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Epistemic Communities, Situated Learning
and Open Source Software Development

By Kasper Edwards”

Department of Manufacturing Engineering and Managi@milechnical University of Denmark
Building 423, office 028, 2800 Lyngby, Denmark. @hmke@ipl.dtu.dk)

ABSTRACT

This paper analyses open source software (OSS)lagewent as an
epistemic community where each individual projextpierceived as a single
epistemic community. OSS development is a learnimgcess where the
involved parties contribute to, and learn from temmunity. It is discovered
that theory of epistemic communities does indeedrdmite to the understanding
of open source software development. But, the itapbriearning process of
open source software development is not readilyeéxgd.

The paper then introduces situated learning andirtege peripheral
participation as theoretical perspectives. Thisvedl the learning process to be
part of the activities in the epistemic communithe combination of situated
learning and epistemic communities is shown to hétffil and capable of
explaining some of the empirical observations. ntipular the combination of
theories can shed light on the motivational isaresgroup dynamics.

Keywor ds: Open sour ce softwar e, epistemic communities

Note: This is a working paper. An early draft ofstpaper was initially prepared for the
‘Epistemic Cultures and the Practice of InterdiBogrity’ Workshop at NTNU, Trondheim,
June 11-12 2001. Copyright (c) 2001 by Kasper Edwail rights reserved. Short sections of
text, no more than two paragraphs may be quotetbwitpermission provided full credit is
given to the source.

Kasper Edwards is a Ph.d. student at DepartmeManfufacturing Engineering and Management at the
Technical University of Denmark. The title of hisoject is “Technological Innovation in Software usdry”
the project is focusing on the Open Source Softwlakelopment process. Kasper Edwards has a bacidjesu
a M.Sc. (ENG) and has worked for several yearsasagependent computer consultant. He is an expegik
user and administrator of both Linux and the déférflavours of Win9x and NT/2000. As a hobby hentans
a PC gaming network in a youth club powered by kiservers. As part of the project and hobby Kasper
Edwards is engaged in the SSLUG (Skane SjeellandxLiser Group, a 5000+ member user group) and
participates in mostly technical discussions.

" I would like to thank associate professor Jgrgemlgaard Pedersen for helpful comments and suggestin
earlier drafts on this paper and Ed Steinmueller fame Millar of SPRU for mentioning Epistemic
Communities and Situated Learning. | assume fgipoasibility for any remaining vulnerabilities.
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1 Introduction

Computers and software are inseparable and consparteruseless if there is no software
to use on the computer. The term ‘open source soffwdescribes software with a license,
which allows anyone to modify and redistribute $wurce code. However, open source
software is better understood if one looks beydms gource code and the license, which
defines the code. What we are trying to grasp tiseraa phenomenon — the open source
software phenomenon. The open source software phemm is more than just the open
source software. It is also a community that hangated the software and the emerging
economy, which is based on open source softwargether these elements form a complex

evolving system, which is intriguing and diffictidt understand.

The problems of understanding the open softwarenghenon are to some extent
founded in the fact that open source softwareeis &f charge. Free in this context means that
the generally motivating profit is hard to spot.ftéare development requires resources in
order to be developed. And, with little or no diresonetary reward, how is open source

software being develop?

To understand this or at least to provide an iniiaswer we must broaden the
perspective to the level of the phenomenon. Patti@bpen source software phenomenon is
the open source software community or more precisege number of small communities,
each developing their own open source software aockwvith the software of the other

communities.

There have been several attempts to present aytf@mounderstanding of open source
software development. Just to mention a few, sorse wmon-conventional economic
(Raymond, 1999a) theory or theories from psychol¢blye Linux Study), anthropology

(Raymond, 1999b), the economics of to career conderarner and Tirole, 2000), leadership
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(Edwards, 2000a), actor network theory (Tuomi, Gt the free provision of public goods

(Bessen, 2001 and Edwards, 2001).

These different approaches capture different petsss, which explain different parts
of the reasons for the existence and continuedldevent of open source software. The
epistemic communities’ approach applied in thisgrap yet another way of understanding

the open source phenomenon.

In this paper, | propose that part of the undeditam of the open source software
phenomenon should be found in the communities, hwklievelop open source software. |
examine the open source software development g@sea community process. It is shown
that open source software communities closely reégegpistemic communities. Analysis of
open source software development as an epistermmeaity provides insight into how it is
possible to develop open source software, and togsme extent shed light on motivational

issues as well.

However, there are shortcomings in the epistemmmaonities’ approach. It is difficult
to explain the entry of new developers into thestgmhic community and as a consequence
hereof legitimate peripheral participation and &t learning are introduced. This extends
the usability of the theoretical framework and pdes¢ further insights into the epistemic

communities’ approach to understanding open sasottevare development.

This paper begins by introducing open source soévead by explaining how it differs
from commercial software. The common developmerthodology of open source software
is then described. Next, the understanding ofteqic communities is presented and open
source software is analysed. Situated learninghé®rporated at a later stage, and it is

explained how this contributes to the understandintpe open source phenomenon.
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2 Introducing Open Sour ce Software

Open source software is software like all othetveafe: A sequence of instructions to be
interpreted by a computer, which performs actiamoadingly. Software exists in all shapes
and sizes and is made to solve different taskgiblce of software exists that covers all areas
of use, and still more software is being developedcomputer are becoming increasingly
more important in our daily lives. Most softwarelves a specific purpose. Like word
processing software solves the problem of writiegt,t creating layout for the text, email
clients are software for sending and receiving &nand the list goes on. Software helps
people perform different tasks, some of which caly de performed by use of a computer
with the proper software. Other tasks are madeseasid faster resulting in a productivity
gain. Given the increasing number of computersoitiedy, it is no wonder that software is

perceived as a good, which is often both attractivet necessary.

