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I AZ

EASoIM 2l s ol Y AAE AT AnE Fe

o Al8)(randomized experiments) -2 TH2HE X}&(observational data)E ©]-&3
AEalelE welo] o|2olxn ok, AT A7 tAlg olgsle 29, A%
o] 1Al elsl ZHE| o] ool eJgt AlsBesclection bias)2]
2L wge) oierh TR B ARE A8SHs 4%, 9477 olele] e
faER Qs AR LE7F A7 wiZol, AgHe] ZA7F ARt olzet A

gz HOlE glof7] SEiA st EAF #HEo] AfE e w(Cook et al
2002), 1% 4Fdg ol <t 2097 Hol ARgE C})ﬂ(Austln 2011; Schafer

& Kang 2008; Steiner & Cook 2013; 71Z% 9] 2008). AZFASE= 7)7felo] A3
2 dkS 277 58 T5l=d|(Rosenbaum & Rubin 1983) o5& | X|¥H<4x(binary
treatment variable)Q] 7% ddlA o8 2R AE HFPS ARESle] ATFHLE 2H

s}, ——,Liﬂ?ﬂgi OEHLXM AR Xl“i H}E&i SRS} AxH4ete] BAE

% (i) ¥ % ] J_X}ﬂ(hlgher—order terrns)q 474]9}

Io]
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T2 YHEL i 42| faTHaverage treatment effect)@} 7NH / 242 HA A
A &K conditional average treatment effects)E F45l= © E40] QItiAthey &
Imbens 2016; Dorie et al. 2019; Imai & Ratkovic 2013; Kiinzel et al. 2019; Suk
et al. 2020a). MAPYS 83 tfEAQl AHFE Prozs QY 2YXE
(causal forests) (Wager & Athey 2018; Athey et al. 2019), H|o]X]|¢t 7H 3P+
2% (Bayesian additive regression trees model; BART) (Hill 2011), 34 X%
FA(targeted maximum likelihood estimation; TMLE) (van Der Laan & Rubin
2006) o] o, i} EYAEE WY XY AE(random forests) (Breiman
2001) 7|5ke) QI wAled ’pHolty mAleld 7]Rke) QIuaE WHES
A AsA o2 BEYS AAs| diigol dARe] HPHAY eF=2 AsiA A
T e HYE S 7 Ak olHE BHo] FEEOHA HAlY AFE
e &8st AR aNE BASte e ATER JTo] SdetA &= qlrt
(Suk et al. 2020b; Suk & Kang 2021; Davis & Heller 2017 5). £ QLA o]
23k mAleld 7I9ke) QInEE WHe ol 275kl o & #8ske] 1| Fof
2 2E o7t ddsdel A= avE F45kaA jitk
T Aadr] AdH e s ok ¢ Feo FaAdo] BAEAL glom,
W= 2009 WY s RE ol AdEEY shelgdeR FoE|EEs
QSR ShuloflA o] FofAl= Fol|BEe ASA R AFHstal Jeiaset
K 2009). Fo|EE2 Y] APEA]] ol F6 o] Fox]7] ol
A Ad d97F @dHeR erksst, solE|dEol sz At o
A2 FotelgEe] FofshA] Atk gt s solelEe= 49
7] Hof| oju] AAARI AFolE 7Hxth AsPdtol SJstd, YY) AEYA A &
w i 8 Fo] sote|EEe] oo FFe A AR YE
A AeH AU - Bl F 2019; YA - FAIE] 2021; A4 - WAS] 20205 o]5E
2013; o]%1A 2021 -5). HEZE MY JIRIEA Bl Fio) RSE s, wARele] BA S
Fdseole 9 F= AR A=A AthHES] 2020; 053] 1149 2018;
Ak 2020; 298] Wolg 2021 ). AR Fofstr] Hof ofn] AA AL Ato]

r2
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-1

7h EAs AR et Aol FAlo] JTFL AL Fuelo] EY ), of
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FZA}IT, 227 43(20219)

58

FE= o] FoJA|AL Tk

+
=

el
B
)

Ly
fu

el

1
L

th & AtollA

B

o

}_

HE A=

%o

s

go|| n|x|= Ho A X E7Kaverage treatment effect; ATE)

A)(heterogeneous

1
R

A, wARACl wet ForEEe] At vEA YER:

bt

S

treatment effects)= &Y

o2 u7

7l
ofn

S8 AA| 2 (treatment model)

AE ¢

Z]
S|

2~
T

¥} A3} 2§ (outcome model)2] g

]

