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New journal policies

New publishing culture
e.g. ReScience C & ReScience X

http://rescience.github.io

Change policies &

Incentives structures
e.g. San Francisco Declaration on 

Research Assessment (DORA)

https://sfdora.org

Registered Reports (2012)
Partnerships between

Authors & Journals & Funders

http://cos.io/rr

Better research practices
e.g. Standards, Training, Peer-review

(Hypotheses After 

Results are Known)

Munafò et al. (2017). A manifesto for reproducible science. Nature Human Behaviour, 1(1), 0021. https://doi.org/10.1038/s41562-016-0021
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I am not in the 

office at the 

moment. Send 

any work to be 

translated.
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Winner of the 2012 Ignoble Prize for Neuroscience
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1026 interventions in 

experimental stroke

O’Collins et al, 2006

In vitro and in vivo - 1026

Tested in vivo - 603

Effective in vivo - 374

Tested in clinical trial - 97

Effective in clinical trial - 1
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Reproducibility and replication

“Reproducibility” related to the 

re-analysis of existing data 

following the same analytical 

procedures. 

“Replication” was held to 

require the collection of new 

data, following the same 

methods. 
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Most studies are not described well enough to 

inform replication efforts
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Replication studies

1. Retrospective – Pharmaceutical companies 

sharing their historical experience when they have 

attempted replication 

– Bayer 33% of 67

– Amgen 11% of 53

Selection bias (2 companies out of ?)

? Recall Bias
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Replication studies

2. Prospective - Academic led, great attention given to faithfulness 

to original study design, adequate statistical power, preregistration

– Psychology 36% of 97 ESR=49%

– Cancer biology 40% of 10

– Economics 61% of 18 ESR=66%

– Social sciences 62% of 21 ESR=54%

? Selection bias

how did they choose what to try to replicate?
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Both studies may be correct

Reaction norms (Voelkl 2016)
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“Nuisance” variable
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Lifespan in worms

Lucanic et al Nature Comms 2017

Source of 

variation

Developmental 

Rate

Fertility

Genetic 83.1% 63.3%

Between labs 8.3% 7.9%

Within labs 3.8% 5.6%

Individual 4.8% 23.3%
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• Infarct Volume

– 11 publications, 29 experiments, 408 animals

– Improved outcome by 44% (35-53%)

Macleod et al, 2008

E
ff
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a
c
y
➔

Randomisation Blinded 

assessment of 

outcome

Blinded conduct 

of experiment

Risk of bias in animal studies
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You can usually find what you’re 

looking for …

Group Day 
1

Day 
2

Day 
3

Day 
4

Day 
5

“Maze 
bright”

1.33 1.60 2.60 2.83 3.26

“Maze 
dull”

0.72 1.10 2.23 1.83 1.83

Δ +0.60 +0.50 +0.37 +1.00 +1.43

Rosenthal and Fode (1963), Behav Sci 8, 183-9

• 12 graduate psychology students
• 5 day experiment: rats in T maze with dark arm alternating at random, and the 

dark arm always reinforced
• 2 groups – “Maze Bright” and “Maze dull”
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1173 publications using non
human animals, published in 2009
or 2010, from 5 leading UK
universities

“an outstanding contribution to

the internationally excellent

position of the UK in biomedical

science and

clinical/translational research.”

“impressed by the strength 

within the basic neurosciences 

that were returned …particular 

in the areas of behavioural, 

cellular and molecular 

neuroscience” 

The scale of the problem
RAE 1173

Rand Blind I/E SSC
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Minnerup et al, 2016

Research Improvement at 

Journals
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Change in performance
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RCT of an Intervention to Improve Compliance

with the ARRIVE guidelines (IICARus; PI Sena)

Protocol: Open Science Framework (February 2017)

Data Analysis Plan: Open Science Framework (September 

2017) 

Funding: MRC, NC3Rs, BBSRC & Wellcome Trust

Ethics: BMJ Ethics Committee

Normal 

Handling

1013820

✓ Web based
✓ Crowd sourced
✓ Assessors trained 
✓ Dual ascertainment
✓ Reconciliation by third reviewer
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IICARus and NPQIP

• Telling scientists what they must do does not work (who knew?)

• Agreement between assessors often not much better than chance 

– Assessors are stupid?

– Guideline items are poorly expressed?

– Concepts are poorly understood?

• There is no magic bullet, improvement requires hard graft
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An example from Health Economics
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The World Bank Research Observer, Volume 36, Issue 1, February 2021, Pages 101–130, https://doi.org/10.1093/wbro/lkaa005

• Original trial (starting in 1998) was cluster randomised at level of the school

• No trial registry or statistical analysis plan (ISRCTN began in 2000)

• Pure (verification) replication

• Lots of data errors/ missingness

• Coding error leading to under ascertainment of neighbouring schools 3-6km distant

Original Replication

Estimate SE Estimate SE

Direct 5.4% 2.3% 5.8% 1.4%

0-3km 2.9% 1.4% 2.3% 1.3%

3-6km -1% 1% -4.0% 2.4%

Overall 7.5% 2.7% 3.9% 3.2%

https://doi.org/10.1093/wbro/lkaa005
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The World Bank Research Observer, Volume 36, Issue 1, February 2021, Pages 101–130, https://doi.org/10.1093/wbro/lkaa005

• Original trial (starting in 1998) was cluster randomised at level of the school

• No trial registry or statistical analysis plan (ISRCTN began in 2000)

