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ML a0z GHE Flo]7]o] M (treatment)
S S, BAATOIAE B Wsr) ofd
7S ou]sfA 7§ (intervention)©]2t1l St E
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AFstrloll= AAAQN AL 2 A EAZE T
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AejollA Z8ote FH P A A (quasi-experimental
design) =2 <A (observation Study)’} &

7 QIth(Cham et al., 2024). FA4A HH o
ohQl o] F xR (DID: Difference In Differences)
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o]AE, 2018; Arkhangelsky et al., 2021; Athey
Imbens, 2022; Lechner, 2011).
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Doudchenko & Imbens, 2016).

#Zol= DID#F sCM9] FHe 2 57
Tt -o] A2 H(SDID: Synthetic Difference In
Differences)©] 5592 ™, SDIDE TN
= A8 o, scMA" A i A Addwt

B S 2D 4 Y dE2 B

Aol 7HEAE PE, oi7]o] Hste], G4
gzl 34 AY A% Fo B Aolg
et A7 AFAE Agste] Bt 49T B
A& FFsetA @k webd R ggeld
3 Az Aol et Het el T F

At 4+ th(Arkhangelsky et al., 2021).

2 Aol 8 F22 DID, SCM, SDID Al 7}
A S vl 245k, 71E Aol AAIGE
2 el e AFY, terd Aol
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ZoA HYPEC] WE= HE ANE Fsty,
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o} o) AZe] Slatol kR AT S T
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5 sty foll HAHAIEF R (sum of squared
errors)¥ ©|E Fo] FAHSF AlC(akaike infor-
mation criterion) #tS &RI5ttt ©ol& 9| Al
7}2] ¥(DID, SCM, SDID)?] FeHd-& Bt 7

Adoz %5, 2t P A8 s4e 3

ATHL  ATFARAN e PAA
e A9 g APRCTS Fol oAt A
B2 dEPo] FAYE @Pste] R 53
ol A YT 5 e BFE Foln, AX &
3} 919 £ AL 7 54 FASH BEo] A
MeE SATORA ABTAL w4F AUE
2AT 5 YEF 47

H " olth(Colnet et al.,
2024; de Souza Ledo & Eyal, 2019; Rubin, 1974).
T A Aot o] AR el B4

A2 A= I A Causal graphic 23S &
5to] Bayesian network X3 ©|Yt Do operators
gt dAEd AHE A3 AA(potential
outcomes framework)Z Ws 4 1o, HFAHO
2 YA A (structural equation models)T 13}
PAE Aot B@Zez AZsE & Ut o
FolA wo] &8He= AT Foks A A
AAZA, ol A7 el dal £ AAE A
= mo] AA Axet HAE kA ke wWo| &
A A, & AA=s ek ZekRE HAY
S o] Qe AR §EARA A ((counterfactual)
Axet vlwste] Qi avE AFlels HHE
= omgtt}y. ol WHZ Rubin® IHY
(rubin causal model)o]2t1l % Qtc}. 7|22 Q1 of
oltol= AAlz EASHA dAY Ax wEd
S oglong AxE WA F2

At fAFSHA Thso], AE] H3K(selection
biasy= A|Astal YHFE FAISH AvFE
o] AL =ole AE HIEE Uh(Peters et
al,, 2017).

HAd dRAA= A A HS(propensity
score)ol| 7]9Fet A-te} 37240 7|Hket A=
T2 7 ok FAEA 7Het A= o
EA9l 2= 37 EH<L AA(RDD: Regression
Discontinuity Design), =78 (IV: Instrumental
Variables), “12]11 o]FZH2H(DID: Difference in
Differences) Wio| 1o, Z7] & 71AHS &

ol Qe mE #3549, DIDE AER
A =
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2023; Currie et al.,, 2020). A% A4 (propensity
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2014).
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£ 92 (Y(1) | D=1)°]H, ti27-9] A= (Y(0) |
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2. O|SX}H2*H(DID: Difference-in-Differences)
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E Uyl Y8 = WY o=® Card and
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o]x]—o] _T]H/\E-‘_J:EFH _I_Q_oﬂ ‘:’]7}1 oc:)]ﬁ]:% _E,_/Hg].

