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What Do You Think About This?
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http://brilliantmaps.com/2016-county-election-map/
Kahneman D.  Thinking Fast and Slow. FSG, 2011.  Page 109  

“A study of the incidence of kidney cancer 
in the 3,141 counties of the US reveals a 
remarkable pattern.  The counties in which 
the incidence of kidney cancer is lowest 
are mostly rural, sparsely populated, and 
located in traditionally [Red] states.  What 
do you make of this?”

http://brilliantmaps.com/2016-county-election-map/


More Questions for You

3



Real Worries!
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http://www.economist.com/news/briefing/21588057-scientists-think-science-self-correcting-alarming-degree-it-not-trouble

Problems:

• Animal models
• Cell lines
• Antibodies
• Poor study design
• Broken culture

http://www.economist.com/news/briefing/21588057-scientists-think-science-self-correcting-alarming-degree-it-not-trouble


Goes Further Back
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PLoS Medicine 2005;2:e124
Atlantic Magazine, November 2010



NIH Worries
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“… At a mininum studies should report on sample-size 
estimation, whether and how animals were randomized, 
whether investigators were blind to the treatment, and the 
handling of data.”

Landis SC, Silberberg S et al.  Nature 2012;490:187-191



How Well Are We Doing?  Randomization…
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Ramirez FD, et al.  Circulation Research. 2017;120:1916-26



Blinding …
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Ramirez FD, et al.  Circulation Research. 2017;120:1916-26



Sample Size Calculation …
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Ramirez FD, et al.  Circulation Research. 2017;120:1916-26



Inherent Problems
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“For most study designs and settings, it is more likely for 
a research claim to be false than true.”

• Smaller studies
• Smaller effect size
• Greater number of tested relationships
• Flexibility in designs and definitions
• Financial interests and fads

PLoS Medicine 2005;2:e124



A Real Case…
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The (Much) Bigger Study…

12Lancet 1995;345:669-85

“Previously, eight very small trials of the 
intravenous infusion of magnesium … had 
collectively indicated a mortality reduction 
of about one-half.”



What They Were Talking About …
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“Large samples are more precise than small 
samples.  [This means that] small samples 
yield extreme results more often than large 
samples.  The exaggerated faith in small 
samples is only one example of a more 
general illusion: a view of the world that is 
simpler than the data justify.”

Daniel Kahneman

Kahneman D.   Farrar, Straus, and Giroux. 2011

It’s Fundamental: “Law of Small Numbers”



The “Power” of Having More “Power”
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Button K, et al.  Nature Review Neuroscience. 2013;14:365-76



“Power Failure”
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“What is particularly striking is the inefficiency of a continued 
reliance on small sample sizes. … Low power has an 
ethical dimention – unreliable research is inefficient and 
wasterful.  This applies to both human and animal 
research."

Button KS et al.  Nature Reviews Neuroscience.  2013;14:365-76



Beginning to Be Recognized
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Cressey D.  Nature 2015;520:271-2



Inherent Problems
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“For most study designs and settings, it is more likely for 
a research claim to be false than true.”

• Smaller studies
• Smaller effect size
• Greater number of tested relationships
• Flexibility in designs and definitions
• Financial interests and fads

PLoS Medicine 2005;2:e124



Quiz Again: What Do You Think About This?

19https://www.nytimes.com/2017/11/15/arts/design/leonardo-da-vinci-salvator-mundi-christies-auction.html

https://www.nytimes.com/2017/11/15/arts/design/leonardo-da-vinci-salvator-mundi-christies-auction.html


The “Winner’s Curse”
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“Effect inflation is worst for small, low-
powered studies, which can only detect 
effects that happen to be large. If the true 
effect is medium-sized, only those small 
studies that, by chance, estimate the effect 
to be large will pass the threshold …
Research findings of small studies are 
biased in favor of inflated effects.”

Button K, et al.  Nature Review Neuroscience. 2013;14:365-76



Inherent Problems
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“For most study designs and settings, it is more likely for 
a research claim to be false than true.”

• Smaller studies
• Smaller effect size
• Greater number of tested relationships
• Flexibility in designs and definitions
• Financial interests and fads

PLoS Medicine 2005;2:e124



Another Perspective: LOTS of Questions
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https://fivethirtyeight.com/features/science-isnt-broken/#part1
https://projects.fivethirtyeight.com/p-hacking/

https://fivethirtyeight.com/features/science-isnt-broken/#part1
https://projects.fivethirtyeight.com/p-hacking/
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Elsewhere
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http://jointmathematicsmeetings.org/meetings/national/jmm2017/2180_invspeakers#holm2
Thanks to Dr. Jonathan Rosenberg 

http://jointmathematicsmeetings.org/meetings/national/jmm2017/2180_invspeakers#holm2


Some Call For …
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Nature Human Behavior 2017: https://www.nature.com/articles/s41562-017-0189-z.pdf

“There has been much progress toward documenting and addressing several 
causes of this lack of reproducibility (for example, multiple testing, P-hacking, 
publication bias and under-powered studies). However, we believe that a leading 
cause of non-reproducibility has not yet been adequately addressed: statistical 
standards of evidence for claiming new discoveries in many fields of 
science are simply too low. Associating statistically significant findings with P < 
0.05 results in a high rate of false positives even in the absence ...” 

https://www.nature.com/articles/s41562-017-0189-z.pdf


Putting It All Together …

28

“A much larger pool of 
scientists are now asking a 
much larger number of 
questions, possibly with 
much lower prior odds of 
success … Reducing the P 
value threshold for claims of 
new discoveries to 0.005 is 
an actionable step that will 
immediately improve 
reproducibility.” 

Nature Human Behavior 2017: https://www.nature.com/articles/s41562-017-0189-z.pdf

https://www.nature.com/articles/s41562-017-0189-z.pdf


NIH Steps
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Nature.  2014;505:612-13



Key Components
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https://grants.nih.gov/reproducibility/index.htm

https://grants.nih.gov/reproducibility/index.htm


Special Steps with Clinical Trials
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• Dedicated FOAs
• Special review criteria
• GCP Training
• Single IRB
• Required registration, reporting
• NIH-wide oversight system

JAMA 2016 (online pub September 16, 2016)



Many Stakeholders
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Science.  2014;346:679



Appreciate Help With Communications
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Science 2014;346:1452-3
https://www.gbsi.org/event/asilomar/
FASEBJ.  2016;30:519-24 

https://www.gbsi.org/event/asilomar/


Congressional Interest
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Section 2039 requires the NIH Director to convene a working 
group under the ACD to develop and issue recommendations 
through the ACD for a formal policy, which may incorporate 
or be informed by relevant existing and ongoing activities, to 
enhance rigor and reproducibility of scientific research 
funded by NIH.

https://www.congress.gov/bill/114th-congress/house-bill/34/text?q=%7B%22search%22:%5B%22114-255%22%5D%7D&r=1#toc-H4954A3235E9F42CB93EC35DDD7CB416D


Concluding Thoughts: Longstanding, Core Issues

• Small numbers
• Regression to the mean
• Prior probability
• Multiple comparisons
• Misunderstood P-values
• Absence of transparency, full reporting
• We appreciate your help!
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