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Appendix to Section 4

The problematic multi-cutoff design

Heterogeneity of sites and sample size

Here we show what happens to the across-site variability of the site weights as the total

sample size decreases if we impose the condition that the number of sites is fixed.

Following the notation in the main text, let J be the number of sites, Nj the number

of applicants in site j, N the average number of applicants per site and N = JN the total

number of applicants. Suppose we impose the condition that in each site there must be at

least µ units. Then, the number of units in site j is:

Nj = µ+ (N − Jµ)pj, (A–1)

where pj is the fraction of units assigned to site j out of those left after assigning µ units to

each site.

The across-site variance of Nj is:

var[Nj] = J2(N − µ)2var[pj], (A–2)

while the across-site variance of the site weights is:

var[
Nj

N
] = (1− µ

N
)2var[pj]. (A–3)

As N decreases to µ the across-site variance of site weights decreases to zero.
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Appendix to Section 5

Fixed effects: the safest option

A sufficient condition for the efficiency of SFE

Here we derive the condition (43) in Section 5.2. Under Allocation rule 1 the within-site

deviation of the treatment status Dij is:

SSw =
J∑

j=1

njD.j(1−D.j), (A–4)

nj the number of units in a suitable neighbourhood of the cutoff, D.j the proportion of

exposed units among the nj ones. Due to sampling variability:

D.j = 0.5 + e.j, (A–5)

e.j the sampling error. As a result:

SSw = 0.25n−
J∑

j=1

nje
2
.j, (A–6)

where n =
∑J

j=1 nj. The between-site deviation of Dij is:

SSb =
J∑

j=1

nj(D.j −D..)
2, (A–7)

where D.. = 0.5 + e.. is the overall proportion of treated units. With large n, the sampling

error of D.., e.., is negligible. Then:

SSb =
J∑

j=1

nje
2
.j. (A–8)

As a result, the intraclass correlation of the treatment status is:

SSb

SSb + SSw

=

∑J
j=1 nje

2
.j

0.25n
=

∑J
j=1 njV ar[e.j]

0.25n
, (A–9)

the last step holding when J is large. In sites with at least one treated and one untreated

unit:

V ar[e.j] =
0.25

nj

(1− 2

nj

), (A–10)
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implying that:

SSb

SSb + SSw

=
0.25J − 0.5

∑J
j=1

1
nj

0.25n
=

1

n̄
(1− 2

∑J
j=1

1
nj

J
). (A–11)

SFE is more precise than NP as long as the intraclass correlation of the composite error term

is larger than the RHS of (A-11). Recalling that:∑J
j=1

1
nj

J
≥ 1

n̄
, (A–12)

a more straightforward sufficient condition is:

V ar[u]

V ar[u] + V ar[ε]
>

1

n̄
(1− 2

1

n̄
). (A–13)

The largest value of the RHS is at n̄ = 4, as large as 0.125.
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Appendix to Section 8

An empirical illustration

We report below figures that compare the estimators in the reduced samples, in which

the 95% confidence intervals have been obtained with the conventional asymptotic approx-

imation. The analogous figures of the main text display instead 95% empirical confidence

intervals, computed as the corresponding appropriate percentiles of the distribution of 100

bootstrapped estimates with replacement. The two approaches give similar results.

Figure A–1: Normalizing and Pooling (NP) and corresponding Fixed Effects (FE) estimates
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Notes: This figure displays the NP estimates (triangles) and the corresponding FE estimates (circles) in the reduced samples.

All estimates are non-parametric, sharp RD. In the left panel marginal subjects (i.e., subjects located exactly at the cutoff), are

included, while in the right panel they are dropped. The NP estimators are the sample analog of the Normalizing and Pooling

estimands described in Section 3 of the main text, depending on whether the marginal subjects are included or not. The FE

estimators are the sample analog of the Fixed Effect estimand described in Section 5. The reduced samples have been obtained

from the Full Sample constructed with the original data of Pop-Eleches and Urquiola (2013), with the procedure described

in Section 8. The RD estimates have been obtained with Local Linear Regressions using a triangular kernel and the optimal

bandwidth from Calonico et al. (2014). The optimal bandwith for the FE estimator is the same as the optimal bandwith for

the corresponding NP estimator. For each estimator, the shaded areas describe the 95% empirical confidence intervals of the

estimates, obtained with the conventional asymptotic approximation.
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Figure A–2: Estimates based on redefining the cutoff and corresponding Fixed Effects (FE)
estimates
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Notes: The left panel of this figure displays the SYM estimates (triangles) and the corresponding FE estimates (circles) in the

reduced samples. The right panel displays instead the SPLIT estimates (triangles) and the corresponding FE estimates (circles)

in the reduced samples. All estimates are non-parametric, sharp RD. The SYM and the SPLIT estimators are the sample

analogues of the estimands described in Section 6. The FE estimators are the sample analog of the Fixed Effect estimand

described in Section 5. In both panels marginal subjects (i.e., subjects located exactly at the cutoff), are included. The reduced

samples have been obtained from the Full Sample constructed with the original data of Pop-Eleches and Urquiola (2013), with

the procedure described in Section 8. The RD estimates have been obtained with Local Linear Regressions using a triangular

kernel and the optimal bandwidth from Calonico et al. (2014). The optimal bandwith for the FE estimator is the same as

the optimal bandwith for the corresponding SYM or SPLIT estimator. For each estimator, the shaded areas describe the 95%

empirical confidence intervals of the estimates, obtained with the conventional asymptotic approximation.
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Figure A–3: Rank distance (RK) and corresponding Fixed Effects (FE) estimates
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Notes: This figure displays the RK estimates (triangles) and the FE estimates (circles) of the corresponding NP estimator

(see Figure A–1) in the reduced samples. In the left panel marginal subjects (i.e., subjects located exactly at the cutoff), are

included, while in the right panel they are dropped. All estimates are non-parametric, sharp RD. The RK estimators are the

sample analog of the Rank Distance estimands described in Section 7. The FE estimators are the sample analog of the Fixed

Effect estimands described in Section 5. The reduced samples have been obtained from the Full Sample constructed with the

original data of Pop-Eleches and Urquiola (2013), with the procedure described in Section 8. The RD estimates have been

obtained with Local Linear Regressions using a triangular kernel and the optimal bandwidth from Calonico et al. (2014). The

optimal bandwith for the FE estimator is the same as the optimal bandwith for the corresponding NP estimators. For each

estimator, the shaded areas describe the 95% empirical confidence intervals of the estimates, obtained with the conventional

asymptotic approximation.
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Figure A–4: Comparison of the Fixed Effects (FE) estimates
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Notes: This figure displays the four non-parametric FE estimates in the reduced samples corresponding to the two NP, the

SYM and the SPLIT estimators displayed in previous figures A–1–A–3. Marginal subjects (i.e., subjects located exactly at

the cutoff), are dropped only for the NP estimator that excludes them. All the FE estimators are the sample analogs of the

Fixed Effect estimands described in Section 5. They differ because of the optimal bandwiths that are set equal to those of

the corresponding NP, SYM or SPLIT estimators. The reduced samples have been obtained from the Full Sample constructed

with the original data of Pop-Eleches and Urquiola (2013), with the procedure described in Section 8. The RD estimates

have been obtained with Local Linear Regressions using a triangular kernel and the optimal bandwidth from Calonico et al.

(2014). For each estimator, the shaded areas describe the 95% empirical confidence intervals of the estimates, obtained with

the conventional asymptotic approximation.
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