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Size is dependent on intermediate results
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Timing is dependent on intermediate results
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Accumulation Bias
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Accumulation Bias
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Inflated error rates
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2,5%
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Accumulation Bias framework
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So, bias right?

How come we can

still do inference?
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• ter Schure J and Grünwald P. Accumulation Bias in meta-analysis: 

the need to consider time in error control 

[version 1; peer review: 1 approved]. F1000Research 2019, 8:962

(https://doi.org/10.12688/f1000research.19375.1) 
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Accumulating Science needs Accumulating Tests
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Neyman Pearson all-or-nothing bet

$𝑁𝑃 = 0 if p-value > 𝛼

$𝑁𝑃 =
1

𝛼
if p-value ≤ 𝛼

see

• Grünwald, De Heide & Koolen (2019)

• Shafer (2019)

and for the all-or-nothing strategy vs Kelly gambling, see:

• Tijms (2018)
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Accumulating Science needs Likelihood Ratios
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How to define a bet

Fair bet:

Reinvesting
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How to define a bet: likelihood ratio!

Fair bet:

Reinvesting (i.i.d. studies!):
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How to turn the bet into a test

Markov: 𝐏0 𝑠 𝑍𝑡 ≥
1

𝛼
≤

𝐄0 𝑠 𝑍𝑡
1

𝛼

= 𝛼

And with likelihood ratios you never go bankrupt!
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Safe Tests 

generalize

Likelihood Ratios

to common 

test scenarios
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• T-test (one-sided, two-sided)
• Test of two proportions (contingency tables)
• Meta-Analysis under heterogeneity



Would this change researcher’s mindset?
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Background reading (more papers coming up)

• ter Schure J and Grünwald P. Accumulation Bias in meta-analysis: the need to 

consider time in error control [version 1; peer review: 1 approved]. F1000Research

2019, 8:96

• Grünwald, P., de Heide, R., & Koolen, W. (2019). Safe testing. arXiv preprint 

arXiv:1906.07801.

• Shafer, G. (2019). The language of betting as a strategy for statistical and scientific 

communication. arXiv preprint arXiv:1903.06991. (most current version: 

http://probabilityandfinance.com/articles/54.pdf)

• Grünwald, P. D. (2015). Paranormale Statistiek: over de vele problemen met p-

waarden, en een redelijk alternatief. StatOR

(https://www.vvsor.nl/wp-content/uploads/2018/01/STAtOR_2015-3_totaal.pdf )

• Grünwald, P. D. (2016). Toetsen als gokken: een redelijk alternatief voor de p-

waarde. NAW, 5(17), 4.

(https://homepages.cwi.nl/~pdg/ftp/naw.pdf )

• Tijms, H. (2018) Investeren en wedden met Kelly. StatOR (https://www.vvsor.nl/wp-

content/uploads/2018/12/STAtOR-2018-4-1-40-LR-spreads.pdf)
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• All science is biased (if series > pilot study). 
BUT THAT’S OK.

Some conclusions
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a way out of p-hacking and filedrawering
+ restore meta-analysis and reduce waste
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Contact me at: schure@cwi.nl


