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Abstract

The Open Source (OS) software has progressivehedaconomic importance in recent years, and
more and more commercial firms are getting invojviedvarious extents, in the OS movement.
While a number of studies have investigated mabwatand business models of OS-based software
companies, very few works have examined whether lreowd firms actively participate to open
projects.

This paper contributes to the literature by prawidempirical evidence on the role and the actwitie
of software houses in community developed projettse research also proposes an original
methodology of large-scale primary data collectimm OS project repositories and linked Web
sites. The findings show how different today’s O8vement is from its origins and how important
firm involvement has become, not only numericallyt lalso for the deepness of its impact on

community projects. Finally, further research depetents are suggested.

* Corresponding author: cristinal.rossi@polimi.it.



1. Introduction

It has been widely acknowledged that the projetthe® OS community represent an impressive
example of successful collective action processes Hippel and von Krogh, 2003). Indeed,
thousand of developers, who do not receive anycdingonetary compensation and work in a
decentralised manner, have succeed in providirgnanmous amount of code, often supplying high
guality and complex programs (Benussi, 2006). Ewene surprisingly, the movement has evolved
considerably in recent years: Open Source has @a@nancreasing economic importance. Despite
the dominance of proprietary standards, more anckrmeers are now running OS programs on
their systems (Ghosh, 2006), while new agentsakiag part in the collective action by adopting
open standards or using them in their productieegsses. They are public bodies, Universities and
research centres, and, even for profit firms, whiagtness how the idea, proposed by the Open
Source Initiativé in 1998, of getting Open Source world closer te gtommercial one, has been
extremely farsighted. Several empirical analysegerghown as more and more software firms,
including also several large market incumb&ntse now involved, to various extents, in the
movement (Bonaccorsi et al., 2006). In this framedyaohis paper focuses on the relationships
between these companies and the Open Source cotgmmarnely, the issue of firms’ involvement
in the OS projects is addressed.

At present, there is plenty of evidence that opeojepts are much more thaanarchical
communities joined only by ideologically-orientedlividuals writing code in their spare time on a
voluntary basi§ Anyway, up to now, most studies on the relatignstbetween commercial firms

and the Open Source movement have mainly focusetieomways of doing business out of open

! http://www.opensource.org

2 Think for instance of IBM that has been involved.inux development since 1998.

® It is worth noting that the romantic idea of artéén years old smart programmer writing open ahgéng the night is
a myth of the Open Source that need to be put peispective. Several authors have shown throughirieadp
researches (see for instance Lakhani and Wolf, 2B8@8&el et al., 2003, Hars and Ou, 2002) the masgresence of
people working in the IT sector OS among the dgyale communities. Dahlander and McKelvey (2005 Yioorthese

results, acknowledging the presence of developithsa degree in Software Engineering.



standards (Kosky, 2005), or on the motivations ahpanies’ entrance in the Open Source arena
(Rossi and Bonaccorsi, 2006; Bitzer, 2004). Thdimgkthat emerges from these researches is that,
in general, firms exploit the code base providedtllyy OS community as a basis for preparing
software solutions to be offered to their customEesv works (see for instance Henkel, 2006) have
investigated whether and how these companies birémtd, in their turn, such code basin by
contributing their own developments back to theropejects.

Moreover, under a methodological viewpoint, it isrtln noting that most of these analyses have
been carried out through case studies or by gatpsurvey data.

Thus, the contribution of this paper to the litaratis twofold. First, it investigates whether and
how firms contribute to the projects of the OS camity. Second, it proposes an innovative
methodology, based on the analysis of the projémisted on the largest OS repository,
SourceForge

We aim at providing original empirical evidence abthree main research questions (i) Do for
profit firms act not only asakersbut also agjiversby directly contributing to OS projects hosted
on SourceForge? (ii) If yes, what do firms do witkine projects? Do they only carry out ancillary
works (bug fixing, mailing list assistance, and®y or do they also provide code and undertake
coordination activities? Moreover, (iii) Does theegpence of firms shape the evolution of the
projects? Namely, are there significant differenlbesveen projects participated by firms and the
others? Finally, basing on the empirical findingsresearch agenda for future developments is
provided.

The paper is organised as follows: section 2 sty literature on firms involvement in the Open
Source movement, section 3 describes data and dwtiyy; section 4 summarises the results of

the empirical investigation; section 5 concludes discusses the research agenda.

* http://www.sourceforge.net.



