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An Experimental Study on the Automatic Classification of Korean Journal
Articles through Feature Selection
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ABSTRACT

As basic data that can systematically support and evaluate R&D activities as well as set
current and future research directions by grasping specific trends in domestic academic research,
I sought efficient ways to assign standardized subject categories (control keywords) to individual
journal papers. To this end, I conducted various experiments on major factors affecting the
performance of automatic classification, focusing on feature selection techniques, for the purpose
of automatically allocating the classification categories on the National Research Foundation
of Korea's Academic Research Classification Scheme to domestic journal papers. As a result,
the automatic classification of domestic journal papers, which are imbalanced datasets of the
real environment, showed that a fairly good level of performance can be expected using more
simple classifiers, feature selection techniques, and relatively small training sets.
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g} o] E8H 0T HFsA AFsEF=
71%°l A3 Y FoHAE oS AL Qe
2 Ao|th(Mengle & Goharian, 2009: Uysal,
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19601 dthell A2t w3l o] AFs (e E
2E WF3h o #3F A7 1980dth el H&
o

7HA 2" 7|RES TS 2 o] Fo1 A 3 (Harish

& A A =R AFER B AT 71

¢

& Revanasiddappa, 2017: Salton & Buckley,
1988), 1990dthell &bA 71A1k59] o=
7719 Aol AA = Ak Sebastiani,
2002). ololl w} A ske Bl AE(ekEA], o
ANeEd ) R FHol tigk Ailo] AR
ATH Kragelj & Kljaji¢, 2021), tfFite] g2~
E W33l A= £39S BoW(Bag of Word)
207 ¥&3=t|(Joachims, 1997: Manning,
Raghavan, & Schutze, 2008), 54 &3l &
A who] E= §oi7t ol g F3HEH|
4827t Aok Bl A AtRe] FE el
T &3] k7o dol7t E8ab7] vl 3
WE o] 7247} 3] 44 (high dimensionality
and sparseness)< HE A ¥+t 43
AZke] S7veL A 7 A5 Aske A
Q1 @le] HAL 9)tHJoachims, 2002; Rehman
et al, 2018: Wang et al, 2014: Wang et al,
2016: Wu & Zhang, 2004). wbA A&g7¢
o] AHdE Fol B/ s IAE
T e AN who] HIAE HFEslo|A g

2] AME-E 2 AtHChang et al, 2015).
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o
olti (A=, 2016: Gutkin, Shamir, & Dror,
2009: Yang & Pedersen, 1997). AF&4174 9]
T8 AL AF YL E AAIIA FL
A ZFe Foli I 7)E g AEs
of HolHAES Hestshs Z1ol™ (Kashef,
Nezamabadi-pour, & Nikpour, 2018: Pintas,
Fernandes, & Garcia, 2021), #/F712k] 4
5280 wa} filter, wrapper, embedded
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o2 88 4 9JtHChandrashekar & Sahin,
2014: Drotér, Gazda, & Vokorokos, 2019:
Guyon & Elisseeff, 2003; Kumar & Minz,
2014: Venkatesh & Anuradha, 2019). ©] &
A filtere w7719k e 2-go] R3HA

27| wiEoll 7Hg theAleol il mhE I HolH
ME 28 502 wrapper 2t embedded W
B} M5 %7 It Chang et al, 2015: Drotar,
Gazda, & Smékal, 2015; Fragoudis, Meretakis,
& Likothanassis, 2005: Giinal, 2012: Pinheiro,
Cavalcanti, & Ren, 2015; Talavera, 2005;
Uysal, 2016). B3t filter= tht dlolE1 4%
oA wE A2 A1+ 23K overfitting) A
o Zket o= Qls(Abiodun et al., 2021),
T T AFERE A AAG Ee
2 7F¢ gol ARS=AL Atk Pintas, Fernandes, &
Garcia, 2021).

w30 ASEF(HEE HFsh)E 9
AR A Fde olet HAL o] o
SabEol oal el 2l o] EEE A
Chandrashekar ¢} Sahin(2014), Kumar$} Minz
(2014) &= AP whHel theh dukl 7He
£ A ¥R Deng et al.(2019) < €HAE &
FE st Aol 2HE w5 £,
MY AL, 2771 39 s 84

of] 217 HhEE vl 7FA -3 (filter, wrapper,
embedded, hybrid) &2 F&3le] zbzte] &
S AT HAE MFsE 98 &)
247 Aol ek 54 A== Harish
Revanasiddappa(2017) 7} %ol A5 Q=
570 AHEAA 71 5 ER71E A8s A
3 A3E RS B3k Igbal et al.(2020)
o grE WMEE 98 ANA i g

