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Exploring an Optimal Feature Selection Method for Effective Opinion Mining Tasks

Kyun Sun Eo*, Kun Chang Lee**

Abstract

This paper aims to find the most effective feature selection method for the sake of opinion mining

tasks. Basically, opinion mining tasks belong to sentiment analysis, which is to categorize opinions of

the online texts into positive and negative from a text mining point of view. By using the five

product groups dataset such as apparel,

books,

DVDs, electronics, and kitchen, TF-IDF and

Bag-of-Words(BOW) fare calculated to form the product review feature sets. Next, we applied the

feature selection methods to see which method reveals most robust results. The results show that

the stacking classifier based on those features out of applying Information Gain feature selection

method yields best result.

» Keyword: Opinion mining, Sentiment analysis, Feature selection
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2H1AFe] 9 AS e E AT E 23U wlo]d S o] &
d FEsln AEste AL 719 YAl Ak vhe-&
agAog motdd £ Qs i), AT pay, HAE
o] F83 tolg Melsly] f8) Mileds o] 8e 44
Y (Feature Selection, FS)S A= tH[5]. FS&= B2 Q3% o
o8 AYual 83 dojE Ao ERAdeS £ 4 3t}
2 AtE 4EAS A% a9l ey vlold &
< Aty YA euyd wleld B F& &l

2 Aol A ARE3E FS+= tha3 ) Correlation based
feature selection(CFS), Information gain(IG), ReliefF& A}
L3}, BR AMEE EF71E= ezl Logistic

regression(LR), Decision tree(DT), Neural network(NN),
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Table 1. Study of Opinion mining
author Data LR DT NN SVM NBN RF BA ST RS Feature selection
Ghiassi et al., 2013 Tuwitter X X o) o) X X X X x | fitering by terms of
frequency
Da Silva et al., 2014 Twitter (e} X X (e} (e} (e} X X X
Wang et al., 2014 Amazon.PrOdUCt X X X X X X (e} X (e}
review
Liu et al., 2017 Cornell Movie review X 0 X 0 0 X X X X IG, Gain ratio (GR)
Amazon
This study product (e} (e} (e} (e} (e} (e} (e} (e} (e} IG, Cfs, ReliefF
review
Support  vector  machine(SVM), Naive bayesian &3t} mAleld Sag]se] WA A Aee 394
network(NBN), Random forest(RF), Bagging, Stacking, & &°|WA &azlFe A5g FAAY AsS A7]=
2]

Random subspace(RS)

= AL U A 27%0lA 29U wlolg
FS #d A7) i) avlget 33elAe A9 W 9 45
of el At & mix|uto g 4o AR I Eo] &F o
7ol thsl] Argsict

[I. Previous Studies

. Opinion Mining

03¢ mpo| e BALo] 24 W BAgow ¥ oA T
& A3k Alolth4].

Ghiassi et al. (2013) & E$JE Ho|E|& 35t 2394
ol mlo]de A=atH6] EYHE A AARCR 5999 o)A
o] ARgsh= A tojoth AFFES ESEE F3f Ao

U Zrell Al Apale] Aol s et A 2E e
213} Dynamic architecture for artificial neural network
(DAN2) REE Ajtste] 75 zldatglon, dojo] Nl
upg} £S5 AAS = WES AHESISITE da silva et al.

(2014) = BOW‘%}EET% Feature hashing(FH) & A%& ¥4
7+e) vuE eH7]. 73 AFAQ lexicons 4838 74
< 23} Wang et al. (2014) 23y U]'O]‘B‘ Ko
A5& =ol7] Y3l HE ER771E ASSIITHS]. delEe
opnlEo] theFet FEE T HlolHE ARSI, ERVIE
Bagging, #2289 (Boosting), RST2 ds HHS 218313
t} Liu et al. (2017)2 IGS} gain rat1o(GR)9]r 22 FSHH
ko] E77] A s SgltHIl. 23yl mlold AT

