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Overview

1 What is open science and why do we need it?

2 Synthetic data generation to make biomedical research publicly available
while protecting confidentiality

3 Guidance on how to deal with research degrees of freedom in the
analysis of observational data

28.08.2025 1 / 22



Why do we need open science?

What is open science and why do we need it?

28.08.2025 1 / 22



Why do we need open science?

What is open science?

28.08.2025 2 / 22



Why do we need open science?

What is open science?

28.08.2025 2 / 22



Why do we need open science?

Original population

Original 

study data

Original 

results

sample

analyze

28.08.2025 3 / 22



Why do we need open science?

Original population

Original 

study data

Original 

results

Reproduce 

results

sample

analyze analyze

28.08.2025 3 / 22



Why do we need open science?

Original population

Original 

study data

Original 

results

Reproduce 

results

sample

Replication 

study

sample

Replication 

results

analyze analyze analyze

28.08.2025 3 / 22



Why do we need open science?

Original population Different population

Original 

study data

Original 

results

Reproduce 

results

Validation 

study data

Generalize 

results

sample sample

Replication 

study

sample

Replication 

results

analyze analyze analyze

28.08.2025 3 / 22



Why do we need open science?

Original population Different population

Original 

study data

Original 

results

Reproduce 

results

Validation 

study data

Generalize 

results

sample sample

Replication 

study

sample

Replication 

results

Reproducibility

analyze analyze analyze

28.08.2025 3 / 22



Why do we need open science?

Original population Different population

Original 

study data

Original 

results

Reproduce 

results

Validation 

study data

Generalize 

results

sample sample

Replication 

study

sample

Replication 

results

Reproducibility

Replicability

analyze analyze analyze

28.08.2025 3 / 22



Why do we need open science?

Original population Different population

Original 

study data

Original 

results

Reproduce 

results

Validation 

study data

Generalize 

results

sample sample

Replication 

study

sample

Replication 

results

Reproducibility

Replicability

analyze analyze analyze

Generalizability

28.08.2025 3 / 22



Why do we need open science?

Why do we need open science in clinical research?

Replication crisis in psychology
Open Science Collaboration (2015)

Preclinical research
Freedman et al. (2015)
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Why do we need open science?

STRATOS and open science

Reproducibility

Open access

Transparency

Replicability

STRATOS members Research community

Ideally, STRATOS publications

should be open access


STRATOS papers should be 

reproducible (reproducibility 

checks: RH, FS) 


STRATOS papers should use 

open access data sets


Write study protocols 

(e.g. simulation protocol) and ask 

for community feedback 


Underline importance of open 

access publications 


Guidance reproducibility for 

level 1 audience 


Guidance data sharing while 

protecting confidentiality  


Open science practices to improve

neutrality simulation studies 


Guidance dealing with uncertain 

choices for level 1 audience


Chairs: Sabine Hoffmann and Daniela Dunkler (since July 2025)
Members: Anne-Laure Boulesteix, Roman Hornung, Michael Kammer, Kim
Luijken, Willi Sauerbrei, Fabian Scheipl, Pamela Shaw, Ewout Steyerberg
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Data sharing

Synthetic data generation to make
biomedical research publicly available

while protecting confidentiality

Joint work with Sarah Friedrich-Welz, Julia Höpler, Jan Kapar and Marvin
Wright
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Data sharing

Motivation

Increasing awareness that data sharing:

Improves transparency, credibility and reproducibility
Increases reuse potential of scientific studies
Makes evidence synthesis more efficient
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Data sharing

Motivation

Increasing awareness that data sharing:

Improves transparency, credibility and reproducibility
Increases reuse potential of scientific studies
Makes evidence synthesis more efficient

⇒ Journals and funders are increasingly incentivizing or even requiring
data sharing practices

⇒ Many researchers lack skills and knowledge to make their data publicly
available while protecting confidentiality
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Data sharing

Challenges when making research data publicly available

Name Date of birth Location Height Diagnosis Prescription Heart rate
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Data sharing

Challenges when making research data publicly available

How to share biomedical research data?

How to evaluate the shared data set in terms
of disclosure risk and utility?

28.08.2025 8 / 22



Data sharing

Approaches to limit statistical disclosure

Reduce information

Id Age Location Height Diagnosis Prescription Heart rate
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Data sharing

Approaches to limit statistical disclosure

Reduce information

Id Age Location Height Diagnosis Prescription Heart rate

20-25

55-60

90-95 > 2 meters

Dropping variables
Categorizing continuous variables or aggregating categories
Censoring
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Approaches to limit statistical disclosure

Reduce information

Dropping variables
Categorizing continuous variables or aggregating categories
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Data sharing

Approaches to limit statistical disclosure

Reduce information

Data perturbation

Data swapping

Adding noise

Generate synthetic data
Methods:

Parametric methods
Deep learning:

Autoencoders
Generative Adversarial Networks
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Data sharing

Approaches to limit statistical disclosure

Reduce information

Data perturbation

Generate synthetic data

Methods:

Parametric methods
Deep learning:

Autoencoders
Generative Adversarial Networks

Tree-based methods

Synthpop (Nowok et al., 2016)
Adversarial Random Forests (Watson et al., 2023)

Bayesian networks

Full or partial synthesis
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Data sharing

Evaluating the quality of synthetic data

Data utility

D
is
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lo
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Maximum 

 tolerable risk

No data

Original data

Method 2
Method 3

Method 1
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Data sharing

Illustration: Data utility
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Data sharing

Illustration: Disclosure risk
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Data sharing

Open questions

Does sampling already provide some confidentiality?
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Data sharing

Open questions

Does sampling already provide some confidentiality?

