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VanderWeele and Vansteelandt

What are “latent variables”?
unobserved variables
often, they represent psycho-social constructs: depression,
intelligence, well-being, socio economic status, social integration

Structural vs. Statistical latent factor models

Xi = λiη + εi for each observed variable Xi

Many researchers regress Y on η̂ and give causal interpretation
But, Factor model does not distinguish these two DAGs
The authors derive a statistical test of the structural interpretation
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What is the structural latent factor model?

DAG implications:
1 no arrow directly out of (X1,X2, . . . ,Xn)
2 no arrow into (X1,X2, . . . ,Xn) except η

Applicable when Xi is a survey measurement of η
η: satisfaction with life
Xi : “If could live my life over, I would change almost nothing”
The answer to this question does not affect other variables on DAG
“Satisfaction with life” is the only thing that affects this question

May not be applicable when Xi is some behavioral measurement
η: political ideology of legislators
Xi : rollcall votes
incoming arrows: constituency interests
outgoing arrows: election outcomes

The 1st case is about measurement validity
The 2nd case is also structural since η is causally efficacious
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Key Result: Theorem 1

Under the structural latent factor model

Z⊥⊥(X1, . . . ,Xn) | η for any variable Z on DAG

Testable implication under the linear factor model:

λiE(Xj | Z = z) = λjE(Xi | Z = z)

This follows because for any i

E(Xi/λi | Z = z) = E{E(Xi/λi | η,Z = z) | Z = z}
= E{E(Xi/λi | η) | Z = z}
= E(η | Z = z)

The authors develop the likelihood ratio test
Extension to the case when η is multi-dimensional? Identifiability
of the number of dimensions in factor model?
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Questions

1 How does the identifiability of factor model affect these results?
2 What are the identification conditions for the causal effects of η on

Y ?
3 The role of factor model in the causal effects of X on Y
 stochastic intervention (Papadogeorgou et al. 2020)

4 Measurement error under the structural factor model?

X1
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X3

η Y

U

Kosuke Imai (Harvard) Causal Inference with Latent Variables Joint Statistical Meetings 2021 5 / 11



Wang and Blei

A follow-up of their influential 2019 JASA paper (2019 JSM)
Setup:

multiple causes: Ai = (Ai1,Ai2, . . . ,Aim)
unobserved multi-cause confounders: Ai⊥⊥Yi(a) | Ui

Deconfounder methodology:
1 Factor model

p(Ai1,Ai2, . . . ,Aim) =

∫
p(Zi)

m∏
j=1

p(Aij | Zi) dZi

2 Substitute confounder Zi

E{Yi(a)− Yi(a′)} = E{E(Yi | Ai = a,Zi)− E(Yi | Ai = a′,Zi)}

Advantages
1 checkable assumption about unobserved confounders: Aij⊥⊥Aij′ | Zi
2 easy to implement
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Assumptions

