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Abstract Teaser

Research data is optimized when it can be freely accessed and reused. To maximize

research equity, transparency, and reproducibility, policymakers should take concrete steps

to ensure that research software is openly accessible and reusable.

In August 2022, the White House Office of Science and Technology Policy (OSTP) issued a

memorandum on “Ensuring Free, Immediate, and Equitable Access to Federally Funded

Research” [1], representing a transformational step toward making all United States federally

funded research both immediately accessible and fully reusable. The OSTP’s memo will be

especially impactful in the realm of data sharing, as it asks federal agencies to develop plans to

require data underlying published studies to be shared immediately upon publication and

explore strategies for sharing all data, even if not tied to a published study. This policy advance

takes place within the larger context of international efforts to enable open data sharing at

scale, including the national open science plans in Ireland [2], Colombia [3], Spain [4], and

France [5]. As contributors to the Higher Education Leadership Initiative for Open

Scholarship and the Open Research Funders Group, we believe this moment in time represents

an unparalleled opportunity to elevate research software as a core component of the scientific

endeavor and to take specific steps to ensure its open and equitable availability.

The OSTP guidance and its accompanying press release [6] outline the importance of

applying an equity lens to US federal policy, stating, “Financial means and privileged access
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must never be the prerequisite to realizing the benefits of federally funded research that the

American public deserves” and that “A federal public access policy consistent with our values

of equal opportunity must allow for broad and expeditious sharing of federally funded

research—and must allow all Americans to benefit from the returns on our research and devel-

opment investments without delay.” In particular, the OSTP guidance emphasizes the critical

role of data sharing to ensure transparency, validation, reproducibility, and integrity of US fed-

erally funded research. However, truly meeting these goals will not just require sharing data,

but also sharing the research software needed to open and reanalyze data. As explored by the

FAIR for Research Software working group (jointly convened by the Research Data Alliance,

FORCE11, and the Research Software Alliance), we are using the term “research software” to

encompass “source code files, algorithms, scripts, computational workflows and executables

that were created during the research process or for a research purpose” [7]. We acknowledge

that this definition may continue to evolve through ongoing community discussions, as well as

with advances in AI, simulations, algorithms, etc.

Research data, especially in certain specialized fields, is often collected and stored in propri-

etary file formats that require software with costly licenses to open and analyze. If data are

shared under such conditions, without accompanying code, algorithms, and software to allow

others to open and analyze the files, this will represent a financial barrier to access that will

delay or prohibit reuse of data, especially for underserved populations, citizen scientists, and

early career researchers with less means. It might also present technical barriers that could

limit the machine readability and reusability of data by assistive devices. All of this would run

counter to the guiding principles and overall goals of the 2022 OTSP guidance to make data

Findable, Accessible, Interoperable, and Reusable (FAIR). Most importantly, to accurately be

able to replicate and reproduce results and build on shared data, we must not only have access

to the data themselves, but also understand exactly how they were used and analyzed.

Requiring research software to be shared as part of an integral data sharing policy is not

without precedent within the US federal government. The CHIPS and Science Act of 2022 [8]

includes language on the need for federal grantees to describe how they will archive and pre-

serve research software as part of their data management plans. The National Institutes for

Health’s Strategic Plan for Data Science [9] emphasizes that “Extracting understanding from

large-scale or complex biomedical research data requires algorithms, software, models, statis-

tics, visualization tools, and other advanced approaches such as machine learning, deep learn-

ing, and artificial intelligence.” In response to the OSTP memo, the Department of

Transportation has stated their intention to add “Source Code and Software, among the cate-

gories of accessible Research Outputs” to their forthcoming updated public access plan [10].

NASA’s Science Mission Directorate has also released an update to its comprehensive Scien-

tific Information Policy (SPD-41a) [11], which applies to a significant portion of NASA’s

research expenditures, and which requires that research data and software are shared openly at

the time of publication or by the end of the funding award. There is now an opportunity to

expand US federal policies in similar ways and align their research software sharing aspects

across agencies.

To do this, we recommend:

1. As part of their updated policy plans submitted in response to the 2022 OSTP memo, US

federal agencies should, at a minimum, articulate a pathway for developing guidance on

research software sharing, and, at a maximum, incorporate research software sharing

requirements as a necessary extension of any data sharing policy and a critical strategy to

make data truly FAIR (as these principles have been adapted to apply to research software

[12]).
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2. As part of sharing requirements, federal agencies should specify that research software

should be deposited in trusted, public repositories that maximize discovery, collaborative

development, version control, long-term preservation, and other key elements of the

National Science and Technology Council’s “Desirable Characteristics of Data Repositories

for Federally Funded Research” [13], as adapted to fit the unique considerations of research

software.

3. US federal agencies should encourage grantees to use non-proprietary software and file for-

mats, whenever possible, to collect and store data. We realize that for some research areas

and specialized techniques, viable non-proprietary software may not exist for data collec-

tion. However, in many cases, files can be exported and shared using non-proprietary for-

mats or scripts can be provided to allow others to open files.

