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1 Introduction

1.1 Motivation and objective

| have been involved with Debian for over a decade. At first, it was only a hobby,
occupying a small fraction of my leisure time. Then, teaching Debian to others be-
came my main source of income. Along the way, my fascination with the project kept
building up. The Debian Project is a highly successful project, run entirely by over
2000 volunteers: it produces several computer operating systems, the most popular
of which provides over 20000 software packages for eleven different hardware ar-
chitectures. Furthermore, the Debian System is the basis for around 150 derivative

distributions.

Despite these successes, the project is currently stagnating.! As | started to become
more and more involved with the project, | ran up against walls and fell into holes
that had started to appear over time. After 14 years years of age, it is starting to show
that some of the project's processes did not scale to meet the tremendous growth
the project has enjoyed since its inception in 1993. Endeavours, such as library tran-
sitions, currently require dozens of developers to work hand in hand, and often stall
because of bottlenecks or lack of coordination. Similarly, day-to-day tasks, including
package maintenance, consist of a dozen of tedious and thus error-prone tasks, which

are anything but integrated.

It seems strange that developers of a system as technically sound and universally ap-
plicable as Debian are still doing by hand what the computer could be doing instead.
Tasks like the aforementioned could be streamlined and optimised with tools geared
towards distributed cooperation, if consistently used.

Some efforts in this direction already exist, but they are not being adopted by the
Debian community as readily as they should be. Because the Debian Project is made
up entirely of volunteers, noone can be told what to do or how to approach their

'This is not to say that the project is failing; rather, its processes are not as effective as they could be.
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tasks. Instead, Debian Developers (DDs) prefer to choose their own methods, based on
criteria which range from technical benefits to ideology, from pragmatism to sheer
stubbornness. In addition, once settled, a developer is often unwilling to change
his/her methods at a later point in time, or may only be able to do so through
considerable additional effort and not be able to assess whether the effort will pay
off.

Through my research, | strive to find a framework which can be used to assess diffu-
sions of development methods in the Debian Project. The framework should capture
factors which have an effect on the developers' decision to adopt or reject a devel-
opment method. Given a technology which improves the workflow of an aspect of
Debian development, the framework can be used to estimate the rate of diffusion
of this technology within the project. If this rate is unacceptably low, the frame-
work can offer suggestions on where to concentrate efforts to speed up the pro-

cess.

| hypothesise that such a framework can be used to streamline Debian development
and thus increase the efficiency of every contributor. Moreover, the framework should
be applicable to other volunteer projects, and management science, where a trend
exists towards treating employees as volunteers by giving them increased amounts of
autonomy.

1.2 Qutline

In chapter 2, | deliver a profile of Debian. While | could write volumes more, | confine
myself to a short introduction (section 2.1) to explain the most crucial terms (sec-
tion 2.2) before | sketch one of the core workflows in Debian, package maintenance
(section 2.3); | highlight problems and offer hypothetical solutions along the way. In
section 2.4, | touch upon the most prominent character traits of the stereotypical DD,
which are undoubtedly similar to the traits of participants in other Free/Libre/Open-
Source Software (FLOSS) projects, but are in many ways subtly different as the De-
bian Project focuses on quality and freedom more than any other project. The project
has been the subject of a number of scholarly publications, which | collect in sec-
tion 2.5.

Chapter 3 is devoted to the study of diffusions and split into two parts. | start
with a short history and the development of the most relevant terminology (sec-
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tion 3.1). The second half is concerned with frameworks: | identify the character-
istics of the framework needed for my research and present a number of existing
frameworks as a foundation for the development of a new framework, should that
be needed.

Then, in chapter 4, | describe my research approach, which combines grounded theory
(section 4.1.1) with a Delphi study (section 4.1.2). | partitioned the approach into four
phases, which | present in section 4.2.

Finally, | offer a statement on research output to date (section 5.1) and outline my work
plan throughout completion of my endeavour (section 5.2)

1.3 Acknowledgements

| would like to thank Gabriella Coleman, Assistant Professor at the Department of
Media, Culture, & Communication of New York University, and Prof. Brian Fitzger-
ald of Lero, University of Limerick, for their valuable feedback on a draft of this re-
port.



2 Debian

Debian is on of the largest FLOSS projects [Amor-Iglesias et al., 2005b]. As such, it has
been subject of a considerable number of studies. In addition to scholarly works, vast
volumes of text have been written on the subject in online publications, weblogs, and
last but not least, publicly-archived mailing lists. The purpose of this chapter is to
introduce Debian and one of its core workflows, and present an overview of existing

literature.

2.1 Introducing Debian

Debian is primarily the name of a project, christened after its founder lan Murdock, who
is married to Debra, thus Deb-lan (/'debion/). The Debian Project is a globally-spread,
non-commercial "association of individuals who have made common cause to create
a free operating system” [Debian Project, 2006]. The project came to life 14 years ago
to publish Debian GNU/Linux, the second oldest GNU/Linux distribution after Slackware
Linux.!

The Debian Project is possibly the largest and most complex FLOSS project [Lame-
ter, 2002, Amor-Iglesias et al., 2005b]: 1049 people from 52 countries are registered
as official developers. In addition, an uncountable number of sponsored maintainers,
translators, testers, and, last but not least, users provide their input and contributions
around the clock. 2

"Debian” is also used synonymously to refer to the concepts shared by a family of op-
erating systems produced by the Debian Project. Debian GNU/Linux is the most promi-
nent of these operating systems, and the Debian Project's main product: a distribution,

"The GNU/Linux distribution time-line: http://futurist.se/gldt/ [26 Sep 2007]
2] estimate the number of two-or-more-times contributors to be around 2 000.
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which integrates the Linux kernel, GNU user-space,® and Debian system administration
concepts and techniques.

| have published a book on Debian, which documents these concepts and techniques.
The book also sports chapters on the project, development techniques in use, and
traits of its community [Krafft, 2005, chs. 1, 2, 4, 5, 9, 10]. For my dissertation, |
research adoption behaviour among the group of developers and contributors, which
my book does not cover. Nonetheless, it serves as comprehensive source of background
information on the topic and portions of the following chapter are based on its con-
tents.

Debian GNU/Linux is a free computer operating system. Debian takes an extraordinary
and somewhat radical approach to Free,* which it documents in one of its fundamental
documents, the Debian Free Software Guidelines (DFSG) (see section A.5), a part of
Debian's Social Contract (see section A.4). Herein, the project promises “that the Debian
system and all its components will be free according to these guidelines[, and that the
project] will never make the system require the use of a non-free component.” As |
shall mention in section 2.4, this adherence to freeness and freedom is a fundamental
motivation for the project's members.

To date, Debian GNU/Linux is made up of over 20 000 software packages, most of which
are available for all of the eleven supported architectures. Amor-Iglesias et al. [2005a]
find "Debian [to be] one of the largest software systems in the world, probably the
largest.’

2.2 Terminology

Please refer to section A.2 for additional terminology.

36NU (GNU is not Unix) is a FLOSS project that pre-dates the Debian Project by a decade and strives
to provide free, open-source implementations of the basic user-space applications, which hold the
system together.

*The word "Free" is often, but not necessarily, capitalised to emphasise that the author wants to refer to
both, "free as in beer and speech.” In the Debian Project, the word is not capitalised, but still implies
both meanings.
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2.2.1 Developers and contributors

Traditionally, the Debian Project distinguished only between developers and users,
while developers are also users. Over the years, as the project grew and more people
contributed in an ever increasing variety of ways, additional roles came into existence
[Wallach et al., 2005, Coleman, 2005b, Michlmayr, 2004]. Please refer to section A.1
for details on the evolution of membership in the Debian Project and the history of the
various roles. For this text, | identify only the four roles immediately pertinent to the
development of the system and consciously leave out infrastructural roles, such as the
system administrators:

Users — include anyone who consciously uses the Debian System, and thus all mem-
bers of the aforementioned categories.

Contributors — are users who contribute to Debian by way of bug reports, patches,
translations, documentation, etc. Often, these people do not want to be in-
volved with the project, or take on responsibility, but see the value in their con-
tributions. Such users usually install snapshots of the system from the unstable
archive.

Maintainers — are those in charge of a package in the Debian archive, or a member
of a team maintaining a package. Traditionally, official developers would act as
“sponsors" and upload maintainers' packages to the archive; in 2007, the role
of Debian Maintainer (DM) was instituted, allowing maintainers to upload their

own packages themselves.

Developers — are official members of the project and have the rights and obligations
as stated by the Debian Constitution (see section A.1.4), including access to
developer machines, the ability to upload packages to the Debian archive, and
the privilege to cast votes in elections and general resolutions.

Maintainers and contributors are also developing the Debian System and are also af-
fected by workflow choices. Thus, in most cases, when | speak of developers, | mean
to include the other two groups. In the rare cases that | need to differentiate among
them, due to e.g. upload privileges, | shall take care to classify developers appropri-
ately.

Note that these are labels for status within the project and thus cannot be directly
mapped to the well-known onion model, [Crowston and Howison, 2003], which cate-
gorises users according to their contributions. Even though the Debian Project is meri-

10
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tocratic in that it only awards status to those who have contributed, the transition to
a more privileged status may take a long time (cf. section A.1.5); in addition transitions
to a status with lesser privileges basically never happen [cf. Jensen and Scacchi, 2005].
The above categories are purely functional and relate to the privileges associated with
each. Thus, it does not matter that membership of various groups (or layers) has been
found to be in continuous flux [Gonzalez-Barahona and Robles-Martinez, 2003, Ye
et al., 2004].

2.2.2 Volunteers

The Debian Project is a project driven entirely by volunteers. The project does not pay
any of its developers,® nor does it let its sponsors or its legal entity have any influence
in the project’s technical interests.

Robles et al. [2005b] offer a comprehensive definition of what it means to be a vol-
unteer, which | assume: volunteers are those who work "“in their free time not profit-
ing economically in a direct way from their effort. Volunteers can be IT-related pro-
fessionals or not, but their professional activity is not the one they perform" when
they act as volunteers. By their definition, "all maintainers in Debian are volunteers.
Some employers of people who act as Debian maintainers in their spare time per-
mit their staff to devote some of their time to Debian during work hours. Neverthe-
less, the majority of work by most Debian maintainers is performed in their spare
time.'

2.3 Maintainer fundamentals, challenges, and

solutions

It is outside the scope of this text to cover development practises of the Debian Project.
However, since development practices and processes differ greatly across FLOSS projects
[Michlmayr et al., 2005], a short discussion is in order.

My research is about assessing diffusions of methods within the Debian Project, with
the goal of increasing efficiency of our workflows. | concentrate not on the increase
of efficiency, but on the conditions under which a method will be widely adopted. The

®The Dunc-Tank experiment (http://www.dunc—tank.org/ [7 Nov 2007]) is one notable exception,
but the experiment is said to have failed.
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ratio between difficulty in understanding and putting a new method to use, and the
benefits it brings will surely have an effect on the diffusion rate. In the following, |
present a short run-down of the standard Debian package maintenance process as an
example of a Debian development process in need of improvement. | also highlight
some of the problems, and hypothesise solutions.

Figure 2.1 illustrates the various stages a Debian package traverses during its lifetime.
A package is born when a user (or developer) finds (or writes) a piece of software, and
wants to make that software available via the Debian archive. Through a process of
“debianisation”, the software is transformed to meet the requirements of the Debian
System, and meta data are attached to ensure that the package fits in with all the other
packages in the Debian archive (see section A.2.5). The package is then uploaded to the
Debian archive, subjected to quality and licence checks, before it begins its lifetime
as official Debian package in the unstable archive (see section A.2.4). The packager

becomes the maintainer.

12
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Every package in the Debian archive has an associated bug tracker.® As the package
trickles through the archives and eventually becomes part of an official, stable Debian
release, the number of users grows, and bugs will be found and reported. It is the main-
tainer's task to process these bugs, which can be either Debian-specific, or applicable
to the upstream version’ of the package.

In the first case, the maintainer might fix the problem, then prepare and upload a new
revision of the package. In the package's changelog, s/he notes the fix and bug number,
which causes the Debian archive management scripts to mark the bug report as done.
To make life easier for other distributions, which may be tracking the Debian package,
the maintainer could manually attach the patch fixing the problem to the bug report,
but this is rarely done due to the extra effort involved; unfortunately, it cannot be
automated reliably, a point to which | shall return shortly.

If the maintainer runs out of time (or is lazy), someone else may pick up on the bug
report and work out a fix, attaching the patch to the bug report when done. Depending
on the severity of the bug report, this person may then prepare a non-maintainer
upload (NMU) to solve the problem in the archive as quickly as possible. In such a case,
the patch may never end up in the bug log, as the act of appending the patch to the
report as part of a NMU is requested, but not enforced. Once the maintainer again
finds time for the package, s/he needs to retrieve the patch from the Bug Tracking
System (BTS) and apply it, then record the act in the changelog before uploading the
new package revision. Problems arise when a maintainer had completed half of the fix
when time ran out, and then receives a patch from someone else, who was unaware of
the maintainer's local efforts.

If the reported problem applies to the upstream package, the maintainer may similary
fix the problem in the Debian package. It is then in the maintainer's interest to forward
the patch to the software’s author, so as to minimise the volume of differences s/he has
to track between the original software and the version published in the Debian archive
(patch management). Nevertheless, the maintainer will have to track the patch until a
new upstream release incorporates it. Some patches against the upstream code may be
Debian-specific and thus have to be tracked indefinitely, as they cannot be submitted
to upstream.

®http://bugs.debian.org/packagename

’Upstream refers to the (external) source of software packaged for Debian; E.g. the GNOME project is
Debian's upstream for GNOME-related packages. Debian users, as well as derived distributions, are
sometimes referred to as downstream.
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What this outline strives to illustrate is the complexity of the process and the number
of related but separate tasks awaiting the maintainer in response to every bug report.
Current Debian package maintenance involves many repetitive tasks, which hold a
high potential for human error. In addition, as the complexity of a package increases
(due to large numbers of bug reports and a slow upstream, or related to fundamental
differences between the upstream software layout and Debian's standards), package
maintenance becomes tedious and error-prone, negatively affecting the quality of the
entire distribution.

In an ideal world, package maintenance, patch management, and bug reports would be
integrated in such a way that patches are treated as separate, logical entities stored
within the package. Each patch could be manipulated (applied, forwarded, removed)
separately, and status changes would be automatically recorded in the associated bug
report.