+ Hl Z-85tHA tFetE7] ARSI olF 7
Alst, AbRlapst, AT 5 ohgRt FofolA A
B7h A& oF vt 74, TR 83 74, A
3] A4 olsf Tl &&= AohE7]E, 2019;
A, 2019; Callaway, 2023; Rothbard et al.,
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Qlth(Currie et al., 2020; Fredriksson & Oliveira,  YEPHATH = 2
2019). ARATI 23 2He] ZolE Ve, EA AR
H

DID+= 54 AH9 A4 A, 2 Ag+7 o d
Z39] ZolE HlWshs WHoR B4 AR IFEAE SO A9 &4t e FHAT
Aq2] atE FAstH, Agte] oo wHekx| o=
2s SAIStE W Agte] o5 ®sh= a9l Yy = By + By Post, + B, Treat, +tDy+ ¢,  (4)
= SAISHA] Fsh7] dlgel £ AR o]d A9
1 5L ¥ (parallel trend assumption)= 7} v, iR Solol A 1A AJHe] Axp W
AL dEEE ARl A7) el Wk & g g
ol FAIStcH(Lechner, 2011). E3H F o] g A2 A ft
AL Al B4 Abdo]l ¥HA¥stal AtrIxE cPost; A AA A @4
U F e JHL /2 ofF ot= A& oy =
%ﬂxﬂ;éﬂr(lrie:: & Wo;rdri]cz:,1 2];)09}). ﬁ* 1 # 2#E LAY A A]_Zd% 0
By AT iRt 7He] 7] 2R Q1 Afo]

DIDS] F4F2 MAH o= ot 4(3)3} Lol
Aol 54 ARl AA F(yy. 002t AR

Y1 pesore) S AH W Bbghe] 2polofA

dzzel 54 A A2 F(y,,00% A4 ep: DID A5AE FAA T AHe] AR
A Yoorpesore) FS] BT W5 B o] 2ol & LS 1, 1 9] 0(Post, x Treat;)).
L Hog B3 A7 A4 mvE 2P, P
DID estimator = (Y, 4 ior = Yir. before) — 712 DID ®'H-2 mid dlo]E(panel data)o] &
Yo, afier = Yeovesore) () | o, A Al A, 71, A 5 2
EAekE LAt 545 AHskA wod, At
gt AT EF ARAAR) ©1F B FAof HFo] HAAT 4 ot AZto] WE G
S EAlO E = 2 0
N iﬂﬁ;;] ﬂfggiﬂ% 71?5 g?%f
Moot NELESA ARG OF BEL 1o g m) gegel met mE A JFL
Yeosesore: BETY] B ARAAD) o]F BAZL =0l A 7ole] a7t THaly] o]/ w=
& oleh. AAe) wgR S4E of| Aol ww
DID #AFe AyrHor AWt Zol 43 2w o, Add B Aajd SH w
A4S B A g A A 22O gt g Fol AW el ans Asts| o
Wat IS Qfulettt. 8 Post, O] A2 AA] Skt o8& A & Qloh o=’ ARt
2 o5t W WS Jeud, 8,5 Trear,©]  JHA P EAISHE 14 EAGARTHE SASH
Asw, A2 gzt o] R4 Agojg 71 A AT AAES] 289 nFER
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(two-way fixed effects, TWFE)E Z-&3th(S
A, olAE, 2018; Wooldridge, 2021).

2821 1 AIE DIDS F&st7] flsiA= 3]
Aol Azr A o] /et E44S of /‘1(5)
of Zo] AR AT & Ut AZe] ¥
ol Post, A5 ARESte] B4 A% 755,_01] s
SiAeE Agstal QAR /\]Zl 3’—@3‘33’4'(&)94
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DIDS] Ref 2991 IA A IH(two-way fixed
effects)S 19| 21(6)9] WHl= T=™ o 2(7)
I o] FEHSE T avES 1Y ARt
Y-S 283 4= Qlth(Arkhangelsky et al., 2021;
Athey & Imbens, 2022), @2t A (7)olA= Z+
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B2 1, 1 9] 0(Post, x Treat,)).
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3. SH R THeHd M (Synthetic Control Method)

SAIH A H(SCM: Synthetic Control Method)
Abadie and Gardeazabal(2003)2] A-FollA A
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SCM= &l AA4E 4 dixa2 A A
o] glle ¢ Aol BHY Aoz difE+=
TR A ANE FAoks H ARSET SCM W
H2 A NG ol 717 Bk AT} o
Zato] A7t FARHA Yetg = AA 7] of
oll, DID?} 22 oA At dxdts
+ b Yst= FAE S5k o 2ol
DIDS} HZPE& o, SCME Hlw A A tix
= AR&Sto] E4lo] 7HEstH, Algtel| whet wst
St= WEEA] k2 W4 Q19 g ¥ Ho
(omitted variable bias)Z WAst= WA A=

aitdor AT 4= Ath(Ben-Michael et al.,
2022; Billmeier & Nannicini, 2013; Doudchenko &

Imbens, 2016; Ferman & Pinto, 2021; Gunsilius,
2023).

