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Abstract

Our goal inthisstudy isto provideinsight into the motivational profiles of open source contributors. Adopting
a functionalist view of mativation, we identify five functional dimensions from the literature on volunteerism
that arerelevant to the open sour ce context and three functional dimensionsfromtheliterature on open source
development. To assess the salience and relative strength of each functional explanation for open source
participation, we conducted secure Web-based surveys of devel operswho participated in three large Apache
open sour ce proj ects. Applying exploratory factor anal yti c techni questo analyzethe survey data collected from
122 Apache participants, we found 5 distinct factors underlying the motivation to participate in open source
projects. We then used conjoint analysis to assess the relative importance of these underlying motivations.
Results from the conjoint analysis indicate that while several dimensions are significant in explaining the
motivationto participatein open sour ce projects, the domi nant motivationsincludeincreasing thecontributor’ s
use value of the software (27 percent) followed by the recreational value of the task (19 percent) and the
potential career impacts from participation (12 percent). This study contributes to the growing literature on
open sour ce softwar e devel opment by providinginsight into the underlying motivational profilesof open source
participation and by identifying the relative importance of different motivations within those profiles.

Keywords. Open source software development, motivation, conjoint analysis

I ntroduction

Open source software (OSS) development, i.e., public software devel opment projects where participants can read, modify, and
redistribute the software source code (O’ Reilly 2000; OSI 2001), isarguably one of the most exciting phenomenain the software
industry today. One widely debated question iswhy open source programmersvoluntarily contribute significant amounts of time
and effort to these proj ects, thereby foregoing any direct remuneration that they might accrue by spending that sametimeworking
onacommercial software project. Often quoted individual level motivationsfor participating in open source devel opment projects
cover abroad spectrum including scratching a“personal itch” with respect to software functionality, enjoyment, and a desire to
be*“ part of ateam” (Ghosh 1998; O’ Reilly 2000; Raymond 1999). Othersliken the open source community to agift culturewhere
the status of a participant depends on “what he gives away” (Raymond 1999). Alternatively, Lerner and Tirole (2002) suggest
that open source participation may in part be explained by existing theories of |abor economics.

2004 — Twenty-Fifth International Conference on Information Systems 821


mailto:hann@marshall.usc.edu
mailto:jroberts@andrew.cmu.edu
mailto:sandras@andrew.cmu.edu

Hann et al./Developer Participation in OSS Projects

I nthisstudy weexaminetwo unanswered but important questionsregarding open source partici pation. What motivates devel opers
to participate in open source projects? And, which motivations are most salient in explaining open source participation? With
some exceptions, theorizing about the motives for open source participation haslargely been | eft to the advocatesinside the open
sourcecommunity. Although there has been significant di scussion concerning which explanationsare best suited to describe open
source participation, there are few rigorous empirical studies of open source participation. Given the increasing importance of
open source methods to software producers and open source products to software consumers, it is vital to seek a more formal
approach of theory formulation and empirical validation to explain differences in open source participation. For producers of
software, this means understanding how to get things done in open source projects. For consumers of open source software, this
means understanding how things get done, thereby reducing some of the uncertainty associated with open source adoption. As
isthe case for software development in general, the viability of OSS projects ultimately depends on the individual s who staff the
projects. As observed by Strasser (2001, p. 44), “the viability of open source software as a serious aternative to proprietary
software hinges upon the resolution of the incentive issue.”

Our study contributes to the growing body of research on OSS in several important ways. First, our work contributes to the
research on OSS participation by drawing upon well-established theories of individual motivation to derive the motivational
profiles of OSS participants. Applying factor analytic techniquesto analyze survey data collected from open source participants,
we find empirical support for five distinct factors underlying individual motivations to participate in open source projects. Our
findings lend support to afunctional explanation of open source participation. An additional and significant contribution of our
work is establishing the relative importance of underlying motivations through the novel application of conjoint analysisin the
OSSdomain. Therelative strength of motivations has significant practical implicationsfor software producers contemplating the
use of open source methods and software consumers seeking informative measures on which to evaluate OSS project viability.
Thus, our research provides the first clear picture of the underlying motivational structure of open source participation and the
relative importance of those motivations within that structure.

In the following sections, we adopt afunctionalist view of motivation and identify five functional dimensionsfrom theliterature
onvolunteerismthat arerel evant to the open source context. Wethen consider theliterature on open source software devel opment
and derive three additional functional explanations for OSS participation.

A Functional Explanation for Open Sour ce Participation

The motivation for open source participation can be investigated from a variety of theoretical perspectives including social
psychological, cultural, and economic. Eric Raymond, an evangelist of the open source movement, popularized social
psychological and cultural explanations of open source participation. Inthe cultural view, open source functions asagift culture,
where the reputation of a programmer is primarily determined by his or her free contributions (Raymond 1999). As a second
explanation, Raymond offers a craftsmanship model, where the artisan aspects of programming motivate developers to create
works to be admired not only by themselves but also by others. In both cases, devel opers are motivated through the recognition
of their contributions by their peers. Such explanations find theoretical support in social psychology (Clary et al. 1998; Mauss
1967).

