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Causal Inference

• Model a causal inference problem with assumptions manifest in Causal 
Graphical Models [Pearl]

• Identify an expression for the causal effect under these assumptions 
(“causal estimand”),  [Pearl]

• Estimate the expression using statistical methods such as matching or 
instrumental variables, [Rubin’s Potential Outcomes]

• Verify the validity of the estimate using a variety of robustness checks. 



The adjustment formula

Pearl, Causal Inference in Statistics (2016)

To know how effective the drugs is in the population, compare the 
hypothetical interventions by which
(i) the drug is administered uniformly to the entire population do(T=1) vs 
(ii) complement, i.e., everyone is prevented from taking the drug do(T=0) 

Aim: Estimate the difference (Average Causal Effect ACE)

T: Drug usage 
X: Gender 
Y: Recovery 

YT

X

p(Y = 1|do(T = 1))� p(Y = 1|do(T = 0))
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The Backdoor Criterion
Under what conditions does a causal model permit computing the causal effect of one 
variable on another, from data obtained from passive observations, with no intervention? 
i.e.,
Under what conditions is the structure of a causal graph sufficient of computing a causal 
effect from a given data set?

Backdoor Criterion: Given an ordered pair of variables (T,Y) in a DAG G, a set of variables X 
satisfies the backdoor criterion relative to (T,Y) if:

(i) no node in X is a descendent of T 
(ii) X block every path between T and Y that contains an arrow into T

If X satisfies the backdoor criterion then the causal effect of T on Y is given by: 

p(Y = y|do(T = t)) =
X

x

p(Y = y|T = t,X = x)p(X = x)
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Pearl, Causal Inference 
in Statistics (2016)



Pearl’s Front-Door Criterion

• Backdoor does not exhaust all ways of estimating causal effects from a 
graph 

• Front-door criterion can still be used for patterns that do not satisfy the 
backdoor criterion

• Example: Smoking and lung cancer (1970), industry argued to prevent 
antismoking regulation by suggesting that the correlation could be 
explained by a carcinogenic genotype that induces a craving for nicotine

• Recall sensitivity analysis in Lecture 2

• Recall instrumental variable approach in Lecture 3

Pearl, Causal Inference in Statistics (2016)

X
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Instrumental Variable assumptions
• Treatment assignment Z (associated with the treatment) is random, i.e., not 

affect by confounders (observed or unobserved)

• Exclusion Restriction: Any effect of Z on Y is via an effect of Z on T, i.e.,       
Z should not affect Y when T is held constant 

• Non-zero Average: 

• Monotonicity (increasing encouragement “dose” 
increases probability of treatment, no defiers):

Rubin 1996

X

Y

U

TZ

⇣
Y (i)|z = 1, t

⌘
=

⇣
Y (i)|z = 0, t

⌘

<latexit sha1_base64="dymXxC6DN+JLwmE5zV/aR4XTLnY="></latexit>

E
h⇣

T (i)|z = 1
⌘
�
⇣
T (i)|z = 0

⌘i

<latexit sha1_base64="cZYqNzWQBEbUK5EGYCmfJw5rP/w="></latexit>

⇣
T (i)|z = 1

⌘
�

⇣
T (i)|z = 0

⌘

<latexit sha1_base64="ZasIJyau4ZvkTB1Xz2Jn/FkUbGE="></latexit>



Causal Inference

Overview of the course

Causal Effect Estimation Casual Discovery

Obsv confounders Unobsv confounders

Regression 
Adjustment

Propensity 
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Front-
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criterion
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Pearl’s Front-Door Criterion: An example

Pearl, Causal Inference in Statistics (2016)

• Fig (a): The graph does not satisfy the backdoor, since the quantity we 
need to condition on to block the path, i.e. the genotype, is unobserved

• Fig (b): Additional measurement available: tar deposits in patients lungs
• Fig (b) still does not satisfy the backdoor criterion but we can determine 

the causal effect:
p(Y = y|do(X = x))
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Pearl’s Front-Door CriterionPearl’s Front-Door Criterion: A crafted example
Interpretation 1: Tobacco industry

Beneficial effect of smoking:
15% of smokers have developed lung cancer vs 90.25% of non-smokers
within tar and non-tar subgroups, smokers have a much lower percentage of cancer than 
non-smokers (numbers in the table are engineered to illustrate the point that observations are 
not to be trusted)

Pearl, Causal Inference in Statistics (2016)



Pearl’s Front-Door Criterion
Interpretation 2: Anti-smoking lobbyists

Smoking increases the risk of lung cancer
If one chooses to smoke, then one’s chances of building tar deposits are 95% (380/400) vs 
5% (20/400) for the non-smokers. 
To evaluate effect of tar, look at smokers and non-smokers separately. Tar has harmful 
effects in both groups: in smokers it increases risk of cancer from 10% to 15% and in non-
smokers 90% to 95%. Therefore: Smoking -> tar -> cancer.
Regardless of any natural craving, avoid harmful tar by not smoking. 

Pearl, Causal Inference in Statistics (2016)

Pearl’s Front-Door Criterion: A crafted example



Pearl’s Front-Door Criterion

Pearl, Causal Inference in Statistics (2016)

p(Z = z|do(X = x)) = p(Z = z|X = x)
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p(Y = y|do(Z = z)) =
X

x

p(Y = y|Z = z,X = x)p(X = x)
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X -> Z is identifiable, since no back path from X and Z:

Z -> Y is identifiable, since backdoor from Z to Y:

is blocked by conditioning on X:

Z  X  U ! Y
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Pearl’s Front-Door Criterion

Pearl, Causal Inference in Statistics (2016)

Letting z be the value Z takes when setting X=x, from the graph, we have:

p(Y |do(X = x)) = p(Y |do(X = x), Z) = p(Y |do(Z = z))

<latexit sha1_base64="H3/MqrSRUyJIWBxAbJrFwfRVxr8="></latexit>

Then summing over all states z of Z:
<latexit sha1_base64="XP8TzJA7weJDZ6GW2cU9RKQqjyU="></latexit>

p(Y = y|do(X = x)) =
X

z

p(Y = y, z|do(X = x))

=
X

z

p(Y = y|z, do(X = x))p(z|do(X = x))

=
X

z

p(Y = y|do(Z = z))p(z|do(X = x))

Product rule:

Line 1

Total prob rule



Pearl’s Front-Door Criterion

Pearl, Causal Inference in Statistics (2016)

p(Y = y|do(X = x)) =
X

z

p(Y = y|do(Z = z))p(Z = z|do(X = x))
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* **Using     and         summing over all states z of Z:

p(Y = y|do(X = x)) =
X

z

X

x0

p(Y = y|Z = z,X = x0)p(X = x0)p(Z = z|X = x)
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Front-door formula

**
p(Z = z|do(X = x)) = p(Z = z|X = x)
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p(Y = y|do(Z = z)) =
X

x0

p(Y = y|Z = z,X = x0)p(X = x0)



Pearl’s Front-Door Criterion: Which group is right?

Pearl, Causal Inference in Statistics (2016)

p(Y = y|do(X = x)) =
X

z

X

x0

p(Y = y|Z = z,X = x0)p(X = x0)p(Z = z|X = x)
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Average Causal Effect ACE:

p(Y = 1|do(X = 1)) = p(Y = 1|z = 0, x0 = 0)p(x0 = 0)p(z = 0|x = 1)

+ p(Y = 1|z = 0, x0 = 1)p(x0 = 1)p(z = 0|x = 1)

+ p(Y = 1|z = 1, x0 = 0)p(x0 = 0)p(z = 1|x = 1)

+ p(Y = 1|z = 1, x0 = 1)p(x0 = 1)p(z = 1|x = 1)

= 0.5475
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p(Y = 1|do(X = 0)) = 0.5025
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<latexit sha1_base64="fHLM8ba+0VM5HbueK9DVj0nOvbw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4qpmxdaa7ohuXFewD2qFk0kwbm8kMSUYopf/gxoUibv0fd/6NmbaCih64cDjnXu69J0g4UxqhDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxleZ376nUrFY3OpJQv0IDwULGcHaSK2qe3buoX6xhMoIXdiOAw2pOchzDXFsF3k1aBsrQwks0egX33uDmKQRFZpwrFTXRon2p1hqRjidFXqpogkmYzykXUMFjqjyp/NrZ/DEKAMYxtKU0HCufp+Y4kipSRSYzgjrkfrtZeJfXjfVoedPmUhSTQVZLApTDnUMs9fhgElKNJ8Ygolk5lZIRlhiok1ABRPC16fwf9JyynalXL2plOqXyzjy4Agcg1NgAxfUwTVogCYg4A48gCfwbMXWo/VivS5ac9Zy5hD8gPX2CSBxjjQ=</latexit>



Pearl’s Front-Door Criterion: Which group is right?

