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1. INTRODUCTION 

Open source has become increasingly proliferated with entrepreneurial ventures (Chesbrough, 2003; 

Von Krogh & Von Hippel, 2006; Alexy & Reitzig, 2013). Although forfeiting the proprietary rights of technologies, 

open source can also bring unique benefits to new ventures’ innovation and growth (Colombo, Piva, & Rossi-

Lamastra, 2014). One of such benefits of open source is the extensive collaboration with external contributors 

in their corresponding online communities (Lee & Cole, 2003; Garriga, Von Krogh, & Spaeth, 2013; Dahlander 

& Piezunka, 2014; Belenzon & Schankerman, 2015). New ventures can access the human capital and knowledge 

inputs for free through collaborating with the crowd contributors in open source communities, as those external 

contributors volunteer to improve ventures’ open source technologies without monetary compensation (Lakhani 

& Von Hippel, 2003; Fleming & Waguespack, 2007; Boudreau, 2012).  

However, the economic implications of collaborating with crowd contributors in the open source 

communities remain unclear for new ventures. The existing literature on entrepreneurship through open source 

has not addressed the puzzle, whether and how the collaborations with external contributors can translate into 

financial benefits that ultimately sustain the growth of open source-based new ventures. In this study, we seek 

to explore this question by investigating on the impact of collaboration with contributors on ventures’ acquisition 

of venture capital investment, an important milestone that reflects a venture’s economic value (Baum & Locke, 

2004).  We propose that collaboration with the crowd increases the likelihood of venture capital investment to 

open source-based ventures, as the crowd functions as signals valuable market resources. In contrast with the 

existing literature that regards crowdsourcing collaboration as a process of knowledge creation in the upstream 

innovation process, our theory development the value of the crowds in the competition of the downstream 

product market. Crowdsourcing allows external contributors, who are oftentimes lead users in the diffusion and 

adoption of new technologies (Suarez, 2005; Rogers, 2010), to develop familiarity with the functionalities, 

fundamental logic, and communication pattern, which makes it easier for firms to lock-in critical users at the 

emergence of the downstream product market. Hence, crowd collaboration enables ventures to cultivate loyal 

users as rare and valuable market resources at an early stage, the economic value of which will then be reflected 

through venture capital investment. Empirically, we test our hypotheses using open source repositories on 

GitHub.com under an instrumental variable design, in which we use the time taken for crowd collaborators to 

respond to the venture as an instrument for collaboration completion. Preliminarily analyses show strong 

support for our arguments.  

2. THEORY AND HYPOTHESES 

2.1 Collaboration with the Crowd in Open Source Communities 

Collaboration with external contributors through crowdsourcing has gained increasing attention in the 

literature on innovation and strategic management. Crowdsourcing generally refers to the firms’ behavior of 

soliciting suggestions and solutions to problems from the population of individual external contributors (Afuah 

& Tucci, 2012; Piezunka & Dahlander, 2015).  Crowdsourcing is particularly relevant to open source technologies, 

as they are often based on online communities for external developers and users to interact with each other and 

with the inventing venture. Such online communities become a platform for crowdsourcing collaborations, where 

actors jointly discover and solve technological problems while seeking to improve the innovation (Lee & Cole, 

2003; O’Mahony, 2003; Ebner, Leimeister, & Krcmar, 2009). In those communities, the collaboration with 

external contributors in those communities oftentimes driven by the intrinsic interests of the crowd without 

monetary reward nor proprietary rights (Bagozzi & Dholakia, 2006; Waguespack & Fleming, 2009). Such 

external contributors in communities constitute free resources that firms can access through crowd collaboration. 

Most of the current studies view the crowdsourcing collaboration with external contributors as a form of 

knowledge sourcing mode, which allows firms to search for distant knowledge and facilitates knowledge creation 
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and firms’ adaption in the face of new technologies (e.g., Hippel & Krogh, 2003; Afuah & Tucci, 2012; Alexy, 

George, & Salter, 2013; Piezunka & Dahlander, 2015). Recent literature, however, also uncovers the downsides 

of crowdsourcing in the process of knowledge creation. Even though firms may access the distant knowledge 

from crowd collaboration, they may not be able to assimilate and utilize such knowledge as the filtering and 

learning process of such external knowledge is still subject to firms’ own path dependencies and limited 

absorptive capacities (Piezunka & Dahlander, 2015). Those disadvantages cast doubts on how crowd 

collaboration can create value for entrepreneurial firms developing open source technologies. 

