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. giE

Ji &t (program evaluation) — [a) 2 4875 B M 721 B BaRE » MIEEE AR
(evidence-based policy making ) S/ZHTHFEIFRAILBRE LRSS - fEBE 30 H4F
[ > STREERE RN R EHRIR R S S TS AR 0% - BHT7
EANETT R EIEARIERE - BRI RIS B RS - E— 45 THER
o, HHE A RHARR AR G025 550E 2021 G55 H R A28 - i fiEgh
AR ZE T 7R 8 B sk E 5 Bl S E B EFE o (B4 Imbens and Wooldridge 2009 ;
Angrist and Pischke 2009, 2015 ; Imbens and Rubin 2015 ; Hernan and Robins 2020 ) »
PRI SCSCRRA AR RS Tam A B < 2ERIE  FfPIas SR A ST 4R R S e 11 4507
EFRVE R AR o LIRS H ARG £ ARV L EEE I ST R R E A #R -

HITE R 2 B/ HB SRR (potential outcome model) B FLHY R EE
(treatment effect ) $51%E » s M PREESE fm S T 7Y IR SR HESR A BCREHS AV EE S - 9%
o FEIBREIAEINMEME RGBT T A {rT ] FH A i 15 2 2 A w22 R AR DA B[R B
SR pn R E - FKAMTEAIA Dale and Krueger (2002) $1#f55EI AR IL ARSI L
BRI HEEEG - 5 4 G153 & A A EER % A 8 T 288
(instrumental variable ) #1737 o AEIRFHIK PRI RIG B i/ NP U774 (two-stage least
squares ) Iz Gl EHEEEAE (local average treatment effect ) » 53 Fll/ 1442 Angrist
and Krueger (1991) I Angrist, Dynarski, Kane, Pathak, and Walters (2010) ¥ [E]
BE P& EEHCREIIRTE -

B ERESR T % 5 g o BB 2= ff 7= % (difference-in-differences )
Bl Card and Krueger (1994) A Bf i (& T & B B E o BV 0L F o IR0
FECHSBRM (staggered adoption) ¥¥3f o {814 SHE8 T S LB (two-way fixed
effects model ) B AT ERHERITRE MR - Wik » 55 6 M GHRalE
(synthetic control method ) » 3% /774#% Athey and Imbens (2017) 5HE BT FERIEECR
G SRR R EE AT A - Bt A A Abadie, Diamond, and Hainmueller (2010) 3F
AN AR E ARG E BER B - 55 7 87 R4ssm -

L4371k David Card ~ Joshua Angrist LK Guido Imbens ©
2 PR EEESTE (2018) B/bEBIsL o
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2. B REREIE

AEi/14H Rubin (1974) BYBAELE MRS (potential outcome model ) DLHETTRSE
et - B SR - 2 D; BB AR (D; = 1) SUEHEE (D; = 0) HIAREE
8 (treatment variable) » 1 Y; R B ERE 224558 (observed outcome) © EFH YZ-1
1YY BUEESER (potential outcome) » Hirh V1 A5E ¢ A\ B2 R EIFAYAEE - 1
VP AIRES @ ABER PRI IAS R - IR EE— AN S Y & Y 19— R7E
PREEEZEE > FILEER V! - V0 BIer R E AR EZE (individual treatment
effect ; ITE ) » SCRAE FAVEHEHEAE (average treatment effect ; ATE) K EHEE
SH SRR PR (average treatment effect on the treated ; ATT) JRu]ER Ly -

ATE = E(Y - Y?)

ATT = E(Y! - Y?|D; = 1)

BiE S » ATE KBYE D; ¥ Y fy4de (B EEIRAE ) IR RE0E - i
ATT (E#r8 D; ¥ Y ERRIRAHAY PR FAGNE - BT 2 B IR4H L B ftsm Al
gz o EETHAERE R AR - ISR SRS ER Ry ATT tb ATE FHRECER
i (Imbens and Wooldridge 2009) 2 -

B EESE R v FIN E FR e B A » (H Y [E— AEA[RIRG & Fepn B AH IR
RERMAEEE Y R Y? WEz— HEA Y, BEMTHG

24 Y = DY) + (1 - D)y (1)

7

v _ Y! EDi=1
Y #Di=o0

BATEEER - ATE 20 ATT SEAE BHEERHSA] > FREHANSE MM (identification
conditions) A REMT  EF—FRAVE - FIHTRT A DUB 2R i B AH B HRAH A -T2 22 22

SYmth EEHEST ATE f1 ATT ffidE ITE A ERE ITE EEW &S - BE L i ITE AbE
% > Herndn and Robins (2020)388HEM{E (D,, YL, Y:") & SECEA » ITE (WA uElE -
“Herndn and Robins (2020) FBIa%R{%R—EE (consistency ) % -



200 FERE

E(Y;|D; = 1) = E(Y;|D; = 0) » Hi1 (1) =41 :

E(Y;|D; = 1) — E(Y;|D; = 0)

=E(Y;'|D; = 1) — E(Y?|D; = 0)

