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Introduction & Practicalities
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Causal angsbis?

Dictionary:

¥ causal
of,relating tqor acting as a cause
causea person or thing that ges rise to an action,
phenomenonor condition

¥ anaysis
detailed examination of the elements or structunf something,
typicaly as a basi®f discussion or interpetation

(source:Oxford American Dictionay)
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¥ Two variables:
T: outdoor temperatue (daiy maxinum)
S: sale of ice-agam at ny kiosk (dg total in euns)
[euro]
S
10 15 20 25 reci
T
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¥ ClearyT and S a statisticaly dependent (associated,
correlated) high temperatues and high sales tend togen on
the same dgs.But this is asymmetricassociatiorand does not
directly sy which is the cause of which.

¥ Somehav, we would like to express theasymmety thatT afects
S,but S does not &€t T: If we could Pnd a wato raise the
temperatue then sales wuld inceasebut if on the other hand
we increased sales ytadwertising for instance) then w would
not increase the outdoor temperatu!

O—0 O-0 b

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

¥ OStandd® mhbability theoy/statistics does not contain notatior
to express this simple intuition!
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Example #2

[Ex.1.1 from Dawid,2007]
¥BBC News,27 dily 2007: Cannabis 'raises psychosis risk'

Cannabis users ar40% moe likely than non-users to sudf a
psychotic illness such as schieofiasay UK expets [...]

The study dund the most fequent users of cannabisveawice
the risk of non-users of desloping psychotic symptomps [...]

However, the authors said that thecould not rule out the
possibility that people at a higher risk of mental illnessew
more likely to take the drugl...]

¥Question: Will the nation®mental health be aftted if steps &
taken to control cannabis use?
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Simpsors®paraddexample
Men +Women | Recoer | Die Recovery rate
Medicine 200 200 400 50% P (rec | med) = 0.5
No medicine 160 240 400 40% P (rec | no med) = 0.4
360 440 800
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Simpsors®paraddexample
Men +Women | Recoer| Die Recovery rate
Medicine 200 200 400 50% P (rec | med) = 0.5
No medicine 160 240 400 40% P(rec| no med) = 0.4

360 440 800

Men Recover Die Recovery rate
Medicine 180 120 300 60% P(rec | med, male) = 0.6
No medicine 70 30 100 70% P(rec | no med, male) = 0.7

250 150 400

Women Recover Die Recovery rate
Medicine 20 80 100 20% P (rec | med, female) = 0.2
No medicine 90 210 300 30% P(rec | no med, female) = 0.3

110 290 400
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We all hae anintuitive
understanding of causality

¥ We act in a manner consistent with it:

= we Rip the light witch to turn on the light
(we are surprised if the light does nobgon when Ripping the
switch,but not surprised if the witch does not Rip when the
light burns out)

= we run so as to wid being latedr a meeting
(even though running and being lateeatatisticait
associated!)

- etc,etc...
° ‘ ® <z
L L=
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¥ Peopleagee on most causal questions...
- does the rain cause et grassor the reverse?
- does warm veather cause high sales in iceamor the

reverse?

¥ Our language is full ofavds relating to causality:
causegiwes rise tqlead tgresult intrigget promote, because of,
afect,induceinfRuenceraise lower, ...

i

Jbut an intuitie understanding
not always enough!

¥ Sometimes w dontknow what is cause and what et
(for exampledoes plging violent video games nathe child
aggessie, or do aggessie childen like to play violent video
games?)

¥ An even more common poblem is thatwhile we understand
gualitatie cause-eéct relationshipsye do not knowv how strong
the relationships & We needquantitatie models!

¥ In the real world, mary interesting and impdant cause-eéct
networks are quitecomplicatedl
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Examples...

Foreign

. ++
foriegn ___~ Current
Exchange Rate

demand Account
Balance N Unemployment ++,
investor % Share
foriegn confidence Index
SaleS \ / N
eNp ~ _** > wages
\ supply [ Domestic ~ company foriegn
of goods Sales profits investment
i ++
domestic _** A
investment - N
Inflation
vone - P $ Interest
Y ————= demand Rates
Supply

(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 )
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»

Examples...

SPACE HEAT

(Dinosaur V olcano Greenhouse Extinction by Dewey McLean. Physical Sciences Information Gateway 1996)
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¥ Huge amounts of data ercollected on all sds of processes...

