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Abstract

In this study, we investigate how churn customers (who play a central connector or broker role) affect other
customers’ churn in their call networks with ego-network analysis using call data of a mobile telecom company
in Korea. As a result of investigating Reciprocal Network, we found a relationship of attrition among churn
customers. Churn provokers who influence other customers’ attrition exist in customer churn networks. The
characteristics of churn provokers is that they play a central connector and broker role in their groups. The
proportion of churn provokers increases and the churn provoker’s influence increases because the network is
a reciprocal one.
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AZAA
TR TR TS A1 ¥ TS AXA HERE THFR 5
AL gH, A%, A% o) 59 1A Ao)F7](customer lifecycle) & Sl LA Aol
3t AR 7L B NS FREe AT A FHE B3 o] SAlY|E AKTE £
A Ao A wle F83ict & Zlolth. A 7L V=Tt B2 & 1A Aof7hA|(life time
value; LTV)7} 2 A4S §X|3517] Y3te], A4 =233, 34 2dE Z3uiAd, 2472 7
H 9l 5 ot npAl Y B 2L A%e 55 Dt (Gupta 5, 2006; Chun, 2008, 2010).
Reichheld (1996)= W= 7]d=°] 5dvitt 17 & Avbs gevhal ohe)al ook A57h4] 239, 7t
=, B4 AT B2 VIFES 150 A AAANE FA TR=AE oldEta 1A ool f-E #A5
£l BAMER =88 7]&0 Qlth. IAEF| o|gF ks AL oldfetl FAIF LR Tt o|E PR

3] dolt}. B} o|FE nAG FYTt sleiEte ojm st Mk FE

Hoh & Aot} (Dyche, 2002).
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Ao Zsta ek 1980498 BF 7 GELS ot olgsgAe] 28S RFUTL 19904 o] o]
dlolgntold 7S olg3tel oln] Wy WAEY EHL A4 LASNA A 3te] theol o g
o FESch 222 G5 oFT 4Pl ¥

A7} ke A9 olge WAFE ARk 3 2

£ Fol vl Y Asle] A DR Utk B Sol, BN AN AL DA L o2
DA AL B B HAEFS ART 9L Aoln, Lqol A=A S FFoIAE A= Agu),
NASEE 5 4% £4E DS AT 1 7149 ool Jelw} 2o DAL AL FAFILA
B},

A27AA DA Dol thE WL o] 2H AT AFHA ] ool gov} TATY #A T2E A
o S ATE 294 BA L AAolth. oo & AL TAS 7o) 725 e 44
WEND 242 B 14 422 BAst, A4 VD 242 B 94 Ad% 48 2 5
A2 s BAo| ThE mA Do oW GBS WHEAE BAFT o) B o 1A o]F o
5 olgk A E 919 Wk AlAISk A} BT

B A7 PAL 28604 &4 MEQT B4, 3804 BEPET 48NS BolFa, w42
oA BEu R B w0 P4 ch

2. D2 0|0l TS 917 e

2.1. D2 SH U Hoy

Sl o] BE ATE L3, B, AU o] 5EA 5 /199 BE A%, JoIq To] £ B8
o 2ol 7 QEL A Re] AL Totel ol Zalit] thaka M-S FohiT He 88
Rofoll A 283 e}

= 2 st 7R wo] AMgehe o2 EAAE 374 (logistic re-
gression) 3} 2] AFA AR 2 W (decision tree based approach)o|t}. ZA|2E 3784 B2 0]
ElE 22 Ao AFAA LA B FES o&3l=t] o] &5 E ¥y oltt (Buckinx g} Poel, 2003;
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Jones 5, 2000). AHEAGUFE W SYs eplloly o]g S AAsket ol&dr) Datta 5
(2000)2 SJALEAR -5 &&3 CHAMP(Churn Analysis, Modeling, and Prediction)Z& &3| °]%
FA A3zt uAof gt o]gd 2AES =39 th T3 Hadden 5 (2006)2 112 EXF Ho]EE o]
Shol A ol o|2e A AH T AUL ARGt A W e o FL ARE
QZFAG Han 5 (2009) AR WS o83kl HAA] 1A ool o3k o] w2
Aakes S AlAE oW, Ngot Liu (2000)& 9AHER Ut IS 7 A7 718 9fn|
=l E AT = = BEF 7 F(classification rule)S ZAsH=d] AH: F)

