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Polychotomous logit models with Ordinal Categorical Responses: A Sensitivity Analysis
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The sensitivity analyses of polychotomous logit models with ordinal response categories and two nominal
explanatory variables with interaction term are performed. The magnitude of goodness-of-fit statistics, the coefficients
of determination or R* analogs, and the likelihood ratio statistic, GM, AIC (Akaike Information Criterion, Akaike, 1973),
BIC (Baysian Information Criterion, Schwarz, 1978) are also calculated. Simulations have been conducted for the
multinomial logit models with K=3 response categories and two explanatory variables (X1, X2) whose joint distribution
of (X1, X2) is assumed to be multinomial with probabilities of T, T, T, T, corresponding to (X1, X2) values of (0, 0),
(0,1), (1, 0), (1, 1), respectively. Three sets of (7171, 7T, T, 71,'4) are studied to represent different distributional shapes,
which were chosen to induce possibly strong effects such that 8, = log 2, 3, = log 3, and ,, = 0.0-4.5, namely (X1, X2)
~ multinomial (0.10, 0.35, 0.45, 0.10), (XW, X2) ~ multinomial (0.50, 0.30, 0.10, 0.10), and (X1, X2) ~ multinomial (0.25, 0.25,
0.25, 0.25). Four sets of the three ordered category distributing corresponding with the (X, X2) were again generated

|
through the models under the proportions of (p1, P, pg), namely Y ~ multinomial (pw, P, ps): (0.05, 0.20, 0.75), (0.25, 0.50,

0.25), (0.55, 0.20, 0.25), and (0.33, 0.33, 0.33) from which it follows that the true model intercepts are O, = log
P2tPs

+Ps

o, = log corresponding to the proportions of Y = 1, 2, 3, respectively. Four sample sizes of 600, 800, 1,000,

Ps
and 1,500 units were conducted. Each condition was carried out for 1,000 simulations using the developed macro
program run with the Minitab Release 11 (command syntax) and 15 (graph plots).

The research results, based on the sensitivity and goodness-of-fit statistics, show that the models under the
distributions of Y ~ multinomial (0.05, 0.20, 0.75) and Y ~ multinomial (0.33, 0.33, 0.33) perform better than those of
other conditions of Y’s, for every distribution of (X1, XZ) in term of the sensitivity totals, of which the values also tend
to increase as f3;, and the sample size are increased. In addition when (X1, X2) ~ multinomial (0.25, 0.25, 0.25, 0.25), the
sensitivity results are superior to those of other distributions of (X1, XQ)’s for most distributions of Y’s. The goodness-
of-fit statistics, R* analogs, increase, while as the GM, AIC and BIC statistics decrease, as the f3;, and the sample size
are increased. Therefore, not only the sensitivity plots but also the goodness-of-fit statistics are generally consistent,

of which the results improve the model fits as sample sizes are large.

Keywords : Polychotomous logit models, Sensitivity, Deviances, Bayesian’s Information Criteria.
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fifin13uanuastuy Multinomial Faifiunuufigrdu (ordinal)
WIBUULULNGN (nominal) flsifideuld usulsadune
Finae assold litouuusariio (continuous) LULLBINGN
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JUuuDBY Proportional odds logit models (McCullagh,
1980) URTMILLLAUG AFuUIAey useilddunazing
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Pyt et Py
suvuladnzasnguiaseiuly (The continuation logit
model)(Fienberg, 1980; Agresti, 1990) A

D

L =log| ———
Dyt et Dy

o, +xB -

AILLUY The proportional odds ratio (McCullagh, 1980)
. + et P,
lg(l’ﬂ] o kB @
Py Tt Dy

