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Remo Eckert

University of Bern, Switzerland
remo.eckert@iwi.unibe.ch

Abstract. The existence of a community plays a central role in the development
of Open Source Software (OSS). Communities are commonly defined as a group
of people sharing common norms or values. The common interest of an OSS
project is obvious: to develop software under an OSS license. When we look at
the rather general definition of a community, we see that there is a similarity to
the term *organization’. This paper draws parallels between OSS projects and the
general elements of an organization and shows the different elements comprised
in an OSS community: people, organization and assets. Each of those elements
is enriched with examples from different research in the corresponding OSS re-
search stream and provides a broad overview of the elements of OSS projects.
With the help of this comparison, research on OSS can be made more focused
and aligned with organizational research.
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1 Introduction

The phenomenon of OSS has attained much attention over the years. In the academic
literature, different aspects of OSS and its development have been examined and dis-
cussed. Quite often, however, the terms used to describe the different phenomena
around OSS are not exactly defined and even more the relationship between different
concepts is not clarified. For example, OSS research often uses various different con-
cepts of a collective that works together to reach a common goal, such like community,
project, organization, or foundation. This results in a situation where it is not always
clear what is exactly meant with the concepts, what do they comprise and how they
relate to each other.

The development of OSS takes place in an OSS project. By creating a three-phase
model, de Laat [1] describes the structural evolution of an OSS project. In phase one,
governance is spontaneous and explicit coordination and control are non-existent.
Phase two introduces internal governance with formal tools, e.g. division of roles, train-
ing, modularization or decision-making. This enables an OSS project to be governed
internally in order to increase efficiency and effectiveness as the community grows.
Eventually, in phase three, if the OSS project is successful and both companies and



other organizations wish to participate, there is a need for institutionalization (a legal
entity such as a foundation) to involve outside parties such as organizations [1].

Governance within OSS projects has been widely discussed for many years [2-4].
One frequently used definition of OSS governance is “the means of achieving the di-
rection, control, and coordination of wholly or partially autonomous individuals and
organizations on behalf of an OSS development project to which they jointly contrib-
ute” [5]. In order to better understand what governance of an OSS project is, one needs
first to understand the different elements of what is to be governed. However, there is
no research that attempts to explain those different elements of an OSS project. Thus,
there is a need for studies that contribute to a better understanding of the different ele-
ments comprised within an OSS project. Therefore, this paper attempts to answer the
following question: What are the different elements comprised within an OSS project?
To answer our research question, we have developed a framework in which OSS pro-
jects are compared to the elements of an organization.

The remainder of this paper is structured as follows: Chapter 2 shows the elements
of an organization because we perceive an OSS project as an organization in the most
generic sense. Chapter 3 adapts these elements to OSS projects and explains the differ-
ent elements of an OSS project. Chapter 4 discusses the results and the implications
thereof for both theory and practice.

2 The Elements of an Organization

An organization is defined as an entity comprising multiple actors with a collective goal
[6]. According to organizational research, governance combines various mechanisms
to encourage people to do things that align with the organization’s goals [7].

According to Luhmann [6], there are three characteristics that highlight the or-
ganization: first, an organization can decide which people are part of it and which are
not. The organization can define restrictions and rules; failure to observe these rules
can result in exclusion. Second, organizations have goals and the decisions an organi-
zation takes are oriented around these goals. Generally, organizations have several pro-
cesses, which can be structured either in management processes, in core processes or
in supporting processes. Core processes are central for an organization to earn money,
whereas management processes structure an organization to achieve those core pro-
cesses. Supporting processes are necessary to run the core processes, but are not central
to an organization [8]. Third, organizations have hierarchies, which regulate the posi-
tion of members within the organization. Processes and hierarchies enable an organiza-
tion to coordinate its people. Processes and hierarchies, both formal and informal, there-
fore represent mechanisms of governance to align the behavior of people according to
organizational goals [7].

Besides people, common goals, roles, rules and structures, most - if not all -organi-
zations are in need of assets. Assets are tangible or intangible goods and can be owned
or controlled to produce and have a positive economic value. Moreover, they can be
converted into cash [9]. From an accounting viewpoint, an asset is a resource controlled



by an entity as a result of past events and from which future economic benefits are
expected to flow to the entity. An asset can be tangible or intangible [10].