Morik¥} Kopcke (2004)= B3 2GoA B o]g-2 o|&317] f13te] A ] E4](latent seman-
tic analysis)2 ©]-&3t%th o5 TlolE9] EFYABE (time stamp) EAS L5t & 29
A& o] MAEEE st AEE A (survival analysis)2 AHA dlo]Eof] A|7H) =S 2 slsl=
o AFRERE I TR AR 71 2 dholth o] Wb AI7F 71E o]3 A=A B BATH H] g o]
oAZGA FHEex et 22 AR tige] A3t ety Lu (2002)+& o554 AHdelA 1A o)gS o
2517 A olelst AEEA RS ol 8FUT E Mavii (2008)% LA of AZEA 79 E

[11

¥0 o

o] g3lo] mAL ol HFS oS35}t Gopald} Meher (2008)2 ol&o]Z o g w-gHE7} <47k
A= FAFE 7R = 7189 =43 3724 (ordinal regression analysis)S AJEE42] tito g AA|
e} o] A= nAo] o]dshe AlZE ol53t7] flste] 1A A& =417t %% WsE 2ys)
Sttt o] GolA HZ A7 3 BE2 AF A2 1A o& o FollA SVM(Support Vector

Machines) 2} Random Forests 7] ©] 91t} (Coussement, 2008).

2.2. D2 AsH] J|g FHI2Y

1A olgL o]F54l K& (Dasgupta 5, 2008; Hwang 5, 2004), 23] Hof <lgul Mujx A,
22H Al FolA thRolA itk 7P GubAQl SjulofA ojgke nAe] BEAQl e g A4
< gttt o]FEAl AgolA e MR THE o584l 79 E Hs WiE olgelgta 3t}
Keaveney (1995)& AH|& AAAA o)ge] QS vX+= 2 7HA &A& AAlsta gtk 2 2952
7VA, EHE, d4] bl “flﬂ a7 e Aol TS Solt) o]9) 72 829152 °]F Hwang
S (2004)9] AFolA o2 o537 fivte] A9 AR uAe 5407 EREQ. AHHoR
ojgto & Aulx, 17, 4-7“4 Al AlF ALY BAL] WAA 549 E4 7Rk £ itk 2

3o
Hub 998 4L A8H 4TS 3 WS ] 5 AAE BAR & Ak o] e §
A VeI AR AAE WL o] §AE] B4 F/HUTHE Metcalfe ¥ H ol 03] FRAo=

AT SH oIFEA AFAL 7RI AAFolt Aol T FAE AFFOR
4 ES=e) A % AL AZsA Yek T A2 Do) e Be Pé—ol 7}% st o)
=93 YA BB, AN A ARAOE 15 9 AFS B

49l A8 B4 L Aulse) AAE AAsd WA SR S8 il
oSBT F2% ZHe AAAY AR A AT} ARUE S AR FFEL
ok H29) ATE ol @ BAE FAL 54 /N 42U 3% A @—:Lw AR B g2y
o= 235 gk

r

2.3. & =10 E2Y

24 Y EYZ £ (social network analysis)-2 7]<1 Lol st U EHT &4 &

1 ol gl
slet] 223 Q29 Jddog xZ7kA BAsl Ay Fre] vE I 22 AF tatoldnt oy
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Sk AT 2ye F29 Y EYA B3 (random network model), 22 A4} 28 (small world model;
Milgram, 1967)3 = ¢l= WEH I 2¥ (scale free network model) 5] St}

Aol ofoltlole] S AP G, FAS] Tk, 429 T 2L AL olsHa] A% A
3|5, A ”]‘7“‘:4-'4' 22 Hopol A =4 |d Bt 047‘5]'5’%9]'13} A8 HEYIFA A 23]
7] A8 AR tiE 29 F 22 Linear threshold model (Granovetter, 1978)3} Independent
cascade model (Goldenber 5, 2001)°]t}.

