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La science doit être vérifiable

La nature humaine

L’erreur est humaine.

Les biais personnels sont en conflit avec la recherche de la vérité.

La méthode scientifique

La science est un processus social pour éliminer les erreurs et les biais
grâce à une vérification continue par les pairs.

Une règle fondamentale

Les affirmations non vérifiables sont irrecevables.

Décrire les expériences en détail pour qu’on puisse les refaire.

Expliquer les raisonnements assez bien pour qu’un lecteur puisse les
suivre pas par pas.
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Jamais croire sur parole

Royal Society, 17ème siècle

“It is an expression of the determination of Fellows to withstand the
domination of authority and to verify all statements by an appeal to facts
determined by experiment.” (source)
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https://commons.wikimedia.org/wiki/File:Bookplate_of_the_Royal_Society_(Great_Britain).jpg
https://royalsociety.org/about-us/history/


Se méfier des miracles

(S. Harris)
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http://www.sciencecartoonsplus.com/index.php


Les miracles d’aujourd’hui

“Pour analyser nos observations, nous avons appliqué des
techniques statistiques sophistiquées implémentées en langage
R.”

“Nous supposons qu’il s’agit d’artefacts introduits par les
algorithmes de pré-traitement intégrés dans les capteurs, qui ne
sont pas documentés.”

Peu de recherches se font sans calcul aujourd’hui, mais le calcul est très
difficile à vérifier.
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L’opacité du calcul en dehors de la recherche

Votre smartphone vous espionne? Comment savoir?

Votre voiture triche lors des contrôles d’émissions?

Que font Google/Apple/Facebook/Amazon/... avec vos données?
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Publier un calcul de façon vérifiable

Le code source des logiciels y compris les workflows, ...

Vérification par relecture - pénible mais au moins possible.

Permet de trouver des erreurs et des différences par rapport aux
modèles décrits dans l’article.

Les données d’entrée du paramètre au Big Data

Vérification par inspection ou analyse par ordinateur.

Permet d’identifier des incohérences, traces de manipulation, etc.

Des instructions pour refaire les calculs

Permet de vérifier que le code source et les données fournis
produisent réellement les résultats publiés.
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La “recherche reproductible”

Etiquette provocatrice proposée par Jon Claerbout dans les années 1990.

“An article about a computational result is advertising, not
scholarship. The actual scholarship is the full software
environment, code and data, that produced the result.”

25 ans plus tard, la recherche reproductible reste l’exception!
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http://sepwww.stanford.edu/sep/jon/reproducible.html


Analyse de données en génétique (2009)

Ioannidis et al.
Repeatability of published microarray gene expression analyses
Nature Genetics 41, 149-155 (2009)

ANALYS IS

not be reproduced. For 16 of the 18 articles, 
the two evaluating teams of analysts reached 
independently the same categorization for the 
overall repeatability. In the other two articles, 
they had identified the same problems or dif-
ficulties but had originally used a different 
categorization for their severity (see Table 3 
and Methods for details).

Inability to reproduce the analyses (Fig. 1) 
was mostly due to unavailability of data (no 
data at all, n = 2; no individual-level report-
er-specific data, n = 1; data on a limited set 
of genes only, n = 1), inability to determine 
which data corresponded to which analyses (n 
= 1) or both (n = 1). In one other article24, the 
major stumbling block was the unavailability 
of the GenRate algorithm and software in the 
public domain; in another article31 that pro-
vided both raw and processed data, the documentation of preprocess-
ing was insufficient to allow reproduction of the results and we met 
with problems of gene annotation in the processed data. Finally, in two 
articles14,20, the raw cel files were not available and reproduction efforts 
were either considered impossible or gave very different results than 
the published ones when analysis was attempted, apparently because 
crucial analytical choices made were unknown. Details for the example 
of one article where results could not even be approximated by either 
team of assigned analysts are shown in Supplementary Table 1 online. 
For contrast, Supplementary Figure 1 online shows a figure from  
an article where it was possible to reproduce the results with some 
discrepancies.

Even in the eight articles where some replication of analysis was 
achieved, our results were not perfect matches with the published 
results. In two of these articles, the differences were felt to be minor 
and we judged that the results could be well reproduced in prin-
ciple, even though minor details still suggested that neither team 
of analysts obtained exactly the same results as the published paper 
(Supplementary Fig. 2 online). In the other six articles, there were more 
considerable discrepancies, resulting from insufficient documented 
detail on the processing and analytical options adopted by the authors. 
For example, in one article17, in our attempt to use the authors’ criteria, 
we found 120 eligible transcripts instead of the 162 published in the 
paper. Of those, we found 22 instead of the 33 published in the paper 
with an adjusted P value <0.01 and twofold enrichment. Details on all 
the discrepancies are shown in Table 3.

