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Abstract. While in early years, software technology compasigsh as IBM and
Novell invested time and resources in open sowfte/are (OSS) development,
today even user firms (e.g., Samsung) invest in @S@lopment. Thus, today’s
professional OSS projects receive contributionmftmbbyists, universities, re-
search centers, as well as software vendors andfiuss. Theorists have re-
ferred to this kind of combined public and privateestments in innovation cre-
ation as private-collective innovation. In partaylthe private-collective inno-
vation model seeks to explain why firms privatelyast resources to create arti-
facts that share the characteristics of non-rivairgt non-excludability. The aim
of this research is to investigate how differemitdbutor groups associated with
public and increasing private interests interacannOSS development project.
The results of the study show that the balance dewprivate and collective
contributors in the Linux kernel development seémbe changing to an open
source project that is mostly developed jointlypoivate companies.

Keywords: Open Source, Open Source Community, Private-Coliedtinova-
tion, Linux Kernel.

1 | ntroduction

Open source software (OSS) has changed how resesrahd practitioners look at
software development and related business modeB.[DSS differs from traditional
in-house software development, as its outcomesgtifsvare, is freely accessible by
anyone. As a result, major companies such as FakelBmogle and Twitter use open
source technologies. In 2012 one million open seprojects were catalogued and this
figure was projected to double within two years [4]addition, according to IDC re-
search, the OSS market should be worth approxii@n in 2013 [5].

Due to this success, firms have also started twedgtengage in OSS development
[6, 7]. While in early years, software technologympanies such as IBM and Novell
invested time and resources in OSS developmergyteden user firms (e.g., Samsung)
invest in OSS development [8]. Thus, today’'s susfteé$SS projects receive contri-
butions from hobbyists, universities, researcheents well as from software vendors
and user firms [9, 10]. Theorists have referredhie kind of combined public and



private investments in innovation creation as gaweollective innovation [11]. This
concept asserts that a private investment modélerenfirms create and commercialize
ideas themselves — and a collective invention masleére multiple economic actors
create public goods innovations, may coexist uedeiain circumstances [12]. In par-
ticular, the private-collective innovation modekke to explain why firms privately
invest resources to create artifacts that sharettheacteristics of non-rivalry and non-
excludability [13].

The private-collective model also implicitly assisbat private and public invest-
ments in innovations are approximately equal. Hewesuccessful OSS projects re-
ceive more than 75% of their code from contributevlo are paid by a company [8]
and the majority of code is written between 9 ard &mpm — again indicating that
contributions are predominantly provided by firrhd]. These figures contrast with the
picture of private-collective innovation as an intien mode where public and private
interests manifest equally. The aim of this rede#inerefore is to investigate how dif-
ferent contributor groups associated with publid encreasing private interests interact
in an OSS development project.

In order to study the interplay of both interestiugys we not only need to consider
demographic characteristics of the community bst &he structural patterns of inter-
actions in it. To achieve this goal, we analyzedali@vers active in the Linux kernel
(LK) development community from a social networkimaf view, as the interaction
between the members of a software development caoityneflects the structure of
their collaboration. In particular, we investigaegree distributions and the Gini coef-
ficient in the contributor network with respecttte private and collective contributor
groups. Network centrality measures are importadicators of influence in OSS de-
velopment and are known to deviate according tangafirm sponsorship or not [15].

We start with detailing what volunteer and firm-spored (i.e., employed) develop-
ers motivate to participate in OSS developmentnThe discuss the private-collective
innovation model in more detail. Based on a datefatailing list communication of
LK developers from 1996 to 2014 we calculate nekwoeasures for each type of de-
veloper (e.g., firm-sponsored, hobbyist, universitifliated, etc.) and compare them
for each year. We discuss implications for reseanmth provide further avenues for
research concerning private-collective innovation.

2  Theoretical Background

2.1  Open Source Software Contributors

OSS Communities

An OSS project relies on contributors who make hgp ¢ore element of an OSS
community. OSS is commonly understood as a typsoftivare that can be used,
changed, and shared by any person. The softwaittigsn most cases developed by a

1 n this study the termsontributor, developer, actor, participant andprogrammer are used syn-
onymously to denote people who are active in O®§&pts and in Linux kernel development.



heterogeneous group of people and distributed wspsific licenses, which guarantee
the above-mentioned characteristics of OSS [16].

