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Simulation studies: in which context?

▶ in applications, i.e. with focus on a particular study that
has to be planned or analysed by the team conducting the
simulation

▶ in methodological research, i.e. with focus on the general
behaviour of methods in a whole application domain
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Applications: Abrahamowicz et al.
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Applications: Other examples

▶ Simulations to investigate the impact of measurement error
(Brakenhoff et al., 2018; Boulesteix et al. for STRATOS
Simulation Panel, 2020)

▶ Simulations for sample size calculations when there is no
closed formula

▶ ...
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Simulations in methodological research should...

▶ ... help us understand methods, when they work and when
they don’t, when they break down, etc.

→ Extreme (perhaps unrealistic) scenarios are needed.

▶ ... help us define standard methods and distinguish “niche
methods” from methods that are safe to be used in common
settings.

→ Realistic scenarios reflecting real data are needed.

▶ ... be neutral.

→ The choice of scenarios should be “representative” for reality
and not focus specifically on settings that favor one or the
other method.
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Real-data-based simulations

→ Extreme (perhaps unrealistic) scenarios are needed.

→ Realistic scenarios reflecting real data are needed.

→ The choice of scenarios should be “representative” for reality
and not focus specifically on settings that favor one or the
other method.

It calls for simulation studies that:

1. use real data sets as a basis

2. use a representative set of real data sets as a basis
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Real-data-based simulations: What is that?

▶ parametric

→ parameters/characteristics extracted from a real data set are
used in parametric data-generating mechanisms

▶ non-parametric

→ e.g., sampling with/without replacement from a real data set

▶ semi-parametric

→ plasmode simulations as an important special case (Schreck et
al., Stat Med 2024)
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Sauer, Lange, et al., 2025
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Sauer, Lange, et al., 2025

Tasks in real-data-based parametric simulations:
▶ selection of the real data sets

▶ in principle similar to benchmarking studies
▶ should be well-justified

▶ extraction (from real data sets) of relevant information
informing the data generating mechanism:
▶ known parameters
▶ unknown parameters (to be estimated):

▶ related to the method’s target
▶ ... or not
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Sauer, Lange, et al., 2025—Examples
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Sauer, Lange, et al., 2025—Results

▶ Results of real-data-based parametric simulations may
substantially deviate from those obtained using simple fully
researcher-defined scenarios.

▶ Results of real-data-based parametric simulations strongly
depend on the considered real data set(s).

→ Results obtained with one real data set are but a point in the
space of all possible results.
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The phases of methodological research
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Confirmatory methodological research
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Confirmatory methodological research

Our argument:

▶ The well-known distinction between confirmatory and
exploratory research should be given attention in
methodological research as well.

▶ Most currently published methodological studies are of
exploratory nature.

▶ Both types of studies are crucial to scientific progress.

→ We need more confirmatory research.

Lange et al., 2025. https://arxiv.org/pdf/2503.08124v2
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The storytelling fallacy
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The storytelling fallacy

▶ In methodological articles, domain-based knowledge is
sometimes used to argue in favor of the new method’s
superiority in the context of real-data applications.

Example: From a clinical point of view, the variables selected
by method A make more sense than those selected by method
B, so method A is better.

▶ Our argument: such statements are
misleading/over-optimistic because:
▶ They are often based on n = 1 data set.
▶ More importantly, there are often plenty of other plausible

stories that would support different conclusions.

Mandl et al., 2025. https://arxiv.org/abs/2503.03484
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What if a simulation repetition does not yield any result?

Wünsch et al., 2025. Statistics in Medicine (cond. accepted).
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Thanks!

M. Herrmann
F. J. D. Lange
M. Mandl
C. Sauer (née Nießl)
M. Wünsch
M. Abrahamowicz (Montreal, CA)
G. Heinze (Vienna, AT)
T. Morris (UCL, UK)
W. Sauerbrei (Freiburg, DE)
M. Thurow, I. Dormuth (Dortmund, DE)

Sauer, Lange, et al., 2025:

arXiv:2504.04864

Thanks to the DFG (BO3139/4-3, 7-1, 7-2, 9-1) and the STRATOS Initiative!
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