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ABSTRACT

A given product’s online product reviews build up to form largely positive or negative reviews or mixed reviews that include both
the positive and negative reviews. While the homogeneously positive or negative reviews help readers identify the generally praised or
criticized product, the mixed reviews with minority opinions potentially contain valuable information about the product. We present a
method of retrieving minority opinions from the online product reviews using the skewness of positive/negative reviews. The proposed
method first classifies the positive/negative product reviews using a sentiment dictionary and then calculates the skewness of the
classified results to identify minority reviews. Minority review retrieval experiments were conducted on smartphone and movie
reviews, and the Fl-measures were 24.6% (smartphone) and 159% (movie) and the accuracies were 56.8% and 46.8% when the
individual reviews sentiment classification accuracies were 85.3% and 78.8%. The theoretical performance of minority review retrieval
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is also discussed.
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Positive/negative sentiment matrix of a product review set

Table 1.

(2015. 3)

=

1 M3

ikl

M4z

5
S =

E[0]=]

=

EEA/LZEH &

ig=]

=1
=

HMEXE
7VE

[¢]

]

A

122

Mot B £ B MW fooob R T oMo T P W R AT T ok
N " ; ) ] - S ) ol I
pE : RS AR E TS EO AT s
© 25 O e e 2% e o A < R go )| Mo
g wmo.mm g 2 -5 uwma%ﬁ 0= T leﬂﬂlo#a*.%%mmzwmu%o_. ?%ﬂﬂr.%wl
. 2 n| & 2 %) T RO & = - — X Lwi\./,b < = — ﬁ
o} ~ 0 oR= TS o X m = o ~ 63 = = s u
m == mwt ..mg b= W%m - B N ) © o B ° ful§ M o K ‘ml 2z ¢ m_t - W T W o.»‘ml n
e |2 27 3§ geE|T o 225 SR E | ST A Aﬁgitgmﬁiﬂﬂ;g 2
= o .0 owg| & S ot X § w 9 0 T =} —~ = s
> Z mo 538 Uas|o 2 L= e e~ o o N X8 R = s = = ) - N o o
Q =g 23 ©oS|le & TEsS XMoo g o L 4T %0 mo B C g >k 8F 8N o <
+ R DYV e 3 e S ~a _ He W <
DluSc mm IZES BHEY|E £ =227 %QM%MMHMOMH%_@WOL@@QW@ﬁwbtmuTw%ﬂ%%ome
s I | I T W me RO = © <° — 27T g —Ww el
53 mﬁﬁnaojleio ,lowohau%km&oﬁv S 2 &Lﬂ By
o0 <o B T ER g oA ERrow N X9 o T s o) B oy 3
SE| | 9o BT EE ST T B N B SRR HEL
BH| |2 £5 FEARACER LB R E T g s 2" g
a own Sy 2 0 —_ == 0 N B s ~ 2 3 H
tlglif:, (285, 3E U aiTre¢Y  eiTcRREEREE it dvcm
e |z g -8 =8S 22| Hp AT~ P IT T o L o g 5 2% = = %0
g Zl2 5 S 2 o T v & - o n - o Hip = A o o Pomz.t 2 = Mo B R
