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ZAeo] 2xte] AIFTE Zold W 7101 sh4 2g A9 930 1)
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=
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F oS 38 HE(training set)S E3) 23
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23) AIC, BIC, Adjusted R*Q} ZH2 7|28 7}x|aL bdghal(Exhaustive Search), 714

QESR N =y | b T
(Forward Selection), ZZIA|A(Backward elimination), A 8lQ}o]Z(stepwise selection)
co =5 wa A9 3k 2 9lrk

o= o = =2

24) o]zfgt 1S empirical tuningo|g}al }7]% SFHMullainathan and Spiess, 2017).
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ol A-FAre] Qv = AElof AYE oxXle Al & 4= glew,
AAe] 2oL} AAo|Ro] 2 HhAGA| Fel= mgo] wEe whAE
7RsAe Aok & 2= 9ltkSansone, 2019).

P AR ED 9 Holle Lassofhs thEA HRpAQ] o s Faf
= She wAled WRolth. AR ED= g 7l oo 2URES
ol-&sl] dHrEe 2o uet & 0}01 tlojElE HEHo R RS &
Zizte] afeldef il shte] oSgks Folshe 2 AT 2
o7 AHEE @84 (greedy) %blﬂv’;% oA HYe e =4
o] shm ¢l Egle] o7} 091 BaE|k-S(root node)of| 4] AJ&kslo] o
71A Hlolel] S5 7H & Btks 2%e AAske] o7t 1
QA AALES PR o ZAe] A4 E HA| FEHHFE T
& A Beehs 2ES st o7t 29 ARHkEE FAeth ofd
Al E&o] o]FofA |t} 2= E(terminal node, ¢lojeiale ghoj 0|24 &
A shte] ERjrgdo] eHJE

ARET L 7P AATE e ZolE WAlSHHA] AAR XA 0] 1Y
Zhopditt. 941 ¢Jeje) le=9f FolE Ashal FEHHSE 7 # ‘jﬂOF
2RSS THREA Zopdit), 2|3l FAEEAM ASHTE &
T S E OE =50 ZlolE Aste] FUt e 7%%“‘«}. of2gt ¥
ofg] ¥ AAUA 7H & SIS T tE = 29 ZolE Zéﬁ?
1 sl ==0] ZlojoA Efjndo] Mo ehmEt)

Lasso®} 7““531 AFs] e s FeHAIT SR er 2yl
ERATE A4 F= HF3HRegularization) HPHE 71|11 9) 0.1 -Lasso2]
Zh), XJ,EEH e Zlo|7} ofof sl - Htet =2 dlolEof 7%k
3l o =ATE Jwgz»)oF Hlgro g Aag AR o3t ERL
jEEe] WAlzyY 7] = EXolg}a & 4= 9JrkMullainathan
and Spiess, 2017). (3% 1V—1>% A 2rol= mAleld WHEES] 541
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25) elEATE BoSHe WL ole] ZHI7E glom AHEE AR AR - ofgkg (20,



Aatet RS AliekaL itk o714 HYEZYAEE HlolE o] REfghe
27 o2 e AFERES ol Eﬂ%—‘ﬂ e U= = FH
o Wrfolct. A ol A WS AWz A4 FXollA ofudt
B 92 R W 3 el S R A A o) B
S Hofl et ASA= sk /ol o9 /& AA
2 A olele] o MR BHL AL 4 9ot A2 Hole]
oMo} eak= o Heid o gledw 017":0 Mg 2ds] 285t 2419
B AS 4 it ureo g AiEE HlE mAl(Support vector machine)
- o R ERE 9fR WAl WHECRA F Y SYAE =
she —Eﬂiﬁé‘:ﬂ% e 0] 1 Shlcllele, 33 %ﬂiﬁé‘%ﬂ" %
=

0.

oz A Bk 1 % o) 2L Qs
Aot gk Aol QHRE S8 Wow

A B, 9ERE shgsks guol uebd B,

s
)
BN rle
o,
re
o
= r%x

BoHe 2sl) el WYL U S Uk
(& IV-1) miled duziEat st gy
Hila{d 49 st Wl

Lasso /\ilﬁ‘l, Ridge )\2;32
j=1 j=1

e SEes) K2 B8 %t .
Elastic Net A, 3181+ 2,342
Jj=1 j=
Z2HEL| AMEES Soll HOIEHE £F | 40| == 2 9| T )0l V| &
HHALHAE o 719l ERIE i Eg| T, JHE E2l9] 23

Z2F 0|2 ERAH = VA 0|9 Jh4-
=3 ol a0 w25 =l b
Support Vector | ZEHE S5l M= CHE 270 ol ot o

. A= = L 79| Yk, Cf
Machine £5t HOHE Us

k= Mulainathan and Spiess(2017), p. 93.2 Ztusto] X{XF ZHA

26) e7)4 Helzmua b ke dold =SS Axd weekn At
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sl e AR s wAlEd 7]kt SAo] taksta Aol ch
T RS $UT Bk gk Lasod} e HYLS WAE Zolrl 54

KoX 7F0.
3 Q7] el Wm0 st W Al high-

< 714 11X dimensional) A}
oM 83ttt AR Lasso= Rleg2] BRIR AJoA8S SN2 Fol
= ERE AAT QA) ok Tl Lassol ol WaSe] ik uiAlY
4ol TS BA Do AT el s e AsAese
G2 KT TS LasoB BN WSS Aldsie TS 1o A
of © Zoltt. Wl AFEaOINE AHHeRE B7] ofelg SE Qs
wggo) il ABAEES ol o] 83 4 ek shAw A4E
£ vzl A SR 1A AR Y 4 BRone

B3] = 4= ok old SHolA shte] Hrjzlem JH"J Al
"o 2751R] 9FOm(Abadie and Kasy, 2019), $17-9] %20

o vlaleld e Aok 3 Zolt

R
)
m ol o

f;
Ly
2

2. O|=Z2x|(Prediction Problem)of| CHgH MaHHT

& Aode valede AMRE dTEol HiRt Rt 2 HRIE S B
A gk 9H A WA sAledo] ARrel oA RT o U o}
2AE W = Al dis) AwEs] $a)] Ale] AR T malzy
Szlse] HTlE HlESRe RS vA Awuia gk e F R
AP} 71E80] AE4 AR Y] ASATE valshes sEes Av
Bz} stk Al HR2E HAlzgdo] AEF el A2 (conventional
methodology)Eo]| 8|3l Auph} ] x|&xte] o]& A (hetergeniety effect, W4~
5 7h) AR EASH: A3 DL A TefeheAlo] Tt S A
o 12} Sl

