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1. Plan for reproducibility before you start

¢ Create a study plan
¢ Set-up a reproducible project
¢ Preregistration
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¢ Version control
¢ Documentation
¢ Connect your research services
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What is the problem?

LINK TO ORIGINAL ARTICLE

CORRESPONDENCE

Believe it or not: how much can we
rely on published data on potential

drug targets?

Florian Prinz, Thomas Schiange and Khusru Asadullah

A recent report by Arrowsmith noted that the
success rates for new development projects in
Phase I trials have fallen from 28% to 18% in
recent years, with mnsufficient efficacy being
the most frequent reason for falure (Phase I
failures: 2008-2010. Nature Rev. Drug Discov
10, 328-329 (2011))". This indicates the limi
tations of the predictivity of discase models
and also that the \'alxdn\ of the urgcn bang

tgated 1 freq . which
is a crucial issue to addrcu if success rates in
dinscal trials are to be improved

to ‘feasible/marketable; and the financial co
of pursuing a full blown drug discovery a
development programme for 2 pumuln u
get could ultimately be hundreds of

Euros. Even in the carlier stages, investmer
in actovities such as high-throughput scree
ing programmes are substantial, and thus t
validity of published data on potential tatg
is cruczal for companies when deciding to st

povel projects
To mitigate some of the risks of such mve
ments ultimately being wasted, most phy

Open access, freely available online

Why Most Published Research Findings

Are False

John P.A.loannidis

Summary

There is increasing concern that most
current published research findings are
false. The probability that a research claim
is true may depend on study power and
bias, the number of other studies on the
same question, and, Importantly, the ratio
of true to no relationships among the
relationships probed In each scientific
field. In this framework, a research finding
is less likely to be true when the studies
conducted in a field are smaller; when

sizes are smaller; when there is a

qgreater number and lesser preselection
of tested relationships; where there is
greater flexibility in designs, definitions,
outcomes, and analytical modes; when
there is greater financial and other
interest and prejudice; and when more
teams are involved in a scientific field
in chase of statistical significance.

neuroscience

Power failure: why small sample
size undermines the reliability of

factors that influence um pmhltm and
some corollaries thereo

Modeling the Framework for False
Positive Findings
Several methodologists have:

pointed out [9-11] that the high
rate of nonrepl 0 (lack of

is characteristic of the field and can
vary a lot depending on whether the
field targets highly likely relationships
or searches for only one or a few

true relationships among thousands

of research
is a consequence of the convenient,
yetill-founded strategy of claiming
conclusive research findings solely on
the basis of a single study assessed by
formal statistical significance, typically
for a pvalue less than 0.05. Research
is not most appropriately represented
and summarized by pvalues, but,
unfortunately, there is a widespread
notion that medical research articles

It can be proven that
most claimed research
findings are false.

should be interpreted based only on
pvalues. Research findings are defined

here a any relationship reaching
formal statistical significance, ¢.g.,

is only one true relationship (among
many that can be hypothesized) or
the power is similar 1o find any of the
several existing true relationships. The
pre-study probability of a relationship
being true is R/(R + 1). The probability
of a study finding a true relations|
reflects the power 1 - B (one
T

truly exists reflects the Ty
rate, o Assuming that ¢ relationships
are being probed in the field, the
expected values of the 2 x 2 table are
n Table 1. After a research
has been claimed based on
& formal statistical
the poststudy probal
is the positive predictive value, PPV.
The PPV is also the mmplrmrnlary
of what

effective i
predictors, risk fac tors, or associati
“Negative” research is also very useful.
‘Negative” is actually a misnomer, and
the misinterpretation is widespread.
However, hcm we will target

claim

have called the false positive mpon
probability [10]. According to the 2
* 2 table, one gets PPV « (1 - B)R/(R
- BR + @). A research finding is thus

methodoloaical principles.