Si
<latexit sha1_base64="mesrR47OfdGd+BPkb4r+mzLEs4c=">AAACLnicbVDLSgMxFE181vpqFVdugkVwVWZE0JUU3Lis1D6gLSWT3mlDk8yQZIQy9BPc6m/4NYILcetnmLazsI8DgcO5j3NzglhwYz3vC29sbm3v7Ob28vsHh0fHheJJw0SJZlBnkYh0K6AGBFdQt9wKaMUaqAwENIPRw7TefAFteKSe7TiGrqQDxUPOqHVSrdbjvULJK3szkFXiZ6SEMlR7RXzW6UcskaAsE9SYtu/FtptSbTkTMMl3EgMxZSM6gLajikow3XR264RcOqVPwki7pyyZqf8nUiqNGcvAdUpqh2a5NhXX1dqJDe+6KVdxYkGxuVGYCGIjMv046XMNzIqxI5Rp7m4lbEg1ZdbFs+ASunA5aLdkrfmyaIdykndwQfrLsa2SxnXZ98r+002pcp9FmkPn6AJdIR/dogp6RFVURwwN0Ct6Q+/4A3/ib/wzb93A2cwpWgD+/QM8p6gN</latexit><latexit sha1_base64="mesrR47OfdGd+BPkb4r+mzLEs4c=">AAACLnicbVDLSgMxFE181vpqFVdugkVwVWZE0JUU3Lis1D6gLSWT3mlDk8yQZIQy9BPc6m/4NYILcetnmLazsI8DgcO5j3NzglhwYz3vC29sbm3v7Ob28vsHh0fHheJJw0SJZlBnkYh0K6AGBFdQt9wKaMUaqAwENIPRw7TefAFteKSe7TiGrqQDxUPOqHVSrdbjvULJK3szkFXiZ6SEMlR7RXzW6UcskaAsE9SYtu/FtptSbTkTMMl3EgMxZSM6gLajikow3XR264RcOqVPwki7pyyZqf8nUiqNGcvAdUpqh2a5NhXX1dqJDe+6KVdxYkGxuVGYCGIjMv046XMNzIqxI5Rp7m4lbEg1ZdbFs+ASunA5aLdkrfmyaIdykndwQfrLsa2SxnXZ98r+002pcp9FmkPn6AJdIR/dogp6RFVURwwN0Ct6Q+/4A3/ib/wzb93A2cwpWgD+/QM8p6gN</latexit><latexit sha1_base64="mesrR47OfdGd+BPkb4r+mzLEs4c=">AAACLnicbVDLSgMxFE181vpqFVdugkVwVWZE0JUU3Lis1D6gLSWT3mlDk8yQZIQy9BPc6m/4NYILcetnmLazsI8DgcO5j3NzglhwYz3vC29sbm3v7Ob28vsHh0fHheJJw0SJZlBnkYh0K6AGBFdQt9wKaMUaqAwENIPRw7TefAFteKSe7TiGrqQDxUPOqHVSrdbjvULJK3szkFXiZ6SEMlR7RXzW6UcskaAsE9SYtu/FtptSbTkTMMl3EgMxZSM6gLajikow3XR264RcOqVPwki7pyyZqf8nUiqNGcvAdUpqh2a5NhXX1dqJDe+6KVdxYkGxuVGYCGIjMv046XMNzIqxI5Rp7m4lbEg1ZdbFs+ASunA5aLdkrfmyaIdykndwQfrLsa2SxnXZ98r+002pcp9FmkPn6AJdIR/dogp6RFVURwwN0Ct6Q+/4A3/ib/wzb93A2cwpWgD+/QM8p6gN</latexit><latexit sha1_base64="mesrR47OfdGd+BPkb4r+mzLEs4c=">AAACLnicbVDLSgMxFE181vpqFVdugkVwVWZE0JUU3Lis1D6gLSWT3mlDk8yQZIQy9BPc6m/4NYILcetnmLazsI8DgcO5j3NzglhwYz3vC29sbm3v7Ob28vsHh0fHheJJw0SJZlBnkYh0K6AGBFdQt9wKaMUaqAwENIPRw7TefAFteKSe7TiGrqQDxUPOqHVSrdbjvULJK3szkFXiZ6SEMlR7RXzW6UcskaAsE9SYtu/FtptSbTkTMMl3EgMxZSM6gLajikow3XR264RcOqVPwki7pyyZqf8nUiqNGcvAdUpqh2a5NhXX1dqJDe+6KVdxYkGxuVGYCGIjMv046XMNzIqxI5Rp7m4lbEg1ZdbFs+ASunA5aLdkrfmyaIdykndwQfrLsa2SxnXZ98r+002pcp9FmkPn6AJdIR/dogp6RFVURwwN0Ct6Q+/4A3/ib/wzb93A2cwpWgD+/QM8p6gN</latexit>

