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PUBLIC EVIDENCE FOR A LACK OF REPRODUCIBILITY

- J.P. loannidis. 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 |nC|dence
of research fraud increasing?. J. Med. Ethics 37, 2011
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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

- Itis 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
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DIFFERENT REPRODUCIBILITY CONCERNS

Social Sciences, Oncology, ... methodology, statistics

Genomics software engineering, computational reproducibility,
provenance, ...

Computational fluid dynamics numerical issues

Authors Readers

Analyses
Visualizations

Reproducible Research = Bridging the Gap by working Transparently
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EXISTING TOOLS, EMERGING STANDARDS

Notebooks and workflows Software environments 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 evoluer 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)

I will teach my graduate students about reproducibility

All our research code (and writing) is under version control

We will always carry out verification and validation

We will share data, plotting script & figure under CC-BY

. We will upload the preprint to arXiv at the time of submission of a paper
. We will release code at the time of submission of a paper

. We will add a "Reproducibility” declaration at the end of each paper

€@ N @& W o W N S

. Iwill 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

Major conferences
- Supercomputing: Artifact Description (AD) mandatory, Artifact
Evaluation (AE) still optional, Double blind vs. RR
- NeurlPS, ICLR: open reviews, reproducibility challenge

Joelle Pineau @ NeurlPS'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

TeN YeaRs RepRoDUCIBILITY CHALLENGE

RESCIENCE SPECIAL ISSUE
FREE TO READ - FREE TO PUBLISH

Would you dare to run the
code from your past self ?

(the one that does not answer mail)

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


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

TooL 1: COMPUTATIONAL NOTEBOOKS/LITTERATE PROGRAMMING

Un document computationnel
Mon ordinateur mindique que 7 vaut approximativement
3.141592653589793

Mals calculé avec la méthode des aigullles de Buffon, on obtiendrait comme
approximation :

import numpy as np
N = 1000000

x = np.random.uniform(size=N, low=0, high=1)

theta = np.random.uniform(size=N, low=60, high=pi/2)
2/ (sum((x+np.sin(theta))>1)/N)

3.1437198694098765

2
On peut Inclure des formules mathématiques comme JT exp (— (zzp/:) ) et
v 7

des dessins qui n'ont rien a voir avec 7 (si ce n'est une constante de
nomalisation... ©).
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TooL 1: COMPUTATIONAL NOTEBOOKS/LITTERATE PROGRAMMING

Document initial dans son environnement

JUpyter examplo_pi e A

RN NI e B

# Un document computationnel

Hon ordinateur a'indique que $\pis vaut *opproxinativenent®

i 1) s promts o coon o s
from meth taport +
print(pi)
3.141802653509793

s calculd avc Lo _péthode_ des [niullles e utton)

Cepproxination.

In 21 e prmts [ o covo b e
inpart numpy as np
N'= 1000000
X p-ron i ra(stzeh, Lot Mobel)
andon. uniforn(sizesN, Lowso, highepi/2)
st Ge.Sintibetasrsi) iy

U215 3.143719869409765

on et tncture ds formtes mamcn-lmucs come $\frac (1) (\siono
Ve eft(-\ ract (x-\m)“2) (2\5igna~2} \right)s et des
Gecsins aul i ant rien b voir. avec SeLd (s m'est une constante do
fomatisation... o)

I ) s promas o covo o s
“atplotlib inline
inpart natplotLib, pyplot as plt
m, signa = 100, 15
X%+ $1gua°p. randon. randn (10000)
pLE st (x,40)

BLE.grid(True)
Bt show()

Document final

Un document computationnel
Mon ordinateur mindique que 7 vaut approximativement
3.141592653589793

Mals calculé avec la méthode des aigullles de Buffon, on obtiendrait comme
approximation :

import numpy as np
N = 10000

X = np.random.unlform(slze:N, low=0, high=1)

theta = np.random.uniform(size=N, low=60, high=pi/2)
2/ (sum((x+np.sin(theta))>1)/N)
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Document final

