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Thiét 18p quan hé nhan qua bing matching

» Matching 13 mét thiét k& nghién citu dya trén gia dinh quan
sat dudc dic tinh gidi thich cho vin dé lua chon miu
(selection on observables).

» Matching khac véi hdi quy 13 khéng duya trén tham sb
(nonparametric methods).

» C6 rit nhiéu phuong phap matching, tuy nhién cbt I5i cha tt
ca cac phuong phap 13 dam bao diéu kién can bang giita hai
nhém hudng Igi va doi ching.
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Céc buéc thuc hién danh gid tic dong can thiép bing
matching

1. Thiét 1ap mdc dd gibng nhau giita cic quan sat dua trén cac
dac tinh quan sit dugc nhung cé tinh trang can thiép khac
nhau, tir dé c6 thé ghép dugc véi nhau.

2. Thuc hién cc phuong phap ghép dua trén mdc dé gibng
nhau & budéc 1.

3. Danh gla chit luong ghép cap, I3p lai buéc 1-2 cho dén khi
dat chit luong ghép mong mubn.

4. Phan tich két qud va udc lugng tac déng can thiép.
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Uéc lugng mitc d6 gibng nhau (measure of closeness) dé
thiét\lafp nhém dbi ching \ X
Can xay dung khai niém khodng cich/mic dé cin ké/tuong dong
giita hai quan sat b4t ky. S dung ky hiéu D;; d&€ m6 t3 khéi niém
khodng cich/mic dé tuong ddng giita hai quan sat i va j. Vi du
mét sb cach xay dung chi sb khodng céch:
1. Gibng nhau tuyét déi (exact matching):

0 if Xi=X;
Dj = ,
oo if Xi#X;

véi X; va X; la cac thudc tinh quan sat dugc.
2. Gibng nhau dua trén xac suit tham gia (propensity score
matching):

Dy = [P(T; = 11X;) — P(T; = 11Xj)]|
v6i P(.) 13 xac sult tham gia, udc lugng tir ham hdi quy xac

sult clia cic dic tinh quan sat dugc X.
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3. Diing ham khoang cach téng quét (generalized distance) dé so
sénh su khéc biét giita cac quan sat (Mahalanobis distance!):

Dj = /(X — X;YE-1(X - X))

v6i X 13 cac thudc tinh quan sat dudc, ¥~ ! 13 nghich d3o cla
ma trdn phuong sai/hiép phuong sai cia X (inverse
variance-covariance matrix).

Tuong tu nhu khoang cich Euclidean do chiéu dai dua trén hinh hoc mit

phing.
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Vi du v6i matching chi véi mét bién quan sat

unit | Potential Outcome (D=1) | Potential Outcome (D=0)
[ Yii Yoi D; | X
1 6 ? 1 3
2 1 ? 1 1
3 0 ? 1|10
4 0 0 2
5 9 0 3
6 1 0| -2
7 1 0| -4

1
ATT = 2= > (Vi = Vi) =7
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unit | Potential Outcome (D=1) | Potential Outcome (D=0)
i Yii Yoi D; | X;
1 6 9 113
2 1 0 1 1
3 0 9 1] 10
4 0 0 2
5 9 0| 3
6 1 0 |-2
7 1 0| -4

ATT:;{(6—9)+(1_0)+(0—9)} — 37
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Matching khi cé nhiéu dic tinh quan sat duoc (dit liéu da

chiéu)

Lai nguyén vé& dit liéu da chiéu (Curse of dimensionality): D8 khé
clia viéc ghép duagc dit lieu ting theo cip s6 mii mdi khi thém mét
chiéu khong gian dir liéu.

> Exact matching d& tim déi ching 13 t&i uu, tuy nhién khi s&
dac tinh (chiéu cla di liéu) tang |én thi khé tim quan sat
tuong dong, din dén mit dit liéu.

» Xay dung ham khodng cach (distance metric) dé x4c dinh tinh
chat giong nhau giita cdc nhém tham gia va do6i ching dua
trén cdc dic diém quan sat dugc.