Challenges:

Logical constraints between variables
Missing data
Longitudinal data
High-dimensional data
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Dealing with researcher degrees of freedom

Guidance on how to deal with research
degrees of freedom in the analysis of

observational data
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Dealing with researcher degrees of freedom

Researcher degrees of freedom in observational studies

XpX1
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Measurement  
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Data  

preprocessing 

uncertainty
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uncertainty
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uncertainty

Causal 
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Empirical  

findings

𝒴
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Sampling 
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Hoffmann, S., F. Schönbrodt, R. Elsas, R. Wilson, U. Strasser, Boulesteix, A. L. (2021).
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Dealing with researcher degrees of freedom

Consequences of selective reporting

Strategy  

A

Strategy  

D

Strategy 

 E

Original 

study

Replication 

study 1

Replication 

study 2

True 

value

Considering:  

- Measurement uncertainty -> Information bias 

- Variation in treatment effects -> Selection bias 

- Analytical variability -> Multiplicity of possible  

                                   results
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C
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B
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A
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D
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Strategy  

B

Strategy  

C

Considering:  

- Measurement uncertainty -> Information bias 

- Variation in treatment effects -> Selection bias 

- Analytical variability -> Exaggerated estimates 
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Dealing with researcher degrees of freedom

Solutions

Reduce 


uncertainty

Report 


uncertainty

Integrate

Accept


uncertainty
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studies

Increase 
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Integrate 


existing knowledge

More 


precise


theories

Standardize


experimental conditions

Multimodel 


analysis

Crowdsourcing
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of effects

Sensitivity


analysis

Specification 


curve

Multimodel  


ensembles

Multiverse 


analysis

Intercomparison


studies
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Meta-


analysis

Acknowledge


constraints on 


generality

Improve


measurements

Bayesian 


model 


averaging

Multimodel 


inference

Structural 


equation modeling

Probabilistic 


sensitivity analysis

Simulation 


extrapolation

Regression


calibration

Measurement


uncertainty

Model


uncertainty

Method


uncertaintyParameter


uncertainty Super 


learner

Bayesian 


hierarchical 


modeling

Computational


robustness analysis

Multiple


lines of evidence

Bayesian deep


learning

Hoffmann, S., F. Schönbrodt, R. Elsas, R. Wilson, U. Strasser, Boulesteix, A. L. (2021).
The multiplicity of analysis strategies jeopardizes replicability: lessons learned across
disciplines. Royal Society Open Science 8 201925
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Dealing with researcher degrees of freedom

Dealing with analytical choices in the analysis of

observational studies (level 1/2 audience)

Raise awareness of dangers of result-dependent selective reporting of
analysis strategies
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Dealing with researcher degrees of freedom

Dealing with analytical choices in the analysis of

observational studies (level 1/2 audience)

Raise awareness of dangers of result-dependent selective reporting of
analysis strategies

Illustrate solutions to deal with these analytical choices, tailored to
observational studies in biomedical research:

Pre-registration
Increasing statistical power
Multiverse analyses, vibration of effects etc.
Validation on independent test data
Account for analytical variability through Bayesian hierarchical
approaches

28.08.2025 17 / 22



Dealing with researcher degrees of freedom

Association between body composition and cardiovascular

disease

Literature review  

papers published in 

2024

Joint work with Heiko Becher, Anne-Laure Boulesteix, Daniela Dunkler,
Simon Lemster and Carsten Oliver Schmidt
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Dealing with researcher degrees of freedom

Association between body composition and cardiovascular

disease

Literature review  

papers published in 

2024

Illustrate solutions to 

deal with analytical 

choices on Study of 

Health in Pomerania 

(SHIP) data

Assess replicability on 

other data sets, 

including the German 

National Cohort 

(NAKO)

Joint work with Heiko Becher, Anne-Laure Boulesteix, Daniela Dunkler,
Simon Lemster and Carsten Oliver Schmidt
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Dealing with researcher degrees of freedom

Literature review: Exposure and outcome definitions

Body composition

• Waist circumference  

• Waist-to-hip ratio 

• Percent body fat 

• Relative fat mass  

• Visceral adiposity index  

• Body shape index 

• Arm fat-to-lean mass ratio 

• Leg fat-to-lean mass ratio 

• BMI 

• Weight-adjusted-waist index 

• Body roundness index 

• Chinese visceral adiposity index 

• MRI measurement of 

abdominal subcutaneous  

adipose tissue  

Cardiovascular disease

• Self-report of diagnosed cardiovascular  

    disease or events   

• Cardiovascular mortality (Death certificates) 

• Hospitalisation for cardiovascular disease  

    or events 

• Prescription of medication, surgery or other  

    procedures indicating cardiovascular disease  

• Physical examination: pathological  

    Q wave (ECG)           

• Any combination of stroke/heart attack,  

    coronary artery disease/angina/congestive  

    heart failure/other heart problem/acute  

    rheumatic fever/chronic rheumatic heart 

    disease/arterial fibrillation or flutter  
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Dealing with researcher degrees of freedom

Literature review: Eligibility and confounders
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Dealing with researcher degrees of freedom

Results of 16 × 2 × 6 × 2 × 3 × 470 = 541.440 analyses

28.08.2025 21 / 22



Dealing with researcher degrees of freedom

Overview of other projects

Guidance on reproducibility (Kim Luijken, Michael Kammer, Roman
Hornung, Boris Hejblum)
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Dealing with researcher degrees of freedom

Overview of other projects

Guidance on reproducibility (Kim Luijken, Michael Kammer, Roman
Hornung, Boris Hejblum)

Improving the neutrality of simulation studies through open science
practices

Adding measurement error to generate synthetic data

Internal guidance for STRATOS projects
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Dealing with researcher degrees of freedom

Thank you for your attention!
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