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Learning Objectives

• Describe the issue of reproducibility and NIH plans to 
address it

• Summarize changes to application instructions and 
review criteria for NIH grants

• Explain how the policies behind rigor and 
transparency will impact different types of grants 
along with the implementation timeline
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The Reproducibility Challenge

• Noted by research 
community; in multiple 
publications
▫ Across research areas
▫ Especially in preclinical 

research
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Prinz, Schlange and Asadullah
Bayer HealthCare

Nature Reviews Drug Discovery 
2011; 10:712-713
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Perrin, Nature 2014; 507: 423-42557



Good Experimental Design (and Reporting) 
Underlies Rigor and Reproducibility of Findings

Five requirements for a 
“good” experimental 
design:
• Be unbiased
• Have high precision
• Have a wide range of 

applicability
• Be simple
• Have the ability to 

calculate uncertainty
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Challenges to Ensuring Rigor and 
Transparency in Reporting Science

• Science often viewed as “self-correcting;” immune 
from reproducibility problems
▫ Principle remains true over the long-term 

• Checks and balances for reproducibility in the short-
and medium-term are hobbled by interrelated 
factors 
▫ Results in compromised ability to reproduce 

findings of others, particularly in preclinical 
research studies involving animal models of 
disease 
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Challenges to Ensuring Rigor and Transparency in 
Reporting Science: 

Factors that “Short Circuit” Self-Correction

• Current “hyper-competitive” environment is fueled, in 
part, by:
▫ Historically low funding rates
▫ Over-dependence on “high profile” publications when 

grants are reviewed; institutions are making 
appointment, promotion, and tenure decisions

• Publication practices that contribute: 
▫ Difficulty in publishing negative findings
▫ Overemphasis on the “exciting, big picture” finding 

sometimes results in publications leaving out 
necessary details of experiments 
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• Poor training leading to:

▫ Inadequate experimental design – fundamental 
quality characteristics not reported/performed 
(e.g. blinded assessment, randomization, sample 
size calculations)

▫ Inappropriate use of statistics (“p-hacking”)

▫ Incomplete reporting of resources used and/or 
unexpected variability in resources

Challenges to Ensuring Rigor and Transparency in 
Reporting Science: 

Factors that “Short Circuit” Self-Correction
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Since the 1960s, more than 
400 widely used cell lines 
worldwide have been 
shown to have been 
misidentified

A 2011 study of 122 
different head and neck 
cancer cell lines revealed 
that 37 (30%) were 
misidentified

Studies using just two 
misidentified cell lines 
were included in 3 grants 
funded by the NIH, two 
clinical trials, 11 patents, 
and >100 papers



Reproducibility in Cell Culture Studies

Possible action areas:
• Ask applicants for their plans to validate key reagents, 

including cell lines
• Facilitate the development and dissemination of 

consensus standards for authentication, handling, 
controls, and reporting

• Promote development of more efficient and cost-
effective tools for characterizing cell lines and reagents

• Promote development of defined, controllable and 
affordable cell culture media and reagents
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“Over the course of FY 
2015, NIH plans to roll 
out policies that will 
require applicants to 
address inclusion of 
both sexes in 
biomedical research.” 
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“The importance 
of variables can 

often be evaluated 
efficiently using

factorial experimental
designs, without any
substantial increase 

in the overall number 
of animals.”

Lab Anim. 1992 Oct;26(4):256-68.; Exp Gerontol. 
1997 Jan-Apr;32(1-2):39-47.; Trends Pharmacol Sci. 2003 Jul;24(7):341-5

Factorial Design: Addressing Sex as a 
Second Independent Variable

16



Male Female

Control -- ++

Treatment ++ --

Basic Experimental Design
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The effects of the selective 
poly-ADP ribose polymerase 
(PARP-1) inhibitor PJ-34 in 
wild-type (WT) mice of both 
genders. Treatment with PJ-
34 at ischemic onset reduced 
total infarction in male mice
compared with saline-treated 
controls (* P<0.001). A 
significant increase in 
ischemic damage was seen in 
PJ-34-treated females
compared with control 
(* P<0.001).