The establishment of a legal entity helps to protect an organization from various
threats such as liability. Fig. 1 combines Luhmann [6] and the accounting viewpoint
and shows the different elements of an organization. Although Fig. 1 implies a well-
defined structure, each element is closely interlinked with the other elements.

Legal Entity
People Organization Assets
——— —— ———
Volunteers Hired Structures Processes Tangible Intangible

Fig. 1. Organizational Framework.

3 Organizational Framework of OSS Projects

In the following subsections, we explain how each of the corresponding elements of
people, organization and assets can be understood in regards to OSS projects. The fol-
lowing subsections show that the similarities between an organization and OSS can be
structured according to our organizational framework.

3.1 People

OSS projects are associations consisting of people who come together virtually in pur-
suit of a common goal [11]. The motivation to contribute to an OSS project differs:
contributors to an OSS project can either be paid by an employer, or are volunteers. In
general, their reasons for contributing to OSS projects can be categorized as either in-
trinsic or extrinsic motivation [12]. An action is extrinsically motivated when it is per-
formed in order to obtain some separable outcome, whereas an intrinsically motivated
action is carried out for the mere interest in or joy of performing it [13]. However, the
motivations behind employees and volunteers contributing to an OSS projects differ
[14]. A developer’s “itch worth scratching”, as stated by Raymond, might be not as
strong for a paid developer as for a volunteer [15]. Tasks such as project design, coor-
dination, testing, documentation and bug-fixing are usually less attractive for volunteers
and could therefore be carried out by hired people to ensure that these tasks will be
done properly [16]. We therefore distinguish between hired people and volunteers.

Volunteers. The involvement of a community in an OSS project is a vital factor for the
success of the project because the community promotes the project and its development
[17, 18]. Therefore, attracting and gaining volunteers for a new OSS-project is one of
the main focus of community building. The community can ease the way in which new
volunteers can join the community by defining guidelines, compiling mailing lists and



wikis and answering project-related questions [19]. Moreover, the software quality it-
self may increase the success rate of attracting new members, whereas several methods
of enhancing the quality of the code exist, ranging from code refactoring to documen-
tation [20]. On the technical side, increasing modularity of the source code is one in-
centive for attracting new developers [21]. Another way to attract more volunteers to
an OSS project is to use an issue tracking system [22]. OSS projects typically have an
open issue tracker where developers and users of the software can report bugs and fea-
ture requests [23]. With the help of issue trackers, potential new contributors can get in
touch with the existing community. In their literature review, von Krogh et al. [12]
distinguish between intrinsic, internalized extrinsic or extrinsic motivations. As stated
by von Krogh et al. [12], some motivations are by definition extrinsic, but could be
internalized by developers so that they are perceived as self-regulating behavior rather
than external impositions.

Hired Contributors. A high number of developers are paid by an employer for their
0SS efforts [24]. In a study by O’Mahony and Bechky [25], 63% of respondents were
paid by a corporate sponsor. In the GNOME project, tasks which are usually less at-
tractive to volunteers, such as project design and coordination, testing, documentation
and bug-fixing are carried out by employees [16]. People who are paid to contribute to
an OSS project may be paid directly by an organization which benefits from the devel-
oped software. For example, Red Hat will make more money on support if Linux is
used more. Another example is Intel. It will sell more semiconductors if an operating
system is free, and a computer therefore costs less. As a result, such companies hope to
benefit from allocating their own employees to an OSS project [26, 27]. Berdou [28]
distinguishes between free sponsorship, clear mandate, OSS-friendly jobs and sub-con-
tracting. In free sponsorship, developers receive no clear instruction from their em-
ployer about what they should work on. For the most part, they are former volunteers,
who are expected to work on more or less the same things they used to. In contrast to
free sponsorship, those who have a clear mandate from their employer, are told what
they ought to work on, such as integrating different aspects of the project into company
products, or building on their projects’ platform to create commercial applications.
OSS-friendly jobs are jobs where people are expected to develop proprietary software,
but are also allowed to spend part of their time working on OSS projects. Their terms
of work can be formal or informal and resemble part-time free sponsorship. In sub-
contracting, meanwhile, people are paid to solve a problem or develop a specific appli-
cation. This form could also include bounty programs (cash reward offered for devel-
opment) and self-employed developers. However, people can also be paid by an OSS
foundation, as it is in the GNOME Foundation, where the executive director and an
administrator, as well as other contractors, are paid via membership fees to accelerate
community growth and sustainability [29].

