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Abstract

Given that modeling and predicting customer
behavior using data science helps companies gain
a better understanding of customer behavior, this
research focuses on analyzing customer reviews in
the women’s clothing domain within e-commerce.
We employ machine learning techniques and
natural language processing (NLP) to achieve this
goal. The machine learning models used include
Support Vector Machine, Logistic Regression,
Decision Tree, Random Forest, Multinomial Naive
Bayes, Complement Naive Bayes, XGBoost, and
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LightGBM. To extract and vectorize text features
from the reviews, we utilize the TF-IDF and
WordYvec algorithms. We employ Topic Modeling
using Latent Dirichlet Allocation (LDA) method
and k-means clustering. The dataset consists of
women’s clothing reviews, with the target variable
being customer ratings in those reviews. The study
is conducted in binary, three-class, and five-class
scenarios. The target variable, which originally has
five classes (scores ) to ©), is categorized into two-
class and three-class modes. In the two-class
mode, scores below Y are class zero, while scores
of ¥ and above are class one. In the three-class
mode, scores below Y are class zero, scores equal
to Y are class one, and scores above Y are class two.
In all three cases, the Random Forest model
performs best, achieving an accuracy of +,%A in
the binary case, *,%° in the three-class case, and
+»%) in the five-class case. After performing the
required preprocessing and feature engineering,
principal component analysis (PCA) and T SNE
are applied. After that, the scatter diagram of the
data is drawn and the optimal number of clusters ¥
is estimated using the elbow and silhouette
diagrams. In the next step, by removing



punctuation marks, stop words and words with less
than three letters, converting the first letter of the
words to lowercase and lemmatization, data
cleaning was done. After that, topic modeling is
done and each of the topics and words related to
them are examined. In the next step, the topics are
examined in different clusters. These analyzes
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provide a comprehensive understanding of the key
themes and concerns customers have when
considering womenswear items in each of the four
topics.

Keywords: Sentiment analysis, Machine learning,

Natural language processing, Text mining, Customer
behavior
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" Principal component analysis (PCA)
" T-distributed Stochastic Neighbor Embedding (t-SNE)
' Sum of Squared Errors (SSE)



99 Egdg0 ), OlalS g (£audg0 (s abold logei A S

\

) p

4 o

y g
4 K

dw Eg890 , 55 GlalS g (£gbg0 o alold Hlogei Ve S5k

M E9o90 )15 5 SlalS 9 (L9590 [ abiold ylogei 1) S5

— ol sl awzes aile ol e g e sanlie 45 olailen
T I R I PSSl L S | ES L SRV B Y
Caaed a4z gl LY (35)) ¢ b9 3 Caaed plail 95 (8,1 51l
3l gt 0928 g S (39 e slaoaids P b anlis
2l &S wtes Slegoge a0 5 S5, glo)le
orold copz lalds asile o wld (goaiws a5 18 a>gis 90
5 Jle slahad izmen 5 Lol olail g nlis w008 5 25T
O ahals Jlages A IS8 w9d oo 488 Jla5 ) s Dlegdge
O )093 4SS Sy £9090 4 Lbgaya )1 ,SS p SLlS 5 (29590
Soges Ve SS90 ggoge 4 baaye 1S5 SlelS 5 (o9d9e
Sogei 1) S8 g du 9090, S50 OlalS 5 (2990 (o alold
ol |y sk g9d9e A bogrye 1SS DLy (e5090 (o alols
by SlelS g Slegoge 5l o 52 (owy @ ¥ ooz im0
3 sl S0 laddes (nl ol p g paise Djge 4 lagl L
P (omy 2 plSB 0L e &5 Dl GISS 5 (glS Dlegdge
Egdse MBS oo A1)y £odse oz 51 Sy e yo Al Wl
S ganaies ol Jaur cnl o &5 cul )l 4z LB
ool aiws ol jo 4l B lls slass el 5 Slegdge
2 ol gl 9550 (n plaealy Sy ggdge jo cnlnl
E3298 30 9 03l 5 ol dw 990 10 (S5 9 423k 90 E9dge
Slr Oy 4l s arass ol ) Gy ool (22 5 ool o
coherence |Las 4 a>55 b g Gialojl 5050 YY U Y slacdl>

