Causal Inference with Fuzzy Regression
Discontinuity Design

Lé Viét Phi
Fulbright School of Public Policy and Management

Ngay 9 thang 7 nam 2019

25



Thiét k& hdi quy gidn doan nhiéu - Fuzzy Regression
Discontinuity Design

Dé I3 truong hgp xdy ra tinh trang khéng tuin tha
(non-compliance) tai ngudng can thiép.

> Vi thiét k& Sharp RDD, xéac suit tham gia chuong trinh nhay
tir 0 dén 1 tai hai bén cla ngudng can thiép ¢ (tudn thd hoan
toan)
> Vi thiét k& Fuzzy RDD, x4c suit tham gia thay déi xung
quanh ngudng can thiép ¢, nhung khong hoan toan.
o Cé nhiing di tuong dang I& khéng tham gia thi lai tham gia.
o Cé nhiing doi tugng déng I€ tham gia thi lai khdng tham gia.
o Mién I3 chiing ta c6 su gidn doan vé xac suat tham gia tai
ngudng can thiép thi ching ta cé thé st dung thiét ké Fuzzy
RDD.

)
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Su thay déi vé& x4c sult tham gia tai ngudng can thiép
theo thiét k& Sharp RDD vs. Fuzzy RDD

Sharp RDD Fuzzy RDD

Xac sult tham gia gian doan tai ngudng can thiép, nhung trong
thiét ké Fuzzy RDD do c6 tinh trang khéng tun thi hai bén
ngudng can thiép nén budc gian doan khéc so véi thiét k& Sharp
RDD.
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Vi du vé thiét k&8 FRDD

Chuong trinh d3o tao ngh& mi&n phi cho hé gia dinh ngh&o c6 téng
thu nhép gia dinh dudi 5 triéu mot thang. H6 dat tiéu chi thi dugc
khuyén khich tham gia. H6 khéng dat tiéu chi vin c6 thé tham
gia, tuy nhién khdng nhan dugc khuyén khich. Chiing ta mubn biét
tac dong clia chinh sach nay dén chi tiéu clia hd hay khong.

> Chuong trinh c6 thé khuyén khich cac hé dat didu kién ngheo
tham gia, tuy nhién sé khéng ddm bdo tudn thi hoan toan.
Khéng thé b4t budc ho da didu kién phdi tham gia; va ho cé
thé khéng tham gia vi nhiéu ly do, ching han nhu chuong
trinh dao tao nghé khong phu hgp véi sé thich lam viéc.

> Xic xuit tham gia chuong trinh d3o tao sé bi ngit quing &
ngudng 5 triéu/thang. H6 thu nhip trén 5 triéu/thing sé
khong nhan dugc khuyén khich tham gia, m3c dit ho vin c6
thé tham gia néu mubn.
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> Ky vong sé& cé su ngit doan (jump/discontinuity) & ngudng
thu nh3p 5 triéu.

o Ngit doan & bién phu thudc (chi tiéu) xung quanh ngudng thu
nhép 5 triéu/thing.

o Ngit doan & xac suit tham gia xung quanh ngudng thu nhap
5 triéu/thang.

» FRDD rit gibng thir nghiém ng3u nhién véi thiét k& khuyén
khich (encouragement design). Nhan dugc khuyén khich s&
ting mic d6 tham gia nhung khéng hoan toan dbi véi nhém
duoc khuyén khich.
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Hinh v& md t3 ngit doan & ngudng can thiép véi bién phu thudc
va xac suat tham gia.
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Do su ton tai cia nhém khéng tudn thi xung quanh ngudng can
thiép, ching ta phai dinh nghia tic dong can thiép giong nhu khi
thuc hién RCT véi thidt k& encouragement design.

6
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Dinh nghta tac déng can thiép
Cé 4 nhém dbi tugng: nhitng ngudi ludn tham gia, nhiing ngudi
lubn khéng tham gia, nhitng ngudi tudn tha, va nhitng ké thich
thic.
» Nhém khéng tun thi, bao gdbm nhém ludn tham gia (always
takers) va nhém ludn khéng tham gia (never takers).
o Always takers: Ludn tham gia, dii ¢6 nhan dugc khuyén khich
hay khéng. )
o Never takers: Ludn khong tham gia, du ¢é nhan dugc khuyén
khich hay khéng.
» Nhém tudn thi (Compliers):
o Tham gia néu nhép ducc khuyén khich. )
o Kh6n\g tham gia néu khéng nhan dugc khuyén khich.
— Can udc lugng tac déng véi nhém nay!
» Ngoai ra theo Iy thuyét con cé6 mét nhém 13 nhém théch thic
(defiers), bao gdm nhing ngudi lubn di ngudgc lai khuyén nghi.
Tuy nhién ching ta bé qua nhém nay trong dai da sb céc
nghién cdu.
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Ching ta dinh nghia tadc dong can thiép trung binh néi tai tai
ngudng can thiép doi véi nhém tuén thd nhu sau:

Berop = E[Yi(1)|Xi = ¢, complier] — E[Y;i(0)|X; = ¢, complier]
outcome discontinuity

treatment discontinuity
B limy ,+E[Y|X = c] — lim_, .~ E[Y|X = (]
~ limy_,e+P[D = 1|X = c] — limy_,.- P[D = 1|X = (]

véi P[D = 1|X = c] |a xac subt tham gia trén thuyc t&, danh gia tai
hai phia clia ngudng can thiép.

Céch tiép can clia FRDD rAt gibng véi RCT theo thiét k& khuyén
khich dé& uéc lugng intention-to-treat (ITE/ITT) va TET.
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Mé ta uéc luong Srrop
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Mé ta uéc luong Srrop

Outcome Discontinuity
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Treatment Discontinuity
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Uéc luong Brrop

Gia st bién Z dai dién cho viéc cé nhan dugc khuyén khich hay
khong:

> Z=1ndu X >c
> Z=0nduX<c
khi do,

limy_se+ E[Y|X = ¢] — limy_,c E[Y|X = (]

BFRDD = /I'mX_>C+P[D — ]_‘X = C] — /imx_m— P[D = ]-‘X = C]

_E[Y|Z=1]-E[Y|Z=0]
~ E[D|Z =1] - E[D|Z = 0]
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Uéc luong Brrop

Trong thiét ké Sharp RDD, chiing ta d3 udc luong hdi quy sau
bing OLS:

E[Y|X, D] = Bo + BsropD + 2X + 3D + X
Véi D 1a tinh trang tham gia, va X=X—-cD=1nkuX>0

(1)
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D&i véi FRDD, gia st phuong trinh hdi quy la:

E[Y|X,D] = Bo + Brroo D + B2 X + BaD + X (2)

Cé thé uéc luong Brrop nhu Bsrop khéng?
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Uéc lugng SRDD vs FRDD

» Véi SRDD: Tinh trang tudn tha |a hoan toan (D =1 khi
X > ¢) nén ngudng can thiép la mét thir nghiém tu nhién, va
khéng c6 hién tugng tu lua chon vao nhém hudng Igi (no self
selection into treatment).
— C6 thé dung regression adjustments va OLS dé€ uéc luong
Bsrpp va udc lugng s€ mang ham y nhan qua.

» Véi FRDD: Do c¢6 nhém khong tudn thid nén phan b D I3
khdng hoan toan ngiu nhién. Néi cich khac, ching ta c6 hién
tugng chon miu, va cic quan sit hai bén ngudng can thiép
khéng phai 13 nhém hudng loi va dbi chiéu hop l&.

14 /25



Uéc luong FRDD

FRDD la mdt tinh huéng lya chon m3u dua trén dic tinh khéng
quan sat dugc (selection on unobservables).

» Tinh trang tham gia cé thé tuong quan véi cac dic tinh
khéng quan sat dugc nén chiing ta gip phai vin dé bién néi
sinh trong mé hinh (2). Udc luong Brrpp bing OLS c6 thé bi
thién l&ch va khéng nhit quén.

» Néu c6 dit lidu ky trudc va sau khi thuc hién can thiép thi cé
thé dung thiét k& DiD dé loai bd yéu t6 khéng quan st dugc
khéng thay déi theo thsi gian.

» N&u chi c6 dit liéu chéo thi gidi phap xi Iy 13 st dung phuong
ph4p bién cong cu va 2SLS véi didu kién loai trir dé thiét 13p
quan hé nhan giita D véi Y.

15/25



Tim bién c6ng cu cho tinh trang tham gia D

> Theo thiét k& khuyén khich thi s& c6 mdi tuong quan giita
viéc ¢4 nhan dugc khuyén khich (Z =1) va c6 tham gia trén
thuc té (D =1).

> Ky vong Z tuong quan véi D nén chiing ta c6 thé dung Z
lam bién céng cu cho D.

» Z do chinh sich can thiép dit ra nén Z khdng tuong quan véi
bién phu thudc (thu nhép, chi tiéu c4 nhan...)

— Thiét k& FRDD diing khuyén khich Z d& lam bién céng cu cho
tinh trang tham gia D.
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Uéc Iu’Qng BFRDD b?“ang 2S|_S/|V

» Budc 1: Uéc lugng tinh trang tham gia D bing bién cong cu
Z.
D=ag+a1Z+axX +a3Z* X +u (3)

sau dé uéc luong D.

