its engineering: Software development process management,
Open source model

Additional Key Words and Phrases:
Hybrid Open Source, community driven development, community
management
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Terms and abbreviations

Artifact An object made or modified by human workman-
ship (The Oxford English Dictionary , 2019). This
thesis deals with digital artifacts, including soft-
ware requirements and source code, written text,
images, video recordings or any other expression of
an individual’s knowledge.

Community A group of individuals that share a spirit of belong-
ing together in a social and cohesive way, that em-
phasizes shared experiences. This includes trust in
the community’s authority structure, and an aware-
ness of mutual benefit through trade of knowledge
and artifacts (McMillan, 1996).

Community-driven
development

Human endeavor that creates shared goods and ser-
vices in a collaborative and self-organizing manner
(Benkler, 2001), that relies on voluntary participa-
tion and an individual’s competence as the basis of
authority (Raymond, 1999).

Contribution An artifact of knowledge, such a software require-
ment, source code module, test case, technical doc-
ument, usage manual, implementation plan, log of
decisions or any other result of action that is sub-
mitted an OSS project with the intent of support-
ing its work.

Contributor An actor who submits contributions to an OSS
project.
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Copyright A legal device that gives the creator of a literary, artis-
tic, musical, or other creative work the sole right to
publish and sell that work (West’s Encyclopedia of
American Law , 2019).

Copyright owner A person or organization that has the right to con-
trol the reproduction of a copyrighted work. This in-
cludes the right to receive payment for that reproduc-
tion (West’s Encyclopedia of American Law , 2019).

Developer An actor who creates software source code.

Ecosystem A cohesive group of actors who engage in exchange-
based, beneficial relationships (Tansley, 1937). We
use this term to refer to an OSS project’s stakeholders:
both individuals and organizations.

Governance The means of coordination and control that are in
place for steering an OSS community to achieve a di-
rection (Markus, 2007).

Hybrid OSS commu-
nity

An OSS community, which displays strong profession-
alism and blend open and proprietary strategies in
governance practices, project infrastructure and shar-
ing knowledge resources (Sharma et al., 2002).

Hybrid OSS project An OSS project, which is influenced by proprietary
and commercial interests in terms of its overall direc-
tion, licensing, development approach or governance
(Fitzgerald, 2006).

Keystone organiza-
tion

An entity that holds the dominant position and influ-
ences a software ecosystem towards a healthy or un-
healthy direction (Jansen, 2014).
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License Grant made by the holder of a copyright or patent
to assign any right for using, modifying or distribut-
ing a copyrighted asset to another. Short of an
assignment of all rights (The Merriam- Webster
Dictionary of Living English, 2019).

Open Source Soft-
ware (OSS)

A software that can be used, modified and dis-
tributed freely with its software source code avail-
able for inspection (The Open Source Initiative,
1997).

Orchestrate To plan, organize and coordinate something, in
some cases secretly, to produce a desired effect
(The Oxford English Dictionary , 2019)

Orchestrator A keystone organization of an OSS development
project that exercises control over the developer
community’s platforms, processes and policies to
a degree.

Organize (verb) To do or arrange things, plans, ideas, etc., accord-
ing to a particular system so that they can be used
or understood easily (Press & Combley, 2011).

Organization (noun) The condition of being organized in a systematic or-
dering or arrangement; especially the way in which
particular activities or institutions are organized
(The Oxford English Dictionary , 2019).

OSS Open Source Software.

OSS developer Author of software source code that is released un-
der an Open Source compliant license.

OSS developer com-
munity

The group of individuals who, together, engage in
production of software source code that is released
under an Open Source compliant license.
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OSS development
model

An organization of people, processes and policies that
use the OSS software source code as their platform for
purposeful collaborations (Kilamo et al., 2012).

OSS foundation A non-profit entity that acts as a keystone organiza-
tion for one, or many OSS projects.

OSS license An Open Source Initiative approved license, that al-
lows a software to be freely used, modified, and shared
(The Open Source Initiative, 1997).

OSS project A software development project that is based on OSS
licensed software, and operates with open processes
and governance (The Open Source Initiative, 1997).

Peer production A way of production that depends on self-organizing
individuals and communities, which are coordinated
towards achieving shared goals (Benkler, 2003).

Software ecosys-
tem

A set of businesses functioning as a unit and inter-
acting with a shared market for software and services,
together with the relationships among them. These re-
lationships operate through the exchange of informa-
tion, resources and artifacts through a common mar-
ket or technological platform (Jansen et al., 2009)

Software product A computer program that is offered for sale, or for free
use.

Stakeholder A person or an organization with an interest or con-
cern in something, especially a business (The Oxford
English Dictionary , 2019).
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Chapter 1

Introduction

Open Source Software (OSS) development projects are exceptional work en-
vironments. Rather than in physical spaces, they operate on a virtual work-
bench with online tools and fast-paced communications channels (Feller
& Fitzgerald, 2000). They can run in a massively parallel mode, staying
active around the clock. Instead of contractual agreements and impera-
tives, their contributors are guided by individuals’ needs and capabilities,
and their willingness to serve (Lakhani & Wolf, 2003). They rely on flexi-
ble assignment of roles, responsibilities and work tasks, and distribution of
decision-making power to those individuals, that have proven their merit
as the community’s actionable members (Riehle et al., 2009).

Even though this milieu contrasts starkly with the ethos of work to
which we are accustomed, commercial actors have become increasingly en-
gaged with OSS development projects (Hippel & Krogh, 2003; Von Hippel,
2005). They do so for several good reasons. Using OSS software increases
the efficiency of production and ease of maintenance, shortening the time-
to-market of new products and services at a pace no single organization
can keep up with proprietary solutions (Child, 1987; Watson et al., 2008).
Involvement in OSS communities can facilitate the introduction of inno-
vative features and customizations, and offer access to forerunner markets
(Dahlander & Magnusson, 2008). It offers access to high-skilled expertise,
reducing the cost of labor (Benkler, 2001). Collaborations with developer
communities can complement or even replace an organization’s internal
research- and product development functions (Chesbrough, 2006), creat-
ing new, significant career paths for aspiring software developers (Riehle,
2015). This systemic change is simply too important to ignore.

An Open Source Software development project is a continuously learn-
ing, knowledge-creating organization. It operates through the exchange

1



2 CHAPTER 1. INTRODUCTION

of information, resources and artefacts between the software’s developers,
who often are also its users (Hippel & Krogh, 2003). The strength of this
approach is based on the Internet’s ability to offer a large pool of contribu-
tors, and to match the best available human capital for tasks, without the
commitments to property and contracts that are associated with traditional
employment (Benkler, 2001). However, from the viewpoint of commercial
companies, benefiting from the approach requires investments. It contains
risks. Establishing the purposed inflows and outflows of knowledge from
the organization requires the new way of thinking (Von Hippel, 2005). For
example, intellectual property rights and strategic information needs to be
shared to attract ideas (Chesbrough, 2003). Value needs to be created for
the common good: for an ecosystem of players that, in many cases, can
include direct competitors (Chesbrough, 2006).

This thesis offers insight on how hybrid, OSS development model based
communities can be organized and managed. It presents evidence from
orchestrated community environments where commercial companies, non-
profit organizations and voluntary individuals work side by side to improve
their shared software product. This contrasting phenomenon is viewed
through the notion of hybridism, positioning the Open Source Software
development community as a vehicle for software producing organizations
to engage with their external environment.

1.1 Research questions and scope

We ask four research questions. The first two investigate organization of
communities and the last two discus their management. Figure 1.1 illus-
trates this positioning.

RQ1:How can hybrid, OSS development model-based communities be
organized?

RQ2:How can openness of hybrid, OSS development model-based com-
munities be adjusted?

RQ3:What managerial challenges can exist in hybrid, OSS development
model-based communities?

RQ4:How can the management challenges of hybrid, OSS development
model-based communities be alleviated?
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Figure 1.1: Positioning of the research questions.

Our selection of research questions is motivated by several documented
research gaps, that stem from the intersection of the Open Source Soft-
ware (OSS) and Open Innovation (OI) research. These include West &
Bogers (2017), who called for examples on how software companies can
benefit from Open Innovation strategies especially in their interactive and
networked forms. More specifically, Alves et al. (2017) requested practical
knowledge on how to create new collaboration and governance models for
both OSS developer communities, and their surrounding ecosystems. In
resonance with Munir et al. (2016), the researchers called for comparative
exploration of the value delivery mechanisms that enable software ecosys-
tems. Finally, we respond to a call by Da Silva Amorim et al. (2017), and
describe principles that can help steering hybrid, OSS development model
based communities into a sustainable direction. Therefore, our work has
implications for both individual firms and non-profit organizations that are
involved in coordinating hybrid, OSS development model based ecosystems
(Alexy et al., 2013; Colombo et al., 2014).

1.2 Thesis structure

Chapter 2 reviews the theoretical background. Chapter 3 describes the
research approach. Chapter 4 presents the research contributions and maps
them to the research questions. Chapter 5 answers the research questions.
Chapters 6-7 discuss and conclude the work.
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Chapter 2

Theoretical background

This chapter lays the ground for understanding the organization and gov-
ernance of hybrid, OSS-based developer communities. Section 2.1 acknowl-
edges the history and values of the OSS movement, explaining the developer
community as a structure of actors and processes. Section 2.2 explains the
notion of hybridism and the impact of commercial influence can have on
OSS development projects. Section 2.3 explains what governance mecha-
nisms and management challenges can exist in OSS-based community envi-
ronments. Lastly, the concept of health is introduced as a goal of organizing
and managing OSS development model based communities.

2.1 The Open Source development model

The Free and Open Source software development culture was initiated by
Richard Stallman’s historic call for open participation in the GNU operat-
ing system’s development project at the MIT1 artificial intelligence research
laboratory (Stallman, 1983). This text, later dubbed as ”The Free Software
Manifesto”established four freedoms for software users:

• To run the program as they wish, for any purpose.

• To redistribute copies of the software in order to help others.

• To study how the program works and to make changes to it.

• To distribute modified copies, contributing the source code back to
the whole development community.

1Massachusetts Insitute of Technology

5



6 CHAPTER 2. THEORETICAL BACKGROUND

Stallman’s call was successful in two ways. First, it initiated the GNU
development project’s drive and expansion. It also motivated people to
establish numerous new open development projects that operated similarly
as their original inspiration (Deshpande & Riehle, 2008). The hallmark of
the OSS culture became reciprocity between an OSS community’s members,
and full visibility of an OSS project’s state and future to strengthen the
community drivenness of the development effort (Perens, 1997). During
the following ten years, the advocates of genuinely free/libre software faced
fierce struggles with the supporters of openly sourced, yet commercially
exploitable software. Nevertheless, OSS-based software products started
gaining commercial potential and were adopted by companies and govern-
ments (Fitzgerald, 2006). The impact of this systemic change for OSS
development projects is reviewed later in Section 2.2.

2.1.1 Shared ownership and licensing

When the source code of a software is initially made available, volunteer
programmers can be invited test the software, submit defect reports and
create ideas for improving it. In the best case, the software’s first users
themselves start improving the software according to their own interests
(Lakhani & Wolf, 2003). At this stage, the software product can be seen
as a genuinely common good: authors retain the copyright for their contri-
butions, yet share the ownership of the complete end-product (Raymond,
1999). The continuity of this practice can be protected by mutually agreed
licensing which is typically announced when the software is released for the
first time (Vendome et al., 2015). Later, changing the license type can be a
strategic choice that is used to affect the attractiveness of software, and to
increase the motivation of contributing to its development (Santos, 2017).

After the early stages of the OSS development culture, versatility of
OSS-based software products and their producers increased. Therefore,
needs for pragmatic and business-oriented versions of OSS licensing emerged.
To describe the trade-offs between the four original freedoms and their re-
strictions, a jungle of different Free and Open Source Software licenses and
contributor agreements were created. Later, the Open Source Initiative2

used Stallman’s ideas together to guide licensing with a more general def-
inition for the concept of Open Source Software. This definition allowed
exempting some of the original, hereditary freedoms that the Free Software
manifesto promised to the end user (The Open Source Initiative, 1997).
From these steps, the open development model was allowed to fertilize a

2https://opensource.org/osd
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software marketplace that mixes both common good and proprietary in-
terests (Jansen et al., 2012). Later, the Initiative has had a key role in
approving which licenses comply with the principles for the Open Source
Software ideology.

