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Disclaimer

• Any opinions expressed in this presentation are my own and do not reflect the 
views of the National Institutes of Health, the Department of Health and Human 
Services, or the United States government.
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NINDS Office of Research Quality 

https://www.ninds.nih.gov/Current-Research/Trans-Agency-Activities/RigorAndReproducibility
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Reproducibility and Replicability

• Reproducibility: obtaining consistent results using the same input data, 
computational steps, methods and code, and conditions of analysis. This 
definition is synonymous with computational reproducibility [NASEM]

• Replicability: obtaining consistent results across studies aimed at 
answering the same scientific question, each of which has obtained its 
own data [NASEM]

National Academies of Sciences, Engineering, and Medicine, Reproducibility and Replicability in Science 2019



5

Rigor and Transparency

• Scientific Rigor: strict application of the scientific method to ensure 
unbiased and well-controlled experimental design, methodology, 
analysis, interpretation and reporting of results [NIH definition]

• Transparency: reporting all relevant details about how an 
experiment was planned, executed, analyzed, and interpreted 
(including unexpected and inconvenient outcomes!)
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We All Have Unconscious Bias

“[T]he human understanding when it has once
adopted an opinion … draws all things else to support
and agree with it. And though there be a greater
number and weight of instances to be found on the
other side, yet these it either neglects and despises,
or else by some distinction sets aside and rejects; in
order that by this great and pernicious
predetermination the authority of its former
conclusions may remain inviolate.”

Novum Organum, 1620 
Spedding, Ellis, and Heath EditionFrancis Bacon
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Definition of Experimental Bias

“Bias is unintentional and unconscious. It is defined broadly as
the systematic erroneous association of some characteristic with
a group in a way that distorts a comparison with another group.”

Ransohoff, Nat Rev Cancer 2005; 5: 142

“The potential for bias to affect results and interpretation cannot
be addressed by a simple process. … The process is more
complicated and involves making everything equal during the
design, conduct and interpretation of a study, and reporting
those steps in an explicit and transparent way.”
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“[R]andomised trials can yield biased results if
they lack methodological rigour.

To assess a trial accurately, readers of a published
report need complete, clear, and transparent
information on its methodology and findings.”

Schulz et al., PLOS Medicine 2010; 7: 1

CONSORT Statement: Guidelines for Reporting Clinical Trials
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Hróbjartsson et al., CMAJ 2013; 185: E201 

Blinded vs. unblinded assessors in the same study:

“In 10 trials (63%), the effect size point estimate
was more optimistic as determined by the
nonblinded assessor. … Standardized mean
differences were exaggerated by a pooled
standard deviation of 0.23.”

Unblinded Clinical Trial Outcome Measures Inflate Outcomes
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Power & Sample Size in Mechanistic Human Studies

Effect Size vs. Sample Size

~50%

Dumas-Mallet et al., R Soc Open Sci 2017; 4: 160254

Power in 660 Meta-Analyses
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Publication Bias and P-Hacking

P-hacking: Selectively reporting analyses
that show statistically significant results and
ignoring those that are non-significant*

Masicampo et al., Quar J Expt Psych 2012; 65: 2271

Research Question

Experiments





File




Publish



12

“[W]e detected significant risk of bias across all included studies. This was 
largely due to a lack of blinding and unclear methodological reporting.”

Martin-McGill et al., Cochrane Database of Systematic Rev 2020; 6: CD001903

Cochrane Review: Ketogenic Diets in Drug-Resistant Epilepsy
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Scientists Experience Competing Pressures
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National Institute of Neurological Disorders and Stroke (NINDS)

https://www.ninds.nih.gov/About-NINDS/Who-We-Are/Mission

To support this mission, NINDS:

• Supports and performs basic, translational, and clinical neuroscience research through grants-in-aid,
contracts, scientific meetings, and through research in its own laboratories, and clinics.

• Funds and conducts research training and career development programs to increase basic, translational
and clinical neuroscience expertise and ensure a vibrant, talented, and diverse work force.

• Promotes the timely dissemination of scientific discoveries and their implications for neurological health
to the public, health professionals, researchers, and policy-makers.

The mission of NINDS is to seek fundamental knowledge about the brain
and nervous system and to use that knowledge to reduce the burden of
neurological disease for all people.
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Spinal Cord Injury (SCI)

https://www.ninds.nih.gov/Disorders/All-Disorders/Spinal-Cord-Injury-Information-Page

Christopher Reeve
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NINDS Preclinical Spinal Cord Injury Replication Studies 

https://grants.nih.gov/grants/guide/notice-files/NOT-NS-02-011.html
https://grants.nih.gov/grants/guide/notice-files/NOT-NS-08-012.html
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NINDS Preclinical Spinal Cord Injury Replication Studies 

Steward et al., Exp Neurol 2012; 233: 597

Replicated
17%

Partially 
Replicated

25%

Not 
Replicated

50%

Inconclusive
8%
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Many Publications are Not Transparent

