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A Data-Mining Model to Support new Customer Acquisition for
Internet Telephony(VoIP)

Sung Ho Ha® - Jeong Won Yang™ - Young Mi Song™*

Abstract

Recently, Internet Telephony has become increasingly popular in telecommunication industry. However,
previous research on Internet Telephony has focused on analyzing specific Internet Telephonysolutions,
identifyingthe Internet Telephony movement itself. The research on prediction models about Internet
Telephony adoption has been minimal. The main propose of this study is to develop models for predicting
transition intention from using traditional telephones to using Internet Telephony. To do so, this study
uses data mining methods to analyze demands in the IT communications market and to provide mana-
gement strategies for Internet telephony providers. Especially this study uses discriminant analysis,
logistic regression, classification tree, and neural nets to develop those prediction models toward Internet
Telephony adoption. The models are compared with each other and a superior model is chosen.
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ter' A3 ‘Stepwise’ Wa-& 2zt Tsyo}oq x|

T A8 AdA AFE vt BEEN ¢
2 FolA Jd T 4F WFE v‘i"“l— o
"P«] Ax]4-& Box-M El] EE % '

939 F99 Fese
2 AWEX) BTy BRNE 088 4

7 QelA RODE[AEY 9, 196) ¥ A7
ANE H2E Uz o SaHYch

WEEA A gHE e 2ol AAHY

t}, ‘Stepwise/Prior Probability(All group equal)
/Use Covariance Matrix(Within-group cova-
riance)/Method(Wilks' Lambda or mahalano-
bim distance)/Criteria(F value-Entry(3.84)-Re-
moval(2.71)’

2d A3 A 3H3(Eigenvalue) 0.745,
Wilks Zth gk 0573(f2l && 0.000), A& &
A% 06538 2o FAT FAWTE A2, D4,
D10, D14, D3, D11, D6, Al5, D127} A8 =H KA
. EEy gu3el da 498 93 ¥
o A 33 A Jehile A3
A& WE #59 (Standardized canonical
coefficient)o] W@ & ¥4 A22(0.768), D14
(0603), D3(0597), D12(-0.823)%, IENA3}
A9l g A A 23lAL, BAL_HE, A
£33 B4 A AF 7%, FAE Z2F
(Zn&-ol5 A3 WFe RS A A&
< BAFAU

Enter’ %24& AHES A £7F 2F&(Clas-
sification error rate)o] H% A& AlolA 142%&
YERA T, ‘Stepwise’ A& AHEPE o
F OREL AT AR AdA 1136%E 3
5121‘3} b ‘Stepwise' A wE AP
Ao &g Ag A HE AR Al o
SFHEE 47 <HE 11>, <HE 1259 Y

Mo

3 01]
ERAh
3_}!: AFE AA ol 2 FE&L 20.31%0] 1
F 27 QA 11.36%2 FEAAT 43
ﬂl°l¢°ﬂ hE S df &S vy 24E o

CE 1) 8k 2R2F(Stepwise)

Classification Confusion Matrix
Predicted Class
Actual Class [V 1
0 271 53
1 ' 78 246
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72 E X gst= folenold 28 143

(H 12) ZZ 2F23(Stepwise)

Classification Confusion Matrix
Predicted Class
Actual Class 0 1
0 290 34
1 6 22

1 30-¢7
o D7

% Goin
AENE

Parcentile

d7 = 1
(32 1) Gains chart(&ks)

“ §0-d7
$D-d7

Percentile

a7 = 1
{32! 2 Gains Chart(A4Z)

T 3243 F e 2RE

eF7F HAYE, AF AR
AAME 287 F 6719 Q7T 2143%9) ¥ 5
QFE BAFT gt <a¥ 1>#H <a¥ 2>

T 8% A8 AF AF A3 MM R
A Aol U3k A= XE(Gains chart)o]th

34 2X|AE 3|7 EM(Logistic regression)

