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Quantitative methodological research

+ Diverse fields: Statistics, psychometrics, bioinformatics, ecology,

econometrics, machine learning, ...
« Common question: Which data analysis methods work well when?
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VS.
+ Tools:
- Formal analysis and mathematical proofs — theory
- Application to real data sets — case studies
- Simulation studies — controlled experiments

Icons taken from flaticon.com )



Simulation studies

Methods
Logistic regression
LASSO regression

Parameters
Sample size
Effect size

Data-Generating Statistical
Truth Mechanism | simulated Analysis _| Analysis Output
0 ' Data ' i
\ Metrics

Performance
Evaluation

Bias

Variance



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)



Simulation studies can be influential

Cutoff criteria for fit indexes in covariance structure analysis: Conventional
criteria versus new alternatives

L Hu, PM Bentler - Structural equation modeling: a ..., 1999 - Taylor & Francis

This article examines the adequacy of the “rules of thumb” conventional cutoff criteria and
several new alternatives for various fit indexes used to evaluate model fit in practice. Using a 2-...
Y% Save Y9 Cite Cited by/116305/ Related articles All 9 versions

A simulation study of the number of events per variable in logistic regression
analysis

P Peduzzi, J Concato, E Kemper, TR Holford... - Journal of clinical ..., 1996 - Elsevier

... In a simulation study of forward stepwise multiple linear regression, Freedman and Pee [3]
demonstrated that the ... In simulation studies of the effect of EPV on proportional ... Peter Peduzzi. ...
Y5 Save Y9 Cite Cited by/8827 Related articles All 9 versions




Simulation studies impact implementation of resear

Post-anaesthesia pulmonary complications after use of muscle relaxants
(POPULAR): a multicentre, prospective observational study

E Kirmeier, LI Eriksson, H Lewald... - The Lancet ..., 2019 - thelancet.com

Background Results from retrospective studies suggest that use of neuromuscular blocking
agents during general anaesthesia might be linked to postoperative pulmonary ...

Y% Save Y9 Cite Cited by 303 Related articles All 37 versions

Statistical analysis
Sample size was estimated using the rule of ten.”

Sample size =

10 x number of factors and cofactors

Incidence of postoperative pulmonary complications

19 Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR.
A simulation study of the number of events per variable in logistic
regression analysis. | Clin Epidemiol 1996; 49: 1373-79.




There can be problems with simulation studies

van Smeden et al. BMC Medical Research Methodology (2016) 16:163 .
DOI 10.1186/512874-016-0267-3 BMC MEdll\ﬁgltﬁgég?org

No rationale for 1 variable per 10 events @
criterion for binary logistic regression analysis

Maarten van Smeden'” ®, Joris A. H. de Groot’, Karel G. M. Moons', Gary S. Collins?,
Douglas G. Altman?, Marinus J. C. Eijkemans' and Johannes B. Reitsma’

“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)




Related new arXiv preprint

Handling Missingness, Failures, and
Non-Convergence in Simulation Studies: A Review
of Current Practices and Recommendations

Samuel Pawel © !, Frantisek Barto§ ® >*, Bjorn S. Siepe © **, Anna Lohmann © +>*
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Related new arXiv preprint

Handling Missingness, Failures, and
Non-Convergence in Simulation Studies: A Review
of Current Practices and Recommendations

Samuel Pawel © !, Frantisek Barto§ ® >*, Bjorn S. Siepe © **, Anna Lohmann © +>*

+ 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

8
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)
277

« Issues similar to other empirical research
(Boulesteix et al., 2020) %
« Insufficient reporting standards (e.g., Hoaglin

and Andrews, 1975) xiccd.com (CC-BY-NC)
+ Reproducibility? (e.g., Luijken et al., 2023)
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Meta-research on simulation studies

STATISTICS IN MEDICINE

Statist. Med. 2006; 25:4279-4292

Published online 31 August 2006 in Wiley InterScience
(www.interscience.wiley.com) DOI: 10.1002/5im.2673

The design of simulation studies in medical statistics

Andrea Burton2* T, Douglas G. Altman', Patrick Royston'-* and Roger L. Holder*

Multivariate Behavioral Research, 35 (2), 137-167
Copyright © 2000, Lawrence Erlbaum Associates, Inc.

