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TG 5R"RATHERREMFHZE, M LH M E R ILM KR T AR A5 28 F= I 5 4]
BERF SEHNTEZNEFELHERIEN MIFREIRS), EREABEEFARIETARLTETEFLEHNLTZH
SRAMN G R BERFEFNTZENGSANAEARN A THREMAEFEFEZ . S EEATREH L E R
A XREEFLTENELNR ELRAFATREEFRTEANR AR BRI EBRENT SR AT
LR ARG EEREN, AL ARAHFRIEFTHERNARETRET THRERG T ERESR,
SIS KRR LT ERARAT L4 EAHFELAF N,

KRR HEE BRAEN WAMAR R GR
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T LA A SRR T 2 o AR PR AP ) RE IR PR ) AR o DR RAE IR A S SRR S B9 AZ O H AR, B
A5 AL DU 548 v R 1 A8 B 22 18] B PRER OG 2R , Ohy BR 52 et 2 SGRN i 2 A R A SR BUR R LR 3
o A AR (1935) 52 1 T8 S0l T BE AL AL 52 56 7 B A58 PR OC JR LIOK , BEHLAL 256 2 28 10 20 TA Y R 2R 4
Wi B bR o AFR Ak SRl 1 2 B R AT A AN I 5 HEAT BEALAL S50 . g ke [ e 8 P O 0 1 Al
(observational data) 347 K 4 WT AF 92 1) 7T 45 VAT SR A7 A6 /8 22 000 FLST B8 (IR DLJR CJE R L, 19705 FILER
1983 ; FUREFE, 1986) o &2 (1974 ) FF AN 14 i 12 3 2045 0 & BRAYIT5E % 11 (research design ) , fif B W8I 14 5 4
AR AT DA EAT AT A5 00 DR AE A 222 . DAL A A, 3 T3 T A0 58 Y5 3K (design—based approach ) 2% ¥ i 4y #1:
SRAITIEATFE B E T T (L By B0t e, 20105 85 /K 2%, 20225 PR BE, 2024 5 ik, 2025) o

SEUEMFFE A PR AE W E 7 vk b AR e B M Tz AR P TR 2 — ol S E A
P AR 1, I GE AT LA WLIN P BIF 5 o e AR 8 b 9 I 38t O 28 900 10, S v e £k 728 i g PRLSR AL
B SR, JAE A 1 28 AR SEUEATT ST rp 47 28 R R A A € (BRI LUK, ey R 2 3 e 5 42 ) 722 A
e = WA B ARME R REIE o SR e bR v b BRI PE S B0 T 2 1 28 U 2 RN A B A5 2 At SRl U SR
T 5 P48 o) 728 e 8 40 110 B AR UL Rt T 4 5%, JO KA b B S TS RS E A o A A 1 B BT
510 1T ML, R A 42 o 728 (VAR P4, 2022) , 2 08 17 35 U F 9 4959 TNy 7 B 42 ) A2 o A5 B4 I LA

W I 8] = 2025-3~4 5 [ 5t /M G LR [H] - 2025-7-9 5 115 T[] : 2025-8-26.

# AW T A B [ 5 A 2 B e o R I A T A B 1 R R AR SRR BORE R R AR AL F 5T (I H 2 S
24ZDA091) | [ AL 2B 2 S T R L T 5 3 ML R 1) 1Y RV A ) (AR AT 5 (3T H 45 : 24ZDA087) | IR 5K [ 98B} 27 ik
AT B N GEA SR 22 U s i b UG R LRI AR R (0T H 45 0 72373003 ) | [H 5 H AR BLE SR G5 AR BRI G 00 H B
KRR BE T T A2 AT 5 BEAS 55 B BTG BT SE " (T H 45 - 72403253 I B I o S B SCAE I (R BE e D B A . 8
i WA SCGH IR
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fif (A7 2 155, 2016 4 2 F545 , 20203 K1, 2022)®  ASHL A 42 T A2 B e P A AT S ™ i 85 1 SIEREAY
SR RIF B AR N E, BLAT T ARG R R AR FE 2D . 20 TH 40 80 4R AR LIOK , LA PR SR BT S A% 0 Y
CAEVESE A R Z e Sl 1 SRR A B HOR (LA B RR B 5E L 20105 TE 364 AREEE,2012) o ZEBAR
PRURARE R 7 ¥ AL A T L IS 8 TR ) A2 5 9 LA 1 4 1 B | R 55 7 DR 2R A DR 1 42 o 28 B 4
MDA 22 AR (8 52, 2008 5 PRUAS T, 20155 A N RI4E, 2022 AT R, 2024) o EILTF 50T, F0OBT o 4% 1l
PR R E SEUE A5 A A LB RN e 500, B8 45 D0 S ] A7 10 42 i 7 o S BB, X TR i 2R 0 o S R SR
FEos B2 U SEUEAT 5 A4 RGP A AT {5 1 B AT o Y P 5 SOR S B M f

SEUERIF T A B A B A R B i R 1 A T G 6 ) 8 0 AR, I R UL DN S Al AT ARG 0 5 T A b 5
,2000) o PRRAE T B H A S0 e 18 A LI E 544 AL TR A T R A b A e ] A PR OG &R DA 56
[ BRI A R, PRI, S0 Y PR SRR W 28 SR ST b SR A IR (LI 1) o 55—, AAEAS AR DG ot 3
BRI o BARRE, A o 52 300 78 o 6] A9 A G OC R AE SR 2 AR AAAE 7 X 2 GETHHEIRT (statisti-
cal inference ) 75 7 2 [0 240 A )il o 5% —, DASUPACAH S M dod 9 38 PR AR M . BT 75, A SRR SR rp AR
[E]AFAEAH DG OC Z , X MR OGO R BB RE A A A PR AR G &R 7 302 PR AR TR 1] (causal identification ) P57 75 %2 (1]
T

A SCAE BV A 45 SRAELE (AT (6852, 2015) F1 AR [ (FAZK L 2009) TS50 A 7 0 BRI T2 7E 3T
BT AT T R GE s o A 1 4 i) 22 0 A D RSO A8 R DRI 19 A4 SR AT 58 A0 A1 1) T A A 9 A
PLEE . ARSCHIAZ O AE T, AR 5 1Y “ 47 5 IR IR AR 2 0] B9, T2 N A= THRe 5 i PRER 254 o e RO 3R
T, G A2 i (good control ) Al A% Xof WL A4 K 415 1547 5 FL 73 2H AT 32 AL T 53 B BE L AL 52 56 (blocked random-
ized experiment ) , A SE PR BR 26 28 i 12 ) AZ O I BE o XTHE AR 5 (collider) | A28 5 (mediator ) 25 PR 48 il 4% &
(bad control ) W] 2388 3T L 43 B Biti AL Ak 552 50 (8 A 280, AN AL T v T B3 U0 M 5 B0 Dt A T [ A ) e P O 152, 30
S NHGIAFT BB R R, 12— 25O DU RO A A T DR o FAEGETHIE T 3R, NS0 o B8 70 A R R
AP v | UE I G- o] 22 A By 230 6 At PR 38 25 50 R e 1) 40, B v R SO T 2 R W 28T T A4 o)
AR W 2 A TR 22 BRARGE T IR. £5 BT IR X T Al T RSO X — SRR A% O H AR & i
o U4 1] 245 S RS2 BBy 42 i) A i R[] 45 i S b 7, AR5 A o A i R 35 O 728 ) R — A R ML IR o A
[

