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“Collaboration, Conflict and Control” 

Welcome to the 4th Workshop on Open Source Software (OSS) Engineering. OSS is now well recognized as an 
important research area within both the Software Engineering and Information Systems fields, as evidenced by the 
growing number of related journal papers, conference papers, workshops and seminars. As part of this community of 
research, the Open Source Software Engineering workshop series has consistently attracted high quality position 
papers and large numbers of active participants from academia, government and industry. The position papers and 
presentation slides from each workshop are hosted at the Open Source Resources website (http://opensource.ucc.ie), 
and are downloaded by hundreds of readers each month. 

The first workshop on open source software engineering, "Making Sense of the Bazaar", demonstrated the 
existence of a lively and motivated community of software engineering practitioners and researchers interested in 
OSS. The goal of the second workshop in the series, "Meeting Challenges and Surviving Success", was to nurture this 
community, and to focus the discussion on both the short and long term sustainability of the OSS phenomenon. Based 
on the discussion at the second workshop, "Taking Stock of the Bazaar", the third workshop, focused on the diverse 
array of techniques – as well as supporting tools and social contexts – which can be observed in the domain of OSS. 
We believed such a "stock taking" exercise would lay the foundation for more a fruitful exchange of ideas between 
open source software and other forms of software engineering. 

The overarching theme of this year’s workshop is "Collaboration, Conflict and Control." Specifically, the goal of 
the workshop is to bring together researchers and practitioners for the purpose of discussing the platforms and tools, 
the techniques and processes, and the organizational structures that are used to support and sustain:

Communication and collaboration within and between developer and user communities. 
The resolution of conflict within development projects. This is to be addressed on many different levels, from 
deciding on improvements to be included in a particular release, to reconciling the goals of not-for-profit 
community organizations and their industrial collaborators. 
Effective leadership and control of development activities, and of the evolution of specific products. Again, this is 
to be addressed on many different levels, from the management of code commit privileges in a single project, to 
the roles played by non-governmental standards builders (e.g. the Internet Engineering Task Force and the World 
Wide Web Consortium) and governmental policy makers. 

This year, we’re pleased to include 20 position papers – from 40 authors in 12 countries – in our workshop 
proceedings and on the workshop website at http://opensource.ucc.ie/icse2004. We extend warm thanks to all of our 
authors and look forward to the best workshop yet! 

Joseph Feller  
Brian Fitzgerald  
Scott A. Hissam 

Karim R. Lakhani  
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How can Academic Software Research and Open Source Software 
Development help each other? 

Vamshi Ambati    S P Kishore 
Institute for Software Research International    Language Technologies Institute 

Carnegie Mellon University                          Carnegie Mellon University 
                        vamshi@andrew.cmu.edu   skishore@cs.cmu.edu

Abstract 

In this paper we discuss a few issues faced in 
coordinating, managing and implementing academic 
software research projects and suggest how some of 
these issues can be addressed by adopting tools and 
processes from Open Source Software Development. 
At the same time we also discuss how a few issues in 
Open Source Software Development (OSSD) projects 
can be addressed by adopting processes from 
Academic Software Research. 

1. Introduction 

Academic Software Research (ASR) has made 
substantive contributions in varying degrees for the 
growth of Software and Technology in diverse areas 
like data mining, bioinformatics, astronomy, natural 
language processing, medicine and others. With the 
wide spread of the Internet, many universities and 
researchers are working on collaborative projects 
from geographically distant areas.  A typical 
example is the Universal Digital Library [7] project 
where universities and researchers from India, China, 
and the United States are collaborating on massive 
distributed sub-projects like document acquisition, 
digitization, quality control etc. However, 
characteristics of Academic Software Research like 
rapid prototyping, less documentation, frequent 
inflow and outflow of project members (e.g., 
students graduating, researchers changing positions) 
though useful and productive in collocated projects, 
are beginning to create problems in the academic 
community as the projects scale and move into 
geographically distributed environments. The 
characteristics of Academic Software Research and 
the issues mentioned above are essentially deviations 
from the conventional software engineering practices 
and it is worth investigating different paradigms of 
software development and imbibing processes and 
practices into the software development cycle of 
academic software research.  

In this paper, we take the position that a 
few problems of communication, coordination and 

quality that creep into Academic Software Research 
as they scale and distribute geographically can be 
solved by adopting practices and tools from OSSD 
and that issues like entry barrier in the developer 
community for a new comer and gap between 
Developer and non-developer community exhibited 
in some OSSD projects can be addressed by adopting 
practices from academic software research. 

This paper is organized as follows. Section 2 
discusses characteristics and issues that crop up in 
Academic Software Research. In section 3 we 
discuss Open Source Software development as an 
emerging paradigm in Software Engineering and the 
issues faced by OSSD. Section 4 suggests tools and 
processes that can be adopted by Academic Software 
Research while section 5 discusses how OSSD can 
benefit from processes adopted from Academic 
Software Research. Finally, we conclude by pointing 
out a necessity for new tools that are needed for the 
benefit of both the academic and open source 
communities. 

2. Academic Software Research (ASR) 

We define Academic Software Research as a team 
based activity in which students or researchers in 
Academic institutions involve themselves in building 
large scale software systems with the guidance of 
faculty or senior researchers. These projects are 
mostly funded and usually managed by a single 
institution including various other departments in 
it .With the advent and extensive use of internet for 
software development, the scenario is changing and 
projects are now involving groups from globally 
distributed institutions. However, to make 
development easier these projects are always divided 
into sub problems and the researchers are allowed to 
pick the problem that they are interested in. As a 
result a single person or a small group gets to work 
on each of the sub problems identified.  

Although results are promising in academic 
software, academicians complain that in massive 
distributed projects involving various academic 
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institutions issues of collaboration, communication 
and control creep in which if handled appropriately 
would enable the successful completion of projects 
in a cheaper and elegant way. Another issue that 
affects academic software research adversely is 
projects in which an active developer opts out of the 
project suddenly or leaves the institution after the 
completion of his academics. There is a lot of 
contextual information and assumptions involved in 
the project, made by that developer at various 
moments of time and all these are now lost and the 
code is the only artifact that remains. This makes the 
learning period of a new comer longer and 
sometimes the code becomes so obsolete and un-
understandable that the new comer opts to redo the 
code himself. This introduces an unexpected delay in 
the project and can also cause unforeseen problems 
to the entire project if this group is a critical 
component for the project as a whole. Some of the 
other issues which are indirectly related to the 
already mentioned are: 

1) Documentation in research projects is very 
sparse. Research involves results and achieving 
these results becomes the primary goal during 
the developmental phase and so documentation 
is usually done at the end of development. But 
research projects often don’t work on a deadline. 
And even if they did work that way, it is very 
unlikely that the person who starts the project is 
the same as the person who finishes it. As a 
result, in the due course the documentation part 
is lost which makes things tougher at the end. 

2) In Academic software research the person who 
works on the module is the person who knows 
the most about it and the bugs in it. Bug tracking 
is very specific to the group or developer. Other 
groups are only concerned about the results of 
the research and not how it works. As a result, 
when the project scales these bugs grow and 
lead the researcher into performing quick fixes 
which turn out to be hazardous to the quality and 
the long term goals of the project. 

Methods and Tools which address these issues 
should evolve. A few suggestions are made in the 
final sections of the paper, but there is a requirement 
for more of them. We strongly feel that if these 
issues are addressed completely, academic software 
research can be more productive and produce a 
double fold of the existing outputs. 

3. Open Source Software Development  

The open source model of software development has 
gained the attention of the business, the practitioners 

and the research communities [4]. It is characterized 
as a fundamentally new way to develop software [3].
 Open source developments typically have a 
central person or body that selects some subset of the 
developed code for the “official” releases and makes 
them widely available for distribution [1]. Tasks are 
not assigned; any person interested in a particular 
aspect of development can choose to participate and 
contribute to it. There is no explicit system-level 
design or even detailed design [3] other than in the 
heads of a few set of core developers. Communities 
for different phases of software development are 
formed. Every interested and motivated person joins 
the community that suits his level of interest and 
expertise. Usually the set of core developers is very 
small and they have the editing and commit 
privileges over the modules in the code. Then there 
are several other communities each consisting of 
potentially large numbers of volunteers for bug-fixes, 
testing, bug-reporting, documentation, release 
management etc. The communities are globally 
separated and co-ordination between them takes 
place in ad hoc ways [1]. Code is written with more 
care and creativity because developers are working 
only on things for which they have a real passion. 
 Though the quality and dependability of today’s 
open source software projects have proved to be 
roughly on par with commercial developed software, 
we feel there are several areas where there are 
opportunities for improvement. For example often 
new developers have to understand the code and 
community practices and culture in order to 
contribute to the project. And there isn’t much 
documentation as most of the OSS projects can not 
afford extensive documentation. Therefore it remains 
an obstacle for the initiation and infusion of new 
members into existing communities. Another 
significant issue is that the feedbacks of non-
developers are not often heard on the mailing lists. 
This we feel is because the feedbacks from non-
developers are treated as unpractical by the 
developers. Bringing awareness of the project and 
work culture and creating familiarity with tools 
among the huge user community seems a challenge. 
If it can be achieved we would see more users 
joining the developer community and this would 
result in improved and constructive interactions 
between the different communities. 

4. OSSD helps ASR 

In order to address issues in academic 
software research mentioned in section 2 we reverted 
to the two most popular Software Engineering 
paradigms in the present world – Proprietary and 
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Open Source Software development, to see if any of 
them have a closest possible solution. 

For years now, Proprietary Software 
development has successfully implemented methods 
of enforcing opt-out rules or agreements or by 
producing extensive documentation to avoid issues 
that might arise due to persons leaving projects 
abruptly. Such methods clearly can not be adopted in 
Academic software research as no one can be bound 
to agreements in Academia. Also, the 
communication methods of Proprietary Software 
development are person to person communications 
and do not scale as size and complexity quickly 
overwhelm communication channels [1]. Ad hoc 
communication is always necessary however, as a 
default means of overcoming coordination problems 
[1]. 

We then turned to Open Source Software 
Development which bears common similarities with 
Academic software Research [2]. Observing the 
characteristics of Academic Software Research and 
the characteristics of OSSD mentioned in the 
previous sections we support this similarity and 
propose that academic software research can benefit 
the most by adopting methods and practices from 
OSSD.  

Adopt existing tools: OSSD has created for itself a 
set of software engineering tools with features that fit 
the characteristics of open source development 
process [5]. It has addressed similar issues of 
collaboration and communication that Academic 
Software Research is facing through these efficient 
set of tools. A comprehensive list of tools that were 
used in most successful Open source projects and 
Research projects in various phases of software 
development is presented in table below. Also, the 
first step in adopting OSSD processes and methods 
would require the adoption of these tools [5]. 

Table 1 Some common tools used in OSSD 

Version control CVS, Subversion, WinCVS, 
ViewCVS 

Issue tracking Bugzilla, 
Gnats,DebBugs,Bonsai 

Communication Mailman, IRC, MajorDomo, 
Ezmlm 

Build systems Ant, Make,Autoconf 

Design and code 
generation 

ArgoUM ,XDoclet, Castor 

Testing tools DejaGnu, Tinderbox, 
JUnit,Lint, CodeStriker 

Collaboration 
Environments  

SourceForge , SourceCast 

Peer reviews: Open source software development 
has benefited from “peer reviews”. They have been 
recognized as a widely used and important quality 
assurance process in OSSD. A peer review is an 
informal review where someone other than the 
author, either collocated or distributed, checks the 
code with purpose of finding defects. It also 
maintains a healthy and competitive environment 
amongst the developers. In Academic Software 
Research a particular group of developers or in most 
cases just one developer is given the responsibility of 
a sub-problem and then the solution is expected of 
him. This would sometimes lead to group specific or 
person specific results. Introducing a “peer review” 
in Academic Software Research would result in 
many people to get familiar with the work done in 
the sub-problem and would assure quality and 
maintainability to the code.

Community development: In OSSD there are 
groups of members called “communities” for various 
phases of the software development. There is a small 
set of core developers who have the editing and 
commit privileges and decides what goes into the 
code. This is the developer community. There are 
other large communities for each task of bug-fixing, 
testing, bug-reporting, documentation, release 
management etc. This helps the developers to stay 
concentrated on their work and also enables 
extensive testing and efficient bug fixing. This may 
not be feasible in Academic Software Research but a 
reasonable way of implementation of the concept of 
a “community” in Academic Software Research 
could be that every sub-group working on a sub-
problem could act as a community to the other sub-
group.

Several projects at Carnegie Mellon University 
(CMU) have benefited from the open source 
practices and methodologies. RADAR [6] project 
funded by DARPA is a very good example of one 
such project. Interactions and communications of 
different groups take place over the mailing lists 
which not only enable ad-hoc communication but 
also act as a log of the interactions. Every leader of a 
subgroup in RADAR is also a member of one or 
more groups and acts as a reviewer for that group, 
ensuring the quality across the sub projects. 

5. ASR helps OSSD 

In this section let us look at how we can attempt to 
solve some of the issues of Open Source Software 
development mentioned in section 3. We feel that a 
significant portion of the issues mentioned arise due 
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to the fact that as projects scale in size like the 
Apache and Mozilla, it becomes extremely difficult 
for a new comer to join any of the non user 
communities. As a result there is a huge gap between 
the experts in that community and the new comers. 
We feel that the way Academic Software Research 
solves this issue can be helpful to the Open Source 
Software Development and we also feel that 
adopting this does not violate the characteristics of 
Open Source Software Development.  
 In Academic Software Research whenever a 
new comer comes into the project he looks for 
people who can teach him and these are often the 
senior researchers or faculty in that project. In OSSD 
there has been activity in the mailing lists which 
creates an asynchronous mode of learning. But since 
code developers are mostly involved in other 
activities most of the questions are left unanswered. 
So, bringing in the notion of a community of 
teaching assistants would solve this problem to a 
considerable extent. Among many motivations for 
which developers work on OSS projects fame, fun 
and learning are a few. A good way of learning is by 
teaching. The members in such a “teaching 
community” would be people who are in OSSD just 
for learning and are self-motivated and willing to 
teach what they have learnt. The result of growth of 
such a community would make the non-developers 
more knowledgeable and also creates a way for more 
users to join the developer community which is good 
for further progress in the project. 

6. Need for new tools 

We need more tools to adequately address the issues 
in both Academic Software Research and Open 
Source software development. A potential artifact 
that we have figured out in any software 
development involving research is an intermediate 
result. The problem of a researcher or a developer 
leaving the project can only be addressed in its full if 
we can completely know and understand these 
results and the various issues that the developer 
treaded upon while achieving them. Results indicate 
the progress of the project. The research community 
needs tools that keep track of results and the 
configurations of the project that lead to such results.  
 Although there is a wide range of tools available 
in OSSD, in order to support many other software 
engineering practices like requirements management, 
project management, metrics estimation, scheduling, 
program analysis and test suite design etc [5] we still 
need more of them. The open source community and 
the Academic Software Research community should 
involve in building these tools for the benefit of the 
two communities. 

7. Conclusion 

We have tried to raise issues in Academic Software 
Research and suggested that they can be addressed 
by adopting from OSSD tools for development and 
collaboration and processes and methodologies like 
“peer reviews” and community development. We 
also discussed issues in OSSD and suggested a 
“teaching community” as a possible solution for 
some of the issues.
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Migrating a Development Project to Open Source Software Development 

Wolf-Gideon Bleek, Matthias Finck 
Department of Computer Science 
University of Hamburg, Germany 

{bleek, finck}@informatik.uni-hamburg.de

Abstract 

The CommSy-system is a web-based community sys-
tem, which has been in development since 1999 at the 
University of Hamburg. It has initially been developed by 
students and researchers in their spare time. Its last or-
ganizational setting was a publicly funded research pro-
ject, which allowed for full-time and part-time develop-
ers. As that project has come to an end, we are aiming at 
an open source project to ensure continuity by providing 
a frame for people from different organizations. In this 
paper we discuss the characteristics of this specific pro-
ject and of other open source projects to identify a strat-
egy for migrating that particular project to open source. 
We outline the actions taken to migrate the existing pro-
ject to open source software development and raise ques-
tions concerning the necessary characteristics of an open 
source project as well as whether the actions will suffice 
or not. 

1. Introduction 

Open source software is an increasingly popular form of 
software used as well as developed. The open source la-
bel is becoming a synonym for good quality on many 
levels. We feel that some of the promises of open source 
software development may be suitable to help sustain an 
existing project. In our case (study) we are discussing the 
conversion of our project, which started in 1999 and is 
now at the verge of becoming an open source project. 
This paper describes the setting that has been established 
over the years and how the transformation process has 
been initiated. First, we will present our understanding of 
an open source project and software development process 
and draw on essential characteristics that might help em-
ploying an open source migration. We will then describe 
the CommSy-project so far, followed by actions taken to 
migrate the existing project to an open source project. We 
state the goals connected with these actions and sketch 
further measures necessary and outline challenges as well 
as problems that have arisen so far or are likely to come 

up in the near future.  We conclude with an outlook on 
future work and possible research questions are stated. 

2. Key Characteristics of an Open Source 
Project 

Open source projects have become very popular in recent 
years. Even formerly clearly commercial software is de-
veloped in open source projects these days [8], [9]. Cur-
rent literature presents different views on open source 
software development [12], [2], [13].  

Common to all open source software development pro-
jects is that the latest source code of the software is avail-
able for free to anybody. A license specifies in which way 
the software and the source code may be used. Enhance-
ments or corrections to the current version are considered 
“contributions” to the project and are incorporated coor-
dinately. Becoming a member of an open source project is 
based on the fact that one contributes actively to the pro-
ject by e.g. fixing a known bug or implementing a feature 
presented on a “roadmap”. 

An open source project is usually managed by volun-
teers. Most of the coordination and communication work 
is done with electronic media, e.g. email, online discus-
sions forums, and web-based bug-tracking systems [6], 
[6]. 

From the process point of view open source software 
development is regarded as agile software development 
[1]. This is mainly because of four reasons: First, the 
amount of documents produced in advance of and during 
development is relatively small. Code and prototypes 
need to speak for themselves. Second, the team structure 
is flat, and even though the number of participants may be 
large, the actual number of people working on the same 
area of the software is fairly small. Third, the assignment 
of tasks is ad-hoc (on a favor basis) and the tasks are 
small. Fourth, the release cycles are short (less than half a 
year, or even shorter than 3 months). 

To characterize a software development as an open 
source process we feel that it must fulfill three essential 
characteristics: 
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Openness: The project must be open to new partici-
pants, e.g. new developers can get involved. Furthermore, 
openness means that anybody can use the product by 
simply installing it. It also means that the process itself is 
open to changes, which leads to the next point: 

Agility: The development process itself must be agile 
in the sense that the process is carried out in short cycles 
and may be changed as needed. 

Distributed: The participants of the development proc-
ess are not all located at the same place. 

3. The CommSy Project 

CommSy stands for community system and is a web-
based groupware system to support the communication 
and coordination in working and learning groups, which 
has been developed at the University of Hamburg. 

In the last three years CommSy has been used pre-
dominantly in university contexts to support project-
based learning. It supports communication (for example 
news and discussion forums) and the exchange of work-
ing materials (with e.g. file uploads and online docu-
ments) as well as organizing the project (aided by dates 
and groups). CommSy has been used in a variety of 
teaching fields including history, languages, education, 
economics, and informatics and it consists of three key 
features [10]: 

 (1) CommSy Project Rooms are designed for closed 
learning groups of approximately 10 to 30 members. 
These groups normally work for a limited period of time. 
To support learning group activities, CommSy offers sev-
eral groupware functionalities like news or events that 
can be announced, discussion forums, personal home-
pages, where members are able to present themselves to 
the group and materials that can be written in a coopera-
tive way, collected and classified by the users. A Project 
Room is an integral part of the CommSy Common Room.  

(2) The CommSy Common Room is an archive "in 
progress," designed to support teaching and learning in-
dividuals and groups over a longer period of time (cf. 
[11]). The Common Room offers a listing of courses and 
extracurricular activities in current and earlier semesters, 
including information about contact persons, a list of Pro-
ject Rooms and archived study material. Such material 
can be, for example, the result of a project, a research 
paper, a book reference, and it can be stored as file at-
tachments. 

(3) To enter either a Project- or the Common Room, 
CommSy offers a single entry point, the so-called 
CommSy Portal. In addition to its function as a conven-
ient access to the system, the portal provides information 
for inexperienced users. 

Starting in 1999 the CommSy system has been devel-
oped in funded and unfunded student projects and by re-
searchers. Due to the characteristic of the development 

process as a student project, the process was designed to 
be open to any person who was interested in co-operation. 
Main parts of the source code were programmed with 
agile software development methods. For example, in 
2000 the development team used the sprint technique of 
the extreme programming method “scrum” ([1] p. 32).  

Since 2001 a publicly funded research project called 
WissPro1 residing at three universities has formed the 
organizational frame for CommSy development and pro-
vision. The software development process has been estab-
lished as an inherent part of the research project, and all 
members of the development team were paid by WissPro 
funds. The CommSy development process is based on a 
participatory and evolutionary design process, which is 
similar to the STEPS model (cf. [4], [3]).  

As a consequence of modifying the organizational 
frame, key characteristics changed. Due to the growing 
team size, the stronger bonding, and the larger amount of 
available time for developing CommSy, the development 
process changed as follows: 

- The openness of the development process for partici-
pants who were not involved in the WissPro-project 
decreased as a result of the larger programming tasks 
and the existence of full-time developers. 

- Due to the close collaboration of the development 
team (located in three neighboring rooms), most de-
sign decisions were made in face-to-face meetings 
without (extensive) documentation. 

- The agility of the process decreased and the time 
span of developing new releases increased because 
CommSy development became a paid full-time job, 
bigger releases were planned. 

However, some characteristics of the CommSy develop-
ment process stayed the same in different organizational 
settings: 

First, there were always people with broad range of 
skills in the development team including social sciences 
and education science as well as computer science. 

Second, the development process was characterized by 
an extensive feedback loop to ensure a co-operative learn-
ing and design process. 

Third, many design decision were made in team dis-
cussions without using extensive kinds of documentation. 
The development team tested different techniques related 
to UML and tools for automatically documenting its 
source code, i.e. phpdoc, but for the technical support of 
the coordination and the documentation of the develop-
ment process only CommSy itself was used in the major-
ity of cases. The CommSy development team established 

1 WissPro stands for (German) “Wissenprojekt”, which 
was a publicly funded research project by the Department 
of Education and Research (BMBF). 
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a project room called CommSy-CommSy that was used to 
upload important documents or to fix a date for example. 

As we were forced to adjust the project’s setting we 
intended to employ an open source strategy while at the 
same time preserving key characteristics of our develop-
ment process. Important cornerstones of our development 
process were the interdisciplinary team structure, the 
various levels of openness, and the collaborative devel-
opment. 

4. Actions Taken to Migrate the Project to 
Open Source 

To better understand the migration process, we will first 
lay out the reasons for switching to open source. Then we 
point out the goals connected with our migration process. 
Third, we describe in detail the actions taken especially 
new ways of communication that were established. Fur-
thermore, we discuss possible role changes that have oc-
curred. 

Our reasons for changing a closed-source-project to an 
open-source-project were located on different levels. As 
pointed out in section 3, the WissPro-Project constituted 
only a limited organizational frame due to the limited 
funding of the BMBF. By the end of 2003, more than 6 
people lost their employment and funding for student 
contracts was also no longer available. People were urged 
to work in new jobs. However, everybody involved in the 
project was eager to continue developing the system. This 
changed the structure of the team significantly because 
not everybody was able to work primarily on the devel-
opment of the system during work time. Furthermore, 
people were scattered now in different organizational 
frames. We therefore had to open the development proc-
ess to allow for people from different organizations to 
participate. In addition to that, the support for the vast 
amount of users had to be reorganized because there was 
no organization left to offer a single point of reference. 
On top of that, the former research project demanded a 
sustainable solution for providing the system permanently 
at least at the University of Hamburg. 

Besides considering other options, we have decided to 
follow the path of open source software development. 
Our expectations regarding that change are as follows: 

- Sustaining the coordinated development after the end 
of the research project. 

- Embracing all former members of the development 
team even though new organizational boundaries ex-
ist.

- Introducing (further) applicants to the development 
team, which might not be collocated. 

- Enlarging the development team through publicity. 

- Bundling activities from different projects concern-
ing CommSy development. 

- Ensuring quality of the development process to create 
quality software. 

- Incorporating new requirements. 

To achieve an open source process model as described in 
section 2, we took a set of actions. First, we evaluated a 
number of open source license models and chose the 
GPL, effective April 1st 2003, as the underlying license. 
Second, we moved the development platform to the freely 
available SourceForge network to document the change 
from closed source to open source even though only in-
ternal developers were active at that time.  

The next steps in our migrating process were to move 
components of our development process from our local 
platform to SourceForge successively: 

- Using the bug-tracker at the SourceForge platform, 
- Establishing the feature request and the task tracker 

at the source forge platform, and 
- Shifting the project documentation to SourceForge  

Then we started to separate the presentation of CommSy 
from WissPro by focusing on the software and its status 
as open source software. During WissPro we always pre-
sented CommSy and its development process as a part of 
the WissPro project. The nearer the expiration date of 
WissPro came, the development team presented CommSy 
as a development project of its own.  

 All the precedent steps were taken within the organ-
izational frame of the WissPro research project. The fol-
lowing steps were taken after the WissPro project had 
ended. One of our main goals was to open the develop-
ment process for former members working in new organ-
izational frames on one hand, and on the other hand for 
new members being interested in the CommSy develop-
ment. The motivation opening the development process 
for new team members was triggered by: 

- The motivation from inside the team to enlarge the 
number of developers and; 

- Requests of users to take part in the development 
process.  

To support the team opening process we have shifted our 
process communication from predominantly direct com-
munication in meetings to communication via electronic 
channels. Examples of actions taken are: 

- The establishing of public accessible mailing lists 
like commsy.discussion@lists.sourceforge.net.   

- The opening of the CommSy-CommSy to all people 
who are interested in the CommSy development 
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- The reduction of personal meetings to one meeting in 
two months. 

5. Challenges and Problems 

So far, we have discovered the following areas of chal-
lenges and problems in the migration process: 

- Organizational frame; 
- Team structure; 
- Culture, and; 
- Coordination work. 

On the organizational level, we now have the situation 
that most contributions to the project are not paid. How-
ever, some work is paid due to partial funding or people 
employed by the university doing the work. The chal-
lenge lies in explaining to all participants why some work 
is paid while other work is not. Additionally, time 
management can no longer rely on standard work weeks, 
as people’s main occupation is no longer CommSy devel-
opment. The new challenge is to find and communicate a 
new development rhythm that is fast enough to meet out-
side expectations and not too fast to include everybody 
willing to contribute. 

Regarding the team structure, we can now observe that 
external contributors demand their role in the develop-
ment team and at the same time people working relatively 
close can provide different levels of intensity being en-
gaged in the development. The challenge connected to 
this new team structure is to integrate different paces and 
equally valuing their levels of contribution. 

Culture is an essential part of a development project. 
Part of the established culture was a clearly co-operative 
and discursive process. Long-term members fear that by 
integrating an uncontrolled new number of contributors 
some cultural values may no longer be shared. A natural 
divergence is created by paid and unpaid contributions. 
Justification and value of unpaid work needs to be clari-
fied. How can co-operative development and discursive 
evolution of design decisions be preserved, even though 
the number of developers increases significantly and they 
are distributed? 

On the level of coordination work the new challenge 
will be communicating with a large number of associated 
active developers and users. The need for coordination is 
much higher than before and transparency about what is 
going on in the development process is necessary for 
other developers as well as users. 

Additional problems are as follows: 

- How are new participants integrated in the existing 
team? How can they learn the project culture? How 
do they get information about team structure and es-
tablished conventions? 

- The development process slows down significantly 
due to the required amount of coordination and com-
munication work. How can users and developers be 
satisfied with a slow development progress? How 
can one highlight the results and progress of the 
development? 

- How does the development team ensure that no de-
veloper will be lost in the process? 

- How does the development team ensure that new 
people are constantly attracted to the project? 

6. Future Work and Research Questions 

In the future a major task will be to observe and to ana-
lyze the consequences of our actions taken to migrate the 
CommSy project to an open source project. Due to the 
fact that the actions taken in the last year until today we 
only have little experience to estimate the success of these 
actions. We can only assume that the migrating process 
will succeed because we have some evidence for that. On 
the other hand, we also have evidence for missing special 
characteristics of an open source process we may never 
(want to) achieve.  

For example, the openness of our project, meaning that 
anybody can use the product simply by installing it and 
that the process itself is open to changes seems to be ful-
filled, but how far the openness for new participants can 
be assured, is still an open question.  Our current team 
structure and our established ways of cooperation open up 
the project for further participants in general, but it will 
still be difficult for a new member who is in a remote 
location from the development team to participate in the 
process.    

An important research question seems to be how these 
applicants for an open source development team could be 
involved and be integrated. An evaluation of some typical 
open source projects that are established for a longer pe-
riod of time based on this question will be part of our 
future work. The results of this evaluation can be used to 
promote our migration process.   

Another research question is how one can systemati-
cally migrate an existing software development process to 
an open source process. It seems to be an important part 
of our future work to analyze the actions we have taken to 
support the migration process to find out which are an 
appropriate instrument and which are not. We have to 
analyze in how far our project settings differ from other 
project settings and which consequences we may draw for 
the actions taken to support the migration process. 

The result should answer the question what it takes to 
initiate an open source project. 
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Abstract 

    The Open Source Component Artefact Repository (OS- 
CAR) was developed under the auspices of the GENESIS 
project to store data produced during the software 
development process. Significant problems were 
encountered during the course of the project in both the 
development itself and management of the project. The 
reasons for and potential solutions to these problems are 
examined with the intention of developing a set of 
guidelines to enable participants in other collaborative 
projects to avoid these pitfalls. 
    We wish to make it clear that we attach no opprobrium 
to any of the participants in the GENESIS project as 
many of the issues we outline below have solutions only 
visible with hindsight. Instead, we seek to provide a fair-
minded critique of our role and the mistakes we made in a 
fairly typical two-year EU research project, and to 
provide a set of recommendations for other similar 
projects, in order that they can (attempt to) avoid 
suffering similarly. 

1. Introduction 
The GENESIS [7] platform is an Open Source software 

engineering environment designed to non-invasively 
complement an organisation's existing development 
practices. The GENESIS project initially developed all of 
the components that comprise the platform as a closed-
source research project, however the intention from the 
start was to release the software as Open Source [3]. One 
component, developed at the University of Durham and 
now maintained and evolved in new projects at the 
University of Lincoln, is OSCAR [10, 4, 5]. This tool is 
intended to support the storage and retrieval of large 
collections of heterogeneous software artefacts. The other 
components of GENESIS include a work-flow 
management system and a project management tool, 
including a metrics generation and browsing tool. The 
consortium itself consisted of four development 
(academic) partners and two industrial partners. 

Numerous problems occurred in each phase of the 
project, some of which affected the success of the 
OSCAR tool within GENESIS and some which have 

impacted upon the chances of successfully using OSCAR 
after the end of the GENESIS project. These problems 
were either common in other research projects or caused 
by circumstances peculiar to the GENESIS project. 
    Problems that are also found in other software 
development research projects include the effects of short 
timescales and rapid staff turnover. Even simple mistakes 
may not be rectified in time to prevent adverse effects 
later on in the project and the loss of access to key 
developers, often PhD students, fixed-term contract 
researchers, or students employed for short-term summer 
projects, and the ensuing loss of their knowledge may 
hamper ongoing maintenance of the software produced. 
Multiple re-writes of existing functionality--rather than 
steady evolution--are also common in research projects. 
Certain pieces of academic software have been re-written 
several times instead of being evolved from their original 
source code. An example of this approach is the 
development of the CodeWalker visualisation tool [9]. 
Often this approach is used because the original software 
cannot easily be adapted to new research needs, or the 
program comprehension overhead precludes re-use. Re-
writes may occur for other reasons as well; for example 
the replacement of the Berkeley Packet Filter in 
OpenBSD with an alternative with a less restrictive 
license. 
    The development practices within research projects are 
often chaotic. For the most part, this is not a problem 
locally as development teams are small and thus 
communication overheads and conflicts within teams are 
minimized. When collaboration between multiple partners 
is required, an agreed process, even if unwritten, is 
necessary for effective collaboration. 

2. Issues Within The GENESIS Project 
   A major flaw was over-ambition; the research goals of 
OSCAR were both lofty and difficult to achieve and 
evaluate successfully in a short timescale. The mere 
presence of lofty goals is not in itself a problem since 
they do ensurethat there are possibilities for future 
research and that these possibilities are under 
consideration in the earliest phases of the project. 
However, researchers as software developers should be 
very careful about the goals they seek to implement in the 
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context of their immediate project. Of course when 
applying for research funds, proposals must convince 
their reviewers that the proposed research will tackle 
difficult problems and explore innovative solutions, 
possibly involving speculative elements. 
   OSCAR also aimed to solve numerous problems expe- 
rienced by our industrial partners, instead of a single 
problem at first and subsequent attempts to solve others. 
Consequently the initial requirements were very broad 
and complex. A concerted effort to decompose these 
requirements into simpler, smaller sub-requirements 
would have made the chosen rapid-release approach 
feasible. As it was, to satisfy even one requirement 
necessitated a significant amount of work on 
infrastructure, design and development before the code to 
address the requirement could be written. The 
requirements placed upon OSCAR by the other 
components in the system meant that significant 
functionality was required before OSCAR could be 
integrated with those components. 
   Finally, all parts of the GENESIS projects failed to 
provide suitable prototypes or mock-ups at the earliest 
possible phase of the project meaning the industrial 
partners were often unclear about what each platform 
component was supposed to do or how they would 
interact with it. Simpler individual requirements within 
OSCAR would have made implementing a very, very 
basic prototype early on in the project much easier. 
   While most of the features were desirable if OSCAR 
was to be a proper production tool, they were not 
necessary for a proof-of-concept and should have been 
relegated to later phases of the project. Following the 
principle of "release early, release often. . . " [11], a better 
approach would have been to drastically simplify the core 
of the initial version of OSCAR, aiming to have a very 
simple (even simplistic) version available as soon as 
possible, enabling the OSCAR team to fulfil the second 
half of that dictum: ". . . And listen to your customers". 
Good advice for all development teams is to play the 
expectations game; promise very little and over deliver. 
Doing the converse and thus disappointing one's 
consortium partners causes tension. Satisfying the 
project's reviewers may be in conflict with this strategy 
however, if it is not explicitly clarified. 
   One significant problem peculiar to the GENESIS 
project was the lack of decision on a common platform 
for development and deployment of the GENESIS 
environment. This issue also manifested itself in the 
choice of development tools by each partner. OSCAR in 
particular was developed exclusively in a Linux 
environment for much of the project in order to take 
advantage of the useful Free software tools available such 
as ready-made if simple version control in the form of 
CVS and accessory packages such as ViewCVS and 
StatCVS. The systems used by the OSCAR developers 
were ignored and perhaps not so readily familiar to the 
development partners at other institutions. Perhaps as a 

result of this, the attempt to set up a centralised CVS 
repository for the whole project failed when most develop 
ers ignored the repository and continued using their own 
methods and tools. 
    Problems of quality in the external dependencies of 
OSCAR were also apparent. In particular, the jCVS [8] 
code used to connect to a CVS pserver installation was 
poorly documented and difficult to use, resulting in major 
delays when implementing the CVS interface component 
and an extensive code review with associated refactoring. 
Instead, a simple interface class using execution calls to 
an external CVS binary would have performed the tasks 
successfully without requiring such a significant coding 
effort.  
    Compounding the quality problem, key external depen- 
dencies of OSCAR were found not to run under Windows 
after several months of development. These components 
included the CVS pserver tool and the PostgreSQL 
database. Despite this problem, the OSCAR code was 
flexible enough to be ported to Windows and MySQL 
very quickly, albeit at the cost of some features and 
significant expenditure on maintenance of the two 
separate database back-ends. 
    Conflicts also arose between the versions of certain 
dependencies that the GENESIS components had. For 
example, the OSCAR code relied on a very modern 
version of the XML parser tools, requiring a complex set-
up process to install them where the JDK would use them. 
The versions required by OSCAR at one point conflicted 
with the requirements of other components of GENESIS, 
requiring a work-around. 
    The most important lesson here is that projects should 
agree on the components to use and the features they must 
have, including what platform they should run on if 
appropriate before development starts in earnest. These 
decisions should be taken at an early stage, even if the 
chosen platform is not to the liking of a minority of 
development partners. In the case of the GENESIS 
project, Windows would have been a suitable consensus 
platform as only the OSCAR team preferred Linux as 
their development environment. If at all possible use of 
multiple platforms should be avoided as using multiple 
platforms is unwieldy, especially in a demo session! 
    Though much interest in the OSCAR concept and our 
prototype was shown by potential users outside the 
institutions participating in the GENESIS project, our 
software dissemination activities were very poorly 
organised. Presentations at conferences often attracted 
potential users, andon occasion our web presence elicited 
interest from companies that were interested in using the 
system. Therefore, if attracting external users is a goal, 
we think that the development of an information pack 
including a gold CD, or at the very least a flyer, should 
proceed alongside the software development instead of 
being an activity conducted in the final stages. The 
information pack need not contain software initially, but a 
collection of all the papers, presentations and other useful 
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documentation would be very helpful to potential users. 
The web presence itself was limited, and the job of 
maintaining it was never really carried out. In order to 
attract users, it is key to show that the project is active by 
having a frequently-updated web presence. As academics, 
however, we were given credit for our publications, not 
for our web sites! 
    Finally, there was the failure to ensure sustained 
collaboration between partners in the consortium. The 
OSCAR development team was often excluded from 
decision making since all the other development partners 
were located close together in the same country, meaning 
they could meet frequently to discuss development issues. 
Much of these discussions and decisions had no impact 
on the OSCAR component, but this lack of 
communication did not foster good working relationships. 
The OSCAR team could only meet the other partners 
infrequently due to the difficulty of all the partners 
getting to the same location. Therefore, the bulk of the 
development partners were able to identify integration 
risks far faster and earlier than the OSCAR team managed 
to do. These failings are not attributable to the personnel 
involved: geographical distance has a deleterious effect 
on coordination and productivity in software engineering 
projects [6]. Many open source projects, however, do 
manage to avoid or work round these problems. 

