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, ... 
1JTITI 1 

1JTI,h 

1.1 mUUilUtllIlD::mltlD'lfl"'''8-3U'''l'Il .. .. 

1 "fJ,r1' 'tJ fll'jffm:mj'6l.!'H~fJ1fttll11~ flllW~ ~~1 'j In'U 1\l\l~lfl",rUl1l6'U l1l61fl",rU 

~1fJfI111Jlll\l~1~Ul'rh''j lYUfll'jl~U 1 'StIlT1 1\lfttlflll 'Ul~U 1 'StIlT11\l fllHllfJl1l6 'U~lfJ'U6~ 

lUHH flll u~i1u ~fl1ihl1l6 'u~fl1ih fll'j,rU mhui1' 'tJiiN1U l1l61~6fllrU f:I'tJ'j~~nll~ 

fll'jfffl1n~6l1l6 'Ufffl1n~6 t111flllWl~Ul1if fttlflll 'ul~ul1if \l~1;:;U111l1~fll'jW~flrl11111 
! l' ~ old "" .r ' ''., ... UU 111UllJUll1~ fll'jW 'YIn'11111 f:llfl"'UU "~Cl6"n'1l HCI~~1U 'tJ'j ~6t1 n'lJ 6~'U6~ll1~ fll'j W . . , 

i1mh~1l1rl1,rU 't'i~l111"1~ui1U'tJHil1lltltln'6~fl~11 ,rlJ~fl6 i1U'tJ'j~6t1n'U6~1~lJi1U'tJ'jli-3 

fl~11~jjn'6~"'flllW~ fl6 jjtil1l;,fttl I fl6 l11~flllW~1'j1n'u1\l l1l6 jjtil1l'hfttl 0 fl6 l11~flllW~ . . , 
1'j 1 'un'u 1 \l ,hlJi1U'tJ'j6itllfJjj't'i~i1U'tJ'j~61il6~ llC1~ 'U~61il6~~'~ 

i1 "'" , 1 """... _I ""'" .s , \llfl tyl11'UH~U 11n'l11llf:l 'lrfllnlfl'jl~l1fl1111f:l"f:l6fJUtltllJfl~ "lU6~\l1fl11fll'j 

11 fl'j 1~ li' fll'j f:I"f:l6fJ1 ~u fll 'j 11fl 'j 1~ li' oU' 611 Cll1466itl 1 fJfl111J1Y11-n U -I 'j ~l111 ~i 111 'tJ 'j ~ 6t1 n'U 6~ . 
., _I "" .d ""... ., .1 

(response variable) UCl~~1UlJ'j61itllfJ(explanatory variable) C)f~fllnlfl'j1~l1fll'jf:l"f:l6fJ~1UlJ'j 

6itllfJ "'6~1~lJi1U'tJ'jli~'tJ11JlW l1l6 i1H'tJ'jli~fl~11~'~ 1u'Uw~~i1H'tJ'j~6t1n'U6~"'6~1~lJ 

li~'tJ11JlW 1,"fJ~6fh~1~fJ1 fl11'j 1ii 1 fll'j 11 fl'j 1~li'~ 1fJfl1111f:l"f:l6fJH tItI 'tJfl~ ~\l ~ii 1 1 11' NCI fll 'j 

"" ... ,"!'i'" ... , .,d,,,, '"'''' d '''' ., .1 11fl'j1~l166fl111 11lJll'IJ6f:16 \llfln'mUfll'jW~H '1 "~'YI "flCl11 1'UH~U \l~l11lJ "11 ~111lJ'j 

~6t1n'U6~jj 2 fl~l1 (binary response) ~~1ufll'j1i'fJ 1"fJthu1l1qJjjfll'j1~1'Y1fliiflfll'j11fl'j1~li' 

oU'6l.!CI~1fJi1HtItI lCli'YI l'd6~\llfl11i1HtItI 1 Cli'YIJu tl1lJ1W '~~lfJ ~~1~lJl11~NCI~jj~1~i1 
Utltl lC1i'YI1~11,rU UCl~111flfl11fll'j1~i1HtItI 1vnii'YI l'1fU ilI990-1994 jjNCI~lU~1~i1HtItI 1 CI . " 
i'YI 311 iu fhUi1HtItI htlii'YIjjNCI~llJ'tJ'j1fltlI27 ilJ (Cramer ,2003) l1C1~i111t1t1 1 Cli'YIn'l 11 1 

'jf:l~fl1111l1111fJ1Ul'Y1611'U6~ odds ,~ i~l~lJ1l1~ 111'iifJ11fll'j 1~i111t1t1 lC1i'YI11lfl11i1HtltI~U'l 
• 

~h,ru H1i'fJi-3'~\h i1HtItI lCli'YI i1Utltl hnii'YI UCl~ i1Htltlfl611'WihlJU'YI11 ~6fl-~6fl1Jl1~ • 
1 ~ ~'jI .Q.., Q.I ... I" Q. 4 Q.I Q. rJ' 

Ufllnlfl'j1~l1'U6l.!CI 'b'~fJ-3fl~1~QlJ'j~n'-3fl HCI~ UU1fl1111fl"I11116lJfltlfllnlml~l1fll'jf:l"f:l6fJ 

HtltI'tJfl9i ,rlJ~fl6 1146ffflll1fl1111ff11-nlJ-I'j~l11Ni1U'tJ'j~6t1n'U6~ UCI~ i1U'tJ'j6itllfJ 11461.11 

n'l1fll'j~'~ 'tJ'tJ'j~l1lW ti 1l1l6'WfJ1fllW ti1i1U'tJ'j~6t1n'U6~ ldmi1l1lJ"ti1i1U'tJ 'j 6itllfJ 



2 

lii ij ·HIl fl~ 1U UU~l1llll 1 ~u ff~Htl1l11tYllli'U W'i :::'H1H~1U1.h ~ijU ff'U ij.:jU,,::: ~1U lh 

iji1Jlvl'Ufll'i11tl'il:::11'Uij.:j ~1UUU i "i't1 ~1U1JU hnii't1 1m::: ~1UU1Jtlijll'Wi1111'Uml~ijfl-~ijfl 

~.:j1'U~1UUUloi.:jl~'U~1UUVYi'1'tJ (generalized linear models :GLM) 11vwh ~.:jtl.yhnoi'U (link 

function) i~vij g lfl'U~11~ij1J'j:::'H1H~1UtJ'i~ijUff'Uij.:j r; lm:::~1utJ'iiji1JlV Xi ~1ijriH.:jl'U 

't1~"ij.:jlrlijfh~ijUff'Uij.:j r; ij Mll~v.:j 2 fhflij 0 1m::: 1 ~.:j,f'U ffllll'jfIl~V'U '~lfl'U 

p(Yj =0)=1- Pi (*) 

th'Hi'Utl1l1J\.h\1:::1fl'U'Uij.:j~1UtJ'i '1i~ijU ff'Uij.:jlm::: ~1U tJ'i ~~ ijUff'U ij.:j ~ 1U uUloi.:jl ~'U 

ijtl1l1Jthtityl'Ufll'i11l'tJtJ'i:::QflA''U.:jl'U't1H~l'U't1qllU ffllllA X ffllllHliji1JlV Y'~ \1::: 

_I " ~.,." i lJ'ilfltllff'U'WVlmWl'tmff'U 7]i ~v 

,i = 1,2, ... ,n 

lrlmj.:j '1imlutiltYlltJ'i:::ii't1i'Wl'ilijl~ij{ Po ,/31 ril'Hi'U~1UtJ'i~llUUU 2 fl~ll(binary random 

variables} h1'Yhnw'Uij.:j g ijQl'U'th.:j [0,1] 111 'tJ~til\11.:j 7] ~.:jijQl'U'th.:j (- 00,00) 

'" "'~.!':I ~ ~ , !"I' 1 ".!':I ~ ~ ...; '" fll'imijfl".:jtln.:jfl'tf'Uff11JlHl'Hl ~ l~V 'tfn.:jfl'tf'Ul'tfijll(link function} tlij 

g{P) = IOg(~) 
1- P 

g{P) = Iog[- Iog{l- p}] 



Link function Pi LDp 

logit 
expeBo + PIXJ IOg( ~ )-Po 

1 + exp(po + PJxJ 
1- P 

PI 

probit <1>(Po + PI x J 
<1>1 (p)- Po 

PI 

Complementary log-log l-exp(-exp(po + PIXJ) 
log(-log(l- P ))- Po 

PI 

4 --------------------- - - - --- - ---------------------- --

-2 

-4 ----------------- -- ------------- - -------------------

-6 ~_.--~--_r--._--~--r__.,__.--_.--~ 
o 0.1 0.2 0 .3 0.4 0.5 0.6 0.7 0.8 0.9 

ltJ~ 1.1 : The three link functions by response probability 

d 
YUJl : Seppo Laaksonen 

3 

" . 
~,ru'U 0'1jjfl11lJl'li'll~ l'Ulltl 'Ui1U1J1J lCli't1(logit model) 9i1U1J1J hnii't1(probit model) 

Q,f do del d ?I ,q 9J Q 

UCl::9I1U1JUfltllJYiClllJ'U't11l Cltlfl-Cltlfl(complementary log-log model) llJ'UtlUl-:J"llCl1 fl~:: 

ffllJl':if.)11flll::..f'li'mqJCl '~tlUHjj'lh::ff't1itl1Yi ll~l'dtl-:J~lfl Po, PI1~'UYill1iJ19ltl{~'1i't1l1mi1 
'JI • ~!'It"l JI d I ~ d~ 0 1" ~,,~ J 
mffllJl':i mh:: lJ1W fllYil'i llJ19ltll I" flCllfl U-:Jfll ~H flUHll 11 fill Yi Ulfl'i W f.)fl91 tl-:J lJ 1 flU-:J'\J'U .. 

, , '" I ~ • ~ ~ tlUHllYill1Cl1U "llfl1!tl11::'Ul~::llJ'U1l-:Jtl"(maximum likelihood estimation method :MLE) 1! 
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OQ.l II .: QI d 0 d~.J 
flltHtHHlH)Vty~fI1.:J'U1l1lHl (weighted least squares method :WLS) UCl:::'YI'il:::'U1ltYlJ66fl1Til1lJ.:.I 

! d 4 ..:w:t, 0 QI : cI ~ Q Q.t.d 0 " 

lJlJfltl6 1Ti tlfllCl.:.ltY6.:J"lty~(minimum chi-square method :MCS) CIf.:JI1JlJ.:J1lJ1'ilU'YI'il:::'U1lJl 1'r 
1lJlh::: lu'ru~lmiH'l~6'tJ 

Q Q.I.r::I dO d ~ Q.I 

lJ'YI(probit model} 11Cl:::"1UlJlJtl6lJ'WClllJlJ'YIl'l" Cl6fl-Cl6fl(complementary log-log model} IlJ6"1 

.1 ~ . 1 1"""'·1 . "' .. ""'" "" UU'l""6lJtYlJ6.:Jl1JlJUlJlJtY6.:.1fltllJ ~u 'r1Tifll'l"u'l":::lJlWtl1'W1'l"llJl"6'l" 3 1Ti tl6 

" ~o QI" '0 QI 

1. 1TifllMtY6.:J'U6Uty~lllJlJfI1.:J'U1l1lJfl (Weighted Least Squares method: WLS) 

2 . 1im1::U1'il:::ln'Utl.:Jty~(Maximum Likelihood Estimation method :MLE) 

3. 1i'tlfhtT.:JtY6.:J~lty~(Minimum Chi-Square method: MCS) 

1.2.2 1~6ImU1JlfiulJiifll'l"tY!H~111lJlJ 1 Cli'YI(Logit model} ~1UlJlJ l'W'l"ihl(Probit 

Q.I d d d d .4 QI .. I 
model} UCl:::"1I1lJlJtl6lJ'WClllJlJ'YIl'l" Cl6fl-Cl6fl(Complementary log-log model} IlJ6"1Ilu'l" 

"6lJtYlJ6.:JlnlJ1llJlJtY6.:.1fl~lJ 1~ulrnfll'l"tJ'l":::lJ1Wti1'W1'l"lijl"6{ 3 1i fi6 

" ~o QI" . 0 QI 

I. 11ifllCl.:JtY6.:.1lJ6Uty~lIlJlJU1.:.1'U1l1lJfl (Weighted Least Squares method: WLS) 

2.1iftl1:::U1'il:::lnlJtl.:Jty~(Maximum Likelihood Estimation method :MLE) 

3. 1i'tlfhtT.:JtY6.:J~lty~(Minimum Chi-Square method: MCS) 

1~U,"'ill'l"W1'il1flti1 Deviance 11 Deviance ~6.:.1~1UlJlJ'l1lJ'il1fl1ifll'l"tJ'l":::lJlWti1 3 ii 1'11'ti1 
. " . 

Deviance 9l1ty~(j6111ifll'l"tJ'l":::lJlWti1tl'lJ~fity~ 

1.3 'IOlJl"""1',)1i'0 

" " . 
l'Ufll'l"i~Utli'.:.Iil'~flfl}j1fll'l"ilm1:::l1fl1'l"U~U6U11i6~1IltJ'l""6lJtY'U6.:JijtY6.:.1tTfl}jW::: fi6 

I (ll1~fll'l"W~I'l"ltYlJl'il) nlJ 0 (Ll1~fll'l"W~I'l"l',jtYlJl\}) 1~ul~.,j'm.!Cl'il1.:J'il1fll1Cl1fll1CllUtY1'Jli'r1 
," " 0'" Q o'Q 0' Q.I 0' .J 

l'rlJ ~6l.JCl'YIH~1'Ufll'l"l1'W'YIU ~1'U1'Y1U1ff1tY"'l" 1ff1fl'l"'l"lJff1tY"'l" IlCl::: 'YI1.:JtY.:JtllJff1tY"'l" 11191HCl'YI 

.4 " ! J .4 , " , , .4 "QI Q Q 0'" 1Cl6fl~6l.JCl'YI.:J 9 "~lJ IlJ6.:J'il1fl11~6\!Cll~utY1lJll1tyICl6fl l'r"1UlJlJ lCl'il'YI l'U fll'l"1 1m 1:::11'1.16 l.JCl 

'YIHfj1~ui.:.lijtl11lJtYlJl'il~\}:::lh.,j'6l.JCl~.:.I 9 "~lJ1ilm1:::11~1U ~1UlJlJ 1 Cli'YI(Iogit model} ~1 
1 Q QI d.r::td d 

UlJlJ 'W'l"lJ'YI(probit model} UCl:: "111lJlJtl6lJ'WClllJlJ'YIl'l" Cl6fl -Cl6fl(complementary log-log 

model} 1~6Yi1fll'l"flfl}j11ifll'l"111ti1tJ'l":::lJlW 1176ti1'WU1fl'l"W~6.:.1~1IllJlJft1Ulrnfll'l"tJ'l":::lJlW 
, .Q. J ~ A 0 QQI Q.I J 

tl1'Wl'l"llJl"m 3 1Ti IlJ6flll1'U~'1.16lJl~"fll'l"1'ilU~.:J'U 

" d ~" ,,'" 1 . " .1 '" ~I 1. ~6\!Cl"~'YI 1 l1JlJ~6\!ClFj61ffU lJl1\!1JllJ Amozonas u'l":::I'YIfl'lJ'l"l"1fCl u 1971 \!fl~~ 

fl~lJln'Ul1CllUfl~lJ 1lJl~6.:J~6.:J61Q 1~6"'l" 1\}tY6lJ 1 'U oM1.:Jl1Cll 1 'U fll'l"U ~1"1filJil6.:Jn'U lJlClli'l U 11 
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, .. ,,, ... , " " " & , " 
l"lqll'Yl l1fH'1111f1l1H) 11 l1fHl111f1 'IJijlJtHIlf1 Draper,Voller and Carpenter(1972) C)f.:j Draper " 

'
''~ ...... d d, .. .;" 
'If~1U1111flijlll'HUlllJ'Yll'i ~ijf1-~ijf1 lJ f1111Ifll1::11'IJijll~ .. 

2. ,j'ijll~"'~~ 2 111lJ,j'ijllCl'IJij.:j~ff11' Il1i~tll1fl'~1f1ffl'i t1l1iJlJ~ fI1~i' .:jff~jjij1"1::l1'h:j 
'U '1 'U ... 'U .a.c " 

20-64 iJ 'IJij·mlli''Yl Coalminers \lf1i~f1~1It11lJl1C1llJf1~1I 'lJI1ij.:j'IJij.:jij1Q ';hjjij 1 f111 11 ij11 l1lij "m 
ij1f11111ij11 IrlijYi1.:j1lJ'lJ Coalminers ,j'ijlJCI~lf1 Ashford and Sowden(1970) 

3. ,j'ijlJCI'~~ 3 IfllJ,j'ijlJ~~ij1fllJ1~fI''lf1lJij1Q 40-59 iJ 'lJlijij.:j 2 lijij.:j \1f1i~f1~lIlfllJ 
11C11lJf1~1I 'lJI1ij.:j'IJij.:jm11l~lJ 1 Cli~ l~ij~ n~ffij11 'lJ'~h.:j 6 iJ ~ ijlljij.:jt1lJ'hlfllJ h t1l11' ~ 

l1lij 'l.hfllJ ht1111'~ ,j'ijlJCI~lf1 Cornfield (1962) UCI:: Agresti (1990) ~.:j'Ai~~1U1111 l~i'Yl'lJ 
.. .;" 

f11111m 1:: l1'IJij1IC1 
OJ 

" ~ ~ JI _I~ " " .oQ .d.cl I 
4. 'IJijlJCI'~'Yl 4 11JlJ'lJijlJ~1J1111W m11l1'IJ1I'lJlJ'I.Iij.:jffl'i~'tl'Yl1l~~~ijf111 ~llJ'I.Iij.:jUllCl.:j 

,j'ijlJCI~lf1 Martin(1942) IlCI:: Finney(197I} 

" .d ~" .c:I Q oJ Q.I ..;. '''~ ., 5. 'I.IijlJCI'~'Yl 5 11JlJ'lJijlJCI'YlH'lf11'YllJ11f1lJ1f111f111~llJ'I.Iij.:jlUJCI.:jlllij ~lm ::"11fl11lJ 

l,j'lJ,j'lJ~~Ht1lJ lfllJ,j'ijlJCI~l.:j'IJij.:j Muhammad(l990)~.:j Muhammad '~H~1U1111 1 Cli'Yl 'lJf111 

.. .;" 
11m1::11'1.1ijlJ~ .. 

" d ~" " " 1 d dd , " 6. 'I.IijlJCI'~'Yl 6 l1JlJ'I.IijlJClfl111l1'l.l1l'l.llJ'I.Iij.:jllijlJ lJllJlJ 'YllJ~CI~ijf111~llJ'lJij.:jlllJ~.:j 'I.IijlJCI 

~1f1 Strand(l930) 

" "?t"'" & .. &., 7. 'IJijlJCI'~'Yl 7 11JlJ'I.IijlJClf111IfflJ111lJ'I.Iij.:jl1lJ~I~1:;11lJlfl:i ij.:j11lJ IlJijl ::~11m1lJ f1~ij1f11f1' 

l~lI~lJ~~:: 200 psi ~1f1 2500-4300 psi \lf1i~f1~lJlfllJl1~llJf1~lJ1lJI1ij.:j'l.lij.:jfl111lf1~ij1f11f1' 'h 

fl11lJf1~ij1f11f1'~1 ::~11~H~:: jj ~CI~ijf1111fflJ111lJl1l ij 'l.h fflJ111lJ'I.Iij.:jl1lJ~1 ~ 1:: 11 lJlfl1ij.:jUlJ ,j'ijlJCI 

~1f1 Montgomery and Peck(1982) 'Ai~~1U1111 l~i'Yl 'lJf11111fll1:;"',j'ijlJCI .. 
8. ,j'ijlJ~'~~ 8 lfllJ,j'ijlJClf111tYl'i1~'YlHtY.:jfllJ iJ 1982 'I.Iij.:jfllJfb'l.l11 \1f1i"f1~lJlrJlJ 
, , & & ,.. ... ?t _I ..... " 

11C11lJf1lllJ lJllij.:j Political Views 1~ij~11fllJ~1'1.111~:;lCIijf1 Reagan 11JlJ1Jl::Ti1lJlTi1J~ 'I.IijlJClmf1 

Clogg and Shockey (1988) 

9. ,j'ijlJCI'~~ 9 lfllJ,j'ijlJ~f111 tY1l1~fl111lfl~1 MlJI~lJ1t11111'YllJl'Yl'IJij.:j~l1tY.:j~jj~ijtY .:jfllJ 
.. . 

Yi 1 f111 tYl'i 1n;.:j l~fI'l1 ~.:jUCI:: 1~fI''lf1lJ \1f1i~f1~ lJlfllJ 11 CIllJf1~lI' lJll ij.:jiJ'I.Iij.:jf111 tY1ll ~ f111 Rf1'tl1 

I Q d ci" 4,ld" o. a. ".oQdI"d " 
~ijfl111lfl~1l1lJ'lJij.:jf1111l1lJ~1lJ111 ij 1I111lJ~1lJ'lJij.:j t11 f1C111'Yl11 "~11 qJ.:jlll1lJ 1'Yl~U~1J1lJUCI:; 

, " 0 " , " ..."" , l' 0 .,,, -::'1 ij'4qJ1~ l1m.:j1lJlJijf11J1lJ ~1l111ijlJFj'lf1lJ" 'I.IijlJCI~lf1 Habennan(1978) flmf111~~'I.IijlJ~1J 
JI ,JI ,. 

tY1lhf1l'iRf1'tll~.:j119i 0-2 111ij.:j~1f1cell l1jjt111fllJt1lJV U~:: 19-20 ijijf11l'411::1""ij.:j~1f1fl111l0'lJ 
.. . 

cenl1iithm:: 1~~ 'Ufl.:jyj 

10. ~1utll~ij11fflJij.:j~'~lJf111Rf1'tl1lfllJ~1utl:i~ij11fflJij-!l1'i.:jf1~1I~iiffij.:jnf1'tlW:: ~.:j 

~lUlJ f1f1~lJ'I.Iij.:jll1~ f111W ijijf11fllJ ffij.:jf1~lJ flij 1l1~f1l'iW~fflJ' ~ llCl::1l1~f1l'iW~ 'UfflJ 1 ~ 

II . ~1utllijilJllJ~'~lJf1l'iRml1 flij ~111tlm1J119iijl1jij.:j111ij 'U~ijli!ij.:j~'~ 
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12. 1~~1t1'ii~ Deviance lfl'Ulflwcri'''.lfllllmfJUl'rifJ1J1iflll'lh::lJ1wtil'Ynniil~ij{1l~:: 

1~ijfl~1111J1J l~fJ~ 

13. till1'U~l::"mrfJt'htlty 0.05 

14. flll'lh::lJ1m~~1~ummlJ R 

llYl'Uti1tY'Ilfl~~ i, i = 1,2, ... , n 

UYl'Util'YW1mW~ i, i = 1,2, ... , n 

l1Yl'U~1'U1'U~1mh'l~H''UflllYl~~ij'l1'Ufl~lJ~ i, i = 1,2, ... , n 
,. 

lhti1 Deviance '\.16'1";'1 31i lJllmfJ1JllifJ1J 'h1iflul~111'ti1 Deviance '\.Iij'lfllnh::lJlw 

ti n! 6fJ~tl~ i'l~::t1'lll'~'hlfl'U 1i fl17 11 1 ::lJlW ti 1l'f17 1ih~ij{~~~tl~'\.I6'1UA~::~1U1J1J 

,. 
1I1::lJlWti1l'f1l1ijl~6{~1fJ 1iti1~'1t1'ij'lU'ijfJll1J1Jtl~ri1'1'.l1l11rfl (Weighted Least Squares 

method: WLS) 

2. 1~6111't1'llJ1Hlt1'!H~1111J1J l~iYl(logit model) ~1111J1J ll'flfiYl(probit model) 1l~::~1 

111J1Jfl6lJl'fnllJ'UYlll ~6fl-~6fl(complementary log-log)lrlij~1111l1~61Jt1''U6'1iMtu'l 2 fl~lJUn:: 

1I1::lJlwti1l'f1l1ijl~6{~1u1iftn::,j1~::lfl'U~'1tl~(Maximum Likelihood Estimation method 

:MLE) 
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. 
3. 1-nU l,fff11JlHlff~H9i'1111J1J It'li'YI(iogit model) 9i'1111J1J hnii'YI(probit model) 11t'l:; 

9i' 1111J1JflU1J'n i"iUJlJ 'YIll ~un-~u n( complementary log-log)lrlU9i'11111 HIU1JfflJ U .:Jijl'W U.:J 2 mi 1J 

11t'l:;11'i:;1J1Wth'nl1liJ19lU{~1U 11l'flth~.:JffU.:J~ltyft (Minimum Chi-Square method: MCS) 

4. l~U l,f'YIn1J 'h11lm'i11'i:;1J1W~1111J1J It'li'YI(iogit model) ~1111J1J l'n'iii'YI(probit Model) 11t'l:: 

~ 1111J1JflU1J'ni"il1JlJ fill ~Un-~Un(complementary log-log)lrlU9i'11111'i9lU1JfflJU.:Jijl'Wu.:J 2 n~1J 

1 ,,""'" -I I "" 0' ""'" I ?t fllU 911Ti nu lJ 'i:: 1J lW fll'n U l1Jl91 U'i 111J1J 1Ti fll1::lJ HI:: 1lJlJ ~ .:Jtyft(Maximum Likelihood 

" • • .::::u=:I 0 Q,I'" I 0 Q,I • 

Estimation method :MLE ) 1Tif1lt'l.:JffU.:JlJUUtyft111J1Jtl1.:JlJll1lJn (WeIghted Least Squares 
. " 

method: WLS) 111U 11l'flfh~.:Jffu.:J~lltyft (Minimum Chi-Square method: MCS) 311lil11l'l1lJ 

~f1'hnlJ ~uuf1'hnlJllJmwlft,j'l.:J 

5. l";Ul~lJ11lJ 1'Y1H llJ mnll '1111'i ::Qn~liiun H9i'1111J1J 1 ,fijfl1l1Jll11Jl::ff1Jn1J~nllW:: 

'\Ju.:J,j'Ul,lmrlu9i'11111'i9lU1JfflJ U.:Jij1YlU.:J 2 n~1J 



. 
.ct unn 2 

2.1 9l1UUU~911Ut.h"8mnU'-3ijfhlil .... 2 OftllW:: (Binary Response Model) 

hJflllilm1:::l1fll'Hlfl(J6f.1'\J6'1~lU1J1J~~lu1.h~n)1HYlH)'I (Y) Ufi1lt1'U 2 tlfl1:lW:; 

(binary response model) fi6Ufi1lt1'U 0 lrl6 'Ulflfl1lf9jflllW~ff'U'~ 11~6iifi1lt1'U 1 dj61flfl 

. "" 
1lf9jflllWliff'U'~ til'U~1111.h6i1Jlf.l (X) ,r'U61~1t1'U '~'ri'l~l111h l-i'l11~lJlW 11~6~1111.h l-i'l 

'" .cI <C:It. d' QI QI al ~ 11 o¢It. 

fJWfll'W l1f.1flflll11m1:;l1flll(JfI(J6f.1'\J6'1~lU1J1J(lfl1:lW:;'Ul1 fllll1m1:;l1flll(JfI(J6f.1nl (binary 

regression) ~'I~:; iiill fll1ilfll1:;M~U~ fl~ 1'1' 11~lflflllilfll1:;M fll1(JfI(J6f.11-i'lltf'U -rt l' 11 

1~6'1~lfl,j'611~fl~1'l''Utlfl1:lW:;'\J6'1fi1fl1fl111'1 (expected value) '\J6'1~lU111~61Jff""6'11m:;iJty111 

~'Ult1'U '11~llJ,j'6fflJlJ9l (assumptions) '\J6'1flllilm1:;Mflll(JfI(J6f.1~'Iif 

A .c::r.. QI .q d' .q IjI , I 

llJ6'W~11W1~lU1J1J'\J6'1fllll1fll1:;l1flll(JfI(J6m'tf'llff'U6f.1H'I1f.l (simple linear 

regression) fi6 

; i = 1,2, ... ,n (2.1) 

fi1tY'Ilfl~~ i '\J6'1~lU111~61Jff'U6'1~'Iiifi1'~ 2 fi1 fi6 o 1m:; 1 

fi1tY'I1fl~~ i '\J6'1~1111h6i1Jlf.l 

fi1tYlJ111:;iiniflll(JfI(J6f.1 (regression coefficients) . . 
, .4 I QJ .cI . 

fllfll1lJflmfllfl(l6'U'\J6'1fll ff 'Ilfl~n 1 

(2.2) 



.d 
Illtl 

" ~'I,r'U~~ ''''':h 

1 

o 

Probability 

Pr(Yi = 1)= Pi 

Pr(Yi = 0)= 1- Pi 

Pi fitltl111Jlh~:ail'U'lJtl'lfl11In~111~fll'H.u~ff'U 1 ~ 

1- P fitltl111Jlh~:ail'U'lJtl'lfl111l1~fl11W~'J,jff'U1~ 

" ~tllJff'Utl'lUlhil'U 2 nflllW~~'Ii1 
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(2.3) 

,r'Ullff~'I1lthtll~111'1'IJtl'l~111'1.h~tllJff'Utl'l111tl E(Yi ) Irltl~1I1'1.h~tllJff'Utl'lUtillil'U 2 

nflllW~ fifitl "tl1111111~~liI'U'lJtl'lflUln~111~flUW~ff'U1~ W ~1~~lJ'lJtl'l~1I11htli1JlU Xi" 

,r'Ultl'l ~'IlIff~'I'~'Um'n~ 2.1 ~'Iffllll1fltli1JlU''''11 tiltll~111'1'IJtl'l~1I1'1.h~tllJff'Utl'l E(Yl ) 

fitl tl1111111~~liI'U'lJtl'l111~fl11W~ff'U1~ W ~1~~lJ'lJtl'l~1I1'1.htli1JlU Xl cii'lutilllilt1lJ 0 II"~ 

fhtll~111'1'IJtl'l~1I1'1.h~tllJff'Utl'l E(Y2 ) fitl tl1111111~~d'l'U'lJtl'lll1~fll1W~ff'U1~ W ~l~~lJ'lJtl'l 

~1111.htli1JlU X 2 ~'IUtilllilt1lJ I 



E(Yj) =Pj 

1 

o X . 
I 

ltJ~ 2.1 11 ff~~fl11lJ\hil~llIU ~~1Il1.h ~fl1Jff\H)~~:::Lfi~I'\1~ fll'iW~ ffU i ~ 
Irlfl~1Il1.h~fl1JffU fl~ijthlllU 2 ilfllltu~ 

... 
'YIlJl : Neter et al (1989) 

. .. . 
if 4 ~ -4 4 U _I .et' iI .., 

2.1.2 t1!'H1Y11tl~"UlUtl",)lIlJ·nltl1Jirntl",.tl11 'U 2 ilfl'YOI::: 

10 

q" QJ 0 QJ "..::::.. ~" CI, 

fll'i 11fl'i 1 ~'\1 fln tl~ tlflUlJfl'YIl ~ llJ~ 111 1J 1J 11 "~'\Ifl fflJlJ~'\I fl ~ fll'i 11fl 'i 1~'\1 fln tl~tlfl UI'II' ~ 

I~U...t1 1 tJ~ij~1111.h ~fl1JffUfl~llI'Ufhu1J 1J~flIdfl~ i U fln 11m l~li' fll'i tl~tlfl U~ ~fl~11~~ i'*fll'i 

tJ'i~lJltuthnl'ilih~fl{f1'1u1ifhil~ff'tl~U'tlU~rr~ (ordinary least square: OLS) l~t&,j''tlfflJlJ~ 

. . 
" ~Q u , 4 () 

fl. ,.tH.I"""lfltl1fl1Jfllf1,)1"flill~lflilt)'U Sj 

J) (s;) ijfll'i11~fl11~~U1J1JtJfl~~ijfillU~UllIU 0 [E(s;} = o]I",~ijfilmllJ 

11tJ'itJ'i1UI'Yhil1J 0-
2 

[Var(Sj) = 0-
2

] JUflfl Sj - Normal(O, 0-
2

) ; i = 1,2, ... , n 

2) Sj 11"~ Sjijfllm~fl11~~~llIU6ff'i~~flilu JUflfl COV(Sj,sJ= 0 Irlfl 



1) i 1mh 6i lJltt11~ ll:: i1~::A'tH '~iifl11lJfflJ..;'t.nil';':'1 TJUl ::l1'lH flU 

2) i111'lh6ilJltt 1111::fllfl11lJflllWllfl~6U ItlU6ffl::flU 

~l fli 111 'lJ'lJ'I.I6':' flll11fl11::li' '1.16':' flll tl~tl6tt1';':'1 TJU6 rh ':'~l ttcl1.:, iil 'l.J11 'lJ'lJ~.:,if .. 

