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Reproducibility and research integrity

Inquiry

As the UK seeks to recover from the pandemic, research and innovation has the ability to drive
economic growth, with UKRI estimating that every £1 spent on research and development
delivers £7 in economic and social benefit. However, the integrity of research, especially medical
and social science research, is at risk from what is known as the ‘reproducibility crisis’ (i.e. it ResearCh

being very difficult or impossible to replicate a scientific study). integritY'
L]

June 2020




Science is Self-Correcting

Qps

PSYCHOLOGICAL SCIENCE

Why Science Is Not Necessarily
Self-Correcting

John P. A. loannidis

Stanford Prevention Research Center, Department of Medicine and Department of
Health Research and Policy, Stanford University School of Medicine, and Department
of Statistics, Stanford University School of Humanities and Sciences

Perspectives on Psychological Science
7(6) 645654

© The Author(s) 2012

Reprints and permission:
sagepub.com/journalsPermissions.nav
DOI: 10.1 177/174569 1612464056
htep://pps.sagepub.com

®SAGE



.
SClence Current Issue First release papers Archive About v
N~ 500

HOME > SCIENCE > VOL.274,NO.5292 > ASSOCIATION OF ANXIETY-RELATED TRAITS WITH A POLYMORPHISM IN THE SEROTONIN TRANSPORTER GENE REGULATORY REGION

8  REPORT f ¥ in & @ =
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Influence of Life Stress on Depression: Moderation by a Polymor-
phism in the 5-HTT Gene
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SCIENCE - 18 Jul 2003 - Vol 301, Issue 5631 + pp.386-389 - DOI: 10.1126/science.1083968




Slate Star Codex

5-HTTLPR: A POINTED REVIEW

POSTED ON MAY 7, 2019 BY SCOTT ALEXANDER

“This isn’t just an explorer coming back from the Orient
and claiming there are unicorns there. It's the explorer
describing the life cycle of unicorns, what unicorns eat, all
the different subspecies of unicorn, which cuts of unicorn
meat are tastiest, and a blow-by-blow account of a
wrestling match between unicorns and Bigfoot.”




The Serotonin Transporter Length Polymorphism, Neuroticism, and N ~ 100,000
Depression: A Comprehensive Assessment of Association /

Saffron A.G. Willis-Owen 2 = eMaria G. Turri « Marcus R. Munafd e ... Nick W.J. Wainwright
Richard D. Brixey e Jonathan Flint ¢ Show all authors

Published: July 18, 2005 * DOI: https://doi.org/10.1016/.biopsych.2005.04.050

Gene x Environment Interactions at the Serotonin
Transporter Locus

Marcus R. Munafdo 2 & e Caroline Durrant « Glyn Lewis « Jonathan Flint

Published: August 11, 2008 * DOI: https://doi.org/10.1016/j.biopsych.2008.06.009

“‘Given reasonable assumptions ... our simulations indicate that
published studies are underpowered. This ... leads us to suggest
that the positive results for the 5-HTTLPR x SLE interactions in
logistic regression models are compatible with chance findings.”




Science is self-correcting?

RESULTS BY YEAR

2008

2005




“Scientists may be in the
business of laughing at their
predecessors, but owing to an
array of human mental
dispositions, few realize that
someone will laugh at their
beliefs in the (disappointingly
near) future”

Taleb (2007). Fooled by Randomness.
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COMMENTARY

Scientists behaving badly

To protect the integrity of science, we must look beyond falsification, fabrication and plagiarism, to a wider range
of questionable research practices, argue Brian C. Martinson, Melissa S. Anderson and Raymond de Vries.

“Certain features of the working environment of science
may have unexpected and potentially detrimental effects
on the ethical dimensions of scientists” work”

Martinson et al. (2005). Nature, 435, 737-738.



I Limbo

II Overselling

ﬁ .—f — %— o ﬁ III Post-Hoc Storytelling

IV P-Value Fishing

V Creative Outliers

VI Plagiarism

VII Non-Publication

VIII Partial Publication

IX Falsification

APOLOGIES TO DANTE, XKCD

Neuroskeptic (2012). Perspect Psychol Sci, 7, 643-644.