BT L aRHNE T AU SEUERAN AR SCHE— 2P T 9 RS T SEUERIF S o TR DL AR 0 4 SR
¥ o 4 AR e A R RN DL IS K S M AR R SK S . AR b AN SCHR R Hh SEIEAIE S rh 4 A e e
(95 AN FEA G, A0 A o BT DA S5 e 2t A8 it | g B2 E AR o) 20 o PR PR R R A E R
R 0T F 2 ) 2 ) Wi AU | G ol R R P A R T R RO AR SCHE— P A T SR Y
Pl A2 BT AR AE BE 7R A B SR S AR M R AR R 5 T AR A AR
O, REAE AT B WE T 4 A8 SEUERIT T v SE IR} 25 6 Bt e B Aol 4 ) 28 o mT DU T 0 e 42 ) 22 o i A
FHAE B, e 4R THOT ST BT A 7™ T 50 R A 385 B 1 AT 5 205 SR 1 T 5 I, S BB 2 R A &L
(i8-8

ARSI BR TTHR T AR BAE LR 3 T7 1 o 85— , AR SCAE By B R SR A W7 0 E 8, A0 LWL 4 A 5
1T BEALAL S BOAZ RS B (12,2008 ) , RS RS 1 LR LI A AIF 5 r o T AR 2 ot A2 ek DA S IS B

UL SIS - ATEET Ay P AR (2022) 55 2 pUREAeT I—-| REAHE }—-| ST }—-| SRR }—-| BB A
A SCHR N TR 4325 5 R AT, A e \ =

SO G P 4 o AR R TR L AU RE BL Ak 52 g %K*E'*ﬁ %F%”
BOFEST , RS MR T F s bl ot 4 FGHOBMTT R AR
S 405 K T L L LT
e Jry & b3 el TR AL AL S8 . X — P A B 1 RIEFRT AR RAHEEHER
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AT SE A SR T UL A S AR RE AR, BE A% T G A R A o A e e i 55 3 R UM BARAS R I
B ANZ WD FE B A AR SRS R B TS AR . 5 T R T B SCRRIN TR S B AR AR T vk
TR )R, AR SR A T 2R [l AR R 5k — i T B SIS MR T, AR 20 17 47 1 7 X 2 P [ A 280 e
it R BO™ A SR B IR A DR 4 T 78 A A 2 3 ol T R 5 | e e R 2 W il T 4 2R i 23 dd i S i
TR H TS AT AR AR S B A 22 4 5 22 W Y IR AR S MR A TH 5 2R . DXo0 3 g A B8 A [ 52 i %) 1 T
LR R R P A B PR B B . 5 = WA A YT R 22 T o 54 B2 S A 2 B U Y SR
WFFEIUIR , VI S A B R PR A0 B U 5 08 ) 2 i3 [ 28 5 o A8 B~ S 2 B 2 U SRR 5 PPl A
e JH 2 ) A B A R AT ™ A BAR AR SCS7 A TR T A 1 SEUERIE S A AR A A, o 52 ke b i £ 56 9 )
BRI ARG RN B AR 2 AT P A AR B AU R R R AR ) AR A B R R BV E A S AT
G ATV T3 A7 T A 52 4 A0 9 1 P o S B SR A8 1 SR L5 i BCRE RS AT By T B T SR AT 5 Y S
FIURT 5 B, B At 2 B2 SRR S S5 ™ AR I 225 (8, /0 p (4R A5 3d S A R TP T ML 1A 2450
e 3 [ 2 5 o A B S AL S B U S TR I A £ B A JE

ASCAT BRI B S5 AE 22 AN 55 80 40 B R4 ot A2 B ) PRI A 5 B8 — o o TR AR A SR 4 A B A
FHAILAR 5 575 DU 7 28 8 Hi i 1 42 1) A Sk A9 4% s o0 5 208 1308 20 S 4 SRR AT 7 v 0 4 i 728 i ) A D D) 1 52
B 5 55 /SR A A SO B R W Or 1]

—EHIT SRV IE IR E A

AR 7 [ JA R T (4 A 5 Y 2K (model—based approach ) F 2R 1 (71 I A5 50 55 42 sl A8 B 4, 235
T Mk R Ao T P T A A 20 2 T BT A R 2 e [l A 0 v i - 20 5 B A O =X, 20 42 ol A et 0 1
FHSUER, W 0 SR AIF 5 r 4 1 248 T 7 RO R BT 7 A2 O A0 R v R R A B AR T

(DETFTREMMFEXPIEHITE/ERRIE

1.FWLEEB ST EERARE

e ise 48 A8 i ¥, 1R 28 i 72 (data generating process , DGP) iy 2 M 45 4 A6 .

Y=a+bD+cX+e; (1)

SRS SRR Y B SRR AR 03 R 32 s — R AT ST SR A R S IR AR B D (PR O A BB ) 5 TR
WY B DAFAEAR R AZ 5 X (B cov(D:, X)#0) s =J25200 Y H'5 DIC R R BN AR ST G 7E 3 5 5
e Z (R cov(D:,£)=0) o 3% HLAY“ S0 ™ — T $8 38 A 2 B0 o) 19 PR R OC AR AR XU m] B GETHAHOCOG 2R o ZRPE S
R = rp 18 2 B0R Ry 25 4 288 (structural parameter ) 8k A SR S5 (causal parameter) L 28 A PR AR G o 45 R AR G
O RER GOV B B o AR AL TR A 4 A T B 22 552 T, DGP rh i S 8 M 4 5 i 1 728 ek ] 9 PR 2R
RO, AT DR RSB0 25 T Al T TS B S R

TESLIEWFFT AT 5T 35030 B 2 b B2 [ A (linear regression model ) K &4k A BiAR B D, fI 45 AR &2 Y,
BRI SCHE . AN, — o2 ARy .

Y=a+BD+u (2)
e S EUG TR &/ 36 1% (ordinary least squares, OLS) , H:H B A4 OLS 431 (OLS estimator) 4«
A cov(Yl, Dt)
= 3
Var(Dt) (3)

2B AR A R R P S b , U BR OLS Al it g — BOAl i AR PSS MIBE R AC A |38, 1T A5 3 OLS
T B FIBE S50 Z R E RN -

ols

cov(Y,D,) cov(atbD, +cX,+e.D,) cov(X,, D))
= = = b +¢ X (4)
Var(Dt) Var(Dl) Var(Di)
A
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R [ A e OLS Al T 1) 35 T 72 2 % (omiitted variables bias, OVB) A 20 (42 % HLIT Y | 7 e
T,2009) . %A FEW BT RS HCL I E— R IRI ex A, Hrf e g X6 YR PR RO, A J2: XX DA 1]
P OLS Al TT R4k, IiRIAE T 0 PIRMETE : — & XARF2M Vi(e=0) ; —J&2 X, 5 DA (A=0). OVB A
N T OLS Al 1t 7= A A 2 () N AEAIL R - AR A8t T 1 Vo5 D SR [R] R X, Al T R8s T SR AN A, b &
FEE A X BN AR R IR A e ME . 7R XA ST OLS Al 2 i 25 B2 1 R SR S50, N BE 4 it o A R SR80

A PEAR R E[wdDi]=0 BT B, B AN AE A 5 U 28 e i 15 o 46 DK 22 008 1 LI 4 5040 1) SR AF 5 TR AN
R AMEVER B . AR S5 SRS i VAR ST K A S (R 3R T 26 PR 38 22 () B AT A AR 5 1 A Gk R
JUF B A BN PE A 5 i 2s AE AR sl 22 5/ it I A8 £ o Ry 1 26 2Pk [l VA BE A8 v s i 3t s 728 St 0 T4 L AT LA
XA B IN A B 22 e A ] A AR v

K=al+ﬁ'D[+le;+ul; (5 )
00 1 LU 2 A PEARGR (conditional exogeneity assumption ) :
E[u'\D;, X]=E[u'1X]]=0 (6)

