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3 Ay EHZE VY9 Bl

, 2020; Hﬂ%% 2], 20205

< WY TH2E 7MY Jid S Fa A3 AA WA Te AlSksid o,
of dTollM= By FAHoE W T 2E 7[R Aok 54 9 A
g e AR A A ol didke] A AA L

9t} A, Breiman(2001)¢] #E X 2E 7|He Ag oy A A
TolA T+ AY ¥ 2E(standard random forests)gti AFFH I
tHAbdulsalam et al., 2007, Denil et al, 2014; Zhang & Suganthan,
2014). olell o] AFNME EFay WY TH2E 7|He] AHsE
913t Breiman(2001)o] Atk dE ZHAE 7]

HE ‘g5 3y Ey
ZE 7|9 o R ANtz g
1) ¥ 99 ¥ 2E 7|H9 TF
F7 ¥WH XY 2~E 7|32 Breiman et al.(1984)0] #|tst <) ARA Ao
T 719 CART(Classification and Regression Tree) oo g2 st}
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=
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2009). THiF baggingoll Al W& 7FAo] g¥= ?‘5&7#17} Jdet, o= 36394
AA Ho] ey e 2o g o]Fojzx] 97| ujiEoltl.

S AelA pr AASE R duoseln, B AMSE A AA
A

o) el BrF S s oA B E2 002 FHEHA Hu
o] FiE ods] WMol vk =, baggingol A A stE SARA G Y
F3F el Ay ZF gAMAARURES FEee] s et= onvE o
A Al "t (Hastie et al, 2009). bagging= ZF AMAAYUYFE w=+=
b 2E 45 89des ‘a%é}fﬂ, g8k 94/\}@@14—‘?94 Nr7h Bot
AL Hzo] &eo] 2ol adle] Bl Jhgdo] molAd WHEs &3
How Fdst= d AV e Aotk Y FUZE VM2 R o
Aol Zebsto], zk qALAA U9 o] Fste oS adss T

0
(R

i<l
o 2 A (random selection of input variables) ¢ 2]<]
A

AARAGEY] o= ¢ xFH(mean-squared generalization error)= th&3} Zt},

EX7 y( Y— h(X))2
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F7 Ay FH2E VWO HFT A7 e YR o] Fofxl oAt
F Au({h(X,0,).k=1,..1)2 Hito]7] ujiol, 73 v w3
(Strong Law of Large Numbers)oll we} AAdsh= JAAA U 77}

gold % Ay TUsE /WS BEYS We) AUghe LY

¥

XN
>

9 Aol 2% RIS WY XH2EVF AAee £
o5 22 PE(forest)et a9, AAAUTo HdEHd oF oA
PE(tree)= o3 2t}

PE(tree) = EyEy (Y—h(X,0))

BE 0d digted, EY=E(Y—h(X,0))0l2 sH thio] A gt

PE(forest) < ?)PE(tree )

p: 6,07t EHAA Y Y-h(X.0)% Y-h(X.6)2] R b5 3

=, Wd T 2EQ oFgo] Eopx]7] flaiM = AAdsts JAHEA YT
of MHEAQ w7} mofop & Wk ofl, YF1F Ayto] vrojof ghg
oju et o] & flsto]l gAAAUT A R A FYstes dF5 a9
of 43t 245 Fdste Aot (Breiman, 2001).
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ERERE
3 7}

2 tH(Brieman, 2004; Caruana et al.,
e A

2008, Hamza & Larocque, 2005; James et al., 2013).

~
fife)

Bl

ol

7o &k
o] 022 FH¥Y(Biau, 2012; Brieman, 2004).

ol Skl
2

F

3

(e}

variables) 90|
variables) 2]

xr
i)
o

A

2]

(noise)

o

“

ol

gl E el A

=

ea
Rl

o] lth(Biau, 2012; Biau & Scornet, 2016; Brieman, 2004).

7, OOB ©lo]H =
o 1/3 439l dHolH

L=
=

)

error estimate, OOB-ER)¢| tH(Hastie et al., 2009). OOBE &3}

11

& ]

=
=
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(¢}

2=
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2] <

gFgdor
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=

3}tH(Goldstein et al., 2011).
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A, FU2E 7Y By AT FEs 9% £& E(tuning
parameters) S A €3l7] 915te] OOB-ERS &-83 4 9 tHGoldstein et
al., 2011). Ao, zF 7kA1 o] & Fst= W Mo ¢ 5 @
H ZH2E 7|l wfg- @A A FiEld], OOB-ERo] 43ty = A4
£ Al dlolEd wE MSEZF Ay A Ae] groz A4

5]
HN
=
M dL
ke

~

A A3 H S ¢ste] FLE A4 (Variable Importance Index)$}t
% (Partial Dependence Plot)E &8 4 tf. ¥+ @
= &= ol O AgsHA dSsAY T
AES FRlste] A4S AHeta B 1ty s BgS 753517 H1o]
(Goldstein et al. 2011; Probst et al., 2019). 8% A49 At=4+
< odEA AtHEa oy, YEAem
MDG(Mean Decrease Gini)¢} OOBAI5E #&-83 MDA(Mean Decrese
Accuracy), L#]al EFo| o Fghell wid 2z} W] 3§ k=(Shapley
Value)E #8353l SHAP(SHapley Addictive exPlanations)”} &4ta} A
CEECey

1
M
Lo
i
o
!:H

WA MDGE 54 W52 s el A7k welug W Ay A%
(Gini index)& 7|02 3t AT, T4 HolHoA HF wE9 BT
©E 7Hadt WSS e AT @W MDAE 54 WA T4 Az

o}

(random permutation)dlS wie} FH AxFEA] XSS WY dF
QAE Aol & AbEDY TAE

al., 2008). &4, §1 F AFE0] T &

A4 (stability), 937 (consistency) WA A 7F Atk =27} o
o231 o (Calle & Urrea, 2011; Nicodemus, 2011; Wang et al.,
2015), o]ol AFZ] WHF(Shapley Value)E 83k SHAP(Lundberg et
al., 2018)3ke]l = A A= AorEu &5 9 th(Aldrich, 2020;
Cohen et al., 2007, Hur et al, 2017, Lipovetsky & Conklin, 2001;
Lundberg & Lee, 2017, Lundberg et al., 2020).
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71 2 2 (Lyngdoh et al., 2020), %2
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=
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X (tuning parameters)

(hyperparameter) 2 HEtH(Probst et al, 2019; Scornet, 2018).
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e

=

Moz vlo} tAHAQ AyE

FS mAE add 7teE & gl

g = e Aol o (Probst et al., 2019), F2.3F
5]