Real Scientific Method

THE SCIENTIFIC METHOD

Observe natural
phenomena

Make up Theory
based on what
Funding Agency
Manager wants
to be true

Modify
I Hypothesis < I
Formulate Test hypothesis Establish Theory
—2 Hypothesis > via rigorous —> based on repeated
Experiment validation of results
THE ACTUAL METHOD [—> Modify Theory
to fit data |
Design minimum Publish Paper: Defend Theory
exﬁenments that —> rename Theorya — despite all
will prove shew? “Hypothesis” and evidence to the
suggest Theory pretend you used contrary
Is true the Scientific
Method

www.phdcomics.com
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General Article PSYCHOLOGICAL SCIENCE

Psychological Science

False-Positive Psychology: Undisclosed O The Author() 201
. oge . . . Reprints and permission:
Flexlblllty In Data Collectlon and Analysls sagipuh.com/?ournaIsPermissions.nav
Allows Presenting Anything as Significant reptpgeon
gAny 8 g ®SAGE

Joseph P. Simmons', Leif D. Nelson?, and Uri Simonsohn'
"The Wharton School, University of Pennsylvania, and *Haas School of Business, University of California, Berkeley

Using the same method as in Study |, we asked 28 34 University of Pennsylvania undergraduates to
listen only to either “When I'm Sixty-Four” by The Beatles or “Kalimba” or “Hot Potato™ by the Wiggles.
We conducted our analyses after every session of approximately 10 participants; we did not decide in advance
when to terminate data collection. Then, in an ostensibly unrelated task, they indicated only their birth
date (mm/dd/yyyy) and how old they felt, how much they would enjoy eating at a diner, the square root of 100, their
agreement with “computers are complicated machines,” their father’s age, their mother’s age, whether they would
take advantage of an early-bird special, their political orientation, which of four Canadian quarterbacks they believed
won an award, how often they refer to the past as “the good old days,” and their gender. We used father’s age to
control for variation in baseline age across participants.

An ANCOVA revealed the predicted effect: According to their birth dates, people were nearly a
year-and-a-half younger after listening to “When I'm Sixty-Four"” (adjusted M = 20.1 years) rather than
to “Kalimba” (adjusted M = 21.5 years), F(I, 17) = 4.92, p = .040. Without controlling for father’s age, the age
difference was smaller and did not reach significance (Ms = 20.3 and 21.2, respectively), F(1, 18) = 1.0l,p = .33.

Simmons et al. (2011). Psychol Sci, 22, 1359-1366.
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“Among 83 articles
recommending
effective interventions,
40 had not been
subject to any attempt
at replication...”

Tajika et al. (2015). Br J Psychiatry, 207, 357-362.
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Journal of
Clinical
Epidemiology

Joumal of Clinical Epidemiology m (2012) m

ORIGINAL ARTICLE

Primary study authors of significant studies are more likely to believe
that a strong association exists in a heterogeneous meta-analysis
compared with methodologists

1 1 g h+ $d1- i
Orestis A. Panagiotou”, John P.A. Toannidis™“°

Panagiotou & loannidis (2012). J Clin Epidemiol, 65, 740-747.




How citation distortions create unfounded authority:
analysis of a citation network

Steven A Greenberg, associate professor of neurology 007

2006

2005

Papers addressing the belief that

2004

B amyloid, a protein accumulated -
in the brain in Alzheimer’s
disease, is produced by and .
injures skeletal muscle of patients

with inclusion body myositis.

1994

1993

1992

Greenberg (2009). Br Med J, 339, b2680.




Abstracts often “spin” results to give & W
impression that results are positive
when they are not.
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Wellcome Case Control Consortium

Current Issue First release papers Archive About v (Submit manuscript)

Science

HOME > SCIENCE > VOL.316,NO. 5826 > A COMMON VARIANT IN THE FTO GENE IS ASSOCIATED WITH BODY MASS INDEX AND PREDISPOSES TO CHILDHOOD AND ADULT OBESITY

f ¥ in o % X

a REPORTS

A Common Variant in the FTO Gene Is Associated with Body Mass
Index and Predisposes to Childhood and Adult Obesity

TIMOTHY M. FRAYLING, NICHOLAS J. TIMPSON, MICHAEL N. WEEDON, ELEFTHERIA ZEGGIN], [...], AND MARK |. MCCARTHY | +37 authors = Authors Info & Affiliations

SCIENCE - 11 May 2007 - Vol 316, Issue 5826 - pp.889-894 . DOI: 10.1126/science 1141634




Wellcome Case Control Consortium

* Multi-site collaboration - large sample size
e Data and code sharing - transparency / quality control

* Agreed framework for authorship - contributorship




In 2000 the National Heart
Lung, and Blood Institute
required the registration of
primary outcome on
ClinicalTrials.gov for all their
grant-funded activity

Relative risk of primary outcome

an & Irvin (2015). PLoS One, 10, e0132382.

