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ABSTRACT: As a community-based innovation, the open source software (OSS) develop-
ment phenomenon has received great attention from researchers and practitioners. Under-
standing the factors that affect the involvement and contributions of participants in OSS 
projects is of signifi cance to facilitate project success. This paper investigates the effects of 
motivation on participant performance in OSS projects, drawing upon self-determination 
theory to examine how task effort (i.e., effort intensity and goal commitment) mediates 
the relationships between a spectrum of motivations and individual performance. The 
research model is supported by survey data from 204 participants in OSS projects. The 
theoretical contributions and managerial implications are discussed.
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As a community-based innovation, open source software (OSS) projects such 
as Linux and Apache are exemplars of organizational models for innovation 
and product development [24, 73]. The distinction of OSS projects is that 
their participants, most likely volunteers, collaborate with one other and 
continuously improve the software programs through the Internet [40]. The 
participants also provide mundane services that are critical for the viability 
of the communities, such as documentation and helping new members. Since 
there are no traditional organizational structures of control, the viability and 
sustainability of OSS projects rely on participants’ self-managing contribu-
tions [66, 67, 73, 74]. Studying the factors that lead individuals to participate 
and remain engaged in OSS projects helps us to understand the success of 
OSS projects [5].

A number of studies address such questions as “What factors drive partici-
pants to contribute to OSS communities?” and “How do OSS project groups 
keep participants engaged in the community?” (e.g., [5, 30, 31, 73, 80]). From 
the personal perspective, studies have found that participation in OSS proj-
ects is driven by intrinsic or extrinsic motivations [30, 38, 60]. From the social 
perspective, research has found that conviction of the ideology associated 
with OSS development and identifi cation with OSS project groups serve as 
linchpins in enabling OSS efforts and success [5, 31, 39, 51, 66].

The extant literature only assesses the direct main effect of each of these 
four motivational factors on individual participation in or contribution to 
OSS projects (e.g., [30, 60]). There is a lack of research examining the effect of 
motivation on participation outcomes such as performance. Performance is 
defi ned as the cognitive outcome of conducting a series of activities [78]. The 
viability and sustainability of OSS communities rely more on the outcomes 
than on the act of participating. Therefore, investigating how motivational 
factors affect task performance will provide practical guidelines for possible 
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mechanisms that enhance the chance of project success. In addition, there is 
no prior study examining the effect of mediator variables on the relationships 
between motivational factors and performance in OSS projects. This lack of 
understanding of the black box may explain why some fi ndings are mixed 
and even controversial. For example, Roberts, Hann, and Slaughter found 
that intrinsic motivation had no signifi cant effect on participants’ contribu-
tion levels, whereas Shah found that intrinsic motivation drove developers to 
remain engaged in the project [60, 63]. Lakhani and Wolf also found evidence 
in favor of intrinsic motivation as the driving force [38]. Investigating what 
factors mediate the relationships between motivational factors and perfor-
mance, and how they do this, may help to resolve the inconsistency of the 
existing research fi ndings.

The present study attempts to address the shortfall in the literature by in-
vestigating the factors mediating the association of motivation and participant 
performance in OSS projects. In particular, it draws upon self-determination 
theory (SDT) to develop a research model. According to SDT, the above-
mentioned social motivational factors, namely social identifi cation with the 
project group and the conviction of OSS ideology, are internalized extrinsic 
motivations [19, 61]. Together with personal motivations (i.e., intrinsic and 
extrinsic motivation), they form a more comprehensive set of motivation types 
in OSS communities. Therefore, these four types of motivation are incorpo-
rated in the study.

SDT posits that motivation is an intention to act and therefore cannot lead to 
behavior outcomes directly. Instead, motivation is translated into participation 
outcomes, such as task performance, by means of effort expended on the task 
[19, 45, 55]. Following this notion, the study develops and tests a structural 
model in which task effort mediates the effects of motivation on participants’ 
performance in OSS projects. In particular, it is expected that task effort, 
namely effort intensity and goal commitment, will mediate the motivation–
performance relationship. Effort intensity refers to the amount of resources 
expended [34, 58, 75]. Goal commitment is defi ned as a person’s persistence 
in reaching the goal [47]. Empirical data from individuals participating in 
OSS projects largely support the relationships among motivational factors, 
mediators, and task performance.

Motivations in OSS Communities

According to previous studies, participant motivation, as the driver for initial 
and continued engagement, effort, and contributions, plays a critical role in 
OSS project success [30, 31, 60, 63, 73]. In particular, researchers have found 
that the motivational factors in OSS communities include individuals’ intrinsic 
and extrinsic motivation, social identifi cation with OSS project groups, and 
conviction of the OSS movement ideology. The intrinsic motivation of OSS com-
munity participants includes enjoyment derived from the challenge of seeking 
solutions and learning programming [30, 31, 63]; their extrinsic motivation 
includes their personal software needs, career concerns, and reputations and 
status in the community [24, 29, 37, 59]. The effect of intrinsic and extrinsic 
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motivation on individual contributions to OSS communities has gained wide 
empirical support (e.g., [30, 31]).

