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Public Evidence for a Lack of Reproducibility

• J.P. Ioannidis. Why Most Published Research Findings Are False PLoS Med. 2005.

• Lies, Damned Lies, and Medical Science, The Atlantic. Nov, 2010

• Reproducibility: A tragedy of errors, Nature, Feb 2016.

• Steen RG, Retractions in the scientific literature: is the incidence
of research fraud increasing?. J. Med. Ethics 37, 2011

Courtesy V. Stodden, SC, 2015
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http://www.plosmedicine.org/article/info:doi/10.1371/journal.pmed.0020124
http://mescal.imag.fr/membres/arnaud.legrand/teaching/2011/EP_lies.pdf
http://www.nature.com/news/reproducibility-a-tragedy-of-errors-1.19264
http://dx.doi.org/10.1136/jme.2010.040923
http://dx.doi.org/10.1136/jme.2010.040923


Scientific Misconduct ? What are the Consequences ?

The Duke University scandal with scientific misconduct on lung cancer
• Nature Medicine - 12, (2006) Genomic signatures to guide the use of
chemotherapeutics, by Anil Potti and 16 other researchers from Duke and USF

• Major commercial labs licensed it and were about to start using it
before two statisticians discovered and publicized its faults

Dr. Baggerly and Dr. Coombes found errors almost immediately. Some seemed careless — moving
a row or a column over by one in a giant spreadsheet — while others seemed inexplicable. The
Duke team shrugged them off as “clerical errors.”

The Duke researchers continued to publish papers on their genomic signatures in prestigious
journals. Meanwhile, they started three trials using the work to decide which drugs to give patients.

• Retractions: January 2011. Ten papers that Potti coauthored in
prestigious journals were retracted for varying reasons

Bad science is deleterious

• It is used to backup stupid politics, it affects people’s life, …
• It blurs the frontier between scientists and crooks
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http://www.nytimes.com/2011/07/08/health/research/08genes.html
http://en.wikipedia.org/wiki/Anil_Potti
http://en.wikipedia.org/wiki/Anil_Potti


Unfortunate Mistakes

Geoffrey Chang (Scripps, UCSD) works on
crystalography and studies the structure
of cell membrane proteins.
He specialized in structures of multidrug
resistant transporter proteins in bacteria:
MsbA de Escheria Choli (Science, 2001),
Vibrio cholera (Mol. Biology, 2003),
Salmonella typhimurium (Science, 2005)

2006: Inconsistencies reveal a programming mistake
a homemade data-analysis program had flipped two
columns of data, inverting the electron-density map from
which his team had derived the protein structure.

5 retractations that motivate improved software engineering
practices in computational biology
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https://people.ligo-wa.caltech.edu/~michael.landry/calibration/S5/getsignright.pdf


Different Reproducibility Concerns

Social Sciences, Oncology, … methodology, statistics
Genomics software engineering, computational reproducibility,
provenance, …

Computational fluid dynamics numerical issues

Reproducible Research = Bridging the Gap by working Transparently
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Existing Tools, Emerging Standards

Notebooks and workflows Software environments
python3-matplotlib

python3-dateutil

python3-six

(>= 1.4)

python3:any

python-matplotlib-data

(>= 3.0.2-2)

python3-pyparsing

(>= 1.5.6)

libjs-jquery

libjs-jquery-ui

python3-numpy

(>= 1:1.14.3)

python3

(<< 3.8) (>= 3.7~)

python3-numpy-abi9

python3-cycler

(>= 0.10.0)

python3-kiwisolver

libfreetype6

(>= 2.2.1)

libpng16-16

(>= 1.6.2-1)

python3-pil

python3-tk

(>= 1.5)

(>= 3.2~)

tzdata

[python3] [python3]

{debconf} debconf-2.0

(>= 0.5)

[debconf] {cdebconf}

fonts-lyx ttf-bitstream-vera

(>= 3.3.2-2~)

jquery javascript-common

(>= 1.7)

(<< 3.8)(>= 3.7~)python3.7:any

libblas3 libblas.so.3

liblapack3 liblapack.so.3python3-pkg-resources

python3-minimal

(= 3.7.3-1)

python3.7

(>= 3.7.3-1~) libpython3-stdlib

(= 3.7.3-1)

python3.7-minimal

(>= 3.7.3-1~)

