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P L A N  F O R  T O D A Y

Treatment effects and compliance

Synthetic data with R

Instruments

Fuzzy RD



I N S T R U M E N T S



W H A T  I S  A N  I N S T R U M E N T ?

Something that is correlated 
with the policy variable

Something that is not correlated 
with the omitted variables

Relevance

Exogenous

Something that does not 
directly cause the outcome

Exclusion
(“only through”)

Testable with stats!

Not testable!





T R E AT M E N T  E F F E C T S  
&  C O M P L I A N C E



P O T E N T I A L  O U T C O M E S

� = (Y |P = 1)� (Y |P = 0)
<latexit sha1_base64="JUQ4gSUkkm/21R82gxzmR/Xkjyc=">AAACC3icbZDLSgMxFIbP1Futt1GXbkKL0C4sM1XQjVB047KCvUg7lEwmbUMzF5KMUMbu3fgqblwo4tYXcOfbmLYDausPgS//OYfk/G7EmVSW9WVklpZXVtey67mNza3tHXN3ryHDWBBaJyEPRcvFknIW0LpiitNWJCj2XU6b7vByUm/eUSFZGNyoUUQdH/cD1mMEK211zXzHo1xhdI6Kt+ge1TTYJXT0c7NKXbNgla2p0CLYKRQgVa1rfna8kMQ+DRThWMq2bUXKSbBQjHA6znViSSNMhrhP2xoD7FPpJNNdxuhQOx7qhUKfQKGp+3siwb6UI9/VnT5WAzlfm5j/1dqx6p05CQuiWNGAzB7qxRypEE2CQR4TlCg+0oCJYPqviAywwETp+HI6BHt+5UVoVMr2cblyfVKoXqRxZOEA8lAEG06hCldQgzoQeIAneIFX49F4Nt6M91lrxkhn9uGPjI9vS3WWGg==</latexit>

δ = Causal impact of program

P = Program

Y = Outcome

� = Y1 � Y0
<latexit sha1_base64="Y3246V1lNJpRUthV/7KKaxLrH0s=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgxpJUQTdC0Y3LCvYhbQiTybQdOpmEmRuxhP6KGxeKuPVH3Pk3TtsstPXAvRzOuZe5c4JEcA2O820VVlbX1jeKm6Wt7Z3dPXu/3NJxqihr0ljEqhMQzQSXrAkcBOskipEoEKwdjG6mfvuRKc1jeQ/jhHkRGUje55SAkXy73AuZAIKv8IPv4lPTHd+uOFVnBrxM3JxUUI6Gb3/1wpimEZNABdG66zoJeBlRwKlgk1Iv1SwhdEQGrGuoJBHTXja7fYKPjRLifqxMScAz9fdGRiKtx1FgJiMCQ73oTcX/vG4K/Usv4zJJgUk6f6ifCgwxngaBQ64YBTE2hFDFza2YDokiFExcJROCu/jlZdKqVd2zau3uvFK/zuMookN0hE6Qiy5QHd2iBmoiip7QM3pFb9bEerHerY/5aMHKdw7QH1ifPxVjkoQ=</latexit>



Fundamental problem of causal inference

�i = Y 1
i � Y 0

i
<latexit sha1_base64="6honxTkUB64g6L3bUQhexACzE10=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR3FiSKuhGKLpxWcE+pI1hMrlph04ezEyEEurGX3HjQhG3/oU7/8Zpm4W2Hhju4Zx7uXOPl3AmlWV9G4WFxaXlleJqaW19Y3PL3N5pyjgVFBo05rFoe0QCZxE0FFMc2okAEnocWt7gauy3HkBIFke3apiAE5JexAJGidKSa+51feCKuAxf4Lt7W9djXS2XuWbZqlgT4Hli56SMctRd86vrxzQNIVKUEyk7tpUoJyNCMcphVOqmEhJCB6QHHU0jEoJ0sskFI3yoFR8HsdAvUnii/p7ISCjlMPR0Z0hUX856Y/E/r5Oq4NzJWJSkCiI6XRSkHKsYj+PAPhNAFR9qQqhg+q+Y9okgVOnQSjoEe/bkedKsVuyTSvXmtFy7zOMoon10gI6Qjc5QDV2jOmogih7RM3pFb8aT8WK8Gx/T1oKRz+yiPzA+fwCpaJUW</latexit>