] IE L (5) R g it & ﬁ,@% KR SH00 19— BUfh3 . B FWL ZE #( Frisch-Waugh-Lovell Theorem )
A LA Ay WL S fifp 22 0 AP o] D ASE 5 ) 47 o A e A e] R FE T BRAG T DR O/ . FWL E BRI, B4 (5)
A 220 (] U AR o ) A 31 2R BB T LA SRy WAL A 2 506, 435008 V. R D, 45 A8 it X AR I, 5% 220
9 Vo D, e 4 5% 22 Yook Dt AT Il 0«

Y=a+BD+u (7)

FATRIE a0 (5) 20 22 oL [ AR FR 4K 015 (long regression ) , 1 41(7) 2 AG— o2k M nl IS AR AU FR Ay

% [\ 05 (short regression) o 48 [B] )5 D1 OLS i i+ 2% H -
. cov()?l.,ﬁ,)

(D) (8

FWL AE#E W T B 54 105 05 B v (A T R BB AR 5 o AR FWL S B, 76 [ U5 5 8 rho i A S i 25 dk T L
BAER— SRR 35t e 70 e S Y 5 1 o MR A TR AR AR g A L A R 1) 78 S AT LA Ay AT
iR 23 (RS D) RIS ] A B3R 43 (5% 22 ), DRI, YR D, o428 ol 728 48 XAt [ 1 J A5 B i 5% 22 VA0 D, 54 ol A
X T, BT SRR B YA D rp < SR 4 T 54 A8 B XIS 03843, R B R T 5 R Ky ik 22 VAl
Do BT R BB AR T YN D HISENE YR DS X TG, IR 23K R S AR T i F T X
Fr S EEIPIAHICOC R, HATRESER A T DA Y. Z I BT 2 & YRR G &R o

2 R G SE N E IR A — L 7Bk Ak

FI 20 T 20 20 FF AR i S P 43X T T RHIE AR, FL3 80 4R AR “ T fi M i (ZeA% HL IRy L B2 it o, 2010) 22
i, FE TR e — BRI RS T i F I su =, SR, X5 T it 2 0 5 i i 4 e i T BE
MBI (1939) — B R RIELE R4

B ARG Z X RO R I E Lo W= T 1923 EFEM I e Soh 2 b4 i T eSS R
MRS (N8, 1923) , MG 2R 52 (1944) HE— 205 AT BB AR ity AR SE 30T 2, (H X 865 H6 R 7E FL 4003
AT RPRR) T ZEW . AT B i AR b 5 S HOR & SCRIRZON , 3% M IS 7R AR
IR T RO A S AT B AR S AT A R X DA R R HE T 4 AR B 45 2B R A 2R
RN I SR R BRI TR A . YA FER AR ) BT, S50 22 000 & SCIRAS BOWIMERR . 140, 454
AR v B A A DR RSO A7 A S e, RIS S AR G R

Y=a+bD+cX+e; (9)

TEXFEIE T , A fa] i B A A A RY (4 OLS A 11 R AL B A — NIRRT R, 235 2, 76 55 o R 2R
BOSATEIE T Bl T BRI A TE R Wt JC i PR T B AR eI e . B2, B = WA 0 PR G & 0E X
77 Al BB ST E AN DA A5 R A7 A 1 — SRR IR IR
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HW 2 AR BB T M Ml X 3 A BRAS 5 42 ) A2 i BRI A 6, X R SAS SCIR A OC 1 — 1o RARBIERY
AT LA Sy b A B AR 5 R4 o A8 R AT DX, (E i e e ] T A A5 v Ao 785 R 42 o A2 8 Dy R A {000 ) e
T T, A AL D B S 0 A € DO o A e 7 A RSORS] P A A0/ 22 0 0 3 A e s ) 78 i i, SR T A
P ek AR 2 47 ) A2 B AR S O AR T AT 2R 5 2 00 S TR 2 75 20 HEEA T4 ) o R, i TR S M e
P AR B 23 T —MF I8 WURAFIR I X2 D A3t i 28 5, IR S i R AL RB S U8 D J2 X it i B & . /DA
THE B Y A 8 RIAR DG PE DG 2R B I R XS FRIV, A W] i 22 5%

AL, B3 R AT oK LR (1939) X it a2 5% 2 At ) . RN ) EF A T i R R IE
SE AR X L AR ME R AN TR T AP R 1 . LA 20 AR 80 AEAR , Bl TH i A TR U Iy T v fF
i () A AR TN AR A AR SR AR W D7 ¥ T h O SEIERT S B9 5 R A, TR B I AU
ST SHIERFA

(DETERITHARSER FRIZFIES/ERIRE

BRAR PR S 9 Wr 92 A ST 7 VR A 245 SR HE 2L (potential outcomes framework ) 3X — 5545 1 % PR SR 418 Wy T HL A9 BE A
BT SR IUARR SRAE T 5 12 1 S UE AT 5T A0 2R A R4 i I B X T PR SR AAON TR RN S RIF Y 4 R T A
B AZ CAE FH (R 2R 45, 2022) , BRI 98 TR g o 3 38 3 B9 AF 5% 35 3K (design—based approach ) . - (2008 )
i B TR A BT A O A L LI A 5 T B LA S A AR A S T Gk 1R O i
DA K A58 i) 72 e A O 1 PR 52 9t 1 40 A LA o 2 T RS SCE S T A A IS AR 4 RAE SR T i PR AL
W7 SCER SR , SR 5 DCBIFFE BT (440 1 8] 3R A 2 e Il AR e o 2 i) 42 6 ) A D 2

1 BEERIERTHRERYNE X 5R 7Bk

TEETEG AR AR 32 A S VB AE S R Yo (1), RS2 A PRI T AE S5 2R V. (0) o AbFRAZ 5 D,
XF 45 AR B VAN RN, 70 SRR TR S R 2 2%

r=Y,(1)-Y.(0) (10)
AR P, FF A B~ 357 A1 SR80 2 AR P i A I A A1 SR80 2 )~ 44
ATE=E|7.=E[Y.(1)-Y.(0)] (11)

LAY, T DLsE 32 b FRAER 8- 5 Ab PRV (average treatment effects of treated , ATT ) Fll oK 52 Ab FRAEIA
RO 25 b BRAKON] (average treatment effects of untreated , ATU) .

i PV AR 25 SRAE R SCRER BB AP35 LA R LR o B — RS SCAS [RS8 28 8 PR AN, B 5y S e A
FERIAG T B AR 5, UMK T AR A 25 B8 s BOB 2, X0 TT 1 S5 M58 2 500R PR SR 4500 22 ) 4 IX
Bl 5= f s 1 AR BT I A% O PR PRV E O AR TR S R Z 28, MR & e st h 22
FEAE LI 21 H v — ANV AE S 3R T L TR SR A8ORE K G2 T VA 5 3 LI 281 R ok TR SR B I AR JBt | i —
A EHfE 52K [ (missing data problem ) , T P8 SR 2 T A A2 00 AT 55 it 02 3 4R A 2 A 5 05 , A WL 21 ) K gl vk
VA3 IE BT R A R R BV R A5 RA A A (AT (6852, 2015) ¢

At 31 DR SR80 B LW A A T O T R LL A b PR A ) IR 4 E/‘Jifzﬁj?%%(Simple Difference in Means, SDM) ,
AR eSS RAE 2L R 1

SpM=E[Y,(1)|D,=1]- E[v(0)| D, = 1]+ {E[¥,(0)| D, = 1] - E[¥,(0)| D, = 0]}

ATT P 5 (12)
SDM = E[Y,(1)| D,=0] - E[Y,(0)| D, = 0] +{ E[Y,(1)| D, = 1] - E[y,(1)| D, = 0]}
ATU P i

e A PR A T e 1) S BEAE I AE T R UL DU S 0 R AT 58 3 S G BR A R S Al T E AR I R TR, S A
Shy UL F 2L TR B 22 e, A X A AE 5 385 G0 B A 3t AR R B P i R T 90 B3R S0 428 P 5 5 S22 6 2 20
FEBIERE

PR 15—« A 37 PR 15 (independence assumption ) o
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WAL A Y (1), Y.(0) , D' HARA ST H IR ] —#E 22 2345 {Y (1), Y(0) , D}, i MR85 A i 2 {Y (1), Y
(0)}1D.