¥6503105 -0.28129761 1.662887788 -1.279677333 1.876462165 @.09509016 -1.625190527 ©.22614238 -2.09696873 1.07254876 1.6115215070 ©.451834823 -0.892266114

18135512 -2.13217245 1.559202513 -1.640406976 0.195696809 1.33074195 1.344642937 1.02959104 -0.01553847 1.00561452 0.9530957465 0.807124012 2.481546671

12466358 -1.13757985 -8.936506107 ©.545533167 -0.354563497 @.36692834 1.791730409 B.57634264 1.46626249 -0.33446875 -0.3415952658 -0.128814186 -2.311302031

1276306 1.636317947 1.698982742 0.143025943 0.41596793 0.116805199 0.12967138 471797 1.03573276 0.6480336623 ©0.543305086 1

12490077 @ 9.206412204 0.147273588 0.692424617 -0.12211412 0.030868999 -1.02880032 609721 -0.99082360 1.6462430548 -1,388650662 -0

15082611 @.62586017 -0.11893561@ -1.237519937 0.003070002 1.60080628 -0.109487584 1.46719208 1.51904420 -0.66144403 -0.0281080387 -0.431375402 -1

14887550 -2.45381047 ©.634327107 0.167536585 -0.333576745 @.3757@469 -1.030646518 0.25200250 -0.05250397 0.67705507 1.8760912272 -9.999268658 -0

.5902960 1.48467983 0.669505849 0.043439284 -0.643402298 1.56507988 -0.895226413 0.46044982 -0.75336045 0.26059699 -1.1366690801 1.810894451 -9

5705718 ©.41401059 -0.920615552 0.211012666 -0.307201627 1.71622414 0.700801708 -0.62238087 0.07202241 -1.51607181 0.2220405015 ©.542347307 @

1934068 -0.05000883 ©.033957291 -0.498451357 0.874091112 -1.44859445 -0.738147477 1.60363163 -0.24423029 1.76453333 -0.7918150918 1.801467030 @

12241132 -0.46957805 -1.337278382 -9.741539691 -0.231513502 -@.72119173 1.642304698 -1.18773918 1.53154665 0.49206347 -2.8381386734 -1.193@32887 -0

11616860 ©.94167121 ©.294508673 -1.268371624 0.855215309 ©.99061588 -1.835371346 -1.43579440 0.05819488 -1.33100034 2.4977753487 1.757324321 @

16439543 9.69721771 -0.984416134 1.261806408 -0.876491493 -1.50314707 0.634453923 08.47108679 1.14078265 -1.47133712 -1.5667439085 -0.265948553 1

16299107 @.54485624 0,234068250 -1.861993979 3,29938712 -0.834066043 0.98987559 9.15413647 -0.36869955 -9.3873081505 -9.651321786 -1

16388107 -1.20960204 1.677829720 -9.54471455] ©.20562883 0.086959156 -0.83096557 2.18501182 -1.50221947 -0.3977667872 -1.368729001 @

18014349 @.57299158 ©.123071023 9.192235557 -1.17217984 @.773@38392 -0.41021159 1.05913471 0.58500620 -0.7805018123 0.430784675 1.866903454

16956008 @.05462683 -1,096970584 -9.791063022 300001139 1.95620360 -1.692010833 @.37479973 -0.65844493 0.98349713 -0.7946737497 -1,148636487 @
...but theoketical tools ér using the data to obtain causal mode
(and concete predictions of the esults of inteventions) hae
only recently been deeloped and a not yet widely known.

.
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.213262352
186106766
322094769
174061839
1001226657
091203367

550232158
122223433
512530574
781518348
380157141
998258331
161883832

1497943000
495356576
182138715

041135659

257761454
880030065
279198385
1RSAATIRR

]

47000
63677
61202
22439
20768
22048
49365
e8s72
84488
20477
90347
75825
56149
69876
19920
81673
38346
21673
10004
76701
67299
87738
24943
19070
31330
54076

»

Quoted from the bookOThe ElusiQuest br GrowthO pWilliam
Eastely:

Oln generahe data shw a strong [negatig] association
between institutional quality and camption.[...]These
strong relationships need to be interpted cautioust...]
There mg be some thid factor like bad gvernment policies
or low per caita incomethat causes countries to ke both
corruption and poor institutionsStill the stong association
between institutions and couption is at least consistent
with the view that institutions can inRuence awiptionO

This kind of argumentation is widesgad.Various statistical
associations beteen variables arshavn,and it isleft to intuition
and inbrmal argumentation (@ayl judgement® infer that these
associations arthe results of diect causal pcesses.
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Some statistics scholarsueaeven gien up completsf:

OWe often see the terms causefiect,and causal modeling used in
the reseach literature. we do not endorse this practice and
therefore do not use these terms he©

! (Schumadr and Lomax1.996)

Olt vould be \ery healtly if more reseachers abandoned thinking ¢
and using terms such as cause anectfi

! (Muthen,1987)
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However...