= t}& Table 1. 7 2t}

2. Feature Selection (FS)

FS&= 49k 719 & *% Z3el= dlolH HES] Edow
A7 A5 Eofolth[5]. FS+= dlolH A4 2 dElo] T2 A~
g i 2 RaYsa wes Sy

sk wge Zol7] Sla

&4 A8 el gk B o 2ok

(DZH(Filter) 35 dlolE]o] ¥Rl &Ado ofEshar
= dagFo] SYA A dAR g3t} o] Rl
AEHS AT 2 AEES D § Juka FriEoh

(23 (Wrapper) 35 ¢aEl5s Ed2a 7153}
AHgEH, oS S AREsl W ok Jeke] AdlA f8
A& st &, &4 Ae QaeEs $E55k 7 1A
MB NEE H7sh= *12 FRoRA Sy WS AMStt
Ty BR7|eh g g o UL AT A9E 4

= A4S HoFEr)
(3)81¥ 9 (Embedding): ﬂ%ﬂrﬂﬂw FSE *fﬁﬂﬂ% ﬂMl
Al ﬂ}lﬂﬂ ﬁ’\] LE}. #*34 Tﬂmﬂr 7Vé
TN A HAERE o] WL R WA ALk

Bd | a] ge] dgiel de W] &4
Xe) WS ARgsle] IARA S AT HA o &4 e iy
o 237} vl A ° e DI EES

A= véEi & & ‘%*
HE 7o g 7)&3it)

2.1 Information gain (IG)
Information Gain Filter= #7} 5—?"394 7}7QP AnkAel
W W F slujolth o] WS AR
7¥skar gk el shte] 7] nt a1

a2 HEC}H5]
H(Y) == p(»log,(p(y))
[/‘*}J ]_]
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o714 ply)t FEWS Vol vt AR W Pl
a5 dlolEl A= SolH B2 Yako] F WAl 4 Xo gl
w238 B, Xel s S8 el U Yo A==
57k WrelA7] o)l Yol dEzvu 2, X9} vel 5
4 Aol A7 gleh. 2eW XS PR Fol v The
o}

HY|X)=Y p(x)>. p(y|x)log,(p(y|x))
44 2]
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2.2 Correlation based feature selection (CFS)

CRSt= A 71k Fre] =8 g7h ghpol] whef 4420 AB
AES WA shs Rhddt o v IY daeFeln o) k9
| EE bl F o] M2 RzE gleA 52 8l
EAC WE RS griehs et felaY ks H
W] o RRe) 4 AsAYE wAo] e WEE
thEt geiAe] v S FEzct et W) uiE

& SYHoR Fstnn Wt gt

2.3 ReliefF

ReliefF= the 22 A5 A
25 o, Bebdatal wol=rt W delHE Ad
9l w1} A 7)1%S /KA 9ok ReliefF= dlo]E o]
A QIZEI2 RE TSR A8 v 543 S kil

& 9E Relief &L

o
Fazolq A ke
Zbssit R, H %
MOl tigh gkl whe} 2 &4 Adl gk #4371 W[A]

bl ~
2 FUd Fexo AAvAE FYslng, FAHI WAl
Aolet, Rh & Q1A' ReF M7h 28220l gk 44
| o A9, 4 Av o2 FY2 o g T e 9l
2H2E FEeth ole
ReliefF+= 9E] S8 &
o 719=E Hafsheri(1

w47 WIAIE S7HARH

IS 1esh7] o] ZE QaBls

X

—
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3. Machine learning classifiers

3.1 Logistic regression(LR)

LRE A3 ®&= n|Ay Jelo BRE HHo2 AN 37
HPHolt), o] WPHE 7} Sefj2e]] &3k Eglold QIR0
& 12 AdAeta v &% Qlemiae] E9 S 00= A4l
2ol gis] AL st olefst ATE Ay A o]
SEE 29 ok, v S ASE S ), 7 AF g

= 4e}
o A3s ARtetal 71 2 gk dEeeHi2].

