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Replication Studies

Direct Replication

— Tool to assess credibility of scientific discoveries

— Regulatory requirement

23.05.2019 Predictive Evaluation of Replication Studies

Page 2



Replication Studies

Direct Replication

— Tool to assess credibility of scientific discoveries

— Regulatory requirement

Replication Crisis

— Replicability of science is low
— Increased interest in metascience

— Large-scale replication projects

23.05.2019 Predictive Evaluation of Replication Studies Page 2



Reproducibility Project Psychology
(N =100)
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Experimental Economics Replication Project
(N=18)

Replication Outcome © Not Significant @ Significant
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Social Sciences Replication Project
(N=21)

Replication Outcome © Not Significant @ Significant
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Experimental Philosophy Replicability Project

(N =40)
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Original vs. Replication Effect Sizes

\ Economics \ Philosophy
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Can we predict the replication
studies outcomes?
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Prediction Methods

Objective

— Have 6,, effect size of original study
— Want to predict 0,, effect size of replication study
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Prediction Methods

Objective

— Have 6,, effect size of original study
— Want to predict 0,, effect size of replication study

Assumptions

— Model 6, and 4, by normal distribution

— Standard errors o, and o, assumed to be known
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Prediction Methods

Patil et al. (2016)

é\r | é\o ~ N(éo,o—g + 0—,2-)
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95% Prediction Intervals

¢ Outside prediction interval ¢ Within prediction interval

\ Economics

\ Philosophy

7'83% coverage

84% coverageH {

R it
E 0.0--<=-- ’HI% ------------------------------- l ﬁ»ﬂ ------------------------
-U—) ® ] L4
g -0.5-
E \ Psychology | Social Sciences
£ "7 70% covera L 67% coverage H !
[&]
4
F m ' l W
R i A 1L 4 e L S A e
%000 025 o.“so 0.75 1.00 0.00 025 0.50 0.75 1.00

Original Effect Size (r)

23.05.2019 Predictive Evaluation of Replication Studies

Page 11



Prediction Methods

Patil et al. (2016)

— Flat initial prior for 6

é\r ‘ éo ~ N(éo,ag —|‘ O-,?)
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Prediction Methods

Patil et al. (2016)

— Flat initial prior for 6

é\r ‘ éo ~ N(éo,ag -+ O-,?)

How to obtain a better prediction?

— Sceptical prior: 6 ~ N(0,g-02), g >0
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Prediction Methods

Patil et al. (2016)

— Flat initial prior for 6

é\r ‘ éo ~ N(éo,ag -+ O-,?)

How to obtain a better prediction?

— Sceptical prior: 6 ~ N(0,g-02), g >0
— Estimate g by empirical Bayes
— evidence-based shrinkage s

érlé\oNN(Sé\o,SUg+0—?)
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Evidence-Based Shrinkage
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same shrinkage factor as proposed by Copas (1997)
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95% Prediction Intervals

¢ OQutside prediction interval ¢ Within prediction interval
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Prediction Methods

Shrinkage predictive distribution

é\r‘é\oNN(Séo,SO‘g‘i_O—?)
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Prediction Methods

Shrinkage predictive distribution
é\r‘é\o’\/ N(Séo,SO‘g—I—O',?)
Shrinkage mean only predictive distribution

é\r‘é\o ~ N(S é\o,o_g +0-,2-)
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95% Prediction Intervals

¢ OQutside prediction interval ¢ Within prediction interval
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Continuous Ranked Probability Score
(CRPS negatively oriented)
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Expected vs. Observed Significant Replications

Project Method N  Observed Expected p-value
Economics Predictive 18 11 15.0 0.012
Shrinkage 18 11 13.6 0.16
Shrinkage mean only 18 11 13.4 0.19
Philosophy Predictive 31 23 27.8 0.004
Shrinkage 31 23 26.2 0.11
Shrinkage mean only 31 23 26.0 0.14
Psychology Predictive 73 24 55.4 < 0.0001
Shrinkage 73 24 49.2 < 0.0001
Shrinkage meanonly 73 24 49.2 <0.0001
Social Sciences  Predictive 21 13 19.9 < 0.0001
Shrinkage 21 13 19.2 < 0.0001
Shrinkage mean only 21 13 18.9 < 0.0001

23.05.2019 Predictive Evaluation of Replication Studies Page 18



Conclusions

Can we predict the outcome of the replications?

— Predictive performance depends on replication project
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Conclusions

Can we predict the outcome of the replications?

— Predictive performance depends on replication project
— Evidence based shrinkage — Better prediction

What can we learn from this?

— Non-significance likely from predictive perspective
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Conclusions

Can we predict the outcome of the replications?

— Predictive performance depends on replication project
— Evidence based shrinkage — Better prediction

What can we learn from this?

— Non-significance likely from predictive perspective
— Evidence based shrinkage useful for other purposes
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Conclusions

Limitations

— Approximation with normal distribution
— Small number of studies

— Data from academia
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