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Software is crucial to science, but sustaining projects for long term impact is challenging. Scientists and funders
look to “the open source way” (known as peer production in the organizational literature) as a promising route
to sustainability. We studied scientific software projects funded by research grants and which were encouraged
by their funder to develop a sustainable community around their open source code. Using interviews and
content analysis of online presences, we studied the projects over a seven year period, from receiving grants
around 2014 through the typically three years of funding, and for up to four years following the funding. We
make four contributions: First, we find that by far the most successful route to peer production was beginning
as peer production, a result with clear policy implications. Second, through our taxonomies of organizational
forms and of organizational change, we paint a landscape of the variety of forms that scientific software
development can take on and transition between providing language for discussion in the literature and among
communities of practice. Third, we use these taxonomies to describe multiple routes to sustainable software
development. Finally, we discuss the challenges and strategies involved in sustaining scientific software,
including choices not to pursue peer production at all.
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1 Introduction
Software valuable to science is often difficult to develop, requiring deep understanding of scientific
theory, workflows, algorithms, and cutting edge performance strategies, but successful software can
advance science, learning, and collaboration [1, 29, 38, 46, 58]. Accordingly, science funders (and
communities of researchers through peer review) support software work in science with grants.
Yet grants are relatively short term funding commitments and there is concern that grant-funded
software languishes once the grant ends. Science policy thus seeks approaches to encourage the
sustainability of grant-funded research software[21, 57, 58]. While commercialization is an option
[14, 77], the success of open source software development—and its affinities with the ethos of
science—is inspirational [24, 57, 58].

While open code itself is important, the novel organizational form associated with open source
production is especially desired. Whether referred to “the open source way,” “open collaboration,”
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or “peer production” the image is of communities of users collaborating to build, sustain, and
enhance the tools they use in their work [2, 5, 6, 39, 54, 83]. These collaborators work with high
autonomy, openness to new contributors, commitment to shared learning, and shared responsibility
for success. The community often undertakes this effort without a centralized budget or investment.

Early work on open source emphasized volunteerism [e.g., 66], implying that contributors are not
paid while contributing work. Decades of subsequent work has corrected this view, making clear
that the majority are contributing with time paid for by employers [30, 34, 84]. Other motivations
for developers to contribute include still further extrinsic motivations, including reputational
enhancements. Other early visions of open source have gained nuance as well. For instance, while
some images of open source collaboration—including the label “peer production” itself—emphasize
a lack of hierarchy, projects can be quite hierarchical (including those run by a “BDFL”, a Dictator
For Life whose Benevolence is, in fact, often loudly disputed) [e.g., 26, 69, 70].

Rather than non-hierarchical projects driven by unpaid volunteers recent conceptualizations of
open source work emphasize the importance of autonomy for participants and for the code itself.
Participants largely decide for themselves what work they will undertake, offering patches that
may not be accepted by projects, demonstrating a work first, choose later approach described as
“shared leadership” [31, 69]. Autonomy for the code is guaranteed by open licenses, denying even
dictators the ability to restrict use, or access to the source code to anyone. An open licence also
ensures the ability to “fork a project,” taking a full copy of the codebase to develop independently
or as a base to attract like-minded contributors to form a new community.
Collaboration technologies underlie, but do not guarantee, the organizational form of peer

production. From email discussion lists, source code diffs and patches, source code repositories,
issue management and pull requests, to continuous integration and bots for work [43], open source
has embraced and in many cases produced the collaboration technologies underlying our world.
The low cost and persistence of these work environments means that work can precede organizing
and organizations, reducing the need for money to be invested and the protection of interests that
results in formal contracts, advance agreements, and fixed contracts money implies [86]. Work and
artifacts can seek forms of organization able to sustain them over time. In recent years, sustainability
of open source software production has again become important, as open source is identified as
critical infrastructure [30] and the work of maintenance as substantial and problematic [37].
Much of peer production is familiar to science. Research has established that “the open source

way” was inspired by the organization and experience of academic work [8, 63, 78]. The expressed
aspirational values of science are well aligned with open source and peer production [19]. Yet
research also shows that scientific research has its own well-established and institutionalized
organizational forms, many of which look quite different from peer production [51, 52, 60, 71,
74, 82]. Collaboration technologies are also diverse in science, ranging from low use through to
advanced, innovative use, such as in the development of Collaboratories [32, 55, 59] and distributed
collaborations with world leading technology and scale, such as the Large Hadron Collider. Both
organizational forms and collaboration technologies used in open source peer production are
quite different from those in science, thus, sustainability through peer production likely requires
considerable change, certainly in organization and likely in collaboration technologies. Thus, on top
of the challenges of realizing sustainable peer production at all are layered challenges of changing
practices and changing, or learning to coexist, with existing institutions.

Accordingly, our research questions are these:

(1) How is software work funded by grants organized? How does that organization change
during and after the period of a grant?

(2) What routes to peer production did our projects pursue?
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(3) What challenges exist, and how are they addressed, in seeking sustainability through peer
production in Science?

We understand sustainability to mean that the work needed to keep software useful is under-
taken [48, 81]; not only must the software continue to work but it must be continued to be worked
on. We discuss sustainability further in detail below.

2 Related Work
Previous research has addressed closely related topics, both inside science and outside. Our research
drew on this literature throughout our project and we attempt to highlight similarities and contrasts
in our results and discussions of findings.

Research on open source software development has described models of organization [5, 39, 54]
and governance[69, 70]. Studies have identified why participants are motivated to participate [65] as
well as the inputs, processes, and outcomes of open source projects [23]. Recent work in CSCW has
highlighted the labor of scaling and maintaining large projects, observing the significant community
work involved [37]. Ironically, given the vision of sustainability investigated in this paper, while
early research largely sought to explain and learn from the success of open source [22, 67, 75],
more recent research has highlighted challenges to sustainability, including an under-provision
of labor overall and high burnout rates, particularly among those doing long term maintenance
work [30]. There has likely been a fall in the overall number of active open source projects [27].

Studies of work in science have examined software within a larger category of infrastructures,
including communication platforms, scholarly publishing, data repositories, and software. In par-
ticular, this research identified tensions between work seen as research versus infrastructure [13],
and the limits of systems of academic credit to reward these efforts [11, 64] joining strong findings
on the relative invisibility of infrastructural work [53, 73].
These findings were strengthened by specific studies of software work in science, highlighting

software sharing among scientists[42], troubles with reputation motivation [40, 41], and identifying
specific forms of organizing prevalent in scientific softwarework [40, 68]. Bietz and colleagues [9, 10]
specifically examine ongoing maintenance of scientific software specifically; their work described
the similarity between a period of purported maintenance and the work of initial creation. Those
working on the software “synergize” across projects and scientific fields, seeking to enroll additional
sources of support while maintaining software in the face of a shifting software ecosystem. Darch
and Sands [25] studied challenges to the open source approach to managing uncertainty in the data
management needs of the LSST research project. Trainer et al. [80] studied the “extra work” required
to transition from personal infrastructure to a community resource. These results provide scientific
context to long-term findings about the difficulty of sustaining software projects in general [4, 61]
and the surprisingly high costs of maintenance phases in software lifecycles [3, 12].