Ui
<latexit sha1_base64="H9GVGVVxxxNrt3ybvKhOLH+pvH4=">AAACLnicbVDLSgMxFE3qq9ZXq7hyEyyCqzIjgq6k4MZlRacttEPJpJk2NJkZkjtCGfoJbvU3/BrBhbj1M0zbWdjHgcDh3Me5OUEihQHH+cKFjc2t7Z3ibmlv/+DwqFw5bpo41Yx7LJaxbgfUcCki7oEAyduJ5lQFkreC0f203nrh2og4eoZxwn1FB5EIBaNgpSevJ3rlqlNzZiCrxM1JFeVo9Cr4tNuPWap4BExSYzquk4CfUQ2CST4pdVPDE8pGdMA7lkZUceNns1sn5MIqfRLG2r4IyEz9P5FRZcxYBbZTURia5dpUXFfrpBDe+pmIkhR4xOZGYSoJxGT6cdIXmjOQY0so08LeStiQasrAxrPgEtpwBdd2yVrzZRGGalKysEG6y7GtkuZVzXVq7uN1tX6XR1pEZ+gcXSIX3aA6ekAN5CGGBugVvaF3/IE/8Tf+mbcWcD5zghaAf/8AQDuoDw==</latexit><latexit sha1_base64="H9GVGVVxxxNrt3ybvKhOLH+pvH4=">AAACLnicbVDLSgMxFE3qq9ZXq7hyEyyCqzIjgq6k4MZlRacttEPJpJk2NJkZkjtCGfoJbvU3/BrBhbj1M0zbWdjHgcDh3Me5OUEihQHH+cKFjc2t7Z3ibmlv/+DwqFw5bpo41Yx7LJaxbgfUcCki7oEAyduJ5lQFkreC0f203nrh2og4eoZxwn1FB5EIBaNgpSevJ3rlqlNzZiCrxM1JFeVo9Cr4tNuPWap4BExSYzquk4CfUQ2CST4pdVPDE8pGdMA7lkZUceNns1sn5MIqfRLG2r4IyEz9P5FRZcxYBbZTURia5dpUXFfrpBDe+pmIkhR4xOZGYSoJxGT6cdIXmjOQY0so08LeStiQasrAxrPgEtpwBdd2yVrzZRGGalKysEG6y7GtkuZVzXVq7uN1tX6XR1pEZ+gcXSIX3aA6ekAN5CGGBugVvaF3/IE/8Tf+mbcWcD5zghaAf/8AQDuoDw==</latexit><latexit sha1_base64="H9GVGVVxxxNrt3ybvKhOLH+pvH4=">AAACLnicbVDLSgMxFE3qq9ZXq7hyEyyCqzIjgq6k4MZlRacttEPJpJk2NJkZkjtCGfoJbvU3/BrBhbj1M0zbWdjHgcDh3Me5OUEihQHH+cKFjc2t7Z3ibmlv/+DwqFw5bpo41Yx7LJaxbgfUcCki7oEAyduJ5lQFkreC0f203nrh2og4eoZxwn1FB5EIBaNgpSevJ3rlqlNzZiCrxM1JFeVo9Cr4tNuPWap4BExSYzquk4CfUQ2CST4pdVPDE8pGdMA7lkZUceNns1sn5MIqfRLG2r4IyEz9P5FRZcxYBbZTURia5dpUXFfrpBDe+pmIkhR4xOZGYSoJxGT6cdIXmjOQY0so08LeStiQasrAxrPgEtpwBdd2yVrzZRGGalKysEG6y7GtkuZVzXVq7uN1tX6XR1pEZ+gcXSIX3aA6ekAN5CGGBugVvaF3/IE/8Tf+mbcWcD5zghaAf/8AQDuoDw==</latexit><latexit sha1_base64="H9GVGVVxxxNrt3ybvKhOLH+pvH4=">AAACLnicbVDLSgMxFE3qq9ZXq7hyEyyCqzIjgq6k4MZlRacttEPJpJk2NJkZkjtCGfoJbvU3/BrBhbj1M0zbWdjHgcDh3Me5OUEihQHH+cKFjc2t7Z3ibmlv/+DwqFw5bpo41Yx7LJaxbgfUcCki7oEAyduJ5lQFkreC0f203nrh2og4eoZxwn1FB5EIBaNgpSevJ3rlqlNzZiCrxM1JFeVo9Cr4tNuPWap4BExSYzquk4CfUQ2CST4pdVPDE8pGdMA7lkZUceNns1sn5MIqfRLG2r4IyEz9P5FRZcxYBbZTURia5dpUXFfrpBDe+pmIkhR4xOZGYSoJxGT6cdIXmjOQY0so08LeStiQasrAxrPgEtpwBdd2yVrzZRGGalKysEG6y7GtkuZVzXVq7uN1tX6XR1pEZ+gcXSIX3aA6ekAN5CGGBugVvaF3/IE/8Tf+mbcWcD5zghaAf/8AQDuoDw==</latexit>