Pearl, Causal Inference in Statistics (2016)

p(Y = y|do(X = x)) =
X

z

X

x0

p(Y = y|Z = z,X = x0)p(X = x0)p(Z = z|X = x)

<latexit sha1_base64="fVSmdnt8Z7o3iSQYOrMOxvZ+aew="></latexit>

Average Causal Effect ACE:

p(Y = 1|do(X = 1)) = p(Y = 1|z = 0, x0 = 0)p(x0 = 0)p(z = 0|x = 1)

+ p(Y = 1|z = 0, x0 = 1)p(x0 = 1)p(z = 0|x = 1)

+ p(Y = 1|z = 1, x0 = 0)p(x0 = 0)p(z = 1|x = 1)

+ p(Y = 1|z = 1, x0 = 1)p(x0 = 1)p(z = 1|x = 1)

= 0.5475

<latexit sha1_base64="KA9M4ZbUgFTkDWXpnYq6zyigceo="></latexit>

p(Y = 1|do(X = 0)) = 0.5025

<latexit sha1_base64="CNr3iw2dc9+Y1N4dSWU4BxOIqvM=">AAAB/3icdVDLSgMxFM34rPU1KrhxEyxCuymZobXtolB047KCfUg7lEwmbUMzD5KMUNou/BU3LhRx62+482/MtBVU9MCFwzn3cu89bsSZVAh9GCura+sbm6mt9PbO7t6+eXDYlGEsCG2QkIei7WJJOQtoQzHFaTsSFPsupy13dJn4rTsqJAuDGzWOqOPjQcD6jGClpZ55HGVvq9bUC7PtKsrlqihfRHYx3TMzKI/QuWXbUJOKjcolTWyrhMoVaGkrQQYsUe+Z710vJLFPA0U4lrJjoUg5EywUI5zO0t1Y0giTER7QjqYB9ql0JvP7Z/BMKx7sh0JXoOBc/T4xwb6UY9/VnT5WQ/nbS8S/vE6s+mVnwoIoVjQgi0X9mEMVwiQM6DFBieJjTTARTN8KyRALTJSOLAnh61P4P2naeauQL14XMrWLZRwpcAJOQRZYoARq4ArUQQMQMAUP4Ak8G/fGo/FivC5aV4zlzBH4AePtE3QYky0=</latexit>

p(Y = 1|do(X = 1))� p(Y = 1|do(X = 0)) = 0.045

<latexit sha1_base64="+NkBjIRV9nkIkEOtljEU9GREFZg="></latexit>

4.5% increase

0.5

<latexit sha1_base64="Etkiqa1bTZunuWq6euoqPPfJp08=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZldEpPcgl48RjQPSJYwO5kkQ2YfzMwKYcknePGgiFe/yJt/42wSQUULGoqqbrq7/FhwpTH+sHJr6xubW/ntws7u3v5B8fCoraJEUtaikYhk1yeKCR6yluZasG4sGQl8wTr+9CrzO/dMKh6Fd3oWMy8g45CPOCXaSLfYrgyKJWxjfOG4LjKk7uJa1RDXqeJaHTnGylCCFZqD4nt/GNEkYKGmgijVc3CsvZRIzalg80I/USwmdErGrGdoSAKmvHRx6hydGWWIRpE0FWq0UL9PpCRQahb4pjMgeqJ+e5n4l9dL9KjmpTyME81Culw0SgTSEcr+RkMuGdViZgihkptbEZ0QSag26RRMCF+fov9J27Wdsl25KZcal6s48nACp3AODlShAdfQhBZQGMMDPMGzJaxH68V6XbbmrNXMMfyA9fYJuAeNcw==</latexit>

380/400

<latexit sha1_base64="BDyfTKzH2Mi4x5KvRaXNFy8fjYI=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKc6u0WxuQS8eI5gHJEuYncwmQ2YfzMwKIeQjvHhQxKvf482/cTaJoKIFDUVVN91dfiK40hh/WLmV1bX1jfxmYWt7Z3evuH/QUnEqKWvSWMSy4xPFBI9YU3MtWCeRjIS+YG1/fJ357XsmFY+jOz1JmBeSYcQDTok2UvvcxWcVjPvFEi5jfGk7DjKk5mC3aohjV7FbQ7axMpRgiUa/+N4bxDQNWaSpIEp1bZxob0qk5lSwWaGXKpYQOiZD1jU0IiFT3nR+7gydGGWAgliaijSaq98npiRUahL6pjMkeqR+e5n4l9dNdeB6Ux4lqWYRXSwKUoF0jLLf0YBLRrWYGEKo5OZWREdEEqpNQgUTwten6H/Scsp2pXxxWynVr5Zx5OEIjuEUbKhCHW6gAU2gMIYHeIJnK7EerRfrddGas5Yzh/AD1tsngx6OZg==</latexit>

20/400

<latexit sha1_base64="jxOdZFwS12veP38njQCUrRw72sE=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4qpmh2nZXdOOygn1AO5RMmmljM8mQZIQy9B/cuFDErf/jzr8x01ZQ0QMXDufcy733BDFn2iD04eRWVtfWN/Kbha3tnd294v5BW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeYXGV+554qzaS4NdOY+hEeCRYygo2V2h46qyA0KJZQGaEL1/OgJXUP1aqWeG4V1erQtVaGEliiOSi+94eSJBEVhnCsdc9FsfFTrAwjnM4K/UTTGJMJHtGepQJHVPvp/NoZPLHKEIZS2RIGztXvEymOtJ5Gge2MsBnr314m/uX1EhPW/JSJODFUkMWiMOHQSJi9DodMUWL41BJMFLO3QjLGChNjAyrYEL4+hf+Ttld2K+Xzm0qpcbmMIw+OwDE4BS6ogga4Bk3QAgTcgQfwBJ4d6Tw6L87rojXnLGcOwQ84b58GfI4j</latexit>

342/380

<latexit sha1_base64="amFDXsPAVeaFE24rCVNJgaPEq/c=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8xdlNNJtb0IvHCOYByRJmJ5NkyOyDmVkhLPkILx4U8er3ePNvnE0iqGhBQ1HVTXeXHwuuNMYf1srq2vrGZm4rv72zu7dfODhsqSiRlDVpJCLZ8YligoesqbkWrBNLRgJfsLY/uc789j2TikfhnZ7GzAvIKORDTok2Urtccc7LLu4XiriE8aXtOMiQmoPdqiGOXcVuDdnGylCEJRr9wntvENEkYKGmgijVtXGsvZRIzalgs3wvUSwmdEJGrGtoSAKmvHR+7gydGmWAhpE0FWo0V79PpCRQahr4pjMgeqx+e5n4l9dN9ND1Uh7GiWYhXSwaJgLpCGW/owGXjGoxNYRQyc2tiI6JJFSbhPImhK9P0f+k5ZTsSunitlKsXy3jyMExnMAZ2FCFOtxAA5pAYQIP8ATPVmw9Wi/W66J1xVrOHMEPWG+fiqyOaw==</latexit>

2/20

<latexit sha1_base64="G74paBfhTW3y1kG7TaVcCC0j7Ns=">AAAB63icdVBNSwMxEJ31s9avqkcvwSJ4qtml2vZW9OKxgv2AdinZNG1Ds9klyQpl6V/w4kERr/4hb/4bs20FFX0w8Hhvhpl5QSy4Nhh/OCura+sbm7mt/PbO7t5+4eCwpaNEUdakkYhUJyCaCS5Z03AjWCdWjISBYO1gcp357XumNI/knZnGzA/JSPIhp8Rkknfu4X6hiEsYX7qehyypebhascRzK7haQ661MhRhiUa/8N4bRDQJmTRUEK27Lo6NnxJlOBVslu8lmsWETsiIdS2VJGTaT+e3ztCpVQZoGClb0qC5+n0iJaHW0zCwnSExY/3by8S/vG5ihlU/5TJODJN0sWiYCGQilD2OBlwxasTUEkIVt7ciOiaKUGPjydsQvj5F/5OWV3LLpYvbcrF+tYwjB8dwAmfgQgXqcAMNaAKFMTzAEzw7ofPovDivi9YVZzlzBD/gvH0CJlaNrQ==</latexit>

19/20

<latexit sha1_base64="l9Yfl6J+xRs4hnmIZPPCtvZix9E=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYBA8xdklmuQW9OIxgnlAsoTZyWwyZHZ2mZkVwpJv8OJBEa9+kDf/xslDUNGChqKqm+6uIBFcG4w/nJXVtfWNzdxWfntnd2+/cHDY0nGqKGvSWMSqExDNBJesabgRrJMoRqJAsHYwvp757XumNI/lnZkkzI/IUPKQU2Ks1HRr5x7uF4q4hPGl63nIkpqHqxVLPLeCqzXkWmuGIizR6Bfee4OYphGThgqiddfFifEzogyngk3zvVSzhNAxGbKupZJETPvZ/NgpOrXKAIWxsiUNmqvfJzISaT2JAtsZETPSv72Z+JfXTU1Y9TMuk9QwSReLwlQgE6PZ52jAFaNGTCwhVHF7K6Ijogg1Np+8DeHrU/Q/aXklt1y6uC0X61fLOHJwDCdwBi5UoA430IAmUODwAE/w7Ejn0XlxXhetK85y5gh+wHn7BKD5je8=</latexit>

57/380

<latexit sha1_base64="fHLM8ba+0VM5HbueK9DVj0nOvbw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4qpmxdaa7ohuXFewD2qFk0kwbm8kMSUYopf/gxoUibv0fd/6NmbaCih64cDjnXu69J0g4UxqhDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxleZ376nUrFY3OpJQv0IDwULGcHaSK2qe3buoX6xhMoIXdiOAw2pOchzDXFsF3k1aBsrQwks0egX33uDmKQRFZpwrFTXRon2p1hqRjidFXqpogkmYzykXUMFjqjyp/NrZ/DEKAMYxtKU0HCufp+Y4kipSRSYzgjrkfrtZeJfXjfVoedPmUhSTQVZLApTDnUMs9fhgElKNJ8Ygolk5lZIRlhiok1ABRPC16fwf9JyynalXL2plOqXyzjy4Agcg1NgAxfUwTVogCYg4A48gCfwbMXWo/VivS5ac9Zy5hD8gPX2CSBxjjQ=</latexit>



Pearl’s Front-Door Criterion: Which group is right?