Katherine S. Button'?, John P. A. loannidis?, Claire Mokrysz', Brian A. Nosek?*,
Jonathan Flint®, Emma S. J. Robinson® and Marcus R. Munafo'

Abstract | A study with low statistical power has a reduced chance of detecting a true effect,
butitis less well appreciated that low power also reduces the likelihood that a statistically
significant result reflects a true effect. Here, we show that the average statistical power of
studies in the neurosciences is very low. The consequences of this include overestimates of
effect size and low reproducibility of results. There are also ethical dimensions to this
problem, as unreliable research is inefficient and wasteful. Improving reproducibility in
neuroscience is a key priority and requires attention to well-established but often ignored

aui
exist, rather i Aot findings.
As has been shown previously, the
probability that a research finding
is indecd true depends on the prior
probabil it being true (before
doing the study), th

table in which research find

nost published
research findings are false. PLoS Med 2(8)-124.
©2005 John P.A.loannidis. This is an
e distributed ur
At

compared against the gold standard
of true relationships in a scientific
field. In a research field both true and
false hypotheses can be made about
the presence of relationships. Let R
be the ratio of the number of “true
relationships” to "no relationships™
among those tested ige field. R
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What is reproducibility?

Scientific method

v A

 Computational reproducibility
* Empirical reproducibility
e Conceptual reproducibility




What are the barriers?

Publish

Report Search and

Discover

Develop
Idea

Interpret
Findings

Acquire
Materials

Collect
Data




Why practice reproducibility?

The idealist

Shoulders of giants!

Validates scientific knowledge

Allows others to build on your findings
Improved transparency

Increased transfer of knowledge
Increased utility of your data + methods

The pragmatist

* Increased efficiency

* Reduces false leads based on
irreproducible findings

* Data sharing citation
advantage (Piwowar 2013)

* “It takes some effort to
organize your research to be
reproducible... the principal
beneficiary is generally the
author herself.”- schwab &

Claerbout
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1. Plan for reproducibility before you start

Create a study plan How?

e Research questions + hypotheses

* Create a study plan before you e Study design

gather your data - g;':?neptl)ii‘(gtlesign
' ' - P d sample si
* Begin documentation early _ Powerand sample size
1 * Variables measured
) ShOWS EVOIUtlon Of StUdy — Meaningful effect size

e Variables constructed
— Data processing
* Data management
Analyses
* Sharing



1. Plan for reproducibility before you start

Set-up a reproducible project How?
* Set-up a centralized location for project https://ost.io/
management

* Organization is especially important for ".
collaboration

* Easily find the most recent file version . .

* Eases transition between lab members .'.

Allows for back-up and version control



https://osf.io/

Dglaverse
Network®

Project
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Simplified scientific collaboration

Powerful end-to-end support for your research.

http://osf.io
free, open source



http://osf.io/

t ducibl ject
Files Wiki Analytics Registrations Forks Contributors Settings
Private | Make Public | &+  ®0 |20

Demo Project

rs: Courtney Soderberg

Date created: 2015-12-10 10:08 AM | Last Updated: 2015-12-10 10:08 AM

Category: Project &0
Description: A project created to learn how to use the OSF

License: No license

Wiki & Citation

No wiki content

Components Add Component || Add Links
Files = Mo components have been added to this project.
Q, Search 1
Tags
Name ~
_ - add a ta

0 Project: Demo Project addatag

= {7 OSF Storage
Recent activity

All times displayed at -0500 UTC offzet.

2015-12-10 10:08 AM  Courtney Soderberg created Demo Project



O https:/ /osf.io/wx7ck/

Persistent
e Citable s

Project. |
MLA

| |
Klein, H. A., Ral M. J., Bocian,
K., et al. eplication

Project.”