Zi
<latexit sha1_base64="zaeaauPq3qrxAjGxqyrXkZWflgM=">AAACLnicbVDLSgMxFE3qq9ZXq7hyEyyCqzIjgq6k4MZlRVuLbSmZ9E4bmmSGJCOUoZ/gVn/DrxFciFs/w7SdhX0cCBzOfZybE8SCG+t5Xzi3tr6xuZXfLuzs7u0fFEuHDRMlmkGdRSLSzYAaEFxB3XIroBlroDIQ8BQMbyf1pxfQhkfq0Y5i6EjaVzzkjFonPTx3ebdY9ireFGSZ+Bkpowy1bgkft3sRSyQoywQ1puV7se2kVFvOBIwL7cRATNmQ9qHlqKISTCed3jomZ07pkTDS7ilLpur/iZRKY0YycJ2S2oFZrE3EVbVWYsPrTspVnFhQbGYUJoLYiEw+TnpcA7Ni5AhlmrtbCRtQTZl18cy5hC5cDtotWWm+KNqBHBccXJD+YmzLpHFR8b2Kf39Zrt5kkebRCTpF58hHV6iK7lAN1RFDffSK3tA7/sCf+Bv/zFpzOJs5QnPAv39JLagU</latexit><latexit sha1_base64="zaeaauPq3qrxAjGxqyrXkZWflgM=">AAACLnicbVDLSgMxFE3qq9ZXq7hyEyyCqzIjgq6k4MZlRVuLbSmZ9E4bmmSGJCOUoZ/gVn/DrxFciFs/w7SdhX0cCBzOfZybE8SCG+t5Xzi3tr6xuZXfLuzs7u0fFEuHDRMlmkGdRSLSzYAaEFxB3XIroBlroDIQ8BQMbyf1pxfQhkfq0Y5i6EjaVzzkjFonPTx3ebdY9ireFGSZ+Bkpowy1bgkft3sRSyQoywQ1puV7se2kVFvOBIwL7cRATNmQ9qHlqKISTCed3jomZ07pkTDS7ilLpur/iZRKY0YycJ2S2oFZrE3EVbVWYsPrTspVnFhQbGYUJoLYiEw+TnpcA7Ni5AhlmrtbCRtQTZl18cy5hC5cDtotWWm+KNqBHBccXJD+YmzLpHFR8b2Kf39Zrt5kkebRCTpF58hHV6iK7lAN1RFDffSK3tA7/sCf+Bv/zFpzOJs5QnPAv39JLagU</latexit><latexit sha1_base64="zaeaauPq3qrxAjGxqyrXkZWflgM=">AAACLnicbVDLSgMxFE3qq9ZXq7hyEyyCqzIjgq6k4MZlRVuLbSmZ9E4bmmSGJCOUoZ/gVn/DrxFciFs/w7SdhX0cCBzOfZybE8SCG+t5Xzi3tr6xuZXfLuzs7u0fFEuHDRMlmkGdRSLSzYAaEFxB3XIroBlroDIQ8BQMbyf1pxfQhkfq0Y5i6EjaVzzkjFonPTx3ebdY9ireFGSZ+Bkpowy1bgkft3sRSyQoywQ1puV7se2kVFvOBIwL7cRATNmQ9qHlqKISTCed3jomZ07pkTDS7ilLpur/iZRKY0YycJ2S2oFZrE3EVbVWYsPrTspVnFhQbGYUJoLYiEw+TnpcA7Ni5AhlmrtbCRtQTZl18cy5hC5cDtotWWm+KNqBHBccXJD+YmzLpHFR8b2Kf39Zrt5kkebRCTpF58hHV6iK7lAN1RFDffSK3tA7/sCf+Bv/zFpzOJs5QnPAv39JLagU</latexit><latexit sha1_base64="zaeaauPq3qrxAjGxqyrXkZWflgM=">AAACLnicbVDLSgMxFE3qq9ZXq7hyEyyCqzIjgq6k4MZlRVuLbSmZ9E4bmmSGJCOUoZ/gVn/DrxFciFs/w7SdhX0cCBzOfZybE8SCG+t5Xzi3tr6xuZXfLuzs7u0fFEuHDRMlmkGdRSLSzYAaEFxB3XIroBlroDIQ8BQMbyf1pxfQhkfq0Y5i6EjaVzzkjFonPTx3ebdY9ireFGSZ+Bkpowy1bgkft3sRSyQoywQ1puV7se2kVFvOBIwL7cRATNmQ9qHlqKISTCed3jomZ07pkTDS7ilLpur/iZRKY0YycJ2S2oFZrE3EVbVWYsPrTspVnFhQbGYUJoLYiEw+TnpcA7Ni5AhlmrtbCRtQTZl18cy5hC5cDtotWWm+KNqBHBccXJD+YmzLpHFR8b2Kf39Zrt5kkebRCTpF58hHV6iK7lAN1RFDffSK3tA7/sCf+Bv/zFpzOJs5QnPAv39JLagU</latexit>

