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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

Un processus collectif pour éliminer les erreurs et biais individuels, 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 que les lecteurs puissent
les suivre pas par pas.
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Techniques de vérification

Reproduction

Refaire toutes les étapes à l’identique

Comparer les résultats

Réplication

Refaire en respectant les principes mais en variant les techniques

... par nécessité ou par choix

Comparer les résultats

Attention : pas de consensus sur la terminologie !
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La crise de la reproductibilité
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La crise de la reproductibilité

52% 
Yes, a significant 
crisis

3% 
No, there is no crisis

7% 
Don’t know

38% 
Yes, a slight
crisis

38% 
Yes, a slight
crisis

1,576
RESEARCHERS SURVEYED

More than 70% of researchers have tried and failed to 
reproduce another scientist’s experiments, and more 
than half have failed to reproduce their own experi-
ments. Those are some of the telling figures that 
emerged from Nature’s survey of 1,576 researchers 

who took a brief online questionnaire on reproducibility in research.
The data reveal sometimes-contradictory attitudes towards reproduc-

ibility. Although 52% of those surveyed agree that there is a significant 
‘crisis’ of reproducibility, less than 31% think that failure to reproduce 
published results means that the result is probably wrong, and most say 
that they still trust the published literature. 

Data on how much of the scientific literature is reproducible are rare 
and generally bleak. The best-known analyses, from psychology1 and 
cancer biology2, found rates of around 40% and 10%, respectively. Our 
survey respondents were more optimistic: 73% said that they think that 
at least half of the papers in their field can be trusted, with physicists and 
chemists generally showing the most confidence. 

The results capture a confusing snapshot of attitudes around these 
issues, says Arturo Casadevall, a microbiologist at the Johns Hopkins 
Bloomberg School of Public Health in Baltimore, Maryland. “At the 
current time there is no consensus on what reproducibility is or should 
be.” But just recognizing that is a step forward, he says. “The next step 
may be identifying what is the problem and to get a consensus.”

Failing to reproduce results is a rite of passage, says Marcus Munafo, a 
biological psychologist at the University of Bristol, UK, who has a long-
standing interest in scientific reproducibility. When he was a student, 
he says, “I tried to replicate what looked simple from the literature, and 
wasn’t able to. Then I had a crisis of confidence, and then I learned that 
my experience wasn’t uncommon.” 

The challenge is not to eliminate problems with reproducibility in 
published work. Being at the cutting edge of science means that some-
times results will not be robust, says Munafo. “We want to be discovering 
new things but not generating too many false leads.”  

THE SCALE OF REPRODUCIBILITY
But sorting discoveries from false leads can be discomfiting. Although 
the vast majority of researchers in our survey had failed to reproduce 
an experiment, less than 20% of respondents said that they had ever 
been contacted by another researcher unable to reproduce their work  
(see ‘A ‘crisis’ in numbers’). Our results are strikingly similar to another 
online survey of nearly 900 members of the American Society for 
Cell Biology (see go.nature.com/kbzs2b). That may be because such 
conversations are difficult. If experimenters reach out to the original  
researchers for help, they risk appearing incompetent or accusatory, or 
revealing too much about their own projects.

A minority of respondents reported ever having tried to publish 

B Y  M O N Y A  B A K E R

I S  T HERE  A 
REPRODUCIBIL I T Y

CR ISIS ?
A Nature survey lifts the lid on 

how researchers view the ‘crisis’ 
rocking science and what they 

think will help.
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M. Baker, Nature, 2016
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https://www.nature.com/news/1-500-scientists-lift-the-lid-on-reproducibility-1.19970


Biophysique : les fausses structures de protéines
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Économie : la base de la politique d’austérité

C.M. Reinhart & K.S. Rogoff, American Economic Review, 2010
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Économie : la base de la politique d’austérité

T. Herndon, M. Ash, R. Pollin, Cambridge Journal of Economics, 2014
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Biophysique : les déplacements chimiques aléatoires