Recent studies of OSS have found that OSS communities play a critical role 
in motivating developers to contribute to OSS projects (e.g., [5, 30, 38]). In 
particular, research has found that social identifi cation with the community 
is an important factor leading the surveyed developers to contribute to OSS 
projects [5, 38]. Social identifi cation helps explain why individuals are willing 
to perform tasks that are mundane, time-consuming, and unlikely to garner 
prestige [5, 31, 37]. Examples of tasks of this type are providing unpaid as-
sistance and advocacy to enlist and help new users, providing fi eld support 
for other members of the group, and contributing one’s own money to run 
advertisements for the group [5]. OSS research has also found that ideology 
associated with OSS development is an important motivator for individual 
contributions to OSS projects [5, 51, 67].

While studies on motivation in OSS communities advance our under-
standing of what mobilizes individuals to participate in and contribute to 
the development of public goods, they do not provide insights into how 
motivational factors lead to individual performance. This approach neither 
refl ects the richness of motivation theories nor provides a good description 
or explanation of the relationships.

Self-Determination Theory

The topic of motivation plays a central role in the fi eld of performance man-
agement—both practically and theoretically. While managers see motivation 
as an integral part of the performance equation at all levels, researchers regard 
it as a fundamental building block in the development of theories of effective 
management practice [65]. Indeed, motivation theories are widely used to 
study work performance and job satisfaction [48]. There are many defi nitions 
of motivation in the literature. For example, Atkinson defi nes motivation as 
“the contemporary (immediate) infl uence on direction, vigor and persistence 
of action” [4, p. 2], while Locke and Latham defi ne motivation as “internal 
factors that impel action and the external factors that can act as inducements to 
action” [48, p. 388]. According to Pinder, motivation refers to “a set of energetic 
forces that originates both within as well as beyond an individual’s being, to 
initiate work-related behavior, and to determine its form, direction, intensity, 
and duration” [56, p. 11]. All these defi nitions are principally concerned with 
factors or events that energize, channel, and sustain human behavior over time 
and eventually lead to task performance and well-being [47, 50, 65].

In the literature, many theories have been put forth to explain individual 
motivation [34, 56]. For example, deriving from the early work of Lewin and 
Tolman, Vroom presented the fi rst systematic formulation of expectancy theory 
[42, 70, 75]. Similarly, Locke and Latham proposed a theory of goal setting 
that links goal specifi city, goal diffi culty, and goal commitment to enhanced 
task performance [47]. Most of these theories make meaningful contributions 
to our understanding of what is obviously a complex process. However, 
with the exception of SDT, motivation theories treat motivation as a unitary 
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concept [19, 53, 61]. Although these theories recognize variation in the degree 
of motivation, they do not acknowledge the different types of motivations. 
This becomes problematic when there are multiple types of motivation infl u-
encing individuals’ action intentions (e.g., the OSS context in which intrinsic 
and extrinsic motivations, social identifi cation, and ideology conviction all 
play a role in energizing participants).

Porter and Lawler fi rst proposed a model of intrinsic and extrinsic moti-
vations [58]. Intrinsic motivation involves doing an activity to satisfy some 
immediate personal need, and thus the activity “is valued for its own sake 
and appears to be sustained” [17, p. 105]. In other words, intrinsic motivation 
refers to the motivation to engage in work primarily for its own sake because 
the work itself is engaging, interesting, or in some way satisfying. Extrinsic 
motivation, in contrast, requires an instrumentality between the activity and 
some separable consequences. That is, extrinsic motivation is the motivation 
to work primarily in response to something apart from the work itself, such as 
reward or recognition or the dictates of others. Therefore, extrinsic motivation 
involves undertaking an activity to satisfy one’s needs indirectly.

SDT further differentiates extrinsic motivation by using the concept of 
internalization [18, 19, 61]. Internalization refers to taking in a behavioral 
regulation and the value that underlies it. According to SDT, extrinsic motiva-
tion can vary in the degree to which it is externally regulated or internalized. 
Specifi cally, Deci and Ryan identifi ed four different forms of extrinsically 
motivated behavior: external, introjected, identifi ed, and integrated [19]. With 
an external motivation (i.e., extrinsic motivation, as in other motivation theo-
ries), an individual acts with the intention of obtaining a desired consequence 
or avoiding an undesired one, and so is energized into action only when the 
action is instrumental to those ends. For example, working to get a reward is 
considered extrinsic motivation. In contrast, when internalized, an individual 
takes in values and regulatory control, such that the external regulation of a 
behavior is transformed into an internal regulation and no longer requires the 
presence of an external contingency [53, 61]. Based on the degree to which 
an external regulation has been internalized, internalized motivation can be 
categorized as introjected, identifi ed, or integrated [25, 61]. When introjected, 
one has taken in the regulation but has not accepted it as one’s own. When 
identifi ed, one feels greater freedom and volition because the behavior is 
more congruent with one’s personal goals and identity. Social identifi cation 
with the project group is an example of identifi ed extrinsic motivation. When 
integrated, one has a full sense that the behavior is an integral part of who one 
is, that it emanates from one’s sense of self and is thus self-determined. For 
example, an ideology conviction is a kind of integrated extrinsic motivation. 
Table 1 provides a mapping of motivations in OSS projects to the motivational 
categories suggested by SDT.