g |8|% = ESS B 23s gE88 R @1 O R o S of 2 2N s L F A YT ogop Ak
g |~R|5 g L¥cg 5 53y &8 ~ e B st B8 MR NN T N sy L o g 9 T Py
ko) £ =ga 890 g3~ o & N 5 D o= L NJ = BT XT3 o L L = X
%! & & BL= El 88y EBTS = & g ER T TE oy 7 Mo o PE 22T
SEEEE |FHEEN| Irl fedS RcTele i, NERElieaco®
[ I I I e = B O o =R N "R %o 2 T %o N B =
~ m‘ur Z e 2 —_ o ol J-U.% < —~—
oy %o 5 S AL @ ro H o= oo BT AR RS ) = =
0 .= Hin N — 0
0 n it = op @R oL £ BN o =
Positive Reviews | Negative Reviews M w M MT ® 8 g A XL e ﬁm S M._ ©ER < R c Mrm 4 e + B
= o=t X QT 4y S o e %S - In
Z RO o o NS TRV T TSR o < 5 R
< o o) o~ .0 LB = H oS5 N T E 0 o
: ins i : Er gl e Y AR ST PFeE ST ST T o TR
Review Set Contains in Part: PRl s EFRRTLRANIBETHNRE BRI T
=R W T TR RN YT T W b TR NS
P o ©w oo s HRT Tk FAA T ® T B g N ° T ) B o
S 35852 S T RBMHEgTHER ddpmpD %ﬂn%%W%%&ﬂﬂ%%%ﬁﬂ%
854ez g |8 TERNpcTFTCa g EmHET N o@a N o B g PR TR
w c — ~ Iz - o [l 0
S58E<z°5 | 2 %%MQ%M&%EW%%W%z uoﬁzﬂcfﬂmol#mmixﬁi_ﬁ*
o802, 3% s ﬂﬂrﬂmm%ﬂo»%@vmwﬂE ii u_.miﬂuudnﬂet.mol ~ ™ T
e 232 ° E HTMpRoueeN F et o R T oA X WRE e IR
nMMHWH 2 1% B! oo P B mo N B n ) I iy B o T X oo N R Yo M
£S8258E & [l O~ S¢S N T L L 2o iz e mnl
S$.8%88%¢ | 2 W PITHmzo ST FIxw o mr T MH gL 0y TR LT L
==& - o — — ~ ! = = 5 —_ . !
2255 05079 8 N _ PN Wy fo]Lﬂwumo;wﬂmuumy T o e F M
o—w SESHc| B @Mﬂmmmmma%ﬂud%c]f/ﬂﬁllﬂgAJMEMO%M@QQ%;o%lﬂﬂ
S35 S8l s Eo=dI i wm N, w22 ® 8 W T ooyt ©
» 5253 a T ool B oA = o A oE T E L " R ., » wE o =
2 = 2o Ho o . 5 o
02T , 29 4 E 3 _— iy ™ T HE o o u“doﬂuﬂrﬂx =) ﬂoa]ﬁ;t o oy H B X —
$5.528428 8 Zallodrlorep  TESE AT RS ek 5T T
S ST o & = vl K- = o . 0 I~
emmwmpmmk o %Wxuﬂclm_wmaE#Eme._c%ﬂummbcuoﬂumw]%ﬂ%%%wm%wmmalwxA ﬁﬂWmo
228 .21 8w| S 20 —_ = = T up oo TN 2o T Bo N o oy W 5 — o~ N
LS. . 28E Q| £ w T N o ) X e s WK %
62 = »n & o o — S X = o H ol NS —
28287225 g| £ Ltwﬂraunu}iato,_ﬂo awmzthﬂlzo‘_tmﬁé.ﬂﬂxﬂ_.ﬂ s W BT o 2o
n<8w2e2 2 e B Koy — Mo o = e g = TR o
D 28%cagd| £ m) o o Uy ok N I Ho = T O = < % - 0 W
Zeg2Z _Teg| o @odo%zw_.mufaumo]nv iﬂﬁwm_._/ﬂo,] jﬂ@B%ﬂ%ﬁﬂ%
=2 2 ) = B o ) =y ) B = 0 = o _
T_Scs,.ErglE Swmhol wxemIplbaeTdw, Pr o BT % I
Uasmsawmm @ w),.roEOOﬁﬂ,ﬁ = o Hr B %o 0 N I o B A T‘m_.ﬂﬂo ,;o,w
S . ETES| YW 4 p R o)) NE N A o m I A 2% am o o
s 2 4E°| @ @ oE s ) djo 1 Ko T OB L - ) = < M
282 ~£8°% = SRTINCS] AR o =T W T g X W RS g WO
SEE222s2| = B Lo T He T & P o el e @ e B roww 0%
225852563 - EELgbangs LsdEw T ol Ter T b s 5T 0w g
o832 F08| w © 5 mr TH Sz P B DT T T 5T
SEsarwsSE| ETWPHNTTITTHROOHT M4 T o BHRET i s e H