=E(Y;! -V |D; = 1) +E(Y"|D; = 1) - E(Y’|D; = 0) (2)
ATT s

REFTEIZE AR = 2B ATT ZRFAEEEERR (selection bias) » H gk /ZEEF4H A
TRATE B o P RS E A 2 B(Y2|Ds = 1) — E(Y2|D; = 0) « £ (2) FRaT&H
TEpEr T IEE B (randomized controlled trial ) =Bt E % (randomized experiment )
o BRI D; RyBESHER BT EAEE DL (YY) o BRI
£ HERZZRENE ATT (5 ATE)

AT » RZBBEORE S 2IFE R ER (non-experimental data) B¢
Biz2 &R (observational data ) » fAIRFFRIHEE - BUREHFTE VN HIE B RET K
BRI ACOMPRIEEE RS - BMITESR 3 Biak B E S M MR R T 20 1) P AR i A
AETTIHE - WA 4 B/ E AR TEBECESE 5 8115 6 SRIFHEHEE
BHRFIE - B EDT I A A LLE R R IR DUETT IR R -

3. HERERE

I (2) ATHD > BRERE ATT - BESBAER R R A IR E A 2R CERE R
i) o WMTE PSR RAEZ B REARE X = (Xa, ..., X)) (IEE - K
HeH A A RN R T8 - RAEEE > ESEMFEE AR ECT - BN IAH R
Bl MR > RN LT Y B S B B TR RS (as good as randomly
assigned ) » 4 BGEHVERLI T -

8% 1 (selection on observables). D; I (Y}, V)| X -

s 1 il R dRE M (unconfoundedness ) ~ FJZB&ME (ignorability ) ~ 4Rz
(exogeneity ) B{G&A-FETT{EiE% (conditional independence assumption ) o fE#% {EiE% % 17
T {hETERHE RN E RAEA SN 28 Er S R P v B = R R 0 U T AN Ry i

% (regression adjustment ) :

Vi=a+8D;+v'X;+¢ (3)
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I FXEE ATE B ATT » 5480 ¥ (1) E s
Y=Y+ (V' - Y)D; (4)
il (3) #1 (4) %0015 ¢

V)=a++'Xi+e

Vi=a+B+vXi+e

B IR R RE 2 B B A EE % (homogeneity ) » JRENEFTA ASKE > ITE
V! Y SRR A 8 T ATE K& ATT H2AAMHE - ES—RE (3) i v I
NEZ - AFZ BRI & RS E A AT AE - Dy BRI EERIIE
ISR - T X ALZROHEREEFERERAVIESTEEE (control variables ) « fzf% » 1E{HG
1A YD R Yy AR EERAE R o] & B (e Dy, X ) = E(e] X3) » BHELEIREEA (3) th B 19
OLS fhst=NEA RN miEE—2: - {5 ~ #Y OLS fhstzRAIRMS 6 -
GE7R (3) HHE BB - (HEHAEFREE (heterogeneous ) fir B0 E AR Al AR 2
AN - —(EfE AR AT AR A AR A A TETA -

YVi=a+6D;+~+'X; +6X,D; +¢; (5)
[FEER > ELER (4) A (5) 7S -
V) =a+~'Xi+e
Yileé‘f'/B‘i‘("Y-i-(S)/Xi-i-Ei

SLIRGHT ITE FB% X 868 - JRE0 Y} — Y0 = B+ 6'X; > {3k ATE fl ATT R4
SRR B A - B L 1 (5) RITT -

ATE = 3 + 6'E(X,)

ATT =3+ 5/E(XZ’DZ = 1)

PHA VY R Y IRAEAR MR - H& 85 (support) FH[E > X% Herndn and Robins (2020)%:k
HIE{EME BB M (positivity /overlap ) ERE(EAUERRE - HBIRIL  ZAT » SRS REEIE A
(inverse probability weighting) HRIFAETL - 5B TIS% FFE#EERERE (2018) -

SRR ES s B BF53E > BHIFkER » Chernozhukov, Chetverikov, Demirer, Duflo, Hansen,
Newey, and Robins (2018)fHEF EH#ES3EE % (double machine learning ) WUFCEL (3) WU BRI
W eEF S R 2 X -
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% 1. Angrist and Pischke (2015), Table 2.1 -

The college matching matrix

Private Public
Applicant Altrerd 1996

group Student Ivy Leafy Smart All State Tall State State earnings
A 1 Reject Admit Admit 110,000