A7LUY The proportional odds ratio with two-factor

interaction (Pongsapukdee & Sukgumphaphan, 2007)
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Wonloouuuranniwunidon-gon Foldlu o1uni9aid
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BnBwanan (main effects) WieNUR v3aa1a wladndnasin
(interactions) spgvaeiadeidieiademaiu wio fuds
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(goodness of fit) mauﬁmuwhw (Paul and Deng, 2000;
Pongsapukdee & Kumsri, 2006; Pongsapukdee &
Sukgumphaphan, 2007) famuazdaszsinssFaisaiu
U5z “nBamaesin iAne 15UR (Liao & McGee, 2003)
Hymmatsziludmnuunasany “NusIsnaednlIdae
3569 (Menard, 2000; Agresti, 2002) malfzuinsaeng
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Hud sedafundowisundands ;uﬁuma wadaug
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Ratios filaifungiudo sufiin Andwazesdiuilsauneils
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filsl NNM5 MaAIU Lipsitz et al. (1996) Ma@nud 6f
A BuNIE 13UR 3 /) A f GRgRIY unziRsiiu
(likelihood ratio statistic) 1 fifi nNa5 (score statistic)
WazAl HANaR (Wald's statistic) WMSUMILULNLEDN
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209FUY GLMs wudda R nasuaz@n fRdns1 u
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#7 0if Generalized Coefficients of Determination (Menard,
2000) 7 @ifl Bayesian’s Information Criteria (Schwarz,
1978; Burnham et al, 1994) @1 il Akaike Information
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Bsiaasuuudeyafsraniime fUstnaufMenTuaNuay
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ez 4 wuy was@udsedune (X1, X2) ~ multinomial
(7, 7T, 7T, TT) ffirninandu 3 uwy aasnaunsldnig
WANLANTBIMUYT W u~uniform (0, 1) wuusailas mals
IUIAFIDEN 4 PUIAAD 600, 800, 1,000 LA: 1,500 vitle
WATIUIATBIANSNATINTENINMILLUTES Ui TUATUIA
foust 0-45 TapAinduiiay 0.3 5aue Uil (4 x 3 x 4 x
16) = 768 Jouly Tuudazidoulaviitn 1,000 aseq as
4 fula az n, i=1, ., 4. e N UWUBUIAFIDEN 4 2UA
Aa 600, 800, 1,000 WAz 1,500 wiule AInULfilHde
Trichotomous logit model VED) proportional odds ratio
model 7ifi 3 nax (K=3) uazfinanzasdndwanan Audiuuy
aaNTIBNENATINTDY BIFILUT (8)-(9) MINEGL

ALY Trichotomous logit model

P,+.+P

ik
: =a, +fx,;+ Box,, k=12,

log| ————
Pik+ t--1Pi3

i=12,..,n. ~(8)

AUy Trichotomous logit model with two-factor-

interaction

P+ +P

log| ———
Pik+1+--+Pi3

=, + Bx,; + B, + BirX%y,

k=12,i=12,..,n -(9)

A o a K

logil “n wwee Y @0 p = E(Y). > p =1, Y unu
fMuInoy UpaLBINgN (categorical response variable)
16l 3 ngu uaz y_unue “unei i i=1,2 .. n Tusedud
k k=12, .. K K=3 lawil y = 1 llodn “inatiusgTuszdui

o _ aa v & K _ o o
k uaz y = 0 neidue foriu > y, =n uaz wnsadn
vy Tegluguinmes y=(v ... Y ) uaz ¥ fimsuanuas

i iK
p).

wuudaflulsasiennmes “a u P=(P. .. P,
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2. NMSIRBILLY
1. fwuaduuuigndaaduduuy (9) fp L=o
1
+Bx +PX, B XX k=1210=12 .n

12 1i 2i
a

2. anadmanuieziiurssiulsney wae (V)7
k (p). k = 1. 2. 3 lavlHismvpswidmed {o, o, B;. B2}
uaz (X, X) fifinsuanuasiuy multinomial (77 , 7T, T, TT)
Faflaw9fwes 3 wuufe (0.10, 0.35, 0.45, 0.10), (0.50,
0.30, 0.10, 0.10) wRe (0.25, 0.25, 0.25, 0.25) LWREIUIA

