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The Center for Reproducible Science
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Web: www.crs.uzh.ch Twitter: @crsuzh

https://twitter.com/crsuzh


Goals of the CRS

Page 3

2. Promote, support and conduct 
original research in reproducibility 
and methodology

1. Teaching and training to improve 
the overall reproducibility and quality 
of empirical research

● Good Research Practice (GRP) courses

● ReproducibiliTea journal club, see 
https://www.crs.uzh.ch/en/training/talks/R
eproducibiliTea.html

● Methodology for analysis and 
design of replication studies

● Meta-research (e.g., publication 
bias, assessment of replicability)

https://www.crs.uzh.ch/en/training/talks/ReproducibiliTea.html
https://www.crs.uzh.ch/en/training/talks/ReproducibiliTea.html


Peer-led consortium that aims to promote and ensure 
rigorous research practices in Switzerland by 

● establishing appropriate training activities
● designing and evaluating research improvement efforts
● disseminating best practice
● working with stakeholders to coordinate efforts across the sector

SwissRN aims for broad disciplinary representation and an intensive 
interdisciplinary dialogue. See www.swissrn.org for more information.
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The Swiss Reproducibility Network 

http://www.swissrn.org


Open Science and Reproducibility 

Promoting Open Science helps researchers
1. to more easily and reliably build on previous work through Open Access 

publications and openly available data
2. to accelerate discovery through less repetition of inaccessible work and 

of data already produced for other projects
3. to increase and maintain the trustworthiness of scientific results which 

can be verified and replicated

Promoting Reproducibility helps researchers
1. to efficiently benefit from openly available data
2. to accelerate discovery even more through “easily” reproducible projects 

with shared software and scientific workflows
3. to verify and replicate scientific results
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Open science made easy
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Link to Open science made easy document: https://osf.io/hktmf/ 

https://osf.io/hktmf/


What do we mean by Reproducibility vs Replicability?

Reproducibility refers to the ability of a researcher to duplicate the results 
of a prior study using the same materials as were used by the original 
investigator.

This requires, at minimum, the sharing of data sets, relevant metadata, 
analytical code, and related software.

Replicability refers to the ability of a researcher to duplicate the results of a 
prior study if the same procedures are followed but new data are collected.

Page 7

Goodman et al., 2016, 
Sci Transl Med

http://dx.doi.org/10.1126/scitranslmed.aaf5027
http://dx.doi.org/10.1126/scitranslmed.aaf5027


Issues with reproducibility/replicability affects many fields
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Biomedicine

Psychology
● Only 39 of 100 replication 

studies were significant
● Mean effect size 50% as in 

original studies
Open Science Collaboration, 2015, Science

● Drug target validation in 
oncology, women’s health, 
and cardiovascular 
diseases

● Only 22 of 67 papers were 
fully or partially confirmed

Prinz et al., 2011, Nat Rev Drug Discov

http://dx.doi.org/10.1126/science.aac4716
http://dx.doi.org/10.1038/nrd3439-c1


Issues with reproducibility/replicability affects many fields
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Social Sciences

Economics

● Significant effect in 13 of 
21 studies

● Mean effect size 50% as in 
original studies

Camerer et al., 2018, Nat Hum Behav

● Significant effect in 11 of 
18 studies

● Mean effect size 66% as in 
original studies

Camerer et al., 2016, Science

http://dx.doi.org/10.1038/s41562-018-0399-z
http://dx.doi.org/10.1126/science.aaf0918


Is there a reproducibility crisis?
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Video on Youtube, see https://youtu.be/j7K3s_vi_1Y Baker, 2016, Nature

http://www.youtube.com/watch?v=j7K3s_vi_1Y
https://youtu.be/j7K3s_vi_1Y
http://dx.doi.org/10.1038/533452a


Is there a reproducibility crisis?
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Baker, 2016, Nature

http://dx.doi.org/10.1038/533452a


Factors contributing to irreproducible research
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Baker, 2016, Nature

http://dx.doi.org/10.1038/533452a


Open science: A vision for collaborative, reproducible and 
reusable research
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“True open science demands more than simply making 
data available: it needs to concern itself with providing 
information on how to repeat or verify an analysis 
performed over given datasets, producing results that can 
be reused by others for comparison, confirmation or 
simply for deeper understanding and inspiration. This 
requires runnable examples of how the research was 
performed, accompanied by software, documentation, 
runnable scripts, notebooks, workflows and compute 
environments. It is often too late to try to document 
research in such detail once it has been published.”