Dasgupta 5 (2008)+& ©]5 84l WEYIAA 24 MEYZ F4& ARt A ol&E &3 A
2 4FY 7N WS AAS Stk o] &2 Au|a AlFAY WEH FoNA olgetaiat sk 7t
AR AZFE ofu] ojZdt HYPAL ol %34313 = AASATE olF 7IREe R A oj@REH
59 &4 VEHIE FFsto] IAE ojgA =5 dS5T & U+ SPA(spreading activation) 23
< Alt3tsint. Hill 5 (2006)2 &4 VEYT £4& o] 83te] vHAlY A BERE 3= 7|H
Ao VEANTANA JFHEE 7431 Stk olHst &4 vEL T 7|Rkst it 79k JEH- 54

.
Zlek A2y 9T Jle Aol A Zelw.

32

3. oipume

3.1. AQ UESRI YYE

24 HEHI ZA4L HEYIA A I ST BAS 7o r AEE dAE ASHeR F
3= dAelth (Knoke} Yang, 2008). o] gt 24 UEIE &85t 242 7H P9jxke] A9 o]
ohE BRI o ¥ G U1 AWK 2T T RS AR UE D o gA Qo] E o]
A = FAL LA, A ol Zlo] E Ak AR AdEef ofd g mAeA Soll E &
< oJPFE 5 Adrhe Aol 24 vEY A £49] Aot} (Kim, 2007; Sohn, 2002). ©]#gk 4 v
E9135 A3 BeRRe oheh 9%, S8 5 ojUe ool 28% 3 glov), B4 dyox
Ee] ﬂ A2 #A 0] o]§F L Sith

A4 HEYT B4 HA UEYHT +2E 3437] A 7IHLeE Wasserman¥} Faust (1994)2
A1 A BAY 3709 H == kA (direction), 7= (direction)$} W8 (content)S A AISIGTE WHEF
4L BAATE BAE ElleA 2 LeAE uidnh YL B wU AEE FFolA Hule
A HolEth AEA WAL Bl g £ Atk Wl fE BAE AN 585 BT R
sb7] wiEell F7F EEA oA FrF FH AAA O the HHE AlgskA] b=t A= (strength) = + 3

AAZE 4EAE Motk g (content) S FAAE 7+ TA ol AFH ARG Tk Tha
A 8-S BB Qe Ahe] FRE T

A4 Y EYZI 5714 442 YA (prominence), &3 F (cohesion), HY (range), 7l (brokerage), 1
2|31 22 594 (structural equivalence) o] 2} & 4= It} WAL YEY I ANA F71 A (power) S
AT YEAE S w AAL AT ALAE Bt SPEL AAE T 22 A B
AR A2)e 2AE dehdth WAL BAA) MEND FRE, AL 0 a9 9
o F= As outh. o 32 S U EYIS 724 A% 1 AXT T 9T
o] L ARSI BAE ARk o] 57HAE SAL 24 HER AL 540 2 5 AR ATFA
o] A Kslth. webA o] 57kA SASS ARE ey A 54 Wt Basth

B AFoA ARSshe BAE SAT e AxE AZ2AHE F418(degree centrality) 2t 2 F4
d(closeness centrality)o|Tt. AZAT FAAHL 3 FAA7 th2 RS duprEe] AAE @
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T GETHE B4 T AL NENDY S AN AEE AR A0, & A X
A% Ad5o) Yt YAAEY Foz Qo] Atk ¥ FBHEE ML PR W= T
3449 4TL HT Y3 Itk AFHE FAAL Y £EH /1Y £ AAHE FAY
2 thest 2 Aol o3 24T 4 ok

Cp(pr) = ) _I(pk,pi)
i=1
714 n e W92 actor i node)e] 4012, L(pe,pe) = { b 2t 97 ol
oA P2 AFA R AdE PAAET 0}143} UEYI U ZHde=z A4 BE PR 7H
A= E AXkste] sttt o] ZHFTAAEL F FAAE v 7P 2 AEAE BF U A o
FE S o g Assitt. #2 Age A2 WAIA] AL, &2 A W2 HE-S o n|dlr] ufie,
=2 I TAES AR ALGY =2 284 %/\Pf?} Ndez & 4ty 2822 AZdA=e) 2F
440 £24E YENTY BAAEL 5 54 4TS Ak 2AFAAL T AARNE A AR
#e ARADE BF 02 A0 A58 A gos Avw
n—1
Co(pi) = — ,