2 Reject  Admit, Admit 100,000

3 Reject  Admit Admit 110,000

B 4 Admit Admit Admit 60,000

5 Admit Admit Admit 30,000

C 6 Admit 115,000

7 Admit 75,000

D 8 Reject Admit Admit 90,000

9 Reject Admit Admit 60,000

Note: Enrollment decisions are highlighted in gray

BEORE HEEELET BRI 6 0 ATE B2 ATT A 0] 15 - B[RS g B EE L 0L
B LR (5) Bl el Al E(e|Ds, X)) = E(ei| X5) - HAlEEH B 716 #y OLS {hi5t
AEANmIEE—2E o 165N - (5) TRAT At 2 B AR AR RN 15 2R ISR -
FI R % > Dale and Krueger (2002) fliat £ 35 BIgLEAL LA SAHER AILA
BRI AR R - THALEBARL IR R ARG - R BARAE HRE R AR A
=t 13.5% > EH ARG B ER R E iR B BN E AR E B AR AT A
EOEAE R - R B TR IR - AR AEREE AN N Ry 8.6% o ML FEEE
R REZR B S A ZRAIERBRIRE ST » MIRBLERLNCHIHT ENORE » Ry BRIAIERRE - Dale
and Krueger (2002) #—5 R ARAILERA: 55 A BRI S HUIHE 48 1Y SR 4 BT T UL T
(R 1) PUABREEEBZRAE A RTE 2R - EEFrA2RER - ISR
REAA LR A TRV R EE o (CREARE T E@A R e U AR 52
W -
PLEA M R EER RS RAE B | fOL FRYRZRE KA AR T 2 — » AH
BRAVEES A1 275 BT B EBECEE (2018) FratmAv R EEIfEE (inverse probability
weightin ) f HEEAL > G40 [EIHF A1 A SR B R BRI B E R e ER AR % (doubly

"BUTF%S A Angrist and Pischke (2015), Chapter 2 HFyESIfFA -
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robust methods) ©

4. THER

4.1 WFEBtRR/INEITE

AREMEHE R 1 AL > TREVEIE SN (endogenous ) I EHARET EAK
EAMFTA A T H 28 (instrumental variable ) #E{TRRFMESm - fy 17 7R - M E
SR (3) HREY AT E AN R X W B R R R 2K B T 3 S A 2 A 18 A Rt
U :

Yi=a+ D +Ui +¢i (6)

Hr Cov(D;, U;) # 0 » HIN U; SEAEZR > HEHGET (6) PRREERENED 5
FEAEREERR (omitted variable bias) « 28I > FHFAE—EFZE D, (HAIRFE U;
T B8 Z, > Al B AR HEEEE R Azt o BRARMY T B S8 Em e DL RE-

Bek 2 (TESE). z, 81 D, HRB(EEE D; B Y; HR -

SRR — MR R 2 B AT ED o BB B first stage (1 1% 2 5 o0 F8 Ko B i R )
(exclusion restriction ) o fEZEELAIL T » Z; 81 Y; AUFEREME L & 48 H D; FHIRMmIEH
i - B 7, BUEEIZEN U (F1 &) 3 > B Cov(Z;, U;) = Cov(Zi,ei) =0 =
| fifisg 7 TEHBEUENAAN S - HEIFAIES Z, 81 Y; sy n g Z; B
D; WITERAZR b D; 81 Y; 154 Uy 2 1% mAERE (JRED (6) oY B) » X3 8 7l
Cov(Z;,Y;) H1 Cov(Z;, D;) FNELEZRERE - FHE b - (6) FOfEss 2 BIEE& AN E K

Ui
R
. 1
X;“ 1 AN
o* 1 ~
o 1 s~
1 AN
1 .,
Zi D; Y

.
.
-----
-----------

1. THSEHE -
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COV(ZZ', K) o COV(ZZ', o+ ,BDl + 'YUi + 61')

COV(Zi7 Dz) o COV(ZZ', -Dz) = 5 (7)

BEAN > $E (6) FIEE 2 ARFIEH B(YilZi) = o+ BE(Di|Z:) - iUl TEEE
ZOTEE Z; € {0,1} > A B EHIFIR Ry Wald (1940) By -

_ E(Yi|Zi=1) - E(Yi|Z; = 0)
~E(Di|Z = 1) —E(Di|Z = 0)

e (7) 0 (8) #RAt VI T AR 8 B SCR T B AU TE AR 12 18 I PR B
i/ N7k (two-stage least squares 3 2SLS) &N ASMEREH|EE X, B05(E T 2 &%
Zi=(Zin, ..., Zig) » BHIME » FHELL T EEFHEA

g

(8

~—

Yi=a+ 8D+ X+ 9)

Di=(+0Z;+0'X;+v, (10)

Hep (Z], X)) B (i, vi)' SHERAME Cov(Dy, i) # 0 < FHFY (10) S A MERTRE - FA
AF OLS W) D; & 88 Z; f X, fieBeimE D DU S g s i
{9585 Dy » I Di = D + 0 FRA (9) TS -

Yi=a+ 8D+~ X +¢ (11)

Hf e = i+ B0 o R i 81 (Dy, X)) 4EBA > TAREE OLS M/E o A58 7% o) B
(Ds, X})' FREERE > dIBLTETAD (11) SEPIAERTRE > W — XA OLS 5% B 11—
flist=t > BT IEYE Ry 2S1S - [EERIE >t (11) iy D; B EEE
(generated regressor ) {FAEfLETERE » BRFEEL B 7Y 2SLS fhEt=UE KT~ m - H
HEFTARE TR T SR B R A RS B IEREAE R - °

