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abstract

As mobile communication technology renders convenient and ubiquitous
telecom services, the mobile telecom industry has enjoyed tremendous growth over
the last decades. However, with the high penetration rate of mobile phone users
and keen competition among mobile service providers in recent years, the mobile
network operators in many areas have faced challenges of lagging growth on
revenue. Under such circumstance, to win more customers, the service providers
applied versatile marketing strategies and skills, which made the competition even
fiercer, especidly in the corporate segment of business customers. Asthe success
or fallure of a mobile service marketing project i.e. MVPN service, targeted on
business customers, can sometimes bring in or lose hundreds or thousands of
mobile numbers, which makes great impact on service providers on the aspect of
customer growth. Besides, most of the business customers are high revenue
customers who may be targeted by competitors or be fickle buyers in themselves.

This paper, based on the analysis of data mining, is to explore the factor of
group churning behavior ‘occurring in MVPN service (abbreviated from Mobile
Virtua Private Network), the most.representative.service.in mobilization of the
business customer segment.  This paper divided the whole customers usage data
of C company into two segments. C company is currently with the most MVPN
cusomers .in Tawan. The two segments a risk of churning, having been
excluded the groups with highest revenues and long tenures, are big business
customers group and medium and small business customers group respectively.
Based on the usage database of the two segments for 1 year, this paper showed the
results of hazard estimator and survival function as well as explored whether there
were conspicuous relationship existed between group churning and several
representative variables on hilling, usage, subscription, and other factors. This
paper produced some important outcomes which hopefully can be of reference to
mobile service providers in forming strategies of customer retention and creating
customer value.

Keywords. MVPN( Mobile Virtua Private Network), Hazard Estimator, Survival
Function, Data Mining
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Growth of Cellular Phone Subscribers

{TENEFEFASE (B80T : FA) 106.15%
No. of cellular phone subscribers(Unit: 1,000 persons)
o EBRIE
Penetration rate
80.24%

1~ FFEEES7HE1 FBREEEINATE -

2 ~ BEMNFAIAE - BR{TEISFEAFEGE22,605(TF) - TRkIELS100.73% - IFEESBBE— A—F -

Notes :

1. New operators began entering the market in January 1998

2_ At the end of April 2002, cellular phone subscribers in Taiwan totaled 22,605,000, for a
penetration rate of 100.73% and exceeded one account per person.
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Egqual a4y -1.27
nequa | 4,78 -1.84
Equal 346 -0.24
Unequa | 108 -1.81
Equal 350 n.44
Unequa | h.14 .45
Equal an0 -0.10
Unequa | 324 -0.1
Equal an0 n.g60
Unequa | h.14 0.62
Equal an0 n.44
Unequa | B.249 1.03
Equal an0 n.53
Unequa | b1 .43
Equal 350 -0.12
Unequa | 344 -0.88
Equal an0 .65
Unequa l h.13 0.56
Equal an0 n.41
Unequa | B.64 1.13
Equal 350 0.55
Unequa | b.13 0.43
Equal an0 -01. 11
nequa | 350 -0.83
Equal an0 .65
Unequa | h.14 0.h%
Equal 340 212
Unequa | h.04 1.57
Equal an0 -0.07
nequa | T.03 -1.20
Equal an0 1.53
Unequa | b.16 1.48
X6 MVPN/

Pros [t]
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5357
8397
. 1853
L3762
L1529
L3421
. 2433
0344
.04
0040
. 1436
.oom
. 1062
BE6D
L4780
L5878
. 2535
. 15086
L4379
. 2938
. 2039

12038
L5103
L0723
.GE13
G684
242
L4804
54719
.GE06
.GE2D
L3140
LA317
6446
.07
3804
163
k007
6033
. 2987
G794
L6515
L3126
L4074
0158
.hi64
L0343
1758
L3471
8471
L1279
L2027

X 25



Yariable 1 Yalue
Intercept 16,08
e -01.34
%3 -2
x4 1.00
xh -0.78
xh -1.38
7 1.10
" -1.89
4 1.53
%10 1.51
11 -1.03
"t 0.23
%13 n.3a
14 1.96
e -1.13
1B -0.44
17 1.38
it 155
%19 -1.02
w21 -0.RR
w1 1.4
Wl d .
w23 1.10
wld .
25 -1.45
2B n.07
w27 -1.64