M

0wy
N
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3.2 Naive bayes network(NBN)

NBN9 HxE S ARrt 285 9 Edold A
15 S5AIA HZRE Q2829 Y28 AYs o535}
o]tk NBN2 F7H4] s a3k tes} 7Hol o&sh] o)
#lo] 2|9k U ES] A7} Naive] HH|Z 53leit). 53] o
L Folzl S HE 2EHor Bz o)zl 71y
gpotyl & e FAlE AL oS ZEA2 dFE

4

al, =
Aok webd 2o HARE NBNE ths 233 o]
& £
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E
gorne A% Fed £4 A BE B7h A2 3

3.3 Neural network(NN)

NN+ QIZF 9] we1& sk darggoltt. 7 & Ag
He 43852 U5 A4 (multilayer perceptron) .2 ¢!
HZ=(nput layer), 24Y%(hidden layer), Z¥Z(output
layen)® €tk QESoME 2 W] ti&shke Wi
(node)E& 7/3%o] AUtk the 24T 8T o=2tE A

3.4 Random Forest(RF)
RF= 37 2 7]el 24S 8817 e ods sk W

7

3.5 Random subspace(RS)
HAE BFol ©o 24 7o o] RSE thokal obAE
5719 vwd o), A EFel o Hget ERUE 4HA
ATk T2 Tl A 1S dlo]H M Es= Baggingd 2 &
FFE AHEst] A" a8y A2 Qlad
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3.6 Decision tree(DT)
DTE 8§F & 39840 2
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3.7 Support vector machine(SWM)

SVM2 &7 &S sy 91 49 #2 239 4
B2 AFet) Sl B w2 EaE 2o A]
APFAR g 3ztn dEd Ay EAS Yepdy] dE
of $-45lth. SVM2 &5 Aol tigh oS AF=rt 953
Sl A NNZ AR RE At d o2 o] 7h4] o] HS 2=
ok A A, NN 2] SVMS 123 9388 Hasksto] 7
3 EAE 98 5 drk B4, NN B ] 7he371 2
83p7] wiel S5s f8 B 4o dolEHE d8R s
HHH, SVME 353 918 &9 dlofEvhs ARStal, A%

o] 85 dolEe 8 545 B8l

O:

-

l

L
-
A

Horfe

2 2ok Baggmgﬂm &2, ST
= 0461

o834 ol &
S 3 A o i

EHES L REREE

a5 oS
%

—EHE—NIO—E

[1l. The Proposed Scheme

1. Data

AT oK Weka) S Fa
4AE sfol7tE st TE o
Folet,

Al&o] A3 do|El= ol AME glH- 218 o]t} Blizer
3.8 Bagging et al. (2007) o] A3 A7 & 747 o] el wa} 34, H
Bagging2 Bootstrap aggregating®] A& #d3t g5 Aoz gFolEo] && 200070 E] o|t}[21]. & apparel,
B3| ug} oz MZes 3 3 94*} AAEY 28L&  book, dvd, electronic, kitchen & 57H4] Z=H|¢lol] tha] £
zgste] FE(Voting)oll whhA 7 55 3} a7 & & AAEoh
2 AR oNA AREEY P HIEE AT 2
< E9FTH19].
Table 2. Results of Accuracy
apparel
LR DT NN SVM NBN RF BA ST RS
Before 79.24 74.39 77.89 79.59 75.04 79.84 78.09 79.29 76.69
CFS 79.14 76.64 79.09 77.89 75.33 75.74 78.64 79.29 77.09
IG 81.64 77.44 81.54 80.94 77.64 77.89 78.54 81.84 78.64
ReliefF 78.19 73.84 77.44 77.84 73.79 77.99 76.74 77.99 77.24
book
LR DT NN SVM NBN RF BA ST RS
Before 73.75 67.20 72.00 72.25 70.70 74.30 71.15 73.05 72.30
CFS 74.10 70.80 73.75 72.60 71.25 71.45 72.90 74.20 71.40
IG 76.55 70.40 76.15 76.25 73.90 73.15 73.85 76.75 72.85
ReliefF 72.30 67.00 72.20 71.95 70.50 72.15 70.00 71.80 70.85
dvd
LR DT NN SVM NBN RF BA ST RS
Before 75.59 68.17 75.19 76.44 71.08 77.19 73.83 75.64 74.49
CFS 74.79 70.28 74.79 74.94 72.43 70.53 71.13 74.79 73.14
IG 78.65 69.58 77.80 78.80 75.09 74.39 75.14 78.85 73.78
ReliefF 75.69 67.87 74.74 76.19 70.83 75.64 73.28 75.54 71.78
electronic
LR DT NN SVM NBN RF BA ST RS
Before 79.55 73.04 77.69 79.70 75.42 80.79 77.43 79.08 78.61
CFS 80.48 76.65 79.86 77.69 77.32 76.08 78.00 80.37 78.46
IG 81.15 7717 80.94 80.58 76.76 78.15 78.05 81.46 79.49
ReliefF 79.13 73.97 78.10 79.70 75.93 78.62 77.28 78.31 75.36
kitchen
LR DT NN SVM NBN RF BA ST RS
Before 77.35 70.55 76.25 77.00 72.80 77.70 75.30 78.00 73.89
CFS 77.35 75.15 77.60 76.30 76.65 74.20 75.85 77.25 75.90
IG 78.65 73.55 78.50 78.40 75.20 76.95 76.75 78.65 76.45
ReliefF 76.70 73.30 76.65 75.95 75.25 75.05 75.00 76.35 75.85
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2. Evaluation Criteria Table 3. The number of features

