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Intro Background Compendia Reproducibility Problems Sharing

Reproducibiltity

“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 ... set of instructions [and
data] which generated the figures.” David Donoho,
1998.

1 Reproducibility is a keystone of the scientific method.
It is essential for credibility, for the scientific record, and for
efficient scientific progress.

2 Openness/Transparency is essential for reproducibility.
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The Crisis of Credibility

Decline in result significance and
reproducibility is rearing its head in
multiple fields. (30% reproducibility in
psychology [1], 21% in drug trials [2],
11% in new cancer drug studies [3]).
Irreproducibility is the biggest factor in
the ever increasing numbers of
retractions [4].
Young researchers are being trained
to hide bad results [5].
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Why share?

Piwowar, H. A., Day, R. S., & Fridsma, D. B. (2007). “Sharing detailed research data is associated with
increased citation rate.” PloS one, 2(3), e308.

Boost your citation rates and recognition, and get credit for your code in
addition to your publications.
Defend your research.
Archive your research and track your procedures.
Speed up the process of converting scientific results into productive
forces.
Allow others to build on your work in a highly visible and trackable way.
Journals and funding agencies are implementing policies requiring
sharing of data and code.
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The Cultural War
If it benefits everyone, why doesn’t everyone share?

Time and resource pressures:
‘We don’t have time to organize and collect our data and
code in a readable way’
‘The code is messy’/‘The data isn’t labeled in a readable
way for the public’

Copyright fears and the fear of being scooped:
‘We are still using it’/ ‘It is only for collaborators’
‘We cannot send our code out of house’

Social/Institutional:
‘We would have to get consensus from all of our
collaborators to share that code’

‘Meincraft’
‘I worked hard on that code/data and do not wish to
make it public’

Before there was staggering evidence to show that
sharing increased visibility and citations for research,
scientists have historically been offered little to no
incentive to share.

Reasons for not sharing:

doi:10.1001/jama.287.4.473
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What is “Open”?

“All data necessary to understand, assess, and extend the
conclusions of the manuscript must be available to any reader. All
computer codes involved in the creation or analysis of data must
also be available to any reader of Science. After publication, all
reasonable requests for data and materials must be fulfilled.” AAAS
Science Magazine submission policy

Every field is different
There are many legitimate obstacles to sharing code and data:

Size constraints (i.e. many terabytes)
Sensitive data (e.g. human studies)
Special circumstances (e.g. designed to run on custom proprietary
firmware)

The above describes reviewable research. That is, it can be
independently assessed and the results judged credible, but it does not
necessarily imply reproducibility.
More is needed to provide for reproducibility, i.e. metadata.
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Best Practices
To provide for reproducibility we need to have [7]:

The extent of computational work to be performed.
Platforms and software to be utilized.
Thorough dataset and software documentation.
Reasonable standards for persistence of resulting software and dataset
preservation and archiving.
Full disclosure of salient details regarding software and data use
including:

specification of the dataset used
details of the algorithms employed
the hardware and software environment, versions, and environmental
variables
parameters and scripts used
the testing performed/commands run, workflow tracking, etc.

There is also a need for better standards on how to include citations for
software and data in the references of a paper. Not inline or as
footnotes.
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Intro Background Compendia Data Code Policy

The Status Quo

Best practices training is, for the most part, nonexistent in most of
academic research:

Scientists are currently not taught how to produce reproducible
research.

Further, many scientists never learn good computational science
techniques, such as consistency and convergence tests, numerical
precision, listing variable arbitrary coding choices . . .

Code and data are still usually only referenced within supplemental
texts or footnotes, if at all.

Lack of description of computational hardware, environmental
variables, compiler versions, or even common software used (e.g.
Excel or Matlab)

Parameter files and scripts are considered disposable. Even though
analogous tabletop experimental steps would be considered
important to preserve in lab notebooks.
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The Status Quo

Meanwhile computation is becoming central to
scientific research . . .

there are enormous, and increasing, amounts
of data collection:

CMS project at LHC: 150MB per second =
780TB/yr => several PB when data processed,
Sloan Digital Sky Survey: 9th data release
(SDSS-III 2012), 60TB,
quantitative revolution in social science due to
abundance of social network data [8]
Science survey of peer reviewers: 340
researchers regularly work with datasets
>100GB; 119 regularly work with sets >1TB [9]
90% of world’s research data generated in the
last 2 year [10]

large datasets covering higher dimensional parameter spaces require
more advanced (computational) analysis,
increasingly massive simulations of mathematical, physical and
biological systems are utilized in all fields
and deep theoretical contributions are increasingly now encoded in
software.
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Data Sharing

As more and more journals, governments, and institutions are adopting
data sharing policies, the culture is changing and more people are
volunteering their data, independent of policy.
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Code Sharing

JASA June Computational Articles Code Publicly Available
1996 9 of 20 0
2006 33 of 35 9
2009 32 of 32 16
2011 29 of 29 21

Generally, code not available at the time of publication, insufficient
information in the publication for verification of results. As you can see,
far behind data.