In addition, SDT, like other contemporary motivation theories, explicates 
how motivations affect behavior outcomes (e.g., task performance) by investi-
gating the mediating effect of effort expended on the task. Motivations refl ect 
intentions to act [19]. They are not actions that can lead to work outcomes 
directly; rather, they are translated into accomplished work by means of ef-
fort [55]. It is established that task effort consists of three components: goal 



INTERNATIONAL JOURNAL OF ELECTRONIC COMMERCE     43

commitment (or duration), effort intensity (or force), and direction [34]. Goal 
commitment is defi ned as “the determination to try for a goal and the persis-
tence in pursuing it over time” [32]. Effort intensity refers to the amount of 
resources expended. That is, effort intensity refers to how hard a person tries 
to carry out a chosen behavior [34, 78]. Task direction is a person’s behavioral 
choice and is often measured as a choice between mutually exclusive courses 
of action [34].

Research Hypotheses

Drawing on motivation theories, and on self-determination theory in par-
ticular, the study developed a research model to investigate the black box 
of motivation’s effects on participant performance in OSS projects. Figure 1 
depicts the research model. Specifi cally, it depicts how the four motivations 
(i.e., intrinsic motivation, extrinsic motivation, social identifi cation, and ide-
ology conviction) lead to participant performance in OSS projects, with their 
effects being mediated by task effort (i.e., effort intensity and goal commit-
ment). As mentioned above, motivational factors are not actions that can lead 
to work outcomes directly; rather, they are translated into accomplished work 
by means of effort [55]. In this study, performance is defi ned as the perceived 
outcome of an individual’s behavior in an OSS project [54]. In addition to the 
four motivations, four factors are also considered as control variables that may 
have infl uence on the mediators.

Task effort consists of three components: goal commitment, effort inten-
sity, and effort direction [34]. The model focuses on the fi rst two dimensions 
of effort and leaves out effort direction. There are two reasons for this: First, 
effort intensity and goal commitment constitute the essence of working hard 
over time [12]. Second, individuals may participate in multiple OSS projects, 
and the study is interested in the projects to which they dedicate most of their 
effort (i.e., effort direction is to work most actively in an OSS project for each 
individual).

When effort intensity is high, the individual allocates a large portion of 
resources available to the task at hand and thus may achieve good perfor-
mance [34]. In OSS communities, project goals are usually set by project core 
teams or initial software developers [51]. Although the content of goals varies 
across different OSS projects, the central component of all OSS project goals 

Motivation in 
OSS communities Motivation in SDT

Extrinsic motivation External motivation
Social identifi cation Identifi ed extrinsic motivation
Ideology conviction Integrated extrinsic motivation
Intrinsic motivation Intrinsic motivation

Table 1. Mapping of Motivational Factors in OSS to Categories 
Suggested by SDT.
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is the development of free software that meets user requirements [64]. Goal 
commitment is the binding of individuals to specifi c behavioral acts [62]. It 
manifests the extent to which the individual psychologically accepts the goal 
[47]. Therefore, an individual having a high level of goal commitment should 
persist in that effort and thus attain high performance [46].

Intrinsic motivation is a psychological force within an individual that de-
termines the direction of the individual’s behavior, level of effort, and level 
of persistence in the face of obstacles [34]. This force is derived from the in-
dividual’s need for self-determination and competence [20]. At any time, the 
need that is the most intense is the one individuals will attempt to satisfy or 
to reduce through their behavior [77]. That is, behavior is, to a certain extent, 
ruled by psychological needs [18]. In OSS communities, individuals have the 
freedom to choose what to contribute and how to contribute [9]. In addition, 
OSS communities continuously improve their software, which challenges 
individuals cognitively and requires them to be creative. Further, all solu-
tions to problems are transparent, which provides excellent opportunities for 
individuals to learn [59]. As such, developing OSS readily satisfi es the need 
for self-determination and competence. Individuals with higher intrinsic mo-
tivation have more intense need and therefore tend to work more intensely 
on the OSS project.

Intrinsic motivation is expected to have a similar effect on goal commit-
ment in OSS communities. The individual’s need for competence and self-

Figure 1. The Research Model
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determination is consistent with the project goal of continuously improving 
the software to best meet user requirements. As long as the OSS project is 
ongoing, the project can keep the individual constantly challenged, learning, 
and enjoying the freedom to do what he or she likes to do. Indeed, the more 
complex and diffi cult the task, the more it may satisfy the individual’s need 
for competence and make the individual more persistent [47]. Stated alter-
natively, intrinsic motivation energizes the individual to be more committed 
to the goal. Empirically, the effect of intrinsic motivation on individual OSS 
project participation has gained support from the several prior studies (e.g., 
[31, 63]). Therefore, 

Hypothesis 1a: Intrinsic motivation positively affects an individual’s effort 
intensity in OSS projects.

Hypothesis 1b: Intrinsic motivation positively affects an individual’s goal 
commitment in OSS projects.

Extrinsic motivation drives individuals to work hard on the project so that 
they can get the expected reward, such as future career opportunities and 
fi nancial gains. Individuals tend to rationally evaluate various behaviors (e.g., 
work harder) and then choose the behaviors they believe will lead to their 
most valued rewards and outcomes (e.g., job opportunities) [75]. According 
to SDT, when rewards are performance-contingent, they increase the impor-
tance of doing well on a personal level and thus motivate individuals to work 
more intensively [19, 60, 61]. Therefore, a high level of extrinsic motivation is 
associated with a high level of effort intensity.

In the OSS context, participants can signal their ability to potential em-
ployers and gain status in the community [41, 74]. These incentives are 
ego-enhancing and provide feelings of worth [60]. The positive relationship 
between extrinsic motivation and effort intensity is expected to remain valid 
in the OSS context.