714 d(pi, ;)= BAAF piet p; 7HA12] Azl ot

w7 544 (betweenness centrality)2 WEL I do|x

=

o WA} e BAEeNA A W
2UE 4 9 AEE Ui, ot A4 939 FEE 45 otk & YA} e T
A ANEEAR Aol detdon AN W, 2 WA An AL IBS Qe 98 A2
e gt THASL A o FAT 5 e AXel Yx ARG VEATIN 528 F

QFIR00 STk B 4 9 the e A0l 218l AL 4 5ick

ZZ gl] Pk)

i=1 j=1 9ij

A7NA gize BAR pit p; TF AT AR £, gij(pr) v BAAL pi} p; T prE AHOHE A=
UehATH

o
4
il

3.2. 932 @Y

2 Aol A SR} S RE L
01%%4%3} 24 YESZ 7H9] 34
Aoz mdE EYIE Tt ¥
B, 1 o) YAE A% Hrt 2EA] hAS AAst At skl Ark. B A7 2P e
AAAQ Z2AAE Figure 3.13 Zro] E3HATH

LA, AR 1A E2] Rlo} Y| E Y H (ego-network) S F5Fo] 11719]
g AS ezt gk o714 Aot VIEY I+ MAES F
ojlgol AL v A& &4 VEHIY S

— =2
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Figure 3.1. Analysis process

4. HAAE AT = ABRYUES oA opek E3HAA R o]Fo]x AA =] ojAte] vEYZ
W FEe

5. ARUE el A AAAE el $3 BA
32)9} 53 FAYL Y= AAAES FAH

ojgfiat £4 5.

6. 24 MENZ W52 BE3H] DAY o|IAES FHOE S Ao} UEATE B 1F ol
A AdA, B S 5.
J !

=]
5
7. 2R FA4, A 44, 924E 344 5 &

Sl AR (ke B MmN, AEE BAY U=
= A% W LA AP TF 1 o) ulg 24

1A Aot YELIE T 25 W I /13 42 th3

EYIE 24 M E sto], Aok (ego) e} EFAt(alter)E0] R Y HE BAS] FFIH BA 40l
At Apote] e BT oS sl 7 uA WE AR /124l e] EAsE Apof v EH
27} A (in-link) & FA o2 Hol AA A, ob ™ L4l (out-link) o] A H 1A, =2 FL3F 5
Z}(reciprocal) SR FAFH YEAE AAstt o] E 7|Rke® £A, WAl FHe) F3lel o F
AZ Foll o3 4 uAY AT H+E AL

WA 28 ] A A AR} (central connector)e] 4t 7+ 1A o] AAlo] &8 1E YollA] duh

ek

it

< e uAEN dd9] e A5 SATeEM, T uA o] duht IF WellA HAAA g
St QleA FAE £ Ak Al ZEX-al A AZAAL, #Al A AZAAL, P A AEA-[FEeR
A3} A4S ARstE 24 4 A4l A AR} (in-central connector) A4 21E WAl g 1
o] 441 g o3l Aikstet A 4 AZAR}(out-central connector) FeE IEF WollA9] T
A WAl =5 AXsle] St} nprjute g ) Al o A X} (reciprocal-central connector) 7
T 25 WelA9] s 4] 4 A (in or out-link) 4~9] Alxbe 2 Z43ir}

3% W S/ H(broker) o] A& H4e 257 WolAl s o] wizhA Ao EAsts A=E ST
th ole 27 W 08 T 1A4E Addste AR Aol WdsHA 53 2 AYSTE =2 SR 9T
HA4E A g} o) sk A4 4248 VEYZ B4 w7l 5414 (betweenness centrality) A&
2 %9l Anan,
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Table 4.1. Comparison of gender in Churn Network Group

Isolates Giant Network Reciprocal Network
gender
frequency % frequency % frequency %
female 706,411 47.79 151,002 48.44 438 76.98
male 771,629 52.21 162,677 51.86 131 23.02
N/A 56,509 . 3,518 . 87 .
total 1,534,549 100.00 317,197 100.00 656 100.00

