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Abstract Medium-sized, open-participation Open Source Software (OSS) projects
do not usually perform explicit software process improvement on any routine basis. It
would be useful to understand how to get such a project to accept a process improve-
ment proposal and hence to perform process innovation. We want to determine an
effective and feasible qualitative research method for studying the above question.
We present (narratively) a case study of how we worked towards and eventually
found such a research method. The case involves four attempts at collecting suitable
data about innovation episodes (direct participation (twice), polling developers for
episodes, manually finding episodes in mailing list archives) and the adaptation of the
Grounded Theory data analysis methodology. Direct participation allows gathering
rather rich data, but does not allow for observing a sufficiently large number of
innovation episodes. Polling developers for episodes did not prove to be useful.
Using mailing list archives to find data to be analyzed is both feasible and effective.
We also describe how the data thus found can be analyzed based on the Grounded
Theory Method with suitable adjustments. By-and-large, our findings ought to apply
to studying various phenomena in OSS development processes that are similarly
heavyweight and infrequent. However, specific details may block this possibility and
we cannot predict which details that might be. The amount of effort involved in
direct participation approaches to qualitative research can easily be underestimated.
Also, survey approaches are not well-suited for many process issues in OSS, because
too few developers are sufficiently process-conscious. An approach based on passive
observation is a viable alternative in the OSS context due to the availability of large
amounts of fairly complete archival data.
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1 Software Process Improvement as Innovation Introduction

The philosophy of lightweight processes considers software process improvement
(SPI) a routine part of the development process itself (Highsmith and Cockburn
2001), although its proponents do not often use that particular term for it. Therefore,
even skeptics of high-ceremony approaches such as CMMI (CMMI Product Team
2006) tend to concur that understanding how to perform software process improve-
ment (SPI) is valuable.

Although Open Source software (OSS) development, one common class of light-
weight process, has attracted considerable interest in the past few years (Scotto and
Succi 2005), little so far has been written regarding SPI in this context—we only know
of Dietze (2004) and Krafft (2009).

This lack of information is problematic, because results from other contexts, even
if they concern lightweight process approaches, are not immediately applicable to
OSS: Most SPI research tacitly assumes a closely-knit organization, in particular one
in which there are individuals with formal power (often derived from organisational
hierarchy) for making binding decisions. However, with few exceptions, no such
individuals exist per se in the OSS processes we will concern ourselves with here,
namely mid-sized OSS projects with 5 to 50 participants,1 where any use of formal
decision-making by even a project leader can easily alienate some of the volunteers
(Shaikh and Cornford 2003; Raymond 1998).

In such typical OSS development processes, only a modest amount of authority
is thus available; to a high degree, the process works by self-organization. OSS SPI
thus depends largely on consensus or at least voluntary acceptance and support. And
even though “binding decision” in a normal organization does not mean everybody
(or even a majority) adheres to it, a formal lack of bindingness has profound
consequences on SPI dynamics.

To reflect this OSS-specific SPI context, we take the view that each individual
process improvement is an innovation introduction (Rogers 2003; Denning and
Dunham 2006): There is a protagonist (the innovator), usually a member of the
project, who advocates a certain change (the invention, i.e. the would-be innovation).
The other project members (the target group) discuss and perhaps modify the
invention and eventually adopt some form of it (or perhaps not). Adoption may occur
gradually over time and turns the invention into an innovation.

The present article describes how we have studied OSS process innovation
dynamics. The focus of the article is not on these studies’ results, but rather on their
methods: Which of them worked well, which did not, and why.

2 Structure and Contribution of this Article

The contribution of the article lies in describing a research method for studying
phenomena occurring in OSS development processes. The method is applicable to
many other process-related (rather than product-related) research questions in the
OSS context besides just process innovation.

1This is opposed to the few large high-profile projects such as Apache, Linux, OpenOffice, or
Mozilla, many of which are carried to a large degree by a formal organization (O’Mahony 2005).
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In principle, the present study is a case study (in the sense of Yin (2003)) of a
single case, namely our five-year attempt at understanding how process innovation
takes place in Open Source Software projects. The case study database contains the
inputs, chronology of events, and results of five scientific studies on the topic that
we have pursued since 2004, as well as subjective opinions of the participants. The
propositions investigated in the case study regard the feasibility, effectiveness, and
efficiency of three different approaches to studying OSS process innovation.

However, we do not emphasize the formal structure of the case study here and
rather frame the article like an experience report, because the narrative format is far
easier to digest.

Note that reading this article can be somewhat confusing, because two very
different levels of discussion constantly mix:

– The research on research methods for studying process innovation, which is the
topic of the paper and

– the research on process innovation performed by these methods, which is not the
topic of the paper, but needs to be mentioned frequently, as it is the data source
of our empirical investigation.

We will first, in Sections 3.1 to 3.3, describe three studies (attempt 1, auxiliary
study, and attempt 2) involving a method that can be characterized as being
somewhere between Participant Observation (Jorgensen 1989) and Action Research
(Avison et al. 1999; Davison et al. 2004). We conclude (Section 3.4), that such
an approach is far too slow and too costly to collect a sufficiently large pile of
observations on process innovation.

We then describe our attempt of using an alternative approach (attempt 3,
Section 3.5): Polling many OSS participants for process innovation stories and then
interviewing them in depth. This attempt failed entirely, yielding hardly any data
at all.

Finally, we describe the successful third data collection approach of manually
searching for innovation episodes in mailing lists (Section 4). We describe the
qualitative data analysis process (based on the Grounded Theory Method of Strauss
and Corbin (1998)) in Section 5, discuss the nature and validity of the results
(Section 6), and conclude how and why this approach appears superior at least for the
exploratory part of the long-term overall research process for our and other process-
related research questions (Section 7).

In this narrative structure, there is a tendency to notice the process innovation
research aspects only and loose track of the methods research aspects. To help you
fight this tendency, Table 1 makes explicit the methods research roles that each of
the sections serves.

While we do provide some detail on our application of Grounded Theory Method
(GTM), it should be noted that details of applying Participant Observation and
Action Research are explicitly not a topic of this article—although some aspects
might be interesting, e.g. whether it is sensible to talk of Action Research in OSS
at all, if no formal agreements are made.