4. Consistent with the US Administration’s approach to cybersecurity [14], federal agencies

should provide clear guidance on measures grantees are expected to undertake to ensure

the security and integrity of research software. This guidance should encompass the design,

development, dissemination, and documentation of research software. Examples include

the National Institute of Standards and Technology’s secure software development

framework and Linux Foundation’s open source security foundation.

5. As part of the allowable costs that grantees can request to help them meet research sharing

requirements, US federal agencies should include reasonable costs associated with develop-

ing and maintaining research software needed to maximize data accessibility and reusability

for as long as itAU : PleasecheckwhetherthechangesmadeinthesentenceAspartoftheallowablecoststhatgranteescanrequesttohelpthem:::arecorrect:is practical. Federal agencies should ensure that such costs are additive to

proposal budgets, rather than consuming funds that would otherwise go to the research

itself.

6. US federal agencies should encourage grantees to apply licenses to their research software

that facilitate replication, reuse, and extensibility, while balancing individual and institu-

tional intellectual property considerations. Agencies can point grantees to guidance on

desirable criteria for distribution terms and approved licenses from the Open Source

Initiative.

7. In parallel with the actions listed above that can be immediately incorporated into new pub-

lic access plans, US federal agencies should also explore long-term strategies to elevate

research software to co-equal research outputs and further incentivize its maintenance and

sharing to improve research reproducibility, replicability, and integrity.

While the context of these recommendations is, given the timeline of the OSTP memoran-

dum [1], primarily focused on US federal agencies, the general principles may be adapted and

adopted by a range of public and private funders, regardless of geography. In making these rec-

ommendations, we recognize that considerations for sharing research software relate to, but

do not precisely overlap with, considerations for sharing research papers and data. The ways

in which research software is developed, when in the project lifecycle it can be productively

shared, and how (and by whom) it is maintained represent just a few of the differences. As a

consequence, a uniform approach for “sharing research objects” that treats research software

as fundamentally interchangeable with research papers and data will not succeed. A well-devel-

oped US federal strategy in this area will require significant consideration of the ways in which

overarching principles such as FAIRness, sustainability, open infrastructure, curation good

practices, and expansive licensing must be adapted to address the unique parameters of

research software.

PLOS BIOLOGY

PLOS Biology | https://doi.org/10.1371/journal.pbio.3002204 July 21, 2023 3 / 4

https://csrc.nist.gov/Projects/ssdf
https://csrc.nist.gov/Projects/ssdf
https://openssf.org/
https://opensource.org/osd/
https://opensource.org/licenses/
https://doi.org/10.1371/journal.pbio.3002204


References
1. Nelson A. Ensuring free, immediate, and equitable access to federally funded research. Office of Sci-

ence and Technology Policy, Executive Office of the President of the United States [Internet]. 2022 Aug

25 [cited 2023 Jun 5]. Available from: https://www.whitehouse.gov/wp-content/uploads/2022/08/08-

2022-OSTP-Public-Access-Memo.pdf.

2. National Open Research Forum. National Action Plan for Open Research. Digital Repository of Ireland

[Internet]. 2022 Nov 11 [cited 2023 Jun 5]. https://doi.org/10.7486/DRI.ff36jz222

3. Crissien Borrero TJ. Polı́tica Nacional de Ciencia Abierta [Spanish]. Ministry of Science Technology

and Innovation [Internet]. 2022 Aug 3 [cited 2023 Jun 5]. Available from: https://minciencias.gov.co/

sites/default/files/politica_nacional_de_ciencia_abierta_-2022_-_version_aprobada.pdf.

4. General Technical Secretariat of the Ministry of Science and Innovation. Estrategia Nacional de Ciencia

Abierta [Spanish]. Ministry of Science and Innovation [Internet]. 2023 May [cited 2023 Jun 5]. Available

from: https://www.ciencia.gob.es/InfoGeneralPortal/documento/c30b29d7-abac-4b31-9156-

809927b5ee49.

5. Ministère de lʼEnseignement supérieur, de la Recherche et de lʼInnovation. Second French Plan for

Open Science. Ouvrir la Science [Internet]. 2021 Oct [cited 2023 Jun 5]. Available from: https://www.

ouvrirlascience.fr/wp-content/uploads/2021/10/Second_French_Plan-for-Open-Science_web.pdf.

6. Marcum CS, Donohue R. Breakthroughs for all: Delivering equitable access to America’s research. The

White House [Internet]. 2022 Aug 25 [cited 2023 Jun 5]. Available from: https://www.whitehouse.gov/

ostp/news-updates/2022/08/25/breakthroughs-for-alldelivering-equitable-access-to-americas-

research/.

7. Gruenpeter M, Katz DS, Lamprecht A-L, Honeyman T, Garijo D, Struck A, et al. Defining Research Soft-

ware: a controversial discussion; 2021 Sep 13 [cited 2023 Jun 5]. Zenodo [Internet]. https://doi.org/10.

5281/zenodo/5504016

8. US Senate Committee on Commerce, Science & Transportation. The CHIPS and Science Act of 2022.

US Senate Committee on Commerce, Science & Transportation [Internet]. 2022 Jul 29 [cited 2023 Jun

5]. Available from: https://www.commerce.senate.gov/services/files/CFC99CC6-CE84-4B1A-8BBF-

8D2E84BD7965.

