
 
 

 

 

Data-driven validation of computational neuron models	
Richard C Gerkin, Justas Birgiolas, Kael Dai, Sharon M Crook

References
1. Omar et al, “SciUnit: Collaborative Infrastructure for Test-Driven Scientific Model Validation”, 2014 

(10.1145/2591062.2591129).	
2. Tripathy et al, “NeuroElectro: A Window to the World’s Neuron Electrophysiology Data”, 2014 

(10.3389/fninf.2014.00040)	
3. Gleeson et al, “A Language for Describing Data Driven Models of Neurons and Networks with a 

High Degree of Biological Detail”, 2010 (10.1371/journal.pcbi.1000815, http://neuroml.org)	
4. http://sciunit.scidash.org 	
5. http://neuronunit.scidash.org	
6. http://opensourcebrain.org 	
7. http://celltypes.brain-map.org	
8. http://openworm.org	

!
This research was funded by NIMH (R01MH106674) and NIBIB (R01EB021711).

School of Life Sciences, Arizona State University, USA

Introduction
Computational models of neurons and neural circuits are abundant, 
but their agreement with experimental data is usually assessed 
informally, incompletely, or not at all.  In principle, everyone wants 
models to accord with experimental data, but it can be tedious to 
make this a priority.  	
!
Where is all the good, machine-readable experimental data located?  	
neuroelectro.org and the Allen Cell Types databases 
!
Who is going to digitize it and write “tests” for the model?  	
neuronunit uses these resources to auto-generate tests 
using emerging standards 
!
How can these tests be written to generalize across models?  	
sciunit separates interface from implementation  

Discussion
Neuronunit is a Pythonic library for rapidly testing neuron, circuit, 
and ion channel models against ever-increasing quantities of 
available experimental data.

We automate test construction using neuron physiology data 
obtained from open databases or your computer.	
!
We aim test every model that can be expressed in NeuroML.	
!
Visualize test scores for every parameterization of every model 
against all relevant experimental data: both during development and 
after publication.  Formal comparison of models becomes possible!data
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scidash/neuronunit
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SciDash

(general	validation	testing	framework)

(common	test	and	model	classes,	capabilities,	data	standards,	and	APIs)

(coordinating	portal)

AP_shape AP_timing subthreshold_response

Gomez et al, 2014 z=0.1 d=0.15 99% of variance

Jones and Jones, 
2007 z=0.2 d=0.25 96% of variance

Li et al, 2012 z=0.5 d=0.4 50% of variance

Smith, 2005! z=1.7 d=2.1 10% of variance

 Github

cortex_fans/layer5Pyramidal_suites (specific	tests	and	models	of	interest	to	an	individual	or	small	community)

Jupyter notebook-based score table for layer5Pyramidal_suites

(social	coding	infrastructure)
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Workflow:	
1.  Import	NeuroML	model.	
2.  Choose	or	create	test.	
3.  Generate	simula>on	

code.	
4.  Run	simula>on.	
5.  Approve	or	import	

experimental	data.	
6.  Compare	simula>on	

results	to	experimental	
data.	

7.  Visualize/report	test	
results.		

Web	Interface	

A validated, custom model for  
every neuron in the brain
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We apply the “unit-testing” approach of software development to 
the validation of scientific models against experimental data.

ApproachTools
Neuroelectro

Allen Cell Types

Open Source Brain (OSB)

Test scores can be visualized as dynamic HTML outputs—in 
Jupyter notebooks or on the web—or from a command line.

Validating pieces of larger models

Validation of single ion channel models 
from whole organism simulations

Suites of tests automatically executed for 
every change to the model via 
continuous integration

Test suites can be run automatically every time a model is updated 
through free cloud infrastructure (Travis-CI) or local clusters.

Virtues:   
 • Write a test once and test all the models	

!
• Implement model capabilities once and take all the tests 

• Continuously measure the agreement between model and data

Example

http://iconlab.asu.edu/rgerkin@asu.edu