Open Source Software (OSS) is computer softwaregghmtomes with a license that is
very different from the licenses in commercial s@ite like Microsoft's Office suite or the
Windows™ operating system. The license is a legatement between the user and the
producer. The license defines the terms of usegtwhiuser must accept to be allowed to use
the software. Commercial companies have typicadlied on very strict licence schemes,
which allowed the user a minimum of rights. Comnaricenses do not allow users to copy
or modify the software in any way. Users are otligveed to use the software. The economic
rationale is understandable, as copying would redsadle, and modifications imply some
kind of reverse engineering, which reduces the @titipe advantage of the software selling
company. Commercial companies never release thecesarode for their software. The
source code for software is the human-readableuictsins, which make up the software,
before it is translated into something computedadde (a binary file). Source in hand, a

skilled person will be able to understand how tb&veare has been constructed and make
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desired modifications. Companies treat source caglebusiness secrets, as all software
related development efforts are reflected in thers® code. The source code for software
may be compared to the blueprint of a constructiorarder to use software source code has
to be compiled. When source code is compiled, aigpprogram (a compiler) translates the
human-readable source code into a machine-readeftke, which a computer can

understand.

Historically open source software has existed sitiee early days of computing as
software sharing. In the early days of programmangVIT students and members of the
modelling railway club (Levy, 1984) shared theirfta@re. There was a common
understanding of learning from each other and e&thhng on each other’s software. In the
early 1970’ies when the Unix operating system was fat AT&T, universities were allowed
to use it free of charge. The source code wasdrebthe universities contributed back to
AT&T (for an in-depth description of the early dagé Unix (Salus, 1994 and Edwards

2000b)

The name “open source software” hints one of tlexig properties of the license: The
source code for the software is freely availablepen source. Apart from access to the
source code, open source software licenses haee pthperties, which are very different
from that of the usual commercial software licerse.open source software license grants

the user:
1. The right to free redistribution
2. Access to source code, which may be modified
3. The right to create derived works

4. The obligation to redistribute the license
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This is an adapted excerpt from the open sourcitien’ as published by the Open
Source Software Initiative showing the most impotrtéeatures. An open source software
license is clearly very different from its commetatounterparts. None of the mentioned four
properties are ever granted in commercial softiiaemses. The right to free redistribution
means that any person, who accepts the licensdloised to make as many copies as he
wishes and distribute these copies at any pricenag choose. Access to source code is
required, and any person creating open source aEtivas to make the source code for his
software available to anyone. The right to creaevdd work allows anyone to use the
source code from open source software, modify thece code and distribute this work
under a new name. It is, however, required thadreefce the original contributor are made.
The original contributor retains copyright for tbede, which he wrote. To keep the software
from changing license to a non-open source licériseaequired that the license is distributed
with the software. A person making copies of opeurse software is therefore required to

copy the license.

Essentially open source software relies on bagayraght law to grant users the above-
mentioned rights. The creator of any software idawy granted copyright for any code that
he might produce. Copyright grants the creator wesieé rights to produce copies of his
creation and make his creation available to thdipubhus no one is allowed to make copies
or distribute creations, which they do not themsghhave copyright for. Open source
licenses explicitly surrender some of these rightshe user, which are allowed to make
copies and distribute these. The Free Software drtion has named this cdpit as it is

opposite to copyght.

' The Open Source Definition is used to define vetatuld be understood as Open Source Softwarelgde,
http://www.opensource.org
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2.1 TheOrganisation of Open Sour ce Softwar e Development

Open source software development are organiseth@nmumerous projects, each project
aims at providing a specific piece of software. frEhare no central authority that initiate
projects or decides who does what and how. Anybcaly announce a project or make
available software and call it a project. In trespect open source software development are

completely autonomous.

Projects serve to distinguish between differentvgafe and different efforts to archive a
specific goal. As such projects differ greatly inesand scope for instance, the GNU Préject
aims at developing a complete Unix-like operatigstasm, which is free software. The hélfd
project is much more narrow in its perspective amds at providing a server management
tool for Linux half-life servers. Projects then seéke a basic unit of understanding when

analysing the open source software phenomenon.

2.2 The Open Sour ce Softwar e Development M odel

Open source software exists in all sorts and semed,every day new software projects
are initiated. Most of these projects are undertdkepeople doing it free as a kind of hobby.
It is important to emphasise that the nature ofattévities in OSS projects is a development
effort. It is the objective of open source softwprejects to create some particular software.
When the software has been developed, the projents to die a peaceful death where
participators gradually loose interest and turn yafram the project. This by no means
indicates that the resulting software is no longeing used, rather that the software has
reached a state of maturity (Edwards, 2001, pp3)0-vhere most users are satisfied and

have no need for further development.

2 The GNU project, www.gnu.org
% The halfd project, www.halfd.org
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A common feature of OSS development projects is rti@ans of communications
employed. Communications in OSS development arentaiaed primarily using services
facilitated by the Internet such as email, newsgsoumailing lists, web pages, and chat. Of
the mentioned forms of communication, chat is tdy aeal-time medium. Occasionally
telephone is being used, but this is a rare evastlyndue to the cost of long distance phone
calls and the intimate nature of personal phonés.cBreeBSD developer Poul-Henning
Kamp (2000) noted that phone calls were invaluablen trying to solve a complex
problem, but did require a level of personal intijmanot usually associated with OSS
development. Phone calls also moved the developprecess out of the regular forum and

isolated the discussion from the project.

Most projects use a web page for general informatad download of the project
software. Centralised means of communications alithted by mailing lists, which
provide a centralised way of reaching all the peaplthe project. Email sent to the mailing

list address is automatically resent to everyone hdes subscribed to the mailing list.

