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ou|FTH( YA, 20179 ®7]E Aol wA HYPSA ).

rlo
b
\

dE() Z 0=y, (wymy twyxyy + -t wmy, +Fw,x,,))

ow; XEY ow;
= - YTy 1=0,1, --,n Al -
2 4 (11-3)
- P E ykxkqj)v i2071a27 N )_\_]l (H _4)
Xev

HFog2N A e @F HAE
#H9omMinsky & Papert, 2017), ©]=

Aol & Z(hidden layer)<
Al EZ(Multi-Layer Perceptron)e] S4&3l3th ©SHAE
(1-25 FARY w,+wz, +wyzy+ -Fw,x, 3 2ol st
Arolgte Zs & F AT mEA Fo4X ARE AFHo=

=
@ BAlg st mdy BA wEe Bt
= oy

-

<)

9 =3
Astr] of

+ F7He
E

L‘

4352 AlS ol wet 28 e F

)
bt
il
f
2
M\
v}

& [19 1-3le BEHMER % 24 Z(idden layer)o] shitolni,
w7t 2709 EFMERS] o)t
o 9xFe 9B et gE

Fo $e Yoz sn
o
=

_ 35 _ -":l'\-\._-ﬂ: _l.\,:_._ -I



W, 4 Are =719 Fejol wet
O] 9}]\—9— [ = |

2 dHEA Joh

0|
0

i

o}

1}
-
1)
H

o
.Z_O

@)

@

(1)

GSHAEES doMs T&

IRl

3

g3 w7} g

i

il
o

)

o

B
o

Nlo

2 0]

9 === It 2
M1-4]1¢} #Zo] 959 ==& 3

}elolgld [19

,36,






i
T
W
T

]

A5 X9+ 7=EH]

)

o omEbA A (11-6)9] s,= &
o] ¥ gkolH, o7]A

1
jt

i
file)

o) u] FTH L A A, 20179]

=
=

(vector)

2] (11-6)

'7$71)T

‘n)a X= (Lxla o

w

i

1 .
v

1
Wiy, W

(

1
J

1714,

2 (-3 Zo] et

o
.

=94 y

o
&y

;OT

ol

]|

=a

-y
ZO

N

3},

ol
=

ddd 7tsA HHE

)

SEE

JYHJEE AT o

3

%

s17]

43}

o

(chain rule)

1,2,3

l

Y :fz( 125)7

21 (11-7)

) Sm)

= (17 81589y "

2
* wlm)’ S

2

2

(U’lo’ Wiy~

2

l

1714,

21 (11-8)

Y= f,(WPf (W' X))

o

Yol gt

~

o] % RFA AL Yo A

243 g

Al & ol g ol

S

AAE BYF FE7b A e,
9 e 24Y 5 ok B Fel B

ol A AHA

,38,
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deh 93 29 Aold Bxd WAE BEY 5 Y 2UL BE S
S Ak,

2) AEJAFTAAT =Y A8

AEFAFNAY £9FS FobHe PPOE BaY wYL TA
Age] AE QY 45 FPAZ Asolth wA AMEgFel, AT
N4 RRIAE wE e J}EA(veigh)E HAse o, 2t wen)
o g Pl oF Aol ol LolA o F WEA Pk Leiu
AEFAFAABANAE AE AFAAG wH e9Fe A%, wEd
A57h Solumd Astgol FASA SoluA i wale] Atk A
o Z7be AFE WHOE Aol Holskw Y= FAlolt, BAH
& Ag Y A3 YA F1e7] FA BAS HH3 A

2

oMl AR, A FAVE TSR FHeLH,
2017; Priddy & Keller, 2005.

AZAIAAT AFolAE olF Bad = e WHS AEHHo=
ATt EHAA YUrta Ao 7] A #dste] € 2AE

H2ebst &3l F(e.g. ReLU F)E AH83A Y A E™(pretraining)
THE J8stde EEs B T dor, HHF EAS A-ENAE A
o #H4=zk(ocal minimum)ol A HA BT & U= A HEeg E
2 ZAAetAH, PUElR] AAEEE) BEe S8R @2 AERE uiA

ZEol)S 83l dstE =
ot ol TFAZHCoE AHYsA o &

m
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7h 9As G EFH HF3 EA

A BHA ARE Tl VtEA T BT @S FAHSE AL H
2} 3H(Optimization)2}al g+t 019} 22 Mo IFAAFA A= d3t
= 295 93] faAM 4 F 1 AR A A G IS
A& %0}141— HA3 AL A HH, FAHoEE BE T4 do
ol tialA 959 A3 g AA ghol 318 & ojuj7t 2 w7}A
7tEAE Qo] Edt= ﬁ% WHESHE AS o).

DSHAEZAAME 485 2HIST E2AE] WEd 2959 2
ks AAGT vwste] eat HAVF HES JFEAE BAISE H
Ao, SHAERZNME S HS Alololl o7 24Fo] &
Asta, 7zt 295y dAE Ae AV B dAE do UhE

=
—

=

(@)

5
o

at
an
jn

S
=

=
5
z

o
S

4
R -

#
i)
rlr
oo
2
rlr
2
A\
i
e
X
o

AAgEe ztolQl aE ¥ Foll A %‘%‘ Wgo g WMgFe A
s, JHdu daglFe A Al GARE AEE 5 T SkellA
Y OSHAEZ] 7HES ol [2¥ 1419 A2 AHRuxa 3

o 7+l o Ul wEFS TaTh mpAE BAAE T WA Ao
N ARG 7t 2o NEAE ARG FAHoRE o DAA AL
H ouERe A (-9 2 9E FH(delta rule)o] =gake] 7t Aol

o EANE AP} Folmt FFor FABTG 2T o FHL
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27 3189 MY el 22 w7tA] o] AL wHESHA "t
olxY dHn dugFdAe A4 & A wWuith JEXE BAIS

Al =Hed, ST Ha0t HEE VFeAE 2457 s AHgEE

Wi o) AAFsL ¥ (Gradient descent)olt}. ZAMsHZ WOl AFEEE 1)

HAEGradienty= Z1attd e ze 3 f(x)o 7 e B34, &
[e]
=

(8 1-519] 2349 £2F5e] TUzH & 5 AR EHYS
Be) A%gelA BAae] 718717 by gustte 2e & 5 Atk o
A BASGRIAE B BB £AF 5] gAle] 712719 u
WO HEX =Y £AF

o}

)

i

A\

)

o

L.

)

ol

ol

rr

)

o

W N
o

S

=

)

S A FuLEOE AFATAAY mye] uY A
AL o] FolAE Ze oM, AA olF HEHE FYNAE
AN Fo =2E HAgho & ;

]
A3, B EAE vss Aol Basp,

A
E
ngact
Wy Wiy1  Wexact w
(32 11-5] 2Xt2(21%5), 3R (L2LEF)o A HAtstdHe ME
(Hel&, 2016, p. 263)

5 o] 9= a7t EYFoA dET WFoRE ADHUA HAH AeA=
‘AbgtAlE 7 AHVanishing gradient)” #A7F ok ol B4 T2 A
[ate o2 2FHoA tE.
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AAFHEH S SFdlolE 7 B tiatRE Al A= AldtEe] BolA]
7] WEel 2E HolHE A &shs Aol AWd] FEEHe ot =
S 7] A% ghol wel ZAREE A9 FH $=gk(ocal minimum)oll WX
= A7 By o]y g AE Hstr] gty FEXHOE A
shue]  AETHS  ALgste &EZF FARSYH(Stocastic  gradiend
descent)olut HA Hlo|HAIEE 2 7MY "y HOlHANERZ Ur § 7

M Eof AASHH S 483t vynlx] Ak HMini-batch gradient
descent) =3t A AFE-E I AR 2] F, 2015; Bouten et al.,, 1995).
stAINE H A8l EA7F sldE T ﬂtﬂﬂ‘r , A3 EA7E AR
oW sgrde] FGAS BAstA Eath 3 M overfitting) AT
st ndof] A9 Fra(noise)o|yt oA (outlien)7kA] =5 HEY H
o, MELX H7IARAANE AHE 2HEstA e Ae YRt ol
& BAE Adsy] sl Aol &z (Penalty)S 2 83ke] &
ojuf o]dAe Y Eole WHA tAlsHregularization} U T
Y & =B T 475 JdYE AAR & 49 AU R S

P EFob(drop-out) FEES AEHTHERHN, 2018, A3

- ﬁl%—gi A o), e Wt Fth ol A
(threshold)& 7|02 oW HEZ ST ARIXE ZAAH3H, th=HA)
EE x| wAgAAd EAL Roses AHXoltHeAAA, 2018;

Rasamoelina et al., 2020).
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1 ﬁ 1) F
_j )
s o

[ 11-6] AI220|=(21%), 4=MEMETIRH), ReLURESR) 5 di=

AFAFAATAN AT BEAQ TG F0RE 347
ok A WA= Al 1Ro|=(sigmoid) =, o] da= thed o] E¥
¥ 5 Atk
flz)= L 21 (11-9)
14+e *

g FEHE v Fo] BH 2Ao] ofF A uw EAXE o] A
7F 0ol i 744Fa, 2Alo] ol & wile EA Y o AUt 1o
7MtE A Yrsty, ole 2A Y o) E5T FEHG & 5 9
th o] e SA FHE HH, [O¥ 11-6] 9% e J#zet 2t

= &h4 E(Hyperbolic tangent) $Hr+e Hl23t SR/ SA HIAEA

& AgaAR, Aol M7t 0014 144017} oluie} -1e14 4ol T,

B __sinh(z) (e —e *)/2
f(x)=tanh(z)= cosh@)  (e" +e 7)/2

2] (11-10)

6) &= HAESAE 03 1& =88 AT (step function)& &4 3}k
TE AESH oY HAHY E4E FY] i ARE ¥R eRE 7|&7|5HA
(gradient descent) W& AME3A StGste AAS AMESHAl WA HE
o] 753k A 1R o] E=(sigmoid) S AFREHA HATh
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=9 yob 231 zAbole] A0l it A= [ 1-4]9] 7ped 2
EH*"H ety ok S A E S AFEE W tanh e Al IRO|E

=
29 gl BRI Aot Aol

Aol wet 7HEA =24 A= oFs
2o HA3s A= vE ks 7
= 3424 5 <] Hc}fgkgi o] 3= 7]&7] s Hgradient descent)
ol mwj %<& A wujth AIRo|E FFE W
A HHAA %kol 2] 0ol 7I7H A A He= ANt} ol 7
A|(vanishing gradient)g}ar stc}. 7]1&7]7F 0o 7M7H Rt 9
o 7} A7Y AT Al T oulolBg, o AR
77}1] Z AEHA got w2 Fo VhEAE 27 #olA 2
@A Joh. A= stg AAHAA A9 2 ) Fo 92 AR
ZA3HA FHof, H2 ol RdS AES ZF 22 AUt He
ZoltHA 3 g, WHF, 2015 =JF 7]&7] A EAe AW 7=
ool A WAst=A 7] oYy ¢H, ALRoE IFHT G2 ol
dH A U AFHAE FFoAME mEFol AgEAE A (missing
slope problem)7} &} A3] &) 3tHCiaburro & Venkateswaran, 2017).
kA o]k EAE sAsty] 9% &3 $§471 ReUL(Restricted
linear unit) F+=2A, z7F Y des y=29 FJHE 2551 S5Y
= 02 93l gHolth RelU &4& v 7Ms3slE o3 7

PrEse A8® 5 UoWAE Aol wS wasidol wet

Mr o2 AN X

m22£m01orlr
o
N g

fo X o
all

oth

H ox
N rlr

N
—_

mlo jiu
K
N
N

ek ol HH gl Seich W
&}



o ®3 0olate] e 002 EHEWA
gt} o)t o|F HAF EANAN T
= gol(drop oudT} WlF & A FARE RHol % B

e 2L b
frtl
lo

ReLU=2z" =max(0, z) 21 (11-1D

wetA ReLu e AR g4 HIBAE SR &Y
oA 27]d AHEgI Aoz LA ol(Ciaburro & Venkateswaran,

2017), HSMA = 7 @l AHgH L e 243 doln.