Ai1
<latexit sha1_base64="V8s7XwVZZUAc9LP6Cpl9ZIicInA=">AAACMXicbVDLSgMxFL1TX7W+WsWVm2ARXJUZEXQlFTcuK9gHtEPJpJk2NskMSUYow/yDW/0Nv6Y7cetPmLazsLUHAodzH+fmBDFn2rju1ClsbG5t7xR3S3v7B4dH5cpxS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1g/DCrt1+p0iySz2YSU1/goWQhI9hYqXXfT5mX9ctVt+bOgf4TLydVyNHoV5zT3iAiiaDSEI617npubPwUK8MIp1mpl2gaYzLGQ9q1VGJBtZ/Oz83QhVUGKIyUfdKgufp3IsVC64kIbKfAZqRXazNxXa2bmPDWT5mME0MlWRiFCUcmQrO/owFTlBg+sQQTxeytiIywwsTYhJZcQpsvo8ouWWu+KpqRyEoWNkhvNbb/pHVV89ya93Rdrd/lkRbhDM7hEjy4gTo8QgOaQOAF3uAdPpxPZ+p8Od+L1oKTz5zAEpyfX6F3qUI=</latexit><latexit sha1_base64="V8s7XwVZZUAc9LP6Cpl9ZIicInA=">AAACMXicbVDLSgMxFL1TX7W+WsWVm2ARXJUZEXQlFTcuK9gHtEPJpJk2NskMSUYow/yDW/0Nv6Y7cetPmLazsLUHAodzH+fmBDFn2rju1ClsbG5t7xR3S3v7B4dH5cpxS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1g/DCrt1+p0iySz2YSU1/goWQhI9hYqXXfT5mX9ctVt+bOgf4TLydVyNHoV5zT3iAiiaDSEI617npubPwUK8MIp1mpl2gaYzLGQ9q1VGJBtZ/Oz83QhVUGKIyUfdKgufp3IsVC64kIbKfAZqRXazNxXa2bmPDWT5mME0MlWRiFCUcmQrO/owFTlBg+sQQTxeytiIywwsTYhJZcQpsvo8ouWWu+KpqRyEoWNkhvNbb/pHVV89ya93Rdrd/lkRbhDM7hEjy4gTo8QgOaQOAF3uAdPpxPZ+p8Od+L1oKTz5zAEpyfX6F3qUI=</latexit><latexit sha1_base64="V8s7XwVZZUAc9LP6Cpl9ZIicInA=">AAACMXicbVDLSgMxFL1TX7W+WsWVm2ARXJUZEXQlFTcuK9gHtEPJpJk2NskMSUYow/yDW/0Nv6Y7cetPmLazsLUHAodzH+fmBDFn2rju1ClsbG5t7xR3S3v7B4dH5cpxS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1g/DCrt1+p0iySz2YSU1/goWQhI9hYqXXfT5mX9ctVt+bOgf4TLydVyNHoV5zT3iAiiaDSEI617npubPwUK8MIp1mpl2gaYzLGQ9q1VGJBtZ/Oz83QhVUGKIyUfdKgufp3IsVC64kIbKfAZqRXazNxXa2bmPDWT5mME0MlWRiFCUcmQrO/owFTlBg+sQQTxeytiIywwsTYhJZcQpsvo8ouWWu+KpqRyEoWNkhvNbb/pHVV89ya93Rdrd/lkRbhDM7hEjy4gTo8QgOaQOAF3uAdPpxPZ+p8Od+L1oKTz5zAEpyfX6F3qUI=</latexit><latexit sha1_base64="V8s7XwVZZUAc9LP6Cpl9ZIicInA=">AAACMXicbVDLSgMxFL1TX7W+WsWVm2ARXJUZEXQlFTcuK9gHtEPJpJk2NskMSUYow/yDW/0Nv6Y7cetPmLazsLUHAodzH+fmBDFn2rju1ClsbG5t7xR3S3v7B4dH5cpxS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1g/DCrt1+p0iySz2YSU1/goWQhI9hYqXXfT5mX9ctVt+bOgf4TLydVyNHoV5zT3iAiiaDSEI617npubPwUK8MIp1mpl2gaYzLGQ9q1VGJBtZ/Oz83QhVUGKIyUfdKgufp3IsVC64kIbKfAZqRXazNxXa2bmPDWT5mME0MlWRiFCUcmQrO/owFTlBg+sQQTxeytiIywwsTYhJZcQpsvo8ouWWu+KpqRyEoWNkhvNbb/pHVV89ya93Rdrd/lkRbhDM7hEjy4gTo8QgOaQOAF3uAdPpxPZ+p8Od+L1oKTz5zAEpyfX6F3qUI=</latexit>

