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About me: Samantha 
Kleinberg

• PhD in CS 

• Have worked in biomathematics, bioinformatics/
computational biology, biomedical informatics 

• Current research 
• Time series data, causal inference 
• Simulation 
• Mobile health



“Most striking, society will need to shed some of its 
obsession for causality in exchange for simple 
correlations: not knowing why but only what.” 

Mayer-Schonberger, V. and K. Cukier. (2013) Big Data: A Revolution That Will Transform How 
We Live, Work, and Think. Earnon Dolan/Houghton Mifflin Harcourt, (page 7).



Causal claims abound



Causal claims abound



Causal claims abound



Redelmeier DA, Tversky A (1996) On the belief that arthritis pain is 
related to the weather. Proceedings of the National Academy of 

Sciences 93(7):2895-2896.



Correlation = 0!

Redelmeier DA, Tversky A (1996) On the belief that arthritis pain is 
related to the weather. Proceedings of the National Academy of 

Sciences 93(7):2895-2896.



Correlation = 0!

Redelmeier DA, Tversky A (1996) On the belief that arthritis pain is 
related to the weather. Proceedings of the National Academy of 

Sciences 93(7):2895-2896.



Now introduce 
yourself



What is a cause?



The case of Ronald Opus

• He jumped from a 10-story building, planning to 
commit suicide (there was a note) 

• Around the 9th floor, he was hit by the bullet 

• He didn’t know that there was a safety net on the 
8th floor 

• Because of the net, the suicide would have failed



The story continues
• Across the street was an old man and his wife 

• He threatened her with the gun, but lost control and 
the bullet went through the window 

• According to husband and wife, neither knew gun 
was loaded 

• Was it an accident?



The plot thickens

• Their son knew about their arguments and loaded 
the gun, as he was upset with mother 

• It turns out, he was so upset that his plan didn’t 
work, that he jumped out the window, only to be 
killed by a shotgun on his way down



Causality has 
consequences

• Sally Clark’s 1st son died in 1996, as a result of 
SIDS 

• Her 2nd son died in 1999, also as a result of SIDS 

• Prosecutors argued too unlikely to both be SIDS, 
must be murder. 
• Chance of SIDS = 1/8,543 so chance of 2 deaths = 1/

(8,543*8,543)  (approx 1 in 73 million) 
• What’s wrong with this?



Why is causality hard?

• No single definition 

• No fail-proof method for finding it 

• Observational data



Administrativia
• Course website: http://www.cs.stevens.edu/

~skleinbe/teaching/CI16/ 
• Prerequisites: none 
• Textbook: none, book chapter + articles 
• Topics/readings on syllabus MAY CHANGE 

(will make announcement in class) 
• Workload/grading: 

• midterm exam (30%), final project (50%), 
participation (15%), homework (5%) 

• Doing discussion readings is critical!

http://www.cs.stevens.edu/~skleinbe/teaching/CI12/
http://www.cs.stevens.edu/~skleinbe/teaching/CI12/


Some previous final projects

• Does popularity cause campaign contributions? 

• What causes flight delays at Newark airport? 

• Is the value of bitcoin driven by exchange rates? 

• Does fracking cause earthquakes?



XMRV leads to CFS?



XMRV leads to CFS?

“I think it settles the 
issue of whether the 

initial report was real or 
not”



But …



But …



Why do we need causes?

• Prediction 

• Explanation 

• Intervention



Google flu





Prediction
Blackouts Season Smoking rate

match sales
lung cancer rate



Prediction, continued
Gene mutation

lower exercise 
tolerance Disease A



http://xkcd.com/552/



Correlation





Correlations abound

• High HDL is related to lower heart disease 

• Height and age 

• Tides and traffic on the west side highway 

• XMRV and CFS



Correlation and Causation
• What’s a correlation?  

