
The place of the open

source ecosystem in the

innovation landscape

dissertation submitted by

Mirko Boehm

to Faculty VII Economics and

Management

of Technische Universität Berlin

in March 2024

for the degree of

Doctor of Economic Sciences



ii



iii

Abstract

When open source solutions began to compete successfully against estab-

lished commercial products in the early 1990s, the pervasive and disrup-

tive changes to the ICT sector which they introduce quickly became clear.

Since then, open source has become mainstream and widely adopted,

while remaining a driver of innovation. It has become the default way

of developing software for many use cases, including the cloud and the

web. However, academic insight in the new field of how open source fos-

ters innovation was still rare. Many aspects of open source were expressed

in community culture, but not yet in published research.

To bridge this gap requires a combination of the two perspectives ap-

plied in this research, an inside view of open source communities and

that of a researcher of innovation economics. Beyond the effects that

open source has on software technology and development methodology,

its impact on innovation is especially visible in three key areas, namely the

governance of collaboration in social groups, standards development and

intellectual property regimes. These three areas have been individually

researched in scientific articles and in EU funded research projects, with

the published results presented here as the main chapters. Additionally,

these separate perspectives are synthesized into a theoretical framework

for the economics of open source, creating connections with concepts

that are unique to it, like joint stewardship or the relationship between

distributing software freely and expectations of fairness and reciprocity.

These results build on two larger studies, one on “The relationship be-

tween open source software and standard setting” and one on “The im-

pact of open source software and hardware on technological indepen-

dence, competitiveness and innovation in the EU economy” that were

conducted in parallel, built on the concepts presented here and fed new

insights back into this research.

The ICT sector is becoming increasingly regulated. Especially the EU

is establishing a comprehensive regulatory framework for digital prod-

ucts, services and markets. Since all ICT regulation will affect and interact

with the open source ecosystem, understanding the dynamics between

businesses and open source communities as they are shaped by intellec-

tual property rights, standards and governance frameworks gains further
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increased relevance to the functioning of the market and to achieving reg-

ulatory goals.

In a time of deteriorating international security and increasing trade

tensions, the global nature of open source collaboration limits the ability

of regulators to control the flow of technologies, but also offers a way to

collaborate across regional and political divides based on the principles

of open governance and openly licensed outcomes.

This research aims to illustrate why and how open source drives in-

novation. With that, it hopes to suggest a theoretical foundation for how

open source collaboration can be help to bridge regional and cultural di-

vides and foster diversity, equity and inclusion.
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Chapter 1

Introduction

1.1 How does FOSS drive innovation?

The goal of this research is to understand in more detail how free and

open source software (FOSS)1 drives innovation. The observable changes

clearly indicate that it does, to the extend that businesses and policy mak-

ers have been caught by surprise when FOSS solutions began to displace

incumbent commercial products and when FOSS collaboration methods

changed expectations about governance in society.

This transition affects all but the primary sector of the economy. It

includes the production of goods, the supply of services, the manage-

ment of knowledge as well as the activities of governments and volunteer

groups. In a virtuous cycle of developing new methods of collaboration,

applying them to new applications of networked productive activities and

setting new expectations of diversity, equity and inclusion (which trig-

gers the next round of developing new forms of collaboration), pervasive

changes are introduced repeatedly. Economic actors change their behav-

ior in a wide range of human activities.[38] For the first time in history,

knowledge transfer in education, research and technical development is

1The terms free and open source software (FOSS), open source, free software (FS) or
sometimes free/libre and open source software (FLOSS) are used interchangeably in this
document. While the terms have separate histories, they are refer to software that is dis-
tributed under a license that gives all the rights required by the Open Source Definition.
Wherever possible, the term free and open source software (FOSS) is preferred. The in-
dividual articles have been kept as close as possible to the published versions, with only
minor stylistic changes. Based on the publisher guidelines, they partially use slightly dif-
ferent terminology. For example, chapter 5 uses “Open Source” in upper case.

1



anchored in a public and freely distributed body of knowledge and man-

aged using means of production that are public goods. The availability of

FOSS implementations of royalty-free (RF) standards on formatting, stor-

ing, maintenance and retrieval of information give hope that future gaps

in the preservation of knowledge can be prevented.[39]

One of the first indications that FOSS changed market dynamics was

the challenge that the introduction of free software competitors posed to

the positions of entrenched incumbents. Market segments where volun-

teer communities had both the required expertise and the need to im-

prove quality and choice where affected early on: The examples of pro-

gramming language compiler and interpreter toolkits (gcc, Perl, Python),

desktop environments (KDE, Gnome), integrated software development

environments (Eclipse) or server systems to host applications and web

services (Linux, Apache) proved that even before businesses embraced

FOSS, collaborative development was able to compete with established

proprietary offerings.[116] However, their situation was unique in that

these trailblazer communities introduced the FOSS development model

into an environment firmly dominated by proprietary, commercially li-

censed software.

In the next phase, FOSS collaboration gradually became the default

mode of developing new software systems. Whenever a new paradigm of

software application emerged, a free software solution was usually com-

peting early on. In the data center, frameworks for operating virtual ma-

chines at scale (OpenStack) and later container clusters (Linux contain-

ers, Kubernetes) and generally Linux instances as the host environment

for cloud workloads established FOSS as first choice. This shift was even

more dramatic in the field of web development frameworks (PHP, Ruby

on Rails, Node).[129] In this stage of FOSS adoption, no proprietary sys-

tem was able to conquer a complete market again in the way Microsoft

Windows dominated the desktop computer. Also, businesses recognized

the benefits of embracing FOSS methodologies and products.[87] Com-

munity composition changed from predominantly volunteer-based to hy-

brid, where corporate contributors and volunteer contributors collabo-

rate. Hybrid communities with a smaller but not irrelevant share of vol-

unteer contributors remain the norm as of today.[123]

More recently, FOSS adoption reached another level when, also related

2



to trade tensions and a deteriorating international security situation, dig-

ital sovereignty came to be recognized as a policy goal. As FOSS is now

pervasively adopted in the operations of digital infrastructure, the reliable

maintenance, security and integrity of open source software along the

supply chain becomes increasingly important also to governments.[41] At

this current evolution of the open source ecosystem, FOSS foundations

have become the stewards of governance that interface with public and

private stakeholders in the further development of open source software.

Digital products in the widest sense are expected to become a more regu-

lated industry. In a novel legislative approach, the European Union (EU)

Cyber Resilience Act (CRA) recognizes the dedicated role of open-source

software stewards as economic operators in their own right, separate from

manufacturers and distributors.

The current level of maturity of the FOSS ecosystem underlines the

fundamental role of FOSS as a mode of production. This thinking is an-

chored in the understanding of FOSS as an application of peer produc-

tion distinct from markets or firms (see 1.2).[11] While FOSS is predom-

inantly created by private actors, the produced result is a public good as

required by the terms of recognized open source licenses. FOSS licensing

in itself makes private citizens, civil society, private enterprise and gov-

ernment all stakeholders in the software development process. Never-

theless, licensing and governance are separate and disjunct dimensions,

with many of the stakeholder expectations like transparency, accessibility

and inclusion referring to governance attributes of the production pro-

cess.[79] Thinking of FOSS as a mode of production highlights the place of

FOSS in economic theory. FOSS development and distribution represents

the aspects of production and trade along a supply chain. FOSS licensing

shapes the framework of supply chain transactions and the relationships

between the individual producers and consumers.[81]

The separation of governance and licensing raises the question of their

relationship in the context of FOSS. Do FOSS licenses create an environ-

ment in which collaborative development flourishes? Or do the under-

lying economic principles of supply and demand create an environment

in which collaboratively developed software components are best shared

under free software licenses? Resolving this question will have implica-

tions on research and innovation policy as well as regarding the role of

3



governance norms when defining the openness of the development pro-

cess. Of particular importance is how the impact of FOSS changes in situ-

ations where openly licensed software is developed in a closed process or

if all intellectual property rights (IPR) are concentrated in the hands of a

single contributing business.[122] There are specific risks involved when,

as with Android, a critical piece of software infrastructure is developed by

a single business (Google) in a closed process, or when, as with Terraform,

a single business (Hashicorp) is able to switch to a business license after

consumers began to depend on their product.[53] As the market for dig-

ital products becomes increasingly regulated, policy makers are looking

beyond just licensing when defining whether open source development

is exempt from market regulation (as with the EU CRA). This relates the

question to that of pricing digital goods as well as to the effect of FOSS

licensing and governance on competition.

One market segment, that of telecommunications technologies, took

a path very different from others as FOSS became more and more widely

used. Mobile communications protocols and software stacks for the most

part remain proprietary and covered by thickets of standards essential

patents (SEPs).[46] Communications technologies embedded into con-

sumer devices like Bluetooth or wireless internet (Wi-Fi) continue to be

covered by commercially licensed patent portfolios, even though FOSS

implementations exist. The underlying strong relationship between FOSS

and the licensing of IPR is able to encourage or retard the diffusion of

FOSS in a specific market segment. This includes the issue of compati-

bility between FOSS and IPR licensing models when combined into the

same product, and whether the introduction of IPR licensing in techni-

cal standards on the form of SEP is conducive to their adoption in digital

products that build on FOSS technologies.[48]

While numerous FOSS technologies have seen explosive adoption and

developed into market or industry standards, it was still unclear at the

beginning of this work how standards and FOSS development mutually

influence each other.[90] Since FOSS implementations become available

immediately during development, otherwise well-established concepts

like pre-competitive cooperation or the development of technical stan-

dards in fora and consortia are difficult to apply. The relationship between

standards and FOSS development has become one of the themes of this

4



research.

Other aspects touched upon in the following chapters include whether

or not FOSS provides a pro-competitive influence in markets, and how

businesses can benefit from participating in FOSS. It can be observed that

businesses engage either directly by contributing parts of their work or in-

directly by supporting communities over extended periods of time, indi-

cating that they expect a positive impact on marketed products and ser-

vices from their contributions that goes beyond market signaling, public

relations and talent acquisition.[124] Many businesses engage and thrive

in setups where no direct revenue is generated from their participation.

The combined forces of, on the one hand, market pressure that makes

FOSS adoption a business imperative once competitors in the same mar-

ket segment do so, and on the other hand, of efficiency gains from reduc-

ing necessary research and development (R&D) investments into non-

differentiating technologies together form a business rationale for sus-

tained engagement in the FOSS community.

A final perspective inherent to the role of FOSS in ICT innovation is the

relationship between FOSS and government, especially regarding to what

extend and how it can effectively be regulated. On the one hand, FOSS

has become an integral part of the ICT sector, and as such will be sub-

ject to market regulation related to digital products. On the other hand,

FOSS collaboration is inherently global, inclusive and mostly apolitical. It

flows across borders and regions with little regard for nation states. Also,

the FOSS development process is much harder to regulate than that of

proprietary technologies.[85] This limits the influence policy makers can

exert over the development process, over what technology and informa-

tion are shared across regions, as well as over FOSS governance norms. To

shape the cross-border flow of FOSS possibly requires multi-stakeholder

coalitions, similar to aspects of international trade.[157]

In a mutual relationship, the FOSS ecosystem shapes and is shaped

by the overall innovation landscape, understood here as the regulatory

frameworks, business models, institutions and organizations working to

bring innovations to market.[28] This problem space leads to a progres-

sion of research questions that are covered in the following chapters.

The initial focus is on how FOSS production is organized or governed,

with a focus on the volunteer-driven communities that shaped the initial
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phase of FOSS adoption. Chapter 2 introduces the concept of community

composition and its implications on governance frameworks and norms,

as well as the interaction of makers and community builders in the col-

laboration process. Based on multiple case studies, it highlights the dif-

ficulties in establishing accountability and ensuring long-term sustain-

ability in self-governing communities. The focus then shifts to investigate

how the wider open source community relates to and interacts with the

traditional drivers of innovation, primarily standards development orga-

nizations (SDOs), academic knowledge transfer and IPR regimes. Chap-

ter 3 explores the influence of IPR regimes on the role of FOSS in stan-

dard setting. It shows that compatibility between FOSS and fair, reason-

able and non-discriminatory (FRAND) licensing conditions is necessary

but not sufficient to establish collaboration and delves into the differ-

ent understandings of governance in both fields. Chapter 4 asks from a

birds-eye view whether standards setting organizations (SSOs) and FOSS

communities are partners or competitors. It introduces a phase model

of standardization that is able to explain the standardizing effects of SSO

and FOSS in a single theoretical framework by taking a utilitarian view

on standardization. It identifies cost of change as a key determinant of

the choice of early versus late standardization. Finally, chapter 5 synthe-

sizes these separate perspectives into a theoretical framework for the eco-

nomics of FOSS. It positions the wider open source community in law,

politics and economics, illustrates the rationale for businesses to engage

in FOSS development based on how they are able to realize benefits from

that engagement, and introduces joint stewardship of the currently active

contributors as a pillar of governance. Referencing back to the different

dimensions of analysis visited before, it is able to define license compli-

ance as a hygiene factor, the strict requirement of ex-ante agreements and

the absence of negotiation as an implication of software freedom, and the

outsize impact of a small number of bad actors on the functioning of the

fabric of the FOSS ecosystem as related to the special role of a price of

zero in economic theory. Chapter 6 summarizes the contributions of the

papers to the state of research of the economics of FOSS, including an

overview of their relation to current policy debates, discusses reach and

limitations of the provided analysis and points out opportunities for fur-

ther study.
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1.2 Scope of research

Combining the experiences of a practitioner with a long history of FOSS

contributions and that of a a researcher, this work started in 2013 with

the assumption that the state of research at the time did not fully de-

scribe the dynamics of the FOSS ecosystem. Partially, that was caused

by the explosive growth of FOSS adoption, with made it difficult for re-

search to catch up with developments. Researchers have been able to

observe symptoms, however it requires an insider perspective to iden-

tify some of the underlying larger trends. At this time, no holistic the-

oretical approach that satisfied the interdisciplinary nature of the FOSS

phenomenon had found wider acceptance. Theoretical starting points for

the analysis of the relationship of FOSS and innovation existed with Ben-

kler’s concept of peer production[11] and with Weber’s analysis of FOSS

as “an experiment in building a political economy”[154]. Lerner and Tri-

ole described how “the behavior of individual programmers and commer-

cial companies engaged in open source projects is initially startling”[84]

to economists and illustrated how contributors furthered their careers by

signaling their expertise through their FOSS engagement. They also ar-

gued that “open source activities can be understood within existing eco-

nomic frameworks”[83]. Approaches to applying and possibly augment-

ing existing economic frameworks to explain FOSS have been shaped by

Shapiro and Varian’s work on the network economy and on pricing infor-

mation goods.[133, 150, 149]. At the same time, authors with a FOSS back-

ground wrote about their philosophy and experiences, however mostly

without a connection to economics. Stallman shaped the thinking about

software freedom.[140] By arguing that cyberspace can and should be reg-

ulated, and that eventually it will, Lessig contributed to the developing

political and regulatory dimension of FOSS.[85] Raymond and Steele de-

scribed the drastically different software development methodologies ap-

plied in FOSS collaboration, including concepts like release-early-release-

often, some of which are still commonly referenced today.[119] By codify-

ing and elaborating the Open Source Definition, Perens set the norms for

the interpretation of FOSS licenses and established the connection be-

tween the Open Source Definition and software freedom.[113] At a bird’s

eye view, while FOSS was a popular research topic, the literature available

7



at the time represented disconnected theoretical approaches and used di-

verging terminologies. A common body of theory had not yet emerged. A

breakthrough in the systematic and structured analysis of open innova-

tion which established an explicit relationship to open source develop-

ment was initiated by Chesbrough, Vanhaverbeke, and West.[29]

Grounding the theory of FOSS within existing economic frameworks

creates connections to a number of classic references. Benkler directly

builds upon Coase’s “The Nature of the firm” to theoretically establish

FOSS as a fourth transactional model applied to the product of informa-

tion goods.[32] In this research, Schumpeter’s theory of creative destruc-

tion is connected to the market disruption caused by the competition of

FOSS.[130] Hirschman’s voice-or-exit theory is applied to explain the en-

gagement of contributors in community governance and the strong loy-

alty they develop to communities over time.[65] Herzberg’s idea of hy-

giene factors is use to explain the open source community’s principled

stance on license compliance and ex-ante agreements.[64] The concepts

on how governance emerges in social groups which have been developed

by Ullmann-Margalit are applied to FOSS communities,[146] as is the the-

ory of collective action and the evolution of social norms developed by

Ostrom.[110]

In a field experiencing such rapid change, the voice of practitioners

gains particular relevance as first-hand accounts of important develop-

ments. A key role in developing the thought on the legal and compliance

implications of FOSS adoption in business was played by the Legal Net-

work, an expert group hosted by Free Software Foundation Europe (FSFE)

that published the International Free and Open Source Software Law Re-

view journal. Kemp researched the implementation of sensible, propor-

tionate FOSS governance in organizations.[77] Johnny, Miller, and Web-

bink analyzed the boundaries and limitations of using copyright to man-

age rights to FOSS contributions and project code bases.[73] Mitchell and

Mason wrote about the compatibility of FOSS licensing terms with those

of embedded patents.[97] Hunter and Walli analyzed the evolving role

of open source software foundations as neutral non-profit platforms for

open technology collaboration.[69]

In book form, Bacon collected and popularized best practices on how

to lead and grow FOSS communities.[5] Whitehurst described how busi-
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ness organization can be inspired by open source philosophy.[155] Laffan

developed approaches to measure openness in governance.[79]

The interdisciplinary character of FOSS means that research needs to

cover different fields of study, from various disciplines of economics to

technology and computer science. Some research is relevant to the study

of FOSS without being concerned with it directly. For example, Dixit and

Olson investigate the how voluntary participation affects the Coase The-

orem in 2000 without mentioning FOSS.[40] Heller’s tragedy of the anti-

commons is applied in this research to the enabling function of automatic

and transitive FOSS licensing, even though it does not directly reference

FOSS.[62] This again shows the application of existing economic frame-

works to the FOSS ecosystem and illustrates the pervasive impact of FOSS

on the functioning of markets.

More recently, newer research contributed to a deeper understand-

ing of FOSS. Shampanier, Mazar, and Ariely et al showed how a price of

zero frames social as opposed to market exchanges and invokes a differ-

ent set of social norms, which this research relates to the hygiene factors

of license compliance and ex-ante agreements.[132] Eghbal placed FOSS

at the foundation of modern digital infrastructure, highlighting the public

interest in the viability of the FOSS ecosystem.[41] Rosen formulated prin-

ciples that open standards should implement.[127] Lundell, Gamaliels-

son, and Katz researched to what extend International Organization for

Standardization (ISO) standards can be implemented in FOSS.[91] Kap-

pos and Harrington argue that FOSS and FRAND represent compatible

IPR regimes in standards setting,[74] while Maracke only partially sup-

ports that argument.[94] Nagle identifies a positive contribution of the

use of and contribution to FOSS on firm productivity.[99] Finally, Tirole

anchored FOSS in the economics for the common good, also highlight-

ing the governance and social responsibility of businesses in that con-

text.[144]

Current developments in the FOSS ecosystem continue to be docu-

mented by community sources. For example, the practices of the Linux

kernel community in enforcing license compliance are part of the kernel

documentation.[78] The FSF documents the principles of community-

oriented GNU General Public License (GPL) enforcement.[58] Hemel and

Coughlan provide additional guidance for businesses in ensuring license
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compliance.[63] In an effort to substantiate insights into the FOSS ecosys-

tem, Linux Foundation Research investigates the state of play and devel-

opments in the wider open source community, focusing on topics like di-

versity, equity and inclusion,[27] the state of open source adoption in the

European public sector,[109] survey results on open source trends, sus-

tainability challenges, and growth opportunities[81] and other areas. Of

particular relevance is the general census of the use of FOSS developed in

collaboration with Harvard Business School.[100]

In conclusion, the literature on the intersection between FOSS and in-

novation economics did not provide a coherent, widely applicable body of

theory. Also, the disconnected analyses may represent the observations of

different researchers of the changes FOSS brought to their field of study,

while the intention here is to place FOSS at the center of the analysis as

a framework for the creation and exchange of freely licensed information

goods. The choice of research methods reflects this starting point. The

articles included here primarily apply qualitative methods to support the-

ory building so that the gap between the separate theoretical approaches

can be bridged.

1.3 Framework conditions

This study is set in framework conditions at the level of the ICT industry

sector, economies in major trade blocks, foreign and international rela-

tions, as well as the wider open source community and civil society.

Major trends accompany the digital transition of the ICT industry sec-

tor, namely digitalization, the development of improved methods of col-

laboration, a major trend towards openness and transparency and a shift

of the role of the modern state from an employer and producer to a reg-

ulator.[22] On the one hand, FOSS presents an opportunity to realize the

efficiency gains necessary to stay competitive. On the other hand, FOSS

reduces the space of viable commercial models by providing a common

set of baseline technologies. It also increases differentiation pressure on

manufacturers by making more and more non-differentiating functional-

ity available to anybody and for any purpose. Businesses and communi-

ties operate in a competitive ICT environment with an almost constant

demand for change.
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Economies especially in Europe, Japan, China, the rest of Asia and the

USA face global competition. International trade regulation converges to-

wards harmonization to facilitate the flow of goods, sometimes by export-

ing progressive regulation.[24] After the end of the cold war globalization

and free trade doctrines dominated. From that peak of international se-

curity the world now trends towards a multilateral order of regions with

more comparable share of global gross domestic product (GDP). Tariffs

and other barriers on trade are being used in the economic conflict be-

tween the United States and China. Most worryingly, the security envi-

ronment has deteriorated to the extend that prolonged international war-

fare is now conducted again on European soil. This deterioration of eco-

nomic and international stability influences the questions researched in

this study, however it has not yet lead to a major disruption. The pre-

sented theory assumes an economic framework based on the protection

of private property and the rule of law. It is unclear if and how it could

apply otherwise.

The trends prevalent in the ICT sector also affect the FOSS ecosystem

and civil society. Closer international collaboration increases pressure for

more diversity, equity and inclusion and respect for human rights. The

United Nations (UN) Sustainable Development Goals (SDGs) have be-

come a focal point for social impact assessments.[37] Initiatives to reduce

the north-south divide and pressure for increasing gender equality are

part of the environment the FOSS community operates in.

1.4 Adjacent fields of research

A related but separate field of research is the software engineering dimen-

sion of FOSS. As an enabling technology, FOSS elevates innovation into

higher up layers of the technology stack by providing a wealth of foun-

dational software components. It also continues to shape software engi-

neering tools and methodology as well as software delivery. These effects

are generally better understood and not researched here. Similarly, the

application of open source methodologies to other fields than software

source code is growing in importance, but not in scope here. While there

are similarities in licensing concepts and ideology, software is unique in

comparison in that it allows for the relatively simple and incremental cre-
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ation of derivative works. The open source development cycle of taking

an existing project, adding incremental changes in the form of patches to

it and offering these changes to the original project for review and inte-

gration is based on it. Hardware designs or data may be openly licensed,

however contributions can rarely be as granular and minimal as with soft-

ware source code. They should be researched separately. The same is true

for digital video and pictures. How collaborative and incremental devel-

opment can be applied to artificial intelligence applications is not yet fully

understood and also not in scope for this research. From a technical point

of view, this analysis focuses on software source code and structured text

representing knowledge, like technical documentation or encyclopedias,

where contributions can be granular and incremental.

FOSS not only changes innovation economics, but also other fields of

economics and of business management. HR departments use published

FOSS contributions to select candidates for hiring, carefully manage their

attractiveness as an employer by adopting to newer behavioral norms,

and develop skills and in-house expertise with FOSS. In public relations,

corporations strive to be seen as good open source citizens and are aware

of the reputational risks from license compliance violations and other cul-

tural misfits. IT operations deploys in-house solutions partially based on

FOSS technologies. These consequences of the wide adoption of FOSS

are not in the focus, however the theories developed here may provide

insights about the underlying trends.

There are also implications of the growing relevance of FOSS on po-

litical science and policy making that are beyond the scope of this re-

search. Both FOSS technology as well as collaboration methods enable

new participatory forms of political representation. Applied in the right

way, FOSS can be a driver for digital sovereignty and technological inde-

pendence. The public sector may be able to reduce cost and increase sup-

plier competition by strategically developing and procuring FOSS based

digital public services. These aspects are not investigated here.

1.5 Summary

The following chapters cover three aspects of FOSS as a method of cre-

ating and sharing knowledge with important impacts on the innovation
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landscape, namely open governance (chapter 2), IPR regimes (chapter 3)

and standards development (chapter 4), followed by an article that intro-

duces an integrated theory of the economics of FOSS (chapter 5). Since

their publication, these articles already have had noticeable impact on

research, community practices, businesses and in policy making. They

are complemented by the comprehensive study on “The impact of Open

Source software and hardware on technological independence, compet-

itiveness and innovation in the EU economy”[19] which references and

builds upon some of the theories presented in the articles.
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Chapter 2

The emergence of governance

norms in volunteer-driven

open source communities

Free and open source software communities develop their governance

norms and practises as they grow from small to medium to large size so-

cial groups. Communities with a small number of participants typically

organise informally. As the community grows, the need for coordination

grows as well and at some point more pronounced organisation becomes

necessary. The growth stages are defined by the coordination mecha-

nisms applied – ad-hoc coordination for the initial small group, consen-

sus focused auto-organisation for the medium size group, and structured,

more formalised coordination for the large size group. The main interest

of the communities is to attract and retain contributors and to facilitate

contributions to their products. The communities studied in this quali-

tative embedded multiple-case study exhibit governance related debates

and conflicts as they reached a large size, leading to difficulties in further

growing the number of involved contributors and sustaining the commu-

nity activities. The paper researches the emergence of governance norms

in these communities and the role these norms, once established, play

in the management of the communities in their current stage. The study

finds that the governance norms in communities are commonly devel-

oped by participants that do not think them necessary for a community

that does not want them at the time. The result is a pre-eminence of im-
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plicit, under-documented norms that increase barriers of entry for new-

comers and afford incumbent contributors with instruments to derail un-

wanted decisions. The paper isolates the essential contradiction that the

communities aim to maintain devolved authority at the contributor level,

but require effective decision making and policing mechanisms to imple-

ment and maintain that. It recommends that communities, instead of

deferring or down-playing the need to set up explicit governance norms,

purposefully develop norms that explicitly define structure and processes

so that they support, enforce and protect the devolved authority their par-

ticipants should have.

2.1 An inside view on social norms in communities

On February 3, 2016, something happened in the KDE FOSS community

that would become the dominant topic for more than half a year: An an-

nouncement1 was sent to the community mailing list that a draft for a

new vision for the community was being worked on. This announcement

would trigger close to 350 postings to various mailing list threads, con-

stituting almost half of all discussions within the community in the first

half of 2016. It would lead to heated discussions between competing vi-

sion drafts, public endorsements and statements of support, virtual ad-

hominem attacks and even contributors leaving the community in anger.

How could an announcement of something so basic, so fundamental to a

large decentralised group of volunteers like a vision create such distress?

In May 2016, a code of conduct for the FSFE was announced to the or-

ganisations’ coordinators. After smaller changes, a version was approved

and sent to the core team for a decision in June. After just a few people

voiced an opposition on some of the wording, the process came to a halt.

When it was picked up again in October the same year and circulated in

an almost unchanged form to the same people who had seen it already

in May-June, it spawned one of the fiercest debates in the history FSFE

with more than 200 mails in just two weeks. Suddenly, people spoke up in

opposition not only of the content of the code of conduct but about the

very need for a code of conduct in general. Indeed, the code of conduct

1https://mail.kde.org/pipermail/kde-community/2016q1/002241.html (accessed
03/02/2024)
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had, in the eyes of some of the participants, become a tool not to include

contributors but to silence unwanted opinions. While the general con-

sensus seem to have been in favour of adopting a code of conduct, the

process came to a halt again, since no decision could be reached. The

code of conduct was finally adopted without substantial changes in Octo-

ber 2017.

There are many instances of such soul-searching in FOSS communi-

ties as they reach maturity and a large number of contributors. It can be

observed that these controversies focus on questions regarding how the

communities internally manage their social process, questions of com-

munity governance as the totality of implicit and explicit behavioural

norms, codes and processes that regulate the relationship between con-

tributors and the community. While these are certainly not the only chal-

lenges the communities face as they grow, evolving community gover-

nance appears to be a particularly difficult problem to overcome. When

interpreting the habits and practises of voluntary collaboration of con-

tributors in FOSS communities as a cultural phenomenon, governance

norms are seen as the inside view on this culture. They express the way

the communities see themselves. Understanding this inside view held by

their own contributors of how the communities are expected to operate

is relevant not only regarding issues of community management, but also

to outsiders as the basis on which to engage with them. The public, reg-

ulators, businesses and influencers of technical innovation like SDOs or

the patent offices are well-advised to understand the cultural norms and

practises of FOSS communities in order to establish successful collabora-

tion with them.

This paper researches the governance norms that evolve in volunteer-

driven FOSS communities as they grow from an initiative of a few contrib-

utors to large and often international organisations. Assuming that these

norms are based on the aggregate of the individual convictions and expec-

tations of those contributing to the community, the paper describes this

inside view the communities have of themselves and especially the be-

haviour the actors engaged in it expect from their fellows, from the com-

munity as a whole and from outsiders - individuals, other organisations

and the public.
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2.2 Governance in communities with voluntary par-

ticipation

For this study, the work of the wider open source community is primarily

viewed as a social process to produce information as a public good. It is

a knowledge-intensive process that has inputs in the form of labor (the

work of the contributors) and capital (the funding required by the com-

munities). The output are information goods, most prominently the soft-

ware components that are freely distributed to the public. The application

of free software licenses makes them non-excludable and non-rivalrous

and therefore public goods. The production of a public information good

is one key element that defines a FOSS community. The other key ele-

ment is voluntary participation of the contributors in the community. The

understanding of FOSS community applied in this paper is that of a so-

cial group of contributors that participate voluntarily in the production of

public information goods.[66] The participants in these groups, the con-

tributors (see section 2.2.2), collectively create the community’s products

and make them available to the general public by distributing them under

a free software license. This study focuses on communities that consist

predominantly of individual volunteer contributors.

Communities that grow beyond a very small group of contributors de-

velop (sometimes unconsciously) functional specialisation between con-

tributors, division of labor between formally or informally defined sub-

groups, and integration of the individual contributions into an overall

product. They become organisations. Functions that contributors spe-

cialise in can be product related (software development or content cre-

ation in general, maintainership over submodules, or release manage-

ment) or supportive (marketing and public relations, finance, event man-

agement). To successfully release products over time, communities need

to coordinate the work of the individual contributors so that, through

a repetitive process of content creation, filtering for quality, integration

and distribution, the product improves over time.[11] Coordination in this

context is understood as a process, not as a task performed by a manager.

Regarding the production process, the need for community governance re-

sults from the necessity to coordinate the work of a diverse group of vol-

unteers to create the community product.

18



From the outside perspective of users or the general public, the com-

munities are mainly known for the products they create. Potential con-

tributors consider to engage with the community based on the product

related participation opportunities, and on what is generally known about

the culture of the community. A common recommendation is to “treat

every user as a potential volunteer”[51] Most contributors participate in

a community for a limited period of time, leading to fluctuation. To grow

the number of incoming contributions, communities need to attract new

contributors, and retain the existing ones so that the difference between

influx and outflow remains positive. With regard to the interaction with

the outside world, the need for community governance results from the

necessity to maintain and grow the contributor base that forms the com-

munity.

Even though FOSS communities commonly operate as decentralised

self-organised groups, they develop elaborate informal and formal rules

and practises for their social process. These rules and practises are re-

ferred to as the governance norms of the community. A social norm is “a

prescribed guide for conduct or action which is generally complied with

by the members of a society”[146]. The term governance “refers to all

processes of social organisation and social coordination”[12] in groups.

It describes the processes of governing a formal or informal organisation

performed by a formal government, a market or a network. Governance

is expressed through a wide range of instruments ranging from laws to

social norms, as well as language and culture. Any social group that coor-

dinates working together towards a common goal will exhibit some form

of governance. Whereas government refers to the institutions that exert

power and influence over a constituency, governance can exist without

institutions. Communities often hesitate to develop formal governing in-

stitutions. This directs the focus of analysis on governance (a process)

over government (the institutions) when studying FOSS communities.

The subject of governance is reduced to decision making and con-

flict resolution within the social group by using broad definitions for both

terms. “Decisions” is used here in the sense that whenever a small subset

of the contributors or the whole community jointly agree on a course of

action on some subject, a decision is made. Similarly, “conflict” is under-

stood broadly as any disagreement of one or a group of contributors with
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any decision made by another subgroup or the community as a whole.

Decisions do not need to be made in a formalised process, nor does con-

flict require a formal complaint or a heated argument. Decision mak-

ing and conflict resolution are essential elements of collective action.[61]

How the organisation defines who may participate in what decisions as a

community member and what organs form the organisational structure

characterises key aspects of governance. It can be expected that organ-

isations exist to further the common interests of their members.[93] The

reason for FOSS communities to exist is to facilitate the interests and mo-

tivations of their contributors. To illustrate the governance of FOSS organ-

isations, this study will review the reasons why the organisations exist, the

organisational structure of the community, the processes by which deci-

sions are made and challenged, and how and with which roles contribu-

tors participate in them.

The ethics and convictions of the individual contributors should be

reflected in the organisation’s vision and mission statements. The for-

mal and informal organisational structure provides the framework for the

community’s production process. Constitutional documents like bylaws

and manifestos establish formal structure. Representative bodies like

boards, committees and working groups are the most visible formalised

form of it. Formal structure projects authority by assigning decision mak-

ing power to individuals or organisational units. Besides those, informal

structure likely exists that is more difficult to identify. Informal structure

manifests itself in decisions that bypass hierarchy, or in strong impact of

the opinions of individuals that are not appointed to representative posi-

tions. FOSS communities commonly show a preference for minimal for-

mal organisation (see section 2.2.4), which leads to the assumption that

informal structure has a more preeminent effect than usual. Formal or-

ganisation is also more difficult to change, since it typically requires both

a qualified majority of the group members and a conscious effort to un-

derstand and reconsider the current structure and identify how it should

be changed.

One potential reason for a perceived need for organisational change

is a divergence between the formal and informal structure. Opposition

to reform indicates that group members may be more comfortable with

the existing balance of formal and informal structure. Decision making
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processes and conflict resolution mechanisms define how decisions are

initiated and then made, and how to appeal against or escalate them in

cases of disagreement, how decisions will be implemented or enforced,

and how the community deals with minority opinions and opposition, es-

pecially in the case of controversial decisions. Decision making processes

relate to organisational structure in that commonly, paths of escalation

or appeal follow the hierarchy of formal organisation. Directly related to

decision making processes is conflict resolution, as the cause of a conflict

is either the wish for a decision to be made, or to appeal against one that

was made. The balance between decision making processes, instruments

of appeal and conflict resolution is what enables contributors to influence

the community production process.

The social order within the community defines which stakeholders

can take part in what group decisions. Differentiation can for example

be based on eligibility or group status. A regular contributor may not be

eligible to take part in a board decision, or may not have the status to take

over a maintainer role. The question of social order in communities boils

down to what decisions a contributor can participate in, and what the

impact of this individual vote is. It relates to the definition of group mem-

bership that separates insiders from outsiders, but also possibly to status

groups within the community. It is also related to how contributions are

valued and translate into merit for the contributor. There may be a sense

of equality, or a sense of elitism where “only the core contributors should

have a say”. If social order in communities is considered important, there

should be well-defined processes on how to gain access to those status

groups with in the community that carry weight in important decisions.

FOSS communities sometimes discount the importance of decision

making, or claim that decisions are made or conflicts resolved by “the

wider community”, and that therefore organisational theory does not ap-

ply. This argument however does not hold, since it cannot be reasonably

disputed that communities delimit members from outsiders, have status

groups, make decisions and resolve conflicts (even if those elements are

not all made explicit).[44] By analysing organisational structure, decision

making processes and the community social order as key elements of gov-

ernance, it is possible to compare communities even if they create unre-

lated products.
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2.2.1 Growth stages of communities

The differentiation between the inside and the outside view of the com-

munities social process puts the emphasis on the demarkation of the so-

cial group, in as much as it defines who is a member of the group and who

is an outsider. Being an insider means accepting the group’s rules, pro-

viding influence and in turn expecting to participate in the group’s gover-

nance. Being an outsider leaves a choice of interacting with the commu-

nity and accepting its norms, or to abstain from interacting with it. The

community is afforded the same choice not to engage with an outsider

based on how compatible their actions are with the group’s norms.

Since about 2010, participation in FOSS activities as a phenomenon

has changed from an exotic movement to a common mode of operation

in the ICT industry.[87] This suggests that communities also have matured

into established organisations with solidified cultural norms and values.

The communities studied in this report have all existed for longer than

a decade. They will be viewed as mature and stable organisations where

processes can be observed through the activities within their formal and

informal structure. Their norms and values have developed over time as

a result of the interaction between community participants who join the

group voluntarily out of their own motivation, and the community as an

organisation of its own, which creates structure and processes according

to the goals of the group and the strategies chosen to reach them.

The communities will be investigated at three different growth stages:

The time of foundation called the initial stage, the time when the group

has reached a small to medium number of contributors (typically be-

tween 20 and 50 active contributors) called the medium stage, and a late

stage with a large number of community members (often more than 100).

The growth stages are defined by the coordination mechanisms applied to

the social process, which show different characteristics in these different

stages of development.

At the time a particular FOSS initiative is formed in the initial stage

the goals and motivations of the group of founders and the initiative as a

whole are identical. There is commonly great enthusiasm about the joint

initiative. The original authors publish their work, and in some way com-

municate that contributions from others are welcome and appreciated.
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More contributors join and will participate out of a motivation similar to

the one of the original authors - contribute to the product, make it avail-

able to the public under a FOSS license, and rely on the community to

keep the process going. As long as the group is small enough for ad-hoc

coordination, the contributors joining subsequently will find themselves

in a similar situation. It can be assumed that the participants in the initial

stage will be homogenous in their motivations, cultural backgrounds and

interests. Worries about governance usually do not exist.[120][80][154]

Interests and motivations will start to diverge as the community grows

and matures. The group will reach the medium stage when the number of

participants becomes too large for ad-hoc coordination and changes into

a form of consensus focused auto-organisation. In this stage, deviations

between individual expectations and community behaviour exist. Instead

of relying on formal structure in the organisation, the communities rely

on a consensus-driven, participative debate culture. Disagreements will

be discussed at length until a resolution is achieved. The resolution does

not necessarily require consensus or a formal decision. The KDE com-

munity, for example, applies a method called “lazy consensus”, in which

contributors already work on their favoured solution while alternative

courses of action are still being discussed. The direction the community

later prefers can then be decided based on the results of the discussion

and on the experience from the work already provided by the contribu-

tors. Other communities apply similar mechanisms that prefer product

related contributions over “bureaucracy”. It is apparent that such mech-

anisms rely on close cohesion of the group’s participants, a low grade of

specialisation amongst the contributors and a relatively small number of

stakeholders in the decisions. Not only are the communities content with

such informal self-coordination, they also develop a strong preference for

the absence of formal structure. Since contributors participate voluntar-

ily, they feel entitled to self-identification of tasks and to work free from di-

rection given by others.[51] While it may cause friction, self-identification

contributes to the allocation efficiency of peer-production processes.[11]

The transition into the late stage of community development is com-

monly marked by more formalisation. Communities may establish in-

ternal working groups to facilitate contributions to more specialised top-

ics. To coordinate with external partners, they may nominate community
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members to represent the community in their committees. To account

for these delegated responsibilities, the representatives may be required

to report on their work at regular assemblies. In general, more functional

differentiation occurs between the community participants. Delegation

of power and responsibility becomes more pronounced, leading to a more

prominent role of the community leaders. Now leadership positions that

previously more or less fell to those who volunteered to speak to the press

or be elected to the board become more prestigious. Appointments carry

more weight and elections for them grow competitive. The differentia-

tion of roles within the community enables jockeying for position and

a sense of entitlement, especially as regards long-standing contributors.

Once this formal organisational structure is established, the community

shows behavioural patterns similar to other larger common good oriented

community organisations like unions, sports clubs or cultural initiatives.

Being a part of the community becomes a motivation in its own right,

complementing the motivation to contribute to the community product

directly. Matters of procedure and community management attract more

attention. A share of the collective energy of the community is redirected

inwards to discuss the community itself. At the same time, behavioural

norms are still in place that developed during the early and medium stage.

For example, communities have established a “break all the rules” rule

that postulates that every participant is free to decide the best course of

action, even if it means ignoring a norm or rule. Or there may be a “who

does the work decides” rule which postulates that those who take part in

the debate should not interfere with those working directly on the com-

munity product.

Based on these considerations, it can be expected that communi-

ties in the initial stage require almost no coordination, communities in

the medium stage rely on organic self-coordination, and communities in

the late stage act more in accordance with the logic of collective action

in large groups.[93] The transition into the late stage should necessitate

a change of the effective community governance norms away from in-

formal mechanisms of the medium stage towards more explicit, formal

mechanisms appropriate for larger-scale collective provision processes.

The intense governance-related conflicts and debates that accompany

the shift of the communities into the late stage indicate that this change
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did not fully happen in the cases studied in this report.

Intense inner social conflicts indicate a divergence between the indi-

vidual expectations of contributors and the group norms developed by

the community. These conflicts may be resolved positively, resulting in

a re-alignment of individual and group motivation. However, if the con-

flict is too severe or for other reasons cannot be resolved satisfactorily,

it may also lead to either individual contributors deciding not to partic-

ipate in the group anymore, or the conflict may cause a fork, where the

group splits into two that continue to develop towards the initial goal sep-

arately.[125] Forks are rare, as substantial effort must be invested to create

a competing community organisation. More commonly, contributors de-

fect if the perceived quality of the community diminishes. Since there is

no centralised resource planning, defections may go unnoticed. It is diffi-

cult to assess the impact of individual decisions or the design of decision

making processes on the contributor base. Sometimes communities pre-

fer not to make any decisions to avoid losing contributors, which results

in indecision manifested for example in bike-shedding debates.[51]

2.2.2 Community composition

Entities participating in FOSS initiatives can be either individual volun-

teers, organisations (participating directly or through contributions of

their employees) or staff employed by the community. This mix is referred

to as community composition. Most communities consist of individual

volunteers and employees of businesses, with a very small share of em-

ployed staff.[123] This study focuses on communities that are made up

predominantly by individual volunteer contributors. These communities,

like KDE, distinguish between contributions of time and effort spent by an

individual contributor and the contributions made by businesses. The in-

dividual contributors are able to become personal members in KDE e.V.

even if they contribute during work time. The businesses employing

them may only gain “supporting membership” through which they sup-

port funding the organisation by paying a membership fee, but do not

attain a vote on a board or in the annual general assembly. FSFE similarly

does not allow other organisations to take part in their activities directly.

These rules underline the significance volunteer driven communities as-

25



sociate with individual contributions and the aversion against any form

of institutional investment. The norm of exclusively valuing individual

contributions builds upon the expectation that the community produc-

tion process should be steered with regard to product quality alone, and

not influenced by interests of external parties. In the case of KDE e.V., this

norm is explicitly codified in the bylaws of the organisation, which only

accepts individuals as members, not legal entities.

In communities with a majority of contributors employed by busi-

nesses, like the Linux kernel developer community, the reputation of

companies is more closely related to the aggregated contributions of their

employees.[36] Businesses and individuals participate in FOSS activities

for different sets of reasons. Individual volunteers are mainly intrinsi-

cally motivated through a sense of achievement and personal enjoyment.

Signalling of key skills to potential employers also plays a role.[80] Busi-

nesses are motivated by economic rewards. For example, participation

gives them the opportunity to provision non-differentiating components

to their products in collaboration with other parties with similar interests

at drastically reduced research and development cost as well as partici-

pation transaction cost.[88] Businesses also benefit from their FOSS ac-

tivities being a source of quality staff and promoting a healthy innovation

ecosystem.

Depending on community composition, the communities develop

norms and principles that reflect the specific mix of motivations of their

constituency. This opens up a continuum with purely volunteer driven

communities on one end, purely business driven communities on the

other end, and mixed or hybrid communities in between. The majority of

FOSS communities are hybrids, resulting in a set of norms and practises

within the community that reflects the motivation of both organisational

and individual contributors.[131] We expect that the norms and princi-

ples adopted by the communities can be clustered based on the contrib-

utor composition, and that communities with relatively similar contrib-

utor structure develop relatively similar norms and practises. To facili-

tate separate analysis of these sets of motivations, this paper focuses on

studying communities that are (almost) exclusively made up of individual

volunteer contributors. These communities should then have developed

comparable governance norms.
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2.2.3 Separation of open source products and community pro-
cesses

FOSS communities create freely available products in a social process of

peer production.[11] While it is a common expectation that producing a

product under a free software license goes hand-in-hand with applying

a transparent, open process based on voluntary participation, this is not

always the case.[84] There are FOSS products that are produced by a sin-

gle vendor in a closed process and without relevant participation of other

parties.[122] Some products are developed by a single, dominant com-

mercial vendor where outside participants are required to grant rights

to relicense the product proprietarily to the commercial vendor through

some form of contribution agreement. These agreements do not reduce

the freedoms provided by the product license, but they change the com-

munity process from decentralised to centralised.[51] Other products, like

the Linux kernel, are built by a decentralised community and do not re-

quire any attribution of rights. The licensing of FOSS products on the

one hand and the community processes applied to produce them on the

other need to be considered separately. While the choice of license de-

fines whether or not a product is free software or, synonymously, open

source, the governance norms applied by a community determine open-

ness.[79]

We assume that the preference in a community for a more or less

open governance model correlates closely with community composition

(2.2.2), and that volunteer driven communities have a strong preference

towards openness and transparency in their governance.