75 HAE0] Al BEE THUAIZE 5 U=TH?

Kleinberg et al.(2018)2 mqlefgo] A2d u|ojal5e] 59782 AA



she WA A4S © MM o iAol diste] Arekinh. Al
oPrtE A WA Ashe S HAoR 22 Y v} =
= AAY SAE JEY g 52 A A9 5= EsiA olFe]
Aok o7| wiZol| & o5 ks A2 59 EAlRAL & 5 Sl
7] wiZoll 75 ool HRE AAL: Sl ARt wAlH Y ANk
Ao Agtst Hojeli g 4 9lrk. Kleinberg et al.(2018)2 200811HE]
2013714 38204 o] RolH 1467t] 719] WYAE ARES Gradient
boosted decision trees(Friedman et al,, 2001)E EaljA EA5%cE o=
TR Aol dofil AERS(AE o FA Fel, A A St
2 olgslglon oF AW =l 7he MWl AJ831A] i)

4 A3t viled GRS olgsle] T4 oS Adsch dAe}
THES GABA B AMRES 2470 WAL S
A.9% GEREAE m) AEEES S2X] 98 4 o Aow 1
o). olefat Zaprh et B 7HH) ol theat 2t AA, TS
e T HORES Azt wo] A7l Ao ekt of
=01 A9 1% el B AREE w 56.3%7F Aol E45HA]
62.70%% THA] AEEI= Ao Urrer], BASE A9 1% 9%
850 AT Ao® Uehdtt B4, 748 o 9] sk
DFRS o o] TSR Zlo] el BE oSS o
sohe glom et vlleld daelEe] TSR sllE 1
BEE o Hol THIIT AP W TLIE WaEoR B 4 gt
A5 oEAS AHAAZ 4 AL Feltt.

AL ATl 7]120] Wol Al8El= 2215 (ogistic regression)
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>f151
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Oll

rEL do &EL
mt o

UuelETre AT Hlms) Bopc mAlEd LelSo] A9l 1%9) 1S
Foleta A8 HOE F 04 30.008k0] 2AS|H YuEE F3
nPoR AEmEch. wAlEdo] AE3 nFLY] £F W Ay
B2 563U AZEUAT 2R AT BEE 463k ol
A3 valedo] Z1Ee WEENT B U dZATE b 4 odrks
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of A4 =AY (cardiac catheterization) HIAE o]EHE M= QA
of AL vl o] AN 4 qlexle] sl sk
o G O FAT A T oefiz B AR YT A 5
gl 1 Al et o]z, wlalehds] Agel $83 4 olch il
) s} olEciehs Tkl $) e aolow xlfau 9490]
E%ioixl—t— o= HEE Sol7ke ARBY BlE T2]al Ags AlESHA]
Q= 0] e AR 4= 9k I ANEL Hlase] do| vy
4= (Quality adjusted life years) © 2 =45} H|-&-F & H|SS 7|02 A
o mlely PmelEat §4 ool AR v Bl war,

AAFEL 2010 E] 2015E7HK] H-85ko)|4] o]Fo]A 1464t of Aol S

r:iru

Al HEEL 7128 Lasso?} Gradient boosted decision trees(Friedman et al,,
2O 5 A, ofSUFRE P Sl opige)
o HAF At 5 A USEES ARSI mAledos BAg Aal,
BlAES] Hat vlg-as ng 8?} o3 =(1de] Ho] HAH <
7] i B v, gukdoR 8= 4201 ZoE YERTh

el wAlehd melel AHTOR S TS VE-ag
g2 e Lopy aEl HAES] 4t Hg- BE Hlgo] 1svkeel}
di A0 Uehidthovertes). E5F OUFES ul T97o] B50|
i St 4:0) BAES ShA i AXY Kol mAleld g



glgold STt 7Y 9 SREe HAESHA] s Adole 30Y W
of A& A wAIE WARE Hler) 9.16% Hglon o] F 3,820
ARGl ol25iTE ol2fRt HE & ul HAHES AT HAES E°]
Ad 29T HAES Sl Ul Ewol 2 AoR AT 4 itk

ARES el Al 2% VIS #8271 flsl el HAE
AT 7P wARE 2R AE Ve BEE A Hodth o] By
< Halefge] visiA For Hols SUSEE 501 ke $9) B
7RSAE FRlAL, HolA| o= AES(E SH I Wl @2 7IEA
£ e BPoR F JAEE s ERIF olFet Bite v oiE
o] MAlF PR 2HE & JBke Zlo] Akdolabd flof g2 HE med
= 2ueitt.

Chalfin et al,(2016)2 HAIHYE WHEL o]&3}

goto] Lot s
Aol maledo] AltEe] Tkt o U2 RS T sk S B
Tk AAEZ Al 1991E0llA 19981 Afolof defdujol ZJEAof ofs)
A8 194978 9] S et A= F4e Fdl walEEol fEdt 4
IR FEARE, 371 A S)52 & AR & A5 5= A=A
HABIA. diSHeRe AdAEY] ARl BAIE 54, AT o 2
ZdH, T=|a B AReIM 9 il FY e ARSI 24 23
Aedo] ot 7P fET 10% AERES Bt A AEuEE o
AE s E71 AR 4.81%, 72 F-82 OF 3%, AoF/HL oF 5% He

At AoR ASHU. T AUAEe] IS TEoR
ST 3191 10062 WARE T 052 F7] ARgo] 19206, B2l gl
oF 0.5%, QlojZele of 25% F71e AOR ASETE. ol viAlEol
A AEHe dSshe dl B7HeEY B #8 5 ee EojEth

E3 A AFEE ‘Measures of Effective Teaching Z21o||A] AMRE o
olEE FoliA ofuRt AES AUBshe Aol A RIA] WAl YTt 1
FE0 B7HE 7Iee® Blusf Hokth EAo AR HoJEES 2009t

20104 Aolol] Z3E BAES] ABQITHH B4, AR 5 B7), 5

k

o
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S0 XY
o MHES B3t 52 MPHOR WAISH: Aol 3
9 10%0) AYUES B 429 AYHOE WASK: Snct SEe)
ot o] Aol o 2 Py THT E A0 AFHU odd 2

oV =weS Haleldo] Ale] HEHL U 4= Qlk=
Ak mjAleido] Algte] TekE AL 4 ke AT ol
t}. McKenzie and Sansone(2019)+= Al4f AFIAEQ] 3 & ARGX
ok ol A7 Brtet A5 AR BY, 2R o] wAlY
HHESY ASA4YE vlas) Edth AR HolAlE]otollA AR
AAIE] FEA] Youwin IR X|dxbE 5 Fste] AU
AlHe 71AE YA 35t 7IdE 5 dF AlRE S &
2506719 719E9] e EAsklen SR A BoA dofrl o
W HpSlE S0l A7) Esdol "iEt HgAE Ak, Fold AsHAr
A& 5= EPsI 566719] E5HeE o8l REe A4S