b i85 50 s ke ggdge slasd (n e

v e
e
=

S Egb90 )1y n SlolS g (£ 990 (u abold log0 A S



E3og0 Sl guls Juloxiga 325 ¥ Jguer

Judxs ouuiod i Wleds’ ouaiyly 9,150
Az 1) wL.: > S J}W 9 aUgf s).oS ‘&>9f “_gol.c afb&‘ oy, w)'l.\il ke g5:|)LA.€— "size," "petite," "regular,"
(S5 Ske) alieo (glajles a3 35 0 sk b sk conlss 4 el o 5 S o "small," "waist," "short," o3ll § eslis
S e 0L JlS elss 4y i, g USTAL
S8 Caglyl jo 1y eld elasl oy 5 aes go lis p g mldS wely aaile SlelS "comfortable," o
s "stretch”,"soft", "skinny" =7
5 Ikt 5 il 5 ol ool i 5 il b o e iz wiile SLIS Mpair v perfect " Mnice,” L s
aas e lis |y o el "cute," "style," "quality” N 4
5 O alozjl oy 3 a2 a5 wes e (a3 5,800,558 0lRig 8 wiile Slke  vgtore," "sale," and N

D18 (5 e Culdy o cage (B el Oy 5 050

"retailer"

bl 1y 8)lee cnl b e a5 s o ylid Jlrdies 5 S yd w5 by aisle SlalS
S o sz 355 5 IS 2all) s e glacialis sl ol os: ceslis

"time," "buy, n "right,",

"olad" o )5 5 becawlin

(L2 9 5ok g3 35 poio) SO g gud50

5 ol olse sl byt 45 GBS e (LS G 5 p)F e @zl iy aile LIS
s P 5y 093 paliy 5 <515 0 CeiSL

"soft," "fabric," "material,"

. >y 5 a4zl
"Warm," "hice" = 94k

5 Sy Coldx a5 Wi e lid Sloir g aeSs (ol (St U iy wile Jl)Le
ool ot e b sl (ALl DL

"beautiful," "cute,"
llblack’" Hblue," Hbutton7" ;Quo.
and "detail"

Ol oo PR Glptie oS wims oo LA (A 8003 g (g )b wiead iile SLalS
I aSl bl 5 s OMalae (8L wipS oo Sl 50 1y Js (3l 5 ase o)lse
Ald oo Jolge o)lol) e i3 )

by el mg 35150 51 55 03l g cawlis a5 wwo o yLid o g S8 SLlS ol
oy i b Cal 385 o3luil LT aSl g el Uil gollae oY1 LT 4S50 0 590 50 e

Az g oligys 0 ax |y 03 4,md Sawsl paal 5 S il 0Ky 8 asile Jil)le
5 oz Jlie po o nSe po BBI a jall ogam oy (s yitis a2 o LS U]
S e S liay B S o

"price," "sale," and ]
"retailer" o) g e
"small" and "little" ol g ks
"store," "online," "photo," . )

R A

and "picture"

(OBl 9 <S5 3 35 yos0) 9 Egudge

..x.SL 0xim3yLis 95l 5 A 0 paS ikl avgie «F 5 (S sS w0l ale SlelS
el S o3l 550 j0 G159 o Gl slacl b byl il 050 g0k

nn

"size," "small," "large,"
"medium," "shoulder,"
"waist," "bOdy," "bust,"
and "arm"

o)'b.}l 9 ol

Ol tie S o8 ez ) 4zl (S 5 CheS Cenl o35 g 9l waz )y wiile ke
S o sl T LIS e 5 olge bl 050 50 il