Social psychology isabranch of psychology that studiesindividualsin their social context. It isthe study of how and why people
think, feel, and do the things they do depending upon their situation. There are numerous theoretical bases of motivation and
performancein socia psychology including social exchangetheory (Blau 1964), psychological contractstheory (Rousseau 1995),
helping behavior and volunteerism (Benson et al. 1980; Clary and Orenstein 1991), work design (Hackman and Oldham 1980),
and others. Both social exchange theory and psychological contracts theory are premised on the notions of an exchange
relationship between two actors (typically an employee and an organization) where the relationship is based upon norms of
reciprocity or rules governing the social exchange (Settoon et al. 1996) or upon promises made or implicit in the actors
interactions (Rousseau 1995). AsRousseau notes, in remoteor distributed environmentswhere the actorsdo not meet face-to-face
(such as in open source software development), the formation of exchange relationships could be difficult and thus relatively
unlikely. Indeed, recent empirical studies of field support for open source software projects have not found evidence of the
operation of reciprocity in open source environments (Lakhami and von Hippel 2000). Thus, in this study, our focusis on the
social psychological theoriesthat closely relate to the motivesmost likely to operatein an open source context. Specifically, these
include theories of helping behavior and volunteerism.

Helping behavior has enjoyed significant and long-lived attention as afield of psychological inquiry (Staub 1978). Research in
this area distinguishes between spontaneous and planned helping behavior (Benson et al. 1980). Volunteerism is often cited as
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an exemplar of planned helping (Clary and Snyder 1991), which “often calls for considerably more planning, sorting out of
priorities, and matching of personal capabilities and interests with the type of intervention” (Benson et al. 1980, p. 89). As
observed by Clary et a. (1998), volunteerism, as planned behavior, requires actively seeking volunteer opportunities, aswell as
deliberations about whether to volunteer and to what extent. A commitment to volunteer may require considerabl e personal costs
such astime, effort, and opportunity. That open source developers are, for the most part, volunteers is axiomatic. The question
of interest iswhy do developers volunteer and what sustains this behavior? It isthe voluntary, sustained, and ongoing nature of
participation in open source projectsthat suggests such participation hasmotivational underpinnings. Theoriesof motivation seek
to explain the processesthat give behavior itsenergy and direction (Litwin and Stringer 1968). These concerns accurately reflect
the nature of our inquiries regarding open source participation—that is, what motivates devel opers to participate?

Contributing to open source software involves voluntarily spending one’ stimein the coding of software. A functional approach
to understanding motivation toward volunteer activities, one that emphasizes the social-psychological purposes served by
participation, is well established in the literature (Clary et a. 1998; Clary and Snyder 1991). One consistent theme of any
functional approach is that people engage in the same activity in the service of different socia psychological functions (Smith
et al. 1956; Snyder and DeBono 1989). In the context of open source projects, developer contributions, while seemingly similar,
may reflect distinctly different underlying motivational processes. As a conseguence, the functions served by participation can
significantly influencethe outcomeor productsof participation. Theorized social -psychol ogical functionsserved by volunteerism
that are relevant to OSS participation include the following:

* Normative. Motivationto volunteer isconsidered to serve anormative function when participation isinitiated to better align
oneself with the expectations or actions of peers or significant others. In the context of open source development, OSS
participation may be esteemed within one's peer group such as on a college campus or within an online community. Thus,
an individual motivated by a normative function will contribute to OSS projects to gain the respect of significant others.

« Values. Mativation to volunteer is considered to serve a values function when participation is undertaken out of solidarity
withthecorebeliefsor valuesof the organi zation. One exampl e of thistype of motivation in open source would be acommon
didlike for al things Microsoft that is prevalent in several OSS communities and projects (Stallman 2001). An individual
motivated by such avalues function would contribute to OSS projects because he or she shares the core value that software
should be “free.”

» Understanding. Motivation to volunteer is considered to serve an understanding function when participation isinitiated to
facilitate general learning or the exercise of knowledge, skills, and abilities. In the context of open source, an individual
motivated by an understanding function may undertake OSS participation to become more familiar with the Web in general
or to become familiar with atechnology out of intellectual curiosity.

e  Career Concerns. Motivation to volunteer is considered to serve a career-rel ated function when participation is undertaken
for the purpose of acquiring marketable career-related skills or for the maintenance of existing skills. A career-based
explanation of OSS participation is one of job training: that participation serves as on-the-job-training. For example, an
individual motivated by career concerns could participate in OSS projectsin order to gain or update programming skills.

* EgoEnhancement. Unrelated to egotism, motivation to volunteer is considered to serve an ego enhancement function when
participation involves a motivational processthat centers on the ego’s growth and devel opment including self-esteem, self-
improvement, or personal growth. Similar to understanding, an ego enhancement explanation of OSS participation would
involve the desire to feel better about oneself or one' s abilities through accomplishment in an OSS project. Contributing to
an open source project’s code base and being acknowledged as a contributor could serve as a powerful motivation for an
individual seeking to fulfill an ego enhancement function.

Other Functional Motivationsfor Open Source Participation

In addition to the various motivations to volunteer, there are several other functional motivations for open source participation
in the OSS literature. In arecent article, Hars and Ou (2001) explore various theoretical bases for OSS participation and report
theresultsof an exploratory survey. Two broad categoriesof motivation areidentified: internal motivationsand external rewards.
Some argue that in work activities, an ideal internal motivator derives from the work content which should be satisfactory and
fulfilling for workers (Hackman and Oldham 1980; Osterloh and Frey 2000). According to thejob characteristicsmodel, five core
task dimensions(variety, identity, significance, autonomy, and feedback) i nfluence perceptions of the motivating potential of tasks
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as well aswork performance. In open source development, both variety and autonomy are likely to be high as participants can
select the different features they want to add or repair. Identity isalso likely to be high as contributions are self-contained pieces
of work. Task significance and feedback could be high, depending on the kind of code contributed and the reactions of othersin
the community to the contribution. Thus, contributing to OSS projectsis likely to be internally motivating, i.e., developers may
contribute because they enjoy it. This suggests that open source tasks, and hence participation, may serve arecreation function
for OSS participants.