Individual-level effects are 
impossible to observe



ATE = E(Y1 � Y0) = E(Y1)� E(Y0)
<latexit sha1_base64="pN7mJOGZdI4pMNJmbJ2I7RQyEFU=">AAACDXicbVDLSgMxFM3UV62vUZduglVoF5aZKuhGqErBZYU+aYchk2ba0MyDJCOUoT/gxl9x40IRt+7d+Tdm2hG09UDg3HPu5eYeJ2RUSMP40jJLyyura9n13Mbm1vaOvrvXFEHEMWnggAW87SBBGPVJQ1LJSDvkBHkOIy1ndJP4rXvCBQ38uhyHxPLQwKcuxUgqydaPrupVeAmrhY5twhPYsY3iT1lUdUKMoq3njZIxBVwkZkryIEXN1j97/QBHHvElZkiIrmmE0ooRlxQzMsn1IkFChEdoQLqK+sgjwoqn10zgsVL60A24er6EU/X3RIw8Icaeozo9JIdi3kvE/7xuJN0LK6Z+GEni49kiN2JQBjCJBvYpJ1iysSIIc6r+CvEQcYSlCjCnQjDnT14kzXLJPC2V787yles0jiw4AIegAExwDirgFtRAA2DwAJ7AC3jVHrVn7U17n7VmtHRmH/yB9vENh0KWKQ==</latexit>

Difference between expected value when program 
is on vs. expected value when program is off

Can be found for a whole population, on average

� = (Ȳ |P = 1)� (Ȳ |P = 0)
<latexit sha1_base64="togvVy7XxoWsr9z5bpvtjw7BhDE=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VoF4akCroRim5cVrAPaUKZTCbt0MkkzEyEEvsXbvwVNy4Ucas7/8Zpm4W2Hrhw5px7mXuPnzAqlW1/G4Wl5ZXVteJ6aWNza3vH3N1ryTgVmDRxzGLR8ZEkjHLSVFQx0kkEQZHPSNsfXk389j0Rksb8Vo0S4kWoz2lIMVJa6pmWGxCmELyAFddHIrsbwwfY0E+nCo/nNbvaM8u2ZU8BF4mTkzLI0eiZX24Q4zQiXGGGpOw6dqK8DAlFMSPjkptKkiA8RH3S1ZSjiEgvm941hkdaCWAYC11cwan6eyJDkZSjyNedEVIDOe9NxP+8bqrCcy+jPEkV4Xj2UZgyqGI4CQkGVBCs2EgThAXVu0I8QAJhpaMs6RCc+ZMXSatmOSdW7ea0XL/M4yiCA3AIKsABZ6AOrkEDNAEGj+AZvII348l4Md6Nj1lrwchn9sEfGJ8/YUmbpA==</latexit>

A V E R A G E  T R E A T M E N T  E F F E C T



Every individual has a 
treatment/causal effect

ATE = average of all 
unit-level causal effects

ATE = average effect 
for the whole population



V E R S I O N S  O F  C A U S A L  E F F E C T S

Average treatment on the treated
ATT / TOT

Conditional average treatment effect
CATE



L O C A L  E F F E C T S



L A T E

Local average treatment effect (LATE) = 
weighted ATE

Narrower effect; only includes some of the population

Can’t make population-level 
claims with LATE

(But that can be okay)



L A T E

In RDD, LATE = people in the bandwidth

In RCTs, IVs, etc., LATE = compliers



C O M P L I A N C E

Compliers

Always takers

Never takers

Defiers

Treatment follows assignment

Gets treatment regardless 
of assignment

Rejects treatment regardless 
of assignment

Does opposite treatment from assignment



Y N

Y N

Y N

Y N

N N

N N

N N

N N

Y Y

Y Y

Y Y

Y Y
CompliersNever takersAlways takers

Choice if assigned to treatment Choice if assigned to control



I G N O R I N G  D E F I E R S

We can generally assume
defiers don’t exist 

In drug trials this makes sense; can’t get 
access to medicine without being in treatment

In development, it can make sense; in a bed net 
RCT, a defier assigned to treatment would have

to tear down all existing bed nets out of spite



I G N O R I N G  D E F I E R S

Monotonicity assumption
Assignment to treatment only 
has an effect in one direction

Assignment to treatment can only increase—
not decrease—your actual chance of treatment



Y N

Y N

N N

N N

N N

Y Y

Y Y

Y Y
Assigned to treatment

Population

Always takers Never takers Compliers

Assigned to control

N N

Y YAlways 
takers & 
compliers

Never
takers

Always
takers

Never 
takers & 
compliers



M O R E  E F F E C T S

Intent to treat (ITT)
Effect of assignment (not actual treatment!

