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

Dé Ia truong hgp xdy ra tinh trang khong tuin tha
(non-compliance) tai ngudng can thiép.
> Vi thiét k& Sharp RDD, xé4c sut tham gia chuong trinh nhay
tir 0 dén 1 tai hai bén clia ngudng can thiép c (tuan tha 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 dc:“Ji tugng déng I& khdng tham gia thi lai tham gia.
o Cé nhiing doi tuong dang I& tham gia thi lai khéng tham gia.
o Mién 13 chiing ta c6 su gian doan vévxéc sult tha/m 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

X&c sut tham gia gin doan tai ngudng can thiép, nhung trong
thiét ké Fuzzy RDD do c6 tinh trang khéng tuan thi hai bén
ngudng can thiép nén budc gidn doan khac so véi thiét k& Sharp
RDD.
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Vi du vé thiét k&8 FRDD

Chuong trinh d3o tao nghé& mi&n phi cho hé gia dinh ngh&o ¢4 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 cdc hd dat didu kién ngheo
tham gia, tuy nhién s& khéng ddm bdo tudn thi hoan toan.
Khéng thé bit budc hé da didu kién ph3i tham gia; va ho ¢
thé khéng tham gia vi nhiéu ly do, ching han nhu chuong
trinh d3o tao nghé khdng phii hop véi sé thich 1am viéc.
> Xic xult tham gia chuong trinh d3o tao sé bi ngit quing &
ngudng 5 triéu/thdng. H6 thu nhép trén 5 triéu/thing sé
khéng nhan dugc khuyén khich tham gia, mac du ho van cé
thé tham gia néu mubn.
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> Ky vong s& cé su ngit doan (jump/discontinuity) & ngudng
thu nhap 5 triéu.

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

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

» FRDD rAt gibng thit 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.

Treatment Discontinuity: _
E[D{1) - D(0)}X =c] >

Pr(D=11X)

X< X>c
(ncouraged to control) (encouraged to treatment)
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Do su ton tai cia nhém khéng tudn tha xung quanh ngudng can
thiép, chiing ta phai dinh nghia tic dong can thiép gidong nhu khi
thuc hién RCT véi thiét ké encouragement design.
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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 tuan thd, bao gdm nhém ludn tham gia (always
takers) va nhém ludén khéng tham gia (never takers).
o Always takers: Ludn tham gia, du c6 nhan dugc khuyén khich
hay khong. )
o Never takers: Ludn khong tham gia, du ¢é nhan dugc khuyén
khich hay khong.
» Nhém tudn thi (Compliers):
o Tham gia néu nhé/n duoc khuyén khich. )
o Khéng tham gia néu khdong nhin dugc khuyén khich.
— Tac dong véi nhém nay sé phan anh tac ddng can thiép cla
chinh sach.
> Ngoai ra theo Iy thuyét con c6 mét nhém 13 nhém thach thiic
(defiers), bao gdm nhiing ngudi lubn di nguoc lai khuyén nghi.
Tuy nhién ching ta bd qua nhém nay trong dai da sb céc
nghién cdu.
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Chiing ta dinh nghia tadc dong can thiép trung binh ndi tai tai
ngudng can thiép doi véi nhém tuin thd nhu sau:

Brrop = E[Yi(1)|X; = ¢, complier] — E[Yi(0)|Xi = ¢, complier]
outcome discontinuity
treatment discontinuity

lime_,+E[Y|X = c] — lim_, .~ E[Y|X = (]
limy_ .+ P[D =1|X = c] — lim,_,.- P[D = 1|1X = ¢]

v6i P[D = 1|X = c] |2 xac subt tham gia trén thuc t&, danh gia tai
hai phia cta ngudng can thiép.

