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ABSTRACT
This study investigates the impact of community governance on collective innovation in decentralized autonomous organizations (DAOs). While DAOs are structured as self-organized communities such as open source software development (OSSD) communities for collective value creation, DAOs differ from OSSD in that they can financially incentivize contributors with cryptocurrency tokens, enabling private value appropriation. DAOs offer an opportunity to unpack the interaction between the private and collective governance mechanisms and their influence on collective innovation. Analyzing DAO development communities, we find that community governance promotes collective innovation; this effect weakens when interacting with centralized control.
 "It makes most sense to see Bitcoin and Namecoin as DAOs."
Vitalik Buterin, Co-founder of Ethereun, 2014
Introduction
Communities are increasingly adopted as a form of organizing for collective innovation (West & Bogers, 2014). The literature has examined two distinct types of communities that differentiate in their governance and incentive structure. On the one hand, driven by the goal of collective action, self-organized communities such as open source software development (OSSD) communities self-govern in a non-hierarchical way without a central authority. Contributors (e.g., developers) collaborate by volunteering their time and expertise towards collective goals, driven by intrinsic motivations (Shah, 2006; von Hippel & von Krogh, 2003, 2006). There is a lack of financial incentive for self-organized communities to govern themselves in economically efficient ways and to clearly define and allocate value created to private ownership. On the other hand, motivated by a private impetus, communities can be adopted and sponsored by firms, as in the case of proprietary communities, to appropriate financial value. The sponsor typically acts as a central authority for decision-making and financially incentivizes contributors to innovate beyond their boundaries, following an open innovation approach (Alexy & Reitzig, 2013; West & Bogers, 2014). In either case, the incentive structure is often misaligned with the collective goals, as self-organized and proprietary communities capture the two extreme cases of organization design that cater to either collective action or private financial incentives of firms and individual contributors, without offering possibilities in between the design spectrum. Tensions prevail in the process of aligning private incentives with collective action, the widely known problem of private-collective innovation (PCI) (Alexy & Reitzig, 2013; von Hippel & von Krogh, 2003).
The emergence of decentralized autonomous organizations (DAOs), a new form of organizing, fills the PCI gap by offering a novel solution to the problem of organizing collective innovation (Leiponen et al., 2021). Following previous research, we define DAOs as "non-hierarchical organizations that perform and record routine tasks on a peer-to-peer, cryptographically secure, public network and rely on the voluntary contributions of their internal stakeholders to operate, manage and evolve the organization through a democratic consultation process" (Hsieh et al., 2018: 2). Well-known examples of DAOs include the Bitcoin, Ethereum, and Dash networks, just to name a few. Similar to the OSS context, development within these DAOs often involves 'private-collective' efforts (Rikken et al., 2019). However, it is important to note that DAO communities consist of not only developers but also other contributors like investors, miners, and users. The use of blockchain technology in these organizations enables new incentive mechanisms and raises important questions about promoting the participation of contributors, particularly developers, within this novel environment (Lumineau et al., 2021). Little has been said about how this technology expands our current understanding of enabling mechanisms in the PCI model. However, addressing these questions is essential as the success of DAOs relies on the active participation of their community members (Santana & Albareda, 2022).
Innovation in DAOs thus becomes generative in the sense that "unprompted changes are driven by large, varied, and uncoordinated audiences" (Leiponen et al., 2021, p. 1980). DAOs combine the benefits of the private and collective models of innovation by financially incentivizing contributors, optimizing PCI through a better alignment both in terms of participants' private incentives and the collective innovation activities (O'Mahony & Karp, 2022; von Hippel & von Krogh, 2003). DAOs typically issue native cryptocurrency tokens, which carry financial value, to incentivize the community of contributors for participation, fueling economic production and exchange in ways a private corporation can do. On the other hand, DAOs support collective innovation through collaboration among community members (e.g., developers, users, and investors), without relying on a central authority. As a result, DAOs can balance the private-collective tension, capitalizing on "the best of both worlds" while attending to not only participants' intrinsic motivations but also extrinsic financial incentives (von Hippel & von Krogh, 2003, 2006). The nature of PCI has thus shifted from focusing on either end of the spectrum to leveraging various configurations in the continuum to create an economic organization with PCI as an integrative part of the system. The tension between private and collective models and how they interact to influence the innovation outcome motivates our research question: How do DAOs organize innovation by optimizing the interaction between collective action and private incentives? 
To address this question, we study development communities. DAOs provide a unique empirical opportunity for innovation researchers to develop a comprehensive theory of PCI. We first test whether the level of community activity relates to collective innovation. We then investigate the influence of the centralization of control on the main relationship to uncover its interaction with the community's role in collective innovation. Our findings suggest that, first, community activity positively influences the level of collective innovation in DAOs through increased collective innovation. Second, we find that centralization of control weakens the relationship between community activity and collective innovation, potentially hindering the ability of the organization to attract development participation. 