Design and Analysis of Monte Carlo Experiments:
Attacking the Conventional Wisdom

Anders Skrondal

On the Assessment of Monte Carlo Error in Simulation-Based
Statistical Analyses

Elizabeth KOEHLER, Elizabeth BROWN, and Sebastien J.-P. A. HANEUSE

Some Thoughts on Simulation Studies to Compare
Clustering Methods

Christian Hennig

DO 1010021

DOT: 10.1002/bim] 202200104
Biometrical Journal
DISCUSSION

Against the “one method fits all data sets” philosophy for
comparison studies in methodological research

Carolin Strobl' © | Friedrich Leisch’

Biometrical Journal
RESEARCH ARTICLE

Phases of methodological research in
biostatistics—Building the evidence base for new methods

Georg Heinze! | Anne-Laure Boulesteix’ | Michael Kammer™ | Tim P. Morris* |
Ian R. White* | on behalf of the Simulation Panel of the STRATOS initiative

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

11
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Our study

Received: 25 March 2022 Revised: 5 January 2023 Accepted: 9 January 2023

DOI: 10.1002/bim;j.202200091

Biometrical Journal _
RESEARCH ARTICLE v

Pitfalls and potentials in simulation studies: Questionable
research practices in comparative simulation studies allow
for spurious claims of superiority of any method ©

Samuel Pawel © | Lucas Kook | Kelly Reeve

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

« How can QRPs be addressed?

d0i:10.1002/bimj.202200091 12
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Questionable research practices in simulation studies

Parameters Methods
Sample size Logistic regression
Prevalence LASSO regression

Data Generating Statistical

Process ‘[ Simulated ] Analysis

| Dpata

Performance
Evaluation

‘( Analysis Output ]

L 0

Metrics
Bias

Variance

13
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Questionable research practices in simulation studies

Methods
Logistic regression Selective parameter tuning /
LASSO regression method inclusion

Parameters
Selective Sample size
reporting Prevalence

Seed tuning

Statistical
Truth Process Simulated Analysis ‘( Analysis Output

Data Generating

>

i

Data L 0

Metrics
Selectively handling Performance Bias
missing values Evaluation Variance

See Table 1 in doi:10.1002/bimj.202200091 for more QRPs

Outcome
switching

13
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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

HH IIHIHIlmlIIll
I‘ .| ==

Dirk-Jan Hoek (CC-BY)

14



Questionable research practices in simulation studies

Root causes

« Pressure to publish novel and positive results " “

il

+ Low requirements from journals \ 2 N“m

HH IIHIHIlmlIM l

« Cognitive biases (e.g., confirmation or hindsight bias)

« Low awareness in scientific community

Potential consequences

« Overoptimistic conclusions

« Publication bias

» Misinformed decisions P SETTHOS G3S B3

14



QRP Illustration

Received: 25 March 2022 | Revised: 5 January 2023 | Accepted: 9 January 2023

DOI: 10.1002/bim;j.202200091

Biometrical Journal _
RESEARCH ARTICLE .

Pitfalls and potentials in simulation studies: Questionable
research practices in comparative simulation studies allow
for spurious claims of superiority of any method ©

Samuel Pawel ©® | Lucas Kook | Kelly Reeve

“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)

The R ing of C ion-Based Results in

DAVID C. HOAGLIN® and DAVID F. ANDREWS**

The design of simulation studies in medical statistics

Andrea Burton'>* 1, Douglas G. Altman', Patrick Royston'* and Roger L. Holder*

TUTORIAL IN BIOSTATISTICS WILEY Statistics
Using simulation studies to evaluate statistical methods
Tim P. Morris" Ian R. White'® | Michael J. Crowther*
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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
et e coouos o studies in psychology

+ Psychological Methods, Behavior

The design of simulation studies in medical statistics Resea Ic h M eth Od S, M u lt|Va r| ate