OIN‘

s

ool W& o], ASUTAEE B2 HSHAEE =¥

ro 3u, LA

2
o
fu
o
=)
A
n)

(]
o

(o]
=
mh)
[40

al, 202D. o] AFoNAE HPeolE HIARE BAHo| FEHE,

F UENMER BY3 FAFUAY 23S
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e SN ERES 835 e
24939 7 B2 A9E HRET (a9 0-7TIA4 & & d=xo] o
SHAEEE THUJE ARt 7t5A] BAS B B2 GAC 2AH F
qsiA "ot ddA o2 Ry oyt & UIFHAEEAE AL
ol s 24YFo XS Tar AEsHH, Eddes BdAlE
2 xHMean squared erron)E &85 o1}, YurA o7 T4 E 2o A

ReLU g5 F= 24H3F9 A3 = ALY, Edds=s




EAS dAAAZ(Fully connected layenol] |2dte] R Fol| 83+
W2 o] T
HEE BHE Y ERAS soiEs EEES

1
33 BEE EH 5 Ja*a BdE 2H 37
Ik T
Eﬁ EH !
2 A ¢ 52
lzz%;‘%’ﬂ Jzz%@%‘a
(WX B) TS0 %)
& D
(27 -8 gdsddyde 7=
AZHoR ERE FE3E BEANE 2 2478 Fsta 1 Ax
g g3l Ag 4kl A F(Convolution ¥ FAF Axbe] oS
A%t E¥Poolinge] WHEHE FEoln, o]FoE FE2E 53¢ 1
149l A4gho s Wasty, 549 e J1FOR A28 28
= T ATl vEH= gy, 54 FF dAAM 1x12 AEH
gole, & 129 e Je=2 ERAFEYT 239 dHyo=R AZH=
Aotk ol% wxv 8 A3y RS AAWEA Sl YT o
A= 71ES A8 By A dES, 29T, YT
TAHM, 54 FE FEde 29 F 19 EE wdEe] dAHA 9

s+l Al=(Convolution layen ol A= ZE(filtenE AFE3te] EA
(Feature map)olgtal 3= M2 ARE ZHsiH, (179 11-8]17 2o
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Uebd o St oju) A /e HHE WEHYSE ALt Ys &
HAES FE5t=dl, (198 1-8]12 W AF AF1d 29 54wl Z+
Zt 570, 3INME YEd A B F Ak AT ATolA EAE F=3t
= e (a9 1-919F 2o 3x3 =279 A 7bkedH U= E}%Qﬂ
= FEIY7F 6x6 2719 YHASE AFAA LEZK, QoA oty A
FAs £33 AUYWMHALWD 7tFAE HEstd O AAE LEZH 4x4
714 EAWE 249103t
122|001
ol1[2]3[1]1 1 12]3]1
1lof1]2]1]3 0 ol1[2]1 3
* - —
23]of1]2]3 1 3lof1]2 2
ol1fof1[1]1 0 1lof1]1
2[3]2]1]o0]o0
usixtz #43 Ty shw syw oSt
(a3 11-9] &= AZ1 s A g oty
% AS(Pooling layen2 &8+ AFANA F=3 &4 #He a7&
ZoFE sAd 2@ F83tAY dild ARE oFSIAI7IAA SR A
FET AT 98E 30 [O9 191 &3 AlSodA ARE A
st JAHRE HAFE ]ﬂﬂ 2x2 =719 7L 4= ATAA
=93 APoA Atk dgstes WHoE F&sta o

9 et elsl 7k paaoldhd Ees G 55 7k A SOl @
Hlel 271 A ol Aol 5 B@Hos A
10) B Agale ANl 4AL 2Ecbel S(tride)eta 59, ol AL B
HE @ 08 o F3n 741& e HEGtridesDhe 43¢ TS
1D (39 1-91¢ YPAR SFREN} 2L 94X Bege FE TS 54

We FESM, el 43 gol AdErh
1X0+2x0+2X0+0X0+1X14+2x0+1x0+0x0+1x0=1
12) S5t PEe oy gERoE BFEPmean poolingleltt Hoh %
Hmax pooling & AEITH BRERE 54 G0 A= YAgE] B
& THn PEGe UEGOR B s, AUEFL 54 Joef
Y F AUgos Bdshe 2 o mATHe A, 2018)

+Xl

)
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D 4% A= N3 & 5A

S FEH EE 2ol FAH0 9 £F oYU Y o, &
el Seld Fx olwA Bl Sl W 5 aFe] A £
s gegwe A Fo Aol 473 2 ARE I AR

(imbalanced data)gtx Sty A7l EH4Y AHAEE ESY HE
(Imbalanced Ratio, R)4<S 7|ZFo =z AWE 4 9o, 3 ods e
B8, 4914 9 olste FX AEe E+d, 10 o)t G R
o= AE59S YeldHFernandez et al., 2008).
EAAET E4E AR A B/ 2 dF EAloA A8 A7}
HASHA At 1 olfre EFETVE el AdE FAS Fo =
o

A OIREEY A5E 5T oR BRI 22 olox7] wEoltt
(A, A2, 2020; Owen, 2007; Oommen et al., 2011). o]&= A %3
4 BEF 9 oS BACOA M 2 BEAAHCS Y & 4 o, I o
T gt o s AFGE AR ERe Aol g dEs X ERFSt
= AFET © & AV dus Holl 7. dF £, YRt
oA gFAel S EFRSIE AF, des s SEAog ERSie
AL F7HEQ0 ALE AFdFE A5 =AY & ok Ty g5
ol gAS dHtstAolet ER/SHA Aot gFAe] gL =S W
A xate] g Adol v 9 AdE= AAE YA Ao mebA
B4 A5 EAAMAE A5G EF BIEE=E FEAII= Ao 3
13) o714 298 dole 299 99 F SRR AL pEmr
togoe omath = AT AFe AA 2d" L
LB 77} ax4avtdH, 9 99 F 2x237|9E 3 D i
ot ge yelAel Huge sy, AFHow o [ [
%% 83 go] 2x23719 99L& 9T Aot

9l
14) I (RS A PI(EFTE A 5



Aozt & 4 AT, AA L, 2020). °ol = -‘?4?3‘}04 T4 Al 23T
o] AHI7} e ARTE WY
3 Amd A FA4 EYo] F
AT

a3y FHek 7F BlE 2ol = sk H 3 BEUF #5535
olgtE FAA & JHEe SFA717] o Hue Aol
EAoAE E4¥ ARE OFe Zo]l g FATEEF, AR
2019; Marquez-Vera et al, 2013). wetA] HIZole= AUd o=z FA 3
7Hgel Ar2eH A5 FH wE 2F FAHo| AT ZAStE
(Machine Learning) &okollA B3 X5 &4 A& dZ2siriz st
= dAFE0] 3P ArHTang et al, 2008, Wang et al., 2017). A
Aog HYS FHAY uf &Gy AEVF FoHHA GFEE 5] A%

= S @8t O AARE Hlwg d7Eo] FREH

Now, o]F o] J|ATSE W A&} AFE0] T A &
UATHA TG, o], 2017; ¥k, AU, 2019; ©]F3], 2019; Barros
et al., 2019).
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JIE
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(over-sampling)dt Ak, T we] AHHE HaZ

e
~
—
a
D
[an
(9]
5
o,
5
oQ
— =
ok

Me Bastel U9 1 vEe FYL DAFE TAL AU o] F
HaFES ARE flde J@‘% 23}y wEo] HR7} £AH 3, A4
HE Aud gy Awsl gEAs BAT AB@EE o] $F, 2017,

)

Wang et al., 2017). o}-28] A5 By HAEI A% ASodes 45
= BHE7} H Bopxlth

olo] wet Aoz HAFES
%ol o]FojAa Ut AFE WS
THE AHEHE YR Ad9Y9ste RHE FEsHA] "tilongadge &
Dongre, 2013). ¢]2gF <7 tjF=(Random over-sampling) *H -2 4]

1& ARE A= Frlsty] wiEol 33 doverfitting) 2]

AE o7l & dom &4 At 7 w2 Afole By 750 A
o] o] A7 = I, AL, 2020; He, Garcia, 2009).
ol FT IJK EAVE He HEFE EAE Sidsr] Ssko
SMOTE(Synthetic minority over-sampling technique) ¥ & v &£3}a] o]
= ‘%24/\]71 WHEo] 853 em(Chawla et al, 2002; He et al.,
2008), -3¢t A& Holx Jot. SMOTE WHE &FHT A sy
= 3‘10} k-FZH o]%(k-nearest neighbor) &1 #]&S &834e] k7)<
74 77k At F delE @ AHIE ARt olFddl= AlE 8-
AtElek & A AAdAZ Y ThREH A e TAo=E
sHAl "tk ol 71E9 HolHE ot AT AtHE
22 HAEE FAE dF /MAsiEHChawla et al, 2002). o] & WA
o2 WY Z ADASYN(Adaptive synthetic sampling approach):= 744 %t
of ¥ Z 7IEAE F= YHoRE A I BAV A B3 AR &
Foll & #sshe A= dejx dkHe et al, 2008).

o

2
2
N

[¢]

A
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. a8 %3 iéOH zﬂ% S =
&, 435 AAE 448 4 ATHZhou & Liu, 2005).

W53 Hopo A By ARES BE il oZi= Zxoz 4%
JAFAATe] BEHT Q= BHS AWum, 2 g4 2L =%
gete oZa ATSo] wgon, AR AToAE St AT
st B4 AFL o2e ORE ATE UATHAEY, BAF, 2009
ol&lF, Held, 2013),

°N

, A =2 FAZ 3 AFolt} Rachburee & Punlumjeak
(202D AFolA= 33 e FHES WF o= GPA dF o] g %
2 =S dZFstaA kAT olE2 AA 688279 F 114W(6% =
=273 AT 7} E}om, ol & Skl SMOTE, ADASYN,
Borderline-SMOTE W& &390 =3 OSHAMEE R of
gt oAE2A  U(Decision tree), AZEWE WA (Support vector
machine), KNN(K-nearest neighborhood) W< &83te 1 A}E H
walt. 423, Borderline-SMOTEES &3 USHAEE »F 9
dsol 7HE FA UEd AL AT F AT

o] ¢} ‘rr/\}?‘]' A=A Nabil ¢ (202D A= 43 A5 A
£ HFE WHoRE AR IA ston, AFATAEE =Y
o2 7|A ¢ ‘5‘ WHEY dF e vusdn. E4dd= stEE9 <
TEAH AR, g4 54, P53 54 T F 16719 WIS &&
ste] sl &7 4 F Faills w2 TAB8%) = dZFa Bz st
SMOTEE AH&3% 799 284 ¢S ATE vlustsioen, SMOTEE
&3 dSHAERS 2y 450l

r°“

l

U ATAAE FYES I
77 Ak of ATAME Lol AT

o] FE BEFAMEE P
Ag@ A% 29 AADH S40] Y AR APH «PNLT 2T
o A gatgthe Hol Aot BAARE F75E FUA A=)

g 2011 265E 2016\ 12714 Al A AAARE B8P0
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H, o 8~21% A% Hx 7|Z%E ols AL oSt stTh Bt
g A7 243te 7IHS HE ko, e A ARE F&
@ 9% mYNE T 2P 4%S HAFVE AT dEBHU F
ARFGAA 77 FE FEHEAFY HEo] FHHOZ Aojute 499
ASAZa o] digte] E & S =937 s

TEEHS FARE & AT @] Z20¥, stu, L8 AF 5
ket Ao Ae] g EAE R AU $A, sk, |
2(2019) AT E FAFAALES &85l HATEH I=EFS 9
Z3laa skgeh 20159 19RE 2018 9€7bA] 1440417He) A7) ws

A4 SR 7678S Fo R Fgon, o Fol
79%), =% ©=A= 1629(eF 21%% 73 A8o|th
4 A5l E4E AE7F AASHA ol #AaAFE W

a2 AW 7} NS 112 TAFAT AZATA

& 3
d ARE LY F AFge 1Yst 78 AN RS F2 A¥
Ztg et 3 HIAY A5 AHAA ARE A &8s A
EAAY AFELS F 8% AEE YoM, HAFAEE T4 &8&
g Agoe dEste Ade 95%9] dF FGEE HolV|E AT
Barros 2](2019) AFoAE GEHANERE 2y, JA2AH Ed, 73
v} 7 (Balanced Bagging) }H-& &83le] dtw FrgerS o= Yth 4

W Bek FEeta 77187

45%ATh. BRI E4Y A=V 55 1St TAARE T
g o s HE&E JUE FA% AeY FA£2FF, SMOTE,
ADASYN & 283 A2 wlwste] AA s 24243 Ha 3h
H &S Z2AstY TAAEE TSt 45 B8 Aol FdEHAL
o, 2 e mgAs A7 A4 9 AE FUT

oj¢} Zo] wF EopfME AFHTS o FstuA e ATVt ol F
AR Jom, E4E ZTAE sty A g wHs g5 =
SAYE AT & Adoh 2HY giFEE FEH AT e
2ol e on, dF AFAE E4E AR tig 1vE A



, 2009; ol&llF, Bold,

A

o7
o
I
oF
ﬁo
ol
o

s

& ofe Aol o

ole] A8E &3

2%

2013).

i

)

o

il

= Hl

T-oll A

1

T
A

J o]

&

]

Ayt o g

-
At

of AWl s 4
2 HMienye & Sun, 2021; Zhang
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M I+3H

L a7+ 2z

of ATNNE TFAIAERE BEe] 7|28t HL(o|s} 7|2
D) A S AT AFATAT BY e FASE B 2o Yot

o] Z 9|3t I w{FHAT2013(Korean Education Longitudinal Study
2013, KELS2013)¢] Fstw 28d Al719 HEE &8st St 38d
ARNA JHE Y Fof, o, T VxHE AFRE S AF
VAN Bde Fdsta sden, [ M-113 2 dxpel w

g A% FYshant

A, A4S A% Fr WA F2 4 BAR WASY AAY
g AASNGT olF BHe A WA AR, 4IHA AFATAAB
WZRYS THH/ LA, FYYASS ol U= F& PWa
2 2 Fgstel

ZF Wle] Ale FAo] 7Hsd LASSO(Least
Absolute Shrinkage and Selection Operator) 3]# 84S #8390,
°o|F Tl @AY dFHceE &8sttt ojw HA dF o=

omm

FF /120 ARE I & Yok WS nEshel 33 Aol ofd 32
Ao FPAA =S B e WS FAstns s
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SHET o2 dMl=t