Itoh o i Frisch-Waugh-Lovell JEEATHI (11) 518y 8 7REMH (7) By -

g Cov(1;,Y;)  Cov(0;,Y;)
N Var(@z) N COV(@Z',DZ')

Hh 5 2 D ¥ X, #EFTERY OLS §82% > i Ft8 —ES%%eskE D, =D, + 0 B
H[EEHH Cov(Dy, 0y) = 0 - #bysEsR » 2SLS BKS F R m S EIME S8 X, fl Z, JauEmk
B T T ESE | O R (7) dORFTEE -

SRETE R AT 3 Wi H s B i
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A. Average Education by Quarter of Birth (first stage)

13.2 - 4

Years of Education

30 31 32 33 34 35 36 37 38 39
Year of Birth

B. Average Weekly Wage by Quarter of Birth (reduced form)

5.94 -
5.93 -
592 - 4
591 -

59 -

5.89

Log Weekly Earnings

5.88

5.87 -

5.86 T T T T T T T T T
30 31 32 33 34 35 36 37 38 39

Year of Birth

2: Angrist and Pischke (2009), Figure 4.1.1 »
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HIF 2SLS > Angrist and Krueger (1991) it 4 SR EI1E fy TR EBEAR MG 282
—FHEHHRENPE R RSN G 2 (VRN - AEE—F (R
FOFR) WEEFR I ASZHE T > FOIHAERAAZEREOR - NILHE
JE AR AAHEE B TR - A 2RI N R EBEE RG] o I AT RE) A
Y ATERTER SRR RS - SV AEFEEEERE - FrEESRAGFEZ L&
iRl - & 2 FIFSEEY 1980 £ & ERERE Rk - EHAFTEH A EBREMEE
FEFTANAE [ 0 Angrist and Krueger (1991) 535551 2SLS A1 OLS 4554 - Al
A - PSR R E MR E R - REBENAEEREEIRE T E AR R
£f Mincer (1974) #r& A2 AT IEHENE -

42 FERPImER

2R EER M 4AERY 2SLS SRt B AR - BRI S EE R B e A A T
A RBFEEREDN - A@eyE  FAVEESREIN —r TR % > Imbens and
Angrist (1994) ~ Angrist, Imbens, and Rubin (1996) 27 (8) tfify Wald (1940) £ =
HIE LR R st RE VA RN B EC PR ESUE (local average treatment effect ;
LATE) - KEIR 48 HMES S ARRRER - &5t - bR TREE S D, ZINEF TR
S Z SR Y, RMEES EREESRE Y JRHIE « (AALE Dy =d H
Z; =z ZTHYEER - AAMAEEGS 2 (AL T Z; REiEl D, 228 Y, B%E—HEE
D; =d & Z; WAEH Y, Epecr e - WRRBEER THERS 2 fifER

d,
v =y

)

BRI AE SR B THSERS "I Z € {0,1} BEA[ES D] 1 D) K5 i
(i AHYEAE B EEIRBE (potential treatment status) » Hrft D} B3 7, = 1 B55E @ A/
FREEIRAE > 1] DY st Z; = 0 B85 « AMRREEIRAE - (EEEENE  TBIERIEIREE
D} T 2F| TRBH 7, = » sp B ZIMEBE AT RARE - 7 2 5 HIURE ] e Ry
( Angrist, Imbens, and Rubin 1996 ) :
(i) 7Kz (always-taker) © fitgm T EEE (] - HOSAIRY Ak B2 - B
D =D)=1-¢

(ii) 7K AR$EZE (never-taker) : iz T E S8 A M > HIERIMN A KR 2R > Bl

DU F A%k Angrist and Pischke (2009), Chapter 4 FyEEBIETA -
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R 20 DUBERRFRRREE 77 TR Y -

D!
' 1 0
D}
) KB EYE
(always-taker ) (defier )
0 RiEE KA E
( complier ) (never-taker)
D! =D)=0-

(iil) ff#E (complier) : HHHRIHY NEHIRIETE 2R THEH > B Dj =1 H
DY =0 (8 D} >DY)-

(iv) ¥ (defier) : HWHRIHI A RIIRAE G 22 THES - Bl D} =0 H D) =1
(8% D} < DY)~

PRI - IR N BEBIE D & D) WiEZ— » BE# D; BRI TG

D; =

D} 7, =1 )
{ i ’ 7 D; = Z;D} + (1 — Z;) DY (12)

DY ¥ Zi=0
BYRE Z; ¥ Dy 19 TR ERE | E(D; — DY) SAHEREE o Imbens and Angrist
(1994) Hifn5 A TEEEIE M (independence ) {FRElERRFZ— :

Be% 3 (BIrtk). Z . (v;h, Y02, D}, DY) - 10
A 3 Ffl (12) A4 E(D} — DY) 554 (8) W93} » 1M (8) ST FAEMRS 3 Blar
TNIREIEHHEL B[(D] — DY)(Y;' — YO) M5 < a5 2 > (8) FIEE Fs

E(Yi|Z; =1) —E(Yi|Z; = 0) _ E[(Dj — D})(Y;! — )] 13
E(D;|Z; =1) —E(D;|Z; =0) E(D} — DY) (13)