Andrea Burton':2* T, Douglas G. Altman', Patrick Royston'*? and Roger L. Holder* Be h aViO ra l Resea rc h
TUTORIAL IN BIOSTATISTICS WILEY Statistics
Using simulation studies to evaluate statistical methods O COding Of va riOUS aSpeCtS Of
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Overview Paper

SYCHOLOGICAL

ssociaTion Psychological Methods
© 2024 American Psychological Association .
ISSN: 1082-989X hitps://doi.org/10.1037/metD000695

Simulation Studies for Methodological Research in Psychology:
A Standardized Template for Planning, Preregistration, and Reporting

Bjor S. Siepe', Frantiek Barto¥”, Tim P. Morris®, Anne-Laure Boulesteix® °,
Daniel W. Heck', and Samuel Pawel® ’

17
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A Are the number of repetitions explicitly justified? B Is Monte Carlo uncertainty reported anywhere?
100

75

50

no yes
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Journal [ BRMIE MBRIE PM

Are the number of repetitions explicitly justified? B Is Monte Carlo uncertainty reported anywhere?

100
75
50
25

— _—

no yes no yes

Is code provided? D Is information on computational environment provided?
100
75
50
_—

.=

not accessible accessible online

minimal pamally fuIIy

19



Additional Results

Journal [ BRVEl MBRE PM
A Number of simulation studies in article B Type of data-generating mechanism € How many simulation conditions?
0 80 12
10
60
40 8
40 6
20 4
20
= 2
0 —— o |
1 2 3 5 6 parametric  parametric  resampled 1 10! 10? 10° 109
customized based on data
D How many factors varied? E How are factors varied? F How many repetitions?
30 60 30,
20 40 20
10 I I 20 10
0 I.-— 0 ol m . d . -
1 2 3 4 5 7 unclear fully partially/  Scattershot 1 100 102 108 10* 10° 10°
factorial ~ one-at-atime

20



Additional Results

Other

Bias
(RIMSE
Type | error
Coverage
Power

Convergence

Empirical SE
Clwidth
Correlation

G How many methods are included?

H What is the statistical task? |

How many estimands?

estimation

hypothesis.
testing
model
selection

other

design

prediction

1234567 8910111314192

J Performance measure

'1(00 In which way are the results reported? L

0 20 40 60 10 30 100 300

Which software was used?

50
25
0

Text Table Figure

21



Reporting Suggestions
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Reporting Suggestions

Table 3

Definitions of Common Performance Measures, their Estimates, Monte Carlo Standard Errors (MCSE), and Number of Simulation Repetitions

Ngim 10 Achieve a Desired MCSE,.
Performance measure Definition Estimate MCSE Tsim
Bias E(d) -6 (X4 6: /msimm) — 0 NG 52/ MCSE?
Relative bias {E(6) - 0}/0 {(0eim 0 /ngim) — 0}/60 \/W S2/(MCSE? 62)
Mean square error (MSE) E{(6 - 6)%} S0 (0; — 0)2/ngim W Sfé_ o / MCSE?
Root mean square error (RMSE)  /E{( — 6)2} Vi 0 — ) /rigim \/ g/ (I MSE) 8% /(4NISE MOSE?)
Empirical variance Var(6) S5 S5v/2/(nsim — 1) 1+2(S3)?/ MCSE;
Empirical standard error \/\?(é) \/? Sg/{2(nsim - 1)} 1+ Sg/(2MCSEf)
Coverage Pr(CI includes 6) Yo 1(Cl; includes 6) /ngim v (/Ja/(l - 6&) i (/1;);(1 — (}o\v) /MCSE?
Power (or Type I error rate) Pr(Test rejects Ho) ~ >_i= 1(Test; rejects Ho)/Ngim 1/ Pow(l — ﬁ);v)/ns;m Pow(1 — IT(;V)/MCSEZ
Mean CI width E(Clupper — Cliower) X758 (CTy upper — CT; jower) /Msim VS /nsim S2,/MCSE2
Mean of generic statistic G E(G) S G /ngim \/% S/ MCSE?

Note. Table adapted from Table 6 in Morris et al. (2019)

22
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How to address questionable research practices?

