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1 Introduction

Currently, there exist thousands of open source software projects, ranging from small
utilities and device drivers to large and complex systems such as Linux, Open Office,
Apache and MySQL. Open source has proved to be a successful mode of innovation
and software production. Several open source projects have captured market shares
from their commercial rivals and have a reputation for innovation and reliability. For
instance, GNU/Linux and other free UNIX-based operating systems are the only real
challengers to the Microsoft Windows operating system for Intel-based PCs, Sendmail
routes at least 42% of mails in the Internet, and Apache dominates the web server
market. Further, arguably, some of the open source products are of better quality

than competing commercial products.*

Since the early days of computing, user/programmers have shared computer code.
Many important early programs, including many developed with government funding,
were widely shared. The mode of software development was similar to that of science
(see, e.g., in Dasgupta and David, 1994). In the 1950’s and 60’s, proprietary software
consisted of limited applications that were almost entirely sold bundled with computer
hardware. Packaged software was rarely sold until the 1970’s, when IBM was chal-
lenged by private and government lawsuits to unbundle software and hardware, and
when mini-computers became widely used (Parker and Grimm, 2000). In the mid-
1980, a new, more formalized form of sharing software code emerged. Richard
Stallman, concerned about his ability to access, modify and improve software, started
the Free Software movement and developed the GNU Public License (GPL) for soft-
ware.? Under the GPL, the user obtains free access to the software code and agrees
that any redistribution of the code will also be freely available, including any modifica-
tions the user makes to the code (this is the often-mentioned “viral” characteristic of

the license).

The Free Software movement gained momentum during the mid-90’s, with the rise of
the Internet. Developers such as Linus Torvalds, the initial creator of Linux, pio-
neered new methods of development that permitted hundreds of volunteer pro-
grammers to participate in joint software development over the Internet. Out of this
broad participation arose the open source movement, which includes software devel-

oped under the GPL as well as other license agreements. The Linux project is one of

See, e.g., Wheeler (2004) and the references therein.

For more on the history of the open source movement, see, e.g., Moody (2001) and We-
ber (2004), Chapters 2 and 4.



the most successful open source projects to date. In 2003, Linux held 23.1 % share
of the server operating system market (Gonsalves, 2003), while in 1995, it ac-

counted for less than half of 1 % of this market (Di Carlo, 2002).3

The open source phenomenon has attracted increased scientific attention recently,
not only from software engineers but also from economists and other social scien-
tists. In his book on politics and economics of open source, Steven Weber (2004)
summarizes the need for research in three broad areas: the motivation of individuals
or the microeconomic foundations of open source, the coordination of effort, and the
complexity of software. In addition, fourth and fifth economics-related research top-
ics are the licensing choices for the open source software, and public policy and busi-
ness strategy implications from adopting open source, either as a user or as a devel-

opment mode for a software producer, respectively.

To introduce these research topics, note first that the open source process depends
on individual behavior that is rather surprising. Public goods theory predicts that non-
rival and non-excludable goods, such as open source software, ought to encourage
free riding. Why, then, do programmers choose voluntarily to allocate some or a sub-
stantial portion of their time and effort to a joint project for which they will not be
compensated? Second, how does the open source process sustain coordinated coop-
eration among a large number of contributors, outside the bounds of hierarchical or
market mechanisms? Any production process depends on pulling together individual
efforts in a way that they add up to a functioning product. Authority within a firm and
the price mechanism across agents are standard means to coordinate specialized
knowledge and highly differentiated division of labor, but neither is operative in open

source. Instead, individuals choose for themselves what they want to work on.

Third, software is a complex technical artifact. In The Mythical Man-Month, a classic
study of the organization of computer programming, Frederick Brooks noted that
when large organizations add manpower to a software project that is behind sched-
ule, the project typically falls even further behind schedule. He explained this with an
argument that is now known as Brooks’ Law: as you raise the number of program-
mers on a project, the work that gets done scales linearly, while complexity and vul-
nerability to mistakes scales geometrically. This is supposed to be inherent in the

logic of the division of labor — the geometric progression represents the scaling of the

However, currently there exists very limited research on the adoption and diffusion of
open source software.



number of possible communication paths and interfaces between pieces of code writ-

ten by individual developers.*

This paper provides a selective survey of contributions to the understanding of open
source; the bias here is economics and empirical evidence. There exists several case
studies of open source projects, some of which will discussed very briefly below, but
there are only a handful of econometric papers. Krishnamurthy (2002) examined 100
mature products available on the SourceForge web site, and found that most of the
products have very few developers and that most open source software programs do not
generate a great deal of discussion. Lerner and Tirole (2005) examined the choice of li-
censes using an approximately 39,000 open source projects from the SourceForge web
site. They find that projects that run on commercial operating systems and projects that
are designed for developers tend to use less restrictive licenses, while projects that are
targeted for end users tend to use more restrictive licenses. Bonaccorsi and Rossi
(20034, b, ¢) conducted surveys on ltalian firms, and found that firms that employ re-
strictive licenses supply (on average) fewer proprietary products than firms that do not
and firms that use restrictive licenses attach greater importance to social motivation.
Fershtman and Gandel (2004) use a data set consisting of 71 open source projects
hosted at the SourceForge web site, covering an eighteen-month period, with data col-
lected at two-month intervals. They found that that the output per contributor of open
source programs is much higher when licenses are less restrictive. Hann et al. (2004)
exploited the fact that the Apache Software Foundation ranks its members based on
merit, and found that greater open source experience, as measured in contributions
made, does not result in wage increases for contributors, while achieving a higher status
in was associated with a 13-27% increase in wages, depending on the rank attained.®
These papers are discussed in more detail below. But to better understand the empirical

findings, we also need to explore the theoretical contributions of the open source issues.

The paper is organized as follows. In the next Section, | review various hypotheses
set forth to explain the public goods paradox. In Section 3, | will focus on the gov-
ernance and coordination of open source projects. In Section 4, | will look at licensing
issues. In section 5, | briefly touch some of the issues related to public policy. Sec-

tion 6 has some concluding comments.

Weber (2004) provides a thorough account on these issues.

See also the FLOSS survey, in which Ghosh et al. (2002) conducted an online survey on
2 784 open source developers. They found, for instance, that an initial motivation for
participation in open source community is to aim at individual skills and to the exchange
of information and knowledge with other developers.