AAAGT A D A AR 2

ol
i
ot
4>
9,
o
olo :E
iin
i
&
[-'O
=2
riu
of
Ol

2
o
Lo

o] A% (degrees of freedom, df) S Zdsh= WA o=z ola|d 4 Qo
w, mtry7t E75 AFEE A mtry7b S5 E AFE0F Ata @
4 A HGoldstein et al., 2011). R2] randomforest ¥l 7]#] (Liaw, 2018)¢ll
Ao miry 718k A3 wele] WFE WA Fe Vp, A% WA
A% p/3NE AAEe YdrhLiaw & Wiener, 2002). & o] 7] &5k
< o]EFow FuiE FolgprRt= iF dWH XY ZE VTIPS Al
¢tgt  Breiman (2001)¢] +=w¢ A¥AA  AF}=E(Scornet, 2018),
Breiman(2004)& olo] % a9 T ~E 78S 383 0 00Blout
of bag) A& &8 wAAS AIdE & 4 A S e
7F Bad we] miryE A"t &&etetil @astr|E kit vk
oy Al A4 A o|ZE 2 AAg grow dHA vt
(Bernard et al., 2009; Diaz-Uriarte & Alvarez de Andrés, 2006). ©}-2 &
2+&  A]ZH(computation time) H3F mtrye} Zo] T FHO dEd],
Wright & Ziegler(2017) miry7t ARSE =10 Agdhe] B4 A7
£ FE&sHA oS Bastth olAH mirys HAA RP e WS

Zol& H 2HE& w30l Ausly, 243t dolee Ar] wi ud3)
&

“e

oft

AAAYRE B ) AT AAA BF Fad 2
xesE Aol shel e AAYr T o gasn 4ge
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2

i



APHA 2 A7E B oAy
313k A (Probst & Boulesteix, 2017)7}
= = a7F FEEH gAEAZUTE 3
N A =AE RE s AA 9IS vAA Fevs A= A
THGenuer et al., 2008; Oshiro et al, 2012). o}&2 dolg e Axk A
P ok shoh miryet 2ol ntree GA] AZTE B A Zlo] =
oA = =& (Wright & Ziegler, 2017), Q7A7} £32 o7 des}o]
AR stoioF gt

npx o 2 ZF ALAARUTE drty AFAEAE oH e U9
Z1ol(tree depth)E =43dl= AFEZ+ £ 5 =Z(terminal node)ol A 2]
HE A=A NFE 718l 7]+ nodesize, YR ZE A= =2 |5
£ 7Mel71 = maxnodes, UF2] S(level)S 2 712 & AQIIE 78] 7]
v "Hl(k)ol UATh nodesize®] 735 HE #HS5A 9 JFolBRE,
| Axs A AAed Uy e =2A dEeko

nodesizeS =AA AAsH UF= & AFS HEU

o I
i

2=
£ o
fu
:
=
S
X
V)

E A AAsH Ui A st oA, vtz AA dAs)
HougeE 2 AGE HEH WY dEk) A vl dge A A
7ve 4= Qlth. thAl WEAMH, nodesizes Y] ETE U9 zZlolel A
E4E 280w oAEAYUSI s 24T ¢ A du

4) & 99 XH2E 7|H9 4 744

3 diE 7] e

t}(Hastie et al., 2009).
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ojgfgt o= MIETHFEY Fxoo] Ads Tl 459 A=

olazt sh= T ay Wy xHU2E 7|Ho] AFE A tH(Capitaine et
al., 2021; Hajjem et al., 2014; Sela & Simonoff, 2012). =3+ T &= HA¢t
¥ (censored) HlolH o A, aF dolHe 5AS SWst= 2 4t

o] AL E3 Ay AHE LY ~E(Random survival forests)7} 274

9% Ak & £F A Ed2E /1Ee dolge] FEE Y33
A dgsn Bl FHe 2AG] mEe] Beng Hides
goz 4gse dAAAUT Huld F34 AnEoldn & + Qo
o, o] AFA FEFaA e volE TEE wrh A4AF 4 B
F A9 TA2E /NS A Mgl 48 art U

ZIWko w sto] T zh9stal g g 4
o] tH(Genuer et al., 2015; Strobl et al.,, 2008). tt9t, ¥+ #HE ¥
2E 7oA AbE AYASF 7o k= EEE A9 MDGl &
Astel WSS ToEE AET A9, Aol =AY HFE 7 B2
S 7FAYa B s (Strobl et al, 2008), o=

= = QA Aol FakE A&k MDA
Q= A5 A (stability)o] tha FFgH(Calle & Urrea,
8 QRlESs AEStE 7IME #HE oY =95 &A%
X WY ZH2E VHA dF9 HAEAHS =
fRIvts dEets tgFe 7IHEe] ASHE v 3l

[e]
Alvarez de Andrés, 2006, Gregorutti et al., 2017,

n 2] &1
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Lundberg et al., 2020; Strobl et al., 2008; Wang et al., 2015). ©}qH

AET Aol WS BAY £BE 43 25 T A% WAL AYal
oW vl AS A3 FAE A5 YL ALK =9

A=)

=N QA R T —

S @83t AFAE At gy A=l Ao ghok(Conn
et al, 2019; Genuer et al., 2015; Ishwaran & Kogalur, 2021; Stekhoven

& Biihlmann, 2012). oA, AEWHF= Tz, HFHAL WGt
o2 A= RY randomForest ¥ 7] Ao WA ¥ naroughfix &<
FAE 2HLE GE ZE&d FAFR R dAStE rflmpute $F
(Liaw & Wiener, 2002), ¥ X2E 7|¥HS 7IRte = 3k WIS T
A &a8] << missForest(Stekhoven & Bithlmann, 2012) $o] ¢t} th
Akl sk dHlolHol| UEhd AS5X Y xRy Tyt WY
25 HlE, 2gla FYHE Wl g wel 453 AR o5
g4 tAh 924 yeidtz 2 aEch(Madley-Dowd et al, 2019;
Tang & Ishwaran, 2017). o}&e8] 25 H|&o] =4d QRlE0] A 2H
L Ao v 28d A9 A (bias)o] =& AyE o]

T 59 @AV vk vt 2F dY EH2E VR eA o
A A= Qg Aate] b A soll thE EA A
A e+A © 2 (Tang & Ishwaran, 2017), 234

g wrol,
]

o ®
.
rlo
iin 1
do A O

o] go= FEAEM MEHo|A ] HEAd ol H(Hooker & Mentch, 2018;
Wager, 2016), B3¢ ASAd7 284S 183 =& 4 AAY #d
H =97 A&Ha 9o (Scornet, 2018; Probst et al.,, 2019), =& 21!
5 AEsts A5 71E A ((cutoff) 5ol Wk o] &% =97} AAddde
2 vEsttal A4 E =(Ishwaran & Lu, 2019) 5 theFst SHolA e
e Te2E VI BEE o] 84, VleF = AdgEa ik
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4. E¢ET 49

Hl

d2E 719

EF A9 TAsE /M 2 GAAGLE 46 RgEE a9

=]

A PAHo| FAAH 2425 = &3
(aggregating)sl= 545 7HAH, 7| A& EUiz &3] &85

UTE SHAIRE HolH o P E AAME] aLdstA Eobe T 7MY
SHA 7} A A = o] gkth(Hajjem et al., 2011; Sela & Simonoff, 2012). ©]
o MAeY Eoks TACR &k HolE e AdAo st o] FE A
g ZYU2E 7IHE AAsta el A UEkelA welsis dgso]l e
SHAl o] Fol A a9l

a5 fAA dolgd g Bl A £
AR W AFAGANA =47h ol F
2011; Segal, 1992; Zhang et al., 1998). =%
HE d5HA Zv WEFe= Adystaza ste &3 E 323 (Mixed
Effect Model)(©] 4 %, 2015)0A A& HES ¥+ A9 XH2E 7|