• Relatedness of variables across samples or 
time 

• Common measure: Pearson’s correlation coefficient

r = ∑i=1
n (Xi − X)(Yi −Y)

∑i=1
n (Xi − X)

2 ∑i=1
n (Yi −Y)

2



Measuring correlation

Cups of coffee (X) vs. correct text 
answers (Y)

X Y
0 1
1 1
3 3
4 5
5 5

r = (5.2+3.2+ 0+ 2.8+ 4.8) / 4.1473× 4
r = 0.9645

r = ∑i=1
n (Xi − X)(Yi −Y)

∑i=1
n (Xi − X)

2 ∑i=1
n (Yi −Y)

2
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Hidden Common Causes



Correlation with some 
causation



Nonstationary time series

http://bama.ua.edu/~sprentic



Nonstationary time series

S. Kleinberg. (2015) Why: A Guide to Finding and Using Causes. O’Reilly Media. 



Restricted range



Canceling out



Simpson’s paradox

Treatment
Dead Alive

A 85 215 (72%)
B 59 241 (80%)

Total 144 456



Causation without correlation: 
Simpson’s paradox

Treatment Men Women Combined
Dead Alive Dead Alive Dead Alive

A 80 120 (60%) 5 95 (95%) 85 215 (72%)
B 20 20 (50%) 39 221 (85%) 59 241 (80%)

Total 100 140 44 316 144 456

Baker SG, Kramer BS (2001) Good for women, good for men, bad for people: Simpson's 
paradox and the importance of sex-specific analysis in observational studies. Journal of 

women's health & gender-based medicine 10: 867-872



Explanation (1)

• Why are two variables related? Diabetes

Blurred 
vision Weight lossCKD

Renal 
failure medication



Explanation (2)
• General causes of illness vs. cause of a specific patient’s 

illness 

• Why did an event happen? 

• Why did a particular person develop lung cancer at age 
42? 

• What led to the U.S. recession in 2007? 

• Is a stroke patient’s secondary brain injury due to seizures?



Automating explanation
• Methods for finding causes from data, but what 

about explaining events? 

• Practical problem, but challenging 

• Information incomplete 

• Where do explanations come from? 

• General and singular can differ



Intervention
• Why do we need causes to take action? 

• Buying stocks 

• Taking vitamins 

• Decreasing sodium to prevent hypertension 

• What happens if we intervene on a correlated factor?



Using causes to guide 
intervention

Blackouts Season Smoking rate

match sales
lung cancer rate



Using interventions to find 
causes

• Does playing violent video games make children 
violent? 

• Does too little sleep increase mortality rate? 

• Does medication cause side effects?



Recap
A cause 

….allows prediction of future events 
….explains connections 
….explains occurrences 
….enables interventions to prevent/produce 
outcomes 

BUT! Not every cause does and the story is more 
complicated



CUMC Neuro-ICU

Causality & time



Interpretation in the absence 
of time

• Compare: 

• A. Smoking causes lung cancer with probability 
≈ 1 after 90 years 

• B. Smoking causes lung cancer with probability 
= ½ in less than 10 years.



Probability
• Few relationships deterministic 

• Relationship vs. limits of knowledge 

• Understanding risk 

• Choosing intervention target 
• Medication efficacy vs. side effects 

• Can also measure strength of relationship



Complexity
• Interactions 

• Smoking + lung cancer: other conditions 
affecting probability and time: genetics, 
environment 

• Planning effective interventions 
• Political Speeches 

• Durations, conjunctions, sequences of events



Does coffee prevent or hasten death?



Course overview

Weeks 4-8 

How can we 
find causes?

Weeks 9-12 

When can 
we find 
causes?

Weeks 
13-14 

Projects
+ 

Special 
topics

Weeks 
1-3 

What  
Is a 

cause?



Three main questions
• What is a cause? 

• Theories of what distinguishes them from correlations and how we can 
identify them 

• How can we find causes? 

• Features of causes that allow us to learn about them 

• When can we infer causes?  

• Methods for inference from data 

• Study design 

• Applications to challenging cases



• Causal inference: finding causal relationships from 
data 

• Causal explanation: finding reason for a specific 
event that occurs at a particular time and place



Mo data mo problems 
• Big ≠ good 

• Uncertainty 

• Selection bias 

• Signal:noise 

• Interpretation 

• Time 

• Ground truth



Many unsolved problems
• Hidden variables 

• Relationships that change over time 

• Hypothesis generation 

• Estimating uncertainty 

• Testing assumptions 

• Automating explanation



Philosophy:	
What is a cause?
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Do policies achieve 
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Philosophy:	
What is a cause?

Computer	Science:	
How can we automate 
inference/explanation?

