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oluntary contributions are crucial to the success of open source software (OSS) projects. Firms sponsoring

OSS projects may face substantial challenges in soliciting such contributions, since volunteer participants are
neither regulated by an employment contract nor offered financial incentives. Although prior work has shown
the positive impact of motivation on the effort expended by volunteer participants, there is limited understand-
ing of how specific firm attributes shape volunteers’ intrinsic motivation. We offer a theoretical model of how
the perceived community-based credibility and openness of the sponsoring firm have a positive impact on the
intrinsic motivation of volunteer participants. The model is explored using survey data on volunteer participants
from two sponsored OSS projects. Results show that a sponsoring firm’s community-based credibility (OSS
developers’ perception of its expertise and trustworthiness) and openness (its mutual knowledge exchange with
the community) strengthen the volunteer participants” social identification with the firm-sponsored community,
which in turn reinforces their intrinsic motivation to participate. Moreover, the perceived community-based
credibility of a sponsoring firm directly enhances volunteer participants’ intrinsic motivation, whereas perceived
openness fails to affect motivation without the mediating mechanism of social identification. Implications for
firms seeking voluntary contributions for their sponsored OSS projects are discussed.
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Introduction

Firm sponsorship in open source software (OSS)
development is increasing rapidly (Mehra et al. 2011,
O’Mahony and Bechky 2008). In September 2013,
IBM announced plans to invest US $1 billion in new
Linux and open source technologies for its Power Sys-
tems servers. Besides the vast investment of IBM, the
development of the latest Linux kernel (version 3.14)
includes contributions by more than 200 other firms,
according to LWN.net. Firms pledge substantial finan-
cial, human, and technological resources to the project
with objectives such as increasing sales, improving
reputation, cutting product development cost, short-
ening time to market of new products, and detect-
ing new technologies and user needs (Dahlander
and Magnusson 2008). The success of sponsored
OSS projects hinges on a community with a mix
of employed and volunteer participants (Setia et al.
2012). On one hand, the sponsor designs employment
contracts that regulate employees” involvement in the
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project (Mehra et al. 2011) and offers proper incentives
for their contributions. On the other hand, it strives
to provide an accessible platform to engage volun-
teer participants (Gruber and Henkel 2006). Despite
significant investment, sponsoring firms face sub-
stantial challenges in soliciting such contributions,
since volunteer participants are neither regulated by
an employment contract nor offered direct financial
incentives.

OSS participants are motivated to contribute by a
wide range of factors, some of which are character-
ized by intrinsic motivation, a desire to engage in
activities because they are interesting or inherently
rewarding (Deci and Ryan 1985). Intrinsic motivation
includes the fun and enjoyment of completing tech-
nical tasks, peer recognition (Lakhani and Wolf 2005),
altruism (Bitzer et al. 2007), and learning (David and
Shapiro 2008). Empirical evidence typically suggests
that firm sponsorship provides extrinsic motivation
through paid development or career opportunities
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but dampens intrinsic motivation because of its for-
profit nature and control over the project (Shah
2006, Stewart and Ammeter 2002, Stewart and Gosain
2006). Extant literature on OSS development views
nonfirm sponsorship as preferable by the intrinsically
motivated, yet we continue to observe a substantial
number of volunteer participants in firm-sponsored
projects. Could certain aspects of a sponsoring firm
exert a positive impact on the intrinsic motivation of
volunteers and, if so, how?

Drawing on work motivation research (Colquitt
et al. 2001, Eisenberger et al. 1990, Spreitzer 1996),
our central thesis is that sponsoring firms can play a
more encouraging role in shaping volunteers’ intrin-
sic motivation than prior research assumes. We pro-
pose that two important attributes of the sponsoring
firm—community-based credibility and openness—
when communicated to and perceived by volun-
teers, enhance their intrinsic motivation. Building on
recent research on OSS as a social practice (Fang and
Neufeld 2009, von Krogh et al. 2012), we further argue
that the impact of these firm attributes is embedded
in a social context through volunteers’ identification
with the OSS community.

This paper proceeds as follows. The next sec-
tion reviews relevant literature on OSS participation
and develops a theoretical model with five hypothe-
ses. The methodology of the survey study is then
described, followed by a section reporting data anal-
ysis results. We conclude by discussing the contribu-
tions and limitations of the current study and avenues
for future research.

Background and Hypotheses

The intricate relationship between firm sponsorship
and developers’ motivation has drawn substantial
scholarly attention as firms become progressively
involved in OSS development. Stewart and Ammeter
(2002) explored a sample of 240 OSS projects and
found that the popularity of projects over time
was significantly strengthened by sponsorship. These
authors also pointed out that firm sponsorship could
reduce the enthusiasm of those participants who
value independence from organizational constraints
and disdain profit motives. Shah (2006) further exam-
ined the motivation of participants in two types
of OSS communities, one nonsponsored and the
other sponsored, in which the firm controlled the
OSS development process and restricted contributors’
access to it. She found that contributors motivated
by the use value of the software tended to partici-
pate in sponsored projects, whereas those motivated
by fun and enjoyment preferred to participate in non-
sponsored projects. Using a different categorization
of projects, Stewart et al. (2006) identified instances

of market (firm) and nonmarket (university, govern-
ment, or other not-for-profit organization) sponsor-
ship and analyzed license-based incentives in each
category. Based on a sample of 138 OSS projects from
Freshmeat.net, they concluded that participants con-
sidered signals about sponsorship and licensing when
making decisions to contribute. For example, nonmar-
ket sponsorship projects with nonrestrictive licenses
attracted more contributors than those without spon-
sorship or with market sponsorship.

Together these studies have greatly improved our
understanding of OSS sponsorship and its pro-
nounced impact on participants” attention and com-
mitment to a project. One could infer from them
that certain attributes associated with a sponsor, for
example, a less restrictive license (Stewart et al. 2006)
or an open governance structure (Shah 2006), are
more compatible with the intrinsic motivation of
volunteer participants. The dichotomy of firm and
nonfirm sponsorship in existing work, however, pre-
vents scholars from investigating the motivational
implications of specific attributes of a sponsoring
firm. Further, whereas empirical studies have thus far
portrayed firm sponsorship as a liability in seeking
voluntary contributions, it is not improbable that a
sponsoring firm could also exhibit desirable attributes
that enhance the intrinsic motivation of volunteers.
These firm attributes, and their effect on motivation,
need to be better understood (Crowston et al. 2012).

