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Quality of Service(QoS) in the telecommunications can be evaluated by analyzing the opinion data which
result from the surveyed opinions of respondents and quantify subjective satisfaction on the QoS from the
customers’ viewpoints. For analyzing the opinion data, MOS(mean opinion score) method and Cumulative
Probability Curve method are often used. The methods are based on the scoring method, and therefore,
have the intrinsic deficiency due to the assignment of arbitrary scores. In this paper, we propose an analysis
method of the opinion data using logit models which can be used to analyze the ordinal categorical data
without assigning arbitrary scores to customers’ opinion, and develop an analysis procedure considering
the usage of procedures provided by SAS(Statistical Analysis System) statistical package. By the proposed
method, we can estimate the relationship between customer satisfaction and network performance
parameters, and provide guidelines for network planning. In addition, the proposed method is compared
with Cumulative Probability Curve method with respect to prediction errors.

Keywords: quality of service, logit model, categorical data analysis
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¥o ZA )3, Helg e i BFHAE 238 F 3
3 A8 A o] gxbe] viEE R E 1= WP oK Cavanaugh e
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M| 2 o] A7} 7l ek 2 9 AH2E AF8] 9
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W72 {5 bl £A47F EAFHE £ Blordina) 2] HF
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Bget A&y W 3 AL )5 BFER 1§59 HAA
£ A48 der U3y w4 TE tHAgresti, 1990; Stokes,
e al., 2000).
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alized logit mode)#} A 9] HEHTE HE ZHEQ 73
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2] 2.8 (continuation-ratio logit model) 50 X H th(Agresti, 1996).
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AZEN S 98] vNEHA AMEE e detsl 2ARY, 73
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1990; H-241, 1996). THEF 2AEH o] =98 Y3l AHEH &
7135 U3 4L ohg 2o

c HEFYes

G AsHred Az

b gHA AR A P FFE SHA
UG =1,,C)

xg  cgWA ARXAAM FeHFEY dFH=1,
e p.__.l)

T cgWA ARERAAAN WA EFe UgEE
(response probability).
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A F ARSI At o) d £ 9l

p-1
exp( /;0 B,','xg,')
c—1 p-1
1+ rzl exp( /;0 /S’,-,xg,-)
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3. 2ARYY FHE AT sas A

B Ao M 280 dFE EARFEY A4S 98 AL
2 F 3T sAS BAHAA Y FAES CATMOD HAH9}
LOGISTIC Ha}o] #af A¥ B, & Axjel A AFs = 714
A3 L AR 2jo)H 5§ vl s ErhAgrest, 1990; Agresti,
1996; SAS/STAT Users Guide, 1990).

3.1 CATMOD 33z}

2389] A ()F )l Y= Guts 23R Y w4 2358
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o, 3934 o3 B4 FHX & FE-2HELENewton-
Raphson) ¢318] 58 AME-3] Aldtdnh 183 73 23R
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a2 My oM AN
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" 280 UE 2 SUUS KN U

A F ol AHS-EY, dAle] Ryl XgH JE =
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Yo M5 Frsluzl & o o|3d /M HAo] A8
T 3tk
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3.2 LOGISTIC A &}

3T o) EErE A AT wHEHSY w 2@ o
= HHSARE ] £ AMg-E 5 gk H9FHH 9
& Z4E F3H Hu, R4Ee H9FAAE A
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IRLS) &) E53 FYT M A5 (Fisher scoring method)S
ARt 1231 LOGISTIC HAhe A E 4§ A3l
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H(backward elimination), THA]H 3] F(stepwise regression) 52} ¥
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oA e} g3t gt

s 280 Az 4 Sy, fofd HY

g A ALEET, A @] Sle 239 47y 5]
o] thate At €= SAFZC] A B AL S0
TE FoAA 2 ol 71 AL EYHSE ZYAM AAY
Atk LOGISTIC A9 £3A A WgAd gxelEd o
28 & AFREt 2 Y e v SPHSE A
A&tA "t

33 745 HEAFEA A7 vl @ sas A
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teH2AFY S U FEANEY F3S YA E 3,
5090 Aol EXE A9 FEAIEY FAR) 7} n A Y
o] & 4 9t} od BT A ukgFrES) FRASY
o] B A F 8 Ho] HW, CATMOD A= o H A A & 283}
I A E |AFA Brt. o] 4B-E w5y ), s
7} @7RQ) Aol T Ho| B A HYPHo] HES p=
= PSS A A8 AU, EE MODEL ¥4 A} ADDCELL &
Ag AHgEte BE A B9 059 2 2L 3L g e
5o Wyo] AHE-E 4 Qloh. 28y ADDCELL §418 A3}
= WHe A 2471 3L A de 2EE ARE de S5
Ae Ag] Atk B4 37 FUsS, /MFH2ATYEES
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293 3 A E A7) A8t F3E S, 05/eHA A
ZAA ] & ¢8R P Ing FHEA Bt olw), HEY =
F7HUR Zod v4 FAX 9 e FH3A $A gt
(Agresti, 1990; SAS / STAT Users Guide, 1990).

