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Abstract

Multiple Logistic method and Two-stage Logistic method all have good advantages of dealing with
large number of variables and big data. The main purpose for this paper is building a cross-selling
model from Auto Insurance to Home Insurance and then predicting the customers’ behavior. A
famous American insurance company’s cross-selling data in eleven months is used in this paper.
Multiple Logistic method and Two-stage Logistic method are separately applied to build
cross-selling models on California and Non-California area. The results for these models can pre-
dict which products the prospects are more likely to purchase. Finally, it makes a conclusion that
Two-stage Logistic model performs better on both California and Non-California data.

Keywords

Cross-Selling, Multiple Logistic Model, Two-Stage Logistic Model

ABEE TR HE R NER S T

ﬁ-'l‘i%l’ ig’%z

MR RGBS KB T BE, YOOR MR
SRR, VIR MR
Email: xfhuang@nau.edu.cn, xuelianwang1991@163.com

Weks H . 201741210 FHER: 20174F12 220 & A H: 20174F12 4 29H

=
% ELogistic[E AN PIBr Bt LogisticE |3 77 B AE AL B £ AR B AT AHE 19 B o RA BT Uk . A0kt

SCES| DT, EEE. KRB A U S TN ). N #e R, 2017, 6(9): 1236-1247.
DOI: 10.12677/aam.2017.69149


http://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2017.69149
https://doi.org/10.12677/aam.2017.69149
http://www.hanspub.org

i3

WY, EE

FEFERE AT — MR E 11 A K3 E S SR, 2R HEmAAE B N AR mAAE 8 LA A~ X1k
R F % & Logistic[B A B I Bt Logistic[al |37, BT HERBIZKER 2 XHEEA, LR
MAFEFRERKEER . LBREY, FHHBRLogisticBAITRMBIRELE.

X
TX 4, L HLogisticliE, FHHrEKLogisticliR!

Copyright © 2017 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 3]

XN — AR 1965 AR EAMRAT R AT A1), 35 FLAG, SR BB RIS Bl
33 7RI RIBEFT . Nash (1993) [2]41 Deighton %557 (1994) [345 H, A& XHE 248 “Ei— &l
SETHRAT A P HI NG SEFL B P57 6 E R(2003) [4190 A8 XSS S : 78— IR
%5 FFREW. WM. LE, B4, RIMKQ2007) [5]15:T ERMSW &k, X oA & gk
FPHAT A Y L R, IRFCE T oA, TIUI UG O R R — R A MR P AT RE W AT R . Li
Chunging Z5(2010) [6]8F % 3R E 4R AT B SEBRIE &L, 5+ NPTB A AR AT 1E 1E, Hlid Seif a0, 8iE
T PR I £ A R A SR S TR ) AR

A1 P9 403 28 XA SE T T T 7, F 8RS XA ENL S iE N, EF MRS #
TERFREAY . SR, TTIA40 5 R NPTB A B14E, (HJ2 XL iR U & B AR R 12 Ok, iR
A X ENL S, RIAR UL 4o RN TR, Sl AH BV (1438 S 85 St 9

A RASE B A0 44 DR B A R (R A A D —AMRES I E ], 28 SCH B EURE R 5 2012 48 12 132013
10 A3EZy 1.2 12385k 230 MR E . S H N INRIARJE WM (R IE CA)FIEEIIFIARJE I (12 NCA) M
AN DX SR, o LA U AR, T TE BTN I S 25 [ ) N H T 2 - ) S 7 oA [ 5% e
B rmERE, — Bl I A s A A AR S,  —Fho T AL DR S, FEXT EE M AR 5[ 7]

HAEE N A B, FAERE 230 NS, 491200 50T, bR R N R ITA AL
SRR, USRS BOEKE iR, FREELEE T ANDg 8l WA, &P RS R.
R RS 30 RIS RGBT A & 8 TAT AEdE: SRS I S B T O AR [8], AL
U2 W 5% (2015) [7]. 2 EE 4R AT et — FRC bl Pt R T B A8 T A SRAT J9 It ROR BF, (H
RIS LI B s N SR 225008 25 2 3k B LR e, mT AR 20 A s Tl s o0 B 250 BB 12 i
BTG S1, (BAGRI8]. BT EEREATI A CA XIS R BRI RAR T HEM, SR seis
H B BE 70 CA T NCA AN KX 38053 ) A

A AT A R i CL I SE ARG (5 i 60 K PRI SE SR BE 6y, He 1 B AN S 158 XA
BRI, LL 60 RAENIm FHE R I € IR B8 T8 & KT, EZEALITFER: (1) £51E 60 ik
5P B SAT MR E s (2) — I PR 60 RIGHEI AR AW, RESRAS 20 HIBUR .