2 Motives to Contribute to Open Source

Open source software is a public good. Anyone can download a copy of Linux, say,
along with its source code for free, which means it is non-excludable. As it is a digital
product that can be replicated at no cost, it is non-rival. Open source software relies
on volunteering for the provision of new code, bug fixes of the existing code, and
online help with problems running and installing the program. According to the estab-
lished economic theory, private provision of a public good should be Pareto ineffi-
cient, as individuals face an incentive to free ride on the contributions of the others.
Second, large scale open source systems such as Linux are subject to collective pro-
vision constraint, as their production depends on coordinated contributions from a
large number of developers. Many programming tasks are often best performed by a
single individual. Then one person bears the entire cost of providing a software mod-
ule which benefits the whole community. Individuals then have strong incentives to
free ride and let someone else take on the job. Third, a key element here is voluntary
selection of tasks, as each person is free to choose what she wishes to work on or to
contribute. This brings about the problem of coordinating individual effort, discussed
in more detail in the next Section. Smith and Kollock (1999) have even called Linux
the impossible public good. In theory, then, we should not see much open source
software, and especially large scale open source systems such as Linux should be un-

successful attempts against economic logic.

Perhaps the most fundamental question seeking for an answer is, what are the incen-
tives of these programmers to invest time and effort in developing open source pro-
grams? This topic has received the most attention from economists and other social
scientists, and some explanations for the motivation paradox have already been pro-
posed. Many social scientist view that one should concentrate on non-monetary in-
centives such as personal satisfaction, ideology, and professional status. Many view
that open source process has incentives similar to those in academia. In general, in-
dividual motivations can be grouped under two broad headings, intrinsic and extrinsic
(Hars and Ou, 2001; Lakhani and Wolf, 2003). Intrinsic motivation is valued per se,®

and these motivations are discussed next in Section 2.1. Extrinsic motivations relate

“Intrinsic motivation is defined as the doing of an activity for its inherent satisfactions
rather than for some separable consequence. When intrinsically motivated, a person is
moved to act for the fun or challenge entailed rather than because of external prods,
pressures or rewards” (Ryan and Deci, 2000). Components of intrinsic motivation are
self-determination and autonomy that arise from individual’s perception of freedom,
identity, responsibility, and control and competence, which is positively related to intrin-
sic motivation to the extent that the task is neither far below nor far above the individ-
ual’s level of competence (Deci, 1980; Deci and Ryan, 1985).



to the immediate or delayed benefits to the individual, typically through monetary

compensation, and these will be discussed in the Section 2.2.

2.1 Altruism, Free Speech, etc.: The Idealism of Open Source

Based on an online survey on 2 784 open source developers, Ghosh et al. (2002) re-
port insights in the open source community. The community is a rather young and
dominantly male, with a professional background in the IT sector and a high educa-
tional level. They are mostly singles with a high degree of mobility. Developing open
source resembles a hobby rather than salaried work. Engineers, programmers and
students play a significant role in the community, but project performance and lead-
ership is primarily a matter of professionals. An initial motivation for participation in
the open source development aims at individual skills and exchange of information

and knowledge with other developers.

Many open source advocates have portrayed the movement to be outside of the eco-
nomic rationalism, and emphasized individual enjoyment of programming, altruism,
gift-giving, sharing, reciprocity, identification with the community, and other such so-
cial and moral virtues as explanands for programmer behavior. Richard Stallman
(e.g., Stallman 1999) has set forth normative arguments about the nature of soft-
ware as scientific knowledge, not a proprietary product, thus something to be shared
and distributed “like sharing of recipes among cooks”. Eric Raymond (1998a,b, 1999)
and other developers offer ego gratification as an explanation, based on, inter alia,
observations that hackers are motivationally very much like artists, in the sense that

they seek fun, challenge, and beauty in their work.”

Also the “hacker identity” seems to be very important in surveys. Intrinsic motiva-
tions have been suggested to arise from identification with the open source commu-
nity. Eric Raymond depicts the open source community as a gift-giving culture in
which economic scarcity is not an issue and social status is determined “not by what
you control but by what you give away” (Raymond, 1999). There is a set of core
norms and beliefs that guides the open source community: software should be free;
there is high value attached to the sharing of information; technical knowledge and
high-quality source code are appreciated; reputation is earned among peers; and

recognizing a developer’s contribution by giving it appropriate credit is important

For more on political economics of motivation to provide open source, see, e.g., Weber
(2004), Chapters 4 and 5.



(Weber, 2004, Chapter 3).8 Bergquist and Ljungberg (2001) make a parallel with

peer review in academic communities, with status and reputation provided by peers.®
Interactions in open source communities are anonymous, which obviously prevent di-
rect paybacks, but still it is thought that voluntary contributions can be supported by

an expectation of generalized reciprocity (See, e.g., Kollock, 1999, among others).

The sense of identification with the community as a motivation for participation to
open source projects has been empirical analyzed by social scientists.'® For instance,
in their study, Hertel et al. (2003) found that identification with the community, im-
proving own software and tolerance of time investments had the strongest influence
on participants engagement in the Linux project. They also found that the perceived
importance of one’s contribution for the group outcome, the subjective evaluation of
team goals and the willingness to engage in programming in the future were the best
predictors for investment of time, and that perceived self-efficacy is the best predic-
tor for performance (approximated by number of lines of code and patches contrib-
uted). In their survey, Hars and Ou (2001) found that altruism, feeling of accom-
plishment, competence, enjoyment and effectiveness were highly rated motivators.
Lakhani and Wolf (2003) report that the sense of creativity and intellectual stimula-
tion were the strongest and most pervasive factors in explaining participation to open

source.

But if the motivation to take part in an open source project is professional recognition
or status, then we need to examine status concerns as an incentive. The general idea
is that status is a relative ranking of individuals and as such it cannot be a perfect
substitute for monetary rewards. Then, giving status to one individual implies lower
status to others. Such a characterization may imply tournament-like incentives, but it
also implies that the use of status as professional incentives will be limited. If a soci-
ety gives too many medals, say, then the value of a medal diminishes.'* It is not
clear that programmers will continue to be motivated by status when the value of

status diminishes.

