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CHALLENGES IN IRREPRODUCIBLE RESEARCH

No research paper can ever be considered to be the final word, and the replication and
corroboration of research results is key to the scientific process. In studying complex entities,

especially animals and human beings, the complexity of the system and of the techniques can all
too easily lead to results that seem robust in the lab, and valid to editors and referees of journals,

but which do not stand the fest of further studies. Nature has published a series of articles about
the worrying extent to which research results have been found wanting in this respect. The editors
of Nature and the Nature life sciences research journals have also taken substantive steps to put
our own houses in order, in improving the transparency and robustness of what we publish.
Joumnals, research laboratories and institutions and funders all have an interest in tackling issues of
imeproducibility. We hope that the articles contained in this collection will help.
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Figure 1 : http://www.nature.com/news/reproducibility-1.17552
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Medicine

Annals of Internal Medicine

AcapeMIA AND CLINIC

Reproducible Research: Moving toward Research the Public Can

Really Trust

Christine Laine, MD, MPH; Steven N. Goodman, MD, PhD, MHS; Michael E. Griswold, PhD; and Harold C. Sox, MD

A community of scientists arives at the truth by independently
verifying new observations. In this time-honored process, journals
serve 2 principal functions: evaluative and editorial. In their evalu-
ative function, they winnow out research that is unlikely to stand
up to independent verification; this task is accomplished by peer
review. In their editorial function, they try to ensure transparent (by
which we mean dlear, complete, and unambiguous) and objective
descriptions of the research. Both the evaluative and editorial func-
tions go largely unnoticed by the public—the former only draws

public attention when a journal publishes fraudulent research. How-
ever, both play a critical role in the progress of science. This paper
is about both functions. We describe the evaluative pracesses we
use and announce a new policy to help the scientific community
evaluate, and build upon, the research findings that we publish.

Ann Intern Med. 2007;146:450-453. www annals.org.
For author affiiations, see end of text.

Figure 2 : Annals of Internal Medicine (Liane et al. 2007)
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Statistical Analyses and Reproducible Research
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& Download
Robert. Dy of Harvard University
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california, Davis & includedin
Commons,

Abstract
For various reasons, it is important, if not essential, to integrate the computations and
code used in data analyses, methodological descriptions, simulations, eic. with ihe

documents that describe and rely on them. This integration allows readers to both verify

and adapt the statements in the documents. Authors can easily reproduce them in the
future. and thev can oresent the document's contents in a different medium. e.q. with

Computational Biolony.
Commens, Numerical
Analysis and Computation
Commens

Figure 3 : Bioconductor (Gentleman and Lang 2004)
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ROGER D. PENG

1. INTRODUCTION AND MOTIVATION

The replication of scientific findings using independent investigators, methods, data, equipment, and pro-
tocols has long been, and will continue to be, the standard by which scientific claims are evaluated.
However, in many fields of study there are examples of scientific investigations that cannot be fully repli-
cated because of a lack of time or resources. In such a situation, there is a need for a minimum standard that
can fill the void between full replication and nothing. One candidate for this minimum standard is
“reproducible research”, which requires that data sets and computer code be made available to others

for veufymg publis nd conducting 1llelml1ve anal;
rienihla mananed

Figure 4 : Biostatistics (Peng 2009)
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@ bibTEXfile



CRAN has a dedicated Task View for RR

http://cran.r-project.org/web /views/
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Reproducible Research

Part of the Data Science Specialization »

Learn the concepts and tools behind reporting modemn data analyses in a
reproducible manner. This is the fifth course in the Johns Hopkins Data
Science Specialization.

Figure 5 : https://www.coursera.org/course/repdata
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The Economics of Reproducibility in
Preclinical Research

Leonard P. Freedman'*, lain M. Cockburn?, Timothy S. Simcoe®®

1 Global Biological Standards Institute, Washington, D.C., United States of America, 2 Boston University
School of Management, Boston, Massachusetts, United States of America, 3 Council of Economic Advise
Washington, D.C., United States of America

* lfreedman@gbsi.org

Abstract

Low reproducibility rates within life science research undermine cumulative knowledge
production and contribute to both delays and costs of therapeutic drug development. Al
analysis of past studies indicates that the cumulative (total) prevalence of irreproducibl
preclinical research exceeds 50%, resulting in approximately US$28,000,000,000 (US
$28B)/year spent on preclinical research thatis not reproducible—in the United States
alone. We outline a framework for solutions and a plan for long-term improvements in re
producibility rates that will help to accelerate the discovery of life-saving therapies

and cures.
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Irreproducible

Data Analysis
and Reporting
(25.5% of total)

US$28.28
(50%)

Reproducible

Laboratory
Protocols

(10.8% of total)

Estimated US Annual Preclinical
Research Spend
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Study claims $28 billion a year spent on
irreproducible biomedical research



Reproducible
Research

Motivations

Acknowledgement
of RR

Media
Challenges
Summary

References

02 = ps ‘0.2 will 2% W 11:01 AM

< W Tweet @8
W Nature News&Comment &

@NatureNews

\
5%

$
g

Irreproducible biomedical research
costs $28 *billion* a year. And that's
justin the US. ow.ly/OerZ6

11:10AM - 13 Jun 16

108 RETWEETS 52 FAVORITES

“« = * <

Reply to Nature News&Comment

13/18



Challenges

14/18



Challenges

e Large data/computations

14/18



Challenges

e Large data/computations
e Complicated pipelines

14/18



Reproducible

rse Challenges

Challenges

e large data/computations
e Complicated pipelines

e Privacy issues

14 /18



Reproducible

rse Challenges

Challenges

Large data/computations

Complicated pipelines
e Privacy issues
Getting Pl's on board

14 /18



Caution

15/18



Caution

e Reproducible doesn’'t make it right

15/18



Reproducible

Research Ca utlon

Summary

e Reproducible doesn't make it right

e Not Reproducible doesn't make it wrong

15/18



Reproducible

=< |f you can only take away one thing from today’s
v discussion...

Acknowledgement
of RR

Media
Challenges
Summary

References

Reproducibility « ——
copy paste

16 /18



Reproducible

Research Refe rences I

Motivations

@ Christopher Gandrud, Reproducible research with r and rstudio,

Acknowledgement

of RR Chapman and Hall-CRC The R Series, 2013.

Media

Challenges ﬁ David Smith, Did an excel error bring down the london whale?,

Summary http://blog.revolutionanalytics.com/2013/02/

References did-an-excel-error-bring-down-the-london-whale.
html.

@ C. Laine, S. N. Goodman, M. E. Griswold, and H. C. Sox,
Reproducible research: moving toward research the public can
really trust, Ann. Intern. Med. 146 (2007), no. 6, 450-453.

ﬁ New York Times, Reporters find science journals harder to trust,
but not easy to verify,
http://wuw.nytimes.com/2006/02/13/business/media/
13journal.html?_r=0&adxnnl=1&pagewanted=all&
adxnnlx=1390399611-aqmb2MhkXkIFF7Azx7irCg.

ﬁ R. D. Peng, Reproducible research and Biostatistics, Biostatistics
10 (2009), no. 3, 405-408.
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@ Sergey Fomel and Jon F. Claerbout, Guest editor’s introduction:

Reproducible research, Computing in Science and Engineering
(Jan/Feb 2009).

ﬁ Yihui Xie, Dynamic documents with r and knitr, Chapman and
Hall-CRC The R Series, 2013.
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