Individuals’ perception of situations and people
with whom they interact are critical for their moti-
vation to reciprocate (Dufwenberg 2011). Extensive
research on work motivation suggests that individ-
uals’ perception of a firm influences their intrinsic
motivation. Important organizational characteristics
for work motivation include perceived organizational
support (Eisenberger et al. 1990), procedural and dis-
tributive justice (Colquitt et al. 2001), and level of
inclusiveness (Spreitzer 1996). Perceptions regarding
such attributes are particularly relevant to volun-
tary behavior that extends beyond an employment
contract. For instance, extra-role or organizational
citizenship behavior is more likely to occur when
employees perceive a firm as fair, supporting, and
inclusive (Organ and Moorman 1993, Rhoades et al.
2001, Robinson and Morrison 1995). These general
mechanisms are present in the OSS context, although
in particular ways. A sponsoring firm can display
fairness in its treatment of the collective goods cre-
ated by the community (Shah 2006) and in its support
and inclusion of volunteer developers via providing
source code, technical assistance, and even patented
knowledge (Alexy et al. 2013). Firms that do so, as
a consequence, are perceived by the community as
credible and open.
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We therefore center our arguments on these per-
ceived attributes that distinguish one sponsoring firm
from another, namely, community-based credibility
and openness. In the following section, we advance
a theoretical model considering the direct and indi-
rect influences of these perceived attributes on vol-
unteer participants’ intrinsic motivation in sponsored
OSS projects. Consistent with the recent understand-
ing of OSS development as a social practice (Fang and
Neufeld 2009, von Krogh et al. 2012) and the critical
role of identification in promoting proactive behaviors
within organizations (Van Dick et al. 2006, Ma and
Agarwal 2007), our model delineates the mediating
mechanism engendered by social identification.

Credibility

Although credibility has not yet been linked to
developers’ motivation, marketing research shows
that a company’s credibility gained from its socially
responsible practices can bolster consumer prefer-
ences (Cornwell et al. 2005, Javalgi et al. 1994). The
sponsor’s credibility within the community is one of
the most salient attributes OSS participants would
judge. Newell and Goldsmith (2001) examined cor-
porate credibility and statistically clustered it into
two categories: expertise, or the extent to which the
firm is viewed as capable of fulfilling its claims, and
trustworthiness, or the extent to which the firm can
be trusted. For them, these elements of credibility
are highly context specific and thus depend on the
perception of individuals involved. Accordingly, we
define the community-based credibility of a sponsor-
ing firm as OSS developers’ perception of the firm’s
level of expertise and trustworthiness.

There are compelling reasons why the community-
based credibility of a sponsoring firm can strengthen
volunteer participants’ intrinsic motivation to con-
tribute to OSS development. First, a credible sponsor
offers valuable learning opportunities. One impor-
tant motivational factor in participants’ involvement
in open source projects is the opportunity to extend
their programming skills, which requires knowledge
sharing, assistance from others, and feedback on
task performance (Hars and Ou 2002, Spaeth et al.
2008). Insofar as volunteer participants perceive firm
employees to be experts in the field, they are intrin-
sically motivated to learn the desired skills through
participating in the sponsored project (Deci and Ryan
1985). Second, a credible sponsor provides a safe
environment for participation, where OSS contribu-
tors can expect their efforts to benefit themselves
and/or the community (Fang and Neufeld 2009).
When volunteer participants perceive a sponsoring
firm as trustworthy in terms of acting benevolently

and handling their innovations fairly, their intrin-
sic motivation to contribute to the project is rein-
forced (David and Shapiro 2008). If volunteer partici-
pants perceive the sponsoring firm as untrustworthy,
they will reduce their efforts to avoid being exploited
as “gratis employees” (Kerr 1983, Stewart et al. 2006).
Empirical research on firm involvement in OSS com-
munities confirms that a sponsor’s trustworthiness
impacts contributors’ reported willingness to expend
effort on the project (Dahlander and Magnusson 2005,
Dahlander and Wallin 2006). This finding is consistent
with the large body of work that draws connections
between individuals’ trust in others and their intrinsic
desire to act cooperatively (Callan et al. 2010).

HyrotuEsis 1. The perceived community-based credi-
bility of a sponsoring firm has a direct positive effect on
the intrinsic motivation of the volunteer participants.

Openness

A sponsoring firm can be well regarded as credible
within the community but may not be perceived as
“open” to the community. Openness is the degree to
which the sponsoring firm encourages mutual knowl-
edge exchange between the community and the firm
(Jeppesen and Lakhani 2010). Research on virtual
communities in general (Kollock 1999) and on OSS
development in particular (Rossi 2006) has shown
that generalized reciprocity, which is the expectation
that knowledge flows in both directions, is a foun-
dation of intrinsic motivation to contribute. The OSS
context represents a reciprocity-based gift economy
(Bergquist and Ljungberg 2001, Zeitlyn 2003), where
both receiving a gift and having an influence over the
gift making solicit participation. In the following text
we elaborate on the importance of perceived openness
in terms of knowledge and information provided by
the firm, as well as the impact of voluntary contribu-
tions assimilated by the firm.