PDIDNTWAIINTEAIN XX ALE 0-4.5 FANNNTUfay

03 war B, =log 2, B, = log 3, O, = log P , Oy, =
P2tPs
+ v o 1 =l
log P meldrunaiineng (n) 4 2U10 Ad 600, 800,
Ps

1,000 way 1,500 W
3. fuvuuar asfildiuan deil

_ exp( oy + B Xy +Box;, + XXy,
b Texp(ay +Byxy + BaXy +BinX Xy
_ exp(a, +B,X;; +B,x, +B X Xy)
! +exp( o, + B Xy + B, Xy +PrX X))

p;=1-p, —p,

P

4. Seduds WY % Y=1 sheoanuieziiu P,
Y=2 feannyrazidu p, UAz Y=3 Fraanuunaziiiy P,
laglddioyaannisuanuasiuy Y~ multinomial (P, P, P)
fifamisfmasanaunaniiu 4 oy As (0.05, 0.20, 0.75),
(0.25, 0.50, 0.25), (0.55, 0.20, 0.25) WAz (0.33, 0.33, 0.33)
UARTTUIAAIDEN TR N u ud u TuwSsuiieudy
M p flande 3. saeusazuuy fil

i u < p Ui Y=1

p <u<p +p,usy=2

fru = P, +P, a7 Y=3 (ﬁﬁ”ﬁgwﬁ"’ol,wiﬁa 1-4 U
WiNALUNAGI8E1Y 600)

5. urdioya X, X ande 2 uaz Y ande 4 T

MUY (model fitting) AN NNAFIUIWNAIUY (8) AD

Lik = (lk +B1X]i +B2X2i’ k = 1,2, 1 = 1,2,...,1'1.
6. Juiindn ffdRs1 unziasduy (-2D)
7. Fwiuwwunndeyaidaesiulude 2 usr 4
AN uuﬁgmmmﬁanﬁ’nwu 9)

Veeranun Pongsapukdee* and Sujin Sukgumphaphan / Burapha Sci. J. 13 (2008)

L, =a, + Bx, + Byx,; + X%, k=12, K =3,
i=12,..n

8. TufinA ffdms unnziesdu (-2D)

9. AN Change of deviances D (partition) = -2
(D,-D,) N

10. AuAeein Bfine guaudaziiin ey

1. MududrSesarassnsTuunnguldgniesan
FLUL A3 Y usiaznguuaz Sensitivity total

12. ¥hgdousdn 4-10 S1uau 1,000 A

13. ¥dousido 2-11 Taeifiae B, 990 0 - 45 Tag
\inadoas 0.3

14. WaANIINIENIW By, NU Sensitivity (%) L&D
UseIldUNaN13I9e

15.¥touadn 1-13 Taswasusuwadedie 90
600, 800, 1,000 LAz 1,500 ATNAIGL

3. mslmszitde dd

MsIATEdiuuY  laennsidda dfdneg fAe
Likelihood Ratio statistic, Generalized Coefficients of
Determination, BIC, AIC, Power of the tests LLax PCC Fa
msdanlunssassuouls asdoll
GM =-2 [In(LO)—In(LM)] (The model chi-square statistic)
The Coefficients of Determination, R* analogs U3znausie

R’ = _Gu
< (G, +n)
(Aldrich & Nelson, 1984)
e o) =In,)] | [in(L,)

- In(Z,) In(Z,)
(The log likelihood ratio R?) (McFadden, 1974; Menard,
1995)

(The contingency coefficient R?)

2

L n
R2M= 1—{ 0} (The geometric mean squared
M

improvement per observation R?) (Cox & Snell, 1989;
Maddala, 1983; Ryan, 1997)

L. 2
-]

=—————— (The adjusted geometric mean squared

RN 5
{1—@0)"}

improvement Rz)(NageIkerke, 1991, Ryan, 1997)
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AIC = GM - 2 (Adf), BIC = GM— (log(n)) (Adf), (Lawal,
2003)
POWER OF THE TESTS annasavwiunsujt 5 H, i H,
JEREN
PCC = Lmu%aﬂazmaomiﬁhLLunna;ulﬁgnﬁawm Y ufay
naalu 1,000 70 I Sensitivity saly
SENSITIVITY unudasazassnissuunnguldgniesass v
wiiaznguEfLULYaINTIdeil