3. Resolving Conflict: Our Experiences 
   Within the OSCAR team the use of unit testing was 
extremely helpful; they fulfilled the need to test an API 
and provided comprehensive yet simple example 
programs for most parts of the system. However, relying 
on test-cases alone to document one's system is extremely 
poor practice, whatever the current XP adherents may 
advocate! 
   The introduction of elements of XP philosophy (pair 
programming, API agreement by test cases) and the use 
of code reviews were found to be effective at promoting 
communication. The largest subsystem that was reviewed 
and refactored was the CVS interface code. Other 
subsystems that were refactored include the Workspace 
management subsystem, the user session code, the 
graphical client and the introduction of a logging aspect 
throughout the OSCAR code. 
   Components were reselected and repurposed to address 
issues related to the complex and inefficient 
implementation code. For example, our custom data-
binding code developed to transform artefacts into XML 
and vice-versa was replaced by the Castor framework to 
improve quality and flexibility. Also, the meta-data 
storage component was supplemented with the CVS 
repository so the unreliability or possible non-availability 
of the RDBMS would not affect a running OSCAR 
instance. Thus it became possible to run OSCAR without 
PostgreSQL if necessary. 
    Since continuous integration with the rest of GENESIS 
did not occur, an internal customer for the services of OS 

CAR for testing purposes was required. The CoDEEDS 
project needed a data storage component to contain the 
details of software components, design constraints and 
decisions taken to satisfy those constraints with the 
available components in a particular software system 
[1,2]. Though integration with CoDEEDS identified 
many problems with OSCAR, these problems caused 
delays in the development of the CoDEEDS system while 
its developer waited for bugs in OSCAR to be fixed. 
Ideally such a collaboration shouldhave begun at the 
inception of both projects rather than towards the end 
since otherwise the problem of balancing the ongoing 
development of each project with the need to maintain 
stable software or requirements for the other project to 
work with gave rise to conflicting demands on the 
OSCAR developers. Balancing the differing needs of 
each partner is difficult; industrial partners require 
dependable software to solve problems whilst academic 
partners wish to explore novel software solutions. 
    Risk management plans and scheduling are very 
important for academic projects since their schedules are 
so tightly constrained that even a single poor design 
decision can massively impact the outcome of the project. 
Once again, we advise that sub-projects such as OSCAR 
play the expectations game; promise very little and 
attempt to deliver more. 

4. Conclusions 
   Our research development work was more or less 
demand-driven by the other partners implying that 
software would be exchanged regularly between partners. 
Unfortunately, release management and thus the prospect 
of early integration with the other components of 
GENESIS was poor, partially due to the conflicting 
configuration management philosophies of the OSCAR 
team and other development partners. For example, the 
OSCAR team prepared nightly builds with the intent that 
the other partners would download the nightly builds to 
try them each day. However, the other partners preferred 
a managed release program with software released in full 
at particular intervals with the bugs in each release fixed 
independently of the ongoing development effort. 
   Ideally consensus on the management of the release 
process or a conscious decision not to bother should have 
been achieved early in the project to the satisfaction of all 
parties. Additionally it is unreasonable to expect that 
small development teams should support more than one 
stable release of the software at once. The best solution is 
probably a compromise; a stable release should be 
maintained where possible and a nightly build produced 
to track the cutting-edge development. Additionally, the 
developers using OSCAR should have anticipated the 
need to be somewhat adventurous rather than expecting 
all bugs to be discovered, isolated and fixed by the 
OSCAR developers alone. 
    The choice of tools in the wider GENESIS project also 
caused certain conflict and collaboration problems for the 
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developers of OSCAR and other system components. The 
main tool for development was the web-based SiteScape 
Forum which, similar to the BSCW environment, allows 
documents to be uploaded, placed under version control 
and comments attached to them. Though useful when 
preparing monolithic documents or similar deliverables, 
this tool was not suitable for managing source code. 
Consequently, all the partners developed their own ways 
of managing the source of their components leading to 
conflicts and difficulty when releasing software. 
    Since an effort had been made to provide a single tool 
for all users, with some success for certain types of 
artefact, the lack of a suitable configuration management 
system was an unfortunate omission. 
    The development of OSCAR was hampered in the 
main by poor collaboration and communication within the 
immediate project team and the wider project. The irony 
of a project dedicated to creating collaborative software 
being unable to collaborate effectively has not escaped 
the authors, though the poor support offered by the 
SiteScape system and e-mail for collaborative code 
development in contrast to the effective support they 
offered for collaborative document development is at 
least partially to blame. Misguided or careless choices of 
implementation technology also delayed the project 
extensively. The ready availability of supposedly re-
usable Open Source components is a double-edged 
sword; while they may save implementation time they 
may also waste it if of poor quality. Finally, the nature of 
short-term research projects themselves also contributed 
to the problems; recovering from bad decisions was that 
much harder as there was little free time or resources to 
use when repairing the damage. 
    The largest failing of the GENESIS project was the 
seeming inability to retain external users, despite a large 
number of enquiries into the software. In part this may be 
explained by the lack of maturity of the project's 
software, but mainly by the fact that dissemination of the 
software as Open Source was relegated to the end of the 
project; almost an afterthought. The interest, solicited and 
unsolicited that GENESIS recieved from users indicates 
that a real need for this software exists and that the 
project carelessly failed to take advantage of this.     
    Interaction with the wider community was 
consequently limited, even though one of the express 
goals of the project was to engage the Open Source 
community with the product. The overall project strategy 
may have been at fault: initial closed development was 
intended to "seed" external activity by providing already 
mature software to the community but instead made the 
project appear moribund much of the time. Using 
SourceForge or a similar site from the beginning may 

have helped visibility and provided better common tool 
support. 
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Abstract

This paper studies the contributions software firms 
make to Open Source (OS) projects. Our goal is to 
ascertain whether they follow the same regularity of 
pattern seen for individual programmer An exhaustive 
empirical analysis was carried out using data on project 
membership1 , project coordination and the contributions 
made by 146 Italian firms that do business with OS 
software. We compare our findings with the results of the 
surveys taken on OS programmers. The availability of the 
data gathered by Hertel et al. ([10]) on 141 developers of 
the Linux kernel allowed a direct comparison to be 
carried out between the two sets2 . 

1. Introduction 

The decentralized structure of the Open Source 
production mode makes it impossible to ascertain how 
many developers contribute to the movement. Agents can 
join the community of developers of an Open Source 
project freely, admission to the group only being subject 
to making a demonstrable contribution of some valuable 
code ([1]). At the same time, they can resign from the 
project whenever they want and for whatever reason they 
wish ([2]).  

Open Source projects have a number of features in 
common with the pattern of contribution followed by 
individual programmers. Several surveys ([3], [4]) 
identified empirical regularities in the distribution of the 
main metrics in project contributions, i.e. project size 
(number of developers per project), project membership 
(number of projects each developer joined) and the 
contribution effort of each participant in terms of 
man/hours.Three main factors emerge which point to a 
highly skewed distribution of these variables. First of all, 
most of the development activity is concentrated on a 

1 Project membership refers to the number of projects a given firm is 
now joining or has joined in the past. 
2 We thank Professor Hertel for making his data available and 
Alessandro Scateni who built up the database 

small number of projects. Secondly, few agents take part 
in a large number of projects. Finally, the distribution of 
individual contributions within projects is spectacularly 
skewed. Most of the programming effort is carried out by 
very few programmers. This challenges the commonly 
held image of the Open Source community as a relatively 
flat network of interacting peers. Several researchers have 
examined this issue referring to the theory of power law 
distributions ([5]3 . In particular Zipf distributions were 
identified in project size, membership and contribution, as 
well as downloads, mailing list posts and CVS commits.  

When a project grows in popularity it becomes more 
and more attractive for developers to join it. The opposite 
happens with unpopular projects that do not attract a large 
base of programmers. Individuals are more likely to 
expect to enhance their reputation ([7]) if they write 
valuable code seen by a large community, including large 
software firms. As a result, the dynamics of participation 
may share the properties of winner-take-all processes. 
Virtually all this evidence has been collected by looking 
at individual programmers. However, Open Source 
Software (OSS) is increasingly developed by firms that 
base their business on the legal and social rules of the 
community. They supply products under OS licenses and 
develop software according to the OS disclosure model. 
Little is known about the contribution of firms to OS 
projects. This paper is a contribution to fill this gap. 

Following the approach used in previous surveys on 
Open Source developers, we prepared an on-line 
questionnaire; a Website was set up containing all the 
information on our study and the link to the data-
gathering system. The relative novelty of the OSS 
phenomenon means that there is not yet any complete 
directory or list of firms involved in it and new firms are 
getting involved in it each year. So we approached an 
initial short-list of firms, asked for their help in referring 
to other firms active in Open Source and stopped when no 
new referral was generated (snowball procedure). 
Therefore our sample is not statistically representative of 
the Open Source firms’ universe. However, given the 

3 Empirical regularities of this sort shape a wide range of natural and 
social phenomena [6]. 
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exploratory nature of this study, this approach was 
considered methodologically appropriate4 . We managed 
to contact 275 firms, obtaining 146 valid answers, which 
represents a good cross-section of the Italian firms 
operating in the supply-side of the Open Source market.  

These firms produce and/or sell software under one or 
more Open Source licenses recognized by the Open 
Source definition. Most respondents offer services such 
as installation (80.1%), support (82.9%), maintenance 
(76%), consultancy (84.9%) and training (64.4%). 64.5% 
of firms surveyed began adopting the Open Source 
technology after 1999, while 35.5% used it before that 
date. Their average size is 17.3 employees (median value: 
8.0), of which about 70% are software developers. Most 
firms are very young, 6.9% were born after 2002, 47.9% 
between 1998 and 2001. In general, their founders are 
entrepreneurs with technical background (28.8%) or with 
mixed technical and commercial background (65.1%). 
Their size, origin and business models makes them 
representative of a new wave of software firms that 
entered the market after the wording of the OS definition. 
Interestingly, they grow very rapidly (turnover rate of 
growth +121.3% over the 1999-2002 period) and have 
positive expectations about the potential market for Open 
Source solutions. On the average OSS represents 46.5% 
of the turnover. Although they share one of the typical 
features of Italian firms across all industries (namely the 
attitude to stay small), we do not believe their behaviour 
is heavily influenced by idiosyncratic national factors. 

2. The activity of firms in OS projects 

Table 1 shows various measures of firms’ involvement 
in developing OS projects. Firms were asked how many 
projects they joined by registering on line and how many 
they coordinate by assuming the role of initiator or 
manager, in the last twelve months (year 2002) and since 
their initial involvement in the OS community. Further, 
they were asked to estimate how many Lines of Code 
(LOCs) they contribute as a percentage of the total size of 
projects, and how many patches and modules of their 
were accepted as official contributions. The data show 
that the activity of firms is quite limited. On average, they 
took part in fewer than 4 projects since taking their first 
steps in the Open Source community while the median 
value of projects participated in is 1. Similarly to the 
results of the surveys made on individual developers, all 
the variables observed display highly skewed 
distributions (table 1). 

Almost half of the sample (49.6%) is not currently 
engaged in Open Source projects. 

4 Details on the data gathering procedures may be requested from the 
authors. 

Variable Acronym Min Max Mean Std. Dev. Median Skewness

No. of projects the firms 
joined since the very 
start of their OS activity

ALL_A_PM 0 50 3.8 7.8 1 3.5 

No. of projects the firms 
joined last year C_PM 0 20 1.6 2,8 1 3.7 

No. of projects the firms 
coordinated since the 
very start of their OS 
activity 

ALL_A_CP 0 28 1.1 3.4 0 5.9 

No. of projects the firms 
coordinated during 2002 C_CP 0 7 0.5 1.2 0 3.5 

% of Line of Codes 
(LOCs) the firms 
contributed to each 
project on average  

%_LOCs 0 99 10.56 23.5 0 2.5 

Contributions by the 
firms incorporated in the 
official versions of the 
projects 

N_C_OV 0 300 6.9 36.9 0 6.7 

Table 1. Descriptive statistics. 

About 68% of the firms have participated in no more 
than 2 projects and many of them  (46.2%) have never 
joined one; only 7.7% have been involved in the 
development of more than 10 programs (figure 1).  
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Figure 1. No. of projects the firms joined since 
the very start of their  OSS activity 

The large majority of respondents (72.9%) have never 
carried out coordination tasks (figure 2).  
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Only 26 firms (21.5%) are currently coordinating a 
project, with the majority of these (53.8%) just one. The 
limited involvement of respondents in Open Source 
projects is seen also in  projects’ contributions. If leading 
authors are classified as firms who have supplied more 
than 50% of a project's overall LOCs, then only 7.6% of 
them can be so classified (figure 3).  
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Figure 3. %_LOCs: % of LOCs the firms 
contributed to each project on average 

Few have written pieces of code that have been 
accepted for the official version of a project. The mean 
value of variable N_C_OV is 7 but it is strongly 
influenced by three outliers who provided hundreds of 
accepted contributions5 . This apart, the mean value 
becomes 1 (table 1). 

In short it is possible to conclude that firms’ 
development activities are more likely to be limited to 
merely adapting Open Source programs to suit their 
customers’ requirements, giving less importance to 
circulating these ad hoc solutions within the community. 
Moreover like individual developers, firms probably 
prefer to join large, successful projects with a leadership 
already consolidated. These projects provide widely 
available software products, released in official and stable 
versions, which enable firms to provide their users with 
better services. Contributing to successful projects 
improves corporate image, giving a favourable 
impression to clients and potential  venture capitalists. 
Finally, since most firms entered the OS arena just few 
years ago, they have not yet gained enough reputation 
among Open Source developers to be appointed to the 
coordination of a project.  

We also collected data on why firms have decided to 
adopt a business model based on Open Source software. 
Each incentive is measured on a Likert scale ranging from 
1 (not at all important) to 5 (very important)6.

5 Respectively 300, 200 and 100. The agent ranking fourth has only 12 
accepted contributions. 
6 The taxonomy of motivations is as follows [Feller]: Economic 
motivations: because Open Source software allows small enterprises to 
afford innovation; because we want to be independent from  the price 

The number of contributions made by firms and 
accepted for official versions is positively correlated with 
the learning incentive and all the social motivations. The 
Open Source production mode places a huge volume of 
source code at the disposal of whoever wants to modify, 
debug or just study it. Firms that exploit this immense 
learning opportunity have greater chances of improving 
their programming skills and consequently are more 
likely to write pieces of code that the community will 
consider valuable enough to be accepted into the official 
versions of the programs. Moreover, interaction  within 
projects is enhanced by positive social motivations. Firms 
that gift code and conform to the Open Source values 
have stronger linkages with the community than those 
who are there only to exploit new business opportunities. 
The former devote much more effort to OS activities and 
this has positive impact on the number of contributions 
accepted. The negative correlation between the economic 
motivation and the number of projects that firms are 
currently coordinating is also interesting. It seems that 
some firms exploit the innovative opportunities given by 
OSS without actively contributing to it. Insofar as their 
licensing behaviour conforms to the rules of the 
community, these firms seem to be accepted as legitimate 
members. 

In order to examine closely the link between the 
motivations behind and level of OS activity, firms have 
been divided into two groups on the basis of the scores 
they assigned to the motivational variables, i.e. low score 
(1 or 2) or high score (4 or 5). In this way we may correct 
for a central tendency bias in reply to Likert-type scales. 
Table 2 summarizes the results. Only mean values 
displaying statistically significant differences between the 
two groups (Mann-Whitney test) are reported.  

The various metrics of the level of activity show 
different patterns in the two groups, depending on the 
incentive type. Firms that attach much importance to 
purely economic considerations, have less experience in 
coordination activities. They are acting mainly out of 
extrinsic motivations such as promoting innovation or 
gaining freedom from the licensing and price policies of 
the large software companies and want to keep the 

and licensing policies of large software companies; because in the field 
of Open Source good IT specialists are easy to find; because opening our 
source code allows us to gain a reputation among our customers and 
competitors. Social motivations: because we agree with the values of the 
Open Source movement; because we want to place our source code and 
skills at the disposal of the Open Source community and hope that others 
will do the same; because we think that software should not to be a 
proprietary commodity. Technological motivations: because 
contributions and feedback from the Open Source community are very 
useful to fix bugs and improve our software; because of the reliability 
and quality of the Open Source software; because we want to study the 
code written by other programmers and use it for developing new 
programs and product; to obtain  products not available on the 
proprietary software market. 
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cooperation link with Open Source developers active in 
order to obtain the feedback and contributions that allow 
them to lower developing costs. 

N Mean Dev. 
Std. N Mean Dev.

Std.Motivations Metrics 
LOW SCORE HIGH SCORE 

We want to be independent of the price and 
licensing policies of the large software 
companies 

C_CP* 20 0,7 1,1 76 0,4 1,4 

Open Source software allows small enterprises 
to afford innovation 

ALL_A_CP
* 13 2,0 2,4 85 0,9 3,3 

ALL_A_PM
* 28 3,4 8,0 61 4,9 9,2 We want to place our code and skills at the 

disposal of the OS community and hope that 
others do the same N_C_OV+ 24 0,6 2,1 51 1,5 3,0 

%LOC* 38 8,4 23,0 38 14,2 26,3
We think that software should not to be a 
proprietary  commodity 

N_C_OV- 38 0,4 1,8 38 1,8 3,1 

%LOC+ 14 6,6 24,0 70 10,1 22,8Contributions and feedback from the OS  
community are very useful to fix bugs and 
improve our software N_C_OV+ 15 0,1 0,3 65 1,2 2,7 

We want to study the code written by other 
programmers and use it for developing new 
programs  

ALL_A_PM
+ 28 4,1 10,9 59 4,5 7,9 

Table 2. Motivations: Mann Whitney tests. +: p 
value< 0.1; *p value<0.05; - p value< 0.01. 

However, these firms can win the trust of developers 
merely by gifting their code and avoiding hijacking that 
written by other programmers without devoting resources 
to coordination tasks. The percentage of LOCs 
contributed and the number of accepted patches are 
higher for firms that attach much importance to the 
feedback from the community. These results corroborate 
the findings of the correlation analysis about the role 
played by social motivations in shaping the level of 
activity of Open Source firms. Firms that assign high 
scores to social incentives are more likely to win the trust 
of the community. As a consequence more contributions 
by them are accepted into official releases. Firms that 
value the learning opportunities provided by the Open 
Source mode of production very highly clearly behave in 
the same way. At the same time, firms that want to fight 
for software freedom, make great efforts to contribute 
LOCs to Open Source projects. In this way they increase 
the code base released under Open Source license 
schemes.  

3. Project activity of firms and individual 
developers. A comparison. 

We compare our data with the findings of the surveys 
on individual developers ([8], [9], [10], [11], [12], [13]). 
The samples of some of these empirical analyses are 
larger than ours. However taking into account every 
single person working in the firms we surveyed, it can be 

estimated that data account for more than 1,500 
developers7.

All the studies show that on average the membership 
of firms in projects is lower than that of individual 
developers. This holds for both the current and the overall 
OS activity. In general firms devote less programming 
effort to the projects in which they take part. Case studies 
of single successful projects ([9], [10]) display similarities 
in programming effort as measured by the percentage of 
LOCs contributed on average by each developer8 . A 
much larger value has been instead obtained in our study. 
However, such comparison is not correct from a 
methodological viewpoint. The strictly hierarchical 
organization of successful projects very often makes it 
difficult for developers to add LOCs to their official 
versions. Most programmers contribute no line and this 
significantly affects the mean value of this metric. In the 
case of the firms we examined, the percentage of LOCs 
does not deal with a single successful project but refers to 
project participation in general. Together with a large 
group of firms contributing no LOCs (59.6%) we found 
firms providing almost the whole code base of the 
projects in which they were involved. This is likely to 
happen for small projects that have been started by the 
firms themselves and have not been able to attract a large 
base of developers. The comparison between our surveys 
and the ones taken on individual developers 
([8],[12],[13]), show that firms classified as leading 
authors contribute a lower percentage of LOCs with 
respect to similarly classified developers9 . It could be 
thought that this is not due to the presence of fewer firms 
devoting large programming efforts but to the lower 
concentration of their contributions. However this is not 
the case, given that more than 88% of the agents 
contribute no more than 30% of the LOCs of the projects 
in which they are involved. Another metric, the number 
of contributions included in the projects’ official releases, 
shows a poor performance by firms. Excluding the outlier 
values, it appears that firms manage to get fewer 
contributions into the official versions of projects than 
individual developers do.  

Proceeding in our analysis we refer to the data 
collected by Hertel et al. ([10]) on 141 developers of the 
Linux kernel. Two of the metrics collected by the authors 
are comparable to ours, namely the percentage of LOCs 
contributed and the number of contributions incorporated 
into official releases. However, as we explained above, 
methodological reasons allow to use only the latter. 

7 Our sample includes total staff at around 2,388. The ratio between 
programmers and total staff is in the range 60-80%, according to a 
telephone survey on a sub-sample carried out during the follow-up. 
8 In these three studies the percentage of LOCs contributed on average 
by each developer are respectively 0.1, 0.33 and 0.26. 
9 Differences in the definitions of leading author need to be taken into 
account. 
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Table 3 shows the distribution of contributions in the 
two groups. In comparison to individual developers, there 
is a higher percentage of firms in the three lowest classes 
(92.1% vs. 86.4%). However no significant difference 
emerges in the percentage of agents that do not succeed in 
placing contributions. The two highest classes display an 
interesting pattern. About 5% of the firms have a number 
of contributions ranging from 7 to 10, while only 1.6% of 
the programmers performed likewise. Nevertheless, 12% 
of the developers had more than 10 contributions 
accepted versus 4% by the firms. This sheds light on the 
presence of an elite of individual programmers 
performing very well in Open Source developing 
activities. Firms do not seem to include of such a group. 
On average firms place fewer contributions into official 
versions than individual developers do (4.1 vs. 8.7, Mann 
Whitney test, p value = 0.005). 

Linux Kernel developers (Hertel et 
al. 2003) Firms (our survey, 2003) 

No. of contributions % Cum. % % Cum. % 

0 73,6 73,6 72,3 72,3 

1-3 8,8 82,4 14,9 87,2 

4-6 4 86,4 4,9 92,1 

7-10 1,6 88 4,0 96,0 

>10 12 100 4,0 100,0 

Table 3. Distributions of the accepted 
contributions of individual developers and firms. 

3. Conclusions 

These findings raise an interesting issue, namely that 
the level of contribution to Open Source projects seems to 
depend on social and technological motivations over 
purely economic ones.  

There are firms that exploit the low cost, broad 
availability and good quality of Open Source software to 
build up a sustainable business model without 
contributing in the same proportion. More generally, 
these findings shed light on an interesting evolutionary 
property of the Open Source communities: robustness. 
The behaviour of contributing to a common pool resource 
does not have to be equally shared among contributors in 
order to be self-sustaining. Open Source communities 
permit some members to take  more than they give, 
provided they do not violate minimal membership rules. 
By exploiting existing code more than they contribute, 
they still enlarge the bases of the Open Source users, 
indirectly enhancing the motivations of active producers. 
The literature on public good provision and free riding 
has probably overestimated the potentially damaging role 
of a few non-contributors, by assuming that their 
behaviour would inevitably self-propagate. This is not 
necessarily true. Nevertheless, because these firms are 
accepted in the Open Source community as legitimate 

partners, it is almost certain that, in general, they comply 
with the rules of membership and legal obligations  for 
Open Source licensing schemes. That is to say, for 
example, that they do not hijack the code, but rather adapt 
and redistribute it under an appropriate license scheme. It 
is clear that these firms take more than they give. It seems 
that the new organisational mode of software production 
is strong enough to withstand a sharing of contributing 
behaviour that includes  input effort no higher than  the 
minimum entry level.  
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Abstract 

Project success is one of the most widely used de-
pendent variables in information systems research. How-
ever, conventional measures of project success are diffi-
cult to apply to Free/Libre Open Source Software 
projects. In this paper, we present an analysis of four 
measures of success applied to SourceForge projects: 
number of members of the extended development commu-
nity, project activity, bug fixing time and number of 
downloads. We argue that these four measures provide 
different insights into the collaboration and control 
mechanisms of the projects.  

1. Introduction 

We are interested in identifying factors that predict 
distributed team performance, specifically, the perform-
ance of Free/Libre Open Source Software development 
teams on FLOSS development. In this paper, we take a 
first step in this direction by developing measures for the 
success of FLOSS projects. 

It is important to develop measures of success for 
FLOSS projects for at least two reasons. First, having 
such measures should be useful for FLOSS project man-
agers in assessing their projects. In some cases, FLOSS 
projects are sponsored by third parties, so measures are 
useful for sponsors to understand the return on their in-
vestment. Second, FLOSS is an increasingly visible and 
copied mode of systems development. Millions of users 
depend on FLOSS systems such as Linux (and the Inter-
net, which is heavily dependent on FLOSS tools), but as 
Scacchi [1] notes, “little is known about how people in 
these communities coordinate software development 
across different settings, or about what software proc-
esses, work practices, and organizational contexts are 
necessary to their success”. A recent EU/NSF workshop 
on priorities for FLOSS research identified the need both 
for learning “from open source modes of organization and 
production that could perhaps be applied to other areas” 
and for “a concerted effort on open source in itself, for 
itself” [2]. But to be able to learn from teams that are 

working well, we need to have a definition of “working 
well”.
2. Measuring project success 

Crowston, Annabi and Howison [3] examined the 
process of FLOSS development to suggest measures in-
dicative of success for these projects. They noted that 
conventional measures of project success [e.g., 4, 5] focus 
primarily on use and the use environment of an informa-
tion system, but for FLOSS, the use environment is gen-
erally very difficult to observe, while by contrast the de-
velopment environment is quite visible. Furthermore, 
conventional measures define success from the perspec-
tive of corporate users who purchase the software, while 
FLOSS projects depend on the continued motivation of 
volunteer developers. Crowston, Annabi and Howison [3] 
therefore suggested developing a portfolio of success 
measures that includes measures of the development 
process. While they suggested a number of possible 
measures, they did not actually present data for any pro-
jects.

In this paper, we take the first steps towards imple-
menting a portfolio of success measures. Specifically, we 
analyze four possible success measures, namely number 
of members of the extended development community, 
project activity, bug-fixing performance and number of 
downloads. These measures were adopted from the list 
presented by Crowston, Annabi and Howison [3] because 
they span the development process, including inputs 
(number of developers), process (project activity and bug 
fixing) and output (number of downloads).  

Our analysis aims at assessing the construct validity 
of these measures. Each has good face validity, in the 
sense that a project that attracts developers, maintains a 
high level of activity, fixes bugs and that many users 
download does seem like it deserves to be described as a 
success. However, we are also interested in assessing how 
these measures relate to one another: do they measure the 
same construct or are they measuring different aspects of 
a multidimensional success construct? And most impor-
tantly, what insight do they provide into the nature of the 
development processes in the different projects?  
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In the following sections of the paper, we will dis-
cuss the procedure we used to obtain data with which to 
operationalize the measures, followed by the details of the 
analysis approach. We then present the results of this 
analysis and discuss the implications of these results. We 
conclude with some suggestions for future research.  

3. Data 

In this section we discuss the sample of projects se-
lected and the process we followed to gather data about 
these projects.  

3.1. Project selection 

To create a sample of FLOSS projects, we selected 
from projects hosted by SourceForge, a free Web-based 
system that provides a range of tools to facilitate FLOSS 
development (http://sourceforge.net/). At the time we 
started our study, SourceForge supported more than 
50,000 FLOSS projects on a wide diversity of topics (as 
of 21 March 2004, the number was 78,003). Clearly not 
all of these projects were suitable for our study: many are 
inactive, previous studies have suggested that many are in 
fact individual projects [6], and some do not make bug 
reports available. Therefore, we restricted our study to 
projects that listed more than 7 developers and had more 
than 100 bugs in the project bug tracker at the time of 
selection in April 2002. Being listed as a developer grants 
write access to the project’s code base, so projects with 
multiple developers are ones that might be expected to 
experience significant coordination issues. Having bug 
reports was a necessary prerequisite for the planned 
analysis, as well as indicative of a certain level of devel-
opment effort. Quite surprisingly, we identified only 140 
projects that met both criteria. Unfortunately, space does 
not permit a full listing of the projects, but the sample 
includes the projects curl, fink, gaim, gimp-print, htdig, 
jedit, lesstif, netatalk, phpmyadmin, openrpg, squirrelmail
and tcl. Those familiar with FLOSS may recognize some 
of these projects, which span a wide range of topics and 
programming languages.  

3.2. Data Collection 

Two of the measures we included (activity level and 
number of downloads) are tracked by SourceForge and 
thus available directly from the project description page. 
As a measure of activity, we used the project activity 
rank. To gather these data, we developed a spider to 
download and parse the project pages. Data were col-
lected in April 2003. 

To study the performance of bug fixing, we collected 
data from the SourceForge bug tracking system, which 

enables users to report, and developers to discuss bugs. 
As shown in Figure 1, a bug report includes a description 
of a bug that can be followed up with a trail of correspon-
dence. Basic data for each bug includes the date and time 
it was reported, the reporter, priority and, for closed bugs, 
the date and time it was closed. To collect this data, we 
developed a spider program that downloaded and parsed 
all bug report pages for the selected projects. Unfortu-
nately, between selection of projects and data collection, 
some projects restricted access to bug reports, so we were 
able to collect data for only 122 projects.  

4. Analysis 

In this section we discuss how we analyzed the data 
to develop the four measures introduced above. The 

Figure 1. Example bug report and  
followup messages (adapted from 

http://sourceforge.net/tracker/index.php?func= de-
tail&aid=206585&group_id=332&atid=100332)
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analysis started with basis exploration of the data, which 
revealed problems with the quality of the data for some of 
the projects. For example, one team had consolidated bug 
reports from another bug tracking system into the 
SourceForge tracker. Unfortunately, these copied-over 
bugs all appeared in SourceForge to have been opened 
and closed within minutes, so this project was eliminated 
from further analysis. 

4.1 Development team size 

Since the FLOSS development process relies on con-
tributions from active users as well as core developers, 
we sought a measure that reflected the size of this ex-
tended team, rather than just the core developers listed on 
the project page. As a proxy for the size of the extended 
development community, we counted the number of indi-
viduals who posted a bug or message to the bug tracker. 
As described above, the poster of bug reports and related 
messages are identified by a SourceForge ID (though 
postings can be anonymous), making it possible to count 
the number of distinct IDs appearing for each project. The 
counts were log transformed to correct skew.  

4.2 Bug fixing time 

To assess a project’s performance in bug fixing, we 
examined how long it took the program to fix bugs by 
calculating the lifespan of each bug from report to close 
using the timestamps recorded by SourceForge. The most 
straightforward analysis would be to calculate each pro-
ject’s average bug-fixing time. However, this approach 
has several problems. First, the time taken to fix bugs is 
highly skewed, making an average unrepresentative. Sec-
ond and more problematically, because not all bugs were 
closed at the time of our study, we do not always know 
the actual lifespan, but only a lower bound. This type of 
data is described as censored. Bugs are assumed to be 
reported at random times, making the censoring time (the 
point of our data collection) independent of the bug life-
span. As a result, the data exhibits “random type I right-
censoring” [7]. Finally, analyzing only the average does 
not take into account available bug-level data. If there are 
differences between projects in the types of bugs reported 
(e.g., in their severity), then these differences could affect 
the average lifespan for a project. 

Analysis of censored lifespan data involves a statisti-
cal approach known as survival or event history analysis. 
The basic idea is to calculate from the life spans the haz-
ard function, which is the instantaneous probability of a 
bug being fixed at any point during its life. The hazard 
function can then be used as a dependent variable in a 
regression. Equivalently, the analysis can be done of the 

survival rate, which is the percentage of the bugs still 
open after a given lifespan.  

In order to ensure that the hazard function is always 
positive, it is typical to regress on the log of the hazard 
function. Various functional forms can be assumed for the 
hazard function vs. time: for example, in an analysis of 
human death rates, the hazard function is generally as-
sumed to rise over time as the person ages, while for an 
analysis of physical events, it might be assumed to be 
constant. Factors that increase or decrease the hazard rate 
can be added as additional variables in the regression.  

For our initial purpose of developing a project-level 
measure of bug fixing effectiveness, we simply entered 
project as a factor in the hazard regression along with the 
bug priority, allowing us to compute a hazard ratio for 
each project (ratio because of the use of the log of the 
hazard). The hazard ratios are the regression weights in 
the hazard function for the dummy variable for each pro-
ject, using the first project as the baseline. The analysis 
was performed using the R-Project statistical system 
(http://www.r-project.org/), specifically the psm function 
from the Survival and Design packages.  

4.3 Activity level and number of downloads 

The two remaining measures, activity level and num-
ber of downloads, were taken directly from SourceForge 
and so did not require further analysis, other than a log 
transformation of both to correct skew.  

5. Results 

In this section, we present the results of our analysis, 
starting with descriptive data about each measure and 
then considering relationships between measures.  

5.1. Descriptive data 

We obtained data on a total of 62,110 bug reports, an 
average of 509 per project. The median number of reports 
was 279, indicating a skewed distribution of bug report 
counts. We counted a total of 14,922 unique IDs, of 
whom 1,280 were involved in more than one project (one 
was involved in 8 of the projects in our sample). Table 1 
presents descriptive data for the four measures analyzed. 
A plot of the survival rate over time for bugs is shown in 
Figure 2. The plot shows that bugs with higher priorities 
are generally fixed more quickly, as expected, but some 
bugs remain unfixed even after years.  

We experimented with different functional forms for 
fitting the bug hazard rates. Somewhat surprisingly, the 
form that fitted best was an exponential, that is, one in 
which the hazard rate is not time varying. The R2 for the 
fit was 0.51, which indicates a good fit. To assess the 
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validity of the computed hazard ratios as a measure of 
bug-fixing performance, we compared the hazard ratios to 
median bug lifespan for each project. The high correlation 
between these values (r=0.88) suggests that the computed 
hazard ratio does capture the performance of the project 
team on fixing bugs. Of the two measures, the hazard 
ratio seems preferable for further analysis because it takes 
into account the open bugs and possible differences be-
tween projects in the mix of bug priorities experienced.   

5.2 Relationships among success measures 

Table 2 shows the correlations among the four meas-
ures proposed. The signs are all in the expected direc-
tions, since the community size and number of downloads 
should increase with success, while the activity rank and 
hazard ratio decrease (rank 1 is most active). Four of the 
six correlations are statistically significant (with 122 
cases, the critical value for significance at p=0.05 is 0.17) 
indicating that there is a genuine relationship amongst 
them. The high correlations between activity rank, com-
munity size and number of downloads indicates that they 
are measuring a common factor, while the hazard ratio 
seems to be less connected.  

6. Discussion 

As mentioned in the introduction, the four measures 
applied in this paper have face validity as indicators. The 
preliminary analysis presented above allows us to extend 
our examination of the validity and utility of the meas-
ures.  

The high correlation among these measures indicates 
a degree of convergent validity, since the different meas-
ures do correlate, particularly number of developers, ac-
tivity and number of downloads. However, examining 
these correlations and correlations with other variables in 
more detail suggests room for improvement in the meas-
ures. In retrospect, our use of the SourceForge activity 
measure is problematic, since that activity is calculated 
using a formula that includes the number of bug reports 
and downloads. The high correlation of activity and 
downloads can thus be explained—they literally do 
measure the same construct.  

The hazard ratio, on the other hand, is less strongly 
correlated, suggesting that it provides an independent 
view of a project’s performance. This variable is most 
highly correlated with the size of the development com-
munity, which makes sense: more developers means that 
there is more help available to close bugs.  

Another type of validity is predictive validity, mean-
ing that the measures predict other variables of interest. 
The high correlations among variables are of little impor-
tance if those variables do not help us to understand the 

projects. We found that our proposed measure of project 
team size is highly correlated with the number of bug 
reports (r=0.68). The correlation between the age of a 
project and the number of bugs is low (r=0.09), suggest-
ing that it is not simply the case that older projects have 
more time to collect reports and people. In other words, 
this correlation does seem to reflect a real phenomenon: 
more bug reports are indicative of a larger extended 
community. Interestingly, there is a negative correlation 
between the number of bugs and the time taken to fix 
them: projects with more developers report more bugs 
and then fix those bugs somewhat more quickly.   

However, preliminary examination of the relation-
ship between these measures and other data raise a second 
concern. In building a sample of projects to study, we 
seem to have found projects that all seem to be success-
ful, by and large. As a result, the sample may not have 
sufficient variance on success, meaning that correlations 
between these success measures and other variables will 
be noise. To address this concern, we should collect data 
on a broader range of projects, including some that seem 
clearly to be unsuccessful.  

7. Conclusions 

This paper makes a contribution to the developing 
body of empirical research on FLOSS by identifying and 
operationalizing four success measures that might be ap-
plied to FLOSS. We have collected data on these meas-
ures for a set of SourceForge projects and shown the rela-
tions among these measures. We emphasize again that we 

 Mean Median Stdev 
Community size 138.4 87.5 206
Activity rank 620 423 586
Hazard ratio 1.009 0.9438 1.06
Downloads 246,294 36,493 817,874

Table 1. Descriptive data for the four measures.  

CS AR HR D 

Community size 1.00 
-

0.73 
-

0.27 0.48

Activity rank 
-

0.73 1.00 0.14 
-

0.70

Hazard ratio 
-

0.27 0.14 1.00 0.06

Downloads 0.48 
-

0.70 0.06 1.00

Table 2. Correlations among measures. 
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do not view any single measure as the final word on suc-
cess. As the measures draw on different aspects of the 
development process, they offer different perspectives on 
the process. Including multiple measures in a portfolio 
should provide a better assessment of the effectiveness of 
each project.   

Having identified particular effective projects, our 
future work includes more detailed analysis of the pro-
jects. We plan to employ a theoretical sampling strategy 
to choose a few FLOSS development teams to study in 
depth. By limiting the number of projects, we will be able 
to use more labour-intensive data analysis approaches to 
shed more light on the practices of effect FLOSS teams. 
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Abstract1

We analyze several occurrences of open-source 
technology transfer where research tools or prototypes 
developed in academic environments are transferred to 
private actors to be exploited economically. We enlight 
common characteristics which lead us to suggest that 
academic duality is a general consequence of the 
academic design of research tools and prototypes, and 
that the associated high transfer costs could be reduced 
first by implementing dual versioning using a dual 
licensing scheme, by associating a new academic public 
license with a traditional technology transfer one, and 
second through the transparent and shared maintenance 
of products built according to a dual architecture, as it 
would be precisely allowed by a dedicated collaborative 
development platform such as LibreSource. 

