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1.  Introduction
Free Open Source Software (OSS) can be run, distributed, studied, changed and improved by its users thanks to 
a specific license (www.gnu.org) and its open source code. Furthermore, notwithstanding special concerns on 
distance  effect  on  collaborative  design  and  development  (Détienne,  2006;  Olson  and  Olson,  2000),  OSS 
developers work in arbitrary locations and collaborate almost exclusively over the Internet, using tools such as 
email and software code tracking databases (e.g. CVS or Subversion). As such, OSS represents an extreme but 
successful case of geographically distributed design which challenges traditional software engineering practices 
as well as traditional co-located design. 

The design behind OSS becomes an important phenomenon in the computer science world: there are thousands 
of OSS projects and millions of users of OSS systems, such as Linux, Apache or Python. The Free Open Source 
Software movement has received enormous attention in the last years. It is often characterized as a 
fundamentally new way to develop software that poses a serious challenge to the commercial software business 
dominating most software markets today . 

It is claimed, for example, that defects are found and fixed very quickly because there are “many eyeballs 
looking for the problems” . Code is written with more care and creativity, because developers are working only 
on things for which they have a real passion. All these potential advantages are said to emerge from the 
following characteristics of work and collaboration inside OSS projects:

• OSS systems are built by potentially large numbers of volunteers.
• Work is not assigned: people undertake the work they choose to undertake.
• There is no explicit system-level design, or even detailed design.
• There is no project plan, schedule, or list of deliverables.

A part of the literature on OSS is primarily “ideological”, i.e. it put forward ideas, goals and political arguments 
by OSS leaders and communities related to the development of OSS, in particular against the traditional software 
corporation that makes software a “black box”. Beside this literature, empirical studies have started to address 
cognitive and performance issues related to OSS. Systematic studies have also been carried out in the field of 
sociology, management and also economy. 

In this short review we aim at getting a picture on how OSS projects actually function and how it differs from, or 
conforms to the ideological picture. Our approach will focus on sociological and cognitive views and let aside 
management and economical issues well documented in the literature (see for example: Bonaccorsi and Rossi, 
2003; Cohendet et al., 2000; Lerner and Tirole, 2002).  

2.  OSS : objectives and values shared within a community 
OSS movement leaders (e.g. Raymond, 1999; Di Bona et al. 1999), as well as some scientific studies, often refer 
to OSS projects as being structured as communities (Bonnaccorsi and Rossi, 2003; Scacchi, 2001). More 
specifically, OSS projects can be seen as online communities according to Preece’s definition (Preece, 2000): on 
the one hand, their members constitute a group of people connecting together on the Internet with a common 
goal which is to develop a software; on the other hand, the groups are led by the OSS ideology norms and 
principles (Elliott and Scacchi, in press; Stewart and Gosain, in press). Dalle and Jullien (2003) outline that, to 
be viable, a project has to reach a certain threshold depending on the number of participants involved, the 
strength of their relationships and their preferences for standardisation. 
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OSS projects can also be seen as epistemic communities (Cohendet et al. 2000; Conein, 2004). This means that 
the objective of OSS members is not only gaining individual knowledge but also co-constructing and sharing 
knowledge about the software they develop for the benefit of all the community. Two potential consequences are 
as follows. Firstly, participating in OSS development would foster the continuous learning of individuals in 
parallel to the dissemination of knowledge, practices and sources of innovation within the community. Secondly, 
users are directly integrated within the community, iteratively interacting with core developers of the OSS along 
the design process, and, as the source code is available, users that have the proper skill can adapt the software to 
some of their own needs. Thus, at least theoretically, the delivered software should have a better fit with their 
needs and a higher level of usability. These issues remain to be further investigated as some preliminary studies 
show, for example, that usability of OSS can be actually lower than expected from this analysis (Twidale and 
Nichols, 2005).

3.  Who is participating in OSS?
The OSS survey and the OSS in Asia survey (Ghosh et al., 2002; Hiyane et al., 2004) highlight the average 
profile of OSS participants:

• They are mainly male (98%), less than 30 years old (75%), single or not living with someone (60%) and 
without children (83%).

• They are from all over the world, with a predilection for Europe (in particular France and Germany) and 
North America. Indians represent 1,9% of OSS developers of the surveys;

• They have a high level of education as 70% have an university degree  and 83% are employed in the 
Information and Technology sector (33% are software engineers, 16% are student,  20% are programmers or 
consultant).

• For most participants, developing OSS is not their occupation and almost 70% do not spend more than 10 
hours per week for developing OSS. 

However, companies have recently been interested in OSS. Some companies sell services around OSS and apply 
OSS principles and way of work (e.g. Red Hat which is distributing Linux). Some OSS members may be partly 
sponsored by these service companies to participate as developers or as end-users but they can also be engaged 
by companies to work on OSS (e.g. the project leader of Python has been engaged by Google and works half-
time for Google and half-time for Python).