U52noUAI8 Sen0, Sent, Sen2 LA Sensitivity total
INU Sensitivity “ZJE]\‘lﬂ’]iﬁ;’]LLuﬂﬂ@;N\Lﬁgﬂﬁﬂ\‘ma\‘l Y=1, Y=2,
Y=3 Ilaz Y= total (W@331TY Sen0, Sen1, Sen2) ANAGU

Iﬂﬂﬁ n = Sample size
LO = The likelihood function for the model
containing only the intercept.
LM = The likelihood function for the model
containing all of the predictors.
G = -2 [In(LO) - In(LM)] = The model chi-square

statistic.

4. NAVAINIIITY

WNARNEDBINILUIBULTINUNATINDDY Sensitivity Do
fLUy wSufuUsAey uee Y meliinnsuaniadand Ys
uaz (X, X) uazdeulzves B, Inuldvuaset 4 2ule
A 600, 800, 1,000, L&z 1,500 TunwIININASIUI BT
3EIN9N15UANUR9T89 Y's nelfuAazn1suanitasens
(X, X) Wu31 ilan1suanuasTey Y 8 e uzsuusliy
FALAUAD Y ~ multinomial (0.05, 0.20, 0.75) ALUUN
Sensitivity n3ainanwensaingugndesladfinitweeiuuy
meldnsuanuavees Y's uuudug fndedn 3 uuulumn
aNHUTMIUANUANTBY (X, X) JavadaLile Y's Rdnmouy
nsuanuad NN1eg wazlafuualtdude Y~ multinomial
(0.33, 0.33, 0.33), (0.25, 0.50, 0.25), WAz (0.55, 0.20, 0.25)
ANRND lABA1TBY Sensitivity intw oo Bip WAL
upFet i (M3 1-2) uazwasnsTlEd anafes
AUNRANSTINTSIUTBULTBUAIBINaNAAYNITNA DU
(Power of the tests, Pongsapukdee & Sukgumphaphan,
2007) Mg unsiliauiiisuszninnisuanuassns (X,
X)'s MelFuAazNMIWANWANIaY Y WU len1suaniasees
(X, X) fansoe " unseanuudunuy Naes @