"fabric," "material," and

"soft" o= 9 D)L‘

Sl ) bl 5 ol Coonl Ju s JS5 ioslhas ool s b b j wile SLals
ool LT 5 aisy o Hlai 4 4368 layalyy a5 auS o ;S8 ol 4 (b ke 0ipd o
e b s Ol lisay p)8 4 cons

"beautiful," "cute," "nice,"
"design," "flatter," Dbl g polls
"shape," and "model"

Jdo 4y csF 3l Wy, 0590 50 ol (See Dl a1 B S als e lis S L aelS
Obyine a5 ae oo plis (2hb asle SlelS aiS Con cotS OMWSe b el
IR PPN = | CE PP F YOV EORp- IV JR OV JoV}

"return”, "design" ol g las )18

(PG 9 2l 3 35 yoiio) duw £ gubgn

wlegdgo




33 wols Ol a5 wms oo i adlaie g LS ¢ Jsb « K5 ool wlsS wiile Sl
2 5l ool laacir Ll lepl ol e Gl it sl ol 5k 5 il 350
338 o b by T Culs; a8 wisS e olo |,

"short," "bottom," "tight,"

5 oolenl a4 Gl yiie o5 wes o plis bS5 col) il p 5wl asile SIS
colio o2 g Coly oo a5 Sl (6890 (yi8L ST e co Ceonl lacpels ol

bl g ol codl cuinS 5 Sl o hlial waisS g da b asile Sl

Bl ol b Sl g aiw, ool Ly oS slacgels 5l b yiie aims ge olad
S o glo,08

JLs 4 o)l yie oS RER s olas QL‘J 5 45 Gl ol aJlg'}S b gsil)l.,.c
calize slacawbo 6‘)‘.’ 9 alisee Jgad 5 ‘_\...n|9.2.- aS ol Lg‘o)'.fw LSL“’(J’“;
w‘w.@(o).:.:)ﬂguml)a Aﬁh;&l&ﬁaélﬁs%l}bbwb O G ol aiiige

b pels ulasl g az b CuidS a5 was o Glis e 5 Sw lge cax b aiile SlalS
o2 g Ol bylis gl lge (409 celin 350 10 2l b fidie it ol (gl ls
Ma@puigm,m

. o,
"length," "side," "area" e
"comfortable," "soft," ol e s
"ﬁt," "Comfy," "perfect" h <
. . 3
"cute," "nice," "beautiful," BN
"flatter," "style," "detail," Jteul 5 50l »
and "quality" é\:
)
"casual," "summer," "fall," —Geek g ool -
l’piece’" "easy,ll Ls)_:;\t‘ 3.5.
]
9
"fabric," "material," N\ WL, ‘f;
"1ight," and "feel" o 9AT )R iﬁ

218355 3b b cos )l e 45 ams e lis Jlrdss 5 g wmmes wiile SlalS
o o)l S o 2l 0wy 5 5l e T S ol 5 cpels adgy al5ae S aiies
A o SaS oyl ol 4 1,500 duzmed g iy

"compliment," "time," and

"glad" Cold) g oy B 4

&

LmQT Lk 5l as e FY sgas 5 wiladss (aedS 0=V 0) a8
oz 342k (Sl g el 2 S e 5 ¥ ggdg0d Loy
o&);ﬁ)é 99 4...)5.> el ‘-’L;ﬁ U’Q‘)“) QL:.‘»)} 9 J.:L’L.m‘ 5]mUo

ol JLo YO-F+ g 09,5 L aialles g Jloboe (65 illas

30 L jloiol w0 (0 90 algs j0 Wilcgudgo duo o (AINY STy
90 Ay
Loy 5 aals -Fe 4 So03 b hogs Oyp0 @ gl ol L
Al aas oS jeblen il ¥ gadge 4 b byl ws o Y
5 Ol 9 4l Gl ool 5 EST5 ) i 9050
ooy, den Ol dai ol dw algsx Gl 00l (S jede Coud