What’s the relationship 
between moral and 
causal judgment?

How do we learn of 
causes?

Medicine/biology:	
Applications to 
neuroscience, 

genomics 

Granger causality

BNs

Epidemiology:	
What affects human 

health?

RCTs

Large-scale 
analysis of 

EHRs

Why do people behave 
as they do? 



Granger causality outside 
economics

Medicine/biology:	
Applications to 
neuroscience, 

genomics 

Granger causality

Seth AK (2010) A MATLAB toolbox for 
Granger causal connectivity analysis. J 

Neurosci Methods 186: 262-273.

Economics:	
Do policies achieve 

goals? 



Granger causality outside 
economics

Medicine/biology:	
Applications to 
neuroscience, 

genomics 

Granger causality

Seth AK (2010) A MATLAB toolbox for 
Granger causal connectivity analysis. J 

Neurosci Methods 186: 262-273.

Economics:	
Do policies achieve 

goals? 

Kamiński M, Ding M, Truccolo WA, Bressler SL (2001) 
Evaluating causal relations in neural systems: Granger 

causality, directed transfer function and statistical 
assessment of significance. Biological Cybernetics 85: 

145-157.



EHR analysis

Computer	Science:	
How can we automate 
inference/explanation?

Epidemiology:	
What affects human 

health?

Large-scale 
analysis of 

EHRs



Computational biology

Computer	Science:	
How can we automate 
inference/explanation?

Medicine/biology:	
Applications to 
neuroscience, 

genomics 

Tatonetti, N.P., Denny, J.C., Murphy, S.N., Fernald, G.H., Krishnan, G., Castro, V., Yue, P., Tsau, P.S., 
Kohane, I., Roden, D.M. & Altman, R., 2011, Detecting drug interactions from adverse-event reports: 

interaction between paroxetine and pravastatin increases blood glucose levels, Clinical	Pharmacology	&	
Therapeu4cs, 90(1), pp. 133-42



Causal judgment

Psychology:	
How do we gain and 

use causal knowledge? 

Philosophy:	
What is a cause?What’s the relationship 

between moral and 
causal judgment?

The receptionist in the philosophy department keeps her desk 
stocked with pens. The administrative assistants are allowed 
to take the pens, but faculty members are supposed to buy 

their own.   

The administrative assistants typically do take the pens. 
Unfortunately, so do the faculty members. The receptionist has 

repeatedly emailed them reminders that only administrative 
assistants are allowed to take the pens.   

On Monday morning, one of the administrative assistants 
encounters Professor Smith walking past the receptionist’s 

desk. Both take pens. Later that day, the receptionist needs to 
take an important message… but she has a problem. There 

are no pens left on her desk. 
-Professor caused it? 
-Assistant caused it?



Causal judgment

Psychology:	
How do we gain and 

use causal knowledge? 

Philosophy:	
What is a cause?What’s the relationship 

between moral and 
causal judgment?

The receptionist in the philosophy department keeps her desk 
stocked with pens. The administrative assistants are allowed 
to take the pens, but faculty members are supposed to buy 

their own.   

The administrative assistants typically do take the pens. 
Unfortunately, so do the faculty members. The receptionist has 

repeatedly emailed them reminders that only administrative 
assistants are allowed to take the pens.   

On Monday morning, one of the administrative assistants 
encounters Professor Smith walking past the receptionist’s 

desk. Both take pens. Later that day, the receptionist needs to 
take an important message… but she has a problem. There 

are no pens left on her desk. 

18 students, -3 to 3 scale 
Professor: 2.2 
Assistant: -1.2 

-Professor caused it? 
-Assistant caused it?



Finance

Is the market efficient?



Finance

What drives stock prices?

Algorithm FDR FNR

Continuous 0.003 0.048

Discrete 0.010 0.048



Politics

• Do speeches affect presidential popularity ratings? 

• Bush’s speech key-phrases versus polling numbers



Turing award + Nobel prize
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For next week
Rasputin was led to a cellar and served cake and 
wine laced with cyanide – enough poison to kill 5 
men. 
This failed, so he was shot in the back. 
Once again Rasputin survived…only to be shot again. 
They then bound him and threw him in an icy river. 
He escaped the bonds, but drowned. 
What caused his death?

See syllabus for reading