• Robustness reanalysis replication

• Different statistical approach

• Analytical choices

1. Whether or not to control for additional covariates

2. Restrict analysis to eligible pupils (girls > 13 did not receive) or take all pupils

3. Timing – calendar year v when treatment actually given

4. Weighting – by pupil number, or by attendance observation

5. Year by year analysis or Full data set

• This gives 32 (2^5) approaches to analysis

• All of [1] through [4] confirm original findings – but “in year stratified cluster summary analysis .. shows 

no clear evidence for improved school attendance … when both years were combined, there was 

strong evidence of an effect on attendance” 

https://doi.org/10.1093/wbro/lkaa005
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Lessons

• Replication studies are important

• If the study had been registered, we would have more confidence

• If the statistical analysis plan had been published, we would have 

more confidence

• If the data were shared earlier, they might have caught the errors 

earlier

• If the code were to be published, they might have found the error 

earlier
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UK Reproducibility Network (@UKRepro)

Co-founded 12/9/2018  by Chris Chambers, Marcus Munafò, 
Laura Fortunato & Malcom Macleod

Peer-led, academic consortium aiming to

● Understand factors that contribute to poor research 
reproducibility

● Provide training and disseminate best practice
● Support and test interventions to improve reproducibility
● Ensure coordination with stakeholders

33

➔ Open Research Working Groups at 

UK universities: https://osf.io/vgt3x/

➔ ReproducibiliTea 

➔ Open Research and Reproducibility 

Short Course 

➔ Hiring Policies Certification Scheme: 

https://osf.io/qb7zm/

➔ Laboratory Efficiency Assessment 

Framework (LEAF) 

➔ Consortium-Based Student Projects 

➔ Primers on Open Research Practices

➔ Accountable replication policies (with 

funders, institutions, publishers, policy 

makers)
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Organisation

Steering 

Group

(5)

Local 

Network 

Lead

Institutional 

Lead

Local 

Network 

Lead 

(37)

Stakeholder 

Group

(37)

Advisory 

Board

(9)

(20)
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RESEARCH IMPROVEMENT STRATEGIES
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Researchers are different …

n
u

m
b

e
r

quality

F.F.P.

HARKing

Open 

Science

Preregistration

Risks of 

bias

Macleod and Mohan

https://doi.org/10.1093/ilar/ilz015

https://doi.org/10.1093/ilar/ilz015
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How we do research integrity
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Research accountability Research Improvement

Individual focused Systems focused

Perfection myth Fallibility recognized

Solo practitioners Teamwork

(Local) peer review ignored Local peer review valued

Shortcomings punished
Shortcomings seen as 

opportunities for learning 
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The UK Reproducibility Network Steering Group: 

Systematizing Effective Practice, Embedding It in Standard Practice

Patterns https://doi.org/10.1016/j.patter.2020.100151

https://doi.org/10.1016/j.patter.2020.100151
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Plan – Do – Study - Act
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• Infarct Volume

– 11 publications, 29 experiments, 408 animals

– Improved outcome by 44% (35-53%)

Macleod et al, 2008
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Randomisation Blinded 

assessment of 

outcome

Blinded conduct 

of experiment

Risk of bias in animal studies
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What to measure?

Qianying Wang
John Climax UKRN / 

Chinese Scholarship 

Council PhD student
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Reporting of Randomisation and Blinding in in vivo research, by 

funding agency, 2011-18

Average reporting of 

randomisation and of blinding:  

(p(R)+p(B))/2)
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Blinding Randomisation

1 UCL Southampton

2 Edinburgh Nottingham

3 Nottingham Leicester

4 Sheffield Newcastle

5 Oxford Queen Mary London

⍙Blinding ⍙Randomisation

1 Dundee Southampton

2 Newcastle Nottingham

3 Oxford Leicester

4 Imperial College Newcastle

5 Cardiff Queen Mary London

By UK institution, 2011-2018

Average reporting of 

randomisation and of blinding:  

(p(R)+p(B))/2)
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This course will provide both basic and enhanced research design training based on the level to which 

you complete the course.

The course consists of the following modules:

• Welcome Module

• [1] Study Design & Data Analysis

• [2] Experimental Procedure

• [3] Pre-registration & Reporting

Modules 1-3 consist of a CORE component and an EXTENDED component. To successfully complete the 

course, CORE components are mandatory and EXTENDED components are optional.

There will be quiz questions to test your knowledge throughout the course.

We will signpost further reading materials on most topics.

Curriculum derived from Vollert et al.  doi.org/ 10.1136/bmjos-2019-100046
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Median IQR

Start to Submission 756 587 to 877

Start to Acceptance 956 771 to 1160

Start to Publication 987 795 to 1203

PREMISE: Delays to publication cause delay to 

benefit - and so reduce Harm-Benefit position

Sample: UoE Experiment Request Form submissions 2014
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Median IQR

Submission to Publication 235 169 to 348

Possible benefit in encouraging use of preprint 

servers

~25% of research cycle
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PREMISE: Open Publication is more useful

Centre for Clinical Brain Sciences Stroke Research Group

1483 publications: Orcid API -> Unpaywall API

Hat Tip: Nico Riedel, Charite

Number of publications

Proportion of publications
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Thank you!

• Ukrn-admin@bristol.ac.uk

• malcolm.macleod@ed.ac.uk

mailto:Ukrn-admin@bristol.ac.uk

