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Why this work?

• I maintain our department’s simulation server

•Students and staff alike run into problems

•Often about robustness, reproducibility, and 
scalability

There is a didactic need for structure



Why this work? Disclaimer

I will present a “framework” for implementing 
statistical simulations

Others have had similar ideas! I try to refer to 
them, but I might have missed some.

• If you know of others, let me know!



TL;DR



Statistical simulations



Statistical simulation

•Data collection method for methodologists and 
statisticians

•Augment theory / mathematical analysis

•General process:
1. Simulate data from a known generative distribution

2. Apply methods of interest (baseline vs fancy model)

3. Compare the results to determine which is better



A statistical simulation is an experiment on 
your computer
You should think about it design it, run it, and 
analyze it as such



Aims What is the research question?

Data-generating 
mechanism

How is the stochastic data 
generated?

Estimand & 
Method

Which method do we apply to 
the generated data?

Performance 
measures

Which metric are we interested 
in comparing and presenting?

Morris, T. P., White, I. R., & Crowther, M. J. (2019). Using simulation studies 
to evaluate statistical methods. Statistics in medicine, 38 (11), 2074–2102



Classic example
• RCT with a binary treatment and two measurement 

occasions: pre- and post-treatment

• Data collection is very expensive: small sample size

•What power to detect the treatment effect?

• Different linear model options: 
• Outcome: change score (post-pre) or post-treatment
• Covariate: pre-treatment or no correction.



Aims Which method is best at 
detecting treatment effect?

Data-generating 
mechanism

Gaussian data with treatment 
effect sizes from 0.0 to 1.0

Estimand & 
Method

▪ post uncorrected
▪ post corrected
▪ change-score uncorrected
▪ change-score corrected

Performance 
measures

Power: proportion of true 
positives

Classic example



Tidy simulation



Tidy simulation

•Tidy as in original idea of tidy data (Wickham, 
2014) as an underlying data structure

•NOT as in tidyverse, tidymodels, etc., syntax / 
implementations

• Language-agnostic framework! You want 
python, Julia, ….? No problem!



Four steps





First, determine the factors to vary (simulation conditions) from 
the design



Tidy data frame 
with settings 
for each 
iteration



Tidy data frame 
with settings 
for each 
iteration



Tidy data frame 
with settings 
for each 
iteration



• If data generation takes long: repeated 
measures experimental design

• “Wide” dataset with multiple analysis factors on 
each row

•Can be transformed back to “long” data for 
analysis (pivot_longer / unpivot)



•Post-processing is allowed!

• If needed: add extra metadata 
• random seed
• temporary storage directory

•Simulation grid is backbone of your analyses





Function that generates a single dataset to be 
analyzed

Input generation factors from 1 row of grid

Output single (ideally tidy) simulated dataset



•This may run many thousands of times 

•Make it robust and efficient:
• Use industry-standard random generators

stats::rnorm(), scipy or numpy, Distributions.jl
• Modularize when necessary
• Should be able to handle any combination of input 

parameters & error appropriately





Keep it simple (simple → robust)





Function that computes metric of interest from 
dataset and analysis factors

Input 1 Data from data generation factors

Input 2 Analysis factors from 1 row of grid

Output single number or set of numbers



•The data flowing between generation function 
and analysis function form an interface (API)

•Keeping the API stable means you can change 
the components iteratively and everything “just 
works”



• This again needs to be really robust

• Be particularly careful about data-dependent errors

•Non-convergence, Heywood cases in SEM,
missing data problems…

If Pr(error in one run) = 0.00001, then

Pr(error in 500k runs) = 1−0.99999500000 = 99.3%



•Test your function against edge cases!

•Be aware of sources of errors

•Handle them so that simulation can continue

•Record the errors (outcome of interest?)







•Running the generation function and the 
analysis function on each row of the grid yields 
the results table
•Contains row index and metrics of interest
•An “embarrassingly parallel” program: apply, 
map, or loop







And now the magic happens



Tidy data ensures tidy analysis

• Join (merge) the grid and the results on row id

•This creates a tidy “analysis” data frame



Tidy data ensures tidy analysis



Tidy data ensures tidy analysis

Now you can:
• Group by / aggregate (summarize) to create 

summary tables
• Plot using the grammar of graphics
• Run statistical models to test hypotheses about 

conditions/factors (e.g., GLM, ANOVA)

Because this is like data collected from an 
experiment!













Conclusion



Conclusion

•Tidy simulation enables robust, reproducible, 
and scalable simulations

•Make your sim modular with grid, generation, 
analysis, and results

arxiv.org/abs/2509.11741
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