The two main schools of thought about the essence of FOSS represent

these two aspects separately as well:

Some proponents of the term “open source” put more significance on

the fact whether or not a product is distributed under a FOSS license ap-

proved by the Open Source Initiative. They see software released under a

free license as a means to an end. Others who put more emphasis on soft-

ware freedom consider the work of communities to be part of a political

movement representing a cultural shift that works towards a world with-

out proprietary software, with an ethical underpinning. The FSF for ex-

ample argues that “software should not have owners”.[140] The separate
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product and process aspects of FOSS however are present and relevant in

both schools of thought.

2.2.4 Voluntary participation and meritocracy

Both camps agree that contributors form the community by taking part in

the production process voluntarily and without direct compensation for

their efforts. Communities with a small number of contributors are typi-

cally organised in an informal way and rather coherent. As the number of

contributors grow, the difficulties of informal organisation grow until they

reach a level that requires more formal structure. There is however no au-

thority that is in a position to impose such structure. The raison d’être

of enterprises and institutions is commonly defined ex-ante by for exam-

ple investors or the government, who act as a form of higher power that

imposes purpose on the entity. Similar to sovereign states, the question

for the purpose of FOSS community is self-referential. A community ex-

ists to serve the interests of the participants, who also are the community.

Where states resort to postulating a constitution which then anchors acts

of government, communities develop governance mechanisms based on

voluntary participation and meritocracy (unlike in the original satirical

understanding of meritocracy, the wider open source community uses the

term with an overall positive connotation).[161]

Voluntary participation in the group means that acceptance and im-

plementation of group decisions needs to be achieved based on a com-

mon mutual understanding. Since they are contributing voluntarily, par-

ticipants expect to have peer status in the group and influence according

to the value of their contributions. This is what FOSS communities refer to

when they call themselves meritocratic. When formal structure emerges,

the principles and norms applied typically reflect voluntary participation

and meritocratic peer status as well. From this derive two important col-

lective action issues that communities struggle with, that of decision mak-

ing, and that of enforcing conformity to social norms.

Decision making is difficult as the winning majority has no instrument

to force those who disagree to implement the decision. There is no in-

dividual cost involved in simply ignoring a community decision. Com-

munities therefore prefer to reach consensus in an elaborate discussion
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process over a decision even with a very qualified majority. They pur-

posefully refrain from concluding a debate after a decision was made by

allowing the same question to be re-raised without much effort. Some

communities explicitly acknowledge the difficulty of making formal de-

cisions and relegate them to the status of opinion polls (Wikimedia) or

restricting the use of votes to the acceptance of new members (KDE). The

sensitivity regarding making decisions that are not based on consensus

reflects the importance of attracting and retaining contributors and un-

derlines the social process aspect of community work. This sometimes

results in a separation of administrative leadership and product related

decision making. For example, KDE e.V. manages KDE’s assets and funds,

but by way of a community principle may not interfere with product re-

lated technical decisions.

Mechanisms that aim at enforcing conformity to social norms are

mostly absent in communities. Initially most behavioural norms develop

informally. In the medium and late stages, community manifests and a

code of conduct may be put in place. Already then, the necessity of a for-

mal rule that restricts how community members may behave was ques-

tioned, for example in KDE and FSFE. The studied communities did not

build effective means of actively influencing behaviour towards the ex-

pected. While in early stages this is mitigated by the strong cohesion of

the group, in later stages the lack of it is often seen as an obstacle to devel-

oping more diversity.2 Based on anecdotal evidence from the interviews,

the necessity of explicit behavioural rules is typically questioned by long-

standing community members that are part of the dominant social group

within the community. The aversion to enforcement of rules is related to

the self-referential nature of communities. Critics of explicit rules often

question where the authority would come from to enforce them.

Governance based on voluntary participation and meritocracy is an

essential attribute of volunteer-driven communities that stems from the

self-referential nature of the community’s purpose. While communi-

ties exist that are led by a “benevolent dictator”, the cohesion of these

communities depends on this individual maintaining a strong merito-

2http://rachelnabors.com/2015/09/01/code-of-conduct/ (accessed 03/02/2024),
but also https://modelviewculture.com/pieces/a-code-of-conduct-is-not-enough
(accessed 03/02/2024)
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cratic status.[120] Separating product aspects from community process

can also provide a guideline regarding which FOSS producing organisa-

tions should be considered communities: a community distributes prod-

ucts that through applying a FOSS license are public goods and the organ-

isation needs to create this product in a process that is based on voluntary

participation. When applying these criteria to classifying organisations

into FOSS communities and others, the cases studied in this report match,

while a single entity producing a free software product without voluntary

participation of others, like Google producing Android, would not.

2.2.5 Study design and method

The aim of this study is to describe and understand in detail how and

based on what influences governance norms in volunteer-driven FOSS

communities emerge, and what effect these norms have on the commu-

nity as it grows from a new initiative to a large size organisation. A qualita-

tive embedded multiple-case study of the inside view on social norms in

three communities was performed. It may be considered a mixed method

study design that combines the multiple-case study with theoretical mod-

elling based on personal observation and experience, however that per-

sonal experience is also embedded within the same cases.[160]

The cases analysed in this study are large, mature, successful volun-

teer driven FOSS communities (see page 42). There is only a small num-

ber of communities that achieved such success over an extended period

of time, probably about a dozen. Another key criterion for selecting the

case studies was access to individual key community actors and the or-

ganisations’ important decision making bodies. The author has access to

internal information of some communities because of his own history as

a long-term contributor. Since there is only a small number of commu-

nities that reach the late growth stage, and these communities develop

a strong cohesion and a distinct insider culture, the expectation stands

that an analysis from outside the organisation will not lead to a signifi-

cant improvement of understanding how the communities function. The

qualitative study design accounts for the interpretive, experience based,

situational character of the cases, and facilitates analysis of organisational

development as a long-running, episodic, evolving phenomenon. A small
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number of community cases was chosen also to avoid stereotypical gener-

alisation caused by an unwarranted higher level of aggregation.[139] The

decision in favour of a qualitative research approach was supported by the

assumption that quantitative methods do not promise reliable insights

given such small constituencies. Experiments also were not considered

feasible.

The study was conducted by performing 16 interviews with long-

standing contributors to the communities analysed in the case study that

where either founders or later rose to community leadership positions.

Some of them are still active today. Some resigned from their functions.

Overall, the interviewees that contributed to this study represent more

than 200 person-years of FOSS community leadership experience. The in-

terviews gathered information about the personal ethics and convictions

of the contributors, and about their interpretation of how the community

governance norms and organisational design have developed.

The interview concept was developed against the theoretical frame-

work (see section 2.2) which was built upon the individual experience of

the author and the current state of FOSS community governance research.

The interviews provided evidence that puts the experiential expectations

into perspective.

The interviews helped obtain unique interpretations held by the in-

terviewees, to aggregate information from many interviews, and to access

the personal experience of the interviewees that is otherwise unobserv-

able. The interviewees provided data about their own individual posi-

tions, and about their interpretation of questions about the community as

a whole. By connecting observational insights with understanding of the

individual ethics and convictions and observations on community gov-

ernance by the interviewees, expectations in the theoretical framework

about community governance norms and contributors expectations can

be tested.[139] The final report is based on personal observation, the in-

terview results, and information available in artefacts like minutes from

general assemblies, statutes, manifests or codes of conduct that the com-

munities published.

The qualitative method chosen leads to limitations to the applicabil-

ity of the study’s results. The emphasis on the inside view regarding gov-

ernance norms does not take external factors like the explosive growth of
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FOSS into account that may also have contributed to community growth

and other development trends. Demographical changes affect the com-

munities - one interviewee mentioned a perceived decline in the procliv-

ity of individuals to volunteer for social causes. Market trends that affect

the position of the community’s products also probably play a role. More

importantly, the subjective, personalistic, constructivist point of view ap-

plied in the study means that observations only represent the experience

or interpretation of the participants and the author, not necessarily a true

meaning. The findings in this report can therefore not be generalised.

They should however provide a valuable deep understanding of the in-

side view the communities and contributors have on themselves.

2.3 The mindset behind community governance

The interviews for this study consisted of three separate parts. The first

one focused on the individual contributors, what their expectations and

convictions where and why they joined their communities, how these ex-

pectations developed or changed over time, and what principles or ethics

of individual conduct are important to them. The second part of the in-

terview focused on the community as a whole, and the third part dis-

cussed inner-community conflicts as focal points for governance debates.

This section is based on the first part of the interviews. Some of the

key governance documents like organisational statutes, the codes of con-

duct or community manifests have been authored by the interviewees.

It is assumed that since the interviewees are founders or long-time par-

ticipants in the communities and through their leadership roles actively

influenced the community constitutions, their expectations and convic-

tions strongly influenced the emerging governance norms. Even if these

may have changed at a later point in time, their influence should still be

noticeable.

2.3.1 Engage in a community of makers

It is commonly assumed that participation in the development of FOSS

products is primarily need-driven.[120] However, the need for a solution

to a particular problem does not explain sustained investment of effort

32



into being a community member in good standing. To justify this be-

haviour, being part of a community must generate additional rewards

like a sense of belonging. The most limiting factor to contributors is

the time available for such intrinsically motivated work. The different

projects compete for this time.[80] Being an integral member of a com-

munity means to share time available between creating contributions to

the product, which is perceived as a fun, productive and creative activity,

progressing through a social hierarchy and engaging in community pro-

cesses, which may be considered a necessary but time-consuming over-

head. The initial question to answer is why contributors that end up be-

ing involved over an extended period of time and investing significant

amounts of their personal time into FOSS contributions make the deci-

sion to join the community in the first place.

All participants in the study stated that the impetus to engage with

the community and become a part of it was to contribute to the commu-

nity’s main product. They also stated that to create that product needs to

be a positive challenge to be motivative, not a routine task. Only a third

initially decided for a specific community because of its social norms.

A strong majority however said that over time, being a part of the social

group became more and more important to them. A common phrase

used to describe this phenomenon is “come for the technology, stay for

the people.” The freedom to choose what task to work on in a group of

like-minded people and the creativity in the search for a solution that

this affords was mentioned by almost all interviewees as a motivator for

becoming part of the community. This indicates that contributors are

attracted to a FOSS community because of the challenging products it

sets out to create, and only then learn about the social norms within the

community and begin feeling attached to them. Those interviewees that

are not active in their communities anymore usually exited gradually, re-

ducing the amount of their contributions over time until they stopped.

The expectation of individual productivity is in line with existing research

which identified the felt personal sense of creativity as the biggest impact

on contributed hours.[80]

Multiple interviewees mentioned that they felt the community mis-

sion was “worth fighting for” in that it combines a productive, creative

activity with a sense to contributing to a greater good, like fostering tech-
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nical innovation, building up competition to dominant proprietary prod-

ucts or advocating for the societal benefits of software freedom. The com-

munities provide a virtual place where individuals who share this combi-

nation of rather specialised concrete need and ethical conviction congre-

gate. In cases where this overlap of interests is rare, a locality may not

reach critical mass to become a gathering place for like-minded people.

Communities are meritocratic in the sense that individuals gain influ-

ence solely based on their contributions to the combination of commu-

nity product and social process. This environment attracts highly skilled

individuals that interviewees felt they could look up to and learn from,

but at the same time accepted them as equals. Such learning is a rare op-

portunity not commonly available to highly skilled individuals in physical

environments. Meritocratic peer status based on concrete contributions

also leads to a notable absence of other forms of discrimination by for ex-

ample nationality, race, gender, age or other factors, at least initially. In-

dividuals with non-binary sexual orientation are a common sight at com-

munity events, and do not usually attract much attention. One intervie-

wee assumed a higher-than-normal share of individuals with symptoms

of autism or Asperger syndrome amongst the contributors.

2.3.2 Equality of opportunity among peers

The interviewees joined their communities when they where still in the

initial or medium stage. Some explained the perceived group size as

“tiny”, or mentioned that there was a positively motivating David-vs-

Goliath feeling to working towards the group’s goals. Most explicit and im-

plicit governance norms where established in these phases. If communi-

ties need to provide a combination of productive contribution opportuni-

ties and matching ethical convictions, what would be the expectations the

contributors had when they joined towards how the communities should

operate?

Only a minority of the interviewees joined their communities with ex-

pectations towards their governance norms. Some of the community pro-

cesses in fact came as a surprise to newcomers, for example the extend to

which new participants where immediately accepted into the group and

even encouraged to represent the project at community and other events.
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Some intentionally joined the community to learn about how it works,

and stayed in an observer role for a period of time. Most participants de-

veloped their preferences towards governance norms while being a con-

tributor.

Most of the interviewees emphasised a priority of “doing” over “talk-

ing”. Contributors to the KDE community are very conscious of the “who

does the work decides” rule. While an absence of discrimination is gen-

erally expected, the meritocratic rule within the communities does not

translate to egalitarianism. Participants earn their prestige or even the

right to participate in debates within the community through the contri-

butions they make. This translates to an expectation of equality of op-

portunity, but not of an equality of rights. Ideally, the status attainable

by any contributor only depends on how much effort she or he invests

into contributing to the community’s causes. Community members who

“only talk” found little acceptance and where sometimes explicitly denied

a voice in debates. Some stated that initially they felt like the community

needed no other structure than grass-roots meritocracy, but that in later

stages they changed their mind about that.

Almost all interviewees mentioned an inherent tendency within the

communities to form sub-groups that specialised on particular functions

or product aspects. These sub-groups remained at a size that continued

to allow for ad-hoc coordination, even as the overall community grew be-

yond a size where this would be effective. The governance within these

sub-groups was less standardised, one interviewee described them as “lit-

tle villages with chieftains”. Sub-groups also helped to retain regional or

cultural cohesion and the sense of productivity by isolating their mem-

bers from what some described as excessive debate. Because they initially

associated themselves with one of the sub-groups, the communities felt

smaller to the interviewees at the time they joined than they really were in

numbers of overall participants.

Surprisingly, the fact that the community product is distributed under

a free software license or generally is a common good was not mentioned

as an expectation by the interviewees, but as a precondition. Similarly, the

absence of discrimination is expected as a given. Some said they would

simply not consider participating in any initiative unless the outcome is

freely available to all.
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2.3.3 Balance of makers and community builders

The communities in this study all succeeded in establishing themselves

as important in their respective fields and grew from the initial into the

medium stage within two to four years. Almost all interviewees men-

tioned that being a member of the community became a goal in itself,

where previously community membership was a means to facilitate con-

tributions to a product. The contributors build personal attachment to

the community as a sort of virtual home, where they maintain friendships

and develop loyalty to the group. Some of the early contributors quickly

rose to community leadership positions that became an important part of

their self-perceived identity. They reallocated a share or all of their avail-

able time to community management tasks, reducing their product con-

tributions in the process. Differentiation emerges between the product

developers as the makers and the community builders as the maintain-

ers.

Most participants could not rely on previous experience in managing

larger communities and partly were surprised by their own success. One

interviewee involved in Wikimedia explained how the explosive growth

of the community in 2004 caused the group to consider how to coordi-

nate “once we were more than three”. The communities struggled with

the transition out of the initial stage. For multiple interviewees this transi-

tion happened when they realised that they did not know all contributors

personally anymore, which also indicates a breakdown of ad-hoc coordi-

nation. The KDE core team retreated into private invite-only mailing lists

where “those who do the work” could coordinate. The need for organisa-

tion and administration manifested itself when the community started to

organise the first all-hands conferences. To manage funds and donations

the legal entity of KDE e.V. was created. The reliance of private communi-

cation channels was felt to contradict the expectation of transparency and

open process by one interviewee. However, it was considered necessary

at the time, and is still in place today.

Contributors that mainly work on community building face a dilemma

that only becomes apparent over time: while they are contributing to core

functions of community management by being board members or project

representatives, they are not taking part in product development anymore
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in a community that primarily exists for that purpose. Consequently, their

merit eventually declines. Some cling to their influential positions, possi-

bly realising that they will not be able to maintain their community status

once they hand over to a successor. Progressively they disconnect from

the product-focused elements of the community, and begin to value pro-

cedural questions about community management higher than facilitating

the productive processes. Instead of being supportive, the administrative

entities created by the communities exhibit a tendency to grow to be an-

tagonists to the community of makers, “with members who contribute lit-

tle and a board that contributes even less”, as one interviewee described

it.

2.3.4 An ambitious, productive meritocracy of equals

Over the years that the participants in the study contributed to FOSS, it

can be assumed that it is common for them, once in a while, consciously

or sub-consciously, to take a step back and reconsider whether their time

and money spent towards the community purposes is still a worthwhile

investment. We asked them what criteria they apply when evaluating the

perceived quality of their community. The answers were surprisingly uni-

form across the participants from all three communities. All or almost all

interviewees agreed to the following criteria:

The communities need to provide a welcoming, inviting culture. It

forms the basis for the close social connection that develops between

contributors. The communities should also extend trust to newcomers,

affording them to learn the community norms even if it involves making

mistakes. This includes flat hierarchies for contributing to the commu-

nity products. The communities implement an “open doors policy”, as

KDE puts it, where newcomers, once they have an account, have access

to almost all of the project’s infrastructure. Common well-accepted ex-

ceptions are system administration, legal and financial functions.

Participants expect their communities to implement meritocracy.

While the understanding of meritocracy is not completely uniform,

mainly regarding what constitutes a contribution and how it should be

valued, the prestige and influence of contributors within the community

should be measured by the aggregated value of their contributions, and
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nothing else. Two aspects of meritocracy are less defined in this expec-

tation, how merit decays over time (forcing old-timers to make way for

new contributors), and which other soft factors like socialisation, being

in the right place at the right time, gender or age influence merit. More

recently, liberal contribution policies as applied by the Node.js project ad-

dress these issues.[126] Experienced contributors consider meritocracy in

FOSS communities very important and successful, but question the naïve

understanding of it that is commonly applied.

Related to meritocracy, there is an expectation of equality of oppor-

tunity. All communities, even if they down-play it, form status groups

like administrators, formal members of the organisations or elected posi-

tions, with noticeable barriers to entry. A common expectation is that all

these positions should be open to anybody willing to contribute enough

to the community cause subject to a common set of criteria. Equality of

opportunity is different from meritocracy in that status and merit may di-

verge. Individuals that attained status based on past merit that has now

decayed may still be influential in the organisation. Similarly, a valuable

contributor may have merit but not advance in status because, for exam-

ple, no elected positions are available or old-timers get elected to them.

This may cause personal disappointment, possibly disgruntle valuable

contributors and eventually cause them to spread negativity or leave the

community.

Contributors are looking to contribute to useful, productive commu-

nities. They want their contributions to help the community to get closer

to achieving its goals. It is often not enough to contribute to the product,

contributors also expect the product overall to be useful, and to receive

feedback or even to get more contributions from users outside the com-

munity. One of the main values that the community adds to the peer pro-

duction process is to add distribution and communication channels to at-

tract users to the community products and create a feedback cycle back to

product development.[11] An increase in the required share of time avail-

able spent on community-internal debate detracts from the sense of pro-

ductivity.

On top of the community helping them to be useful and productive,

contributors expect the community’s mission and vision to be ambitious.

It is not enough in the long term to “build a better mouse trap”, as the in-
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tention to build a FOSS replacement for a proprietary product has been

described. Achieving societal change towards software freedom by lobby-

ing for it is considered an ambitious goal, as is freeing a large user base

from lock-in to proprietary products, or creating “a world in which every

single human being can freely share in the sum of all knowledge”, as in the

Wikimedia vision. In an abstract sense, contributors want the community

to aim at making the world a better place, and their contributions to help

with that.

Next to these four quality criteria, the interviewees mentioned aspects

that pose preconditions for engaging with a community. These precon-

ditions may be considered hygiene factors, criteria that do not positively

motivate contributors, but whose absence would be considered a reason

not to engage with the community at all.[64] Such factors include that

community products are public goods, an absence of discrimination, a

positive communication culture or code of conduct, respect for minori-

ties, reasonable escalation mechanisms, supportive technical infrastruc-

ture, and opportunities for learning and personal improvement. These

factors are “basics that need to be there”.

We asked the participants if they felt a sense of responsibility for or

loyalty to the community as they progressed, which they unanimously

agreed to. Some felt that the team they worked with started depending

on them, and even tried to empower their colleagues to reduce that de-

pendency. It would have felt bad for them to leave the community while

this dependency existed. The merit they attained and the personal re-

lationships built with other community members gives them a sense of

responsibility for the community as a whole. They also understood that

it would be hard for them to replicate the time and effort invested, which

imposes a cost on exit that makes it difficult for long-term contributors to

leave the community.[65]

The communities struggle with staying inviting to newcomers. Both

product- and process-related barriers emerge and grow over time. In the

initial phase, all contributors are beginners, and mistakes are commonly

seen as part of the process. Later, longer-term contributors have accu-

mulated experience, and the quality gap between contributions by them

and by newcomers widens. The German language Wikipedia for example

introduced a pre-publication review (“Sichtungsprinzip”), which reduces
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the trust extended to new contributors. This reduces the feeling of ap-

preciation and acceptance that the participants reported they themselves

felt when they started contributing. Interviewees said that the trust that

contributions in average are of positive value has been lost to some older

community members.

2.3.5 Ethical principles applicable to community governance

Contributors will only be intrinsically motivated to voluntarily spend sig-

nificant efforts in a social group that conducts its activities in a way that

agrees with the ethical convictions and principles of the individual. Such

convictions are formed through life and rarely change. They can be con-

sidered an external variable that the governance norms of the community

need to reflect. We asked the interviewees which principles that are con-

sidered “just” in other social groups, they think, should also be applied in

their communities.

The interviewees strongly agreed that working code, meritocracy, sol-

idarity and transparency are key principles that they look for in the gov-

ernance of their community. Working code refers to the expectation that

“code should speak louder than words”, meaning that concrete code or

other contributions to the community product should be valued higher

than “politics”. This argument is related to a general paradigm that postu-

lates that FOSS development should focus on delivering a working imple-

mentation over, for example, writing a detailed specification.[154] They

feel that the work on the product should be the benchmark by which the

community is judged. This principle is important to contributors because

it describes very directly how the communities should operate. Meritoc-

racy is mentioned again as an individual expectation, indicating that the

term is not only used to describe a mechanism of community manage-

ment, for example in codes of conduct, but also as an expectation for a

norm that directly influences the motivation of individuals to contribute.

Communities implement meritocracy because their contributors expect

them to or would otherwise not participate. Solidarity is a principle that

shows itself in an extend of trust to newcomers and more experienced

contributors, a believe in the generally good intentions of them, and a

habit of mutual support. It is the part of the fabric of the social cohesion
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that the communities form and enables them to overcome otherwise sep-

arating attributes like race, gender, nationality or age. Tensions in debates

have often been resolved in good humour by invoking Hanlon’s razor, re-

minding everybody involved not to attribute to malice what can be ade-

quately explained by (collective) stupidity. Transparency is a common ex-

pectation that should result in processes and debates that are accessible

equally to and documented for all contributors. This is understood as an

invitation to participation, not a duty. The transparency principle is to a

large extent engrained in the technical infrastructure of projects. Discus-

sions take place on mailing lists, wikis or online chats, and are commonly

logged or otherwise preserved. Activities are coordinated in project man-

agement tools or task trackers, often in ways similar to how a software

development project would be organised. This habit may be encouraged

by familiarity with software engineering tools. Interviewees from all three

communities mentioned that they feel like their organisation is not as

transparent as it should be with regard to governance processes, as op-

posed to product contributions.

There is no agreement on whether or not communities eventually

need to fall back to majority decisions. Some interviewees believe that

if the community cannot reach consensus on a subject, it is better if no

decision is made at all. Others accept that situations exist where making a

decision is inevitable. When asked directly, most but not all would prefer

a decision over non-decision. All understand that with voluntary partici-

pation decisions cannot force contributors to act in a certain way. How-

ever, there was also disagreement over whether or not consensus should

be sought as the decision making principle. There is little awareness that

for many issues, staying with the status quo is one of the alternatives to

choose from, and that not making a decision is equivalent to deciding to

stick with the status quo. The consequences of decisions are being evalu-

ated, those of indecision commonly are not.

The expectations regarding decision making processes appear to be

changing over time, with multiple interviewees reporting that during their

early involvement their preferences have been leaning much more to-

wards unstructured ad-hoc coordination, while after being involved for

a number of years they feel that better defined and documented deci-

sion making processes and especially escalation and conflict resolution
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mechanisms would be necessary. It is not clear if this change is caused by

gaining more personal experience, or by the communities outgrowing the

initial and medium stage and now operating as larger organisations.

The concept of transparency is connected to a number of common ex-

pectations about what constitutes a FOSS development process. Habits

like open technical discussions, online collaboration and releasing work-

ing code early and regularly are considered strengths of the wider open

source community. To enable that, a contributor or newcomer should be

able to understand what the community is working on and how to take

part in it based on information available online. Contributors also need

to ensure that they possess all rights to use, study, modify and distribute

the community product without a need for later negotiation. The empha-

sis on transparency is born out of the necessity to facilitate distributed

collaboration in a diverse team.

There is an understanding that the communities implement these

principles well with regard to the production processes, but not regarding

community governance. Especially a lack of transparency and meritoc-

racy is noticeable regarding the decision making of the community lead-

ership and staffing high ranking community functions. In terms of doc-

umented structures and processes, the communities do not differentiate

between product and governance related decisions, even though many of

the norms applied rely on the fact that technical changes can easily be

reverted.

The interviewees mentioned that there is a close match between their

personal ethics and convictions and the social norms they expect the

communities to develop. The fact that the governance of the commu-

nities is modelled so closely after their ideal of how an organisation that

benefits the common good should operate is a strong motivator for them

to continue contributing.

2.4 Case studies

The communities studied for this report are all primarily volunteer driven

(their contributors are amateurs in that their community engagement

does not constitute a significant direct source of income, as opposed to

professionals), mature (they have been working towards their purpose for
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multiple years), comparatively large (they have attracted between dozens

and hundreds of contributors over time) and successful (each of them is

recognised as as an influential organisation in their respective field). Even

though all of them produce freely-licensed public goods, the communi-

ties differ in the nature of their main product: the KDE community pri-

marily produces software with a focus on end-user needs, FSFE is a free

software pressure group that advocates the benefits of software freedom

and Wikipedia produces an online encyclopaedia. The community prod-

uct is the key element that provides participants with the opportunity to

contribute. However the communities have been selected using the hy-

pothesis that community composition has a more dominant impact on

governance norms as they emerge than the nature of the main commu-

nity product.

Governance norms are expected to primarily develop according to the

expectations and convictions of the contributors regarding the character-

istics of the collaborative peer production process. The following chapter

analyses the vision and mission, the formal and informal organisational

structure, the decision making and conflict resolution mechanisms, and

the rules for group membership of each of the studied communities.

2.4.1 FSFE

Mission, foundation and history

FSFE was founded in 2001 with the mission to bring about sustainable

change towards societal freedoms in the use of digital technologies. The

ambitious “life-time scale”3 of this mission was understood as compara-

ble to initiating “a second enlightenment” with regard to software free-

dom in Europe. At the time of foundation, FSFE was considered the Eu-

ropean sister organisation to the FSF. The organisation gained recogni-

tion from representing the wider open source community in the anti-trust

case of the European Commission against Microsoft’s dominant position

as a supplier of operating systems for personal computers. FSFE also rep-

resented the community at the World Intellectual Property Organisation

and the Internet Governance Forum.

FSFE introduced a fiduciary licensing program in 2003 that allows

3Quotes in this section are taken from the interviews, unless otherwise noted.
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FOSS contributors to have their copyright interests represented by the or-

ganisation. The fiduciary licence agreement (FLA) program strengthened

the role of FSFE as a representative organisation of the European free soft-

ware community.

In 2005, FSFE launched its fellowship program, widening the base of

supporters to those who wished to contribute to the organisation’s pur-

pose financially, instead of by investing personal time. The fellowship had

a limited representation in the general assembly through two seats for fel-

lowship representatives until 2018, when the fellowship program was ter-

minated.

With the increasing adoption of FOSS in commercial products, the

complexity of compliance with the free software copyright licenses and

the danger of free-riding behaviour of some manufacturers became ap-

parent. With support from external parties and in cooperation with the

gpl-violations.org project4, FSFE launched the Freedom Task Force, an

initiative intended to help contributors and businesses to create and use

software under free software licenses correctly. Related to the Freedom

Task Force, the Legal Network was founded as a venue for legal and tech-

nical experts to collaborate on legal and licensing issues related to free

software. The Legal Network is the single largest network of free software

legal experts world-wide.

FSFE continues to grow in influence and size. Today, it wields rele-

vant political influence at the European and EU member state level, has a

strong backing by the FOSS community, and provides the most influential

venue for legal and licensing discussions globally. It employs a president

as well as a small group of policy analysts, campaigners and administra-

tive staff.

FSFE offers opportunities for FOSS activists to participate in a small

set of well-defined key products - political influence on the regulatory

framework relevant for free software, coordination of various regional free

software related activities, and facilitating the resolution of free software

legal and licensing issues.

4The gpl-violations.org project (https://gpl-violations.org (accessed 03/02/2024))
tries to raise public awareness about past and present infringing use(r)s of GPL licensed
software.
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Formal and informal organisational structure and conventions

The original intention for FSFE’s organisational structure was a federated

system of regional chapters with a central coordinating office that repre-

sented the organisation at the European and global level. Based on sub-

sidiarity, the local chapters would be autonomous except when central

coordination is needed. The concept of local chapters did however not

materialise, with only one ever being active. The idea of local chapters was

eventually dropped in 2016, leaving the organisation with a headquarters

in Berlin that represents FSFE across Europe.

The legal entity of FSFE is an “eingetragener Verein”, a charitable as-

sociation registered in Germany. The statutes are the most explicit doc-

umentation of FSFE’s structure and processes. The formal members of

the organisation are somewhat misleadingly called the general assembly,

even though it is a permanent decision making organ. The general assem-

bly elects the president and vice president. Historically, the president has

been the most visible and influential role in the organisation. The pres-

ident, vice president and treasurer together form the executive council,

the de-facto day-to-day decision making body of the organisation. Activ-

ities are coordinated between the FSFE team, the group that comprises

all active contributors with separate communication channels and a for-

malised, email-based decision making process. The general assembly and

the staff are subsets of the team. Occasionally, task groups are set up to

handle specific topics.

Informally, especially in the initial stage of FSFE, some individuals ex-

ercised significant influence without a formal mandate, called “luminar-

ies” by some interviewees. Since FSFE was founded as a sister organi-

sation with the “blessing” of FSF, early activities where coordinated with

FSF, and approval was sought for key political positions and messaging.

The influence of FSF waned over time, also because FSFE applied a more

collaborative style of governance than FSF. Approval towards general as-

sembly membership is handled very selectively. There are no term lim-

its or requirements for re-election for general assembly members. Early-

stage participants still wield significant influence in the general assembly,

even though some would not be considered part of the team today since

they are not actively contributing. The approval for full membership in
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the organisation is selective and depends on a combination of individ-

ual initiative and pull from existing members. As of May 2017, there have

been 27 full members5, with about two thirds actively contributing in the

past 6 months.

To some interviewees, the formal organisational structure does not

reflect reality anymore. They consider the loosely-defined team as the

core of the organisation, since most of the day-to-day work is coordinated

there today. The team however does not have authority over budgetary or

executive decisions that are a prerogative of the general assembly, mark-

ing a significant deviation between power and responsibility. Many con-

ventions are implicitly defined and passed on by word of mouth. Long-

standing rules may still be in effect, but are not very well known or fol-

lowed. Some norms and processes are clearly under-documented, which

one of the FSFE founders during the interviews classified as a “rookie mis-

take”.

Due to its history and initial community composition, FSFE has a re-

gional concentration in Switzerland and Germany, with the head office

being located in Berlin. Since almost all activities are conducted online,

the impact of the community is spread relatively equally across Europe.

Local (country) teams exist in 8 European countries as of January 2019.6

Decision making and conflict resolution

Most decisions are made at the FSFE team level in a consensus-driven,

mainly email-based process. An issue is raised on the team mailing list,

and after deliberation a proposal is submitted to a specific decision mail-

ing list. The proposal is accepted if no rejections are raised. In the case of

objections, the proposal is returned to discussion, refined and submitted

again in an updated form. While this process could theoretically repeat

multiple times, the consensus-driven culture within the group limits it-

erations so that almost no proposal reaches a third round of debate. If

the team realises that consensus cannot be achieved, the proposal falls

back to the president who then may abandon the proposal or, if consid-

ered necessary, force a decision. There is awareness of the need to find

resolutions that are palatable to those who raised objections. The value of

5https://fsfe.org/about/team (accessed 03/02/2024)
6https://fsfe.org/about/groups.en.html (accessed 03/02/2024)
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the decision is weighted against the cost of demotivating members of the

team.

The general assembly decides based on a simple majority after de-

tailed deliberation of an issue. Only a few more strategic decisions are

made at the general assembly level. The local groups develop their own

processes that are not prescribed by the central office. This approach

works well since those groups are small in size.

In general, there is no defined way to appeal against a decision. Staff

are supposed to direct complaints against decisions towards to executive

council, in which the president is one of three members. There is no pro-

cess to appeal against general assembly decisions. Overall, these convo-

luted and circular rules of appeal potentially result in an absence of ac-

countability across the organisation. This is balanced by the dominant

motivation to work towards a common goal, however there are no provi-

sions against abuse. Compliance with norms and processes is effectively

left to chance.

The decision making process within the team and guidelines as to how

the general assembly and the organisation as a whole should work have

been documented early on in FSFE. One of the interviewees assumed

however that only a small fraction of those currently active in the organi-

sation are fully aware of them. While staff and general assembly members

may assume they are commonly understood, these documented norms

and processes are not transparent to outsiders, and create a barrier for

newcomers to participate effectively. As a result, reforming the formal

structure has proven to be very difficult.

Community membership, roles and privileges

Throughout the time that FSFE represented the free software community

in anti-trust cases in its initial stage, a significant risk of entryism was felt

by participants. Formal membership in the organisation was made to de-

pend on approval by the existing members, and applied selectively. This

risk continues to be perceived as relevant by some in discussions about

structural reform today. There are significant barriers to entry and a se-

lective approval process to formal membership in FSFE. The vast majority

of FSFE contributors are not formal members of the organisation. Gover-
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nance is affected by this indirectly as the strong influence of long-term

contributors or staff as members can be used to influence which issues

are put up for a community decision. Multiple attempts at organisational

reform in recent years ended in indecision.

There is an ongoing argument as to to what extent the formal struc-

ture influences the work of the community. While contributions to FSFE’s

mission do not require formal status in the organisation, the lack of clar-

ity regarding ways to participate and access to key roles may have a detri-

mental effect on contributor engagement. Interviewees pointed out that

contributors more commonly slowly fade away instead of leaving with a

clear end to their engagement. This makes it difficult to measure levels

of engagement, like the number of active contributors or contributions

made in a time frame. The effect of the social structure on the success of

the communities is not explicit.

Structural reforms and outlook

Similarly to the other case studies, the formal organisation of FSFE has

only changed rarely. The fellowship program was introduced in 2005. The

fellowship seats in the general assembly combined with the fellowship

representative elections existed from 2009 to 2018, as did the role of ex-

ecutive director. There have been no other major governance changes to

the organisation since 2009.

A strategy process was started in 2013 and is still ongoing. It was de-

signed as a top-down process and mainly involves the inner circle of gen-

eral assembly members and staff. The wider open source community

especially outside of the regional focus area of German-speaking coun-

tries is not involved. While the process produced statements of intent, it

did not influence the day-to-day work of the community much, or trigger

an alignment of activities across the subgroups. This situation indicates

a lack of forum for strategic discussions where all stake-holders engage,

like an actual annual general assembly across a wider membership. The

issue is exacerbated by the position of some members that FSFE is not ac-

countable to the wider open source community, and only speaks for its

members. An interviewee summarised the strategy process as “a lot of

discussion and very little results”.
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According to the interviewees, there is no systematic process to main-

tain and document the formal structure and align it to the development

of the informal one. Some rules are being ignored since the problem they

anticipated, like a hostile takeover, did not occur. To newcomers the gov-

ernance of FSFE is hard to understand and non-transparent. Contribu-

tors that are not part of the staff or the general assembly have practically

no chance to influence the organisation.

An interviewee mentioned a perceived lack of impetus for change

since about 2011, with FSFE’s leadership mainly taking on a maintainer

role (see section 2.3.3). This is exacerbated by a difficulty in creating ef-

fective collaboration between staff and volunteers. There is a chance that

the contributions of hired staff displace volunteer work by reducing in-

trinsic motivation, creating a potential zero-sum scenario where spend-

ing changes whether FSFE receives contributions from staff versus volun-

teers, but less the overall level of contributions.

In summary, the formal and informal organisation of FSFE as well as

its decision making processes appear well thought out originally, but have

not been updated in pace with the growth of the community and outside

changes. The well-thought out organisation design has aged and is now

in need of reform. It appears that the main problem is not the perfection

achieved with the initial setup, but with the absence of constant, gradual

improvements to it over time. The KDE community took a different ap-

proach, but due to a comparable lack of a systematic improvement pro-

cess, ended up in a similar situation.

2.4.2 The KDE community

Mission, foundation and history

The KDE project was founded in 1996 by Matthias Ettrich when he wrote

to the de.comp.os.linux.misc Usenet group looking for contributors to

a new, visually pleasing, easy to use graphical user environment for the

more and more popular Unix operating systems, named KDE. Unix was

regarded as the superior operating system to Windows, but the usability

of modern graphical desktop environments on Unix systems was a real,

widely-felt limitation at the time. The call for contributors fell on open

ears in software development circles. There was a concrete need by early
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contributors to build the kind of desktop they wanted to use for them-

selves. The motivation of the founders and that of the initial stage com-

munity was identical. The possible achievement of competing with the

dominant proprietary desktops produced by large enterprises was an im-

portant motivator. Within less than a year, a small group of early con-

tributors produced a first version of the new desktop that showcased the

enormous potential for innovation in this niche.

KDE released multiple successful versions of its main product, the “K

Desktop Environment” until today - version 1.0 already in 1998, 2.0 in

2000, 3.0 in 2003 and 4.0 2008.7 By 2009, KDE had reached one million

source code contributions, making it one of the largest FOSS projects at

the time.8

After the release of version 4.0, KDE changed the mission of the com-

munity to be an umbrella organisation that supports various free software

initiatives, the desktop, now named “Plasma”, being only one of them.

In this move, KDE explicitly shifted towards emphasising the commu-

nity process aspect over the development of the main product. Today,

KDE is a large, still mainly volunteer-driven community with multiple re-

gional subgroups (for example in Latin America and India). It still devel-

ops the desktop and other products, and is networked and affiliated with

the Open Source Initiative, FSFE and other FOSS stakeholders.

Formal and informal organisational structure and conventions

In November 1997 KDE e.V. was registered with the mission of represent-

ing the budding KDE community in legal and financial matters. It gained

charitable status in 2012. The bylaws of KDE e.V. were the first and for a

long time the only written constitutional document of the KDE commu-

nity. It was also for a large part copy-pasted from unknown sources and

not tailored to the needs of community collaboration. When the grow-

ing numbers of contributors led to difficulties in coordination, the core

contributors, instead of building an overall structure supportive for the

coordination of a larger group, retired into more specialised communica-

tion channels. Almost all other behavioural norms at the time have been

7https://community.kde.org (accessed 03/02/2024)
8https://dot.kde.org/2009/07/20/kde-reaches-1000000-commits-its-subversi

on-repository (accessed 03/02/2024)
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implicitly assumed. In August 2003, an updated version of the bylaws

was accepted that for the first time was drafted specifically to support the

work of the community. It introduced the concept of passive membership

that enabled long-term contributors to remain members of the organisa-

tion when their level of involvement declined, without endangering vot-

ing quora, and codified the invite-only acceptance criteria for individual

membership.9 Membership in KDE e.V. is reserved for active current con-

tributors to the project, who need to be invited to membership in the or-

ganisation by two existing members, emphasising a strong focus on indi-

vidual contribution. Companies and other legal organisations cannot be-

come full members, only (financially) supporting members without gain-

ing a vote in the general assembly. Employees of businesses may become

members, but only on their own merit and in their own right. As a result,

today the community is almost exclusively driven by volunteer contribu-

tors, with businesses invited to an advisory role.[116] In August 2008, the

KDE approved a code of conduct as the first documented community be-

havioral guideline next to the bylaws. In October 2012, the community

published the “KDE Manifesto”, which postulated norms like open gover-

nance, inclusivity and common ownership.10

The KDE community operates in a decentralised fashion with KDE e.V.

as a central support organisation and offices in Berlin. Multiple regional

sub-communities exist at different levels of formalisation. Some like the

ones in Spain, India and Latin America are represented by individual legal

entities that are associated with, but not controlled by KDE e.V.

From the beginning, KDE e.V. was meant to support and represent the

community. It was clarified in the 2002 general assembly that this ex-

cluded KDE e.V. from influencing the technical direction of the commu-

nity product. The organisation is commonly represented by the board,

and conducts an annual general meeting. In 2005, an attempt was made

to establish formally recognised working groups that would coordinate

with the board and be able to manage specialised budgets. Multiple work-

ing groups were established, but most ceased activities within a few years.

No other formal structure has been defined within KDE e.V. [136, 116]

From the start and into the initial stage, the KDE community con-

9The author of this study drafted the 2003 version of the bylaws in 2002.
10https://manifesto.kde.org/ (accessed 03/02/2024)
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sidered itself a meritocracy. One of the first principles the initial group

of about 10 contributors established was “(s)he who does the work de-

cides”, which postulates that even a community decision cannot force a

technical direction on the person implementing it. The internal under-

standing was influenced by the publication of “The Cathedral and the

Bazaar”[120], which many of the early contributors had read. The group

choose a meritocratic, egalitarian approach to self-organisation, with the

original founder acquiring the most impact. Communication differenti-

ated into different channels, especially mailing lists, mainly to keep the

distraction of ongoing debates away from contributors working on the

product. There was general acceptance for the argument that an inner

circle needs to exist to manage the project, first with the kde-private mail-

ing list and later until today with the non-public KDE e.V. membership

mailing list. Access to this inner circle was granted by the existing insid-

ers.

Informal behavioural norms always played a significant role within

the KDE community. There is a strong resistance to any form of author-

ity within the community that is not based on individual merit. The rule

that KDE e.V. shall represent the project, but not influence technical direc-

tion is considered a fundamental constitutional principle that newcom-

ers would be introduced to very early on. The resistance to authority was

also embodied in the “(s)he who does the work decides” norm. As a re-

sult, technical direction developed organically from the activities of the

contributors. Voting and other forms of formal decision making are not

highly appreciated and seen as measures of last resort. Votes are com-

monly conducted to accept new members into the organisation, and to

elect board members and representatives to external committees or or-

ganisations. The importance of these principles contributed to the ab-

sence of organisational design in the late community stage.

One of the key debates that has never been concluded is whether or

not KDE e.V. represents “the heart of the community”, or is meant to be

a body that complements the community without being a core part of it.

The strategy of the organisation was from the beginning that active con-

tributors should be members of the organisation, and therefore jointly

own and manage funding and ownership of trademarks and other as-

sets. To achieve this goal requires an organisation that is accepted by a
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meritocracy, which means to aggregate the interests of many of the core

contributors. However the more influential the organisation would be-

come, the more it would come to represent the project overall, with the

board growing into a sort of project leadership. This created a conflict

with the fundamental resistance to authority prevalent in the commu-

nity. The community did not establish processes that are able to make

decisions on questions of this constitutional sort. Decision making re-

lied on the relevant stakeholders taking part in an extended elaboration

with the goal to reach consensus. For technical decisions, this approach

served the community well. The community does however not differenti-

ate between product related technical decisions and the implementation

of norms of the social process. The decision making process aimed at

consensus proved to be less efficient for topics that affected all commu-

nity members, where everybody is a stakeholder. Effectively, the formal

organisation becomes very difficult to change, with the consensus driven

process affording each individual member with a de-facto veto.

Decision making and conflict resolution

Because of the “(s)he who does the work decides” rule, a decision “mani-

fested itself based on what ended up in the revision control system”. In the

early and medium stage of community growth this approach served the

community well. Possible differences would be settled by arguing for the

cause until an agreement was found. The decision making process relied

on the organic coordination of a familiar, cohesive group with a common

cultural understanding. Over the years, this attracted more contributors

with the same traits, contributing to the common lack of diversity in FOSS

communities: The contributors where predominantly young male soft-

ware engineers. A growing community however requires increased spe-

cialisation and division of labor. Other community professions like docu-

mentation, user experience design and community management suffered

from a lack of contributors as a result. Selective bias has been criticised as

a hidden cost of meritocracies.[10] It can be argued that the community

may not reach the full contributor potential because of it.

Participation in debates is open to all contributors, but the impact of

their voice depends on their meritocratical status. This is not unusual in
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smaller collective action groups.[93] This attitude emphasises technical

contributions over those in other fields. Minority opinions have a difficult

time to get heard. Because contributions are made voluntarily, there is

only little participation of specialised and minority contributors.

Conflict resolution within the community is mainly absent. Except for

appealing to the board of KDE e.V. as a general fallback option, there are

no defined processes to escalate a conflict with the goal to settle it. Con-

tributors are expected to sort things out amongst themselves. In 2008

the community working group was established, together with the code

of conduct, with the aim to “maintain a friendly and welcoming KDE

community, thereby ensuring KDE remains a great project enjoyed by all

contributors and users”.11 The community working group however only

moderates using a participative approach and is not equipped with any

sanctioning instruments. The only possible measure to sanction misbe-

haviour is a suspension of a contributor’s accounts, either temporarily or,

as an ultimate measure, permanently, a task performed by the system ad-

ministration group. Account suspension constitutes a drastic measure, as

it effectively removes the affected person from the community. It affects

contributors similarly to a citizen of a country being subjected to tem-

porary exile or revoked citizenship or a church member being excommu-

nicated. It also strips the person so sanctioned from the means of com-

munication needed to enable them to continue to be part of the discus-

sion and defend their position. Account suspensions are therefore issued

only in very few cases, and only after lengthy moderation did not resolve

the conflict. In some cases this delayed necessary responses to disrup-

tively abusive behaviour. Similar to the decision making processes, the

mainly informal conflict resolution mechanisms work sufficiently well for

product related debates with a small number of homogenous stakehold-

ers with knowledge and a strong interest in the matter, and less well for

issues with the community’s social process with a large amount of stake-

holder with only moderate interest. This indicates that both the decision

making and the conflict resolution mechanisms have been established in

the initial and medium stage of community development, and have not

evolved for the late stage where the social process grows more important

compared to the product aspect.