N

o

Bl

Nr

o2 93} ZyAE, BART, TMLEZ} gtk

el

]

1
R

oy E



HAlZY 7]Hke] oli} EHAE 7HE T8t X ax AZF 59

Agete] At nE L AN BRE Fghn 244 HE ANEIE AL
faiAl 7] ohE A ARSIt FAA SR, BARTE Ho]|9F 7HH 3]yt
2 S AMgslol A3 BYE FASL, Aoz A7 wgues 2ad 3
o AAAE ALk TMLE=

2007)E 7|4to 2 3 oFAME(ensemble) 815 G 1E|ESS ARRSlo] Ay By 9 A
A BHE FATL, AR Sk ol8% MeE AW By 1l FHcle
= Folste] AARNE ALkt 22 Q3 ZYAEE WY ZHAES AR
slo] Ayl B3 9 AR HFPL =AE T 7 (weighted) AF 3] HHS

of 244 Bt AABLE ALleith

T3 Y (SuperLearner; van der Laan et al.

2) I} Y AE(causal forests)
o7} EYAEE Y EHAEE VHlo g Ayl Wy} 22| 2y A
H ZHAEL theo] A% UY(decision trees)S Agslo] B 50 Hat o=
£ =& AN HAIYY B ot Breiman 2001; Hastie et al. 2017). <13}t
HE ZIAE eSS pAste] 23 B HAE oSkl
[S3S v er 2304 Bt JAanet B+t AAas ALikeich
ARksE7] SIAL Qi EAAES 7kE 41 3
i 7)E EET%Oﬂ A dSdE e W A Mess ol 8dth
| = HAlelgollx E51A AHE= O0B #H-9-ok%
(out-of-bag leave-one-out) HIH O 2 AL ol EF iE A|¢jsto] BFPS HA
ot &, A 2Eom B4 i tigt ASAE Altehs WiHolth Ao, ¢l
I ZHAEE TR Aol kA i 2% Bt AR AT 7(z) S ALkl

D G7IA Vi Avhad 25 AR X 2HS Uehis )Ee A8, i 8 )
B AN S YRl 75 AR,
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a8 3 mT(X), ¢ TV (X)= Wagere} Athey(2018)7} A|¢13t o A EFKhonest)
WY ZYAE eSS Foll FPEh o714 ‘of A E|(honesty)’ st 13t 2|
sEo] 2ast EHOR, Qlah T AEC] i) B4 £ SPURIY U BES
ARt AME ARe U 7 d(leaf)oll A AR ENE Autshs Hle AR
2] d=the AS Quigit). upxeto R, Pt AX A= A 203 Axaw

=425 Bakste] AXKEE 4= Itk Athey et al. 2019; Wager & Athey 2018).

Folels “3HY BaL WM o5 G, 2YEE e wEERF 9
2003 Ol 0, BE U1 5715 71 W) el e £33 144
2 WA ARSI BEAS J12 AR BEESY 9 20132 julaict
FolEe BavSo] A5 Aestol %}oﬂa = 50l 2 712 xl &70

A AT 4= 9lon, waE-ERte 2= GAs] 0134 Xé*i?ﬂ, A}Wi ZHo|
3 Boshs WKl 7HAE ZHITHEAR 2020).
sol|Eee FAaUY 9 wsGYoE FrEo] gh=d], 19939 Had
712 o] A|QE L 1 o] & HAUAA | EA G Fo| ulEHA 50}?4% 2
JA 2 07 A AT Qe BARA TS 2018). 2009 77 WS
2 AR Qe w9 TEe) dstow oA HFTFL 4K
of FolelHs-S S F s 7|&H 2009). 2015 7HA 1L
3l

=0] sl9jgdog zisla 9la, A
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)
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= 5
S5 20152). 2016 @HEH = AFe7| A7 Ao B2 %‘@I’Lﬂw A3y =
A Fote|ghs 59 vuighgo] v ZxEal EdShE]al QIlrh S 2015b).