2.1.2 Developer communities

Developer communities can be viewed as a structure of actors. As an exam-
ple, Nakakoji et al. (2002) categorizes an OSS community’s members based
on frequency and nature of their personal contributions, dividing them into
tiers. The resulting model is illustrated in Figure 2.1. Here, the heart of
an OSS development community is formed by ”project leaders” and ”core
developers”. who have the largest influence on the software source code.
These dominant control groups may have emerged from the small group
of the first contributors (Capra & Wasserman, 2008), who have have es-
tablished themselves as the original authors of the software. This allows
them to control the project with their decisive position and social connec-
tions (Crowston & Howison, 2005). This group can make collaborative
decisions about which features, bug fixes and modifications are included in
the code base (O’Mahony, 2007). Nakakoji’s model also differentiates the
less influential, ”peripheral developers”, who may interact with the project
is less frequently than the core developers, and more likely based on their

Figure 2.1: The Onion Model of OSS development communities (adapted
from Nakakoji et al. 2002).
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individual needs than shared goals. The most exterior layer of a commu-
nity is formed by ”readers”, who passively follow the OSS project, without
contributing source code to its work. When new developers enter a commu-
nity, they typically proceed from the outer layers towards the core, based
on their gained knowledge, competence and merit (Nakakoji et al., 2002).

Despite the possible centralization of power, an OSS community’s action
is guided by peer supervision (Sharma et al., 2002). As an example, the
governance of a developer community can be implemented through public
decision-making processes and transparent communications that are acces-
sible to the community’s members as they proceed, or as conversational
logs (Feller & Fitzgerald, 2002). Contributions are typically subject to a
transparent assessment made by the project’s leaders, as well as its other
members (Riehle, 2012). Personal and collective sense of responsibilities
can act as a glue for the developer community (Adler & Kwon, 2002), which
can induce positive character formation and virtuous behavior (Benkler &
Nissenbaum, 2006). However, OSS environments have been found to be
conflict prone and even hostile towards new developers, which can have
implications on not only the community’s mood, but also on how tasks are
offered and how contributions are managed (Schneider et al., 2016).

2.1.3 The open development process

OSS projects rely on a publicly available software development process,
which starts with identifying a problem and its solution. Next, the process
involves composing a software source code for fixing the problem, and vali-
dating it by the more experienced developers. Next, the code increment is
committed to the project’s main repository and documented. An archetype
of this process is illustrated in Figure 2.2. In the early collaborations, this
workflow was based on an email exchange, contemporary projects can select
from a variety of web-based tools for requirements management3, version-
ing4 code review5, and for automating the contribution-, and code inte-
gration stages6. These socio-technical systems constitute boundary objects
of the developer community, creating communicative layers and personal-
ized views on the current state of the community’s work (Star & Griese-
mer, 1989). They can offer a multitude of features that can support the
goals and values of the community driven development. These can include
features for quantifying a developer’s merit, for collaborative refining of

3Bugzilla, Trac, Redmine
4SVN, Mercurial, Git
5Gerrit,Codebrag
6Jenkins, Travis, Buildbot
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knowledge artifacts and for decision-making support through voting-based
mechanisms.

The choice of each supportive system brings their distinct features and
mechanisms to the organization of the open development process. Using
standardized tools and processes allows the project’s leaders to negotiate
their relationship with others from a more neutral ground, as a part of
the community’s processes and practices are embedded in the features the
software tools provide (Shaikh & Henfridsson, 2017). When the tools are
configured to provide full transparency to the different stages of the devel-
opment process, participants can understand who the current community
members are, what roles and activities they are engaged in, and whether
their own contributions are accepted to the software product, or not (Laf-
fan, 2012). Together with a log of decisions made by the project’s core
developers, these can make the open the development endeavor to be freely
observable and understandable also for non-participants (Steinmacher et
al., 2014).

The most important outflows of knowledge from the OSS development
project are preliminary, and production releases of the software, which
consist of a moderately stable solution and verified source code (Feller &
Fitzgerald, 2002). In some cases, only a compiled version may be published

Figure 2.2: A view of the Open Source Software development process
(adapted from Sharma et al., 2002).
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for end-users (Humble & Farley, 2010; St̊ahl & Bosch, 2013). In the Open
Source development model, software users discover defects only late in the
development process, or from the released software product, and only min-
imal planning precedes the implementation (Aberdour, 2007). Therefore,
the project needs mechanisms for ensuring the quality of contributions. In
OSS projects, this is implemented through public peer reviews, transparent
decision-making and open discourse (Benkler, 2001).

A critical mass of developers can ensure that many of the users’ needs
get fulfilled in a relatively short time in new software versions. This re-
sponsiveness plays a key role in sustaining the motivation of the project’s
stakeholders, including software users, developers and other community
members (Gamalielsson et al., 2010). When a project grows, a central or-
chestrator can be established to coordinate the community’s action and to
secure the financial sustainability of the whole project. This organization
can have a commercial goal, yet a popular means for organizing is to es-
tablish a new or join an existing non-profit foundation. Foundations invest
their income from for example licensing or membership fees back to the con-
tributors through offering the developer community the infrastructure and
tools that it needs to work, along with community-building activities that
increase knowledge sharing and cohesion (Riehle et al., 2009). As the foun-
dation is set to represent the project’s developers and other stakeholders,
the community remains in control of the project’s activities (Riehle, 2010).
In their original form, OSS communities have operated in the absence of
market-based or managerial models. However today, active communities
that are independent of commercial influence are rare. When acting as or-
chestrators, commercial organizations can support developer communities
in a similar fashion as OSS foundations. However, they may do so with
the agenda of profiting from the community’s work (Watson et al., 2008).
These hybrid forms of the OSS development model are discussed further in
Section 2.2. Figure 2.3 summarizes the OSS development model alignedly
with the terminology used in this chapter.

2.2 Hybrid forms of OSS development

OSS products of today form the backbone of our information and com-
munications technology infrastructure, including the Internet and its ap-
plications (Wynn, 2007). Success stories, such as Linux-based operating
systems, MySQL databases, programming languages and software libraries
have established the value of the OSS-based development model, and the
necessity of collaborating with developer communities.
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Figure 2.3: Characteristics of the Open Source Software development model
(adapted from Sharma et al., 2002).

Today, many companies participate in OSS-based, cross-industrial col-
laborations for developing common technologies with their strategic part-
ners and rivals (Teixeira et al., 2015). Many have released the software
source code as an alternative to in-house or outsourced development or
simply to let go of a product they no longer find interesting (Ågerfalk
& Fitzgerald, 2008). Provided that the project’s licensing permits to do
so, a commercial version of an OSS software can have emerged alongside
the free version of a software (Gonzalez-Barahona, 2013). These types
of developer communities are characterized by an interplay of forces that
embrace elements of freedom and control, openness and secrecy, conscious
leadership and the developer community’s free will, as well as competi-
tiveness in the collaborative work effort. We call this versatile reality the
community’s ”hybridism”. The word hybrid derives from Latin and refers
to a mixture of two very different things7 or a thing made by combining
two different elements8. The author uses this word to assemble a variety of
previously used terms such as the sponsored community (West & Bogers,
2017), OSS 2.0 (Fitzgerald, 2006) and commercial open source (Riehle,
2009). Later, we call the OSS development project’s central organization
the OSS development community’s ”orchestrator”.

7Cambridge Dictionary
8Oxford Dictionary
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Different orchestrators can display varying intentions towards their com-
munity, for example acting as a passive sponsor that provides the infras-
tructure needed for the open development process, and only minimally in-
fluencing the community’s action (Gonzalez-Barahona, 2013). This creates
social value for the developers, yet it also allows subtle means for monitor-
ing and controlling them when needed (Dahlander & Magnusson, 2008).
Alternatively, the orchestrator can take an active role, influencing or even
holding development decisions and by constructing an internal software de-
velopment process, or having its own employees to interact with the open
development process as ”insiders” (Dahlander & Wallin, 2006).

Orchestrated communities have typically been found in settings where
the orchestrator packages and sells the software as its own product (Riehle,
2012). In these cases, the orchestrator can actively restrain the developer
community’s autonomy and steering the development project into a direc-
tion that creates value for its customers. It is common that a project’s or-
chestrator supports the developer community’s work by performing for ex-
ample sales, marketing, software development, and customer support func-
tions (Riehle, 2012). They can also ensure that the developer community is
relieved from uninteresting and repetitive tasks and thus: able to perform
more of the creative work (Schaarschmidt et al., 2015). However, a strong
influence on the developer community can make people suspicious whether
the orchestrator will benefit too much, and not give back to the commu-
nity (Dahlander & Magnusson, 2005). Here, distributing knowledge and
decision-making power aptly between the community and its orchestrator
can help to achieve a symbiotic state where developers see the orchestrator
as an active co-developer of the software, rather than a ”parasitic” business
owner that outsources its selected tasks to the crowd (Dahlander & Wallin,
2006).

2.2.1 OSS projects as software ecosystems

We denote the stakeholders of a development project and its orchestrator
as a ”software ecosystem”. This term was originally used for describing
biological communities that act as a unit, interacting with their physical
environment with the exchange of energy and material (Tansley, 1937).
When brought to the context of commercial Open Source Software develop-
ment, the ”ecosystem perspective” can be seen as a similar exchange-based
relationship between the individuals and organizations. An OSS ecosystem
displays a structure of individuals and organizational units, that engage
in development, testing, implementation, marketing, distribution and sup-
port of the OSS project’s work: cooperatively creating value for the whole
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ecosystem Wynn (2007). As an OSS ecosystem typically invites participa-
tion without barriers (Jansen & Cusumano, 2013). This is beneficial, as
a heterogenous and active ecosystem can provide versatile viewpoints for
developing the software (Jansen, 2014). At the same time, the stakehold-
ers can influence others directly or indirectly (Manikas & Hansen, 2013).
Here, beneficial relationships can be created, despite the stakeholders’ com-
petitive position in the marketplace (Teixeira et al., 2015).

Open Source Software ecosystems can emerge around various kinds of
OSS products, specific markets or a commonly needed software infrastruc-
ture (Bosch, 2009). Their stakeholders include users and developers of
the software, and in some cases: a provider, with its own set of of bene-
ficiaries (Lundell et al., 2009). Hybrid OSS projects are typically hosted
and orchestrated by copyright owners, yet community-based actors, such as
foundations, can be established to act as the keystone organization of the
project. This keystone may not be a large organization, yet it is the entity
that holds the dominant position, and influences the community towards
a healthy or unhealthy direction (Jansen, 2014). The keystone’s role is
to enable value creation, sustain and grow the project by inviting devel-
opers and by encouraging strategic partnerships and alliances (Jansen et
al., 2012). It can generate revenue based on for example a dual licensing
scheme which grants a free version of the software for all, yet offers exclu-
sive benefits for those who wish to buy the commercial version (Riehle,
2012). These benefits can include for example the right to make applica-
tions proprietary, access to complementary software libraries and features,
receiving personalized technical support and commissioned implementation
for new features to the community-created software product (Fitzgerald,
2006; Riehle, 2009). Even though a keystone player can be present, or-
chestration frequently lies in the hands of several players in the software
ecosystem (Riehle, 2012). A good understanding of who form the com-
munity helps to decide whether the ecosystem is feasible for joining. This
knowledge can strengthen the ecosystem’s cohesiveness and help to build
mutual interests within industries, however, the knowledge can also be used
by competitors to target the ecosystem’s stakeholders for advancing their
own aims (Jansen et al., 2012). At best, the actors can share mutual goals
and form symbiotic business relationships, becoming intertwined with each
others’ operation (Iansiti & Levien, 2004; Franco-Bedoya et al., 2017).

An especially fruitful example of software ecosystems are multi-vendor
settings, which can form when the software product’s licensing permits re-
use and packaging of the software without restrictions. The project’s stake-
holders can distribute the software and participate in its development with
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the aim of supporting their own business goals (Watson et al., 2008). These
communities can include a mix of independent developers and employed
individuals who each have their distinct agenda for developing software
(Gonzalez-Barahona, 2013). The environment can include entrepreneurs
who seek to participate in collaborative and goal-oriented activities (Free-
man, 2011). The stakeholders can include businesses that support users of
the software, sell consultancy-based services for creating complementary,
and sometimes proprietary, software or hardware products (Dahlander &
Magnusson, 2008). In all cases, stakeholders can form strategic relation-
ships with the orchestrator and with each other, introducing invisible power
structures to the development community.

2.2.2 The interplay of openness and control

Even though openness of innovation processes can be beneficial for com-
mercial organizations (Chesbrough, 2006), it comes with several trade-offs.
As an example: a fully open licensing strategy can increase a software’s
attractiveness for users and developers, however it can compromise the or-
chestrator’s possibilities to benefit from the software (West & O’Mahony,
2008; Toral et al., 2009). While strong intellectual property rights can be
used to limit creative utilization, they also raise the cost of access to existing
knowledge and using it as input (Benkler, 2001).