8 See, e.g., Edwards (2001) and Cohendet, Creplet and Dupouet (2001). This story to ex-
plain the motivation of open source developers is based on the theories of epistemic
communities and situated learning.

° See also Bezroukov (1999), Raymond (1999c), Kelty (2001) and David et al. (2001).

10 See also Gosh et al. (2002) and Stewart and Gosain (2003).

1 For some economics of status, see, e.g., Fershtman and Weiss (1993), Fershtman, Mur-

phy and Weiss (1996), and Auriol and Renault (2003).



2.2 Reputation, Signaling and Such: Economics Strikes Back

Ghosh et al. (2002) point out that about a third of the developers surveyed are being
paid directly for developing open source software. Thus, their contribution to open
source projects is the result of firms’ deliberate decisions to finance the development
of open source software. In addition there are several examples of companies that
have made available formerly proprietary software as open source software. It is
then unlikely that fun-seeking, altruism, quest for status and other such “soft” mo-

tives alone explain participations in open source projects.?

Perhaps the most important economics-based explanation to the open source para-
dox is based on delayed benefits earned by the open source programmers. In Lerner
and Tirole (2004), developers of open source programs acquire a reputation, which is
eventually rewarded in the job market. Reputation and signaling can arise as open
source projects are organized such that every significant contribution can be traced
back to the original author. For instance, in one of the largest projects, the Linux
kernel, there exists a public “changelog” file which lists all those programmers who
have contributed to the official source and their specific inputs. Each proposal to
modify the code undergoes a peer review process and only those modifications sanc-
tioned by the referees make their creators legitimate authors. The authors’ names
and contributions are recorded in the changelog file which is an honoring and a sign
of expertise among the programmers.*® A spot in the credits thus serves as a valu-
able signal on job and capital markets characterized by asymmetric information. It
then pays off to extend effort on OSS programming. The ex ante expected value of
the deferred payoff makes striving for the signal worthwhile since the unrestricted
access to the Linux kernel code and its changelog file allows for the right interpreta-
tion and honoring even by outsiders ex post. Contributions to open source are not
only unselfish donations or the pursuit of ego gratification, but also investments

based, e.g., on future career concerns.

More specifically, Lerner and Tirole (2004) assume that a programmer participates in
a project, whether commercial or open source, only if she derives a net benefit
(broadly defined) from engaging in the activity. The net benefit is equal to the imme-
diate payoff (current benefits minus current costs) plus the delayed payoff (delayed

benefits minus delayed costs). Lerner and Tirole show that the participation question

12 So far, much less attention has been devoted to firms’ open source activity than that of

individuals.

13 For more on this, see Weber (2004), especially Chapter 4.



can be explained with standard economic arguments. Lerner and Tirole focus on two
aspects of open source development: the immediate benefits obtained by open
source developers in “scratching an itch”, namely solving a problem they face, and
the existence of a “signaling incentive” that derives from the gratification associated
to peer recognition or from delayed benefits in the form of better job offers relative

to non-open source developers.

Once both the immediate and delayed benefits are included in an individual’s cost
and benefit calculation, voluntary contributions are not paradoxical. Open source is a
better mean for acquiring reputation than proprietary mode of programming. The
costs incurred to build up a reputation, including both the effort spent and the oppor-
tunity costs of forgone compensation of not focusing on one’s primary mission, are
lowered by the private benefits of getting a bug fixed, the “alumni effect” — programs
available for free are often used as teaching tools at universities — and the enjoyment
inherent in a challenging and/or just fun activity. The openness of the source code al-
lows better performance measurement and increases the visibility of one’s contribu-
tion to the peers and to others. Open source then fulfills the main requirements

spelled out in the literature on signaling incentives (e.g., Holmstrom, 1999).

However, there are some problems with the story based on signaling and reputation.
First, note that the model does not explain why a programmer should initiate an open
source project in the first place, and voluntarily publish code that might have signifi-
cant commercial value. Lerner and Tirole briefly address this issue, but focus on the
case in which the programmer is employed by a corporation and is prevented from
taking the code private. The models by Mustonen (2003), Bessen (2002), Johnson
(2002) and Kuan (2002), briefly discussed below, provide partial remedies for this
problem. Second, McGowan (2002) and Weber (2004, Chapter 5) note that we
should observe significantly more direct challenges to project leaders’ authority and
more “strategic forking”, should reputation be the primary incentive.* Reputation
and status are significant only in community of peers, which implies that net con-
sumption of status is basically zero, so that increasing the status of one player re-
duces that of some others. However, forking is a rare event and there is strong social
pressure against forking. Third, many open source projects have hierarchical struc-

tures. The possibilities a programmer is able gain status and reputation depends cru-

14 Forking occurs when an individual takes the core code, incorporates his/her modules in

it, sets the package up as a “new” open source project, and invites others to and join
the new project. A strategic fork occurs not for technical reasons, but to create a new
project that the forker could lead.



cially on the project maintainer’s discretional decision (McGowan, 2002). For in-
stance, Linus Torvalds is the “captain” of Linux kernel project and has “lieutenants”
whose decisions influence an individual’s opportunities to signal and seek reputation
(see Weber, 2004, Chapter 4).

Empirical analyses of the open source community seem to have mixed evidence on
signaling and reputation as motivators. Osterloh et al. (2003) argue that if develop-
ers really competed for reputation, we would expect them to try to heighten their
visibility by submitting numerous contributions. Kogut and Meitu (2001) analyzed the
“Changes” files to the Apache between March 1995 and February 2000 that lists the
new patches included in each new version of Apache with their authors, and found
that 82 % of individuals made only one or two contributions, which seems to contra-
dict the reputation and signaling hypothesis. Dempsey et al. (1999) found that a ma-
jority of participants of open source projects does not contribute any code, but rather
comments and explains applications. This behavior does not seem to be consistent

with signaling and reputation hypothesis.

Hann et al. (2002, 2004) analyzed panel data covering a four-year period of con-
tributors to the Apache http Server Project. They find mixed evidence for extrinsic
motivations. Increases in human capital, measured by project contributions, do not
lead to increased wages. In contrast, credentials earned through a merit-based rank-
ing system are associated with significantly increased wages. They interpret this re-
sult as signaling high productive capabilities of programmers, consistent with modern

labor economics.