EX2E 39 24L& oy dE g o
Eol AFTHOZ d& Ty o] &Hd £4 7]
H F9 v Z[Garablowsky and Talley, 1981
Wiginton, 1980; Lee et al., 2002), 2&®R 57}

ol Fejd wf AEE = 3] AEA o]} Bradley
et el,, 1998].
A o] A 7+ TR XA} A

i

[o
S
=
oo
Ol
o
2
c5]
g
H -
ot

Enter$2l 02 AA WFE gAO2 &3

€W A5 AR M dF 2FES 11.93%
£ e, ‘Stepwise(FIN(0.05), FOUT(0.0D)
Haez ALY IAESE AYHPE o o
% 2R &2 1L66%E FEHAUT ojd A4
HeES A2, D14, Al5 Al7, D3, A%, Cl4,

Al2, D4olth, AT vHstdE W A2
D14, Al15, D3, D4& dA e A2 vt
& WFE9 FHol BF A(Set) o2 HAH
o] 228 ARANAE 72 Al dg 4
o] o]FolF et 0.06FdsFdAA BAH o
e 7HAE HMFES Al201), AlS(, 2), A%
(1), D3(3, 5), D14(1, 2)H}. 43 AlAE
Z317] A3 2A2E AL off o} Zrh

4.022 x [al2 = 1] + -2.097 x [al5 = 1] + 5403 x
[al5=2] + -20.33 x [al7 = 1] + -0.7303 x [al7
=2]+-2.166 x [al7 = 3] + ~0.8774 x [al7 = 4]
+1.564 x [al7 = 5] + -42.49 x [a22 = 1] + -60.34
x [a22=2] + -25.1 x [a22 = 3] + 11.07 x [a25 =
1] +-4.703 x [a25 = 2] + 15.19 x [a25 = 3] +
20.44 x [c14 =11+ 21.09 x [c14 = 2] + 24.26 x
[c14=3] +26.39 x [c14=4] + 1158 x [d3 =0] +
-18.58 x [d3 = 1] + 5.548 x [d3 = 2] + 2.106 x
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[d3=3]+6.192 x [d3=4] +-3624 x [d3=5] +
-5.174 x [d3 = 6] + -0.7326 x [d4 = 0] + 32.62 x
[d4=1]+168 x[d4=2] +-41.72 x [d14 = 0] +
-2434 x[d14=1]+-64 x [d14=2] + -10.28

(E 13) &5 X7 A 2R/eF

Classification Confusion Matrix
Predicted Class
"Actual Class 0 1
-0 309 15
1 0 34

(E 14) 23 NE A EReF

Classification Confusion Matrix
Predicted Class
Actual Class 0 1
0 : 293 31
1 10 18

‘Stepwise’ X 28 AL ANE 27 <H
13>, <E 14> JehAh 8 218 Aol A
o] ERLFE 23%, AT AE AAME 11.66%
€ 29F3 gtk 4T Aolzd g 43 4
&g Hus B3k 9 g A7 AdAe
3247 5 07 AH2 0% = AP EL B
FRL, 4% A5 A9 3¢ 8H F 1079
AR E 3B571%9] AF AF&E BFT Qi)

<a¥Y 3>, <28 O g5 A5 A9 H2F
g Ao e 2R 2E 3HEAM A 3t Al
= zE|T}.

35 B 2 (Classification tree model)

ERUFEL & R EAAUTE £F 7]
Hel 3z, olFgty] HE R HIe A
Aoz AFHE FAA BF 7Y F HIE
7t & 938E 3 3pvho|tHBreiman et al,

av}

feem. H:,,.w.......‘ b S e S D i i

8 g

% Gain
&

i

o_
8
]
Bt
]
8

Persentile

d7 = 1

{32! 3) Gains Chart(slg)

Parcentile

47 = i
(712! 8 Gains Chart(ZZ)

1984; Shmueli et al, 2007]. EFUFEELS &
g R g &5 & A5 @
7} Aggg HE s S
3ol E3H(Partitioning) S 3 Wrte 4n
Foln o] AANA HF AR AL o] &3 7t
A 271 (Pruning) & 3t & Ag A 2ol
#}8H4(Overfitting) 5l & ¥-2H4-& 9= 3l