S Dallmeier-Tiessen and T Simko 

https://cerncourier.com/a/open-scie
nce-a-vision-for-collaborative-repro
ducible-and-reusable-research/

https://cerncourier.com/a/open-science-a-vision-for-collaborative-reproducible-and-reusable-research/
https://cerncourier.com/a/open-science-a-vision-for-collaborative-reproducible-and-reusable-research/
https://cerncourier.com/a/open-science-a-vision-for-collaborative-reproducible-and-reusable-research/


The scientific method and threats to reproducibility
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Munafò et al., Nat. Hum Behav, 2017 

http://dx.doi.org/10.1038/s41562-016-0021


The scientific method and threats to reproducibility 
⇒ failure to control for bias
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Munafò et al., Nat. Hum Behav, 2017 

http://dx.doi.org/10.1038/s41562-016-0021


Types of bias

D. Sackett, Bias in Analytic Research, J Chron Dis, 1979, 32, 51-63

1. In reading up on the field
2. In specifying and selecting the study sample
3. In executing the experimental manouevre (or exposure)
4. In measuring exposures and outcome
5. In analyzing the data
6. In interpreting the analysis
7. In publishing the results
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https://www.jclinepi.com/article/0021-9681(79)90012-2/fulltext


Designing studies in order to reduce bias

● Randomization: selection bias 

● Predefined inclusion and exclusion criteria: execution bias

● Blinding interventions and outcome assessment: measurement bias

● Carefully choose how to measure: measurement bias
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Avoid procedure selection bias by randomization
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https://psuc3d.wordpress.com/2012/03/



Effects of blinding
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MS: Link to paperStroke: Link to paper

https://journals.sagepub.com/doi/10.1177/1352458510379612
https://www.ahajournals.org/doi/10.1161/STROKEAHA.108.515957?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed


The scientific method and threats to reproducibility
⇒ low statistical power
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Avoid bias by design



Planning studies in order to avoid low power

How likely are results from scientific research?
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Cartoon by Jim Borgman, first published by the Cincinnati Inquirer and King Features Syndicate 
1997 Apr 27; Forum section: 1 



Unlikely results: see the video
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https://youtu.be/TosyACdsh-g
https://www.dailymotion.com/video/x6fbmod 

The Economist

http://www.youtube.com/watch?v=TosyACdsh-g
https://youtu.be/TosyACdsh-g


The scientific method and threats to reproducibility
⇒ Poor quality control
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Avoid bias by design

Large enough sample

Open hypothesis 
through 
pre-registration



Measures to ensure quality control

● Use detailed experimental protocols, standardized operating procedures, 
and checklists 

● Follow a predefined data management plan, including appropriate data 
recording techniques

● Use electronic lab notebook if possible with backup and collaboration 
possibilities 

● Establish procedures for critical incident reporting

Page 24



The scientific method and threats to reproducibility
⇒ P-hacking HARKing

Page 25

Avoid bias by design

Large enough sample

Quality control measures

Open and FAIR data

Open hypothesis 
through 
pre-registration



p-hacking 
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HARKing (hypothesizing after the results are known)
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https://www.flickr.com/photos/23868780@N00/7374874302



No more miracles
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“This is exactly how it seems when you 
try to figure out how authors got from a 
large and complex data set to a dense 
paper with lots of busy figures. Without 
access to the data and the analysis 
code, a miracle occurred. And there 
should be no miracles in science.”

Five selfish reasons to work reproducibly
F Markowetz 
https://genomebiology.biomedcentral.com/articles/10.1186/s13
059-015-0850-7

http://2008.igem.org/wiki/images/7/71/Modeling_cartoon.gif

https://genomebiology.biomedcentral.com/articles/10.1186/s13059-015-0850-7
https://genomebiology.biomedcentral.com/articles/10.1186/s13059-015-0850-7
http://2008.igem.org/wiki/images/7/71/Modeling_cartoon.gif


Exploratory vs. confirmatory research
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Confirmatory research

Clear hypothesis required

Test a priori hypothesis with new data

High specificity desired,
i.e. minimizing false positives

Strong evidence and confirming the 
expected 

For example: Assessing the efficacy of a 
drug in humans

Exploratory research

No hypothesis, or only vague

Generate new hypothesis from data

High sensitivity desired,
i.e. minimizing false negatives

New discoveries and finding the 
unexpected

For example: Testing of new 
compounds in mice



(Pre)- Registration
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Time-stamped read-only research protocol created before the study 
containing as a minimum:

● Hypotheses
● Description of population, inclusion/exclusion criteria, sample size 
● Data collection procedure or database used
● General design
● Variables (primary vs. secondary, explanatory vs. dependent variables, 

raw vs manipulated variables)
● Specify exactly how the key confirmatory analyses will be conducted 

under all probable scenarios: Statistical Analysis Plan



Why should you (pre)-register your study?

● Add credibility to your research

● Set a time-stamped record of your ideas

● Lets you think more deeply about your research and planning

● Helps you remember your exact a-priori hypotheses

● Can save you a lot of time

● Documents your research and your career

● Allows your study to be included in meta research projects
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Clinical trials

Registration of clinical trials has become a standard since the late 1990.
It is a scientific, ethical and moral responsibility for all trials because:

● Informed decisions are difficult under publication bias and selective 

reporting 

⇒ Declaration of Helsinki: "Every clinical trial must be registered [...]”

