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https://causal3900.github.io/

Learning goals for today

At the end of class, you will be able to ask good causal questions.

Good causal questions

» involve precise treatments (consistency assumption)

» with clarity about interference (consistency assumption)

» involve treatments that exist (positivity assumption)
After class:

» Herndn and Robins 2020 Chapter 3.3-3.6

» Optional: Does water kill? A call for less casual causal
inferences. (Hernan, M. 2016)
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5207342/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5207342/

Good causal questions involve
precise treatments:

If A, = a, then Y; =Y~

(consistency)
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Good causal questions involve
clarity about interference




Clarity about interference

You see an cool advertisement for some the new upside down
whoppers and the next day you buy it for lunch.

Yvou = Purchase

Maybe, if you had not see the advertisement, you would not have
bought the product.
yle ad — No Purchase

Your friend who has not seen the ad, but sees you enjoying your
meal, so they get it for lunch the next day.

» What are your friend’s potential outcomes?
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Potential Outcomes under Interference

» Your friend's potential outcomes depend on their own
treatment assignment as well as yours!

Yayou »8friend

dyou ‘ dfriend ‘ friend
ad ad Purchase
no ad | no ad | No Purchase
ad no ad Purchase

no ad ad No Purchase

What is the problem if | write

no ad
anend or anend ?

» Your treatment “interfered” with their outcome

» In general, when an individual's outcome can depend on the
treatment of others in the population, we call this interference
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Activity: Interference

In what other applications might interference be something to
think about?
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Interference

» In most general settings, everyone can affect everyone else’s
outcomes!

31,32, ,an
Y]

2" possible potential outcomes per person!

Interference is present in many settings

Not all settings have interference!

vVvyYyy

Good causal questions account for interference when
interference is present
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Good causal questions involve
treatments that exist
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1. Treatments that exist (positivity)

Employer 1 Employer 2

100 employees 200 employees

Face-to-face interaction Work in individual offices

75% randomized to vaccine 50% randomized to vaccine
25% randomized to no vaccine 50% randomized to no vaccine

How do you estimate the conditional average treatment effect
(CATE)?
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1. Treatments that exist (positivity)

Employer 1 Employer 2

100 employees 200 employees

Face-to-face interaction Work in individual offices
100% randomized to vaccine 50% randomized to vaccine
0% randomized to no vaccine 50% randomized to no vaccine

How do you estimate the conditional average treatment effect
(CATE)?
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1. Treatments that exist

If units are exchangeable given a confounder L,
then to estimate E(Y?) we need positivity to hold

=

PA=a|L=10)>0forall a,¢
where [ := (L1, Lo, ,Lm) € R™ is a vector of covariates.

Recall Inverse Probability Weighting:
— 1 Y; 1 Y;
ATEww =y D 1~ 3y 2 o
itAi= y itAi=0 !
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Some treatments simply do not exist in some populations.

Would the bulbs in Ithaca bloom
if it did not freeze all winter?
Confounder L Ithaca
Treatment a  Did not freeze
Outcome Y? Blooms?

Source: Wikimedia A, B, C


https://commons.wikimedia.org/wiki/File:Tulip-Bulb-Deapth.jpg
https://commons.wikimedia.org/wiki/File:Sibratsgfaell-Snow-footprint-01ESD.jpg
https://commons.wikimedia.org/wiki/File:Tulipa_orphanidea_060506.jpg
https://commons.wikimedia.org/wiki/File:WHO_Rod.svg
https://commons.wikimedia.org/wiki/File:Mortar_Board_(53229)_-_The_Noun_Project.svg

Some treatments simply do not exist in some populations.

Source: Wikimedia A, B, C

A

Source: Wikimedia A and B

Would the bulbs in Ithaca bloom
if it did not freeze all winter?

Confounder L Ithaca
Treatment a  Did not freeze
Outcome Y? Blooms?

Sarah has no MD training.
Would Sarah earn more money
if she were a surgeon?

Confounder L No MD training
Treatment a  Surgeon
Outcome Y?  Earnings
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https://commons.wikimedia.org/wiki/File:Tulip-Bulb-Deapth.jpg
https://commons.wikimedia.org/wiki/File:Sibratsgfaell-Snow-footprint-01ESD.jpg
https://commons.wikimedia.org/wiki/File:Tulipa_orphanidea_060506.jpg
https://commons.wikimedia.org/wiki/File:WHO_Rod.svg
https://commons.wikimedia.org/wiki/File:Mortar_Board_(53229)_-_The_Noun_Project.svg

1. Treatments that exist

We can choose causal questions so that positivity holds.

PA=a|L[=0)>0

» in each population subgroup [=7

» only study treatment values a that can actually happen
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Good causal questions: In math

We should study treatments that exist (positivity)
PA=a|L[=10)>0
with potential outcomes that are well-defined (consistency)
Y =Y?when A=a
Well-defined potential outcomes involve precise treatments
BABinghamton instead of BASUNY

and incorporate interference when it exists

Y @you@your friend instead Of Y @you
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Course Project: Overview

» Walk through an entire causal analysis: starting with defining
a causal question all the way to communicating the results of
your analysis

» Project split up into different tasks you'll complete throughout
the semester, with feedback

» Some parts you will complete individually, some as a group
» We'll post details of all this on the website
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Course Project: Task One

v

Released today
Due Thursday, October 3rd by 5pm

Pick a causal question that is interesting to you and a dataset
that you can use to study this question

25 point assignment
» 10 points: well-defined and clear causal question + clear
potential outcomes notation
» 5 points for explaining how the fundamental problem of causal
inference applies
» 10 points for having a dataset that you can use to answer your
question

We will post detailed descriptions (including a more detailed
rubric) of all this

Descriptions will include pointers to possible datasets
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Learning goals for today

At the end of class, you will be able to ask good causal questions.

Good causal questions

» involve precise treatments (consistency assumption)

» with clarity about interference (consistency assumption)

» involve treatments that exist (positivity assumption)
After class:

» Herndn and Robins 2020 Chapter 3.3-3.6

» Optional: Does water kill? A call for less casual causal
inferences. (Hernan, M. 2016)
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