Using version control systems (vCSs) for package maintenance is a strong trend in the
Debian Project, but without any standard practices; or rather, in the spirit of Grace
Hopper: "the wonderful thing about standards is that there are so many to chose
from”® This is not necessarily a bad thing, as competition fosters quality, but it dampens
cross-package collaboration and hinders one-time contributions: users trying to fix
bugs in a package as part of a bug squashing party (BSP) may have to first learn how
to interact with the vCS. It also makes it difficult to automate the aforementioned
integration of the BTS with the vCs.

This situation is a core motivation for this research. | have postulated improved work-
flows® and am part of efforts to integrate VCS with the standard Debian tools."® How-
ever, while availability of a solution is a prerequisite for its adoption, considerations are
in order to drive the diffusion of a solution in the Debian Project; an assumption that
any method, however advanced or appropriate, will be widely adopted in the project
would be naive, as it does not take into account the characteristics of the Debian
Project, its community, and its members.

8This quote is widely attributed to Grace Hopper, but first appears in Andrew Tanenbaum's Computer
Networks without attribution.

*http://blog.madduck.net/debian/2005.08.11-rcs-uploads [17 Oct 2007] and http://
blog.madduck.net/debian/2007.10.03_packaging-with-git [17 Oct 2007]

10http: //kitenet.net/~joey/blog/entry/an_evolutionary_change_to_the_Debian_
source_package_format [8 Nov 2007]

14
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2.4 Stereotypical traits of Debian

developers

Coleman [2005b], by way of three examples, illustrates how Levy's seven infamous
hacker ethics'" [Levy, 1984] have been embodied and furthered by the Debian com-
munity, and the importance of acknowledging how these ethics evolve in new con-
texts, such as the Debian Project. For instance, Levy's "true hackers" did not have a
concept of legality, which is a strong point of focus in the Debian Project (cf. sec-
tion A.4).

When researching character traits of participants of FLOSS projects, one encounters
the concept of developer motivations [Raymond, 1999, Feller and Fitzgerald, 2002,
Weber, 2004]. In the context of ethics, Coleman [2005b] offers an alternative perspec-
tive: "developers commit themselves to an ethical vision through, rather than prior, to
their participation in a F/OSS project” [[[her emphasis]p. 319 This (powerful) argument
makes it possible to lump DDs together for common coverage of their character traits,
while allowing for exceptions to be mentioned.

In my research, | concentrate not on ethics but on productivity and efficiency, and thus
refer to Turkle [1984] for further treatment of the semi-obessive traits of hacker. Also,
| touch the subject in [Krafft, 2005, p. 46ff]. The following is a very brief discussion of

the most prominent traits, relative to my research.

| would like to partition the set of all DDs (including maintainers and contribu-
tors) into two classes: developers interested in performing their own tasks, and only
these, and developers interested in the technical side of the project as a whole.
By far the largest number of DDs falls into the former class, while only a single-
digit percentage'? care about the development processes in use throughout the
project.

A DD is a volunteer (see section 2.2.2) and as such cannot be told what to do [Rob-
les et al., 2005b]. On the other hand, many DDs, especially those in the latter class,
are interested in new technology, and improving the efficiency of the workflows they

(1) Access to computers — and anything which might teach you something about the way the world
works — should be unlimited and total. (2) Always yield to the Hands-On Imperative. (3) All informa-
tion should be free. (4) Mistrust authority — promote decentralization. (5) Hackers should be judged
by their hacking, not bogus criteria such as degrees, age, race or position. (6) You can create art and
beauty on a computer. (7) Computers can change your life for the better.

2This number would have to be determined by the survey proposed in section 4.2.2; | currently estimate
the number at around 200.
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follow, and are likely to consider new approaches, sometimes even excited to follow
the lead of others.’® The distribution across adopter categories (see 24) seems to be
similar to the spread identified by Rogers [2003, p. 281],'* meaning that only a very
few DDs innovate, while the majority tends to wait for the early bumps and holes to
be fixed before adopting. Even though adoption tends to be slow in voluntary projects
(cf. Rogers [2003, p. 29f]), levels of awareness and interest of a new technology tends
to be high much earlier among members of the Debian Project. This is to say that
most Debian contributors tend to spend a considerable time in the persuasion stage
(see section B.1). The following quote is reminiscent of typical reactions in discussions
about innovations in the Debian Project:'®

“| find your approach very interesting but probably not worth the trou-
ble at the moment. Once the early adopters such as yourself have come
up with a streamlined workflow for keeping Debian modifications in
branches, I'll reconsider.

A related concept is absorptive capacity (AC) — the ability to recognise, assimilate, and
apply external information to internal processes [Cohen and Levinthal, 1990, Zahra
and George, 2002]. The Debian Project's AC depends on the AC of its members, which
is limited mainly by the fact that contributors want to contribute, instead of learning
new methods Stuermer [cf. 2005]. While in the business domain, where the concept
of AC originated, a firm's innovativeness is vital and AC can decide between failure and
success, but this is not the case in a volunteer project, such as the Debian Project,
which exists without competition.'®

For developers, a much more pressing concern is the perceived diminishing return from

investing time into new methods. DDs are increasingly more aware of the problem

nl7

of "yak shaving"'” — spending (more) time on tools which can be used to solve a

task, instead of simply (spending less time) getting the task done. Being aware of the

Bef http://lists.madduck.net/pipermail/vcs-pkg/2007-0ctober/000039.html [25 Oct
2007]

Again, this is something to be determined by the survey of section 4.2.2.

®http://lists.madduck.net/pipermail/vcs-pkg/2007-0ctober/000032. html [10 Oct 2007]

'®This is not to say that Debian stands above its potential competitors, just that there are no hard facts,
such as turnover or market share. Instead of money, the Debian Project is run on volunteer time
and monetary donations, instances of neither of which are essential for its survival [cf. Robles and
Gonzalez-Barahona, 2006].

VA true gem of the Internet: http://projects.csail.mit.edu/gsb/old-archive/
gsb-archive/gsb2000-02-11.html [7 Nov 2007]

16
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problem does not mean that an individual can avoid it and be pragmatic at all times.'®
It remains to be determined, possibly by survey (see section 4.2.2), how this problem
affects adoption behaviour among DDs.

< madduck> is there a term for wasting time playing with and improving
the tools one uses in accomplishing a task, instead of
accomplishing the task?
< a_developer> I know exactly what you mean. fiddle with the tool for
4 hours instead of just doing the 4-minute task
< another_dd> most of us do
< yet_another_dd> it’s yak shaving

— #debian-devel, 7 November 2007

A trait shared by contributors to the Debian Project is the appreciation of techni-
cal excellence, which is often a source of "yak shaving." In my book, | described De-
bian poetically as "academically-inspired applied functionalism" [Krafft, 2005, p. 32]
suggesting that Debian developers approach problems patiently and academically in
search of solid, long-term solutions. Yet, the solutions have emerged out of the prac-
tical needs of Debian users. Consequentially, Debian's solutions are far more power-
ful and robust than needed for most situations, but these tools can be put to use in
standard and complex scenarios alike. This is one of the reason why we call Debian
the "universal operating system.” In addition, high levels of peer review ensure code of
outstanding quality [MichImayr, 2005b], and Debian is a quality-oriented project with-
out fixed release cycles or other forms of market pressure [cf. Halloran and Scherlis,
2002]. This orientation, | postulate, is one of the motivations for contributors to con-
tinue investing time into Debian. And this orientation may directly translate into the
adoption development methods: if DDs prefer solid solutions and are not driven by
market pressure, adoption behaviour within the group is likely to be more conserva-
tive.

Another motivation for participation is Debian's rigorous observance of freedom. The
DFSG (see section A.5) express the project's dedication to building a complete operat-
ing system based entirely on free software. While one of the characteristics of a FLOSS
project is the freeness of its produce, Debian GNU/Linux is the only GNU/Linux distri-
bution which is built on a strong belief in freedom and does not suffer from licencing
restrictions, which could restrict its users. Here, | can make the link back to the third of

'®In fact, | hypothesise that much of Debian's core is affected by the issue in one way or another, and
if it's only the distractions on IRC channels, which are central to Debian development, but also very
“chatty”’
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the hacker ethics identified by Levy: all information should be free. This belief equally
unites contributors to Debian [Coleman, 2005b, p. 3f21].

Other ideological effects relate to programming language and logic, and coding style
preferences, which have been influential in an individual's decision to favour or dis-

favour a given solution.

2.5 Literature review

As stated in the introduction, Debian has been the topic of many investigations and
articles. By far, most of the coverage comes via electronic publications, mailing lists,
and Internet discussion forums. As one of the largest FLOSS projects, however, it has also
been subject of books,'® and a fair number of scholarly articles.?°

Most commonly, the project is cited for its strict adherence to moral, ethical, and ide-
ological standards [Raymond, 1999, Feller and Fitzgerald, 2002, Coleman, 2005a], and
on licencing topics [Garzarelli and Galoppini, 2003]. It has also been studied in the
context of project success measurements [Senyard and Michimayr, 2004, Crowston
et al., 2006], project management [Gonzalez-Barahona and Robles-Martinez, 2003,
Garzarelli and Galoppini, 2003, O'Mahony and Ferraro, 2004, Michlmayr, 2004, Rob-
les and Gonzalez-Barahona, 2006, 0'Mahony and Ferraro, 2007, Robles et al., 2007],
release management [MichImayr, 2005a, 2007, MichImayr et al., 2007a], and quality
assurance [Michlmayr et al., 2005, Michlmayr and Senyard, 2006]. The volunteer na-
ture of the project has also received attention [Michlmayr and Hill, 2003, MichIimayr,
2004, Robles et al., 2005b, Robles and Gonzalez-Barahona, 2006, Robles et al., 2005c,
MichIimayr et al., 2007b]. Robles et al. [2006b] have explored social network analy-
sis techniques for community-driven software projects and used Debian as case study,
and Sowe et al. [2006, 2007] study Debian's social network with a focus on knowledge
brokerage.

The Debian package archive has served as basis for network analysis studies [Fortuna
et al., 2007, Robles et al., 2006b], statistics [Robles et al., 2006a, Amor-Iglesias et al.,
2005a, Robles et al., 2005a], and effort analyses [Gonzalez-Barahona et al., 2001].

19http: //debian.org/doc/books [8 Nov 2007]
2| have made efforts to bring together researchers of Debian with a mailing list: http://lists.
madduck.net/listinfo/academic-debian
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Thanks in large due to the high quality meta data found in the archive, Debian is be-
ginning to gain momentum in software product line studies [Kojo et al., 2003, Bermejo
and Dai, 20086].

To my knowledge, no articles exist on the Debian workflow, or method diffusion/adoption
within the project.



3 Assessing diffusions

In Friedrich Dlrrenmatt's satire Die Physiker (the physicists), the central character
Maobius hides in a sanatorium in a hopeless attempt to keep his invention, the "system
of all possible inventions," from the public, in wise anticipation of the potential of its
abuse. The story unfolds to reveal his failure, building up to the climax moment when
Mobius appeals to the public to consider the consequences of scientific research, be-

cause "what has once been thought can never be unthought.”

Ideas spread. If an idea is widely accepted, it propagates faster from one person to the
next; the process underlying this propagation is called diffusion. Not only ideas diffuse,
but also products, strategies, theories, and the many other types of innovations, and
diffusions are studied in numerous fields: politics, marketing, process improvement,
and engineering, to name but a few. It is thus unsurprising that the study of diffusions,
despite its young age, has received considerable attention and continues to be a busy

research domain with a large volume of output.

The purpose of this chapter is to build a basis for the assessment and comparison of
diffusions of methods among Debian developers. | start by developing a terminology
used henceforth. Next, | define the requirements of the framework | seek for the re-
search related to this thesis. | then briefly present a number of existing frameworks
that have been developed to assess diffusions.

3.1 History and terminology

The origins of the study of diffusions are found in Gabriel Tarde's book The Laws of
Imitation [Tarde, 1903]. Tarde, a French sociologist and social psychologist, who views
society as made up of individual interactions between people, claims that “"society is
imitation” [ibid., p. 74] of peers by peers. Core to Tarde's theory is the search for traits
that determine the successful spread of an object of imitation, also referred to as

innovation:
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"Our problem is to learn why, given one hundred different innovations
conceived of at the same time — innovations in the form of words, in
mythical ideas, in industrial processes etc. — ten will spread abroad, while
ninety will be forgotten” [Tarde, 1969, p. 140].

To date, more than 5000 research papers have appeared on diffusions [Rogers, 2003,
p. xviii]; while almost all of these studies treated the respective diffusion as separate
and did not consider potential insights gained from other diffusions, Rogers [1962] was
the first to present a concerted approach (see section 3.2.2).

In the following sections, | introduce the core terms of innovation diffusion research.
The terminology of the domain is very convoluted and definitions from business and
marketing usually contradict their counterparts from the social sciences. Given the
ubiquity of marketing terms, thanks to today's media, | deemed it appropriate to high-
light the differences before taking a stand. Rogers [2003] is widely cited and accepted
as as authoritative reference on the topic of innovations in the social sciences. A
scholar of communication and technology adoption studies, he gained interest in the
diffusion of innovations through exposure to rural sociology, and has since studied
several thousand diffusions in copious different fields. While it is tempting to settle
for his terminology, alternate definitions are occasionally more appropriate to this re-
search.

3.1.1 Innovation and invention

Both in academic and industry circles, innovation is a buzzword with an unclear mean-
ing. The word is overused for its seemingly positive connotation, when in fact is does
not imply success, and politicians and marketing people are especially fond of its
(ab)use. Scholars, dictionaries, and the media disagree over the actual meaning. For
instance, the Oxford English Dictionary' double-defines innovation as (1) the action or
process of introducing new methods, ideas, or products; (2) a new method, idea, prod-
uct, etc.. As | shall show shortly, the social science literature takes a completely differ-
ent perspective. Pierce and Delbecq [1977] provide an extensive treatment of the two
words. The following concentrates on the aforementioned difference, which has been
the source of confusion | most commonly encountered.

1http ://www.askoxford.com/dictionaries/compact_oed [31 Oct 2007]
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The crux of the disagreement may be the word new, and a related confusion over the
use of invention vs. innovation: very often, an invention is referred to as an innovation.
An invention is generally understood as something novel in the sense that it has never
before existed. It is often the result of research and development [Fagerberg, 2004].
Kline and Rosenberg [1986, p. 279] acknowledge that an innovation is often perceived
as a new product (an "invention"), but offer alternative interpretations: new processes,
substitution of component materials in production, reorganisation of production lead-
ing to increased efficiency, and improvements in “instruments or methods of doing
innovation"? [ibid.).