B A AR BT H e (1) BB RE w Je o B AT AR B R, R RE T AR (RIS
i, AHTHET A AFEZREEIRN T (2) ARERT S I H bR i SR T RE, BT XS E
B AT D E RS, HEm R s RN R R R R A

][l

DOI: 10.12677/aam.2017.69149 1237 IR Esid


https://doi.org/10.12677/aam.2017.69149
http://creativecommons.org/licenses/by/4.0/

WY, EE

i

2. Logistic 1 REIT+4R

FEAL R AN D2, D theiy, RUFF DAL P A b, R B [ 48 &7 J
Ac . Logistic BT IT 70 HRAR B 5 HAM RS0 [ 38 2 [A] 58 & 10— R e it 0 W 5 2.

B —F M RENERE P, Hho<P<]l, BZEL P ZAPRZTH T AER:

P
In L_|=a+ Bx
(FRJ P

Yo BAR R 5 P I8 0% 0 0 BB i 2 v e BB AT A TE, R T DU R R R U 1 52
AT HERENEOY R, BTN

P
In
&

i
i

j:a+ZN:ﬁkx,d

(—) %E Logistic {21!
MR EA EANEA(k>2), B £ HE Logistic AL i AFEARRAS & y, BUGE j AN BAMER A -
_ eXp(ﬁOj+ﬂ1jxi1+"'+ﬂpjx,'p)
exp(ﬂol + Bixa +"'+ﬂp1xip)+”'+exp(ﬂok + Bux, +"'+ﬂpkxfp) ’
(i=1,2,,m, ) =1,2,,k)
S, AR RFE R NSO, o BUE TR AR . AR — e, BATHE D BRI —
Texp( B + Byt +-+ oz, ) TR 0, FABIGRE ARV HE 45

7

exp(ﬂoj +B,% +-~+,Bpjxip)

1+exp(/302 + BpXy ot pzxip)""'""exp(ﬂ()k + ByXy ot pk‘xip)

FH n AR R, WHEAP—ZMERAEEA), HE n-12851Z25 08 n—11 Logistic #2714, J@EiTAF
RBP4 R 5

(=) PEHER Logistic 18#Y

TS R B 20 X 43 PR K ZEIHEAT Logistic ZE 5, ARG HEBEALEE R BARREHm 40 70 1% 2 >/
KRB FHEAT —IR Logistic EA%, &5 2P B Logistic #8Y, fEA B Logistic B[ 25—M BL,
DAAE B E R BE IS I NTE N B AR AS , BEERIe N 1, He 0, BIRJEEL 5 —/ Logistic #7425 B
B, 8 S A A AR AIC A 1, SRR ARL N 0, HILAH]ZE — 4 Logistic f4L.

3. RENELSERDH

(—) BEER

AR I FR AR AR B R A I R . ARYE — AR, AR AR BRI ROR KT 5%, FHR, RIS
HSEBR R SO ARG AT AR R BRI R A . S R A AR &, B R AN 5RARE M M
RS R T M s DTRR AR R RN AR BRI S N B DX A ok, DUBREE R KA, il A e
N 7~20 DM E AT AR . XT38 Bk £ S VRN 1K) B K 2 SR £ 55 3%(2015) [ 7]

() MR FR R

TR VPN febr R B e R C (R MR AR 4, B EE H AR IR % H A AT R K
A8 SRR 1 B

(1) e R%

@

DOI: 10.12677/aam.2017.69149 1238 IR Esid


https://doi.org/10.12677/aam.2017.69149

WY, EE

i3

Zepre b, SRR REMR, FOREAEE P RHIEZERTIOR, 3 NSO\ R B8 S ) B SR P B P A
W, MR N, TR BT S AR S A AT RN SR OR R 2 o BRI, AR AR OO