Pearl, Causal Inference in Statistics (2016)

p(Y = y|do(X = x)) =
X

z

X

x0

p(Y = y|Z = z,X = x0)p(X = x0)p(Z = z|X = x)

<latexit sha1_base64="fVSmdnt8Z7o3iSQYOrMOxvZ+aew="></latexit>

Average Causal Effect ACE:

p(Y = 1|do(X = 1)) = p(Y = 1|z = 0, x0 = 0)p(x0 = 0)p(z = 0|x = 1)

+ p(Y = 1|z = 0, x0 = 1)p(x0 = 1)p(z = 0|x = 1)

+ p(Y = 1|z = 1, x0 = 0)p(x0 = 0)p(z = 1|x = 1)

+ p(Y = 1|z = 1, x0 = 1)p(x0 = 1)p(z = 1|x = 1)

= 0.5475

<latexit sha1_base64="KA9M4ZbUgFTkDWXpnYq6zyigceo="></latexit>

p(Y = 1|do(X = 0)) = 0.5025

<latexit sha1_base64="CNr3iw2dc9+Y1N4dSWU4BxOIqvM=">AAAB/3icdVDLSgMxFM34rPU1KrhxEyxCuymZobXtolB047KCfUg7lEwmbUMzD5KMUNou/BU3LhRx62+482/MtBVU9MCFwzn3cu89bsSZVAh9GCura+sbm6mt9PbO7t6+eXDYlGEsCG2QkIei7WJJOQtoQzHFaTsSFPsupy13dJn4rTsqJAuDGzWOqOPjQcD6jGClpZ55HGVvq9bUC7PtKsrlqihfRHYx3TMzKI/QuWXbUJOKjcolTWyrhMoVaGkrQQYsUe+Z710vJLFPA0U4lrJjoUg5EywUI5zO0t1Y0giTER7QjqYB9ql0JvP7Z/BMKx7sh0JXoOBc/T4xwb6UY9/VnT5WQ/nbS8S/vE6s+mVnwoIoVjQgi0X9mEMVwiQM6DFBieJjTTARTN8KyRALTJSOLAnh61P4P2naeauQL14XMrWLZRwpcAJOQRZYoARq4ArUQQMQMAUP4Ak8G/fGo/FivC5aV4zlzBH4AePtE3QYky0=</latexit>

p(Y = 1|do(X = 1))� p(Y = 1|do(X = 0)) = 0.045

<latexit sha1_base64="+NkBjIRV9nkIkEOtljEU9GREFZg="></latexit>

4.5% increase

0.5

<latexit sha1_base64="Etkiqa1bTZunuWq6euoqPPfJp08=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZldEpPcgl48RjQPSJYwO5kkQ2YfzMwKYcknePGgiFe/yJt/42wSQUULGoqqbrq7/FhwpTH+sHJr6xubW/ntws7u3v5B8fCoraJEUtaikYhk1yeKCR6yluZasG4sGQl8wTr+9CrzO/dMKh6Fd3oWMy8g45CPOCXaSLfYrgyKJWxjfOG4LjKk7uJa1RDXqeJaHTnGylCCFZqD4nt/GNEkYKGmgijVc3CsvZRIzalg80I/USwmdErGrGdoSAKmvHRx6hydGWWIRpE0FWq0UL9PpCRQahb4pjMgeqJ+e5n4l9dL9KjmpTyME81Culw0SgTSEcr+RkMuGdViZgihkptbEZ0QSag26RRMCF+fov9J27Wdsl25KZcal6s48nACp3AODlShAdfQhBZQGMMDPMGzJaxH68V6XbbmrNXMMfyA9fYJuAeNcw==</latexit>

380/400

<latexit sha1_base64="BDyfTKzH2Mi4x5KvRaXNFy8fjYI=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKc6u0WxuQS8eI5gHJEuYncwmQ2YfzMwKIeQjvHhQxKvf482/cTaJoKIFDUVVN91dfiK40hh/WLmV1bX1jfxmYWt7Z3evuH/QUnEqKWvSWMSy4xPFBI9YU3MtWCeRjIS+YG1/fJ357XsmFY+jOz1JmBeSYcQDTok2UvvcxWcVjPvFEi5jfGk7DjKk5mC3aohjV7FbQ7axMpRgiUa/+N4bxDQNWaSpIEp1bZxob0qk5lSwWaGXKpYQOiZD1jU0IiFT3nR+7gydGGWAgliaijSaq98npiRUahL6pjMkeqR+e5n4l9dNdeB6Ux4lqWYRXSwKUoF0jLLf0YBLRrWYGEKo5OZWREdEEqpNQgUTwten6H/Scsp2pXxxWynVr5Zx5OEIjuEUbKhCHW6gAU2gMIYHeIJnK7EerRfrddGas5Yzh/AD1tsngx6OZg==</latexit>

20/400

<latexit sha1_base64="jxOdZFwS12veP38njQCUrRw72sE=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4qpmh2nZXdOOygn1AO5RMmmljM8mQZIQy9B/cuFDErf/jzr8x01ZQ0QMXDufcy733BDFn2iD04eRWVtfWN/Kbha3tnd294v5BW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeYXGV+554qzaS4NdOY+hEeCRYygo2V2h46qyA0KJZQGaEL1/OgJXUP1aqWeG4V1erQtVaGEliiOSi+94eSJBEVhnCsdc9FsfFTrAwjnM4K/UTTGJMJHtGepQJHVPvp/NoZPLHKEIZS2RIGztXvEymOtJ5Gge2MsBnr314m/uX1EhPW/JSJODFUkMWiMOHQSJi9DodMUWL41BJMFLO3QjLGChNjAyrYEL4+hf+Ttld2K+Xzm0qpcbmMIw+OwDE4BS6ogga4Bk3QAgTcgQfwBJ4d6Tw6L87rojXnLGcOwQ84b58GfI4j</latexit>

342/380

<latexit sha1_base64="amFDXsPAVeaFE24rCVNJgaPEq/c=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8xdlNNJtb0IvHCOYByRJmJ5NkyOyDmVkhLPkILx4U8er3ePNvnE0iqGhBQ1HVTXeXHwuuNMYf1srq2vrGZm4rv72zu7dfODhsqSiRlDVpJCLZ8YligoesqbkWrBNLRgJfsLY/uc789j2TikfhnZ7GzAvIKORDTok2Urtccc7LLu4XiriE8aXtOMiQmoPdqiGOXcVuDdnGylCEJRr9wntvENEkYKGmgijVtXGsvZRIzalgs3wvUSwmdEJGrGtoSAKmvHR+7gydGmWAhpE0FWo0V79PpCRQahr4pjMgeqx+e5n4l9dN9ND1Uh7GiWYhXSwaJgLpCGW/owGXjGoxNYRQyc2tiI6JJFSbhPImhK9P0f+k5ZTsSunitlKsXy3jyMExnMAZ2FCFOtxAA5pAYQIP8ATPVmw9Wi/W66J1xVrOHMEPWG+fiqyOaw==</latexit>

2/20

<latexit sha1_base64="G74paBfhTW3y1kG7TaVcCC0j7Ns=">AAAB63icdVBNSwMxEJ31s9avqkcvwSJ4qtml2vZW9OKxgv2AdinZNG1Ds9klyQpl6V/w4kERr/4hb/4bs20FFX0w8Hhvhpl5QSy4Nhh/OCura+sbm7mt/PbO7t5+4eCwpaNEUdakkYhUJyCaCS5Z03AjWCdWjISBYO1gcp357XumNI/knZnGzA/JSPIhp8Rkknfu4X6hiEsYX7qehyypebhascRzK7haQ661MhRhiUa/8N4bRDQJmTRUEK27Lo6NnxJlOBVslu8lmsWETsiIdS2VJGTaT+e3ztCpVQZoGClb0qC5+n0iJaHW0zCwnSExY/3by8S/vG5ihlU/5TJODJN0sWiYCGQilD2OBlwxasTUEkIVt7ciOiaKUGPjydsQvj5F/5OWV3LLpYvbcrF+tYwjB8dwAmfgQgXqcAMNaAKFMTzAEzw7ofPovDivi9YVZzlzBD/gvH0CJlaNrQ==</latexit>