This study makes two contributions to the extant PCI literature. First, while PCI is a hybrid concept, empirical research has focused on either the private firm in terms of how they sponsor or are involved in the free-revealing of innovation or on the community form with an emphasis on voluntary contributions (e.g., O'Mahony & Karp, 2022; von Hippel & von Krogh, 2006). Our study extends extant literature by examining the relationship between the degree of community activity and collective innovation in a systematic way across multiple organizations (Qiu et al., 2019; Setia et al., 2020; Weng & Soh, 2023). By expanding the scope of research to include the wider community activity, it provides novel insights into the factors that drive collective innovation in DAOs. Second, we contribute to the ongoing discourse surrounding governance choices in DAOs (Bodó et al., 2021; Chen et al., 2021; de Filippi & Loveluck, 2016; Hsieh & Vergne, 2023; Leiponen et al., 2021; Murray et al., 2023; Sai et al., 2021; Santana & Albareda, 2022) and in PCI more broadly (O'Mahony & Karp, 2022). By investigating the impact of centralized control on the role of communities in innovation, this research adds to the understanding of how governance choices influence development participation. Finally, our study contributes to the emerging literature on DAOs. This study thus sheds light on the interaction between the private and collective models and their influence on innovation. Although it does not definitely settle the debate presented at the beginning of this paper (Buterin, 2022), it provides an additional perspective on the benefits and drawbacks of decentralization within DAOs.
Theory and Hypotheses
DAOs are designed based on the PCI logic in that their communities collectively innovate through private investment of effort (Leiponen et al., 2021; Murray et al., 2023; Santana & Albareda, 2022). Similar to the OSS context, DAOs rely on open-source collaboration as a fundamental part of their development process (Mollick, 2016; Narayanan et al., 2016). By seeking broad contributions, they leverage the diverse skills of participants to enhance the quality of their source code and ensure the security of their distributed ledgers (Chatterji & Fabrizio, 2014; Laursen & Salter, 2006; Santana & Albareda, 2022). However, the reliance of DAOs on blockchain technology and relatedly, the use of cryptocurrency tokens as a financial incentive to represent private ownership, can have a significant impact on the motivations of contributors and the governance mechanisms employed to organize the community (Hsieh et al., 2018; Lumineau et al., 2021). In addition to intrinsic motivations, contributions are now also associated with extrinsic financial incentives, which may further drive contributions. On the other hand, we do not know whether the two types of incentives, namely intrinsic and extrinsic motivations, can create conflicts, and as a result, discourage collective innovation (Krishnamurthy et al., 2014; von Hippel & von Krogh, 2006). While it is unclear how these various sources of motivation influence the assessment of project attractiveness by potential participants and their subsequent decision to actively engage in the development process, we argue that overall community activity enhances collective innovation for the following reasons. 
First, building on the OSS literature, community activity typically revolves around the code development taking place on repositories (e.g. GitHub), with developers acting as the primary (and often only) participants in the community (Borges et al., 2016; Fronchetti et al., 2019; Poltrock, 2012). However, in the DAO setting, the community not only contains developers but also includes users, investors, and validators (Santana & Albareda, 2022). Community activity can take various forms such as forum discussions, online meetings, and messaging in communication channels, and is vital for innovation in DAOs. Active communities typically receive more engagement from diverse participants beyond developers, who also contribute ideas in terms of product features, possible use cases, and business models to the development process (Hsieh et al., 2017). As a result, active communities can facilitate idea submission, knowledge exchange, and knowledge integration, through intensive interactions across participant groups. Collective innovation will be more likely to be incorporated in the design process. Further, users in active communities are more likely to engage in user innovation (Shah & Nagle, 2020). For instance, users can provide direct and spontaneous feedback on features, contributing to effective code modification and feature upgrades. Finally, other community members, such as investors, individual token holders, and entities, provide the necessary financial resources and business experience necessary for promoting collective innovation. Thus, we postulate:

Hypothesis 1: Increased community activity has a positive effect on collective innovation in DAOs.

While decentralization in DAOs removes single points of failure, risks of deceptive and fraudulent participation in collective innovation settings might increase due to the lack of control and coordination (Leiponen et al., 2021). In the context of DAOs, control over the evolution of the code plays a crucial role (Lumineau et al., 2021; Santana & Albareda, 2022). While blockchain technology is often regarded as inherently decentralized, there are DAOs where firms or institutions exert control over strategic directions to various degrees (Hsieh et al., 2017). This control can be exerted through various means, such as technical control over the right to appoint validators or control of a 'coordinator node' that is essential for the proper functioning of other nodes (Chase & MacBrough, 2018; Popov, 2018). While in proprietary communities, firms provide the necessary sponsorship for OSSD communities, they also assume ownership of the code development. However, for DAOs, since they are decentralized "de novo", i.e., created decentralized from the beginning, the presence of centralized control completely deviates from the design philosophy deeply rooted in decentralization and can have ramifications for the effectiveness of community-supported collective innovation (Sai et al., 2021). We argue that centralized control interacts with community activity negatively to influence collective innovation. Fundamentally, centralized control can discourage participation, especially from developers who are intrinsically motivated to volunteer (Hertel, Niedner, & Herrmann, 2003). The literature points to the strong motivation based on social welfare and collective action that drive volunteer developers' contributions (von Hippel & von Krogh, 2003). This is more so in the case of DAOs, where collective action is ingrained in the founding principles. When the social goal is replaced by profit-driven monetary incentives from a central authority, voluntary developers may be less incentive to contribute due to the decoupling of the DAO's action from its initial decentralized vision. Therefore, we suggest:

Hypothesis 2: Centralized control reduces the positive effect of community activity on collective innovation in DAOs. 

