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Abstract

“Release early, release often” is becoming a popuiew product introduction strategy in open
source software development. We study the influehcelease strategies on the download market
share of open source projects. Using a panel datacellected from Sourceforge.net, we find that
while more frequent releases are associated witttebesubsequent download market share, the
relationship is curvilinear. Too frequent releasesuld backfire due to the subtle effects on the
demand and supply sides of open source softwarduption. From the demand side, we find that
releasing frequently may work less effectivelyrimgrts with higher adoption costs. From the supply
side, fast releases may work less effectivelyapepts with weak community contributions. Even when
the community contributions are strong, the resiraness of open source license moderates the
effectiveness of releasing early and often. Thesalts have implications for managing open source
projects and research on open source software, ap@vation, and software adoption.

Keywords: Open Source Software, Community Contdbyt.icense, Adoption Cost, Download.



1 INTRODUCTION

Open source software (OSS) has become an impagmoach to organize software development in
the past decade, and is continuously transfornmhegsoftware industry (The Economist 2009). OSS
differs from traditional proprietary software bysttibuting the source code openly (at no or vetieli
cost), and allowing others to modify or enhanc€G6Il 2011). In a typical OSS project, a single
developer or a small team start an OSS projectclwhihen grows as it attracts community
contributions (Setia et al. 2012). Incorporatihgge contributions, the team distributes the soéwa
through online channels such as Sourceforge.néet (¥$ers download the software under one of
various types of license arrangements that govemn the software can be subsequently developed
and monetized. Some of the users may join the eation of OSS production by reporting bugs or
even writing patches for the project.

The co-creation in OSS does not always unfold shigoFogel (2005) estimates that 90% to 95% of
the OSS projects fail, which means they attracttientions or the developers stop working on it.
Chengalur-Smith and Sidorova (2003) find that al®%o of projects on Sourceforge.net (SF) have
no activity at all. To fully understand the socialechanisms behind OSS, the motivations and
governance of OSS stands out as important resegpats (Von Krogh and Von Hippel 2006). While
empirical studies identify project characteristaf$ecting OSS success (Grewal et al. 2006; e.qg.
Stewart et al. 2006; Subramaniam et al. 2009)(88 production process and its social environment
are usually ignored (Singh et al. 2011). Our stoolysiders OSS projects in a competitive context and
examine one crucial factor that a project develatnteam can control: the release strategy, which
refers to the release frequency and quality imprams by the OSS teams. We also study the
influence of factors such as community contribugio@®SS licenses and product adoption cost in
shaping the release strategy.

Raymond (1999) argues that an OSS project shoelddse early, release often” to produce software
with higher quality, which helps the project suatemder competition. Over the years, this has been
accepted as a common belief in OSS developmenteMenthere has been no empirical study testing
this approach. In this study, we investigate thiatienship between release strategy and project
success. which is normally defined with user irgesnd developer interest (Grewal et al. 2006; e.g.
Stewart et al. 2006; Subramaniam et al. 2009). d¢ad specifically on the user interest, which =fer
to the download market share of a project.

Motivated by the issues identified above, we seegttidy the following research questions: (1) How
would release frequency in OSS projects affectrthetcess? Is it true that more frequent release is
better? (2) How do factors like adoption cost amanunity contributions impact the release
strategy? (3) What is the effect of OSS licenséhia process? To address these questions, we first
develop a theoretical framework which specifiexask strategy as a factor associated with the
success of OSS projects, with other project attebas control or moderate variables. We therthest
model using a panel data set of 1092 projects igat&gories from SF. Our data analysis identifies
release strategy as an important factor that isceted with market share of OSS projects, and
reveals other variables that affect the commumiigbéed product development and release process.

2 THEORY AND HYPOTHESES

We view the OSS development as a co-creation psagethe OSS team and the community, which
von Hippel and von Krogh (2003) call a “Private-féotive” innovation model. This is unique to open

source software in contrast to traditional proamgtsoftware development. We investigate the co-
creation process through one factor that the teanidccontrol — the release strategy, and other
variables of the production process, the commuotytributions and the software license types.