A source of motivation related to ego enhancement isreputation. Participating in open source projects may serveto build upone's
reputation or status within the community. For example, Moon and Sproull (2002) cite a motivating “credit” policy as an
important component of any successful open source project. A credit-where-credit-is-due philosophy may be critical in building
and mai ntai ning reputation within an open source community. Similarly, Bezroukov (1999) compares OSS projectsto academic
and scientific communitiesdriven by competitionfor statusand reputation. Thus, motivationto participate may serveareputation
enhancement function for OSS participants.

Finally, we consider the prospect that the need for specific functionality from the open source software itself may play arolein
motivating OSS participation (Hars and Ou 2000). The need for specific functionality is often cited by OSS developers as the
reason they initially became involved in their projects (Bollinger 1999; DiBona et al. 1999). A study by Hertel et al. (2003) of
Linux participation reveals pragmatic motives to improve the usefulness of the software as an important motivation for
contributing. Indeed, increasing the use value of the software has been cited as the primary motivation to initiate many of the
projectsthat ultimately have become some of the most successful of open source projectsto date. Lerner and Tirole (2002) report
the resultsfrom three case studiesinto the origins of three popular open source projects. Apache, Perl, and SendMail. In al three
cases, use value of the software was cited as the primary motivation for theinitia creation of the software. Thus, motivation to
participate may derive the need to increase the use value of the software for OSS participants.

In summary, drawing upon the literature surrounding volunteerism and job design we have adopted a functionalist view of
motivation to identify eight functionally based motives to participate in open source projects. These hypothesized functional
motivationsinclude normative pressures, shared val ues, understanding, career concerns, ego enhancement, recreation, reputation,
and use value.

Research M ethods and Results

To identify and analyze the motivational profiles of open source contributors, we used a mixed methods approach (Tashakkori
and Teddlie 1998) involving asurvey and aconjoint analysis exercise. We surveyed the devel opers of three open source projects
under the control of the Apache Software Foundation (ASF). The Apache HTTP (Web) server and associated projects are some
of the most successful open source products to date. The Apache server, the original ASF project, and its derivatives, have a
dominant 63 percent share of the Web server market (Netcraft 2003). Since its inception, the Apache Web server has had over
7,000 source code contributions from more than 400 different open source devel opers (Mockus et al. 2000). Although any of the
Apache projects could provide an interesting vehicle to explore our research question, we have chosen to concentrate our data
collection efforts on the HTTP, Jakarta, and XML projects.! The Apache HTTP server project isafreely available source code
implementation of an HTTP (Web) server and isthe project around which the Apache Group initially formed. The Jakartaproject
consists of all Apache-related server side Java projects and includes more than 18 Java-related subprojects. The Apache XML
project is home for Apache XML related activities and has more than nine XML related subprojects.

The data for this study comes from a targeted, secure, Web-based survey of Apache developers. The survey consists of two
instruments designed to elicit the motivational profiles of the developers (instrument one) and to reveal the relative importance
of each motivation ininfluencing their participation (instrument two). Using archival data on the Apache projects, weidentified
237 Apache contributors.? The survey wasintroduced viae-mail, and datawere collected in 2003. Eleven e-mail invitationswere

"We limit our attention to these three projects for practical reasons. First, these projects are by far the largest, both in terms of the number of
developers and the number of contributions. Second, access to archival data for these projects has proven less problematic than for some of
the smaller projects.

ZContributors contact information (e-mail) was extracted from publicly available Apache project archives using a series of tools devel oped
for that purpose. Specifically, metadatafrom the source control software used by the A pache projectswas mined to associate A pache devel opers
with their specific contributions.
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undeliverable. Of the remaining 226 contributors, 122 completed thefirst instrument yielding a response rate of 54 percent, and
86 completed the second instrument yielding a response rate of 38 percent. A detailed description of the methods, analysis and
results for the survey and the conjoint analysis follows.

I dentifying the Motivational Profiles of OSS Developers: Survey and Factor Analysis

Toassessthesocial psychological functionsserved by volunteerismin an open source context, we adopted the vol unteer functions
inventory assessment (VFI) instrument (Clary et al. 1998). Because the instrument was originally conceived to measure the
motivations of volunteers in non-profit organizations, we adapted the VFI questions to the OSS environment. In addition, we
added measures for the three functional OSS motivations identified earlier: recreation, reputation, and use value.®

We used exploratory factor analysisto identify the latent variables that account for the correlations among responses regarding
our hypothesized functional dimensions of OSS participation (Cattell 1988). Although the VFI instrument has been validated in
numerous settings, we adapted the instrument to the OSS setting and al so added questions to the instrument to assess three other
constructs. Thus, given our modification and enhancement of the VFI instrument, exploratory (not confirmatory) factor analysis
is most appropriate. Several considerations are important to justify the use of factor analytic techniques. First is sample size.
Cattell offersaheuristic of a2:1 ratio of observations to items while Gorsuch (1983) arguesfor an “idea” ratio closer to 5:1. A
total of 122 responses were available for thisanalysis resulting in an acceptableratio of 5.1:1 of observations to items. Another
issue dealswith identifying the underlying factors or latent constructs. There are two considerations here: significance of factor
loadings and simplicity of factor structure. Whilethereis no preciselower bound where one should recognize factor loadings as
significant, we used acut-off of .45 to determine significant factor loadings. Thislower bound iswell above the published criteria
of .30 deemed acceptable in exploratory studies such as ours (Sethi and King 1991).

