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Does science correct itself? 
(And what can we do about it?)





1 A significant part of science is wrong

Different sources of error:


Science is human - we try …


and sometimes we get it wrong


- random error


- measurement error (imprecision)

3



Misidentified/misreported reagents:  

biological materials and organisms (or parts) 
used in experimental biomedical research  
as object of study or as component

But some errors happen systematically.

Hepkema, W. M., Horbach, S. P. J. M., Hoek, J. M., & Halffman, W. (2021, forthc). Misidentified biomedical resources: Journal guidelines are not a quick fix. Int J Cancer. 



What got me started: 
The history of HeLa and misidentified cell lines.
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1951: the first immortalised cell

HeLa in culture by Otto Gey

The 2010 book, later partly 
dramatised in film with Oprah Winfrey

1986 account of misidentifications, 
long out of print

Walter Nelson-Rees end 1960s & 70s:  
cross-contaminated cell cultures.


Your cells are HeLa cells.
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Retraction Watch, guest post,  8 dec 2015.

https://retractionwatch.com/2015/12/08/hela-is-the-tip-of-the-contamination-iceberg-guest-post-from-cell-culture-scientist/
https://retractionwatch.com/2015/12/08/hela-is-the-tip-of-the-contamination-iceberg-guest-post-from-cell-culture-scientist/
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Horbach, S. P. J. M., & Halffman, W. (2017). The ghosts of HeLa: How cell line misidentification contaminates the scientific literature. 
PLoS ONE, 12(10), 16. doi:10.1371/journal.pone.0186281

≈ 32.000

> 500.000

Can we assess the size of this problem?  
How many papers use misidentified cells?

Volkskrant article about our paper (14.10.2017). 
“Does not matter, say involved researchers.”

http://doi.org/10.1371/journal.pone.0186281
http://doi.org/10.1371/journal.pone.0186281


Methods & design: fact-checking

Literature database 
(eg Web of Science)

Confirmed 
reference database



What detectable error allows us to do

Where does error occur?


Effects of prevention


Publication pressure


9 Brown & Ramaswamy
Volume 63 | Part 9 | September 2007 | Pages 941–950 | 10.11107/S0907444907033847

Brown, E. N., & Ramaswamy, S. (2007). Quality of protein crystal structures. Acta Crystallographica Section D, 

63(9), 941-950. doi:10.1107/S0907444907033847
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In 2005, John Ioannidis sounded the alarm over bad statistics 
in biomedical research, as cause of the ‘replication crisis’. 

The beginning of a long range of “bad stats” papers.
Ioannidis, J. P. A. (2005). Why most published research findings are false. PLoS Med, 2(8), e124. doi: 10.1371/journal.pmed.0020124 


http://doi.org/10.1371/journal.pmed.0020124
http://doi.org/10.1371/journal.pmed.0020124


And then there is error on a systemic scale.
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John Carlisle, British anaesthesiologist and “data detective”.

After fact-checking statistics 
in anaesthesiology papers, 
Carlisle found problems.


In 2017 he identified 70 
problematic random control 
trials out of 5000 publications.


By 2020, he closely reanalysed 
526 clinical trials in his field. 
He found 73 had false data.  
Of these, 43 were ‘zombie’: 
made up or heavily manipulated.


Carlisle, J. B. (2021). False individual patient data and zombie randomised  
controlled trials submitted to Anaesthesia. Anaesthesia, 76(4), 472-479.  
doi: 10.1111/anae.15263


https://doi.org/10.1111/anae.15263
https://doi.org/10.1111/anae.15263
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Elisabeth	Bik,	‘image	sleuth’:	

Bik	has	an	eye	for	photoshopped	
images	in	biomedical	publica<ons.	

A?er	discovering	she	could	not	
reproduce	an	experiment		
that	turned	out	to	be	fake,	
she	started	her	detec<ve	work.

Nature	581,	132-136	(2020)	
doi:	10.1038/d41586-020-01363-z

https://doi.org/10.1038/d41586-020-01363-z
https://doi.org/10.1038/d41586-020-01363-z
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Bik	and	her	network	have	now	scanned	
20.000+	papers.	

They	found	that	3,8%	have	‘problema<c’	
figures,	and	about	half	of	those	showed	
clear	signs	of	deliberate	manipula<on.	

Only	30-40%	have	been	retracted  
or	corrected	in	the	literature.	

Published	as	a	meta-research	paper.

Bik,	E.	M.,	Casadevall,	A.,	&	Fang,	F.	C.	(2016).	The	Prevalence	of	Inappropriate	Image	DuplicaQon	in	Biomedical	Research	PublicaQons. 
mBio,	7(3),	e00809-00816.	doi:10.1128/mBio.00809-16	

http://doi.org/10.1128/mBio.00809-16
http://doi.org/10.1128/mBio.00809-16


“Paper mills”: organised scientific fraud
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Scientists under extreme 
publication pressure 
(especially in China)

Fake research: 
“get publications”

Editorial support, 
language office. 
 
(but ‘under the table’  
just about anything)
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Error happens

and it occurs in the literature 
on non-trivial levels.



2 Do errors get corrected?

The belief that science eventually 
corrects itself is deeply engrained 
among scientists.


But is this really the case?