Ai2
<latexit sha1_base64="4pRGXK4lnmNMxMPcZ4I3p6pMjjo=">AAACMXicbVDLSgMxFE3qq9ZXq7hyEyyCqzJTBF1JxY3LCvYB7VAyaaaNzWSG5I5Qhv6DW/0Nv6Y7cetPmLazsI8DgcO5j3Nz/FgKA44zxbmt7Z3dvfx+4eDw6PikWDptmijRjDdYJCPd9qnhUijeAAGSt2PNaehL3vJHj7N6641rIyL1AuOYeyEdKBEIRsFKzYdeKqqTXrHsVJw5yDpxM1JGGeq9Ej7v9iOWhFwBk9SYjuvE4KVUg2CSTwrdxPCYshEd8I6liobceOn83Am5skqfBJG2TwGZq/8nUhoaMw592xlSGJrV2kzcVOskENx5qVBxAlyxhVGQSAIRmf2d9IXmDOTYEsq0sLcSNqSaMrAJLbkENl/BtV2y0XxVhGE4KVjYIN3V2NZJs1pxnYr7fFOu3WeR5tEFukTXyEW3qIaeUB01EEOv6B19oE/8haf4G/8sWnM4mzlDS8C/f6NAqUM=</latexit><latexit sha1_base64="4pRGXK4lnmNMxMPcZ4I3p6pMjjo=">AAACMXicbVDLSgMxFE3qq9ZXq7hyEyyCqzJTBF1JxY3LCvYB7VAyaaaNzWSG5I5Qhv6DW/0Nv6Y7cetPmLazsI8DgcO5j3Nz/FgKA44zxbmt7Z3dvfx+4eDw6PikWDptmijRjDdYJCPd9qnhUijeAAGSt2PNaehL3vJHj7N6641rIyL1AuOYeyEdKBEIRsFKzYdeKqqTXrHsVJw5yDpxM1JGGeq9Ej7v9iOWhFwBk9SYjuvE4KVUg2CSTwrdxPCYshEd8I6liobceOn83Am5skqfBJG2TwGZq/8nUhoaMw592xlSGJrV2kzcVOskENx5qVBxAlyxhVGQSAIRmf2d9IXmDOTYEsq0sLcSNqSaMrAJLbkENl/BtV2y0XxVhGE4KVjYIN3V2NZJs1pxnYr7fFOu3WeR5tEFukTXyEW3qIaeUB01EEOv6B19oE/8haf4G/8sWnM4mzlDS8C/f6NAqUM=</latexit><latexit