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Things I won’t say 

●  That if we turn to Bayesian methods, all our 
replication/reproducibility problems will go 
away.

●  That the only “right thinkers” are Bayesian.
●  That the Bayesian approach doesn’t have its 

own complications.

Things I might say 

●  That the only way to think about evidence objectively and 
coherently is through a Bayesian lens.

●  Even if you aren’t using Bayes, you are making Bayesian 
choices. You might want to know what those are.

●  That problems of reproducibility/replicability would 
decrease if we understood the foundations of statistical 
inference better.

●  None of this is new.
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History: Standards of proof 

●  RA Fisher (1890 – 1966)
●   “Personally, the writer prefers 

to set a low standard of 
significance at the 5 percent 
point . . .  . A scientific fact 
should be regarded as 
experimentally established 
only if a properly designed 
experiment rarely fails to give 
this level of significance.”
RA Fisher,The arrangement of field experiments. Journal of 
the Ministry of Agriculture, 1926, 33, 503-513. 

Fisher on hypothesis testing 

The concept that the scientific worker can regard himself as an 
inert item in a vast cooperative concern working according to 
accepted rules, is encouraged by ... stressing his supposed duty 
mechanically to make a succession of “decisions”....the Natural 
Sciences can only be successfully conducted by responsible and 
independent thinkers applying their minds and their imaginations to 
the detailed interpretation of verifiable observations. The idea that 
this responsibility can be delegated to a giant computer 
programmed with Decision Functions {viz, hypothesis tests}  
belongs to the phantasy of circles rather remote from scientific 
research.                                

 SMSI, 1956
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A short research quiz

A well done study is reported on a new form of cognitive 
therapy for pain control, and the authors state that it has 
turned out,  somewhat surprisingly (i.e. ≤ 30% chance of 
being true before the experiment), to be effective in 
reducing migraine frequency, risk � =15%, CI, 0 to 30%, 
p=0.05. The probability that this association is real is:

a.) < 75%

b.) 75% to 94.99...%

c.) ≥ 95%

Odds that hypothesis is true before 
seeing the data (Prior Odds)

X

Bayes factor

Final (posterior) odds that 
the hypothesis is true) 

Bayes Theorem 

Subjective 
Component

Data 
component 
(evidence) 
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Bayes Theorem 
 

   Pr (H0 | Data)
Pr (H1 | Data) = Pr (H0)

Pr (H1)
×

Pr (Data | H0)
Pr (Data | H1)

Post–test Odds Pre–test Odds Likelihood Ratio
a.k.a. Bayes factor 

Conceptual framework for 
analyzing research 

Evidence: What the data say

Belief: Evidence + Prior/external evidence

Action: Belief + Consequences of actions

Starting (“prior”) 
knowledge

Final (“posterior”) 
knowledge
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x 0 

P-value 

Probability distribution of all possible 
outcomes under the null hypothesis 

Outcomes 

Pr
ob
ab
ili
ty

 

Observed 
outcome 
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Commentary 

�The other depressing result is the 20% gap in the authors� Figure 
3 between the proportions of epidemiologists who declared causality 
when confronted with P-values abutting the shopworn 0.05 
benchmark. Every epidemiologist has enough innate common sense 
to know that there is no meaningful difference between P = 0.04 and 
P = 0.06, if only we were not brainwashed into believing otherwise... 
Those who persist in teaching null hypothesis testing uncritically to 
epidemiology students should have Figure 3 tattooed onto their 
foreheads in reverse image, to remind them with each glance into a 
mirror of the pox they continue to spread upon our field.� 

Poole C, “Causal Values,” Epidemiology, 12:139-141, 2001 
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Bayes factor for P=0.05 
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P-values: Bayesian Translations 
Decrease in probability of the

null hypothesis, %
 P-value
(Z-score)

Minimum
Bayes factor

-e p ln(p) Strength of
evidence

From To no less than

0.10
(1.64)

.26 .6 Weak 75
50
17

44
21
5

0.05
(1.96)

.15 .4 Weak to
Moderate

75
50
26

31
13
5

0.03
(2.17)

.1 .3 Moderate 75
50
33

22
9
5

0.01
(2.58)

.04 .13 Moderate to
strong

75
50
60

10
3.5
5

0.001
(3.28)

.005 .02 Strong to
very strong

75
50
92

1
0.5
5

P=0.05 
(strongest BF =0.14) 

100%0

Probability of truth

1% -> 6% 
10% -> 43% 

25% -> 69% 

50% -> 87% 
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P=0.01 
(strongest BF =0.04) 

100%0

Probability of truth

1% -> 19% 
10% -> 72% 

25%   ->  88% 
50%   - 96% 

P=0.01 
( strongest BF with null-centered prior =0.13) 

100%0

Probability of truth

1% -> 7% 
10% -> 46% 

25%   ->  68% 
50%   - 87% 
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Pr(Truth)!Pr(Replication) 
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Probability of Non-null hypothesis

Probability of replication vs. probability of truth

Assumption: Replication expt has Size=5%, Power = 80% for difference 
observed in first experiment

Confusion of evidence and belief 

“This is the first study to demonstrate a 
therapeutic benefit of corticosteroids in 
chronic fatigue syndrome (p=0.06)…..” 

(JAMA, 1998)
●  Mechanism not shown
●  Inconsistent with prior studies
●  Other endpoints inconsistent
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Confusion of evidence and belief 

“Of the 40 variables examined, only liver 
cancer was caused by transfusions 
(p=0.01).”

Confusion of evidence and belief 

Instead of:
“There was moderate evidence (BF=.04) for 

the relationship between liver cancer and 
transfusions, but this was not strong enough to 
make the association highly likely because of:
● Prior studies with different results
● No excess of liver cancer in populations with 
frequent transfusions
● No accepted mechanism...
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What can we do? 

●  Change the language of measurement?
"  Farenheit! Celsius

●  Change the culture of high stakes “testing” towards informed 
use of real evidence? (i.e. not just estimation)

●  Change a system of rewards and incentives that is based on 
improper use and understanding of statistical evidence and 
inference? (i.e. basis for claims)

●  Create systems for institutional accountability for research 
quality. (i.e. confirmation of claims)

Final thoughts 

“What used to be called judgment is now 
called prejudice, and what used to be called 
prejudice is now called the null hypothesis....it 
is dangerous nonsense (dressed up as ‘the 
scientific method’) and will cause much 
trouble before it is widely appreciated as 
such.”   

A.W.F. Edwards (1972)  