(Kashef, Nezamabadi-pour, & Nikpour, 2018).
18] 3 Pereira et al.(2018) 2 E4=-HF1

(multi-label) & Oﬂ =3
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systematic literature review) & 53l €2E

s S9 AR o] s e AR
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A4 s HEskst

= *HE% 27 1‘3}:‘3? Xﬂ ]3l ool 7)zxs}od

AEF AP F8 845 g wEs
Atk

A7 oA BFA] =79 AR
o AHAgE AEe At BA ¥oem(4
e, 20060 A, o)A, 20120 418, §
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9 9], 2018: A 2018: 2019), wEpq H A

= 54 shitor gkeA] =ros A
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g Ao R HAESINT (chi: chi-square), %2 AR 7F J(rmij:
relative mutual information J), GSS A4
(gss: gss coefficient), ¥]I<= AlG(pec: pearson
13 20| AISLEES 23t AFLME 8 | pe
5| coefficient), e H = mi: mutual information),
= 22 (lor: log odds ratio) o]t} thiie
B Aea 485 AdMGL £ A A =913} 7| ES Fedlwol 7]ukslar 9l
EF(H2E HF3}) ol|A] 71 Eol AME5 O (Forman, 2003), H|AE E7Fo] AL &
A= filter WH sFsk= AH =913} 71 ofo] thste] U] 7kA] FANIEE Aol & 9)
olgt & °1"/} o714 AHEE 87l 71 D}(Rehman et al, 2018). wehA] ol gt 7]
AU (df: document frequency), AHIE A BEgo| 7|25l (F 29
S (jac: jaccard coefficient), 7Fo|AlF A= 2 =93} *”5] o2 xdINh
(E 1) =8dlz0| 7|=8t 272 2&H%
X]’é(tl) %?’l X]'X] [1 Ulga
54 MF(0) tp(true positive) — a fn(false negative) — ¢
54 ®M3(not ¢) fp(false positive) — b tn(true negative) — d
- tp(true positive) — a: WF coll £3lx 22 (7} 239 'E-d T
- fp(false positive) — b: HF coll &84 ¥ A2 t7} 283 23 &
- fn(false negative) — c: E’.ﬂ-r cdl &3t A 7t &8 0}7\] q2 7ol &
- tn(true negative) — d: BF ¢oll £33 ¥ A2 (7} FHA G2 4
- N(HA 9 ) = atbtet+d
(G 2y AEMA 7| RHE =25 A
Ms | A9 1Y A &9 34 24
1 df at+b (Forman, 2003)
. a o
2 jac PEES (o]A <, 2005)
4 Nlad—cb)*
3 chi PR (ST gy (Chang et al, 2015)
4 rmi logw (o]A %, 2005)
5 gss (ad];bc) (o)A, 2005)
(ad—bc) )
6 pce (@it )bt derd) (Cal et al, 2018)
. N
7 mi ogm (Chang et al, 2015)
8 lor log 2 (o]Al, 2005)
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e WEeR g 92 HFse BT
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Nezamabadi-pour, & Nikpour, 2018: Mironczuk
& Protasiewicz, 2018; Pintas, Fernandes, &
Garcia, 2021). webA =W S=4] =29 2
FRROIN AAHY e FAOR thes

2ol A7 BAIE Asick

CATEAL S A =R AFE
o4 AA 71 F
F Bol Wy, BR)0] BE 2R

of Zpo)7}+ A=71

ko

ox

D) 27 i =8l oA BF Sl shel iFE
MR 293 3

)l wE BF Aol A7t A=7R

B Aol A9 FAwE F3ARE Fof
o] TR AT 8] x| o] =5 141320021 ~
2015) Eoke] sle=t gh1Ho |t} o] o)A

Ao ABHAT, ABRF

AL A% MR TR A (2002

W~20159) 0 58 =g U, d=
ATFAITH2016) TEhEATEoF HHE, 9 #
FHAERE, AR S A7t 323
JETE W) o] AR FAPeR Hojsigih
M =El st dE FAE 9 W5y
(single-label) 0.2 Ho3ly, B9 FAI7} £
e =2l dsiMe s =7 WeelA
thEozl vl mEh ) 3707k Baee] M
1 (multi-labels) & #3313 ch =8 29
T dgk AR E T3 wHHEHE
Adstal, MBS A8k 24 &olol 7ksAl
(tfidf) & F-oIstohH Ao, 2018: 2019).