Accumulated research shows that there are many
benefits for firms to share knowledge (e.g., product
and process technologies, software code, algorithms,
help), including downstream product improvements
(Harhoff 1996), increased innovation activity by users
and manufacturers (Harhoff et al. 2003), ease of access
to innovation networks (Muller and Pénin 2006), low-
cost marketing activity to enhance reputation (Gruber
and Henkel 2006), and network externalities and tech-
nological standard setting (Bonaccorsi and Rossi 2006).
Nevertheless, firms open up their knowledge stocks
to volunteers with varied restrictions (Pénin 2007). For
example, when sponsoring OSS projects, firms often
blend open and proprietary source code within their
products and choose to share some but not all of
the software with the community under open source
licenses (Henkel 2006, West 2003).
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Firms that share extensive knowledge about devel-
opment processes and source code can trigger recip-
rocal behavior from community members (Blau 1964)
and attract volunteers who write and test pro-
grams, debug code, and enhance the firm’s services
(Dahlander and Magnusson 2005). Knowledge shar-
ing by a sponsoring firm provides participants with
access to software code that they can use directly
or improve for future usage. With additional docu-
mentation or technical specifications, volunteers can
write new and test existing programs more easily.
Providing developers access to sufficient informa-
tion has been shown to increase contribution levels
fivefold (Boudreau 2010) because support from the
sponsoring firm in software architecture, source code,
development plans, tasks, and relevant documenta-
tion enables and encourages volunteers to contribute
(Eisenberger et al. 1990). Indeed, when participants
perceive the sponsoring firm as openly sharing knowl-
edge, they are more inclined to reciprocate (Lakhani
and von Hippel 2003, Wu et al. 2007). Conversely,
firms that constrain knowledge sharing deprive vol-
unteers of important technical information, limit their
understanding of software architecture and tasks, and
underutilize their specialized skills.

Incorporating volunteer participants” input consti-
tutes another important aspect of openness. In un-
sponsored projects, developers become active partic-
ipants and rise through an informal hierarchy by
demonstrating their coding skills (Stewart 2005). In
sponsored projects, firms grant only certain partici-
pants the right to alter a project’s official source code
or to conduct other core activities. As such, firms differ
not only in the extent to which they supply communi-
ties with information but also in the opportunities that
they offer community members to influence a project’s
development (West and O’Mahony 2008).

The more participants find themselves capable of
influencing the end product, the higher their motiva-
tion to contribute to the making of that product. In
the OSS context, this logic was tested by Hertel et al.
(2003), who found that a higher perceived impact
of one’s contributions led to increased efforts. In
contrast, performance motivation deteriorates sharply
when individuals perceive that their contribution
does not matter or cannot be identified, even if they
value the collective goals (Hertel et al. 2003). When a
firm allows volunteers opportunities to influence the
decision-making process of the project, or to adapt
the source code for their own use, the volunteers
experience a sense of autonomy. According to the
self-determination framework, autonomy is a major
component of intrinsic motivation (Hackman and
Oldham 1980), whereas perceived external control
exerts a negative impact on intrinsic interest in a task

(Deci and Ryan 1985, Frey and Jegen 2001). Not sur-
prisingly, empirical evidence demonstrates that vol-
unteer participants tend to shy away from projects
heavily controlled by an external party (Schroer and
Hertel 2009, Shah 2006). Based on this background,
we infer that the perceived openness of a sponsoring
firm, both in terms of providing knowledge to and
embracing input from volunteer participants, bolsters
volunteer participants” intrinsic motivation to engage
in OSS projects.

HyrotHEsis 2. The perceived openness of a sponsoring
firm has a direct positive effect on the intrinsic motivation
of the volunteer participants.

Social Identification

Current research in OSS development recognizes OSS
as a social practice and explains how it engages
numerous volunteer participants (Fang and Neufeld
2009, von Krogh et al. 2012). This recent theoreti-
cal advancement leads us to expect that perceived
community-based credibility and openness influence
participants’ intrinsic motivation through a process
of social identification. Social identity theory (Turner
and Oakes 1986) proposes that individuals develop
social identification with a group by categorizing
themselves. The desire to feel connected to social
groups is a basic human need, which has been proven
powerful in work contexts by extensive research on
“organizational commitment” (Allen and Meyer 1996)
and “organizational identification” (Van Dick et al.
2006). People with higher commitment usually exhibit
stronger motivation and greater engagement with the
organization because they feel a strong emotional con-
nection to it (Allen and Meyer 1996). Strong identifica-
tion is also linked to feelings of obligation to support
a social entity. Thus, people with high levels of iden-
tification with an organization tend to provide more
support, as they consider belonging to the organiza-
tion part of their social identity, so much so that the
success of the organization increases their self-esteem
(Van Dick et al. 2006). In a similar vein, Dutton et al.
(1994) argued that a critical determinant of volun-
tary contributions is whether one identifies with and
feels personally connected to the cause of an organi-
zation. In sum, the motivational and behavioral con-
sequences of identification with a social group are
generally positive.

The process of social identification in OSS com-
munities is not likely to be identical to that in tra-
ditional organizations. Developing emotional bonds
with and commitment to such communities is bound
to be challenging because many traditional ways of
establishing social connections are compromised by
spatial distance and virtual communication. Never-
theless, mechanisms that foster social identification
are present in the OSS context, and they manifest
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in such ways as sympathy and common identity,
reduced uncertainty (Hogg and Terry 2000), shared
standards of excellence (von Krogh et al. 2012), and
feelings of similarity in terms of values and norms
(Fiol and O’Connor 2005). As a result, many vol-
unteers identify themselves with a community as,
for example, “free” and “open source” developers
(Stewart and Gosain 2006).

The motivational effect of social identification has
received some support from studies on OSS and
other online communities (Bagozzi and Dholakia
2006, Dholakia et al. 2004, Hertel et al. 2003). Specifi-
cally, Lakhani and Wolf (2005) showed that the strong
identification of OSS developers with a “hacker com-
munity” is a crucial source of obligation. Since not all
tasks are fun and enjoyable (i.e., user support), often
it is the sense of responsibility derived from social
identification that motivates volunteer participants
to carry out mundane activities. Similarly, Bateman
et al. (2011) found that affective commitment to an
online community drives such engagement as posting
replies and moderating discussions, pointing to the
importance of emotional attachment and community
identification.

HyprotHEsis 3. Social identification with the OSS com-
munity sponsored has a direct positive effect on the intrin-
sic motivation of the volunteer participants.