sha1_base64="4pRGXK4lnmNMxMPcZ4I3p6pMjjo=">AAACMXicbVDLSgMxFE3qq9ZXq7hyEyyCqzJTBF1JxY3LCvYB7VAyaaaNzWSG5I5Qhv6DW/0Nv6Y7cetPmLazsI8DgcO5j3Nz/FgKA44zxbmt7Z3dvfx+4eDw6PikWDptmijRjDdYJCPd9qnhUijeAAGSt2PNaehL3vJHj7N6641rIyL1AuOYeyEdKBEIRsFKzYdeKqqTXrHsVJw5yDpxM1JGGeq9Ej7v9iOWhFwBk9SYjuvE4KVUg2CSTwrdxPCYshEd8I6liobceOn83Am5skqfBJG2TwGZq/8nUhoaMw592xlSGJrV2kzcVOskENx5qVBxAlyxhVGQSAIRmf2d9IXmDOTYEsq0sLcSNqSaMrAJLbkENl/BtV2y0XxVhGE4KVjYIN3V2NZJs1pxnYr7fFOu3WeR5tEFukTXyEW3qIaeUB01EEOv6B19oE/8haf4G/8sWnM4mzlDS8C/f6NAqUM=</latexit><latexit sha1_base64="4pRGXK4lnmNMxMPcZ4I3p6pMjjo=">AAACMXicbVDLSgMxFE3qq9ZXq7hyEyyCqzJTBF1JxY3LCvYB7VAyaaaNzWSG5I5Qhv6DW/0Nv6Y7cetPmLazsI8DgcO5j3Nz/FgKA44zxbmt7Z3dvfx+4eDw6PikWDptmijRjDdYJCPd9qnhUijeAAGSt2PNaehL3vJHj7N6641rIyL1AuOYeyEdKBEIRsFKzYdeKqqTXrHsVJw5yDpxM1JGGeq9Ej7v9iOWhFwBk9SYjuvE4KVUg2CSTwrdxPCYshEd8I6liobceOn83Am5skqfBJG2TwGZq/8nUhoaMw592xlSGJrV2kzcVOskENx5qVBxAlyxhVGQSAIRmf2d9IXmDOTYEsq0sLcSNqSaMrAJLbkENl/BtV2y0XxVhGE4KVjYIN3V2NZJs1pxnYr7fFOu3WeR5tEFukTXyEW3qIaeUB01EEOv6B19oE/8haf4G/8sWnM4mzlDS8C/f6NAqUM=</latexit>
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Figure 1: A graphical model argument for the deconfounder. The punchline is that if Zi renders
the Ai j’s conditionally independent then there cannot be a multi-cause confounder. The proof is by
contradiction. Assume conditional independence holds, p(ai1, . . . ,aim | zi)=