According to Schumpeter [1942, p. 89], an economist, an invention is economically
irrelevant as long as it is not carried into practise. Earlier, Schumpeter [1934, 1939]
had defined innovation as the commercial or industrial application of something new,
thus suggesting that an innovation is what makes an invention economically relevant.
Schumpeter does not take a clear side on what it means to apply or carry into practise
an invention. In fact, his two definitions can be read to conflict with each other: a prod-
uct is carried into the market by a marketing department, but applied by the end-user.
The business literature seems to push innovations to the people, where an innovation
is the "first commercialization of the idea" [Fagerberg, 2004]. The social sciences cen-
tre on the implementation; Amabile et al. [1996], who study organisational innovation
studies, define innovation as “the successful implementation of creative ideas within
an organization

The adjective innovative is closely related. In the business world, companies (and even
ideas) are often labelled innovative [e.g. Lazonick, 2004],% while in the social sciences,
innovativeness is a feature of users who implement an innovation. The verb innovate
and the lesser used noun innovator (someone who innovates) take similar meanings
in the two domains: businesses are innovative if they offer new products or ideas.
An organisation, studied by social science scholars, is innovative if it implements new
products or processes.

By the definition of Rogers [2003], an innovation is only a perceived novelty, without
any connotation of implementation or success [ibid., p. 12]:

An innovation is an idea, practice, or object that is perceived as new by
an individual or other unit of adoption. It matters little [...] whether or

2For an explanation of what this cyclical definition means, please see footnote 2.
3Any newspaper's business section uses the (buzz)word in this sense.
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not an idea is "objectively” new [...]. The perceived newness of the idea
for the individual determines his or her reaction to it. If an idea seems
new to the individual, it is an innovation.

Newness in an innovation need not just involve new knowledge. Some-
one may have known about an innovation for some time but not yet devel-
oped a favorable or unfavorable attitude toward it, nor adopted or rejected
it. "Newness" of an innovation may be expressed in terms of knowledge,

persuasion, or a decision to adopt.

Later in his tome, he explicitly defines the innovator (who innovates) as the person
putting an innovation to use: “the innovator must be able to cope with a high degree
of uncertainty about an innovation at the time he or she adopts" [ibid., p. 282]. In
comparison, Hughes [1989], who takes the perspective of marketers, claims that inno-
vators "strive to increase the size of the system under their control and to reduce the
size of the environment that is not" [p. 66]. In this context, | can see potential for a
case that those first to adopt a technology may themselves be interested in marketing
it, i.e. to get others to follow: especially in the case of innovations with complex net-
work externalities (see section 3.1.3), an innovator will strive to increase his/her own
utility by getting others to adopt.

3.1.2 Diffusion and adoption

Diffusion is about communication [Mahajan et al., 1990]. Rogers [2003] defines the
diffusion of an innovation to be “the process in which an innovation is communicated
through certain channels over time among the members of a social system. [...] Dif-
fusion is a kind of social change, defined as the process by which alteration occurs in
the structure and function of a social system” [p. 5f]. By this definition, a diffusion is
always about an innovation, and hence “diffusion” by itself can be used in place of
"diffusion of innovations.'

The rate of diffusion is thus the speed of communication, or the rate with which ideas
are passed from one member to the next. A diffuser is an individual or agency driving a
diffusion. Thus, a company's marketing department, so-called change agents, individ-
uals, and whole groups can take on the role of a diffuser.

In the marketing literature, diffusion is mostly assessed by the degree of acceptance
of an innovation by the market collective [e.g. Rogers, 1976, van den Bulte, 2000, Ma-
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hajan et al., 2000]. Here, a diffusion is successful if it yields widespread adoption. In
this case, the term adoption refers to the psychological process leading up to a con-
sumer's individual decision to accept an innovation [0zanne and Churchill, 1971]. The
marketing literature seems to be mostly concerned with successful diffusions, meaning
diffusions that elicit adoptions.

Rogers offers a broader perspective, defining adoption to be one of the possible
outcomes of what he calls the “innovation-decision process” [ibid., ch. 5]: "adop-
tion is a decision to make full use of an innovation as the best course of action
available” [ibid., p. 177]. Different from the marketing literature, his model also
accomodates failure (rejection); Acceptance is sometimes used in place of adop-
tion, especially in the context of the Technology Acceptance Model (TAM) (see sec-
tion 3.2.2).

Potential adopters are those confronted with an innovation and who are not unlikely to
adopt it; the subset of people accepting the innovation are the adopters. Rogers sepa-
rates the members of the social system into five categories, according to their innova-
tiveness: innovators are the first (2.5%), followed by early adopters (13.5%), the early
majority (34%), the late majority (34%), and finally, the laggards (16%) [ibid., p. 281ff].
Moore [1991] concentrates on the divide between early adopters (“visionaries") and the
early majority (“pragmatists”) and how to overcome it.

Adoption is not an act, but rather a process undergone by an adopter. Rogers splits the
process into five stages [ibid., ch. 5], which he derives from earlier research; as part of
this research, he also validates the existence of stages in the adoption process [Beal
et al., 1957]. Kwon and Zmud [1987] offer a more granular break-down of the same

process into six phases.

Diffusions can be successful or unsuccessful. A common way to measure the success
of diffusions is the rate of adoption, which Rogers defines as the “relative speed with
which an innovation is adopted by members of a social system, [...] usually mea-
sured by the length of time required for a certain percentage of the members of a
system to adopt an innovation." [ibid., p. 23]. A diffusion may also be considered suc-
cessful if a critical mass of adopters is reached [cf. Markus, 1990], which is the point
when the number of adopters is high enough such that the rate of adoption starts
to sustain itself. Once this point is reached, a diffusion is said to be irreversible [ibid.,
p. 343ff].
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Tornatzky and Klein [1982], Kwon and Zmud [1987], Fichman [1992], Swanson [1994]
provide an extensive overview of diffusion research in the information systems (i)
domain.

3.1.3 Network externalities and excess inertia

The study of diffusions distinguishes between two types of innovations: those which
can be freely adopted by members of a social system, without affecting any other
members, and innovations, whose singular adoption has an effect on the rest of the
social system.

The literature refers to effects of an innovation on the rest of the social system as
network externalities, a term first used by Farrell and Saloner [1985] and Katz and
Shapiro [1985]. The term* combines the meaning of network effects, commonly used
in the communications field [Rohlfs, 1974], and externalities, an economic concept
defined as "an effect of a purchase or use decision by one set of parties on others who
did not have a choice and whose interests were not taken into account!"® The literature
does not offer a clear definition, but the Internet does: "Network externalities are
the effects on a user of a product or service of others using the same or compatible
products or services.'®

One example of a (positive) network externality is the choice of media format of a video
player: the consumer of a more popular format will benefit from a greater selection of
products, because manufacturers are more likely to produce using the format that is
more popular [Katz and Shapiro, 1986].” Markus [1990] develops a critical mass theory
(of interactive media) in this context, which accounts for one technology (or medium)
eventually displacing another (of lesser popularity).

Network externalities are not limited to positive effects: "If, for example, a telephone
or computer network becomes overloaded, the effect on an individual subscriber will be
negative" [Liebowitz and Margolis, 1994]. A decrease in utility with increasing number
of users is called a negative network externality.

*Leibenstein [1950] coined the term bandwagon effect as “the extent to which the demand for a com-
modity is increased due to the fact that others are also consuming the same commodity.”

*http://economics.about.com/cs/economicsglossary/g/externality.htm [1 Nov 2007]

®http://economics.about.com/cs/economicsglossary/g/network_ex.htm [1 Nov 2007]

7 Although Katz and Shapiro [1986] use the example of VHS vs. beta video cassettes, which are nowadays
antiquated, we are faced with the same dilemma choosing between HD-DVD and Blu-Ray media today.
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Other negative effects of network externalities relate to the phenomenon of inertia.
For example a larger number of users of one technology may prevent others from
switching to another (possibly superior) solution because of the need to cooperate
with those who use the current product. Farrell and Saloner [1985, 1986] call this ef-
fect "excess inertia! To make the characteristics of this form of inertia explicit (see
below), | refer to it as excess lock-in inertia; Strader et al. [2007] call it cross-impact
network externalities. Examples of such cases are numerous, especially in the infor-
mation technology (IT) domain, and often involve (products by) monopolists, or years
of established practise before a new product comes along: office suites, programming
languages, version control systems, and sundry other productivity and development
tools.

Network externalities can also work the other way and force users to give up their
established practise in favour of another technology. The literature seems to provide
no concrete examples, but the case of Microsoft Internet Explorer illustrates the point:
after displacing Netscape's browser.® Internet Explorer became the de-facto standard
of the World Wide Web, causing many designers and application providers to cater their
sites for the browser by employing non-standardised extensions. In recent years, other
browsers have regained market shares. Nevertheless, there continue to be sites which
require the use of Internet Explorer and thus force users to employ that browser, even
though they have long abandoned it. Internet Banking applications are but one such
example. For lack of an existing term, | refer to such externalities as excess pull-back
inertia.

3.1.4 Attributes, characteristics, facets, traits
An entity, such as an innovation or a diffusion, may have certain attributes which are

characteristic of the entity. | use the words attributes, characteristics, facets, and traits
synonymously.

3.2 Diffusion frameworks

When assessing or comparing diffusions, it is paramount to agree on a common set
of comparable, normalised attributes, or else one might compare apples with oranges.

8Microsoft leveraged the ubiquity of its operating system to force diffusion of its browser, which later
resulted in an anti-trust case.
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Such a set of attributes, along with their domains and relation to each other is called
a framework. The Oxford English Dictionary® defines a framework as “a supporting or

underlying structure”

In this thesis, frameworks are used analytically to compare diffusions. An analytic
framework is a skeleton which allows the characteristics of diffusions to be framed
and aligned to facilitate comparisons: it is easier to compare the performance of two
stocks with two data sheets issued by the same bank (and thus using the same presen-
tation framework), than with separate data sheets using different frameworks, which
present disjunct sets of characteristics.

A framework can be thought of as a template, with predefined fields to structure the
data to be analysed or compared. A template is instantiated by populating these fields.
The result is a representation of the data in form of an instance of the template, which
can be compared to other instances.

The ideal diffusion framework references the attributes of diffusions whose do-
mains are orthogonal: the value of any one attribute can change without affect-
ing the values of the other fields. Furthermore, orthogonality in attributes reduces
redundancy. Orthogonal attributes are sometimes referred to as principal compo-
nents.'”

The concept of a model is related to frameworks. The literature uses these words in-
terchangeably. For instance, Venkatesh et al. [2003] provide a comprehensive overview
of "models and theories of individual acceptance, all of which are labelled frameworks
by their respective authors. | follow the literature and use the two words synony-

mously.

3.2.1 In search of a framework

The framework | seek to propose with my research needs to be able to capture the
attributes of diffusions relevant to the Debian Project, specifically the social system
of DDs (and contributors). Thus, it must pay attention to the traits of developers (see
section 2.4) and incorporate the complexity of the project.

9http ://www.askoxford.com/dictionaries/compact_oed [29 Oct 2007]
'%The statistical technique “principal component analysis” is also known as “proper orthogonal decom-
position.
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The Debian Project is an organisation. Thus, a diffusion framework will need to cater
to aspects of organisational diffusion and adoption [cf. Swanson, 1994], and respect
the high level of interdependencies and network externalities any development method
used in Debian will have to address. Furthermore, while the social setting is the same
for any diffusion in the Debian Project, its countless subprojects and teams form in-
dividual social environments. Part of the considerations relating to the social setting
are the various communication media (e-mail, mailing lists, discussion forums, the BT,
Internet relay chat (IRc), Web logs and the Web in general, and live meetings between
developers at conferences and BSPs. Furthermore, the high volume of communication
and related issues with information overload play a significant role that must not be
underestimated. Finally, community traits and rules of conduct also need to be consid-
ered.

On the individual level, several factors are relevant to diffusions, including, but not
limited to, ideology, pragmatism, absorptive capacity, and motivation. Opinion leaders,
who are mainly those further up on the meritocratic chain, are an important asset in
any diffusion, while change agents are less applicable. After all, the volunteer nature of
any contributor is possibly the most important concern.

3.2.2 An overview of existing frameworks

Already in 1977, Pierce and Delbecq, scholars of organisational theory and manage-
ment, reported that "during the past two decades a number of theoretical models of
organizational innovation have appeared in the literature. Unfortunately, the situation
has not improved today, as plenty of additional frameworks have appeared. Tornatzky
and Klein [1982] seem to be the first to recognise that most of these frameworks over-
lap and tried to integrate them into a consistent framework. Few years later, Kwon
and Zmud [1987] (again) realised that the models of IS implementation were (still)
fragmented and made an attempt to unify them. In recent years, several other meta-
frameworks have appeared, but failed to build up on each other and thus fragmenting
the space even more [e.g. Frambach and Schillewaert, 2002, Wejnert, 2002, Fichman,
2004].

To my knowledge, no framework exists to structure diffusions in FLOSS projects. Chau
and Tam [1997] provide a framework for the diffusion of open systems within busi-
nesses, which is the opposite of what | need: it assesses the adoption of open systems
within authoritarian structures, not within FLOSS projects.
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In the following sections, | briefly present a selection of frameworks, starting with
the two best-known: Rogers' diffusion of innovations, and the TAM, neither of which
seem suitable for the study at hand. | then describe two frameworks which | have
found to be more promising, but as formulated, they may also not be suitable for my
research; they could, however, serve as a good foundation for the framework | am

designing.

In the following, it is important to keep Kuhn [1970] in mind, who postulates that one
does not abandon a model just by thinking about it. Instead, one abandons a model
when a better one has taken its place. Analogously, | cannot at this stage discard any
model in favour of another, because | do not have a better model to take its place,
yet. Even though after surveying the field, | am lead to believe that a new framework
needs to be developed, the outcome of the Delphi study (see section 4.2.3) may be
an existing framework. Thus, my intention is to work from the bottom up and then
determine whether an existing model fits, rather than trying to apply different models

in turn.

Rogers’ theory of diffusion of innovations

Rogers [1962]'" is often cited as default literature for studies of diffusion of innova-
tions. Following a cooperation with Beal and Bohlen [Beal et al., 1957], Rogers concep-
tualised a generalised model of diffusion. Around 1960, the number of publications on
all kinds of diffusions increased sharply after independent studies suggested that the
diffusion process was independent of communication infrastructure and seemed cross-
culturally similar [Rahim, 1961, Deutschmann and Borda, 1962, cited in Rogers [2003]].
While almost all of these studies treated the respective diffusion as separate and did
not consider potential insights gained from other diffusions, Rogers [1962] was the
first to present a concerted approach towards the study of diffusions. His tome "sum-
marized research findings to date, organized around a general diffusion model, and
argued for more standardized ways of adopter categorization and for conceptualizing

the diffusion process.