3.2  Organization

Some OSS projects, especially bigger ones, have formal membership rules and agree-
ments, such as the membership fee and bylaws with different roles and functions [19].
Bylaws are rules established by the community to regulate itself in a structural and in a



procedural way. As an example, the bylaws of the Eclipse Foundation regulate the over-
all purpose of the community, the powers and duties of the various roles within the
community, how and when members are elected and how meetings are organized.
Moreover, the Eclipse Foundation bylaws explain how decisions are made, explain the
tasks of the different committees, councils, boards and the different forms of member-
ship [30]. Contributions not only help the software to evolve, but also redefine the role
of the contributors, thereby changing the social dynamics of the community. Conse-
quently, project leaders and core members should focus not only on the evolution of
the software itself, but also on the creation of an environment and culture that fosters
and encourage new members to move toward the center of the OSS community. This
can happen by means of both formal and informal mechanisms. Such mechanisms al-
low developers to work independently, by encouraging or helping other developers to
work in ways that are expected by the community [31].

Structures. Relationships with external groups, leadership and control are common
sources of conflict in an OSS project. In the worst case, these can even lead to a break-
down or a software fork where a subgroup of contributors develop their own version of
the code [32, 33]. A structure regulates the coordination efforts between different ac-
tors. Although there is no strict hierarchy in some OSS communities, their structure is
not completely flat. According to [34], roles and their associated influence can be
earned through contributions to the community. The resulting informal community
structure, called the “onion-model” can be depicted as layers, where the roles closer to
the center (e.g. the project leader and core members) have a greater influence than the
roles in the outer layers (e.g. readers and passive users). The roles are not fixed and can
change over time, depending on the contributions of the community members involved.
The processes are in many cases more informal than formal, anyone can join and the
relations and roles change over time [35]. Roles do not imply authority, but instead
responsibility. Authority, as an example in the NetBeans community, is based on repu-
tation and respect [31].

O’Mahony and Ferraro [36] show how a community uses a formal bureaucratic basis
of authority to reinforce its meritocratic norms. They show how an OSS project de-
signed a governance system that combines a constitutional basis of authority with dem-
ocratic mechanisms to ensure control by the majority. A governance system shapes the
way in which project-wide decisions are made. Moreover, governance structures ensure
that a project could survive a change in leadership or crucial positions within the pro-
ject. The need to coordinate member activities and integrate their contributions neces-
sitates a structure. Analyzing the Debian project, O’Mahony and Ferraro [36] distin-
guish between four different forms of governance, where the community develops from
an informal to a formal structure. In the Debian project, the de facto governance worked
well for the first five years. There were no formal means of governance. In the design-
ing governance phase, a formal definition of roles, rights and responsibilities was es-
tablished. The resulting governance system embraced two elements - the formal posi-
tional authority and the limitation of that authority through democratic means. In phase
three, implementing governance, the new formal governance structure accepted by the
community, was implemented. Candidates nominated themselves and the community



could give them their vote. In phase four, stabilizing governance, the leadership forms
began to reach settlement.

Processes. Like an organization, an OSS project also has various processes, which
can be structured in core processes, management processes and support processes.

Core processes. While many OSS projects are built by a small number of individu-
als, in large projects, a significant number of individuals and firms contribute to the
project [5, 27, 37]. Formal rules about the development process ensure that operational
tasks, such as requirements elicitation, assignment of people to tasks, release control,
etc. are organized [5]. The Eclipse development process, for example, describes the
principles upon which the process should rely: openness, transparency and meritocracy.
Moreover, each project is supposed to make a project plan available to the community
at the beginning of each development cycle (for each major and minor release) [38].
Another core process is requirements engineering. German [16] illustrates how several
leaders in the GNOME project provide a list of requirements that the system should
satisfy and reference applications the project should replace. However, not all require-
ments are an output of the leaders. Requirements for a new module or components are
born from discussions in mailing lists or on an issue tracker [22]. Requirements can be
formulated in a vision developed by community leaders; by imitating the features from
reference applications; by discussions in a mailing list; by providing a prototype with
the implemented requirements to work on; or by a post-hoc requirement where the re-
quirements are unknown to the rest of the community and are fulfilled by the developer
seeking those requirements. What those methods have in common is that they are usu-
ally informal and prioritized by the leaders of the project, maintainers of the module or
by a foundation [37].