Researchers
« Preregistered simulation protocols P I

» Adversarial collaboration
+ Blinding of analysis

« Transparent reporting (e.g., disclose non-neutrality)
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How to address questionable research practices?

Researchers
« Preregistered simulation protocols > I

» 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

23



Simulation study protocols

STATISTICS IN MEDICINE

Statist. Med. 2006; 25:4279-4292

Published online 31 August 2006 in Wiley InterScience
(www.interscience.wiley.com) DOI: 10.1002/sim.2673

The design of simulation studies in medical statistics

Andrea Burton'-2-* T, Douglas G. Altman!, Patrick Royston!? and Roger L. Holder*

“When planning a simulation study, itis 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

0. Detailed protocol of all aspects of the simulation study

Advantages oo o e

1. Clearly defined aims and objectives

ns made

2. Simulation procedures

+ i i a. Level of dependence between simulated datasets
P la nnin g an d re po rtl n g b. Allmvunce:rr failures

c. Software to perform simulations

+ Transparency and replicability i Randos b gt o e

e. Specification of the starting seeds

3. Methods for generating the datasets

Can be preregistered ¢ Scnrbto b st

5. Statistical methods to be cvaluated

—+

6. Estimates to be stored for each simulation and summary

LeSS / more wWor k measures to be calculated over all simulations

7. Number of simulations to be performed

)

8. Criteria to cvaluate the performance of statistical methods for different
scenarios
a. Assessment of bias
b. Assessment of accuracy

c. Assessment of coverage

N H ow to stru ct ure p rotoco l? 9. Presentation of the simulation results

Proposal from Burton et al. (2006)
25



The ADEMP-PreReg template

ADEMP-PreReg
Template for Simulation Studies

March 20, 2025

Version: 1.1
Last updated: 2024-11-18

Protocol template based on:

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

26
ADEMP: doi.org/10.1214/s5/1009213726, ADEMP-PreReg: doi.org/10.31234/osf.io/ufgy6
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The ADEMP-PreReg template - Different versions

Bverleaf

Author

Last
Updated
License

Abstract

Tags

Features & Templates  Panspricng Help- ( Projects ) ((Account-

ADEMP-PreReg Simulation
Study Template

Viewsorce | VewPOF

PreReg
Template for Simulation Studies

Novonber 1, 2020

Bjom . Siepe, Frantisek Bartos, Tim P. Morris,
Anne-Laure Boulesteix, Daniel W. Heck
Samuel Pawel

7 months ago

Creative Commons CC BY 4.0
ADEMP-PreReg is a step-by-step template that
researchers can use for the design, potential

preregistration, and reporting of their simula.
tion studies.

Find More Templates

BTEX, Overleaf

ADEMP-PreReg *me

Datei Bearbeiten Ansicht Einfugen Format Tools Zotero Hilfe

QAo e AT 0% T - - -0+t
ERR I NN I A
ADEMP-PreReg

Template for Simulation Studies

Version: 0.1.0
Last updated:

Preregistration template designed by

Bjom S. Siepe, Frantisek Bartos, Tim P, Morris, Anne-Laure Boulesteix, Daniel W.
Heck, and Samuel Pawel

1 Instructions
1.1 General Information

“This template can be used to plan andlor preregister Monte Carlo simulation studies
‘according 1o the ADEMP rmework (Monts, Whie, and Crowher 2010). The preprnt
is (Siepe et al, 2023)

Word versions of this !emp!a!e e avaiable at

psigithub.c 1p-PreReg), o imestamp your protocol, we
tecommend uplnamm] 10 the Open Science Framework ( ) or Zenodo

P e using this template, please cite the associated preprint
(Siepo et al 2023). 1 you have any uestions of suggestons fo mproving the
{empiae. leasecontact us v he ey described a
(" dF ).