{dpkg} install-info

(>= 1.13.20)

libpython3.7-minimal

(= 3.7.3-2)

libexpat1

(>= 2.1~beta3)

libssl1.1

(>= 1.1.1)

libpython3.7-stdlib

(>= 0.5)

(= 3.7.3-2)

mime-support

libbz2-1.0

liblzma5

(>= 5.1.1alpha+20120614)

libdb5.3 libffi6

(>= 3.0.4)

libmpdec2 libncursesw6

(>= 6)

libtinfo6

(>= 6) libreadline7

(>= 7.0~beta)

libsqlite3-0

(>= 3.7.15)

libuuid1

(>= 2.20.1)

bzip2file xz-utils

(= 1.0.6-9)

libmagic1

(= 1:5.35-4)

libmagic-mgc

(= 1:5.35-4)

(>= 5.2.2)xz-lzma

(= 6.1+20181013-2)

libgpm2

(>= 6)

readline-common

(>= 1.15.4)

libreadline-common

(>= 1.16.1)

uuid-runtime

(>= 2.25-5~) (>= 2.31.1)

adduserlibsmartcols1

(>= 2.27~rc1)

libsystemd0

(>= 0.5)

passwd

(>= 5.1.1alpha+20120614)

libgcrypt20

(>= 1.8.0)

liblz4-1

(>= 0.0~r122)

libgpg-error0

(>= 1.25)

libgpg-error-l10n

(= 3.7.3-2)

(= 3.7.3-2)

(>= 3.7.3-1~)

[python3.7] [python3.7]

libgfortran5

(>= 8)

libquadmath0

(>= 4.6) ...

-6-

gcc-9-base

(= 9-20190428-1)

(>= 4.6)

(= 9-20190428-1)

(>= 8)

(>= 4.6)

...

-3-

(>= 3.3.2-2~) (<< 3.8)(>= 3.6~)

(>= 1.6.2-1)

(<< 3.8) (>= 3.7~)

(>= 2.2.1)

[mime-support] python3-pil.imagetk libimagequant0

(>= 2.11.10)

libjpeg62-turbo

(>= 1.3.1) liblcms2-2

(>= 2.2+git20110628)

libtiff5

(>= 4.0.3)

libwebp6

(>= 0.5.1) libwebpdemux2

(>= 0.5.1)

libwebpmux3

(>= 0.6.1-2)

python3-olefile

(<< 3.8)(>= 3.7~)

(= 6.0.0-1)

(>= 3.4.1-2)

(>= 3.7.1-1~)(<< 3.9)

blt

(>= 2.4z-9)

tk8.6-blt2.5

(>= 2.5.3)

libtcl8.6

(>= 8.6.0)

libtk8.6

(>= 8.6.0)(= 2.5.3+dfsg-5)

(>= 8.6.0)

(>= 8.6.0)

blt4.2blt8.0 blt8.0-unoff

(>= 2.2.1)

(>= 8.6.0-2)

libfontconfig1

(>= 2.12.6)

libxext6

libxft2

(>> 2.1.1)

libxss1

(>= 2.3.5)(>= 2.12.6)

libxrender1 x11-common

libjpeg62

(>= 5.1.1alpha+20120614)

(>= 1.3.1)

libjbig0

(>= 2.0) (>= 0.5.1)

libzstd1

(>= 1.3.2) (>= 0.5.1)(>= 0.5.1)

Matplotlib library

Python dependencies

Real dependencies

Fake OS dependencies
induced by package granularity

Sharing platforms
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Changing Research Practices

Soft. Engineering, Statistics, and Reproducible Research in the curricula
• Book on RR Vers une recherche

reproductible: Faire évoluer ses pratiques

• MOOC on RR (3rd edition Feb. 2020)
• A new ”Advanced RR” MOOC (Oct. 2020)

• Software environment control (Docker)
• Scientific workflow (snakemake)
• Managing data (HDF5, archiving)