(X. X) ~ multinomial (0.25, 0.25, 0.25, 0.25) Fauuv
Sensitivity miwﬂﬁniainajulﬁgnﬁaaﬁn'jﬁmaoﬁaLLuumﬂTﬁ
M3IUINUTDY (X, X)'s wuuAUBN 2 WUY IBAINIABD
(X, X)~ multinomial (0.50, 0.30, 0.10, 0.10) waz (0.10,
0.35, 0.45, 0.10) MNAWU U 3 ANHULNTUINWINVDY Y's
ani¥unsdi@ienfi Y ~ multinomial (0.55, 0.20, 0.25) i
fupumelé (X X) ~ multinomial (0.10, 0.35, 045, 0.10)
Thnaawsiifnd  udeildfoiianuudsusiudeudng
seaziBoainiine aolilunsw 1-2 meldzundating
600 LAz 800 UNINVDITUIAGIDLI 1000 LA 1500
Tailsin aal¥ wrlvinaansaenafininumas “uadIn (consis-
tency) uazftuluusafisaiu
nadwsraeN1sW3buifisudadsresia Gf RN, BIC
LAY Sensitivity FILUNAINNNTLANLINTY Y's U XA LAY
B, Melfizuinfiede 4 2u1n wuin Aweedd HRne
13UAA197 A Generalized Coefficients of Determination
(%1 BR R®analogs) Lfindu (ﬁammm‘flumﬁﬁ) UAD DR
Likelihood Ratio statistic G, AIC, BIC fi@anad (F9Ansn
udfif)  sanzuiafiegenarIuInaIn1sAnes
SMEWaTINTEIFILUTEY pefudsTANTuUA NG
Taefidsn 85 R analogs Ao R, R, R uas R wi3o
RN T¥na anndpederiuuaziuua: oandesiungud H@
amagefizuainaimielndeiiud (asymptotic results)
Wusafeiuiudl 88 AIC waz BIC AlWKR pAAdDI
wufudos deduiesesules qUsaamzd1eed A
RN, BIC uazf? Of Sensitivity TUATWIINVDINAANS
meliin1suanuas (X, X) ~ multinomial (0.10, 0.35, 045,
0.10) A% Y ~ multinomial (0.55, 0.20, 0.25) §2 i ulnaj
ANz 13UAM 9nddle Y ~ multinomial (0.05, 0.20,
0.75), (0.25, 0.50, 0.25) LAy (0.33, 0.33, 0.33) BNLIUA? Of
RN (1919 1) uasfvasfinadnsadaiuiiie (X, X)
~ multinomial (0.50, 0.30, 0.10, 0.10) pgWlsfimn fie
(X, X) ~ multinomial (025, 0.25, 025, 0.25) Uax Y ~
multinomial (0.33, 0.33, 0.33) 2 AN wgﬂﬁTﬁm”a"ﬁu
ninsdiddudeudenn Tasawizidamandninasiu
pouiulsaduneianndy seazdoadiadse a3y
A1519 1 aeldn1suaniasaad (X, X) ~ multinomial
(025, 025, 025, 0.25) 'Aumsuanuasdus ldldn aold
WA IR aaNSaE19AdL “uAsI tuiuasIREfU
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WRANS : N3N 1

Sensitivity Plot Sensitivity Plot
Classified by Y's Distributions Classified by Y's Distributions
N60OXA INSOOXA
159 Variable 1.5 Variable
—e— TOTALXAYA —e— TOTALGAYA
—m— TOTALXAYB —=- TOTALGAYB
1.44 TOTAXAYC 144 TOTALXAYC
—& - TOTALXAYD : —A - TOTALXAYD
134 1.34
i 2
> 124 > 124
—m ow-oa- A EEa-f-aa-a R et T ]
1.1 [ a-a—a—aoda b - el il r./A,kAﬁAfA—AJ*A—A“fA—AifA
1.0 1.04
1 2 4 0 1 2 3 4
beta12 beta12
Sensitivity Plot Sensitivity Plot
Classified by Y's Distributions Classified by Y's Distributions
N600XB N80OXB
1.5 Variable 1.6 Variable
—e— TOTALXBYA —e— TOTALGYA
—B-— TOTALXBYB s —m- TOTALBYB
144 TOTALXBYC - TOTALXBYC
g —a - TOTALXBYD —A - TOTALBYD
144
1.3
£ A s g AA-a A 2 13 o aacAAAoaarhod
8 PRPOE of = E-= i e | 8 o A—A”
> 1.24 = > e m-mB 8 A g - =-a-a
1.24
114 1.1
1.04 1.04
1 2 4 0 1 2 3 4
beta12 beta12
Sensitivity Plot Sensitivity Plot
Classified by Y's Distributions Classified by Y's Distributions
N600XC N80OXC
199 Veriable N Variable
184 —e— TOTAXCYA 184 —e— TOTALCYA
: —m— TOTALXCYB : —=- TOTALXCYB
174 TOTALXCYC 174 TOTALXCYC
—& - TOTALXCYD —A - TOTALXCYD
1.6+ 164
8 154 8 154
8 14d 8 14l
> as A A A-A A A A Aa-a > | A A A A A AA- A A4
: e e e e T ] i A e aa
(A=
1.24 129
114 114
1.04 1.0
1 2 4 0 1 2 3 4
beta12 beta12

YA=Y~multinomial (0.05, 0.20, 0.75), YB=Y~multinomial (0.25, 0.50, 0.25), YC=Y~multinomial (0.5, 0.20, 0.25), YD= Y~multinomial

(0.33, 0.33, 0.33)

