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Motivation
Context: Treatment and control group both before and after treatment administered
Advantage: Use time dimension to help with identification
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Example from Card & Krueger (1994)
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Average Treatment Effect on the Treated (ATT)
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<latexit sha1_base64="vFl/7vZyIfYMc4akmWOEzBEsI7E="></latexit>

E[Y (1)� Y (0)] = E[Y | T = 1]� E[Y | T = 0]

ATE:
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ATT estimand without time:
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ATT estimand without time: <latexit sha1_base64="gm5CZCXThNe1/cBAzQ2rU87AxUQ="></latexit>

E[Y (1)� Y (0) | T = 1]

time
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E[Y1(1)� Y1(0) | T = 1] = (E[Y1 | T = 1]� E[Y0 | T = 1])� (E[Y1 | T = 0]� E[Y0 | T = 0])

<latexit sha1_base64="PKjZjI0b5fW+DynfluNHHXheNFs="></latexit>

E[Y1 | T = 0]

<latexit sha1_base64="iX6414k+YcZ/RuyOxcJbvdpUIjQ="></latexit>

E[Y1 | T = 1]

Difference-in-Differences
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E[Y0 | T = 1]
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Control 
Group
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Group

time

<latexit sha1_base64="xdaVoclE+kDAngvrlih8MIn+Sfo="></latexit>

E[Y1 | T = 1] = E[Y1(1) | T = 1]

<latexit sha1_base64="Z0sDXAq916i29khVZqg5KMF66Es="></latexit>

E[Y1(1)� Y1(0) | T = 1]

<latexit sha1_base64="QZ2+Iln12IwJpBbo7OBMeBVfEOU="></latexit>

E[Y1(0) | T = 1] ?

Difference-in-Differences Overview
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<latexit sha1_base64="iX6414k+YcZ/RuyOxcJbvdpUIjQ="></latexit>

E[Y1 | T = 1]

Difference-in-Differences
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E[Y1(1)� Y1(0) | T = 1]

<latexit sha1_base64="QZ2+Iln12IwJpBbo7OBMeBVfEOU="></latexit>

E[Y1(0) | T = 1] ?

Difference-in-Differences Overview
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<latexit sha1_base64="4Gwi+xAwrn/BaW60eKvMSBAkJZk="></latexit>

E[Y1(1)� Y1(0) | T = 1] = (E[Y1 | T = 1]� E[Y0 | T = 1])� (E[Y1 | T = 0]� E[Y0 | T = 0])

<latexit sha1_base64="PKjZjI0b5fW+DynfluNHHXheNFs="></latexit>

E[Y1 | T = 0]

<latexit sha1_base64="iX6414k+YcZ/RuyOxcJbvdpUIjQ="></latexit>

E[Y1 | T = 1]

Difference-in-Differences
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<latexit sha1_base64="USWa5QqyvB4KOUQNoIvUK7pg4+k="></latexit>

E[Y0 | T = 0]

<latexit sha1_base64="GWKSlxQAH7OAOhoCpjA48XtUgBE="></latexit>

E[Y0 | T = 1]

Treatment 
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Control 
Group
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Group
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<latexit sha1_base64="xdaVoclE+kDAngvrlih8MIn+Sfo="></latexit>

E[Y1 | T = 1] = E[Y1(1) | T = 1]

<latexit sha1_base64="Z0sDXAq916i29khVZqg5KMF66Es="></latexit>

E[Y1(1)� Y1(0) | T = 1]

<latexit sha1_base64="QZ2+Iln12IwJpBbo7OBMeBVfEOU="></latexit>

E[Y1(0) | T = 1] ?

Difference-in-Differences Overview
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Tolerates Time-Invariant Unobserved Confounding

Unobserved confounders that are constant with time are no problem, 
since they’ll cancel out in the time differences

11

<latexit sha1_base64="4Gwi+xAwrn/BaW60eKvMSBAkJZk="></latexit>

E[Y1(1)� Y1(0) | T = 1] = (E[Y1 | T = 1]� E[Y0 | T = 1])� (E[Y1 | T = 0]� E[Y0 | T = 0])

Time difference in 
treatment group

Time difference in 
control group

Difference-in-Differences Overview



Question:
How would you estimate the terms on the 
right-hand side of  the difference-in-
differences equation?

<latexit sha1_base64="4Gwi+xAwrn/BaW60eKvMSBAkJZk="></latexit>

E[Y1(1)� Y1(0) | T = 1] = (E[Y1 | T = 1]� E[Y0 | T = 1])� (E[Y1 | T = 0]� E[Y0 | T = 0])
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Motivation and Preliminaries

Difference-in-Differences Overview

Assumptions and Proof

Problems with Difference-in-Differences

Assumptions and Proof
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Consistency Assumption Extended to Time

14

<latexit sha1_base64="W5glzZkbZx6BlP4KlW/DX8dUdSA="></latexit>

8⌧, T = t =) Y⌧ = Y⌧ (t)

Assumptions and Proof



Brady Neal / 25

Consistency Assumption Extended to Time

14

<latexit sha1_base64="W5glzZkbZx6BlP4KlW/DX8dUdSA="></latexit>

8⌧, T = t =) Y⌧ = Y⌧ (t)

<latexit sha1_base64="hVJaTtcP+g3Uus53bVIvUj4YKwU="></latexit>

E[Y⌧ (1) | T = 1] = E[Y⌧ | T = 1]Examples:
Statistical estimandCausal estimand

Assumptions and Proof
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Consistency Assumption Extended to Time

14

<latexit sha1_base64="W5glzZkbZx6BlP4KlW/DX8dUdSA="></latexit>

8⌧, T = t =) Y⌧ = Y⌧ (t)

<latexit sha1_base64="hVJaTtcP+g3Uus53bVIvUj4YKwU="></latexit>

E[Y⌧ (1) | T = 1] = E[Y⌧ | T = 1]
<latexit sha1_base64="IImBzr+nHAAMCAaFYKYJ0rbRWb0="></latexit>

E[Y⌧ (0) | T = 0] = E[Y⌧ | T = 0]Examples:
Statistical estimandCausal estimand Statistical estimandCausal estimand

Assumptions and Proof
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Consistency Assumption Extended to Time