1. Position of the problem 

Software is an increasingly common output of 
academic research. Computer science theories and ideas 
are widely tested and implemented as software 
prototypes. Even more generally, software has become a 
common research tool in all disciplines, for calculus, 
simulation and many other tasks associated with academic 
life. To speak only of the most famous of the latter 

1 We would like to acknowledge how much our work has benefited from 
various discussions with other participants in the ‘LibreSource’ RNTL 
grant, whose support is also most gratefully acknowledged: among them, 
we would notably like to thank Vincent Finet, Laure Muselli and Olivier 
Rhein. Other discussions with Paul A. David, Rishab A. Ghosh, Gérard 
Giraudon, Jesus Gonzales y Baharona, Nicolas Jullien and Laurent Kott 
have also been very helpful in shaping our views. This paper draws 
significantly from a previous one [3] which was presented at EPIP2 
Conference in Maastricht, The Netherlands: most surprisingly, there was 
a slogan written there, on the wall of the room in which this conference 
was organized and the paper presented, that was said to date back to the 
Princes of Oranje, and which read “Je maintiendrai”. This sentence in 
French translates into “I shall maintain”: surprised as he was, it certainly 
helped one of us (JMD) understand that maintenance was key, and that 
organizing it via a collaborative platform could be crucial for open-
source technology transfer. 

category, it is now well-know that academics at CERN in 
Geneva were largely responsible for the invention of the 
World Wide Web, first as a research tool. But then an 
important issue arises about how software developed in 
academic communities is or could be made accessible to a 
larger public, when of course relevant: and it would 
indeed be relevant for numerous software technologies 
that could be usefully exploited in the context of 
economic products and processes. To put it differently, 
the importance of the technology transfer issue for 
software research tools and prototypes is increasing 
rapidly. 

Technology transfer issues have been studied for years 
in economics and other disciplines, and it is not our 
purpose here to assess the various results that this 
literature has brought, nor to discuss the hypotheses that 
have been suggested, and sometimes discarded, about 
how to improve the transfer of technologies from public-
funded research to private actors and markets. It would 
certainly be fruitful to do so, but we would like to inquire 
here the issue of software technology transfer according 
to a different perspective: the reason for this is the rapid 
surge of a new and fashionable mode of technology 
transfer for software, namely, open-source technology 
transfer.

Building upon the success of open-source software, for 
which Linux has become a paradigm, software developed 
in academia is now increasingly made accessible in an 
open-source way: not only because what could be called 
“GPL-publishing”, by researchers on their homepages, 
but also because of more developed attempts of open-
sourcing software initiated by higher education and 
research institutions. Indeed, the initial idea of this study 
comes from the fact that, in the context of our work as 
researchers in the economics and management of 
software and innovation, we suddenly found ourselves 
coming across more and more numerous examples of 
academic software developed in open-source mode, many 
of which relatively recent, some of which older than we 
would have expected2.

2 See [2, 17, 21] for early intuitions about this. 
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In any case, academia now appears as a second major 
source of open-source software after independent 
developer communities3: a source about which we do not 
know much yet, and about which we would certainly like 
to know more to properly assess the consequences of the 
current wave and perhaps tsunami of open-source 
academic software research tools and prototypes. This is 
the basic rationale of this work, which we hope will be 
followed by others as such studies appear to be rapidly 
needed by research policy makers, among whose 
preoccupations stands notably the current disarray of 
traditional technology transfer offices for which open-
source software is still a new and puzzling phenomenon, 
apparently associated only to non-profit mechanisms – an 
erroneous conception which we will try to correct below 
– whereas these institutions have most of the time been 
created to foster the commercial exploitation of 
technologies developed in labs, be it by contractual 
research, licensing, or start-up creation. Open-source 
cases are on most of their desks now, but they do not 
know how to handle them according to this new mode of 
technology transfer4.

As a further consequence, we will not consider here 
under which conditions open-source technology transfer 
could be more efficient than other modes. Considering 
how fast the open-source technology transfer wave is 
progressing, we have rather adopted here a more 
pragmatic approach, and we will try to determine using 
various case studies the major characteristics of open-
source technology transfer, and from then on the 
conditions under which open-source technology transfer 
could be made more efficient. As a matter of fact, 
answers to these questions are relevant for future 
comparisons with other modes, and could also first of all 
provide a rationale to try to stop, or not to stop the current 
wave, or perhaps to try to reorient it in some particular 
way. In this context, we will start by briefly presenting 
case studies, and then our main findings for which we 
will try to provide interpretations, on the basis on which 
we will finally propose a more general framework for 
open-source technology transfer5.

3 Although general results about open-source software mostly apply: 
[10] provides a synthetic view. See also [11, 13, 14, 16, 20] about 
motivations and [6, 7] about competition issues. 
4 These issues are now crucial in France for INRIA, RNTL, CNRS, 
CEA, ANVAR and for several major universities, to name but a few 
major actors. We have had various occasions to verify that there were 
also emerging rapidly in several other countries, as in the UK for the 
EPSRC or in the US for the NSF. 
5 As should already be clear to the reader, the line of inquiry we have 
selected implies that our conclusions will for now stand only as 
conjectures, that is mainly as hypotheses for further and more 
quantitative research. This team is of course committed to contributing 
to this task, but a major motivation for this early release – applying to 
ourselves what other research on open-source development [5] has 
taught us –, is that we believe that much can to be gained by disclosing 

2. Case Studies 

We will now briefly present some of the cases studied 
in the context of the LibreSource project, and which all 
concern open-source software developed in academia. For 
now, and since it is an on-going work, we apologize for 
designating them only with initials: we would notably like 
to preserve their anonymity until complete conclusions 
have been reached and disclosed to all relevant parties6.

- Technology A is a CAD tool for integrated 
circuit design at a very advanced stage of development. It 
has now reached wide recognition in its field, and is 
widely used in the academic community worldwide. 
However, it is not used by private companies, which 
prefer proprietary solutions and which have developed in-
house plug-in libraries adapted to their own specific 
circuit elements. However, Technology A is modular and 
globally interoperable with these proprietary solutions. 
Technology is essentially a research tool, and is 
considered to have been a key element to grant the team 
that developed it with a high academic standard, and to 
allow it to receive around 1 M€ per year in contractual 
research from industrial partners, which was notably used 
to pay for an engineer who maintained Technology A and 
supplied user support. Technology A’s licensing scheme 
was initially unclear, but it was later released under the 
GPL. 3 start-ups at least have been created in connexion 
with technology A, each of which has received VC 
funding. Two of them market circuits developed using 
technology A, i.e. research results obtained using A as a 
research tool, and the last one markets an improved 
closed and proprietary version of one of A’s components, 
also compatible with proprietary solutions. 

- Technology S is a tool for calculus and 
simulation at a very advanced stage of development. It is 
not completely modular, although dedicated toolboxes 
exist and are suited to specific needs. It is a direct 
competitor of a proprietary software solution that is in a 
monopoly situation, which benefits from a much greater 
number of specialized toolboxes, and with which it is not 
interoperable although S initially forked from the last 
open-source version of this other technology before it was 
closed and turned into a commercial product. S is released 
under a sui generis licence that grants the team which 
develops technology A with very strict control over 
contributions, and which does not guarantee explicit 
recognition for contributors. S is itself challenged by 
another open-source solution released under the GPL, and 
which is interoperable with their common proprietary 
competitor. A consortium of commercial users, mostly 

results, here on open-source technology transfer, early enough so that 
they can motivate further inquiries and further research. 
6 A more complete description will be included in the final LibreSource 
report (forthcoming in 2004). 
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big companies, has recently been set up, operated by one 
of the research institutions from which S originates, 
whose members pay an annual fee in exchange for 
premium services, and notably to see their suggestions for 
further development taken into proper account by the 
academic development team. In this context, technology 
S’s licensing scheme is about to evolve, though the 
eventual choice is not completely determined yet, 
possibly toward a dual GPL – LGPL scheme with LGPL 
rights being granted to members of the consortium. At 
least one start-up is a member of this consortium and 
plays the role a specialized integrator for technology S: a 
similar company exists in Germany but does not seem to 
be part of the consortium at least for now, contrary to a 
non-specialized company dedicated to open-source 
solutions but which is willing to develop a similar 
business. 

- Technology J is a J2EE compliant application 
server at a very advanced stage of development. It has for 
the last 3 years become part of a consortium supported by 
several major companies, and which regroups technology 
J together with a set of other components dedicated to 
related functionalities. The consortium is here also, as for 
S, a contract between users and the research institution 
from which the technology originates, according to which 
an annual fee is paid in exchange for premium services 
and notably inclusion of their expressed needs in 
upcoming versions. Most of the components regrouped in 
this consortium along with J are licensed under the GPL, 
including J, and the consortium plays a coordination role 
among them to try to foster interoperability and 
convergence. Numerous individuals, both academics and 
employees of various companies using J, and also several 
start-ups, are members of this consortium, together with a 
major systems integrator, which has partly embraced an 
open-source strategy, and for which technology J 
constitutes a key middleware component. The 
consortium’s web site is basically a repository for all 
these components, and has recently started to host yet 
another well-known middleware component. 

- Technology X is a desktop grid solution at a 
relatively early stage of development. It has been 
developed in the context of a successful PhD thesis and 
was from the beginning released under the GPL, although 
this licensing scheme does not seem to reflect a proper 
decision of the university under the auspices of which it 
has been developed. Technology X is in the process of 
rapidly achieving a wide recognition and installed 
academic worldwide. Several potential commercial users 
have already approached the team that maintains it and 
plans to continue to develop it with relatively pressing 
needs, and this team is therefore currently involved in 
several start-up projects. The business model of these 
start-ups is not completely determined yet, between a 
specialized integrator which would answer clients’ needs 

in the context of contracts which could otherwise have 
been directly passed through the university as research 
contracts, and a more ambitious component strategy 
which would be more competitive worldwide with other 
desktop grid solutions. 

- Finally, we would also like to add to this least 
another well-known example of open-source technology 
in the process of being transferred to commercial uses, 
namely the Globus technology for grid computing, 
denoted here as G for coherence reasons, as it has been 
studied recently in [9] and to which we would like to 
directly refer the reader. 

3. Preliminary Findings 

(i) Maintenance and governance. Academic labs 
and research institutions are generally willing to retain at 
least partial control over software maintenance and 
development using appropriate licensing schemes (S, G), 
or by creating consortia that they themselves more or less 
control (S, J), or simply by continuing to invest in the 
development and act as maintainers of the technology (all 
including A & X). The existence of consortia basically 
tends to balance pure academic leadership and to shift 
part of the authority to steering committees where both 
academics and users are represented. Consortia also seem 
to increase the number of non-academic users, sometimes 
although on a purely individual basis (J). 

(ii) Licensing. Very different licensing strategies 
have been and are being explored, and no general solution 
has emerged yet. However, viral licensing is now present 
is all projects we have studied. In this context, and this is 
clearly related to maintenance and governance issues 
mentioned above, we have found several examples of 
legal control over contributions brought by a 
centralization of rights in the licensing schemes: rights on 
contributions are to be given to the maintainer’s 
institution, contrary to pure GPL licensing which as a 
consequence does not prevent forking – although 
commitment strategies of academic research teams seem 
to play a counterbalancing role and are generally held to 
prevent it. The possible existence of software patents held 
by contributors can also be taken into account so that it is 
guaranteed that they will not be harmful to the maintainer 
and to the users of the technology. In addition, we have 
also found evidence of the desire of some contributors at 
least to be rewarded for their contributions and notably 
granted, although we have found no BSD-like clause. 
How licensing schemes could be designed both to allow 
for commercial exploitation and to correspond to the 
strategy of research teams is a major concern for several 
projects. 

(iii) Commercial partners and start-ups. Major 
companies (A, S, J, G) and start-ups (all) are present in 
most cases. As for major companies, they can be either 
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users (A, S, J) or systems integrators (J, G), and will deal 
with academic teams through one-to-one contracting (A 
and probably G) or through consortium agreements (S, J). 
As for start-ups, it is unclear whether their prevalence is 
an artefact due typically to the fact that IT technologies 
have been especially prone to start-ups creation during 
the recent years. However, we would like to conjecture 
here that access to open-source technologies, which are 
also more visible from outside academic communities and 
acquire more rapidly a larger, at least academic, installed 
base, is by construction associated with lower barriers to 
entry: as a consequence, open-source technologies born in 
academia are more suitable to be marketed by newly 
created specialized integrators, i.e. are specially prone to 
start-up creation. More, labs can here also be more 
attracted by partners whose bargaining power is relatively 
limited, meaning that the deals will be more in their 
advantage and that they will retain more control. 

(iv) Maintenance costs. In all cases, there is a more 
or less pressing need of academic players to find a way to 
finance maintenance costs, since higher education and 
research institutions experience difficulties in justifying 
long-term financial commitment of development work. 
These maintenance costs are sometimes paid for by 
contractual research attracted by the academic reputation 
that the team has earned notably due to its achievements 
in developing a powerful technology and obtaining good 
research results and academic leadership in its field (A 
specially and in some extent all others). Consortia partly 
play a similar role, but extend it by increasing the 
bargaining power of private actors i.e. by linking a fee 
paid by commercial entities to more influence on future 
developments. 

(v) Markets. Various market conditions characterize 
each of the technology we have studied: it can be 
characterized by a de facto standard (S), by a limited 
number of proprietary solutions (A) probably on the way 
to de facto standardization (J), or by a rapidly evolving 
competition (X) where the technology can be dominant 
(G). In the case of S, a previous technology transfer had 
been attempted, in traditional closed and proprietary 
mode, which did not meet success. Actually, these market 
conditions, and the characteristics of software markets, 
have most probably played a role in driving most of the 
technologies to an open-source technology transfer 
strategy, compared to a direct transfer of the technology 
in a non open-source mode (A, S, J at least). Due to 
market dynamics provoked by network effects and 
externalities, the real chances of a technology, specially 
when it is not among the early entrants but a latecomer 
and when it is not supported by considerable investments, 
to gain a fair share in a direct proprietary competition 
against other proprietary software producers are relatively 
low and hazardous. It is particularly so as soon as a de 
facto standard has already emerged from a former 

standard race (S, probably soon J), or an equivalent 
market structure with very high barriers to entry (A). In 
this respect, a technology born in academia can be a late 
comer for at least two different reasons: first, because it 
was developed in a pure academic context for years 
before the opportunity of commercial exploitation was 
really explored (J), or because a first and attempt has 
failed and a new one is launched several years later in 
completely different market conditions (S); and second, 
because this technology has often been created as a 
research tool, i.e. for the research team which develops it 
and the academic community to have access to an open-
source, easy-to-use, and quasi-free research tool, and 
therefore to avoid having to pay for expensive proprietary 
solutions whose sources are in most cases unavailable, 
even on a monetary basis, which renders academic work 
considerably more difficult, if not unfeasible (A). 
Whatever the reason – sometimes both could apply – 
proprietary technology transfer strategies would appear 
rather quixotic when it would be so, and the technology 
might experience a better diffusion trajectory and reach a 
larger installed base and a better global outcome 
(considering also the reputation reward for the research 
team), according to an open-source and even a software 
generics strategy, i.e. in playing the role of a software 
generic in its particular market. In parallel, supplementary 
indirect technology transfer strategies can be 
implemented and include selling components 
interoperable with the solutions that dominate the market, 
or exploiting of research results obtained by using the 
technology as a research tool (A). In this context, more 
recent technologies (X) are wondering whether they 
should immediately adopt a software generics strategy or 
if they have entered the market early enough to have 
other opportunities, i.e. if the tipping point of the standard 
race in their market is not too close they could for 
instance adopt strategies like the one that G has selected 
i.e. trying to play the role of an open-source de facto 
standard which most proprietary software producers now 
implement. 

(vi) Academic installed base. In most cases, these 
technologies are widely used in the academic world for 
teaching and research, and their academic installed base is 
much bigger than their commercial installed base. This is 
clearly due to the openness of their sources and to their 
being accessible for free. There is at least one major limit 
for this (S notably), which concerns interoperability with 
dominant proprietary solutions: the basic issue faced by 
higher education institution when they use an open-source 
alternative technology for teaching, is that students would 
have to learn later different procedures if it is not 
interoperable enough with the solutions which dominate 
the market, which significantly reduces their 
employability when it is so. 
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(vii) Modularity and design. Most technologies have 
some degree of modularity [1, 15], but still relatively 
imperfect. They are often said to be modular, but we have 
not been able to really obtain evidence of the extent in 
which modularity had concretely been achieved in their 
design, while in some cases it is even not completely clear 
whether modularity is implemented in the current version 
of the code or if plans exist to improve it in future 
versions. Other puzzling design characteristics include for 
instance the non-interoperability of S for instance, which 
harms its competitive power both against the existing 
proprietary standard and against its open-source 
competitor, even in the academic institutions in this last 
case. Clearly, imperfectly modular design has to do with 
the fact that modularity was less of a rule when the older 
technologies were designed. But we would also like to 
conjecture that design by academic teams also reflects the 
context and objectives according to which these 
technologies were initially conceived, namely, to serve as 
research tools or as research prototypes, without a proper 
taking into account of other and notably commercial 
considerations which could have pleaded for a more 
modular design and also for other kinds of specifications 
such as interoperability. Academic design, as we suggest 
to denote this phenomenon, is indeed a good candidate to 
explain some of the difficulties in technology transfer 
attempts, as the technology is not well adapted ex ante to 
commercial users’ needs, and the necessary investments 
to modify its design are thus all the more difficult to 
finance that initial design decisions are path-dependent. 
What we are basically suggesting is that technologies 
created in academia, often as research tools and 
sometimes as research prototypes, are simply initially 
designed in an academic way without taking into account 
other considerations, and that this design can render 
technology transfer more difficult i.e. more costly for any 
commercial entity which would be willing to attempt it. 

Another way to put it is to say that academic design 
significantly increases transfer costs and therefore the 
investments private actors have to make, including 
sustained contractual relations with the initial designers of 
the technology so as to benefit as much as possible from 
their skills and from the tacit and uncodified knowledge 
they possess, to create marketable products and processes. 
This phenomenon actually has a name in economics, 
although it does not usually apply to academic but to 
military technologies: it is called duality and characterizes 
the fact that military specifications imply characteristics – 
or design decisions in a more modern terminology – 
which do not correspond to civilian uses, hence creating a 
high transfer cost for so-called dual technologies . Here, 
transfer costs between academic and commercial use are 
probably be more limited but still exist and stand as a 
logical explanation for weak commercial use. 

Academic duality is a consequence of academic 
design: most technologies born in labs are created as 
research tools without any commercial strategy and are 
designed according to academic standards, and this 
applies also in a large extent to others research prototypes 
as the main motivation of scientists is to design them so 
as to earn reputation from their peers, therefore in line 
with specifications chosen independently by researchers 
according to the preferences of the academic community. 
A further consequence now is that contract research 
between academic and commercial partners can then be 
interpreted, at least in some cases, as reflecting an 
opportunity cost: the opportunity cost for the lab of 
adopting this or that design characteristic instead of the 
‘academic one’. Interested commercial partners can pay 
for these opportunity costs on a direct contractual basis, 
but this rationale is even more clearly reflected by their 
willingness to engage financially into consortia and to 
receive in exchange extra bargaining power on design 
decisions. However, they can most probably not afford 
these costs when it comes to modifying older design 
decisions7.

4. Reducing and organizing academic duality 

Academic design and academic duality tends to 
characterize software, and probably most scientific 
artefacts8, both research tools and prototypes, which 
creates structural technology transfer costs. Clearly then, 
ignoring academic duality in the design of technology 
transfer mechanisms would probably lead to repeatedly 
unsuccessful strategies. In this respect, we would like to 
suggest here a modest and tentative proposal for open-
source technology transfers: an open-source proposal 
indeed, which we hope will attract criticism and further 
contributions. Central in this proposal is the notion of 
organized and reduced duality, and it aims at structurally 
reducing technology transfer costs. The basic rationale is 
the following: 

4.1. Reducing academic duality for research tools 
and prototypes 

It could first be possible to optimize the early design
of prototypes, while completely respecting academic 
motivations. As soon as some of the characteristics of 
spontaneous or emerging academic design are not 
specified by the academic context, they should be 

7 At least not in a consortium where others would also benefit i.e. if they 
would not be able to appropriate returns sufficiently: a traditional public 
good dilemma, which exclusive rights can solve. 
8 This corresponds indeed completely to other personal experiences that 
both of us have acquired in various technology transfer offices and 
science-based incubators. 
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specified so as to reduce the future cost of technology 
transfer if such an opportunity would occur. This is 
especially important when choices made implicitly by 
researchers are particularly relevant for commercial 
exploitation, such as interoperability and standardization 
issues (see above). 

We believe that technology transfer offices within 
higher education and research institutions should have a 
policy about how to contribute in this respect: in any case, 
the earlier the better, to the limit that academic 
technologies are initially developed voluntarily by 
researchers in the context of their research projects 
without basically reporting to their host institutions. 
However, as soon as funding is sought by and allowed to 
research projects that involve prototyping or development 
of research tool, it could be easier to ask typically for an 
explicit design9.

It would be in the interest of researchers as it could 
allow them to attract more interesting and rewarding 
research contracts in the future. As a matter of fact, 
former research contracts and contacts with private actors 
could play a significant role in providing researchers with 
information that they do not possess about relevant 
characteristics for commercial design, and could 
sometimes even result in early research contracts for 
which industrial partners would pay to cover the 
opportunity costs which correspond to design changes 
compared to spontaneous academic design, without 
influencing otherwise academic strategies. 

Such a method for reducing academic duality is crucial 
for software, because design decisions such as 
interoperability are of special importance, and because 
software technologies need less capital investment to be 
developed and are often necessary and expected by peers 
to validate research work, which implies that software 
prototypes are often developed by researchers in 
academic contexts. However, it would clearly apply in 
other disciplines too, as soon as they engage in creating 
research tools, be they software or not, or in developing 
various prototypes. 

4.2. Organizing academic duality: dual versioning 
and dual licensing 

Complementarily to the former way of reducing 
academic duality, dual versioning could be a further 
method of organizing it and of reducing technology 
transfer costs. The basic idea is to allow for the 
coexistence of both an academic version and a 

9 A very interesting policy in this respect has been implemented by 
INRIA, which has a dedicated crew of developers who are assigned to 
academic projects on a fixed-term basis but who also remain under the 
supervision and depend upon the authority of the technology transfer 
office. 

commercial version, but to organize this coexistence in an 
efficient way: namely, reconciling versioning both in the 
economic sense (i.e. segmenting between markets with 
different products) and in the software engineering sense 
(allowing for different versions properly speaking). A 
way to do this is to open-source technology transfer and 
to use a double licensing scheme similar to those that are 
now been implemented by various open-source vendors10.

The academic version of technology T should be 
licensed under a viral license, which almost completely 
prevents any commercial use since it implies that any 
piece of software incorporating T should be under the 
same license, i.e. it would necessarily be open and could 
not be integrated with closed proprietary components: this 
licensing scheme therefore creates a credible threat, as 
soon as it is enforceable, which forces any private entity 
willing to sell closed software incorporating T to ask for 
another license which would typically include royalties 
and similar clauses11. There would therefore coexist an 
academic version which could typically be used as a 
research tool by any interested researcher in the world, 
and commercial versions while private actors would 
develop by integrating T with complementary proprietary 
module which would typically make T more efficient for 
commercial users, a typical such module of course having 
for instance to do with efficient user interface. 

A corollary is then that to successfully implement this 
scheme, rights have necessarily to be centralized i.e. 
given to an institution which is able to a) re-license them, 
notably to interested commercial partners b) represent a 
really credible threat for counterfeiters – remember that T 
is widely accessible in its open-source academic version –
: the latter is actually done by the FSF for numerous free 
software projects as it has been spontaneously granted 
rights by many contributors, but the FSF could on the 
contrary not involve in the former i.e. re-license any of 
these projects because it does not possess all the rights. 
As a consequence, the viral license will in this context, 
contrary to other dual licensing schemes, not be GPL-like 
but rather QPL-like (a license created and used for 
technology Qt) or GTPL-like (a license created and used 

10 About dual licensing, see e.g. [19, 22]. In shaping our views, we have 
also benefited from several discussions during the eScience workshop 
held in Oxford on May 2nd 2003, notably with Paul A. David, Rishab A. 
Ghosh and Tony Hey, after which [12] has suggested a different dual 
licensing scheme for publicly funded research, which would combine the 
GPL and a commercial licence, but which we fear would however 
unfortunately not be appropriate to academic technology transfers, as it 
would not technically speaking comply with the necessary centralization 
of rights and would not correspond either to the motivations of academic 
scientists for maintenance and for citations. 
11 If relevant, exclusive rights could be granted, notably to start-ups, to 
allow them to raise private funding and to invest more in the 
development of an efficient commercial version, provided of course a 
regular assessment is made of the extent of the exploitation they make of 
the technology with a return clause if exploitation falls below a given 
threshold, as is usually the case now for technology transfer. 
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for grid technology Globus) as both of these licenses have 
implemented clauses that guarantee the centralization of 
rights, even when rights owners would have filed patents. 

However, as soon as there is a crucial and pressing 
need to adopt a non-standard license, it might be useful to 
account also for several other features of open-source 
technology transfers as they have been presented above. 
The specifications of a new academic public license
(APL) could then include: (i) A BSD-like clause that 
would guarantees that contributors would be explicitly 
credited, and would therefore account for the motivations 
of scientists in a similar way as the GPL corresponds to 
the motivations of independent developers: in the 
academic world, these motivations specially have indeed 
to do with citations, and committing to credit 
contributions would attract more academic contributors; 
and (ii) a clause that would clearly specify applicable law 
and courts: all projects to which the academic public 
license would apply would then point to only one court, 
which would help this court to develop appropriate skills 
in such new, specialized and delicate matters. 

In this last respect, we would like to suggest that 
French law could have, in some extent, an interesting and 
distinctive feature here, as it does not rely on copyright
but on ‘droits d’auteur’: on ‘author rights’ (authoright?). 
Among those rights that authors possess are “moral 
rights”, which are specifically instituted by law as 
completely inalienable, meaning that they cannot be sold 
or abandoned, whatever way. As a consequence, granting 
all of their ‘other’ rights to a third party which would 
centralize them to re-license them according to a dual 
licensing scheme could then be counterbalanced for 
developers according to French Law by their retaining of 
their moral rights, and therefore by their being able to 
forbid exploitation under certain circumstances which 
would be strictly contrary to their motivations. This idea 
would certainly need further legal inquiries, but if it was 
so it would allow to re-implement simply in a dual 
licensing context the exact kind of ‘credible commitment’ 
mechanism [24] that we had suggested crucial to explain 
the success and sustainability of GPL’d ‘Libre’ software 
[7]. 

The design of such an academic license would also 
have the supplementary benefit of being in line with the 
astute suggestion [9] that modularity and standardization 
should be developed for technology transfer contracting. 
Indeed, the rights of the academic public license itself 
could be given to a relevant international institution, 
which would have the duty to maintain it in an open-
source way so as to adapt it to new and unexpected events 
and situations as they would inevitably occur, and which 
would make this institution a good candidate to suggest 
generic clauses for the other commercial part of the 
licensing scheme we are describing here. And it could 
also be granted all the rights of some projects at least, but 

in this case several academic and semi-academic 
institutions would also have direct incentives to play a 
centralizing role for this or that project. By the way, a 
commitment from these institutions to use a fair share of 
whatever revenues they would get from open-source 
technology transfers to finance new and further 
developments, and also new research projects, would 
certainly play a major role in attracting more projects and 
could also be instrumental in implementing a credible 
commitment mechanism between academic communities, 
their representative institutions, and private actors. These 
representative institutions could then easily be 
foundations, though higher education institutions could 
also directly play this role: on the contrary, it is highly 
probable that commercial entities or even consortia 
including commercial partners would not be able to 
guarantee an appropriate governance structure and a 
credible enough commitment to such an organized 
versioning – the risk being that both versions could 
converge to a single one to the detriment of the academic 
version. 

4.3. Organizing academic duality with a 
dedicated collaborative platform 

Still, this is most probably not enough, as we have 
seen that maintenance and governance were specially 
relevant issues for open-source software technology 
transfer. We would like to suggest that the use of a 
dedicated and well-adapted collaborative development 
platform could considerably help here, in providing a 
joint framework in which all kinds of consortia could 
work and be implemented, while at the same time 
basically reducing maintenance costs. 

First, different partners could maintain different 
modules separately. To put it differently, software could 
be designed to fit as best as possible with a dual 
architecture which could in itself reduce and organize 
academic duality: some modules would be academically 
maintained, while others would be commercially 
maintained. Organizing duality according to such a 
division of innovative labor, and shared maintenance,
would indeed correspond well to two different incentive 
and motivation systems: one associated with reputation 
and peer-review [8], which would focus more on 
algorithmic aspects and lower layer issues, and the other 
one with profit and the size of the market with a special 
emphasis on graphic user interfaces and similar 
functionalities [23]. Indeed, contributions to the academic 
components could even play a role similar to citations for 
academics and these modules would in a sense truly 
become software journals.

Such an architecture would obviously reduce 
technology transfer costs, and would fit also well with 
dual licensing, but organizing correctly such an improved 
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division of innovative labor needs an appropriate 
environment: all the more so when there are numerous 
partners, and when, as is always the case, perfect dual 
architectures do not exist, and there are interdependencies 
between modules which imply that teams still have 
interactions with each other’s work, that shared 
maintenance extends within modules, therefore 
generating transfer costs and potential conflicts, which 
only an appropriate governance structure which would 
combine authority and leadership with transparency
could help to solve efficiently. Indeed, transparency, i.e. 
an easy monitoring of decisions by all relevant parties, is 
all the more necessary here as the centralization of rights 
reduces the risk of forking, and hence puts less pressure 
on the quality of decisions taken by authorities. 

A simple way to implement all of this is to host 
development on a well-adapted collaborative 
development platform, which would also make decisions 
both visible and challengeable. Such a platform should be 
more distributed that CVS not only to simply make 
development more efficient, but also to accommodate 
concurrent development by several non-profit and for-
profit entities with different time horizons and workloads. 
More, it should be able to implement efficient user right 
management, including intellectual property right 
management, via an efficient tracking of author 
contributions. And it should be able to provide efficient 
conflict resolution procedures, notably for the file system. 

LibreSource is precisely being designed and developed 
as a distributed collaborative development platform to 
manage large collaborative academic and industrial 
software development projects involving academic and 
industrial resources. LibreSource possesses all the 
standard tools of a collaborative development platform, 
such as a project and user administration module, a Web 
interface, a bug tracking system, a forum, a wikki, etc. 
LibreSource also allows a high level of integration within 
network infrastructures (full compatibility with main 
firewalls), user environments (client side applications run 
through JavaWebStart), hosting services (Windows and 
Linux are supported, and LibreSource is fully based on 
J2EE-compliant technologies). In addition, LibreSource 
incorporates functionalities of flexible synchronization 
“DataFlow” using synchronization networks, a workflow 
engine “Bonita” allowing the implementation of complex 
specialised processes, and high-level synchronization and 
conflict resolution procedures [18]. 

5. Conclusion 

We have tried to suggest here that, if academic duality 
is largely inevitable in technology transfer situations, due 
to academic design, therefore contributing to increase 
technology transfer costs, it could be reduced and 
organized. Combined together, we believe that the 

suggestions presented above could integrate into a new 
framework which would significantly reduce and 
organize academic duality, and which would fit well with 
the various observations we have made about open-source 
technology transfer situations: about maintenance; 
licensing schemes; contracting with commercial partners, 
notably to support maintenance costs; market conditions; 
academic installed bases; and, last but not least, 
modularity and design issues for research tools and 
research prototypes. Needless to say, this framework does 
not solve all issues, notably those which have to do with 
its practical implementation in various market conditions, 
and thus with the need for different commercial partners 
and for suitable contractual arrangements: all of which 
will have to be practically dealt with in every specific 
situation by technology transfer office professionals. 
Finally, we would like to stress that, as they have been 
presented here, these ideas are mainly specific to 
software: however, we believe that similar suggestions 
could be made in other technology transfer situations, as 
for instance for biotech databases and for educational 
resources [4]. 
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Abstract

The relationships among modules in a software
project of a certain size can give us much information
about its internal organization and a way to control and
monitor development activities and evolution of large
libre software projects. In this paper, we show how
information available in CVS repositories can be used to
study the structure of the modules in a project when they
are related by the people working in them, and how
techniques taken from the social networks fields can be
used to highlight the characteristics of that structure. As
a case example, we also show some results of applying
this methodology to the Apache project in several points
in time. Among other facts, it is shown how the project
evolves and is self-structuring, with developer
communities of modules corresponding to semantically
related families of modules.

1. Introduction

Large libre software1 projects are usually organized as
a set of modules. Each one of them can correspond to a
given program, library, or any other unit identified by the
project as distinct. It is common that developers work in
several modules, according to their interests, skills, and
constraints, and that those modules to which they
contribute change over time. The relationships among
modules due to the people working in them constitutes a
sort of social structure of the project. In some sense,
those human relationships are the glue that maintain the
whole project together, and the chains that contribute to
spread information and uses from one part of the project
to others. In this paper, we explore how those developer
connections contribute to the making of the community
structure of the project, how it can be identified and
visualized and how it evolves over time.

The study and characterization of complex systems is a
very fruitful research area nowadays with may interesting
open problems. Special attention has been paid recently to
complex networks, where graph and network analysis

1 Through this position paper we mean by libre software any
program which is either open source software (according to the
Open Source Initiative definition) or free software (according to
the Free Software Foundation definition).

plays and important role and is gaining great popularity
due to its intrinsic power to reduce a particular system to
its simple components and relationships. Thanks to this,
network characterization is widely used in many scientific
and technological disciplines as neurobiology [1],
computer networks [2][3], linguistics [4], etc.

Among complex networks, social networks appear in a
quite natural way as a method for analyzing the structure
and interactions of people and groups of people within
complex organizations [5][6][7][8][9]. To understand the
structure of those networks, we are interested in
determining how the different nodes interact and form
groups that, in turn, interact with each other giving rise to
higher order groups. The set of groups obtained, as well
as their relationships, is which we call the community
structure of the network.

All the information we need for such an analysis is
available in the CVS repository of the project. Using it,
we construct the network of modules at a given time,
considering a link when there is a common set of
developers that have contributed to both modules. Later,
we apply on it some techniques from the social networks
field.

There have been some other works analyzing social
networks in the libre software world. [10] hypothesizes
that the organization of libre software projects can be
modeled as self-organizing social networks and shows
that this seems to be true at least when studying
SourceForge projects. [11] proposes also a sort of
network analysis for libre software projects, but taking
into account this time a technical connection between
modules as code dependency is.

How libre software projects organize themselves in
subprojects is an issue that has been already discussed in
literature. For instance, in [12] it is argued that projects
that require a number of core developers that is larger
than a given amount (10 to 15 persons) create in effect
several related projects if no other means of code control
are introduced. In the conclusions of this paper we will
discuss the validity of this hypothesis.

In the rest of this paper we detail the methodology we
are using to build the network of modules, and how we
identify communities in that network. Later, we show
some results of applying this methodology to the Apache



project, and present some conclussions and future lines of
work.

2. Methodology

The network which we use to identify communities is
built as follows. From the CVS repository we extract, for
each module, the list of people committing changes to it,
and the number of of those changes (commits) [13]. With
this list we compute, for each pair of modules, the set of
committers who have collaborated in both modules and
the number of commits they have contributed to them.
Using these data, we can build a network by considering
modules as vertices, and establishing a link among any
two vertices if the corresponding modules have common
committers. We use wheighted edges, with the wheight
being proportional (although not linearly) to the number
of commits that common authors have contributed2.

To obtain the community structure of the resulting
network, we perform community analysis based on the
Girvan-Newman (GN) algorithm [14] which has been
proved to be one of the most accurate3 (see Figure A-1),
and has already been successfully used to obtain the
informal collaboration network of organizations (showing
that it is self-similar [17]). The GN algorithm produces as
output a minimal binary expanding tree, in which we have
used colored4 vertices (modules) to show visually how the
extracted communities follow a certain pattern. The size
of a vertex is proportional to the size of the module in
LOC (lines of code), so that bigger modules can be
identified visually.

3. A case study: the Apache project

2 We have used other weights for the edges, for instance the number
of aggregated LOC (lines of code) committed by the common
developes instead of the number of commits. However, in the cases
we have studied the resulting networks are very similar.

3 Other different alternatives proposed in the literature for obtaining
the community structure of a social network can be seen in [15]
[16].

4 There exists a colored on-line version of this paper at
http://libresoft.dat.escet.urjc.es/html/downloads/woss-icse-2004.pdf

We have applied the described methodology to the
Apache project CVS repository. To color the nodes, we
have followed in general the naming conventions of the
project, which correspond to families of modules. That
way, we have used red for those modules related to the
HTTP server (apache/httpd), orange for those related to
modperl, green for XML related modules, dark blue for
Jakarta, light blue for Avalon, yellow for TCL-related
modules and black for generic modules like CVSROOT
(administrative files of the CVS repository) or the web
site (site).

Thanks to the coloring, it can be observed how the
project self-structures itself. For instance, in January,
1999 (Figure 1), modules related to modperl are seen only
in the upper-left branch, which means that those modules
have already some differences in authorship with the rest
of the project.

Later, in January 2000 (Figure 2), the community of
modperl modules is also clearly seen as a branch (in the
center of the figure). Meanwhile, a branch for Jakarta and
XML-related modules can be identified (left bottom).
Nine months later (Figure 3) Jakarta has differentiated
itself (two close branches at the bottom of the figure)
from XML-related modules (branch at the bottom right).

Illustration 1Structure January 1st, 1999

Illustration 2Structure January 1st, 2000

Illustration 3Structure September 1st, 2000



Illustration 4 Community structure of the Apache project. January 1st, 2002

Illustration 5 Community structure of the Apache project. February 1st, 2004



On the other hand, modperl modules are now spread
through several branches, mixed with the apache/httpd
modules (top part of the figure).

The figures in early 2002 and 2004 (Figure 4 and
Figure 5) show how modperl is still somewhat spread
through the project, while there are clear communities
(branches) for the apache/httpd (red, not too split in large
branches), Avalon (light blue, clearly differentiated as a
community), Jakarta (dark blue, present in several
different communities, intermixed with green, XML-
related modules) and Tcl related modules (yellow
community).

4. Conclusions and further work

In the Apache project, the structure seen after several
years of development is rather similar to that in early
1999, which seems to be the epoch in which it stabilized.
It is interesting to see how, even when the project grows a
lot during that time, the conservation of the structure
means that the pairs of nodes related by the developers
working on them remain more or less the same. In
addition, it is clear that developers tend to work in the
projects within its thematic community (apache/httpd,
Jakarta, TCL, Avalon, etc.), but even within these
communities there are clear differentiations (see for
instance the many large branches of the Jakarta-XML
modules).