And if so, what does it look like?  
Error correction practices.
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Total  retractions per year

and even retracted papers continue to get cited as evidence!
e.g. Bar-Ilan, J., & Halevi, G. (2017). Post retraction citations in context: a case study. Scientometrics, 113(1), 547-565. doi:10.1007/s11192-017-2242-0


WoS 2020: 
ca 3mio articles

The number of retractions are growing, but they are still rare and very slow.

http://doi.org/10.1007/s11192-017-2242-0
http://doi.org/10.1007/s11192-017-2242-0


Mertionian optimism: why is there  
relatively little fraud in science?


Science is about refuting 
hypotheses: the reputational 
rewards for correcting claims 
are as big as for making them.


But error correction 
in ‘the literature’ is actually rare!

Corrections?

19
Harriet Zuckerman (1937 - ), sociologist of science

Zuckerman, H. (1977). Deviant Behavior and Social Control in Science. 
In E. Sagarin (Ed.), Deviance and Social Change (Vol. 1, pp. 87-138). Beverly Hills/London: Sage.

/32
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“Negative” citations, explicitly questioning other literature, are rare: <5%.

“Our study shows that contradicting citations are very 
uncommon (…)


Retracted or corrected articles are not more contradicted in 
scholarly articles than those that are neither retracted nor 
corrected, but they do generate more comments on Pubpeer 
(…). 


Moreover, post-publication peer review platforms, although 
external to the scientific publication process contribute more 
to the correction of science than negative citations.”

Bordignon, F. (2020). Self-correction of science: a comparative study of negative citations and post-publication peer review.  
Scientometrics, 124(2), 1225-1239. doi:10.1007/s11192-020-03536-z

http://doi.org/10.1007/s11192-020-03536-z
http://doi.org/10.1007/s11192-020-03536-z
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PubPeer,	a	post-publica<on	peer	review	overlay,	
is	the	major	resource	for	Bik	and	a	range	of	anonymous	helpers	to	flag	papers, 

leading	to	many	retrac<ons	(here	a	‘Tadpole	paper	mill’	paper).	
Now	>100.000	comments,	at	least	more	than	half	about	misconduct	(says	Barbour).
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Nature 27 May 2021 (594), 17-18. doi:10.1038/d41586-021-01430-z

The Guardian, 12 Nov 2020.  
https://www.theguardian.com/world/2020/nov/12/covid-professor-didier-raoult-hydroxychloroquine

http://doi.org/https://www.theguardian.com/world/2020/nov/12/covid-professor-didier-raoult-hydroxychloroquine
http://doi.org/https://www.theguardian.com/world/2020/nov/12/covid-professor-didier-raoult-hydroxychloroquine
https://www.theguardian.com/world/2020/nov/12/covid-professor-didier-raoult-hydroxychloroquine
https://www.theguardian.com/world/2020/nov/12/covid-professor-didier-raoult-hydroxychloroquine
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Apparently the “tree of knowledge”  
has branches that turn out to be dead ends  
that are simply abandoned, not pruned?

Correction happens, but often against resistance.  
Many errors are simply left uncorrected,  
because nobody bothered.



Uncomfortable observations:

1. Error in science exists, sometimes systematically.


2. Most errors are not corrected, only if somebody bothers.


3. Error correction is regularly met with fierce resistance.


4. Most erroneous research is simply abandoned in the literature.
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3. Now what?
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0

1

Accept: live with it. 

educate, explain

It’s an opportunity! 

develop tools, 
set up better journals

Regulate! 

Editorial rules, 
Funding requirements

Banish error, clean up! 

Meta-science movement, 
systematic checks, 
campaign



Banish error

Zeal in sleuthing and correcting

A movement, with a ‘puritan’ attitude.


We should be able to trust 
the literature.

(“build on”, “stand on”)


Objective: clean it up!
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Banish error: can we help?

Error tracking and detection 
(e.g. with scientometric methods)


But also:

Question assumptions, challenge expectations


27



Accept: living with error

Educate students about error.


Warn colleagues about reliability


Warn scientists about journals.

28
J.	Beall



Living with error: can we help?

Science as society teaching, e.g.


- about the publication system


- about the organisation of science


- incentive system


- business side of science


But also:


Institutional changes needed
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Regulate!

Improved editorial assessment 
(within which also peer review)


Publication guidelines, checklists


Conditions for funding (eg. NIH)


COPE: Commission On Publication Ethics 
(e.g. for retraction, fair authorship,…)
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Regulate! Can we help?

Effect of regulation: 
how to make better guidelines


But also:


Show limitations of the regulatory approach
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Hepkema, W. M., Horbach, S. P. J. M., Hoek, J. M., & Halffman, W. (2021, submitted).  
Misidentified biomedical resources: Journal guidelines are not a quick fix. Int J Cancer. 



Opportunity! Develop tools

Scanning, fact-checking tools


Including bibliometrics tools


Existing: 
Plagiarism, statcheck, tracing 
problematic resources, citations 
SciScore (™)


But also: 
Investigate the assumptions  
of these tools, unintended 
consequences
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Labbé, C., Grima, N., Gautier, T., Favier, B., & Byrne, J. A. (2019). Semi-automated fact-checking  
of nucleotide sequence reagents in biomedical research publications: The Seek & Blastn tool. 

 PLoS ONE, 14(3), e0213266. doi:10.1371/journal.pone.0213266
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1

Science as distributed cognition



Beyond “the literature” focus

- How can correction be facilitated in the distributed network?


- What causes resistance to correction?


- Do novel communication platforms assist correction 

and resolution of disputed errors?
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Does science correct itself?

Not really …


… but some scientists do (and they can use some help).
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Thanks you & thanks to:
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* NanoBubbles team


* Research Quality Team


* ERC Synergy funding