Several important questions have been asked I8 literature. First, why do people contribute to
OSS for free? Developers contribute to OSS projeamly with two types of motivations: intrinsic
(e.g. altruism, reciprocity, and hobbies) and esid (e.g. reputation, signaling, learning, and-sel
need) (Lakhani and Wolf 2007; Roberts et al. 200&)wever, utilizing the motivations does not
necessarily lead to success of OSS projects, becaast of normal users do not know the effort of
developers unless they can see and use the pr&heking to bridge this gap, we propose to examine
release strategy as an important but missing liakegween motivations and success of OSS. Second,
in considering the competition with proprietarytsaire, studies have asked when software should go
open source and which license should a projectsth¢august et al. 2009; Lerner and Tirole 2005).
However, projects sometimes have to follow cerli@ense or are affected by social influence (Singh
and Phelps 2012). For example, the GNU Generali®luiense (GPL) requires that any derived
work should open their source code under GPL. ig plaper, we investigate the effect of release
strategy on the download market share given thevaoé license of the project.

From the software adoption perspective, the uséxsose among competing OSS projects by
comparing the utilities they could obtain from fiv@ducts. Since OSS is normally distributed foefre
quality of OSS becomes an important determinaptroject success. In this study, we draw on related
literature to formulate our hypotheses. Figure dspnts the conceptual framework we developed for
this study.

Adoption Community

Lost Lontribution

Reiease Strategy \ /

Release Frequency V

,.r H? /’/

Download Performance

Control Variables

Figure 1. Conceptual Framework

21 Release Strategy

How and why would releasing early and often helpG8S project in its download market share?
First, a project can deliver quality improvementcijly to users with frequent releases. Research on
software releasing shows that due to the fixed pastre of investment in patching, a software may
release a buggier product early and patch it laterlarger market (Arora et al. 2006; Ji et al020
Second, OSS projects rely heavily on community riouations. A faster release frequency may attract
more community contributions, which help improvee thQuality of the software. Faster release
frequency would also reward the contributors byoiporating their suggestions (Raymond 1999).
Lastly, higher release frequency may signal enargyy momentum in development and can give users
more confidence in adopting the software. It isuedy in the literature that under-provision of
introductory quality (release early) could sign@gth externality, and upgrades could serve as the
mechanism to implement the signaling strategy (Ramibhan et al. 1997). With the above logic, we
conjecture that:



H1A: Higher release frequency is associated with largdrsequent download market share.

However, there may be a down side with high releflasquency. First, there are always costs

associated with software adoption, both in the cdsesers upgrading and switching software. When a
project releases too fast but does not deliver gima@uality improvements, customers may hold back
by weighing the benefit and cost of upgrading. €fae, customers may be more likely to hold back

when the adoption cost is high. Second, releasitegge number of versions in a short time period

may exaust the team and community and create wefisigmentation and overload. The project may

have to maintain a lot of versions, which creatdditoonal burden for the project to absorb the

contributions and makes it hard for the commurodtkéep up with the speed. Therefore, we expect the
release frequency to have a curvilinear relatigngfmiverse U-shape) with subsequent download
market share.

H1B: Release frequency has a curvilinear relationshighwubsequent download market share.

Users will natually weigh the benefit and cost dbpting the new versions. Even though most of the
OSS products are distributed for free, there astscassociated with adoption anyway. Whether the
user is installing or updating, it takes time aritbré to implement and learn the new versions,
especially for software that affects a whole orgation. If the release is of limited scope andtaims

only a few small bug fixes, the upgrade cost waxdeed the benefit and users could choose to wait
until the next release. Therefore, the adoptiort owsy outweigh the benefit from adopting the new
version. This leads to our next hypothesis:

H1C: The positive effect of release frequency on dovehimarket share is lower in projects with
higher adoption cost.

22 Community Contributions

We now investigate the supply side of OSS produactiba project has unlimited resources, it could

definitely improve the quality by fast and frequeglieases. However, projects seldom have unlimited
resources, and most OSS projects have a smalldemelopment team (Raymond 1999). Even if the

OSS project is backed up by a big company, the liasito evaluate the investments carefully since it
is difficult to sell the software product directioreover, adding developers to the project mayehav

diminishing marginal productivity boosting effe@rpoks 1995). On the other hand, there is a whole
community working voluntarily for the project, thgiu the team often has no control over the features
and bugs that volunteers want to work on (Michimetyel. 2007). But they do have control over the

release plan for new versions. Our second resegurehtion thus is: Given the contributions of the

community, what release strategy should an OS®grohoose?

The importance of contributions from the communriéither individuals or firms) has been recognized
in OSS studies (e.g. Grewal et al. 2006; e.g. lreehal. 2006). Raymond (1999) argues that the OSS
community could help in rapid improvement and dffer debugging. von Krogh et al. (2003)
analyze the innovation process of Freenet and skistie community joining and specializing of open
source community. von Hippel (2001) use OSS asnapoitant example of innovation by user
community. Following West and Lakhani (2008), wdirke the community of an OSS project as a
voluntary association of users and developers withmior common organizational affiliation but
united by creating and adopting the OSS prograrat &) we define the community contributions as
the work emerged from those users and developéstdeuthe OSS team. Given the benefits brought
by community contributions, we expect that the ioipaf a certain release is bigger when the
community contributions are higher controlling tility improvement effort by the team.