The contribution of our article is threefold:

1. We point out the usefulness of passive qualitative analysis for understanding
phenomena occurring in OSS projects. Such qualitative analysis is a valuable
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Table 1 Research-on-research-method roles of the various sections, whose names rather suggest
process innovation research

Section Method Results

3.1 Attempt 1: active innovation introduction M R
of an information manager role

3.2 Auxiliary study: method comparison for triggering M
innovation from the outside

3.3 Attempt 2: active innovation introduction M R
of automated testing

3.4 Interim conclusion from the participatory approach R
3.5 Attempt 3: polling for process innovation episodes M R
4 Successful attempt: finding episodes manually M R
5 Elements of the episode analysis method R
6 Nature of the innovation research results obtained R

M (for methodology) means the section describes a research method for understanding process
innovation. R (for results) means the section describes what we found out about research methods

complement to the currently popular Mining Software Repositories (MSR)
approach with its strong quantitative focus.

2. We show how such passive qualitative analysis (both data collection and data
analysis) can be done for OSS process innovation.

3. Our case is a warning against over-optimism (and a consolation for those who
have already suffered from it). Tool-building SE researchers may believe that
OSS projects are a far more accessible playground for evaluating their research
prototypes than are companies. Our studies suggest that neither access to a
project nor acceptance of a tool are as easy as some would hope. This is in sync
with prior results of others (Sarma et al. 2009; Barcellini et al. 2008).

3 Initial Attempts

3.1 Attempt 1: Active Innovation Introduction of an Information Manager Role

Robert Schuster, a student of ours, approached the GNU Classpath project (of which
he was already a member) to introduce the role of an Information Manager (Schuster
2005). The process improvement goal was to improve the project’s capabilities to
handle the increasing amount of information and reduce the management overhead
which had become noticeable as the project grew in size.

This sort of problem appears because of the strong use of mailing lists and IRC
(Yamauchi et al. 2000), which are ill-prepared for information management, and
because of the volunteer nature of participation, which makes it difficult to find
project members willing to perform “arduous” housekeeping activities in comparison
to “fun” coding tasks (Torvalds and Diamond 2001; Hertel et al. 2003). The informa-
tion manager was thus created as a lightweight role-based process improvement to
set up tool support (in particular a wiki) for managing information and to structure
the tasks associated with its use, such as collecting decisions, to-dos, or how-tos. The
actual execution of the tasks could be performed either by the Information Manager
or any other project member; the main intention of the Information Manager role
was motivation and orchestration. Robert contacted the project leader in January
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2005. When he received positive feedback, he sent a proposal to the mailing list.
In the ensuing discussion Robert agreed to set up a wiki and to assume the role of
Information Manager for three initial months. In this time, he loaded the wiki with
information taken from mailing list posts and advertised its use.

When Robert’s engagement in the project ended in April 2005 (which he an-
nounced explicitly), project members confirmed in an exit survey that the Informa-
tion Manager had been a valuable addition to the project. In September 2006, we
studied the project’s mailing list to see whether the use of the Information Manager
role had been sustained after Robert’s departure. We found that indeed it had. Its
usage had become well accepted in the project. Furthermore, it had been adapted to
project needs. In particular, much fewer decisions were recorded explicitly than we
had originally envisioned. We found evidence that project members perceived the
explicit formalization of general decisions as inefficient compared to the flexibility of
common-sense ad-hoc decisions.

3.2 Auxiliary Study: Method Comparison for Triggering Innovation
from the Outside

Sometimes, a would-be innovator will not be a project member already. This is
particularly true for research settings. For instance in our innovation introduction
research, having a project member such as Robert Schuster above was more of an
exception rather than the rule. Likewise, other researchers will often want to evaluate
tools they have built and would like one or more OSS projects to serve as users
(Oezbek and Prechelt 2007). Ousider innovation might also be useful in non-research
settings. Consider a company that is very interested in a particular OSS product and
wants to contribute to it. This company may view making a process-improvement
contribution as more efficient than making a code-writing contribution.

We therefore decided to perform a study on the following research questions:

1. How does an Open Source project react to an innovation proposal made by a
non-member?

2. How much does it help when the proposal is accompanied by an upfront
investment of work contributed to the project?

In order to have some of the control needed for answering research question 2,
we decided to approach from the outside two comparable projects in the same
domain (namely KDE2 and Gnome3) with the same proposal and include an upfront
investment in one of the cases (KDE) in the form of a prototypical implementation.4

Lacking a good idea for a process-related innovation (in particular regarding the
question how to perform and package the upfront investment), we chose a product-
related innovation proposal instead: a usability improvement for the Unix shell
command line interface.

Specifically, we proposed to add assistance functionality to bridge the gap between
a textual shell and a graphical user interface (GUI) for helping users to learn how to

2http://www.kde.org/
3http://www.gnome.org/
4Bergquist and Ljungberg (2001) call such behavior towards OSS projects a code gift and consider it
an important means for gaining influence.

http://www.kde.org/
http://www.gnome.org/
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work with a textual shell. We spelled this idea out in a detailed and concrete proposal
including a number of mock-up screenshots. For KDE, we also invested 150 hours of
work to implement a subset of the proposal as a demonstration prototype.

We submitted the proposal to the Gnome mailing list, submitted both proposal
and prototype (as 1200 lines of source code) to the KDE mailing list, and observed
(and participated in) the ensuing discussions on both lists. We evaluated the reactions
thus obtained via content analysis (Mayring 2002).

For Gnome, the proposal provoked 20 statements from project members, only two
of which where positive. The proposal was not taken up. For KDE, the proposal and
accompanying code gift provoked 22 statements from project members, 10 of which
were positive. The proposal was not taken up and the code not used.