XA=(X1, X2)~multinomial (0.10, 0.35, 0.45, 0.10), XB=(X1, X2)~ multinomial (0.50, 0.30, 0.10, 0.10), XC=(X1, X2)~multinomial (0.25, 0.25,

0.25, 0.25)

ns W 1:  Sensitivity Plots 284 YA, YB, YC, YD fiu f,, S1uunma XA, XB, XC meldouinding1s 600 uas 800

19



WRANS : N5 2

Sensitivity Plot Sensitivity Plot
Classified by (X1, X2)'s Distributions Classified by (X1, X2)'s Distributions
N60OYA NBOOYA
1.99 Variable 1.99 Variable
184 —e— TOTALXAYA 184 —e— TOTALXAYA
- —— TOTALXBYA . —— TOTALXBYA
174 TOTALXCYA 171 TOTALKCYA
1.6 1.6 -
e
£ 154 | = -
g - g
= 144 s
1.3
1.2
1.1
1.0 T T T T
1 2 3 4
beta12
Sensitivity Plot Sensitivity Plot
Classified by (X1, X2)'s Distributions Classified by (X1, X2)'s Distributions
NG00YB NB0OYB
1.275 Variable Variable
—e— TOTALXAYB 1.250 e e s-ed —®— TOTALXAYB
—#— TOTALXBYB - —=— TOTALXBYB
1.250 TOTALXCYB /., L4 - TOTALXCYB
R It T 1.225 "
1225 i g
L] e 1]
* A § 120 /
8 1200{ N 8 o
> >
1175 1175
1150 1.150
1 2 4 0 1 2 4
beta12 beta12
Sensitivity Plot Sensitivity Plot
Classified by (X1, X2)'s Distributions Classified by (X1, X2)'s Distributions
600YC N80OYC
1.005 Verible 1.0030-{ Varizble
—e— TOTALXAYC —e— TOTALXAYC
—=— TOTALXBYC —=— TOTALXBYC
1.004 TOTALXCYC 1.00251 TOTALXCYC
1.0020
o 1003 .
£
g & 10015
> 1.002 >
1.0010
1.001 1.0005-
1.000 1.0000
Sensitivity Plot Sensitivity Plot
Classified by (X1, X2)'s Distributions Classified by (X1, X2)'s Distributions
N600YD N80OYD
135 Variable 135 Variable
—e— TOTALXAYD —e— TOTALAYD
—=— TOTALXBYD I —8— TOTALGYD
1.30 TOTALXCYD 130 - TOTALXCYD
=
. ]
125 wa i 1.25 /
J:] L | s i
.-
8 120 8 120 oM
> >
115 115
0 //./,HO—H—H—O—W AeTl //WH/M—o—ﬂ—o—ﬂ
1.05 T T T T 1.05 T T T T T
1 2 3 4 0 1 2 3 4
beta12 beta12

YA=Y~multinomial (0.05, 0.20, 0.75), YB=Y~multinomial (0.25, 0.50, 0.25),

(0.33, 0.33, 0.33)

XA=(X1, X2)~multinomial (0.10, 0.35, 0.45, 0.10), XB=(X1, X2)~ multinomial (0.50, 0.30, 0.10, 0.10), XC=(X1, X2)~mu|tinomia| (0.25, 0.25,

0.25, 0.25)

N5 2:  Sensitivity Plots 89 YA, YB, YC, YD fiu f,, 32uunaa YA, YB, YC, YD malfizuiadineng 600 uay 800

20

YC=Y~multinomial (0.5, 0.20, 0.25), YD= Y~multinomial
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5. JUwamssuaciiar uauue
FUNAN13INY