Menke et al., iScience 2020; 23: 101698

 Randomization

 Sample Size Estimation
 Blinding

Percentage of papers addressing reporting criteria
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Amyotrophic Lateral Sclerosis (ALS)

https://www.ninds.nih.gov/Disorders/All-Disorders/Amyotrophic-Lateral-Sclerosis-ALS-Information-Page

Stephen Hawking
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Promising Early Animal Studies of Minocycline

SOD1 transgenic mouse model:

Zhu et al., Nature 2002; 417: 74
Kriz et al., Neurobiol Dis 2002; 10: 268
Van Den Bosch et al., NeuroReport 2002; 13: 1067
Zhang et al., Annals of Neurol 2003; 53: 267

minocycline

saline

saline

minocycline

minocycline

saline
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Randomized, Placebo-Controlled Trial of Minocycline

Multi-center, placebo-controlled trial with 412 patients:

Gordon et al., Lancet Neurol 2007; 6: 1045



23

ALS Therapy Development Institute Compiled Prior Studies

Scott et al., Amyotroph Lateral Scler 2009; 9: 4

• Thousands of simulations on 2241 
control animals (untreated SOD1 
transgenic mice)

• Largest confounders:
– Low copy number transgenic mice
– Non-ALS-related deaths (e.g. 

infection)
– Lack of sex and litter matching
– Low sample size
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ALS Therapy Development Institute’s “Optimized” Studies

Perrin, Nature 2014; 507: 423
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NINDS Led the Charge for Improved Rigor at NIH

https://grants.nih.gov/grants/guide/notice-files/NOT-NS-11-023.html

Afterward, NINDS Clinical Trial applications subjected to two-part discussion during review:
1) How rigorous were the preclinical experiments that justify the clinical trial?
2) How rigorous are the proposed experiments?

Shai Silberberg
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NINDS Workshop and “Landis 4” Paper

Landis et al., Nature 2012; 490: 187

1. Blinding
2. Randomization
3. Sample size estimation
4. Data handling

• Investigators
• Reviewers
• Journal Editors
• Funders
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NINDS Presentation to the NIH ACD

https://videocast.nih.gov/summary.asp?live=12741

Story Landis
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NIH Committed to Improving Rigor

Collins & Tabak, Nature 2014; 505: 612

• Training
• Grant applications
• Raw data
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NIH Notified the Community of Upcoming Changes

https://grants.nih.gov/grants/guide/notice-files/NOT-OD-15-103.html
https://nexus.od.nih.gov/all/2016/01/28/scientific-rigor-in-nih-grant-applications/

“Newly revised grant application instructions
will: clarify long-standing expectations to
ensure that NIH is funding the best and most
rigorous science; highlight the need for
applicants to describe details that may have
been previously overlooked; highlight the need
for reviewers to consider such details in their
reviews through revised review criteria; and
minimize additional burden.”
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NIH Implemented New Application Guidance in 2016

https://grants.nih.gov/grants/guide/notice-files/not-od-16-011.html
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“Scientific Premise”

https://grants.nih.gov/grants/guide/notice-files/NOT-OD-15-103.html

“The scientific premise for an application is the
research that is used to form the basis for the
proposed research question; NIH has always strived
to fund projects that are based on a strong
foundation. Moving forward, NIH expects
applicants to describe the general strengths and
weaknesses of the prior research being cited by the
investigator as crucial to support the application.”

2017 NINDS analysis: 
• Many investigators and reviewers misunderstood 

“scientific premise” to mean general rationale
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NIH Updated Application Guidelines in 2019

https://grants.nih.gov/grants/guide/notice-files/NOT-OD-18-228.html
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2019 Update Summary

https://grants.nih.gov/reproducibility/documents/grant-guideline.pdf

20192016
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Current Guidelines: Rigor of the Prior Research

1) Describe the strengths and weaknesses in the rigor of the prior 
research (both published and unpublished) that serves as the key support 
for the proposed project and plans to address these weaknesses. 

https://grants.nih.gov/policy/reproducibility/guidance.htm
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Current Guidelines: Rigor of the Proposed Research

2) Scientific rigor is the strict application of the scientific method to ensure 
robust and unbiased experimental design, methodology, analysis, interpretation 
and reporting of results. This includes full transparency in reporting 
experimental details so that others may reproduce and extend the findings. 

https://grants.nih.gov/faqs#/rigor-and-reproducibility.htm?anchor=question54415
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Current Guidelines: Biological Variables

3) Biological variables, such as sex, age, weight, and underlying health 
conditions, are often critical factors affecting health or disease. NIH 
expects that sex as a biological variable will be factored into research 
designs, analyses, and reporting in vertebrate animal and human studies. 

https://grants.nih.gov/faqs#/rigor-and-reproducibility.htm?anchor=question54416
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Current Guidelines: Authentication of Key Resources

4) Key biological and/or chemical resources include, but are not limited to, 
cell lines, specialty chemicals, antibodies and other biologics. The quality of 
resources used to conduct research is critical to the ability to reproduce 
the results.