11https://ev.kde.org/workinggroups/cwg/ (accessed 03/02/2024)
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While this description of the decision making and conflict resolu-

tion mechanisms within the community may appear as criticism, it

mainly aims at describing the observable results and developments. The

KDE community had good reasons to establish these processes that are

founded in the ethics of the community’s early contributors. Well-defined

formalised decision making processes favour well-organised actors with

the necessary resources to participate in them, which are expected to be

businesses and politics, not volunteer contributors. The absence of for-

mal decision making processes is seen as an emphasis of the role of the

contributor on the product over others “that merely talk”. Similarly, the

apparent lack of conflict resolution mechanisms is by design as well. One

argument is that as long as the community has difficulties defining mis-

behaviour, it should not police it as that would result in arbitrariness.

A second argument is that contributions that are disruptive to the over-

all technical direction of the community are important to innovativeness

and should not be suppressed.12

The lack of formal definition of decision making processes results in

occasional over-the-top behaviour that consciously or subconsciously,

sometimes with good intentions towards hearing all sides of an argument,

prevent decisions from being made or from being implemented. Since

there is no process that describes how discussions should be conducted,

debates can become endless by bringing up a new argument or point of

view that needs to be reflected. It is not easy to distinguish between the

contribution of an important argument to the debate and the deliberate

raising of a tangential argument with the aim of derailing or prolonging

it. Bringing up tangential arguments in a debate that may or may not be

critical to the conclusion happens often enough that it developed its own

term, bike-shedding, after the question of which colour to paint the bike

shed when the debate is about whether or not to build one.[51] The re-

sult is that debates may take much longer than the subject warrants, a

topic will not receive the necessary attention, a decision may never be

made, or a decision once made will not be implemented. Occasionally,

the community applies “lazy consensus” where the debate is settled by a

contributor committing a solution that reflects what has been discussed,

12https://community.kde.org/Akademy/2013/ConflictResolution (accessed
03/02/2024), there was no formal adoption of the suggestions.
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pre-empting further discussion. This happens more often with matters

where stakes are difficult to define or controversial. In the KDE commu-

nity, the KOffice versus Calligra discussion13 or the decision to hire more

staff, especially an executive director, are examples for discussions that

dragged on for a very long time, sometimes years, before being concluded.

This pattern is even more difficult to manage because the reasons to

prolong a debate for an individual contributor may be sub-consciously

self-serving, but are rationalised towards the good of the community by

the individual themself, making them think they act towards the best of

the community. It does give individuals an instrument to abuse a par-

ticipative debate culture that generally assumes good intentions. Instru-

ments like time-boxing (limiting the period of debate by scheduling an

executive decision or vote at the end) that are common in other collective

action groups are not used in the KDE community because formal deci-

sions through votes are not generally accepted. Interviewees suspected

that the debate culture in the community was heavily influenced by the

student lifestyle of the early contributors, dominated by non-structured

arguments, a lack of any constitutional frame of reference and a lot of time

for debate.

Community membership, roles and privileges

The KDE community implements an easily accessible “open door policy”

to its core repositories, defined by the absence of any formal hurdles to

gain access to the community infrastructure. Since all code and data is re-

visioned, any change can be reverted, and there is no need for an approval

process for contributor access. Only a small subset of the community in-

frastructure, for example the public-facing web sites, are kept under more

restrictive control. Everybody who contributes to KDE products or the

community (“everybody on the mailing list”) is considered a community

member. To participate in the product related aspect this is all a contrib-

utor needs. Already in the very early stages, a private mailing list for the

more involved contributors was created, with an invite-only membership

policy. It later evolved into the communication channel for the KDE e.V.

members that is kept private until today. At the AGM in 2012, an attempt

13https://lwn.net/Articles/419822/ (accessed 03/02/2024)
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was made to change this communication to be public. It ended in the

creation of the kde-community mailing list14, while the communication of

the organisation is still private. There is privilege differentiation within

the community regarding participation in the social aspect of community

work, combined with significant barriers to entry like the invite-only prin-

ciple. Contributors value being a community member highly, especially

once becoming a part of the core team or KDE e.V.. Advancement to a role

of formal community representative on the board or in external commit-

tees or foundations practically requires membership in KDE e.V. The KDE

community is easily accessible for contributors to its product, but not as

much to its social process.

Structural reforms and outlook

The formal organisation of the KDE community was changed only infre-

quently with the update of the bylaws, the introduction of the code of

conduct, the publication of the manifest and the formation of the com-

munity working group, over the course of more than 20 years. Changes

were incremental rather than disruptive, and retroactive in that they cod-

ified norms that the informal social process already had developed.

The informal organisation changed gradually but preserved “hacker

culture”. In the absence of formal structure, thought leaders have strong

impact, which puts an emphasis on personality that is difficult to replace

at a later time. If two contributors did not agree on which text editor KDE

should ship, it would ship two text editors. There was no mechanism to

influence technical decisions that affected the project as a whole and the

users of the software. More importantly, there is no sanctioning mech-

anism to encourage activities that the community is interested in. The

“(s)he who does the work decides” rule means that the user has to turn

into a developer contributor to improve the software for her or his needs.

The described community norms all have been developed and

adopted in the early stages of community growth. They worked well

in the small to medium sized group and did not change significantly in

later stages when KDE decided to de-emphasise product development

over being a community that creates FOSS products. An unresolved

14https://mail.kde.org/mailman/listinfo/kde-community (accessed 03/02/2024)
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contradiction lies in the application of predominantly informal norms

and ethics tailored towards a smaller coherent social group with uniform

backgrounds and interests to the governance of a large, diverse organisa-

tion. The cultural foundation that the community codified in the vision

and manifest is not implemented in it’s long-standing governance norms.

2.4.3 Wikimedia

Mission, foundation and history

The online encyclopedia Wikipedia was launched in 2001 with the vision

to create “a world in which every single human being can freely share

in the sum of all knowledge”. Unlike predecessor projects, it incorpo-

rated the idea that all content should be free with the same understand-

ing as in free software. This vision was formulated in the early days of the

project by the founder Jimmy Wales, and still remains largely unchanged.

Wikipedia is created by the global Wikimedia community. There is no cen-

tral authority within the community that manages activities globally. In-

stead, regional sub-communities operate mostly autonomously, usually

along language boundaries. It is therefore difficult to describe the gover-

nance norms of Wikipedia as a whole. In terms of contributors, commu-

nity activities and funding raised, Wikipedia has a strong presence in cen-

tral Europe, especially the German speaking countries. This study focuses

on the community of contributors to the German language Wikipedia and

the supportive organisation Wikimedia Deutschland e.V. in Germany.

Initially, Wikipedia was perceived more as an idea, a broadly collabora-

tive effort to make the knowledge of the world accessible to everybody

and to enable them to participate as a user, author or community mem-

ber. The idea quickly turned into a global movement that attracted a large

numbers of contributors. In May 2017, about 120,000 participants ac-

tively contributed to the project. With over five million content pages and

nearly 900 million edits, Wikipedia has successfully built the encyclopae-

dia it set out to create, surpassing commercial encyclopaedias by article

count and number of readers. It gained a large user base in the process,

serving in average about 7.8 billion pages per month. It globally ranks 5 in

the list of most visited websites. With this initial success, some contribu-

tors shifted their focus towards building the very best encyclopaedia, with
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a focus towards quality over quantity. Others identified new fields and

regions of knowledge that need to be captured and consider the task of

collecting all relevant human knowledge far from completed. In any case,

building the Wikipedia encyclopaedia is an ongoing, life-time scale un-

dertaking. The question whether Wikipedia’s mission makes it a project

responsible for social change or for the concrete task or writing the best

encyclopaedia in the world is still being discussed.15

Formal and informal organisational structure and conventions

There is only minimal formal organisation of the community of German-

speaking Wikipedia authors. Wikimedia Deutschland e.V. represents the

German language Wikipedia legally and provides community support.

Similarly, the San Francisco based Wikimedia Foundation legally repre-

sents the global community and the English language Wikipedia, and

maintains a level of control over the regional organisations. These organ-

isations however are not directly involved in coordinating or managing

the work of Wikipedia authors and other individual contributors. Authors

commonly focus on contributing knowledge in their own language and

possibly to the English language Wikipedia, which is seen as the global

fall-back. More than in other organisations, the contributor base is fluent,

because it is possible to contribute, even anonymously, without much in-

teraction with the organised community. Groups of regulars (Stammtis-

che, in German language) meet occasionally to maintain cohesion be-

tween the work of the individual authors. Many participants expect reg-

ular contributors to attend physical meeting to gain recognition. Edi-

torial boards have formed for specific subject matters like chemistry or

religion.16 Arbitration committees have been created in some countries

(2007 in Germany) that assist in resolving conflicts between Wikipedia

users. The arbitration committees do not interfere with regular contrib-

utor activity.17 Beyond that, no formal structure exists that the authors

15A history of Wikipedia is available at https://en.wikipedia.org/wiki/History_
of_Wikipedia (accessed 03/02/2024). Details about the vision can be found at https:
//wikimediafoundation.org/wiki/Vision (accessed 03/02/2024). Content page count,
number of active users and other metrics are available on Wikipedia’s statistics page: ht
tps://en.wikipedia.org/wiki/Special:Statistics (accessed 03/02/2024). A user is
considered active if she or he performed an action in the last 30 days.

16https://de.wikipedia.org/wiki/Wikipedia:Redaktionen (accessed 03/02/2024)
17https://en.wikipedia.org/wiki/Arbitration_Committee (accessed 03/02/2024)
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turn to to coordinate their work. Purposefully, no attempts are made to

unify the processes of the regional sub-communities. Regional differ-

ences and decentralised self-coordination are considered key strengths

of Wikipedia.

Wikimedia Deutschland e.V. develops software used by Wikipedia, es-

pecially MediaWiki, lobbies for open knowledge politically, invests into

free learning and free educational resources, provides infrastructure and

facilities for use by volunteers, and overall manages the organisation’s and

the community’s legal and financial footprint. In 2016, it reached 50,000

individual supporting members, 2,000 voting members, and about 85 em-

ployed staff. It is lead by the up to nine strong executive committee (Prä-

sidium), which appoints the executive director. The activities of Wikime-

dia Deutschland e.V. are for the most part considered orthogonal or sup-

portive to the work of the community of authors. Some participants in the

interviews actively refused the notion that Wikimedia Deutschland e.V. is

part of the German language Wikipedia community and consider both

separate entities. Wikimedia Deutschland e.V. does not consider itself re-

sponsible for the activities of the community of authors. The relation be-

tween Wikimedia Deutschland e.V. and Wikimedia Foundation has been

characterised as that of “a far removed sovereign” that tributes are paid to.

The community organisational structure has been described as “pro-

foundly informal”. Especially early community contributors or “generally

important top-dogs” can be very influential, even without formal roles. It

has been pointed out in the interviews that this may impose significant

barriers of entry for new authors. Formal and informal structure have de-

viated decisively. It can be assumed that the community is not in a posi-

tion to perform an analysis of the state of the project and derive conclu-

sions for organisational reform, which has been classified as “negligent”

in the interviews.

Decision making and conflict resolution

The decision making and conflict resolution norms within the author

community show strong similarities to those found in the other cases, un-

derlining the assumption that governance norms evolve based on com-

munity composition.

60



Acknowledging that majority decisions cannot be enforced against

volunteer contributors, they have been replaced with non-binding opin-

ion polls (Meinungsbilder). All active contributors may initiate an opin-

ion poll and participate in one. There are strong opinions about opin-

ion polls, with some arguing that contributors should participate in them,

and other arguing against participation. An aversion against formal deci-

sion making is obvious. Similarly, the “rule to ignore all rules” encourages

participates to apply agency to their actions.

Intra-community conflicts are managed along a well-documented

staged process from de-escalation to appeals to a mediation commit-

tee (Vermittlerausschuss) with volunteer members and finally to an arbi-

tration board (Schiedsgericht) with members that today are elected with

a qualified majority. Decisions of the arbitration board are considered

binding within the community. Recommendations like remaining level-

headed and assuming good intentions help to maintain a collaborative

spirit, as do more formal guides like the “Wikiquette”. While there are

instances of “edit wars” or members acting under fake accounts (“sock

puppets”), the conflict resolution process is mostly accepted and effec-

tive. These processes represent a mature understanding of the role of de-

cision making, conflict resolution and of volunteer community dynamics.

None of them involve Wikimedia Deutschland e.V..

Community membership, roles and privileges

Everybody who productively contributes to Wikipedia is considered a

community member. Since anonymous contributions are allowed, con-

tributors transition from loosely associated anonymous authors to regis-

tered authors known by a screen name and then may acquire additional

roles like administrators. Elected Bürokraten (bureaucrats) manage ad-

ministrator status. A number of additional roles exist that partially map

to technical permissions in the operation of Wikipedia, like rolling back

changes or inspecting contribution metadata. There is consensus that

all contributors should be considered equals, taken seriously and valued

based on merit. Even though being admin is foremost a technical task that

allows to change other contributors’ content, it is also implicitly a social

role that needs backing by the community and therefore a strong stand-
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ing or merit for the person acting as admin. Eligibility to vote is based on a

minimum number of recent contributions, and since the bar is set rather

low, has become a requirement for effective participation in discussions.

Without it, an individual “would not be taken seriously”. Long-term con-

tributors that shifted their focus towards other activities than being au-

thors sometimes struggle with that or produce edits to maintain their sta-

tus. Social status within the community is closely related to contributions

either or quality content or to the software used to run Wikipedia. Con-

tributors to auxiliary functions like conference organisation or design are

“not well known”.

These status groups or roles represent contributor functions with a

strong product focus - they are measured against their impact on the

quality of the encyclopaedia. A remarkable disconnect was mentioned

in the interviews between the legal entity Wikimedia Deutschland e.V.

representing the German speaking Wikipedia, and the community of au-

thors. One described the role of Wikimedia Deutschland e.V. as “collect-

ing donations, being on TV, and attending galas, based on the work of

the community”. Multiple interviewees mentioned that being a mem-

ber of Wikimedia Deutschland e.V. was perceived in the past as a nega-

tive factor with regard to contributor merit within the community, and is

now considered “acceptably eccentric”. The role of Wikimedia Deutsch-

land e.V. members within the community is largely irrelevant, except for a

small number of contributors that try to participate in both organisations,

but find it time consuming and difficult. Wikimedia Deutschland e.V. has

been repeatedly criticised for being disengaged from the community and

not supporting it enough. Interviewees expressed that they believe the

perceived under-performance of Wikimedia Deutschland e.V. is rooted in

the lacking integration with the community, and that they “are happy if

Wikimedia Deutschland e.V. is at least not breaking anything”. Wikimedia

Deutschland e.V. keeps authority of the budget and spends a significant

share of the budget on non-product related activities.

Structural reforms and outlook

Similarly to the other case studies, the formal organisation within the Ger-

man Wikimedia author community has rarely changed. There was no
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structured process of organisational design review. In the past ten years,

the adoption of the review principle, the arbitration court and the intro-

duction of the visual editor are perceived as the major changes. Intervie-

wees described the overall constitution of the community as rather “hos-

tile to change”.

Wikimedia Deutschland e.V. is aware of the rift between the author

community and the formal organisation. It attempts to integrate the

community through a collaborative planning and budgeting process and

other activities. Decreasing author numbers create the necessity to act

upon a perceived pent-up need for organisational reform, which is re-

flected in the annual plans for 2016, 2017 and 2018. Attracting and retain-

ing volunteer contributors has been accepted as one of three key fields

of action. However, less than ten percent of the overall revenue from

donations and membership fees is allocated directly towards that goal.

Wikimedia Deutschland e.V. positions itself as an organisation with the

primary goal to foster Wikimedia projects.18 There is a profound feeling

within the community of authors that Wikimedia Deutschland e.V. made

itself independent and unaccountable. When asked what would need

to change, one interviewee suggested that community members “get to-

gether” and re-take control of their project.

2.5 Observations

For the most part, the contributors agree on what they expect from their

communities: They want to engage in a community of makers. Amongst

their peers, they wish to have equal opportunity to contribute. They un-

derstand the need for community management, but want their commu-

nities to remain focused on being ambitious, productive meritocracies.

They believe that there is strong solidarity between the members of their

communities, and that “them-versus-us” conflicts between the commu-

nities and their leadership or the makers and the community builders are

mainly absent. Still, the communities are exhibiting similar symptoms of

distress: They have trouble growing their contributor and contributions

18“Wikimedia Deutschland [ist] im Hinblick auf die Wikimedia-Projekte daher als
"Förderverein" zu verstehen.” (Wikimedia Deutschland Präsidiumshandbuch (accessed
03/02/2024))
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count sustainably, have difficulties implementing organisational change

and get stuck making important decisions, resolving inner-community

conflicts or enforcing the values of their social groups.

It is obvious that the contributors think highly of their communities.

There have been no indications to assume any malicious intend by in-

fluential participants to abuse the communities for their own advantage.

Conflicts within late stage FOSS communities are more likely to reflect

difficulties volunteer contributors have to collaboratively develop their

organisations and maintain control over their destiny as they grow to be

large groups. The similarities of the symptoms between the communities

illustrate this observation.

2.5.1 Formal and informal organisational structure and con-
ventions

Formal organisation is not the first thing participants have in mind when

starting a FOSS initiative. The groups are small initially and do not possess

assets or liabilities that require an independent formal organisation. KDE

and Wikimedia Deutschland e.V. added a legal entity that represents their

community later after their projects started. The founders of FSFE on the

other hand where aware that their success will depend on a strong, in-

dependent organisation, and started off with a carefully designed organi-

sation that anticipated attempts of hostile take-overs and the creation of

regional subsidiaries.

None of the three organisations implemented a systematic effort to

periodically review and reform their formal organisation. Changes to the

organisational structure have been very rare, resulting in a growing dis-

connect between the community’s production processes and their gov-

ernance related activities. FSFE did not succeed in establishing thriv-

ing, decentralised, independent regional sub-organisations, and concen-

trated its activities at the Berlin head office. The KDE community contin-

uously restricted the mission of KDE e.V. to administrative support, and

resisted the delegation of authority to elected representatives. This led to

long-standing contributors questioning its usefulness, and contributed

to an emerging culture of bike-shedding and indecision. The organisa-

tional structure of KDE e.V. was not changed even as the KDE commu-
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nity changed from a single-product to an umbrella community. Eventu-

ally, KDE e.V.’s main role became to organise the annual KDE Akademy19

conference and to provide funding for contributor meetings. For a pe-

riod of time, the KDE community became infamously known for its lack

of coherence and decision making. However, the strongest rift between

product development and formal organisation in this study is exhibited

by the German language Wikipedia community. Where besides minor dif-

ferences FSFE and KDE still see their formal organisations as an integral

part of the community, some members of the community of Wikipedia

authors wish that Wikimedia Deutschland e.V. “not interfere with their

work”, while being a Wikipedia author is explicitly not considered a se-

lection criterion for employment at Wikimedia Deutschland e.V. The vol-

unteer community of authors and the formal organisation that bears the

community’s name have diverged. The performance of the support

organisations in this study is not linked to the effort invested into the

original organisational design. Instead, given the absence of a system-

atic review and reform process the ability of the organisations to serve

their communities deteriorated as they went from the initial through the

medium to the late stage. The aversion of the contributors against author-

ity and “bureaucracy” puts the need for reform in question and reinforces

this trend. It is not the initial design that counts, the organisations need to

continuously adapt and improve the performance at which they support

their communities.

All three organisations rely heavily on informal organisational struc-

ture. There is strong agreement between the interviewees that the

documented formal structure is not implemented in reality, and that

today the organisational structure of the communities is mainly im-

plicit, well-understood only by early community members, and not well-

documented for newcomers. Only few fully know and understand the ex-

isting formal rules as they stand today. The divergence of formal and in-

formal organisation and the lack of supportive performance of the com-

munity organisations is not perceived as a currently relevant problem.

The resulting effects, enforced by lack of positive competitive selection of

community leadership or inhibited acquisition of new contributors, are

detrimental to long-term community growth and success.

19https://akademy.kde.org (accessed 03/02/2024)
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2.5.2 Decision making and conflict resolution

It is commonly part of the spirit of a FOSS community that decisions

should be made by consensus, that authority and hierarchy should be

avoided, and that there should be minimal to no policing of contribu-

tor activity. These are all positive, defining aspects that are important to

contributors. But do they match reality when compared to the decision

making processes and conflict resolution mechanisms of late stage com-

munities?

The results from the interviews strongly suggest that all three commu-

nities make use of very few defined decision making processes, do not

routinely apply instruments for shaping debates, experience extended

bike-shedding and indecision regarding issues that are considered im-

portant, and that influential individuals, often project founders or early

contributors, wield soft and hard vetoes over community decisions.

Most day-to-day decisions are made at the level of subgroups that fo-

cus on particular aspects of the community product. In these relatively

small groups, informal decision making still succeeds. It is possible to un-

derstand the likely outcomes of the decision, and there is a joint sense of

responsibility for that result. There is also no need for an appeal mecha-

nism. If the outcome of the decision is not what was expected, the group

again jointly decides on a new course of action. These are the decision

making mechanisms the communities developed in the early stages and

that served them well.

Late stage communities also need to make more complex decisions,

like hiring an executive director, organising a global conference or re-

defining the overall community vision and mission. These may involve

trade-offs of resource allocation between subgroups or competing goals.

The community as a whole is a stakeholder in these decisions. The out-

comes of the decisions may be harder to predict, and unlike most techni-

cal decisions difficult to reverse. Undefined and informal decision mak-

ing processes, a lack of routes of appeals, and an excessive debate culture

that may prevent decisions from being made have a detrimental effect on

contributor motivation, and pose a significant barrier of entry into higher

level community functions. Early contributors stay in community leader-

ship roles overly long, at the expense of later contributors not assuming
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leadership roles even if their merit within the community would warrant

it. The auto-organised decision making mechanism of the subgroups fails

when applied to higher level large group decisions.

Authority is commonly assigned to specific community functions, like

the president in the case of FSFE, or the board in KDE e.V. There are

no checks and balances however to decisions made by these functions.

Even if it may be known to some participants that a way to question

a decision of the president is to submit an item to the agenda of the

next general assembly, this is far from obvious to the wider community,

and also not communicated. There is little understanding that for ev-

ery community function with authority a check needs to be implemented

that implements oversight and allows for decisions to be appealed. In

volunteer-driven communities with self-referential authority, this means

that otherwise unresolvable issues eventually will escalate to a commu-

nity all-hands decision. In turn, this requires a mechanism for commu-

nity votes. The aversion communities have against majority decisions is

well-founded, especially considering that all contributors participate in

the communities voluntarily. However as a mechanism of last resort, no

better alternative has been presented. Every decision should be appeal-

able. Many of the long-term contributors interviewed in this study today

acknowledge the need for well-defined decision making processes, even

though it took a long time for them to to reflect on and change their initial

preference to auto-organisation at all levels.

With unclear authority, it is difficult to apply instruments to shape de-

bates so that a decision can be achieved in a reasonable time frame. Dis-

cussion drag on “until nobody has any energy left to disagree”. A “fulsome

optimism regarding the decisiveness of a large group” can be observed.

Discussions are being kept alive by influential contributors to avoid their

conclusion with an unwanted decision. Shaping debates does not neces-

sarily require voting mechanisms. Time boxing by asking that a consensus

be reached after a specified discussion period and announcing a formal

vote otherwise is one option. Relying on rough consensus combined with

a clear procedure of appeal is another one. The KDE community made

good experiences with a “debate manager”, a contributor that voluntarily

steps up as a moderator and drives the debate to a conclusion. It can be

expected that by combining decision making and appeal processes more
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clearly and organising debates in a more result-oriented fashion, the ten-

dencies towards bike-shedding and indecision that communities exhibit

can be overcome.

2.5.3 Community membership, roles and privileges

The communities apply a broad definition of what makes a community

member. “Everybody on the mailing list” who actively participates is con-

sidered to be one. Those who contribute more over an extended period

of time begin to form a loosely defined “core team” early in the process,

which also separates those who “merely talk” from those “doing the work”.

Formal membership in the support organisation forms another commu-

nity rank. Being appointed to a board or elected leadership position is an-

other one. This suggests a hierarchy of influence that may be misleading,

as advancing through the community ranks does not necessarily happen

on a straight career path. The differentiation between product contri-

butions and community management may lead to contributors gaining

leadership positions that never contributed to the community product.

Authority is also gained ad-hoc by individual contributors self-identifying

with the initiative to manage a debate, or a community process like writ-

ing the manifesto. It can be observed that once contributors reach a board

or elected representative level position, they rarely ever go back to being

regular contributors. This indicates that such positions do form a sort of

end-of-career achievement. Community rank is considered significant in

that individuals would, for example, list their community achievements

in their CV.

Contributors advance through the community rank meritocracy

based on their contributions. Not all contributions are valued the same.

Contributors to the core product, founders and individuals “rich on time”

advance through the meritocracy more easily. Typically, contributors gain

more merit when contributing directly to the community product, as op-

posed to covering support functions as in helping with administration or

event management. Even auxiliary product contributions like the work

done by designers and documentation authors have more difficulty in

achieving appreciation. This may inhibit effective specialisation as the

different “professions” within the community carry different merit. The
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inherent contradiction of the “who does the work decides” rule applied by

many communities is that in an advanced community it is almost impos-

sible to identify which specialised task is more important and who does

the work.

The phase during which the contributor joins also affects the oppor-

tunities to advance through the meritocracy. Project founders and early

contributors often remain in an influential position over a long time.

Sometimes they evolve to be “luminaries” or “top dogs” that carry strong

influence over community processes and are involved in many commu-

nity decisions even without a formal role. Long-standing and early con-

tributors aggregated merit that enables them to influence the community

as a whole. This poses a difficult barrier for newcomers to become con-

tributors, and even more for existing contributors to advance within the

community status groups. The communities are aware of barriers of entry

and work to keep them low, it seems however that the barriers are higher,

not lower, for advancement and individual personal development within

the community.

Many of the interviewed project founders and early contributors that

rose to community leadership functions in the early and medium stages

of the project emphasise that their motivation was to help the project, not

to further their personal reputation. Some say they where willing to do

the work no other contributor wanted to do. Others stress that the per-

ception of the president’s position is of much higher value to others than

to them. Their expectation towards other community leaders is that they

would also mainly work towards the interests of the community, not their

own advantage. Some interviewees admitted that other contributors may

regard the group of founders and early contributors as a “round table”

that is a bit out of touch with the rest of the community. The modesty ex-

pressed by the founders and early community leaders is convincing in the

early and medium stages of community growth. For late stage communi-

ties, it must be assumed that the prestige and also remuneration for serv-

ing in a community leadership role becomes an attractor in itself. Late

stage communities will then require a system of checks and balances to

maintain control over community management, which was unnecessary

and therefore not established in the early and medium stages.

Similar to organisational structure there is an implicitness in the com-
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munity status groups, roles and privileges. The self-referential authority

within the community is well-understood by the founders and early con-

tributors. One interviewee said “I set the rules once, I can do it again.”

This freedom to question rules and apply norms where they are applica-

ble and ignore or bend them otherwise is second nature to old-timers. It

is explicitly communicated, as in “if a rule prevents you from improving

or maintaining Wikipedia, ignore it”, but difficult to grasp for newcomers.

Rules solidify, sometimes unwantedly, and are rarely ever changed for a

late stage community. The open doors policy that the communities are

proud of deteriorates in the late stage. Long-standing administrators ex-

pressed worries that “some of use have lost the trust that newcomers will

do good things”.

2.5.4 Structural reforms and organisational design

In all three cases, the explicit and implicit organisational structure

emerged in the early and mid stages of community development. While

the initial structure developed implicitly, the communities did create

well-working formal supportive organisations that originally served their

purpose well. They did however not implement a systematic and periodic

review process which ensures that implicit and explicit structure and pro-

cesses do not diverge too much, and that the formal organisation stays

focused on the mission that the community created it for. They also im-

plemented partially insufficient checks and balances to enforce account-

ability of these organisations towards their contributor base. Through

membership open to all active contributors and direct as well as com-

petitive election of community representatives by the members, KDE e.V.

remained most effective and accountable to the community of the three

cases. With the removal of the elected fellowship representatives and the

position of the executive director, FSFE grew less accountable in 2018.

While it does still represent the ideals of software freedom and aims to

speak for the wider open source community, it gains few new contrib-

utors. Of the three cases, Wikimedia Deutschland e.V. developed to be

most removed from its original purpose of serving the German language

Wikipedia community. While it drives fundraisers and shares the name of

the community project, most of its activities and most of its budget spent
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do not directly support the community of authors. While all its activities

are charitable and contribute to the cause of free knowledge, almost all

they share with the community of authors is the name. It is reasonable to

assume that this aspect contributes to the declining number of authors as

potential contributors realise that their work is being used to raise funds

for mostly unrelated activities and a large body of staff.

All communities exhibit an aversion against administrative processes

or “bureaucracy”, resulting in an apparent lack of impulse towards active

organisational change. Interviewees from all three communities men-

tioned that formalising structure and documenting decision making and

conflict resolution processes to a necessary extend does help maintain

the freedoms to participate and joy from contribution. They face the chal-

lenge of preserving “hacker culture” while at the same time enabling large

numbers of contributors to collaborate successfully. Based on the lack of

organisational design, community processes and structure are largely im-

plicit and there are no well-defined rules of appeal. The German-speaking

community of Wikipedia authors provides a positive example of well-

working auto-organisation. However these processes are independent of

Wikimedia Deutschland e.V. as their support organisation, indicating that

the resulting lack of accountability offers opportunities for self-serving

behaviour.

This raises the question of how communities can ensure that their

structure and processes evolve so that they continue to fulfil their mis-

sion of supporting the contributors. Where competition keeps businesses

aligned with their purpose and elections align the actions of politicians

with the interests of the population, FOSS communities depend on vol-

untary participation to raise contributions. This postulates the number

of independent contributing entities and the number of contributions

raised as key metrics for community health. Implicit and explicit commu-

nity structure and processes should primarily support these goals. Com-

munity activities, also by the support organisations, should be assessed

based on how they contribute to these goals. From the budget a com-

munity is raising, every Euro that is spent on activities that do not con-

tribute to these goals reduces the number of attracted contributors and

through that the potential impact and success of the community. The

self-referential purpose of FOSS communities means that all functions of
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the community need to be accountable to the base of its active contribu-

tors. In turn, a community can only represent those that by way of actively

contributing acquire an equal voice in decision making and conflict reso-

lution processes.

2.6 Summary

This study started out from the observation that FOSS communities strug-

gle to maintain growth once they reach a large number of contributors.

It could be observed that the growth phases the communities proceed

through can be grouped into an initial stage with ad-hoc coordination

and an equivalence of individual and group goals, a medium stage with

consensus-focused auto-organisation and a late stage with more pro-

found functional differentiation and formal structure.

Businesses, individual volunteers and staff members participate for

different sets of reasons. The concept of community composition refers

to the mix of volunteers, businesses and staff that engage in a commu-

nity. Assuming that, all else unchanged, governance norms develop de-

pending on community composition, the study analysed three primarily

volunteer driven communities to provide an insight view of their gover-

nance and to identify commonalities between them even though the cre-

ate vastly different products. Based on the principle of voluntary partic-

ipation, the purpose of communities is defined in a self-referential man-

ner: The community serves the interests of the contributors that form it,

with no outside authority except the law. This means communities need

to solve the constitution problem to define who has a voice and to estab-

lish structure as well as decision making and conflict resolution processes,

based on voluntary participation.

Community governance is shaped by the mindset of their contribu-

tors. Individual volunteers are primarily intrinsically motivated, which is

reflected in the expectations they expressed in the interviews: to partic-

ipate in a community of makers, to experience equality of opportunity

among their peers, to find a balance between makers and community

builders, to become a part of an ambitious, productive meritocracy and

to see their own ethical principles represented in the community gover-

nance norms. If these expectations are fulfilled, they develop increasing
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loyalty towards the community.

The case studies reflected the concepts of membership, the formal

and informal organisational structure and the decision making and con-

flict resolution processes of the communities against these expectations.

They indicate that while there is a close or close enough match in the ini-

tial and intermediate stages, especially the formal organisations that have

been created to support the work of the community show a tendency of

distancing themselves from the community goals. The combination of

solidified implicit norms and more closed-up organisations creates bar-

riers to entry for newcomers and reduces the number of long-term, loyal

contributors the community is able to attract in the late stage. While it re-

mains relatively easy to contribute to the community product, it becomes

increasingly hard to gain access to influential formal roles and positions.

The gap between makers and community builders grows with size of

the community. Independent of the effort invested in setting up the orig-

inal support structure, the formal organisations partly disconnected from

their communities. This seems to be caused by the absence of a regular

review process based on checks and balances built into community gov-

ernance, resulting in a lack of accountability of the support organisations

towards their constituencies. Volunteer contributors exhibit aversion to

authority and formal decision making. At the same time, they jointly are

the highest authority within their community. A possible conclusion is

that community decision making processes should be well-defined, and

that the highest level of escalation should be the community as a whole.

Conflict resolution mechanisms should mirror the decision making pro-

cesses.

The communities investigated in this study partially lack instruments

to ensure that their structure and processes support the overall commu-

nity goals. Similar to elections in politics and supervisory boards repre-

senting investor interests in enterprises, the communities will need to

re-align decision making power and accountability to remain volunteer

driven in a successful transition into the late stage of community growth.
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Chapter 3

Open source software in

standard setting: The role of

intellectual property right

regimes

This article was originally published as: Knut Blind, Mirko Böhm,

and Nikolaus Thumm. “Open Source Software in Standard Setting:

The Role of Intellectual Property Right Regimes”. In: Open Source

Law, Policy and Practice. Oxford University Press, Oct. 2022 (pages

256-272). Reproduced by permission of Oxford University Press. For

permission to re-use this material, please visit https://global.oup
.com/academic/rights.

This chapter considers the intersection of FOSS and FRAND licensing and

its integration into the process of standard setting. FRAND commitments

aim to prevent IPR holders from refusing to license patents, and from

charging licensees excessive fees (unfair or unreasonable) for standard

implemented patented technologies. The complex interface of FOSS and

standardisation processes is analysed with a specific focus on the role of

IPR including FRAND licensing. Standards and open source development

are both processes widely adopted in the ICT industry to develop innova-

tive technologies and drive their adoption in the market. Innovators and

policy makers often assume that a closer collaboration between standards

and FOSS development would be mutually beneficial. The interaction be-
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tween the two is however not yet fully understood.

3.1 Introduction

In the communication “Setting out the EU Approach to Standard Essen-

tial Patents” the European Commission announced in 2017 that it would

analyse complementary possibilities for interaction and differences be-

tween FOSS and standardisation processes, and recommend solutions

for the smooth cooperation between standardisation and FOSS.[46] Prior

to this, the interface between FOSS and standardisation had been only

marginally touched both by researchers and practitioners in standardisa-

tion bodies or FOSS communities.

This chapter builds on results of the European Commission report by

Blind and Boehm on the interrelation between standardisation and FOSS,

which refers in particular to the interaction between FOSS and FRAND

patent licences in standardisation.[15] FRAND commitments aim to en-

sure that essential technology protected by IPR included in a standard is

made available to users of that standard on fair, reasonable, and non-

discriminatory terms. FRAND commitments aim to prevent intellectual

property (IP) holders from refusing to license patents and from charg-

ing licensees excessive fees (unfair or unreasonable) for standard imple-

mented patented technologies.

The intersection of FOSS and FRAND licensing and its integration into

the process of standard setting is considered throughout this chapter. It

does not consider other FRAND licensing related issues, nor does it anal-

yse specific FRAND court decisions. Comino, Manenti, and Thumm pro-

vide an overview of the wider FRAND-related economic issues,[33] and

Pentheroudakis, Baron, and Thumm provide a comprehensive analysis of

the most important FRAND court cases.[112]

The complex interface of FOSS and standardisation processes is anal-

ysed with a specific focus on the role of IP including FRAND licensing.

Standards and FOSS development are both processes widely adopted in

the ICT industry to develop innovative technologies and drive their adop-

tion in the market. Innovators and policy makers often assume that a

closer collaboration between standards and open source development

would be mutually beneficial. The interaction between the two is however
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not yet fully understood, in particular with regards to how the IP regimes

applied by these organisations influence their ability and motivation to

cooperate. Most SDOs use FRAND licensing terms, while widely used

FOSS licences like the GPL are largely incompatible with these terms.[94]

3.2 Results from the literature

Relevant studies are divided into three categories, according to Lundell

and Gamalielsson [90], and Clark [31], without immediately taking into

account the tension between FOSS licences and the FRAND regime re-

garding patents:

• The first cases begin as standardisation projects within formal or in-

formal standardisation bodies that are eventually implemented as

FOSS projects.

• In the second scenario, the software is initially implementated as a

FOSS project, followed by a subsequent standardisation process.

• The third and last option is the parallel development of standards

and their implementation as FOSS at the same time.

3.2.1 Standards initially implemented as open source software

Examples of the implementation of standards via FOSS are discussed but

are mainly developed in SDOs under a RF licensing scheme, for exam-

ple at the Organization for the Advancement of Structured Information

Standards (OASIS) and the World Wide Web Consortium (W3C). Accord-

ing to Phipps, these SDOs are characterised by an implementation-orien-

ted rather than requirement-oriented approach to standardisation.[115]

There are also some standards published by the SDOs using the FRAND

regime. However, there are no declarations of SEPs referring to these stan-

dards.

Nevertheless, due to the general contradiction between the FRAND

regime and some FOSS licences, there is still a latent fear of conflicts with

potential SEP holders, and the popular GPL licence is not compatible with

FRAND.
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There are some assertions that FOSS licences, such as the MIT License

(MIT) or BSD License (BSD), may be compatible with FRAND.[74] How-

ever, there is no general consensus on this conclusion, as others argue

equally that these are only complementary licences and are not compati-

ble.[48, 9] Furthermore, the idea of incompatibility of specific licence sys-

tems with a FRAND regime is supported by a significant percentage of

Open Source programmers.[90]

The concerns of the FOSS communities regarding the lack of clarity

of FRAND licensing conditions is becoming more important due to the

increasing relevance of the successful implementation of standards for

quality and success. These may also, as with other patent concerns, be

countered in a number of defensive IP structures, as discussed by Bain

and Smith.[6]

3.2.2 Open source software as input into a standard

The second category, according to Lundell and Gamalielsson,[90] is char-

acterised by the initial implementation of open source software, which

ultimately leads to technical specifications of standards, which Phipps

also calls “implementation-led standardisation”.[115] In this scenario, a

software implementation precedes the development and approval of the

technical specifications of a standard published by either a formal or in-

formal SDO. According to Li, it is generally more complicated for SDOs to

use FOSS working practices to develop standards.[86]

In addition to the inclusion of software code in the technical specifi-

cations of standards, the functions of the code can also be transferred to

a standard. Li makes a distinction here between the different licences ap-

plicable to the FOSS code. If the licence does not contain a patent clause,

the patent issue is still important under the policy of the relevant SDO,

possibly subject to a FRAND obligation (under Li).[86] However, if a li-

cence contains a patent clause, the patent right in that licence is granted

on an RF basis and leaves open the question of whether SDOs can require

patent holders who contribute patents to the standard to license these

under FRAND licensing, where there is already a FOSS licence with RF

patent licences, and how any inherent conflict between the two would be

resolved. Li states that this is not yet established in the current IP regula-
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tions of the SDOs.[86]

Since most SDOs have not incorporated specific rules for licensing

FOSS code into the specifications of standards, Li concludes that the FOSS

licensing terms are the ‘only clearly applicable rule’.[86] Consequently, the

granting of RF licences for the use of the code in embedded standard tech-

nologies should be applied.

However, such rules could be a strong disincentive for at least some

innovators holding patents, as this would remove the possibility of charg-

ing royalties on SEPs, which might be one of the main incentives for many

innovators to contribute to standardisation (see for example Lerner and

Tirole [82]). In the survey by Blind and colleagues, patent-owning compa-

nies rated the relevance of the freedom of action achieved by a standard

as a much higher incentive than any associated royalty payment.[18]

In addition to the conflict between the licensing conditions for FOSS

and patents, there is a systemic conflict in licensing software under the

FOSS licensing conditions and patents under FRAND. FOSS licences fol-

low a cascade effect that restricts implementers in other areas not covered

by FRAND.[86] Although patents are used free of charge, licences gener-

ally contain a ‘patent retaliation clause’ that prevents recipients from lit-

igating against the work, including the patented contribution by termi-

nating the patent right. This is intended to prevent implementers from

filing a lawful lawsuit if they find that their patents contained in the same

work have been infringed. However, the current IPR regimes of the SDOs

guarantee patent holders this possibility.

In summary, the current frameworks utilised by both formal SDOs and

informal consortia seem to allow the integration of FOSS into their stan-

dard development process and standards. SDOs, such as W3C and OASIS,

have more of an RF culture with regard to patents and consequently have

a rather limited number or no SEPs at all, and are pioneers in launching

proactive initiatives to include FOSS in their standards. Despite the chal-

lenges for SDOs using FRAND, the exclusion of FOSS code from the spec-

ifications of the standards is not a sustainable strategy, as the available

code base is already large and widely adopted which continues to grow.

In addition, some FOSS communities claim to set de facto standards,

which calls into question both formal SDOs and informal consortia.[148]

Finally, both the increasing competition between SDOs and consor-
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tia and the additional competition from the FOSS communities as addi-

tional standard setters are likely to increase the pressure to cooperate with

the latter. Industry standards can be developed through competition be-

tween communities, with no formal specification at all.

3.2.3 Open source software and standardisation in parallel

In the two previous categories, a clear distinction was made between the

starting point of the process and the transfer to the other area. Category

three, however, represents the interaction between the development of

technical specifications of a standard together with the development of

one (or more) implementation(s) of technical specifications of a standard

in FOSS.

Lundell and Gamalielsson [90], who further develop Gamalielsson et

al. [56], analyse the bi-directional influences between the FOSS project

Drupal, which is distributed under the copyleft GNU General Public Li-

cense v2.0 (GPL-2.0) licence, and the development of the Resource De-

scription Framework in Attributes (RDFa) standard for data exchange on

the web at the W3C. Support for Resource Description Framework in At-

tributes 1.0 (RDFa-1.0) was achieved in Drupal through its first implemen-

tation in the core of Drupal 7 (RDFa is implemented in a separate module

in Drupal).[90]

The summary of the findings in connection with the third category

of parallel developments in FOSS and standardisation confirms the ob-

servations made in connection with the first and second categories. In

the early days of the Internet, the Internet Engineering Task Force (IETF),

as a consortium driven by individual members, like FOSS projects, was

involved in the development of an email format in parallel with FOSS

projects. The few cases of close interaction between FOSS and standard-

isation are mainly concentrated in consortia with a strict RF and rather

patent-incompatible licensing policy, that is W3C or OASIS. It has already

been noted that they are in a better position to integrate input from FOSS

projects, as opposed to the formal SDOs that use the FRAND structure.

The recursive integration of inputs from standardisation or FOSS can

lead to a ‘virtuous circle’ of standards of higher quality and wider dissem-

ination. In contrast, the challenges for the FRAND-based SDOs and con-
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sortia will also create difficulties for parallel innovation developments. In

the long term, higher quality standards due to FOSS inputs combined

with their wider dissemination through FOSS adoption will further in-

crease the pressure on formal SDOs and informal consortia under the

FRAND regime.

The limited focus of SDOs on copyright in general and on software

or FOSS in particular has a number of economic implications. First, the

few SDOs or consortia that deal explicitly with software are able to de-

velop a stronger profile in the standardisation of topics based on software

alone or on the combination of software and hardware. Here, the actors

with a need for standardisation obviously decide according to the per-

ceived competencies of SDOs, including governance in connection with

software. Secondly, the FRAND regime, which is relevant for the licensing

of SEPs established in traditional SDOs, in other words members of ISO,

and therefore guided by ISO/International Electrotechnical Commission

(IEC)/International Telecommunication Union (ITU) policies on IP, does

not necessarily attract FOSS contributors used to more RF-dominated li-

censing systems.[8] Therefore, separation or division of labour is likely

to continue in the future, despite the considerable efforts of European

Telecommunications Standards Institute (ETSI), in particular, to find so-

lutions for the coexistence of FRAND and Open Source licences, as ex-

pressed by some of its members in the Fair Standards Alliance.[2] Sec-

ondly, the rather strict RF-based policies of OASIS and W3C, which follow

the Open Source licensing regime, facilitate the implementation of their

standards.[8] Thirdly, the IP policy of SDOs in relation to software is linked

to their business models, especially those that do not make their services

freely available. It is more difficult to sell standards under a freely licensed

regime that integrates FOSS into standards. However, this area of tension

has not yet been addressed in the rules of the SDOs and consortia.

3.2.4 Summary of the literature

The background, as presented in the literature review, leads to very gen-

eral conclusions regarding the growing importance of standard-setting

processes and their use of IP, not only patents but also copyright to soft-

ware. The general assessment is that standardisation plays a multidimen-
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sional role; it mediates between science- and technology-driven research

and innovation and demand-oriented innovation policy, which is framed

by various regulatory regimes.[103] Patents and software, including FOSS,

are the main IPR used as input for ICT standardisation and are also rele-

vant for the accessibility of ICT standardisation results. Therefore, the use

of IP in standardisation processes adds another dimension.

In general, standards are developed by a number of different actors

in a voluntary, consensus-based process. In view of the associated in-

creasing diversity of interests of the actors involved in standard-setting,

governance in standard-setting determines the success of SDOs in terms

of integrating the various interests, which is also called for by the Euro-

pean Commission (EC). Effective rule-setting and governance of SDOs are

critical to the successful development and, ultimately, implementation of

standards. IP policies developed by SDOs will have to take into account

not only specific rules and procedures for FRAND licensing relevant to

patents but even more so the treatment of FOSS.