In general, a community arises when different fea@ome together and share a
common interest [17]. Thus, von Hippel and von Kr¢iyl] conceptualize OSS devel-
opment communities agriter net-based communities of software devel opers who vol-
untarily collaboratein order to devel op software that they or their organizations need”
[11, p. 209]. Besides the fact that OSS communia@ssist of hobbyists, who volun-
tarily provide their resources to the communitye tkefinition also involves another
important contributor group — organizations. Orgatibns differ from hobbyists in
terms of their motivation to engage and are reprteskin the community by their em-
ployed developers. In turn, employed developershiriig considered as proxies for
firm interests in the community.

Motivation of Voluntary OSS Developers

The pertinent literature specifies intrinsic andri@sic motivation as major drivers
for hobbyists to engage in OSS projects (e.g., 218~ Intrinsic motivation is the exe-
cution of an activity due to the accompanying estéism and not for the achievement
of specific results [22]. A behavior is extrinsiyaotivated when an activity is per-
formed for reward, recognition or because of atriresion from someone or an obli-
gation [22]. Although researchers agree on diffeferms of intrinsic and extrinsic
motivation, there is often disagreement about tted@vance. The most relevant forms
of both motivation types in the context of OSS depers are described briefly in the
following.

In connection with OSS developers, researchersstigaged a plethora of intrinsic
motivators. Among thesgy-based intrinsic motivation is the strongest and most prev-
alent driver of OSS contributors [19]. Joy-basedivabion is closely linked to the cre-
ativity of a person. Frequently, contributors toSOfojects have a strong interest in
software development and related challenges [18].

Another fundamental aspect of intrinsic motivatismltruism, which is the desire
to help others and to improve their welfare. In @88 1munities, developers code pro-
grams, report bugs, etc., at their own expenseglwinicludes the invested time and
opportunity costs. They patrticipate in the OSS caomity, without taking advantages
of its outcome [18, 21, 23].

In addition, theDSSideology plays a crucial role for many contributors andaives

« joint collaborative values, such as helping, sttaand collaboration,

« individual values, such as learning, technical kieolge and reputation,

« OSS process beliefs, such as code quality andiking fand

 beliefs regarding the importance of freedom in O&6h as an open source code

and its free availability and use for everyone [24]

Besides these distinguishing aspects of participamrinsic motivation to engage in
OSS projects, researchers have found that extritisnuli can also have an impact on
the activities of actors in communities (e.g., [28}.

An extrinsic stimulus is given throughparsonal need of a developer. Many OSS
projects are launched because the initiators nesafadare with specific functions that



are not available to date, and they have the \gitless and knowledge to develop these
[21].

OSS communities offer the possibility for develaptimprove their programming
skills and their knowledge through participation in ajgct Programmers are free to
choose in which tasks they participate accordinthéir interests and abilities. As a
result, the self-learning participants are expeiigg a continuous learning curve and
build a repertoire of experiences, ways and meausslire specific software develop-
ment tasks [21].

In addition, “signaling incentives” as describedlsrner and Tirole [25] can also
be a reason for people to participate in OSS conitieanThe incentives cover, inter
alia, therecognition by other members of the community and thienprovement of the
professional status.

Motivation of FirmsInvolved in OSS Development
In addition to hobbyists, companies are also aétiv@SS communities. While vol-
untary OSS contributors are driven by intrinsic arttinsic values, economic and tech-
nological aspects motivate firms to participat€diS projects. In recent times, com-
panies open outwards to organize their innovatuadiviies more effectively and effi-
ciently. A means to complement their own resour@sebare innovation communities.
In the case of software companies, OSS commuriidies a resource pool these firms
can benefit from — depending on the strategy thagye [6, 26]. Literature investigat-
ing motivational aspects of companies active in @&3ects reveals that economic
theory is not sufficient to explain the relatiorween firms and their OSS engagement.
Andersen-Gott et al. [27] have reviewed this isand identified the following three
categories of motivational factors that are reléfancompanies active in OSS com-
munities.
1. Innovative capabilities
If the involvement of a company in an OSS projectligned with the business
model it maintains, the interaction with the comityican lead to better or new
products which imply a competitive advantage. Tiausion of external contribu-
tors increases the firm's innovative capacity.
2. Complementary services
The dominant way for firms to appropriate from G$By providing complementary
services to customers (e.g., training, technicapett, consultancy and certifications
[28]) aligned with their business strategy [29]nk$ pursuing this concept deploy
own employees that also contribute to the opencegumoject and community work.
Thus, the company (1) acquires external knowletigeugh their own employees
active in OSS development and (2) has access tpleomentary resources in the
community, which are difficult to replicate intettyg30].
3. Cost reduction
Companies can publish the source code of theirrjgtapy software under an OS
license, try to attract external developers antiaucommunity around the software.
In this case, the company will get, for exampleaisi for new features, bug reports,
documentation, and extensions of the software feaxternal contributors without
having to pay for it [25, 31]. Further, in the longn, the code is maintained by the



