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Abstract

Customer churn has become a huge problem in many banks because it costs a lot to
acquire a new customer than retaining an existing one. Possible churners in a bank can be
identified with the use of a customer churn prediction model and as a result the bank can
take necessary actions to prevent those customers from leaving the bank. In order to set
up such a model in a bank, few things have to be considered such as how a churner in a
bank is defined and which variables and methods should be used. This proposes that a
churner for that bank should be defined as a customer who has not been active for the last
three months as per the bank’s definition of an active customer. Behavioral and
demographic variables should be used as an input for the model and classification should

be used as a technique.



Table of Contents

INEEOAUCTION. ..ttt sttt ettt e e bbbt et e e sbeesbeesaee st e eubeebeebeebeeseens 1
1.1 BACKGIOUNG ...cooiiiiiiiiiiiiiiee ettt sttt sttt e e st e st e sabe e s be e sbe e sbeeesteessbaeesaneesanens 2
1.2 PLODICII ..ttt ettt sr e er e st ne s re e 3
1.3 AT QNA ODJECTIVES. .eeeuurirririeriiiriieesieesitie e sttt e sttt e sattessibeesbessteeebteessbeeesbaeesseensseessseesssesssses 4
1.4 The SCOPE O TESEATCH. ¢..ceuviiieuiiitirie ettt st sre e 4
1.5 SUMMATY ..ot et e st e st snesae e s n e n e e 4
Literature Review of Bank Customer Churn Prediction ..........ccoccovieriinienieniieciiencenee e 5
2.1 INETOAUCTION. ¢ttt ettt e bt e sbe e bt e st e sate s tesbe s beesbeenneenneens 5
2.2 Data MiIning TEChNIQUES ......eervieiiieiriee ittt e st sitessiie s sbe e sie e siaeesire e s e e ssaeeesaseesabeesnseesnnns 5

2.2.1 DECISION TTOE ..ueietieiieiieite sttt ettt ettt ettt s e sae e et e st s ete s beebe et e e sbe e saeesabesasesbeeanes 6
2.2.2 NEUTAl NEIWOTK.....cieitiiiiiiieeitiee ettt ettt e she e st eshe e st esabe s e e e beeaeeas 7
2.2.3 NATVE BAYES ..ot s 7
2.2.4 SUppOrt VECTOr MACKINE ...cccvviiiiiiiiieiiie ittt sttt siiesste e ste s ste e eiee e esaaeessbaeenaeeesnbeeen 8
2.3 LAETAtUIe REVIEW....eeiitiiiiiiie ittt ettt st e bt e sae e b e st smeeeaee s 8
2.4 SUINIMATY 1.veeuveeeieeentteesieesseessteesteestaeaseessteesaseesssessssseesseesnsessnssssnssesssessssesssseeessseesnseesnsns 10

Technologies AdAPLEd ......c.eveeririreieeee et s e et nre s 11
3.1 INETOAUCTION. ..ttt ettt ettt ettt e e be st e s bt e bt e bt e st e s aeesbeeebbesaeeeaee s 11
3.2 Data Mining TOOIS ..c..ceeecueriiriieierie ettt r et s st ese s aeeseesmesnees 11

