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About me
http://lorenabarba.com

• SC19 Reproducibility Chair; JupyterCon 2020 General Chair 

• NASEM committee “Reproducibility and Replicability in Science” 

• NASEM committee “Open Source Software Policy Options for NASA” 

• NumFOCUS Board of Directors, 2014–2021 

• Founding editor and past AEiC of The Journal of Open Source Software 

• Editor-in-Chief of IEEE Computing in Science and Engineering 

• Author “Reproducibility PI Manifesto”



Reproducibility PI Manifesto
2012

- I teach my graduate students about reproducibility 
- All our research code (and writing) is under version control 
- We always carry out verification & validation (and make them public) 
- For main results, we share data, plotting script & figure under CC-BY 
- We upload preprint to arXiv at the time of submission to a journal 
- We release code at the time of submission of a paper to a journal 
- We add a “Reproducibility” declaration at the end of each paper 
- I develop a consistent open-science policy & keep an up-to-date web presence



‣Study mandated by public law 
114-329 (Jan. 2017) 

‣ commissioned by NSF to The 
National Academies of Sciences, 
Engineering and Medicine (NASEM) 

‣ 15 experts convened 

‣ 18 months of in-person meetings, 
teleconferences, commissioned 
papers, deliberations, writing 

‣ report released 7 May 2019

http://doi.org/c5jp 

http://doi.org/c5jp


‣ad-hoc committee to investigate and 
recommend best practices for NASA 
as it considers whether to establish 
an open code and open models 
policy, to complement its open data 
policy 

‣Convened Oct. 2017, report delivered 
Sep. 21, 2018 

‣“Accelerating the pace of science is a 
key goal.”



https://numfocus.org



https://numfocus.org

84 
Sponsored & 
Affiliated Projects

$5M 
Total revenue in  
2020



Top challenges of reproducible research

‣ creation, curation, usage and publication of research software 

‣ acceptance, adoption and standardization of open-science 
practices; 

‣ misalignment with academic incentive structures and 
institutional processes for career progression



When our world 
changed…
January 8, 2020





https://about.lens.org/covid-19/ 

https://about.lens.org/covid-19/


https://covid.molssi.org https://github.com/MolSSI/covid 

https://covid.molssi.org
https://github.com/MolSSI/covid


https://doi.org/gmh9wh 

https://doi.org/gmh9wh


http://connect.medrxiv.org/relate/content/181 

http://connect.medrxiv.org/relate/content/181


https://outbreaksci.prereview.org 

https://outbreaksci.prereview.org


PREreview founders: Daniela Saderi, Samantha Hindle

“Our work is a direct response to the flawed way scientific research 
is evaluated. Behind closed doors, a handful of unpaid reviewers
—selected opaquely and mainly through personal connections—
use subjective criteria to decide the fate of a research article.”









During a pandemic crisis
Another exponential spread: open science

‣ Covid-19 Open Research Dataset (CORD-19) 

‣ COVID-19 Molecular Structure and Therapeutics Hub, MolSSI



During a pandemic crisis
Another exponential spread: open science



Sharing Biomolecular Simulation Data for COVID-19
Commitments

‣ to making results available quickly via pre-prints: arXiv, bioRxiv, ChemRxiv… 

‣ to make available input files, model-building and analysis scripts (e.g., 
Jupyter notebooks), and data necessary to reproduce the results; 

‣ to use open data-sharing platforms to make available results as quickly as 
possible; 

‣ to share algorithms and methods in order to accelerate reuse and innovation;  

‣ to apply permissive open-source licensing strategies.

Ahem… my Reproducibility PI Manifesto, 2012



It took a major global health crisis!



…It also demonstrated the value and 
impact of open science to solving global 
problems



Existential threats

• Global health 

• Food security 

• Planetary ecosystem 
sustainability 

• Economic & social equity 

• Energy & climate 

• Water

Global problems

CC BY 2.0  Stephen Morrison/Africa Practice for AusAID



Open Science
What is it?



NASEM (National Academies of Sciences, Engineering, and Medicine). 2018. Open Science 
by Design: Realizing a Vision for 21st Century Research. https://doi.org/gfxzc4 

Open science “aims to ensure the free availability and 
usability of scholarly publications, the data that result 

from scholarly research, and the methodologies, including 
code or algorithms that were used to generate those data” 

https://doi.org/gfxzc4


NASEM (National Academies of Sciences, Engineering, and Medicine). 2021. Developing a Toolkit 
for Fostering Open Science Practices: Proceedings of a Workshop. https://doi.org/10.17226/26308 

https://doi.org/10.17226/26308


2016

“Open Science represents a 
new approach to the 
scientific process based on 
cooperative work and new 
ways of diffusing knowledge 
by using digital technologies 
and new collaborative 
tools.”