2.1 AUC (Area under the ROC) apparel book | dvd electronic kitchen

. . . w = Before 204 326 348 240 181

= ez

The receiver operation chara?tenstlc curve (ROO)= Al25 CFs o s e >3 25

o= W= (Sensitivity) 8} 7F2F & 1-59] %= (Specificity) 2 G 51 23 28 25 25

:l‘j/q;q\‘: :“{‘jg o] H:]— 22 ‘_Q'E‘C 7547]_ DOSIUVe o‘roﬂ ReliefF 107 189 215 109 70

A E g7} A positived}al dE5W=AE Wk, R ok

A7} negativeQ! 7914 2 %7} AL negatived}al o535}

A& e} Area under the curve(AUC)= ROC curve?]

HAS Aaket g2 AUCEEe] 1.000]| 718 gheslttar &
Art.

—l> 2 el

2.2 10 fold-cross validation

2 AT AT WS o83t wilgd B RS
Z3tH[23]. 10 fold-cross validation¥H-2 9 HoEHE 10
Y& vir v, 9l Ede BaS gistet AMSsha W
HEsto &

A
=3
Ul Eue 10¥E RHeshe 5ol
3. Results

3.1 Results for RQ

FS & 483 A3 $4¢] 4% ths Table 3. ¢ Zth
apparel, book, dvd, electronic, kitchen =42 CFS+& 2571,
2470, 27,70,2370, 2270 & thE Z91 1L, ReliefFe] 75 1077,
18970, 21570, 10970, 70702 AZ Zrad) IGWEL 517,
4370, 487, 457W, 45712 &9 47} CFSRUE A%
ReliefF Kol wol Z4gth

Table 4. Results of AUC

B A= HAEFE Y84 10 fold-cross validation
1

HE o] gdl 7 vl B9 HEE BRI A s S
Ay}, A Ade] o] &3k X E+= accuracyt AUCE o]-&-3

o} accuracys IGEHES AR S o], ST7F 7H =9kt o]
A= B QoA w93tk 7F =HQl HE P w2
%2 apparel 81.84%, book 76.75%, dvd 78.85%,
electronic 81.46%, A4S 2 kitchene 78.65%°]t}.