2 N7 AR A R A A PR SR B AL 2 T 1, Ak 3 ZE RS T 2H A 45 OURFAIE L YRR W 2 S . T
P BT BT IR, 38 4 1 i 15 ZOUA TR 4% , Ak 3L 2 -4 ) 2B ) ] B 440 {1 22 S B0 R sz e Ao A8 o) 3% 2R A% e 1 PR
RN o SRR T BEATL XS RS2 30 S R R 55 7 1 A0, ST PR B AR XEAS B0 /2 o FRIEAE B AT & U5 i B
SEAE SRl 2 STUEWE ST o 2 X 32 A 0O DU P B ST, A SRS AR AR AN S B AL 3 B A T A ) 4 bl Az B A
KB EFAT AR . P, BTSN B R T A S B A SR S AR B AL 4 T5C v R0 SO 0 5 T I 174 e
KPR

2 IEFITES T IRMEH LR

SR NT A A A WL P 80 v ST 3 T 220 (E 3 A R Rl FH WL M B 5 TG 12 A T P ) PR 2R
W, e Z 8T FF LU BN R ARG/ N B AT o] LU FREAS R DI 25 I AR UM

TR s £ 820 7 P AR % (conditional independence assumption, CIA) .

WLIEEAR (Y. (1), Y. (0) , Xi, DY FARD 7 HL 35 AR [A] — 573 A (Y (1), Y (0) , X, DY, % MEAR 50 A i 2 (Y
(1),Y(0)}LDIX.

S A A0 ST AR AL AE — 6 SCHR LBk R A AT 22 1 B R (ignorability ) 5% TG TR 2% P {B 152 (unconfoundedness ) .
FAP I ST VAR B ST R A X TR R R XA S5 1A AT 52 B AR B AR AR F] 1 . 2 AR B A
152 (1983 ) B A A 422 37 A B 23R 3 R Sl 45 T A8 o XA BRI, 72 S e (X) =Pr{D=11X} Ay fHil 5] 73 53 (propensity
score ) o UMK AR i) 25t IBUEL AR [R) A9 SR 43 31— A FREAS I, RS FAREAFR R — 1433 (block ) , 75
A3 PR A F T AT A R4 52 b B ARE S5 A [ 11, 4 e o A BHRR S S 0L T BEAIL A3 FE o RIS A

E[Y,(0)|D,=1,X]=E[Y,(0)|D,=0.X]=E[Y,(0)| X]

E[y(1)|D,=1.X]=E[y,(1)| D, =0,X]=E[Y,(1)| X] (13)

b EURE TR R o3 B, b FHZE R ) 2 EL A A [R) A0 0 AR 25 AL, R LS AT 08 I 55 SR AN RTOULI Y

TETEZE ARG, TG T 53 B P i) S5 21 2 Ak 8000
7(X)=E[Y,(1)-Y,(0) IX]|=E[Y:( 1) IX]-E[Y;(0) IX|=E[Y:(1)ID=1,X]-E[Y;(0)ID=0,X] (14)

et FH A% A ST PR AR R TR 1 DR SR AR B, 3R 5 2 ) — A ER B (L B 2 i 2R R SR RR

PUINBR = : L & % (overlap assumption) .

Xof P A2 A XA AT AT BEMRE X =, I 01523 e (X) BT 2 O<e(X) < 10

AE— B3Ok o B RO BB AR S 2L 7] 33 B (common support assumption) . & MEREEKE , Tit
2 o 48 i X B R AT, ARG T BB 53 L B Ab B2, A TT BB A 40 B B0 B4 . SRR AR T X TAE
T AL B AL A PR G5 1R SR AE AR LAY 22 ) 4L AR X 5 . A AR5 e (XD A5 T 088 1, B X=x A9 3B ) H
FEAEAL A s 20 A, T IC IR B0 A3 0 LU 4, 7 (X0 TEik Ui, W23 o0 A A e HE R e R SR A8 iz
Bt AR

FETFUIMN 25 AR BN+ (X) S5, ARG B~ 3 B 7 S RE AR AR Pr(X=o ) #EAT IASC R AT 75 38 57 14 b 344
N ATE At A -

ATE ZZ:OMZ Prid=s) oy (15)

-
oee i PTH(X=2)

AR AT E O B L T o AR i X ARG B DT BC A T (exact matching estimator ) o 35585 _F X B Ak 117 74 X6
LA R SE WAIE S B —— 0 SR B AG S 56 o a2 A A A i B 4 i 22 £ BB R 20 ol 220 0 B, 7 CIA R
SERYRTEE S B — o B R AR LT — AR SE SR o XRE O R AF R RSB, R WL I B 5 A
T 2 AN BERLAL S, 5T A Al T RSN BB AL AL 5250 1 DR R BONE , R AR AT T B AR R R Y
P10 W | s eV e S B RS G VA g e A 1 B U W 0 0 e a e U I = ) e < ) o B = VR o
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I T BENLAL S

3. &M EFRBE P RYITHI T E SRR

IUAC A SRARE W J7 ¥ e — M AR S H05 15 X IR BON 1 58 SCRIE AR T BAK i 25 R BB 20, I8 2 4
i B figp 2 1 (] U AR M OLS A T A9 AR, AR P il 728 s A LR O VR T 7 28R SR AR SR, 78 3 T B0 B9
WFSEIET , L AR A o it 4 o A A TSR B DR A 32, #0021 3 73 SR B AL AL S 98 A 58 13
T OLS Al i3t D)2 — e Sk A DE A -

B ETE — IS RRIR A 2 1 (] ) AL A P01 0] T 4% A (saturated regression model , fi7 3C il #5481 [A] 5 45
) o L AT DS AR 2 X g SR 4 o A2 8 g — T B IBCIE A P — R 1Y i 4042 B A 7 4 o Py 2
ARG RIS FE ] 728 e XA BT PR 2 {0 20, oo s ) AR AN T ASE RUSE A0 R

Y, =D+ yUX =x,)+u, (16)

BRI TC) 275 1 PR KL (indicator function ) , 5155 P AR BESZ IO L, TR IR0 445 il A8 f XAT7E G
AT BEBE I, AR RLER AN G A HEDL S Bt o W] LATIE B 1000 (0] D A5 A9 A 11 R B2 — R A1 S 01 2 Ak B0 /Y
TP 32 (C2eAs B S L B2t 52, 20095 T, 2024) -

ﬁ““ _ z: wgf-(XL _. )= z: Pr(Xi ng)var(DJXl ng)

! ‘ ¢ IZZ:IPr(Xi=xg)var(Dl|Xi=xg)

Horp 7 (Xmx, ) =E[YID=1, Xmx |-E[YID=0 , Xi=x, |2 Ximae, I} 0 2515 B 40 BRAGONE o AR 1= 5, AT LS B
P R ] R A 3 8 B R« SR A 4 T 2 A 1 IR W AE AR 53y 6 A 53 B (group ) 5 1715 A T 41
I3 BN S5 AP 2 40 ROV 7 (Ximw, ) 5 B35 1 RS G2 A AL o, 41 42 308 53 B8 2% 1 143 A BRSO o Ay ~F- 4 4k
PR

