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Causal analysis?

Dictionary:

¥ causal
of, relating to, or acting as a cause
cause: a person or thing that gives rise to an action, 
phenomenon, or condition

¥ analysis 
detailed examination of the elements or structure of something, 
typically as a basis for discussion or interpretation

(source: Oxford American Dictionary) 
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Example

¥ Two variables:  

T:  outdoor temperature (daily maximum)
S:  sale of ice-cream at my kiosk (day total in euros)
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¥ Clearly T and S are statistically dependent (associated, 
correlated): high temperatures and high sales tend to happen on 
the same days. But this is a symmetric association, and does not 
directly say which is the cause of which.

¥ Somehow, we would like to express the asymmetry that T affects 
S, but S does not affect T: If we could Þnd a way to raise the 
temperature then sales would increase, but if on the other hand 
we increased sales (by advertising, for instance) then we would 
not increase the outdoor temperature!

(i.e. closing the kiosk is not the solution to global warming!)

¥ ÔStandardÕ probability theory/statistics does not contain notation 
to express this simple intuition!

T S T S T S

?
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Example #2

¥BBC News, 27 July 2007:  Cannabis 'raises psychosis risk'

Cannabis users are 40% more likely than non-users to suffer a 
psychotic illness such as schizofrenia, say UK experts [...]
The study found the most frequent users of cannabis have twice 
the risk of non-users of developing psychotic symptomps [...]

However, the authors said that they could not rule out the 
possibility that people at a higher risk of mental illness were 
more likely to take the drug. [...]

¥Question:  Will the nationÕs mental health be affected if steps are 
taken to control cannabis use?

[Ex. 1.1 from Dawid, 2007]
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SimpsonÕs ÔparadoxÕ:  example

Men + Women Recover Die Recovery rate

Medicine 200 200 400 50%

No medicine 160 240 400 40%

360 440 800

P(rec | med) = 0.5

P(rec | no med) = 0.4
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SimpsonÕs ÔparadoxÕ:  example

Men Recover Die Recovery rate

Medicine 180 120 300 60%

No medicine 70 30 100 70%

250 150 400

Women Recover Die Recovery rate

Medicine 20 80 100 20%

No medicine 90 210 300 30%

110 290 400

Men + Women Recover Die Recovery rate

Medicine 200 200 400 50%

No medicine 160 240 400 40%

360 440 800

P(rec | no med, male) = 0.7

P (rec | med, male) = 0.6

P(rec | med, female) = 0.2

P (rec | no med, female) = 0.3

P(rec | med) = 0.5

P(rec | no med) = 0.4
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We all have an intuitive 
understanding of causality...

¥ We act in a manner consistent with it:

- we ßip the light switch to turn on the light
(we are surprised if the light does not go on when ßipping the 
switch, but not surprised if the switch does not ßip when the 
light burns out)

- we run so as to avoid being late for a meeting
(even though running and being late are statistically 
associated!)

- etc, etc...
<z
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¥ People agree on most causal questions...

- does the rain cause wet grass, or the reverse?

- does warm weather cause high sales in ice-cream, or the 
reverse?

- etc etc

¥ Our language is full of words relating to causality:
cause, gives rise to, lead to, result in, trigger, promote, because of, 
affect, induce, inßuence, raise, lower, ...

yes! agreed!

etc...
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¥ Sometimes we donÕt know what is cause and what effect
(for example, does playing violent video games make the child 
aggressive, or do aggressive children like to play violent video 
games?)

¥ An even more common problem is that, while we understand 
qualitative cause-effect relationships, we do not know how strong 
the relationships are. We need quantitative models!

¥ In the real world, many interesting and important cause-effect 
networks are quite complicated!

...but an intuitive understanding is 
not always enough!
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(Models and Their Implications for the KBS Design Cycle; T .J. Menzies and S . Goss; Proceedings PKAW '96: Pacific 
Knowledge Acquisition Workshop and Monash University Department of Software Development Technical Report TR96-15 ; 

1996 )

Examples...
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(Dinosaur V olcano Greenhouse Extinction by Dewey McLean. Physical Sciences Information Gateway , 1996)

Examples...
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¥ Huge amounts of data are collected on all sorts of processes...

...but theoretical tools for using the data to obtain causal models, 
(and concrete predictions of the results of interventions) have 
only recently been developed and are not yet widely known.

14

UNIVERSITY OF HELSINKI
Dept. of Computer Science

582481 - Causal analysis  [autumn 2008]
Patrik Hoyer

A.

