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Difference-in-Differences (DiD)

® One of the most popular research designs to estimate causal effects of
a binary treatment

* In practice, implemented using a Two-Way Fixed Effect (TWFE)
regression
Yor=ag++BreDgr+egy
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TWEFE and Heterogeneous Treatment Effects

®* TWEFE regressions can provide very misleading estimates of treatment
effects

e.g. de Chaisemartin & D'Haultceuille (2020), Borusyak et al. (2021),
Sun & Abraham (2021), Goodman-Bacon (2021), Callaway &
Sant’Anna (2020), Imai & Kim (2018)

® Alternative estimators only apply to sharp designs, i.e. designs in
which all units belonging to the same (g,t) cell have the same
treatment status
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Example of a Non-Sharp Design : Adena et al. (2015)

Investigate the impact of biased political radio programs in Germany
over the period 1928-1933 on votes for the Nazi Party
TWEFE regression at the electoral district x election date level

® QOutcome Y, ; : vote share for the Nazi party
® Treatment D, ; : share of households having access to the radio

Heterogeneous increase of radio subscriptions over districts

"Treated” and "untreated” voters in all (g,t) cells
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Example of a Non-Sharp Design : Adena et al. (2015)

over the period 1928-1933 on votes for the Nazi Party
TWEFE regression at the electoral district x election date level

® QOutcome Y, ; : vote share for the Nazi party
® Treatment D, ; : share of households having access to the radio

Heterogeneous increase of radio subscriptions over districts

"Treated” and "untreated” voters in all (g,t) cells
de Chaisemartin & D’'Haultfceuille (2020)’s review of all AER papers

between 2010-2012 : 27% of TWFE specifications are fuzzy DiD
designs
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This paper

Develop an alternative estimation strategy to TWFE

robust to heterogeneous treatment effects

applicable to fuzzy designs

allowing for some endogenous selection into treatment
only requires aggregated data at the group-level

Rationalize Chamberlain (1992)'s Correlated Random Coefficient

(CRC) model

Exploit results from Chamberlain (1992), Arellano & Bonhomme

(2012) and Graham & Powell (2012) to identify treatment effects

Revisit Adena et al. (2015)
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Related Paper

* de Chaisemartin & D’Haultfceuille (2018)

® specifically considers fuzzy designs
® provide robust estimators to heterogeneous treatment effects

® Main differences with our estimators

® cannot be computed with only average variables at the group level
® require "stable” groups for each time period

de Chaisemartin, D'Haultfceuille, Pasquier Fuzzy DiD with Grouped Data August 24"d, 2022 6/21



Introduction

Overview

@ Introduction

@ Model

© Identification

@ Application (in Progress) : Impact of Biased Political Radio Programs
on the Rise of Nazism
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Overview

@ Model
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Set-up

Panel of G groups over T periods
Number of units in the "cell” (g,t) : Ny

® For any variable A; ;; defined at the individual level, let

Nt
Ag,t = Z Ai,gnf/N )t
i=1

Aj = (Aga,.. . Agr)

Binary (unit-level) treatment : D; 4, € {0,1}
Potential outcomes : Y; +(0), Y; 4+(1)
* Treatment effect : A; 54 :=Yj4+(1) - Yig+(0)

Realised outcome : Y g =Y 4:(D; g.t)
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Model

For all (i,9,t) e{1,..., Ny} x{1,...,G} x{1,...,T},

Yigi(0) =ag+Bi+eigy 1)
Aigt =Yig(t) * Ot + Mgt

Without loss of generality, we suppose that 1 =1 =0
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Model

For all (i,g,t) e {1,..., Ny} x{1,...,G} x{1,...,T},

Yigi(0) =ag+Bi+eigy 1)
Aigt = Yi,g(t) T Ot + Migt

Without loss of generality, we suppose that 51 =61 =0

Assumption 1 (Balanced Panel of Groups)
For all (g,t) e {1,...,G} x{1,...,T}, Ny >0
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Assumptions