TOL(Tol erancepP..lEi.genval ue

Cond

20

Wariance

Pr> |t Tolerance Inflation
<.00n1 . I
0.6972 n.06232 19.11441
0.0063 0.02354 33.84674
0.3160 0. 11018 .077497
0. 4452 002715 .82y
0.1686 n.07034 14.21644
n.27248 0.04867 20.58713
n.04748 n.00164 G09. 43295
n.12a1 0.00465 215. 06995
0.1315 0.00770 129.8349z28
n.30349 0.03215 31, 106430
n.az204 0.00723 138.31018
n.7ot 0.02158 46, 37706
n.0613 n.00423 23618771
0.23648 0.00023543 4247 .53576
0.6537 0.00624 16027152
0.1673 000061676 162136724
n.1224 0.00467 14,0250
.3064 n.oon1279:3 7316.685076
n.5127 0.0051% 193168490
0.1594 0.00012445 2035.03578
0.2733 n.oonn4v03 21764
n.1437 000006601 15144
0.942h 0.73293 1.36438
n.1021 0.34965 1.17635

on I

VI F(Variance

ndel0

St epwi se

3.

X17 0.00188 X26

t-t est
0.15

Y =1.03709

( X3)
(X17)

59

Eigenvalue

20.99814
47544
.86530
. 7R510
27090
17321
. 15372
09254
04331
03345
02432
01661
01403
01115
00825
.N0EED
00643
00435
o031z
L0223
L01a0
0.00053363
0.00023703
0.00012243
0.00000405

1E-12

1E-12

oo oo O o OO OO OO OO OO —M

| nf

Condition
Indesx

1.00000
2.31243
3.36422
517163
8.804:21
0.32463
1.46535
16. 05369
63531
L5477
L2731
LAhE05
L7334
40539
43364
41609
16023
13936
L0254
74235
L2830
67952
64143
414.13632
2276.71540
4582370
45823748

at i

X 8,

X8

0.

oln0 Fact c
01

X3, X8, x17, x26
X 3,

4.37467 X3+0,0000186 X8 0.000095

~

X117, X 2



21 Stepwi se
Parameter Standard

YWariable E=t imate Errar  Twpe II 23
Intercept 1.03709 0.01388 41.408548
xd -4, 3T46TE-7 1. 4600BE-7 0123156
x8 000000186  7.1BB0O39E-7 009236
217 -0.00009460 000003962 n.0ysze
w27 -0.00188 n. 00120 0.03374

Bounds on condition number:

G.4741,

F Yalue
018,585
4.48
B.73

570
248

G0.0EG

&1 wariables left in the model are significant at the 0.1500

Mo other variable met the 0.1500 =zignificance level for entry into

lewvel .

the model.

A GL Mt-t est
X3 X8 t-t est
2 GLM T-test
Standard
Parameter Ezt imate Erraor t Yalue Pr> |t]
Intercept 1.0016286143 0.01560481 G418 <0001
wd -0.000000432 n.ooonooie -2 0.00648
xh n.oo0001986 n.ooooooys 2.50 n.oiiz
w17 -0, o00007s01 n.ooooiotz -0.74 n.4584
wld -0.001867014 n.o0131s21 -1.42 .1566
I-lests
Variable  Method VYariances OF  t Yalue  Pr > |t]
w3 Pooled Egqual an0 1.33 .1358
w3 Satterthwaite requa | h.04 n.a7 0.3762
xh Pooled Equal 350 n.237 n.7a62
xh Satterthwaite requa | h.12 0.23 0.3268
x17 Pooled Egqual an0 0.44 0.66248
%17 Satterthwaite requa | B.249 1.04 n.3140
wld Pooled Egqual an0 1.53 01274
wld Satterthwaite requa l b.16 1.46 n.2027y
4 1.3 t-t est

1. SAS

GLM
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vari abMean St d Ql |Medilam®3 [Skewn
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2t-t est