Manifesto: ”I solemnly pledge” (WSSSPE, Lorena Barba, FAIR)
1. I will teach my graduate students about reproducibility
2. All our research code (and writing) is under version control
3. We will always carry out verification and validation
4. We will share data, plotting script & figure under CC-BY
5. We will upload the preprint to arXiv at the time of submission of a paper
6. We will release code at the time of submission of a paper
7. We will add a ”Reproducibility” declaration at the end of each paper
8. I will keep an up-to-date web presence 6/13

https://rr-france.github.io/bookrr/
https://learninglab.inria.fr/en/mooc-recherche-reproductible-principes-methodologiques-pour-une-science-transparente/
https://hal.inria.fr/hal-01367344/document
http://lorenabarba.com/gallery/reproducibility-pi-manifesto/
https://www.go-fair.org/fair-principles/


Changing Publishing Practices

Artifact evaluation and ACM badges  

Major conferences  
• Supercomputing: Artifact Description (AD) mandatory, Artifact
Evaluation (AE) still optional, Double blind vs. RR

• NeurIPS, ICLR: open reviews, reproducibility challenge

Joelle Pineau @ NeurIPS’18
• ACM SIGMOD 2015-2019, Most Reproducible Paper Award…

Mentalitie are evolving people care, make stuff available, errors are
found and fixed
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https://sc19.supercomputing.org/submit/reproducibility-initiative/
https://nips.cc/Conferences/2019/CallForPapers
https://reproducibility-challenge.github.io/iclr_2019/
https://www.youtube.com/watch?v=Kee4ch3miVA
http://db-reproducibility.seas.harvard.edu/papers/index.html


Reproducible Research = Rigor and Transparency

To err is human.

Good research requires time and resources

1. Train yourself and your students: RR, statistics, experiments
• Beware of checklists and norms
• Understand what’s at stake

2. Change the norm: make publication practices evolve
3. Incentive: consider RR/open science when hiring/promoting
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Some Advertising

http://rescience.github.io/ten-years/
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http://rescience.github.io/ten-years/


Tool 1: Computational Notebooks/Litterate Programming
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Tool 1: Computational Notebooks/Litterate Programming
Document initial dans son environnement Document final
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Tool 1: Computational Notebooks/Litterate Programming
Document initial dans son environnement Document final

Code
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Tool 1: Computational Notebooks/Litterate Programming
Document initial dans son environnement Document final

Résultats
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Export

Document initial dans son environnement Document final
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Tool 2: Fighting Software Environments Nightmare

What is hiding behind a simple

1 import matplotlib

Package: python3-matplotlib
Version: 2.1.1-2
Depends: python3-dateutil, python-matplotlib-data (>= 2.1.1-2),
python3-pyparsing (>= 1.5.6), python3-six (>= 1.10), python3-tz,
libjs-jquery, libjs-jquery-ui, python3-numpy (>= 1:1.13.1),
python3-numpy-abi9, python3 (<< 3.7), python3 (>= 3.6~),
python3-cycler (>= 0.10.0), python3:any (>= 3.3.2-2~), libc6 (>=
2.14), libfreetype6 (>= 2.2.1), libgcc1 (>= 1:3.0), libpng16-16 (>=
1.6.2-1), libstdc++6 (>= 5.2), zlib1g (>= 1:1.1.4)
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Tool 2: Fighting Software Environments Nightmare

Python and its rapidly evolving environment
1 python2 -c "print(10/3)"
2 python3 -c "print(10/3)"

3
3.3333333333333335

Cortical Thickness Measurements (PLOS ONE, June 2012): FreeSurfer:
differences were found between the Mac and HP workstations and
between Mac OSX 10.5 and OSX 10.6.
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Tool 3: Fighting Information Loss with Archives

D. Spinellis. The Decay and Failures of URL References. CACM, 46(1), Jan 2003.

The half-life of a referenced URL is approximately 4 years from its
publication date.

P. Habibzadeh. Decay of References to Web sites in Articles Published in
General Medical Journals: Mainstream vs Small Journals”. Applied Clinical
Informatics. 4 (4), 2013

half life ranged from 2.2 years in EMHJ to 5.3 years in BMJ

Article archives

Data archives

Software Archive

or = awesome collaborations 6= archive
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https://www.spinellis.gr/sw/url-decay/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3885908/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3885908/
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