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Key issues with the current model
• Rewards (false) positive results over robust methods
• Poor methods increase (false) positive results

• Low statistical power
• Lack of control for bias
• Questionable research practices

• Need to align incentives for career progression with 
robust methods



Van Dijk et al (2014) Current Biology, 24, R516–R517 Munafò et al (2009). Molecular Psychiatry, 14, 119-120.

p < 0.001

Rewarding positive results



Competition increases bias

Poor methods get results!



Low statistical power

• k = 730 studies
• Median power = 21%
• Expected 254, observed 349 

“significant” studies, p < 0.0001

Button et al (2013). Nature Reviews Neuroscience, 14, 365 – 376  

Brain imaging 

• Excess of significance in brain 
volume abnormalities (Ioannidis 
(2011). Archives of General 
Psychiatry, 14, 1105-1107).

• 41 meta-analyses pub. 2006 -
2009

• 461 contributing studies
• Median power = 8%

Neuroscience 



Low statistical power

Krzywinski & Altman (2013). Nat Methods, 10, 1139-1140. 

Lower positive predictive value  



Low statistical power
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P < 0.05 Bigger (but biased) effects



Low statistical power

• To achieve adequate power, the 
replication study will need a sample size 
twice that of the original (where original 
p ~ 0.05) 

Discovery P-Value

0.05 0.01 0.005

Re
pl

ic
at

io
n

Sa
m

pl
e

n 50% 74% 81%

2n 80% 96% 98%

4n 98% 100% 100%

This is assuming the original effect 
estimate is accurate



“Flaws in the design, 
conduct, analysis, and 
reporting of randomised
trials can cause the effect 
of an intervention to be 
underestimated or 
overestimated.”

Higgins et al. BMJ 2011; 343 doi: 
http://dx.doi.org/10.1136/bmj.d5928

Lack of control for bias



Schulz, Grimes (2002) THE LANCET, 359

Lack of control for bias



Ioannidis et al (2014) Trends in Cognitive Sciences, 18, 235 – 241.

Questionable research practices

Fanelli (2012). PLOS ONE, 5, e10068.

Simmons et al. (2011). Psychological Science, 22, 1359-1366.



Solutions

Djulbegovic et al (2013). Nature, 500, 395-396 Ioannidis et al (2014) Trends in Cognitive Sciences, 
18(5), 235 - 241

But applied to pre-clinical = fewer publishable results? 



Design study 
• Grant peer reviewed
• Panel reviewed
• Protocol registered 

and published

Conduct study
• Steering committee
• Stopping rules

Analyse data
• Primary outcome 

per-protocol
• Trial statistician

Report results
• Contractual 
• HTA report open 

access

Solutions
NIHR HTA Funded Trial (3 – 4 years)

Design study 
• No peer review
• Protocol may be 

published (OSF)
• Low power

Conduct study Analyse data
• Primary outcome 

per-protocol 

Report results
• Not-contractual 
• Try and publish in 

peer-review journal 
otherwise results on 
OSF

Student human laboratory study (4 – 6 months)

12 – 18 months

1 month!



• Poor methods and QRPs means most published 
findings are likely false

• There are solutions but robust, reproducible research 
takes more time and resources

• We need systemic change 
to prevent good-practice 
being penalised

Concluding remarks
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