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Replication studies

Replicability

Obtaining similar results when repeating a study with new subjects

Success

©

Original study Replication study

B B &

Failure

O :



Replication studies in drug development

Two-trials rule

“... at least two adequate and well-controlled studies, each convincing on its own,
to establish effectiveness ...” (FDA, 1998)

BN U.S. FOOD & DRUG @)
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Replication crisis

Jene Jiivcher Jeitung
Die Wissenschaft in der Replikationskrise

Die Wissenschaft hat ein Problem. Zahlreiche Studien finden
statistisch signifikante Ergebnisse, die sich in
Nachfolgeuntersuchungen nicht bestéatigen lassen. Ein
Paradigmenwechsel kénnte helfen.

aGoE 2

Most scientists 'can't
replicate studies by their
peers'

€he New York Times

Many Psychology Findings Not as
Strong as Claimed, Study Says

Kovic (2016); Spiegel (2015); Carey (2015); Feilden (2017)

SPIEGEL Wissenschaft

Psychologie
Ergebnisse vieler Studien erweisen sich als
unhaltbar




Replication crisis

Investigating the replicability of
preclinical cancer biology

Timothy M Errington'*, Maya Mathur?, Courtney K Soderberg',

Large_sca Ie replication projects Alexandria Denis', Nicole Perfito™, Elizabeth lorns?, Brian A Nosek™*
Center for Open Science, Charlottesville, United States; 2Quantitative Sciences Unit,
. Stanford University, Stanford, United States; *Science Exchange, Palo Alto, United
« Cancer blOlOgy: 42/97 = 43% successful States; University of Virginia, Charlottesvle, United States
+ Psychology: 36/100 = 36% successful
+ Economics: 11/18 = 61% successful peverotoey

Estimating the reproducibility of
psychological science

Open Science Collaboration™

« Social sciences: 13/21 = 62% successful

Errington et al. (2021); Open Science Collaboration (2015); Camerer et al. (2016, 2018)



lity Project: Cancer Biology (Errington et al., 2021)

© Two-trials rule not fulfilled © Two-trials rule fulfilled

20

T RO I N N BN
-5 0 5 10 15 20 25
Original effect estimate (SMD)



Reproducibility Project: Cancer Biology (Errington et al., 2021)

© Two-trials rule not fulfilled © Two-trials rule fulfilled

Other replicability criteria
25 . :
s Same direction 80 of 101 (79%)
()
520 Direction and statistical significance 42 of 97 (43%)
@ — )
g 15 ; Original ES in replication Cl 17 of 97 (18%)
g o -
g5 | - . Replication ES in original Cl 42 of 97 (43%)
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5 | ) Replication ES in Pl (perig) 56 of 97 (58%)
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Original effect estimate (SMD) excerpt from Table 1 in Errington et al. (2021)



lity Project: Cancer Biology (Errington et al., 2021)

© Two-trials rule not fulfilled © Two-trials rule fulfilled

Other replicability criteria
825
% ISame direction I 80 of 101 (79%)
0
520 |Direction and statistical significancel 42 of 97 (43%)
] - e
£ 15 § [Original ES in replication Cl | 17 0f97 (18%)
3 | | e
5.0 R . ‘IRepIication ES in original Cl | 42097 (43%)
T | o IReplication ES in PI (p.) | 56 of 97 (58%)
c [ : ° [
.% 5§ ‘ O’ .. !IRepIication ES> original ES I 30of 97 (3%)
o off- P> €@ [Meta-analysis (p < 0.05) | 60 0f 97 (62%)
9 :
-5 ; * Significance Effect size compatibility
T Y I S|
- OOr|g|naE|) effeé?estirln5ate (ZSOMD)ZS excerpt from Table 1 in Errington et al. (2021)

— Can different notions of replicability be assessed in a unified framework?