S BEEATH (13) B4y TRIURFIA Df — DY IRy ATE » Hrhkos e HRK A
PRZHENEEE S 0 MRIEEMNEY B EEERAIMGEN - & THER (13) #E
f5z i B —RE TR ) S R PERUE - Imbens and Angrist (1994) {REBAEEEAREE A E
FHM: (monotonicity ) :

OB AT R B R BB © Zi L (Vi Y, Df, DY) X 0 FL Abadie (2003) ¢



208 HEsE

{55 4 (HiZHME). D} > DY -

3% 4 TRVBAERERAE B T B S B B IR o HEkE TEEY
& EUE), AR > DIPERREE (D} < DY) ITETE - IR BERERILT
AL (13) B953 B E(D} — D) = P(D} > DY) Ryikfe&MyELfEl - H (13) 895 F
E[(D} = D)(Y;' = Y?)] = E(Y;! = Y?|D} > DY)P(D} > D7) Ryfic{ie & #F HdR B R
JE3fe EEEER o &% ATk - Imbens and Angrist (1994) 8 ZMRNE &0V i FRAUE Fy
LATE > IW035937E(E% 2 2 4 JRILF » LATE Al (13) 305 ¢

E(Y;|Z; = 1) - E(Y;|Z; = 0)
E(D;|Z; = 1) —E(D;|Z; = 0)

LATE = E(Y;' - Y|D} > D}) = (14)

SR IREER TR HIR ZE R - R AT TR AR E M Y T T RS R
EE SR o 2RI > Y D 1 DY SCARRFHEEE - FMT R RE T PHE A R
el - U RAB T ERAREDE - A M B E R SR A LA
Mok » NELPABCREHMERYAEAKE » LATE f2EA &AL ATE 20 ATT 5R{EGHA
HE - AERIYE © 5[ A Bloom (1984) FRHHAVEEA{KE (one-sided non-compliance )
% N A58 LATE Bl ATT - ZEERINERLT

e 5 (FHEAKE). DY =0

(Ee% 5 BORE THEH 7, = 0 WA NS R Ee2 s (JREN DY = 0) - {2 D} Hi
AEEIR - #RAJEEE E%E)%‘Eﬁtttﬁfiéﬁ MR IE R INE S PER T B E >
AR E BT 4 BRaL - EilEEe 5 - BEk 3 M (12) AJ4D

LATE = E(Y;' - Y|D} > DY)

(2

(2

V! -Y?|Z =1,D} =1)

(2

(
E(Y; YD} =1)
E(
E(Y;! - Y°|D; =1) = ATT

1

ST o H S 5 EOREREAH R @A RIS - SUEREEGE 3 TR A
JE R R (local average treatment effect on the treated ; LATT ) ZEfY ATT o
HEAfdET ATT —R%i S 25 1 BI{H LATT R > Kt Donald, Hsu, and Lieli
(2014) {EH I LLRE A2 Durbin-Wu-Hausman JEAYHTAR E AR EREG 5L | A RAL ©
IE4F > Swanson, Herndn, Miller, Robins, and Richardson (2018) t7#2 H BI{FEEs 4
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Application and enrollment data from KIPP Lynn lotteries

KIPP applicants from
2005-2008 (629)

.| Remove guaranteed, excluded,
~| repeat, or unmatched applicants

Y

Lotteried first-time applicants
with baseline info (446)

Offered a seat (303) Not offered a seat (143)

73% (221)
attend KIPP

3.5% (5)
attend KIPP

Note: Numbers of Knowledge Is Power Program (KIPP) applicants are
shown in parentheses.

3: Angrist and Pischke (2015), Figure 3.1 °

ABAZHIESL T > el e T A ATE #ETHE50E (partial identification ) ©

11

F]AH LATE » Angrist, Dynarski, Kane, Pathak, and Walters (2010) 3F{d#ts855:T
B2 (charter school ) /2 REFRFFSEEF/NEA N EH LRI - PHREFERZHBUNE
BIRIRLILERRE » BEZRELZMATAE I 1 = B AL R R 44305 - (HH R HEA e 2 (E
o BTRREF R HY R 3 N B EABE A o B T HRER, RN e TR
& KIPP Lynn #EEAOR EHER A ALZER - hlE 3 \FHAE 303 it RAERKD
ANFA 221 (rEEFEREE » 1T 143 (U MEERIYANER 5 (BB EAE B AL (FREsiE
SRR TA NBERER) - ERARESEF LESH AT OHEE FREE -
Al () AZER A gEEERENERE R B EERE (1) AZERHBETE
IR 5 (i) BUS AZERRIERR = AR R R - DL E=BREG: 2 £ 4 BIERAL -
AT (14) TR T E R BRI LATE - fb4h - Z5RE5¢ R HFRHA AZE