; i = 1,2, ... ,n 

"" ...... .el. [() ]511 .. " 0l~" tll'l.l6fflJlJ~'1.16':'flll11fl11::'I1tl~tl6tt'YI11 E E j = 0 11.JU~HU1l1 ~::'YI1 'I11~ 

E(VJ = E(~o +~IXj +E j ) 

= ~o + ~IXj + E(EJ 

=~o+~IXj 

11 

1fw~ Vj ltlUHllil'nI'l.l6,:,fllff':'lfl~~lflflll'Y1~1l6':'flf.:,~ i lrl6 X iiflll'rilfl'lJ Xj ~.:,,fu~,:,fliu 
fllltl~tl6tt (regression function) '1.16.:,i1U'lJ'lJft6 

~y =E(Y)=E(~o +~IX+E) 

=~O+~IX 

cI1':''lJ6flii,:,flml~tt'l.l6':'fll1ll~flU~':'fl11lJU1~::ltlU'I.I6':' V OJ fll'l.l6':' X ~fh'l1u~l11' Ull::fl11lJ 

u'l.Jl'lh1Uft6 

Var(Y) = Var( ~o + ~IX + E) 

= Var{E) = a 2 

~l fl,j'6fflJlJ~il~tt1fl'lJfllmllJflm~lfl~6U lmi'6 fl) ~ 'h & ii fll1ll ~ flU ~':'11 'lJ'lJ'l.Jfl9ilui1U'lJ'lJ flll 

tl~tl~tt,j'HA'Ufh 111''I1lJlttfl11lJ'~'h V iiflnU~flU~':'U'lJ'lJ'l.Jfl9i~iifill\l~ttft6 E{Y) = Po + P I X 

Ull::fl11lJu'l.Jl'I.Jnu ft6 V ar{V) = a 2 
,rUft6 

Y ~ Normal[E(V), Var{V)] 

V ~ Normal~o + PIX ,a2
] 

Ull::,j'6fflJlJ9i~ 'h Ej Ull:: E j ItlU6ffl::~6flU 'ii'Uft6 COV(E j, E J = 0 lrl6 i * j ltlU~~ ':'U~1 

~::l'ill11' Vj llll:: Yj ltlU6ffl::~6flU~1tt 'ii'Uft6 COV(Vj, VJ = 0 Irl6 i * j 
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I Q _I ' ~ e' ~ "1f::t.J/ 1 91 .k 
iIlij fll'il1~tYijUtYllllill!lUUCl:: fll'ilJ'i :::lllW tl1'n1'i1lllillij'i 'Uij~iIl1UUU 111fl'UijtYllllill'Uij ~'Uijl1U ~ 

'lhllu ~1 ~~:::iiHClli1 1 ,r~ltJ'i::ll1W ~, ~~ 1flnfilft~tYij~U' mJtl~ '~iifJw tYllu~illlu ~ 1tJ'i:::ll 1W ~~ 
.. " 

1m::: fll'i tYl tJHCl~l fl,j'ijtYllll"! 1UlnrJ1tl1J'\j' m"Cl fill III 111tll1:: 11~:: H~'n Cl1~ 1 ~ ~~,r U ;~tl1'i ii fll'i 

iIl'i1~ tYij u,j' mJ Cl~ lh1Jlfffl1l1tlijU 'hiifJw tYllrnlill1ll,j' ij tYll ll,,'Uij ~~ 1UU 'U 11 ~ ij , ~ 

mh~ 1 'i ~iIl1llti1~lUtJ'iillijUtYUij~iitillllu 2 ftflllW::ufi'l ~::ih 1,rlfi~ilqJ111~ 1~11lu 1 tJ 

,.. Q ~ e' Q " c:., '_1 .k 1 91 , "" il .. 
iIl1ll'UijtYllllill'Uij~fllnltll1:::l1fll'i\l~\lijtll'ti'~ltYU111 lJ 9f~ Neter et al (1989) AflCl11\l~ qJ11111 

l~rJ1 tlu,j'ij tYllll"'Uij~fll'i11tl'i1::11 fll'i \lA\l6t1li~1~Ulrlij~lU tJ'i ill ijU tYU ij~ iifi 111lu 2 ft flll W::: 

. 
2.1.2.1 fhtllUJtlilUUtlU8\.fijfll'lll\lflll\l~'';lihmu'U'lJflft (non-normal error terms) 

Q,/!" d.1~ Q,I.4 .d Q rI djl .do 0 

A~uum Yi lltl1llJU 2 ClflllW::: tlij o 1m::: I 9f~ Yi llfllm~flU~~U'U'Ul'Uij'i~ClClUCl1 ~::llHCll1l 

1 ,rfi1tl11lltlCllAltlgijU iifll'iU~flU~~UUU1U6{\!Clt;~1(J 1 A(Jiifi1lllu 2 fill'tfUtlU fiij 

€ i = 1- $0 + ~lXJ 

€i = 40 + ~IXJ 

Yi iiflllll~flU~~ 1 A(JtJl:::1JlWlllullUUtJfl" llCl:::iiHClli1 1,rfi 1tl11lltlCl1Altl gijUiiflllU~flll ~~ 

1 A (JtJ 'i::: 1JlWl lIUllUUtJ fl"~l(J 

, "'.. _I _I l' ..; 2.1.2.2 fl1fl1UJflil1Alflil8\.fllfllUJUlJ"ilJ'n\.f lIfl~l1 (non-constant error variance) 

.c:t , d' .4 4 1.4 
ilqJ111ij fl6(JHl1U ~'Uij~tl1tl11lltlCllAltlClijU tlij tl11llU tJ'i tJ'i1U 'Uij~tl1tl11lltlCllAltlClijU 

~:::iifi1 1~m~ ti1~ 111tJHWUtYUij~iifi1lllu 2 ftflllW::: til'n~ 1'iW 1~lfl~111UU'Uij~fll'i11tl ·.il:::11 

fll'i\lA\lijtlli~1~Uijrh~~1(J1utYllfll'i (2.1) ~::1~tl11llUtJ'itJ'i1U'Uij~ Yi fiij 
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Var(VJ = E{Vi - E(VJY 

= (1- Pi r Pi + (0 - Pi Y (1- pJ 

= Pi(l- pJ 

= E(Vi}{l - E(Vi)} 

UCl~Ii7 tH\ll fltl111J11 U '.iU'.i 1 U'I.I tHti 1tl11lJtlCllflitl §6U iiti11~hl1n11ti 1 tl11lJU U '.iU '.i 1U'I.I6~ Y 
I 

" ~~UU\l~ 'i'i'-h 

Var(cJ= Var(VJ 

Pi(l-pJ 

= E(Vi}{l - E(Vi )} 

= (130 +PIXJI-Po -PIXJ 

(2.4) 

(2.5) 

\llmYlJfll'.i~ (2.4) 1l1u'i'i"h Var(ci) U9iCl~ti1UU'.iIU~UU'U911lJti1'1.16~ Pi UCl~\llflfflJfll'.i~ (2.5) 

ti1'1.16~ Pi U9iCl~ti1I11h I1J~UU 'U911lJti1'1.16~A1I1U'.i6i1JlU Xi ';~fh 1,rtl11lJIIU'.iUnU'I.I6~ti1 

tl11lJtl Cl1flltl§6Uiiti1 hjtl~~ ~~ 'lil1'lu' U911lJ'Ii'6fflJlJ~'1.16~fll'.i 11m 1~..1 fll'.i flflfl6U1 i~1 tY'u...t 11 U 

" " ~~UUfll'.iU'.i~1JlwtiTY~1'.i1ih916{lflU1rnfh~~ff6~,j'6UtlflUU~~liJufll'.i'liIl11Jl~fflJ 

" .k" ~flllW~ uU6d1u!UU1111'1.16~tl111Jll1\l~liJU (p) C)f~ti1tl11lJU1\l~liJUUU \ldjti16d'.i~11 ";h~ 0 

IICl~ 1 ~~lh1,rti1tllfl11'l~'I.ItHA1I1U'.i91611ffU6~ii'l.l6111'1.1916d'.i~11'h~ 0 IICl~ 1 fl6 

o ~ E(V) = P ~ 1 

A 1111111'1.1 6.:.1 fll '.i flfl fl6U1i~ItY'U...t l' t1~~tnnh 111'1 tifli1ty111ti 1tl1fl111~'1.16~A 111t1'.i 91611 ffU 6 ~6 ~ 

U6fl,h~'1.16~ 0 UCl~ 1 

" . o Q.'" • 0 QI ~o QI " 4 
fllCl~ff6~U6Utlflll1111f11~U111Ufl (Weighted Least Squares: WLS) ll'YIU11ifllCl~fftHU6Utl~ IYW 

11 fi'i1 ty11lti1 tl11lJtl Cl1flltl§6U iitl11 lJ uti '.i t1nu' li tl ~~ U 6 fl\ll flifl'.i 1 ff11Jl'.i fI 1 ~A16 d1~'I.IU 1fl 

1 ' 0 1"·1 "" "" ""'" 0 ~" 0 '" 1 " , .1 l1ty\l~'YIl 11 fll'.i u'.i ~1JlW l1n llJl916'.ifl1U11ifllCl.:.lff6~U6Utlflff11Jl'.ifl'YI1 fl IlCl~ 11 tllu'.i~ 1JlW 
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~ Jd. '" I .... I ~ 4 1 " cv .I .c:9 " I 

'nnllJl~tJnJfll'm~fl11~'11'\l11l11lJlJufl~UH:l flfltJUU~ (asymptotically nonnal) t1'111lJ1lfll'm~fl 

11 ~'1'\1tJ'I filfl1llJfl flWllflgtJU~: '~l1'lU11lJlJtlfl9i ~~llJ 11fl: ffll1 f lJ flll11ti'il Wl1l~fl lfll~111'1'\1tJ'I 
" .. 

9i111tll~tJlJffUtJ'ItJ~UtJfl,r1'1'\1tJ'I 0 11fl: I UU ffllJllt1iil '~~1Uflll11ml:..ti~u1~9i111lJlJflll 

t1~t1tJUfl1llJlh~:11'lU (probability regression model) ~'1 '~un 9i111lJlJflllt1~t1tJU ifl\iff9ifl 

(logistic regression model) l1ltJtJl~ 1~ 9i1UlJlJt1~t1tJU i 'nl1J't1 (probit regression model) ~'1~:iil 

1M'fllfll~111'1'\1tJ'I9i111tll~tJlJffUtJ'Infll~10~mjmu1u,r1'1'\1tJ'I 0 11fl: I (-WlJflf~u ; 2547) llfl: .. 
'" '" .J '" '" '" '" " " tJfl't1HlfltJfll1U '1fltJ~1UlJlJfltJlJ'nflllJU 't1ll fltJfl-fltJfl (complementary log-log model) 

.., .... 
2.2. ftlllUU UUI't1 

.. 
'" i "" 1"'" "QI 0' d. Q QI d.1 " ~1UlJlJ fl~'t1\!fl 'b'tJUHfl1l'l'\l1l'lm'l~lUff'lfllJfI'lff~lUfl:'b'11't1Ul ~1UlJlJU 'b' 

tll: i U'b'u1 U m tihU'nl:~lUfl111iul :1Jl~1't1Ul(epidemiological) 11fl:tll :'b'lmfl'lff~{ 

(demography) 1Ufllltll:1iJUFmm:'t1lJ'\ItJ'Iil~iutJn1JlUlJUfl1llJlaU'IfflJli't11r(relative risk) '\ItJ'I 

6~llflll1fl~ 6~llflll~lU llfl:l:U:l~lJA'U'\ItJ'I hfll1ltJflll1~1J'ibU flllUtlfl'lifl\iff9ifl (logistic 

transformation) ffllJllt1tJn1JlU~1U logarithm '\ItJ'I odds '\ItJ'Ifl1llJffll~~ OlJ fl1llJ'~ffll~~ flll 

utlfl'lifl\iff9ifl (logistic transformation) '\ItJ'Ifl1llJlh~:l1'lU'\ItJ'Ifl1llJffll~~ P fitJ 

IOgit(Pi) = (2.6) 

fflJflll(2.6) il'ltl-n'lniu (link function) 1u 9i1UlJlJl~'11ff'U~1HUU.,t1'tl (generalized linear 

models :GLM) llfl:fll'ii111 '~~lfl9i1UlJlJ ifli't1 fitJ 

IOg(~J = T7i 
1- Pi 

(2.7) 

" 
"" . ~ '''''' '" ffllJllt1tJ1i1JlUfl1llJUl~:l1JU Pi ~~'1U 

= 
exp(Po + PI x;) 

1 + exp(Po + PIXi) 
(2.8) 

exp(T7;) 

1 + exp(T7i) 
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dll1flJtil~lthnnf)'UtI'I Xllel: f3 fllmtJel'llel\itY~f'l (logistic transfonnation) ih1M' 

mil'il1lfh p tI~1'U'Yl'1 [0,1] , p ~ 0 logit(P) ihnn l,rlJI.,j'l~ - 00 llel: p ~ 1 logit(P) ij 

1" " , mn lJlJl'UltJ; + 00 (Powers ,2000) 

u ~ ~ oiICIto 

2.2.1 fllUUUO~OtU.l109iJfltl (Logistic Regression Model) 

til l1 lJfI 1M' P(x) = E(yIX) fitl fhl\1~llll1J1JijlitllJ ''U'UtI'I~llltJHltlUtYlJtI'I Y ~'1It1lJ 

~llltJ'jI~'1f)~lJ l'lflJ 2 f)~lJ (dichotomous) l11t1l1m[Jf)~lJ (polytomous) Irttltill1lJfI~llltJ'j 

tli1J1[J X lJl 1M' (conditional mean of y given x) fllm'ilf)ll'il'l'UtI'I~lll1hilltlUtYlJtI'I (Y) ItllJ 

llUU111lJllJ (binomial distribution) l11t1 Bin(l, P(x)) Irttll1'ill'jWl~U'l '1i'~1iflf)~lJ (ungrouped 

data) llel: ItllJ Bin(n j , P j (x)) Irttl,"'ill'jWl.,j'mJellluu1iflf)~lJ (grouped data) lf1[J P(x) lll1lJ 

f'llllJU l'il:ltllJ'UtI'I~ lU'1.h illtlU tYlJ tI'I 1 lJ f)~lJ~ tYlJ 1 'ilffmn 1 lJ mw ~~1ll tJ'j illtlU tYlJ tI'IltllJ ~ 1 

lltJ'jI~'1f)~lJ 2 'j:~U fitl y = 0ItllJll19lf)Uw~'1itYlJ1'illm: y = IltllJll19lfll'jW~tYlJ1'illrttl 

Y = 1 f'l1llJU 1 'il: I tllJ 'U tI 'I ~ III tJ 'j ill tlU tYlJ tI 'I fi tI P(x) llel: llitl Y = 0 f'l1llJ U 1 'il: I tllJ fi tI 

1- P(x) t1'1~llltJ'jtli1Jl[J X ijl~[J'I1 ~l'il:'~~lllUUt)flt)tI[Jlel\itY~f'l 

ePo+{J,x 
P( x) - -----=-___=__ 

I + eflo+{J,x 

IlCl:rr;tI~'il:1M'til'UtI'I P(x) l11t1 E(VIX) ~ijtiltl~'j:l11N 0 0'1 1 IlCl:til'UtI'I x tYllJl'jt)ij'~ 

'1i~lilfl ;)'1ijmllJ~lltllJ'il:iIl'tI'IlltJel'l P(x) 1M'tI~1lJltJllUU~lJ~1,j'1 1 'il~1[J llCl:ijf]W tYlJmillllJ . .. 
" _I "" "'1" '" illtI'Ifll'j fll'illlJel'l111llJ 'If logit transformation l1'jtl g(x) 

g(x) = I [ P(x) ] 
og 1- P(x) 

.. 
dll~'il) 1lJ'jtJf'l1llJtYlJ";lJ1il~'11~lJilU~llltJ'jtli1Jl[J ij[Jf)~lllUUi11l ftlllUul0tl1 (Iogit model) .. 

odds = [ 
P(x) ] 

1- P(x) 
= 

.. , 
QI jI jI .0=::1 I:t _I 'q u U' U' _I 4 " 
i111llUU'Ul'lilllJlJ lIllJlIUU1VUI~tllfllJflU odds 'Itl'l9l1I1lJ'191tlUiJUtl.,'lllltl V = I ~ntl 
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P(x) = [1- P(x).rPo+p,x 

ePo+p,x = P(x)[1 + ePo+p,x ] 

P(x) 
ePo+p,x 

= I + e Po+fJ\x 

P(x) = 
exp{,Bo + PI x) 

I + exp(po + PI x) 

4 Q,I ;:, Ju .q q 4 u 4. q 

I'Hlfli!l1U'U'U1J11 "-3n"Ufll,)OROtlOiu~n;Jftfl (logistic regression function) l1'HI ftllLUUiU9Uftfl 

(logistic or logistic regression model) 

ffll1i''Ufll'm~flU~~'Il6~ y Irl6,"~l)W1U,j"::l1lhV'll6~ Y ~ijHmh'ttid'l1J 0 1116 1 mw 

" " , 4 ..!I, U _I .q' G CIi 44' 4 ,...r:::t 
1J Y t16ftlllu,)I'V-3qULUt)')1;ttlU (Bernoulli random variable) nUflllilUtJ E(Y) I~VV1 

E(Y) 

E(Y) 

E(Ylx) = 
E(y2) 

E(y2) = 

Iyp(y) 

1 x P(Y = I) + 0 x P(Y = 0) 

P(Y = IIX = x) 

P(x) 

P(x) 

Iy2p(y) 

12 [P(x)]+ 0 2 [1- P(x)] 

= P(x) 

Var(Y) = 
= 

E(y2) - [E(Y)Y 

P(x)[I- P(x)] 

" • d 
1J6fl~lflilli'j6 Yi ~ bin[n i , Pi (x)] 1~HJ~ i = 1,2, ... , N 

E(Yi ) 

Var(Y) 

= 
= 

niPi (x) 

niPi (x)[l- Pi (x)] 
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'" ''''' ~ Q ... 1 .4 QI .q j.I \l::Il1U ~11 g(X) WH) logit lJ1UU1J1Jll1lHlUfl1JflTH1~(l6U1'lf.:jffU~'J.:j (linear regression) 
" . 

U::UU1UfllHilu1W 1~"llfhJ1ti1Jfll'J(l~(l6fJ lil~ff~tl1116A1U1J1J lili'YI ~~ffllJl'j(l 1~fJWfflJU~ 
..." , " 1.4 Q rI 1 ... ... 1 " ...... 

'1.16.:jflU(l~(l6fJl'lf.:jlffU~H ~ flil11tl6 flU1Itl'Jl::l1flU(l~m)fJ il\lff~tl ffllJU(l 'lf11ifll'J 

Q rI .q J} '.4 

1Itl'Jl::l1fll'J(l~(l6U1'lf~lffUU1JmlfJl1'J6U1J1J'W11~W 

2.3 9l1U1J1J lrnun 

" model) 1u P fl6fllmUil.:j (transformation) ~.:jUU vhniu monotonic (monotonic function) 

'1.16.:j P I~UI;~lffu~ijtl11lJfflJ";U£ti1JA1UU'J6i1JlfJ ~~JUtl11lJ'lh\l::I~U'I.I6~U(l1~ i 1116fh 

ff.:jlfl~~ i Pi l~u-w~niufllm\lflU\l.:jff::fflJU1J1JUfl~lJl~'J!lU (standard cumulative normal 

distribution function) 

p; = 'Ii I (1) J--exp - - p. 2 du 
-«J J2; 2 

(2.9) 

fflJfll'J~(2 .9} ffllJl'J(llmfJ1JlYifJ1J'~ti1JfflJfll'J (2.7) '1.16~A1111J1J lilin llil::fflJfll'J(2.9) ffllJl'J(l 

l:UfJU 1111i1ulU'I.I6~ Pi = <1>(77;) 1~6 <I>(.)fl6 -w.:jniUfllm\lflll\l~ff::fflJ'I.I6~fllm\lflll\l.:jufl~ 

lJl~'J!lU (cumulative distribution function of the standard normal distribution) fll'JllUil.:j hn1J'YI 

.4 r/Q .4 1 " I Go' 2:1 tI Q,I 

11'J6 U6'JlJ'YI (probit (or normit) transformation} 11'J6 probit link l1ff1U~fl~U'I.I6.:jn.:jfl'lfUfll'j 

ll\lflll\l.:jff::fflJU1J1JUfl~lJl~'J!lU (standard cumulative normal distribution function) ffllJl'J(l 

6i1JlfJfflJfll'J(2.9) '1.16.:j (77;) fl6 

(2.10) 

(2.11 ) 

(2.12) 
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i;~tl'IJt)~ iCl\iff~tl~~ni'U1Hl:; hnii'Yl~~ni'Uff1JlJl~nt)'U p = 0.5 lrlt) logit(p) UCl:; 
., 

probit(P) 11'J'Ut;!'U6li~~ p~ 0 probit(p)ihl'U1iU'1Jl,j'1~ -00 UCl:;p ~ 1 probit(P) ij 

i " " , U'U1 'U1Jl'IJ1"l + 00 (Powers ,2000) 

-n\lTiWl~1mh~1~V1tl'Ufll'i'Yl"Clt)~U'i:;iY'YIiftl'W'lJt)~Vl,jlU1JCl~ilit) 'uif 
, 

" • I"" d d ?t "" '" , "" , " l1 x U'Yl'U1J'ilJlW'lJt)~ffl'iltl1J'Yll1J'Uffl'i'WlI (t)l~ 'lftll'IJt)~ x l1'it) log x) UCl:; l1 D 

11'Yl'UU~lJlW'lJt)~ffl'iltlijU't)vty"~lilh1'~~ij;19\~lV i"v~ Y = 1 ~:;ff1JlJCltl'U (x ~ n) 1'tf'U 

111JCl~~fl~:;hj~lV ti'lU"ffl'iltlij,jl111JCl~''UU~lJlW'lJt)~ (x < D) 11Cl:;~:;~lVti'l (x ~ D) i"vtll 

'IJt)~ D t)l~lU~V'U11UCl~'U9\l1Jl1l,hV'Yl"Clt)~ (1'ilUml, 2544 : 87-89) 

, " .!':I "'" .1 "" l1 G(d) = Pr(D :s; d) 11'Yl'U l1~fl'lf'Ufll'i11~fl11~~ff:;ff1J11'U'U1Jfl~lJl9\'iil'U (standard 
., 

nonnal cumulative distribution function) d1l1i''Ufll'ill~fl11~~'IJt)~U'i:;'lflm ~~U'U W U~1JlW 

tl~~ x tl111Jlll~:;11'J'U~l1lhV'Yl"Clt)~l1d ~'l ~ ''''i' 'Uffl'i ltl ij11tl'1~lV fit) 

prey = 1) = P(x) 

= Pr(D:S; x) 

=G(x) 

""" .1 "" " , .!':I "'" .1 "" til F tlt) cdf 'IJt)~fll'ill1JCl~l'lf~lff'U'lJt)~ D 1'lf'U l1~fl'lf'Ufll'ill~fl11~~ff:;ff1J11'U'U1Jfl~1Jl~'iil'U . ., 
(standard nonnal cumulative distribution function) 'IJt)~fl~1J (family) nij G 11'J'Uff1Jl;fl~~U'U 

, ?t"" ".1 .J "'" "'" .: tl111J'Ul~:;11J'U'lJH~'U~:;t)Q 'U11J11'U'U'lJt)~ F(Po + PI x) '1f~ffl1Jl'itlt)1i'lJlV ""~'U 

-n~l'i W 1~1mh~fll'i 'Yl"Clt)~nlnV1tl'UV1,j1111JCl~l11 t)ffl'i-nll(x) fll'i 11 ~fl11 ~~'IJt)~ log(x) 

, "d .1 ""dd' d .1 .1 2 "'" ~:; flCl1tlV~fll'ill~fl11~~l1'U'U1Jfl~'Yl1JtllmClV f.L 11Cl:;tl111J111J'i1J'i1'U a til l1 G 11'Yl'U cdf 'IJt)~ 

fll'ill ~fl11 ~~l1'U'UUfl~ ~:;'W'U':h 

P(x) = G(x) 

= <I>[(x - Il)/cr] 

i"v~ <I> 11'Yl'U ~~ni'Ufll'i11~fl11~~ff:;ff1J11'U'UUfl~1Jl9\'i!l'U (standard nonnal cumulative 

distribution function) ';~ffllJl'itl11UCl~'11't)d''Ul'YIt)1J'lJt)~ P(x) = F(Po + PIX) i"v~ 
F= <1>, Po = - f.L / a 11Cl:; PI = 1/0' fll'illUCl~~111'U'U,j'1~~'U ~:;ij~Cl '11'~111'U'UijlU11'U'U'mj 
.d.d • U "i'.oC/it, 
'1f~1'iVfl11 Pl111UUI'W'lUYI (probit model) 

(2.13) 
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rill,i'1J~1U1J1J iYnU'YIlff'lJ lt1'.:J'tI6.:J P(x) (11~6 ] - P(X) lrl6 PI < 0) \l::iitU~flllW:: 

'tI6.:J cdf U1JUUfl~~1Uflml~U f.J. = -Po I PI u,,::tY1lJlflu.:J1UlJlJHI'j!llJ (Y = 111 PI I UrI:: 
, " • II • • " 

l'U6.:J\llfl 68% 'tI6.:J~lJlilt1'.:Jufl~fl61Jll1W~lJli ftlulwlh.:J 1 In1't16.:J (Y \llflfl1LUilu ~.:JUlJ 

111 PI I ~h1l1lJ'j::u::'j::l1'h.:Jfll x ,r.:Jl1"lU hlU~ P(x) = O.611~6 0.84 UrI:: P(x) = 112 

lJ6fl\llfll1 Agresti (I 990) flri1111 tl~'jlfll'jlU~UlJUU".:J'tI6.:J P(x) W til x l1it.:J"l fl6 

'I' .d _'If GU '_I ... 
I~U'YI ¢ U'YIlJ n'ln'lf'Ufl1nl,"'U11l'U'UIlUUun9llJ19l'l!''U (standard normal density function) 

PI 1(2_)1 / 2 .. 040P '" lin.. I 

" . 
UlJfl6 W ,~li P(x) = 1/2 

" " 
'tI6.:J";.:J 2 ~1U1J1Jiifl1~.:Ji1 

. . 
, d , QI 4-

1m:: ff1lJIU U.:J lUlJ lJ 1~ 'j 11lJ \l:: 1'Y11fllJllJ6 

. " 
li'j6~1U1J1J";.:Jff6.:Jff1lJl'j06i1Jlu,j'mJ" ,~~ (fit well) ~1U'j::lJlWfll'nn1ih~6{"6.:J~1U1J1J 1" 

~ff~fl\l::iifilu'j::lJlw 1.6-1.8 lnl'tl6.:J~1U'j::lJ1W'n1'j1iil~Iij{'tI6.:J~111UU 1 'n'jU'YI 
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V .tel 4" g 

2.4 911111111tltlUYUUUUl1l"iiltlfH.'Itlfl 

QI ...::::l.dd cl ~ I 

~111UUfltllJlHUll'Ul1"HltlfHltlf1 (complementary log-log model) lll'Uff1'U'\JfJlfJ'illf1 

1 .d I .c: 'il iI '.:I' SI III ~ , 
ili111UU lC1inllC1~ili111UU yniin llltlfll'\Jtl'l P(x) l'WU91fl 0 tltlWIH'V11l9lUtlll'll1Iflu 1 tltlH 

n~uh (1nUUl12544; 89-93) 

ffnlluv1'!ni'U link ~1~ffl111Uili111UU 1 C1il1llCl~ili111UU hniin 'il~ljtlW ffll,j~ 
I "" iJUU19l"i(symmetric) ltlUfil 0.5 111tl 

link[P(x)] = -link[l - P(x)] 

logit[P(x)] = log[P(x)l {I - P(x)}] 

= logP(x) -Iog[l- P(x)] 

= -Iog[ {1- P(x)}/P(x)] 

= -Iogit[l - P(x)] 

11111fJfl1111'h lt1''1'\Jtl'l P(x) ffl111Uili111UU lC1i 'rulCl~ili111UU hniin lj!t.llluufflllll~lltlU'~ 

P(x) = o.51~fJlu't'tl~ P(x) 'il~ljfill'U'11f1i1' 0 ~1fJ ij~ll~l't'hfiufiu lrltl P(x) ljfill.,j'11f1i1' I 

119i~lfil'\Jtl'l P(x) lYiU;u9lfl 0 flawIHoWl Ilfiijflll'll'fl~ 1 arhn1Rlh(!t.I~ 2.2) 

~1fJili111UU 1 C1inllCl~ili111UU 1 't'tliin 'il~ ',j1111Jl~fiu.,j'tlllCl i'lfl11 1 ~ili111uumjH~'Ufitlili111UU .. 
fI tlll't'tt;lll'U ml ~tlf1-~tlf1 llCl~ tlf1l1W ~'\J tl'lm l-n'\Jtl'l P(x) ffll1 1 uili 11lUUfltlll't'tt;l1JU ml ~tlf1-

~tlf1Uff~H' n'U!t.I~ 2.2 

P(x) 

x 



P(x) = 1- exp[-exp(Po + PIX)] 

1- P(x) = exp[-exp(~o + ~IX)] 

(2.14) 
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.!, ".1 1 ' .,. .. , ~," 1 "1 "~_I '1f-3lJllJU'U'U lJtYlJlJ19l'Hltl P(x) lJfll~~Hllfl 1 l1f1I'nfl11fll'H'tIl fl~ 0 flUtY6f1fl~tHfl'UllJ 2.2 

ihnw(2.14) ,h'tJti ft1l1UUtl8lJftaUnnll108n-08tl 1'U (2.15) fi6 .. 