2. Firms’ participation in the Open Source movementa review of the literature

An increasing body of literature is investigatitg tchanges that have taken place within the Open
Source movement in recent years: from a social @inenon with a strong ideological connotation
(Raymond, 2000), it is now evolving in an economeelity that is deeply affecting industrial
dynamics within the software industry (Gehring, @00

Particularly, commercial firms take part in the @®vement in different ways. Historically, the
first form of involvement has been the gifting afde by large software companies to the Open
Source community, as in the well known case of d&gis, which in 1998 released its Navigator
under an OS license, giving rise to the Mozillajgets. Other incumbents of the software market
followed its example (Wichmann, 2002), and, nowagdagven Microsoft is opening to OS by
turning over several of its programs to OS devempglaying a role in a process that the company
has strongly criticized in the past.

However, it is not only a matter of the businesategy of large software houses. At present, the
phenomenon of the engagement of software compame$S activities is becoming fairly
widespread: more and more firms are entering thé&eh@&y using open code downloaded from the
Internet as an input for providing to their custosn®pen Source-based products and services.
Bonaccorsi et al. (2006) have extensively descrithedphenomenon, calling these agedtsen
Source firm$& Using data from a large scale survey on 146akadpen Source firms, the authors
have found a wide diffusion difybrid business modethat mix the offering of open solutions with
the provision of proprietary software. In the sasnevey, almost half of the respondents claimed to

participate ( or to have participated) activelythe projects of the OS community (Bonaccorsi and

® Mozilla project is now developing the successfuetWbrowser Mozilla Firefox, which is now experiemgian
impressive diffusion, notwithstanding the dominan€dicrosoft Internet Explorer. As in 2006, theeaage diffusion
in Europe was around 14%, reaching a peak of 39&eimany.

® On the contrary, proprietary firms are the ones émtirely base their activity on proprietary prams.



Rossi, 2003) and the results are confirmed by amoskirvey carried out by the authors on a
European basls

The issue of firms’ contributions to the OS comntyns fairly intriguing under an economic
viewpoint, as it is a case of participation in eotive action by for profit agents, for which ithard

to advocate the intrinsic motivations argument (Rgad Deci, 2000) commonly used to explain
individual involvement in the private provision obllective goods, in general (Elster, 1985, 1998),
and in OS projects, in particular (Lerner and Tera2002; Luthiger and Jungwirth, 2007). Up to
now, firms’ participation in collective action aasibeen poorly investigated by economic schtlars
firms’ engagement in OS projects represent a véuabance of addressing the problem. To the
best of our knowledge, the studies that have eggdldrow firms contribute to the code base
provided by the OS community have focused on sipgtgect (Henkel, 2006; Dahlander and
Wallin, 2006),or on a limited number of firms, often using cased®es or other qualitative
methodologies (Dahlander and Magnusson, 2005;2066).

Even the survey data collected by Bonaccorsi angsiR@003) present several shortcomings. First,
they do not provide any information on the projeotsvhich respondents take part, not allowing for
any characterisation of the collective action psscen which the firms are involved. Second,
although the authors have distinguished betweerdowation and simple participation, it would be
interesting to know more about firms’ activity withthe projects and about their evolution over
time. Finally, from phone follow up it emerged that sometimes\thry concept of participation to
Open Source is surrounded by confusion, making gatme to under and over-estimation

problems.

" The survey was conducted in five countries (FidlaBermany, Italy, Portugal, and Spain) within @1®R project of
the PRIME Network of Excellence, ask the authordudaher details.

8 Several works have explored as firms lobby fomiay trade protection which benefits, not only #adsms that
lobby for protection and bore the costs, but ateoftee riders (Olson, 2004)
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3. Data and methodology

The methodology proposed in this paper aims at emddrg the issue of commercial firms’
participation in the OS projects by collecting d&tam SourceForge, currently the largest Open
Source repositofyavailable on the Internet. The data gatheringgutare allows to overcome some
of the shortcomings highlighted in the previoustisec Indeed, SourceForge provides plenty of
information about the hosted projects, while théection of information through the repository
(and other related Web sites) eliminates the riskubjective interpretation of the questions to
which survey data are prone.