Chicago

Klein, R. A., Ratliff, K. A., Vianello, M., Adams, R. B., Bahnik, , Bernstein, M. J., Bocian,
K., et al. "Investigating Variation in Replicability: A “Many Labs" Replication
Project.” Open Science Framework (2014). osf.io/wx7ck



1. Put data, materials, and code on the OSF

Open Science Framework hoart Browse ~  Help ~

t Lepadogaster lepadogaster JEIESEM Wiki  Analytics  Registrations  Forks
Lepadogaster.stl P | Revisions

Q Search ~
£ Component: Lepadogaster lep...
- &% OSF Storage
+ B8 low res slice data
E oblique.jpg
+ BB slice data
[E standard headshot.jpg

& ventraljpg




1. Giving contributors access
Demo P[Dject Files Wiki Analytics Registrations Forks Settings

Filter by name CDﬂtribUtDrS

Drag and drop contributors to change listing order.
Permissions @

Bibliographic
Administrator Caontributor
Read + Write Name Permissions @ 7]
i ] | -
Read G+ Courtney Soderbers Administrator s o
A A
Bibliographic Contributor @
Biblingraphic
Non-Bibliographic View-only Links

Create a link to share this project so those who have the link can view —but not edit—the project.



1. Creating a wik

Demo Project  Files

A Home

+ Mew <

Pages

Analytics Registrations Faorks Contributors Settings

= View Preview &

Research Question

The purpose of this project is to explore what factors are associated with
people's beliefs that they can influence government paoliciy.

Hypothesis

This research is exploratory, so we have no a priori hypotheses.

o

& ad

[# Edit

Bi @ewilin
**Research Question®**

The purpose of this project is to explore whot factors are
associated with people's beliefs that they can influence
government policiy.

**Hypothesis**

This research is exploratory, so we have no a priori
hypotheses.




1. Adding organizational structure -
components

Add component

Data

Data

Add contributors from Demo Project



How can you make your research reproducible?

1. Plan for reproducibility before you start

¢ Create a study plan
¢ Set-up a reproducible project
¢ Preregistration

mmd 2. Keep track of things

¢ Version control
¢ Documentation
¢ Connect your research services

= 3. Contain bias

¢ Reporting

med 4. Archive + share your materials
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1. Plan for reproducibility before you start

Preregister your study plan Preregister your analysis plan
* Preregister your study plan * Preregister your analysis plan
before you look at your data before you look at your data
* Distinguishes a priori design * Defines your confirmatory
decisions from post hoc analyses
* Counters selective reporting and « pecreases researcher degrees of
outcome reporting bias freedom

* Preregistration of all study plans
helps counter publication bias



Publicati bi
Space Science (SP, N=104) Bl Physical sc.
Biological sc.
Geosciences (GE, N=127) Social sc.

Environment/Ecology (EE, N=148) | | .—I—. 1 = life

a = applied
Plant and Animal Sciences (PA, N=193)| |

s = soft
Computer Science (CS, N=63) a r—l—-

Agricultural Sciences (AG, N=109) | | a -—I—-
Physics (PH, N=71) —

MNeuroscience & Behaviour (NB, N=143) | | —
Microbiology (M1, 140) | | —t
Chemistry (CH, M=95) ——
Social Sciences, General (SO, N=144) | | s —t
Immunology (IM, N=145) | | -—|—-
Engineering (EN, N=77) a L —

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

Economics & Business (EB, N=117) a s

._|_.
Biology & Biochemistry (BB, N=113) | | '—l—-
I-—-|—1

Clinical Medicine (CM, N=130) | | a

1
1
S

Pharmacology & Toxicology (PT, N=142) | | a

Materials Science (MS, N=105) a

Psychiatry/Psychology (PP, N=141) | | s

50%  60%  TO%  BO% Q-b% 100%
FPapers reporting a support for the tested Hp

Fanelli D (2010) “Positive” Results Increase Down the Hierarchy of the Sciences. PLoS ONE 5(4): e10068.