ForEse off FAUE0l BojA o|Foxe HtdEoRw, ALSA oAt
4= Aol 359 535 A8 ddstal 452 ddshs = Hie= 719

7} & 4 3t} OCED DeSeCo(Defining and Selecting key Competencies) 2 E
oAM= 21417] AA7E zh5=ofof & Aol Y AS =E&shl=t, olH A Yt
AEAGIAI) S BAf F SR AT 1 594 ERl BYsks &
2(ablility to cooperate)’ 2 A|A|3FITHOECD 2005). E3-61a w24 Halsl= A}
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1. S+t H ol

Sttols- A A u)d ZA} 2018(Korean Children and Youth Panel Survey 2018;
KCYPS 2018) Zoll4 1514 1AAEe} 240w A28 Beojo). FHtols3
oAl 2018 AHFHLPABAT AN Hte] 25k 451, FETL 1
S-S Aato] 20181HE] 202461714 U WhEH o 2 21 AR AAE
Azolrt. Fod 1AM E AR Foh 181 Al7lel, 24 % AR Foh 2
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AE(F2A8)0 245 ARE ggatgon, Foyth] sgshs shS 1,399
HOoE HA9] 62.2% FEAL, wRoIHTe] sgsle o2 85270 qirk

<# 1> Wl Sof2[&S HOHR(XX[H:)0f CHet BI=EN (n=2,251)
ARG AR ('8) &%)

ay FopE|Es et 1,399 62.2

T o o ks e 852 37.8

A 2,251 100.0

=
47 2]AE(Likert) 7‘<4E(1 ke J‘rﬂx] OH:} 2= jfﬂx] oro golt} 3=11% Ho|
o 4=y 2gThe SHEAY dsEe AUEUEREY), BRI
AR AGED S 3719 stgjaclor P glon, 7+ sigaclER 3
TSS9 3 olE Fadlol BB W42 el kAT

of tigt 7I&SAIA = <& 2> 231, S4H 49| cronbach o g 0.928= j

<H 2> HUESH(ZHP)O st 71sEA4 M (n=2,251)
Avpg Hat ESHA} 2=t 29zt
A5 297 0.49 1.00 4.00

3) ¥

THQleR= A, o3 EAEIGAAFTE S EY), A EAR S
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3. Xiz=4

2 dAFolMe At ZHXE VS AE5H7] s R =IO aj7]X] grf
(Tibshirani et al. 2021)& ARESFICE WA, gf 9f7|X]o] ¢l&= 3= causal forest
of AAW, A, Sl FYsto] /20 A Axav FHAE 4h=Es)
gt 18]31 §H4: best linear projection©]] ARESlo] /NE/ZAA A&} A X
£ g Hat A ane} siEe EAE, BT, aAA)ol o At
Wa AN ATS LS, ALl RIS AAze] 3 AMsc

1, ola} I AEE S35t Wt XX|S2Haverage treatment effect) EA

F4A EFEQA} t AR j 43
T A A 2.891 0.017 172.353™ <0.001
THol EA & 0.069 0.020 3.385™ <0.001

3} EeAES Fgsto] SIS Wy FotlBF Aolrt Bl X
A BIHATEYS B 23k 29 A4 2 A2 Gu( Folelas ¥
AR HT SAYHEY ForelTE viFiYehe] A5 A Aol 28912

2) Bt A AT =4 A, HE AXAIE Y3 T Athey & Wager(2019)7} A7Kgt W o =R
F7HQ1 BAS sto] ot AHkE AAE 4= ok <3 4>2F <3 5>of AT il 1<
Bo] 285 Fol szt

£ AtelAs sotelEsolehz 229 o] Fojrde] EAT 2ol =0l Qlrhr]Eek
FadsolA girdor Fols Wt Saolehs s Leste], BT Ao gk Hat
X I ATE: Average Treatment Effect)S 7]502 FEA31c) i} | AEA] 1219
Aol odtuliof wfe} Az ctkef| ofgt Bt A X EIHATT: Average Treatment effect for
the Treated)E HA5h= A% 753, ATT 242 {a4= REZ T grfufj7]X| Q] average
_treatment_effect( , target.sample="treated’) HHo}E -8 4~ Qrh

W
~
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# Rl ZHLE G

library(grf)
out <- causal forest(X=3H2l, W=4Z|H, Y=A1}H)

# St AR 24
ATE <- best linear projection(out)




68 THRAMATL, 227 43(2021)

2, Q} ZHAEES 2ot XIEE

gE o7t Fdsdel v
= %9]?3 APHA M2 I WA A
A et wy Fotel2

<H 5> M9,

50| wnl BALoR

X XX|&1H heterogeneous treatment effects) £A4

;
J

fEafete| 2|, mAtete| ZAof WhE XtEXH XX|gn 2MZ0t

47 EFQA} t A pak

A 0.020 0.041 0.476 0.634
Eafjete] A 0.005 0.041 0.115 0.908
AARREE] A -0.012 0.045 -0.275 0.784
* p<0.05, ** p<0.01, *** p<0.001.
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o] g A an x5 JeEe AwEE <Oy 2>9F Atk <y 2>
Me shSo] Adof W XA HEE HojZy Wyt Ho Hazhe vehd
ok Aol wheba] AR aat fazol 2 Atel7h UEhA] gt U3t 9 Hatats
FARHAl LrebstT

