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Introduction

I Replicability: ability of confirming the result of a study when
new data are collected

I Replication crisis

I Increasing interest in large-scale replication projects
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Replicability of psychological science

I Open Science Collaboration
(2015)

I Replication of 100 studies
→ Statistical significance in

97% of original studies
36% of replication studies

3 / 25



Setup
I θ̂o effect estimate of the original study
I Outcome assumed to be normally distributed
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Setup
I θ̂o effect estimate of the original study
I We want to conduct a replication study and find θ̂r
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Same sample size as in the original study

I Taking the same sample size as in the original study

I Relative sample size c = nr/no = 1

—— ——

→ Low power even if the original effect estimate is the true effect
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Same sample size as in the original study

Replication power for c = 1 assuming θ = θ̂o

Two−sided p−value of original study
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Same sample size as in the original study

Replication power for c = 1 assuming θ = θ̂o

Two−sided p−value of original study
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Standard method

Conditional power

Pr
(

reject H0 | θ = θ̂o

)
→ Does not incorporate the uncertainty of θ̂o
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Incorporation of the uncertainty

How to incorporate the uncertainty of θ̂o?

→ By using a prior distribution for θ:

θ ∼ N
(
θ̂o , σ

2/no
)

→ Design vs. analysis prior

→ Spiegelhalter et al. (2004)
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Power calculation methods

Analysis
Flat prior Normal prior
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→ Power only depends on c = nr/no , po and α
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Power calculation methods
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Power calculation methods
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Power calculation methods
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Power calculation methods

Analysis
Flat prior Normal prior

D
es
ig
n Point

prior
Standard Cond. Bayesian

Normal
prior

Hybrid Bayesian

→ Power only depends on c = nr/no , po and α

15 / 25



Power calculation methods

Application to the OSC replication project

→ Power as a function of relative sample size c = nr/no

→ Three studies with different p-values po

→ α = 5%
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Application to OSC replication project
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Application to OSC replication project
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Application to OSC replication project
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Theory
Predictive power
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→ lim
c→∞

(pred. pow) = 1− po/2

→ Grouin et al. (2007)
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Theory
Conditional and predictive power
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→ Cross at power = 50%

→ Spiegelhalter et al. (2004)

→ At c = z21−α/2/t
2
o
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Theory
Conditional and predictive power
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Theory
Bayesian power
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Bayesian

Bayesian power

→ Non-monotone for significant
original studies

→ Minimum at power

= Φ
(√

t2o − z21−α/2

)
→ At c = t2o/z

2
1−α/2 − 1

→ Dallow and Fina (2011)
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Outlook

Comparison with sceptical p-value (Held, 2019)

I New definition of replication success

I Based on a reverse-Bayes approach

I Incorporates θ̂o and θ̂r

→ Possible to compute conditional and predictive power for
replication success

24 / 25



References I

Nigel Dallow and Paolo Fina.

The perils with the misuse of predictive power.
Pharmaceutical Statistics, 10(4):311–317, 2011.
doi: 10.1002/pst.467.

Steven N Goodman.

A comment on replication, p-values and evidence.
Statistics in Medicine, 11(7):875–879, 1992.
doi: 10.1002/sim.4780110705.

Jean-Marie Grouin, Maylis Coste, Pierre Bunouf, and Bruno Lecoutre.

Bayesian sample size determination in non-sequential clinical trials: Statistical aspects and some regulatory
considerations.
Statistics in Medicine, 26(27):4914–4924, 2007.

Leonhard Held.

A new standard for the analysis and design of replication studies.
2019.
URL https://arxiv.org/abs/1811.10287.

Open Science Collaboration.

Estimating the reproducibility of psychological science.
Science, 112(517):1–10, 2015.
doi: 10.1126/science.aac4716.

David J Spiegelhalter, Keith R Abrams, and Jonathan P Myles.

Bayesian Approaches to Clinical Trials and Health-Care Evaluation, volume 13.
John Wiley & Sons, 2004.

25 / 25

https://arxiv.org/abs/1811.10287