Management processes. OSS projects, especially larger ones, exhibit formal struc-
tures that can be described in bylaws. German [16] describes how the board of directors
in the GNOME community is elected. The board of directors is democratically elected
by the rest of the foundation members. In addition, the community has a rule that re-
stricts the power of a single organization by imposing a maximum number of board
seats. Moreover, board members must represent the interests of the GNOME commu-
nity, not the interests of their own organization. This rule, as stated, has already been
enforced several times in the past.

Supporting processes. The developed software asset needs to be protected from law-
suits from the legal entity that owns it [39]. Therefore, the OSS community needs to
ensure that contributions do not infringe third-party IP-rights. For example, a contribu-
tor agreement ensures that the OSS community cannot be subject to a firm’s ownership
claim and is therefore seen in some OSS projects as a precondition to any code contri-
bution [25]. Another example of a supporting process is the funding process. Since
there are different forms of memberships and fees, the Eclipse Bylaws define which
people have to pay for becoming a member and how much [30]. The secretary is re-
sponsible for invoicing membership fees and collecting fees, if necessary with a dues
notice. The annual report, which is publicly available, provides an overview of the fi-
nancial situation of the Eclipse community in terms of revenues and expenses. This
report, which encompasses far more than just the financial situation, also constitutes a
supporting process.



3.3  Assets

We distinguish between tangible and intangible assets, which are described in detail in
the following.

Tangible Assets. With respect to the development of software, the availability of an IT
Infrastructure is an important aspect. Gutwin et al. [40] found that distributed develop-
ers do need to maintain awareness of one another, more specifically, both a general
awareness of the entire team and more detailed knowledge of the individuals they plan
to work with. The main mechanisms for maintaining this awareness of who is involved
in the project and what their activities are, are text-based communication tools that are
commonly used in OSS project, e.g. mailing lists, wikis or text chats. For specific
awareness, such as people's expertise and activities, an operating IT Infrastructure with
a decentralized version control system such as GIT [41], bug trackers for submitting
bugs and feature requests, e.g. Bugzilla [22] and mailing lists [5, 36] are needed. Col-
laboration among the participating members takes place with the help of these tools and
simplifies the effort required for distributed software development [16]. As recom-
mended by German [16], communication should be carried out via a variety of tools.
All such tools, including the servers they run on, represent IT Infrastructure [16, 42].

If an OSS project wants to obtain contributions, it needs to market itself. This in-
cludes hosting a website with the published source code of the OSS project. Therefore,
a webserver is required. As an example, a committer must have access to the latest code
base in order to insert changes into that base [43]. Normally, this is done using a decen-
tralized version control system (DVCS) such as GIT, which facilitates collaboration
among various developers [41]. However, a DVCS and a website need to run on a server
with guaranteed Internet access. As described by German [16], at the level of commu-
nity IT Infrastructure, servers as well as bandwidth are required to communicate and
share collaborators’ progress. As an example, the GNOME community relies upon do-
nations from the Autonomous University of Mexico and other organizations that pro-
vide its IT Infrastructure [16].

Because the majority of work in an OSS project is performed by globally distributed
individuals, face-to-face meetings are rather rare. However, they help to better com-
municate and resolve potential conflicts [40]. Consequently, infrastructure in the form
of rooms for meetings and an internet connection can help to reduce potential commu-
nication problems. Moreover, if the OSS project has a legal entity, its address can be
used for corresponding purposes.

Intangible Assets. Although OSS does not fully meet the conditions to be included
as an asset in financial reports [44], it can be protected in different ways, such as intel-
lectual property rights (IPR), trademarks and brands. As stated by Fitzgerald [45],
trademarks or brands are alternative mechanisms to protect IPR in addition to the li-
cense itself. A trademark can protect the OSS project’s reputation by preventing other
projects using their name or brand (e.g. a software fork with other goals than the main
project). The goal of a trademark is to prevent customers from confusion as to the ori-
gins of the product or service [46]. A common practice among OSS foundations is to
own the copyright of the source code and related texts, as stated by Riehle [47].