Quoted from the book ÔThe Elusive Quest for GrowthÕ by William 
Easterly:

ÒIn general, the data show a strong [negative] association 
between institutional quality and corruption. [...] These 
strong relationships need to be interpreted cautiously. [...] 
There may be some third factor, like bad government policies 
or low per capita income, that causes countries to have both 
corruption and poor institutions. Still the strong association 
between institutions and corruption is at least consistent 
with the view that institutions can inßuence corruption.Ó

This kind of argumentation is widespread.  Various statistical 
associations between variables are shown, and it is left to intuition 
and informal argumentation (Ôgood judgementÕ) to infer that these 
associations are the results of direct causal processes. 
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Some statistics scholars have even given up completely:

ÒWe often see the terms cause, effect, and causal modeling used in 
the research literature. we do not endorse this practice and 
therefore do not use these terms hereÓ

! (Schumaker and Lomax, 1996)

ÒIt would be very healthy if more researchers abandoned thinking of 
and using terms such as cause and effectÓ

! (Muthen, 1987)

16
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However... 

"In the last decade, owing partly to advances in graphical models, 
causality has undergone a major transformation: from a concept 
shrouded in mystery into a mathematical object with well-deÞned 
semantics and well-founded logic. Paradoxes and controversies have 
been resolved, slippery concepts have been explicated, and practical 
problems relying on causal information that long were regarded as 
either metaphysical or unmanageable can now be solved using 
elementary mathematics. Put simply, causality has been 
mathematized."

17

(Judea Pearl, 2000)
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and...

"Traditionally, Statistics has been concerned with uncovering and 
describing associations, and statisticians have been wary of causal 
interpretations of their Þndings. But users of Statistics have rarely 
had such qualms. For otherwise what is it all for?

The enterprise of ÒStatistical CausalityÓ has developed to take such 
concerns seriously. It has led to the introduction of a variety of 
formal methods for framing and understanding causal questions, and 
speciÞc techniques for collecting and analysing data to shed light on 
these."

18

(A.P. Dawid, 2007)
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¥ We want a general theoretical framework, in which we can speak 
of causes and of effects

¥ We need notation and algorithms with which to...

- combined qualitative causal knowledge with measurement data 
to obtain realistic quantitative causal models

- automate the search for causal explanations of data without 
having to always resort to randomized controlled experiments

! so that we can make better decisions!

So: what do we really want?
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I am ßuent in probability theory and 
statistics, is that not enough?

¥ If all you want to do is predict based on observations, in an 
unchanging world, then it is enough.
 
Example:  temperature/ice-cream-sales -data:  if the goal is to 
predict what the sales will be if we observe the temperature to 
be 23 degrees; or guess the temperature if the sales were 5000e, 
then knowing or estimating the joint probability distribution is 
enough.

¥ But if the goal is to intervene on the variables (i.e. estimate the 
result of some policy), then you need causal knowledge! Causal 
concepts need to be added to probability theory.
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This course...

¥ ...does NOT give you a wide and comprehensive view of how the 
concept of causality has been tackled in philosophy and statistics 
in its long history

¥ ...does NOT even attempt to give a comprehensive and balanced 
view of all the different viewpoints existing today

Rather, the goal is to give you...

¥ ...a framework/mindset to reason about causality, which has 
gained much support recently, and which I predict you will Þnd 
appealing

¥ ...the computational tools to answer practical data-analysis 
questions involving causal concepts
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The course describes some of the ideas and methods presented in...

Pearl, J. (2000). Causality: Models, Reasoning, and Inference. 
Cambridge University Press.

- good argumentation for the general framework!
- I donÕt really agree with some of the material towards the end

Spirtes, P., C. Glymour, R. Scheines (1993). Causation, 
Prediction, and Search. Springer.

- mainly the same basic framework
- pedagogically very suboptimal, not intended as textbook

Dawid,  A. P.  (2007). Fundamentals of Statistical Causality. 
Online lecture notes.

- mainly the same basic framework
- slightly different emphasis, and different notation

UNIVERSITY OF HELSINKI
Dept. of Computer Science

582481 - Causal analysis  [autumn 2008]
Patrik Hoyer

A. 23

...but there is no need (with respect to this course) to buy the 
books.  The required material for this course is:

- these lecture slides

- the exercise problems and their solutions

- the extra required reading,  as listed on the course web-page 
(and at the end of each set of lecture slides)

All of these materials will be available on the net, from the course 
web-page, in adobe acrobat (pdf) format. (If any of the links stop 
working, please inform the lecturer immediately!)
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Practical arrangements

[ First:  Background of participants?  Name, department, year of 
study, background in terms of statistics and regression? ]
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¥ Basics of probability theory

- discrete/continuous random variable, probability distribution, 
probability density, joint distribution, conditional distribution, 
marginal distribution, independence, conditional 
independence, expected value, variance, covariance, 
correlation, etc

¥ Basics of linear algebra/regression

- linear function, system of equations, vector, matrix, linear 
regression, matrix inverse, determinant, etc

(We will go through these quickly at the beginning of the course to 
refresh your memory, but if you are not familiar with a majority of 
these prior to this course it will be difÞcult to follow the course!)