Let Us gt = (Digyt:&igitsGigt) and Uy = (Ui g.t)1<t<T,1<i<N, ,

Assumption 2 (Independent Groups)

The G random vectors (Ug)g:17.._,G are independent

Assumption 3 (Strong Exogeneity)

For all (i,g,t) e {1,..., Ny} x{1,...,G} x{1,...,T},
©® E[c,,/D7] =0
@ E[7;4:/Dg, Digt]=0
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Assumptions

Assumption 4 (Treatments Independent of Cell's Treatment Rates at
Other Periods)

For all (g,t) € {1,...,G} x {1,....T},

(Digt)isisNg,: L (Dg,- .., Dgi-1,Dgae1, ..., Dgr)| Dyt

Assumption 5
Effects)

(Irrelevance of Identities, Conditional on Cells' Treatment

For all g, there is a function 'y : d — T';(d) that does not depend on t and
such that for all t,

1
E|—— D =I',(D
DgtNthDZ Vzg(t)‘ gt ( gt)
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Assumptions

Assumption 6 (Parametrization of I'y(.))

There are known K <T -2 and functions 1, . ..,r such that for all g and
all d e (0,1],

K
Fg(d) = Z 'Yk,grk(d)
k=0

for some real numbers (Yo i, - .., VK,g)-
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Identification

Overview

© Identification

de Chaisemartin, D'Haultfeceuille, Pasquier Fuzzy DiD with



Identification

Rationalizing Chamberlain (1992) CRC Model

Suppose Model (1) and Assumptions 1-6 hold. Then, Vge {1,...,G},
vix{1,...,T},

E[Y,:/Dg] =B+ Dy t5t+ag+Z’Ykg 047k (Dyg.t)
k=0

B2
0 0 - 0 0
(Ym) 1 Doy 0 0 ||® (1 ngo(Dgl) DgHK(Dgl)) %q
E : D%| = 9 H : Y
: 9 M M e M : N :
Yyr 0 0 - 1 D;;,T ?T 1 DgT"'O(DgT) .. Dgrrr(Dyr) ’YA.,g
T R .
Wy H)\’_/ Yo 10,9
0
a
= E[Yy|Dj] = Wydo + Xgpo (2)

(2) is a particular case of Chamberlain (1992)’s CRC Model
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Identification

|dentification
Let IT(X,) = I — X4 X, be the orthogonal projector on the kernel of X,

Assumption 7 (Design Restriction)

E

1 G
el > Wg’H(Xg)Wg] is non-singular
g=1

Suppose Model (1) and Assumptions 1-7 hold. Then,

18 I e
Yo ~E [5 > W;H(ngg] : la > W;H<X9)Yg], 3)
g=1 g=1
Moreover, for all g such that P(det(X,X,) #0) >0,
o, = E[(XgXg) " X (Vg = Wyko)| det(Xg X,) # 0], (4)
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Identification

Identification

Let M = {g : det(X;Xg) * 0}, Nt?n = Z Dg,tNg,t and
geM

1

N > > Aige

geMi:D; 4 =1

AT = E

Corollary 1

Suppose that Model (1) and Assumptions 1-7 hold. Then, A" is identified
and

m Ngvthvt X
A =0+ FE Z N Z Yi,g"k(Dag,t)
geM

t k=0

Moreover, if ri(d) = d* forall k=0,..., K,

M={g: card({Dy...., Dyr}) < K +2)
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Application

Overview

@ Application (in Progress) : Impact of Biased Political Radio Programs
on the Rise of Nazism
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Adena et al. (2015)

® TWFE regression of votes for the Nazi party on radio subscription
rates at the electoral district x election date level

