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• A scientific fact can only be established if a reproducible
procedure to verify it can be defined

• Reproducibility vs. Repeatability:
• Repeatability: an experiment can be repeated under
the same conditions by the same person using the
same instruments

• Reproducibility: a reproducible experiment can be
replicated anywhere by anyone following the same
procedure (documented in literature)

• Challenges in reproducing research differ between
research areas; standardization of methods is favorable
for reproducibility

Science is based on reproducibility
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https://3c1703fe8d.site.internapcdn.net/newman/
gfx/news/hires/2016/howscientist.png



Publication process and lifecycle

Irreproducible results in the scientific publication process
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Post publication peer review

Irreproducible results in the scientific publication process
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https://pubpeer.com

• Several platforms allow reviewing and
commenting published papers

• PubPeer is currently the most popular
platform for post publication comments

• Comments can be started for any
article using a unique identifier

• Comments can be made anonymously
and address major or minor issues of a
paper

• Authors are alerted automatically if
there are comments on their paper

https://pubpeer.com/


Is there a reproducibility crisis?
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Baker, M.. Nature 533, 452–454 (2016). https://doi.org/10.1038/533452a

• Nature survey, 1576
researchers

• 52% agree that there is a
significant crisis in
reproducibility

• <31% think that non-
reproducible results are
wrong

• Most scientist still trust
published literature

1500 scientists lift the lid on reproducibility

https://doi.org/10.1038/533452a


Missing code / documentation
Examples for lack of reproducibility
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• Sharing for repeatability is essential to
ensure that other researchers can
evaluate results based on accurate and
complete evidence

• Repeatability study 2015 examins extent
to which computer systems researchers
share their source code and code builds

• This is referred to as weak repeatability

http://reproducibility.cs.arizona.edu/

Results of reproducibility study for 508 papers

402

http://reproducibility.cs.arizona.edu/


The reproducibility project: cancer biology
Examples for lack of reproducibility
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• 50 experiments
from 23 high-
profile papers
were repated

• Data about the
replicability of a
total of 158 effects
generated

• The success rate
of replication was
46%

Investigating reproducibility in preclinical cancer research

Five criteria used to assess replications could be used for both positive and null effects: (i) direction and
statistical significance; (ii) original effect size in replication 95% confidence interval; (iii) replication
effect size in original 95% confidence interval; (iv) replication effect size in original 95% prediction
interval; (v) meta-analysis combining original and replication effect sizes is statistically significant.

https://elifesciences.org/collections/9b1e83d1/reproducibility-project-cancer-biology

https://elifesciences.org/collections/9b1e83d1/reproducibility-project-cancer-biology


Yeo-Teh, N.S.L.; Tang, B.L., Publications 2022, 10, 29. 
https://doi.org/10.3390/publications10030029

F. C. Fang, R. G. Steen, and A. Casadevall, Proc. Natl. 
Accad. Sci. 109, 17028-17033, (2012). 
https://doi.org/10.1073/pnas.1212247109

Trends in paper retraction
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Retracted articles for specific 
causes by retraction year

Percentage of articles retracted 
for fraud or suspected fraud by 
publication year

• Paper retractions are on the
rise

• Only papers with significant
flaws are retracted

• Minor corrections usually
added to paper as erratum
(if anything)

• Main retraction causes:
fraud or conceptual
scientific mistake

Sustained Rise in Retractions in the Life 
Sciences Literature during the Pandemic Years
2020 and 2021 

Misconduct accounts for the majority
of retracted scientific publications

https://doi.org/10.3390/publications10030029


Publication pressure
Systemic reasons for lack of reproducibility
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3999612/

• Scientists spend time publishing as much as
possible, rather than spending time developing
research

• No time for confirmation of experiments

• Limited time for peer-review

• Only 45% of articles published in top 4500 scientific
journals are cited within first 5 years

• Only 42% of the papers receive more than one
citation, 5-25% of these are self-citation

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3999612/


Retraction watch database
How to keep track of retracted publications ?
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http://retractiondatabase.org

http://retractiondatabase.org/


Retraction watch blog
How to keep track of retracted publications ?
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https://retractionwatch.com

Most cited retracted papers (03/2023)

Article Retraction
year

Citing Articles
before retraction

Citing Articles
after retraction

Total cites
( Web of Science)

1. Primary Prevention of Cardiovascular Disease with a Mediterranean Diet. 
N ENGL J MED; APR 2013.
Estruch R, Ros E, Salas-Salvado J, Covas MI, Corella, D, Aros F, Gomez-Gracia E, Ruiz-Gutiérrez V, Fiol M, Lapetra J, 
Lamuela-Raventos RM, Serra-Majem L, Pinto X, Basora J, Munoz MA, Sorli JV, Martinez JA, Martinez-Gonzalez MA, et 
al., for the PREDIMED Study Investigators

2018 1905 950 2855

2. Ileal-lymphoid-nodular hyperplasia, non-specific colitis, and pervasive 
developmental disorder in children. 
LANCET; FEB 28 1998.
Wakefield AJ, Murch SH, Anthony A, Linnell J, Casson DM, Malik M, Berelowitz M, Dhillon AP, Thomson MA, Harvey P, 
Valentine A, Davies SE, Walker-Smith JA

2010 643 940 1583

3. Visfatin: A protein secreted by visceral fat that mimics the effects of insulin. 
SCIENCE; JAN 2005.
Fukuhara A, Matsuda M, Nishizawa M, Segawa K, Tanaka M, Kishimoto K, Matsuki Y, Murakami M, Ichisaka T, 
Murakami H, Watanabe E, Takagi T, Akiyoshi M, Ohtsubo T, Kihara S, Yamashita S, Makishima M, Funahashi T, 
Yamanaka S, Hiramatsu R, Matsuzawa Y, Shimomura I.

2007 232 1232 1464

https://retractionwatch.com/
https://www.nejm.org/doi/full/10.1056/NEJMoa1200303
http://www.thelancet.com/pdfs/journals/lancet/PIIS0140-6736(97)11096-0.pdf
http://www.thelancet.com/pdfs/journals/lancet/PIIS0140-6736(97)11096-0.pdf
https://science.sciencemag.org/content/307/5708/426.long


How to improve reproducibility?
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• Important: detailed description of
results and methods

• sharing of data and code, open
science

• More fundamental changes:
structural incentives need to be
changed
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