Table 4.2. Comparison of age in Churn Network Group

Isolates Giant Network Reciprocal Network
ase frequency % frequency % frequency %
<= 15 215,187 14.03 15,318 4.83 88 13.41
16~19 146,476 9.55 14,937 4.71 0 0.00
20~24 137,463 8.96 25,564 8.06 3 0.46
25~29 167,642 10.93 40,295 12.71 27 4.12
30~34 153,833 10.03 40,093 12.64 52 7.92
35~39 153,331 9.99 41,155 12.98 133 20.28
40~44 141,315 9.22 39,637 12.50 167 25.46
45~49 121,972 7.95 33,111 10.44 140 21.34
50~54 102,257 6.67 26,753 8.44 44 6.67
55~59 65,418 4.26 16,953 5.35 2 0.30
>=60 129,002 8.41 23,323 7.34 0 0.00
total 1,533,895 100.00 317,139 100.00 656 100.00

=~

- 2MAR S 22}

Ao AE3 A o]FFAIA] AEE 2009 3Y~5Y Abelel] sRE A 2,102,963 o
oz, uAe oY7L &4 VIEHIZRE TS TIEAE AF R f3) HAAES] 2008
E~20094 292] 3714 T2t H 2 370E 5443 SMSE #et | X a2 A ©] CDR(call detail record)
a4 F3} ARE 7HA AL AR e JEYA A4S ST o] 5 A= F3EAT fle AR
70%< 1,534,549%, &3} A7} d& AAAEL XA 30% =2 568,414 o] Tt F3} AT}
AAAE F 317,197 A3l shte] eI HAo) 712 W EY I (Giant Network) 2} 3 2 2}
7 PRF V=TS 23 VAT 2707 20 o0l WES IS 25T 6561 3 FohEA
I V| E = (Reciprocal Network)Z Utro] £48 & Zlojt}h. B Ao A& Isolates, Giant
Network, Reciprocal Network 33 e] v & 53] A A&=S £4S T Zlolth

o oy

<

ro, i e

ek

4.1. XAt UES 3 Zitie] EMEA

Table 4.1 Al 7} AR YEYNZ Fke] A vaE veplal Qlth Table 415 B Z Y E
239 JAuEL P VEYT Fto] 76.98%, Giant Network F o+ 48.14%, Isolates Fgho]
47.79% 2 143 YE A FIF HEA IV 7P =2 A4S Holn ofdulSo] FdHT) 48 74
T2 =274 vtk & A o2 3] i RS o E Alolo A o]Fofx A JS& AT 4= Qi)
Table 4.2+ Al 7FA] A2} VEHZ Joke] A v]aE UEPIL 9t} Table 4.25 H9 71403 v
EYILEE 35~49A4 HlF o] ol A glon, x| Aol AkslH BAeL B o] AL Isolate F
@l HE 20009 BTl =52 & 7t Utk
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Table 4.3. Comparison of Subscription Period in Churn Network Group

Lo . Isolates Giant Network Reciprocal Network
subscription period
frequency % frequency % frequency %
>=11 15,718 1.02 9,531 3.00 10 1.52
9~11 57,440 3.74 31,204 9.84 96 14.63
7~9 38,422 2.50 18,091 5.70 42 6.40
5~7 62,859 4.10 24,476 7.72 66 10.06
4~5 47,930 3.12 20,613 6.50 326 49.70
3~4 84,381 5.50 31,951 10.07 80 12.20
2~3 228,138 14.87 54,386 17.15 36 5.49
0~2 999,661 65.14 126,945 40.02 0 0.00
total 1,533,895 100.00 317,139 100.00 656 100.00

Table 4.4. Connector Score Distribution of Total Call Network Customers

connector cum. of customers cum. (%)
10.67 126,236 1
7.86 634,517 5
6.50 1,309,356 10
5.80 1,895,239 15
5.00 2,449,065 20
4.98 3,205,816 25
4.40 3,788,230 30
3.97 5,395,123 40
3.50 5,718,464 45
3.33 6,204,734 50
2.97 8,544,394 65
2.50 8,761,245 70
1.99 12,711,445 100

