
Prelude

Practical problems 
with p-values



Problem 1:
 Conceptual Confusion

What is a p-value?
“The probability of obtaining a 
test statistic at least as extreme as 
the one you observed, given that 
the null hypothesis is true and the 
intention with which the data were 
collected is known.”



Problem 2:
 What if p = .001?

You would like to conclude that H0 is 
probably false.
But what about H1? If H1 represents a very 
small effect, the observed data are also very 
unlikely under H1.
And what if H1 is a priori unlikely?



Problem 3:
 What if p = .35?

You would like to conclude that H0 is 
probably true.
But p-values cannot be used to quantify 
evidence in favor of H0 – perhaps you did 
not have enough observations. 



Problems, problems…
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What is 
Bayesian Statistics?

“Common sense expressed in numbers”



What is 
Bayesian Statistics?

“What you think that classical statistics is”



What is 
Bayesian Statistics?

“The only good statistics”

[For more background see
Lindley, D. V. (2000). The philosophy 
of statistics. The Statistician, 49, 293-337.]



Bayesian Inference
 in a Nutshell

In Bayesian inference, uncertainty or degree 
of belief is quantified by probability.
Prior beliefs are updated by means of the 
data to yield posterior beliefs. 
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Bayesian Model Selection

Suppose we have two models, M1 and M2.
After seeing the data, which one is preferable?

The one that has the highest posterior probability!
Compare P(M1 | D) to P(M2 | D). 



Bayesian Model Selection
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The Bayes
 

Factor

Is the change from prior to posterior odds 
brought about by the data.
Quantifies the evidence for one model versus 
the other provided by the data.
If BF12 = 3, the data are three times more 
likely to have occurred under M1 than under 
M2. 



Guidelines for Interpretation 
of the Bayes

 
Factor

BF
 

Evidence

1 –
 

3       Anecdotal
3 –

 
10     Substantial

10 –
 

30     Strong 
30 –

 
100   Very strong

>100    Decisive
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A Default Bayesian
 t-Test

Based on earlier work, Rouder and 
colleagues proposed a default or objective 
Bayesian t-test (sort of an improved BIC).
Focus is on effect size δ = μ/σ.
H0: δ = 0
H1: δ ~ Cauchy



Cauchy vs. Normal



Outline

Bayesian basics
Bayesian hypothesis tests
A default Bayesian t-test
A comparison using 855 published t-tests
A case study: Feeling the future?
Interim conclusions



Empirical Comparison 
(Wetzels

 
et al., in press)

Does the Bayesian t-test (Rouder et al., 2009, 
PBR) yield the same conclusions as the 
traditional t-test?
“We” collected all t-tests reported in the 
2007 issues of Psychonomic Bulletin & 
Review and JEP:LMC. 



Empirical Comparison 
(Wetzels

 
et al., in press)

In 252 articles, spanning 2394 pages, “we”
found 855 t-tests. 
This translates to an average of one t-test for 
every 2.8 pages, or about 3.4 t-tests per 
article.
For each t-test, we computed the p-value and 
the Bayes factor…





Empirical Comparison

Bayes factors and p-values agree on the 
direction of the effect: p-values < .05 yield 
evidence against H0, and p-values > .05 yield 
evidence against H1. 
Bayes factors and p-values often disagree on 
the strength of the effect: 70% of p-values in 
the .01-.05 interval yield evidence that is 
only “anecdotal”. 
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Feeling the Future

Dr. Bem published a paper in the Journal of 
Personality and Social Psychology (JPSP).
Bem reported nine experiments with over 
1000 participants.
Conclusion: people can look into the future, 
predicting with higher-than-chance accuracy 
where a picture is going to appear (left or 
right). 





Feeling the Future

Some things went wrong with this research. 
Most importantly, the results are based in 
part on a fishing expedition. Check my 
website if you want to know the details.
However, how about the statistics? In eight 
experiments, Bem computes a t-test and 
comes up with one-sided p-values < .05. 



Feeling the Future



Feeling the Future
 (Wagenmakers

 
et al., 2011, JPSP)
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Interim Conclusions

A Bayesian hypothesis test may give very 
different results than a classical test. In 
general, the Bayesian test is not as easily 
impressed.
Bayesian hypothesis tests are intuitive and 
allow you to quantify evidence for H0 versus 
H1.



Outline Part II

A default Bayesian t-test
A hierarchical extension
Why it can be Bayesian not to be Bayesian



A Default Bayesian
 t-Test

N participants
Each participant i gets condition A and 
condition B, and yi quantifies his or her 
condition effect.
The one-sample t-test then assumes

where H0: μ
 

= 0.



A Default Bayesian
 t-Test

Based on earlier work, Rouder and 
colleagues proposed a default or objective 
Bayesian t-test.
Focus is on effect size δ = μ/σ.
H0: δ = 0
H1: δ ~ Cauchy



A Default Bayesian
 t-Test

The resulting Bayes factor is



A Default Bayesian
 t-Test

But the test may also be implemented easily 
in WinBUGS, allowing for flexible 
extensions (e.g., Wetzels et al., 2009).
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δ,σ

y1 y2 yN· · ·

This is the standard application
 of the t-test



δ,σ

y11 y21 yN1· · ·
y12

y1M

y22

y2M

yN2

yNM

··· ·· ·· ·
·

What now?



BF1 · · ·BF2 BFN

Problem: this analysis ignores the fact
 that subjects differ from each other.

= BF1
 

× BF2
 

× … × BFN



μ,σ

BF1 · · ·BF2 BFN

Problem: computes group-average BF, 
not the total evidence.



δ,σ

y1 y2 yN· · ·

Problem: ignores remaining uncertainty 
in the mean.



δ,σ

y11 y21 yN1· · ·
y12 y22 yN2

··· ·· ·· ·
·

μ1 μ2 μN

A t-test on the 
parameters



A Critique

What if the effect is really fixed?
Or what if you do not know whether your 
effect is fixed or random?



A Response

For human participants, effects are almost 
always random.
In case of doubt, calculate BF for both fixed 
effects and random effects model, and weigh 
these with the posterior probabilities of the 
fixed effects model being true.
Note the tension between testing a few 
participants for a very long time, and testing 
very many participants for a short time.



Outline Part II

A default Bayesian t-test
A hierarchical extension
Why it can be Bayesian not to be Bayesian



Can it be Bayesian not to be 
Bayesian?

Bayesians make decisions that maximize 
expected utility.
Confronted with a choice between computing 
and reporting p-values vs. Bayes factors, 
what action has the highest expected utility?



Utilities of Bayes
 

factors

Addresses the question of interest (+++)
Is theoretically desirable (+)
Is relatively unknown among practitioners (-)
Takes time and effort to compute(--)
…this is particularly true for Bayes factors, 
where the specification of prior distributions 
requires considerable care (---)



Utilities of p-values

Fails to address the question of interest (---)
Has theoretical problems (-)
Is well-known among practitioners (+)
Easy to compute (+++)
In standard designs, will make the data 
appear more convincing then they are (+-)



Thanks for Your Attention!
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