-log[l- P(x)] = exp(po + ~IX) 

log[-log{I-P(x)}]=~o +~IX (2.15) 

.!, 1 1 " '1 ':',- 11 " """.. ~ 6'U-3 'U'lfltYlJflll 6l\l 'II' log !1'U IO U9I flUrl1 lJ 'II' log !1'U e tHUlJ\l:::I'tIU'U log fl9l1lJ 

log[-log{l- P(X2 )}] -log[-log{l- P(XI )}] = /31 (X2 - XI) 

;-3l1lJ1Ufl11lJ-h fl11lJlll\l:::t1~'U~'1ith~\l (probability of failure) W x 2 iitilllhti'Ufl11lJlll\l::: 

1~'U~'1iffll~\l W XI Uflfll11-3 exp[f31 (X2 - XI)] 

. . " 
'U6fl\llfl~1U'U'U (2.14) 1116 (2.15) Utl'1 V-3ii~1u'U'IJ'rillltY'U1\lu~:::lnu1ti'lJlf1,j'6i1fi6 

~1u'U'U~6~1'UltJU'U'U~-3rl' 

P(x) =exp[-exp(po + PIX)] 

log[P(x)] = -exp(~o + ~IX) 

-log[P(x)] = exp(po + PI x) 

log{-log[P(x)]} = ~o + ~IX (2.16) 
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P(x) 

1 

1 · ,"'' '"1''' ~ ftUfll'tlfN P(x) ~:C!ft~lfl 1 f1f)U'tll.:J'lflll~l'tll flC! 0 f)UH'nftll1 

Q.I! d.::11 " Q d 0 '_1 ' U CI q ft.:JuumUfYI 'If link lllJlJc!f)fl-c!f)fl (log-log link) ~:1Jl lJ~ f11l1lJlJOtlfHHHl (log-log 

model) ~.:Jij9illllJlJ~.:J (2.16) llC!:,l1~ 2.3 

t1'll1 'h ti'llilu tllI1UUtltlSJ'WaISJllnljQtlfl-Qtlfl ~: Htil111 lJfll1lJlh~:lilu ~iill'h 

(probabil ity of success) lY1U tllllUUQtlfl-Qtlfl ~: 1 itill1 1 lJfll1lJlh ~ :lilu ~',jiilI111 

'HSJU.ll'H9j : 9il11lJlJ~f)fl-~f)fl P(x) = exp[-exp(Po + PIX)] lilufl1WYflftll'tlf).:J9il11lJlJ 

P(x) = F(Po + PIX) ~lU cdf 'tIf).:Jfllm~flu~.:Jthllft 1~.:J [extreme value (or Gumbel) 

. ~ 1 d distribution] l'YIlfllJ G(x) ftUYI 

G(x) = exp[ - exp{ -(x - a)/b}] 

'" Q~ ~ ~ ~ .1 '"'' b > 0,-00 < a < +00 Uf)fl~lflU~l11lJlJc!f)fl-c!f)fl U.:Jt1'llJlHllJl:lJ1W ftftlU Fisher scoring 

algorithm for GLMs l'1iUI~UltiU 
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.J '" 1 .. '" 1" 1" tlU~~1U'U'U m)l'1UCl::~1U'U'U 'Yi'.i'Ul'1 ~::fflJlJl~'.i'.itl'U P(x) = 0.5 ffllJ1Hl~'.i1~fftl'U ~ 

logitP(x) = In( P(x) ) 
1- P(x) 

= InP(x) -In(] - P(x» 

=-In(l- P(X») 
P(x) 

logitP(x) = -logit(1- P(x» 

'Go' do dQ d Go' Q d 1 . 
ff1'U ~1U 'U'Uf'ltllJ'YiCl1lJ'U m'.i Cltlfl-Cltlfl UCl:: ~1U 'U'UCltl fl-Cltl fl ~:: lJfflJffl~ '.i'.i tl'U 

P(x) = 0.51,s'U ~l P(x) )jfhl'~lJ~lfl 0 ~l'lu9i)jtill'U'llfl~ 1 tJ{h~'.i1~111 9i1u'U'U~::tl~1'U111'Utl~ 

'" fflJfl1'.i (2.14) f'ltl 

'" l1'.itl 

P(x) = I-exp[-exp(po + PIX)] 

1- P(x) = exp[-exp(Po + PIX)] 

fl'.il-Wffll11'U P(x) ~::)j"flllw::~~1112.2 ffll11'U 1- P(x) = Q(x) ~::l11J111f'l11lJ ':i1 

Q(x) )jtil1~lJ~lfl 0 tlcil~'.i1~111u9i)jtillfl~ 1 tlcil~~l'l ~~)j"flllW::'Utl~fl'.il-W~~ll1~ 2.3 

... 1 "".4 <4 .4 Go' Q dd d • 
ff~lJ~lfl'Ul~~'U f'ltl P(x) l1'.itl (2.14) f'ltl~1U'U'Uf'ltllJ'YiCl1lJ'Um'.iCltlfl-Cltlfl ff1'U 1 - P(x) 

4: Go' Q d 
l1'.itl (2 .16) ~1U'U'UCltlfl-Cltlfl 

,,_~ 01:1 IV ~ .et ~" ~ ~" 4.e11C1'-
2.5 'Wa1lJ"UJlJlYlUU"'1l1UU I D9iJ"fl "'1111111 I ,n 11Y1 lID::"'1111111flallftDI1I'UYl11Daft-DBf} 

flU l11f'l11lJ1YlJ";'U t'.i:: l11H9i 1ul1 '.i ~tl'U ff'Utl~UCl:: 9i 1ul1'.i tl i'U llllrltl9i 1ul1 '.i ~ tl 'U ff'U tl 'I 

1fl'U9i1ul1'.i l~'lfl~lJ~)jfftl'ltil ',h'U9i1ul1'.i tli'Ullllfl'U9i 1 1111 '.i 1~~111lJlW ffllJ1HIl ~fll'.i 

11m l::M~)j"flllW:: ',j1fl'U1~'l1ff''U'Utl~9i1U'U'U 1 'Yi'.iihlllCl::9i1U'U'Uf'ltllJ'Yi~llJ'U l'11~~tlfl-~tl fl ~)j 

tl~'U'U'.i lfl!l'U'Utl~fll'.i l1~fl11~~ff::fflJl1fl~lJ1~'.i !1'U l11tl9i111'U'U 1 Clil'1~tl~'U'U '.i lfl!l'U'Utl'lfll'.i 

l1~fl11~~ 1 Cl~ff~f'I 1~ ~~9i111'Umf~ffllJ)jfJWfflJ,j~f'I~11ln'U fl1'.i1~tlfll~9i111'U'Ul~~'Un'U~'U!1'U 
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1. ~fl1JW:::"6 'rn ':If)oilJflllll~flll~~fI1llJlh~:::1{llJ (rU~ 2.4) ml~YhftoilJfllm~flll~~ 

t11llJlh~:::1{llJlltJtJUfl9hJ191l!llJ LU'l::: m l~ fl1m~fl11~~t11llJll n:::l{llJ11tJtJ 1 ~;)tY~t1 ~:::)j 

~fl1JW:::l{llJ~Ul:::<ir~t11l1"tltYlJlJl91l~ftlm~tlA111Ul9l6tJtYlJ6~ (y;) lyhntJ 0 )jftl,j1itl!llJ ftl 

!llJiitllJ ll~::: ftlt11llJl U'l'rhntJ 0 1 "tI-n~ ftW fln 11 ~ flU ~~t11llJlll~:::1{llJlltJtJUfl~ lJ191l !llJ)j 

ftl1U~myhntJ 0 ftlt11llJlIUlUl1lJlyhntJ 1 ff1lJYhftoilJfllm~flll~~t11llJlll~:::1{llJlltJtJ 1~;) 

/ 
I 

I 
I 

I 
I 

'\ w.um.,.".~ .. 
\ IltnnJoi-
V 
\ 

0.24 
I 

I 

\ 
\ iHnivnnu.fHlfN 

0.16 

0.08 

/. 

I 
I 

/ 
/ 

\ Iluula~ain 

.-/, I I 0.00 ...... ..-.-.,-......;-....:--~-----'----''-----_.&.-....... -.j 
-3 -2 -I 0 2 

. P'Xi. 

ltJ~ 2.4 m l~-n~ftoilJ flllll ~flU ~~t11llJlll ~:::l{llJlItJtJUfl~ lJl91l !llJ 

1111 tltJlfi tltJntJ-n~noilJ flll11 ~fl11 ~~t11llJlll ~:::l{llJlItJtJ 1 ~;)tY~t1 

~1I1: Griffiths 1l~:::t1W:::(l993) 

3 

2. ~fl1Jw:::n~noilJflll11~fl11~~tY:::tYlJ ( lU~ 2.5) ml~~:::)j~fl1JW:::1lJ1UA1mtY ..f~A1 
11tJtJ 1 fnihum:::A111tJtJ 1 ~;)tY~t1)jftlt111lJlll~:::1{llJ "6~fllllfi"111~flll w~ tYlJ 1 ~lm:::fI1llJlll~::: 

. " 
1{llJ"6~flll' ,jlfi"ll1~flllWfitYlJ 1 ~ 1m"nlJlJ1fl~lJ1YhnlJ U:::UlJ flll 1 ~A111tJtJ ,,, n~::: i,jri6 111' 

lfi"t11llJ1191fl~H 1lJ fllll1lftlt11llJlll~:::1{llJ tlfll1lJll~ mw ~)j,r61J~l1lJ lulllJ 1Wlh~111~ (OVii1f1' 

ll ; 2543) 1lJ"w:::~n~noilJt16lJfit;llJlJ't1l1~6fl-~6fl )jt111lJoilJtl~fl "hn~noilJ l~;)tY~t111l'l::: 

-n~nw lfiliiYl~ui'tJllt1'1 lm:::lrl6ftl"6~ P(x} "6~A111tJtJt16lJfit;llJlJ't1l1~6fl-~6fll~ml1fl 0 

. " " ..... "1 1" cI '.!'::I 0' '" 1 ... "" .!'::I 0' '" 1 "" "".1'" " t16'U"HOVl1191lJt111"1 fl'C1 1 6t1Hl1"1l1 lJlflfl1ln~flOV'U ~~tY9It11m:::n~flOV'U filtJYlYlultJlIl'l1 
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. 40 -3.0 -2 .0 - 1. 0 00 

1') 
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1 0 

~ 
logis tI c I 
Drob ;l 

co mp.l oQ - log 

l in ea r I 
2 .0 3 .0 4 0 

ltl~ 2.5 m l,"-n·Uli'u flll Lnlftll ~'1ff::fflJ'IItJ'I~1IllJlJfI11JJlh~::d~lJl:V'lltrlJ 

~1l1lJlJ 111~ff~tl ~1l1lJlJ hnii'VI1111::~1I1lJlJtltJlJYi~llJlJ'YIl~~tJfl-~tJfl 

Fahrmeir, L. and G.Tutz. (1994). 
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1 .q • _I .q,d .dI .Q A od 

IIlJlJ Yi llJ 'VItJ QlJlJ 11 fl! llJ'II tJ'I flllll ~ flll ~'1 ff:: fflJ I1lJlJlJ fl~')f '1lJlIlJ 1 tl" 1I11::YilJ! llJ 'VI 1'1 'VI (J1I tl 

ffll'lJ ff'4lJ mh'lull1 ~ ih~l1 11~ ~ 111lJlJ 1 Yi 1 ii'VIUflll fi llJ 1W ~Q'IU1fl flri11fltJ 1 lJ flll nl'l1lJ "Til 

tl11JJlh~::lillJ'IItJ'Iflllln"llf~flllW~fflJ 1 ~~::~tJ'I~"tJdl lJ 1 Ul1lJlJ'IItJ'Ifll16lJihm ~lfflJtJ i'lih 

lM"hiff::"1fl 1111:: 1~11111 1lJ flllfi1lJ 1W~1UtltJlJ~11~tJ{lJ1lJfl 'h 1I~~1I1lJlJ h~ff~tlfi1lJ 1W 1 ~ 

41U 1,j~"tJd'lJ1Ultl~tJ'I'I1lJ1Ufll16lJihm~ ih' M' ff1lJ11flUl ::lJlW fil 1~ 11~ t1'1~111 Ul ~tJlJfflJtJ'I 

I illJ ~ 111 Ul ~tJlJfflJ tJ'I~ U'I1 mu~ flll W:: 1Itl'1 fit) flll fi llJ 1W 'IItJ'I~1I1lJmf'lfftJ'I ~::I1~fl~ HnlJ lJ 1 fl 

(Judge 1111:: tlW:: , 1988) 

Response function F Mean Variance 

linear 0.5 1/12 

probit 0 1 

logistic 0 ;r2/3 

Complementary log-log -0.5772 ;r2 /6 
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2.6 ehUt.h~flatJ'IIItl..'l GLM 

GLM lrimi111tJtJ~'UV1V1I1fl~111tJtJl;~1~'UlltJtJflCl1ffiYfl (classical linear model) hw 
. . " 

th'Ulh:;fUItJll'infhflV1ntJ~11l1l.iI;'I~lJ'Ir'U 'Ufln1l1niim'i1l1lnUll'llltJtJtin~1l~1ff'lff1UU(l'UmV 

, ti~mm 11 n 1111 'I ''U n~ulfln,sl til'U'Ul;VCl (exponential family) '~llCl:;ff1'Uti'i:;nfltJ'Ufl~ link 

, y y ~~ ,~y~~,,~ ~ ~ ~ ... 
function 'Ufln1l1nll:; 'tf identical link 11Cl1 nV~ff1lJl'i(l'UV1V 111'tfntJn'ln'tf'U~11'tfflUfl'U"lfln 

f ~ " d,)J , ~ 
l1Cl1VUtJtJfillJ'U,"~ni'UlltJtJ monotonic differentiable function '~"ln ~ ff1'Uti'i:;nfltJ'tH3 

" 
ff1'U ii 'i 1VCl:;16U~'Ufl'l u~ Cl:; ff1'U ti 'i:; nfltJi'l'lll 

ff1'Uti'i:;nfltJ~ 1 'Ufl~ GLM flflff1'Uti'i:;nfltJ~1~U1,j'fl~ntJffUU~!1'U'Ufl'lnUUllnull~ 

'Ufl'l~1uti'il;'I~U (V) ~lri'U~111ti'i~fltJff'Ufl'l ffUU~1lfilff'llfl~1I1n V ii'U'U1~ n l1tbU~,il'U 
... ,~~.... ( )" _I .... 
flff'i:;~fln'U 'U'Uflfl V = Y 1"'" Y n 1l~Cl:;ff1'UlJ'i:;nfltJ'Ufl'l V flfl 

. 1 ... Yi' 1= , ... ,n Ufl11 

lIi1fllUH lumjtlltlfl" hJI'UlWiOO ~'IflQ''U ~ti'Ufl'l 

fy (y;e, ¢)= exp[{ye - b{e)}/ a{¢) + c{y, ¢)] (2.17) 

l~u~ a(.), b(.) 1m:; c(.)lll1'U~~ni'U~1~"llrlfl'm1tJ ¢ 1l~1 (2.17 ) flfl ~11ltJtJl1it'l i'Un~ulfln9f' 

1 til'U'Ul;UCl~iil'tU1ijl~fll e 1l~1l1 '~11'i1tJ ¢ (2.17) 61111 ri'U111fl '~lri'U~1U tJtJl1it~ i'Un~u 

mn,sl til'U'Ul;uCl~iil'tU1ijl~fl12 ~1 (e, ¢) thl1i'urn'i 1ijl~fll e ilun11 natural parameter 

ff1'U ¢ uflllvn11 dispersion parameter llCl:;~'Ini'U a{¢) unll:;iiltiutJtJlri'U 

l~u~ Wi 1111'UJ111l!n~11'i1tJfill,r'U Irlfl )Ii 1l11'Ufhm~u'Ufl'l ni 11l11u~,il'U6ff'i:;~fln'U lI:;i~ 
.. " 

1~uli1't.l11 Wi = ni I1Cl:;1-nfl,,rlfl~fl11Ul,j'1'1I''U~111tJtJ (2.17) '~i~11l'U;j'U1I:;un~1mh~ fll1 

_I ... d ... i Y " _I 1 Y ~ .: 
lIi1flllil..'llltJtJuflfl "If~ff1U1'i(lI'UU'U l1fl~ 'UllJutJtJ'Ufl'l (2.17) ~~'I'U 

fy {y;e, ¢)= ~(l )exp~{y-.uY/2O'2} 
27(0'2 

= ex~(y.u-.u2 /2)/0'2 _~(y2 /0'2 +log(27(O'2))} 
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lillHl.:Jl~ifJ1titJti1Jmm~fl11~.:J1l1J1Jtlfl91 flTll1\lfll1\l~I1Uuiht:i.tl~ (Poisson) m'.ill~flll~.:J 
.... 1 ' ~_I ....,j d .. 1 Y '1 tI I1UUY11UUJ (binomial) 11":m'.iU~fl11~.:J tJ fl"lll18fl.1lJ1UU1.U08U, flffllJ1HU'UfJtJ lH)~ tJl 

'UtN (5. I) '~l'lftJtitJ lm:ltJfl'.iw~ ¢ liltJfi1fl.:J~~Y1·n1Jfi1 (2.17) ~:tl~1tJltl'Utl.:J (2.18) fltl 

l~fJ~ Q(e)1tJ(2.18)fltl e/a(¢)1tJ(2.17) 

a(e) ltJ (2.18) fltl exp{- b(e )}/a(¢ )1tJ (2.17) 

b(y) 1tJ (2.18) fltl exp{c(y,¢)} 1tJ (2.17) 

(2.18) 

~:111tJ'h~1111J1J (2.17) )jltlU1J1J-ri'l'tI ~ffllJ1Hl1h' tl1ilh: lfJ'If,r ti1JfIl'.iU~flll~.:J 

l1"lfJltlll1J1J 1~fJlU')'41:rill1i'1Jfl~lJ'Yn'.ilih~ltl12 ~1 (two -parameter families) l'lftJmm~flll~.:J 

tI 
.... ,& ~ ...." ..,j 

ll1J1J fl9l1m:fIl'.iU~flll~.:JllU1JllfllJlJ1 (gamma) 'ti.:J ¢ ~:llJtJ')'41'.illJ19ltl'.i'Utl.:Jfl11lJfl"1~lfl"tltJ 

, 0 Q,I I dd oQ J Q,I Q 

(nuisance parameter) ff1tJ fIl'.i l1~flll ~.:Jffll1 '.i 1J fl~lJ Y1lJ')'41'.i llJ19ltl '.i 9111~ fJ1 (one--parameter 

families) ''lftJ mm~flll~.:Jll1J1Jihtf'titl.:J ll1J1JYl1tJllJ '1i~11iltJ9l'tl.:J1ilYltllJ ¢ 

, .. 
'_I 4 .:!l , _. .ct. 0 j/ do .4 " 

i:rlUu1:fltlUYI 2 ,.tl~ GLM fltl i:rlUu1:fltlUI1UUlI1:UU YIll1tJ1Y1l'lftllJllfl191tl'.i 17 

'l=xp i = I, ... ,p j=I, ... ,N 

llY1tJllJYI~fl';'Utl.:J~111t1'.itli1J1fJ~tI'.i:fltlU~lfJthri'.:J1fl9l'UtJ1~ N tll~ilfJfl X 'h 

design matrix ~)j'UtJ1~ (N x p) 

p llYltJl1fl191tll'Utl.:J')'41'.iliiI9ltl{ (PI"'" f3p) 
QI tla. " 'I llY1tJ9I1')'4fJ1fl'.iWl'lf.:JlfftJ (linear predictor) 

, tI di"" QI , 

lm:ff1tJ '.i:fltl1Jll1J1JlJ'.i:1J1Jl'Ul~lfJfltJ 1'IftJ 

1M' f.J.j = E{VJ ' j=I, .. ,N 

g 
" ~ . ~ Q,I Q,I QI Q,f d" 

lIY1lJn.:Jfl'lftJU1J1J monotonic differentiable function ~.:JtJlJ9I1111J1JYI~:91tl.:J 
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, i=l , ... , p j=l , ... , N 

lfw~ P 

0'1 g{P)=,u \l:: '~'ll 77 j = ,uj flt) identity link l11tJll Ufl6fWdHl1'd·:li1 canonical 

link lf1Uijfl11UU"'.:JthLU~U,,rt)Q"Ul'YIt)lJ'Ut).:JlHj1ijl~1tJ1,rlJflt) 

g(,uJ = Q(OJ 
Q(Oj) = L pj Xjj i = 1, ... , p 

ffl U'll GLM t1~llJ~ 1UlJlJl;i.:Jl~lJ ff1l1 1ml II U ~U~llU "'.:Jua1'Ut).:J~ 111 U 'j~.:Jij fl11 U \lflU \l.:J 

t)Q'lJfl~lJltJfli'l UllJlJl':;U", (McCu\lage ,1983) 

, ";.d ,,~,,~ • ~ , ... d ~ 
D'1'UU'l::nOlJ'YI1 lflU1'Ut).:JfllJ-n.:Jfl'lflJtl11lJlJ1\l::llJlJ'Ut).:J Y lJ (2.17) C)I.:JlJ1UUlJlJllJlJ 

f y (y;O,¢)= exp[{yO - b{O)} I a{¢) + c(y,¢)] (2.19) 

"'" ( ) ( ) 2:1"~ • .d. tl1 l1 Ij = I O,¢; y = log f Yj A,¢ ll'YIUn.:Jfl'lflJ log-likelihood \llfll1lJ1U'YI 1 'Ut).:J 

fy (Yj A ,¢) fllHhlJ1W flllilaO lm:: fl1UJUU'lU'l'l'U 'Ut).:J~1UU'j~111U'jl;i.:J~lJ ff1lJ1'j(lli1'~ 

Ij = [{yjOj - b{OJ}/a{¢)+c(yj ,¢)] 

a I j = [y j _ b'{OJ] I a{¢) 
aOj 

= -b"{OJ/a{¢) 

lf1u~ b'{Oj) u"':: b"{Oj) U'YIlJ derivatives 'Ut).:J b{O)flr.:J~ llm::~ 2 

(2.20) U"'::(2.2 I) flt) (2.22) U"':: (2.23) 911mh~lJ 

(2.20) 

(2.21) 

o c.I QI G' 

911lJ"'1f1lJ H",m'ni\llfl 

(2.22) 
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E(~) + E(~)2 = 0 ao 2 ao 
(2.23) 

{u-b'(O;}}/a(¢) = 0 

b"(Oj) Var(Y) - --+ -----:,---;'-;,-'-
a(¢) a2 (¢) = o 

[b"(Oj)/ a(¢) = E{Y -b'(O;}/ a(¢)y = Var(Y;}/{a(¢}V] 
.. Var(Yj) = b"(Oj ~(¢) 

'tn..mJl'Hfj: ~:a .. hJ'hfl11lJlItJnJnU'UtH Y 1fluFH'tlW'U6'1n'lfliu b"(O;} lI(l:n'lfliu a(¢) 

1 .!:1 " ., "() .1 , ., .. .." ,:: ... ~ 
~mn'lfl'Y'U b OJ 'UU6~fl1JUflUt)Uflt)t'I"1'iUJl9lt)'i (canonical parameter) 0 1'YI1UU (flU 1UU 

, ". I" I 

l'YIUlJlHjuu~ti1Jfh1UftfJ) 1m:ij fJfl'h M~ri"UfllUmtJ'itJnu fl11fHjuu~ti1JfhLUftfJ~lfJ i'lU1~ 

1~fJU1flU V(u) "flUn'lflW a(¢) 1flu6ff1:~lfl 0 1m: 1~fJ,t1 'tJUfll~fJUUQ'U!tJ'UU'I 

a(¢) = ¢ /W 

1 .-:::i 2 4 .Q I d JI ..c:S I d 'QJ I 

~fJ'YI ¢ lI'Y1U a ~'I11fJfl ¢ 11 dispersion parameter C)f'l~U'IlJfl1fl'l'YI W fl1ff'llfl~~l'1"l 

"flU W U'YI'Ulr111Ufl~'YI111JfhlJ1riuu ~'Im~ihlHh'ltiU1:'HiHthff'llfl~l1d'l"l 'U6'1 Y 
tI, • 

,r'lUU ri111fmi1111J1J'nthff'llfl~ Yj lIA(l:l1lhfJlflUti1LUftfJ~lfl mj~: Mil 

a(¢) = 
... 

1m: W = m 111U Wj = mj 

. 
t.flUlh::mmn 2 

1~W'~~lU1J1J1~'I1ff'U'UU'I 

l1=XP 
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i = t"",N j=t"",p 

1"v~ x 
II Ul1'UI1fl1~t){'I.It) ·rrnniil~tl'f (p x I) 

'I Ul1'UI1fl191f){ (N x p )~1l'fVlmWl;'11~'U (linear predictor) 

. " . 
"h'Uth~ml1Jn 3 fit) n'ltlfhni'U (link function) ffl111'Ul;ff)lJ 1V'Ifllfll"l1'l'l'l.lt)'1 Y j fit) 

., ., .. "" " 1 1" f.J.j f)'U~1l'fVlf)'Hlll'ti''11tl'U "V 'ti' 

g 
~ .. ., 

Ul1'Un'lf)'ti"UU'U'U monotonic differentiable function 

~'1J'U ~1U'U'U GLM 'iI::1~V1,j'f)'1ti'Ufllfll"Wj'l'l.lf)'1~1U,j·H;'1tilJ Y 11~t)~1U,j'j" 
" ~t)'Utl'Uf)'1ti'U~1u,j'j"t)i'Ulvl'Ul,jU'U'U~'1il 

UCl::l~f)'1'i11f) f.J.j = b'(Bj )NCl~l'fi' fif) UfI'U'Uf)iiflt)Cln'ltl 'iI::d'lmh'Uf)~'U(inverse) 'I.If)'1~'1ni'U 

b'(Bj ) t!'U 16 'I 

Pj , j = 1"", P ~Clf)"'iI'Uflm~~VUCl~fllfl11lJu,j'j",jn'U'I.I6'1 Y ~'1~mh1U~1 ffl111'U n1'l 

1.h~tlloathnl'llijlflt)i Pj , j = 1"", p f.Il'il61ffV i.n.Jtn'l,jfl9i .. t)~-n~rii'\.lfll1~lhil~lil'\.l ~'1lf 
'illf) log-likelihood ffl111'UflltY'lIf)~ I fllljrUU'U'Ulri'U 
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ali aliaeialli aTli 
- =----
a~j aei alli alli a~j 

(2.24) 

U~\llfl ali = [Yi -b'(eJ]/a(¢) lICl:; Pi 
aei 

b'(eJ, ~' = b"(eJ= Var(YJ/a(¢) 
I 

lflU a (¢)b"(eJ = Var(YJ 

a1 (Yi - p) I = .. 
aei a(¢) 
aei I a(¢) 

= b"(eJ - Var(YJ ap; 

, 1 1" , lIY1'Utll 'U(2.24) \l:; ~11 

ali (Yi-Il;) a(¢) alli .. = 
a(¢) . Var(YJ all i ,x

ij 
a~j 

ali 
= (Yi-IlJ alli x .. (2.25) 

a~j Var{YJ' alli ' I) 

niu ~\ll fl log-likelihood ffllf i'mil ff ~lfl~ N th \l:;U dl 'U 11hJ U~ f/Cl 1J1fl'llU ~ 

log f(Yi ;ei ,¢)ii''Ufiu 

" ~~l!'U tn.lftl"lfln::l;HI:aihnJnfl (likelihood equation) lflU tnml"l1..lnfl (normal equation) \llfl 

.... 
(2.25) tlU 

j = I , ... , P (2.26) 

,.s , ~"" ~ _~ dv, '!'I ... " 
U~l'UU~\llfltY1Jflll fIl1:;'Ul\l:;llJ'U'lIH~'UllJ'U n~nVlj J..IllJ1UV~la\j (nonlinear functions) 

~ 4 Q,I .4 '" l"~'j/ : ..:9 0 OJ 'lIU~ ~ fllmtltY1Jfllll'YiUlfl~11h:;1J1W'llU'I ~ \l'l~U'I 'll'11iUUWb'1 (iterative methods) Clf'ltYllfl1J 

l ~.dd • ~ ~ "Q,I ~ 
GLM 'll'11iYl11Ufl11 Fisber scoring llJ'U11ifllltlCllUfl1J11i'llU'I Newton Rapbson 
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.. 
... I ,,, ~4Cl 'iJ SI 0 

2.8 m')u')~tI1WtlUIl(Jltiflll~ltltl~1 It\T~q~UlJlJ(Jt)Wll ( iterative maximum-likelibood 

estimation) .. .... 'iJ SI 0 tllunnn(J .. t)~ltiflll~ltltl~1 It\T~q~UlJlJ(Jt)Wll 

II 

f11nh~lJ1Wfh~'nJnfll1~111~::trh.Jtl'HI~UlJlJ~t)l.joil (Agresti 1990 : 445-453) t1~U 

n~1.nUfll'l'tJ'l'::lJ1Wti1'\.lt) 'rrnnih~t)'1'\.1t).:J~1I1lJlJ1Ufl~lJlgfl huuw;u" (exponential family 

models) hWfflJlli'fHlJnlfl NeIder, J.A. 1m:: Wedderburn, R.W.M.(1972) '~'\.IU1Unf11'l' 
t ,,: ~d "!.dd 1 ~ 0' ~ 

'l.h::lJ1WfIlIIlJlJUtlWIf1 ( iterative estimation ) 11il1U.:J't11'l'Ufl1111i~'II'1'll'tI'l'-fffltlH (Fisher 

scoring) "1'1itlllJ~fllJnfll1::Un::If!Utl.:J1f~ (maximum likelihood) Im::1itTll11lJf11'l' 

tJ'l'::lJlWti1l't1'l'liJl~tI{'\.ItI.:J~1I1lJlJl;.:JIff'U~lHuui1' tJ (generalized linear models) ~.:Jlf!U~l 
, , " . , 

IIlJUnl1lJ1U'l' llJii.:J~lU lJlJ I;.:JI ff'u Yi U-nU ilU '\.ItI.:Jfll 'l' U ~ flU ~.:JU lJ lJtJ fl~ 1m:: ~ 111 lJlJ6U '1 YiUf11'l' 

1 · d i .." U~flll~.:J Ufl~lJ'\.ItI.:Jl'f.Ifl l'tIUUI'II'U"~lU 

f11'l' tJ1:: lJ1W ti 1l'tl'l' liJl~tI{ '\.ItI.:J9i' 1UlJ lJI ;.:Jlff'u i1' tJ1 U tI~~ ii UlJ i iii flll::U l~::If!U 

tl.:J1f~U,,::nti1~.:Jfftl.:JU'tlU~1f~UlJmb.:JJll1,rfl (weighted least square) mjHh~~llJ1Ul1111U 
fftllUf11'l'Wl'tlJ 'h 'liff1lJ1HI im fll'l'tJ'l'::lJlW til~.:Jmh1 hn~U~'l'.:J Irltl.:J~lflfflJfll'l'tJfl~~l'tlJ 

, ... ... .." "' .. _I , • "" " 1 """" tll'il lJlJ"flllW::I'II'.:JlffU l1'l'tllJllJUlJlJ lJI'II'.:JlffU (nonlinear) Ul't1t1lJ'\.ItI.:Jl'tl'l'llJl~tI'l' f11mfl 
II • II 

fflJf11'l' Il1 ~lili.:J~htf!u ~tI.:JUfll'l' thU 1W l,"lJI~ lJ~lUn f11'l' ~tlU oill;.:J~lm'\.l (numerical iteration) 

d~ ~ : .a.d 4 0 i'" Q,I.a..d. , ~ 
C1f.:J11ifll'l'1It1UClfl (iterative procedures) l1111U11i Im::llJtlmlJ1 'II''l'llJfllJ11ifll1::m'il::llJUtl.:J1f'' 

• II. 