Drawing on over 3000 studies in sundry domains, Rogers enriched and validated his
findings and divided each of these elements into component attributes (or stages, as in
the case of the third element), characteristics of diffusions that determine (or help to

"eurrently available as fifth edition [Rogers, 2003].
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explain) their success. Rather than objective truths, these focus on perceptions and ex-
periences by the potential adopters; according to Rogers [2003, p. 223], it is the "sub-
jective evaluation [which] drives the diffusion process [...]"

Rogers' theory of diffusions is based on numerous generalisations, that he formulated
during the course of his extensive work with agricultural innovations. Fichman [1992]
identifies the following five generalisations as the most relevant:

e Innovation characteristics, as perceived by the adopters, determine the rate and
pattern of adoption.

e Some adopters' are more innovative than others, and these usually have different
personal characteristics than the laggards.

e The adoption process can be broken up into a series of 4-5 stages, and adopters
are subjected to different influences in each stage.

e Certain individuals can influence others and hence influence adoptions (change
agents and opinion leaders).

e The rate of adoption is an S-shaped curve when plotted over time, as is the
cumulative number of adopters.

From these generalisations, Rogers identified four "elements” of diffusion:

1. Attributes of the innovation
2. Communication channels
3. Time

4. Social system

| briefly summarise these in section B.1; an elaborate summary is provided by Raghavan
and Chand [1989].

Criticisms of Rogers’ framework Rogers' framework has been validated by thou-
sands of diffusion studies. It may thus seem a little far-fetched to speak of criticisms,
but in the context of this thesis, the framework is not without limitations. Many of
my criticisms may be rooted in its generality. Rogers' framework has been successfully
applied in studies of fertility-control methods, political reforms, policy changes, agri-
cultural practises, rural development, technology and IT, health, education, and many
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more.'? With such a broad range of applications, the framework has to be a loose fit

in any single case.

In the following, | illustrate some of the limitations, specifically with respect to the
requirements of the current study, for which | seek an analytic framework to compare
diffusions within one and the same environment.

Static attributes The fourth element of Rogers' framework captures the social char-
acteristics of the environment, which are likely not to change significantly across dif-
fusions in the same environment. Furthermore, while the attributes of the communica-
tion channel may appear differently to any two adopters, they describe the communi-
cation patterns within the social system, which are slow to change.

Orthogonality A significant problem are overlaps between the attributes of the
framework. Even though it is likely impossible to construct a completely orthogonal
framework for qualitative data.'® Rogers' framework lacks orthogonality, which may
be a function of its generality.

For instance, the compatibility attribute of an innovation, which references social
norms, is almost entirely a subset of "norms of the social system," another attribute
in the framework. Similarly, the fourth element includes the communication structure
of the social system, while the entire second element is devoted to communication.
One may argue that in those two examples, one of the overlapping attributes merely
expands on the other, providing more details, but then the framework still suffers from
the problems related to redundancy of information.

Furthermore, if you compare just pairs of innovation attributes, the overlap is more
striking: low levels of observability might cloud the assessment of an innovation's rela-

tive advantage, and high trialability might be annulled by high complexity.

Attribute domains The attributes of each of the four elements differ in their na-
ture and domains, some of which do not render themselves for comparison. For in-

stance, while each of the characteristics of an innovation can be represented linearly

2| refrain from citing representative publications, which would bloat the bibliography.

BIn statistics, principal component analysis is a rigorous technique to reduce and reorder the dimen-
sionality of a (quantitative) data set, but it only finds optimal solutions, i.e. solutions with the least
amount of overlap between those dimensions. It is doubtful that one can come close to such results
with qualitative data.
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(e.g. high vs. low degree of relative advantage), the characteristics of the communi-
cation process are more complex: both types of communication channel have their
merits, and the best adoption rates are exhibited by groups that are neither purely ho-
mophilous nor heterophilous, nor does either of them imply higher adoption rates than
the other.

Variance vs. process theory While the first and fourth elements of Rogers' frame-
work seem like candidates for analysis by variance theory, and the third element renders
itself more for process research [cf. Mohr, 1982], it is unclear which approach to take
for the second element; communication is a process [Dance and Larson, 1976], but
Rogers identifies strongly interdependent variables of the communication channel in
his second element of diffusion, rather than focusing on the process of communication
over time.

A solution might be to analyse changes in the characteristics between subsequent
phases of the process model.

Simplistic  Rogers generalised only across diffusions in which little or no specialised
knowledge about the innovations was required prior to the adoption [Robertson and
Gatignon, 1986]. In addition, those innovations' consequences did not affect other
members of the social system (at least not directly), and their potential adopters were
able to decide independently for or against the innovations, according to Fichman
[1992], who designed a model for choosing a framework according to the complexity
of the diffusion (see section 3.2.2). In his words, “the opportunities to apply classical
diffusion 'as is' may be rare indeed.’

Furthermore, Rogers' framework does not include the degree of interconnectedness of
communication networks, or the concept of geographical proximity, both of which in-
fluence the speed at which information can spread [Haegerstrand, 1967].

The Technology Acceptance Model

The TAM [Davis, 1986, Davis et al., 1989] builds on the Theory of Reasoned Action (TRA)
[Fishbein and Ajzen, 1975, Ajzen and Fishbein, 1980], which in turn is a refined version
of the Fishbein model [Fishbein, 1967]. The TRA is a model about the relation between
attitude and behavioural intention, specifically as applied to “objects” (which could be
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immaterial, such as a process): an individual may hold beliefs about a given object and
as a result, form an attitude towards the object. An attitude may lead to intentions
with respect to the object, and those intentions result in behaviour. Behaviour can
be positive and negative, as long as it is explicit: said individual may start using the
given object, or may refuse it. This decision may be influenced by social norms, another
component of the TRA [Fishbein and Ajzen, 1975, p. 301ff], albeit one that is only
minimally understood [ibid., p. 304].

The TAM has been referred to as “the most influential and commonly employed theory
for describing an individual's acceptance of information systems” [Lee et al., 2003]. It
has emerged as a powerful model [Pijpers, 2001], robust and parsimonious [Venkatesh
and Davis, 2000], and has been validated through a replication study, covering non-
computer technologies, as well as computer software [Adams et al., 1992]. In addition,
many extensions have been proposed: Chau [1996] distinguishes between short-term
and long-term usefulness and found that while both have a net-positive effect on
an individual's likelihood to accept, the short-term perception was most significant.
Furthermore, Chau found that perceived ease-of-use had "no significant, direct re-
lationship" with "behavioral intention to use a technology" Wixom and Todd [2005]
integrated user satisfaction measures with the TAM. Bagozzi et al. [1992] focus on the
importance of learning in technology acceptance.

Venkatesh and Davis [2000] defined TAM2 with additional theoretical constructs span-
ning social influence and cognitive instrumental processes. Venkatesh et al. [2003]
reviewed eight acceptance models, including the TRA, the TAM, and the TAM2, and
consolidated their salient features into the Unified Theory of Acceptance and Use of
Technology (UTAUT). The UTAUT proposes four key constructs, which influence an indi-
vidual's behavioral intention (performance expectancy, effort expectancy, social influ-
ence, and facilitating conditions), and four mediators (gender, age, experience, and
voluntariness of use), each of which has an influence on the weight of each of the
four constructs. The model outperformed each of the eight models on which it was
based [Venkatesh et al., 2003]. Garfield [2005] successfully used UTAUT to study the

acceptance of ubiquitous computing.

Criticisms The TAM is based only on two features: perceived ease-of-use and per-
ceived usefulness, while the latter is influenced by the former "because, other things

being equal, the easier the system is to use the more useful it can be" [Venkatesh and
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Davis, 2000]. As such, it may be overly simplistic or broad, and not take many other
factors influencing the acceptance decision into account.

Furthermore, Silva [2007b] has denied the falsifiability of the TAM (and the TRA).
The TRA has striking similarity to psycho-analysis, as it is "very general, designed to
explain virtually any human behavior" [Ajzen and Fishbein, 1980, p. 4]. Since the
TAM is modelled on the TRA'4, it exposes the same similarity and is thus pseudo-
scientific [Popper, 1972, p. 74ff]. Also, according to [Popper, 1972], the link between
beliefs/desires, attitude, and action is logical, which “implies that any causal rela-
tion among them cannot be tested empirically and subjected to falsification” [Silva,
2007b].

Wejnert’s integrated model of innovation diffusion

With a similar claim to Rogers [1962], that diffusions are mostly analysed in isola-
tion from the insights of the others, Wejnert [2002] designed a conceptual frame-
work by merging diffusion variables identified in other studies into a coherent struc-
ture. Her framework has three major components with various constituent vari-
ables:

e Characteristics of innovations

- public versus private consequences

- benefits vs. costs

e Characteristics of innovators

societal entity

familiarity with the innovation

status characteristics

socioeconomic characteristics

position in social networks

personal characteristics
e Environmental context
- geographical setting

- societal culture

Silva [2007a] sees “TAM, TAM2 and UTAUT not as a discrete succession but as the progression of the
same model”
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- political conditions

- global uniformity

A slightly more thorough description of the individual variables may be found in sec-
tion B.2.

Evaluation Wejnert's framework is rather young, which may be the reason that |
have only found instances of the author herself using it, e.g. to assess the diffusion of
democracy over the past two centuries [Wejnert, 2005]. Nevertheless, it is an interest-
ing candidate, though not without shortcomings.

Other than Rogers' framework (see section 3.2.2), Wejnert does not consider the pro-
cess of diffusion, but only characteristics of the innovation, the potential adopters, and
the environmental context of a diffusion. It is helpful that she distinguishes between
characteristics of the individual and the collective, but most of her variables overlap
and lack in orthogonality, similar to what | have shown for Rogers' framework earlier
(see section 3.2.2). For instance, members with high socioeconomic characteristics are
likely to find themselves in central positions within the social network, thus boosting
their social status.

Weijnert does not distinguish between interpersonal and one-way mass communi-
cation. It seems, however, that Rogers' second element, communication, might be a
worthwhile addition to Wejnert's framework. Furthermore, Wejnert does not really dis-
tinguish between individual, collective, voluntary, and authoritarian decisions, another
import candidate from Rogers' framework.

She regards consequences of an adoption to be a feature of an innovation, rather than
the social system in which the diffusion is taking place, as does Rogers. Wejnert makes
interconnectedness, network structure, proximity and level of communication explicit.
Moreover, she caters for globally-spread groups, which in the context of my study is a
very strong point.

Fichman’s 1T diffusion framework

Fichman [1992] finds that "IT diffusion research can diverge from classical diffusion
assumptions due to characteristics of the technology (user interdependencies , knowl-
edge barriers) or the locus of adoption (individual versus organizational). He proposes a
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framework which maps classes of technology against locus of adoption to obtain four
IT adoption contexts: type 1 technologies come with low knowledge burden and low
user interdependencies, while type 2 technologies require high levels of knowledges
and affect other users. The locus of adoption is either the individual or an organisation.
For each of the four permutations, Fichman points at attributes from other frameworks.
For instance, individual type 1 diffusions he leaves to Rogers, while he refers to e.g.
Zmud [1982, 1984]'® for organisational type 2 diffusions.

Although not a framework by itself, Fichman splits the field of IT innovation diffusions
along two prominent axes and encourages the use of different frameworks for each
permutation. Unfortunately, | could not find a study making use of his work. However,
the idea is contagious, and needs to be considered during the design of a framework
for the diffusions of methods in the Debian Project, and additional axes (e.g. voluntary
vs. authoritarian decisions) incorporated.
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4 Research approach

Chapter 2 introduces the Debian Project and Debian GNU/Linux and illustrates the size
and complexity of this project and the operating system it produces. In section 2.3 |
outlined the workflow of Debian development and associated approaches, highlighted
some of the challenges the project faces, and hypothesised some improved workflows.
| followed with a set of traits commonly found among Debian developers, in particular
their role as volunteers and related implications on project management, their strive
for technical excellent, and their ideological concerns, as manifested by the strict ad-
herence to freedom (see section 2.4).

The goal of my research is to determine the factors that affect diffusions of new ap-
proaches to common development tasks among Debian developers, and to structure
these factors into a coherent framework, which can be used to predict whether a given
development method will be adopted by the developers. | hypothesis that such a frame-
work will enable diffusers to focus their efforts to increase the success of a planned or
ongoing diffusion.

4.1 Overview of the research

| propose an exploratory, qualitative study which combines a Straussian grounded the-
ory approach [Strauss, 1987, Strauss and Corbin, 1998] with a Delphi study [Dalkey and
Helmer, 1963, Gordon and Helmer-Hirschberg, 1964, Linstone and Turoff, 2002]: first,
| identify a set of factors from a variety of data sources, and then refine and realign
these factors into a framework.

4.1.1 Straussian grounded theory

A grounded theory is a theory grounded in data: the theory emerges from the data
as those data are systematically collected and analysed. The grounded theory research
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methodology was proposed by Glaser and Strauss [1967], who criticised the "overem-
phasis in current sociology on the verification of theory, and a resultant de-emphasis
on the prior step of discovering what concepts and hypotheses are relevant for the
area that one wishes to research” [ibid., p. 1]. Grounded theory concentrates on iden-
tifying (or discovering) the categories or concepts inherent in the data, and to derive a
theory from those. The grounded theory approach is exploratory (the researcher con-
siders options), rather than verificatory (the researcher tests and verifies an existing
theory).

Glaser and Strauss [1967] provided ideas, but no recipes. Furthermore, their book lacked
examples, resulting in confusion among their readers. In the following years, as Glaser
and Strauss tried to straighten up the misconceptions, they diverged into two strains
of grounded theory, mainly differing in their view on prior knowledge of the field
of research. Glaser [1992, p. 70] makes it perfectly clear that scholarly and research
knowledge of the substantive field have to be realised ad hoc (which was the original
pretense), while Strauss and Corbin [1998, p. 42] anticipates bias and sees the develop-
ment of a grounded theory as an iterative, two-way process: “the researcher is shaped
by the data, just as the data are shaped by the researcher”

| chose the Straussian strain of grounded theory over the original grounded theory
advocated by Glaser for three reasons:’

1. A central component of grounded theory is coding, or identifying categories.
Glaser maintains that it is important to let codes emerge from the data, using
“coding families” to structure the resulting codes [Glaser, 1978]. Strauss and
Corbin, on the other hand, propose the use of a “coding paradigm” in a second
pass through the data, after identifying a set of initial codes. The goal of this
step is the identification of axes (key concepts, principal components; axes are
orthogonal) in the codes [Strauss and Corbin, 1998, p. 229ff]. My goal is a frame-
work of factors, and Strauss' approach seems like a better means to that end,
even if Glaser's concern cannot be fully discarded: axial coding forces categories
onto the data, rather than allowing them to emerge from the data.