Characterization of Leptazolines A−D, Polar Oxazolines from the
Cyanobacterium Leptolyngbya sp., Reveals a Glitch with the
“Willoughby−Hoye” Scripts for Calculating NMR Chemical Shifts
Jayanti Bhandari Neupane, Ram P. Neupane, Yuheng Luo, Wesley Y. Yoshida, Rui Sun,
and Philip G. Williams*
Department of Chemistry, University of Hawai‘i at Man̅oa, 2545 McCarthy Mall, Honolulu, Hawaii 96822, United States

*S Supporting Information

ABSTRACT: The bioactivity-guided examination of a Leptolyngbya sp.
led to the isolation of leptazolines A−D (1−4 ), from the culture media,
along with two degradation products (5 and 6 ). Density functional theory
nuclear magnetic resonance calculations established the relative
configurations of 1 and 2 and revealed that the calculated shifts depended
on the operating system when using the “Willoughby−Hoye” Python
scripts to streamline the processing of the output files, a previously
unrecognized flaw that could lead to incorrect conclusions.

As part of our long-standing interest in cyanobacterial
natural products, we recently began screening strains

within our culture collection against pancreatic adenocarcinoma
(PANCA).1 This screen flagged several media extracts. Whereas
metabolites from cells are well studied, there are comparatively
few reports of cyanobacterial secondary metabolites excreted in
the culture medium to any appreciable degree.2 Excreted
metabolites are likely to be more polar and structurally different
from those isolated from the cell mass.We report here the results
from the examination of strain O-2-5, a Leptolyngbya sp., that is,
the isolation and characterization of leptazolines A−D (1−4 )
and two hydrolysis products (5 and 6 ).3 The assignment of the
relative configurations of 1 and 2 involved calculating nuclear
magnetic resonance (NMR) chemical shifts using a widely cited
protocol outlined by Willoughby et al.,4 which revealed a
surprising operating system dependence on the calculated values
due to issues with one of the Python scripts.
The molecular formula of leptazoline A (1) was established as

C13H14ClNO5 from its high-resolution electospray ionization
mass spectrometry (HRESIMS) signal at m/z 300.0637 [M +
H]+ and isotopic patterns indicative of a chlorine atom, that is, a
3:1 ratio of m/z 300 and 302. The 1H and 13C NMR spectra
(Table 1 and Table S1; MeOH-d4) revealed the presence of
three aromatic proton signals consistent with a 1,2,4-
trisubstituted benzene ring, that is, δH 7.02 (d, J = 8.8 Hz),
7.47 (dd, J = 8.8, 2.7 Hz), and 7.53 (d, J = 2.7 Hz). The analysis
of the NMR data suggested that a chlorine atom, an oxygen
atom, and a sp2-hybridized carbon were attached to this ring at
C-12, -9, and -8, respectively. These assignments were consistent
with the carbon chemical shifts reported for 5-chlorosalicylic
acid, with the same substitution pattern,5 and yielded the lowest

mean average error (MAE) of the calculated 13C NMR shifts
given the other possible isomers (Table S2).

A correlated spectroscopy (COSY) correlation connected the
lone methyl doublet (H-6) to H-5 (4.77 ppm), whereas a
heteronuclear multiple bond correlation (HMBC) from H-6 to
C-4 (δC 75.7) as well as a COSY correlation betweenH-5 andH-
4 (δH 3.93) extended the chain. A further network of COSY
correlations from H-4 to H-3 and then to H-2 completed the

Received: September 11, 2019
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s. J.B. Neupane et al., Organic Letters, 2019

“Published in 2014, this Nature Protocols manuscript provides detailed
instructions aimed at enabling those with minimal theoretical knowledge of
the subject area to calculate gauge-including atomic orbital (GIAO) NMR
chemical shifts and includes Python scripts to streamline the process. It

has been cited over 130 times in the last 5 years.”

