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Committee’s Charge
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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 are the main or most effective way to ensure reliability 
of scientific knowledge.
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No crisis . . . No complacency.



reproducibility = replicability

reproducibility ≠ replicability

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

Barba, 2018

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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Gaining Confidence in Scientific Results

• Replicability and reproducibility focus on individual studies
• Research synthesis and meta-analysis provide broader review
• Multiple channels of evidence from a variety of studies provide 

a robust means for gaining confidence in scientific knowledge 
over time. 

The goal of science is to understand the overall effect or 
inference from a set of scientific studies, not to strictly 
determine whether any one study has replicated any other.
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Example: Affirming the Causes of 
Infectious Diseases
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Source: Aryal, 2019.



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

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


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

Reproducibility Is Not Always Straightforward
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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
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• 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

• Some important studies are not amenable to direct 
replication: Ephemeral phenomena, long-term 
epidemiological studies

• Many de facto replications go unreported as such



Replicability Is Nuanced
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• Non-replicability in any scientific discipline is related to key 
attributes of the scientific system under study

-- Complexity -- Intrinsic variability
-- Controllability -- Precision of measurement

• Assess and report uncertainty along with clear, specific and 
complete reporting of methods

• In tests of replicability, criteria for replication should take 
account of both the central tendency and variability in 
results



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 Science



Statistical Inference and Replicability

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

• Erroneous calculations
• Confusion about meaning
• Excess reliance on arbitrary thresholds of “statistical significance”
• Bias in reporting

• Meta-analysis and research synthesis
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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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Key Recommendations for:

• Educational Institutions
• Researchers 
• NSF and other funders
• Professional societies
• Journal editors and conference organizers
• Journalists 
• Policy makers
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Key Recommendations for Educational 
Institutions

• Educate and train students and faculty about computational 
methods and tools to improve the quality of data and code and 
to produce reproducible research.

• Include training in the proper use of statistical analysis and 
inference. Researchers who use statistical inference analyses 
should learn to use them properly.
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Key Recommendations for Researchers

• Convey clear, specific and complete information about:
any computational methods, computational environment and data products, 
how the reported result was reached characterization of uncertainties 
relevant to the study. 

• Properly use statistical analysis and inference and in computational 
methods; adhere to sound methodological practices. 

• Collaborate with expert colleagues to meet computational or 
statistical requirements.

• Avoid overstating the implications of research
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Investments to consider:
• Explore the limits of computational reproducibility
• Promote computational reproducibility
• Support reproducibility tools and infrastructure
• Support training of researchers in best practices and 
use of these tools.
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Key Recommendations for NSF and Other 
Funders (1 of 2):



• Improve archives and repositories for data, code, and 
other digital artifacts

• Consider criteria developed to guide investment in 
replication studies

• Require evaluation of uncertainties as part of grant 
applications and review of reproducibility and replicability 
into merit-review criteria
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Key Recommendations for NSF and Other 
Funders (2 of 2):
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Friedrich Ludwig Gottlob Frege
1848-1925

Frege’s Letter to Russell

Source: Marcus and McEvoy, 2016



Science does not aim at establishing immutable 
truths and eternal dogmas; its aim is to approach 
the truth by successive approximations, without 
claiming that at any stage final and complete 
accuracy has been achieved.

− Bertrand Russell

27



www.nationalacademies.org/ReproducibilityinScience

28

Thank you to the sponsors of this study:

National Science Foundation
Alfred P. Sloan Foundation



References

Aryal, S. (2019). Robert Koch and Koch’s Postulates. Available: 
https://microbenotes.com/robert-koch-and-kochs-postulates/ [June 2019].

Barba, L.A. (2018). Terminologies for Reproducible Research. arXiv, 1802.03311. Available: 
https://arxiv.org/pdf/1802.03311 [December 2018].

Marcus, R., and McEvoy, M. (Eds.). (2016). An historical introduction to the philosophy of 
mathematics: A reader. New York, NY: Bloomsbury.

National Academies of Sciences, Engineering, and Medicine. (2019). Reproducibility and 
replicability in science. Washington, DC: The National Academies Press.

29



Key Recommendations for Journalists
• Report on scientific results with as much context and nuance as the 

medium allows.
• Be cautious about scientific reports on complex, hard-to-control systems; 

when a result is particularly surprising or at odds with existing bodies of 
research; when a study deals with an emerging area of science with 
substantial disagreement; when there may be conflicts of interest.

Key Recommendations for Policy Makers
• Be wary of making a serious decision or policy based on results of a 

single study; be similarly wary of allowing a single contrary study to 
refute scientific conclusions supported by multiple lines of previous 
evidence.

30



Key Recommendations for Professional Societies
• Educate the public and professional members 
• Develop and disclose policies  
• Require that all research reports include a discussion of 
uncertainty in measurements and conclusions as a review 
criterion.

31



Key Recommendations for Journals and Conference 
Organizers
• Consider ways to ensure computational reproducibility for 

publications, to the extent ethically and legally possible. Make 
and enforce transparency requirements.

• Reserve stronger claims to studies meeting higher levels of 
reproducibility and replicability.
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Key Recommendations for Educational Institutions
• Train students and faculty in computational reproducibility and in 

proper use of statistical methods.



• Report on scientific results with as much context and nuance 
as the medium allows.

• Be especially cautious about scientific reports when:
• complex, hard-to-control systems are the subject of study; 
• result is particularly surprising or at odds with existing 

bodies of research; 
• study deals with an emerging area of science with 

substantial disagreement; and
• conflicts of interest may be present.
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Key Recommendations for Journalists:



• Seek convergent evidence when contemplating a 
serious decision or policy based on results of a 
single study; 

• Be wary of allowing a single contrary study to 
refute scientific conclusions supported by 
multiple lines of previous evidence.
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Key Recommendations for Policy Makers:



Role of Uncertainty in Replicability

Most scientific inquiries encounter irreducible uncertainties, which can 
be due to:
• random processes in the system under study
• limits to our understanding or ability to control that system
• limitations in the precision of measurement
Uncertainties or confidence levels should be included in research results  
so other researchers and stakeholders can correctly interpret the results
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Growing Adoption of Reproducible Science 
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