RSt FSA Y FS$E vwdt o), CFSe} IG7) FSA 2
H| WA accuracy’} AEgch Ao 2 1G W o] thE FS
W H T B77]9] A5o] gt 3] electronic 9 DT7}
73.04%AA 7717%= 7V deEo] Eokr)h FEAE A
accuracyy= U Table 3. ¢F Zth. AUCS| A3} &= th3 Table
4. ¢} 2} AUC 94 1G4 LR, NN, STo] 7} fLwjql
=1}, apparel<> 0.89, book 0.84, dvd 0.86, electronic 0.89,
kitchen 0.87% 7} =t} accuracy<} 2ol AUCHESH IGHH ol
A TH2 FS Wil vlsl & Adghs 1glch

3.2 T-test
FSA3} FS$9] 10 fold-cross validation Z¥ Heks
T-test ¥4 (XF4F 0.05S o]&ste] FAHASTS 33

apparel

LR DT NN SVM NBN RF BA ST RS
Before 0.88 0.78 0.87 0.80 0.82 0.88 0.85 0.88 0.85
CFS 0.87 0.82 0.86 0.78 0.84 0.83 0.85 0.87 0.85
IG 0.89 0.83 0.89 0.81 0.86 0.85 0.86 0.89 0.86
ReliefF 0.86 0.77 0.86 0.78 0.81 0.86 0.84 0.86 0.85
book

LR DT NN SVM NBN RF BA ST RS
Before 0.81 0.70 0.81 0.72 0.75 0.83 0.78 0.81 0.80
CFS 0.82 0.76 0.82 0.73 0.80 0.79 0.79 0.82 0.79
IG 0.84 0.75 0.84 0.76 0.82 0.81 0.81 0.84 0.80
ReliefF 0.80 0.70 0.80 0.72 0.75 0.80 0.77 0.80 0.78
dvd

LR DT NN SVM NBN RF BA ST RS
Before 0.84 0.71 0.83 0.76 0.76 0.85 0.81 0.84 0.82
CFS 0.84 0.73 0.84 0.75 0.82 0.80 0.80 0.84 0.81
IG 0.86 0.74 0.86 0.79 0.83 0.83 0.82 0.86 0.83
ReliefF 0.84 0.69 0.83 0.76 0.76 0.84 0.79 0.84 0.80
electronic

LR DT NN SVM NBN RF BA ST RS
Before 0.87 0.78 0.86 0.80 0.81 0.88 0.86 0.87 0.87
CFS 0.88 0.82 0.88 0.77 0.85 0.84 0.86 0.88 0.87
IG 0.89 0.83 0.89 0.80 0.86 0.85 0.87 0.89 0.87
ReliefF 0.87 0.79 0.86 0.79 0.82 0.86 0.85 0.87 0.84
kitchen

LR DT NN SVM NBN RF BA ST RS
Before 0.86 0.74 0.85 0.77 0.79 0.86 0.83 0.86 0.83
CFS 0.85 0.81 0.85 0.76 0.84 0.81 0.83 0.85 0.83
IG 0.87 0.78 0.87 0.78 0.84 0.85 0.84 0.87 0.85
ReliefF 0.85 0.77 0.85 0.76 0.81 0.84 0.83 0.85 0.83
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Table 5. Results of T—test