Y EH B TE BT -
12p) %5 By Angrist and Pischke (2015), Chapter 3 FYEESBIRRA -
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R 5 WIERKIL - fUF% LATE B[R ATT - A KIPP Lynn HYER} > Angrist,
Dynarski, Kane, Pathak, and Walters (2010) ##IR 518 F e F 2R 0l HE 5 24 B R 4E
0.48 {EfE= > RAERETENEE =2 — EFFE DR > BT 30 & sk -

5. ZRPER

AT EITREIAE T E(E AT &R (cross-sectional data) FYATEE » (HA T
veARAMEMERGEE R T B B IR - AEIREE 6 174 EF HEHEE R (panel data)
AETTIRR MmN 7704 « M E B A W EAH R (FERERAH S HRAH ) R 7 {8 B FTRG
(FRIEEEZ ) 1Y 2 x 2 2Rt AL (difference-in-differences ; DID) o FHIAFAERF
I4ESE ¢ € {0,1} - BIEAE R ERBIREFRIEENESR R (Y, YY) f Y HoFExy
(t=0) FrA NBRFEZER > JREN Yio = Yy > MHER (t = 1) {EEHEAH B2 iR
AR » 78R Yo = DY) + (1 — D)Yy - [EIRE > FRMEUUERRY ATT JRER e

ATT = E(Yj - Yi|D; = 1) = E(Ya|D; = 1) — E(Y;|D; = 1) (15)

Hi (15) B4 58E ATT MRASEIER B(YS|D; = 1) > thik R REAE R
AT R TS B o R T T DB 52 R BE A A SE T SR B B B A T 45
E(Y9|D; = 1) = E(Yjo|D; = 1) » {H3E A B B4 (R RBEZ BT ) Y
(RGBS RIS LR - BB L OUR S B R o PP Rk B A B
BRAH{E A Z B RS (LS - ik 2 ATE R AT 28 % (parallel trends

assumption ) :
B 6 (FTH85). BV — YBID: = 1) = E(V) — YBID = 0) -

FIF (15) ~ a4 6 DURCEHIRAE Vi) = Vi TERCILEVRA(G - RI%0 ATT RypRPRaf st
IRsHAIR AR 2 HIfyE R

ATT = E(Yy|D; = 1) —E(YS|D; = 1)

il

Vi1 — Y| D; = E(Y — Y3|D; =1)

(

E( ) -

E(Yi1 — Yio| Di = 1) — E(Y;y — Y;3|D; = 0)
E(Ya ) =

—Yio|D; = E(Y;1 — Yio|D; = 0) (16)
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iEtE DID PfEAYHZK - S5 E > BFI A e al Bz o AR 2 0 AGEE ATT »
JRENIE 4 AR EEE SR - AEEMET ATT > & REVEER MR AR A 2CRH
A AR -

Yie = a+ BD; + 7T + 6D;T; + it (17)

Hep Ty =t € {0,1} B I rEHH E(ex|Di, Ty) = 0 » % 3 FIHAEA R A K
[T A ER R EEFR AT 45 R - 47675 3 fl (16) » T BHACTRIEAAE 6 Bl 2 x 2
DID Z&f& Y ATT -

FF DID » Card and Krueger (1994) W75 2 & (K L& A& 25 TR N2 -
e P TR+ - ERE LESNIE LER - e 58 EFRKE
HEERGEFE AL TRE - & T Esgsx i sme S 1EME - Card and Krueger (1994) 1 1992
4 A EHERT 20% SR TEVALEEINTE RERELE - MR (E RSB R R T &Y
BN R ¥ 0R4H - M MIELER 410 R BRI n R gE (RE 5) EBRE AT
RAVBS R NE > DR G 6 FEAHISEERE THYREE - © ABSMYE » DID &%
HURAEETSINE L& RSN BN AR DI B T BRI TT « thadam
FRRL T2 @GP AHRA Y (FFELSO EA ) » BSIBER( R TER S5 24,
NEENPTIHTERE . — -

\/i:éttfl:
PSR pEFELE
////iMT
| --e
T ey
i
, > B E
ER ik i

4: FERPERE -

%< 3: DID B (17) Z HERR 58 -

SEHAER FH] (T =0) Er (L1=1) Pzt
FEH4H (D;=1) a+p at+B+v+0 y+4
$iE4H (D; =0) a a+ 7y Y

prze g B+6 )
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[F77] Original 7 Counties
B Additional 7 Counties

Number of Restaurants
in Original Survey

e e
NP WN=

5: Card and Krueger (2000), Figure 1 °

M5 EEL 2 x 2 DID B —fHEAVRE - SIFEIRE A T Ht=1,...,T > H
(17) A% Ry R[] B SRR (two-way fixed effects model ) :

Yie = Bi+ v+ 0Dit + i (18)