B dFe ZUdERIY C50 E2E AHE3
AEFUF ¢2ES HE3}AY. C50 4
AL g3 z2th ‘Simple/Accuracy/Expected
Noise(0)yol® ¢xelF 38 2% A48 U7
o] Zol(Depth)= 670Ath C50 &g Fdl 9
3 Aeld FQ Was A%, D4, Cl4, D3, Al2
Al5 C28 C32, D11, Al7, Al3&Adxn AF
Aolx(D 7=DE EF37 38 48 #%
A(Rule set) % 10712 o}efie} Zteh

Rule 1 for 1
if a22 in[ 1]



and ¢28 in[ 2 ]
and d3 inf 3 4]
then 1

AL7TE A2% QlE{U M EHVoIP)S) At FX|E X|gste Clolgotold 24 145
and alb5=1 Rule 7 for 1
and d14 in[ 3 ] if a22 in[ 1]
and al3 in[ 4 ] and al5=3
then 1 and ¢28 in[ 2 ]
Rule 2 for 1 and d3 in[ 7 ]
if @22 in[ 1] and ¢32=2
and al5=2 and al3 in[ 3]
and cl14 in[ 1] then 1
and al2=1 Rule 8 for 1
and al7 in[ 2 5] if a22 in[ 9 ]
then 1 and d14 in[ 0 ]
Rule 3 for 1 and ¢32=1
if a22ml 1] and cl4 in[ 3 ]
and al5=2 and alb=2
and cl4 in[ 2 ] then 1
and c28 in[ 1 ] Rule 9 for 1
then 1 if a22 in[ 9 ]
Rule 4 for 1 and d14 in[ 0 ]
if a22in[ 11 and c32=1
and al5=2 and cl14 in{ 3 ]
and cl4 in[ 4 ] and alb=3
and di4=1 and al2 =1
and d11 in[ 0 ] then 1
then 1 Rule 10 for 1
Rule 5 for 1 if a22 in[ 9 ]
if a22 in[ 11 and di4 in[ 12 3]
and alb=2 then 1
and cl4 in[ 4 ] Default : 1
and di4=3
then 1 A AR R wzd Aol 1 FAHE
Rule 6 for 1 Mu| & FALE AMSStA, @EFE AFta
if a22 in[ 1] gom FalgFo] 47k oldola 50the] A
and al5=3 Aald Qe AsE AFRE ool vn

godr s 22 Al J4E5 AR A dig
C5.09) 3 A= <F 15>, <F 1659 AA
o),

ol
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(B 15 g5 A= M Z/eF

Classification Confusion Matrix
Predicted Class
Actual Class 0 1
0 320 4
1 0 324

(B 16) 4Z NE A ERSF

Classification Confusion Matrix

Predicted Class
Actual Class 0 1
0 292 32
1 9 19

g A7 AdAY 7 2FE 062%E B
AdF IR AF AZ AdAME 1165%S
BojZa gick 2y AF Aolzd tjdt o
Z Adgs vus e o AF g AY
S 84 F 949 AA=2 3214%9 4= A

€& B9F3 g <a¥ 5>, <a¥ 6>
gtg At A AF AR A gd C50 ¢

9 A%5& AY= AEZ YepR Aojt}

o
L.
al

36 AAY 2 (Neural Network)

N8 Bde FAH 7Mool dasA &

] & A3 A7) dE
of A& dFolvt 14 FeoA FHojd A&
BHoFe duFo2 4eA $iri{Altman et
al, 1994; Cheng and Titterington, 1994; Desai
et al, 1997; Desai et al, 1996; 3143 <, 20091
Aad a7 FHEL BAH 71UH dolgn
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(E17) Mz 29| Tefojef 4y of Wi AHEE A 97h 2857%, 7 w4 Bd

# Nodes in HiddenLayer-1 20 B47F 3214%8 Ho FT A3 Al 2
Persistence 200 el e SdEAN deE ARRSIAY FE 8
Alpha 9 TE A=A M Bl 2 AL
Initial Eta - Vet <HE 20>, <X 21> AF Ao~ 4
High Eta 1 Zo| N A7l SePA(@EEENY HFE o
Eta Decay 30 &3 EFrse MAss rddFEd. AdE A
Low Eta o1 A T2E @aﬁl%—oﬂ 397H-‘4 wE, %ea Az