HoZAWe T3t AN HY 338 YA E 3R g
th 25 3243 #EAE, H-5FEUE AHestd BEE
Bh2- 3B o] Alate] A gl i) B FHA| 9 BE
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Ao] EA3hE 2A LY R5E9] HFYA| o S v
F 9o}, F9FAHe AN 4 = Bo 9 R
(sparse) 7+ THmarginal total) & ©]-8-3ke] 8] 27| W E] H%
ZAYo| 71EHAFPYURT 5 FAA ) o3 FES 2
I}E A-S 4 U thAgresti, 1990; SAS/STAT Users Guide, 1990).

dudoz A9 AU 4B 25 40| AFALA
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AHE-8lT 22) 3 B4 09) AEo| EA3HY, CATMOD HAHE
AHEE ) FE A2 Boe H93AHE AHSSloF &
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ot 2y Z+ Ao ZiuESrt & Fde A3 7}
ZH2AF o 9% Ar} ulse) A kAgresd, 1990).
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o FANRE THAEE f2E EF0] BYY 7S HF
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8% SFThel CATMOD B3HE AHg3le] 3l4jo] Welstn 3
& ARYL XL 74 2ARY o BHsT, £47}02)
o] EAVTHA CATMOD A AHE81e] H$394o] o
s Quks} 2AE Y02 $HE. ofn), CATMOD AAH:
F4 e AR E 7] ARl £5 WA PP
S5 2 TS LHHES G0t o2 f2E 43
239 o] §A BEEo 0 A2 L Felgoh

42 £4 A9 28 9y

FA MEAFES B7HE A8 39 e9Ud HolHE
418X AA G Al w2t 2ARY o2 EAFOEN I
< Ate 0e3 2ol 0188 YUtk

AN, AeHTER o8 AER BAE HARRE 74
g 2ARF o2y YeHsEd A £A9A o)At
‘o Ty, umoy, CEgolTy, ‘Fop, ¢ $opeta
Pid GEL 45T F Utk AR RE AAfe] Mu] A
FA FF0] 0|82 7] F-38a AeAo 3 JRE
AE 4 AUtk T BrhE Aui2FF) BAZL IHHE A
A5 EY] ERAE AY 2APLEN MulaFd SEAE
DEAT 25 gt

4, Y MulAE APk FAA e WS vl 2

H2 2 A AHl2ELS $3L Aobst, AAYS 2

71 &) =2dok & o] 8ty BFE STl tigh Mol A
FHG 1A} ol FEH ALY O ZRE o] 8] 74
Aol Er o} JoM ETHOE ST A eHFET
o] BAE seta £ 7| W Eo, ALY Aegg vEid Hd
g ATHTEY BEHEXE A3 783 o] 82 + A
ot adE AsHSE] 244 87HE 2oy nlgo
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NEL FA SuME 2B EN ASHFETY 4
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=G A4A ATE AT ARE GEE 5 U

o)

5. &4 oA

Bell AFAoMe Ashie] A$ERd 9L viAe F&
A=yl 34 7-Ecircuit noise)} A 2] A7 £ (loudness
lossyo] o] &zte] FAAQ x| nX|& JFE F43
A8 <F 2>9 2L AL FR APE AAEAT o] AR
Me 839719 34 & FASHA JsHTFEY 23S &
ojatA 317] Y&, AT UTEY #HES AojTo2N FIF
Ag 2Ash= FXQ SIBYLS AHS8t3th JAEAES A

A& SIBYL AR & A ngA|2dd] FZAHEE 3, I
NBAE] §3 F A7 S QAT Tl A
SIBYLO|| 9J3] RAH A g 2AF, AeHFEY Fol7 Y

F 2. Bell @740 £ 8 AEF Y A Y

z7 A HO2 test
Al SIBYL o]
Al E 1972
T AE2} 4 7478
F8 deHsE HAE 2elay] &
Az 127}
71e} & ji%fi}/g 12dB(+ 2dB)
=4 Al &8 12dB(AX % 2dB)

ZolAM F3E xE A 3t SEHW, SIBYLS
UE 45E B AR S dEle AL HEE AT
€ AR A B2, A PR BaEEd 12 5EF
o] FI7FH (a4 ek, Uiy, B gotd, ‘Fr), o
FH) F 3HUE HEta 9 A EE to]| gt o|ZA
%B7Hg 23U diolE & SIBYLY A ¥ o]ga =R
BHEH Y & A% 7|E AR o] 3t AIF g 5
FAE 29N dolE & <X 3>} ZTHCavanaugh ¢ /., 1976).

