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Committee’s Charge
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• Define reproducibility and replicability accounting for the diversity of 
fields in science and engineering.

• Examine the extent of non-reproducibility and non-replicability.

• Review current activities to improve reproducibility and replicability.

• Determine if the lack of replicability and reproducibility impacts the 
overall health of science and engineering as well as the public’s 
perception of these fields.



• Improvements are needed. 
• Reproducibility is important but not currently easy to attain.
• Aspects of replicability of individual studies are a serious 

concern.

Neither constitute the main or most effective way to ensure 
reliability of scientific knowledge.
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No crisis . . . No complacency.



6

”One big problem keeps coming up among those seeking to tackle the 
issue: different groups are using terminologies in utter contradiction 
with each other.”

Confusion Reigns in Defining the Terms



Definitions

Reproducibility is obtaining consistent results using the 
same input data, computational steps, methods, and code, 
and conditions of analysis. 

Replicability is obtaining consistent results across studies 
aimed at answering the same scientific question, each of 
which has obtained its own data. 
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Here's the moment when the first black hole 
image was processed, from the eyes of 
researcher Katie Bouman. #EHTBlackHole
#BlackHoleDay #BlackHole (v/@dfbarajas)

https://twitter.com/MIT_CSAIL/status/1116020858282180609?s=20
https://i1.wp.com/images.firstpost.com/wp-content/uploads/2019/04/Katie-Bowman-
1.jpg?w=640&ssl=1
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LIGO control room
Credit: David Ryder/Bloomberg via Getty Images

Widespread Use of Computation and Data 
across Science

Table 4-1: National Academies of Sciences, Engineering, and Medicine. 
2019. Reproducibility and Replicability in Science. 

https://twitter.com/MIT_CSAIL/status/1116020858282180609?s=20
https://i1.wp.com/images.firstpost.com/wp-content/uploads/2019/04/Katie-Bowman-1.jpg?w=640&ssl=1


Growing Adoption of Reproducible Science 
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Sources of Non-Reproducibility
• Inadequate record keeping
• Non-transparent reporting
• Obsolescence of the digital artifacts 
• Flawed attempts to reproduce other’s results
• Barriers in culture

10



11

• Experiments are complex and 
involve many steps: need to 
systematically capture and report 
detailed provenance: data, code, 
computational environment

• Full reproducibility is not always 
possible: proprietary and non-
public data, code and hardware 

• Transparency contributes to the 
confidence in results

Reproducibility: Challenges

DNA recombination
By Lederberg  



Replicability Is Nuanced
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• One can expect bitwise reproducibility, but one does not expect 
exact replicability

• Replicability takes many forms
• Some important studies are not amenable to direct replication:

Ephemeral phenomena, long-term epidemiological studies

• Many de facto replications go unreported as such



Criteria for undertaking replicability studies

• Importance of the results for policy, decision making, and 
science 

• Unexpected or controversial results, or potential bias
• Recognized weaknesses or flaws in the design, methods, 

or analysis of the original study
• Costs offset by potential benefits for science and society 
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Potentially Helpful

Unhelpful

New discoveries

Identify new sources of variability

Mistakes Bias

Methodological errors Fraud 

Exploratory studies

Non-Replicability

Sources of Non-Replicability: 
“Potentially Helpful” and “Unhelpful” to the Advancement of Scientific 
Understanding



Studies Susceptible to Non-Replicability
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• involve indirect measurement of very 
complex systems 

• require statistical analysis to draw 
conclusions 
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• better estimate and analyze the uncertainties 
associated with the variables in the system 

• control the methods that will be used to conduct 
the experiment 



Statistical Inference and Replicability

• Outsized role in the replicability debate
• Misunderstanding and misuse of p-values
• Statistical significance threshold values 

• Bias in reporting
• Poor statistical methods

• Meta-analysis and research synthesis
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Assessing Replicability: 
How to Tell If Two Studies Replicated?

• No standard approach across science
• Importance of including uncertainty of both results 

in comparison
• Using repetition of statistical significance as a 

metric for replication is a restrictive and unreliable 
approach
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Efforts to Address Unhelpful Sources of Non-Replicability

• Journals to improve reporting on research methods and 
practices

• Guidelines and checklists for researchers
• Scientific societies expanding awareness
• Prepublication reviews and checks
• Badges for published articles to identify articles that meet 

best practices 
• Improved use of statistical analysis and inference
• Increased transparency and publication of all results
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Extent of the Issues of Non-Replicability

CONCLUSION 5-4: 

The occurrence of non-replicability is due to multiple 
sources, some of which impede and others of which 
promote progress in science. The overall extent of non-
replicability is an inadequate indicator of the health of 
science.
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Public Trust
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SOURCE: National Science Foundation (2018e, Figure 7-16) and General
Social Survey (2018 data from http://gss.norc.org/Get-The-Data).
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Scientific community
Major companies
Press
Congress
Military

http://gss.norc.org/Get-The-Data


Key Recommendations for all who affect science:

• NSF and other funders
• Policy makers
• Researchers 
• Journal editors, conference organizers, and educational 

institutions
• Professional societies
• Journalists 
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Advice Relevant to the Workshop:

CULTIVATING TRANSPARENT REPORTING IN BIOMEDICAL 
RESEARCH

• Sharing and transparency as near-universal norms and expectations for reproducibility 
have not been adopted by the research enterprise as a whole 

• Costs, lack of infrastructure, disciplinary culture, and weak incentives act as barriers to 
achieving persistent availability of these digital objects

• not rewarded in academic tenure and promotion systems
• perception or reality that greater openness requires significant effort 
• apprehension about being scrutinized or “scooped” remain. 

• Shifting rewards and incentives will require thoughtful changes on the part of research 
institutions, working with funders and publishers 

• FAIR data principles – Findable, Accessible, Interoperable, Reusable: result of a 
collaboration among academics, publishers, funders, and industry 
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ANSWERING THE CALL FOR CHANGE: LESSONS LEARNED AND BEST 
PRACTICES

RECOMMENDATION 6-1: All researchers should include a clear, specific, 
and complete description of how the reported result was reached. Different 
areas of study or types of inquiry may require different kinds of information. . 
.
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ANSWERING THE CALL FOR CHANGE: LESSONS LEARNED AND BEST 
PRACTICES

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 …
• Professional societies should take responsibility for educating the public 

and their professional members about …computational research….and the 
evolving nature of science …

• Researchers should collaborate with expert colleagues …
• [Funders] should consider funding of activities to promote computational 

reproducibility.

24



STAKEHOLDER PERSPECTIVES ON CHECKLISTS AND GUIDELINES

RECOMMENDATION 6-7: Journals and scientific societies requesting 
submissions for conferences should disclose their policies relevant to 
achieving reproducibility and replicability….Journals and conference 
organizers are encouraged to:
• set and implement desired standards of reproducibility and replicability and 

make this one of their priorities, such as deciding which level they wish to 
achieve for each Transparency and Openness Promotion guideline and 
working towards that goal;

• adopt policies to reduce the likelihood of non-replicability, such as 
considering incentives or requirements for research materials 
transparency, design, and analysis plan transparency, enhanced review of 
statistical methods, study or analysis plan preregistration, and replication 
studies; and

• require as a review criterion that all research reports include a thoughtful 
discussion of the uncertainty in measurements and conclusions.
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STAKEHOLDER PERSPECTIVES ON CHECKLISTS AND GUIDELINES

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.
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We are thankful to the sponsors of the R&R project: 
the National Science Foundation and the Alfred P. Sloan Foundation.



www.nationalacademies.org/ReproducibilityinScience
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