Detailed analysis of the email discussion revealed a number of effects, two of
which are particularly important for judging the chances of a non-member to trigger
an innovation. First, there were quite a number of misunderstandings (and quite
some skepticism, too) that occured due to the proposing outsider’s lack of project
knowledge. For instance, the outsider-would-be-innovator was not aware that the
project used the terms beginner and newbie in a differentiated and well-defined
manner to mean different kinds of users. The resulting sub-discussions distracted
a lot from the core topic. Second, even those project members who were positive
about the proposal naturally assumed that it must be the proposer who would carry
the proposal through; there was a strong sense of individual ownership.

Summing up, we conclude from the study that the chances of non-project-
members for triggering an innovation are low, even if they invest substantial upfront
work. Details of the study can be found in Quintela García (2006).

3.3 Attempt 2: Active Innovation Introduction of Automated Testing

Determined not to be discouraged by the results of the auxiliary study, we interpreted
them from a different angle. If non-members can hardly trigger an innovation, we
would have to become members first in our future studies. So the question would
have to be: Can this be done efficiently?

We thus now attempted to introduce an innovation with only a fixed and rather
limited amount of effort despite the fact that we started as a non-member of the
project. As the innovation to be introduced we chose automated regression testing
(Whittaker 2000; Jeffries and Melnik 2007) and the JUnit framework. Where ap-
plicable, automated unit testing promises strong benefits in terms of project stability,
but it also requires a large and continuous amount of effort. We chose the project
FreeCol.5 because it offered the right size and would benefit from automated unit
testing but did not yet use it.

To limit the effort in a systematic way, we prescribed ourselves the four-stage
activity model shown in Fig. 1. Christopher Oezbek conducted the introduction in
April and May 2007.

His activity resulted in 73 test cases being created as a gift for the project,
integrated as an optional target in the build infrastructure, and advertised to all
project members. Yet when he left the project, the test suite completely broke down

5http://www.freecol.org/

http://www.freecol.org/
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2 wks 2 wks 2 wks 2 wks 
1 wk 1 wk 1 wk 1 wk 1 wk 1 wk 1 wk 1 wk 

Period: Lurking Activity Collaboration Phase-Out
Activities: Subscribe to mailing-list 

Check-out project 
Build project 
Analyze power structure and 
mission statement 

Write test cases 
Contribute tests on mailing-
list 

Contribute tests for... 
demonstrating current bug 
tracker entries 
recently checked-in code 
test-first development 

Improve test cases 
Maintain infrastructure 

Goals: Get to know the project 
Establish infrastructure for 
testing 

Demonstrate value of testing 
Understand code base 
Gain commit access 

Introduce innovation to
individual members 
Build social network 

Sustain usage of technology 

Fig. 1 Phases in the introduction process of automated regression testing in the project FreeCol

within three months due to API changes in several core modules. At the end of this
time, not a single test case would execute correctly (most would not even compile),
and no project member did anything to repair them. The innovation had clearly not
been adopted.

After an explicit request by the project maintainer in September 2007, we repaired
the test suite (thus breaking the intended 8-week timeframe), but again no immediate
testing activity ensued. At this point we considered the introduction a failure and
started to pursue other options, as described below.

However, in August 2009 we returned to the project to take stock and found,
much to our surprise, that automated testing had now flourished: more than 270 test
cases had been created overall, exercising 23% of the code. Writing or modifying
testing code was now a regular activity and occurred in more than 10% of all monthly
commits. Details of this study can be found in Oezbek (2010).

Summing up, we found that innovation introduction by an outsider is possible, yet
takes longer than desired and is full of surprises, both negative and positive.

3.4 Interim Conclusion from the Participatory Approach

Of our four active and participatory innovation attempts (Information Manager,
Gnome Shell Scaffolding, KDE Shell Scaffolding, JUnit introduction), which in-
volved approximately 3, 1, 2, and 2 person months of effort on the researcher side,
respectively, only the first and last were successful.

A lot of interesting information about process innovation in OSS projects was
gained in these four studies. Nevertheless, we conclude that the participatory ap-
proach is not a viable basis for our research goal for four main reasons:

1. Innovator competence. For good chances of success, the innovator should be
a highly competent individual, with deep knowledge of the project, strong
technical capabilities, and excellent communication and social skills. However,
such people are rare. In particular the required project knowledge severely limits
the possible research scope.

2. Innovator variability. Given this first problem, we could still attempt to observe
a large number of innovation attempts performed by just a very small number
of suitable innovators in a small number of different projects. But this would
seriously threaten the validity of the process innovation research: Not only
would we rather look at a variety of projects (rather than look at the same
few several times over), we also, and much more importantly, need to abstract
from the specific personal characteristics of a particular innovator, or else the
generalizability of the results might be totally unclear.
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3. Scaling. The above two problems concern the innovation execution capacity. But
even if that was large, there would still be limitations with respect to episode
design capacity (deciding on the context, innovation, and introduction approach
to be used in the next episode for maximal insight) and episode evaluation
capacity (analyzing what has happened for extracting the insight). For instance,
in the JUnit episode, the data analysis that determined how many test cases were
modified when by whom took about four person weeks of effort. Even when
assuming an average effort of just one person month for design and evaluation
together, the participatory approach will scale only to a rather modest number
of innovation episodes.

4. Waiting time. Even if all three of the above problems did not exist, say, due
to additional researcher capacity, the sequential progress through a long series
of episodes would be too slow: If the design of episode N + k depends on the
insights gained in episodes N through N + k − 1, the overall progress is limited
by the time it takes for the results of the earlier episodes to arrive. However,
this takes very long. In the Information Manager episode, we waited 17 months
(from April 2005 to September 2006) before we could see the results. In the JUnit
episode, we even waited 23 months (from September 2007 to August 2009).

We conclude that a different research approach is needed that involves much less
effort for obtaining information on any single innovation episode, that involves a
variety of innovators, and that avoids long waiting times.

3.5 Attempt 3: Polling for Process Innovation Episodes

The obvious answer to the above requirements is to collect innovation episodes
that have already occurred all by themselves. There are thousands of eligible
OSS projects, and even if only one in five of them performs process innovation
occasionally, it should be possible to collect a broad array of episodes and analyze
them.

