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,

N ≈ 5 000 Covid-19 patients
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,

N ≈ 20 000 Covid-19 patients

N ≈ 95 000 Covid-19 health care workers
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Accumulation Bias
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Size is dependent on intermediate results
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Timing is dependent on intermediate results

Judith ter Schure – AMC KEBB Seminar 21-04-2020



Accumulation Bias
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Accumulation Bias
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Inflated error rates

2,5%
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Accumulation Bias framework
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Accumulation Bias Framework
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Accumulation Bias
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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 

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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Universal bound / Robbins (1970) / Ville’s inequality

Likelihood ratios are martingales, therefore:

How to turn the bet into a test
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Safe Tests 

generalize

Likelihood Ratios

to common 

test scenarios
• T-test (one-sided, two-sided)
• Test of two proportions (contingency tables)
• LogRank test (survival / time-to-event analysis)
• Meta-Analysis under heterogeneity
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Become a member!



Become a coordinator or reviewer!

Promote to send in a proposal for review!



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 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)

• Package ‘SafeStats’ on CRAN and GitHub
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Thank you!
Contact me on: schure@cwi.nl

penningmeester@vvsor.nl
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