The empirical fi ndings of extrinsic motivation’s effect on goal commitment 
in OSS communities are mixed. For example, some scholars have found that 
individuals with high extrinsic motivation had low goal commitment [63]. By 
contrast, other researchers found that extrinsic motivation made individuals 
remain engaged in the OSS community (e.g., [24, 29, 37, 59, 60]). According 
to motivation theories in general and SDT in particular, external incentives 
positively affect goal commitment [19, 45, 75]. The positive relationship be-
tween extrinsic motivation and goal commitment has gained strong support 
from empirical studies conducted in contexts other than OSS communities, 
although there are confl icting results in previous studies on OSS communities 
(e.g., [49, 52, 79]). Therefore,

Hypothesis 2a: Extrinsic motivation positively affects an individual’s effort 
intensity in OSS projects.

Hypothesis 2b: Extrinsic motivation positively affects an individual’s goal 
commitment in OSS projects.
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When individuals work in groups, their behavior is infl uenced by their 
social identifi cation, in addition to their individual preferences and motives. 
In social settings, individuals tend to think of themselves and others in terms 
of particular group memberships [68, 70]. Social identifi cation is a process by 
which information about social groups is related to the self [21]. In particular, 
social identifi cation leads individuals to demonstrate loyalty to the group 
and induces adherence to group norms—they perceive an interdependence 
between their individual outcomes and the group’s collective outcomes, and 
have less individually instrumental considerations [1, 6]. Therefore, SDT sug-
gests that social identifi cation enables an individual to take in the regulatory 
control and voluntarily perform behaviors for the benefi t of group members 
[6, 19, 22].

This logic can be extended to the OSS context. Individuals who have a high 
level of identifi cation with an OSS project group will perceive the collective 
goal as their own. In particular, as a member of the group, the individual’s 
behavior is ruled by group norms—that is, reciprocity norms. So the individual 
is mobilized to expend intense effort on solving problems and contributing 
source code to support other participants, with trust in the others to do the 
same [11, 66]. Moreover, the internalized collective goal will get the individual 
affectively involved in striving for goal attainment [1, 19]. As such, the indi-
vidual will persistently work on the goal and overcome diffi culties to attain 
the goal. Therefore,

Hypothesis 3a: Social identifi cation with the group positively affects an indi-
vidual’s effort intensity in OSS projects.

Hypothesis 3b: Social identifi cation with the group positively affects an indi-
vidual’s goal commitment in OSS projects.

Ideology is defi ned as “shared, relatively coherently interrelated sets of 
emotionally charged beliefs, values and norms that bind some people together 
and help them make sense of their worlds” [71, p. 33]. Ideology guides indi-
viduals in evaluating the legitimacy of their behavior and endorses relevant 
tasks with meaningfulness and signifi cance [33]. An individual who identifi es 
with an ideology will perceive the work aligned with this ideology as reward-
ing and worthwhile. Therefore, ideology conviction plays a motivating role in 
energizing the individual’s’ effort toward a goal aligned with the ideology. It 
is believed that a high level of ideology conviction will result in commitment, 
involvement, and concentration of energy [35].

Conviction of the OSS ideology is expected to energize individual effort. 
The OSS movement is ideologically rich in meaning. For example, many 
proponents of OSS argue that making the source code freely available helps 
increase the software’s value to individual users and to society as a whole 
[64], while proprietary software is immoral and can harm society. According 
to SDT, an individual who shares the values of the OSS movement will per-
ceive working hard on an OSS project as meaningful and purposeful, rather 
than just performing the task per se [19, 61]. This meaningfulness involves 
the individual intrinsically caring about developing OSS and represents an 
investment of psychic energy. As such, the more the individual shares the 
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values of OSS ideology, the higher the level of effort expended [5, 44, 51, 66]. 
Therefore,

Hypothesis 4a: Ideology conviction positively affects an individual’s effort 
intensity in OSS projects.

Hypothesis 4b: Ideology conviction positively affects an individual’s goal 
commitment in OSS projects.

Parsons defi ned effort as the means by which motivation is translated into 
accomplished work [55]. This defi nition suggests that effort plays a mediating 
role between motivation and work outcomes. According to SDT, motivation, 
as an intention to act, cannot lead to performance directly [19]. Instead, it is 
effort that translates motivation into behavior outcomes (e.g., task perfor-
mance) [12, 36]. Alternatively, if there is no effort, motivations can have no 
effect on behavior outcomes [47, 50]. The mediating role of effort is empirically 
supported in many fi elds of research, such as psychology and marketing [12, 
14, 16]. In particular, there is consistent theoretical and empirical support for 
effort’s mediating role in the effect of antecedents on performance [12, 13]. 
Therefore, it is proposed that effort (i.e., effort intensity and goal commitment) 
fully mediates the relationship between motivational factors and individual 
performance in OSS projects.

Hypothesis 5a: Effort intensity mediates the relationships between motiva-
tions and an individual’s task performance in OSS projects.

Hypothesis 5b: Goal commitment mediates the relationships between motiva-
tions and an individual’s task performance in OSS projects.

To fully account for the differences among individual participants, the study 
also considers four control variables pertinent to the context and characteristics 
of OSS projects: project team size, product type, whether the participant is 
compensated, and the roles participants play in their projects. These variables 
were selected because they may have an impact on task effort expended on 
the project, although investigation of the effects of these variables is scant in 
the literature. For example, project team size, to a certain extent, manifests its 
success and thus may inspire participants to expend more effort. In addition, 
the role played by an individual in the project may affect the level of effort 
expended. In particular, a core developer may be more affectively involved in 
the project and thus expend more effort than a peripheral developer.