&

Me o 25, 25FY W

o]#  $ktH(Hajjem et al,
=0 = viEE doly ¥

2}, Wt 2020, Hajjem et al., 2011).
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0-5 159 459(7.3) 0-5 168 600(9.6) 0-5 168 87(14.2)
6 181 210(3.4) 6 195 305(4.9) 6 192 380(6.1)
7 189 228(3.7) 7 204 323(5.2) 7 201 417(6.7)
8 196 193(3.1) 8 213 311(5.0) 8 209 336(5.4)
9 203 229(3.7) 9 221 330(5.3) 9 217 282(4.5)
10 210 202(3.2) 10 230 336(5.4) 10 224 310(5.0)
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27 334 202(3.2)
28 343 77(1.2)

_ 5] - -'jx'i '\. 1_.:5



A=
sh5

’

SAEH A

1

kel
o

’

15 %)

S
=

<

|

o

Q
a

7]

34

o

T

Mm-2> =+oi,

by
ar

<

EAEE
| T T
PN N
=788
&
B3| %8
[oN]
ﬁmmmro
w2 8=
R | B
AN | AN | AN
L,
7&399
G =S =
ﬂ.ﬂ
~L
N EIERE
| |
N
O | O | O
4 SRR
o | o | o
w7 |®
EN

KELS2013

ol
i

o
)

—_—
10

wmo
]
]
b
ﬂﬂ

0

Tor

171 18l KELS20139]

S BLAF
= L=

|

& 4% 29

S}
=

o5 ¥

pa—

Nr

Fel, A=

S

N
)

B

—_
10
o

W

m

-

ol

sl

23!

A

)

]
il

Bo

olo

X
ol

o]/

= A ¢

]
A AL

o

Q
a

tod 25 022

S

SH

=

=

9

1

1o

i

a4 <]

blom, 20% o) 4e] A%l
98 A9

)

tath 19 22 =

°

ol

A

A

el

—~
file)

11

- TH

l

e 57429 7

5

SR AdEx
2] 5

’

b

1
1o

-

t= 5

SAEH A
Z

1

S

<

7 Zt} KELS2013 5%F
- 52 -

d A ek

]

S A
S}
o

-
T

A FF dold

1

1) st

5




HE‘F
g%mﬂ%
m I T
%ﬂ] | Hv]
WT S o mw o Lm ) o do -
f DS - B %
Mmﬂz. 5y M%Mmﬂﬂﬂe_@ﬁé
l%Mi o 1mnéwnﬁigmwrw T
xﬂ7£ @ﬂ)% xﬁﬂ}@ wfﬂ = T T =
EFL — X GT_ ‘UI ol O_ o Oﬁ 0 ;OT . T ~ <
oy _ZTI < n ﬁi N~ ‘ME 1o ‘% ‘,u_Oro ‘IL_I B3 # ‘Iy| ~ _,Tl < o o
1 —_ a+ X N T~ lermM = KE . X - Yo o I
~ 1 ~ i EE]L D;oL = o 1..71r1rb proHOR
ﬁg:ﬂ 0 Oll_/TL ° ! Lﬂ/ 1rX
1] N ,_Hmmoll T < =3 o H1ﬂ6_|7],|d|AT_6_u o o
=0 s F o aﬁXLﬂAE NG L,{ATNWX_# i.ﬁa,mﬂ
aﬁﬁs& R %ﬁ?aﬂﬂwﬁiﬂm :ﬂ,@d%1ﬂ,4ﬁ4%q
N Wy = o E.,ogoxd@a.%ﬂ% ,VT),ﬂLHEuf%hJﬂofrnv
ﬂza) ﬁa_@ﬂﬂ; gmmgqua@iﬂzxa%x%Hﬂ
]).L - = oF d.ut]ﬂﬂul 5 = R ﬂ,ﬂ,mﬂ?ﬂﬁ%\/,mxﬂﬁﬂw]
L..|L 9 2 0 ] N % et 9
- w.s_.ﬂu %o O %QxhgﬁriﬁrﬁLﬂ_.Jrﬂo,?ﬂv 7U%Mi} T F
B Ago A © 0 aﬁaﬂﬁz_/ﬂ%% WW&%M,%W7§R%Q,@1
T iﬁ??iié1??_11_0;;;
];o — - - e ﬂ]L-] ],V (_ﬂﬂ W =g f
S E W mmﬁimiﬂimﬁiw fﬁ,wtgéﬁﬂwimw
o T il o — !
o xﬂe_ﬁﬂ?ymaIEAEO ﬁ_;:wwg%hoq@aig
bo T i Tos &wﬂ@w@@ mﬂ,@wzﬁTmﬂnaﬁﬂL,;ﬂoﬁ
iy m_u.o ﬂum ﬁa@ii o T T (O X (,]AT]_TE]L <
Ltl,_u_/uﬂl_ﬂwﬂ 5\7 _ﬂ_.bd_vo#wﬁaﬂi oLn_tn% Eo@ozuﬂm%ﬂ7ﬂ%MkMozﬂL,
o T —_ J_]ﬂ - o I~
= + e W%di@gwowa oi;a%m?;ﬁ”%m
— — . —_ ol y,_Jl_
T 2 ao@aﬁaﬂLaﬂﬂaﬂ7wekﬂmgwﬂfg>4 Fe
= 2 = M 4ﬂvuv_:; o fﬂ>@oig EhE g BT
E.mamrﬁwo Eo¥ﬂ ﬂqH@Momm E__WAT%M ﬂwam kym@ o
T | o_ugewﬂi HEEO .(7€4%A),@|,mn§n1¢%
) Eo}qﬁnsﬁuw oTﬂ_.71r pon " B g P K-
5 W T N < o wos B0 e Y T BT R B
ﬂmﬂ;‘nnq %L%WL@E@EEEA & 7Ed1ﬂd/|ward|7mhﬂmﬁv,d
a2 mﬂAL_q@ ﬂo_ﬂﬁééﬂﬂﬂ 1@@&1@& Ex
ﬂ%oo:( o T mﬁanggoﬁ%%ﬂm%# ﬁyﬂ,ﬂwﬂma%wjﬁ
_ — ] e %~ o ﬂrﬂﬂaéu iﬂdr amur,ﬂnAgﬂ_L Jﬂﬂmﬁ
X T o 7 o & Prseg W szﬂ%g e w T
.A,lmﬂ o zﬂuOJmﬁﬂaﬂ oTﬂoéeulﬁh,rbfﬂ_. VNA/W,E ,oTu%_.T
= T Eoﬁolé_} e oqh]ox ,ﬂdiﬂsﬁyﬂ xE
N 2 ~ - hnté@ﬁsuE %W E%?i@oEo i
X o ol ﬂmgwﬁci%g%ov o @u@o%HmH o 1ﬂ_u¢,m_
Fg | = Eiuaﬂmm . iTJz%ﬂ,@;hw%
o . ~ _ e
A;Sgwﬂé%ﬂﬁx7amgﬂ %A@owkﬁnﬁ <
> o S ﬂﬂ.L.a A;.f y‘%v‘dryy dlxowﬂ‘ly
= T %_,% s P XLAE)M _s_.xu
h @ ﬂﬁ%ﬂﬂ;ﬁ% Shwa ¢+
g o o Wﬂaiﬂ,puu]kﬂg(ammﬂ%
A%H%.@Mﬂf %&m
= z%%%w%%u_@ L
/a%o/LMMWMMmﬂNFﬂuﬂL
dl,oiwﬂio
.H_._Ea