community, such that the firm has lower costs tifsoompetitors with proprietary
software [32]. However, it should be noted thatklshing an ecosystem and an
active community around released source code é&aggp task as rivals could pursue
similar strategies [26, 33].

2.2  Private-Collective | nnovation

In organization science, two different modes ofowettion are dominant, namely the
private investment and the collective action model.

Theprivate investment model is associated with a rather closed innovation tieha
Innovators tend to protect their internally develdpproprietary knowledge as this is
the source of their profits and competitive advgatfll]. Here innovation is clearly
seen as a closed process driven by private invessmeorder to lead to private returns
for the innovator [34].

The collective action model of innovation is connected to the provision ofudblic
good. Innovators collaborate in order to develpplalic good under conditions of mar-
ket failure. The produced good is characterizedhdny-excludability and non-rivalry
[35]. This model requires that innovators suppBiticollected knowledge about a pro-
ject to a common knowledge base and thus makepitbdic good. This innovation
method can unfortunately be exploited by free sdaho wait until other contributors
have done the work and use the outcome for freeJajL

OSS communities are an example for a mixture di bwgéntioned innovation mod-
els. OSS contributors freely reveal their privatégveloped source code as a public
good. The developers do not make commercial ushedf property rights, although
the source code is created as a result of privatestments. This innovation behavior
is termed private-collective innovation [11]. Ta gedeeper understanding of how OSS
communities combine the best of both models, O&8\vation is first considered from
the private investment and second from the collediction point of view.

From theprivate investment model perspective, OSS deviates in two major aspects
from the conventional private investment modelstisoftware contributors are the
actual innovators in OSS rather than commercidwsok developers, because they
create software that is needed either by themselvbg the community. Second, OSS
developers freely reveal the source code, which llaee developed by private means;
this manner stands in contrast to the classicahiation behavior. Due to the lack of a
commercial market for the sale or licensing of OB% made openly available as a
public good [11]. Rewards for the developers amvigied in forms other than money
or commercialization of property rights. Contribigg@ain private profits such as repu-
tation, experience or reciprocity [25, 36].

From thecollective action model view, the community produces a public good with
its attributes of non-excludability and non-riva]Bp]. Taking the above given descrip-
tion of the collective action model into accoutte thon-excludability would bring a
dilemma with it because free riders benefit from sloftware but do not contribute to
the good compared to the developers. This circumstés not a problem, as in line
with the OS ideology people voluntarily particip&ieOSS development and share the
results without costs [11]. Moreover, contributobdain benefits, for example problem



solving expertise, learning and enjoyment, fromghsicipation on developing a pub-
lic good, which the free rider cannot get [25, 3he benefits in form of selective
incentives are connected to the development prarfede good and thus only acces-
sible for the participants. Therefore, OSS contiins cannot be seen as pure public
goods as these have significant private elemeat®tolved out of the ideology, which
support the community [11].

In sum, the private-collective model of innovatimymbines the advantages of both
private investment and collective action model. [Eabcompares the most important
aspects of the three innovation models from an@wimperspective and in relation to
OSS development.

Table 1. Comparison of different aspects for the privatdiective and private-collective inno-
vation model (Source: adapted from Demil and Led88} and Schaarschmidt et al. [39])

Private Collective Private-Collective
License Proprietary Open Open
Copyright ownership Company Collective Collective
Number of participating companies One None One or more
Revenue stream Direct None Indirect
Control intensity High Low Low
Knowledge sharing intensity Low High High

3 Method

3.1 Research Context

To find a relevant OSS project for our research,haee taken different aspects into
account (e.g., size of the project, activity andtowity, company involvement, avail-
ability of a large set of data). Finally, we chaélse LK project as our research context,
which has served as an example for OSS in manyquestudies [e.g., 40].