Researcher degrees of freedom

Table |. Likelihood of Obtaining a False-Positive Result
Significance level
Researcher degrees of freedom p<.l p<.05 p<.0l
Situation A: two dependent variables (r = .50) 17.8% 9.5% 2.2%
Situation B: addition of 10 more observations 14.5% 1.7% 1.6%
per cell
Situation C: controlling for gender or interaction ~ 21.6% [1.7% 2.7%
of gender with treatment
Situation D: dropping (or not dropping) one of 23.2% 12.6% 2.8%
three conditions
Combine Situations A and B 26.0% 14.4% 3.3%
Combine Situations A, B,and C 50.9% 30.9% 8.4%
Combine Situations A, B, C,and D 81.5% 60.7%  21.5%

Simmons, Nelson, & Simonsohn (2012)



1. How to preregister

(:} Open Science Framework MyDashboard  Browse~ Help~r Q ) April Clybume-Sherin &
An island at risk: geographic epidemiolo...  Files Wiki  Analytics [EEEWEENSIEM Forks  Contributors  Settings
Registrations

There have been no completed registrations of this project. For a list of the most viewed and most recent public

registrations on the Open Science Framework, click here. You can start a new registration by clicking the “New

registration” button, and you have the option of saving as a draft registration before submission.



& https:/fosf.io/wx7ck/ B https://osf.io/c97pd/

Register

Pregistration

after registration. Please be sure the project is complete and comprehensive for what
you wish to register.

Type "register" if you are sure you want to continue




How can you make your research reproducible?

1. Plan for reproducibility before you start

¢ Create a study plan
¢ Set-up a reproducible project
¢ Preregistration

mmd 2. Keep track of things

¢ Version control
¢ Documentation
¢ Connect your research services

= 3. Contain bias

¢ Reporting

med 4. Archive + share your materials

24



2. Keep track of things

Version control

Track your changes

Everything created manually should
use version control

Tracks changes to files, code,
metadata

Allows you to revert to old versions

Make incremental changes: commit
early, commit often

Git / GitHub / BitBucket

Version control for data

e Metadata should be
version controlled



2. Version contro

t Data Wiki Analytics Registrations Forks Contributors Settings

analyses.R

Edit Revisions

Q Search  ~ data =- as.data.frame{read.csv{"../osf-cur-materials/raw_data.csv" [# Edit Live ading mode @
, header = T})
& Component: Data
cor(datal,c{7, 8, 9, 11, 13, 4)]) ##looding datad#
-'I.f OSF Storage dota <- as.data. frame{read. csvi(”™. . fosf-cur-moteriols/raw_dota. csv
» ", header = T})
= B Analysis Scripts
cor(datal,<(7, &, 9, 11, 13, £])
clean_data.csw

B Data Dictionary.docx

raw_data cav

Tags

aad atlag




2. Version control

t  Materials Wiki  Analytice  Registrations  Forks  Confributors  Setfings

Questionnaire.docx Viw

Q Search Revisions

# Component: Materials
Version ID Date User Download MD5 SHAZ

= {} OSF Storage
2 2015-12-11 0Z:54 PM Courtney Soderberg 0 ﬂ i |BUE5CETIS05hGCT503 i £BbdfT3dblcadd4facd

w Ouestionnaire.docx

2001512110250 PM Couringy Soderben o B € |28cc1757b39a08bda6 & 9780127c83306cd 1ca

Tags

200 a1ag



2. Keep track of things

Documentation
 Document everything done by e Make raw data read

hand only

 Document your software — You won’t edit it by
environment (eg, dependencies, accident
libraries, sessioninfo () in R) — Forces you to

* Everything done by hand or not document or code
automated from data and code data processing
should be precisely e Document in code
documented: comments

— README files



e The
figshare  Network. .

