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Where is the question from? 



From the Abstract: 
•  “…In this essay, I discuss the  

implications of these problems … It can 
be proven that  most claimed research  
findings are false.” 
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The response 
The article was downloaded more than 100,000 times in 

first year. 	
Termed an "Instant cult classic “ by the Boston Globe	
Two responses in same journal.  
Ioannidis himself: 2005 in medicine, 2007 Epidemiology, 

2010 in Genetics. 2013 Meuroscience 
 
It is widely cited inside and outside academic publication 

   



Is there something wrong with the 
scientific method? 

YB Stanford ‘12 
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• Ioannidis: 	
Diminishing results in medical studies 
 ‘Why most research findings are false’ 
• Schooler: 	
Dwindling effects in psychological studies	
• Crabbe:   	
In animal behaviour: opposite results 
in different laboratories 	
	
 



Ioannidis’s arguments  

(a) Every scientific discovery is based on observing data 	

       - always partial     

 - always subject to random variation	

and therefore can be false	

We address this concern by statistical significance: 	

A discovery is considered statistically significant if the probability to 

explain it away only by randomness is small enough,  

 say smaller than 1/20. 	
	

  



E.g. 

Scientists study rumours: 
Eating purple Jelly Beans 	
 Causes Acne 
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Ioannidis’s arguments  

(a) Every scientific discovery is based on observing data 	

       - always partial     

 - always subject to random variation	

and therefore can be false	

We address this concern by statistical significance: 	

A discovery is considered statistically significant if the probability to 
explain it away only by randomness is small enough,  

 say smaller than 1/20. 	

 (b) Every scientific research examines the significance of multiple 

discoveries. 



Scientists study rumours: 
Eating coloured jelly 
beans causes Acne 

The lethal combination of the two 

xkcdSignificant.webarchive 
 



Not only Jelly Beans  

 “Unussual secrets are hidden in numbers. for 

instance, an orange car is less likely to have 

serious damages that are discovered only after 

the purchase….” 
 

 

Data mining from KAGGLE website	

THE MARKER IT   2.5.2012  	



Not only colours 
Giovanni and others (95) examined the possible effect of excess 

eating of 130 different kinds of foods on prostate cancer.  
3 kinds of foods cleared the statistical significance bar –  

    the only ones reported in the article’s abstract.  
	

Eat ketchup and pizza to prevent prostate cancer	
 
In the article itself all 130 results are reported but the abstract is 

usually the only information that passes on to the public – 
even to the professionals. 

 
    Selection by the abstract phenomenon 
	



In the meanwhile the paper was cited over 1000 times. 
Dozens of studies about the contribution of tomatoes to the 
 heeling of different types of cancers with unclear results. 
A recent study, claims the secret is in the Oregano. 	

MCP 2013 conference addresses these problems 



How did Ioannidis “prove” ? 
The probability that a false finding is found significant 1/20 
The probability that a true finding is found significant 1 (Wow!)	

	
1020 potential discoveries are screened,  

 20 of which are true and 1000 are false. 	
	

Out of 1000:  50 significant - all false (1/20 of 1000)	
Out of 20:      20 significant – all true	
          In total 70 discoveries.  And yet: 
	
No. of false discoveries  =     50       =  0.71        	
    No. discoveries               20+50 
 
The prop. of false discoveries among the discoveries  71%!	



And his conclusions  
•  Corollary 3: The greater the number … of tested 

relationships in a scientific field, the less likely the 
research findings are to be true.  

•  Corollary 6: The hotter a scientific field the less likely the 
research findings are to be true 

 
  and so on... 
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Soriç’s (1987)  
18 years earlier, same problem, same analysis, but the 

conclusion is more cautious: 	
	
"There is danger that a large part of science is false”	
 
He warned against using the standard method	

	
His paper brought Yosi Hochberg and myself in 1989….	

YB 



 False Discovery Rate  

We suggested a new criteria the False Discovery Rate (FDR), 

which the expected proportion of false discoveries among the 

discoveries.  

With methods that control the FDR, we can maintain this rate 

low,      and most of the findings will not be false !  