Lists of online repositories: re3data.org (623), databib.org (602)
. . . 17 of those support code sharing
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Journal Policy

Data Sharing Policy 2011 2012 Change
Required as condition of publication, barring exceptions 18 19 1
Required but may not affect editorial decisions 3 10 7
Encouraged/addressed, may be reviewed and/or hosted 35 30 -5
Implied 0 5 5
No mention 114 106 -8

Code Sharing Policy 2011 2012 Change
Required as condition of publication, barring exceptions 6 6 0
Required but may not affect editorial decisions 6 6 0
Encouraged/addressed, may be reviewed and/or hosted 17 21 4
Implied 0 3 3
No mention 141 134 -7

Source: Stodden, Guo, Ma (2013) PLoS ONE, 8(6)

Despite the fact that the majority of papers in high impact journals to day
have computational components, policies regarding codes are not
advancing as quickly as code policies.
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Intro Background Compendia What How Features Goals Outreach

What is Research Compendia?
“We introduce the concept of a compendium as both a container for
the different elements that make up the document and its
computations (i.e. text, code, data,...), and as a means for
distributing, managing and updating the collection.” Gentleman, R.
and Temple Lang, D. "Statistical Analyses and Reproducible
Research" (May 2004). Bioconductor Project Working Papers.

ResearchCompendia is a web service allowing people to share the
research software and data associated with a scientific publication
(articles and working papers).
We provide the tools to publish digital scholarly objects by hosting data,
code, methods documentation, parameters, and environmental settings
in a form that is accessible, trackable, and persistent.
Data and code will be citable and linked to the original publication.
Soon, we wish to support the verification and validation processes by
providing for the remote execution of shared codes in our cloud
resources, and the visualization of results.
Most of all we wish to make these tools heavily automated, and easy to
access and utilize to lessen the exertion required from already
overburdened academic researchers in the process of publishing fully
reproducible work.
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ResearchCompendia: How it works
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ResearchCompendia: How it works
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Research Compendia: How it works
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Research Compendia: How it works
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Research Compendia: How it works
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Research Compendia: Features

To do this we hope to provide the following tools:

Quick and elegant Compendia Page creation with easy to navigate
access to all relevant data, code, documentation, and results, with
no coding required by the researcher. [current]

Free data and code hosting. [current]

Trackable code and data usage monitoring and version tracking.
[current]

Highly visible and easily citable code, with DOI issuing for data and
code objects. [soon]

Executable functionality with easy parameter entry that enables
users and contributors alike to run compendia codes in our cloud
and obtain requested results in an downloadable file with optional
results visualizations for some languages (R, MatLab, Python,
Cactus, etc.). [planned]
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Research Compendia: Goals

ResearchCompendia follows these main objectives:

To allow researchers to quickly disseminate internationally the
results of their research, which will considerably increase the
potential of citations for their papers.

To provide a very large community of users with the ability to use the
latest scientific methods in a user-friendly environment. This will
speed up the process of converting scientific results into productive
forces.

To allow members of the academic community (researchers, editors,
referees, etc.) to replicate scientific results and to demonstrate their
robustness.

To provide a forum for the discussion/execution of research
verification and communication.
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Research Compendia: Collaboration
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Development: Open Source for Open Science
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Concluding Remarks

Built tools to:

deposition/curation of versioned data and code,

link to published article,

provide for permanence of link.

Opportunities:

culture change regarding digital scholarly objects

tool development facilitating shareable objects

Challenges:

defining ‘digital scholarly object’

providing appropriate sharing modalities, ie for code

intellectual property law

partnerships across academic silos, incentives to share
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Thank you.
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Data Sharing Resources

Lists:
re3data re3data.org (623)
DataBib databib.org (602)

Individual:
ResearchCompendia ResearchCompendia.org
FigShare figshare.com
Dataverse thedata.harvard.edu
NSCID ncsid.org
NeuroMorpho NeuroMorpho.org
OceanDataPortal www.oceandataportal.org
DRYAD datadryad.org
DataHub datahub.io
Open Science Framework osf.io
. . .
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Code Sharing Resources

17 (vs 602) listed Repositories accept code:

ResearchCompendia ResearchCompendia.org
Dataverse thedata.harvard.edu
NanoHub nanohub.org
CRAN cran.org
MLOSS mloss.org
CLUES clues-project.org
GitHub github.com
SourceForge sourceforge.net
Launchpad launchpad.net
GoogleCode code.google.com
RunMyCode runmycode.org

Perhaps the terrible numbers for code sharing can be partly attributes to
the lack of infrastructure and available tools.
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Policy: Catching up to the Trend
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)

NIH (2003):

“The NIH expects and supports the timely release and sharing of final
research data from NIH-supported studies for use by other researchers.”

NAS (2003):

“Principle 1. 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.”
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