Social identification can be strengthened by the per-
ceived community-based credibility and openness of
the sponsoring firm. Volunteer participants consider
it beneficial to identify with a community initiated
and supported by a credible sponsor (Amiot and
Sansfacon 2011, Simpson 2006). When the sponsor-
ing firm is perceived as having high expertise, indi-
viduals will improve their self-worth through asso-
ciating with this particular social group (Tajfel and
Turner 1979). It also becomes attractive for volun-
teer participants to consider the firm’s employees and
other community members a relevant and important
“in-group.” When a firm has little credibility in the
community, individuals outside the firm tend to be
suspicious about hidden motives for its sponsorship
and are more likely to perceive the firm’s actions neg-
atively (Goldsmith et al. 2000). Such suspicions and
mistrust will lower the willingness of volunteer par-
ticipants to identify with the sponsored communities
(Simpson 2006).

Through being open, sponsoring firms could
reduce the physical and psychological distance be-
tween them and volunteer participants and, thus,
facilitate social identification. By communicating their
plans, sharing knowledge, and providing access to
OSS projects, sponsoring firms offer volunteer par-
ticipants additional opportunities to identify with
the project. For example, providing access to new

source code for the project makes participants feel
more included (West and O’'Mahony 2008). Obtaining
access to a project’s important resources also signifies
that a participant has become part of the “core team”
of a project (Dahlander and O’Mahony 2011). Volun-
teer participants who are rewarded in this way are
likely to experience increased feelings of self-worth
because of the sharper distinction between “us,” the
core team members, and “them,” the regular contrib-
utors with no access rights (Hertel et al. 2003, see
also Kreiner et al. 2006). Additionally, giving volun-
teer participants opportunities to influence decision
making reduces their uncertainty about the future of
the project (Fiol and O’Connor 2005), which leads to
greater identification with the community. Building
on social identity theory and empirical evidence from
the social practices of OSS, we propose the following:

HyprotHEsis 4. The perceived community-based credi-
bility of a sponsoring firm has an indirect positive effect on
volunteer participants’ intrinsic motivation through their
social identification with the community.

HyrotHEs1s 5. The perceived openness of a sponsoring
firm has an indirect positive effect on volunteer partici-
pants’ intrinsic motivation through their social identifica-
tion with the community.

Method

Sample and Procedure

Voluntary participants in two firm-sponsored OSS
projects, Maemo and OpenMoko, constituted our
sample. These two OSS projects were strategically
chosen because they were firm sponsored and sus-
tained by substantial voluntary contributions. Maemo
was initiated by Nokia to develop an operating sys-
tem for the company’s then new Internet tablet.
Much of Nokia’s underlying software was open to
the community, yet some end-user applications and
hardware drivers remained restricted. Volunteer par-
ticipants were able to report bugs in a tracking system
and contribute source codes to fix them. OpenMoko
was set up by FIC, a Taiwanese mobile phone man-
ufacturer, to develop a new smartphone. The hard-
ware schematic for the mobile phone—its blueprint—
was made public under an open source license,
which allowed developers to build their own “Open-
Mokos.” The two projects shared an important struc-
ture: while providing and controlling the core source
code repository, both sponsoring firms offered techni-
cal infrastructure that hosted voluntary contributions.
Volunteer participants were able to provide feedback
through mailing lists and bug trackers and develop
modules or software using the source codes made
available to them and, as a result, lively communities
of volunteers had emerged.
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With endorsement by the sponsors, we down-
loaded participants’ email addresses from the project
database. Clearly duplicate (e.g., work and private)
email addresses were removed. This process yielded
2,151 unique addresses from the Maemo community
and 2,593 unique addresses from the OpenMoko com-
munity. We then sent out email invitations with a
link to our web-based survey to all identified mem-
bers of the two project communities. As an incentive,
we offered to raffle off four Internet tablet devices.
After three weeks and two reminders, 1,233 complete
responses were received (Maemo: 429, OpenMoko:
804), rendering a response rate of 27.9%. In the survey,
we asked participants whether they were employed
or contracted by the sponsoring firm. Given our focus
on volunteer participants, employees and subcontrac-
tors (Maemo: 61, OpenMoko: 21) were excluded.’
Respondents came from 64 countries, with a signif-
icant portion from the United States (22.85%) and
Germany (14.34%). The average age of the respon-
dents was 32 (s.d. =9.20), and most had a bachelor’s
degree (73.24%).

Measures

Given an absence of suitable scales for intrinsic
motivation to engage in OSS and for the perceived
community-based credibility and openness of the
sponsoring firm, we developed new measures. We
based the items on an extensive literature review and
a discussion among a panel of experts (consisting of
management professors, doctoral students, and OSS
practitioners) to ensure content validity. A pilot test
was administered to 30 developers at a Maemo con-
ference in Berlin. Based on their feedback, we refined
the wording of several items to better adapt them to
the OSS context. All measures employed a five-point
Likert scale (1 = strongly disagree, 5 = strongly agree).

Intrinsic Motivation. Despite the long tradition of
research on intrinsic motivation, there is no consensus
regarding the definition of this construct. Given its
central role in the current study, we decided to adopt
a broader approach by considering enjoyment of the
task at hand, feedback from others, and learning (Deci
and Ryan 1985). We defined intrinsic motivation in
the OSS context as the desire to engage in OSS for
its own sake rather than to acquire material or career-
related benefits and developed nine items that tapped
into the OSS context. An example is “I contribute to
the community because it is fun to contribute.”

Perceived Community-Based Credibility. Credi-
bility results from the perceived technical expertise

! The motivation of paid employees and contractors might be differ-
ent and has been previously studied (i.e., Hann et al. 2002, Roberts
et al. 2006).

as well as the trustworthiness of the sponsoring firm
(Newell and Goldsmith 2001). A sponsoring organiza-
tion can develop credibility within an OSS community
by demonstrating to developers its ability, benevo-
lence, and integrity (Mayer et al. 1995). We developed
six items to gauge community-based credibility, cov-
ering technical ability (e.g., “Nokia/OpenMoko’s
employees are technically skilled”), benevolence (e.g.,
“Nokia/OpenMoko supports the community”), and
integrity (“I trust Nokia/OpenMoko as a company.”).