We suggested methods that allow to maintain the False 

Discovery Rate at the desired level 



The Benjamini-Hochberg method (1995)	
   Yosef Hochberg, Professor of Statistics in Tel-Aviv 

University, passed away two months ago.   



The idea was not easily accepted 
The standard strict criteria maintains a low probability even for 

one false finding !	

Whether we found 2 findings or 20. 	

A justifiable approach in drug licensing, but in complex large 

problems leads to great sensitivity loss.  

The outcome, as said by the geneticist Weller,  

A choice between Plague and Cholera 



Choosing Plague  

Apart from drug licensing, in the world of medical research 

there is a low use with the standard strict criteria. 

Cohen reviewed 100 papers published in NEJM 2002-2010. 

All required attending for multiplicity (multiple success rates, 

multiple sub-groups, different dosages).	

In 87/100 nothing was done; others only partially treated.  	

Even some statisticians argued:  

  “ who needs to examine 60 possible findings” 	



Y Benjamini 
The relationship between gene expression and behavior 

27,000 genes 

The change: a dramatic increase in the 
complexity of studied problems	

a. Gene expression analysis 
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Unit of data is volume pixel - Voxel 64 x 64 per slice x 16  

A comparison of experimental factor per voxel: inference on~ 64K voxels 

 
 
The change: a dramatic increase in the 
complexity of studied problems 

b. Brain activity mapping	
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“The Good the Bad and the Ugly” 

Goland, Heller, YB, Bentin, Malach ‘08 



“The Good the Bad and the Ugly” 
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32,000 1 Voxels searched 

1 

448,000 

SNPs 

          Combining genetic research and brain research 	
(the European Human Brain Project)	

~ 13,000,000,000 number of tests  



Selective inference 
Since their introduction, FDR and its variations are 
concepts and methods that are widely researched,  
by statisticians and other scientists alike. 
 
They all try to cope with the effect of selecting, then making 
inference, as in the case of the jelly beans 
 
Still, there are many fields in which they are not used at all, 
nor are the standard methods (mostly in the life sciences.) 

So maybe most research findings are false indeed?  



Replicability 

   The main principle protecting scientific discoveries is their 
being always subject to further  scrutiny by other 
scientists:     a discovery should be replicable   

 
•  This dogma goes back to the 17th century Robert Boyle, 

during his debate with Thomas Hobbs over his air pump 
and the nature of vacuum (Colin Baxter). 

•  Boyle maintained that the foundations of knowledge 
should be constituted by experimentally produced facts. 
By repeating the same experiment over and over again, 
the certainty of fact will emerge.  

	
	
	
	



Boyle and Huygens 
•  The air pump was also complicated and expensive to 

build.  “Huygens was the only natural philosopher in the 
1660s who built an air-pump that was outside the direct 
management of Boyle and Hooke”.(Shapin & Schaffer )  

•  When Huygens noticed an effect that was not noticed by 
Boyle “it became clear that unless the phenomenon 
could be produced in England with one of the two pumps 
available, then no one in England would accept the 
claims Huygens had made, or his competence in working 
the pump”.   





Replicability with significance 
 “We may say that a phenomenon is experimentally 
demonstrable when we know how to conduct an 
experiment which will rarely fail to give us statistically 
significant results.” 
              Fisher (1935) “The Design of Experiments”. 

 
 Interestingly, no one tried to quantify such statements 
until very recently.  
 But, there is a talk on replicability analysis at our meeting 
 tomorrow. 

	
	
	
	



Ioannidis paper and its wide publicity  
 has caused more damage to science than good.  