WA A (donor pool) 0.2 LAHTE T77F
ot = dolHAA Ty Bl Y=
gEH, Z A @9 b 717 ol
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v,2 HE W, yiere A

=
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A o, b33 Zth(Abadie, 2021).
Ylfl:scm: lelt_ lei\f/,scm (8)

VI AZE ol AR AA) mt

(3R MY =3 FAA.

Y AR el AR A L

= 1t
£ s vie BEd £ gl oE
FA57] sl A G A, AAA v dig
Aol of2] 212 Agste] Gl /Mdd A
A3 Zpol7F HaTt He TFEA W= (wyeivgy )
2 Agsin, A2 heat Prh(Abadie, 2021).
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Al dtH(Abadie et al, 2010; Billmeier &
Nannicini, 2013; Doudchenko & Imbens, 2016;
Ferman & Pinto, 2021).

L1 742}t 7]'HS &-83t Lasso 39| 4% &
U2 AT o, ST B g7
ol HEHE 002 BHEo] fAE} e fhx
22 WAIFORA, WS ﬁE—HTJr sl 7158
AFetel, L2 47et 71Ee @
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8 =Q] A9 A £ o) He AUTT R4

4. SH|E THet’d-0| S X2 (Synthetic Difference-

in-Differences)

SAHTFEA -0 FAHEH(SDID: Synthetic Difference-

in-Differences)< DIDS] E4 AbAS 7Y A, &
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<H 1> 24 0|o|g{
Hlo]Ef 443 g
AT QU ML RN
SNUMEIS) | R BRI BBATL YT 57, 57 M),

24| o HEET 712, ST B2, GAT s
X% L 2Iat0l 4THO OjZ k(R 1 ¥
AB7E T HojEf AR

24 ol

22| A H - ML 22 ARBRES A 21 A, 20211 53 1.
2 7|7 20194 521 22 ~ 2021 102 31YQH HEE 6701” = 7|2h

<E 2> 24 00[E{ 7|2 £

A U 2atol o3l U ofjE ol
= as ES BEmAy 243 e Ly
2019 544 151 297 1,091 32,805
MBI 2020 499 141 278 1,204 28,027
2021 420 110 258 931 22,282
2019 300 183 90 1,409 17,811
=™ 2020 308 204 71 1,583 16,863
2021 303 202 90 1,461 16,231

"W BRG] Ci9l kY

" AHR: QBN M, RET
TORE: R T DA, BT S 87, A7), PATAA O REHT 7IZE, 527, 27, AAT, ek,

1]

SHth EA4o 83 HlolH = <& 1>3 & o2 7P ooy 202199l 22282707 7
<E 2>¢ & AFolA A AMEE A W Aottt W, 2o I B ARfdee
exmalel frmupAle] O wjEdo] that 7% 20199 17,8117, 2021 162317102 Atz o
SAE= AASEL Atk o] Fe AdTHAT B AT HEe FASKH
AAl AT, 4T dHEACETFFIA 5 Adrdo g dixgo] emeiel fuupil mjE
R FARFAAl 67 el tisl 74 713 Wi ke off Wolel Aol A wjEdl {2 9 WHe}
HE Uro] euepdl ozl A mjEdd FA7E ZdolstA Uer e, o= @4 HolHE
et Wat, B, A FAdg, 19y o A&k Hl glo] WA= AR & 5 9l
9 P ARASE vt Adae] MiEde of 28y & AFolA ARESh= SCMIt SDID
2019 ot 54495 Yol A 2021 )= 4209FE WP ELR o]t HAHS A5t il =YH
doz Fadchs FAE Hth R, gz el R, 2 5 B3 A7 FARE A1
SR AdHoes A FS FAISHAT T [ARSER] 2 2|H& FESHe] R4 &8
AT 2] BEAEAE BlusiEYH A sttt o] & &l SCM}+ SDID o] -84
A HFAdol S & 4 Utk E7L, gelstat jtrt
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2. A7 24 SCM 7]
. {ii )~
7 = argmin (Y, —(a;,+B,+1Dy)) wfc]
2197 28 | P Vs T R o
(16)
DID HW¥e Asdoz HH ais Byrlsis
gl da AFgEe] £ "Wroz scMIt SDIDE SDID % %]