Vision for EU

https://doi.org/gk7tw3 

https://doi.org/gk7tw3


European Open Science Cloud, EOSC
A long-term initiative, launched 2018

• Ecosystem federating research data 
infrastructure, interlinking FAIR data 
and interoperable services to support 
open science 

• Trusted digital space for hosting and 
processing research data  

• offers distributed and cloud 
computing resources for researchers



Vicente-Saez, R. and Martinez-Fuentes, C., 2018. Open Science now: A systematic 
literature review for an integrated definition. Journal of Business Research, 88, 
pp.428-436. https://doi.org/gc5sjb 

“Open Science is transparent and 
accessible knowledge that is shared and 
developed through collaborative networks”

https://doi.org/gc5sjb


Short DOI: 10/hx6j



Mission: 2022 to 2027

• 2023 is the Year of Open Science 

• Deploy a learning platform and develop a 
core curriculum in open science 

• Train 20,000 scientists from the earth and 
space science community 

• $130 million investment through FY2027

NASA Transform to Open Science

https://science.nasa.gov/open-science/transform-to-open-science 

https://science.nasa.gov/open-science/transform-to-open-science


National Academies of Sciences, Engineering, and Medicine. 2022. Open Scholarship Priorities and Next 
Steps: Proceedings of a Workshop—in Brief. https://doi.org/10.17226/26557 

https://doi.org/10.17226/26557


NASA TOPS open science definition

“Scientific process and results should be 
visible, accessible, and understandable.”



Open Principles
To guide your research

• Transparency 

• Collaboration 

• Quality 

• Reproducibility 

• Re-use 

• Accountability

• Participation 

• Sharing 

• Fairness 

• Inclusion 

• Equity 

• Connection



How to start
Prepare to share, be someone

1. Get ORCID (and use it everywhere) 

2. Join GitHub, Figshare, Zenodo 

3. Do you write any code? Familiarize yourself with OSI licenses. 

4. Find preprint repository for you: arXiv, bioRxiv, chemRxiv, medRxiv… 

5. Chose collaboration platform and internal data management 

6. Think automation: turning protocols into code



Open data and open science
For reproducibility

• reproducible computational research: 
“all details of the computations —code 
and data— are made conveniently 
available to others”  

— Donoho et al., 2009



https://twitter.com/liviapuljak/status/1534168511932780545


Good data management
FAIR Principles

• digital artifacts of research should be 
Findable, Accessible, Interoperable and 
Reusable for machines and for people  

—Wilkinson et al., 2016,  doi:10/bdd4

https://www.force11.org/group/fairgroup/fairprinciples



Data repositories
Choose wisely

• must provide a unique global identifier for your data (typically a 
digital object identifier, DOI) 

• must offer long-term preservation guarantees (at least 10 years)



‣ general-purpose repository for all kinds of digital 
artifacts of research 

‣ any file format, up to 5GB in size 

‣ free and unlimited for public items



‣ created by CERN and OpenAIRE 

‣ free and non-commercial 

‣ log in with your ORCID 

‣ deposit large files: up to 50GB by default

https://zenodo.org/communities/barbagroup/ 

https://zenodo.org/communities/barbagroup/


Preprints
A way of life

• In physics, math, CS… arXiv is a way of life 

• Preprints growing by all metrics 

• Explosion of ’Xiv sites



Most journals accept 
manuscripts previously 
submitted to preprint servers

List of academic journals by preprint policy, 
Wikipedia

https://en.wikipedia.org/wiki/List_of_academic_journals_by_preprint_policy


ReproPacks

‣ For main results in a paper, we 
share data, plotting script & figure 
under CC-BY. 

‣ Deposit the file bundle as a 
Figshare object and get a DOI 

‣ We cite this DOI in the figure 
caption!



DOI
Upload

Share
CC-BY

Cite

Zip figure
files

Write paper
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Publishing research software 

‣ To slash the hurdles for researchers to receive 
academic credit for all their output, including 
software and data.





JOSS infrastructure 

‣ GitHub—open-source software hosting & 
collaboration  

‣ Zenodo—data repository by CERN 

‣ ORCID—author identification 

‣ CrossRef—DOI minting 

‣ custom web app and Ruby bot



http://joss.theoj.org

http://joss.theoj.org


Open peer review
A cultural change

• peer review can suffer from implicit bias that disadvantages women, 
minorities and people from less-prestigious institutions 

• educate reviewers about bias in the review process, and equip them 
with tools to interrupt this bias 

• Double-blind peer review does not help build awareness of bias, is 
clunky, and easy to “guess” author identity  

• Example of open review: The Journal of Open Source Software



https://joss.theoj.org 

https://joss.theoj.org


https://doi.org/gfvpwd 

https://doi.org/gfvpwd


https://twitter.com/LorenaABarba/status/1524036021536571394


High-productivity, high-performance workflow 
for virus-scale electrostatic simulations with 
Bempp-Exafmm 
Tingyu Wang, Christopher D. Cooper, Timo Betcke, Lorena A. Barba.  
Submitted for peer review 

Preprint arXiv:2103.01048

https://github.com/barbagroup/bempp_exafmm_paper/ 

https://github.com/barbagroup/bempp_exafmm_paper/


Haffar, S., Bazerbachi, F. and Murad, M.H., 2019, April. Peer review bias: a critical review. In Mayo Clinic 
Proceedings (Vol. 94, No. 4, pp. 670-676). https://doi.org/gnjhwk 

“It is time to improve the quality, 
transparency, and accountability of the 
peer review system.”

https://doi.org/gnjhwk


Reproducibility PI Manifesto, 
Transform to Open Science
Jupyter Community in MSK Imaging Research

@LorenaABarba    http://lorenabarba.com

http://lorenabarba.com