In our attempt 3, we decided to poll OSS project participants for such episodes.
We designed a web-based survey (Oezbek 2010) in October 2007 asking questions
regarding the process innovation goal, roles of involved people, success factors and
barriers, notable experiences with other project participants, etc. The survey was
designed to take no more than 30 minutes to fill out. We asked for participation
by sending emails to mailing lists frequented by rather diverse populations of Open
Source developers from many different projects.6 Yet, even though every single of
these lists had more than 500 subscribers, over the course of eight weeks we received
a total of only six responses,7 and even the content of these was disappointing. Rather

6In particular user lists of tools and APIs commonly used for Open Source development such
as http://lists.boost.org/mailman/listinfo.cgi/boost (a C++ library for common application devel-
opment tasks), http://lists.gnu.org/mailman/listinfo/autoconf (a package for generating platform-
specific scripts to be used in the build-process of applications), http://subversion.tigris.org/ds/
viewForumSummary.do?dsForumId=1065 (a software for source code version management), http://
lists.libsdl.org/listinfo.cgi/sdl-libsdl.org (a multimedia library for accessing input and graphics de-
vices), and http://lists.mozilla.org/listinfo/support-bugzilla (a software for bug-tracking).
7We also received a small number of critical comments by email, for instance “1) This is lame. 2) You
get paid for this and we don’t”.

http://www.lists.boost.org/mailman/listinfo.cgi/boost
http://www.lists.gnu.org/mailman/listinfo/autoconf
http://www.subversion.tigris.org/ds/viewForumSummary.do?dsForumId=1065
http://www.subversion.tigris.org/ds/viewForumSummary.do?dsForumId=1065
http://www.lists.libsdl.org/listinfo.cgi/sdl-libsdl.org
http://www.lists.libsdl.org/listinfo.cgi/sdl-libsdl.org
http://www.lists.mozilla.org/listinfo/support-bugzilla
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than talking about how changes to the development process were achieved, three of
the replies focused on changes to the code base rather than the process and two
were process-related but lacked abstraction. Only one reply was of the type we were
looking for. For instance, in reply to the question “What was helpful to reach your
goal?”, the respondent wrote:

– Of fering the change as a parallel alternative rather than an either/or choice (this
was CRITICALLY important)

– Patience and not being too pushy
– Doing it, not just talking about it

This resonated with our own experience and looked quite promising. We would have
liked to have a large number of such responses, would have analyzed them collec-
tively, derived hypotheses and returned to the respondents with specific questions
for evaluating these hypotheses. But with N = 1, this plan was in vain.

When we tried to understand the reasons underlying this failure, we found that
the small number of responses overall (6), the low fraction of process-related ones
(50%), and the low fraction of abstract ones within these (33%) left only three
plausible explanations:

1. There is hardly any process innovation going on in OSS projects at all.
2. OSS process innovation participants are (for whatever reason) not willing to

answer our survey.
3. OSS project members are hardly aware of their project’s own process innova-

tions. They are so product-focused that process abstractions are essentially tacit
concepts.

We were not yet willing to assume explanation 1 and were unsure about explanation
2. Yet, the high fraction of product-focused replies suggests that explanation 3 is
highly relevant. Evidence of a similar nature is reported by Krafft (2009). He studied
innovation diffusion (as opposed to introduction) of packaging workflow technology
and methodology in the large-scale setting of the Debian project8 (as opposed to
the small-scale settings of our medium-sized target projects) by means of a Delphi
study involving three rounds of written interviews. He states that his observations
confirmed the suspicion that the participants of the Delphi panel “had not previously
thought much about the issues” he raised (p.68).

Summing up, the attempt to collect process innovation episodes by polling OSS
project participants failed miserably, presumably because these developers do not
think in terms of process innovation about what happens in their project.

4 Successful Attempt: Finding Episodes Manually

Among the emails (as opposed to web-survey responses) we received during attempt
3 were also a few pointers to projects said to have performed process innovations
recently. Investigating these cases, we found that the project mailing lists were useful

8The Debian project collects many packages of OSS software, performs package management (in
particular dependency modeling) on them, and develops a package management software. Krafft
(2009, p.xiii) calls Debian “arguably the largest OSS project with over 1000 developers”.
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sources of information for understanding historic OSS process innovation episodes
without having direct access to any of the participants: If there is direct discussion
of an innovation introduction process in an OSS project, it will almost surely be
reflected on the mailing list. Even much of the actual process phenomena (such as
people taking up or ignoring the change) will often leave at least some traces in
emails on the list. In particular, the mailing list is where decision-making happens
or is made visible in OSS projects (Li et al. 2008).

We decided to search for past innovation episodes on many OSS mailing lists and
analyze the messages comprising the episodes qualitatively. We picked Grounded
Theory Methodology (Strauss and Corbin 1998) for the analysis because we felt that
neither did the existing innovation and organization literature provide any promising
starting point for a theory-driven, top-down research approach (see Section 5.4 for
a validation of this impression) nor did we know from any qualitative research a
coding scheme for the basic phenomena occuring in innovation episodes that could
have served as a promising starting point for some other type of inductive, bottom-up
approach.

This turned out to be the research method for which we finally settled and which
generated most of our process innovation results. Our particular episode search
method (described just below) and our particular analysis method (described in
Section 5) thus mark the end (so far) of our quest to find a suitable research method.
So where and how did we find the episodes?

4.1 Mass Data Source: Gmane

After some searching, we eventually decided to use Gmane9 as our main data source.
Gmane is a public mailing list archive that stores, in a uniform way, all emails from
about 15,000 mailing lists, most of them belonging to OSS projects of all sorts. Gmane
offers a common interface for browsing mailing lists and allows to bulk-download
emails for offline reading, which made it convenient for our purpose.

There is nothing special about choosing Gmane; any other archive of OSS mailing
lists could have done if it was large enough, similarly handy, and not biased towards
any particular kind of OSS project.

4.2 Project Sample and Email Sample

Despite the seemingly simple approach, finding innovation episodes in mailing lists is
still a major effort. A useful balance needs to be found between the effort expended
on obtaining episodes and the effort expended on analyzing them: Find too few
episodes and there is still not enough data for good insights; find too many and
the analysis and results will become more shallow, which misses the purpose of
qualitative research.