0.9 4

0.8

0.7 4

0.6

0.5 4

0.4

0.3 4

0.2

0.1 4

0

[ J
]
@
®
L
8 ®
® ®
®
®

2000
Year 2000:

Registration of primary outcomes
required on ClinicalTrials.gov

@ harm
® null
® bpenefit

Publication year

1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014



UK Reproducibility
U K . Network
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http://www.ukrn.org/

A manifesto for reproducible science

Marcus R. Munafé?*, Brian A. Nosek?#, Dorothy V. M. Bishop®, Katherine 5. Button®,
Christopher D. Chambers’, Nathalie Percie du Sert®, Uri Simonsohn®, Eric-Jan Wagenmakers™,
Jennifer J. Ware" and John P. A. loannidis™>%

Table1 | A manifesto for reproducible science.

Theme Proposal Examples of initiatives/potential solutions Stakeholder(s)
(extent of current adoption)
Publish and/or Generate and Methods Protecting against cognitive biases Al of the initiatives listed below (* to ™"} LF
} | Blinding (**)
conduct next e J iment 5 Ihl hl ; t 3 . Improving methodological training Rigorous training in statistics and research methods for I.F
Publication bias Fallure to control for blas future researchers {*)
Rigorous continuing education in statistics and methods for
researchers (*)
Independent methodological support Imvolvemnent of methodologists in research (**) F
Independent oversight (*)
Collaboration and team science: Multi-site studies/distributed data collection () I.F
Team-science consortia ()
Reporting and Promoting study pre-registration Registersd Reports (*) .LF
! HtE'l'Fll"Et results DEE” Hu'j!'- dissemination Open Science Framework (7}
'p' "|E|:k. 'IS L':I'H Etm EtIGI F":"""'Er Improving the quality of reporting Usa of reporting checklists {**) ]
Protocol checklists (*)
Protecting against conflicts of interest Disclosure of conflicts of interest (***) ]
Exclusion/containment of financial and non-financial
conflicts of interest (*)
Reproducibility Encouraging transparency and open Open data, materials, softwars and soon (" to **) LER
sCience Pre-registration (**** for clinical trials, * for other studies)
Ana I.!IIEE data and Conduct Etu'j!'- and Evaluation Diversifying peer review Preprints (* in biomedical/behavioural sciences, ]
tast h'p"Fﬂ'thEE'E oollect dafa **** in physical sciences)
] " - Pre- and post-publication peer review, for example, Publons,
F'h&.k"lg Poor qua t!" control PubMed Commaons (*)
Incentives Rewarding open and reproducible Badges () LLF
practices Registered Reports (*)
Transparency and Openness Promotion guidelines (%)
Funding replication studies (*)

Open science practices in hiring and promotion (*)

Estimabed axient of curnent adaption: *, <5%; *%, 5-20%; *** 30-£0%; ****, »£0%, Abbrevistions for key stakeholders: | journals/publishers: F, funders |, insStuticns: R, regulstors,

Munafo et al. (2017). Nat Hum Behav, 1, 0021.




Open Educational
Ressources

Open Access

Open Peer Review

Open Methodology

Open Source

Open Data
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Research Culture

“Research culture encompasses
the behaviours, values,

expectations, attitudes and

norms of our research
communities.”

Research Culture

Institutional Culture




Scientific rigor and the art of motorcycle
maintenance

Marcus Munafd, Simon Noble, William J Browne, Dani Brunner, Katherine Button, Joaquim Ferreira,
Peter Holmans, Douglas Langbehn, Glyn Lewis, Martin Lindquist, Kate Tilling, Eric-Jan Wagenmakers &

Robi Blumenstein

The reliability of scientific research is under scrutiny. A recently convened working group proposes cultural
adjustments to incentivize better research practices.

