
University of Washington 
Herbert Sauro 

Approaches to Reproducibility in Systems and 

Physiological Modeling 



What do we mean by reproducibility? 

The Economist, 2013 | 2 

The results of a scientific experiment are 

reproducible if an independent 

investigator accessing published work can 

replicate them. 

• Computational repeatability: a result can be 

replicated with the same data and software 

• Algorithmic reproducibility: a result can be 

replicated with the same data and different 

software implementing the same algorithm 

• Scientific reproducibility: a result can be 

replicated with the same data and a different 

algorithm 

• Empirical reproducibility: a result can be 

replicated with independent data and 

algorithms 
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Some Definitions:  

http://physics.nist.gov/Pubs/guidelines/appd.1.html 

NIST Technical Note 1297 

1994 Edition (Supersedes 1993 Edition) 

Repeatability:  
 

From NIST: 

 

In metrology, the component of measurement precision that is the variability in the short 

term, and that occurs under highly controlled situations (e.g. same metrology instrument, 

same operator, same setup, same ambient environment, etc.) 
 

From SIX SIGMA: 

 

In Measurement Systems Analysis, repeatability is the variation between measurements 

that occurs when one person measures the same item several times, using the same 

measuring equipment. 
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Some Definitions: 

Reproducibility: 
 

From NIST: 

 

In metrology, the total measurement precision, especially including the components of 

variability that occur in the long term, and occurring from one measurement instrument to 

another, one laboratory to another, etc. 
 

From SIX SIGMA 

 

The amount of variation in a measurement system assigned to differences in employees, 

measurement tools and equipment, techniques, setup or other physical factors. Any factor 

can be used for reproducibility, but typically employees or measurement tools are the most 

commonly used variables. 

http://physics.nist.gov/Pubs/guidelines/appd.1.html 

NIST Technical Note 1297 

1994 Edition (Supersedes 1993 Edition) 
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Some Definitions:  

Reproducibility Repeatability 
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11% of Preclinical Studies Could not be 
Reproduced 
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Model repositories 

BioModels.net 
 
640 curated 

models as of June 

2017 
 
 
995 Models in 

total (included 

non-curated) 

http://www.ebi.ac.uk/biomodels/ 7 

http://www.ebi.ac.uk/biomodels/


Model repositories 

BioModels.net 
 
Over 90% of 

curated models 

could not be 

reproduced. 

http://www.ebi.ac.uk/biomodels/ 8 

http://www.ebi.ac.uk/biomodels/


Needle in a Haystack 

Can you spot the error? 

Published 2011 
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Needle in a Haystack 

Can you spot the error? 
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Needle in a Haystack 

Can you spot the error? 

11 



Needle in a Haystack 

Can you spot the error? 

23 um refers to the diameter 

 

The area 2,168 um2 does not 

include the ends. 
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Common Problems in Reproducible Models 
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Incomplete 
parameters 

Incomplete 
model definition 

No parameter 
values 

Undescribed 
analysis 

procedure 

Irreproducible 

Parameter 
incorrectly 
annotated 

Irreproducible 
No language for 
describing large 

models 

Incomplete 
model definition 
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Why are computational models not 
reproducible? 

1. Missing data  

2. Incorrect data (units wrong, values wrong)  

3. Undefined terms/graph axes  

4. Mismatch between text and model  

5. Wrong model supplied with paper 

6. Only one model supplied but multiple simulations described 

7. Simulation environment no longer available  

8. Model no longer available (url points to null)  

9. Model only supplied as a binary  

 

 

14 



Replicating Computational Experiments 

http://ivory.idyll.org/blog/replication-i.html 15 



Replicating Computational Experiments 

http://ivory.idyll.org/blog/replication-i.html 

The entire analysis is replicated on a virtual machine using  

the same data and software 
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Why computational biology isn’t reproducible 

! Keeping Critical Information Confidential 

Researchers lack the technological capabilities 

$ Researchers lack incentives and journals lack rewards 

Researchers lack the knowledge or time 

Poor training of new scientists 
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Why not just use a Programming Language? 

Why not use an executable language such as Matlab, Python, 

Java etc to exchange and reproduce models? 

 

1. To reproduce a model in a different programming language 

it would need to be manually translated to another 

language. This can be difficult and error prone. 

2. There is no means to share such models because other 

groups might use different programming languages 

3. Combining such models is extremely difficult.  

4. If is difficult to annotate models that use an executable 

language.  
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COMBINE Standards 
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SBML in a Nutshell 
“Systems Biology Markup Language” 

•A machine-readable format for representing 
computational models in systems biology 

•Domain: systems of biochemical reactions 

•Specified using XML 

•Components in SBML reflect the natural 

conceptual constructs of the domain 

•Over 200 tools use SBML 
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SED-ML: Simulation Experiment Description ML 

From Mike Hucka 21 



SED-ML: Simulation Experiment Description ML 

From Mike Hucka 22 
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Multiple Files Make up a Model 

A Complete Modeling Story is made of multiple 
files: 

1. Model (s) 

2. Simulation setup (s) 

3. Parameter sets (virtual patients) 

4. Diagrams 

5. Raw Data 

6. PDF Documents  

7. etc 
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Exchange Format (OMEX) 

24 From Mike Hucka 



All the Pieces Exist 

From Dagmar Waltemath 25 



All the Pieces Exist 

From Dagmar Waltemath 26 



Possible Solution 
Describe a model and how the model is run using a non-

executable language that is independent of the application on 

which the model will be run. And then get the community to 

agree up upon it. 

SBML 

CellML 

Executable: MML, 

Java, C, Python, 

GPUs, etc 
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TEDDY Ontology 
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The Future 
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P41 NIH Center for Reproducibility of  
Systems and Physiological Models 



Goal: Enhance reproducibility of biomodeling 
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Building (TR&D 1) 

Annotation (TR&D 2) 

Data collection (CPs) 

Simulation (TR&D 3) 

Analysis (TR&D 3) 

Dissemination (TR&Ds, CPs) 

Application (CPs) 



CPs and SPs span numerous applications 
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Basic science 
Minimal genomes 

Simulation and viz 

Medicine 
Infection 

Drug screening 

Bioengineering 
Genome design 

Human biology 
Self renewal 

Organs: heart & liver 

Collaborations 

Human biology 
Immunity 

Medicine 
Alzheimer’s disease 

Basic science 
Regulatory networks 

Multiscale simulation 

Services Tech. 
Dev.  

 
 

TR&D 1 
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Diagrams 
Models 
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Diagrams 

Reproducibility Reusability Validation 

Models 

Being able to 
recreate published 
simulations 

Being able to 
reuse published 
models in new 
applications. 

Being able to show 
that the model has 
credibility. 
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Diagrams 

Reproducibility Reusability 
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Models 

Annotation 

Simulation 

Services 
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Diagrams 

Reproducibility Reusability 

Computational 

Parts 

Validation 

Composition 

Models 

Computational Parts:    

The ability to extract parts 

from a model for reuse. 

 

Composition: Ability to 

recombine models to form 

new models. 

 

Curation 

Annotation 

Simulation 

Services 
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Diagrams 

Reproducibility Reusability 

Curation 

Annotation 

Simulation 

Services 

Validation 

Models 

Experimental 

Data 

Experimental Data: The 

ability to verify that the 

model reproduces known 

biological facts and 

enables the prediction of 

new ones. 

Computational 

Parts 

Composition 
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