19/20

<latexit sha1_base64="l9Yfl6J+xRs4hnmIZPPCtvZix9E=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYBA8xdklmuQW9OIxgnlAsoTZyWwyZHZ2mZkVwpJv8OJBEa9+kDf/xslDUNGChqKqm+6uIBFcG4w/nJXVtfWNzdxWfntnd2+/cHDY0nGqKGvSWMSqExDNBJesabgRrJMoRqJAsHYwvp757XumNI/lnZkkzI/IUPKQU2Ks1HRr5x7uF4q4hPGl63nIkpqHqxVLPLeCqzXkWmuGIizR6Bfee4OYphGThgqiddfFifEzogyngk3zvVSzhNAxGbKupZJETPvZ/NgpOrXKAIWxsiUNmqvfJzISaT2JAtsZETPSv72Z+JfXTU1Y9TMuk9QwSReLwlQgE6PZ52jAFaNGTCwhVHF7K6Ijogg1Np+8DeHrU/Q/aXklt1y6uC0X61fLOHJwDCdwBi5UoA430IAmUODwAE/w7Ejn0XlxXhetK85y5gh+wHn7BKD5je8=</latexit>

57/380

<latexit sha1_base64="fHLM8ba+0VM5HbueK9DVj0nOvbw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4qpmxdaa7ohuXFewD2qFk0kwbm8kMSUYopf/gxoUibv0fd/6NmbaCih64cDjnXu69J0g4UxqhDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxleZ376nUrFY3OpJQv0IDwULGcHaSK2qe3buoX6xhMoIXdiOAw2pOchzDXFsF3k1aBsrQwks0egX33uDmKQRFZpwrFTXRon2p1hqRjidFXqpogkmYzykXUMFjqjyp/NrZ/DEKAMYxtKU0HCufp+Y4kipSRSYzgjrkfrtZeJfXjfVoedPmUhSTQVZLApTDnUMs9fhgElKNJ8Ygolk5lZIRlhiok1ABRPC16fwf9JyynalXL2plOqXyzjy4Agcg1NgAxfUwTVogCYg4A48gCfwbMXWo/VivS5ac9Zy5hD8gPX2CSBxjjQ=</latexit>



Pearl’s Front-Door Criterion: Which group is right?

Pearl, Causal Inference in Statistics (2016)

p(Y = y|do(X = x)) =
X

z

X

x0

p(Y = y|Z = z,X = x0)p(X = x0)p(Z = z|X = x)

<latexit sha1_base64="fVSmdnt8Z7o3iSQYOrMOxvZ+aew="></latexit>

Average Causal Effect ACE:

p(Y = 1|do(X = 1)) = p(Y = 1|z = 0, x0 = 0)p(x0 = 0)p(z = 0|x = 1)

+ p(Y = 1|z = 0, x0 = 1)p(x0 = 1)p(z = 0|x = 1)

+ p(Y = 1|z = 1, x0 = 0)p(x0 = 0)p(z = 1|x = 1)

+ p(Y = 1|z = 1, x0 = 1)p(x0 = 1)p(z = 1|x = 1)

= 0.5475

<latexit sha1_base64="KA9M4ZbUgFTkDWXpnYq6zyigceo="></latexit>

p(Y = 1|do(X = 0)) = 0.5025

<latexit sha1_base64="CNr3iw2dc9+Y1N4dSWU4BxOIqvM=">AAAB/3icdVDLSgMxFM34rPU1KrhxEyxCuymZobXtolB047KCfUg7lEwmbUMzD5KMUNou/BU3LhRx62+482/MtBVU9MCFwzn3cu89bsSZVAh9GCura+sbm6mt9PbO7t6+eXDYlGEsCG2QkIei7WJJOQtoQzHFaTsSFPsupy13dJn4rTsqJAuDGzWOqOPjQcD6jGClpZ55HGVvq9bUC7PtKsrlqihfRHYx3TMzKI/QuWXbUJOKjcolTWyrhMoVaGkrQQYsUe+Z710vJLFPA0U4lrJjoUg5EywUI5zO0t1Y0giTER7QjqYB9ql0JvP7Z/BMKx7sh0JXoOBc/T4xwb6UY9/VnT5WQ/nbS8S/vE6s+mVnwoIoVjQgi0X9mEMVwiQM6DFBieJjTTARTN8KyRALTJSOLAnh61P4P2naeauQL14XMrWLZRwpcAJOQRZYoARq4ArUQQMQMAUP4Ak8G/fGo/FivC5aV4zlzBH4AePtE3QYky0=</latexit>

p(Y = 1|do(X = 1))� p(Y = 1|do(X = 0)) = 0.045

<latexit sha1_base64="+NkBjIRV9nkIkEOtljEU9GREFZg="></latexit>

4.5% increase

0.5

<latexit sha1_base64="Etkiqa1bTZunuWq6euoqPPfJp08=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZldEpPcgl48RjQPSJYwO5kkQ2YfzMwKYcknePGgiFe/yJt/42wSQUULGoqqbrq7/FhwpTH+sHJr6xubW/ntws7u3v5B8fCoraJEUtaikYhk1yeKCR6yluZasG4sGQl8wTr+9CrzO/dMKh6Fd3oWMy8g45CPOCXaSLfYrgyKJWxjfOG4LjKk7uJa1RDXqeJaHTnGylCCFZqD4nt/GNEkYKGmgijVc3CsvZRIzalg80I/USwmdErGrGdoSAKmvHRx6hydGWWIRpE0FWq0UL9PpCRQahb4pjMgeqJ+e5n4l9dL9KjmpTyME81Culw0SgTSEcr+RkMuGdViZgihkptbEZ0QSag26RRMCF+fov9J27Wdsl25KZcal6s48nACp3AODlShAdfQhBZQGMMDPMGzJaxH68V6XbbmrNXMMfyA9fYJuAeNcw==</latexit>

380/400

<latexit sha1_base64="BDyfTKzH2Mi4x5KvRaXNFy8fjYI=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKc6u0WxuQS8eI5gHJEuYncwmQ2YfzMwKIeQjvHhQxKvf482/cTaJoKIFDUVVN91dfiK40hh/WLmV1bX1jfxmYWt7Z3evuH/QUnEqKWvSWMSy4xPFBI9YU3MtWCeRjIS+YG1/fJ357XsmFY+jOz1JmBeSYcQDTok2UvvcxWcVjPvFEi5jfGk7DjKk5mC3aohjV7FbQ7axMpRgiUa/+N4bxDQNWaSpIEp1bZxob0qk5lSwWaGXKpYQOiZD1jU0IiFT3nR+7gydGGWAgliaijSaq98npiRUahL6pjMkeqR+e5n4l9dNdeB6Ux4lqWYRXSwKUoF0jLLf0YBLRrWYGEKo5OZWREdEEqpNQgUTwten6H/Scsp2pXxxWynVr5Zx5OEIjuEUbKhCHW6gAU2gMIYHeIJnK7EerRfrddGas5Yzh/AD1tsngx6OZg==</latexit>

20/400

<latexit sha1_base64="jxOdZFwS12veP38njQCUrRw72sE=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4qpmh2nZXdOOygn1AO5RMmmljM8mQZIQy9B/cuFDErf/jzr8x01ZQ0QMXDufcy733BDFn2iD04eRWVtfWN/Kbha3tnd294v5BW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeYXGV+554qzaS4NdOY+hEeCRYygo2V2h46qyA0KJZQGaEL1/OgJXUP1aqWeG4V1erQtVaGEliiOSi+94eSJBEVhnCsdc9FsfFTrAwjnM4K/UTTGJMJHtGepQJHVPvp/NoZPLHKEIZS2RIGztXvEymOtJ5Gge2MsBnr314m/uX1EhPW/JSJODFUkMWiMOHQSJi9DodMUWL41BJMFLO3QjLGChNjAyrYEL4+hf+Ttld2K+Xzm0qpcbmMIw+OwDE4BS6ogga4Bk3QAgTcgQfwBJ4d6Tw6L87rojXnLGcOwQ84b58GfI4j</latexit>

342/380

<latexit sha1_base64="amFDXsPAVeaFE24rCVNJgaPEq/c=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8xdlNNJtb0IvHCOYByRJmJ5NkyOyDmVkhLPkILx4U8er3ePNvnE0iqGhBQ1HVTXeXHwuuNMYf1srq2vrGZm4rv72zu7dfODhsqSiRlDVpJCLZ8YligoesqbkWrBNLRgJfsLY/uc789j2TikfhnZ7GzAvIKORDTok2Urtccc7LLu4XiriE8aXtOMiQmoPdqiGOXcVuDdnGylCEJRr9wntvENEkYKGmgijVtXGsvZRIzalgs3wvUSwmdEJGrGtoSAKmvHR+7gydGmWAhpE0FWo0V79PpCRQahr4pjMgeqx+e5n4l9dN9ND1Uh7GiWYhXSwaJgLpCGW/owGXjGoxNYRQyc2tiI6JJFSbhPImhK9P0f+k5ZTsSunitlKsXy3jyMExnMAZ2FCFOtxAA5pAYQIP8ATPVmw9Wi/W66J1xVrOHMEPWG+fiqyOaw==</latexit>