However, a legal basis for a growing community, especially when firms are in-
volved, is necessary. Firms are reluctant to donate code to a project without transferring
responsibility for it. Without a legal owner, firms hesitate to donate code and transfer
responsibility for future maintenance. The establishment of a foundation offers firms a
legal entity to which ownership can be transferred [16, 25]. IPR are better defined and
more defensible when owned by a single legal entity as opposed to various individuals.
Having a single and central copyright holder means that it holds the asset and therefore
can protect it more easily compared to the situation when hundreds of contributors hold
the individual rights to their parts. Furthermore, a legal entity ensures that volunteer
contributors are protected against individual liability, and can enter into agreements
collectively and protect their code, trademarks, licenses and brands on their behalf [39].

4 Discussion

Our organizational framework compares OSS projects with the typical elements of an
organization by showing the different elements exhibited by an OSS project and com-
paring these with the elements of an organization. According to our framework, the
three main elements of an OSS project are people, organization and assets. Each of
those elements is enriched with examples from different research in the corresponding
OSS research stream and provides a broad overview of the elements of OSS projects.

The people dimension refers to the concept of a community. Contributors to an OSS
project therefore can either be hired or volunteers. OSS projects are associations con-
sisting of people who come together virtually in pursuit of a common goal [11]. Tasks
such as the project design, coordination, testing, documentation and bug-fixing are less
attractive for volunteers and could therefore be carried out hired staff to ensure that
these tasks are done [16]. Due to the fact that, in some OSS projects, more than half of
the contributors are paid by a corporate sponsor [25], we see that OSS governance is
becoming increasingly important. A key aspect of OSS governance is therefore man-
aging the community [5].

What we call the organizational dimension as well as the asset dimension, can be
compared to the concept of governance. Similar to Markus [5], we see formal and in-
formal structures and norms as one of the main elements of OSS governance. Different
projects have a varying degree of formalism, with some lacking any formal descriptions
at all on how decisions are made. However, there are a number of OSS projects with
formal rules and agreements, such the bylaws, with different roles and functions [19].
When firms participate in an OSS project, the degree of formalism may increase [25].
Similar to Markus [5], we see ownership of assets as one of the main areas of OSS
governance. Although OSS does not fully meet the conditions to be included in finan-
cial reports as an asset [44], OSS projects often possess other assets, such as IPR, trade-
marks, brands or IT Infrastructure [16, 45]. However, there are plenty of opportunities
for OSS projects to use IT Infrastructure from other organizations without possessing
them (e.g. GitHub as a DVCS).

What de Laat [1] describes as institutionalization in order to involve outside parties,
is what the legal entity is in our framework.



In their paper, Lindman and Hammouda [48] illustrate the role of OSS foundations
and the relationships between OSS communities and other OSS foundations. Although
their unit of analysis was OSS foundations, the taxonomy can be compared to the or-
ganizational framework in our study; each of their elements can also be found in our
organizational framework.

Our framework describes the different elements comprised within a single OSS pro-
ject and shows the broad variety and complex constellation surrounding such a project.
However, as an example, an OSS community may have different projects (e.g. different
software products with different goals) and therefore a project does not correspond to
the organization (the three dimensions of our framework). Moreover, an umbrella or-
ganization such as the Linux Foundation may offer their legal entity in order to protect
the project and to offer services relating those three dimensions of our framework.
Therefore, the legal aspect of the organizations does not need to correspond to the pro-
ject. We see our framework as a first step to better understand and differentiate the
concepts and different elements in order to ask more specific questions relating OSS
research.

Our organizational framework broadens the view of Riehle and Berschneider [49]
that shows 3 different ways in which a mature OSS project can govern itself in the
future: 1) continue as is, 2) create its own legal entity or 3) affiliate with an existing
OSS foundation. In our view, in addition to these 3 forms, an “in-between” solution
involving collaboration with different OSS foundations is also possible. Such collabo-
ration can be in all areas of our organizational framework or in specific areas only. This
is the case in the LibreOffice community which has its own legal entity (The Document
Foundation), but buys some services in the funding process from another foundation
[50].

For practitioners, our framework will help to provide a better understanding of
the structure an OSS project can have and how the different elements can be organized,
similar to an organization. Moreover, our framework can provide practitioners valuable
insights on several managerial aspects relating to OSS governance.
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