2. Glaser and Strauss [1967, p. 37] suggests that the researcher "ignore the liter-
ature of theory and fact on the area under study, in order to assure that the
emergence of categories will not be contaminated,” although they were aware

'A fourth reason would have to be the polemic demarcation of Strauss and Corbin [1990] by Glaser
[1992].
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that no researcher could “approach reality as a tabula rasa” [ibid., p. 3]. Strauss
and Corbin [1998, p. 42ff] assume a more liberal stance and note that objectivity
in qualitative research is "openness, a willingness to listen" [ibid., p. 42]. They
propose a number of strategies to deal with bias rather than to deny it.

3. Strauss and Corbin [1998, p. 52] encourage the use of non-technical literature,
such as "letters, biographies, diaries, reports, videotapes, newspapers, catalogs
(scientific and otherwise), and a variety of other materials." They furthermore
postulate that non-technical literature “can be used to supplement interviews
and observations. For example, much can be learned about an organization, its
structure, and how it functions [...] by studying its reports, correspondences,
and internal memos" [ibid.]. Glaser [1992, p. 31], on the other hand, argues that
“there is a need not to review any of the literature in the substantive area un-
der study [...] to not contaminate, be constrained by, inhibit, stifle or otherwise
impede the researcher's effort to generate categories, their properties, and theo-
retical codes!” Given my level of involvement with the Debian Project, the choice
for Strauss' approach is an easy one.

While Glaser very much condemns the possibility of bias influencing the coding pro-
cedure, Strauss and Corbin do not require bias to exist. In other words, it is entirely
possible, according to their theory, to let a code emerge from the data. In fact, it seems
that the evolution of codes during the first phase of open coding, as well as during the
process of axial coding is anticipated.

Grounded theory has been criticised for being extremely inductive, since it allows a
researcher to freely modify the research hypothesis throughout the study. Furthermore,
other researchers have attempted to disprove it; those arguments have been largely
refuted by Mjgset [2005].

4.1.2 Delphi study

According to its creators, the Delphi method? is the way of finding “the most reliable
consensus of opinion of a group of experts” [Dalkey and Helmer, 1963]. Surowiecki
[2004] argues that the crowds have more wisdom than the individual because, given
enough diversity in the members of the crowd, their averaged statements converge
closer to the “right answer" than an individual's response. Nonetheless, [Linstone and

The Delphi method was developed at the RAND Corporation in the 1940s.
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Turoff, 2002, p. 5] argues that the question of whether the crowds are wiser than the
few has not received the attention it deserves.

A Delphi study “may be characterized as a method for structuring a group communi-
cation process so that the process is effective in allowing a group of individuals, as a
whole, to deal with a complex problem” [Linstone and Turoff, 2002, p. 3]. This process
is an instance of moderated communication: a moderator (facilitator) serves a series
of questions to the participants, who are also known as experts or panelists, and who
return their answers to the moderator. The answers are anonymised and made available
to the other participants. Then, the experts can modify their response in the light of the
findings, and this continues as an iterative process until the group arrives at an agreed
response, though not necessarily a single view. Alternatively, the facilitator may draw
up a new set of questions, incorporating the returns from the previous round, instead
of expecting the experts to modify their responses.

The Delphi study has a number of strengths: it is a transparent and democratic tech-
nique, asynchronous [Turoff and Hiltz, 1996], and is suitable for complex or broad
problems for which no analytical techniques exist, but which can benefit from sub-
jective judgements on a collective bases [Yousuf, 2007]. On the other hand, the
process has been criticised as unscientific [Sackman, 1974], which was later re-
futed [Goldschmidt, 1975]. A number of criticisms have been brought forth again
the Delphi method, which are still standing; Mullen [2003] provides a very good
overview.

Similar to the grounded theory approach, the Delphi study is susceptible to bias. [Lin-
stone and Turoff, 2002, p. 6] identify a number of problems which relate to the role
of the moderator, who has to take care not to be suggestive and objectively formulate
questions and summarise the participants' responses, making sure that disagreements
are not dropped.

Another concern with the Delphi approach is the time and effort that it consumes. The
correspondence should be regular and frequent to prevent losing participant's interest
or context. At the same time, the facilitator will need to process large amounts of
data, which grow with the size of the experts panel. An appropriate communication
medium can help to reduce both, the effort and time requirement [Turoff and Hiltz,
1996].

A modified variant of the Delphi method, the wide-band Delphi approach, was de-
veloped by Farquhar and Boehm in the 1970s [Boehm, 1981, p. 335]; a wide-band
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Delphi study incorporates discussions among experts before each expert submits
his/her responses. Stellman and Greene [2005, ch. 3] provide an excellent sum-
mary.

4.2 Four phases of research

| partitioned my research into four phases, each of which builds on the result of the
previous phase:

1. Collection of factors
2. Community survey to sort and augment the factor set
3. Delphi approach to fitting factors into a framework

4. Application and verification of the framework

4.2.1 Phase 1: Collection of factors

The first phase of my research is also the beginning of the grounded theory approach.
The goal of this phase is an exhaustive, but structured set of factors which influence
diffusions. | intend to use three sources of data: semi-structured interviews with devel-
opers, project forums and mailing lists, and the literature.

The role of the literature in factors collection should be clarified: Bajaj [2000] men-
tions the importance of “factors that are understandable to [sic] the subjects [who]
may not perceive them in the same way as academics” This is a valid concern, which
the author addressed by obtaining factors only from interviews. He later used the lit-
erature while mapping the factors identified in his study to the ones found in the
scholarly texts. | take a similar approach, but | also try to obtain subjects' judgements
on the relevance of factors they have not mentioned, towards the end of the inter-

Views.

Having been involved in the development of Debian for a long time, | often con-
sidered the questions of diffusion and adoption of new methods. Thus, | cannot
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deny a significant amount of experience, which | bring into this research. To ex-
tract as much information from my subjects, and thus to minimise my bias" influ-
ence on the final set of factors, it is of utmost importance that | refrain from sug-
gestive questions, presuppositions, or premature conclusions on the subjects' state-
ments.

| have already conducted seven ad hoc interviews with peers. All these interviews
emerged out of discussions over my research, thus with random subjects who had an
interest in the work. Three of those were live, in the periphery of a conference. The other
four I conducted over IRC. These interviews were premature in two ways: first, they were
unstructured and | was not prepared enough to gather the subjects' thoughts on some
of the factors identified in literature. Second, while aware of the bias problem and tak-
ing ample care not to influence my subjects’ responses, | had not considered the issue
enough to be able to act appropriately; | thus probably have influenced the responses.
Nonetheless, these interviews provided valuable insights.

| kept track of subjects’ responses on a publicly-accessible wiki.® So far, only few people
know of this wiki, but my intention is to invite others to contribute by making changes
or attaching notes, once | have gathered enough data. My rationale for keeping the wiki
private for now is that on a wiki, a contributor is subjected to other peoples' responses
and hence may fail to provide original input. However, once a considerable body of
data has been collected, | postulate that inviting a group of people to chaotically
reorganise and comment information can yield useful results. The wiki is based on a
version control system, thus keeping track of all changes; in cases of destructive or
improper participation, | can revert commits.

In future interviews, | want to concentrate on a subject’s previous decisions and prefer-
ences. | want to obtain information about motivations behind previous adoptions, but
| would also like to identify a subject's needs and assess, using hypothetical solutions,
how likely the subject would adopt each. Instead of asking them about specific factors,
or expecting them to label their experiences and expectations, | am looking for quali-
tative elements from which | can later induce the factors.

*http://phd.martin-krafft.net/wiki/factors/
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4.2.2 Phase 2: Community survey

The goal of the second phase is to get an idea of the community members' perception
of the relevance of each of the factors. | would thus like to administer a commu-
nity survey, but this plan is not finalised. A survey is a serious challenge and often
underestimated [Hyman, 1955, p. 2]. Additional considerations have to be made for
web-based surveys [Hyman, 1955]. Nevertheless, | have a number of ideas which |
would like to carry into practise, thus motivating a survey, if it proves reasonable
in the context of this study. One possible approach could be to use the commu-
nity survey as part of a conjoint analysis approach, which is a common method in
mathematical psychology and marketing; Bajaj [2000] has ported the method to IS
research.

As one of the largest FLOSS projects, the Debian Project has been subject of a number
of surveys. While | have the impression that members of the project generally hold
a favourable position towards research of our project, and thus surveys, a number
of surveys have failed in the past, leading developers to write up advice to survey-

ors.*

Every survey | have seen thus far is either web- or e-mail-based. Web-based surveys
suffer from number of problems, such as the requirement to be connected at the time
when the survey is to be taken, rendering problems, frustrations with the user inter-
face, and inability to judge the expected time until completion. In addition, once the
survey is submitted, one's responses cannot be amended; none of the survey employed
a reliable means of authentication.

Mail-based surveys solve a number of those problems: users can use their e-mail
programme and editor of choice to participate in the survey, and the can judge the
time it takes to complete the survey from the length of the mail message. Further-
more, electronic mail can be signed and thus authenticated, allowing for the resub-
mission of responses. Furthermore, an e-mail response can be made offline. How-
ever, e-mail messages are free-form text, allowing partakers of the survey to mod-
ify responses or answer outside the allowed set of responses, answer only a subset
of questions, and attach notes. Additionally, character set and formatting incom-
patibilities can further complicate the analysis. Finally, spam filters can get in the

way.

*http://people.debian.org/~mjr/surveys.html [6 Nov 2007]
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| envision a means to conduct a survey, which is highly tailored for the target group:
DDs, who are unafraid of the command line, and who appreciate technically sound
implementations which do not restrict their freedom:

e | publish a console-based, interactive script, which can be trivially run on every
Linux system, under a free licence. | also provide a Debian package to make
installation even easier. It remains to be seen whether this can be done in a
general way so that the package may be provided in the official Debian archive.
A central instance of the script will be provided to let users partake, who do not

or cannot install extra software.

e Each question asks the user for a response according to its description: multiple-
choice responses, Likert scale rankings, and free-form text.

e The script allows users to freely navigate between questions and to amend re-
sponses. Interaction with the script should be intuitive and require as few key
strokes as possible. Furthermore, the console should be used in such a way to
put each question into context, at least with respect to the previous question.

e Comments may be attached to each question, and amended at any time.

e When done, the user instructs the script to submit the responses.® This can be
done an arbitrary number of times. It is conceivable that users be asked for
comment whenever they revisit questions and change their minds.

e The script uses a version control system as backend storage, and thus keeps track
of changes across sessions and can merge changes to a central data-store.

e Commits are signed with the participant's cryptographic key,® and thus authen-
ticated.

With an interactive script, it is also conceivable that questions are asked depending
on previous responses. It is even plausible that questions are created according to
the outcome of previous questions to get further clarification. My goal is for users to
attribute relevance to each factor. Instead of a ranking on a Likert scale, it may be more
fruitful to let them rank factors relative to each other. For such a use case, dynamic
creation of questions could be highly appropriate.

*Submission may have to be automated to guard users from forgetting to submit them. However, this
will not work in offline mode.

BAs the set of participants is limited to developers of Debian, where cryptographic keys are integral
components of the workflow (see section 2.3), it can be assumed that each participant is in possession
of a cryptographic key.
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As mentioned before, participation in the survey will be non-anonymous. Partakers
will be asked to identify themselves with the same e-mail address they use when
contributing to Debian by way of a cryptographic signature. This should encourage
constructive participation, allow for followup questions, and put responses into the
context of the partaker's contributions to Debian. The results from the survey will be
made available under a free licence.

As part of this survey, | also intend to probe participants about their individual adop-
tion behaviour and their perceptions of specific diffusions. The resulting data are used
during the fourth phase of the research (see section 4.2.4).

4.2.3 Phase 3: Delphi study

With a the set of factors from phase 1, as well as the input from the community
gathered in phase 2, my next step is to embark on a Delphi study. Given an initial
structuring of the factors, the output of this study is a refined framework, which can
be used to assess diffusions of methods among DDs.

| am looking at assembling around 30 experts into the panel, which seems like a good
compromise between diversity and manageability; | have been part of discussion with
more than 30 people and would have a hard time arguing that each additional partici-
pant significantly increases the group's diversity, or the amount of original information.
Cantrill et al. [1996, cited in Mullen [2003]] reported on studies with panel sizes vary-
ing from 4 to 3000 and recommend that size "should be governed by the purpose of
the investigation." Holsapple and Joshi [2002], who used an expert panel to design
ontologies (which is closely related to framework design), also consulted around 30
experts.

Core to the Delphi approach is the choice of communication medium. Given the study
at hand, with experts spread all over the globe, an electronic medium is a necessity.
One may find a plethora of supporting methods in the domain of Computer Supported
Cooperative Work (cscw) [Greif, 1988, Schwabe et al., 2001]. The simplest choice would
be e-mail, using a star topology, in which the facilitator communicates with each of
the experts individually. This approach allows for asynchronicity, which Turoff and Hiltz
[1996] identify as the most important feature of the communication medium in a
Delphi study. In addition, the degree of anonymity is flexible — Turoff and Hiltz [1996]
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call anonymity a property "that should [not] be considered a hard and fast rule for all
aspects of a Delphi [study]

E-mail provides the facilitator with the greatest level of control and overview, since
s/he moderates every response, and sends a summary to the other expert. How-
ever, e-mail also imposes the largest workload on the person chairing the study,
who has to continuously organise and integrate the feedback s/he receives. Further-
more, during integration and in summarising, subtle influences of bias are easily over-
looked.

The desired output of the Delphi study is structured information. It is thus worth to
consider another means of collaboration. A number of Delphi-specific applications ex-
ist,/ but these are either web-based or only available as proprietary software, and it
might be inappropriate to ask FLOSS project participants to use those (cf. section 2.4).
In addition, such tools strictly impose the structure of the Delphi study and thus may
be limiting [Turoff and Hiltz, 1996].

If | can ensure that all participants understand the purpose and desired outcome
of the study, then a loosely-coupled set of tools may be beneficial. In particular, |
am thinking of the combination of a wiki, an anonymising mailing list, and an IRC
chat channel, tools with which all candidates for the expert panel are highly famil-
iar and accustomed. The interactive survey script from phase 2 (see 44) may also fit

in.

| have already mentioned this Delphi study to a couple of colleagues, most of whom
were interested in serving on such a panel. In addition to DDs and contributors, | would
like to include developers from other distributions (such as Fedora and Gentoo) and
other complex FLOSS projects (such as GNOME and KDE), as well as social science re-
searchers familiar with the Debian Project. An issue to be considered is the compen-
sation of the experts, who are best treated as consultants and honoured for their time
[Linstone and Turoff, 2002, p. 6]. Possible means of compensation include a draw for a
technological device, or monetary rewards.