ARES B7AES ARIAIE B7H, 71E ShaeddatollA AME Hse
3R, 1811 Lasso} SVM, Boosting -8 MAldY HFPo= Al Af
PAE2] 3d & AEBET Fag, 19al dE olgS S| Holth &
ARt A3 F7EY] ARIAIR B = 719EY ARE dSske
FofuIetA] o2 o= Yelth Shar gl 2A% AFSHEA Y B+
ARA7Ee] A3, ol ARIAEIZE Aol frofufet FRkE = Ao UE
o By A d5ge Br7HEY Bkl Bl 2 7iAdol it
RZHA| = Lasso®} SVM, Boosting¥} -2 w4l dare]5e] 7-9-o=
B7HAES A AR s AR vlsl ASdake) TiAdo] fle Ae=
EPT.

ARES oA WAl dol B7AEe wEtolu wed] AR o] Hls|

ox, )ﬁ EIZi
ﬁi flo o
LW o o
o rr of -2 L 32

o



23 Zol dhef ole) 2= o)fE Hoeln A B
ol 2L AAFHAILE 2 ole] AAELS 7195
S oEERe A BAHOR S ojele EA|Y ¢ glom sy o]
Bl 4 4 G AR SHUE vlARY PuE /)2 Wy
2o] mE B4k Q] o] T WHE Alole] Huolrt 9 4= 9

tha 7lsiect.

N

Lt. Hal2{do] 7|Ee| YWHELCH LE5I1?

HAR Y 7THET 71 A Y ES ASARE Bt d7E2 3
o L 7F goaL gk BaroMe ARt Ade] &) HAAU &
T gl HYE S AekLA S wAlREE 7] HES vl
W =EE Fole wAleldol 71EdTel Hs) 93t RS Witk
A= Lot mAlefde] 71Ee] i Ee] nis) 2 7ol gltke A=
ZA

Sansone(2019)= vl JL5SMYEC] SHISHE ASske diofl WAl
WRlo] 7129 A RREG BE A 4 Stk Ale ®A de
2000 158k EUAF A7 E o] 23| 247k 1,440 2] SHAY o}

B =
00]:2‘51— Eﬂzl\—; L.}_’ /Kétﬁ }\_]X_] 7]-1 —}\éa %}‘\‘—]i%’ ;(017:" 75‘?:!4 O:P'TL: ‘TL]:B—]—

298 AMgslo] SISl SheiFTHe djEsie
s wolth WA MEHOE A% AMSSH A WHE
S AFgSIo] GPASE 47po TS e AL
X 5 1%_]roﬂ 3t A (Accuracy)= 90% AEom AL
(Recall) & 15%5 FA| Z3aHA] eloteh. whdol 215 A=l w4leyd 7]
Ho] SVM(support vector machine), Boosting, Lasso, Logit-Lasso 52 A&
oHL SR Qo Y WAEE A A o AT oo

oAl GABHEA AREL 230 SEP) A - g Ao
ettt AR vlae] 2009d% 93 SIS % 48T 3270%0] SHiEA
2 slgons, sj%A] oSl sl A@EKo] Sp FAE Fe oF 4830
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wo] Z7el selEA] dREe B2 4 Qs holeln s

Sansone(2019)+= o] ZI}E viEgo & wilefy 7|Ho] HE4 <l shlsd
AV AL S S A sl S Ao o

Z =0l 2 & Qv FER AeA] SgsE 214

L}
e AN He oled 58 A ol e ARl

=
N Bo) Bas R Sl Aold] HalE wAs, 2l 4

8 QURe = Jlo] Holz 14E TEE 720z fojEgsgon, %
Brlx] ope S0t 835270) RS 773280] AARES ERksle] & 20
87k 7o) dlolEjAlo] matE|giey. whal Baje oj95o] AMgals T

Iy

S} g JUS0] K TEE0] AR ek dek ol g
afe] Zol7} B4 AshHl Holeka B 4 & Aole). AR HEAR
HE2o] Fe=AH(Maximum likelihood estimation)¥t HAIHY HHHE
leave-out 4 5(]9]— Lasso A5 ARESlo] Wt zjo| o] HelE =45kt

AREE HozA ol e olelols £ FHNE YAl e Ao
st ot dlidel digt A= s dAES 7AIAL

il
o!

of

o

7] whio] BEA) SR B A9 2L AL AT E 5 A
. 6H AolA] AGE dlolele] A9 ulEE TR S} whS- o}
2 el S S WA 9] dEold oY 2 el 8

A7F WA R Aol Rl AR QleiA 29 At
A & 4= Qo vk Uﬂ* 2y HpHEe 03 TR o HulE U
S 7HAAL Q7] wiel i HlolEoME 2 dukE d 4 S

B4 251 AEe] oAt HIRABE P Aol B T e
L o ehdeh A3 dlEA Guke] 79 glo] A AMg
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] 325 dolE S 7D gt ol ALyl
gto] Aozt gl ACm Aok Tk S 29
lolelol = guks Tste] 24T 240k A0 e

B2 et ol WA AR Fe] 47 Wold4E ojgise] Az
HIE WolE A THsAe] 82 ASRYA} Pk ot AL
2 23RS st A7) 2yshy] wlEolok HFA leave-out 42|} Lasso
2= Puke] zfol7l 19907 AjHoz ebgHelt} 19904
olFm FAsH ol Ae® el o] Bo| FHAE guje]
Qo] A FEOA oz 22 dolHE AEsl: Ae Buie] Fol}
gk gukeA] FAsig olele AnE vigoz 2 o WAL &
shERo] BAL A 4 ol Aelx AEAQ YyEnT o 499
gigtol @ 4 Glrhe e Hojzth

Fuster et al.(2020)-2 WAlFY HIHHZ0] H7|X] AJA|A A= B
89 dEshe o ouel Qg 3 =BX EAsllth BAE 99
2009 EE 2013 E@7FR] ¥HASE 93791719) YA & AaE ALESI o
v R ojEe] A WSS 4835, tETel, Agl BE iR, di&
22, % 7R 5 14709) WS MBStk AAES Al 7H) e 4
Asioet. A WAL duboR A 2AuRe A8sit £ A
L 2R HAFPAdS Z2RE 4= 9l 4kl pu|HEE(dE 5
Aol 207 b Rl HnlEg S Eat 1 H]AE 23w go|gl
A WA Pty SR A3 A 2 2 egolg

