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Things proposed to cause poor reproducibility

 Lack of scientific rigor (risks of bias)

 Too small sample sizes (lack of statistical power)

 “Analytical flexibility” (p-hacking, HARKing, selective reporting)

 Publishing “positive” results only (publication bias)
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► Reproducibility is a function of external validity



External validity and reproducibility

Birth of reproducibility as key principle to establish “matters of fact”

Open Science 

in the 17th century 

Under the eyes of Royal 

Society members, Robert 

Hooke replicates an 

observation reported by a 

Dutch scientist.

Rita Greer 2007 The Scientists 

Source: Wikimedia Commons





External validity and reproducibility

Poor reproducibility “despite” rigorous standardization

Crabbe et al. 1999 Science



External validity and reproducibility

The standardization fallacy

«Standardization is the attempt to increase reproducibility at the expense of 

external validity.»

Würbel 2000 Nature Genetics

«A highly standardized experiment supplies direct information only in respect of

the narrow range of conditions achieved by standardization. Standardization, 

therefore, weakens rather than strengthens our ground for inferring a result, 

when, as is the case in practice, these conditions are somewhat varied.»

Fisher 1935 The Design of Experiments
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Simulation of multi-lab studies using real data

Effect of hypothermia on infarct volume in animal models of stroke

Van der Worp et al. 2007 Brain

N=222

Van der Worp et al. 2007 Brain



Simulation of multi-lab studies using real data

Voelkl et al. 2018 PLOS Biol50 Studies



Simulation of single-lab versus multi-lab studies

Effect of hypothermia on infarct volume in rodent models of stroke

1-lab studies

0       50     100

„true” effect size:

summary effect size across all 50 studies

Voelkl et al. 2018 PLOS Biol



Simulation of single-lab versus multi-lab studies

Effect of hypothermia on infarct volume in rodent models of stroke

1-lab studies

0       50     100

5 of 15 = accurate (coverage probability)

Voelkl et al. 2018 PLOS Biol



Simulation of single-lab versus multi-lab studies

Effect of hypothermia on infarct volume in rodent models of stroke

1-lab studies

0       50     100

5 of 15 = false negatives

Voelkl et al. 2018 PLOS Biol



Simulation of single-lab versus multi-lab studies

Effect of hypothermia on infarct volume in rodent models of stroke

1-lab studies

0       50     100

only 3 of 15 = significant and accurate

Voelkl et al. 2018 PLOS Biol



Simulation of single-lab versus multi-lab studies

Effect of hypothermia on infarct volume in rodent models of stroke

1-lab studies

0       50     100 0       50     100 0       50     100

2-lab studies 4-lab studies

9 of 153 of 15 12 of 15

Voelkl et al. 2018 PLOS Biol



Simulation of single-lab versus multi-lab studies

Coverage probability and false negative rate depending on sample size

• N=12

• N=24

• N=48
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Simulation of single-lab versus multi-lab studies

Replications for 13 different interventions in animal models of stroke, 

myocardial infarction, and breast cancer

Voelkl et al. 2018 PLOS Biol
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 Standardized single-lab studies produce results of poor external validity

 Poor external validity leads to poor reproducibility
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Possible solutions:

► Adjusting p-values of single-lab studies by treatment x lab interaction term

(Kafkafi et al. 2017 Nat Methods)

► Heterogenization of study samples in single-lab studies

(Richter et al. 2010 Nat Methods)

► Multi-lab studies

(Voelkl et al. 2018 PLOS Biol)
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Random variation or phenotypic plasticity?

Different predictions about effects of larger sample sizes



Simulation of single-lab versus multi-lab studies

Coverage probability and false negative rate

Voelkl et al. 2016 unpublished results



Standardization and poor reproducibility

Phenotypic plasticity can induce treatment x environment interactions
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Simulation of single-lab versus multi-lab studies

Inclusion and exclusion criteria – hypothermia studies



Simulation of single-lab versus multi-lab studies

Further interventions (n=12) used to replicate hypothermia simulation



Simulation of single-lab versus multi-lab studies

Results of random effects meta-analyses in R (metafor 1.9-9)


