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+ loannidis, John PA. "Why most published research findings
are false." PLoS Med 2.8 (2005): e124.

+ Button, Katherine S., et al. "Power failure: why small sample
size undermines the reliability of neuroscience." Nature
Reviews Neuroscience 14.5 (2013): 365-376.
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- Contaminated cell lines in cancer science

- A breast-cancer cell line used in more than 1,000 published
studies turned out to have been a melanoma cell line.
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That problem is likely to be worse in policy-relevant fields
such as nutrition, education, epidemiology and economics,
in which the science is often uncertain and the societal
stakes can be high

* http://science.sciencemag.org/content/348/6242/1411 full
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Reproducibility Crisis in Cancer Biology

Repeat failures
6 53 Reproducibility Record: A timeline of events in the story of reproducibility
of
January August
Cafrer Papefsl that Letter from NIH heads, Publication of
mgen could Publication of Amgen Francis Collins and Reproducibility Project: Anticipated publication
reproduce and Bayer papers Lawrence Tabak Psychology results date of all results

14.67 A

giomedicaipapers | NN

that Bayer completely
reproduced

o MD Anderson | October fall} _
o Survey | Reproducibility Project: Cancer Biology |  Anticpated publication date

of first experimental results

announced
MD Anderson
researchers who
could not reproduce http://sitn.hms.harvard.edu/flash/2015/reproduce-or-bust-

a published study bringing-reproducibility-back-to-center-stage/

http://science.sciencemag.org/content/348/6242/1411 full

HOW MUCH PUBLISHED WORK IN YOUR

FIELD IS REPRODUCIBLE?
N a t u re % xl‘gl ?j Physicists and chemists were most confident in the literature.

PHYSICS AND EARTH AND
CHEMISTRY ENGINEERING =~ ENVIRONMENT

| L 1 - 100%
IS THERE A REPRODUCIBILITY CRISIS?

3% 52%
Don't know Yes, a significant crisis

7%
No, there is no
crisis

wn
=)
S
% of published literature that
is reproducible (predicted)

1,576

researchers

surveyed i | 100%

389 -
Yes, a slight
crisis

onature T |

o
=]
X
% of published literature that
is reproducible (predicted)

Baker (2016) Nature 533: 453-454 -0%
Number of respondents from each discipline:

Biology 703, Chemistry 106, Earth and environmental 95,

Medicine 203, Physics and engineering 236, Other 233 onature
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Does a failure to replicate mean that the
original result was a false positive?

No.

the original being a false positive

the replication being a false negative due to
« insufficient power,

* error in analysis,

» differences in statistical methods,

* error in the desi?n and implementation of the study procedures -
- reagent variability/lack of validation, unintentional selective
reporting, lack of appropriate controls, lack of equipment
calibration, or unrecognized experimental variables

The difference may provide new insights
. thedoriginal effect may be real but overestimated by the original
study
+ the conditions necessary to obtain the particular result are not
yet understood.

Errington, Timothy M., et al. "An open investigation of the
reproducibility of cancer biology research." Elife 3 (2014): e04333.




Does a successful replication mean that the
original interpretation is correct?

No.

can verify that a result can be obtained

establishes some generalizability by showing that it
can be obtained in different circumstances.

Direct replication does not confirm the interpretation

of the result.

» For example, if an original design has an unidentified
confounding influence, then the direct replication is also likely
to be influenced by that confound.

Conceptual replication will further clarify original
findings.

Errington, Timothy M., et al. "An open investigation of the
reproducibility of cancer biology research." £life 3 (2014): e04333.
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= There is room for improvement in how science is done
and reported, but something can often be learned
from irreproducible experiments.

It is important to recognize that researchers cannot
control for an unknown variable.

= There is an example of a useful resource that enhances
our understanding of underlying biological
phenomena and results from experiments that might
otherwise be branded as irreproducible.

» a web tool for identifying unwanted ‘passenger mutations’
that could confound analyses of transgenic mice (T.Vanden
Berghe etal. Immunity 43, 200-209; 2015).

Nature 2016 532:177




Reproducibility and
reliability of biomedical
research: improving

research practice

Symposium report. October 2015

Blinstims, #9BeSRC MR wescomers

http://www.acmedsci.ac.uk/viewFile/56314e40aac61.pdf

Data dredging

Also known as.

Omitting null
results
‘When scientists or
journals decide not
to publish studies

p-hacking, this involves unless results
repeatedly searching are statistically
a dataset or trying significant

alternative analyses until
a ‘significant’ result is
found.

Issues

Errors
Technical errors may
exist within a study, such

as misidentified reagents Underspecified
or computational errors. methods
A study may be very

robust, but its methods
not shared with other
scientists in enough
detail, so others cannot
precisely replicate it.

