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a b s t r a c t 

Employing a model of knowledge spillovers, we find empirical 
evidence consistent with both direct and indirect spillovers 
among open source software projects. We further find that 
programmers who work on many other projects have a posi- 
tive effect on the success of a project beyond the effect they 
have on connectivity of the network. We also find that, both 
“modifications” and “additions” are p ositively asso ciated with 
project success. 

© 2016 Elsevier B.V. All rights reserved. 

1. Introduction 

This study examines whether the success of open source software (OSS) products de- 
pends on knowledge spillovers across distinct OSS development projects. It also evaluates 
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the relative contribution of product modifications and functional additions by program- 
mers of software co de to pro duct success. We do so by taking under consideration that 
programmers may work on multiple projects simultaneously. 

Product development in community-based organisations is becoming an increasingly 

important setting in which individuals create and disseminate knowledge in joint efforts 
to develop products. In such work environments, knowledge spillovers enable fellow soft- 
ware programmers, researchers and firms to benefit from innovations of others. Software 
programming is a vocation in which knowledge spillovers are likely to be important for 
product development given the rapid advancements in technologies, development method- 
ologies, changing product-market preferences, and increasing competitive pressures. 

In particular, OSS can facilitate spillovers in R&D because the underlying software 
code is freely available in human readable form to the broad public. In its traditional 
practice, OSS development is a collaborative effort of loosely coordinated and geograph- 
ically dispersed programmers who contribute their time and knowledge to establishing 
and improving software. Members create innovations as a collaborative effort in which 

they reveal and share knowledge not only with their pro ject p eers but often with po- 
tential competitors ( Harhoff, Henkel & Von Hipp el, 2003; Hipp el, 2005 ). Indeed, OSS 

innovations are typically developed by consumers and end users, rather than manufac- 
turers, but are freely revealed with manufacturers in hopes of having them produce the 
pro duct ( Von Hipp el and Von Krogh, 2003 ). These “lead users” require sp ecialised solu- 
tions to existing product limitations and thus develop their own modifications to existing 
products, or entirely new products ( Von Hippel, 1986 ). 

OSS projects, like virtual teams, are semi-structured groups of skilled programmers 
working on interdependent tasks using informal, non-hierarchical, and decentralised com- 
munication with the common goal of creating a valuable product ( Lipnack and Stamps, 
1997 ). 

Virtual development teams, as opposed to traditional work teams that enjoy the ben- 
efits of face-to-face communication may also encounter challenges to form personal rela- 
tionships ( Beyerlein et al., 2001 ), to communicate ( Pinto and Pinto, 1990 ), and perform 

( Jehn and Shah, 1997 ). Consequently, the resulting lack of strong connections and social 
support may have negative effects on productivity through reduced commitment, trust 
and leadership as well as willingness to share knowledge ( Cascio, 2000; Townsend et al., 
1998; Whiting and Reardon, 1998; Wong and Burton, 2000 ). Accordingly, by the nature 
of its organisational design and structure, members of dispersed virtual development 
teams are restricted in their exposure to knowledge and know-how. 

On the other hand, there are numerous advantages to the open source “team” model of 
innovation. In the case of OSS, the contribution of each individual programmer is known 

and measurable, since each addition or modification to the software is associated with 

a particular programmer. Hence, moral hazard problems that arise from joint output 
produced by teams ( Holmstrom, 1982 ) are less likely to arise in OSS settings than in 

proprietary “co op erative” research settings like research joint ventures. Additionally, OSS 

development teams make the underlying project knowledge accessible to the general 
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