14

<latexit sha1_base64="W5glzZkbZx6BlP4KlW/DX8dUdSA="></latexit>

8⌧, T = t =) Y⌧ = Y⌧ (t)

<latexit sha1_base64="hVJaTtcP+g3Uus53bVIvUj4YKwU="></latexit>

E[Y⌧ (1) | T = 1] = E[Y⌧ | T = 1]
<latexit sha1_base64="IImBzr+nHAAMCAaFYKYJ0rbRWb0="></latexit>

E[Y⌧ (0) | T = 0] = E[Y⌧ | T = 0]

<latexit sha1_base64="bd1NBiLd1X1wiRxlrSSVUrwunBo="></latexit>

E[Y⌧ (1) | T = 0]

Examples:

Counterfactual
Quantities:

Statistical estimandCausal estimand Statistical estimandCausal estimand

Assumptions and Proof
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Consistency Assumption Extended to Time

14

<latexit sha1_base64="W5glzZkbZx6BlP4KlW/DX8dUdSA="></latexit>

8⌧, T = t =) Y⌧ = Y⌧ (t)

<latexit sha1_base64="hVJaTtcP+g3Uus53bVIvUj4YKwU="></latexit>

E[Y⌧ (1) | T = 1] = E[Y⌧ | T = 1]
<latexit sha1_base64="IImBzr+nHAAMCAaFYKYJ0rbRWb0="></latexit>

E[Y⌧ (0) | T = 0] = E[Y⌧ | T = 0]

<latexit sha1_base64="bd1NBiLd1X1wiRxlrSSVUrwunBo="></latexit>

E[Y⌧ (1) | T = 0]
<latexit sha1_base64="3bb4D5+bM8yze+iV8Vz29FbJLQo="></latexit>

E[Y⌧ (0) | T = 1]

Examples:

Counterfactual
Quantities:

Statistical estimandCausal estimand Statistical estimandCausal estimand

and

Assumptions and Proof
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<latexit sha1_base64="PKjZjI0b5fW+DynfluNHHXheNFs="></latexit>

E[Y1 | T = 0]

<latexit sha1_base64="iX6414k+YcZ/RuyOxcJbvdpUIjQ="></latexit>

E[Y1 | T = 1]

Parallel Trends Assumption

15

<latexit sha1_base64="USWa5QqyvB4KOUQNoIvUK7pg4+k="></latexit>

E[Y0 | T = 0]

<latexit sha1_base64="GWKSlxQAH7OAOhoCpjA48XtUgBE="></latexit>

E[Y0 | T = 1]

Treatment 
administered

Control 
Group

Treatment 
Group

time

<latexit sha1_base64="xdaVoclE+kDAngvrlih8MIn+Sfo="></latexit>

E[Y1 | T = 1] = E[Y1(1) | T = 1]

<latexit sha1_base64="Z0sDXAq916i29khVZqg5KMF66Es="></latexit>

E[Y1(1)� Y1(0) | T = 1]

<latexit sha1_base64="QZ2+Iln12IwJpBbo7OBMeBVfEOU="></latexit>

E[Y1(0) | T = 1] ?
<latexit sha1_base64="QZ2+Iln12IwJpBbo7OBMeBVfEOU="></latexit>

E[Y1(0) | T = 1] ?

Assumptions and Proof
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<latexit sha1_base64="GWKSlxQAH7OAOhoCpjA48XtUgBE="></latexit>

E[Y0 | T = 1]

Treatment 
administered

Control 
Group

Treatment 
Group

time

<latexit sha1_base64="xdaVoclE+kDAngvrlih8MIn+Sfo="></latexit>

E[Y1 | T = 1] = E[Y1(1) | T = 1]

<latexit sha1_base64="Z0sDXAq916i29khVZqg5KMF66Es="></latexit>

E[Y1(1)� Y1(0) | T = 1]

<latexit sha1_base64="QZ2+Iln12IwJpBbo7OBMeBVfEOU="></latexit>

E[Y1(0) | T = 1] ?
<latexit sha1_base64="QZ2+Iln12IwJpBbo7OBMeBVfEOU="></latexit>

E[Y1(0) | T = 1] ?

Assumptions and Proof
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Assumptions

<latexit sha1_base64="PKjZjI0b5fW+DynfluNHHXheNFs="></latexit>

E[Y1 | T = 0]

<latexit sha1_base64="iX6414k+YcZ/RuyOxcJbvdpUIjQ="></latexit>
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<latexit sha1_base64="xdaVoclE+kDAngvrlih8MIn+Sfo="></latexit>
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<latexit sha1_base64="Z0sDXAq916i29khVZqg5KMF66Es="></latexit>

E[Y1(1)� Y1(0) | T = 1]

<latexit sha1_base64="QZ2+Iln12IwJpBbo7OBMeBVfEOU="></latexit>

E[Y1(0) | T = 1] ?
<latexit sha1_base64="QZ2+Iln12IwJpBbo7OBMeBVfEOU="></latexit>

E[Y1(0) | T = 1] ?

Assumptions and Proof
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<latexit sha1_base64="PKjZjI0b5fW+DynfluNHHXheNFs="></latexit>
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<latexit sha1_base64="QZ2+Iln12IwJpBbo7OBMeBVfEOU="></latexit>

E[Y1(0) | T = 1] ?
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<latexit sha1_base64="PKjZjI0b5fW+DynfluNHHXheNFs="></latexit>
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<latexit sha1_base64="QZ2+Iln12IwJpBbo7OBMeBVfEOU="></latexit>

E[Y1(0) | T = 1] ?
<latexit sha1_base64="QZ2+Iln12IwJpBbo7OBMeBVfEOU="></latexit>

E[Y1(0) | T = 1] ?