Horf B By o3 AR A HIRS T & E R » T D € {0, 1} R58 @ AfE56 ¢ HiZ2
B2 T8 - £ T = 2 H-PT@S e vl igeg (18) iy ¢ BN G
ATT - 2R > #E T > 2 B natiez i B A [EHY 285 BRI (staggered adoption) 3%
ET o RHBAGICARKIL - E 2 AR IE &SR o DUT M I{E Callaway
and Sant’Anna (2021) FFFFRARERBHEIERN - © G, =g € {2,.... T} AFFE i« AFESF
g HABRMGREZ R EHAVELAHE S > 1T Gy = 0 USRS @ ARIERBEZEHEAVEIRME - [F
B ER Y] BB NETES g ARG iR HATES ¢ H (t > ) AVBIEASSR - T
VY REE i AR ZRIR IS ¢ HINBEAE R - IR EEGEL 6 RLIEfH
Ry BRALH AT G

fREk 7 (4L TTHEE). $t > g e {2....,T) Wi EQYS - Y5 |G = g) =
E(Yi(,)t - i(,)t—1|Gi =0) -

EL (16) M0 fERE 7 BRI R AT SE R B A A g dHAESE t 3 (1 > g) Y
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ATT A ¢

ATT(g,t) = E(Y{ - Y}/|Gi = g)

=E(Yi — Yig-1|Gi = g) —E(Yit — Yig-1/Gi = 0) (19)

fRIE (19) > FefMT ] R EREH 5 g dHAIESIRAH 2 fIHY DID 2RIEMERLET ATT(g,1) » 28
i > ESFEAE de Chaisemartin and d’Haultfoeuille (2020) 58T (18) H1@Y § =]

Ty ATT (g, t) HINIREF-S -

5= > w(g,t)ATT(g,t) (20)
(g,t):Diz=1
Hrw(g, t) R&EMR 1 HATREAEEE - #i52 » fEFLEHEN THIE ATT(g,t) &
BIE > ISR MR &M - T § fl ATT(g,t) FNIEAYETTRERE » fE S
ST EEHERE
Rt (20) FHIREE TTRE By & ? Goodman-Bacon (2021) 45 tH—{EfHE BEE
R (18) iy & o6 Ry R FRAR AR R BLIRAE A S BFAH 2 [8] DID AYAIFEEYS - ffiiE
i DID GIFE (i) {E AR B AR HIE bl g: (A0iE 6 o) » (i) A
AR B2 R BRI E B hcE 52 (A8 6 2 FEBsy) DK (i) (fEF E B BnyEE
HPERtbRc S (AE 6 AT Ey)  H iR (i) AVEhE R il - (URE
DID iR ATT(g,t) - #hjehas - BIE o /AREIF T DID HyfifEFs » {Higtt
FEEE A REEEHRy (20) PERMEE ATT(g,t) HVREE w(g,t) > EEAEMImFEI N & EH
w(g,t) Fy& -

6. EPERA

fHEL > DID > Abadie and Gardeazabal (2003) g Hi Y & B4 (synthetic
control method ; SCM) {# #+¥f B —pr FRAH pld B HETT IR SR HESm > DRIELRE 11 b SE R2AT (3
GLELEFE (comparative study ) o ZAI A [ HY EEEAH 52 2L 17 Bk 22 B jiz B AH e A (DL Y
Eb#es s > (g DID FIF i H - 8 b Bl pr PR AH P9 B AHEE - SCM #YTEIA2
RBAEFERIZH A (donor pool) fIFEVEGEIGE]—(E " ARER > PR " Ealds
il &SRS (FRRERAH i B R BEZ IR B NHVE RS R - ERGHE T » IR A
B T &SR] BR T R a2 E I MNE S AR DL - R W A SR R R R EH AR
{E N\ JZFERLE (individual treatment effect on the treated ; ITT) »
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A. Early Group vs. Untreated Group B. Late Group vs. Untreated Group

Units of y
2
Units of y
2
1

=t =i
“’TDE;&_;,‘ POST(k) POST(1)
o —
k Time Time i
C. Early Group vs. Late Group, before | D. Late Group vs. Early Group, after k
= e
o o
4 I
= & >
— Vi —
=7-1 8 & -
E & -‘_:" — g I
=] ____:::=;:::== """ 2
S 4 B =
PRE(k) MID(k1) MID(k,]) POST(1)
o - o -
k Time ] k Time I

6: Goodman-Bacon (2021), Figure 2 °

FMAFIH Abadie, Diamond, and Hainmueller (2010) HYF5EA /44 SCM - B4
CHARERi=1,...,.J+1 B t=1,...,T - Hif i = 1 KREHHKET
i=2,...,JJ+1 REAM JEFEFRISHERE > Mt =1,...,To WEFFIM t =To+1,...,T
R Btk - B3 (Y, V) RIRHHRBIES ¢ P15 B2 iR M s N 2 iR M B AT 45
oM Yie RBrBAHR B AESS ¢ TRV E PREZ6E R > A& t 1] (¢ > To) A ITT
HIpS

ITT(t) = Yy, — Yy = Yie = Y4y

B4 (15) FEML - HERERREERN YY) Qe @ ITT(t) - SCM A8 E R 1L
(ERPER) UFEFER! (factor model) e ¥t i=1,...,J+1 /M t=1,....T fis >
A
~

i =0+ 0,Z; + XNp; + €t (21)