Perceived Openness. The openness of a firm in
OSS projects has two dimensions: (1) revealing suffi-
cient information on technical details and future plans
for the project, and (2) welcoming input from par-
ticipants in terms of source code and suggestions
(Waugh and Metcalfe 2007). We developed seven
items to capture these two aspects. “I can get com-
mit access to the source code repository if I want to”
represented the first dimension, and “My opinion is
sufficiently taken into account when decisions regard-
ing the project are made” represented the second.

Social Identification. From Allenand Meyer’s (1990)
measurement scale of affective commitment, we
adapted four items that were designed to gauge the
social identification aspect of organizational commit-
ment. Both affective commitment and social identifi-
cation refer to individuals” emotional connection with
a community (Van Dick et al. 2006, Meyer et al. 2006).
Given that volunteer participants were not officially
affiliated with the sponsoring firm, the reference point
was changed from a specific organization to an OSS
project. An example is “I feel emotionally attached to
Maemo/OpenMoko.”

Control Variables. A dummy variable (Project
Type: 0 = OpenMoko, 1 = Maemo) was created to cap-
ture the unobservable variance between Maemo and
OpenMoko. Individual differences in terms of age,
nationality, and education were also controlled for.

Validation of Scales

We followed a robust procedure recommended by
Hinkin (1998) to examine the validity of the mea-
surement scales we developed. We randomly split
the initial sample into two subsamples and ran an
exploratory factor analysis for item reduction using
one subsample. Only items that loaded on a single
appropriate factor and with loadings greater than 0.40
were retained (Ford et al. 1986). The final items for
each measures are shown in Table 1. We further estab-
lished the unidimensionality of these scales by con-
ducting a confirmatory factor analysis with the other
subsample (Segars 1997). Exploratory and confirma-
tory factor loadings for newly developed scales are
presented in Appendix A. The total sample was used
for further analysis.
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Table 1 Final Measurement Scale Items, Factor Loadings, and Reliabilities
Constructs Item Description Factor loading Scale CR
Intrinsic motivation motid | contribute to the Maemo/OpenMoko community because | enjoy 0.52+ 0.78
helping others.
moti2 | contribute to the Maemo/OpenMoko community because | enjoy working 0.78
in this community.
moti3 | contribute to the Maemo/OpenMoko community because it is fun 0.65**
to contribute.
moti4 | contribute to the Maemo/OpenMoko community because | appreciate it if 0.45%+
others value my contributions.
moti5 | contribute to the Maemo/OpenMoko community because | learn a lot 0.61*
participating in the community.
Perceived openness open1 Nokia/OpenMoko publishes sufficient documentation. 0.55%* 0.73
open2 | understand how the company makes decisions regarding the 0.62+
Maemo/OpenMoko project.
open3 My code contributions are taken up in the official software release. 0.48+
opend | can get commit access for the project’s source code repository if | want to. 0.46%
opend My opinion is sufficiently taken into account when the company makes 0.65"*
decisions regarding the Maemo/OpenMoko project.
Perceived community-based credi Nokia/OpenMoko’s employees working on the Maemo/OpenMoko project 0.52+ 0.81
credibility are technically skilled.
cred? Nokia/OpenMoko’s open source activities are well managed. 0.64+
cred3 Nokia/OpenMoko would be a good company to work for. 0.63*
cred4 | trust Nokia/OpenMoko as a company. 0.69"*
cred5 Nokia/OpenMoko supports the community. 0.7+
Social identification ident | identify with the Maemo/OpenMoko community. 0.73"* 0.86
iden2 | feel that the project’s problems are my own. 0.73%
iden3 | feel emotionally attached to the Maemo/OpenMoko project. 0.79*
iden4 The Maemo/OpenMoko project has a great deal of personal meaning for me. 0.86%
Note. CR, Composite reliability.
*p < 0.001.
Results was evaluated using the square root of average vari-

The research model was tested using LISREL 9.1,
a covariance-based structural equation modeling tech-
nique (Joreskog and Sérbom 1996). We employed a
two-step approach (Anderson and Gerbing 1988) to
evaluate the quality of the measurement and struc-
tural models. A combination of fit indices (Kline 2011),
including the chi-square statistic, the root mean square
error of approximation (RMSEA), the comparative
fit index (CFI), and the standardized root mean
square residual (SRMR), was considered to determine
model fit.

Measurement Model Fit and Common

Method Variance

In the first step, we assessed measurement model fit by
loading all indicators to their respective constructs in
a CFA model. CFA results indicated an excellent fit of
the model (x* =471.77, d.f. =146, p < 0.01; RMSEA =
0.04; CFI = 0.95; SRMR = 0.04). All factor loadings
were larger than 0.44 and significant (p <0.001; see
Table 1). The reliability of each measurement scale
was assessed using composite reliability, in which
a value of 0.70 or greater indicates a reliable scale
(Fornell and Larcker 1981). Table 1 shows the compos-
ite reliability of all constructs. Discriminant validity

ance extracted (AVE).

As shown in Table 2, all AVE values exceeded
0.50, and for most constructs this value was greater
than the correlations between constructs, demonstrat-
ing good discriminant validity (Fornell and Larcker
1981). Since the square root of AVE of perceived open-
ness (0.56) was smaller than the correlation between
perceived openness and credibility (0.65), we fur-
ther tested a CFA model that combined these two
constructs into one factor. The measurement model
fit dropped significantly (Ad.f. = 3, Ax? = 267.57,
p <0.001) after merging the two constructs, confirm-
ing that they should be treated as distinct.

