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Discourse on the (Scientific) Method,  
Descartes 1637 

DOUBTING EVERYTHING, and only 
believe in those things that are 
evidently true (REPRODUCIBLE) 



If it’s not reproducible, 
it’s not Science 

Nullius in Verba 

“take nobody's word for it” 
Royal Society 1640 
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Author 

“Publish  
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or what they 
taught me in 

Graduate 
School 



Science is becoming computation 

• “Software has replaced 
mathematics as the modern 
language of Science” - Edward 
Seidel former NSF director 
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Publishing in the Modern Age? 

• Time to post a PDF file on the Web 
– Typically 1 hour, ~0 marginal cost 

 
 
 

• Time to publish a paper in a journal 
– Typically 2 years 

 

• Cost to publish a paper in a journal 
– About  500€ / paper 
 

• Cost to read the same paper 
– About  30€ / paper 

 
 

vs 



• Nature (March 2012) 
– Glenn Begley, former head of cancer research at 

pharma giant Amgen 
– Lee M. Ellis, cancer researcher at the University of 

Texas 

Failure of Reproducibility 

Found that more than 90% of papers 
published in science journals describing 
"landmark" breakthroughs in preclinical 
cancer research, are not reproducible, 
and are thus just plain wrong. 



Example Reproducibility Challenge: 
White Matter Tracts in Medical Imaging 
(DTI Imaging at MICCAI 2011) 
• 8 international 

teams participated 
• 3D visualization and 

standardized 
comparison of 
different 
tractography 

• All used the same 
diffusion MRI 
dataset 

Image from Slicer4 



MICCAI Workshop Results 
• Large inter-algorithm variability in 

finding the CST (cortico-spinal tract) 
• How to compare? 

Slide courtesy S. Pujol 



There is a better way 

Open Science 



CMake history in open science 

• US NIH Visible Human Project 
– First Data, CT/MR/Slice 
– Second Code (ITK) 

• Happy to hear CMake 
    in many of the 
    presentations at  
    FOSDEM 



Reproducibility in action 

 



The Insight Journal (since 2005):  
Submission & Automatic (Code) Review 

Code 

Input 
Data 

Journal git 
Repository 

Web 
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Results 
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Build 
Machines 

PDF doc 

http://www.insight-journal.org/ 

Running continuously 
 seven years: 
 3,571 registered subscribers 
 536 published articles 
 802 reviews 



Lung Cancer Lesion Sizing 
LSTK Example (NL0026) 

Series 1: 
713 mm3 

Series 2: 
836 mm3 

Series 3: 
745 mm3 

Series 4: 
722 mm3 

Series 5: 
768 mm3 

Mean 
756.8 mm3 

Standard Deviation 
49.2 mm3 



Open Access Publication on LSTK 

http://www.insight-journal.org/browse/publication/869 



Slicer Extension Catalog 
• Follows the “App 

Store” paradigm 

 

• Extensions built 
nightly dashboards or 
contributed by users 

 

• Manage revisions and 
dependencies 

 

• Multiple CLI, 
Loadable, Python 
modules per extension  

 



RunMyCode 

• run my code 
• stack exchange 



Science is not done by one person and 
problems are getting bigger 

 



Courtesy SCOREC RPI 



Multi-Disciplinary 

• Analysis 
 

• Simulation 
 

• Optimization 

ParaView, Joo Hwi Lee and Namdi Brandon, UNC Visualization Class 



Signs and calls for change 

 



 



 



 



 



 



sciencecodemanifesto.org 

 



Government mandates 



http://roarmap.eprints.org/ 
 

 

http://roarmap.eprints.org/ 



Publishing:  
Some Economic Repercussions 
• Subscription costs are out of control 

– Harvard University: canceling “too expensive” journal subscriptions 
due to expense. Asking professors to publish in open access journals. 
 

– UK: Minister of Science David Willetts that all publicly funded research 
should be published as open access 
 

– World Bank announced that all existing and new publications, reports 
and documents will be open access by July 2012. 
 