N N

Y Y
Assigned to treatment Assigned to control

N N

Y YAlways 
takers & 
compliers

Never
takers

Always
takers

Never 
takers & 
compliers



M O R E  E F F E C T S

Complier Average Causal Effect (CACE)
LATE for the compliers

N N

Y Y
Assigned to treatment Assigned to control

N N

Y YAlways 
takers & 
compliers

Never
takers

Always
takers

Never 
takers & 
compliers



ITT =⇡compliers ⇥ (T� C)compliers+

⇡always takers ⇥ (T� C)always takers+

⇡never takers ⇥ (T� C)never takers
<latexit sha1_base64="7IP7fCQ7VB1upUSClmm/1yUo15w="></latexit>

N N

Y Y
Assigned to treatment Assigned to control

N N

Y YAlways 
takers & 
compliers

Never
takers

Always
takers

Never 
takers & 
compliers

ITT =⇡CCACE+ ⇡AATACE + ⇡NNTACE
<latexit sha1_base64="74eIZgCyQ7yAoTIU7brYaHiM8Sc="></latexit>



ITT =⇡CCACE+ ⇡AATACE + ⇡NNTACE
<latexit sha1_base64="74eIZgCyQ7yAoTIU7brYaHiM8Sc="></latexit>

ITT = ⇡CCACE+ ⇡A0 + ⇡N0
<latexit sha1_base64="INlDdo3FMxTGIQH8prfeDl71vlk=">AAACMHicbZDLSgMxFIYz9VbrrerSTbAIglBmqqAbobWIupEKvUFbSiZN29DMheSMWIZ5JDc+im4UFHHrU5i2s+jFA4Gf7z+Hk/PbvuAKTPPDSCwtr6yuJddTG5tb2zvp3b2q8gJJWYV6wpN1mygmuMsqwEGwui8ZcWzBavagOPJrj0wq7rllGPqs5ZCey7ucEtConb5pAnuC8K5cjvAlbvq8PQHFCMeiULyO8MmUVYiwOQPuNWinM2bWHBdeFFYsMiiuUjv92ux4NHCYC1QQpRqW6UMrJBI4FSxKNQPFfEIHpMcaWrrEYaoVjg+O8JEmHdz1pH4u4DGdngiJo9TQsXWnQ6Cv5r0R/M9rBNC9aIXc9QNgLp0s6gYCg4dH6eEOl4yCGGpBqOT6r5j2iSQUdMYpHYI1f/KiqOay1mk293CWyV/FcSTRATpEx8hC5yiPblEJVRBFz+gNfaIv48V4N76Nn0lrwohn9tFMGb9/a0uokA==</latexit>

Exclusion restriction; 
treatment received is same 
regardless of assignment

ITT = ⇡CCACE
<latexit sha1_base64="anJrzGqENytuYb+HwzqI+pIXLxw=">AAACDnicbZC7SgNBFIZnvcZ4W7W0GQwBq7AbBW2EaBC0i5AbJGGZncwmQ2YvzJwVw7JPYOOr2FgoYmtt59s4SbbQxB8GPv5zDmfO70aCK7Csb2NpeWV1bT23kd/c2t7ZNff2myqMJWUNGopQtl2imOABawAHwdqRZMR3BWu5o+qk3rpnUvEwqMM4Yj2fDALucUpAW45Z7AJ7gOS2Xk/xBe5G3JkZ1RRncFm9Th2zYJWsqfAi2BkUUKaaY351+yGNfRYAFUSpjm1F0EuIBE4FS/PdWLGI0BEZsI7GgPhM9ZLpOSkuaqePvVDqFwCeur8nEuIrNfZd3ekTGKr52sT8r9aJwTvvJTyIYmABnS3yYoEhxJNscJ9LRkGMNRAquf4rpkMiCQWdYF6HYM+fvAjNcsk+KZXvTguVqyyOHDpER+gY2egMVdANqqEGougRPaNX9GY8GS/Gu/Exa10yspkD9EfG5w+sXJvd</latexit>

CACE =
ITT

⇡C
<latexit sha1_base64="d3CGsdkPd70VLz6D1mCyeO2saZU=">AAACD3icbVDJSgNBEO2JW4xb1KOXxqB4CjNR0IsQDYLeImQRMsPQ0+lJmvQsdNeIYZg/8OKvePGgiFev3vwbO8tBEx8UPN6roqqeFwuuwDS/jdzC4tLySn61sLa+sblV3N5pqSiRlDVpJCJ55xHFBA9ZEzgIdhdLRgJPsLY3qI389j2TikdhA4YxcwLSC7nPKQEtucVDG9gDpLWL2lWGz7HtS0LTiXbTaGRZasfcrWVusWSWzTHwPLGmpISmqLvFL7sb0SRgIVBBlOpYZgxOSiRwKlhWsBPFYkIHpMc6moYkYMpJx/9k+EArXexHUlcIeKz+nkhJoNQw8HRnQKCvZr2R+J/XScA/c1IexgmwkE4W+YnAEOFROLjLJaMghpoQKrm+FdM+0ZGAjrCgQ7BmX54nrUrZOi5Xbk9K1ctpHHm0h/bREbLQKaqia1RHTUTRI3pGr+jNeDJejHfjY9KaM6Yzu+gPjM8f5N6clg==</latexit>