T & A& 44 a7
o 2 A9 97), 167, 257, 3671,
o] =mele] 74 4971, 6471 817) W<l
*LASSO #4723} 7]

- Garcia et al. (2016)
- Snieder et al.(2019)

AN

Z]\H

o ERH - Chawla et al. (2002)
25AT AR : Zid el w3, B-SMOTE, ADASYN - Zhang et al. (2010)
el g o B LW - Bang & Jhun (2014)
C AT A s1ER] 2A - Mienye & Sun (2021)
- 1o . - Johnson &
/g%gj;ﬂ% K MLP Khoshgofraar (2019)
il * CNN

- Yan et al. (2015)
*B-SMOTE=Borderline-SMOTE, MLP=UZHHEE B3 C(NN=FHFIAYL =3

3670, 4974, 6474, 817§ W<l
At ole} Zo] g=wgl

B4 RENIARE oluAsete YA WAL AN TS
7 e e weld oM, B 1 FIW JFO wasty] 95
of BEINEERGNE FUs ZW A5E AFSHAT. £
of AFolA BEAE WEAIARE ATFEALH U} A7) B
o F#a $Hol vy TPl glof, AT 1 TR i BHHA
Ue ThsAol Fe ARWo|th E# 7 WlEe] SAAA onE A
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Fot. BHYHE AR FEAAA EXE AEE A HeE, &
TFAHIE AT E e EFEs s delddiEd Y =7
ZAzel SAEe aYstd A2 aFAEE AAske EHEdd

Borderline-SMOTE(Borderline Synthetic minority over-sampling
technique)2} ADASYN(Adaptive synthetic sampling approach) WS 3
239 tHChawla et al.,, 2002; He et al., 2008).

H W dgls oA B8 A=E 245 o=
EdTgr HSAE 2A4AY E4TTY A AAE 2A4E F Ao
4% A AA ] i 22 AR SAM AA dargEed o
g olsE HiR o R P FEE AMYstA x2AsoF IrHCastro &
Braga, 2013). Jtjd o= &=

3 A%s AEAE 2QsE PP B
73 HEN 1yt A8 F dve AFol AT wFATFelA
A A3

F

AR, ASAFANAEL FTHEE HISHAEE  ZFMulti-layer
perceptron, ©]& MLP)¥} dAH4A74% =3 (Convolutional neural
network, ©]3} CNN)o.Z2 =2 gS T3 MLP= #Hdxsst &

of M& 3+ ARI} FEEHA :rle]Xl %=
g & dokRay et al, 2016).
g A 3o AL I d5e
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A oS & ol & Hste [F=muSFToAT 2013
(Korean Education Longitudinal Study 2013, ©]s} KELS2013)¢] 4% 5%}

A5E &8t
2013d7E ZFstw 5%d A 7324%e didoe=E  AlEd
KELS20132 xZ
!

Aol fold FFe AL
Mele Sm W mSBE} Sw 74 9 stwe) AT FAGH 54 @
W oolgel, Stw o meAE, BHE 25 2 e A wANA %
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KELS20132] 7|58 AA A E Ao xS ¢

WE 2AAA 2o At e 950 uFol SeHBF2
ghFol oS oY SR 9, 2016). 53] F8ue 25w u
G Walo] rEal gl tigk ¥ o] AXA

o] Fotw A8 & shelel Aol g AE A

5, 33, 2003). AA 2 KELS20139] 3443 43 71202 v &9

17) 20203 o] % 49A 4
258, 15202518 M AN
18) 53 %FeA Tl A
z, 7|2Hg £ F hd¥E Fo, 9o, 53 ed @ FZojBE sz
Mgl sgE 9ol NS T s



371 A 7 A= A A Al7|o)7]|% dttt 20150l A= 80%2

. B S wE gideE A E9EHNeH, 2016dREE =
Ze oA AYE 7] AZSATHI S, 2015: 8). oo wzt s A
o= AFE7IA G mE FAALH F& AStE FH e 4

o @A ZlzstE ol digk dAo] EobHE AVIE & 4 ATHETAY
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El

-
10k
W on o2

urebA o] Ao M= 71t wig StAge] wlgol §43] %ol
o, 712t fAo gk #Aol w=kE AZIRl St A71e V&
g e S dFdhe REe FEELA T FAHeE s
Sta 28hd Al7]ef S, SRR, Stal HRE olgste] s Ao
sta 38hd 7|2 wE o FE AFstanat stk ol= KELS20139]
47}, 57tel st AEoIt A HAEELS
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, SRR, AR, Ayl o

=z ]

=

@ FEE HE2 AR I very w59
K

)

ofN off 1%

o2t
Von)
)
)
3
o,
5
oQ
Q.
)
2

LA

1o Rughel SAFHE 3 el &3 YT A BAA

ASstert. VAo R 4% Aol St % St PRE fout 53 4@
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o) BEY & flo} AU b AFHo2 BHolN BeT
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A AFsAEol, KELS0130 /s BEe] N25daes A8
of SpAlel SYHAT FAsH, N2FIAL G AF, FA AA
b olRolrl HE (el HEHPW, ArhA FYr)Ee] B o
A SRS, BE, 71z, A2ED)els 4H5FD) U AR A
A o] F ARASE FAAANT o|Fof7 Hioln, HEYFE
Nz, A Ak web o] Aol HEHSel A

3 =Y olAE Fol, Fol, 3 F2 AYHA=
oz &8st o] AFolAe F3 A7l AT
[e13 A

T 9}]\-9—]4'7 ElZﬂ % &M= o= shd

20) KELS2013¢] A HA= 4= = T =1 o =
SERFE FH3 3, FAHY SEURSLE PHF 200, FFUA 4002 A
st THel Rl 9], 2013).

2D o] A9 HF HFHo] 7|xud A ARHE dF3= Ao sy, A F
Hel AA BEAE Z|2vE q77) ofd IPAHAE AT E TEUTE
F83AT ol dFHA gloA &-83 LASSO(east absolute shrinkage
and selection operator) A= B4y 5= Qg A7 LASA Y

Folt} Lasso ¥aglFoAdes FEH5HUAS & =3t 9 7Yk A

=

of 7teAE FA =W, FLHHAo] o] EW(binary variable)?l o= 7}
A o] BL W VFOE JFOE AFS AASA Ao a8y 7%
g RS FHHAJNLE st S 438 B S AR A, dFF
o] 43 wkor, F8 dFHdez AAE WA ZL I IAASTY HIF
S 2gskr] oEPth mEbA dikkd e s A wl(continuous
variable)?! SPAHAE HAEHFTE TEHUL i gttt et ARE
A u, SFAHFHE Hol IFS v H1AdY Vxug R IF
< "A = Wdo] 2A YehE ¢ AsS Ao devt o
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ok
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<E II-2> B2 =Y 7| EZSHUA HEHF 7|8

F=E AEes Hag JUR Bed  EEHA  d= A=

=] 6,402 140 329 230.09 46.35 -0.20 -0.82
gl 6,398 150 331 250.17 51.52 -0.14 -1.00
Tt 6,407 147 324 231.67 50.96 0.09 -1.07

VIZES HY AFRY AAE ol Gl FH B3 71234 0

g ng FEWcdoz B $5%E, nEey

= 3}
g mge sgete TS 1, 8, REehy, 7239 sjgst
S 022 W3t rizvg oqRE Yehls o]w<l(binary
variable)& AA3IATH F8ta 38hd A7) #HEE Jzvg A9
H &2 <E M-3>3 gow, o] 7.6%, Gl 14.9%, 38t 20.6%= =9
FE] BFy ATl A ow 2o AL T £
< II-3> &3 1z Mi[szof wWE 8 = ¢ dH[E
I ZlzHlg 7|y EESY sy F A
g 5 487 1805 3259 851 6,402
i H]-8(%) 7.6% 28.2% 50.9% 13.3% 100%
o sy 953 1,324 1,843 2,278 6,398
o N &%) 14.9% 20.7% 28.8% 35.6% 100%
sty 1,320 2,608 1,294 1,185 6,407
43}
H&%)  20.6% 40.7% 20.2% 18.5% 100%

:l'l ! -1
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o] ATAME Fo HPNAL MR F, o|F AZEFY Zu
JoE FEHTh BEIHE WAL FYs Fo Al AAHNAE
FUF Ao SAAHAEY BAHL FAFTL, JZEFe)HE The

o Auwe Agsr] 9% cAwwe M 2y dAs
KELS201301 4 A8t Zata 25hd Al7]e) sh4), 85w, tm WAE
& B 99w BLaAT. ok 2e TRl Hak Y MR ¥
& ulgol we S AHE 2 AAFE FAE o] BE At
A s Syl Motk olF, FEWE Uehd Fa Av
Molsh 22 SYAHAE HAEHSFE V|2 NG GZuy’ o o=
Moo Fgsidch MWWl M4 madA B3 F 614 @30
A& < M-4>0] AAF O] ATk KELS2013014 A Bshe Wl 5 B4
of M e WSS AAsgon, d¥ WL Mo & 7}

41 KELS2013914 Al gshe 34, 35w, stm Ao 23

=E
o] 20% ol4Ql WMAUAVe AZWAES ST 1 ghel AHES ¥A
rhm wastel BAoA Aslsgon, sl gt BaA gt
MUMER AASATE £ A, FPE, Sw 2AA F FHHE )

22) AZo] 20%7F H2 ¥ gEF 2o A4 A =AAdAE SEdd
A o, ez AR 3 Eu AZ(AY), A of R, A
7], Mg o] F WMFEE At SRR A AE BHF wSSF
(AtelW 7H4 et 29 ol & AR, WAFTu - 5 - A9 - FE5AE
AJVEU oo - FAAZE - Foju g, =2 5 JgEaH e A &5 A4
PR, S A= A, AR, AT, A o) F =S A9kl
o Sta AR A= ARSHIAl Al ERH2016), IF 7N uS A
WA A A R g A ARE, ARS] - 38 - AP Bl 3Tt
v &o] Z3reET

23) oA, SRR HE Folo i, SRR SHA WAL E4oA Afstid

_ 65 _ "':l‘\-_i _k:.'\-'._'l



b4

)
yil

o HlE& =

Bl

=

o

i

3

g o AT 9

e oAy

[

ga At
Sol u)

e Zlo] oju] ok

o vl

L

|

°

2=
T

2

2 gko] obd XA sHA

o] =g Ao
7} & Aol

=

=

B

=
=

A F 7t
, AEA

g oAl

y

- o
- T«

gt 2ARA] F Stale] w2 et

whA up o 2

A HAEE-E Hole

H= 5ol

fofe ol W T E B R E
¥ B BWE o]
B e m B WL PRy
o_uMﬂnﬂa%% Xl B
X g m T N 9P ol o))
PR E g R o My U
xz%?ié Eﬂﬂﬂﬂﬂ
SR EAT pFamgp®
— o o N o JJJ o ﬁuﬂnﬂuf RO 5l
W?%@@ﬂ GRC R e
o P ET N ™oy
L§ﬂ33ﬁ %E%ﬂgg
X R W X
E%Mrﬁowm_uﬂu 7%2,%?1”0%
G 5N o e U
Mo fo - An i B BT T
&Hwi%% EQM%®%
) J.,I_wl _ )
WL EET EY e
0
RS T
SeidTerlysPlc
B o orod T A
@W]@Qﬂminuﬂn&r@ﬂﬂﬂ
E_a 0 ! ey ﬂuo .
e T I B o E
M%g%%gﬁwmdﬁﬁm
Mok m g eas s s 2w
Ame Wk 8ZyN E
.zvaoﬂﬂr Emued.ufélﬂm_xd
BTy BR Wy
@%igﬂ%ewMﬂ%%m
HX D~ 2SN S
TwmarC po el RS w
J & &

)

=
=

0.3~1.1% %3t}
- 66 -

[e)

.