2/20

<latexit sha1_base64="G74paBfhTW3y1kG7TaVcCC0j7Ns=">AAAB63icdVBNSwMxEJ31s9avqkcvwSJ4qtml2vZW9OKxgv2AdinZNG1Ds9klyQpl6V/w4kERr/4hb/4bs20FFX0w8Hhvhpl5QSy4Nhh/OCura+sbm7mt/PbO7t5+4eCwpaNEUdakkYhUJyCaCS5Z03AjWCdWjISBYO1gcp357XumNI/knZnGzA/JSPIhp8Rkknfu4X6hiEsYX7qehyypebhascRzK7haQ661MhRhiUa/8N4bRDQJmTRUEK27Lo6NnxJlOBVslu8lmsWETsiIdS2VJGTaT+e3ztCpVQZoGClb0qC5+n0iJaHW0zCwnSExY/3by8S/vG5ihlU/5TJODJN0sWiYCGQilD2OBlwxasTUEkIVt7ciOiaKUGPjydsQvj5F/5OWV3LLpYvbcrF+tYwjB8dwAmfgQgXqcAMNaAKFMTzAEzw7ofPovDivi9YVZzlzBD/gvH0CJlaNrQ==</latexit>

19/20

<latexit sha1_base64="l9Yfl6J+xRs4hnmIZPPCtvZix9E=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYBA8xdklmuQW9OIxgnlAsoTZyWwyZHZ2mZkVwpJv8OJBEa9+kDf/xslDUNGChqKqm+6uIBFcG4w/nJXVtfWNzdxWfntnd2+/cHDY0nGqKGvSWMSqExDNBJesabgRrJMoRqJAsHYwvp757XumNI/lnZkkzI/IUPKQU2Ks1HRr5x7uF4q4hPGl63nIkpqHqxVLPLeCqzXkWmuGIizR6Bfee4OYphGThgqiddfFifEzogyngk3zvVSzhNAxGbKupZJETPvZ/NgpOrXKAIWxsiUNmqvfJzISaT2JAtsZETPSv72Z+JfXTU1Y9TMuk9QwSReLwlQgE6PZ52jAFaNGTCwhVHF7K6Ijogg1Np+8DeHrU/Q/aXklt1y6uC0X61fLOHJwDCdwBi5UoA430IAmUODwAE/w7Ejn0XlxXhetK85y5gh+wHn7BKD5je8=</latexit>

57/380

<latexit sha1_base64="fHLM8ba+0VM5HbueK9DVj0nOvbw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4qpmxdaa7ohuXFewD2qFk0kwbm8kMSUYopf/gxoUibv0fd/6NmbaCih64cDjnXu69J0g4UxqhDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxleZ376nUrFY3OpJQv0IDwULGcHaSK2qe3buoX6xhMoIXdiOAw2pOchzDXFsF3k1aBsrQwks0egX33uDmKQRFZpwrFTXRon2p1hqRjidFXqpogkmYzykXUMFjqjyp/NrZ/DEKAMYxtKU0HCufp+Y4kipSRSYzgjrkfrtZeJfXjfVoedPmUhSTQVZLApTDnUMs9fhgElKNJ8Ygolk5lZIRlhiok1ABRPC16fwf9JyynalXL2plOqXyzjy4Agcg1NgAxfUwTVogCYg4A48gCfwbMXWo/VivS5ac9Zy5hD8gPX2CSBxjjQ=</latexit>



Pearl’s Front-Door Criterion: Which group is right?

Pearl, Causal Inference in Statistics (2016)

p(Y = y|do(X = x)) =
X

z

X

x0

p(Y = y|Z = z,X = x0)p(X = x0)p(Z = z|X = x)

<latexit sha1_base64="fVSmdnt8Z7o3iSQYOrMOxvZ+aew="></latexit>

Average Causal Effect ACE:

p(Y = 1|do(X = 1)) = p(Y = 1|z = 0, x0 = 0)p(x0 = 0)p(z = 0|x = 1)

+ p(Y = 1|z = 0, x0 = 1)p(x0 = 1)p(z = 0|x = 1)

+ p(Y = 1|z = 1, x0 = 0)p(x0 = 0)p(z = 1|x = 1)

+ p(Y = 1|z = 1, x0 = 1)p(x0 = 1)p(z = 1|x = 1)

= 0.5475

<latexit sha1_base64="KA9M4ZbUgFTkDWXpnYq6zyigceo="></latexit>

p(Y = 1|do(X = 0)) = 0.5025

<latexit sha1_base64="CNr3iw2dc9+Y1N4dSWU4BxOIqvM=">AAAB/3icdVDLSgMxFM34rPU1KrhxEyxCuymZobXtolB047KCfUg7lEwmbUMzD5KMUNou/BU3LhRx62+482/MtBVU9MCFwzn3cu89bsSZVAh9GCura+sbm6mt9PbO7t6+eXDYlGEsCG2QkIei7WJJOQtoQzHFaTsSFPsupy13dJn4rTsqJAuDGzWOqOPjQcD6jGClpZ55HGVvq9bUC7PtKsrlqihfRHYx3TMzKI/QuWXbUJOKjcolTWyrhMoVaGkrQQYsUe+Z710vJLFPA0U4lrJjoUg5EywUI5zO0t1Y0giTER7QjqYB9ql0JvP7Z/BMKx7sh0JXoOBc/T4xwb6UY9/VnT5WQ/nbS8S/vE6s+mVnwoIoVjQgi0X9mEMVwiQM6DFBieJjTTARTN8KyRALTJSOLAnh61P4P2naeauQL14XMrWLZRwpcAJOQRZYoARq4ArUQQMQMAUP4Ak8G/fGo/FivC5aV4zlzBH4AePtE3QYky0=</latexit>

p(Y = 1|do(X = 1))� p(Y = 1|do(X = 0)) = 0.045

<latexit sha1_base64="+NkBjIRV9nkIkEOtljEU9GREFZg="></latexit>

4.5% increase

0.5

<latexit sha1_base64="Etkiqa1bTZunuWq6euoqPPfJp08=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZldEpPcgl48RjQPSJYwO5kkQ2YfzMwKYcknePGgiFe/yJt/42wSQUULGoqqbrq7/FhwpTH+sHJr6xubW/ntws7u3v5B8fCoraJEUtaikYhk1yeKCR6yluZasG4sGQl8wTr+9CrzO/dMKh6Fd3oWMy8g45CPOCXaSLfYrgyKJWxjfOG4LjKk7uJa1RDXqeJaHTnGylCCFZqD4nt/GNEkYKGmgijVc3CsvZRIzalg80I/USwmdErGrGdoSAKmvHRx6hydGWWIRpE0FWq0UL9PpCRQahb4pjMgeqJ+e5n4l9dL9KjmpTyME81Culw0SgTSEcr+RkMuGdViZgihkptbEZ0QSag26RRMCF+fov9J27Wdsl25KZcal6s48nACp3AODlShAdfQhBZQGMMDPMGzJaxH68V6XbbmrNXMMfyA9fYJuAeNcw==</latexit>

380/400

<latexit sha1_base64="BDyfTKzH2Mi4x5KvRaXNFy8fjYI=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKc6u0WxuQS8eI5gHJEuYncwmQ2YfzMwKIeQjvHhQxKvf482/cTaJoKIFDUVVN91dfiK40hh/WLmV1bX1jfxmYWt7Z3evuH/QUnEqKWvSWMSy4xPFBI9YU3MtWCeRjIS+YG1/fJ357XsmFY+jOz1JmBeSYcQDTok2UvvcxWcVjPvFEi5jfGk7DjKk5mC3aohjV7FbQ7axMpRgiUa/+N4bxDQNWaSpIEp1bZxob0qk5lSwWaGXKpYQOiZD1jU0IiFT3nR+7gydGGWAgliaijSaq98npiRUahL6pjMkeqR+e5n4l9dNdeB6Ux4lqWYRXSwKUoF0jLLf0YBLRrWYGEKo5OZWREdEEqpNQgUTwten6H/Scsp2pXxxWynVr5Zx5OEIjuEUbKhCHW6gAU2gMIYHeIJnK7EerRfrddGas5Yzh/AD1tsngx6OZg==</latexit>

20/400

<latexit sha1_base64="jxOdZFwS12veP38njQCUrRw72sE=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4qpmh2nZXdOOygn1AO5RMmmljM8mQZIQy9B/cuFDErf/jzr8x01ZQ0QMXDufcy733BDFn2iD04eRWVtfWN/Kbha3tnd294v5BW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeYXGV+554qzaS4NdOY+hEeCRYygo2V2h46qyA0KJZQGaEL1/OgJXUP1aqWeG4V1erQtVaGEliiOSi+94eSJBEVhnCsdc9FsfFTrAwjnM4K/UTTGJMJHtGepQJHVPvp/NoZPLHKEIZS2RIGztXvEymOtJ5Gge2MsBnr314m/uX1EhPW/JSJODFUkMWiMOHQSJi9DodMUWL41BJMFLO3QjLGChNjAyrYEL4+hf+Ttld2K+Xzm0qpcbmMIw+OwDE4BS6ogga4Bk3QAgTcgQfwBJ4d6Tw6L87rojXnLGcOwQ84b58GfI4j</latexit>

