
Hao Ye (he/him/his)
Reproducibility Librarian
Health Science Center Libraries
University of Florida

@Hao_and_Y
haoye@ufl.edu

Reproducibility, Replicability, and 
Open Science

mailto:haoye@ufl.edu


Learning Objectives

By the end of this class, you will be able to:
❖ define the "reproducibility crisis" and describe some of the 

causes
❖ contrast "replicability" and "reproducibility" (NASEM)
❖ describe open practices for improving reproducibility
❖ identify next steps in making your own research more open



The "Reproducibility Crisis"





Are research results reproducible?

note axis
(higher = more 
irreproducible)



RESEARCH ARTICLE SUMMARY
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PSYCHOLOGY

Estimating the reproducibility of
psychological science
Open Science Collaboration*

INTRODUCTION: Reproducibility is a defin-
ing feature of science, but the extent to which
it characterizes current research is unknown.
Scientific claims should not gain credence
because of the status or authority of their
originator but by the replicability of their
supporting evidence. Even research of exem-
plary quality may have irreproducible empir-
ical findings because of random or systematic
error.

RATIONALE: There is concern about the rate
and predictors of reproducibility, but limited
evidence. Potentially problematic practices in-
clude selective reporting, selective analysis, and
insufficient specification of the conditions nec-
essary or sufficient to obtain the results. Direct
replication is the attempt to recreate the con-
ditions believed sufficient for obtaining a pre-

viously observed finding and is the means of
establishing reproducibility of a finding with
new data. We conducted a large-scale, collab-
orative effort to obtain an initial estimate of
the reproducibility of psychological science.

RESULTS:We conducted replications of 100
experimental and correlational studies pub-
lished in three psychology journals using high-
powered designs and original materials when
available. There is no single standard for eval-
uating replication success. Here, we evaluated
reproducibility using significance and P values,
effect sizes, subjective assessments of replica-
tion teams, and meta-analysis of effect sizes.
The mean effect size (r) of the replication ef-
fects (Mr = 0.197, SD = 0.257) was half the mag-
nitude of the mean effect size of the original
effects (Mr = 0.403, SD = 0.188), representing a

substantial decline.Ninety-sevenpercent of orig-
inal studies had significant results (P < .05).
Thirty-six percent of replications had signifi-

cant results; 47% of origi-
nal effect sizes were in the
95% confidence interval
of the replication effect
size; 39% of effects were
subjectively rated to have
replicated the original re-

sult; and if no bias in original results is as-
sumed, combining original and replication
results left 68% with statistically significant
effects. Correlational tests suggest that repli-
cation success was better predicted by the
strength of original evidence than by charac-
teristics of the original and replication teams.

CONCLUSION:No single indicator sufficient-
ly describes replication success, and the five
indicators examined here are not the only
ways to evaluate reproducibility. Nonetheless,
collectively these results offer a clear conclu-
sion: A large portion of replications produced
weaker evidence for the original findings de-
spite using materials provided by the original
authors, review in advance for methodologi-
cal fidelity, and high statistical power to detect
the original effect sizes. Moreover, correlational
evidence is consistent with the conclusion that
variation in the strength of initial evidence
(such as original P value) was more predictive
of replication success than variation in the
characteristics of the teams conducting the
research (such as experience and expertise).
The latter factors certainly can influence rep-
lication success, but they did not appear to do
so here.
Reproducibility is not well understood be-

cause the incentives for individual scientists
prioritize novelty over replication. Innova-
tion is the engine of discovery and is vital for
a productive, effective scientific enterprise.
However, innovative ideas become old news
fast. Journal reviewers and editors may dis-
miss a new test of a published idea as un-
original. The claim that “we already know this”
belies the uncertainty of scientific evidence.
Innovation points out paths that are possible;
replication points out paths that are likely;
progress relies on both. Replication can in-
crease certainty when findings are reproduced
and promote innovation when they are not.
This project provides accumulating evidence
for many findings in psychological research
and suggests that there is still more work to
do to verify whether we know what we think
we know.▪
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Original study effect size versus replication effect size (correlation coefficients). Diagonal
line represents replication effect size equal to original effect size. Dotted line represents replication
effect size of 0. Points below the dotted line were effects in the opposite direction of the original.
Density plots are separated by significant (blue) and nonsignificant (red) effects.
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Read the full article
at http://dx.doi.
org/10.1126/
science.aac4716
..................................................
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270 authors worked to replicate 100 studies:
❖ statistically significant p-values:

✦ original 97%; replication 36%

❖ effect sizes:

✦ original 0.403 ± 0.188

✦ replication 0.197 ± 0.257
Open Science Collaboration 2015. Science 349: aac4716. DOI: 10.1126/science.aac4716 



What do you think are some of the causes?
(zoom poll)



What factors 
contribute to 
irreproducible 
research?

❖ Baker 2016. "1,500 
scientists lift the lid on 
reproducibility"

❖ https://
www.nature.com/
articles/533452a 

https://www.nature.com/articles/533452a
https://www.nature.com/articles/533452a
https://www.nature.com/articles/533452a


a) Publication Bias

❖ Journals prioritize novel findings that contain positive results.

✦ experiments which show null effects or that do not reach 
statistical significance are difficult to publish.

✦ replications of previous experiments, whether confirmatory 
or contradictory, are difficult to publish.



❖ Start with 200 hypotheses that are interesting enough to test.
❖ Assume 10% are true:

✦ 20 true hypotheses, 180 false hypotheses



❖ Assume power = 80%, 16 of the 20 true hypotheses yield 
statistically significant results.

❖ Assume alpha = 0.05, 9 of the 180 false hypotheses yield 
statistically significant results



❖ If only statistically significant results are published:

✦ 16 out of 25 publications have true effects

✦ 9 out of 25 publications are from false positives

36% of the statistically significant results are false positives!



b) Researcher Degrees of Freedom

❖ Researchers have many options when 
deciding how to process and analyze 
data.

❖ "Many Analysts" (Silberzahn et al. 2018)
✦ Are soccer referees more likely to 

give red cards to dark-skin-toned 
players vs. light-skin-toned players?

✦ 29 teams of analysts



Questionable Research Practices

❖ p-hacking - adjusting methodology (e.g. collecting more data, 
changing experimental design, trying different analysis methods) 
to achieve a specific result (usually statistically significant in a 
desired direction)

❖ HARKing - "Hypothesizing After Results are Known", presenting 
a hypothesis that is chosen after data collection/analysis as 
though the hypothesis were selected ahead of time

❖ Note: p-hacking and HARKing are not mutually exclusive!

❖ Note: similar activities, reported honestly as exploratory research 
may be ok!



Reproducibility vs. Replicability



as used by NASEM (and others) 

DATA ANALYSIS RESULTS

reproducibility same same same

replicability different same (usually) same

ASA 2017. "Recommendations to Funding Agencies for Supporting Reproducible Research"



Replicability vs. Reproducibility

❖ (replication)
❖ "If we repeat the experiment, will the new data and results be 

consistent with the findings of the original paper?"

❖ (reproducible result)
❖ "If we use the published data and methods, can we reproduce 

the results/analysis/figures?"



Research Process

DEVELOP 
IDEA

DESIGN 
STUDY

COLLECT 
DATA 

WRITE 
REPORT

PUBLISHANALYZE 
DATA

REPRODUCTION REPLICATION

GENERALIZABILITY



What are some ways of addressing 
irreproducibility / irreplicability?



Scenario 
(adapted from one by Melissa Rethlefsen)

❖ Quinn has just joined Darcy's lab, and will be continuing a line of 
research started by Jamie, a former lab member who has started a 
job outside academia.

❖ Quinn begins by replicating Jamie's experiments, in order to 
become familiar with the protocol. Quinn is unable to locate Jamie 
lab notebook, which may have been taken with them or lost. 

❖ Whereas Jamie's initial results show a significant effect, the new 
data collected by Quinn does not.