o] SHA|AL Sl= tjolAd vl = nsdi N T ~sdid ~sdi
DID-4 11-7:" 0= —]33—%'0]'1_ qill-"l ] Holtl-- O]E'. rddargmin[ZZ(Y(aiJr,BerrD))sz-ddA,dd]
HPe 2 QoA wol SeE glon B «b \IS1i=1
AL olgdat A 712 HEL Thakst Aol A a7
Hlwslo] 7+ W] Hgte Wolety, B4 A

did E— =
ol A 71 A uhy Aelo] s =9jstn o DID PHE T FHE AA ar

SeMe Ag@T GARE GEES TASI]
Tohe wpioE, wel Agde] Ak A9 .y i SglolA oaA Adel Az W
S85I0, We HaTol Washd Gthe Aol .o o Bl o] oje TheE nAE
DIDECE @HHel AT WHoR BIHEL g o Ak o] it BEAS AP nYEw
SDIDE SCM3} DIDS] A4S Ags oz

& AASE BAC, B9 sl ®e ohat HA T AHY Agae 1.7 9 o)
A% T A|7te]| w2 WEE malste] Az A A
B AT FUES PN ol 7FeAS verd
SPA] AT Al FhA) WPl e A7) w27 o/ SDID el 24 gEE
A& AFEShs A4S Hlas| BH, ZF 349 & olo] 71E2= ey
Ao A o AFHE Hastgdows 7P A A" sDID WA ZH"E AACHY) A
% BE5S gohje A4 34 wer, 5 77 VRS ehy
A AL 7HEA7E APl A s ga
o AT P FHE T RELS AZ @3 g HE WA
Acof glom, B Aol ALgH BAo] A-8H
T2 IHL Facure(2022)9] AFO|EE Fxok3Ath 7]1& @] w29, SCM1} SDID B2 A
P fzgol FPRA e FEA de
DID F7A] M= A8 7Hssh, izl a7t Bl
2 remin| 3 Y (¥, — (a4 8, + 2D, 4e 7gole $-gslthe FolA DID Wl Hl
£ iZ1=1 3 xlol Y Ao AAA k. 53], APE
(I5) 7 fAR x2S 43S o, A e FA1
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o= 2|94 E4do] fARE dixdt& A4t s A AP FA 7Ee] A 2polE SAste], A9
A A g34S wolAY o8 HasE BAT 3 o tETO AR 71 FoF e WE
g U 2y olejgt e A dixat gb o] o] HL [ARIAE Brletz} ste, AH
o] Zfol7} 57 AH9] A2 B3t ofd oF @ T FANETL A AP F olE 5
glofl ofsff A 7Hsdo] flem, o|= <o H Aotk & AAE X9 v7F FolRE o, o=
FH FAEA7E EEEHO AA avE A = 9 §EYUS AY (X V)= o Zol ALt
T4 HrreE 9jEo] UAtk(Baker et al, 2022; =t
Kahn-Lang & Lang, 2020). T3, dAZ <l A|oF
oz Qo AT AP FAIZE FARE dE n
g Agsts HAIA aw ne wed ga (0T L) (1)
tolg gtHel @ g2 5 SfHoh= Ao
o]¥7] wizoll, BAFAE 5ot g= dx ‘X (2p2g0enx,) = AR HlOlHY ZE
oy AR RIS &8oh= A, SCMmt Y (U tgreenny, )= FRUZE AAD dlolH
SDID o] DID #Holl sl o FgAQl A} o] zk.
= AT 4 Uth(Arkhangelsky et al., 2021). en: AAE dlolge] Zol.
ZF el digt Bl E fls) ATy St x
0] A2 A 7|Zbel] et FAFA FAEE & <} 3>o|A Holxol, 29 W MHulE FA|7}
st z; qtey. Az A 7]7ko] AATE g F7tE £9E7] A 7I3F St AT iz
27 AP FRAFAZE & serHE, AR o] fFAHIS Hlwsty] fla, fruutAl wiEe]
712k tigh ARdTel Az anrt gliles B¢ Fo E T U AYH EAQA A, Ak, 1
of gk=oid RRAMIZA dlo|HE © & A5t 1 7, A9E T, A UEAEAHGRDP),
et A2 avE ¥ FAY 4 e Aol 1919 o] HolHE AMESHAT K-8+ 3+
At & Qlrk. Adw AHETY] A Al(K-means clustering)& &0l =Ig FAF 2]
2 FIPFAE sty s F2HHS A= v @mepel frunbA mEd FAo ditt &2
(euclidean distance), 7]-=7] H]1/(slope comparison) glfet AgE 7¥te g oF SAF 29S8 v WS}
WHe ARgStaLAl [ith of, ZHZtel o2 RAIET =2 F N9 A Y
2 Adle = A Aele Ad AYE = SISkt 294 E4S dleste] 2=
S4cks HHoR, AAE HoledAE F AlA Ashe et AP HAFAE Aste] iz
d ] FAMdE S5 s 24 Al olA w2 AAStE B¢ Aozt o, AA| Al
Aol & Akt &, 11 2o ] AlEs g4tk A Aoy Aokt 294 A4S 1St dixd
u= Flote WA e g SR f22Ht A A of  Acts A= ol 54 AR o]
g 1 94 aed gio] 22 AAE & o PPFA 275 WESHHs tiRxata A=
AoflA 7124Q1 FAMd SA = AR EH, o] ofgZo] qlet. o3t o]-F= <ls| DID W
535 T AAG Holg 9 77to] TdE Fe 4 Hot= SCM¥t SDID W o] 8.7t =ot
Aotth(Serra & Arcos, 2014). & Ao A= A T2t Ao FrHor &8sk 7E
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Iv. 9t &1}
1. DID, SCM, SDID i H|m 2XM Zq}
HA, *149} AT W FHuple] ojEof o
Z7h Apel A2 2 & an 5
I & ”ﬂ%i , <E 4> 4 YERS vle} Zro]
DID, SCM, SDID A 7}#] H'H BT Ajd )4