H2: Effect of release frequency on subsequent downtwattet share is higher when the community
contributions are greater.



2.3 OSS Licenses

OSS projects use open source license schemes meamaheir openness, which refers to free access,
free distribution, and free modification of the smicode (OSI 2011; Zhu & Zhou 2012). Though all
OSS licenses follow the Open Source Initiative (OS8efinition, they vary in their relative
restrictiveness, based on whether the derivativiksvshould follow the same license (e.g. GPL) and
whether to allow the mixing of open and closed sewoftware (e.g. GNU Lesser General Public
License, LGPL) (Lerner and Tirole 2005). A highlgstrictive license such as GPL requires the
derived works (even if they just use the projestéad of modifying it) to follow the same licens&.
less restrictive license (e.g. Berkeley Softwarstiibution, BSD) is less restrictive in the serisat t
the community contributors have less limitationsuising or modifying the workRegarding the
determinants and consequences of OSS licenseserLand Tirole (2005) suggest that restrictive
licenses protect the project from “hijacking” bynomercial software firms, which means the firm may
add some proprietary code to the project and hiiaalith an open source approach. Colazo and Fang
(2009) find that restrictive licenses are assodiatéh more developers, higher coding activity, and
faster project speed. Stewart et al. (2006) artpae testrictive licenses keep the visibility of the
developer’s contributions and remain the custoniliipalof the source code (so they don't need to pay
for the software that comes from their own effor8glenzon and Schankerman (2008) find that
developers are strongly sorted by the license tghenmarizing these studies in OSS literature,
restrictive license could (a) promise customizayilfb) protect from hijacking; (c) sustains vidity;

and (d) encourage identification.

Even though some authors argue that license wdtddtalownload (Stewart et al. 2006), we view it
as a device to coordinate the efforts of the teaththe community. Therefore, it should work through
the community contributions. Because restrictiveeriises are likely to attract better developer
contributions, the effect of community contributsoin restrictive projects may be higher. Thus rsdea
faster may help improve the quality of the projédter, and enhance its competition with other
projects.

H3: The moderate effect of community contributionsghdr in projects with restrictive licenses.

24 Network Effects and Product Diffusion

Besides the effect of release strategies, we expatsome other variables also have an influemce o
the market share of OSS projects. Two importartbfabat will affect the adoption of OSS project ar
network effects and product diffusion. Network etteindicate that the value of a product increases
with the size of the network. It has been docuntntanany technology adoption studies (Kauffman
et al. 2000; Zhu et al. 2006). The product diffasiliterature finds that consumer adoption is
influenced by the current user base and the nuwmibeotential users (e.g. Bass 1969). There are two
diffusion processes in our context of OSS. One ggetiappens on the category level. The users of a
certain category of software may be increasinghoinking. We control this by doing our analysis in
each category. Another process happens on eachqgbrdsk the quality of various software differs,
the market share will increase or decrease acagiydiWe will control this by decomposing the
product diffusion effect into product fixed effeahd its age. We control the network effect and
product diffusion following Duan et al. (2009). Tdetails will be provided in Section 4.

3 DATA AND METHODS

We gather the data of this study from SourceForgE),( which is a major platform for OSS
development, distribution and maintenance since91®9has been an important source of data for
OSS studies (Belenzon and Schankerman 2008; Getvedl 2006; Lerner and Tirole 2005; Singh et
al. 2011).



We developed a Java program to collect all theeptcgnd release information on SF. The data was
collected in Nov, 2010. There were more than 157,@ijects hosted on SF at that time, about
80,000 of which have more than one download. Wéectd the release information of relatively
popular projects with more cumulative download thas average download (27,804) at the time. Our
sample contains 3995 OSS projects. We then conetrian unbalanced monthly panel for all the
projects, and downloaded all the related data agdafownload, bug reports, patches contributions etc
in each month. The key variables and their deseatatistics are presented in Table 1.