BT BT RYRE ST A A AL i R R — PR R Y DA o . 5 B — AR A DI
FhTH IS, PR (Bl S AR Y T SEAT T — R DA Tl A2 1t (4 BU(E g 43 LA 1) 4 SR BE LA S 5, 7
19 A CIA MR B A A T e A oRE Ak B2 R4 T 2 ) 22 5 L A BR TR 20 B P, S B 1 A AU BB ML A S 30, DT 9 e
3 I 7 e X DR SR T R S R B SRR [ A AR AR A DT A T T R B e B,
922 5 AR AT 20 E o AN R R B A 0, SO T A R 2R — 2 AR 5 BUA R LU T Pr(Xi=x,) L 5 L
TR Y 73 B K 5 I AR BIURZS 19 J7 2 var (DI X=x, ) , 7 5 73 B N TR A AL HUER 285 1) 28 S 1, 23 B P g A 2
AN R 20 3 AT B 2 5 A QB . RS B DR IO A 3 A U 2 25 A A A R Pr(Xi=w, ) o

TEZ SRR SE b Pt A8 i AR A O S 2 Y |, a W) 0 5 i 2 A B R S i . RIS, B
R[] YR 25 5 1 1 2 B0 H 5T (curse of dimensionality ) , #E 115 & AS ]RGN )@, (Kt , 9F 7 253 5 58 40 ) T
it AN I A 22 o0k 1 [n] U A 2

#(X,=x,) (17)

Y=a+BD+yX+e, (18)

FERE T U AT FE 300 R, AR L 2 b [0 U R o (3 £ 2 000k — b5 R 0 VE e A e . S BER S
L BB AR T LX) % AR R X BRI R4 M2 ) LB, B0 L(DIX,) F% D %
XA P 10U S5 G A5 (8 Do 76X IR SE T, AT LA D, B A7 8 JH 2% PEAE 2 465 70 (Linear Probability Model ,
LPM ) FIT A 75 6161 ) 4543 00 L(X.) o 30 7 32 7 3 (2022 ) 3iF B 22 7028 5] DA 760 o b 35705 5t A7 1 R 8
5 AR LR ] DR A 2 O

Y=a+BD+eL(X,)+e; (19)

RS, 78 2 TR (] U e R 4 o 7S XA T 6 T LPM AR A 4 LX) L
B M, N T A543 LOX) RS 180k Qi 3o 743 41 (subclassification ) ) - HE4 740 AR RY ] 09, 3% B 5% 0 -
ST 0 T A543 B 43 R DT TE 7 3 o X TR 1) 4543 L(X,) 2 e 40 ek 1 — WAL O, 22 sk ol
DAL S b T L A — b FET LM 0 1 5 43 e PG 1) 7543 % 5 2 3004 T AL 5 1405 B 0 1 7543
IV A
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L5 L TIR  JOIE 48 AR o e T BB A S i SR, TR SR A A A D5 A TR A S — I X A 2 e R e I A8
A 2k 1SR Y (30 A 3 2 B30 X 10 2 5 b DS JC At 3 32, T DG Ak D 95 A AR T ASE 4L 43 B Rl AL AL 2 565
DI, 763 T AT T 8T, e [ )R 10 S 2 o 235 SR AR ) — o 58 ) A0y 32, e — L. O )
P 388 30 B ML A S 56 A 98 15T 0 3K

F i) A% e A 43 B B AL AR S 50 vh & P A G B VR 8 A A AR R AT A B A, PRIE R S BN Y
AR FERAT I (000 1) 45, RS b BRI LT BE ML AL . #0522, TRl R s R e w A
FRPEAS B T8 2 15 R i 25 SR AR i, A AN B T e 1 R Ak AR A7 A AR DG i B T 7R A HE A L ML
il T A R A B AR R A AEAE R IR R o it — D U B R AR AR X —RE AL AR, T DA B —
JROR A2 ) 2 ik (Y AR P Rl VAR B T R B B 5 B BT A o A ) R ] RS R A 3 R AL B A AE I R DR R Y

o vare(X) = LX) [, cov[(e(X) - LX))Y]
PP a0 -1ix) P vareX) - LX) }

15 B b5, AT DA T35 1T A A 5 11 =2 B A 3 A 4 1 (] S A 70 o A 7R 3 18 [m) R 2 =0 o, IR 9 8 ¢
VP A% 0 2 s o A o 5 A P A B 22 R) 1) O 2R (R i) 45 70 pRER ) 2 75 RS 3 Y00 1 453 R B0 Ry 4 1 R B
R, 0 0 ] A 78 v ) 2 01 A i 0L 1 008 23 BT 1) A5 3 e (X)) 5 2 [ A RS AU 40 5 45 1) 118 2 1 A 1 454 L
(X0 A T Ot 7 e A TR0 A 31 1 Ao B A5 7 4 56 4 — B, SR, 25 I 1) 4543 PR BT AR 2R b, (8 T 2 M ASE AL A1 B3 11
BT[] A5 53 45 A7 FE B U 15835 fi 15 (misspecification ) , e MR () 15 43 L (X)) AN BEVESA A T i IE 6 A9 ) 1543 e (X))
A AR L(X) HEATVEHC , 7T B8 23 PR Ze M AP (linear extrapolation ) 5 [ 1 15

4. L IR B IR S T 2 1E R R4

AR5 A — A B R 1] 2k Ji 7 2 P ] A RS TR e (i 4 ) AR A P DL R T A RS Y i XoF N 1 B 9 1
W RUBRT —ADRFHE S5 ABAMBIERE , P &R RS ER2(D) BB (X) A (Y)
A ORI 225 SR NV TR 25 51

5T A& FIESE B B R AT RS XA B YA PRAON . AR 3R 1 A , ALl 34 (8 2 5 SDM Al i} i
H56.67. FILLER], i THE S A AT S K2, IR BE 7 T 5 i A M e A K Pl i, IRk B oK 2%
A b K2 AR A U A KT A B AT Ho Pk, SDM S BE TE B PR 500 R 500 o AR, 40 546 e Bl B 1 7 g
FIAATR A NBE b,k R % 1Y bR B i . B, 43k 2 i 34 ARE I ARTRD, AT B0 ¥ 26 MR A K SF Y (0) t A
[F] , WM Bk 2 (8] {8 2 5 ] DA IE R0 5% A1 BMEE: KEHE 5AAKRAN

(20)

N N ~ ki bR R B R L, A | FE
P 3 b B AR, BT 0 A (=) = | B | LRI LS oo v fvon voo| TR lare| TR o)
500 LA, o] DAITHSE e 3 Flar b4 L1 ! 0 10 1201120 L1001 20 1o | g | o
. 2 1 0 10 120( 120 | 100 20
B S5 AL BRSOV o SR, Tl 3 1 0 4 [130] 130 [ 80 | 50
N 4 2 1 0 4 130| 130 80 50 50 1/4 2/9
T £ - 35 A BEASON TE o 0 . 3 0 ! 0 3 [100] 100 ] 70 | 30
. 7 3 0 1 3 70 | 100 | 70 30 30 1/4 2/9
B R SR B SON J5 L T s 0 1 3 |70 100 | 70 30
A4 FEAT S 0 A SR IR A i — ¢ T 2 | v |
AR S 2 A BN Al 45 5k 35, LR 0 1 1|30} 40 ] 30 10 0% | 16 0
12 0 1 1 30 | 40 30 10

F5 T e FH AR AN ]SSR A PR SR P ; CATE J2: 4 1T F 4k BIUECRT S 5% B 9 A~ PR BT8R 16 T2 f . 1 T 20 B 1 LU Ab
x - N HRA, rHe s HAEHIA, XA CATE JCE:A T S S,
MO 350 [ (3) B T i 4o PHAL IS SURTHBIAL SEPSALEY CATE SOk 0L 5 0