Together, we visualize both hypotheses in the conceptual model in Figure 1.
------------------------------------------
Figure 1 about here.
-------------------------------------------
Method
Data and Analysis
This paper analyzes panel data covering 45 DAO communities. The data contains between 4 and 261 weekly observations for each DAO, providing an exciting opportunity to study associated innovation in this industry. Panel data are cross-sectional time series data that tracks a specific group of units (within the DAO community) over a period of time, allowing for multiple observations of each unit within the group (Hsiao, 2014). In the DAO community context, we calculated and evaluated the common model for panel data analyses according to Baltagi et al. (2003) and Hausman & Taylor (1981).
Results
The baseline model (Model 1) with only the control variables already yields some interesting findings. The coefficient of DAO size is positive and significant suggesting that DAO size has a positive effect on collective innovation. Additionally, a positive significant effect of decentralized treasury as a control variable on collective innovation is evident in the baseline model. The other control variables do not yield significant results. Model 2 shows that the coefficient of community activity is both positive and significant at the 1% level. Thus, Hypothesis 1 is supported that community activity has a positive effect on collective innovation. Model 2 shows that the coefficient of the interaction of centralized control and community activity is negative and significant. Thus, Hypothesis 2 is supported that centralized control has a negative effect on the positive relationship between community activity and collective innovation. Additionally, the moderation effect was validated by plotting the different slopes of the interaction.
Discussion and conlcusion
In this study, we empirically investigate the factors that influence the participation of developers in the innovation process of decentralized autonomous organizations. Within this context, we examine the main effect of community activity and the moderating effect of centralized control. We argue that community activity is a factor in attracting developer participation and that the level of control within a DAO affects this relationship. To complement existing research on DAOs, we draw upon the theory of private-collective innovation (von Hippel & von Krogh, 2003) to develop explanatory mechanisms. These mechanisms help to understand why community activity leads to developer participation, how the level of control influences this relationship, and how the context of DAOs differs from traditional settings.
First, we contribute to the field of PCI by investigating the impact of community activity on collective innovation within DAOs. While existing research has explored the relationship between community metrics and development participation in OSS projects (Qiu et al., 2019; Setia et al., 2020; Weng & Soh, 2023), we extend this line of research to the field of DAOs. We demonstrate that in the context of DAOs, not only metrics directly linked to development efforts, but also the overall activity of the broader community can serve as an effective predictor of collective innovation. Similarly, high levels of user activity within the community might signify a strong common identity or shared purpose, which can also serve as an attractive factor for developers. By expanding the scope of research to include the wider community activity, we provide novel insights into the factors that drive collective innovation in DAOs.
Second, we contribute to PCI research by exploring the tension between centralized and decentralized tendencies within organizations, a topic that is relevant in both OSS (O'Mahony & Karp, 2022; Shah, 2006; West & O'Mahony, 2008) and DAO literature (Bodó et al., 2021; Chen et al., 2021; Sai et al., 2021). Existing research has not reached a consensus regarding the impact of centralized control on participation in innovation processes. While centralized control may increase participation by providing coordination benefits (Hsieh & Vergne, 2023; Leiponen et al., 2021), it could potentially hinder voluntary participation by limiting the openness of the organization (Murray et al., 2023; Santana & Albareda, 2022). We intend to address this tension by examining the effect of centralized control on the relationship between community activity and collective innovation in DAOs. Our findings suggest a reduction in the strength of the proposed relationship when centralized control is present. While this finding implies an indirect negative effect on collective innovation, it is important to note that the analysis only considers one dimension of the impact of centralized control and does not account for other potential effects it may have on the DAO. By investigating the impact of centralized control on the attraction of developers, this research contributes to a deeper understanding of how governance practices influence developer participation in DAOs.
This study offers insights for practitioners in the context of DAOs and potentially other PCI settings. First, it highlights the significance of establishing, growing, and sustaining an active community. The community plays a crucial role in attracting external development support and fostering innovation by actively seeking diverse ideas and contributions. Particularly in environments where fresh perspectives yield sometimes better insights than prolonged individual attention (Laursen & Salter, 2006), it is important to attract potential contributors by building the community. Second, the negative impact of centralized control on the relationship between community activity and collective innovation should be interpreted with caution. It should be noted that this analysis does not account for other potential effects of centralized control and hence cannot assess the overall benefits and costs associated with centralized control.
In conclusion, we find that decentralized autonomous organizations are a promising and exciting area of research because they fundamentally change the way organizations incentivize contributors and govern the innovation process, further blurring the boundaries between value-creating communities and value-appropriating companies.
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