Our common factor analysis procedure specified aprincipal axisinitial extraction method using communality estimates set to the
squared multiple correl ations between the items. Preliminary factor anal ytic results of the scal eitemswere obtained and analyzed
froman unconstrained factor solution using orthogonal (varimax) rotation. Nineitemsfailed to meet our minimum factor loading
threshold of .45 and were dropped from analysis. One additional item cross-loaded on two or more factors at a level of .35 or
greater and was also dropped from analysis. Thus, 14 items were retained for final analysis. The final analysis employed an
oblique (promax, power 3) rotation as we did not want to presume orthogonality of the factors. Again we used a combination
of severa criteriato determine the appropriate number of factors to be retained (Loehlin 2004). First, given an average initial
communality estimate of .54, an adjusted eigenval ue criterion would recommend afour-factor solution. Examination of the scree
plot, however, recommends afive- or six-factor solution. Examining the proportion of the common variance accounted for by
thefactorsin this case also recommends afive-factor solution asthe first five factors account for nearly 100 percent of theinitial
common variance estimate. Weinterpret the above resultsto indicate afive-factor solution. Asan additional check of the five-
factor solution, the analysiswas repeated while constraining the resultsto afive-factor solution. We then examined the resulting
off-diagonal elements of theresidual correlation matrix. In nearly all casestheresidual valuesarelessthan .05 (all values below
.07) with aroot mean square off-diagonal residual of .032, indicating that the original correlations can be accurately reproduced
from the five-factor solution.

Cronbach’s alphas were calculated to assess the internal reliability of each factor with all values exceeding the recommended
cutoff of .70 (Nunnally and Bernstein 1978). Interpretation and discussion of the five factorsthat emerged from the exploratory
factor analysis follow.

Use-value mativations stemfromaneed for OSS product functionality that iscurrently not implemented or missing dueto defects.
Factor 1 consists of three items originally intended to capture motivations consistent with a use value interpretation. This latent
variable (factor) islabeled Use-Value. The Use-Value factor accounts for 46.8 percent of the common variation of responsesin
our analysis. Reputation motivationsaretheresult of needsto garner stature within the OSS community. Factor 2 consists of three
items originally intended to capture motivations consistent with a reputation interpretation. This latent variable is labeled
Reputation. The Reputation factor accountsfor 24.0 percent of the common variation of responsesin our analysis. Career related
motivations are driven by concerns about one' s career—that OSS participation may serve as some form of job-training. Factor 3
consists of three items originally intended to capture motivations consistent with a career-concerns interpretation. This latent
variableislabeled Career Concerns. TheCareer Concernsfactor accountsfor 13.3 percent of the common variation of responses

A complete listing of the survey instrument is available from the authors upon request.
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in our analysis. Normative motivations for OSS partici pation stem a normative reaction to peers or significant others with whom
respondents share similar interests. Factor 4 consists of two items originally intended to capture motivations consistent with the
normativeinterpretation. Thislatent variableislabeled Normative. The Normativefactor accountsfor 5.5 percent of the common
variation of responses in our analysis. Recreation motivations are the result the motivational nature of the task (primarily
programming) and that the task isinternally motivating and thus serves as form of entertainment. Factor 5 consists of threeitems
originally intended to capture motivations consistent with arecreation interpretation. Thislatent variable islabeled Recreation.
The Recreation factor accounts for 10.5 percent of the common variation of responsesin our analysis.

I dentifying the Relative | mportance of Mativations: Conjoint Analysis

Toassesstherelativeimportance of the different motivational factors, weimplemented a conjoint exercise. Conjoint analysiswas
first used by researchersin marketing and product development (Green and Rao 1971; Green and Wind 1975), but is now used
in various disciplines ranging from agriculture to capital budgeting and healthcare (Detsky et al. 1997; Wigton et al. 1986). In
applying this method, respondents make trade-offs of perceived benefits against perceived costs. The data from this exercise
allow usto estimate a respondent’s utility for various dimensions of hypothesized benefits and costs.

To keep the conjoint tasks to amanageabl e size, Green and Srinivasan (1990) recommend that the number of attributes be limited
to six or fewer where possible. Based on our exploratory factor analysis, we selected the five unique motivational dimensions:
Career Concerns, Use-Value, Reputation, Recreation, and Normative. Each of these five dimensions was operationalized with
three levels in the conjoint analysis (i.e., with low, medium, and high values to be used by individuals for making trade-off
decisions). The Career Concernsdimension is predicated on the belief that participation in OSS projects is sometimes rewarded
by current and future employers. Thus, this dimension is operationalized as the anticipated annual dollar impact of OSS
participation and has the following levels: $0 (no impact), $740, and $2,100.* The Use-Value dimension is operationalized as
the time participants might expect to save as a result of their contribution. Such time savings might take the form of increased
efficiency in the performance of their jobs or less downtime as a result of their contributions. The anticipated time savings
resulting fromincreased Use-Valueisoperationalized as 17, 34, or 51 hoursper year. To operationalizethe Reputation dimension,
we take advantage of the Apache career structure.®> Specifically, as a result of their contributions, participants may anticipate
achieving either therank of devel oper, committer, or ASF member. The Recreation and Normative dimensionsare operationalized
as simple ordinal scales of very high, moderate, and very low.

In addition to the five factors discussed above, we add two control dimensionsthat are relevant for making trade-off evaluations:
the amount of effort required by participation and contribution type. The objective of the effort dimension isto impose a cost of
participation. Many OSS participants devote significant amounts of timeto their projects (Torvalds and Diamond 2001). If OSS
participation were costless, higher levels of thefive previously mentioned factorswould aways dominate lower levels. Thus, the
Effort dimension is operationalized as the time a participant might expect devoteto their OSS contributions and has values of 15,
35, and 100 hours per year.

