Assurance-based sample size determination for replication studies
under publication bias
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Summary

1. Replication usually requires a much larger sample size
2. Does this fact contribute to the replication crisis?

3. The probability of replicating a real finding from a published
underpowered study using conditional 80% power is:

 surprisingly low
» consistent with observed low replication rates

4. Frequent and widespread failure to replicate is primarily a
consequence of standard statistical and publishing practice

5. Can we find the smallest sample size that will assure
successful replication?




How many samples are needed to replicate this finding?
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Conditional power assumes that the estimates are correct

eritical t = 2.0369 Original study: n=10

Conditional power: n=17




Simulations generate a distribution of possible true effects
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Assurance accounts for all possible tfrue effects
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Assurance accounts for all possible tfrue effects
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Assurance accounts for all possible true effects
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Assurance comes at the cost of larger required sample size
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Achieving a high level of assurance is costly

Power
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Published results are often subject to publication bias
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Simulations help generate a distribution of bias-adjusted effects
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Bias-adjusted effects shift towards smaller effect sizes
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Replications under publication bias require even larger samples
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If replication is so difficult, shouldn’t we expect some failure?

No Cure Why Most Published Research Findings
When Bayer tried to replicate

results of 67 studies published Are False

in academic journals, nearly John P. A. loannidis

two-thirds failed.
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What is the probability of replicating a true finding?
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P(replication) using conditional 80% power under no bias
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P(replication) using conditional 80% power under directional bias
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P(replication) using conditional 80% power under publication bias
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Simulated probabilities are consistent with observed repl. rates
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Simulated probabilities are consistent with observed repl. rates
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Publication bias is sufficient to explain low observed repl. rates
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Does assurance improve P(replication) under directional bias?
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Yes! Using assurance significantly increases P(replication)
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Does assurance improve P(replication) under publication bias?
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No. Assurance alone doesn’t correct for publication bias, but...
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Publication bias-adjusted assurance increases P(replication)!
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Conclusions

 Failure to replicate DOES NOT imply that most
published findings are false

» Replication often requires large sample sizes,
especially for published studies

* Under-powered studies * publication bias —
exaggerated effect sizes —
under-powered replication studies —
failure to replicate
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