342/380

<latexit sha1_base64="amFDXsPAVeaFE24rCVNJgaPEq/c=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8xdlNNJtb0IvHCOYByRJmJ5NkyOyDmVkhLPkILx4U8er3ePNvnE0iqGhBQ1HVTXeXHwuuNMYf1srq2vrGZm4rv72zu7dfODhsqSiRlDVpJCLZ8YligoesqbkWrBNLRgJfsLY/uc789j2TikfhnZ7GzAvIKORDTok2Urtccc7LLu4XiriE8aXtOMiQmoPdqiGOXcVuDdnGylCEJRr9wntvENEkYKGmgijVtXGsvZRIzalgs3wvUSwmdEJGrGtoSAKmvHR+7gydGmWAhpE0FWo0V79PpCRQahr4pjMgeqx+e5n4l9dN9ND1Uh7GiWYhXSwaJgLpCGW/owGXjGoxNYRQyc2tiI6JJFSbhPImhK9P0f+k5ZTsSunitlKsXy3jyMExnMAZ2FCFOtxAA5pAYQIP8ATPVmw9Wi/W66J1xVrOHMEPWG+fiqyOaw==</latexit>

2/20

<latexit sha1_base64="G74paBfhTW3y1kG7TaVcCC0j7Ns=">AAAB63icdVBNSwMxEJ31s9avqkcvwSJ4qtml2vZW9OKxgv2AdinZNG1Ds9klyQpl6V/w4kERr/4hb/4bs20FFX0w8Hhvhpl5QSy4Nhh/OCura+sbm7mt/PbO7t5+4eCwpaNEUdakkYhUJyCaCS5Z03AjWCdWjISBYO1gcp357XumNI/knZnGzA/JSPIhp8Rkknfu4X6hiEsYX7qehyypebhascRzK7haQ661MhRhiUa/8N4bRDQJmTRUEK27Lo6NnxJlOBVslu8lmsWETsiIdS2VJGTaT+e3ztCpVQZoGClb0qC5+n0iJaHW0zCwnSExY/3by8S/vG5ihlU/5TJODJN0sWiYCGQilD2OBlwxasTUEkIVt7ciOiaKUGPjydsQvj5F/5OWV3LLpYvbcrF+tYwjB8dwAmfgQgXqcAMNaAKFMTzAEzw7ofPovDivi9YVZzlzBD/gvH0CJlaNrQ==</latexit>

19/20

<latexit sha1_base64="l9Yfl6J+xRs4hnmIZPPCtvZix9E=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYBA8xdklmuQW9OIxgnlAsoTZyWwyZHZ2mZkVwpJv8OJBEa9+kDf/xslDUNGChqKqm+6uIBFcG4w/nJXVtfWNzdxWfntnd2+/cHDY0nGqKGvSWMSqExDNBJesabgRrJMoRqJAsHYwvp757XumNI/lnZkkzI/IUPKQU2Ks1HRr5x7uF4q4hPGl63nIkpqHqxVLPLeCqzXkWmuGIizR6Bfee4OYphGThgqiddfFifEzogyngk3zvVSzhNAxGbKupZJETPvZ/NgpOrXKAIWxsiUNmqvfJzISaT2JAtsZETPSv72Z+JfXTU1Y9TMuk9QwSReLwlQgE6PZ52jAFaNGTCwhVHF7K6Ijogg1Np+8DeHrU/Q/aXklt1y6uC0X61fLOHJwDCdwBi5UoA430IAmUODwAE/w7Ejn0XlxXhetK85y5gh+wHn7BKD5je8=</latexit>

57/380

<latexit sha1_base64="fHLM8ba+0VM5HbueK9DVj0nOvbw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4qpmxdaa7ohuXFewD2qFk0kwbm8kMSUYopf/gxoUibv0fd/6NmbaCih64cDjnXu69J0g4UxqhDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxleZ376nUrFY3OpJQv0IDwULGcHaSK2qe3buoX6xhMoIXdiOAw2pOchzDXFsF3k1aBsrQwks0egX33uDmKQRFZpwrFTXRon2p1hqRjidFXqpogkmYzykXUMFjqjyp/NrZ/DEKAMYxtKU0HCufp+Y4kipSRSYzgjrkfrtZeJfXjfVoedPmUhSTQVZLApTDnUMs9fhgElKNJ8Ygolk5lZIRlhiok1ABRPC16fwf9JyynalXL2plOqXyzjy4Agcg1NgAxfUwTVogCYg4A48gCfwbMXWo/VivS5ac9Zy5hD8gPX2CSBxjjQ=</latexit>



Pearl’s Front-Door Criterion: Which group is right?

Pearl, Causal Inference in Statistics (2016)

p(Y = y|do(X = x)) =
X

z

X

x0

p(Y = y|Z = z,X = x0)p(X = x0)p(Z = z|X = x)

<latexit sha1_base64="fVSmdnt8Z7o3iSQYOrMOxvZ+aew="></latexit>

Average Causal Effect ACE:

p(Y = 1|do(X = 1)) = p(Y = 1|z = 0, x0 = 0)p(x0 = 0)p(z = 0|x = 1)

+ p(Y = 1|z = 0, x0 = 1)p(x0 = 1)p(z = 0|x = 1)

+ p(Y = 1|z = 1, x0 = 0)p(x0 = 0)p(z = 1|x = 1)

+ p(Y = 1|z = 1, x0 = 1)p(x0 = 1)p(z = 1|x = 1)

= 0.5475

<latexit sha1_base64="KA9M4ZbUgFTkDWXpnYq6zyigceo="></latexit>

p(Y = 1|do(X = 0)) = 0.5025

<latexit sha1_base64="CNr3iw2dc9+Y1N4dSWU4BxOIqvM=">AAAB/3icdVDLSgMxFM34rPU1KrhxEyxCuymZobXtolB047KCfUg7lEwmbUMzD5KMUNou/BU3LhRx62+482/MtBVU9MCFwzn3cu89bsSZVAh9GCura+sbm6mt9PbO7t6+eXDYlGEsCG2QkIei7WJJOQtoQzHFaTsSFPsupy13dJn4rTsqJAuDGzWOqOPjQcD6jGClpZ55HGVvq9bUC7PtKsrlqihfRHYx3TMzKI/QuWXbUJOKjcolTWyrhMoVaGkrQQYsUe+Z710vJLFPA0U4lrJjoUg5EywUI5zO0t1Y0giTER7QjqYB9ql0JvP7Z/BMKx7sh0JXoOBc/T4xwb6UY9/VnT5WQ/nbS8S/vE6s+mVnwoIoVjQgi0X9mEMVwiQM6DFBieJjTTARTN8KyRALTJSOLAnh61P4P2naeauQL14XMrWLZRwpcAJOQRZYoARq4ArUQQMQMAUP4Ak8G/fGo/FivC5aV4zlzBH4AePtE3QYky0=</latexit>

p(Y = 1|do(X = 1))� p(Y = 1|do(X = 0)) = 0.045

<latexit sha1_base64="+NkBjIRV9nkIkEOtljEU9GREFZg="></latexit>

4.5% increase

0.5

<latexit sha1_base64="Etkiqa1bTZunuWq6euoqPPfJp08=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZldEpPcgl48RjQPSJYwO5kkQ2YfzMwKYcknePGgiFe/yJt/42wSQUULGoqqbrq7/FhwpTH+sHJr6xubW/ntws7u3v5B8fCoraJEUtaikYhk1yeKCR6yluZasG4sGQl8wTr+9CrzO/dMKh6Fd3oWMy8g45CPOCXaSLfYrgyKJWxjfOG4LjKk7uJa1RDXqeJaHTnGylCCFZqD4nt/GNEkYKGmgijVc3CsvZRIzalg80I/USwmdErGrGdoSAKmvHRx6hydGWWIRpE0FWq0UL9PpCRQahb4pjMgeqJ+e5n4l9dL9KjmpTyME81Culw0SgTSEcr+RkMuGdViZgihkptbEZ0QSag26RRMCF+fov9J27Wdsl25KZcal6s48nACp3AODlShAdfQhBZQGMMDPMGzJaxH68V6XbbmrNXMMfyA9fYJuAeNcw==</latexit>

380/400

<latexit sha1_base64="BDyfTKzH2Mi4x5KvRaXNFy8fjYI=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKc6u0WxuQS8eI5gHJEuYncwmQ2YfzMwKIeQjvHhQxKvf482/cTaJoKIFDUVVN91dfiK40hh/WLmV1bX1jfxmYWt7Z3evuH/QUnEqKWvSWMSy4xPFBI9YU3MtWCeRjIS+YG1/fJ357XsmFY+jOz1JmBeSYcQDTok2UvvcxWcVjPvFEi5jfGk7DjKk5mC3aohjV7FbQ7axMpRgiUa/+N4bxDQNWaSpIEp1bZxob0qk5lSwWaGXKpYQOiZD1jU0IiFT3nR+7gydGGWAgliaijSaq98npiRUahL6pjMkeqR+e5n4l9dNdeB6Ux4lqWYRXSwKUoF0jLLf0YBLRrWYGEKo5OZWREdEEqpNQgUTwten6H/Scsp2pXxxWynVr5Zx5OEIjuEUbKhCHW6gAU2gMIYHeIJnK7EerRfrddGas5Yzh/AD1tsngx6OZg==</latexit>