+5

o]

| oo

o

=z

3) dlo]Ele] wuf

=
5

53 % (

7t A=

a5 3l
hof (KA

Hlol Bl 9 0.2%), =

0/, TOO]—%}\_(ZO

340

Ho= oz

J

7 A=
E—:'QO% o)
Moi(;q -
A A o
dlo] e ¢ 0.3%)
0/ %001-7



o, 2t o Q’e} 2 23 HE=R o] = 12719
0= wH= Huld

A

i

—
file)

=
=

atol 2

g 9

]

9/]

19 %S4

A .

o

il

Bl SRy AR oA 7))

23!

e

RIS

IS
of

s

a8 F

raT,

)

N

’

bAT, v om 27 o4

9|

N

= 7HA

==
W7

2

™

(One Hot

ARG, o dd, o] A9 4 "oy

QA=

she

Encoding: OHE)
KELS2013¢1 A

Ho

5o} glo] (A A dolE el 0.3%), Fo

Nr

oAt

3|

#(2097) o & oA

)

Tor
—_

ofy

™
Ho

Lol A

[13
S}

e,

o] wl
H X

] SRR Aol 7}

0

al

w

Tor

Tor

re!

, 3 AZRAE, 4 4dAE,

7) <A

5 skl A4, 60 o

7

N
ol
Hﬁ

ol
,_mwo

o

AR

of gtk 1t @ $8) A8, 2 @) FPRECIR), 3 @) FDAS, 4 G FP)u

1~53 12 =4

p
T

ATk o] Aol A

Asta(a- AdAD, o=

9) 3lld 671

ol /%A 3, et

Qs A 5 A

), @ et

hel
218}

3]

Ho

f<}), @ et

3]

<,

et AGAD, d=ofa/=AlaL,

Aol ost

He

Auvel de Qe A AY K3(FEH,

e

oo

H))eltt

s

£, A

X
g
Ho

s

,54,



Rl T <
mmﬂord_
O‘OIOTE
BT Rl
iy )
Ly
~ o H
@)
[
dro oo
Bo° N
- K
ﬂ;lﬂ!]F
5 o8 D
T — o
ﬂ%wﬁ
e
_]ﬂOt
?ﬂﬂm
) o X
o XE
' " T
dooww o
T B X
x N
o5 o o
1%1
o =
— B
v B
= o

N

Tor

FA Tt
4577) o] vt

To
T

al 7}
e

—

s

al 7}
=/
™

Ho

A1)

™R
Ho

3|

X

T
5

g
Ho

AL

ol
=/
e

Ho

alg]
N

X
™

p—

0
A

i
&

k!

or

Tor

A Al 28eE W& T

sl

FATH2), 22F =

3|

g A

T Wel 1074

10) gID A<

z]t

‘.mo
T

"

o)

g

I Zr} KELS2013 53F %= =& 7

ol /53}) o]

(

~A]

L

A= (71Eh

714 A

Y (= A2

S} A
of

1070 W= vh3t

é—_}.

A

Ak
-

a4

B, 9% A

ot} shazAA o A o @]

)

)

=)

g 9 olel, 7EE A

No

o
o

¥
A

,55,



g o d&E

&
&) X

o

=
=

—
j

[¢

=
=

i

A -

o]

PR
]o*‘/]’ qﬁ\_ H‘j/]ﬂ_
7bel 71tk
cdlRY g

& AIDBel A

i
ﬂ_‘.wﬂ,rdr.m.g o
ﬂrEﬂﬂﬁ%MhE
w blomm mg_o T B
loi N = W m.Jm.ﬂ 7w il
ﬂm_ olr o mmrﬂﬂrm_o/udlmﬂ i,o#o Aowm_u.wmm% N
.- B e o 2R E o s i ) TE YT E
.O# \m,._ - Z._O \_ﬂu! — \_H_OI ‘mﬁl w5 J.b ﬂm_l W‘b ‘/Il\ﬂ Hﬁ ‘HA_I N kN EL —_—
Jmﬂ%ﬂﬂ%ﬂﬂ =5 aﬁu_zmm xﬂ}@oﬁwuﬂw
- E.ﬂjnd oy R <0 s - am%wm@?ﬂﬂﬁmoae
fie E _@u u_.e ﬁl < A 3._ ogoVL Wa WQ wﬂ@ o G KA E_ R = 8
1_.1 < _sﬁ_aﬂ_ < i - .
‘meﬂ._P v < OE&IOEH_/I M AF 5e) woo- ﬂo?ux%oﬂo ﬂﬂuw
= ol B~ Eaﬂrﬂﬂﬁ S ﬂet]AT Eowr .
= _ B N m s T 2 M F R ik M
N % &ﬁ.zao ® TE G ﬂﬁmqm*} io}{maq%ﬁwiozm
m_gﬂwd..ioérm_iﬂ o Wﬂogmo i ,1ﬂow._mm
gtgaqﬂqﬁﬂﬂaﬁ B www?wﬂw%¢%MEM%
L Lm](.Aﬂ. = = = LJ),O}), ,mﬁ),ﬁ
oo S F S R iy mimh%% %@jymﬂoﬂ mm%ﬁr
2 = B E%ﬂiﬂu w5 Huoémﬂé 5>,g7@WM$m%
o = T 0 = w i oy = wm A T
o 4 2 o o N o wmmg@ ﬁo@%@?@ fo ® 1
W z.wla W_Eﬂeiﬂ s @5,@@@ J:ﬂo%%m )
£ o< TR o Ak mq B ur ,%v;ﬂ%ﬂﬂ w5
ﬂbtﬁ + Y zﬁ,a_nO - o ﬂ%+$% Lﬁi ?@ va_EE
= T o W oF S} %mm%% ﬂmwmn % m
o R Ui ulzﬁo T N 3 Tz " T @R o
X0 T;oa X L= ﬂVﬂr.;o/m\ = .ﬂov_.1¢r§ o
ﬂooLo‘mHE Aoodvdﬂ ﬂ_..AA EATEL(UFLE% Nr,mﬂ,ﬂ
= o = -y s ¢ = w e m:,Lé1a$, Ao
B oo 2 T & i S Afunlm 7£ém El gt
T dﬂ/m o = %0 X ,.wumaﬂ_.q ﬂ%vioo:.n .ﬂmumﬁ
A PET T io___fﬂmﬂ_ai%fai 5k
) e ~ _1rﬂr ] W §
"R » 5 A9 T %;if; _oi_iii
2 N K X d-o_ 3 B~ kR oy
ﬂAT/n\7o_u)oT,ﬂyﬂ1r WEMEAT?W% %@MAT,% yuuh
=) ﬂiz (o or 1z ﬁﬁrmo @ﬂoLAﬂAT% awn
oﬁﬁu}k_ﬁomﬂﬂu 1% qoaﬂmo V@%?%:%u.LJ
) o N _— ;o_vJX 1
U R 4 an%ff;m mmgﬂ;; & T H
N & 1m151er = X b o %
D gogwlaﬁﬂ_ﬁ mmﬁ}oﬂ@%@ﬁ%
>qmovll%g_ﬁmw7 =2
R ol Q??ue
Eﬂnﬂ_lA_l_Ornﬂ_v‘_QAl.Aﬁ(wﬁ
S NS w2
— < ;ﬂu,ﬂ.
B R
3