Finally, practice-oriented literature discusses how to establish productive open source software
work, both in general and specifically in science. For example, Fogel [35] approaches open source
software production systematically, attending to its technical, social, organizational, and even polit-
ical aspects. A series of Workshops on Sustainable Software for Science: Practice and Experiences
(WSSSPE) represents the proliferating initiatives in science that seek to address the collective chal-
lenge of sustaining reusable software for scientific research [e.g., 47]. These workshops have also
distilled expectations for software project infrastructure, including public repositories, mailing lists,
continuous integration, and wikis. Similar to general guidance on running open source software
projects, scientific software practitioners also seek to address the social and economic challenges
in sustaining open software development, and they additionally attend to specific requirements
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raised by scientific research [7, 28, 48, 49, 62]. We drew on these guides as we built our content
analysis scheme, described below.

In summary, then, while current literature has addressed similar topics there are no systematic,
long term, studies of sustainability in scientific software projects. Outside scientific software there
are very few studies of change in software projects, particularly change in organization form. Our
study advances the literature in these two key areas.

3 Methods
We conducted a six year long study of software projects funded by scientific grants. We undertook
interviews with project participants and conducted a longitudinal content analysis of project
websites and software repositories. Over the course of the study our conceptual understanding
developed, as we engaged in regular returns to the literature as we engaged in “dialoguing with the
data” [20, page 106].
We show the unfolding process of our study in Figure 1, showing five activities: A set of pilot

interviews, a pilot content analysis in which we developed our website and repository coding
scheme; a large scale content analysis of websites and code repositories; interviews about organiza-
tion transitions, and a thematic analysis of interviews focusing on challenges and strategies for
sustainability. Figure 1 shows these activities as boxes with dotted lines to show how each activity
informed the next; the ovals show three results, one for each of our three research questions.

Fig. 1. Our research process and results

We focused data collection on software projects funded through NSF’s SI2 program (Software
Infrastructure for Sustained Innovation). The SI2 funding program was intentional about creating
“sustainable software communities” and required each project to have a “Sustainability Plan” [57].
We therefore interpreted SI2 grant recipients as a useful population through which we can study
the sociotechnical changes that occur during a transition for sustainability.

3.1 Pilot Studies
We conducted pilot interviews to ground us in the context of scientific software work. In total we
conducted 15 interviews with participants funded by six grants; four were funded by SI2; two were
funded by earlier NSF software focused programs. We selected these grants through theoretical
sampling for diversity of discipline, scientific use, and software ecosystem positioning. We also
sought to include projects that we knew to have made successful transitions to peer production and
those whose transitions were ongoing. These interviews prepared us to understand the websites and

Proc. ACM Hum.-Comput. Interact., Vol. 9, No. 1, Article GROUP29. Publication date: January 2025.



Tales of Transitions: Seeking Scientific Software Sustainability GROUP29:5

repositories that we would later observe, as well as making us familiar with the kind of responses we
would hear and therefore helped in preparing later interview protocols, and to ask useful follow-up
questions.

We piloted our content analysis protocol through an initial investigation of 15 SI2 grants. Using
the information supplied in the NSF abstract and initial web searches, we selected a theoretical
sample to represent what we expected to be a variety of research topics, team sizes, and goals (e.g.
to contribute to existing software or develop a new package). We attended to these characteristics
because of their potential impact on resource attraction and governance models which the literature
suggests may impact the viability of a peer production community. We developed a content analysis
scheme that attended to project characteristics expected to impact the transition to a peer production
community. We recorded, for instance, the presence of a version controlled repository, an open
source license, and an explicit invitation to contribute to the code. During the pilot phase, we met
to discuss the content analysis scheme and refined it to address disagreements and clarify concepts.
Noting that grants sometimes funded multiple software projects, we adjusted our data structure to
account for this; we recorded data on each project we identified.

3.2 Content Analysis of SI2 Projects
After our pilot studies, we applied our content analysis scheme to software projects funded through
the NSF SI2 program. For each grant, the authors collected publicly available documents and web
pages. Beginning with the published grant abstract from the NSF website, we then discovered other
relevant web pages by conducting Google searches with keywords like grant numbers, titles, names
of software, and names of personnel mentioned on the grants (including any linked collaborative
grants). We found project homepages, SI2 PI meeting posters, published papers, PI institutional
websites, mailing list archives, and source code repositories (e.g. GitHub, Sourceforge, Bitbucket),
analyzing 221 websites or repositories in total. On our initial pass we used Internet Archive to visit
the websites, creating an archive to which we could later return. We reviewed current and archived
websites at three points in time: during the grant (circa 2016), the end of the grant (circa 2019), and
about three years after the grant end (circa 2022). In this way we built a longitudinal dataset to
observe and describe change over time.
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As we read and discovered documents, we wrote memos about the project, using the documents
we collected as sources of insight into the way that the project was organized. We applied our
coding scheme, recording data about individual web pages as well as the project as a whole.
Through discussions about the data and our research process, we continued to refine our coding
scheme, moving upwards conceptually from surface features (such as use of a repository) to
organizational features described below. Ultimately, this analysis yielded language to describe
different organizational forms involved in grant-funded scientific software development. This
language, detailed in Section 4.1, articulates a range of organizational configurations; by examining
how these configurations changed across our three observation points we are able to describe types
of transitions that we observed.

Identifying Active Websites. We continued to refine our coding scheme as we collected data,
periodically returning to earlier coded projects (and archived websites) so that each project could be
analyzed through the updated content analysis scheme. One addition we made was to log whether
or not a discovered website or repository appeared to be active, in the sense that the work it was
describing was ongoing. Relying on commit histories in software repositories, other dated content
(e.g., posts about meetings), and archives on the Internet Archive (archive.org) we took note of
the date the website appeared to become active or inactive. Taking into account all relevant URLs
for a project, we then assessed whether or not a project had any active websites or repositories at
the start of the grant period, the end of the grant period, or after the grant period. These data are
presented below in Figure 4.

