
Reproducibility, replicability,
or communication crisis?

Valentin Amrhein

University of Basel







2016



What does research reproducibility mean?
Goodman, Fanelli, Ioannidis 2016, Science Translational Medicine

Methods reproducibility
Is enough detail provided in a paper/protocol so that the study 
procedures could be exactly repeated?

Results reproducibility, or replicability
Can we obtain the same results from an independent replication
of a study?

Inferential reproducibility
Can we draw qualitatively similar conclusions from an independent 
replication of a study?





Simulated random samples from a population with true effect = 10, SD = 20, n = 32, power = 52%

These results would usually not be considered "the same"

Geoff Cumming 2009: Dance of the P-values (youtube)
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Don't blame the P-value

The P-value is not supposed to be 'reliable' in the sense of staying put.
Its fickleness indicates variation in the data from sample to sample.

Just as effect size estimates vary among samples, P-values vary as well, 
because they are calculated from effect size estimates.

But making "yes" or "no" decisions based on P-value thresholds 
(dichotomania) from single studies means having overconfidence.

Amrhein, Trafimow, Greenland 2019, The American Statistician





"Mathematical vs. scientific significance"
  Boring 1919, Psychological Bulletin

"The fallacy of the null-hypothesis significance test"
  Rozeboom 1960, Psychological Bulletin

"The earth is round (p < .05)"
  Cohen 1994, American Psychologist

"The insignificance of statistical significance testing"
  Johnson 1999, Journal of Wildlife Management

  2016
  Statement on p-values by the American Statistical
  Association

  2019
  Special issue in The American Statistician with 43 papers on
  "Statistical inference in the 21st century: A world beyond p < 0.05"



USVs = ultrasonic vocalizations
2015, Animal Behaviour
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Compatibility graph (P-value function)

Amrhein & Greenland 2022; Rafi & Greenland 2020



A more correct description:

"Given our statistical model, our estimate was a 61% hazard increase.

However, under the same model, every hypothesis from no increase 
up to a 159% hazard increase was reasonably compatible with our 
data.

Thus, while quite imprecise, these results are most consistent with 
previous observations of a positive association."

Amrhein, Trafimow, Greenland 2019; Rafi & Greenland 2020



"Medscape is the leading online global destination for physicians and 
healthcare professionals worldwide"



Results vary from study to study:
Single studies are not trustworthy, 
whether they are 'significant' or not.

Scientific generalization requires 
replication and meta-analysis 
including half of the studies that 
were not 'statistically significant'.

Studies investigating antibiotic 
prophylaxis compared with no 
treatment in colon surgery.
Analysed outcome: wound infection.
Ioannidis & Lau 1999

P > 0.05
P < 0.05
etc.

P > 0.05
P < 0.05



The distribution of 1.3 million results from Medline (1976–2019)
van Zwet & Cator 2021, Statistica Neerlandica

Publication bias

'Non-significant' estimates (standard scores within ± 2 SD from the mean)
are not published



Effect size inflation / Truth inflation / Winner's curse

Usually only the largest effects will become significant
      significant effect sizes are almost always biased upwards

P-values Effect sizes 

Replications of originally 'positive' results from preclinical cancer biology
Errington et al. 2021, eLife

median about 1/7 of the originals



"Articles by individual research groups 
should thus be regarded as preliminary 
by default. If the expectation is that 
results of every publication hold true in 
other settings, models or populations, a 
reproducibility crisis seems inevitable."

Amaral & Neves 2021, Nature

"Inferential statistics as descriptive 
statistics: There is no replication crisis if 
we don't expect replication"

Amrhein, Trafimow, Greenland 2019,
The American Statistician







48 papers from the 2020 volume of the Journal of Evolutionary Biology:

The results sections of the papers presented 49 significance tests on 
average (median 23, range 0–390).

No study presented a pre-specified (or pre-registered) alternative 
hypothesis, power calculation and the probability of 'false negatives' 
(beta error rate).

We conclude that studies in ecology and evolutionary biology are mostly 
exploratory and descriptive.

"Why and how we should join the shift from significance testing to estimation"
Berner & Amrhein 2022, Journal of Evolutionary Biology



102 significance tests, no P-values, no effect estimates



The replication crisis in science is not the product of the publication of 
unreliable findings.

The publication of unreliable findings is unavoidable: as the saying goes, 
if we knew what we were doing, it would not be called research.

Rather, the replication crisis has arisen because unreliable findings are 
presented as reliable.

Amrhein, Gelman, Greenland, McShane 2019, PeerJ Preprints



https://camargue.unibas.ch/en/reproducibility

Swiss Reproducibility Conference 2024

Monday 10.6. – Tuesday 11.6.2024, Zürich

www.reproducibility.ch