Variable Description and MeasL Mean Std. Dey

log _ mktshare log transformed market share -6.30 2.03

releases number of releases 0.25 1.17

reIeaseQJ-t squared term of number of releases 1.42 89.54

bug_ fixed, number of bug fixes since last release 0.98 3.58

comimy sum of bugs reported and patches since last release 6.08 13.17

strong_ comm dummy variable, whether comm is above the mean in 0.27 0.44
the category.

weak_ comm dummy variable, whethelomm isbelow the mean ir 0.73 0.44
the category.

highly_restrictive; dummy var'lable, whether project j has a highly 0.62 0.48
restrictive license

less restrictivg dummy va(lable for whether project j has a hig 0.38 0.48
restrictive license

high_ COS} dummy vanaple for whether project j is in a high 0.69 0.46
upgrading/switching cost category

user_orienteg dummy variable for whether project j is user-oraght 0.47 0.50

Iog_Cujt log transformed number of cumulative download 10.33 2.50

age; days since the project registered on SF 1498.56 949.70

age*2jt days since the project registered on SF squared 4763R.42 3293006.15

Subscrips j stands for project t stands for month

Table 1. Key Variables and Summary Statistics

We classify the restrictiveness of OSS licenselviohg the literature (Belenzon and Schankerman
2008; Lerner and Tirole 2005). We construct a \aeihighly_restrictiveto indicate whether proje¢t
has a highly restrictive license such as GPL.

To calculate the market share of each project,ollewwed Duan et al. (2009) to define the market of
an OSS project as the category it is listed in. té: choose the 15 most popular categories in our
datd. For those projects that are listed in multipléegaries, we choose the category that has the
largest number of projects in it. Including marks&tare as a dependent variable has several
advantages. First, it removes unobservable infleesach as weekend and holiday effects (Duan et al.
2009). Second, it controls for the trend of the lshmategory. Third, it addresses to a certain éxten
concern of new installs and upgrades.

! These contains projects from categories of Gamés/tainment, Editors, File Sharing, Chat, Softwamevelopment,
Integrated Development Environments (IDE), Systerdministration, Security, Firewalls, Database, Dbatse
Engines/Servers, Enterprise, Accounting, ERP, CRM.



We create a dummy variableost to represent the adoption cost of projgaccording to our

classificatio. We also use the audience of the projects asdicgitor of adoption cost to confirm the
result. End-user oriented programs usually havetadoption costs than projects for developers and
system administrators.

Since not all projects on SF use the tracker syggem bug reports, patches, and feature requegsty,
provided by SF, we use only projects that havedlsystems on SF. Our sample ended up containing
1092 projects from 15 categories.

As suggested by our conceptual framework, we derésted in the consequence of releases strategy
of OSS projects. Technically, our estimation masel

log_mktshare=a;, +B X+y Z+¢ @

where Z, is a vector of control variables. Here we contiml the network effect and product
diffusion by adding the cumulative downloads, afithe project, and age-squaredd4r) .

4 RESULTS

41 Effect of Release Strategy

We examine how release strategy relates to the ldadrmarket share of OSS projects. The results
are shown in Table 2, and the model-fit indicessdmewn in the bottom rows. With the effect of the

fixed effect excluded, the dependent variables Ha%eof 39%, which is deemed acceptable. We then
proceed to test each hypothesis by examining tlgninale and significance of the coefficients.

In Model (1), we test the effect of release fregqyeon download market shares while controlling the
quality improvement efforts since last releasmig fixed). We find that release frequency is
positively associatedd<0.01) with subsequent download market share, whigiports our H1A. The
significant negative coefficienp€0.01) ofreleasesg supports our H1B that there exists a curvilinear
relationship between release frequency and subseqimvnload market share. Coefficients of
releasegxhigh_cost (relXcos) andreleasegxuser; (relXuse) in model (2) and (3) support our H1C

in that when adoption cost is high, the effect elease frequency decreases. Note that the dummy
usef stands for enduser-oriented projects, which lsuslve lower adoption costs than software
targeting developers or system administrators. dpposite signs of the coefficients of the two
confirm our H1C.

log _ mktshare

(1) (2) (3)
L.releases .095*** J15HE* .084***
L.releases2 -6.4e-04*** -5.1e-04*** -7.0e-04***
L.bugs_fixed Q1 *** O1*** 01 x**
L.log_cu Q5XEX A5HE* A5XEX
L.age -.0019%** -.0019*** -.0019***
L.age2 1.9e-07*** 1.9e-Q7*** 1.9e-07***

2 Among the 15 categories, Games/EntertainmentpEqiFile Sharing, and Chat are classified as lost categories.



L.relXcost -.076***

L.relXuser .021**
Observations 89114 89114 89114
R-squared 0.3870 0.3876 0.3871
categories 1092 1092 1092

="* p<0.10 ** p<0.05 *** p<0.01"