Sampling Procedure. We began with the 15 SI2 grants from our pilot study. To that group we
added the remaining SI2 grants that had been funded prior to 2014 and removed those that did not
intend to produce software (such as those funding workshops). In total, then, we conducted content
analysis on 81 SI2 grants. Of these, 8 grants were funded post-2014 (all coming from our pilot study)
and 73 grants were funded pre-2014 (7 from our pilot study and 66 newly added grants).
We used the full dataset as we developed the taxonomies report below in Section 4.1, focusing

on breadth to observe as many organizational forms as we could, studying the full 81 SI2 grants,
funding work on 120 software projects.
However, when we report the specific organizational forms and transitions observed below

in Section 4.2, we reduce our sample to include only all SI2 grants projects funded before 2014,
removing the 8 SI2 grants funded post-2014. We did this because we are presenting counts and
proportions and we wanted to ensure that all grants had sufficient time to complete their grant
funded period and to allow observation for about 3 years after the grant. Further these 8 post-2014
projects were from our pilot content analysis study and were not randomly chosen but chosen to
represent peer production and known transitions. Removing those from our sample means that we
report on a census of SI2 projects with comparable time to change, enhancing the validity of these
proportions. This reduced dataset includes all SI2 grants funded before 2014: 73 grants supporting
98 projects.

3.3 Transition Interviews
To deepen our understanding of organizational transitions and sustainability, we conducted in-
terviews with project leaders and contributors, seeking to understand how and why their work
had changed over time. These interviews occurred after we had developed our taxonomies of
organizational forms and transition types.
To identify projects we first included all the projects that had engaged in peer production. We

grouped these into eight groups and for each we added comparable projects that had not engaged in
peer production. This grouping approach enabled us to order our interviews to ensure that the peer
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production projects were interspersed among projects with other configurations and transition
paths. Our approach to sampling may bias our results so that they over represent the experiences
of peer production projects, but this is consistent with our research questions. Representatives
of still active projects may also have been more willing to speak with us, but this would bias our
interview data such that it reflects the lessons learned by sustainable projects. We included projects
that became inactive, mitigating concern that we missed significant sustainability challenges.
We conducted 39 interviews, beginning in 2020 and concluding in 2021. In these 39 interviews,

we spoke with representatives of 28 projects including 15 projects ending as peer production.
Our interview protocol sought detailed explanations of work episodes and how these had changed

over time, as well as verifying our content analysis understandings of how the projects had been
organized. We asked questions like: Thinking back to the early days of <project>, can you describe
an early task you worked on and how you got it done? and Could you tell us some about a time
when someone outside the core team tried to make a contribution to the <project> code? How did that
go? Who was involved and did the code ever get merged in? We also gathered information on the
project organization and communication, asking questions like: How did you communicate with
other developers at the start of the project (e.g. email, IRC, PRs/bug reports only)? Did that method
work well for you? Have collaboration infrastructures (communication venues, trackers, version control,
continuous integration) changed over time? In what ways? We informed our questions by drawing
on our content analysis work and memos, verifying our interpretations and getting more detail on
the activity we could not observe through project websites. We recorded notes during and after
each interview, discussing highlights and questions with one another. We have included a sample
interview protocol as a supplement to this paper.

3.4 Thematic Analysis
To conduct thematic analysis we combined the 39 transition interviews with the 15 interviews
conducted during the pilot study, for a total of 54 interviews discussing 34 projects. We also
consulted memos written during our content analysis of websites and repositories. The authors
listened to the interviews again, recording notable quotes in an index that was then discussed to
identify prominent themes and analytical questions. One author reviewed the full index for thematic
analysis [15]. Attending to the conditions for peer production, challenges for sustainability, and
resources for sustainability, the author categorized the quotes. These categories included keeping up
with technology, healthy, connected ecosystem, competition and control, collaborators/sources of ideas,
integrating contributions,maintenance work, best practices, developing for contributions, developing for
use, establish shared expectations, upskilling/mentoring contributors, contributor turnover or retention,
money as a critical resource, parent organizations, charging money, balancing science and engineering,
promotional/community work, governance, RSEs, transitions, and relationships with industry.
Quotes from projects that successfully transitioned during their grant period (as discovered

during content analysis) were reviewed once more for their relevance to any category. Analytically
iterating through the data once more, one author considered the relationships between categories,
combining and refining them to establish a set of themes. These themes represent the strategies and
concerns of software projects in our sample. The other authors critiqued and added to the themes,
grounding them in the indexed stories and quotes. All authors sought to find counter examples to
the emergent findings, challenging our conclusions.

We “disciplined our imagination” [85] by presenting developing results with the communities of
our participants. We presented results at workshops, prepared white papers, and gave keynotes
and participated in discussions at practitioner events. At the conclusion of our interviews, we
often answered participants’ questions, summarizing results. This engendered reflection, additional
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stories, pointers to resources, and sometimes polite critique, each of which fed into our thematic
analysis. Nonetheless, the conclusions in the paper are those of the authors and not our participants.

3.5 The Emergence of our Conceptual Understanding
Throughout our analysis, our conceptual understandings grew and developed; we periodically
returned to the literature to ground, deepen, and challenge our understandings.
We began grounded in the the peer production literature, we established expectations for the

changes in infrastructure and work practices that we would see as projects transitioned to peer
production. In particular, the outcomes of the First Workshop on Sustainable Software for Science:
Practice and Experiences identified a number of technological “needs” in peer production: “public
source-code hosting, mailing lists, documentation, wikis, bug trackers, software downloads, con-
tinuous integration, software quality dashboards, and of course, a general web presence to tie a
project’s channels and artifacts together,” [47, p. 6].

Exploring the organizational science literature, as we considered our pilot interviews and content
analysis, we were sensitized to the concept of organizational configurations [33, 56]. Configurations
are potential structures that an organization might adopt [56], identified by finding resemblances
among various organizations [72]. In finding similarities among organizations, a configuration may
be identified and predictions about that configuration’s success in certain circumstances may be
made [33, 50, 72].

As we sought similarities and differences among projects to recognize organizational configura-
tions, we also drew on the concept of genre. Genres are recognizable by their form and function,
and are developed over time through a community’s communication practices [76, 87]. They are
therefore useful lenses through which to understand changes in software projects’ collaboration and
infrastructure. We considered the “communicative purpose” [76, p. 58] of each grant’s web pages
and attended to their visual style. Thus, website features like a university seal were interpreted
not just as imagery associated with certain organizational configurations, but as indications of the
project’s priorities and their work practices. The genre theory understanding that organizations
can be recognized by the type of documents they produce helped our emerging understanding and
analysis. Yet we were able to verify and challenge these understandings through our transition
interviews and thematic analysis, going beyond the surface features through the perspectives of
those directly involved.