Assumptions and Proof



Brady Neal / 25

<latexit sha1_base64="obCRQ1Ebk8Xd9dME4TFe8x/wgMo="></latexit>

E[Y1(0)� Y0(0) | T = 1] = E[Y1(0)� Y0(0) | T = 0]Parallel Trends Assumption:

Assumptions

<latexit sha1_base64="PKjZjI0b5fW+DynfluNHHXheNFs="></latexit>

E[Y1 | T = 0]

<latexit sha1_base64="iX6414k+YcZ/RuyOxcJbvdpUIjQ="></latexit>

E[Y1 | T = 1]

Parallel Trends Assumption

15

<latexit sha1_base64="USWa5QqyvB4KOUQNoIvUK7pg4+k="></latexit>

E[Y0 | T = 0]

<latexit sha1_base64="GWKSlxQAH7OAOhoCpjA48XtUgBE="></latexit>

E[Y0 | T = 1]
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administered

Control 
Group
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Group

time

<latexit sha1_base64="xdaVoclE+kDAngvrlih8MIn+Sfo="></latexit>

E[Y1 | T = 1] = E[Y1(1) | T = 1]

<latexit sha1_base64="Z0sDXAq916i29khVZqg5KMF66Es="></latexit>

E[Y1(1)� Y1(0) | T = 1]

<latexit sha1_base64="QZ2+Iln12IwJpBbo7OBMeBVfEOU="></latexit>

E[Y1(0) | T = 1] ?
<latexit sha1_base64="QZ2+Iln12IwJpBbo7OBMeBVfEOU="></latexit>

E[Y1(0) | T = 1] ?

Assumptions and Proof
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Assumptions

<latexit sha1_base64="PKjZjI0b5fW+DynfluNHHXheNFs="></latexit>

E[Y1 | T = 0]

<latexit sha1_base64="iX6414k+YcZ/RuyOxcJbvdpUIjQ="></latexit>

E[Y1 | T = 1]

No Pretreatment Effect

16

<latexit sha1_base64="USWa5QqyvB4KOUQNoIvUK7pg4+k="></latexit>

E[Y0 | T = 0]

<latexit sha1_base64="GWKSlxQAH7OAOhoCpjA48XtUgBE="></latexit>

E[Y0 | T = 1]

Treatment 
administered

Control 
Group

Treatment 
Group

time

<latexit sha1_base64="xdaVoclE+kDAngvrlih8MIn+Sfo="></latexit>

E[Y1 | T = 1] = E[Y1(1) | T = 1]

<latexit sha1_base64="Z0sDXAq916i29khVZqg5KMF66Es="></latexit>

E[Y1(1)� Y1(0) | T = 1]

<latexit sha1_base64="QZ2+Iln12IwJpBbo7OBMeBVfEOU="></latexit>

E[Y1(0) | T = 1] ?
<latexit sha1_base64="QZ2+Iln12IwJpBbo7OBMeBVfEOU="></latexit>

E[Y1(0) | T = 1] ?

Assumptions and Proof
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No Pretreatment Effect Assumption:

Assumptions

<latexit sha1_base64="PKjZjI0b5fW+DynfluNHHXheNFs="></latexit>

E[Y1 | T = 0]

<latexit sha1_base64="iX6414k+YcZ/RuyOxcJbvdpUIjQ="></latexit>

E[Y1 | T = 1]

No Pretreatment Effect

16

<latexit sha1_base64="USWa5QqyvB4KOUQNoIvUK7pg4+k="></latexit>

E[Y0 | T = 0]

<latexit sha1_base64="GWKSlxQAH7OAOhoCpjA48XtUgBE="></latexit>
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<latexit sha1_base64="xdaVoclE+kDAngvrlih8MIn+Sfo="></latexit>

E[Y1 | T = 1] = E[Y1(1) | T = 1]

<latexit sha1_base64="Z0sDXAq916i29khVZqg5KMF66Es="></latexit>

E[Y1(1)� Y1(0) | T = 1]

<latexit sha1_base64="QZ2+Iln12IwJpBbo7OBMeBVfEOU="></latexit>

E[Y1(0) | T = 1] ?
<latexit sha1_base64="QZ2+Iln12IwJpBbo7OBMeBVfEOU="></latexit>

E[Y1(0) | T = 1] ?

<latexit sha1_base64="ARXjfm2ubtVJbzl1ahVXcGFeP08="></latexit>

E[Y0(1) | T = 1]� E[Y0(0) | T = 1] = 0

Assumptions and Proof
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No Pretreatment Effect Assumption:
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administered

Control 
Group

Treatment 
Group

time

<latexit sha1_base64="xdaVoclE+kDAngvrlih8MIn+Sfo="></latexit>

E[Y1 | T = 1] = E[Y1(1) | T = 1]

<latexit sha1_base64="Z0sDXAq916i29khVZqg5KMF66Es="></latexit>

E[Y1(1)� Y1(0) | T = 1]

<latexit sha1_base64="QZ2+Iln12IwJpBbo7OBMeBVfEOU="></latexit>

E[Y1(0) | T = 1] ?
<latexit sha1_base64="QZ2+Iln12IwJpBbo7OBMeBVfEOU="></latexit>

E[Y1(0) | T = 1] ?

<latexit sha1_base64="ARXjfm2ubtVJbzl1ahVXcGFeP08="></latexit>

E[Y0(1) | T = 1]� E[Y0(0) | T = 1] = 0

<latexit sha1_base64="DOnBydaaldsxt1aTVeuV+tbbfkQ="></latexit>

E[Y0(1) | T = 1] = E[Y0 | T = 1]

Assumptions and Proof
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No Pretreatment Effect Assumption:

Assumptions

<latexit sha1_base64="PKjZjI0b5fW+DynfluNHHXheNFs="></latexit>

E[Y1 | T = 0]

<latexit sha1_base64="iX6414k+YcZ/RuyOxcJbvdpUIjQ="></latexit>

E[Y1 | T = 1]

No Pretreatment Effect

16

<latexit sha1_base64="USWa5QqyvB4KOUQNoIvUK7pg4+k="></latexit>

E[Y0 | T = 0]

<latexit sha1_base64="GWKSlxQAH7OAOhoCpjA48XtUgBE="></latexit>

E[Y0 | T = 1]

Treatment 
administered

Control 
Group

Treatment 
Group

time

<latexit sha1_base64="xdaVoclE+kDAngvrlih8MIn+Sfo="></latexit>

E[Y1 | T = 1] = E[Y1(1) | T = 1]

<latexit sha1_base64="Z0sDXAq916i29khVZqg5KMF66Es="></latexit>

E[Y1(1)� Y1(0) | T = 1]

<latexit sha1_base64="QZ2+Iln12IwJpBbo7OBMeBVfEOU="></latexit>

E[Y1(0) | T = 1] ?
<latexit sha1_base64="QZ2+Iln12IwJpBbo7OBMeBVfEOU="></latexit>

E[Y1(0) | T = 1] ?

