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DE GRUYTER ). Causal Infer. 2015; 3(1): 1-24

Matias D. Cattaneo, Brigham R. Frandsen and Rocio Titiunik*
Randomization Inference in the Regression
Discontinuity Design:An Application to Party
Advantages in the U.S. Si;te

Abstract: In the Regression Discontinuity ( 1ts are assigned a treatment based on whether
their value of an observed covariate is abov aJdixed cutoff. Under the assumption that the
distribution of potential confounders change G& ound the cutoff, the discontinuous jump
in the probability of treatment assignment can tlfy the treatment effect. Although a

the standard approach to estimation and inference is b ontinuity assumptions that do
not justify this interpretation. In this article, we provn ! ditions in a randomization
inference context under which this interpretation is directly ;usu d velop exact finite-sample

recent strand of the RD literature advocates mterpret gs a local randomized experiment,

inference procedures based on them. Our randomization infer fr is motivated by the
observation that only a few observations might be available close@1 he threshold where
local randomization is plausible, and hence standard large-sample p dur be suspect. Our
proposed methodology is intended as a complement and a robustness ch§ dard RD inference

approaches. We illustrate our framework with a study of two measures of par vel advantage in U.S.
Senate elections, where the number of close races is small and our framework is well suited for the
empirical analysis.
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* 2“5 Imbens and Kalyanaraman (2012)-5 Calonico et al.
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¥, =042+1(x, >0)+0.84x, +u, + ¢, (15)

Horb, BUSCROALERRON N 1, BREZ ~20B(2,4)-10, B(p,,p,) &M ZECN p,

5 p, 1) Beta 7341 11 B(p,, égl‘ﬁﬂﬁﬂﬁ, W HUEERE[-10,10] . 2
N

S
Gie ~NO,L), Al sili, #ﬁa"q&f‘fy’,

$
U =X, 1(%%:& (16)
Do p:
JIERA6)EMW], W |x| <1, W, =0. ik, %n@g@%mxi <1HREA, U]
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45T T AR LAY 1L AE

o FEFEATIRAUIS, )Gl WS, =S T
El ﬁ?ﬁ?ﬁé 25 4 @ﬁljﬂﬁ(ﬁgogven%onal eﬁina?e ) j%%é 7_%1"1 IJ% fﬁlgf

(bias-corrected estimate) -
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R 2+ LG AN THIIALDAET R

P HESS A PHE i 22 PrifE 2= B RZE
LA BI1#% 1.772 0.772 0.502 0.848
EBE =t %’éf 30 0.330 0.574 0.438
)

S /¢ MSE #z1f ‘1*4/@\ 0.436 0.591 0.540

JREBBERLAL B 51 1 0.% ’<§' 003 0.367 0.135
":> )

R BEHLAL = 1 0998 @, (ﬁ% 0.401 0.160
e

JSEBEHLAL R 1 0.998 -o@&@%‘?\osss 0.151
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R 3 ZEBOEAN THIIBUUET R

TrHTHESR 1% PR AL EiE i 22 R B R
S B2 ¥ 1.756 0.756 0.571 0.897
EGE — it M %ﬁé‘ 21 0.221 0.646 0.466
A b/ ¢ MSE /it 2 %\5\ 0.351 0.671 0.573

R BRI 151 1 1 % «@000 0.559 0.313
JREBERLAL = 1 1.000 6 0.599 0.359
JRiBERLAL K 1 1.000 S’% =/ 0.584 0.341
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FEAZS 58 1000, 1‘%11){ J710,000.

57



2024/8/18

Density

---- EPER
— BERENER P

08

06

04

02

00

N =10000 Bandwidth =0.06598 6 qo\
°

o
3. Wi EAS TR 2
Ve TR R S MR SRS IE

58



>~. Stata = 7]

o i 35 E S P ez gs L 2215 (Cattaneo et al., 2015)

W L[] P KRS R AR B R E AR S0 . 2220
50 32 B Z B 1t 2% H 2408885 I AE AL FY (incumbent-
party advantage) o

» Statafy 2B rdlocrand H 77 1 £idi Hetdlocrand_senate.dta
A 19145 22010432 FH - M H: 13907k ZL5E ik 25 15 B




T 5 13, B

xz)) 747 = demmyv (Démocratic margin of victory) K7 K
= AR AN IR (R U IR 20 52 U T e FH B 77

B (BUEAT-1002100%, 27858 demmv BUE N IE, IS
e 3R 24k, E&Lﬁﬁ&o&to

\d'>l—|_ll,¢l=1

lll

o 25 A & demvoteshfor2 (Demodratidaote share in the
followmg election for the same Senatéssedt)s 35 7~ H Al 5 (E