One of the more impacting cases that come into view
through the evolution of the structure of the Apache
project is how apache/httpd-related modules (red) and
Jakarta-related modules (blue) represent separated
communities in the computed binary trees, in all dates
during the life of the project. Of course, technological
aspects are a key fact for understanding this (Jakarta is
mainly based in Java, while apache/httpd uses basically
C).

Regarding our methodology, we believe this technique
can be used to obtain and compare the community
structure of modules in large libre software projects.
From this structure, it can be inferred whether there are or
not strong communities within the projects, the evolution
of these communities, and their interrelationships. These
implications can be used to estimate information flow
within the project, collaboration patterns, and other
important characteristics of the project.

In comparison to previous works, such as [10] this
view is a step forward at least in the aspect of offering a
way to visually identify an affiliation network. Such a
classical network analysis would offer a graph as in
Figure 6, where the structure can be hardly infered.

Inspite of the findings in [12] this analysis does not
show an effective splitting of modules when the size of
the main contributing group exceeds a certain number of
persons. In fact, two other behaviours can be deduced: the
emergence of new modules around consolidated ones and
the specialization of developers in time (which can be can
be derivated by the fact that a branch splits in two).

This paper offers also a first dynamic vision of the
evolution of the structure, although future work on this
issue is pending, specially regarding relationships
between the different graphs in time.

A. The Girvan-Newman algorithm

When we apply to the network in Figure 7 the GN
algorithm, we get as output the tree in Figure 8, which
represents its community structure. The GN algorithm
proceeds by splitting the network recursively until single
nodes are left. The information about the community
structure of the original network can be deduced from the
topology of the binary tree that represents this splitting
procedure. Basically, each branch of this tree can be seen
as a community of nodes of the original network.

Illustration 8Example of the GN algorithm: input network

Illustration 6 "Classical" network analysis. Feb 1st 2004

Illustration 7 Example of GN algorithm: input network



The GN algorithm is based on a parameter called the
betweenness of edges, which measures the number of
shortest paths connecting pairs of nodes which go through
that edge [5]. Edges connecting high clustered
communities must have higher betweenness. So, the GN
algorithm proceeds by calculating the betweenness of all
edges and eliminating the edge with the highest
betweenness. These steps are repeated until the network is
split into two connected components. After that, the
process is recursively executed on each of the two
separate components. To represent the splitting process,
we use a binary tree which is built in the following way:
each time a split is carried out, we add a virtual node in
the tree (marked with numbers in Figure A-2) which is
connected to the two novel components. When these
components are single vertices of the original network,
we add them as terminal nodes of the tree (marked with
letters in Figure A-2).
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Abstract 
Large open source software development 

communities are quickly learning that, to be 
successful, they must integrate efforts not only 
among the organizations investing developers 
within the community and unaffiliated volunteer 
contributors, but also negotiate relationships with 
external groups hoping to sway the social and 
technical direction of the community and its 
products.  Leadership and control sharing across 
organizations and individuals in and between 
communities are common sources of conflict.  
Such conflict often leads to breakdowns in 
collaboration.  This paper seeks to explore the 
negotiation of these conflicts, collaborative 
efforts, and leadership and control structures in 
the Netbeans.org community. 

Keywords 
Collaboration, Conflict Negotiation, Leadership, 
Process, Open Source Software Development, 
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1. Introduction 

Is open source software development 
(OSSD)best characterized as being strictly 
cooperative, or as cooperative and in conflict at the 
same time [Easterbrook 1993]? Conflict clearly 
arises during sustained software development 
efforts [e.g., Sawyer 2001]. But previous studies of 
conflict associated with Internet-based 
communities has focused attention to that found in 
specific OSSD projects operating as virtual 
organizations [Elliott and Scacchi 2003], as non-
profit foundations [O'Mahony 2004], or in online 
discussion communities [Smith 1999]. None of 
these studies specifically help us understand the 
kinds of conflict, cooperation, and collaboration  

that arises or is needed to coordinate large-scale 
OSSD processes and effort in large project 
communities where corporate sponsorship may be 
a central facet of OSSD. 

 NetBeans.org is one of the largest  OSSD 
communities around these days [Jensen and 
Scacchi 2003]. Netbeans.org is a Java-focused 
OSSD community backed by Sun Microsystems 
devoted to creating both an integrated development 
environment (IDE) for developing large Java-based 
applications, as well as a platform for development 
of other software products.  Originally started as a 
student project in 1996, the Netbeans.org project 
was acquired and subsequently released as an open 
source community project by Sun, whose 
Netbeans.org team includes many of the 
community's core developers. While the issues 
presented here stem from observations in the 
Netbeans.org community, they are by no means 
limited to this community, nor have their 
challenges been insurmountable.   

Our discussion is two tiered.  First, we explore 
relationships arising in NetBeans.org on an intra-
community level.  Then, we look at relationships 
between communities like Netbeans.org and other 
communities and organizations.  

2. Intra-Community Issues 

   At least three kinds of issues arise within OSSD 
communities. These are collaboration, leadership 
and control, and conflict. 

2.1. Collaboration 

According to the Netbeans.org community 
Web site, interested individuals may participate in 
the community by joining in discussions on  
mailing lists, filing bug and enhancement reports, 
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contributing Web content, source code, newsletter 
articles, and language translations.  These activities 
can be done in isolation, without coordinating with 
other community members, and then offered up for 
consideration and inclusion.  As we’ll see, reducing 
the need for collaboration is a common practice in 
the community that gives rise to positive and 
negative effects.  We discuss collaboration in terms 
of policies that support process structures that 
prevent conflict, looking at task completion 
guidelines and community architecture. 

2.1.1. Policies and Guidelines 

The NetBeans.org community has detailed 
procedural guidelines1 for most common 
development tasks, from submitting bug fixes to 
user interface design and creating a new release.  
These guidelines come in two flavors: development 
task and design style guidelines.  In general, these 
policies are practiced and followed without 
question.  Ironically, the procedures for policy 
revision have not been specified.   

Precedent states that revisions are brought up 
on the community or module discussion mailing 
lists, where they are debated and either ratified or 
rejected by consensus.  Developers are expected to 
take notice of the decision and act accordingly, 
while the requisite guideline documents are 
updated to reflect the changes.  In addition, as some 
communities resort to “public flogging” for failure 
to follow stated procedures, requests for revision 
are rare and usually well known among concerned 
parties, so no such flogging is done within 
Netbeans.org.   

Overall, these policies allow individual 
developers to work independently within a process 
structure that enables collaboration by encouraging 
or reinforcing developers to work in ways that are 
expected by their fellow community members, as 
well as congruent with the community process.  

2.1.2. Separation of Concerns: an Architectural 
Strategy for Collaborative Success 

Software products are increasingly developing 
a modular, plug-in application program interface 
(API) architectural style in order to facilitate 
development of add-on components that extend 
system functionality.  This strategy has been 
essential in an open source arena that carries 
freedom of extensibility as a basic privilege or, in 
some cases, the right of free speech or freedom of 

1http://www.netbeans.org.org/community/gui
delines/

expression through contributed source code.  But 
this separation of concerns strategy for code 
management also provides a degree of separation 
of concerns in developer management, and 
therefore, collaboration.   

In concept, a module team can take the plug-in 
API specification and develop a modular extension 
for the system using any development process in 
complete isolation from the rest of the community.  
This ability is very attractive to third-party 
contributors in the Netbeans.org community who 
may be uninterested in becoming involved with the 
technical and socio-political issues of the 
community, or who are unwilling or unable to 
contribute their source code back to the 
community.  Thus, this separation of concerns in 
the Netbeans.org design architecture engenders 
separation of concerns in the process architecture.  
Of course, this is limited by the extent that each 
module in the Netbeans.org community is 
dependent on other modules.   

Last, volunteer community members have 
periodically observed difficulties collaborating 
with volunteer community members. For example, 
at one point a lack of responsiveness of the 
(primarily Sun employed) user interface team2,
whose influence spans the entire community, could 
be observed.  This coordination breakdown led to 
the monumental failure of usability efforts for a 
period when usability was arguably the most-cited 
reason users chose competing tools over 
Netbeans.org.  Thus, a collaboration failure gave 
rise to product failure.  Only by overcoming 
collaboration issues was Netbeans.org able to 
deliver a satisfactory usability experience3.

2.2. Leadership and Control 

Ignoring internal Sun (and third party) 
enterprise structure, there are five observable layers 
of the Netbeans.org community hierarchy. 
Members may take on multiple roles some of 
which span several of these layers. At the bottom 
layer are users, followed by source contributors, 
module-level managers, project level release 
managers (i.e. IDE or platform), and finally, 
community level managers (i.e. IDE and platform) 
at the top-most layer.  Interestingly, the 
“management” positions are simply limited to 
coordinating roles; they carry no other technical or 

2http://www.netbeans.org.org/servlets/ReadM
sg?msgId=531512&listName=nbdiscuss

3http://www.javalobby.org/thread.jspa?forumI
D=61&threadID=9550#top
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managerial authority.  The release manager, for 
example, has no authority to determine what will 
be included in and excluded from the release4.  Nor 
does s/he have the authority to assign people to 
complete the tasks required to release the product.  
The same is true of module and community 
managers.  Instead, their role is to announce the 
tasks that need to be done and wait for volunteers 
to accept responsibility.   

Accountability and expectations of 
responsibility are based solely on precedent and 
volunteerism rather than explicit assignment, 
leading to confusion of the role of parties 
contributing to development.  Leadership is not 
asserted until a community member champions a 
cause and while volunteerism is expected, this 
expectation is not always obvious.  The lack of a 
clear authority structure is both a cause of freedom 
and chaos in open source development.  Though 
often seen as one of its strengths in comparison to 
closed source efforts, it can lead to process failure 
if no one steps forward to perform critical activities 
or if misidentified expectations cause dissent.   

The difficulties in collaboration across 
organizations within the community occasionally 
brought up in the community mailing lists stem 
from the lack of a shared understanding leadership 
in the community.  This manifests itself in two 
ways: a lack of transparency in the decision making 
process and decision making without community 
consent.  While not new phenomenon, they are 
especially poignant in a movement whose basic 
tenets include freedom and knowledge sharing. 

2.2.1. Transparency in the Decision Making 
Process 

In communities with a corporately backed core 
development effort, there are often decisions made 
that create a community-wide impact that are made 
company meetings. However, these  decisions may 
not be explicitly communicated to the rest of the 
community.  Likewise private communication 
between parties that is not made available on the 
community Web space or to the forwarded to other 
members is also hidden.  This lack of transparency 
in decision-making process makes it difficult for 
other community members to understand and 
comply with the changes taking place if they are 
not questioned or rejected.  This effect surfaced in 
the Netbeans.org community recently following a 
discussion of modifying the release process [cf. 

4http://www.netbeans.org.org/community/gui
delines/process.html

Erenkrantz 2003]5.

Given the magnitude of contributions from the 
primary benefactor, other developers were unsure 
of the responsibility and authority Sun assumed 
within the development process.  The lack of a 
clearly stated policy outlining these bounds led to a 
flurry of excitement when Sun members 
announced major changes to the licensing scheme 
used by the community without any warning.  It 
has also caused occasional collaboration 
breakdown throughout the community due to 
expectations of who would carry out which 
development tasks.  The otherwise implicit nature 
of Sun's contributions in relation to other 
organizations and individuals has been revealed 
primarily through precedent rather than assertion. 

2.2.2. Consent in the Decision Making Process 

Without an authority structure, all decisions in 
development are done through consensus, except 
among those lacking transparency.  In the case of 
the licensing scheme change, some developers felt 
that Sun was within its rights as the major 
contributor and the most exposed to legal threat 6

while others saw it as an attack on the "democratic 
protection mechanisms" of the community that 
ensure fairness between participating parties7.  A 
lack of consideration and transparency in the 
decision making process tend to alienate those who 
are not consulted and erode the sense of 
community. 

2.3. Conflict Resolution 
Conflicts in the Netbeans.org community are 

resolved via community discussion mailing lists.  
The process usually begins when one member 
announces dissatisfaction with an issue in 
development.  Those who also feel concern with 
the particular issue then write responses to the 
charges raised.  At some point, the conversation 
dissipates- usually when emotions are set aside and 
clarifications have been made that provide an 
understanding of the issue at hand.  If the problem 
persists, the community governance board is tasked 
with the responsibility of resolving the matter. 

5http://www.netbeans.org/servlets/BrowseList
?listName=nbdiscuss&by=thread&from=19116&t
o=19116&first=1&count=41

6http://www.netbeans.org.org/servlets/ReadM
sg?msgId=534707&listName=nbdiscuss

7http://www.netbeans.org.org/servlets/ReadM
sg?msgId=534520&listName=nbdiscuss
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The governance board is composed of three 
individuals and has the role of ensuring the fairness 
throughout the community by solving persistent 
disputes. Two of the members are elected by the 
community, and one is appointed by Sun 
Microsystems. The board is, historically, a largely 
superficial entity whose authority and scope are 
questionable and untested. While it has been 
suggested that the board intercede on a few rare 
occasions, the disputes have dissolved before the 
board has acted. Nevertheless, board elections are 
dutifully held every six months8.

Board members are typically prominent 
members in the community.  Their status carries 
somewhat more weight in community policy 
discussions, however, even when one member has 
suggested a decision, as no three board members 
have ever voted in resolution on any issue, and 
thus, it is unclear what effect would result.  Their 
role, then, is more of a mediator: to drive 
community members to resolve the issue amongst 
themselves.  To this end, they have been effective. 

3. Inter-Community Issues 

   At least three kinds of issues arise across OSSD 
communities. These are communication and 
collaboration, leadership and control, and conflict 
resolution. 
3.1. Communication and Collaboration 

In addition to their IDE, Netbeans.org also 
releases a general application development 
platform on which the IDE is based.  Other 
organizations, such as BioBeans and RefactorIT 
communities build tools on top of or extending the 
NetBeans platform or IDE.  How do these 
organizations interact with Netbeans.org, and how 
does Netbeans.org interact with other IDE and 
platform producing organizations?  For some 
organizations, this collaboration may occur in 
terms of bug reports and feature requests submitted 
to the Netbeans.org issue-tracking repository.  
Additionally, they may also submit patches or 
participate in discussions on community mailing 
list or participate in the Netbeans.org “Move the 
Needle” branding initiative.  Beyond this, 
Netbeans.org participates in the Sun sponsored 
Java.net meta-community, which hosts hundreds of 
Java-based OSSD projects developed by tens of 
thousands of individuals and organizations.   

A fellow member of the Java.net community, 

8http://www.netbeans.org.org/about/os/who-
board.html

the Java Tools Community, considered by some to 
be a working group9 for the Java Community 
Process, is an attempt to bring tool developers 
together to form standards for tool interoperability.  
Thus Netbeans.org, through its relationship with 
Sun, is a collaborating community in the 
development of, and through compliance with, 
these standards, and looks to increasing 
collaboration with other tool developing 
organizations. 

3.2. Leadership and Control 

OSSD generally embrace the notion of choice 
between software products to build or use.  At the 
same time, developers in any community seek 
success for their community, which translates to 
market share.   

  In some cases, communities developing 
alternative tools do so in peaceful coexistence, 
even collaboratively.  In other cases, there is a 
greater sense of competition between rivals.  
Netbeans and its chief competitor Eclipse (backed 
largely by IBM) fall into the latter category.  
Eclipse has enjoyed some favor from users due to 
performance and usability issues of Netbeans, as 
well as IBM's significant marketing and 
development resource contributions.  Yet, they 
have a willingness to consider collaborative 
efforts to satisfy demands for a single, unified 
IDE for the Java language that would serve as a 
platform for building Java development tools and 
a formidable competitor to Microsoft's .NET.  
Ultimately, the union was defeated, largely due to 
technical and organizational differences between 
Sun and IBM10, including the inability or 
unqillingness to determine how to integrate the 
architectures and code bases for their respective 
user interface development frameworks (Swing 
for NetBeans and XXX for Eclipse). 

3.3. Conflict Resolution 

Conflicts between collaborating communities 
are resolved in similar fashion to their means of 
communication- through discussion between Sun 
and Eclipse representatives, comments on the 
Netbeans.org mailing lists, or other prominent 
technical forums (e.g. Slashdot and developer 
blogs).  Unfortunately, many of these discussions 

9http://www.internetnews.com/dev-
news/article.php/3295991
10http://www.adtmag.com/article.asp?id=8634,
and 
http://www.eweek.com/article2/0,1759,1460110,0
0.asp
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occur after the collaborating developer has moved 
away from using Netbeans.org (often, in favor of 
Eclipse).  Nevertheless, the feedback they provide 
gives both parties an opportunity to increase 
understanding and assists the Netbeans.org 
community by guiding their technical direction. 

4. Discussion 

Generally, volunteer Netbeans.org developers 
expect Sun to provide leadership but not control.   
People outside the community (e.g. users, former 
users, and potential users) often voice their 
concerns in off-community forums (e.g., Slashdot, 
blogs, etc) rather than NetBeans.org community 
message boards, due to accountability or visibility 
barriers (creating an account, logging in accounts), 
small as they may seem to be. In addition, such 
message forums may not be a part of such an 
individual’s daily work habits- they’re more likely 
to visit a site like Slashdot.org than the 
Netbeans.org forum because they are not interested 
enough in staying abreast of Netbeans  
developments or participating in the community.  
Nonetheless, people working in, or interested in 
joining or studying OSSd projects, must address 
how best to communicate and collaborate their 
development processes and effort, how to facilitate 
or ignore project leadership and control, and how to  
work you way through conflicts that may or may 
not be resolvable by community participants. 

Overall, we have observed three kinds of 
coordination and collaborating issues arise within 
OSSD project communities, and three similar kinds 
of issues arise across OSSD communities. Previous 
studies of conflict in either OSSD projects have 
examined either smaller projects, or in virtual 
communities that do not per se develop software as 
their focus. As corporate interest and sponsorship 
of OSSD stimulates the formation of large projects, 
or else the consolidation of many smaller OSSD 
projects into some sort of for-profit or not-for-
profit corporate enterprise for large-scale OSSD, 
then we will need to better understand issues of 
collaboration, conflict, and control in OSSD. 
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Abstract
Open source projects are characterized by their 

distributed developers, openness, and use of a 
community-based development process. Successful open 
source projects such as Apache, Linux, and PHP have a 
web-based Collaborative Development Environment 
(CDE) that provides source code repository access, 
knowledge management, discussion lists, bug tracking,   
and user support. Distributed software development is 
also increasingly common for commercial software 
projects, and benefits from using web-based CDEs. 
GForge, derived from the SourceForge package, is an 
open web-based CDE that is seeing widespread open 
source and commercial use. To support remote authoring 
of web pages and file contents, as well as remote source 
code access, GForge uses several network protocols, 
including SSH/SFTP, CVS pserver, and FTP. These 
protocols inevitably introduce security risks and add 
administrative work. We modified GForge to eliminate 
use of FTP, SSH/SFTP, and CVS protocols, using instead 
a WebDAV-based integration. The new CDE, called 
Davenport, uses only the HTTP/WebDAV protocol, and 
HTTP/WebDAV replaces the other protocols without 
sacrificing functionality. In this paper we describe the 
architecture and features of Davenport, and show how 
WebDAV replaces existing network protocols. We discuss 
the future development directions of CDEs including 
integration of client side IDEs and using a CDE as a 
software test bed.  

1. Introduction
Most successful open source projects are community-

based, consisting of groups such as lead developers, 
committers, bug reporters, and users [1]. The community 
members work in a distributed environment, and have 
few, if any, face-to-face meetings. One key challenge of 
distributed development is communication among 
developers; one study reports that distributed work takes 
twice as long as collocated work due to communication 
issues [2].  

To facilitate communication among the distributed 
developers in open source projects, various software 
development and collaborative tools are required. 
Software Configuration Management (SCM) tools such as 
CVS [3] are necessary to control source code, allow 

changes to be made in isolation from other developers,  
and raise awareness of source code changes. To share 
ideas and store project knowledge, a discussion forum or 
mailing list is useful. A bug or issue tracking system is 
necessary to keep track of defects or new issues. Metrics 
such as download and page visit counters are helpful to 
estimate the number of users and popularity of the project. 
To advertise the project and to support users, a project 
homepage is essential. 

Many open source project have a web-based, portal-
style collaborative development environment (CDE) 
which integrates project tools. These web-based CDEs 
are a key part of active open source projects. For example, 
Apache [4] and PHP [5] projects have web-based CDEs 
which include CVS, a CVS viewer, a discussion forum, a 
mailing list, a bug tracking system, and a project 
homepage. The success of SourceForge [6], a web-based 
CDE hosting site, also highlights the importance of CDEs.  

Commercial software development projects sometimes 
involve globally distributed teams, and can benefit from 
web-based CDEs. Several SourceForge-like CDEs have 
been developed to support distributed commercial 
projects, such as Source Cast [7], SourceForge Enterprise 
edition [8, 9], and GForge [10]. 

GForge provides a range of typical CDE services, 
including a project homepage, discussion forum, mailing 
list, user access control, bug tracking, a file release 
system, and CVS [10]. GForge is widely used in open 
source communities and software development companies 
including the Helix Community, Korean Linux document 
project, Philips, Thompson Financial, and NASA 
Goddard Space Flight Center [10]. 

To support CVS, homepage authoring, and the file 
release system, GForge makes use of several network 
protocols such as LDAP, FTP, SSH/SFTP, CVS pserver 
as well as HTTP. It raises security risks and 
administrative burdens.  

The use of multiple protocols means that GForge must 
have multiple protocol servers running simultaneously. 
Each server is a separate code base, with its potential for 
security exploits. Hence, the more servers used by a CDE, 
the higher the chance for security holes. User login via 
SSH is especially risky due to the ability to have direct 
file system access, and the risk of users elevating their 
privilege illegally after system login [11]. 
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Running several protocol handlers and servers requires 
additional administrative effort. An administrator must 
check if all servers are working well and ensure the 
services are running normally. If there are two or more 
data repositories that must be synchronized, e.g. DBMS 
and LDAP, it increases administrative work significantly. 
When these repositories are out of sync or fail to work, 
the administrator has to manually synchronize them. 
Additionally, the administrator must backup all 
repositories, and making consistent backups is a challenge 
across multiple repositories.  

Collecting metrics requires more effort in a multi-
server environment. For example the log files for 
SSH/SFTP, FTP, CVS, and HTTP are in different formats 
and in different locations. As a result, gathering metrics 
from all protocol handlers or servers requires a special log 
parser and analyzer for each of the log formats.   

It would be beneficial to have all remote accesses to 
the CDE performed over one protocol with one 
administration interface, while eliminating the system 
login privileges to access the CDE server. Luckily such a 
solution exists today: the WebDAV protocol suite [12].  

WebDAV is an extension to HTTP that enables 
distributed authoring and versioning [12]. WebDAV can 
replace FTP, SSH/SFTP, and CVS protocols, allowing 
CDEs to support their normal remote authoring and 
source code access functions using only HTTP/WebDAV.  

WebDAV provides a superior webpage authoring 
mechanism as compared to direct file editing using SSH 
and a text editor, and eliminates the need for shell access 
to the CDE.  Several well-known web content editors, 
including GoLive and DreamWeaver, already support 
WebDAV, and various WebDAV clients are available. 
File transfer using HTTP/WebDAV is trivial, and all 
major operating systems have native WebDAV drag and 
drop file upload/download capability. Subversion, a 
WebDAV based SCM, can be used as the SCM 
repository without adding a new server by configuring the 
Apache web server [13]. The unified and congregated 
HTTP log for homepage access, web authoring, file 
transfer, SCM usage, and CDE usage enables a CDE to 
provide abundant and detailed data to calculate metrics.  

In this paper, we describe the architecture and features 
of Davenport, our WebDAV/Subversion-enabled version 
of GForge. We show how WebDAV can replace other 
protocols used in GForge without sacrificing existing 
functionality.  

2. Rationale of WebDAV Unification
In this section we discuss the rationale of using 

WebDAV on top of GForge.  

2.1. GForge

GForge uses a database to store most project 
information, including users, forums, bug tracking, and 
document data. The web interface is written in PHP [5], 
and the PHP functions interact with the database, Apache 
web server, and LDAP server. The simplified GForge 
architecture is depicted in figure 1. 
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CVS
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Figure 1. GForge Architecture. Protocol handlers are 
shown in gray. 

To support homepage authoring and the file release 
system, GForge supports FTP and SSH/SFTP protocols. 
These protocols use a programmable authentication 
module with LDAP so that information authentication is 
performed by checking LDAP database instead of the 
/etc/passwd file for valid user id and password.  

The CVS repository can be accessed through SSH 
tunneling using the same user id and password as for 
straight SSH, and CVS pserver is used to allow 
anonymous CVS access. In the backend, there are several 
UNIX crontab jobs synchronizing the database and LDAP, 
creating new CVS modules, creating group directories, 
gathering statistics data, etc.   

As we have shown above, GForge uses several 
protocols and servers to provide its services. If there is a 
protocol that can handle all the capabilities provided by 
HTTP, SSH/SFTP, FTP, and CVS in GForge, it would 
reduce administrative work and security risks. WebDAV 
is such a protocol. We introduce WebDAV and compare 
it with other protocols in the next section. 

2.2. WebDAV 
WebDAV is a suite of protocol extensions to 

HTTP/1.1 [14] that supports collaborative authoring, 
namespace management of resources, setting and 
retrieving of metadata properties, access control, and 
resource versioning on remote web servers [12, 14]. The 
suite includes the DeltaV (versioning) [15], DASL 
(searching) [16], ACL (access control) [17], and 
WebDAV core (authoring) [12] protocols.  

The WebDAV core protocol (RFC2518) enables users 
to create, modify, and delete resources or collections on a 
WebDAV server. WebDAV’s concurrency control 
mechanism, whole resource locking, prevents overwrite 
conflicts during authoring. DeltaV is a versioning and 
configuration management protocol, and Subversion [13] 
uses WebDAV/DeltaV as a transport protocol. For a CDE 
like GForge, WebDAV can replace SSH/SFTP and FTP, 
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since it supports remote resource authoring functionality. 
CVS also can be replaced by Subversion, a version 
control system based on the WebDAV/DeltaV protocol 
[13]. The overview comparison between WebDAV and 
other protocols is shown in table 1. 

Table 1.  Protocol Feature Comparison 

Feature FTP SSH CVS WebDAV 
remote web 
authoring

remote file upload 
versioning 

Concurrency control 
(versioning) 

concurrency control 
(web authoring) 

Secure connection 

2.3. WebDAV vs SSH/SFTP/FTP
For homepage authoring and file transfer, GForge uses 

SSH/SFTP and FTP protocols. This practice is susceptible 
to security attacks. For example, several years ago, 
Apache Software Foundation and SourceForge servers 
were compromised due to a weakness in the SSH daemon 
[11]. Once an intruder achieves shell access, it is possible 
to illegally elevate privileges using the weaknesses of 
operating systems. 

Let’s consider a scenario, in which developers want to 
edit some project HTML files on a GForge server. With 
the SSH support in GForge, developers login to the server, 
and use a text editor on the server to edit the HTML files. 
In this case, it is hard to use specialized HTML editors 
such as GoLive or DreamWeaver. An alternative way is 
to download HTML files onto each developer’s local disk, 
edit them using a HTML editor, and then transfer the 
changed HTML files to the server using SFTP or FTP. 
This process requires inconvenient extra work, and it can 
also introduce the lost-update problem when several 
developers transfer their data simultaneously to the server. 

When using WebDAV instead of SSH/SFTP and FTP, 
these problems go away. WebDAV has a well-defined 
concurrency control mechanism: lock and unlock. There 
are already many WebDAV-compliant HTML editors 
such as DreamWeaver, GoLive and Adobe Photoshop. 
Windows, Linux, and Mac OS support WebDAV at the 
filesystem level, so developers can even mount a server-
side Davenport homepage area as a local disk.  

Overall, WebDAV provides superior homepage 
authoring, and it can replaces SSH/SFTP and FTP in 
GForge, so that the administrative tasks and security risks 
are reduced.

2.4. Subversion vs CVS  

The Subversion project was started to improve the 
functionality and fix the shortcomings of CVS. Use of  
Subversion confers many benefits as compared to CVS, 
including directory versioning, better concurrency control, 
and property support [13]. Subversion also addresses a 
long standing CVS issue: resource renaming in CVS 
causes loss of change histories. That is, when we change 
a resource’s name or move a resource from one directory 
to another, CVS loses the version history of the resource, 
while Subversion keeps all history of renamed or moved 
resources. Subversion also supports data import and 
export functionalities like those of a DBMS.  

Subversion eliminates the need for a specific protocol 
for SCM, such as CVS pserver or SSH tunneling. 
Subversion uses the WebDAV/DeltaV protocol, so it is 
possible to reuse the existing HTTP server in Davenport.  

3. Davenport
In this section, we introduce the architecture of our 

WebDAV integration, Davenport. The Davenport 
architecture is shown in Figure 2. The additional features 
are also described. 

Apache
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PHP
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Mod_gforge

Mod_php
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Repository

Figure 2. Davenport Architecture. The protocol 
handler, (Apache HTTP server), is shown in gray. 

3.1. Architecture 
We added the WebDAV integration using mod_dav 

[18] so that developers can author the project homepage 
using the WebDAV protocol rather than using SSH/SFTP 
or FTP. We also added a Subversion integration using 
mod_dav_svn [13]. 

For homepage authoring or source code check-in, a 
suitable permission is required. For example, only the 
member of a group should be able to change the source 
code of the group. To support HTTP authentication for 
WebDAV and Subversion, we wrote an Apache 
authentication module, mod_gforge, which retrieves user 
id/password information from a web browser, and 
compares it with the id/password record in the database to 
verify the user authentication.  

Mod_dav, mod_dav_svn, and mod_gforge enable 
Davenport to replace SSH/SFTP, FTP, CVS and LDAP. 
Davenport uses the Apache HTTPD server for the web 
service, WebDAV, and Subversion.  
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Though adding new features and a new module, 
mod_gforge, may introduce new security risks, we 
believe this approach introduces much less risk compared 
to using multiple servers. Using WebDAV/Subversion 
integration improves GForge in several ways. First it 
reduces the number of different protocols supported; 
Davenport only needs to open ports for HTTP(S), which 
reduces administrative work and security risks. Second, 
Davenport reuses HTTP and its related technology such 
as basic authentication and SSL transport encryption. 
Third, the unified and aggregated HTTP log enables 
Davenport to provide detailed metrics. Finally, WebDAV 
and Subversion provide a superior authoring and version 
control environment.  

3.2. Additional Features  
In addition to the WebDAV/Subversion integration, 

we also added several new features, including SCM 
metrics, Subversion import/export, and Wiki discussions.  

Gathering metrics about the project status and process 
is one of the major functionalities of SCM. For every 
project in Davenport, Subversion serves as a repository 
that records the status of all the components and SCM 
activities of the developers. Davenport collects project 
metrics, including commit numbers by each developer, 
the sum of lines changed by each developer, the commit 
number of each file, and the lines changed for each file, 
for a given period. With the help of these SCM metrics, 
displayed as graphs, the project members can supervise, 
analyze, and manage the development process, view the 
project metrics over time, and gather insight into each 
developer’s work and status. The developers can also be 
aware of his/her peer developers’ activities, as well as the 
whole status of the project. 

One of the most frequent requests on SourceForge [6] 
is to import an existing CVS repository into SourceForge 
and to delete a specific module in CVS. Subversion 
handles this latter problem, and Davenport provides a 
web-based interface for Subversion’s repository import 
function. A project administrator can upload a Subversion 
dump file and Davenport will automatically load the file 
into the Davenport Subversion repository. 

Wiki is useful for discussion and scratch areas. Unlike 
mailing lists or discussion forums, Wiki provides simple 
and easy collaborative editing functionality through a web 
interface without using a special client. A good use of 
Wiki is sharing ideas or authoring frequently changing 
documents, such as a FAQ or TODO list. Davenport 
provides a separate Wiki space for each project using the 
virtual Wiki functionality in MoniWiki [19]. 

3.3. Administrative Improvement 
Davenport only uses the HTTP/WebDAV protocol, 

and the administrator needs to monitor an httpd server. 

There is no need to configure other servers such as LDAP 
or CVS. If there is need to restart servers, the 
administrator just needs to stop and start the httpd server. 
There is no need to synchronize DBMS with any other 
data repositories.   

4. Current Experience 
We are hosting 15 class and lab projects with 40 

registered users using Davenport at University of 
California, Santa Cruz [20]. For class projects, students 
are required to write design and requirement documents, 
as well as UI prototypes, test cases, and their project 
source code. Usually a project group consists of three or 
four students. They use the Wiki to write project 
documentation, author their project homepage using 
WebDAV, and use document management to upload and 
store their documents. They use Subversion daily to store 
source code and keep all changes. An instructor also 
creates a group for the whole class, and uses it to share 
information about lectures and projects using Wiki pages, 
discussion forums and news. There is no need or 
requirement to support SSH/SFTP, FTP, or CVS access, 
and without those protocol supports, Davenport satisfies 
all needs for developers as a CDE.  

5. Future Directions for Davenport 
IDE integration is a high-priority planned activity of 

Davenport. So far, Davenport only provides Web 
interfaces for users to access most of its functionalities. 
This is not very convenient for developers who spend 
their time working in client-side IDEs like Eclipse. In our 
future work, we wish to build a seamless integration 
between Eclipse and Davenport. Here are several steps 
we will take. 

First, a WebDAV client will be integrated into Eclipse 
to access the resources in the WebDAV repository in 
Davenport. Second, a Subversion client will be integrated 
into Eclipse to access the resources in the Subversion 
repository in Davenport. Third, we will build SOAP 
services into Davenport for most of its functionalities, 
such as mailing lists, news, task managers, bug tracking, 
Subversion metrics graphs, diaries and notes. 
Accordingly, SOAP client libraries will be developed for 
these Davenport SOAP services and these libraries will be 
integrated into Eclipse. 

If the users write requirements documents or design 
documents with Wiki in Davenport, some mechanism 
should be built to allow the user to browse both the 
structure and contents of these documents in Eclipse. In 
this way, the users can read the requirements documents 
or design documents conveniently while coding, and 
document-to-code relationships can be established and 
saved. 
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To evaluate software tools and development process, 
empirical measurement and feedback are very useful. In 
that sense, CDEs can serve as a software engineering 
research test bed. If a research group develops a new tool, 
to improve the software development process, how can 
we validate this tool? Also if a research group develops a 
new software development process, how do we know the 
new process is better than others? The new tool or new 
process can in some cases be integrated into a CDE, and 
the CDE can collect metrics on the process or tool. To 
support this, the CDE has to have a fully pluggable 
architecture so that authorized groups or developers can 
add their own tools or process control on top of the CDE. 
Also, the CDE must provide detailed awareness 
functionality. 

6. Related Work 
Tools and environments are basic aids for software 

development, and have existed since the early days of 
computer programming [21]. From UNIX shells to IDEs, 
development environments keep evolving. We discuss 
web-based CDEs in this section.  

SourceForge Enterprise Edition [8] is a commercial 
web-based CDE package which is a derived from 
SourceForge.net [6]. Based on the SourceForge package, 
it adds several features, such as calculating metrics and 
enhancing interoperability. Still, it uses several dedicated 
network protocols, such as CVS and SSH/SFTP, which 
can be replaced by WebDAV. 

Source Cast from CollabNet [7] is another commercial 
web-based CDE. Instead of supporting SSH/SFTP, it uses 
CVS areas for homepage storage. Each project has a 
special CVS module called www, and developers can 
check web resources into the CVS module to author the 
project homepage. Since CollabNet supports several 
Subversion developers, it seems likely they will integrate 
Subversion into Source Cast in the near future. 

7. Conclusions  
We have described the architecture of GForge and 

Davenport and how WebDAV can replace other protocols 
without sacrificing existing functionalities. Such 
WebDAV-based CDEs are more secure, reduce 
administrative overload, and can get benefits from many 
other WebDAV-aware tools.  

Since WebDAV supports a superior environment for 
webpage authoring and version control environment, and 
reduces security risks and administrative work without 
sacrificing existing CDE functionality, we believe web-
based CDEs should use WebDAV instead of several other 
protocols. Furthermore, the WebDAV protocol suite 
including DASL (searching), ACL (access control), is 
able to provide searching and detailed access control 
functionality for WebDAV-based CDEs, thus providing a 

more functional, standard-based platform for future 
extensibility. 
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Abstract
Current literatures on organization innovation 
do not investigate the innovation model which is 
composed of “network between individuals”. 
Therefore, this study proposes the concept of the 
“User Collaboration Community”, tries to 
understand this new phenomenon by conducting 
OSS project is the subject of this analysis, 
borrows the observation variables and 
propositions adopted by Mintzberg on structures 
of the innovative organization. This study further 
infers the conceptual framework and a series of 
hypothesis on the organizational structure of the 
user collaboration community. We expect that the 
proposition of this hypothesis will function as a 
concrete description and presentation of the 
innovation model of the “User Collaboration 
Community”. 

1. Introduction 

Current literatures on organization innovation 
do not investigate the innovation model which is 
composed of “network between individuals”. 
How is the organizational structure of the 
innovation model operated? Can the current 
organization models and theories explain or 
describe the organization platform of the “user 
collaboration community”? Therefore, this 
research will pinpoint the deficiencies of these 
literatures and try to answer these questions. This 
study first conducts a brief review of some 
important scholar’s research frameworks and 
observation variables for innovative 
organizations. After a comparison, this study 
decides to adopt Mintzberg’s observation 
dimensions and propositions on the innovative 
organization as a basis for studying the formats 
of the organization platform of the user 
collaboration community, and also adopt three 
open source software projects as subjects for 
analysis.

This structure of this article is as follows: 
Section 2 is a literature review. Section 3 
proposes the conceptual framework of the 
organizational structure of the user collaboration 
community. Section 4 is data collection and 
analysis, and Section 5 is the conclusion.

2. Literature review 

The review of related literatures on 
organization innovation indicates that most 
literatures focus on innovation behaviors and 
determination factors for innovation adopted 
“inside an organization”, emphasizing long-term, 
cumulative, durable innovation within one 
organization. In other words, it is organization 
innovation at the firm level, such as 
self-organization form [20], heavyweight 
development team [2], spider web organization 
[21], hypertext organization [19], fractal 
organization, practice community [1,25], 
strategic community [22], and global research 
network [6,11], etc.; In addition, many literatures 
also discuss innovation models of network 
relationships formed by organizations and similar 
organizations in the external environment, 
focusing on flexibility and combination. 
Knowledge accumulates in each actor. The 
innovation is achieved through the combination 
of different actors. In other words, it is 
organization innovation at the industry level, 
such as virtual organization, network 
organization, boundless organization, etc.[4,7].  