Not all programming tasks have the same level of desirability (Weinberg 1998). While OSS participants are free to self-select
the projects and tasks on which they would like to work, all options may not be open to them. For example, it is how well
established that within the Linux community only a select few “lieutenants’ regularly make contributionsincluded in the Linux
kernel (Browne 1998; Moon and Sproull 2002). The objective of the contribution type dimension is to capture the scarce nature
of the most desirable work on many popular OSS projects. By motivating this notion of scarcity, we capture an essential trade-off
of OSS participation. Asaresult, thisdimension is designed to capture arealistic set of tasks common to all OSS projects. Thus,
this dimension is operationalized as “ Adding New Functionality,” “Enhancing Existing Functionality,” and “Fixing Software
Bugs’ (defects).

“Valuesfor the Career Concern dimension derive from correlational results reported in Hann et al. (2002) and from the Computerwor|d 2002
Salary/Skills Survey. Vauesfor the Use-Vaue dimension derive from Kemerer and Slaughter (1999), Slaughter et al. (1998), and Banker et
al. (1998). Vauesfor the Effort dimension are from Hann et al. (2002).

There are five observable levels of recognition or rank within the ASF. In order of increasing status, these are developer, committer, ASF
member, project management committee member, and A SF board member. In all casesadvancement inrank isin recognition of anindividual’s
commitment and contributionsto an Apache project. Thus, rank symbolizes both status (reputation) and the degree of accomplishment within
ASF projects.
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Taken together, our conjoint analysis assessed trade-offs along the seven dimensions set out above. Based on these seven
dimensions and their treatment levels, there were a maximum of 37 = 2187 possible conjoint stimuli. To avoid asking subjects
to rank too many alternatives and following advanced techniques in conjoint analysis, we apply individualized hybrid models,
which combine compositional, decompositional, and hybrid preference models (Green 1984; Green and Krieger 1996).

Hybrid conjoint model s combine atwo-stage compositional procedure and adecompositional conjoint exercise. Specificaly, the
contributor’s preference for various dimensions is measured in three separate steps. Steps 1 and 2 comprise the compositional
aspectsof themodel (referredto asthe self-explicated stage) while step 3 comprisesthe decompositional. Instep 1, therespondent
isasked to assign aweight to the various cost and benefit dimensions. In step 2, the respondent rates the desirability of thelevels
of each dimension. And in step 3, the respondent rank orders a set of hypothetical open source participation scenarios (called full
profiles or stimuli) and assigns a probability of participation. This allows usto estimate the contributor’ s utility function, which
assignsapart-worth to each benefit and cost dimension. Essentially, the part-worth isthe marginal utility of the dimension inthe
contributor’ s ranking of the conjoint scenarios. Establishing a part-worth facilitates comparison of economic benefits such as
salary increases with non-economic benefits such as araise in status or reputation. Hence, one can assess the weight that open
source contributors give to various factors underlying their participation decisions.

The hybrid approach has emerged as the method of choice in situations involving complex trade-offs or a large number of
dimensions or attributes. There are several models used to analyze the results of hybrid conjoint data. We have chosen a model
that has shown superior empirical performance in a recent review of competing hybrid models— the modified importances/
desirabilities model (Green 1984). The following equation defines this model:

y =u A+em=1M;Il =1.L
ml ml m

M Lm
Where : Y = Wmdml and (sr -v)/l 7 = % ; Ul I rmi+6;

The implementation of this equation requires that we estimate the final part-worth (or utility) of attribute m at level | to an
individual intwo stages. Inthefirst stage, we estimate amultiple regression with 21 observations of self explicated likelihood-of-
participation scores derived using data collected during the self-explicated stage of the conjoint exercise. In addition to derived
likelihood scores, we add 8 likelihood-of -parti cipation scores resulting from the decompositional stage of the conjoint exercise
for atotal of 29 observations per respondent. In the second stage, we perform a simple regression of the full profile scores (s,)
on the current predicted score for profile r based on the current estimates of the part-worths (u,,,. The intercept and slope from
this simple regression become the updated |ocation parameters (v and 7) for the next iteration of the multiple regression. This
procedure continues until the sum of the squared errors from the multiple regression decreases by no more than some user-
supplied amount, epsilon.

The key outcome of conjoint analysisisthe part-worths (marginal utilities) of the various dimensions that comprise the conjoint
stimuli. To estimate the part-worths, we used the modified importances/desirabilities model outlined above. Recall that the
dependent variable in our model is a vector of likelihood-of-participation scores from two sources: the full profile scoring and
those derived from the self-explicated data collected during the compositional phase. Theindependent variablesinthismodel are
indicators of the various levels of the five hypothesized dimensions of OSS motivation and the two control dimensions. The
coefficient of each independent variable, then, would be the part-worth corresponding to that level of the dimension. Further, we
calculated the relative importance of each dimension. We express the relative importance as a percentage by dividing the part-
worth corresponding to the maximum level of that dimension divided by the sum of the part-worths corresponding to the
maximum levels of all other dimensions.

First, weexaminewhether therespondents’ preferencesover thestimuli (OSS participati on dimensions) show significant variation
with adimension. If the part-worth for aparticular level of adimension differssignificantly from zero, then the evidence suggests
that respondents are willing to make trade-offs between that level and the other levels within that dimension holding the other
levels of the remaining dimensions constant. In our sample, respondents are willing to make trade-offs among al levels for al
dimensions of OSS parti cipation motivations. For exampl e, the part-worth for aUse-Value of 51 hoursis.2094 and is statistically
significant. This means that, on average, participants would be willing to increase their likelihood-of -participation estimate by
3.31 percent as compared to an identical experience having the base Use-Valuelevel 17 hours (.2094 —.1763 out of 100 percent).
A similar calculus can be performed for al levels within each dimension.
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Of particular interest, however, isthe Career Concern dimension. Our resultscan be used to calculatethemarginal utility for each
$100 of Career Concern. The part-worth for a Career Concern of $0 (no impact) is .0475 and is statistically significant.
Following the procedure above, participants would be willing to increase their likelihood-of-participation estimate by only .21
percent, or 3.0E-4per $100 of impact. Alternatively, between the $700 and $2,100 levelsof Career Concern, the $1,400 increase
raises the likelihood-of participation estimate by 4.29 percent, or .003 per $100 of impact. These two estimates provide arange
of 3.0E-4 to .003 per $100 of impact.