4 Findings
Our three research questions are answered with three findings. Our first RQ asks about how projects
were organized and how that organization changed over time; we answer that with two taxonomies,
one of organizational forms and the second of organization transitions. Our second RQ asks about
the specific routes to peer production that projects pursued; we answer that question by applying
our taxonomies to all SI2 projects funded before 2014, highlighting those that end in sustained
peer production and the pathways they took. Our third RQ asks about challenges and strategies for
sustainability; we answer that with the results of our thematic analysis.
In the spirit of acknowledging software contributions to research, our data was queried using

Data.World (https://data.world/) and figures representing transitions and website activity were
developed using the R package ggalluvial [16, 17].

4.1 Taxonomies of Transition
4.1.1 Organizational Configurations.

Proc. ACM Hum.-Comput. Interact., Vol. 9, No. 1, Article GROUP29. Publication date: January 2025.
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How software projects were organized. By identifying patterns in the codes describing the projects
and attending to presented genres of websites and repositories, we recognized six organizational
configurations within which software was being produced. We then assigned these configurations
to the software projects in our full content analysis sample (120 projects).
Here, we define these configurations. While we developed many codes during our analysis, in

this paper we focus on those we used to distinguish among the configurations and provide short
illustrations of these organizational forms.

Peer production communities. We identified peer production communities by their possession of
five key characteristics:
(1) Self-identification as a community: Peer production communities were the easiest to identify

as they were often self-proclaimed community driven projects.
(2) An established group website: We saw that peer production communities used their websites

to share information with current and potential contributors. These websites listed current
and past contributors and they all included a link to a public repository. Their web presence
also often included a user or developer forum and half of the peer production websites
indicated that a user workshop had been held, indicating a community oriented genre.

(3) A formal name for the group: Peer production communities in our sample referred to their
collaborations by the name of the software they were producing.

(4) A clear invitation to contribute: Nearly all of the peer production communities in our sample
extended obvious invitations for potential participants to contribute.

(5) Singular interests: The peer production communities we saw were focused on a singular
software project, rather than multiple research or software projects.

We identified 24 examples of peer production projects in our full dataset of 120 projects. Of the 98
projects funded by 2014, 18 projects were peer production at the end of their grant ( 18%).

Labs. Our second organizational form is the lab, recognizable from social studies of science [45, 52,
e.g.,]. We defined labs in the context of scientific software production as possessing four key
characteristics:
(1) An established group website: Labs usually had a website listing their ongoing activities and

personnel. Frequently, this website listed both past and present members (usually graduate or
undergraduate students). Publication lists and university affiliations were also commonly seen
on lab websites. Across URLs, labs’ web presences most often included a public repository
but rarely included community oriented content like a forum or evidence of a user workshop.

(2) A formal name for the group: The labs we identified were usually named for their founder or
for their research topic.

(3) No invitation to contribute: Few of the SI2 funded projects that we labeled as a lab invited
outside contributions and still fewer included instructions on how tomake those contributions.
In most situations, by adopting the persona of a potential contributor we inferred that to
contribute to lab activities we would need to apply to a degree program or contact the PI for
employment.

(4) Diverse research interests: We saw that labs often have an array of research interests. The
SI2 funded work was usually not the lab’s only ongoing project.

We identified 45 examples of labs in our full dataset of 120 projects. Of the 98 projects funded by
2014, 37 projects were labs at the end of their grant (38%).

Tool groups. Our sample included projects we identified as what we called “tool groups” by the
end of their grant period. In our taxonomy, tool groups possess four key characteristics:
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(1) An established group website: Grants we identified as tool groups usually had a website that
shared information about their group and software. These websites usually listed publications
related to their work and linked to repositories or downloads of their software. We also often
saw a list of members posted to the tool group’s website. Most tool groups had a public
repository. Some maintained a user or developer forum or showed evidence online of having
held a user workshop.

(2) A formal name for the group: We saw that rather than naming themselves for the group’s
founder or research area, tool groups named themselves for their software. While members
include representatives from different universities and organizations, these identities typically
fell to the background as the group promoted their collective software project.

(3) Limited outside contributions: While some tool groups did invite contributions, fewer had
specific instructions for doing so. To join a tool group, an interested developer would usually
need to apply or obtain permission of some sort. Tool groups often had paid staff dedicated
to certain tasks.

(4) Singular software development interests: Tool group were usually dedicated to developing a
single piece of software.

We identified 35 examples of tool groups in our full dataset of 120 projects. Of the 98 projects
funded by 2014, 27 projects were peer production at the end of their grant (28%).

Author groups. Our fourth organizational form is author groups, which are less formally organized
than other forms. Author groups possess three key features:
(1) A minimal web presence: Author groups had very little web presence. A minority of author

groups had a public repository and it was very rare to have a forum for users or developers.
None showed any evidence of having had a user workshop.

(2) No formal name for the group: Participants published or presented together without naming
or otherwise formalizing their collaboration.

(3) No invitation to contribute: Author groups did not include information on posters or in papers
on how readers could contribute to the project or become a member of the collaboration.

We identified 8 examples of author groups in our full dataset of 120 projects, all of which were
funded by 2014 and thus 8% of the 98 projects.

Business. Our fifth organizational form were those projects organized as a business. Businesses
were easily identifiable by two characteristics:

(1) Revenue driven: Businesses sold their software/services, either for profit or as a non-profit
business.

(2) Legal status: Businesses sometimes included legal information or information on tax-deductible
donations on their websites, indicating that they have a formal legal status.

We identified 4 examples of businesses in our full dataset of 120 projects, all of which were funded
by 2014 and thus 4% of the 98 projects.

Consortia. Finally, we identified consortia as a separate organizational form, while acknowledging
that this form is a composition of other organizational forms. Consortia were particularly difficult
for us to recognize without their self-identification. Often, consortia seemed to resemble tool groups
because of their limited outside contributions and non-collocated members, yet their networked
characteristic was distinct enough that we retained this as a separate organizational form. Consortia
were identified by three characteristics:

(1) A network of organizations: Consortia collectively took responsibility for work and goals,
but operated as collaborations among multiple independent organizations.
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(2) Identification as consortium: Consortia often identified themselves as such, using the term in
their organizations’ name or describing themselves as a collaboration among organizations.

(3) An established group website: Consortia had websites that described the members of their
organization and their work. Consortia websites emphasized the role of collaboration among
their members.

We identified 4 examples of consortia in our full dataset of 120 projects, all of which were funded
by 2014 and thus 4% of the 98 projects.

4.1.2 Transition Methods. Initially as we studied the changes software teams underwent, initially
we were primarily alert for efforts to change into a peer production community by “open sourcing”
the code to initiate a project, introducing new workflows and tools, and building a community
around the software. However, as we worked with our data it became clear that to properly consider
routes to peer production, we had to ask which specific organization was taking responsibility
for the software, in what configuration, and at what time. Analytically, this meant separating the
organization (e.g., The "X Lab" at Y university) and the organizational configuration (a lab), and
considering that each may change or remain unchanged. In this way, we identified three modes of
transition, shown in Table ??: reorganization, hand-off, and migration.