Offering access to development tasks is essential for increasing the vol-
ume and quality of contributions, yet from the orchestrator’s perspective,
it requires relinquishing control of decisions on the software product de-
velopment and community governance to the open community’s members
(Schaarschmidt et al., 2015). If the open development community is strong,
openness contains a risk of creating an unclear legal relationship between
the company and its contributors (Wolfson & Lease, 2011). An extreme
strategy for mitigating this risk is to keep selected software assets propri-
etary to the orchestrator, creating a ”gate” for the external contributors.
This allows the orchestrator to limit possibilities to modify and re-use the
software and to choose which parts of the development process are made
openly available (Shah, 2006).

The opportunities for participation can range from the extremes of com-
pletely open, community-driven and autonomously operating to fish-bowl
communities where the development process can be observed, yet not inter-
acted with in a concrete sense (Gonzalez-Barahona, 2013). When an or-
chestrator controls a community’s action strictly, the community’s influence
and opportunities to grow can become compromised (West & O’Mahony,
2008). In an optimal case, the orchestrator and its community act in a
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symbiotic relationship, willingly adjusting to each others’ goals and needs
a comfortable equilibrium (Dahlander & Magnusson, 2008). Here, the
community extends the orchestrator’s knowledge base, yet the members
have no formal connection to it, which emphasizes the need for reciprocity
in the relationship (Dahlander & Wallin, 2006). An orchestrator can have
an active stand on issues that are internal to the community, as well as its
external relationships (de Laat, 2007; Baars & Jansen, 2012). Here, an
orchestrator that directly manages its ecosystem can end up suppressing
it (Iansiti & Levien, 2004) and therefore, the relationship the orchestra-
tor establishes with its community needs to rely on reciprocity. Next, we
overview the governance mechanisms of OSS based developer communities
as a means for managing these tensions. In Chapter 5, we offer new under-
standing on what mechanisms prevail within the interplay of openness and
control.

2.3 Developer community governance

For both traditional and hybrid OSS projects, governance can be defined
as the way in which an organization is managed, including both its invis-
ible and explicit powers, responsibilities and decision-making mechanisms
(Dubinsky et al., 2011). It involves the means that are in place to steer
the efforts of the autonomously working community to achieve a direction
through means of coordination and control (Markus, 2007). A governance
model is an evolving configuration of structures, processes, and culture that
guide the community’s action (R. Miles et al., 1978). The need for gov-
ernance attention stems from the complex nature of the OSS development
environment (Jansen et al., 2012) were a governance model can emerge
slowly as a collective learning process as the community finds its own tools
and ways of working (De Noni et al., 2011). However, in the case of for
example open-sourcing a previously closed system, the governance model
needs to be designed and implemented rapidly. Understanding which as-
pects and elements a model should consist of is crucial. A community’s
governance model defines the community’s principles, practices and pro-
cesses according to which it should operate. According to Markus (2007),
these can include issues such as:

• Who are allowed to contribute?

• How should contributions be made?

• Who should verify the contributions?
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• How can these positions be acquired?

• Which external stakeholders can view and influence the project?

Governance styles vary in between projects, and even within them, sev-
eral layers of democratic, autocratic, oligarchic, federative and meritocratic
principles and behaviors can coexist (Markus, 2007). Participation is af-
fected by the way in which the production processes and platforms are
organized and which principles and practices guide engaging with it (West
& O’Mahony, 2008). These are embedded in the various social interactions,
written guidelines, tools and standardized processes that operationalize the
many authoritative elements present in the complex environment (Shaikh
& Henfridsson, 2017).

Partly, OSS community governance is spontaneous, as individuals act
according to their motivation and ability, yet at the same time, division of
labor can be based on more static variables such as assigned responsibilities
(de Laat, 2007). Openness of the community is practically implemented as
the opportunity structure that allows outsiders to interact with the de-
velopment community’s work (West & O’Mahony, 2008). This sets the
ground for how the production processes are organized, to what extent
they are open, and on which premises the project’s tasks, knowledge and
decision-making are accessible for outsiders.

2.3.1 Management of contributions

Linaaker et al. (2017) describe, that the way in which source code contri-
butions are submitted and validated can vary depending on their nature,
size, and complexity. The authors distinguish trivial contributions: small
changes that complement the existing code base by providing enhancements
to code quality, yet without adding any new functionality. Medium-sized
contributions alter existing or add new functionality or produce minor ar-
chitectural changes that improve the way in which the software is devel-
oped. Major contributions are a result of considerable development work
which can require intensive collaboration between the developer commu-
nity’s members. Here, transparent communication facilitates the effort,
and helps to identify and manage risks, expectations and conflicts (Alves
et al., 2017a). Modularity of the software architecture can enable central-
ization and distribution of work and decision-making power, also lowering
the newcomer’s barrier for taking up tasks and new responsibilities (West
& O’Mahony, 2008).

In their traditional forms, OSS development projects accept contribu-
tions from all community members that have proven their proficiency. How-
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ever, in the hybrid environment, the selection of the developers members
can be done through partnership models that can define roles, responsi-
bilities, requirements, and obligations for different partners (Alves et al.,
2017a). Rules can be set on who can be become contributors, and how
their identity and competence should be verified (Mockus et al., 2002).
The same applies to the larger software ecosystem level, where stakeholders
can be included or excluded, despite their own willingness and proven at-
tempts to participate (Jansen et al., 2012). At an extreme, an orchestrator
fear competitive cannibalization and thus can steer the project deploying
its own employees to the development project and its leadership positions
(Schaarschmidt et al., 2015).

OSS developer community governance has three purposes: solving col-
lective action problems, enabling coordination of the software development
effort, and creating a better climate for contributors (Markus, 2007). Thus,
careful considerations of the versatile motivations of the contributors are
required. If the developers feel their autonomy and values are being com-
promised, or that their opinions are not being heard, their motivation to
contribute can deteriorate (Shah, 2006; O’Mahony, 2007).

2.3.2 Community health

Open communities are fueled by their contributors’ passion and devotion.
Therefore, it is crucial to balance issues related to the open community’s
motivation. Many OSS-based communities have a dedicated manager in
place to facilitate the productivity, stability and growth of the develop-
ment project. A key task for community mangers is to ensure that existing
members of the contributor community can work productively, and that
new people can easily join the project and become contributing members
Michlmayr (2009). They can act as ”liaison officers” that communicate
strategies and mediate viewpoints, emphasizing the many ”whys” behind
the decisions that shape the future of the software product McGarry (2011).
Community managers can influence the attractiveness of the software prod-
uct, and as a result: the sustainability of the whole software ecosystem that
surrounds the project (Wynn, 2007).

The health of a OSS developer community is reflected on the attrac-
tiveness and quality of the software product (Woods & Guliani, 2005;
Manikas & Hansen, 2013). This forms a positive feedback loop: when
a good Open Source software is being used, it attracts developers. This
can increase the responsiveness of the developer community, which satisfies
stakeholders and creates resilience that protects the project from disrup-
tions (Wynn, 2007). This can translate to the community’s willingness
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to grow and consequently: its longevity (Jansen, 2014). Measuring how
well the orchestrator’s marketing and community building acts transform
into uptake of the software or the number of acquired or active partners
can reveal some of the mechanisms behind the project’s health (Manikas
& Hansen, 2013). As a concrete example, the success of a bug hunting
campaign can be measured by the number of fixed defects that trace back
to the campaign (Kilamo et al., 2015).

One of the strengths of peer-production based communities is their abil-
ity to form independently operating sub-communities, which distributes
tasks and decision-making responsibilities. Healthy communities have con-
tributors with different roles (Crowston & Howison, 2006). This diversity
increases the community’s potential for innovation and its ability to absorb
shocks from outside (Iansiti & Levien, 2004). While a healthy project
distributes the benefits of participation in a balanced manner for example
in the forms of fair uptake of contributions (Jansen et al., 2009), the ef-
fectiveness of the software development process can indicate project health
(Manikas & Hansen, 2013). Traditionally metrics of development process
effectiveness: throughput time of work issues, frequency of code commits,
added lines of code and connectedness of components can offer interpre-
tations of a project’s health (Manikas & Hansen, 2013). With the same
intention, traditional software quality metrics such as reliability, availability
and interoperability can be observed. However, these approaches describe
only a thin slice of the community’s reality. Understanding a community’s
health requires observing the complex, internal forces of the community
and the influences that impact the development project’s course of action
and future directions (Hyrynsalmi et al., 2015).



Chapter 3

Research Approach

Next, we explain the research methodology that was used to construct this
thesis. Section 3.1 first overviews the epistemology of empiricism. Sec-
tion 3.2 explores empirical case studies as a form of inquiry, reviewing their
strengths and weaknesses in conducting software engineering research. Sec-
tion 3.3 discusses applicability of empirical evidence for synthesizing conclu-
sions, generalizations and predictions. Section 3.4 explicates the research
design of this thesis.

3.1 The empirical standpoint

Today’s scientists can enjoy a wealth of instrumentation that extends the
human sensory experience from the smallest to the largest scale within both
space and time. This inspiring development has been induced by empiri-
cism: the thought that theoretical knowledge about reality can be sourced
from direct or indirect sensory experiences, creating discoveries that are
highly dependent on the observer’s experience and ability to reason (Smith,
2005). Empiricism distinguishes simple and complex ideas (Locke, 1836),
along with particular and universal ideas (Rousseau & Fried, 2001). Within
this framework, reality becomes described through explanatory (deductive)
and generalizing (inductive) reasoning (Bayes et al., 1763). As a scientific
method, empirical investigations are bounded by hypotheses, the truthful-
ness of which is experimented by creating a clearly demonstrable chain of
evidence which either supports, or contradicts the original, hypothetical
ideas (Locke, 1836; Russell, 1919). This creates a space where nature of
reality and the relationships between its phenomena can be investigated
(Ayer, 2012), ultimately treating the reality as a source of truths (Dewey,
2012).

19
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There are serious limitations to the applicability of scientific empiri-
cism for community driven software development. Software engineering
deals with design, development, operation and maintenance of software
and their related artifacts (Jedlitschka & Pfahl, 2005). This process relies
on problem-solving and innovative discovery in a manner that is highly so-
cial by nature. Here, individuals carry on relationships with each others,
each according to their own abilities, emotions, motivations, roles and re-
sponsibilities (Fagerholm & Münch, 2012). In this context, the empirical
approach has been used to uncover how individuals work, and how the pro-
cess and results of this work could be improved (Jedlitschka & Pfahl, 2005).
This aim has driven the research field to favor results-oriented and practical
studies (Runeson & Höst, 2009) and has resulted in a fragmented body of
knowledge that includes many only internally valid studies that have pro-
duced results that are not widely applicable, which is due to the complex
and people-centric nature of software engineering environments, which in-
troduces many uncertainties into research designs (Siegmund et al., 2015).
Here, experiments can be controlled only to a degree, and hypothesis-driven
research approaches uncover only very thin slices of reality, missing many
of its nuances (Merriam, 2009).

Empiricism can be extended to the socially constructed world by ac-
cepting its incompleteness. This imperfection stems from the plurality of
perspectives: when observing the complex living reality, scientists can see
a multitude of different things and meanings emerging from the same evi-
dence and existing truths (Giere, 2007). As described by Spencer (1987),
this can be helped through a reflective process of concertising theory into
practical, factual knowledge about reality. This grounds the researchers’
observations on existing constructs that are rooted in past discoveries. This
strategy necessitates delineating the studied phenomenon and its context
carefully, and explicating the reference theories that are used for guiding the
investigations and analysis of the subject of study (Eisenhardt & Graebner,
2007). Here, the empirical Case Study paradigm can provide a rigorous, yet
flexible enough framework for investigating the virtual and global, socially
constructed software engineering environments (Stake, 1978).

3.2 Case studies as a form of empirical inquiry

Case studies can be used to illustrate, criticize and improve the practice of
designing and developing software (Runeson & Höst, 2009). They provide
narrative descriptions that portray the context, processes and relationships
of single or multiple settings (Eisenhardt, 1989; Yin, 2014). They can
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extend the current body of scientific knowledge about the underlying forces
which influence how contemporary phenomena manifest and evolve at a
given point of time (Wynsberghe & Khan, 2007). They are especially apt
for situations where the context and the subject of study is ill-defined and
when there is little or no control over the behavior of the environment (Yin,
2014).

A good case study design should explicate a research objective, exact re-
search questions and units of analysis, along with a methodological strategy
for answering them (Runeson & Höst, 2009; Robson & McCartan, 2016).
This bounds the context of research, which is especially important when
investigating the complexity of software development environments (Pe-
tersen & Wohlin, 2009). Case study designs can investigate single settings
by presenting an in-depth view on a situation, or they can be extended to
analyze multiple settings by embedding a common research instrument to
different environments (Yin, 2014). The beginning of the ”data collection”
phase may not be explicitly determined, as a researcher starts with getting
acquainted with the background of the case and other similar cases (Stake,
1995). This helps the researcher to choose the research questions and to
choose the feasible inquiry and analysis methods (Robson & McCartan,
2016).

