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Managing the Imbalanced Data of Cross-sell Strategy for Credit Card Holders
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Abstract

Cross-selling insurance products, which is part of banking activities, has grown in importance in today's
banking industry. Because of the negative customer responses, highly imbalanced data is taken into account.
The study introduces the concept of management imbalanced data and a forecasting model for predicting
customer satisfaction response rates, including with specific data. In this study, a simulated dataset was created
that replicated the statistical properties of the original data. The data is then adjusted using Under Sampling,
Over Sampling, and the Synthetic Minority Over-sampling Technique (SMOTE). In addition, an algorithm is used
to select the precise factor. Furthermore, regression analysis is used to forecast the effectiveness of data
analysis. This study demonstrates that the Synthetic Minority Over-sampling Technique (SMOTE) is an effective

method for improving the imbalanced cross-selling insurance data.

Keywords: Life Insurance Policy, Credit Card, Imbalanced Data, Data Sampling
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foya warmsasuvudasdlunsiausviensussaiusyiudin dddududoyanisauevensusss iudeyanisiaue
NeUsziuiinsegen (Cross-sell) dmiurtiotnsnsinuadsuns dnuaedoyalidnsinisneusunisiausvensusssyd
Aouthan iudeyadifienueudedumslineuiu dwaliinanaliaugavestoya

nsuiUagnluseaudeya Dunsudlolududureuiivsiinisussuiana (Processing Stage) dadunisuiladi
Foyalaemss insusulgsdeyaifinuliaugalsinareiduteyaiifinuaunadomaianisduidendoya (Data
Sampling Technique) 3awnaian1sidendaya (Data Selection Technique) 14 9 LﬁaLﬁuﬂisam%quaqmaami
ihdeyaluld lumudseissgndld 3 38 wuitymennuliaugavestoya fo 1.38n15guan (Under Sampling) Lu
wadavieTsilflunsassuiudoyaiogluranadiuinn @waudeyansufias) Tildwlndidsmiewiiudmoy
foyalunmadutios Guaudeyamsneuiu) 238¢uiAu (Over sampling) WumadaveTsillilunsiiudoyaiiogiu
Aanagiuloy (Fwruteyanisnauiv) WlliduulndiAgwsawiuinuudeyaluaaiadiuuin (Truiudeyanis
Ufias) Tasnsadrsteyatunlvidaenisduidendoyanindoyaifiu (Drummord and Holte, 2003) 338& Az e
oyauial (SMOTE) szadedeyaduaseilvegluveuiumvesdeyalunaadiuties (S1uiuteyanisneusu) sens
Hunszideyatuliiogsemindeyananadiutossai n Tusdoyamilndifes Tas Chawla et. al. (2002) taua¥Bnis
wiledgymyadeyaliaunadiomaianisqdudisgauvunguiesduasies (Synthetic Minority Over-sampling
Technique : SMOTE) Inglduuusiass C4.5, Ripper uaw Naive Bayes Classifier uaz3auszansaminefuiléidulds
ROC (Area Under the Receiver Operating Characteristic Curve) titofigatinisudlailaygmmsinnisvesdoyaliiauna
Jwe)3ag inasdns wazanz (2561) ldAnwinsuitymdeyaliaunavesteyadmiunmsduungtielsaummnu iile
Wisuiisuussavsnmuesiimsuitamieyaliaunavestoyaduaslsaiumnnu fAnsanmsuidgmdoyaliaunai

P ad 1 o 3

seAuteya 4 35 Ao W5duAu Wduan Tnaunau uazdsduasizideyaiiy (SMOTE) lngldinaianisiiuun Ao
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UsrAnSnmuesadfuazdanaifiulunisdiuun nuideyanuidymanuliaunadieidduasevdoya iiia (SMOTE)
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doduteyanaradiuunlifisiuauanas Finsduniu (Over Sampling) iiedudeyananadautios Tusrluallidsuau
foyafindu warBduaneitoyauiu (SMOTE) ieduanesitoyanaadiutiosliiianusanuaiemniu siudenis
¥sanesfiufiodondedoimnzan waznslfiuuiaeddumsineiienSsuiisulssaviamusanaianisdnnis