During our six years of observation, 75 of the 98 projects (76%) did not make any transition;
the other 23 projects (24%) underwent a transition of some kind. Ten projects (10%) went through
reorganizations, changing their organization internally. Of those where the software moved or-
ganizations, only two projects underwent a migration (where the organizational form stayed the
same), and 11 projects underwent a hand-off (12%). Below, we define these processes and narrate a
typical transition of each type.

No transition: unchanged organization and configuration. Software makes no transition when the
organization that produces it neither changes its configuration nor hands over responsibility to
another party. This means that participants responsible for software work at the start of the grant
are the same participants responsible for work, if any, after the grant concludes. These participants
demonstrate the same configuration throughout the grant period as well. This was by far the most
common option seen in our sample. 75 (76%) of the projects in our sample made no transition. This
includes projects that continued to have visible activity on their websites as well as projects that
did not have visible activity.

Reorganization: unchanged organization but changed configuration. Reorganization occurs when
an organization that develops a piece of software changes its configuration. In this case, the
participants do not change but the key characteristics of their configuration do. This means that the
software never changes organizational hands, but the configuration surrounding it transitions by
changing social structures and online infrastructure. In short, a specific organization "transmutes"
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internally and becomes organized differently. Of the 98 software projects, 10 (10%) reorganized
themselves by the end of their grant period (but not necessarily into a peer production community).

To illustrate, one project presented as a lab at the start of the grant period. This was demonstrated
in part by the references to the project team as members of a specific university lab and by the
fact that a student in that university lab owned the Github repository. Somewhat contrary to the
lab genre, the project had a weak invitation for outsiders to contribute at the start of the grant,
inviting readers to “send an email to the project faculty.” However, during the grant period this
invitation was strengthened greatly. The code moved to a Github repository owned not by a student
or a lab account, but by an account named for the project. A new website was created; this new
website included a page titled “Community” that had new information about how to integrate code
and a welcoming message that shared how they are “excited” to grow their development team.
Notably, the core contributors remained the same throughout this period. This strengthening of
the invitation to contribute, the identification as a software group rather than university group,
and their new web presence indicated a reorganization to peer production.

Migration: changed organization but unchanged configuration. Migration occurs when responsi-
bility for a piece of software is handed over from one organization with a given configuration to
another organization with the same configuration. We saw only two examples (2%) of migration
occurring during the funding period of any of our studied grants.

To illustrate, a software project that underwentmigrationwas originally developed in a University
Lab (Lab 1). A masters student developed the code, eventually publishing on it. The publication
contains a link to the Lab 1’s website, demonstrating its status as the maintainer of the software. The
PI at Lab 1 then teamed up on an NSF SI2 grant with a collaborating PI, Professor X, from another
university who runs their own lab. Professor X’s student continued the software’s development and
earned their masters thesis based on their contributions. Professor X’s lab and personal websites
reference the software project. Open repositories discoverable online belong to Professor X’s lab
while University Lab 1’s website makes little mention of the project. Continued maintenance of
the code by Professor X’s group is visible during the grant period through commits and there is
no evidence of further contribution from University Lab 1, thus a transition has been away from
University Lab 1 and toward Professor X’s lab. The project configurations are understood to both be
labs because each lab has named itself after their area of expertise, they do not invite contributions,
their websites indicate multiple interests. The students earning their degrees and publishing also
made clear that both University Lab 1 and Professor X’s group were labs.

Hand-off: changed organization and changed configuration. A hand-off occurs when one organi-
zation with a given configuration develops software and then turns that software over to another
organization with a different configuration. This means the people who undertook the software
work at the start of the grant are different from those who assume maintenance responsibility at
the end of the grant. From the 98 pre-2014 SI2 projects, we saw 11 (12%) software projects handed
off by the end of their grant periods to a new organization and configuration.

An example hand-off transferred maintenance responsibility from an author group to a peer pro-
duction community. This author group was composed of a PI and their student—this collaboration
presented less as a lab and more as an author group because of their lack of web presence. The
student was responsible for doing the coding work. They created a large pull-request (PR) in the
receiving peer production community; this PR was met with friendly apprehension. Multiple core
developers coached the student through revisions to their PR so that the code would better meet
project standards. The student and developers communicated on Github but interviews indicated
that some conversations happened over the phone and at meetings. The student attempted to avoid
additional documentation work, citing their need to graduate soon, but developers insisted and
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the PI arbitrated the conversation. The hand-off concluded with the merged code, but developers
indicated that they viewed the contributed feature as leading to more work because it would prompt
users’ desire for a followup feature.

4.2 Transitions Observed in SI2 Projects
Our second RQ asks about the specific routes to peer production that projects pursued. We answer
this by examining change in the organization of projects over time, highlighting those that ended in
peer production. Since peer production is desired as a form of sustainability we also analyze which
of our projects remained active over time. In this section we report proportions and therefore use
our reduced sample of all of the 98 SI2 grants that had been funded by 2014.

Figure 2 shows all transitions observed in SI2 projects funded by 2014. As discussed above, most
projects did not undergo any transition. The majority of transitions we saw—16 of 23 projects that
transitioned—were toward some configuration other than peer production: Five transitioned to a
lab, five to a tool group, four to a business, and one each to an author group and consortium.
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hand−off

reorganization
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no
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Fig. 2. Projects undergoing transitions. Transitions were relatively rare overall.

In Figure 3 we examine in more detail the 18 projects that ended in peer production. Of those 11
made no transition while 7 projects changed to become peer production. This means that the most
frequent route to peer production was to begin as peer production (61%). The second most frequent
route to peer production was from a tool group (three by reorganization, and two through a hand-off
to an existing peer production community). We also saw one author group handing-off artifacts to
existing peer production communities, and a single lab that reorganized to peer production. We
investigate these cases in more depth below through analysis of our interview dataset.
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Fig. 3. Projects ending in peer production. The most frequent route to peer production was to begin as peer
production; transitions to peer production were less common.

4.2.1 Routes to Ongoing Activity. As described in Section 3.2, we judged whether or not projects
had ongoing activity by examining their repositories and other project websites. On those we
sought evidence of new commits, comments, or other website changes. We also looked for evidence
that the project had moved repositories or had new websites that were active.
Ongoing public activity 2-3 years after the grant period was visible in over half the projects

(56 of 98), including almost all the peer production projects (16 of 18), three of the four business
projects, as well as two-thirds of the tool group projects (18 of the 27). On the other hand, under
half of lab projects showed continuing activity (17 of the 37) and the author group projects were
the least likely to have publicly visible ongoing activity (only 1 of 8).
We think the overall rate of ongoing activity, at 58% across all configurations, is fairly high.