Lakhani and von Hippel (2003) analyzed the online help system for Apache, and
found a large degree of voluntary effective online support. This behavior does not
seem to be based on external benefits such as reputation. Last, the surveys of open
source communities (Gosh et al., 2002; Hars and Ou, 2001; Hertel et al. 2003; Lak-
hani and Wolf, 2001) suggest that reputation is not the most important motive for

contributing to open source projects.*®

There are also some other economics-based stories that try to explain voluntary con-
tributions of open source software. Mustonen (2003) offers an explanation based on
increased compatibility between proprietary and free programs that increases the

value of the proprietary program, providing incentives to support open source efforts.

15 Obviously, these types of survey results reflect programmers’ self-assessment bias.
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A motive to provide open source can arise from “scratching an itch” — solving a soft-
ware problems such as bugs. Bessen (2002), Johnson (2002) and Kuan (2002) note
that individual programmers know their own preferences and needs better than a
firm does. User needs can then provide incentives to create the software in the first
place, and as the costs publishing the code are very low, the decision to distribute
the code may not be paradoxical after all. Bessen’s (2002) explanation hinges on the
complexity of the software. In Johnson (2002), a greater skill set belonging to the
community of programmers as a whole can be exploited. Kuan (2002) models open
source as customer vertical integration into production.® There have already been
explanations in other fields based on horizontal user innovation networks, i.e., inno-
vation by lead users and revelation of innovations to manufacturers or other users,
(Allen, 1983; Morrison et al, 2000; von Hippel, 1988, 2002). Costs of releasing soft-
ware are low due to the Internet, and the opportunity costs might be rather low for
at least to students. There are two types of benefits gained from releasing software:
network effects from the expansion of the user base and from the number of pro-
grammers that can report bugs, making additions to the source code, etc. (Lerner
and Tirole, 2002; von Krogh, 1998, 2002). Then, the fact that user innovation net-

works arise is not that paradoxical.

Heterogeneity of user needs provides an important twist that actually strengthens
the potentially weak reputation-based incentives. A user/programmer has basically
three options, he/she can either buy a proprietary product that solves her needs, do
the programming herself or wait for somebody else to develop an appropriate piece
of software and to publish it on the Internet. Note that until enough modules have
been published, a large-scale project, such as Linux, is essentially useless, and all
users must bear the opportunity costs of waiting for the completed-enough package.
Open source projects are then waiting games. Heterogeneity of user needs means
that the probability of being able to free ride on the efforts of others is low enough so
that a programmer may find it worthwhile to develop a required module by herself.
Stenborg (2004) shows that the equilibrium of such waiting games can result in very

rapid development of open source code without much waiting.

In sum, the current empirical evidence confirms that the pursuit of rewards does play
a role in motivating open source developers. However, the stories based on reputa-
tion, signaling and other such indirect rewards may not present the full picture. More

empirical work is needed to provide a better understanding of this paradoxical phe-

16 See also Lee et. al. (2003), Leppaméki and Mustonen (2003), and Weber (2004).
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nomenon. Further, there is not much empirical work targeted at the motivations of

firms involved in open source.

3 Coordinating Open Source Software Projects

The second issue in open source that has attracted attention is the coordination of
open source development. Software can be and open source software typically is
modular. A single program, such as Linux, is assembled by combining small and in-
dependent components that communicate through interfaces. Modularity ensures
that any change or addition to the source code of a module will affect the system in
very limited fashion, if at all. This allows the developers to work on different compo-
nents at the same time without fear of conflicts or interference. This parallel devel-
opment is claimed to an increase the programming speed and the quality of final pro-
grams (see, e.g., Feller and Fitzgerald, 2002). However, there is also the potential
for wasteful duplication of effort, as only one of the solutions proposed will be incor-
porated into the official release of a given open source product. The problem can be
mitigated by the “release early, release often” principle, which leads to better infor-

mation about the code under development.

Eric Raymond (1998a) has characterized the open source projects as “bazaars” in
contrast to the “cathedral model” of commercial development. By bazaar, Raymond
means a system of distributed innovation with a large numbers of developers and
without ex ante fixed plan for development. Further, in a bazaar, decision making is
distributed and especially the direction of the development is not centrally guided;
the users are integrated into the production. The programmers select themselves the

tasks they want to pursue.

The bazaar is not an anarchy but a sort of voluntary hierarchy. The common forms of
coordination in open source projects are “benevolent dictatorship”, “rotating dictator-
ship” and “voting committee” system (Raymond, 1998b; Ljungberg, 2000). The Linux
project is an example of the fist category. Linus Torvalds is the “captain” of the pro-
ject, in that he is entitled to the last word on the final design of the program, with
the help of “lieutenants”, each responsible for a subsystem and its interface with the
rest of the project. The status of project co-developer is merit-based with the idea
that “authority follows responsibility” (Raymond, 1998b). The development of Perl, a
programming language, has the rotating dictatorship. Voting committee of co-
developers is the coordination model adopted by a many large project, e.g., Apache

http server, in which decisions are taken on the basis of a system of e-mail voting
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based on minimal quorum consensus (Fielding, 1999). Conflicts tend to be solved ac-
cording to “authority follows responsibility” and “seniority wins”. Rule enforcement
depends on the collaboration of the community, in practice either by flaming — blam-
ing and mocking of individuals for their behavior — and shunning — refusing collabora-
tion (Raymond, 1998b; Weber, 2004). The enforcement of the norms is also a public
good. While monitoring is easy, actual punishment can only rely on informal sanc-

tions (Kollock and Smith, 1996).

The synchronized process of design and debugging and the integration of users into
development are claimed to be the two sources of efficiency gains relative to proprie-
tary style of software development (see, e.g., Harhoff et al., 2000; Johnson, 2002;
Kogut and Methiu, 2001; and Kuan, 2002). While the outcome of the innovation
process is a public good, the process itself possesses benefits that can be privately
appropriable. Then, free-riders are not able to obtain exactly the same benefits as
those who have contributed to the innovation (von Hippel and von Krogh, 2003).

Then there is then only a limited need for monitoring and high-powered incentives.

