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Generally, data and code not available at publication, insufficient
information captured in the publication for verification, replication.

My own experience
• our group at Stanford practiced “really reproducible research”
inspired by Stanford Professor Jon Claerbout:
“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 software
development environment and the complete set of instructions
which generated the figures.” David Donoho, 1998.

Example: Sparselab (2006)

Updating the Scientific Method
Donoho and others argue that computation presents only
a potential third branch of the scientific method:
- Branch 1 (deductive): mathematics, formal logic,
- Branch 2 (empirical): statistical analysis of
controlled experiments,
- Branch 3,4? (computational): large scale
simulations / data driven computational science.

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,
- Empirical branch: the machinery of hypothesis testing, structured
communication of methods and protocols.
• Computational science as practiced today does not generate reliable
knowledge. “breezy demos”
• See e.g. Ioannidis, “Why Most Published Research Findings are False,” PLoS
Med, 2005.

Survey of the Machine Learning
Community, NIPS (Stodden 2010)
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Time to document and clean up
Dealing with questions from users
Not receiving attribution
Possibility of patents
Legal Barriers (ie. copyright)
Time to verify release with admin
Potential loss of future publications
Competitors may get an advantage
Web/disk space limitations
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Solutions are interlocking..
1. Tools
2. Intellectual Property Barriers
3. Funding Agency Policy / Federal Regulations
4. Journal Policy
5. Institutional Expectations

Solution Component 1: Tools
• Dissemination Platforms:
RunMyCode.org MLOSS.org

thedatahub.org

• Workflow Tracking and Research Environments:
VisTrails
Galaxy
Sumatra

Kepler
GenePattern
Taverna

CDE
Paper Mâché
Pegasus

• Embedded Publishing
•

Verifiable Computational Research
Collage Authoring Environment

Sweave
SHARE

HUBzero.org

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)
• Reproducible Research Standard (Stodden 2009)
• Patents: Bayh-Dole (1980) vs reproducible research
• delays, barriers to software access
• Bilski v Kappos (2011)

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,
• Release code components under Modified BSD or similar,
• Release data to public domain or attach attribution license.
➡ Remove copyright’s barrier to reproducible research and,
➡ Realign the IP framework with longstanding scientific norms.
Winner of the Access to Knowledge Kaltura Award 2008

Bayh-Dole and Software Patents
• Bayh-Dole (1980) to create incentives for universities to patent,
thereby making inventions accessible,
• computational scientists: patents vs share code for verification and
reproducibility.
• incentives distortion: code withholding, obfuscation, startups vs
science.

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 2011.
• NIH (2003): “The NIH endorses the sharing of final research data to serve
these and other important scientific goals. The NIH expects and supports 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
• 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/nsf11001/
aag_6.jsp#VID4)

National Science Board Report
“Digital Research Data Sharing and Management,”
December 2011.
http://www.nsf.gov/nsb/publications/2011/
nsb1124.pdf

Congress: America COMPETES
• America COMPETES Re-authorization (2011):
• § 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 RFIs
‣ “Public Access to Peer-Reviewed Scholarly Publications Resulting From
Federally Funded Research”
‣ “Public Access to Digital Data Resulting From Federally Funded
Scientific Research”
Comments were due January 12, 2012.

President Obama’s first executive memorandum stressed transparency
in government, ie. http://data.gov

Solution Component 4:
Journal Policy
Computational Science Journals (Stodden and Guo, preliminary results)
Stated Policy, Summer 2011
Proportion requiring data
Proportion requiring code
Proportion requiring supplemental materials
Proportion Open Access

15%
7%
9%
58%

N=170; journals classified using Web of Science classifications.

Barriers to Journal Policy Making
• Standards for code and data sharing,
• Meta-data, archiving, re-use, documentation, sharing platforms, citation
standards,
• Review, who checks replication, if anyone,
• Burdens on authors, especially less technical authors,
• Evolving, early research; affects decisions on when to publish,
• Business concerns, attracting the best papers.

Solution Component 5:
Institutional Expectations

Challenges to Open Science
(even if it was easy)
• “Taleb Effect” - scientific discoveries as (misused) black boxes,
• nefarious uses / public deception
• black boxes and opacity in software (why the traditional methods
section is inadequate: massive codebases, industry hosted platforms),
• lock-in: calcification of ideas in software?
• independent replication discouraged?
• policy maker engagement: advocacy within the scientific community.
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