’E.g. the Delphi Decision Aid is a free service which implements the Delphi method: http://
armstrong.wharton.upenn.edu/delphi2/ [7 Nov 2007]
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4.2.4 Phase 4: Application and verification

In the final phase of my research, | seek to test the framework developed thus far. Even
though a prescriptive application would be ideal, | leave that for further research as it is
outside the scope of my current research. Instead, | intend to descriptively investigate
the diffusion of two classes of methods in the Debian Project: package build helpers
(debhelper, cdbs, and yada), and patch management and version control systems for
package maintenance (dpatch, quilt, SVN, and Git).

Both classes render themselves nicely for this type of research, as data pertaining to the
evolution of their usage frequency exist for most of the history of the Debian Project. A
(source) package using a build helper or patch management system must state so in its
meta data, and these are archived for every release since Debian 2.0 ("hamm"), almost
a decade ago (see section A.3). Since spring 2005, the Debian archive is snapshotted
daily,® allowing for granular analysis.

The repositories of most Debian packages maintained with a version control system
are published on a single server maintained by the Debian Project, to which | have
access, and whose administrators | know very well. | should thus have no problem
to determine the usage data of the various version control systems hosted on that
machine.

The testing procedure is as follows: | structure the results from the survey of phase 2
(see section 4.2.2) into an instance of the framework from phase 3 (see section 4.2.3),
using the framework to average responses. If the framework is descriptive, the result
should be indicative of the evolution of use of each of the specific methods under

investigation.

8http ://snapshot.debian.net [7 Nov 2007]
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5 Final remarks

5.1 Research to date

The university's Code of Practice [sic] for Transfer from the Masters to PhD Register re-
quests the candidate to "Report on research work carried out to date by the candidate,
which demonstrates: (i) feasibility of the proposed research work; (i) the ability of the

candidate to carry out the proposed research work'

| have not produced significant academic research output up to this point, but | have
been working on the topic even before | enrolled for the university programme, start-
ing with the writing of my book. In writing, | got very deeply immersed in the De-
bian Project and gained insight into many of the processes far beneath the surface.
Throughout the process, | did not merely report on the status quo of the project and its
operating system, but | implemented fixes instead of documenting workarounds, which
provided even more in-depth experience.

| started to become interested in Debian workflow issues while assisting a lecture on
CSCW at the University of Zurich in 2003. However, it was not until after | had finished
my book that | saw a way to put two and two together: following the release of my
book in the summer of 2005, | thus declared my intent to pursue doctoral research on
the area and discontinued my assistantship in Zurich.

My research-relevant output so far has been almost exclusively within the project, in
mailing list threads, discussions at conferences and on IRC, web log posts, and presenta-

tions. The following is a selection of the most important items:

e | gave an online tutorial about using distributed vCS for Debian packaging:
http://blog.madduck.net/debian/2005.08.11-arch-packaging-over
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| conceptualised a new vCS-based upload process for Debian packages, which
was later adopted and modified by the Ubuntu project:' http://blog.madduck.
net/debian/2005.08.11-rcs-uploads

e | modelled the workflow of our testing security team in a (failed) attempt to
streamline it: http://lists.alioth.debian.org/pipermail/secure-testing-team/
2006-February/000689.html

e | gave a presentation about improved Debian workflows at FOSDEM 2006:
http://phd.martin-krafft.net/talks/phd-overview_fosdem_2006.
02.26/slides.pdf

e | gave a presentation (in German) on the Debian package life-cycle and asso-
ciated workflow at the Chemnitzer Linux-Tage 2006: http://chemnitzer.
linux-tage.de/2006/vortraege/detail .html17idx=252 [6 Nov 2007]

e | gave a presentation on improving cooperation in volunteer projects at FrOSCon
2006:http://phd.martin-krafft.net/talks/improving-cooperation_
froscon_2006.06.24/slides.s5.html

e | presented my research objective at Debconf7:http://phd.martin-krafft.
net/talks/phd-overview_debconf7_2007.06.21/slides.s5.html

e | gave a joint presentation at Debconf7 about using distributed vcss for Debian
packaging:https://penta.debconf.org/~joerg/events/53.en.html [6
Nov 2007]

e | created the vcs-pkg mailing list as a discussion forum for using vcS for
distribution packaging, and invited people from other distributions to join:
http://lists.madduck.net/listinfo/vcs-pkg

e | later worked out a complete workflow for Debian packaging with Git: http:
//blog.madduck.net/debian/2007.10.03_packaging-with-git

In addition, I've been part of numerous discussions on efficiency and workflow issues
in the Debian Project, most of which took place on IRC.

All these contributions have put me into the position of a lead user [cf. von Hippel,
1986] within the project. In addition, | am a well-known and respected member of the

community, which is a great foundation for my research.

"Without the appropriate acknowledgement: https://wiki.ubuntu.com/
NoMoreSourcePackages [8 Nov 2007]
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5.2 Work plan

The following table displays the time frame of my research:

Date Milestone
Sep 2007 Commence collection of factors
Dec-Apr 2008  Semi-structured interviews
Jan 2008 Present research at Linux Conf Australia
Jan 2008  Publish wiki with factors
Feb 2008 Present research at FOSDEM

Feb-Apr 2008
May-Sep 2008
Aug 2008

Aug 2008
Oct-Nov 2008
Dec-Feb 2009

Conduct community survey

Conduct Delphi study

Present research at Debconf8
Conduct more interviews at Debconf8
Apply and verify framework

Finish writeup
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A Background information on Debian

A.1 Evolution of membership in Debian and the role of

contributors

A.1.1 Debian’s organisational structure

The Debian project is organised according to the structure described in its constitution
(see section A.1.4). which establishes the decision-making bodies and the processes
for making decisions within the project. Figure A.1 is a rough approximation of the
structure of the Debian project.

Software in the Public Interest (SPI) is the legal entity of the Debian Project, founded
by Bruce Perens in 1997 to hold all trademarks for Debian, own all of its monetary and
material assets, and represent the project in legal matters. SPI has no authority over
decisions cast within the Debian project.

The following sections recount the history of Debian with respect to the evolution of
membership in the project.

A.1.2 1993-1996: The beginnings

In its early years, the Debian Project was just a small interest group, and most users
of Debian GNU/Linux were themselves developers of the system Sowe et al. [cf. 2007],
who knew each other and cooperated closely. During that era, anyone who took the
time to express an interest in the development of the system was given access: Steve
Mclntyre recalls in his 2007 Debian Project Leader (DPL) platform that in 1996, he
“installed Debian, then two days later [...] mailed Bruce Perens [the DPL at the time]
with a PGP key and asked him for a Debian login. [Bruce] responded almost immediately

with account details"’

'http://www.debian.org/vote/2007/platforms/93sam [3 Oct 2007]
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Figure A.1: A rough sketch of Debian's organisation

At that time, it was commonly accepted practice (but not policy) for members of the
project to sign new versions of packages uploaded to the Debian archive with their
respective PGP keys, which allowed for the verification of authenticity and integrity of
new packages.

A.1.3 1996-1997: Exploding growth

With increasing media attention following the project's first public release, Debian 1.1
("buzz"?), project members started to raise concerns over quality and security issues,
as new "members were being admitted at rates faster than the project's ad hoc social
systems could integrate them" [Coleman, 2005b]. At time of release of "buzz", the
project had 90 members; at the time of release of the successive release, Debian 1.2
“rex") six months later, this number had grown to 120.

The project started to require signed package uploads around the time of the release of
Debian 1.3 ("bo"; June 1997; 200 members), and restricted the set of people allowed
to make uploads to the official project members. But Debian's roster continued to

2Debian releases are named after characters of the computer-animation series Toy Story; see section A.3.
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mushroom, minimising the effect of this new security measure. Long-winded, year-long
discussions ensued on the project's mailing list, in which the topic of verification of new
project members continuously percolated to the top. After Perens instituted Debian's
infamous Social Contract (see section A.4) in 1997, "prospective members needed only
to informally demonstrate their technical competence and to claim knowledge of and
adherence to the project's Social Contract and policies before being admitted to the
project” [Coleman, 2005b].

Over debates on membership verification and requirements, many started to voice con-
cerns, such as Manoj Srivastava: “I'm not sure about competence or integrity require-
ments; some how [sic] it goes against the grain for someone who is not issuing my
paycheck!® Meanwhile, project leader Perens, who was solely in charge of accepting
new members at the time, persistently made a case for the importance of identity
verification to guard against rogue maintainers, and following the rejection of a num-
ber of applicants on the basis of trust issues, several members began questioning his
authority and the role of the leader.

A.1.4 1998: The Debian Constitution

After taking over leadership in January 1998, the third DPL, lan Jackson, initiated
the public drafting of the Debian constitution in March to document the rights
and obligations of project members and their leader.* The document was ratified
by public vote in December 1998,° a few months after the release of Debian 2.0
("hamm"); the number of project members had again doubled and grown beyond
400.

The Constitution [Debian Project, 2006] allows any member of the project to

e make any technical or nontechnical decision with regard to their own work;
e propose or sponsor draft general resolutions;
e propose themselves as a project leader candidate in elections;

e vote on general resolutions and in leadership elections.

*http://lists.debian.org/msgid-search/87ybc8l3qo.fsf@tiamat.datasync.com [6 Oct
2007]

*http://lists.debian.org/msgid-search/EOyFXzq-00009z-00@anarres.greenend.
org.uk [6 Oct 2007]

Shttp://www.debian.org/vote/1999/vote_0000 [6 Oct 2007]
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The Constitution also manifests the volunteer nature of the project:

Nothing in this constitution imposes an obligation on anyone to do work
for the Project. A person who does not want to do a task which has been
delegated or assigned to them does not need to do it. However, they must
not actively work against these rules and decisions properly made under
them.

[...]

A person may leave the Project or resign from a particular post they hold,
at any time, by stating so publicly.

The document furthermore specifies the powers of the project leader and defines the
procedure of leadership:

The Project Leader should attempt to make decisions which are consistent
with the consensus of the opinions of the Developers.

Where practical the Project Leader should informally solicit the views of
the Developers.

The Project Leader should avoid overemphasizing their own point of view

when making decisions in their capacity as Leader.

Finally, the Constitution places the member collective at the top, stating, among
other rights, that "the Developers by way of General Resolution or election” may
"appoint or recall the Project Leader, amend this constitution, [...] and make or
override any decision authorised by the powers of the Project Leader or a Delegate.

[..]"

The Constitution does not specify the following three privileges, which are generally
considered part of the developer status, but which are granted by the project delegates
specific in brackets:

e upload any package to the Debian archive management queue, where it will be
processed and installed into the archive [FTP masters];

e access (or request access to) machines owned and administered by the Debian

Project, so-called developer machines [system administrators];

e receive emails via the debian-private mailing list [list masters].
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In the context of this thesis, | assume the definition of Debian's New Maintainer (Nm)
team: a Debian developer is "a Debian Project member, who has gone through the Nm
process and had their application accepted” [Debian Project, 2007a]. To make sense
of this definition, we have to continue following the evolution of membership in the
Debian Project.

A.1.5 1997-present: The New Maintainers
process

The discussions on the verification of integrity and identity of new members led to the
delegation of a new maintainer authority, consisting of two members, in April 1997.
After a wave of new applicants were accepted, first signs of stagnation showed in
August of the same year,” until James Troup and Martin “Joey" Schulze "hatched a plan
to basically hijack new-maintainer in order to rescue it from stagnation” [James Troup,
cited in [Wallach et al., 2005]] in September. The two were in charge of processing
applicants and made weekly announcements about new maintainers for the better
part of 18 months. Shortly after Troup and Schulze took over, the project instituted the
debian-mentors mailing list® as a forum where new maintainers could ask for help
from the more experienced. Around that time, the concept of package sponsorship
first surfaced. A sponsor is "a Debian Project member who acts as the mentor of an
applicant: s/he checks packages provided by the applicant and helps to find problems,
[...] to improve the packaging, [and to] upload [the package] on behalf of the applicant
to the Debian archive. The applicant is recorded as the maintainer of such a package.”
[Debian Project, 2007a].

In July 1999, Schulze announced the freeze of the new maintainer process,® citing
quality issues related to uncontrolled growth as the reason; instead of further growth,
Debian should take a step back and return to quality as top priority. In addition, more
rigorous checks and vetting of applicants was needed to maintain the integrity of
the distribution, as well as to keep the workload for the NM team manageable. This

freeze was meant to stay private but found its way to the public within a few weeks.°

®Message <mOwKAwZ-00IdecC@golem.pixar.com> to debian—private [15 Oct 2007]

"Message <19970818203920.51870@dungeon. inka.de> to debian-private [15 Oct 2007]

®http://lists.debian.org/msgid-search/199711102134.QAA02106@hmm.nowhere [7 Oct
2007]

®Message <19990702115419.D27941@finlandia.infodrom.north.de> to debian-private
[15 Oct 2007]

10http: //lists.debian.org/msgid-search/19990805074250.a528@box [6 Oct 2007]
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The project was facing a crisis as project members and outsiders alike demanded the
recommencement of new maintainer processing."’

Troup announced his intent to resign from NM in October. In response, the fourth DPL,
Wichert Akkerman, who had stepped up to the throne in January, proposed the cre-
ation of a NM committee,’> composed of “experienced Developers, with strong views
in favour of free software, who could be trusted more than ordinary active Develop-
ers, and who understood the responsibility involved in accepting new Developers to
Debian" [Wallach et al., 2005]. The proposal required applicants to identify themselves
in person towards at least one project member, using an officially issued identifica-
tion document; this identity verification was recorded by exchanging cryptographic
signatures.

Under the lead of Dale Scheetz, the details of this proposal were worked out and NM
officially relaunched towards the end of the year and ran smoothly for the next years,
despite repeated complaints about the slowness of the process by applicants who were
growing impatient.

In 2001, Martin Michlmayr, the seventh DPL, added the requirement for NM applicants
to present a body of contributions with their application, to be backed by a project
member ("advocate"), who would confirm the contributions and vouch for the new
maintainer. In general, a package in the archive, maintained by the applicant, was
sufficient. The concept of sponsorship was formalised.