Hrh o, HEFEEES > Z; F p; 535l R B/ nT L0y TN EEE = = 0 1 0 A A
Rl Ry B RS fE S By 28w & » Abadie, Diamond, and Hainmueller (2010) z&HA T %42
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HISIHEEE W™ = (wi,...,wh, ) W TGRS 8 » HIBEZE To 3h0 - % REE R A
GRER (t> Tp) (YY) > JRED -

J+1
0 *
Yip =~ E w; Yt
=2

i 8 (Muh). Et=1,... . Ty &> Y=Y wiVy H Z1 =Y wiz; -

BfFREE SR AT A B 8 1S EIREESER - (C/BEERAVEFRM (21) 7fF -

J+1 J+1
}/195 — Zw;kyvzt = Ot (Zl — Zw;"ZZ>
=2

=2

(22)
J+1 J+1
+ At (Hl - szfﬂz) + <51t - Zw;‘kfit>
i=2 i=2

i e ¢ = 1., To B Y = Yy, FTHGBISE - HULATHD - TR 8 R T IR
HEEE W SRS SRR Vi, Vi, ST TNIEN Z, - Al
EF TR p, RFEEER - BT (22) Bt BN ERE - EE
Ty SRR SRIRBIE AN « &% BT - 2Bl B R T 2 e
) Z0 A o TR (22) BESER (t> To) #9 Y -

Eop LR - Y B9 SCM itk

J+1
=0 .
Yhe = Z w; Yt
=2

HAPEHILIER W = (B, ..., By1) B TIIZIREIR MEREf

W = argminWeWHXl — XOWHV
st. W={We[0,1]): /W =1}

Hir Xy = Viv,....Ym, Z) BEHAREEHAE  Xo= (Xe,..., Xyp1) B J
EFERIsH R Bt & B E e IER - V RS e S8 E ERE LR E AER -
IX1 - XoWlly = (X1 - XoW) V(X1 - XoW) B o= (1,...,1) - @k AT
Zffiat V J7E bR T HAEE EEUERHEREEE 24 - Abadie and Gardeazabal
(2003) TR HHEA A X EgiEg (cross-validation) #9777 » HELERVEEE 7] 2R Abadie
(2021) «
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I

Passage of Proposition 99 —>
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< T T I - T T
1970 1975 1980 1985 1990 1995 2000
year

7: Abadie, Diamond, and Hainmueller (2010), Figure 2 °

KA SCM Ei 1970-2000 4 & M E K} » Abadie, Diamond, and Hainmueller
(2010) FREFHIINGY 1988 FE YA FIEFNEFK B RREATGE L FFHE - DIHEER 38
EE A A HA R R HE B AE RRA ZE BRI FH B AR BT IN(F Ry B PR hI4H - ZAseht e T
FEFSEE  NIFTE  BOEA LG - A SSUENE R - DURIEAT (1975~ 1980 -
1988 ) HIEFIHE BRGERE R FEERDVEEDN " &R |

SR = 0.33 364t + 0.23 PIHERE + 0.20 B2k 2 + 0.16 RIZRRIZ + 0.07 BE /50K

HfE 7 AR EE NG TSR, AVEFOEEBHPME 1988 FRISFED 0 5
BT SCM HyAERME - (EE T/ B L EEIYNNEFONE R 1998 428 " &R
M NEEAD - BT Rk AR A A FORE RS R S -

7. &hEm

A [EEET BB EEBE 30 ZEMBRIVEIR MR A NER - BEITER
BT AR LY TRy, > RIS AIEERGHBEFERSHIRE - & 4142
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T 4 ASCFTAC ARG -

T3k A8 HEE SRR U (EGgiliEs
AR A5 ATE = ATT  fEEREE R B 1/ (3)
A AL =g ATE/ATT  felri&itt B 10 (5)
THEEH A5 ATE = ATT  fEEREER e 2 /(9 ) %D (10)
T HE =3 LATE tEE IR % 2
THEEH g LATE = ATT  falha & {2
A A5 ATT BHEE R {i% 6 %D (17)
AR 5] ATT(g,1) AEHEER {7
B ERLA 5] ITT(¢) BHEE R {8 A1 (21)

T AR SRl T AR A B LR o DUE B T B A o P A AR U U 6 2 P [ AR A -
ZAIMBE IR AR - SURT B A 5T 2 B ST A SRS B0 70 i iR B e
(quantile treatment effect ) ~ 7 EHRE (mediated treatment effect ) ~ {GR{EFEHHRY
Jf€ (conditional treatment effect ) DL K iz iR 5k (optimal treatment assignment ) o
A BRI AR

8. B
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ABSTRACT

Program evaluation has occupied a pivotal role in empirical economics, and
evidence-based policy making has ascended to a prevailing norm in public policy world-
wide. Over the past 30 years, econometricians have developed methods capable of
elucidating not only correlations but also causality. This "causal revolution” has led
to three distinguished scholars being awarded the Nobel Prize in Economics in 2021
for their seminal contributions to understanding causal relationships. This article aims
to introduce the theoretical development of causal inference in economics and use the

canonical empirical applications of Nobel laureates and others as illustrative examples.
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