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Premise

• researchers must publish in order to succeed

• publishing is a highly competitive enterprise

• certain kinds of findings are more likely to be published than others

• researchers have strong incentives to engage in research practices that make their 

findings publishable quickly

• practices include using flexible study designs and flexible statistical analyses and 

running small studies with low statistical power…

… leading to statistically significant publishable results

Nat Rev Neurosci. 2013 May;14(5):365-76. doi: 10.1038/nrn3475. Epub 2013 Apr 10.



Statistically significant 

1. Null hypothesis implies that there is no relationship between two measured phenomena

e.g. a potential medical treatment has no effect

2. The goal of each experiment is to reject or disprove the null hypothesis 

3. P values, or significance levels, measure the strength of the evidence against the null hypothesis; 

the smaller the P value, the stronger the evidence against the null hypothesis

«Through the 1960s, it was standard practice in many fields to report summaries with 

one star attached to indicate *p<0.05 

two stars to indicate **p<0.01. 

three stars were used to indicate ***p<0.001. » http://www.jerrydallal.com/LHSP/p05.htm



Why p<0.05?

concept introduced by Ronald Aylmer Fisher 

Fisher published Statistical Methods for Research Workers (SMRW) in 1925

« If P is between 0.1 and 0.9 there is certainly no reason to suspect 

the hypothesis tested. 

If it is below 0.02 it is strongly indicated that the hypothesis fails to 

account for the whole of the facts. 

We shall not often be astray if we draw a conventional line at 0.05….it 

is convenient to take this point as a limit in judging whether a 

deviation ought to be considered significant or not»

Sterne and Smith, BMJ 2001;322:226–31



How much the result is significant?

Type I error is the false rejection of the null hypothesis ���� false positive

Type II error is the false acceptance of the null hypothesis ���� false negative

However, Neyman and Pearson argued that it is not enough to say that a result is significant or not significant 

There were 2 types of error that could be made in interpreting the results of an experiment

Diseased Healthy

Positive to the test Diseased - positive Healthy - positive

Negative to the test Diseased - negative Healthy - negative

True relationship No relationship

Relationship 1 - β α 
False positives

No relationship β
False negatives

1 - α

Type I error 

Type II error

power

Sterne and Smith, BMJ 2001;322:226–31



The power of a statistical test is the probability that the test will reject the null hypothesis

The power is calculated based on :

- the α statistical threshold

- the magnitude of the effect � effect size

- the sample size used to detect the effect � n

Statistical power � 1-β



How to calculate the power?

- A priori power analysis: sample size (n) is computed based on the required power, significance level and effect size

- Post Hoc power analysis: power (1-β) is computed based on the significance level, effect size and sample size

Using G*Power 3 typically involves the following four steps:

(1) Select the statistical test appropriate for the problem, 

(2) choose one of the five types of power,

(3) provide the input parameters required for the analysis, 

(4) click on “Calculate” to obtain the results



Aim:  calculating the average statistical power in neuroscience

- Clinical studies

- Animal experiments



How to estimate statistical power in neuroscience � clinical studies

Methods

Search for articles published in 2011 : « neuroscience » and « meta-analysis »

No meta-analysis/congress reports no text available

Missing data

G*power software to calculate the power based on effect size, sample size, significance (p<0.05)

Nat Rev Neurosci. 2013 May;14(5):365-76. doi: 10.1038/nrn3475. Epub 2013 Apr 10.



Median power of 49 analysed studies

15

31%

7

14%

57% n=28

Median statistical power is 21%

Without 7 highest = 18%

Nat Rev Neurosci. 2013 May;14(5):365-76. doi: 10.1038/nrn3475. Epub 2013 Apr 10.



How to estimate statistical power in neuroscience � animal models

Methods: representative meta-analysis that combined data from studies investigating

sex differences in water maze performance and radial maze performance

Test N° studies Effect size 

Cohen’s d

Average

sample size

Median 

statistical power

Water maze 19 0.49 22 18%

Radial maze 21 0.67 20 31%

From both clinical studies and animal experiments, it emerges that the statistical 

power in neuroscience is generally below 30%

Possibly true also for other disciplines

Nat Rev Neurosci. 2013 May;14(5):365-76. doi: 10.1038/nrn3475. Epub 2013 Apr 10.



