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Introduction



Quantitative methodological research

• Diverse fields: Statistics, psychometrics, bioinformatics, ecology,
econometrics, machine learning, . . .

• Common question: Which data analysis methods work well when?

vs.
• Tools:

– Formal analysis and mathematical proofs → theory
– Application to real data sets → case studies
– Simulation studies → controlled experiments

Icons taken from flaticon.com
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Simulation studies

Truth
θ

Simulated
Data

Analysis Output
θ̂

Data-Generating
Mechanism

Statistical
Analysis

Performance
Evaluation

Methods
Logistic regression
LASSO regression
. . .

Parameters
Sample size
Effect size
. . .

Metrics
Bias
Variance
. . .
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Simulation studies are commonly used

Journal Article contains simulation study

Journal of the American Statistical Association 186/200 = 93%
Statistics in Medicine 104/115 = 90%
Psychological Methods 98/179 = 55%
Research Synthesis Methods 94/306 = 31%

Literature review from Pawel et al. (2024a)
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Simulation studies can be influential

5



Simulation studies impact implementation of research
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There can be problems with simulation studies

“The current evidence supporting [the rule of ten] is weak [...] there is an
urgent need for new research to provide guidance for supporting sample size
considerations for binary logistic regression” van Smeden et al. (2016)
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Related new arXiv preprint

• Review of 482 simulation studies published in JASA, SiM, PM, RSM:
• 23.0% mention missingness / failures / non-convergence
• 19.1% report frequency
• 13.9% report handling
• 46.7% share code

• Missingness classification, handling approaches, case-study
doi:10.48550/arXiv.2409.18527
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Issues in simulation studies

“. . .extensive simulation studies show that the proposed method performs
better than existing methods . . .”

• Over-Optimism (e.g., Ullmann et al., 2022)
• Issues similar to other empirical research

(Boulesteix et al., 2020)
• Insufficient reporting standards (e.g., Hoaglin

and Andrews, 1975)
• Reproducibility? (e.g., Luijken et al., 2023)

xkcd.com (CC-BY-NC)
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Meta-research on simulation studies

. . .

Burton et al. (2006); Skrondal (2000); Koehler et al. (2009); Strobl and Leisch (2024); Hennig (2018); Heinze et al. (2024)
10



Questionable research practices in
simulation studies



Neutrality in simulation studies

“In fact it is very difficult to run an honest
simulation comparison, and easy to
inadvertently cheat by choosing favor-
able examples, or by not putting as much effort
into optimizing the dull old standard as the
exciting new challenger.”

Brad Efron (2001)
https://statistics.stanford.edu/people/bradley-efron
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Our study

• Which questionable research practices (QRPs) exist in simulation studies?
• How can QRPs impact the conclusions of a study?
• How can QRPs be addressed?

doi:10.1002/bimj.202200091 12

https://doi.org/10.1002/bimj.202200091


Questionable research practices in simulation studies

Truth
θ

Simulated
Data

Analysis Output
θ̂

Data Generating
Process

Statistical
Analysis

Performance
Evaluation

Methods
Logistic regression
LASSO regression
. . .

Parameters
Sample size
Prevalence
. . .

Metrics
Bias
Variance
. . .

Selective parameter tuning /
method inclusion

Outcome
switching

Selective
reporting

Seed tuning

Selectively handling
missing values

See Table 1 in doi:10.1002/bimj.202200091 for more QRPs
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Questionable research practices in simulation studies

Root causes

• Pressure to publish novel and positive results
• Low requirements from journals
• Cognitive biases (e.g., confirmation or hindsight bias)
• Low awareness in scientific community

Potential consequences

• Overoptimistic conclusions

• Publication bias

• Misinformed decisions

Dirk-Jan Hoek (CC-BY)
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QRP Illustration

“By deliberately using several QRPs, we were able to present a method
with no expected benefits [. . . ] as an improvement over [. . . ] well-
established competitors.”

15



Simulation studies in Psychology



Literature Review

“Statisticians ... often pay too little attention to their own principles of de-
sign”(Hoaglin & Andrews, 1975)

This project:

• Review of 100 recent simulation
studies in psychology

• Psychological Methods, Behavior
Research Methods, Multivariate
Behavioral Research

• Coding of various aspects of
reporting
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Overview Paper
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Main Results
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Main Results
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Main Results
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Additional Results
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Additional Results
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Reporting Suggestions
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Reporting Suggestions
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Potential improvements



How to address questionable research practices?

Researchers

• Preregistered simulation protocols

• Adversarial collaboration

• Blinding of analysis
• Transparent reporting (e.g., disclose non-neutrality)

Reviewers, journals, funders

• Encourage simulation protocols

• Incentivize neutrality and transparency in simulation studies
• Deincentivize outperforming state-of-the-art methods
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Simulation study protocols

“When planning a simulation study, it is recommended that a detailed pro-
tocol be produced, giving full details of how the study will be performed,
analysed and reported.” Burton et al. (2006)

24



Simulation study protocols

Advantages

+ Planning and reporting
+ Transparency and replicability
+ Can be preregistered
? Less/more work

→ How to structure protocol?