[

Underpowered
study
Statistical power is the
ability of an analysis
to detect an effect, if
the effect exists —an
underpowered study
is too small to reliably
indicate whether or not
an effect exists.

Weak
experimental
design
A study may have one
or more methodological
flaws that mean it is
unlikely to produce
reliable or valid results.

Omitting null @
results

oo

http://www.acmedsci.ac.uk/viewFile
/56314e40aac61.pdf

Open data
Openly sharing results and the underlying data
with other scientists.

Pre-registration
Publicly registering the protocol before a study is

conducted. . @ . @

Collaboration
Working with other research groups, both
formally and informally.

Automation

Finding technological ways of standardising
practices, thereby reducing the opportunity for
human error.

Open methods
Publicly publishing the detail of a
study protocol.

after it has been published (most are reviewed
before publication).

Reporting guidelines
Guidelines and checklists that help researchers
meet certain eriteria when publishing studies.

@
@0
@0

Post-publication review
Continuing discussion of a study in a public forum @

@0
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= Large-scale collaborative research
= Adoption of replication culture

. Registration (of studies, protocols, analysis codes, datasets, raw data,
and results)

= Sharing (of data, protocols, materials, software, and other tools)

= Reproducibility practices

= Containment of conflicted sponsors and authors

= More appropriate statistical methods

= Standardization of definitions and analyses

= More stringent thresholds for claiming discoveries or “successes”
= Improvement of study design standards

= Improvements in peer review, reporting, and dissemination of
research

. IBetter training of scientific workforce in methods and statistical
iteracy

Ioannidis JPA (2014) How to Make More Published Research True. PLoS Med 11(10): e1001747.
doi:10.1371/journal.pmed.1001747
http://journals.plos.org/plosmedicine/article?id =info:doi/10.1371/journal.pmed.1001747

SR S
A-7xt2| 'HOW THEY CAN STOP

Hg 32

X = L :
. ’

~ HYPOTHESIS
MYOPIA

CTEXAS  ASYMMETRIC  JUST-SO
SHARPSHOOTER ~ ATTENTION STORYTELLING
Collecting evidence ~~ Seizingon ~ Rigorously Finding stories -
tosupporta random patterns checking after the fact
hypothesis, not inthedataand  unexpected to rationalize
looking for evidence ~ mistaking them ~ results, but _ whatever the
- against it, and for interesting giving expected _results tumn
ignoring other findings. ones a free pass. out to be.
explanations.
DEBIASING TECHNIQUES
 DEVIL'S PRE- TEAMOF BLIND DATA
ADVOCACY - COMMITMENT RIVALS ANALYSIS
Explicitly consider ~Publicly declare a - Invite your Analyse data that
alternative - data collection academic look real but are not
hypotheses — then ~ and analysis plan adversaries to exactly what you
test them out before starting collaborate with collected — and

head-to-head. the study. you on astudy. ©  then lift the blind.

2 go.nature.com/ngyohl © Nature
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The Reproducibility Project: Cancer Biology

= Open-source replication
project (https://osf.io/e81xl)
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Errington, Timothy M., et al. "An open investigation of the
reproducibility of cancer biology research." £life 3 (2014): e04333.

© 20161 5% 25ULE ALZEIE AEA Y AT
- Yol BN : Ao MElE B
+ Ao| HROf cek EpEH MY
© TeTksehn e gl A
© M8 B2 528 1
S5 UHSBO| Y
© MEFL 8H S0 U 1
RITHs 2ol & 4 210f0

—

ZEX: NIH, Implementing Rigor and Transparency in NIH & AHRQ
Research Grant Applications, http://grants.nih.gov/grants/guide/notice-
files/NOT-OD-16-011.html (2016. 5. 25. %|F =}9l)



https://osf.io/e81xl

s3]9| o g: K|

=

Al2FO|L} XFROf O3 AR E|XK| YXH

- O AN g SN S2 Ao B BEQ

- NZIRES N WEHS MO E OHX| s FR0E e
NEEDE: £

- 01 MEIStE  AkE BRE ST J|HAl o K

- M22E|s: MY AR B Wt AN

Nature Editorial (2016) 529: 256

K
-4
HL
0x

MAZE ZebH of

Differant axamples of reward systems

Current Change 1 Change 2

CURRENCIES
Publication [pér unith Wiri 1 Mo value M value

Replicated publication [per unit) Win 1 Win 2 Win 2

Succassfully translated publication (per unit) Win 1 Win 5 Win 5

Aefuted publication (per unit) Win 1 Lose 1 Lose 1
Sharing data, protocols, analysis codes (per unit) Mo value Win 2 Win 2
Contribwtion 1o peer-review [per unit) Ko value Win 2 Win 2
Contribution o educationMraining (per unity Ho value Wi 1 Wi 1
Grant funding iper one RO1) Win 5 Win 5 Lose 5
OTHER WEALTH ITEMS
Assistant professor, title In good university Win 3 Win 3 Mo value
Assodate professor, tithe in good university Win 10 Win 10 Mo value
Tenured profiessor, title In good university Win 20 Win 20 Mo value
Team leader/director