Ao Aol A Thze] FRHS

rOll
:é
HU

r=—.08 6)EE} o 2 9% B cﬁ SDID]
FAANATFr=-.083)= H HAAY ZA YE
HEAdol A & Alow YET

il o

(placebo test, permutation test)y= ZI3Jo}

94 Al@2 71£9] DID, SCM, SDID

A7 Q2 F @ A EE oA A

2ol gelz Azl ang HolshA, e

A4 sl Wil el 4R Bet
o

<E 4> 219 W MHEiS dlof 21

#4710 HES Qith ol UA| F3H} v
woo], 7Mgel Aol mi Bmuc 44 $37)
| A Aedd ue fade A3d

(Ferman & Pinto, 2019; Krief et al.,

B Lol A 505 9ok A]3-e sPAte] Algl
& P4o7) 9, AR 2 F S B
292 Aefste] fuuil Wizl Holeg £
6}_ HpAl o &2 z]sngqoar,} 0|3 HEAEHY 7]

2016).

onl, 7} WHES B FHAE £EeAE o
£ 5o Jby AT FHAY BES UA A7
2 RYT W A Az gAe AY

gl A
£ vt A p-value atS AFES0IYT Aate=
B 4>9F At

=4 Aol W=, Aol %% DID(0.104)=
Bol5k7] e Ao g UEREOH, SCM(0.086)<
AZ P 90%A folgt 25 H et SDID
(0.000)= A=< 99%0lA Fofgh A2 et
Yot 5479 F$ DIDE AlFeE 90%O0A]
3, SCME A E4-F 95%, SDID= A=
= 99% A Folet AutE HIloh AlEae<Eo]
A= At &

0]

A =
ag 7 (Standard Error, S.E.) pvalue
i DID SCM SDID DID SCM e
-0.086 -0.091 -0.083
A - . .
= (0.012) (0.012) (0.046) 0.104 0.086 0.000
-0.099 -0.106 -0.110
oM
T (0.013) (0.013) (0.051) 0.066 0.049 0.000

" p-value 242 2|2 A|E(placebo test)2| LHS =
ALk

of tE2E YO BE S A YYECR SYo HAH 2 EC AU 22 U2 HIER
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SCM¥} SDID
xR AY
SCM¥} SDID
o 7t /24
942 Zow UERThAT E.D., DID=28.00,
SCM=12.63, SDID=12.31). =3t A7} tZx
7r9] 7] ztolE AmEH, SCMY} SDIDZ Aj
AE FAAd R} AP 1] 2ozt DID B
of vlsf 22> ZAo=w YERTHAF S.C., DID=
—8.66, SCM=—-0.58, SDID=-0.58). ©]= SCM}
SDID ®Hio] A 245 o & SRS
< om|git.

