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WHAT DO P-VALUES TELL US?

○ Home read: http://www.nature.com/news/
scientific-method-statistical-errors-1.14700 

● In pairs, discuss what are the issues related to p-values 
presented in the Nature article by Nuzzo, 2014 using its 
main figure as seen on next slide (5 minutes) 

● In groups of ~4 (2 pairs), summarise your points (3 minutes) 

● Let's discuss them with the whole class
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http://www.nature.com/news/scientific-method-statistical-errors-1.14700
http://www.nature.com/news/scientific-method-statistical-errors-1.14700


P-VALUES ARE NO GOLD STANDARDS

Nuzzo R., Nature, 2014



WHAT IS STATISTICAL SIGNIFICANCE AND 
SHOULD WE CARE?

○ Home read: 
○ Scientists rise up against statistical 

significance 

○ Statistical tests, P values, confidence intervals, 
and power: a guide to misinterpretations 

○ The Difference Between “Significant” and “Not 
Significant” is not Itself Statistically 
Significant 

○ Moving beyond P values: Everyday data 
analysis with estimation plots 
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https://www.nature.com/articles/d41586-019-00857-9
https://www.nature.com/articles/d41586-019-00857-9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4877414/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4877414/
https://www.tandfonline.com/doi/pdf/10.1198/000313006X152649?needAccess=true
https://www.tandfonline.com/doi/pdf/10.1198/000313006X152649?needAccess=true
https://www.tandfonline.com/doi/pdf/10.1198/000313006X152649?needAccess=true
https://www.biorxiv.org/content/10.1101/377978v1
https://www.biorxiv.org/content/10.1101/377978v1
https://pbs.twimg.com/media/Dw_MSe_X0AAT7a-?format=jpg&name=large


LET'S CHALLENGE OUR ASSUMPTIONS! 
AN EXERCISE IN CRITICAL THINKING

○ Let's discuss about "critical thinking" for a couple 
minutes 

○ Let's divide in 4 groups and for about 10 minutes 
read extracts of the articles on the previous slide 
○ Group 1: article 1, paragraph Pervasive problem 
○ Group 2: article 2, in the sub-section Common 

misinterpretations of single P values, read the 14 
points (choose one at random, so we can discuss more of 
them) 

○ Group 3: article 3, read the introduction and section 2 
○ Group 4: article 4, read the first four paragraphs until (but 

not) Five key advantages of estimation plots 
○ Let's discuss some more
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4877414/#Sec6title


ARTICLE #1: STOP CATEGORISING!
○ Scientists rise up against statistical significance
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https://www.nature.com/articles/d41586-019-00857-9


ARTICLE #2 - WHAT IS A PVALUE
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○ p-value is the probability of obtaining a test 
statistic as extreme as the one observed assuming 
that the null hypothesis (H0) is TRUE



ARTICLE #2 - WHAT IS A PVALUE

○ Pvalue assumes the test hypothesis is true 
○ Pvalue indicates the degree to which the data conforms to 

the model 
○ Pvalue are a continuous distribution. P=0.05 is very 

different from P<=0.05 
○ Pvalue have nothing to do with an observed association 

occurring by chance alone. This would mean that all 
assumptions and the tested hypothesis are true. 

○ Pvalue cannot be used to accept (or reject for that matter) 
the null hypothesis - see article #1 

○ Pvalue are no indication of an effect or its size  
○ Pvalue have nothing to do with false positive rate
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ARTICLE #3 DO NOT SUMMARISE BY 
STATISTICAL SIGNIFICANCE!
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Study Effect 
estimation

SE significance

A 25 +/- 10 yes at 1%

B 10 +/- 10 no

C 2.5 +/- 1 yes at 1%

significant 
difference?



ARTICLE #3 DO NOT SUMMARISE BY 
STATISTICAL SIGNIFICANCE!

○ #1 naively? yes if we misinterpret difference for a 
difference in significance. But actually no: the 
difference in effect is 15 +/- 14 

○ #2 naively? no. But actually yes! Look at the 
effect size. 
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Study Effect 
estimation

SE significance

A 25 +/- 10 yes at 1%

B 10 +/- 10 no

C 2.5 +/- 1 yes at 1%
#1

significant 
difference?

#2



ARTICLE #3 WHY NOT?

○ Imagine that table given to a panel deciding whether 
blood pressure Drug A or Drug B should be authorised.  

○ What would the panel obviously do? Most likely take a 
wrong decision - i.e. we know that Drug A and Drug B do 
not appear significantly different from each other.
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Study Effect 
estimation

SE significance

Drug A 25 +/- 10 yes at 1%

Drug B 10 +/- 10 no



ARTICLE #4 - ALTERNATIVES?
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ARTICLE #4 - ADVANTAGES

○ All data points are visible 

○ The difference is visualised as a distribution, 
preventing categorisation 

○ In addition to the point estimate representing the 
magnitude of the effect, the 95% confidence 
interval is displayed, informing about the 
precision too. 

○ Helps thinking quantitatively  13