Within open source software projects there candamtified three general modes of
organisation: 1) Free for all, 2) Core team, 3) Mainer based. The organisation reflects
who and how decisions are made about the projeclolement i.e. what code goes into the
project and what should be left out. Free for atijgcts rely on an automated system for
keeping track of changes in the project code. Tterotypes of organisation could also
employ these concurrent versioning systems (CV3)tley are imperative in free for all
projects are there are no person to filter incontode. The important distinguishing feature
in free for all projects are that anyone have egeamissions to add code to the project. Core
team based projects place restrictions on the gepablic and rely on a core team to decide

what code is allowed into the project. Core tearseblaprojects could use CVS and would
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then only allow the system to accept code fronctire team members. The last general form

of organisation is the maintainer-based projectsckvwill be discussed in this paper.

Most open source software projects are organised aicentral person regarded as
responsible for the project. This person is refétie as the maintainer. The maintainer is
often the person who conceived the idea for théwswé, which the project is trying to
create. It happens that a maintainer grows tired pfoject and passes on responsibility to
another person who then becomes maintainer. Thentamaer takes on a special
responsibility for the project and functions as glegsonal point of contact for the project.
The maintainer is the person who releases new rapdoved versions of the software. As
such the maintainer has the final word on whatuiest and suggestions should be
incorporated into the software. People, who padie in the project, are referred to as
contributors. Contributors send improvements ardeddeatures in the shape of a patch to
the maintainer. A patch is a file containing soutode, which is intended to be merged with
the project source code. The basic developmenedgabpen source software development is

as follows:
1. Maintainer releases software and source code
2. User downloads software and source code
3. User identifies problems or needed features
4. User implements changes
5. Contributor returns changes to the project foruain
6. Corrections are discussed on the mailing list
7. Maintainer reviews the corrections and includesgea in the project software

1. Maintainer releases new version software and saode
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2. User downloads software and ...... (and so forth)

The maintainer initiates the projects by makingilabde the first version of the software.
Usually this implies that some sort of project hpage has been set up and that
announcements have been made on various news grogiéng lists and homepages.
Interested users download the software to try dm& users immediately dislikes the
software and deletes it, others find it useful badin to use the software. Some of those who
find the software useful also identify problemsneeded features in the software. Interested
users then subscribe to the project mailing listetceive discussions regarding the project
and its further development. Blessed with the gbtlh write code and access to the source
code the interested user now begins to make chatogdse software. Once changes are
made, the contributor has a choice whether to iton#r to the project or retain the changes
to him self. If the user decides to submit the gjesn(referred to as a patch) to the project,
the user is then becomes a contributor to the grojgsually patches are emailed to the
project mailing list or the project maintainer.idtthe hope of the contributor that his patch
will be included in the project. The maintainer amdother persons on the mailing list will
review the submitted patch and discuss it. Theésten the submitted patch is co-related to
the interest, which other people have in that paldr area of the code where the changes
have been made. One some occasions the code wikerdiscussed in detail, simply because
no one on the list is interested in that part efsbftware. Usually the maintainer is interested
— it is after all ‘his’ project — and the maintaingill make sure that the software does not
develop in an undesired direction. Following reviemd perhaps some discussion, the patch
is either accepted or rejected. If accepted thehp@tincluded in the software, and the new

version is made available for downloading.

Often several or even hundreds of persons arageagin a development project and

contribute to the best of their efforts. Large atians in contributed code can be observed in
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the projects. In the GNOMEproject contributions from each developer havents®alysed,

and there is clear evidence of an inner circlerogmmmers responsible for a proportionally
very large part of the code (Koch, & Schnider, 20@®eople who contribute code to the
project also participate in discussions on the imgiists. Contrary to what one might think,
there is no co-relation between the lines of caal@ributed by a developer and his activity

on the mailing lists (Koch, & Schnider, 2000).

Participation in development requires a person édow the development and
discussions regarding the project. Projects witmynactive developers often show a very
high volume of emails going to the project mailiigys. The Linux kernel development is an
example of a project with a high volume mailing.lien week 20 year 2001 the Linux kernel
mailing list received 1227 posts from 423 differenntributors 45% posted more than once,
and 38% posted in the week before (Kernel Trag¥)1). This suggests that many regulars
frequent the list. The sheer amount of emails ¢olidt is enough to discourage many people;
receiving approx. 1200 emails a week from one disine seems overwhelming. Despite
moving specific discussions to other mailing listesd creating separate projects when
appropriate, the kernel mailing list continues #vd high volume. The number of posts
(emails) in week 20 (Kernel Traffic, 2001) is oreeage, although recent weeks have seen up
to 1750 posts. However, most projects are ratheallsmnd following the project

development does not require prohibiting amountsnod.

* The GNOME project is trying to create a commorpbieal desktop for Linux. See, URL:
http://www.gnome.org
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3 Epistemic Communities

The term epistemic communities originate in padditiscience and have been used to
understand how people with knowledge in a partical@a and a common interest form

communities and influence policy makers.

The understanding of epistemic communities in {hégper is highly inspired by the
works of Haas (1992) and Holzner & Marx (1979). éistemic community may consist of
participants from various disciplines with variopievious experiences, and they have the

following four characteristics (adopted from Hak392):

1) A shared set of normative and principled beliefevaing a value based rationale
for the social action of community members;

2) Shared causal beliefs, which are derived from taedalysis of practices leading or
contributing to a central set of problems in thd®main and serving as the basis for
elucidating the multiple linkages between possipldicy actions and desired
outcomes;

3) Shared notions of validity — that is, intersubjeetiinternally defined criteria for
weighing and validating knowledge in the domainhafir expertise; and

4) A common policy enterprise — that is, a set of cammractices associated with a
set of problems to which their competence is dagctpresumably out of the
conviction that human welfare will be enhanced asrssequence.