> Ghép bing propensity score matching c6 wu diém 13 chi dung
mot chi s6 dugc xay dung tir cic dic tinh quan sit dugc.
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Ham khodng cdch Mahalanobis

> Gid st X = (X1, Xa, ..., Xk) 13 vector cdc dic tinh quan sat
dugc. Ham khodng céch giita hai quan sat i va j theo phuong
phdp Mahalanobis dugc tinh nhu sau:

Du(Xi. X) = /(X — X)TEZ (X — X))

trong dé X x la ma tran phuong sai va hiép phuong sai cia X.
» Khodng cich cang nhé thi quan sat X; va X; cang gan nhau,
hay i va j c6 thé ghép cdp dugc véi nhau. Dy, = 0 thi ching
ta c6 cdp ghép hoan hado.
» Khéi niém ham khoang cach tuong tu nhu cich do chiéu dai
(Euclidean distance), tuy nhién dp dung trong khéng gian da
chiéu.
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Vi du tinh khodng cdch Mahalanobis

unit X1 Xo
Treated 0 0
Control A 5 5
Control B 4 0
v3i
1 .9
XX = [.9 1}

Quan sit A hay B lam dbi chitng tt hon?
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Du(Xi, X)) = /(X = X)) T (X — X))

-1
Dm(Xi, Xa) = \/(—5 —5) [g 19] (=5 =57
va
-1
Dm(X;, Xg) = \/(—4 0) {19 19] (-40)7
Cho biét:

1 9] [52 -47
9 1| ~ |-47 52

T dé tinh dugc DM(X;,XA) =7 va DM(X,',XB) =7
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Phuong phép so sanh bing diém xu hudng (propensity
score matching-PSM)

Thamgia

Khéng tham gia

Truée

» Ban chit cia PSM 3 tim nhém hudng Igi (treatment group) v

chig (control group) cé tuong déng véi nhau trong tdng thé
liéu bing mb hinh théng ké.

3 nhém dbi

m3u dir

» Ching ta x3y dung mét chi sb goi 13 diém xu hudng - propensity score.
Diém xu hudng la xac suat quan sit dugc mét hd cé tham gia chinh sich
hay khong.

> Cic ho gia dinh ¢ cling diém xu hudng gin nhau dugc ghép cip va 1am
doi ching cho nhau.
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Diéu kién doc 1ap véi dit lidu thir nghiém ngiu nhién va dif

lieu quan sat dugc

» D&i véi thir nghiém ngiu nhién ddm b3o viéc phan bd vio
nhém tham gia hay doi chiing hoan toan déc lap véi két qua
chuong trinh:

YA Y2 LD

» D&i véi dit liéu quan sat duoc, va gia dinh viéc lua chon mAu
dua trén cic dic tinh quan sat dugc (selection on
observables):

YA Y? L DX
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» C6 thé chuyén déi didu kién trén thanh lua chon m3u dua trén
propensity score:

s/ilv ’/io 1 Dl‘p(X)
véi p(X) = P(D = 1|X).
» Diéu kién nay dugc goi la diéu kién “unconfoundedness", cé
nghia la néu thay vi dung céc dic tinh quan sat dugc X; dé

lya chon nhém déi chitng va hudng I6i, ching ta c6 thé sir
dung diém xu hudng.
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Cac budc thuc hién propensity score matching

> Udc lugng md hinh xac xuit P(D; = 1|X) = f(X;) bing hbi
quy logit hay probit. Luu y phi lva chon cac bién gidi thich
va cau tric ham phu hgp.

» Udc luong xac sult tham gia chuong trinh déi véi mdi quan
sat / tai cac gid tri X;, goi la diém xu hudng (propensity
score).

» Ghép cac nhém hudng loi va dbi ching dua trén gia tri
p(D; = 1|X) tuong déng. Cé nhiéu phuong phap ghép cip
khac nhau.

o 1-1, 1-M, NN, caliper, kernel, entropy, genetic

> Kiém tra cic diéu kién can bing. N&u khéng ddm bio thuc
hién lai tir dau. L3p lai cho dén khi diéu kién cin bang dugc
dam bao.

» USc tinh ATT tir cic nhém déi tuong dugc c6 thé ghép cip.
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Ving hd trg chung - Common support

Vung hd trg chung (con goi I3 diéu kién trung 13p - overlapping
condition) 13 viing cé udc lugng diém xu hudng (hodc xac sult

tham gia) cta cd nhém tham gia va nhém kiém soat. Hai nhém
phai c6 mét sb lugng quan sat ¢é cling diém xu hudng thi méi

ghép cdp dugc véi nhau.