Joyansaumaia uazidenIBuntymimanean
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221  ingUsgaadnsive
1) sjadfuiinisudlonazusussteyaliiauna (Imbalanced Data) iiteiisdszanSamuuudiasanig
ngnsaimMsaueveUsEiuiesend miudioUnsinsin
2) wWisuiiguranisuideyaliauna (Imbalanced Data) Aae 3 inalla Ae 35n15duan (Under
Sampling) 33dutAu (Over Sampling) way F5daiaszvidayaiia (SMOTE)
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Tunmsinnadsiidumsinudoyanisldnutnaasinlutg 2 Ddounds deyadldsunmsaivayulneuisn
oy587 waUTnea lwodialva 1in (AYCAP) usiilesandoyavesgniidumnuduvesuien Tusniddvativil azuans
fegemenzinidymieyaliauna nsdaesdeyalitidnuusduteyauuuliaunaiddmeulunsneuiuns
PMensusTal 2 WU Ae reuiuuasUfiaslaesinediirdendsiudeyasss Tnsshassdoyaunianun 12,000 Toya uaz
foyadnasautsoenidu 3 yadoya fil yafl 1 yndeyanisi3ond (Training Dataset) Fd1wa 10,000 Foya (84% s
Fogatanun) 4afl 2 gndoyannany (Testing Dataset) $117u 2,000 Foua (16% vestayarianua) wazyail 3

Y

Uo31an 198U (Validation Dataset) 113U 3,000 Yaya (30% vesyatoyansiieus)

3. Aanlun1sITY
3.1 WNURSITURDUNIIALEUIU (Process Diagram)
Tupaun1sANduuide i 2 Yuneu Al nsduaTgideya (Data Resampling) Wagn13as1auuUIIGes

(Model) Fesautumaunisaiunuisonanstiluning 1

Data Resampling

V

Model

7

AN 1 LHURITURDUNIIALTEUIIU (Process Diagram)

3.2 nsdaas1eideya (Data Resampling)
Y] & v o 1% Y% & v .:4' =~ .
nsduaszvdeya Wunsuilamnlusedudeyatudunaunaziinisuszuiana (Processing Stage) lagn1s
wileflazuiladayalaense vnisusulsdeyanfianuliaunalinateduteyaniinuaunasmemaiinnisdudon
Uaya (Data Sampling Technique) n3awmailan1sidendeya (Data Selection Technique) lunu3deillafiarsaunldy
wAllA 3 LUy fe F8Nsduan (Under Sampling) F8n3duiiu (Over Sampling) wagdsnisduasizsideyaiiiy (SMOTE)

wazthluSeuisuysyansnnueawiaz3s

3.2.1 Fansguan (Under Sampling)
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F8guan (Under Sampling) {umeiavsedsaldlunisandruiudeyaiegluraradiunnlifisiuulndifes
wsewiiuInwIuteyaluaaaduley

3.2.2 35n1sganiiu (Over Sampling)

| a

FBduAn(Over Sampling) umadianiedsnldlunsiindeyafieglupaadiudesliidunlndifsmse

q

whituduudeyaluranadiuunn lnensduiendeyainndeyaids (Drummord and Holte, 2003)
3.2.3 msduasizidayaliiy (SMOTE)

TWnsduiiudig SMOTE azasteyadunsevilieglureuwnvesteyaluamadiutdey lnen1sduasizn
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ToyatuIreysEuintdayanatadiutesdin n WdeyadiilndiAes duamendeyaleglurielu wagainlila

JoyalninlnalAesiutoyainilunanadiutossiannisi 1 (Chawla et al, 2002)

¢, = a+ (unif(0,1) x (- a))
c,= a,+ (unif (0,1) x (b, - a,))
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v) Ml dugelndifesiugasiasiu

unif (0,1) Ao fwUsduwuugiinesy (Uniform) Inensdunsendng 0 fis 1
a 1 1 5 U LY Y a aa (3
b, - a, Ao sragviesenihgenwiuiuIalndifedukenn3dod 1,2, 3, .., n

3.3 N15A319LUUTI889 (Modeling)

3.3.1 uuudaesn1sannaslaldafa (Logistic Regression Model)

wuudtaesnisanaeslaiada (Peng et al, 2002) gndaidunvudiaesdsziannisifeuiuvuliaou
(Supervised Leamning) dulunuuiiaesivzthunldvineanuissiluiziamanisaifiaulaanyadeyavesiuys
a . n:l' 3 ° Aad o a &t '
963% (Independent Variables) Mgy waztUULUUIRDINUNUFIUNITATINIINFNAITNNAUAAIFATTILUIAN
wfinvesmuusdasyla 2 Useim fe wuudiassnisannemiwusifien (Simple Logistic Regression) fifuusdasgifios
FAYI LATLUUTIa0IN150A088MA18AILUS (Multiple Logistic Regression) ifauUsdasenateda laedinisinun
Usggndldagnaunsvang enfiviu mahuglemanguilarasiianilidglviuuievnvesgsialssinnsuinis nsvinneg
lonmaniguslnaagdneinsednevesgsiavsenninsdnel msldmnuaiunsavesuuitasddunisuszgndninisnain