The major dynamics are uncertainty, interpretatiand institutionalisation, which
determine the creation of epistemic communities.tHa framework of Haas, epistemic
communities are largely motivated by the existemica power vacuum that has come about
in the face of uncertainty. In this situation pglimakers turn to epistemic communities for
information (Haas, 1992, p.15) to ameliorate uraety. When satisfying the need for
information, epistemic communities emerge, prodifer (Haas, 1992, p.4), and prevailing

epistemic communities become strong actors in gecimaking. In Haas (1992, p.4) words:

“Epistemic communities are one possible providathef sort of information and
advice. As demand for such information arise, néte@r communities of specialists
capable of producing and providing the informatiemerge and proliferate. The
member of a prevailing community become strong ractat the national and
transnational level as decision makers solicit rthieformation and delegates
responsibility to them.”
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When facing problems with complex interlinkages ipohakers can use epistemic
communities to help interpret and formulate altéweacauses of action. If there is a
continued need for information and interpretatignseemic communities tend to become

institutionalised.

The motivating factor in the emergence of epistecoimmunities is influence on policy
making, being able to influence policy is in itsalf reward. With influence follows
recognition from ones peers, and access to fundeigs the emergence of a community
sharing the same ideas. There are obvious elenosérdasreputation game between actors
trying to archive influence, recognition, and regitn amongst ones peers. Scientific
communities are indeed epistemic communities, wheters are motivated by influence and

reputation.

In open source software development, the motivdttpr is also influence, recognition
from ones peers, and reputation. Eric S. Raymor@QR is very explicit in relating

motivation in OSS development to a reputation gamtke gift economy:

“There are reasons general to every gift culturg weer repute (prestige) is worth
playing for:

First and most obviously, good reputation amongsopeers is a primary reward.....

Second, prestige is a good way (and in a pureegdhomy, theonly way) to attract
attention and cooperation from others. If one isll waown for generosity,
intelligence and fail dealing, leadership ability, other qualities it becomes much
easier to persuade other people that they will ggiassociation with you”

Unlike Haas epistemic communities, influence iedied at the software project, that is,
the community and the software in it self and madtqy making. At present, the open source
software community does not offer relevant inforim@for policymakers. This situation may
soon change as a recent report to the EuropeaiarRarit on the ECHELON Interception

System concludes (Temporary Committee on the ECH¥ELi@erception System, 2001):

“The Commission and Member States are urged tosdeappropriate measures
to promote, develop and manufacture European etiornypechnology and software
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and above all to support projects aimed at devetppiser-friendlyopen-source
encryption software.” (Emphasis added)

When promoting open source encryption softwareofien source community may offer
relevant information to policymakers. However, #iea of encryption software is very small
and may only be able support a very small numberpein source software developers. At
present, it must therefore be concluded that OS&ldement does not attract enough
attention from policymakers to motivate the creatcd communities as described by Haas.
Consequently, the political establishment doesaffir any monetary incentives for open

source software development in general.

Apart from receiving monetary support from the pecédil establishment, there is the
possibility of selling the project software. Opausce software developers have little hope
of making monetary profits from developing softwabevelopers are free to sell their open
source software at whatever price they feel right,the source code is freely available, and
everyone is allowed to make copies for free. Thiskes it difficult to actually sell the
software as potential buyers will be able to getsburce code for free and the incentive to
buy seems non-existing. Thus, efforts must be ratgy by something else than profits from
selling open source software. This might indeeé Imeuch more personal need: The need to

solve a particular programming problem.

| proposepersonal need as a fourth underlying dynamic, which stimulates treation
of OSS epistemic communities. Since policy makersiot at present demand services from
the OSS community, personal need to solve a pragmagiproblem should then be the first
mentioned underlying dynamic. A personal need fepecific functionality is the reason for
creating a first version of some software, whichtum becomes an open source software

project. When the project has been created the dfreamics begin to influence, however,
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the influence exhibited in open source softwareetment is a bit different from what is

proposed by Haas.

In the open source software community many memaerknowledgeable and able to
articulate their needs, and they also have theatyalbd make their own software. No logic
determines who makes the first version of softwatt@ich solves the personal need. Clearly,
a person must feel a very strong need to go ththugkrouble of making a first version of the

software.

When the first version is available, uncertaintgihs to play an important part. When
people begin to join the newly started project,artainty shows itself as general uncertainty
about the function of the software and the directié the project. What follows are a series

of discussions about the direction of the project how the project should proceed

This sparks a process of interpretation where ancemunderstanding of the project

emerges and the participators define their ardatefest.

This discussion/interpretation takes place on tesmels: 1) actual discussions and 2)
code submitted to the project. In the actual disicus people voice their opinion and express
their needs and wishes for the project. Discussadnsourse influence the direction of the
project but the discussions are more a displayes$gnality where the participators get to
know each other. Open source software developmserdluntary and discussions are only a

show of promise - no one is obliged to deliver.

Code submitted to a project are a much more pemvaseans of influence as actual code
is a result of a real development effort. Compdeeflist discuss and talk about what should
be done code shows how a proposition could be imgiteed. Code is also a clear statement
about a developer's commitment to the project drel direction that he would like the

project to go — the code speaks louder than a #molord.
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Participators are interpreting the contributions ttee project and forming an
understanding of the direction of the project. Al process marks the areas of interest to
the different developers. As contributions to thejgct are submitted and included in the
project institutions emerge. Some contributorsveny interested in certain areas of the code
and will regard these areas of the code as their. Glerefore, questions and modifications
to that area of the code should go through theqoéeit contributor. This kind of contributors
is perceived as maintainers of their particulanarecode and becomes an institution within

the project.