"In the last decad®wing patly to advances in gphical models,
causality has undesge a major trangfrmation:from a concept
shrouded in nystery into a mathematical object withell-debPned
semantics and &ll-founded logicParadaes and contoversies hae
been esohed,slippely concepts hee been explicate@énd practical
problems elying on causal iafmation that long vere regaded as
either metghysical or unmanageable cannnbe solhed using
elementay mathematic$ut simp}, causality has been
mathematized."

(dudea Rarl,2000)
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and...

"Traditionaly, Statistics has been concerned with uaeong and

describing associatiored statisticians ka been way of causal
interpretations of their PndingBut users of Statistics txararely

had such qualmBor otherwise what is it alldr?

The enterprise oDStatistical CausalityO hagetiged to tale such
concerns seriougllt has led to the intoduction of a variety of
formal methodsdr framing and understanding causal questiand,
specibc techniguesrfcollecting and angsing data to shed light on
these"

(A.PDawid, 2007)

UNIVERSITY OF HELSINKI i 582481 - Causal analysis [autumn 2008] A8
Dept. of Computer Science i Patrik Hoyer )

Sowhat do we really want?

¥ We want a generaheoretical framevork, in which we can speat
of causes and of eiffts

¥ We neednotation and algrithms with which to...

- combined qualitatey causal kneledge with meas@ment date
to obtain realistic quantitatiy causal models

- automate the seah for causal explanations of data without
having to alvays resort to randomized contolled experiments

I so that we can ma& better decisionk
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| am RBuent in pobability theol anc
statisticsis that not enough?

¥ If all you want to do ispredict based on obseationsjn an
unchanging wrld, then it is enough.

Exampletemperatue/ice-ceam-sales -dataf the gal is to
predict what the sales will be ifewobsewre the temperatue to
be 23 degees;or guess the temperaterif the sales ere 5000e
then knowing or estimating the joint mbability distribution is
enough.

¥ But if the @al is tointerveneon the variables (i.estimate the
result of some poligythen you need causal kndedge! Causal
concepts need to be atkd to probability theow.
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This course..

¥ ...doesNOT giwe you a wide and comm@hensie viev of how the
concept of causality has been tackled in philogogid statistics
in its long histoy

¥ ...doesNOT even attempt to gie a compehensie and balancec
view of all the diférent vievpoints existing toda

Ratherthe gpal is to gie you...

¥ ..a framevork/mindset to reason about causalityhich has
gained mch suppot recentl, and which | pedict you will bnd
appealing

¥ ...thecomputational tool¢o ansver practical data-angdis
guestions imolving causal concepts
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The course describesomeof the ideas and methods gsented in..

Pearl,J(2000).CausalityModels Reasoningnd Inérence
Cambridge Uniersity Pess.

- good grgumentationo‘r the general framwork!
- | donErealy agee with some of the material twards the end

Spites,P,C. Glymour, R.Scheines (1993F.ausation,
; Prediction,and Seath.Springer
- mainy the same basic framerk
- pedaggicaly very suboptimalnot intended as textbook
1 Dawid, A.P (2007)Fundamentals of Statistical Causality
E—N Online lectue notes.

- mainy the same basic framerk
__PDF__ - slighty diferent emphasisind diférent notation

Bl
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...but thee is no need (with espect to this course) to buy the
books.The required material ér this course is:

- these lectue slides
- the exercise poblems and their solutions

- the extra required reading,as listed on the course @b-page
(and at the end of each set of lectuslides)

All of these materials will bevailable on the nefrom the course
web-pagein adobe aarbat (pdf) brmat. (If ary of the links stop
working,please irdrm the lecturer immediate!)
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»

Practical amngements

[ First: Backgound of paticipants? Namelepatment,year of
studybackgound in terms of statistics aneégression? ]
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Prerequisites

¥ Basics of mhability theoy

- discrete/contiruous random variabj@robability distribution,
probability densityjoint distribution,conditional distribution,
marginal distributiorindependencegconditional
independencgexpected valugrariancecovariance
correlation.etc

¥ Basics of linear algebraegression

- linear functionsystem of equationsector, matrix, linear
regressionmatrix irverse determinantgtc

(We will g through these quicklat the beginning of the course tc
refresh yur memory, but if you are not familiar with a majority of
these prior to this course it will be difbcult t@flow the course!)
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Not required,but helpful...