» Budc 2: Udc lugng ham téc déng gibng nhu véi phuong phap
SRDD:
Y = Bo+ BrropD + foX + BsD x X + € (4)

Ching ta ciing c6 thé sit dung ham da thifc hay cic cAu triic
ham khac phic tap hon.
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Ban chit clia FRDD I3 hdi quy bién cong cu:

> S dung tinh trang phan b8 vao nhém hudng Igi hay nhém déi
chiing lam bién cbéng cu cho xac suat tham gia trén thuc té.

» Uéc luong Brrpp 1a tac dong can thiép trung binh ndi tai dbi
v6i nhém tuén thia (LATE).
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Céc kiém dinh hau hdi quy

v

vvyyy

Tuong tu nhu dbi véi phuong phap bién céng cu théng

thudng: kiém dinh bién cdng cu yéu, rang budc chit, ndi sinh.

Lua chon cAu tric ham.

Bandwidth.

Diéu kién can bing.

Diéu kién giadn doan tai ngudng can thiép.
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T RCT dén FRDD

RCT véi thiét k& encouragement design uéc luong ITT (ITE) bing
cach so sanh (A+B) véi (C+D) dua trén co ché phan b8 khuyén
khich, bAt ké cic quan sat c¢6 thuc su st dung khuyén khich trén
thuc té hay khong.

Offered (Treatment) Not Offered (Control)
A C
non-compliers would-be non-compliers
B D
compliers (recipients) would-be compliers
eligible + want treatment
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Tu RCT dén FRDD
FRDD uéc lugng LATE bang cich so sdnh B véi D (nhém tuan
tha).

Offered (Treatment) Not Offered (Control)
A C
non-compliers would-be non-compliers
B D
compliers (recipients) would-be compliers
eligible + want treatment

_E[Y|Z=1]-E[Y|Z=0]
PFROD ~ E(pIZ = 1]~ E[D|Z = 0] ®)
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Berpp €6 thé dugc hiéu nhu sau

1. BrrpD S€ giéng nhu ITE néu nhu cé tinh trang tuan tha
100% (khi d6 xac sudt tham gia nhay tir 0 dén 1 tai ngudng
can thiép).

ITE=E[Y|Z=1] - E[Y|Z=0]

2. Tuy nhién, do cé tinh trang khong tuin tha, ching ta phai
diéu chinh ITE bing gidn doan xac suit tham gia tai ngudng
can thiép (Z chuyén tur 0 sang 1).

AP = E[D|Z =1] - E[D|Z = 0]

3. Viéc diéu chinh & budc 2 s& cho phép tich loc tic déng tir

nhém tuén thi (B + D) khdi téng thé m3u (A + B + C + D).



Uéc Iu’Qng BFRDD b%’mg 25LS/|V

Khi uéc luong Berpp bing hdi quy 2SLS véi bién cong cu, tuong
duong chiing ta udc lugng hai md hinh rit gon sau:

Y:7T0—|-7['12+7T2)?—|-7['3Z*)?+€ (6)

D:70+712+72)~<+73Z*)~<~|—u (7)

V6i Z 13 bién can thiép, c6 nhan dugc khuyén khich hay khéng. D
13 bién tham gia trén thuc té.

(Luu y su khéc biét giita SRDD va FRDD. Vi SRDD thi Z = D vi
6 tinh trang tudn thd hoan toan.)
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Uéc Iu’Qng BFRDD b%’mg 25LS/|V

va sau dé thi uéc luong Brrpp tir tham sb clia hai phuong trinh
rat gon:
1
BFrRDD = —~ (8)
M
Coéng thic (8) dién gidi Berpp 13 ty sb clia tic déng can thiép ITE
I&n thay d6i x4c sult tham gia tai ngudng can thiép.
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Két luan

» Ca SRDD va FRDD déu mang tinh chAt dia phuong (local
estimators).

» SRDD chi cé hiéu luc néi tai xung quanh vung gia tri ¢ cua
bién can thiép X.

» FRDD c6 hiéu luc ndi tai xung quanh viing gié tri ¢ cGa bién
can thiép X, va chi dp dung doi véi nhém tuén tha.

o Né&u ty I8 nhém tuln thi tai ngudng can thiép thip — Bién
can thiép it tic déng dén xac sult tham gia < Bién cong cu
yéu va cac vin dé lién quan dén weak instruments.

o N&u ty 18 nhém tudn thii cao — Bién can thiép anh hudng I6n
dén xéc sult tham gia < Bién céng cu hop 8.

o N&u tuan thi hoan toan tai ngudng can thiép — Udc luong
FRDD tiém can udc luong SRDD va khdng can sir dung
2SLS/IV.
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