- 56 -



FATHD, oA Stal-gADBe A = a1l

°©

WrE A4

—_
i)

.
fi%e)

ol

AF TS,

=

=

A%

-
T

5

°

F9(One Hot Encoding: OHE)

1387} ©]

W

)
s

o

7N

of
o

AF

N

_&ﬂ

—_—

%
o
w-

—

it
i

K

Tor

e
&

Tor

ay

=
=

3

o

=
E
=

At %

<5

FA 72 b

35 A

94 5 o)

=

o

‘B A
of

FUA F2 e

=

or=
-
=

=

o

=

e
T

o

=

o

FYA F= e

&
A4 %

]

[e)
[<]

=

il

=

[<)

¢

=

s

=
T

A

L

e}

S|

92 4 o) o
A 5

17) A EA A

16) A

—_
i)

&
)
e
o
el
N

Ak

o

o

o

o
Mo

ICT 717](d| ==

L

atal 3=

J8/ WA 02 HF

Sk A
P

°
pil

PRt &

o]

M=z A4

&2
ICT 7171 <, o 1919 ICT 717] <&

H]

al7]

.

o

Tor

ml

]

J HE&S O

S} A
oF

IS

3]

a4

374

o

e

,57,

HSA k.

o]

A



<3 M-4>

RUSe |
TE | AEA 99 AR 3
ES (s o) 2E e 63hd A7) SelAAE
jiﬁ% (22}7?) o] =67, AL, SEAEG)
AA A o BARED, AT 07, F5A 20270,
MQAA 4R | FAERG), ANRAGH), S
(8271) M), A2ASEA57H), FAAHIA)
FARAATN) | FAlNEEA, AT, FHH=AN)
AAEHAN) | B
34y @ LI, e 8 st f- 107", i
gpn | OE R RN e, weasas
(27371 N
o7F 5 S AR | S REE@), HALE67H), 7HEEC1),
(407) Foj 56
aAkske] G, ABAGH), SHnZe
smags | 12D ZEAX@D, AABE, A2 2 A9
25 (6270) A 2 (7)), $5etn e 23 (5)),
a4y o5, ShadE107)),
S~z 34 o w6
(45774) Se] 28 U
Al s oo | ARG, AR O, S
5714 A3ON), A71454Q07),
FAN - g a a2
SEA | A7) B A2 | el/gol/arst mwke] Al & r12)
=4
ZAFA
@170 | A7 2E A @) | QA2 A, BEEE H2H)
gHFAAE67) | AATFHEEM, BEAFATEA)
AgAE R | Frasahete] FEEEUAN),
AEAAEA) | FREEAL] 0EA )
gy x
BT wg8E 9
] s B AL EE)
(927H) E—“TH](57H) o

718 5ATH)

== o))

,58,



ShalgHL(1571)

T

3L

AR 9
H3H67H),

it
=
©

H&(207H), g1/
AL A2

A&
] 7]-
4

Z] &9 d=@N), 9%
[}

o=
T

Shal Fo] B AR AE(1071),
I

7], =5A

A

o) tHEslg

=}

=

PARS

2] 7]

).

a
o

1

)
)

<
A 1JAZICT 7171

H a3t T (2470)

1

)

s

o 4H,
3]

5}

=

o
=

2]
=2

=
=
=

H]
AZEA), &

>~

Q44 7, 4
N

}

A

T
=
y =
fa13

—
o

o1 ICT 7171 4,

A
AASFFON), AL

Gy

11
ey

e
=

o

)

o

3}

al
o~
T
=
e]
=
<
T,

F3lom,

S

ato] AA

S

a3}

= = = = = = = = =
B S 3 = - 2 TR = e} - 8 =
> S = ) o - o =)
T = | R R % o Io| =
o ==
B =z < d o = H ~ = | e
= T T —
o Mm s % H o = £ 0 -
° * G £l | oW
2X=
XX
M
—_
T N
0
=

=3 wl

HAEA 2
A 5

ol

, 8
17) (pp. 44-71)¢] 7]

4
0
(3=
SaINe)

,59,



7h w3

o

_z_o

)

ok

7 ol Hell WA ¥ o

7=

2E

X

e

Ry

3;’:]1-

;Of
|

—~
fi%e)

,.m.o
=)

g3l FaHAe] Fol, Goi,

A

AF

o

i
H
N
nze)
oy
Tor

o
=

Tor

&+

jom, &

g3t

A
=

(random-intercept model)&

olE st Al HlolH | Hl&S& 73R o] &4

dH

}d;@

I
-

)

—
file)

fvzel

i
G
B

N

B

~
fife)

ojn

o)
50

B
ad

<

o,

24 2y

A=

i

<
=k

1) 2o} L3}

)+ Zb; + e,

=

yi:f(

b, ~ N0, D) , ¢~ N(O,

967
1
1ol

i=1,..,967°]" N=4,372= Y n,°] T}

i

59571 2]

, 967
[

Jol mj&Eo] = v

Sk A
S
i’

=
=

), i=1,

Lol 4,372 <]
- 60 -

3}
S

96771 2]

o

o
ol &3 n, <19 Wy ot po FE

o,

A

sgeme z =Mo" b=

°©
A

U

il

Y;
4 dlolg el 4

el

FdHomRE px505 FHo|n,

=] O
qgs AA

-
s



23!

AN S e 2.

ol
0

a3
)
oF

~
fi%e)

iz

]
b
%ﬂ

oy
Tor

=

7o

UeE o
972
1

Hele]

i=1,..,9720]"  N=4,365= Y, n,°|t}.

i

5 o]

59571 2]
€= [ensin]

Bt
==

, 972
[¢)

=

Jo]

T A
o}

kel

ol 43659 9]

5

Yi :f(Xi)"'Zibi te€,
3l

n,x 12] ol be)

97271 2]

ki3

o

T
Ey
=

bZNN(OaD) , Q‘NN(Oa 1) ) t=1, -

I

o

as

1

A

J

'Eﬂ&

 dlelg el A
FHR 0B nx595 FHo|n,
1

el

LN
-
R

2]

Mo

-

i

=T

2] <

, 974

Yi :f(Xi)"'Zibi +e€,
_ 61 _

b~ N0,D) , ¢,~ NO,R) ,i=1, -



yiz[yip---,yml] T'E llﬂ\jaﬂ @%Oﬂ é;:?_ nZ7H'O/] '/'Ft‘-ﬂ!— Q—(ﬁ/\é‘i’%g %(i]'{l:i,

o

T4 dolg e A 974709 gl 4372789 stAo] wj&E o Q=
974

= TZEE A Joerg  i=1,.,974°%  N=4,372= Y n,°T}
i=1

X = gy, | 15 BAEI THRIES] YU, F 50579 wdle] F
3]

)
=
o
e
=2,
Ab
s
3
X
—
o
=
v
o,
=
Sy
o
oH
M
e
02‘:,"
(U
rlo
)
o,

1) 23X diA

o ol A H4jo] &g KELS20132 7 sivtth 59 S@As 4
oR £RE FW AT HoHR, A BE wE A A Fow
QA% FolLh, AN ME EF U R 5 vhFE A ot
AZA BT Yok A ASAL Y BEAE BF AASE &
A AAMS B BERE Aol Ao AR F7F FaH T B