WaPeIn1sITe JUidu 3 Ussiau UstiduusnAe
NINTUINNTHANLAITDY Y's Muldufaznisianuagees
X, X) wud ion1suanuaszas Y § %0 uzsuunliiy
FALAUAD Y ~ multinomial (0.05, 0.20, 0.75) @y
Sensitivity 289n1awensaingugnéiasldfnitzesiiuuy
mMelFnsuaniaszed Y's wuudue Tunndnsauemauanuag
789 (X, X) 3998981A8 Y~ multinomial (0.33, 033, 0.33),
(0.25, 0.50, 0.25) WAz (0.55, 0.20, 0.25) ANENL Llaw
fafEmNBNNATINGDY Sensitivity TaIFILLLLALIIaUlY
289 B, Meldruniatg 4 auafe 600, 800, 1,000 LA
1,500 %91 Sensitivity induiioAnag Bro WAZTUIA
fethaingy Ussiiufl asdafinnsannisuanuasoos X
X)'s melFusaznsianuaszas Y wudn Wenmswanuasees
(X, X) fansuzeod 0 undsannuisdunuy suns
A (X, X)) ~ multinomial (025, 0.25, 0.25, 0.25) RIIEY
Sensitivity ‘Vt%amswmmnimﬁugnﬁm‘lﬁﬁndwmﬁaLL‘mJ
meliimsuanuadzed (X, X)'s WUUAUY B0 2 WU T8989
fiD (X, X) ~ multinomial (0.50, 0.30, 0.10, 0.10) ua (0.10,
035, 0.45, 0.10) MN&GU sniunsdiifiendi Y ~ multinomial
(0.5, 0.20, 0.25) MuuLNLTE (X, X)~ multinomial
(0.10, 0.35, 0.45, 0.10) WwadwsAni18n 2 wuuuwsded
ANNKTUTIMABUTY ¢ uazUstil avhefadzae DA
Az U Adnw wuhiidnunsiitueg i nuuy
NIUAINUNTBIMLUIABY UpduaLiuUsaSue Wiulddn
NANBULNITUINWINTEY Y 75 A Wwzpsuudlly was
P09 Y UAz (X, X) fifi 9 uuuy WN1e3 Auuud
Sensitivitymaommmnsmﬁnq’ﬂﬁgnﬁmﬁn’hmsmemmao
Y's uar (X, X)'s wuBug wenandiAn ARnnaz 1314
ﬁLLuﬂﬁmﬁN“ﬁu (Generalized Coefficients of Determination)
LACAARY (Likelihood Ratio statistic G, AIC, ias BIC) Ay
PUIATDIWITIRLADTANBWATINUAZIUIAFIDENATNEIAL
FoonualFHadnsAAL “UAIIILAT DARREITUNRANS
NN B

diaL uaue
nuazesmIITedesud Tunsihdmuuulnale-
Ind TadnldTfiledudsney wsaBonguuuuiiaduuas

faudsadunsuuuudngy ddesedase oA dn1suanuas
29iuLsney ussnazsasituwdsadunedunuuli anns
“a 'l wlareeiulsney useiiAtiasadsldaantne
2ualnas ¥o uasiiasudseduelidud sudafuns
Misuuuiifmandndnasinvesiulsedueateiios a9
fudsuasiptnmuaing waclinadnsisninlumes
PBIWRTINYBY Sensitivity vTan1InEINIaingugnsingTIN
wiun9iTeasesely  usnandnsrduuulumes

' 3

Sensitivity n3an1anensningugnéievsasudy a1
Sensitivity n3amswensaingugnéiosiawiznguil wlandeq
Tasarauiindiudsadursuuuduluduvuuazenaiinnis
Fnsiuuuluimen ROC (Receiver Operating Characteristic
Curve) mapnaumMsisufisuiunsldfuuudu onald
fuwuulaiiBel “*unse (Hastile & Tibshirani, 1990) {unng

\@ENAUBBINTIATIEN Sensitivity TavFlUUsialy

ANANIINUSENA

a o a

HI9B70TAUAN  ADIZINYNAN ASLaZNIAITN DR
wnnenaedalding miunu Uy gumu"‘ﬁﬂﬁ LaY
mauwszqmﬁm\a@m'gﬁﬁﬁa 3 YU ARDAFUASUITUNENNT

o

v wsuauusi NS Tuls lemieeuddudl
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