N TR A T A 3 20 &2 TR 4E ke s R ki

N R R IR SINCINE R SR R S| D o) B D G G o

34.545, 55 K5 1 VT BC AL 1T 4 25 SR FE A — TP | ROICRE [ Lo | BRI | 2008t | 250kt
25 it | ! PR | (A GIE]

B, W 8] B0 A Gl 22 SR o T UL ATTAGHE | 56.667 35.000 34.545 | 34.545 35.000 42.137 34.079
op; AN oY, 0k ElEEilE ] A il sl il Fisihil P il
E’Jﬁ%iﬁ\itﬁlﬂﬂ?gliﬁi K2 FEA I SRR | EERMA | SHA |ESHEA| EEEA | A | EEEA

(4) F)H A A 6 PR o o s 2 o B PR AR AR 12 8 12 8 8 12 8
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WERREAS AR RN Rl AR 145 SR 5 e AR 58 4 — 20, SR 1 A [ A BE R T 35, AN 2 B S R I i FE AR
NS HEA B RN A T R N S A 2 S A AT A R

B SR A 0 (] 0 A T RTORS A DG A e AR 2 AR R R 9 8 T, 38 0 25 5 I WRFE AU B L, IR 4 B

¥ AT DL 2 B InAL (reweight ) 19 77 S E P& 45 2 2 o S ARHT S (2019) 45 TB IEACE K6
i, =[Var(D | X =x,)] " (21)

FRAFE D=D~6(X,) . WFFEH AT LA e AR R 2560 4545 6 (X)), 1 8 I ANMAACER @9 LA
B Ak T IA L LA RS 36 2 (958 (5) Fd A Bk 7 vk AT A Bl 9, nT LU 1) 28 0 A E R 48 5 i 1
LA U5 55 7R S5 0KG B DT FC AN T A T 45 SR e e — 3. LRSS A bk B T A [l A AR TR AR R —
PERER AT RS B PC A T &, =38 SO AU A r AN TR

F289(6) . (7)PIFN 530 JE 7 T A FH A ARG 2 i S P A 1 T R AR B 22 O 2 1 [T S TR g A 2
o ATLARIE, X F Zond M AR AN SRR AR AR R RE S Al 45 2 . & Zonditk
(] 1A TR 2 FH P i 4L 5 0 1) 45 0, X T AN Tl A B 2 MR A TR A RE AR A 400 & 45 SR AR P AN | 3 R R AR
58R Z 5 IR RN WAk 11 o SRTT, St AN K i) — DT FE A RS S 2 1T BE S AF7E AN 1] 20 B S i3
IR S e ot — e ) A B A R W PR REAS o 9 A, A 1 A5 0 L (X)) ER s s 0 T R E S 1, X
SRIBAGHEN . DL, i T2 MU Al T A7 7F 36 A 396 7 (reversed weights ) B 8PE (TR 351 36, 2022) , %
R R /D BB S (B RE AR AT AT 2 BT B R AR, 3 2 (AR B Al R 802 B (A i i 2 T4k AT LB 21,
55 (6) FIH A FEA AL T R E0CS B SR AR B B i 25 5%, X — Al i Rt 2 TSNP &
B o A0SR 2 M ] A TR R 7 Wl e M (R Y RS T DA O W it (R A A T R B0 T
A LUE B, 55 (7) 5 2 o MR A HEBR B m (L RE AR S5 A T R B S B AR W i . 28 LRk, SRR
XF L [l AL TR, T R E R e M A B EME R . AEScih AR E NI N B AR A W EH S
AU 2 75 A () B 2B R B O Y Ml ot R X A 11 2 5 %) B B i) 3 2k 45 ARt 1 Ak 9 (8] A 53 350 1 i (L
FEAS) Sty LAk 1125 S5 B R Ad v A mT £ M (AT (7, 2024) o

(Z)AMHARMA THIEHITE/EALLR

e R R R = W B S m e W R ) e WY vl A LB 11 o B < B S L ey v e S R N O E 5 O
7% 710 2 PR X 25 AR f 0 B e AR i AR (DGP) AT AR IUL A, DT 48 7 A8 1 22 (R ) PR SR O 3R, L 0/ T3l
T X 235 AR B R B R SR R S A T ek [T A R B 40k — > B Z1 i DGP (9 S 5k AR 38 2 4
il AR o ofe 920 35 U AR O i, DABR R A LA R BE 5 SR T — 3t . SR, WNETRTIA S TR ) 43 By
J7 T T BRAE PR, B A PR AR O R B A E R TG TG TR T8 4 ik e AR TR 5 A ] A LA R AR AR S i A R AR
PERE BSR4 . LT IR S DAV TR S5 SR AE L 43 #r Sl , DA BB ML A0 52 36 4 SR Al 1 R 2R O 3 9
SR, 7EX —JaT , WFFE 3 0 0 DA T 235 SR AR B B 1) T B b PR AR WO AL E B SRR b O A 5
JERT B T FEAILAL SE 55 o A Bl TV TR 45 S 2R 0 — AR D R G &R (5 R T HL BB 8 B e LR G &R L I AR
o 2R AR 2 10 A0 S B PR PR SR OV o AT B Bt il DL BB S 5 3 I TR 4 B e R A ) S 34 PR SR , X st
RS AR Gy Hb fifp o S Jo M DR SR SO0 5 T T B 2t ml A A Y R 00 Il . i 5% B A 9 e A8 DR AR b B s 1 X
2k AR 5 DGP YEA T GRS T TC 32 56 4 v R A AR 76 152 5% ) AT

WA F B 0 e A O IX I AE T 38 A B AN [ o 36 TR 8 ) A 59 91 o0 3R A T o & TR AR i i e 2E
FEVEAT AR, A b — A AR T ) 5, DRIk, 929 e A ) A e ] i 1 e AR R P ) S 8
TS AT ROCR o BT BT A 98 0 X T o5 007 T 2 A 353 BC AL A A S et 90 53 O 3000 2 5 B v 7y e
PEME DR, 000 I 45 4l 7E 2 S5 T REAS T L T REMLIL SC 50 o R, JEF BT F A AR 9 v X5 8 4 ) A 1 A%
AR R A F B AL B 43 B AL R, 1E 10 30 a5 0 20 DAAE J) 30 i 3 B ML Ak S 6, 1 IR B THE RS p 0 fE 0 o X
T4 B4 BEAL ] A9 DG 1 S A5 Ab T SEUEAF 9T 0 % 00 b Ao7 J2 PR A AT 9 v Xt 0 B IX 1

IR BT T ICUEMI R A B A EE MR . B 5E, EMSR BT T, EAR LA LR SR LR
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BT BR BAME  (E N AZ B 250 4 3 B AL A S 36 PR B, LS i 4 B L 2 N Al T
UM 25 59— BB PURZON FUN R TR R . WX — AR, LI THUG D0 B2 SR A5 R 0 3 BRAT: e 4%
728 i A AR TE AN 24, TR Ay 32 A e B b v AT 1A B G o e A5 00000 1 840 A A G U LA 2 0 A/ P o
UC, HE TR B FE 2T i 7 kA e 430 REL S AN R T A ) A R S TR 2 T DR RO 1y AU
P, IR R B AL AR R T — AR R A K B PR RO — E AR RS I PR E PV G 1R, 38 T B AR S R
FEVER IR ORI A i . X — R IR Z MBSO 1 IS T i A e A R R R BT AR v . R, HEEE T
PR A0 B R 4, 2 e [m] JRV RS MIDE P Ty vk — 3 Bl B R U B o8 AR TR] , AR IR BRI B AES Y, X
STE T A5 20 A T 75 1 DCTC SR s AL A e o PRIk, DRSR HE IR SEIEBIF 5 09 1 B A% 00 DO 322 T T 6 4%
FE B A e DA BRIE PR 1% , 2= T e BT Ah A 05 06 U — A U R