2019; Genuer et al, 2015, Ishwaran & Kogalur, 2021, Stekhoven &
Bithlmann, 2012). oW, & A XHY2E 7|HAA A& WAL F
ez W WL HYlgtoe =z tiAst= RO randomForest 3 7] A
of WAl¥ naroughfix et FH¥ IHAFE s &8st FARS

2 A= rflmpute &5(Liaw & Wiener, 2002), #ig X #d2~E 7|

0

- 62 - ":r‘“: —= 1_]| ol



K-nearest

9]

%

|

o
w

bub
A

X

°

=

==
K3
=

T

missForest(Stekhoven &

missForest

=
5

a
Hlu 2 v B %™ (Hong & Lynn, 2020;

Tang & Ishwaran, 2017), KNN

IR
o] gt

=1
[}

1

0
yal

2012),

=

71
neighbors(KNN)

Biithlmann,

B & W r & N moE T M £ N s I RS N I S
R s =5 T T R B ARG W
mﬂﬂumﬂlwﬂoﬁowﬂoﬂiﬁw Neﬂﬂr.mmWOHOOE,w%\mL
B B g T gk I G S (- S
AN R e e i Vo E @ it ok e - oo m L SR g M
LN e T ¥ sk W d T~ T
N X o o4 TS M ° W oo oF R — g
Ryt e Re Eal e T DR LS
el TR S o S PR A et B A i
v = T o P = 7T T T g B qa mr ~x W
GG Howw T oy o ok T N T XY ow
@maﬂél#ﬂaraﬁmbﬂwﬁfﬂ?%_m%mlﬁoz
S N o HoRE ) 7 B o Y T
%E_ Wﬂraﬁm_m.m?#%ﬂﬁ%&%&%{W%ﬁe
.m,iwﬁ%% %M%%%Wuﬁﬂrﬂ%mﬁﬁaoﬁbn«ﬂmﬂ
< = Lo L) g B Sy = A
T — o ~—n N R o X
WoEwxhﬂyﬁﬂwwﬁﬂﬁmﬁoﬁ%%muwmmﬂﬂr;ﬂ
AR R DL =
e _aMETw MEN e Be gp Ty D
— ! ) iy = _—
.mgwﬁ%ﬂmemeLaﬂﬂm%ﬂ@aﬂ%@#
: NE— ! 2o =
UofmoﬂulmmLm_éo)h%%%mﬂaﬂ%mﬁo%mommp_ww__mm
T o PN eomeEegc szl a8TF L -
Co N R T T - - . o "
# oy .2 8w EE T T oy RET LT g
T A S W B P S W = TR S =% =2 8 =K
J;Uiﬁ.ll vaR ,Xowa 1r\l7(\.q,|ruq.£1&lHL‘ZJ|
N E s ™ 5 X 9 F oz 9 %0 o AR o N X
X0 o o O g = gl ofi w oy = o 5
= 3 o N Moo= e o= & o H
= o o0 w o= X N B o Gy ol ol N
I E e 29 2% 4w T X oo oo o
s o £ g 2 Nr ® =% < e o mom AR
T o £ S @ 7 2 N o) oF T = 3 o o=
I o E SR ) T " oS o o
T LT 2% & WEE W T E R EW T WS R

1k

=T

2] <

,63,



stul ol A AA AbEl 529 3% o] Ao
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Z3he UAE A4S Belw ek ol of AFelME 1 3 FFl 8
et AR BEA FAA 200% o F AZol WAL WAEL AAHAL
o, olF naroughfix ¥ F3tel A WAES AZAE WAse
o}

¥+ 99 ¥Y2E 7|He A9 Pythonel scikit-learn 2}o]X 2]
(Pedregosa et al, 2011) % RandomForestRegressor <= &3}t
o] A7ell4:= Brieman(2001)°] A¢tek F& WY THA2E 7R o
T2E Y E¢aY WY Y 2E VY-S vaste A 241 S
W, Egad A EH2=E 7HS A¢HeE Hajjem et al(2014)©
T R9 randomForest #7121 2] 7|2 A4S w2 AS 18std
Pt oS 299 F= p/37Yd 1982, HF =9 FSHX &= 5=

ettt & BAste gArAAUT = 1000702 A A skl

A
vl 483 I= A= v 2

e
U VI (R

F 2folEE{g 827

1
;
rot

from sklearn.ensemble import RandomForestRegressor

import numpy as np
# Ex Y ZEAE 28 MAM19

rf=RandomForestRegressor(n_estimators=1000, max_features= 198, oob_

score=True, min_samples_leaf=5, random_state=11)
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#EF WY ZalAE 7Y ME

rf fit(x_trainl_d, y_train)

# MME 2y AAH =2 HE
import joblib
joblib_file_rf="joblib_model.pkl”
joblib.dump(rf, joblib_file_rf)

7H°J 198712, HF =9 B34
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= 1L,0007M&2 AAeAh 2l Z =[1]eln2 FydolE 9 Al

H
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# 2% 2lolEge E2{27
from matplotlib import pyplot as plt

import numpy as np

import pandas as pd

from pandas import DataFrame

from merf.viz import plot_merf_training_stats
from merf.merf import MERF

import 0s, Sys

import seaborn as sns

import matplotlib as mpl

from sklearn.ensemble import RandomForestRegressor

# =4 Holg 2827

X_train = pd.read_csv("math_train.csv”’) # =M OlE_AQ ol
y_train=x_train['L2Y5_M_THETA'].values # =3 Hl0|E{_Z 1} g2l

ol 33l By

Q3 =T

—

2l

mjo
o
bl
rlon

#

3]

x_trainl_d=pd.get_dummies(x_trainl,columns=["1.2Y5S39"], drop_first=False)

# 2+& MES stUIDE XY

clusters_train = x_trainl_d['L.2Y5_SCHID’]
clusters_test = x_testl_d['L2Y5_SCHID']

OK
T
°
0
B
N
un
0z
0z
8

#27= SESY
dl’z

—_ =
=1 # 2+E ELHYE

x_trainl_d = stuzt 7 Afo[ZEF ZFFE
st 2NEH 282 856 BE £ -]
z_trainl=x_trainl_d[['z']] # &&FzZ dZ 44

# 23t Ay EaAE =Y M42)

mrf=MERF (fixed_effects_model=RandomForestRegressor(n_estimators=10

00,max_features=198 min_samples_leaf=5, random_
state=6),gll_early_stop_threshold=None, max_iterations=100)

¥ BEED AY merE B N

I_I:I_u_

mrf fit(x_trainl_d, z_trainl, clusters_train, y_train, x_testl_d, z_testl,

clusters_test, y_test)
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o e ZYAE 2E ZDf shol

ok
o
ol

#

mrf.trained_fe_model

o

BoAY mAE 28 £ el o NI

]
o
ol

#

plot_merf_training_stats(mrf)
plt.savefig('plot_merf_training_stats_math.png’,bbox_inches="tight’)

S

#UME 2 AAE N

import joblib
joblib_file="joblib_model.pkl”
joblib.dump(mrf, joblib_file)

L
ko

T

Ay

# =set51 AlE EAEEZE 223 o
V.

_hat_train_merf=mrf.predict(x_trainl_d,z_trainl, clusters_train)

(28] M-2] 357 dY EY2E 7|H ol F= oA

[e)
H#92 x(Root Mean Square Error; RMSE)®} =)

20) o TN E 24% AW BE Aol%e AP FALH 2
2 Z=0% A4Sa /187 2Ye B Astel FBaT] WAL
eletil Brh o] Ageh 3N AP AG Folok wrh.