2. Keep track of things

Connect your research services

AR MENDELEY

Search and
Discover

Develop
Idea

Interpret
Findings

Acquire
Materials

GitHub

Collect
Data

£ Drophox

& Google Drive
amazon tnx



Name
Component: Demo Add-Ons
=) GitHub: AndrewSallans/demofiles master
ExampleiPythonNotebook.ipynb
+ Examplelmage.jpg
ExampleCSV.csv
. Examplelmage.png

Connects Services
Researchers Use

BN rhAn e A er 8 e e

=% Dropbox: /demofiles
4 Examplelmage.jpg
. Examplelmage.png

B ExamplePDF.pdf

# ExamplePython.py
ExampleSPSS.sav




Name
[-] Component: Demo Add-Ons
=€) GitHub: AndrewSallans/demofiles master d2e68a6246
=| ExampleiPythonNotebook.ipynb
& Examplelmage.jpg
=| ExampleGSV.csv
L Examplelmage.png
=| ExampleSPSS.sav
# ExamplePython.py
B ExampleSpreadsheet.x|sx
B ExamplePDF.pdf
=| ExampleR.r
& ExampleWordDocument.docx
Amazon Simple Storage Service: osfdemofiles
®{% FigShare: demofiles:892
=%2 Dropbox: /demofiles
& Examplelmage.jpg
L Examplelmage.png
B ExamplePDF.pdf
# ExamplePython.py
=| ExampleSPSS.sav



3. Contain bias

Reporting

* Report transparently + completely

e Transparently means:
— Readers can use the findings
— Replication is possible
— Users are not misled
— Findings can be pooled in meta-

analyses
* Completely means:

— All results are reported, no matter
their direction or statistical

significance

How?

e Use reporting guidelines

* Avoid HARKing:
Hypothesizing After the
Results are Known

* Report all deviations from
your study plan

* Report which decisions
were made after looking at
the data



4. Archive + share your materials

Share your materials .‘

* Where doesn’t matter. That (...’ Open Science Framework
you share matters.

* Get credit for your code, your Dataverse g)

data, your methods

* Increase the impact of your f|g5ha re
reseas I’Ch ooe ‘.‘.'.o' ” credit for all your research
GItHUb% I T



Compc

& Materia

e Private

& Analysi

- \NOorkflows

& Procedure +

Axt, Nosek & Ebersole




Private Make Fublic @

Components Add Component  Add Links

& Materials -+

Axt, Nosek & Ebersole
I < contributions

& Analysis Plan +

Axt, Nosek & Ebersole
I < contributions

& Procedure -+

Axt, Nosek & Ebersole
I < contributions



My Dashboard
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How can you make your research
reproducible?

1. Plan for reproducibility before you start

¢ Create a study plan — Begin documentation at study inception
¢ Set-up a reproducible project — Centralize and organize your project management

¢ Registration — Preregister your study + analysis plan

] 2. Keep track of things

¢ Version control — Track your changes
¢ Documentation — Document everything done by hand
¢ Connect your research services — Track all your materials in one place

=1 3. Contain bias

¢ Reporting — Report transparently + completely

4. Archive + share your materials

¢ Where doesn’t matter. That you share matters.

38



OSF for Meetings

& C' | @ https://osf.io/meetings/ A% @ » 8

Q Open Science Framework

OSF for Meetings

A free poster and presentation sharing service for academic mee

For Conference Organizers For Conference Participants

Register your event to broaden its impact. Events get a dedicated page, an easy Sha any supporting data and
submission process, and persistent links.

https://osf.io/meetings/
free poster + presentation service



https://osf.io/meetings/

OSF for Institutions

C @ https://osf.iofinstitutions/cos/

e
(S}
D
n

, -
¢€.¢ Open Science Framework Browse v  Support  Q

Sign up

Q’O
CENTER FOR OPEN SCIENCE
C..

COS is a non-profit technology company providing free and open services to increase inclusivity and transparency of research. Find out more at cos.io.