3.1 OSSprojectsas Epistemic Communities

OSS projects consist of people working togetharéate a particular piece of software.
The primary motivation for people to enter openrsewsoftware development is a personal
need for particular software or functionality. Te@mmunication in the project is directed at
solving problems and proposing new features areksffrr the project. There are two types of
discussions in open source software projects, wiwieloften separated into different mailing

lists: 1) User support and 2) Development actisitie

User support is mostly for newcomers to the proyeled are trying to use the project
software, but are having problems making the so#wempile or run. Often this type of
discussion is maintained on a separate mailingalst the most frequently asked questions
are collected in a FAQ (Frequently Asked Questio@$)en seasoned contributors as well as
intermediate users in the project offer their advio these forums. The lists form a

community help line and are very common to openc®software projects.

The mailing list for development activities is fibre more seasoned contributors, which
are engaged in the actual development of softwilre.discussions on this kind of mailing

list tend to be very technical and code fragmemd patches are the order of the day.
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Discussions about the general direction of thegatagre common on this list. Some projects
like the Linux kernel are very explicit about thengral direction, and huge discussions tend

to erupt, when proposals are made.

Members of the community can be identified by theibscription and participation in

discussions on the mailing list(s). | define twpeyg of actors: 1) Users and 2) Contributors.

Users are people who just want to use the softwack do not care about its further
development. These people download the softwagalinthe software, and just use it

without commenting further or providing any feedbae the project.

Contributors are people who take an interest irptiogect, follow the discussions on the
mailing lists, and voice their opinion. Contribitgoneed not contribute actual code to the
project, they may just participate in discussiond atimulate debate within the community.
Some contributors’ just answer questions about Iprob related to general use and
contribute to the community in this manner. Conitdss are also persons, who post
guestions to the mailing lists and by doing so @evvaluable information about the

usability of the project software and documentation

Although users are per definition non-vocal in th®jects, they are an important
resource for the project. As time goes by somesulsegin to take an interest in the project
and voice their opinion, and thereby they becometridmutors. This could happen in a
situation where a new version is released and a nesdises that the new version of his
favourite software does no longer run on his sysfeims situation often motivates a user to
become a contributor and post error reports topttogect mailing lists in order to get the
problem fixed. The user may also posses programisiiits in which case he may review
the source code and fix the bugs (errors in thieveo€). The user has a choice whether to fix
the bugs on his personal system or to send the fox¢éhe project mailing list for inclusion in
the project code base. The advantages of justgfitiie problem on his personal system is a
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short term gain, since the problem could be fixathediately without having to interact with
the project mailing lists. However, if the bug fixare not included in the project code base,
the user will have to make these fixes again riee the project releases a new version. The
new version may have changed to such a degre¢hthditk does no longer apply and has to
be modified to fit the new version. Thus, theramsincentive to get the fix included in the
project code base. Needles to say, contributinge doda project also provide status and

recognition among peers in the project, which veamgling in itself.

The deeper understandings of open source softveerel@pment projects arise when we
analyse the four characteristics of epistemic conitias as defined by Haas (1992) (shared
normative and causal beliefs, notions of validitydacommon policy enterprise). These
provide insight into the workings of open sourcasemic communities. The following
sections discuss the four points of Haas (1992) explain how these characteristics are

present in the community, and how they influence.

3.1.1 Shared Normative and Principled Beliefs

Open source software projects share the same ¢bastics as do the definition of
epistemic communities (Haas, 1992, p.3). Contritsuito open source software projects share
a set of normative and principled beliefs, whicloyie a value-based rationale for
contributing to the project. The contributors, asntioned, do not have a simple economic
incentive for contributing to the project. Contribts are at first motivated by a need for a

particular piece of software to solve a problerhatd (email, word processor, etc.).

The open source software community in general jiitspeaking for a single project)
shares a strong disbelief in software patents dosed source software as mechanisms,
which restrict the freedom of the users. Closed@®goftware is perceived as barriers that

hinder people’s free choice and ability to improseftware. It is very explicit in the
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community that sharing code is positive and thattrdouting code to a project is a way of
getting status within the community. Eric S. Raymdd999a) describes the open source
software culture as a gift culture, where statugeisved from giving gifts to the community.
Also there are evidence of a counter culture irpeesto Microsoft who is perceived as

dominating and always trying to pollute standaadsxclude competitors.

This provides a value based rationale for being piithe community and it bonds the
members of the community to share values and dineat actions towards areas perceived as

valuable.

3.1.2 Shared Causal Beliefs

Contributors in open source software projects legbared set of causal beliefs. This is
related to the actual programming problem, whiah phoject is trying to solve, but also to
the intrinsic reward logic (i.e. reputation etcQontributors trying to solve a particular
programming problem often have a background inisglthat particular type of problems.
This may be from formal education, previous experge with similar problems or other.
They may also be newcomers to the particular afgaogramming and gaining experience
by helping to develop the project software. Thisvides a common frame of reference in the
projects when analysing problems and trying to ter@asolution. It creates an understanding
of what to do to archive a certain goal. Softwangieeering is, however, not an exact
science and there are several different princigdlitions to the same problem. Often
different solutions to the same problem are disetis§his gives a sense of Darwinian

selection among available solutions.

The shared set of causal beliefs actually has tenmds of reference, where one is the
just mentioned schooling and experience. The ditaene of reference is the programming

project itself. The project has or will get a histof solved problems that serves as the
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practise and the way to solve that kind of programgnproblem. Projects tend to develop a
particular programming style of how programs anttipas are written. This also extends to
solving new problems, where previous experiencéhénproject is a common reference and

thus easily adopted.

