Digital Scholarship in Scientific Research:

Open Questions in Reproducibility and Curation
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It has been conventional wisdom that computing is the "third leg" of the stool of
modern science, complementing theory and experiment. But that metaphor is no
longer accurate. Instead, computing now pervades all of science, including theory and
experiment. Nowadays massive computation is required just to reduce and analyze
experimental data, and simulations and computational explorations are employed in
fields as diverse as climate modeling and research mathematics.

Unfortunately, the culture of scientific computing has not kept pace with its rapidly
ascending pre-eminence in the broad domain of scientific research. In experimental
research work, researchers are taught early the importance of keeping notebooks or
computer-based logs of every detail of their work---experimental design, procedures,
equipment used, raw results, processing techniques, statistical methods used to
analyze the results, and other relevant details of an experiment.




My own experience (the long tail)

* 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
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Example: Wavelab (1999)
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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




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

* 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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Digital Scientific Transparency

* raises information issues:

incentives for sharing, barriers to data and code availability,

ifecycle of data/code, stewardship of digital scholarly objects,
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Sharing Incentives

Encourage scientific advancement
Encourage sharing in others

Be a good community member
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Barriers to Sharing

Data

Time to document and clean up 54%
Dealing with questions from users 34%
Not receiving attribution 427%
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Intellectual Property Barriers

* 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 default.

* Hundreds of open source software licenses:
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http://www.opensource.org/licenses/alphabetical
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.




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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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
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http://www.vistrails.org/index.php/Documentation
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https://main.g2.bx.psu.edu/
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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/
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http://www.taverna.org.uk/
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http://is.ieis.tue.nl/staff/pvgorp/share/
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http://www.runmycode.org/CompanionSite/
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http://mloss.org/software/
http://mloss.org/software/
http://thedatahub.org/
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http://openscienceframework.org/project/EZcUj/wiki/home
http://openscienceframework.org/project/EZcUj/wiki/home

RunMyCode.org

runimycode

Home

First visit?

The concept

Submit your code

Search by themes As simple as 1,2,3 .
Advanced search 1. Aresearcher has an idea.

2. The researcher writes a paper
Help/FAQ based on this idea.
Our partners 3. Using RunMyCode, the researcher
The team creates a companion website
Contact us associated with this paper. The
companion website allows people to
Implement the methodology
presented in the paper.

Learn more >>

About Concept  Purpose




The Companion Page

www.runmycode.org/CompanionSite/site.do?siteld=63
Inputs description Demo data description

Search here ...

Home

First visit?

Our offering
Submit your code

Coders Similar sites FAQ
Returns (centered) Number of volatility frequencies

Copula-Based Models for Financial Time Series
Search by themes

Advanced search By Andrew J. Patton Please respect all constraints

HelFAQ Handbook of Financial Time Series, Springer Verlag (2009) Abstract  Paper

Qur partners
The team

. Starting values for optimization (optionnal)
Contact us Coder:

This code estimates a dozen constant and time-varying copula
functions for bivariate time-series (e.g. Normal, Clayton, Rotates
Clayton, Plackett, Frank, Gumbel, Rotated Gumbel, Student,
Symmetrised Joe-Clayton). These copulas are then compared by
relying on criteria such as Log-likelihood, AIC or BIC. Besides, the
code reports the plots for exceedence correlations, quantile
dependence and the graphical comparison of the constant and the
Coder Page time-varying versions of three copulas, i.e. Normal, Gumbel and
SJC. For the constant copulas, the level of tail dependence (Ldep
and Udep) is also indicated.

Andrew J. Patton

Duke University

Visits Created
Runs Last update
Downloads Software

Average computing time
Ranking
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RunMyCode.org

* inform research on sharing, scientific transparency, impact of computation on
discovery and validation:

» facilitate code and data sharing, alongside published articles,

longevity and persistence of digital scholarly objects - 10 year guarantee
e




Sharing: Journal Policy

* Journal Policy setting study design:

* Select all journals from IS| classifications ““Statistics & Probability,
“Mathematical & Computational Biology,” and “Multidisciplinary
this inclua
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Data Sharing Policy

201 | 2012 Change

Required as condition of publication, barring exceptions




Code Sharing Policy

201 | 2012 Change

Required as condition of publication, barring exceptions
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Findings

* Journals generally not hosting data/code.

* Changemakers are journals with high impact factors.




Barriers to Journal Policy Making

* Standards for code and data sharing,

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




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
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_b6.jsp#VID4)



http://www.nsf.gov/pubs/policydocs/pappguide/nsf11001/aag_6.jsp#VID4
http://www.nsf.gov/pubs/policydocs/pappguide/nsf11001/aag_6.jsp#VID4
http://www.nsf.gov/pubs/policydocs/pappguide/nsf11001/aag_6.jsp#VID4
http://www.nsf.gov/pubs/policydocs/pappguide/nsf11001/aag_6.jsp#VID4

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

Rethinking Discovery in Big Data

* The changing role of statistics within modern scientific discovery:

* August 2012:a Subcommittee of the Mathematical and Physical Sciences
Advisory Committee, ‘Support for the Statistical Sciences at NSF




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



https://www.federalregister.gov/articles/2011/11/04/2011-28623/request-for-information-public-access-to-peer-reviewed-scholarly-publications-resulting-from
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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

A Grassroots Movement

ICERM 2012 “Reproducibility in Computational and Experimental Mathematics”

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™ ...
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