Collection of data can involve direct or indirect interactions with the
subjects, or independent analysis of artifacts that the research context offers
(Eisenhardt, 1989). For research conducted in the industrial software engi-
neering domain, typical data sources include interviews with key persons,
communications logs, activity traces from software repositories, technical
documentation and user manuals. For this type of research, it is typical
that the data sources are not originally composed for the purposes of the
case study (Runeson & Höst, 2009). From here, the collected data can
be approached through the lens of reference theories or theoretical models
which guide designing and implementing the study and analyzing its results
(Scholz & Tietje, 2002). Here, it is key to consider a broad range of liter-
ature for increasing confidence in the findings and their validity, generality
and relevance (Eisenhardt, 1989).

There are several concerns about the validity of contributions that em-
pirical case studies yield from both in software engineering research, and
in general. The first threat to the validity of case studies is objectivity,
which stems from ”relative neutrality and reasonable freedom from unac-
knowledged research biases” (M. Miles & Huberman, 1994). Biases can
already be introduced to case studies by their initial design choices. When
choosing cases to a study, their role and purpose within the research design
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should be considered (Yin, 2014). Already at these stages, the researchers’
preferences, expectations and prejudices can be introduced, later influenc-
ing also formation of the results (Stake, 1995). Instead of a weakness,
the multiplicity of data sources, researchers and observational viewpoints
becomes a strength for the case study paradigm (Stake, 1995; Merriam,
2009; Yin, 2014).

3.3 Synthesis of new knowledge

Case study observations allow researchers to form new knowledge, mean-
ings and postulated relationships among the concepts interpreted from the
research data (Locke, 1836). An inherent danger of postulations, how-
ever, is that case studies do not distinguish causal relationships as clearly
as controlled experiments in traditional scientific empiricism (Runeson &
Höst, 2009). Therefore, the postulated meanings, relationships and pat-
terns within the evidence can bear pitfalls to the internal validity of the
research outcome. This threat can be addressed by triangulation of data
sources, the inquiry methods of researchers and by the use of feedback
loops with key informants to review the results providing an early check
for the validity of the observations and related interpretations (Lincoln &
Guba, 1985; Yin, 2014). Using reference theories helps in building connec-
tions between different theoretical areas and to form perspectives to the
data (Runeson & Höst, 2009). The research endeavour can be viewed as a
process of social construction which requires a dialogue with others (Yin,
2014). This reflective practise often yields results that are of stronger in-
ternal validity and a higher conceptual level, along with results that are
more generalizable to other contexts (Eisenhardt & Graebner, 2007). This
external validity can be increased with replication studies with an identical
study design as the original one, or more loosely: with the same concepts
used in the original study (Shull et al., 2008). However, for software engi-
neering research, replication of studies is rarely possible as no two software
development environments are exactly alike.

To conclude: while the empirical worldview has showed its potential in
natural sciences, case studies can extend the paradigm to contexts char-
acterized by the messiness and complexity of the human condition. The
strength of the case study paradigm is in its adaptability to different con-
texts and study settings. Here, being aware of, and setting aside one’s
presumptions is key in producing research designs and conclusions that
carry on for future work.
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3.4 Research design of the thesis

This thesis has a practical, solution oriented approach. We answer our
research questions based on empirical evidence from five research articles.
The following subsections overview our theoretical alignment and case selec-
tion strategy. We also overview the research approaches of each individual
article and describe how this evidence was used to form the knowledge
claims that we present later in Chapter 5.

Reference theories

This research was initiated in 2014 by studying the umbrella theories on
Open Innovation (Chesbrough, 2003, 2006; Ranga & Etzkowitz, 2013) and
Lead User Innovation (Hippel & Krogh, 2003; Von Hippel, 2005). The
original interest of the Author was to understand how different Open In-
novation strategies could be used in requirements engineering, and how
this could help commercial organizations to build better software prod-
ucts. After the work of Article II was initiated, our research was scoped
specifically to organizing commercial Open Source Software development
(Watson et al., 2008) and governance aspects of these hybrid environments
(O’Mahony, 2007; Sharma et al., 2002; West & O’Mahony, 2008; Dubinsky
et al., 2011; Alves et al., 2017a). This thorough, reflective journey between
the existing theories, gaps in literature and empirical evidence helped us
to choose the research questions for this dissertation, creating stability for
the research process that followed.

Case selection

Our evidence yields from large, established and commercially influenced
Open Source Software development communities. All of them are orches-
trated by a central organization which is either a commercial company, or a
non-profit organization. All projects produce software that is widely used
by software developers themselves. For answering RQ1 and RQ2, the case
projects have an emphasis on software development environments (Eclipse
and Netbeans applications) and software development frameworks (Qt,
GTK+, Vaadin). For answering RQ3 and RQ4, we wanted the case projects
to represent as different community environments as possible. Therefore,
we added also projects that produce operating systems (GNOME, Red-
Hat, Sailfish OS), organizations that orchestrate cross-project collabora-
tions (GENIVI alliance, C++ user groups), and individuals that perform
consultancy for management for OSS developer communities. We believe,
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that this versatile choice of data sources represents a covering image of
the state of the practice in organizing and managing large and hybrid OSS
developer communities. We also claim, that this selection of data sources
satisfies the requirement for versatility, that is required for externally valid
case study research.

Data collection and analysis

From the start of this research process, we chose the qualitative approach
for data collection, and set aside the aim of statistical representability of
the results. We wanted to favor research designs that produce rich narra-
tives about the reality, as perceived by those who experience it. Therefore,
research designs of our articles have been chosen to suit their individual
purpose. By this, we have used viewpoints of different study subjects to
ensure that our evidence reliably represents the studied phenomenon. This
flexible strategy allowed us to triangulate data sources, and researchers that
interpreted the data. It also helped us to enable feedback loops with the
study subjects for validating our results. In a similar fashion, quantitative
methods were used to strengthen and validate our interpretations. There-
fore, we are confident to say that the requirement of triangulation has been
satisfied in or data collection and analysis stages. Table 3.1 summarizes the
methodological build-up of the articles. The data sources for each article
are explained in detail in Chapter 4.

Table 3.1: Research approaches of the Articles (A).
A Objective Study design Data collection

I Comparing how six hybrid OSS development
model based projects are organized and man-
aged.

Multiple
case study.

Mining online content.
Embedded research in-
strument.

II Describing how values of OSS can support pro-
prietary software development.

Longitudinal,
single case
study.

Interviews, mining on-
line content, surveys.

III Describing the state of practice in OSS developer
community management.

Case study Interviews.

IV Describing how a visual overview of a commu-
nity’s active contributors could help community
management.

Single case
study

Software repository
mining, interviews.

VI Describing the community environment as a
learning environment to facilitate community
management.

Case study Literature review, in-
terviews.
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Synthesis

Stability of the research design and the quality of collected data should
be a component of reliable outcomes (Riege, 2003). Even though the
study designs of each article have been created in a customized and flexible
manner, we must note that the research questions of this thesis has been
remarkably stable since 2014. Therefore, RQ1-4 have genuinely guided our
inquiry for the most part of the research process, building our confidence
in performing the synthesis.

Our synthesized answers to the research questions are presented in
Chapter 5. The synthesis process was started by inspecting the original
theoretical background (Chapter 2), and revisiting the literature used for
backing up each individual article. This refreshed our understanding of
the underlying concepts, and helped us to choose the conceptual structures
that aggregate the evidence. The synthesis itself was a reflective process of
revisiting the original literature, the evidence from the articles and the con-
cepts that we chose to structure of our presentation. With this, we hope to
produce clear and general enough answers, that would both echo the work
of earlier researchers, and carry on as practical advice for professionals.
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Chapter 4

Research contributions

This chapter describes the contributions of Articles I-V. Each article is de-
scribed in terms of its objective, the research gap it addresses, methodology,
results and implications. Lastly, the chapter maps the research questions
of each article to the research questions of this thesis.

4.1 Article I: Organizing developer communities

The article ”Organizing for openness: six models for developer involvement
in hybrid OSS projects” contributes rich examples to the discussion on how
community-type Open Innovation activities can be organized for software
development environments. It answers a research gap described by Alves et
al. (2017), who called for concrete and actionable knowledge to help prac-
titioners in making strategic decisions on the organization and governance
of OSS ecosystems. As recommended by (Lin̊aker et al., 2015; Munir et
al., 2016), Article I studies this at the scope of the software development
process, and explores how knowledge and access to development tasks are
provided for the software developers.

This comparative, multiple case study investigates six large, orches-
trated OSS projects that each display a high level of commercial involve-
ment. The projects are presented by their freely available online content
such as community guidelines, project documentation, and socio-techical
systems. This highlights the viewpoint of new developers to the organi-
zation and governance of each case project. Article I answers RQ1 by
illustrating on how the community organization and governance mecha-
nisms are organized. It answers RQ2 by illustrating how the community’s
participatory options and knowledge about the state of the development
project can be used as leverages for the community’s openness. Table 4.1
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overviews the projects. Figure 4.1 illustrates their differences. Table 4.2
explains the visualizations.

Table 4.1: Overview of case projects in Article I.
Eclipse
4.7

NetBeans
8.2

Qt 5 GTK+ 3 Vaadin 8 SailfishOS
2

Software
type

Integrated
Devel-
opment
Environ-
ment

Integrated
Devel-
opment
Environ-
ment

Application
develop-
ment
framework

Application
devel-
opment
framework

Application
develop-
ment
framework

Operating
system

Development
language

Java Java C++ C Java C, C++,
QML, Web
technolo-
gies, shell
scripts

Contributors 275 70 321 137 133 12

License EPL1 GNU
LGPL2.1

GNU
LGPL2.1

GNU
LGPL2.1

Apache 2.0 Proprietary,
GPL,
LGPL,
BSD, and
MIT.

Orchestrator Eclipse
Foundation

Oracle Ltd. The Qt
Company
Ltd.

GNOME
Foundation

Vaadin
Ltd.

Jolla Ltd.

Position of
the project

The foun-
dation’s
primary
interest.

Not primary
business of
the com-
pany.

Primary
business
of the
company.

Connected
to other
GNOME
Foun-
dation’s
projects.

Primary
business
of the
company.

Primary
business
of the
company.

Orchestrator
role

Active
open
provider.
Hub for
member
organiza-
tions.

Passive
open
provider.

Closed
sponsor.
deploys
resources
to devel-
opment
activities.

Open
provider.
organizes
partner-
ships.

Closed
sponsor.
Devel-
ops the
software,
supports
developers.

Develops
software.
deploys
resources
to affiliated
projects.
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Figure 4.1: Comparison of the case projects. Illustration from Article I.

Table 4.2: Comparison of case projects. Table from Article I.
Eclipse Netbeans Qt Vaadin GTK+ Sailfish

A Who can contribute source
code?

2 2 3 3 3 2*

B Who can test code contri-
butions?

3 2 3 2 3 2*

C Who can accept code con-
tributions?

2 2 2 0 2 1*

D Who can access the com-
plete, live development
version?

3 3 1 3 3 0*

E Who can impact work issue
priorities?

3 3 3 1 3 2*

∼
F Who knows integration

status of code contribu-
tions?

3 2 3 3 3 1

G Who can view the product
roadmap?

3 2 1 1 3 0

H Who knows release timing
and content?

3 3 3 3 3 0

I Who knows priorities of
work issues?

3 3 3 0 3 0

0) Closed from outsiders, 1) Open to an exclusive group, 2) Open to accredited individuals, 3)
Open to anybody *) Due to the distributed repository strategy, practises vary.
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We find that orchestrators can offer very different configurations in
terms of access to source code, development tasks and decision-making
opportunities. Similarly, the amount of knowledge orchestrators disclose
for outsiders varied greatly. Also, the scope of the orchestrators’ control
could vary from detailed technical decisions to project level governance,
and even control of the whole software ecosystem. These, together, clearly
differentiate the projects.

We conclude that these different dimensions of community governance
can be used to manage the tensions that may arise between private inter-
ests of the orchestrator, and collective interests of its community. While
openness can come at a cost, setting the balance between the community’s
autonomy and orchestrator’s control requires considerations on how these
costs were covered, and what incentive structures should be used to sus-
tain the motivation of both the orchestrator and its community. We call
for future research on how openness can affect the design of the orchestra-
tor’s own value creation model and especially, what other choices need to
be made to ensure innovativeness and value capture from the work of the
developer community.

