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Predictive Power

Parameter Consistency



•Informality

•Inaccessibility

•Irreproducibility 

•Incompleteness

Rubin et al, 2005



We need a framework for 

— formally
— rapidly
— transparently
— continuously

validating models



• “… individual units of source code … are tested to determine if 
they are fit for use.”

• “… the smallest testable part of an application.”

• “… a strict, written contract that the piece of code must satisfy.”
http://en.wikipedia.org/wiki/Unit_t

esting

http://en.wikipedia.org/wiki/Unit_testing
http://en.wikipedia.org/wiki/Unit_testing
http://en.wikipedia.org/wiki/Unit_testing


Experiments

The model

Predicted observations



Inject a 100 pA, 500 ms, 
square wave into the soma

PVWL neuron model

A predicted membrane 
potential waveform



Inject a 100 pA, 500 ms, 
square wave into the soma

PVWL neuron model

A predicted membrane 
potential waveform

Inject a 100 pA, 500 ms, 
square wave into the soma

Real PVWL neuron

A recorded membrane 
potential waveform



• What if we built a collaborative collection of 
empirically-informed unit tests and characterized models by 
the collection of tests that they pass?

• http://sciunit.scidash.org





Challenges
• Q: How to interface with a wide range of scales, languages, and goals?

A: separate the implementation from the interface

• Q: How to minimize development time for writing tests?  
A: domain standards and tools

• Q: How to adjudicate whether a test is fair?
A: collaborative development

  



“Capabilities”
I need you to have a soma, to receive somatic current 
injection, and to produce action potentials… can you do that?  

Sorry, I’m a non-spiking model.  I cannot produce action 
potentials.   

I can do all those things!

Model2, prepare to be tested!  
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NeuroElectro.org

NeuroML

OpenSourceBrain

NEURON

SED-ML

NWB

Corresponding domain 
standards

NeuronUnit

SciPy



• SciUnit is practical with domain-specific libraries for test 
construction and model execution that utilize domain-specific 
standards.

• Is there such a library for neuron and ion channel physiology? 

• http://neuronunit.scidash.org 



NeuroElectro.org



NeuroElectro.org







● Open Source Brain
○ biophysically detailed neuron/microcircuit models
○ http://www.opensourcebrain.org

● The Blue Brain Project
○ biophysically detailed cortical 

microcircuit models
● OpenWorm

○ simulation of an entire organism
○ http://www.openworm.org
○ tested using data from neuron to behavior







Fork it!  



• Every time the model is updated:  

• all tests are run

• results are stored and visualized

• overall performance is summarized





Benefits for Modelers
● Know what other models can and can’t do, and what a new model (if needed) 

should explain in order to be better.  
● The ability to continuously test your model against the data it is supposed to 

explain/predict.  
○ Accelerates model development (towards some goal of realism).

● Gives you bragging rights in the arena of model competition.  
● Address reviewers who demand that your model pass formal tests.
● Post-publication review of your model, even as new data come to light.  
● Look your child in the face when they ask if you, an alleged scientist, used the 

scientific method in the development of your model.  



Benefits for Experimentalists
● The ability to put your observations in context.

○ Is there a model that explains my data?  
○ Which model best explains my data?  
○ What other data does it explain?  

● Pre-experiment, grant stage discovery of hypothesis implications.
○ If I do experiment E and get result Y, it will support model A.
○ If I do experiment E and get result Z, it will support model B. 

● Increased community awareness of the data you collected.  
○ It could become the gold standard by which models are judged! 



http://sciunit.scidash.org

http://neuronunit.scidash.org