AR EEANE AT 73 25 R AR R VA R ko Horr, IR 2 RTE — A BIR(E R X)W,
PL“RATTFMAN DT ER—EE R EA AL N TE 3 L RS A E 43 P ION B 43 LI s 4Lk
FodZe. IXHLTT &SR BOs EORYEAL, Wk 1 PR,

Hr s, RV EL OT S80I L B BTN, S, + S, AL T E L LN B/ =M% OPT Ml
B, R AEBIH AR T: Gini=S,/(S,+5,)-

Gini {EAE 0 5 1 2, B 0<Gini<l. WHHBERAMMINEARE, WEETEE, VHak, K
Bk SMIBLEAE . ASCHMVIEGE. RIEHIERIN, SethZ07 5 e RO RO B, i 2 pr

100+ [

80 S
I R
60 AT

40 S,

20

o O T T 1 T T p
20 40 60 80 100

K IEHP
Figure 1. Gini score graph
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Figure 2. Gini coefficient obtained by jackknife method
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Table 1. Evaluation and effect of statistic for Variables and models
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Table 2. Results of multiple Logistic model for California
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Table 3. Basic information about the U.S. auto insurance rate system
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Table 4. Results of two-stage Logistic model for California

= 4. MFRBR I RN EL Logistic #RAILER

B3 i DTHR

eI —4.3145
S T4 AT -0.9755 50.4%
IZIN1 Gk 0.8962 16.1%
REHH 0.5581 12.7%
JEAEAE W R RN X -0.0014 8.6%
& E— R -0.1829 5.8%
KR 4 U0 S A B A0 0.1184 3.0%
RN -0.0208 2.4%
WHEED. FEmmE 0.1188 0.5%
RN ECE S -0.1647 0.4%

M 4 8551, UL EAR R R AR LNFT S, SEbaffoumes, HE— DN RERTTREZ) 50%,
XA R —— AR N (1) WA T4 AT RN, SRR PEACR, AR R 2 55 B A & ]
RETEEUN, AR NRME: (2) —DREEHFRBOR SRR, Ba el REMa#E, HEENE
WA T RS T By 3) FEMARRER RS, WHRADFEABIFRLTRD, AT 58
M (4) EAX R ERN SR, — BT, Mm% EZ, BA R ERE: (5) g%
—HERBAM L, BATRRME. (6) TR F RGN R, BWHHZ% LNz E, AT
RE s RITE#: (7) BT, WEAREGEMAH: &) WAHRMNAE. £5 Mini 4. I
B, RURIR. B, FwpEil, M. | IAENERRFENNBA I REFEMAEE: 9) KEEE
FEZ PRI A B 5 S R ORI HIX, A ] BER s BRI & .

DA R SR N RS R, %5 A TR S TN R E .

Horr CHAAERBAT I AE 1 0.6~0.8 2 18], H:Je RECMAHN Eim . B SRR .

Y =-4.3145-0.9755% X, +0.8962 In( X, ) +0.5581*In (X, ) —0.0014* X,
—0.1829% X, +0.1184#In( X, ) —0.0208* X, +0.1188 * X, —0.1647 *In( X,

ERh X R E A TR, X, RR RS R, X, FREERE, X, R EE RO

DOI: 10.12677/aam.2017.69149 1242 IR Esid


https://doi.org/10.12677/aam.2017.69149

WDy, EEE

KEX, X, Forits EREH, X, TR SRR, X, FrRREENER, X, ZRE
(R, AN, T OAREAE, X, RRES HHE.

I A ARG ENER, AT RS B B a4 A5 T 5 R A AT A

AR M & A i, REUR IR SRR 6 Fim. R, B LA B S A
S, ELE— AR GO R 60%, XAR—EI AT (1) ST R
ARG BRI % () AR, WA TR SR % (3) MU T A AR, B
B R S PR, AR AT RESE BRI %, K55 CA TSR, (4) —AN50RE B AR 28 0 5 0 R 0
Ko WA PN SRS, BT AR BRI B (5) BT, PR AT B, R T
GRS, XU CA WU (6) MUK EHIREI S, HII%E S A FIR R,
HAT TR BRI, X5 CA WAL (7) ADVBEEH KRR, 4 T R IR T, TR 4 himde
X i A RS TR L2 (8) (RN A1 T VRGBSR 20, Aot e R SR I 26 F ZE AR HEAT 15
BRI HT, TR AL T TR BRI 2 (9) X5 (R 2 7 9 R )10 B Pt A7 (T 97
e A T A R

Db R A R 5 8, BB & T bR O L 22 7.