4.2 Article II: Extending the OSS development
model

The article ”In-between open and closed: drawing the fine line in hybrid
communities” addresses the organization and governance of a special type
of an open innovation community. It narrates how an orchestrator1 com-
pany succeeded in extending the values of OSS development to support
its proprietary interests. This work answers a research gap described by
Kleemann et al. (2008), who called for investigations on how relationships
between companies and their ’unpaid employees’ can form and be managed.
More specifically, this contribution answers a research gap highlighted by
(O’Mahony, 2007; Tullio & Staples, 2013), who called for investigations on
how the governance and control mechanisms can evolve through the life of
an OSS project. To respond, we report the events that took place during
the market initiation and maturation of an OSS based software product.
We describe how disclosing knowledge about the uptake of software require-
ments and releases acted both as reward, and a detriment of motivation for
the customer community’s members.

Article II is a longitudinal, single case study of three years. We used
repeated surveys and interviews to investigate the viewpoints of the com-

1In Article II, we use the term ”host” as a synonym for ”orchestrator”.
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Figure 4.2: Example interactions performed by the customer community’s
members. Illustration from Article II.

pany’s employees and the members of the customer community. Evidence
was collected from the freely available online content and activities that
took place on the community’s online platforms. This was used to de-
scribe what value the community created, and how this value was appro-
priated by the company. The article answers RQ1 by describing which
tasks the customer community performed (Figure 4.2). It answers RQ2 by
describing how different versions of software releases were used to create
sub-communities (Figure 4.3). RQ3 is answered by presenting challenges
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that emerged while the community became more aware of the value of its
contributions to the company. RQ4 is answered by describing how these
challenges were alleviated by for example innovation competitions and har-
vesting opinions about the company’s product strategy to manage expec-
tations of the community’s members.

We found that a key success factor for motivating the customer commu-
nity’s members was the up-front, financial commitment to the product. The
nature of the partially OSS based software product helped the company to
justify the community based approach, even though the feedback from cus-
tomers was used to support the development of the product’s proprietary
software components.

We conclude that the main challenge in similar settings can be to create
an interactive and mutually beneficial relationship, where all stakeholders
must have an opportunity to meet their own goals, simply to motivate them
to contribute. While overt openness was considered risky for the orches-
trator’s competitive advantage, leaving too much behind closed boundaries
created unnecessary friction in the orchestrator’s relationship with its cus-
tomer community. Article II calls for new research on what other means
can be used for rewarding stakeholders in similar settings.

Figure 4.3: Sub-communities, that were created by the orchestrator by
establishing a customer community platform and releasing different versions
of the proprietary software. Illustration from Article Ii.
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4.3 Article III: Developer community management

The objective of Article III, ”The many hats and the broken binoculars:
state of the practice in developer community management”, was to high-
light the role and challenges of community management in hybrid, OSS
development model based communities. This work updates an article of
Michlmayr (2009), who reported a similar, role based description of the
community manager’s profession in 2009.

Article III is a case study of industry practices. We performed semi-
structured interviews with 14 developer community management profes-
sionals. A qualitative, thematic analysis was performed to uncover the
underlying themes in the evidence. This was synthesized into seven roles of
community managers (Figure 4.4). Article III answers RQ3 by describing
challenges that practitioners can face while working with communities of
different shapes, sizes and scopes. Table 4.3 offers a summary of questions
that developer community managers struggled with. RQ4 is answered by
offering practitioner-proven advice for alleviating the challenges.

Figure 4.4: Seven roles of community managers in hybrid OSS developer
communities communities.

We found that many managers act in a critical, people-centric role: as
representatives of the developer community to its many stakeholders. Man-
agers could ensure the health and continuity of their development project
through acquiring funding and other types of support. They arranged live
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and online events to acquire new, and increase the commitment of existing
members. Managers mediated viewpoints and resolved conflicts between
the developers, and often influenced the developer community’s activities
directly through for example managing software requirements. Figure 4.3
overviews these roles.

As for management challenges, we found that managers struggled with
understanding whether their developer community is healthy, and whether
their management action really led to tangible outcomes. Table 4.3 ag-
gregates questions that emerged from the interview material. To alleviate
these, managers indicated that new, high-level and detailed views of the
community’s state and composition could improve their work. However,
the relevance of different metrics were found to vary greatly between differ-
ent communities. Our results voice common concerns among community
managers, and can be used to structure the management activity. In the
future, this could be used to find a theoretical frame of the manager’s
profession, and motivate new research on how the health of developer com-
munities could be understood from the viewpoint of successful developer
community management.

Table 4.3: Questions of community managers. Table from Article III.
Understanding the community:

How big is the community? Who are its currently active members? What are their responsibilities
and competencies? How to define boundaries of the sub-communities? Which organizations do
contributors originate from? How many of them are being paid to work for the community?

Acquiring and sustaining contributors:

How to increase uptake of the software? How to increase word of mouth? How to access people
that would be potential new developers? How do newcomers experience their learning? How to
increase experience of new developers? Do they stay or leave? Where are the pain points? Who
are in the risk of becoming inactive? How to involve ”free loaders” in contributing? When would
incentives be appropriate? For whom? How to educate stakeholders about benefits / obligations
of the licensing?

Creating actionable metrics:

What are the appropriate metrics for different platforms? What should be considered an alarm
signal? How to prove success of management activities?

Facilitating collaborative work:

How to enable/improve communication between developers? How to encourage peer to peer
mentoring? How to create new sub-communities and sub-community managers? Which tasks
are good for beginners? How to automate this? Is the documentation fit for its purpose? How
identify overlapping work? How to resolve conflicts?
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4.4 Article IV: Supporting community manage-
ment

The objective of Article IV, ”Supporting management of hybrid OSS com-
munities: a stakeholder analysis approach” was to overview who the con-
tributors of a hybrid, OSS development model based community are. Pre-
vious attempts to identify stakeholders and their roles had largely focused
on single data sources such as code repositories (Long & Siau, 2007; Shen
& Monge, 2011), bug databases (Crowston & Howison, 2006) and mail-
ing lists (Concas et al., 2008). Our study differentiated by addressing
the complete software development process from requirements engineering
to delivery of validated source code increments. Article IV is a single case
study of a large OSS development project Qt. The study protocol consisted
of two parts. First, we built visualizations of the project’s active contrib-
utors that had participated in either requirements engineering or software
development tasks. Next, we validated the value of these visualizations
for the development project’s developer community manager. This work
contributes directly to RQ3 by narrating the struggles that the community
manager faced in his profession. It addresses RQ4 by explaining, how the
visualizations helped the manager to identify needs for improving the de-
veloper community’s state, and alarm signals for circumstances that would
require an intervention. As the data source, we used a six month sample of
activities from the community’s openly available requirements engineering
and software development tools. 284 contributing individuals were found
and an overview was created by highlighting the tasks of:

A reporting a software requirement,

B being assigned to implement a requirement,

C performing a source code review and

D authoring a validated source code increment.

These tasks were used to structure the data and to create a network visu-
alization (Figure 4.5), where individuals were represented as small nodes,
while the large central nodes (A,B,C,D) represented the activities they had
performed.
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Figure 4.5: Visualization of individual developers and their roles. Illustra-
tion from Article IV.

We found that the community manager was able to identify several
critical entry paths of new contributors with the help of the network-based
visualization (Figure 4.5). As an example: while reporting defects (A)
is often the first task for newcomers, observing role combinations (AD) or
(ABD) could be used to identify their increasing or decreasing involvement,
at the same time reflecting the success of the developer community’s dif-
ferent entry paths. Displaying the names of individuals in the visualization
was found to be helpful for finding contributors that should be rewarded
for their contributions.

Based on the first interviews with the community manager, we created
another visualization (Figure 4.6) by aggregating the email address domains
of individuals. We found 139 different affiliations and grouped them into
four categories:

1. non-aligned stakeholder

2. commercial stakeholder

3. non-profit partner and

4. host company2.

Figure 4.6 shows the division of these affiliations in each role combination
group. The community manager indicated, that this had clearly uncovered
invisible power structures within the developer community. He pointed
out that by observing this view, an alarm signal could be distinguished:

2This term is used as a synonym for ”orchestrator”
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Figure 4.6: The shares of affiliations. Illustration from Article IV.

if the number of independent (non-aligned) individuals would decrease,
a conflict between community-driven and commercial motivations would
be evident. In this case, an an intervention would have to be planned
and executed. As a conclusion, Article IV invites future research on how
similar analysis approaches could be linked with established productivity
metrics of software development, and how the supportive tools of hybrid
OSS communities could be developed further with similar, visual analysis
approaches.

4.5 Article V: The newcomer’s perspective

The objective of Article V, ”Entering an ecosystem: The developer’s per-
spective to the hybrid OSS landscape”, was to understand how hybrid OSS
development communities could be made more welcoming for new develop-
ers. Existing research had focused on how developer communities should
be organized to accommodate participation (De Noni et al., 2011; West
& O’Mahony, 2008), what factors help entry and onboarding of develop-
ers (Fagerholm, Sanchez Guinea, Münch, & Borenstein, 2014; Fagerholm,
Sanchez Guinea, Borenstein, & Münch, 2014), and which traits healthy and
welcoming communities should display (Jansen et al., 2009; Wynn, 2007).
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However, connections between the community context and the developer’s
experience had largely been unexplored, due to the lack of a common vo-
cabulary in describing the community phenomena (Alves et al., 2017a). To
fill this gap, Article V chose the observational viewpoint of a new software
developer and positioned the hybrid, OSS development model based com-
munity as an experiential learning environment. We structured the com-
munity with an established model of contextual factors in personal learning
(Bronfenbrenner, 1979) and deployed it with vocabulary of the hybrid OSS
community context based on existing research- and practitioner knowledge.

This application was synthesized by the authors and validated through
three interviews with community management practitioners. The work
contributes to to RQ1 by presenting how the developer community can be
organized as a learning environment. It answers RQ4 by offering a new
perspective on how software developers could be facilitated by creating
entry paths that take into consideration how people discover the structures
of the developer community’s landscape.

As a result, Figure 4.7 organizes the developer community environ-
ment as tiers, depending on their proximity and everyday significance to
the learner. We found that the closest to the individual, the community
”microsystem” manifested as the source code, development tools, the de-
veloper’s personal responsibilities and contributions, along with the peers
that the developer interacted with. Around these, the community’s ”ex-
osystem” was formed by the overall software architecture and long-term
plans, the developer community’s decision-making organization and gov-
ernance model, the developer community’s social dynamics and its power
structures. These two were connected by a ”mesosystem” of the develop-
ment community’s processes. As the learning environment’s exterior layer,
”macrosystem”, we placed the software ecosystem of the hybrid, OSS model
based development community. At the same level, we positioned the cul-
tural and ideological backdrop of the OSS movement, and the landscape
of technological, legal and business related trends. Bronfenbrenner added
to this ecosystem model the layer of ”chronosystem”, denoting that all the
layers have symbiotic relationships with each other and, as for the ever-
evolving nature of reality, they are subject to changes in time. Table 4.4
explains these characteristics in more detail.

Article V invites new research by bold, experimental research designs
that address the interrelationships, continuity and change in the hybrid
OSS ecosystem context. This is encouraged due to the existing, rich ex-
plorations of the Bronfenbrenner’s model in social sciences (documented
in (Bronfenbrenner & Morris, 2006)). In the more distant future, the
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Figure 4.7: Learning environment model of a hybrid, OSS development
model based community. Illustration from Article V.

verified model could be used in discovering metrics, which operationalize
the health of developer communities in terms of their ability to intake and
retain contributors. This could provide new practical understanding on
which factors should be placed in the limelight of developer community
management while designing entry paths for new developers and facilitat-
ing their personal validation as new, productive members of a hybrid, OSS
development model based community.
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Table 4.4: Examples of learning environment model’s properties. Table
from Article V.

Individual
Personal Competencies, goals, motivations and feelings.

Microsystem
Personal Knowledge, tasks, contributions, responsibilities, status/rank as a developer

community member.

Stakeholders Requirements engineers, code authors, committers, reviewers and maintainers.
Team members and personal mentors.

Resources Software source code. Personal development tools and common platforms:
requirements management systems, code review/testing and continuous inte-
gration tools, shared knowledge repositories.

Mesosystem
Organization
of production

Code submission-, review-, testing-, integration- and release processes. Col-
laborative relationships amongst the developer community’s members.

Exosystem
General Architecture of the software product. Rules and conventions. Licensing and

IPR strategy. Organization and governance of the community and its orches-
trator.

Stakeholders Different project teams and sub-communities. Project lead and high-level
decision-making organizations, software users. Goals of partner organizations
and keystone players.

Macrosystem
General Developments of related and common technologies, industry state of the prac-

tice, technology standardization, business and the marketplace. Strategic al-
liances.

Ideology FLOSS principles and their project-specific adaptation. Appreciation of self-
fulfillment, diversity, equality and consensus-driven decision-making.
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4.6 Mapping of research questions

Next, we recall the research questions of this thesis:

RQ1:How can hybrid, OSS development model based communities be
organized?