3

=3

A Ato]ES] ‘olmpE kA (Amazon.com)' e AWHE



=
% THELBT >
N oo E ® oM. Q) S o =
AP eE LB g 2R e >
o B = =K = o = ., ) ) T
A o I o E & T g = op oL W b R X
° PLwrw o SE LT Ry BET g ® L
oy T O M = Ak Dﬂ.wiwﬂ 4r MT M.:mﬂ ]4ﬂoﬁomﬂo
iy o D EE e | b o o M s N He o <k
o o @l Py — X _ ! 0 X
L. om LEF_RE R fo o 2 _p A
SR T R SR TERAR tx o= | B wo R T o
H or =0 wow ° R o~ & [ 2 X e w o = = __ 0T Mo ™ = = F
E] < ~ o Odl B - X" OF s -~ | | 5 . T Il Py el
== Sk woe ™ ﬂeﬂwdu SN S ]Aoﬂwui - - e wadr.éou%ﬂ Lo e 2T
< A W B n @ dlo = s LT B = B —ts mo /Wl = o (5 CI = + SX I e Il -
= o i ﬁu]ﬁ_ﬂ =] 8 Tl B g <[ =i g o O W - S X mle o F
< . O o T Hp S %X s He o e ! oo 2o X7 N T F Tl ! 3
o o T g o %o S _,(\ Toow TR T o —ls = e = H o e L o A= 9
T W SR G gl N LD EAE e T IR C I N £ o2 o ¢ ~ L
=r _ o) =z A e Nal S ol 2 e < W T ~ N ¥ = Il
= S 1elA.mm7 e Ao B NS o — Mo T + ~ X ©|®
o) T .xoﬁk\u% ;M(ﬁ < = Lnﬂroﬂomrﬁ | %o ESM_mﬂ It % X ~ :,\2),%.
® o, W TR 2T gy I %@EH o X0 = o DN £ 208 e L
o B o H].#HﬂFEﬂLMﬂ @ o ‘olﬂmmavbf m_ss Vogmﬁlq w = | | X Il
i e ° ut ! 3 =) G LE)ﬂuzo i W o = e T & e w9 o
™o K TE oy o« S ﬂ%ymo Ho 2 o o PEERES o 5 X% + £
» - o X ) ) 3 K i = =
e = wmuoquﬂg g 1£Mm_méwﬂ 3 I 23X % I 54
=4 T gl T s o5 7. nE 5 b . X oo b e §
=T kT = 5 L el m?f,ou:ur s P W T Y P N -
neo e Er B ES =" W = S X g o NS TR S
H onh <o LEQW ) Htwdl ™ .LMWWIAT;O o m =y 3
5] B Hp ool B g B S
mﬂE@%%u@_@ M%EQM_I
T < o ' o ~ ol
= T X~ 0 = oF o ooy T AR R
o T %0 - Jo as e ) Jo B = N
m@,y@qﬁ%ﬂgﬁﬁ%w <= -
EJulmom_.ﬂL7Nrozaﬂoﬂmﬂuono 3 oy DI T TR T _
LB o] MO MW R T A 4 ot 4 % X = ww O
T oF 3% N oo wp = ™ T < A =X %2 ~ R = Boof o _
W — q NS = ) 7 & P e XD W EE LT = o] B %o o] B
i gmuTeZadmrE &= prel PR %5 P2 ZL® rarTIrE
mmuﬂﬁOEnﬁﬁWJlﬂaAJILI‘LIEW‘_C] — Mﬂ;&eelo‘_t szloo Wom oF AJm ﬂLPo‘dﬂ.mﬂx_uEN_.o
Naﬁu%nouoWZEvﬁﬁ%ﬁnoﬁur = ﬂour,_.mxmt%%mu? N R BT e
T o O B o - " = EEM Ry Qﬁ%%%] Moo= ey
ﬂn%x%iurm%%@xxiéi < Py P EDT gB o Y o ﬂﬂgogemri
mrw.uotlﬂ_/u yﬂﬂue-u7,o|ﬁ R N T ﬂmo#ew yHTﬂuﬂlﬂAHﬁT = - ,_tﬂtdl B ol H;E,ﬂ;o,_ﬂ_rm
o, TR BE B o IF o ey T BT 5 LT T el = o w M
2 JIHI o UT_UTmO# o = oF %o B o= oahn o B XO ) ]ﬂ:.lﬁ sl
o A o = e - o N X oA AR SR Ho oF T ™ X
. G PrdwazE M e e %o iy It R oo e N e
o A B o g N el I G 7T o _NERg® R L RO~ T RO oy oy R
< A = X <0 s o =z Xz o = X0 oy <5 FT o K"
T R T T HE - B N g unumﬂymiPAA%fﬁ IR s P&V 4 LT
i%oimsmowmﬂmﬂﬂbtmo% =E N %%% ﬁoﬂoqwmﬁ,l.m'yl% ] om0 2 WLMO_E/T“%OL
s § Bo W = wp = k) Iy ﬂr\ oo - oy oy G O IO b3
BOW < o X < A w3 bR o ™Y g ) IR o R X
X = — 2 H o = ~ <] T %o = s = = e ,Ao]1ﬂo.1J ﬂ1_|1r;o7udﬂ,A
i%iﬂe_ﬁmquoolw7mmﬁa%w oo Ao%ma T Mﬁ%%%%% s oy ,wf%uf,mo e 1 s X0
o = & lE%mearoAL@Lw s WA LA]rmEgﬂ,)lmvﬂaﬂ S R LR s TEF N
O I A O o e o YRR o Sy B 0K B g & g T o R ur B REOF o AR
N LEw e ol Fons el A R e £ X T a0
TR Hoﬂ%imﬂmm%@oé@ﬂo &l _cmwm@ IR IR ETCE T, muaf%ﬂiiqr ol_yn%%gaﬂmﬂov
s T o & © T = P 5 o *
o N2 oo ) o u.faur L o - X o o7 ==Y ey X 2 LEEE do = ko T
op = T UE %Aziz%lﬂ. < = _%%@.<1.ﬂ%% T Mo 5 H CE o
RN TR oo W X0 N e WS N S 2% HWewZs2H N
ey = j o ., WP I A = o W P =R s B m ol & 2 X ol S e
cﬂwﬁwﬁe Ho bqgeﬂnmr;ob E_Na,mﬂﬁa N %Mo%u .“_r_.mﬂr ‘_t.mﬂmw L nm E.uzmﬂl Wﬂro#e pal qﬂo»zowﬁw X
c Al e ® oo B R & A <0 = ol < N T NB oop o o8 To o KRd g o o AN
X S e = o N X Lt ol ) N2 nAro — o — T =] O mir <9 _.i M 1) < o° T RO =
RS y Zﬂuoﬂ&a%ﬂu?mﬂﬂ. W o] o R Hp Modrn_/nﬂﬂml M%
w = o ot o B E ~ N ol o o T
= <t P o X N . X
= E o DT e SRR TRk T
ﬂﬁmeﬂm]dﬂ Za,_ﬂo X = T
LETT ~ ]ioxﬂo
< W T Hpow A