Empirical analyses seem to contradict the bazaar idea in at least two ways. First, the
median number of developers in a project is very low, four in Krishnamurthy (2002)
and one in Healy and Schussman (2003). In addition, Krishnamurthy (2002) finds
that the level of contact and communication within open source communities is
rather low. Second, open source software development does not seem to be charac-
terized by “flat network of interacting peers” where each contributes to multiple pro-
jects, as typically only few developers actually contribute. For instance, some surveys
have found that only 10 % of the total number of contributors accounted for 72.3%
of the total code and the vast majority of contributors involved in only one or very
few projects (Ghosh and Prakash, 2000; Ghosh et al, 2002). The analyses of the
SourceForge!’ database conforms that the distribution of activity is highly skewed,
regardless whether activity is measured by the number of developers, downloads,

site views, etc. (Healy and Schussman, 2003; Hunt and Johnson 2002).

Also empirical analyses of single projects seem to confirm the results above. Mockus
et al. (2002) found the existence of teams of 10 and 15 developers in the Apache
and the Mozilla projects, respectively. They also report that the number of people
who fix bugs is an order of magnitude larger than the size of the core team, and the

number of people who report bugs are an order of magnitude larger than those who

7 http://sourceforge.net/index.php
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fix them. Koch and Schnider (2002) find similar results for the GNOME project — 52
developers account for 80 % of the source code. von Krogh et al (2003) study joining
behavior and contributions to the Freenet community. They find that joiners tend to
observe the development of the project before starting to contribute and that new-
comers derive benefits from specializing, and that only the core developers who have
invested in learning the software are able to perform less-specialized tasks such as

the integration of modules.

This suggests that open source development can be characterized by a set of hetero-
genous contributors with different roles. There are small number of members in the

core group of developers, somewhat larger number of developers who contribute less
regularly, and large number of users of who test the program, report bugs or submit

suggestions.

There have been some more economics-based theoretical attempts to understand
coordination in open source development. For instance, McGowan (2002) argues that
transactions costs and asset specificity may be part of the explanation for coordina-
tion of projects that attract a high number of developers. The idea is based on the
theory of firms and other hierarchies, according to which employees are more willing
to accept rules when their productivity depends on access to firm-specific assets.®
Similarly, programmers will be more likely to accept hierarchy in projects that pro-
vide unique or unusually valuable returns. The intuition should also apply to human
capital specificity: programmers are willing to accept hierarchy as threat of being cut
off from access to the other programmers’ human capital (tacit skills, knowledge and

experience).

Benkler (2003) develops a theory of commons-based peer production and compares
it to markets and hierarchies. His focus is in the effectiveness of identifying and allo-
cating human creativity and in transactions costs. According to Benkler, peer produc-
tion has an advantage, relative to markets and hierarchies, in identifying the best
available human capital in highly refined increments and allocating it to projects. De-
clining price of physical capital involved in information production and the declining
price of communications lower the cost of peer production and make human capital
the primary economic good involved. These trends both lower the cost of coordina-

tion and increase the importance of peer production’s relative advantage.

18 See, e.g., Grossman and Hart (1986), Hart and Moore (1990) and Hart (1995).
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Stenborg (2004) analyzes the coordination problem by applying a model of general-
ized war of attraction, which is based on economics of auctions. He shows that the
equilibrium of such waiting games can result in very rapid development of open
source code without much waiting. The model, based on heterogeneity of user needs
and talent, explains the coordination of open source without market prices and for-
mal hierarchical control. The opportunity costs of waiting — time is money — and the
private benefits from module developed and from completed software package act as

coordinating devices.

4 Licensing

Licenses play a crucial role with respect many issues including motivation of develop-
ers, coordination of projects, effectiveness of open source development mode and re-
lationships with commercial firms. It is then useful to first review the various soft-

ware licenses and their histories used in open source.

4.1 Open Source Licenses

The Open Source Initiative® formally accepts licenses that fulfill Open Source Defini-
tion as open source licenses. The definition is essentially based on the substance of
copyright law, but its basic logic turned upside down: the exclusive rights are re-
versed into non-exclusive. All major components of copyright — copying, distribution
and modification — must explicitly be allowed in open source licenses. More specifi-
cally, the definition requires that a license should allow 1) free use, meaning that
there are no discriminating restrictions on, e.g., commercial use, the number of users
or hardware; 2) copying and distribution without any royalties, meaning that licens-
ing fees are not a viable business model; 3) modification without any royalties (how-
ever, it is possible to include other conditions on modification such as the require-
ment to publish all modifications); and 4) open and easily available source code (but
not necessarily gratis), which is a practical requirement to do any modifications. The

most important licenses are the BSD and the GNU GPL licenses, discussed below.

19 Open Source Initiative introduced the term open source and certifies licenses which

comply with the general terms of their Open Source Definition.
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BSD

In the 1980s, the ideas of liberal distribution terms and available source code were
codified and became popular with two major operating system projects, BSD and
GNU/Linux. The Open Source Initiative later introduced the umbrella term open
source to describe different types of free licenses in the late 1990s. In academic cir-
cles software had been for a long time developed with the principles of open source
code and free distribution. Many universities chose to use AT&T’s UNIX operating sys-
tem, which was licensed to educational institutions with full source code under a
trade secret agreement. Users were encouraged to develop the system further, as
AT&T did not really support the system. An evident implication of AT&T’s policy was
that UNIX became the basis for the first large-scale open collaboration development

network.

A major variant of AT&T’s UNIX was developed at Berkeley. Berkeley Software Distri-
bution (BSD) soon became the academic UNIX development platform. Users sent
their hacks, patches and fixes to Berkeley. If they were accepted, the contributed
code was added to the BSD code base. To avoid the problems with possible copyright
violations, license fees were paid to AT&T for any distribution of UNIX variants. An
independent creation from Berkeley called Networking Release 1 saw the daylight in
June 1989 and was distributed under the first modern BSD license. The success of
Networking Release 1 raised the idea to start a project to release the whole operating
system. An almost full version of BSD carrying name “Network release 2” . Later,
BSD development split into different paths including FreeBSD, NetBSD and OpenBSD,

who all run on the PC architecture (Valiméki, 2004).