RQ2:How can openness of hybrid, OSS development model based com-
munities be adjusted?

RQ3:What managerial challenges can exist in hybrid, OSS development
model based communities?

RQ4:How can the management challenges of hybrid, OSS development
based communities be alleviated?

These questions are linked to the research questions of Articles I-V in Table
4.5.
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Table 4.5: Mapping of Article research questions to Thesis RQ:s.
Article Article research question Thesis RQ

I

How can decision-making roles and responsibilities be distributed? RQ1

Which tasks of the development process can be accessible for members
of the open developer community?

RQ1

What knowledge of the development process can be exposed for mem-
bers of the open developer community?

RQ2

II

How can an open community aid the development of proprietary soft-
ware?

RQ1

How can a company initiate an open community for collaboration in
software development?

RQ2,RQ3

How can a company manage the collaboration with its open commu-
nity?

RQ2,RQ3,
RQ4

III

What is the community manager’s role in collaborating with the com-
munity?

RQ3

Which tasks do community managers perform? RQ3

What challenges do community managers experience in their work? RQ3

What means do community managers have for addressing these chal-
lenges?

RQ4

Where do community managers get knowledge that they need in their
work?

RQ4

IV
How can management of hybrid OSS communities be supported by a
visualization?

RQ4

Which indicators of community health can be identified from this
visualization?

RQ3, RQ4

Which warning signals for community health can be identified from
this visualization?

RQ3, RQ4

V How can hybrid developer communities can be made welcoming for
new developers?

RQ1, RQ4



Chapter 5

Answers to research questions

This thesis is based on empirical evidence from hybrid, OSS development
model-based communities that are orchestrated by nature. Our results,
thus, describe the many ways in which orchestrators can organize (RQ1,
RQ2) and manage (RQ3, RQ4) their communities.

RQ1: How can hybrid, OSS development model
-based communities be organized?

While answering RQ1, we connote the word ”organize” with the arrange-
ment of a phenomenon into a particular structure (The Oxford English
Dictionary , 2019). Guided by this definition, we synthesize two perspec-
tives: the community as a workplace; and as a learning environment. Tables
5.1-5 trace this work to the findings from the original research articles.

Organizing the developer community as a workplace

Our evidence has illustrated hybrid developer communities as transparent
arenas for fast-paced, goal-oriented work. As workplaces, they are special.
They can form around many different types of software products (Article
I), drawing voluntary individuals to work side by side with employees of
commercial actors (Article IV). Due to the Open Source Software ethos
as their backdrop, communities can expose all contributions to a public
review, requiring transparent decision-making and communications.

Each community can have a very different locus of control (Article I).
At the same time, the community’s structure, state of work and practices
may only be known by a selected few. In better cases, they can be implic-
itly discoverable from the community’s socio-technical tools, or be publicly

43
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documented to the point of exhaustion (Articles I-II). In many ways, hy-
brid communities can challenge the notion of a workplace as something,
that can actively organized or managed.

Role of the orchestrator. Active control of the open community’s
action can damage the contributors’ motivation (Dahlander & Magnus-
son, 2005). What, then, can be the role of the community’s orchestrator?
In Article I, we found that both non-profit and commercial orchestrators
could actively guide their communities. The orchestrator could act as a
subtle influencer that nurtured the community’s autonomy through facil-
itating its contribution- and decision-making processes, and by resolving
conflicts of its actors. At an extreme, active orchestrators could state the
community’s priorities and goals through managing software releases. Some
orchestrators could place more attention on the internal issues of the soft-
ware development process, some on the product-level decision-making, and
some on the control of the software ecosystem. While answering RQ2, we
explore more, how this general attitude could be implemented to the com-
munity’s governance through offering access to the software source code,
development tools, decision-making opportunities and the relationship with
the people that actively run in the project.

Table 5.1: Findings for RQ1: Role of the orchestrator.
Article Finding Place

I A large and active, hybrid development community can emerge around
products of various purposes and licenses.

Table 1

IV The hybrid communty environment can invite participation from com-
mercial actors, non-profit organizatons, and voluntary individuals.

Figure 2

I The OSS product can be the orchestrator’s primary business. It can
be a value adding component that is interconnected with the orches-
trator’s other operations.

Table 1

I, IV When acting as orchestrators, both foundations and companies can
be passive or active towards their developer community. They can
deploy developer resources and occupy leadership positions within the
community.

Table 1 and
Section 6;
Figure 4.6

I The scope of the orchestrator’s control can vary from detailed devel-
opment decisions to ecosystem-level control.

Section 4

I The orchestrator may enforce its own product development strategy
on the community. Alternatively, it may collaborate with the com-
munity to create one, or allow the product development strategy to
emerge solely from the community’s needs.

Section 5.3
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The software development process: For all contributors, the focal
points of the community are the participatory opportunities that its online
tools and platforms provide (West & O’Mahony, 2008). In Article I, we
found that the whole source code, or only its limited parts could be used
as the platform for collaboration. A community could have one, stream-
lined and openly accessible contribution process that was to be used by the
orchestrator as its sole workaround (Article I). Alternatively, the orchestra-
tor could host its own internal operations, maintaining a parallel software
development process and integrating its results to the open community’s
repository at will. Selected ecosystem partners could be allowed to use
the same strategy (Article IV). This style was also found in the developer
community’s internal structures: the software architecture could be used
to divide the developer community into sub-project teams that each use
their own development process and source code repositories. However, this
required a significant amount of coordination from the orchestrator (Article
1).

Table 5.2: Findings for RQ1: The development process.
Article Finding Place

I The developer community can have access to the full software source
code, or only parts of it.

Section 6.3

I All steps of the software development process can be organized to
openly welcome contributions.

Section 5.2

I The open software development process can act as the only, trans-
parent workaround for both the Orchestrator and the community.
Alternatively, the orchestrator can maintain a proprietary software
development process in parallel with the open development process.

Table 2

IV Ecosystem partners can be allowed to have their private development
operations, and they can be allowed to bypass the community-driven
software development process.

Figures 1-2,
Group D

I Sub-projects can be allowed to freely organize their own software de-
velopment process

Section 5.2

II The orchestrator can restrict the access to the development process
by excluding developers’ access to selected parts of the source code,
or by not offering access to socio-technical systems.

Section 6.4

Team structures: In OSS-based communities, individuals typically
participate based on their own interests and according to the resources and
time that are available for them (Lakhani & Wolf, 2003). Therefore, the
community members’ work is guided by individual and collective responsi-
bilities and collaborative decision-making (Markus, 2007). We found that
these structures can be based on the architecture of software source code,
different tasks of the requirements engineering, software development, and
decision-making processes, or different versions of software releases (Arti-
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cles I, II and IV). Similarly, memberships could be used as pre-requisites of
participation (Article I). Article II clearly indicated, that these structures
can be used to manage expectations of community members, and to imple-
ment different strategies for appropriating and motivating the contributors’
work. As a general finding, we claim that both the community as a whole,
and each individual team can be observed through the ”Onion Model” like
structures of Nakoji et al. (2002) to increase understanding of who form
the most active part of the community. We discuss these issues in more
detail while answering RQ3 and RQ4. All in all, the team structures can
be used to increase commitment through offering different incentives to dif-
ferent groups within the community (Article II). However, the complexity
of the organization can increase the coordination and management of the
community’s work (Article I).

Table 5.3: Findings for RQ1: Team structures.
Article Finding Place

I The orchesterator may maintain a complex decision-making organiza-
tion that coordinates the project’s work. A membership scheme can
be used to bind selected ecosystem partners to this organization. It
can also be used to ensure that independent developers are heard in
the decision-making.

Section 5.1
and 6.3

IV The community can be organized into teams (this word is used syn-
onymously with the word ”sub-community”), based on different tasks
of the development process. These teams are organized around the
openly available software development tools, that offer the touchpoints
for participation.

Figure 1

I The community can be organized into teams based on the software
architecture. These teams can either contribute to the public develop-
ment process, or each have their own process, repository and tooling.

Section 5.2

II The community can be organized into teams based on versions of
software releases. This structure can be used to increase commitment
through campaign-like activities.

Section 5.4

I The autonomy of the teams can increase the cost of coordination and
management of contributions.

Section 6.3

Incentives: The orchestrator can act to ensure the community’s sus-
tainability through arranging its financial support and community events
(Article I). Similarly, it can offer free and chargeable services (Article I), to
relieve contributors from uninteresting and repetitive tasks (Schaarschmidt
et al., 2015). Even more importantly, Articles I and II found that the com-
munity’s motivation can be fostered by distributing knowledge and decision-
making power aptly. This could be used to accomplish a symbiotic state
where developers see the orchestrator as an active contributor to the com-
munity’s work, rather than a ”parasitic” business owner that outsources
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its selected tasks to the crowd (Dahlander & Wallin, 2006). Article II
clearly showed that this requires understanding the contributors’ different
viewpoints, which can help to form a reciprocal value creation model that
both motivates the stakeholders, yet also benefits the orchestrator and its
ecosystem partners sustainably. We claim, that this can be facilitated by
investigating what value autonomy, and each flow of knowledge and arti-
facts brings both to the developers, and to the stakeholders of the software
ecosystem.

Table 5.4: Findings for RQ1: Incentives.
Article Finding Place

II Knowledge about the uptake of contributions, priorities of develop-
ment activities, content of planned releases and their delivery dates
can act as incentives.

Section 5.3

I Privileged positions can be offered in exchange for commitment. Section 5.1

IV The orchestrator may offer free or chargeable support services to sup-
port the developer community, and also to its ecosystem partners.

Section 2

III Orchestrators can arrange offer services, arrange community-building
activities and events.

Role 1

Organizing the developer community as a learning environ-
ment

Personal learning is inevitable when one wishes to become a developer com-
munity’s contributor. As an example: finding a problem within a software
requires experience in using it. Understanding the root cause of the prob-
lem requires studying the software’s source code and testing it in its genuine
context. Gaining the ability to fix the problem requires exploring the source
code and its related online materials. It requires discovering the commu-
nity’s participatory options, engaging with the development processes, and
interacting with its decision-makers.

In developer communities, learning is validated through accreditation
and gaining responsibilities (Article V). To support this progress, Articles
III and IV found that newcomers need clear starting points, suitable tasks
for their experience level, knowledge on how to proceed and relevant so-
cial connections amongst the community’s members (Article V). However,
communicating issues to newcomers was found to be hard because of the
complexity and ever-changing nature of the community landscape (Article
III). To help this, Article V structured the hybrid community environment
as tiers, uncovering which factors have the most influence on personal learn-
ing and, thus, should be placed in the limelight. Article III found that, to
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start, newcomers need clear and customized starting points and streamlined
processes. Article V posited, that communicating the software architecture,
licensing, governance model and ecosystem-level interconnections are not
immediately relevant for learners. Similarly, information about the ethos
of OSS development and its project-specific adaptations should come only
later in the learning process. Article V calls for new research on what
metrics could be used to measure the success of the newcomers’ learning
paths. Table 5.5 summarizes these findings, providing additional detail to
the different tiers of the learning environment model.

Table 5.5: Findings for RQ1: Community as a learning environment.
Article Finding Place

III It is hard to communicate the complex technical landscape to
newcomers

Role 2

III,IV Newcomers need customized starting points in terms of knowl-
edge, tasks and people.

Role 2, ”Potential
for growth”

III Streamlined workflows and tools can help newcomers to learn. Role 3.

II Understanding the successes and failures of onboarding is use-
ful.

Key observations

III Personal learning about the community environment is based
on a newcomer’s knowledge and available tasks.

Role 2

V Access to knowledge repositories, software requirements,
source code, development tools, communications channels and
people form the foundation of learning.

Microsystem

V Participating in the community’s processes is an essential step
for personal learning.

Mesosytem

V Later in the learning process, the architecture and licensing of
the software product, the community’s team structures, gov-
ernance model and goals of the stakeholders form the content
of learning.

Exosystem

V The ethos and values of OSS development and their project
specific adaptations are relevant to the newcomer only later
in the learning process.

Macrosystem

V Interconnections to other software products, technological and
market trends do not form the immediate learning environ-
ment. Similarly, knowledge about legal terms, strategic al-
liances and other stakeholders in the project’s ecosystem are
not immediately important for learners.

Macrosystem
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RQ2: How can the openness of hybrid, OSS devel-
opment model-based communities be adjusted?

Based on the evidence from Articles I-II and IV-, we present how orches-
trators can use software releases, knowledge about the development process
and access to memberships to regaulate a community’s openness. Tables
5.6-8 link these themes to the original research articles.

Software releases

The development community’s work is grounded on the availability of soft-
ware source code (Article V). Therefore, the most important outflows of
knowledge from the OSS development project are preliminary, and pro-
duction releases, which consist of a moderately stable solution and verified
source code (Feller & Fitzgerald, 2000). From Articles I and II we learned
that the source code could be openly disclosed:

• in its complete form.