)

21) ‘gll_early_stop_threshold'®] A% 23 FHLS 93t GLLIY 71+<
ol ‘max_iterations’e &3 &Y WY FTY2E 7| FEFTI FAHS 3 B

N wpgel Ay W fold.



Absolute Error; MAE), 34 dj¥l&H] 2 2(Mean Absolute Percenta

-ge Error; MAPE), Z1¥]1 Z 4 A 4*(Determination Coefficient, R?) ©]
A dl 7HA] A5 o|tk. RMSE, MAE, MAPE+= R & A d=3F 33t

AA Az W\l #xt WAE M7= AFolBR Fho]l A&TE 1Y
o] vt EolAE Ao=R 4T & QY. stH AAATE B
A oSk gkt AA Az Wl F3F fARE AEE YENNE Aol
B2 o]l E45 By BTt mokAe ASRE A gt o,
F 71z 28 PG A9 A A Zol(Relative Difference; RD)E 3
7 AAst] AA g ¢ JQEE ST 2 HIF A5 FAA Q)
b2 3} Python 24 2= dA & thg3 2
<% M-5> 238 H7} A<
% AER
1 n ~ 2
(1) RMSE —> (g, — )
n
1 n ~
(2) MAE —>ly,—,l
n
n |y —y|
(3) MAPE lz S 100
n Y;
@) 2AAF (R 1=, —9)/ Yy, —y)
1 1
ZIEAG ¥ AEV|H — E3ar HY XY 2E
RD e Bk A5 UEEELE EEm
IR EES ESER L ~
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#RMSE &=

from sklearn.metrics import mean_squared_error
from math import sqrt
MSE_train=mean_squared_error(y_train, y_hat_train_merf z1)

rmse_train=sqrt(MSE_train)
#MAE A&

from sklearn.metrics import mean_absolute_error

MAE_train=mean_absolute_error(y_train, y_hat_train_merf_z1)
#MAPE A&

def mape(y_train, y_hat_train_merf_z1):
return np.mean(np.abs((y_hat_train_merf_z1 -y_train)/ y_train))* 100
MAPE_train=mape(y_train, y_hat_train_merf z1)

#R? MZ

from sklearn.metrics import r2_score

R2_merf_train = r2_score(y_train, y_hat_train_merf z1)

[79 M-3] 28 H7F A & ol 7= oA
2) A3 4
o] AFoX= AREE] WHE 7|Hte= 3k SHAP(SHapley Addictive

exPlanations)(Lundberg et al., 2018)3tS &-83to] =o], o] 35} A

AL T8 9= 8de ’&%’5‘}»&}22). e FEAE ZHe = el A

22) Python®] shap #to]B.2@] ¢ TreeExplainer 3t+E &8st omn, o 4= AFZg
WRol Aol EX¥AS R sy W
(maximum number of leaves)E AFFozZH <Aie] &84S =Ud Aoh

(Lundberg et al., 2020).
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A|4=(variable importance index)Z 4k

(variable selection)< ¢
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SHAPZkel t-g-ste] 1efze] x7]dch o2id, 194 F8 219 49,
82l FFol HEFE SHAP#e] =4 A= glernza &g ajly o
A= FAJA FAIE Adckar A st

T3l SHAP 9]&4 =3%(Shap Dependence plot)E =Z3to] ZF £ 4
5 8919 &9 Fol wE A¥ W] IAE ®Bo FAAoR FAE)
Aok o7, [17 M-4]e 194 T2 29l s SHAP &4 =xg
aEld [29 M-519F 22, X5 a3 2919 &5 FF(feature value)
ol Y& SHAP#tolth &, SHAP 94 ZxE M #35X9 7 &
ol t-&3H= SHAP#HS X5 yeld Ao2 SHAP#Ho| 49 #e 7t
2 A AR A1 A AV ASE ovE, o] e 7 AS
A¥ Wy FA1 #AY} ks S ou)git) A7) [19 M-5]9] 4
- 809 IH o] molH,E Ay Bl Fho] mobx, A AL
otial sAletcl, B @83 3= dAE oSy oY mM-6] %
z).
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187 52 29 =il e-a—aiii-
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il 52 a9l X o -
7#m 52 29 -p =
s Z2 a¢9l -
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[1¥] T-5] SHAP 9&4 =% 9A

# shap 2lo|E 2z E2{27|

import shap

# ZE USX|o ALEE| ©WF ME
explainer=shap. TreeExplainer(mrf.trained_fe_model)

shap.values=explainer.shap_values(x_testl_d)

# 2t wiolo| AFBE| WR B

shap_sum_t=np.abs(shap.values).mean(axis=0)

# MESH AFEE| WRE NE
importance_merf_t= pd.DataFrame([x_trainl_d.columns.tolist(),
shap_sum_t.tolist)]).T

importance_merf_t.columns=[’column_name’,’ shap_importance’]
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# AFE2] WRoll et

importance_merf_t.sort_values(’shap_importance’, ascending=False)

2t wolse WaREoR Hal

importance_merf_t.to_csv(’'importance_merf_z=1.csv’, sep=',") # X &

# M2 307 B2 olE ol st SHAP 29F T X

shap.summary_plot(shap.values, x_testl_d, max_display=3023))

# 7Y 2le] SHAP o|&EM £ 3
shap.dependence_plot("rank(0)”, shap.values, x_testl_d, interaction
_index=None, show=False)
plt.xlabel("1$]_%6 stFAHE")
plt.ylabel("SHAP#") # y%= ol& &3
plt.savefig('19] %6 943 =.png’, bbox_inches =

#x= 0l§ &4

"tight') # M &

(29 M-6] 23 &4 #d Jjo]H F= oA

g 2dd FUAFHE FTL 9= QJAEN A EY 1Y

o] Aol = ey Y EY2E 7|WE S8l T
e SAAFHAEES d=F= TR 2AES AA FTY K209 oF 5%
MFsls 3070 ArEsta, Wyt FE O 29l 2 wypbd xpH o=
LRES H-EAAY. ol fst] Al uH FQ oA F 2dE]
YXFAAE wideloja@ oz yeldo] RIPFgstg o ((2d m-7]
z), A4 TAY Fdst AEstd o3 2o

23) ‘max_display’ & L@ Zo] YEl}E Helo fE
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t}. MAPE # %3 613102, % A9y T2 7HS &39S o
o] MAPE %%l 7.446R.t} 1766% kel & R® 3& 087002, %
A ZY2E WS 2859 W RPE 0.815HT) 6.71% EUTh
Ag HolHAE EEY WY ZHZE JHES EAS W
RMSE #2 36918%, i+ 9d XH2~E 7|9 43S w9
RMSE #tQl 38.430K.tF 3.94% utokrh. MAE 2 202952, i #d
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Abstract

Exploring Predictors for

Academic Achievement of

Middle School Students
Using Mixed-Effects Random Forest

Nara Nam
Department of Education

The Graduate School

Seoul National University

Middle  school students have  different developmental and
psychological characteristics from elementary school students, and
this is the age when the importance of academic achievement 1is
getting highlighted. Therefore, it is very important to analyze and
understand the academic achievement of middle school students’
for individual's future career and effective educational activities
at school level. In the past, previous studies that analyzed the
academic achievement of middle school students were insufficient
to systematically compare and analyze important predictive
factors among Korean, English, and Mathematics subjects

because those studies only targeted specific subjects or used the
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average values of several subjects. In addition, analysis methods
of previous studies have limitations in the number of input
variables, so it has been difficult to search for new significant
predictors of academic achievement. Thus, machine learning
algorithms, such as standard random forests, which allows to input
limitless predictors, has been introduced and utilized; however,
standard random forests cannot properly reflect the multi-level
structure in the academic achievement-related data.