Research Methodology

Data Collection

To test the research model, a survey was conducted to collect data from OSS 
project participants. The respondents were randomly selected from discus-
sion forums hosted by sourceforge.net and some other on-line forums, such 
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as MySQL and OpenOffi ce. About 2,000 invitations were sent out, and the 
respondents were asked to fi ll out questionnaires posted through Survey-
Monkey, an on-line survey service provider. One week later, respondents 
were sent a fi rst reminder to urge their participation in the survey. A second 
reminder was sent one week after the fi rst one. A total of 225 people responded 
to the invitations. Among returned questionnaires, 17 were incomplete and 
were discarded. Nonresponse bias was tested by the method suggested by 
Armstrong and Overton [3]. That is, the chi-squares of the responses from the 
fi rst 25 percent of the respondents and the fi nal 25 percent were compared. A 
signifi cant difference would indicate the presence of nonresponse bias. The 
results showed that there was no nonresponse bias.

The participants were asked to describe an OSS project in which they had 
recently been involved and to answer the questionnaire questions based on 
this project. Table 2 shows the demographic data of the respondents and their 
participation in the OSS projects.

Measures

The measurement items in the questionnaire were adapted from existing 
validated and well-tested scales in the literature. The scales had been proved 
to have good validity and reliability. In the questionnaire, all items were 
measured with fi ve-point Likert scales ranging from “strongly disagree” to 
“strongly agree.” The choice of “not applicable” was also provided. The Ap-
pendix shows all the measurement items applied in the data collection.

The instruments for intrinsic and extrinsic motivation were adapted from 
Amabile et al. [2]. The instruments for ideology conviction and social iden-
tifi cation were adapted from Becker et al. and from Allen and Meyer [1, 8]. 
Task intensity and goal commitment were measured by items adapted from 
Yeo and Neal [78]. Task performance was measured by items adapted from 
Tsai, Chen, and Liu [72]. Among the control variables, the direct answers were 
used for roles played, product types, and compensation, and the answers were 
grouped into discrete values for project sizes. Table 2 shows the statistics of 
the four control variables. 

Data Analysis and Results

Partial least squares, or PLS (PLS-Graph 3.00), was utilized to assess the mea-
surement scales and the proposed hypotheses. PLS is a multivariate technique 
for testing the psychometric properties of the scales for measuring a construct, 
and for estimating the parameters of a structural model. As a component-based 
structural equation modeling technique, PLS is, in essence, exploratory and 
focuses on explaining variance [26, 27]. Thus PLS was appropriate for the 
present research because the proposed model has new relationships that have 
not been investigated before.

There were two stages for data analysis. In Stage 1, all the instruments 
were assessed in a measurement model for reliability and construct validity 
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using confi rmatory factor analysis (CFA). In Stage 2, the proposed models and 
hypotheses were tested, with the individual path coeffi cients and variance 
explained in the dependent variables examined in the structural model. In 
both stages, all measured items were modeled as refl ective indicators of their 
corresponding latent constructs.

 Frequency
Category (n = 204) Percent

Gender
 Female 8 3.9
 Male 196 96.1
Age
 18–21  15 7.6
 22–25  34 16.7
 26–30  52 25.5
 31–35  32 15.7 
 36–40  25 12.3 
 40–50  30 14.7
 51+ 16 7.8
Education
 High school or below  16 7.8 
 Two years of college 17 8.3 
 Bachelor’s degree  74 36.3
 Master’s degree and above  74 36.3
 Other 23 11.3 
Role in OSS project
 User of product of this project (use code as is) 72 35.3 
 Core developer of project 79 38.7 
 Peripheral developer (bug reporting and fi xing) 25 12.3 
 Translator 6 2.9 
 User experience/User interface expert 7 3.4 
 Other  14 6.9 
Software product type
 Operating system (e.g., Linux) 16 7.8 
 Database management system (e.g., MySQL) 12 5.9
 Development platform (e.g., Eclipse) 28 13.7 
 Server-side application (e.g., Apache) 29 14.2 
 Offi ce application (e.g., OpenOffi ce) 17 8.3 
 Domain-specifi c application (e.g., education, entertainment) 74 36.3 
 Other   28 13.7 
Compensation from OSS projects
 Yes, as salary 28 13.7 
 Yes, as bonus 2 1.0 
 Yes, as side income 10 4.9 
 No 162 79.4 
Project size (number of people in immediate group)
 0–10  155 76.0
 11– 30  19 9.3 
 31– 99  3 1.5 
 100+  1 0.5 

Table 2. Sample Demography and Participation in OSS Projects.
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Measurement Model

Table 3 provides the descriptive statistics of the variables used in the survey. 
Convergent validity and discriminant validity were used to examine the 
measurement scales [28]. Convergent validity was assessed by (1) reliability 
of items, (2) composite reliability of constructs, and (3) average variance ex-
tracted (AVE) [23, 76]. Reliability of items was assessed by each item’s loading 
on its corresponding construct. A rule of thumb suggests that the item loading 
should exceed 0.70. As can be seen in Table 4, the loadings (in boldface) for 
all items exceeded 0.70.