Céch tiép can clia FRDD rit gibng v6i RCT theo thiét ké& khuyén
khich dé uéc lugng intention-to-treat effect (ITE) va treatment
effect on the treated (TET).
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RCT véi encouragement design

Nevertakers

Alwaystakers

Compliers

Nevertakers

Alwaystakers

Compliers
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Mé ta uéc luong Srrop
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Mé ta uéc luong Srrop
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Uéc luong Brrop

Gid st bién Z dai dién cho viéc c6 nhan dugc khuyén khich hay
khong:

> Z=1nbuX>c

» Z7=0nbuX<c
khi d6,

limy_,e+ E[Y|X = ] — limy_,~ E[Y|X = ]
limy_,e+ P[D = 1|X = c] — limy_,.- P[D = 1|1X = ]
_E[Y|Z=1]-E[Y|Z=0]
"~ E[D|Z =1] - E[D|Z = 0]

BFrRDD =
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Uéc luong Brrop

Trong thiét ké Sharp RDD véi gid dinh dudng hdi quy tuyén tinh
c6 d6 dbc khac nhau hai bén ngudng cit, ching ta d3 udc luong
hdi quy sau bing OLS:

E[Y|X,D] = Bo + BsropD + BX + p3D + X (1)

V6i D 13 tinh trang tham gia, vd X = X —c. D=1 néu X > 0
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D&i véi FRDD, gia st phuong trinh hdi quy |

E[Y|X,D] = Bo + BrrooD + B2X + 3D + X (2)

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

» V6i SRDD: Tinh trang tudn thd 13 hoan toan (D =1 khi
X > ¢) nén ngudng can thiép 1a mét thd nghiém tu nhién, va
khong cé hién tugng tu lua chon vao nhém hudng Igi (no self
selection into treatment), va gid dinh Yy, Y1 L D|X théa.

— Chiing ta c6 tinh hubng mé phdng gan gibng véi RCT
nhat, va c6 thé dung regression adjustments dé udc lugng
Bsrpp va udc lugng s&€ mang ham y nhan qua.

» Véi FRDD: Do ¢6 nhém khdéng tudn thl nén lya chon tham
gia chinh sach D 13 khdng hoan toan ngiu nhién. Néi cach
khac, ching ta cé hién tugng chon m3u, va cic quan sat hai
bén ngudng can thiép khdng phai 13 nhém hudng lgi va dbi
chiing hgp €.
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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 ndi
sinh trong md hinh (2). Udc luong Brrpp bing OLS cé thé bi
thién 1&ch va khong nhit quéan.

» Néu ¢ dit liéu ky trudc va sau khi thuc hién can thiép thi cé
thé diing thiét k& DiD dé loai bd yéu té khéng quan sat dugc
khéng thay déi theo thdi gian.

» Né&u chi c6 dit liéu chéo thi gidi phap xi& Iy 13 st dung phuong
phap bién cdng cu va 2SLS véi diéu kién loai triv dé thiét lap
quan hé nhan giita D véi Y.
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Tim bién c6ng cu cho tinh trang tham gia D

» Theo thiét k& khuyén khich thi s& c6 mbi tuong quan giira
viéc ¢6 nhan dugc khuyén khich (Z =1) va c6 tham gia trén
thuc t& (D = 1) = Ky vong Z tuong quan véi D va thda diéu
kién bién cong cu phii hop (relevance condition).

» Phan b8 Z vio nhém hudng loi va dbi chimg 13 nglu nhién,
do d6 Z khdng tuong quan véi bién phu thudc (thu nhap, chi
tiéu ca nhan...) = Z thda diéu kién loai trir (exclusion
restriction).

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

» Buéc 1: Udc luong tinh trang tham gia D bing bién céng cu
Z.
D=ay+a1Z+aX+a3Z*xX+u (3)

sau dé uéc luong D.

» Budc 2: Udc luong ham hdi quy giéng nhu véi phuong phap
SRDD:
Y = Bo + BrropD + B2 X + BsD x X + ¢ (4)

Ching ta ciing c6 thé sit dung ham da thiic hay cic cAu tric
ham khac phtc tap hon.
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Ban chit cda FRDD I3 hdi quy bién céng cu:

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

» Udc luong Brrpp dudc goi la tic déng can thiép trung binh
ndi tai dbi v6i nhém tuan tha (Local Average Treatment
Effect - LATE) hodc tidc dong can thiép trung binh véi nhém
tudn thi (Complier Average Causal Effect - CACE).