Using the Career Concern marginal utilitiesand the part-worthsfor any of the other dimensions, we can estimatethe dollar value
of that dimension level on aper-respondent basis. Asan example, consider the Use-Valuedimension. The part-worth for 51 hours
of Use-Valueis.2094. Using the upper-bound for the Career Concern marginal utility (.003 per $100), thevalueis$1,030. Using
the Career Concern marginal utility between $0 and $2,100 (2.14E-5 per $100), the value is $1,545.

As acheck on the external validity of our results, notice that the per hour dollar value from the Use-Value calculation above is
close to the hourly market value of quality software developers. Using the average senior systems analyst salary reported in the
2002 Computerworld survey (Computerworld 2002) the market value of one hour is $38.15 ($76,300/2000 hours). Accordingly,
aUse-Valueof 51 hourswould have a market value of $1,945—very near the $1,545 value estimated in the preceding paragraph
using the Career Concern marginal utilities. We can use the same method to derive estimated dollar values for the remaining
dimension levels.

Discussion and Conclusions

Inthiswork we empirically investigated the motivations of open source contributorsfor three Apache projects. Based on theories
of volunteerism and job-design, we identified functionally based motivations to participate in open source projects. A survey
instrument and a subsequent factor analysis were used to explore the appropriateness of our hypothesized motivations. Of the
motivations, five (normative, career impact, recreation, reputation, and use value) were related to latent variables or factors that
held significant explanatory power for the observed correlations among the observed variables. A hybrid conjoint exercise was
introduced to investigate the relative importance of the motivations to contribute to open source projects. Of the five relevant
factors, use value and recreationa value were found to be of highest relative importance, followed by career concern and
reputation. Normative was found to be the least important motivation.

Gaining an understanding of the motivational structure of contributorsisacritical first step in evaluating open source asaviable
development model for commercial software engineering endeavors (Strasser 2001). Corporationssuch as|BM, SUN, and AOL
Time Warner have embraced open source devel opment as a new paradigm for software engineering. One of the main concerns
has always been how to align the unstructured and often uncertain initiatives of the open source community with the zeal for
milestones and project accountability in commercial software devel opment.

This study providesimportant insights for the management of commercial initiatives based on open source. Our resultsindicate
that contributors are primarily motivated to contribute by higher use value for their own purpose, by the recreational value of
coding, and by considerations for future career concerns. Recognizing this, it is unlikely that voluntary contributors can be
convinced to adhere to timetables per se. Our results imply that attempts to impose deadlines or similar management control
practices are not likely to be successful in the open source context, because open source contributors are motivated more by
internal factors. For firms hoping to leverage open source methods, thisimpliesthat substantial complementary investmentshave
to be made before the potential of high-quality open source software can be realized. These investments encompass al areas,
which are not attractive to voluntary contributors, such as interoperability with proprietary platforms, documentation, and
mai ntenance.

Our results also have interesting implications that are open for future research. First, our results would benefit from further
validation in other open source contexts and methodologies. Our research approach is characterized by a deep sampling of the
three major Apache projects. The results that we obtained are, therefore, strongest in internal and external validity with respect
to the Apache projects sampled. While we have not encountered any systemic differences across the three projects that we have
covered and have no indication why this should be the case with the other subprojects, only asimilar analysisin other open source
projects can provide assurance. In addition, avalidation through other methods would strengthen our results. For thiswork, we
have relied on asurvey instrument to provide uswith data. Although the same individual s provided responsesviathe survey, we
see no reasonable alternative than to obtain the data from the same source. Motivation is a subjective construct. Only the
individual involved can report on hisor her own motivations (motivations can neither be observed nor inferred). Similarly, only
theindividual can tell us what is the personal utility of a particular motivation for contributing. However, future studies could
relate self-reported motivations to objectively observed behaviors (such as documented source code contributions) to mitigate
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same-source bias. Another question is the viability of open source communities with voluntary contributors when firms with
commercial interestsare contributing significantly to the project and henceyield greater influence. Oneimplication of our research
isthat such “paid” contribution may reduce the motivation based on recreational value (fun factor), but increase the motivation
based on career concern. In addition, from a motivation point of view, it may be best if the firm’s commercial efforts are
concentrated on complementary areas. IBM’s focus on making their hardware and software suites Linux compatible is one
example of aviable partnership. Similarly, Red Hat (for Linux) and Sun (for OpenOffice) primarily offer servicesin the areas
of distribution, service and support, and consulting.

References

Apache, Apache Software Foundation ,2001 (available online at http://www.apache.or g/foundation/).

Banker, R. D., Davis, G. B., and Slaughter, S. A. “Software Development Practices, Software Complexity, and Software
Maintenance Performance: A Field Study,” Management science (44:4), 1998, pp. 433-450.

Benson, P., Dohority, J., Garman, L., Hanson, R., Hochschwender, M., Lebold, C., Rhor, R., and Sullivan, J. “Intrapersonal
Correlates of Nonspontaneous Helping Behavior,” Journal of Social Psychology (110:1), 1980, pp. 87-95.