Skt

o 3.4%0]m, FEF2(EA}

ted £ 28

o

pu

o
olf A FH HE

H &

&

27) SRT ZAF A 2H o] 7)) E}



<E ll-4> dyHel M8 2ol Z88 S2wel
AE %3 o A

(A 74l

[l Al

sy
[237]

AAEA0]

/4[]

9173 - W21

S4[83]

Zoldl2], Aobid(Arel, 71, AlAl, Sdi0], &
A o2 CGel o4, BRlule, FE 8Nzl +2=15],
A7182(3], 238 =dol gt 14, HEst
ol /Z1Fete] BAN3], ANEZSE(H 7] ols, FEA
g4, ol v s=N15], A7124814], BAN7HI]

FHold ==, 9, Pl FHHASEEE, 9, $I3)
THHEDL], FHEA7IGFA, SA8]

PPAHCNRE, FAN), AEHAALY, @
A eg]

Akele] BAI6], w$-BA6], StuZHEn W £

ZEn | A4A)N12], 2EH2=NE, i8], A
HIAED], A2 9 Ay dd 2203 Fo ¢
A7), ASZEIY AR d E3HE(T,
(3]

of 1 1o o2 El
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A7t 2 3t
A1ZH39)

AL, SAFRAED], AN, gsgs 9
A7+d-E7], ST, BAREE FooR g QY
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AEd3 99 AR Wl
[o]

(A1 A ({31 A4 [l 72]
ol s
7]%_1_%%][5] %ﬂ7}ﬁ('ﬂ_6(§] 57H)[5]

Y nESmAsAAEatE 107D00) 7hsE]

[11]
IR =l AW F WSHAEGAY A1) s Ar)ns =
(78) m_ﬂ]_%_ E%%]_E EST 1T (e"':EHo }:D ], oJ’]‘—r' ]’7] ° T
"o b T L HE AVRE AU A Wd @
$352] AT 9858% Zo o] f{5]
gy WIS HELEU, 287 A0, 257 AL
ey 0L 28 ALI5], ARl ofgteis 2 shslstm st
L 5A A[31] -
7332l
Stw w820] S gl ¥ uAH6, FnnSwld)
SwsAlR] A 1, wAF 1
St A =ASERIF, A48, s
U3 5 BEE ks 2 A B H AP 2=
e (FOTEL OIS RIBEDIL EREY S o
& s I, 4FY wsH 5 dd S
(1P, &3t 7b8 s 1)
& Fotg] ¥ 2], Fote JId 21, =T B
W) g maasny T B VWL EASATBL S, A0,
Aell2], 9= 78 1S5S A% stw wS52E{6]
SuTAHLEY g 9 &6
5 AfEIA AR RSN, HA AR] ] @
St A gl e _
ooy (HEE St Aeydws 5 dzds g
Oy oo maRA LAY, SR AUs)
F1L 99 EFE SR 2Q016)pp. 41-6D9] 7S FarstkAth
F2. Hl e HEA B3 5 71FoZ2 BUEYH dF B9 ‘EATE W
Fv Dl 3o #7890 Al XA BEA, ‘HEAT, ‘T
25N PN WEE grislete] GE5HGTE TS o]¢} o] Hu|igk W
= *EANE AT
|

X
w
R
2,
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ASAIAAT 2EL $AZA 78 2 ®d B uFseAaA
(multicollinearity) 59 EAZHE 4= EAo] 9o, B WAL
ST 8T 5 Ut} AT FTHAAS A A1 #Ho] §le
S lo] HWolAH, 3|8 RF Y Adso] Holxe A7 dAsH]
% 3cK(Garcia et al., 2016; Snieder et al.,, 2019). o]o| we} AFAFAl
A AESEY At A, cFa AWHdd AR BYC oie F2

Tol, ol 3 FYYAE Aol FFL AL T2 FA, R,
1

ad#A Ad=Fu et al, 2019; Zhao &
Yu, 2006) LASSO(Least Absolute Shrinkage and Selection Operator) &2
WS A 83} th(Tibshirani, 1996).

LASSO+= £=43%(Loss function)?! OLS(Ordinary Least Square)ol 3=

A AFEY T A= AFegS(Penalty function)S F71ste] F<4
Helol G&e vAe =7 &2 Afode Al #e 022 FHA Y
T A, ZF | AlrxE FAHE F A= WHoltHFan et al, 2014;

Varian, 2014). ¢ukz<Ql AR M= OLS WHE &3t B

(Variance)©] # 49l EH(unbiased) FAHAE A=t} AT ol £

A FHAZAE HAS] "W Zoll, o] AFlAe} Zo] B

= AT e &8s ofgo wetA 7]E 37
=

=
wol A ofzhe| Wakbias) FHEsHE thal BAHS Fol: Wajo

Ar F
>

e
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A 2 2HMean squared error, ©|3} MSE)S Zd3te] FA o H3HA 3}
el olHg EAStE WS AL E 4 tkJames et al., 2013).

meba =8 AWHRAS AR 95t o], Fof, 3 FPAF
A TEHEHANC=E, F2 A A, SrRE sta Wl 36174
HRlo® 3ste] LASSO 45 AAstglen, ol& #3 LASSO
$-3 ZtH(Tibshirani, 1996; Li et al., 2017).

=

1 L L
= argmin 15 3 (=5, = Yz,8)° +A Y15 21 (I-1)
i=1 j=1 j=1

o= nwel Shael UiE FHE Bl HYMAE A=Y yol

FF= vA= phe FHER] 2ol dE A A pE FATE A
ok A& AlekmS(penalty parameter)2A A Fholl Wt 3|9 AS pE
driyg 4 FAHEA 248 =, JFAA ST 0] obd WL Fa
Argiclolgt T 4 dtt o] ATl A (-D3} Zo] 2 4
Bl A4 2¥e AAsta, wAEerdsHCross-validation)S 283}
FaE 2GS AASAY. aAEF s B4 Z&ste ARBE
T A E(training data) = €F& HSA=(validation data)= ©] &3}
dZexte] HFHEE Ao H, Ha ask Ho a9 wlE 0.001
Oy, = 0.0010, )01 2] 1007] A gkoll thsbed 20-fold wxElg3l29=

3Tk AR MSEZF /b8 g wle) Age dusAu, Ha MSE
oA mAE}GE o3k 1 BELAE WAAMA gt AgE Adse

‘1 ¥% 9 WM A(one standard error rule)’ & Hgsle] FH o= =

t

l

28) 8 W AYRFN BEIE ARE AAALE F oF 80%e FA

>
i Mol ofo

e a1}

29) n-fold WAE}F8l= o =2 2Hprediction erron& FA 3= ol 4
+ WHolth. A AEE nFROE FTYHA UE F n— 57
XPE, ‘/PUV] 17H —‘%%% % 7PX}E§ A —ﬁr %%X}EE 2y

} y

g flo

= o fr M
rH

[@p)]
s
i
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ol 7t A(parsimony)S 1183 AGS AY

2009, p. 244). o] ATFolA = T W Fk AgtS Adsta, o
m o] oSl AFE FsHt. LASSO & EAol= R 4.04.9
gimnet ¥ 712 &34 oW (Friedman et al, 2010), £2jo] &&3% R
HH o E 4 FAH wgt GE -5 AAISAT

off
O
X
(i
=
)
)
a
@
D
&
=N

<i# IlI-5> LASSO &M= ?lst R HEAH(R 4.04)
4 34 o]
g2 7] 2& library (gimnet)

A olE 1]

* 1A A5 F 80%0 Fs= THA
A= &-&(traindata)

- FWS Ay el

traindata$ 3401
<{— as.numeric(traindata$ =<1 Q1H)

= traindata[,—traindata$ = £t401H]
scale(X) # scale : mean = 0, std=1
= scale(traindatal,traindata$ Z£t01H])

< X X
Il

cv20 <— cv.glmnet(x=X, y=y,
family='gaussian’,
type.measure = 'mse’,

nfolds = 20,
) . _ alpha=1,
WAEFGS) A A
* family: FEHA) & Bx M4
* type.measure: SRR E AA

* nfolds: AAEE 2 719] fold2 o] HAE5T ZAA AH
* alpha: LASSO AHl¥=28 2A(1=LASSO, 0=GroupLASSO°l %)
* traceit: ¥4 EHX1=24, 0=-7]&%)

lasso <— glmnet(x=X, y=y,
lambda=cv20$lambda.1se,
family='gaussian’',
LASSO 24 alpha=1)
* lambda: CVellA] #8213k lambda |74
* family: cv.glmnet) 4% 59
* alpha: cv.gimnet) 43 5
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F8 F 7.6%, 14.9%, 20.6%°l 3iTste= THOE, By A5l &3t

4 AT, mEtA THUREE 8ot ASEY ]

55 OUE &30 9, 7xo)Y FdAS & 45

7} 7§28 ThsAdel = wEkA ol & st F7] 9%
Zdart dom, o] AFoAe YA HENE S 283

LA P AT

EAHE S 93 EHRandom Over Sampling, ©]13F ROS) HF

51}

Al

o Ko
~2i

rﬂd of\

A A AFolA ASUAFAEE 2 A5 &HY EAF
&3}ol & H5S RYH, Borderline-SMOTE(Borderline Synthetic
minority over-sampling technique, ©]3} B-SMOTE)®} ADASYN(Adaptive
synthetic sampling approach)= ¥4 ®lwstE o 2 £3WHe] A8 &
18 EFS et 2o

4 ROSE &gde AHE FH5ste F=35
=0, Fol, 8 72rE Y& TxoF FAH
A AFZ=stATH

32 B-SMOTE= SMOTEE &#3t Wt o 24 SMOTE €¢1g&
= A&3tE, AAR e AHERES = H
THHan et al., 2005). T <&
= /= A

T;l
jLe

O
=
°
ol
™
av)
>
&

31) X}EQ] 7% A=< &¢¥ vl&(mbalanced Ratio,
SRS A ) & VFEeE AWE 5 glon, 4 nuke
W 10 wgke F2F A= B4, 10 o] B BE43

< YeldAHFernandez et al., 2008).



&322 1. Borderline-SMOTE

AE 79 ZE Ao oot 22 Al kWE =HQITHCE
2. kW M2 S gt olgo] chrE Tl AR (AT A= ARIE

3. AT ‘P:IQIQI of Al E MEjeh = HZH AfE k7S Selsit
4. kN M| & el g Al E MBI

5. MElEl #H= *é}EI M AH2lof 0 1AM09] gtE &ett

6. 21 XNHH AXSt= ME= AE ddst 7ol Fotetot.

7. O|F 7%= ttZ T H[E0| 1:10] E M7HX] EH=EHT}

ADASYN ¢4 SMOTEE 43 W4 % a1z, SMOTEE 453w
o ANA FUT Al AeE AHSHAA T, ADASYNS 2 Abe vt
O A AEle 48 thEddl @tk 54 k. 74 Aele H2A
Aol BeEREe] g AEE AEXE Shel, BeHwn il ol
& A ARE SEFaA s Helt FAHY duPFe e
gom, oA A AeE 52 AR FAh

A

&l 7B} gt
1. HE 79 RE Aol Chato] 23T A kHE EQISICY

Kh Ml B CHFTol ARl 82 T5HT 0fF 12t BT

. ™Y T 2E Aol thsiol 1,2 T Ol EES BT

r=r, Zr
4. M5O} ori AR2llel 7H4
5. k70 M3l 5 olof Bt AR S Mejetn gi><
o, &2
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At off tistoq gh=gict

374 A EH A5 A= R 4.0.42] ROSE(Lunardon et al, 2014),
smotefamily(Siriseriwan, 2019) #7]X& A}&3tH o™, E4o &83 R

Hgols B4 3o wet <E M-6>0] A AT
<E Ill-6> EXLH 82 23t R YHOIR 404)
2y 33 KA

28 714 2=

library(ROSE) #ROS
library(smotefamily) #B—SMOTE, ADASYN

A olE ]

A A F 8ol ARk T | | ol
— =4 | o4
A% 8 &ltraindata) y = traindatal,traindata$Z &t Q1H]
ROS <— ovun.sample(E&HOIH ~
data = traindata,
ROS e Hgsje] 7)xm) method = "over",
o oshy 2 s)zold A N = n)S$traindata
T =4 * method: 248k s ERWY A4
* N ER A8 3 AT AAREHEE 279 v 0 23
2487} HES AH)
SMOTE <— BLSMOTE(X, v,
B-SMOTE #2435l 7] K=5,
Zuld A =ZE 7] %ol method = "typel”)
= R TR IRV soana s A4
Sty e =4 * C Han et al (2005) Ao AAE typel, type2 W = &
A she e A4
ADASYN HHH& 2 g3te] 7]
20D Al 2 zol ADA <— ADAS(X, y, K=5)
* K HEHAE NS AA
A FuE =H

,75,
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3} Python & o]

oo

o (Python 3.7.1.)