WeINTalEIULUINIAAIR (Market Segmentation) Wiatinlendlunisiaueuauiley (campaign) Tiiuduvesmainly
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1. ﬂﬁﬁﬂsqmﬁﬁaagjau'1a%wam'ﬁmaaaﬁmmﬂﬁm (Simple Linear Regression) #3aa1n130A008Ma18fiaLUs

a

(Multiple Linear Regression) lngaiuagiumuussasengniunlalulssianvasauinh
2. haunsaaneeilallidigiliiduiinuess (Sigmoid) iiveusueilalyiegluyie 0-1 Lesnaunisonneei
lganadiAannndi 1 visedesndn 0 1¢ Ganganuuiasiduasdeseysening 0-1 wilu Feldlinsdileiduiunldang

3. Wenuilirduinuesdaglaauiiasduveannniseinauls

1
i
Dependent variable (DV) Independent variables (IVs)

Simple Multiple »/ / / \
Linear y = by * by'x Linear y = byt b+ bt L b,

Regression Regression

Sigmoid Function /__s":a;a_ 1
—/ T tee”

Probability

AT 2 LEASLNUAINTUADUNTAS L UUTIA0Y Logistic Regression

3.3.2 nisUsediuna (Evaluation)

9 .:4'

lun1siseuivenaseedng (Machine Learning) n13¥aussansnmluauiiddyy Wedeinisnsivaeunse

o

uanan U sEanSnnvesdygmnisinuundszian (Classification) @mnsadinlaaniiudldidulas ROC (Area under the

Receiver Operating Characteristics Curve)

Confusion Matrix Wutasasiladfglun1susziiunadnsvasnisyinuieainwuuinassiastestu Ineiivdnnis

£

3 o &

91NN157991 wuudnassiuieiudaiinetuassidedruidusendls wanesansnan 1 Feusuanfiansviungingnues

wuusaaandu 4 nsgl

M157197 1 Confusion Matrix

Actually Positive (1) Actually Negative (0)
Predicted Positive (1) True Positive (TP) False Positive (FP)
Predicted Negative (0) False Negative (FN) True Negative (TN)
519 The 13th NPRU National Academic Conference

Nakhon Pathom Rajabhat University | Nakhon Pathom | Thailand | 8 - 9 July 2021



MSUTEPIVINTIHAUNR AT 13 umInendesvsguasigy

wnMnendeswiguasugy | uasugy | Usenelng | Tuil 8 - 9 nsngeu 2564

Tag TP, TN,FP,FN Tus15199gnualga1nnud

' v ] v
a a a a

True Positive (TP)  #a #9¥u18nsanuAsTnNaTLase Tunsalyinuiedn “ase” wasdalinlu Ao “939”

v
= N

True Negative (TN) fio @avitunenssivdsiieau Tunsdl viuiedn “lda3e” wazdafiifetiu Ao “liase”

e

v '
= o a a

False Positive (FP) Ao Asfivhunglinsafudaiiintu feviunedn “ase” uidediintu fe “livde”

False Negative (FN) Ae deivhunglinsefuiiintuase feviuned “liese” uddaiiinty fe “a3e”

True Positive Rate (TPR) Ao InAsfivhuneasafudsiiinduage daudae meizﬁﬁﬁmﬁmﬁm%qﬁywm
(True positive (TP) + False Negative (FN))

TPR=l 2)
TP+FN

d

False Positive Rate (FNR) fio Jndsfivhuglinssivdsmiinu daude mmnisaliiaduduiianane (True
Negative (TN) + False Positive (FP))

_ FP
TN+FP (3)

\&@ulAs ROC (Receiver Operating Characteristic Curve) Lf]umWWﬁLﬁmmﬂmiwﬁamcﬂ'ﬁuﬁu (TPR, FPR) algd

nswdsunasinzuuuanuiiasduilidiu aunsequinduldlunimi 3 Jawanaiedradulds ROC Ineiinis

wWasunaeiazuuuautazsludilidondu 5 91en1s Aluagligdudu (TPR, FPR) 5 ¢

31NNMT 3 NuniaseuaqulpaLdulfsfenuiiseniaduddu (ROC) wavknuuau Baiuiinsauaquuniviils
| A

&
LUUINARIE9UTEANSNNATU IneARanand nsuNuNlAdulAe Ao 1

q

ROC Curve

1,1(5)