R

N
Voo drgi b adys o 4y bgye Jelodisa o Zaledy
Ol 5o ol Slegoge 5 goue o Shs ileysae dajll
Slegoge doyd i i a VF o W AY sla IS ol ploxl aligs
s oo HLad |y a5 90 G adg> 0 bajlasl

30 Bjlotol oy (0 Sy abigs j0 Wlegubgo duoyo (WINY IS
Sy aivgs

Ay dw yo ;0 (g03e o S 5l (B p e 0 10 JSS

ol G adigs oads 5,155 s jloges a4y az g3 b ams o LS |,
s ks a5 cad Fo-YD 05,5 b Jloglos 5 ols> 0b)



I Shs gl 5 Glnsin el sk aslllae (nl o
aS 39 oo oolatwl g5 DlalS B> ol jen 4y TFIDF 2 )63
LS8 s eelys o] 5l (6 it 25 Ole 4 aslsl o
G2l &5 by Se e Sldlhsl o Sl il wlels @
[y oS oo S5 (e (S Sy 4y aié g w5l ol
WSl By > iy a3 By, b S ansF Uiy wlals
g oo patie plad g by B9 ()0 WDl
Ly Jelos g om0 (2alS 1) lap,Ses jlade Loyl Bas
ssbieds 1 Sy gl gly TFIDF 3,551 o
e (59 Armilone ISl (rizran g )13 4 (e oo
el e 0 vemge Oyle 2 4 calbosld
o oo ooliiwl sklearn «bxls 5| Tfidf Vetorizer
oolaiw! TF-IDF 5,63 5l wldos o) sl (gly a5
ol Soa )l e 50 dgz e DlelS Culedye
TN oS o o sylo

00ld acgozxo (40,5 Joleio -Y-F

o 5o SluaST gaosls a0 Caond (0,45 b lan
&8 Sl edls acgerme b ovmlie Ll (Shg (o
sl Joe Jleel jshaioas cplpls .ol lajloel (oIS Joleels
4 45‘5)‘1.7‘6“—)" Deds Joleo o3l acgozme adl faol piile (5 .50k
OverSampling asle <ol sloosls yisl38l Jsoro slaSisS
Iy bs 5 adlol acgomme a5 (s3L5 (51,55 slrosls sl S
0318 degozme 53,5 Jolaie gl bl iy, waisS slozel LB .8
5hoslaul b Bgy ol SMOTE" g, 9, 0w anlllas o
degozme 53,5 Jolike jslaieds alaes (p 5 So05K o6l
S obulyl ol WS o 0y was coras slaaiges ool
O U ) oo mo syl Jaore Sl o sl Bun e
5 a9 Sl jo b Juw ¢l 2l g asdllas plxl jshaieas ol
lajlosel adlS 9o Cdlo jo gl o (ginaiws by jlosel adlS e
Se oW Sl YL 5 ¥ skl 5 00 S Gleiea Y51 LS
Ol Y5l 8 slajlotel awdlSan > )0 wgd go iy yo3

A slaw b gads s olylas oSt el Lo £ B YO 5l s
4 bg e Sl slas,o FY 4 Koy ailatig aedS VY.

39 L jlotol woy3 (0 dw aligs 50 Wlegudgo duoyd (AWINYF Ui

g 3 8 ks e S i

Labgs o gous b Sy & ie5 0o 10 JSb

S TPRWIE S o

Oloeds Sl (Shs b b Sy (Swed Olime oy 5l o
s Jos Jlee!l 51 sonlcawst; Como 4 a>g5 b g Bas e

alol jolaiedy ol a8 T pooual 00ld dcgezmo p pdle (g S0L
29 oalaiwl lanl g Ol e Shg 5l addlas oyl