B A3 A AR RS T o) et o £ Ane
R R T

|

-

%

M AAE BATOR, RIAE 14360 P wolglnt S0l
R 22T 100740] RAEY WZolq oSS vlwd Zat, Ay
EHAET} 2ARPERT U o $2 AT e AL Pl 5 919
o}, ol ulHE maolu WS o) Baeh ATEAS F 23 Y 4
ol MAleld WHEe] AT} Yol HulaSEE Masle] mae] &
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7Rk HAlY 2AREG U2 JIE T HEE AR & 5 Jle

Y

T Ut} s HAlE Y
4 & ofUt}. ofslofA] A
& weae Aol 7]E9 WHE visl di5Adae] 2 e 7t
QA FHIL FHRI,

Beattie et al.(2018)= thetal AIYAE 5 AF=rt a3 AstA &
oAl FDivers)i} ot 24| ek I (Thriven)S oS55k= ¢
T2 st 7129 TS B9 Aol dish e ASshe
ol 7P 83 S5 AS BAAN BA9] Aol ARt S
Atolofe tfetale] st Rl B 2 WAL Uh AAES o
ME-9] 18k 4d EA(non-academic characteristic)o] o]} Zro] 1A A&
o MuE) g 430 BAE AWE 4 ol AT

HAL Qg AAREL 20154 7}28t7]of EEEY & (University of
Toronto)ol ] ZARIBIUT-S 5743 GHT7Ie] ShSe] M5 Surl et
A FPARS ARSI AeAtRddls ¥ vFRe Aol o't A
7H A, e Sl ddiske A=, Be 4 A FAlshE B
o zgrE|o] qllom £l gt A%, ARMIE

2

I :‘O’

=

o

5 w5t mgelol 99l

o st Aol A, 24, st 58 ge), 4, nEstm 4 3}

= 9 47 So| mgEo] gich

SAoA oA yel SIETIE (Divers) T QTR Thiiven & TH5}]
Sfal A o] elZsi AT AR A 71 AolE Fal AN T
Fgom o A 49 10%pS AATE, 349 100pE FBILFOE 3

ofstgick. 1ela HElA S5l o]F IFL EsH: o] Aol 9



L) BTk B4 AT AR Sle) WEsE sk A BRehe
ARE =2 7] el dakes ARE Aol Zdishs A4l ARRARE 714
T A7 RAL 27] Al d=lshe AR vs AE2A T2 A
Hol= AR, AJAAl(conscientiousness), ZkF2Adof] thet A7} 1=t
HFTES diEel b Agee] & Ao FUTh ARSS LARS
(Least-angle regression) YT HEZS £33 BE HEE Zo] Wy duegl=
o] Aleigt =} ool 77 wae] WAL AT e oS3t e
a5 WlmSE, LARS melso] Aleis mye] 4ak 77 wige] 3
e 7HAAL SSR Bof mlsl 2 HISAe] e PR R
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Orlov et al. (20212 7R3} TRolx] S73BIE sl e 42 vk
Ao ddEs S ot R eR 5T 5 leAel tiet A= A
ALt o2 S 20199 SISkl n]AAABIARS 4743t 8

e 71183} SEUIABAIRRS 87t 20789 A = 27100
3} AJES 27 s0m, o 43k AL o] §3le] 319l 25%(B- ofst A% 1
T A5 = deA SHsT nAPdAlEIRel e e e T
AHET AMEE ff 43t S 727 njyk SAYS FaEC R oEsk= A

< True positive(AA] 31120 |HA] 2% FII20R I+ A7} 54%,
False positive(47] al9)50] ohdel i3S s9ligeR o A9}
204t} FFTAEABOINE 45t AJHo] 668 Hluk TS Blgl e
2 d|&5k= A$ True positiveZ} 52%, False positiveZ| 12%%
AAEL S5k 4 olelo] T HnEo) dsee =

Q1A 2l

o >

i M

3171 Slal A, S, SsPARoIA 7 B AR o 59 e 21
3 lissoS AMESIO] oSS ulma) ik nlXAAsRIEe] 9o

= 55% 4229] True positiveS X8 W] False positivel= 14% A==, 4=
b el mRlweis oRzbel Aol Uit et EEuIAAA
b IO lasso o] jZElo] ofital ANE bArEA) Rtk

Bjerre-Nielsen et al (2021)-& HAlH Y} A=Al A PHELS ZHZ
o2 vt 22 ohANh APYEE Asfie 4= Sl HlHo[H | AR
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FH19] QIupR L 1974 FHlo] ofsf 27w Yl=H]
W22 AT Z12Ee] =] o) sl 7K Potential Outcomes)%
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ZENE BAEXMR|STHCATE) m(z) = ElY,(1) - Y¥;(0)| X, = «]
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Athey and Imbens(2016), Wager and Athey(2018), Athey et al,(2019)&
Brieman et al.(1984)of|A #2 AJ]=l CART(Classification and Regression
Trees) A12|ES 4 - HYsto] AR JAAAAIHCATE) S =4S 4=
e daEfEd] AMER Y Ad ZHAEE ARt AMERS} AH
LY AES] E4JL CARTRLY| BlWE FolA s =2{u7] whieo] &
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1) CARTS] 7y @ E4

= O
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olm o= tiitel y7} 0,19 FL 7= e ERED(Classification Tree) S
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%4 T E D
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'3 13 -
az ag Ko

Xt=Z: Schonlau and Zou(2020), p. 4, Figure 1.
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ARESH, Al SHp7E A5 HapolH 3 EY](Regression Tree)E ARG
ATHCIAHA - 0]2hE, 2020). T YAl AEHSE AE ok ¥
7 X& o)A EHFBinary Classification)E &-83}e] M7je] AlSujelzl¢]
MRy, R 2E WA HT

[T V-112 224 370 A o)X 285t 5719 Aaufetd]
Ql FXEOR W= IS Ko, (19 V2= [T- V-1Uof ASshk=
ARES Azl (29 V-1o] w2 A ¥ 2R X, > o]
HAste] = 7i9] F1t (A, Bl (C, D, Bl= FRREH, s sk ot
Al gE W olERo ofsf ZatEnh of7|A A% FHHIABDS X, > q,°]
o8 Al Ale} BIR FREH @EZ FIHIC, D, ENE X, =0, 7|2
2 (09} D, BE E5Ec) npxuto g (D, B} 37 X, = q,0] 9J5f DI}

B2 275l Ede 4d= HEth

=

X

ming, =[ 3 (—un0s)’+ D1 (5—upniis)’] A1 (8)

SR () 2, SRy (.s)

oJ71A, R (j.s) = {XX, < s}, R(js) = {XX, > s}

olo} o] AHEgio] HREW X =29 7|99 Ak 27} &3
31t RO Batgks A oISsHA "k CART= AgRlsE o]Ffofxl
TR 3702 ofd WisE FEofo] o|EREA, T1Eal sig Haee] of
W e lEeR Beans Sgusel o wae] sl sue x
3l oA HaAlF A AHMean Squared Error, MSE)E A3} F= H
oF 71Egke AEEH " = CARTE W joF 7|4k s& 4] ®)ofA A|

A BARE Haslshe Zgelq Adsi) .