~lU ,h i,rlf!UnYiUtJ'l'::ff't1iflll'tlJlfl;jU lm::lf!uYiiiUlJ i.nuiJ'il~,ju i "UffllJllfl Hi tJmmlJ 

tTll~'illtJ~1.:J'1lJ1'lbutilU1W'~ l'lfU GUM SPSSIFW SAS .,,,., 

" . " _I • "-..d ,~ "0 "" ,. '_1"""" 
f11'l' lJ'l' ::lJlW f11"lU11i f1l1::U 1 'il:: 1lJU tl.:J 1f"U lJlJUtlU CIf1't1 'il:: fl"ll~tI lJU lJ m::lJ 1U f11'l' 

II •• 
" 0 de.." ~ I ~ I' ... 1 Q 1" 
UtlUClf1 (iterative process) 't11'l'lJ~U'il1fl11ifll1::m'il::l1JUtl.:J1f"fltlU ff1um::lJ1Ufll'l'lJfl~fllU ~ 

" • JI. 

fll'l' ~tlUoil'il::tI~iu~flllW::fflJfllltJfl~'\.ItI.:Jn til~.:J fftl.:JU' tluYi 1f""lJ mb.:Jllll1U fl Yi,h i,r ti l'\.ltl.:J 

f11'l'rl1.:JJll1Ufl (weight matrix) ,tJ~uu'tJiuu~"::'l'tllJ (cycle) '\.ItI.:Jfll'l'~tlwi1~H'1 
II II • 

"od .4 ' ... 1 Cto 0'." "_1 
m::lJ1U flll UtlWIf1U~:: 'illJ".:JllJt)f11lJ'l':: lJ1W '\.ItI.:Jl'tl'l' 1lJl~tI'l' \11'\.11 (converge) tlfl1u'l' ::lJ1Wfll1:: 

Ul'il::lf!Utl.:J1f" (maximum likelihood estimates) l1ltllhi,rti1~"~H'\.ItI.:JtiltJ'l'::lJlW'il1fl 
":!d'" 4dd ~d QI' 

m::lJ1Ufll'l'UtlWlflUU lJfllUtlUl1'l'tlmflll'tU.:Jl'ttl (sufficient small) 'il.:JI'l'Uflm::lJ1Ufll'l'".:Jfllll1 
II 

, ... 1 ' "e.d I ~ "0 

11 f11'l'lJ'l' :::lJ1W fIl"lU11ifll1::Ul'il::I1JU tl.:J1f"UlJlJUtlUClf1 
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" _I I J/ ",d I ~ J/ 0' J/, J/ 0" _I 
fll'j lJ 'j:: 111 W tl1~ lUll flll::'U1 11:: llJ'U ~ ~ ty~ lIlJ lHH)'U C)f1 'II' ~ tY111 'j lJ fll'j lJ 'j:: 111 W 

" , , , 
fl Tn 1 'j 1 ijl" ty1,; ~'\I6~i lUlJlJli~1 ~'U i 111lJlJl i~I~'U fi 11 ~,:rU'; l' tJ lin:: i 111 lJlJ' lh i~ 1~'U e'U '1 

1 ~ UtY1lJ 1Hl Hl1" fllflW crl'\ltHii flll::U111::1 fl'U ~ ~ty~ -i llJ O'lJ flU 1 ~m::lJ l'U fll'j ~~J'U oil 11 1 flii 

.J ~1 1 ~ I '_1': 11'U~11 ~ 'U 3 lnw lJ'U 

1.1iibi'U - 1-nff'U (Newton - Raphson mathod) 

~~ G' Q .:!!II 

2 .11n'll'1'll'6'j - tYfl6H (Fisher - scoring method 11'j6 Fisher's scoring 

1116 the method of scoring) 

3.1il~lJ~~ - tY~n~'U IPE (Deming - Stephen Iterative Proportional Fitting method 
4 d I 1 

l1HmUflU6"p11PE ) 

1 'U m W ~i lU tJ 'j ~ H'l '\I6~i 111lJlJ ljfll 'j 11 11 flU 11 ~lIlJ lJtJ fl~ 11 n:: tYlJ flU lj"flllW ::'\I6~i 1 

" lIlJlJli~I~'U flll tJ 'j::1JlW flTnll1ijl"6{'\I6~i l11lJ lJ 11:: '1i~6~ljfll'j ~6'U oil flri11fi6 m ::lJl'U fll'j 

. " 
lfl'U~ ~ty~ l~u,,'j ~ 11166111 'rnfh"~tY6~U6Ufity~11lJlJrll~11l11l:rfl ''U6~'' 

c.4 , !'II 
l1i.fl11::lt1i1::llJltV~q~ (Maximum Likelibood metbod or ML) 

1 J/ ., _I I "d _~ • <V , '!'II ' 
11 Y I, Y 2 '00" Y N 1I11'U"ll1lJ'jtylJ N l1lJn~nVltfllnJ'I1lt1I1ltlt .. tHfllnJlt1i1::lult'n)J 

... 
Goint probability density function) fl6 

~'U6~O'lJ'Yf1'j1ijl"6{ e I , ... , e p l~u~ Y Ul1'U (Y"oo., Y N)' un:: 9 lIl1'U (9"oo.,9J ffl'U 
" . 

P 1I11'U~1'Ul'U'YfU1ijl"6{ ff1111Un-3ni'U f(Y; 9) U'U Y lfl'Uill1tJ'jli~~lJ lin:: 91fl'Ufl1fNfi 

l'U mw~ljfll'jff~1fl"fl1'\16-3il11tJ'j li~~lJ Y ~l'Ul'U N fl1~lfl<16tY'j::~6O''U fi6 y ,,00', y N 

1 J/ '" ~ _~ J <v '!'II ... 
fllU "'Yf1'j1lJl"tl'i 9 n~nVlt.fl11::lt1i1::1ult (likelihood function) fl6 

f(Y;9) = f(Ypoo"Y N;9"oo., 9 p ) 

= f(YI ;9Jf(y 2 ;9 2 }oof(Yp ;9 p ) 

lfl'U ~lhff -31fl" 'h Y 1 'Uihni'Uflll::u111::1fl'U 11::111;J6'U fllJ Y 1 'U""~ ni'Ufl11lJl1'U 111U'U '\I6~ 
fll1lJU111::1fl'U-i1lJ lY4U~lI~ Y lfl'Ufl1ff~1fl"'\I6~ Y 



34 

. " 
1M' (2 1l1'1'U1C)f~fiL1j'U hn~l'i~l1ll~'\IU~l1fH~t)'f'\lu~"'n'niJl~U{ e 

~~,f'Utll1h::lllWm1::Ul1I:all'Utl~ty~ (Maximum Likelihood Estimate 111U MLE) '\IU~ 
e flU e ~Yh 1M'n~ni'Um1::Ul\1::11l'U f(Y; e) jjtlltl~ty~ t!'UflU 

f(y;e)~ f(y;e) 

tlllh::lllWtl11::Ul\1::11l'Utl~ty~111U e if jjtll~'t'h1M' L(e)1l~ty~~1U I'dU~\11f)n~ni'U 
. " 

~umlfilllll'Un~ni'UfijjH~ 1'Ul'lHl~U1ti'U (monotonic) ~~,r'U 

... 
mu 

log f(y; e)~ log f(y; e) 

L(e)~ L(e) 

tYl111mlf) e 1'U (2 

tYl111tJ't'Jf) e 1'U (2 

1~u,t11u iiull1~~ni'U'\Iu~ log-likelihood lllf)f) 'h~~ni'U'\Iu~ likelihood l~u~H 
."j '1 gJ. .1. ~ ~ _I 1 gJ 
l'UU~\11f)'nU l1mHl1'U1W11::~1f)'\I'U 111111tJ~1ul::lllWlltJtJ MLE 111ll1H1111 ~\11f) 

~nn~Ull'U~LUl'l (differentiating) n~ni'U L lfiutJtiUrtUlih~u{fi~::~1 1lti'11lft'11llf)UUf)~ 
gJ ~ ... 

't'tlUllf)'U tlU 

tYl111tJ j = 1,""", P 

.4 a2L. d' ~ , ,.. 4 1 'Q,I' d.~'" d 
'\IU~ L tlU 11lltl11U'U negative definite W tl1 e 111U II ~1UUH'\IU~mW'Ul'lru fI1ll 

BejBe k 

't'tUliJl~U{ e I~U~~11~U1 f)11~n\111UtJn~ni'U L ':hjjtlltl~ty~111U1li \1::111ll1HI't'il1~1~u 

, a2 L , d' ~ ,~ ... 1 ' 
ml111tll'\1U~ --2 11lltl11U'U~tJ W tll'1.1tH e 111U II 

Be 

tJw 11llllii~tYltitymh~l1d~'I.IU~~11.h::lJ1Wfln::Ul1I::,1l'U 1l ~ty~ 111U MLE fl6tJW 11llllii 

~iluf)':h " invariance property of MLE" flUtll f(e) ,1l'Un~ni'U1~'l '\IU~'t'tUliJ'~6{ e Uti'1 

\1::'~11 f(e) ,1l'U~11h::lllWtl11::Ul\1::,1l'Utl~ty~'\Iu~ f(e) ~1U l~u~ e ,1l'U MLE '\I6~ e 
QI ~QI , ~4 QI~ "'"" QlQ J o 

H~~'t't1i~~f)~n'Utlu e tJw 11lltJ~'1.16~ invariance '\IH~'U lm::~1utJw11lltJ~'\ItH invariance 'U l'l1 

1M'111llU()111~11h::1J1Wfln::ul\1::11l'Utl~ty~'\I6~n~ni'U'\Iu~ MLE 1~ 
" 'Ut)f)\11f)il~ 11.h ::1J1Wtl11::U 1\1::,1l'U tl ~ty~u~jjtJw 11ll,j~'\It)~ consistency, sufficiency 

1l~:: asymptotic efficiency ~1U 
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., " 
~lflfll'Ilfltil1h::lJ1Wl'tl'Ilij1A6{U1111~6'Ucjnl~n Newton-Raphson UCl::n Fisher 

scoring tnlJl'jtl1~lJ~lflnftl1::1l1~::liJ'U1l~tl~ftlU1~ciflllW::fll'IU~flll~~'U6~i1UU'I'Umi1111111 

~Cl''U 1 ~ 1m:: 1'U 'fil'U6~1~U1ti''U1~6,"~1'I W lihi1U 11111i ~1~'U ~1HUU,t1 1 Utillf f 11til ff ~lflA~liJ'U 
.. 

ijCl''I::9i6ti''U~1'U1'U N u'U ~~ni'U log-likelihood 'U6~i1UU'I1i~tilJ Yj fl6 

• !II 

l~u~ 0 

ff1'U a(¢) 

Ul1'U nature parameter li~'Uti'11 model-parameter 1'lf'U ~ 

1l11'U dispersion parameter UCl:: 

I j = log exp [{yjOj -b(OJ}/a(¢)+c(Yj,¢)] 
I j = [{yjOj - b(OJ} I a(¢) + C(yj ,¢)] 

ni6~~lfli1U11111i~1~'U~1HUU,t11U'lh::fl611~1Uff1'UU'I::fl611 3 ff1'U 1~un 

I. ff1'UU'I::fl6111i~tilJ fl6 f(Yj;Oj,¢) 
, _I d ~ 

2. Cl'1'UIJ'I::fl611U1111m::1111 fl6 1) = Xp 
• _I .... 

3. Cl'1'UIJ'I::fl611 "link function" fl6 17; 

'" .... 
mW'U6~ Norrnallf'I6 Poisson 

'" . ~ 1'I Ufl11 "canonical link function" llCl:: g 1U'U 

monotonic differentiable function 

" ~~U'Ufll'Ilfl MLE ~lfl~~nci'U log-likelihood .... "" 1 """'" If'I6 L 'UHA'U Cl'llJ1Hl 'lf11i 

differentiation U1111flQ-gfllcJi (chain rule) fl6 



-=----

l~lJ~ :~' = [y i - b'(ei )]1 a(¢) 
1 

lI~~lfl COX & Hinkley (1974) 'Ynr:h 

_ E(~) = E(~)2 
ae 2 ae 

a2 Ii _ - bw(e) 
ae 2

i - a(¢) 

bw(eJ = Var(YJ/a(¢) 
aei = I _ a(¢) 
ap; bw(e

i
) - Var(Y

i
) 

TJi = ~)j Xij 

aTJi 
-=X·· 
a~j IJ 

lI'Y1U (2.28)-(2.30) 1u (2.27) ~:: i~ 

~ _ (Yi-Jl;) a(¢) aJli X 

a~j - a(¢) 'Var(Yi )" aTJi . ij 

ali = (Yi-JlJ.aJli. x 
a~j Var{YJ aTJi IJ 

36 

(2.27) 

(2.28) 

(2.29) 

(2.30) 
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~,nf'U fflJfll'JfIl1::lh'l::If1'UtJfl~ (likelihood equation) l1~tJ fflJfll'JtJfl~ (normal equation) fltJ 

j=l, ... ,p (2.31 ) 

• d!'lt ~ :;" • !'It" " 
mlHhfl9lllJ (2.31) IlJ'U nonlinear function 'tItJ'! ~ ~'!'U'Ufll'JllflfflJfll'J (2.31) 'llllJ'UilItJ'!hfll'J 

~ ~ 

~tJtJCI11'tltJ" Newton Raphson l1~tJ Fisher scoring lJl-ti1U 1~U6A'Jl'tltJ" convergence ;i'UtJQfllJ 

"information matrix" l1~tJ E[-a2 L{J3)ja~ia~J 

(2.32) 

~ ~ . 
1 _I • " ..... • 1 1""""" " • ~ "" 1 'Ufll'JlJ'J::lJ1Wfll'tltJ'! p ~1U11i Newton-Raphson 'YIl ~u 'lI'11ifll'JUtJ'U'JrlflH'YI s ~'1 

~ 

'llflfflJfll'J ~tJ 'tJUfltJ 

l~u~ H 1l'YI'U IlJ'YIlflCJf ~,,)jfflJl;fl1f1'U - a2L(p )/a ~.a ~b Uil:: 

U U'YI'U l1fl1il1tJ{ ~,,)jfflJl;fl1f1'U - aL(p)/ a ~ j 
yf" H(s)lm:: u(s) flmll'tltJ" Him:: U l'Uflf,,~ s W fllHll'U1WflltJ'J::lJ1W'tItJ" p = p(s) 



p(S+l) = p(S) -(M(s)tU(s) 

M(' )p(S+l) = (M(') ~(s) + U(s) (2.33) 

38 

~::tlh,t 'htYlJfll'j(2.33) lillJ1thh:lJlwtilfll1:11n:lillJll 'Hl~~jjfll'j~6Wil11UU Fisher 

scoring ~.:Jjjf)llrl1 .:nfnnrflllJYllf)i' M l~u~ M = X'WX 11~61mU1JltY;j6lJfllnh:lJlw 
.d d '''~ ,,'" .d 11UU IWLS (Iterative Weighted Least Squares) 'Jf.:J~:ll1lJ ~'!f~1~lJ~1f)~llJ'tI11lJ6't16.:J(2.33) 'Jf.:J 

61~1~UlJ6QllJl'U 

" 

"'

(s) = "xA(s) + (y. _1I(s){BrJfS)) 
• ~ 'JP J • t'"'. -;:-:TsJa s 

j ~i 

=1](s) +'- _ I1(S){a1],(S)) 
· ~,~, a ~) 

'J.i, 

,j'.:JUlJn Fisher scoring llJ (2.33) l~UlJll1lj'~lillJ 

M(' )p(s+l) = 
(X'W(S)X)(s+l) = 

X'W(S)",(s) 

X'W(s)", (s ) 

(2.34) 

(2.35) 
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~~ijltJU'IJ'IJ'IItl~tYlJf)1'.itJf)91f1111(Jnfi1tt~tYtl~U'tl(J~q'flthl1f'IJ~1U'IJ'lJ1~~1~U~ij~1UtJ'.i 

~nlJt1'1u ",(s) fmtt'n£~'~ fltl 

11lU~llUY~1f)91 'h nf1191tll ",(s) 1u (2.34) 1m::: (2.35) ijltJU'IJ'lJ1~~1~U'IItl~ link function 

W J1 ~ti1U1Wft1(Jhl'~1UtJ'.i Y W Y ,!Ufltl 

g(y ) ~ g(,..) + (y; - Il; )g'(,.) = 1]; + (y; - Il; ( :J= '1'; 

1l:::1,.1u'~ifl11lU11 m:::'lJ1uf)1'.i~tlwi1,rH~Utldti'IJ~1UtJ'.i9l1lJ '" ~~ijtYlJ1~f)~ i 
" " , 'JtI 

tJ'.i:::lJ1W~1(J ",(s) 'IItl~f)1'.i~tlu0Jf1f1f~n s 11lUf)Utlflt"ltl(J'IItl~ ",(5) 'lJU X 'n!tllJri1~lhmrf) 

~1(J W(S) ~~lhhn~~ntt'n£~1h1~fltl ~1tJ'.i:::lJ1W'IItl~ p(s+I) ifl(J~1tJ'.i:::lJlWti1;i1l:::hr 
~ntt'n£111~ 1)(S+I) = xp(H I) 91ntlflllU~1UtJ'.i9l1lJ111~fltl ",(H I) ~~1~rl111fmtl'IJ~tl 1tJ 

~~,fU~1tJ'.i:::lJ1Wftl1:::1l11l:::11lUtl~q'fI fltl iliJ9I'IItl~ p(s) 1u'IIw:::~ s ~ 00 f)~l1tlmr(J 
'H,t~ fltl ~1tJ'.i:::lJ1Wft11:::1l11l:::11lU'IItl~~1U'IJ'lJ1~~1~U~11~,r(J..t1' tJ 11lu~n'lltl~f)1'.i ~tlU9f1~1~ 

'JtI , ". 'JtI 

f)U ri1~li 1'H,r f)'IItl~fi1tt~ tYtl~U' tl(Jnq'fI i flf.J1lJ'YIl f)cH'II tl~f)1'.i ri 1~li 1'H,r f)1l:::1 tJ~ (JU tl1' tJlJWl flf ~ 
~ ~ 

" o.-::l <E::I • d. 
'IItl~f)1'.i(JtlW)j'11'.i(Jf)m:::'lJ1Uf)1'.iU11 "IRLS process" (fltllterative Reweighted Least Square 

'JtI " ". ,'JI" 
process) m:::'lJ1Uf)1'.i~tlwJfnhl1lJflll:::1tYllliYU~tl1litltl1tJ'.i:::lJ1W'IItl~ p nijf)1'.i~tlUi1tYtl~flf~ 

91f1~tltiu 1Mtl1fm~1~~1~f11~(J~'ntl 'Hltl1llUtTUU .. 
tl,t~fl11lJUtJ'.i tJ'.i1U l1lJ1rltl 'f)lltl,ru~'IItl~ Ii tld1U ltJ1lJ'YIl f)tH ~lllU ff1U f)tt'IJ'IItl~llJ'YI 

If)tH M 1'.i1tY1lJ1'.itl'H1tl1tJ'.i:::lJ1W'IItl~ Cov(p) 1l1f) Cov~)=(X'Wxtifl(J~ Wti1U1W1l1f1 

tl1 W W Ii l'1fU Wi =(a~)&rliY /Var{YJ 
i fI(JtYltJ~1U'IJ'lJ1~~ltfU ~1H,r(J..t1' tJ 1u f)1'.i tJ'.i:::lJ1W tl1'n1'.i 1 iJl91tll'lltl~~1U'IJ'IJ '~111l::: 

1m Fisher scoring l1ltl1~n Newton - Raphson ifl(J~H .rf~tYtl~n;i'n'IJ11ij~~~11lJtiu fltl 
" 

m:::'IJ 1Uf)1'.i ~tlUi1~H~tl1R(Jnftl1:::1l11l:::11lu tl ~q'flntlU u1l1 1~f)U tJ'.i::: lJ1W tl11l1 f)tYlJ f)1'.i tJ f)91 
,,, " " 

1u ttf)lIW:::'11 tl~ n fi1tt~tYmU' tl (Jnq'flu 'IJ'IJ ri 1~li 111,r f) i fI(Jij m::: 'IJ 1U f)1'.i tY! 1 ~~ 1ri1~li 1'H,r f);j U 
". . 

1 'H ~1 UlJ f)'l '.itl'IJ'IItl~f)1'.i ~tlUi1 llU m :::li~ ,~~ 1 tJ'.i::: lJlW n ~1,r1un::: ijfJW tYlJ-U9l~llJ~tl~f)1'.i l'1fU 
~ 

fl11lJ'ntl1~(J~ fl11lJfI ~1 tfUfI~11 ., n., n~~f)~11'U tl11l1l (Jf)'.i1lJ tiu '~11 f)UtJ'.i :::1J1W tl1ft11::: 

1l11l:::11lUtl~q'flU'IJ'IJ~tlU';1 'Hltln IRLS ~,~ iflf.J1lluntJ'.i:::lJ1Wtl1~ii(JlJ1~rl1'Hf'IJ~1U'IJ'IJ 
1~~ltfU~11~,r(J..t1' tJ ~~'HlJ1(J'.i1lJO~~1U'IJ'lJf)1'.itlfltltl(J i n\ltY9IfI ~1U'IJ'IJ ini'YI ~1U'IJ'IJ~tlf1 

il1u(Jl ~1U'IJ'lJgU'l 1umjlJ16f) i tJ1UU1;(Jn un:::~1U'IJ'IJ~'~1~~ltfU..t1' tJ~1(J 
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.. 
~4 0 IV SI '0 v ,. 4 

2.10 11ifl1i.'1-.1t.Jf)-.1\nltlq~uUUm-.1Ul'11Un (Welgbted Least Squares metbod 'I1'lf) WLS) 

E(Yi ) = Ili fflld'u i = 1,2, ... , N 

111' Ili 's lihj~ 'H)ilJ"'f)-.1l't1l1iil~f){ pp ... ,pp (p::; N) IICl~~f)-.1m'itl'i~lJltutll"'f)~ 

{o )'" CItod. 0 QI tJ 1: cv 1 1 " , tl " II = \pp ... ,p p fl1U11ifllClHrf)~lJf)UtyflIlUUtl1~lJll1lJfl flU 'lffll 'i~lJltull'YIlJfl1U 

P = (j3p ... ,pp )' ~lmh~u 
1" 0 ~ 

l1 Yi = Ili + ei ffll1'iU i = 1,2, ... , N 

lf1u~ e i lI'Y1lJtllfl11lJflCll~lfI~f)lJl~~~lJ 
~OQ,l".d 4 .d>d 

~lfl11imCl~lJf)U'YIty~IIUU1inlJ~1 (Ordinary Least Squares method l1'iV OLS) 9f~lJ 

1im'ifillJ1tuffll11Ufllll1ltlltl'i~1Jltu"'V-.1 II ~Yh111'flClnlJfh~~fff)~"'f)~ e i ~lty~ flf) 

111' 

SS = :Le; 
= :L(Yi -Ili (IJ}Y 

, , 
Y = (Yp Y2 ,···, Y J ,J! = ~p .. ·,IlN) 

1~u,t1'tlA1tl'i~1Jltu"'f)~ II l1lf) P ffl1Jl'itll11'~~lfl~-Wl-Wf)1'ilJ~1f)'YII'YIVlJ ss lYiUU 

tiu P j "'f)~ II 1It1'111t1'fflJm'i 

ffll11U j = 1,2, ... , P 

m'i~'i1~fff)ffUtll~lty~"'f)-.1 SS ~l~tl'i~1Jltutll II Vil '~lf1um'i~n~fff)UllJ'YIlfl';"'f)~ 

second derivatives 'hllllJ positive definite l1lf)'li ti'll~m'itl'i~lJltu~'~ft~HtiU'l~ih~ff~tl 

1lJ 'YIl ~tl a1J'A6l ~ U Yi Ul~A 1 ~ Utl HY ~lfl~ ~ 1 ~f) (if)' ~t7' flU mil 1flV f) l~ Ufl11lJ ... .. 
IItl'itl'i1lJlJlflfl'h Yi 's A16lJ") muh,slJilf)1~~111llJ~f)~um'ithnhl1,rfl1lJl'YIf)lJ"'f)~ SS IICl~ 

1~l')1f)1J SSw lI'Y1lJl'YIf)1J SS lf1u~ 
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lHHHl1nif Y IS ij"H)l\1 'UL1~'U6ff'J::~f)ti'U (fitl iimlllt1lli'U1in'U) mtiity'Uifi.:Jtl1'JH 
I 

.c!\ ,QI!~40Q.l iI.d 
V = ljW Illtl W IIYl'U Variance-Covariance matrix 'Utl.:J Yi S ~N'U'U11imt'l.:Jfftl.:J'UtlUYltl" 

IItJtJ01.:JJll1l1n 111tl n WLS ffllllHlfil'U1W'~\11nmnh1l1' SSw iifh~ltl" l"u~ 

, .s ~ ~'" & ",.d ~ .s 
1I~l'Utl.:J\11n fl IlJ'U'W.:Jn'r'U'Utl.:J IS CIf.:J 1'U m W Yl Il j IlJ'U linear combination 'Utl.:J P j Illtl 

j = 1,2, ... , P IY'U fl = Xp l"u~ X IIYl'UlllYl1nCJ1 X ~iiii~'U'Ul" (N x p) 11"'1 \1:: M-h 

, 
SSw = (Y - fl) W - I (y - fl) 

~.:J,f'Ufil'lh::1JlW Ii \11nn WLS ffllllHlfil'U1W\11nffllnWUn~ 

X'W-1 (y - pX) = o 

.. nntll'H'J : 

I . ffllll'HI~n\1fftltJlllYl1nCJ1 second derivatives 'Utl.:J SSw -hfl'U positive definite 

111tl'U 

2. n WLS ffllll'JlI 1.n~1"u'u9l'tl.:Jii,j'tl~nt'l.:J (assumptions) I~U1ntJmll1\1nll\1.:J'Utl.:J 
~ 0 • Q,I 1 jI 

Y i 'Utlnll1'Utl\11nm'J ml1'U"tlltll"111.:J1lt'l:: tl'J .:JfflN'Utl.:J Variance-Covariance 

,! ., d "" .d Q,I 0 ~ " .d" 
'Utl.:J Yi IS IYll'U'U tlUN 'Jn~lllm~tl.:Jm'Jtl'4lll'JInU1ntJ p \11IlJ'U~tl.:Jll'Utl~nt'l.:J . . 
Inu1ntJ Yi IS IYilll~ll 

3. tY1'Un ML ~llfl'U9l'tl.:JmltJmm\1nll\1.:J'Utl.:J Yi IS ldtl.:J\11n9l'tl.:JOll1'U"'W.:Joi'U joint 

probability density 'Utl.:J Yi IS 
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" .q,.ct.o 01 " .cu:to 01" • 0 QI 

11imCHtn:l~lHHJtl~11'U'U1il'HJ~1 (OLS) 11im'HfftH"HHJtl~11'U'Ut:I1~1.n""Hl (WLS) 

1iJ'Uii~HcYl"f'Utnw~tl11lJ11tlnln'U'uij~ Yi fH~l1Cl:;hifl~~ l1~ij Yi 'U1iJ'U6ffl:;~ijn'U 

~llJih~'U ~1tl11lJ11tlltll1'U Yi fl~~l1~ijlfhn'U'fJfl Yi 11Cl:;liJ'U6ffl:;~ijn'U11il'1ii OLS 1lCl:; 

WLS 'il:;' l1' NClcil1 1ll't'h n'U ...f~ffij~1it1~1~liJm1H1i1ijfl'l.lij~1i ftl1:;1l1'il:;liJ'U ~ ~ tl~ (ML) 

tll:; lfJ,ru'l.lij~ii WLS ijl'ilffltl'~ 4 tll:;ml fiij 

I. mltil'U1W'I.Iij~ii WLS Ultl11'U'UlJl~l!l'U (standard form) ~hii'U~ij'UUCl:;ffllJllt1 

111' tltll::~mlcYll1f'U fllmft'fflJflll ''U9i111'U'U~'U'l ,~ . ,," 
2. fllltil'U1W'I.Iij~ii ML lh11'tltll:;Qfl~n'Um:;'U1'Uml~ij'U9fl (iterative process) U'U 

" "" 
tIlfffJtll:; lfJ'If,r'l.lij~flll ~ijW)h~1fJii WLS 1 ~fJ11~Cl:: lij'U'I.Iij~ml ~ijWil'il::Uflll rl1~lhl1U fl~1fJ 

lYIijlJ~Uml1tl~fJ'Ufh 'tl11ijfJ'l1';'Ufln,rn Newton-Raphson 1lCl:;ii Fisher scoring 'i1lJn'Uii 

ML 1~ijtll:;lJ1W l11l1ij1~ij{''U9i111'U'Uflijfl~1i1fJ{ 1lCl:;9i111'U'U1;~U~'U ~11~UfJ-rT1' tl 

3. cYll1f'U9i111'U'U~ll1lJl:;fflJ 9i1tll:;lJlW'I.Iij~ WLS 11Cl:; ML 1iJ'U9i1tll:;lJlW~fflJ\!Cln'U 

1lCl:;~H~liJ'U9i1tll:;lJlWU'U'U BAN (Best Asymptotical Normal) 1~ij9i1ijUHU'I.I'Ul~ 'l1tY 9i1 

" tll:; lJ lWll1 ri lU 'UU ml11 'il fl11 'il~1.u' l' flil' flU U'il flU 'il ~ 11 'U'Utl fl~ 1lCl:; ij~ l UY1'U '1.1 ij~fl11lJU 'lh tll1'U 

" 01 ~ ." •• " 

'I.Iij~YI~ffij~11i'il:;"f.!1'l.lltJfll I ~1fJ 

4. cYll1f'UflUtll:;lJlWfhu'U'U~~ (point estimation) 'I.Iij~l1Ulij1~ij{~1fJ1i WLS hi 

~ lliJ'U 9l'ij~u.u'ij~ flCl~1~fJ1n'Uciflllw ::flU U'il fl11 'il~'I.Iij~ Y U~flUtll ::lJ1W fh11'U'U';1~ (interval 

estimation) 1lCl:;flUYI~ffij'UfflJlJ~!1'U1~fJ1n'U9i1u'U'U ~11iJ'U9l'ij~ml'Uml11'ilfl11'il~lYilJ1~lJ 

flU,rn WLS cYll1f'U.u'ij\!m;~fl~lJ 9l'ij~Umltll:;lJlW fl11lJutlltll1'Ui 1lJUCl~1 'U1UfJCl 

(multinomial covariance structure) 'I.Iij~.u'mJCl9i1ijUH ''UU~Cl:;''~'I.Iij~9i111tlliji'UlfJ (each 

setting of the explanatory variables) tIli~ ''Umwt1 ~19i1Utlliji'UlfJliJ'Uu'U'U~ijldij~ ii WLS 

ijl'il'~ll1lJl:;fflJ 1dij~'illflijl'ilU1-nfJ~ I fhff~lfl~''UU~Cl:; setting,!'U ''U'I.Iw:;~ii ML ffllJllmil 
" . . 