9. National Institutes of Health. NIH Strategic Plan for Data Science. National Institutes of Health Office of

Data Science Strategy [Internet]. 2018 Jun [cited 2023 Jun 5]. Available from: https://datascience.nih.

gov/sites/default/files/NIH_Strategic_Plan_for_Data_Science_Final_508.pdf.

10. Department of Transport. Increasing Public Access to the Results of USDOT-Funded Transportation

Research. Federal Register [Internet]. 2023 Mar 23 [cited 2023 Jun 5] Available from: https://public-

inspection.federalregister.gov/2023-06373.pdf.

11. NASA. Scientific Information Policy for the Science Mission Directorate. NASA Science [Internet]. 2022

Sep 26 [cited 2023 Jun 5]. Available from: https://science.nasa.gov/science-red/s3fs-public/atoms/files/

SMD-information-policy-SPD-41a.pdf.

12. Chue Hong NP, Katz DS, Barker M, Lamprecht A-L, Martinez C, Psomopoulos FE, et al. FAIR Princi-

ples for Research Software (FAIR4RS Principles); 2022 May 24 [cited 2023 Jun 5]. Zenodo [Internet].

https://doi.org/10.15497/RDA00068

13. Nelson A. Desirable Characteristics of Data Repositories for Federally Funded Research. Executive

Office of the President of the United States [Internet]. 2022 May [cited 2023 Jun 5]. Available from:

https://www.whitehouse.gov/wp-content/uploads/2022/05/05-2022-Desirable-Characteristics-of-Data-

Repositories.pdf.

14. Biden JR Jr. Executive Order on Improving the Nation’s Cybersecurity. The White House [Internet].

2021 May 12 [cited 2023 Jun 5]. Available from: https://www.whitehouse.gov/briefing-room/

presidential-actions/2021/05/12/executive-order-on-improving-the-nations-cybersecurity/.

PLOS BIOLOGY

PLOS Biology | https://doi.org/10.1371/journal.pbio.3002204 July 21, 2023 4 / 4

https://www.whitehouse.gov/wp-content/uploads/2022/08/08-2022-OSTP-Public-Access-Memo.pdf
https://www.whitehouse.gov/wp-content/uploads/2022/08/08-2022-OSTP-Public-Access-Memo.pdf
https://doi.org/10.7486/DRI.ff36jz222
https://minciencias.gov.co/sites/default/files/politica_nacional_de_ciencia_abierta_-2022_-_version_aprobada.pdf
https://minciencias.gov.co/sites/default/files/politica_nacional_de_ciencia_abierta_-2022_-_version_aprobada.pdf
https://www.ciencia.gob.es/InfoGeneralPortal/documento/c30b29d7-abac-4b31-9156-809927b5ee49
https://www.ciencia.gob.es/InfoGeneralPortal/documento/c30b29d7-abac-4b31-9156-809927b5ee49
https://www.ouvrirlascience.fr/wp-content/uploads/2021/10/Second_French_Plan-for-Open-Science_web.pdf
https://www.ouvrirlascience.fr/wp-content/uploads/2021/10/Second_French_Plan-for-Open-Science_web.pdf
https://www.whitehouse.gov/ostp/news-updates/2022/08/25/breakthroughs-for-alldelivering-equitable-access-to-americas-research/
https://www.whitehouse.gov/ostp/news-updates/2022/08/25/breakthroughs-for-alldelivering-equitable-access-to-americas-research/
https://www.whitehouse.gov/ostp/news-updates/2022/08/25/breakthroughs-for-alldelivering-equitable-access-to-americas-research/
https://doi.org/10.5281/zenodo/5504016
https://doi.org/10.5281/zenodo/5504016
https://www.commerce.senate.gov/services/files/CFC99CC6-CE84-4B1A-8BBF-8D2E84BD7965
https://www.commerce.senate.gov/services/files/CFC99CC6-CE84-4B1A-8BBF-8D2E84BD7965
https://datascience.nih.gov/sites/default/files/NIH_Strategic_Plan_for_Data_Science_Final_508.pdf
https://datascience.nih.gov/sites/default/files/NIH_Strategic_Plan_for_Data_Science_Final_508.pdf
https://public-inspection.federalregister.gov/2023-06373.pdf
https://public-inspection.federalregister.gov/2023-06373.pdf
https://science.nasa.gov/science-red/s3fs-public/atoms/files/SMD-information-policy-SPD-41a.pdf
https://science.nasa.gov/science-red/s3fs-public/atoms/files/SMD-information-policy-SPD-41a.pdf
https://doi.org/10.15497/RDA00068
https://www.whitehouse.gov/wp-content/uploads/2022/05/05-2022-Desirable-Characteristics-of-Data-Repositories.pdf
https://www.whitehouse.gov/wp-content/uploads/2022/05/05-2022-Desirable-Characteristics-of-Data-Repositories.pdf
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/05/12/executive-order-on-improving-the-nations-cybersecurity/
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/05/12/executive-order-on-improving-the-nations-cybersecurity/
https://doi.org/10.1371/journal.pbio.3002204