While direct comparisons are difficult, this rate is roughly comparable to the five-year failure rate
of VC backed startups quoted in news media [36], substantially higher than the success rate of open
source projects in general, thought to be as low as under 10% [23, 67] and high when considered by
the NSF’s mission to fund “high risk-high payoff” research. Nonetheless we interpret these results
cautiously, as our assessment of ongoing activity was binary and we did not attempt to decide if
the project’s activity levels were truly sustainable in the sense of completing the work needed to
keep software scientifically useful.
We did find that peer production projects had the highest proportion of continuing activity

(16 of the 18 projects). The majority achieved this without transition (with only one becoming
inactive), but our dataset does have six examples of successful transitions to peer production with
sustained activity (with only one transition becoming inactive). Of the two projects that appeared
to be inactive after achieving peer production one began the grant as a peer production project,
and the second was an attempted reorganization from a tool group.
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Fig. 4. Configurations and publicly visible ongoing activity. Peer production had the highest rate of ongoing
activity, while labs and authors groups had the lowest.

We now turn to interviews to deepen our understanding of the challenges and strategies for
transitions and sustainability, including examining these cases in detail.

5 Challenges and Strategies for Sustainability
Here we address our third research question by discussing the strategies that scientific software
projects use and the challenges that must be addressed as they maintain for sustainability, drawing
on our organizational taxonomies, content analysis memos, and our combined interview dataset.
While we focus on sustaining peer production, we make comparisons across configurations, espe-
cially attending to the contrast in approaches between labs and peer production. We also present
evidence that shows transitions to peer production are not an escape route from other mainte-
nance responsibilities. Indeed, transitions incur additional costs that might not be recovered. The
uncertainty of this return is a primary concern for sustaining or transitioning to peer production.

5.1 Maintaining for Sustainability
Regardless of configuration, scientific software projects must generate value and use that value to
sustain their work. In this section, we describe this process in peer production communities and
compare it to the approaches we saw other configurations employ. Maintenance challenges and
strategies were influenced by the scientific context.
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5.1.1 Sustaining Peer Production. Peer production projects primarily sustain their work by con-
verting users into developers who contribute code that aligns with the organization’s standards.
This process is not always fruitful, however. Eghbal [30] describes extractive code contributions
as those where the costs of reviewing and merging the contribution are higher than the benefit
of the code to the project. Because benefit is reaped over time, it is difficult to identify extractive
contributions in advance. During the investment, core developers must base their actions only on a
predicted outcome. Consequently, sustainable peer production relies on core developers’ ability to
recognize extractive contributions in advance.
Developers we interviewed expressed concerns about these kinds of outside contributions, but

sometimes they overcame their apprehension. One core developer of a peer production project told
us about a contribution he integrated with reservation. “Part of the problem,” he said, “is that if
a user tries it and it doesn’t work, we are going to hear about it. Maybe [the contributor] hears
about it too, but he is...not on the line.” In this scenario, the developer integrated code that they
perceived as prompting users’ need for further features; they imagined the contributed code as
being useful on a trial basis, but that when “it comes time to do the real thing...the program would
say ‘Oops, not implemented.’”

This developer described a case where their concerns about future costs were overruled by their
belief that grant-funded contributions should be integrated. Because grant applications are peer
reviewed, they perceived it as their responsibility to add a community-supplied feature. They, like
others in our sample, also emphasized the need to welcome contributions so that the software would
have a strong community around it. In spite of their concerns, they therefore invested significant
time in integrating this contribution. Their onboarding practices as including a lot of “patience”
and “purposeful praise” throughout iterative rounds of feedback. This work can be overwhelming
for the core developer, unlike when their established collaborators make code changes: “I mean, if
it’s 100 lines of code from one of my co-authors, I know there’s not all that much for me to do.”
The onboarding and integration practices used to convert users into developers required core

peer production developers to upskill their contributors, promote community, maintain a user base,
and seek funding to make these efforts possible.

Upskill Contributors. Because of the specialized nature of the work, expert labor was difficult to
find for the scientific software projects in our sample. Many of our interviewees described their
efforts to upskill students and contributors, coaching them on best practices, communication style,
and infrastructure use. Research Software Engineers and professional developers seemed to assume
this mentorship role most often, educating contributors at all levels. One interviewee described how
the parent organization to their software project employed two senior research software engineers
who taught him best practices like documentation. He added, “They pay attention to that stuff.
I would not know about pull requests and unit tests and all this were it not for them.” PIs also
frequently mentored their students through their code contributions. On many occasions, this was,
in part, an exchange for their undercompensated labor. One interviewee recalled that when they
were a student they were told, “If you are willing to work on this, I will be happy to guide you.”

Promote Community. Interviewees who sought to maintain peer production communities re-
peatedly mentioned that contributor turnover was a threat to their sustainability. As a strategy to
mitigate this turnover and attract high quality contributions, software projects adopted community
development practices to increase the project’s visibility and create a hospitable culture. This work
included evangelizing the project during conferences, workshops, and courses. Additionally, any
interaction between a developer and a contributor was opportunity to encourage retention and
promote community. Project owners described their strategies for enfolding newcomers into the
group; this included raising expectations for code contributions slowly over time, using hospitable
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language, and adding features that meet new users’ needs—regardless of whether or not that
feature was planned for earlier. These strategies were also made evident through projects’ web
presences; for instance, after months of coaching a student through a PR, one developer raised
their expectations for future revisions, requesting more extensibility and documentation.

Maintain a User Base through Utility and Ecosystem Placement. Across configurations, much of
the work our interviewees described related to establishing a user base through technical means.
By providing useful software and positioning themselves effectively within a software ecosystem,
projects in our sample sought to grow their user base. However, users brought work: bugs, feature
requests, work to integrate and maintain lower quality code contributions.

The developers we interviewed conceptualized useful software as code that was well documented,
bug free, and that met functional and performance needs. They strategized to meet these goals
because they thought of users as a way to gain more grants and justify continued work. Collabora-
tions, conferences, workshops, and surveys were leveraged to learn about user needs. We focus here
on the labor of obtaining useful code contributions because of its importance for peer production,
but it is notable that efforts to demonstrate impact through high user numbers is another way to
create and leverage value for sustainability. Peer production communities and other configurations
like labs, tool groups, and businesses all expected to obtain funding through serving users.

Some users contributed code to the software projects to meet a need of their own (a key feature of
peer production sustainability), but project owners sometimes expressed misgivings about such user
contributions. One PI, whose open source project presents as a lab, expressed that the SI2 program
“drags [us] kicking and screaming into releasing the software for mass consumption” rather than
technical merit, joking that they missed having “zero users, zero complaints.” about their high
performance, technically excellent software. Furthermore, highlighting the risks of sustainability
through peer production, users’ contributions were cited as possibly lowering the quality of the
code, as an impetus for time consuming mentoring work, and as begetting more work because one
feature might create pressure for the introduction of another.