1. low chance to find a genuinely true effect
i.e. if there are 100 findings to be discovered, with 20% power, only 20 will be discovered

2. overestimate of effect size

3. low chance that a statistically significant result reflects a true effect ���� PPV

What is the consequence of low power studies?

Dr Ioannidis had described a model to understand the impact of statistical power

on the veridicity of the findings � PLoS Med. 2005 Aug;2(8):e124. Epub 2005 Aug 30.

has been the most downloaded paper from PLoS Medicine (the second on the list had “only” 101’096 views)

If the power is low, there is:

PLoS Med. 2005 Aug;2(8):e124. Epub 2005 Aug 30.



Positive predictive value (PPV)

PPV expresses the probability that an effect is true ����depends from the power of the study 

PPV=  [(1 - β) x p] / [(1 - β) x p + α (1-p)]

R � pre-study odds= p/1-p

p 1-p

PLoS Med. 2005 Aug;2(8):e124. Epub 2005 Aug 30.

PPV=  [(1 - β) x R] / [(1 - β) x R + α]

(1 - β) � power α � type I error PPV=  (1 - β) / (1 - β) + α

considering the pre-study odds �

Diseased Healthy

Positive to the test Diseased - positive Healthy - positive

Negative to the test Diseased - negative Healthy - negative

True relationship No relationship

Relationship 1 - β α 
False positives

No relationship β
False negatives

1 - α



Example: 1 out 5 effects is true

R = p/1-p= (1/5)/(1-(1/5)) = 0.2/1-0.2= 0.2/0.8 = 0.25

(1 - ββββ) = 20% = 0.2 PPV=  {0.2 x 0.25} / {0.2 x 0.25 + 0.05}= 0.5α = 0.05

50% possibility that the result is true

(1 - ββββ) = 80% = 0.8 PPV=  {0.8 x 0.25} / {0.8 x 0.25 + 0.05}= 0.8

80% possibility that the result is true

α = 0.05

Positive predictive value (PPV) � examples

1. Study with power = 20%

2. Study with power = 80%

Nat Rev Neurosci. 2013 May;14(5):365-76. doi: 10.1038/nrn3475. Epub 2013 Apr 10.

PPV=  [(1 - β) x R] / [(1 - β) x R + α]



PPV depends from the power 

If the possibility to find an effect (R) is low

with low power, there is very low possibility that the discovered effect is true

Nat Rev Neurosci. 2013 May;14(5):365-76. doi: 10.1038/nrn3475. Epub 2013 Apr 10.



PPV is lower in the presence of bias

Bias= combination of various design, data, analysis, and presentation factors that

tend to produce research findings when they should not be produced

e.g. manipulation in the analysis or reporting of findings

A proportion u of the effects is reported as positive � this affects the PPV

PLoS Med. 2005 Aug;2(8):e124. Epub 2005 Aug 30.



Ioannidis corollaries

Corollary 1: The smaller the studies conducted in a scientific field, the less likely 

the research findings are to be true. small sample size � small power

Corollary 2: The smaller the effect sizes in a scientific field, the less likely

the research findings are to be true. pre-study odd is low �PPV will be low, with low power

Corollary 3: The greater the number and the lesser the selection of tested

relationships in a scientific field, the less likely the research findings are to be true.
results from large phase III randomized controlled trials vs hypothesis-generating experiments  (e.g. high-throughput research)

Corollary 4: The greater the flexibility in designs, definitions, outcomes, and 

analytical modes in a scientific field, the less likely the research findings are to be 

true.
true findings may be more common when outcomes are unequivocal and universally agreed (e.g. death) or when stereotyped 

analytical methods instead of new experimental analytical method are used

Corollary 6: The hotter a scientific field (with more scientific teams involved), the 

less likely the research findings are to be true.
With many teams involved, timing is of the essence in beating competition. 

Team may prioritize on pursuing and disseminating its most impressive “positive” results. 

Negative result become only attractive to refute a positive claim made in some prestigious journal � Proteus effect (“recycled” results)

PLoS Med. 2005 Aug;2(8):e124. Epub 2005 Aug 30.