0< P(T,' = 1‘X,') <1

Ving hd trg chung tbt Ving hd trg chung kém

Density of scores Density of scores

for nonparticipants for participants
Density of scores Density of scores
for nonparticipants for participants

Density

Density

Propensity score
1

pensity score

0 Region of common support Region of common support 1

16 /30



Diéu kién c6 viing hd tro chung

> Didu kién nay dam bio c6 thé tim dugc cic quan sit dbi
ching dbi véi mét sb dbi tuong tham gia. Néu cic quan sat
6 diém xu hudng khic biét nhau qua thi khéng thé so sdnh
dugc vdi nhau.

» C6 cang nhiéu dbi tuong tham gia va kiém sodt trong viing hd
trg chung cang tot.

» Quan sat khéng ndm trong viing hd trg chung sé bi loai do
khong tim dugc nhém doi ching.
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Tinh téc dong can thiép trung binh 1&n ddi tuong tham gia

trong m6 hinh PSM

N&u cac diéu kién trén dugc théa min, thi tac déng can thiép
trung binh d&i véi nhitng ngudi tham gia (ATT hay ATOT) dugc
tinh nhu sau:

AT Tpsy = ,\}T[Z YT = w(i )Y
ieT jec
> AT Tpsy la khac bié’E trung binh (c6 quyf%n s8) giita nhém
tham gia va nhém doi chiing c6 cung diém xu hudng.
> w(i,j) 1a quyén sb, tliy thubc vao phuong phap ghép cip.
» Do tn tai vin dé lua chon m3u nén ATE =% ATT trong
phuong phap PSM.
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Cac hinh thic xac dinh nhém doi ching va quyén so
w(i, /) dua vao diém xu hudng
1. Phuong phép lua chon n lang giéng gan nhit (n nearest
neighbor matching): Véi mdi dbi tugng tham gia, lua chon n

quan sit khdng tham gia c6 chi s6 xu hudng gan nhit 1am
nhém doi ching.

2. Chon theo bén kinh (caliper or radius matching): Ghép quan
sat cé chi s6 xu hudng n3m trong khodng +r cho trudc.

3. Chon phén ting va so sénh trong tig khoang gia tri cho
trudc (stratification or interval matching).

4. Chon bang hoi quy ndi tai st dung phucng phap phi tham sb
(kernel and local linear matching).
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Vi du ghép cap 1-n

> Vi co ché matching 1-1:
1
ATT = 3= > (Yi= Yj)
D=1
trong d6 Yj; la bién két qua ctia quan sat ji(i) c6 cac dic
tinh quan sét dugc Xj(;) gan véi X; nhét.

> M3 rdng matching véi M quan sat gin nhét:

1 1 Y
ATT = ﬁl Z {YI_(ME ij(i))}

Di=1 m=1
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Céac phuong phap uéc lugng khac sir dung propensity score

1. St dung propensity score dé diéu chinh ham hdi quy
(regression adjustments with propensity score).

2. C6 thé diing propensity score d& 1am quyén s& dé& wéc luong
ATT.

3. K&t hop ca hai phuong phap trén.
4. Két hop propensity score with DiD.
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Hbi quy diéu chinh st dung propensity score

> Vi gid dinh “unconfoundedness", chiing ta cé thé uéc luong
téc dong can thiép b3ng ham hdi quy diéu chinh cho xac suit
can thiép:

Yi = Bo + f1Di + Bap(Di = 1|1X;) + ¢;
Vi ATT = B

> Né&u nghi ngd can thiép c6 tinh chit khéc biét (heterogeneous
effects), ching ta sé uéc lugng ham hoi quy sau:

Yi = Bo + B1Di + Bap(Di = 1|X;) + B3Di * p(D; = 1X;) + €;

va ATT = ,31 + /33 * p(D,’ = HX,')
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Dung propensity score lam quyén sb (Weighting by
propensity score)
» Tac dbng can thiép trung binh:
v, v _2xbyvi Y(1-D)Y
ATTnalve - YT YC = Z Di Z(l — DI)

Ding ATE.ive d& uéc luong ATT bi chéch do vin dé lua
chon mAu véi dif liéu phi thir nghiém.

» Duing propensity score dé diéu chinh plugged-in estimator:

- - )

Uéc lugng ATT,(x,) dugc goi la inverse propensity score
weighting (IPW).