3.3 Insights from case studies and stakeholder con-

sultation

The recent study by Blind and Boehm for the EC comprises a detailed em-

pirical investigation of the interaction between standard development or-

ganisations and FOSS communities.[15] It is based on twenty case stud-

ies, a survey of stakeholders (more than 300 respondents) from SDOs and

FOSS communities and an expert workshop. The case study analysis re-

vealed different views on the nature of possible collaboration between

SDOs and the wider open source community. The most commonly used

frame of reference for ‘working with the open source community’ within

SDOs is the expectation that SDOs will develop specifications into stan-

dards, and the FOSS community will then implement them. This ap-

proach is based on the assumption that a specification is initially cre-

ated as part of a standards development process, and the creation of a

concrete, compliant product is left to the implementers competing in the

market. As discussed, this specification-oriented approach to standardis-

ation is only used in a minority of Open Source instances.
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The cases and literature revealed that two-thirds of these can be con-

sidered as highly innovative, large-scale collaborations that have found

broad or sometimes worldwide acceptance, for example Java, Linux, and

PDF. Almost one-third had a significant impact on a specific market seg-

ment. In the most recent cases, no impact has been realised as of yet,

although they are considered innovative by the participants. About half

of the cases achieved market-wide relevance across several industries as

basic technologies or by promoting business-critical infrastructure.

There is no clear definition of industrial sectors and sub-sectors con-

cerned, as technologies dealt with in the case studies have many uses. As

a general cross-industry trend, computer and telecommunications sys-

tems are becoming fundamental technologies for various products and

business processes.

The choice of an early, parallel, or late approach to standardisation

neither limits the chances of success of a project nor is a specific ap-

proach as a prerequisite for a successful standard. However, the incuba-

tion of new technologies and functions today is more often done through

joint implementations or reference implementations under open source

licences. Most of the innovations to which the cases refer are presented to

the SDOs as soon as proven implementations exist and are generally avail-

able. Some participants in the case studies stressed that they do not see

the development of standards as a means of creating real innovation but

as a means of building industry consensus on available technologies to

enable economies of scale. In general, models of governance and cooper-

ation must be seen by the relevant actors as appropriate to motivate them

to participate, since the most widespread technologies are also those that

attract a large number of participants in their development.

In summary, the case studies have developed a partial focus on the

networks and telecommunications sub-sectors. This was expected, since

the interaction between standards and development is naturally located

at software–hardware interfaces. The telecommunications industry has

a more established history of standards practices. The cases illustrate

that there are numerous successful collaborations between standards and

open source development and that they have developed mature, well-

established governance, such as Ecma (ECMA) TC39 or ISO JTC1.[8] Both

FOSS and SDO procedures are suitable for the development of technical
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solutions on both a small and large scale. Those of the observed collab-

orations that introduced explicit patent licensing systems opted for RF

ex ante licensing with symmetrical terms between contributors and be-

tween domestic and foreign licences. SDOs are usually not the driving

force for technical developments. More often, FOSS communities hatch

new technical solutions until they become candidates for standardisation

and market penetration. The FOSS umbrella organizations and founda-

tions (see Sandler [128]) increasingly offer functions such as platforms for

collaboration and consensus building, which have traditionally been pro-

vided by SDOs.

In the study by Blind and Boehm [15], stakeholders were also asked

about their assessment of the interaction between FOSS and standardisa-

tion in terms of efficiency and results. The majority of participants saw a

positive effect of this link. In particular, around 70 per cent of respondents

saw a positive impact on the development of specifications for technical

solutions contributing to interoperability and on the implementation of

technical solutions. The benefit of standardisation lies less in the idea

of new technical solutions and more in their validation and ultimately in

their dissemination, since only about 60 per cent of those surveyed ex-

pect positive effects in this area. Negative effects of the interaction on

standardisation are generally not to be expected. The distinction between

small and large organisations shows that the former tend to expect a pos-

itive impact on the identification of possible technical solutions, that is

the idea finding, and the drafting of specifications of technical solutions,

that is interoperability, while the latter see the benefits particularly in the

implementation of technical solutions.

Looking at the effects of interaction on open source, we observe an

even higher proportion of respondents perceiving positive effects. More

than 75 per cent expect a positive impact on the development of speci-

fications for technical solutions, particularly in the context of interoper-

ability, and on the implementation of technical solutions. While about 70

per cent see positive effects on FOSS both for the identification of possi-

ble technical solutions and their dissemination, less than 60 per cent of

the respondents expect positive impulses for the validation of technical

solutions. Again, no negative effects were found. The distinction between

small and large organisations, in contrast to the expected impact on stan-
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Figure 3.1: Positive impact of interconnection of Open Source and stan-
dardisation on efficiency and results of Open Source—SMO vs LO [15, p.
156]

dardisation, shows that the former expect rather positive effects on the

validation and dissemination of technical solutions while larger organi-

sations again see the advantages in the implementation of technical solu-

tions, but also in the identification of possible technical solutions in the

field of open source.

Comparing all assessments of networking in terms of efficiency and

results, it becomes clear that smaller organisations perceive the knowl-

edge flow from FOSS to SDOs in such a way that the latter receive new

ideas as input for technical solutions. Larger organisations see advan-

tages for SDOs in implementing technical solutions as FOSS. In contrast,

smaller organisations experience positive effects of standardisation on

FOSS on the validation and dissemination of technical solutions. There

are a complementary impacts explained by the size of the organisations.
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3.4 Compatibility of intellectual propery regimes in

SDO and FOSS

The limited research that deals explicitly with the interaction of SEP li-

cences and Open Source focuses primarily on the legal compatibility of

FOSS licences with the FRAND licensing of SEP. This is an important di-

mension of interaction, since any directly contradictory condition in a

given combination of FOSS and FRAND licence would prohibit a com-

bination of the two works in a product. However, Blind and Boehm [15],

as well as Maracke [94], and Phipps [115], point out that answering the

question of legal compatibility is not a sufficient precondition for possi-

ble cooperation between SDOs and open source communities.

Blind and Boehm [15] find that the question of legal incompatibility

can only be assessed in relation to a specific contractual situation and the

individual conditions applied in the specific Open Source and FRAND li-

cences. Legal compatibility checks only produce useful results in a spe-

cific licensing relationship with a specific Open Source licence in con-

junction with specific FRAND terms. Even if a case does not show any

incompatibilities, this only means that cooperation is legally possible, not

that participants from SDOs and FOSS would be willing to participate and

contribute to a common result. The legal compatibility of the licensing

conditions is a necessary condition, but not sufficient to establish a suc-

cessful cooperation between the SDOs and the FOSS communities.

IP regimes serve different purposes in SDOs and in FOSS communi-

ties. FOSS licences mirror and follow collaboration models. They rep-

resent how participants imagine the jointly created products to be used,

resulting in a classification into strong-copyleft, weak-copyleft, and per-

missive FOSS licences. Governance within the Open Source communities

initially developed as a model of cooperation and is then reinforced by

choice of one or more licences.

In contrast, the IP frameworks of SDOs regulate how participants en-

gage and how conflicts are resolved. Special attention is paid to how par-

ticipants can later withdraw from pre-competitive collaboration in SDOs

and compete again in products that implement the developed standard.

This rationale is alien to FOSS communities, as they do not intend to re-

enter the competitive arena once a functional area is covered by an indus-
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try standard FOSS implementation. This contradiction could predict the

idea that a FOSS community is creating reference implementations to a

standard alongside other competing implementations. In the same con-

text, FOSS communities see no benefit in participating in the develop-

ment of standards only to facilitate alternative or competing implemen-

tations.

The investigation by Blind and Boehm [15] does not provide evidence

that the limited cooperation between standards and open source devel-

opment is caused by the uncertainty about the legal compatibility be-

tween SDOs and open source in the IP regimes. Most of the FOSS projects

observed in this study use licences with reciprocal conditions or permis-

sive licenses that include explicit patent grants and interacted produc-

tively with the SDOs relevant for their market segment. Some SDOs have

responded to open source-related market changes by introducing flexi-

ble, or toll-free IP regimes such as W3C and OASIS, and adopting open

source inspired methods of collaboration. The study by Blind and Boehm

does not find a need to reconcile SDOs and Open Source IP policies.[15]

With the exception of the telecommunications subsector, there seems to

be no conflict between SDO IP policies and the policies applied to open

source IP.

It seems that in practice participants adapt to the methods of cooper-

ation and IP policies applied by the communities with which they cooper-

ate, compromising between the contribution of their own IP and access to

the overall contributions of the participants. For activities at the interface

between standards and open source development, this usually means the

introduction of a RF patent licensing policy for all examined cases except

ETSI-NFV and OpenAirInterface, which actively anticipate the inclusion

of FRAND-licensed SEPs in the developed standards. This expectation of

RF licensing is considered acceptable and is not an obstacle to coopera-

tion or the development of relevant standards.

In contrast to the distinction between freely licenced and FRAND used

in standardisation, several licensing models have been developed for free

and open source software (see Smith [135]). Looking at the most com-

mon regimes, the Apache Licene 2.0 (ASL-2.0), the MIT licence, and the

GPL-2.0 are the three most commonly used in the study by Blind and

Boehm [15], followed by the GPL-3.0 and the BSD 2-Clause "Simplified"
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Figure 3.2: Participation in Open Source activities with various copyright
licences—SMO vs LO (Scale: 1 = ‘Never’; 2 = ‘Rarely’; 3 = ‘Sometimes’; 4 =
‘Often’; 5 = ‘Always’) [15, p. 159]

License (BSD-2-clause). This ranking largely corresponds to the already

publicly available data, which confirms both the validity of the selected

cases and the representativeness of the sample. Less common are the

GNU Lesser General Public License v2.1 (LGPL-2.1), the BSD-2-clause li-

cence, the GNU Lesser General Public License v3.0 (LGPL-3.0), and the

Eclipse Public License 2.0 (EPL-2.0).

In addition to the significant differences in the general attractiveness

of the various FOSS licensing models, there are discrepancies between

larger and smaller organisations. The latter prefer both the GPL-3.0 and

the LGPL-3.0, while the former are inclined towards the permissive MIT

and BSD licence families. In the case studies, however, it can be observed

that many licence selections are made in the early phase of a FOSS project

and never changed. This supports the assertion that licence choice in

communities follows the collaborative model that contributors seek, and

that newer projects with more corporate contributors more often choose
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licences with explicit patent clauses, as in the ASL-2.0 or GNU General

Public License v3.0 (GPL-3.0) licences, as opposed to implicit or missing

patent licence terms.

Overall, a framework for patent licensing has been established, either

through the use of FOSS licences, which involve the granting of patents

owned by the participants, or by requiring a declaration by the SEP or a

commitment by the participants to patent licensing. Although host or-

ganisations allow an option for FRAND-based patent licensing in several

cases, almost all cases have opted for a RF patent licensing policy. This

is either because patents whose claims cover standardised functionality

have expired, as in the case of C++, or because the working group aims to

make the standard freely available, with the policy of no fees being imple-

mented through a contributor licence agreement.

In case of conflict, the strict separation between FOSS and FRAND li-

cences is still the preferred option, followed by negotiations to find solu-

tions based on the experiences reported in specific cases. If no solutions

are found, small organisations, in particular, will withdraw from standard-

isation. Another possibility is the use of pure copyright licences, which

explicitly exclude patent licensing rights that are negotiated separately.

Such licences are not recognised as open source licences according to the

Open Source Definition. Sometimes, more flexible IP models are used in

SDOs, which allow IP schemes and even withdrawal from FOSS on a case-

by-case basis. This is less likely than withdrawal from standardisation.

While there are no convincing constructive solutions for conflicts be-

tween the licensing models in standardisation and open source develop-

ment, some approaches to general cooperation between standardisation

and FOSS are more promising, especially from the perspective of smaller

organisations:

• First, the stakeholders call for greater flexibility in the patent policy

of SDOs.

• Secondly, stakeholders ask for new processes for integrating open

source development into standardisation.

• Thirdly, not only is a more flexible patent policy called for, but it is

even proposed that SDOs change their patent policy in the direction

of licence freedom.
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• Fourthly, participation in the Open Invention Network (OIN) or sim-

ilar patent cross-licensing agreements is used to resolve conflicts

with respect to SEPs or FRAND licensing.

• Additionally, new governance and conflict resolution models evolve,

for example the use of licences that explicitly exclude patent rights,

or finally, a direct integration of SDOs and FOSS communities.

3.5 Conclusion

The development of the IP framework in the ICT sector is complicated

by the ongoing hardware commodification, which leads to the predomi-

nant use of off-the-shelf general-purpose computers that integrate virtu-

ally all primary ICT functions such as computing, storage, networking, or

telecommunications, and peripherals. Manufacturers face a market situ-

ation in which they need access to an extensive and comprehensive set of

IP held by many different rights holders to produce competitive products.

This means that standards and open source development must be anal-

ysed in combination when assessing governance norms and IP frame-

works in the ICT sector. Market players are aware of this situation and

have, in part, already adjusted by generally preferring consensus-oriented

cooperation. Formal rules serve as a fallback for conflict resolution and

may not form a practical day to day solution.

Compatibility between FOSS and FRAND licence conditions is recog-

nised as a prerequisite for collaboration but is not communicated as a

practical problem and is considered solvable. Legal compatibility is a ne-

cessity but not a sufficient condition for possible collaborations of SDOs

and open source. Only a small number of licences are relevant in practice,

which reduces the problem space for the analysis of the compatibility of

FOSS and FRAND licences.

Regarding the existence of conflicts between the various copyright li-

cences and the licensing models in standardisation, in particular FRAND,

both the GPL-2.0 and GPL-3.0 and the LGPL-2.1 and LGPL-3.0 are men-

tioned by the majority of the stakeholders. Even with incompatibilities

between FOSS licences and SDO IP frameworks, the stakeholders typi-

cally resolved these issues or worked around them driven by the common
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interest in the collaborative development of a standardised technology.

In case of conflicts, the strict separation between FOSS and FRAND

licensing is still the preferred option, followed by negotiations to find so-

lutions supported, and if no solutions are found, in particular small or-

ganisations withdraw from standardisation.

Another less popular option is the use of copyright-only licences ex-

plicitly excluding patent licence rights, which are negotiated separately.

SDO governance focuses on the legal and IP framework and is im-

plemented within policy constraints in a self-regulatory manner, build-

ing on the basic policies defined in interaction with policy-makers (for

an overview of different SDO IP governance models see the reference by

Baron et al. [8]). FOSS governance is anchored in cooperation models and

builds on as yet unregulated authority within the autonomous group of

contributors. FOSS governance continues to converge, with volunteer-led

communities relying on more implicit governance norms and industry-

led open source communities creating more explicit rules in increasingly

normalised project charters and governance structures. Governance in

SDOs and FOSS communities still differ in key aspects of philosophy and

implementation, which is a significant obstacle for collaboration.

SDO processes are inclusive in terms of involving a broadly defined

group of stakeholders. They are also integrated into industry and policy-

making. Open Source communities usually include companies, other or-

ganisations, and individual software developers without any systematic

multi-stakeholder engagement. There is a strong overlap of participants

in the development of standards and open source software, especially for

large companies. Overall, FOSS communities apply a merit-based struc-

ture. They are less accessible to policy-makers and difficult to influence

in line with industrial and innovation policy objectives.

Both SDO and Open Source communities are capable of small to large

collaborations (in terms of the number of participants) and small to sig-

nificant R&D investments. The open source umbrella organizations in-

creasingly provide platforms for cooperation and consensus building, tra-

ditionally provided by SDOs. The broader use of implementation-first

and parallel approaches to standardisation influences the utility of spec-

ifications concerning the value of common deployments. This changes

the role of standards themselves, as standards and open source develop-
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ment become alternatives to achieve market dissemination for a technol-

ogy. Open source collaboration is a new challenge for innovation man-

agement as it creates an innovative, state-of-the-art technology offered

with the attributes of a consumer good, with the potential for accelerated

mass adoption, which have traditionally been seen as opposites and pub-

lic goods.

Globalisation and online collaboration are shaping the landscape of

FOSS communities and SDOs to the extent that interactions are based

primarily on relevance in the respective market segment and less on for-

mal recognition. However, formal recognition still serves a purpose as it

signals, for example, relevance for security standards and for a reliable

basic policy accepted by policy-makers. The converging functions of SDO

and open source umbrella organizations offer actors a choice of platforms

that did not previously exist. Both approaches are successful in providing

interoperability and competitive, innovative technical solutions. In both

cases, access to a wide range of technologies needed to produce compet-

itive products is key to the freedom of action of the implementers.

Three scenarios were observed: specification-first, implementation-

first, and parallel standardisation. The specification-first approach is be-

coming less important in relative terms but is still essential in specificat-

ion-driven technology areas. In particular, the parallel approach to stan-

dardisation represents some of the successful interactions between stan-

dards and open source development and can lead to higher quality stan-

dards, more innovation, and better implementation.

Innovation policy focuses on the framework conditions for IP and the

orientation of research and development financing towards increasing

competitiveness and promoting the development of technological cham-

pions and industrial competence areas. Open source processes represent

a viable additional approach for the development of technical standards.

The success of open source communities is driven by their dynamic ca-

pacity for innovation.
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Chapter 4

Standard setting organizations

and open source communities:

Partners or competitors?

Standardization serves a as a means to improve our overall quality of life

through the economies of scale gained from the pervasive adoption of

technical solutions. It enables competition by facilitating interoperability

between products of different vendors. The wider open source commu-

nity develops FOSS in a global upstream/downstream model that simi-

larly benefits society as a public good. FOSS and SSOs are both instru-

ments causing standardizing effects. Innovators and policy makers as-

sume that a mutually beneficial collaboration between them is possible.

However, their exact relationship is not yet fully understood, especially

when and how FOSS and SSOs complement each other, or displace each

other as competitors. To be able to compare FOSS and SSOs, our study

develops a phase model of standardization that is applicable to both ap-

proaches, and applies this model to compare the strengths and weak-

nesses of FOSS and SSOs against common opportunities and threats in

the ICT sector. Based on qualitative expert interviews with FOSS and SSO

representatives, the synthesis of the separate results support conclusions

from a product, a process and a societal perspective. The study identi-

fies cost of change as a key determinant for the efficacy of each approach.

It concludes that FOSS and SSOs create complementary products, com-

pete for efficiency of the standardization process, and are both indepen-
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dent and complementary standardization instruments available to indus-

try and influenceable by policy makers. The paper closes with discussion

of possible implications relevant to businesses, the wider open source

community, SSOs and policy makers.

4.1 Technical standardization in the ICT sector

SSOs have a long-standing history in facilitating technical innovation dat-

ing back more than one hundred years [92]. The recognized positive eco-

nomic, social and political impact of standardization resulted in strong

ties between industry, government and research institutions and lead to

the establishment of an integrated network of national standards bodies,

European standards bodies, sector-specific SSOs and the ISO. Today, SSOs

are an integral societal institution. We encounter standards in every mo-

ment of our daily lives. They increasingly define how we communicate

with each other, and what quality to expect from our food, shelter, trans-

portation, health care, banking, and environment. Standards developed

by ISO, IEC and ITU in cooperation with national standards bodies de-

fine requirements for environmental protection1, information security2

or quality management3. Conforming with these formal standards means

adopting an acknowledged state of the art or technical consensus. It is

a common expectation by industry and consumers and potentially a re-

quirement by regulators or public procurement.[154]

In contrast, FOSS is a relatively new phenomenon, even though it rep-

resents a tradition of collaboration in software development that predates

proprietary software. It has gained widespread recognition because of its

evident ability to produce high quality, interoperable and widely adopted

software at a high pace of innovation.[83] The Linux operating system or

the Eclipse family of software engineering products have become de-facto

standards. FOSS success stories affect all walks of life: Firefox helps citi-

zens protect their privacy. Android has been adopted by the mobile in-

dustry as the most widely used device platform. Much of the critical in-

frastructure4 of the internet is based itself on the results of diverse par-

1https://www.iso.org/protecting-our-planet.html (accessed 03/02/2024)
2https://www.iso.org/standard/27001 (accessed 03/02/2024)
3https://www.iso.org/standards/popular/iso-9000-family (accessed 03/02/2024)
4Open Source Security Foundation (https://openssf.org/ (accessed 03/02/2024)),
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ticipants voluntarily collaborating in communities on free software solu-

tions.

Since both SSO and FOSS drive innovation [74], it is commonly as-

sumed that “(i)ntegration between open source projects and standards

development processes is a win-win situation: On one side the alignment

of open source and standardization can speed-up the standards develop-

ment process and the take-up of ICT standards (especially for small and

medium-sized enterprisess (SMEs)) and on the other side standards can

provide for interoperability of open source software implementations.”

[46] There are many concrete examples of successful collaboration be-

tween SSO and FOSS, especially in the development of internet and web

technologies. However they rarely involve recognized formal SSO. There

is also disagreement amongst practitioners whether or not FOSS achieves

standardizing effects comparable to SSO, and is therefore an alternative

approach to formal standardization. At the same time standards develop-

ment and implementation are complementary and may benefit from col-

laboration between SSO and the wider open source community. Where

and how SSO and FOSS can collaborate and where are they strategic alter-

natives with regards to facilitating effective standards is the central ques-

tion this study attempts to answer.

We assume that by breaking down the alternative processes that cre-

ate a standardizing effect in the case of SSOs and FOSS into more generic

phases it is possible to create a model where SSO and FOSS activities that

result in the diffusion of a standard can be systematically compared. By

combining the individual author’s perspectives of working in SSOs and of

being a FOSS contributor as well as the perspectives of experts from SSOs

and FOSS, we attempt to compare the strengths and weaknesses of the

two approaches in a scientific, but also pragmatic and practically appli-

cable way.

We approach the problem by developing a generalized standardiza-

tion model that is subdivided into ideation, implementation, specifica-

tion and diffusion as separate phases (see 4.3.4). We assume that both

SSO and FOSS activities touch upon these phases, but not necessarily in

the same order of events. Through semi-structured, qualitative expert in-

terviews with representatives of SSO that are involved in evaluating the

previously referred to as the Core Infrastructure Initiative
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impact of open source approaches in their organizations and FOSS con-

tributors with experience in standardization activities of their communi-

ties, we gather empirical data to perform two separate strengths, weak-

nesses, opportunities and threats (SWOT) analyses. The results are then

contrasted in a comparative analysis to identify where the two constituen-

cies complement each other, and where they compete for relevance. The

results are discussed separately regarding the created products, the pro-

cesses and norms applied in the organizations, and from a societal per-

spective.

We find that FOSS products commonly implement a multitude of for-

mal standards and therefore complement the results of the work of SSOs.

However we do also find that both represent systematically different ap-

proaches where participants choose between centralized and hierarchi-

cal as opposed to decentralized and meritocratic processes, and there-

fore represent competing mechanisms. Finally, we conclude that from a

societal perspective, both SSO and FOSS approaches are effective stan-

dardization instruments, offering policy makers and enterprises a choice

of which approach to support to drive innovation, to ensure competitive

markets or to enforce regulatory goals.

4.2 Scope and literature review

4.2.1 Standardization and standards setting

Standardization is the process of creating specifications and implemen-

tations for technical solutions with the aim to reach wide adoption in the

market. Standard in this paper means a technical standard that describes

requirements towards technical systems, built of a combination of hard-

and software.[17] Hardware refers to physical goods that require labor and

materials to build, resulting in limited supply. Software are information

goods that are “costly to produce but cheap to reproduce” [150], resulting

in virtually unlimited supply. Related to computing technology, standards

may describe the functionality of software systems (software standards),

or the interaction between software or hardware systems (interface stan-

dards), or attributes of hardware (hardware standards). Technical stan-

dards that interact with the work of FOSS communities are either software
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standards or interface standards, not hardware standards. Communities

may produce open hardware designs which are information goods,5 or

even engage in producing such hardware, however this is not the usual

modus operandi and not discussed in this paper.

The ongoing commoditization of hardware fosters a shift from hard-

ware standards towards software standards implemented using off-the-

shelf components. The increasing relevance of software standards is evi-

dent for example in the transition to software-defined networking [43], or

the use of container technologies in data centers that abstract away hard-

ware interfaces all the way to current trends like server-less computing or

function-as-a-service.

Ensuring interoperability, as in “the ability to transfer and render use-

ful data and other information across systems [...], applications, or com-

ponents” [57], is commonly identified as a central aim of standards set-

ting. Specifications of data formats, hardware interfaces and communi-

cation protocols all enable interoperability between devices or programs

following these standards. Both standards and FOSS development aim

to achieve interoperability, using different and partially competing ap-

proaches. Systems can gain interoperability by either following a com-

mon specification, which requires a consensus based formal process and

is the formal standardization approach of SSOs, or by using one or more

common implementations, the informal standardization process which

is closer to how FOSS communities approach the problem, or a combi-

nation of the two. By specifying first, standards enable implementers to

create a multitude of standard-compliant products that are interoperable

and compete in the market. Due to the relatively time-consuming formal

standardization process, a formal standard is not changed or withdrawn

quickly, which on the one hand offers investment security, but often lacks

the flexibility to quickly react to technical advancements. By implement-

ing first, FOSS products facilitate interoperability through a shared, freely

licensed implementation defining a non-differentiating state of the art.

SSOs facilitate a process where stakeholders agree on and formulate a

written specification (the standard), and leave it to implementers to cre-

5See for example the LEON CPU architecture, which is licensed under GPL and com-
mercial terms. http://www.esa.int/Our_Activities/Space_Engineering_Technology/
Microelectronics/LEON2-FT (accessed 03/02/2024)
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ate products that follow the standard after it has been set. FOSS com-

munities apply a “code first” approach, where the expectation is that par-

ticipants produce “working code”, and if necessary author a specification

after a working reference implementation exists. Contributors usually do

not create code with the goal of setting standards, however the various

initiatives attempting to solve a specific technical problem typically con-

verge towards a dominant design that finds wide adoption.[141] While

SSOs often assume that a formal or de-jure standard is the precondition

for standardization, FOSS communities achieve standardizing effects and

create informal or de-facto standards by implementing first.

Because of this systematic difference in understanding, the standard-

ization phase model used in this study to relate formal and de-facto stan-

dardization to each other does not assume that specification precedes im-

plementation in the sense that implementation has to be based on an ex-

isting specification. Both formal and de-facto standardization are seen as

comparatively effective paths to create a standardizing effect.

Literature and common practice differentiate between de-jure and de-

facto standards, which differ in the way they are developed, and in the

effects they have on the market. Formal (de-jure) standards are the re-

sult of committee work in recognized SSO. They are developed in a usu-

ally complex, consensus-driven process open to a variety of often diverse

and competing stakeholders.[14] The process differs regarding the mar-

ket and sector context as well as the often very different goals and strate-

gies of the stakeholders involved.[52] The established platforms for multi-

stakeholder elaboration implement a formalized and in part regulated

process in which finding a common denominator may last several years.

This stable, formalized process is a strength of SSO, as it alleviates anti-

trust concerns and enables transparency, accessibility for all stakeholders

and high quality standards. It is also a weakness, as SSO are in some cases

not able to keep up with accelerating innovation cycles.[134]

More flexible informal standardization has evolved and broadened the

standardization landscape.[156] By reaching a significant or dominating

market share, technologies that are developed by individual market play-

ers, consortia or unrecognized SSO become de-facto standards.[117] De-

facto standards emerge from competition in markets, industry alliances,

market creating activities of intermediaries, technical specifications is-
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sued by influential market actors, by consumer choices and other fac-

tors.[7] Means like contracting, advertising and pricing help disseminate

the technology at a large scale.[76, 138] De-facto standards are differen-

tiated into private standards that are created by individual organizations

and market standards that emerge through competition. Both are not ini-

tially defined by a formal SSO.[7] The fact that there is no formal definition

of what a de-facto standard is and how it emerges adds to the complexity

of a systematic assessment. De-jure standards are set by recognized for-

mal national or international SSOs or through governmental regulation.

Government agencies may ratify and SSO may adopt and formalize ex-

isting de-facto standards based on their acceptance in the market, which

transforms them into formal standards.[7]

The unifying aspect of these approaches is that they primarily focus on

the creation of specifications. The strict separation of formal and infor-

mal standardization has been questioned, underlining that actors chose

between participation in SSO processes and in de-facto standards setting

market processes and often developing a hybrid approach of parallel im-

plementation and specification.[152] Participants have a choice between

formal standardization, informal standardization and a flexible combina-

tion of the two. In this paper, the distinction between de-jure and de-

facto standardization was found to be less important than the capability

of a recognized or unrecognized SSO or industry consortium to produce

specifications that are useful for the targeted market segments. There are

far more consortia and fora than de-jure SSO. Some SSO support both ac-

credited and unaccredited working groups. They are however renowned

for the specifications they produce, and much less for their governance

and formal recognition.

4.2.2 Establishing industry standards through joint implemen-
tation

The FOSS communities considered in this paper contribute to informa-

tion goods, predominantly computer programs, in a collaborative process

based on voluntary participation and often highly fluid and less struc-

tured than typical SSOs. Their products are public goods called free soft-

ware because they are distributed under a license that provides the user
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with the freedoms to use, study, modify and redistribute these goods.[140]

What these freedoms entail is detailed in the Open Source Definition as

set by the Open Source Initiative. The commonly used term open source

software originally describes a campaign to promote free software to busi-

ness.[113] Both “free software” and “open source” (in this paper jointly

and synonymously referred to as FOSS) today are proper terms of art that

refer to software that is distributed under a license which complies with

the Open Source Definition. The Open Source Initiative is the steward

that approves licenses for being compliant with this definition.

FOSS community in this context describes a group of contributors and

optionally their organizational entities that participate in the creation of

specific free software goods voluntarily. Both individuals and entities such

as businesses, universities and governments participate in FOSS produc-

tion processes in a modus commonly referred to as peer production.[11]

The social and behavioral norms and decision making processes applied

by the group of participants are described by the governance of the com-

munity. Absent of an outside authority, governance is usually established

by the group itself, with all authority born from within the community.

Since all authority in the community is self-determined, behavior accord-

ing to community governance norms set out informally or formally for

example in codes of conduct is a prerequisite to participation. Violation of

community norms is regarded as anti-social behavior.

While individual communities focus on the creation of specific soft-

ware or solutions, there is a strong habit of inter-community collabora-

tion, as evident in regular large-scale conferences like FOSDEM6 that at-

tract thousands of contributors from a variety of backgrounds. The com-

mon understanding between them is referred to as the open source way

or sometimes as open source culture, resulting in an understanding of the

wider open source community as an aggregate of the individuals and or-

ganizations participating in FOSS development with an interest to foster

and protect it. The wider open source community jointly creates large

and complex software products like Linux distributions that combine the

products of possibly thousands of individual communities in the above

sense. Prerequisite to this is a common understanding of how to create

derivative and aggregate works that is based on the Open Source Defini-

6https://fosdem.org (accessed 03/02/2024)
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tion and other fundamental open source norms referring to shared stew-

ardship and access not only of the software source code, but also to the

community development processes. Based on that the communities es-

tablish an upstream/downstream model of how their development pro-

cesses interact with others, enabling cross-community collaboration in

complex many-to-many relationships (see 4.5.2). Adherence to this com-

mon understanding is expected from all participating actors.

All FOSS licenses grant recipients of the software the rights to use,

study, modify and redistribute it. Once a piece of software is released

under a free software license, it will be free for everybody to use, for-

ever.[51] While some free software licenses allow proprietary derivatives

that themselves are not FOSS, the underlying work cannot be retracted

from the market (or “un-open-sourced”) once copies of it are in circu-

lation. The usage rights embodied in FOSS licenses make the software

non-excludable and non-rivalrous, so that the software becomes a public

good through the application of the terms of the license.[154] Inherently,

FOSS communities produce state of the art, but non-differentiating tech-

nology. The technology is state of the art if the community manages to

develop new and innovative solutions. Competition for contributors and

adoption drives communities towards excellence and leading technology

to be adopted as de-facto standards. The technology is however not dif-

ferentiating, because the software is available to everybody and therefore

cannot differentiate between competing products. To differentiate, im-

plementers need to combine the FOSS product in new and innovative

ways or with other differentiating product features. All FOSS produced

over time contributes to a common body of knowledge that grows steadily

since none of it’s elements can ever disappear. By competing for the adop-

tion of their technologies, communities trigger fast innovation cycles. For

that reason, the process that leads to FOSS is linked to innovation not just

as a method, but also as a strategy.[129] Wherever the state of the art can

be improved, existing solutions can expect to be challenged. Once a dom-

inant design emerges, it is quickly adopted across the industry. It becomes

a de-facto standard and a commodity. The FOSS community process is

collaborative in organization, but competitive in nature. Since it produces

an ever-growing commons of free technology goods, it is considered ben-

eficial to the common good in various jurisdictions. Many community or-
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ganizations like The Document Foundation or KDE e.V. are not just not-

for-profit organizations but also recognized as charitable (in the United

States trade associations (501(c)(6)) are more common).

Both SSOs and FOSS communities differentiate between their prod-

ucts, the outcome of their activities, and their processes, which describe

how these outcomes are created and agreed upon. The European Inter-

operability Framework for example imposes requirements for open stan-

dards regarding the standards setting process (“all stakeholders have the

opportunity to contribute to the development of the specification and a

public review is part of the decision-making process”), and the licens-

ing of the product (“intellectual property rights to the specification are

licensed on FRAND terms, in a way that allows implementation in both

proprietary and open source software, and preferably on a royalty-free

basis”).[47] In this study, the interaction between SSOs and FOSS com-

munities will in a similar fashion be reviewed separately from a product

and process perspective.

4.2.3 Existing interactions between Open Source and standard-
ization

Research on the interaction between FOSS and SSO focuses on the com-

patibility of free software licensing terms with those of standards. A key

aspect in this debate is the question of under what conditions a technical

standard may be implemented as FOSS. Lundell, Gamalielsson, and Katz

[91] conclude that uncertainty about the identity of rights holders and the

patent claims reading on the standard are associated with significant risks

for implementers of FOSS, and recommend a royalty-free licensing op-

tion of SEP for free software implementations. The discussion about what

constitutes an open standard focuses on the relationship between the li-

censing terms of the specifications of the standard and related SEP and

the viability of the FOSS model of collaboration under these terms. While

it seems to be accepted that “(t)he availability of an OSS implementation

will spur quicker adoption and acceptance of the standard as everyone

has easy access to the implementation of the standard and so can try and

test it out” [3], there is no agreement yet on the licensing terms required

to facilitate free software implementations. It can be construed that spec-
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ification and implementation should be considered separate in terms of

licensing policy, however practices like automatic sub-licensing of deriva-

tive works and the absence of license negotiations and monitoring of in-

dividual licenses or licensees are considered essential to the FOSS model

of collaboration.[59]

Cooperation between SSO and FOSS appears desirable because of the

fast pace of innovation in free software and the obvious utility of an ever-

growing body of public software goods. Compatibility of licensing terms

is only one aspect of enabling this cooperation. In contributing to FOSS

projects, participants do not contribute with the expectation of obtaining

future license revenue from that contribution. Actors contribute volun-

tarily following their self-interest and on the basis that others will be con-

tributing on a similar basis. Information asymmetries regarding access

to the underlying technology as well as differences in cultural norms and

expectations may affect their motivation to do so, possibly to the point

of inhibiting successful collaboration. This may require facilitation, in-

cubation of projects and coordinated policy making to achieve successful

cooperation between SSO and FOSS.[107]

Overall, while the question of legal compatibility has been discussed

extensively, and the usefulness of collaboration between SSO and FOSS

communities has been established, there is not much research at this time

on what benefits both sides would realize from such a cooperation. Suc-

cessful examples exist that represent a special case of standards compe-

tition.[13] The process of developing the Open Document Format for Of-

fice Applications (OpenDocument) standard brings together community

actors and industry at OASIS, the results are later formalized at ISO.[102]

The IETF considers itself an open standards organization without formal

membership, and develops internet and network standards like TCP/IP

or the widely used Secure Shell (SSH) protocol. W3C specifies formats

like CSS and XML with widely deployed FOSS implementations like We-

bkit or Gecko. Open Source Mano is an ETSI-hosted initiative to develop

an Open Source NFV Management and Orchestration (MANO) software

stack.[43] Collaborations of this kind are however not ubiquitous or com-

mon. This paper will investigate what promotes and what inhibits larger-

scale cooperations and discuss potential implications for SSO, FOSS, reg-

ulators and enterprises.
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4.3 Model and objectives

A fundamental research objective of this study is to establish a generalized

phase model of standardization that can be applied to various standard-

ization instruments, including formal standardization in SSO as well as

FOSS processes. De-facto standardization follows a relatively undefined

process, while formal standardization processes are usually well-defined

and strictly followed. By applying a common phase model of standard-

ization, SSO and FOSS activities that cause a standardizing effect become

comparable. The phase model supports identifying activities where SSO

and FOSS complement each other and where they are in competition.

This model is then used to describe differing approaches of standard-

ization efforts that are identified during qualitative interviews. Finally,

we aim to discuss possible implications relevant to policy makers, busi-

nesses, SSO and FOSS communities on how position and adapt their or-

ganizations.

4.3.1 Early and late standardization

Most definitions of standards, including that applied by ISO, emphasize

both the document character and the formal approval processes for it to

become effective. ISO/IEC Guide 2:2004 defines a standard as “a docu-

ment, established by consensus and approved by a recognized body, that

provides, for common and repeated use, rules, guidelines or character-

istics for activities or their results, aimed at the achievement of the opti-

mum degree of order in a given context.” By including features that con-

form to such standards, products from different companies can benefit

from network effects. A common thought model is that the standard is

embodied in a specification, and that standard-compliant products im-

plement this specification. For de-facto standards, these events do not

necessarily occur in that order. Products may be implemented, intro-

duced in the market and become successful with a specification added as

an afterthought. This indicates that innovations that become standards

will exhibit implementation and specification phases, however the order

is not predetermined. We use the term early standardization if the speci-

fication is created first and then implemented, late standardization if the

implementation is created first and then formally specified and parallel
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standardization if specification and implementations are created at the

same time.[90]

This observation leads to the hypothesis that processes that cause a

standardizing effect proceed through a set of relatively generic phases,

and that different approaches to standardization differ in the order of

events in which those phases occur. A standardizing effect on a market

segment, an industry sector or society as a whole in this context describes

the transition caused by a standardization instrument from a situation

where a need for standardization is perceived to a situation where that

need was satisfied by the widespread diffusion of a standard. The need for

standardization may arise from various governmental, societal or market

motives.[17]

These instruments cause a standardizing effect by influencing mar-

ket actors to adopt common technical solutions. The influence could

be manifested in an intervention through authority, for example in the

form of governmentally enforced safety standards, or in an extreme case

through the order of a dictator. Compared to that, formal standard setting

in SSO is preferred, as it replaces the need for an intervention through au-

thority with a consensus- or market-driven platform based on voluntary

participation and involving a variety of stakeholders.

Other instruments exist next to formal standardization in recognized

SSOs. Standardizing effects are also caused by normalized customs and

practices enforced by tradition, self-regulation, codes of behavior that are

prevalent in some industry sectors, especially trade, but also industrial

consortia, professional charters, or FOSS governance.[72]

To avoid the nomenclatorial confusion that stems from the customary

use of the term “standard” in the sense of an approved document as well

as a widely adopted technical solution, we will use the term standard for

a dominantly used solution to a technical problem, the term specification

for the document that describes this solution, and the term implementa-

tion for a product that embodies the standard according to the specifica-

tion. Other interpretations of these terms are possible. For some read-

ers, the term “standardization” typically refers to the technical specifica-

tion development process. However, standardization may be achieved in

different ways, sometimes completely without a-priori specification. It

would defeat the purpose of this study to reduce the understanding of the
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term standard to a formalized written specification. It would assume that

specification precedes implementation, and exclude most de-facto stan-

dards, especially FOSS products.

4.3.2 Interoperability in software and interface standards

Especially de-facto standardization does not follow a common model that

may be easily recognized or replicated by competitors. Market forces de-

termine the success of a de-facto standard based on the availability of

products and technology, marketing skills and timing. Any attempt to put

together a recipe with these ingredients would end in speculation.[137]

In relation to FOSS, this difficulty in describing a common model of the

development of de-facto standards is aggravated by an observable shift

in what is being developed as a standard from common data formats to

communication protocols to joint implementations.

In reaction to the dominance of specific applications in the ICT sec-

tor, the wider open source community initially approached the problem

of recreating a competitive environment by developing standard data for-

mats, and lobbying for dominant commercial products to support these.

The OpenDocument standard opened the market for office productivity

suites by challenging Microsoft Office.[102] The existence of such strong

de-facto standards implemented in highly concentrated dominant pro-

prietary applications may be attributed to the explosive historical devel-

opment of the personal computer market.

Widespread use of networked applications increased competition in

the ICT sector by reducing the dependency on specific file formats. In-

stead, interoperability was achieved by enabling the communication be-

tween different applications through standardized protocols. A relatively

large and diverse number of stakeholders was involved in creating these

protocols as open and royalty free standards, for example during the de-

veloping of the XML standard at the W3C.[153]

With the wider adoption of open source software in enterprise con-

texts, more advanced forms of industry collaboration established them-

selves. Open source focused umbrella organizations like the Linux Foun-

dation or the Eclipse Foundation enabled direct, continuous collabora-

tion on the development of FOSS in large consortia of otherwise com-
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peting participants. The resulting body of non-differentiating commodity

software today provides the foundation for proprietary commercial prod-

ucts built on top of them. The focus on standards setting shifted again

from protocols to joint implementation. Today, many of these consortia

embrace a “code first” philosophy and consider specification not only as

an afterthought, but as a reason for community fragmentation. Fragmen-

tation refers to a situation where the wider community develops compet-

ing implementations of the same technical solution, leading to a race for

adoption and fewer contributors to each individual single product. This is

considered a waste of resources, since in FOSS one jointly developed im-

plementation is available to everybody, and competition for market share

as such is pointless in the commons.[111]

4.3.3 Continuous non-differentiating cooperation

Instead of competing for market share with standards-compliant prod-

ucts by different vendors, FOSS solutions compete for adoption in the up-

stream/downstream model and for contributors. It is assumed today that

computing devices ship with the larger part of their software stack based

on collaboratively developed FOSS solutions. This approach to develop-

ing products that combine FOSS and proprietary source code, sometimes

referred to as the “Pareto rule of software”, enables product developers to

invest the majority of their research and development spending into dif-

ferentiating product features.[94]

The resulting model of collaboration on joint implementations be-

tween otherwise competing market actors systematically differs from ear-

lier approaches, especially pre-competitive R&D cooperation. Previously,

industrial consortia established elaborate terms of reference to be able

to engage in pre-competitive cooperation without raising concerns about

possible collusion in the eyes of anti-trust authorities. Under the con-

tinuous non-differentiating cooperation model, enterprises now commit

to continuous collaboration on the non-differentiating elements of the

software stack with their competitors. Continuous non-differentiating

cooperation is a collaboration model implemented in FOSS communi-

ties and facilitated by FOSS foundations. It enables otherwise competing

market actors to continuously cooperate to develop a common software
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stack that serves as basic, non-differentiating technology prerequisite to

products that combine free and proprietary software. In contrast to pre-

competitive cooperation on the development of proprietary, differentiat-

ing products, anti-trust concerns are not relevant in the continous-non-

differentiating cooperation model since collusion is impossible if the re-

sults are immediately available to the general public and the development

process is generally open for participation to all interested parties. The

possibility of forks limits the control individual entities can exercise over

the development process..

Continuous non-differentiating cooperation significantly reduces the

transaction cost of collaboration due to non-negotiable free software li-

censing terms, and eliminates welfare losses caused by the parallel devel-

opment of products in a standards race where later only one will become

an adopted standard. Implementers perceive a strong motivation to par-

ticipate in the collaborative effort, since being able to share the majority

of the software stack becomes a prerequisite to producing at similar cost

as competitors and to competitive product pricing.

The emergence of this new model of collaboration influences the ef-

ficacy of standardization instruments. The utility of specifications is re-

duced if adopted standards are based on a single, quickly evolving joint

implementation. Where such a development model is applicable, as for

example with the Linux kernel, interoperability is a given from the start,

so that specification does not serve that purpose anymore.[35] “As a ’code

first’ organization, AGL members are collaborating to build a brand new

Linux-based software platform and application framework that serves as

the de facto standard for the automotive industry. Adopting an open plat-

form across the industry enables automakers and suppliers to share and

reuse the same code base, which will reduce development costs, decrease

time-to-market for new products and enable rapid innovation across the

industry.”7 In such scenarios, the product source code serves as the doc-

umentation. Specification may still be useful, however it needs to provide

utility beyond interoperability, for example to document safety norms or

other requirements.

7https://www.automotivelinux.org/software (accessed 03/02/2024)
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4.3.4 A phase model of standardization

While the process of formal standards development varies between dif-

ferent SSOs, it commonly proceeds through a combination of proposal,

preparatory, committee, inquiry, approval and publication stages.[145]

Sometimes one or more proposals are submitted for a ballot vote. Af-

ter identifying the proposal with the most support by experts, a working

group discusses the suggested approaches to create the new standard. A

draft is published for the public to comment on. The comments are dis-

cussed in the working group and a final version is being published.[145]

From this point on the standard is promoted and diffused into the market

in order to gain wide market acceptance.

Structured processes of developing new technical solutions and be-

come de-facto standards regularly exhibit the phases of strategy develop-

ment, idea generation, screening and evaluation, business analysis, prod-

uct development, market testing and commercialization. These phases

were adopted and modified throughout literature over time, and eventu-

ally condensed into three main steps, pre-development activities, product

development, and testing and commercialization.[151]

Based on these two descriptive models of standardization and prod-

uct development processes, a technical specification that also is imple-

mented and adopted in the market will iterate through four basic phases -

ideation, specification, implementation and diffusion. The order of these

phases depends on the strategies chosen by the stakeholders involved

(see 4.3.1).

