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Sustainability: the condition that
results when the work needed to keep
software scientifically useful is
undertaken




Four Parts

Images of software in science
Why is sustainability difficult for software in science?
Routes to sustainability via peer production

Incentivizing sustainable ecosystems




An Image of scientific software work




How does a
a cubic km of ice
become a

scientific paper?




First find some ice

Image Credit: NASA
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Image Credit: IceCube




some Digital Optical Modules

Image Credit: IceCube




Combine

Image Credit: IceCube
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Store and analyze it
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Simulate light in ice

Photo credit: http://www.flickr.com/photos/rainman_yukky/




Simulate Atmosphere

Image Credit: NASA
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No. 1, 2010 SEARCH FOR MUON NEUTRINOS FROM GRBs WITH THE IceCube
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Software is everywhere
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A point made better by many others, but particularly Edwards, P. N. (2010). A vast machine:
Computer models, climate data, and the politics of global warming. MIT Press.




Three cases with focal papers

* STAR collaboration at Brookhaven national lab
* SBGrid (Structural Biology Grid software distribution)
* Bioinformatics study of leaf cutter ants

* We documented the workflows, identifying all the software involved, then
interviewed the producers of that software, focusing on incentives for
doing the software work.

Howison, J., & Herbsleb, J. D. (2011). Scientific software production: Incentives and

collaboration. Proceedings of the ACM Conference on Computer Supported
Cooperative Work, 513-522.



https://doi.org/10.1145/1958824.1958904

Example workflow with identified software
components

Non-computational Workflow

Identify Isolate Hypothsize Conduct Draw conclusions

System of > Microbes Identities/ biological regarding identity
Interest Functions assays and functions

Bioinformatics Workflow

DNA DNA ograph Organisms functions

origins

. Interpret . Assess
Obtain Sequence Chromat- Identify Assess evolu tionari

DNA in public databases :

Sequencher ARB Muscle ﬁ
BLAST

Newbler Greengenes .
Webservice




Software as support

ﬁ Feedback Link

Publication Reputation




Collaboration service-work

Feedback Link

Research

Instrument
Resources Data Publication Reputation




Academic credit:
Incidental software

ﬁ Feedback Link

Publication Reputation




Academic credit:
Parallel software practice

Feedback Link
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Academic reputation dampens integration

Mac OS X Port

\

Improvements Apple (A/G)
branch and return BLAST

(code integrated) DEC/Compaq v \
BLAST

NCBI BLAST

T

Improvements FSA-BLAST
branch but do not return

(code not integrated)

WU-BLAST

James Howison and Jim Herbsleb (2013) Sharing the spoils: incentives and integration in
scientific software production. ACM CSCW




Part 2: Why is sustainability challenging?




How do scientists use software?

Software assemblage |

Workflow |

Dependecies|

Edwards, Batcheller, Deelman, Bietz and Lee,
Segal, De Roure and Gobels, Ribes and Finholt,
Howison and Herbsleb

@jameshowison




Re-animating assemblages

 Scientists pull an assemblage together, “get the plots” and often then
leave it, often for months or years.

* The pace of work is generally much slower than in industry (where software is
used day in and day out)

* While infrastructure runs continually, end-users often encounter it only
periodically

 When they return they return to extend; to use the software
assemblage for new purposes, for new science, not simply to
replicate/repeat.

@jameshowison




What work is needed for sustainability?

Develop Maintain




What drives the need for work?

Difficulty of software production
Difficulty of software use
. Changing scientific frontier
. Changing technological capabilities (hardware and software)

Ecosystem complexity

@jameshowison




Strategies for reducing needed work

1. Suppress the drivers

2. Increase the efficiency of work (e.g., Becker et al)

... but, ultimately, work is always needed ...

3. Attract resources willing and able to do the work

@jameshowison




Resource attraction




Software

Resources
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Resources
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Resources
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Software

Resources

@jameshowison




Modes of production

* How does a project attract resources?
* Or, how does use and impact turn into resources?

* Three “ideal types”:
1. A commercial project
2. Open source peer production
3. Scientific grant making

@jameshowison




A commercial project

Software Use

activity

l Value-producing

Resources |[<€— $3$$ Impact

@jameshowison




Open Source Peer Production

Software Use

activity

lVaIue-producing

Devs
Resources |<€— .
Time




Grant-making

Resources

Grant
Peer
Review

Ribes and Finholt 2007;
Howison and Herbsleb 2011

@jameshowison




Summary: why so difficult?