CACE =
ITT

⇡C
<latexit sha1_base64="d3CGsdkPd70VLz6D1mCyeO2saZU=">AAACD3icbVDJSgNBEO2JW4xb1KOXxqB4CjNR0IsQDYLeImQRMsPQ0+lJmvQsdNeIYZg/8OKvePGgiFev3vwbO8tBEx8UPN6roqqeFwuuwDS/jdzC4tLySn61sLa+sblV3N5pqSiRlDVpJCJ55xHFBA9ZEzgIdhdLRgJPsLY3qI389j2TikdhA4YxcwLSC7nPKQEtucVDG9gDpLWL2lWGz7HtS0LTiXbTaGRZasfcrWVusWSWzTHwPLGmpISmqLvFL7sb0SRgIVBBlOpYZgxOSiRwKlhWsBPFYkIHpMc6moYkYMpJx/9k+EArXexHUlcIeKz+nkhJoNQw8HRnQKCvZr2R+J/XScA/c1IexgmwkE4W+YnAEOFROLjLJaMghpoQKrm+FdM+0ZGAjrCgQ7BmX54nrUrZOi5Xbk9K1ctpHHm0h/bREbLQKaqia1RHTUTRI3pGr+jNeDJejHfjY9KaM6Yzu+gPjM8f5N6clg==</latexit>

N N

Y Y
Assigned to treatment Assigned to control

N N

Y YπA + 
πC

πN

πA

πN + 
πC

⇡A + ⇡C = % in treatment and yes
<latexit sha1_base64="aMtxJ64AAQKXtYkvtQehXuT5nL8=">AAACJXicbVDLSgMxFM34rPVVdekmWARBKDNV0IVCtRuXClaFTimZ9LYNzWSG5I5YhvkZN/6KGxeKCK78FdN2wOeBwLnnPnLvCWIpDLruuzM1PTM7N19YKC4uLa+sltbWr0yUaA4NHslI3wTMgBQKGihQwk2sgYWBhOtgUB/lr29BGxGpSxzG0ApZT4mu4Ayt1C4d+bFo+wh3mJ5kdJd+hfWMHtMJ9bepUBTtXAxBIWWqQ4dgsnap7FbcMehf4uWkTHKct0svfifiyWgIl8yYpufG2EqZRsElZEU/MRAzPmA9aFqqWAimlY6vzOi2VTq0G2n77BJj9XtHykJjhmFgK0OGffM7NxL/yzUT7B62UqHiBEHxyUfdRFKM6Mgy2hEaOMqhJYxrYXelvM8042iNLVoTvN8n/yVX1Yq3V6le7Jdrp7kdBbJJtsgO8cgBqZEzck4ahJN78kieyYvz4Dw5r87bpHTKyXs2yA84H58366UW</latexit>

⇡C = % in treatment and yes� ⇡A
<latexit sha1_base64="xz9XcBx9IlC2ZrU/EE+dKfOIHMU=">AAACJXicbVBNSwMxEM36WetX1aOXYBG8WHaroAeFai8eFawK3VKy6bQNzWaXZFYsy/4ZL/4VLx4UETz5V0zbBT8fBB7vzUxmXhBLYdB1352p6ZnZufnCQnFxaXlltbS2fmWiRHNo8EhG+iZgBqRQ0ECBEm5iDSwMJFwHg/rIv74FbUSkLnEYQytkPSW6gjO0Urt05Mei7SPcYVrP6DGdUH+bCkXRDsIQFFKmOnQIJqO79Kv+JGuXym7FHYP+JV5OyiTHebv04ncinoxmcsmMaXpujK2UaRRcQlb0EwMx4wPWg6alioVgWun4yoxuW6VDu5G2z+40Vr93pCw0ZhgGtjJk2De/vZH4n9dMsHvYSoWKEwTFJx91E0kxoqPIaEdo4CiHljCuhd2V8j7TjKMNtmhD8H6f/JdcVSveXqV6sV+uneZxFMgm2SI7xCMHpEbOyDlpEE7uySN5Ji/Og/PkvDpvk9IpJ+/ZID/gfHwCO0ylGA==</latexit>