GNU

Richard Stallman started his GNU project publishing GNU manifesto and founding the
Free Software Foundation. The aim was to write a complete operating system.
Stallman wrote Emacs General Public License in 1988. The idea of copyleft was for
the first time implemented in GNU Emacs copyright license: it was free to copy and
distribute but it was not allowed to change the license terms in any derivative work.
With an innovative license Stallman was able to go against copyright with the help of
copyright itself. In 1989 Emacs GPL license text was partly rewritten for clarity and
the license was renamed to GNU General Public License. It became the default li-
cense for all GNU programs. The second version of GNU GPL was published in 1991

and the third version is currently in preparation. The breakthrough of GPL was not
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Stallman’s GNU software but a new operating system kernel Linux, which was re-
leased with GPL. The subsequent success of Linux accompanied with GNU and other

free software meant that also GPL license became more known and popular.

GNU LGPL differs from GPL in functionality. It is a standard copyleft license but does
not have the "viral effect”. This means that direct modifications to LGPL software it-
self must be redistributed under LGPL (or GPL) but combinations of LGPL software
with other software can be distributed with commercial license terms (Valimaki,
2004).

Some Comparisons

The GPL license requires that the source code is made available and that other pro-
grams that incorporate code from a GPL licensed program must also make the source
code fully available under the GPL. Hence, programs that use code from a GPL li-
censed program cannot become proprietary software. The LGPL license is less restric-
tive than the GPL. Other moderately restrictive licenses include the Mozilla, MPL, and
NPL licenses. All of these are copyleft-type of licenses. The main alternative is the
BSD type license which has fewer restrictions than the GPL and LGPL licenses; it is
often referred to as a non-copyleft license. For example, commercial products can be
developed using software licensed under a BSD license as long as credit for the un-
derlying code is given to the University of California. Other nonrestrictive licenses are
MIT license, Sun Industry Standards Source License, Intel OSL and Apache Software

License.

According to Valimaki (2004, p. 96), the GPL license is used with 66 % of the li-
censes on projects hosted at SourceForge, followed by LGPL (11 %), BSD (7 %),
Public domain (3 %), and Artistic, MIT and Mozilla (less than 2 % each). He summa-

rizes the functional features of some of the most popular licences as follows
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Free
Distributi- Standard Strong Network

on Free use Open code copyleft copyleft copyleft
Proprietary - - - - - -
Shareware X - - - - -
Freeware X X - - - -
BSD, MIT, Apache X X X - - -
LGPL, MPL, ... X X X X - -
GPL, PL,... X X X X X -
AfferoPL, OSL, ... X X X X X X

and the rights granted as follows
Attribution Endorsement Patent lic Trademark Warranty

MIT Yes - - - No
BSD Yes No - - No
(LGPL Yes - Implied - No
MPL, Apache... Yes No Explicit No No
CcC Option/Yes - - - Yes/No

4.2 Trade-offs

The licensor, who may be a single developer, a group of developers with similar
needs or a corporation, wants to start an open source project. The choice of the ini-
tial license may be one of the key decisions of the overall design. For instance, the li-
cense will influence whether the project will appeal to programmers. To understand
licensing choices, we need to first understand the trade-offs between the various li-

censes.?®

A license choice that is privately optimal for the licensor need not be socially optimal.
The choice of a license impacts the community of programmers, as the benefits from

working on the project may depend on the choice of license. Any negative externality

20 This Section is largely based on Lerner and Tirole (2005).
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cannot be too large, since the licensor must secure the participation of the commu-
nity. Obviously, this does not imply that the preferences of the licensor and the
community are perfectly aligned. Licensing will also have an impact on the end users,
who may care about possible incompatibilities among versions or about the number
of available applications, say. It also affects the likelihood of forking and the incen-
tives of application developers. Licensing also affects other open source projects that
later will compete with or complement the project. For instance, a program with a
GPL-license may prove of no use for another open source project licensed under a
BSD-license that could otherwise have made use of the program. Also software ven-

dors and support providers opportunities are affected by the license.

When selecting a license, the licensor assesses the various benefits that the open
source project will bring to her.?* These include the intrinsic motivations discussed
above, the signaling benefits such as ego gratification and career concerns, such as
future job offers and access to venture capital, the need to solve concrete problems
for one's employer, and the possibility of material benefits. For individuals, the latter
includes the option of building a business operation on the open source code. This
material incentive is distinct from the career concerns as it depends on the commer-

cial rewards being associated with the initial open source project.

Many of the signaling benefits arise even if the subsequent work of the programmer
is unrelated to the open source project. For corporations, material benefits include
the increased profit on services or software that complements the open source soft-
ware and the emancipation from the mark-ups and conditions imposed by a domi-
nant software vendor with whom the open source project is meant to compete. This
mixture of motivations implies that the licensors have a wide variety of goals. For ex-
ample, material benefits are paramount when licensors are corporations. Such bene-
fits provide a lesser motivation in the case of individual licensors. The licensor must
then assess how her mixture of motivations and project characteristics — the envi-
ronment, the size of the initial code base, the intended audience, etc. — affects vari-

ous other parameters.

The open source project under consideration may not succeed on a stand-alone basis

and may need complementary products. The choice of a license affects the ease with

2 The choice of a license may be affected by issues outside utility-maximization, or may be

distorted by a misunderstanding of the implications of the alternative licenses. An exam-
ple of the former is the influence of ideological views; e.g., the belief that “software
should be free” is sometimes invoked in favor of the GPL license.
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which the different pieces of software can be combined. The advocates of the BSD li-
cense argue that the GPL and related licenses discourage potential commercial users.
A case in point is the choice of license when trying to establish the software as a
standard. Although unrestrictive licenses involve risks of hijacking (discussed below),
here they make more sense than restrictive ones. This conjecture leads us to antici-
pate that projects geared toward the Internet, where standard setting has been par-
ticularly important in recent years due to the immaturity of key technologies, might

be less likely to have highly restrictive licenses.

The licensing choices may also give rise to dynamic strategic complementarities or
dynamic network externalities among open source licensors. If existing complemen-
tary projects have restrictive licenses, the licensor is more likely to choose a restric-
tive license in the anticipation of future user benefits from combining the end results.
Conversely, a project with a restrictive license may not flourish in an environment
dominated by BSD-licensed projects. The “greenfield” considerations need to be
augmented by an analysis of “legacy aspects”. An additional complication is intro-
duced by the asymmetry of the licenses, especially the greater restrictions in the GPL
license. If a BSD-licensed project wanted to make substantial use of a program (or
portion of a program) covered by the GPL, the project leaders would need to obtain
permission from the copyright owner (for instance, the Free Software Foundation).
Were the leaders of the BSD-licensed program to incorporate the GPL code without
permission, their BSD product would effectively be converted into a GPL product.

