Building the Reproducible Computational Science Movement:

Catalysing Action through Policy, Software Tools, and Ideas



http://www.giss.nasa.gov/
http://www.giss.nasa.gov/

Science isn’t Reproducible!

. Massive computation has transformed the way science is done:

* powerful simulations of physical systems, systematically varying
arameters,




Computation is Becoming
Central to Scientific Research

|. enormous, and increasing, amounts of data collection:

» CMS project at LHC: 300 “events” per second, 5.2M seconds of runtime per
year, .5MB per event = /80TB/yr => several PB when data processed,

* Sloan Digital Sky Survey: 8th data release (2010), 49.5TB,

* quantitative revolution in social science due to abundance of social network data
(Lazer et al, Science, 2009),

* computation reaches into traditionally nonquantitative fields: e.g. VWordhoard
project at Northwestern examining word distributions by Shakespearian play,

* Science survey of peer reviewers: 340 researchers regularly work with datasets
>100GB; | 19 regularly work with datasets >1TB (N=1700,Feb | 1,2011, p. 692)

2. deep intellectual contributions now encoded in software.


http://www.sciencemag.org/content/331/6018/692.full
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Credibility Cirisis

JASA June  Computational Articles Code Publicly Available
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This is a Grassroots Movement

AMP 201 | “Reproducible Research: Tools and Strategies for Scientific Computing”

Open Science Framework / Reproducibility Project in Psychology
AMP / ICIAM 201 | “Community Forum on Reproducible Research Policies”

SIAM Geosciences 201 | “Reproducible and Open Source Software in the Geosciences™

ENAR International Biometric Society 201 |: Panel on Reproducible Research

AAAS 201 1: “The Digitization of Science: Reproducibility and Interdisciplinary Knowledge Transfer”
SIAM CSE 201 |: “Verifiable, Reproducible Computational Science”

Yale 2009: Roundtable on Data and Code Sharing in the Computational Sciences

ACM SIGMOD conferences

NSF/OCI report on Grand Challenge Communities (Dec, 2010)

|IOM “Review of Omics-based Tests for Predicting Patient Outcomes in Clinical Trials™



http://www.mitacs.ca/events/index.php?option=com_content&view=article&id=214&Itemid=230&lang=en
http://www.mitacs.ca/events/index.php?option=com_content&view=article&id=214&Itemid=230&lang=en
http://openscienceframework.org/
http://openscienceframework.org/
http://kingkong.amath.washington.edu/rrforum/
http://kingkong.amath.washington.edu/rrforum/
http://meetings.siam.org/sess/dsp_programsess.cfm?SESSIONCODE=11823
http://meetings.siam.org/sess/dsp_programsess.cfm?SESSIONCODE=11823
http://www.enar.org/meetings.cfm
http://www.enar.org/meetings.cfm
http://stanford.edu/~vcs/AAAS2011/
http://stanford.edu/~vcs/AAAS2011/
http://meetings.siam.org/sess/dsp_programsess.cfm?SESSIONCODE=11844
http://meetings.siam.org/sess/dsp_programsess.cfm?SESSIONCODE=11844
http://www.stanford.edu/~vcs/Conferences/RoundtableNov212009/
http://www.stanford.edu/~vcs/Conferences/RoundtableNov212009/
http://www.sigmod2010.org/calls_papers_sigmod_research_repeatability.shtml
http://www.sigmod2010.org/calls_papers_sigmod_research_repeatability.shtml
http://www.iom.edu/Activities/Research/OmicsBasedTests.aspx
http://www.iom.edu/Activities/Research/OmicsBasedTests.aspx

My own experience

* our group at Stanford practiced “really reproducible research”
inspired by Stanford Professor Jon Claerbout:
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“The idea is: An article about computat




Example: Wavelab (1999)
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Download Documentation Registration Acknowledgements

Continuous Wavelet Transform of Cantor Signal WaveLab is a collection of Matlab functions that have been used by the
authors and collaborators to implement a variety of algorithms related to
wavelet analysis. A partial list of the techniques made available:

orthogonal and biorthogonal wavelet transforms,
translation-invariant wavelets,

interpolating wavelet transforms,

cosine packets,

wavelet packets,

matching pursuit,

and a lot more; Here is a more detailed introduction.

WaveLab implements the concept of reproducible research.

The idea is: An article about computational science in a scientific publication is not the scholarship itself, it is merely advertising of the scholarship. The actual scholarship is the complete sofiware
development environment and the complete set of instructions which generated the figures.

We make WaveLab available to make the full content of our scholarship available, enabling others to understand and reproduce our work.