Our findings demonstrate that although microarrays are being used 
to produce consistent data with different platforms and/or at different 
laboratories4,34,35, the task of repeating published microarray analyses 
requires much greater detail than that provided by descriptions of the 
platform used36–38 or publicly available data. The complexity of experi-
mental design, quantification, normalization, statistical analysis and 
computation issues involve many possible steps and different decisions. 
When data analysis steps are very complex and work intensive, it may 
be difficult or even impossible for even experienced teams of outsid-
ers to reproduce published studies. However, our results also suggest 
that many, if not most, microarray analyses could potentially be largely 
reproduced if the data are available and adequately annotated and if the 
analytic steps and parameters are sufficiently described.

The lack of repeatability we observed should not be taken as evi-
dence that the published analyses are wrong. Confirming or disprov-
ing these published analyses and evaluating their correctness was 
not our intention. In fact, we considered the published results as the 

gold standard—our experiment asked simply whether experienced 
independent analysts could reach the same results using the data and 
information that were publicly available. Moreover, we focused on 
one circumscribed analysis in each evaluated article. Each analysis was 
selected according to explicit rules that would maximize objectivity, 
reproducibility and transparency for our selection process. The analy-
sis chosen was not necessarily the most important one presented in 
each paper, and judging which analysis was the most important would 
have been highly subjective. 

We should also acknowledge that we focused on a single journal and 
a period of two years (2005–2006). Nature Genetics has implemented 
a strict policy requiring public data availability and compliance with 
MIAME guidance. It is not obvious that the quality of data availabil-
ity and methods reporting would be better in journals with less strict 
requirements and policies—the opposite might be more plausible, if 
anything. Moreover, as the analyzed papers are recent, it seems unlikely 
that the situation has changed radically in the last two years.

The lack of sufficient data in the public domain reduces the options 
for efficient integration of information from many studies, and the 
option to use these data creatively to address additional research ques-
tions that may arise. Repeatability is only one part of a longer chain of 
other reproducibility issues. In some cases, independent replication 
of experiments happens and the conclusions from different studies 
can actually be compared to one another. However, when repetition 
of analysis steps is impossible, comparing the results of related studies 
and understanding any potential discrepancies is challenging. For the 
most part, few large-scale experiments such as those using microarrays 
are directly replicated, owing to expense and sometimes to unavail-
ability of rare biological samples. Because it is not possible to rely on 
direct reproduction of most experiments, one should at least be able 
to understand and re-execute the data analysis steps described in the 
publication to satisfy healthy scientific scepticism.

Articles with more transparent availability or data and analyses 
may be able to achieve a higher impact in the literature, as more 
researchers may be able to use them. In an exploratory evaluation, 
we compared the number of citations catalogued by ISI as of the end 
of August 2008 for articles where some reproduction of at least part 
of the results was feasible (in principle or with some discrepancies) 
versus those where we could not reproduce the selected analyses. We 
found that the former group of articles had received more citations, 
after adjustment for the time of publication (median 29.8 per year 
(range 7.5–86.6) versus 12.4 per year (range 5.7–29.4), P = 0.038). 
The citation data should be considered with great caution, as there 
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Can reproduce partially with some 
discrepancies

Can reproduce with some 
discrepancies 

Can reproduce in principle

Can reproduce 
from processed data 

with some discrepancies Different result

Methods unclear

Software not available

Data not availableCannot reproduce

Figure 1  Summary of the efforts to replicate the published analyses.
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https://doi.org/10.1038/ng.295


Publications en informatique (2015)

Peut-on obtenir et faire fonctionner le code qui va avec une publication en
informatique ?
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Figure 11: Study result. Blue numbers represent papers that were excluded from consideration,
green numbers papers that are weakly repeatable, red numbers papers that are non-weakly repeat-
able, and orange numbers represent papers that were excluded (due to our restriction of sending
at most one email to each author).

10. Notes:

(a) If a link was found through a web search go back and check the paper again to make
sure it was not there.

(b) It can be complicated to determine when there is a larger project of which the current
paper is a subset. In that case the paper may refer to the larger project as though it
were a separate subject when in fact their current code is included with it.