Corollary 5: The greater the financial and other interests and prejudices in a 

scientific field, the less likely the research findings are to be true.
Conflicts of interest and prejudice may increase bias, u. 



Which are the consequences?



Impact and examples

- Discrepancies between animal and patient studies- Low reproducibility

1

2

3



Objective: evaluate the replication outcomes of highly cited clinical studies

Study selection: 

- Publications with more than 1000 citations

- Published between 1990 and 2003 in the 3 medical journals with highest impact factor 

(New England Journal of Medicine, JAMA, Lancet) + medical specialty journals with impact factor > 7

- Addressed the efficacy of therapeutic or preventive interventions

…compared with

- Other concurrently or subsequently published clinical research addressing the same question

- Similar or larger sample size/better controlled design (e.g. randomized)

Control group:

- Less cited articles (median 157 citations)

- Matched 1:1 for journal, year of publication and design 

1



Result summary

highly cited articles 

49 were eligible:

- 7 (16%) were subsequently contradicted

- 7 (16%) showed initial stronger effect 

- 20 (44%) were replicated 

- 11 (24 %) remained unchallenged

- 4 contained «negative» results

� there is no proof that the subsequent studies were necessarily correct

� Discrepancies can be interesting: careful scrutiny of the data and reappraisal of our beliefs

� Uncertainity for clinical practice

Considerations:

� Among highly cited articles: a large number of  nonrandomized studies (5/6 vs 9/39) were not reproduced

� Subsequent studies were either larger or better controlled

� A trend for more contradicted studies in the highly cited group

� Striking positive findings are quickly challenged 

� More negative results in the less cited studies

less cited articles (control group):

49:

- 2 were subsequently contradicted

- 8 showed initial stronger effect 

- 20 were replicated 

- 8 remained unchallenged

- 11 contained «negative» results



Study selection 

Animal studies for interventions with unambiguous evidence of a treatment effect (benefit or harm) in clinical trials:

1. corticosteroid for head injury 

2. antifibrinolytics in haemorrhage

3. thrombolysis in acute ischaemic stroke

4. tirilazad in acute ischaemic stroke 

5. antenatal corticosteroids to prevent neonatal respiratory distress syndrome

6. bisphosphonates to treat osteoporosis.

Objective To examine concordance between treatment effects in animal experiments and clinical trials.



Result summary

intervention patient study result animal study results

corticosteroid for head injury No benefit, increased mortality
Alderson et al., Cochrane Database Syst Rev 2005

17 reports

beneficial

antifibrinolytics in haemorrhage Reduce blood loss during surgery

Henry et al., Cochrane Database Syst Rev 1999

8 reports

inconsistent results

thrombolysis in acute ischaemic stroke Reduce death or dependency after stroke

Mielke et al., Cochrane Database Syst Rev 2004

113 reports

beneficial

tirilazad in acute ischaemic stroke Increase death or dependency after stroke

Trilazad commitee, Cochrane Database Syst Rev 2001

18 reports

beneficial

Antenatal corticosteroids

to prevent neonatal 

respiratory distress syndrome

Reduce respiratory distress and mortality

Roberts et al., Cochrane Database Syst Rev 2006

56 reports

beneficial

bisphosphonates to treat osteoporosis Increase bone mineral density in post-menopausal women

Cranney et al., Endocr Rev 2002

17 reports

beneficial

Possible reasons for discrepancy:

- Poor methodological quality of the studies, e.g. no randomization and blinding

- Low power + publication bias

- Failure of animal model to represent human disease e.g comorbidity effect: stroke, hypertension, diabetes



Objective: To substantiate incidental observations that published reports are frequently 

not reproducible with quantitative data

� the validity of published data on potential targets is crucial for companies when deciding to start novel projects 

� Pharmaceutical companies run in-house target validation programmes

� Validation programmes at Bayer revealed that exciting published results could not be reproduced

� Talking to scientists, both in academia and in industry, there seems to be a general impression that many 

results that are published are hard to reproduce 

Nature Reviews Drug Discovery 10, 712 (September 2011) | doi:10.1038/nrd3439-c1



Methods:

an analysis of early in-house projects (target identification and validation) that were 

performed over 4 years

Questionnaire to scientists fro target discovery department:  

• Names 

• main relevant published data 

• in-house data 

• relationship with published data

• Impact of the results obtained for the outcome of the projects

• Models used in the experiments and in the publications

Nature Reviews Drug Discovery 10, 712 (September 2011) | doi:10.1038/nrd3439-c1

Methods



Results

results from 67 projects
not reproduced in the majority of cases

…is it due to different experimental conditions?

