
Curs 02 – Cauzalitate
Co-incidență, asociere, corelație

Atribuiri robuste: criteriile lui Hill

Manipulări
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Structura cursului

1. Why?

2. Cauzalitate
• Co-incidență, asociere, corelație

• Atribuiri robuste: criteriile lui Hill

• Manipulări

3. Măsurare

4. Modelare și eșantionare

5. Tehnici de analiză

6. Predicție

7. Programare și ML

8. ML și Deep Learning

9. Producția 

10. Why Privacy?

11. Privacy Preserving Algorithms

12. Privacy Architectures and 
Federated Learning
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Co-incidență, 
asociere, 
corelație
Atribuiri cauzale
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Sursa

2017Co-incidență

https://www.reddit.com/r/dataisbeautiful/comments/6v8a9m/oc_my_eyes_hurt/?utm_content=media&utm_medium=post_embed&utm_name=bea04738cac64f90827869d68f6fcdff&utm_source=embedly&utm_term=6v8a9m
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2011Asociere

https://www.pnas.org/doi/epdf/10.1073/pnas.1018033108
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1854

Sursa

Asociere

https://en.wikipedia.org/wiki/File:Snow-cholera-map-1.jpg
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Sursă

Discuție in 
The Guardian

„At a local brewery, the 
workers were allowed all the 
beer they could drink - it was 
believed they didn't drink 
water at all. But it had its own 
water supply too and there 
were consequently fewer 
cases.”

https://www.merrittcartographic.co.uk/cholera.html
https://www.theguardian.com/news/datablog/2013/mar/15/john-snow-cholera-map
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https://www.theguardian.com/news/datablog/2013/mar/15/john-snow-cholera-map
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1858Asociere
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https://www.dataplusscience.com/NightingaleRedesign.html
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Sursă: 
Tufte, 2001

1964Corelație



Sursa
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https://bmccancer.biomedcentral.com/articles/10.1186/1471-2407-13-189
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Sursa

2010Corelație

https://medium.com/extra-extra/what-climate-skeptics-taught-me-about-global-warming-5c408dc51d32


Sursa

16

https://ourworldindata.org/smoking-big-problem-in-brief
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Sursă: 
Tufte, 2001

1977Lipsa corelației



Sursa:
The Economist
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https://www.economist.com/graphic-detail/2022/09/29/a-study-of-lights-at-night-suggests-dictators-lie-about-economic-growth


Antropocen și climă

19
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Schimbarea climatică în antropocen

• Tendințe: „Marea Accelerare”

• Efectul de seră: corelația concentrației CO2 cu temperatura medie

• Tendințe: Curba Keeling
• Importanța scalei: de la liniar la exponențial și vertical

• „Hockey stick”: Excepționalitatea fenomenului

• Vizualizări: benzile încălzirii (Warming Stripes)
• Reprezentare numerică / cromatică

• Reprezentare liniară / circulară
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Sursa

2015
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http://www.igbp.net/globalchange/greatacceleration.4.1b8ae20512db692f2a680001630.html
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https://en.wikipedia.org/wiki/Global_surface_temperature#/media/File:20200324_Global_average_temperature_-_NASA-GISS_HadCrut_NOAA_Japan_BerkeleyE.svg
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2022

https://keelingcurve.ucsd.edu/
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https://keelingcurve.ucsd.edu/
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2022

https://showyourstripes.info/s/globe
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https://showyourstripes.info/s/globe
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Sursă

https://showyourstripes.info/s/globe
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Sursă

https://showyourstripes.info/s/globe
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2021

https://www.climate-lab-book.ac.uk/spirals/


Atribuiri cauzale 
robuste
Criteriile lui Hill

31



Criteriile cauzalității @ Austin Bradford Hill (1965)

• Strength

• Consistency

• Specificity

• Temporality

• Biological gradient

• Plausibility

• Coherence

• Experiment 

• Analogy

• Intensitatea asocierii

• Consistență între surse diferite

• Specificitate

• Temporalitate (înainte / după)

• Doză / răspuns

• Plauzibilitate

• Coerență experiment - epidemiologie

• Dovezi experimentale

• Dovezi prin analogie
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Austin Bradford Hill, “The Environment and Disease: Association or Causation?,”
Proceedings of the Royal Society of Medicine, 58 (1965), 295-300.

https://www.edwardtufte.com/tufte/hill


Criteriile cauzalității: 
Austin Bradford Hill (1965)

Wikipedia

https://en.wikipedia.org/wiki/Bradford_Hill_criteria


Criteriul 1: Intensitatea corelației
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Miller

https://en.wikipedia.org/wiki/Global_surface_temperature#/media/File:20200324_Global_average_temperature_-_NASA-GISS_HadCrut_NOAA_Japan_BerkeleyE.svg
https://extranewsfeed.com/what-climate-skeptics-taught-me-about-global-warming-5c408dc51d32


Criteriul 2: Consistența între surse diferite
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Miller

https://en.wikipedia.org/wiki/Global_surface_temperature#/media/File:20200324_Global_average_temperature_-_NASA-GISS_HadCrut_NOAA_Japan_BerkeleyE.svg
https://extranewsfeed.com/what-climate-skeptics-taught-me-about-global-warming-5c408dc51d32


Criteriul 2: O altă sursă de date: sezonul agricol 
în SUA

10/8/2022 36

Miller

https://extranewsfeed.com/what-climate-skeptics-taught-me-about-global-warming-5c408dc51d32


Criteriul 3: Specificitatea pentru o perioadă
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Miller

https://extranewsfeed.com/what-climate-skeptics-taught-me-about-global-warming-5c408dc51d32


Criteriul 3 – specificitate pentru sec. 20-21 



Criteriul 4: Temporalitate (înainte / după)

10/8/2022 39

Miller

https://extranewsfeed.com/what-climate-skeptics-taught-me-about-global-warming-5c408dc51d32


„His empire lasted a 
century and a half and 
eventually covered nearly a 
quarter of the earth's 
surface. His murderous 
Mongol armies were 
responsible for the 
massacre of as many as 40 
million people. Even today, 
his name remains a byword 
for brutality and terror. But 
boy, was Genghis green.”