24
o

q

Python 2

ol

o
-

o

=2
S

X
S

=5
=

oz

n-7> 8| &

IREE

<I

CWagges 00 Wosgal

{1

class_weight

class 7F=32] AA

model.fit(train_x, train_y,

=epochs,

epochs

=batch_size,
1,

validation_split

batch_size
verbose

AR AR(ECA

Al

=0.2,

=class_weight)

class_weight

,76,
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=g (Multi-layer perceptron, ©]3}
HGF L= 9= et 52 o]_tq
o7 ZH3E ) T2 FAHY 9
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A} S(validation data)=
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249% #4385 <4+ ReLURectified Linear Unit) $<-2 A4 2
o, 93 843 Fre olEFol A AR =(sigmoid)
2 AAQstg o JA H(threshold) 0.55 7|Fo.2 At =3 &8 #*
o] o] Welojm g £33k (loss function)®= o] & w el E 2 3)(Binary
cross entropy)Z AASAT. ¥ HZAIFES 93t Adam(Adaptive
moment equation) WHOZ JIFAE ZAJIJEE I oH, THFE
(learning rate)& 10°°2 AA3AT. 71X 48 A A
(validation error)e] ¥W3l7} kg o)A | w7x] 7}Ex] B2 S
HHEstgom, olE s g 3FE 500571(epoch)Z 24T
g 7t FAAAAA HA LS WAE] st =29 7 A
o7 W AYF olF I 2YZ(AFHd A7 617K, 817K
FolAe 48T oF M 2493 == F 20% =Eo E=Fot

(dropout)= A -83}% T}

)
o ofN
e ofo o
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MLP =& XEjof= Python(3.7.1.) 7]%te] ®lAZZ(Tensorflow) 2.0
Z83t3oH, Google Colab GPU &4 NA 4S5 Iystact. £
Aol W2 Python WH ol (F V-8>9} 2t

<¥* II-8> CIZEHMEE 28 =HS 2§t Python @&H0o{(Python 3.7.1.)
4 34 3 o]

import tensorflow as tf
48 #H71A EE  from tensorflow import keras
gl Zoko] A import numpy as np
from sklearn.metrics import confusion_matrix

Mok

#72 Yol MY Eol ZMO| WE USY 2A KEO
Ol £ME HEY

od_var = {1&9 HIF : 0, 29 ©HY : 1,
H) , 819 #HolF: 80}

XA

sorted(traindata.drop( ‘5% 40":'4’ ,aX|s=1 ,

ML
1%
X
ol
[N

_ -_“Z‘%Z}E(SO%)Q} train_X )
o oo key=lambda x : od_var)
B S0%)2 train_y = traindata[[ ‘B&HAH" ]
TE
test_x = sorted(testdata.drop( ‘BS&EHRIE | axis=1),
key=lambda x : od_var)
test.y = test[[ ‘S&HOIH ]]
epochs = 500

batch_size = 10
class_weight = {1 : w,.
mip_feature = O SHol £

* mip_feature: A7FolA= 9, 16, 25, 36 49, 64, 8172 A AstH oH, 42 Al
welE dZueloz BEHES 9

np.random.seed(5)

model = tf.keras.Sequential([

tf.keras.layers.Dense (64, input_shape=(n_feature,)

, activation="relu"),

MLP =& AA tf.keras.layers.Dropout(.2),

tf.keras.layers.Dense (32, activation='"relu'),

tf.keras.layers.Dropout(.2),

tf.keras.layers.Dense(16, activation="relu'),

tf.keras.layers.Dropout(.2),

- 79 - ..-:rxq :‘i 'I_“ '.-‘J!



e g% ol

tf.keras.layers.Dense(8, activation='relu"),
tf.keras.layers.Dense(4, activation='relu"),
tf.keras.layers.Dense(2, activation='relu"),
tf.keras.layers.Dense(1, activation='sigmoid')])

model.compile (optimizer=tf.keras.optimizers.Adam
(learning_rate=1e—5),
loss='binary_crossentropy',
metrics=['accuracy’,
tf.keras.metrics.AUC(),
tf.keras.metrics.Recall(),
tf.keras.metrics.Precision()])

model.fit(train_x, train_y,
epochs=epochs,
batch_size=batch_size,

2yed
verbose=1,
validation_split=0.2,
class_weight=class_weight)
model_sigmoid = model.predict(test_x)
23HF . . ,
. model_pridict = tf.cast(model_sigmoid > 0.5

, dtype = tf.float32)
output = confusion_matrix(test_y, model_pridict)

3 FAFANEE =3

AT A 83 ‘FAFAAL = (Convolutional neural network,
o]3} CNN)* & [Z29 11-5]19F 2o} A 2"-eA AdF3A =0l 5y
AEZANE AR EASHADS AT o we} AR5 F
AatA T, CNNolA = A5e] EAS B FE310 ol &85ty
A3 e 98 du. webs A= AlS(convolutional layer) 3 &

71(_

g AlZ(pooling layern)¥} ¢+ A Z(fully-connected layer) £33 #HHH



z 5 (hyperparameten) & Ztzt A A3 Fojof g},
A5 2

XA FAFANAE 2y JHFS A9 FAWUA pAE &=
A4S VpxVvp BEE gEsgdnt. olE s B X A0A) Fee
2P 07 AREHE AU oHI HEARE onA FHE WS F
= #Ae] sy, CNN 492 93 A5 Ag ¥ [O29 -4
2o [ 419 @dAe wsaidase] dukal A% FHY o
T & 7 Aor, MLPoA = 7wl shuie) o

=]
AHAZ7 (D)9 o] o] A aoﬂw ]

CNNel A= 9 , ASHAdS 97N
ARgStE A (@9 978 Wele] (e Z Al fX|sA Hu. wEkA
CNN E4M= (@) Feie] w5 daARE ©° AAd sHA1, 42

A me} ol Wasie Fas AT

Ol [BHOID HOIZ | HOl4 | HOI5 | HOlg HOl7 | HOlg tHolg
St 8 2 3 3 2 2 3 3 2
stdi2l 9 1 2 3 1 1 2 3 1
Sh3 1 10 il 3 il ] 1 3 1 5
stla) 2 2 5 5 2 2 B 5 2
stME| A 2 5 5 4 2 5 5 4
(b) CNN &= 9] of (c) =i, shdl2 Het Xt=
#Ol1 | #1012 | Holg 8 2 3 9 1 2
Hol4 [ #H0l5 | Ol 3 2 2 3 1 1
#H0ol7 | wolg | welg 3 3 2 2 3 1
(33 [1-4] CNN =& /gt Xt2 #HEe| of

=932 MLP 233 $YHA 7lzvE AFE 13 2= =93}
Ul =Eoltt. o]% ‘FdF H TF AF A= EHE 3x3
I E ZEgto|E(stride) 12 &t 32705 A &3 &, 2x2 B
2EgolE 28 HJEIF(max pooling)stAThd. ols HiAzE

oX,

{0

o T 7

oo aEl o
of

].

-8l - M2
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CNN =& EAe+= Python(3.7.1) 7]8ke] ®l A& Z(Tensorflow) 2.0
8319 2™, Google Colab GPU 37 oA A4S Pt £ 3
o] wE Python WE ol <& NV-9>9F 2t}

<E I-9> gdZMZdT 28 FHES f/et Python E&0{(Python 3.7.1.)

4 34 o]
import tensorflow as tf
48 H71A EE  from tensorflow import keras

o Z=0ko] A import numpy as np
from sklearn.metrics import confusion_matrix

train_x, train_y, test_x, test_y
BAzbE ZH) * MLP 23oA 283 Fdxze Frias &¢

_ ARE80%)9 train_x = train_x.to_numpy ()

- - train_x = train_x.reshape (train_x.shape[0],
B7H5E(20%) = cnn_feature, cnn_feature, 1)

T8 * conn_feature = ) ZWQl 4 ¥ AFZ #

#train_x HES train_y, test_x, test_ydl= SYsIH M

- 83 - ] iﬂ “i 1_” [



Y 34 kichd

epochs = 500

batch_size = 10
class_weight = {1 ws sy,
cnn_feature = O FHOI 9| =T Al
* cnn_feature: A7 E 3, 4, 5, 6, 7, 8, IE AA
input_shape = (n_feature, n_rowcol, 1)

2]
o

0 wysqgal
9' I-”_T'_:. 7t

model = Sequential()
model.add(Conv2D(32, kernel_size=(3, 3),

strides=(1, 1),

padding='same',

activation='relu’,

input_shape=input_shape))
model.add (MaxPooling2D(pool_size=(2, 2), strides=(2, 2)))
model.add (Flatten())
model.add(Dense (32, activation="relu'))
model.add(Dropout(.2))
(
(
(

model.add(Dropout(.2))
model.add(Dense(4, activation="relu'))
model.add(Dense(1, activation="'sigmoid'))
model.summary ()

SR EAAY 2 model.add(Dense(16, activation="relu’))
pS)

model.compile (optimizer=tf.keras.optimizers.Adam
(learning_rate=1e—5),
loss='binary_crossentropy’,
metrics=['accuracy’,
tf.keras.metrics.AUC(),
tf.keras.metrics.Recall (),
tf.keras.metrics.Precision()])

model.fit(train_x, train_y,
epochs=epochs,
batch_size=batch_size,

2yEEY
° verbose=1,
validation_split=0.2,
class_weight=class_weight)
model_sigmoid = model.predict(x_test_sampling)
23de
* QAA 05 712 model_pridict = tf.cast(model_sigmoid > 0.5

, dtype = tf.float32)

7847 .-"\-\._= -tl-.-.l.l'



ASAFANAY 2o Hris By THo| 8514 ¥ HU7 AR
(test data)E THH EFo| HELsta, 1 AFHE AHHE+= yjrxq,g =5

ol & Hlw3AH
AA, dEFEYPo Hee Hrlstr] sk, odF AHRE <& M-1003%

7o E%=3H(Confusion matriv)s LT 4+ Utk o7]A  True

Negative(TN), True Positive(TP)&= AA @3 o= A7 A g A
#], False Negative(FN), False Positive(FP)= AA] zk3 o =3 Axr}
LA A S AHEIE onEtH, ASEP S NI} FPE HAastetes A
S BERE gk
<I II-10> 7| =0|g =td A Ztot o & Ztoll thist =S
=
7123+ 0]/ H0) AES=0))
A 71z38+8 o]2H0) True Negative(TN) False Positive(FP)
71z0=(1) False Negative(FN) True Positive(TP)

EEdE 7t Aol e Bgalo e 2 Y ANE HAY £
Atk AEF&(Accuracy)= A A F AWE BFI A BeS
23t Wzk=Sensitivity & Recalds AA 71zugd A FA 7
2ujg shgolgla AR =3 Alge Hl&L, Eo]=(Specificity)=

Z1zo)d A T AUdE d=g A vHlE&ES ov|gth npx|ete R
AW = (Presicision) = &R oA 7| xu|g sAolgta =3 Alg =
oA AA 7zwg gAY gAY vlE&S LIt

-85 - MEZT



TP
FN+ TP
TN
TN+ FP
P
FP+ TP

TN+ 1P

TN+ FP+ FN+ TP

=
K3

(Accuracy)
= (Sensitivity, Recall)

&

E-0) %= (Speci ficity)
A % (Precision)
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T
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=
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=

g
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S EE

s
o

s
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[e]
=
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3t zlof

S

°] 99%= e}
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=

o

71
A2, 2020; Weng & Poon, 2008). oS Eo] AA| 7] %d

o

=

a4y

=
2=

Al

i
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CER RS
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al.,, 2019; Weng & Poon, 2008).
AUC(Area Under the Curve; ROC Area):= <47 %k(threshold) =A<l

nE s 1-5ox 1 #3& AT 4+ d+= ROC(Receiver

Operating Characteristic) =41 ot Fde A3k A FEo|th(Weng &

Poon, 2008). YAIZkel WE W3 E AT 2N 72T Y o] A

ERste HlE&S HAssHA 7xzugE St S

= o &34 &880

-scorex WIZF=o} AEEo Z3H - Frolw, HlE

18
[o

2
M
2
=
o,
il
Do
ft
X
o
r
T
A\
o
Q
o
=
D
filo
>
>,

FN At&e § 7ls4x& 57
2-3H(Jeni et al., 2013).