Table 4.3 Al 744 #1224 WEAZ 2G| /1471708 vl @E LR 9Tk, Table 432 B9l 219
o M=AQ5% A71gbe] 2ahel 1A ol A Uekka ek Pl =3 g 4
49 ol 1AL 82% AAI Y HAAE 7+ BAZE EAFHE Giant Networks] 4% 7]
Z¥o] 3 o4l mA o] 43%F AAFHTh. W, Tsolate AW] 74717 31 wlwk AL . %A
o, o] 52 7}1717ko] 31 mlEkel WA R FFE FhE o[ FEA t+ WEolFo] BUY Aow
ot

4.2. oflAIAt HIES|Z TTte] ojstE s~ I O|EX}L 24

Table 4.49} Table 4.5 éﬂx] T2 2,102,963 W EHN I BA7F J= DA 53} dEH I 533
= 53} 14 12,711,445H& v o2 34 A Z R} (central connector) F2t U Z 7] X} (broker) &

@ 4% 2TE ekl Aol

Table 4.6-= A 7}2] iA A VIEQ A AES] A AAAe}t WESAA 7 d&HF2 AA T3

£993 AdolA ANE ANNZT ATk Table 462 L8, A4 EIWIEAT Aol A 2 A5 ¥

£ 183 ), 71H U EYILSE A9 dd £33 EC“]Z Atk

OIEEA MEH2S A MEAZOIA BA AR 205] A AAA D5 FA BT E

e



Analysis to Customer Churn Provoker’s Roles Using Call Network of a Telecom Company 31

Table 4.5. Broker Score Distribution of Total Call Network Customers

broker cum. of customers cum. (%)
50.09 126,470 1
31.22 634,503 5
24.13 1,269,457 10
20.19 1,905,249 15
17.52 2,540,011 20
15.54 3,176,754 25
14.00 3,760,338 30
12.63 4,446,773 35
11.50 5,056,386 40
10.50 5,654,335 45
9.50 6,255,864 50
8.50 6,950,710 55
7.58 7,622,878 60
6.99 8,275,260 65
5.99 9,018,396 70
0.00 12,711,445 100

Table 4.6. Comparison of Role Score in Churn Network

role Isolates Giant Network Reciprocal Network
mean score percentile mean score percentile mean score percentile
connector 3.82 upper 43% 4.08 upper 32% 5.19 upper 19%
broker 11.76 upper 39% 13.04 upper 29% 18.85 upper 17%

Table 4.7. Churn Provoker Comparison in Churn Network

Isolates Giant Network Reciprocal Network
frequency % frequency % frequency %
churn provoker 82,841 5.40 35,779 11.28 200 30.49

Table 4.8. Rate of Group Which Additional Churns Occur

belonged # of groups which rate of
network groups additional churn occurs churn provocation
non-provoker churns 1,473,320 246,189 16.71
provoker churns 424,024 180,770 42.63
total # of groups 6,063,974

Aol e Ao EATS B 4 ATk ol F AWALT} BT AL Belo] 817 Ao the 17
Aol G E & Db AAIFHS AT Qe stk TN o5 oF FIAE FPY
o}

108 NEQTASE o) dFuA g0l £ LR Yk =X
o GFol 2 A0T HNT 4 9or 28 YEYILHLS BEH oD AL 10 £4 1
=93 ol @A eI E e B ATk @ etk

Table 4.8& AA| FHANEH2 FAA LA AT B9 18 Ghe B9l 7} 3147} 2

Table 472 Al 744 S VEQD ADE o df7 v g
Q.

3
it
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Table 4.9. Mean Churn Rate of Groups Which Churn Provoker Belongs in

mean churn rate

group # of groups .
within group
non-provoker churns total call network group 1,473,320 5.17%
hich k
provoker churns grouP WHICH Provoker 424,024 10.11%
belongs in total call network
group which provoker
81,058 11.81%
belongs in Giant Network ©
hich k
group which provoker 436 59.12%

belongs in Reciprocal Network

At 259 vEE YER I gtk Table 4.8 B o2/ Ax7} &3 e vEQFA 71 o)
o] % WAL S & Utk

Table 4.9 o242 4% VEYIE IF F¢ oY 8|S Uehdc) Table 495 B o|gf
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