The starting point is marked by a perceived need for standardization

that triggers a strategic decision of stakeholders to participate. The need

may be caused by a lack of acceptable solutions at the micro level of in-

dividual actors, inefficiencies causing friction between actors that require

interoperability at the macro level of markets or industry sectors, or by

societal needs like requirements for safety or security standards. Micro

and macro level needs represent a market pull for standardization, while

societal needs often indicate a regulatory push. In any case, a need for

standardization causes market participants to initiate the development of

a technical solution by entering the ideation phase. During the ideation

phase potential specification or implementation approaches and solu-
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tions are put forward, analyzed and evaluated until a promising initial

concept has been identified. The process of de-jure or de-facto standard-

ization begins with a proposed technical solution to a perceived need for

standardization. This understanding is in line with the classic concept of

the relationship of requirements, needs and demand in economics.

At this point the paths to an adopted standard already diverge. If the

actors involved choose a formal standardization strategy, they enter the

specification phase. Facilitated by a SSO, and applying the structured,

disciplined and transparent process defined in their terms of reference,

a specification for the wanted technical solution is authored and formally

approved. Once this specification, the formal standard document, is pub-

lished, it enables manufacturers to enter the implementation phase and

compete with standard-compliant products that satisfy the original need

for standardization. ITU-T V.24 is an example for a formal technical stan-

dard that facilitates price competition by a multitude of competing imple-

menters.[71] This approach describes the early standardization model.

Alternatively, vendors may enter the implementation phase immedi-

ately by developing products and introducing them into the market with-

out prior specification. The resulting products will not be systematically

interoperable, even though market pressure may coerce vendors to afford

their consumers a certain level of integration with competing products.

Consumer demand and the assumed original need for standardization

may motivate vendors to create formal specifications after their products

have been introduced. By implementing first and specifying later, these

vendors have chosen a late standardization model, as is common for FOSS

communities. The Open Container Initiative for example was created af-

ter the dominant market position of the Docker container engine man-

ifested an industry need for re-enabling competition through specifica-

tions of container runtimes and related products. It describes itself as “an

open governance structure for the express purpose of creating open in-

dustry standards around container formats and runtime”.[105]

The process of technical standardization ends in adoption of one or

multiple solutions to the original need for standardization by the demand

side of the market. Once standards compliant products have reached dif-

fusion, market participants engage in a combination of price competition

for the standardized product attributes, and feature competition for their
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differentiating attributes. The success of their products will manifest it-

self in a weak or strong market position. In the ICT market, especially

for network and platform products, network effects may lead to the mar-

ket “tipping” towards one dominant supplier, and to their product emerg-

ing into a de-facto standard.[133] Independently of which strategy actors

choose to convince the market to adopt a specific solution, the standard-

ization process for this specific need ends when one solution has become

the adopted standard.

In reality, the process of developing a specific specification and the

corresponding implementations may not be so clear-cut.[34] SSO differ

in the rigidity of their processes and their formal recognition. Businesses

may opt to engage in the implementation and specification phases at the

same time, for example to be able to create products while the formal

standard is being developed or to build up IPR portfolios while advocating

for covered functionality to become part of a formal standard. Some orga-

nizations strategically decide to participate in standards development to

decrease market uncertainty or to ensure conformance with later govern-

ment policies.[17] As a third alternative next to early and late standardiza-

tion, these actors have chosen a parallel standardization model.[90]

The four phase model developed in this study is able to describe a vari-

ety of early, late or parallel real-life standardization processes. Since FOSS

initiatives commonly follow a late or parallel standardization model, the

model will serve as a reference for a comparative analysis of SSO and FOSS

based standards development. The key question to answer based on this

model with regards to the transition from ideation to market diffusion is

what determines the choice for early, parallel or late standardization.

4.4 Qualitative methodology based on experts inter-

views

Assuming as derived in the standardization phase model that SSO and

FOSS are both alternative and viable strategic paths towards an adopted

standard, a method was devised to gather data about the researched sub-

ject matter that reflects the still amorphous structures in the field of study.

Both sides of the story represent a grown, established culture difficult to
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describe in quantitative metrics. Research for this paper was conducted

in four steps. First, data was gathered through a series of qualitative ex-

pert interviews. Second, a model of common opportunities and threats

caused by major developments in the ICT sector that affect both SSO and

FOSS was created. Third, two separate SWOT analyses where conducted

to structure the findings for both fields individually. Finally, a compara-

tive analysis was performed contrasting the two SWOT results to identify

possible areas of competing and complementary activities between SSO

and FOSS.

4.4.1 Interviews process and interviewee selection

The data for this study was gathered by performing a series of qualita-

tive, open ended, semi-structured in-depth expert interviews according

to the Meuser-Nagel method.[147] The chosen interview method focuses

on making specialized expert knowledge accessible outside of their spe-

cific circles. Based on its recommendations, the interviews have been pre-

structured to map out and structure the field of interest, with the individ-

ual questions being defined openly to leave room for a open and flexible

course of discussion. This allows the interviewee to present a personal

view of the subject, and avoids the potential collapse of communication

possibly caused by an over-structured interview.[96]

One possible risk with performing semi-structured qualitative inter-

views is that the interviewer must be capable to express his interest for a

specific knowledge of the expert and at the same time be a competent dia-

logue partner at eye level. To mitigate that, the interviews have been con-

ducted by two researchers with a distinct background and professional

experience in both SSO and FOSS.

The interviewees have been invited to participate in the study based

on their specific experience at the intersection between standards set-

ting and FOSS development. We interviewed SSO representatives who are

responsible for establishing open source policies for their organizations,

especially ETSI, Deutsches Institut für Normung e.V (DIN) and Institute

of Electrical and Electronics Engineers Standards Association (IEEE-SA)

as well as FOSS community representatives in standards development at

OASIS. The interviewees where all long-term engaged in the subject of the
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study and provided well-reflected insight based on their experienced. The

level of experience provided by the interviewees was crucial for the overall

success of the study. Each interview lasted between one and two hours.

The interviewees agreed that the interview will be recorded, and the

audio archived at the chair of innovation economics of the Technical Uni-

versity of Berlin (see 4.9). They agreed that the interviewees will be named

in the paper, that all statements will be aggregated or anonymized, that no

individual statements will be published and that any potential citations

will be approved before publication. The interviews were conducted live

in an office surrounding, via internet based video conference or as a in-

ternet based telephone conference. The circle of participants always con-

sisted of the two researchers and the interviewee, in order to ensure that

both researchers with their FOSS and SSO backgrounds could interject

questions to make sure all views and aspects are captured. The interviews

were not interrupted which allowed the interview to develop and create

a unique dynamic, without losing direction. The interviews were digitally

recorded and afterwards transcribed.

4.4.2 SWOT analysis applied to SSO and FOSS

A SWOT analysis is a strategic planning tool that is based on the under-

standing that the successful performance of an organization with respect

to a specific goal depends on the way the organization interacts with the

inherent characteristics (internal factors) of the organization as well as the

broader context (external factors) in which the organization must act but

has no direct control upon.[68] It is employed to evaluate the strengths,

weaknesses, opportunities and threats of an organization with regards to

a project, a strategic approach or any other situation that requires a man-

agerial decision. Strengths are defined as capabilities that enable an or-

ganization to perform well. These are capabilities that should be lever-

aged. Weaknesses are defined as characteristics that prohibit an organi-

zation from performing well and need to be addressed. Opportunities are

defined as outside trends, forces, events and ideas from the organization

external environment that the organization could capitalize on. Threats,

in contrast, are possible events, forces and trends outside of an organi-

zation’s control that the organization needs to plan for or decide how to
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mitigate.[42]

The approach is to analyze the external factors of opportunities and

threats as well as the internal factors of strengths and weaknesses and

to structure them into a matrix, which will then allow the derivation of

strategic consequences. This matrix is commonly called “the SWOTs” of

an organization with respect to a specific topic. It serves as input to strat-

egy development by identifying whether there are strengths that can help

capitalize on opportunities, strengths that can offset weaknesses, or op-

portunities that will offset threats. This process can be repeated for the

different SWOT elements that have been isolated in the process. This list

of possible strategic measures is then clustered and prioritized in order to

identify feasible and effective strategic measures.

There is no common model to describe how two groups of organiza-

tions can successfully collaborate. To answer this question for SSO and

FOSS, we devise a method to combine and contrast two separate SWOT

matrices into a comparative analysis that highlights competing and com-

plementary strengths and weaknesses of the two approaches. We believe

that this approach is new and corresponds directly to the research ques-

tion of finding areas of collaboration and competition between SSO and

FOSS. The approach assumes that both organizations are operating in a

common space of technical innovation with the same underlying trends,

which means that two of the four dimensions of the separate SWOT analy-

ses, strengths and weaknesses, are independent, while the other two, op-

portunities and threats, describe the same space. A strong overlap be-

tween the opportunities and threats identified is to be expected in the re-

sults, even though they may be perceived to have dissimilar effects. The

comparative analysis is performed by evaluating, against every identified

opportunity or threat, whether there are strengths and weaknesses of both

camps that negate each other, indicating an area of potential competition,

or that reinforce each other, indicating an area of potential collaboration.

An analogy can be drawn between the idea of comparative SWOT anal-

ysis and the economic theory of comparative advantage, where two coun-

tries mutually benefit from each other through specialization. It is also

possible to extend the approach to a “multilateral” SWOT analysis where

the cross connections between the organizations increase in complexity

and generate exponentially more potential strategic ideas. However the
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conceptual extension of the original SWOT analysis serves specifically the

purpose of contrasting two disjunct constituencies and depends on them

operating in the same space of technical innovation.

4.5 Empirical analysis of the interview results

4.5.1 Threats and opportunities in the ICT ecosystem

With regard to the subject of this study, SSO and the wider open source

community operate in the same space of technical innovation. Both are

influenced by threats and opportunities caused by market trends, tech-

nological developments and long-term societal paradigm shifts that are,

at least in the short-to-medium term, outside of their own control. The

widespread use of computers and the creation of the internet represent

digitalization and the emergence of the digital society. While other recent

technical progress appears evolutionary, digitalization has the impact of

a radical innovation at global scope. Digitalization is a revolution.[158]

The essential effect of digitalization in our context is the drastic re-

duction of transaction costs incurred from collaboration and informa-

tion sharing. Three significant paradigm shifts related to digitalization

have been identified in this study: the development of better methods of

collaboration, a general trend towards openness and transparency, and a

shift of relevance from national to supra- and international collaboration

and regulation. A fourth influential trend is the shift in understanding of

the role of the modern state. “Formerly conceived in many countries as

a provider of jobs through the civil service and a producer of goods and

services through public enterprises, in its modern form the state ideally

sets the rules and intervenes to correct market failures, rather than sub-

stituting itself for the market as a mediocre manager of enterprises.”[144]

While they may perceive the effects of these paradigm shifts differently,

both SSO and the wider FOSS community respond to them and in the

interviews considered them as key factors in their interaction with each

other and with society.

The development of improved methods of collaboration is directly re-

lated to the use of the internet as a means of direct user-to-user commu-

nication. Online collaboration tools remove the need to publish and dis-
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tribute physical documents, facilitate participation independent of phys-

ical vicinity, and enable levels of transparency that where previously im-

possible due to the prohibitive cost of participation and sharing infor-

mation. Detailed formal standards are useful in a workflow where these

standards authored up-front in direct collaboration become the specifi-

cation for the following independent development of conforming prod-

ucts. This workflow was effective because direct collaboration was costly

and time-consuming. Its benefit is less clear today, especially in the realm

of software and software related technologies, where permanent online

collaboration and the pervasive availability of all relevant documentation

are the norm. Less centralized and more inclusive decision making mod-

els continue to emerge, making formally and informally regulated com-

mittee work and the level of trust and authority embedded into the ap-

pointed committee members increasingly redundant. This change may

be perceived as both an opportunity or a threat depending on the ex-

tent to which working in formally appointed committees is central to the

culture of the organization, and possibly embraced by regulators. Some

SSO like IEEE-SA reacted by decentralizing their committee work. FOSS

communities are generally organized in a more or less decentralized way.

Other stakeholders struggle with the perceived loss of control. Regulatory

influence is especially challenged by the loss of relevance of national legis-

lation. Meritocracy in online communities means that an appointed rep-

resentative of a large industrial country should not expect to have more

influence than a representative of a developing country, or a senior en-

gineer more than a contributing young developer. Opportunities for reg-

ulatory capture and rent-seeking become increasingly rare, while stake-

holder diversity increases. These opportunities towards a more balanced

global industrial innovation process will be seen as a threat by those enti-

ties that benefitted from the old ways. SSO depend on new technical solu-

tions and qualified experts engaging in their formal standardization activ-

ities. Developing market relevant standards requires innovative commit-

tee members as well as access to cutting edge technology championed by

participating member companies. This challenge for SSO requires them

to re-think collaboration and committee work patterns and opens an op-

portunity to collaborate with innovators in the wider open source com-

munity.
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New possibilities of information sharing drive a major trend towards

openness and transparency. What started with FOSS as a movement to-

wards essential user freedoms [140] spread to open access in science, open

data, open organizations [155], more inclusive political platforms and nu-

merous other areas. Existing institutions have partially developed under

the assumption, as in representative democracies, that direct, decentral-

ized and pervasive collaboration between all stakeholders is practically

impossible. However through digitalization the technical means for such

decentralized collaboration now exist, resulting in an emerging expecta-

tion that transparent and open collaboration methods should be applied

more widely. FOSS communities are one example of new institutions that

developed to match the paradigm of transparent collaboration.

Deeply embedded into the culture of SSO are rules for the handling of

IPR both towards the standards as products in their own right as well as

to inventions embodied in the specifications of the standard. It is com-

mon, for example, that standards defined by DIN are sold by the copy

through a publisher. Detailed IPR licensing policies of SSO regulate how

SEP are made available to implementers. Although many SSO consider

themselves to be transparent, inclusive and open, the economic mod-

els of SSO are closely intertwined with notions of exclusivity, linking the

trend towards openness to a perceived conflict between exclusivity and

open collaboration. Exclusivity can result in an advantage for players with

earlier access to information than their competitors. SSOs can offer their

members market influence, control over IPR and time-to-market advan-

tage, which is why formal standardization resonates with industry as well

as regulators. Even though the disconnect between exclusivity and the

trend towards openness has been described as a conflict between incum-

bent businesses and FOSS participation during some of the interviews,

many businesses also state that they are successfully combining business

and FOSS activities. The number of enterprises engaging in collabora-

tive projects at FOSS umbrella organizations like the Linux Foundation

indicates there is no general difficulty for enterprises to adopt open and

transparent collaboration models, and that the reported difficulties are

most relevant in specific industry verticals where the traditional model

of standardization in combination with IPR licensing is most beneficial

to the participating companies, in particular the telecommunication and
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mobile communication sectors.

The debate at the EC level about the role of patents, SEP and FRAND

licensing in ICT standardization demonstrates a strong stakeholder polar-

ization, preventing the adoption of compromises even though both op-

portunities and threats present themselves to all involved parties. This

intense influencing of policy makers and established institutions like the

European Patent Office (EPO) is perceived by the wider open source com-

munity as a threat, namely the repeating pattern of using other IPR or

contractual agreements to diminish the user rights granted by FOSS li-

censes. In the past, contributor license agreements (CLAs), trademark

licensing programs, trade secrets (in the context of open source, for ex-

ample, in the form of delayed source code releases), SEP in combination

with FRAND licensing programs and other means have been applied to

maintain a privileged position of one entity at the cost of software free-

dom. Other actors have attempted to redefine what the term open source

stands for with the goal to prevent reuse of the source code or the develop-

ment of derivative works. Activities like this are known in the wider com-

munity as spreading “FUD” (fear, uncertainty and doubt) and are consid-

ered a threat to the viability of the upstream/downstream model. Usu-

ally, these attempts are not successful, and software related businesses

attempting them expose themselves to ridicule.8 To be able to publish rel-

evant, adequate and timely standards, SSO regard their IPR licensing and

SEP policies as an opportunity that incentivizes innovators to secure a re-

turn of investment on research and development. Other technology de-

velopers may hope to establish a de-facto standard by offering their tech-

nical solutions under a FOSS license, reducing their motivation to par-

ticipate in standards setting at SSOs. The convergence of technologies,

digitalization and the trend towards openness increase the importance

of interoperability and interface standards. Participants have a choice

to collaborate on creating specifications, joint implementations or both.

This presents an opportunity as there is an increasing demand for stan-

dards development that SSO can respond to. SSO have the opportunity

to facilitate standards development and to provide the collaboration plat-

form for the interaction between standards and FOSS development. FOSS

communities are particularly sensitive to the perceived dangers of SEP

8https://opensource.org/peru_and_ms-php (accessed 03/02/2024)
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claims covering their products, and the potential moral hazards originat-

ing from information asymmetries between patent rights holders and the

implementer community. This perceived threat is aggravated by the lack

of definition of what FRAND stands for, and the unpredictable behavior

of non-participating entities that are not bound by SSO licensing policies

asserting rights against joint implementations. The wider open source

community is however usually confident in their own innovation capabil-

ities which reduces the threat of non-participating entities gaining valid

patent grants that cover essential FOSS technologies.[15]

The shift of the role of the modern state from an employer and producer

to a regulator creates a new balance between societal or regulatory in-

terests and industry.[144] Formal standard setting gains importance in its

role as a provider of frames of references and rules that regulators can use

to set directives or framework contracts. In this context, standards sup-

port certainty in compliance and legal matters by documenting expected

behavior. This is an opportunity for national standards bodies that are

integrated into regional or international cooperations of standards bod-

ies since their remit matches the regulatory reach. This trend reinforces

expectations towards the openness of standards. The European Interop-

erability Framework requires for open standards to give all stakeholders

the opportunity to contribute to the development of the specification, the

availability of the specification to everybody to study, and for the relevant

IPR to be licensed on FRAND terms in a way that allows implementation

in both proprietary and open source software, and preferably on a royalty-

free basis.[47] There seems to be a general expectation that if regulators

mandate compliance with a standard, then that should be an open stan-

dard according to these principles. This attitude is related to the general

trend towards openness and collaboration described above. Similarly to

standards, an expectation develops that software developed using public

funds should always be released under a free software license. The pub-

lic money - public code (PMPC) campaign is a community effort lobbying

for this approach.[55] The stronger focus on regulation bears opportuni-

ties both for SSO and for FOSS communities. One potential mismatch

exists between technical evolution and social responsibility that regula-

tors need to take into account. It is common that SSO enter into treaties

with the state or are entirely state run, agreeing to obligations to include
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a wide range of stakeholders into standards setting processes as well as

to keep social responsibilities into account. This existing institutional in-

tegration between SSO and the public puts SSO in a unique position to

develop standards that then become mandated. The self-regulated FOSS

community is not only not obliged to keep social responsibilities into ac-

count, it often explicitly refuses to be influenced by stakeholders that are

not actively participating in the development of their products. Volun-

tary participation is an effective regulator to ensure that the communities

themselves are open to a diverse range of contributors. It does not how-

ever steer communities to keep outside interests in mind. Since the wider

open source community causes an important and noticeable impact on

society, an articulated public interest in the development of free software

exists that regulators may eventually act upon. This can be understood as

the risk of a potential disruption of established norms of collaboration of

the wider open source community that until now primarily self-regulates.

Most communities are not fully aware or acceptant of this possibility.

The final major change identified in the interviews is the shift of rele-

vance from national to supra- and international collaboration and regula-

tion caused by globalization. It is obvious that the benefits from standards

increase the wider they are adopted. The various shapes of power plugs

are a regular reminder that SSO originally developed in their countries,

and only later started collaborating. It is also obvious that the parallel de-

velopment of technical standards in different national standards bodies

constitutes a welfare loss similar to parallel invention in patent races. In-

teraction with regulators in Europe however happens at the national and

the EU level. The resulting need for new boundaries of responsibilities

is both an opportunity as well as a threat for SSO. The development of

standards may shift towards international, possibly sector specific stan-

dards development organizations, while the dissemination, translation

and adoption of standards to a country’s environment may remain the re-

sponsibility of national standards bodies. National borders never played

an important role for FOSS communities, even though cultural barriers

do. Cohesion within the wider community is strong and clusters in re-

gions with a common cultural and language background. There is, for

example, little interaction between the Chinese and the European FOSS

community. Global collaboration is understood as an opportunity for
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FOSS communities, even though their international integration is not yet

perfect. Businesses participating in standards development and in FOSS

activities at a significant level usually operate in multiple countries and

benefit from the reduced barriers to market entry caused by the conver-

gence of technical standards. Regulators at the national level may find it

difficult to exercise influence over de-facto standards development, and

may even find themselves facing a competition for defining standards

that reduce their ability to implement their responsibilities towards their

own constituencies. This is already apparent in the difficulties in regulat-

ing large internet platform businesses based in the US or China. ISO, the

SSO recognized by the EC and the national standards bodies need to find

a new balance of shared responsibilities that matches their social respon-

sibility at each level.

4.5.2 Strengths and weaknesses of FOSS

The strengths of FOSS emphasized as most relevant with regard to this

study during the interviews are the application of rapid prototyping, a

global development model based on early and regular releases, voluntary

participation in community activities, and the established overall devel-

opment process of the wider open source community community in a

complex upstream/downstream network facilitated by community um-

brella organizations, especially FOSS foundations. Weaknesses are a lack

of established supply chain management processes, uncertainty and arbi-

trariness in license compatibility and achieving license compliance, and

a meritocracy that focuses primarily on product contributions at the ne-

glect of other potential stakeholders.

Rapid prototyping refers to the ability to quickly sketch solutions to

upcoming technical problems, and evaluate them based on the response

of other participants. This enables a competitive evolutionary selection

of solutions in an early stage, limiting costly up-front investments. It also

facilitates challenging existing de-facto standards, reducing the hystere-

sis caused by an existing, outdated solution. As a result, FOSS market

segments are “tippy”, they tend to quickly replace even widely adopted

solutions that many actors are invested in if a new, more promising so-

lution appears more convincing. A recent example is the decline in rel-
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evance of the OpenStack project that has seen massive investments by a

large number of actors in 2016 once more efficient container-based tech-

nologies like Kubernetes emerged. The large overlap of actors that used to

invest into OpenStack and now invest in Kubernetes indicates that newer

solutions displace outdated products, but not the community of contribu-

tors engaged in this particular market segment. Collaboration is more im-

portant than the specific technology it produces, since products are com-

paratively short-lived. The resulting rather aggressive creative destruction

showcases shortens innovation cycles and reduces large up-front invest-

ments in technologies that later fail to reach diffusion in the market.

Release early, release often describes a community norm of publish-

ing intermediate results as early as possible, inviting feedback and con-

tributions from other interested parties. It is related to rapid prototyping,

but survives the exploratory steps and is also applied once a solution has

gathered interest and a community begins to form around it. By enabling

users of the solution to get involved in collaborative development early,

the resulting feedback cycle is “an order of magnitude faster than most

commercial software projects”.[154] Since all contributions are almost im-

mediately published in the product source code, all inventions embedded

in them become prior art, and the original inventor is difficult to identify

in the collaborative development process. Additionally, each individual

contribution usually only embodies only a small, incremental inventive

step. FOSS communities collaboratively invent, but are almost never able

to acquire patents on their inventions even if they wanted to. This con-

tributes to the lack of perceived utility of the patent system as a whole in

the wider open source community, and to the reputation of the OIN, a

royalty free cross-licensing network that covers core FOSS technologies in

it’s license agreement and has been joined by about 3000 FOSS participat-

ing entities.9 Contributors exhibit an expectation of shared stewardship

of the results of the collaborative process that extends to copyright, in-

ventions, but also to the communities as entities. Additionally, because of

the described dynamic of the constant generation of prior art, rights hold-

ers of patent claims that read on inventions originating in the wider FOSS

community that do not cross-license their inventions under royalty-free

terms or through OIN are almost exclusively non-participating or non-

9https://www.openinventionnetwork.com/ (accessed 03/02/2024)

122

https://www.openinventionnetwork.com/


practicing entities, further reducing their reputation and that of patents

on computer-implemented inventions in general.

Voluntary participation in FOSS activities is fundamental to the un-

derstanding of the self-correction capabilities of governance in commu-

nities. Every individual or organizational participant contributes their re-

sources voluntarily to the overall FOSS process. While this concept is well-

understood and to an extent researched with regards to the motivation of

individual volunteer developers [80], it also applies to businesses invest-

ing in community projects. There is no obligation to contribute, so or-

ganizations must have an inherent business reason to participate in gen-

eral, and must be convinced that engaging in a particular community is

the best alternative available to them. Because of that, communities are

constantly pressured to develop governance principles that embody the

open source way [155], and match the expectations of their existing and

potential contributors. Once engaged in a particular community, partic-

ipants face a voice-or-exit dilemma of constantly evaluating their choice

to participate, and are always free to leave if they are not interested any-

more.[65] This behavioral corrective combined with overall strong fluctu-

ation of contributors ensures that governance within communities is self-

healing, converges towards open source culture, and that communities ap-

pear, grow, shrink and disappear depending on how well they serve their

purpose, and without necessitating public investment or interference. In

this environment, it is highly unlikely that actors that violate community

governance norms regarding shared stewardship or other aspects of col-

laboration will be successful.

The upstream/downstream model of collaboration within the wider

FOSS community uses the mental image of a large river that collects the

water from many smaller and smaller tributaries (the communities) and

delivers it to the ocean (the users). To create products of the complexity

of a whole Linux distribution like Debian, or the standard package index

of a major programming language like Python10, requires a coordinated

effort of potentially thousands of individual communities. Product im-

provements originate in the communities and then are integrated “down

the stream” by more and more complex aggregate products. Feedback like

bug reports and requests for improvement, but also patches meant for

10https://pypi.org/ (accessed 03/02/2024)
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integration into the upstream projects are generated closer to the users,

and then travels “up the stream” to be eventually integrated by the com-

munity where the solution originates. Aiming for maximum reuse of code

changes, the wider community developed a strong preference for working

upstream, as in making an effort to have changes integrated as close to the

original solution as possible.[155] FOSS licenses are applied to all prod-

ucts in the upstream/downstream network and facilitate the frequent in-

tegration and redistribution of aggregate products. Since there are po-

tentially thousands of communities involved, the essential terms of all

FOSS licenses are codified and always embed the “four freedoms of soft-

ware”, namely to use, study, modify and redistribute it.[140] Similarly, the

wider FOSS community applies basic normalized processes of how bug

reports and patches are disseminated upstream. Linux distributors for

example participate routinely in providing smaller patches and report-

ing issues to a multitude of upstream communities with minimal friction.

Tools like version control systems and issue trackers are used as de-facto

standards that model a common workflow. More recently, Github has

shaped the upstream/downstream model with their (proprietary) pull re-

quest workflow that has been very widely adopted. A complex network

of many upstream and downstream participants following their own self-

interest would be prone to anti-commons situations in which the cost

of negotiations would grow to be prohibitive to collaboration.[62] There-

fore the licenses applied by FOSS communities are non-negotiable. The

upstream communities offer the use of their product under a specific li-

cense, and the downstream users accept that offer by using the software,

or decide not to use it.[114] Similarly, but not to the same extend, be-

havioral norms like open access, transparency or meritocracy are non-

negotiable in the wider FOSS community. The result are negligible trans-

action cost of participation in the upstream/downstream network. Stan-

dardized governance norms are beginning to emerge in the ICT industry

and are facilitated by trade associations like the Linux Foundation or the

Eclipse Foundation. An important role of these umbrella organizations

is to establish common governance norms that facilitate collaboration in

the wider open source community.

The weaknesses of FOSS identified in the interviews mirror the impor-

tance of the efficiency of the collaborative development processes.
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FOSS currently lacks widely adopted supply chain management pro-

cesses. The upstream/downstream model efficiently enables collabora-

tion across the wider community, however it does not help businesses

structure the relationship to their software suppliers. Unlike in other in-

dustry sectors, common attributes of deliverables like provenance of parts

of the product or compliance with free software licenses are not com-

monly contracted. Out of the overall responsibility for license compli-

ance of the final product, vendors need to evaluate the complete software

stacks of their products, even if major elements of those have been pro-

vided by otherwise trusted suppliers. The well-established norms of col-

laboration in the wider FOSS community have not yet been completely

translated to best practices or de-facto standards in the ICT sector, lead-

ing to inefficiencies, especially to high cost of maintaining license com-

pliance and compatibility, and to barriers to the adoption of free software

in commercial products. The OpenChain11 project is a recent attempt

to specify supply chain requirements. Long-term maintenance of FOSS

products that matches the life cycle of durable industrial products is also

difficult to establish.

Maintaining license compliance is a precondition for shipping prod-

ucts that contain FOSS or a mix of FOSS and proprietary code. Through

legal instruments like injunctions, contributors that hold copyright on the

product may stop businesses from selling their products if the vendor

violates the obligations resulting from the redistribution of FOSS code.

There is however a perceived uncertainty and arbitrariness in how free

software licenses are enforced. License defense and litigation support

is offered by community representatives like the Software Freedom Law

Center (SFLC).12 Cases also exist where individual copyright holders liti-

gate against FOSS business users, sometimes for their personal gain.[95]

Occasionally, businesses have even been recommended to avoid the fam-

ily of GPL licenses altogether, which would unnecessarily lead to one third

of the existing body of FOSS solutions not being used. This uncertainty

has been addressed by the FSF in their “principles of community-oriented

GPL enforcement” [58], with the “Linux Kernel Community Enforcement

Statement” [78], and others. GPL-3.0 affords license violators more time

11https://www.openchainproject.org/ (accessed 03/02/2024)
12https://www.softwarefreedom.org/services/ (accessed 03/02/2024)
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to correct mistakes before litigation can begin. However, most existing

software licensed under the GPL still uses version 2. Some influential ven-

dors releasing code under GPL-2.0 have begun to publicly commit to ap-

plying the GPL-3.0 “healing clause” to their products.[121] These initia-

tives indicate that managing license compliance is not yet as normal and

standardized as it could be.

Meritocracy is a key tenet of governance in FOSS communities. Ev-

ery participant, no matter if it is an individual volunteer, a representative

of an organization, or an organizational entity itself, earns merit based

on their concrete contributions to the community product. Contribu-

tions are however not all valued the same, in that one hour or one Euro

invested would create equal merit. Improvements of the core product of

the community are usually valued more than translations to rarely spoken

languages or administrative support, even if they are just as important to

the societal aspirations of FOSS communities. A Linux kernel developer

gains vastly superior merit compared to a documentation author. On one

hand, this is a direct expression of the auto-organization in communi-

ties. On the other hand, FOSS meritocracy discounts the importance of

other stakeholders that represent interests in the community product but

do not participate directly. This is partly intended – communities regu-

larly try to focus their governance on those directly participating, trying to

keep politics or “mere talkers” from interfering with the process. For reg-

ulators, representatives of civil society interests and other outside stake-

holders, it may appear as if the FOSS communities evade responsibility

for the externalities caused by the products they create. Even FOSS user

groups happen to report a lack of interest by communities in their feed-

back. By building up loyalty to and standing within their community over

time, an insider culture may develop where being a part of the commu-

nity becomes an aim in itself. Contravening the idea of open governance,

this erects barriers to entry for new contributors or previously not present

stakeholders. Meritocracy in FOSS seems to be a double-edged sword.

The weaknesses of the FOSS ecosystem identified in the interviews

represent risks from participating in the development process and from

using FOSS in proprietary products, born out of a lack of supply chain

management, compliance and governance standards. There is analytical

bias in this study towards aspects of standardization since the interview
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candidates have been selected for their knowledge in this field. The re-

sults however match current trends in the ICT sector, especially efforts to

mitigate manageable risk through the specification of supply chain, com-

pliance and governance norms. While there have been improvements

mostly from consorted industrial initiatives in recent years, at the mo-

ment businesses still cannot insure the residual risk of using FOSS. This

indicates that the identified weaknesses are relevant and important for

the continued success of the wider open source community.

4.5.3 Strengths and weaknesses of SSO

The strengths of SSO emphasized as most relevant with regard to this

study during the interviews are the mature formal standardization pro-

cesses, a powerful reputation in a large stakeholder network, reference

and IPR frameworks, IPR, signaling of market opportunities risk of invest-

ment and value-added SSO services. Weaknesses are organizational iner-

tia, on powerful stakeholders, an ecosystem where responsibilities are al-

located based on historical developments, under-defined IPR frameworks

and reliance on outdated revenue streams by some SSO.

Through a long history of setting formal standards SSO have evolved

to be connected platforms with well-established tools and processes for

formal standardization. The formal standardization process allows ev-

ery legal entity to participate in the consensus-based development, doc-

umentation and approval of the recognized state of the art, while ensur-

ing that all relevant stakeholders and the public are informed, consulted

and invited to participate. Some SSO are obliged to consider social, envi-

ronmental and public responsibilities during the formal standardization

process, thus SSO are a great tool for the transfer and diffusion of techni-

cal solutions into the market, national and international economic policy

implementation, market regulation, creation of legal certainty and imple-

mentation of security and safety measures.

The impact of standards development builds upon the powerful rep-

utation in a large stakeholder network that SSO established throughout

their history. The internationally integrated SSO ecosystem connects in-

dustry with government and research institutions. Participating in this

network amplifies the reach individual actors can achieve in the market.
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By successfully including a technical solution into a formal standard it

changes into an accepted state of the art that more easily finds adoption

among national and international implementers and business partners,

significantly boosting diffusion in the market. Some SSO are accredited

by governments or in other ways recognized to represent the interests of

the countries economy and enterprises on the international stage. Partici-

pants in national standardization have the chance to gain global visibility

if standards achieve recognition at ISO. Governments can influence for-

mal standardization as an instrument to implement economic and trade

policy.

The necessary cooperation between competitors in a market segment

that is required for standards development raises concerns of collusion

and anti-competitive behavior. An inherent conflict also exists between

sharing technical solutions and the ability of participants to create a rel-

evant IPR portfolio. SSO provide a platform to manage these concerns

through widely accepted terms of reference and IPR frameworks. These

frameworks help to attract innovative technology developers by provid-

ing policies regarding the disclosure and licensing terms of IPR covered by

the standard, especially SEP. Licensing policies with regard to SEP are de-

signed to give inventors the prospect of a return on investment on their re-

search and development efforts, while still making these proprietary tech-

nologies available for standards development. Frameworks for disclo-

sure and FRAND licensing commitments reduce uncertainty and main-

tain competition in the market. IPR policies ensure access to SEP, while

leaving the concrete terms of later technology licensing to market-specific

agreements. The inclusion of patented technology in formal standards

is considered necessary for early standardization approaches in research

and development heavy market segments and especially enable business

models that rely on inventing and licensing IPR while leaving manufac-

turing to other parties.

The work program of SSOs usually follows long term roadmaps based

on mission statements and standards development strategies. By con-

necting the activities of technology development and mass-market pro-

duction, SSO signal market opportunities and facilitate research and de-

velopment as well as manufacturing centered business models. The for-

mal process of setting a standard may last between one and five years,
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which provides the necessary lead time to build manufacturing capacity

and ensure standards compliance. For market segments with shorter in-

novation cycles, some specification instruments of SSO like DIN-SPEC13

or the CEN Workshop Agreement (CWA)14 reduce this process to less than

a year by creating pre-standards rather than full standards. Released stan-

dards are systematically revised usually every three to five years. This al-

lows stakeholders and the public to update, confirm or withdraw a stan-

dard and businesses to direct investments into implementing products.

Technical committee members may have significant influence with re-

gard to technical decisions. This increases predictability of standards de-

velopment and acts as an incentive for market actors to participate in

standardization, especially in market segments with high cost of change.

Especially long-term standards development participants may benefit

from value-added SSO services. Formal standardization provides a sec-

ondary market where IPR and information are strategically shared among

participants. SSO offer match-making between parties interested in stan-

dards development, discovery of technical trends and indicators for mar-

ket diffusion. Engaged participants enjoy a club advantage from early ac-

cess to market-relevant information and the opportunity to influence the

resulting standards. This may lead to a competitive advantage especially

for large enterprises engaged in a multitude of standardization activities.

The weaknesses of SSO identified in the interviews mirror the struggle

with the faster pace of innovation caused by digitalization. This is true

especially for technological fields with low costs of change, for example

computer software, that are characterized by rapid technology changes

and volatile trends. The formalized processes of SSO are at times too slow

and too inflexible to adequately meet those market needs in time. The

standardization process of some SSO is required to consider all stake-

holder interests. This not only slows down the process, it also reduces

the attractiveness of formal standardization for businesses that are un-

der competitive time-to-market pressure. Industry actors may be incen-

tivized to rather set de-facto standards to circumvent the formalized pro-

cess. This makes it difficult for SSO to release market relevant formal stan-

dards in time.

13https://www.din.de/en/about-standards/din-spec-en (accessed 03/02/2024)
14https://boss.cen.eu/developingdeliverables/CWA/Pages/ (accessed 03/02/2024)
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Interviewees mentioned a “standardization habitus” sometimes ex-

hibited by employees of SSO. Organizational inertia manifests itself in

an affinity for formal processes and little passion and vision for new ap-

proaches, new ideas and new topics. The staff of SSO focuses on admin-

istrative tasks and is usually far removed from innovation in the indus-

try. As all institutions, SSO developed their own interests that may deviate

from their original purpose, like maintaining budget and staff size or en-

suring long-term employment safety. The fast paced innovation in the

ICT sector may be in conflict with those goals. This is an issue that SSO

like DIN and ISO have identified and are trying to mitigate jointly by fol-

lowing new approaches for attracting new experts or modernizing future

technical committee processes.[70] CEN and CENELEC are investigating

machine-readable publication and modern collaboration methods with

the Digital Transformation Initiative.[50]

SSO depend on powerful stakeholders among the participating and

member organizations for their budget and for developing standards rel-

evant to the market. Especially large enterprises may use their influence

to maintain control over standards that are important to their business

interests. This limits the ability of SSOs to react to market signals and

to adapt to new technical developments. Released standards may not be

those most wanted by the market, or the standardized technical solution

is watered down during consensus finding. Especially in highly concen-

trated markets with a small number of actors like the telecommunications

sector, the influence of powerful member companies on SSO governance

may undermine the covenants in terms of reference and IPR frameworks

against collusion and anti-competitive behavior.

The distribution of responsibilities between the various national, re-

gional, sector-specific and international SSOs developed against a back-

ground of strong nation states and a primarily industrial economy. SSOs

form an ecosystem where responsibilities are allocated based on histor-

ical developments. National standards bodies sometimes develop com-

peting standards in a “race to the moon” to claim relevance for new tech-

nological areas. This battle for relevance ignores that technical solutions

today compete in a global digitized market. What role national standards

bodies or even European SSO willplay within the global standardization

ecosystem is a key question for their future relevance. This issue is more
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related to digitalization and improved methods of collaboration than to

the relationship with the wider open source community.

While the IPR frameworks of SSO are mostly well-established and ac-

cepted and mainly considered a strength, the observed under-definition

of IPR frameworks in some aspects has been identified as problematic.

IPR frameworks establish common expectations and provide conflict res-

olution mechanisms crucial to standards development. To reduce uncer-

tainty of legal risk, IPR frameworks are expected to provide clarity about

the obligations and commitments of participants when the cooperation

on standards development begins. Some SSO accept voluntary disclo-

sures of SEP based on goodwill, which provides little safety against un-

declared SEP. Some refer to FRAND, which in reality is not clearly de-

fined. In most cases, the concrete agreement that the FRAND commit-

ment promises is left to negotiation between competitors. Multiple in-

terviewees referred to cases where technology users refused to license

SEP, or where SEP holders refused to license to their direct competitors.

Since the licensing agreements are usually confidential, participants can-

not verify that the terms offered to them are in fact fair and non-discrimi-

nating. This acts as a barrier to participation in standards development,

to market adoption and negatively affects the reputation of the respec-

tive SSO, especially when compared to the absence of negotiation when

engaging in FOSS development. Royalty-free licensing of SEP can be con-

sidered a subset of FRAND, however it is only applicable to FOSS distri-

bution if no explicit licensing negotiation or registration is required. In

reality IPR policies of SSO that require any form of negotiation or license

management are often generally avoided as a cultural mismatch or a dis-

tribution risk by the wider open source community.

Some SSO rely on outdated revenue streams that are in conflict to

the general trends towards closer collaboration as well as openness and

transparency. For example, some SSO that are set up as a combination

of standards-development platform and standards publishing business

continue to rely on revenue from selling access to standards for a fee.

While such revenue generation may still be viable today, it can be ex-

pected that selling content that is essentially community-developed and

can be copied at negligible cost may conflict with the overall trends in the

ICT sector.
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4.6 SSO and FOSS communities - partners or com-

petitors?

After structuring opportunities and threats in the ICT sector as common

external influences that affect both SSO and FOSS communities and then

breaking down their strengths and weaknesses separately, it is apparent

that SSO and FOSS communities both complement each other and com-

pete for relevance at the same time, but for different aspects of the func-

tions they provide. When comparing their respective strengths, there is

no clear winner:

SSO possess a brand that promises tested, proven processes of stan-

dards development and a long-term roadmap providing stability to in-

dustry, research and policy maker participants. By defining and docu-

menting the state of the art of technical innovation, they facilitate the

interaction of a wide range of stakeholders and act as a bridge between

industry and regulation. The wider FOSS community develops techni-

cal innovations at a fast pace, steers investments effectively through elim-

inating failing approaches early in the process and practices evolution-

ary product development with early and regular releases. Contributions

are allocated self-healingly and efficiently through voluntary participa-

tion. Foundations act as the umbrella organizations that facilitate the up-

stream/downstream model. This opens the possibility for SSO to create

standards based on “code first” FOSS solutions, similar to how the Open-

Document format was standardized [102]. This combination of a FOSS

implementation with late formal standardization was repeatedly men-

tioned in the interviews and would apply the early competitive selection

of FOSS processes to the selection of technical solutions for standardiza-

tion. Even though this is not yet a common approach, it could improve the

competitive selection of technical solutions for formal standardization.

Since the continuous non-differentiating cooperation model reduces the

need for specifications for interoperability reasons, formal standardiza-

tion needs to be useful for other reasons, for example for quality manage-

ment or compliance with safety standards or export regulations.

The most significant determinant identified in this study for which

model is most efficient is cost of change. FOSS communities flourish in

an environment where changes and corrections to products and speci-
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fications can be made almost instantaneously. The kernel development

community integrates changes into Linux at an average rate of 8.5 patches

per hour [35]. The cost of each individual change in this environment is

almost negligible. Mistakes can be fixed easily and quickly, reducing the

usefulness of specifications that would also be hard to keep up-to-date

at this pace. On the other end, changes to the protocols used for wire-

less network communication potentially require hardware updates and

would be costly and time-consuming. These extremes span a continuum

where the cost of change decreases and the pace of innovation increases.

Somewhere on this continuum is a point where the cost of change is the

same for SSO and FOSS communities, dividing the field into two sectors

where SSO or FOSS respectively are more efficient. The pace of innova-

tion is usually inversely related to the cost of change, since software is eas-

ier deployed than new hardware. Commoditization influences the cost of

change, making specification less relevant for products that become less

costly to update. Based on this understanding, it is apparent that SSO and

FOSS communities complement each other as processes for the manage-

ment of technical innovation that are more or less efficient based on in-

trinsic attributes of the specific field of innovation.

Compared to the strengths of the FOSS community the weaknesses of

SSO are mostly product development related and most apparent in envi-

ronments with low cost of change.

Where communities allow numerous attempts at finding the best so-

lution to a technical problem to fail early until a promising technology

emerges, SSO sometimes “fail never” because of stakeholder inertia. In

extreme cases they produce standards that are rarely or even never imple-

mented. In a rather radical process of creative destruction, FOSS commu-

nities drive innovation in computing by being more efficient in the evo-

lutionary selection of competing solutions. The wider FOSS community

understands well that the release early - release often approach creates

software faster and at higher quality, compared to the slow and thorough

committee work SSO apply even in cases where it may not be necessary.

Voluntary participation allocates contributions to where they are most

useful and ensures that contributors are first and foremost enthusiastic

about the software they create together. The communities attract eager

inventors more than skilled administrators.
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Individual volunteers contributing to FOSS usually self-identify with

their tasks and work without direct remuneration. The communities they

participate in may encourage, but not direct them to engage in standards

development activities. Industry-driven communities may be sufficiently

funded, but still not be motivated to invest into participating in standards

development activities that in their perspective mostly benefits others.

FOSS contributors that engage in SSO activities are unlikely to gain merit

from that within their communities. Norms for participation in formal

standards setting processes that expect them to be salaried representa-

tives of a corporate entity which also funds their activities, membership

fees and travel time pose a barrier of entry that is likely prohibitive to-

wards the participation of FOSS contributors. To encourage them to par-

ticipate, SSO require rules of participation and governance norms that re-

flect voluntary participation, and may need to align the sources of funding

with the benefits from collaboration.

Some SSO are funded partly through the sale of access to standards.

The trend towards openness and transparency raises expectations of open

standards, at least in case they are mandated by regulators or in any other

way preconditions for the entry into markets with any form of public in-

vestment. FOSS contributors will only collaborate in standards develop-

ment if the resulting standards are freely available. SSO may be pressured

to transition the share of their budget raised from selling access to stan-

dards to other sources of funding, like increased revenues from mem-

bership fees, professional services for their members and public funding.

By providing services to facilitate their FOSS activities, SSO have the op-

portunity to offer a wider range of standards setting related services to

their members from a single source, which may increase membership and

open up new revenue streams.

FOSS communities are generally open for participation to contribu-

tors from all over the world. Sometimes it is difficult to identify which

country a community is based in, and it does not matter much. The global

setup matches the trend towards supra- and international regulation. In

comparison, SSO may possibly be seen as narrow-minded especially in

cases where they develop competing standards in different national stan-

dards bodies. The decentralized organization of the wider open source

community incurs negligible transaction cost of a global participation.
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This matches the mindset of inventors that rather work on developing

products than deal with administrative processes.

The strengths of SSO compared to the weaknesses of FOSS focus on

process and a narrow definition of meritocracy. Where FOSS commu-

nities struggle with establishing useful norms for supply chain manage-

ment, SSO are not only able to provide stable processes and documen-

tation that shape the supply chain for the industry and how regulators

influence it, they even set explicit formal standards for it. Unlike FOSS,

SSO are present beyond the ICT sector, and streamline the supply chain

at a global scale.