LATE/CACE tuong dong véi uéc lugng ITT tir thiét k& RCT véi
encouragement design.
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Céc kiém dinh hau hdi quy

> Tuong tu r]hu dbi vc’si, phuong pha’lp bién cbng cu théng
thudng: kiém dinh bién céng cu yéu, rang bubc chat, ndi sinh.
Lua chon cAu trdc ham.

Bandwidth.

Diéu kién can bing.

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

RCT véi thiét k& encouragement design uéc luong ITE bing cich
so sénh (A+B) véi (C+D) dua trén co ché phan b8 khuyén khich,
bt k& cic quan sat cé thuc su st dung khuyén khich trén thuc té
hay khdng.

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

TET duoc udc luong bing cach didu chinh ITE cho su khac biét
vé xac subt tham gia giita hai nhém.
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T RCT dén FRDD

FRDD uéc lugng LATE bang céch 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[v|Z=1]-E[Y|Z=0]
Brrop & E[D|Z = 1] — E[D|Z = 0] (5)
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Berpp €6 thé dugc hiéu nhu sau

1. BrrpD S€ giéng nhu ITE néu nhu cé tinh trang tudn 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 gin doan xac suit tham gia tai ngudng
can thiép (Z chuyén tur 0 sang 1).

AP =E[D|Z =1]—- E[D|Z = (]
va

e ITE

FRDD = A5

3. Viéc diéu chinh & budc 2 s& cho phép tich loc tic dong tir
nhém tuan tha (B + D) khdi téng thé miu (A + B + C + D).
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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)

V8i Z 13 tinh trang phan bd khuyén khich. D 13 bién tham gia
chinh sach trén thuc té.

(Luu y su khéc biét giita SRDD va FRDD: Viéi 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:

~

s
BrrRoD = — (8)
71

Cong thic (8) dién gidi Srrpp 13 ty sb chia tac déng can thiép ITE
I&n thay doi xac suat tham gia tai ngudng can thiép.
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Két luan

» C3 SRDD va FRDD déu mang tinh chit dia phuong (local
estimators).

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

» FRDD c6 hiéu luc ndi tai xung quanh vung gid tri ¢ cla bién
can thiép X, va chi 4p dung dbi v6i nhém tuén th.

o N&u ty 18 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 tuan thi 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 lugng
FRDD tiém cén uéc lugng SRDD va khong cAn st dung
2SLS/IV.
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Nang cao: Hdi quy ndi tai (local regression smoothing) va
bandwidth

> Phuong phap phi tham sb d& x4p xi mét ham sb bt ky, vi du
trién khai chudi Taylor clia ham s6 f(x) tai gié tri a:

f'(a)

T(X —a)+ @(X —a)l+..

f(x)~f(a)+ ol

» Néu x nhan khoang gi tri I6n thi sit dung mét ham s da
thirc s& din dén xap xi thiéu chinh x4c. Do d6, ham xap xi
dugc mé rdng cho toan bd khodng gia tri cia x bing cach
dung splines. Ban chit cla splines 13 chia khodng gis tri cla
x thanh céc khodng dit liéu nhd (bandwidth) va udc lugng cac
ham da thic riéng biét trong mdi bandwidth.
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Local regression smoothing and bandwidth

> Vi du dbi véi ham x3p xi bac 3 (cubic spline), néu ching ta
chia khodng phan phdi cta dit liéu ra lam / phan:

y = Bo + Bixi + Box? + Bax}
+ Bal(xi > k1) (xi — k1)® + oo+ B3l (xi < ki)(xi — ki)® + ¢

trong d6 ham chi sb 1(x; > k1) nhan gid tri 1 néu x; n3m
trong cic khodng gid tri k1 — ko.

» Cau hai: chia khodng gia tri thanh cic bandwidth hay ciu
trdc ham quan trong khi xap xi mét ham s6?
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V6i ham hbi quy kernel,

trong d6 h |3 bandwidth, K(.) 13 ham kernel. M&t s6 dang ham
kernel thudng sir dung:

Uniform: 3 - 1(|u| < 1)
Epanechnikov: 2 - 1([u| < 1)(1 — u?)
2

Lu

a 1 —
aussian: ——e 2
Gaussian Nords
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Tac déng clia bandwidth 1én ham uéc lugng

100

Acceleration
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[=3
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linear, bw=1 — == cubid, bw=10
— cUbic, bw=30 .o data points

Bias - variance tradeoff: Udc luong qué khdp (overfitting) c6 thé
han ché dé chéch ctia md hinh nhung d3n dén ting phuong sai clia

tham so.
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Vi du hién tugng uéc lugng qué khép (overfitting)

» Sir dung lai b6 dit liéu VHLSS 2010 va uéc lugng ham ty sult
thu nhap cda di hoc.

