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Heterogeneity in treatment effects

Why heterogeneous treatment effects?

Classic differences-in-differences: Treatment effects are
obtained by estimating

yit = β0 + β1Dit + γt + γg + εit

yit : Outcome of interest.

Dit : Binary treatment.

γt : Time fixed effects

γg : Group fixed effects. Treatment happens at the group level.

β1 = ATT (average treatment effect on the treated)
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Heterogeneity in treatment effects

Why heterogeneous treatment effects?

Classic differences-in-differences: Treatment effects are
obtained by estimating

yit = β0 + β1Dit + γt + γg + εit

Implicit assumptions:

• ATT is the same irrespective of when unit is treated.

• ATT is constant after unit is treated.

We are assuming homogeneous treatment effects.
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Heterogeneity in treatment effects

Classic differences-in-differences

ATT = DID = difference in treated−difference in control = 10−0 = 10
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Heterogeneity in treatment effects

Cohort heterogeneity

ATTred = 20 ATTgreen = 5
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Heterogeneity in treatment effects

Time heterogeneity

ATTt=0 = −10 ATTt=5 = −5
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Heterogeneity in treatment effects

Time-cohort heterogeneity
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Heterogeneity in treatment effects

Heterogeneous DID

A growing literature has emerged to estimate heterogeneous
ATTs:

• Callaway & Sant’Anna (2021), Wooldridge (2021),
Chaisemartin and D’Haultfoeuille (2020)...

... and to diagnose/understand treatment effect heterogeneity:

• Borusyak, Jaravel, and Spiess (2018), Goodman-Bacon
(2021)...

Many of these features have been incorporated into Stata 18.
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Model setup

The heterogeneous DID model

Panel or repeated cross-sectional data with {1, . . . ,T} periods:

t: a specific time period.

Dit : 1 if unit is treated in period t, 0 otherwise.

• Irreversible treatment: Once treated, unit remains treated.
• No unit is treated at t = 1.

Gi : Group of unit i . When did i first receive treatment?

• Gi = 5 if unit i first received treatment in t = 5.
• Gi = ∞ if unit i never received treatment.

Xi : Time-invariant controls for unit i .
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Model setup

Potential and observed outcomes

Yi ,t(0): potential outcome of unit i at time t if it is never treated.
• If Gi = ∞, then Yi,t(0) is observed.
• If Gi ̸= ∞, then Yi,t(0) is unobserved.

Yi ,t(g): potential outcome of unit i at time t if it had been first
treated at time g .

• If Gi = g , then Yi,t(g) is observed.
• If Gi ̸= g , then Yi,t(g) is unobserved.

Yi ,t : observed outcome in the data.

• Yi,t = Yi,t(0) when Gi = ∞.
• Yi,t = Yi,t(g) when Gi = g .
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Model setup

Heterogeneous Treatment Effects

Group-time average treatment effects on the treated:

ATT (g , t) = E
[
Yi ,t(g)− Yi ,t(0)|Gi = g

]
In group g and time t, what was the average effect of being
treated?

Up to (T − 1)2 different ATTs ⇒ rich heterogeneity!

Problem: ATTs are based on unobservables ⇒ Assumptions
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Model setup

Assumption 1: No anticipatory effect

Before treatment happens (for t < g),

E
[
Yi ,t(g)|X ,Gi = g

]
= E

[
Yi ,t(0)|X ,Gi = g

]
Outcome doesn’t respond in anticipation to the treatment.

Anticipatory effects bias ATT estimation.
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Model setup

Anticipatory effects bias DID

DID = (30− 15)− 0 = 30− 15 = 15 ̸= 10 = ATT
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Model setup

Assumption 2: Parallel trends with never-treated

After treatment happens (t ≥ g),

E
[
Yi ,t(0)−Yi ,t−1(0)|X ,Gi = g

]
= E

[
Yi ,t(0)−Yi ,t−1(0)|X ,Gi = ∞

]
If group had not been treated, outcome would move as in the
never treated group.

Violations of this assumption bias ATT estimation.
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Model setup

Non-parallel trends effects bias DID

DID = (25− 20)− 0 = 5− 0 = 5 ̸= 10 = ATT



Heterogeneous differences-in-differences in Stata

Model setup

Identification – Callaway, Sant’Anna (2021)

Theorem: Given some technical conditions, if assumptions 1
and 2 hold

⇒ ATT (g , t) can be estimated from the data.

Result also holds if parallel trends with not-yet treated groups.

Option controlgroup lets you choose the control group
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Estimation in Stata

Commands hdidregress and xthdidregress

Estimate ATTs that vary over group/cohort and over time:

• hdidregress for cross-sectional data

• xthdidregress for panel data.

Both commands come with four estimators:

• Callaway, Sant’Anna (2021):

• Regression adjusted
• Inverse-probability weighting
• Augmented inverse-probability weighting

• Wooldridge (2021):

• Extended two-way fixed effects
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Estimation in Stata

Regression adjusted

Regression adjusted estimator

Syntax:

xthdidregress ra (ovar [omvarlist]) (tvar) [if ] [in] [weight],
group(groupvar) [options]

ovar : continuous outcome of interest

omvarlist: covariates in the outcome model

tvar : binary treatment

groupvar : categorical variable indicating group level at which
treatment occurs. Required.
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Estimation in Stata

Regression adjusted

The RA estimator

ATT (g , t) = E

[
Gg

E
[
Gg

](Yt − Yg−1 −mnev
g ,t (X )

)]

mnev
g ,t (X ): Difference in the control group conditional on X .