● Describing clinical trials in progress simplifies identification of research gaps 

● The early identification of potential problems contributes to improvements 

in the quality 
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Registry for clinical trials since 
1997
https://clinicaltrials.gov/

International Clinical Trials 
Registry Platform (ICTRP)
https://www.who.int/ictrp/network/
primary/

Research management tool (not 
just for preregistration), embargo 
possible for up to 4 years
https://osf.io/ 

Protocols can be private forever
https://aspredicted.org/

Comprehensive listing of 
preclinical animal study protocols
https://preclinicaltrials.eu/

PROSPERO International 
prospective register of systematic 
reviews
https://www.crd.york.ac.uk/prospe
ro/

Registries (non-exhaustive list)
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https://clinicaltrials.gov/
https://www.who.int/ictrp/network/primary/en/
https://www.who.int/ictrp/network/primary/en/
https://osf.io/
https://aspredicted.org/
https://preclinicaltrials.eu/
https://www.crd.york.ac.uk/prospero/
https://www.crd.york.ac.uk/prospero/
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Registration shows an effect

Kaplan and Irvin, 2015, PLOS One

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0132382


The scientific method and threats to reproducibility
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Avoid bias by design

Large enough sample

Quality control measures

Pre-Registration

Distinguish exploratory 
from confirmatory

Statistical Analysis Plan

Open and FAIR data

Open source 
software for 
transparent results

Open hypothesis 
through 
pre-registration



Publication Bias

Page 36https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0010068

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0010068


Example of publication bias
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In the article “Selective Publication of Antidepressant Trials and Its 
Influence on Apparent Efficacy” the authors obtained reviews from the Food 
and Drug Administration (FDA) for studies of 12 antidepressant agents 
involving 12,564 patients. They conducted a systematic literature search to 
identify matching publications.

Among 74 FDA-registered studies 38 were considered having a positive 
result by the FDA and 36 a negative result. The resulting publications were:

Positive    Published    Not published    Published as positive Total

yes 37 1 38

no 3 22 11 36

https://www.nejm.org/doi/full/10.1056/nejmsa065779

https://www.nejm.org/doi/full/10.1056/nejmsa065779




Registered reports
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Two stage review

First stage
protocol with hypotheses, methods 
and analysis plan is reviewed
⇒ in-principle acceptance

Second stage
Authors resubmit after completion 
of study incorporating first-stage 
review recommendations, paper is 
quality-controlled before publication

⇒ Dozens of journals already 
implemented RR: Cortex, 
BMJ Journals, Nature Hum 
Behav., eNeuro, etc., see 
https://cos.io/rr/ 

https://cos.io/rr/


Reporting guidelines
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● Simple, structured tool to use while writing manuscripts. 

● Providing a minimum list of information needed to ensure a manuscript 
can be, for example:
○ understood by a reader
○ replicated by a researcher
○ used by a doctor to make a clinical decision
○ included in a systematic review

● Guiding authors in reporting a specific type of research

● Developed using explicit methodology

http://www.equator-network.org/about-us/what-is-a-reporting-guideline/

http://www.equator-network.org/about-us/what-is-a-reporting-guideline/


Examples

https://www.pnas.org/content/118/17/e2103238118

http://www.equator-network.org/reporting-guidelines/

https://www.pnas.org/content/118/17/e2103238118
http://www.equator-network.org/reporting-guidelines/


Examples

American Psychologist, 73, 2018, 3-25 
or https://apastyle.apa.org/jars/quantitative

NeuroImage, 40, 2008, Pages 409-414
Journal of Human-Robot Interaction, 1, 2012, 
119-136

⇒ also available qualitative and mixed 
methods

Nat Med 26, 1351–1363, 2020

https://psycnet.apa.org/fulltext/2018-00750-002.html
https://apastyle.apa.org/jars/quantitative
https://www.sciencedirect.com/science/article/pii/S1053811907011020?via%3Dihub
https://dl.acm.org/doi/pdf/10.5898/JHRI.1.1.Riek
https://dl.acm.org/doi/pdf/10.5898/JHRI.1.1.Riek
https://apastyle.apa.org/jars/qualitative
https://apastyle.apa.org/jars/mixed-methods
https://apastyle.apa.org/jars/mixed-methods
https://www.nature.com/articles/s41591-020-1037-7.pdf


Examples
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Drug Metab Dispos 48:64–74, January 2020

Drug Metab Dispos 48:64–74, January 2020

Look for developments in your field!

http://dmd.aspetjournals.org/content/dmd/48/1/64.full.pdf
https://www.altex.org/index.php/altex/article/view/1229


The scientific method and transparent & reproducible research
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Avoid bias by design

Large enough sample

Quality control measures

Pre-Registration

Distinguish exploratory 
from confirmatory

Statistical Analysis Plan

Registered Reports
Reporting Guidelines

Open hypothesis 
through 
pre-registration

Open and FAIR data

Open source 
software for 
transparent results

Open access 
publications
and preprints



Thank you very much!

Visit our website: www.crs.uzh.ch

Follow us on Twitter: @crsuzh

Find your local node of SwissRN: www.swissrn.org

Follow SwissRN on Twitter: @SwissRN
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http://www.crs.uzh.ch
https://twitter.com/crsuzh
http://www.swissrn.org
https://twitter.com/SwissRN


License
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This presentation is licensed with a CC-BY international license 4.0 
https://creativecommons.org/licenses/by/4.0/

Please cite as: Eva Furrer, “Open Science: Transparent and Reproducible”, 
University of Zurich, 2022.