All Projects

Collections Name Contributors Modified >

All Registrations ® OSF for Institutions Spitzer, Esposit... 2 days ago

Information Activity
. & Badges to Acknowledge Op... Blohowiak, Coh... 2 days ago
Contributors 1/23 > Visibility : Public
Brian A. Nosek & OSF Public APl Feedback Geiger, Arslan +... 3 days ago Catco ry: 'PFOJCEI

https://osf.io/institutions/usc/

integration with local services

B Prerecictration Challenee: Mellor Eenncit 16 dave aon


https://osf.io/institutions/usc/

CeS

OPEN SCIENCE

Training to enact change



Stats + methods training
Statistical & Methodological Consulting

Scientists can improve the replicability of their own work through careful

documentation, adherence to standards, and the use of open tools. We f

answer questions and provide training on open and reproducible tools, Request a Consultation
methodologies, and workflows. Some examples:

v Using R vLearning Github [ﬁ

+ Conducting power analyses « Conducting meta-analyses
) o _ Request a Workshop
v Using the OSF « Preregistering analysis plans

This service is provided in partnership with the Berkeley Initiative for
Transparency in the Social Sciences (BITSS)

N\

Receive Updates
on our Services

http://cos.io/stats consulting

free stats + methods training



http://cos.io/stats_consulting

CeS

OPEN SCIENCE

Incentives to embrace change



Transparency and Openness Promotion (TOP)
Guidelines

1. Data citation

Design transparency

Research materials transparency
Data transparency

Analytic methods (code) transparency
Preregistration of studies
Preregistration of analysis plans
Replication

http://cos.io/top
guidance on open policies

©NOORODN



http://cos.io/stats_consulting

Badges: making behaviors visible
promotes adoption

OPEN DATA OPEN MATERIALS PREREGISTERED




Case Study: Psychological Science

CPS (N=104)

DP (N=634)

40% JEPLMC (N=483)
JPSP (N=419)

=@= PSCI (N=838)

30% -

20% =

Percentage of Articles Reporting Available Data

10% =

—

0% T T T T T T T
1st Half 2012 2nd Half 2012 1st Half 2013 2nd Half 2013 1st Half 2014 2nd Half 2014 1st Half 2015



The Preregistration Challenge
PREREGISTER

http://cos.io/prereg ] \\
S1000 per prereg



http://cos.io/stats_consulting

\/
-

C

[ )

S CENTER FOR OPEN SCIENCE About us v Services v Get Involved v Communities News Donate

e®

The $1,000,000 Preregistration Challenge

The Big Picture Preregistration increases the credibility of hypothesis testing by confirming in advance what will be analyzed
4 and reported. For the Preregistration Challenge, one thousand researchers will win $1,000 each for
publishing results of preregistered research.
The Challenge

Share this handout for a brief overview and links to more information, and begin your preregistration today!
How to Earn the Prize

Eligibility Criteria

The Center for Open Science | Preregistration Challenge @

FAQ
PREREGISTER

Eligible Jjournals

Review Process

Begin a
Preregistration

http://cos.io/prereg

$1000 per prereg


http://cos.io/stats_consulting

Registered Reports

Stage 1 Registered Report
Peer review of Introduction, Method, Proposed Analyses,
and Pilot Data (if applicable)

|

Editorial Triage > Manuscript rejected

i i Authors revise and
Stage 1 Reviewers Invited €— rosubmit (Stage 1)

. s A . Authors decline z :
Revision invited = oreviee . = Manuscript withdrawn

1 5

> Manuscript rejected

In-principle acceptance (IPA)

Authors conduct study

| Authors withdraw paper

‘l’ > Manuscript withdrawn

Withdrawn Registration is published

Stage 2 Registered Report

Peer review of Introduction, Method. Results, Discussion

!

N . Auth d
Stage 2 Reviewers Invited € 7ot (soae s

L 5 Authors dcine 3> Manuscript withdrawn
Revision invited to revise Withdrawn Registration is published
1 5

> Manuscript rejected

Full manuscript acceptance and publication



Registered Reports

| http //osf io/8mpiji
list of journals with RRs


http://cos.io/stats_consulting

CS
Technology to enable change
Training to enact change

Incentives to embrace change



CieS

—— CENTER FOR ——

OPEN SCIENCE

Reproducible Research Practices
stats-consulting@cos.io

OSF
support@osf.io
Feedback for how we could support you more

contact@cos.io
feedback@cos.io
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