Thus, they will be reluctant to add such features.

Advocates of restrictive licenses argue that unrestrictive licenses are prone to “hi-
jacking” by commercial software vendors. The commercial firm may add some pro-
prietary code to the open source software and take the whole private. While the re-
sulting software may (or may not) be superior, the firm disrupts the dynamics of the

open source project by de facto privatizing it.??

While such hijacking need not be so-
cially detrimental, the action deprives the open source contributors of some of the
benefits from the project.?® This prospect may discourage potential contributors in
the first place. The argument for restrictive licenses is then that community members

make project-specific investments, and hijacking poses the possibility of hold-up (see

22 The original project will not be closed source nor privatized, but there is a risk that the

proprietary derivative work will confuse, and perhaps dominate, the market.

23 For instance, they may have to pay for the final software and be unable to tailor it for

their own needs. Second, contributors enjoy dynamic network effects — see Lerner and
Tirole (2002) — and these may be reduced by competition from a proprietary variant.
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Williamson 1975, 1985). For instance, the members may lose the ability to shape the
project to meet their particular needs, and their contributions become less visible be-
cause the open source community may lose interest in the project. Several covenants
in the restrictive licenses can then be seen as a contractual response to the danger

hold-up problem.

The risk of hijacking under alternative licenses depends on the nature of the project.
Open source projects that are conservative reimplementations of pre-existing soft-
ware are probably less subject to hijacking than innovative software products. Bez-
roukov (2002) puts Linux in the former category, and scripting languages (TCL, Perl,
Python, PHP) in the latter. Another potential determinant is the size of the code.
Large projects are more costly to rewrite, and so costs and delay factors may make

the choice of license more relevant in this case.

An argument in favor of unrestrictive licenses is that permissiveness is what it takes
to attract commercial software developers to write applications that enhance the
value of the open source code. In particular, it has been suggested that in mature
projects, when the energy of the initial contributors may be fading, the involvement
of commercial contributors may be critical to success (Bezroukov, 2002). There are
benefits in the form of reduced transaction cost to the licensor who adopts a familiar
license rather than an innovative but unfamiliar one. Licensors choosing a well-known
license economize on the learning costs incurred by the community as to how the li-

cense works and what its likely implications for the development process are.

4.3 Analyses of Licensing Choices

There already exist few analyses of the licensing choice for a business firm, much of
it in law and economics literature.?* Hawkins (2004) explores the tradeoffs between
copyleft and non-copyleft licenses in a simple economic model. He asks why profit
seeking behavior would result in the release of intellectual property to competitors
(and the rest of the world). He shows that if there is no competitor to take advantage
of the code, there is no incentive for the firm to not release the changes (as is the
case with a viral license). If the only other player is the public, which can either ig-
nore the code or contribute and release changes, the open source option is a domi-

nant strategy. If the viral license can only be used by a subset of the public, open

24 See, e.g., Perens (1999), Horne (2001), Rosen (2001b), Nadan (2002), Oksanen and
Valimaki (2002), Stinebruner, Humphrey and Davis (2002), and Valimaki (2004)
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source with a non-viral license remains the dominant strategy. However, with compe-
tition present, the equilibrium choice is a viral license. If the developer chooses a
non-viral license, the competitor can take the software, inflict some losses with no
offset to the firm. The viral license forces the competitor to release changes, which
(in his case) yields the same payoff for the firm as if the competitor had ignored the

software.

Bonaccorsi and Rossi (2003c), Lerner and Tirole (2005) and Fershtman and Gandal
(2004) analyze the licensing choices empirically. Lerner and Tirole (2005) and
Fershtman and Gandal (2004) examined the choice of licenses using a database of
open source projects from the SourceForge web site. Bonaccorsi and Rossi (2003c)
surveyed 146 Italian firms. They found that firms that employ restrictive licenses
(i.e., copyleft-type) supply on average fewer proprietary products than firms that do
not employ restrictive licenses, and firms that use restrictive licenses attach greater
importance to “social motivation.” They also note that firms commonly use mixed li-
censing. The possibility of dual licensing, i.e., releasing the software both under an
open source and a proprietary software license, has been also theoretically analyzed,

e.g., by Rosen (2001b) and Vvalimaki (2003).

Lerner and Tirole’s dataset consisted of all software development projects listed on
(and for a subset of the analyses, hosted on) the SourceForge.net. SourceForge con-
tained (as of May 2002) approximately 39,000 projects. The sample was dominated
by early-stage projects. Lerner and Tirole hypothesize that in settings where software
has limited community appeal, the leader will need to offer a restrictive license in or-
der to induce participation. This should occur in three instances: the community dis-
trusts the licensor, the benefits from tailoring the code for particular applications are
weak, or ego gratification and career concerns incentives do not have much power,
as the audience mostly does not look at the code and is not composed of the pro-
grammers’ peers. Lerner and Tirole find that restrictive licenses are more likely to be
adopted when the software is directed at end-users, whereas less restrictive licenses
are more frequently adopted for projects geared to developers, the Internet, or pro-

prietary operating systems.

Fershtman and Gandal (2004) use a data set consisting of 71 open source projects
hosted at the SourceForge web site. The sample was observed over an eighteen-
month period from January 2002 through the middle of 2003, with data collected at
two-month intervals, to yield a panel with nine observations for nearly all projects.
They employ a random effects model. The 71 projects in the sample were chosen (in

January 2000) from more than 31,000 projects that were listed at the SourceForge
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site at the time by selecting the most active projects in the top-level list of “topics” at
SourceForge. Fershtman and Gandal examine how the type of license (and some
other factors) affects the output per contributor in open source projects. They distin-
guish between three levels of license restrictiveness, Very restrictive (GPL), Moder-
ately restrictive (LPGL and also Mozilla, MPL, and NPL licenses) and Non-restrictive
(BSD and also MIT, Sun Industry Standards Source License, Intel OSL and Apache

Software License).