We sampled 300 projects out of 140,000 currentktdubon the repository that were selected on the
basis of their level of activity. SourceForge paes detailed criteria for assessing the level of
activity of a project. Such criteria are based ewesal metrics, such as the intensity of use of the
instruments offered by the repository (e.g. forumsiling lists); the bug reporting activity; the
number of downloads or Web pages visits per dag, sm on. On these bases, the repository
provides a classification of the hosted projects: selected the 300 projects ranking at the top
positions (a fairly similar sampling procedurenskilincewicz, 2005).

The selection of sample projects among the actives adepends on the moment in which data
gathering has been undertaken. Indeed, the pasiabthe projects in the rank change every day,
the fact that these projects have not been abaddwmiag the only constant thing.

The repository itself was an important source &rimation. Indeed, for each project, SourceForge
provides detailed information on: the number of elepers and administrators; the date of
registration on the repository; the type of licenseler which the code is released; the intended
audience (e.g. advanced users vs. end users)ygbdy of products (e.g. Internet software vs.

Management software); the compatibility with difat operating systems; the use of mailing lists

° As of January 17th 2007, the repository hosted28®projects and 1,485,883 registered users.



and forums; the bug reporting activities, and so (erg the programming languages or the
availability of translations into foreign languayes

Nevertheless, it was not possible to detect firmslved by using only the repository, data on
companies’ participation has been collected maitilgough projects’ Web sites and other
instruments outside SourceForge, in particularimglists and forum'.

In short, the constructed database contains thexfimlg variables (table 1).

Table 1: The variables in the database.

Variable Unit of measure Source
Number of developers Unit SourceForge
Number of administrators Unit SourceForge
Type of licence - SourceForge
Bugs Unit SourceForge
Date of registration Date SourceForge
Number of mailing lists Unit SourceForge
Number of messages in public forums Unit Source&org
Compatibility with Linux Binary variable SourceFarg
Compatibility with Windows Binary variable Sourceafe
Compatibility with other Open Source systems Binaagiable SourceForge
Awards won Unit SourceForge
Programming languages - SourceForge
Typology of products - SourceForge
Intended audience - SourceForge
Number of donators Unit SourceForge
Type of database - SourceForge
Development phase - SourceForge
Translations into foreign languages Unit SourceEorg
Support Requests Unit SourceForge
Patches Unit SourceForge
Feature Requests Unit SourceForge
Elements in Subversion Unit SourceForge
Downloads daily Unit SourceForge
Visited web pages inside SourceForge daily Unit réefcorge

Presence of firms
Type of firms’ involvement

Binary variable

Outside SourceForge
Outside SourceForge

19 Detailed information can be asked directly todi¢hors.



4. Main results
The most important characteristics of the 300 sathplojects, are summarised in the following.
Project dimensionsin line with the other empirical researches om tihpic (see for instance Ghosh et al.,

2002a, 2002b), in most caseH)e developing teams fairly narrow: the median number of
programmers is 7, while 15% of the projects havg one participarit.

Licenses As expected (Lerner and Tirole, 2005), the mostespread licence is GNU General
Public Licence (GNU GPL, 57.91%), followed by itertvation (LGPL, with 12.84%), by BSD
licence (7.76%), Mozilla Public Licence 1.1 (5.3)/{%nd Apache Licence 2.0 (3.88%).

Technical aspectsThe instruments that the repository puts at tispasal of developers have
revealed to be very important for the software pobidn process. They are widely used: almost
every project has a forum; 66% of them have, atJemne mailing list and over 50% have a Web-
site hosted on SourceForge. The most widespreaggmming language is Java (30.00%), even if
the entire C famil}f is still predominant (57.00%). In 74 cases ou360 (24.67%), a specific
database is used in the developing process: MySgH. donfirmed to be the most used one
(47.30%), followed by PostgreSQL and JDBC. Notwdhsling that the majority of the projects are
released under the flagship of the OS license€75% of the programs are compatible with the
Windows operating systems and 16.67 % are develepellisive for these ones. These results
seem a further signal of the evolution of the OSemeent from its strong ideological origins.
Intended audience and producBrojects target mainly developers (26.90 %) ardi wesers (29.16
%). In general, it seems that the average usehighscomputer science skills: 30% of projects are
clearly directed to firms, 10% target system adstraiors, and 4% are devoted to advanced end
users. Solutions provided by the projects are yfaimbterogeneous, many different classes of
products (177) have been identified, the most feegwnes are development software (26 cases,

8.67%) and Internet related applications (20 ca&€3%).

™ On average, each project counts 14 developer8 andrdinators.
12 For instance C, C++, visual C++, and so on.