D10, D9, A25, D6, Al2, D11, D822 W49
TRLEZF WA o] R¥ Y &g AR M
e 5 2FE 092%0)0th AAY 2=
PHAZF 867 7, SYAZA 20709 F
2, 294134 19 7o) ALY <F

18>, <F 19>& HA HFE AT %o A
A FueEe 45 nAF
E 18) &5 X7 A EReF(HA W)
Classification Confusion Matrix
Predicted Class
Actual Class 0 1
0 318 6
1 0 324
(B 19 83 A2 A SRF(HA Hp)
Classification Confusion Matrix
Predicted Class
Actual Class 0 1
0 311 13
1 11 17

r

ek 4 Aolzel e &g oA
T AA WEE AMS A9 AF AF A
el 3929%2) dF QFEL RAUL, WEEAN

s,

(&) 35 A= A ER2F(EYRY)

Classification Confusion Matrix

Predicted Class
Actual Class 0 1
0 305 19
1 33 291
(B 2) 48 A= A ER2F/(ER2Y)
Classification Confusion Matrix
Predicted Class
Actual Class 0 1
0 283 41
1 8 20

4. IS Hlw HS

41 2Hof vl
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(E 2) HEEN 28 °F (B 2D ZW 8 ol 2FE tjul

Error Report w9 Zdzl;i% Tygeal Ty;;eEH

Class # Cases # Errors % Error TE | LFE | 2FE
0 31 2 1049 HEEA 11.36% | 21.43% | 1049%

1 %8 6 0143 2A29 39 11.65% | 35.71% | 9.26%
Overall 352 40 1136 EHUF 11.65% | 32.14% | 9.88%
~ o AAGAAAST)) 682% | 39.29% | 4.01%

(E 23) BX2E 57 2ReR Y AAHEZES)| 1392% | 28571% | 12.66%

Error Report _ & i A4 o2 2FEL vms) B
Class # Cases # Errors % Error b W AAHAARE)S ALHe AL}
° . A 925 A g} 2e Aoz deit et Ty-

: 28 o s pe | 9F&E Hua Bete e WEEAo)
el | B | 4 | U8 B & 438 Holt Ao2 Uehith Type
(B Uy BRUS 27 o [ 27 HAZ AHUASE A& 9o

Error Report JE uAQY 28R g2 Aoz oF3}do

Class # Cases # Errors % Error ;]Ijil’/]-% T T 2AL Geims 29

0 324 32 9.88 e

1 28 9 014 Bl Type I 27 dAZE 8L
Overall 2 2 L6 £ A2 E 9Fo] gl nAYE 9do] gl
Ao dZ&3le QT vAE v &S AE
(& 25 AAY 87 SR(HMHST) glof sk A& Ttk Type [ 27 tig
Error Report B3 Type II L7l td H]§9 Aol7t 2

Class # Cases # Errors % Error A dvrd AEUAE AL e 587 4
0 34 3 200 & HHe 2L AA dE O F LA H1
1 % 11 3999 AHE B AZHAAAS AHE) Bdo| €}
Overall 352 2 6.82 a2y Type I &Fo i3t v]&o] Type I
25 Hla) 4S5 add, & 24 9=

@& B U2 ER 2R(EHDY) Hlgo] niAE vE&e BIasA AEHE A
Error Report By o o9 JdEHUEE ALE 52 98

Class # Cases # Errors 9%. Error Ao 2dL Type I 277t 713 & o
0 324 4 1265 24 2do] drh <2y > oAl 7R 2L

1 2 8 B57 o AQZ AEE Yed A2 /M HF
Overall 352 29 1392 el B BN 2do] 7k AW 2 1Y
olt}y, Y A oF LFE HoldA &
<E 21>S 7 2o g A5 A= A4 F Rl 2 ¥ 2 7E&9 Ao|7} A7 &7
o A% e F&F Type | £#&, Type I &7 g2o] ojd gmzFol AgHoz dFIg
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