Many stay with the title - few enter the content. 
It is being used to discredit the entire scientific method,  

 not particular scientific practices: 
 “It has been claimed and demonstrated that many (and 
possibly most) of the conclusions drawn from biomedical 
research are probably false1 (Nature Reviews, 2013) 

 
Even though Jager and Leek (’13) when using data got the 

much more optimistic figure of 15% 
	

	
	
	
	



But replicability problems do exist 
•  Lack of Reproducibility	
Potti and Nevims (Nature Med ‘06):  
Gene expression data at tissues from blood cancer patients 
have been utilized to identify which of the ~20 available 
treatments will help best:  
      Translational personalized medicine! 
Baggerly & Coombes  
tried to reproduce the results from the data  
                                                 In 2001 it all fell apart 



•  Reinhart – Rogoff 
When the national debt reaches 90% of the GNP growth 
sharply drops – a tipping point 

 
 
   Greece: violent demonstrations and 

general strikewhile European Bank 

Authorities convene in Brussels	

Press agencies  18.10.12, 11:21 )  Further studies could not replicate the phenomenon 
 
A team of young researchers from University of 
Massachusets discovered a problem:  
 
A few lines were not selected in the Excel 
spreadsheet used by Reihart and Rogoff 



•  Reproduce the study: from the original data, through 
analysis, to get same figures and conclusions (Open 
Access initiative, Nature Journals initiative, etc.) 

•  Replicability of results: replicate the entire study, from 
enlisting subjects through collecting data, and analyzing 
the results, in a similar but not necessarily identical way, 
to get essentially the same results.	

	

Reproducibility & Replicability 



The ‘Reproducibility Project’  initiative 
•  Replicability problems surfaced in experimental 

psychological research 

•  “Do normative scientific practices and incentive 
structures produce a biased body of research 
evidence in our field?” 

•  Teams of researchers got committed to replicate all 
studies in 2008 issues of 3 prominent psychology 
journals 



Source of the problems 
Causes rooted in the ‘Sociology of Science’	
Publish or perish:	

 Publish to get promotion; Get findings to justify funding 
Scientific journals avoid publishing non-significant findings	
Seeking publicity outside scientific circles 
University authorities pressing for marketable results, and 

other financial incentives	
 
Most people inside and outside science discuss such causes	
	



Source of the problems 
	
But notice: Replicability problems became more severe  

  only recently,  
 
In my opinion: because of  
         The industrialization of the scientific process	



Industrialization of the scientific process 

•  Compare to changes in car manufacturing process 	
•  Internal Combustion production started in 1888 by Benz 
•  5 cars per year separately and manually manufactured.	



Car manufacturing 
In 1902 Olds implemented the first production line. 
 It manufactured a car every two hours, ~1500 per year:  
In 1914 Ford’s T-model, 4 cars per hour, ~12,000 per year.	



Car manufacturing 
The robotic production line started in Japan in  the 1980’s	

 
 
	

This is the way 70 millions new cars are manufactured each 
year. People design and supervise.  



Y Benjamini TAU  

Industrialization of the scientific 
process: gene expression analysis 
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Assuring quality of cars 
During the manual manufacturing period – the mechanic  	

	
In the production lines of the 50’s – statistical process control	

	
	
	



Assuring quality of cars 
 
 
	

 
    With the beginning of automated production line in the 80’s 

TQM Total Quality Management 
    started in Japan and the methods were adopted world-wide. 
 	

 The lesson: methods that were appropriate for manual 
manufacturing are no longer appropriate for mass 
production.	

	



 Assuring quality of scientific research 

Methods developed in the 20’s for testing a single 
hypothesis, like Fisher’s 1/20 rule, 	

	
or during the 50’s for testing a few hypotheses,	
	
are no longer appropriate when used after selection from 

the huge pool of potential discoveries made available to 
researchers in modern industrialized research. 	

 
New methods are needed, and that’s what MCP2013 is 

about.	



So,…are they false or not? 
In the end not false, but too long time may pass before a false 
discovery is recognized as such: 
 
•  Because the number of discoveries screened is large 
•  Because the high costs involved in replicating research 

Important findings are double checked (e.g. drug licensing), 
but still in ~half of Stage III such experiments fail, with high 
human and economic cost. 
 
It is evident that not all researchers have learned how to cope 
with the changes brought by industrialized research. 
 



Recommendations 
Using  
•  reproducible analysis 
•  and statistical methods that address the selective Inference  

should help scientists much 
to avoid the large human and economic cost,  
and sometimes even the embarrassment, 
  
resulting from producing too many temporary false discoveries. 	

	



 
Thanks 

www.math.tau.ac.il/~ybenja 
http://replicability2.wordpress.com/ 
 