Prerequisites

UNIVERSITY OF HELSINKI
Dept. of Computer Science

582481 - Causal analysis  [autumn 2008]
Patrik Hoyer

A. 26

Not r equired, but helpful...

¥ Previous exposure to graphs and in particular Bayesian networks 
would be helpful...

- directed acyclic graphs (DAGs), d-separation, etc

 ...but this is certainly not required.  We will go through all the 
necessary concepts in the course.

 (Courses at TKTL that describe some of this stuff is ÔGraphical 
ModelsÕ and ÔThree concepts: probabilityÕ.)
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Course topics

¥ introduction, motivation

¥ quick recap of prerequisites 
(multivariate probability distributions,  linear regression,  etc)

¥ deÞning a causal model,  ÔdoÕ-notation

¥ models based on directed acyclic graphs

¥ counterfactuals

¥ inferring causal models from data

¥ conclusion
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Language

¥ The course is given in English, i.e. all material will be available 
exclusively in English.

¥ Note:  You are of course free to use Finnish or Swedish to ask 
questions, even during the lectures.  The optional project work 
may also be written in Finnish or Swedish.

¥ If you would like the exam questions in Finnish or Swedish, please 
let me know at least two weeks before the exam.
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Lectures

¥ Wednesdays and Fridays at 10.15 Ð 12.00 Exactum C221

¥ Last lecture Friday 10.10.2008

¥ Lecture slides available on course web page, at the latest on the 
morning of the lecture.

¥ Lecturer contact information:

Patrik Hoyer
Exactum A342
09-19151250
040-5920988
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Exercises

¥ Tuesdays: 14.15 Ð 16.00 Exactum C220

¥ Last exercise session 7.10.2008

¥ Exercise problems available on web-page, generally one week 
prior to session. Solutions available on web-page following 
session.

¥ Contact information for exercise sessions:

Antti Hyttinen
Exactum A314
09-19151177
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31

+ the optional project work (2 cr) after the course
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Exam
(4 cr)

¥ Friday 17.10.2008 at 9.00-12.00 (room not known yet)

 (Alternatively you can take part in a separate exam 18.11.2008, 
6.2.2009, 27.3.2009, or 16.6.2009.  These require signing up 
separately.)

¥ Some essay- or explanation-type problems, but to a large part the 
problems are mathematical in nature
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Project work
(voluntary: +2 cr)

¥ Detailed project work description at end of course

¥ Causal inference from data that I hand you

¥ Using existing software (Matlab / R / TETRAD / B-course / ... )

¥ Possible to use own data (tailoring the project work) for graduate 
students already involved in research
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Enrolling

¥ Please enroll using the ofÞcial system of the department, at:
https://ilmo.cs.helsinki.Þ/ilmo/Ilmo
(note ÔEnglishÕ button at top-right)

¥ Students from elsewhere than Univ. of Helsinki: please contact 
the lecturer!
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Personal tutoring

¥ Please feel free to ask questions or help with any topic by...

- coming to room A342 at any time. However, I am not always 
present, and do not always have time for longer questions, so:

- it is a good idea to phone or email Þrst to set an appointment

¥ The same applies to the assistant
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Feedback

¥ Feedback during class is welcomed!!

¥ Anonymous feedback possible on the course web-page!  Please 
let me know if thereÕs anything on your mind regarding the 
course but you would prefer to stay anonymous.

(The form might still have some problems. Performing a Ôshift-
reloadÕ prior to Þlling out the form might help.)

¥ Feedback after course using the ofÞcial forms of the department.
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Required reading

¥ Preface to PearlÕs book:
http://bayes.cs.ucla.edu/BOOK-2K/pref.html

¥ Preface and Chapter 1 of DawidÕs text:
http://www.ucl.ac.uk/Stats/research/Resrprts/psÞles/rr279.pdf

(donÕt worry if some things are unclear at this point, the whole 
point of the course is to explain them!)
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See you on Friday!