Yariahle

wld
wld

2

Met hiod

Pooled
Satterthwaite
Pooled
Satterthwaite
Pooled
Satterthwaite
Pooled
Satterthwaite
Pooled
Satterthwaite
Pooled
Satterthwaite
Pooled
Satterthwaite
Pooled
Satterthwaite
Pooled
Satterthwaite
Pooled
Satterthwaite
Pooled
Satterthwaite
Pooled
Satterthwaite
Pooled
Satterthwaite
Pooled
Satterthwaite
Pooled
Satterthwaite
Pooled
Zatterthwaite
Pooled
Satterthwaite
Pooled
Satterthwaite
Pooled
Satterthwaite
Pooled
Satterthwaite
Pooled
Satterthwaite
Pooled
Satterthwaite
Pooled
Satterthwaite
Pooled
Zatterthwaite
Pooled
Satterthwaite
Pooled
Satterthwaite

t-t est
T-Test=
Yariances DF t Value
Equal PYET -1.38
Unequal 2. -1.497
Equal PrET -1.53
Unequal 6.8 -1.85
Equal PrET 1.07
Unequal i n.h4
Equal PYEY -1.3h
Unequal 2.6 -3.64
Equal 2l -1.80
Unequal 6.8 -1.78
Equal 24 -1.72
Unequal 6.8 -1.87
Equal 2236 -1.0%
Unequal 26 -1.7h
Equal 2238 -1.87
Unequal 0.9 -2 17
Equal 20386 -2.18
Unequal 22.h -3.83
Equal 20386 -1.B7
Unequal 23.2 -0.61
Equal 20345 -2
Irequa | 228 -4.02
Equal 2035 -2.56
Irequa | 23 -h.22
Equal 2233 -1.80
Inequa l 26.13 -2.6h
Equal 2233 -0.44
Irequa | 258 -0.45
Equal 2232 -2.07
Irequa | 6.5 -3.119
Equal 2 -1.06
lInegua | 0.8 -1.24
Equal 2234 -1.38
Irequa | 258 -1.40
Equal 2234 -0.15
Irequa | 250 -0.15
Equal 2234 -1.410
Irequa | 250 -1.35
Equal 2234 -0.27
Irequa | 258 -0.27
Equal 2235 -1.54
Inequa l 26 -2.07
Equal 2235 -01.3h
Irequa | 258 -0.36
Equal 2234 -1.GR
Irequa | 287 -1.43
Equal 2234 -0.54
lInegua | 8.7 -1.71
Equal 2y 1.1
Irequa | 26.2 0.61
Equal 2y -1.28
Irequa | 2 -11.83
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00
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0254
L000g

nio4

0o
72T
L0133
.6hE3
LBhE2
L0387
L0036
L2915
L2206
. 1668
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1630
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7304
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a=0.05, X5 MVPN X8 X10
X111 X12 X13 X16

Pval ue<0. 05

VI F(Variance I nflation

10TOL(Tol erance). 1H genvalue
0.01Condition I ndes8O0

St epwi se

4 . - USRS
0.15 X 4 ARPUX MV PN

ARPUXx11
| X4, X7, X11

Y =0.99038 0.00000656 X4 0,0000955 X8+0.0002731 X11

ARPU( X4NIVPN ARPX (X11)
25 Stepwi s.e
Parameter Standard
Variable Eztimate Error  Twpe II 35 F Value Pr > F
Intercept 0.9903% 0.00534 J6R.EBR226  34438.4  <.00M
nd -0.00000656 000000354 0.03645 3.42 0.0644
w7 -0.00009550  0.00006014 002681 2.0 0,127
=11 0.00027310 0000090248 n.09742 9.15 0.0025

Bounds on condition number: 2.9984, 20.954

&1 wariablez left in the model are significant at the 01500 level.

Mo other wvariable met the 01500 =zignificance level for entry into the model.



4 . GLMT-t est GLM
t-t est X11

26 GLM T-t est
The GLM Frocedure

Standard
Parameter Ezt imate Erraor t Yalue Pr» |t]
w7 - 0000948635 0.00006006 -1.58 n.1144
w11 n.0002718030 n.oo00anog .0z 0.0028
T-Tests
Variable Wet hod Wariances DF t Yalue Pr> |t
nd Pooled Equal 23y 1.07 0.2867
wd Satterthwaite Urequa | 26.2 0.h% 0.5684
w7 Pooled Equal 2124 -1.72 n.0862
w7 Satterthwaite Urequa | 6.8 -1.87 n.0v2a
w11 Pooled Equal 2038 -2.67 0.007h
%11 Satterthwaite Urequa | 23.2 -h.B1 <000