F—score = (1+52)><

G-mean< A =9} Eo|xo] 7|t FS LI WA AHE ZF
0 == 12 &7dte 4F U= =5 5ol=< 1o] HAW 1 9 A=
= 00] "ol F 7MY #FE =25 18T 87t JdtiWu & Chang,
2003).

o] e AL WAL, A AX BT ¥ AR 9= A4

37) AUCE 0.5914 19 3+e, F-score, G-mean< QoA 1 Afole] 3k
AUC?] 7%, Joseph(2005)7} 139A| 2 A AIZ Bh7]|Fol] w2, 0.5 &
THYo] AE gle RFYS 9ustH, 0.7-0.8 Atole] #hE 7AW AFS
3, 0.8 o]%eold 3 myolgt A9 ¢ JHIZFA, A5&, 2020). st

At B4y A5 R FIAE E4E ARV S5 2 AIXEE 4

S o
N
X
=

g -



Aol © AHES xR Eoly, G-meanol| HIS| F-scored} AUCY7} &3
A5 S A A o FAdeita delA o m(Davis & Goadrich,
2006; Jeni et al., 2013; Weng & Poon, 2008), B3 A7} AlsjaF=
F-score7} ¢H84d &+ dvte A7234= tkleni et al, 2013). wz}
A Z1zAE S A FEFY AT Hrlde WZE, AUC, F-score,
THH R A E A AT

28 7t A% vuE 9sted McNemar A4S &390
(Naga et al.,, 2015, pp. 52-53). McNemar AAL FY3 A7

T e B2 1 EF 9 dF AT ZAolrt AdeA AT F de B
olty. dFEFPe EFPHE BlFo] T ZE HAA ARE ALt

ol =2

G-mean<
T3

_IINI O

H
>
)
rot

= 21 =
& olE ' =

X =Gy, — Gyl =1/ (G + C)

Mastas s AL Aol 9g W, G F AA 2o

AE AN GZHAAW, A AR BPdoME AR o257 A, C=

A WA RFNAE AR AZHAAL, T AA BFAME T o
29 Adg ofua o8 BEYE T d2Rge mE 42 A Aol
7 BAHOR folr@A FAT & Ytk

A vk = dokleni et al., 2013).
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V. a723
L 2 A9 AA 25

7h #EE dd]d A4 2

Z|zng A dFRFPe dFHde AAsr] Hste, g9 Y
AHAES ol 2 AYudS A¥EIz 3t olE $5hY
LASSO(Least Absolute Shrinkage and Selection Operator) #4318 2 A&}
Rom, o], Fof, 3 AHE F2 FPAHAE A= e Ao =
o Auwels Felatgdnh & 36170 A= F AF7t 00] ofd H
< =ol 9N, Yol 847, 3 83/l =E UEtN T

H

[-'0

1) =

T2 N7 =] FPAPHAEE Adste H ZIdste #dS Felst
7] 3ke] WA, 20-fold w2Fe}F3}H(Cross-validation) S Eaf A oFw
A ol ME H A F 22 Mean Square Error, ©]3t MSE)9} %+
A Egron, o= [2¥ NV-113 Zth MSEZ} 714& AL e 7=
2 1 #F22 HZ(one standard error rule)3®S 83+ A3}, Afr

e 0.01469 01, o]E 7]Fo =2 LASSO R¥ S AFstaS o A
7} 0°] obd WL II/NZ YERRTH

38) 1 £&F2x WA (one standard error rule)e]ls W 2FEFG 3 oA 2E 2 Tt
/‘é(parsnnony) IHI AZES HEﬂo}ﬂz} & w Hes= wHow
MSEoll Al wxle}d3l @310 1 EFLAE JojAx %= Ho o <
&) &+ th(Hastie et al., 2009, p. 244).
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00] opd
Biglo] 4 361 340 288 211 186 142 112 91 75 63 41 20 0

09

038 7

0.7 7

Mean Square Error
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0.5 2 05
A

0.4 % 0.4
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0.2 0.2
0.1 0.1

9 16 25 36 49 64 81 9 16 25 36 49 64 81

Ol =0l 75 ol SOl 74

—e-AUC F2-score —&—=G-mean =x=D0IZte —e—AUC F2-score —#—G-mean =x=QIZtT
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<E IV-12> o Z28 &AM st gidol w2 28 &5 d|m (Z0{-COriginal)
FHU A

=3 R 97 1671 257]?] 367? H_'z;97H 6471 8171
AUC 0833 0839 0754 0736 0753 0.765  0.755

F2-score - - 0433 0335 0335 0432 0341

G-mean 0.000 0000 0627 0545 0546 0614  0.550

MLP  AEFE 085 0855 0.815 0808 0798 0816  0.821
pikdns] 0.000 0000 0449 0335 0341 0437 033

Bo|lx 1.000 1000 0877 0888 0875 0.866  0.903
McNemar-test 689" 82 91 125 240

AUC 0807 0771 0834 0779 0767 0769  0.786

F2-score - - - 0331 0345 0228  0.242

G-mean 0.000 0000 0000 0540 0552 0442 0455

CNN  AHEFS 085 0855 0855 0.840 0839 0842  0.852
pikdas] 0.000 0000 0000 0314 0330 0205 0216

Eolx 1.000 1000  1.000 0929 0925 0950  0.959

McNemar-test 3400 291 223 2.2
F1. Z} McNemar-Test 2= 9% 233to] Hlw Zo|d, F9J8& .05 o]o].o] = wg o
A% Aol ozt 52 olulgth ©p <005

2 %
7}XL
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2o &
v}y J&I&H
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T
]_

2 16 25 36

ol el A4

——AUC F2-score —a—G-mean
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ETAY 3k
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S AE5te] 2y FE A 293 ARE dedgns v
Fotd<S W, AFHAL] ot ASJTANEY TR BE 2 Ao
< <3 N-13, [29 NV-11J3 2o 4 2 =y deol M =
U BF(EEADS AHEHE, 230 HA BAgle] 7xod St 7]
zulg St dF E2dFol &3HUA(G-mean 0.736~0.765), 71z=wE

St g =Fo] 71~T9%(R17= 0.714~0.789)F Z=7}sF¥th. F2-scorex
AUC 9 A Original =3l wls| gko] F7}stAth.

g9 Mg mE AA4E AHRU, o SH 5T 9~257)
AzY o 23 Aol A4 UeUE AFS RPgomKE V-13>9 &
A o), dSHdo] 497) ooz sojuye AfodE Aol i
st Ego] YRR

ASAZAAEE S/ o

M mE By Asodie Aolgs AT <& IV—13>°1]/\1 21* Ef%‘Oﬂ
A Adsol A4 YeEhd RY(ECADE 7|F2 2, ROSAIA+= MLP, CNN
‘5‘“4 AUC(0.835>0.822), F2-score(0.617<0.618), G-mean(0.765>0.763), T
(0.714€0.746)5 ¥ nstH S W, oo R dFo] ¢ RIS
?_1*8}7] oj ¢ o, B-SMOTE, ADASYNS A &3 HAfol= &
FA% ZolE AHE 4 A& McNemar-testE AAIEE S w =g
E/FA T ZFol7F YehA ettt
StARE o e Zg3t= Wl Aol wE MLP, CNN
ztol7h ATk [17 V-1113% o], MLP 232 oS &&3t+=
of M 3670 oo R soldel wet BE Aol Hasaen, 817
dZWele &83 A= WEs} 03300416 =2 UEhTh A
gHoe= CNN EgdAs oS 471 Bold= wE 23 dF
adhe AV HUoH, 53] ROSE 83 CNN 2o e o SAql
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<E IV-13> o F2d dMlet Yol E 2d 45 Bl (Fo-EX YY)

2y BN ®

971 1678 2570 3671 4978 647]  81A

AUC 083 0824 0830 0820 0831 0.810 0674

F2-score 0617 0598 0615 058 0580 0.582 0.389

G-mean 0.765 0.751 0760 0.741 0.738 0.740 0.590

MLP  AHEFE 0805 0.783 0763 0.775 0.798 0.791 0.832

Fikda 0.714 0708 0.757 0.697 0665 0676 0.384
Eolx 0820 0795 0.763 0.788 0.820 0.810 0.908
ROS McNemar-test 56° 163 120" 20
AUC 0822 0821 0828 0831 0830 0826 0818
F2-score  0.618 0615 0622 0604 0602 0598 0.537
G-mean 0763 0.763 0.765 0.749 0.747 0750 0.711
CNN  AHEFS 0780 0792 0780 0768 0.767 0778 0.754
kA= 0.746 0724 0745 0.724 0720 0714 0.657
Eolm 0.785 0.804 0787 0.776 0.776 0.789 0.769
McNemar-test 399 188 86 13
AUC 0812 0819 0829 0815 0806 0807 0.771
F2-score 0579 0578 0.618 0484 0520 0481 0.404
G-mean  0.736 0735 0.763 0667 0.695 0.665 0.603
MLP  AHEFS 0760 0764 0768 0795 0.791 0.777 0.809
Fikda 0.703 0.697 0.757 0530 0584 0541 0.416
Eolx 0770 0775 0.770 0840 0.826 0817 0.875
B-SMO McNemar-test L1 182" 223 152
TE AUC 0825 0.827 0763 0818 0813 0.805 0.802

F2-score 0583 0.609 0.483 0.558 0536 0521 0.467

G-mean 0739 0.796 0.666 0.722 0.706 0.701 0.655

CNN  AEFE 0771 0.755 0.800 0.791 0.787 0.780 0.783

0697 0.757 0524 0.638 0611 0610 0.519

Eolx 0784 0.754 0.847 03817 0.816 0806 0.827

McNemar-test 21.9° 163 6.9 1.9

- 124 - A _



=)o 2
=3 B A% g2l A

971 1678 2570 3671 4978 647] 81A

AUC 0805 0.793 0.825 0.796 0.808 0.763 0.744

F2-score 0621 0.556 0583 0.524 0546 0393 0.326

G-mean 0730 0719 0.736 0.69 0712 0593 0.538

MLP  AHEFE 0.758 0.761 0.740 0.756 0.757 0.830 0.798

7= 0685 0665 0.730 0622 0.654 0.389 0.330
Eolx 0777 0777 0742 0779 0.774 0.904 0.878

ADASY McNemar-test 18 158 1120 45
N AUC 0824 0812 0806 0819 0.808 0.790 0.746

F2-score 0610 0531 0571 0571 0544 0474 0.423

G-mean 0752 0.702 0730 0.731 0712 0.656 0.620

CNN  AHEFE 0727 0784 0763 0.784 0794 0.823 0.790

ikda= 0.789 0.605 068 0665 0.616 0.487 0.454
Eolz 0.716 0.815 0776 0804 0.824 0.883 0.847
McNemar-test 170° 165 32 96

Z1. Z+ McNemar-Test A3= 912 23uo] Hlw Azbo|n, F23E 05 oldto]H F =& 9

A= Aol atel7t US|t *p<0.05

F2 U3 RYoA BE4Y 739 RyFPUl FgEE= AUC, F2-score, G-mean, U74% #ko)

N e 5y SARA 3tEoH, McNemar-test 278 #Fysle] AEZHoT 1y A
5ol 7 2o ddEE 2y 2oy sk
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(c) ADASYN
0.8 0.8
0.7 a 0.7
0.6 3 06
A
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0.3 0.3
9 16 25 36 49 b4 81 9 16 25 36 49 o4 81
NEC L P ol el A+
~8—AUC ~E—-F2-score =—#—~G-mean =%=0IZIC ~8—AUC -#-F2-score =—s—G-mean =H=D1ZI0C

(22 IV-11] o FHel JH=of & MLP, CNN 2ol M5 H|u

(Fol-E 7 we)

- 126 - i A 2t



4w

Aol N o] 7]z

T
o

€]

S

s

H

] Bol-

#*3

37+A]

ol
e]

o)

ol
HH

B
=

g ol M

Ad K H, B-SMOTE, ADASYNE 3%

x N-1D0E

s

3l <

e

wlel 7|

=
=

|21 ROSE A& 4ol

Q9

Flst7] o Ao

Aol &

JJo

FATH(Z™ NV-11D.

J|

Rgol YEhrE

MLP, CNN 2&

Holl e

pNN=13=]

<

CNN

B-SMOTE  ADASYN

ROS

16
0.827

0.824

0.822

0.609 0.610

0.756

0.618
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0.740
0.730
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AW EPPHS AEAGL Dol W) mF Yol gasts Fo| 7
R Rt
AFAFNAY =Y TRl B2 4% Aol =ZA ekgkoh, CNN
3] o S

<E IV-15> | Z2Y &M=t goll

i
o
02
x
olr
E
':_]
02
)
=
00
E
N
&
z

2y B E

971 1671 2570 3671 497) 647 8171

AUC 0833 0826 0836 0832 0825 0770  0.703

F2-score 0610 0.616 0622 0.609 0609 0524  0.465

G-mean 0749 0756 0766  0.757  0.755  0.693  0.649

MLP AERE 0713 0730 0768 0.773 0749  0.735  0.716

pikda= 0805 0795 0762 0735 0762  0.640  0.568

Eolx 0697 0720 0.769 0780 0.747  0.751  0.742
McNemar-test 35 2137 133 98

AUC 0821 0819 0833 0832 0830 0789 0771

F2-score 0580 0571 0621 0593 0581 0551  0.561

G-mean 0727 0731 0755 0743 0736 0712 0718

CNN  ARFE 0695 0784 0705 0719 0720 0759  0.814

= 0.776 0665 0832 0778 0.758  0.651  0.604

Eolm 0681 0804 0684 0709 0714 0778  0.853
McNemar-test 128 128 88 5.6
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1. 7+ McNemar-Test 23+ 9% =y vlw Adold, Fo&d& 05 oJ3lo|H F &
d & Aol atel7t dsS st *rp<

oA BEHFE B9 mEHYrlo &L= AUC, F2-score, G-mean, T4 % kol
& 2o SYHEA 9o, McNemar-test AxHE Faste] HFHoz 23
7B 21 BaEE 2y B=xg] sk

CNN
0.8 0.8
f—
o 07 o 07
EF 06 3 06
4 ]
S 05 2 05
0.4 0.4
0.3 0.3
9 16 25 36 49 64 81 9 16 25 36 49 64 81
dswel T o=l 744
-e-AUC F2-score —&—G-mean -%=DPIZE ——-AUC F2-score —#—G-mean =-»=01ZiE

(23 IV-12] ol 842l 7i=of wZE MLP, CNN Z&el Ms dH|uw
(Oodo-l_tllon_lml-ol-iu:-ll)

227G AR g wet 2y 4ol 7p SstA JUERd
2ES v A= <E IV—16>31]' 2t ROS WHE A &3 Aol
o=l 97/§E 283 MLP 23, ADASYN IS 283 Adde 4
=Hel 9/ E &83 CNN =3, B-SMOTE<®} CS WS AH&3F 7459
= d=¥2 25715 83 MLP 289 v Aol =4 vy =
gk McNemar AS<S ANt xRS 27247 SAHSE 79
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ROS