❖ Darcy is preparing to publish Jamie's research, which will be an 
important paper in Darcy's tenure packet.



What should Quinn do?

❖ Try additional ways of processing the data and/or performing 
the analyses.

❖ Contact Jamie to ask for the original lab journal(s) and/or 
more information about conducting the experiments.

❖ Rerun the experiments and collect more data.
❖ Intervene with the paper submission, because the results are 

not reproducible.
❖ Other.



(breakout rooms)



Scenario Discussion

❖ There is no perfect solution!
✦ There are multiple actions - you don't have to do them 

all at the same time.
❖ Increasing openness and transparency at various stages of 

research can prevent some problems from occurring or make 
it easier to resolve other problems.

✦ Openness alone is incomplete; research is complex!



Openness as a path to 
reproducibility



Reproducing methods from a 
published paper

Oktop, Van. "HOW TO: DRAW A HORSE" Van Oktop. 2012-01-05.  
Web. 2020-01-27 https://oktop.tumblr.com/post/15352780846



Openness in the Research Process

DEVELOP 
IDEA

DESIGN 
STUDY

COLLECT 
DATA 

WRITE 
REPORT

PUBLISHANALYZE 
DATA

Sharing Grant 
Applications and 
Micropublications

Open 
Data

Preprints
Registered 
Reports Open 

Code
Open  

Access & 
Reproducible 
Manuscripts



Sharing grant applications

❖ funders, institutional repositories, other platforms (e.g. 
https://ogrants.org) 

❖ Enable researchers to openly share grant and fellowship 
applications (funded and unfunded)

❖ Demystify the process for new researchers, first-gen, those 
without access to institutional knowledge and support, etc.

https://ogrants.org


Publish hypotheses, ideas, etc.

❖ https://science-octopus.org/

❖ https://libscie.org/hypergraph/

https://science-octopus.org/
https://libscie.org/hypergraph/


Registered Reports

❖ 2-stage process:
✦ study design and analysis plan is peer-reviewed prior to 

data collection → journal provisionally accepts if the 
methodology is followed

✦ peer review occurs without regard to impact
❖ standard practice for clinical trials – 
clinicaltrials.gov

❖ protocols in other fields can be registered at osf.io/rr/

http://clinicaltrials.gov
https://osf.io/rr/


Data and Code Sharing



Preprints

Fraser & Kramer 2020. "{covid19_preprints}" DOI: 10.6084/m9.figshare.12033672.v23



Open Access Publishing

❖ Papers are available for anyone to read.
❖ Usually requires authors/funders to pay an Article Processing 

Charge (in lieu of journal subscription)
❖ UF has discounts on APCs for some publishers/journals 

(sometimes free!)

✦ https://guides.uflib.ufl.edu/
openaccess/ufinvests

✦ (sorry, no more open access fund!)

https://guides.uflib.ufl.edu/openaccess/ufinvests
https://guides.uflib.ufl.edu/openaccess/ufinvests


Reproducible Manuscripts



Openness in the Research Process

DEVELOP 
IDEA

DESIGN 
STUDY
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DATA 

WRITE 
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Sharing Grant 
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Open 
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What's next?



Illustration	by	Tom	Dunne.

In	addition	to	advocating	for	making	data,	papers,	and	other	parts	of	science	more	open,	we	advocate	for

recognizing	the	structural	barriers	that	individual	scientists	may	face	and	not	penalizing	individuals	for

failing	to	tick	all	the	“necessary”	boxes	for	a	project	to	be	considered	open.	Such	calling	out	of	scientists

through	all-or-nothing	criteria	reduces	the	accessibility	of	science	and	may	reify	existing	inequalities	within

this	profession.

Accessibility	for	All	Scientists

To	truly	achieve	open	science’s	transformative	vision,	it	must	be	universally	accessible,	so	that	all	people

have	access	to	the	dialogue	of	science.	Accessible	in	this	context	means	usable	by	all,	with	particular

emphasis	on	communities	often	not	served	by	scientific	products.	This	emphasis	includes	people	with

sensory	disabilities	who	may	use	access	technology,	such	as	blind	and	low-vision	scientists	using	screen

readers;	people	in	rural	or	poorer	regions	with	no	or	slow	internet;	and	people	without	the	means	to	pay

for	scientific	publications.	An	accessible	open	science	would	serve	everyone.