4.  What motivations for participating?
Motivations of software developers to engage in OSS projects have been outlined in recent surveys (Ghosh et al., 
2002; Lakhani et al., 2002), and studies (Hertel et al. 2003; Lakhani and Von Hippel, 2003). Results suggest the 
following main motivations:

• To gain and improve their knowledge and skills;
• To gain reputation and honour from their peers. This point is also outlined by the OSS movement ideology 

(Raymond, 1999). Indeed, OSS projects are seen as meritocratic communities (Gacek and Arief, 2004; 
Mahendran, 2002; Crowston and Howison, 2005) i.e. technical expertise and individual contribution are 
seen as the way to socially evolve in the hierarchy within the community;

• To get benefit directly from their work. This point is related to the fact that developers are also users of the 
artefact they develop; 

• To support the OSS movement ideology and beliefs that software have to be free and open source, and that 
the design process of OSS is better than the proprietary software one.

Finally working in OSS project provides prestige and visibility that give developers a chance to be noticed by 
software companies (Bonaccorsi and Rossi, 2003;  Lerner and Tirole, 2002).

5.  Some issues related to specificities of tools and working environments in OSS
It is usually assumed that OSS developers rarely meet face-to-face. Consequently, they coordinate their design 
activity almost exclusively in three information spaces (Barcellini et al., 2005; Ducheneaut, 2003; 2005; Sack et 
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al. 2003): the implementation space , the documentation space (Web Repository, CVS, man etc) , and the 
discussion space (discussion lists, forums, emails). OSS is thus an extreme case of distant design in which 
communication is mediated by tools and working environments. Two main categories of research issues are 
those of communication and coordination between members of OSS projects. Previous studies on distant design, 
in classical organizations, have identified several barriers to communication, leading to coordination breakdowns 
(Détienne, 2006; Herbsleb and Grinter, 1999; Herbsleb and Mockus, 2003; Krasner et al. 1987; Olson and 
Olson, 2000).  

One research issue concerns whether there are communication barriers in OSS. One barrier, identified in the 
literature, refers to the lack of willingness to communicate, lack of trust and, in multi-site situations, to the poor 
perception people have to be part of the same team. This seems not to be the case in OSS projects in which 
participants feel as members of a community even if they do not meet together, except at some OSS conferences. 
Another barrier refers to the difficulty to establish contact. Knowing “who to contact about what” is recognized 
as problematic, in particular, in multi-site design. In OSS, participants seem to be aware of “who is the expert” 
and who to contact to get relevant information; if not, there are helped by other participants in the mailing lists. 
At last, a barrier refers to the culture of sharing and collaborating in an organisation (referred to as collaboration 
readiness by Olson and Olson) which is crucial in the adoption of tools to communicate. It seems that 
collaboration readiness is a key characteristic of OSS.

A second issue concerns coordination and how tools and practices in OSS support it. Mockus et al. (2002) 
assume that, for projects of more than 15 core developers, explicit coordination mechanisms are needed. Explicit 
design-related coordination mechanisms are elaborated, especially in large OSS projects (Mockus et al., 2002; 
Scacchi, 2001). The history of code and its different versions is supported by CVS or Subversion. These 
mechanisms are partially supported by tools. Bug report systems, such as in Bugzilla (Sandusky et al. 2004; 
Twidale and Nichols, 2005), are now provided by default with OSS repository platforms such as Sourceforge. 
However, there is a need to make clear how effectively and to which extent these tools support coordination 
activities in OSS design and whether they can be improved. Several authors (Ripoche and Sansonnet, in press; 
Sack et al. in press; Scacchi, 2001) stress that there is a real need to improve these tools in order to analyse 
automatically the huge amont of data available online (e-mails, bug reports, code and its versions) and make 
them more accessible and usable for developers.

Finally, it should be noted that the design process is not only done in a distant way but can also be done in co-
located sites, e.g. Python sprints in which participants apply the XP and Agile methodologies to implement some 
chosen features of the software (Barcellini et al. 2006). How are these complementary ways of design involved 
and what factors could affect the performance and the evolution of the community are thus other interesting 
issues to be investigated.

6.  Regulation in OSS
OSS design processes are not always as open-ended as the idealization might imply. Certain projects have 
prescribed means for controlling design and implementation contributions. 
Implicit and explicit rules, inspired by the OSS movement beliefs and values (Elliott and Scacchi, in press) frame 
the activity within OSS communities, especially in the discussion space. For example, members have to be aware 
of the history of the project to avoid “spamming” mailing-lists with already-posted and answered topics; the risk 
is to be cautioned by other members and to fall into gaining reputation. 

Some project went further by setting a prescribed process for proposing new software evolutions, for collecting 
community input on an evolution issue, and for documenting chosen design decisions. For example, it is the case 
for the Python Enhancement Proposal (PEP) set up in the Python project. In fact, the PEP process is quite similar 
to two design processes used in conventional software projects: Request For Comments (RFCs) and technical 
review meetings (D’Astous et al., 2004).