While middleware projects had a hard time assessing how many users they had, they benefited
from that status because projects that were leveraged by other software packages as dependen-
cies gained users. Several interviewees told us that these users were blind to their supporting
infrastructure, a disadvantage for them when arguing for impact. However, one member of a
peer production community described how his project reaped contributions from its status as
middleware; developers from their downstream dependencies contributed code to the middleware
project because of its use value to them. Others emphasized the benefits of upstream dependencies;
one interviewee described theirs as “a gateway to a community of users.”
Some software projects embedded themselves within the relevant ecosystem successfully by

leveraging personal relationships with members of software projects. One interviewee said, “That’s
important because we got buy-in from these individual experiments to this common toolkit.”
Interviewees maintained these relationships and the utility of their ecosystem by “taking care of
the food chain,” contributing patches to their upstream dependencies.

Pursue Funding. “Chasing money” was a concern for any long-term project, as was described
by Bietz and colleagues [9, 10]. Most often, interviewees and web presences indicated that project
work was grant-funded. However, some projects generated revenue by selling licenses, creating
a membership-based advisory committee, or establishing a business to charge for user support.
Interviewees indicated that they find more opportunities for addressing “scientific problems” that
can require new software features, but that they perceive less (although growing) support for
maintenance work. Several projects in our sample benefited from parent organizations like national
labs or federally funded organizations who provided funding that interviewees perceived as “more
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stable” and “longer term.” In-kind donations from industry partners were resources for some
software projects.
Insufficient funding for required work prompted some developers to reorganize their project

from peer production to a business, but this pivot also required further changes: “That changed the
skill set we hired, that changed the architecture of the service. So I have a user experience manager
on my team ... [before] even product managers were not the on the previous team.”

5.1.2 Sustainability Challenges for Peer Production. The investments that project leads make in
pursuit of sustainability have uncertain returns. Developers might find their efforts ineffective
or that they receive too many extractive contributions. This is a risk of peer production in any
environment, but this risk appears increased in academia because of the high barrier to entry.
We specifically asked our interviewees to estimate their total number of potential users and to

estimate the number of people who could usefully contribute to their software. Estimates about
potential user communities were consistently small (numbers around 100 were frequent) and the
potential number of contributors within those user communities were much smaller (estimates in
the 10s and 20s were frequent). The reality, as seen by our interviewees, was that it is rare to have
sufficient enough knowledge of science and software development to make useful contributions—
qualified contributors are a small and finite population. This is exacerbated by high contributor
turnover. “We need a constant influx of new developers and contributors because old ones just
drop out,” said one interviewee.

While the challenge of converting users to contributors is common throughout open source, it is
possible that the challenge is significantly more acute in academia. Not only are overall numbers
low, but the socialization and training needed to make a possible contributor occurs during training
for undergraduates and graduate students. This process involves using the software currently used
in the lab—often the software that the PI was trained with, or perhaps created. This process creates
strong path dependence in software, as students and graduates have deep investments in learning
and working with particular pieces of software. The process also leads to networks of collaborators
who are also trained and familiar with particular software. Combined, these factors ensure it is
costly to switch software. Unlike areas with highly popular open projects, such as Ruby on Rails,
the arrival rate of new and relatively uncommitted participants who can be attracted to novel
software projects is likely much lower in academia.

An Alternative Approach. In peer production communities, interviewees reported that sometimes
contributors might come “out of nowhere with their pull request”. However, labs, tool groups,
author groups, businesses, and consortia are not open to anyone. Contributors in these groups
are usually hired or purposively selected. Through explicit or social contract, project leads in
these configurations ensure that they have control over the code and only enter into mentorship
relationships that they anticipated.
The importance of this difference is made evident by labs’ approaches to sustainability. Some

labs in our sample maintained software packages and toolkits for decades, sustaining their work in
a closed environment that ensured their control over work and its outcomes. While converting
unknown users into developers who make contributions is a defining feature of peer production
sustainability, labs are characterized by their creation and leveraging of reputational value.
Labs use that reputation to attract the student labor that drives their software production. We

saw many announcements on lab homepages about recent professional successes (e.g. publications,
awards, graduations) and took this as evidence of how they attract such labor. PIs are able to plan a
future for their work by finding a project for a student and assigning them to it. Students learn the
necessary domain science and software engineering skills under their PI’s mentorship. All members
of the lab increase their academic reputation as this relationship continues to produce code and
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subsequent publications. For students, the software project helps them establish a career. For PIs,
though, the project maintains theirs. PIs use past productivity (made evident through publications
and user bases) as a warrant for future grant funding.

In an academic environment, project leads’ reputation can be damaged by engaging in the hard
work of sustainability through peer production. PIs succinctly described why they preferred not to
engage in this kind of work: “I don’t get any credit for this.” In one case, a senior colleague made
this especially clear to an interviewee, indicating that only certain publications were valued:

I had a discussion with whoever was head of department on the academic equality.
And then the question came to the papers and he said, “Look. These papers, they are
cited a lot, but it’s just because people use your code.”

Thus, our data showed that labs generate much of their reputation through work that excludes
peer production maintenance and sustainability work. One developer told us, “You get your support,
your grant, really for the scientific problems you’re trying to solve—for the theory development.”
Instead, sustained labs told us about creating a skilled developer community around their software
by helping students establish careers. Through the work of multiple generations of students or
by hiring students as Research Software Engineers, labs progress their research and sustain their
software. Furthermore, despite the reputational and career risks, long-term PI involvement ensures
that at least one person is willing to do “the work that interests nobody”.

5.1.3 Sustaining Other Software. As peer production does, labs, tool groups, author groups, busi-
nesses, and consortia upskill contributors, promote community, maintain user bases, and pursue
funding. But, they apply different strategies and work toward different ends. The discussion above
details how labs upskill students through mentorship that provides career and reputational benefit.
Alternative strategies are visible elsewhere as well. For example, some tool groups (who also

selected their contributors) upskilled their workforce by ensuring the Research Software Engineers
they hired had contact with any scientist developers. “There’s been knowledge transfer from
professional developers about good practices,” one tool group member said.
Additionally, author groups, businesses, and consortia differed from peer production in their

pursuit of funding. As temporary teams with scant web presences, author groups seemed to disband
in favor of new collaborations for new grants awarded based on novelty. Businesses and consortia
and consortia, however, obtained funding through sales and membership fees. The users and
members who paid these fees then drove development; whereas labs exchanged reputation for
funds, business and consortia traded use-value.

5.2 Transitioning to Peer Production
Transitioning to peer production involves overcoming concerns, assuming the configuration’s web
genre, and adapting sustainability practices.