In regard to research fields, literatures on 
organization innovation did not investigate the 
innovation model composed of “network 
between individuals”. The most famous 
innovation model of this type is the operation of 
Linux community. How is the organizational 
structure of the innovation model operated? Can 
the current organization models and theories 
explain or describe the organization platform of 
the “user collaboration community”? 

[26] indicated that individual variables, 
organization variables, and environment 
consequence variables all contribute to 
organization innovation. Of these three variables, 
the organization variable carries the most weight 
in explaining the organization innovation. In the 
organization variable, scholars often adopt 
“organizational structure” to study organization 
innovation. [17] thought that the essence of 
organizational design is the manipulation of a 
series of parameters that determine the division 
of labor and the achievement of coordination. He 
proposed nine major parameters for structural 
design. 
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Many scholars have proposed capabilities of 
organization innovation such as the degree of 
organization formalization, the degree of 
organization specialization, the degree of 
organization centralization, the entrepreneurship, 
etc. All of these are important variables that may 
affect organization innovation. From the 
literature review, it is not easy to come up with a 
consensus on organization innovation. In 
addition, [15] indicated that most studies on 
exploring the predicting factors for organization 
innovation focus more on the individual 
predictability of different variables, but less on 
the joint predictability of various variables. As a 
result, these studies could not provide an overall 
picture of organization innovation and inhibit the 
accumulation of research results on organization 
innovation. Configuration approaches, on the 
other hand, provided a solution for resolving the 
problems mentioned above and offered an 
alternative method for organization analysis. For 
those scholars who adopted configuration 
approaches, an organization is a combination of 
various factors that occurred simultaneously. 
Thus, parameters for organization design could 
not be selected independently [16.17]. Therefore, 
this study adopts the theory of organization 
structure proposed by [17], based on 
configuration approaches, especially his 
integrated analysis on innovative organization 
structure, as the main analytical framework of 
this study.

3. Conceptual Framework 

This study is trying to answer the question 
“Can current organization models or theories 
explain or describe the organizational structure of 
user collaboration community?” Therefore, this 
research tries to utilize Mintzberg’s observation 
and inference on innovative organization to 
construct the conceptual structure of this research. 
Even though Mintzberg used business as the 
analysis unit, this study uses the individual 
network as the analysis unit, and this study 
believes that there will be no difference in the 

operation model for the innovative organization 
caused by the difference of participants. The 
induction of the conceptual framework is listed 
below: 

4. Data Collection and Analysis 

The operation platform of OSS project 
organization not only helps clarify the innovation 
model of “the organization platform of user 
collaboration communities”, it further provides 
detailed process data regarding the internal 
operation of the project. For scholars who study 
organization innovation, this is a tremendously 
valuable database. It makes up the insufficiency 
of the research method of subjective recognition 
or pure description caused by the difficulties of 
obtaining data. 

This research adopts three open source 
software projects as the subjects of case study. 
These projects are Linux kernel, Apache, and 
SFS (School Free Software). Because each of the 
three projects has a corresponding web 
site[26,27.28], this research uses documents on 
the web site, file records, and participation in 
observation as major manners of data collection. 
Linux[3,5,8,10,13,14,23,24]and Apache [9,12,18] 
focus mainly on the analysis of secondary data. 
However, SFS interviews related community 
members who participate in the operation of a 
project. It also uses VBA program language to 
automatically grab CVS and BUGDB[30] data 
for analysis. 

SFS projects are briefly described as follows: A 
grammar school teacher in Taiwan, Ying Guan 
Chen, developed a curriculum management 
software and allowed everyone to use, revise, 
and pass around the software for free. So far 
there are teachers in more than sixty schools 
participating in the revision of the software, and 
there are more than two hundred schools, even 
schools in Hong Kong and mainland China, 
trying to install the software. 

Parameters Adhocracy structure characteristics
Behavior formalization Little formalization 
Training Much training 
Indoctrination A few 
Specialization of jobs Much horizontal specialization 
Unit grouping Functional and market 

Unit size Narrow throughout 
Liaison devices Many liaison devices throughout 
Planning and control system Limited action plan 
Decentralization Selective decentralization 
Figure 1. Framework of organizational structure analysis for “user collaboration community” 

?

User Collaboration Community
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[17] felt that innovative organization is a highly 
organic structure with very few formalized 
behaviors. Members of this organization all 
receive formal and strict training to perform 
assigned work. 

From table 2, we can tell that the Identifying
of the development work of the OSS 
communities is proposed or reported by the 
communities. Nobody will assign anybody to 
perform what task. Whoever feels like 
performing the task may choose to be responsible 
for what they specialize or what they prefer. 
Therefore, there is no need to give orders, and 
there is no clear division of responsibilities.  It is 
impossible to have a clear picture of division of 
works or to organize a group. As a result, it is 
impossible to have any formal or written 
documents to explain or to operate the activity 
procedures of members of the organization. 

Hypothesis 1 The user collaboration 
community has the characteristics of a low 
degree of behavior formalization.

[17] felt that when an organization cannot 
standardize its behavior, it will assure people 
who perform the tasks possess the knowledge 
and skills required for the tasks through intense 
training beforehand. In the three projects, the 
phenomenon of “standardization of skill” is not 
discovered. However, in order to allow beginners 
to continuously and periodically participate in 
the operation of the project and also to assure 
participants’ withdrawal from the project will not 
impact the operation of the project, the OSS 
project utilized informal training system to 
assure participants in the project possess a certain 
degree of knowledge and skills. For example, the 
design of property right system allows source to 
be shared, studies, verified, and passed on among 
the communities.  In addition, the matched 
screening mechanism allows the project to verify 
the participants’ knowledge and skills. It makes 
the participants’ performance visible and 
transparent. The examination process of the 
program is similar to the peer evaluation in the 
scientific field. 

Hypothesis 2 The user collaboration 
community has an informal t raining system.

[17] argued that “indoctrination” is considered 
to be a substitute of “behavior formalization” and 
“training”. OSS community is composed of a 
group of members dispersed everywhere in the 
world. For most of them who are not 
compensated for their work, it is very important 
that whether they share a common belief. It relies 
on volunteers’ self-encouragement. It utilizes a 
complicated but obscure monitoring and 
encouragement system to reinforce its norms and 

also allows everyone to contribute. It 
compensated the participants with peer 
recognition, but not money. Earning peer 
recognition is an important motivation of 
participating in open source. The desire of 
maintaining and strengthen their own reputation 
is the key mechanism to assure the progress. 

Hypothesis 3 The informal social control 
system for the platform of the user 
collaboration community is very active.

[17] felt that there is a high degree of multiple 
horizontal specialization between members of an 
innovative organization. It is common to group 
experts in each field based on their specialized 
functions, and they then perform in the manner of 
a project team. Such organizations rely heavily 
on project teams and task teams and tend to result 
in numerous teams. However, the size of each 
team is small. 

[17] thought that in order to allow the operation 
of an innovative organization, the organization 
has to maintain a variety of members, and each 
member has to specialize in his own specialty. 
Their responsibilities are few and the scope is 
narrow. The core developers in the Linux and the 
Apache projects devote only in several modules. 
It shows a high degree of specialization. 
However, a half of the core developers in the SFS 
project participate in the addition and the 
revision of 50% of the modules. The different 
results are probably caused by the small 
difference of the technology among each module 
and the development history of the project is 
short.

Hypothesis 4 The organization platform of 
the user collaboration community has the 
characteristics of a high degree of multiple
horizontal specialization

From the three projects, we discover that the 
OSS project not only separate groups based on 
the functions, such as groups of core 
development and testing, when it constructs the 
project, it also tries to allow the product structure 
reflect on the project structure. [17 ]felt that the 
project team of the innovative organization 
should be kept at a very small scale due to the 
coordination. It indirectly leads to a large number 
of projects. From the three projects, we find that 
most projects are divided into numerous modules 
and the number of participants in each module is 
not large. [18]had the same research result. OSS 
is a big project. Therefore, it is divided into 
smaller sub-projects for easier management. 

Hypothesis 5 The organization platform for 
the user collaboration community proceeds in 
the manner of a project team.

Hypothesis 6 There are many project teams in 
the organization platform for the user 
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collaboration community, but the scale of each 
team is very small.

[17] felt that there are various liaison 
mechanisms within teams or between teams in an 
innovative organization to promote mutual 
adjustments. Power is separated selectively in 
these teams, and the styles of the power division 
are selective vertical and horizontal 
decentralization. Planning and control systems 
are the grassroots model, and the information 
flow and the strategy process are very flexible 
and very informal.  

Because there are numerous project teams in 
the OSS project, it is necessary to have a 
communication mechanism to coordinate the 
operation of each team. In the three projects, we 
discover that in addition to coordinate the 
operation of the project through abundant 
collaboration development tools, these projects 
also have coordination staffs such as project 
leaders, testing managers, and product managers. 

Hypothesis 7 There are many liaison 
mechanisms in the organization platform of the 
user collaboration communities

Even though the mechanism of the release of 
decision-making power is different among each 
project, they all release the decision-making 
power to community developers who are highly 
familiar with each module. From table 3, we can 
tell that power is also divided among team 
members.  The addition and revision of files and 
modules are generated jointly in a certain format 
through the coordination and cooperation of the 
communities.  The principle of the division of 
decision-making power is totally based on the 
characteristic of the decision. 

Hypothesis 8 The organization platform of 
the user collaboration communities have the 
characteristics of selective vertical and 
horizontal decentralization

Summarizing the development flow of the 
three projects (table 2), we discover that the plan 
and the control system of these projects is 
grassroots model. It is different from the strategy 
setup manner of the traditional greenhouse model. 
The web site of the project is an open testing 
ground.  It provides a space that nobody can 
plan and control. In addition, from the summary 
of the comparison of the origin and the current 
condition of the development (table 1), we can 
tell that these projects were not developed based 
on the current objective.  Follow the growth of 
user community the direction of the development 
software functions tends to be beyond the 
expectation of the original founder. It derives 
many applications that are not expected 
originally.

Hypothesis 9  The planning and control 
system of the organization platform of the user 
collaboration communities is the grassroots 

model.

5. Conclusion 

This research tries to use Mintzberg’s 
observation and inference on innovative 
organization to explain the organizational 
structure of OSS project. This article discovers 
that even though the analysis unit of OSS project 
is a community composed of individuals, but not 
manufacturers, the organization operation model 
still conforms to Mintzberg’s inference on the 
organization structure of which the mission is to 
perform innovation. 
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Table 1 The Origin and Description of Open Source Software Communities 
 Linux Kernel Apache SFS 
Starting Time 1991- 1995- 2000- 
Technology 
Characteristics

Operation system Web server Information system 
(Curriculum management) 

Project Origin Torvalds developed end 
virtual program to connect 
newsgroups of Usenet….. 

Behlendorf gathered several 
people to develop revised 
program for Http web 
server… 

Ying Guan Chen developed a 
system for books loan 
service   …… 

Licensing 
Agreement 

GPL BSD GPL 

Community Size 
(The result of 
innovation?!)

The operation system that  
has the highest growth  
rate.  Support more than  
ten different types of CUP.   
It is good for multiple  
applications. Better than  
commercial software in  
safety, efficiency, and  
reliability. Evolved more than 
a hundred versions.  There  
are more than four thousand  
web sites in the world. 

Killer Application(67%) 
may cross platforms to be  
operated on about thirty  
operation systems. 
(IIS supports only one  
platform.  The market share 
is 21%) 

More than 200 schools 
installed the system. It even 
prevails in Hong Kong and 
mainland China. It also 
generates community 
communication stations for 
other five counties and cities 
and SFS version for 
vocational schools. More than 
60 schools participate in the 
revision of the software. 

Table 2 The Development Process of Open Source Software
 Linux kernel Apache  SFS 
The recommendation of  
core members and their  
responsibilities 

Developed from only  
Torvalds to several hundred 
developers, assistants. Once 
a person’s reputation is  
established, the revised  
program will be passed to  
this person and this person  
will gradually become a  
famous person for studying 
a specific problem and  
gradually picks up the tasks 
of core development teams. 

Twenty-five members of the 
board (AG) are all  
volunteers without receiving 
any compensation. They  
possess the authority of  
CVS. The core development
team includes AG and other 
active developers. 

Started with only Ying Guan 
Chen to 15 people. They 
possess CVS authority. 
Most of them participate in 
the project through the 
recommendation of core 
members. 
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Identifying of 
development work 

Induce communities’ 
opinions on tasks to be done 
through discussion groups. 

Although AG puts authority 
limitation in the program to 
control all revisions on the 
program, the whole 
development process is 
open.  Other people may 
provide feedback on errors 
or propose directions for 
improvement.

Communities report errors  
or propose directions for  
improvement through  
news group, mailing list,  
and Bugzilla. 

The assignment and  
operation of  
development work 

Nobody assigns whom to do 
what. Anybody who feels  
like performing the task  
may handle a certain  
module.

Anybody may provide 
patches, develop their 
favored or specialized 
modules, or respond other 
people’s questions through 
mailing list, news group or 
BUGDB

List problems to be solved  
through Bugzilla, news  
group and mailing list  
Anyone may propose  
program modules or  
patches; however, only core 
members may put source  
directly in CVS. 

Writing programs and 
testing the program 
voluntarily 

Writing programs and  
testing the programs 
voluntarily. 

Volunteer developers write 
programs and test the 
programs voluntarily on the 
server to make sure the 
operation is error free. 

Developers voluntarily test 
the program they write and 
eliminate the bugs they  
discover. 

Examination Each of the assistants is 
responsible for a certain 
specific dimension of the 
core program.  They screen 
and examine the patch 
programs transmitted from 
other developers, then 
forward the result to 
Torvalds 

More core developers will 
examine all changes.  
Other community members 
who are not in the core 
development teams may 
also participate in 
debugging. The changes 
made on the stable releases 
have to be examined by 
other developers before the 
commitment. However, 
changes made on the 
development releases will 
be examined after the 
commitment. 

Nobody will examine the 
programs in the “program 
code communication center” 
before uploading, but core 
members will examine and 
test these programs 
afterwards.  If the function 
of these programs are good, 
the developers will include 
these programs as part of the 
main version.  Currently 
utilize Bugzillla to 
feedback, control, and 
manage the progress of 
debugging.

Releases management Core programs have parallel 
release structure that can be 
classified into hacker 
version and common user 
version. These programs are 
released in an accelerated 
revision cycle model.  
Several new versions are 
released in a month.  
Revisions are uploaded and 
released once it is 
completed. 

There is no fixed schedule 
for the releasing of new 
versions. Core development 
team takes turns to be the 
manager of a certain 
version. After all approved 
revised programs are 
adopted in a new version, 
and before the version is 
released, developers are not 
allowed to make any 
changes to the depository of 
the source. 

There are stabilized version, 
development version, and 
testing version.  Once the 
development version is 
assured to have no error, it 
will be released to the 
stabilized version.  The 
developer personally 
determines the development 
condition  of a module.  In 
its early days, patches are 
published periodically for 
users to download.  
Currently, the upsfs is 
adopted and is set to revise 
every three hours  by all 
schools simultaneously. 
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Table 3 The Task Division Condition of Open Source Communities 
 Linux Apache [18] SFS 

R
evision of program

s 

Even though there are many 
people, their contribution to the 
innovation of products is 
extremely different. 

(Several thousand teams develop  
the program, several hundred  
thousand people work on debug  
report. However, not many people  
really contribute tremendously to  
the core program. There are  
about ten core developers in the top 
level.) 
(2% of the contributors provide  
50% of related information.) 

Even though there is a large 
number of participants, the 
change or the addition of program 
codes is seldom contributed by 
non-core developers.  The 
addition and maintenance of new 
functions are almost operated by 
the core development team. 

(The top 15 program developers 
contribute 83% of the patch 
program, 88% of new added 
program codes, and 91% of deleted 
program codes.) 

In addition to core development 
team, few developers may 
propose changes regularly. 

Developers strongly need a 
certain format to coordinate 
generated products.  In addition, 
nobody can individually write the 
complete program codes for a 
certain module. 

(42 files have more than 30 changes. 
More than 10% changes are made 
by developers for at least 2 of 40
files (at least f of 20 files). 

.

Core members are in charge of 
the revision of most programs. 

((14% of the developers provide 74%
of all modules. The founder, Mr. 
Chen, contributed 23 modules, only 
2% of all modules)-Program
communication center 
(Of the 11 developers,one developer 
participated in the revision of about 
71% of the modules. Next is 63% by 
Ying Guan Chen. Overall speaking, 
5 developers participated in the  
revision of 50% of the modules)
-CVS

There are frequent revising 
activities for modules and files. 

(More than 14% of the files are 
revised over 5 times and 56% of the 
files are changed over 2 times. 
Analyzing based on number of
changes of the modules, about 43%
of the modules are changed over 50 
times, 98% of the modules are 
changed more than 10 times, 2% of
the modules are changed under 10 
times.) 

Collaboration process 
(84% of the modules are developed 
through the collaboration of more  
than two people.)

R
eport on errors 

N/A Other non-core teams, the large 
number of user communities, are 
responsible for the important role 
of system testing. 

(Of the top 15 PRs, only 3 are core 
development teams.  There are  
213 articles from the top 15 PRs,  
which is only 5% of all PRs.) 

Debugging through frequent or
more efficient methods.  It 
attains lower poor quality ratio. 

(50% of the PRs solve the problem 
on the same day,75% of the PRs  
solved the problem in 42 days,90% 
of the PRs solved the problem in  
140 days.) 

Error reports are mostly operated 
by other non-core members. 

(The PR contributed by the core  
members (only 5 people) is only  
23% of all the PR.) 

Communities assume a very 
important role in finding system 
errors.

(The types of report bugs are mostly 
error messages.  Problems on 
structure, database, and program 
code are the second most frequent 
problem. Problems on “operation” 
and “installation” are only 12% of
all messages.) 

Communities assume an 
important role in suggesting 
system functions.(The most 
common errors reported by 
communities are “insufficient 
function”. It takes up 34% of all 
messages.) 
Bugs may be discovered timely 
and the problems may be solved 
through the platform developed 
by the collaboration and 
cooperation of communities. 

(The longest time to open a bug is  
8.03 days, and the average time to 
solve a problem is 4.28 days.) 
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Abstract 

An established Open Source Software community 
(Apache Cocoon) was explored using an online 
questionnaire about demographic data and individual 
and group-related factors. Individual factors 
encompassed forms of contributions, motivation, 
expertise and knowledge. Role structures, expectations 
towards other members, trust and collaboration issues 
were analysed at group level. More than 60% of the 
developer community completed this questionnaire. 
Results provide a valuable basis for deeper 
understanding of knowledge sharing, collaboration and 
innovation processes in distributed work groups. 

1. Introduction 

Open Source software (OSS) communities have 
recently attracted attention for the impact they have on 
the global software market. This development especially 
enlivened research on the organisation and motivational 
structure of individuals (e.g. [1], [2], [3], [4], [5]).  

OSS communities are virtual work groups consisting 
of members with skills in software development. They 
work in temporary, culturally diverse, geographically 
dispersed, electronically communicating work groups 
([6]). 

In contrast to commercial software vendors, members 
can freely join OSS communities and are unrestricted in 
their contributions. Virtual work groups have been 
investigated within given contexts ([7], [8]) but, 
compared to Linux or Apache communities, these groups 
have been rather small. Software development by virtual 
work groups is a long-standing topic, however if 
compared to larger OSS communities these studies also 
mainly focused on smaller projects [9]. In this sense, OSS 
communities provide unique opportunities for studying 
virtual work groups and distributed software 
development.  

On one hand, the communication and collaboration of 
OSS communities are highly transparent. On the other 

hand, global distribution of community members and lack 
of job contracts with firms make it difficult to investigate 
communities on an individual level. Therefore most 
empirical studies on OSS communities concentrate on 
secondary logging information such as that provided by 
mailing lists, IRC chat logs and code repositories. 

As a prerequisite for understanding how OSS 
communities communicate and collaborate, we need 
better knowledge of their beliefs, goals, attitudes, skill 
sets, communication and collaborative behaviour. Based 
on a detailed online questionnaire, the Apache Cocoon 
community was analysed at individual and group level. 
More than 60% of the developer community (34 valid 
responses) responded to this questionnaire. 

2. Conceptual Foundations 

Commercial software development rests on the ability 
to allocate technical and human resources in relatively 
complex organisational settings [10]. Labour is divided 
into specialist groups, such as technical programming 
teams, system engineering, integration/testing and project 
management [11]. 

Globally distributed software development by virtual 
teams promises the flexibility, responsiveness, lower 
costs, and improved resource utilisation necessary to meet 
ever-changing task requirements in highly turbulent and 
dynamic global business environments [12]. 

Open Source Software communities provide a role 
model for virtual teams that have inherited cultural, 
organisational and communicational schemes from the 
scientific community but then enriched and expanded the 
communication and collaboration processes step-by-step. 
From a psychological viewpoint, the perception of 
membership in some common social identity is 
constitutive for a group to exist [13].  Work groups are 
groups that are focused on the generation of problem 
solutions.  

Any developer of OSS communities maintains a set of 
collective, social, norm-oriented and reward motives [2]. 
However, they also have the liability to deliver 
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contributions of a given quality for which rewards are 
granted in terms of gaining reputation within the 
community. Contributions depend on the expertise and 
skills that a developer obtains. Physical disconnection is 
regarded as being a negative factor for team performance 
[14]. OSS communities organically design organisational 
structures that intercept this threat and the known 
limitations of communication infrastructures.  

Initial studies explored work group structures of OSS 
communities ([2], [3], [4], [1]). In a detailed study, Hertel 
et al. analysed motivational processes of members of the 
Linux kernel community. This study gave first insights 
into the demographic structure of parts of a community. 
Members were differentiated into two groups: developer 
group and interested reader group. On average, 
participants worked 18.4 hours per week on Linux and 
20% of the developers received a salary for their Linux 
programming work. 38% were able to carry out Linux-
related programming during their regular working hours, 
whereas the remaining 62% worked on Linux outside 
their regular work. The Linux kernel community is 
subdivided into teams ranging from two to 50 developers, 
with an average of 12. Studies found that the main 
motivational factors were identification factors, pragmatic 
motives, norm-oriented motives, social and political 
motives, hedonistic motives and motivational obstacles 
related to time losses. All factors were found to correlate 
positively with willingness to engage in the community, 
while lack of time is the biggest obstacle. Trust, in a 
limited meaning, only plays a minor role for motivation. 

Established OSS communities such as Linux, Apache 
or mySQL emerged from small toy projects to fully-
fledged software solutions for complex tasks. 
Accordingly, developers are required to provide mature 
expertise and development skills. Knowledge of members 
is codified [15] by information communicated to other 
members and most of all into documentation and source 
code. It depends on experience gathered over time and 
can be transformed into a shared experience that leads 
groups of people to encode, store, and retrieve relevant 
information together [16]. 

At group level, the organisation gives a formal 
structure to a community. OSS communities typically 
provide simple and clear-cut organisational structures.  

Structural conditions for OSS organisations include a 
general culture, delegative and participative leadership 
principles, modular project structure, parallel release 
policy, motivating credit policy, and clear rules and 
norms [2]. OSS communities typically grow around an 
individual or a small team ([17], [18]). 

The analysis of OSS communities in respect of their 
work group organisation is still an open field. Recent 
studies on open source software communities focus on 
the evaluation of indirect historical data, as provided by 
mailing list repositories and Concurrent Versions System 

(CVS) entries ([1], [19]). The question remains as to 
whether organisations of OSS communities provide a new 
model of business organisation [20].  

Members in communities communicate and 
collaborate on the basis of mutual expectations, which in 
turn generate mutual trust or suspicion [21]. Several 
factors have been suggested to facilitate the development 
of trust: (1) shared social norms, (2) repeated interactions, 
(e.g., [22]), (3) anticipation of future association [23], and 
(4) physical proximity [24].  

In respect of their communication, virtual work 
groups, and OSS communities in particular, are restricted 
in the exchanges considered to be relevant for building 
trust, warmth, attentiveness, and other interpersonal 
bonds within teams [25]. 

Software development can be described as a 
collaborative problem-solving activity where success is 
dependent upon knowledge acquisition, information 
sharing and integration, as well as the minimisation of 
communication breakdowns [3]. 

3. The Present Study 

In order to get a broader empirical basis for research 
on virtual teams, we searched for an OSS community that 
possesses important attributes; such as whether it is well-
established (at least 3 years), sufficiently large but not to 
large (50-100 developers), still in its growing phase, and 
with a vision on its software system that is relevant for 
business usage. Therefore we selected the Apache 
Cocoon community, which was established in 1998, 
includes some 40-60 active developers and has gained 
growing attention from firms for its architecture on XML 
publishing (cocoon.apache.org). 

The questionnaire targeted (1) demographic data, (2) 
individual factors (contributions, motivation, expertise), 
and (3) group factors (organisation, mutual expectations, 
trust, collaboration, communication channels) as 
described in the previous paragraph. 

4. Method 

Data was gathered by an online questionnaire that was 
developed in cooperation with leading members of the 
Cocoon community in September 2003. The 
questionnaire was actively communicated by leaders at 
Cocoon’s first get-together in October 2003, which was 
the reason why 42 responses (34 valid) were given, 
representing more than 60% of the developer community. 

This questionnaire was designed to receive a broad 
understanding of the community on which further 
empirical studies can be designed. The response rate was 
surprisingly high even though the questionnaire contained 
42 questions. 
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5. Results 

5.1. Demographic information 

The average age of Cocoon developers is 31.2 years 
(SD 6.17 years). 73.5% are from Europe, 20.6% from the 
USA and about 3% from Asia and Australia. Developers 
have become aware of Cocoon in three phases, showing 
characteristics of the diffusion function: 26.5% before 
1999 (initialisation), 35.3% in 2000 (growth), 38.2% 
from 2001 to present date (stabilisation).  On average, 
they started to contribute 1.6 years later (0.756, p <0.01)1.

On average, developers invest 3.1 hours per week in 
Cocoon (only 16% of the investment of Linux kernel 
developers [9]). Assuming a total number of developers 
of 50, this means a total investment of 150 hours per 
week, about 600 hours per month and 6,600 hours per 
year, which equals about 3.75 person years. According to 
the responses, 74% are paid by official jobs (Linux kernel 
only 38% [9]). 23.5% of Cocoon developers are self-
employed, with a significant correlation to conducting 
business with Cocoon (.502, < 0.01). More than 60% of 
these people receive between 80-100% of their revenues 
from business with Cocoon. 

5.2. Individual factors 

The production fingerprint of an OSS community is 
given by its distribution of delivery types, such as 
patches, modules, problem reports, documentation, and 
ideas. 

Members were asked which type of contribution they 
deliver frequently, periodically, rarely, or never. Only 6% 
report frequently and 20.6% offer patch contributions 
periodically, which is consistent with our analysis of CVS 
activities in Cocoon. The majority indicate that they 
rarely or never contribute patches. Modules are larger-
scale conceptual and functional units consisting of a set of 
files. Almost 12% indicate that they contribute complete 
modules on a periodic basis. The correlation analysis 
shows an expectedly strong, positive relationship between 
patch and module contribution (0.501, < 0.01). As a rule, 
modules are provided by members who joined the 
community early. 

The results show that 25% of all developers are active 
contributors of problem reports. 26.5% of all members 
write documentation frequently or periodically, which is 
an astonishingly high percentage. A significant 
relationship exists between people who write patches and 
documentation (0.39,  < 0.05). 

1 based on Pearson correlations with a two-tailed 
significance test. 

29.4% of members report frequent or periodic 
contribution of ideas, which significantly correlates with 
the activity of contribution of modules, documentation, 
and problem reports. Members who contribute ideas are 
those who are responsible for modules (0.709, < 0.01) 
than mere patches (0.364, < 0.01), which supports the 
view that ideas influence the overall architecture built on 
the basis of modules controlled and delivered by the same 
people. 

Several significant correlations exist between 
contribution types, which indicates that active developers 
contribute anything from patches, modules, problem 
reports, ideas and even documents. People providing 
patches, modules and ideas tend to provide 
documentation to a lesser extent. Documentation is 
provided more by people who generate problem reports. 

The motivation for participation in OSS communities 
is one of the key issues investigated by recent research 
[2]. Results from the Cocoon community support these 
findings showing that the main motivation is to learn new 
technologies (79.4%). 52.9% report that public utilisation 
is a main driver for their participation. Data shows a 
slightly negative correlation between personal branding 
and public utilisation, indicating a distinction between 
these two groups. 

Teams of knowledge workers are inherently resistant 
to bureaucratic rationalisation and control [26]. Routine 
work and organisational issues dominate and are 
perceived to be a distraction from software engineering 
work. A hypothesis is that OSS communities are 
attractive to developers because routine work is omitted 
and the organisation is reduced to a minimum. This 
hypothesis can be supported by the result that 44.1% see 
self-realisation as a main driver for their participation. 
Further research is necessary for analysis of this 
hypothesis. 

In summary, the analysis of motivational factors 
supports the view that people participate in the Apache 
Cocoon community because they want to learn new 
technologies from and with people with similar interests. 
Cocoon can be seen as a global family of skilled software 
developers. Results support the initial hypothesis that 
Cocoon is a global knowledge-sharing network. 

Results show 65.7% of all members have a 
background in computer science and 24% in electro-
engineering or general engineering. The questions 
regarding educational background show that 70.6% 
possess or are working on a university degree, while 
14.7% possess a degree from an advanced technical 
college. 14.7% see themselves as self-educated, which 
represents those with a non-technical or at least a non-IT 
background. 

Years of experience represent an important factor for 
professional programming. On an individual level it could 
be shown across various domains that it takes about 10 
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years to become a domain expert [27]. On average, 
Cocoon developers have 12.2 years of experience. Given 
the average age of 31.2, this means that Cocoon 
developers started programming at the age of 19. This in 
turn correlates with the beginning of university study. 

Age and years of implementation correlate (0.787, < 
0.01). Therefore, Cocoon can be separated into a cluster 
of programmers above 36 years of age and with more 
than 17 years of experience and a cluster ranging from 19 
to about 31 years with 2 to 13 years of programming 
experience. It can be assumed that these two groups differ 
in their preferences regarding Cocoon. The correlation 
between age and the motivation to learn new skills (-
0.339, < 0.05) and self-realisation (-0.414, < 0.005) is 
negative, which indicates that older Cocoon member are 
less interested in learning new skills or self-realisation 
than younger members.  

5.3. Group factors 

The study shows that 37% see themselves as “lurkers” 
who currently watch activities in the developer 
community and 71.4% see themselves as developers. The 
overlapping 8.4% of people watching and contributing 
can be interpreted as people who are at the edge of actual 
contribution. 34.3% hold the status of a committer, who 
dispose of the right to check in changes into CVS and 
31.4% the status of a member of the program 
management committee (PMC). 93.6% of all committers 
are also members of the PMC.  

On average, Cocoon members expect advanced 
expertise from other members. Members who report that 
they participate in order to learn new technologies (-
0.394, < 0.05) and for self-reputation (-0.394, < 0.05) 
tend expect lower levels of expertise. Other correlations 
are rarely visible, so that as a new assumption we can 
assume that the expected level of expertise is an 
independent and basic variable.  

As already indicated, not all members implement 
patches or modules but instead provide documentation, 
ideas, problem reports and others. Therefore we 
specifically asked for expectations of programming skills. 
Programming is considered the primary skill enabling an 
OSS community to deliver its primary product. This 
hypothesis is supported by the significant correlation 
between the expected level of general expertise and 
programming skills (0.874, < 0.01). In general, the 
expectation of programming skills is almost identical to 
that of general expertise. Hence, we can conclude that 
Cocoon members either seem to perceive their ability to 
program as their most important and dominant skill or 
any kind of contribution on an advanced level. 

In general, 48.6% of all members perceive technical 
architecture as the most difficult lesson to learn. 20% find 
it hard to learn the rules of communication and 20% the 

rules of interaction. This supports the view that the 
biggest obstacle is also the biggest challenge because on 
one hand members have the main motivation to improve 
their technical skills and on the other they have a 
technical construct that challenges their skills. 

28% of all members respond that they find it easiest to 
learn rules of communication or the “who’s who”. 
Together with the indication that people and their roles 
are also learned quite easily, it can be concluded that 
members learn the organisation and communication of the 
Cocoon community fast. 

In respect of trust, on average members highly trust 
one another (average 2.6 on a scale from 1 [blind trust], 2 
[very high], 3 [high], 4 [medium], 5 [low] and 6 [no 
trust]). Trust correlates with delivery of patches (0.415, < 
0.05), delivery of modules (0.401, < 0.05), delivery of 
problem reports (0.380, < 0.05), delivery of 
documentation (0.411, < 0.05), and delivery of ideas 
(0.491, < 0.01). In contrast to users, Cocoon committers 
(0.514, < 0.01), PMC members (0.475, < 0.01), Apache 
Foundation members (0.364, < 0.05) are positively 
adjusted regarding trust towards other members. In 
summary, this presents a positive picture of trust relations 
between members. Users and lurkers show negative trust 
relations towards community members, developers tend 
to be positively biased, and from the status of a committer 
upward, members demonstrate very high trust in other 
members. Hence, in the Cocoon community trust seems 
to be derived from general work relationships rather than 
from physical interaction, which contrasts Handy’s view 
that trust requires physical interaction (Handy 1995).  

On average, Cocoon members claim to collaborate 
with 2.1 other Cocoon members, with a clear tendency to 
work with fewer people rather than with more. 
Committers (0.524, < 0.01), PMC members (0.566, < 
0.01) and Apache Foundation members (0.560, < 0.01) 
significantly work with more members than regular 
developers or users (0.288). Significant correlations exist 
to developers who contribute modules (0.521, < 0.01), 
contribute documents (0.554, < 0.01), and contribute 
ideas (0.597, < 0.01). When correlated with the main 
contributions this pattern changes: significant correlations 
exist to discussions (0.467, < 0.01), votes (0.509, < 0.01), 
requirements (0.393, < 0.05). Also positive is the 
correlation with trust in other members (0.456, < 0.01) 
which indicates that the more people a member works 
with the higher is his or her trust into them. Furthermore, 
the more hours a member spends working for Cocoon the 
more people he interacts with (0.377, < 0.01). Finally it 
was found that the more revenue a member makes with 
Cocoon the more people he or she interacts with (0.512, < 
0.01). 

6. Implications 
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Work group analysis of OSS communities is an 
important but yet unexplored field. This study shows that 
mature OSS communities are able to attract high-profile 
experts. In contrast to functionally divided organisation of 
commercial software development projects, Cocoon 
developers account for almost any type of contribution, 
such as ideas, problem reports, patches, and modules. The 
motivation is largely determined by skill improvement 
and altruism (correlating with [2]). Developers expect 
other members to be highly skilled and experienced. They 
trust in other members to a large extent and perform their 
work in small teams or alone (correlates with “self-
efficacy” [2]). This indicates that members perceive 
themselves as experts for a specific module, which will be 
valued by other members for its contribution to the 
overall system. 

Various research questions can be derived from the 
findings of this empirical study. Further research is 
required on how individual knowledge is transmitted to 
other members based on limited communication channels 
and how it is transformed into transactive knowledge. 
These exchange processes depend on how members 
appraise each other and how this attitude evolves over 
time. Trust is a key concept for further analysis of related 
questions. Comparisons with centralised software 
development organisations will provide fruitful insights 
on performance differentials between centralised and 
virtual group organisations. From an economic point of 
view this will nurture research on globally distributed 
innovation and design processes. 
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Abstract 
The goal of obtaining a coherent distribution of software 
packages where all programs interact smoothly increases 
its complexity with the number of applications, the 
number of architectures involved, and the number of 
system configurations supported. The Debian project 
aims at producing a software system with thousands of 
components running on eleven different hardware 
architectures, with three different operating 
system kernels. This paper describes the project and how 
the work of hundreds of people that never meet one with 
another can be coordinated to produce reasonably robust 
and integrated systems. 

 1. Introduction 
Applications do not exist in the desert. In fact, they run in 
very complex environments where an operating system 
kernel, some device drivers, system and graphic libraries, 
common services, etc. coexist in order to provide the 
software platform on which users can enjoy their 
applications. 
For this reason, from the beginning (see for example the 
GNU Manifesto [10]) proponents of free software aimed 
at producing complete systems, because no real freedom 
is possible if developers have to rely on non free 
components. Historically, a major hurdle on this goal was 
the unavailability of an operating system kernel. 
However, in the last fifteen years several kernels (e.g., 
Linux, FreeBSD, GNU/Hurd, etc.) were made available 
to the open source community, and it was feasible to 
build entirely open source computing platforms which 
integrate basic utilities with sophisticated application 
software. 
Discussion on open source software development often 
focuses on the techniques used to organize an open 
source project aimed at producing a well defined 
application. A famous paper by E. Raymond [9] describes 
a style of development metaphorically called bazaar. In a 
software bazaar anyone could contribute code to the 
original promoters of the project, who take care of 
integration in the mainstream code. This approach is 
contrasted by Raymond to the traditional software 
engineering process, that in another famous writing [2] F. 
Brook compared to the approach people used to build 
cathedrals, where an architect leads a small group of 

skilled and specialized workers, with precise schedules 
and responsibilities. In fact, as recent studies have shown 
[6], some of the most popular open source projects (e.g., 
the Apache web server, the Linux Kernel, the Mozilla 
browser) are in between the two extremes: the project is 
carried on and scheduled by a core group of developers, 
strongly committed to the product, and the openness of 
the source code enables contributions from individuals 
who correct some bugs or add some features. These 
contributions are often scarce and it can be safely 
assumed that in general open source projects have a core 
of developers, no larger than 10 to 15 people, who control 
the code base, and it is responsible for 80% of written 
code.
In this paper I want to discuss how an open source 
community can produce an integrated system, composed 
by aggregating several software packages that typically 
derive from independent sources. These systems are 
commonly called distributions. To date (February 2004), 
the Linux Weekly News list of Linux distributions 
contains 374 items [1]. Indeed, one of the business 
models proposed in order to make profit from open 
source software is selling the added value of an 
assembled distribution [5], and consequently some of the 
most successful distributors (Red Hat, SUSE, Mandrake, 
etc.) are commercial firms, driven by tight coupled 
groups of developers. Instead, in the following sections I 
will focus on the Debian project, aimed at producing a 
coherent distribution of free software leveraging only on 
the work of independent volunteers. 
As previously said, the limiting case of open source 
software development process was metaphorically 
compared to bazaars, in which contributors put their work 
in the “magic cauldron” of the community. However, 
building a coherent distribution requires a great effort of 
coordination and cooperative work, thus the bazaar 
metaphor seems completely inappropriate. Yet, in the 
case of Debian, the cathedral metaphor is also inadequate, 
since no main architects are present and the work is 
carried entirely on a voluntary basis. Therefore, I suggest 
the new metaphor of the kibbutz1, for a cooperative 

1Kibbutzim are Israeli communal form of agricultural settlement. Originally it 

was predominantly agricultural and practiced a very high level of sharing, 
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community of volunteers sharing a common goal. The 
properties that characterize such a community are: 

people join the community on a voluntary basis, and 
they do not expect to be paid for their work; 
members agree on an ambitious final goal (“making 
the desert where users live blooming of good and free 
software”); 
members share a civil consciousness and they accept 
that their work is regulated by explicit rules 
established by direct democracy. 