“Surprisingly, even publications in prestigious journals or from several 

independent groups did not ensure reproducibility”

Nature Reviews Drug Discovery 10, 712 (September 2011) | doi:10.1038/nrd3439-c1



... according to Atlas Venture partner Bruce Booth:

… the “unspoken rule” among  early stage VCs is that at least 50% of published  studies, 

even those in top-tier academic journals, can’t be repeated with the same conclusions 

by an industrial lab. ”

As a result, Atlas now insists on external validation studies of a new  

company’s basic science as a precondition to further investment.

SciBX 4(15); doi:10.1038/scibx.2011.416 Published online April 14 2011



Can the situation be improved?



Increasing sample size?

Nat Rev Neurosci. 2013 May;14(5):365-76. doi: 10.1038/nrn3475. Epub 2013 Apr 10.

…will the veterinarians allow this?

«We argue that it is important to appreciate the

waste associated with an underpowered study — even a

study that achieves only 80% power still presents a 20%

possibility that the animals have been sacrificed without

the study detecting the underlying true effect»



How much would it cost?

Test power Males Females Total n° cages 
(5 mice/cage)

Water maze 18% 22 22 44 9

Water maze 80% 134 134 268 54

Water maze 95% 220 220 440 88

In U201= CHF- mouse/day 0.15 + cage/day (T 2L-IVC) 0.60 

in A219=  CHF-mouse/day 0.15 + cage/day (T 3) 1.20

18% power 80% power 95% power

U201 price n° n° days Total CHF U201 price n° n° days Total CHF U201 price n° n° days Total CHF

mice 0.15 44 60 396 mice 0.15 268 60 2412 mice 0.15 440 60 3960

cages 0.6 9 60 324 cages 0.6 54 60 1944 cages 0.6 88 60 3168

720 4356 7128

A219 price n° n° days Total CHF A219 price n° mice n° days Total CHF A219 price n° n° days Total CHF

mice 0.15 44 60 396 mouse/day 0.15 268 60 2412 mice 0.15 440 60 3960

cages 1.2 9 60 648 cage/day 1.2 54 60 3888 cages 1.2 88 60 6336

1044 6300 10296

!!!! Not considering genotyping, time/person cost for regular checks 

…and time for running the actual experiment and analysing samples



…other suggestions?

Improve and standardize experimental design/statistics/reporting systems



ARRIVE guidelines= Animals in Research: Reporting In Vivo Experiments

� Journals should offer submission options for registered replications 



ARRIVE guidelines

Kilkenny et al., PLoS Biol. 8, e1000412 (2010).







“…there is no justification for not reporting, with full transparency, how a study is designed, conducted and analyzed 

so that reviewers and readers can adequately interpret and build on the results. For studies using biological samples, 

we will require authors to state whether statistical methods were used (or not) to predetermine sample size, and 

what criteria they used to identify and deal with outliers while running the experiment. 



How many mice did they use?????

http://www.animalresearch.info/en/medical-advances/nobel-prizes/



the first demonstration that the cyclic AMP content of nervous tissue can change in response to synaptic activity

McAfee DA, Schorderet M, Greengard P.  Science. 1971 Mar 19; 171(3976): 1156-8



n= 7 for WT and n=8 for fyn KO

���� water maze experiments



- Dramatic advances in flexibility of research design and analysis, but…

- … stability of sample size and research of smaller/more subtle effects ���� low power and low PPV

- Increasing the power can be «practically» difficult, but…

- existing scientific practices can be improved by raising the standards for study designs and reporting systems

Conclusions



Thank you for your attention!

Questions/comments?


