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                    Abstract
Crowdsourcing system requirements enables project managers to elicit feedback from a broader range of stakeholders. The advantages of crowdsourcing include a higher volume of requirements reflecting a more comprehensive array of use cases and a more engaged and committed user base. Researchers cite the inability of project teams to effectively manage an increasing volume of system requirements as a possible drawback. This paper analyzes a data set consisting of project management artifacts from 562 open-source software (OSS) projects to determine how OSS project performance varies as the share of crowdsourced requirements increases using six measures of effectiveness: requirement close-out time, requirement response time, average comment activity, the average number of requirements per crowd member, the average retention time for crowd members, and the total volume of requirements. Additionally, the models measure how the impact of increasing the share of crowdsourced requirements changes with stakeholder network structure. The analysis shows that stakeholder network structure impacts OSS performance outcomes and that the effect changes with the share of crowdsourced requirements. OSS projects with more concentrated stakeholder networks perform the best. The results indicate that requirements crowdsourcing faces diminishing marginal returns. OSS projects that crowdsource more than 70% of their requirements benefit more from implementing processes to organize and prioritize existing requirements than from incentivizing the crowd to generate additional requirements. Analysis in the paper also suggests that OSS projects could benefit from employing CrowdRE techniques and assigning dedicated community managers to more effectively channel input from the crowd.
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Appendix
Appendix
1.1 Edge direction in stakeholder networks
Using undirected, unweighted graphs follows a pattern established in most of the studies cited in Sect. 2.4. Weighted edges provide an advantage insofar as they allow the model to capture the intensity of the relationship between stakeholders. Toral, Martinez-Torres, and Barrero [59], for instance, use weighted edges to study the influence of knowledge brokers within networks and argue that more frequent interactions indicates a more robust connection between stakeholders. The network models in this research do not include weights because, for some metrics, their inclusion produces counter-intuitive results. Higher edge weights, for instance, typically reflect longer distances between nodes, whereas more frequent interactions should reduce the distance between stakeholders. Edge weights do improve fidelity for centrality measures, such as the edge degree of nodes. However, weighting would also reduce the variability of concentration measurements within the data set, making statistical inference more difficult. Given the methodological difficulty involved in incorporating edge weights and the limited potential benefit, the research team decided to use unweighted edges.
Toral, Martinez-Torres, and Barrero [59] use directed edges to represent information flow within their networks. Specifically, they use discussion threads as the primary unit of analysis and construct networks that represent a directed chain of replies. Within the context of their work, directed edges add value due to their ability to model information flows. In the current study, however, networks represent spontaneous two-way collaborations rather than a series of replies, meaning undirected edges have a more intuitive interpretation. As a result, the research team decided to construct the stakeholder networks using undirected edges.
1.2 Additional notes on the Gini coefficient
Using the Gini coefficient to measure concentration in stakeholder networks results in some interesting properties. In particular, the value of the Gini coefficient [17, 18] for the degree distribution of nodes in a network cannot reach one because every edge connects to a pair of nodes. As a result, a single node cannot collect degrees without sharing degrees with other nodes. As a result, the maximum value for the Gini coefficient for a network grows with the number of nodes, but never reaches one. Similarly, the effective lower bound of the Gini coefficient for networks remains above zero. Although this property makes the Gini coefficient an imperfect measure of network concentration, as a practical matter, it only impacts relatively small networks.
The original formulation defines the Gini coefficient using the Lorenz curve [17]. However, Sen provides an equivalent formulation, which calculates the Gini coefficient as half the mean absolute difference [53]. This formulation appears in Eq. 3. Due to its simplicity, the research team decided to compute the Gini coefficient using the Sen formulation.
$$\begin{aligned} G = \frac{\sum _{i=1}^{n} \sum _{j=i}^{n} | x_{i} - x{j} |}{2n^2 {\bar{x}}} \end{aligned}$$

                    (3)
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