<E 6> Al 7HA B9 Ayt B4

=
=

o] H|E HoFA qlrh AlCe 3ARFS ¥
7Vote= Hl AMEEE AR F stuE, | T,
2o W mtebulE(parameter)e] 7RGt ZERFAF
H(sum of squared errors)]l Wl A E ™, 2]
21HE Fsll AIC #H2 ALt

Hx

SSE

AIC=n + n(22EY 4 20k +1) @1
n: WEHA| S

«SSE: 2 ABTHAEAGE - I=3He AD).
ck: B AFgH mhatn|E o] &

(FHH] AL A, 7HEA

—

3|
Zay

& 7<)

AIC = HWS|EH AFofA= DIDAIC:
—521.70), SCM(AIC: —507.97), SDID(AIC: 221.83)
AR ek, fAFNAE BT R B

ok SSE g A E, A7e] 79 DID: 6,067.07,
SCM: 6,059.44, SDID: 6,059.26°.% LEFTE Al

= v|wst7] 95 SSE(sum of squared errors) 2 39 SSE Fro] 9AlstH, scMit SDID7F DID
o]5 &-83F AIC(akaike information criterion) %t o B ¢k7t e Ai= Holth 9 A TLo||A]
<& 5> HFa ti2Fe| AH L) MEHuEES Haje] 1Y M A |

2 Euclidean Distance(E.D.) Slope Comparison(S.C.)*
= DID SCM SDID DID SCM SDID
Mt 28.00 12.63 12.31 -8.66 -0.58 -0.58
SN 26.58 17.77 16.24 -8.58 -0.49 -0.52
" Slope Comparisone A8t CiR70| 7|27|S H|w st gk 2, 40| 20} 1,0008 F8t +-2|=2 B7|.
<H 6> DID, SCM, SDID Yol 2{shd U S/ vl
ey Sum of Squared Errors(SSE) Akaike Information Criterion(AIC)*
= DID SCM SDID DID SCM SDID
M 6,067.07 6,059.44 6,059.26 -521.70 -507.97 221.83
S8 6,114.68 6,114.82 6,114.26 -470.29 -448.14 281.25
TAL 212 AIC AA F k2 20| A AR E Tt2t0|E{Q| &2 DIDE 37H(S - BI4-2| 214 7§4(3)), SCM 1470(S - #40| A4 7H4=(3)+CH
2 7FER| A E(11)), SDIDE 379M(S - H 2| Al W pG)+U Z2E 7HE 2| AE(11)+A|ZHE 7HE 2| A80)| ThE AfHEiS 21 A 7|

24(365)).
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AIC7} ‘7’2’% Zo] %—7]—‘,5 5}A|q
7F EA5ka, HFHA 0] 7Hgst
Fre Aol obd mgo) g4 7} J
o] oJsiE &7 {1 ZAeolgd, ATt A=

Aol wret Az g8shH = Aot
ofefo] I-ES Foll AAls] AHEH, <71
1>% /l]ol:,qu_ EH
A

d
=

il . |

\-'i” hr".lmh"]. bwlm i“ JU{LHW‘!L" 4‘1 [“ Jklu‘ ﬂlwu““u#
‘“&“M“"v“ Ay ﬁ\a A

Taat, Hanih

<z 1> M7EB), S

FHF@EE) A MY

SCM HH& Foff A =TI A
&l WSS HolFn, SCM2 AdTy A2
AR RS AR Ao LT o
£ Foll AR 717k dis BaASFA 2S5
Aoz H, Al AA7F AR A Hol A
Sk] otE A9 wiEd WHIE A5 & 2
Al =H, Y BHE Sk d glo] ARt
o JPHSE FASHE o AEe dHdS
gIgt 4 itk

<19 3>2 SDID WHozE YJ4gd g T

AR
scMIte] zpo]H2 SDIDS] 7-¢ FA T ZRTo]
Ade 54 g 7HAA %‘1 ﬁéﬁ %—Aﬂ S
& WA

1—

e Aol Ezﬂ, _wﬁ ophel A1z AHEA

oA 2L 5 3

d =
= 0|1, ¥ FEHE FAE == & Stk

= Controd
: — Area B
} + treatment

|
,, r\w ‘ MH"H \llm'lu,l.‘ﬂl\”!].w iy .|| ﬁ iL

M
) I i wt (N &Wk“t‘l,'w FnhL nwﬁ;‘ i H%W | M.