The shared causal understanding of reward strigctaréne project consequently provide
an understanding of other people wanting to p@die in the project. It is a kind of “If |

begin this, there are others with the same prolaledithey will want to contribute”

Therefore, shared causal beliefs have a co-ordigatfect on the development process
it makes sure that patches are within the frameef#rence for the project. Patches using
coding style or principles different from the oragplied in the project will have difficulties

being accepted in the project.

3.1.3 Shared notions of validity

As mentioned above programming problems are ussallyed as contributors suggest
different solutions. The choice between these gateh eased because the contributors share
notions of validity. There shall be little doubaththe first contributor would rather like his
patch applied than that of the second contriblEéfiort has gone into develop the software
that turns into a patch, which are submitted topttwect. Clearly there is little credit gained
from making the second best solution. Despite tlvesg personal incentives to defend ones

patch the decision rarely ventures into personaares, although this has been seen.

Validity tests are an important part of open sousoffware development. Different

solutions are evaluated using two criteria: 1) &enance and 2) Beauty.

The raw performance tests of different designseasy to understand. A benchmark is
developed to simulate the intended usage of thevacd. The benchmark is then tested on

the proposed patches. The scores of the differesigds are compared and a choice is made
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based on the best performer. Sometimes the acaralhimark tests become the centre of
debate, as it simulates a particular use of thgrpro. Whether or not the simulation is
accurate, it leaves ample room for personal inggpion. Despite the potential trying to
create a synthetic benchmark, it proves the pedao® of a person’s particular patch. The
discussion resides on a level where the technigdllagical argument is considered most

valuable.

Beauty is an elusive term used by all the devekpérhave had the pleasure of
interviewing. When discussing how the developersiddzl for themselves what is a good
solution to a problem, the answer was “It looks djpdlt is beautiful”, and “It is nice”. It
was not possible to get a precise definition of lgahowever, among the interviewed
developers there was an implicit understanding batwas a right solution. Readers of
Kernel Traffic will remember several occasions vehémus Torvalds has rejected a patch
that solved the problem, but the solution ‘look&dbng. The right solution is simple and
easy to understand, it is logical and solves thablpm with a minimum of workarounds.
Often a Beautiful solution is the product of indigimd a clear understanding of the problem
to be solved. Understanding the complexity of thiévwgare and making the right assumptions
in the software helps reduce the amount of codeeraiBe required to check these
assumptions. There is also a maintenance perspeictiBeautiful solutions. If they are
logical and simple, they will also be easy to expand develop further. Whereas a solution
that requires many workarounds is difficult to ursdend for other than the person who made
the solution. Such solutions are therefor not slufter further development and commonly
referred to as an ‘ugly hack’. Most projects, patarly the kernel, are very keen on
implementing good solutions and lot let badly verttcode pollute the long-term viability of

the project.
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The actual process of choosing between alternatbeeg performance or beauty criteria,
can be viewed as a power struggle between staketisol@he different stakeholders try to
influence each other’s opinion. In epistemic comities, the power exerted has to come to
terms with the peculiar quality of power in the afie epistemic community (Holzner and
Marx, 1979, p. 109). An epistemic community hasienary commitment to a certain type of
knowledge, in open source software this is the kedge of programming in general and the
experience gained in the particular project. Thigacts the way power is exerted in the
community, which again require a certain legitinicsa The primary commitment to a
certain kind of knowledge defines not only the mataf work in the community but also the
terms of its legitimisation (Holzner and Marx, 1970 109). Discussion must use the terms
and arguments that the community views as valids, oo, depends on the history of the
particular project; however, logical argument batkep with data to prove a point is
generally perceived legitimate arguments. Usualgre is no point in shouting and slamming
the door — no one will listen. There are of counséeworthy exceptions. Linus Torvalds,
who created the Linux operating system, sometimagasidecisions and presents arguments,

which are not open to the usual discussion of O8feqts:

“a 32-bit (or 64-bit) dev_t does NOT make it angieato manage permissions
or anything like that anyway. Look at the currergss/dev is. Imagine it an order of
magnitude worse.

Big device numbers are _not_ a solution. | willeggica 32-bit one, but no more,
and | will _not_ accept a "manage by hand" appraaghmore. The time has long
since come to say "No". Which I've done. If you '‘tamake it manage the thing
automatically with a script, you won't get a hamietd major device number just
because you're lazy.

End of discussion.” (Torvalds, 2001)
On several occasions Linus Torvalds has used Hargjuage and behaved less than

polite to the people contributing to the kernel@lepment. Due to his very high status in the
community, he has got away with his temper and txtthviour. In this particular incident,

Linus Torvalds exertion of power generated a negatounter reaction. A few top
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developers publicly discussed whether to continugpsrting Linus Torvalds and instead

support Alan Cox, who maintains the parallel aceseof the Linux kernel.

In the above quote Linus Torvalds' arguments werteperceived as legitimate by the
community and this promoted a counter reactions Ti@monstrates the OSS community as
an epistemic community where even the charismatiddr must acknowledge the means of

excerting power, which are perceived as legitimate.

3.1.4 Common Policy Enterprise

Participators in OSS development also have the camolicy enterprise. This could be
stated as a wish to replace all commercially closedrce software with open source
alternatives. The Free Software Foundation, whigth@ed the GPL open source license,

has made this an explicit goal.

Sometimes the problem is defined by the commorcpe@nterprise and OSS projects are
formed to create an open source alternative. Rojie GNUcash and Appogen are inspired

by the commercial software Quicken and supporQbeken file format.

The common policy enterprise serves both as a mtotty factor and as shared
understanding among participators in the open sowoftware community. In this
perspective the community defines itself as a camupiart to closed source commercial
software. The open source software community isllsomempared to users of Microsoft
windows. There is an immediate understanding amasegs in the OSS community that
crosses established social boundaries. As an atérat Linux user group meetings and
conferences, | find that there is an interesting afipeople, which would most likely not be

possible under other circumstances.