apparel LR DT NN SVM NBN RF BA ST RS
Cfs 0.940 0.083 0.315 0.200 0.853 0.012" 0.718 0.999 0.823
IG 0.040" 0.025" 0.001" 0.269 0.028" 0.099 0.709 0.029" 0.272
book LR DT NN SVM NBN RF BA ST RS
Cfs 0.687 0.012" 0.924 0.269 0.747 0.004" 0.688 0.911 0.069
IG 0.096 0.059 0.039" 0.040" 0.049" 0.445 0.084 0.029" 0.666
dvd LR DT NN SVM NBN RF BA ST RS
Cfs 0.620 0.024" 0.797 0.254 0.244 0.000" 0.011~ 0.558 0.234
IG 0.065 0.326 0.104 0.070 0.007" 0.069 0.192 0.023" 0.542
electronic LR DT NN SVM NBN RF BA ST RS
Cfs 0.360 0.033" 0.062 0.116 0.143 0.001" 0.674 0.270 0.921
IG 0.103 0.009" 0.004" 0.458 0.291 0.026" 0.655 0.038" 0.602
kitchen LR DT NN SVM NBN RF BA ST RS
Cfs 0.880 0.002" 0.339 0.623 0.035" 0.018" 0.534 0.612 0.129
IG 0.411 0.036" 0.124 0.264 0.189 0.638 0.210 0.647 0.059
oh. A7 Ty Table 5. 2 2t IGEW A8 FehFSdel A, AARAE A% 23U vloldols £ AE iy &
771 45 Hlus] $E w apparel®] - Gl BE IG3 ST9| 3] 7ME Fold Zlo2 yehyth
w71 ARt SAH R frefith ol IGEHE A8 71945 Ak Aulan S ARSshs aAe] 7k AL
& o ZE RV 4SS eI bookd] A9 IGE gle AE B sl tiet Seset 1S vietaly] Sl
HolA SVM3} ST7F 0.0333) 0.029% SAH o2 Fold 4 B2 ARE} A4S 2Hdnk 7)1 S48 ol gsto] &
72 2130k dvdi IGEHAIA NBN, RS7F0.007, 0.0232 & &oll Qi woi7t ool Jd3& nlxE wojqlx] x4
EFAHCE Foldhtt electronicol M 1G] A8 AvE @ oA dofstnEA A EAE agHor & 4 9l
DT, NN, RS7} 0.009, 0.004, 0.038% SAHCRE Felaith. i, &% o3yl vlo]dS 753 3§ FSE Saf A8 &
TPAO R kitchenol M= DT7F 0.03602 SAA SR fo A& wom oujyel vlold Rds 758 & gln. i}
&t A, o] ARARL Qo) vt A
A, GEel dehd gE 9 Aulad] didk eoyds
adA o Fe) A gk o] kst o S
Uehiis Al F7HERL /AR 2ol i ks A
V. Conclusions g Qi B S dUehlle e ojgs WA
A dee & 5 9l
2 AT BARAE 9% oy vleld RS Aokt A, eaUdA o) RAS Fsh 2718 ARgste] B
thoolg S8l wAled BelA &4 AephE s A8 &g o SAAA WSS T 7 ok F2el S48 HiE W 7]
Aol gale] 7heths dralth oYl mlold g o s Ee] WER Qldl, A Aduelvh aze] tid el 2
grEl] FAA, BANAG 58] 919 waled 2 HE S48 AARM o BAE Wilo] Jhedtal, v ¢
< A 2Eo] eyl 9 o|wA mS Hgete] AAkor 93]
AT 54 98] 22kl Aol F7)El apparel, book, U ClRAE FEI 5 vk o]F 3 FAE dEAR]
dvd, electronic, kitchen & 5714 3 e] 22kl glits = A" 2AHES] Algeldt Ui A B 4 24T 9l
Hata, BaEe] TR-IDFE Ast BOW g8z 743ke]  th
AE R S AL TR £4 AES AMgEe] HaE &+ Qo] Al vt 2k 2 ]latell AR HlofEl =
o euUAS & AT 5 it £ mEn, Aud &4 VS ol % G di 9AER o] @ E
& wi7] s Sokd R AduE SASl 2B iz Hgapy] % 71l A7t dasi £,
odUd wlolde] Az} ouyel mlo|de] & Aty B AdM thE 4ES apparel, book, dvd, electronic,
IG o &8 Mulgla, JAE BEr)o & 250l ST kitchen?] 57FA] A%+ oA gk dukslel Aws A7) 918 Y
& AHESRE o) 5714 gl el 71 B A Bolth S R Awel did vt dasit bR & AT
IG 4 A8 ouyl B7 4%5& ST 99 b #77] oA ARSs FSiNat £7718 F7hste] Ak gl dds
ANE O E& 45 DA o3 eUd BF By EESteloF Aok
A 1Go] 7FE Ae 48 & Aedshs AL vl EF FEE 7ol & a5 W a5& v s 3
Qe Ak o 2k AA, B Are S Hg Hla B A gAAE Hlald 4 gl v ete R gk
2o 9 opdE BRI FRHoR Hgske Aotk & O A AN ey o|mAS FE] AF 714
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