(M =522 8 5 G it HEb

o) A8 AN A 2 R ) PR R EONE TR B 2 R A T ROR o SR S A T B TR 45 E REAS B AN Y
H 3T BA RS 0 RO A THEL, S S ST HEWT RO o X T2k Il AR Y, 5 22 1003 A2 [R] D7 22 IS OLS Al it
FHB bR TN -

Var(uf)
var(D))

L N REAR B R E T w R SRR TR AT o IR TS A AR R XA RS 4 U R A 4 R, D,
J2 DA T AT AR A8 i XA BRI 5 TR AT R 4" . IR 2T 7 22 var (w) R TS MR 3 B v AL PR 3%
2 W RROR SR T4 SR AR , PR R T R, A FRAR B 7 22 var (D) B R F 5% A FEAH RIS ) 4 43 A
S 5) AT A T R ZE RIS, A TR

I (22) 2, FRATTAT LAZE S A2 ) A2 4 0 OLS Ak T A BOhR v UR AU SE M o A SRS 1 728 kX 5 22 IO 14 i
3 FEAR SR, TS 04 ] AL S RE A% I W 22 TG A Sl M, (AR 1R 22 T O 22 var (w') R BRAIG, BE A 31
B BR LR 2 T RE A TERCREETE o (ER , A SR 45 il A2 0] Ak RS B ) R BEAR O, S o) 28 i R R K
FREE b WS4 30 e (4 7 B | A B AR B (9 7 22 var (D,) K FFAR 25 T 30Mh 31 R B na bl i 38 1 L A 2
FREEAR . R, NG A TH AR I GE T HE WO 5 A 2, B 42 1 72 7 320 45 R 8 1 HAT B i SR T
(7] f ST A5 b R AR B TE O 5 S 22, IR RS A8 o 5 4 SRS R DG PEAR /N, (H 5 b TS vl B AR OG

FEGETHHEWT 5 TH0 A $4E A P A 42 i 22 -5 3t DR RO O T 9 4 ) A2 B B AN TR o M R B 22 57
TE T US04 ] 22 4 ) AR AN TR < PSSR 5 T A 4 1 72 e 2k 1 T BR e M i 5%, (A5 T R BORE 0% S ik
S PR SRR 5 8 I BT D TR 194 47 ) 7 5 U/ A PR 2008 DR RSO A T A AL B e Al Ak R
T3 WIRTERE AT Aol P 2 ) 78 R 7 214 37 2 M R 00 AN [ D T A 47 i 78 P 0T B4 5 2 TRD AR H B, 1 DR AE
RARFEH AL BRI

se(,BA")% %x (22)

= SLIEW R P RYIME H 2 B3

SEUERIE ST A, s ] 22 8 001 FH A TR et U 22 B8 R I, DT HE AR A TR TR A DRR G AR o DAL, 4 A
A EBCR DT TS BRI LIRTT . SR, JRAR B A P ALt B 5T ABRREDL AL BT Bt —— LS e A & B,
SN2 PRI R . SRS BRI B — N BRI B A T A PR i 1R s R 18] KON
(A5 DR SRR B TR B 2R 07 1) i o S 9 DA DR RHE T L A 28 S0 Ak A R ) 2 o S SRR SR AT 2 2

(=)IFEHI T 8 5k F M RiR

S —ZRINPA AL BRI O TE B b AR B D 5 52 Wi 25 5128 B ) HC A DY 3R w A B[] 4 2R
AR W, JRFR R XHE AL fE (collider) o UNIET 2 7, RBEAL BEAR D ZBEHL > BC A, QRO 5E
AFERIRHE AR B W, AR AR R D 5 AR R Y Z AU AE R G 2R Z AN A ARH DCOC &R, it

B2 SFEHEE
S E5 4 b DAY B AR SEOC R AT DA UM LR OC R o SR, AR IR s o 1 X i AR Eiié%'fi%i%g
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W, st 245 Wiy St 5 5 R D I w AH G, i T T o [T A3 FEHEFORMEAE: RFHFT HAAMA
. - . s o [ | EE R R R A ] [, T T kA
DR YARK , u BN T 2 S PR B 520 | (o) | (o) |0 lan |7 171 1Y
(CZEH% B RR | B2t 7, 2009 5 A1 N A4, 2022) o FE XA ; 1 i g j ! i 1 iig igg igg ig
B R EE S WA S5 B RO A TR sl 3 1 1 0 I | 1 |1[o]t00[100[80] 20
2 s \ N N 4 1 1 0 1 1 1|0 |100[{100| 80 20
T W 2 A5 PR SO A TR 2 AR B S T 0 ] % | 1 | 1] 1 100[130[100] 30
M= > 23 M4 o Sk AR Bl N G 6 1 0 1 h 1 1|1 [{100{130{100| 30
o IERS NG, BF 58 & T8 WX 28748 & FR A I5 468 il 1 5 ; oo Teo ool 80 T30
AR 8 | 2 0 1 710 [1]0]s0]i00/80] 20
RIREIT A RFHE SN ANIA BRG] F R BEREFIA G 24 FERNESHE RS ¥
. - . - D 2 3)
SUREBEME MR NEELE . B 5%, MAR R BEMS R 2R LAY, PSR | eyt | aeninds
Y ) == & & » e il A ik
SHEN T, A3 AT LR E] B A Ox=h) URRES) (X=D BHIA LK% Srert—
AT REERR A 50% . U, AN N IRME e B TRE 1 52407, Be Judenm . _REAR 8 8 8

R A AR RE NS A 3O (W=1) , e S8R HLIA BRI HRE E AR ER
(W=0) . TEZBHET G/ X TR TR 2B u MM E . B TRE LR DRI, 5he)
XK, L IFAFEAESE 0 b Pr i i e B O, B 42 Ll b R R b R 2 AR~ 40 22 S B e] 75 31 |
KR  RURN o SRTT, T RE 7 R 2 7 [m] B ke R, 76 RO A ] R B A4 S, BB 0 5 A2 Bk
SEAPAE WAE R MISEE . IR 3 T DU B, fEdE A F 0l i f b (ke 1) W RE ) A LR 22 iR
50% , MR AE 1 b R F RIHER 2 100% , g 1 527 DI 5 AEAE UM DG OC FR o BRI, AR IR O 0 B s, B4 B
PN A 2 [ 340 (1 25 53 T 2 HE R AL T 45 14 X Ab BRAG Y

P AR T US IR ] A% B ] TR Y PR ASON A . AT LU B, O S IR i A e i, A el
PRV EEAN T 1105 7 S5 (B 25 5 SDM, B T ASAEAE e B M 152, SDM 1] LIGEBA Al 1 ELSE AR & . iE A e b
— 1T B R Y, TR L [ rr s g AR e AN BT bR e R A e AT o B T ST AR BRAKON T S
PR EMACT 15 1 SARF S A0 BN o AR IR ) A8 1 A5 28— 2P A TS P Y A AN 2R, A SRt ek
A5 31) S AT 5 b BRALON] ) IE A T H 4 A

5 Bl Ve A 235 SRAE ST LT Sy 355 A b 30 e 4 1 O 428 o 722 s 5 | i A e R P A % T A ol P W (1) I W (0) 43
FFRRARAE B R 2E R BRI T B R . R0 T W, 4507 35 Ak 333500 Ak 11485 SR T AR
TN

E[Y|D.=1.W,=1]-E[Y|D,=0.W,= 1]=E[Y0)|W,()=1] - E[Y,©0)| W,0)=1]
=E[y,0|w,()=1] - E[Y.0|W,(0)= 1]+ E[Y,0)|W,()=1] - E[Y,0)| W,0)=1]
= E[Y,()= Y,0)|W,()=1]+ E[Y,0)|W.()=1] - E[Y,0)| W,(0)=1] (23)
ST TR S R PR 2