Year, Musth

T2t L= 0| IO OfEH SA| st H|
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Synthetic Cantrol
— Amah
wese treatment
=== Synthetic Control avg
- Ama A avy

awwwmwww

Fasr: binewin

<2l 2> M),

{ = Synthetic ControliSDMD|

i Amah

SDID Estimated estimaton

Actual estimate

: "‘ \".J'I.\ uuﬁt'-"']*l' ;,lil']lxiu{, 1nl
- S k‘;\,\w fl“‘”’ﬁ&t" _*ru'u. Umﬁw %F 1"'1\%‘ “‘r
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FEFRED A9 22 semE

sights

Wi

— Synthetic Contrel
— Area B
=eer freatment

=== Synthetic Cantrel avg
=== Area A avg

= Synthetic Control{5DID)
— HArea A
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- SDID Estimated estimation
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22 Euclidean Distance(E.D.)
A

Bz | mz | mz | 24 | Bz | s ;Hi sy | oga | By | B2
ofi =

AT Mt a4k =t =T =T 7|8 AT | seit | EF ST

12.32 14.01 14.25 14.49 14.53 14.89 16.83 17.16 19.50 21.35 21.82

S A
e e A I - I I I I I S .
g7 | &7 o2 | TSV | M7 | BaT | =3 | g7 | 27 | oA | 7 | 37

16.98 17.13 17.78 17.95 19.20 19.68 19.83 19.97 23.00 24.21 26.40

<H 8> O 23 £:0f 2 MBS HA|Q| 1Y £ #+TO[ 0f &l 815t 2 Aq}
as T Standard Error(S.E.)

= DID SCM SDID DID SCM SDID

374 -0.056 -0.056 -0.052 0.006 0.006 0.023

NS 47Y -0.060 -0.060 -0.055 0.006 0.006 0.024

LA 574 -0.069 -0.070 -0.063 0.006 0.006 0.024

2 671 -0.065 -0.065 -0.060 0.007 0.007 0.027

= 774 -0.060 -0.058 -0.054 0.007 0.008 0.031

374 -0.115 -0.115 -0.107 0.017 0.017 0.083

AR zAljl. 47Y -0.131 -0.130 -0.143 0.016 0.016 0.075

FAletZ| gt 574 -0.111 -0.109 -0.107 0.015 0.015 0.070

=t & 674 -0.100 -0.096 -0.093 0.014 0.015 0.065

774 -0.101 -0.095 -0.105 0.014 0.015 0.059

374 -0.140 -0.139 -0.150 0.016 0.016 0.079

AbE 2 A 47} -0.119 -0.117 -0.129 0.015 0.015 0.072

b Z M7t

SAKsH 574 -0.119 -0.118 -0.116 0.014 0.014 0.066

=t 674 0.114 -0.112 -0.110 0.014 0.014 0.062

774 -0.108 -0.107 -0.109 0.013 0.013 0.057

247

374 -0.086 -0.086 -0.069 0.013 0.013 0.045

NEESY I7t 474 -0.085 -0.085 -0.078 0.012 0.012 0.041

SAlEIR| b2 | Y -0.083 -0.082 -0.077 0.011 0.011 0.039

Chzat 674 -0.083 -0.082 -0.082 0.011 0.011 0.037

774 -0.088 -0.088 -0.095 0.010 0.010 0.034
A FH 2] Wste] } = 37 g2 7oz et St A9, gz 71 S7hgel weEk seM S
vttt £9], DID S AL o) EEea 59 A4EH FEA7F 9 3L A HAthA
M de Zlog Qf‘ﬂﬂﬁiﬂr(*ﬁl 24 54T 3 T 9 ST B FA7E fAREA]l e iRt
7 S.E., DID=0.010, SCM=0.011, SDID=0.047). 4 37 g DID=-0.101, SCM=-0.101, SDID=
v, AP FA7F fARSEA] 2 dRTS ALE —0.088; 77} H&: DID=-0.095, SCM=—0.092,
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SDID=-0.100). £73],

SDID o] 3¢ iz
o] w2 I

2479 A7 27 Verg

i}
o
v

o
ro
i)
9

O
_E
>
o
Wz
)

7 frAFeRA] o EHE&L% A}%ﬁa 751% =
Z F7F S7HESE SCM el o) o ¢F
A Ao=m YehT

<3t 9>of AA|F v} Fo], A+ 2=
dgde=z FE2ddt At 7127] HaE 47
St A3}, SCM 9 SDID ## o] DID #He] H]3|

[e]
o %2 ED. @& BT ¥ 44T B
T

o
E.D., DID=26.87, SCM=19.10, SDID=18.94).