This study uses mixed-effects random forest that can reflect
the multi-level structure in academic achievement-related data,
to predict academic achievement of middle school students more
accurately. In addition, this study also aims to compare and
analyze significant predictors for each subject(Korean, English,

mathematics). The main research questions are as follows.

First, when mixed-effects random forest is used, does it increase
the accuracy of predicting Korean, English, and Mathematical
academic achievement of middle school students compared to standard
random forests?

Second, when mixed-effects random forest is used, what are the
important factors for each subject that predict the academic
achievement of middle school students in Korean, English, and
Mathematics?

Third, when mixed-effects random forest is used, what are the
common predictors between subjects that predict the academic
achievement of middle school students in Korean, English, and
Mathematics?

Fourth, when mixed-effects random forest is used, what are the

differentiating predictors for each subject that predict the academic
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achievement of middle school students in Korean, English, and

Mathematics?

In this study, academic achievements of middle school students
were analyzed with 595 predictors(student level: 457 predictors, school
level: 138 predictors), using the 5" year of the Korean Educational
Longitudinal Study 2013(third year of middle school) which was
collected and managed by the Korean Educational Development
Institute(Korean: 6,246 students, English: 6,236 students, Mathematics:
6,246 students). The main research results are as follows.

First, when mixed-effects random forest was used, the
accuracies of predicting academic achievement(Korean, English,
and mathematics) were higher than when the standard random
forests was wused. More specifically, the accuracy indices of
mixed-effects random forest were more accurate than those of
the standard random forests in both training and test data, for
all three subjects. In the training data, RMSEs were 12.14~16.09%
lower, MAEs were 13.03~17.18% lower, and MAPEs were 13.08~

17.66% lower, and R*s were 4.19~6.71% higher for the mixed-effects
random forest, comparing to the standard random forests. In the test
data, RMSEs were 2.92~3.94% lower, MAEs were 3.77~4.71% lower,

and MAPEs were 3.75~5.30% lower, and R%s were 582~1151%
higher in mixed-effects random forest comparing to the standard
random forests.

Second, the results of wusing mixed-effects random forest for
exploring important predictors of academic achievement by
subject are as follows. In the case of Korean, the top 30
important predictors included 8 predictors of ‘use of time’, 7

predictors of ‘class participation’, 5 predictors of ‘high school
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plan’, 4 predictors of ‘non-cognitive achievement’, 2 predictors of
‘career and job-related programs’ and 4 other predictors(6™
grade academic achievement of Korean, gender, height, parents’
expectations of each student’s educational level). In the case of
English, the top 30 important predictors included 7 predictors of
‘class participation’, 6 predictors of ‘use of time’, 4 predictors of
‘high school plan’, 3 predictors of ‘career and job-related
programs’, 3 predictors of ‘non-cognitive achievement, and 2
predictors of ‘self efficacy’ and 5 other predictors(6® grade
academic achievement of English, 1 predictor of ‘motivation’, 1
predictor of ‘class climate’, 1 predictor of ‘school violence’,
average monthly  educational expenses). In the case of
Mathematics, the top 30 important predictors included 6
predictors of ‘class participation’, 5 predictors of ‘high school
plan’, 4 predictors of ‘self efficacy’, 4 predictors of ‘use of time’,
3 predictors of ‘motivation’, 3 predictors of ‘career and
job-related programs’, 2 predictors of ‘non—-cognitive
achievement’, and 3 other predictors(6® grade academic
achievement  of  Mathematics, average  monthly  educational
expenses, average monthly household income).

Third, the results of using mixed-effects random forest for
exploring the common predictors among subjects are as follows.
First, there were a total of 12 common predictors of three
subjects (40% of the top 30 predictors), consisting of 5 predictors
of ‘class participation’, 4 predictors of ‘high school plan’, 2
predictors of ‘career and job-related programs’, 1 predictor of
‘non-cognitive  achievement’. Excluding these, there were 7
common predictors between Korean and English(23% of the top

30 predictors), which included 4 predictors of ‘use of time’, 2
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predictors of ‘non-cognitive achievement, and 1 predictor of
‘class participation’. There were 2 common predictors between
Korean and mathematics(7% of the top 30 predictors), which
included 1 predictor of ‘class participation’ and 1 predictor of
‘use of time’. There were 4 common predictors between English
and Mathematics(13% of the top 30 predictors) included 2
predictors of ‘use of time’, 1 predictor of ‘career and job-related
programs’, and the average monthly educational expenses.

Fourth, when using mixed-effects random forest, there were
differentiating predictors for each subject. For Korean, there
were 9 unique predictors(30% of the top 30 predictors), which
included 3 predictors of ‘use of time, 1 predictor of
‘non-cognitive achievement’, 1 predictor of ‘high school plan’, 6%
grade academic achievement of Korean, gender, height, and
parents’ expectations of each student’s educational level. In
English, there were 7 unique predictors(23% of the top 30
predictors), which included 3 predictors of ’self-efficacy’ and
'motivation’, 1 predictor of ‘class participation’, 1 predictor of
‘class climate’, 1 predictor of ‘school violence’, and 6" grade
academic achievement of English. In Mathematics, there were 12
unique predictors(40% of the top 30 predictors), which included 4
predictors of ’self-efficacy’ and 3 predictors of ’‘motivation’, 1
predictor of ‘use of time’, 1 predictor of ‘non-cognitive
achievement’, 1 predictor of ‘high school plan’, 6" grade
academic achievement of mathmatics, and monthly average
household income.

This study not only used mixed-effects random forest which
can reflect the multi-level structure of academic

achievement-related data, to predict the academic achievement of
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middle school students with greater accuracy, but also newly
discovered important predictors that had rarely been mentioned
in prior researches; ‘non-cognitive achievement’ and ‘career and
job-related programs’. This study is meaningful in that it
provided implications for policy establishment by revealing
important predictors by subject and comparing and analyzing
common and discriminatory predictors between subjects. It is
necessary to develop mixed-effects random forest more precisely
through follow—up studies. Moreover, follow—up studies regarding new
predictors of academic achievement highlighted in this study are

neede to be conducted.
keywords : Middle School Students, Mixed-Effets Random Forest,

Academic Achievement, KELS2013, Predictive Accuracy,

Important Predictors

Student Number : 2016-36233
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