2.2.  Crowd Collaboration and the Financial Value of Open Source Technologies 

In this study, we shift the focus from its role in upstream innovation to its impacts downstream on the 

product market, to address the puzzle whether and how crowd collaboration creates value for open source based 

ventures. In investigating the mechanisms that allow crowd collaboration to generate economic value, we 

highlight the ability of crowd collaboration to gain users and expand the market base, which constitutes critical 

prerequisites for ventures to subsequently profit from their open source technologies.   

In the process of profiting from innovation, new ventures with open source technologies face a unique 

challenge. The absence of prosperity rights makes it difficult to gauge the potential economic value of the 

technology, even when its technical quality can be verified. Open source-based ventures often need to resort to 

business model innovation or launching subsequent priced technologies, to capture the value of their open source 

technologies (Fosfuri, Giarratana, & Luzzi, 2008; Alexy & Reitzig, 2013). However, despite the diversity of 

business models, such value capture process all requires an extended and loyal user base, with the potential to 

pay for service or priced alternatives (Teece, 2007). Hence, the fundamental role of the user base in profiting 

from open source innovations makes the competition of user and market share particularly pertinent in open 

source entrepreneurship. 

We argue that collaborations with crowd contributors constitute an effective strategy to develop the user 

base as a valuable resource for open source technologies. The first market resource is the external contributors 

who directly take part in the crowd collaboration. Research on open source communities has noticed that crowd 

contributors are often users of the open source technologies (Von Krogh, Spaeth, & Lakhani, 2003; Bagozzi & 

Dholakia, 2006; Baldwin & von Hippel, 2011; Chatterji & Fabrizio, 2014). For those users, the collaboration 

process deepens their understanding of a focal technology. As they seek to contribute and improve the innovation, 

external contributors need to comprehend the principals, as well as the development logic and the underlying 

knowledge, above and beyond simply using the technology. Collaborators are more likely lock-in to the 

technology, not only because the technology is modified by themselves to better suit their own needs, but also 

because they become increasingly familiarly with the technical details. At the same time, the crowd’s familiarity 

with the focal technologies increases their switching cost to competing technologies, which also reinforce the 

unique user base of the technology. Moreover, the collaboration also reinforces the social and emotional 

attachment of those users. As the community-based collaboration often requires frequent communication 

(Dahlander & Magnusson, 2005; Foss, Frederiksen, & Rullani, 2016), during which the crowd develops shared 

routines, languages and experience with the firm and within the community (Shah, 2006; O'Mahony & Ferraro, 

2007), which helps firms retain those collaborators as the user base.    

Secondly, the crowd also facilitates the diffusion of technology to other users, further strengthening the 

firm’s advantage in the market competition for users. As mentioned earlier, the crowd of users who seek 

collaboration are often lead users with considerable technological knowledge. Those lead users play a critical 

role in the diffusion of technologies, as other users tend to rely on their recommendation and education when 

deciding which technology to adopt (Von Hippel, 1986; Rogers, 2010). Hence, retaining the lead users through 

crowd collaboration allows the inventing firm to generate direct network effects among users to win over a larger 

proportion of market base (Cabral, 1990; Cennamo & Santalo, 2013). In summary, the crowd collaboration 

enables more expanded user base of ventures’ open source technologies, creating the potential to profit such user 

base. Hence, crowd collaboration for open source technologies will positively affect the ventures’ financial value 

as reflected in venture capital investment. 

H1: Collaboration with external contributors increases the likelihood of receiving venture capital 

investment for an open source-based venture. 