Though voluntary work is an essential part of Debian, 
given the great number (thousands) of people involved in 
the project, I believe that a study of their coordination 
effort can be valuable in a greater context, since most of 
the ideas have to do to management of complexity and 
heterogeneity and I suggest they could be applied also to 
commercial organizations. 
The paper is organized as follows: Section 2 presents the 
Debian project and its organization, Section 3 describes 
the development process it adopts and how coordination 
is achieved,  Section 4 explains how Debian systems can 
be customized and finally Section 5 draws some 
conclusions. 
2. The Structure and Goals of Debian 

2.1 The Debian Motivation 
The Debian2 project was started by Ian Murdock on 
August 16th, 1993 in order to “carefully and 
conscientiously put together and maintain and support 
with similar care” a distribution of Linux software by 
working “openly in the spirit of Linux and GNU” [7]. 
From the beginning all Debian members were volunteers 
and they are still not paid by Debian to do their work in 
the project. However, from November 1994 to November 
1995 Debian was sponsored by the Free Software 
Foundation and Debian motivated the creation of 
“Software in the Public Interest”, a non-profit 
organization that provides a mechanism by which The 
Debian Project may accept donations. The money 
collected pays hardware and actual duty expenses of 
Debian representatives. 
A Linux distribution puts together pieces of software that 
are in general built by people unrelated with the 
distributors themselves. The Debian project requires that 
software included in a Debian system is compliant to the 
“Debian Free Software Guidelines”: basically, software 
has to be licensed with an open source license [5] that 
allowed freedom of use, distribution and modification 
without discriminations and restrictions that can affect 
unrelated code. 
The first release to a greater public of a Debian 
GNU/Linux system was issued on January 1994 (ver. 
0.91). It contained a few hundreds of programs and was 

including collective rearing of children. More recently (by 1998) industries have 
taken over a significant role in the Kibbutz economy. 

2The official pronounciation of Debian is 'deb'~ee~en'. The name comes from the 

names of the creator of Debian, Ian Murdock, and his wife, Debra. 

put together by a dozen of developers. Today (January 
2004) the project count 1268 members distributed 
worldwide and it manages more than 13,000 binary 
packages (corresponding to more than 8,000 of source 
packages) ported to 11 different architectures (i.e., Alpha, 
arm, hppa, i386, ia64, m68k, mips, mipsel, powerpc, 
s390, sparc) [4]. At least three complete Debian systems 
exist: beside the main Linux based one, there is one based 
on the BSD kernel and another based on the GNU Hurd 
kernel. The original Debian founder, Ian Murdock, does 
not work actively in the project since 1996. 
2.2. The Debian Structure 
Everyone can apply to become a Debian member. In 
order to be accepted in the project one has to demonstrate 
the control of the basic skills needed to manage software 
packages and the understanding of the “Debian Free 
Software Guidelines” and the “Debian Social Contract”3.
By joining the group one gives his or her consent to 
contribute to the project according to the Debian 
Constitution [8]. The Constitution defines a lean 
organization with a Project Leader (DL), a Project 
Secretary (DS), a Technical Committee (TC), and 
Individual Developers. The DL, DS, and the chairman of 
the TC has to be three different persons. The work is 
entirely voluntary: nobody is obliged to do anything and 
everyone chooses freely to be assigned to a task he or she 
does find useful or interesting. A new DL is appointed 
every year by a general election involving all the 
individual developers that vote with a Condorcet's 
mechanism. The DL can make urgent decisions and he or 
she appoints the DS and, together with the TC, renews 
the members of the TC itself. The TC is composed up to 
8 members, with a minimum of 4 people, and it decides 
technical policies and it composes developers 
disagreements. Individual developers can override any 
DL and TC decision by issuing a general resolution with 
a qualified majority.  The DS is appointed by DL and the 
previous DS every year. The DS is in charge of managing 
elections and other calls for vote and it adjudicates any 
disputes about interpretation of the constitution. The 
properties and financial activities are managed by 
“Software in the Public Interest, Inc” (SPI), in which 
every Debian member can be a voting member. 
The consequence of this organizational structure is that 
no single individual can take personal control of the 
project. Even better, “Any individual Developer may 
make any technical or nontechnical decision with regard 
to their own work.” [8] However, since coherence of the 
final product is one of the goals on which members agree, 
this absolute freedom has to be temperated by 
coordination achieved by a number of policies, that, after 
discussion on the mailing lists (most of them are public 

3The Debian Social Contract states that the Debian project will be always free 
software (according to the definition of the Debian Free Software Guidelines), 
it collaborates with the free software community and it follows procedures 
open to the public. 
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and also non developers can contribute to the discussion -
- see http://lists.debian.org), are defined by the TC, but 
they should meet a high degree of general consensus to 
not be overridden by general resolutions. I will discuss 
policies further in Section 3.2. 
In order to study the Debian organization it is important 
to consider a number of actors that interact with the 
Debian galaxy, without necessarily being members of the 
project. Yet, they may influence the Debian work. 
First of all there are Upstream Authors. They contribute 
to Debian by writing open source software. In theory they 
could not even know about Debian. In practice they are 
often in direct communication with Debian developers, 
because inside Debian a lot of work is done to discover 
and correct bugs. Thus, it is common that Debian 
developers (from now on, DDs) forward to upstream 
authors bugs, patches, suggestions, new features requests, 
etc.
Secondly, there are Users. Satisfaction of users is of 
course an important force that indirectly drives the 
project. Moreover, Debian systems provide a 
sophisticated infrastructure for bug tracking (Debian Bug 
Tracking System, DBTS). It is the main avenue through 
which users can report problems and propose 
enhancements. It is important to understand that it plays a 
critical role in the pursuing of coherence, since it is used 
also to report bugs of the distribution itself. For 
distributions the same Linus' Law [9] of generic software 
applies: when they are exposed to a great number of 
observers, with different needs and slightly different 
operating environments, all bugs are shallow. 
A third category that is worth mentioning for its 
increasing significance is the one composed by people 
that use Debian systems to build their own specialized 
distributions.  The openness and intimate coherence of 
Debian systems make them ideal candidates to be 
customized for specific purposes. The most successful 
customization is probably the Knoppix distribution, 
aimed at producing a system running entirely from a CD 
and able to recognize automatically a huge set of different 
hardware on i386 machines. As I will discuss in Section 
4, the open architecture of Debian system is particularly 
apt to customizations without necessarily going out of 
sync with the mainstream Debian distribution. 
3. The Debian Development Process 
3.1. Debian Distributions 

A distribution of a Debian system is composed by an 
installation program and a set of software packages. The 
installation program is able to set up the system from 
scratch on a large number of different hardware 
configurations: this makes the installation a quite 
complex operation. Software packages can be retrieved 
from a set of CDs, a local hard disk or the network. 
All the Debian development effort is focused on the 
production of packages. A package is the minimal unit 
that can be installed or removed from a system. 
Consequently, each DD is responsible for one or more 

packages, and he or she is said to be the maintainer of 
that package4. When a maintainer has put together his or 
her package, it is uploaded to a public repository from 
where Debian users worldwide can try to install it on 
their systems. Since up to now the package was tested 
only on the DD's machine, its status should considered 
alpha-testing and the repository is called the unstable 
distribution. However, notwithstanding the scaring name, 
a considerable number of users (and virtually all the DDs) 
tries packages from the unstable distribution, thus the test 
is quite significant. If a package lives in the unstable 
distribution for ten days without any critical bug is 
notified, it is automatically uploaded to another, more 
stable, repository corresponding to a beta-testing status. 
This repository is known as the testing distribution. 
Approximately yearly, a Release Manager is appointed 
by the DL, and starting from the testing distribution a set 
of packages is frozen. This means that no new packages 
can be added to the set, included packages evolve only 
for bug correction, and eventually, when all release 
critical bugs are corrected, a new stable distribution is 
released to the public. The stable distribution is what is 
normally considered the official Debian distribution and 
included packaged are updated only for fixing security 
vulnerabilities.  
It is worth noting that DDs normally produce their 
package on a specific architecture (the most common is 
i386). However, unless the package control file specifies 
explicitly that its use is restricted to a single architecture, 
every package inserted in the unstable distribution is 
automatically build for all the architectures considered by 
Debian (eleven, to date) and it can enter in testing only if 
the build process is successful. 
3.2. Coordination 

The goal of obtaining a coherent distribution where all 
programs can interact smoothly is a very complex one. 
The problem seems without a solution if a distribution is 
obtained by aggregating thousands of packages produced 
by hundreds of developers on dozens of different systems 
configurations. Nevertheless, Debian systems were able 
to obtain a quite good overall user satisfaction, as 
testified by several awards won in 2003 (Linux journal 
readers' choice, Linux enterprise readers' choice, Linux 
new media award). In fact, the main effort carried on by 
DDs is directed to ensure that their packages are fully 
compliant to Debian policies. 
Policies are key in the Debian approach to software 
distribution. Freedom of DDs is unlimited as long as they 
comply to their collectively agreed policies. Policies are 
often based on international or community standards 
(e.g., the Filesystem Hierarchy Standard [3]) and they 
concern all the global issues that affect the coherence of a 
system: i.e., libraries deployment, environment variables, 

4A few complex applications, i.e., the XFree86 package, are maintained by a 

team of four or five people 
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shared services, scripting languages. They sometimes 
take the form of general principles (“Maintainer scripts 
must be idempotent”), but more frequently they assert 
some automatically checkable property of the installed 
package (“Link targets like foo/../bar are deprecated”). 
For complex subsystems special sub-policies exist: for 
example, the Emacs extensible editor has its own policy 
that reduce possible conflicts among the huge number of 
emacs-specific packages coming from different sources. 
Policy enforcement is pursued at different levels, in order 
to exploit cross validation to minimize inconsistent 
packaging: 

during package assembling: most of the policies are 
associated to a tool (collectively called “debhelpers”) 
that ensures the correct application. For example, 
documentation can be introduced in a package by 
using the script dh_installdocs; it guarantees that 
when the package will be installed, the documentation 
files will be put in /usr/share/doc and compressed 
with gzip. 
during package testing: several tools exist to check 
policy compliance before uploading the package to 
the public repository. The most important one is 
lintian, a script that analyze a package for about thirty 
categories of policy violations. Moreover, when a 
packaged is uploaded to a public repository some 
critical checks are repeated and the package is refused 
if checks fail. 
during package deployment: every user that detects an 
incoherence can issue a bug with an automated 
procedure (reportbug). Since policies are public and 
available on every Debian system, also not harmful 
violations can be in principle discovered (and bug 
reports show that they often are) and notified to DDs. 

Every package implicitly assumes a working environment 
providing to it some services. DDs should make explicit 
these assumptions by defining a set of dependencies for 
each package. The richness of Debian dependency 
language enables fine tuning of installed systems: if A 
depends on B, B must be installed in order to install A; if 
A recommends B, most users would not run A without B; 
if A suggests B, B may enhance A functionalities, but A 
can be used in most cases also without B. Moreover, two 
packages can conflict, a package may replace another, 
and a package A can provide the functionalities of B. The 
latter relationship makes useful the existence of virtual
packages (e.g., a generic mailer application) that can be 
required by others. In order to foster reuse and avoid 
duplications, Debian promotes micro-packaging,
therefore it is common that from a single source package 
several binary packages are generated. Thanks to these 
dependency relationships, installing a new application on 
a running system can be as painless for users as typing a 
“apt-get install application” command: all the required 
packages are retrieved from a public repository (possibly 
on a set of CDs), installed and configured. In most cases 
even running services can be upgraded in this way, since 

Debian policies define standard mechanism for stopping 
and restarting daemons. Moreover, when an application is 
removed, it is possible to check which libraries were 
“orphaned” (i.e., they are no more requested by any 
package) by this removal and remove them too. 
4. Customizing and Mantaining a Debian System 
One of the added value of open source systems is that 
they can be customized to better satisfy user needs. 
However, customization is also risky. A highly 
customized system can be very difficult to keep in sync 
with the mainstream open source development. Suppose 
for example that a user wishes to use a program java-
local rather than the program java provided by the 
Debian “java” package. If the user overwrote 
/usr/bin/java with java-local, the package management 
system will not know about this change, and it will 
discard the customization on upgrades. For this reason, 
Debian introduces the concept of package diversion, by 
which users can maintain their diverted versions of 
programs, while enjoying mainstream upgrades. For 
example, by issuing the command dpkg-divert --divert 
/usr/bin/java.debian /usr/bin/java all future installations 
of the Debian “java” package will write the file 
/usr/bin/java to /usr/bin/java.debian. Moreover, several 
alternative equivalent programs can be installed in a 
system and simple infrastructure can be used to keep a 
generic name linked to the preferred alternative (e.g., x-
www-browser may point to galeon, even if both mozilla
and galeon are installed. These facilities make Debian 
systems ideal to be used as a starting base for specialized 
distributions: successful examples are the Knoppix 
distribution (running entirely from a CD), and the 
Familiar distribution (intended to be run on PDAs): while 
very different, they all share the same packet 
infrastructure and they keep reusing the daily work of 
DDs notwithstanding their customizations. 
Another problem that sometimes hurdles users in 
upgrading their customized systems, is that configuration 
options can be discarded by the new version of 
applications. Roughly speaking, the configuration of an 
application is a three steps process. Major options are set 
system wide when the application is installed; they can 
affect major issues (for example, how a program is 
started: if it is an inetd daemon or if it is SUID root) and 
they are only rarely modified. Other less important 
options are more frequently changed by editing 
configuration files. User options are changed by users 
themselves and settings are stored in their home 
directories.  In Debian systems, preservation of major 
options across upgrades is achieved by exploiting the 
debconf database. When a new application is installed for 
the first time some questions are asked to the user. The 
answers provided by the user are stored in that database 
and when a new version of the application is going to be 
installed only new options are presented to the user. 
Users' choices are preserved for unchanged options and 
the installation script is responsible for traducing them in 
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the possibly new syntax of configuration files. Moreover, 
every time an upgrade affects a system wide 
configuration file, a warning is issued, asking which 
version the user wants to keep and, if the files are human 
readable text files as it is common in the Unix world, 
differences can be merged together.  Instead, no support 
is provided at the moment to evolve end-user options.  
However, these are often just cosmetic ones and therefore 
much less critical. 
Another approach is worth mentioning in this paper is 
what can be called aspect oriented package maintenance.
In any system complex enough, there are issues that 
cross-cut the whole system and cannot be easily 
packaged in an isolated module. The Debian solution to 
this problem follows an aspect oriented approach: special 
events of the package life cycle are exposed to other 
packages and they can, obliviously from other packages 
points of view, introduce actions that will be performed 
when these events occur. For example, the localepurge
package aims at not installing all localized files (i.e., files 
specific for different languages) not explicitly preserved 
by the user of the system (it is a big waste of space to 
install non useful Japanese documentation files if nobody 
reads Japanese!). Other packages know nothing about 
localepurge, but, when it is installed, its execution is 
needed during their installation. Therefore, the package 
installation system (clearly a cross-cutting issue) can be 
customized by specific programs, that may subscribe 
themselves to be executed when well defined events 
occur (basically installation and removal of a package) 
5. Conclusions 
The goal of obtaining a coherent distribution of software 
packages where all programs interact smoothly increases 
its complexity with the number of applications, the 
number of architectures involved, and the number of 
system configuration supported. The Debian project 
copes with this complexity with an approach that does not 
resemble neither the cathedral model with a single 
architect with unlimited power, nor the bazaar model 
where the only coordination force is mutual interaction. 
Instead, freedom of action is preserved, and a 
democratically decided coherence is pursued as far as 
possible by technical means. The Debian coordination 
effort to manage complexity and heterogeneity should be 
studied in depth in order to understand which techniques 
can be applied conveniently also to commercial 
organizations. 
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Abstract 

This position paper reports on the findings of an 
empirical pilot study of Gentoo Linux. Gentoo Linux is an 
open source Linux distribution developed by a 
geographically distributed community of volunteers. The 
reported findings are based on the analysis of a specific 
episode using actor network theory. With basis in the 
analysis, it is argued that control in this specific episode 
can be interpreted as both distributed and local at the 
same time. Control here being the power to define a 
problem and make the decision about the appropriate 
solution to the problem defined. Control, it is argued, is 
distributed in that it is the function of reciprocal influence 
among several human and non-human actors. 
Furthermore, it is argued that control can be interpreted 
as not inherent in organizational structures or 
hierarchies, but locally embedded among actors in the 
decision making process. 

1. Introduction 

Geographical distribution is one of the distinct 
characteristics of open source software development. 
Open source software development has been connected 
with teams of geographically distributed developers ever 
since Raymond’s first description of the bazaar [1]. 
Despite the geographical distribution of developers, 
Raymond describes control in the bazaar as centralized, 
headed by the ’benign dictator’.  Using open source 
software development as an example of computer-
supported distributed work, Moon and Sproull [2] argue 
that an enabling condition for the success of the Linux 
kernel are the "capabilities a single leader brings to a 
project". They argue that the "clear locus of decision-
making, singular vision, and consistent voice" are 
important in controlling this kind of collaborative effort. 
This supports Raymond’s notion of the ’benign dictator’. 
Control in these two works is therefore understood as 
centralized.

Mockus and Herbsleb [3] describe the Apache open 
source web server community in two contradictory ways. 

On the one hand there is a formal organizational structure 
for making decisions about code integration. On the other 
hand, they report that work is not assigned but that 
individual developers choose what to do themselves. "The 
choices are constrained, however, by various motivations 
that are not fully understood." Understanding control as 
the power to define problems and their appropriate 
solutions, and thereby making decisions about what tasks 
to prioritize, Mockus and Herbsleb’s description points to 
a tension between centralized and distributed control. 

Picking up on Mockus and Herbsleb’s observation, 
this paper raises the question whether control always is 
centralized in open source software development? How 
can we understand the tension between distributed and 
centralized control?

The paper is organized as follows. Section 2 presents 
the empirical findings. The section contains a short 
presentation of the Gentoo Linux case, details of the 
method employed, and a detailed presentation of the 
reported episode itself. Section 3 discuses how control 
can be interpreted in the reported episode. The conclusion 
draws implications of the discussion, and formulates 
directions for future work.

2. The case 

This section presents the empirical findings. For 
context, an overview Gentoo Linux is presented first. 
Then the methods of data collection and analysis that 
form the basis for this position paper are described. The 
reported episode is described afterwards, after which the 
episode is analysed in terms of the mechanics of framing 
the problem to be solved and what actors take active part 
in framing the problem. 

Gentoo Linux is an open source Linux distribution 
developed by a geographically distributed community of 
volunteers. Aiming for advanced users, the distribution is 
a mix between Linux from scratch and a regular Linux 
distribution. Gentoo Linux provides the minimum of 
support for installing a bare bones Linux system. In this 
way the user can build an installation from the bottom up, 
tuning it to his exact needs; be it a workstation 
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installation, a secure server, or a gaming system. That is 
why Gentoo Linux is also called a meta distribution. 

Portage, Gentoo Linux’ software distribution system, 
is the technology that makes this possible. Portage keeps 
track of the third party software, also called packages, 
available for Gentoo Linux at any one time. At the time of 
writing there are over 6000 packages available. Portage 
also keeps track of which packages have been installed on 
the local system. Information about installed packages is 
stored in a database. For each installed package this 
database contains information such as the absolute path 
for every files installed by the package, the compiler flags 
the package was built with, and the package’s license.  

When installing new packages, Portage compiles the 
software on the local system. The user can therefore fine-
tune such things as compilation flags and additional 
software support. This information is stored in a set of 
configuration files. 

2.1. Method 

The episode reported in this position paper is part of 
the empirical evidence collected during a pilot study of 
Gentoo Linux. Data for this pilot study was collected with 
a number of methods. Archival data was collected from 
the Gentoo web site at http://www.gentoo.org,
and from the Gentoo mailing list archives accessed 
through the news.gmane.org service. The IRC logs 
that form the basis of the analysis which this position 
paper is based on, were downloaded from Gentoo’s home 
pages. In addition, the pilot investigation involved 
participatory observations with a software consultant 
using Gentoo Linux as development platform, and a semi-
structured interview with one of the Gentoo Linux 
developers. The interview was performed according to 
the guidelines laid down in [4]. Ethnographic field notes 
[5] were taken in connection during the participatory 
observation and later written out as a full field report 

The episode reported in this position paper is primarily 
based on the IRC log of the Gentoo managers’ meeting 
from December 15 2003. Using actor network theory, an 
analysis was performed on basis of the log supplemented 
by the interview. Actor network theory is a method for 
analysing the relationship between the technological and 
the social [6,7]. Unlike traditional software engineering 
methods that teaches us to categorizes entities into classes 
such as roles, instances, technical artefacts, organizational 
artefacts, just to mention a few, actor network theory 
attributes symmetry to all entities in the network by 
promoting them to actors. This reflects the basic 
assumption that all entities in the network are capable of 
acting upon each other. 

Central to actor network analysis is identifying the 
actors and associations between them. Thinking of actors 
as nodes and associations as connections between the 

nodes, the network appears. The network is composed of 
heterogeneous nodes—technical and non-technical, 
human and non-human, etc.—that are associated for a 
period of time. However, the actor network is reducible 
neither to an actor alone, nor to a network. In addition, 
the network is seen as constantly shifting, and not as a 
representation of the original or final state. 

In actor network theory the network is an analytical 
structure constructed by the analyst. Instead of thinking of 
the actor network as a representation of things out there, it 
is a conceptual frame, a perspective to interpret social and 
technological processes. The episode reported in sections 
2.2, 2.3, and 2.4 is related as interpreted through the 
perspective of actor network theory. 

2.2. The episode 

The Gentoo managers’ meeting is a biweekly meeting 
for Gentoo developers to coordinate activities. The 
managers’ meeting is arranged over the Internet, using 
IRC. During the Gentoo manager’s meeting December 15 
2003 [8], the issue of third party utilities operating on 
Portage’s database and configuration files is discussed. 
Some of these utilities mangle the configuration files, 
while other utilities no longer work because the Portage 
database format has changed. One of these utilities, 
qpkg, a utility for querying Portage’s database,  has 
accumulated over 20 unresolved bug reports in Gentoo 
Linux’ bug tracking system. The source of all these 
problems is identified to be code that is out of 
synchronization with the rest of the system. This kind of 
problem has been resolved before by introducing the 
maintainer role. The maintainer is responsible for keeping 
specific parts of code in synchronization with the rest of 
the system. The conclusion is that the code in question is 
outdated because it has not been assigned a maintainer. 

An additional response to the problem is to introduce 
an abstraction layer, an API, on top of Portage’s database 
and configuration files. All utilities accessing the 
configuration files and database must do so through this 
API. Two Gentoo developers are assigned to develop and 
maintain this API. 

There is dissent among the participants at the meeting 
about priorities. Gentoo Linux’ chief architect proposes to 
base the API on Portage’s own code. The two developers 
in charge of the API, while agreeing that this would be a 
good idea, argue that there are other factors that are more 
important to take into account when resolving the 
problem. Especially the issue of missing maintainers for 
utilities accessing the Portage database and configuration 
files. The qpkg utility is used as an example of these 
difficulties. The utility was included in the distribution by 
a developer who later left the project. qpkg implements 
its own code for accessing Portage’s database. 
Responsibility for the utility was handed over to someone 
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else when the original developer left Gentoo Linux. This 
second developer went on leave, and qpkg was left un-
maintained. The problem, while technical in symptoms, is 
something more and something else. It is also 
symptomatic for the problems to be addressed by the API 
developers, in that qpkg, like the other utilities, 
implement its own code for accessing Portage’s database 
and configuration files directly. Without any guarantee 
for how long the developers for these utilities will stick 
around Gentoo Linux, the situation that the API is to 
address is to keep the way utilities access Portage’s 
database and configuration files synchronized even after 
the original developers leave. 

2.3. Framing the  problem 

The decision to introduce an API on top of Portage’s 
database and configuration files is an answer to a problem 
the Gentoo developers want to solve. Thinking in terms 
of actor networks, the problem can in fact be 
conceptualized as an actor. However, it is not an actor 
that exists before the meeting starts. It is actually a 
constructed actor. The problem is "a list of ... trials ... 
hooked to a name of a thing and to a substance" [7, 
p.122]. The way the problem is given substance, its 
framing, is the topic of this section. 

In the transcript from the Gentoo manager meeting 
December 15 2003, one of the developers participating in 
the meeting states that there are a "slew of util[itie]s lying 
about". He associates these with mangled Portage 
configuration files, in that the utilities "hack, slash and 
mutilate the ... config[uration] files". Then he associates 
the Portage database with the "util[itie]s lying about", as 
"these util[itie]s misreads /var/db [the Portage database, 
author’s comment], so as not to be consistent with 
[P]ortage".  Another problem with the "util[itie]s lying 
about" is that they have overlapping functionality, and 
none do their tasks particularly well:  

"we don’t need five half-working use flag editors. we 
need one really good one"

The problem is framed by the developer associating 
different actors, framing a problem in such a way that the 
other developers understand it as their problem, too. 
Figure 1 illustrates how the different actors are associated 
in framing the problem. 

Having framed the problem as a shared problem, its 
cause is established. The cause of the problem is that the 
utilities lying about have not been properly updated, as "a 
few of the existing tools [the same as the utilities lying 
about, author’s comment] don’t work with portage 2-0.50 
due to API changes [in Portage, author’s comment]". That 
is also why the qpkg utility does not work any longer, 
since there are "20+ bugs [reports] about qpkg" that 
remain unresolved in the bug tracking system. The 

technical cause of the problem is outdated code, but this 
is more a representation of the larger problem: 

"now I have 20+ bugs about qpkg assigned to me, it’s 
a mess, and nobody wants to touch it. Who is responsible 
to maintain it now?"

Figure 1 The problem framed

The symptom is that the utilities lying about have not 
been updated, but this is caused by the fact that there are 
no one maintaining the "slew of util[itie]s lying about". In 
this way, the maintainer replaces the problem in the actor 
network, providing a solution to the situation. 

Control is exercised in deciding what activities are to 
be undertaken, how and when. There are hundreds of 
unresolved bug reports in Gentoo Linux’ bug tracking 
system. In making the decision about which of these bug 
reports are to be resolved, decisions about what activities 
to prioritize are made.  Framing the problem can therefore 
be understood as the power to determine the activities to 
be undertaken. From this follows that the task of 
identifying who is in power in the episode above, is the 
task of identifying who has the power to frame problems. 

2.4. Who frames the problem? 

At first glance, the problem facing the developers 
seems to be framed by one of the developers participating 
in Gentoo manager meeting. As a response to the problem 
the maintainer role is introduced. The maintainer role, as 
an actor decoupled from a person, was once constructed 
to resolve similar situations. In framing the problem at 
hand in this particular way, the answer to introduce a 
maintainer becomes a given. Following this line of 
thinking, one can go as far as saying that the maintainer 
role participates in shaping the problem. If you have a 
hammer, all you see are nails. The knowledge among 
discussion participants that this role exists can be 
considered constitutive to the problem framing. Looking 
at the episode this way, the maintainer role is turned from 
passive to active in framing the problem. 
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It is highly unlikely that every bug experienced by 
Gentoo Linux users is reported in the bug tracking 
system. However, the bugs that are used to frame the 
problem are those reported in the bug tracking system. 
Bugs are given priority, severity, status, and assigned to a 
given person or group of persons for resolution. A bug is 
resolved when it is fixed or labelled invalid. As long as a 
bug remains unresolved but assigned to a developer, the 
bug is a reminder to the assignee. In this sense, bug 
reports are also active in framing the problem. 

Framing the problem is not a function of a single 
developer or a closed group of developers. Instead, it can 
be interpreted as the function of a number of actors, both 
human and non-human. Neither is the power to frame the 
problem one-sided in that one actor forces other actors to 
do something they do not want to. Instead, framing is a 
reciprocal relationship between the Gentoo developers, 
the maintainer role, and the bug reports. 

3. Discussion 

This discusses how control can be interpreted in the 
above episode above. Three aspects of control are 
discussed. First the implication of the episode in terms of 
control and organizational hierarchies is discussed. Then 
we discuss how control can be interpreted as distributed 
among human and non-human actors. Finally, it is argued 
that actor network theory makes the interpretation of 
control as reciprocal among actors likely. 

3.1. Relation of control and organizational hierarchy

Gentoo Linux is split into projects and sub-projects. 
Herds consisting of maintainers are responsible for 
keeping a set of packages up to date. This is how the 
Gentoo developers describe their organization in terms of 
hierarchies and distribution of roles. However, by 
conceptualizing the way the Gentoo developers talk about 
the organization during the Gentoo Managers’ meeting as 
an actor network, another view appears. In framing the 
problem that the API resolves, the maintainer is 
introduced as an actor in the network. In contrast Gentoo 
Linux’ chief architect does not get through his idea to 
base the API directly off Portage.

Looking at the organizational hierarchy, the architect 
is placed farther up than the developer. If control and 
organizational hierarchies were related, the chief architect 
would have the power to make his view the prevailing. In 
the episode above, this does not happen, though. Why 
not?

Control can be understood as local in the way actors 
enrol other actors and are enrolled themselves in the 
immediate actor network. If control was inherent in the 
hierarchy, the chief-architect should have gotten his view 
through.  That he does not get his view through can be 

explained by him never enrolling the chief architect role, 
considered an actor in an actor network analysis, in the 
immediate actor network.

The implication of the above interpretation is that there 
need not be an inseparable relation between 
organizational hierarchy and control. Control can be 
locally embedded among actors in the immediate 
network. The actors brought together by the hierarchy 
have no essential relation to each other, but can instead be 
understood as dispersed actors temporarily brought 
together through the hierarchical ordering. By viewing of 
actors as inherently dispersed, thinking of the 
organization as an actor network shows that the 
hierarchical description of organization is just that: a 
hierarchical description of organization, an abstraction. 
As such organizational hierarchy need not be inherently 
connected with control. 

3.2. Control is distributed and heterogeneous

In saying that a corrupted configuration file is the 
same as a missing maintainer, technical (the corrupted 
configuration file) and organizational (the maintainer) 
actors are treated as equals. By treating all actors 
symmetrically this way at the same level of analysis, 
control can be interpreted as the mutual relationship 
between heterogeneous actors. Control is not the 
relationship between action and structures of 
signification, legitimization and domination [9], but in the 
direct relationship between actors in the network. A 
possible implication of this interpretation is that control is 
no longer purely social, but a function of human and non-
human actors, of technological and non-technological 
actors, of organizational and non-organizational actors. 
Control becomes orthogonal. It is a function between all 
actors in the network, regardless of classification 
schemes. Actors are no longer higher or lower in the 
organizational hierarchy, technical or non-technical, 
human or non-human; they are all and the same: actors in 
the network.

3.3. Control as reciprocal

In saying that control can be understood as local to the 
immediate network of actors, control becomes both the 
actors’ ability to frame problems, and the ability to limit 
other actors’ framing activities. Control can therefore be 
understood as more than the traditional control relation 
within a set of actors 

A B
C D
D B
A E
but as a relationship where actors reciprocally control 

each other, understood as the relation of 
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(A, B, C, D, E) 
 In the latter relationship lies the argument that control 

is distributed. Control can’t be reduced to an actor A’s 
ability to overcome actor B’s and thereby exert control 
over B, as implied in the relationship A B. It is not one-
sided, but distributed. A must not only overcome B’s 
resistance, but the resistance of the other actors in the 
immediate network. In this sense, in exerting control over 
B, A exposes itself to the controlling power from the 
other actors. 

4. Conclusion  

This paper has argued that traditional notions of 
control may be inadequate in describing distributed 
control in Gentoo Linux. Control, it is claimed, need not 
be limited to the people who seem to be making 
decisions. Rather, control can be interpreted as distributed 
among both human and non-human actors. In reported 
episode, control is distributed among a number of Gentoo 
developers, the maintainer role, and bug reports. In this 
sense, control is not distributed in terms of geographical 
distribution, but distributed as in shared among a handful 
of human and non-human actors. 

While Gentoo Linux is geographically distributed, the 
interpretation of distributed control is not connected with 
the geographical distribution. It is, rather, connected with 
the distribution of elements within an actor network. The 
key points of distributed control are: 
a) that control need not be inherent in the organizational 

hierarchy, but can be interpreted as embedded in the 
immediate  actor network 

b) that control need not be inherent in structures, but 
can be distributed among actors, 

c) that control can’t always be reduced to a function of 
human agency, but may at times be understood as the 
function of all actors in the network such as tools and 
organizational roles 

d) that control can be a reciprocal relationship between 
a set of actors 

Thinking of distribution this way, similar analysis of 
distributed control could therefore be equally applicable 
in geographically co-located software development 
efforts, too. Distribution is not geographically, but instead 
understood as distributed among actors. 

In arguing that control is distributed in Gentoo Linux, 
this position paper addresses only the mechanics of 
control through following the construction of networks 
through enrolling. The rules of this construction are left 
untouched. How is it that some actors in the network 
inscribe stronger behaviour than others? What are the 
rules for enrolling actors, and what are the rules for 
excluding actors as valid to be enrolled? These issues 
need to be addressed in future studies. 

The decision to do an API on top of the Portage 
database and configuration files were only a month and a 
half old when this pre-study was done. At the time of 
writing, the API has still to be integrated in a large scale. 
It is available in Gentoo Linux, but very few utilities 
actually use the API. A point of future study is to follow 
up how the implementation of the API and its integration 
with utilities goes. How is access through the API 
enforced? How are bugs connected with not using the 
API handled? What are the effects of introducing the 
API? Does it lead to lesser problems for utilities 
integrating with Portage’s database and configuration 
files? 
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Abstract 

Open Source development is highly distributed and 
parallel in nature. There are no definite boundaries, ei-
ther for people or from where they work. This high level 
of parallel, distributed development leads to conflicting 
changes made concurrently by different developers. Be-
cause OSS developers lack the kinds of informal coordi-
nation opportunities that collocation offers, OSS develop-
ers must rely on mailing lists, discussion groups, and 
tools such as CM and bug tracking systems to try to man-
age their parallel efforts such that conflicts do not occur. 
Unfortunately, these coordination mechanisms are not 
adequate: it still regularly happens that parallel changes 
interfere, either via direct overlap or indirect, semantic 
conflicts. In this paper, we build upon our previous work 
in raising awareness as a mechanism to support better 
coordination among developers, and introduce a new 
integration of our Palantír tool with Eclipse as well as a 
new visualization of parallel work that we believe is espe-
cially useful in Open Source settings. 

1. Introduction

Open Source development is highly distributed and by 
its very nature a multi-person, team effort [1, 2]. One of 
the key aspects of any Open Source project is that there 
are no definite boundaries for people – who participates – 
and for location – from where they participate. Although 
there is typically a small group of core developers, other 
developers enter and leave the project on will, and may or 
may not contribute significant changes. Usually there are 
no set release dates; the software is released when the 
core group thinks that it is time. This development style is 
very different from the traditional corporate development 
style in which a predefined group of developers follows a 
carefully-defined process to develop a software system 
according to a predefined timeline. We make two obser-
vations regarding the style of OSS development as com-
pared to traditional software development. 

1. It has been shown that collocation helps developers 
in getting an idea about their co-developers work [3, 

4] Coffee hour talks or just casual conversations 
provide the context that helps developers gauge  
such things as what problems their co-developers 
are addressing and the schedules under which they 
are operating. This context helps developers in in-
formally coordinating their efforts and code changes 
[5].  

2. It has also been shown that parallel development 
leads to conflicting changes [6]. Some changes can 
be resolved with the help of automated merge tools 
[7], but when changes overlap or, worse, have se-
mantic aspects, they have to be manually resolved, 
often a time consuming and costly effort.  

From these two observations we can infer that Open 
Source development, by its very nature of being distrib-
uted and involving parallel work, will lead to the presence 
of conflicting changes that cannot be caught by the same 
kinds of informal interactions as present in traditional 
software development. OSS, in a way, is the epitome of 
parallel development: anyone who is interested in a pro-
ject can work on anything that interests them at any point 
in time.  

To compensate, most OSS developers extensively use 
such tools as e-mail, discussion lists, bug tracking tools, 
and CM tools to “informally” coordinate their work with 
ongoing and past activities. This clearly helps, and many 
problems are avoided. However, it also is somewhat of an 
undesirable situation as it is labor intensive, requires man-
ual action and interpretation, and typically is based on 
“old” data – data about events that have already hap-
pened. Take CM systems, for instance. These systems 
manage parallel work by partitioning work into isolated 
workspaces. Developers make their changes in isolation 
and periodically resynchronize their work with the con-
tents of the repository. This is done either by checking in 
the files that they have modified, or by synchronizing the 
files in a workspace with newer versions that other devel-
opers have committed to the repository. Conflicting 
changes, thus, are discovered only after they have been 
introduced. Some of these conflicts can be merged with 
the help of automated tools [8], but in the event of over-



83

lapping changes (either directly, as in changes to the same 
lines of code, or indirectly, as in changes that are in dif-
ferent parts of the code but semantically interfere) merge 
tools fail or produce false results and the conflicts have to 
be manually resolved [7]. 

The problem is that in current CM systems it is not 
possible to get an overall picture of the extent of parallel 
changes in different workspaces and how those changes 
relate to each other. The isolation enforced by the CM 
systems limits developers in knowing “what is going on”, 
and thus takes away the information upon which they 
could decide to have informal “online hallway conversa-
tions”. 