Eeote] wA W wAeRe] HAlO] WE AX AT} RiLE <Y 3>¢F e FE
(Heatmap) S 5ol A E YL, AAAQ] AASES flafA] ko] A, aAtet
O] I Wit 67 FECR(14-eR SHE H4E 057 TR 7)) FEst
of AT <19 3>oll= Eejete] wA|, mAakete] wAof whE Z 27104 €]
Axant Bditaw)e] 27)7F S5 o Ze Moz mAEe] ek’ mefeto]
A 2 wApee] Ao whebA AR AHTE FSlsHA thE g s HolX= 4
S EIE 4 Yk

(3.5,4]-
o (3381
B
c 0.15
2 (25.3]-
©
© 0.10
—
D (2,25]-
§ 0.05
o
(15,2]- 0.00
(0,1.5]-

0.15] (152] (225 (253] (335] (3.54]
Peer relationship

<33 3> Efete] 2 X wAtetel Ao WE Mx|gd SIEY

4) 2ol 2 474 157 3 23 oJ3(1.5, Dol aidelel wAl A4t 357 Kk 4
ol8(3.5, 410l s shIe TlolElAol] §l917] Wbl g o] AT Hghe At
7] Qokil <19 >0l sMo AR} k.
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<oli} THAES B XHEH ME|ED 2A RIS

4 A AX &I B4
CATE <- best linear projection(out, A=2P#2 &yl ebL Q5 FHA(E))

V. 28 9 =9
o] AT Alslalt ATl A A} 7 1%%@ ol wiAle]d 7]
o) Sl3} FHLE A0S SAGKL ol A Holelel ko] ) okl
5ol WYeo] nAE HihE HASIT Rubin(1974)0] Q1752 ol A

Y FolelEe] Walseol ve fuet 2 shale] Wy FotelaEel el
2 uj BolA B Wl that A Fuek FolokA) gkt w HolA @ W
iselel] that AR Bl Qol(Y;(Z,=1) — ¥,(Z = 0)y 2 3 % 9
o 3 B AX s sHbEe] my) FoleldEe] Folg u Mol B 3
FH AYSHT Folstd Goke ) HolA @ BIH FUHAL ol

(B(Y,(Z,=1)=Y(Z,=0))y& ot & Atelre ay Fotejeso] ¥

—

Atk
A9 Ayt Wy FoteEEo] dseol nAl= Bt x| Al (average treat-
ment effect)7} SAX 2 FosHA Uetylth & wlf Fole|gEel oldle
of FrolshA] hgle Witk Fdseol 8 wA ZIHE UL, I Apo|rt AR
Frofatinh olH et Aif= 7]E0] FokEEe] avE &4 AR dTE(HokE
-3 2020; 3 - Aol 2019; oA 2021; AR 2020)7 YA 5= At
2 & 7 Stk 3y solgEEo] nutus F49 SuunsS Heksto] Ay
A|718] ARR)A o] 7]ofg 4= Qltke FoflA AFA %l Aol ayt=7] WY
ofl A ArwEre wloll=, Cohen(1977)0] AIAEt EZelE HFAo|(d)E 71202 &
F=27] dof st =7} oF 0.141 =27 2R F3+5 7| (small effect size=0.2)x.

S



oAl 7N ol EHAE PES BEA AXEY AF 71

oh 2R ghe Motk AW Aoy Wk 9] ANH o FolelnE Yolg
Sefsia Qg ol AAS VAT A oA FolelEBela el Aol
AT e A wde] A ANE M § S A AUt

= Y, EuA, aARHA ol et il Foldse] §dsd
] z]= a7} of 24 UEl=A]|(heterogeneous treatment effects) F-41312 ),
AXez [ofgt Ak WHEA stk FoleEsol s sAH 4o vA= 9
o] /gHe| wat thEA YepA] o2 A AH717 1] 202009 YF LAck=
Bz & ¢ ek FoEEY APEA Ao disiAe oFR7HAl A7 Wol o]
FolAA] =T, 2 Aol = HlolE o gHAR QI wAF W Skl WSS