Table 5. Model evaluation index for California
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Table 6. Results of two-stage Logistic model for non-California
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Table 7. Model evaluation index
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Table 8. Scores of multiple Logistic model for California

8. ZE Logistic HEEMFIBEIMBIF O R

£ & Logistic 2%

S NE THERY FEWMAE MR BEMAEWE FEMAERE R ERMAELS BRI E R
1 27,626 722 354 368 1.28% 312 1.28% 312
2 27,626 408 199 209 0.72% 175 1.00% 244
3 27,626 328 144 184 0.52% 127 0.84% 205
4 27,626 270 114 155 0.41% 101 0.73% 179
5 27,626 208 83 125 0.30% 73 0.65% 158
6 27,626 182 80 102 0.29% 71 0.59% 143
7 27,626 145 62 83 0.23% 55 0.54% 131
8 27,626 106 46 60 0.17% 40 0.49% 119
9 27,626 81 32 49 0.12% 28 0.45% 109
10 27,626 40 19 21 0.07% 17 0.41% 100

BA 276,260 2490 1133 1356 4.11% - 6.98%
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Table 9. Scores of two-stage Logistic model for California

R 9. FMEL Logistic IRBEMFIRET MEIE P&

WHEA Bt Logistic FE%]
Fo N RXWHERI FREMAE HE BEMAELY BEMGESRR R EEMGERE St EREE R
1 27,626 627 366 261 1.32% 323 1.32% 323
2 27,626 382 198 184 0.72% 175 1.02% 249
3 27,626 316 146 171 0.53% 128 0.86% 209
4 27,626 264 116 148 0.42% 102 0.75% 182
5 27,626 224 92 133 0.33% 81 0.66% 162
6 27,626 191 73 118 0.26% 64 0.60% 146
7 27,626 158 53 105 0.19% 46 0.54% 131
8 27,626 139 41 98 0.15% 36 0.49% 119
9 27,626 112 33 79 0.12% 29 0.45% 109
10 27,626 76 17 59 0.06% 15 0.41% 100
BH 276,260 2489 1135 1356 4.10% - 7.10% -
Table 10. Scores of multiple Logistic model for non-California
= 10. %E Logistic REEIEMFIBREMABNE
% & Logistic 5%
EH N RXWHEWRI FREMAE HE BEMAELS BEGESRR R EEMGERE Rt EREE R
1 98,176 1951 1155 797 1.18% 351 1.18% 351
2 98,176 1125 511 614 0.52% 155 0.85% 253
3 98,176 871 381 490 0.39% 116 0.69% 207
4 98,176 677 306 371 0.31% 93 0.60% 179
5 98,176 560 253 306 0.26% 77 0.53% 158
6 98,176 458 210 248 0.21% 64 0.48% 143
7 98,176 354 165 189 0.17% 50 0.43% 129
8 98,176 292 139 153 0.14% 42 0.40% 119
9 98,176 224 113 111 0.12% 34 0.37% 109
10 98,176 117 56 61 0.06% 17 0.34% 100
AL 981,760 6629 3289 3340 3.36% - 5.87% -
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Table 11. Scores of two-stage Logistic model for non-California

5 11. FAMER Logistic BAFEIEMFIBETMAB R

P B Logistic 5%

B NH XS BREAHE BE BRMAEWS HEMGHEES RiHERWMAELG R ERIEERER
1 98,176 1834 1314 520 1.34% 399 1.34% 351
2 98,176 949 536 413 0.55% 163 0.94% 253
3 98,176 749 358 391 0.36% 109 0.75% 207
4 98,176 657 298 359 0.30% 90 0.64% 179
5 98,176 554 224 331 0.23% 68 0.56% 158
6 98,176 492 177 315 0.18% 54 0.49% 143
7 98,176 447 150 297 0.15% 46 0.44% 129
8 98,176 377 117 259 0.12% 36 0.40% 119
9 98,176 340 78 262 0.08% 24 0.37% 109
10 98,176 231 38 194 0.04% 11 0.34% 100

4 981,760 6630 3290 3341 3.35% - 6.27% -
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Figure 3. Cumulative score comparison of two models for California
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