Un document computationnel
Mon ordinateur mindique que 7 vaut approximativement
3.141592653589793

Mals calculé avec la méthode des aigullles de Buffon, on obtiendrait comme
approximation :

import numpy as np
N = 10000

X = np.random.unlform(slze:N, low=0, high=1)

theta = np.random.uniform(size=N, low=60, high=pi/2)
2/ (sum((x+np.sin(theta))>1)/N)
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TooL 1: COMPUTATIONAL NOTEBOOKS/LITTERATE PROGRAMMING

Document final

Un document computationnel
Mon ordinateur mindique que 7 vaut approximativement
3.141592653589793

Mals calculé avec la méthode des aigullles de Buffon, on obtiendrait comme
approximation :

import mlmpy as np
N = 10000

X = np.random uniform(size=N, low=6, high=1)

theta = np.random.uniform(size=N, low=60, high=pi/2)
2/ (sum((x+np.sin(theta))>1)/N)

3.1437198694098765
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Document initial dans son environnement
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TooL 1: COMPUTATIONAL NOTEBOOKS/LITTERATE PROGRAMMING

Document final

Un document computationnel
Mon ordinateur mindique que 7 vaut approximativement
3.141592653589793

Mals calculé avec la méthode des aigullles de Buffon, on obtiendrait comme
approximation :

import numpy as np
N = 10000

X = np.random.unlform(slze:N, low=0, high=1)

theta = np.random.uniform(size=N, low=60, high=pi/2)
2/ (sum((x+np.sin(theta))>1)/N)

3.1437198694098765

2
On peut Inclure des formules mathématiques comme Texp (— (zzp/-:) ) et
des dessins qui n'ont rien a voir avec 7 (si ce n'est une constante de
nomalisation... ©).
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Document final

Un document computationnel
Mon ordinateur mindique que 7 vaut approximativement
3.141592653589793

Mals calculé avec la méthode des aigullles de Buffon, on obtiendrait comme
approximation :

import numpy as np
N = 10000

X = np.random.unlform(slze:N, low=0, high=1)

theta = np.random.uniform(size=N, low=60, high=pi/2)
2/ (sum((x+np.sin(theta))>1)/N)

3.1437198694098765

_(a-w?
ﬁexp( 5ot )et

des dessins qui n'ont rien a voir avec 7 (si ce n'est une constante de
nomalisation... ©).

On peut Inclure des formules mathématiques comme
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TooL 1: COMPUTATIONAL NOTEBOOKS/LITTERATE PROGRAMMING

Document initial dans son environnement
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# Un document computationnel

e o o
Hon ordinateur m'indique que $\pis vaut *approxinativenent®
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ftron motn tnport +
print(pi)

o o o
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Document final

Un document computationnel
Mon ordinateur mindique que 7 vaut approximativement
3.141592653589793

Mals calculé avec la méthode des aigullles de Buffon, on obtiendrait comme
approximation :

import numpy as np
N = 10000

X = np.random.unlform(slze:N, low=0, high=1)

theta = np.random.uniform(size=N, low=60, high=pi/2)
2/ (sum((x+np.sin(theta))>1)/N)

3.1437198694098765

2
On peut Inclure des formules mathématiques comme ‘Texp (— (G ) et
v

des dessins qui n'ont rien a voir avec 7 (si ce n'est une constante de
normalisation... ©).
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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— ~), libc6 (>=
2.14), libfreetype6 (>= 2.2.1), libgccl (>= 1:3.0), libpngl6-16 (>=
1.6.2-1), libstdc++6 (>= 5.2), zliblg (>= 1:1.1.4)
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TooL 2: FIGHTING SOFTWARE ENVIRONMENTS NIGHTMARE

What is hiding behind a simple

1 import matplotlib

Package: python3-matplotlib

Fake OS dependencies
=) induced by package granularity

Real dependencies averrin]
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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
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simple Plot Simple Plot
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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 EMH] to 5.3 years in BMJ
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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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