To address this problem, we built Palantír, a CM 
workspace awareness tool that deliberately breaks the 
isolation of workspaces. Palantír operates by providing 
developers with an at all times up to date picture of any 
relevant changes in any of the parallel workspaces. The 
availability of this information gives developers a chance 
to be aware of “problematic” concurrent parallel activi-
ties, and coordinate with each other or even adjust ones 
own activity based on this information. Developers can 
detect potential conflicts as they are occurring.

In our previous work [9], we showed that Palantír can 
easily be used to instrument existing CM systems with 
awareness (we integrated Palantír with RCS [10], CVS 
[11], and Subversion [12]; each integration was less than 
1000 lines of code). Moreover, we concentrated on build-
ing a series of visualizations that each have different 
properties of how conflicting changes are presented to the 
developer [13]. In this paper, we concentrate on the appli-
cability of Palantír in the Open Source domain. In par-
ticular, we introduce a new view (which we call the full 
project view) that presents a project-wide overview of all 
workspaces and introduce our integration of Palantír with 
Eclipse. The first helps in giving the core set of develop-
ers of an Open Source project an idea of all individual 
efforts currently underway, the second demonstrates that 
Palantír can be integrated into a representative develop-
ment environment and helps those developers using 
Eclipse with a minimally obtrusive awareness mecha-
nism.  

The remainder of the paper is organized as follows. 
Section 2 discusses our previous work and the high-level 
approach that Palantír follows. Next, we present the new 
full project view in Section 3. Section 4 introduces the 
integration of Palantír and Eclipse. We discuss related 
work in Section 5, and conclude in Section 6 with an out-
look at our future work. 

2. Palantír to Date 

Palantír is based on the hypothesis that conflicts in 
parallel development can be considerably reduced, both 
in magnitude and number, by providing developers with 

an insight into ongoing changes in parallel workspaces. 
Instead of solely relying on the coordination mechanism 
of CM systems (i.e., the process of checking in and 
checking out artifacts, with or without a necessary merge 
step), Palantír provides developers with information so 
they can detect potential conflicts as they start occurring, 
and can self-coordinate their activities to avoid them or 
resolve them before they grow too large. 

Palantír is not another CM system, but is a workspace 
awareness tool that builds on top of existing CM facilities 
and concentrates on the collection, distribution, organiza-
tion and presentation of relevant workspace information. 
Palantír does not change the way developers interact with 
the CM system (i.e., the commands with which they in-
teract with the CM system), but instead silently intercepts 
activities and shares relevant information regarding those 
activities.  

We briefly discuss the components of Palantír below 
(a full discussion of Palantír, its architecture, visualiza-
tions, and integration with several existing CM systems 
can be found in [9]). 

A workspace wrapper collects configuration manage-
ment activities and translates those to Palantír events. 
These events are then distributed by the Siena event noti-
fication service [14], which we have adopted as our 
mechanism of transmitting information from workspace 
to workspace. Since different CM systems have different 
access mechanisms, a workspace wrapper is designed 
specifically for a particular CM system and must interface 
with the existing mechanism of user interaction (for in-
stance, through wrapping existing commands or leverag-
ing the trigger capabilities present in some CM systems). 

The internal state stores and organizes all events, the 
relevant set of which are then extracted by the extractor
before being displayed by one or more visualization com-
ponents. Currently we have implemented four different 
visualizations (ticker tape, tabular view, explorer view 
and the fully graphical visualization), two of which are 
presented in Figure 1. Each visualization shows, in its 
particular form, specifically which artifacts are being 
changed by which other developers. In addition, they pre-
sent a measure of severity of those changes: for each 
change, Palantír calculates the percentage of the artifact 
that has changed as a rough measure indicating “how 
much” potentially interfering activity is occurring in an-
other workspace. 

In the explorer view, shown in the left hand side of 
Figure 1, the artifacts in the local workspace are shown 
organized in the familiar form of an expandable tree. This 
tree is enhanced with vertical bars indicating the severity 
of ongoing and committed changes: the longer the bar, 
the higher the severity of the change. Although not visible 
in this black and white view, changes are color coded to 
distinguish changes in a local workspace from changes in 
other, “remote” workspaces.  
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 The fully graphical visualization, shown on the right 
hand side of Figure 1, presents a developer with a hierar-
chical “3-dimensional” stackable view of an artifact and 
its constituents (in this case version 1.1 of the folder 
home/word”). Each constituent artifact may itself contain 
other artifacts and each artifact in the view may be pre-
sent and being changed in multiple workspaces (as indi-
cated by stacks of artifacts). Color-coding separates dif-
ferent workspaces. For instance, the stack for the artifact 
“/home/word/edit” indicates that Ellen, Pete, and Mike 
each have a version of the artifact in their workspace. 
Pete and Mike each have version 1.0 in their workspace, 
and their changes are still in progress as indicated by the 
question mark. Ellen, on the other hand, already has 
checked in a new version of the artifact (as indicated by 
the exclamation mark), resulting in her having version 1.1 
in her workspace. The severity of ongoing and committed 
changes is shown by the vertical blue lines: the taller the 
bar, the higher the severity. 

3. Full Project View 

Thus far, the visualizations of Palantír have been 
geared towards individual developers. Each visualization 
only shows concurrent changes that relate to artifacts that 
are in the “local” workspace. We realize that only having 
such self-centered views is a limitation and that, benefits 
exist to having an overarching view of all parallel activi-
ties. In particular, we believe project managers in regular 
corporate settings as well as core programmers 

in Open Source settings can benefit from having a view in 
which all concurrent workspaces are shown and potential 
conflicts among workspaces are displayed. The needs of 
project managers are different: they need both a high 
level and detailed view of parallel activity to better handle 
task management. Similarly, core developers in open 

source projects can benefit from knowing who is working 
on what, what changes may be forthcoming for future 
integration cycles, and generally steer developers who are 
working on related projects towards each other. 

We are currently building a new visualization for see-
ing the entire project at a glance. This visualization, an 
early prototype of which is shown in Figure 2, provides 
an overview of changes in all the workspaces. In particu-
lar, it lays out all the workspaces in the project in a circle. 
If there is any overlap of work in any pair of workspaces 
(as defined by changes to the same files), this overlap is 
indicated with the presence of a line between the two 
workspaces. The higher the overlap, the thicker the lines 
appear. In order to avoid cluttering the visualization, the 
manager can set a threshold for viewing the overlaps. For 
example, one may want to only see overlaps that are 
greater than 40%. 

Anyone using the full project view can zoom into any 
of the workspaces to view the changes in that workspace. 
Specifically, zooming brings up the Palantír explorer 
visualization discussed in the previous section. Double 
clicking on a developers name in the visualization fully 
opens that developers’ workspace in a separate window. 
This allows easy exploration of conflicts, by showing 
workspaces side by side. Managers can guide a project; 
core developers can point novices to things they may 
have missed or are doing wrong.  In turn, novices can use 
the view as a rudimentary kind of “expertise” browser 
[15], in the sense that they can see who is working on 

Figure 1. Explorer Visualization and Fully Graphical Visualization. 
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what parts of the code. 
A particularly interesting feature of the full project 

visualization is that it allows the user to go “back in 
time”. By using the “time” slider at the bottom of the win-
dow, it is possible to view the level of conflict at regular 
past intervals. This helps managers and any other party 
using the visualization to gain an understanding of how a 
project evolves and the level of parallel conflicts during 
that evolution. 

We are currently still in the building stages of the pro-
ject management view, but have high hopes that it will be 
one of the most informative views of Palantír yet – it can 
be used by anyone, and provides interesting information 
at both a high and a very detailed level. 

4. Eclipse Integration 

So far Palantír has been independent of any develop-
ment environment and runs as a separate application. On 
the one hand, integration with a particular development 
environment is not good, as different developers have 
different preferences and integration with a particular 
editor limits the use of Palantír. On the other hand, when 
a developer is deep into programming they might not 
switch to any other applications until their task is done to 
avoid any kind of distraction. Thus, in the case of 
Palantír, the developer might be missing out on important 
information during that time. To avoid this context switch 
between the editor and Palantír, we have integrated 
Palantír with Eclipse, a Java development environment. 
We are aware that different developers have different 
preferences and Eclipse may not be the editor of choice of 
all developers. The purpose of our integration is therefore 
to demonstrate that it is possible to easily integrate 
Palantír into a development environment; we hope other 
integrations can be as simple as this one. 

We decided to integrate Palantír with Eclipse specifi-
cally because Eclipse is itself an Open Source product 
geared towards OSS development. Since its initial release 

Eclipse has become increasingly popular as the Java edi-
tor of choice. Additionally, our choice was guided by the 
fact that Eclipse has been designed such that adding new 
functionality is relatively easy; it’s plug-in facility is very 
powerful and the number of extension points is great.  

Our integration is provided through a new Palantír 
perspective in Eclipse, similar to the already existing Java 
perspective. Shown in Figure 3, the perspective lays out 
all the artifacts present in the local workspace in an ex-
pandable tree view. Each artifact is annotated on the left 
hand side with a small red triangle denoting the cumula-
tive severity of changes made by other developers: the 
higher the cumulative severity, the larger and redder the 
triangle. On the right hand side of the artifact name, the 
numerical value of the cumulative severity is listed in text 
as well. A similar mirror image of a blue triangle is used 
to denote the impact of the changes.1 This view presents 
only cumulative values, developers should use the other 
Palantír visualization for in-depth investigations. 

Note that the Palantír-Eclipse integration recalculates 
the severity of changes every time a file is saved: this 
allows Palantír to share up-to-the-minute details regarding 
activities in other workspaces.  

5. Related Work 

To date, CM systems have very limited awareness ca-
pabilities. Existing CM tools usually require explicit man-
ual action to break the isolation of workspaces, and even 
then information that is provided is old – not current and 
up-to-date directly from the workspace. Other than 
Palantír, few tools attempt to bridge CM and Computer-
Supported Collaborative Work in raising awareness for 
users of CM systems. Jazz [16] is a collaborative tool 
built within the Eclipse IDE that shows the status of arti-
facts in other workspaces (artifact has been checked out 
and/or committed). Night watch [17] builds on the CVS 
watch facility, and notifies developers by email when an 
artifact in which they are interested has been changed by 
others. State Tree Maps [18] is an awareness widget that 
shows which artifacts have been modified locally or re-
motely and which artifacts have been checked-in into the 
repository. Compared to these tools, Palantír has two ad-
vantages: it provides a measure of severity, and it pro-
vides the full project view. 

1 We intend to build not just a measure of severity, but 
also a measure of change impact – one to measure “how 
large” a change is, the other to measure “how much I 
should care” about the change. 

Figure 2. Project View Visualization. 
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6. Conclusions

Palantír is based on the hypothesis that enhancing CM 
systems with awareness allows developers to have an 
improved insight into potentially conflicting parallel 
activities. The hope is that developers will use this insight 
to self-coordinate, in effect making earlier the point at 
which a conflict is detected and thereby reducing the 
amount of effort involved in addressing it. 

We are currently finishing up the Eclipse integration 
and full project view. Our next steps in the project are to 
put Palantír in use, first in a class project in which we will 
have a large group of students all be part of a single team; 
and then in actual real-world settings as we release and 
deploy Palantír to the Open Source community itself. 
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Abstract 

In this paper we explore how version control software 
participates in learning within free/open source activities 
(F/OS). We see F/OS in terms of a product, and a 
community of people engaged in the process of its 
development, with version control software at the centre 
of all three activities as they learn and innovate. Learning 
is analysed through the perspective provided by 
Bateson’s Levels of Learning, a relational model that 
stresses collaboration and conflict as drivers of learning 
and showing how conflict resolution may lead to higher 
and more profound or significant learning.   

1. Introduction 

It is usually taken for granted that version control 
software [VCS] is an indispensable part of free/open 
source [F/OS] development activity. Software patches are 
accumulated and exchanged via such tools, working 
systems are distributed, and developers manage some of 
their communication through them. However, VCS does 
more than just support development activity at the level 
of changing chunks of code. Here we ask what role VCS 
plays in learning in F/OS? F/OS can be seen as a 
combination of three elements: a product - software that 
is jointly worked on by developers and is available to a 
wider group of users; a community of developers centred 
around the product; and a process that they engage in  

F/OS software products have certain characteristics 
that can be learned about or innovated, such as their 
architecture, criteria of quality, coherence and 
accessibility. Given Linus’ Law, there is a particular need 
for transparency to allow review. Community refers to the 
norms of the developers, how they enter the community, 
their motivations for participation, the ideology that binds 
them together, and the levels of trust required to be self 
managing. Qualities that make a F/OS process
appropriate include a high degree of responsiveness 
(release early, release often), to be inclusive, reliable and 
coherent (understood). Such distinctions are not absolute, 
but for the sake of clarity we use them here to identify 

various opportunities for learning that may be mediated to 
some degree through VCS. 

The structure of the paper is as follows; in the next 
section we briefly introduce version control software. 
This is followed by an explanation of Bateson’s learning 
ideas and a quick sketch of our case study and finally 
onto the analysis. The diagonal line in Table 1 indicates 
the path of analysis we take. 

Table 1. Role for version tools in F/OS learning 

Role of Version Control Tools 

Product Community Process
Learning  

I
   

Learning 
II
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2. Version control software 

Version control softwares are used by software 
developer communities in both proprietary and free/open 
source environments. Usually designated as a ‘tool’ they 
are conventionally defined as ‘a mechanism for managing 
the multiple versions of the software objects that are 
created during the software development process [4] and 
emphasise control, ‘keeping track of the configuration 
items which are any documents created during a software 
development process, and which are found necessary to 
be placed under configuration control like requirements 
documents, data flow diagrams, design documents, 
source code, and test results [7]. In contrast to a simple 
tool or control perspective, our view is to see VCS as an 
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actor within a heterogeneous network of interests which it 
inscribes and translates.  

Such software has long been a key part of open source 
activity with a history going back at least to the origins of 
UNIX [13]. F/OS communities, by their very nature, 
require them to manage software revision and release 
control within a multi-developer, multi-directory, multi-
group environment [3, 6]. Tools such as RCS [Revision 
Control System] and SCCS [Source Code Control 
System] have long been in use [8], but Concurrent 
Version System [CVS], an OS product, is now recognized 
to be the most popular tool in F/OS communities [17].  

3. Levels of learning 

To understand how learning occurs and is manifested 
in F/OS we have adopted Bateson’s concepts of levels of 
learning as our framework [2]. Argyris and Schon [1] 
base their organizational learning work on Bateson’s 
ideas, adapting it to help understand collective or 
organizational learning. Bateson suggests that “what can 
be studied is always a relationship or an infinite regress 
of relationships. Never a ‘thing’”. This takes us away 
from learning as something that can be isolated but rather, 
learning occurs through relationships and collaborations 
[14]. VCS mediate such relationship building and it is 
central to this paper to see them as actors that are engaged 
within a learning process, promoting and reflecting 
learning. For Bateson learning is about some sort of 
‘change’, a communication of ideas and a mastery of a 
new approach or solution [11]. His view of learning is 
adaptive and ecological; ‘learning is adaptation, and 
evolution is its highest form’ [11], and emphasizes 
learning as a product of collaboration that is inherently 
social and relational. But any relational process involving 
collaboration also invites paradoxes and conflict. Such 
paradox and conflicts, and how they are understood or 
resolved, are proposed as the key to understanding how 
an individual or organization learns.  

The version control software considered here has often 
been at the centre of conflict. For example, conflicts over 
patch submission may be resolved partly by VCS itself. It 
is, after all, named as a control device, and it does, 
through its process of managing software items, exercise 
control over development. The choice of VCS itself has 
also lead to explicit conflict, revealing the dynamic within 
F/OS communities and their conception of the process 
they engage in [13]. 

Bateson’s presents learning as occurring at four 
different levels. At the lowest is Zero learning, which is 
hardly any learning at all. This involves simple reflex 
actions, or stimulus-response, which are needed to 
maintain a local status quo.  

Learning I is the ability to learn to respond to diverse 
stimuli within the same or similar context – learning 

something. Learning II is a reflexive activity that allows 
activity to move across contexts and resolve paradox – 
learning about learning. Change of context and paradox 
resolution differentiates Learning I from Learning II; an 
ability to adapt responses and to consciously reflect on 
learning techniques and habits and improve them – often 
described as learning to learn. Reflection may be 
triggered by some crisis, breakdown or paradox that 
forces consideration of behaviour. This can lead to either 
reflection on learning habits in order to improve skills, or 
cause confusion and result in a state of limited reaction. 

Learning III is understood as rarer and entails a 
‘profound reorganization of character’ as for example in 
religious conversions. Learning III is a response to 
significant challenges to established theory or paradigms.  
It is an intriguing feature of open source communities that 
this form of learning lies at its core, and the Linux kernel 
community, for example, has over the last 10 years 
undergone a series of profound reorganizations when 
their learning paradigm has adapted. 

4. Linux kernel case study 

The F/OS case used here is the Linux kernel 
community. This community has a long history of 
concerns with VCS adoption and use [13]. They began 
with pre-patch releases and then part of the community 
adopted CVS. This VCS was not espoused by Linus 
Torvalds who, after some time, chose a closed source tool 
BitKeeper [BK]. This proved to be the catalyst of much 
distrust and dissent. It also lead to an attempt at a ‘GPL’d 
clone’ called BitBucket [9]. Torvalds backed BitKeeper 
and uses it to this day. His reasons for doing so, and the 
problems this caused, are discussed in Shaikh and 
Cornford [13]. 

The creator of BitKeeper, Larry McVoy, resented the 
BitBucket project and threatened to sue. At around this 
time he made ‘amendments’ to the BitKeeper license 
[BKL] making it impossible for any developer who had 
previously worked on  ‘competing’ VCS to use BK. This 
threatened to become a serious dispute with the level of 
distrust rising.  

Another issue that arose was the incompatibility 
between CVS and BK. Those developers who could not 
use BK, or did not wish too because of a conflict in 
ideology, were unable to access the main tree of the 
Linux kernel kept by Torvalds. McVoy took the 
opportunity to appease kernel developers by creating a 
gateway between BK and CVS. The situation seemed to 
get better only to end in further suspicion. BK’s 
conversion of data into CVS did not add up completely to 
what was held by BK. What was available to the CVS 
users was not all the metadata and nothing McVoy said 
about the insignificance of the difference altered some 
kernel developers’ resentment or mistrust.  
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5. Analysis 

The brief history given in the section above will help 
the reader to understand the significance of VCS for F/OS 
communities. The case suggests immediately how such 
software mediates aspects of the community’s governance 
structure, signifies access to code and metadata, and 
inscribes procedures for patch submission. Table 2, 
provides our framework for analysis of how VCS engage 
with activities of learning within this community and 
indicates areas of learning we identify within our study of 
the VCS debate within LKML. We only explore some of 
the framework here, taking a path to consider learning I in 
product, learning II in community, and learning level III 
in process.

5.1. Learning I in Product

VCS stores source code. In the case of BK, code is 
held as changesets, which are groups of deltas, accessible 
to developers to read and reuse. Both BK and CVS 
provide developers with an opportunity to read and 
compare code written by others and thus ‘learn 
something’. A requirement for comparison may arise 
when more than one patch is sent to solve the same bug. 
In the case of BK the second developer is made aware of 
the duplication of effort and is then asked to determine 
which of the two patches should be accepted by looking 
at both patches side-by-side[5]. At a simple level, this 
comparison affords developers a window to observe how
others would attack the same bug, but also allow the 
review of other code-use in other contexts. VCS also 
offers developers the chance to read metadata written by 
developers to explain their lines of code [12]. This, like 
the openness of source code, grants developers a chance 
to compare and learn.  

5.2. Learning II in Community

A slightly different scale of comparison is offered by 
the ability to backtrack through deltas to see how change 
has occurred and what direction it took. This can support 
learning within the community through emulation and 
adapting of ideas. It is at the point of adaptation of ideas 
that this level of learning penetrates into the next, higher 
level of Learning II. It also moves from simple learning 
about code and coding to learning about aspects of 
participation within the community.

A community in F/OS clings to and seeks to sustain 
some ideology, has certain motivations, and relies on a 
culture built on trust and peer-review. Learning II 
indicates ability within such a community to adapt 
behaviour when the context changes and as a result of 

reflection. This level of learning is characterized by 
breakdowns, paradox situations or challenges that need to 
be addressed to regain some form of order.  

As the brief history given above shows, VCS is seen to 
exercise control over the community and (in the case of 
BK) is structured to meet the needs of the governing 
body. One of Torvalds’ main reasons for embracing BK 
was to control who had access to ‘his’ tree. He didn’t 
want all developers to have access or the ability to load 
their patches without going through him first.  

The community conflict over BK vs CVS, the gateway 
and the metadata, challenged many people to reflect on 
their current ways of working, the values they espoused, 
the norms of participation and development contribution. 
The context had changed and old behaviours or beliefs 
would not work. Such reflection demanded some new 
responses – for example, to GPL BK, to work through a 
gateway, or to engage in more debate and dissent.  

5.3. Learning III in Process 

In conventional software engineering terms VCS are 
all about process (control, tools), while in F/OS terms the 
process is itself a radical reorientation of software 
engineering. Here we want to analyze the role version 
control tools play in challenging fundamental 
assumptions and paradigms, and how learning at level III 
is manifested.   

There is more than one instance of such a challenge 
and response in the Linux kernel case, for example in 
discussion of the purity of the GPL, ownership of codes, 
rules of participation and forking. Rare as this level of 
learning may be in individuals, it seems to be a recurrent 
theme in F/OS communities as they debate their existence 
and fundamental values. Here we focus on Torvalds 
decision to adopt BK [16] rather than CVS, remembering 
that in 1995 Torvalds had decided clearly that he would 
not use CVS for kernel development, though he was 
happy to use the tool for his work at Transmeta [15]. If 
this had been a move to a F/OS tools it still would have 
caused a stir, but the idea of using a closed source tool to 
create the kernel that stands for F/OS for many was an 
outrage. It divided developers between BK and CVS 
users and served as a catalyst for serious dissension and 
even a threat of a fork.  

Using a closed source product to create their open 
source kernel threw the GPL into question and the 
sanctity of the code they produced. Faced with two 
equally distressing choices [or double-bind] of either 
forking the kernel or adopting a closed source tool gave 
rise to two responses. The community adapted in the form 
to create a GPL’ed clone of BK [BitBucket] so that they 
wouldn’t have to use BK, and it also reinforced a sense of 
community and voice sufficient to persuade McVoy to 
create the BK CVS gateway [10] which allowed CVS 
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users indirect access to the source code and (some) 
metadata held in the BK repository.   

6. Conclusion

Our contention is that F/OS activity is based on 
learning as a response to changing environmental factors 
and on the basis of experience. We suggest that such 
learning activity can be identified, for analytical purposes, 
within three main elements, the code itself, the 
community that surrounds it, and the process they engage 
in. Each element has to be learned about, each element 
poses problems and paradoxes that require some 
reflection on learning style or modes. At times, and more 
often perhaps than we thing, learning in F/OS is focused 
around a questioning of certain fundamental assumptions 
or core values, as in issues of license discussed here. In 
all this we see version control software playing a role 
within the heterogeneous network of interests. It is both a 
medium of learning (e.g. code visibility), but also a 
product of learning as it embodies or inscribes certain 
interests, while attenuating others. We see the community 
and the ‘tool’ mutually constructing one another as a 
learning activity  
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Abstract 

Success in open source software (OSS) development 
has been viewed in many different ways.  This paper 
examines the relationship between success in terms of the 
development efforts devoted to an OSS project and 
success in terms of the acceptance of the software by 
stakeholders beyond the immediate development group.  
Research has discussed the importance of 
communication, norms, and other factors related to the 
dynamics of work within open source software 
development groups.  The model proposed  here suggests 
a positioning of these internal dynamics in a larger 
nomological net explaining variation in the success of 
OSS efforts.   

1. Introduction 

Research has assessed the output of individual OSS 
projects and examined how dynamics within OSS 
projects influence the development of the software 
product (e.g., [21, 25]).  In addition, several studies have 
taken a higher level view and sought explanations for the 
phenomenon of OSS and an understanding of the wider 
OSS community (e.g., [17, 18]).  Building on this work, 
this paper suggests positioning what has been learned 
about OSS development in a wider framework targeted at 
understanding the impact of OSS on users.  A main 
contention of the paper is that as OSS diffuses across a 
broader set of users and types of uses, it becomes 
important to understand how the individual characteristics 
and internal dynamics of OSS projects influence the 
eventual impact that the software produced in those 
projects has on users.  

The paper first suggests a multifaceted understanding 
of success in OSS from both a development perspective 
(i.e., success in terms of attracting input and producing 
output at the project level) and a usage perspective (i.e., 
success in terms of user interest, adoption, and impact 
related to specific OSS projects).  Section three then 

summarizes the proposed theoretical model and the high 
level propositions it encompasses.  The final section 
discusses further development of the model, limitations, 
and implications. 

2. Conceptualizing OSS Success 

OSS development has been conceptualized as a 
phenomenon at the community [1], organizational [19] 
and team/group level [21].  While recognizing the utility 
of these different levels of analysis, the focus of this 
paper is limited to discussing OSS success at the project 
level. Thus dimensions of and antecedents to success 
discussed below are conceptualized at the level of the 
team working on a project, the project itself, or the users 
of a specific project. 

Some success indicators applied to commercial 
software projects – e.g., being on-time, on-budget, and 
meeting specifications – may not be readily applied in the 
OSS setting.  In this setting, there may be no a priori 
budget, timeline, or set of specifications [25].  Other 
evaluation criteria applied to projects in the IS and 
software engineering literatures are more applicable.  
These include system quality, information quality, system 
usage, user satisfaction, and system impact on users and 
organizations [5].   

In addition to conceptualizations of success that may 
be applied from closely related settings, there are some 
kinds of success uniquely relevant in OSS development.  
Because OSS often depends on volunteer labor, the extent 
to which a project attracts, retains, and motivates 
developers is an important aspect of success [21].  This 
kind of success may be indicated by such factors as the 
number of developers involved, the level of project 
activity (e.g., bug fixes, patches provided, new features 
and software releases), or project development status 
(e.g., alpha testing, beta testing, production, etc) [3, 27]. 

The model depicted in figure 1 includes two broad 
types of OSS success, labeled development success and 
usage success.  Development success is proposed to 
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consist of success in attracting input to the project and 
success in producing project output.  The former might be 
indicated, for example, by the number of contributions 
made to the code repository while the latter might be 
indicated by an assessment of the quality of the software 
release.  Usage success is composed of user interest, 
which might be indicated by a user downloading project 
files, and also user impact, which might be indicated by 
performance changes that result from use of the software.   

3. Antecedents to OSS Success 

Research suggests many potential factors that may 
influence both development and usage success.  For the 
purpose of this paper these factors are grouped into three 
categories: those associated with the development team 
(Team Factors), those associated with the product of the 
team (Project Factors), and those associated with users of 
the product (User Factors).  The remainder of this paper 
presents propositions about the main mechanisms by 
which these sets of factors may influence OSS success 
both in terms of development and usage. 

Team Factors Project Factors User Factors

Development 
Success

Usage 
Success

P1
P4

P3P2

P5

P6

Figure 1: A general framework of OSS success 

3.1 Impact of Team Factors 

In many ways OSS teams are like the virtual teams 
studied in the IS literature. For example, they generally 
use the Internet as their main means of communication, 
and they may have widely distributed members.  Among 
the team factors argued to be important in prior work, 
trust, communication, and culture have been suggested to 
play especially important roles in OSS [18, 28].   Because 
they have been the focus of prior work, these three team 
factors are discussed as exemplars below. 

Trust. Ljungberg ([18]:215) states that “(Open source) 
could be seen as a virtual organization, but where trust 
has replaced law in regulating relations.”  This view is 
consistent with much of the management and virtual 
teams literature, which has argued that trust is closely 
linked to performance outcomes (e.g., [15]). When 
affective trust exists, sensitivity to the personal and work-
related needs of other group members is high [20], 
leading to higher levels of responsiveness in helping other 
team members.  Affective trust has been shown to have a 

positive impact on organizational citizenship behavior 
among managers and peers [20].  Further, affective trust 
is persistent, leading to the discounting of events that are 
contrary to ongoing harmony [14].  In the OSS context, 
for example, a contributor whose code is not accepted 
into a new release in one instance may feel rejected and 
choose to leave the group by ceasing to contribute.  
However, if affective trust is high, negative events such 
as this are more likely to be attributed to situational 
factors and not result in a reduction of commitment to the 
project.

Communication. Studies of commercial software 
design efforts have found that high performing virtual 
teams significantly “outcommunicated” low performing 
virtual teams  [22]. Previous work on communication in 
virtual teams implies at least two distinct types of 
communication may be important: social communication, 
in which team members discuss things other than the 
project (e.g., their hobbies, families, and weekend plans) 
and task relevant communication, which is characterized 
by the extent to which the communication is perceived to 
be useful (e.g., timely and helpful with regard to the 
project) [15, 36].  Social communication enhances 
identification with the team and commitment to the team 
while task communication is required to complete and 
coordinate work.  Thus social communication may 
influence retention of developers and therefore impact 
input while task communication facilitates the 
coordination and combination of input to produce high 
quality outputs.   

Culture. Of the many antecedents to success suggested 
in the virtual teams literature, culture has received the 
widest acknowledgement as a factor especially important 
in OSS [1, 2, 19].  Ideology, a key component of culture, 
is defined as “shared, relatively coherently interrelated 
sets of emotionally charged beliefs, values, and norms 
that bind some people together and help them make sense 
of their worlds” [30]. Beliefs refer to understandings of 
causal relationships, values refer to preferences for some 
behaviors or outcomes over others, and norms refer to 
behavioral expectations.   

Though culture is by definition shared, it may vary 
across subgroups [12, 13].  Open source developers have 
often been said to constitute a community, identifiable by 
its common culture [1].  At the same time, subgroups are 
formed around projects within that community, and such 
subgroups may vary in the extent to which they conform 
to the overarching community ideology. Indeed, 
Ljungberg ([18]: 210) suggests that ideology varies 
widely across OSS developers: “At one end of the 
spectrum there is great zeal…at the other end there is no 
big deal about the ideology.”   

In general, the existence of a shared ideology in a 
workgroup is thought to facilitate group efforts.  Shared 
values can lead to better mobilization of group members 
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towards directed ends by connecting group goals to moral 
imperatives, and personal commitment may be created by 
increasing the salience of collective identities and values 
and linking behaviors to these identities and values [26]. 
Ideological commitment serves as a particularly effective 
control in distributed contexts where close supervision is 
not feasible and every type of contingency may not be 
easily accounted for and codified in contractual terms 
[23].   

The OSS ideology in particular seems designed to 
facilitate project work.  Main components of the OSS 
ideology as including values related to sharing and 
helping others, learning through participation, and 
protecting group member contributions [28].   Thus the 
extent to which project members subscribe to the 
common open source ideology may have positive effects 
on development success by increasing group commitment 
and acting as a control mechanism. 

Summary. The brief discussion above is meant to show 
that team factors discussed in prior work – trust, 
communication, culture – may all work through similar 
mechanisms to influence the success of OSS development 
efforts.  The proposition below is intended to imply that 
other team factors – for example, leadership style or 
group member heterogeneity – might be fruitfully 
examined by considering their impact on these same 
mechanisms. 

Proposition 1: Team factors that enhance developer 
identification with and commitment to a project attract and 
retain more developer input and facilitate the successful 
conversion of that input into output, leading to greater 
overall development success. 

3.2 Impact of Project Factors   

Contrary to some popular conceptions of OSS 
development as drawing from an infinite pool of talent 
(e.g., [31]), OSS work requires specific skills and there is 
a limited pool of people with the knowledge and 
motivation to be able to productively contribute, leading 
to potential competition among projects to attract 
developer efforts.  For example, [16] cites the Orbiten 
Free Software Survey [8], which indicates that the 100 
most prolific OSS contributors contribute to 1,886 
distinct projects, a contributor to project ratio of 
approximately 1 to 19.  Other analyses [6, 17] also show 
that a relative few individuals make most contributions, 
while most contributors make only a single contribution. 
Thus given the voluntary nature of most OSS 
participation, development success may depend in large 
part on the extent to which productive developers are 
motivated to contribute to one project versus another.   

With regard to motivation, researchers have suggested 
that OSS contributors find programming intrinsically 

motivating, deriving feelings of competence and self-
determination from the activity itself or from helping 
others [3, 11]; that they contribute to satisfy their personal 
needs for software [11, 24, 34]; and that programmers 
contribute to enhance their skills and reputations [16], 
possibly with the expectation of future returns [4, 11, 17].  
Future returns might be derived because participation in 
OSS both allows contributors to increase their human 
capital (e.g. by honing their skills), and it allows them to 
advertise their skills thereby enhancing their reputations 
and their prospects for paid development work [10, 11, 
17].  Given that projects compete for members and that 
participation in a project is largely a function of a 
developer’s motivation, the model suggests that a major 
influence on development success will be the relationship 
between project characteristics and developer 
motivations.  Potential developers will judge the 
opportunities for skill development, potential utility, and 
possible reputational benefits based on characteristics of 
the project such as the license used, the problem domain 
addressed, or the programming language used.  

Proposition 2: The greater the alignment between project 
factors and OSS developer motivations the greater will be 
the development success of the project.

Project factors may also be important in determining 
usage success, as characteristics such as license may be 
readily observed by potential users.  The IS literature on 
technology acceptance and usage provides a foundation 
for considering antecedents to OSS user interest and 
impact.  This literature has overwhelmingly supported the 
idea that perceptions of utilitarian value (perceived 
usefulness) and perceptions of required effort (perceived 
ease of use) are key determinants of behavioral intention 
to use and actual use of technology [29, 33]. 

Research in the marketing literature has demonstrated 
that perceptions of value, which in this setting would 
result from usefulness and ease of use, may be developed 
from individuals’ use of extrinsic cues in the formation of 
product quality and cost perceptions [7]. Using affect-
referral, customers simplify their decision making process 
by basing their judgments on summary information (e.g., 
brand attitudes) rather than on product attribute 
information [35, 37]. In the OSS context, although code is 
available for inspection, users may not have the necessary 
background knowledge to evaluate the inner workings 
and features of a software program before they install it, 
or even if they do have the requisite skill, they may seek 
to minimize the cognitive effort involved in evaluation by 
relying on more easily interpreted cues.  Project 
characteristics such as organizational affiliation and 
license may be viewed as salient extrinsic cues for 
evaluating the usefulness and ease of use of OSS projects. 
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Proposition 3: Project characteristics that are perceived to 
indicate high levels of usefulness and ease of use of the 
software  will have a positive impact on user interest and 
adoption.

3.3 Impact of User Factors 

The least explored areas of OSS success included in 
the model are user impact and the role of user factors.  
When contemplating adoption of a new software package, 
users must consider many issues including integration 
with current technology infrastructure and future 
requirements for maintenance.  Thus users may vary in 
their ability to use and benefit from OSS based on factors 
such as their technical expertise. However, the 
importance of such factors will depend heavily on the 
nature of the software being considered.  While 
integration with current technology may be crucial for the 
organization user contemplating adoption of an OSS 
software development tool, it may be irrelevant for the 
individual user considering downloading a new OSS 
game.  Thus the proposition represented in the research 
model is derived from contingency theory [9, 32], which 
suggests that outcomes depend on the fit, or lack of fit, 
among organizational and environmental factors.  The 
impact (positive or negative) that OSS adoption may have 
on users will depend on the extent to which 
characteristics of the project “fit” with characteristics of 
the user.   

Proposition 4: The extent to which project characteristics 
are aligned with user factors will have a positive impact on 
usage success by both increasing user interest and increasing 
the likelihood of positive impact from adoption.

3.4 Relationship between Development and Usage 
Success 

Above, it has been assumed that in order for a project 
to be successful in creating output, it must first attract 
development input. Similarly, project output may be 
expected to affect user interest such that more active 
projects are also more popular, based on the idea that the 
quantity and quality of output are critical to perceived 
usefulness. The model also suggests a feedback effect 
from usage success to development success that is derived 
from a consideration of the motivations of OSS 
developers.  The greater the user interest in a project, the 
wider the audience for individual contributions and 
therefore the more visible the efforts of contributors.  
Hence there may be greater potential reputation benefits 
from working on more popular projects [17], and we 
might expect such projects to attract more activity from 
developers.  Further, an active user base will generate 
defect reports and support requests [21], providing greater 

opportunities for developers to hone their skills on a 
variety of tasks and thereby stimulating more 
development input. 

Proposition 5: OSS development success will increase the 
perceived usefulness of an OSS product and thereby have a 
positive effect on usage success. 

Proposition 6: OSS usage success will enhance the 
motivation of developers to contribute to a project and 
thereby have a positive effect on development success.  

4. Conclusion 

This paper has presented a model of how developer, 
project, and user factors may influence the success of 
OSS projects both in terms of attracting input and 
generating output (development success) and also in 
terms of attracting user interest and providing benefits to 
users (usage success). As depicted in figure 1, the 
research reviewed above indicates three important 
categories of influences on OSS success, labeled team 
factors, project factors, and user factors.  Propositions 
outline the mechanisms by which these factors may 
influence OSS success.  The model has several 
limitations, for example there may be other categories of 
factors that are omitted but have important impacts on 
success (e.g., environmental factors such as the current 
economic climate in an industry could impact the success 
of OSS products targeted toward that industry).  Such 
limitations aside, the model is presented in the hope that it 
may encourage researchers to more deeply examine 
questions related to the impact that OSS may have on the 
user community and how the internal dynamics in 
projects, here encompassed in team factors, may have 
effects on the ultimate external acceptance and impact of 
the software.   
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Abstract 

In this paper it is argued that open source developers 
and research projects carrying out user requirement 
analysis should collaborate at a closer level. In 
particular, we discuss how developers could take 
advantage of the knowledge generated by COSPA, a 
research project aimed at studying and supporting the 
introduction of open source software in the Public 
Administration. COSPA focuses on office automation and 
desktop system software and it could thus provide 
developers with user requirements from one of the main 
“corporate” users of software. To this aim, the project 
has established an “observer” status, by means of which 
interested parties may access COSPA’s results, thereby 
fostering collaboration and increasing dissemination of 
knowledge. 

1. Introduction 

Open Source Software (OSS) has grown a lot in 
popularity. Linux and the Apache web server are found in 
respectively 30% and 66% of the Internet’s public 
servers, according to Netcraft’s survey [1]. We thus have 
some empirical evidence that OSS can work well, at least 
for the server side of the client-server architecture. On the 
other had, it seems that OSS is not well suited for desktop 
and client applications, for which we know that Microsoft 
Office is the de-facto standard. The FLOSS study [3] 
showed that only 8% of business and public institutions 
use some kind of OS desktop software. If we consider 
office automation tools only, the percentage drops to a 
mere 4%. 