The common policy enterprise lowers the personaidya to engage in discussion and

defines common themes of discussion when enteridigjlag with a stranger. Examples of
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common themes are: Microsoft bashing, promotingsdagourite free OSS at the expense of
a proprietary alternative, technical discussiorardmmg personal use and choice of software,

discussing how to promote open source software.

3.2 Shortcomings of the Epistemic Communities Appr oach

The understanding of open source software developmesing an epistemic
communities approach appears useful. It is possiblenderstand the motivational issues of
participation in OSS development. Contributors ametivated by a personal need for
software. When contributors have entered the conitypuanother motivational factor
influences and contributors are met with rewarderms of reputation and recognition from
ones peers. There shall be little doubt that tipeitegion game is a force, which has to be
recognised when trying to understand OSS developriére effect of the reputation game
varies according to personality; some developeve lexpressed a kind of addiction towards
maintaining their reputation. Interview with FredBSdeveloper Poul-Henning Kamp (2000)
revealed that developers once considered greatirapdrtant contributors were having
problems when scaling down their development effdihose developers had grave
difficulties coming to terms with their lower infmce. They were still following the
development of the project and monitoring changaderto ‘their’ part of the code. Changes
they did not like were criticised in a way that wamsidered grumpy and inappropriate for
retired developers. This has led to cases wheredh@nunity has shunned the developers

(Kamp, 2000).

We are also able to understand the actual developrmpecess using the shared

understanding of normative, principled, causal digliand notions of validity, and the

® FreeBSD is a free operating system, derived fieerBerkeley Software Distributions, URL:
www.freebsd.org
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common policy enterprise. These factors ease awoitdion in the project by minimising the

need for co-ordination and communication. The faatmakes sure that problems are
perceived in roughly the same way, and also solatiand added features may be
implemented with little or no interaction with ttemmunity. It must be remembered that
most, if not all, development takes place in thegte sphere of the individual developer.
This illustrates a community where the participatsinare a mindset — a way of thinking and

understanding the problem.

This is indeed needed if this kind of distributexVelopment is expected to produce any
results. The limited communication’s bandwidth regs that participators are able to
communicate using as few words as possible. Urdikeompany, where employees are
physically placed in the same building and havedpportunity to talk and discuss mattes
directly with each other, OSS development only i@smeans of communications provided
by the internet. Most of these forms of communamatiare time shifting forms of
communication, chat and voice/video conferencingpdp@oteworthy exceptions. Real-time
communications are, however, not suitable for O8&pment simply because people are
not working at the same time. Some developers iameglin Denmark and working on
projects with persons from Mexico and the Uniteat&t, and difference of time alone makes
it difficult for to meet using real time communitats. If one thinks of collaboration as a
continuing exchange of ideas and contributionshto giroject, the level of collaboration in
OSS development is actually quite small. OSS dewveémnt is very individualistic, and

collaboration is better described as contributimnthe project.

Contributors rely on a common frame of referendee (four characteristics) as a
mechanism for co-ordinating their efforts when weimyg into OSS development. This is not
a conscious reliance, but a consequence of beirigphaommunity and solving a common

programming problem. It is not possible, given timeited means of communications, to
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socialise people into the community and create shated frame of reference, which has a
significantly different mindset. The effort to acaplish this task would be far greater than
the benefit. OSS contributors are motivated by regedlinterest in solving the problem, and

far less by socialising.

And here we touch the heart of problem. Personstia@nio contribute can not be
expected to share the same mindset as the commutaty should we then understand the

process of socialisation in OSS development?

4 Situated Learning and Legitimate Peripheral Participation

The process of entering and becoming a member epestemic community is, as noted,
not readily explained in the epistemic communitigproach. This is an important process as
it is the key to understanding the population aggreduction of the epistemic community.
This understanding may also be used to ease tleeggoof becoming a member. Many
‘wanabe’ developers and newcomers to OSS developivmere difficulties understanding
how to contribute to the development. Often projgebsites contain instructions of how to
contribute, but these instructions miss some of fther points on proper conduct and
behaviour. It seems that these finer points areitapt and the distinguishing point between

becoming a part of the community and staying orothtside.

| shall not enter into at discussion of what are ‘finer points’ in participating in OSS
development. They will wary depending on the patéic epistemic community.l shall,
however, propose a framework for a preliminary gsial and understanding of OSS

development epistemic communities.

| propose situated learning and legitimate peripheral participation (LPP) as the

analytical tools for understanding of the procefssazialisation into OSS development. This
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requires the socialisation process to be undersa®a learning process, where people

wanting to participate become patrticipators throadéarning process.

Theories of learning often view learning as a tnaigsion of knowledge in some abstract
form from one person to another. This perceptiofeafning excludes all the details, which
links knowledge to a specific situation in whichokvledge is useful and makes sense. This
kind of transfer models have been severely attacked in particular Lave and Wenger
(1991) with their concept of situated learning hamwn another way of understanding

learning.

Situated learning ties learning to the actual sibmain which the knowledge should be
used. It is impossible to separate knowledge framtext, which also include the social
situation in which the knowledge is used. The leesrconstruct their understanding from a
wide range of parameters including ambient soaia physical conditions, and the history

and social relations of the people involved (Bra&Buguid, 1995, p. 69).

The interesting point when relating LPP to OSS t®iag epistemic communities is
that learning is a process of becoming a practtiorhearners do not receive abstract
knowledge de-coupled from any practical use. Learrsge becoming practitioners in a
community by being part of that very community aating as apprentices. This requires that
apprentices be viewed as legitimate peripheral tpi@wers by practitioners of the
community. Practitioners must allow learners tatipgrate at a learner’s level. By observing
and participating, the learner acquires knowledg#l, and understanding of the social sphere

of which he is a part.