Fershtman and Gandal’s main result is that the output per contributor is much higher
when licenses are less restrictive. This result is consistent with the hypothesis that
status or self-esteem is a key source of motivation for participation in open source
projects with restrictive licenses. The intuition is as follows. Potential contributors
have strong incentives to contribute up to the minimum threshold level in order to be
included in the “list of contributors.” Once someone is included in the list of contribu-
tors, the incentive to contribute beyond that level is diminished considerably. This re-
sult supports an ideological or status motivation in the programmer’s decision to par-
ticipate in a project with a restrictive license. This is because status and signaling
may be obtained simply by being on the list of contributors and less by the size or

significance of the contribution.

Even if SourceForge is the largest open source development site and it hosts a very
large number of open source projects, there are few problems with its use in empiri-
cal work. Some of the well known open source projects such as Linux (operating sys-
tem), Apache (web server), Bind (A domain name software), Perl (a scripting lan-
guage), and SendMail (an email server) are not hosted at SourceForge. It is possible
that these source projects differ from the ones hosted at SourceForge in important
ways. For example, of the above five programs, only Linux was exclusively released
under the GPL, and the other four projects use BSD-type licenses. It would be inter-
esting to empirically compare successful open source projects (typically not hosted at

SourceForge) with projects hosted at SourceForge.

Howison and Crowston (2004) note that there is a large amount of anonymous data
in the SourceForge system that cannot be attributed to any individual participant.
There is older data that has been ‘dumped’ into the system, yielding valid yet totally
inaccurate data. Also, SourceForge has become the ‘repository of record’ for the OS
community, yet for important projects it is not the repository of use. For instance,
vim, an important programmer’s editor, is listed at SourceForge but has only 3 de-
velopers, 0 % activity and has not released any files. The page is simply a place-

holder that points to the vim ‘repository of use’.
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5 Public Policies

Open source software has also attracted policymakers’ attention; see, e.g., papers in
Hahn (2002). One of the issues is, should governments subsidize open source. The
question arises from the possibility of significant market failures on software mar-
kets. There are a number of potential sources of market failures in software market:
there are large supply-side economies of scale, innovation and competition for mar-
ket, not competition on a market, play a crucial roles, and there are network effects,
i.e., demand-side scale economies (Bessen, 2002b; Comino and Manenti, 2003; Ev-
ans and Reddy, 2002; Lessig, 2002; Schmidt and Schnitzer, 2002; and Smith, 2002).

One should then compare the relative advantages of open source and proprietary
software in mitigating these potential sources of market failures. According to
Schmidt and Schnitzer (2002), open source enjoys a clear advantage relative to pro-
prietary software only with respect to supply-side economies of scale. Open source
software is priced at or close to marginal cost, so that it ensures the widest access to
the developed software, and thus maximizes static efficiency. Commercial firms, first,
need to recoup the fixed development costs, and second, tend to have market power,
so they charge prices above marginal costs, thereby reducing access to developed
software. The benefits of open source regarding innovation and network effects are
less clear or non-existent. The profit motive is likely to provide stronger incentive to
innovate than the mixture of incentives present in open source projects. Further,
firms might have more incentives to tailor their products to the needs of the average
costumer. Evans and Reddy (2002) argue that open source is predominantly imita-
tive, not innovative in nature. Public support of open source then leads to less inno-
vation and development. According to Bessen (2002a, b), open source corrects im-
perfections in the market for proprietary software, without requiring government in-

tervention through subsidies or procurement preferences.

Bessen (2002a, b) notes another type of market failure created by the government:
software patents. The strengthening and extension of intellectual property rights over
the last two decades have raised concerns about hold-up for cumulative innovation
(see, e.g., Bessen and Maskin, 2002). When innovation is cumulative — new products
benefit from previous innovations, possibly infringing previous patents — an early
patent holder has a potential claim against subsequent innovators. Anticipating the
expected cost of such claims, a second innovator may choose to perform a subopti-
mal level of R&D or, perhaps, not to invest in the innovation at all. The concern is
that stronger patent rights may increase the occurrence of hold-up, reducing R&D in-

centives, thus slowing the pace of innovation. Open source is a private solution that
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can and should be allowed to flourish without government intervention. As a remedy,
Bessen recommends the removal of a market failure the government itself has cre-

ated by strengthening patent protection in the software domain.

To the best of my knowledge, there are no empirical studies analyzing public policies

directed at open source.

6 Conclusion

Open source software has gained the attention of several theoretical and empirical
studies, not only from software engineers but from various social sciences. Analyses
have looked at the nature of individual motivations to developed open source soft-
ware as well as the ideological issues related to the idea that software should be
free; analyzed the degrees of complexity and modularity, which affect the costs of
coordination and the hierarchical organization used in open source development;

looked at the licensing choices and the related public policies.

There are many directions for further research. First there are the questions regard-
ing individual incentives. Some explanations for the public good paradox have been
presented, but the economics analyses have only touched the ideas presented by
other social scientist, such as status and other intrinsic motivations. Individual incen-
tives are likely to affect the choice of projects to be developed and the outcome of
the development effort. Second, economics approach has made only few attempts to
look at governance of open source projects. It is not entirely clear what explains the
coordination, authority and hierarchy in open source communities, which are charac-
terized by voluntary collaboration, and where the usual elements of the governance
of firms are based upon are lacking. Third, licensing choices have been analyzed al-
most exclusively from the developers’ point of view. For instance, what are the ef-

fects of the copyleft licenses for social welfare?

Fourth, the interactions between commercial actors and open source community
have not received much theoretical nor empirical economics attention. For instance,
the FLOSS-project (Ghosh et al., 2002) looks at licenses of many large and popular
projects, discuss some software characteristics, the software value chain, open
source at the market place and business models based on open source. However, not
much analysis was presented on the interactions between open source and commer-
cial worlds. Fifth, as Ghosh et al. (2002) in their FLOSS-study note, by 2002, IBM
claims to have spent $1 billion on Linux alone and is also active in several other open

source projects. Other companies also devote considerable resources to the devel-
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opment of OS software. Despite this size, the companies’ motivation behind their
open source engagement is not as well understood as the motivation of individual
developers. Sixth, the issue of diffusion of open source programs has not been ana-
lyzed at all. Last, there is the question, is open source particular to software only, or
are there more general lessons to be learned and applied in some other fields? There
are some analyses of other activities such as Wikipedia, Kuro5hin, NASA Clickwork-
ers, Slashdot and Project Gutenberg that seem to use open source style in their de-

velopment and production efforts (see, e.g., Benkler, 2003).
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