Being aware that common method variance (CMV)
presents a potential threat to self-reported data, we

Table 2 Descriptive Statistics and Correlations

Mean S.d. 1 2 3 4

1. Intrinsic motivation 405 051 061

2. Social identification 3.30 0.83 0.55 0.78

3. Perceived openness 3.08 0.52 0.42 0.43* 0.56

4. Perceived community- 3.72 0.57 0.51** 0.46** 0.65** 0.64
based credibility

Note. N =1,072, list-wise; leading diagonal shows the square root of aver-
age variance extracted of constructs.
“*pn < 0.001.
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adopted procedural remedies such as creating coun-
terbalancing question order and ensuring confidential-
ity to reduce evaluation apprehension (Podsakoff et al.
2003). We also tested for the existence of CMV by ana-
lyzing whether the model fit improved as the com-
plexity of the research model increased—a technique
that many consider more effective than Harman’s one-
factor test (Iverson and Maguire 2000, Korsgaard and
Roberson 1995, Podsakoff et al. 2003). The single-factor
model fit the data significantly worse than the four-
factor measurement model (Ad.f.=6, A=1,974.30,
p <0.001), indicating that CMV was unlikely to be
a serious problem. In addition, we employed the
latent marker technique to assess the extent that CMV
biased the parameter estimates (Antonakis et al. 2010,
Podsakoff et al. 2012). We first ran a CFA model with
a latent marker that consisted of three items exhibiting
the lowest correlations with the substantive variables
(Richardson et al. 2009). The goal of the initial CFA
model was to obtain the factor loadings of the three
items on the latent marker. Next, the latent marker was
included in a structural model, where relationships
among substantive variables were as specified by the
study hypotheses. The factor loadings of its composite
items were fixed to the values obtained in the initial
CFA model, whereas the factor loadings of all other
items on this latent marker were estimated. The corre-
lations between the latent marker and other substan-
tive variables were set to zero under the orthogonal
assumption (see Williams et al. 2010 for a review).
The parameter estimates of the latter structural model
were then calculated accounting for the presence of
method effects.

Structural Model Fit and Hypothesis Test

Having established the fit of the measurement model,
we proceeded to evaluate the structural model. The
hypothesized model (model 1), a partial mediation
model specifying both the direct and indirect effects
of perceived firm attributes, rendered a good fit to
the data (x* =439.56, d.f. =146, p < 0.001; RMSEA =
0.04; CFI=0.95; SRMR =0.04). As shown in Figure 1,
both the perceived credibility (8=0.35, p <0.001)

Figure 1 Standardized Path Coefficients

Perceived
credibility

0.35"*

029***

Social
identification

Intrinsic
motivation

0.15""

Perceived
openness

*p < 0.01; **p < 0.001.
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Table 3 Comparison of Model Results Without and With Marker
Model without Model with
marker marker
Path Coef. P> |z Coef. P >|z|
Openness — Social 0.15 0.004 0.12 0.02
identification
Social identification — Intrinsic 0.39 0.00 0.36 0.00
motivation
Community-based credibility — 0.29 0.00 0.30 0.00
Intrinsic motivation
Openness — Intrinsic 0.06 0.16 0.03 0.32
motivation

and openness (8=0.15, p <0.01) of a sponsoring
firm had significantly positive impacts on volun-
teers’ social identification with the sponsored com-
munity, which in turn led to increased intrinsic
motivation (8 =0.39, p < 0.001).? Perceived credibility
also directly enhanced volunteer participants’ intrin-
sic motivation (8 =0.29, p < 0.001). Contrary to expec-
tations, perceived openness did not have a direct
impact on intrinsic motivation (8=0.06, p =n.s.).?

We then examined the direct and indirect effects of
the two perceived firm attributes. As shown in Table 4
both the direct (8 = 0.27, p < 0.001) and indirect
(B=0.13, p < 0.001) effects of perceived credibility
on intrinsic motivation were significant. In contrast,
perceived openness had a significant indirect effect
(B =0.04, p <0.05) through social identification, yet
its direct effect on intrinsic motivation was not sig-
nificant (8 = 0.04, p =n.s.). The direct effect of social
identification on intrinsic motivation was significantly
positive (8 =0.21, p < 0.001). Considering the path
coefficients, model comparison, and direct and indi-
rect effect sizes, Hypotheses 1, 3, 4, and 5 were sup-
ported, whereas Hypothesis 2 was not.

?Volunteers’ intrinsic motivation correlated positively (r=3.34,
p < 0.001) with the number of active hours in the sponsored project,
as reported in the survey. We also checked the actual activity level
of volunteers from bug trackers and mailing lists. Adopting an
approach similar to that of Daniel et al. (2013), we measured devel-
opers’ overall bug activity level by adding up the number of bug
commenting posts and the number of reported as well as fixed
bugs. Intrinsic motivation related positively to volunteers’ overall
bug activity (r =4.07, p < 0.05). Although bug activity is only one
form of contribution, it was the most clearly traceable in our sam-
ple. These results are consistent with prior findings showing that
intrinsic motivation is an important drive for voluntary contribu-
tions (Wu et al. 2007).

% As a sensitivity analysis, we controlled for CMV by including
the latent marker. The results (see Table 3) showed that CMV
slightly inflated the relationship between perceived openness
and social identification, whereas it suppressed the relationship
between social identification and intrinsic motivation. All signifi-
cant paths in the original model remained significant in the model
with the latent marker.
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Table 4 Total, Direct, and Indirect Effect Sizes
Standard  Standard
coefficient error z P>z
Total effect on intrinsic motivation
Perceived community-based 0.39 0.06 6.49 0.00
credibility
Perceived openness 0.08 0.04 1.87 0.06
Direct effect on intrinsic motivation
Perceived community-based 0.27 0.06 4.80 0.00
credibility
Perceived openness 0.04 0.04 1.00 0.33
Social identification 0.21 0.02 8.74  0.00
Indirect effect on intrinsic motivation
Perceived community-based 0.13 0.02 5.20 0.00
credibility
Perceived openness 0.04 0.02 2.50 0.01

Post Hoc Analysis

We further compared model 1 with the next two the-
oretically plausible models: model 2, which removed
the path from perceived openness to intrinsic motiva-
tion; and model 3, which removed the path from per-
ceived community-based credibility to intrinsic moti-
vation. Fit indices of these models are shown in
Table 5. Model 2 (x? = 440.52, d.f. = 147, p < 0.001;
RMSEA = 0.04; CFI = 0.95; SRMR = 0.04), which
represents a partial mediation between perceived
community-based credibility and intrinsic motivation
and a full mediation between perceived openness and
intrinsic motivation, did not fit the data worse than the
hypothesized model (Ad.f. =1, Ax*=0.96, p=n.s.).
Based on the principle of parsimony, model 2 should
be adopted.