3.2.1 RAPIA MINCT c.ueveiiiiiiiiee sttt sttt sttt e e stae e sate e saba e e abe e sabeesbeeenssaesabaesssseenans 11
3.2.2 OFANEZE....eeiueieiurerniieenteeeriteestieessttessiteesateesbeeesseesabaeessaeessaeesseesssseesseesssasensseessbeesseennnns 11
323 WEKA . et nr et sh e s she e s et 12
B3 JAVA ettt st e e b et e eh et e e b ee s b be e shb e e sareeeareeesreeeeareeeares 12
B MYSQL ettt sh e bt e eh e e et ea et et e e be e ste e she e ehtesateeheeeaeas 12
34 SUIMIMATY «..veeiiee ettt et sttt e me e e e e re e se e e sre e snee saeesanennnis 13
A Novel Approach to Predict Banking Churn CuStOmeTr.........ocveercveeriieenieenieesiiesnieesveesiieeens 14
O B T a (T L ot o) PSP OP PO OP ORISR 14
4.2 HYPOLNESIS 1uveeiiiiiiiiieiiieiiie st eiteesiteeeite e st e ste e sbeessabeesabeesabeessbaeasbaesbeessseesnssessseesnseessns 14
4.3 MEthOAOIOZY ...vveveriemeiiieteteer ettt et sttt et r e sr e e s reene e nesae s 15
4.3.1 Data COILECHION ..uveeeeeiieieeiiie sttt ettt ettt ettt st eat e st eeabe e steesbe e sbeesaeesaeesaneeas 15
4.3.2 Data PTePIOCESSINE. .. e verreereesresreereitieiieiteresiesresressesieesreere e e resreeseesnesmn e s e sre et e renreennens 15



4.3.3 FEatUIe EXITACTION ..cevviiitiiitiiiiiiieiieieieeeeeeee et et eee e ettt et et ettt e ettt e ettt e e et ee e et ee e et et e e eereeereeereseeeeens 15

4.3.4 ClaSSIICATION. 1. .eeeueeeteeste ettt se ettt ettt sttt ettt e bt e s bt e bt e sheesabeeat e et e ebeebeenseenee 15
T 10| O PRSPPI 16
4.5 OULPUL weeevieeeiiee ettt sttt e et e e te e ste e s stee s sabeesabeesabeesaeeessbeesabeesseesasseesasaesnsaeenssesnnsaesnsaennses 18
4.0 PTOCESS .uteeuieiieteeite sttt ettt st ettt et et e s bt e s bt e bt s h e sat e sate et e bt e bt b e bt e bt e b e e be e nheesanenaen 18
A Y 1118 (1 T PO PR O RPPRTOPT 18
4.9 SUMIMATY .ceveerieiieetee ettt s n s e e ae e e e et e ne e e sre e sreesaeesmne sanesanenanis 19
5.1 INEEOAUCTION. ..ttt ettt ettt e be st e bt e ebe e bt e st e s aeesbeeebbesaeeeaee s 20
5.2 TOP 1eVEl ArChItECIUIE ...eevuviiiiiiiiiie ittt sttt e sbe s ebte s sabe e sate e sbe e ssbaeenanes 20
5.3 DALA SEL ..eeuveeitieiieeie ettt h et sh e st ae et e et e bt e b e she e st e naees 21
5.4 DAtADASE .....eeueveeriiieeit ettt st st sttt e b et e h e neesreeeanes 21

541 StaINg Data.....cceeriiiiieieiecesere et et e 21

5.4.2 Data Preparation.........cccceverreereeieneeienie ettt see s se e sre e sn e sne e n e ne e 22
5.5 CRUIM-LIB .ottt st se ettt et e e sre e saeesreesaeesanes 22
5.6 Data PrePrOCESSINE. . ceeuviertierrrerrteeritieriiteesiteesreeetteesteessresssesenseeenseessssessssesesssessssessssessssnes 23
5.7 EXPlOTING DAtASEL.....ccivtiiiriiiiiiiieirieeesitesiiiesiitesrie st eebteesiieesbeesaeessabeesabeesnseessaseessseesnseessnns 24
5.8 Classification Model BUilding ........cccecevereirinireeneieeeene e 24
5.9 SUMMATY vttt st e e e e sr e e sre e s sae e s anennnes 24

