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Open/Replicable Science
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Role of statisticians in Open/Replicable Science

I Applied statisticians:
I perform statistical planning, write SAP
I provide/verify codes for reproducibility
I don’t fish for significance
I design and conduct replication studies
I correct for publication bias in meta-analysis

I Methodological statistics:
I provide methods to correct for fishing/publication bias
I provide methods to design replication studies (Held, 2019)
I provide methods to cope with the multiplicity of analysis

strategies
I provide methods to ensure confidentiality while sharing
I provide methods to detect fraud/errors
I ...
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Data analyst’s degree of freedom

“Give me information on a single gene and 200 patients, half of them dead, please. I bet that I can show that this

gene affects survival (p<0.05) even if it does not. One can do analyses: counting or ignoring exact follow-up,

censoring at different timepoints, excluding specific causes of death, exploiting subgroup analyses, using dozens of

different cut-offs to decide what constitutes inappropriate gene expression, and so forth. Without highly specified a

priori hypotheses, there are hundreds of ways to analyse the dullest dataset. ”
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Fishing expeditions in prognostic modelling
(high-dimensional data)

I K = 2 or K = 10 supervised learning algorithms

I sample size n = 50 or n = 200

I nvar = 2, 10, 200, 20000 variables
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Boulesteix et al., 2017. In “Ott, Max; Pietsch, Wolfgang; Wernecke, Jörg.
Berechenbarkeit der Welt? Philosophie und Wissenschaft im Zeitalter von Big Data.

Wiesbaden: Springer VS”. pp 155-170.
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A replication crisis in statistical methodological research?
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Replicability vs. reproducibility

I Regression models are easily

transportable

I Random forest needs

I web-based tools
I or software object
I or data & code

Survey of 30 research papers:

I presenting Random Forest
prediction rules

I with “random forest” in the
abstract

I published in PLOS ONE

I in 2014-2015

I in the field “medical and
health science”

Boulesteix et al. Biometrical Journal 2019

Boulesteix Replication crisis in methodological research 7/19



A replication crisis in statistical methodological research?

I no publication of negative results

I strong publication bias

I strong incentive to go for fishing “expeditions”

I poor planning of evaluation studies

I new methods required

I few neutral comparison studies

I no replication studies
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Publication bias

I new methods performing worse don’t get published

I topic is (almost) taboo in computational science

I well-known in health and social science (Sterling, 1959!)
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Fishing expeditions in methodological research
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Methodological research in applied statistics
vs. clinical research

Clinical research Methodological research
drugs/interventions methods

improve health outcome make results of statistical analyses
closer to the truth

practitioners statistical consultants

patients datasets

trialists methodological researchers

health outcome method performance

personalized medicine meta-learning
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Planning of evaluation studies

I decades of research and discussions on appropriate designs of
clinical trials

I sample size
I inclusion criteria
I placebo
I missing values

I authors’ neutrality
I blinding
I levels of evidence
I ...

I almost no research on the design of studies comparing
statistical methods...

Boulesteix et al., BMC Med Res Meth 2017
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New methods required...

Imagine that medical journals require authors to present new
prototype treatments in all articles but reject clinical trials because
the treatment’s principle is not new (“it has been described
elsewhere before”)?

Boulesteix et al., BMC Med Res Meth 2017
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Suggestions to improve research methodology

I More neutral comparison studies
I More research on the design of comparison studies:

I with real data
I with simulated data

Boulesteix, Binder, Abrahamowicz & Sauerbrei,
for the STRATOS simulation panel. Biom J 2018.
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STRATOS simulation panel

Level 1 paper:

Boulesteix, Groenwold, Abrahamowicz, Binder, Briel, Hornung,
Morris, Rahnenführer, Sauerbrei, on behalf of the Simulation Panel
of the STRATOS initiative. An introduction to statistical
simulations in health research (submitted).

Further projects (level 2, lead by M. Abrahamowicz, T. Morris and
W. Sauerbrei): design and reporting of simulation studies.
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Example study: prognostic modelling with multi-omics

I prognostic modelling with multi-omics data (gene expression,
CNV, miRNA, etc.)

I outcome: (censored) survival time

I 18 real cancer datasets from TCGA

I 13 methods based on boosting, random forest, penalized
regression

I naive or taking multi-omics structure into account, favoring
clinical variables or not

I implemented using ’mlr’

Herrmann et al., 2020. Briefings in Bioinformatics (in press).
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Non-neutrality disclosure

I Myself and my lab (S. Janitza, R. Hornung, P. Probst, R.
Couronne) have been involved in methodological research on
random forests.

I Myself and my lab (R. De Bin, M. Fuchs, S. Klau, A.
Volkmann, R. Hornung) have been involved in methodological
research on penalized regression.

I Myself (before 2010) and my lab (R. De Bin, A. Volkmann)
have been involved in methodological research on boosting.

Are we neutral (“enough”)?
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Example study: results

I very large variability over datasets!

I different results with c-index and Brier

I 18 is much more than usual but not much...

I no clear winner, poor results...

I blockForest = only method performing (slightly) better than
clinical model on average

I over-optimism for blockForest?

I favoring clinical variables is good.

I “best method” depends on criteria (accuracy, transportability,
sparsity, etc.)

Herrmann et al., 2020. Briefings in Bioinformatics (in press).
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Thank you!

Thanks to: STRATOS simulation panel, H. Hapfelmeier, M.
Herrmann, R. Hornung, M. Jelizarow, V. Jurinovic, S. Lauer, W.
Sauerbrei, V. Stierle, R. Wilson

and to the DFG (BO3139/2-2, BO3139/2-3, BO3139/6-1,
BO3139/4-2, BO3139/4-3) for funding
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