This	kind	of	accessibility	can	be	vital	for	those	who	need	these	scientific	findings.	For	example,	family

members	of	people	with	rare	illnesses	may	not	be	able	to	afford	to	go	through	a	paywall	and	read	scientific

studies	that	may	help	them	access	care	and	resources	for	their	loved	one.

(/)

Bahlai, Bartlett, Burgio, Fournier, Keiser, Poisot, Stack Whitney 2019. "Open Science Isn't 
Always Open to All Scientists". American Scientist 107. DOI: 10.1511/2019.107.2.78



https://www.nature.com/articles/d41586-021-01430-z 

recent example from https://
pubpeer.com/publications/

78B9CF77368453B0CB4627E90D1EA9

https://www.nature.com/articles/d41586-021-01430-z


How to Get Started?

❖ UF Libraries Academic Research Consulting & Services
✦ guidance on data management, open access, research 

metrics, research integrity, reproducibility, etc.

✦ https://arcs.uflib.ufl.edu/ 
❖ ReproducibiliTea (UF Chapter) - meetings to start in Fall 

2021
✦ Reproducibility and Open Science Journal club 

✦ https://uf-repro.github.io/

https://arcs.uflib.ufl.edu/
https://uf-repro.github.io/


❖ https://uf-repro.github.io/
movementdisorders-seminar/seminars 

❖ includes links to recordings

https://uf-repro.github.io/movementdisorders-seminar/seminars
https://uf-repro.github.io/movementdisorders-seminar/seminars


SURVEY 
https://ufl.qualtrics.com/jfe/form/
SV_1WVLQUcrykr7YFM



RCR
On

Campus

If You Suspect Research Misconduct…
Research Misconduct means 
fabrication, falsification, or plagiarism 
in proposing, performing, or reviewing 
research, or in reporting research 
results.  

Questionable Research Practices are 
reports of careless, irregular, or 
contentious research practices, as well 
as authorship disputes,  may not meet 
the standard for research misconduct 
but may be a research integrity 
violation.

Make a confidential report to 
the UF Research Integrity 
Officer (RIO) 

Cassandra C. Farley 
(352) 273-3052 | cfarley@ufl.edu 

You may also report anonymously 
 UF Compliance Hotline: 877-556-5356

Still not sure if it is Misconduct or a QRP? The 
RIO can help you better understand the 
situation. You can speak in hypotheticals as 
you consider making an official allegation.



Open Access Publishing Costs

❖ Article Processing Charge (APC) for Nature 
Communications, Nature Publishing Group's flagship OA 
journal:

✦ £3,790 / $5,380 / €4,380
❖ APC waivers for low-income countries*

✦ *defined by the World Bank
✦ what about researchers in non-profits, volunteer groups, 

graduated students?



The Perils of Open Data

❖ publication on rare Chinese cave geckos led to poaching and 
local extinction:

✦ Ngo et al. 2016. "First population assessment of two cryptic 
Tiger Geckos (Goniurosaurus) from northern Vietnam: 
Implications for conservation". Amphibian & Reptile 
Conservation 10: 34-45.

❖ software for medical data on GitHub leaked patient data:
✦ Evans & Taylor 2020. "Protected health information 

breaches on GitHub". Zenodo. DOI: 10.5281/
zenodo.3823418



5 Schools of Thought

❖ democratic: make knowledge freely available for everyone
❖ pragmatic: open up the process of knowledge creation
❖ infrastructure: create openly available platforms, tools, and 

services
❖ public: make science accessible to the community
❖ measurement: develop alternative metrics for measuring 

impact

Fecher & Friesike 2014. "Open Science: One Term, Five Schools of Thought" 
in Opening Science, pp17-47. DOI: 10.1007/978-3-319-00026-8_2