https://grants.nih.gov/reproducibility/documents/grant-guideline.pdf
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Parallel Reviewer Questions

https://grants.nih.gov/reproducibility/documents/grant-guideline.pdf
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Always Check FOAs for Additional Instructions

https://grants.nih.gov/grants/guide/pa-files/PAR-21-149.html
https://grants.nih.gov/grants/guide/rfa-files/rfa-ns-17-023.html

NINDS Institutional Research Training 
Program T32 (PAR-21-149):

Research Training Program Plan Must Address:

• Experimental Design
• Statistical Methodology
• Statistical Training and Support
• Quantitative Literacy and the Use of 

Quantitative Approaches
• Program-Wide Meetings: Experimental 

Design, Statistics and Quantitative Literacy
• Scientific Rigor

NINDS Translational Outcomes Project in 
Neurotrauma UG3/UH3 (RFA-NS-17-023):

Research Plan Must Address:

• Strengths and quality of the data used to 
provide the basis for the chosen measures

• Feasibility, reliability and comparability to 
practical clinical assessments

• Key metadata to enable reproducibility
• Design and statistical approaches to 

establish reproducibility and test internal 
and external validity of outcome measures
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NIH Resources for Publications and Grant Applications

https://www.nih.gov/research-training/rigor-reproducibility/principles-guidelines-reporting-preclinical-research
https://grants.nih.gov/policy/reproducibility/resources.htm
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ACD Working Group on Enhancing Rigor, Transparency, and
Translatability in Animal Research

https://videocast.nih.gov/watch=42270



42

Upcoming NIH Policy for Data Management and Sharing

https://grants.nih.gov/grants/guide/notice-files/NOT-OD-21-013.html

“This Policy establishes the requirements of submission of Data
Management and Sharing Plans … It also emphasizes the
importance of good data management practices and establishes
the expectation for maximizing the appropriate sharing of
scientific data generated from NIH-funded or conducted
research, with justified limitations or exceptions.”

• Budget Justification section

• Data and accompanying metadata released at
the time of publication or the end of the award
(whichever is earlier) to established repository

• Programmatic review
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Data Science Resources at NIH

https://datascience.nih.gov/
https://www.nlm.nih.gov/NIHbmic/nih_data_sharing_repositories.html
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Journal Checklists for Increasing Reporting Transparency

https://www.nature.com/documents/nr-reporting-summary.pdf
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Journal Checklists Improve Reporting

NPQIP Collaborative Group, BMJ Open Sci 2019; 3: e000035

Control journals NPG journals

Data exclusions:

Sample size 
calculation:

Blinding:

Randomization:

(2011-2013)

(2013-2015)
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Scientific Transparency at Conferences

Silberberg et al., Nature 2017; 548: 153
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Efforts to Change Hiring and Promotion/Tenure Practices

https://sfdora.org/read/

“General Recommendation:

• Do not use journal-based metrics, such as Journal Impact
Factors, as a surrogate measure of the quality of individual
research articles, to assess an individual scientist’s
contributions, or in hiring, promotion, or funding decisions.

For institutions:

• Be explicit about the criteria used to reach hiring, tenure, and
promotion decisions, clearly highlighting, especially for early-
stage investigators, that the scientific content of a paper is
much more important than publication metrics or the identity
of the journal in which it was published.

• For the purposes of research assessment, consider the value
and impact of all research outputs (including datasets and
software) in addition to research publications, and consider a
broad range of impact measures including qualitative indicators
of research impact, such as influence on policy and practice.”
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Communities of Rigor Champions to Change Culture 

Koroshetz et al., eLife 2020; 9: e55915
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Feedforward Cycle of Low Research Quality

Modified from Munafò et al., Nature Human Beh 2017; 1: 0021
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Small Changes Can Shift the Overall Enterprise

Modified from Malcolm Macleod, University of Edinburgh

Research Quality

Ex
pe

rim
en

ts
 (N

)
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NINDS Resources

• NINDS Office of Research Quality:
• Website: https://www.ninds.nih.gov/Current-Research/Trans-Agency-Activities/RigorAndReproducibility

• Email: RigorChampions@nih.gov

• Slack Workspace: ScientificRigor.slack.com 

• NINDS List of Rigor Resources:

• https://www.ninds.nih.gov/Current-
Research/Trans-Agency-Activities/Rigor-
Transparency/RigorChampionsAndResources

https://www.ninds.nih.gov/Current-Research/Trans-Agency-Activities/RigorAndReproducibility
mailto:RigorChampions@nih.gov
https://www.ninds.nih.gov/Current-Research/Trans-Agency-Activities/Rigor-Transparency/RigorChampionsAndResources
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Thank You!

Devon Crawford, Ph.D. 
Office of Research Quality
National Institute of Neurological Disorders and Stroke (NINDS)
devon.crawford@nih.gov 
https://www.ninds.nih.gov/Current-Research/Trans-Agency-

Activities/RigorAndReproducibility
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