Since a sponsoring firm’s openness, when per-
ceived by volunteers, consists of both a willingness to
open up to the community and to incorporate input
from the community, these two interrelated dimen-
sions call for further exploration. We thus split per-
ceived openness into the two respective dimensions
and tested them as independent constructs in a new
model. In the new model, neither opening up to
the community (8 = 0.31, p = n.s.) nor incorporat-
ing the community’s input (8 = —0.13, p =n.s.) alone
affected social identification significantly. Similarly,
regarding intrinsic motivation, neither opening up to

Table 5 Comparison of Structural Models

Model Description x? d.f. RMSEA CFl SRMR

439.56* 146 0.04 095 0.04
440.52~+ 147 0.04 095 0.04

1 Hypothesized model

2 Removed a path between
perceived openness
and motivation

3 Removed a path between
perceived community-
based credibility and
motivation

465.28+ 147 0.05 095 0.04

=p <0001,

the community (8 = —0.38, p = n.s.) nor incorporat-
ing the community’s input (8 =0.41, p=n.s.) had a
significant influence. These preliminary results seem
to suggest that for openness to have an impact on
social identification or intrinsic motivation, both of its
dimensions are indispensible.

Discussion

Based on survey data from two firm-sponsored OSS
communities, we found support for a structural
model that links volunteer participants’ perception
of the firm’s community-based credibility and open-
ness to their social identification with the spon-
sored OSS community, which in turn influences their
intrinsic motivation. The perceived community-based
credibility of a sponsoring firm can enhance volun-
teers’ intrinsic motivation, both directly and indirectly
through social identification with their community.
This result echoes previous research that associates
the intrinsic motivation of OSS community partic-
ipants with desirable characteristics of sponsorship
(Dahlander and Magnusson 2005, David and Shapiro
2008, Lakhani and von Hippel 2003). Understandably,
volunteers value the trustworthiness and openness of
a sponsor (Kerr 1983, Stewart et al. 2006). We expand
the literature on OSS sponsorship to show that not
just nonfirm sponsors, but also firms, can be attrac-
tive sponsors for volunteer developers when exhibit-
ing these attributes.

Perhaps a more intriguing finding of the present
study lies in the fact that perceived openness does not
seem to directly enhance volunteers’ intrinsic moti-
vation. Although the sponsoring firm may generate
energy, interest, and creativity from volunteer partici-
pants by being open (West 2003), unless these partic-
ipants truly identify with the sponsored community
and gear these positive forces towards OSS devel-
opment, it is hard to predict their intrinsic motiva-
tion to contribute to a project. Our results suggest
that the positive impact of perceived openness has
to go through social identification, emphasizing that
the motivational implications of a sponsoring firm'’s
openness depend on the social practice of OSS devel-
opment. Via sharing knowledge and practicing inclu-
sive decision making, a sponsor can help generate
tight-knit communities that house the social prac-
tice of OSS development. Eventually, volunteers who
“internalize” the OSS community’s prosperity as their
own success are those who are willing to go the extra
mile (Lakhani and von Hippel 2003).

The current study contributes to a growing lit-
erature on participants’ motivation and OSS spon-
sorship (Henkel 2009, Shah 2006, Stewart et al.
2006). First, it expands existing research by show-
ing that in addition to boosting extrinsic motiva-
tion through financial rewards and career opportu-
nities (Ke and Zhang 2010), the sponsoring firm can
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also enhance participants’ intrinsic motivation. In both
projects examined, the volunteer participants’ con-
tributions to the development of the mobile device
software were extensive. Apparently, certain aspects
of firm sponsorship, for example, community-based
credibility and openness, when perceived by devel-
opers could draw contributions from volunteers who
have traditionally been believed to be resistant to firm
sponsorship. To our knowledge, this study is the first
to reveal the positive impact of specific firm attributes
on volunteer participants’ intrinsic motivation in OSS
projects.

Second, this study contributes to the broader liter-
ature on collaborative open innovation (von Hippel
and von Krogh 2003, Kuk 2006) by exploring how
firms and developers form a symbolic relationship for
innovation. This study takes the first step in substanti-
ating an understanding that perceived firm attributes
shape the extent to which participants identify with
the community—a strong drive to allocate collabora-
tive effort for open innovation. In integrating a social
practice perspective, the study also delineates a pro-
cess through which firm policies and actions inter-
twine with community engagement to impact the
willingness to reciprocate.

The practical implications of our findings are not
trivial. Firms seeking voluntary contributions to their
OSS projects will benefit from communicating a cred-
ible and open image within the developer com-
munities (Dutton and Dukerich 1991, Dutton et al.
1994). Note that it is one thing to establish credibil-
ity among the general public; it is another to establish
credibility among OSS developers. Although firms
usually build general public credibility by spend-
ing on advertising or public relations, establishing
community-based credibility requires long-term com-
mitment and substantial investments in technical
capabilities to develop OSS. As our research clearly
demonstrates, firms wooing voluntary participants
must build such community-based credibility. Firms
can cultivate a credible reputation inside a commu-
nity by, for instance, providing continuous technical
assistance and consistently protecting the commu-
nity’s open source software and other public goods.
Another effective way could be to identify and work
with leading volunteers who understand the project’s
goals, know the software in question, have experience
from similar projects, and work with other communi-
ties whose software products are valuable to the focal
project. Such leading figures may help the sponsoring
firm build the necessary momentum in the project to
attract newcomers to the community. Besides present-
ing the firm to potential contributors, these volunteers
can also provide insights on policies and practices val-
ued by their peers.