]

Bu



(38 v-2] Z2YEzlel Alush [37 V-1l &S

Xo = as

Xy <@y Xy =za,4
Xo<dj

Xt=Z: Schonlau and Zou(2020), p. 5, Figure 2.

2) ARE=S} A 2HLES B

Athey and Imbens(2016)= CARTE 7|Hto 2 AR ails 43t 4= 9)
7HE(Causal Tree)& ARSI, AAEERE tha 7 7] S0
CARTS} Zo]Ho] Glek. WA CARTS} AREe| o] AR Fo] A§T ¥
9 lEpe AT We o] S BaAHeo] HolHol A
CARTS] B 9ba] 4] (§)0]4] Blskgliv], Akt olZgte] Hol
o] AFFE FHaslohs B3 He 2 g 71Emhs 2= o
At sPARE AFLER= A AR ANE H5T o ] "zl LA A
Aadel oSE AR} 3t Alele] Alude Haskd 4 gt wehA
Athey and Imbens(2016)+= thaa} o] Foh-to] XA ais 43513t

rr

x

“ 1 1
7'( ): - i Yi
iAW =1z,EL} {I,Vl:%leﬁy' {i: W, =0,2,€L,} W,,;:%;[EL[}

A1 9)

= ARER|S] npAe} ko] 3P AR TE SAITLE] AL Aol
E B34 HAaE AABR=t|, Athey and Imbens(2016)= =A% 2 %]
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o] ks Fdislsh= Zlo] AR ED oA MSES H4dek= A3t
ARRRE B0 webs AZEDE dYeitE R o oY ERE
off Ax|ae] FAke] Frlshe £om EYE A= Aotk
ALED7} 7|29 CARTOF & thE Alo|3le EgE ERIsk= 1A
ofu ¥ HH(Honesty Approach)e =QJ5ith= Folch. & dalgfs
= A= HolEE g9z E-bole(s7)e} F=4olE (s 2 H5
six ERldlolE= MMEERE A= H Z8stal FHuolE= AX]
ANE YISk ol AR S 2P FRIblolE A AgelEw x| a
= FlelEolA FHE7] wiwe] ofu2E S CARTS} H|wslo]
o] HefAtS WRIs] 1 HolE FaslslA Hrh AHEYE AN
2k o]%- Wager and Athey(2018)= th0] A™ELE ARt Ad ZLex
ES AR s darelgo] o8| FEE AR Bt ARay
(CATE) = |yt S 7HgstollA dasdzols d52os 4t

[7(z) — 7(x)]/ v Var[r(z)] = N(0,1)

where,(z) = E[Y;(1)— K(O) \XL =z]

7

4] (10)

s AY EHAEE o) AdELE Astel PSR, T
AdED QY A YREORNY HUFES B LAY BES 74T
F EelS YA Ek weby ofefet Rasiye] v1stel AdEe)
So 234 i 542 7K AR ZAEL AEell Agsis
Hol S F7HE WEAS o] ARERe] Agoz
aseb] Bk A" FeAEL BAe) Eulg YAl AY Teas
o OfgF x| HXEIY +(r) e 217k] ARER] 3 AT HAAL]

e
i
[>
o
X
rl
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" V312 A ZYAES FollA AR s S A
SIAL. o714 AR ZHAEE F 7l ALERE Asiion(ER 1, E
2] 2) ¥5A] A, D, Bz ARG, B, C, Fe SARTC[H. 7|4 F53
e B 19 A% ARaRE Fgske FAHIH (579 #SA] C7h
E2] 204 B5A] E7F AlQEits Holtk. s HiolHE YiE 4
FA7Ie oz ARES7] diEeddl olof weh FAdolEolA Al
o Aotk ol AR A F4 A Efuitt ARgsks BSAE HE
22 oULE MO SR BYS 53 Ul AR HlolEet A
AEIE FHske Hl ARshke HolE7E ERE e BolEn

(27 V-3lofM A] AR avt IS duEr wA Bl 1o4e At
Bo] Aypghe] vlals F3jM FAEM, B 200lH= AS] At B - Co
Aol AelE F3iM FAE o Erjuint AS] AR|adp) vE2A F4H
= & ok S AR 2AEE ™oL AR|HolHE Yol vis)
7] gigell 4 ARER|S HF ol 3= ARdAIES] Hol JA] Y
i, ol we} AHERE AR ATl o7t S| = Aol

[O2 V-3] HE ZHAEQ| MX|E1 FF oAl

N N JE
A e Y < SR
E C ) F
L®© 40
Treated observations Untreated observations

VANVNYAEN ® ©O®

XI=: Gulen et al.(2020), p. 57, Figure 2.2 ZARGH0] 2
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pREre 2 AE ZYAES FoA Y 7hsT AR avE v o
A Aol A ZAEs At SRS 7THe ARAIY =
A5 Hat AABIHCATE) S Hjwedat S344d 7PgstolA He| §lo] 4
7Fsste. FARCR 7(a)2 N AFLERY FHFES FolM X=27}
A FFetod FAE MRAAVES Fale S FAE
CATEZ} ZA = sk 24X52 Hg5le] ATES} ATT 59| Alo] 715
Sleh. ATES} ATTI= CATES] THam7S Eal4 7hHsH] 249 & gloi},
H AloE A FIES ALK ] AIPW(Augmented Inverse Propensity
Weighted) 3428 AFESIRIc), Tio T 75w} 2o] IPW SRS
AR 7S oA CiSE A4S0 22 10 2T o) 1Pwej
AarE FA Ssh, AR of ol diet mEyl Aulglof wigt 2y A9
L7} = 78 AIPWE| A7 IPWeL BlalsiA 9-ds}7] wiZo]tHGlynn
and Quinn, 2010). 3BH & ¢jTloflA= ATE, ATT 2ol ATO(Average