» Ham y cla st dung propensity score lam quyén sb khi uéc
lugng ATT la gi?
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Chuan héa (normalize) uéc luong IPW bing céng thiic sau:

N N N N
)
1

D;Y; D; (1-Dy)Y; 1-D;
ATTox) = (2 P(Xi)/Z P(Xi))_(Z 1- P(Xi)/.Z 1- P(Xi))

i=1 i=1

i= i=

» Uéc luong bing IPW nhit quan nhung bi chéch véi ¢ mAu
nhé.

> Mic db chéch c6 thé khi nghiém trong khi quyén sé qua I16n
hodc qua nhd — Lién hé véi diéu kién overlapping/common
support?
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Két hop ca hai phuong phap hdi quy va diéu chinh quyén

sO v4i propensity score

Chiing ta s& udc luong ham hdi quy sau

Yi = Bo+ B1Di + BoXi +€;

va st dung quyén so

L _ Db 1-D
' p(Xi) 11— p(X;)

» Uéc luong bing phuong phap két hop vitng hon cac uéc
lugng khac khi cau tric ham uéc lugng tic dong hodc ham
uéc lugng propensity bi sai (“double robustness").
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Thuc hanh uéc lugng tac dong can thiép va so sdnh két
qua gilra cac phuong phap ghép cap

» Cai dat package psmatch2 (findit psmatch2).

» Thuc hanh véi dit liéu mé phdng va cac hinh thic uédc lugng
bang psmatch?.

> So sanh két qua giita ghép bing Mahalanobis distance véi
propensity score matching/weighting.

> Mbt giai phap khac 13 coarsened exact matching nhim khic
phuc tinh da chiéu cla dif liéu. CEM lam nham/thé b6 dit
lidu (coarsen) sau dé match trén dit liéu da lam tho. Cai dat
package cem (findit cem).
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Matching hay Hbi quy?

» Parametric or non-parametric?
o Hbi quy cin gia dinh manh vé& cAu trdc ham, trong khi
non-parametric matching chi cAn dadm bao diéu kién can bing
— minh bach hon va két qua it phu thudc vao ky thuat xay
dung md hinh.
o Tuy nhién, néu diing propensity score dé gidm chiéu cha di
lidu — s& g3p phai cac vin dé cta hdi quy khi udc luogng md
hinh propensity score.
» Phuong phép nao d& thuyét phuc hon?
o Matching chi st dung két qua dau ra dé so sanh — Cé thé
thiét k& cac nghién ctiu ddm bao két qua khéng bi chi phdi bdi
y mubn chii quan (p-hacking).
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Diéu kién tién quyét v6i matching

D3am bao cac dic tinh quan sat dugc can bing:

> Kim dinh T-test v& gia tri trung binh. Gi3 thuyét H, I3 gi4
tri trung binh tuong dong gilta cic nhém. Can st dung mic y
nghia « thap (hay chap nhén xac suat xay ra sai lam loai 1
thap).

» Kiém dinh tuong ddng (equivalence tests). Gia thuyét H, 13
cdc nhém khéc biét nhau. Dung dé xac dinh xac suat xady ra
sai 1am loai 2. D& gidm sai |1am loai 2 hay tang d6 manh thong
k& thi can ting ¢ miu.

> Kiém dinh phan phbi Kolmogorov-Smirnov:

o Xac dinh liéu hai nhém dit liéu quan sat dugc thu thap tur
cting mdt phan phoi.
o SO dung dé nhin dinh sy khac biét vé phan phai.
» Siu dung théng k& md ta, db thi phan phéi, QQ plot...
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Kiém dinh Kolmogorov-Smirnov

Tri kiém dinh 13 khodng cich cuc dai giita hai phan phéi thuc
nghiém (empirical CDF) cda hai nhém huédng Igi va kiém soat.

D = sup,|F1(x) — Fo(x)|

v6i Fo(x) va Fi(x) 13 hai phan phéi thuc nghiém clia Xo va Xi.

Cumulative Probability
o o o
2 & @

o
X!
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Kiém dinh Kolmogorov-Smirnov

> Gia thuyét H, 13 khong c6 su khac biét v& ham phan phbi
thuc clia Xp va Xj.

» D c6 phan phdi Kolmogorov, va gid tri cuc tri tai mdc y nghia
a dugc tinh nhu sau:

Dcritical = Ca (nl + no)/nlno

a | 1 05 .01
| 122 136 163

» Khi D I6n thi két ludn hai m3u I3y tir hai phan phdi khic nhau.

» Stata implementation: “findit escftest"
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