OSS sponsoring firms should also realize that
establishing openness within the community requires
opening up a two-way channel, which not only sup-
plies information and knowledge but also incorpo-
rates volunteer participants” input. As a unique gift
economy, OSS communities host individuals who are
as interested in giving as in receiving gifts (Kollock
1999, Rossi 2006). Firms might initially be reluctant
to open themselves up to the influence of outside
participants, because of the increased effort required
to reduce community entry barriers, the difficulty of
weighing business secrets and plans against trans-
parency, and the organizational inertia that needs to
be overcome to relent some control (Stuermer et al.
2009). However, the knowledge repertoire of a spon-
sor might be drained without constant replenishment.
Furthermore, it is not sufficient for firms to simply
increase their openness. Firms must invest to build
a tight-knit community with which volunteer par-
ticipants can identify, thus motivating them to cap-
italize on the knowledge shared and the opportuni-
ties offered there. Echoing a recent conceptualization
of “selective revealing” of organizational knowledge
(Alexy et al. 2013), we recommend that sponsoring
firms develop “selective opening” strategies that take
into account the types of knowledge to be shared and
the cost of coordinating development with commu-
nity participants, as well as the community’s capacity
to absorb new knowledge.

Notwithstanding its theoretical and practical impli-
cations, this study has limitations. First, the cross-
sectional nature of the present study affords limited
causal inference. One may speculate that volunteers’
intrinsic motivation in a firm-sponsored project could
give rise to favorable perception of the firm, or
intrinsic motivation could lead to identification with
the community instead of vice versa. It is possi-
ble that people might try to justify their behavioral
intention by altering perceptions accordingly. How-
ever, a large body of accumulated organizational
research has established that perceptions of organiza-
tional character, such as support (Eisenberger et al.
1990), justice (Colquitt et al. 2001), and inclusiveness
(Spreitzer 1996), are predictors of work motivation
and motivation to engage in prosocial behaviors out-
side the work contract. Additionally, voluntary par-
ticipation in OSS projects resembles collective actions
in other domains such as civil rights, labor, and peace
movements. Research on collective action has shown
that social identification is an antecedent to rather
than an outcome of motivation (Kelly 1993). Although
the study’s hypotheses are theoretically grounded,
they will benefit from a longitudinal design teasing
out various influences over time. Future research
should also focus on building a process theory of this
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phenomenon, explaining how individual contributors
perceive firm attributes, socialize into the community,
and become more or less involved in it.

Second, this study relies on data drawn from a
single source (self-reported by the volunteer partic-
ipants). This design is prone to common method
bias, which could potentially inflate the relationships
in question (Podsakoff et al. 2003). Besides employ-
ing a number of procedural remedies, we compared
our model estimates before and after controlling for
common method bias (Podsakoff et al. 2012). There
was no substantial difference between the two sets
of results, yet we are cautious in interpreting the
results. The present study is exploratory and serves as
a departure point for future research to investigate the
motivational implications of perceived firm attributes,
ideally backed up by multisource data.

Finally, the study focused on firm attributes per-
ceived by individuals. This approach is appropriate
to address our research question on how volunteer
participants’ perceptions of the sponsoring firm shape
their intrinsic motivation. However, some individuals
might expect higher standards of knowledge sharing
and accessibility from a dedicated OSS sponsor, such
as OpenMoko, than a firm like Nokia, which is known
for protecting most of its software through intellec-
tual property rights. Although determining an “objec-
tive” degree of openness by comparing sponsoring
firms is beyond the scope of this study, future research
can employ a multilevel model and investigate a
larger sample of OSS projects to examine how “rela-
tive openness” shapes “perceived openness.” Study-
ing a mix of projects with different sponsors may also
enable future researchers to disentangle the motiva-
tional effects of sponsor attributes from those of spon-
sorship types.

Conclusion

Voluntary contributions are crucial to the success of
OSS projects. In this study, we explored whether vol-
unteers’ perception of firm attributes shaped their
intrinsic motivation to contribute to firm-sponsored
OSS projects. Our results showed that the per-
ceived openness and community-based credibility of a
sponsoring firm strengthened volunteer participants’
social identification with a firm-sponsored commu-
nity, which in turn enhanced their intrinsic motivation
to contribute. We found that whereas the perceived
community-based credibility of a sponsoring firm
directly reinforced volunteer participants” intrinsic
motivation, perceived openness strengthened intrin-
sic motivation only with the mediating mechanism of
social identification. As the social practice of OSS links
the perceptions and motivation of community partici-
pants, firms seeking voluntary contributions can ben-
efit from building an engaged community, alongside

establishing community-based credibility and opening
up to the community.
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Appendix A. Factor Structures for Developed Scales

Scale Item Subsample 1 Subsample 2
Intrinsic motivation motii 0.62++ 0.65%
moti2 0.76% 0.69+*
moti3 0.74+ 0.72+
moti4 0.54* 0.63"*
moti5 0.58*+ 0.63*
Perceived openness openi 0.64++ 0.63
open2 0.75% 0.71%=
open3 0.72% 0.73%
opend 0.76% 0.77+
open5 0.78* 0.77+
Perceived credibility credi 0.61% 0.65%*
cred2 0.71% 0.64+
cred3 0.58* 0.627*
cred4 0.58* 0.62+
cred5 0.71% 0.79%

=p <0.001.

Appendix B. Comparison of Factor Loadings
Without and With Marker

Model Model
Scale Item without marker with marker
Intrinsic motivation moti1 0.52+ 0.47++*
moti2 0.78" 0.76**
moti3 0.65+* 0.59***
moti4 0.45% 0.37*
moti5 0.61% 0.55***
Perceived openness opent 0.55%* 0.54+
open2 0.62+ 0.61**
open3 0.48++ 0.46%
opend 0.46%+ 0.44+
opend 0.65%* 0.63**
Perceived credibility credi 0.52%* 0.50%
cred2 0.64++ 0.63**
cred3 0.63+ 0.59**
cred4 0.69+ 0.68**
cred5 0.71% 0.71%
Social identification iden1 0.73% 0.68*
iden2 0.73 0.71%
iden3 0.79% 0.75%*
Idend 0.86% 0.83***

=p <0001,
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Appendix C. Item Level Correlations

cred2 cred3 cred4 cred5 openi open2 open3 open4 open5 ident iden2 iden3 idend motit moti2 moti3 moti4 moti5
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0.17+

0.20%*

0.07*
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*p < 0.05; **p < 0.01; **p < 0.001.
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