We made the following decisions for where to look for episodes:

1. The projects selected had to be real OSS projects. It was not sufficient that they
used an OSS licence, they also had to have a truly open-participation software

9http://gmane.org

http://gmane.org
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process. This ruled out a few commercial OSS projects (West and O’Mahony
2005).

2. Project size had to be between 5 and 50 participants. This ruled out many small
(in particular: most academic) projects, which we deemed to be less interesting
from an innovation introduction dynamics point of view. It also ruled out the
very large OSS flagship projects such as Linux and Mozilla, which we deemed to
be less interesting for two reasons. First, each such project has a rather unique
organizational superstructure; see for instance Berdou (2007). Generalizing
results obtained in such a setting to the vast majority of smaller projects would
be dubious. Second, any one large project would have absorbed enough of our
analysis capacity to severely reduce the breadth of the overall set of projects.

3. We wanted projects from multiple different application domains in order to
provide a broad basis for insights and capture possibly different innovation
dynamics.

4. We also wanted sets of similar projects in order to check whether some behaviors
are perhaps strongly provoked by a certain project type.

In an iterative process towards a sufficiently large but not too-large set of episodes,
we eventually settled for thirteen projects from seven different domains. Included
are three workflow applications (Bugzilla, Flyspray, Request Tracker), two desktop
environments (Rox, Xfce), two bootloaders (Grub, U-Boot), two design tools (Ar-
goUML, a UML CASE tool; gEDA, a set of electronic design automation tools),
two emulators (Bochs, an x86 hardware emulator; KVM, a machine virtualization
environment), one operating system (FreeDOS), one database management system
(MonetDB).

A myriad of other projects could have been in their place; other than the above
criteria, the choice we made was arbitrary, yet following pointers to interesting
projects.

During this process we also decided to assess corresponding subsets of messages
for each project, namely all messages sent to the respective list during 2007. This
gave each project a weight proportional to its average daily activity (rather than also
its age) and allowed us to see a larger number of episodes that related to process
innovation issues that were topical at that time. In our case, this turned out to be the
oft-discussed switch to a different versioning system (such as Git), which happened
to be a particularly fruitful kind of innovation episode.

4.3 Innovation Episode Detection Method

The year 2007 samples from these thirteen projects yielded a total of 33,027 emails
in 9,419 threads.

We began searching this substantial database for innovation episodes by reading
threads with an interesting title10 or an unusually large number of messages, while
trying to keep a good sense of the activities and larger themes in the project such
as upcoming releases or feature discussions. After finding the first episodes, we also

10For instance, the threads titled “Changes to U-Boot Development Process” and “Making it Easier
to Contribute to Bugzilla (2007 Edition)” turned out to represent innovation episodes, while “Talking
about regressions. . . ” and “Quietly promoting ArgoUML” did not.
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used salient terms extracted from these episodes, such as the name of tools to be
introduced (say “Git” or “Google Summer of Code”), to perform full-text searches
to find similar episodes in our data.

We later also attempted to extend the resulting body of episodes by using an
information extraction algorithm (Siefkes 2007) to find emails similar to those we
had already identified, but the results were not helpful.

Overall, the procedure resulted in 1,387 messages from 788 threads, representing
134 innovation episodes to be analyzed in detail.

This set may be incomplete. Due to the large number of messages overall, the
screening may well have overlooked a few innovation episodes. However, since our
investigation does not claim representativeness of the episodes studied, this is not a
problem. All we need is a sufficient number of episodes, and 134 is quite satisfactory.

5 Results: Elements of the Episode Analysis Method

5.1 Grounded Theory Methodology (GTM)

As mentioned before, GTM is at the heart of our analysis approach. It is impossible
to give a complete introduction into GTM here, but we will touch upon the basic
ideas.

The goal of GTM is developing a theory of a certain phenomenon under study
(here: introduction of process innovations into OSS projects) directly from raw data,
which can take any form (in our case: email messages). Any step of the theory
construction process is grounded in the data, that is, it explicitly refers to one or
more specific observations as its justification.

More specifically, the researcher abstracts from the data by describing it in
terms of concepts that are invented11 by means of abduction, a reasoning method
that involves a creative step and is at the heart of all scientific progress (Peirce
1883). This invention step is called open coding; subsequent axial coding determines
relationships between the concept occurrences.

During both of these activities, the set of concepts is gradually augmented, refined,
and cleaned up by means of constant comparison: comparing, again and again, several
observations and the corresponding concepts to find similarities, dissimilarities, and
inconsistencies.

The concepts describe events, characteristics, relationships, strategies, etc. and
eventually the network of concepts contains the target theory: an explanation of the
mechanisms underlying the phenomenon of interest. Selective coding focuses on the
relevant pieces and develops a theory narrative from them: the Grounded Theory
(GT).

Such a GT can not claim to be generalizable to any specific domain, because data
selection during analysis is driven by the needs of the analysis (theoretical sampling)
rather than by representativeness (random sampling). It is also not reproducible in

11In order to avoid distorting the observations, it is important that exactly appropriate concepts be
used. This is easiest to achieve when new concepts are being invented specifically for this analysis.
When previously existing concepts are used, they have to be “re-invented”.
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the strong sense that a different researcher would necessarily have derived the same
theory—this is even quite unlikely.

However, a GT is strongly valid in the sense that a different researcher can
scrutinize its derivation and will agree that it is correct. A GT is also understandable
in the sense that examples of each and every concept are immediately accessible in
the raw data; the GTM process thus provides a kind of requirements traceability.

5.2 Tool Support: GmanDA

GTM was originally developed to understand the strategies used by people for coping
with a certain kind of problem (Glaser and Strauss 1967). The raw data was originally
interview notes, a modest number of fairly small and mostly independent documents.

In contrast, in our setting, while our documents (the individual email messages)
are usually not large either, they are quite numerous (1,387), 134 subsets of them
have strong relationships (episode), each such subset is ordered (chronologically),
and often a subset needs to be partitioned in various ways (e.g. by author) during the
analysis.