A.1.6 2007: The Debian Maintainers role

In later years, the requirement for applicants to maintain a package was subject of
many criticisms and statements of frustration as Debian's body of contributors grew
to encompass translators, documentation writers, graphic designers, testers, people
fixing bugs and submitting patches, and mailing list participants. Such contributions
were generally appreciated: "It cannot be stated enough that it takes more than just
package maintainers to make Debian work as a distribution."'3. To the contributors,
however, not being given access to project resources or the right to vote was not
very motivational. Suggestions on instituting an official Debian contributor status

""Message <oaiudnr4by.fsf_—_@burrito.onshore.com> to debian-private [15 Oct 2007]

2http://lists.debian.org/msgid-search/19991017121536.A6299€mors .net [6 Oct 2007]

Bhttp://lists.debian.org/msgid-search/20020129214344 .GA31327@netexpress.net
[15 Oct 2007]
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were made every couple of weeks,'* but it took until July 2007 for these efforts to
achieve the goal: in an official vote, the status of Debian Maintainer (DM) was cre-
ated.'

A.2 Additional terminology

A.2.1 System

In the Debian world, one will often encounter the word “system” The Oxford English
Dictionary'® does not offer a concise definition, but Wikipedia defines it as “a set of
entities, real or abstract, where each entity interacts with, or is related to, at least one
other entity."”” When applied in the Debian context, the word can take any of three
meanings:

1. from the perspective of an individual user, a Debian system is a computer device
controlled by one of the operating systems produced by the Debian Project, such
as Debian GNU/Linux.

2. from the perspective of a system administrator, who manages multiple Debian
systems, the Debian System comprises Debian's administration concepts and
techniques.'®.

3. from the perspective of the Debian Project, its developers and contributors, the
Debian System is the common vision of an operating system, observing Debian's
foundation documents (see section A.4 and section A.2.5).

A.2.2 Packages

The fundamental unit of development in the Debian Project is the package (see [Krafft,
2005, ch. 5] for an exhaustive exploration of Debian packages). A package is a con-
tainer for software to be installed on (or removed from) a target system. We need to
distinguish between two types of Debian packages:

"e.g. http://lists.debian.org/msgid-search/200308081807 .46433@fortytwo.ch [15 Oct
2007]

15http: //www.debian.org/vote/2007/vote_003 [15 Oct 2007]

16http: //www.askoxford.com/dictionaries/compact_oed [4 Nov 2007]

"http://en.wikipedia.org/wiki/System [24 Oct 2007]

®This is the meaning to which | allude with the title of my book: The Debian System — Concepts and
Techniques.
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Binary packages — are what users install onto their system to augment its function-
ality. Packages are usually handled by programmes known as package managers,
which keep track of the changes introduced by a package during installation, and
hence allow for later manipulation of installed packages as a unit, e.g. enabling
their traceless removal.

Binary packages consists of two components, which are concatenated into a
single DEB file (extension .deb):

Payload/data — executable programmes, libraries, scripts, data, and configura-
tion files installed onto the target system, which are necessary to run a
programme, or which implement a set of related commands or features.
Every Debian package's payload must furthermore include copyright infor-
mation and a change log. Documentation and examples may be included.

Control information — meta data, which include: descriptions targeted at the
human operator, dependency information relating the package to other
packages, scripts to interact with the installing user, and scripts to fine-
tune the integration of installed files with the rest of the target system,
and to coordinate their later upgrade or removal.

Even though DEB files are best handled by the family of Debian package man-
agers,'® they can also be manipulated with standard Unix tools.

Source packages — provide the sources needed to generate (“build") binary packages.
In this context, sources may include code to be compiled, data transformed to
binary formats during the build process, or files transferred verbatim onto the
target system. A source package consist of two or three files, which can be
manipulated with standard Unix tools.

Most software in the Debian archive is developed by another FLOSS project (called
“upstream"), but has been made available as a non-native Debian package. On
the other hand, native Debian packages contain software developed specifically
for the Debian System.?°

Ydpkg is the package handler (which prevents actions violating the Debian Policy; see section A.2.5),
while APT!-based tools are higher-level package managers (which can use the packages' meta-data to
pre-emptively resolve problems).

P the case of a native Debian package, the source package consists of two files: the source archive
(“tarball”) and the .dsc file with control data; non-native packages are made up of three files: the
original source “tarball”, a patch with Debian-specific changes ("diff"), and the .dsc file with control
data.
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When users talk about “packages” without further specification, they likely refer
to binary packages. On the other hand, developers usually refer to source pack-
ages.

One of the central activities of DDs is (source) package maintenance, which in-
volves:

e importing new upstream versions.

e analyse bug reports, correspond with the submitter, forward information up-
stream, and/or fix the problem.

e look after the package's meta data and make sure that relationships to other
packages are correct and current.

e follow and implement Debian Policy changes.

e develop new features, or better means of integration with the rest of the Debian
System.

Section 2.3 illustrates the workflow of Debian package maintenance.

A.2.3 Bugs and bug reports

The Debian Project project makes extensive use of its publicly-accessible?’ BTS?2, pub-
lishes instructions on how to submit bug reports [Debian Project, 2007b], and main-

tains a number of interactive bug reporting tools to facilitate the process.

A bug report is made up of the original report and any number of replies sent to the bug
report's address. All interaction takes place via e-mail. Reports and replies may include
attachments. Every bug report in the Debian BTS belongs to one (or more) packages
and has a unique ID, which is usually prefixed by a pound sign when mentioned in
writing: e.g. #123456. Ideally, a bug report describes a single fault in the correspond-
ing package.?® For each report, the BTS tracks submitter, responsible person (“owner"),
severity, tags, and the software versions to which this bug applies, all of which may be
manipulated by anyone, but a log of all actions is kept.2* The available severities are:

2The project promises in its Social Contract (see section A.4) that it "will keep [the] entire bug report
database open for public view at all times”

2http://bugs.debian.org

ZDebian bug reports can be split ("cloned”) and merged to achieve this one-to-one correspondence.

**Manipulation happens via e-mail: http://www.debian.org/Bugs/server-control [11 Oct 2007]
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critical, grave, serious, important, normal, minor, wishlist. The first three form the class
of release-critical (RC) bugs.

In Debian parlance, "bug report” is often abbreviated to "bug"”, e.g. "have you replied to
my bug yet?" In this thesis, an attempt will be made to use the separate terms accord-
ingly. A bug is thus a fault in the software contained in the package, or its packaging,
and bug report refers to the discussion thread following and including the initial report,
encompassing the meta data tracked by the BTS.

A.2.4 Archives

When a project member uploads a package,?® it is processed by the archive man-
agement scripts. These perform a number of tests on the package, checking e.g. for
integrity and authenticity. If the package passes these, it is installed into the archive's
package pool.?® Package indices refer users (or rather: package manager software in-

voked by users) to the correct location within this pool.

The Debian archive comprises five different collections of package indices: unstable,
testing, stable, oldstable, and experimental. These are themselves often referred to
as archives. In this text, the use of the word “archive” in the context of Debian will
be qualified: Debian archive refers to the entire Debian package pool and all indices,
while e.g. the unstable archive identifies the collection of indices referencing pack-
ages considered to be unstable, together with these packages, and analogously for the
other collections: testing, stable, oldstable, and experimental. The collection names by
themselves are synonymous to the respective archives: "this package is not yet in test-
ing." All archives except for the experimental archive can be used to install computer
systems; a user tracking the unstable archive is said to run Debian unstable, or just
“unstable”

Every package starts its life-cycle in the unstable archive, replacing any previous ver-
sions. It remains there for a given period of time to allow for potential problems
to surface. If during this period, no new RC bugs are reported against the package,
and a number of other criteria are met, the package “migrates to testing,’ which
means that it propagates to the testing archive, again replacing any previous ver-

sions.

% e. the files that constitute a (signed source) package, together with a file identifying the upload (the
.changes file), which also has to be cryptographically signed for the upload to be considered.
®nttp://ftp.debian.org/debian/pool/
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Packages in testing remain in this archive until a new stable version is released. Lead-
ing up to such a release, the testing archive is frozen, and only packages fixing RC
bugs are allowed to propagate from unstable. During the freeze period, developers are

encouraged to concentrate on fixing bugs.

At the end of the freeze, packages with remaining RC bugs are reassessed and gen-
erally removed from the testing archive (they continue to exist in unstable). Finally,
a new stable release is made: the current stable replaces oldstable, and testing re-
places stable. A new stable release is thus made up of packages without any (known)
RC bugs.

The experimental archive holds packages which are not yet polished enough to en-
ter the reqular package life-cycle. Project members may make use of it at their own

discretion, and no automatic migration takes place.

Figure 2.1 (see page 12) depicts a package's life cycle.

A.2.5 The Debian Policy

The Debian Policy Manual is a fundamantal Debian document, which defines the “tech-
nical requirements that each package must satisfy to be included in the distribution”
[Debian Project, 2005]. The manual helps to lessen the number of decisions a pack-
age maintainer has to make, and ensures that packages, which have been built in
accordance with its rules, will be compatible with the Debian System and the tools
used for its management. A compliant package can furthermore coexist with thou-
sands of other packages without conflicts. Familiarity with the policy is required of
each Debian developer, and policy compliance is a core requirement in package main-
tenance.

The Debian Policy has been described as

the crux, the narthex, the throbbing heart of Debian and what makes it so
utterly superior to all other operating systems. [...] What Policy defines
are the bounds of Debian, not your own actions on the system. [...] In
essence, Policy introduces a new class of bugs, policy bugs. Policy bugs are
release-critical — a package which violates policy will not be included
in the official stable Debian release. [...] That is the whole secret [Self
et al., 2002, their emphasis].
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A.3 Debian releases

Date Version Codename  # Developers # Packages (5:B)  # Architectures Notes
Aug 1995 0.96r3 n/a 60 250 1 (1386) a,b
Jun 1996 1.1 buzz 90 474 1 a,b
Dec 1996 1.2 rex 120 848 1 a,b
Jun 1997 1.3 bo 200 1197 1 a,b
Jul1998 20 hamm 400 1115: 1958 2 (+m68k) a,c
Jun 1999 2.1 slink 413 1580: 2269 4 (+alpha,sparc) cd
Aug 2000 2.2 potato 448 2647:3889 6 (+powerpc,arm) cd
Jul2002 3.0 woody 892 5218:8273 11 (+mips/elhppa,ia64,s390) cd
Jun 2005 3.1 sarge 1000 8728: 15196 1 ef
Apr 2007 4.0 etch 1036 10222: 18110 11 (+amd64, -m64k) (]

Notes (a) (approximated) number of developers from [Lameter, 2002]; (b) (approximated) number of
packages from [Lameter, 2002]; (c) number of packages from indices available at http://archive.
debian.org [7 Nov 2007]; (d) number of developers from [Amor-Iglesias et al., 2005b]; (e) number of
packages from indices available at http://ftp.debian.org/debian/dists [7 Nov 2007]; (f) number
of developers from http://www.debian.org/vote/2006/vote_003 [7 Nov 2007] for lack of a better
number (see http://bugs.debian.org/295527 [7 Nov 2007]); (g) number of developers from http:
//www.debian.org/vote/2007/vote_001 [7 Nov 2007] for lack of a better number (see http://
bugs.debian.org/295527 [7 Nov 2007]);

A.4 Debian’s Social Contract

The Social Contract is a foundation document of the Debian project [Debian Project,
2004b] and, to my knowledge, distinguishes the Debian project from most other FLOSS

projects, which do not obey a manifest of this kind.

Coleman [2005b] recounts the genesis of the Social Contract as follows:

Ean Schuessler came up with the idea for the Contract after a conversa-
tion at a conference with Bob Young, the co-founder of a then-emergent
commercial Linux distribution, Red Hat. Ean suggested that Red Hat might
want to guarantee in writing that as they grew larger they would always
provide GPLed software. Young replied that "would be the kiss of death,’
implying that such a guarantee made to the users of free software could
prove disastrous to his business. Ean (who was himself a business owner)
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was both amused and disturbed by Young's answer, and with other de-
velopers at the conference he decided that it would behoove Debian to
provide such a guarantee in writing.

The Social Contract was drafted in 1997 by Bruce Perens, after Ean Schussler suggested
the concept of a Linux distribution stating its “social contract with the free software
community" to him. In a month-long e-mail conference, several other developers joined
to refine the text, before Perens, project leader at the time, announced it as publicly
stated policy of the Debian project.

The project ratified a number of changes via an official vote in the summer of 20042
but postponed their institution until after the release of Debian 3.1, codenamed “sarge”
in June 2005.

The following is thus the updated version of the document, which applies to Debian's
most recent release, Debian 4.0 (“etch").

Debian Will Remain 100% Free We provide the guidelines that we use to deter-
mine if a work is "free" in the document entitled “The Debian Free Software Guidelines"
(see section A.5). We promise that the Debian system and all its components will be
free according to these guidelines. We will support people who create or use both free
and non-free works on Debian. We will never make the system require the use of a
non-free component.

We Will Give Back to the Free Software Community When we write new com-
ponents of the Debian system, we will license them in a manner consistent with the
Debian Free Software Guidelines. We will make the best system we can, so that free
works will be widely distributed and used. We will communicate things such as bug
fixes, improvements and user requests to the “upstream” authors of works included in
our system.

We Won’t Hide Problems We will keep our entire bug report database open for
public view at all times. Reports that people file online will promptly become visible to
others.

27http: //www.debian.org/vote/2004/social_contract_reform.3 [26 Sep 2007]
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Our Priorities are Our Users and Free Software We will be guided by the needs
of our users and the Free Software community. We will place their interests first in our
priorities. We will support the needs of our users for operation in many different kinds
of computing environments. We will not object to non-free works that are intended
to be used on Debian systems, or attempt to charge a fee to people who create or use
such works. We will allow others to create distributions containing both the Debian
system and other works, without any fee from us. In furtherance of these goals, we
will provide an integrated system of high-quality materials with no legal restrictions
that would prevent such uses of the system.

Programs That Don’t Meet Our Free-Software Standards We acknowledge that
some of our users require the use of works that do not conform to the Debian Free
Software Guidelines. We have created “contrib” and "non-free" areas in our archive for
these works. The packages in these areas are not part of the Debian system, although
they have been configured for use with Debian. We encourage CD manufacturers to
read the licenses of the packages in these areas and determine if they can distribute
the packages on their CDs. Thus, although non-free works are not a part of Debian, we
support their use and provide infrastructure for non-free packages (such as our bug
tracking system and mailing lists).