2 Ao A7EAl 7Ze 49 wAs
[¢]

AT 8ATA F 7K B Fof W(dd-
T, Ba—wia) 3} 47)] E5771( 2] 2/Rocchio,
Uo]H wo]Z/NB, #Y ZHAE/RF, AA

ki

ggale Ba-wFE ER(multi-class classification) 9F B2
- (multi-label classification) & T-&#37] 9l35te, "B4-HFH EF(multi-label
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df, jac, chi, gss

114(201144)+104(200243-20114)

WE 7)1A/SVM)2 o thsted 871 =F
719 (df, jac, chi, rmij, gss, pcc, mi, lor) =
stk A, AFEAR et AsEF A
S SA4EA F 7R M Fo] By
T, Be-HFn)dd giste o)d A
355 H2l 2789 #5771(Rocchio,
N A7 719 (d, jac, chi, gss)
B SR s A

Z] Ul—vq

#8519

i)
X,
o

B (1d(20119) ~ 100 (20116 ~
Aate] AREslTE o37)A] Bt
71%—4 AERF A o)A Wo)

& 2l AxpEo s Hes AL,

QA

F2 M5 24

or

AA el SRS Rl 7P Fe
TE Ael FRIEE AR wkdsiaat
St Aotk A, 7} BAEE B/ A2 M=
o2 EAL 7 w32 FH4 Fl(mac F1) 3
mlo] I8 H Fl(mic_F1) 02 FEake] A
Z3IATH U, 20161 2019: Chang et al,
2015). E3 BR A=L JyAET HJA
T T 7HA SR AESIGIT of7]A F

IS FL S 228 489 Aol

o T A= s1;
7 =8 grold, AFASS 5] A
712 AxF o7 W7 Ax= BFe) 3
oltt.

2) B A3 AR 4] £F71E 222 (Rocchio), tro]E #]o]Z(NB: Naive Bayes), A9 T#HAE(RF: Random
Forest), AAXME 7] A (SVM: Support Vector Machine) ©]t}, ©]% Z+ £&F7]E Rocchio, NB, RF, SVMS = %
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3. I &R =2 ATET

o o71M #H3A

J5< S
g 719 (jac/20%) & A&

- O
Ad d3 285 739-0]m (), 7079)
Rocchio w5710 AHAXA 719 (df/20%) =
Aggk Aol A9 F58 Fd5E Bk
3.1 HL2xN N =m HE s
(0.7018). T3k (& 4= FA-HF 7 34
U] &2 =52 AR 87l A of| A 470 €] i Larelsol 87 AR 7
AR 7IHE F40E F2 QAT Fo < 483 B/ A5 volAE Fl(mic Fl
W ER7)) Ol e A zlolE AEE7] 9 HE2 A3k Aotk mlo]A2 Fl(mic F1
ok AFS Fsh (R 32 =l 7P A S F 2&E3 F I A5 Rocchio —‘?—‘27]01] 2t
et shte] M Hojshs dd-uFy & AHA 71H( gSS/7O%) = 288 Ao
F 370lA, 4719 +771(NB, RF, Rocchio, (07176), SVM E-57]0] o= 2719 #AAA
SVM)Oﬂ 87 A 7S A8 B A A 71 (df m1]/90%)% 283 7490l o)<}
A% (mac_F1) & k=g o] A %—%3& 0] ATH(0.7139).
(R 3 AEMA e HEs | 2779 2F ds: ©Y-HFH mac_FI
T NB RF Rocchio SVM
df 0.6523(100%) 0.5094(60%) 0.7018(20%) 0.6880(20%)
jac 0.6523(100%) 0.5052(50%) 0.7014(40%) 0.7079(20%)
chi 0.6523(100%) 0.5189(10%) 0.6867(100%) 0.6711(20%)
rmij 0.6523(100%) 0.5084(60%) 0.6949(40%) 0.6673(90%)
gss 0.6523(100%) 0.4978(100%) 0.6970(90%) 0.6846(50%)
pcc 0.6523(100%) 0.5122(40%) 0.6897(100%) 0.6799(70%)
mi 0.6523(100%) 0.5084(90%) 0.6867(100%) 0.6656(100%)
lor 0.6523(100%) 0.4981(100%) 0.6930(30%) 0.6656(100%)
B 0.6523(100%) 0.5189(10%) 0.7018(20%) 0.7079(20%)
(E 4) MEMY 71HE 3T 4 2RV 27 Me: H-HEFH mic_FI
T NB RF Rocchio SVM
df 0.6768(100%) 0.6485(50%) 0.7056(100%) 0.7139(90%)
jac 0.6763(100%) 0.6478(60%) 0.7107(40%) 0.7038(100%)
chi 0.6768(100%) 0.6358(30%) 0.7056(100%) 0.7038(100%)
rmij 0.6768(100%) 0.6510(50%) 0.7056(100%) 0.7139(90%)
gss 0.6768(100%) 0.6359(40%) 0.7176(70%) 0.7038(100%)
pce 0.6768(100%) 0.6356(40%) 0.7056(100%) 0.7038(100%)
mi 0.6768(100%) 0.6346(100%) 0.7056(100%) 0.7038(100%)
lor 0.6763(100%) 0.6166(100%) 0.7056(100%) 0.7038(100%)
HAIAS 0.6768(100%) 0.6510(50%) 0.7176(70%) 0.7139(90%)