The LK project was initialized by Linus Torvalds 1991 and has been one of the
most active OSS projects since its beginning. Theeesoftware releases every three
month on average, which are possible because @hsrenoving development process
and the broad foundation of contributors, rangitogrf hobbyists to companies. Thus,
it involves more people than any other OSS projEtee kernel itself makes up the core
component of any Linux system and is used in opgyatystems for mobile devices
right up to operating systems for supercomputeypichlly, a new release of the kernel
comprises over 10,000 patches contributed by oxdéX0ldevelopers representing over
225 companies and is published under the GNU GERelfdic Licence v2 [8].

Besides the fact that the LK is one of the largesiperative software projects ever
started, it has also an economic relevance, as w@ampanies have business models
that rely on the LK or on software working on toptlee LK, respectively. Many of
these companies do actively participate in the awpment of the kernel and thereby
take effect on the orientation of the developm¥ety active companies in the kernel
development, among others, are RedHat, Intel, IB&dMnsung, Google and Oracle [8].



3.2 DataCallection and Coding of Contributor Categories

To obtain the data needed for our research, weledae LK mailing list web archive
We use mailing list data as it is suitable to cl@®inetwork positions that represent
developers’ influence [15]. The “linux-kernélinailing list has the purpose of discuss-
ing LK development topics as well as of reporting®. The observation period of the
LK community ranges from 1996 (beginning of the veebhive) to 2014.

We identified actors that occur multiple times ba tist, for example with different
email addresses, but identical sender names. Werhapped these to one person ob-
ject related to the email address s/he has used sdmding a message to the list for
the first time.

The identified people interacting in the LK maililigt act partly on behalf of com-
panies. To get a deeper understanding if the aictdhe mailing list are affiliated with
a firm we used the domain name of the email addsatssassign people to a contributor
category. Developers sending messages from a donmwdicating that the person is
employed by the corresponding company are cladsdi® employed contributors,
whereas people using email addresses from publl @noviders such as yahoo.com
were classified as hobbyists. Likewise, we ideedifdevelopers with email addresses
indicating universities and research institutioissigning LK actors to a contributor
category was done in a semi-manual and semi-autahpabcess in order to obtain a
high accuracy of the attributions. Detailed infotima about the different contributor
categories is provided in Table 2.

Table 2. Contributor categories

Contributor Description Examples

Category

Companies People with email addresses from corapani intel.com, redhat.com
Hobbyists People with private email addresses gowal, yahoo.com
Universities People from universities columbia.etiuke.edu
Research People from research institutions and public au-| ieee.org, nasa.gov,
Institutions thorities (e.g., IEEE, government, military) army.mil

The cleaned dataset comprises 1,941,119 commuomncaplies for the total time pe-
riod with overall 86,509 contributors involved. Toeerall distribution of the contrib-
utor groups is made of 37.96% of company develggarkbyists represent 51.22%,
universities account for 9.65% and research irtgiits make up 1.17%. Descriptive
information about the dataset is given in Figuremd 2. Figure 1 shows the quantity
of identified contributors per contributor groupdayear from 1996 to 2014. Figure 2
states the amount of messages sent per contrigngop and year for the investigated
period.

2 http://marc.info/?I=linux-kernel
3 http://vger.kernel.org/vger-lists.html#linux-ketne
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3.3 Social Network Analysis

A social network represents persons connected gse@ocial networks can represent
friendship relationships, communication, interact@mntacts or other types of social
relationships. Social network datasets are widsldy not only in the area of social
network analysis, but also in the areas of datangjrsociology, politics, economics
and other fields [41].

In order to study the interactions of developerthim LK community, we perform
an analysis of the LK mailing list's communicatioetwork. Communication within
the Linux developer community can be modelled disexcted network, in which nodes
are developers and directed edges (i.e., arcs) @gly of one developer to another. In
our dataset, we ignore all messages that are pli¢se¢o other developers. A relation-
ship between the sender of a starter message ket atoes only emerge when one or
more people reply to the starter message. We perdostructural analysis of this net-
work to study the interplay of developers intenagti

The directed network of replies we consider is aateal with two additional
metadata:

» Forreplies, the posting timestamp is known. THisns us to make a longitudinal

analysis of the considered network statistics.

» For developers, we know their company, universityther affiliation, if any,

allowing us to identify four categories of developes described in Section 3.2.

We perform social network analysis with Matlab @inel KONECT Toolbox [42].

