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Corse objective

• Master the main tools of “Data Science” 
“Machine Learning”, “Learning from Data”, 
“Big Data”… “AI”

• Open the “black box”
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Middle Age…

Masters attracted scholars through their reputation which led to students hiring them for instruction, 
thereby establishing a learning group known as a universitas (learning community).

A kind of sharing economy?
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…Age of Cut-and-paste

Information at our finger tips

… only there??
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2022
why are you here?
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The strenuous effort of 
conceptual reflection
"die Anstrengung des Begriffs“ (Hegel)

Math does not happen naturally in 
humans



Science (incl. ML) 
is a tool, but not 

an easy one



http://intelligent-optimization.org/LIONbook/



http://intelligent-optimization.org/LIONbook/

A personal story…
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Problem: determine if a coin is fair or rigged

Experiments: flip and count heads/tails 
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P-value in Statistical Hypothesis Testing

• A result could be obtained by chance
• “Significant” → low probability of obtaining by 

chance (unlikely to occur by chance)
• Hypothesis : “coin is fair”

• If coin is fair, what is the probability of obtaining 
only heads? (or the result I measured)

• If too low, hypothesis that coin is fair is rejected
• “too low” needs a threshold value, the s.c. P-

value
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property_data.email

An interesting case: selling “100% sugar” pills
without any compelling scientific evidence
https://en.wikipedia.org/wiki/Oscillococcinum



Coin flipping

• Ten flips only head, if fair coin p=…

• If all Italian people try, about 60,000 will 
conclude coin is “fake”…

• P-hacking

“if you torture the data long enough, it will 
confess to anything”
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How to demonstrate you are an investment guru

• Predict next day evaluation (increase or 
decrease)

• Split customers in two…
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Cut-paste scientific journalism?

• Slim by chocolate https://io9.gizmodo.com/i-fooled-millions-

into-thinking-chocolate-helps-weight-1707251800

https://io9.gizmodo.com/i-fooled-millions-into-thinking-chocolate-helps-weight-1707251800
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https://xkcd.com/882/

https://explainxkcd.com/882/
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Correlation does not imply causation
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Correlation is not causation

• Shoe number and height

• Going to the gym and being healthy

• …
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“Post hoc” is not always “propter hoc”

• Event1 happens after Event0

• Does this mean that Event0 is causing Event1?

• Examples…



Correlation does not imply causation
http://www.tylervigen.com/spurious-correlations
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UC Berkeley gender bias
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UC Berkeley gender bias

Hidden variable: department: women tended to apply to competitive 

departments with low rates of admission even among qualified applicants
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Kidney stone treatment

Simpson's paradox is a phenomenon in probability and statistics, in 

which a trend appears in several different groups of data but 

disappears or reverses when these groups are combined.

Treatment A includes all open surgical procedures and Treatment B involves 

only a small puncture.

the "lurking" variable (or confounding variable) is the severity of the case 

(represented by the doctors' treatment decision trend of favoring B for less 

severe cases),

https://en.wikipedia.org/wiki/Probability
https://en.wikipedia.org/wiki/Statistics
https://en.wikipedia.org/wiki/Confounding
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Which treatment is considered better is determined by an inequality 
between two ratios (successes/total). The reversal of the inequality 
between the ratios, which creates Simpson's paradox, happens 
because two effects occur together:
• The sizes of the groups, which are combined when the lurking 

variable is ignored, are very different. Doctors tend to give the 
severe cases (large stones) the better treatment (A), and the 
milder cases (small stones) the inferior treatment (B). Therefore, 
the totals are dominated by groups 3 and 2, and not by the two 
much smaller groups 1 and 4.

• The lurking variable has a large effect on the ratios; i.e., the 
success rate is more strongly influenced by the severity of the case 
than by the choice of treatment. Therefore, the group of patients 
with large stones using treatment A (group 3) does worse than the 
group with small stones (groups 1 and 2), even if the latter used the 
inferior treatment B (group 2).

Based on these effects, the paradoxical result is seen to arise by 
suppression of the causal effect of the severity of the case on 
successful treatment. The paradoxical result can be rephrased more 
accurately as follows: When the less effective treatment (B) is applied 
more frequently to less severe cases, it can appear to be a more 
effective treatment (omeopatia?)
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Simpson: vector interpretation

Number of cases
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Simpson paradox

a trend appears in several different groups of 
data but disappears or reverses when these 
groups are combined
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