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What’s to come

Accumulation Bias

• The assumption of random sampling in a typical meta-analysis

• The assumption of fixed-series-size in a typical meta-analysis

Handling it ALL-IN

• Taking a random approach to series size

• Martingales

Empirical evidence for Accumulation Bias

Judith ter Schure – UC Davis Quant Brown Bag Series Oct 22th 2020



What’s to come

Accumulation Bias

• The assumption of random sampling in a typical meta-analysis

• The assumption of fixed-series-size in a typical meta-analysis

Handling it ALL-IN

• Taking a random approach to series size

• Martingales

Empirical evidence for Accumulation Bias

(maybe) Handling it subjective Bayesian

• Mixing a fixed-series-size approach with a prior
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Random sampling in science
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Random sampling of participants

Δ? 𝐷1, 𝐷2, … , 𝐷𝑛 ഥ𝐷 ~ Δ
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Random sampling of study series
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Accumulation Bias arises if 

whether or not a series of studies accumulates

is dependent on the results within
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Accumulation Bias
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Questions?
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Questions?

1. Why do you think statisticians argue against 
meta-analyzing replication studies with their 

original studies?

2. How does accumulation bias relate to 
publication bias?
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Accumulation Bias
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Accumulation Bias framework
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Gold Rush example
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Random sampling of study series of fixed size



A typical meta-analysis is a 

conditional analysis:

given the available number of studies
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Accumulation Bias invalidates

the assumed conditional sampling distribution

inflating type-I errors
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Questions?
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Random sampling of study series of fixed size
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ALL-IN meta-analysis
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ALL-IN meta-analysis

Anytime

Live and 

Leading

INterim meta-analysis
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ALL-IN meta-analysis is an 

unconditional analysis:

assuming random number of studies
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Random sampling of study series of fixed size
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ALL-IN meta-analysis
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ALL-IN meta-analysis uses 

a stochastic process 

instead of a probability density function

to control type-I errors
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Questions?
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A test martingale
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The likelihood ratio as a test martingale
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The likelihood ratio as a test martingale
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Test martingales: control type-I error

Universal bound over time (Ville’s inequality):
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ALL-IN meta-analysis
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Questions?
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Questions?

1. Do you think accumulation bias actually affects 
real-life meta-analysis?
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Accumulation Bias: introduced by the study series
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dependency on series size dependency on meta-analysis timing
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Accumulation Bias framework

Judith ter Schure – UC Davis Quant Brown Bag Series Oct 22th 2020



Judith ter Schure – UC Davis Quant Brown Bag Series Oct 22th 2020



Judith ter Schure – UC Davis Quant Brown Bag Series Oct 22th 2020



Judith ter Schure – UC Davis Quant Brown Bag Series Oct 22th 2020



Judith ter Schure – UC Davis Quant Brown Bag Series Oct 22th 2020



Judith ter Schure – UC Davis Quant Brown Bag Series Oct 22th 2020



Judith ter Schure – UC Davis Quant Brown Bag Series Oct 22th 2020



Judith ter Schure – UC Davis Quant Brown Bag Series Oct 22th 2020



Judith ter Schure – UC Davis Quant Brown Bag Series Oct 22th 2020



Judith ter Schure – UC Davis Quant Brown Bag Series Oct 22th 2020



Judith ter Schure – UC Davis Quant Brown Bag Series Oct 22th 2020



Judith ter Schure – UC Davis Quant Brown Bag Series Oct 22th 2020



Judith ter Schure – UC Davis Quant Brown Bag Series Oct 22th 2020



ALL-IN meta-analysis
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• ter Schure J and Grünwald P. (2019) Accumulation Bias in meta-

analysis: the need to consider time in error control 

F1000Research, 8:962.

Thank you!
Contact me on: schure@cwi.nl

mailto:schure@cwi.nl
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dependency on series size dependency on meta-analysis timing
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ALL-IN meta-analysis
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Subjective Bayesian analysis uses 

the same likelihood to update the prior

with or without Accumulation Bias
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Gold Rush example ALL-IN solution
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Gold Rush example ALL-IN solution
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Gold Rush example Bayesian solution
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Gold Rush example Bayesian solution
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Gold Rush example Bayesian solution
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Subjective Bayesian analysis relies 

on the prior so much that the same would hold

with or without publication bias
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Publication Bias Bayesian solution
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