.

i

O

Treatment effect with an Overlap correction)& F712 F45F%+=4| ATO
£ ATE 243 SRR A0 AU Fe AR AT A

HlEo] FARE k=0 12 7ISAIE Fofske WA oR F4H

1 BAdole 2 g 24
AH EAAES Agole] AguFIIF 49 AHE FAS] 9l 2
B AT 2011-20159 BES gt 5 F4ss 20159
o) 2 gelojelolm, AXMAE B AR 201490 A1§1F71F
2 3R] ol 23 BATEORE 2014-201580] A1§RET|HS
ealeh) ok ARRIAIE TP 201120159 RS SR ol (13
ISkl BR1EH A 2011-20139 Tj29) 9 jglolele EAIR el

A AgRE7I 4 ool AT S Holeks wmeky Fhgel
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52 7ol 7] whEolth

S AN AAET 24 Al ARG A9 EE ARdAIS] e
YA o=, & EAoe ARIAIS] AR AEE RE daElE
o] S2o] BEs] 3l Al - - = ARIA AAHEE =501
S o W diale]l ARSIt T1Ejal Felole)ut oje]o] A
MEZ] AJRREAZE vie- 7] wiel]l 2 E4Me FdoldukE A5
P2 ZEoIRITE® 2011~2015 120 7|2 SAFS (F M-12)of|A
QS 4= Sl & AFIAl 4= 8vt 38977hE ERkstaL Qlrk shARt
M Al -2 - 7 ] ARIA ARl RS FSthe IA0lA A
2la FE7E ARl #5A] 157408 S4FIA AlLlsiA 2HE 24
F2o| BEA= 89k 2323702 ik

vlaErg el g ot dsiA & E4olxe AR TE FAIEC]
A ol miEdE SAIRE A5 Aot s #AE Ade A
= HlaErdo] Aydhe 7Pdsieitt. ¥ Imbens(2014)= a5
FHZRI| Fofohe FEREe] A7F AR Akl deol sk
‘Ashenfelter Dip'a} Zh2- Aol A vlmebde Hshe S Alksigich
2 ARIA DRIelA =4 - A ARRIS] aabd BrPE Ee] AR
A=, 012320212 A ] 3] ARAAIZE Blpd| AdA|2} vlalsiA A
A 9| o] A} gho] sl 2 Asvhke A9t HIRe) =
Al st wpebA HlE 2 Ao A = Imbens(2014) 2] W Ea ARE-3A]
vlaEtdS Al AR 8t 2 Ao® Tsioly] el
‘Ashenfelter Dip'a} -2 AFJollA19] vluehyd s 1A a7idich

3}
2

2

57) Aeld ARE AMSP ASSIHEolE Bk AY TAAES B8slel A ATE
B AR AA YRS S o F2 A - - 79k B glo] AP FEg,

38) W19 ole] NG Frhm AMGI AH EeAES] HX ) YA 2w+
YA} SARPA S5k
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Y, (1), Y;(0) L WY, s Yo (p1) 4 Al (11)

13

Imbens(2014)¢]] w2 AupHS=0] AR tliste] &AM (Stationarity)
oF w275/ (Exchangeability)& 712 7Pgsi) vt 22 vjaehsy

Yoo L WY, oy Y21y 2 A (12

= I 2 A A Adpis v F AR A BIRs v,
e} AgHaeE FAlske 7 AR oot SHAdS Snidith wEkA
A1 (1) 9] mluedo] AdHskeAlol didt A4 21 o A o] 23
TE FTHEUTE AR ofF Y 78 dgHess E8iM AREE *
AT SAMCR 03 FofoHA| HEA HEsH Hut. ghef
7} 0ol 7HAl = A (12)7F = «lulﬁ}ﬂ ml i
= 283 vuEdE AT ¢ O Hoh 28 AIEE HiRt
Xé*o 3 ngk 7F—*§§. 712 Hgshke F2ol L?LZFOMI T
TAE AYARE ZERE 7Pl ditt el Aol e AT
Imbens(2014)7} Xﬂ*lf& PHEE 782 Zlo= ddtErh
o AR ZYARES FEA AREIE B glo] 5] Hsibe
F7HeR S 240] a7d S 7P AE Rt dds) Al
o) [ W3k AR50 SAIES] A 225 AAsts=t,
AR 1g0] 7 SAI TG st e 2 v 9508 A

1 Bl A9 Al WS e pEOT ZHH HHS WSS

ok
O
=

-

39) AT} WET Ao tiat 277P8S Imbens(2014)9] p. 322 axa}et



olell wet T WEo] AXRE AP Holh WS Ek. webd
A4 EAES AGT O] FHY Rt AYSIEAE o A5e
ot (1Y Ve Fo ATESE Zued et vigsse)
Bk QAR ol gk S IRellA BIE & glEo] PW 7
AR B4 £ SAR SAVGE 24209 S ot 54
3 HES T S ST S otk 2RO B HAolN A
He 2011015 TEE BAS] ool B g9l Yug 12 B
& A9 vlmehge] 4YE HsAol kot Ao mamE FHNE

WEA)7 | = Ao 2 ToETH

[O2 V4] MEESBIIF a7t Hisl7|gel HeE 2R
IPW 7tSX| HE

(1) @0/« (2) 20j=H
[{e] [}
S S 1
w
557 5
3 827
S Le |
=
o4~ o -
T T T T T T T T T T T
200 100 400 700 1000 5 6 7 8 9 10
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[O3 V-4]9| A%

T T

(5) A A EFY (6) MM 2
479 2439l

T
E71¢ 2
AMeH 72

e B s '™y

Fraction
q4 0 175 35 525 7
N [ IR I .
Fraction
0 125 25 375 &

1=
ot
>

T
7 el 7|Et
AredA| Ere

Xz IGERHolEL; =7IYH0lH XRE E8ato] XXt Xy

2) A ZILE sloly sEtu|E F

B SO 19 of 71X AMgSte] XA 0 XA old e
sskich. g 1Al ATArSol Aslor i stolw TiefuleSe]
EAlsk=T), 34 22 Aol A WA T ke ol Mt
A2 ol