Composite reliability is recommended to be 0.70 or higher. Table 5 shows 
that the composite reliabilities (CR) of all the constructs exceeded 0.70, with 
the lowest value being 0.80 for ideology conviction. AVE measures the amount 
of variance that a construct captures from its indicators relative to the amount 
due to measurement error [15]. It is recommended that it should exceed 0.50. 
Table 5 shows that the AVEs of all constructs exceeded 0.50, with the lowest 
value at 0.62. Hence, all three conditions for convergent validity were met.

Discriminant validity between constructs was assessed using Fornell and 
Larcker’s recommendation that the square root of the AVE for each construct 
should exceed the correlations between this construct and all the other con-
structs [15, 23]. In Table 5, the boldface numbers on the diagonals are the square 
roots of the AVEs. Off-diagonal elements are the correlations among constructs. 

   Standard
Constructs Item Mean deviation

Task performance TASK_1 2.89 1.3
 TASK_2 3.09 1.14
 TASK_3 2.84 1.16
Effort intensity EFF_1 4.06 0.89
 EFF_2 3.72 1.11
 EFF_3 3.86 0.97
Goal commitment GOAL_1 3.23 1.28
 GOAL_2 3.64 1.31
 GOAL_3 3.67 1.04
Ideology conviction IDEO_1 3.71 0.99
 IDEO_2 3.45 0.97
Social identifi cation SOC_ID_1 3.9 0.95
 SOC_ID_2 3.62 0.95
 SOC_ID_3 4.03  0.9
 SOC_ID_4 4.2  0.9
 SOC_ID_5 3.74 1.14
 SOC_ID_6 3.63 1.15
Extrinsic motivation EXT_M_1 2.54 1.41
 EXT_M_2 2.8 1.29
 EXT_M_3 3.57 1.22
Intrinsic motivation INT_M_1 3.96 0.97
 INT_M_2 4.22 0.88
 INT_M_3 4.14 0.96

Table 3. Descriptive Statistics of Variables.
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All diagonal numbers are much greater than the corresponding off-diagonal 
ones, indicating satisfactory discriminant validity of all the constructs.

Another criterion for discriminant validity is that no measurement item 
should load more highly on any construct other than the construct it intends 
to measure. Based on the guideline from Gefen, Straub, and Boudreau, the 
difference between the loading on the supposed construct and the loading on 
other constructs should be more than 0.10 [27]. An examination of loadings 
and cross-factor loadings showed that all items satisfi ed this guideline (see 
Table 4).

Common Method Bias

Since self-reported data were collected at one time point in one context for 
all variables involved, there were possible sources for common method bias, 
including social desirability [57]. Before the research model and the hypotheses 
were tested, an analysis with PLS was conducted to test whether common 
method bias would be a concern, following the method used by Liang et al. 
[43]. Specifi cally, a common method factor was introduced in the PLS model 
whose indicators included the indicators of all the principal constructs. Each 
indicator’s variances were then calculated as substantively explained by the 
principal constructs and by the method factor. As shown in Table 6, the aver-
age of variances substantively explained by the principle constructs is 0.709, 
while the average of variance explained by the method-based factor was 0.010. 
The ratio of substantive variance to method variance was about 70:1, indicat-
ing a very small magnitude of method variance. In addition, although some 
of the method loadings were signifi cant, the ratio of the variances explained 
by the principal constructs and the variances explained by the method factor 
was 0.709/0.010 = 70.9, making the variances explained by the method factor 
insignifi cant. Thus, it is contended that common method bias is not a serious 
concern for this study.

Structural Model

The four control variables—project size, product type, compensation, and par-
ticipant’s major role in the OSS project—were considered during the analysis 
of the structural model. The result of the structural model is shown in Figure 2. 
Among the four control variables, only compensation had a negative effect 
on goal commitment. In general, the research model was largely supported, 
with some exceptions on certain hypotheses. Specifi cally, the positive effects of 
intrinsic motivation on effort intensity (H1a) and on goal commitment (H1b) 
were supported. The positive effect of extrinsic motivation on effort intensity 
(H2a) was not supported; its effect on goal commitment (H2b) was supported. 
H3a and H3b on the positive relationship between social identifi cation and 
effort intensity, and between social identifi cation and goal commitment, re-
spectively, were supported. For H4a and H4b, the empirical data showed that 
ideology conviction had a negative, rather than positive, effect. In particular, 
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ideology conviction had a signifi cant, negative effect on goal commitment and 
a nonsignifi cant, negative effect on effort intensity. Hypotheses H5a and H5b, 
which proposed positive relationships between task performance and effort 
intensity, and between task performance and goal commitment, respectively, 
were supported. Overall, the model explained 37 percent of the variances in 
task performance, 44 percent in goal commitment, and 20 percent in effort 
intensity.

Additional analyses were conducted to test the mediating effects of effort 
intensity and goal commitment. Following the three-step procedure suggested 
by Baron and Kenny [7], it was found that, except for intrinsic motivation, 
the other three independent variables all had direct signifi cant effects on 
task performance, with a coeffi cient of 0.15 for extrinsic motivation, 0.35 for 
social identifi cation, and –0.20 for ideology conviction, as shown in Figure 3. 
When effort intensity and goal commitment are included as mediators in the 
model, these three variables no longer had signifi cant direct effects on task 
performance (see Figure 4). This means that effort intensity and goal commit-
ment fully mediate the effects of extrinsic motivation, social identifi cation, and 
ideology conviction on task performance. Additional examinations showed 
the different mediating roles between effort intensity and goal commitment. 
Especially, goal commitment alone fully mediated the effects of extrinsic 

Figure 2. Structural Model with Control Variables

Notes: ns = nonsignifi cant. * p < 0.10; ** p < 0.05; *** p < 0.01.
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motivation and ideology conviction on task performance; goal commitment 
and effort intensity together fully mediated social identifi cation’s effect on 
task performance.