<latexit sha1_base64="ARXjfm2ubtVJbzl1ahVXcGFeP08="></latexit>

E[Y0(1) | T = 1]� E[Y0(0) | T = 1] = 0

<latexit sha1_base64="DOnBydaaldsxt1aTVeuV+tbbfkQ="></latexit>

E[Y0(1) | T = 1] = E[Y0 | T = 1]

Assumptions and Proof
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Assumptions Change
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Assumptions Change
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Causal Estimand Assumptions

Assumptions and Proof



Brady Neal / 25

Assumptions Change

17

<latexit sha1_base64="9/ClvRHvi/8lFMggdK7KC4h2YSM="></latexit>

E[Y (1)� Y (0) | T = 1] = E[Y (1) | T = 1]� E[Y (0) | T = 1]

= E[Y | T = 1]� E[Y (0) | T = 1]

= E[Y | T = 1]� E[Y (0) | T = 0]

= E[Y | T = 1]� E[Y | T = 0]

Causal Estimand Assumptions

Assumptions and Proof
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Assumptions Change

17

Unconfoundedness:<latexit sha1_base64="9/ClvRHvi/8lFMggdK7KC4h2YSM="></latexit>

E[Y (1)� Y (0) | T = 1] = E[Y (1) | T = 1]� E[Y (0) | T = 1]

= E[Y | T = 1]� E[Y (0) | T = 1]

= E[Y | T = 1]� E[Y (0) | T = 0]

= E[Y | T = 1]� E[Y | T = 0]

<latexit sha1_base64="gWO2eWBKWJyi4omMXcdiRNAO2sw="></latexit>

Y (0) ?? T

Causal Estimand Assumptions

Assumptions and Proof
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Assumptions Change

17

Unconfoundedness:<latexit sha1_base64="9/ClvRHvi/8lFMggdK7KC4h2YSM="></latexit>

E[Y (1)� Y (0) | T = 1] = E[Y (1) | T = 1]� E[Y (0) | T = 1]

= E[Y | T = 1]� E[Y (0) | T = 1]

= E[Y | T = 1]� E[Y (0) | T = 0]

= E[Y | T = 1]� E[Y | T = 0]

<latexit sha1_base64="gWO2eWBKWJyi4omMXcdiRNAO2sw="></latexit>

Y (0) ?? T

<latexit sha1_base64="YaJa8u54w+KJbbrWwdJ+E6Mxch0="></latexit>

E[Y1(1)� Y1(0) | T = 1]

Causal Estimand Assumptions

Assumptions and Proof
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Assumptions Change

17

Unconfoundedness:

Parallel Trends:

<latexit sha1_base64="9/ClvRHvi/8lFMggdK7KC4h2YSM="></latexit>

E[Y (1)� Y (0) | T = 1] = E[Y (1) | T = 1]� E[Y (0) | T = 1]

= E[Y | T = 1]� E[Y (0) | T = 1]

= E[Y | T = 1]� E[Y (0) | T = 0]

= E[Y | T = 1]� E[Y | T = 0]

<latexit sha1_base64="gWO2eWBKWJyi4omMXcdiRNAO2sw="></latexit>

Y (0) ?? T

<latexit sha1_base64="YaJa8u54w+KJbbrWwdJ+E6Mxch0="></latexit>

E[Y1(1)� Y1(0) | T = 1]

Causal Estimand

<latexit sha1_base64="obCRQ1Ebk8Xd9dME4TFe8x/wgMo="></latexit>

E[Y1(0)� Y0(0) | T = 1] = E[Y1(0)� Y0(0) | T = 0]

Assumptions

Assumptions and Proof
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Assumptions Change

17

<latexit sha1_base64="VgmJf4DWSb/OcMDpwKhv+LWuJ8c="></latexit>

(Y1(0)� Y0(0)) ?? T

Unconfoundedness:

Parallel Trends:

<latexit sha1_base64="9/ClvRHvi/8lFMggdK7KC4h2YSM="></latexit>

E[Y (1)� Y (0) | T = 1] = E[Y (1) | T = 1]� E[Y (0) | T = 1]

= E[Y | T = 1]� E[Y (0) | T = 1]

= E[Y | T = 1]� E[Y (0) | T = 0]

= E[Y | T = 1]� E[Y | T = 0]

<latexit sha1_base64="gWO2eWBKWJyi4omMXcdiRNAO2sw="></latexit>

Y (0) ?? T

<latexit sha1_base64="YaJa8u54w+KJbbrWwdJ+E6Mxch0="></latexit>

E[Y1(1)� Y1(0) | T = 1]

Causal Estimand

<latexit sha1_base64="obCRQ1Ebk8Xd9dME4TFe8x/wgMo="></latexit>

E[Y1(0)� Y0(0) | T = 1] = E[Y1(0)� Y0(0) | T = 0]

Assumptions

Assumptions and Proof
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<latexit sha1_base64="4Gwi+xAwrn/BaW60eKvMSBAkJZk="></latexit>

E[Y1(1)� Y1(0) | T = 1] = (E[Y1 | T = 1]� E[Y0 | T = 1])� (E[Y1 | T = 0]� E[Y0 | T = 0])

<latexit sha1_base64="PKjZjI0b5fW+DynfluNHHXheNFs="></latexit>

E[Y1 | T = 0]

<latexit sha1_base64="iX6414k+YcZ/RuyOxcJbvdpUIjQ="></latexit>

E[Y1 | T = 1]

Difference-in-Differences

18

<latexit sha1_base64="USWa5QqyvB4KOUQNoIvUK7pg4+k="></latexit>

E[Y0 | T = 0]

<latexit sha1_base64="GWKSlxQAH7OAOhoCpjA48XtUgBE="></latexit>

E[Y0 | T = 1]

Treatment 
administered

Control 
Group

Treatment 
Group

time

<latexit sha1_base64="Z0sDXAq916i29khVZqg5KMF66Es="></latexit>

E[Y1(1)� Y1(0) | T = 1]

<latexit sha1_base64="QZ2+Iln12IwJpBbo7OBMeBVfEOU="></latexit>

E[Y1(0) | T = 1] ?