Although the literature often portraits the crowd as “free” and “unpaid” (Lakhani & Von Hippel, 2003; 

Boudreau & Jeppesen, 2015), attracting crowd collaboration is not without cost. We argue the major cost 

involved in the crowd collaboration is the opportunity cost of disclosing the technological components as open 

source– knowledge that ventures could have otherwise made proprietary. If crowd collaboration requires 
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extensive disclosure of ventures’ own knowledge, the acquisition of potential user base becomes more costly, as 

ventures may more lose opportunities to directly profit from their own knowledge that can otherwise become 

proprietary and protected by intellectual property rights. In other words, the increasing knowledge disclosed 

creates higher costs to compete for user base through crowd collaboration. In turn, the positive effect of 

collaborating with the crowd on firm value would be attenuated during venture capital investment, as it 

increases the opportunity cost for ventures in profiting from their open source technologies. 

H2: The venture’s knowledge disclosure in the open source communities weakens the positive effect 

of collaborating with external contributors on the likelihood of receiving venture capital 

investment for an open source-based venture. 

3. EMPIRICAL CONTEXT, RESEARCH DESIGN, AND PRELIMINARY RESULTS 

We test the proposed hypotheses in the context of the open source software, the industry with the most 

active and developed open source innovation. Our primary data source is GitHub.com, currently the world’s 

largest host of computer source codes for open source software programs (Dabbish et al., 2012; Octoverse, 2018). 

We obtain venture capital investment through the VentureXpert database. The initial data contains longitudinal 

information on over the open source projects by 40,000 ventures, with more than 4 million records of 

collaboration from 2013 to 2017, mapped to the investment data based on the company website. Figure 1 

presents venture capital investment to ventures with open source projects. 

Our dependent variable Venture capital investment is the dollar amount of venture capital investment 

in the focal quarter. To measure ventures’ collaboration with external contributors, we take advantage of a 

unique feature provided by GitHub to the open source technology, the “pull-request”. Through pull requests, 

external contributors can make requests to the owner of open source technology to incorporate contributor’s 

changes to the source codes, and owners or administers can review the changes submitted through pull request 

before deciding on whether to accept or reject changes. Our Collaboration is measured is the number of pull 

requests from external contributors completed within the focal month. In testing our predictions, an empirical 

challenge is to account for the possibility unobserved factors may exist that at the same time affect whether a 

venture collaborates with external contributors and also help explain venture capital investment. To do so, we 

adopt an instrumental variable method. We use the average time the external contributor taken to respond to 

the venture during collaboration as an instrument for collaboration. While affecting the collaboration 

(completion of pull requests), this measure is not related to other factors that can impact on venture capital 

investment because it is determined by individual collaborators exogenous to the venture. 

We measure venture’s Knowledge disclosure through the kilobytes amount of codes contained in “pushes”, 

changes made by the venture to its source code repository directly, up the focal quarter. Ventures’ knowledge 

breath is measured by Programming language concentration, a Herfindahl index based on the programming 

language used in all the repositories released by the venture up to the focal month. Models also control for 

venture experience and other knowledge related factors that may affect both venture capital investment and 

collaboration. Table 1 presents the preliminary results using Radom effects and instrumental variable models, 

showing support to our proposed hypotheses.  

 

 

 

 

 

 

 

 

 

 

Table 1. Effects of crowd collaboration on venture capital investment 

  (1) (2) 

 

Random 

effects  

model 

Instrumental variable - 

(collaborator time to 

respond in pull requests) 

Pull requests (H1: β > 0) 0.009*** 0.028***  
(0.001) (0.003) 

Pull requests X Push code size (H2: β < 0) -0.001*** -0.003*** 
 (0.000) (0.000) 

Push code size -0.000 -0.000  
(0.000) (0.000) 

Constant -0.012*** -0.021*** 

 (0.001) (0.001) 

Observations 4,300,309 3,873,006 

Control, firm & month FE YES YES 

Robust standard errors in parentheses, *** p<0.001, ** p<0.01, * p<0.05, + p<0.1 

0

1
0
0

2
0
0

3
0
0

4
0
0

F
re

q
u
e

n
c
y

01/01/2013 07/01/2014 01/01/2016 07/01/2017
Date

Figure 1.Venture capial investment to 
open source ventures
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