
Causation, regression, 
and matching
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How do we know that we 
can remove these points?



General process for matching

1. Preprocess data

2. Estimation

Do something to guess or model the assignment to treatment

Use the new trimmed/preprocessed data to build a model, 
calculate difference in means, etc.

Use what you know about the DAG to inform this!



Different methods

Nearest neighbor matching (NN)

Inverse probability weighting (IPW)

Mahalanobis distance / Euclidean distance



Nearest neighbor matching

Find control observations that are very 
close/similar to treatment 

observations based on confounders
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Propensity scores

Predict the probability of assignment 
to treatment using a model

Logistic regression, probit regression, machine learning

log
pTreatment

1� pTreatment
= �0 + �1Education + �2Age

<latexit sha1_base64="HqChJEJuIUQaKAaxZkvU/2XR/C4="></latexit>



log
pManual

1� pManual
= �0 + �1MPG

<latexit sha1_base64="mvoulP2e9SmrgNg5OaLidulRPhk="></latexit>

model_transmission <- glm(am ~ mpg, data = mtcars, family = binomial(link = "logit"))



augment(model_transmission, data = mtcars, type.predict ="response")

Plug all the values of MPG into the model 
and find the predicted probability

Highly likely to 
be manual (1)

Highly unlikely 
to be manual



Propensity score matching

Super popular method

There are mathy reasons why 
it’s not great for matching

Propensity scores are fine! 
Using them for matching isn’t!



https://www.youtube.com/watch?v=rBv39pK1iEs



Weighting in general
Make some observations more important than others

Young Middle Old
Population 30% 40% 30%
Sample 60% 30% 10%



Weighting in general
Make some observations more important than others

Young Middle Old
Population 30% 40% 30%
Sample 60% 30% 10%
Weight 30 / 60 = 0.5 40 / 30 = 1.333 30 / 10 = 3

Multiply weights by average values (or use in 
regression) to adjust for importance



Inverse probability weighting

Use propensity scores to weight 
observations by how “weird” they are

Observations with high probability of treatment who 
don’t get it (and vice versa) have higher weight

Treatment

Propensity
+

1� Treatment

1� Propensity
<latexit sha1_base64="vM0M5pD8/x9r1k2aV79O6zLwjF4=">AAACSHicbVBNSwMxFMzW7/pV9eglWARBLLsq6FH04rGCrYW2lGz6tg3NZpfkrViW/XlePHrzN3jxoIg303bBah0IDDNvXpLxYykMuu6LU5ibX1hcWl4prq6tb2yWtrbrJko0hxqPZKQbPjMghYIaCpTQiDWw0Jdw5w+uRv7dPWgjInWLwxjaIespEQjO0EqdUqcVaMbTFsIDprc2iSEozLJcqeooBmUEDrOMHtLJsEeP6GzgR50OdUplt+KOQWeJl5MyyVHtlJ5b3Ygno6VcMmOanhtjO2UaBZeQFVuJgZjxAetB01LFQjDtdFxERvet0qVBpO1RSMfqdCJloTHD0LeTIcO++euNxP+8ZoLBeTsVKk4QFJ9cFCSSYkRHrdKu0MBRDi1hXAv7Vsr7zJaFtvuiLcH7++VZUj+ueCeV45vT8sVlXscy2SV75IB45IxckGtSJTXCySN5Je/kw3ly3pxP52syWnDyzA75hULhG5cutSM=</latexit>



augment(model_transmission, data = mtcars, 
type.predict = "response") %>% 

select(mpg, am, propensity = .fitted) %>% 
mutate(ip_weight = (am / propensity) + 

((1 - am) / (1 - propensity))

Highly likely to be 
manual but isn’t. 

Weird!

Unlikely to be 
manual and isn’t
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Let’s close backdoors in R!

Our turn