Konrad HINSEN (CBM) Éthique et reproductibilité dans la diffusion des résultats15 novembre 2023 9 / 20

http://dx.doi.org/10.1021/acs.orglett.9b03216


Cancer studies : 50% not reproducible

A. Mullard, Nature, 2021
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La trinité de la reproductibilité

Reproductibilité expérimentale

Refaire une expérience d’après la description publiée

Obtenir des résultats suffisamment proches

Reproductibilité statistique

Refaire une étude avec un autre échantillon ou une autre technique

Inférer des conclusions suffisamment proches

Reproductibilité computationnelle

Refaire un calcul à l’identique

Obtenir des résultats identiques
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La reproductibilité expérimentale

Procédé

Équipe A fait une expérience, publie les résultats

Équipe B tente une reproduction ou réplication

Équipe B compare ses résultats à ceux de A

Une non-reproductibilité suggère...

Une défaillance des instruments scientifiques (A ou B)

Une erreur dans l’exécution (A ou B)

Une description incomplète ou erronée

Des données truquées

Un facteur important passé inaperçu
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La reproductibilité statistique

Procédé

Équipe A fait une expérience sur un échantillon d’une population (de
personnes, souris, électrons, ...) et publie des inférences statistiques

Équipe B tente une réplication

Équipe B compare ses résultats à ceux de A

Une non-reproductibilité suggère...

Un échantillon trop petit (A ou B)

Une collecte ou sélection de données douteuse
(“p-hacking”, “HARKing”, A ou B)

Des méthodes statistiques inadaptées ou mal appliquées

Une description incomplète ou erronée

Des données truquées

Un facteur important passé inaperçu
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La reproductibilité computationnelle

Procédé

Équipe A publie des résultats obtenus par ordinateur

Équipe B tente une reproduction

Équipe B compare ses résultats à ceux de A

Une non-reproductibilité suggère...

Une description incomplète ou erronée
(numéros de version, dépendances, étapes manuelles, ...)

Une erreur d’interprétation de la part de B

Un calcul truqué

Particularités du calcul

Déterminisme : aucun facteur inconnu n’intervient

Défaillances matérielles extrêmement rares
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Équipe A publie des résultats obtenus par ordinateur
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Reproductibilité et éthique

De l’erreur à la fraude :

erreur de bonne foi

négligence dans l’exécution

obscurcir un papier (et rendre la réplication difficile)

tentative de cacher une erreur

mensonge par omission

embellir ses résultats

falsifier ou inventer des données

Preuve de bonne foi : faire un effort pour faciliter la détection d’erreurs
potentielles.
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Est-ce grave docteur ?

(Non-)reproductibilité expérimentale

Bien connue depuis des siècles

Globalement bien mâıtrisée

Aucune contribution majeure à “la crise”
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Est-ce grave docteur ?

(Non-)reproductibilité statistique

Un phénomène récent

Arrivée avec la montée en importance de l’informatique

Problème très fréquent

Causes principales :

des données insuffisantes
la complexité des méthodes statistiques
une formation inadéquate des chercheurs en statistique
le biais de confirmation
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Est-ce grave docteur ?

(Non-)reproductibilité computationnelle

Un phénomène récent

Arrivée avec la montée en importance de l’informatique

Problème très fréquent : la reproductibilité est l’exception

Causes principales :

la complexité des logiciels
une mâıtrise insuffisante des environnements computationnels
la non-publication du code source
les fausses manips passées inaperçues
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La reproductibilité au service de la fiabilité

Une communauté qui apprécie et vérifie la reproductibilité

encourage la publication de tous les détails d’une étude scientifique

facilite la découverte d’erreurs

pousse les chercheurs vers plus de prudence

rend la fraude plus risquée

facilite la réutilisation des données et méthodes
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Le réseau “Recherche Reproductible”

https://www.recherche-reproductible.fr/

Journées annuelle 2024 : 26-28 mars à Grenoble
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