M ok off 2

s 84 JE
AR BlFHRAS E8d AR ans B4 dits 759 <EHE 1>, <di 2>
AAEAT. AHE Hlwde o, FFEs Wt Qa ZYAE WO Pt A4
2 A W FARE gk Eoich RoAde Bl Q) EHAE AP
A4 WS B wEt Suk et al.(2020a)2 ATA} BEESE AP x40z I
HQl 2He) Ao Ahg o 2 ARk 2ol AAshA] RS A o 2ea
E7F v Qe aa FAAE AREdthe 2E BolRglh & Ao A4 4
ytoz F Pl ande Blashr)ols SAZE AAIRE BEa WA o
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o, waleld sjuke] Qe sMel $-840] B AdkL B 4 9k

o] Gl S ATAEZONA ola7kA] At Qv EAAE SIS AL

WU Solelesol Bl vlAE EIE BAske FAHel AT Al o
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RS YAOR She RIS ol AT AN HA Qlukael rkE
FA5H W 98Pl B8 4 qlor], dold Jjue] A% BAL s A9
NS Pt dolE 288 4 9 Aol B A7 WAHoRE dolg
WAES] TR QI8 ThR SHAE WSS TS Ralgirhs del 9
o}, T o

level/clustered data structure)ES E40f U193} R|= FE3=t)], 2Zof= a} xgA
= 7e thro® Skt AmSe] R o]y olselAm glon(Suk
et al. 2020a; Suk & Kang 2021, in press) 5 AGo|A+= o|& WSt B HS 115
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Evaluating the Effects of School Club Activities on
Collaborative Competency Using Random Forests for
Causal Inference

Youmi Suk
(School of Data Science, University of Virginia)
Jinsil Lee
(Seoul National University)

Recently, there has been a growing interest in using machine learning methods for
causal inference to estimate the average treatment effect and the conditional average
treatment effects. The purposes of this paper are to introduce machine learning methods for
causal inference and to investigate the effects of school club activities on students’
collaborative competency using one particular machine learning method based on random
forests, called ‘casual forests’. Specifically, this paper uses causal forests to estimate the
average effect and heterogeneous effects of school club activities on students' collaborative
competency. As a result, we found that the average effect of school club participation is
significantly positive, and this finding highlights the importance of school club activities as
a complement to subject-centered curriculum to enhance students’ social development. Our
additional analysis found that there are no significant, heterogeneous treatment effects
depending on gender, peer relationship, and teacher-student relationship.

Key words: machine learning, causal inference, school club activities, collaborative
competency
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<8E 1> dds FHS fgt 2X|AE 3[HEH(treatment model) EA{ At

44 #ZFeA WaldsAE p#t
gkl -4.466 0.855 5221 <0.001
Ad 0.107 0.105 1.023 0.306
A Folse 0.120 0.130 0.919 0.358
e R e R 0.123 0.066 1.862 0.063
el Ee) 0.098 0.126 0.779 0.436
Aol 0.071 0.148 0.481 0.630
o9 0.085 0.129 0.659 0.510
AEE 915 -0.003 0.083 -0.038 0.970
Efjete] A 0.087 0.112 0.779 0.436
TARRRS] A 0.154 0.112 1.372 0.170
AdE Sole|gdhs tkEE Wk tn| 0.789 0.244 3.242" 0.001
AUE Zole|gds TEE =9 g 0.910 0.106 8571  <0.001
ARG A 0.000 0.000 0.235 0.814
Hmo| slEsz 0.019 0.024 0.787 0.431
okoHiE A8 A|A| -0.071 0.133 -0.534 0.594
FGE = o) 0.020 0.135 0.152 0.880
FGE T LRAE -0.144 0.118 -1.219 0.223
7Sz AEgsr £9 ol -0.034 0.401 -0.084 0.933
7| HAEE 4dA] i3t ¢ ) 0.162 0.376 0.430 0.667
7fagsz g =9 tn| 0.274 0.397 0.690 0.490
e Z m2AS T 0.336 0.451 0.744 0.457
Hrzhe A2aE gisige -0.058 0.073 -0.794 0.427
o Brahd 37 Hls A7t -0.005 0.003 -1.690 0.091
ol ZlQjo= ru] -0.246 0.118 -2.081° 0.037
AR TA] Tl 0.014 0.147 0.099 0.921
Ade 3y Sole|gds ol 0.049 0.003 17.816™  <0.001

* p<0.05, ** p<0.01, *** p <0.001.
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<HE 2> ZYHS AVBIISH Y MY SALMES B BF MRS 2HDY

(outcome model) 2A1Z 10}
74 FEot teAE Pk
A 2919 0.017 170.92"" <0.001
Zole|gs Zho gn 0.069 0.022 3.19" 0.001

p <0.05, ** p<0.01, *** p <0.001.