CNN

MLP

MLP

25
0.836
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25
0.829

0.824

0.835

AUC
F2-score

0.610
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0.617

0.763 0.752 0.766

0.765

G-mean

0.768

0.727
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0.805

0.789 0.762

0.757

0.770
AUC, F2-score, G-mean, %I
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0.716
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o %8

T8 7z Ao vl &2 HAQ 20.6%RN3L, T bl A
o] v]&-(Imbalanced Ratio, IR)& 3.85Z UElYTH R 42 7]|F2 & 4
muke e Bay 4 o]@h@ T A=Y B4y AsZd & o

(Fernandez et al.,, 2008), E¢3 A=+ @& Ho| 7M7be EES 39l

<E IV-17> o 2y M3 diHol| 2 28 M5 (1 (5=-Original)
71Zu)g i S 283 APl A

971 1670 2578 3678 4971 6470 8LJY

AUC 0.791  0.777  0.738 0736 0739 0726  0.727

F2-score 0.452 0465 0318 0346 0319 0382 0318

G-mean 0.625 0.634 0517 0541 0519 0569 0517

MLP AEFE 0.791  0.791 0.774 0777 0.788 0.767 0.774

=2y A &

i Fag=) 0441 045 029 0326 0.293 0370 0.290
Eol 0885 0.881 0902 0.897 0920 0873 0.902
McNemar-test 417 135 86 89" 153 108
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71ZEE AR S 2&3 Ay s

23 YA R
3 ki 97 1671 2570 3671 497 647 810
AUC 0.752 0.786 0.741 0.748 0733 0728 0.739
F2-score - 0.532 0426 0151 0380 0270 0.340

G-mean 0.000 0681 0.604 0352 0569 0476  0.535
CNN AERE 0789 0794 0781 0784 0.788 0.783  0.769

ikdas 0.000  0.537 0415 0130 0359 0.244 0.322
Eolx 1.000 0862 0.879 0.958 0902 0927 0.888
McNemar-test 359 1720 215 200 1200 82
F1 ZF McNemar-Test A= 9% mae] vl Aifolw, Fol&E .05 010}01 T 2yo
dF g5o] Aol7t &S grlgit D p <005
F2 LT BYA %ﬁﬁé A89 237} &85E AUC, F2-score, G-mean, “12.}_‘.:_ %}0]
71 = mEo SHYFEA 3t oH, McNemar-test 272 Fuste] HEHoT w3y A
ol 7 £ BdE = 2y ExAE ST
MLP CNN
08 g — - 0.8
0.7 ——"t——e—=e 07 ™ ——a—a—
06 ‘__M 06
205 =05
s x——\e——"\,/\( 90
=03 =03
0.2 02
0.1 0.1
0.0 0.0
9 16 25 36 49 64 81 9 16 25 36 49 64 81
ol=tiol 74 ol =uol )4
-2=AUC F2-score =#=G-mean =¥=0lZfT -&=AUC F2-score =X=G-mean =e=0|ZtT

(22 IV-13] o &8l Tz = MLP, CNN 282°| Mz H|uw
(z=-Original)

<E NV-18, [28 V-14]1¢F 2oz =3 d 5
U 2 (EADS AHRHE, W H FAGle] ZxuE A o=
Eo]  64~73%(1 7+ 0.637~0.726)2 =7}l o, ojumel AUC,
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F2-score, G-mean, <A] Original =& Bvl&] Fko] F7lstF . 18y
ROSE # &3 CNN 23 & AQsta, d35HA 8U/E &8 A fode
Original B&A 23 Asol T2 RIHTGKE N-1709 E=A 3
Fol el = st ol E¢% A&

AalFe AFo= 5 &8 9 2y Ao wet Aot 22k
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V-18>2] Bt A 1), o=welo] 497) o|Ae g Eojus A9
Ao ZHAastE 2ol et
ﬂ%%%ﬁ?&%‘ FHo & E?‘%‘ A% AFoAE o], dof 9=

2 BlwstyS w, ROS, B-SMOTE, ADASYN =% MLP =¥<S 283
239 A%l o %% %o] UEbgA| e, MLP, CNN 2t 2} 23 2] 9]
ko] 7k 0.001~0.056 AEZ T e zo)s BHYS AT 4 AT
A EE o =0 %}—g—o}‘— Hel A S w}e MLP, CNN 28 A5 o]
7 A9tk [2Y V-14]19F Zo], MLP &2 o= Fgas Hele
M 3670 o] d o2 Sojdel wet By Aol A Fiste BEFl
Uebd B, CNN 2ol g SH e /7t solu= Hsgk +F

o] Ao YelUAY astes A=7F gL 2Holdnh
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<E IV-18> o F2d dMlet Yol E 2 45 Bl (-2 YY)

712vg qF oS Fg Ay Ae

23 PR o 61 2 31 a0 swl sui

AUC 0807 0.801 0811 0801 0791 0.776 0.677

F2-score 0597 0.619 0631 0.617 0565 0530 0.379

G-mean 0720 0.730 0.739 0.731 0.700 0.679 0.568

MLP  AHEFE 0777 0.763 0.768 0.770 0.777 0.790 0.784

0637 0.678 0.693 0.670 0593 0.537 0.359

0814 0.786 0.788 0.797 0.826 0.857 0.898

McNemar-test 2.6 42" 5107 94

ROS AUC 0.808 0.810 0809 079 079 0803 0.787
F2-score  0.601 0.602 0599 0579 0578 0575 0.553
G-mean 0722 0.725 0721 0706 0.707 0.697 0.689
CNN  AEZg 0773 0786 0.775 0.766 0.771 0.740 0.780
s 0644 0.637 0641 0619 0615 0632 0.561
Eolx 0.803 0.826 0.811 0806 0.813 0.769 0.846
McNemar-test 48 39 51 10
AUC 0809 0.803 0797 0751 0.760 0.753 0.682
F2-score  0.616 0.610 0.630 0478 0512 0431 0.387
G-mean 0725 0722 0.734 0642 0.663 0600 0571
MLP  AEFE 0756 0752 0.752 0.786 0.771 0.733 0.754
= 0676 0.674 0704 0474 0526 0444 0.381
Eolx 0.778 0773 0765 0.869 0.837 0810 0.853
B-SMO McNemar-test 060 79" 156 193
TE AUC 0805 0.798 0.790 0.783 0.782 0.731 0.729

F2-score 0625 0573 0517 0471 0515 0452 0.460

G-mean 0.733 0702 0666 0.635 0.665 0.620 0.625

CNN  AHEFE 0761 0.766 0770 0.770 0.771 0.771 0.759

0.689 0.611 0533 0474 0530 0446 0.467

5ol 0.780 0.807 0833 0.850 0836 0.862 0.837

McNemar-test 68 1220 89 75
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Z12Hg i S &85 ARl AF

971 1678 2570 3671 4978 647] 81A

AUC 0.805 0.800 0.806 0.771 0.761 0.726 0.726

F2-score 0621 0.613 0636 053 0499 0417 0.391

G-mean 0730 0.726 0.732 0.673 0.652 0.595 0.577

MLP  AHEFE 0758 0.763 0.736 0.740 0.761 0.766 0.781

ikda- 0.685 0.670 0.726 0.578 0515 0411 0.374

Eolx 0777 0.787 0.739 0.783 0.827 0.860 0.890

ADASY McNemar-test 09 146 142 98

N AUC 0804 0.798 0782 0.780 0.780 0.744 0.732

F2-score 0632 058 0543 0552 0545 0.523 0.490

G-mean 0.735 0.706 0.680 0.686 0.683 0.662 0.644

CNN  AEFE 0755 0752 0754 0.755 0.759 0.724 0.748

ida-= 0.704 0.637 0578 0589 0578 0.574 0.511

Eolx= 0.768 0.783 0801 0.800 0.808 0.764 0.812

McNemar-test 180° 123 19 0.8

1. 7z McNemar-Test Afe 9% myde] vl Ay, o8& 05 OIOPOI‘?E T 239
Hio] 9le-o ojm|Eit}, p <0.05

2o E7Y A5 YY) &8E+E AUC, F2-score, G-mean, “J.}E Zro)
; 3t o™, McNemar-test A3ts #asle] HFHo=R wyg A

ol 7 oo ddE s Ry ExAg stk

2 BYH
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(a) ROS

MLP CNN
0.8 0.8
0.7 =1 0.7
0.6 8 0.6
05 E 0.5
o
0.4 0.4
0.3 0.3
9 16 25 36 49 64 81 9 16 25 36 49 64 81
o ==ol A4 gl E#ol 4
——AUC -#-F2-score =—d=G-mean =w=D01Z}5 —8=AUC ~#-F2-score =—#=G-mean =#=01ZIE
(b) B-SMOTE
MLP CNN
0.8 0.8
0.7 o 0.7
0.6 3 08
A
0.5 i 05
0.4 0.4
0.3 0.3
] 16 25 36 49 64 81 9 16 25 36 49 64 81
oiEsiol 4 o el A
——AUC ~=-F2-score =—d—G-mean =w=TI17ZHE —=AUC ~3-F2-score =—#—=G-mean =d=0IZIE
(c) ADASYN
MLP CNN
0.8 0.8
0.7 o 0.7
0.6 3 08
A
0.5 i 0.5
0.4 0.4
0.3 0.3
9 16 25 36 49 64 81 9 16 25 36 49 64 81
o=l A4 g EHel e
—=AUC ~#—F2-score =—#=G-mean =w=07ZE —e=AUC ~#-F2-score =—#=G-mean =W=D1ZHC

(22 IV-14] o FHel JH=of wE MLP, CNN 2ol M5 H|u



<E IV-19> EF ol ©2 MLP, CNN 28 A& 8|D ($3))

AT 2y MLP CNN
izz%%g = ROS B-SMOTE ~ ADASYN ROS B-SMOTE = ADASYN
o Sl 25 25 25 16 9 9
AUC 0.811 0.797 0.806 0.810 0.805 0.804
F2-score 0.631 0.630 0.636 0.602 0.625 0.632
G-mean 0.739 0.734 0.732 0.725 0.733 0.735
AEFE 0.768 0.752 0.736 0.786 0.761 0.755
7= 0.693 0.704 0.726 0.637 0.689 0.704
Eolx 0.788 0.765 0.739 0.826 0.780 0.768
= E9J3F A

AW 2y F 27y A5 2y rle) &85+ AUC, F2-score, G-mean, W17¢
E‘ K}

N
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f 0oL

L 32
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Z|Zu)E AR oS 87 AP A

974 1674 2571 3671 4971 6471 81
AUC 0800 0812 0812 0.807 0804 0788  0.781

F2-score 0637 0642 0638 0.644 0.642 0.620 0.625

G-mean 0728 0730 0728 0.735 0.741 0.722 0.722

CNN AEFE 0723 0723 0724 0732 0.752 0.726  0.707
0737 0744 0735 0.741 0722 0715  0.747
0720 0717 0721 0.730  0.759  0.729  0.697

McNemar-test 2.0 3.1 4.2 49

1. 2 McNemar-Test 2#& 9% 2379 vu Arolm, o8& 05 OloPOIUq T 239

A& dso] zol7t Ass ofuldrt. ©p <005
F2 Y3 RN B A5 R¥HUY F&HE= AUC, F2-score, G-mean, f’dﬂ el
M =2 BY 01] FEA R 2oH, McNemar-test A#-E Faste] HFHom vy A5
o] 7M¢ Frha BoEE 2y E=XE SF4th
MLP CNN
08 ./‘—_._\’\‘\‘ﬁ 08 e—t—t—o—o—o
o 07 M o 07 YN —— e —
g 06 g 06
Aj 0.5 i 0.5
0.4 0.4
0.3 0.3
9 16 25 36 49 64 81 9 16 25 36 49 64 81
o el 7+~ o ZHol 7=
-e-AUC F2-score —4—G-mean —¢QIZIE -8-AUC F2-score =h=G-mean =»¢=0IZI=

(38 IV-15] o FHel 710

25714%— %ﬁf& MLP 283 o289l 9715 Z43 CNN 2d9
=9rom, McNemar A% A3 ¥ 2y 7
&A%k ROS, SMOTE, ADASYN, CS thEx3& 3t x}o]
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<E IV-22> o ZHel s A opft YE HrdgHol| e =Y J(xolg S o E2Y 45 (MLP)

= o] FE 58
4l

AZWAY A% AZu A5 AZu A5

9 16 2 3% 49 64 8 | 9 16 25 36 49 64 8 | 9 16 25 36 49 64 81

AUC 10.739 0.746 0.736 0.702 0.714 0.687 0.546|0.835 0.824 0.830 0.820 0.831 0.810 0.674|0.807 0.801 0.811 0.801 0.791 0.776 0.677

F2-score |0.398 0.396 0.381 0.315 0.283 0.246 0.135/0.617 0.598 0.615 0.586 0.580 0.582 0.389|0.597 0.619 0.631 0.617 0.565 0.530 0.379

o G-mean |0.685 0.681 0.659 0.583 0.539 0.475 0.349|0.765 0.751 0.760 0.741 0.738 0.740 0.590|0.720 0.730 0.739 0.731 0.700 0.679 0.568
R

