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Supplementary Material

S1. Proof of Theorems 4.1 and 6.1

In order to derive the asymptotic distributions for C@Euand CACE JIllet X; =
(Y;R;(1-Z,)1-D;),Y;R,(1-Z;)D;,Y;R; Z;(1-D;),Y;R; Z; D;, R,(1- Z;)(1-D;), R;(1—
Zl)Dl, RlZl(l — Dl), R’LZ’LD’L) and 1et p= (’Uoo, Vo1, V105 V11, 700, 7015 7710, 7T11) Where Xl iS
a vector of bernoulli random variables with mean p. If X;,..., X, are 2 random vectors
in R® with mean p and covariance matrix ¥ = E(X —p)(X — p) (where E(XT X) < o),
then from the multivariate central limit theorem, v/n(X — p) —4 Ng(0,%) where & =

v00 (1 — voo) —00v01 —v00v10 —00V11 voo (1 — moo) —00701 —00710
—01v00 vo1 (1 — wvo1) —01v10 —01v11 —01 700 —vo1 (1 — 7o1) —v01710
—v10v00 —v10v01 v10(1 — v10) —v10v11 —v10700 —v10701 v10(1 — m10)
—v11000 —v11U01 —v11010 v11 (1 —wv11) —v11700 —v11701 —v11710

(1 = mo0)voo —T00 V01 —mo0V10 —T0 V11 mo0(1 — 7o) —T0 01 —T0 710
—m01Y00 (1 = mo1)vo1 —mO1V10 —mo1V11 —m01700 mo1 (1 — 7o1) —mO1710
—T10%00 —T10v01 (1 —=m10)v10 —T10V11 —T10700 —T10701 m10(1 — 710)
—T11000 —T11V01 —T11010 (1 —m11)onn —T11700 —T11701 —T11710

S1.1 Proof of Theorem 4.1

Using the multivariate delta method, the asymptotic distributions for 7. and 7o

are:

Vn(nie—nie) —a N(0,0 X6) where § = (0, ﬂ-nilﬂ.m 0, ﬂ-niﬂ.m 0, (,:)1111::[?11)2 0, (,:)1011::0111)2)
and

\/ﬁ(nac—%c) —d N(Oa 6 26) Where 6 = (ﬂ—milﬂ—oo ) Oa ﬂ—miﬂ—oo ) Oa (7:)1100::;);))2 ’ Oa (7:)1?)0::01(?)2 ) O)

where V; = §' 26 and Vo= 6/ 3.3 are defined in section 4. Then noting that /n(f1.—n1c)
and v/n (%o — noc) are asymptotically independent since § £ 3 = 0, we can use Slutsky’s

— LI
theorem to derive the asymptotic distribution for CACE as in Theorem 4.1.
S1.2 Proof of Theorem 6.1

Using the multivariate delta method, the asymptotic distributions for 7;. and 7.
are:
Vi(mie —n1e) —a N(0,6 £6) where 8 = (0,01, 0, 82,0, 83,0, 84) for § defined in Theorem
6.1 and /n(noc — noc) —a N(0, 8 23) where 3 = (0, 41,0, 52,0, 85,0, B4) for 3 defined

—v00711
—v01711
—v10711
vi1 (1 —m11)
—T0T11)
—mO1711)
—T10711)
m11(1 —m11)




in Theorem 6.1. Again noting that /n(71. — n1c) and /n(fjoc — Moc) are asymptotically
independent, we can use Slutsky’s theorem to derive the asymptotic distribution for

C@Euas in Theorem 6.1.
S2. Proof of Result 6.1

For ¢, = P(C = n|Z = 0,D = 0) note that under randomization P(C = n,Z =
0) = P(C =n,Z = 1) and since never-takers by definition have D = 0, then we expect
P(C=nZ7Z=0D=0)=PC =n,Z=1,D=0). Similarly for always-takers,
P(C=a,Z=1,D=1)=P(C=a,Z=0,D=1).