ITT = (ȳ|Treatment)� (ȳ|Control)
<latexit sha1_base64="dWjr7Ki/+OpijpVQ9YLA8wZGu+g=">AAACL3icbVDLSgMxFM34rPVVdekmWIR2YZlRQTdCsSC6q9AXtKVk0rQGM8mQ3BHLOH/kxl/pRkQRt/6F6WOhrQcCh3PuI/f4oeAGXPfNWVhcWl5ZTa2l1zc2t7YzO7s1oyJNWZUqoXTDJ4YJLlkVOAjWCDUjgS9Y3b8vjfz6A9OGK1mBQcjaAelL3uOUgJU6masWsEeIbyqVBF/gXMsnOh4k+AlP9IqdBQGTkOTx0bxdUhK0Ekm+k8m6BXcMPE+8KcmiKcqdzLDVVTQajaaCGNP03BDaMdHAqWBJuhUZFhJ6T/qsaakkATPteHxvgg+t0sU9pe2TgMfq746YBMYMAt9WBgTuzKw3Ev/zmhH0ztsxl2EETNLJol4kMCg8Cg93uWYUxMASQjW3f8X0jmhCwUactiF4syfPk9pxwTspHN+eZouX0zhSaB8doBzy0BkqomtURlVE0TMaonf04bw4r86n8zUpXXCmPXvoD5zvH1SXqUQ=</latexit>



CACE =
ITT

⇡C
<latexit sha1_base64="d3CGsdkPd70VLz6D1mCyeO2saZU=">AAACD3icbVDJSgNBEO2JW4xb1KOXxqB4CjNR0IsQDYLeImQRMsPQ0+lJmvQsdNeIYZg/8OKvePGgiFev3vwbO8tBEx8UPN6roqqeFwuuwDS/jdzC4tLySn61sLa+sblV3N5pqSiRlDVpJCJ55xHFBA9ZEzgIdhdLRgJPsLY3qI389j2TikdhA4YxcwLSC7nPKQEtucVDG9gDpLWL2lWGz7HtS0LTiXbTaGRZasfcrWVusWSWzTHwPLGmpISmqLvFL7sb0SRgIVBBlOpYZgxOSiRwKlhWsBPFYkIHpMc6moYkYMpJx/9k+EArXexHUlcIeKz+nkhJoNQw8HRnQKCvZr2R+J/XScA/c1IexgmwkE4W+YnAEOFROLjLJaMghpoQKrm+FdM+0ZGAjrCgQ7BmX54nrUrZOi5Xbk9K1ctpHHm0h/bREbLQKaqia1RHTUTRI3pGr+jNeDJejHfjY9KaM6Yzu+gPjM8f5N6clg==</latexit>

ITT = (ȳ|Treatment)� (ȳ|Control)
<latexit sha1_base64="dWjr7Ki/+OpijpVQ9YLA8wZGu+g=">AAACL3icbVDLSgMxFM34rPVVdekmWIR2YZlRQTdCsSC6q9AXtKVk0rQGM8mQ3BHLOH/kxl/pRkQRt/6F6WOhrQcCh3PuI/f4oeAGXPfNWVhcWl5ZTa2l1zc2t7YzO7s1oyJNWZUqoXTDJ4YJLlkVOAjWCDUjgS9Y3b8vjfz6A9OGK1mBQcjaAelL3uOUgJU6masWsEeIbyqVBF/gXMsnOh4k+AlP9IqdBQGTkOTx0bxdUhK0Ekm+k8m6BXcMPE+8KcmiKcqdzLDVVTQajaaCGNP03BDaMdHAqWBJuhUZFhJ6T/qsaakkATPteHxvgg+t0sU9pe2TgMfq746YBMYMAt9WBgTuzKw3Ev/zmhH0ztsxl2EETNLJol4kMCg8Cg93uWYUxMASQjW3f8X0jmhCwUactiF4syfPk9pxwTspHN+eZouX0zhSaB8doBzy0BkqomtURlVE0TMaonf04bw4r86n8zUpXXCmPXvoD5zvH1SXqUQ=</latexit>

⇡C =% in treatment and yes�
% in control and yes

<latexit sha1_base64="sY9DHDbuXKLV4sS5fgQB1rg76/g="></latexit>



Example in R



F U Z Z Y R D



oh no



Use an instrument to deal 
with noncompliance

Often actual participation in 
program works as instrument



S Y N T H E T I C  D ATA  
W I T H  R