,~ 'Uijfl'illfli1''Umwli~1'U1'Ufl~lJ'I.Iij~9i1utlliji'UlfJUlJlfl1i WLS U~'~ll1lJl:;fflJ 1l1l1:;U 

iJWl111~fJ1n'U~1'U1'UU'U''U1CJImmU'ijfJl1~ij1iJ'UR'UV ~~iJWl11ll1rilt1'~uNClm:;YI'U~ijml'rn .. . .. 
1 " G' ~ d' e.d. I d.::t." e'.4" 0 

ML ~fJm1CJIClmlJ'U,!!'UfJ 11i ML ijl'ilUYI'Ufllfl~YI'llJfll'UijfJlJlfl ''U1CJIClCl 1l1ij'l1ffllJUt1fll'U1W 

fhtll:;lJlW'illflii ML l1!ijlJn'U'~iiml~ij'U';ltlf'Ufhrl1~Jll1Ufl~H'l ~Hnmb'U'I.Iij~ii 
• II • " 

WLS l~fJ~Hli '~Uflll~ij'U9fl1)jijUYI'Ufh ''U1CJIClllt;!'UV ~1fJfh1';'U 0.5 l1~ijfhU'ijfJfl':hi1tifllJlfl'l 

ij 1 nil , l1'lYlijlJfl11lJU tll tln'U UtlltJ ~l1~ij~ l~~tl fl~ 'il'U m:;-rT ~iiNCl m::YI'UijUHlJl fl (strong 
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~ . ~ 

influence) ~6fll'i11fl'j l::M fll'Hl1 ,nhl1l! fl ih '11'6nMlfl11lJl;f6il6l;~~tlnl'nrUtl::.,j'm.!tl mw 

,,ruif~~m'i'rn ML U'YIU u6mllflifil1'iumlJthl~~'i11'Y1Hff(j~~H'lI,ru SPSSIFW, GUM, .. 
.,kdQod .£9d_1 i o'.,~ o'~ ., 0' 

MINIT AB 'If~lJ11 ML 6~ ~~lJlJ'i:: U'lfU~6fll'i 'If llJl1t1lUfftllUfll'iW ~ 1'i1UU'YI ; 2544) 

2.11 m11.h::)nwIIUU'flfhD~il8~~lq~( Minimum chi-square: MCS) 

Irl6.,j' 61JtllllU fl ~ lJ l'i 1ff1lJU (1111 flU 11 'i:: lJ 1W' fltl'lfl U~fl1J fll'i fin:: tl1~:: 11Iu tj ~ q'~ 
~ 

(maximum likelihood : ML) i~u'''ItT'U(I~(l6uti1n~ff6~U6Uq'~u1Jmh~1l111,rfl6fh~~lUiu 

1~lJ'mlfitl itl\)'YIl1l6 hniJ'YI (empiricallogit or probit) 
, '" ,,, 

~ llJ fiu ff~~ i 11' 111U lJ 1 tl6U 11 U 1U flU flnlJl1l6.,j' 6lJ tl fi jj fl1 'i 1~ til ~ 1U 1U 'U6 ~ . .. 
"m1lJthl~~" (Yi )lm::~lU1U'U1Jl~~16th~ (n i ) ff1lJl'i(l111fl11lJtl1~::llIUU1J1JI~lJ111Ifitl 

(empirical probabilities) Pi = Yi Ini fllm~flu~~'uiI~'UUlllU'YIl~ln6fll1-ct~~1l1'11~11ifln 
11'i::lJ1WU1J1JfIl1::tl1~::11lUtj~q'~(maximum likelihood estimation : MLE) ~HtY~ff1U'U6~ 

~1mh~ (fl11lJtl1~::llIUU1J1JI~lJ1111fiM 111'l1ti~l1u1J1Jl~lJ111Ifitl itl\)'YIIltl:: hniJ'YI (empirical 

.:~ Qod "':~..,k,, 
logit or probit) UllJU 11 fll'i flnl1'i:: lJ1WU1JUfl~ltYU fl~11 UllJU 11'i1 fltlfll'i6UHl1U ~1'Yt'i l::fl tl1U 

fl1Jfl1'i(l~(l6UlJ1~'i!lU 

l'i 11 ~ lJA'u ~lfl~1U1J1JI;~ItT'U ~jjfl11lJUl1'i l1nu ',jfl~~ (Heteroscedastic ) 111 ]j6U fl1J~1 

U1J1Jfl11lJtl1~::llIUlJ1fl 6fjHh~~llJ ~1Ul1HlllJllIUI~lJ111Ifitl itl\)'YIl1l6 hniJ'YI (empirical 

logit or probit) 111 '~~lflfln Ul1tl~'U6~m1lJtln::11lulI1J1JI~lJ1111fitl (empirical probabilities) 

fll'i ~ 611 tYU 6 ~ iu 'YI H~ 'i ~ flU,r llJ (~m'iu) 'U 6~m llJul1'i 11'i 1U 'U 6~fl11lJfl tl1~lfl ~6U(error 

variance) 11IUfll'i i~fl'j ~tY!H'U6~fll'i ri1~J111,rfl iUfll'i(l~(l6UU1111 FGLS 

11i'flti1n~tY6~~1q'~ (minimum chi-square : MCS) 1~lJA'U~~1U1111I;~ItT'Uri111f11fll'i 

Ul1tl~~V~~llJ'YIqlla fll'i~61JtYU6~fl11lJtl1~::llIU'U6~11'i::'lf1m Pi 

Irl6 g(Pi) utY~~ii~'YIqlla'U6~ itl\)'YIl1l6 i'Yt'iiJ'YI tl6Ul1U1iflllu~m11JflUi1 gOllluil~fl (link) 

.yhnW~lJl~lfl~1U111JI;~ItT'u'u 11 
~ . 

l'i 1 tY1lJl'i (111 tY~~66 fl , ~i1UlllU ~ 1U1111(1~(l6U1 ;~I tT'u fijjfl11lJul1 'i 11'i 1U ~ H flU 

i~ufi Pi = y;/ni Utl:: Ci = Pi - Pi l~lJ111lfitl i tl\}'YI (empirical logit) fi6 

g(Pi) = log {Pi 1(1 - Pi)} 'UW::~'~lJ111Ifitl hniJ'YI(empirical probit) fi6 g(Pi ) = $ - I (Pi) 
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(2.36) 

lrl6 B1]j liJlJ6lj~lJ1i'U6~ii ':.lflYlulilJtl1Jfl11JJtYJJ~lJ1i~ tY6~fI"'6~tl1J'rl~fiilJ~61JtYlJ6~fll1UgU 
Bpj 

(mean response function) fflld'm11U1J1J lCl\i'YIllCl::~1111J1J 1 'Yi'l'ij'YIij,"~fiilJ~61JtYlJ6~flll\lgU 

(Pi) fl6 A{X;P)l1Cl:: <1>-1 (x;p) ~lJJih~1J 
" ilty'Hl'U6~fh~~tY6~U'6Uty~111J1J\h~llT.n:rfl(weighted least square: WLS) fl6 'til 

... 
FGLS fl6 

2.11.1 liilflfhO~iJtH~lq~u1J1Jla9'Y1 (Minimum Logit Chi Square Method) 

" 1;~1~lJtY1JJ1HIl~UlJ '~~~il 

(2.37) 

lrl6 E{E) = 011Cl:: var{E) = l/[niPi {I- pJ] 1ifllnh::JJlwifliJlJfllnh::JJ1W~1~ 
fl11JJlll~::liJlJll1J1J1gJJ'W~lflCl (empirical probabilities) var{E) = I/[n i Pi (I- Pi)] 1lJmwifl'l'1 1~ 

" . o Q,I '0 Q.t ..::iod' " 
HClnJJfllCl~tY6~111J1Jtl1~lJl'HlJfl( weighted sum of squares)'YIJJtlllJ6Uty~ 

I wj[logit{pj)- x;PY 
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2.11.2 iii'1flfho~i:rt)~~lq~utJtJlrnijn (Minimum Probit Chi Square Method) 

fll 'nh :::lJlW' flfhtl~tYtH~lq~lItJtJ 1 'n':illn '~'Chu fltl'U'I.Itl~-W~fliu fll':i lI\lflll 'iHtY:::tYlJ 

ll'U'Utlfl~ (l1ltl Z -score) fllHltl'UtYUtl~~111'tI~ fl111Jl.h\l:::lrJUll'U'Ul6lJn1lflfl (empirical 

probabilities) fitl q,-( (Pi) -W~flWNflNU111'i'i'lJlfllJ1U'U 1 tI':iUmlJ'YIHtYfi~ ':i:::l1'h~-W~flWfl1':i 

lI\lflll\l~tY:::tYlJlI'U'Utlfl~ (cumulative normal distribution function) ~111'U'Ul~~lff'UtYllJ1Hll~UU 

\llflfll':i'~ l6Un1lflfll'n':ill'YI 'i'i'~~if 

(2.38) 

" . 
l'tfUl~U1ft'U~111'U'U 1 fl i'YI fll':i tI':i :::lJ1W fhjj Nfl~ tlNm 1lJ ti ltl~ tYtl~lI 'U'U\h~11111,:r flih! tl u 

. "" 
q~ 1~U'~fll':iNflNU'I.Itl~fl11lJlltl':itlnU'I.Itl~fl11lJflill~lfl~tlU(error variance)'I.Itl~11111,:rfl ~~,:rU 

" fll':ifl~fltlUll'U'Utiltl~tYtl~Utluq~U'U'Url1~11111,:rfl(weighted least square :WLS ) 1~u1il6lJn1lflfl 

1 "" & d , : ~ ,~ (~ )2 j- ( _ ).s, " , 'n':i'U'YI C)I~lJfll':ifl1~U1l1Ufll'YIlfl'U Wi = n i¢ Zi Pi 1- Pi l'ntl ~tI':i:::lJ1Wfl1 {3's 

4V 0 U , ~ G 
2.12 fl1'in~i.Jtl'U'UUi.Jlfl,!!,.tHfllln':inUfltl'i 

"" "" tYlJlJ~!lU fll':i'YI~tYtl'Ufltl H 0 : fJj = 0 

H(:fJj-:l:- O 

1~u~~1tYfi~ W jjfll':iU\lflll\l~1l'U'Utlfl~lrttl~1tldl~jj'l.lUl~ 'my (Large-sample normal 

distribution) Ryan(l997) flrinfitl thtYfi~ W ;f'U'i'i'jjfll':iU\lflll\l~ll'U'U t (j~1lU'11\l:::jj':itlll'U'U .. 
fl1':i tilU 1W ~fl ti' lUft'U~ 1 tYfi~ t' U fl1':i'YI~ tYtl'U,:rmhtlty'l.ltl~~ 111 tI ':iii tY':i :::ll~ fl::: ~1'1.1tl ~fl1 ':i 
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~ a' ~ " ~ '_1 ' , , d i'" d.::s '" ..::t, ~ ~ 'QJ tI 1Iml:;l1mHlfltHlfJ1'1f·mnn'11 1J 11~tHJ1~ 'H)~llJm'j 'If Wald test fllJ~mffutHl1lJtlfllfflJ\!HU 

~tl~thnl'jlijl~tl{ljfillJlfl filflmfllflgtlUlJl~'j!lU(standard error) ~1JflljfillJlfl~lU filil1' 

6~'jlfhu jJ / SE(jJ) l1ltl Wald statistic ljfilU'tlU ~~ih '11~fI11lJHfI'YHnfl iUflWYlflfftl1.1 (reject 

null hypothesis) (ml1.1llfi'l, 2544 :31-35) 

., ... J 
2.13 fll'inRiJtl1.1fl1UU'.nn::iJlI .. tl~ft1111.11.1fllnlfl'il::'H (Goodness of Fit Test) 

G' .or::::.. tid. 
Ho : ~1111.11.1~tl~mnlfl'jl:;l1lJfl11lJ1l1lJl:;fflJ 

HI : 9i1111.11.1~tl~m'j1Iml:;l11,jljfl11lJ1l1lJl:;fflJ 

• ~~ ~4 4 0 1 
fllfffl~~tl~mnlflfftl1.1Ufltl Deviance C)f~ml1UfI flU 

D=-2IogA 

= -210{ i; 1 
= -2(logIe -log I f ) 

4 A ~ ~ 11 ~ ~ ~ ~ "" 
IlJtl Le 11JU maximized likelihood ~tl~~l111.11.1 \l,1.1U (current model) C)f~I1JU~l111.11.1n 

".1 " ~, A ~ ~ d 
ff'jl~~'U\llfl~tllJ"~ltlUH 11":; L f 11J'U maximized likelihood ~tl~~l111.11.1I~lJ (full or saturated 

model) ~~lilu9i1111.11.1~fflJlJ~ 'h fill1'j:;lJ1W~'~\llfl9i1111.11JliU\l:;ljfil1'Yhfl1J'lrmJ"\llflfilff~1fl~ 
9i1tlUH l1lmil'U9i1111.11.1~ fit fl1.1.,j'tllJ" '~~J'Um~ 

91'" " 'j/ 0" dol 1Q.t Ql4"J!" 
fll Le < L f 11"1 \l:;YIlil1 Deviance lJflllJlflllfffl~11~1111.11.111\l'1.1U't1ff'jH~UUU''If 

lilu9i1tli1Jlu.,j'tllJ" '~li~ 11~0'1 Ie = If \l:;fil il1' Deviance ljfilU'tlUllfffl~ ';h9i1111.11.111'il,tJu~ 
ffr H~UJU 'li~H' 11\llfl9i1111.11.1I~lJ l1ltllilU 9i11l1.11.1~ ffllJl'jfltli1Jlu.,j'tllJ'" ~~J um~ ~~Ju 9i1 .. . ., 
fftl~ Deviance ;) ~l ilu 9i 111 i ~1",h9i 1111.11.1 11 \l, tJU U U ljfl11lJll ~ fl~ H\l 1 fl9i 1111.1 1.1 l~ lJlJl flU' tl U 

l'"U~'fI 

, 'U 9i 1111.11.1~ til ff ~lfl~ lj fln 11 'ilflll 'il~111.11.1 't11UllJ (binomial observations) J U t1 tl 0'1 

-n'ilU W l.,j'mJ " 111.1 1.11 ilu fl~lJfl'jW ~'VfI~tl~9i11111'jtli1Jluljth~tl~.,j'tllJ"111 ijtl'U flU 1 flUlj fl11lJ 

1l1'il:;lil'U~tl~fll'jlfiflI11~fll'jW~ff'U'\l''Ull~'':;fl~lJ~tl~'V,,9i11111'jtli1.11U~ i t1tl 

p; = y; In; ,i = 1,2, ... ,n ldtl y; t1tl~1'U1U~tl~tllff~lfl~ y ~ljtll1l'ilfl1.1 I ''Ull~'':;fl~lJ~tl~ 
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pj = y)nj , i = 1,2, ... ,n lrlt) Yj fit)~1'U1'U'\lt) 'Hhff~lfl~ y ~]jtil1'yhn1J I l'U11~Cl::fl~lJ'\lt)~ 
. " , 

,~1'Ull~Cl::~111tJlt)i1Jltl'ri i 11Cl:: nj fit)~1'U1'Utilff~lfl~ y n~l1lJ~fi]jtil~111tJlt)i1JlU 

1l1]jt)'Un'U ''U11~Cl::'~'\lt)~~1UtJlt)i1JlU~ i ~~ l'U mwif 11:: '~V1~n-i'Ufll1::'Il11l::d~'U (likelihood 

function) 

n 

L(p) = Opi ' (1- p;) '-" (2.39) 
;=1 

1I1flflllfill1'U~~1U1J1Jtl~tlt)U lCl~ff9lfl~]j'Yi111ijl~t){ Po, PI"'" Pk ~1'U1'U k + 1 ~1 11:: '~til 

fl11lJ'Il11l::11~'U (fitted probabilities) p j fit) 

" ,,~,r'U1I::'~ maximized log-likelihood function '\It)~~1111J1Jil1l'ii''U (current model) fit) 

(2.40) 

" 
., - /. ., ., '" ., Q tHlfl~ Pj = Yj n j , 1= 1,2, ... ,n ~~'U'U ~ maximized log-likelihood function '\It)~~1U1J1J1~lJ 

log(L f ) = t {IOg(n;.) + y; log p; + (n; - y;) log(1 - p;)} 
1=1 Y, 

" " ,,~,r'U ~1ff(j9l Deviance 1I::]jtil,,~ii 

D = -2(logLc -logL f ) 

= 2 t{y; IOg( ~I ) + (n; - y; )IOg( 1 = ~I )} 
1= 1 p; 1 p; 

(2.41 ) 
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~~nfl6 ~1t1'il~~11.fitJ1Jl'ntJmhff~lfl91 Yi tntJM~1111111ti11fll'lhnJ1w Yi tntJM~1111111tJ~~tr1.l 

,r1.l16~ 

QI .dIal d 0' d 

'YI ~ t1' 611 fl11lJ l11lJ 1::: t1' lJ '\.16 ~ 9111111 11 'YI fll t1' ~ 1 n 9IlJ n 1 'j 11 ~ n II ~ ~ 1111 11 111 6 'j lJ "" (Bernoulli 

~ .c:iJ ./QI' ~.e!t 
observations) C)f~11.l'YIU 0i = 1 1I":::fhn'll'Utn1:::Ul~:::I11U fl6 

n 

L(,8) = IIp;i (1- Pi) 1-" 

;=1 

" 

'

" 1"'" 21 ........ ~::: ~ maximized log-likelihood tntJ 9I9I1111111lJ~~11U~~U 

n 

log(Lc) = I {y; logp; + (1- yJ log(1- p;)} 
;=1 

rill1i'11~11111111~lJ11t\'1 fll'lh:::lJ1W fl11lJ'\.h~:::lflu (fitted probabilities) ~:::lfluflll~tJ1tiU ti11fll 

ff~m9l'\.l6~ y ~~Ju Pi = Yi 1I":::lli6~~10'h y; logy; II"::: (1- y;) log(l- y;) Uflliflu 0 

rill1i'11fll~lfluhJ"i' 2 fll '\.I6~ y; fl6 011"::: 1 ~n1l1M'h~' logcLc)=O~~Ju ~1t1'il~ 
" 1 ....... 

Deviance umWUfl6 

n 

D = -2I {y; log p; + (1- y;) log(1- Pi)} 
; =1 

(2.42) 

ologL(,8)= ~{~_(I-Yi)} .(1- .)x .. 
0,8 ~ . 1- . P, P')' 

J 1=1 P, P, 

k ologL(,8) n k 

~,8j 0,8, = t;(Yi -p;)~,8jXji 
n 

= I(Yi -p;)log{Pj(l-p;)} 
i=1 
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B 