» Tao ra cic bién dummies dai dién cho ting tinh, huyén, x3, va
s0 hé gia dinh.

> Udc lusng md hinh véi 1an luct cac bién dummies k& trén. So
sanh su thay déi cia R?.

» Nhan xét khd ning du bdo clia md hinh cho nhém hd khéng
nam trong mAu dir liéu?
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Mot sb phuong phap lua chon bandwidth

» Imbens and Kalyanaraman (2012) chon h bing cach tbi thidu
héa MSE

s , Var(7
huse = Cx}s/Eo TP Chse = C(K) - ﬁ
1/5

256%(c)

f(() . ((rirf'(('} - u‘t(_!)((‘])2 + (fy + r‘_))

f'ulll =Ck - . _,\;—lf‘.':_

va Ck = 3.4375 véi ham triangle kernel.

» Tinh bing cross validation:
hey = arg minCVs (h),  CVs(h) = Z; 1(X_ g < Xi < Xy (5) (Vi — (X3 h)?
HAu hét cic phan mém déu cé cic module tinh optimal
bandwidth.
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Phuong phap kiém chiing chéo (cross-validation)

» Ap dung d€ du bso cho quan sit ngodi mAu (out-of-sample
prediction). M& hinh uéc lugng qué khép (overfitting) véi dir
liéu udc lugng (training dataset) sé c6 sai sb6 du bo 16n véi
quan sit ngoai miu (test set/out-of-sample data).

» Do dé, néu muc dich cia md hinh 13 t6i da kha ning du bdo
thi can lua chon mé hinh t6i uu sao cho sai s6 du bdo MSE |a
nhé nhat.

MSE = E[(y - 9)’]
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Thu3t gidi cla phuong phép kiém chiing chéo

» Chia bo dif liéu ngiu nhién thanh hai Phﬁm 13 b dir liéu uéc
lugng (training data) va bd dif liéu kiém chiing (validation
data)

» Uéc lugng md hinh dbi véi bbd dit lidu udc lugng.

» S dung rpé hinh cha di liéu uéc lugng dé wéc tinh MSE cho
dir liéu kiém ching.

» Lua chon mé hinh sao cho MSE 13 tbi thiéu.
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Cac hinh thiic kiém chimg chéo

» Leave-one-out Cross Validation (LOOCV)

o Lan lugt chia bd dit li€u n quan sat thanh training data véi
(n— 1) quan sat va test data véi 1 quan sét.

o Uéc lugng gid tri du bo ;) dbi véi 1an lugt cac quan sat b
tach 1am nhém kiém chiing.

o Uéc tinh LOOCV nhu sau:

1o 1 .
CVin) = > MSECiy = = > (i = 9P
i=1 i
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» k-fold Cross Validation
o Chia bd dit liéu thanh K nhém véi sb quan sat bing nhau. Liy
nhém 1 dugc st dung lam test data, K — 1 nhém s dung lam
training data.
o Uéc lugng mé hinh véi training data, uéc tinh MSE cho nhém
1

o Laplai K 1An cho nhém 2,3,...
o Uéc tinh

K
1
Vi) = ¢ 2_ MSE)
j=1

» LOOCV la trusng hgp khi K = n. Thong thusng K =5 hodc
K =10.
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V-fold cross validation

Training and Validation Sets

N
~ A
Training set Validation set
Train = compute estimator(s)

Validate = assess performance
of estimator(s)

Do
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Thuyc hanh

» Uéc lugng FRDD bang 2SLS/IV.
» Uéc lugng SRDD va FRDD bang local regression.
» Sir dung package rdrobust (findit rdrobust).
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