1 8—6-3+43} 80534}
013 0514}

09
0.8
07 |
$ 0,0.66 (2)
0.6

0.5 |

TPR

—=&— Random Model

04
—e— Predicted Model

0z 90.033(1)

02 |

0.1

FPR

A 3 nsegadulfs ROC (Receiver Operating Characteristic Curve)
nu: https://towardsdatascience.com/performance-metrics-receiver-operating-characteristic-roc-area-

under-curve-auc-79d6d5b0b977
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4. NaN1538

\Wa9R1nHANINBUTUNISLAUDUNTUSTINANTUIES (False) Aoudn9gandin1smausu (True) Juinlviliin

1 ¢ v d'

Jayaliauna dwluideddiinisnmsdunneideyanndeuiisunawasiionisnisduasisideyailinangau @ 9

U

e

[ ! q ad v I3

Usynaudae 3 waila feil 38n1sguan (Under Sampling) 38n15dufiu (Over Sampling) uar3sduaszvidoyauiiu
(SMOTE) uazlidadefimnzan osnwanisdnuvesteyasidliannsathudamelineidedsvouansiegs
yoamshinsginanndoyadraesiiainiuliiiaialndifssiutoyatie Tnsddoyarianun 12,000 doya Wuduau
nsUfias 11,889 deya uazdiuiunisneusu 111 deya uazdeyadiaesuuseenidu 3 gadeya laud gadeyanis
\3uud (Training Dataset) 113w 10,000 Faya Ineiduduaunsufias 9,909 doya wazdruaunsnauiu 91 feya yn
ToyanT19dou (Validation Dataset) fi$1u3u 3,000 Foya Inetluduaunisudias 2,976 Toya wazduunsneusu
24 Yaya wavyatoyanaaay (Testing Dataset) 31u3u 2,000 Yaya lnasdudwiunisufias 1,980 daya wasduiu

nsneusu 20 Joya

A998 2 wan19398a1878n1sUsTId uNaLazn1sIUSsuLisuUsEANS nn a1y Area Under Receiver Operating

Characteristic Curve

Area Under Receiver Operating Characteristic Curve

Sampling Data Validation Testing SD
Training Dataset
Dataset Dataset
Under Sampling 0.7214 0.7441 0.7525 0.0131
Over Sampling 0.7358 0.7401 0.7458 0.0041
Over Sampling: SMOTE 0.7346 0.7393 0.7494 0.0062

nan1sAnwIkanslunIsaT 2 Lﬁaﬁﬁmmmﬁuﬁiéﬂﬁﬂ ROC (Area Under Receiver Operating Characteristic
Curve) vasusagislunisdaunsgvivayauwasTuudavyatoya yadoyanisisous (Training Dataset) Yntayanasoy
(Testing Dataset) uazyatayans1adou (Validation Dataset) wui135n13duan (Under Sampling) lanfiuiildlas
ROC 1 0.7214, 0.7441 uaz 0.7525 muardu Tnelvirdnidssuunmsgiu (SD) wirfu 0.0131 3BnsduiAu (Over

Sampling) Ten Auldlas ROC 1l 0.7358, 0.7401 waz 0.7485 gy TaglviAdrudsauuinasgiu wirfy

0.0041 wazis umwﬁsﬁayjmﬁu (SMOTE) TvanituiilalAs ROC 1w 0.7346, 0.7393 way 0.7494 anugdu laglien

drulonuunnggu wiriu 0.0062

NNA197 2 anansaagdlan msudludeyaliaunamedSduiuiuiinadnsaiian iesniedudeauy
wnsguiidesiian uandbiiiuindeyafignuiloudvilinavesuuuassiudeiuelugadeyaiiuand iy fn
AuAaIaAd euiiaduiaglivinsduunnuieldiiin Overfitting uniAuly deasuiildidunadnsannyadeyaiiass

winlu Tudiuveansdiinwvesteyassafigidelaniunsiinsesimudiegisinesiu ldeasuinisdu SMOTE Juwisi

winraugatunsianisyadeyaliaunavesnisvieyssiusiasen (Cross-sell) vadiiotnsiAsAnyassuInns
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5. d3Una aAUTIEHNaN13IY uazdatauauuz