* Indirectness of resource e Difficulty of work
attraction « Availability of skilled labor

* Reputation is a great motivator, but also e Science is unW||||ng to wait
problematic
* Incompatible incentives for
needed work

* Reputational rewards out of sync with )
needed work * Ecosystem complexity

Citations/literature impact rewards * Will return to this later — different modes
publication not maintenance of production handle this differently.

Grants create “service center” mentality

See also Nadia Eghbal “Roads and
Bridges” for similar issues outside science

* Time-scale of use

* Longer cycles of use and re-use mean
more change




Part 3:
Routes to Peer Production in Scientific Software

* Work with Eunyoung Moon, Hannah Cohoon, and Caifan Du

* Thanks especially to
* Matt Turk (from the yt project) for countless discussions

* Everyone that organized and participated in the WSSSPE workshops
http://wssspe.researchcomputing.org.uk/




@jameshowison




ENZO case study

Data:
* 5 interviews with participants
* Observation at related workshop
* Publications, websites, workshop websites, source code repositories
* Analysis:
* Creation of timeline

* |dentification of episodes and 4 project phases (with their precipitating
)

@jameshowison




"early days"
The lab project

* No central base to which changes are coming and going
* Copy and pasting features across personal branches
e Single lab

@jameshowison




ENZO 1.0 The "Friendly Users"
"The Service Center" User Labs

Lab B

One Way
Membrane

|
| —
|
|

ENZO lab reforms as “Service Center” (grant)

Mainline branch internally, releases externally

Little expectation of contributions coming back in
“Friendly user” labs internally functioning like “early days”

@jameshowison




The “Week of Code”

* Director of external lab (former post-doc) has new job at Stanford
(with startup funds!)

 Learns of various versions through conversations at conferences and
reviewing(!)

* Focus is on collaboration infrastructure, not governance.
* Begin with the code of those not present

@jameshowison




The "Wild West"
Dissolving the membrane

Project Core

Release Mngr

e Central branch to which both core and outsiders contribute
* Development continues separately in external labs
* Called “Wild West” by participants, autonomy concerns.

@jameshowison




The "Curated Branch"
Review "gates"

Lab A dev

Lab E dev

Lab C dev

* Introduction of “code revision” (pull requests)
* External lab members on similar footing to Core members
* Review helps members not “step on each other’s work”

@jameshowison




Change

* What didn’t change:

* Motivations (code is side-effect of scientific inquiry, papers first, code
second), not focused on commercial value

* Challenges to change
e Coordination after long periods working apart

* Leadership’s feeling of responsibility and emotional connection, difficulty of
passing on leadership (which eventually did happen).

* Deep concerns about giving up autonomy (being “blocked” in one’s work)

@jameshowison




What worked

 Collaboration technology before governance (perhaps contra
“Collaboration Readiness” (Olson et al.) TORSC?).

* A scaling of the set of features of collaboration technology over time, from
version control to code review

 Social proof: visible action in public (Colfer and Baldwin “actionable
transparency”)

* Inspiration from open source

* Working alongside each other, rather than with each other.
Superposition rather than Teamwork.

@jameshowison




Part 3: Panel Study of SI2 funded software

projects

* NSF funding through SI2 program contributed to over 350 grants

* Three step qualitative content analysis:
1. Did the grant intend to create software
2.  What documents (URLs, Workshop reports, or Publications) are available?

3. Read these, apply coding scheme

* Interviews to confirm and deepen (interviews ongoing)

* Today report on study of 92 grants that started by 2014, giving sufficient
time for them to complete and observe transitions

» Of these 92 grants, 84 were judged to intend to create software

* These 84 grants funded activity on 114 codebases, thus we present 114
projects observed multiple times over 5 years.