J53015) (S 00 1S) 021 o) o W ST P PSPPSR 25
6.1 INITOAUCTION. ..ottt ettt ettt st ettt sbeesbeesneeenne s 25
6.2 Data Transformation .......cccuereirieiiirieete et sr e s e st s e e 25
6.3 EXPIOTET the Data....ccccviiiiiiiiieiiiee ettt ettt s sbe e st e e stbe e sbaesaae s sataesabaesabaesanas 27
0.4 PTOPTOCESSITIZ ...euveueeutirtirieete sttt st er et sttt st e e e st b et e st e bt e s e r e er e e besbesaeese e nesaeeneeneeaees 30
6.5 FEature SCLECHION .....eutiiieiiietieiee ettt ettt ettt et st sbe e sbe e et st et e eate s 31
6.6 Selecting the Algorithms for customer churn prediction ...........cccceveeeeriereeeeseneeseesenenes 36
0.7 SUIMIMATY .veevuvieiiieesieeeeieeeite e st e st e ettt estteessteessaeessteesbeesssseesssessnsasensseesssessnsessssaeessseesseesnses 37
Results and eValuation ..........ceoveeriiriienieice et e e e s 38
7.1 INEEOAUCTION ..ottt sttt et ettt e b et e e be e beesneesneeenne s 38
7.2 Evaluation of classification teChNIQUES.......c.uveereirirciereneeeese et 38
7.3 ENSEMDBIE [CAIMING . ..c.eeiuirueeeiitirieieet ettt s r e e er e s 40
7.5 Discussion 0n MOdel SEIECHON ......c.uiviiiiiiiieie ettt 43

7.5.1 Confusion Matrix evValuation ..........cceevieiieiirieenie e 43



7.5.2 Sensitivity and Specificity evaluation.......c.veerererciesierinese e 45

7.6 SUIMIMATY ...ceieeiieieeee ettt ettt sre e st eme s e e e e ne e sreesreesnee saeesmnennnes 47
Conclusion and Further Work...........cooeiiiiiiiiiiii e 48
8.1 INELOAUCTION. ...ttt ettt st st sttt st e e b e b e sreesseeenne s 48
8.2 Bank Churn Predictor CONCIUSION ......eocveiiuieiiiniieiieeie ettt 48
0.2 LAMIEALIONS .ttt ettt sttt et st ettt et b e bt e bt e st e s abesabesabeeab e et e enteesbeebeesbeesaeeenees 49
9.2 FULUTE DEVEIOPIMENLS ....c.veuviiiieetirieeeesrenieete ettt st s et r e ere e ne e sne e 49
0.4 SUMIMATY ..ottt ettt e e e re e ne e e sre e s re e saeesanennnes 49
RETEIEIICES ...ttt sttt sttt e b e e et nne e sreeeanes 50
F N 0 01S] 114 D G o O OO TP PRPTSPRRPPPRRPPPR 52
APPENAIX = Bttt ettt st e sht e et ae s bee e nabe e sabeeenbaeeneas 58
APPENAIX = Coirieee sttt s r e e re e ne e re e 61