McCullough LD, et al. Journal of Cerebral Blood Flow & Metabolism (2005) 25, 502–512.
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New Journal Policies to Enhance Reproducibility
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Principles and Guidelines for Reporting 
Preclinical Research
• Rigorous statistical analysis
• Transparency in reporting
• Data and material sharing
• Consideration of refutations
• Consider establishing best 

practice guidelines for:
▫ Antibodies
▫ Cell lines
▫ Animals

• Standards
• Replicates
• Statistics
• Randomization
• Blinding
• Sample size 

estimation
• Inclusion/exclusion 

criteria

http://www.nih.gov/about/reporting-preclinical-research.htm
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Pilot Focus Types of Efforts Being Developed

Evaluation of scientific premise in grant 
applications

New Funding Opportunities with additional review 
criteria regarding scientific premise

Checklist and Reporting Guidelines Reviewer checklists regarding reporting standards
and scientific rigor

Changes to Biosketch Biosketch pilot with focus on accomplishments and 
not just publications

Approaches to reduce "perverse 
incentives” to publish

Exploring award options with a longer period of 
support for investigators

Supporting replication studies New Funding Opportunities for replication studies, 
and options to assess whether pre-clinical findings 
should be replicated

Training Developing materials on experimental design

Other efforts Use of Prize Challenges to encourage reproducibility 
of results, PubMed Commons 

Trans – NIH Pilots
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Our Guiding Principles for Rigor & 
Transparency

• Clarify NIH’s long-standing expectations 
regarding rigor and transparency and how we 
would like to see this described in applications

• Raise awareness and begin culture shifts in 
the scientific community

• Prompt applicants to consider issues that they 
may have previously down-played or ignored, 
which may have a detrimental effect on the 
quality of the science they produce
24



Our Guiding Principles for Rigor & 
Transparency

• Improve the way that applicants describe their 
work; provide sufficient information for 
reviewers

• Demonstrate to our public stakeholders that 
NIH is seriously considering their concerns

• As always, ensure that NIH is investing in the 
best science and minimizing unnecessary 
burden
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Learning Objectives

• Describe the issue of reproducibility and NIH plans to 
address it

• Summarize changes to application instructions and 
review criteria for NIH grants

• Explain how the policies behind rigor and 
transparency will impact different types of grants 
along with the implementation timeline
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Four Areas of Clarification

• Scientific premise

• Scientific rigor

• Relevant Biological 
Variables, Such as 
Sex

• Authentication of 
Key Biological and/or 
Chemical Resources
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RPG Application and Review
Element of Rigor Section of 

Application
Criterion 
Score

Additional 
Review 
Consideration

Contribute 
to Overall 
Impact?

Scientific Premise

Research 
Strategy

Significance NA Yes

Scientific Rigor Approach NA Yes 

Consideration of Sex 
and Other Relevant 
Biological Variables

Approach NA Yes 

Authentication of Key 
Biological and/or 
Chemical Resources

New 
Attachment

NA Acceptable or 
unacceptable

No 
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Scientific Premise
• All research builds upon prior research, 

whether observations, preliminary data, or 
published literature.  The scientific premise 
for an application is the research that is used 
to form the basis for the proposed research 
question.

• NIH expects applicants to describe the general strengths and 
weaknesses of the prior research being cited by the applicant as 
crucial to support the application. It is expected that this 
consideration of general strengths and weaknesses could include 
attention to the rigor of the previous experimental designs, as 
well as the incorporation of relevant biological variables and 
authentication of key resources. 
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Scientific Premise
Research Plan Instructions - Significance
• Explain the importance of the problem or critical barrier to 

progress in the field that the proposed project addresses. 
• Describe the scientific premise for the proposed project, 

including consideration of the strengths and weaknesses of 
published research or preliminary data crucial to the support 
of your application.  

• Explain how the proposed project will improve scientific 
knowledge, technical capability, and/or clinical practice in one 
or more broad fields. 

• Describe how the concepts, methods, technologies, 
treatments, services, or preventative interventions that drive 
this field will be changed if the proposed aims are achieved.
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Scientific Premise
Significance – Review Questions
• Does the project address an important problem or a critical 

barrier to progress in the field? 
• Is there a strong scientific premise for the project? 
• If the aims of the project are achieved, how will scientific 

knowledge, technical capability, and/or clinical practice be 
improved? 

• How will successful completion of the aims change the 
concepts, methods, technologies, treatments, services, or 
preventative interventions that drive this field? 
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Scientific Rigor

• Scientific rigor is the strict application of 
the scientific method to ensure robust and 
unbiased experimental design, 
methodology, analysis, interpretation and 
reporting of results. 