Al — S B Pk Gt 8B H %0 (H
HAT02100) .
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o AN B SEE 4 HRddE P Statatiy 2 rdrobust.
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* 4. EDHE

LG TFES A (MSE Sy o6)

hEr A% 9 AR e it Fa bR iR 95% E45 [X |a] [X [a] B i
1 S A 11.597 506 ok 1.852 3.963 11.224 7.261
1 =M 17.754 683 7.5 7?%.&\ 1.741 4.094 10.919 6.825

)
1 /¢ 16.104 633 7.300 q/ 5\ 768 3.835 10.766 6.931
S
2 P54 18.765 717 8.177%*** OO .«@ 4.057 12.297 8.240
)
)
2 =il 22.256 779 8.3] 7% 0@09 f_‘& 4214 12.419 8.205
Vo '§
2 IR 20.251 739 12.343 8.344
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£ 5. EGVEHEZL B THEE R (CER dscdlaiy %)

T4 G i % AL ROEASTE  FafbriEiR 95% FL{5 X [1] (X T1] %3 £

1 Y121t 8.104 3] 7%k 1.982 2.433 10.202 7.769
1 =M% 12.407 532 éév"%* 1.841 4.074 11.289 7.215
1 U 11.254 495 7. *i&\ 1.861 3.768 11.062 7.294
2 Y151 12.459 535 8.632**90 ) )77 3.993 13.271 9.278
O )
2 =% 14.776 604 0.238% % 9‘2% 4.665 13.810 9.145
G
2 K% 13.445 564 0.287% ¥ 2.40()% 383 13.991 9.408

L 4
VE: wwx( kRS RIEIRIE 1%, 5%, IO%EGE%‘E%
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oy 3R FAAUAL 69 5% 45 7

o {§i i Statafir 2 flrdbocrand, w5441, A
rdwinselect, rdrandinf, rdsensitivityll X
rdrbounds

» Statafir 2@ rdlocrand i T &Mk 4 -
https://github.com/rdpackages/rdloCrand

o 7EStatafy 25 AL net install fdlécrand,
from(https://raw.githubusercontent: Com/rdpac
kages/rdlocrand/master/stata) réplace
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. Presdemvoteshlagl SJ:?QL'\J"E'\ éﬁﬁ@ﬁﬁ?fﬂ‘l E]/(J %E:ﬁ/%%j%
)j J

< . E
), population (EH;I‘I N [T%#1), “demvoteshlagl (55t-1 1%

\
W e e 25 I T 5049 52 H 7 40 ¢ demvoteshlag2 (t-2 112
Wi ) e 1955 H 0 %0, demWihprvl % i SRy
(R TS Bk 253k 1), denfvinpru2 (B 32 3 2 A 7
BB WBLIE 2R , dopen (TESCHIbE T 25k 2
W), dmidterm (GEtH 257G P85 Ls) ,
dpresdem (CGEtEA MG 2 & ANR T .



&y 2R [F LA AE 22 69 Statad2 4F

* sysuse rdlocrand senate.dta,clear

 global cov presdemvoteshlagl population
demvoteshlagl demveteshdag?2 demwinprvl
demwinprv2 dopen dmidtérm dpresdem

-r?winselect demmv $cov, “eutoff(0) wobs(1l)
plot

* VEFET “wobs(1)” AR ILE T mUH U 227 % 38 in 14~ W
MBS & BP0, BUAAN “wobs(5)”



Window selection for RD under local randomization

Cutoff c = 0.00 Left of ¢ Right of c Number of obs = 1390
Order of poly = 0
Number of obs 640 750 Kernel type = uniform
1st percentile 6 7 Reps = 1000
5th percentile 32 37 Testing method = rdrandinf
10th percentile 64 75 Balance test = diffmeans
20th percentile 128 150
Bal. test Yark. name Bin. test
Window p-value (min_p=value) p-value Obs<c  Obs>=c
-0.529] 0.529 0.180 demyoteshlagz 0.327 10 16
-0.561] 0.561 0.232 demvoteshlag2 0.345 11 17
-0.591] 0.591 0.470 dopen 0.362 12 18
-0.608] 0.608 0.460 dopén 0.377 13 19
-0.693] 0.693 0.454 dopen 0¢311 14 21
-0.731] 0.731 0.352 demvoteshlagf 0:256 15 23
-0.765] 0.765 0.364 demvoteshlagl 0.454 15 25
-0.876] 0.876 0.216 dopen 0.1¥64 16 26
-0.969] 0.969 0.116 dopen 04135 17 28
-1.075] 1.075 0.042 dopen 0411 18 30

Variable used in binomial test (running variable): demmv
Covariates used in balance test: presdemvoteshlagl population demvoteshlagl demv
> oteshlag2 demwinprvl demwinprv2 dopen dmidterm dpresdem

Recommended window is [-0.876; 0.876] with 42 observations (16 below, 26 above).