AR 53 = e =R AFRF BY A7 77
=l A TR 7l A 9] v wjel ) =3 A9 T HIATS SVM 7
IN7HA] Bl Mg el S5-HTY Z1o ZHAAA 71 (chi/70%) S AL43F A o]
B3 7oA, 4719 E77](NB, RF, Rocchio, 17(0.8137), Rocchio #7710l AAXA 7]
SVM)ell 871 A=A 719S 4835 7 A H(df/60%) <= &3 A5l old LHgH
55 W22 Fl % (mac F1)Z &3 2 2351 AH0.7916). RF #F/71ell A-=&A4 7]
= (59 Atk o714 HIAFS SVM H(chi/10%) & AHEe Aol £ Ass
7710 AHEAA 719 (chi/60%) = 283t HAOLK0.7983), TR 37 7710l 13l A2
Z01™(0.8582), Rocchio #5771 A& AA 2071 dA3%) =& A7 Aok
71H(df/40%) = A& Aol I txoltt
(0.8011). 3k (& 6)2 H4-UFT 27 &
o 3.2 HAZEH2
7ol A 479 EF710 87 AHEAY TIHS
AqLe 5 AeS vlol3d2 Fl(mic F1) & ol A(ATEAL) NN T2 A5 B
Z AEE 7ot (F 59 wjIE Fl1oZ Ak Q1 471 A4 71 (df, jac, chi, gss)sﬂr 270
(ZE 5) AEMA 7|HE HEEH Il EF7|9 2F M5 S5-#HFH mac_FI
T7 NB RF Rocchio SVM
df 0.7779(10%) 0.7214(30%) 0.8111(40%) 0.8122(70%)
jac 0.7923(10%) 0.7210(20%) 0.8066(10%) 0.8502(30%)
chi 0.7503(40%) 0.7819(10%) 0.8038(60%) 0.8582(60%)
rmij 0.7316(30%) 0.7511(10%) 0.8016(100%) 0.8003(100%)
gss 0.6893(100%) 0.6917(100%) 0.8016(100%) 0.8003(100%)
pec 0.6893(100%) 0.6942(100%) 0.8016(100%) 0.8003(100%)
mi 0.6893(100%) 0.7019(90%) 0.8016(100%) 0.8003(100%)
lor 0.6893(100%) 0.6913(100%) 0.8016(100%) 0.8003(100%)
HAIAE 0.7923(10%) 0.7819(10%) 0.8111(40%) 0.8582(60%)
(E 6y AHEMA 7|HE M3 M 2RV 27 Me: S5+-HFY, mic_FI
T NB RF Rocchio SVM
df 0.7500(100%) 0.7836(10%) 0.7916(60%) 0.7831(80%)
jac 0.7606(10%) 0.7835(10%) 0.7854(30%) 0.8130(30%)
chi 0.7538(90%) 0.7983(10%) 0.7908(50%) 0.8137(70%)
rmij 0.7500(100%) 0.7814(50%) 0.7854(100%) 0.8069(90%)
gss 0.7500(100%) 0.7528(40%) 0.7854(100%) 0.7678(100%)
pec 0.7500(100%) 0.7672(40%) 0.7854(100%) 0.7678(100%)
mi 0.7500(100%) 0.7402(100%) 0.7854(100%) 0.7678(100%)
lor 0.7500(100%) 0.7371(100%) 0.7854(100%) 0.7678(100%)
s 0.7615(40%) 0.7983(10%) 0.7916(60%) 0.8137(70%)
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71(SVM, Rocchio) ol tiste] F 71+ ¥
W SRR R (ARPE) of