Where FOSS communities struggle with the complexity of maintain-

ing compatibility and compliance with free software licenses in complex

software stacks, SSO establish IPR policies that are common across sec-

tors. While there may be disagreement over what the best IPR licensing

models are, SSO enjoy a higher acceptance as IP arbitrators across a more

diverse group of stakeholders, including regulators.

FOSS communities are attractive to contributors of code. Often they

lack funding and personnel for other, non-technical tasks like community

management, marketing or political representation, making it difficult es-

pecially for smaller initiatives outside of influential groups to become vi-

able. In particular if these projects have been initiated by some of their

member companies, SSO could host and support them, offering similar

services to FOSS umbrella organizations.

Where FOSS contributors attain merit based on a narrow definition

of product-focused contribution, SSO provide well-accepted multi-stake-

holder platforms and routinely involve civil society initiatives, environ-

mental groups and other interested parties. The general acceptance of

the balanced SSO process reinforces their brand as public benefit oriented

stewards of technical innovation, which in turn secures sufficient funding

and political support.

SSO represent well-established instruments for directing industry in-

vestments and policy making. Some FOSS communities are not yet pre-

pared to take on similar responsibilities. Industry-driven umbrella orga-

nizations like the Linux Foundation are steering the community to adopt

behavioral norms that enable them to engage with a wider range of stake-

holders.
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Even relating the weaknesses of SSO with the weaknesses of FOSS deliv-

ers interesting results. FOSS communities reward product contributions

in their fast-paced meritocracy, while SSO apply a well-defined, slow and

thorough process to their committee work. Innovations that do not fit into

either template but still benefit from standardization pose a challenge to

both camps. Especially large-scale ground breaking research that requires

significant upfront investments like the development of pharmaceuticals

or mobile communication protocols and hardware fit neither FOSS nor

SSO, and is usually performed by industry consortia or competing large

enterprises. Neither SSO nor FOSS are well-equipped to deal with the re-

sulting thickets of SEP, especially against the general trend towards more

openness and transparency. As a result, industry sectors where SEP are an

inherent element of invention exhibit difficulties of adopting FOSS. Sup-

pliers in these markets tend to participate mostly in sector-specific SSO

like ETSI where they can exert strong influence over the developed stan-

dards.

Globalization challenges the role of national standards bodies and the

established order of SSO in general, while FOSS still lacks well-working

norms of supply chain management. Outside of FOSS, standards are still

not developed at a global scale, and are still considered instruments of

industrial policy by regulators, even though the macroeconomic benefit

would be maximized by the widest possible adoption of a standard. To

avoid the history of different railway gauges and power socket designs

from repeating, standards should be developed in global collaboration,

which is the case for many national standards bodies under the umbrella

of ISO, but not necessarily for sector-specific SSO. FOSS still struggles

with this responsibility, and some SSO are not yet ready to give up part

of their territorial authority.

The IPR licensing policies of SSO have originally developed against the

backdrop of an industrial society. They where meant to manage access to

specifications of physical goods with long product cycles where the cost

of change is high and the effort of specification or even publishing stan-

dards as printed books is comparatively low and justified. FOSS commu-

nities developed tools for immediate development of specifications and

implementations in public, and are still working out how to maintain li-

cense compatibility and compliance in complex software stacks. These

136



approaches barely overlap. As a result there is no common platform, for

example, to establish what the requirements for open standards are, or the

exact meaning of FRAND, or the right balance between enforcing stan-

dards with mandates and making them freely available, and many other

fundamental questions about the future of standardization.

The “open source way” enables the development of new models of

collaboration, especially continuous non-differentiating cooperation (see

4.3.3). The co-existence of SSO and FOSS communities affords partici-

pants in technical standardization a choice of which of their complemen-

tary models best fits their particular environment. Many of the arguments

produced by FOSS proponents emphasize the political nature of the free

software movement. The majority of communities today however under-

stand it as their mission to create software and establish industry stan-

dards. They apply the FOSS model because they believe it is the better

way to achieve that goal. This pragmatic approach should not be mis-

understood as indifference towards the ethical underpinnings of software

freedom. Most contributors are consciously aware that by creating FOSS,

they are also being virtuous by benefiting the common good. The realiza-

tion that contributing to free software means being enjoyably productive

and doing the right thing at the same time is key to understanding the suc-

cess of FOSS. Participants expect reciprocal behavior and shared steward-

ship of the results of collaboration as well as transparency and openness

in the process. Models of collaboration between SSO and FOSS need to

reflect that reality.

4.7 Managerial and policy recommendations

The goal of this study is to compare SSO and FOSS processes and activ-

ities that create a standardizing effect and discuss potential implications

for FOSS communities, SSO, regulators and enterprises. After analyzing

the strengths and weaknesses in context of the ICT sector specific threats

and opportunities, our study supports a number of conclusions about the

interaction between SSO and FOSS from a product, process and societal

perspective.

The product view is that formal standards are products that specify the

details of how a technical solution should be implemented, while FOSS
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creates products that implement these solutions. SSO are better at devel-

oping formal standards, while FOSS communities have an advantage at

collaboratively developing non-differentiating implementations. If there

is demand for both specifications and implementations, SSO and FOSS

can and already do successfully complement each other.

SSOs implement a top-down, specification-first process, while FOSS

communities implement a decentralized, code-first process. For every

particular product development activity, participants need to choose one

or the other approach. Depending on which process design is more ap-

plicable to the desired outcome, actors will choose to participate in SSO

or FOSS. For endeavors that involve the development of multiple prod-

ucts, like a formal standard and a reference implementation, different ap-

proaches can be combined, and the results may cross over between them.

Regarding process, SSO and FOSS are competitors.

At the societal level, SSO report to regulators and are used as a policy

instrument to define safety requirements, competitiveness as well as anti-

trust regulation and to implement industrial policy goals in general. FOSS

communities operate based on voluntary participation and an authority

that rests within the communities. Regulators have a choice to influence,

support or provide guidance to both SSO and the wider FOSS commu-

nity to drive innovation and competitiveness and to enforce policy goals.

From a societal perspective, SSO and FOSS are independent and comple-

mentary standardization instruments available to policy makers.

Implications for FOSS communities: The wider open source commu-

nity will benefit from applying a principled definition to what makes a

contribution and from treating all contributors as equals, no matter if they

are individual volunteers, businesses, research organizations or govern-

mental agencies. Historical prejudices sometimes shared in the “hacker

community” that free software is the prerogative of civil society and hack-

ers are not justified considering that today’s community composition in-

cludes a majority of corporate contributors. Global FOSS collaboration

offers a unique opportunity to build bridges between the interests of in-

dividual, civil society, enterprises and the state, as long as they are willing

to contribute to the free software commons. The wider community can

work towards realizing this potential by actively influencing the quality

of the collaboration process as perceived by the different types of partic-
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ipants through community management and setting governance norms,

while maintaining and reinforcing the principles of free software like mer-

itocracy, transparency, non-discrimination, shared stewardship and open

collaboration. By identifying and lobbying for software freedom as the

overarching goal, the FOSS community can build the foundations for a

successful integration with regulators and societal institutions like SSO.

Only standards that are accompanied by specifications are likely to be ref-

erenced in legislation, so communities have a choice to produce the spec-

ifications themselves, or to collaborate with SSO and benefit from their

reach, brand, and network for that purpose. Communities should expect

to be held to higher standards regarding social responsibility in the fu-

ture, and should consider this a sign of their success in contributing to

the common good.

Implications for SSO: Standard developers could invest into gaining

deeper knowledge of the mechanics and principles of FOSS collabora-

tion to understand the strengths and limitations of the open source way.

Knowledge of the applicability of FOSS to software and software/hard-

ware interface innovations will help to delineate activities in higher cost

of change areas from the domain of FOSS communities. SSO can confi-

dently position themselves in technology areas where high cost of change

and a slow pace of innovation make diligent up-front specification worth-

while. When engaging with FOSS communities, it should be considered

important to understand the behavioral norms that have solidified in the

collaborative zone. SSO should be especially wary with violating the ex-

pectation of shared stewardship by supporting or facilitating the appro-

priation of collaboratively developed work by private enterprises through

SEP or other IPR that may become standard essential, like trademark li-

censing policies. SSO may decide to support and encourage participation

by FOSS contributors even if they do not create direct revenue from their

participation. Membership fees, requirements for nominations to com-

mittees and other barriers to participation could be waived since they not

only pose a barrier of entry, they also undermine the acceptance of the

SSO by violating meritocracy. Resistance can be expected from some SSO

member companies against facilitating FOSS activities either out of a lack

of understanding or because the results may negatively affect how par-

ticipating in standards development aligns with their business interests.
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Regarding their own business models, SSO should actively reconsider and

prepare to move away from models that depend on selling information

goods like copies of a standard for a fee. Price discrimination in the form

of giving free copies of standards for research or FOSS use is already ap-

plied in some places and may continue to be an intermediate solution. In

general, membership fees for participating enterprises are accepted in the

wider FOSS community, while fees for the use of specifications or prod-

ucts are more controversial. SSO may consider to accept that the tradi-

tional approach to standards setting does not work well in the low cost of

change/high pace of innovation software industry, and decide to instead

shift some of their activities so that they become part of the wider open

source community. By accepting the FOSS community as equals in the

standards development field, SSO could become part of the meritocracy

of the community itself and broaden their service portfolio by offering

their members insight into standardization and FOSS activities related to

a specific field of technology.

Implications for enterprises: To remain competitive, enterprises may

need to focus their R&D spending towards features that differentiate their

products in the eyes of the consumers. Enterprises pool investments into

non-differentiating features with other collaborators or even competitors,

reducing their share of the cost of provisioning the necessary functional-

ity. This allows them to increase the share of research and development

spending invested into what makes their own products unique under a

policy referred to as “differentiate or collaborate”. Participating in FOSS

activities is a proven method for continuous non-differentiating cooper-

ation collaboration (see 4.3.3). It is a complement, not a replacement for

engaging in standards developing activities. To successfully participate,

enterprises need to understand the different behavioral norms applied in

the collaborative environment of FOSS compared to the competitive envi-

ronment. The general application of non-negotiable licenses and gover-

nance norms means enterprises should refrain from attempts to appro-

priate the results of collaborative development processes through sec-

ondary restrictions to software freedom. Once it is accepted that FOSS

products represent the non-differentiating state of the art, acquiring ex-

clusive rights to functionality developed in the collaborative environment

becomes meaningless. To be accepted as “good citizens” of the wider
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open source community, enterprises should continue to adapt to the be-

havioral and governance norms applied by the wider open source com-

munity when participating. The decisions to participate in the specifi-

cation and the implementation of standards need to be made separately

and considered complementary.

Implications for regulators: SSO and FOSS engage in a healthy com-

petition from the process perspective which fosters technical innovation.

For both to be considered alternative industrial policy instruments, reg-

ulators may choose to create a level playing field. This requires creating

exchanges between the evolutionary selection process in FOSS and the

formalization of SSO, but also may add additional obligations like work-

ing with multi-stakeholder platforms or adherence to minimal standards

for governance norms that support the long-term viability of the FOSS

development model. For this purpose, the role of FOSS umbrella orga-

nizations should be considered closer to that of SSO than the role of in-

dividual FOSS communities, which is also apparent in their membership

structure as well as in the variety of projects hosted by the foundations.

The public support of FOSS foundations could be raised to a level com-

parable to the support provided to SSO, especially if they commit to a

charitable cause. The acceptance of the public interest in the contribu-

tions FOSS makes to the common good could justify the establishment

of European FOSS development organizations either next to or integrated

with existing SSO. Careful consideration needs to be applied to avoid dis-

rupting the upstream/downstream model peer production process that

is based on self-identification. This can be avoided by selectively award-

ing competitive, time-limited grants similar to current research funding

by the EU. Governmental and regulator representatives should expect to

be received as welcome contributors, but also to have to earn their merit

in the communities like any other contributor. When developing policy

measures aimed at fostering FOSS development, sector specific experi-

ences may not be generally applicable. In particular the highly concen-

trated, regulated and politically influenced mobile communication sector

may not be a useful yardstick for the development of general public FOSS

policy. Experiences from a plurality of highly innovative technology ar-

eas like cloud-native computing, automotive platforms or programming

languages that involve standards setting and implementation should be
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taken into account. Practices need to be developed that reflect the trend

towards openness and transparency. Exclusive third party rights to formal

standards that are mandated or where compliance is a barrier to mar-

ket entry will find less acceptance and may be considered by the public

as inappropriate rent-seeking or invitations to morally hazardous behav-

ior. Next to welfare losses from the lack of adoption of formal standards,

public policy that facilitates SEP may undermine the competitiveness of

local industry sectors by inviting outsiders to compete by participating in

global collaboration on developing FOSS solutions. The availability of for-

mal standards where compliance is mandatory or practically required as

open standards would eliminate this possibility.

The assumption that the state should avoid displacing the economic

activities of private enterprises in the market does not generally hold for

FOSS activities. If the collaboratively created product is made available

under a FOSS license as a public good with perfectly infinite supply, con-

tributions by the state do not negatively affect the market or compete

with specific private enterprises. Government agencies may decide to

participate in FOSS activities to satisfy their own needs in collaboration

with community and enterprise contributors without negatively affect-

ing competition, which supports the arguments made by the PMPC cam-

paign [55]. Public contributions to FOSS should be considered pro-com-

petitive as they enable all enterprises to refocus their investment on dif-

ferentiating product features. The argument that all information goods

produced by the state should be released under FOSS licenses since they

belong to the public should be investigated earnestly. Establishing an

agency to foster and support FOSS development at the EU level or tasking

existing EU SSO or national standards bodies with that responsibility will

help to leverage the innovativeness of the wider open source community.

4.8 Summary

To answer the question of whether SSO and the FOSS communities are

partners or competitors, our study identifies significant changes induced

into the ICT sector by digitalization (see 4.5.1). Improved methods of col-

laboration, a global trend towards openness and transparency, the shift in
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the role of the modern state to a regulator and a transition from national

to supra- and international collaboration and regulation present both op-

portunities or threats to ICT market participants.

Against these changes, we analyze standardization as a path that leads

from ideation to industry-wide diffusion through specification and imple-

mentation (see 4.3.1). To answer perceived standardization needs caused

by market pull or regulatory push, we introduce the concept of standard-

ization instruments that cause the transition to a widely adopted standard

by exerting standardizing effects. Based on that, we introduce a phase

model of standardization that is able to describe early, late and paral-

lel standardization approaches. By deciding to participate in standards

setting, FOSS development or both, participants elect standardization in-

struments that promise to efficiently lead to market diffusion. We believe

this standardization phase model explains more types of standards devel-

opment activities compared to the document-centered ISO definition or

institutional models that assume standardization is what SSOs do. In par-

ticular, it describes the processes of both SSOs and the wider open source

community.

In the SSO ecosystem, we find that the reputation of individual SSOs

in the ICT sector depends on relevance more than on formal recognition

(see 4.5.3). The importance of interoperability changes as new technolo-

gies may now be incubated as FOSS before being standardized, leading

both to higher quality standards and potentially to single joint implemen-

tations available as public goods, decreasing the importance of data for-

mat or communication protocol specifications. With global collabora-

tion methods available, especially national standards bodies now com-

pete more closely for relevance, which opens up both opportunities for

a more efficient distribution of responsibilities and a challenge to retain

mind share and to restructure accordingly.

To better illustrate the FOSS ecosystem, we introduce new or more

precise definitions for the concepts of community, the wider open source

community, umbrella organizations, contributors, contributions, FOSS

licenses and the upstream/downstream model (see 4.5.2). We believe that

these concepts are intuitively well-understood by participants, but so far

not present in academic literature in a coherent and interconnected way.

We introduce the concept of continuous non-differentiating cooperation
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that partially replaces pre-competitive cooperation, and identify that in-

dustry participants apply a principle to either differentiate or collabo-

rate. Voluntary participation, indicated by the competition for contrib-

utors and the looming threat of forks, acts as a corrective force that cause

community governance norms to converge towards the expectations of

the wider open source community. Our study reiterates that FOSS licens-

ing minimizes transaction costs by eliminating negotiations, thus pre-

venting the numerous FOSS licensing relationships from causing an anti-

commons situation.

When assessing the relationship between SSO and FOSS, the relevant

standards need to contain software components or interfaces between

hard- and software components (see 4.6). Standards exclusively cover-

ing physical goods are not implemented as FOSS. Our study identifies

cost of change and pace of innovation, which are usually inversely cor-

related, as factors that influence the decision to focus on specification or

implementation first. The results indicate that SSO and FOSS communi-

ties compete for relevance as alternative process choices based on their

suitability to address specific needs for standardization, and that some

topics where both SSO and FOSS processes show weaknesses, like early-

investment heavy research and development efforts not suitable to open

collaboration, are currently not efficiently served by either process. Fi-

nally, the results show that the roles of FOSS umbrella organizations and

SSO exhibit signs of convergence, with both influencing the governance

and IPR frameworks of innovation and the development of standards and

acting as platforms for consensus building.

Overall, our study describes a utilitarian approach to standardization

where a perceived need for a technical standard is satisfied by the diffu-

sion of a technical solution in the market through standardizing effects

caused by the application of standardization instruments. This approach

signals that standardization serves a purpose instead of being a goal in

itself. SSO and the wider open source community both cause standard-

izing effects. By creating a level playing field where SSO and the wider

open source community can collaborate in technical standardization and

also compete as standardization instruments based on voluntary partici-

pation, innovators and policy makers can ensure that the most applicable

process is chosen for the development of a standard. SSO and FOSS are
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competitors and complements at the same time. Combined they con-

tribute to realizing the opportunities and help overcome the threats that

result from globalization and digitalization. By recognizing the contribu-

tions of both SSO and the wider open source community to the common

good, society has the opportunity to build the foundations for modern

institutions that shape and facilitate technical innovation.
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Chapter 5

The economics of open source

This article was originally published as: Mirko Boehm. “Economics

of Open Source”. In: Open Source Law, Policy and Practice. Oxford

University Press, Oct. 2022 (pages 298–328). Reproduced by permis-

sion of Oxford University Press. For permission to re-use this mate-

rial, please visit https://global.oup.com/academic/rights.

The relationship between Open Source and economics is fundamental

since the collaborative creation of software and its utilisation are eco-

nomic activities. There is a value that businesses can generate with

products that include or consist solely of Open Source, and a potential

cost saving in its use. The work of the wider open source community

is coordinated and software is created by different elements of the Open

Source ecosystem. It is integrated as an intermediate or final product into

consumer applications that deliver concrete, useful functionality. Open

Source is unique in that it is simultaneously state-of-the-art technology,

a commodity, and a public good. Open Source communities are social

groups of individual and organisational contributors that participate vol-

untarily in the production of public information goods.

Communities are able to resolve issues without the coordination

provided by a central authority like the state. Overall, the wider Open

Source community contributes positively to the common good. This

shapes how Open Source collaboration relates to market competition and

the value propositions of businesses. Today, collaboration spans both un-

paid or volunteer participation and industry contributions that are made

in the course of employment or under the guidance of a commercial
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sponsor. This chapter develops a basic taxonomy based on a combina-

tion of the revenue model, the type of good, and the differentiating as-

pects of Open Source-based products. It positions Open Source in its re-

lation to economics and discusses the different behavioural norms like

reciprocity and fairness that participants apply to the social transactions

of Open Source collaboration, as well as the impact of Open Source on the

technology stock of society.

In recent years, Open Source has gone through a remarkable trans-

ition from an exotic pastime of idealists into a mainstay of software en-

gineering practice. Today’s communities are a diverse mix of individual

volunteers and industry contributors who collaborate on software devel-

opment, while simultaneously competing intensively in business. Open

Source is used pervasively throughout the ICT sector. Such pervasive ad-

option is inevitably driven by sound economic arguments that appeal to

many actors with differing motivations and self-interest, indicating that

there is a theoretical foundation for the mass appeal of Open Source col-

laboration and for the reconciliation of self-interest or business rationale

with collaboration on the development of Open Source technologies

5.1 Introduction: Open source, law, politics and eco-

nomics

Open Source itself is first and foremost source code and therefore soft-

ware. This is the way many people see it— as an amazing pool of free soft-

ware modules to select and build upon. However, that is not the whole

story. Free licensing of source code combined with collaborative and

accessible development processes create a relationship between Open

Source and a cross-section of society. Richard Stallman, the founder of

the FSF, insisted that ‘free software is a social movement’. [140] Software

is a form of technology with wide-ranging social implications. In a soci-

ety which has digitised, it impacts a diverse range of issues, including civil

liberties and human rights, access to the means of production of goods

and services, methods of collaboration, and many others. Three of these

relationships that have attracted particular attention in recent years are

those between Open Source and law; politics, and economics.
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The interaction between Open Source and law manifests itself in Open

Source licensing and compliance. Source code that is created by humans

is covered by copyright.[135] In most cases, explicit permission from the

copyright owners is required to use the code due to the application of

copyright. Open Source licences are the mechanism by which authors

give permission to third parties to use their work. These licences form

the basis of the legal relationship between the authors and the users. Dis-

agreements between the owner/licensor and licensees are resolved by re-

course to legal processes. Other legal frameworks that intersect with Open

Source include the potential to own and infringe patents in the software

in some jurisdictions.[6]. Chestek explores the use of trademarks to desig-

nate product origin.[30] Contributors sometimes appoint fiduciaries that

represent their rights or enter into agreements with communities or busi-

nesses.[128]. Questions also arise around liability for code which is either

negligently or maliciously constructed. Issues around rights and obliga-

tions around the development, distribution and use of Open Source today

are dealt with primarily through private law.

How Open Source and politics relate is possibly more abstract, but

already hinted at in Stallman’s statement quoted earlier.

Open Source initially challenged how the software industry innov-

ated, by shifting from a proprietary or closed to an open and collabor-

ative model. As software has become increasingly important in many dif-

ferent sectors of the economy, through a process of digitalisation, the ef-

fects of Open Source innovation have become pervasive. In particular, the

collaboration methods developed by the wider Open Source community

have inspired related changes in business activity around software devel-

opment and also inspired changes in areas not directly associated, such as

open access in science, open data, or open hardware.[75] As part of this

shift in how knowledge is transferred and monetised and how technical

standards are developed and adopted, Open Source has offered new and

alternative approaches to innovation.

Other changes go deeper and reflect technological development over

the last two decades. Ubiquitous Internet access combined with Open

Source enables previously unfeasible participatory forms of decision-

making in society, alternative approaches to knowledge transfer, and op-

portunities for provisioning public ICT infrastructure, with reduced lock-
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in to specific technology providers. The gig economy has transformed the

labour market and impacted employment patterns and worker mobility.

Understanding of the societal changes caused by the Internet with resi-

lient connectivity, convergence, and software freedom is still at an early

stage, which is why this chapter focuses primarily on the micro-economic

effects of Open Source.

The relationship between Open Source and economics is funda-

mental. Economics studies how our societies produce and trade goods

and how individual actors make decisions when participating in that pro-

cess. From an economic and, probably, a legal perspective, software is

considered to be a good. When considering economics, it would tradi-

tionally need to be traded to be useful.

Development of software and in particular Open Source is an inherent

part of the economy. In the case of Open Source its contributions to GDP

may be difficult to measure since using it is generally not accompanied

by a monetary exchange (although there is no prohibition on such it is

not the norm).

Open Source is a software good with specific properties. In particular,

it is available without significant restrictions and in unlimited quantities

and allows every interested party to use and improve the existing source

code, build upon it, and redistribute that modified version. This raises

two key questions:

• What incentivises an individual to consume and to contribute to

Open Source?; and

• What creates the balance between supply and demand so that the

market is provided with the software that is needed in the necessary

quality and quantities?

From a macro-economic perspective, a choice that affects us all is how

society may react to the changes that Open Source imposes on it. They

could be rejected, for example because they threaten jobs in established

businesses. They could be tolerated, because the benefits of innovation

outweigh the potential costs. Or Open Source could be facilitated, inves-

ted in, protected, and supported because of a belief that it is a beneficial

pillar of the digital society. To make that choice, it is necessary to under-

stand the overall impact of Open Source on society.
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5.2 Why is free software free?

There is an unfortunate confusion based on the meaning of the term free

in the English language. It means both free as in free of charge as well

as free as in freedom or liberty. In the case of Open Source, it is free as

in liberty, but generally also free of charge, licence fee, or royalty. To un-

derstand the economics of Open Source, we must also consider not only

what makes Open Source free but also why our society embraces a model

where important software technology is developed in an open, collabor-

ative model. In short, why is free software free?

Software begins its life as the human-readable source code. Without

the application of IP protection in the form of copyright, source code can

be regarded as merely information. Information is produced, traded, and

has value, making it a good in the economic sense. Information however

has properties that make it special, in particular intangible. It is “costly

to produce but cheap to reproduce”[133]: today, reproducing (making a

copy of) information on a computer practically incurs no cost at all and,

increasingly, all information relevant to human activity and existence is

represented in digital form on computers.

When humans consume information, for example by reading source

code or experiencing a piece of music, they convert it into knowledge, a

process that cannot easily be reversed (some say information is difficult to

dispossess). Information generally available on the Internet can be con-

sumed by any interested user, making it non-excludable. Each user’s ex-

perience will be mostly unaffected by the fact that others are consuming

the same information at the same time, making it non-rivalrous. Products

that both non-excludable and non-rivalrous are defined as public goods.

Information without property protection is either secret or potentially

available to everybody.

There is a dilemma in that it takes effort and creativity to produce

valuable information while it is easy and cheap to reproduce it. This is

well-understood, and one of the foundations of the Berne Convention,

a pillar of international copyright law ratified by all developed countries

in the world.[159] It posits that authors acquire copyright on their works

as soon as they are ’fixed’, and that others need explicit permission (a li-

cence) from the copyright owner to use, reproduce, and distribute their
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works. By giving authors a legal instrument to manage who has access

to their works, copyright provides the framework that makes intangible

information goods tradeable.

In most traditional uses, copyright and its licensing are applied to re-

strict the number of available copies of a work. In a competitive envir-

onment, a good that is available with unlimited supply will converge on

a price of zero. This fact incentivises rights holders to limit the number

of copies available in the market. For example, reproductions of paint-

ings may be limited and books printed in batches. Binding the informa-

tion good to a medium for transport illustrates its intangible nature. The

number of copies of the medium is restricted as a means to limit supply

and to maintain a non-zero price. If the cost of creating another copy is

very low, as for example with digital music streamed from the Internet,

subscription models are an example of a tool to generate revenue based

on the aggregated market demand.

Open Source moves a step forward in the application of copyright to

digital goods. It applies the same concepts of authorship and licensing

discussed so far and applies terms that make the software available in un-

limited supply. All Open Source licences guarantee that users have the

rights to use, study, modify, and redistribute the software. Since every-

body and anybody can redistribute the code, any piece of Open Source

is available to the general public once released and very difficult (if not

impossible) to retract. That means a piece of software released under

an Open Source licence begins life as a public good, and is made into a

private good by the copyright acquired by the author, and then reverted

to a public good again by the application of the Open Source licence.

However, since users have the right to use the code on the terms

chosen by the author, these may contain obligations or restrictions. For

example, attribution, as in naming the authors of the used Open Source

building blocks in all reuse is a minimum requirement in these licences.

The class of reciprocal, ’copyleft’, Open Source licences require that users

distribute their own modifications under the same terms, ensuring that

the software remains Open Source even if modified.

The use of traditional copyright licensing in a way that enables shar-

ing and user freedoms, effectively playing the IP right at its own game to

revert its impact, is a ’stroke of genius’ attributed to Richard Stallman. As a
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consequence of this action, all Open Source licences are anchored in the

author’s copyright and precluded the need for an Open Source-specific

legal framework or ‘lex Open Source’.

5.3 Software freedom and open collaboration

The basic concept of Open Source mixes two perspectives, that of free

software as a product and that of open and collaborative processes for

the development of software. A typical understanding is that an Open

Source product is both free and also developed in an open, transparent

collaborative process. These two perspectives are distinct.

Software is considered Open Source if it is made available under an

accepted Open Source licence. Today’s understanding of the formal re-

quirements for code to be Open Source builds upon the ‘four freedoms

of software’ as laid out by the FSF [54] and more generally the Open

Source Definition [106] maintained by the Open Source Initiative. All

Open Source licences give the users of the software at least four essential

rights, namely to use, study, modify, and redistribute the software without

discrimination between who uses the software and for what purpose. This

definition does not prescribe in what way the software is created.

Open Source contributors may not consider their works to be products

since they are not sold in the market. In the context of this article, the term

‘product’ is understood as a good made available for another’s use. The

requirement is that having been produced the good is made available, not

that it is being sold at a price. Various goods are made available for free

even though they are costly to produce, for example in state-provided free

education.

Open Source may be created in a community process where inter-

ested parties may participate and contribute to its production based on

the merit of their contributions. What if any requirements of this open-

ness exist is still the subject of an ongoing debate. In most communities,

it means that all contributors are welcome and should be treated respect-

fully and equally.

However, there are businesses that maintain control over an Open

Source product or a commercial version of it, while accepting outside

contributions. A company may act as a commercial sponsor to an Open
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Source product, usually combining it with offering a complementary

commercial version or support, such as Canonical sponsoring the Ubuntu

operating system.

There are however FOSS products where one organisation maintains

control over it while happily accepting outside contributions. Another

form of development is the release of projects originally developed in-

house under an Open Source licence, like Google’s Kubernetes. Many pro-

jects today start as industry collaborations where businesses cooperate on

the development of a foundational technology or an industry standard.

Such projects are often set up at Open Source foundations.[128]

Some refer to this by saying ‘there is more than one FOSS way’.[108]

Since this Open Source governance is less standardised than Open Source

licensing, it is assessed indirectly by measuring accountability, trans-

parency, or the accessibility of the community decision-making pro-

cesses.[21] Calling software Open Source conveys certain positive values

on the code and may be used by businesses in marketing, whether accur-

ately or otherwise, adding to the confusion.

The distinct merits of Open Source products and open collabora-

tion are each economically relevant. Similar to inventions, Open Source

products become part of the technology stock of society and influence

the state of the art of products and production processes. Due to their

free nature they may be the subject of both rapid adoption and ubiquity.

Even though Open Source is usually distributed freely, its function-

ality has an impact that has value and therefore impacts GDP. Open

Source development processes enable efficiency gains that contribute to

economic growth for example through improved interoperability or as a

consequence of their free adoption may eliminate duplicated efforts.

5.4 Differentiate or collaborate!

According to the Maddison project database,[23] real GDP per capita in

Germany increased more than twenty-fourfold between 1850 and the year

2000. Other industrialised countries show similar increases.

GDP per capita depends primarily on the technology stock applied to

production since it does not increase if more people produce the same

amount per person. It is plain to see that the dramatic increases in the
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standard of living experienced in this period depend heavily on technical

innovation. While it is difficult to provide a clear definition of what innov-

ation is,[104] its effects are real. It is the improvement of the technology

stock available in an economy that leads to increases in real GDP per cap-

ita and lays the foundation to improve the general standard of living. In

plain terms, it is the ‘work smarter’ aspect of economic growth.

Innovation is tied closely to competition.[1] Competition in a free mar-

ket is a somewhat Darwinian concept that is supposed to keep businesses

honest and aligned with consumer interests. Businesses that are out of

touch with the needs of their consumers tend to fail and be replaced by

better-performing competitors. Since most of the well-developed eco-

nomies in the world are market economies, it is often assumed that com-

petition is necessary for economic performance. Competition, however,

comes at a cost. Schumpeter aptly describes one such cost as ‘creat-

ive destruction’.[130] By introducing improved products and manufactur-

ing methods, the value of earlier investments in outmoded products and

now-redundant facilities are destroyed.

A further cost of competition are invention races. It is common in the

startup culture of the ICT sector today for multiple new ventures to in-

vest in the same trend or solution to a problem, only to drop out of the

race once there is a clear winner. The others who did not win this race

fail to deliver return to their investors. This issue is especially apparent

in patent races, where the first inventor to be granted a patent wins, leav-

ing the competitors in the dust with almost finished inventions that are

now mostly worthless due to the monopolistic IP protection afforded to

the first to register a patent. However, competitive markets provide high-

quality products at low prices to consumers. The benefits clearly out-

weigh the costs. Competition appears to be a ‘least-bad’ approach, one

that makes businesses work for the consumer at an acceptable cost. This

is reminiscent of Churchill who described democracy as ‘the worst form

of government, except for all the others’.[143]

In every economy, regardless of the type of government, competitive

and cooperative processes coexist. Competing businesses may cooperate

on standards development. Public goods, like education, may be cooper-

atively provisioned by the state in a centralised fashion. Decentralised co-

operative production has, however, historically represented a negligible
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segment of the economy.

Such collaboration has always existed in the form of neighbourly help

or barn-raising.1 It has generally been limited in scope by proximity and

shared interest. Today, the Internet enables global collaboration on Open

Source development and proximity is no longer geographically restrained,

which in turn allows interested parties to collaborate globally.

The beginning of the Open Source ecosystem and the development of

the Internet coincided. Together they triggered advances in collaboration

techniques like wikis, issue trackers, and revision control systems that en-

abled widely dispersed groups to work together.

Open Source offers an alternative to market competition that enables

participants to collaborate where they do not plan to differentiate.

Differentiation is businesses’ understanding or belief of what product

features convince consumers to choose their products over those of their

competitors. While those differentiating features are developed in-house

and usually kept proprietary, there is no business reason to invest in the

development of non-differentiating functionality individually, duplicat-

ing efforts of competitors. For example, every computing device needs

an operating system, which is a complex and crucial piece of software.

Consumers, however, almost never interact directly with it and are usu-

ally indifferent as to which operating system their device uses. While in

the 1990’s it was still common that every printer manufacturer developed

their own firmware, today almost all of them are based on Linux. The

same logic applies to the foundational software stack in general that is

used to build consumer-focusing applications.

It is assumed today that devices contain over 80 per cent Open

Source software with the remainder being proprietary, differentiating

code, which has been called the Pareto Principle of Software.[101]

This trend comes with a drawback. To be able to build competitive

products, a business must, in addition to the use of its own differentiating

code, use the available Open Source software stack of non-differentiating

software to the fullest extent possible, since its competitors will do so, and

otherwise undercut their cost. As Open Source reduces R&D cost, with

such costs being shared across the creators of the code, this is factored

1http://amishamerica.com/what-happens-at-an-amish-barn-raising/ (accessed
03/02/2024)
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into product prices today.

As a consequence of this ‘differentiate or collaborate!’ has become a

mantra in today’s ICT industry, as the guide to decision-making for com-

petitive, differentiating product features.

5.5 Joint stewardship and governance

By integrating Open Source, producers acquire crucial functionality for

their devices at the expense of a partial loss of control over the software

functionality of their products. Much of Open Source is developed in an

open innovation model as opposed to the traditional confidential corpor-

ate R&D models.[29] As a consequence of ongoing collaboration by the

development community, incremental changes to the Open Source mod-

ules are routinely and continuously shared between the participants, usu-

ally in the form of commits to a version control system such as Git.2 Users

benefit from gaining access to the aggregated contributions of other par-

ticipants, the value of which commonly outweighs the cost of their own

contributions. For industry contributors, participating in Open Source

development is primarily an approach to save costs and increase speed

of innovation by pooling R&D resources in cooperation with other parti-

cipants.

One consequence of this collaborative innovation approach is that

the developed Open Source functionality is available to everybody, also

including non-participating parties. It is also available to contributors’

competitors as others cannot be restricted from using the same code and

building upon it or modifying it. By attracting contributions from many

diverse stakeholders, Open Source can be very innovative and represent

the current state of the art in a specific field. At the same time, it is con-

sidered a commodity in that the functionality it provides loses its differ-

entiating value and becomes generally available to the whole world.

The combination of innovativeness, commodity character, and being

a public good makes Open Source rather unique. It drives the innovative-

ness of the wider Open Source community and explains why Open Source

development contributes positively to the common good.

2https://git-scm.com (accessed 03/02/2024)

157

https://git-scm.com


It is possible to use Open Source without ever participating in its de-

velopment. Indeed, an overwhelming number of users fall into this cat-

egory. Passive consumers, however, will be unable to influence the tech-

nical development of the software beyond making feature requests in

communities. This exposes them to business continuity risks. As the de-

velopment of the software continues, it may deteriorate in quality or de-

viate from the functionality needs of the passive consumer’s application.

Businesses consuming Open Source therefore have a stake in the vi-

ability of the ongoing development of the Open Source components they

use. By engaging in the community and investing in shared development

efforts for that software, businesses ensure that the Open Source products

they consume match their functionality and quality requirements and,

importantly, that it will continue to be maintained and secure. Invested

consumers of Open Source often become contributors to it in the long

term. The process is a cycle where users frequently begin to participate in

both the creation of the software as well as in the governance of the com-

munity that develops it as a way actively to manage their own business

risk of growing dependence on the Open Source components they use.

5.6 Contributions, copyright and participation

Participants contribute code to Open Source projects which is the subject

of copyright. The resulting releases of the packages usually contain con-

tributions from many different contributors. Each release builds upon the

earlier versions as a derivative work. Since the contributor base of Open

Source projects fluctuates over time, the set of rights holders changes with

every new release. Some contributors only submit a single patch that

fixes a bug they discovered, others participate long term and may even

evolve into core developers or maintainers of projects. As all Open Source

licences guarantee the same minimum set of freedoms to all users, the

question of who owns the code in an Open Source project may be more

relevant for the individual reputation of the contributors than to the ad-

option or the value of the software. Many Open Source developers care

strongly about being properly attributed for their work as this builds their

reputation and their personal value, despite there being minimal restric-

tions on the distribution of the software they created.
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The contributors who currently develop and maintain an Open Source

project are typically a subset of all of the copyright holders. The contri-

butions of their predecessors facilitate the continued development of the

software and the prior participants’ licence decision will impact release of

new versions. The current group of contributors assumes joint steward-

ship over the technical development of the project and the management

of the community (whether or not they are joint owners).

To become an active stakeholder in an Open Source project, new-

comers must engage with the community that develops it. Since con-

tributor fluctuation is quite normal in Open Source communities, a key

aspect of community governance is to ensure continuity in the event of

changing participants. In communities that have been active for a period

of time, the currently active stakeholders steer the project on behalf of

themselves and the previous contributors who are likely copyright hold-

ers on the code, but who no longer participate in the project. In some or-

ganisations, being an active contributor or qualifying for membership in

the technical or administrative steering bodies is tied to a financial contri-

bution or organisational membership fee. These fees are nominal in com-

munities but may be quite substantial in foundations and may depend on

the size or turnover of the contributing organisations. They cover admin-

istrative, governance, and community management costs. The software

the community produces is still Open Source and free to use, irrespect-

ive of such fees. Governance and Open Source licensing are two separate

dimensions.

5.7 Communities, contributors and merit

The term community is crucial to Open Source but can confuse as it is

used with different connotations. To understand how Open Source is pro-

duced, it is necessary to distinguish Open Source communities from other

organisations and to derive the specific functions performed by com-

munities from this. Some people intuitively assume that Open Source

communities consist primarily of enthusiastic volunteers collaborating

for the common good. This is, however, not necessarily the case, and

increasingly businesses and paid developers make up significant propor-

tions of community.
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The mix of different types of contributors like individual volunteers,

businesses, or community staff is referred to as community composition.

Quantitatively, most contributions originate from businesses and the ma-

jority of individual contributors participate in Open Source development

as part of their employment,[123] making the communities hybrid or het-

erogenous in their composition. While licensing defines whether a piece

of code is Open Source or not, the openness of a community is defined by

its governance norms. Communities with many diverse participants typ-

ically prefer open, transparent, and accountable governance processes.

Producing Open Source is of course a necessary aspect of any Open

Source community, but not sufficient for a definition. Different entit-

ies, state authorities, or anonymous donors may release code under Open

Source licences without ever engaging with others to build a community.

Open Source communities differ in how their products are created,

which is a question of governance. Especially volunteer-driven com-

munities care strongly about the values they communicate to their poten-

tial participants. The KDE Manifesto, for example, lists open governance,

free software, inclusivity, innovation, common ownership, and end-user

focus as essentials.3

A contributor is an individual or organisation that invests resources in

the creation of a community product. If a contributing developer is em-

ployed by an organisation, the employer pays the salary and may gain the

copyright on the contributed code. In many organisations individual de-

velopers are allowed to contribute in their own name. This creates a lack

of clarity as to whether an individual contributes on their own account,

that of an employer, or one of a number of organisations with whom they

are associated.

In the case of doubt, from a governance perspective the entity to be

considered the contributor should be the one that has the authority to

decide what effort to contribute and to what product or community. De-

pending on the internal arrangement, this may be the individual or the

company.

There are many different types of possible contributions, not just the

provision of code. Other examples are organising a community event,

translating software to local languages, maintaining the community web

3https://manifesto.kde.org/ (accessed 03/02/2024)
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site or writing newsletters. The different types can be normalised to con-

tributions of time, money, or knowledge in the form of experience or ex-

pertise. By participating, contributors gain merit in the community which

defines their standing within their peer group. Merit develops organically

based, for example, on technical expertise, long-term commitment, or the

social role and reputation of the individual. Merit or the value of contri-

butions are at times difficult to measure in quantitative terms.

While Open Source licences govern the contributor–user relationship,

governance structures govern the contributor–community relationship.

Contributors participate in Open Source development and engage

with the community voluntarily and based on their own desires. Even

though anybody can use, study, modify, and redistribute Open Source,

nobody can be forced or coerced to contribute to it, and arguably there

is no moral imperative to do so. Any individual or organisation that con-

tributes decides that it is the right thing to do for them.[83] Engagement

in Open Source communities may be explained based on Hirschman’s

concept of exit, voice, and loyalty. Hirschman researched consumer loy-

alty based on “a conceptual ultimatum that confronts consumers in the

face of deteriorating quality of goods: either ’exit’ or ’voice’“.[65] Long-

term consumers of a product develop loyalty to it in that they would rather

continue to use it and do not wish to change to a different one. When ap-

plying Hirschman’s concept to Open Source, the change of quality is that

of the governance of the community, while the loyalty is that of a long-

time participant. The option of having a voice in Open Source comes from

engaging in the community to maintain its quality and to participate in

joint stewardship. The exit option is to stop participating and to disengage

from the community. Over time, contributors tend to feel very strongly

about their communities and develop a sense of belonging. When con-

sidering whether or not to continue to participate, they often prefer not

to let their fellow contributors down.

A specific form of exit in Open Source occurs where there is a fork. A

fork is a split of the development community where a group of contrib-

utors establishes a new ’centre of development’4 to continue the devel-

opment of their own separate version of a product. Well-known forks are

the LibreOffice/OpenOffice, the Elasticsearch/Opensearch and the Own-

4https://opensource.com/article/19/1/forking-good (accessed 03/02/2024)
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Cloud/Nextcloud splits. Forks are a corrective measure that ensures that

community governance stays aligned with the interests of the currently

active contributors.

They are made possible by the essential provisions of Open Source

licences and almost always represent an issue with community gov-

ernance, illustrating further the duality of Open Source licensing and

community governance as separate dimensions. Forks come at a cost,

for example in the form of a split of the contributor base, added technical

complexity, or interoperability issues, which is why contributors do not

take this step lightly.

This fact focuses the community on whether there is a less destructive

way of tackling the issue which instigated the possibility of forking in the

first place. Accordingly, the threat of forking provides additional checks

and balances over how the community governs itself.

Voluntary participation together with the potential of forks keep con-

tributor interests and community governance in line.

The combination of licensing and governance provides a suitable

definition of what makes an Open Source community: An Open Source

community “is . . . a social group of contributors that participate voluntar-

ily in the production of public information goods”[21] The two functions

that communities need to provide based on this definition are:

• community governance, which determines the perceived quality of

the organisation in the eyes of the contributors and influences their

voice-or-exit decisions; and

• community management as the task to motivate contributors to

join, actively participate in the community, and to stay active in-

stead of exiting.

Contributors join communities if they expect to achieve their goals

more easily as part of the group compared to working alone. This comes

as a trade-off, as to become a part of the community, a share of the con-

tributor’s investment needs to be directed towards being a community

member as opposed to the development effort.

The term governance refers to all of the processes of social organisa-

tion and coordination within the group. Essential aspects of community
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governance include the explicit and implicit organisational structure, the

decision-making and conflict resolution processes, and the social order

of the community.

The reasons why communities experience contributor fluctuation can

be conceptually separated into changes in motives and changes in motiv-

ation. The motives of a contributor may change based on external devel-

opments. People may graduate from university where they enjoyed Open

Source development, or start a family and intend to spend more time with

their kids, or change jobs and now work on different things. Communit-

ies need to accept and possibly even encourage such changes as a sign

of a healthy personal development. Changes in motivation, however, are

caused by internal community processes that affect organisational quality

as perceived by the participant. They are determined by the community’s

governance norms and maintained through community management.

How the community makes decisions and resolves conflicts, the impact

of speaking up to influence the group, how decisions are enforced in

the face of voluntary participation, the support the community provides

to the creative development process, and the delineation of community

members and outsiders all influence the perceived quality of the organ-

isation. Contributors participate voluntarily in Open Source communit-

ies. They engage in the production as well as the governance processes.

Communities facilitate contributions through their governance and at-

tract contributors through community management.

5.8 Value at the edge of the commons

At the intersection of Open Source and business there is an apparent

tragedy of the commons.[60] Developing Open Source is a virtuous effort

that contributes positively to society by improving the available techno-

logy stock. At the individual level, contributors are passionate about their

work and love what they do. On the other hand, many businesses that

aim to create value by developing and building upon Open Source tech-

nologies struggle to find viable business models. Some have questioned

the sustainability of the Open Source development model as a whole even

though the wider Open Source community is thriving.

One source of confusion in this context is the much-repeated question
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of ’how to make money with Open Source’. This question is difficult to an-

swer because it reduces benefiting from Open Source to capturing value

through the generation of revenue.[25] It has long been established that

there is no special Open Source economy.[154] Instead, the production of

Open Source follows basic economic principles in a process that can be

explained by breaking down more systematically how businesses benefit

from Open Source.