When starting our analysis, we found that the existing tools that support GTM-
style data analysis such as Atlas.TI (Muhr 1991) have inadequate support for
handling such large numbers of related documents in this manner. Eventually, we
created our own tool (using Java and Swing) tailored to the email analysis job. It
is called GmanDA (Gmane Data Analyzer,12 see Fig. 2 for a screenshot) and is
available under GNU GPL. GmanDA is optimized for browsing and annotating
large sets of small documents, specifically email messages, and provides built-in
support for data import directly from Gmane or mailboxes, searching (both text and
concepts), annotating, time-line visualizations, and analysis data export.

Designing and building GmanDA was a substantial effort, but the handling
support offered by it was crucial for the research. We would probably never have
completed the GTM analysis without it.

5.3 GTM in Practice

Equipped with GmanDA and plenty of advice on performing GTM (Strauss and
Corbin 1998; Suddaby 2006a; Charmaz 2006; Corbin and Strauss 2008), we set out
to develop our theories only to discover that qualitative methods do not come
naturally to the empirical software engineer. Our instincts were itching to start
counting occurrences of phenomena. They also told us to build a meta-model of the
episodes using UML and turn the concepts and their relationships into elaborate
class diagrams. These are noble causes in the quantitative world, but of little use for
exploratory qualitative research based on GTM. This section will outline on a high
level of abstraction how GTM was eventually performed in practice.

Step 1 is the task of identifying the innovation episodes as a set of related messages
pertaining to a particular innovation introduction or attempt thereof. We have
mentioned this above as if it was a data collection step, but it is in fact a data analysis
step already: We need to identify innovation-related concepts in the messages to

12http://gmanda.sf.net

http://gmanda.sf.net
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Fig. 2 A screenshot of GmanDA showing the four views (clockwise from top left) visualization,
codes, document tree and document detail

determine what is an innovation episode and what is not, and we need to obtain
a rough common-sensical understanding of the episode in order to determine its
boundaries (what is part of it and what is not). The process is often iterative.

For instance, the researcher discovers an interesting email mentioning a new tool
that could be used in the project. Some discussion of this half-proposal is easily
found in the same thread. Is this the whole episode? Likely not. Related threads (e.g.
regarding competing proposals) can be found by scanning for emails in the temporal
vicinity and by keyword searches for salient persons, tools, or commonly used terms.

Step 2 is obtaining a somewhat deeper understanding of an episode as the basis
for its conceptualization. Episodes are often complex, spread out over time, looping
back to previous stages in decision processes (Li et al. 2008). Visualizing the emails
of an episode based on their temporal distribution often helps to understand causal
developments in an episode that are not obvious when looking only at a threaded
representation. A good understanding of the overall project also makes it easier
to make sense of an episode. Taking extensive notes and memos to summarize an
episode is essential at this point, as a thorough understanding is the prerequisite for
all further analysis (Langley 1999).

Step 3 is initial conceptualization: assigning the first few codes to the occurrences
of phenomena in the emails. What should we focus on? Each email is full of interest-
ing and rather different phenomena that tease the researcher to conceptualize them,
yet not all of them will be useful for understanding the innovation process. There
are uses of humor and rhetorical devices, interesting indicators of the nature of OSS
development, direct or indirect statements about the participants’ preferences for
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certain styles of communication, different implicit or explicit measures of progress,
and so on and on.

After a while, we developed a habit of encoding primarily two kinds of concepts:

1. A modest set of basic concepts (Salinger and Prechelt 2008), which can gener-
ically be used for most emails, for example the primary activity of the author.
These provide a coarse overall orientation within the episode and create a
common framework for the annotations that helps with answering most kinds
of questions asked of the data later.

2. Salient phenomena that promise to provide insight for this particular episode.
For instance, do not encode humor or a rhetorical device just because it was
used, but do code it if other messages look as if it may have made some other
participant change her mind.

Step 4 is enriching and structuring the conceptualization with properties: Open
coding in the above manner will quickly lead to a bewildering array of concepts.
Many researchers will feel urged to bring order into this chaos; an urge we suggest
to resist: Developing a coding scheme which orthogonally captures all phenomena
occurring in the data is an enormous task and should not be attempted. Rather, when
moving to axial coding the researcher should focus on one concept of interest at a
time and clean it up (enriching it at the same time) using a process called developing.

For instance, when looking at innovation proposal emails we noticed that some
proposals were quite concrete (with responsibilities assigned to individuals and the
scope of the proposal limited in time and focus), while others were abstract, talking
about project members and tasks in general. This observation gave rise to a property
(called Concreteness) of the Proposal concept. At the same time, it removed doubts
in other places whether something was indeed a Proposal or not.

However, accumulating properties and associated values without developing these
as well, can quickly lead to “static typologies” (Charmaz 2006), which contain little
insight beyond stating the existence of different types of something. A lack of
explanations about the reasons and implications of each type leads to insipid results.

One method for developing a concept is applying the paradigm (Strauss and
Corbin 1998), a sort of checklist that helps understand cause-effect relationships
by asking standard questions of a concept, such as “What caused the phenomenon
to occur?”, “What implications did it have?”, “What influences have affected the
phenomenon?”; see Fig. 3.

A helpful second method is often cross-tabulation: Build a table of frequency
counts for a particular concept: Which combinations of its properties occur how
often? Which correlations exist among the properties? For instance, we looked
whether concrete or abstract Proposals were more often successful and discovered
an important new property: Concrete proposals tend to be more successful if (and
only if) their enactment scope is small: One-time activities (“Let us clean up the
bug tracker now that the release is out the door.”) were more likely accepted than
recurring processes (“Let us clean up the bug tracker each time in the two weeks
after a release.”).

Step 5 is extracting a meaningful core: While richly developed concepts are the
goal of GTM’s axial coding activity, selective coding looks to integrate some of these
concepts into a theory. We found it useful to support selective coding by drawing
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Fig. 3 The paradigm model
(Strauss and Corbin 1998)
extended with three more
elements to emphasize that the
phenomenon is caused by
actions that occur in a starting
context and are influenced by a
separate set of intervening
conditions. Arrows between
elements indicate that the
pointed-to element is caused
or affected by the
pointing-from element

diagrams of the connections a concept has with others. Again one has to start with a
single concept of interest and look for relevant relationships to other concepts, using
the properties previously developed. Graphically, this results in a centrally drawn
concept connected to others around it; an example is shown in Fig. 4 and resembles
a Mind Map (Buzan and Buzan 1993; Farrand et al. 2002) or Concept Map (Novak
and Gowin 1984; Novak and Cañas 2006).