Table 2. Effect of Release Strategy and Adoptiast C
4.2 Community Contributionsand OSS Licenses

We now turn to the influence of release frequentgtegy under community contributions, most
closely related to Hypotheses 2 to 3. The resultspaesented in Table 3. Controlling the level of
community contributions, we find that release frmoey have a positive effectp(<0.01) under

strong community contributions and negative effgat< 0.01) under weak community contributions

(Column (1) and (2) in Table 3), which supports bi2. This suggests that if the project has strong
community contributions, releasing early and ofteay help with the download market share.
Otherwise, it might have opposite impact.

log _ mktshare

Highl Less

(1) (2) (3) Regstr?ctive Restrictive
L.releases N .086*** .086*** .073*** 1e%**
L.releases2 -5.8e-04*** -5.8e-04*** -5.8e-04*** -4.8e-04*** -.0057***
L.bugs_fixed .0064*** .0064*** .0064*** -3.6e-04 .017***
L.log_cu AB¥E AG**E AG**E AG¥*E VLSS
L.age -.0019*** -.0019*** -.0019*** -.002%** -.0016***
L.age2 1.9e-07%** 1.9e-07*** 1.9e-07*** 2.2e-07*** 1.4e-07***
L.weak_comm -.073%**
L.relXweak -.062***
L.strong_comm .Q73%** .072%** .083*** .036**
L.relXstrong .062%** .023 .098*** .02
L.relXstrongXhr .069**
Observations 89114 89114 89114 55611 33503
R-squared 0.3879 0.3879 0.3880 0.3943 0.3839
projects 1092 1092 1092 697 395

="* p<0.10 ** p<0.05 *** p<0.01"

Table 3. Effect of Community Contributions & Lisen

Column (3) in Table 3 presents the results relatedSS license. We further interact the term
releasegxstrong_comm with the highly restrictive dummy, it turns outethtotal effect of
releasegxstrong_comim (relXstrong) is only significantly positive in geets with highly restrictive
licenses. For projects with less restrictive li@ghis effect is not significant. This means ewéen

the community contributions are strong, the motorad of the contributors still matter. Releasingtfa
seems to work when the license is restrictive. diaficm this, we run the regression in the subsample
of projects with highly restrictive license. Thesuéis are presented in the last two columns of&8bl



In the restrictive subsample, the moderate effedignificant while in the less restrictive subsémp
we do not see significant effect of the interactiem.

5 CONCLUSIONS

Using a unique longitudinal data set, we test ffeceof release strategy on download market shére
OSS projects, and investigated the moderation teffeadoption cost, community contributions, and
OSS license. Our empirical results show the impagaof community contributions and the license
type of the project in shaping the effect of reéesisategies.

The software release strategy literature and tiselem in the OSS community both indicate that fast
and frequent releases would benefit the projadtile we found that release frequency is positively
associated with download market share, the relstipns not linear. Releasing too frequently may no
only not product a significant positive benefit lalgo have a negative effect on the download market
share.

We analyze the reasons from the demand and thdyssiplps of the OSS production process. From
the demand side, users of OSS incur costs whilpteddpthe new releases. If a project releases too
frequently, the accumulated adoption cost may offee benefit from quality improvement. This
would leave the project in a worse position in cetitfon.

From the supply side, we consider the co-creatibsofiware product by the OSS team and the
community. We find that community contributions baa moderate effect on the effect of release
frequency. When community contributions are wealegdient releases might have a negative
moderate effect on download market share. Two reas@y be behind this result. First, as the release
frequency increases, the project team has less tiimi@corporate the community contributions.
Therefore the quality that the project gets from ¢bmmunity contributions actually decreases, which
leads to lower market share. Second, as the teaedspup the release frequency, the community
might not be able to keep up with the fast reldtémations. Even though they still contribute, the
contribution quality actually decreases. Therefeekgasing too fast may backfire.

We find that OSS license plays an important rol¢hie process. The moderate effect of community
contributions may depend on the license type ofptgect. Even when contributions are strong,
releasing often may only help when the licenseigbllg restrictive. We interpret this result frometh
motivations of contributors in OSS. When the lieishighly restrictive (like GPL), the team has to
contribute any derivatives back to the communitthéy incorporate the codes from the community.
Therefore, the community members have no concefrtisetr codes been hijacked. If the license is
less restrictive (like BSD), the community may haemcerns and thus releasing fast might not help
receivecommunity contributions.

Overall, our results contribute to a richer undmding of the OSS project management process. We
expect that our work will result in more researnhthis exciting area and lead to improvements in
open source software practice.
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