Discussion and Conclusion

This study revealed some interesting and important new fi ndings. First, it 
indicated that among the four types of motivational factors, social identifi ca-
tion with the OSS project group had the largest effect on participants’ effort 
intensity and goal commitment. Given that most research on OSS participants’ 
motivations has been focused on the effects of personal motivations, namely 
intrinsic and extrinsic motivation, this fi nding sheds new light on our un-
derstanding of the motivators of OSS participation. Such a fi nding calls for 
future investigations to further examine the antecedents and effects of social 
identifi cation.

Second, the fi nding on extrinsic motivation’s different effects on goal com-
mitment and effort intensity is also new. Prior studies examined whether 
extrinsic motivation motivates individuals to contribute to OSS communities 

Figure 3. Direct Effects Without Presence of Mediators

Notes: ns = nonsignifi cant. * p < 0.10; ** p < 0.05; *** p < 0.01.
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and neglected the infl uencing process of this motivator. The result shows that 
extrinsic motivation can keep individuals engaged (i.e., committed to the task) 
but does not lead them to exert themselves fully on tasks; thus, they do not 
exhibit effort intensity. One possible explanation for the nonsignifi cant effect 
of extrinsic motivation on effort intensity is that OSS participants are mostly 
volunteers (see Table 2 on compensation: almost 80 percent of participants do 
not receive any compensation from OSS projects). Either they might not have 
given OSS participation top priority, or they were unable to spend as much 
time on OSS projects as they desired.

Third, ideological conviction was found to have negative effects on task 
effort. This fi nding was surprising initially, as it was contrary to what is sug-
gested in the literature (e.g., [66]) and the hypotheses. After examining the 
justifi cations for the hypotheses, the measurement items of ideology and task 
effort (i.e., effort intensity and goal commitment), and the characteristics of the 
participants and their reported projects, it would appear that such different 
effects are possible. In the hypotheses and the measurement items, ideology 
is about the values of the OSS community or the OSS movement in general. 
On the other hand, task effort, including both effort intensity and goal com-
mitment, is about the particular project the participants reported. When two 
hypothetically related constructs are measured toward different objects and 

Figure 4. Direct Effects with Presence of Mediators

Notes: ns = nonsignifi cant. * p < 0.10; ** p < 0.05; *** p < 0.01.
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thus with different specifi city, their causal relationship may be dependent on 
other factors or on the situation. The participants’ projects were of various 
sizes, which is different from past studies that considered only large projects, 
such as Linux and Apache (e.g., [60, 63]). In large projects, it is easier for par-
ticipants to identify the OSS values and then share or be inclined to them. In 
small projects, participants are more likely driven by their personal demands 
for the software. This may make it less easy for the participants to be aligned 
with the ideology of the OSS community. In addition, the participants in 
the study included many types of people involved in OSS projects, such as 
developers, users, and translators, among others, while past studies focused 
on developers only. Even if users strongly identify with the OSS community 
ideology, they may not expend as much effort on OSS participation as de-
velopers do. In summary, the specifi c situations as indicated by the study’s 
participants and their projects do not warrant the hypothesized relationship 
between ideology and task effort. The negative effects state that participants 
with high ideology have low task effort (e.g., users, as mentioned above), and 
participants with low ideology have high task effort (e.g., some of the small-
project developers). This indicates that it may not be appropriate to expect 
that high OSS ideology leads to high OSS task effort. The relationship may be 
dependent on other factors or on the situation. Future researchers are urged 
to investigate the effects of ideology conviction on the behavior of different 
types of participants in OSS projects of different sizes.

Finally, and probably most important, this research shows that task effort 
mediates the relationships between motivators and OSS participants’ behavior 
outcomes. Specifi cally, the study found that effort intensity and goal commit-
ment, the two aspects of task effort, were related differently to the motivators 
and behavior outcomes. For example, goal commitment alone fully mediated 
the effects of extrinsic motivation and ideology conviction on task performance. 
In contrast, effort intensity worked together with goal commitment to infl uence 
the social identifi cation–performance relationship. This fi nding enriches our 
understanding of the infl uencing process of motivators in affecting individu-
als’ contributions to OSS projects.

It is important to evaluate the study’s results and contributions in light of its 
limitations. First, there are other salient factors that can affect an individual’s 
performance in and satisfaction with an OSS project, such as leadership style 
and individual competence. While an effort was made to provide an integrated 
model, the study did not provide an exhaustive list of antecedents of individual 
task performance. Future research should enrich the current theoretical model 
by examining the effects of other factors and assessing the infl uence of possible 
moderators and other mediators. Second, data were collected from a single 
source during one period of time. All the major constructs were measured by 
respondents’ perceptions, which are subjective. Future research should use 
some objective measures from multiple sources. Ideally, future research should 
also collect data at multiple points in time. A longitudinal study might enrich 
research fi ndings by offering additional information on the causal relationships 
between independent and dependent variables. Third, in this fi rst study to 
examine the effects of motivators on individuals’ participation outcomes in 
OSS communities, data were collected from English-speaking OSS participants. 
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OSS development, as a global phenomenon, involves individuals speaking 
various languages and with diverse national cultures. Future research should 
be conducted to verify the applicability of the present research results to par-
ticipants speaking different languages and of different cultures.