Example: Sparselab (2006)

SparselLab

sparselab.stanford.edu

Inside Sparselab

REGISTER

Other Packages

DOWNLOAD SPARSELAB 2.1 (~33MB)

DOWNLOAD SPARSEILAB 2.0 (~26MB)
DOWNLOAD SPARSEILAB 1.0 (~22MB)

DOWNLOAD "Extensions of Compressed Sensing” DATA SUPPLEMENT
DOWNLOAD "Sparse Solution to Underdetermined Linear Equations by Stagewise Orthogonal Matching Pursuit" DATA SUPPLEMENT
DOWNLOAD "Fast Solution of l1-norm Minimization Problems When the Solution May be Sparse”" DATA SUPPLEMENT




Another Framing: Genomics

1990’s: sequencing the human genome:

o [996 Bermuda Agreement: primary genome sequence data should be in
the public domain, and rapidly released.

e [997 Bermuda: established standards on error rates and maximum of |2
months before public domain release.




Updating the Scientific Method

Donoho and others argue that computation presents only
a potential third branch of the scientific method:

- Branch | (deductive): mathematics, formal logic,



The Ubiquity of Error

* The central motivation for the scientific method is to root out error:

Deductive branch: the well-defined concept of the proof,
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Survey of the Machine Learning
Community, NIPS (Stodden 2010)

Code Data

17 Time to document and clean up 54%
52% Dealing with questions from users 34%
447% Not receiving attribution 42%




Solutions are interlock
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2. Intellectual Property Barriers
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olution Component |: Tools

e Dissemination Platforms:

RunMyCode.org MLOSS.org thedatahub.org HUBzero.org

* Workflow Tracking and Research Environments:
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Solution Component 2: IP

* Software is both copyrighted (by default) and patentable.

* Copyright: author sets terms of use using an open license:
* Attribution only (ie. Modified BSD, MIT license, LGPL)




Legal Barriers: Copyright

“To promote the Progress of Science and useful Arts, by securing for
limited Times to Authors and Inventors the exclusive Right to their
respective Writings and Discoveries.” (U.S. Const. art. |, §8, cl. 8)

* Original expression of ideas falls under copyright by default
papers, code, figures, tables..)




Responses Outside the Sciences |:
Open Source Software

e Software with licenses that communicate alternative terms
of use to code developers, rather than the copyright defg

* Hundreds of open source software licenses:

- GNU Public License (GPL)


http://www.opensource.org/licenses/alphabetical
http://www.opensource.org/licenses/alphabetical

Responses Outside the Sciences 2:
Creative Commons

* Founded in 2001, by Stanford Law Professor '

Larry Lessig, MIT EECS Professor Hal Abelson,
and advocate Eric Eldred.
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Responses Outside the Sciences 2:
Creative Commons

* Creative Commons provides a suite of licensing options for digital
artistic works:

- BY:if you use the work attribution must be provided,



Response from Within the Sciences

The Reproducible Research Standard (RRS) (Stodden, 2009)

* A suite of license recommendations for computational science:

* Release media components

~* Release code com

(text, figures) under CC BY,
Release code components under Modified BSD or similar,



ther Legal Barriers

* HIPAA (Health Information Portability and Accountability Act) and
privacy regulations,

* |Incentives to patent and commercialize,




Solution Component 3:
Funding Agency Policy

* NSF grant guidelines: “NSF ... expects investigators to share with other
researchers, at no more than incremental cost and within a reasonable time,
the data, samples, physical collections and other supporting materials created
or gathered in the course of the work. It also encourages grantees to share
software and inventions or otherwise act to make the innovations they
embody widely useful and usable.” (2005 and earlier)

* NSF peer-reviewed Data Management Plan (DMP), January 201 I.

* NIH (2003):“The NIH endorses the sharing of final research data to serve

these and other important scientific goals. The NIH el>\<}3ects and sug:orts the
timely release and sharing of final research data from NIH-supported studies

for use by other researchers.” (>$500,000, include data sharing plan)



NSF Data Management Plan

“Proposals submitted or due on or after January |8, 201 |, must
include a supplementary document of no more than two pages labeled
‘Data Management Plan.’ This supplementary document should
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http://www.nsf.gov/bfa/dias/policy/dmp.jsp
http://www.nsf.gov/bfa/dias/policy/dmp.jsp
http://www.nsf.gov/bfa/dias/policy/dmp.jsp
http://www.nsf.gov/bfa/dias/policy/dmp.jsp

NSF Data Management Plan

* No requirement or directives regarding data openness specifically.

* But,“Investigators are expected to share with other researchers, at no
more than incremental cost and within a reasonable time, the primary
data, samples, physical collections and other supporting materials
created or gathered in the course of work under NSF grants.
Grantees are expected to encourage and facilitate such sharing.
Privileged or confidential information should be released only in a
form that protects the privacy of individuals and subjects
involved.” (http://www.nsf.gov/pubs/policydocs/pappguide/nsfl 1001/

aag_6.jsp#VID4)



http://www.nsf.gov/pubs/policydocs/pappguide/nsf11001/aag_6.jsp#VID4
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National Science Board Report

NSB-11-79
December 14, 2011

<AL sp “Digital Research Data Sharing and Management,”
< ¢ December 201 |.