About firms’ participation, ninety seven projectst @f the 300 (32.33%) count the involvement of
one or more firms. This result is fairly intriguiragnd it is in line with the recent developments of
the economic literature that has emphasized theasomg importance of firms in the open source
scenario. A deeper investigation of the phenomeaspithen, crucial in order to understand the
evolution of the OS movement and its impact oninldestrial dynamics of the software industry.
Companies’ participation takes on various formsgehmain kinds of involvement can be singled
out: (i) project coordinationthis is the most frequent way companies’ parétign, with 60 cases;
(i) collaborationto code development, in different phases and férdnt extents (bug fixing,
testing or offering services, 37 cases ); fiiipvision of cod®r protocol$® (7 cases).

It is worth noting that the sum is 104 instead @f 8s in 7 cases there is more than one firm
involved in different ways in the same project irof these cases, there is a firm coordinating the
project and one or more firms collaborating to it).

The numerous cases of companies appointed as peco@ainators witness the good relationships
between firms and the Open source community. Ind@&dprojects have a decentralised structure
and the leadership emerges from the bottom up (@dvig, 2003), being the consequence of the
very foundation of the project, the provision ofluable code or of bright solutions to critical
technical problems (Bonaccorsi et al., 2006). Tlkaysmn which firms succeeded in achieving the
leadership have been investigated (see table Znost cases, the firm itself founded the project,
but there is also evidence of companies that emteme existing project and replaced the
coordinator. Seven coordinating firms were settigd by the members of the initial project

coordinating group.

Table 2: Ways in which coordination is achievedibys.

Ways in which coordination is achieved N %
Setting up the project 36 60.00
Entrance in the project and replacement of theipusvcoordinators 17 28.33
The project coordination team sets up a firm 7 11.67
TOTAL 60 100.00

13 For example, communication protocols used to siméioemations among different devices.



After having provided evidence on the role playgdfioms within the OS community, we have
explored whether and how their presence shapesublation of the projects. Several disparities
have been singled out between projects participayefirms (group A) and the others (group B).

Table 3 summarises the results of the inferentralcgdures carried on to detect statistically

significant differences.

Table 3: Comparison between projects participatgditms and the other&ote: Hartley's Test (a), t Test (b), Mann-
Whitney U Test (c), Chi-Square Test (d) and Peatdmmelation Coefficient (e)

i . Projects participated PrOngts not
Characteristics of the projects by firms partlc!pated Test P value
y by firms
PARTICIPATION
Average number of developers 19 5 a, b, c,e0l
Average number of project coordinators 11 1 a,le, c0.01
TECHNICAL ASPECTS

Average number of mailing lists 2.61 1.69 a, lec 001

Bug reporting activity 744 358 a, b, c,e0.01
Future requests 222 144 a, b,ce 0.01
Elements in SVN 605 391 a, b, c,e 0.01
Patches 189 60 a, b, c,e 0.01
Programming language: C family 40.21% 65.02% d,e 050.
Programming language: Java 47.42% 21.67% d, e 0.05
Number of translations into different languages 9 5 a,b,ce 001

LICENSE
Usage of the GNU General Public 45.36% 73.89% d, e0.05
USERS AND PRODUCT|S

Intended audience (1) Developers, (2) End Usgrs End users, (2) Developers d, e 0.05
Companies as targeted users 39.92% 12.42% d, e 0.05

In general, projects participated by firms are éardhey are joined by more developers and have
more coordinators than the others. Moreover, dagangto highlight that they show a higher level of
activity, as it is witnessed, for instance, by there intense bug reporting activity and by the wide
use of mailing lists.

As expected, firms’ presence has an impact on taeagement of IPRs. The use of the General
Public License is less common in projects joinedfioys: the percentage of GPLed solutions
decreases from 73.89 % in group B to 45.36% in grdult is worth noting that LGPL remains, in
both cases, the most appreciated alternative.

Commercial companies seem to shape also the typoliogoftware provided: products targeted to
companies are more diffused in group A and, in ganéhere is evidence that the average user of
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the software produced within a project participalbgda firm has higher computer science skills.
Other technical differences deal with the use dfedent programming languages, with a wider

presence of the Java language.

Conclusions and further developments

The empirical results reported in this work reveal at present, the OS movement differs
considerably from its origins. In line with the moscent literature, the increasing role of forffro
firms is acknowledged: in almost one third of ti® 3ampled projects there is some form of firms’
participation. Different types of links exist bewve these companies and the OS community.
Namely, firms may coordinate a project (the mosgdrent case), offer code or protocols, or provide
other kinds of contributions in different phasesha software production process.