• mnev
g ,t (X ) = E

[
Yt − Yg−1|X ,Gi = ∞

]
The term in orange is the difference in the differences between
group g and the control group.
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Estimation in Stata

Regression adjusted

Heuristically

Algorithm:

1. keep if time is t or g − 1

2. keep if cohort is g or C

3. generate ∆Y = Yt − Yg−1

4. regress ∆Y on X for the group C and predict m̂nev
g ,t (X )

5. generate T̂E = ∆Y − m̂nev
g ,t (X )

6. summarize T̂E if cohort is g

7. Repeat for each g and t.
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Estimation in Stata

Regression adjusted

Example: the RA estimator in Stata

Question: How is the number of registrations of a dog breed
in the American Kennel Club affected by that dog breed being
the protagonist in a movie?
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Estimation in Stata

Regression adjusted

Data
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Estimation in Stata

Regression adjusted

Data
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Estimation in Stata

Regression adjusted

Staggered treatment
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Estimation in Stata

Regression adjusted

Output 1
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Estimation in Stata

Regression adjusted

Output 2
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Estimation in Stata

Regression adjusted

Output 3
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Estimation in Stata

Regression adjusted

Graphical representation: estat atetplot
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Estimation in Stata

Regression adjusted

Simultaneous confidence intervals: estat atetplot, sci
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Estimation in Stata

Regression adjusted

No anticipatory effects test – estat ptrends
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Estimation in Stata

Regression adjusted

Change the control group – controlgroup()

Sometimes all units are eventually treated. We need to use as
controls the not yet treated.

xthdidregress ra (registered best) (movie), group(breed)

controlgroup(notyet)

output omitted
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Estimation in Stata

Inverse-probability weighting

Inverse-probability weighting estimator

Syntax:

xthdidregress ipw (ovar) (tvar [tmvarlist]) [if ] [in] [weight],
group(groupvar) [options]

ovar : continuous outcome of interest

tmvarlist: covariates in the treatment model

tvar : binary treatment

groupvar : categorical variable indicating group level at which
treatment occurs. Required.
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Estimation in Stata

Inverse-probability weighting

The IPW estimator

ATT (g , t) = E

[(
Gg

E
[
Gg

] − pg (X )
1−pg (X )

E
[ pg (X )
1−pg (X )

])(Yt − Yg−1

)]

pg (X ): Probability of being in group g given X and given that
observation is either in g or C .

• Generalized propensity score.

The term in orange is the inverse-probability weight.
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Estimation in Stata

Augmented inverse-probability weighting

Augmented inverse-probability weighting estimator

Syntax:

xthdidregress aipw (ovar [omvarlist]) (tvar [tmvarlist]) [if ] [in] [weight],
group(groupvar) [options]

ovar : continuous outcome of interest

omvarlist: covariates in the outcome model

tmvarlist: covariates in the treatment model

tvar : binary treatment

groupvar : categorical variable indicating group level at which
treatment occurs. Required.
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Estimation in Stata

Augmented inverse-probability weighting

The AIPW estimator

ATT (g , t) = E

[(
Gg

E
[
Gg

] − pg (X )
1−pg (X )

E
[ pg (X )
1−pg (X )

])(Yt −Yg−1−mnev
g ,t (X )

)]

pg (X ): Probability of being in group g given X and given that
observation is either in g or C .

mnev
g ,t (X ): Difference in the control group conditional on X .

Inverse-probability weight in orange. Augmented term in violet

Doubly robust
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Estimation in Stata

Extended two-way fixed effects

Extended two-way fixed effects estimator

Syntax:

xthdidregress twfe (ovar [omvarlist]) (tvar) [if ] [in] [weight],
group(groupvar) [options]

ovar : continuous outcome of interest

omvarlist: covariates in the outcome model

tvar : binary treatment

groupvar : categorical variable indicating group level at which
treatment occurs. Required.
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Estimation in Stata

Extended two-way fixed effects

The TWFE estimator

Consider the extended two-way fixed effects regression:

Yit′ = η +
T∑

g=q

αgGig +
T∑

t=q

γt ft +
T∑

g=q

T∑
t=q

τg ,tDitGig ft + εit′

q: first treatment period

ft : 1 if t ′ = t, 0 otherwise.

τg ,t = ATT (g , t)

Remarks:

• Covariates would enter fully interacted in the model.
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Aggregation of treatment effects

Aggregating treatment effects

You might be interested in exploring heterogeneity just by:

• Cohort

• Time

• Exposure to treatment (event studies)

• Even no heterogeneity at all

Some post-estimation tools come handy in this case.

Suppose you’ve just fitted a heterogeneous DID model:

xthdidregress ra (registered best) (movie), group(breed)
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Aggregation of treatment effects

Overall aggregation – estat aggregation, overall
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Aggregation of treatment effects

Aggregation by cohort
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Aggregation of treatment effects

Aggregation by cohort – Graph
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Aggregation of treatment effects

Aggregation by time
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Aggregation of treatment effects

Aggregation by time – Graph
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Aggregation of treatment effects

Aggregation by exposure
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Aggregation of treatment effects

Aggregation by exposure – Graph
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Conclusion

Conclusion

1. Heterogeneous DID is a powerful tool to better
understand treatment effects.

2. Easy to implement in Stata 18:

• xthdidregress for panel data
• hdidregress for repeated cross section
• Results displayed as tables or graphs.

3. Treatment effects can be aggregated by:
• Cohort,
• Time
• Exposure to treatment
• Overall
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Conclusion

Thank you!
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Conclusion

Questions?
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