Vi



LIST OF FIGURES

Figure 1: Distribution of data mining teChNIQUES .........ccceeriririieiinieiese e 6
Figure 2 : Model building methodology .......ccceevviiiiiiiiiiiiecieceie et s 16
Figure 3 : Customer MAaSteT data ..........ceeceerereeienenieereesene et see e s 16
Figure 4 : Transaction datal .........eoceeverereiesenieiese ettt st 17
Figure 5 : Churn prediction SIS .......uiiieeirieeiieeiiiesie et esiee et esire e sveeeireesibeessreessseesssneesaseens 20
Figure 6 : Records staging tables .........cvecveviriiieirineceesene et 22
Figure 7 : Churn-LIB appliCation ........ccecueverierinireeneinreeesie ettt s eneenes 23
Figure 8 : Customer master — transaction data files.........ccoevevriiiiiiiriiiieiniiee e 25
Figure 9 : Transaction Data Transform..........ccoceveeveirininieniceseseee e 26
Figure 10 : Statistical logic in churn-LIB ........ccccccoviiiiiiiiiiiiiiiiiieniecriee et 27
FAIGUIE 11: FEATUIE LISt .uviiiiiiiiiieirieeiriie ettt ettt ettt e sate e sate e sate s sbe e sbe e satesabessabeesabeeens 28
Figure 12 : Replace miSSing VAIUES .......cccovereereiiieieiiniieie et 31
Figure 13 : PCA value deCOMPOSITION ...ccuvviruriiriiiiiiieiieesieessieeesiteesiteesieessineesaseesasaesssaeessseesnnees 32
Figure 14 : WEKA Principal components evaluator ..........cccevrveeinierinerenieeniie e eseeesieeeieeesenees 33
Figure 15: PCA results combination of fEatures ........c.ceevererieiesineenenineeseee e e 33
Figure 16 : PCA ReSUlting fEAtUIES .....veeviieiiiieiiiiiiieeniie ettt eiie e siie e sie e eieeesbeestessbaeensseesasees 34
Figure 17 : Precision and reCall ........ocuiiiiiiiiiiniiiiiiirieeries ettt s e e e s saeeesbaesaaeesaae e 38
Figure 18 : WEKA experimenter teSt OULPUL .......cvevverreerierreririererreeseesreseere st 43
Appendix A19:1 BayesNet MOdel ACCUIACY ......cuuiiriiirieeiiieinieesieesieeerieesteesieeseeeenaeeessseessseees 52
Appendix A20:2 BayesNet Model Evaluation on teSt SEt.........cccevviirirerriieeineeenieenieesnieeesneenenens 52
Appendix A21:3 Naive Bayes Model ACCUTACY .......cuecuererrieieninieieti et 53
Appendix A22: 4 Naive Bayes Model Evaluation on test S€t.........ccevvveiriveeenvieenniienieennieesnieeennes 53
Appendix A23: 5 J48 MOdEl ACCUIACY ......uiiiuiiiriiiiiieiiteenieesst e ste e st e sieessireesreessteessbaeesseesnseeen 54
Appendix A24: 6 J48Model Test Evaluation on test SEt.........cevvireereerirreeseneereenenereesee e 54
Appendix A25: 7 Support Vector SMO Model ACCUTACY .....ccvverrvieriieirieeeiieeiieenieesneeeseeenineas 55
Appendix A26: 8 Support Vector SMO Evaluation on test S€t ........coccveervieeeiieeniieenieesneeenveennen 55
Appendix A27:9 RandomForest Model ACCUTACY......ccevirreeiereririiiine s 56
Appendix A28:10 RandomForest Model Evaluation on test S€t..........ccvvcverrcieerierinieeenieenieeennes 56
Appendix A29:11 Bagging MoOdel ACCUIACY ......cueiriiirieeriieiiieenieesiresnieesreesieeseneesseeessseessseees 57
Appendix A30:12 Bagging Model Evaluation on test Set..........ccecvrerereeserieneeneneneeseeseneenene 57
Appendix B31:1 Bagging JA8 ......c.ceo ittt ettt ste s sttt ba s s a e st s 58
Appendix B32:2 Bag@ing SMO ......cceoviiirieiiiieiereneeeeene ettt s e e 58
Appendix B33:3 RandOmiZation........cccerueeierieririeiineeeereseeee s s 59
Appendix B34:4 AdaBoostM 1 for classifier JA8 ......cooviiiiiiiiiieinieenee et 59
Appendix B35: 5 AdaBoostM1 for classifier SMO.......cccccoeeciiinieiiininneeree e 60
Appendix B36:6 WEKA €XPEIIMENLET .....cccvevvirririerirreeiene et seetessesieeseesressee e sreeseesnesneeseenes 61

Vii



LIST

Table 1 :
Table 2 :
Table 3 :
Table 4 :
Table 5 :

OF TABLES

PCA Feature SEIECHION. ....cc.eiiiiiriiiieeeieeieeie ettt sttt s 35
Classification Evaluation Measurements..........c.ccecveveriinieieieinieniniccincsessenneseene e 39
Classification technique result COMPATISON .....covverueererriesieriereeeese e 39
Evaluation on test set result COMPATISON.......cc.virririeiiiririe e 40
Ensemble learning result COmMPAriSON ......covverriiiiriierriiieriiieerieesireesiiessneesireesnreesreeensees 41

viii