Overcoming Concerns. When reorganizing for peer production, project leads and contributors
had to overcome a fear of being "scooped" or losing control of the project. One interviewee told
us that before their open repository on Github, their project had a private repository to prevent
their ideas from being stolen. “ ...You always worry about being scooped as a scientist,” they said.
“...Especially if there’s new and experimental...just making this publicly available, somebody who’s
in the know could see that and realize what you’re trying to do and jump ahead of you.” However,
the small size of the community meant that few people would have the skills needed to scoop
them. Thus, the team did openly release their code and they found their collaborator network
and capabilities expanding: “Basically no one on the team had any expertise in [the contributor’s
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area]....But this person apparently was extremely patient...It’s not the world’s the best [code]...but
it worked...this would not have happened were we not open source.”

Developers feared that accepting outside contributions would make them impotent to direct the
project: “I actually remember now the kind of philosophy...which was a little bit anti-collaboration
in terms of contribution...we’re gonna lose control of the code, lose control of the architectures.”

Hand-offs to peer production might also occur in the face of misgivings. A developer for a peer
production project told us that they believe potential contributors fear losing credit for their work
if it is integrated. To address this fear, they included a module to help users cite the components of
the software that they used; by making the software work citable they hoped to mitigate concern.

In the face of these concerns, some transitions might be more difficult to make than others. For
instance, a reorganization from lab to peer production is especially unlikely (the only such case in
our sample is described in 4.1.2 and appears to have begun years before the specific grant period
we studied). Labs leverage their reputation for sustainability through repeated grants and many of
the concerns listed above jeopardize that reputation.

ChangingWeb Presences. We saw that during a grant period, projects can change the configuration
they present online. While we originally anticipated the adoption of infrastructure like Github and
continuous integration to be defining changes in a project transitioning to peer production, we
found that all such software projects in our sample adopted these types of tools and they therefore
lost most analytical power. Github is “the go to place for open source projects,” said one interviewee,
expressing a common sentiment.

However, adopting such open code infrastructure may be typical of most configuration styles in
our sample, but only peer production projects also changed their online presence to establish open
communities. Projects that reorganized to establish peer production also changed their websites
to assume the configuration’s online genre: they invited contributions and give instruction on
how to do so, often by updating the README in their repositories. These projects extended warm
welcomes to their website visitors, explicitly emphasizing the project community and removing
features that suggest a high barrier (such as listing graduate students/postdocs or even listing
scientific papers with author lists).

Transitioning over Time. During our interviews we learned the early histories of software projects.
These histories often included tales of transitions that occurred before the SI2 grant period, but
some reached fruition during our period of observation. Some of the projects that maintained peer
production during their SI2 grant had actually undergone apparent reorganizations in the years or
decades prior. Other transitions were ongoing, moving between multiple configurations over time.
An interviewee reflected on their transition from a lab to a peer production project, describing
a slow, organic process: “It’s not unlike a tree growing. Ultimately, for major contributors...you
can trace their path back to their origins in the [lab]...But, I think once the project becomes large
enough, then people from the outside start contributing.” We observed this project in the midst
of their transition. Starting the grant period as a tool group; their website had no invitation for
outside contributions and the source code was not accessible. By the end of the grant period, they
presented as peer production, corresponding to the interviewee’s narrative. The project made their
source code repository public and added information on how to contribute a PR. Given the earlier
history revealed through the interviews, we understand there to be decades of transition work that
took the software from “restricted to the [lab] and collaborators” to having 100 contributors on
Github.

Such examples showed that reorganization can take place over a long period of time. Hand-offs,
in contrast, appeared to be readily accomplishable within the grant period. An exception in our data
to the speed of hand-offs included a feature that took four years to hand-off from an author group
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to a peer production project. Described further in 4.1.2, the transition required extensive effort
towards synergizing [9] that involved multiple pull requests, in-person meetings, and phone calls
between the contributors and peer production developers. The hand-off interacted with its scientific
setting when the author group’s primary developer, a student, declared their need to move on:
“Well, I need to graduate.” Other hand-offs appeared to occur between more frequent collaborators,
suggesting that some of the synergy work was accomplished through earlier interactions. Our rare
examples of migration appeared to move swiftly as well; as described in 4.1.2, we were able to
observe development work by the recipient organization during the grant period.

6 Conclusion
Through qualitative analysis of web content and interview data, we identified different organiza-
tional configurations for scientific software projects. We studied their approaches to transitioning
their work to peer production communities as a sustainability strategy. We chose to study the
SI2 NSF project because it was focused on sustainability. That choice has both advantages and
disadvantages for the generalizability of our findings. SI2 is advantageous because it forms a critical
case: the projects in SI2 were committed to attempting sustainability. If projects struggle here, in a
program designed to help transitions to sustainability, we can be confident that other programs
with that emphasis and support will also struggle, possibly more. The disadvantage of our sample
is that many other funding programs have less emphasis on sustainability and therefore we may
have seen additional struggles had we used another approach, or found a greater absence of efforts
towards sustainability. Increasingly, though, software funding programs do have a sustainability
emphasis [e.g., 18]; to the extent SI2 was a leader in that effort and programs continue to move to
resemble it, our results will be more broadly generalizable.
We found that rather than a transition for peer production, the most frequent route to ending

the grant period as peer production was to continue its practice from the start of the grant period.
This has the clear policy implication that if peer production sustainability is a desired outcome,
preference ought to be given to funding existing open projects, avoiding the hard work of wholesale
organizational change.

We also learned that reorganization for peer production can occur over a long period of time but
that hand-offs or migrations might move more quickly. A tempting implication for policy might
be to suggest that, rather than encouraging reorganizations for peer production, funders focus
on other modes of transition like hand-offs or migration. However, these options include costs of
their own; synergizing work must be accomplished to ensure fruitful transitions and infrequent
extractive contributions [30]. Furthermore, any transition to peer production will require the
sustainability practices we have described here, sometimes referred to as “extra work” [79]. Our
data, like prior research [41], show desire for academic credit is a strong disincentive to take extra
work on. Responding to Jackson and colleague’s call made to the research community to inform
science policy [44], we suggest that grant reviewers consider alignment between the contributing
and receiving organizations. Have they worked together? Do the contributors demonstrate under-
standing of the recipient’s code and conduct standards? Are there ecosystem affinities between the
codes? Does the code fit in with the planned future for the project?

Our analysis also shows that the ability to recognize extractive contributions in advance is crucial
to mitigating the risks of peer production. While open source development in all environments
would benefit from such knowledge, we propose investigating this competence as an area of future
research because of the dual risks in academia: peer production sustainability work might fail, but
even its success could have negative effects on scientists’ careers and the hoped for benefits to
science of sustainable, open software development.
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