 Thanks to doctoral student Hannah Cohoon and Caifan Du

@jameshowison




Research Questions

1. How were projects organized? How did that change?
2. What routes to peer production did our projects pursue?

3. What challenges exist, and how are they addressed?

See Cohoon, J.,, Du, C., & Howison, J. (2025). Tales of Transitions: Seeking Scientific Software Sustainability. Proceedings
of the ACM on Human-Computer Interaction, 9(1), 1-25.



https://doi.org/10.1145/3701208

Method

Studied software projects funded by NSF through the SI2 program, over 7 years

Pilot
Interviews

Pilot Content Analysis
of Websites and Repos

Content Analysis
of Websites and Repos

81 grants 120 projects

T

I
1
1

data inform subsequent steps

data included in subsequent steps

reduced to
pre-2014 SI2

Transitions
Observed in SI12
Projects

Taxonomies of
Transition

Transition
Interviews

39 (28 projects

Thematic
Analysis

Challenges and
Strategies for
Sustainability




Results — How organized?

* We identified six organizational configurations
* Peer production, Labs, Author Groups, Tool Groups, Businesses and Consortia

 We identified three kinds of organizational transitions between the
* Reorganizations (same people, new form)
* Migrations (different people, same form)
* Hand-offs (different people, different form).
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Result — How did organization change?

Here report a census of SI2 projects begun by 2014
98 projects funded by 73 grants




Project Transitions

98 -

peer

production peer
production

active

inactive

author
group
business

author
group

ChUSiness— "
consortium consortium

Start grant End grant Post grant

Figures produced using ggaluvial: Jason Cory Brunson. 2020. ggalluvial: Layered Grammar for
Alluvial Plots. Journal of Open Source Software 5, 49 (2020)
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Project Transitions (Only those ending in peer production)
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Results — Challenges thematic analysis

e Difficulty in upskilling contributors (long, long mentoring)

 Lack of deep well of possible contributors
* Strong path dependence in software choice due to academic heritage

» Concern about extractive commits (Egbhal, 2016)

* Alternative route: the long center




Part 4: Ecosystem Complexity




https://www.flickr.com/photos/mrhayata/6933963596

@jameshowison




What work holds a software ecosystem
together (if anything)?

* Sensing work
* knowing how workflows/software “out there” are changing

* Adjustment

* making appropriate changes to account for changing
surroundings

* Synchronization

e ensuring that changes in multiple components make sense
together, avoiding cascades.

@jameshowison




Improving Sensing

Fund, but more importantly develop reputational rewards to, innovation in sensing the scientific
software ecosystem:

* Measure diversity of use contexts, understand how users recombine: Know
what generates the work.
. Go beyond single tool user-studies.

Overcome concerns about visibility and scientific competition
. Yes, privacy matters and research can be vulnerable, but users have responsibilities as well.

ldentify local ecosystems

Increase visibility of software in publications
. Make specific requests for citation, test their discoverability at http://citeas.org
. Use machine learning to identify citations https://github.com/howisonlab/softcite-dataset

@jameshowison




Improving Adjustment

Accept that adjustment happens best at the edge.
e But contributions require mentorship. Fund that mentorship.

Incentivize projects to be open to gathering and rationalizing
outside adjustments.

Inculcate stewardship orientation within grant funded projects.

Overcome the “service center” framing

 Consider a funding program that only funds contributions to “other
people’s” projects?

@jameshowison




Improving Synchronization

* Projects must not just “be open” but contributing upstream and
downstream.

* Fund software distribution work and innovation in distribution
* Distributions can manage cascades of adjustment work

 Opportunities for research including simulating ecosystem impact

of changes
 If we knew how tools, data and questions were linked we could test possible
changes.

@jameshowison




Takeaways

Recombination is a key affordance of software, but leads to complexity
The work needed to maintain scientific usefulness is hard to incentivize

Sustainability via transitions to peer production for ongoing sustainability are possible:
* Funding existing peer production, especially projects competent in their ecosystems
* Recognizing “the long center” and funding transition as a separate, mentored, project

Ecosystem complexity makes all this much harder

Two real options:
* Suppress recombination (probably antithetical to science)
* Gain visibility into recombination

Grant-making seems weaker than markets or open source at supporting visibility (and thus incentivizing needed work)

Agencies should incentivize and fund:
* Existing peer production and transitions of “the long center” to peer production as distinct projects
* Research infrastructure complexity and evolution; including “pushing upstream”
* Workforce development in peer production competencies and ecosystem competencies

Papers at @jameshowison



http://james.howison.name/publications.html
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