The contribution of one user in a directed socitwork can be used to measure
both the activity and the importance of that usehe community. We achieve this by
considering the following network-based measurashef which is defined for indi-
vidual nodes:

« The in-degree of a node equals the total numbeeplfes received by a devel-

oper. The in-degree can thus be interpreted asasune of importance of a de-
veloper.



< The out-degree of a node equals the total numbrepties written by a developer,
and can thus be interpreted as a measure of tivéyaof a developer.

« As a network-wide measure, we additionally deftme Gini coefficient of the in-
degree distribution [43], which denotes the inetjyalf the in-degrees. It is zero
when all developers have equal in-degrees and dwe& & single developer re-
ceived all replies. It can thus be interpreted asasure of diversity of the com-
munity [44].

4 Results

41  Comparison of In-degree and Out-degree

105 ﬁ‘ T \HHH‘ T HHH‘ T HHH‘ T HHH‘ T \HU: In a fIrSt anaIySIS' we Compare the In-de-
F s 7  gree and the out-degree of all developers,
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I 1 shows the results of this analysis. We can
§ 10 2 = observe that both measures are highly
e ,r 4 correlated — developers who receive
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g . e 7 Thus, for the LK community the activity
E 10 % ' = and the importance of developers corre-
z 58 55 0 o 7 late highly.
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4.2  Comparison of Degree per Group

In this analysis, we want to find out whether tleweloper-based measures of activity
and importance vary from one group to another. fapute the distributions of out-
degree and in-degree, for each group for the wHataset aggregated over all years.
The results are shown in Figures 4 and 5.
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The plots show that:

* The highest activity as measured by the out-deigreehieved by company de-
velopers, then hobbyists, and the lowest actidtgiven by developers from re-
search institutions and universities.

» The measure of importance, the in-degree, corsebatd shows the same pattern
as for the activity: company developers have thetrimoportance, then hobbyists,
and finally developers from research institutiond aniversities.

These results are consistent with the observatiahthe measures of activity and

importance correlate.

To verify the statistical significance of our resyiwve perform pairwise Mann—Whit-
ney U tests, testing whether values of each staftone type of developer are statis-
tically different from the values for another grodphe group differences are statisti-
cally significant (p < 0.05; company developers hgbbyists: p < 0.10 for the out-
degree), except for developers from companies @geldpers from research institu-
tions and hobbyists vs. developers from reseaditutions for the in-degree and out-
degree; developers from universities vs. develofrera research institutions for the
out-degree.

4.3 Longitudinal Analysis

In order to study the change of the community d¢ivee, we compute three group-wide
measures of activity and importance for each imtlial year in the range 1996 to 2014.
* The average value of the out-degree and the inegegf all developers in each
group, restricted to all replies given and recejvwexpectively during a given
year.
« The Gini coefficient of the in-degree distributiof all developers of a given
group, restricted to all replies received duringj\&en year.
The results of the analysis are shown in Figurésahd 8.
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The average out-degree and in-degree (Figures &)asidow a consistent result with
the degree distribution shown in Figures 4 andHe average out-degree standing for
activity of the developers of the different groupareases for the developers from com-
panies as well as hobbyists over time and doeshwmice significantly for the devel-
opers of the other contributor categories. The mmeasf importance, the in-degree,
shows a similar behavior. The values for the depee from companies and hobbyists
increase and do not change significantly for theptypes of developers. The network
wide measure Gini coefficient (Figure 8) decreadigitly for developers from com-
panies in the last years. The high fluctuatiorhefGini coefficient for universities and
research institutions is related to the small greiaps.

Across all developer groups and times, the Giniffaent is very near to one
(> 98%, up to fluctuations). This value is highkar in the large majority of social
networks [43], indicating that the importance i tommunity is concentrated in a
very small number of actors when compared to afpcal social networks.



5 Discussion and Conclusion

51 Discussion

This study provides results of an activity analysiglifferent contributor groups in the
LK development from 1996 to 2014. The aim of thigdy was to investigate how dif-
ferent contributor groups associated with publid encreasing private interests interact
in an OSS development project. To achieve this,gealanalyze developers active in
the LK development community from a social netwpdtspective, as the interaction
between members of a software development commtefigcts the structure of their
collaboration.