A8 mAAEE ofu2E] Mt ofdeln HIWE AST 4 gl

x| a3t 24 0] HolE HAaglslr| Q8] E BEAlofAl= Wager and Athey(2018)
= xSt} ofUAE Mol 7|9t A EZHAES AMSISIT. oL AE]
S ARl weh 2y E-lof| ARSRE F WSA] Stk 738270 FollA
S0%= FRH OB R, S0%e AT olE R ARESHITE) & o] F9
AREBRE WEAE 291 8691710 AR NS sk o AR BEA] o
Al 28F 8,691710]et. §kA ZFEFShAl =ofstglRol ofUAE HHe =y
Fdof A& HlolelE AN wheoll EFO] A7t £A4] ¢ 7Fsdol &
Apetek. sAEE 2 Ao A= SRl of 21t 8,691707} uig 7] wjZe]
Sagt tolEzE FddolHE S8H Qe AR AHsigIrh A

40) ) vlo]e] 88 23237) % 30k BIAE HlolE|=, 70k AEAel Ao Eeiol
2 28319 Sg THYIEE th 05008 ujEste] sk ERiEolE
st ZgelolEl 2 AMgatact,



3hA ofuE] HRHE Al et F71HE 0] MRS T

Eelg AAAoRA Yok 4 gtk web ATAES @ ) 2eE

HANAE SHA] Ae] Wasth BE el EeE AR
[e)

o] MEdE 29 7 ke ARl ey, 9 Sl daElEE &
A
(e}

A7l Hl 28 ARMe] HEHeR S7IsHA| et webd ol
SHARIA 229 B £& A8 Hsf AE LB AR E
2] o wheh 2219 FAKFPIRDO] ol BA Walsl=AE [T" V-Slof
ARBISE. Bl B 47t S7etel wieh #gA]e] Fato] Ak
I = 2ledl, 53] B 7F 1070014 500712 F7toke 7-1tellA
k] FHlEkel B4l Aaske e el 5= A SRR 1
N olFolMe B o F7lof wE 2Ate] Aaaapt oAl yebdtt. o
2t &2 ZHeAE 1771 BBl ARSI ARATE skt

fe e >

[O2 V-5] HE ZHAEQ| AEsH=E LR 0l ME 22| St
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WEES
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41) FaAdolEe] T0e] BSAS YR A EAEG B EAoIN AGH 0%Z )
AR A mesEe] By APHS AR A3 T dueE BE AR RO
vebton] ATE 2% fARHA 3R
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o
FHS BEIt] RS AR 1) BE WSS TSk gk 250
el ke gojrom A o .
Qo= Aeshs wie] At thae] BAS Bgstel et

>
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ofo
QL
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)
i)
ne,
rlI
)
i

EoA] SR Ageks e F 147121, ol B4l o
29 14] W4 B AMSioR ek uebd sl g4l dhslas 147)
]ﬂ S|

a

URRRre 2 grf fj7 11101]*1L FHF ol ol Ha HRUSA| 75

& AN 10712 dAsialnt. olel wef 54 k&

oM oIS ARl s F 7S] mEoA 107] oJste] A2

d o ol EFE ABAITIA AL oY ==

7b HFeETE HA oy 24 825 10712 AR o= AAESA

< i 2 s AR EIE FUolE (se)E EE8iA F4Y o

S ol AABSATE gl -7t WA, ol wet s EejofA

+ AAEITE FEA] GaL A7 wizelnt. oA 54 Bl 2

LB M AAEE e A Al Aol Zekue Ha AR
o 5 10712 A

f

3 mgel Hg= A%

gif W7A= A A AETF AR a9 AR 8y ojdde & FAs)
FEx] dZF9o] AdlE(goodness of fiNE 7R3 4~ J= HA %— AR}
oA Al FAFOS R Chernozhukov et al. (2018)2] Z|gFAd g of|=(Best
Linear Predictor) B2 8-835)0] CATEZ} A& ZHAEL] OOB(Out-of-Bag)

AT 7(x) 9] NP it T AEA) AR ok 74



How Avgt velA xol ot ZAN J|HgHe AR e THASE,
Jel3 ofsle] F A WS Awem SAEAS At

o =nw-""(x)),

D=7 ’)(XJ D= (x)

7|4 ¢ (mean forest. prediction)®] FYA= FAAX 7T Lot
T FARAEAZ e, 19] S AV A9 AL T AES) A
AqE 2 243t Aoz Tsk 4~ QJry. 12]al D (differential forest,
prediction)®] ZARE AW THAES A ETR] o] AL Anh} 2
FAFIBEAE AR ACR 19] 3he AW A AT ool &
TGS Anidt. 28 AT 1D 22 oo FAReR
QoI5| 0BTk 2 A9 7 (X))} CATE 7ol felgt BAPE 9LeS ojn
3lcHAthey and Wager, 2019).

Ad EHAES ofjt 24 BAE ANS] A WA FHE AH 2l
E0] AE AEsletl A4 Ak (& V-0 o4 AASIGIH: 2015
SN S FEHERE AR A9 BRI X Aol tiet A= 0.988%,
13 Ak AoR UEh) BRAAETE ¥ ek Zow e,
she AR E} oA ofite] A 0.481R 13 AR 9k Ao
= yeht AXaate] ojdide Ad ZYAES FlA HestA F5HA
et 7oR Uehdth ShAgt BAZOR So5k ontk 2 Ao et
) h AT EAAEE 5] £ ol e 0 oh Y

fOI% AV e & 4 ek el JYolole FHUSE A

& FAAGE NS AEAE ule} S FAEIGOL FHA o)

ot 2 FAme] FA 4SS WA T, olA4E A
She Al oA EAROR FOIN e Ao Ukt delolole £
S AR A EelAEE HAEI W AX AT o A4S s

42) 3 HAES AT 8-S Athey and Wager(2019)9] p. 38 H=x3la)
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ZASIA] 3k Ao meleh

(£ V-3) HHE ZAEQ| I Xty AH

E™A+ HZE2XL t—value p—value
BLHL 16 OiEH
mean forest prediction 0.988*** 0.138 7172 0.000
differential.forest. prediction 0.481* 0.294 1.634 0.051
Z&H4 153 Fol
mean.forest. prediction 1.056 1.723 0613 0.270
differential.forest. prediction 0.422 0.456 0.925 0.178

T BAN QoM M 1%, 5%, * 10%2 ZS

Xz 7IEeolEl; ST IYI0lE! XRE 0[5t XXt ALt

2

AY mALES B 24E ANEP) oA Asis E Tf
se AW TALEE SaH FHE NS 2] 40w dd &
Sk AEoR £ 1BoR Lirel BeAAETE AN T T A
2h0) WA EIe] olrh EAHOR foli AEo| tienS AsHe
o]t Athey and Wager, 2019), 20154 ufj&ole 2w A3 AA
HlAEL £ e k] AT Aol 24002 AU 100 4
A EAMos oalA] 03} T Aom LTl st 20159 %ol
02 AFE Aol T AT 7k AR AL Hol7h 2260 % Lheh
o, (3 V-39 et FYsH APt 24 F4E SAXeR
Seofota] et

o m

Wl o ]