1928 1929 1930 1931 1932 1933 1934

r
Neutral Radio No Nazi on Radio Pro-Nazi Bias

i 07/1932
Partiamentary [ 05/1928 09/1930 03/1933
-1 111932

* Adena et al. (2015)'s treatment value for a voter i in group g
with an access to the radio:
—1 if election t is held between 1929 and 1932
D;g¢=4 0 if election ¢ is held in 1928
1 if election t is held in 1933

de Chaisemartin, D'Haultfceuille, Pasquier Fuzzy DiD with Grouped Data August 24"d, 2022 19/21




Application

Effects of Radio on Voting for the Nazis - Our Estimates

Parameter 1928 1930  07/1932 11/1932 1933

A, 0.171  0.177 0.237 0.225 0.364
(0.344) (0.355) (0.360) (0.358) (0.367)

Tit 0 0006 0067 0054 0.193**
~  (0.038) (0.066) (0.070) (0.084)

Notes: G = 850. K = 0. We use our estimator with the covariates
selected by Belloni (2014)’s double selection procedure. Standard errors,
under parentheses, are clustered at the electoral region level.

“p<.l, " p<.05 7 p<.0L
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Application

Conclusion

* Rationalize Chamberlain (1992)'s CRC model in the context of a
fuzzy DiD design
® Provide an estimation strategy

@ Robust to heterogeneous treatment effects
@® Allowing for some endogenous selection into treatment
© Only requiring aggregated data at the group level

* Revisit Adena et al. (2015) and estimate the effect of political
programs on the radio on voting for the Nazi party
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Common Trends Assumption

* Assumption 3-(1) implies
E[Yy1(0) = Yigi-1(0)] = B = B (5)
e Assumptions 3, 4 and 5 imply that
E[Yy:(1) = Yige-1(1)] = 0¢ = 641 + Bt = Bi1 (6)

¢ Similar conditions are imposed in de Chaisemartin & d'Haultfeeuille
(2018, 2020)
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-
Generalized Roy Model

Suppose a balanced panel of individuals, Model (1) holds, and for all
(4,9,t) € {1, ..., Ngs} x{1,...,G} x {1, ..., T}, E[nig:] =0 and

Dig = 1{E[Ai,g,t] 2 Cg,t} (7)

for some real numbers cg 4, then Assumptions 3 - (2), 4 and 5 are satisfied
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Steps to Lemma 1

* Model (1) =

E[Yy|Dg] = By + g + B

gt11

Ng.t
a
Z Eig, t’D

Ng . £ 0,9, t(’Y'L,g(t) + 0 + Nig, t)|D :|

* Assumption 3-part(1)

Nyt Not
E[Yy,t|DZ] =fi+tag+E|— 3 Di ,g,t’Yz,g(t)|D j|+Dg,t5t + B~ 3 Digifligt |D :|
gt i=1 g;t =1
1 Nag Nyt
D +ag+ Dy B | ———— Yi D +Dg 10+ Dy B
gt| t g g,t Ngtht 121 z,g(t)| ,t0t g,t gth,t 121 771,gt|
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Steps to Lemma 1

® Assumptions 3-part(2),4 and 5 =—
E[Yg,t‘Dg] = By + g+ Dy Ty(Dyy) + Dy sy

® Assumptions 6 —

K
E[Yg,t‘DZ] =P+ Dgde + ag + Dgy kZ VigTk(Dag,t)
=0
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Necessary and Sufficient Conditions for Assumption 7

Let S, =1{Dy == Dy1}

Assumption 7 holds if:
® Either P(S;=1)>0 and V(Dgy1]Sy=1) >0
® or P(S4=0)>0,T>3, K=0, r9(d) =1 and (1, D1, D;) are not
collinear conditional on Sy, =0, for allt=2,...,T
Conversely, if Assumption 7 holds and:
® T =2, then P(Sg=1)>0 and V(Dg1|S,=1)>0
@ r;,(d) = d* for all k and K =T -2, then
P(card({Dg1,...,Dgr})=T) <1
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