Power priors for replication studies

Setup
« Original and replication effect estimates 0, and 0, of unknown effect size 0
« Standard errors o, and o,

— Normality assumption 6; |8 ~ N(6, o?) fori € {o,r}



Power priors for replication studies

Setup

« Original and replication effect estimates 0, and 0, of unknown effect size 0
« Standard errors o, and o,

— Normality assumption 6; |8 ~ N(6, o?) fori € {o,r}

Normalized power prior (Duan et al., 2005; Neuenschwander et al., 2009)
o Prior for effect size

f(bo | 6)*

0]0p,0) = —21 L
(@160 0) = 016y do

= N(0 ’ 9\07 Ug/a)

» Prior for power parameter 7(«) = Beta(a | x, y)

— Joint prior m(6, | ,) = N(0| 05, 02/) x Beta(a|x,y)



Replicability inferences based on power priors

Parameter estimation
« Marginal posterior of § — Effect estimation

+ Marginal posterior of « — Compatibility estimation


https://CRAN.R-project.org/package=ppRep

Replicability inferences based on power priors

Parameter estimation
« Marginal posterior of § — Effect estimation

+ Marginal posterior of « — Compatibility estimation

Hypothesis testing
» Bayes factor test related to § — Effect test

+ Bayes factor test related to oo — Compatibility test


https://CRAN.R-project.org/package=ppRep

Replicability inferences based on power priors

Parameter estimation
« Marginal posterior of § — Effect estimation

+ Marginal posterior of « — Compatibility estimation

Hypothesis testing
» Bayes factor test related to § — Effect test

+ Bayes factor test related to oo — Compatibility test

R implementation
+ Rpackage ppRep (https://CRAN.R-project.org/package=ppRep)

+ Only numerical integration required, no (MC)MC needed


https://CRAN.R-project.org/package=ppRep

A replication failure (0, = 1.43,4, = 0.33,0, = 0.62, 0, = 0.24)
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Areplication failure (0, = 1.43,0, = 0.33,0, = 0.62,0, = 0.24)
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An almost perfect replication (éo =0.5,0,=043,0,=0.11,0, = 0.17)
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An almost perfect replication (0, = 0.5,0, = 0.43,0, = 0.11,0, = 0.17)

Power parameter a

Marginal posterior density

1.004

o
N
a
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@
3

o
N
a
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Joint
posterior
density
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Power parameter o
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Why does the posterior for o hardly change?

Received: 10 May 2023 | Accepted: 31 May 2023
DOI: 10.1002/sta4.591

Stat. 2023;12:e591.
ORIGINAL ARTICLE https://doi.org/10.1002/sta4.591

Normalized power priors always discount historical data

Samuel Pawel'® | Frederik Aust?© | Leonhard Held®® | Eric-Jan Wagenmakers?

Limiting posterior of o

Replication data agree perfectly (8, = 6,) and prior o ~ Beta(x,y)
= Posterior approaches o ~ Beta(x + 1/2,y) as replication standard error o | 0
= Complete pooling is impossible

11



Why does the posterior for o hardly change?

Best case 95% HPD interval

1.5 —
= 1.0
2
[0
a
0.5
—— Uniform prior
0.0 —— Best-case posterior
0.6 0.8 1.0

T
0.0 0.2 0.4
Power parameter a
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Is there an intuition in terms of hierarchical models?

Normal-normal hierarchical model
« 0;16; ~ N(8;,0%) fori € {o,r}
« 0;| 7> ~ N(u, 7?)

« 7(p) o 1and prior for 72 or > = 72 /(02 + 72)

Matching effect size posterior between power prior and hierarchical model

For a beta prior a ~ Beta(x, y) assigned to power parameter «

= The posteriors for 6 and 6, match if generalized beta prior > ~ GenBeta(y, x, 2)
is assigned in the hierarchical model

= o acts as a relative heterogeneity variance parameter similar to /2

12



Is there an intuition in terms of hierarchical models?

25 25 -
2.0 20 o
1.5 15 -
=
k7]
=
Q
a
1.0 H 1.0 4
0.5 - 0.5 -
0.0 0.0
T T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Power parameter o Relative heterogeneity /> = t°/(o? + t°)
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Conclusions
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Normalized power priors always discount historical data

Samuel Pawel'( - Frederik Aust?( - Leonhard Held'

. Samuel Pawel* Frederik Aust” Leonhard Held Eric-Jan Wagenmakers®
Eric-Jan Wagenmakers? ! ! ! i

Received: 31 January 2023 / Accepted: 31 August 2023

— Power prior framework gives suite of methods to assess replicability

— Complete pooling of data sets impossible when beta prior assigned to o

— Power parameter o similar role as relative heterogeneity /> in meta-analysis
— R package ppRep (https://CRAN.R-project.org/package=ppRep)

13
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