124 HEXNelE g

EEA/AZER0 H HIOIH % M4H HM3=(2015. 3)

Table 2. All possible positive/negative unordered review
composition within a given review set and their corresponding

absolute skewness
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Table 4. Number of differently-sized smartphone and movie
review sets

Smartphone Review Sets

# of Reviews
in a Set
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Movie Review Sets

# of Reviews | o/ | Seven | Eight | Nine | Ten | Total
in a Set
1<Iskewl 0 | 90 | 10 | 30 | 320 | 90
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Total 170 | 300 | 440 | 990 | 930 | 2,830
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Table 5. Number of review sets containing minority positive /
minority negative reviews
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Type
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phone | Negative (15.4%) (33.0%)
Minority 300 540
Total (300/1480=20.3%) (540/1480=36.5%)
Minority 75 104
Positive (2.1%) (3.7%)
Movie Minority 265 846
Negative (9.3%) (29.9%)
Minority 340 950
Total (340/2830=12.0%) (950/2830=33.6%)
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Table 6. Positive, negative, and balanced sentiment
classification accuracy of individual reviews

gfr%i:;tl Dictionar Recall Recall Balanced
. Y | POSITIVE | NEGATIVE | Accuracy

Reviews)

Smart- | Original | SWN | 782% 75.8% 77.0%
phone

(12.480) Revised | MRG | 83.3% 87.2% 85.3%

Movie | Original | OPL | 76.4% 65.2% 70.8%

(24,850) | Revised | SBL | 84.4% 73.1% 78.8%
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Table 7. Precision, recall, and F1-measure of strict minority
review retrieval

0.5 < |Skewness|

Pro- | Dictio- - -
duct | nary Pr.ec1— Recall i Pr.ec1— Recall =
sion measure| sion measure

Smart- | SWN | 132% [13.0% | 13.1% | 155% |11.9% |13.4%

phone | MRG | 233% |25.1% | 24.2% |264% |230% |24.6%
OPL | 79% |104% | 90% | 95% |10.9% |10.2%
SBL | 12.8% [16.7% |14.5% |14.4% |179% |15.9%

1.0 < |Skewness|

Movie

Table 8. Precision, recall, and F1-measure of lenient minority
review retrieval

. 0.5 < |Skewness| 1.0 < |Skewness|
Pro- |Dictio-

duct | nary Pr.ecl- Recall 1= PrFCI_ Recall o=
sion measure| sion measure

Smart- | SWN | 62.7% | 61.7% | 62.2% |485% |37.0% |42.0%

phone | MRG | 64.6% | 695% |67.0% |522% |454% | 486%

OPL | 471% |61.6% |53.4% |356% |40.8% |38.0%

SBL |51.2% |66.7% |57.9% |374% |46.6% |41.5%

9, AFEE o|ddtd AFEHE UAESES HUS
A3}E Table (A4 e F7Het Table 10(Z e F7hol 1f
H At F FolA Al RE AEW JolA &5
AEE A agA g2 AHRS W BRS 499 A
&, Minority Only's 2F4EH A SollA 254
9 A%s WA EFe AgEE 7HERh Table 99 ¢
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e ol &d Ag-o Hd AgET 427%Al) H 21.2%

(Minority Only)$ith. Table 109 #thdt H7loll A w4 A}
A3 =ujel B3 Ao @i 4REE 7k 566%(Al) L
50.3%(Minority Only)2} 59.7%(All) 2 59%(Minority Only)
Atk dAg Hrkel Adigk Hrb A v AP g AL
Aol Hyt Ao Aoli= Zhzt 3.6%(All) 2 9.6%(Minority
Only)¢} 3.1%(All) 2 8.7%(Minority Only)$3tt.
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Table 9. Minority review classification accuracy: Strict version
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