A.5 The Debian Free Software

Guidelines

The DFsG [Debian Project, 2004a] regulates the availability of software in Debian's
archive according to its licence. Software, whose licence is in accordance with all
terms of these guidelines, may be included in the official Debian archive. Software li-
cenced incompatibly with these guidelines might also be distributed, but in a secluded
section of the archive, called "non-free.”

Free Redistribution The license of a Debian component may not restrict any party
from selling or giving away the software as a component of an aggregate software
distribution containing programs from several different sources. The license may not
require a royalty or other fee for such sale.
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Source Code The program must include source code, and must allow distribution in
source code as well as compiled form.

Derived Works The license must allow modifications and derived works, and must
allow them to be distributed under the same terms as the license of the original soft-

ware.

Integrity of The Author’s Source Code The license may restrict source-code
from being distributed in modified form only if the license allows the distribution
of "patch files" with the source code for the purpose of modifying the program at
build time. The license must explicitly permit distribution of software built from mod-
ified source code. The license may require derived works to carry a different name or
version number from the original software. (This is a compromise. The Debian group
encourages all authors not to restrict any files, source or binary, from being modi-
fied.)

No Discrimination Against Persons or Groups The license must not discriminate
against any person or group of persons.

No Discrimination Against Fields of Endeavor The license must not restrict any-
one from making use of the program in a specific field of endeavor. For example, it may
not restrict the program from being used in a business, or from being used for genetic
research.

Distribution of License The rights attached to the program must apply to all to
whom the program is redistributed without the need for execution of an additional
license by those parties.

License Must Not Be Specific to Debian The rights attached to the program must
not depend on the program's being part of a Debian system. If the program is ex-
tracted from Debian and used or distributed without Debian but otherwise within the
terms of the program's license, all parties to whom the program is redistributed should
have the same rights as those that are granted in conjunction with the Debian sys-
tem.
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License Must Not Contaminate Other Software The license must not place re-
strictions on other software that is distributed along with the licensed software. For
example, the license must not insist that all other programs distributed on the same
medium must be free software.

Example Licenses The “"GPL", "BSD", and "Artistic" licenses are examples of licenses
that we consider "free".
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B Background information on diffusions

B.1 Rogers elements of diffusion

Rogers [2003] identifies four “elements” of diffusion:

e the innovation itself,
e the process of communicating the innovation (the diffusion),
e the adoption process (the time element),

e and the social system in which the diffusion occurs.

These elements of diffusion are often referred to as Rogers' framework, which has
been used to assess and engineer diffusions (descriptive and prescriptive use). His
tome is possibly the most cited work in diffusion research, even though it is not with-
out problems (see section 3.2.2). It is thus in order that | offer a brief description of
each.

Innovation The first set of characteristics in Rogers' theory deal with the individual
adopter's perception of the innovation itself [Rogers, 2003, ch. 6]. These attributes are
highly subjective, and singular in the sense that they pertain to each individual in isola-
tion from the rest of the subjects targeted by a diffusion.

Rogers makes no claim that these are the only attributes of an innovation that affect
the rate of adoption, just that they are the ones that “explained most of [an] inno-
vation's rate of adoption” [ibid., p. 226]. In a study by Kearns [1992, cited in [Rogers,
2003]], the five attributes of an innovation quoted by Rogers could account for 26% of
the 27% of variance that could be explained by a total of 25 perceived attributes; the
other 20 attributes hardly had any relevance in the eight diffusions analysed as part of
the research.
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Relative advantage — a subject is more likely to adopt an innovation that s/he per-
ceives as having an advantage (economic, social, personal, ...) over the status

quo.

Compatibility — an innovation compatible with the status quo — thus fitting in with
social norms and requiring little effort — is likely to be more popular.

Complexity — innovations that are difficult to grasp, learn, or use, are likely to be

adopted at a slower rate (accessibility).

Trialability — innovations that can be tried without much effort are likely to be
adopted quicker, mainly because of the ability to reduce uncertainty about the

innovation by using it (learning by doing).

Observability — innovations whose results are observable will likely be favoured among
adopters (return on investment, gratification).

Communication channels Rogers defines communication as "the process by which
participants create and share information [...] to reach a mutual understanding”
[Rogers, 2003, p. 18]. Rogers isolates two aspects of the channels of communica-
tion:

Channel/medium — information may be exchanged face-to-face (interpersonal me-
dia), or pushed to a broad audience (mass media). While in the former case,
communication is often two-way (discussions, question & answer sessions, pre-
sentations), mass media communication is usually a one-way means to reach
a larger number of people (radio, newspapers, announcement lists). Innovations
which are primarily communicated through interpersonal channels are likely to
reach a higher adoption rate, because they are "more effective in persuading an
individual," and since potential adopters "depend mainly upon a subjective eval-
uation [...] from other individuals like themselves who have already adopted the
innovation” [ibid., p. 18f].

Homophily — two peers who are “similar in certain attributes, such as beliefs, educa-
tion, socioeconomic status, and the like" [ibid., p. 19] are called homophilous.’
With greater degree of homophily, communication between peers becomes more

"The peers must not be homophilous with respect to their technical grasp of an innovation, or no
diffusion can take place.
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effective, but the spread of ideas also becomes more horizontal (as it spans ar-
eas of competence of peers at the same status level), which can dampen the
adoption rate.

Time The third element of diffusion describes the phases leading up to an adoption
and including its verification, which Rogers calls the “innovation-decision process!" The
process begins with initial knowledge of an innovation and ends with the confirmation
of the decision to adopt or reject this innovation by in individual (or other decision-
making unit). The author presents a model that breaks the process into five stages
[Rogers, 2003, ch. 5]:

Knowledge — at the first stage, the individual learns of an innovation and how it
works. The knowledge may be gained following a need, or the need may be
developed as a consequence of the knowledge. At this stage, knowledge is mostly
cognitive (emotional, non-verbal), but the individual already starts to investigate
how the innovation functions.

Persuasion — after being exposed to an innovation, an individual forms an interest
or disinterest therein. In case of interest s/he actively seeks to reduce the un-
certainty about an innovation's expected consequences. The knowledge of the
innovation becomes affective (factual).

Decision — the individual then decides to adopt or reject the innovation, possibly after
trying it or witnessing a demonstration. A favourable decision means the indi-
vidual will move to incorporate the innovation into ongoing practice. A rejection
the innovation may be either active or passive: deciding against the innovation
vs. never considering it.

Implementation — in the forth phase, the individual incorporates the innovation into
ongoing practice. At this stage, re-invention? can occur. The implementation

phase ends when the innovation has become a reqular part of current operations.

Confirmation — finally, the individual may confirm the decision of adoption (to re-
duce dissonance), or reverse it (discontinuance). This stage is not exhibited by all
adopters, but it can also take place long after adoption has occurred, when the
individual ceases to use the innovation, gradually discontinues, or replaces the
innovation with a better solution.

2Rogers defines re-invention as the "degree to which an innovation is changed or modified by a user in
the process of its adoption and implementation” [Rogers, 2003, p. 180].
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While developing the time element, Rogers also identifies the source of information as
a trait of the communication process that influences the success of a diffusion [ibid.,
p. 207]: cosmopolite channels transport information into a system, whereas localite
channels are contained within the system. This characteristic overlaps functionally with
homophily, a feature of the second element of diffusion, which may be the reason why

Rogers did not include cosmopoliteness in his framework.

Social system The fourth element of diffusion deals with the social system in which
a diffusion is taking place and is divided into the following aspects [Rogers, 2003,
p. 23ff]:

Structure and communication — applies to both, the social structure within an or-
ganisation (pecking order), as well as the communication structure (interaction
networks). A communication structure usually (and frequently) grows between
homophilous people to satisfy their social needs; it mostly relies on interpersonal
exchange. The hierarchical organisation of a system, which is often definitive of
the system's social structure, allows for the prediction of behaviour to a certain
degree, given that individuals at lower ranks are expected to carry out orders
issued by those higher up. This flow of command and the separation of respon-
sibilities between levels serve to decrease uncertainty surrounding the process,
which can benefit diffusions; communication down the hierarchy can be either
interpersonal or public, whereas it will be almost exclusively interpersonal up-
wards [ibid., p. 337ff].

Norms — refer to the established standards among members of a social system and
relates to the compatibility attribute of an innovation (see section B.1): unless
an innovation squares with the norms of the targetted social system, its diffusion
will be less successful [Rogers, 2003, p. 26].

Opinion leadership — is the “degree to which an individual is able to influence other
individuals' attitudes or overt behaviour informally in a desired way with relative
frequency” [ibid., p. 27], a status which is attributed by the respecting followers
rather than determined by structure, and does not have to be explicit. Opinion
leaders are thus at the centre of interpersonal communication networks and
maintain this position through technical competence, social accessibility, and
conformity with the system's norms. They are generally more innovative and
cosmopolite, and enjoy a higher social status than the average member of the
system. Nevertheless, they are not the most innovative members of the system,
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who are often perceived as deviants and attributed low credibility [ibid., p. 26].
Obviously, opinion leaders do not have to agree with each other: an opinion

leader could also reject an innovation.

Change agents — are individuals who influence clients' innovation-decisions in a di-

rection deemed desirable by a change agency, whether the goal is adoption
or rejection [ibid., p. 366]. They are usually professional and heterophilous,
which might limit the effectiveness of their communication. For this reason,
change agents sometimes employ aides, who are less professional and more ho-

mophilous, to facilitate communication with the client.

Types of innovation-decisions — Depending on the nature of the social system, three

motivations can drive adoptions. In general, these are to be seen as a continuum,
and diffusions can lie anywhere between these motivations:

optional/voluntary — the decision to adopt is made by the individual at his/her
own discretion and independent from the other members of the system.

collective — the adoption decision is made by consensus among the members
of the system.

authoritarian — the decision is made by a few at high levels of the social struc-
ture and the innovation must be adopted by all members of the system.

Decisions made by authority are usually adopted the fastest, collective decisions
the slowed [ibid., p. 29]. Given that in those two cases, the individual still has a
decision to make (to go with the flow vs. rebel against it), a forth type of decision
is inherent: contingent decisions, made by the individuals only after a collective

or authoritarian decision has been made.

Consequences of innovations — Rogers attributes the study of consequences an ever
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increasing importance in diffusion research [ibid., p. 440] and differentiates be-
tween three dimensions of consequences of diffusions: desirable/undesirable,
direct/indirect, and anticipated/unanticipated, and these usually go together in
that anticipated consequences are usually direct and desirable, while unantici-
pated ones are undesirable and indirect. These dimensions are per consequence,
not per diffusion; any given diffusion will have a number of consequences, some
of which may be desirable, others less so [ibid., p. 442ff].

Another distinction of consequences is between form, function, and meaning;
while the first two are more readily assessable by diffusers and adopters alike,
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a grasp of the latter is only really available to the adopters themselves [ibid.,
p. 451].

B.2 Wejnert’s integrated model of innovation

diffusion

The following is a slightly more thorough description of the variables of the framework
proposed by Wejnert [2002], which was introduced in section 3.2.2.

Characteristics of innovations

public versus private consequences — This variable deals with the spatial and tempo-
ral contingency between source and adopter, including aspects of communica-

tion, coercion, and peer/social pressure.

benefits vs.costs — Costs can be monetary or non-monetary, direct or indirect. For
instance, learning time is a direct, non-monetary cost, while possible infrastruc-
tural changes and delays would be considered indirect costs.

Benefits are not explicitly mentioned in the model.

Characteristics of innovators

societal entity — The size of target group for a diffusion, as well as the strength of
social ties affect the nature of the diffusion process.

familiarity with the innovation — People are naturally risk averse and cautious to-
wards the new. Social networks, opinion leaders, and the media come into play
here to increase familiarity, which drives adoption. Sources closer to an individ-

ual (and thus more subjective) are usually more effective.

status characteristics — An individual's status determines the likelihood of adoption.
Lead users [cf. von Hippel, 1986] adopt early and drive others to adoption, while
those with lesser social status and less prestige to lose might adopt controversial
innovations.

socioeconomic characteristics — This category includes variables of the individual,
such as education level and cosmopolitanism, as well as variables relating to the
collective, such as technological advancement. Labor market practices, and the
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consideration whether economical decisions are centralised or market-oriented
are part of the latter.

position in social networks — Network interconnectedness (size, distance, frequency,
level of privacy), helps spread adoptions, as well as pressure to conform to peers
in tight networks. Structural equivalence of members modulates homogeneity
of behaviours, and may also activate competition [cf. Robertson and Gatignon,
1986].

personal characteristics — Self-confidence, as well as independence, readiness to take
risks, and exposure of individual success drive adoption rates; collective interac-
tion and collaboration also have a positive effect.

Environmental context

geographical setting — Geographic proximity affects the frequency and level of com-
munication and facilitates spreading. Population density is closely related.?

societal culture — Local cultural values and norms can account for inertia effects,
slowing adoptions, and increase perceived costs of adopting an innovation. On
the other hand, traditions provide homogeneity.

political conditions — The political situation can have dampening effects on adoption
rates (promotion of local technology, patents, censorship). The author does not
identify positive effects.

global uniformity — Institutionalisation, world-wide spread facilitated by interna-
tionally active corporations, and global communication channels and media con-
stitute this variable.

®The literature generally speaks of geographic proximity, but that term does not make much sense in
an Internet setting. It is arguable, whether the flow of information and thus the rate of adoption is
actually higher in Internet-connected groups. However, geographical proximity also suggests cultural
proximity and thus homogeneity. While a group such as the Debian developers is rather homogeneous,
the impact of cultural difference to the spread of ideas might be significant.
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C Acronyms €&t abbreviations

AC

APT

BSP

BTS

CSCW

DD

DEB

DFSG

DM

DPL

FLOSS

FSF

GNU

GPG

IRC

NM

NMU

oSl

0SS

PGP

absorptive capacity

Advanced Package Tool

bug squashing party

Bug Tracking System (for Debian: http://bugs.debian.org)
Computer Supported Cooperative Work

Debian Developer

The Debian package file format

Debian Free Software Guidelines

Debian Maintainer

Debian Project Leader

Free/Libre/Open-Source Software

Free Software Foundation (http://www.fsf.org)

GNU is not Unix (a recursive acronym)

GNU Privacy Guard (http://en.wikipedia.org/wiki/Gpg)
Internet relay chat

information systems

information technology

New Maintainer

non-maintainer upload

Open Source Initiative (http://www.opensource.org)
Open-Source Software

Pretty Good Privacy

(http://en.wikipedia.org/wiki/Pretty_Good_Privacy)
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release-critical

Software in the Public Interest (http://spi-inc.org)
Technology Acceptance Model

Theory of Reasoned Action

Theory of Planned Behavior

Unified Theory of Acceptance and Use of Technology

version control system
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