4.1 Open Source Software and L egitimate Peripheral Participation

When using LPP and situated learning for underst@gn@SS development, | define two

different groups’insiders and learners. Insiders are members of the community who are
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active in the community and participate in the \atiéis of the community. Insiders are
practitioners who function in the community. Leamare persons who wish to become part

of the community and participate in the projectshort, learners want to become insiders.

The process of becoming an insider requires thendeato learn the ways of the
community, how they act, interact, etc. This is soinething that can be taught as noted in
an earlier example, and descriptions of how toretfite community seem to miss the finer
point. The learning process has an individual biggending on the learner, which is affected
and influenced by the learners’ relations in thengwnity. Becoming an insider can only be
learned, and this is a situated process whereetiradr participates in the actual and practical

life of the community.

By participating, the learner observes the practidethe other members of the
community. What is more important is that when tharner participates, he tests the
different strategies or ways of interacting witle thther members of the community. In the
course of this process, the learner begins to fusnown impression of the inner workings of

the community.

Completion of this process and transformation efldarner into an insider requires that
the insider must allow the learner legitimate peripheral participat Insiders must
acknowledge the fact that learners are just learbhearners cannot be expected to perform
at the level of the insiders, and insiders muspeestheir effort. It must be legitimate for
learners to participate in the practice of the camity. Learners are bound to a peripheral
position when participating. Learners do not hadwee gkill of the insiders, and must accept a

position where they are allowed to participatenatrtown level and observe.

The learning process in open source software dpredat takes place in two spheres 1)

The private and 2) The collective sphere.
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1) The Private Sphere

This is the development situation in the home & thdividual developer. In this
situation the developer tests and explores diftesetutions to problems, which he wants to
solve. The development is a recursive process wdiéferent principles are implemented in

order to truly understand the problem and makeridiet’ solution.
2) The Collective Sphere

This is where the developer interacts with the tepisc community using mailing lists,
chat, news groups, and other available means ofreontations. Questions, answers, and

discussion are communicated back and forth betweenommunity and the members.

The two spheres are by no means separate busalasby side. Often developers have a
keen eye on what is happening on different mailistg and in chat rooms when they are
working. Developers Jens AxBbg000) and Kenneth Rohde Christeris@000) explained
how they always, like many of their developer fdenhad their email client and chat client
running while working. The two developers notedttttee community feeling was quite

strong when they logged on to a chat forum and \gereted by friends.

The learning situations of the two spheres aresghfit but both require understanding of
the practice of the community. The private spheuires understanding of the practice of
coding - the coding style — in the project. Mosijects have a special way of writing codes,
and this entails the use of indentation, properafsiinctions etc. Adhering to the project
coding style ensures readability of the code bywotnembers of the community. This is
mostly about how to code the project software. Matthe learning in the private sphere is

formalistic and can thus be taught without havimgngage in the community.

® Jens Axboe is CD-ROM maintainer and employed B§ESu
" Christiansen, Kenneth Rohde is a GNOME developdranguage translator.
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Becoming a practitioner in the collective sphene,tibe other hand, cannot be taught.
Situated learning and legitimate peripheral pgr&ition are important in this sphere. Learners
engage in the practice of the collective spherd, landoing so they become practitioners,

who should be allowed legitimate participationhe project.

Becoming a practitioner and going from learnerrtsider is the process by which OSS
developing epistemic communities recruit new memmbkris a process, which requires the
learner to actively take part in the project andtdbute. It is also a process where the learner
must expect that becoming an insider happens gilgddde transition from learner to
insider is subtle, and the learner will often be thst to call himself an insider. In the
process, the learner adopts the language, thegastiite etc. of the community. The learner

has then become an integral part of the community.

5 Conclusion

This paper has tried to explain the developmentgss of open source software and has
attempted to apply theory from other disciplinepisEemic communities, situated learning,
and legitimate peripheral participation have besadufor understanding of the development
process of open source software. The combinationthafories was necessary for
understanding of both the development process atrg @to the epistemic community of
open source software development. In itself thease of testing a theoretical body on new
empirical problems is a worthy effort. Neverthelebg question remains: Has this approach

brought forth a new insight to understanding opmiree software?

| believe that this approach has actually prodused insights. In the frame work of
epistemic communities it is possible to understdmoiv open source software can be
developed under difficult circumstances,, and wisenple economic incentives are not

present.
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It has been shown that the dynamics of epistenmtneonities offer a fair explanation of
the organisation and development direction of thejegts. However, the dynamics of
epistemic communities do not provide insight intbatvmotivates people to participate in
OSS development. To this end, personal need faarticplar piece of software has been

introduced.

Haas’ four characteristics of 1) Shared normativé jgrincipled beliefs, 2) Shared causal
beleifs, 3) Shared notions of validity and 4) A coon policy enterprise is useful for
understanding OSS development. They provide adeguatianation as to how participators
in OSS development are able to co-ordinate theiome in subtle and rarely explicit ways.
There is a mutual understanding, a common framefefence of what to develop and how

to do it.

This common frame of reference does not occur mateously, and a process of
socialisation into the community precedes the sthtenutual understanding. The process
should be understood as a learning process, wheweamers to the community are
perceived as learners in the process of becomsiders. For the process to be successful,
insiders must allow learners to be legitimate geripl participators. It is important that
learners are allowed to be practitioners in the roomity at their own level. Learners must
grow into the community and through participatiarni their own understanding of the
community. With interaction, this understandinge#lected in the other practitioners and a

mutual understanding is formed.

As this process gradually completes, the learneolipes an insider and a practitioner in

the community. At this point, the learner has beegart of the epistemic community.
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