Why such a difference, with respect to system 
software? Some authors suggest that it might be due to 
the fact that developers of OS system software “knew 
what they were doing and how to do it” [6]. In the case of 
Linux, the group of developers headed by Torvalds had a 
clear idea of the requirements of the system being 
developed, plus they all shared knowledge of the Unix 
structure [7]. Indeed, research in software engineering has 
clearly proved the importance and impact of requirements 
in software development [8]. In the case of OSS, 
requirements elicitation and sharing is an even more 

critical activity, as development teams are usually 
geographically distributed. 

Another reason for the difference in popularity 
between desktop and system OSS is the fact that the 
former is actually much younger, and therefore it has not 
benefited from the same amount of user testing and 
feedback as OS system software has had. However, it 
looks nonetheless very important that desktop OSS 
exploits and incorporates user requirements as soon as 
possible, in order to develop products grounded on users’ 
expectations. At the moment it is not clear how user 
needs are taken into account by OS developers. 

In this paper it is argued that open source developers 
and research projects carrying out user requirement 
analysis should collaborate at a closer level. In particular, 
we make the case for a close interaction between OSS 
desktop developers and the COSPA research project. 
COSPA studies the introduction of OS desktop software 
in the Public Administration and could therefore provide 
the OS developers community with valuable information 
about the requirements of a “corporate” sector. 

2. The COSPA project 

The Consortium aims at introducing, analysing, and 
supporting the use of Open Data Standards (ODS) and 
Open Source (OS) software for personal productivity and 
document management in European Public 
Administrations (PA). 

The Consortium will analyse and support the 
introduction of ODS and OS solutions in the PA by:  

Deploying ODS and OS software solutions in 
several European PAs, and benchmarking their 
effectiveness through a cost/benefit analysis;  
Building a European, multilingual, freely-
accessible knowledge and experience base by 
comparing and pooling knowledge;  
Disseminating the results and the experiences of 
the study through a series of workshops at 
regional and European level.   

In particular, the project focuses on the OpenOffice 
suite: a set of key desktop applications which includes a 
word processor, a spreadsheet, a presentation manager, a 
drawing program, and an equation editor [4]. 
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COSPA is funded by the 6th Framework Programme 
(FP6) of the European Union and will run from January 
2004 to December 2005. 

2.1 The Consortium 

COSPA is a consortium of fifteen European partners: 
Academia: Free University of Bolzano-Bozen 

(Italy, Coordinator), Computer and Automation 
Research Institute MTA-SZTAKI (Hungary), 
University of Aalborg (Denmark), University of 
Limerick (Ireland), University of Sheffield (UK); 

Public Administrations: Consortium of the 
Municipalities of the Province of Bolzano-Bozen 
(Italy), Torokbalint City Council (Hungary), 
Hanstholm Kommune (Denmark), Society of IT 
Management (UK), Beaumont Hospital (Ireland), 
South-West Regional Authority (Ireland), Province 
of Pisa (Italy), Province of Genova (Italy); 

Industry: Conecta srl (Italy), IBM Belgium SA 
(Belgium). 

The structure of the Consortium is centered on university-
PA couples. In fact, every PA is co-located with an 
academic partner, in order to constantly follow the 
evolution of the transition to OSS. 

2.2 Workplan 

The Consortium will introduce, analyse, and support the 
introduction in the PA of OSS and ODS. The workplan of 
the project can be divided in five main activities:  

1) gathering and analysis of user requirements from 
the partner PAs, in order to devise possible OS 
solutions. The focus of this task is not to develop 
brand new applications, but rather to identify and 
combine OS software and ODS which fulfill the 
PA requirements; 

2) pilot projects for deploying in the partner PAs 
the OS desktop solutions developed on the basis 
of the previous requirement study, in order to 
enable the subsequent cost/benefit analysis. 
Deployment will follow a two-step strategy: in 
the first step we focus on desktop applications 
only (mainly OpenOffice). In the second step we 
will also deal with desktop operating systems 
(Linux); 

3) benchmarking of the deployed OS solutions, 
through a statistical and cost/benefit analysis. 
Financial, economic, reliability, effort, cost, and 
time aspects will be considered and integrated; 

4) building a European knowledge and experience 
repository by comparing and pooling knowledge 
acquired in the previous phases of the project. 
The knowledge base will be placed on the 
Internet and made freely accessible; 

5) dissemination of the results and the experiences 
of the project through the knowledge base and a 
series of workshops at regional and European 
level, with the aim of stimulate: 

o the exchange and sharing of knowledge 
among the partners of the Consortium; 

o public and business’ awareness on the 
project and on OS in general; 

o interaction between users and OS 
developers communities. 

3. Synergy with developers’ community 

The activities which might be of interest to OSS 
developers are mainly two: 

analysis of requirements for OSS/ODS in the PA 
(activity 1); and 

pilot projects introducing OSS in the PA 
(activities 2, 3). 

3.1 Requirement collection and analysis 

This activity aims at finding out what OSS can be used, 
why and what problems have been experienced in 
adopting/managing it, what parts of an application are 
actually used, what parts are too sophisticated or 
inappropriate for the PA, what critical PA applications 
use OSS. Various requirement gathering techniques will 
be used, including questionnaires, interviews, 
development of user stories, and so on. 

Developers might benefit from the knowledge acquired in 
this phase of the project by checking how their 
applications are used in a corporate environment. Of 
course, developers may also consider PA’s requirements 
as a driver for further evolution of their projects. 

Work in this activity might possibly include the 
development of ad-hoc tools which will enable the 
successful integration of OS desktop software in existing 
PA environments. In particular, such tools would be 
expected to address interoperability issues between legacy 
databases and desktop applications. This could result in a 
direct involvement of the OS developers community. For 
example, a project’s partner has already tackled this issue 
by developing a library for “bridging” Oracle databases 
with OpenOffice. Such library is expected to be released 
to the OS community. 
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3.1 Pilot projects 

The objective of this activity is to run experiments on the 
introduction of OSS in the partner PAs, and to benchmark 
the effectiveness of the deployed OS solutions through a 
statistical and cost/benefit analysis. The analysis will 
consider financial, economic, reliability, effort, cost, and 
time aspects. The deployed OS solutions will of course be 
chosen on the basis of the previous requirement analysis. 

Data on usage and satisfaction will be collected in the 
partner PAs by the universities, both manually and 
automatically. The automatic data collection of process 
and product metrics [5][9] is carried out using the PROM 
tool [10]. The data collected will form the core data 
source for the analysis of the effort required in the 
transition to OS. 

The results of the pilot project phase would be of great 
interest to developers, as they could check how their 
applications and tools perform in a corporate 
environment. The analysis could identify strengths and 
weaknesses of OSS, bugs, security pitfalls, etc. 

4. Observers 

In order to increase dissemination of knowledge and to 
promote best practices in Public Administrations, the 
Consortium has established the role of observer. An 
observer can access the project’s results and experiences 
in a privileged way. It may also attend project meetings 
and thus give useful advises on the implementation of the 
project itself. 

At the time of writing COSPA has the following 
observers: 

University of Alberta, Canada; 
Victoria University of Wellington, New Zealand; 
UNESCO. 

New observers may join COSPA at any time. On the 
project’s website [2] it is available the application form 
for becoming a COSPA observer. 

Other research projects involved in OS could well foresee 
and equivalent observer role, in order to foster 
collaboration with developer communities and spread 
knowledge. 

5. Conclusions 

Successful OSS seems to be so far confined in the system 
software area, of which Linux, Apache and Sendmail are 

notable examples. Desktop OSS does not share the same 
amount of popularity. We argued that this might be due to 
the fact that OS developers do not have access to user 
requirements: for example, Linux developers knew 
exactly what they needed in the system and knew how to 
do it. On the other hand, it seems that developers of 
desktop OSS are not in the same situation. In this paper 
we make the case for a close interaction between OSS 
desktop developers and the COSPA research project. 
COSPA studies the introduction of OS desktop software 
in the Public Administration and could therefore provide 
the OS developers community with valuable information 
about the requirements of a “corporate” sector. That 
might clearly help and guide the development of useful 
and user-friendly desktop applications. 
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Abstract 

Many studies on Open Source Software Development 
(OSSD) have been published in the past years.  In these 
studies, OSSD has received positive comments and is 
proposed as a new way of developing software.  We 
investigate how project management is used in Open 
Source Software (OSS) projects to exercise control of 
development activities.  Project management in OSSD is 
worth studying, because research has shown that project 
management is a critical success factor in traditional 
software development.  We use the COBIT framework to 
audit project management practices commonly found in 
OSS projects with the aim of determining which practices 
are currently missing or can be further improved upon. 
The framework identifies several potential threats to the 
long term continuity of OSS projects. 

1. Introduction 

In most literature concerning Open Source Software 
Development (OSSD), the OSSD approach is presented 
as a new method of developing software, with the distinct 
characteristic that the source code of the project is freely 
available to everyone.  Open Source Software (OSS) is 
frequently reported to be of equal or higher quality, 
compared to non-OSS [6,17,10]. Moreover, some studies 
have shown that the methodologies used in OSSD are 
based on best practices in software engineering [21], and 
that certain elements of the OSSD approach could be 
beneficial to the development of commercial software 
[1,10]. 

We certainly acknowledge these advantages of 
OSSD. We are however interested in how we can further 
increase the success rate of OSS projects.  Research has 
shown that control exercised through project management 
is a critical success factor in traditional software 
development [2,5,15]. We think that these critical success 
factors can also be relevant for OSS projects.  Therefore, 
we study project management in OSS projects.  The aim 
of this paper is to show which concepts of control are 

currently present and/or missing in OSS projects.  We 
will hereby make use of the COBIT framework, since this 
framework lists several control objectives for IT 
management.  We will first briefly present the COBIT 
framework.  Next, we will apply the COBIT framework 
to OSSD practices, and determine which processes are 
currently missing in OSS projects.  Finally, we will 
discuss the implications of our findings for OSSD. 

2. COBIT 

COBIT stands for Control Objectives for Information 
and related Technology and is developed by the IT 
Governance Institute [14]. The aim of COBIT is to 
provide a framework that assesses the alignment between 
IT infrastructure and business processes and is an 
important tool in IT audit.  Additionally, it provides 
guidelines for good management practices concerning IT. 

The COBIT framework considers four different 
domains:  Planning & Organisation, Acquisition & 
Implementation, Delivery & Support and Monitoring. For 
each domain, high-level control objectives are specified.  
There are a total of 34 high-level objectives, which can be 
further specified in 318 detailed control objectives.  These 
control objectives have an impact on different 
Information criteria (effectiveness, efficiency, 
confidentiality, integrity, availability, compliance and 
reliability) and IT resources (people, applications, 
technology, facilities and data). Each objective can be 
relevant for one or more of these information criteria and 
IT resources.  A schematic representation of the COBIT 
framework can be found in figure 1. The meaning of the 
different objectives (PO1 till PO11) can be found in table 
1 and in section 3. 
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PO1 P S      Y Y Y Y Y 
PO2 P S S S     Y   Y 
PO3 P S        Y Y  
PO4 P S      Y     
PO5 P P     S Y Y Y Y  
PO6 P     S  Y     
PO7 P P      Y     
PO8 P     P S Y Y   Y 
PO9 P S P P P S S Y Y Y Y Y 
PO10 P P      Y Y Y Y  
PO11 P P  P   S Y Y Y Y  

 P = Primary, S = Secondary, Y = Applicable  

Figure 1:  The COBIT framework – Planning 
and Organisation 

3. Application 

In this section, we will apply the COBIT framework to 
OSSD. For our purposes, the Planning & Organisation
(PO) domain is the most relevant.  Hence, we will limit 
ourselves to the study of the 11 high-level control 
objectives that are defined for this domain.  The 
conclusions we will present here are based on an 
exploratory study of OSS projects investigating which 
management practices are present or missing in OSS 
projects. 

In some cases, we had to give the COBIT control 
objectives a more meaningful interpretation within OSSD 
context.  This is due to the specific nature of OSSD. 
Nevertheless, our experiences show that even in its 
current form the COBIT framework is already capable of 
highlighting some fundamental issues in OSSD. 

PO1 :  Define a strategic IT plan   This objective 
states the need to develop a strategic IT plan to maximise 
the fulfilment of the requirements and to ensure the 
further accomplishment of the project.  Strategic planning 
should result in long-term plans which should be 
translated into operational plans and concrete short-term 
goals. 

The importance of planning in ICT projects has also 
been illustrated in studies by Curtis et al. and Guinan et 
al. [2,5]. This means OSS projects as well should have a 
long term vision.  More concrete, this could be in the 
form of a development roadmap. A short term planning is 
also required, for example, a concrete list of 
improvements and must-fix bugs for each upcoming 
release should be made so that each developer can 
concentrate his or her efforts on these issues. 

The Mozilla project follows these guidelines, whereby 
the roadmap can be found on the project homepage, while 

some bugs can be marked as “blocking” a certain release.  
MySQL also has a roadmap in their documentation, 
illustrating which features should be implemented in 
which release. 

PO2 :  Define the information architecture   This 
objective requires that all data available within a company 
is inventoried so that information use can be maximised, 
or in more simpler terms:  ensuring that everyone in the 
organisation can access the data he or she needs. 

Although primarily intended for management 
information systems, this guideline requires OSS projects 
to identify relevant information for developers and users. 
It will be important for example that everyone can easily 
access the latest source code (this is mostly done by CVS) 
and there is sufficient documentation for developers (on 
the software design) as well as for end users. 
Unfortunately, OSS projects generally provide little 
documentation, since it is commonly known that 
developers don’t like to write documentation [16]. An 
example of this is ArgoUML of which several sections of 
the help file still have to be written.  There are exceptions, 
such as OpenOffice.org which ships with an extended 
help program. 

PO3 :  Determine technological direction
According to this objective, one has to fully maximise the 
potential of emerging technologies.  New technologies 
can help to achieve the business goals or better support 
the current processes. 

As OSS projects mostly involve IT enthusiasts, it 
seems reasonable to assume that they will be aware of 
new technological advantages and how they can be used 
in the development process.  It is however doubtful that 
there are formalised processes to see how new 
technologies can help the development of the project.  For 
changes in the technological infrastructure, money can be 
a limiting factor for OSS projects. 

PO4 :  Define the IT organisation and relationships   
This objective requires structuring the technical 
organisation of a project or company – where roles and 
responsibilities are clearly set for each position – and 
ensuring that these positions align with the business 
goals.  This includes creating an organisational chart, 
setting job descriptions and staffing the positions. 

This means that OSS projects should have at least a 
clearly defined structure of responsibilities, maybe in the 
form of an organisational chart.  In certain projects such 
delegation of responsibilities is present.  In the Mozilla 
project for example, there are module owners who are 
responsible for a specific part of the project.  Although 
little in-depth research is performed on this topic, we 
assume that the forming of the organisational structure is 
an ad hoc process.  In commercial enterprises, these 
structures usually form taking into account several 
contingencies in the environment [19]. 
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PO5 :  Manage the IT investment   Managing 
investment costs include defining budgets, control of the 
actual spending and analysing and making investment 
decisions. 

Little information is available on how OSS projects 
manage their finances. Since they are mostly dependent 
on gifts, the budgeting will probably consist of checking 
which infrastructure is needed and can be acquired (f.e.  
web servers). 

PO6 :  Communicate management aims and 
direction   The goals and direction the organisation is 
heading (coming from PO1) need to be communicated 
throughout the entire organisation. Accompanying these 
communication channels are policies and practices 
employers should adhere to, in order to ensure the 
realisation of the goals. 

This objective refers to how top management in 
enterprises communicate their goals to employees, to 
make sure everyone understands where the organisation is 
heading.  In OSS projects we find a similar mechanism:  
the core team or project leader must be able to 
communicate the project priorities so that developers can 
focus their efforts accordingly. 

Mailing lists, notices on the project website and IRC 
are possible channels through which the goals of OSS 
projects can be communicated to developers and users.  
Guidelines for developers can be explicit (f.e.  coding 
standards published in the project home page) or implicit 
(rules that are learned by being involved in the project). 

PO7 :  Manage human resources   Human resource 
management has to attract and motivate people in order to 
maximise their contribution to the project.  This includes 
amongst others recruitment, compensation, training and 
promotion. 

Looking at OSS projects, we see that in general, there 
is no formal HR management.  Some informal means of 
promotion (such as taking on someone as core developer 
in a project) exist, but these promotions are solely based 
on efforts made in the past (the so-called meritocracy
model of OSS projects [18]). 

PO8 :  Ensure compliance with external 
requirements   This refers to which degree the project 
meets external obligations, such as legal and contractual 
restrictions. 

An important goal for OSS projects is their compliance 
to (semi-)official standards set by organisations such as 
the World Wide Web Consortium (W3C). In general, 
OSS projects will try to use open standards where 
possible.  On the other hand, OSS projects seem to 
frequently suffer from legal actions. Examples are the 
recent name change of Lindows to Lindash [9] and the 
name changing of Mozilla’s Phoenix to Firebird and 
eventually to Firefox [4]. 

PO9 :  Assess risks   Risk management mainly 
concerns looking for ways to reduce threats – and 

therefore the risks – in the project.  This consists of 
making an inventory of possible project risks and finding 
solutions. 

A well-known source of risk is uncertainty about end-
user requirements.  This risk seems more limited than in 
traditional software development, since OSS is usually 
written by user/developers.  A second source of risk are 
technical uncertainties.  Unfortunately, little information 
exists on how risk assessments are made for OSS 
projects. 

PO10 :  Manage projects   The management of 
projects is concerned with the timely and within-budget 
delivery of projects.  This is basically project 
management in the strict sense of the word. 

Several best practices of project management can be 
found in several OSS projects.  The setting of milestones, 
setting quality targets and finding developers responsible 
for functional parts of the project are examples of this. 
Time and budget on the other hand, play a much smaller 
role in OSS projects.  In general, there are no strict 
delivery dates that have to be respected. Therefore, the 
releases can be feature based.  How this can lead to 
problems for commercial vendors was illustrated by the 
release of Netscape 6, which was based on Mozilla 0.6 
[12]. Money is also a lesser concern, since most 
development in OSS projects is done by unpaid 
volunteers. Increasing manpower will therefore not lead 
to a high increase in cost. 

PO11 :  Manage quality   Managing quality means 
ensuring that the software produced meets the 
expectations and requirements of the client or user.  
Quality control is an important part of any project. 

Several studies have argued that OSS projects produce 
software of higher, or at least equal, quality compared to 
non-OSS projects [6,17,10]. Some of the tools and 
practices used in OSS projects, such as code review, seem 
to support this.  In the Wine project this is taken to a 
higher level, where the priority of each core developer is 
code review.  Each patch made by contributors must be 
sent by a mailing list where anyone can give comments 
on the patch.  Only if it is certain that the patch will not 
introduce regression bugs, the patch is committed in the 
CVS repository [10]. Other quality assurance techniques 
are daily builds.  Mozilla Tinderbox is an automated build 
system that compiles the program each day, and runs a 
series of tests to check whether regression bugs have 
entered in the last day. 
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Objective Present 
PO1 :  Define a strategic IT plan Y 
PO2 :  Define the information architecture P 
PO3 :  Determine technological direction P 
PO4 :  Define the IT organisation and relationships P 
PO5 :  Manage the IT investment N/A 
PO6 :  Communicate management aims and direction P 
PO7 :  Manage human resources N 
PO8 :  Ensure compliance with external requirements P 
PO9 :  Assess risks N/A 
PO10 :  Manage projects P 
PO11 :  Manage quality Y 

 Y = Yes, N = No, P = Partly, N/A = No data available 

Table 1:  Overview 

4. Discussion 

Table 1 shows an overview of our findings.  In 
general, we find that most objectives are more or less 
covered in OSSD, although this is very different from 
project to project.  Due to space limitations, we want to 
focus on three important observations. 

First, we find that OSSD does not pay attention to 
Human Resource Management. This is at least a worrying 
fact, given the dependence of OSS projects on the 
motivation of their contributors.  Several studies suggest 
that intrinsic rewards, such as peer recognition and 
personal satisfaction are the primary motivations of 
developers [7,3,11]. However, we feel there are several 
threats to this motivation.  Some projects for example are 
heavily dependent on a project guru, such as Linus 
Thorvalds or Richard S. Stallman.  The question is what 
will happen if these gurus leave the project.  This will 
certainly be a problem in projects with a small number of 
core developers.  Another example concerns the nature of 
the development task. While taking a look at OSS project 
archives such as Freshmeat or SourceForge, it shows that 
most of the active projects are still in development phase, 
where new features are added to the program.  However, 
in traditional software engineering 50–70% of 
development efforts goes to maintenance [8,13], which is 
considered to be a less attractive task.  It is therefore not 
impossible that when software becomes more mature, it 
will become more difficult to motivate people to work on 
maintenance. We hope that the factors that are motivating 
people at this moment to work on OSS projects, will 
continue to do so in the future.  However, we feel that this 
motivation can be seriously threatened in the future by 
scenarios such as the two described above.  Without 
capable and enthusiastic contributors, there is no future 
for OSS projects. 

A second observation is that no matter how well 
control objectives, processes and guidelines are defined, 

the effective control of development activities still 
remains a problem.  Most developers have no formal ties 
with OSS projects, and there is no way to force people to 
do a certain task [20]. This means that there is no way to 
force people to comply to certain guidelines that are set 
by the project team.  It appears that in OSSD, control is 
largely based on trust. A project administrator for 
example must trust his co-developers and contributors 
that their contributions to the project will be worthwhile.  
A contributor on the other hand will need to know that 
the effort he will make in writing software for no fee, will 
be compensated by the benefits of using the resulting 
software. The role of trust in OSS communities has been 
downplayed by Gallivan [3], however we feel that some 
degree of trust will be present in OSS communities, albeit 
implicitly.  An article by Markus et al. [11] further 
suggests that social control and self control are sufficient 
control mechanisms, and that company employees should 
even be managed as unpaid volunteers.  In our opinion, 
Markus et al. are overly optimistic:  currently, there is 
little evidence that these management practices will work 
in practice. 

A third observation concerns the use of the COBIT 
framework.  The need for an audit framework for OSS 
projects is large.  Potential users could base their decision 
on it whether to adopt the software or not.  Companies 
considering to fund OSS projects might use it to assess 
the stability or potential of the project.  Our study shows 
that COBIT in its current form is capable of highlighting 
a number of fundamental issues in OSSD. Further 
research is required to determine whether audit 
frameworks tailored to OSSD are required. 

5. Conclusions 

In this paper, we applied the COBIT framework to 
OSSD in order to study how control is exercised by using 
project management.  This leads us to three important 
conclusions. 

First, a basic level of support for the high-level control 
objectives in the Planning & Organisation domain seems 
to be present in OSSD. 

Second, COBIT identifies a number of threats to the 
long term future of OSS. We consider it possible that the 
initial motivation of developers will disappear as project 
gurus find new challenges and the programming work 
changes from developing exciting new systems to 
cumbersome maintenance.  Furthermore, in such difficult 
times, effective control would enable the project team to 
lead the project in a new and better direction.  However, it 
is this control that is missing.  Practising good project 
management may result in certain improvements, but 
project management alone won’t be sufficient if 
motivation decreases. More research on how motivation 
can be stimulated in OSS projects seems appropriate.  
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Research in the field of non-profit organisations relying 
on volunteer work might prove useful in this context. 

Third, more research is required on audit frameworks 
for OSSD. They would be useful to users deciding to 
adopt a certain OSS project, as well as to companies 
assessing the project potential.  Such frameworks should 
try to incorporate as much traditional management 
practices as possible, but take into account the specific 
nature of OSSD. 
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Abstract 

Open source software development represents a 
fundamentally new concept in the field of software 
engineering.  Open source development and delivery 
occurs over the Internet.  Developers are not confined to 
a geographic area.  They work voluntarily on a project of 
their choice.  As new requirements emerge, the software 
is enhanced by the user/developers.  In this paper we 
show a comparative study of open source and closed 
source software development approaches and present a 
software life cycle model for open source software 
development. 

1. Introduction 

The concept of free software is not new.  It has been 
around since the 1960s in universities such as MIT and 
corporate firms such as Bell Labs who freely used source 
code for research [1,2,3,4].  Software was not a means of 
revenue generation but was used to hook more and more 
customers to buy new computers [5].  In the early 1980s, 
Microsoft started writing software for the sole purpose of 
profit.  It gave only compiled code; source code was 
hidden from the user.  This move had a great impact and 
could be considered as the birth of open source. Richard 
Stallman, researcher at MIT, founded the ‘Free Software 
Foundation’ (FSF) to develop and distribute software 
under the General Public License history (GPL) while 
Bruce Perens defined a set of guidelines that a software 
license must grant its user, and he called this Open Source 
Initiative (OSI).  In this paper, we briefly describe the 
open source software development and compare it with 
closed source software development. The paper is 
organized as follows; in section 2, we describe how open 
source software is developed.  In section 3, we compare 
open source and closed source software development 
approaches. In section 4, we propose a life cycle model 
for open source software development. 

2. Open Source and Who, Why, What?

Bruce Perens defines that Open Source is a 
specification of what is permissible in a software license 

for that software to be referred to as Open Source [2].  

2.1 Who is an open source developer? 

Simply put, “any one who contributes to the open 
source project is an open source developer”, such as a 
user of the software, a developer who develops the 
software, a debugger or hobbyist who likes spending time 
on open source, or a promoter who funds such a 
development. 

2.2 Why do they produce open source? 

Eric states that developers are attracted towards open 
source development because that gives them an 
opportunity to demonstrate their ability. So they 
voluntarily select a project and start contributing. When 
programmer’s, code gets accepted, it boosts their ego and 
they get recognized for their effort in the community, [7] 
Peer recognition creates reputation and a reputation as a 
good programmer is a great achievement. 

2.3 What do they do in open source? 

Open source developers are involved in a variety of 
activities such as designing, coding, debugging and 
utilizing.  Each activity occurs simultaneously.  Parallel 
development and debugging is the key to open source 
success. Users also play a vital role in the debugging 
process by reporting bugs to developers or sometimes 
fixing it themselves.  Developers are well aware that users 
are the best beta testers [7,8].   

2.4 What are the major customer concerns? 

2.4.1. Maintaining consistent software architecture.
This is one major concern, but it’s outside the scope of 
this paper [12, 13]. 

2.4.2. Support and coordination for deployment. When
end users utilize open source component they want to 
know whether the component is fully automated or does it 
need any integration with other components. However 
when end users come up with bug reports, feature 
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requests or installation guidelines they expect a full 
support and coordination from the developers.    

2.4.2. Managing upgrade and complexity. The end 
users are concerned with the future upgrades. They are 
not sure, as components get more and more powerful and 
large, whether the complexity of the code can be 
automatically managed. Managing complexity is a big 
concern because OSS often has parallel developments 
going on [1].  

3. Open Source versus Closed Source 
Software Development  

Open Source Software Development (OSSD) is a 
recent phenomenon, while traditional closed source 
software development (CSSD) has been here since the 
dawn of software development. One major difference 
between these two models is source code visibility. In this 
section we will point out most of the differences between 
these approaches. We begin with their process models. 

3.1. Process Models 

CSSD normally follows a spiral or iterative model of 
development i.e. software development goes through all 
phases like planning, design, implementation [14] 
whereas OSSD follows an evolutionary model for 
development where the software never reaches a  final 
state and keeps on evolving according to customer needs 
[15].  It’s more of a concurrent or parallel process. CSSD 
has clear cut milestones using which the progress of the 
project can be tracked but in case of OSSD it not possible 
although CVS do help to keep some track.  

3.2. Requirements Definition and Specification 

CSSD starts with requirements definition and 
specification. Here requirements are vague. Project 
developers are not aware of the actual requirements. They 
need to interview stakeholders to elicit requirements and 
then start implementing [1, 14].  On the contrary OSSD 
starts with a motive of requirements satisfaction. 
Requirements are clear, as developer is fully aware of the 
requirements [15]. In case of CSSD all the user 
requirements may not be implemented because of time or 
budget constraints [16, 14] where as in OSSD it possible 
because user is often the developer [1, 15]. In case of 
CSSD system architect and project manager decide which 
requirements will be incorporated while core members of 
the open source project decided which requirements to be 
implemented [14].  

3.3. Documentation 

In case of CSSD project plan is document and 
followed. Once the requirements are clear they are 
documented [14]. Even the designing and testing 
procedure is documented. Where as in OSSD there may 
or may not be any official documentation. [14,16] 

3.4. Analysis and Design 

In CSSD, system architects and project mangers spend 
a lot of time in designing the project [14], whereas in 
OSSD designing is often merged with 
implementation.[17, 12, 15]. 

3.5. Software Architecture 

Maintaining consistent software architecture is 
enforced during the development phase itself, there is 
rarely a drift between software’s conceptual and concrete 
architecture. [12, 13, 14]. In case of OSSD this has been 
recognized as a major concern. Maintaining consistent 
software architecture is difficult because of its highly 
collaborative and distributive nature. [12, 13] 

3.6. Implementation 

Only one implementation is possible for one 
requirement [14] whereas in case of OSSD multiple 
implementations are possible for the same requirement. 
This is considered as a major issue as it results in code 
forking. The rate of development is comparatively slower 
that the open source because the number of developers 
assigned to a CSS project can never match a full-scale 
open source project like Linux [6, 7, 14] 

3.7. Source Code 

In CSSD source code is hidden from the user while in 
OSSD source code is open as a result user can view and 
modify the code to suit individual needs [2, 15]. Such 
freedom is not available in closed source software. 

3.8. Testing 

In OSSD, users act as bug reporters and beta testers. 
Whenever a user finds any bug in the software they either 
try to solve it or bring it to the notice of the community 
[1]. But commercial closed source products use service 
packs to repair bugs [15]. OSS community believes “no 
bug can survive wide testing” [7]. 

3.9. Release and Delivery 

Open source products are released quite often on a 
daily or weekly basis whereas closed source products are 
released on a yearly basis. In commercial softwares, 
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product is often released due to marketing pressure and 
tight schedule whereas open source products are released 
once the developer thinks that it has reached a functional 
stage [1, 14]. 

3.10. Maintenance  

Service packs are needed quite often to repair bugs in 
commercial closed source products, whereas bug 
reporting and bug fixing takes care of maintenance in case 
of open source products.

3.11. Product 

Close source products may soon reach a finalized state 
once the documented requirements are implemented 
whereas open source products are always in a 
evolutionary phase because as requirements emerge they 
get implemented [14].  

3.12 Type of Software 

Commercial software development is more of a 
solution kind of development. Developers create solutions 
for a big company. It is more like customized 
development whereas open source development is more 
components-based i.e. plug-n-play type software. 
Developers create small programs, which work on a 
variety of platforms.  

3.13. Security 

It is a common belief that commercial closed source 
product is highly secure because it is developed by a 
group of professionals confined to one geographical area 
under a strict time schedule. But quite often this is not the 
case, hiding information doesn’t make it secure, it only 
veils weaknesses [10]. In CSS security is achieved 
through obscurity, however in OSS security is achieved 
through ‘open source’. The ability to modify the source 
code works to your advantage if you want to deploy a 
highly secure system. One can ask for a third party 
security certificate or get the system scrutinized by a 
professional security expert for possible back door entries. 
[10, 11], such freedom is not available with commercial 
closed source products. Another argument that supports 
open source security is community reaction to bugs. 
Community reaction to bug reports is much faster 
compared to commercial closed source which makes it 
easier to fix bugs and make the component highly secure. 

3.14. Productivity, Quality and Cost 

Developer’s productivity may decrease if they are 
forced to work on a project in which they are not 

interested, which is contrary to OSSD where developer is 
free to choose the project on which they want to work 
[15]. Developing open source software is faster, better 
and cheaper. All the three factors can be satisfied 
simultaneously. Cost is reduced because no one is paid for 
the job everyone is a volunteer. Speed is increased 
because development is parallel and collaborative in 
nature. And finally quality is maintained because the 
product is released only when the developer think the 
product is stable and functional [16].  However with 
CSSD this doesn’t work well. At one time only one factor 
can be satisfied fully. E.g. if speed is maintained quality 
and cost may go up or if cost is to be maintained quality 
and speed may go down [9, 14, 16] Hence CSSD can be 
considered slow and expensive.  

3.15. Environment 

Often we find centralised, single site development in 
CSS while decentralised, distributed, multi-site 
development in OSS. In CSS development happens in a 
geographically confined area, while in OSS development 
occurs on the Internet [1, 14]. 

3.16. Group work and Communication 

Open source is co-operative and need high level of co-
ordination over the Internet and multi-site. Lack of 
coordination among developers results in code forking 
[1]. However in case of CSS, inconsistency is easily 
managed by face to face or weekly team meeting. 

4. New Life Cycle Model for Open Source 

Software life cycle determines the set of activities that 
constitute a software project. It may not be surprising that 
the OSSD life cycle differs from CSSD [15].  

4.1. Traditional life cycles do not suit open source 

In case of waterfall model, after every stage 
documentation is done. But in case of OSSD often 
simultaneous development occurs. OSSD has more of a 
modular approach. Several individual developers can 
simultaneously work on several different modules without 
worrying about the final integration. This is one of the 
reasons why waterfall model doesn’t suit OSSD. 
Waterfall model is linear in nature. It has clear 
milestones. But OSS has very vague milestones. Because 
of its evolutionary nature it never reaches a stage where 
we can confidently say it has finished a particular phase.  
As OSSD has vague milestones it’s really difficult to 
point out its progress. This is another reason why we feel 
the existing waterfall model is not suitable for OSSD. 



108

4.2. Some phases in traditional software life cycle 
do not apply to open source  

Commercial CSSD is confined to a geographic 
location. During planning stage project leader organizes 
teams, schedules meetings, and assigns roles and 
responsibilities to the team members. When we compare 
this with OSSD we figure out that there are no teams, no 
meetings at all as all the communication happens through 
mailing lists or project web sites. User or developer is free 
to choose a project of their own choice. This removes the 
need of assigning roles to developers.  

 In CSSD planning is followed by requirement 
elicitation, requirement documentation and feasibility 
analysis. While in case of OSSD the requirements are not 
vague, they are clear to the developer, as most often a 
user is also a developer. Apart from that, open source 
development sites like www.sourceforge.net, 
www.kde.org have a feature where users can request new 
features to be implemented in particular software, which 
reduces the need for requirement elicitation. Since the 
requirements are clear to the developer they just need to 
be analysed and implemented. This removes the 
requirement elicitation phase from OSSD. Design is 
generally followed by implementation. Since there is a 
large list of requirements, normally each and every 
requirement does not need detailed design. In such cases 
requirements are directly implemented. So we remove the 
detailed design phase from OSSD.  

Multiple implementations create complexity and raise 
the issues for proper coordination.  Traditional life cycle 
didn’t tackle this problem but this is a phase which we 
think should be introduced in open source SDLC.  

Concurrent implementations create architectural 
defects. As the user requirements change, the software 
changes to fulfill these requirements. Often these changes 
are done without considering the conceptual architecture. 
As changes go on adding up; the software’s concrete 
architecture starts drifting from its conceptual 
architecture. OSSD is highly prone to this because of its 
collaborative and distributive nature. Hence we need a 
phase to tackle this issue as well [12, 13].  

OSS lacks coordination and hence it is sometimes 
difficult to manage. This necessitates the need for a 
separate or simultaneous phase to manage complexity and 
maintain coordination. This phase is normally not taken 
care off in traditional life cycle [1].  

 We hope it is clear from the above discussion that 
there is a necessity for some phases while others are not 
required. The issues outlined above need to be considered 
when a SDLC model for open source is proposed.  

We propose a requirement oriented pendulum model 
to solve some of the issues highlighted above. The 
proposed model tries to provide guidelines on how open 
source project should proceed. Our main aim is to try and 
estimate the progress of an open source project.  

5. Requirement Oriented Pendulum Model 
for Open Source Software Development 

We propose the requirement oriented pendulum 
model, to provide a mechanism to track which 
requirements have been submitted and which of those 
have been implemented and tested. The proposed model 
has four stages which we described below. 

Figure 1: The Pendulum model for Open Source 

5.1. Requirement Analysis and Specification.  
In the pendulum model this is the first stage in which 

requirement analysis is done. Different users in the 
system have different requirements. Users submit feature 
requests which become new requirements. At this stage 
the pendulum is in the center. When the requirement 
analysis and specification starts the pendulum gets into 
motion. Once requirements are analyzed it reaches the left 
most end, which is represented by state B. 

5.2. Implementation and Testing  

Two main activities in this phase are implementation 
and testing. Major outcome of this stage is source code. 
Coding involves writing source code to implement a 
requirement. Once the requirement is implemented it 
should be tested. So in the second half of this phase 
testing should be conducted. It requires careful planning 
and coordination. Major goal should be to make sure all 
components created during implementation function 
properly. Apart from that, this stage should include alpha 
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testing and beta testing. The testing should start with 
standard test cases. Each test case should contain 
information like test case name, action to be performed, 
data to be used, expected outcomes, actual outcomes. 
Normally this is done by the users or by the developers. 
When the implementation and testing starts the pendulum 
moves from B to A’. It reaches the centre, which is 
represented by A’. 

5.3. Validation

This is the next iterative phase in the pendulum model. 
Major goal of this phase is to carry out field testing and 
validation and then generate reports. Bug reports are a 
major result of validation. Bug reporting should be done 
by user or developers. This can be done in many ways, 
but it is suggested that one should use a bug reporting 
software like Bugzilla or emailing the bug reports in a 
pre-specified format to the project leader. However before 
reporting a bug one should make sure that someone has 
not reported it earlier. When validation starts, the 
pendulum moves from A’ to C. It reaches the other end, 
which is represented by C. 

5.4. Component Submission 

This is the final phase of the pendulum model. This phase 
has two activities submitting new feature requests and 
submitting tested and validated components. Once the 
validated components are submitted a new version of 
open source component is developed. At the same time 
new feature request which are submitted by the users or 
the developers sets the pendulum into motion once again. 
Feature request becomes the basis of new requirement and 
as discussed above sets the pendulum in motion. When 
component submission starts, the pendulum moves from 
C to A. It reaches the initial position once again. This is 
when one full oscillation completes. 

6. Conclusion 

From the study that we have conducted, it has come to 
our notice that OSSD is similar to its traditional 
counterpart in many aspects, but there are many areas in 
which it differs tremendously and these features make it 
different from the CSSD.  As a concluding remark, we 
can say open source software is a competent alternative to 
CSS and the pendulum model that we proposed can very 
well demonstrate the functioning of OSSD. 
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