Assumptions and Proof
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Proof

19

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="> </latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="tXDizUAisV+QBMe0tFN+A62tD7w="></latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1 | T = 1]� (E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0])

= (E[Y1 | T = 1]� E[Y0 | T = 1])� (E[Y1 | T = 0]� E[Y0 | T = 0])

Assumptions and Proof
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Proof

19

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="> </latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="> </latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

Assumptions and Proof
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Proof

19

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="> </latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="> </latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="></latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

Assumptions and Proof
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Proof

19

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="> </latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

Common trends:
<latexit sha1_base64="aWToTBSDADsG+ACQ2xjp/AM5ekI="></latexit>

E[Y1(0) | T = 1]� E[Y0(0) | T = 1] = E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="> </latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="></latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

Assumptions and Proof
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Proof

19

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="> </latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="15OBylrrrzFIjKZ30zRScQC0Sgg=">AAAWe3icvVhbb+NEFJ4NsOyWW7uIvvBiNgtawA1J6aq8RFqp7QohVupKvezSVFViO40V37Cdlm6UX8Er/AX+Dz8GiXO+Gcd2LrZTFRLFnpw55ztnzm087gWOHcXN5t/3au+8+9799x88XPvgw48+/mR949FJ5I9Cwzo2fMcPX/e6keXYnnUc27FjvQ5Cq+v2HOu0N9zj+dMrK4xs3zuKbwLr3O1eenbfNroxkS42ave1zsFZxx </latexit>

E[Y1(0) | T = 1] = E[Y0(0) | T = 1] + E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

= E[Y0(0) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0(1) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

Common trends:
<latexit sha1_base64="aWToTBSDADsG+ACQ2xjp/AM5ekI="></latexit>

E[Y1(0) | T = 1]� E[Y0(0) | T = 1] = E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="> </latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="></latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

Assumptions and Proof
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Proof

19

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="> </latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="15OBylrrrzFIjKZ30zRScQC0Sgg=">AAAWe3icvVhbb+NEFJ4NsOyWW7uIvvBiNgtawA1J6aq8RFqp7QohVupKvezSVFViO40V37Cdlm6UX8Er/AX+Dz8GiXO+Gcd2LrZTFRLFnpw55ztnzm087gWOHcXN5t/3au+8+9799x88XPvgw48+/mR949FJ5I9Cwzo2fMcPX/e6keXYnnUc27FjvQ5Cq+v2HOu0N9zj+dMrK4xs3zuKbwLr3O1eenbfNroxkS42ave1zsFZxx </latexit>

E[Y1(0) | T = 1] = E[Y0(0) | T = 1] + E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

= E[Y0(0) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0(1) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

Common trends:
<latexit sha1_base64="aWToTBSDADsG+ACQ2xjp/AM5ekI="></latexit>

E[Y1(0) | T = 1]� E[Y0(0) | T = 1] = E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="> </latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="></latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="15OBylrrrzFIjKZ30zRScQC0Sgg=">AAAWe3icvVhbb+NEFJ4NsOyWW7uIvvBiNgtawA1J6aq8RFqp7QohVupKvezSVFViO40V37Cdlm6UX8Er/AX+Dz8GiXO+Gcd2LrZTFRLFnpw55ztnzm087gWOHcXN5t/3au+8+9799x88XPvgw48+/mR949FJ5I9Cwzo2fMcPX/e6keXYnnUc27FjvQ5Cq+v2HOu0N9zj+dMrK4xs3zuKbwLr3O1eenbfNroxkS42ave1zsFZxx </latexit>

E[Y1(0) | T = 1] = E[Y0(0) | T = 1] + E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

= E[Y0(0) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0(1) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

Assumptions and Proof
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<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="> </latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="15OBylrrrzFIjKZ30zRScQC0Sgg=">AAAWe3icvVhbb+NEFJ4NsOyWW7uIvvBiNgtawA1J6aq8RFqp7QohVupKvezSVFViO40V37Cdlm6UX8Er/AX+Dz8GiXO+Gcd2LrZTFRLFnpw55ztnzm087gWOHcXN5t/3au+8+9799x88XPvgw48+/mR949FJ5I9Cwzo2fMcPX/e6keXYnnUc27FjvQ5Cq+v2HOu0N9zj+dMrK4xs3zuKbwLr3O1eenbfNroxkS42ave1zsFZxx </latexit>

E[Y1(0) | T = 1] = E[Y0(0) | T = 1] + E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

= E[Y0(0) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0(1) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

Common trends:
<latexit sha1_base64="aWToTBSDADsG+ACQ2xjp/AM5ekI="></latexit>

E[Y1(0) | T = 1]� E[Y0(0) | T = 1] = E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

<latexit sha1_base64="0+5Yt0nkNb49qYW6PsKTBTbXzsI="></latexit>

E[Y0(1) | T = 1]� E[Y0(0) | T = 1] = 0

No pretreatment effect: 

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="> </latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="></latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="15OBylrrrzFIjKZ30zRScQC0Sgg=">AAAWe3icvVhbb+NEFJ4NsOyWW7uIvvBiNgtawA1J6aq8RFqp7QohVupKvezSVFViO40V37Cdlm6UX8Er/AX+Dz8GiXO+Gcd2LrZTFRLFnpw55ztnzm087gWOHcXN5t/3au+8+9799x88XPvgw48+/mR949FJ5I9Cwzo2fMcPX/e6keXYnnUc27FjvQ5Cq+v2HOu0N9zj+dMrK4xs3zuKbwLr3O1eenbfNroxkS42ave1zsFZxx </latexit>

E[Y1(0) | T = 1] = E[Y0(0) | T = 1] + E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

= E[Y0(0) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0(1) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