As expected, firms have an impact on the evoluabthe projects in which they take part. Our
preliminary investigations have highlighted sevestattistically significant differences between the
projects participated by firms and the others.ds$ lemerged that the former are larger and more
active, make less use of the GPL licenses, showraktechnical peculiarities, and, in general,
produce software solutions targeted mainly on cangsaand high skill-users.

Summing up, notwithstanding that our findings d¢ alow to come to definite conclusions, they
call for the definition of a clear research agenda.

First, a wider survey of literature on firms’ paitiation in collective action is needed to disegtan
the main aspects of the topic, which it would bentérest to investigate with reference to firms’
engagement in Open Source activities. Particulaslg, are confident that an interdisciplinary
approach should be of help, as sociology and psgghicscholars have extensively contributed to
the understanding of the processes of private piamviof collective goods (see von Holzinger, 2003
for a survey of this literature).

Second, clear research hypotheses should driveerttip@rical analyses. Basing on the current

results, the following research questions turntodtte challenging
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(1) Are projects in which firms involved are more swgsfal than the others? Hence, do
companies contribute crucially to the achievemdrthe Open Source Software, as the
founders of the Open Source Initiati’éhoped? This is a fairly intriguing issue that
poses methodological problems, as the very cormepitoject success is hard to define
(Raja and Tretter M. J., 2006) and requires thegiration of several metrics of project
activity. Moreover, some endogeneity concernsiéstylto emerge. Namely, is it firms’
involvement to determine the success of a projecion the contrary, do successful
projects tend to attract companies? Clearly, imfeaé procedures that we used up to
now, are not suitable to address these issuesietfir@tion of empirical models and the
application of appropriate econometric techniquesr@quired.

(i) What are the characteristics of the firms involwedS projects? Up to now, we have
explored the topic through case studies, which Hmen focused on the relationships
between the companies and the projects. Howeviar,sti@uld be gathered on structural
characteristics of these firms (e.g. size, age,paiances, product/service portfolio, etc.)
in order to inquire whether and how they differnfrahose following a traditional
software production process and how these differame related to project participation.

(i)  Moreover, a wide literature (Chesbrough et al.,808 now exploring the so called
open innovation modehccording to which firms can achieve a greatarrneon their
innovative activities by using a broad range ofrses (Chesbrough, 2003). Open
Source is a clear example of open innovation ambr¢@/est and Gallangher, 2006) as,
on the one side, the OS community is a large kndgdebasin from which firms can get
information, one the other side, OS licenses astgded to foster instead of forbidden

the access to the information. In this framewotkisithen of interest to explore how

14 “We in the open source community have learned tiatrapid evolutionary [software production] prassproduces
better software than the traditional closed ...Openr8e Initiative exists to make this case to thenercial world",
from the Web site of the Open Source Initiativép ilwww.opensource.org/.
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project participation shapes the innovation agtiwat the involved firms. In short, are
these firms more innovative than the others?
(iv)  Finally, it has been widely acknowledged that O@»urce movement was born in
Universities and research centres (Bonaccorsi ais$iR2003), while the motivations of
OS developers have been compared to those of aagadelming scientific research
(Bezroukov, 1999). Our data have shown that, bedidas and individuals developers,
also several Universities and research centresaoé/ed in OS projects. This deserves
attention. Particularly, it is important not only provide evidence on the impact of
public research on the OS movement, but also ttoexpvhether and how participating
in OS projects affects the scientific activitieb Wniversity researchers. The OS
community is undoubtedly an enormous source of kedge, does the access to it have
a positive impact on academic performances (elgiqaiions)?
These are only part of the questions raised byfakeevolution of the Open Source software. In
order to provide rigorous answers, we are actuablyking on enlarging our sample from 300 to
1,000 SourceForge projects. Moreover, up to nowa datfirms’ participation have been gathered
through different sources as mailing lists or pcoj@ebsites. This methodology may run the risk of
underestimating the phenomenon: e.g. a firm thatthade a only a contribution to the code might
not appear on the project Website. In order to @v®e this problem, we are exploring the
possibility to collect information on participatiatirectly from the code posted on SourceForge,
using software scanning applications (as for i#a@ODD) as it has been done for individual

developers (Ghosh and Prakash, 2000, Rullani an@iP2006).
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