Minimum p-value from covariate test

P-value

window length (right of c) o

The dotted line corresponds to p-value=.15
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 rdrandinf demvoteshfor2 demmv, wl(-0.876) wr(0.876)
interfci(.05)

 rdrandinf demvoteshftor2-demmv, wl(-0.876) wr(0.876)
p(1) interfci(.05)

 rdrandinf demvoteshfor2 demmyy wl(-0.876) wr(0.876)
p(2) iInterfci(.05)

JEFEI “p(1)” 5 “p(2)7 AR AR AT Mk TR AR

« YT “interfci (.05)” 5k B AT HssphR 2 X e (5 VA
IREFE RIS



XP2E R T 5 N $R

Cutoff c = 0.00 Left of ¢ Right of c Number of obs = 1297
Order of poly = 0
Number of obs 595 702 Kernel type = uniform
Eff. Number of obs 17 23 Reps = 1000
Mean of outcome 41:468 52.420 Window = set by user
S.D. of outcome (.627 7.573 HO: tau = 0.000
Window -0.876 0.876 Randomization = fixed margins

Outcome: demvoteshfor2. Running wariablesdemmv.

Fintte sample Large sample

Statistic T P>|T} P>|T]| Power vs d = 3.81
Diff. In means 10.953 0.000 02000 0.348

Confidence interval under iInterference

Statistic

[95% Conf. Interval]

Diff. 1In means

5.196 16.643




STERTEM— L%

Cutoff c = 0.00

Number of obs

EFfFf. Number of obs
Mean of outcome
S.D. of outcome
Window

Left of ¢ Right of c Number of obs = 1297
Order of poly = 1

595 702 Kernel type = uniform

17 23 Reps = 1000

41.468 52.420 Window = set by user
7.627 7.573 HO: tau = 0.000
-0.876 0.876 Randomization = fixed margins

Outcome: demvoteshfor2. Running Varjiablez demmv.

Fin¥e, sample Large sample
Statistic T P>|T] P>|T| Power vs d = 3.81
Diff. In means 10.994 0.000 @£152 0.079

Confidence i1nterval

under i1nterference

Statistic

[95% Conf. Interval]

Diff. In means

5.612 16.764




*F 4%

TEM_H T

Cutoff c = 0.00 Left of.c Right of c Number of obs = 1297
Order of poly = 2
Number of obs 595 702 Kernel type = uniform
EFff. Number of obs 17 23 Reps = 1000
Mean of outcome 41.468 52.420 Window = set by user
S.D. of outcome 7.627 7.573 HO: tau = 0.000
Window -0.876 0,876 Randomization = Tfixed margins

Outcome: demvoteshfor2. Running “vaciabde:" demmv.

Fin#te sanple Large sample

Statistic T P>|T] P>|T] Power vs d = 3.81
Diff. In means 27.593 0.000 02033 0.060

Confidence iInterval under interference

Statistic

[95% Conf. Interval]

Diff. In means

18.239 36.844




KL —Hr B = b & 3kag vk e

twoway (scatter demvoteshfor2 demmv i1f _demmv>=-0.876 &
demmv<=0.876,msize(vsmaldl) xline(0) ytitle(Democratic _vote
share at t+2) legend off) ifit demvoteshtor2 demmv i1f
demmv>=0 & demmv< 0. % e demvoteshfor2 demmv 1f
demmv<=0 & demmv>=-0.876), namel rawscatter_ linear,replace)

graph save rawscatter_linear.gphgreplace

twoway (scatter _demvoteshfor?2 demmv iIf demmv>=-0.876 &
demmv<=0.876,msize(vsmall) xline() ‘ytitle(Democratic _vote
share at t+2) leg end off) gfit demvotesh or2 demmv i1f
demmv>=0 & demmv< 0. % |t demvoteshfor2 demmv _if
demmv<=0 & demmv>=-0.876), name(rawscatterguadratic,replace)

graph save rawscatter_quadratic.gph,replace

graph combine rawscatter_linear.gph rawscatter_quadratic.gph
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