Therefore:
o = P(C=n,Z=0,D=0) P(C=n,Z=1,D=0) P(Z=1,D=0)
" P(Z=0,D=0) N P(Z=0,D=0)  P(Z=0,D=0)
Yo = P(C=a,Z=1,D=1) P(C=a,Z=0,D=1) P(Z=0,D=1)
“ P(Z=1,D=1) P(Z=1,D=1)  P(Z=1,D=1)
Thus we can obtain the following estimators for v,, and ,:
A = f:ﬂ j = f:&
" oo’ @ &11
Then note the following relationship:
v.a = PY =1,R=1,Z=2D=4d)
= Y PR=1,Z=zD=d,C=tY=1)
te(n,c,a)
= Y PR=1Z=2D=dC=tY=1)P(Y =1Z=2D=d,C=t)
te(n,c,a)
P(C=tlZ=2D=d)P(Z=2D=4d)
2~ N P(R=1Z=2D=d,C=tY=1)
§Zd te(n,c,a)
PY=1Z=2D=d,C=t)P(C=tZ=z2D=4d)
= Z (bztlnztwtzd (1)
te(n,c,a)

Also note the following relationship:

T2d

§zd

= P(R=1|Z=2D=d)

Y P@R=1Z=2D=d,C=t)P(C=1Z=z2D=d)
te(n,c,a)
= Y (Y PR=1Z=2D=d,C=tY =y)P(Y =y|Z=2D=d,C=t))
te(n,c,a) ye(0,1)
P(C=1t|Z=2D=d)



Y PR=1Z=2D=d,C=tY=1)PY =1Z=2D=d,C=t)
te(n,c,a)
P(C=tZ=2D=d) +P(R=1Z=2D=d,C=tY =0)
P(Y=0|Z=2D=d,C=1)P(C=tZ=2zD=d)

== Z ¢zt1nzt1/)tzd + ¢zt0(1 - 772t>1/)tzd

te(n,c,a)

= Z (bztlnztwtzd + fzt¢ztl(1 - 772t>1/)tzd
te(n,c,a)

= Z (bztlwtzd(nzt + fzt(l - nzt))
te(n,c,a)

Letting (z, d) equal (0, 1) and (1, 0) in expression (3) above and solving for ¢gq1 and ¢1,1
we get:
Yo1

V10
al = —; nl = —— 3
Poa1 Eorln P1n1 Eromn (3)

Letting (z,d) equal (0,1) and (1, 0) in expression (4) above and substituting the expres-
sions from (5):

To1 _ Vo1
o1 £01Ma

To0 _ Yo
S0 &10mn

(Mo + foa(1 = 1a)); (M + fin(1 = 1))

Then solving for n, and 7, above, we obtain the following estimators:

~ an{)Ol ~ fln'{)lo

701 + (foa — 1)001’ = 710 + (fin — 1)010

We can then obtain estimators for ¢g,1 and ¢1,1:
; D01 . D10
$0al = = ) P1n1 = 3 -
£017a £10%n

Using the exclusion criteria for never-takers and always-takers and (2), note that:

¢1a1(77a + fla(l - 77(1)) = ¢Oa1(77a + an(l - 77(1))

Then solving for ¢g,1 and ¢1,1 above we obtain the following estimators:

Al 1= éOal(f]a + an(l - ﬁa)) . n _ lenl(ﬁn + fln(l - f]n))
‘ ﬁa+f1a(1_77a) ﬁn+f0n(1_77n)

) Onl —



Letting (z,d) = (0,0) in expressions (3) and (4) and solving for 7. and ¢o.; we obtain:

_ G0n1Un00(foctn + fon (1 — 1)) + (1 — foe)voo — moo
o0foe(Vn — 1)

_ Joc(P0n1Un&00mm — voo)
G0n1Un00(foctn + fon(1 — 1)) + (1 — foe)voo — moo

Letting (z,d) = (1,1) in expression (3) and (4) and solving for 1. and ¢1.; we obtain:

¢0c1

Noc

_ $1a1%a11(fraMa + fra(1 —10)) + (1 — fic)vin — 1
§11f1e(a — 1)

_ Jie(P1a1%a€11Ma — V11)
e = $1a1%aé11(f1aNa + fra(1 —n4)) + (1 — fic)vin — m11

Substituting in the expressions for ngm, ij Tns (ngala 1/A)a, and 7}, we obtain the following
expressions for 7o, and 71, (which reduce to the expressions found in Result 6.1):

¢1c1

floe = foe[finD10(Do0 — 710) + fonDoo (710 — D10)]
7 (foe — D[finD10(Poo — #10) + fonDoo(F10 — 910)] + Findi0(Foo — T10) + fon (F10f00 — 72y — Dr0700 + D10710)

Bre = fie[fra®o1 (011 — o1) + foaD11(For — Do1)]
7 (fie = D[ frator (911 — Fo1) + foaD11(Fo1 — Do1)] + fraDor (711 — wo1) + foa (Fo1f11 — 72, — Dorf11 + Do1for)