O B © Freigeben

7~

MS/Libre office, Google docs

27



The ADEMP-PreReg template - A living document

= () buicpe / ADEMP.preReg Q)| [+ -][e)(n g'd

© Code O Issues 11 Pulrequests  © Actions [ Projects [0 Wiki O Securty 12 Insights

© ADEMP-PreReg ruic ©@watch 1+ Yok 2 v 7Y star 3 <

pmnc] P o o[ -

ADEMP preregistration protocol

@ SamCHS3 add Moris et al.ctation to README _ ifece?-2weeks ago D 25Commis  for simulation studies
[ ADEMP-preReg.docx fixtypos, add link Tmonthsago [ Readme
o A Activity
ADEMP-Preeg.pdf fixtypos, add link 7 months ago
o fr 3stars
[ ADEMP-preReg.tex fixtypos, add link Tmonthsago | @ 1watching
D Makefile remove odt file, other smaller ch..  7monthsago | ¥ 21k
Report repository
D Readme.md add Morris e i ciation to REA, weeks ago
Releases 1

[ bibliography.ib add 00! 7 months ago

[ reference.docx ection numbering and page co. monthsago | Inital Template Version (L

1) README 2 = packages

ADEMP Preregistration

Contributors 2

@ somcrss

This repository contains the ADEMP preregistration (ADEMP-PreReg)

template introduced in Siepe et al. (2023, https://doi.org/10.31234/0sf.io/ . bslepe Bjon Siepe
ufay6). which is based on the ADEMP reporting structure from Morris et al.

oI 10,52

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

7 Performance Measures

7.1 Which performance measures will be used?

. Explanation: Please provide details on why they were chosen and on how these mea-
I nstru Ct| O ns sures will be calculated. Ideally, provide formulas for the performance measures to

avoid ambiguity. Some models in psychology, such as item response theory or time
series models, often contain multiple parameters of interest, and their number may
vary across conditions. With a large number of estimated parameters, their perfor-

Ge n e I’a l | n fO rm atl O n mance measures are often combined. If multiple estimates are aggregated, specify

how this aggregation will be performed. For example, if there are multiple parameters

A' in a particular condition, the mean of the individual biases of these parameters or the
I m S bias of each individual parameter may be reported.

Example

- 1 1 Our primary performance measures are the type | error rate (in conditions where
Data ge n e ratl n g m ec h a n Ism the true effect is zero) and the power (in conditions where the true effect is non-
zero) to reject the null hypothesis of no difference between the control and treat-

ment condition. The null hypothesis is rejected if the p-value for the null hypoth-

Estl man d sSan d ta rgets esis of no effect is less than or equal to the conventional threshold of 0.05. The
rejection rate (the type | error rate or the power, depending on the data generating
mechanism) is estimated by

Methods Y (p < 0.05)

RRate =

DNsim

where 1(p; < 0.05) is the indicator of whether the p-value in simulation i is equal
Pe rfo rm a n Ce M ea su res to or less than 0.05. We use the following formula to compute the MCSE of the
rejection rate

© N o U A W N R

Computational details VOSE . -

29



The ADEMP-PreReg template

Purposes

30


https://zenodo.org/doi/10.5281/zenodo.7994221

The ADEMP-PreReg template

Purposes

« Blueprint for planning, reporting &
reviewing of simulation studies

30
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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
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The ADEMP-PreReg template

Purposes
« Blueprint for planning, reporting &
reviewing of simulation studies
+ Preregistration brings multiple benefits
similar to other empirical research §:||
« Avoid QRPs T o l

« Increase transparency §|—| i M'oél—l

« Improve informativeness
doi:10.5281/zenod0.7994221

S
S

Limitations
« Preregistration could be faked

+ May slow down exploratory research 30
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Replications: What?

Reproduction

31



Replications: What?
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+ Checking for + Using descriptions in
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+ Using the same code implementation
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+ Confirms technical clarity
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Replications: What?

Reproduction Direct Replication Conceptual Replication
+ Checking for + Using descriptions in + Investigating similar
computational paper underlying question
reproducibility « Same methods, new « Alternative methods
+ Using the same code implementation or scenarios
and data « Tests methodological « Tests
« Confirms technical clarity generalizability of
correctness & findings

transparency
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Replications: Why?

