Re-use and Reproducibility:

Opportunities and Challenges




Agenda

* Opportunities:

- culture change regarding digital scholarly objects
- federal directives regarding open data




Crucial to Science Today

Open Data

not a new concept, rooted in skepticism
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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 = 7/80TB/yr => several PB when data processed,

* Sloan Digital Sky Survey: 9th data release (SDSS-1ll 2012), 60TB,

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

* Science survey of peer reviewers: 340 researchers regularly work with datasets
>100GB; | 19 regularly work with datasets >1TB (N=1700,Feb | 1,201 1, p. 692)

2. massive simulations of the complete evolution of a physical system,
systematically varying parameters,

3. deep intellectual contributions now encoded in software.


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

Credibility Cirisis

One study (loannidis (201 1)): 9% of authors studied made data available

|ASA |June Computational Articles Code Publicly Available
1996 9 of 20 %




cientific Perspective

* “Really Reproducible Research” inspired by Stanford Professor Jon
Claerbout:
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pdating the Scientific Method

Argument: computation presents only a potential third branch of the scientific
method (Stodden et al 2009):
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The Ubiquity of Error

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

- Deductive branch: the well-defined concept of the proof,




Openness in Science

* Science Policy must support scientific ends: Reliability and accuracy
of the scientific record

* Facilitate Reproducibility - the ability to regenerate published results

ilabilit




Science Policy

* “Open Data” is not well-defined. Scope: Share data and code that permit
others in the field to replicate published results. (traditionally done by the
publication alone). Corollary: maximizes data reuse.




Scientific Research Varies Widely

* Different research questions call for different tools, solutions, and
implementations to reach “really reproducible research.”

* Questions can be solely data-driven research to empirical research
contained entirely in software (simulations).




Sharing: 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 soltware and inventions or otherwise act to make the innovations

’




NSF Data Management Plan

“Proposals submitted or due on or after January 18,201 |, must

include a supplementary document of no more than two pages labeled
‘Data Management Plan. This supplementary document should
describe how the proposal will conform to NSF policy on the



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

2013: Open Science in DC

* Feb 22: Executive Memorandum directing federal funding agencies



http://www.whitehouse.gov/blog/2013/02/22/expanding-public-access-results-federally-funded-research
http://www.whitehouse.gov/blog/2013/02/22/expanding-public-access-results-federally-funded-research
http://www.whitehouse.gov/the-press-office/2013/05/09/executive-order-making-open-and-machine-readable-new-default-government-
http://www.whitehouse.gov/the-press-office/2013/05/09/executive-order-making-open-and-machine-readable-new-default-government-

Science Policy in Congress
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National Science Board Report

NSB-11-79
December 14, 2011

<AL sp “Digital Research Data Sharing and Management,”
> ¢ December 201 1.
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Digital Research Data Sharing and Management



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

NAS Data Sharing Report

* Sharing Publication-Related Data and Materials:
Responsibilities of Authorship in the Life Sciences,

(2003)

* “Principle |. Authors should include in their
publications the data, algorithms, or other information
that is central or integral to the publication—that is,
whatever is necessary to support the major claims of
the paper and would enable one skilled in the art to
verify or replicate the claims.”




“Evolution of Translational Omics

IOM

Lessons Learned and the Path Forward”

*.“. 0.0.“””00 WNM. .Q
wiFdid

30 OISt LT IRPet 3
e53. "she: iote " o0e
&“W.m.mo.. -

EVOLUTION OF TRANSLATIONAL

OMICS

Lessons Learned and the Path Forward

March 23 2012, |IOM releases report,
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JOM Report: Figure S-|

Discovery and Test Validation Stage Evaluation for Clinical Utility and Use Stage

Discovery Phase Test Validation Phase Three Potential Pathways (IRB Approval and FDA Consultation)
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“The fully specified computational procedures are locked down in the discovery
phase and should remain unchanged in all subsequent development steps.”




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..)




Response from Within the Sciences

The Reproducible Research Standard (RRS) (Stodden, 2009)
* A suite of license recommendations for computational science:

* Release media components (text, figures) under CC BY,
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Copyright and Data

* Copyright adheres to raw facts in Europe.

* |n the US raw facts are not copyrightable, but the original “selection and
arrangement’” of these facts is copyrightable. (Feist Publns Inc. v. Rural

.




Sharing: Journal Policy

* Journal Policy snapshots June 2011 and June 2012:




Journal Data Sharing Policy

201 | 2012 Change

equired as condition of publication, barring exceptions
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Journal Code Sharing Policy

201 | 2012 Change

Required as condition of publication, barring exceptions

Required but may not affect editorial d




Findings

* Changemakers are journals with high impact factors.
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Barriers to Journal Policy Making

* Standards for code and data sharing,

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




Tools for Computational Science

e Dissemination Platforms:

RunMyCode.org IPOL Madagascar

MLOSS.org thedatahub.org nanoHUB.org
Open Science Framework

* Workflow Trackin

g and Research Environments


http://www.vistrails.org/index.php/Documentation
http://www.vistrails.org/index.php/Documentation
https://kepler-project.org/users/sample-workflows
https://kepler-project.org/users/sample-workflows
http://www.pgbovine.net/cde.html
http://www.pgbovine.net/cde.html
https://main.g2.bx.psu.edu/
https://main.g2.bx.psu.edu/
http://www.broadinstitute.org/cancer/software/genepattern/
http://www.broadinstitute.org/cancer/software/genepattern/
http://oware.cse.tamu.edu:8080/
http://oware.cse.tamu.edu:8080/
http://packages.python.org/Sumatra/
http://packages.python.org/Sumatra/
http://www.taverna.org.uk/
http://www.taverna.org.uk/
https://confluence.pegasus.isi.edu/display/pegasus/WorkflowGenerator
https://confluence.pegasus.isi.edu/display/pegasus/WorkflowGenerator
http://vcr.stanford.edu/
http://vcr.stanford.edu/
http://www.statistik.lmu.de/~leisch/Sweave/
http://www.statistik.lmu.de/~leisch/Sweave/
http://is.ieis.tue.nl/staff/pvgorp/share/
http://is.ieis.tue.nl/staff/pvgorp/share/
http://www.runmycode.org/CompanionSite/
http://www.runmycode.org/CompanionSite/
http://www.ipol.im/
http://www.ipol.im/
http://www.reproducibility.org/wiki/Main_Page
http://www.reproducibility.org/wiki/Main_Page
http://mloss.org/software/
http://mloss.org/software/
http://thedatahub.org/
http://thedatahub.org/
http://nanohub.org/
http://nanohub.org/
http://openscienceframework.org/project/EZcUj/wiki/home
http://openscienceframework.org/project/EZcUj/wiki/home

A Grassroots Movement

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

* Open Science Framework / Reproducibility Project in Psychology
« AMP/ICIAM 2011 “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
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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
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