TR T b U T IR A A | R R AR 1R I L AE TR K2R IS A R AR AR R BRI i B AR CRD W
(1)=1) FIAS b KA mT RASRAS = 3 BRol A A CRP W (0) =1) il 7 — R R A7 L A, 13k P A AR 18 1 TRIAT
TEE RIRM 225 A0 M LR G o DA, IRHE T A8 A > T A S Bl S SRR " SR TR R L 3, =
FOP A EREVER 1R o PRI, PRAR R AR B 5 5 IR X RIE SR A — BRI AN B A A WL e A 4 e 3 B AL
ARSI, R A A5 e B O iR A 2 7™ 5, L ARSI AT RARAEAE (BRI HLBEIR T W 58 15110
A B A A HEE

(D)PFNTE . BN 5T EEH

5 R AR ] A 2 A 3 AR R 8 R AR AR DR RO A EL AR IL ) A i R FR O A AR B (media-
tor) o X T RIS AR PR SR AR T 5, 458 o v A A8 i 23 A7 AR PR SR TR S0 < — ok AR BV el T o 1] 422 R0
T BOGT L AL RGN, (R A 1A T s R T BRAR SR — IR AR I RE | 5 KT A R D 152

T PRk R A ) B R A e R 0 T Ba T A AR i DGR S A R Y BRI RGON e T A%
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ARG RE, — & DX Y I BN D—Y, — & Dl 50 W R0 Y RN, D—W—Y, TEXAME LT, DXt
YA e DR SRR SR B BRSO R RIS, =2 R 4 il W, OIS T 2 207 14 DT SR 66 A0 A EL KT, I i O 0 5 4
T DY 22 R R G 6 R AR B e BB RN S M), S B SR A T 15 o R SR R R 1Y
KNTCEVAR , =AM i 1 00 T BB 0% BLESUB AT REIATS . BN, B ELHEERON N 2, TR0 -4, &
DRSO Ry W 2 NG =20 AER QSR v A A8 Bt A S 4 il A8 it AR5 3 0 45 2 /Ny 2 1 DR O Al
1B, DT 15 DA Ay &b B g 6ot 45 R A 7 7 1 1) PR SR 5

R R T AT A AR 2 BRSOV AR T B R R — TR A —
FhT BB < B T LA 2o L A R A ol o A A i 1 PR SR A T (0 A0 A (R 350 ) 5 45 ol v A AR
it 14 B SR ASON A T R B BN ) P 22 8] 9 22 S5 08 ot Ak TR 800, (9 RS/ o sk Ak T 2 T 9 1 v
BN A3 BT =2k (S 52, 1986) o SR, B o 0 I P 250308 LT — 5 S5 A7 A 5 S8 A ] ORI PR 38 w0 S A28
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Control Variable Selection in Empirical Research: Theory and Principles
Zhang Ziyao"™ and Huang Wei'"
(a. School of Public Finance and Taxation, Zhongnan University of Ecomics and Law; b. Innovation and Talent Base for Income
Distribution and Public Finance, Zhongnan University of Economics and Law; c. China Center for Economic Research,
Peking University; d. National School of Development, Peking University)

Abstract: The selection of control variables is a critical determinant of the validity of causal inference in empirical research. This pa-
per develops a systematic framework that clarifies the conceptual foundations, selection criteria, and practical guidelines for their use. Le-
veraging the potential outcomes framework and a decomposition of linear regression estimators, we distinguish two essential functions of
controls: causal identification and statistical inference. For identification, good controls enable observational studies to approximate random-
ized experiments by conditioning on relevant strata, whereas bad controls may generate selection bias. For inference, suitable controls atten-
uate noise and enhance precision, while poor choices inflate estimation error and weaken statistical power. Whether a control is "good" or
"bad" depends on its position within the causal structure, which should be grounded in theory and institutional context rather than data—
driven selection. Building on this insight, we classify common types of controls and articulate five principles for applied research: ground-
ing control selection in causal structure, rigorously addressing bad controls, ensuring overlap, weighing trade—offs in complex settings, and
avoiding misinterpretation of coefficients. Practical recommendations are provided accordingly. This framework offers an operational method-
ology to improve research design and strengthens the credibility, transparency, and replicability of empirical work in the social sciences.
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Control Variable Selection in Empirical Research: Theory and Principles

Zhang Ziyao"" and Huang Wei*"

(a. School of Public Finance and Taxation, Zhongnan University of Ecomics and Law; b. Innovation and Talent Base
for Income Distribution and Public Finance, Zhongnan University of Economics and Law; c. China Center for
Economic Research, Peking University; d. National School of Development, Peking University)

Summary: The selection of control variables is a central determinant of the credibility and validity of causal in-
ference in observational studies. Despite their widespread use in applied microeconomic research, control variables
are often selected in an ad hoc or data—driven manner, or selected mechanically from prior studies. Such practices
risk introducing selection bias, inflating estimation variance, and undermining the interpretability and replicability of
empirical findings. Motivated by the growing emphasis on design—based inference following the "credibility revolu-
tion", this paper proposes a theory—driven framework for the proper selection and use of control variables.

The paper begins by contrasting two major empirical paradigms: the model-based approach, which focuses on
specifying the data—generating process (DGP) of the outcome variable, and the design—based approach, which empha-
sizes the treatment assignment mechanism and seeks to approximate randomized experiment. Within the design—based
framework, both saturated and standard linear regressions are shown to function as special cases of matching estima-
tors, with control variables enabling local comparisons across units with similar covariates. This reinterpretation posi-
tions regression analysis not as a structural model per se, but as a method for implementing quasi—experimental de-
signs, thereby reframing the role of control variables from statistical adjustment to identification strategy.

We highlight the dual role of control variables. For identification, valid controls eliminate selection bias by condi-
tioning on pre—treatment covariates that jointly affect treatment and outcome. In contrast, bad controls—such as col-
liders or mediators—can introduce new sources of bias or block causal pathways, distorting the estimated effect. For
inference, control variables that reduce the residual variance of the outcome can improve estimation precision, while
those highly correlated with the treatment can inflate standard errors and reduce power.

Based on this framework, the paper offers a set of concise principles to guide empirical applications. Research-
ers should select control variables based on a clearly defined causal model, rather than statistical significance or pre-
dictive performance. Variables that are post—treatment or lie on the causal pathway should generally be excluded to
avoid bias from bad controls. Ensuring sufficient covariate overlap between treated and untreated units is critical, and
researchers should use diagnostics such as propensity score distributions to assess common support. When overlap is
weak, trimming or reweighting can mitigate extrapolation risks. Finally, the inclusion of control variables should be
justified with explicit reference to their identification role, and empirical strategies should distinguish between vari-
ables included for bias reduction and those added for improving precision.

The contributions of the paper are threefold. First, it provides a systematic synthesis of control variable logic
across model-based and design—based paradigms, clarifying how control variables function not only to address omit-
ted variable bias but also to simulate blocked randomized designs. Second, it builds a formal connection between lin-
ear regression estimators and matching estimators, including under misspecified propensity score models, thereby offer-
ing new interpretive clarity on how control variables shape weighting, extrapolation, and identification. Third, the pa-
per addresses pressing challenges in applied research, particularly within the Chinese context, where mechanical con-
trol variable selection, overcontrol, and insufficient attention to causal structure remain common. The proposed frame-
work offers concrete, applicable guidance for improving research design quality, enhancing empirical transparency,
and strengthening the credibility of causal claims.

Keywords: control variables; causal inference; observational studies; selection bias
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