20/400

<latexit sha1_base64="jxOdZFwS12veP38njQCUrRw72sE=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4qpmh2nZXdOOygn1AO5RMmmljM8mQZIQy9B/cuFDErf/jzr8x01ZQ0QMXDufcy733BDFn2iD04eRWVtfWN/Kbha3tnd294v5BW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeYXGV+554qzaS4NdOY+hEeCRYygo2V2h46qyA0KJZQGaEL1/OgJXUP1aqWeG4V1erQtVaGEliiOSi+94eSJBEVhnCsdc9FsfFTrAwjnM4K/UTTGJMJHtGepQJHVPvp/NoZPLHKEIZS2RIGztXvEymOtJ5Gge2MsBnr314m/uX1EhPW/JSJODFUkMWiMOHQSJi9DodMUWL41BJMFLO3QjLGChNjAyrYEL4+hf+Ttld2K+Xzm0qpcbmMIw+OwDE4BS6ogga4Bk3QAgTcgQfwBJ4d6Tw6L87rojXnLGcOwQ84b58GfI4j</latexit>

342/380

<latexit sha1_base64="amFDXsPAVeaFE24rCVNJgaPEq/c=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8xdlNNJtb0IvHCOYByRJmJ5NkyOyDmVkhLPkILx4U8er3ePNvnE0iqGhBQ1HVTXeXHwuuNMYf1srq2vrGZm4rv72zu7dfODhsqSiRlDVpJCLZ8YligoesqbkWrBNLRgJfsLY/uc789j2TikfhnZ7GzAvIKORDTok2Urtccc7LLu4XiriE8aXtOMiQmoPdqiGOXcVuDdnGylCEJRr9wntvENEkYKGmgijVtXGsvZRIzalgs3wvUSwmdEJGrGtoSAKmvHR+7gydGmWAhpE0FWo0V79PpCRQahr4pjMgeqx+e5n4l9dN9ND1Uh7GiWYhXSwaJgLpCGW/owGXjGoxNYRQyc2tiI6JJFSbhPImhK9P0f+k5ZTsSunitlKsXy3jyMExnMAZ2FCFOtxAA5pAYQIP8ATPVmw9Wi/W66J1xVrOHMEPWG+fiqyOaw==</latexit>

2/20

<latexit sha1_base64="G74paBfhTW3y1kG7TaVcCC0j7Ns=">AAAB63icdVBNSwMxEJ31s9avqkcvwSJ4qtml2vZW9OKxgv2AdinZNG1Ds9klyQpl6V/w4kERr/4hb/4bs20FFX0w8Hhvhpl5QSy4Nhh/OCura+sbm7mt/PbO7t5+4eCwpaNEUdakkYhUJyCaCS5Z03AjWCdWjISBYO1gcp357XumNI/knZnGzA/JSPIhp8Rkknfu4X6hiEsYX7qehyypebhascRzK7haQ661MhRhiUa/8N4bRDQJmTRUEK27Lo6NnxJlOBVslu8lmsWETsiIdS2VJGTaT+e3ztCpVQZoGClb0qC5+n0iJaHW0zCwnSExY/3by8S/vG5ihlU/5TJODJN0sWiYCGQilD2OBlwxasTUEkIVt7ciOiaKUGPjydsQvj5F/5OWV3LLpYvbcrF+tYwjB8dwAmfgQgXqcAMNaAKFMTzAEzw7ofPovDivi9YVZzlzBD/gvH0CJlaNrQ==</latexit>

19/20

<latexit sha1_base64="l9Yfl6J+xRs4hnmIZPPCtvZix9E=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYBA8xdklmuQW9OIxgnlAsoTZyWwyZHZ2mZkVwpJv8OJBEa9+kDf/xslDUNGChqKqm+6uIBFcG4w/nJXVtfWNzdxWfntnd2+/cHDY0nGqKGvSWMSqExDNBJesabgRrJMoRqJAsHYwvp757XumNI/lnZkkzI/IUPKQU2Ks1HRr5x7uF4q4hPGl63nIkpqHqxVLPLeCqzXkWmuGIizR6Bfee4OYphGThgqiddfFifEzogyngk3zvVSzhNAxGbKupZJETPvZ/NgpOrXKAIWxsiUNmqvfJzISaT2JAtsZETPSv72Z+JfXTU1Y9TMuk9QwSReLwlQgE6PZ52jAFaNGTCwhVHF7K6Ijogg1Np+8DeHrU/Q/aXklt1y6uC0X61fLOHJwDCdwBi5UoA430IAmUODwAE/w7Ejn0XlxXhetK85y5gh+wHn7BKD5je8=</latexit>

57/380

<latexit sha1_base64="fHLM8ba+0VM5HbueK9DVj0nOvbw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4qpmxdaa7ohuXFewD2qFk0kwbm8kMSUYopf/gxoUibv0fd/6NmbaCih64cDjnXu69J0g4UxqhDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxleZ376nUrFY3OpJQv0IDwULGcHaSK2qe3buoX6xhMoIXdiOAw2pOchzDXFsF3k1aBsrQwks0egX33uDmKQRFZpwrFTXRon2p1hqRjidFXqpogkmYzykXUMFjqjyp/NrZ/DEKAMYxtKU0HCufp+Y4kipSRSYzgjrkfrtZeJfXjfVoedPmUhSTQVZLApTDnUMs9fhgElKNJ8Ygolk5lZIRlhiok1ABRPC16fwf9JyynalXL2plOqXyzjy4Agcg1NgAxfUwTVogCYg4A48gCfwbMXWo/VivS5ac9Zy5hD8gPX2CSBxjjQ=</latexit>



Pearl’s Front-Door Criterion: Which group is right?

Pearl, Causal Inference in Statistics (2016)

p(Y = y|do(X = x)) =
X

z

X

x0

p(Y = y|Z = z,X = x0)p(X = x0)p(Z = z|X = x)

<latexit sha1_base64="fVSmdnt8Z7o3iSQYOrMOxvZ+aew="></latexit>

Average Causal Effect ACE:

p(Y = 1|do(X = 1)) = p(Y = 1|z = 0, x0 = 0)p(x0 = 0)p(z = 0|x = 1)

+ p(Y = 1|z = 0, x0 = 1)p(x0 = 1)p(z = 0|x = 1)

+ p(Y = 1|z = 1, x0 = 0)p(x0 = 0)p(z = 1|x = 1)

+ p(Y = 1|z = 1, x0 = 1)p(x0 = 1)p(z = 1|x = 1)

= 0.5475

<latexit sha1_base64="KA9M4ZbUgFTkDWXpnYq6zyigceo="></latexit>

p(Y = 1|do(X = 0)) = 0.5025

<latexit sha1_base64="CNr3iw2dc9+Y1N4dSWU4BxOIqvM=">AAAB/3icdVDLSgMxFM34rPU1KrhxEyxCuymZobXtolB047KCfUg7lEwmbUMzD5KMUNou/BU3LhRx62+482/MtBVU9MCFwzn3cu89bsSZVAh9GCura+sbm6mt9PbO7t6+eXDYlGEsCG2QkIei7WJJOQtoQzHFaTsSFPsupy13dJn4rTsqJAuDGzWOqOPjQcD6jGClpZ55HGVvq9bUC7PtKsrlqihfRHYx3TMzKI/QuWXbUJOKjcolTWyrhMoVaGkrQQYsUe+Z710vJLFPA0U4lrJjoUg5EywUI5zO0t1Y0giTER7QjqYB9ql0JvP7Z/BMKx7sh0JXoOBc/T4xwb6UY9/VnT5WQ/nbS8S/vE6s+mVnwoIoVjQgi0X9mEMVwiQM6DFBieJjTTARTN8KyRALTJSOLAnh61P4P2naeauQL14XMrWLZRwpcAJOQRZYoARq4ArUQQMQMAUP4Ak8G/fGo/FivC5aV4zlzBH4AePtE3QYky0=</latexit>

p(Y = 1|do(X = 1))� p(Y = 1|do(X = 0)) = 0.045

<latexit sha1_base64="+NkBjIRV9nkIkEOtljEU9GREFZg="></latexit>

4.5% increase

0.5

<latexit sha1_base64="Etkiqa1bTZunuWq6euoqPPfJp08=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZldEpPcgl48RjQPSJYwO5kkQ2YfzMwKYcknePGgiFe/yJt/42wSQUULGoqqbrq7/FhwpTH+sHJr6xubW/ntws7u3v5B8fCoraJEUtaikYhk1yeKCR6yluZasG4sGQl8wTr+9CrzO/dMKh6Fd3oWMy8g45CPOCXaSLfYrgyKJWxjfOG4LjKk7uJa1RDXqeJaHTnGylCCFZqD4nt/GNEkYKGmgijVc3CsvZRIzalg80I/USwmdErGrGdoSAKmvHRx6hydGWWIRpE0FWq0UL9PpCRQahb4pjMgeqJ+e5n4l9dL9KjmpTyME81Culw0SgTSEcr+RkMuGdViZgihkptbEZ0QSag26RRMCF+fov9J27Wdsl25KZcal6s48nACp3AODlShAdfQhBZQGMMDPMGzJaxH68V6XbbmrNXMMfyA9fYJuAeNcw==</latexit>