• NIH expects applicants to describe the experimental design 
and methods proposed and how they will achieve robust and 
unbiased results.  Robust and unbiased results are obtained 
using methods designed to avoid bias and these results can 
be reproduced under well-controlled and reported 
experimental conditions. 
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Scientific Rigor
Research Plan Instructions - Approach
• Describe the overall strategy, methodology, and analyses to 

be used to accomplish the specific aims of the project. 
Describe the experimental design and methods proposed and 
how they will achieve robust and unbiased results. Unless 
addressed separately in the Resource Sharing Plan 
attachment below, include how the data will be collected, 
analyzed, and interpreted. 

• Discuss potential problems, alternative strategies, and 
benchmarks for success anticipated to achieve the aims. 

• If the project is in the early stages of development, describe 
any strategy to establish feasibility, and address the 
management of any high risk aspects of the proposed work.
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Scientific Rigor
Approach – Review Questions
• Are the overall strategy, methodology, and analyses well-

reasoned and appropriate to accomplish the specific aims of 
the project? 

• Have the investigators presented strategies to ensure a robust 
and unbiased approach, as appropriate for the work 
proposed? 

• Are potential problems, alternative strategies, and 
benchmarks for success presented? 

• If the project is in the early stages of development, will the 
strategy establish feasibility and will particularly risky aspects 
be managed? 

35



Consideration of Relevant Biological 
Variables, Such as Sex
• 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.  Strong justification from the 
scientific literature, preliminary data or other relevant 
considerations must be provided for applications proposing to 
study only one sex.  
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Relevant Biological Variables
Research Plan Instructions – Approach
• Explain how relevant biological variables, such as 

sex, are factored into research designs and analyses 
for studies in vertebrate animals and humans.
▫ For example, strong justification from the scientific 

literature, preliminary data, or other relevant 
considerations, must be provided for applications 
proposing to study only one sex.

▫ Please refer to NOT-OD-XXX for further 
consideration of NIH expectations about sex as a 
biological variable.
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Relevant Biological Variables
Approach – Review Questions
• Have the investigators presented adequate plans to 

address relevant biological variables, such as sex, for 
studies in vertebrate animals or human subjects?.
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Authentication of Key Biological and/or Chemical 
Resources

• The quality of the resources used to conduct 
research is critical to the ability to reproduce 
the results.  NIH expects that key biological 
and/or chemical resources will be regularly 
authenticated to ensure their identity and 
validity for use in the proposed studies.

• Key biological and/or chemical resources are those that: 1) may 
differ from laboratory to laboratory or over time; 2) may have 
qualities and/or qualifications that could influence the research 
data; and 3) are integral to the proposed research and may or may 
not be generated with NIH funds.  These include, but are not 
limited to, cell lines, specialty chemicals, antibodies and other 
biologics. 399



Authentication of Key Resources
Other Research Plan Sections - Instructions
Briefly describe methods to ensure the identity and validity of key biological 
and/or chemical resources used in the proposed studies. 
• Key biological and/or chemical resources may or may not be generated with 

NIH funds and: 
▫ 1) may differ from laboratory to laboratory or over time; 
▫ 2) may have qualities and/or qualifications that could influence the research data; 

and 
▫ 3) are integral to the proposed research.  These include, but are not limited to, cell 

lines, specialty chemicals, antibodies, and other biologics.
• Standard laboratory reagents that are not expected to vary do not need to be 

included in the plan. Examples are buffers and other common biologicals or 
chemicals.   

• Reviewers will assess the information provided in this Section.  Any reviewer 
questions associated with key biological and/or chemical resource 
authentication will need to be addressed prior to award.
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Authentication of Key Resources
Additional Review Consideration 
• For projects involving key biological and/or chemical 

resources, reviewers will comment on the brief plans 
proposed for identifying and ensuring the validity of 
those resources. 
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Learning Objectives

• Describe the issue of reproducibility and NIH plans to 
address it

• Summarize changes to application instructions and 
review criteria for NIH grants

• Explain how the policies behind rigor and 
transparency will impact different types of grants 
along with the implementation timeline
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NIH Funds Many Types of Grants: Does 
Rigor Policy Apply to All?

• Administrative 
supplements

• Career Development
• Centers
• Conferences
• Construction
• Fellowships
• Instrumentation
• Program Projects

• Publication support
• Research
• Resource & Resource 

Related
• Small Business
• Training 
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