4 Results

Table 2, Figure 11, and Appendix B show the results of the study. Table 4 lists the abbreviations
we use.

Table 2 shows that out of an initial 601 papers, we excluded 30 because they required esoteric
hardware, 63 because the results presented were not backed by code, and 106 in order to avoid
sending multiple email requests to the same author, resulting in a total of 402 papers whose results
were backed by code. Out of these, we found 85 codes through links in the paper itself, 54 codes
through web searches, and 87 codes through email requests. For the remaining 176 papers backed
by code we either got a negative response to our email requests, or no response within two months.

Our results show that for 32.3% of the papers backed by code we were able to obtain the code
and, within  30 minutes, also build it (weak repeatability A); for 48.3% of the papers we managed
to build the code, but it may have required extra e↵ort (weak repeatability B); and for 54.0% of
the papers either we managed to build the code or the authors stated the code would build with
reasonable e↵ort (weak repeatability C).

21

Collberg, Proebsting & Warren, University of Arizona TR 14-04, Feb 2015
http://reproducibility.cs.arizona.edu/v2/RepeatabilityTR.pdf
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La recherche reproductible en pratique

Beaucoup d’outils, beaucoup de bons conseils...

... tous jeunes, immatures, en pleine évolution.

Rien d’universellement applicable.

Tout dépend de la nature des données, des algorithmes, de la nature
de la recherche, etc.

Un bon point de départ:

The Practice of Reproducible Research
Case Studies and Lessons from the Data-Intensive Sciences
Justin Kitzes, Daniel Turek, Fatma Deniz (Eds.)
https://www.practicereproducibleresearch.org/
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L’erreur est humaine...
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Until recently, Geoffrey Chang’s career was on
a trajectory most young scientists only dream
about. In 1999, at the age of 28, the protein
crystallographer landed a faculty position at
the prestigious Scripps Research Institute in
San Diego, California. The next year, in a cer-
emony at the White House, Chang received a
Presidential Early Career Award
for Scientists and Engineers, the
country’s highest honor for young
researchers. His lab generated a
stream of high-prof ile papers
detailing the molecular structures
of important proteins embedded in
cell membranes.

Then the dream turned into a
nightmare. In September, Swiss
researchers published a paper in
Nature that cast serious doubt on a
protein structure Chang’s group
had described in a 2001 Science

paper. When he investigated,
Chang was horrified to discover
that a homemade data-analysis pro-
gram had flipped two columns of
data, inverting the electron-density
map from which his team had
derived the final protein structure.
Unfortunately, his group had used
the program to analyze data for
other proteins. As a result, on page 1875,
Chang and his colleagues retract three Science

papers and report that two papers in other jour-
nals also contain erroneous structures.

“I’ve been devastated,” Chang says. “I hope
people will understand that it was a mistake,
and I’m very sorry for it.” Other researchers
don’t doubt that the error was unintentional,
and although some say it has cost them time
and effort, many praise Chang for setting the
record straight promptly and forthrightly. “I’m
very pleased he’s done this because there has
been some confusion” about the original struc-
tures, says Christopher Higgins, a biochemist
at Imperial College London. “Now the field
can really move forward.”

The most influential of Chang’s retracted
publications, other researchers say, was the

2001 Science paper, which described the struc-
ture of a protein called MsbA, isolated from the
bacterium Escherichia coli. MsbA belongs to a
huge and ancient family of molecules that use
energy from adenosine triphosphate to trans-
port molecules across cell membranes. These
so-called ABC transporters perform many

essential biological duties and are of great clin-
ical interest because of their roles in drug resist-
ance. Some pump antibiotics out of bacterial
cells, for example; others clear chemotherapy
drugs from cancer cells. Chang’s MsbA struc-
ture was the first molecular portrait of an entire
ABC transporter, and many researchers saw it
as a major contribution toward figuring out how
these crucial proteins do their jobs. That paper
alone has been cited by 364 publications,
according to Google Scholar.

Two subsequent papers, both now being
retracted, describe the structure of MsbA from
other bacteria, Vibrio cholera (published in
Molecular Biology in 2003) and Salmonella

typhimurium (published in Science in 2005).
The other retractions, a 2004 paper in the
Proceedings of the National Academy of

Sciences and a 2005 Science paper, described
EmrE, a different type of transporter protein.