¥ Previous exposue to grgphsand in paticular Bayesian netwrks
would be helpful...

- directed acyclic gghs (DAGs),d-separationetc

...but this is ceminly not required. We will g through all the
necessay concepts in the course

(Courses alKTL that describe some of this stuffGeGrahical
ModelsO artaTree conceptsprobabilityO.)
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Course topics

¥ introduction,motivation

¥ quick reca of prerequisites
(multivariate pobability distributionsinear regression,etc)

¥ debning a causal modéldoO-notation
¥ models based on décted acyclic gghs
¥ counterfactuals

¥ inferring causal modelsdm data

¥ conclusion
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Language

¥ The course is gan inEnglisfi.e. all material will beeailable
exclusiely in English.

¥ Note: You are of course fee to use Finnish or Sadish to ask
guestionseven during the lectugs. The optional poject work
may also be written in Finnish or Rdish.

¥ If you would like the exam questions in Finnish or &ishplease
let me knaw at least tvo weeks bedre the exam.



Lectures

¥ Wednesdygs and Fridgs at 10.15 B 12.00 Exactum C221
¥ Last lectue Fridy 10.10.2008

¥ Lecture slides wailable on course @b pageat the latest on the
morning of the lectue.

¥ Lecturer contact inbrmation:

Patrik Hoyer

ExactumA342
09-19151250
040-5920988

patrik hoyer@helsinki.fi
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Exercises

¥ Tuesdgs:14.15 B 16.00 Exactum C220
¥ Last exrcise session 7.10.2008

¥ BEercise poblems aailable on wh-pagegeneral} one week
prior to sessionSolutions wailable on wb-pagedllowing
session.

¥ Contact inbrmation br exercise sessions

Antti Hyttinen
ExactumA314
09-19151177

antti.hyttinen@helsinki.fi
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Schedule

tue wed fri
14-16 10-12 10-12
Cz20: Cc221: C2Z1:

sept  ———— 3L 5L
9 E 0L 12 L
16 E 7L 19 L
23 E 24 L 26 L
30 E 1L 3L
oct TE 8 L 10 L
—— —_— 17 Exam (at 9-12, location

not yet determined)

+ the optional poject work (2 cr) after the course

Exam
(4 cr)

¥ Fridgy 17.10.2008 at 9.00-12.({foom not known yet)

(Alternatively you can talke par in a separate exam 18.11.2008,
6.2.200927.3.2009r 16.6.2009.These equire signing up
separatel)

¥ Some essa or explanation-type mblemsput to a large parthe
problems ae mathematical in nater
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Project work

(voluntary:+2 cr)

¥ Detailed poject work description at end of course
¥ Causal irdrence fom data that | handgu
¥ Using existing softwar(Matlab / R TETRAD / B-course / ).

¥ Possible to use wn data (tailoring the mject work) for graduate
students aleady ivolved in reseach
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Enolling

¥ Please emll using the ofPcial system of the dejpaent,at:
https://iimacs.helsinki.p/iimo/limo
(note OEnglish® button at top-right)

¥ Students fom elsavhere than Univof Helsinkiplease contact
the lecturer!
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Personal tutoring

¥ Pleasedel free to ask questions or help with wopic by...

- coming to bomA342 at aly time. However,| am not alvays
presentand do not alvays hae time br longer questionsso:

- itis a @od idea to phone or email brst to set apointment

¥ The same pplies to the assistant
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Feedback

¥ Feedback during class islgomed!!

¥ Anorymous éedbackpossible on the course eb-page! Please
let me knaw if there®arything on pur mind regading the
course but yu would prefer to stay anorymous.

(The brm might still hae some poblems Performing aOshift-
reloadO prior to Plling out therm might help)

¥ Feedback after course using the ofpaaitis of the depaiment.



Requied reading

¥ Preface to Rarl®book:
http://bayes.cs.ucla.edu/BOOK-2Kkgfrhtml

¥ Preface and Chater 1 of Dawid®text: See pu on Fl’ldal

http://www.ucl.acuk/Stats/eseach/Resrpts/psblesi279.pdf

(don©worry if some things @& unclear at this pointhe whole
point of the course is to explain them!)

. .
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