509 &yl g Bools (B30 p iy ~F-0

' Synthetic Minority Oversampling Technique



5ol p e em,sSl LightGBM':LightGBM
eozly Sl eslitul b oS Cesl peeal (LS50 5 (o295
S SiSs 5l soliiwl b Jow opl .ol oas 1L GBDT®
5 (GOSSY  LolF 5 e ad,bSy (5,00 pdiges
obey &S >y YEFB) s laxl sla Sy gomaims
Iy Jow o Slos 020 oo rals | aladl> 3l oolaiwl g yoj9el
R0 IRCE

Slopi,ssl 5l eole s ifeSe g Slabeain oolw
b andd g Jlotol n e o)llaices nile 50k
S ol Bam g sl (Shg iz e o Plazl (28
ol yo a8l Lheel sbaosls 3l oslaiul b cpny Jlazis!
gl Wz sleodls 6l (T preal (el G 4 e
S a8 Slss slaws bl slakesaiz ool o [Y5 YA
00l jm o ;931 S o Jos 058 o0 yalb v S 0 aWlS
Sl @ &5 Cwl glabezaizr osluin 5l ol oS
Jizl (ols (oS S5 4y Blate gl S Lot sl
LY Y] S o dlore 1) Lo oIS da & digal (3las

51 e AXGBoost) wals Lol 5 cusis : XGBoost
b i@ loco i a5 calighel 5 cugli lap 55!
sla Sz asile 5925 (o0 J5 0 Jos (e (e Bl
oo S oS el Glasgamais S0l el S (ol
Vooro @lflax slajoe sy ool 5 1, Sl
Lve YV oS o 0y punas locs

Uil s ylee —Y-A

3aie Ol dasllas opl o eolaiuleyge o, ol
5 dwle 0950 3l glaods AT FY Ll g pudgy o288 o
Sl oadoals Hlis ¥ Jgaz (o b lse pl Slises

* Gradient-based One-Side Sampling (GOSS)
¥ Exclusive feature bundling (EFB)
* Extreme gradient boosting (XGBoost)

o 5 AL slajlal 5V (S plgieas ¥ skl ho (OIS

Ll om salo o )0 gl oo aid)F i 0 ¥ S (lgieas

Gl )l oy 5l e s dplg il gy ile (6 500 slo S
oo 5l (Fp Jloel rizmen 5 andS Sldlas 5 Ly
Gr5ok glodoas (Jol> Como 4 a4z Loy edle 50k
S Oile gy addlhas (gl oal w85 A o il
Bolai S bty oy bl eStead gen S,
5 Slalazaiz oolus 3y XGBOOSt (puoai & jo LightGBM

o] 5l s paises os Olo 4 sl o a5 JaSe oolu o

Al Ay assls

ortlo 6 SOl oo - Y-V

o laicos gadle (6,50l sl Jow 5l S (ygmm 55
5leolawl b co i 5 Jedog (gun ST jo aS cul
Sgdies 43S IS 4 ooy dcgeme S LB Cloalis
e ol o & St ol S 5l St (5 5,
»)5\.\2.0 aS) 5).5.»0 O |) t-\m.:‘j).:.a.m er é) JLo.o‘ as
DY 2] ais o solial oVl ez gy aiS oo
—eeS Gedle (6 750k slap o8l gl 1o p bl
Ivs ol asl o550l slaosls

a8 Cenl o llnicod udle (6,850l g, tpeual G50
L g ogd oo o3l (oS uizmed 9 9o )5y Jlus
SO a gl slaosls jlosls sl g 00,5 oM
Lve Y] oS o oS G e e

SrSol p e SN slaghy, 5l s Selal o
oS 5 97 S5lge (sameg S by, 5l eoliul b aS ! T ey S
Lmbf‘)“.ij PREYSIN solas Sl § penal Gy paie
asly il S cpl ol DB oo Sgudo Iy Jow o ,Slas
Y] ao o a8l 1) ioiion Come 5 wile, o JBlos>
lys

' Complement naive Bayes (CNB)
" Ensemble learning

" Parallel ensembling

* Light Gradient Boosting Machine
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