Sursa
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Criteriul 8: Dovezi experimentale

https://www.theguardian.com/theguardian/2011/jan/26/genghis-khan-eco-warrior


Draisine, 1817
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Criteriul 8: Erupția din 1815 (Tambora, Indonezia) 

https://www.si.edu/newsdesk/snapshot/draisine


Criteriul 8: 1815 - anul fără vară

• „April 5, 1815: Tambora eruption (Indonesia)

• In parts of North America and Europe 
temperatures dropped by more than eighteen 
degrees Fahrenheit. 

• There was snow in New England in July, and 
dark rain clouds swept over Europe 
throughout the summer months.

• Food shortages compounded those already in 
place in the wake of the Napoleonic wars.

• Record numbers of people starved to death in 
Paris in 1816, in what would be Europe’s last 
major subsistence crisis.”

• „Mary Shelley traveled to Geneva in April 
1816, accompanied by her half sister, Claire 
Clairmont, and her lover, Percy Bysshe 
Shelley.

• Barely five hundred kilometers north of 
Byron’s villa, Baron Karl Drais, a student of 
mathematics and a self-styled inventor, was 
witnessing first-hand the effects of the shift in 
climate.

• Crops, which had had no chance to recover 
after being ransacked by Napoleon’s armies, 
failed across the area, and the subsequent oat 
shortage led to the starvation of humans and 
livestock alike.

• Historians agree that it was this sudden 
dearth of horses that led Drais to turn to turn 
to man-powered transport.”

Source
42

https://www.theparisreview.org/blog/2016/10/25/year-without-summer/


Criteriul 8 – Erupția din 1991 (Pinatubo, Filipine)
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Miller

https://extranewsfeed.com/what-climate-skeptics-taught-me-about-global-warming-5c408dc51d32


Criteriul 9: Analogia
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https://extranewsfeed.com/what-climate-skeptics-taught-me-about-global-warming-5c408dc51d32
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Manipularea 
prin date
Co-incidență vs. cauzalitate

Vizualizări ciuntite

Vizualizări exagerate
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https://www.tylervigen.com/spurious-correlations


Sursa 48

https://www.tylervigen.com/spurious-correlations
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https://analythical.com/blog/covid19-in-charts
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Sursa: Tufte
2001, p. 60

https://drive.google.com/file/d/1ewddB2QYiiK_ue93qwwVBNchfndj4LqC/view?usp=sharing


10/8/2022 51

Sursa: Tufte
2001, p. 62

https://drive.google.com/file/d/1ewddB2QYiiK_ue93qwwVBNchfndj4LqC/view?usp=sharing
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https://www.businessinsider.com/the-27-worst-charts-of-all-time-2013-6
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Sursa: Tufte
2001, p. 64

https://drive.google.com/file/d/1ewddB2QYiiK_ue93qwwVBNchfndj4LqC/view?usp=sharing
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https://www.reddit.com/r/dataisbeautiful/comments/wfx6kc/oc_us_government_deficit_since_1950/


Toate’s vechi 
și nouă toate
Colecții de vizualizări de date
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Click pe Launch Interactive!

https://infowetrust.com/project/history-essay


10/8/2022 58Reddit – Data Is Beautiful

https://www.reddit.com/r/dataisbeautiful/


Concluzii

• Cauzalitatea este atribuită prin...
• Co-incidență

• Asociere și corelație (co-incidențe repetate)

• O atribuire robustă ține cont de criteriile lui Hill
• Exemplu: efectul de seră și încălzirea globală

• Prezentarea datelor poate fi manipulativă
• Implicarea unei cauzalități iluzorii

• Implicarea unui exces sau deficit exagerat
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„Efectul de iulie” în erorile fatale 
de medicație
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https://pages.ucsd.edu/~dphillip/july_spike_paper.pdf


Criteriile lui Hill
Each July thousands begin medical residencies and acquire 

increased responsibility for patient care. ... these new medical 

residents may produce errors and worsen patient outcomes—the 

so-called “July Effect” 

Patern sistematic 

(surse multiple de 

măsurare / 

observație)

Inside medical institutions, in counties containing teaching 

hospitals, fatal medication errors spiked by 10% in July and in no 

other month

Intensitate

Temporalitate 

(înainte / după)
There was no July spike in counties without teaching hospitals. 

These findings held only for medication errors, not for other causes 

of death.

Specificitate

Plauzibilitate

The greater the concentration of teaching hospitals in a region, the 

greater the July spike (r=.80; P=.005). 

Doză / răspuns

63



10/8/2022 64



10/8/2022 65

Sursa: Tufte
2001, p. 69

https://drive.google.com/file/d/1ewddB2QYiiK_ue93qwwVBNchfndj4LqC/view?usp=sharing
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https://www.businessinsider.com/the-27-worst-charts-of-all-time-2013-6
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https://www.businessinsider.com/the-27-worst-charts-of-all-time-2013-6
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https://www.businessinsider.com/the-27-worst-charts-of-all-time-2013-6
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https://www.tylervigen.com/spurious-correlations