< Aoz F7HR l"ﬁ:‘?r "é*‘g—% A=,
Fl(mac F1)3 =2 2% EDH 7
o} 71N HAAd e AR 71 (gss/70%)
7 SFATHE) = 285 AoIAATH0.7172),
P 719 (df/20%) 3 S533H8W) & 4
Tl Ao AR 450l ATH0.7135).
T35 AR 7T FolA jac(0.6414)
0.6409) 7} 7M=& F<Eolal, I ok
$5(0.6398), chi(0.6248) o131k,
-HEY B5F 840A Rocchio #5771
tod 470 A7 71t AxpE s et
43 plo| A2 Fl(mic F1) A% (3£ 8
- o]7]4 Rocchio 7719 HIA

5
A7 71 (gss/70%) 3 SR TH10)

i)
<|
R

rf
>,\l

>~I
£

oo
ﬂoﬁf

—~ 0

f

do fo 7 op
[N

o gl
1 og

ol

=

o

au _Bi

=3

NS

o

>

=
&

>

o rlo

3} 210]19.01(0,7176), TR 370) ARAA 7]

s
WELS AastmA g 0]/\}.4 %S AMESt
T 73FelE A9 ti5d el AT dL/0.7139,
jac/0.7139, chi/0. 7139) g Pt SHol

 =H(0.8343), TRE 7S o|H W
Szow A 2 Ao} gl P, B
& 2247 719 jac(0.7815) < df(0.7799) o] 7}
A 9k, 1 U2 gss(0.7696), chi(0.7673)

ol AT
E-HE 25 2ol 4 Rocchio w771

o 47} AAHY 71E QRS SERTE A
43t vlo]a=Z Fl(mic F1) As2 (3£ 10)¢]

[elNe)
ok 714 HAdsS AR 714 (jac/70%)

CE 7)) AHEAMHY 71¥8 X8 Rocchio 277(2] 27 Me: SHY-HETM mac FI
AT TR df chi gss
1d 0.3945(80%) 0.3943(80%) 0.4027(60%) 0.3787(80%)
24 0.5484(70%) 0.5533(40%) 0.4936(100%) 0.5315(80%)
3d 0.6714(90%) 0.6659(50%) 0.6531(50%) 0.6807(90%)
44 0.6475(50%) 0.6579(20%) 0.6348(100%) 0.6702(90%)
54 0.6695(50%) 0.6794(70%) 0.6578(100%) 0.6578(100%)
6 0.6910(30%) 0.6883(30%) 0.6629(20%) 0.6782(60%)
74 0.6812(20%) 0.6906(20%) 0.6811(90%) 0.6934(80%)
8y 0.7135(20%) 0.7003(70%) 0.6951(90%) 0.7172(70%)
9d 0.6902(20%) 0.6827(30%) 0.6804(80%) 0.6930(70%)
109 0.7018(20%) 0.7014(40%) 0.6867(100%) 0.6970(90%)
E i 0.7135(20%) 0.7014(40%) 0.6951(90%) 0.7172(70%)
HaAs 0.6409 0.6414 0.6248 0.6398




o
AARE

Rl

24 F 3

(E 8) AEMA 7|E X8t Rocchio 27/7|2] 287 Ms: ohd-HFMH mic Fl
A TR df jac chi gss
1d 0.5303(80%) 0.5303(80%) 0.5303(60%) 0.5101(100%)
29 0.6162(40%) 0.6263(40%) 0.5606(90%) 0.6010(90%)
3d 0.6650(90%) 0.6701(50%) 0.6532(100%) 0.6701(90%)
49 0.6616(100%) 0.6633(20%) 0.6616(100%) 0.6616(100%)
59 0.6701(50%) 0.6785(70%) 0.6684(20%) 0.6684(100%)
6 0.6954(30%) 0.6904(30%) 0.6835(40%) 0.6751(50%)
7d 0.7038(70%) 0.6987(60%) 0.7038(90%) 0.6886(100%)
8¢ 0.7139(100%) 0.7139(100%) 0.7139(100%) 0.7157(70%)
94 0.6987(100%) 0.6987(100%) 0.6987(100%) 0.7107(70%)
104 0.7056(100%) 0.7107(90%) 0.7056(100%) 0.7176(70%)
TS 0.7139(100%) 0.7139(100%) 0.7139(100%) 0.7176(70%)
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