Bezroukov, N. “Open Source Software Development as a Special Type of Academic Research,” First Monday (4:10), 1999
(available online at http://tir stmonday.or g/issues/issue4 10/bezr oukov/index.html).

Blau, P. Exchange and Power in Social Lite, Wiley, New Y ork, 1964.

Bollinger, T. “Linux and Open-Source Success:. I nterview with Eric S. Raymond,” |EEE Software (16:1), 1999, pp. 85-89.

Browne, C. B. “Linux and Decentralized Development,” First Monday (3:3), 1998 (availableonlineat http://www.tir ssmonday.
or g/issues/issue3_3/browne/index.html).

Cattell, R. B. “The Meaning ans Strategic Use of Factor Analysis,” in Handbook of Multivariate Experimental Psychology, J.
R. Nesselroade and R. B. Cattell (Eds.), Rand McNally, Chicago, 1988, pp. 173-159.

Clary, E. G., and Orenstein, L. “The Amount and Effectiveness of Help: The Relationship of Motives and Abilities to Helping
Behavior,” Personality and Social Psychology Bulletin (17), 1991, pp. 58-64.

Clary, E. G., Ridge, R. D., Stukas, A. A., Snyder, M., Copeland, J., Haugen, J., and Miene, P. “Understanding and Assessing
the Motivations of Volunteers: A Functional Approach,” Journal of Personality and Social Psychology (74:6), 1998, pp.
1516-1530.

Clary, E. G., and Snyder, M. “A Functional Analysisof Altruismand Prosocia Behavior: The Caseof Vvolunteerism,” in Review
of Personality and Social Psychology, M. Clark (Ed.), Sage Publications, Newbury Park, CA, 1991, pp. 119-148.

Computerworld.  “Computerworld 2002 Saary/Skills  Survey,” Computerworld Inc., (available online at
http://www.computerwor ld.com/depar tments/sur veys/skills?from=bsm; accessed March 2003).

Detsky, A. S., Naglie, G., Krahn, M. D., Naimark, D., and Redelmeier, D. A. “Primer on Medical Decision Analysis. Part 1:
Getting Started,” Medical Decision Making (17), 1997, pp. 123-126.

DiBona, C., Ockman, S.,and Stone, M. (Eds.). Open Sources. Voices fromthe Open Source Revolution, O’ Reilly & Associates,
Sebastopol, CA, 1999.

Ghosh, R. A. “Interview with Linus Torvalds: What M otivates Free Ssoftware Developers?,” First Monday (3:3), 1998 (available
online at http://www.fir stmonday.dk/issues/issue3 3/torvaldsindex.html).

Gorsuch, R. L. Factor Analysis (2" ed.), Lawrence Erlbaum Associates, Hillsdale, NJ, 1983.

Green, P. “Hybrid Modelsfor Conjoint Analysis: An Expository Review,” Journal of Marketing Research (21), 1984, pp. 155-
159.

Green, P.,andKrieger, A. M. “Individualized Hybrid M odel sfor Conjoint Analysis,” Management Science (42:6), 1996, pp. 850-
867.

Green, P., and Rao, R. “Conjoint Measurement: A New Approach for Quantifying Judgmental Data,” Journal of Marketing
Research (8:3), 1971, pp. 355-363.

Green, P., and Srinivasan, V. “Conjoint Anaysis in Marketing: New Developments with Implications for Research and
Practice,” Journal of Marketing (54), October 1990, pp. 3-19.

Green, P., and Wind, Y. “New Techniques for Measuring Consumer Evaluations of Products and Services,” Harvard Business
Review (53), July-August 1975, pp. 107-117.

Hackman, J. R., and Oldham, G. Work ReDesign, Addison-Wesley, Reading, MA, 1980.

Hann, I., Roberts, J., Slaughter, S. A., and Fielding, R. “Economic Incentives for Participating in Open Source Software
Projects,” in Proceedings of the Proceedings of the 22™ Inter national Conference on Information Systems, L. Applegate, R.
Galliers, and J. |. DeGross (Eds.), Barcelona, Spain. 2002, pp. 365-372.

Hars, A., and Ou, S. “Why Is Open Source Software Viable? A Study of Intrinsic Motivation, Personal Meeds, and Future
Returns,” in Proceedings of the 6™ Americas Conference on Informations Systems, M. Chung (Ed.), Long Beach, CA, 2000,
pp. 489-490.

2004 — Twenty-Fifth International Conference on Information Systems 829


http://www.apache.org/foundation/
http://firstmonday.org/issues/issue4_10/bezroukov/index.html
http://www.firstmonday.org/issues/issue3_3/browne/index.html
http://www.firstmonday.org/issues/issue3_3/browne/index.html
http://www.computerworld.com/departments/surveys/skills?from=bsm
http://www.firstmonday.dk/issues/issue3_3/torvalds/index.html

Hann et al./Developer Participation in OSS Projects

Hars, A., and Ou, S. “Working For Free? Motivations of Participating in Open Source Projects,” in Proceedings of the 34"
Hawaii International Conference on System Science (Vol. 7), IEEE Computer Society Press, Los Alamitos, CA, 2001. pp.
2284-2292.

Hertel, G., Nieder, S., and Herrmann, S. “Motivation of Software Devel opersin Open Source Projects: Anlnternet-Based Survey
of Contributorsto the Linux Kernel,” Research Policy (32:7), 2003, p. 1159-1198.

Kemerer, C. F., and Slaughter, S. A. “An Empirical Approach to Studying Software Evolution,” IEEE Transactions on Software
Engineering (25:4), 1999, pp. 493-509.