– Boycott of Elsevier:  
• E.g., In 2011: > $7K for a subscription to Theoretical 

Computer Sciences 

Threatening access to scientific results 



DARPA XDATA 
• Current DoD systems and processes for handling and analyzing information 

cannot be efficiently or effectively scaled to meet this challenge.   

• Finally, to enable large scale data processing in a wide range of potential 
settings, XDATA plans to release open-source software toolkits to 
enable collaboration among the applied mathematics, computer 
science and data visualization communities.  

• Q48. Please elaborate on your open-source vision. Do you mean public 
open-source or can it include open APIs, but a proprietary platform with 
government purpose rights?  

• A48. It depends on the proposal. Proprietary platforms with APIs will be 
considered in exceptional circumstances; however, in order to facilitate 
transition and use across enterprise platform for the government, 
unlimited rights and public open source is strongly encouraged.  



Science can learn from software devs 

 



Six Sigma and Quality Research 
Software (GE Research) 

 



Six Sigma and Quality Research 
Software 

 

Errors / Defects 



CDash Dashboard  www.cdash.org 
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ExternalData Module - Source 

• Tests reference data as if in source tree 

$ cat Baseline/MyTest.png.md5 
081dc468b8b4a18e624757f4a7d0ec2d 

$ cat CMakeLists.txt 
itk_add_test(NAME MyTest COMMAND ... DATA{Baseline/MyTest.png} ...) 

• Real data in arbitrary content-addressed storage 

• File in source tree is a “content link” 



Road blocks 

• The world’s colleges now collectively spend at least $10 
billion and probably more than $20 billion every year on 
subscriptions to academic journals and archives like 
JSTOR.  

• Reproducibility is not part of the culture 

• No feedback loop, if a student finds a method in a paper 
failing to work, there is no way to go back to the author  

• No money for software infrastructure 

http://southernlibrarianship.icaap.org/content/v09n03/mcguigan_g01.html
http://southernlibrarianship.icaap.org/content/v09n03/mcguigan_g01.html


 



FOSS and Science have always had a 
close relationship 
• To this day, the U.S. Army remains one of Red 

Hat’s largest customers by volume 
• Open Source  
from scientific groups  



Open Science,  
Open Software, 
Reproducible Code 
a marriage of FOSS and Science 

• Open Data, Open Documentation, Open Code  
= Reproducibility = Scientific Method 



Science 
Born of truth, service to others  

Built on intellectual pursuit 

Ruthless in its reach 


	Open Science, �Open Software, and Reproducible Code�a marriage of FOSS and Science
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Scientific Publishing Origins
	Slide Number 8
	Evolution
	Career Pressures
	Science is becoming computation
	Slide Number 12
	Publishing in the Modern Age?
	Failure of Reproducibility
	Example Reproducibility Challenge:�White Matter Tracts in Medical Imaging (DTI Imaging at MICCAI 2011)
	MICCAI Workshop Results
	There is a better way
	CMake history in open science
	Reproducibility in action
	The Insight Journal (since 2005): �Submission & Automatic (Code) Review
	Lung Cancer Lesion Sizing�LSTK Example (NL0026)
	Open Access Publication on LSTK
	Slicer Extension Catalog
	RunMyCode
	Science is not done by one person and problems are getting bigger
	Slide Number 26
	Multi-Disciplinary
	Signs and calls for change
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	sciencecodemanifesto.org
	Government mandates
	http://roarmap.eprints.org/�
	Publishing: �Some Economic Repercussions
	DARPA XDATA
	Science can learn from software devs
	Six Sigma and Quality Research Software (GE Research)
	Six Sigma and Quality Research Software
	CDash Dashboard  www.cdash.org
	Slide Number 43
	ExternalData Module - Source
	Road blocks
	Slide Number 46
	FOSS and Science have always had a close relationship
	Open Science, �Open Software,�Reproducible Code�a marriage of FOSS and Science
	Slide Number 49