• only as selected architectural modules.

• as a continuously updating ”live version” of the actively developing
code base.

• as periodical versions: testable previews of the upcoming release.

• as a ”final release”, the quality of which has been verified.

Restricting access to the source code disables the community’s ability to
directly participate in the development process. Restrictions can be based
on the orchestrator’s need to control the contents of releases, and future
plans of the software product (Articles I and II). Examples from Article I
imply that releases could:

• be defined by the project’s core developer group.

• be defined by the orchestrator, based on contributions from the com-
munity.

• be defined by the orchestrator’s own product development strategy.

• be defined by the orchestrator, based on the needs of its customers
and strategic partners.
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Articles I and II described cases, where access to the recent versions
of the source code was limited by the development project’s staged release
schedule. We found that the extent and timing of source code releases could
be used to form team-, project- or sub-community-based structures within
the community’s organization; and also to encourage their participation
and commitment. As a general finding in Article I, the position of the de-
veloper on the meritocratic ladder and related membership schemes could
be used to influence developers’ access to the software source code. Here,
the features of modern socio-technical systems have an essential role in sup-
porting community-drivenness by increasing transparency and distributing
decision-making to the community’s members (Article I).

Table 5.6: Findings for RQ2: Software releases.
Article Finding Place

V Empowerment of developers is grounded on the availability of the
source code.

Microsystem

I, II Software releases can be used to implement the orchestrator’s release
strategy.

Section 5.3,
Section 5.4

II The orchestrator can restrict access to the software source code com-
pletely, partially or based on time restrictions

Section 5.4

I Software can be released continuously as a live and updating version.
Alternatively, it can be released periodically, based on the maturity
of the source code.

Section 4

I The orchestrator can allow live access to the complete source code of
the software.

Section 5.2

I The orchestrator can allow access to different versions of the source
code.

Section 5.2

I Access to the source code repository can be based on an individual’s
merit.

Section 5.2

I Software releases can be defined by the orchestrator based on the
needs of its customers, or its needs for coordination between different
projects.

Sections 4,
5.1 and 6

I Software releases can be defined by the needs of the developer com-
munity’s members.

Sections 5.2
and 6

II Software releases can be used as campaigns that activate users and
developers.

Section 5.4

I The community can be organized into teams based on the software
architecture.

Section 5.2

I, II The community can be organized into teams based on versions of
software releases.

Section 5.4
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Table 5.7: Findings for RQ2: Access to knowledge.
Article Finding Place

I Orchestrators can have very different strategies for disclosing knowl-
edge to the community.

Section 4

I Orchestrators can have very different strategies for appropriating
knowledge from the community.

Section 4

II Knowledge about the software development process and product plans
can motivate contributors.

Section 6.3

I, IV Orchestrators can hold decisions about software releases completely Section 2,
Section 4

I Release planning can be orchestror-driven or community-driven Section 5.3

V Access to source code, and knowledge about the community’s state
and processes are an essential component of personal learning

Microsystem

I Modern socio-technical systems can increase the openness and trans-
parency of the software project by providing features that support
community-drivenness.

Section 5.2

I Modern socio-technical systems can allow distributing responsibility
and decision-making.

Section 5.3

Access to knowledge

When knowledge about the developer community’s processes and ways of
working are openly available, participants can understand who the current
community members are, what roles and activities they are engaged in,
and whether their own contributions are accepted to the software product,
or not (Laffan, 2012). As an example, the project’s stakeholders and re-
sponsibilities, state of the development process, and plans for the software’s
future could:

• be disclosed intentionally, explicitly and in factual detail for all

• be disclosed intentionally, explicitly and in factual detail for only
selected members.

• be disclosed as inspirational statements.

• be implicitly visible from the community’s socio-technical systems.

• be known by selected teams, or individual members of the community.

• be hidden from the developer community’s members.

Here, too, the modern socio-technical systems of the community had an
essential role in allowing or restricting their access to knowledge and the
possibility to influence it (Article I). Articles I, II and IV described that the
contributor’s ability to influence the priorities of the software development
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effort could be implemented through open voting or expert opinion by most
committed members. At an extreme, prioritization could be completely out
of reach of the community’s members.

The in- and outflows of source code and knowledge were found to be
an important motivating factor (Article II), and an essential component of
personal learning (Article V). Thus, we invite consciously designing com-
munication and appropriation strategies between the orchestrator and the
developer community. This strategy should be grounded on an understand-
ing of where each type of knowledge should be stored, to whom it should be
disclosed, how specific the message should be and how frequently it should
be updated. Inversely, considerations are invited on to which type of knowl-
edge the open contributor community is invited to submit, how completely
this knowledge should be appropriated, and to what extent the community’s
input is allowed to influence the future of the software product.

Access to memberships

Governance of OSS communities includes the means that are in place to
steer the efforts of the autonomously working community (Markus, 2007).
Here, the community’s membership structure forms an interesting view-
point. Gaining personal merit can allow people to take new responsibil-
ities and to enter groups that take part in the project’s decision-making
(Nakakoji et al., 2002). On the other hand, membership schemes can be
used to limit or oblige stakeholders or to make sure that certain groups
are able to represent themselves. In Article I, we learned that membership
schemes could:

• allow stakeholders to participate in development activities

• oblige stakeholders to participate by deploying people to the project

• be required for becoming a contributor

• be neutral towards participation

Article I highlighted how accreditation mechanisms could be imple-
mented implicitly by the features of the development project’s socio-technical
systems. Some memberships could be achieved only through social interac-
tions, or at an extreme: by a legal relationship with the orchestrator. Based
on Article I, we find that accreditation to different tasks and memberships
could require:

• only registering to the community’s socio-technical systems.
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• registering to the systems and acquiring quantified merit.

• community voting after a self-nomination.

• community voting after a recommendation.

• active approval by core developers

• active approval by the orchestrator

• a membership of a foundation

• a customership to the orchestrator

Articles I and IV describe several examples of settings where incoming
code contributions were reviewed by the small and fixed core developer
group that consisted of the orchestrator’s employees. In other projects, the
same activities could be open to anyone interested via a freely available peer
review platform. The premises by which people are accredited as actionable
contributors in the project can be used to either limit or encourage partic-
ipation from the open community. These choices define who are allowed to
participate, and more importantly: to define what input is expected from
the community. When designing membership structures, orchestrators are
invited to consider who the participating actors are at each stage of the
community’s processes and how their proficiency should be verified.

Table 5.8: Findings for RQ2: Access to memberships.
Article Finding Place

I When acting as orchestrators, both foundations and companies can
be passive or active towards their developer community.

Table 1 and
Section 6

I A membership scheme can be used to allow, decline or ensure that
certain stakeholders commit to the project.

Section 6.1

I Accreditation can be based on original authorship of the software
source code.

Section 4

I Accreditation can require a registration, gaining merit through self-
representation, recommendations from existing group members, or an
interaction with the orchestrator.

Section 5.1
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RQ3: What managerial challenges can exist in hy-
brid, OSS development model-based communities?

On the evidence from Articles II-IV, we highlight three major challenges
of managing hybrid community environments. These include the encum-
brance of understanding the community’s state, the challenge of mediating
viewpoints between stakeholders, and the hardship of sharing the right
knowledge with the open community’s members at the right time. Tables
5.9-11 link or contributions to the original research articles.

Understanding the community

Articles III and IV highlighted that managers strive to understand their
community’s composition, its state, internal power structures and overall
mood holistically. This was encumbered by the hardship of finding action-
able metrics in the reports provided by their community’s socio-technical
systems (Article III). This made it difficult to identify strengths, weak-
nesses, pain points and alarm signals within the community’s state: both
in terms of its ongoing activities and in on-boarding of new contributors.
Findings in Article III implied a related difficulty of planning interventions
and demonstrating their success for keystone stakeholders. This encum-
brance was found to trace back to the sheer amount of information that
was available for community managers from the community’s supportive
ICT systems. Managers sought aggregate metrics and high-level views.
However, creating them could be time consuming routine work (Article
III) due to the separateness of the socio-technical systems that are used by
the developer community (Article IV).

Table 5.9: Findings for RQ3: Understanding the community.
Article Finding Place

III, IV It can be hard to understand who the current developer com-
munity members are, which tasks they are engaged in, and
whether they need rewarding or encouragement.

Role 4, Section 2

III Socio-technical systems of the community may not be able to
produce relevant metrics for community managers.

Role 7.

III Showing the cause-effect relationship of community manage-
ment actions is hard.

Observations.

III Community managers’ tasks can include routine tasks that
could be automated or delegated to others.

Role 3.
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Mediating viewpoints

Aligned with Wynn (2007), Articles III and IV underlined that a critical
mass of contributors can ensure versatile viewpoints and keep the commu-
nity healthy. Articles II and III illustrated how the versatility of viewpoints
could create a lack of alignment of the project’s goals, causing overlapping
work, competing solutions and clashes in opinions between the community’s
stakeholders. This was found to be detrimental to the project’s ability to
function, and to invite new developers (Article III).

Article III found, that the community manager acted in a central role
in mediating viewpoints and preventing conflicts. While doing so, man-
agers need to prove their merit and influence to both the members of the
open community, the orchestrator, and its ecosystem partners (Article III).
These findings highlight the importance of the stakeholders’ aims, and the
community’s understanding of the power structures. They must react to
concerns of developers and communicate a solution that the community
can believe in and act upon. Article III found this to be especially hard
due to the volatility of community environments, and the possible secrecy
of the long-term plans for the software product.

Table 5.10: Findings for RQ3: Mediating viewpoints.
Article Finding Place

III Community management work can be undervalued by com-
mercial sponsors. Managers need to prove the success of their
actions.

Role 1.

III Community managers act as mediators between the commu-
nity’s members. They can identify and resolve conflicts.

Role 4

II, III There can be a lack of alignment in the interests of the or-
chestrator, developers and other stakeholders. This can cause
conflicts and overlapping work.

Section 5.3, Role 4.

III Conflicts between developers can be detrimental to the devel-
opment project.

Role 5.

III A long-term vision of the software product may not exist. Role 5.

II A long-term vision of the software product may be kept secret. Section 5.3

I A long-term vision of the software product may be communi-
cated only as high-level statements.

Section 5.3

Sharing knowledge

Based on Article III, we find that managers can act in a visible role, com-
municating its state of affairs for stakeholders and leading the commu-
nity’s action. This requires both focused communication with individuals,
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yet also broadcasting more general narratives to wider audiences. Arti-
cle II highlights how sustaining the community’s reputation, inviting new
contributors, and mediating viewpoints all necessitate selecting the right
knowledge for the right audience. In Article II, we found that not disclos-
ing relevant knowledge openly can damage the contributors’ motivation.
At the same time, excessive transparency of knowledge can compromise
the orchestrator’s influence on the community’s activities and the needs for
proprietariness of its commercial stakeholders. Findings in Article III im-
ply, that finding a feasible balance requires understanding of what creates
reciprocity in each stakeholders’ relationship with the community, and with
each other. However, in practice, this requires a holistic understanding of
the community’s dynamics that are implemented through both its gover-
nance model, available participatory options and the community’s culture.
Findings in both articles III and IV imply that this knowledge is con-
structed by the community manager and therefore highly tacit. It is not
easily transferable when for example: changes in staffing occur.

Table 5.11: Findings for RQ3: Sharing knowledge.
Article Finding Place

III On-boarding of new developers can be encumbered by the
complexity and the ever-changing nature of the community
landscape.

Role 2.

II The community’s socio-technical systems may not be fit for
disclosing appropriate knowledge to the right people at the
right time.

Section 5.3.

II If the community does not know about the uptake of their
contributions, tensions can emerge between its members and
the orchestrator.

Section 5.3.
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RQ4: How can the management challenges of hy-
brid, OSS development-based communities be al-
leviated?

We answer RQ4 based on Articles II-V. On the evidence of these arti-
cles, we highlight the themes of welcoming new contributors, creating sub-
community structures and reflective management practices. Tables 5.12-15
link these themes to the original research articles.

Welcoming contributors

When a good Open Source software is being used, it attracts develop-
ers. This increases the responsiveness of the developer community, which
satisfies stakeholders and creates resilience that protects the project from
disruptions (Wynn, 2007). Therefore a community must be able to in-
vite, accreditate and emancipate new developers. Article III found that
this could be facilitated by discovering competencies of newcomers, and by
recommending them suitable work tasks in an automated manner. From
there on, becoming an actionable member of the community requires per-
sonal, experience-based learning and concrete participation in the commu-
nity’s processes (Article V). Community managers need to understand the
strengths and weaknesses of this onboarding process (Article III and IV).
For this, we suggest observing the combination of development tasks that
an individual perform as a metric of success (Article IV). Based on Article
III, we find that this can be enabled by the ease of finding the tasks, tools,
and knowledge that are needed to start.