“NS3 -

o Netional Seionen Board o http://www.nsf.gov/nsb/publications/201 1/
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Digital Research Data Sharing and Management



http://www.nsf.gov/nsb/publications/2011/nsb1124.pdf
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WELCOME TO EARTHCUBE

The goal of EarthCube is to transform the conduct of research by supporting the development of community-
guided cyberinfrastructure to integrate data and information for knowledge management across the
Geosciences. This website has been set up to foster community collaboration, and will provide updated
information, resource documents, and discussion forums so that community groups, consortia, researchers,
and educators can share ideas, introduce concepts, and find and develop collaborative efforts. A great place
to get some background and access pointers for more information is the Welcome Post from Tim Killeen,
GEOQO, and Alan Blatecky, OCI. The site is growing and changing daily - so please visit and contribute often!

At the Charrette the community provided NSF with insights into the capabilities that were needed to advance
geosciences. Also emerging from the community dialog was an indication of priorities assigned to those
capabilities. However, the Charrette did not allow sufficient time to determine how and when these
capabilities would be important to different communities or to different professional roles. For example, a
researcher might highly value a given capability while a natural resource manager would consider that same
capability less important.

We're also requesting that potential end-users help us out by filling out a questionaire (available at
http://tinyurl.com/ec-priorities) to provide additional insight to NSF and the community to help rate a set of

NSF: EarthCube
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VICTORIA STODDEN

Sign Out

et Inbox

STATISTICS ETC.

January 24, 2012
Website members: 628

White papers submitted: 111
Requirement Survey responses: 185

Expressions of Interest submitted: 5
soon!)

Twitter Tag: #earthcube

VIDEOS

“Community-guided
cyberinfrastructure to integrate data
and information for knowledge
management across the Geosciences.”



m National Cancer Institute

Digital Capabilities to Accelerate Research

Solving Research Problems - Serving NCI Research =

Programs

Developing Biomedical
Informatics Capabilities

Providing Data Exchange
Resources

Cancer research capabilities

Get access to online genomic
and expression data ey

m National Cancer Institute

NIR: NCI caBIG

K?Q?ﬁi National Cancer Institute

Digital Capabilities to Accelerate Research

Solving Research Problems  _  Serving NCIResearch

Programs

Developing Biomedical — Providing
Informatics Capabilities Ré

Community-driven open-source
software development

Find out how you can participate 3

Digital Capabilities to Accelerate Research

Solving Research Problems -
Programs

Serving NCI Research —

Developing Biomedical
Informatics Capabilities

Providing Data Exchange
Resources

Collections of cancer medical images

Find well-annotated images to
support your research ey




Congress: America COMPETES

* America COMPETES Re-authorization (201 |):

* § 103:Interagency Public Access Committee:

“coordinate Federal science agency research and policies related to the
dissemination and long-term stewardship of the results of unclassified
research, including digital data and peer-reviewed scholarly publications,
supported wholly, or in part, by funding from the Federal science
agencies.” (emphasis added)

* § 104: Federal Scientific Collections: OSTP “shall develop policies for the
management and use of Federal scientific collections to improve the quality,
organization, access, including online access, and long-term preservation of such
collections for the benefit of the scientific enterprise.” (emphasis added)



Whitehouse RFls

“Public Access to Peer-Reviewed Scholarly Publications Resulting From
Federally Funded Research”

“Public Access to Digital Data Resulting From Federally Funded
Scientific Research™
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https://www.federalregister.gov/articles/2011/11/04/2011-28623/request-for-information-public-access-to-peer-reviewed-scholarly-publications-resulting-from
https://www.federalregister.gov/articles/2011/11/04/2011-28623/request-for-information-public-access-to-peer-reviewed-scholarly-publications-resulting-from
https://www.federalregister.gov/articles/2011/11/04/2011-28623/request-for-information-public-access-to-peer-reviewed-scholarly-publications-resulting-from
https://www.federalregister.gov/articles/2011/11/04/2011-28623/request-for-information-public-access-to-peer-reviewed-scholarly-publications-resulting-from
https://www.federalregister.gov/articles/2011/11/04/2011-28621/request-for-information-public-access-to-digital-data-resulting-from-federally-funded-scientific
https://www.federalregister.gov/articles/2011/11/04/2011-28621/request-for-information-public-access-to-digital-data-resulting-from-federally-funded-scientific
https://www.federalregister.gov/articles/2011/11/04/2011-28621/request-for-information-public-access-to-digital-data-resulting-from-federally-funded-scientific
https://www.federalregister.gov/articles/2011/11/04/2011-28621/request-for-information-public-access-to-digital-data-resulting-from-federally-funded-scientific

Solution Component 4:
Journal Policy

Computational Science Journals (Stodden and Guo, preliminary results)

Stated Policy, Summer 201 |




Barriers to Journal Policy Making

* Standards for code and data sharing,

* Meta-data, archiving, re-use, documentation, sharing platforms, citation
standardes,




Solution Component 3:
Institutional Expectations

"Behind one door is tenure - behind the other
is flipping burgers at McDonald's.”
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