5.4 Matching with Established Theories

There are various existing theories from social science that are potentially helpful
to understand OSS process innovation. However, employing the content of such
theories during a GTM analysis can constrain the attention and creativity of the
researcher (Suddaby 2006b), thus mislead the analysis process, and distort the
resulting theory. On the other hand, we should not afford the luxury of simply
ignoring such large packages of potentially relevant prior work.

Fig. 4 The proposed model explains how an individual innovation adoption decision is shaped by
the social actions (left side) and attributes contributed by the innovation (right side)
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We therefore looked at such theories only after we had performed a substantial
part of the GTM analysis. We considered a number of different theories and chose
to work through each of them in the same manner: Knowing the results of our own
analysis (as sketched in Section 6 below), we read the theories looking for elements
that related to (or could be related to) any of our findings. When finding such an
element X, we wanted to look whether the theory would make any statement S about
X that was not yet present in our findings. If yes, we wanted to validate S against
our data and, if successful, thus extend our findings. The result would thus still be
grounded in data, but the theories would work as a creativity enhancer rather than
an inhibitor.

The theories to which we applied this procedure were Path Dependence (David
1985; Arthur 1989), Garbage Can Model (Cohen et al. 1972), Actor-Network Theory
(Law 1992), and Structuration Theory (Giddens 1984). We also looked at other
conceptual frameworks that might be applicable but would perhaps not be consid-
ered theories, namely Communities of Practice (Lave and Wenger 1991; Wenger
1999), self-organization (Luhmann 1984), social network analysis (Scott 1988, cf.)
and heterarchical organizations (Hedlund 1986; Windeler 2001).

The result was disappointing: None of the concepts from the given theories applied
to a concept from our findings in any interesting way. As the main reason for this lack
of applicability we found different specificity: All our findings are quite concrete and
talk about specific constraints typical for certain kinds of innovations in certain kinds
of OSS project settings. In contrast, the conceptual frameworks listed above are all
on a much higher level of abstraction. On the one hand, this makes them far more
general, on the other hand it means they have little to say that is even remotely as
concrete as our findings and thus can hardly add to them.

For instance in the Garbage Can Model, a central proposition is that actors,
solutions, and problems should be considered as independent “streams” (Cohen
et al. 1972); a notion which is absent from all concepts we found using GTM. This
can either mean that OSS projects are no Garbage Cans or that these independent
streams exist in OSS projects but were not salient enough (at least to us) during our
analysis to appear in the results. If existing “streams” were indeed not salient enough,
this can in turn either mean they were not relevant in our setting, were relevant but
not visible in the emails, or we were too unperceptive to notice their presence.

In order to rule out the latter possibility, we repeated the matching on a concrete
level, that is, not against our abstract findings but rather against specific episodes as
such. Could any of the concepts from the theory be identified in an episode? Could
the theory then be applied from that starting point? Would that lead to any new
insights?

The results from this procedure were mixed. We could identify occurrences of
some concepts from some of the theories in a number of our episodes, but none
of these cases led to any new insight. Nothing from the theories made it into our
results.

For instance with respect to the Garbage Can Model, we found instances of
the Garbage Can concept of “arena of discourse” into which discussion can be
concentrated. Experienced participants used such arenas skillfully to direct heated
discussion about controversial topics or structure complicated topics. This observa-
tion, however, did still not connect these episodes with the rest of the Garbage Can
Model. There were several similar cases.
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Most of the newly identified concepts were just different terminology for some-
thing (or some subtle aspect thereof) we had already recognized as relevant. For
instance, Actor-Network theory emphasizes the role of artefacts to translate the
actions of human actors in the network. While this sounds quite impressive, in
our case it meant for instance that control of a password file establishes power
relationships in a project—a fact of which we were well aware.

Although the amount of insight gained was rather small, the matching process
provided two insights: (1) Our findings are not in conflict with any of these well-
established theories, which raises our confidence. (2) The matching confirmed that
the GTM approach taken was a sensible one and can be considered both effective
and, although it was quite time-consuming, even efficient: Any other approach would
probably not have digged out all of our results.

6 Results: Nature of the Innovation Research Results Obtained

It is not the purpose of the present article to present (or even summarize) all of our
results R from the actual process innovation research performed using the method
described above, because the contribution of this article is the derivation of this
particular method. In light of the methods discussion, however, it is relevant to
understand the common characteristics of those results R. These can be summarized
as follows.

No Grand Theory First a negative result: We have not found an overall theory of
process innovation in OSS projects. We believe that such a theory could be created,
but that it would require a far larger amount of data than the 134 episodes we had.

However, we do not think the lack of an overall theory is a problem. As we have
seen in Section 5.4, general theories tend to be sufficiently unspecific in that they
have hardly anything useful to say about a concrete situation in the OSS process
innovation domain. Therefore, we are quite happy with narrower mini-theories as
long as they are useful.

Separate Mini-theories About One Topic Each Among the 134 episodes, there were
a number of recurring or very similar innovation proposals, such as a change to a
different version management system, but also many unique ones. If a theory only
talked about essentially the same proposal in different projects, the results would
be very narrow indeed. Fortunately however, we found interesting concepts that cut
across far wider classes of proposals and eventually boiled them down to five mini-
theories about the following topics (or core categories in GTM terminology):

– Hosting: issues relevant when an innovation involves setting up a service on a
server.

– Enactment scope: concepts describing when and how proposals are more easily
adopted if they propose to do something once, compared to proposals of doing
the same regularly.

– Forcing effects: various factors (technical or human, implicit or explicit, inherent
or additional) that urge a project member to individually adopt a process
innovation.



532 Empir Software Eng (2011) 16:514–537

– Partial migration: when and how incomplete adoptions of an innovation can
actually be helpful for the innovation process.