380/400

<latexit sha1_base64="BDyfTKzH2Mi4x5KvRaXNFy8fjYI=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKc6u0WxuQS8eI5gHJEuYncwmQ2YfzMwKIeQjvHhQxKvf482/cTaJoKIFDUVVN91dfiK40hh/WLmV1bX1jfxmYWt7Z3evuH/QUnEqKWvSWMSy4xPFBI9YU3MtWCeRjIS+YG1/fJ357XsmFY+jOz1JmBeSYcQDTok2UvvcxWcVjPvFEi5jfGk7DjKk5mC3aohjV7FbQ7axMpRgiUa/+N4bxDQNWaSpIEp1bZxob0qk5lSwWaGXKpYQOiZD1jU0IiFT3nR+7gydGGWAgliaijSaq98npiRUahL6pjMkeqR+e5n4l9dNdeB6Ux4lqWYRXSwKUoF0jLLf0YBLRrWYGEKo5OZWREdEEqpNQgUTwten6H/Scsp2pXxxWynVr5Zx5OEIjuEUbKhCHW6gAU2gMIYHeIJnK7EerRfrddGas5Yzh/AD1tsngx6OZg==</latexit>

20/400

<latexit sha1_base64="jxOdZFwS12veP38njQCUrRw72sE=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4qpmh2nZXdOOygn1AO5RMmmljM8mQZIQy9B/cuFDErf/jzr8x01ZQ0QMXDufcy733BDFn2iD04eRWVtfWN/Kbha3tnd294v5BW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeYXGV+554qzaS4NdOY+hEeCRYygo2V2h46qyA0KJZQGaEL1/OgJXUP1aqWeG4V1erQtVaGEliiOSi+94eSJBEVhnCsdc9FsfFTrAwjnM4K/UTTGJMJHtGepQJHVPvp/NoZPLHKEIZS2RIGztXvEymOtJ5Gge2MsBnr314m/uX1EhPW/JSJODFUkMWiMOHQSJi9DodMUWL41BJMFLO3QjLGChNjAyrYEL4+hf+Ttld2K+Xzm0qpcbmMIw+OwDE4BS6ogga4Bk3QAgTcgQfwBJ4d6Tw6L87rojXnLGcOwQ84b58GfI4j</latexit>

342/380

<latexit sha1_base64="amFDXsPAVeaFE24rCVNJgaPEq/c=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8xdlNNJtb0IvHCOYByRJmJ5NkyOyDmVkhLPkILx4U8er3ePNvnE0iqGhBQ1HVTXeXHwuuNMYf1srq2vrGZm4rv72zu7dfODhsqSiRlDVpJCLZ8YligoesqbkWrBNLRgJfsLY/uc789j2TikfhnZ7GzAvIKORDTok2Urtccc7LLu4XiriE8aXtOMiQmoPdqiGOXcVuDdnGylCEJRr9wntvENEkYKGmgijVtXGsvZRIzalgs3wvUSwmdEJGrGtoSAKmvHR+7gydGmWAhpE0FWo0V79PpCRQahr4pjMgeqx+e5n4l9dN9ND1Uh7GiWYhXSwaJgLpCGW/owGXjGoxNYRQyc2tiI6JJFSbhPImhK9P0f+k5ZTsSunitlKsXy3jyMExnMAZ2FCFOtxAA5pAYQIP8ATPVmw9Wi/W66J1xVrOHMEPWG+fiqyOaw==</latexit>

2/20

<latexit sha1_base64="G74paBfhTW3y1kG7TaVcCC0j7Ns=">AAAB63icdVBNSwMxEJ31s9avqkcvwSJ4qtml2vZW9OKxgv2AdinZNG1Ds9klyQpl6V/w4kERr/4hb/4bs20FFX0w8Hhvhpl5QSy4Nhh/OCura+sbm7mt/PbO7t5+4eCwpaNEUdakkYhUJyCaCS5Z03AjWCdWjISBYO1gcp357XumNI/knZnGzA/JSPIhp8Rkknfu4X6hiEsYX7qehyypebhascRzK7haQ661MhRhiUa/8N4bRDQJmTRUEK27Lo6NnxJlOBVslu8lmsWETsiIdS2VJGTaT+e3ztCpVQZoGClb0qC5+n0iJaHW0zCwnSExY/3by8S/vG5ihlU/5TJODJN0sWiYCGQilD2OBlwxasTUEkIVt7ciOiaKUGPjydsQvj5F/5OWV3LLpYvbcrF+tYwjB8dwAmfgQgXqcAMNaAKFMTzAEzw7ofPovDivi9YVZzlzBD/gvH0CJlaNrQ==</latexit>

19/20

<latexit sha1_base64="l9Yfl6J+xRs4hnmIZPPCtvZix9E=">AAAB7HicdVDLSgNBEOz1GeMr6tHLYBA8xdklmuQW9OIxgnlAsoTZyWwyZHZ2mZkVwpJv8OJBEa9+kDf/xslDUNGChqKqm+6uIBFcG4w/nJXVtfWNzdxWfntnd2+/cHDY0nGqKGvSWMSqExDNBJesabgRrJMoRqJAsHYwvp757XumNI/lnZkkzI/IUPKQU2Ks1HRr5x7uF4q4hPGl63nIkpqHqxVLPLeCqzXkWmuGIizR6Bfee4OYphGThgqiddfFifEzogyngk3zvVSzhNAxGbKupZJETPvZ/NgpOrXKAIWxsiUNmqvfJzISaT2JAtsZETPSv72Z+JfXTU1Y9TMuk9QwSReLwlQgE6PZ52jAFaNGTCwhVHF7K6Ijogg1Np+8DeHrU/Q/aXklt1y6uC0X61fLOHJwDCdwBi5UoA430IAmUODwAE/w7Ejn0XlxXhetK85y5gh+wHn7BKD5je8=</latexit>

57/380

<latexit sha1_base64="fHLM8ba+0VM5HbueK9DVj0nOvbw=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4qpmxdaa7ohuXFewD2qFk0kwbm8kMSUYopf/gxoUibv0fd/6NmbaCih64cDjnXu69J0g4UxqhDyu3srq2vpHfLGxt7+zuFfcPWipOJaFNEvNYdgKsKGeCNjXTnHYSSXEUcNoOxleZ376nUrFY3OpJQv0IDwULGcHaSK2qe3buoX6xhMoIXdiOAw2pOchzDXFsF3k1aBsrQwks0egX33uDmKQRFZpwrFTXRon2p1hqRjidFXqpogkmYzykXUMFjqjyp/NrZ/DEKAMYxtKU0HCufp+Y4kipSRSYzgjrkfrtZeJfXjfVoedPmUhSTQVZLApTDnUMs9fhgElKNJ8Ygolk5lZIRlhiok1ABRPC16fwf9JyynalXL2plOqXyzjy4Agcg1NgAxfUwTVogCYg4A48gCfwbMXWo/VivS5ac9Zy5hD8gPX2CSBxjjQ=</latexit>



Pearl’s Front-Door Adjustment

Pearl, Causal Inference in Statistics (2016)

Front-door criterion: A set of variables Z is said to satisfy the front-door 
criterion relative to (X,Y) if:

1. Z intercepts all directed paths from X to Y
2. There is no unblocked path from X to Z
3. All backdoor paths from Z to Y  are blocked by X

Front-door adjustment: If Z satisfied the front-door criterion relative to 
(X,Y), and if p(x,z)>0, then the causal effect of X on Y is identifiable and 
is given by:

p(y|do(x)) =
X

z

p(z|x)
X

x0

p(y|x0, z)p(x0)

<latexit sha1_base64="CQoSxe8V9tQRxXBzS0jY1xGMTwU="></latexit>



Do Calculus

• Do-calculus: Contains, as subsets:
- Backdoor criterion
- Front-door criterion

• Allows analysis of more intricate structure beyond back- and front-door

• Uncovers all causal effects that can be identified from a given causal 
graph

• Power of causal graphs is not just representation but actually 
discovery of causal information



Simple DoWhy tutorials on my GitHub ‘Causality in Biomedicine’

DoWhy tutorials:
https://microsoft.github.io/dowhy/index.html

CausalGraphicalModels Tutorials:
https://github.com/ijmbarr/causalgraphicalmodels
Adjusting for the wrong variable: http://www.degeneratestate.org/posts/2018/Jul/10/
causal-inference-with-python-part-2-causal-graphical-models/
Front-door: http://www.degeneratestate.org/posts/2018/Sep/03/causal-inference-with-
python-part-3-frontdoor-adjustment/

Also see ML extensions to DoWhy, e.g. EconML:
 https://github.com/microsoft/EconML

DoWhy Simulations

https://microsoft.github.io/dowhy/index.html
https://github.com/ijmbarr/causalgraphicalmodels
http://www.degeneratestate.org/posts/2018/Jul/10/causal-inference-with-python-part-2-causal-graphical-models/
http://www.degeneratestate.org/posts/2018/Jul/10/causal-inference-with-python-part-2-causal-graphical-models/
http://www.degeneratestate.org/posts/2018/Jul/10/causal-inference-with-python-part-2-causal-graphical-models/
http://www.degeneratestate.org/posts/2018/Sep/03/causal-inference-with-python-part-3-frontdoor-adjustment/
http://www.degeneratestate.org/posts/2018/Sep/03/causal-inference-with-python-part-3-frontdoor-adjustment/
http://www.degeneratestate.org/posts/2018/Sep/03/causal-inference-with-python-part-3-frontdoor-adjustment/
https://github.com/microsoft/EconML
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