B AdAe <F 3> 27U HloJH & o] 83}, 413
oA At 2ARF ol o3 B4 HAE o F3), 4.280
A =odl B4 Aie] E& S M

5.1 B4 45

<¥H 3> A o)A} BE Lo P v = AFHFEL
AT SAWL)CIBE, N, L, N+ L, N: L* oA %
2y EdHFE A2 F} 41 A AAF E4

3E 3. HO2 SIBYL Al Y d|o]¥]

g2z 7t HEe] =4

o [ & ) g A
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25 5 2 -0 13 35 49 99

25 10 7 13 105 418 486 1029

25 20 1 9 20 13 7 50
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32 10 1 4 19 23 11 58

32 20 4 22 31 4 3 64

32 30 12 27 8 4 1 52

42 | s 4 18 19 6 6 53

42 10 7 24 32 17 17 97

42120 | 11 19 9 5 2 46

42 30 3 0 1 0 0 4
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Score_Test for the Proportional QOdds Assumption
Chi-Square = 81.4431 with 15 DF(p==0.0001)

Model Fitting Information and Testing Global Null Hypothesis BETA==0

Intercept
Intercept and
Criterion Only Covariates Chi-Square for Covariates
AIC 4706.658 3956.771
sSC 4728.374 4005.631 .
-2 LOG L 4698.658 3938.771 759.887 with 5 DF (p=0.0001)
Score . . 581.861 with 5 DF (»=0.0001)

Analysis of Maximum Likelihood Estimates

Parameter Standard ~ Wald Pr > Standardized Odds
Variable DF Estimate Error Chi-Square Chi-Square  Estimate Ratio
INTERCP1 1 -15.0194 2.3085 423307  0.0001
INTERCP2 1 -13.2115 2.3109 32.6859 0.0001
INTERCP3 1 -11.4702 2.3101 24.6545  0.0001
INTERCP4 1 -9.6345 2.3000 17.5476 0.0001 . .
N 1 0.4472 0.1370 10.6601 0.0011 1.399825 1.564
L 1 0.1478 0.0672 4.8314 0.0279 0.502253 1.159
NL 1 -0.00412 0.00145 8.1312 0.0044 -0.459949 0.996
NN 1 -0.00361 0.00201 3.2228 0.0726 ~0.745335 0.996
IL 1 0.00385 0.00112 11.8184  0.0006 0.468502 1.004

Aol g2 $4 Aoet 3185 32804 A3 7 AR 5. H9FPH T duts} =AY 4 A
¥ da3 2

(i)yBlESARE 02 BM37] 98] saSe] LOGISTIC A2} MAXIMUM-LIKELIHOOD ANALYSIS-OF-VARIANCE TABLE

°ﬂ"‘1 3]%'51'&\: ;?:;ﬂz‘“?} ‘Eﬁfﬁ){l‘éﬂ ‘ﬂ'\ﬂ% Z:}-g—i‘s’} @iﬂr Source DF Chi-Square Prob

T <H 4>9 2k <F 4>M BY| U= SHHEF INTERCEPT 4 56.20 0.0000
A Fo S A AT S=n AYFAZEG N 4 41.67 0.0000
o _The ol A~ o L 4 15.30 0.0041

£ 759.887(p-Ft=0.0001) ];, é—rfﬁl ke sil.ssi oL i o oo
(p-8k=00000°| B2 FH G HASARH] fof N*N 4 2893 00000
Z s%olA ety Basitt 28 9= 4 £y L*L 4 8.14 0.0865
A7l #el 82 AREp) AL 2= FATUS o LIKELIHOOD RATIO 24 40.60 0.0184
ST p-gE0l 0208 T F7| Wi F5FE 20% ” '

A o o]F AIAT HFES glon, AsFEY F

NG LE BF ¥§3 1 ot T ASHSFEY FEN N} LE BF X8 L
(i) < 4> X HY A 7MY & AR AT A5 BAH o FEEsdg e £98 a7 gt
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