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• …given	
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  improve	
  things,	
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  can	
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“After a research finding has been 

claimed based on achieving formal 

statistical significance, the post-study 

probability that it is true is the positive 

predictive value, PPV.”  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The	
  structure	
  of 
the	
  scientific	
  enterprise  

encourages	
  this



The	
  scientific	
  enterprise	
  produces	
  bias

• Any	
  system	
  that…	
  

• Produces	
  a	
  large	
  number	
  of	
  items	
   
(e.g.,	
  large	
  numbers	
  of	
  potential	
  findings)	
  

• Scores	
  each	
  item	
  with	
  some	
  variance,	
  and  
(e.g.,	
  estimates	
  of	
  significance	
  or	
  effect	
  size)	
  

• Selects	
  the	
  item	
  with	
  the	
  maximum	
  score  
(e.g.,	
  publishes	
  the	
  most	
  significant	
  findings)	
  

• …will	
  produce	
  items	
  with	
  biased	
  scores 
(e.g.,	
  publish	
  findings	
  with	
  inflated	
  estimates	
  of	
  
effect	
  size	
  or	
  statistical	
  significance)
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“Many results that are  

rigorously proved and accepted  

start shrinking in later studies.”  
	
  	
  



How	
  can	
  we	
  do	
  better?

• Improve	
  individual	
  behavior	
  (reduce	
  variability)	
  

• Encourage	
  better	
  methodology,	
  more	
  care	
  in	
  
research	
  conduct,	
  and	
  higher	
  standards	
  for	
  
evidence	
  in	
  reviewing.	
  

• However,	
  the	
  highest	
  variance	
  groups	
  will	
  still	
  
publish	
  more	
  often	
  if	
  other	
  aspects	
  of	
  the	
  system	
  
doesn’t	
  change.	
  

• because…



Current	
  systems	
  implicitly	
  reward	
  bias

• Journals	
  —	
  Looking	
  for	
  “the	
  next	
  big	
  thing”,	
  
particularly	
  those	
  with	
  highest	
  profile	
  (e.g.,	
  Science,	
  
Nature,	
  NEJM)	
  

• Funding	
  agencies	
  —	
  Invest	
  in	
  “hot”	
  areas	
  and	
  
reward	
  rapid,	
  translational	
  research	
  “nuggets”	
  

• Press	
  —	
  Report	
  only	
  the	
  latest	
  surprising	
  findings	
  to	
  
drive	
  subscriptions	
  and	
  page-­‐views	
  

• Business	
  —	
  Boost	
  short-­‐term	
  profits	
  and	
  acquire	
  
venture	
  capital	
  from	
  new	
  technology,	
  drugs,	
  etc.	
  

• Academia	
  —	
  Reward	
  “impact”	
  (publication	
  in	
  high-­‐
profile	
  journals,	
  funding,	
  publicity,	
  and	
  commercial	
  
interest)	
  in	
  hiring,	
  tenure,	
  and	
  promotion	
  practices.



How	
  can	
  we	
  do	
  better?

• Restructure	
  the	
  system	
  to	
  change	
  incentives	
  for	
  
individuals	
  (reduce	
  long-­‐term	
  variability)	
  

• Enable	
  ongoing,	
  rapid,	
  and	
  transparent	
  revision	
  of	
  
the	
  scientific	
  literature	
  (far	
  beyond	
  errata)	
  

• Encourage	
  reproduction	
  and	
  replication	
  (e.g.,	
   
high-­‐profile	
  publication	
  only	
  if	
  easy-­‐to-­‐replicate)	
  

• Strongly	
  reward	
  long-­‐standing,	
  replicated	
  results	
   
(e.g.,	
  “test	
  of	
  time”	
  awards)	
  

• Clearly	
  separate	
  normal	
  revision	
  process	
  from	
  
fraud	
  and	
  misconduct
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