Table 5.12: Findings for RQ4: Welcoming new contributors.
Article Finding Place

III Community building activities, such as meetings and confer-
ences are commonly used for raising the general interest to-
wards the software and inviting contributors.

Role 1

V Designing entry paths of new developers could be facilitated
by seeing the community as a learning environment.

III Understanding entry paths of new developers can to measure
the success of onboarding activities.

Role 2

III Automating the identification of newcomers, and recommen-
dation of suitable work tasks for them can help onboarding.

Role 2

IV The effectiveness of entry paths can be observed by how many
tasks of the development process individuals are participating
in.

Section 4.1.

III Streamlined processes help newcomers to learn.
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Creating sub-community structures

Evidence in Articles II and III indicates that autonomous sub-communities
can support both users and developers of a software, and management of the
hybrid environment in general. Article I described how sub-communities
were used to organize the development activities in large projects. The sub-
communities could display both temporary and sustaining memberships. In
sustaining teams, memberships could be continuous or limited to a fixed a
time period. Based on Articles II and IV, we distinguish that the division
of people into teams could be based on either the architectural structure of
the software, task-based responsibilities such as requirements engineering
and testing tasks, maintainership of code components, or memberships in
periodically activated campaigns such as release-related testing.

When designing sub-community structures, we invite considerations on
which roles should be collaborative, which are to be performed by employed
contributors of the orchestrator, or its ecosystem partners - and which roles
should be left solely to the open community’s members.

Table 5.13: Findings for RQ4: Creating sub-community structures.
Article Finding Place

III Sub-community structures can help to lower barriers for par-
ticipating by enabling peer-to-peer mentoring.

Role 2

II Offering connections to other project members, and key per-
sons outside the project is essential when grooming sub-
community managers

Role 6

II Finding sociable developers and grooming them to be sub-
community managers can help to make the community more
welcoming.

Role 2

III Periodical campaigns can activate community members. Role 6

II Creating a specific focus for the different teams’ work can help
to increase the involvement of contributors.

Section 5.2

Planning knowledge flows

Based on Article I, we find that communities can disclose a wide variety
of knowledge. They can have either a consciously designed, or a serendip-
itous strategy for revealing knowledge about the community’s culture and
conventions, decision-making processes, accreditation mechanisms, the cur-
rent state and future plans for the project (Article I). Article II empha-
sized how especially communicating the product vision, release themes, and
timing could be used to convey viewpoints and balance the community’s
motivation. Rewarding selected contributors with extra knowledge using
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sub-community structures could be used to reveal different information for
different stakeholders (Article I). At the same time, they could be used
to increase contributions from existing community members, or invite new
ones to participate in the community’s work (Article II). We conclude, that
planning the outflows of knowledge should include considerations on: where
each type of knowledge should be stored, to whom it should be disclosed,
how specific the message should be and how frequently it should be up-
dated. Inversely, considerations are invited on to which type of knowledge
the open contributor community is invited to submit, how completely this
knowledge should be appropriated - and to what extent the community’s
input is allowed to influence the future of the software product.

Table 5.14: Findings for RQ4: Planning knowledge flows.
Article Finding Place

I Projects can disclose knowledge about the state of the devel-
opment process differently for different stakeholders.

Table 2

I Knowledge about the community’s structure, culture, gover-
nance and operation (Sharma et al. 2002) can be disclosed at
a coarse-grained or detailed level.

Section 5.3

I The aforementioned knowledge can be disclosed in real-time,
frequently or infrequently.

Section 5.3

II Motivation of contributors can be increased by offering fre-
quent software releases, and timely knowledge about uptake
of requirements.

Section 5.3.

II When the orchestrator wants to protect its competitive edge,
knowledge about product development plans and the state of
the development process can be disclosed differently to specific
teams.

Section 5.4

II Aiming to increase their commitment, contributors can be of-
fered a more interactive relationship with the Orchestrator.

Sections 5.1-2

Reflective management practices

Findings in Articles III and IV underline the importance of reflective prac-
tices in community management. In Article III, managers expressed their
uncertainty in choosing appropriate metrics for each purpose and in un-
derstanding which changes in these metrics require attention. To alleviate
these challenges, managers called for aggregate and simplified metrics for
for example the responsiveness and mood of the community. While under-
standing that the manager acts in a focal role in finding actionable metrics
for each purpose, we underline the importance of identifying which exact
goals are to be attained by the actions, and which questions should be an-
swered through observing the health metrics. While appropriate metrics
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may not be attainable by following the massive stream of data coming di-
rectly from the socio-technical systems and their analysis tools, we propose
that exploring new thematic areas, such as the accreditation of contribu-
tors, work role rotation and the effect of acts of communication to gain
more specific understanding on how the community functions within the
limits of its governance- and operational model.

Table 5.15: Findings for RQ4: Reflective management practices.
Article Finding Place

III Community health metrics are not static and their relevance
can change over time, even within one project.

Observations

III Community managers need to understand complex situations
and to highlight takeaways with a message that is timely and
relevant to its recipient.

Role 4

III Automating the creation of aggregate metrics can relieve a
significant amount of a community manager’s time.

Role 7

III Understanding where the community’s work stalls is impor-
tant.

Observations

III Automatic identification of ”heated” discussions can help to
sustain the community’s health.

Role 7

III Having members’ names, areas of expertise listed and orga-
nizing them as sub-communities can help management of the
community’s resources.

Role 2

IV Creating an end-to-end view of stakeholders in the develop-
ment process can help to identify which developers have just
entered the community, who are in danger of leaving and who
would need rewarding for their extensive contributions.

Section 4.1

IV If the aforementioned view is augmented with developers’ dif-
ferent affiliations, invisible power structures can be uncovered.

Section 4.1.
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Discussion

This chapter discusses our results. Section 6.1 positions our work con-
tribution with existing literature. Section 6.2 explicates its practical and
theoretical implications. Section 6.3 discusses the limitations of the work.

6.1 Related work

The OSS development model has clearly expressed its potential in extend-
ing the borders of software-producing organizations (see Hippel and Krogh,
2003 for a discussion). We have studied this systemic change, acknowledg-
ing the role of Open Source Software projects as incubators of software
ecosystems (Barbosa et al., 2013) and understanding that a large body
of evidence already exists on how these environments could be governed
(Alves et al., 2017b). Even a longer line of research exists on the inner
workings of OSS community environments (West & O’Mahony, 2008),
why software developers decide to engage with them (Lakhani & Wolf,
2003), and how their work could be facilitated (Steinmacher et al., 2015).
Due to the maturation of the research field, it was important to find a
fresh perspective for studying the direction into which software producing
organizations have clearly been heading. We did so, by using a practical,
solution-oriented approach, and by highlighting a central organizations’s
active role in orchestrating OSS-based community environments. This was
inspired by a call by De Noni et al. (2013), who defined conscious acts
of management in open environments as a promising area for future ex-
plorations. Similarly, a systematic mapping study by Munir et al. (2016),
invited new knowledge on how the practicalities of software engineering
processes could be organized to accommodate open innovation. While an-
swering RQ1 and RQ2, we tribute these calls by providing examples on
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how organizations have adapted their distinct strategies, and how software
development and its related value creation processes can be organized in
contexts that mix community involvement and proprietary interests. Fur-
ther, RQ3 and RQ4 address a call by Alves et al. (2017a), offering consum-
able knowledge for practitioners on the relationship between a community’s
health and governance.

6.2 Implications

This thesis has presented a highly practical contribution, yielding evidence
from established developer community models, which can be considered
successful in their own right. As a practical implication, we encourage us-
ing our results as inspiration for organizations that are planning to extend
their boarders by engaging developer communities. Similarly, we claim that
our results can be used b y orchestrators to aid designing communities to
build software products with collaborative approaches. We claim that our
results can create transferable knowledge to new contexts of application,
for example as a popularized book for practitioners. From a theoretical
perspective, answers to RQ1 and RQ2 could carry forward in construct-
ing a sounder theoretical framework for updating the onion model of OSS
communities with cross-cutting phenomena.This could be used to bring
out the notion of hybridism, and to include a wider outlook on the software
ecosystem perspective. We also see potential in studying whether there is
a causal relationship between an OSS product’s type and the organization
and governance model of its development project and ecosystem. As an
example, a similar research instrument as in Article I could be used to
compare the characteristics of a community on a larger scale of case com-
munities. This could offer insight on whether different kinds of products are
more susceptible to be developed through open approaches, and by certain
organization types. More advanced understanding on the different stages
a community goes through could be used to create a new model for the
lifecycle of OSS-based communities. Here, studying for example the tran-
sitions from company-led to foundation-driven governance, and vice versa
could offer an interesting viewpoint. This could offer advice for managing
the expectations of community members, and sustaining their motivation.
We leave these ideas for future researchers and invite more brave questions
to be asked especially about the dependencies of different community phe-
nomena. The contributions of RQ3 and RQ4 bring new understanding of
the aims and challenges of community management. This could be used
to form better understanding of which factors impact the health of com-
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munities, and especially which metrics are appropriate for evaluating the
success of management actions. We invite studying how different types of
entry paths could be created, and how observing them could be used to
measure the success of management actions more precisely.

6.3 Limitations

In this thesis, we have highlighted emerging themes in the empirical ev-
idence. We want this evidence to represent the state of the practice in
community organization and management, and serve as an inspiration for
practitioners. We have aimed at synthesizing knowledge claims that would
both be reliably reliably grounded on the evidence, and present the real-
ity behind our observations (Yin, 2014). This can be questioned as we
have studied especially complex and volatile environments that are virtual
and socially constructed by nature. Also, the sheer volume and richness of
evidence that has been available for the researchers can produce a biased
view on the community phenomena. We have addressed these threats by
using versatile study subjects, data sources and viewpoints to offer general
observations that allow synthesizing the emergent ideas.

We argue that our approach has produced knowledge that can be gener-
alized to contexts, that are similar to those of our studied subjects. These
include orchestrated, large and active OSS development communities, that
are characterized by commercial involvement. As for this bias in our sam-
pling strategy, our results may not be transferable to small or inactive
projects. Instead, we have wanted our claims to be reliable enough, so they
could used as an inspiration for situations where for example a new com-
munity is being initiated by opening a previously closed software product
for community-driven development. Similarly, we can imagine a similar
applicability to situations, where a company opens an APIs to build an
ecosystem of software developers around its partially closed platform prod-
uct. However, as case studies in general, and especially in their qualitative
forms, do not feasibly distinguish causal connections (Runeson & Höst,
2009). Therefore, we shun from claiming that any type of an organization
or governance would be more successful than others. As no community phe-
nomenon exists in isolation, the validity of our recommendations should be
critically evaluated before applying them to new contexts. More specifi-
cally, using our recommendations can not automatically result in success in
organizing and managing the complex and ever-evolving hybrid, OSS based
community environments.
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Chapter 7

Conclusions

This thesis has presented evidence from online communities where the
Open Source Software development model acts as a platform for open,
peer production-based innovation. In specific, we have explored orches-
trated OSS projects where commercial interests blend with the historical
values of the OSS ethos. This living reality was investigated using the case
study paradigm and a variety of customized inquiry methods. Our research
process produced rich narratives that describe the hybrid OSS develop-
ment community phenomenon from the perspectives of its contributors,
and their orchestrators. The research contribution includes five, published
articles that exemplify how the organization and governance of hybrid OSS
projects can be configured, and what challenges can exist in their man-
agement. Based on these findings, we answer four research questions that
highlight salient themes in the global industrial state of practice.

We found that the OSS development model can host very different types
of community organizations, that can offer varying levels of openness for
their contributors. We found very closed settings, where the orchestrator
regulated at all levels of their OSS project’s operation from distinct devel-
opment priorities to the project’s ecosystem control. At the other extreme,
some orchestrators could act only as facilitators, letting their community
operate in full autonomy. By investing this wide range of practices, we
observed the projects’ governance model and the invisible power structures
that guide the community’s work. We synthesize the evidence by describ-
ing the hybrid community environment as a workplace, and describe how
contributions could be managed by regulating the contributors’ access to
participatory options and knowledge.

Our contribution highlights the role of community management in guid-
ing the developer community’s work, describing how the community man-
agers’ awareness of the community’s state, composition and internal power

65



66 CHAPTER 7. CONCLUSIONS

structures can help in understanding its problem areas. We suggest how
the community environment could be seen as an experience-based learning
environment. This approach is recommended to be used in creating en-
try paths for new community members, and in measuring the success of
their onboarding. Continuing our work can offer new research avenues, it
can as well inspire practitioners in building new open innovation environ-
ments that either use, or borrow from the OSS development model as their
paragon.
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