5.1 a5UnauaraiuseNanIsIdeY

A nMsiseuansistuneulunmsuitymdeyaliaunavesanisneuiulunsmensussailsefudinde
gon wazthdeyafignusuudnairauuudasinisyiunesanisneusunismensusssldmivyfetnsinsinves
5u1A13 Ingtiauenmaihnguinsuiludeydeyaliauna (mbalance Data) uldluanuide Builgymdeyaliauga
fgnuunld ¢ 3Bnnsguan (Under Sampling) sfionsandiuaudeyadeenalimngfumsaauuudiassiidonis
AuTINYaEestaya Bn13duiiu (Over Sampling) Ssfentsduieyafiioguénfistuinendmafiudnuusdoya
Plidudeumniuly LLaﬁ%'mi?TuﬂﬁzﬁﬂTazdaLﬁu (Synthetic Minority Over-sampling Technique : SMOTE) @i
nsdaasziteyafiulaes1adsandeyaiiiiog awisnadiannunainnaisvesdoyalduazdenadsonisaiis
wuuaes uaznanFiTenng i1 Rudtgmdeyaliaugaiiffianvestoyaiisinestunsouuusiassnswennsainig
\auoveUsziusiosan (Cross-sell) Aa 33n13duiAu (Over Sampling) Liasinfiaruiumudriiuillalés ROC s
ni8n 2 38 wadludruvesdeyasieiimadidelddnudunsdlfine (Case Study) lénaaguin FBnsdunszideyaiia
(SMOTE) WU fmnzaniigalunisinnisyadoyalilaunavesnisueussiusiossn (Cross-sell) vaagietnsiasinues
5UIAS LLasfuWﬂma‘v‘mﬂu’fg%“aiuﬂ%u’aﬁifuaumasd’;&JLLf"ﬂﬂJ{szﬁmmﬁ%y‘awamau%’umﬁnaﬂizﬁ’u@iaaamaa@ﬂﬁqﬁlgj
aunalioglusuuuudl aunsaguieyauasniouthuniesesineldog il ssdninmangsdu

5.2 Jaiauatug

NMTITeMsTansdeyaliaunavedlenialunisvie nsusssduseiulagnisadisuuudiaessnisvinegxa

'
° v v a v

dmsudtieUnsiasan dvndloniansadaluf3deasindznuidyteyaliaunadu q umeaeuiiuAuaLy

U

a a o

Uszansamnisuiladeyaliaunalifg W wu I8naunaiu (Hybrid Methods) 35dwas1gsidayaliia ADASYN

(Adaptive Synthetic Sampling Approach) Judu

6. AANSSUUSEAA

ychuvLyu s

INNTYNUITY U UTE eesen wauTnea weilawa 1in dwalvgidelasuanuiuazussaunisalid

U

v
v a v A

Usglemidunung lunisvinddeassidniaddmenidewnmiusuiiouazaivayuainvaieiie fsil aadyds

o

o

gudenng seeUsesuenlaiintinie Data intelligence and Customer Insights e Jaud n3e135yay He1uILnIs
mﬂaé’u‘%miﬂ’lﬂ Data Science & Big Data Infrastructure i Big Data & Data Engineer, Data Literacy, Data Scientist
uaz Campaign Management ¥83U3¥W ag5e1 uAUUnaA eI 9119 LASVDUBUAM ﬂi.ufgmj qummuﬁfl Fadu

idesireglrmuInwmLuzdi ludILuuaN 9

LBNEN5D19D9

Fue)3dg inasdns, 1Wn aedseyanina wardsnide Inse. (2561). nsuAdymdeyalisunavesdoyadiniunig
é’ﬁl,l,un;jﬂ'miimmmqu. 158157398 1Y, 18(3), 11-21.
Bunkhumpornpat, C. & Subpaiboonkit, S. (2013). Safe level graph for synthetic minority over-sampling

techniques. 13th International Symposium on Communications and Information Technologies (ISCIT),

|EEE, 570-575.

522 The 13th NPRU National Academic Conference
Nakhon Pathom Rajabhat University | Nakhon Pathom | Thailand | 8 - 9 July 2021



MSUTEPIVINTIHAUNR AT 13 umInendesvsguasigy

wnMnendeswiguasugy | uasugy | Usenelng | Tuil 8 - 9 nsngeu 2564

Peng, C. J, Lee, KL, & Ingersoll, G. M. (2002). An introduction to logistic regression analysis and reporting.

Ph.D. dissertation, University of Indiana.

Drummord, C. & Holte, R.C. (2003). C4.5, Class imbalance, and cost sensitivity: Why under-sampling beats

over-sampling. Proceedings of the ICML'03 Workshop on Learning from Imbalanced Datasets.

Chawla, N. V., Bowyer, K. W., Hall, L. O., & Kegelmeyer, W. P. (2002). SMOTE: Synthetic Minority Over-sampling
Technique. Journal of Artificial Intelligence Research, 16, 321-357.

523 The 13th NPRU National Academic Conference
Nakhon Pathom Rajabhat University | Nakhon Pathom | Thailand | 8 - 9 July 2021





