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“Really Reproducible Research” introduced by Jon Claerbout (1992), 
summarized by David Donoho (1998): 

“The idea is: An article about computational science in a 
scientific publication is not the scholarship itself, it is merely 
advertising of the scholarship. The actual scholarship is the 
complete software development environment and the complete 
set of instructions [and data] which generated the figures.”

Really Reproducible Research





1. Share data, software, workflows, and details of the computational 
environment that generate published findings in open trusted 
repositories.

2. Persistent links should appear in the published article and include a 
permanent identifier for data, code, and digital artifacts upon which the 
results depend.

3. To enable credit for shared digital scholarly objects, citation should 
be standard practice.

4. To facilitate reuse, adequately document digital scholarly artifacts.

Workshop Recommendations:
“Reproducibility Enhancement Principles”



5. Use Open Licensing when publishing digital scholarly objects. 

6. Journals should conduct a reproducibility check as part of the 
publication process and should enact the “TOP” standards at level 2 or 3. 

7. To better enable reproducibility across the scientific enterprise, 
funding agencies should instigate new research programs and pilot 
studies.

Workshop Recommendations:
“Reproducibility Enhancement Principles”



“Reproducibility and Replication in Science” 
Consensus Report, April 2019

National Academies of Science, Engineering, and 
Medicine



Definitions: “reproducibility” and “replicability”

● Reproducibility is obtaining consistent results using the same 
input data, computational steps, methods, and code, and 
conditions of analysis. This definition is synonymous with 
“computational reproducibility,” and the terms are used 
interchangeably in this report. 

● Replicability is obtaining consistent results across studies 
aimed at answering the same scientific question, each of which 
has obtained its own data. Two studies may be considered to have 
replicated if they obtain consistent results given the level of 
uncertainty inherent in the system under study.



Key Recommendation 1

RECOMMENDATION 4-1: ...researchers should convey clear, specific, and complete 
information about any computational methods and data products that support their published 
results in order to enable other researchers to repeat the analysis, unless such information is 
restricted by non-public data policies. That information should include the data, study 
methods, and computational environment: 

● the input data used in the study either in extension (e.g., a text file or a binary) or in 
intension (e.g., a script to generate the data), as well as intermediate results and output 
data for steps that are nondeterministic and cannot be reproduced in principle; 

● a detailed description of the study methods (ideally in executable form) together with its 
computational steps and associated parameters; and 

● information about the computational environment where the study was originally executed, 
such as operating system, hardware architecture, and library dependencies (which are 
relationships described in and managed by a software dependency manager tool to mitigate 
problems that occur when installed software packages have dependencies on specific 
versions of other software packages). 



Key Recommendation 2

RECOMMENDATION 6-3: Funding agencies and organizations should 
consider investing in research and development of open-source, 
usable tools and infrastructure that support reproducibility for a 
broad range of studies across different domains in a seamless fashion. 
Concurrently, investments would be helpful in outreach to inform and 
train researchers on best practices and how to use these tools. 



Key Recommendation 3

RECOMMENDATION 6-5: In order to facilitate the transparent sharing and availability of 
digital artifacts, such as data and code, for its studies, (NSF) should: 

● Develop a set of criteria for trusted open repositories to be used by the scientific community for 
objects of the scholarly record. 

● Seek to harmonize with other funding agencies the repository criteria and data-management plans 
for scholarly objects. 

● Endorse or consider creating code and data repositories for long-term archiving and preservation of 
digital artifacts that support claims made in the scholarly record based on NSF-funded research. 
These archives could be based at the institutional level or be part of, and harmonized with, the 
NSF-funded Public Access Repository. 

● Consider extending NSF’s current data-management plan to include other digital artifacts, such as 
software. 

● Work with communities reliant on non-public data or code to develop alternative mechanisms for … 
reproducibility. Through these repository criteria, NSF would enable discoverability and standards for 
digital scholarly objects and discourage an undue proliferation of repositories, perhaps through 
endorsing or providing one go-to website that could access NSF-approved repositories.



Key Recommendation 4

RECOMMENDATION 6-6: Many stakeholders have a role to play in improving computational 
reproducibility, including educational institutions, professional societies, researchers, and 
funders. 

● Educational institutions should educate and train students and faculty about 
computational methods and tools to improve the quality of data and code and to produce 
reproducible research. 

● Professional societies should take responsibility for educating the public and their 
professional members about the importance and limitations of computational research. 
Societies have an important role in educating the public about the evolving nature of 
science and the tools and methods that are used. 

● Researchers should collaborate with expert colleagues when their education and training 
are not adequate to meet the computational requirements of their research. 

● In line with its priority for “harnessing the data revolution,” the National Science 
Foundation (and other funders) should consider funding of activities to promote 
computational reproducibility. 



Key Recommendation 5

RECOMMENDATION 6-9: Funders should require a thoughtful 
discussion in grant applications of how uncertainties will be evaluated, 
along with any relevant issues regarding replicability and computational 
reproducibility. Funders should introduce review of reproducibility and 
replicability guidelines and activities into their merit-review criteria, as 
a low-cost way to enhance both. 



Conclusions

We see the convergence of two (ordinarily antagonistic) trends:

1. Scientific projects will become massively more computing 
intensive

2. Research computing will become dramatically more 
transparent

These are reinforcing trends, whose resolution is essential for 
verifying and comparing findings. 



FEEDBACK OPPORTUNITIES

This project needs your feedback and there are 3 ways 
that you can contribute:

● No. 1 Before the Cafe: On the website there is a form 
available, per cafe, where you can provide use cases for the 
session in relation to the topic question.

● No. 2 At the Cafe: Contribute to the MURAL design-thinking 
application tool during and after the session.

● No. 3 After the Cafe: Complete the post-workshop survey 
designed by the Assessment Team.

Visit the project website at: robustscience.org

https://robustscience.org
https://www.mural.co/
https://robustscience.org