7.  Social structure in OSS
Studies of the social organization and the dynamics of design processes of specific OSS projects have shown that 
they often diverge from the idealized picture in a number of different ways. In particular, most major OSS 
communities have a strict, hierarchical organization that stratifies developers into levels (Gacek and Arief, 2004; 
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Mahendran, 2002).  Centralized power structures of this sort are at odds with the flat, merit-based structure 
idealized by many OSS communities. Five different statuses are usually distinguished: the project leader - 
sometimes referred to (semi)-ironically as the BDFL (Benevolent Dictator For Life);  the administrators (or core 
team); the developers or maintainers; the users.

Mahendran’s ethnographic studies of Python’s governance structure reveals a very conventional organizational 
structure: the project leader has control over the project; directly below him are a few people known as the 
Python Lab core team. Below them are members of a particular mailing list (Python-dev) who, like the core 
team, have the power to directly change the code of the project. Further down are advanced members who can 
comment on the project but cannot change the code, and finally newbies (or novices) at the bottom of the 
organizational hierarchy. Power is unevenly distributed across the discussion space, the implementation space 
and the documentation space (Sack et al. in press) that need to be mastered for participants to gain influence 
(Ducheneaut, 2005). Project participants with more power contribute to all of the spaces.  Other participants with 
limited power have, literally, certain aspects of the project that are “off limits” to them.  For example, not 
everyone can make changes to the code of the project. Mahendran concludes that the primary forms of power are 
material (who controls source code), discursive (who controls discussions), and technical (knowledge of and 
skill in programming). Control over these three sources is unevenly distributed across the project.

In a complementary way, the study by Barcellini et al (2005a; 2005b) provides a view on the cognitive activity 
in the discussion space and how these activities are influenced by the projects’ social and organizational 
structure. For example, design discussions (PEP’s) are focused and framed by specific members of the project, 
especially the project leader and the Champion : they initiate and maintain the design theme for discussion and 
lead the community to consensus. This study also outlines that there are real interactions between developers and 
administrators of the project along the design process. The authors also provide evidence that exchanges between 
OSS participants are mainly evaluative which is in accordance with the peer-reviewing process enhanced by 
OSS communities. 

8.  Users involvement in OSS 
The users are considered as the main force of OSS design and development (Raymond, 1999). It is however 
important to note that in the OSS world, users are roughly of two types. 

• They can be highly skilled in computer sciences even if their interest domains can be different (education, 
biology, scientific computing...). For instance, in the Python community, most users of the Python 
programming language are developers of modules based on Python, to satisfy specific needs in different 
application domains. 

• End-users of these modules are specialists in the application domains, e.g. biologists in the case of Python. 

OSS projects can be seen as participatory design as well as continuous design (Gasser et al. 2003). Whereas 
users, in traditional user-centred design models, take parts in the design process as informants - in the functional 
analysis phase- or as evaluators - in the prototype and simulation phases- in OSS projects, users could be more or 
less involved in different phases of the continuous design process. 

A current issue concerns to which extent users’ participation in OSS might be seen as similar to the participatory 
design methodology (Carroll, 1996). This participation is seen as one of the most important factor explaining the 
success and the quality of the designed OSS.   However, end-users (i.e. not highly skilled in computer sciences) 
involvement in the OSS design process is probably quite marginal and requires boundary spanners, i.e. 
participants who transmit and translates needs between domains. End-users are probably those users that are 
referred to as passive users as they only use the software or lurk on the Internet (Preece et al. 2004). This gives 
rise to the risk that, as pointed out by Twidale and Nichols (2005), the OSS design process is not yet well armed 
to integrate software usability for their end-users.

Other users (i.e. computer-skilled) do participate to the evolution of OSS at several levels. Active users 
participate in mailing-lists discussions as informants for newcomers. They also mostly get involved in the 
debugging and maintenance processes (O shea and Exton, 2005), e.g., by reporting bugs and/or correct bugs with 
patches. They might also, more rarely, get involved in the design itself by pushing an idea for a new OSS 
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functionality: in this case they probably need to get support from other developers and/or from a member of the 
core team and to prove their implementation skills, as suggested by the preliminary results of a recent study 
(Barcellini et al. 2006). Further issues to be investigated are who are actually the users, how do they participate 
in OSS and what are the cognitive, social and technological factors affecting the design performance both in 
terms of technical soundness and in terms of usefulness, usability and reliability.

9.  Conclusion
It is only recently that cognitive and social issues related to OSS have been empirically investigated. These 
studies have already provided a first picture of some of the sociological and cognitive issues on the process of 
designing and coding within these communities. The existing literature has been mostly focused on a few major 
and large projects, and it is not clear yet how these results may be relevant for the variety of OSS projects. 
Furthermore, many issues are still to be addressed as pointed out along this survey. Feedback from practitioners 
and from software companies that have tried to adapt OSS process for themselves are needed in complement to 
more systematic scientific studies as those presented in this survey.
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