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1) Error control is 

the central aim of 

empirical science.



2) We need 

statistical decision 

theory to manage 

scientific progress.



Many empirical 

scientists are 

scientific realists.



Scientific theories that 
successfully make novel 
predictions are a good 
reason to  believe they are 
± true (have verisimilitude). 





Feyerabend: 

Remain agnostic. 

Fraassen: 

Believe in empirical adequacy.

Scientific realism: 

Verisimilitude (Truth-likeness).



Verisimilitude is an 
ontological, not 
epistemological 
question.

Niiniluoto, 1998



In practice, the 
notion that theories 
have “money in the 
bank” (Meehl, 1990)



We don’t need to know 
the truth – as long as we 
move towards it 
(comparative scientific 
realism).

Kuipers, 2016



One way to do this is 
by successfully 
predicting novel 
features of the world.



Responses Color 

Naming

Responses Word 

Naming

World 1 Slower Slower

World 2 Slower Not Slower

World 3 Not Slower Slower

World 4 Not Slower Not Slower



What matters is whether 

theories are truthlike, 

not whether you believe

they are truthlike.



“As to degree of corroboration, it is nothing but 
a measure of the degree to which a hypothesis h 
has been tested, and of the degree to which it 
has stood up to tests. It must not be interpreted, 
therefore, as a degree of the rationality of our 
belief in the truth of h”

Popper, 2012, p. 434



“We do not care what you believe, 

we barely care what we believe, 

what we are interested in is what 

you can show.”

Taper and Lele (2011)



“From the axiomatic 

foundational definition of 

probability Bayesianism is 

doomed to answer questions 

irrelevant to science.” 
Taper and Lele (2011)



Good research practices



Bem, 2011





Features can be identified 

through methodological 

falsificationism. 

Lakatos (1978)



Probabilistic statements can be made
falsifiable by “specifying certain 
rejection rules which may render 
statistically interpreted evidence 
'inconsistent' with the probabilistic 
theory”

Lakatos (1978)



“We are inclined to think that as far as a particular hypothesis is 
concerned, no test based upon the theory of probability can by 
itself provide any valuable evidence of the truth or falsehood of that 
hypothesis. But we may look at the purpose of tests from another 
view-point. Without hoping to know. whether each separate 
hypothesis is true or false, we may search for rules to govern our 
behaviour with regard to them, in following which we insure that, in 
the long run of experience, we shall not be too often wrong.”

Neyman and Pearson (1933)



If we agree error control 

is a central aim, the real 

question is how to do so 

optimally. 



Type 2 errors have 

large been ignored (in 

psychology).



Studies in psychology often 

have low power. Estimates 

average around 50%.

Cohen, 1962; Fraley & Vazire, 2014



Non-significant studies 

should be expected: 

0.8×0.8×0.8×0.8=0.41







Researchers need to assign a utility:

u(e, z, a, θ) 

to performing an experiment {e}, 

observing a statistical outcome {z}, 

taking an action {a} (follow-up or abandon), 

depending on the true state of the world {θ}.



Assigning utilities is 

essential for a coherent 

approach to science.





We need more applied work 

on setting alpha levels.



We need more applied work 

on controlling alpha levels.



Ask any empirical scientist if 
one-sided testing is allowed, 
and you’ll know what I mean.



“The first is the decision made by the individual 

experimenter who frequently plans one experiment 

from his evaluation of a previous one. We concede 

that here a one-tailed test is often proper. The second 

is the decision which determines the place of his 

findings in the literature of psychology. Here the one-

tailed test seems inadmissible.”

Burke, 1953, p. 385 



Some people say they will 

never publish something 

without first replicating. 0.05 

× 0.05



Is it more valuable to show an 

effect three times with N = 

300, or once with N = 900? 



We need even more 

applied work on controlling 

Type 2 error rates.



Where to start?

- Real life costs & benefits

- Theoretical models



Plan for the change you 
would like to see in the 
world. Ask yourself: 
What is your smallest 
effect size of interest? 



Requires you to specify 
H1! That’s a good thing. 

What does you theory 
predict, or what do you 
care about if H0 is false?



If we don’t, science 
becomes unfalsifiable. 
We can never ‘accept 
the null’. 



Researcher: “But I’m not 
interested in the size of 
the effect – the presence 
of any effect supports 
my theory!”



Detecting d = 0.001 requires 

42 million people. 



You make implicit 
choices about which 
effects are too small to 
matter all the time.





If you expect a ‘medium’ 
effect size and plan for 
80% power, d<0.35 will 
never be significant. 



If nothing else, the 
maximum sample you 
are willing to collect 
determines your SESOI.



When thinking about 
utilities, the sample size 
researchers are willing to 
collect is often the 
easiest to quantify.





At least initially, we can 
bootstrap what we care 
about, based on the 
resources we want to 
invest. 



In time, we might need 
to collaborate to control 
errors for our SESOI



Now you can also reject 
effects as large as, or 
larger than, your SESOI, 
using an equivalence 
test.





R package (“TOSTER”) & Excel



If effect sizes are 

uncertain sequential 

analyses let you collect 

data at lower costs.



Optional stopping: 

Collecting data until 

p < 0.05 inflates the 

Type 1 error.





Sequential analysis 

controls Type 1 error 

rates (e.g., Pocock

correction).



Wald, 1945





Pocock Boundary
Number of 

analyses
p-value threshold

2 0.0294

3 0.0221

4 0.0182

5 0.0158



Sequential analysis 

controls Type 1 error 

rates (e.g., Pocock

correction).



Error control is an 

important goal that can 

only be achieved by 

quantifying utilities.



Thanks!

@Lakens

http://daniellakens.blogspot.nl/