7 Major Conflicts Selective Compe'glng
g 28 . - aims
v \ﬁ impact of interest reporting

/
& Coding Limited The devil is B, Achance
"]'Q errors scope in the detadf % to learn
Loy
@@
_n

. 2 Leading by Because * . u Conceptual
ﬁ example we can I\ replications
I\

“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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ROYAL SOCIETY
OPEN SCIENCE

Research articles

Replicability of simulation studies for the
investigation of statistical methods: the
RepliSims project

K. LuijkenT X A Lohmann*, u. Alter*, J. Claramunt Gonzalez*, F.J. Clouth*, J. L Fossum*,
L. Hesen*, A. H. J. Huizing*, J. Ketelaar¥, A. K. Montoya¥, L. Nab¥, R. C. C. Nijman¥,
B. B. L. Penning de Vries*, T. D. Tibbe¥, Y. A. Wang* and R. H. H. Groenwold

Published:17 January 2024 https://doi.org/10.1098/rs0s.231003

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

o

Special Collection: “Neutral Comparison Studies in Methodological
Research”

virtual Issues | First published: 14 December 2023 | Last updated: 19 February 2024

Biometricians are frequently faced with a multitude of methods they might use for the analysis and/or
design of studies. Choosing an appropriate method is a challenge, and neutral comparison studies are
an essential step towards providing practical guidance. This Special Collection contains both papers
defining, developing, discussing or illustrating concepts related to the design and interpretation of
neutral comparison studies, and reports of neutral comparison studies of methods that address
specific biostatistical problems.

Guest editors: Anne-Laure Boulesteix, Mark Baillie, Dominic Edelmann, Leonhard Held, Tim Morris,
Willi Sauerbrei

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 35



Phases of methodological research (Heinze et al., 2024)

Phasel H Phase ll }—»‘ Phasellll H Phase IV

(Aim: Introduce new
idea, demonstrate valid-
ity.

Elements: Mathematical
derivations, simple ex-
amples.

Outcome: Theoretical

\validity.

Based on Heinze et al. (2024)

rAim: 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.
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Against “one method fits all [data sets]” (Strobl and Leisch, 2024)
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Against “one method fits all [data sets]” (Strobl and Leisch, 2024)




WIP: Synthetic benchmarking

Separate Studies (Status Quo)

Paper 1
(new method)
Paper 2
(new method & DoM 1 -
simaion =)
0GM2
‘Simulation study 1

t Comparison not possible

Paper 3

DGM3

(new method & DGM)

Simulation study 2

o

omparison not possible

DGM4

Paper 4
(new method & DGM
&PM)

Simulation study 3

DGM: Data-Generating Mechanism
PM: Performance Measure
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WIP: Synthetic benchmarking

Separate Studies (Status Quo)

Paper 1
(new method)

Paper 2
(new method &
simulation)

Paper 3
(new method & DGM)

Paper 4
(new method & DGM
&PM)

e

Simulation study 1

Ci

=

omparison not possible

DGM3

Simulation study 2

o

omparison not possible

DGM4

Simulation study 3

DGM: Data-Generating Mechanism
PM: Performance Measure

Continuous Synthetic Benchmarking (Proposal)

Paper 5
(collects methods,
DGMs, PMs)

Paper 6
(new method)

Paper 7
(new DGM & PM)

Benchmark version y

l Extends (new method)

Benchmark version y

l Extends (new DGM & PM)

Benchmark version 3
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Discussion




Conclusions

Biometrical Journal Psychological Methods

RESEARCH ARTICLE

Pitfalls and potentials in simulation studies: Questionable Simulation Studies for Methodological Research in Psychology:
research practices in comparative simulation studies allow A Standardized Template for Planning, Preregistration, and Reporting
for spurious claims of superiority of any method © o ) N s
Bjom S. Siepe', FrantiSek Barto$”, Tim P. Morris”, Anne-Laure Boulesteix™ °,
Daniel W. Heck', and Samuel Pawel®

Samuel Pawel © | Lucas Kook | Kelly Reeve

+ 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 20


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

Open questions

227

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? kcd.com (CC-BY-NC)

41


https://xkcd.com

A multidisciplinary collaboration

Daniel W. Heck

A.-L. Boulesteix Anna Lohmann Samuel Pawel 42



Get In Touch

« ¥ bjoern.siepe@uni-marburg.de
« @ https://bsiepe.github.io/
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