Research Culture

Institutional Culture
Munafo et al. (2014), Nat Biotech, 32, 871-873.




Scientific rigor and the art of motorcycle
maintenance

Marcus Munafd, Simon Noble, William J Browne, Dani Brunner, Katherine Button, Joaquim Ferreira,
Peter Holmans, Douglas Langbehn, Glyn Lewis, Martin Lindquist, Kate Tilling, Eric-Jan Wagenmakers &
Robi Blumenstein

The reliability of scientific research is under scrutiny. A recently convened working group proposes cultural
adjustments to incentivize better research practices.

Continuous Improvement

Respect for People

The Right Process will Produce the Right Results

Develop People and Partners

Solving Problems Drives Organizational Learning

Research Culture

Institutional Culture
Munafo et al. (2014), Nat Biotech, 32, 871-873.
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UKRN

Peer-led consortium @
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Involves researchers,
institutions and other orgs
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Global RNs

Africa

Germany

roducibilitynet

Norway

Sweden

Australia

Croatia

Portugal

Switzerland

org

Belgium

eproducibilitynetwor

Denmark

danish-repro.github.io

Luxembourg

Slovakia

United Kingdom

Brazil

Netherlands

reproducibilitynetwo

Spain



Open Research Programme

“to accelerate the UK reprqducible science project wins
uptake of high quality £8.5 million

UK Reproducibility Network will run training on open research methods thanks
O pe N resea rCh to ‘major strategic investment’ by Research England

p ra Ct i Ces” September 15, 2021

Jack Grove
Twitter: @jgro_the

A UK initiative to promote rigour and
reproducibility in science has been
awarded £8.5 million to encourage open
research practices.

As part of one of the largest awards made
to support robust and transparent
research methods, the UK Reproducibility
Network (UKRN) will receive £4.5 million
from Research England as part of a five-
year project to deliver training in open
research practices.

Source: iStock




UK-based centres of expertise
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Infrastructure

* Open research requires high B Ui o i v un s omont e s
quality repositories

Search the Research Data Repository

e Curated repositories ensure

Top 10 datasets by page views (all time) All metrics The data.bris Research Data Repository
. . [
Rank Datasst The University of Bristol's mission is to pursue and share
knowledge and understanding, both for their own sake and to
1 EPIC-KITCHENS 2018

help individuals and society fulfil their potential. The University
is research-intensive, supporting both individual scholarship
and interdisciplinary or thematic research of the highest quality.
The Research Data Repository offers a means for Bristol's

5 UK Deprivation Indices researchers to share research data openly, with the world.
6 EAGLE eczema consortium GWAS summary statistics

7 The SPHERE Challenge: Activity Recognition with Multimods
8 The DINGO Database, v1.0

[ [ ) ~
[ ] D 9 Object Detection Model from EPIC-KITCHENS (01-2020) ::de in ‘dhECRSsea_’““ ga‘a S“;’aga Facility, managed by the
10 Bare-Earth SRTM vanced Computing Research Gentre.
o ° If you have a question relating to the reuse of a deposited
. ide thi

2 MRC IEU UK Biobank GWAS pipeline version 2
3 MRC IEU UK Bigbank GWAS pipeline version 1
4 FindMyPast Yearly N-grams and Entities Dataset

The Repository is managed by the University of Bristol
Research Data Service and builds on the £2 million investment

dataset please contact the Research Data Service team.




Tralning

* Researchers need to
understand how to engage

* This requires training that
can reach all researchers

* Train-the-trainer courses
offer a scalable solution

Open research primers

Each primer includes an overview of the topic in the introductory “What?” section, reasons for undertaking these practices in the “Why?" section, followed

by a longer “How?” section that provides guidance on how to do that open research behaviour practically

Throughout the primers, there are embedded explanatory weblinks, and at the end of each is a collated list of links to useful further resources

The primers are licensed under

Pre-registration & Registered Reports

Help reduce questionable research practices,

and prevent selective reporting.

o]

Data sharing

Make research data available to ensure

transparency and a reliable scientific record

You can link to, quote, share, and adapt the primers freely.

=

Preprints

Upload, describe and disseminate your

scholarly article prior to peer review.

Open code & software

Encourage collaboration between code users,

developers and researchers.