gt 71€7] ZFo] 9A] SCM @ SDID ¥l H
A2 Aor yegthA+ 2 /A7 BT S.C,
DID=-1.26, SCM=-0.63, SDID=-0.64). °]*=
scM} SDID WS Sd A AR
AdT9] HJAHM AWE o A 8
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Chzat 5 67} 28.41 14.88 14.78 -1.36 -0.63 -0.64
77} 23.34 13.92 13.98 -3.16 -0.63 -0.64
37} 26.89 13.64 13.63 1.39 -0.49 -0.50
ST 47} 26.61 13.23 13.22 1.98 -0.44 -0.46
SAbsH 57} 26.93 13.63 13.55 1.17 -0.47 -0.49
Chzat & 67} 25.83 14.26 14.07 -0.31 -0.45 -0.48
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374 28.08 24.45 24.33 -1.88 -0.62 -0.64
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QAR o2 | 5TY 29.08 22.00 21.82 -1.06 -0.54 -0.56
EH Rl 67 27.56 21.31 21.14 231 -0.52 -0.53
774 23.86 21.16 20.67 -2.85 -0.54 -0.55
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A Comparative Study of Difference-in-Differences (DID),
Synthetic Control Method (SCM), Synthetic Difference-
in-Differences (SDID): Effects of Early-Morning Delivery

JinHyeong Suh*, Hwan Chung**, ChunHan Cho***, Juyoung Kim****

ABSTRACT

Purpose: The purpose of this study is to compare and analyze the strengths and weaknesses of three widely used
quasi-experimental methods in causal inference research: Difference-in-Differences (DID), Synthetic Control
Method (SCM), and Synthetic Difference-in-Differences (SDID). The study specifically examines the impact of
Early-Morning delivery services on existing offline commercial districts as a case study to empirically evaluate

the accuracy and applicability of each method.

Research design, data, and methodology: To compare the three methodologies DID, SCM, and SDID this study
analyzed the impact of Early-Morning delivery services on offline supermarket sales. The treatment group
consisted of the Seo-gu and Yuseong-gu districts in Daejeon, while the control group included selected districts in
Gwangju and Busan. Using daily credit card panel data, the analysis covered sales changes from May 2, 2019,
two years before the entry of dawn delivery services, to October 31, 2021, six months after their introduction.

The DID method compared post-treatment sales changes between the treatment and control groups. The SCM
method created a synthetic control group by assigning weights to the control group to closely match the treatment
group during the pre-treatment period, then compared post-treatment sales changes between the treatment and
synthetic control groups. Similarly, the SDID method generated a synthetic control group with the weights of
SCM and the time weights to minimize differences between the pre- and post-treatment periods, and then
compared post-treatment sales changes between the treatment and synthetic control groups. This approach
allowed for the analysis of treatment effects based on differences observed after the intervention among the
treatment, control, and synthetic control groups.

For analyses based on the number of control groups, selections were made in both similar and dissimilar orders

* Ph.D. Student, Department of Business Administration, Sogang University, First Author
** Professor of Marketing, Business School, Konkuk University, Co-Author
*** Professor of Fashion Design, Gyeonggi University of Science and Technology, Co-Author
*#%%* Professor of Marketing, Business School, Sogang University, Corresponding Author
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by comparing the pre-treatment trends of Seo-gu and Yuseong-gu in Daejeon with those of potential control
groups using Euclidean distance. The comparative analysis based on the pre-entry period fixed the post-treatment
period to 6 months after the entry of the dawn delivery service, while the pre-treatment period was divided into 2
years, 1 year, 6 months, and 3 months before the entry. This setup allowed the study to examine cases where the

pre-treatment period was longer than, equal to, or shorter than the post-treatment period.

Results: The analysis results indicated that the introduction of Early-Morning delivery services had a negative
impact on offline supermarket sales across all three models: DID, SCM, and SDID. However, the SCM and SDID
models, by constructing synthetic control groups, maximized the similarity between the treatment and control
groups, resulting in more reliable counterfactual estimates and providing more stable estimates than the DID
model. This is because DID may produce biased results if the pre-trends of the treatment and control groups are
not similar. Specifically, the SCM model delivered stable results even when the number of control groups was
small and when the parallel trend assumption was not met. The SDID model produced more stable results as the

pre-intervention period extended.

Conclusions: In conclusion, the DID model is appropriate when the parallel trend assumption is satisfied,
however, when this assumption is not met, the SCM or SDID models are more suitable. SCM and SDID are
particularly effective in scenarios where the parallel trend is not satisfied or the number of control groups is small.
Additionally, the SDID model has proven to be useful for analyzing long-term data. The study highlights that the
performance of each method can vary depending on the situation, emphasizing the importance of selecting the
appropriate methodology based on the specific circumstances of the analysis. Consequently, these models
contribute to more accurate causal inference in policy evaluation and can aid in decision-making and strategy

development across various fields.

Keywords: Causal Inference, Difference-in-Differences, Synthetic Control Method, Synthetic Difference-in-Differences