Lakhami, K., and von Hippel, E. “How Open Source SoftwareWorks: ‘Free' User-to-User Assistance,” Massachusetts | nstitute
of Technology Sloan Open Source Project (available online at http://opensource.mit.edu/papers/
lakhanivonhippeluser support.pdf).

Lerner, J., and Tirole, J. “ Some Simple Economics of Open Source,” The Journal of Industrial Economics (50:2), 2002, pp. 197-
234,

Litwin, G. H., and Stringer, J., R. A. “Motivation and Organizational Climate,” Division of Research, Graduate School of
Business Administration, Harvard University, Boston, 1968.

Loehlin, J. C. Latent Variable Models: An Introduction to Factor, Path, and Structural Equation Analysis, (4" ed.), Lawrence
Erlbaum Associates, Mahwah NJ, 2004.

Mauss, M. the Gift: Formsand Functions of Exchange in Archaic Societies, Norton, New Y ork, 1967.

Mockus, A., Fielding, R., and Herbdleb, J. D. “A Case Study of Open Source Software Development: The Apache Server,” in
Proceedings of the 22™ | nternational Conference on on Software Engineering, ACM Press, New Y ork, 2000, pp. 264-272.

Moon, J. Y., and Sproull, L. “Essence of Distributed Work: The Case of the Linux Kernel,” in Distributed Work, P. Hinds and
S. Kieder (Eds.), MIT Press, Cambridge, MA, 2002, pp. 381-404.

Netcraft. The Netcraft Web Server Survey, Netcarft, Bath, England, 2003.

Nunnally, J., and Bernstein, |. H. Psychometric Theory, (3 ed.), McGraw-Hill, New Y ork, 1978.

O'Reilly, T. “Open Source: The Model for Collaborationinthe Age of the Internet,” Keynote Address presented to Computers,
Freedom and Privacy, Toronto, Canada. April 6, 2000 (available online at http://www.or eillynet.com/pub/a/networ k/
2000/04/13/CFPkeynote.html).

OSl. “The Open Source Definition,” The Open Source Initiative, 2001 (available online at
http://opensour ce.or g/docg/definition_plain.html).

Osterloh, M., and Frey, B. “Mativation, Knowledge Transfer, and Organizational Forms,” Organization Science (11:5), 2000,
pp. 538-550.

Raymond, E. The Cathedral and the Bazaar: Musingson Linux and Open Source by an Accidental Revolutionary (Revised ed.),
O'Reilly & Associates, Boston, MA, 2000.

Rousseau, D. psychological Contractsin Organizations. Understanding Written and Unwritten Agreements, Sage Publications,
Thousand Oaks, CA, 1995.

Sethi, V., and King, W. R. “Construct Measurements in Information Systems Research: An Illustration in Strategic Systems,”
Decision Sciences (22:3), 1991, pp. 455-472.

Settoon, R., Bennett , N., and Liden, R. “ Social Exchangein Organizations. Perceived Organizational Support, L eader-Member
Exchange, and Employee Reciprocity,” Journal of Applied Psychology (81:3), 1996, 21-227.

Slaughter, S. A., Harter, D. E., and Krishnan, M. S. “Evaluating the Cost of Software Quality,” Communications of the ACM
(41:8), 1998, pp. 67-73.

Smith, M. B., Brunder, J. S., and White, R. W. Opinions and Personality, Wiley, New Y ork, 1956.

Snyder, M., and DeBono, K. G. “Understanding the Functions of Attitudes: L essons from Personality and Social Behavior,” in
Attitude Sructure and Function, A. R. Pratkanis, S. J. Breckler and A. G. Greenwald (Eds.), Lawrence Erlbaum, Hillsdale,
NJ, 1989, pp. 339-359.

Stallman, R. “Philosophy of the GNU Project,” GNU—Free Software Foundation, 2001 (http://www.gnu.or g/philosophy/
philosophy.html).

Staub, E. Positive Social Behavior and Morality, Academic Press, New Y ork, 1978.

Strasser, M. “A New Paradigm in Intellectual Property Law? The Case Against Open Sources,” Sanford Technology Law
Review (4), 2001, pp. 2-70.

Tashakkori, A., and Teddlie, C. Mixed Methodology: Combining Qualitative and Quantitative Approaches, Sage Publications,
Thousand Oaks, CA, 1998.

Torvalds, L., and Diamond, D. Just for Fun: The Story of an Accidental Revolutionary, Harper Business, New Y ork, 2001.

Weinberg, G. The Psychology of Computer Programming (Silver Anniversary Edition), Van Nostrand Reinhold, New Y ork,
1998.

Wigton, R. S., Hodllerich, V. L., and Patil, K. D. “How Physicians Use Clinica Information in Diagnosing Pulmonary
Embolism: An Application of Conjoint Analysis,” Medical Decision Making (6), 1986, pp. 2-11.

830 2004 — Twenty-Fifth International Conference on Information Systems


http://opensource.mit.edu/papers/lakhanivonhippelusersupport.pdf
http://opensource.mit.edu/papers/lakhanivonhippelusersupport.pdf
http://www.oreillynet.com/pub/a/network/2000/04/13/CFPkeynote.html
http://www.oreillynet.com/pub/a/network/2000/04/13/CFPkeynote.html
http://opensource.org/docs/definition_plain.html
http://www.gnu.org/philosophy/philosophy.html
http://www.gnu.org/philosophy/philosophy.html

	Association for Information Systems
	AIS Electronic Library (AISeL)
	December 2004

	Why Developers Participate in Open Source Software Projects: An Empirical Investigation
	Il-Horn Hann
	Jeff Roberts
	Sandra Slaughter
	Recommended Citation


	Why Developers Participate in Open Source Software Projects:  An Empirical Investigation