Assumptions and Proof
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<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="> </latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="15OBylrrrzFIjKZ30zRScQC0Sgg=">AAAWe3icvVhbb+NEFJ4NsOyWW7uIvvBiNgtawA1J6aq8RFqp7QohVupKvezSVFViO40V37Cdlm6UX8Er/AX+Dz8GiXO+Gcd2LrZTFRLFnpw55ztnzm087gWOHcXN5t/3au+8+9799x88XPvgw48+/mR949FJ5I9Cwzo2fMcPX/e6keXYnnUc27FjvQ5Cq+v2HOu0N9zj+dMrK4xs3zuKbwLr3O1eenbfNroxkS42ave1zsFZxx </latexit>

E[Y1(0) | T = 1] = E[Y0(0) | T = 1] + E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

= E[Y0(0) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0(1) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

Common trends:
<latexit sha1_base64="aWToTBSDADsG+ACQ2xjp/AM5ekI="></latexit>

E[Y1(0) | T = 1]� E[Y0(0) | T = 1] = E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

<latexit sha1_base64="0+5Yt0nkNb49qYW6PsKTBTbXzsI="></latexit>

E[Y0(1) | T = 1]� E[Y0(0) | T = 1] = 0

No pretreatment effect: 

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="> </latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="></latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="15OBylrrrzFIjKZ30zRScQC0Sgg=">AAAWe3icvVhbb+NEFJ4NsOyWW7uIvvBiNgtawA1J6aq8RFqp7QohVupKvezSVFViO40V37Cdlm6UX8Er/AX+Dz8GiXO+Gcd2LrZTFRLFnpw55ztnzm087gWOHcXN5t/3au+8+9799x88XPvgw48+/mR949FJ5I9Cwzo2fMcPX/e6keXYnnUc27FjvQ5Cq+v2HOu0N9zj+dMrK4xs3zuKbwLr3O1eenbfNroxkS42ave1zsFZxx </latexit>

E[Y1(0) | T = 1] = E[Y0(0) | T = 1] + E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

= E[Y0(0) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0(1) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

<latexit sha1_base64="15OBylrrrzFIjKZ30zRScQC0Sgg=">AAAWe3icvVhbb+NEFJ4NsOyWW7uIvvBiNgtawA1J6aq8RFqp7QohVupKvezSVFViO40V37Cdlm6UX8Er/AX+Dz8GiXO+Gcd2LrZTFRLFnpw55ztnzm087gWOHcXN5t/3au+8+9799x88XPvgw48+/mR949FJ5I9Cwzo2fMcPX/e6keXYnnUc27FjvQ5Cq+v2HOu0N9zj+dMrK4xs3zuKbwLr3O1eenbfNroxkS42ave1zsFZxx </latexit>

E[Y1(0) | T = 1] = E[Y0(0) | T = 1] + E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

= E[Y0(0) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0(1) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]
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<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="> </latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="15OBylrrrzFIjKZ30zRScQC0Sgg=">AAAWe3icvVhbb+NEFJ4NsOyWW7uIvvBiNgtawA1J6aq8RFqp7QohVupKvezSVFViO40V37Cdlm6UX8Er/AX+Dz8GiXO+Gcd2LrZTFRLFnpw55ztnzm087gWOHcXN5t/3au+8+9799x88XPvgw48+/mR949FJ5I9Cwzo2fMcPX/e6keXYnnUc27FjvQ5Cq+v2HOu0N9zj+dMrK4xs3zuKbwLr3O1eenbfNroxkS42ave1zsFZxx </latexit>

E[Y1(0) | T = 1] = E[Y0(0) | T = 1] + E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

= E[Y0(0) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0(1) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

Common trends:
<latexit sha1_base64="aWToTBSDADsG+ACQ2xjp/AM5ekI="></latexit>

E[Y1(0) | T = 1]� E[Y0(0) | T = 1] = E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

<latexit sha1_base64="0+5Yt0nkNb49qYW6PsKTBTbXzsI="></latexit>

E[Y0(1) | T = 1]� E[Y0(0) | T = 1] = 0

No pretreatment effect: 

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="> </latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="></latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="15OBylrrrzFIjKZ30zRScQC0Sgg=">AAAWe3icvVhbb+NEFJ4NsOyWW7uIvvBiNgtawA1J6aq8RFqp7QohVupKvezSVFViO40V37Cdlm6UX8Er/AX+Dz8GiXO+Gcd2LrZTFRLFnpw55ztnzm087gWOHcXN5t/3au+8+9799x88XPvgw48+/mR949FJ5I9Cwzo2fMcPX/e6keXYnnUc27FjvQ5Cq+v2HOu0N9zj+dMrK4xs3zuKbwLr3O1eenbfNroxkS42ave1zsFZxx </latexit>

E[Y1(0) | T = 1] = E[Y0(0) | T = 1] + E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

= E[Y0(0) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0(1) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

<latexit sha1_base64="15OBylrrrzFIjKZ30zRScQC0Sgg=">AAAWe3icvVhbb+NEFJ4NsOyWW7uIvvBiNgtawA1J6aq8RFqp7QohVupKvezSVFViO40V37Cdlm6UX8Er/AX+Dz8GiXO+Gcd2LrZTFRLFnpw55ztnzm087gWOHcXN5t/3au+8+9799x88XPvgw48+/mR949FJ5I9Cwzo2fMcPX/e6keXYnnUc27FjvQ5Cq+v2HOu0N9zj+dMrK4xs3zuKbwLr3O1eenbfNroxkS42ave1zsFZxx </latexit>

E[Y1(0) | T = 1] = E[Y0(0) | T = 1] + E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

= E[Y0(0) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0(1) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

<latexit sha1_base64="15OBylrrrzFIjKZ30zRScQC0Sgg=">AAAWe3icvVhbb+NEFJ4NsOyWW7uIvvBiNgtawA1J6aq8RFqp7QohVupKvezSVFViO40V37Cdlm6UX8Er/AX+Dz8GiXO+Gcd2LrZTFRLFnpw55ztnzm087gWOHcXN5t/3au+8+9799x88XPvgw48+/mR949FJ5I9Cwzo2fMcPX/e6keXYnnUc27FjvQ5Cq+v2HOu0N9zj+dMrK4xs3zuKbwLr3O1eenbfNroxkS42ave1zsFZxx </latexit>

E[Y1(0) | T = 1] = E[Y0(0) | T = 1] + E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