AE575810.717 0.730 0.768 0.808 0.841 0.898 0.891|0.805 0.783 0.763 0.775 0.798 0.791 0.832|0.777 0.763 0.768 0.770 0.777 0.790 0.784

U= 10.649 0.628 0.553 0.404 0.330 0.237 0.128|0.714 0.708 0.757 0.697 0.665 0.676 0.384|0.637 0.678 0.693 0.670 0.593 0.537 0.359

Eol= [0.723 0.739 0.785 0.840 0.882 0.953 0.952|0.820 0.795 0.763 0.788 0.820 0.810 0.908|0.814 0.786 0.788 0.797 0.826 0.857 0.898

AUC 10.747 0.758 0.774 0.764 0.764 0.714 0.698]0.833 0.826 0.836 0.832 0.825> 0.770 0.703|0.787 0.814 0.822 0.810 0.791 0.758 0.722

F2-score [0.402 0.386 0.416 0.397 0.400 0.335 0.281|0.610 0.616 0.622 0.609 0.609 0.524 0.465|0.635 0.635 0.647 0.635 0.625 0.583 0.585

G-mean [0.689 0.673 0.703 0.684 0.688 0.623 0.562|0.749 0.756 0.766 0.757 0.755 0.693 0.6490.734 0.734 0.746 0.734 0.734 0.698 0.706

CS
AE7810.706 0.716 0.704 0.715 0.704 0.715 0.676|0.713 0.730 0.768 0.773 0.749 0.735 0.716|0.743 0.743 0.761 0.743 0.765 0.705 0.747

TS 0670 0.628 0.702 0.649 0.670 0.532 0.455/0.805 0.795 0.762 0.735 0.762 0.640 0.568|0.719 0.719 0.722 0.719 0.685 0.687 0.644

Eol= [0.709 0.723 0.704 0.720 0.707 0.729 0.694|0.697 0.720 0.769 0.780 0.747 0.751 0.742|0.750 0.750 0.771 0.750 0.786 0.709 0.774

F 593 myoA EF8 A5 2YHPrtd &85 AUC, F2-score, G-mean, 7= ko] 714 & 23 29 %A a5 .o, McNemar-test 2
sl FHFZH R By el /M EoL BdE= ZY E=AE ST
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(a) ROS

(b) CS

=of

(7| =o|E |8 7.6%)

o of
(ZI=olE 4|8 14.9%)

MLP MLP MLP
0.9 0.9
0.8 0.8
0.7 0.7
T 0.6 = 0.6
= =
g 0.5 g 0.5
5 04 s 04
0.3 0.3
0.2 0.2
0.1 0.1
9 16 25 36 49 64 81 9 16 25 36 49 64 81 9 16 25 36 49 64 81
oj=weol 7 Ol St 2l 7 ol Sl 7=
—8=AUC =#-F2-score =—d=G-mean =w=0lZtx =8=AUC -#-F2-score =—d=G-mean =x=0lZIE =8=AUC =#-F2-score =—a=G-mean =»=0lZ}
MLP MLP MLP
0.8 0.9 0.9
0.8 0.8 0.8
0.7 *——e 0.7 0.7 _j_
206 = 0.6 206 . -
& | El
5 05 505 505
= 04 B & B =04 =04
0.3 0.3 0.3
0.2 0.2 0.2
0.1 0.1 01
9 16 25 36 49 64 81 9 16 25 36 49 64 81 9 16 25 36 49 64 81
ol Zol 4 o Zol Ol SOl 7o
—8-AUC -®-F2-score —4—G-mean =x=QIZIT -e-AUC -F2-score —&—=G-mean =%=QIZIT —e-AUC F2-score —#—G-mean =»=DIZiT
(22 Iv-16] 2t=4 7| X0 std oE2d ds Hl1 (MLP)

- 144 -



<I IV-23> o =H

o
=
1>
=l
F>
>
il
m
()l
H
=
0 (0]
OII
Iz
E=)
B
T
ic]
I
nE
N
P
a
il
1o
0>~
2
i
H
ot
0x
or
o
Z
Z

AZAAY A% AZuA A5 AZAA A5

9 16 2 3% 49 64 8 | 9 16 25 36 49 64 8 | 9 16 25 36 49 64 81

AUC ]0.721 0.733 0.734 0.766 0.765 0.740 0.732]0.822 0.821 0.828 0.831 0.830 0.826 0.818|0.808 0.810 0.809 0.796 0.796 0.803 0.787

F2-score |0.377 0.387 0.320 0.404 0.384 0.288 0.296|0.618 0.615 0.622 0.604 0.602 0.598 0.537|0.601 0.602 0.599 0.579 0.578 0.575 0.553

o G-mean |0.649 0.647 0.589 0.680 0.651 0.588 0.583|0.763 0.763 0.765 0.749 0.747 0.750 0.711|0.722 0.725 0.721 0.706 0.707 0.697 0.689
R

AE57810.750 0.827 0.805 0.774 0.807 0.701 0.6990.780 0.792 0.780 0.768 0.767 0.778 0.754|0.773 0.786 0.775 0.766 0.771 0.740 0.780

U= 10550 0489 0.415 0.585 0.511 0.483 0.474|0.746 0.724 0.745 0.724 0.720 0.714 0.657|0.644 0.637 0.641 0.619 0.615 0.632 0.561

Eo|= [0.767 0.854 0.836 0.789 0.831 0.717 0.717|0.785 0.804 0.787 0.776 0.776 0.789 0.769|0.808 0.826 0.811 0.806 0.813 0.769 0.846

AUC ]0.761 0.765 0.760 0.755 0.762 0.728 0.721]0.821 0.819 0.833 0.832 0.830 0.789 0.771|0.800 0.812 0.812 0.807 0.804 0.788 0.781

F2-score [0.403 0.409 0.404 0.381 0.375 0.343 0.315]0.580 0.571 0.621 0.593 0.581 0.551 0.561|0.637 0.642 0.638 0.644 0.642 0.620 0.625

G-mean |0.692 0.698 0.693 0.652 0.631 0.646 0.610|0.727 0.731 0.755 0.743 0.736 0.712 0.718]0.728 0.730 0.728 0.735 0.741 0.722 0.722

CS
AE7810.684 0.654 0.677 0.681 0.673 0.703 0.712|0.695 0.784 0.705 0.719 0.720 0.759 0.814|0.723 0.723 0.724 0.732 0.752 0.726 0.707

s 0702 0.755 0.713 0.619 0.585 0.586 0.5110.776 0.665 0.832 0.778 0.758 0.651 0.604|0.737 0.744 0.735 0.741 0.722 0.715 0.747

Eol% |0.683 0.646 0.674 0.642 0.681 0.712 0.7270.681 0.804 0.684 0.709 0.714 0.778 0.853|0.720 0.717 0.721 0.730 0.759 0.729 0.697

F 593 myoA EF8 A5 2YHPrtd &85 AUC, F2-score, G-mean, 7= ko] 714 & 23 29 %A a5 .o, McNemar-test 2
sl FHFZH R By el /M EoL BdE= ZY E=AE ST
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(a) ROS

(b)CS
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(71 Zxol2 8|S 7.6%)

CNN
0.9
0.8
07 e—e—e— " s
206 A—-\/‘\m\.—‘
=
504 Wy e
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9 16 25 36 49 64 81
Ol ZHQl 24
~8-AUC -#-F2-score =—A—=G-mean =»=BIZtE
CNN
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0.6
5
505
504 = ) =
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Abstract
Prediction of Low Academic Achievers

Using a Deep Neural Network

Yujung Hong
Department of Education
The Graduate School

Seoul National University

Low academic achievers are students below basic academic ability,
and their learning deficit tends to gradually accumulate and deepen
over time. The learning deficit causes negative emotions about studies
or makes it difficult to adapt to school life. Since the causes of
learning deficits are very diverse and complex, individualized and
preventive support are needed to provide practical help to low
academic achievers. Therefore, if a system that can predict the future
academic performance of individual students can be established, it will
be helpful to provide educational support before problems arise or at
an early stage.

However, the previous studies that predicted the academic
achievement of low academic achievers focus on examining the

relationship between educational context variables and academic
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achievement rather than predicting individual students’ academic
achievement. This is because educational research aims to diagnose the
current situation by examining major variables that affect academic
achievement.

Also, among the studies that predicted academic achievement, there
were few studies focused on low academic achievers. At the school or
office of education level, many studies have investigated variables
affecting the rate of low academic achievement, or analyzed students
with below basic level by integrating with low-education students who
were not below basic. One of the reasons for this is that low achievers
are a very small proportion to the total number of students, and they
are statistically imbalanced data. As a result, it iS not easy to meet
basic statistical assumptions, and it is difficult to secure the number of
cases that can be used for the analysis.

In order to predict low academic achievers, a Deep Neural Network
(DNN) model can be applied. The DNN does not assume a specific
distribution of the data, but predicts each case by capturing the
patterns within the analyzed data. In addition, it can prevent the
omission of information on minority groups while training predictive
models by sampling or cost-sensitive techniques.

Therefore, this study aimed to explore the DNN model that predicts
low academic achievers belonging to a minority group. The education
panel data that has been systematically collected over the years is
used. Specifically, Korean Education Longitudinal Study 2013 was used,
and the model for predicting low academic achievers in the subjects of
Korean, English, and mathematics in the third year of middle school
was detailed using students’ information in the second year of middle
school.

Although DNN is a method that can utilize many variables as
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predictors, when variables not related to academic achievement are
used, the performance of the predictive model can be lowered.
Considering this, before actually constructing the DNN predictive model,
we investigated the variables highly related to academic achievement
among the 361 available variables. Based on these results, we tried to
figure out the predictive models’ performance by increasing the number
of predictive variables.

Next, in order to construct the predictive model, the prediction
performance were compared according to the methods of reflecting
minority group information as much as the majority group during
predictive model training and the DNN types. Random over sampling,
Borderline-Synthetic Minority Over-sampling Technique (B-SMOTE),
Adaptive Synthetic sampling approach (ADASYN), and cost-sensitive
methods were applied to reflect minority group information. Multi-Layer
Perceptron (MLP) and Convolutional Neural Network (CNN) were
considered for DNN types. Based on the comparison results, the final
predictive model for each subject was identified, and ways to improve
the predictive models’ performance were sought.

The main research results are as follows.

First, significant explanatory variables were identified using the Least
Absolute Shrinkage and Selection Operator (LASSO), which can estimate
the coefficients of each predictor while identifying the dependent
variable among several variables. As a result of the analysis, it was
found that 91 variables in Korean, 84 variables in English, and 83
variables in mathematics out of a total of 361 variables were related to
academic achievement in each subject. However, as a result of
checking the coefficients of the selected variables, it was confirmed
that variables judged to have a low correlation with the dependent
variables are still included. Therefore, a predictive model was
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constructed by increasing the number of predictors centering on
variables with high absolute values of coefficients.

Next, to predict low academic achievers in Korean, English, and
mathematics, the DNN prediction model is implemented according to the
number of predictors, the method of reflecting minority group
information, and the type of DNN, and the results are as follows. First,
when the number of predictor variables in all subjects increased by
more than a certain level, the performance of the predictive model
tended to decrease. In particular, a relatively significant decrease in
performance was observed in Korean, where the degree of imbalance
is large. This demonstrates the need to consider the selection of
appropriate predictors when constructing the DNN prediction model.

Second, the Original model, which did not adjust the degree of
imbalance, showed inappropriate results for predicting low academic
achievers. In Korean, almost all students were predicted to be non-low
academic achievers. Relatively, when the DNN model was trained by
reflecting the information of the minority group as much as the
majority group, AUC, F2-score, G-mean, and specificity tended to
increase. In addition, comparing the performance according to the
method reflecting minority group information, the model applying the
cost-sensitive method than the sampling method performed better
overall. In particular, as the number of predictors increased to 49 or
more, the difference between the sampling and cost-sensitive methods
increased. Based on this, it is confirmed that it is necessary to apply a
method to adjust the degree of imbalance when predicting imbalanced
data, and it is suggested that a cost-sensitive method can be applied
when implementing a prediction model using unbalanced data.

Third, the prediction performance of the MLP model was better than
that of the CNN model, but it was difficult to judge that the difference
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was considerable. However, in the CNN model, regardless of sampling
and cost-sensitive method, the model’s performance was less degraded
even if the number of predictors increased. Therefore, the CNN model
can be considered in a situation where many predictors are used, but
considering the characteristics of the panel data and the difficulty of
setting the CNN model, it was discussed that the MLP model could be
applied preferentially.

Finally, the MLP model, which used 25 predictors in all subjects and
applied the cost-sensitive method, showed the best performance.
However, when the accuracy was 0.704 to 0.768, the sensitivity was
0.703 to 0.762, so it was not easy to judge that the prediction
performance was sufficient to use the prediction model. Therefore,
based on this, we made suggestions for the future use and research of
the DNN model, along with matters to be considered in the DNN model

using panel data.

keywords : low academic achiever, prediction of academic
performance, education panel data, imbalanced data, deep neural

network
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