A ZYAEL 20159 ujENL Fdras
(5] R ij’—]'ﬂ- f({i]_'é‘_jq-g] o]x]ﬁ% 011:_ XE}E E»a—é]
= BolA 4 7hsst Zlo= HekEy vhdol gfo]of o] A9 AX| At

H
ot
o
oX
mﬁ
|
i
rr ofX
ot
S
_|>i
W=
N

3 Tk qAR Fuelne Shace
1:]

V. HAle{ds 28t Maggel st &1 - 147



9 AAFE Aas

07 VO el FHUSE & A T R WA E0E
=AsksteTh 3 A olAERE 201d 2anjEele] 5,69 o3k 7]
o Folul 9% wER AZolW SE% wET ERSUSE o 4 9
oh I0ke e mEelA 3 WA Bl AIFEs} 148 ofs) of o]
Wb EYE ARATIE WA mEelA 20139 geolelo] 6,037
ofs} o2 /|ZOE EelS A FIE AT WSl Hepy g
2 M3o] o] gt o EFEo] Gl wlofele] 4, g wEo]
#F hEAI, AH 1B ulF Fo| AXHe] ek

(V0L AY THLES JN0R FHY AGNFIIF S oyt
7} vk} 2 Geolelo] 712 NS HolFiu), tlEou Goolele F
SWSE AMGI AR FHIe] ATE, ATT, ATC, ATOS A|ASKACE W
A 5o} BiE ATEE AR/ ol FRHOR 20159 jE
2 4450 F7PA7IE HOE FAEU. TH AAR AGHZIFS 4
SHAE ARAIES PO T AHEUQl ATTY FolE 4.46%2
HElglon 10 $EoA FAROE Gtk BAo] Ag1Z)
Slohe wel RIS AN ATCE] Ao 1% folszoll 5
Oft 4,440 ZAHGCh. ATCE} ATIZL UJ$- fARSHA 248
TSN HATEL BRI AR Sl ARG AL
e Oulgic), ofi ATO FRAE Sels) Ml oS

SR, ATOL FHAE Hek 2 WEA717] 913 AaFa47t ool
10 7be BEAlE AL A, 050 DT BENNE L 1
X% Sols CATES Bitst/] WlRolch, ATO 4% 94| ATES o9 £
Hjel] AMgE O] AN HE A
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43) 2011~2015d FEHO] JL= A)o] Crump et al.(2009)9] ZH-L wzsto] AZFHL7}
0.05 <e(r,) <099 ZFE= B W) A= A28 BALE 7] FIE
e vl =25 & Ao Helrh
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i A EARS] AUR FAAEG A
FYEI FolRe B AHSYS BEole] FYR ATEL 134502

ATTS} 2 Zpo|E HGth= Aot} O]Eﬁﬂ- Z}o]&= King and Nielsen(2019)
o] Aak AXY Aol 7u) Al BT BEAE Aol e

ZA5S ASHE WAlo] AR BATE 1ke] BEEe AsT o

(B V-4) 1IBEF7IZ 67t tiEY 2 SYHo(oil 7IE &t

MEEn | ZHE| | mEEext | BEX|

20153 2 10H=OH

ATE 0.0445*** 0.0063 57,382

ATT 0.0446™** 0.0062 57,382

ATC 0.0444*** 0.0064 57,382

ATO 0.0444*** 0.0062 57,382
2015 FRH0|<(HHoH)

ATE —1.827 4793 57,382

ATT —-3.222 4537 57,382

ATC —-1.672 4853 57,382

ATO -3.156 4579 57,382

D BAN ROUHR 1% 5% * 10%t ZS

Xz 7IEeolEl; ST IYI0E KRS 28sto XXt AL

King and Nielsen(2019)2 E3F AgFHmA] o] sHAH o2 x| ARE
SHE U A8sk ZAmge] Fejol] uet A wHte) 24K} W)
A SRES AAETE, Aol RS BEolo] HA
ZAe ] B OrlerOﬂH% Dehejia and Wahba(1999)9—] 20 whet AA] o
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AR a7 s Helsllas HolErt: o] F2olld A EHAEs

71E0] HHES B 4 9l A0 BRI Uk 7o) AE
i M 2 A AR A ol 9] WAHAY PAS 3
5P 1efa 9 ohet A8 EeAEL o] ALEE BAolE 1)
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Abstract

Evaluating and Designing the Public Policies

with Machine Learning Algorism:
The Case of Korea Credit Guarantee Fund

Hwanoong Lee, Changsu Ko and Jinsoo Bae

This study explored whether machine learning(ML) approaches may
help improve policy effectiveness when it comes to targeting policy
recipients, To explore this, we analyzed the impact of receiving the Korea
Credit Guarantee Fund(KCGF) on SMEs’ revenues and profits by using the
propensity score matching(PSM) and Causal Forest(ML algorithm) and the
estimation results were compared to see if the ML was useful. The
estimation results by the two methods were qualitatively similar, indicating
that the two methods can be used complementary to each other, However,
in the case of PSM, we observed that the treatment effects varied greatly
depending on the variables used for propensity score estimation. This
shows that the estimation of treatment effects via PSM is not robust to the
modeling assumptions, and it implies that ML could be a viable alternative
to existing statistical methods for estimating the treatment effects.

Next, We analyzed the heterogeneous treatment effects of the receiving
credit guarantee policy using PSM and Causal Forest(CF)., Compared to
using PSM, a more detailed heterogeneity analysis was achieved using CF

because the conditional average treatment impact could be estimated

188 - milzids 285 MEAIRIEIL: MMIE ARIE FAo=



based on the values of the given independent variables of SMEs.
Specifically, When the heterogeneous treatment effects on sales were listed
in order of size of treatment effect, the average treatment effect was 4,45
percent, but the average treatment effect of businesses belonging to the
top 10% based on the treatment effect was 8.82 percent, and those
belonging to the bottom 10% were 0.97 percent, indicating that the effects
of the receiving KCGF are very heterogeneous. Also, it was found that
the treatment effects of increasing revenues change very significantly and
non-linearly according to the SMEs' past operating profit. The findings
suggest that ML-based heterogeneity analysis could be effective in discovering
non-linear patterns that are difficult to find in existing linear models, as
well as identifying explanatory variables that are substantially responsible

for disparities in treatment effects.
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