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Traditional statistics

“ [significance testing] is based upon 
a fundamental misunderstanding of 
the nature of rational inference, and is 
seldom if ever appropriate to the 
aims of scientific research.”

(Rozeboom, 1960) 
 

All references for this talk at www.aviz.fr/dances

http://www.aviz.fr/dances






It’s all about uncertainty

“Statistics has been described as the 
science of uncertainty. But, 
paradoxically, statistical methods are 
often used to create a sense of 
certainty where none should exist.”

(Gelman, 2016)  
 

All references for this talk at www.aviz.fr/dances

http://www.aviz.fr/dances


Statistical dances

The dance of p-values (Cumming, 2009)  
 

All references for this talk at www.aviz.fr/dances

http://www.aviz.fr/dances


Outline
• Statistical dances — why no 

statistical analysis is reliable 

• what do to about it 
• False solutions 

• OK solutions 

• Real solutions
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95% confidence intervals

Our data

Don’t trust 
confidence intervals
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and posterior distributions
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Bayesian credible intervals 
and posterior distributions

Our data

Don’t trust 
credible intervals and 
posterior distributions

“Eye plots” made using (Kay, 2016)
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Bayes Factors
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orse Nope, don’t trust 

these either
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(Dragicevic, Chevalier and Huot, 2014)

Universe 8



Lessons learned so far

• Everything dances 
• Descriptive and inferential statistics alike 
• Dances propagate along the analysis pipeline 

• There is no way around it 
• But there must be ways!
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Type I error 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Type II error 
30% of the time 

(power = .7)
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False solution: 
discretize / dichotomize

(Lakens, 2016)



False solution: 
discretize / dichotomize

Don’t do 
this either
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Better solution:  
use large samples

n = 128

α = .001

Type I error 
0.1% of the time

Type II error 
0.003% of the time 
(power = .99997)



Better solution:  
use large samples

n = 128



Limits of 
large samples

• More participants stabilize dances only slowly 
• Running participants can be costly 
• Power can be increased by better measurement 
• Researchers would still report secondary findings 

with lower power 
• Still need ways of conveying uncertain results
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Limits of 
informed priors

• Need very strong priors to reduce the dance 

• Good priors require replications (Kay et al, 2016),  
but replications are rare in our fields 

• Many would probably consider the use of strongly 
informed priors as a form of “cheating” 

• Again, still need ways of conveying uncertain 
results with little prior knowledge



The real problem:  
lack of awareness

• Most researchers are already familiar with the dance  
of the sample means 

• But they overestimate the reliability of p-values, of 
statistical tests and of interval estimates 

• We tend to believe that statistics “stabilize" noisy data. 
Very hard to overcome this wrong intuition 

• Solutions: education, more willingless, new principles



Robustness principle
• A statistical analysis is robust to sampling variability 

if two similar datasets yield similar results 

• A plot is robust to sampling variability if two similar 
datasets yield visually similar plots 

• A way of interpreting results is robust to sampling 
variability if two similar datasets yield similar 
interpretations



Examples
Plotting distributions

Dot plot Bee swarm Violin plot Box plot
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Examples
Interpreting multiple CIs

(Dragicevic, 2016)



Examples

(Schmidt and Hunter, 1997)

“ It is best for individual researchers to 
present point estimates and 

confidence intervals and refrain from 
attempting to draw final conclusions 

about research hypotheses.”



Examples

(Fisher, 1955)

“ We have the duty of [...] 
communicating our conclusions in 

intelligible form, in recognition of the 
right of other free minds to utilize them 

in making their own decisions. ”



Conclusions

• Embrace uncertainty (Giner-Sorolla, 2012) 

• Convey it clearly, use plots 
• Always keep the dances in mind, seek robustness 
• Do not dichotomize results 
• Be nuanced, use vague language (Van Deemter, 2010) 

• Let your readers judge by themselves
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(Correll and Gleicher, 2014)

Gradient plots



Conclusions
• We need more research on this!

(Hullman, Resnick and Adar, 2015)

Hypothetical outcome plots



Conclusions

• For more: www.aviz.fr/badstats 
• Animated plots created by Pierre Dragicevic  

and Yvonne Jansen

http://www.aviz.fr/badstats