5.9 The global upstream/downstream network

To illustrate how to position businesses in the Open Source value chain,

it is necessary first to look at how the wider Open Source community

organises itself. Individual communities develop specific Open Source

products representing parts that need to be integrated into consumer-

focused software and hardware products in order to be useful. The mech-

anism that coordinates the efforts of the various specialised communities

is called the global upstream/downstream network. This network integ-

rates the work of the various specialised communities into a technology

stack suitable for end-users or as platforms for commercial products. This

upstream/downstream model of collaboration within the wider Open

Source community uses the mental image of a large river that collects

the water from many tributaries (the communities) and delivers it to the

ocean (the users).

No central decision-making body exists to coordinate within the

global upstream/downstream network; instead, the communities oper-

ate autonomously and react to the stimulus from feedback and contri-

butions in a competition for relevance and adoption of their solutions.

Product improvements originate in the communities and are integrated

‘down the stream’ by more and more complex aggregated products. Feed-

back such as bug reports and requests for improvements, but also patches

meant for integration into the upstream projects, are generated closer to

the users, and then travel ‘up the stream’ to be eventually integrated by

the originating community for that package. Practically all relevant Open

Source solutions are part of this network that coordinates between supply

and demand of Open Source contributions, resulting in complex, highly

integrated products, for example Linux distributions or device platforms
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like Android or Yocto.

All copyright licensing within the wider Open Source community is

automatic and transitive. It is automatic in that no negotiation takes place

between the authors and the users of the software, and use of the soft-

ware is subject to the terms on which is it is licensed. Licensing is trans-

itive in that everybody in possession of the software is able to redistrib-

ute it to make it available to any other party without the need to refer

back to the original author. By way of the combination of automatic and

transitive licensing, the wider Open Source community avoids potential

‘anti-commons’ situations. In an anti-commons situation, the effort to

acquire all necessary IP becomes prohibitively high, resulting in an un-

deruse of available assets.[62] The widespread reuse and integration of

Open Source solutions in the upstream/downstream network potentially

results in an exponential increase in the number of licensing relationships

that can easily produce an anti-commons situation. It is therefore essen-

tial for the functioning of the global upstream/downstream network that

all necessary rights are acquired ex ante and without the need for nego-

tiation. This is one reason why patent holders have found it difficult to

combine the use of Open Source with revenue-bearing patent licensing.

To avoid the necessary negotiations with patent holders after the software

has already been used, the Open Source community tends not to adopt

patent encumbered technologies.[15]

5.10 Open source-related products and services

Businesses operating in the Open Source ecosystem offer a combination

of goods and services. These terms are loaded with different meanings, for

example based on whether what is sold by the business is a unit of a good

or billable hours. To avoid confusion, the distinction made in our context

is that offering a product requires the right to do so, for example based on

the ownership of physical goods or the rights to sell commercial software

licences or redistribute code, while services can be sold in a way that they

complement a good somebody else possesses.

Applied to Open Source, businesses must make a choice regarding

how to manage IP related to the value proposition they offer to con-

sumers. To pursue product-based business strategies, they must retain
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appropriate rights over the complete product source code, for example

through the application of CLAs.[89]. These agreements ensure that the

business has the necessary rights to sell proprietary licences to the soft-

ware, at the expense of creating asymmetry between the contributors to

the software: While those participants that submit improvements and

bug fixes under the CLA can contribute to and use the software as Open

Source, only one entity has the rights to benefit commercially from it.

Such ‘single-vendor’ business models require a strong market position

usually based on thought leadership and innovativeness that convinces

external contributors to participate.[122] MySQL, Qt, or Asterisk are ex-

amples of products that have been successfully developed under such

a goods model. In contrast, offering services related to Open Source

products does not require appropriation of the software by the vendor

of the service. Anybody with the necessary expertise may offer support,

custom development, or operate Open Source-based solutions for clients

without the need to own the copyright to the original code and companies

may offer support for code that is distributed by others.

Using this distinction between goods and services as the basis for

revenue generation, Open Source-based value propositions can be fur-

ther broken down based on their function in the value chain. Software

products may be used as foundational technology or as consumer tech-

nology.

Foundational technologies are the intermediate products or building

blocks of the tech sector that provide common functionality from the

operating system to web-based communication or user interface frame-

works. They are combined by manufacturers into more consumer-ready

devices, even though the consumers often do not know or necessarily care

which exact software the device contains so long as it does the job.

Consumer products are made to satisfy concrete needs rather than for

reuse or as means of production. Open Source solutions such as oper-

ating systems, a boot loader to prepare the device and start it running,

programing language runtimes or databases are common building blocks

used in many devices that consumers expect but are usually indifferent

to. Even most proprietary software regularly also includes common Open

Source modules for these.

Businesses may offer either vertical integration where they operate
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Open Source as a service for their customers or offer services that are com-

plementary to the product itself.

Building custom websites based on an Open Source web framework

vertically integrates the framework into a higher-level application. Sim-

ilarly, a cloud provider that provides instances of an Open Source data-

base vertically integrates the software into their main product, the oper-

ation of data centres. To provide vertical integration, the service vendor

requires expertise on how to use the underlying software modules and do-

main knowledge about the intended application, but – unless the vendor

wishes to extend their functionality – not necessarily knowledge on how

to develop the software. Vertical integration creates value in the eye of the

consumer on top of the underlying Open Source solutions.

Complementary services in comparison focus on supporting the

Open Source modules themselves, as in custom feature development or

long-term maintenance of a library. Instead of building higher-level func-

tionality, they make foundational technologies viable for inclusion into

other products or for use in different domains. Since the Open Source

ecosystem is built upon the idea that everybody can maintain and ex-

tend the software, complementary services are an essential element of it.

Many Open Source developers make a living from being the main contrib-

utors to software modules and getting hired to improve or extend them.

Such services are not free. The philosophy that the software should be free

while it is at least partially developed commercially is an inherent idea of

Open Source. Even selling copies of the software is explicitly allowed by

the terms of Open Source licences, which is represented by the slogan that

‘Open Source is commercial’.5 Instead, the Open Source community dis-

tinguishes between Open Source and proprietary software based on the

licences applied.

Vertical integration requires a higher grade of domain knowledge,

while horizontal complementary services require more technical expert-

ise about how a specific software module is implemented. The vendors

involved similarly develop into different roles. Vertical integrators often

regard the Open Source modules used as stable and complete and fo-

cus on providing them to a wide range of customers. Horizontal service

vendors care about the software as something to maintain and improve.

5https://www.gnu.org/philosophy/selling.html (accessed 03/02/2024)
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They contribute more changes to the software compared to the vertical

integrators, sometimes leading to criticism that those only use the soft-

ware without ‘giving back to the community’. In particular, businesses

that pursue growth strategies based on Open Source technologies, some-

times funded by venture capital, find it difficult to convert vertical integ-

rators into paying customers. Since there is no obligation to contribute

back or to ‘pay a fair share’, these difficulties illustrate problems in the

underlying business models rather than with the sustainability of Open

Source development. To be able to offer convincing value propositions to

potential customers, businesses need to maintain a level of control over

the goods they are selling. Open Source in itself as a public good does not

provide this leverage.

Businesses have tried to combine Open Source with various ap-

proaches to capture its value. The single-vendor model mentioned pre-

viously is one of them. Others include trademark licensing programs, the

acquisition of patents parallel to software development, or attempts to

control the market by enforcing the use of standards covered by SEPs.[91]

All of these approaches represent a trade-off between software freedom

and capturing value in a business.

In summary, the Open Source-based value propositions can be broken

down into:

• foundational versus consumer-oriented products; and

• vertically integrated versus horizontally complementary services.

The vast majority of well-known businesses in Open Source sell services,

a fact sometimes obscured by services being marketed in a way that is

similar to physical goods.

The subscriptions to technical support that Red Hat offers are a ser-

vice complementary to the Linux distribution that contains thousands of

software package developed by the wider Open Source community which

Red Hat does not need to own. GitLab (the company) offers hosted soft-

ware development infrastructure as a vertically integrated or support for

on-premise installations as a complementary service based on GitLab

(the software). GitHub hosts many important Open Source projects, even

though it offers a vertically integrated service that itself is not free soft-

ware. Android phones are proprietary consumer products based on an
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Open Source foundation, the Android Open Source Project.6

5.11 The benefits of Open Source in a business con-

text

The success of Open Source has incentivised entrepreneurs to build rev-

enue streams based on it.[25] However, ‘making money with Open Source’

is only one way a business can benefit from Open Source. With regards to

business strategy, there are three possible scenarios regarding how Open

Source can be useful to businesses:

• Open Source can be useful without the goal of direct financial bene-

fit, or

• it can be used to directly to generate revenue by being sold, or

• it may provide a way to reduce the cost of a product.

All three scenarios are relevant in practice. Many software engineering

tools like compilers, build systems or programing language environments

today are developed in an Open Source-first approach. These tools en-

able ecosystems of specialised functionality and drive developer engage-

ment through knowledge transfer. By standardising their ICT infrastruc-

ture and engineering toolchains, through Open Source, a business can

significantly reduce up-front expenditures and focus the R&D budget on

consumer-relevant product functionality which it believes drives con-

sumer choice. Similarly, Open Source enables interoperability, for ex-

ample through shared application programming interfaces (APIs), which

allows independent organisations to build solutions that integrate with

each other.

A different approach is the loss-leader – software products like web

browsers that are distributed as Open Source to attract consumers and

market other value propositions. All these approaches benefit businesses

indirectly without generating revenue for them.

To build revenue streams, businesses can offer products or goods for

licensing or use them to offer integrated or complementary services.

6https://source.android.com (accessed 03/02/2024)
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In the single-vendor case, all rights to the source code are controlled

by the vendor, enabling them to license the same source code to dif-

ferent customers under different terms. This dual-licensing or multi-

licensing approach represents a price differentiation mechanism that al-

lows vendors to achieve a larger market share through the additional ad-

option of those consumers who choose the Open Source solution out of a

preference for the licence or to save cost. The product is typically offered

under a copyleft Open Source licence that requires customers to disclose

their own source code, with the alternative offer to buy commercial li-

cences to avoid this requirement so promoting the uptake of commercial

licences to avoid concerns, with respect to the use and impact of such

copyleft code.

Because the necessary CLAs create asymmetry between the contrib-

utors, this approach is controversial in Open Source communities, as was

seen in January 2021, when Elastic moved two of its products from Apache

2.0 to the proprietary SSPL licence and was able to do so only because it

had received CLAs from its community of contributors.

For a company to achieve a reputation in the market that enables it

to apply multi-licensing approaches requires thought leadership and in-

novation to build the necessary goodwill with both contributors and con-

sumers. Few are successful and failing companies risk to losing external

contributions and may end up carrying the development cost of the com-

plete product. There is also a risk of forks, which was the consequence in

the Elastic situation.

A third benefit is cost reduction in building software or devices. In the

simplest case, substituting a proprietary software module with an equi-

valent Open Source implementation eliminates the licensing effort and

importantly cost or royalty.

More commonly, the required functionality is needed by many com-

panies but not readily available in the market. This incentivises busi-

nesses to pool R&D cost with others that have the same needs, effectively

reducing their own investment to a fraction of the overall cost. In such a

setup, participants generally expect to be equals amongst the other con-

tributors. Open Source licensing facilitates the collaboration. Projects are

commonly set up as not-for-profit organisations or at Open Source found-

ations and typically industry-driven.[128]
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The same company may develop different parts of its product port-

folio under different models. It is quite common that manufacturers

compete in the same market segment with their products while at the

same time collaborating in Open Source projects. Since the Open Source

product itself is always free to all interested users and for all purposes, a

“good business model is simply one that succeeds in creating additional

value at the edge of the commons”.[154] One essential question for every

Open Source-related strategy is how the business benefits from its parti-

cipation in the Open Source ecosystem by one of these three approaches:

• by generating revenue; or

• by reducing cost, or

• by realising other non-financial benefits.

5.12 Differentiating in the eyes of the consumer

Businesses decide where to compete and where to collaborate based on

what they expect to be differentiating product features that convince con-

sumers to prefer their products over those of their competitors. Com-

mon product features are best implemented using existing Open Source

solutions both to share R&D cost with other contributors and to bene-

fit from the joint expertise of the stakeholders involved. The differen-

tiating product features are more commonly developed inhouse by the

vendors themselves and not Open Source. Embedded or mobile devices

today share a large part of their foundational software modules, while

they implement user experience and application-specific business logic

elements as proprietary software.

This differentiation is exclusively in the eyes of the consumer. There

are two common logical fallacies:

• First, contributors assume that because they invested time and re-

sources into developing a product, they are entitled to compensa-

tion. Unfortunately, it is quite common that businesses make the

wrong bet and develop products that are not convincing to con-

sumers. In an open economy, the ‘fair compensation’ a business
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should expect as the return on R&D investments is the value the

market assigns to the product. Only by focusing investments to-

wards those product features that consumers value can a business

be successful in the market.

• Secondly, Open Source developers sometimes expect that because

they have contributed valuable code, consumers should work with

them and hire them for example for ongoing development or op-

erational support. There is, however, no intrinsic value for the con-

sumer or a vertical integrator in a business relationship with the core

developers of a software unless this relationship benefits both sides

beyond the free licence to the software, for example by adding value

through knowledge transfer.

Developers and businesses that produce Open Source solutions must

find ways to differentiate their value propositions. Positive differentiators

include:

• the perception of quality and innovativeness based on the joint ex-

pertise of different stakeholders who participate in its development;

• enhanced trust based on the ability to verify the functionality and

integrity of the software;

• the sustainability of the development model;

• reduced lock-in; and

• the option to procure maintenance and feature development work

from a variety of providers and other factors that promise that the

software is useful to the consumer in the long term.

Many of these positive connotations that Open Source vendors can

utilise to differentiate are influenced by the impression of community

health, which is commonly assessed with metrics like the number of inde-

pendent organisations and individuals participating in the Open Source

development process or the overall number of contributions raised by

the community. These metrics reflect negatively on single-vendor mod-

els and partially explain the hesitation especially of vertical integrators to

engage in a business relationship.
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While the assumption that corporate Open Source users in particular

should return a ‘fair share’ to its developers is understandable, there is no

imperative to contribute from the individualistic economic perspective (it

could be explained by other disciplines).

However, conflicts based on free-riding behaviour are rare in the Open

Source ecosystem, and almost all involve Open Source vendors that im-

plement the single-vendor model.

Some Open Source vendors, particularly those with venture cap-

ital (VC) funding criticise their users and the community for not giving

enough back to them. This ‘community bashing’ is reminiscent of politi-

cians that criticise their electorate for exercising their free will not to sup-

port their policies. More rationally, the behaviour of the consumers can be

explained by the negative differentiation effects that is caused by the re-

introduced vendor lock-in or the lack of sustainability of the software de-

velopment process caused by the absence of a healthy, diverse developer

community.

In short, some single-vendor Open Source businesses attempt to re-

introduce proprietary software development models and strong vendor

lock-in based on an Open Source product, which reduces software free-

dom. These attempts contribute to the negative reputation of contributor

licence agreements that the vendors require to pursue these strategies.

5.13 The role of the volunteer community

In the discussion of the economics of Open Source, the focus is less on

the volunteer community since it contributes only a fraction of the over-

all Open Source development effort and is less engaged in the larger Open

Source foundations and the discussion of commercial models. The vo-

lunteer community is, however, a core element of the wider Open Source

ecosystem. This is illustrated by the early success and market adoption of

Open Source that happened when business participation in community

development was still considered an extravagance. The volunteer com-

munity acts as a driver that stimulates Open Source innovativeness.

The individual motivation of volunteers to participate in Open Source

development differs from the business rationale outlined earlier. De-

velopers start contributing to Open Source projects based on their own
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interests and technical needs and over time evolve a deeper engagement

with the developer community to gain a sense of achievement and be-

longing. Open Source culture builds on the careful, transparent, and

consensus-focused governance that the communities set up based on the

paradigm of voluntary participation and the correctives affected by the

possibility of forks. Many contributors consider Open Source develop-

ment something worth fighting for. They focus more heavily on the vir-

tuosity of contributing and the benefits of Open Source to society. Soft-

ware freedom has more importance to them than the availability of the

source code. As such, the engagement of the decentralised Open Source

developer community provides an important safeguard of software free-

dom and represents the interests of civil society.[21]

From the perspective of participating individuals, the positive free-

dom to use, study, modify, and redistribute the software gains more em-

phasis compared to the absence of constraints. This perspective has

defined the debate on openness and freedom indicative in the histories

of the FSF and the Open Source Initiative as opposed to the industry-

led Open Source foundations. Representation of the decentralised volun-

teer community of Open Source contributors often focuses on charitable

goals and is separate from industry-led foundations which are essentially

trade associations. This makes volunteer community organisations nat-

ural counter-parts for policy-makers and gives them a sometimes over-

sized credibility and reputation as trusted advisers. Compared to the

industry associations, volunteer organisations operate on small budgets

and staff. There is a generally fluid transition from being a volunteer con-

tributor to a corporate one upon graduation or with the creation of start-

up businesses, emphasising the importance of Open Source as a know-

ledge transfer mechanism. The volunteer community is an essential and

necessary part of the wider Open Source ecosystem that supports the

competitiveness of the software market and the alignment of technical

innovation with the interests of society.
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5.14 Competition in the wider Open Source com-

munity

As there is generally no direct remuneration for Open Source contribu-

tions, competition in the Open Source ecosystem is not about revenue

or market share. Contributions are not market transactions in which two

parties negotiate a trade they assume to be of similar value for both sides.

However, the Open Source community exhibits a fast pace of innovation,

develops new state-of-the-art technology, and swiftly reacts to changes in

the technology needs of the consumers. There is competition within the

communities, between the communities in the Open Source ecosystem

and with the rest of the market and even government.

Within the communities, contributors compete for the integration of

their code to be released with the community products. Since the motiv-

ation of individual contributors is often driven by non-monetary factors

like a sense of achievement, positive creativity, or pride, the effort that is

invested into an incremental improvement of a specific feature is at times

higher than justified purely by technical requirements. This perfectionist

attitude of ’it is done when it is done’ enhances overall product quality.

The prestige of proven contributions to important Open Source projects

or a good reputation as a contributor is valuable enough that in the soft-

ware sector, they come to be considered a part of the developer CV. This

combined with the potential global participation of individual developers

makes for a rather fierce intra-community competition.[162]

Open Source communities compete with each other for the adop-

tion and integration of their solutions within the global upstream/down-

stream network and eventually the consumer market. This mindset drives

the acquisition of new contributors and the continued development of

the software that defines the relevance of the community and its ability

to facilitate contributions and raise funding. Participants in Open Source

communities bet on the adoption of their community’s software to help

them realise the benefits from their contributions. This inter-community

competition for relevance and adoption causes swift technological cycles

that displace even well-known solutions with a large contributor base

once a more promising alternative emerges, as illustrated by the compet-

ition between the OpenStack and Kubernetes communities. The parti-
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cipants in these communities frequently stay involved and continue to

contribute to Open Source, however they quickly shift attention and con-

tributions to the newly dominant solutions. While individual communit-

ies grow and shrink, the overall community of Open Source participants

seems to mostly grow slowly and steadily. The upstream/downstream

network exhibits powerful positive externalities of community health and

size and fast adoption of new technologies similar to the tipping markets

of Internet products.[133]

When Open Source products substitute proprietary products, the

community competes with private enterprise. The inherent freedoms and

public good character of Open Source make it difficult for businesses to

compete since they need to offer strong value propositions to justify a

non-zero price. This kind of one-to-one competition between free and

commercial products was however more common in the earlier days of

Open Source adoption as a way to challenge the market position of en-

trenched incumbent software vendors, resulting, for example, in Lib-

reOffice, the Linux kernel, and Apache. Collaborating on Open Source

solutions challenged the market position of the incumbents and forced

their products to be more consumer-oriented, without necessarily repla-

cing them. Markets for some proprietary products have practically dis-

appeared, such as those for commercial software development tools or

proprietary embedded operating systems. In these cases, collaboratively

developed products perform better based on a wide stakeholder particip-

ation in the development process. Today, especially industry participants

have adopted a conceptual separation between a competitive zone where

consumer-oriented, differentiating product features are developed and a

collaborative zone that creates the underlying non-differentiating func-

tionality. Different behaviour is expected in these zones. The competitive

zone covers a smaller part of the overall software of a device or applica-

tion and functions mostly unchanged in terms of development processes

and IPR management compared to traditional R&D. In the collaborative

zone, a key principle is joint stewardship over the community products

with the expectation of ex ante licensing of all relevant IP. Based on this

collaborative approach, businesses engage in a model of continuous non-

differentiating cooperation.[15]

An under-researched aspect of Open Source community collaboration
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is the way it competes with state actors. Open Source offers technical

solutions that may challenge established political processes, as for ex-

ample in e-democracy applications, and facilitates new forms of political

participation. The production of private goods is coordinated primarily

within firms or between firms in markets, while public goods are mostly

provisioned by the state.[32] Open Source enables a ‘fourth transactional

framework’[11] that provisions public goods in an alternative, decentral-

ised fashion.

The cross-border collaboration of Open Source communities also

challenges established policy frameworks, which is of particular relevance

with Brexit and other geo-political shifts in the US, China, and Europe,

in particular calls for digital sovereignty. However, local legislation like

the European General Data Protection Regulation (GDPR) and govern-

mental policies such as the Chinese ’Great Firewall’ still have significant

impact. There is not much research on the potential competition between

the Open Source community and government at this juncture. This may,

however, become an important field of inquiry for both developing and

developed countries, especially as the impact of Open Source correlates

with policy objectives like the United Nations Sustainable Development

Goals.7

Overall, the wider Open Source community represents a very com-

petitive environment that results in fast-paced technical innovation, re-

duced barriers to entry, and a challenge to incumbent market positions.

The introduction of Open Source both from a licensing and a collabor-

ation perspective usually increases competition by providing alternative

models and approaches. Open Source community governance norms are,

however, not fully standardised, with a theoretical possibility that parti-

cipants may form market-controlling clubs and it is normal to have anti-

trust or competition policies to avoid this. The public good character of

Open Source combined with open, transparent governance norms gen-

erally inhibit possible anticompetitive behaviour. A key contribution of

Open Source to economic growth is the provision of baseline technologies

that represent the current state of the art and are available to everyone.

7https://sustainabledevelopment.un.org/ (accessed 03/02/2024)
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5.15 Compliance, social and market transactions

and zero price

Key effects of Open Source collaboration include:

• the reduction of transaction cost of participation and

• the reduction of barriers to entry for newcomers.

Reduced transaction cost opens the collaboration process to an overall

larger constituency and in particular invites participants for whom staff

cost and membership fees, for example in traditional standards develop-

ment have been a challenge, namely SMEs.[15] Reduced barriers to entry

for newcomers improve the chances for example of university spin-offs

and start-up companies to compete with incumbents, improving com-

petitiveness.[98]

These benefits depend on efficient IP management across the whole

Open Source ecosystem. An implicit expectation of Open Source compli-

ance towards all participants requires adherence to the obligations from

all consumed Open Source licences and is regarded as a hygiene factor

by the wider Open Source community. Hygiene factors create dissatisfac-

tion by their absence.[64] In the context of Open Source, compliance is

considered as a tool of the trade. Uncertainty about the compliance of

suppliers and consumers or necessary litigation undermine the fabric of

the global upstream/downstream network by negating the reductions in

transaction cost of participation and reerecting barriers to entry.

Open Source is made freely available to everybody. A price of zero trig-

gers a different response in actors even compared to a bargain low price.

It transforms the exchange between communities and consumers from a

market transaction where parties negotiate for gains at the others expense

to a social exchange with an agreement on behaviour that is beneficial to

everybody involved. Asking for remuneration or negotiating over com-

mitments constitutes anti-social behaviour in a social exchange. Instead,

there is an expectation of fairness and reciprocity.[4] This explains why

Open Source compliance should not be managed as a risk but considered

an imperative.

Reciprocal licences model Open Source usage as a social transaction

by asking the consumer to act similarly to the licensor. They aim at sym-
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metry between contributors and users and at ensuring that using the soft-

ware remains a social exchange for the long term. Because it is intuitively

understood that even a small number of bad actors reduce the overall

willingness to engage in social exchanges, the Open Source community

is sensitive to licence violations and willing to litigate against them.8 This

attitude of the wider Open Source community is in line with recent re-

search that shows a weakening of social norms in the face of even a few

bad examples.[4] Considering Open Source participation as a social ex-

change again helps to explain the negative reputation of CLAs since they

are based on market exchanges. Contributing as an individual to a single-

vendor product under CLA is more similar to paying taxes than to bring-

ing a dish to a dinner with friends.[11] Similarly, programs that put out

bounties for adding features or fixing bugs reframe contributing to Open

Source as a market transaction.

A framework for social transactions is disrupted as soon as any party

starts negotiating about remuneration, which is why the Open Source

community avoids any form of negotiation of terms between contributor

and consumer. Instead, Open Source licences are ex ante agreements

where all rights necessary to build the desired outcome are secured from

the start. The agreements are standardised into a number of approved

licences that model the three basic modes of Open Source collaboration:

• strong copyleft,

• weak copyleft, and

• and permissive.

Only a small number of licences are used in recent practice and new li-

cences are rarely approved. Combining Open Source licensing with other

rights such as patents or trademarks that require ex post licensing of terms

has generally not been successful.[15]

Maintaining licence compliance has gained considerable complexity

due in particular to modern hardware devices such as general-purpose

computers that include all sorts of computing, storage, user interface,

and networking functionality.[63] Manufacturers are required to docu-

ment the complete use of Open Source in the devices according to the

8https://gpl-violations.org/ (accessed 03/02/2024)
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obligations from the licences contained in them. Recent initiatives aim at

reducing this complexity to ensure the viability of the Open Source supply

chain.9 Industry and community best practices in this context continue

to evolve.10

5.16 Open Source as community-provisioned public

goods

Open Source affects society at all layers of the economy. Individuals par-

ticipate for their own reasons and learn valuable skills. They find enjoy-

ment, a sense of achievement, and belonging and opportunities to be a

productive part of something bigger: the wider Open Source community.

Businesses find both threats and opportunities from Open Source. It

greases competition and fosters the innovativeness of the tech sector by

providing free baseline technologies, potentially weakening market pos-

itions of incumbents and causing creative destruction of existing assets.

On the other hand, Open Source offers plenty of business opportunities

and faster, cheaper ways to produce modern applications and devices.

For every Open Source-derived product a business intends to market,

it needs to answer (at least) these three questions to describe the value

proposition to the consumer:

• What is the revenue model of the product? Is the goal to provide a

defined functionality at the lowest possible cost, or to induce indir-

ect benefits without directly generating revenue, or is the product

meant to be sold in the market to establish a revenue stream?

• What type of Open Source-related good is it? Is it a service of either

the horizontal complementary or the vertically integrated kind, or is

it a product which may either consumer-oriented or a foundational

technology?

• What is different about what their offer? The business needs to mar-

ket the product to the consumer based on differentiating product

9https://www.openchainproject.org/ (accessed 03/02/2024)
10https://reuse.software/ (accessed 03/02/2024)
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features, while including the expected but non-differentiating fea-

tures at low cost in order to sell the product at competitive prices.

Based on the answers, participants can derive ways to build and

market their products. Some combinations represent well-known ap-

proaches. Kubernetes and Linux are non-differentiating foundational

technologies that reduce the cost to operate data centres or build devices.

They are developed at Open Source foundations in a model where parti-

cipants pool R&D cost. ChromeOS and clang are differentiating consumer

technology that realise indirect benefits by enabling developer ecosys-

tems or marketing complementary services. They are developed as Open

Source by a single company or a small group of stakeholders. Android

phones and proprietary apps in general are differentiating consumer-

oriented products intended to generate revenue. Their differentiating fea-

tures are developed in-house while they build on foundational technolo-

gies developed in collaboration with others.

Not all combinations of answers have been successful in the market.

Building differentiating consumer-oriented products as Open Source that

are supposed to directly generate revenue lacks the necessary differenti-

ation in the eyes of the consumer. These approaches suffer from an in-

herent contradiction that the purpose of a business is differentiation in

the market, while the essence of Open Source is to be non-differentiating.

An alternative is the Red Hat model to differentiate based on services that

complement the free product. By answering how they create additional

value on the edge of the commons, businesses can embrace Open Source

and benefit from it.

From a macro-economic perspective, Open Source is a toolbox that is

part of the available technology. Software only has a tangible effect if it is

executed in an application or device. Because of that, there is no possible

economic downside from the development effort itself of the wider Open

Source community at the macro level, while Open Source is proven to be

useful and drive innovation. Hence Open Source contributes positively to

the common good.

Where Open Source participation is regarded as a social transaction,

free riding is not common. By resolving the free rider problem, Open

Source development processes open up the possibility for the decent-

ralised collaborative development of public information goods at a large
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scale.

Open Source benefits society by combining innovative state-of-the-

art technologies that are at the same time commodities and public goods

and can be created without the need for a central authority. As such,

Open Source has become a part of the political sphere. Political systems

should be designed so that they serve society even if the stakeholders in-

volved— citizens, politicians, businesses, and others— act in their own

self-interest. Open Source provides the tools and processes to make this

possible for the creation of software technology and information goods

in general. It fills an economic gap by enabling the decentralised pro-

vision of non-market goods potentially at a global scale. By connecting

individuals and organisations in the production process, Open Source

bridges the formal and informal economy. This enables grassroots and

volunteer initiatives to have an impact, as illustrated by the successes of

the early volunteer-driven communities. The mechanisms described in

this chapter – types of goods, competition versus collaboration, differen-

tiation – are agnostic to economic systems and observable in all of today’s

societies. There is however a direct relationship between software free-

dom and individual freedom – self-identification, the way Open Source

contributors choose what to contribute and where— depends on civil

liberties.[118]

FOSS provisions public goods in the absence of centralised authority.

There is a long way to go to realise this ideal, but the first steps are com-

plete. A good next step will be to stop asking ’how can I make money with

Open Source’ and start asking ’How can I, my business or society realise

the benefits from Open Source?’
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Chapter 6

Conclusions

6.1 Contributions

If there is one overarching theme to the prior chapters, it is that as soci-

ety puts more emphasis on knowledge and creativity, FOSS as a method

of creating and sharing knowledge has almost universal impact. Aspects

of governance influence access to the means of FOSS production. IPR

regimes shape how knowledge is transferred and how one person can

build upon the work of another. Standards development influences how

the benefits of scale and the efficiency gains of agreeing to and widely

adopting technology should be realized. This chapter provides a con-

densed overview of the insights contributed by the individual papers.

6.1.1 On open source community governance

The governance of communities has evolved as FOSS became more and

more widely adopted. However, the mindset behind community gover-

nance as well as the social norms of the wider open source community

are still strongly influenced by the spirit expressed for example in the De-

bian Social Contract and in software freedom. These starting points en-

abled collaboration focusing on individual needs first (“scratch your own

itch”), followed by the subsequent integration of the resulting many small

improvements into a coherent whole in the form of the numerous com-

ponents that make up the upstream/downstream network. Engaging in a

community of makers (see 2.3.1) remains one of the strongest motivators

for individuals as well as employees of contributing organisations to en-
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gage in FOSS communities. Being able to work with and learn from like-

minded peers creates a sense of belonging that transforms into a deeper

connection of loyalty over time (see 2.3.4). Contributors “come for the

technology and stay for the people”. Self-identification by contributors

with the tasks they wish to contribute to helps to satisfy the motivational

need for positive challenges, even though it makes it more difficult to sus-

tain maintenance work and bug-fixing.

Equality of opportunity among the peer group of contributors (see

2.3.2) ranks highly in the expectations of participants. The greater empha-

sis of diversity, equity and inclusion in the creation of equity and agency

in communities today can be traced back to it.[27] Governance norms

that emerged in early-stage volunteer driven FOSS communities continue

to influence the community management of today. While contributors

initially engage with communities who are the stewards of technologies

relevant for their technical needs, the match of contribution opportu-

nities and ethical convictions partially determines their longer-term en-

gagement. Positive examples of outstandingly productive and welcoming

communities also establish the governance standards that other projects

are then measured against. The mantra of “who does the work decides”

is present in today’s expectation that technical project steering is sepa-

rate from the membership-based project governance. Technical steer-

ing is meritocratic in the sense that technical steering committee (TSC)

members are typically selected based on their track record of technical

contributions. Equality among peers translates to an expectation that

the outcomes are distributed as FOSS. For the products of a community,

distributing the results as FOSS and in consequence for the community

and participants to be FOSS license compliant is a hygiene factor, not a

negotiable one. This insight helps to explain, for example, the negative

reception of corporate attempts of ex-post license changes to a propri-

etary “business-source license” and the inclination to create forks of the

affected products.[53] Similarly, an absence of discrimination and more

generally positive diversity, equity and inclusion are also considered hy-

giene factors and expected as a given.[27] It is difficult to combine the

spirit of open collaboration with a selective approach regarding who may

participate. The wider open source community exhibits a strong prefer-

ence for contributor symmetry, which also helps explain the reluctant ac-
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ceptance of CLAs. Membership in a community facilitates product con-

tributions, it is rarely a goal in itself. Participants join as contributors if

they feel that more can be achieved when collaborating in a group than by

working alone. However, community membership needs effort to main-

tain standing and reputation in the meritocracy, which in turn requires

to divert a share of time to community engagement. For some, being a

member of a community becomes a goal in itself. The resulting speciali-

sation into makers focusing on product contributions versus community

builders focusing on community management institutionalizes more for-

mal organisational structures (see 2.3.3). This is even more pronounced

today in cases where industry-led communities hire dedicated staff for ex-

ample for program management or marketing from the start. Care needs

to be taken that community management stays aligned with the produc-

tive activities and continues to serve the community. Over time, there is a

risk of a disconnect between makers and community builders. Some ex-

amples exist of well-established institutions in the FOSS ecosystem which

have historical relevance, even though it is not clear today what consti-

tuency they represent and how they gained and maintain or renew their

mandate. This situation makes it more difficult to create consensus when

representing the wider open source community, for example, to policy

makers.[157] The ecosystem has at times resorted to a collaboration of the

subset of open source foundations that as umbrella organizations host a

specific set of projects or foundations. For these “code hosting organisa-

tions”, it is transparent which communities and projects they represent.

Similarly, in EU law, the concept of open-source software steward is now

used to refer to organisations that are not manufacturers but ensure the

viability of FOSS products.

Implementing truly open collaboration that is inclusive to all inter-

ested stakeholders is at the heart of most openly governed FOSS commu-

nities. However, barriers to entry and friction increase with the size and

maturity of the community. Maintaining a welcoming, inviting culture

as represented by KDE’s “open doors policy” directly influences the per-

ceived quality of the community and thus the inclination of participants

to join, remain engaged and not to leave. A welcoming community gover-

nance is however not sufficient to keep contributors engaged. They also

judge the usefulness and productivity of communities based on how am-
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bitious the community’s goals are compared to the state of the art in the

wider open source community. In an idealistic sense, contributors want

to make the world a better place and their contribution to make a differ-

ence in that (see 2.3.4). Not every contribution can be forward-looking

and visionary, which is where the hybrid composition of most commu-

nities today helps. Corporate contributors are able to focus on a long-

term road map, maintenance and security, while individual volunteers

sometimes drive break-through improvements. The resulting balance be-

tween maintenance and new developments benefits the sustainability of

the open source development model.

In collaboration that spans the globe, ethical principles and convic-

tions will not be uniform. The wider open source community for the

most part understands itself as an apolitical environment that functions

based on partial consensus. It is sufficient if there is consensus between

the contributors on the governance norms of the specific community and

on the merits of contributions to the intended technical progress. Com-

plete alignment on political, economic and societal goals of participation

is not necessary. Achieving it would possibly be in conflict with the goals

of openness and inclusion. However, even this understanding is not uni-

versally accepted, as parts of the community consider free software a so-

cial movement with political aims (see 5.1).

The basic needs for a community to function are inclusion, low bar-

riers to entry, a positive communication culture and and commonly ac-

cepted personal conduct. At the same time, there is occasional resistance

against formalization of behavioural norms for example by adopting a

code of conduct. These difficulties in consensus building are reinforced

by informal decision making. Meritocracy is regarded as a core tenet of

FOSS culture and an overall positive influence. The term is understood

so that the prestige and influence of contributors within the community

should be measured by the aggregated value of their contributions, and

nothing else. This is not in line or connected with the original use of the

word.[10] In the context of FOSS, the wide application of meritocracy is

seen as positive and successful. Despite the positive connotations, this

at times naïve understanding of meritocracy disregards criticism of the

term in other contexts that would also be applicable to the open source

ecosystem. Its elitist undertones occasionally reflect on systematic dis-
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tortions like the the male-dominated software development culture, the

corresponding dominance of male contributors, the regional and north-

south divides and the ableism of the equality of opportunity arguments.

However, even considering the criticism, the wider open source commu-

nity is still largely transparent, open and inclusive, and as such may serve

as a role model for global collaboration.

As FOSS evolves from community-driven to industry-driven to poten-

tially a regulated industry, FOSS governance has solidified and became

increasingly normalized. However, even widely accepted norms have not

yet been universally adopted as different communities and foundations

continue to apply the practises that made them successful in the ear-

lier stages.[142] With the trends towards hybrid community compositions

and a rising share of corporate contributions continuing, the needs for

formal organisational structures and explicit governance norms became

more pronounced. In decision making and conflict resolution, commu-

nity management still has to maintain the balance between voluntary par-

ticipation and effective leadership. Instead of enforcing unpopular deci-

sions, community management is an exercise of alliance and consensus

building. Volunteer driven communities at times struggle to adapt their

governance norms to this environment as they grow, resulting in difficul-

ties to maintain growth in the later stage of community development.

The current environment of increasingly streamlined governance re-

sults in fewer and more competitive opportunities for contributors to be-

come community leaders. Since the leaders of earlier stage communities

are often the visionaries who build up the community in the first place,

fewer contributors today rise to fame. Barriers to entry into established

communities grow, both for technical contributions as well as for par-

ticipation in community management. This may be one reason for the

persistent observation that in many communities, few participants grow

from consumption to be active contributors. There are two key reasons

why FOSS communities need good governance (see 2.2). From a prod-

uct perspective, it is required to coordinate the work of a diverse group

of volunteers to create the community product. From a process perspec-

tive, it is necessary to maintain and grow the contributor base that forms

the community. The importance of community governance cannot be

overstated. There will always be new technical challenges to solve, es-
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pecially with the scope of open source collaboration expanding into ad-

jacent fields like data, hardware or artificial intelligence. However, gover-

nance determines the growth capabilities of FOSS communities and with

that defines how complex, multi-faceted and simply how large the prob-

lems are that the communities can successfully solve.

6.1.2 On the relationship between FOSS and SDO

Beyond legal compatibility between FOSS and SDO IPR regimes lies the

question of what positive motivation will lead the two groups to coop-

erate. To form a successful cooperation, both need to see each other as

partners that can engage in a mutually beneficial relationship. The as-

sumption that this relationship is a natural fit and always a positive one

does not hold. Our research shows that in some situations, participation

in SDOs or in FOSS communities should be considered strategic alter-

natives with regards to effectively facilitating standards, especially when

participants have to choose an environment for collaboration and con-

sensus building. Because of network effects, they prefer to choose one or

the other, but not both.

In two steps, our research connects the worlds of standards develop-

ment and of the wider open source community into a single, coherent

theoretical model. First, the process of establishing a technical standard

in the market was broken down into a model of four individual phases that

both the standards and FOSS development exhibit (see 4.3.4). Second,

two SWOT analyses have been performed where the strengths and weak-

nesses of SDO and FOSS were assessed separately against the common

opportunities and threats in the ICT sector that both are exposed to (see

4.4.2). Anchoring the separate analyses in the same context with identi-

cal opportunities and threats allows to relate the individual strengths and

weaknesses to each other.

The technical standardization process is triggered by a need for stan-

dardization. This need may be market based, for example to ensure inter-

operability between products of different vendors or to realize economies

of scale in production. It could also be caused by a regulatory push, for ex-

ample if new minimum safety standards are imposed by law. The process

ends with the successful adoption of the new technology in the market
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in a way that satisfies the initial need for standardization. The standard-

ization phase model maps the journey from the need for standardization

to the end state of market adoption. We identify the separate phases of

ideation, specification, implementation and diffusion of technical stan-

dards. While these phases can be observed in both standards and FOSS

development, they may occur in different order (see 4.3.4). The models of

specification-first, implementation-first, and parallel standardisation are

defined as different sequences of the phases (see 3.5). FOSS collaboration

often applies implementation-first or parallel standardization. Industry

standards are explained as implementation-first technologies with infor-

mal specifications. Iterative approaches to standards development are ex-

plained as the repeated execution of the specification, implementation

and diffusion phases. Our phase model is able to describe different ap-

proaches to standardization, including SDO processes, FOSS collabora-

tion and industry standards setting as well as iterative approaches. In con-

trast, previously favored theoretical approaches that separate standards

development and the subsequent introduction of standards-conforming

products have severe limitations. First, these approaches require spec-

ification to occur before implementation, which is not empirically sup-

ported. Second, they also insist that standards are documents that are es-

tablished by consensus and approved by a recognized body, even though

such a technocratic definition clearly reduces the analysis to only a subset

of all standardization processes (see 4.3.1). Our phase mode of standard-

ization focuses on how markets adopt technical standards triggered by

identified needs for standardization. It represents a utilitarian approach

to standards development and tries to overcome theories that are based

on historical path decisions like the establishment of national standards

bodies and ISO. Overall, the theoretical foundation provided by this phase

model is able to describe a much broader variety of standardization pro-

cesses as they are observable in markets, from beginning to end.

Building on this common model for standardization processes, the

strengths and weaknesses of SDO and FOSS communities help in under-

standing which approach may be better suited in what phase (see 4.4.2).

Digitalization, the development of improved methods of collaboration, a

general trend towards increased openness and transparency, the change

in the role of the state towards being a hands-off regulator instead of an
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employer, and the shift from national to supra-national regulation have

been identified as threats and opportunities that all innovation actors face

in the ICT sector (see 4.5.1). In this challenging environment, standards

and FOSS development exhibit differing strengths and weaknesses. FOSS

combines the strengths of rapid prototyping, release-early-release-often,

voluntary participation enforced by the possibility of forks and the global

upstream/downstream network with weaknesses in supply chain man-

agement, maintenance of license compliance and an at times controver-

sial approach to meritocracy (see 4.5.2). The strengths of SDO include

well-established and well-documented formal processes, a strong repu-

tation with industry and policy makers, well-accepted terms of reference

and governance frameworks, impactful mechanisms for market signal-

ing and a portfolio of value-added services like publishing and distribu-

tion. Weaknesses include institutional inertia, an overwhelming influ-

ence of powerful stakeholders, fragmentation, under-defined IPR frame-

works and a reliance on outdated revenue streams (see 4.5.3).

In an ideal situation, SDO and FOSS communities cooperate by com-

bining their individual strengths and balancing out their weaknesses in

the different phases of the standards development process (see 4.5.1). A

number of positive examples of such cooperation exist (ECMAscript at

ECMA TC39, C++ standardization at ISO/IEC JTC1) that combine speci-

fication in the SDO technical committees with implementation in FOSS,

which is also used to validate new features of the standards.

However, there are also situations where the combined weaknesses of

SDO and FOSS communities seem to reinforce each other. Both struggle

in market segments that are strongly covered by SEP portfolios as well as

with the fragmentation evident in both environments that prevents stan-

dards and FOSS development from being truly global.

To conclude, our study shows that “SDO and FOSS communities both

complement each other and compete for relevance at the same time, but

for different aspects of the functions they provide” (see 4.6). By formu-

lating how standardization instruments respond to a need for standard-

ization and cause standardizing effects that lead to the adoption of stan-

dards in markets, we show that SDOs represent one standardization in-

strument and FOSS communities another (see 4.8). The usefulness of

leaving implementation to the markets after a standard was promulgated

190



is reduced by the possibility, introduced by FOSS and empirically evident

in the growth of “code-first organizations”, of collaboratively developing a

single joint implementation, which is also seen as an effective method

to achieve interoperability (see 4.3.2). We identify cost of change as a

key determinant for specification-first versus implementation-first stan-

dardization, and highlight that continuous non-differentiating coopera-

tion mostly at FOSS foundations has partially replaced pre-competitive

cooperation (see 4.3.3).

6.1.3 On the role of IPR regimes

The pervasive use of general-purpose computers combined with the con-

tinuing commoditization of hardware have lead to a situation where de-

vices will typically integrate nearly all basic computing functions like pro-

cessing, storage, network communication, audio, video, human-machine

interfaces and peripheral connections. To build devices, manufacturers

require access to all relevant IPR portfolios that cover such functional-

ities. To avoid a potential anti-commons situation where to acquire all

required permissions becomes a prohibitive effort, IPR licensing needs to

be streamlined and efficient. Patent pools and FOSS licensing are two ap-

proaches the industry has developed for that purpose. Patent pools, both

as one-stop-shops for commercial licensing or with OIN focused on facili-

tating FOSS collaboration, drastically simplify license management by re-

ducing the number of individual patent license contracts and the negotia-

tion effort involved to a minimum. FOSS licenses preempt anti-commons

situations for software source code, which makes the ex-post, implicit

agreements between authors and consumers essential for the function-

ing of the upstream/downstream network. The underlying absence of ne-

gotiations is a key expectation of FOSS participants, which is one reason

why combining FOSS licensing with separate patent or even SEP license

requirements has generally not been successful.