Proposal from Burton et al. (2006)
25



The ADEMP-PreReg template

Protocol template based on:

• ADEMP structure (Morris et al., 2019)
• Open science aspects
• Reproducibility aspects

ADEMP: doi.org/10.1214/ss/1009213726, ADEMP-PreReg: doi.org/10.31234/osf.io/ufgy6
26

https://doi.org/10.1214/ss/1009213726
https://doi.org/10.31234/osf.io/ufgy6


The ADEMP-PreReg template – Different versions

LATEX, Overleaf MS/Libre office, Google docs

27



The ADEMP-PreReg template – A living document

https://github.com/bsiepe/ADEMP-PreReg 28
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The ADEMP-PreReg template – Overview

1. Instructions
2. General information
3. Aims
4. Data-generating mechanism
5. Estimands and targets
6. Methods
7. Performance Measures
8. Computational details

29



The ADEMP-PreReg template

Purposes

• Blueprint for planning, reporting &
reviewing of simulation studies

• Preregistration brings multiple benefits
similar to other empirical research
• Avoid QRPs
• Increase transparency
• Improve informativeness

Limitations

• Preregistration could be faked

• May slow down exploratory research

doi:10.5281/zenodo.7994221

30
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Replications: What?

Reproduction

• Checking for
computational
reproducibility

• Using the same code
and data

• Confirms technical
correctness &
transparency
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Replications: Why?

“simulation studies face challenges similar to other experimental empirical
research and hence should not be exempt from replication attempts”

Lohmann et al. (2022)
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Replications: Results?

“the information provided in the original publication of highly cited and influ-
ential simulation studies was often insufficient for complete replication”

Luijken et al. (2024)
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Replications: Results?

• Almost Perfect Replication: Results were almost perfectly replicated in
three studies.

• Impossible Replication: One study provided insufficient information to
implement any simulation scenarios.

• Partial Replication: Four studies with varying challenges:

• Austin: Parameter values misaligned with data descriptions
• Flora & Curran: Overall consistency, but differences due to software

environments
• MacKinnon et al.: Main conclusions replicated, but one method excluded

due to unclear procedures
• Peters et al.: General patterns matched, but results only shown as figures

made matching difficult

34
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Current trends

• Focus on “neutral comparison studies” (Boulesteix et al., 2013)
• Some journals adopt reproducibility checks (Wrobel et al., 2024)
• Various fields discuss how to improve methodological research (e.g.,

Robinson and Vitek, 2019; Van Mechelen et al., 2023; Herrmann et al., 2024)
• Meta-research on simulation/benchmarking studies continues
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Phases of methodological research (Heinze et al., 2024)

Phase I Phase II Phase III Phase IV

Aim: Introduce new
idea, demonstrate valid-
ity.
Elements: Mathematical
derivations, simple ex-
amples.
Outcome: Theoretical
validity.

Aim: Demonstrate use
with real data, initial
refinements.
Elements: Limited sim-
ulations, simple data
analyses.
Outcome: Usable with
caution.

Aim: Compare with
competitors, demon-
strate practical use.
Elements: Wide-range
simulations, realistic
comparative data analy-
ses.
Outcome: Safe use
settings and outperfor-
mance.

Aim: Summarize evi-
dence, uncover complex
behaviors, extended ap-
plications.
Elements: Review of
evidence, extended sim-
ulations, complex analy-
ses.
Outcome: Preferred
method identification,
diagnostics, pitfalls.

Based on Heinze et al. (2024)
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Against “one method fits all [data sets]” (Strobl and Leisch, 2024)
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WIP: Synthetic benchmarking
Continuous Synthetic Benchmarking (Proposal)

Paper 5
(collects methods, 
DGMs, PMs)

Extends (new method)

Separate Studies (Status Quo)

Paper 1
(new method)

Method
A

Paper 3
(new method & DGM)

Paper 2
(new method & 
simulation)

Simulation study 2

Method
A

Method
C

Simulation study 1

Method
A

Method
B

Comparison not possible

Paper 4
(new method & DGM 
& PM)

Simulation study 3

Method
A

Method
C

Comparison not possible

Method
D

Benchmark version 1

DGM 1Method
A

Method
C

Method
B

Method
F

Paper 6
(new method)

Benchmark version 2

Method
A

Method
C

Method
B

Method
D

Method
E

Extends (new DGM & PM)

Paper 7
(new DGM & PM)

Benchmark version 3

Method
A

Method
C

Method
B

Method
D

Method
E

DGM 2

DGM 3

PM1

PM2

DGM 1

DGM 2

DGM 3

PM1

PM2

DGM 1

DGM 2

DGM 3

PM1

PM2

PM3

DGM 4

DGM: Data-Generating Mechanism
PM: Performance Measure

DGM 1

DGM 2

PM1

DGM 1

DGM 3

PM1

DGM 2

DGM 4

PM2
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Discussion



Conclusions

• Simulation studies are ubiquitous in methodological research
• Simulation studies can be impacted by questionable research practices

and misaligned incentives

• Protocols have potential to improve simulation studies
• Meta-research, discussions, and reforms needed to increase awareness

and improve standards

doi:10.31234/osf.io/ufgy6 doi:10.1002/bimj.202200091

40
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Open questions

• Which simulation studies require which degree of rigour?
• How to avoid cheating in preregistration?
• How can journals/researchers/reviewers/communities

promote good practices?
• Other ways to improve simulation studies? xkcd.com (CC-BY-NC)

41
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A multidisciplinary collaboration

František Bartoš Daniel W. Heck Tim P. Morris

A.-L. Boulesteix Anna Lohmann Samuel Pawel 42



Get In Touch

•  bjoern.siepe@uni-marburg.de
• � https://bsiepe.github.io/

Paper & Slides
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