rill1J'U 0 ~ j3 lhl,n~ I (Yi - p;) logit{pj = 0 
i=1 

o 0 

I Yi logit(P;)= I Pi logit(P;) 
i=1 i=1 

4 JI n. I=..) , 'j/' ~~ .4 "lf~tnU')1'U1TI6lJ'UtN I Yi logltwi Cl~1'UfflJfl11 (2.42)~::; ~tllff(J~ Deviance tl6 
i=1 

n 

0= -2I {Pi logit(P;)+ log(1- pJ} (2.43) 
;=1 

~~~::;l'"'U 'hril Deviance l'UfflJfl11 (2.43) if'u'~M'fl111muulYiuU6::;h1::;111Hril 
ff~lfl~'U6~ Pi ftlul~~1uuuiJ~~,j'U l'Umw~rilff~lfl~ljfl1m~flUlI~UUU1U6{\iCl~ 

" . 
~1ffii~ Deviance ijljfl11 UlIflUlI~ 1~ulh::;1J1WUUU 'tlnl"~ff6~1i'i6~1mh~I'1i'1 lfltl'mr'U~ 

1~ulj6~fI'ltl1l1J11J'Uijff1::;l'rhtiu n - p lrl6 n fl6 ~1'U1'U'U6~rilff~1fl~UUU')11'UllJ Ucl::; p fltl 

~1'U 1'U 'U6~YiU 1 ih~6{ ~ 'um lUri 1 1 'U~ 1U umitlu 

.cC CIl IV .ci.ci tI 
2.14 0l'ifttl'W1HU1tl[J')11tl[J1'118-3 

I " VI , " 

Fm 111 1 flt)1lffl 1 ff ti~11 U1U Yi lj Fm~ 6 fll 1 ~ 1 U'U 6~IYi fi ml fl ~'U ff l;j U1fl tl ~ CllJ::; 1::;;j 'U flU cl::; 1 1 fl11 'U tl 'U 

~lU11Ulfl 

flltyll'Ul YilU'trflU (2539) ffflll11m UUlYiUU111 flU 111 ::;lJ1W rilYiU lih~6{ l'U fflJfll1 

(J~(J6U 1 Cl;)ff~tl ~~111flU111 ::;1JlW ri 1YiUlijl~6{;jl ~ffflln fl6 111 fll1::;lllll::;I1J'U ~ ~tl~ 111 

" . 
'i'h ni'U ~lU'U fl111 ::;111')1 UCl::;1i nl "~ff6~t! 6Utl~U umh~lll11,r fl 'li't)lJClYi 1 ~ 'U ~1'U 1~U11J'U 'li't)lJCl 

~'U'~~~fl~lJ ~1u111~llJ Y lj 2 ri1 fl6 0 1116 1 1~UfhflulmuulYiuul'Umw~~1U111tli1Jlulj 
QI 4 _I Q J o Q,I 

fllmllflUlI~ 3 ClflllW::; tl6 fllmllflUlI~UUUlJfl~ fl11UlIflU~~UUU'trfllCl~ UCl::;fllm~flU~~UUU 

, 1\jCln ~ ~lflW <t1~ 1~lm UU1YiUUfl6 ri 11 1fl~ff6~'U6~m1lJtlCll~ ltl ~6'U n1"~ff6~1~ ~U Ucl::;~ 1 

ffii~ Deviance ~Clffl11~'~fl61ift11::;lll~::;I1J'U1l~tl~ lM'ril RMSE t!tlUfl111i,"~ni'U~lU'Ufl 

111::;111')1 Ufl11'Umw~ljri1ff~th'Utl~ (P > O. 75) UCl::;lj'U'Ul~~1tlfh~l~fl (n < 30) 
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'lSiitY1'n U91'Hlti'1 (2543) '~ftflll11mUtJliiutJfll'i11m1:a1fll'itl~mH.llrlf.li1111h911lJUfl1 

liJU 2 nflllW:; mw.u'f.llJ'UUln:;1JflflCl1uHi1I1tJtJm1lJlln:;liJul;~I~U i111tJtJfl11lJlh'il:;liJu 

" 1;~I~U11tJtJri1~1l111,rfl i111tJtJ hn1J'YI 11Cl:;i111tJtJ 1Cli'YI '~flClfll'iftflll1fitl i111tJtJ hn1J'YI11Cl:; 

i111 tJtJ 1 Cli'YI Ufl11lJll1lJ1:;fflJlJ 1flfl 'hi 111 tJtJfl11 lJlh 'il:;1 iJU1;~I~Ulm:;i 111 tJtJfl11lJ1l1'il:;liJU 

" 1;~I~UUtJtJri1~1l111,rfl 11Cl:;U~fitJ 'hi111tJtJ 1 fi'i1J'YIUm1lJ1l1lJ1:;fflJlJ1flfl ';i1i111tJtJ 1 Cli'YI lfi'i1:; 

1",· 2 " 101 1'" 
11f11 Pseudo-R \!fl91f.l~lJ1flfl1191111tJtJ Cl'il'YI 

litYU1fi'i 'il~lfl~mW (2547) ftflll11mUtJliiutJiifllnh:;lJ1Wfl1fi1'i1iil91tll1ui111tJtJ 1Cl 

" " ~ff~fl'YI1U1lJ ~1uiiftl1:;1l1'il:;liJUll~tl~(MLE) iifll'iri1~1l111,rfl(WE) 11Cl:;ii11ltJ11ti'l1jf.l~~U 

(PC) flCl11'i1fltll11rlf.lfl11U~Ufl11lJ1l1'il:;liJU'lJf.I~1l1~flUW~ffU 1'il'IJtl~11'i:;'lf1mIYhntJ 0.1 ,0.3 

~1uii MLE 1l1'fl11:;U:;,'h~lJ11111Cl1JfflU~U(AMH) Uf.lUtl~ 11~lumW~fl11U~Ufl11lJlln:;liJu 

'IJtl~1l1~fll1W~ffU1'il'IJf.I~11'i:;'lf1mlyi1ntJ 0.5 ,0.8 ~1uii PC 1l1'fl1 AMH Uf.lUtl~ 

ln~ Ilf.l~f.I~ (2547) ftflll11mUtJliiutJiifll1111:;lJ1Wfl1fiU1iil91f.ll1u fflJfll1t1~tlf.lU 1 Cl 

. " " 
~ff~fl 1iflu11'i:;lJ1w fl1fiU1iil91f.llii1'*luflUftflll1fll ~U fitl 1iflll11tJtJ~~~(RE) 1iftl1:; 

1l1'il:;liJUll ~tl~(MLE) 11Cl:;iiYl~niu~l11u fl111:;lft'YI(DF) 1~u~i11111'i911lJ Y liJui11111'il;~ 

flWftlfiU 2 fl1 fitl ° l1ltl 1 11Cl:;ui111111f.1i1J1U X 1 l1lf.l 2 i11111'i fll'il111UtJliiutJmdh 

ftlu1~'IJU 1~i1f.1lh~ n = 10,20,30,40 1 ~UUff~ ff1U'lJf.I~i 111 11 19\ llJ (Y = 1) fl f.lu.u'Hll ~ 
4 cv _I ~ 4-

(P ~ 0.75) flf.l 0.75, 0.80,0.85,0.90 1m:; 0.95 11ft:;flll11'ilfl11'il~'IJf.I~911111J'if.lti1J1U fltl flll11'ilfl 

" 11'il~11tJtJ11fl~ fll111'ilfl11'il~11tJtJ;ihn~ lm:;fllm'ilfl11'il~11tJtJ'11JClri' flClff~11mwi11111'itli1J1U 1 

i1ii MLE 1l1'fl1 RMSE 11ft:;fl1 DV uf.lufll1ii DF Ufl11Ulrlf.l'IJ'U1~i1tld1~ n = 30 11ft:; 40 ii 

DF 1l1'fl1 RMSE 11Cl:;fl1 DV uoufll1ii MLE mWi11111'if.li1J1U 2 i1 ~Ufllm'ilfl11'il~11tJtJ 
" 11fl~11Cl:;fllm'ilfl11'il~11tJtJ;ihn~ l1l0 fllm'ilfl11'il~11tJtJ11fl~11Cl:;flU 11'il fl11'il~11tJtJ' 1'IJClri' l1lf.lfll'i 

" . 
11'ilfl1l'il~11tJtJ;ihn~11Cl:;flU11'ilfl11'il~11tJtJ'1\!Clri' ii MLE 1l1'fl1 RMSE 1m:; DV Uf.lUfll1iiflu 

Takeshi Amemiya (1974) '~ftflll1iifll'i111:;lJ1Wfl1'flihn~fff.l~~ltl~11tJtJ 1fi11J'YIntJ 

.u'f.llJCl'il~ ~li1fll'ilm utJliiutJntJii MLE li1fll1 ftflll11rloi111 11 'i91f.ltJ ffUO~liJ uliJui 111 11'il;~qlJ 

11tJtJfff.l~fl~lJ 1 ~ui 111 11'i91f.ltJffU f.I~ Ufft!~i 1 fit! fll191tltJffUf.I~'IJt!~~ihu~'IJ1~CllJ111U 1 'il11'Y1U 

~1U Y lm:;fll191otJffUf.I~'IJf.I~~Uf.l1fll111f.1tJ11'Y1U ~1U Z 11Cl:;1'*i111tJtJ1fi11J'YI1ufll1 

11m l:;l1.u'mJ Cl 1 ~uli 1fll111fl11:;l1i 11111 'i91f.ltJ ffU tl~ ii ft:;i 1 11 Cl:;li1fll111m 1:; 111rltli 111 11 'i 

" 9lt!tJffUt!~Ufft!~i1911lJih~tJ 1~uui11111'if.li1J1ufif.lfl1flm~'IJf.I~ i~11~ 20-64 11,j~liJU 9 fl~lJ 

llCl:;fll1111fl11lJfflJiui'i11111'i91f.ltJffUf.I~fff.l~i1fit! p yz Fm11'i1flt)11ii ML 1l1'fl1 p yz lyilntJ 

0.7709 ff1Uii FIMCS 1l1'fl1 p yz llhntJ 0.7746 ~f.llJ1iJ (1976) '~li1flUftflll11~U1ntJi111tJtJ 

fll'i91t!tJ ffU f.I~flW ft 1fi..t1' 11'i1lJihi 111 11111 Cl1U11 1:; lft'YI~l~"l 1 ~UlU fi l:;fl U ftflll11i fll'i 
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.cw::i _I " QI.::t .::t .c:w=I d " 
UOmnfl11ifl1'1lJ'l::lJ1WUUU MCS ml1 fJ-3fffl'l:lltl-311i MLE Uil:: WLS Ofliil1fJ 

Jonathan Nagler (1994:230-255) 1~iilfll'lflfl'l:l1'll0-3fll'lltJ~fJUlltJil-3'1ltJ-3~1tJ'l::lJ1W 

fh~lh 1tJ~~111UU hnull (probit model) lm::~111UU lil\1l1 (logit) lii1fJfll'llliililtJ-3i,rIl1Utl-3fll'l 

il-3fl::llUUlfffJ-3 t1U~iill~lJ~U'IltJ-3fl11lJ\.h~::lilU'IltJ-3fll'l il-3fl::llUU ~U'tJfJfl':h 0.5 ~ltJ~fJU iU~1 
utJ'ltJi1JlfJ Uil:: 1~iilfllHh'l1~t11J'lJflflil~ijflllflfl'l:l1~1 111tJ1Jflflil~ijfl1'1 flmnfJ -3 ijulIiiu 

01 'll tJ~fJUll tJ il-3~ llJflt) 01 'l il-3fl:: U U U t1U fl11lJI~fJ1'1i' tJ-3'1l0-3 fl11lJlll~:: I il U i U fll'l il-3fl:: U U U 

J.Econ.Entomol. (1995: 1513-1516) 1~iilfll'lflfl'l:llfll'lltJ~fJUUtJil-3'1l0-3 flOlJ'n~llJUlIl 
... d d 1 ... 1 ~ Q .c:I dO 
'lilOfl-iltJfl (complementary log-log) il~lI (logit) 'n'lUlI (probit ) ilOfl-fltJlJ'nilllJUlI1'1iltJfl-

~tJfl (log complementary log-log ) ~Ofllil\1l1 (log logit) Uil::fllllltJil-31'n'lUlI (probit 

transformation) 'li'tJlJil~lfltJ'l ::fI'U 01 'lW~ lUbioassay mhn.il 1 tJ ~11111fJ~-3I~lJ'IltJ-3 fll'l1ii1F-lil 

. . . 
,.s odI'.Q.I::f, d i " 4. QI d.:t d i " ... " Im::fI'1UIl1 ilOlJl~'l J1U Uffiil-3tH11ifll'lllffllJ1Hl '1HiltJfl~ 1UUUlIiillIq'iiI 111l1lJl::fI'lJfllJ'IltJlJil 

~tJlJl iuiMlfJ1t1U im fl1'1 ti lU 1W lIHffil~tYll11'U~1'1 HlJ'l w:: 1 iilfJ i ~fl1'1 tliiltltJfJfltJlJ'n~llJUlIl 

l~tJfl-~tJfl ,1 il\1l1, fllmtJM 1 'n'lUlI 'IltJ-3ffiilff1U'IltJ-3~111tJ'l~tJUfI'U0-3~ 11i1~ltJ~fJUlltJil-3~llJ 

l1ill111tJfllmtJil-3 logarithmic 'IltJ-311m Uil::fl1'1tilU1WftlfJMlitJU 1'1lilij~ 

Agresti (1990) ~ -31h'li' tJ lJilfll'l ~lfJ'IltJ-3UlJ il-3iJflll~ -310tJ 1~ l' UtJ1lJ1W ff1'1 ~'l:I (log

dose)~lmlUlIiililtJ-3'1ltJ-3 Bliss (1935) iilfll'llmfJUllifJu~1UUU lil\1l1 ~1UUU l'n'lulIlm:: ~1 
d .ct d d 1 d..ct.d _ t • <Q "fJ} oQ.od, , ~ 

llUlJ fltJlJ'nilllJU lI1'1 iltJfl-iltJfl iii fJlJ11ifl1'1lJ'l:: lJ1W fll'n l'lllJl~O 'liil1V11i f111::U l~:: IlJU fJ -3 q'iiI ( 

maximum likelihood estimation method: MLE) F-lilfll'ltJ'llflt) 'll ~111UUflOlJ'n~llJUlIll ~tJfl

~Ofl i,rfh Deviance ~lq'iiI 'ltJ-3il-3lJl fio ~1UUU 1 'n'lUlI Uil:: ~1UUlJ lil\1l1 Ju l1lJ1Vfl11lJ 'll~1 
UUUfltJlJ'n~1lJUlIll ~Ofl-~tJfllilu~1UUU~~~q'iiI tYll11'U'Ii'tJlJilfll'l~lV'IltJ-3UlJil-3iJflIl~-3 

Berkson (1955) iilfll'llmfJlJllifJunfl1'1tJ'l::lJlWfh'nl'llijl~tJ{~1V MLE 1m:: MCS 

'Il0-3~1UUU l'n'liill F-liltJ'llflt) 'lln MCS i,rfllfl11lJUtJ'ltJ'l1UU'tJfJfl'lln MLE 1m:: Berkson 

(1955) 1~UU::lh11fl1'lim MCS t1U'Ii'tJlJil~1-3l1H;1111t1ll'n'l1::tilU1W~lV11iQ-3t1lfl 

Faqir Muhammad Uil::flW::(l990) 1~iilfll'l11fl'l1::li'fll'l tliiltlOvl il~ff~fl iu flll 

~tJlJfI'UtJ -3'1ltJ-3ff1'1 ~'l:I 1 iii Vflll tJ'l:: lJlW fll'n 1'11 ijl~tJ {'IltJ-3~ 1U UU~1fJ11l OLS, MLE,WLS 

F-lilffl tJ'll i U fll'l1Ifln::li' fll'l tliiltltJfJ 1 il~ fI'~flF-lil~ 1 flfll'l tJ'l::lJlW fll'n l'llijl~ tJ{ ~1Vn WLS i,r 

..::JQI " d 4 ef 
F-liliilflU'IltJlJil'll0-3fll'llliililtJ-3111-3~1111V1U 

( 1"· odI _I'::!......... ..$ i"'" " Huhm,M 2000) iillIlfll'lfffl'l:llfll'lllJ'lfJUllIfJU11i MLE ,MCS 1m:: LS 'If-3 ~flU'IltJlJil . 
~ ,JI , 

~1-3lnfJ1t11J111ii~lii~iillll~lil F-lilfll'llliililtJ-3 (zl,z2, llil:: z3) Im::F-lil'llO-3fl1'1tJ'l::lJlwli 

ffllJl'ltl1111~iilfJnftl1::111~::lilufJ-3q'iiI (R,) 11l1flthil-3fftJ-3~1q'iiI (R
2

) lm::nfhil-3fftJ-3U'tJfJ 
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q~ (R3) flatillfltl~lfl9ll1Ht'I'ltl'~':h1i'fltilt\'H"tl~~lq~ (R2 ) ijth1Jlflfl1llfllfttJ l1;m!tlfJ 

fl1llfllfttJ flllt11::1J1W~1111im1::lllt::d~Jull~q~ (R,) fla~'~I;1u'tI"11Jflq1!lQ flllt11::1J1W 

,f~t'I'tl~1iflt) (R, )l1a:: (R2 ) hl'fh'fl~lftll~ftU1Jlfllla::t'I'tl~fl~t)~fttJflqllQ 'U~W::~1i LS 'l1' 

flUtl,::1J1WflUhnlfl"1fl 

Cramer (2003) '~flrl111lfi111tJ1.J laiflfllu1w '~~11lfl1llla::t)1~I;1uLl1'lfla~ij~~fi1 
1 .. .;..1 ., t/.., 1"" ~ .....;, t/.., 1 

1l1.J1.J a~fll"1J~Ulla::1Jlflfl1lflll 'V9I111tJ1.J ,,'l'tJfll'JSU UlJ 1990-1994 1J~lUfi Y9I1111.J1.J a 
~ ~ 

ifl 311 iu t'bufi1U1.J1.J l"lfiflij,.hlfl{) 127 ill 
~ 

Teijin Twaron (2006) '~nlfll1fifllllflll"1l1mW~t)~fi1111.J1.Jli~ 3 fi1111.J1.J lto1111flll 

~lat)~.g't)lJa~IX1l1ftml9l1lf11l1Jl~1~tl~m::quiJu (X) ua::~t)fl~t)~ij9l1lf11l1Jl~1 log(X) ~ij 
• oCIto ~ "44 '.Q o'''.oQ.Q , ~ 

fla9lt)flll11~fI::iJln t)lfll:: 1 ~ll' Y11i fl11 til ::1J1W m" 11l1Jl9ltl1 ~11111i 1l11::U lV::llJU 11 ~q~ 

(maximum likelihood estimation method :MLE) flatillfl{)1lfi11l1.J1.J lain ~tl~ (X) ua:: log(X) 

'l1'fllm~ll~tl~fllf11l1Jf1al~lf1gtmfh~~t'I'tl~~lq~ (mean square error: MSE) M~,fufi1111.J1.J la 

~4~QI.d CIJ'J/ ... Q ~ 
vn ~~I1JU "1111.J1.Jnll11Jl::ff1Jfl1.J~tllJatl91 llln~tN fl1:: qUlJU 



· ... 
UTITI 3 

" . 
fll1~hLulJ ,nlJ1~lIUlihJfll11~tI1,"6fll'Hm1l1J1nll111lJfll111f1·n::..1~111 9i1111111 l"iYl 9i1 

111111 hnUYlI1,,::9i1111111f161J'n1illJlJYlll ~6f1-~6f1 1~m.hnfll1"6 ,nf~ 3 9i11111111J11.h::Qf1~ti11 
" Q d," .Q I" ", Q " 

"61J"~1~Yll11lfl1Jl ~~1f1lf"1f1lf"11ltYl"11'111 l'I1lJ ~llJf1l111'nYlll 1Y1111flltY~1 .. 
1fl1m11JflltY~{ tY~fl1J 11"::~lJ'l1~tI1mll11I111l11 'h9i1111111'~llf1Jl::tY1Jtim;f1llW::"6~.,j'mJ" Irl6 

nfllnh::1J1Wfil'nlniJl~6{"6~9i11l11119iHtilJ 1~1I1~fllnh::1J1Wfil'n111iJl~6{ 3 nfl6 n 

" fil11'~tY6~U611tl~(h~'hlflrf1 (weighted least squares method :WLS) nfll1::lh~::lfllJtl~tl~ 

(maximum likelihood estimation method :MLE) lf16 n'flfil11'~tY6~~ltl~ (minimum chi-square 

'
''~ "'" '''1 do" method : MCS) 1I"::tYl1J1Hl 'I1~1111111'nlllmWllf91fll1W lJ6lJlfl~ ~ ~1I1J11~lJfll1~1IlJlJ~llJ 

, lJ f1lHillUlJ f1111~ 1If1 f ~rl' li lf1l1lf l.,j' 61J" YlH~ llJ f1l111 'nYlU ~ llJ 1Y1111fll tY~{ .. 
1fl1m11JflltY~{ 11":: YIl~tY ~fl1JflltY~{ ~l.rtlJfll11Im 1::..1 tYllf 111fff11l 1 11t'1:: 1m lI11l11ll11nf111 

1.h:: 1JlW fi Trn11iJl~6{llJ9i1111111 1 t'liYl 9i1111111 hnuYl 11t'1:: 9i1111111 fl61J'n1iI1JlJ YIll~6f1-~6f1 
" . " 

~111nfil11'~tY6~U611tl~lI11mh~1l1lflrf1 nfll1::ul~::lfllJtl~tl~ 11t'1::n'flfil11'~tY6~~iltl~ ,,~u 

1""" " l. 'I1"6\!t'I~HYlHfll111'nYlll 3 ,~ 

2. l~.,j'6\!t'I~l~YlH~llJ1Y1l1ltlltY~{(;11Y1l1l) 3 ,~ 

1"" .. 11 .. 3. 'I1"6\!"~H~llJ1tl1m11J I ,~ 

" 
4. l~.,j'6\!t'I~l ~~llJtY~fl1J(fll1Ift6f19i~) I ,~ 

'"'' ... " "" 5. 'I1"6\!t'I~H~llJfll1tlf11l1 I ,~ 

6. 9i 1111.116 11Jl 1I (X) ~l.rtlJ f1111~1I"6~119it'l::,~.,j'6\!t'lljlY411~9i11l1.111~1I1 
~ .1'" ~" ... • ..." ... 1 0$, " 

7. ~111 u161i1Jltl1lJlJ"6\!t'lI'I1~f1il1Jlf16"6\!t'lI'I1~u1::1JlW f1 ~ 

~ .1 ( ) ~... ~ ~ ~ d .. 

8. ~ 111u1~611tYlJ 6~ Y i IlJlJ 6tY1 ::'If~f1lJllt'l:: f1lJlm::1J fll1ll ~f11l ~~II1111Y11lJ 11J 

9. "lJl~9i1mh~~l.rtlJ~llJ1~1I~lJ6dti1111'f1llW::.,j'6\!t'I~l.rtlJfll11Iml::..1 
" " 

10. f1111~1If11~U'~lilf1111.11::1J1Wfil'nl11iJl~6{"6~1I9it'l::9i1111111~11111.1111m1J R 
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~ ~ 

,jlJ~f)lJ hHll'Hihn1lJHU 1itlij~.:J;j flf) 

l. ffmmi1U'lJ'lJ 1C1i'YI i1U'lJ'lJ h'i'jii'YI UCI~ i111'lJ'lJi1u'lJ'lJfltllJl'inllJlJ'YIll ~f)fl-~f)fl 

2. ffmll11ifllnh~lJlwti1l'i1'niJI~f)1' 3 11i flf)11ifiu;.:Jfftl.:JU'f)tltl~U'lJ'lJ(h.:JJ1lnrfl 
(Weighted Least Squares method :WLS 1ifll1~lh~~lrJlJiJ'.:Jtl~(Maximum 

Likelihood Estimation method :MLE) 111f) 11i'f1fi1tl'.:Jfff).:J~ltl~ (Minimum Chi

Square method: MCS) 

.dl Ad .ct. 1-1 .d o.ct 0' I 

3. Rfl1l111i fll'j l"tllJ lJl um lJll'if)'YI1flll l"tllJ~llJtHlllJ flllW "f).:J.:J1lJ'YI~Cltl.:J1I~CI~ 

ff1"1~1onlJflll1itl 
4. ff! H'U't:llJCI~ llJffmlJ flll W" f).:J.:J1lJ 'YI~ Clf).:Ju9i CI~ ff1" 1~ 10n lJ fll'j 1i tI 

y y ~ 

4.1 "f)l,!CI'YI1.:J~llJflll Ul'i'YItl"tl.:J Draper,v oller and Carpenter( 1972) 
y y ~ 

4.2 "f)lJCI'YI1.:J~llJfllml'i'YItl"f).:J Ashford and Sowden(1970) 
y y ~ 

4.3 "tll,!CI'YIH~llJfllml'i'YItl"tl.:J Cornfield (1962) 

y 11 "' .. 
4.4 "f)lJCI'YI1.:Jfl1lJ'tr11'Y1t1l Martin( 1942) 

" 'JI.ct. A 4.5 "f)l,!CI'YI1.:J~llJ'tr11'Y1t11 Muhammad( 1990) 

'j/ "d A 

4.6 "f)lJCI'YI1.:J~llJ'tr11'Y1t1l Strand(1930) 
y y .. 

4.7 "f)l,!CI'YIH~llJfllnR1mllJ Montgomery and Peck(l982) 

y 11 ~ ~ 

4.8 "tllJCI'YIHfl1lJff.:JfllJR1ff~'j Shockey (1988) 

y 11 .,. 
4.9 "f)l,!CI'YIHfl1lJflllRfl1l1 Haberman(I978) 

5. l;tllJ 1 tJ'jumlJtT111i''UtlllJ1Wfll'jff!Hi111'lJ'lJ 1C1i'YI i1U'lJ'lJ 1l'i'jii'YI UCI~ i111'lJ'lJ 

.ct. .dod d ~.r::w::t _I ' A o''jJ ~ 0 Q,I 'JI 
fI tllJl'i ClllJlJ 'YI11 Clf)fl-Clf) fl fl1 tl11i flU lJ 'j ~ lJ 1W f11 l'i U llJ I~ f) 1 ~ 1 tl11i fll CI.:j fftl.:JlJ tl tI tl~ 

':01 .4 I Ad' 
U'lJ'lJtl1.:JlJll1lJfl (Weighted Least Squares method :WLS) 1l'if)111f11l'iU1lJl~tll 

flo, fll 11 CI ~ 11 tl'.:J ~ 1 fl , ~ ti 1 l'i U 1 iJ 1 ~ f) 1'11 i\' 1li 1 fll 1 1; tllJ 1 tJ 111m lJ tT 111 i' 'lJ fll 1 
~ 

ti1lJ1W111f111lJlh~~lrJlJ"f).:Ji111'lJ'lJ'n.:J 3 i111'lJ'lJ 11C1~li1fllll;tllJ 1tJmmlJtT111i''lJ 

fllll'i~f)~fl'n~f111lJlh~~lrJlJ "f).:Ji111'lJ'lJ,f.:J 3 i 111 'lJ'lJ ~1t111i fi1tl'.:Jfff).:JU' f) tltl~ 
~ 

, 0 ~ 

ll'lJ'lJtl1.:JlJ 111lJ fl 

6. l;tllJ 1tJmmlJtT111i''lJti1lJ1Wflllff!1.:Ji111'lJ'lJ 1C1i'YI i111'lJ'lJ 1l'ilii'YI llCl~ i111'lJ'lJ 

..Si • .clio 0' 
iJ'.:Jtl~(Maximum Likelihood Estimation method :MLE) 1l'if)111f1ll'iU1lJl~tll 

flo, PI 11C1 ~11 tl' H 1 fl' ~ti 1l'i U 1 iJI~ f) I'll a1li 1 fll'j I; tllJ 1 tJ 111m lJ tT111 i''lJ flU 



55 

.. 
fhU1W111fl111Jlh~::Il1U'\Jfl~~111UUyj~ 3 ~111UU ll,,~')hflTH~UU hhllfl'.ilHhl1fU 

.. 
flll"'~fl~fl'.il~fl111Jlh~~11lu'\Jfl~~111UUyj~ 3 ~111UU A1uiiim1~lh~~11lut!~1'{~ 

7. I~UU hh11fl'.ilJffll1furilU1WfllHY!H~111UU 1"i'YI ~111UU 1"'lU'YI1l"~ ~111UU 
.r=.I .c:t d d ".Q.ct .. 1 ' Q" JJ <Q..cI, 0 ... 

flfl lJ.., "llJU 'YIn "fl fl-"fl fl ~1U11i fill Ul ~ lJ lW fll..,nllJl~fll ~1U11i fl fIl" ~fffl~ 
~ . . .4 , ~ f/ 
~11'{~ (Mmunum Chi-Square method : MCS) l"'fl111fl1"'111lJl~fll /30 ,/3) ll"~ 

l1cr~~lfl 'Afll"'111ijl~fl{11t1'1Yi lfllll~UU 111111fl'.i lJffll1 f Uflll rilU 1W 111ml1Jlh~~ .. 
lllu'\Jfl~~111Umi~ 3 ~111UU l1,,~Yilfllll~UU 111mfl'.ilJffll1fUflll"'~fl~fl'.il~fl11lJ 

.. 
111~~11lu'\Jfl~~111UUyj~ 3 ~111UU A1Uiii'flti1cr~fffl~,rflU1'{~ 

8. l~ UU 111111 m lJ ffll1 furi lU 1W fll'lh ~ lJ lW '\J fl~~ 111U U 1" i'YI A 1 uii1l1 ~ lJl W .. 
fll"'1l1ijl~fl{A1Uiiifhcr~fffl~,rtHJ1'{~llUUrl1~lhl1,rfl iiim1~111~~11lut!~1'{~ 11"~ 

iii'tlfhcr~fffl~~l1'{~ 

9. l~UU 111mm lJffll1furilU1W fh1l1~lJ1W'\Jfl~~111UU 1"'lU'YI A1Uii1l1~lJ1W 
" fll"'111ijl~fl{A1Uiii fhcr~ fffl~,r fl U1'{~llUU rl1~lhl1,r fl iii t111~111~~ lllu ~ ~ 1'{~ ll"~ 

iii'fltilcr~fffl~~l1'{~ 

I O. l~UU 111mfl'.ilHhl1furilU1Wfll111~lJ1W'\Jfl~~111UUflfllJ..,ftllJU'YI1'1 ~flfl-~flfl A1U 

iii1l1~lJ1Wfll"'111ijl~fl{A1Uiiitilcr~fffl~,rflU1'{~l1UUrl1~Jll1,rfl iiit111~111~~11lu 
t!~1'{~ lm~iii'fltilcr~fffl~~l1'{~ 

II. l~UU 111mfl'.ilJffll1fUflll"'~fl~fl'.il~mllJ111~~lllu'\Jfl~~111umf~ 3 ~111UU A1U 

" iiifl1l1l1~lJ1Wfll"'lnijl~fl{yj~ 3 iii 

12. I~UU 111mfl'.ilJffll1furilU1Wfllfftl~ Deviance 'UfllllmUUlliuu~111UU 3 ~111UU 
.. 

lm~iiifl1l1l1~lJ1Wfll"'1l1ijl~fl{yj~ 3 iii 

13. I~UU 111mfl'.ilJffll1furilU1W111fll 'fitilcr~fffl~ Cr~-p) l1cr~~lfl'YI111Jfll~1fftl~ 
~ ... 

Deviance 1"'fl~n~ffflUmllJll1lJl~fflJ'\Jfl~~111UU 

o Q "" d, " 'Q 0 Q " 14. 'YIlfllnlml~l1'\JfllJ"'YI ~~lflflll'YI~"fl~'\Jfl~1l~"~ffl'\J11'tf1 l1"~mFmfllnlml~l1 .. 
lJ 1 111'1 UUl Yi UU11~"~ ~ 111UUt11 U '~ii fll11l1 ~ lJ1W fll.., 111ij l~fl { A 1U~ 1fftl~ 

Deviance 

IS. Yilfl1l1ftflfl~111UU 11"~ iii fllnh ~lJ1Wfll..,nlijl~fl{' M'll1lJl~fflJnucrflllw~'\Jfl~ 

~fllJ"~Yilfllli~ml"~ff111H" 



..: " 1'UlflU 

"" ~.a. a1HfllIIUU liU)YI 

u • .clef cI 

fllIIUU'WUIJJUYll'l UBn -UBn 

_I ' ... <! A " ...... 

u1~1I1Wtll"1''f111Iftt)1 f3 ~1t11Ji WLS , 

tllUlWtlltlllJJ1;,t):::ai)U 

"B~ftlIlUU TuuYl 

() exp~o +~JxJ p X - --"-;......;;----'--'---'~ 

MLE IID~ MCS 

tllUlWtlltlllJJ1;,t)::aiJU 

"B~ftlIIUU T 'W'iUYI 
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.... 4 4 
"B~fllIIUUtlBJJ'WUIJJUYll'i 

.. .. 
UBft-U8n 

- 1 +exp~o +~JX i ) p(X) = l-exp[-exp(PO + PIX;)] 

o , t.I ' tI .... 