The legal compatibility between FRAND and FOSS licensing has long

been assumed to be an inhibitor for products that combine both. Our re-

search finds that “the legal compatibility of the licensing conditions is a

necessary condition, but not sufficient to establish a successful coopera-

tion between the SDOs and the Open Source software communities.”(see
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3.4). Embedding FRAND licensed functionality into a product usually

requires ex-post negotiations based on, for example, the position of the

manufacturer in the supply chain. FOSS licenses communicate expected

collaboration models, while in environments that apply FRAND licenses

structure commercial relationships. Engagement in SDOs comes with

higher barriers to entry compared to FOSS communities. These are ex-

amples for detractors to collaboration that make cooperation focusing

on FRAND licensed standards between FOSS communities and SDO less

probable. Only a few technology areas are dominated by FRAND licens-

ing, primarily telecommunications and, to a lesser extend, multimedia

coding. The vast majority of SDOs offer flexible or “toll-free” (see 3.4) li-

censing regimes that allow for pragmatic compromises to enable collab-

oration with the wider open source community. At these organisations,

there is an ongoing and evolving deeper collaboration between the wider

open source community and SDO. Numerous technical standards are im-

plemented in various FOSS technologies, which is supported by a strong

overlap of participants in both standards and FOSS development. Espe-

cially larger enterprises are typically involved in both. However, gover-

nance in SDOs and Open Source communities still differ in key aspects

of philosophy and implementation, which remains an obstacle for closer

collaboration.

In recent years, FOSS foundations increasingly serve as platforms for

horizontal collaboration and consensus building similar to the functions

traditionally provided by SDOs. In this carefully regulated environment,

standards development continues to serve as a platform for pre-compe-

titive collaboration, where the resulting exchanges in networks of indus-

try experts are a tangible outcome next to the technical standards them-

selves. This function is also provided by FOSS foundations, where regu-

latory oversight is further simplified if open governance is applied. Con-

trary to the assumption that FOSS communities rather manage small to

medium size collaborations, while SDO are capable of managing large

ones, our research shows that “both SDO and Open Source communi-

ties are capable of small to large collaborations (in terms of the num-

ber of participants) and small to significant R&D investments” (see 3.5).

The converging functions of SDOs and FOSS umbrella organizations of-

fer actors a choice of platforms that previously did not exist. The FOSS

192



community enables a choice for innovators between specification-first,

implementation-first, and parallel standardisation that improves the in-

novativeness of the ICT sector.

6.1.4 On the economics of open source

Chapter 5 returns to the aim of deepening the understanding of as well as

building theory about the economics of FOSS in the form of a synthesis

of the prior research. Published as a book chapter[20], it is the result of a

collaboration of FOSS researchers and practitioners and available under

an open access license.[26]

It first positions FOSS as an interdisciplinary topic at the intersection

of law, politics and economics. Understanding FOSS holistically instead

of as just another way of licensing or just a collaboration methodology is

necessary to capture the full scope of societal implications and has often

been discounted in the past. The introduction of FOSS into the innovation

landscape has wide-ranging implications as a paradigm of creating and

sharing knowledge in a digitalized and knowledge-driven society (see 5.1).

Against this context, the article then investigates why FOSS is success-

ful at the societal level, or “why is free software free?” (see 5.2). By ex-

plaining how IPR frame one of modern capitalist societies deepest con-

victions, that creations of the mind are owned by the person that made

them, it illustrates the crucial link between copyright-based FOSS licenses

and software freedom. As long as that conviction holds, a mechanism like

copyright is necessary to declare that an intangible good should be free

to use, study, modify and redistribute, or in other words become a pub-

lic good. In this it disagrees with Benkler who argues that an absence of

IP protection would benefit peer production.[11] One consequence of this

argument is that while FOSS is assumed to be agnostic to the political sys-

tem it operates in, the rule of law and the protection of private property is

quintessential to the functioning of the wider open source community.

The difficulty to define openness is illustrated against the central role

of software freedom in both the Open Source Definition as well as the

philosophy of the FSF. The separate dimensions of FOSS licensing and

openly governed development processes illustrate that not all FOSS prod-

ucts are created in open community collaboration (see 5.3). The cost of
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competition in the form of creative destruction as well as the duplicate ef-

fort of invention races forces businesses to decide where to compete and

where to collaborate. Avoiding the cost of competition at the expense of

licensing the outcomes of collaboration freely is a proven strategy to gain

access to non-differentiating functionality (see 5.4).

Communities manage community assets including software source

code in a model called joint stewardship. Because of regular contributor

fluctuation, only a subset of the overall rights holders to the community

assets may be engaged in governance at any given time. Other currently

non-participating rights holders trust their stewardship (see 5.5). By pro-

viding all necessary rights to the stewards up-front and without negotia-

tion, FOSS licensing enables this concept that ensures the continuity of

communities. This puts a particular emphasis on defining who is a con-

tributor, what is merit on the FOSS meritocracy and what really makes a

FOSS community. By defining FOSS communities as social groups of con-

tributors that participate voluntarily in the production of public informa-

tion goods, the needs for community governance and community man-

agement are explained, as well as how the looming threat of forks serves

as a part of the system of checks and balances between the community

and the stakeholders in the community product.

The concept of a global upstream/downstream model or upstream/

downstream network describes the integration flow along the FOSS sup-

ply chain. It is enabled by automatic and transitive licensing which pre-

vents anti-commons situations. FOSS licensing also enables businesses

to offer services for components where they are not rights holders. For

businesses, engaging in this network requires a choice of either product

or service based value propositions, which can be combined with verti-

cal integration or horizontal services offerings. In a commercial context,

businesses can benefit from adopting FOSS approaches either by directly

generating revenue, by inducing indirect benefits or by reducing cost. To

answer why consumers should prefer their product over those of their

competitors, businesses need to differentiate their products. Since FOSS

is available to any interested user for any purpose, it does not in itself pro-

vide a means for differentiation. Businesses compete by complementing

the FOSS product for example based on expertise, quality or customer ser-

vice.
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While volunteers contribute a smaller share of the total FOSS develop-

ment effort compared to corporate ones, they increase the innovativeness

and diversity of the FOSS ecosystem and as such represent a core part of

it. Their often principled and perfectionist attitude ensures that the wider

open source community continues to prioritize charity and virtue beyond

just business rationale, as well as inclusive, transparent and consensus-

driven conduct. The participation of volunteers contributes to the com-

petitiveness of FOSS, while FOSS licensing combined with open gover-

nance inhibits anti-competitive behaviour.

Finally, FOSS licensing is reviewed in the context to recent research

about the responses triggered by a price of zero, which frames FOSS de-

velopment and distribution as social as opposed to market transactions.

Fairness and reciprocity are common expectations in social transactions,

which helps to explain the hygiene factor character of FOSS license com-

pliance as well as the aversion of the FOSS community to ex-post negoti-

ation, CLAs and contributor asymmetry.

Overall, this article contributes to a deeper understanding of the FOSS

ecosystem by formulating in writing concepts that had previously been

intuitively understood but not formalized, including the differentiate-or-

collaborate “mantra”, joint stewardship, the application of FOSS licensing

to create unlimited supply, the demands for community governance and

community management, FOSS products and services, the difference be-

tween vertical integration of software stacks versus horizontal provision

of services, as well as community engagement and forks as applications

of the conceptual voice-or-exit ultimatum, and others. The key insight

that additions to the FOSS pool of technologies contribute positively to

the common good establishes a public interest in the productivity and

sustainability of the FOSS ecosystem.

6.1.5 On the economic impact of open source

The study “The impact of Open Source software and hardware on techno-

logical independence, competitiveness and innovation in the EU econ-

omy” provides a comprehensive picture of the commercial uses, costs

and benefits of FOSS in Europe. It assesses how the use, promotion and

support of FOSS and open hardware will support the EU in achieving its
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policy goals. The study was commissioned by the European Commission

DG CONNECT. It involved a detailed literature review, the performance of

several case studies and statistical analyses, and a detailed survey among

a representative sample of companies and developers. A strong consis-

tency was observed between the data provided by the various sources

consulted, and the data collected specifically for the study.[19] While not

included here, the study contributed key insights on the economics and

impact of FOSS.

Based on econometric analysis, FOSS developers in the EU contribute

significantly to the global FOSS ecosystem. Unlike in the US where corpo-

rate contributions are dominated by large enterprises, in the EU SME are

most likely to contribute. Companies located in the EU invested about

€1 billion in FOSS in 2018, which resulted in an impact on the European

economy of between €65 and €95 billion. The FOSS technology pool con-

tributes significantly to the EU’s GDP. A 10% increase in contributions

from the EU is expected to generate between 0.4 and 0.6% additional EU

GDP and more than 600 additional ICT startups per year. The benefits

of FOSS to the EU greatly outweigh the costs associated with it, with the

lower boundary of the cost-benefit ratio estimated at 1:4. These find-

ings have been evaluated and are supported by a comprehensive stake-

holder survey. Case studies additionally investigated open source hard-

ware, where the ecosystem is not yet developed enough to enable quan-

titative analysis. They revealed a growing community centered around

FOSS foundations, with a collaboration that is global rather than focused

on the EU only.

The study results support many of the hypotheses and claims made in

other parts of this research. For example, the data indicate that contribut-

ing companies benefit mainly from openness in particular of standards

development and through labour cost savings rather than from generat-

ing additional revenue (see for example 5.4). The finding that FOSS moves

innovation higher up the value chain is another way of looking at founda-

tional non-differentiating technologies (see 4.2.2). Generally, the study

results are coherent with and supportive to this research.

In addition to the core econometric findings, the study reports on a

number of open debates and research questions in the wider open source

community. It highlights that while openness for software can be rel-
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atively well-described against the Open Source Definition, openness of

hardware is a question of degree. A similar debate is now taking place at

the Open Source Initiative1 about a definition for open AI.[19, p. 59] The

detailed overview of FOSS foundations reveals an ongoing concentration

of code-hosting organisations with the Linux Foundation and the Eclipse

Foundation as the largest, and that a majority of respondents views foun-

dations as hosts for projects with neutral governance that cannot be con-

trolled by a single organisation.[19, p. 185] Risks of contributing to, adopt-

ing and building businesses on top of FOSS are sometimes framed as pos-

sible “dark sides to open source”. The study discusses some of these argu-

ments including the relationship of large ICT enterprises and communi-

ties, the complexity of ensuring license compliance as well as the contro-

versial role of venture-capital funded businesses with FOSS products.[19,

p. 215]

International trade policy as well as the international security envi-

ronment pose questions that the FOSS ecosystem may be unable to an-

swer on its own. Where the wider open source community collaborates

across regions in a mostly apolitical fashion, complex geopolitical argu-

ments arise regarding common standards for worker well-being or the re-

spect for human rights. Related to that are discussions about if and to

what extend openly sharing dual-use technologies with adversaries may

create security risks. These debates relate to the political environment

that the wider open source community operates in. The FOSS ecosystem

in turn shapes the policy instruments available to regulators (for example

by making export controls on foundational technologies like cryptogra-

phy less viable).

The study concludes with a series of policy recommendations. In par-

ticular, it recommends a build-up of EU institutional capacity to support

and accelerate open technologies, promoting digital autonomy and tech-

nological sovereignty via FOSS, and the development of human and fi-

nancial capital related to FOSS.

1Open Source artificial intelligence (AI): Establishing a common ground (accessed
03/02/2024)
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6.2 Limitations

Considering the wide-ranging impact of FOSS on the innovation land-

scape, this research has only been able to cover a subset of the possible

theoretical space. In particular, the application of the research results is

limited by the selected scope, the applied methodologies and the time

frame in which the research was conducted.

Regarding scope, the three key aspects of governance, IPR regimes and

standards development have been selected based on their observable im-

portance for the FOSS ecosystem. Other aspects that may also have rele-

vant impact have been excluded. One of them is the impact of FOSS on

software development, in particular software engineering methodologies.

A number of FOSS innovations have for all practical matters defined how

software is developed today, for example wikis or distributed version con-

trol. While the papers refer to those process innovations as “improved

methods of collaboration”, they represent an important field of study as

enablers of global collaboration that is not covered here. Also not in-

cluded is the impact of FOSS on international innovation and trade policy.

Since it is practically impossible to restrict distribution of FOSS technolo-

gies at a global scale, there are implications for export regulation, inter-

national competition and trade. Especially FOSS technologies sponsored

by very large technology enterprises are prone to tensions between open

collaboration and trade restrictions. Such topics are not included in this

research. Touched upon but not fully covered are impacts of FOSS on the

innovation landscape in adjacent fields of technology. For example, the

adoption of FOSS licensing and collaboration methods changed R&D, li-

censing and patenting practises of proprietary, non-free technologies as

well. Our research focuses primarily on the areas where FOSS and pro-

prietary technologies interact directly. There is a whole range of impacts

on society driven in combination by the adoption of FOSS and the global

spread of the internet, including the role of the internet as a space for po-

litical debate or the relationship between software freedom and civil lib-

erties. While these aspects are related to the dimension of FOSS as a social

movement, they are not deeply covered here.

The methodologies used follow the focus on qualitative analysis and

theory building. At the starting point of this research, opposite camps ar-
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gued with conflicting terminology and theoretical approaches either that

IPR regimes need protection from the danger of FOSS, or that FOSS will

rescue innovation from the dysfunctional IPR system. This highlighted a

need to develop theory that is able to explain observable innovation pro-

cesses across the whole ICT sector. At the same time, this starting point

provided no good foundation for quantitative methodologies. Today and

also based on our research, this situation has improved, allowing to study

the economic impact of FOSS with quantitative methods. However, the

issue of diverging and at times contradicting terminologies and theories

has not been fully overcome. It can still be observed, for example, in pol-

icy inputs to regulatory initiatives related to SEP or cybersecurity.

Finally, the presented papers are the result of long going research of

the FOSS ecosystem, including the participation in two major research

projects are EU level (see chapters 3 and [19]). In this period from 2013

to 2023, the wider open source community has continued to evolve as

FOSS permeated the ICT sector, with some important changes like the

decline of the influence of volunteer-driven communities. However, the

focus topics of governance, IPR regimes and standards development con-

tinue to be key drivers of the development of the wider open source com-

munity, and none of the conclusions have been systematically invalidated

during that time. The time frame of this research offered an opportunity

to monitor important developments over time, which increases the con-

fidence in the research outcomes. The results should however be inter-

preted against the period of FOSS adoption in which they where devel-

oped.

6.3 Outlook and further research

Even when focusing on entrepreneurial, economic and policy implica-

tions and without delving into the enabling effects to software develop-

ment, it is almost impossible to capture the full impact of FOSS on the

landscape of innovation. To illustrate, since FOSS grew beyond the vol-

unteer community to being adopted by industry, no single proprietary

technology has been able to conquer a complete market segment again

in a way comparable to how Microsoft Windows still dominates the per-

sonal computer market. Competition has moved to platform businesses
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and cloud computing, where the foundational technologies are predom-

inantly FOSS. Such a seismic shift in the fabric of the ICT sector must in-

volve systemic changes to competition, trade, knowledge transfer and in-

dustrial R&D. Beyond that, businesses use their involvement in the FOSS

ecosystem for public relations, marketing and recruiting. The impact of

FOSS on the landscape of innovation really is pervasive.

The eye-catching figure of the economic impact of FOSS on the Euro-

pean economy of between €65 and €95 billion is frequently referenced,

and has recently been topped by the estimation of the global demand-

side value of FOSS at $8.8 trillion.[67] Beyond estimating the magnitude

of the impact, there are important influences at play behind the numbers

that warrant further studies.

First, FOSS collaboration introduces implementation-first approaches

where there is no time gap between invention and implementation. Both

are the same process and happen at the same time in iterative and col-

laborative fashion. All progress is immediately published and becomes

prior art for future iterations. The assumption of a non-zero invention-

implementation time gap lies at the heart of the IPR regime, which en-

ables creations of the mind to be transferred from inception to market

adoption by granting temporary monopolies that cover the time gap. This

research has discovered and illustrated this systematic change FOSS in-

troduces to the IPR framework, however open research questions remain.

For example, while copyright terms have been repeatedly extended in re-

cent decades, the product life cycles in ICT have shortened, resulting in

a disconnect where the copyright terms are not tailored anymore to help

creators bridge the invention-implementation time gap. There is a need

for novel research on optimal copyright and patenting terms for ICT tech-

nologies. Similarly, limiting the terms of IPR protection in general is jus-

tified as a temporary monopoly to cover the invention-implementation

time gap gap and to ensure the disclosure of the invention. If this gap

does not exist for FOSS and it is disclosed immediately, should IPR pro-

tection for FOSS ever expire?

Second, FOSS questions the mutually-exclusive classification of goods

into those that are innovative and those that are commodities. Innovative

products are what is assumed to drive growth in the ICT sector when they

are introduced and then grow in adoption. They become commodities as
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the market for that product reaches maturity, before it later declines as

new products are introduced. FOSS exhibits the fungibility of commodi-

ties immediately after contribution, while at the same clearly being new

and innovative. Further research on how FOSS is at the same time inno-

vative, state of the art and a commodity and on how that changes product

life cycles, competition and innovation promises to be fruitful.

Third, joint stewardship of public goods was evolved in the FOSS com-

munity by combining it with a meritocratic selection of maintainers and

community leaders as stewards in a dynamic selection process that ac-

counts for contributor fluctuation. Enabled by the automatic and transi-

tive nature of FOSS licensing, the joint stewardship approach should be

researched as a role model for the provision of public goods.

Fourth, the practices of the FOSS community show and the theory of

peer production postulates that open collaboration combined with open

distribution of the outcomes can drive innovation while avoiding some of

the negative effects of creative destruction like patent races. Public goods

provisioned by government often struggle with keeping up with market

developments, while public goods created by FOSS communities show-

case exemplary innovativeness. An important future research question

therefore is how the model of open collaboration combined with open

distribution (as in public money - public code) can be applied in other

fields to reap similar innovation benefits.

Fifth, both the wider open source community and the public sector

provision public goods. The public sector relies on a monopoly of the

state to spend tax revenue. FOSS communities rely on voluntary partici-

pation instead of the coordination by a central authority like the state. A

political system works best if it achieves its goals when actors act in their

own best interest, which they eminently do in the case of FOSS. Also, if the

same result can be achieved by either coercion (well-justified, in the case

of taxes) or voluntary participation, the later results in a higher degree of

freedom for citizens (negative freedom, as in reduced coercion). On the

one hand, this offers a choice of either an open collaborative or a central-

ized governmental approach for the provision of some public goods. On

the other hand, the public sector may find itself in the unusual position of

a governance taker. International competition and global collaboration

mean that even a strong government may not be able to control the how
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the wider open source community operates. Further research is necessary

regarding what approach to the provision of public goods to apply in what

situation, how regulation can shape markets in the face of global collabo-

ration, as well as how FOSS and public sector provision can complement

each other while avoiding a competition for relevance. Also interesting in

this context is that contributions by public sector actors to the FOSS tech-

nology pool will be available to everybody for any purpose. As a social

transaction, public sector contributions should be considered systemat-

ically different from goods and services provided by the public sector in

market transactions. More research, in particular political theory build-

ing, is necessary about the interaction between public and private sector

FOSS contributions and when and how the public sector should be a FOSS

contributor.

⋆ ⋆ ⋆

Today, open source is the new normal. FOSS is an integral part of the ICT

ecosystem. Digital products build on FOSS components. Open source

participation is part of software engineering. The management of open

source engagement is engineering management. As the quality, trustwor-

thiness and cybersecurity of software impact markets more and more, the

software industry is expected to become increasingly regulated. ICT mar-

ket regulation is open source regulation, and vice versa. FOSS is a key

driver of ICT innovation. Innovation policy is open source policy. In the

spirit of open collaboration, all articles in this dissertation are available

under open access licenses.
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Glossary

ad-hoc coordination

Ad-hoc coordination happens in social groups that work towards a
common goal without any formal governance structure. It is usually
only viable in small groups or for efforts with limited scope. 23

bike-shedding

Bike-shedding describes the habit of bringing up tangential argu-
ments in a debate that distract from the issue at hand. It is named
after the question of which colour to paint the bike shed when the
debate is about whether or not to build one. The use of the term in
the wider open source community originated in the BSD commu-
nity in 1999. It has been observed in KDE and many other commu-
nities. 25, 55, 64, 66, 68

code of conduct

A code of conduct describes the behavioral norms and rules that
community contributors are expected to adhere to. Once adopted,
a written code of conduct is part of the explicit governance norms of
a community. 16, 17, 29, 54, 57

community

A FOSS community consists of the network of participants that con-
tribute to the creation of specific FOSS software products, predomi-
nantly computer programs, in a collaborative peer productions pro-
cess based on voluntary participation. Communities may be set up
implicitly or explicitly as unincorporated associations, as for-profit
or not-for-profit legal entities or under FOSS umbrella organiza-
tions. 194, 220

community composition

Community composition describes how the contributors to a com-
munity are comprised of individual volunteers, organisations, em-
ployed staff and other constituencies. It is assumed that commu-
nity composition influences governance norms. Hybrid communi-
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ties composed of a mix of businesses, individual volunteers and pos-
sibly staff are most common. 2, 6, 25, 27, 72, 222

community working group

The KDE community working group is the only formal conflict res-
olution mechanism the KDE community has in place. “The long-
term goal of the Community Working Group is to help to maintain
a friendly and welcoming KDE community, thereby ensuring KDE
remains a great project enjoyed by all contributors and users.”2 54,
57

continuous non-differentiating cooperation

Continuous non-differentiating cooperation is a collaboration
model implemented in FOSS communities and facilitated by FOSS
foundations. It enables otherwise competing market actors to con-
tinuously cooperate to develop a common software stack that serves
as basic, non-differentiating technology prerequisite to products
that combine free and proprietary software. In contrast to pre-
competitive cooperation on the development of proprietary, dif-
ferentiating products, anti-trust concerns are not relevant in the
continous-non-differentiating cooperation model since collusion is
impossible if the results are immediately available to the general
public and the development process is generally open for participa-
tion to all interested parties. The possibility of forks limits the con-
trol individual entities can exercise over the development process.
107, 108, 132, 137, 140, 143, 176, 191

contributor asymmetry

The absence of contributor symmetry, for example in single-vendor
open source businesses that use CLAs to centralize control over the
project. 195, see contributor symmetry

contributor symmetry

Contributor symmetry describes the normative expectation that all
contributors have equal access to the development and governance
processes fo a community and that the community product is man-
aged under joint stewardship. Under contributor symmetry, con-
tributors usually retain the copyright to their code contributions, so
that no single entity is able to exercise control over the community
product. 184

2https://ev.kde.org/workinggroups/cwg/ (accessed 03/02/2024)
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corporate contributor

Corporate contributors participate in FOSS communities as orga-
nizations with the resources available to them. Organizations typi-
cally contribute financially to projects, for example by way of mem-
bership fees, as well as by assigning staff to make technical contri-
butions to a project. It is however the organization that decides to
contribute, usually following business rationale as opposed to the
individual motivation of volunteer contributors. 2, 88, 138, 186,
222, 229

Cyber Resilience Act

The “regulation on horizontal cybersecurity requirements for prod-
ucts with digital elements” or “Cyber Resilience Act” establishes cy-
bersecurity requirements for products made available in the EU in-
ternal market. 4, 226, 231

Debian Social Contract

“Debian Social Contract” refers to the Debian developers’ commit-
ment towards the free software community. The Debian Social Con-
tract is a ’moral agenda’ which is based on the Debian Free Software
Guidelines according to which Debian promises to be entirely free,
provide the best work, not try to cover problems, give priority to
users and free software and to make it possible for the software to
be used with non-free software. The commitments of the Debian
Social Contract have later been adopted into the Open Source Defi-
nition.3 183

digital sovereignty

Digital sovereignty, also referred to as technological sovereignty, de-
scribes a notion of strategic autonomy in the development and op-
eration of digital products. The EU digital policy mentions data pro-
tection, cybersecurity and artificial intelligence as aspects of digital
sovereignty. 3

Eclipse Foundation

The Eclipse Foundation is a not-for-profit industry association (US
501(c)(6)) that provides a global community of individuals and or-
ganizations with a mature, scalable, and commercially focused en-
vironment for collaboration and innovation. 106, 124, 220, 228

Ecma

Ecma, formerly the European Computer Manufacturers Association
(ECMA) is a SDO for information and communication systems. 190,

3https://www.debian.org/social_contract (accessed 03/02/2024)
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231

excludable

A good is excludable if access to it can be controlled so that a per-
son can be prevented from consuming it without permission. FOSS
licences make software a non-excludable good. 18

fair, reasonable and non-discriminatory

Licensing under fair, reasonable and non-discriminatory terms is
a voluntary commitment some SDO request from a patent owner
that participates in standards development. What FRAND commit-
ments entail exactly is not normalized. It is left to negotiation be-
tween market participants and usually confidential. This makes it
difficult to ensure non-discrimination and is considered to disad-
vantage FOSS communities, which makes the FRAND concept con-
troversial.[45] 9, 75–82, 86, 87, 89–91, 102, 118, 119, 128, 131, 137,
191, 192, 226, 232, 234

fiduciary licence agreement

With a fiduciary licence agreement, a contributor delegates some
rights to their contributions to a trustee, usually a community or-
ganisation. FLAs are a type of contributor agreement, however they
aim to avoid the concentration of rights in the hands of a single com-
mercial entity. 232

fork

A fork is a split of the development of a FOSS product into two
new communities. Forks introduce duplication of efforts and other
downsides and are usually avoided unless there is strong disagree-
ment over community governance. Prominent forks are LibreOf-
fice (forked from OpenOffice), MariaDB (forked from or) MySQL or
Nextcloud (forked from ownCloud). The term fork is sometimes also
used in the sense of branches for experimental development efforts
or on Github for a copy of a repository. 25

foundation

A FOSS foundation is a legal entity that hosts one or more projects
as a governance body. In the FOSS context, a foundation can also
act as an umbrella organization such as seen in the Linux Founda-
tion, Eclipse Foundation or Wikimedia Foundation to host multiple,
different types of projects. 3, 84, 226

free and open source software

The term free and open source software refers to software that is dis-
tributed under a license which complies with the Open Source Defi-
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nition or respectively the definition of free software provided by the
FSF. The Open Source Initiative is the steward that approves licenses
for being compliant with the Open Source Definition. Free and open
source software is made available to everybody under a license that
gives the user the freedom to run, copy, distribute, study, change
and improve the software. “’Free software’ is a matter of liberty, not
price”.[140] The FSF and the Open Source Initiative maintain lists of
licenses4 that provide at least those “four essential freedoms” to re-
cipients of the software. The terms of all licenses that provide these
terms turn the product into a public good and also ensure that the
product itself will continue to be freely licensed. This effect may or
may not extend to derivative works and future versions, resulting in
the classification of the licenses into reciprocal and permissive cat-
egories. 1–13, 16–23, 25–28, 30–33, 37–40, 42, 44, 50, 53, 57, 64, 66,
71, 72, 75–107, 110–127, 131–145, 154, 182–202, 217–221, 223–229,
232, 234

Free Software Foundation Europe

The Free Software Foundation Europe “is a charity that empowers
users to control technology”.5 16, 25, 29, 43–50, 64, 65, 67, 70, 145,
221, 224, 232

Freedom Task Force

The Freedom Task Force was an intiative of FSFE to to help program-
mers properly set up and organise projects legally, as well as educate
companies to understand how the GPL works.6 The Freedom Task
Force was created in 2006. 44

FSF

“The Free Software Foundation (FSF) is a nonprofit with a world-
wide mission to promote computer user freedom.”7 9, 27, 43, 45,
125, 148, 153, 174, 193, 221

governance

In the context of FOSS, governance describes the totality of implicit
and explicit behavioral norms, codes and processes that regulate the
relationship between contributors and the community as a whole.
1, 3–6, 8, 9, 13, 18–24, 26–31, 183–188, 190, 192, 194, 195, 197–199,
217

4https://www.gnu.org/licenses/license-list.html (accessed 03/02/2024), https:
//opensource.org/licenses (accessed 03/02/2024)

5https://fsfe.org/about/about.en.html (accessed 03/02/2024)
6https://fsfe.org/activities/self/self.en.html (accessed 03/02/2024)
7http://www.fsf.org/ (accessed 03/02/2024)
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governance taker

A governance taker is a contributor who generally must accept the
prevailing governance norms in a community, usually because the
contributor is one of many in an overall healthy community of many
independent participants. The terminology is analogous to the idea
of price makers and price takers in markets. 201

governing board

A governing board is appointed by the project stakeholders and re-
sponsible for project steering. Depending on community composi-
tion and the community’s governance norms, the stakeholders may
be a mix of contributors, funding member organizations and other
entities. The responsibilities of the governing board usually exclude
technical project steering, which is performed by a TSC. 228

hybrid community

The term “hybrid community” references a community composi-
tion with a mix of volunteer contributors and corporate contribu-
tors. 2, 26, 187

ICT

“Information and communication technology” describes the com-
puting and telecommunications industry sector. The sector serves
the information processing, storage and networking demand of the
digital economy. 5, 10, 11, 75, 76, 82, 90, 93, 95, 106, 111, 112, 118,
124, 125, 127, 130–132, 135, 137, 142, 143, 148, 149, 155, 157, 169,
188, 190, 193, 196, 197, 199, 200, 202

implementation

In the context of standardization, the term implementation refers to
a product that is compliant with the specification of a standard. 97

intellectual property

Intellectual property (IP) is a term that describes intangible cre-
ations of the human intellect that can be controlled by an owning
entity, like artistic works, inventions and designs. IP is made a trade-
able good through the application of IPR. 76–78, 81, 82, 86, 87, 89–
92, 103, 135, 151, 152, 155, 165, 176, 178, 193, 222, 233

intellectual property rights

Intellectual property rights (IPR) are an abstract concept that in-
cludes copyright, designs, patents, trademarks and other rights that
are associated with IP. In most cases, explicit permission by the
rights holder (a license) is required to use an IPR protected work.
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IPR facilitate the trading of rights to use intangible assets. They are
utilized to control permission to use the work through licensing and
other relationships. 4, 6, 9, 13, 75, 76, 79, 82, 111, 117–119, 127–131,
135, 136, 139, 144, 176, 183, 188, 190, 191, 193, 198–200, 222, 223,
226, 233

International Organization for Standardization

The International Organization for Standardization is an interna-
tional, independent, non-governmental standard setting body that
consists of delegates from national standards bodies, with head-
quarters in Geneva, Switzerland. 81, 83, 94, 103, 104, 121, 128, 130,
136, 143, 189, 190, 224, 233

interoperability

Interoperability describes “the ability to transfer and render use-
ful data and other information across systems [...], applications, or
components”[57] 93, 97, 106, 108, 109, 118, 132, 143, 154, 162, 169,
188, 191

invention-implementation time gap

The time between the inception of an invention and when it is fi-
nally adopted in the market is called the invention-implementation
time gap. IPR frameworks incentivize entrepreneurial activities
by establishing temporary monopolies that enable rights hold-
ers to recover the necessary investments during the invention-
implementation time gap in the subsequent monetization period.
While traditional IPR frameworks assume the time gap to be in the
order of magnitude of months to years, the gap does not exist in the
case of openly developed FOSS technologies. 200

joint stewardship

The contributors who currently develop and maintain a FOSS
project are typically a subset of all of the copyright holders. The
current group of contributors assumes joint stewardship over the
technical development of the project and the management of the
community. The currently active stakeholders steer the project on
behalf of themselves and the previous contributors who are likely
copyright holders on the code, but who no longer participate in the
project. 194, 195, 201

KDE

KDE is a recursive acronym that refers to the “K Desktop Environ-
ment”, a graphical computing environment for FOSS operating sys-
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tems. It is produced by the KDE community8, a global, volunteer
driven and decentralized FOSS community. 25, 29, 35, 43, 49–52,
55–57, 64, 65, 67, 185, 217

KDE e.V.

KDE e.V.9 is a non-profit organization registered in Berlin, Germany
that represents the KDE Community in legal and financial matters.
25, 26, 29, 50–52, 54, 56, 57, 64, 65, 67, 70, 102, 228

Legal Network

The FSFE Legal Network, initially called the European Legal Net-
work, is a “neutral, non-partisan, group of experts in different fields
involved in Free Software legal issues. Currently the Legal Network
has over 400 participants from different legal systems, academic
backgrounds and affiliations”.10 v, 8, 44, 145

Linux distribution

A Linux distribution is a software collection based on Linux that ag-
gregates the work of the wider open source community into a com-
plete operating system. Linux distributions are an integral part of
the upstream/downstream model because they make FOSS acces-
sible to specific applications like end-user desktops or embedded
systems. 100, 123

Linux Foundation

The Linux Foundation is a not-for-profit industry association (US
501(c)(6)) dedicated to building sustainable ecosystems around
open source projects to accelerate technology development and
commercial adoption. 106, 117, 124, 135, 145, 220, 228

meritocracy

In the context of FOSS, the term meritocracy is used to describe a
system where contributors gain reputation in a community solely
based on the value of the contributions they make. 28, 225

national standards body

Countries nominate one SSO that represents them in ISO. These ap-
pointed SSOs are referred to as national standards bodies. They of-
ten have a special privileged relationship with their country. For ex-
ample, a treaty between the federal republic of Germany and DIN
declares DIN to be the national standards body of Germany, and in

8https://www.kde.org (accessed 03/02/2024)
9https://ev.kde.org/ (accessed 03/02/2024)

10https://fsfe.org/activities/ln/ (accessed 03/02/2024)
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turn obligates DIN to the public benefit, among other terms. 94,
119–121, 130, 134, 136, 142, 143, 189, 223

open source

The term “open source” is generally used in this paper and many
other contexts as a synonym to FOSS. It originally describes a cam-
paign to promote free software to business.[113] 1, 3, 4, 27, 96, 112,
118, 119, 185, 186, 188, 197, 227, see FOSS

open source culture

A synonym for the open source way. 100, 123

Open Source Definition

The Open Source Definition formulates the terms software must
comply with to be considered FOSS.11 It is maintained by the Open
Source Initiative. By way of the Open Source Definition, especially
it’s unanimous acceptance, the term “open source” gained a precise
meaning across the wider open source community, and is therefore
a term of art and part of open source culture. 1, 7, 89, 100, 153, 193,
197, 219–221, 225, see FOSS

Open Source Initiative

The Open Source Initiative12 was founded in 1998 by Eric Raymond
and Bruce Perens. It is dedicated to the promotion of open source
software. The term “open source” was coined by the initiative’s
founders. It created the initial Open Source Definition. Today the
Open Source Initiative is the steward of the Open Source Definition
(OSD) and the community-recognized body for reviewing and ap-
proving licenses as OSD-conformant. It publishes the list of all ap-
proved open source licenses.13 The Open Source Initiative is a Cal-
ifornia public benefit corporation, with 501(c)3 tax-exempt status.
27, 50, 100, 145, 153, 174, 197, 221, 225

open source way

The colloquial term “the open source way” describes the mutual
understanding of software freedom, values and principles applied
by the wider open source community, especially the norms of non-
negotiable FOSS licenses, open governance and meritocracy. The
common saying “There is more than one open source way” high-
lights that communities operate differently based on these shared
values. 100, 123, 225

11https://opensource.org/osd (accessed 03/02/2024)
12https://opensource.org (accessed 03/02/2024)
13https://opensource.org/license (accessed 03/02/2024)
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open standard

The European Interoperability Framework requires for open stan-
dards to give all stakeholders the opportunity to contribute to the
development of the specification, the availability of the specifica-
tion to everybody to study, and for the relevant IPR to be licensed
“on FRAND terms, in a way that allows implementation in both pro-
prietary and open source software, and preferably on a royalty-free
basis”.[46] 102, 134

open-source software steward

An open-source software steward as defined by the CRA is a legal
person, other than a manufacturer, which systematically and on a
sustained basis supports FOSS products. Most foundations will be
open-source software stewards. Stewards have fewer obligations
under the CRA than manufacturers, however they are still respon-
sible for, for example, implementing cybersecurity policies and pro-
cesses. 3, 185

partial consensus

Partial consensus refers to the social norms required to be followed
for contributors to participate in a community. Most commonly,
contributors need to accept the governance norms, the technical
vision and the adopted license of the community. Complete align-
ment on political, economic and societal goals of participation is not
necessary. Achieving it would possibly be in conflict with the goals
of openness and inclusion. 186

public good

A public good is a good that is both non-excludable and non-
rivalrous. The application of a FOSS license makes software source
code a public good. 18, 30, 93, 99, 101, 142, 143, 221

release-early-release-often

Release-early-release-often describes an approach to software de-
velopment where software is released early in the development pro-
cess to start a feedback cycle, as opposed to after functional devel-
opment is completed. The concept was popularized in the wider
open source community. 7, 190

rivalrous

A good is rivalrous if its consumption by one consumer prevents
or inhibits simultaneous consumption by other consumers. Most
physical goods are rivalrous, while most information goods are non-
rivalrous. 18
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small and medium-sized enterprises

Small and medium-sized enterprises are defined in the EU as “en-
terprises which employ fewer than 250 persons and which have an
annual turnover not exceeding EUR 50 million, and/or an annual
balance sheet total not exceeding EUR 43 million.”[49] 178, 196, 235

software freedom

“Software freedom” is what distributing a work under a FOSS license
affords the user. While the terms free software and open source
are used mostly synonymously today, “software freedom” is a po-
litical goal elements of the free software movement aim for. It can
be circumscribed as the absence of coercion to use proprietary soft-
ware.[140] Organisations like the Software Freedom Conservancy14

and the Software Freedom Law Center15 work to advance software
freedom. 6, 7, 27, 34, 39, 43, 70, 118, 137, 139, 140, 183, 193, 198, 225

specification

In the context of standardization, the term specification refers to a
set of documents that describe the requirements to be satisfied by a
technical standard. 97

standardization

Standardization describes an activity of establishing, with regard to
actual or potential problems, provision for common and repeated
use, aimed at the achievement of the optimum degree of order in a
given context (EN 45020:2006). 222, 227

standardization instrument

A standardization instrument is a mechanism applied by stake-
holder that causes a standardizing effect. Examples for standard-
ization instruments are recognized SSO, normalized customs and
practices enforced by tradition, codes of behavior that are prevalent
in some industry sectors, especially trade, but also industrial con-
sortia, professional charters, or FOSS governance. 94, 96, 104, 105,
108, 138, 143, 144, 190, 227

standardizing effect

A standardizing effect is observable in the adoption of a common
technical solution that results from the application of a standard-
ization instrument. 93, 95, 98, 104, 105, 137, 143, 144, 190, 227

14https://sfconservancy.org/ (accessed 03/02/2024)
15https://www.softwarefreedom.org/ (accessed 03/02/2024)
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standards development organization

A standards development organization is an entity whose pri-
mary activities are developing, coordinating, promulgating, revis-
ing, amending, reissuing, interpreting or otherwise maintaining
standards that address the interests of a wide base of users. 17, 77–
87, 89–92, 188–192, 219, 220, 234, 235

standards essential patent

A standards essential patent claims an invention that must be used
to comply with a technical standard. SSO establish policies that reg-
ulate towards their participants how standard essential patents are
expected to be licensed. 4, 77, 79, 81, 86, 87, 89, 90, 102, 117, 118,
128, 131, 136, 139, 142, 168, 190, 191, 199, 234

technical steering committee

A technical steering committee coordinates development and
guides the community towards a technical roadmap. It is commonly
set up to be independent from the project’s governing board to en-
sure that development decisions are made based on their techni-
cal merit, avoiding potential conflicts with the business interest of
funding members of the project. 222, 235

umbrella organization

An umbrella organization hosts individual projects within a single
administrative structure. The Eclipse Foundation, the Linux Foun-
dation and KDE e.V. are examples for umbrella organizations for
FOSS projects 84, 91, 92, 106, 117, 121, 124, 132, 135, 141, 143, 144,
185, 192, 217, 220

upstream/downstream model

The analogy of the upstream/downstream model uses the mental
image of a large river that collects the water from many smaller and
smaller tributaries (the communities) and delivers it to the ocean
(the users). Key tenets of the upstream/downstream model are the
non-negotiability of the free software licensing terms and commu-
nity governance norms. 93, 101, 107, 118, 132, 141, 143, 164, 194,
224, 228, 229

upstream/downstream network

Upstream/downstream network is another term for upstream/
downstream model. 164, 165, 175, 176, 178, 183, 190, 191, 194, see
upstream/downstream model
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voluntary participation

Contributions to FOSS communities are made based on volun-
tary participation, both for individuals and for corporate contrib-
utors (organisations). Individuals are free to decide for themselves
whether or not and what to contribute. Organisations as well decide
what to invest and where and direct their staff accordingly. Com-
munity governance needs to account for voluntary participation as
usually participants need to be convinced to make contributions, as
opposed to being under obligations to do so. 18, 27–30, 41, 71, 72

volunteer contributor

Volunteer contributors participate as individuals following their
own personal motivation, as opposed to corporate contributors that
follow business rationale. Volunteers are free to decide on their own
how much of their time and resources to invest in which activities.
2, 18, 25, 26, 51, 55, 61, 63, 64, 73, 219, 222

wider open source community

The phrase wider open source community is commonly used to de-
scribe the individuals, smaller and larger communities, businesses,
umbrella organizations and other entities collaborating on develop-
ing the commons of FOSS in the global upstream/downstream mo-
del. 6, 10, 18, 28, 42, 43, 48, 70, 82, 93–95, 100, 106, 115, 116, 118–122,
124, 127, 131, 134, 138, 140–145, 147, 183–188, 192, 193, 195–197,
199, 201, 202, 217, 224–226

Wikimedia Deutschland e.V.

Wikimedia Deutschland e.V. is a non-profit organization registered
in Berlin, Germany that represents the German language Wikipedia
community. 58–65, 70, 71

Wikimedia Foundation

The Wikimedia Foundation is a US-based non-profit organisation
that represents Wikipedia globally. 59, 60, 220

Wikipedia

Wikipedia is an online encyclopedia that aims at making the knowl-
edge of the world available to everybody. 43, 58–62, 65, 70, 71

World Wide Web Consortium

The World Wide Web Consortium is an international community
that develops open standards to ensure the long-term growth of the
Web. 79–81, 87, 103, 106, 235
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Acronyms

AI

artificial intelligence 197

API

application programming interface 169

ASL-2.0

Apache Licene 2.0 87, 89

BSD

BSD License 78, 88

BSD-2-clause

BSD 2-Clause "Simplified" License 87, 88

CLA

contributor license agreement 118, 166, 170, 179, 185, 195, 218

CRA

Cyber Resilience Act 3, 4, 226

CWA

CEN Workshop Agreement 129

DIN

Deutsches Institut für Normung e.V 112, 117, 130, 145

EC

European Commission 82, 118, 121

ECMA

Ecma 83, 190
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EPL-2.0

Eclipse Public License 2.0 88

EPO

European Patent Office 118

ETSI

European Telecommunications Standards Institute 81, 87, 103, 112,
136, 145

EU

European Union 3, 4, 13, 76, 120, 141, 142, 185, 195–197, 199, 219,
227

FLA

fiduciary licence agreement 44

FLOSS

free/libre and open source software 1, see FOSS

FOSS

free and open source software 1–13, 16–23, 25–28, 30–33, 37–40, 42,
44, 50, 53, 57, 64, 66, 71, 72, 75–107, 110–127, 131–145, 154, 182–202,
217–221, 223–229

FRAND

fair, reasonable and non-discriminatory 6, 9, 75–82, 86, 87, 89–91,
102, 118, 119, 128, 131, 137, 191, 192, 226

FS

free software 1–3, 18, 27, 30, 35, 43, 44, 47, 50, 58, 95, 99–103, 108,
119, 120, 125, 135, 137–139, 186, 219, 221, 225, 227, 228, see FOSS

FSFE

Free Software Foundation Europe 8, 16, 25, 29, 43–50, 64, 65, 67, 70,
145, 221, 224

GDP

gross domestic product 11, 150, 154, 155, 196

GDPR

General Data Protection Regulation 177
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GPL

GNU General Public License 9, 77, 87, 88, 97, 125, 126

GPL-2.0

GNU General Public License v2.0 80, 87, 90, 126

GPL-3.0

GNU General Public License v3.0 89, 90, 125, 126

IEC

International Electrotechnical Commission 81, 94, 104, 190

IEEE-SA

Institute of Electrical and Electronics Engineers Standards Associa-
tion 112, 116, 145

IETF

Internet Engineering Task Force 80, 103

IP

intellectual property 76–78, 81, 82, 86, 87, 89–92, 103, 135, 151, 152,
155, 165, 176, 178, 193, 222

IPR

intellectual property rights 4, 6, 9, 13, 75, 76, 79, 82, 111, 117–119,
127–131, 135, 136, 139, 144, 176, 183, 188, 190, 191, 193, 198–200,
222, 223, 226

ISO

International Organization for Standardization 9, 81, 83, 94, 103,
104, 121, 128, 130, 136, 143, 189, 190, 224

ITU

International Telecommunication Union 81, 94, 110

LGPL-2.1

GNU Lesser General Public License v2.1 88, 90

LGPL-3.0

GNU Lesser General Public License v3.0 88, 90

MIT

MIT License 78, 87, 88
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OASIS

Organization for the Advancement of Structured Information Stan-
dards 77, 79–81, 87, 103, 112, 145

OIN

Open Invention Network 90, 122, 191

OpenDocument

Open Document Format for Office Applications 103, 106, 132

OSS

open source software see FOSS

PMPC

public money - public code 119, 142, 201

R&D

research and development 5, 91, 92, 107, 140, 156, 157, 169–172, 176,
181, 192, 198, 200

RAND

reasonable and non-discriminatory see FRAND

RDFa

Resource Description Framework in Attributes 80

RDFa-1.0

Resource Description Framework in Attributes 1.0 80

RF

royalty-free 2, 77–81, 84, 87, 89

SDG

Sustainable Development Goal 11

SDO

standards development organization 6, 17, 77–87, 89–92, 188–192,
219, 220

SEP

standards essential patent 4, 77, 79, 81, 86, 87, 89, 90, 102, 117, 118,
128, 131, 136, 139, 142, 168, 190, 191, 199
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SFLC

Software Freedom Law Center 125

SME

small and medium-sized enterprises 95, 178, 196

SSO

standards setting organization 6, 93–99, 102–105, 109–121, 127–145,
224, 227, 228, see SDO

SWOT

strengths, weaknesses, opportunities and threats 96, 112–115, 188

TSC

technical steering committee 184, 222

UN

United Nations 11

VC

venture capital 173

W3C

World Wide Web Consortium 77, 79–81, 87, 103, 106
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