= E[Y0(0) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0(1) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

Assumptions and Proof
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<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="> </latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="15OBylrrrzFIjKZ30zRScQC0Sgg=">AAAWe3icvVhbb+NEFJ4NsOyWW7uIvvBiNgtawA1J6aq8RFqp7QohVupKvezSVFViO40V37Cdlm6UX8Er/AX+Dz8GiXO+Gcd2LrZTFRLFnpw55ztnzm087gWOHcXN5t/3au+8+9799x88XPvgw48+/mR949FJ5I9Cwzo2fMcPX/e6keXYnnUc27FjvQ5Cq+v2HOu0N9zj+dMrK4xs3zuKbwLr3O1eenbfNroxkS42ave1zsFZxx </latexit>

E[Y1(0) | T = 1] = E[Y0(0) | T = 1] + E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

= E[Y0(0) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0(1) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

Common trends:
<latexit sha1_base64="aWToTBSDADsG+ACQ2xjp/AM5ekI="></latexit>

E[Y1(0) | T = 1]� E[Y0(0) | T = 1] = E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

<latexit sha1_base64="0+5Yt0nkNb49qYW6PsKTBTbXzsI="></latexit>

E[Y0(1) | T = 1]� E[Y0(0) | T = 1] = 0

No pretreatment effect: 

<latexit sha1_base64="tXDizUAisV+QBMe0tFN+A62tD7w="></latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1 | T = 1]� (E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0])

= (E[Y1 | T = 1]� E[Y0 | T = 1])� (E[Y1 | T = 0]� E[Y0 | T = 0])

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="> </latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="></latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="15OBylrrrzFIjKZ30zRScQC0Sgg=">AAAWe3icvVhbb+NEFJ4NsOyWW7uIvvBiNgtawA1J6aq8RFqp7QohVupKvezSVFViO40V37Cdlm6UX8Er/AX+Dz8GiXO+Gcd2LrZTFRLFnpw55ztnzm087gWOHcXN5t/3au+8+9799x88XPvgw48+/mR949FJ5I9Cwzo2fMcPX/e6keXYnnUc27FjvQ5Cq+v2HOu0N9zj+dMrK4xs3zuKbwLr3O1eenbfNroxkS42ave1zsFZxx </latexit>

E[Y1(0) | T = 1] = E[Y0(0) | T = 1] + E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

= E[Y0(0) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0(1) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

<latexit sha1_base64="15OBylrrrzFIjKZ30zRScQC0Sgg=">AAAWe3icvVhbb+NEFJ4NsOyWW7uIvvBiNgtawA1J6aq8RFqp7QohVupKvezSVFViO40V37Cdlm6UX8Er/AX+Dz8GiXO+Gcd2LrZTFRLFnpw55ztnzm087gWOHcXN5t/3au+8+9799x88XPvgw48+/mR949FJ5I9Cwzo2fMcPX/e6keXYnnUc27FjvQ5Cq+v2HOu0N9zj+dMrK4xs3zuKbwLr3O1eenbfNroxkS42ave1zsFZxx </latexit>

E[Y1(0) | T = 1] = E[Y0(0) | T = 1] + E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

= E[Y0(0) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0(1) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

<latexit sha1_base64="15OBylrrrzFIjKZ30zRScQC0Sgg=">AAAWe3icvVhbb+NEFJ4NsOyWW7uIvvBiNgtawA1J6aq8RFqp7QohVupKvezSVFViO40V37Cdlm6UX8Er/AX+Dz8GiXO+Gcd2LrZTFRLFnpw55ztnzm087gWOHcXN5t/3au+8+9799x88XPvgw48+/mR949FJ5I9Cwzo2fMcPX/e6keXYnnUc27FjvQ5Cq+v2HOu0N9zj+dMrK4xs3zuKbwLr3O1eenbfNroxkS42ave1zsFZxx </latexit>

E[Y1(0) | T = 1] = E[Y0(0) | T = 1] + E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

= E[Y0(0) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0(1) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]
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<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="> </latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="15OBylrrrzFIjKZ30zRScQC0Sgg=">AAAWe3icvVhbb+NEFJ4NsOyWW7uIvvBiNgtawA1J6aq8RFqp7QohVupKvezSVFViO40V37Cdlm6UX8Er/AX+Dz8GiXO+Gcd2LrZTFRLFnpw55ztnzm087gWOHcXN5t/3au+8+9799x88XPvgw48+/mR949FJ5I9Cwzo2fMcPX/e6keXYnnUc27FjvQ5Cq+v2HOu0N9zj+dMrK4xs3zuKbwLr3O1eenbfNroxkS42ave1zsFZxx </latexit>

E[Y1(0) | T = 1] = E[Y0(0) | T = 1] + E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

= E[Y0(0) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0(1) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

Common trends:
<latexit sha1_base64="aWToTBSDADsG+ACQ2xjp/AM5ekI="></latexit>

E[Y1(0) | T = 1]� E[Y0(0) | T = 1] = E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

<latexit sha1_base64="0+5Yt0nkNb49qYW6PsKTBTbXzsI="></latexit>

E[Y0(1) | T = 1]� E[Y0(0) | T = 1] = 0

No pretreatment effect: 

<latexit sha1_base64="tXDizUAisV+QBMe0tFN+A62tD7w="></latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1 | T = 1]� (E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0])

= (E[Y1 | T = 1]� E[Y0 | T = 1])� (E[Y1 | T = 0]� E[Y0 | T = 0])

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="> </latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="LoMV5Tq/oC9OXR5/2YkSBL62prs="></latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1(1) | T = 1]� E[Y1(0) | T = 1]

= E[Y1 | T = 1]� E[Y1(0) | T = 1]

<latexit sha1_base64="tXDizUAisV+QBMe0tFN+A62tD7w="></latexit>

E[Y1(1)� Y1(0) | T = 1] = E[Y1 | T = 1]� (E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0])

= (E[Y1 | T = 1]� E[Y0 | T = 1])� (E[Y1 | T = 0]� E[Y0 | T = 0])