tllUlWtll 'i~JJ1W(tll'WU1n'iW) "8~fllIIUU 

y=np 

o , 

tllUlWtll Deviance 



I. ff!H~111'U'U lili'YI IOg( P(x) ) = Po + PI X 
1- P(x) 

2. ffh~~111'U'U hnu'YI <1>-1 (P(X)) = Po + PI X 
JJ 01 d dQ d 

3. ff'l1~A111'U'Ufl6lJ't'4illlJU'YIl'lil6fl-m)f) log[ -log{l- P(x)}] = Po + PI X 

... '" "'!':1 '" ~ , ~ '''!':1 '" ~ .a ... fl1'lm6flil~fln~fl'tflJffllJl'lfl111 ~ l~lJ Yn~fl'tflJl'lf61J(Iink function) f16 

g{P) = IOg(~) 
1- p 

d .:::lid d !l1I d'QJ 
3. f161J't'4ill1JU'YIl'lil6fl-il6fl n~fl'lfU 

g{P)= log[-log{l- p}] 

, _I ~ G 
3.2.2 't11fl1U'i:::1J1Wfil'iUI191tl'i 

.. 
~4 0 U' SI ' 0 u 

3.2.2.11IimD·:.n.Jtl~'UtlfJq~UUU01~'Ul't1'Ufl WLS 

57 

,.,. . 
1ifi1ft~fftH'.ht'{~lluurl1nh11'\rfl ,~ V = JjW lU6 W ll'YIU Variance-

. . Y'.$ V I 
Covanance matnx ~6~ i S C1f~ i = [ ( )1 

Var Yi 1 

~~,fUthlh::lJ1W p ~l1fl1i WLS ffllJ1'lfltilU1W,",lflfflJfl1'lUfl~ 

x'W-1 (Y -IlX) = 0 

X'W-I xp = X'W-I Y 

,iufi6 P = (X'W-1xt X'W-1y 
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.. 
~ct 0 CV" '0 CV 

lJjfl1f.NtTt).:.t'Ut)£Jf.'(~U1J1Jt11.:.t'U111'Ufl 

( I~JI~lI ) 

~ 

u • «tel CI 

fllIIUU'ftDIJllIYl11 DBft -DBft 

Variance-Covariance matrix "~H Yj's 

,hlllW'lltlllJ11111J::IUlI 

"B~KlIIUU IDiYl 

p(x. ) = exp{J3o + PI xJ 
1 1 + exp{J3o + PIXJ 

tlll1lWftlflllJ11111J::lillI 

"B~KlIIUU 1'ft1uYI 
" q «Ie( CI 

"B~fllIIUUflBJI'ftDIJllIYl11DBfH1Bft 

p(xJ = l-exp[-exp(Po + PlxJ] 

o , t.I ' " ... flll1lWfll 1::JllW(fll'ftDlft1W) "B~fllIIUU 

y=np 

tlll1lWftl Deviance 

c. J "J 
'ftJl'ftHDD'ft1 

1 
C ___ Ug ___ R ) 
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~. , ~ 

3.2.2.2 11i.fln~,"lV~lu,"q~q~ MLE 

.t:!I ~ "'~ 1 0 QJ rlQ./ Q.I d ..d .:S' 
scoring l1'Hl l'11'lTi Newton - Raphson ~HJ111f11111ltllfn'UTit)'U~lJl111'U.:j'Ut) ·HH)fll'HJ 

'Ut).:j~.:jni'Ufll1::11l\l:arl'U L(fJ) IlhJlJtllJ'Yillliil~t){~tl::~l ~.:jflt) U(B) Utl::111 

QJ ./01 QJ .d .4 .t:!I ! 0 I 

t)l!'Yi'UTit)'U~lJl1fft).:j'Ut).:j L(fJ) C)f.:jflt) H(B) \llfl'U'U'Ulfll U(B)lm:: H(B) lJlUl1'Utl.:j 

''UfflJfll1 p(s+I) = p(s) - (H(s) t u(s) \l::iifllHilJl\l'Ufl1l\l::h1'fil ~ ~iitil'~Al.:jtl'U 

lJlfllrl'U~Ut)lJllJ ,~ 
., . 

~.:j,r'U~l,.h::lJlwt)l1::11l\l:::lrI'UllH{~ flt) nii~'Ut).:j p(s) ''U'Uwdi s ~ 00 

m;116fl,rUl1d.:j flt) ~11h::lJlW m1::11l\l::lrI'U'Ut).:j~lU lJlJli.:jI~'U ~lH,rU~l' 11 IrI'U Htl 
JI ," I 

'Ut).:j f111 ~t)'U cil'fi' ~f111 olnill1,r fl'Ut).:j til".:j fft).:jU' t)uij tl~ 1 ~ UIlJ111 fl';'Ut).:j f111 0 1.:j 

" , " " " 
ll,...,,r fl\l::I11~u'Utll' 11lJfl'1f1l .:j'Ut).:jf111 ~t)'Ucil il Uflm::lJ1'U fll111 11 "IRLS process" 

.4 " -: ~ d .: 
(fit) Iterative Reweighted Least Square process) fl'j::lJ1'Ufll1Ut)'UC)f111.:jl1lJ~\l::lff1\lff'U 

, ,,,,, . 
AtJlUt)tll111::lJ1W'Ut).:j ~ ijUfll1 ~t)'U cilfft).:jfll .:j9i~At)tl'U '..rtllHtlAHlit~flI'WU.:j'Yit) 111 t) 

Irl 14 tY'U 6 
t)d.:jfl1llJu1111111'U'i1lJlrlt) 1m"t),r'U~'Ut).:j ~ t)Q1'U111llJ111 fl'; ~lrI'U'tY1'Ufl"lJ 

'Ut).:jllJ111fl'; M 11lffllJ1Hl11ltll111::lJlW'Ut).:j Cov{P) \llfl Cov~) = (x'Wx t l~u~ 
Wtll'U1W\llflth w W ~ 1'If'U Wi = (8IlJarJ;)2 /Var{YJ 

1 ~uff~11~ll1lJlJli.:jI~'U ~lH,rU~l' 11 114 fllnh ::lJ1W tll'Yillliil~t){'Ut).:j~ll1lJlJ 
., ., . 

hi1l\l::'m Fisher scoring 111t) 1m Newton - Raphson l~u~H 1l.:jfft).:j11l11'YilJ1liiiY.:j 

~lllJtl'U fl t) m::lJ 114 f111 ~t)'U oil A H~t:llftU1i fll1::11l \l::lrI'Ull.:jtl~rit)'U 1Itl'1 1 ~flll . ., 
111:: lJ1W tll\ll flfflJ flll 11 fl9i1 14" fl'l:lW ::'Ut).:j 111 til ".:j fft).:jU' t) Un tl~lIlJlJO 1.:j1l111,r fl 1 ~ uii 

" " ", 
m:: lJ1'U flll ffl' l.:j~ 101.:j1l111,r fl;i'U 1 11 ~1 14 lJ fl'11 t)lJ'Ut).:jf111 ~t)'U cil \l'U m::ll.:j' ~~ 1 

lh::lJlW~~1,j'1Iltl::iitJWfflJllii~llJ~t).:jfll1 1'If'U fl1llJ'Yit)I-WU.:j fl1llJfI.:jI~'UfI.:j1l "1M 111 

~.:jfl"ll;ft:ll\lI'1 UflnlJtl'U '~1l fllnh ::lJ1W tllt) ll::11l\l::lrI'U ll.:jtl~lIlJlJ~t)'Uoil 111t)11I 

IRLS ~,~ 1~fJlrI'U11I111::lJlW fil~UUlJ 1~ffll1llJ~1IllJlJli.:jI~'U~ 1H,rU~ l' 11 ~.:j 

l1lJlfJ11lJil.:j~1I1lJlJf11HI~tlt)U l";)ff9ifl ~ll1lJlJ ltlil1 ~ll1lJlJ~t)flnll1u{ ~ll1lJlJ~'U'1 

1'Ufl~lJl~fll11,,"'UI;Utl Im::~ll1lJlJ~'~li.:jl~'U~l '11~lU 
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C ____ 11_·J.I_ft_ ..... _~) 
~ 

u ct .ell" " 
fllIIUU't'tDIJ.I ..... nl1 tum -Dtln 

_I ' ... t! ~ " ...... 
u"i::JJ1Wtll'nT'iU .. lfUl"i fJ ~rUJlti MLE 

til ..... lWfllflllJ.l,.h~::liJ ..... 

.. tl~ftlIlUU lDin 

p(x.)= exp(l3o+PIXj) 
1 1 + exp(l3o + PIX;) 

! 
tll ..... lWfllflllJ.l,.h~::liJ ..... 

.. tl~ftlIlUU l't't1un 

1 

y=np 

tll ..... lWfll Deviance 

(~1fq_M ) 

IV ""4" 
"tl~fllIIUUfltlJ.l't'tDIJ.I ..... n11Dtln-Dtln 

p(x;) = l-exp[-exp(fJo + PIX;)] 



~ ~ 

lr1fJihl1'S'~fhrl1,:jli1lnrfl W '\lu,:jllilitl::~1UtJtJ",ru 
~ 

1. fhrl1,:jlillnrfl'\lU,:j~1UtJtJ ltlil1 Wi = ni Pi (1- Pi) 
~ 

2. fhrl1,:jli1lf,rfl'\lU,:j~111tJtJ In'Sul1 Wi = ni;(iJ /Pi (1-pJ 
~ 

I' 0 ~ QI d. dd d 
3. fl1tl1,:j'U llf 'U fl'\lU,:j~ 1U tJtJ flU lJ'WtlllJ'U 111 'S tlU fl-tlU fl 

Wi = ~8t])8,U}n;Pi(l-pJr, 
8t])8,U; = {-Iog(l- pJn;(I-PJt 

61 

1 
d,"","-, r-J Q .qoCt,oCt,l'" 

rlfJl1 Pi = yjni Utl:: Ei = Pi - Pi ItIlJ'W'Slfltl tl'ill1(empiricallogit) 

flU g(PJ = log{Pj(l- pJ} '\lw::~,glJYi1'flCl tvnUl1(empirical probit) flU 

g(PJ = ~ - I (PJ U Cl:: 1 g lJ '" 11 fl tl fl U lJ 'n tlllJ 'U 1111 ~ U fl -~ U fl fl U 

g(Pi) = log[-Iog{l- p}] 

.s 1'" . .,... "0 d, " .1 1 .s IlJU rim Deviance '\lU,:jIl~Cl::11I1Cl1 'U1f1Cll1 "lJlff~lJCl~ 'U~l'Sl,:jI'WUllffrl,:jfll'S 

_~ do .cw::t _I ' .Q. ~ 04 QI '" QI QI " IlJ'S fJtJll1 fJtJ 11 fll'S lJ'S:: lJlW fl1'n1'S llJl~ U'S UCl:: IClU fl~111tJ tJ lfIlf lJ 1:: fflJ fltJ Cl flllW::'\l U lJCl .. 
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C ____ I~_JJ_:_~-14---) 
~ 

logitw i =nj'i(l-pJ 

probitw i = ni¢(i} /Pi(l- pJ 

clog -log Wi = t Otl;/Op;)2 n ; Pi (1- pJ}-1 , 

Otl; lap; = {-log(l- pJn; (1- pJ}-1 

fll141tutl1fnlJJU19~lil14 

.. tl~ftlUUU lDin 

p(x. ) = exp~o + J3IXJ 
1 1 + exp~o + J3IXJ 

fll141tutlltnlJJU19~lil14 

.. tl~ftlIIUU 1 'W'iun 
u ....., cI 

"8~fllUUUfl8JJ'WDIJJ14n1'iD8n-D8n 

p(x) = l-exp[-exp(Po + PIX)] 

fll141tutll th~JJltu(tll'Wmn1W) "8~ftlI1UU 

y= op 

1 
fll141tutll Deviance 

1 
... " ., J 
'WJJ'WNDD'WI 

~ 
'HQA 



. ... 
tJJIJI 4 

., ., 
,nlJiiufli''1ih{h.Jflllflmniifllnh·::lJlwtlnnniilAtJ{'UfH ~i1111J1J l11i')'J ~1111J1J hn 

., 
Aodo Q,I''' '0 Q,I' 

1. 11i fll11'1fftJ'IlJtJUtl~111J1J(l1'11J1l1lJ fl(WLS) 

2, iifll1:lll\l::1{1ml'ltl~ (MLE) 

3. ii'flfhct'lfftJ'I~ltl~ (MCS) 

1 ~U~:l1JlU1Jlfiu1J1'i4tJ' ~'lJ flll ~~fflJ 'hii flll '~l {llJ ii~lh: lJ1W tln'llliilAtJ{~~ 

~tl~ 1111: ~ 1111J1J'~ ,{llJ~1111J1J~1l1lJl: fflJ tl1Jct fl1:l W:'U tJ'I,j'mJ11lJlfl~tl~ 1 ~ U 1 ~lflW cr1 flll 

~~fflJ'~ fitJ tll Deviance 1.h:fltJ1Jflll~~fflJ'" 1~u~iifllnh:lJ1Wthnlllii'AtJ{'~fllUM~1 

111J1J'~' 11'tl 1 Deviance U'tJU~tl~,{llJ ii1,h :lJlWtl nilniilAtJ{ fllU '~~1111J1J~1l1lJl:fflJtl1J 
Q,I' JJ .d 
11fl1:lW:'UtJlJ11lJlfl')'Jtl~ . ., 

',"tJfl1llJff:~1fl'lJ fllltJi1JlU ~: '~tYtlJct fl1:lW11')'JlJfI1llJl1lJlU9iH"l ~'1i1 

Logit U')'JlJ ~1111J1J l11i')'J 

Probit II')'JlJ ~1111J1J hnii')'J 

QI d 4d d 
Clog-log 11')'JlJ A 1111J1JfltJ lJ'rt mlJlJ'YIll 11tJfl-11tJfl 

WLS 

MLE 

MCS 

., 
401::10'" tJ '0 QI 

11 ')'JlJ 11i fll11 '1fftJ '1lJ tJ Utl~111J1J O1'11J1l1lJ fl 

11')'JlJ iifll1:lll~:I{llJ1J'Itl~ 

11')'JlJ ii'flfilct'lfftJ'I~ltl~ 
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, 
, t11 

tll 
Logit Probit Clog-log 

m'm 
WLS MLE MCS WLS MLE MCS WLS MLE MCS 

... 
Q-lll~t'JU 0.5 10 3 1.4 3.1 3.4 1.4 3.2 3.3 1.4 3.5 3.9 

1-2 Y 

2-4y 

5-9 y 

1Q-14y 

15-19 y 

~20 

1.5 

3 

7 

12 

17 

30 

""" 1Tiflll 

10 

29 

69 

51 

15 

108 

1 

5 

39 

31 

8 

91 

1.6 3.3 3.5 1.6 3.3 3.5 1.5 3.6 4 

5.3 10.5 11.1 5.4 10.5 10.9 5.1 11.1 12.4 

18.4 30.7 31.9 19 30.6 31.3 17 30.8 33.5 

20.5 28.2 28.8 20.9 27.9 28.2 18.7 27.3 28.9 

~ U U ~ ~ U U U ~ 

93 92.4 91.8 93.2 92.3 92.1 99.9 92.1 91.6 

tl1llJll1lJl:: t1"lJ 'II t'J.:.I9i 111 tJ tJ 

lh::lJ1W Logit Probit Clog-log 

, 
'" " tll't't11llJ1At'Jl Deviance P-value Deviance P-value Deviance P-value 

WLS 38.4522 3.06E-07 35.86464 1.01E-06 53.93725 2.16E-1O 

MLE 13.76141·· 0.017198 13.95967 0.015868 15.43142 0.00867 

MCS 14.01068 0.015542 14.02182 0.015471 16.49553 0.005563 

fH"'lfl111J1~"Uihn: df= 5 

~t'Jlq!ft~t'Jltlu1Ul1~,j'llJ Amozonas Un:t'YIfl'tJllcliCl i11971 ~mi~fl~lJ1~Ul1C1lUfl~lJ1u 

1~ t'J.:.I'II t'J.:.It'J1Q 114 t'J A l1\lt1"t'J tJ 1W1f1.:.1l1C1l 1 U flll' U ~1'lf'i 1J1'1t'J.:.Itiu lJ1Cllil U 1l1'lf'i lJ~"1' flCltJ 1 fl 

... , '1 " " .k , 1'1 " ~ ... l1'H) lJ 11f1fttJ1fl 'IIt'Jlq!C1\llfl Draper,Voller and Carpenter(1972) "If.:.l Draper " 'lfA111tJtJtlt'JlJ't'tCl 

... " " 1 '" "" 1'" , '( ) ~ ~ _I .k .,. llJU 'YIll ftt'Jfl-C1t'J fl U flll11tln:::11'11t'Jlq!C1 ~UlJtllflClH'IIt'J.:.Ifl'llJt'J lQ X 11JU A1lJl::: flt'JtJl1U.:.I'YI 

1~U9i11lUl t'Jt1JlU ff1U ihllUl At'JtJt1"Ut'J.:.I flt'J rfl ~ftJl"lf'i lJ~hr flCltJ 1flllCl::: hi' ~ 11' flCltJ 1 fllrlt'J fil 

flftH'IIt'J.:.It'J1Q9iHtiu ~t'Jlq!C1flt'J mllJ~'IIt'J.:.I~~'~ftJl'lf'ilJ~111' flCltJ1 flllCl::: '1i'~1 11'flCltJ 1fl W th 

flClH'IIt'J.:.Ifl~lJt'J1Q~1:::~tJ9iHtiU 't'ttJ1lthul::1JlW~'~\llfl9i11ltJtJ lC1i'YI 9i11ltJtJ l't'tlii'YIllCl::: 9i1 
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d .c( d d 1~ ... 1 ' ~ c/~~ 4 ~o QI " 

1l1111tltllJ'YHllmfYll1 tltlfH'Itlfl 1mJ ~1110111J1~lJ1Wtl1~111lJl~tlHU1fl1:l1 tltl 11i01tl,U1'tl ,rumJ 

tlflll1111ri1 ,nl nn1 fl (WLS) 111 11 l1~lh ~~lrtlJ ~ ~tlfl(MLE) lltl~111' tl ti1ti~fftl~~ltlfl 
(MCS)~11llJfl~llJfi1fltlH'tItl~fl~lJm~ llfffl~ HllJ~111~~ 4,1 

fl11 'YIflfftl11tl11lJ1'H lJ 1~fflJ'tItl~i1U 111111 1U 1~11I 011 tl1 ~ lJ1W fi1~ 1 1 1 ijl"tll~~~11 H~ 

4.2 lflufi1ffil~ Deviance 'tItl~i11l11111tli'YI ftlUM11I MLE 1l1'fi1 Deviance l'rilti11 13.76141 

". d" d QI' ,,,. .ci QI .oQ 'ev 
lJtlUfl11lJflmW ll~tll Deviance lfW11fl11tll Z; fltll p-value 'YInfl11tl~ff1tlff1~1'Y11fl11 5 Utl~ 

tl11lJlh~~lrtlJ llJ011utllJlmi11l111J 1 tli'YI'tltl~,j'm.!tl'fl~ 1 ri'ufill'rilti11 0.017198 U'tWfl':h 
. " 

1~~1Jl:rfJthflty 0.05 i~i1tl '~'hi11l1111 1 tli'YIV~ 'liUtl11lJ1'HlJ1~fflJti11,j'm.!tl'flfi 1 il 

~lflltl~ 4. 1 llfffl~011~ntl~tl11lJ111~~lrtlJ ~ihu '~11J1C)fi lJ~1l1'F-ltl1J1fl~ llJi11l1J1J 1 il 

.. '" 1.Q OJ .c:::t.od d d .A ~ J 0 I " ~'Y1 ~11l1111 ~111'Y1lltl~ "1U1111tltllJ~mlJlJ'YI11 tltlfl-tltlflllJtlm~1~lJ'tIlJ'YI1011t11~lJ1Wtllfl1U 
" 

11Ifl11 tl1 ~ lJ1W fi 1~ 11 1ijl~ tl 1111111 til ti~ fftHU'tlUtlflll1111 ri1~1l111lr fl (WLS) 111 ftl1~111~~ I rtlJ 
. " 

~~tlfl(MLE) lltl~ n'tlf'hti~fftl~~ltl" (MCS) Utldh011~~tl~tl11lJl1n~lrtlJnlJ'ri~ 3 i11l1111 
" . 

~1U11I011t11~lJ1Wfi1~111ijl~tlln~ 3 111 llJm1l'h~u1tilJ~~ltlfi 4.1 ~~lfltifl1:lW~'tItl~m1~ 

tl11lJ111~~lrtlJ llJ O11~~tl~ 'li'~lrtlJ m 1~1 tli1lt:Jff 011 m~~lU'tItl~tl11lJ111~~lrtlJ ~lnfl~lflO11 

~U1mW ,.; H~lfl'fltl11lJ111~~lrtlJ'tItl~fi 1~ tl1JfflJ tl~~tY ~lfl~ '~fitllJ,j' HlJ1 fl ~~l rtlJ1'H ~ 1l1'fi 1 

deviane Ufi1lJ1fl fl~l1 '~'hi1U1111 ltli'YI~tl1~lJ1W '~V~ 'liUtl11lJ1'HlJ1~fflJ~tlti11,j'm.!tl'fl~ 1 
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I 

ti11.11nJlW"lmi1u1111mfJlrnfll'i1h::lJlwtil'Yn'ilih~t)'fuA~::1Ji tll 
I 

tll 'tI'Ulfi 
I 

fHllJ61tJ ~611 Logit Probit Clog-log 
fl~H 9i16Hl.:J 

t1'lJ6.:J WLS MLE MCS WLS MLE MCS WLS MLE 

2o-24y 22 1952 104 105.9 112.9 113.1 101.7 102.3 102.4 108 120.6 

25-29y 27 1791 128 133.1 140.3 140.6 134.3 135 135.1 132.9 145.7 

3O-34y 32 2113 231 213.5 222.6 222.9 221.6 222.5 222.6 209.7 225.5 

35-39y 37 2783 378 378.3 390.3 390.7 396.6 398 398.1 367.6 387.9 

4o-44y 42 2274 442 410.4 419.1 419.5 428.3 429.6 429.7 397.2 411.6 

45-49y 47 2393 593 563.8 570.4 570.7 579.9 581.3 581.4 548.2 558.3 

5O-54y 52 2090 649 629.9 632 632.3 634.8 636.1 636.2 621.1 622.2 

55-59y 57 1750 631 658.8 656.6 656.7 649.7 650.8 650.8 664.9 656.4 

6o-64y 62 1136 504 520.3 515.9 515.8 503.3 503.9 503.9 541.6 528.2 

"l'iH~ 4.4 fll'i ~'i 1" t1'611tl11lJllf lJl:: t1'lJ'tI6~9i 1111111 tllfJ 1 ~1Ji flU 1.11:: lJ lW ti ll'fU lijl~ 6lllJ 

""'" tl11lJllf lJl::t1'lJ'tI 6.:J9i 1U 1111 11ifll'i 

1.11::lJ1W Logit Probit Clog-log 

I '" " tlll'fl'illJl~6'i Deviance P-value Deviance P-value Deviance P-value 

WLS 10.36431 1.69E-01 4.09082 7.69E-01 23.20187 1.57E-03 

MLE 8.19993 0.315230 4.05551·· 0.77336 16.15742 0.02372 

MCS 8.20316 0.31502 4.05565· 0.77335 16.1799 0.02352 

,r 6lJ ~~tJ111Jlfi ~'tJ'i lfl'''lflt1'lHllJljlJ~ flll'f r .:Jff~ ij61tJ'i ::W.iH 20-64 il 'tI6.:J11 lli Yl 

Coa1miners \lfl~flmjlJlr1lJlf~lfJfl~lJllJl~6.:J'\I6.:J61tJ 'hij61fll'ilf611lf;6 'Uij61fll'ilf611 1~6 
" 

nlnlJllJ Coa1miners ,rmJ~"flia~l~9i1u1111 l~~Yl llJflu11tl'n::li',rmJ~ ,r6lJ~"lfl Ashford 

, tid I I () ~ ~ _I d '" ~ ~ _I '" and Sowden(l970) fI'ti.:Jtllfl~H'tI6.:Jfl1JlJ61tJ X llJlJ~11J'i:: fl611lflJ.:JYll1JlJ~1111J'i61i111fJ 

ti1lJ9i1U'tJ'i~611t1'lJ6.:J fl6 ~tJ111Jlfiij61fl1'ilf611 11~:: ,uij61fl1'ilf611 1~6tilfl~H'lJ6.:J61tJ 

Al.:JtilJ ,r6lJ~ fl6 tl11lJ~'lJ6.:J~tJ111Jlfiij61fll'ilf611lm:: 'Uij61fll'ilf611 W tilfl~H'lJ6~fl~lJ61tJ~ 

MCS 

121.2 

146.3 

226.3 

389.1 

412.7 

559.4 

623.1 

657 

528.5 
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. " .. d d , ~ _I • .c:t. t/4.c#l .II!!.cu::l 0 QI", '0 Q,I 

1 fl6fH16fl fllll 9111ifll11J1:::lJ1Wtl1'n11llJ19l61'Y1ftfl1l1 tl6 11iflln~n6~U611tl"U1111tl1~U1'HUfl 

(WLS) nfll1:::1h~:::ltlUtl~tl"MLE 11f1:::n'tlfhtl~n6~~ltl" (MCS}~lUUfl9l1lJti1flnWUtl~fl~lJ 

tIlQ un,,~H'U9I11H~ 4.3 

fll1'Y1"n611tl11lJ1'HlJ1:::nlJ'\l6~9hU 1111f111l' rn fll1 111 :::lJ1W ti 1'n 111ih9l6{ f1~9111 H~ 4.4 

1"lIti1no~ Deviance '\l6~i1111111 1'n1ii'YI fllll,rn MLE 'l1'ti1 Deviance l'rilt111 4.05551 'l1'ti1 

P-value llilt111 0.77336 ~t1~ft1tl11lJltluijn1:::l'rilt111 7 tl11lJlh~:::1t1U 'Ufll1116lJl11i1U1111 1 Yi 

1ii'YIiilJlflfl11tl11lJlh~:::ltlui1111111 lni'YI un::: i1U1111tltllJ'nHllJU'YI11~6fl-~6fl16~n~lJ1 fltl 

i1U11111Yi1ii'YIfllll,rn MCS 'l1'ti1 Deviance l'rilt111 4.05565 'l1'ti1 P-value nilt111 0.77335 

d '.1 ., 1"'''''''' """"" ' '''.1 ... , " .. '" 'JI"~tll1J1:::lJ1W'\ltl~911111111 'n111'Y1 fllll 9I11i MLE lln:::11i MCS 'Htll1J1:::lJ1W 'YI flnltlll~flUlJ1fl 

ltlu'11911lJ~ Berkson{l955) fl~11H11til111:::lJ1WYi111ij19l6{~lfl MCS 'l1'til111:::lJ1W'i'\'~ 
, • I JI 

llilt1111i MLE ~lfl~6lJnG;itl111J'Hl;iii61fll1'H6111"il fl111ii6fli1111111 1 Yi1ii'YIfllllM1i 

MLE 1'n11:::'l1'ti1no~ Deviance U6l1~tl"~lfllJflmW'\ltl~nfll1111:::lJ1wti1Yi111ij19l6{ i~il6'i'\' 
" . . 

11i1U1111 lYi1ii'YIfllll,rn MLE iitl11lJ1'HlJ1:::nlJt111~6lJn1"illJlfl;itl" lin::: 'l1'ti 1111:; lJ1w;i,i'\' 

~ 1fli 1111111 'fl~lti 1I~ t111ti 1tY ~lfl91 ~lfl~6lJn ~l ~ lJ 1 fl~ tl" ~ ~ n6U 'HU 1if Ashford and 

Sowden(l970) 'i'\''ti1fll111fl11:::l'i'i'\'111i1U1111 lni'YI ~:::1'I1u 'i'\'11ti1 Deviance ~lfl1i MLE '\l6~ 
" ~6lJn1"il iitimilt111 8.19993 'l1'ti1 P-value llilt111 0.3152 'H16fl~11 'i'\'11tl11lJll1~:::ltlU'Ufll1 

QI QI d' ... 1 rI d "JI • QI 1 '" .,j, """""" 
1I6lJ111911111111lJUfl 31.52 11J611'Jl"U9I U611fl119l1U1111 Yi111'Y11lJ6 '!f11i MLE 

... '''''' 1 "",..,... .. '" " .d 1f16fl '!f9l1111111 Yi111'Y1 fllll 9I11i MLE lYi11:::lJtl11lJ1'HlJ1:::nlJfl11'\l6lJn1"'YI 2 

~lfll11~ 4.2 un"~fll1'n~691tl11lJll1~:::ltlUGihll~tl111J'Hi~ii61fll1'H611 9I1lJi1U1111 1 n 

i'YI i1111111 1 Yi1ii'YI un::: i1u1111fltllJ'nHllJU'YIll ~t1fl-~6fl lrl661Ql~lJ~U'ti1flll111:::lJ1Wti1i'\'111 
1i fll1 111::: lJlW ti ntl11ij19l6{111111 fhtl~ n6~U 6l1tl"U 1111 rl1~J l'HU fl (WLS) 1i fll1:::111~:::ltlU 

. " 
tl~tl"(MLE} un::: n'flihtl~n6~9htl" (MCS) un:::'ti1fll1Yi~691tl11lJll1~:::1t1unlJl;~ 3 i1U1111 

" . 
i'\'1111ifll1111:::lJlWti1Yill1ij19l6{'fi~ 3 1i 'umlfh~1I1t1Uf1~111;i 4.2 i!l~lfltlflllW:::'\ltl~m1~ 

fl11lJll1~:::1 tlu'u fll1 Yi~6911tlU m l~l11i 116 n flll m :::~11l'\l6 ~fl11lJll1~:::ltlu ~lfi,,~ 1flfll1 

'" "'" ,~, ... ., ' ''''' d ~ '''' 'nll1mw flnfl11~"fl11lJUn:;I1JU'\l6~tll9l611nU6~'YIn~lfl91 "fl6U'\l1~lJ1fl ~~llJU1'HiIl 'Htll 

deviane iiti1U6l1 fl~l1 'i'\'11i1111111 1 Yi1ii'YI~111:::lJ1W 'i'\'i'\'1l1n MLE iitl11lJ1'HlJ1:::nlJt111~6lJn .. 
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I , 
• 

• ~ L"YI'lli 
PIIA! 

+ CvA • x Lilli 
Pmlo • Cmle , lit Lmc. 

I· Pmcs • .. Cmcs 
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. " 
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, 
ti11.h:::1J1W'l1fl9i1U1.11.1fIl(Jlrnfll1th:::1J1wtil't'n11ijl~tJlu9iH:::1i fl1 

fl111J~U 
, 

Logit Probit Clog-log fll 'lJU1rt ~tJ1.1 

lHli~ flHH 9i'1tJfil.:J tYUtJ.:J WLS MLE MCS WLS MLE MCS WLS MLE 

<117 111.5 156 3 3.6 5.2 5.6 3.5 5 5.2 3.6 5.3 

117-126 121.5 252 17 7.7 10.6 11.3 7.9 10.5 10.9 7.7 10.7 

127-136 131.5 284 12 11.7 15.1 15.9 12.2 15.2 15.6 11.6 15.1 

137-146 141.5 271 16 14.9 18.1 18.8 15.8 18.4 18.8 14.7 18 

147-156 151.5 139 12 10.2 11.6 11.9 10.7 11.8 12 10 1l .5 

157-166 161.5 85 8 8.2 8.9 9 8.5 9 9 8.1 8.8 

167-186 176.5 99 16 14.3 14.2 14.1 14.2 14.1 14 14.3 14.2 

>186 191.5 43 8 9 8.4 8.2 8.6 8 7.9 9.2 8.5 

'Hfflfl11lJl~'Uiirrl:; df = 6 

"l'iH~ 4.6 flll ~ 11'ltYtJ1.1fl111J1'H lJ 1::: tYlJ'lJtJ.:J9i' 111 1.11.1 f11fJ 19l'ii fll1 tJ 1::: lJ1W ti 1'n 111 ijl~tJl1 U 

