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• A formal inferential system: 
representation, explanation, 
prediction, comparison etc. 

• Weak, absent, or latent theories 
reduce our capacity to make valid 
inferences to and from data 

• Rationally convincing, practically 
ineffective: one can generate results 
with little/no theory, so why bother?

The value of theory

van Rooij & Baggio (2020, 2021)



• False negative reports are bad, e.g., in medicine, public 
health, geology, ecology etc.: undetected harm is bad 

• In basic science, false positive reports are much worse: 
• They imply more false hypotheses (‘stacking’) 
• They can misdirect research programs and fields 
• They fail replication: confidence/credibility crisis 

• What are false positive reports? How could we keep   
them in check? What does theory have to do with this?

The fear factor



False positive report probability

Wacholder et al. (2004); Ioannidis (2005); Colquhoun (2019); Bird (2021)
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Prior probability: ⇡ = P (T )
Type I error: ↵ = P (pos | F )
Type II error: � = P (neg | T )
Power: 1� � = P (pos | T )
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P (pos) = P (pos ^ T ) + P (pos ^ F )

= P (pos | T ) · P (T ) + P (pos | F ) · P (F )

= (1� �) · ⇡ + ↵ · (1� ⇡)
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FPRP = P (F | pos) =
↵ · (1� ⇡)

(1� �) · ⇡ + ↵ · (1� ⇡)



«The prior odds for my hypothesis are 50/50. If I minimize 
Type I and Type II error rates (i.e., maximize power), then 
FPRP would be minimized, too.» (Assuming no bias etc.)

False positive report probability
<latexit sha1_base64="yV2Jp2GcDGmUSbHU9pu4EICvRqs="></latexit>

FPRP =
↵ · (1� ⇡)

(1� �) · ⇡ + ↵ · (1� ⇡)
=

1

1� �

↵
·

⇡

1� ⇡
+ 1

<latexit sha1_base64="5S+MawvpTUBAQclcRFtHsUEpaPQ="></latexit>

FPRP =
1

1� �

↵
·

⇡

1� ⇡
+ 1

=
1

1� 0.2

0.005
·

0.5

1� 0.5
+ 1

= 0.006



• A (null) hypothesis may be true or false, but that does 
not make the prior odds 50/50 (principle of indifference) 

• Prior probability 
• Degree of belief in a hypothesis [0 1], based on local 

data (e.g. prior experiments) and wider web of belief 
• Ratio of true hypotheses to tested hypotheses: 

• GWAS: 30,000 genes; 50,000-250,000 functional 
variants; 1-5 SNPs contribute to the condition; 
prior probability is between 0.0001 and 0.00001 

• ‘Big data’: similar problems in neuroimaging etc.

π in the sky?



• High FPRP and low replication rates from high-quality 
science, if there is a high rate of false hypotheses before 
testing and insufficient Type I error control (Bird 2021) 

• Evidence of low π, e.g., 0.1 in psychology (Johnson et al. 
2017), low replication rates, current statistical practices 

• Possible (not mutually exclusive) ways out? 
1. Readjust belief in published results (skepticism)  
2. Methodological reform, e.g., Type I/II error control 
3. Generate hypotheses more likely to be true (theory)

The replication crisis revisited



Methodological reform

Button et al. (2013); Fraley & Vazire (2014); Szucs & Ioannidis (2017); Dumas-Mallet et al. (2017)

• Increasing power and redefining significance reduce FPRP, 
but not for extreme values of prior probability (‘the π trap’)  

• Known problems may be worsened by methodological reform: 
Meehl’s paradox, nonlinearity of FPRP function for low π etc.



Ioannidis (2005); Wacholder et al. (2004); Bird (2021)



• Testing our way out of the π trap is not an option: few 
positive results, a high false/true positive ratio etc. 

• ‘Improve understanding of the prior odds’ (Ioannidis), 
‘(In)formally develop prior probabilities’ (Wacholder), 
‘Try to generate higher quality hypotheses’ (Bird)    

• ‘More theory’ is not the answer, rather ‘better theory’ 
• Good theory is formal, representational, explanatory, 

predictive etc.: the traditional ‘inferential system’ view 
• Good theory is also aimed at avoiding low π: a new view

Escaping the π trap

van Rooij & Baggio (2020, 2021)



Escaping the π trap

van Rooij & Baggio (2020, 2021)

Constraints in cognitive science: 
• Computability, tractability of function 
• Learnability, evolvability of function 
• Substrate compatibility (e.g., biology) 
…



• Low prior probability of hypotheses (π) is a problem 
• Methodological reform is important and useful but is not 

sufficient: it is ineffective for low π, unnecessary for high π 
• The empirical cycle is not a way out of the π trap: too 

many false positive reports (unreformed science) or too 
few positive reports (reformed science) for low π values 

• Theoretical cycle: formal plausibility analyses to discard 
low prior probability hypotheses before empirical testing 

• Traditional arguments for theory qua inferential system 
must be used parsimoniously; new arguments are needed

Take home messages
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