– Adapter: when and how a project can neutralize some members’ unwillingness to
adopt an innovation that has to be adopted on the project level, i.e. by everybody.

Surely more such topics for mini-theories could be found. For some of them,
additional data will be needed, others are possibly still waiting to be discovered even
within our 134 episodes.

Innovation Management Patterns Our overall goal with this work was to help a
would-be innovator to be more successful. And indeed each of our mini-theories
allows formulating advice for innovators that suggests for instance what to expect or
be prepared for, what to do or not do, or how to propose or argue. The manner in
which this advice helps is similar to that of a design pattern. The advice describes a set
of situations recurring repeatedly in OSS process innovation attempts, enumerates
possible actions, and discusses the consequences to expect from each action. Also
just like a design pattern, a master innovator probably will get it right even without
our advice, but the pattern is definitely helpful for beginners and intermediates—
and masters are quite rare in this realm. Manns and Rising (2004) presents similar
patterns for the corporate domain.

Factors Mix In each of the five mini-theories, the mechanisms at work are a mix of
factors from diverse areas:

– Technical: what is feasible? Which work modes result from it? Resource con-
sumption issues. Compatibility issues.

– Economical: how much upfront investment is needed? How much recurring
effort is needed? By whom? How high is the return? For whom? How certain
am I about these estimates?

– Psychological: am I willing to learn? Am I willing to change my work style? Am
I risk-adverse? Are the proposal’s pros and cons presented well? Are they easy
to understand?

– Sociological: do I like the proposer? Is the proposal fashionable? Do I like
fashions? Does the proposal modify the distribution of power?

From a scientific point of view, this is clearly the biggest strength of the qualitative
(in particular: GTM) research approach: That the mini-theories describe how factors
of all these different kinds play together to create the observed innovation adoption
dynamic. Any model covering just one of the areas would miss essential influences.

As an example, we provide a simplified sketch of the mini-theory about Forcing
Ef fects. Its main concepts are shown in Fig. 4. The theory talks about the fact that
some innovations inherently mandate adoption by all project participants (“forced”).
For instance, when my project switches to a different version management system, I
need to switch too, or else I cannot check-in my future work results any more.

Other innovations do not have this character; adopting them is a separate decision
for each individual project member (“optional”), say, the adoption of the FindBugs
static code analyzer. Every member may choose whether to run this tool or not and
even if it is run automatically in central builds, each member can choose whether to
look at the results.
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However, the project can change this status by additional actions. For instance,
social norms can be formulated that call using FindBugs a should-do (“expected”).
If the code acceptance process requires that FindBugs must be silent about the new
code, this would elevate FindBugs use even to forced level (“gate keeping”). As a final
step, the acceptance check may even be automated, thus turning the social influence
into a technical constraint (“code is law”, Lessig (2000)). Such forcing effects have
interesting psychological and sociological repercussions.

On the other hand, the forced use of a new version management system can be
softened to expected level by providing a gateway from the former system to the
new one, i.e. by applying an Adapter. Since Adapters tend to be imperfect, they are
covered by a mini-theory of their own.

7 Conclusion and Further Work

The insights from our search for a research method to understand the dynamics of the
introduction of process innovations in OSS projects can be summarized as follows:

1. Participatory methods are hardly viable for a broad investigation of these issues,
because the number of cases that can be observed in this manner does not
scale up sufficiently. Participatory methods may still be worthwhile if secondary
motives exist, such as wanting to become a member of the project for some
other purpose (Oezbek et al. 2008).

2. Participatory methods may also become useful later in the research process for
evaluating specific hypotheses regarding innovation introduction by following a
specific behavior, that is, by exerting some control over the unfolding of events
in an episode.

3. It is likely these first two results hold for many other OSS research topics having
to do with process dynamics, not just innovation introduction—at least as long
as they have episodic character and the frequency (rare) and granularity (a few
person-weeks) are similar.

4. Collecting process episodes by polling OSS developers in survey manner is
problematic. It may simply fail completely (as it did in our case), because there
is insufficient interest. Even if a sufficient number of answers is received, their
quality may be too low, because the developers may think of their work in very
different terms than the researcher would need.

5. The specific result from our attempt at polling, when compared with the results
of the manual episode search described below, indicates that software process
improvement is apparently not a notion that is consciously important to OSS
developers. They do it, but they appear to be hardly aware of it and rarely think
about it on a meta-level.

6. Software process improvement episodes exist in OSS projects but appear to
be infrequent. Our data is biased towards over-estimation and contained 10
innovation-related episodes per project per year, of which two to three were
successful innovation introductions.

7. Mailing list archives are a suitable data source for identifying such episodes and
for retrieving information about them that is sufficient for a qualitative analysis.

8. Grounded Theory Method (GTM) is a feasible and effective analysis method
for deriving narrow mini-theories regarding such episodes. Comparing process
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innovation episodes with different topics and from different OSS projects allows
to identify a modest number of recurring phenomena.

9. In contrast, using existing theories of potentially relevant type such as Path De-
pendence Theory, the Garbage Can Model, Actor-Network Theory, or Struc-
turation Theory or conceptual frameworks such as Communities of Practice,
self-organization, social network analysis, or heterarchical organizations did not
lead to insights regarding OSS process innovation introduction. The primary
reason appears to be a lack of specificity in these theories and frameworks.

10. The mini-theories found via GTM are not just of academic interest, but also
allow formulating constructive advice that will help a would-be OSS process
innovator achieve her aim.

Analysis of many further episodes beyond our 134 will be required for comple-
menting the five innovation dynamics topics we describe by further ones, and for
connecting these pieces into a coherent whole.

It will presumably also be useful to complement the analysis of mailing list
messages by the analysis of other artefacts. Depending on the type of process change,
these other artefacts might be web pages (in particular wiki pages, which often have
a public version archive), bug tracker data, or version histories of pertinent files in
the source code management system.

Finally, approaching developers for interviews after having identified and ana-
lyzed an episode may be a source of particularly rich information (O’Mahony 2003;
West and O’Mahony 2008).
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