Q
j p(ai j | zi); if there

exists a multi-cause confounder Ui (red) then, by d-separation, conditional independence cannot
hold (Pearl, 1988). Note we cannot rule out the single-cause confounder Si (blue).

conditional independence still holds.

Here is the punchline. If we find a factor model that captures the population distribution of assigned

causes then we have essentially discovered a variable that captures all multiple-cause confounders.

The reason is that multiple-cause confounders induce dependence among the assigned causes,

regardless of how they connect to the potential outcome function. Modeling their dependence, for

which we have observations, provides a way to estimate variables that capture those confounders.

This is the blessing of multiple causes.

2.3 The identification strategy of the deconfounder

How does the deconfounder identify potential outcomes? The classical strategy for causal identi-

fication is that ignorability, together with stable unit treatment value assumption (SUTVA) and

overlap, identifies the potential outcomes (Imbens, 2000; Hirano and Imbens, 2004; Imai and

Van Dyk, 2004). The deconfounder continues to assume SUTVA and overlap, but it weakens
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1 Unconfoundedness:
Ai⊥⊥Yi(a) | Ui

2 U is a multi-cause separator:

P(A1, . . . ,Am | U)

=
m∏

j=1

P(Aj | U)

3 U does not contain a
single-cause separator

“Pinpointness” condition: All multi-cause separators Z (“substitute
confounder") is a deterministic function of the multi causes A

P(Z | A1, . . . ,Am) = δf (A1,...,Am)

Related to the propensity function of Imai & van Dyk (2004)
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Mechanics of the Substitute Confounder

Substitute confounder has the property: Ai⊥⊥Ui | Zi

E{Yi(a,Ui)}

=

∫
Yi(a,Ui = u)p(Ui = u)du

=

∫ ∫
Yi(a,Ui) p(Ui = u | Zi = z)p(Zi = z)dudz

=

∫ ∫
Yi(a,Ui) p(Ui = u | Ai = a,Zi = z)p(Zi = z)dudz

=

∫
E(Yi | Ai = a,Zi = z)p(Zi = z)dz

Implied estimator:

̂E{Yi(a,Ui)} =
1
n

n∑
i=1

̂E(Yi | Ai = a,Zi = Ẑi) where Ẑi = f̂ (Ai)
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Questions

1 Why do you need the pinpointness assumption?
The support of p(Zi) must be the same as that of p(Zi | Ai = a)
Otherwise, we can’t compute E(Yi | Ai = a,Zi = z) for some z
Substitute confounder Zi is a deterministic function of Ai
Factor model gives an estimate of this function
 identifiability of factor model?

2 How should one interpret the pinpointness assumption mean in
scientific applications?

3 How sensitive are the results to the violation of this assumption?
 analogous to covariate balancing propensity score?

4 Does the assumption of no single cause confounder depend on
the definition of “cause” and “confounder”?
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Egleston et al.

Using electronic health records to predict type 2 diabetes
Two types of data

1 structured fields: diagnosis code
2 unstructured fields: notes by clinicians

Using word2vec, the authors show how the textual data can be
used to predict type 2 diabetes
The authors also show how to quantify statistical uncertainty
Questions:

Is the ultimate goal using clinician’s notes to diagnose disease?
Probabilistic models of texts (e.g., LDA)?

Extensions to causal inference:
1 texts as moderator
2 texts as treatment

Use of latent variable modeling
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Concluding Remarks

Key roles of latent variables in many disciplines
Causal inference with latent variables

VanderWeele: latent variable as treatment
Blei: latent variable as deconfounder
Egleston: latent variable as predictor

Main difficulty: model dependent due to unobservability

What are the roles of latent variable models in causal inference?
data generating process (i.e., structural)
summarization tool
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