&

Open access

Universal open and barrier-free access to

research benefits all knowledge users.

w

Open research awards

Run a competition to recognise and reward

researchers who have used open practices



Incentives

* Open research offers a number of
benefits

* But changing working practices
take an investment of effort

* This change therefore needs to be
incentivised

* ResearchProfessional News

UK Europe USA Australia & NZ Africa World Opinion Funding Insight Covid-19

< Go back
300CT2019 | @

Bristol University includes open
research in promotion criteria

By Sophie Inge Share n m E

Open Research Awards:
a Primer from UKRN

Authors (Z-A): Kirsty Merrett, Mitul Mehta, Emily Farran, Robert Darby.




Interoperability

* Researchers don’t stay in the
same institutions forever

* Open research practices need to
be interoperable

* Similarly, incentives need to be
aligned across institutions

R Community ~ Resources ~ Activities v Join UKRN  Contact (O
UK @ i
@ tetwor

Common statements

A set of common standards for our network of institutions

Statements for institutional use

The UK Reproducibility Network supports responsible research evaluation, transparency in research, and appropriate incentives to promote open
research. We have developed statements that can be developed and used by institutions and organisations. These common statements are intended to
encourage uptake and promote a degree of interoperability across these institutions and organisations. We welcome suggestions for how these
statements could be modified

® st

Responsible Research Evaluation

A Policy Statement and associated guidance

Transparency in Research Rewards and Incentives

Commit to transparency and rigour in
research across all disciplines.

Commit to a research culture that promotes

on responsible research assessment. and rewards open research practices,



Collaboration

. Research culture catalogue for improved collaboration
Research culture is and healthy competition

not zero-sum. There Mar 31,2023 | News
are advantages and
efficiencies we can
achieve through
collaboration.

https://www.ukrn.org/2023/03/31/research-culture-catalogue-for-improved-collaboration-and-competition/




GW4 Alliance launches
iInaugural GW4 Open Research

Week for 2023

How to enter the 2023 GW4 Open
Research Prize

Take part in-person or online in an afternoon celebrating the work of
GW4 researchers to promote all themes of Open Research.



Research Process Spot Checks

Conduct

litv by Desi ID critical data &
CREN 71D EALA processes

(Open science plan

Apply risk
management

Create transparent
records

Compliance
requirements

o\

Pre-defined analysis

plan followed

Coding quality
assured

YY)

Statistical rigour
assured
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Publication

Pre-publication check

Attribution &
recognition

Retention

Data storage over
retention period

Data accessibility
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Registered Reports Funder Partnership

* CRUK partnering with multiple journals Funder
review

* Timeline — began May 2022, twice yearly

* Roughly 50% opt-in rate so far Applicant
chooses
4% CANCER journal
% RESEARCH
o‘!amf;; UK

WILEY PLO\\}
SPRINGER NATURE Journal

review




Octopus
WONKHE A=

We need to decide what
good research looks like

. Alexandra Freeman sets out the problems that lead to research
MMENT
| 26110723 results not getting published - and offers some possible solutions

https://www.octopus.ac




Reproducibility Across Disciplines

Age of Invention: Does History have a Replication
Crisis?

ANTON HOWES
29 AUG 2023

Telling But Not Twisting the Story

of Research

Arts and Challenge: To explore whether and how to shift the orientation of

Humanities research reports away from persuading readers and more towards

Research Council i torming readers. The Story Associate will explore how to retain the
benefits of accessible narrative forms, whilst maintaining standards of
rigour within research.




Transparency Across Disciplines

Open research in disciplines

Disciplines are arranged alphabetically

Sl PO 0 e &

Research
Archaeolo Architecture, Art and Design Artificial Biological Business and
Eng Iand and CIasm%‘s' Built : Intelligence Smences Management
Environment Studies
and Planning
- D >
@ ’N # U" z-
Uy '
Chemistry Computational Computer Cultural and Economics Education
Modelling Science Media Studies

https://www.ukrn.org/disciplines/




People, culture and Environment

-
Outputs
\_
The Right é
Process will _
Produce the People and Skills Scholarly Outputs Impact
Right Results \_
I Produces I Produces I Produces
4 ) )
Generates Generates
Environment Research Translation
\_ J J

Transparency and Openness




Thank youl!

marcus.munafo@bristol.ac.uk

@marcusmunafo
@ukrepro
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