<latexit sha1_base64="15OBylrrrzFIjKZ30zRScQC0Sgg=">AAAWe3icvVhbb+NEFJ4NsOyWW7uIvvBiNgtawA1J6aq8RFqp7QohVupKvezSVFViO40V37Cdlm6UX8Er/AX+Dz8GiXO+Gcd2LrZTFRLFnpw55ztnzm087gWOHcXN5t/3au+8+9799x88XPvgw48+/mR949FJ5I9Cwzo2fMcPX/e6keXYnnUc27FjvQ5Cq+v2HOu0N9zj+dMrK4xs3zuKbwLr3O1eenbfNroxkS42ave1zsFZxx </latexit>

E[Y1(0) | T = 1] = E[Y0(0) | T = 1] + E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

= E[Y0(0) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0(1) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

<latexit sha1_base64="15OBylrrrzFIjKZ30zRScQC0Sgg=">AAAWe3icvVhbb+NEFJ4NsOyWW7uIvvBiNgtawA1J6aq8RFqp7QohVupKvezSVFViO40V37Cdlm6UX8Er/AX+Dz8GiXO+Gcd2LrZTFRLFnpw55ztnzm087gWOHcXN5t/3au+8+9799x88XPvgw48+/mR949FJ5I9Cwzo2fMcPX/e6keXYnnUc27FjvQ5Cq+v2HOu0N9zj+dMrK4xs3zuKbwLr3O1eenbfNroxkS42ave1zsFZxx </latexit>

E[Y1(0) | T = 1] = E[Y0(0) | T = 1] + E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

= E[Y0(0) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0(1) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

<latexit sha1_base64="15OBylrrrzFIjKZ30zRScQC0Sgg=">AAAWe3icvVhbb+NEFJ4NsOyWW7uIvvBiNgtawA1J6aq8RFqp7QohVupKvezSVFViO40V37Cdlm6UX8Er/AX+Dz8GiXO+Gcd2LrZTFRLFnpw55ztnzm087gWOHcXN5t/3au+8+9799x88XPvgw48+/mR949FJ5I9Cwzo2fMcPX/e6keXYnnUc27FjvQ5Cq+v2HOu0N9zj+dMrK4xs3zuKbwLr3O1eenbfNroxkS42ave1zsFZxx </latexit>

E[Y1(0) | T = 1] = E[Y0(0) | T = 1] + E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

= E[Y0(0) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0(1) | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

= E[Y0 | T = 1] + E[Y1 | T = 0]� E[Y0 | T = 0]

Assumptions and Proof
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What is the graphical intuition behind the 
the various parts of  the proof  and 
assumptions on the previous slide?
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<latexit sha1_base64="PkdyDPogTXkD8DqjZCXyMqczYMc="></latexit>

E[Y1(0)� Y0(0) | T = 1] 6= E[Y1(0)� Y0(0) | T = 0]
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<latexit sha1_base64="PkdyDPogTXkD8DqjZCXyMqczYMc="></latexit>

E[Y1(0)� Y0(0) | T = 1] 6= E[Y1(0)� Y0(0) | T = 0]

<latexit sha1_base64="cOpk+jcNlCXlxl5iFGpUGdVNEeE="></latexit>

E[Y1(0)� Y0(0) | T = 1,W ] = E[Y1(0)� Y0(0) | T = 0,W ]

Control for relevant confounders:

Problems with Difference-in-Differences
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Violations of  Parallel Trends
Violation:

22

<latexit sha1_base64="PkdyDPogTXkD8DqjZCXyMqczYMc="></latexit>

E[Y1(0)� Y0(0) | T = 1] 6= E[Y1(0)� Y0(0) | T = 0]

<latexit sha1_base64="cOpk+jcNlCXlxl5iFGpUGdVNEeE="></latexit>

E[Y1(0)� Y0(0) | T = 1,W ] = E[Y1(0)� Y0(0) | T = 0,W ]

Control for relevant confounders:

Violation whenever there is an interaction term between treatment and 
time in the structural equation for the outcome Y:

<latexit sha1_base64="XTf0CQVi5+D2Xi15NG+LYryLjmc="></latexit>

Y := . . .+ T ⌧ =) Parallel trends violation

Problems with Difference-in-Differences



Question:
When we condition on W to get parallel 
trends (below), what additional assumption 
do we need to satisfy? 

<latexit sha1_base64="cOpk+jcNlCXlxl5iFGpUGdVNEeE="></latexit>

E[Y1(0)� Y0(0) | T = 1,W ] = E[Y1(0)� Y0(0) | T = 0,W ]
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Parallel Trends is Scale-Specific
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<latexit sha1_base64="Q5+24PPusECcyrZpINZEYYkS9QA="></latexit>

E[Y1(0) | T = 1]� E[Y0(0) | T = 1] = E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

Problems with Difference-in-Differences



Brady Neal / 25

Parallel Trends is Scale-Specific

24

<latexit sha1_base64="Q5+24PPusECcyrZpINZEYYkS9QA="></latexit>

E[Y1(0) | T = 1]� E[Y0(0) | T = 1] = E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

<latexit sha1_base64="45lRqwcfJPZl/cB+EweNnDhCzRQ="></latexit>

E[ log Y1(0) | T = 1]� E[log Y0(0) | T = 1] = E[log Y1(0) | T = 0]� E[log Y0(0) | T = 0]

Does not imply (and is not implied by)

Problems with Difference-in-Differences
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Parallel Trends is Scale-Specific

24

<latexit sha1_base64="Q5+24PPusECcyrZpINZEYYkS9QA="></latexit>

E[Y1(0) | T = 1]� E[Y0(0) | T = 1] = E[Y1(0) | T = 0]� E[Y0(0) | T = 0]

<latexit sha1_base64="45lRqwcfJPZl/cB+EweNnDhCzRQ="></latexit>

E[ log Y1(0) | T = 1]� E[log Y0(0) | T = 1] = E[log Y1(0) | T = 0]� E[log Y0(0) | T = 0]

Does not imply (and is not implied by)

This means that the parallel trends assumptions isn’t nonparametric

Problems with Difference-in-Differences



Question:
1. Is parallel trends satisfied if  time and treatment 

interact in producing the outcome?
2. If  parallel trends is satisfied, is it also satisfied for 

arbitrary transformations of  the outcome variable? 