Equal ity of Yariances

Yariable Met hiod Mum DF Den DF F Yalue Fr > F
wd Folded F 28 22N 3.50 <0001
) Folded F 2143 28 1.14 n.e002
%11 Folded F 2014 21 4,82 <.0001
4 1.4
MV P N
( X3)
ARPU( X4) (X14) (X16) (X18)
( X20) ARPU




t-t est X6 MVPN/ Xx25
me an
MV PN /

2 MV PN



X 4 ARPW 7 MVPANRP U
x11 X 4 X 7 x11
t-t estGL M
x11 MV PN
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x1Y X1 X 2
4 2. 1 MV P N
1. SAS
27 MV P N
Class Level Information
Groups Variable Frequency Weight Proportion Prior
Name Probability
churn churn 4 4.0000 0.142857 0.500000
nochurn nochurn 24 24.0000 0.857143 0.500000
2t
X 16 X 26 (
3]
Number Partial F Wilks Pr < Canonica Pr >
Step In Enter | Removed R-Squar | Vaue Pr>F Lambda Lambda | Corréation ASCC
1 i | <5 0.3951 | 16.98 | <0003 | 0.60493827 | <.0003 | 0.39506173 | <.0003
2 B | <16 02650 | 9.02 | <0060 | 0.44460746 | <0001 | 0.55539254 | <.0001
31
2
1
Total-sample  Pooled within-class
(" x 1 6()0.8483 0.6910
(x26) 0.9341 0.7403
0 Wilk's Lamda
Wilk” s Lamda Eigenvalue| F v all ue
1 0. 445 1.249215. 61 2 00¢(¢

67




66.67

14.58%
31 MV PN
Number of Observations and Percent Classified into groups
From atitudel churn nochurn Total
churn 3 1 4
75.00 25.00 100.00
nochurn 1 23 24
417 95.83 100.00
Total 4 24 28
14.29 85.71 100.00
Error Count Estimates for groups
churn nochurn Total
Rate 0.2500 0.0417 0.1458
host-out
32 MYV PN hostcout
Number of Observations and Percent Classified into groups
From atitudel churn nochurn Total
churn 0 2 2
0.00 100.00 100.00
nochurn 4 8 12
33.33 66.67 100.00
Total 4 10 14
28.57 71.43 100.00
Error Count Estimates for atitudel
churn nochurn Total
Rate 1.00 0.3333 0.6667
4 2.2 MV PN
1. SAS




MV P N

ClassLevel Information
Groups Variable Name Frequency Weight Proportion Prior Probability
churn churn 19 19.0000 0.059375 0.500000
nochurn nochurn 301 3010000 0.940625 0.500000
2 .
X 3 ARPUXx 6 ( MVFN
) X1 MV PN
% ( )
Number Partial F Wilks Pr < Canonica Pr >
Step In Enter | Removed R-Squar | Vaue Pr>F Lambda Lambda | Corrélation ASCC
1 P10 00168 | 542 | 00206 | 098324605 | 00206 | 0.01675395 | 0.0206
2 2 X6 0.0094 3.01 0.0836 0.97398957 0.0153 | 0.02601043 0.0153
3 3 X3 0.0083 2.65 0.1042 0.96587558 0.0118 | 0.03412442 0.0118
SR
35
1
Total-sample  Pooled within-class
MV P N ( x 1 @ )1.48550 -1.47576
MV P N / (x6) 0.84340 0.84388
ARPX3 0.51755 0.51727
36 Wilk's Lamda
Wilk” s Lamda Eigenvalue F value
0. 9660917 0.0342%2 3.63 3 0.01
4 .

69

35.09%
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37 MVPN

47.92

Number of Observations and Percent Classified into groups
From atitudel churn nochurn Total
churn 12 7 19
63.16 36.84 100.00
nochurn 101 202 303
33.33 66.67 100.00
Total 113 209 322
35.09 64.91 100.00
Error Count Estimates for groups
churn nochurn Total
Rate 0.3684 0.3333 0.3509
host-out
3 MYV PN host-out
Number of Observations and Percent Classified into groups
From atitudel churn nochurn Total
churn 2 4 6
33.33 66.67 100.00
nochurn 21 51 72
29.17 70.83 100.00
Total 23 55 78
29.49 70.51 100.00
Error Count Estimates for groups
churn nochurn Total
Rate 0.6667 0.2917 0.4792
4 2.3
MV PN
x 16 X 26 ( )

70




t-test

28
14.58% host-out

66.67%
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2. MV P N

ARPU( X4)

MVPN ( x5)

(x12) (x13) (x16)
MV P N
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