The study makes several major theoretical contributions. First, it unveils 
how motivational factors are translated into achieved outcomes through 
task effort. Examining the mediating role played by task effort extends our 
understanding of the underlying mechanism of motivational factors in OSS 
communities and may help explain the inconsistent and controversial em-
pirical research fi ndings on the importance of different motivational factors 
(e.g., [60, 63]). Second, this was the fi rst study to incorporate a complete set of 
motivations in a single model to examine how they affect task performance 
in OSS projects. The research fi ndings indicate that different types of motiva-
tions have different effects on task effort and thus affect task performance 
differently. This integrated model provides a better picture of what drives 
individual engagement in and contribution to OSS projects, which are criti-
cal for the viability and sustainability of OSS communities. More important, 
the study underscores the importance and necessity to treat motivation as a 
multidimensional concept; thus, examining motivation as a unitary construct 
can be misleading. Third, despite the popular belief that ideology conviction 
infl uences OSS behavior, the study indicates that the actual effects of ideology 
conviction on task effort and outcome may depend on other factors or situ-
ations. Previous studies focused on developers in large OSS projects. Their 
fi ndings need to be cautiously applied in research studies of OSS projects of 
other sizes.

The study also has practical implications for the management of OSS 
projects. In particular, the four types of motivations have signifi cant impacts 
on OSS task effort and outcomes. OSS project leaders and other stakeholders 
should fi nd ways to maximize such motivations (with caution on ideology 
conviction). For social identifi cation, which was found to have the largest 
impact on effort intensity and goal commitment, OSS project leaders and 
stakeholders may want either to be selective in recruiting project members 
or to fi nd ways to increase members’ social identifi cation with the project. A 
high cohesion in social identifi cation within a project group will drive par-
ticipants to expend effort on the project, which, in turn, will lead to high task 
performance. Extrinsic motivation might be enhanced so that participants can 
fi nd more reasons for being involved in OSS projects. Although it is hard for 
outsiders to control and manipulate intrinsic motivation, OSS project leaders 
and stakeholders may fi nd ways to identify and match individuals’ intrinsic 
motivations with tasks assigned and to provide facilitations if necessary. For 
example, assigning cognitively challenging tasks to participants can satisfy 
their intrinsic motivation, which in turn affects task effort. Due to ideology’s 
different effects on task effort in previous studies, it is not yet possible to make 
practical suggestions on this factor; researchers and practitioners are encour-
aged to investigate further on this important concept and its consequences.

Knowing that effort intensity and goal commitment mediate the relation-
ship between motivation and performance, practitioners should realize that 
having various motivations will not infl uence task performance directly. OSS 
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project leaders can infl uence task performance by directly affecting task ef-
fort expended. Specifi cally, project leaders can call upon participants to work 
hard on the chosen task and encourage and support participants when they 
face diffi culties and barriers. Indeed, infl uencing goal commitment directly 
may be the most effective path to high task performance, given its signifi cant 
effect on task performance.

Finally, OSS practitioners and managers should realize that task effort is 
just one possible contributor to task performance. This research found that 
a good portion of the variance in task performance can be explained by the 
model. Yet a large portion of the variance is unexplained. It is beyond the 
scope of this paper to discuss other infl uencing factors. Additional research 
in this area is needed to identify and investigate the other salient factors that 
contribute to OSS task performance.
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Appendix: Measurement I tems

Intrinsic Motivation (adapted from [2])

1. What matters to me the most in participating in this project is to 
tackle problems that are completely new to me.

2. What matters to me the most in participating in this project is to try 
to solve complex problems.

3. What matters to me the most in participating in this project is to 
enjoy fi xing diffi cult problems.

Extrinsic Motivation (adapted from [2]) 

1. I am strongly motivated by the money I can earn when participating 
in this project.

2. I am keenly aware of the possible career promotion when participat-
ing in this project.

3. Participating in this OSS project is useful for my job.

Ideology Conviction (adapted from [8])

1. If the values of the OSS community were different, I would not be as 
attached to it.

2. Since I joined the OSS community, my personal values and those of 
the community have become more similar.

Social Identity (adapted from [10])

1. I feel a sense of belonging toward this project group.
2. I have a feeling of togetherness or closeness in this project group.
3. I have a strong positive feeling toward this project group.
4. I am proud to be a member of this project group.
5. I really feel as if this group’s problems are my own.
6. This project group has a great deal of personal meaning for me.

Effort Intensity (adapted from [78])

1. When I work on this project, I do so with intensity.
2. I work at my full capacity in all of my contributions to this project.
3. When I work on this project, I really exert myself to the fullest.
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Goal Commitment (adapted from [78])

1. I work long hours in this project.
2. I devote a large number of hours to this project.
3. I persist in overcoming obstacles to complete tasks in this project.

Task Performance (adapted from [72])

1. My contribution to this project is higher than the average in this 
group.

2. The quality of my contribution is higher than the average in this 
group.

3. My effi ciency of working on this project is much higher than aver-
age in this group.
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