Crystallizing and obtaining structures of
five membrane proteins in just over 5 years
was an incredible feat, says Chang’s former
postdoc adviser Douglas Rees of the Califor-
nia Institute of Technology in Pasadena. Such
proteins are a challenge for crystallographers
because they are large, unwieldy, and notori-
ously diff icult to coax into the crystals
needed for x-ray crystallography. Rees says
determination was at the root of Chang’s suc-
cess: “He has an incredible drive and work
ethic. He really pushed the field in the sense

of getting things to crystallize that
no one else had been able to do.”
Chang’s data are good, Rees says,
but the faulty software threw
everything off.

Ironically, another former post-
doc in Rees’s lab, Kaspar Locher,
exposed the mistake. In the 14 Sep-
tember issue of Nature, Locher,
now at the Swiss Federal Institute
of Technology in Zurich, described
the structure of an ABC transporter
called Sav1866 from Staphylococcus

aureus. The structure was dramati-
cally—and unexpectedly—differ-
ent from that of MsbA.  After
pulling up  Sav1866 and Chang’s
MsbA from S. typhimurium on a
computer screen, Locher says he
realized in minutes that the MsbA
structure was inverted. Interpreting
the “hand” of a molecule is always
a challenge for crystallographers,

Locher notes, and many mistakes can lead to
an incorrect mirror-image structure. Getting
the wrong hand is “in the category of monu-
mental blunders,” Locher says.

On reading the Nature paper, Chang
quickly traced the mix-up back to the analysis
program, which he says he inherited from
another lab. Locher suspects that Chang
would have caught the mistake if he’d taken
more time to obtain a higher resolution struc-
ture. “I think he was under immense pressure
to get the first structure, and that’s what made
him push the limits of his data,” he says. Oth-
ers suggest that Chang might have caught the
problem if he’d paid closer attention to bio-
chemical findings that didn’t jibe well with the
MsbA structure. “When the first structure
came out, we and others said, ‘We really

A Scientist’s Nightmare: Software

Problem Leads to Five Retractions
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Flipping fiasco. The structures of MsbA (purple) and Sav1866 (green) overlap

little (left) until MsbA is inverted (right).
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G. Miller, Science 314 1856 (2007)
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... et omniprésente

hen hackers leaked thousands of 
e-mails from the Climatic Research 
Unit (CRU) at the University of 
East Anglia in Norwich, UK, last 

year, global-warming sceptics pored over the  
documents for signs that researchers had 
manipulated data. No such evidence emerged, 
but the e-mails did reveal another problem — 
one described by a CRU employee named 
“Harry”, who often wrote of his wrestling 
matches with wonky computer software. 

“Yup, my awful programming strikes again,” 
Harry lamented in one of his notes, as he 
attempted to correct a code analysing weather-
station data from Mexico.

Although Harry’s frustrations did not ulti-
mately compromise CRU’s work, his difficul-
ties will strike a chord with scientists in a wide 
range of disciplines who do a large amount of 
coding. Researchers are spending more and 
more time writing computer software to model 

biological structures, simulate the early evolu-
tion of the Universe and analyse past climate 
data, among other topics. But programming 
experts have little faith that most scientists are 
up to the task.

A quarter of a century ago, most of the com-
puting work done by scientists was relatively 
straightforward. But as computers and pro-
gramming tools have grown more complex, 
scientists have hit a “steep learning curve”, says 
James Hack, director of the US National Center 
for Computational Sciences at Oak Ridge 
National Laboratory in Tennessee. “The level 
of effort and skills needed to keep up aren’t in 
the wheelhouse of the average scientist.”

As a general rule, researchers do not test or 
document their programs rigorously, and they 
rarely release their codes, making it almost 
impossible to reproduce and verify published 
results generated by scientific software, say 
computer scientists. At best, poorly written 
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Z. Merali, Nature 467, 775 (2010)
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http://www.nature.com/doifinder/10.1038/467775a


Vérification de résultats de calcul

Les auteurs ont-ils fourni une description précise et complète?
→ reproductibilité

Y a-t-il des erreurs dans le code?
→ vérification du code

Les logiciels ont-ils été utilisés correctement?
→ vérification du protocol de calcul

La reproductibilité n’est que le premier pas, et elle reste difficile.

La seule technique que nous avons aujourd’hui pour vérifier le code et le
protocole de calcul est la réimplémentation par une équipe indépendante.
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ReScience

Un journal en ligne entièrement dédié à la publication de réplications
d’études computationnelles.
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https://rescience.github.io/