Per 1 dectoral studentpost-doc Win 2 Win 2 Lose 2
Administrative power, networking, labbying Wiri up to 200 No walue Losé up to 200

dok10.137 1 ournal pmad. 1001747.4002

Ioannidis JPA (2014) How to Make More Published Research True. PLoS Med 11(10): e1001747.
doi:10.1371/journal.pmed.1001747
http://journals.plos.org/plosmedicine/article?id=info:doi/10.1371/journal.pmed.1001747
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Positive Results by Discipline.

Space Science (SP, N=104) B Physical sc.

Biological sc.
Geosciences (GE, N=127) Social sc,
Environment/Ecology (EE, N=149) I =life
a = applied
Plant and Animal Sciences (PA, N=193) | | s = soft

Computer Science (CS, N=63)
Agricultural Sciences (AG, N=109)

Physics (PH, N=71) —_—
Neuroscience & Behaviour (NB, N=143) | | —
Microbiology (MI, 140) | | —t—
Chemistry (CH, N=95) O
Social Sciences, General (SO, N=144)| | s —l—

Immunology (IM, N=145)

i

Engineering (EN, N=77) a —

Molecular Biology & Genetics (MB, N=126) | | —

Economics & Business (EB, N=117) as
Biology & Biochemistry (BB, N=113) | |

Clinical Medicine (CM, N=130)| | @ —

Pharmacology & Toxicology (PT, N=142) | | g —

Materials Science (MS, N=105) a
Psychiatry/Psychology (PP, N=141)| | g

50% i S-D%. 7‘0%. B-D% i 91-1% 100%
Papers reporting a support for the tested Hp
Fanelli D (2010) “Positive” Results Increase Down the Hierarchy of the Sciences. PLoS ONE 5(4): e10068.

doi:10.1371/journal.pone.0010068
http://j Is.plos.org/plosone/artic

id=i i/10.1371/journal.pone.0010068 e
2434 TO| 7pM 2E =2 2 X @ PLOS |one
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Negative results are disappearing

" Logiebc regression, N=tf58
| B0 068=0,008,#=49.251,P<0.001

g

Fanelli, Daniele. Scientometrics 90.3
(2011): 891-904.

Positive results (%)
2 3 28

over 4,600 papers, 1990~2007 D L RN

The positive supports grown by -

over 22%[ Wlth Slgnlflcant o Physical (1044) Biological (2811) Social (801)
differences between g

disciplines and countries. “/\/\\/\’ N VT
The increase was stronger 2 «° Tl — Rl —o ey
in the social and some Vo s o o m o e W e K o E E om0 o0 0
biomedical disciplines. T

The United States had published,
over the years, significantly fewer
positive results than Asian countries
(Japan) but more than European
countries. g

its (%)

7 sn M e

Other (773)

eLife

2012t AH7H open access, A 0|3t ME St K|

HHMIL, Max Planck Society, Wellcome Trust X| &l

MA &g stAts0| HERIR2 2 Fol

HZl 2|2l %: Randy Schekman

- B0 MESBE D, 20131 = WE| oSk S

+ CNSe di2| 82U =22 F=2 Ao MstA & o=

* “(The) pressure to publish in "luxury" journals encouraged researchers to

cut corners and pursue trendy fields of science instead of doing more
important work."

v Sample, Ian (9 December 2013). "Nobel winner declares boycott of top
science journals". The guardian.com.
e} o] SHHE 93
o X A A XY (Reproducibility project: cancer biology)
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Morrison, Sean J. "Time to do something about reproducibility." £/ife 3 (2014): e03981.
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Preclinical Reproducibility and Robustness Channel

Channel Advisors

a platform for open and transparent
publication of confirmatory and non- Bruce Alberts
confirmatory studies in biomedical research. : University of California, San
to improve the reproducibility of studies.

Each publication will undergo a fully
transparent post-publication peer review

foIIowing 4 Alexander Kamb
the F1000Research publication model. P &£ e
F1000Research recommends that authors

raise any concerns about previous studies

directI%/ with the ori?inal authors before

publishing their replication attempts. The

authors whose studies have been confirmed

or not confirmed can provide sigfned
comments on the article, or publish their
own full Correspondence article

Francisco
USA

http://www.sciencemag.org/news/2016/02/if-you-fail-reproduce-another-scientist-s-results-journal-wants-know
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