The first result of our analysis shows that thedegree, as a measure for activity,
and the in-degree, as a measure of importanceglaterhighly both in general and for
each contributor group individually. Thus, develgp@ho write many replies to the
mailing list also receive many replies. This pheraon in the LK mailing list differs
from forum communication, where a variety of usges with different communication
patterns can be identified [45]. Both the highesitvity and importance, is achieved by
company developers followed by hobbyists. The lawetvity and importance can be
attributed to developers from research institutiand universities. Connecting these
results to the amount of contributors per contobuatategory (Figure 1) it can be seen
that although the amount of developers from congsaisi less than the amount of hob-
byists the impact made by employed developers erLhcommunity is larger. The
mentioned impact is expressed by the amount of agesssent per contributor group
and year (Figure 2) as well as stated by the measnir activity (Figure 6) and im-
portance (Figure 7), clearly seen especially fr@h®on.

The second result of our analysis shows that tiné @@efficient, as a network wide
measure, decreases in recent years for developercbmpanies and remains constant
for the other groups. Although the decrease islIsth#d can be seen as a tendency that
the importance in the community for the group ofelepers from companies is dis-
tributed to more actors. When considering the egrérs of the LK development (from
1996 until 2000) it can be seen that university fners were the most active and im-
portant force in the project (Figure 6, 7). FronD2@he activity and importance of
hobbyists and companies increases alike. Althohghatnount of company contribu-
tors remains relatively stable for the period stgrfrom 2010 until 2014 (Figure 1) the
activity (Figures 2, 6) and importance (Figureryjhat time increases sharply.

5.2 Conclusion

The aforementioned observations help to answerethearch question of how different
contributor groups associated with public and iasheg private interests interact in an
OSS development project, here the LK developmenthé beginning, the LK project

was driven by intrinsic motivated enthusiasts whe leobbyists and university mem-
bers (e.g., students) and are associated withquliective interests. As software and
services that were built on top of the LK got manel more influence, the participation
of firms, for example, motivated by offering complentary services (see Section 2.1),



increased. As a consequence the private intenegtss project increased, too, espe-
cially from 2010 on with the diffusion of mobile Wees powered by Android [46],
which uses the LK as foundation of the operatirgjeay.

Summarizing the results of this study, it can bectaded that the balance between
private and collective contributors in the LK dey@inent seems to be changing to an
open source project that is mostly developed jpiogl private companies. These firms
need the kernel for their products and servicesisTthe LK project is no longer just
an open source alternative for hobbyist to devejogn source software for the reason
not be locked in by proprietary software. The adages for the participating compa-
nies outweigh the drawbacks in terms of collectopyright ownership and less con-
trol in the project (see also Section 2.2, Tabladjhe LK community can be utilized
to complement their own resource base for innowatio

5.3 Implicationsfor Research

Our findings can be classified into the contexpfate-collective innovation. The LK
development project is an outstanding OSS projdw.engagement of companies has
increased in the last years, as more and more fiaase business models that rely on
the kernel. Although companies cannot dictate whetommunity should do, they can
in a way influence the trajectory of the projectasgigning employed developers to the
project [10, 47]. As the results of our study foe LK project show, employed devel-
opers can take key positions in a community duia¢ointensity of the commitment,
expressed by activity and importance, for the comityu With this in mind, future
research should more thoroughly discuss the natodestructure of firm presence in
OSS development. The majority of early researcfO&% somehow neglected firm
presence and centered on developer motivation \atéde research discussed emerging
OSS business models [e.g., 1]. However, our stadlg for more longitudinal studies
on firm presence in OSS as (1) firm engagemenesawer time and (2) former hob-
byists might transform into employed developers (#iter was no focus of this study).

54  Limitationsand Suggestionsfor Future Research

Our research has some limitations that have tmhsidered when utilizing our study’s
outcomes. The categorization of LK mailing listastby the hostname of their email
addresses into four contributor groups is an apprate but sufficient classification. It
is known that there are developers that do nothesie company email address while
contributing and actors may do personal work ouhefoffice [8]. We mapped devel-
opers that occur more than once on the LK mailisigtd one person object related to
the email address s/he has used when sending ageetssthe list for the first time.
Multiple occurrences happen if the message sersder different email addresses over
time, but the same sender name (e.g., becausenpfacty changes). We have not con-
sidered these dynamics in our analysis. Furtherniidnas to be considered that the LK
project is a unique OSS project, so that our carichs cannot directly be transferred
to other OSS projects where firm-sponsored devetopes involved. Further research
can consider to investigate the different types @omtent of the interaction as well as



the aforementioned dynamics of developers or coenjer multi-vendor project LK to
single-vendor OSS projects.
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