""'" fl111Jl'H lJ1::: tYlJ'lJtJ.:J9i'1111.11.1 11ifll1 

tJ1:::lJ1Wti1 Logit Probit Clog-log 

.... .. 
'n1111Jl~tJ1 Deviance P-value Deviance P-value Deviance P-value 

WLS 9.53954 0.14543 8.73983 0.18875 9.74804 0.13567 

MLE 5.90916* 0.43344 6.05616 0.41693 5.88427** 0.43628 

MCS 6.08157 0.41411 6.10693 0.41132 6.08087 0.41419 

,j'tJlJH~t)lRfJI'nfl'r1fJt:IlQ 40-59 1IlulijtH 2 lijtJ.:J ~mrrtfl~1JlilU'HH1(Jfl~lJ1Ul~tJ.:J'lJtH 

fl111J~U lHli~ '~tJ~n'ltYtJ1.11U'~b.:J 611 9imdtJ.:JtlU11,ilU hfl111 h 'HltJ ,,j,ilu hfl1111'l lrtfJ 
tI 

, ~.x .... .." "''' '" 1 .... " ~lllflln'ml:::'H'lJtJlJH'rtUrt1fJ~1U1.11.1 ml'YI 'lJtllJH~lfl Cornfield (1962) UH::: Agresti (1990) 

cI1.:Jti lflHl.:J'lJtHfl11lJ~U lHli ~ (X) ,ilu9i' 1tJ1 :::flmJ'Hit.:J ~lilu9i'111 tJ1 tJi1.J1fJ thU9i'111tJ1 

~tJ1.1tYUtJ.:J fitJ ~~lilu hfl111 h'HltJ ,,j,ilu hfl1111'l ,rltJtilflm.:J'lJtJ.:Jfl11lJ~U 1 Hli~9i l.:JtlU 

,j'tJlJHfitJ fl11lJ~'lJtJ~~~,ilu hfl1111~'HltJ ,,j,ilu hfl1111i W tilflHH'lJtJ.:Jfl11lJ~U lHli~~l:::~1J 

9i1.:JtlU 'n1.111ti1tJ1:::lJ1W~'~~lfl9i'11l1.11.1 lHi'YI 9i'1111.11J hniJ'YI UH::: 9i'1111.11JfltllJ'n~llJU'Ylll ntJfl-

MCS 

5.7 

11.4 

15.9 

18.8 

11.9 

8.9 

14.1 

8.3 
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. ~ 

~ijfl f1ltJhi'11lfllnh~1JlWfhYfl'niil~W{iiflm:ll flij 11Itil~'HYij~,rijtJtl"U'IJ'IJ~1 ,nhl1,rfl (WLS) 

11Itll1~lll"'~t1'lu1J~tl"MLE Uil~11I'f1til~~1Yij~~ltl" (MCS)~lUUflAllJtilflilH'UtHfl~lJijl~ 
U1Y,,~H'UAll1~~ 4.5 

flll 'YI" 1YtJ'lJfll1lJl11lJl~ 1YlJ"ij~Pi1u 'IJ'IJ tlltJ' rn flll111 ~ lJ lW til'Yfll1 iilAij{ ~~All1 ~~ 4.6 

1 . <Q..<Q. QI .c:t.c:td d , Y ... d , Y I 

"tJfll1YtlA Deviance "ij~A1U'IJ'lJflijlJ'YfilllJU'YIl1ilijfl-ilijfl f1ltJ Al1i MLE l1f1l Deviance 

nilfl'IJ 5.88427 hftil P-value llilfl'IJ 0.43628 ~tiltJ~tJlfl11lJlr1u61Yl~nilfl'IJ 6 lij~il~1Jlfiij 
, ~<Q. QI 1 ... , - , " I , QI , Y , 

f111YtlA Deviance "ij~A1U'IJ'IJ il"''YIf11tJ Al1i MLE l1f1l Deviance l'Y1lfl'IJ 5.9092 l1f1l P-value 

l'yilfl'IJ 0.4334 ",~n1uilfll1lJlll"'~1r1U'U flll tJijlJl mi' lU'IJ'lJflijlJ'Yf ~llJU'YIil ~ijfl-~ijfl Ij1Jlflflil 
~ 

f111lJlll"'~1r1U 'UfllltJijlJlmi'lU'IJ'IJ lil\l'YI Uil~ A1U'IJ'IJ 1 'Yfl1J'YI "'lfl,j'mJil~"ufll11~ijflA1U'IJ'IJ 
.:s odd d , _ , "1 <C:IioQ " .d do 

f1ijlJ'YfilllJU'YIl1ilijfl-ilijfl f1ltJ Al1i MLE 1'Yfl1~ 11f111YtlA Deviance UijtJ'YItl""'lfllJflmW"ij~ 

""'" tI I ... "'dl .... 'JlI~ d del eI ,-l1iflll 1~1JlWfIl'Yfll1lJ1Aijl "'~tlij ~11A1U'IJ'lJfltJlJ'YfilllJU'YIlliltJfl-ilijfl f1ltJ Al1i MLE Uil~ 

f111lJlll"'~1r1U'UfllltJijlJl'IJA1U'IJ'IJ Ijo~ 43.63% flrill '~ilA1U'IJ'lJflijlJ'Yf~llJU'YIll~ijfl-~ijfllj 
~ . 

f111lJl11lJl~1YlJfl'IJ,j'mJil~" 3 U1Jlfliitl" f1ltJM1~~'IJlrmhtity 0.05 

"'lflltl~ 4.3 U1Y"~flll'Yf~ijAfll1lJlll"'~1r1U~illtJ~1r1U hfl111 h AllJA1U'IJ'IJ lil\l'YI Al 

1 Q QI .c:t Q d d.4 01 1 <Q. ~ J 0 , 

U'IJ'IJ 'Yfl'IJ'YI Uil~ A1U'IJ'lJflijlJ'YfilllJU'YI11 ilijfl-ilijflllJijfl11lJ"U ill1AI'YflJ"U 'YIlflllt11~1JlWfll 
~ 

~ltJ11Ifll1 til ~lJlW ti 1'Yfll1iilAij{U'IJ'IJ til~~1Yij~,rijtJtl"U 'IJ'IJ~1~1l111,r fl (WLS) 111 f1l1~lll"'~ . ~ 

lr1U1J~tl"(MLE) Uil~ 11I'f1fh~~1Yij~~ltl" (MCS) Uil~Yilflll'Yf~ijPlfll1lJlll"'~1r1unlJ'ti~ 3 Al 
~ . 

U'IJ'IJ~ltJ1iflllt11~1JlWtil'Yfll1iilPltJ{ii'~ 3 111 'Uml'nl~tJlflU~~ltlii 4.3 ~~lfl~flllW~"ij~ 

m 1~f111lJlll~~1r1U' U flll'Yf ~ijPllriU tI illtJl1 H" ij~l tlA l1ij 1Y 1,1 ij~ ~1fl'hfll1lJlll~~1 rlu "ij~ flll 

'Yf~ijPl,j'mJil~" 3 ;iljtil1J~tl"~ 0.2 Yil,,rlJij~ml~ijtJfllJl'lhrlUltlA1W1Y flllm~"'ltJ"ij~f111lJ 
lll~ ~ 1 rlu ~ 1ft" ~ 1 flfll1 'Yf tJ 1 m W , fl~ fl'IJ~" f111lJlll ~ ~ 1 rlu" ij ~ti 1 Pl ij'IJ 1YU ij ~ ~ tY ~ 1 flPl' ~ 
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, 
tll'lh::lJ1W~nflA1111111mulrnfl111.h::lJ1Wtll'Wl11ih"~l'fu~~::ii t11 

log- 'IIU1~ 

, "tl11 Logit Probit Clog-log 
dose 

... 
"1tlUH 

O'Utl'l WLS MLE MCS WLS MLE MCS WLS MLE 

0.41 50 6 6.4 6.3 6.3 6.4 6.3 6.3 6.9 8.4 

0.58 48 16 15.5 15.5 15.5 15.8 15.8 15.8 13.7 15.5 

0.71 46 24 24.9 25 .1 24.9 24.7 24.8 24.8 21.5 23 

0.89 49 42 39.4 39.7 39.5 39.1 39.3 39.2 38.2 38.4 

1.01 50 44 45 .2 45.4 45.3 45.4 45.6 45.5 46.6 46.3 

tHtllfl111JL~'UthY'l:: df = 3 

~ 

tl11lJ l11lJl:: O'lJ'IItl'lA 1111111 11ifl11 

1.h::1J1Wtll Logit Probit Clog-log 

"" ~ 

'Wl11lJ1"tl1 Deviance P-value Deviance P-value Deviance P-value 

WLS 1.37558 7.11E-ol 1.65452 6.47E-OI 4.91120 1.78E-ol 

MLE 1.34806** 0.71775 1.63864 0.65066 4.03547 0.25766 

MCS 1.36100· 0.71470 1.64286 0.64971 4.05094 0.25602 

. ., 
'li'tl lJ ~ UllJ lW tl11lJ1 'Ii' lJ'Ii' U 'II tl'l 0'11 fi1:l Yi ij f.I ~~ tl fl11" lU'II tl'l UlJ~'l 'Ii' tl \!~ ,.~il' fi' li 1 fl11 

.c:t. " "QI 1 Q " _ 14 " " 11ml::11~1U"1U1111 'W111'Y1 'IItllJ~\)lfl Martin(1942) 11~:: Finney(I971) lJ1lJ1W tl 11 lJ1'11 lJ'IIU'IItl 'I 

"" d ~ ... _I d... _I "" ' ''' _I '" 
O'11'W1:I log-dose CIt 'll1JU" 1lJ 1:: fltl1111 WI'IItl'l"1U lJ1 tl1i1J1U O'1U" 111lJ 1 "tl11O'U tl'l tltl flll" lU 

, , 4 ,,,... " " "" 1 _ I"" , " "'. .d 
11~:: lJ"lU'IItl'lUlJ~'ll1Jtl ~111tl11lJ1'11lJ'IIU'IItl'lO'l1'W1:I UlJ1lJ1W"H '1 'IItllJ~ tltl \)lU1Utl11lJtl 

" 

QI"".c:t.l ",,,. , 
'IItl'lfl11"lU11~:: lJ"lU'IItl'lUlJ~'l W 1::~11tl11lJ1'11lJ'IIU'IItl'lO'11'W1:I Utl11lJ1'11lJ'IIU"H 'l 'W1111 

tl1U1::lJ1W~'fi'\)lflA1111111 l~i'YI 911111111 1'W1ii'YI U~:: A1U1111tltllJ'Wti1lJU'YIil ntlfl-ntlfl muM 

iifl11U1::1J1Wtll'Wll1ij1"tl{~fffl1:l1 tltl iith~hO'tl'lU'tlUtl~11111Jrl1'lJ111,rfl (WLS) iifll1:: 

lh\)::lnUll'ltl~MLE 1l~::ii'tlfhn'lO'6'l~ltl~ (MCS) ~l11Ufl"l1J1::~11'11tl'l log-dose uO'~'lHlu 

"111'ln 4.7 

MCS 

8.6 

15.7 

23.2 

38.5 

46.3 
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flll 'YI~HH)Ufl1llJ111lJl:: fflJ'tItl 'I9i'111UU fIlU 1 rn fllnh :::lJ1W thrill 1 ih~ tl{ f1'1~ 1 'j H~ 

4.8 i~Uthffil~ Deviance 'tItl'l9i'111UU ifli'YI fIlul~1i MLE 1,rth Deviance I'rhnu 1.34806 1,rth 

P-value l'rhnu O. 71775 ~tl'lfl'lfl1llJlil'U6ffl:::n1lnu 3 fl1llJlll'il:::lil'Ul'UflllUtllJ1'U9i'1UUU i fl 

i'YI )jlJlflfl1lfl1llJlll'il::lil'U 9i'1UUU hnu'YI Ufl::: 9i'111uufltllJ'YfiillJ'U'YI11 ntlfl - ntlfl ltl'lfl'llJl 

fitl 9i'1UUU ifli'YIfllulrn Mes 1,rth Deviance l'rhnu 1.36100 ci1'1fhlh:::lJ1W'tItl'l9i'111uu ifli'YI 

fIlulrn MLE 1Ifl:::1i MeS ,,rflll.h::lJ1W~'fl~lfiu'In'UlJ1fllil'U'tJ~llJ~ Berkson{l955) 

" 
mh1 H1lflltJl:::lJ1W'Yflllih~tl{'illfl MeS 1,rthtJl:::lJ1W '~~lfhnu1i MLE 'illfl.u'mJfl,,~i1 

fl111~tlfl9i'111UU i fli'YIfl1Ul~11flutJl:::lJ1W fll 'YfU lijl~tl{UUUfll1:::lll'il:::lil'U ~'Iq~ MLE 

1'Yf 1 1::: 1,rfhffil~ Deviance UtlU~q~'illflfJflmW'tltl'l1ifllltJl:::lJ1W fll'Yflllijl~tl{ \l'liitl '~':h9i'1 
" . . 

i .. ,- d .. " d d 1'" _I d,"" IIUU fl'il'YIfllU ~1Ti MLE lJfl1llJll1lJl::fflJflU'tItllJfl"~'UlJlfl'YIq~ Ufl::: l1fl1ul:::lJ1W'YI "'illfl~1 

1IUU 'fl~lfiu'InUfllff 'Ilfl~ 'il 1 fl.u'tllJfl 'ill 'IlJlfl~q~ fIlU 1~1:::f1mrUtYltiqj 0.05 
. " . 

.u'tllJfl,~Ji 4 i1l1it'l'illflfilfllltJ1'Ufll9i'1IltJltli1J1U1I~1 HflJi'~fitl 9i'111UU lfli'YI )jfl1llJ 
. . " 

111 lJ 1::: fflJlJ1 fl1l9i' 111UU l'Yfl U'YIfi U'I'U '~fi 1 flll tJ l' u.u' tllJfl9i' 111 tJl tli 1J1U 11191 HflJilil'Ul 'If'U i1 

t _I _I .: , .,,,, I. oQ lid 
l'Yfll:::1l 'tI'U 1~fl1llJllulul1'U 'tI'Utl QflU'tI'U l~'tItl'l'tltllJfl 1Ifl:::fl1llJU~ fl~H'tI tl'lfll'YfU llJl~tll 'YI 

'

" J. 'Q,I I ! .,! d ,'" ., CIt. do' <lIS oQ 0' 
tJl:::lJ1W ~'il:::'tI'UtlQflU'tI'Ul~'tItl'l a 1'Yll'U'U ~'I'U'U'il:::111'U ~1l~111tJltlTi1J1UlJHfl~tlfl11mtlflfl'lfl 

lhnofu 

'illflltJ~ 4.4 lIff"'IflU'Yfntl~fl1llJlll'il:::lil'Ufl11~lU'tItl'llllJfl'l ~llJ9i'1UUU lCli'YI 9i'1UUU 

l'YflU'YI 1m:: 9i'1IluUfltllJ'YfiillJ'U'YIll ntlfl-ntlfl lrltltJllJ1Wfl1llJl.u'lJ.u''U'tItl'lffll,"'I!Il~lJ~'U fil fl11 

" tJ 'j :::lJ1W fll~1U1ifllltJ l:::lJ1W fll'Yflllijl~tl{UUUtll ~'I fftl'lUtluq~lIUU rl1'1l1ll1ll' fl (WLS) 1i 

fIl1:::lll'il:::lil'U~'Iq~(MLE) Ufl:: 1i'fltllit'lfftl'l~lq~ (MeS) ufl:::filfl11'Yfntl~fl1llJlll'il:::lil'U 
" ". 

nm;'I 3 9i'111UU~1U11flUtJl:::lJ1Wfll'YfUlijl~tl{fi'l 3 11 l'Umlfh~u1n'Uf1'11tJfi 4.4 ~'illfl 

~fl'l!lW::'tItl'lm l-nfl1llJlll'il:::lil'U' 'U flll'Yfntl~lil'U 1 tJ9i'1mff flll m :::'illU'tItl'lfl1llJlll'il::: lil'U ~lfi~ 

'illflfl11'YfUlmW lfl~nU~~fl1llJlll'il:::lil'U'tItl'lth~tlUff'U tl'l~ ff 'Ilfl~ 1 ~fltl'U .u'HlJl fl \l'llil'Ull191 111' 

fllffil~ Deviane )jfllUtlU fl~l1 '~1l9i'111UU lfli'YI ~tJl:::lJ1W '~~1u1i MLE )jfl1llJll1lJl:::fflJ 
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CONC 

0.0018 

0.0022 

0.0026 

0.003 

0.0034 

10 

10 

10 

10 

10 

Logit 

tY'\.Jij.:J WLS MLE 

1 

3 

5 

7 

8 

1.1 

2.4 

4.5 

6.6 

8.3 

1.4 

2.7 

4.7 

6.8 

8.3 

f)~"lf1111J1~'Uflff~:: df= 3 

""'" 11iflll 

th::mwfh Logit 

... " l't 1 nlJ 1ft ij';j Deviance P-value 

WLS 0.43638 0.93263 

MLE 0.29161 0.96160 

MCS 0.29382 0.96119 

76 

Probit Clog-log 

MCS WLS MLE MCS WLS MLE MCS 

1.4 

2.8 

4.7 

6.8 

8.3 

I.l 

2.5 

4.5 

6.6 

8.3 

1.3 

2.8 

4.7 

6.7 

8.3 

1.3 

2.8 

4.7 

6.7 

8.3 

1.2 

2.2 

4 

6.4 

8.7 

1.7 

2.8 

4.4 

6.5 

8.5 

fl11lJll1lJ1::tYlJ'tIij.:JA1111111 

Probit Clog-log 

Deviance P-value Deviance P-value 

0.35387 0.94960 1.32623 0.72292 

0.27191·· 0.96522 0.79039 0.85176 

0.27224· 0.96516 0.80553 0.84814 

1.8 

2.9 

4.5 

6.5 

8.5 

. " 
,j'ij l;lCltJlmW fl 11 lJl,j' lJ,j''\.J 'tI ij.:J tY11 '" 11 ii jj flCl ~ij n 11ft1U'tI ij .:JlllJ Cl.:J ,j'ij l;l Cl ""ij 1 ~1 'Yl m1 fl n 11 

11m 1::,"~1uA11l1l1l1 Cl~tY~fl 1'\.J flll11fln::l1 lm:::iilfllltJl:: mw ~1l't111ijlftijl~1U1i iilli.:JtYij.:J 

JJ 40 d " .., "" Q1 'tItJl;lCl flij ~1'\.J1'\.Jfl11lJil'tltJ.:JmHmIl1Cl::: lJft1U'tItJ.:JlllJCl.:J W 1:::"'Ufl11lJl'tllJ'tI'\.J'tIij.:JtY1n't1l '\.J 

fl11lJl,j'lJ,j''\.J~1.:J "ll't1l'h~ltJl::mW~'~~lnA11l1l'U lCl;)'Yl A11l1l 11 1 'Ynii'YlllCl::A11l1l1lflijlJl't~ 
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Jll1Ufl (WLS) 1itll1:;Ul\1::Iih.jtl ·Hl~(MLE) UCl:;1i'flflltl'H"6~~lrr~ (MCS) ~lU'Ufl~llJ '" " " ,~.d 1:;~mJij~fl1llJl"'lJ"''U'''6.:)tTll UtT~.:) 11'U~ln:j'YI 4.9 

flll'YI~tT61Jfl11lJll1lJl:;tTlJ"'6~~1U1J1J tllVlrnfln11l:;lJlWfll'Yinlijl~6{ ~~~lll~li 

4.10 l~VflltTU;i Deviance "'O':)~1u1J1Jhnij'YI tllVlrn MLE lli'fll Deviance I'rhft1J 0.27191 

lli'fll P-va1ue I'rhft1J 0.96522 fl1llJU1\1:;1i~'Ul'UflllV6lJi'1J~1111J1J hnij'YI 96.522% ]jlJlflfl':h 

fl1llJU1\1:;1i~'U~1U1J1J lCli'YIlm:; ~1111J1JflOlJ'rt~llJ'U'YIll~6fl-~6fl 16~Cl~lJl fl6 ~1U1J1J l'rtlij'YI 

tllVlrn MCS lli'fll Deviance = 0.27224 lli'fll P-value nhft1J 0.96516 fl1llJU1\1:;11I'Ul'Ufln 

V6lJi'1J~1U1J1J 1'rtlij'YI~1v1i MCS ]j 96.516% ]jlJlflflilfl1llJU1\1:;11l'U~1U1J1J lCli'YI 1m:; ~1 
a ad d ~, .1 '" 1" 1_ C>d 

U1J1Jfl6lJ'rtClllJ'U'YIllCl6fl-Cl6fl CIHflllJl:;lJ1W"'6':)~1111J1J 'rt11J'YI tllV ~11i MLE UCl:;11i MCS 

1 li'fll11l:;lJ1W~lml'lflV~ft'U lJlfl ll1'U' l1~llJ~ Berkson(I955) mh1 Hilfll11l:;lJ1W 'rtlllijl~6{ 
., 

\1lfl MCS lli'fll11l:;lJ1W '~~l'rhft1J1i MLE \1lfloU'mJCl,,~ilfl111~6fl~1U1J1J l'rtlij'YItllVlrnflll 

111 :;lJlWfll'rtn lijl~6{1I1J1Jtll1:;Ul\1:;111'Utl ~rr~ (MLE) l'rtll:; 1 li'flltTu;i Deviance U'6V~rr~\1lfl 

lJflmW"'6~1ifln11l:;lJ1Wfll'rtlllijl~6{ 

4 .... '"'''' 1" 1- a "'" 96.52% \1~06 ~1l9l1111J1J 'rtl1J'YItllV ~11i MLE lJfl1llJll1lJl:;tTlJfl1J"'6lJCl"~ 

1m:; 1 li'fl 1111:; lJlW ~ '~\1l fl~1111J1J 1 flil'lflV~ ft1JflltY ~lfl9l\1 lfloU'6lJCl\1~ ~lJlfl~rr~ 

UVtTuitl! 0.05 

., . 
a a 

5 'UlJlfl'YIrr~ 

tllVM1:;~1J 

\1lfll11~ 4.5 lItT~':)flll'rt~691fl1llJU 1\1:;111'U"'6~flll~ lV"'6~UlJCl~ ~llJ~ 1111J1J lCli'YI ~1 

1I1J1J 1 'rtlij'YI UCl:; ~1U1J1Jfl6lJ'rtnllJ'U'YI11 ~6fl-~6fl 1~611~lJlw fl1llJloU'lJoU''U'''6~tTn,"'Hl~lJ;f'U 
., 

'fi 1 flll11l:; lJ1W fll~ 1V1i flll 11 1 :; lJ1W fll'rt 111 ijl~ 6{U1J1J flltl ~ tT6 ~U' 6 vrr~u 1J 1Jrl1~1l1l1 U fl 

(WLS) 1itll1:;Ul\1:;,1I'Utl~rr~(MLE) UCl:; 1i'flflltl~tT6~~lrr~ (MCS) lmdilflll'rt~691fl1llJ 
., ., . 

Ul\1:;,lI'UnlJli~ 3 ~1U1J1J~1v1ifln11nlJ1Wfll'rtlllijl~6{li~ 3 1i l'UflHyh~V1ft'U~~111li 4.5 

~ 'infltlfl'HW:;"'6~m 1~fl1llJU 1\1:;,1I'U l'U flll'rt ~691,1I'U 111~1mtT fln m:; \1 1 V'" 6':)fl1llJU 1 \1:; ll1'U 

~'n~\1l flflll'rt vlmw 1 flil' ft1J~~fl1llJU l\1:;LlI'U "'6~fll~ 61J tT'U 6~~tY ~Ifl~ , ~fl 6'UoU' l~lJl fl ~~111'U 
1l1~ lli'flltTu;i Deviane ]jfllU'6V fl~11 '~il~1111J1J l'rtlij'YI ~l1l:;lJlw '~~1V1i MLE ]jfl1llJ 
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, 
tll1h::lJ1W~1f19i1UlJlJmulrn0111.h::lJlwtll'Wl11iJ1Aolu~il::11i fl1 

log- 'I.IlJl~ 

AOlJ Logit Probit Clog- log 
dose '" 

, 
A10U1~ 

1'I'lJfH WLS MLE MCS WLS MLE MCS WLS MLE 

0.72 58 3 3.9 2.8 3.5 4.2 2.7 3 4.4 5.6 

0.8 61 19 14.9 10.7 11.8 15.7 11.7 12.1 10.9 12.9 

0.87 63 16 34.4 26.7 27.3 32.9 27.5 27.6 22.1 24.9 

0.93 59 37 46.4 40.2 39.7 44 39.8 39.4 33.8 36.3 

0.98 57 49 51.5 47.8 47 50.1 47.4 46.9 44.3 45.8 

1.02 55 54 52.4 50.3 49.6 51.8 50.3 49.9 49.8 50.5 

1.07 57 55 55.9 54.9 54.4 55.9 55.3 55 56.1 56.2 

1.1 61 60 60.3 59.6 59.3 60.5 60.1 59.9 60.8 60.8 

fll'lH~ 4.12 fll1A11~1'I'OlJfl11lJll11J1::1'I'lJ'I.IO~9i111lJlJmul~11i011'lh::lJ1Wtll'Wl11iJ1At:Jl1lJ 

<>oCt '" 11011 fl11lJl11lJl::1'I'lJ'I.It:J~A1UlJlJ 

Ih::lJ1Wtll Logit Probit Clog-log 

"'" " 'Wl11lJ1At:J1 Deviance P-vaIue Deviance P-vaIue Deviance P-vaIue 

WLS 34.86793 0.00000 27.47521 0.00012 21.15839 0.00172 

MLE 20.37758 0.00237 19.65566* 0.00319 19.12758** 0.00395 

MCS 21 .02282 0.00182 19.82097 0.00298 19.86979 0.00292 

. " " " " 1 '" "'''' , ""'1" '" 1 'I.It:JlJilfl11lJl'l.llJ'I.IlJ'I.It:J~Ut:JlJ lJllJU l1lJHilAt:J011A1U'I.It:J~l1lJil~ 'I.I0lJil'~lJ 'rA1L1lJlJ 'W1 

iil1 llJfl111lfl11::li',j'0lJil ,j'OlJil~lfl Strand(l930) ~111lJflOOflAllJfl11lJl,j'lJ,j'lJ'I.IO~1'I'11,"1l (x) 
~ ~ ., _I ~., _I'" ,., _I ... , , 
C)f~llJlJA11J1:: flOlJl1lJ~'I.I0~A 1L11J1 OlilJ1U ff1lJA111 1J 1 AtJlJ fflJ t:J~ fl tJ fl11 A lU1m:: lJA lU'I.ItJ ~ 

l1lJil~lrltJ'~HlJfl11lJl,j'lJ,j'lJ'I.IO~ffl1,"1l1lJ111lJ1W~H '1 ,j'tJlJil fitJ ~llJ1lJfl11lJ~'I.ItJ~011A1U1m:: 
'UA1U'I.ItJ~l1lJil~ W 1::~lJfl11lJl,j'lJ,j'lJ'I.ItJ~ffl1,"1l llJfl11lJl,j'lJ,j'lJ~H '1 'WlJ 'htll111::lJ1W ~ '~~lfl 

9i1L1lJlJ hiYl 9i111lJlJ 1 'W1iil1 lm:: ~111lJlJfltJlJ'WHllJlJ 1111 ~tJfl-~Ofl ft1ul~1ifl11111::1J1W 

MCS 

6.6 

14.4 

26.3 

37 

45.8 

50.1 

56 

60.7 
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til'Yi111iil9ltl{~i1mn fitl11ifh"'~fftl ,nj'tlrJtl~lllJlJriTnr111lrfl (WLS) 1if)l1:::l11~:::lrJ'U1l~tl~ 
(MLE) llCl::: 1i'tl01"'~fftl~~ltl~ (MCS) ~111'Ufl9l11J1:::~1J'\ltl~ log-dose llff~~H''U9I111~~ 4.11 

fll1 't1~fftllJtl11111l11Jl::: ffll'\ltl~~ 111lJlJ f)lU '9l'iifllnh::: 1JlW ti TYi111iil9ltl{ ~ ~9111 H~ 

1 ' <CIit.4 Go' .cl.cld d ,,,.,..,. , tJ • 
4.12 ~Utllfftl91 Deviance '\Itl~91111lJlJtltlll'YiCllll'U't1l1C1tlfl-Cltlfl f)lU 9111 MLE l1tll Deviance 

llilnlJ 19.12758 'l1'ti1 P-value I'rilnlJ 0.00395 ,.j'tlUfd11:::~lJlruthtlqj 0.05 1tl~CI~1Jl fitl ~1 
" 

I1lJlJ 1'Yi11J't1f)lU,rn MLE 'l1'ti1 Deviance = 19.65566 lr'U11111Utl1111':h~1UlJlJtltlll'YiHl1J'U't1l 
.:::to d Iq QI " J4)1' 91. "1.::td 
1C1tlfl-Cltlfl '1l1ltl11111l1111:::ffllfllJ'\Itl1JCI'~'U mU1J11~::: 'l1tl1 Deviance 'UtlUfl11lJflmWfl9l111 

. " . 
,j'tllJCI,~li 6 ijl1"'~~lflii1fll11.1i'lJti1~11l1htli1JlUU~1 ~Clli'~fitl ~1I1lJlJtltlll'YiHl1J'U 

't1l1 ~tl fl-~tlfl Utl1111 11111 1::: ffllll1flfl ':h~ 111lJlJ 1 'Yi 11J't1~U~' li' ~ii1 fll1tJ i' lJ,j'tl1JCI~ 1U tJ1tli1Jl U 

.c:i~ I J I .1 '01" • 
1l1~~CI't1111'UlW'Ul'Yin:::11 '\I'Ul~tl111Ju1.I1tJl1'U'\I'UtlQfllJ'\I'Ul~'\Itl~'\ItllJCI UCI::: tl1111U9Ifl9lH'\Itl~ 

ti1'Yi111iil9ltl{~tJ1::111W '~~::~'Utl~nlJ'\I'U1~'\Itl~ a ,lil,.!'U ~~"!'U ~:::llt'U '~':h~1UtJ1tli1Jluu~CI 
~tlfll1l~tlfln~tl"hftw 

~lflltJ~ 4.6 Uff~~fll1'Yi~tl9ltl111J'\.1l~:::lrJ'U'\Itl~flll911U'\Itl~UllCl~ 91111~1UlJlJ 1 Cli't1 ~1 
Q Q,I .cl.q d d 4 .Q " " ~ ~.: 

UlJlJ 1'Yi1lJ't1 11C1::: 911UlJlJtltlll'YiCllll'U't1l1 Cltlfl-Cltlfl llltltJ1111Wtl11111'\l1l'\l'U'\Itl~n11'Yi1H'Yill'\l'U 
" 

ii1 flU tJ1::: 11 1W ti 1~ 1uii fll1 tJ 1::: 11 1W ti 1'Yi U1ii19ltl{lllJ lJ01'" ~fftl~,.j' tlUtl~ U lJlJ ri1~1l111lr fl 

(WLS) 1ifll1::l11~:::lrJ'Ull~tl~(MLE) IlCl::: 1i'tl01i1~fftl~~ltl~ (MCS) UCI::ii1fll1'Yi~tl9ltl1111 
" ". 

lh~::lrJ'U1111li~ 3 ~111lJlJ~1U11Ifll1tJ1::111Wti1'Yi111iil91tl{li~ 3 111 ''UmTrh~u1n'U~~ltJli 4.6 

~~lfli1flllW:::'\Itl~m 1YJtl1111U n:::Lij'U,'U fll1'Yi~tl9l1rJ'Ul tJ~1mff fll1 m::: ~lU'\Itl~tl1111U1~:::lrJ'U 

~lfl~~ 1fl fll1'YiU1 m W U1Jl ~~~ ~11 H ~ 1fl ~~tl1111U 1~::: 1 rJ'U '\Itl ~ti 191 tl lJff'U tl~~ ff ~lfl9l' ~ 
,,, 4 ~ , ",~.q, d . I'''' Q,I .cl <d d d 

tltl'U'\IHll1fl ~~llJ'UIl1'l l1tl1fftl91 Deviane lltllll1fl flCl11 ~11911UlJlJtltlll'YiCll11'U't1l1C1tlfl-Cltlfl 

~tJ1:::1JlW '~~1U11I MLE U~ 'litl11111l1111:::ffllnlJ,j'tllJCI'~~ 6 
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I 

fll 
Pressure 

Load 

2500 

2700 

2900 

3100 

3300 

3500 

3700 

3900 

4100 

4300 

log-load 

7.824046 

7.901007 

7.972466 

8.039157 

8.101678 

8.160518 

8.216088 

8.268732 

8.318742 

8.36637 

50 

70 

100 

60 

40 

85 

90 

50 

80 

65 

fl~l'Ilfl111Jt~'Uth,.'l:: df= 8 

..... 
11i011 

th:::1JloAfil 
..,. ~ 

Logit Probit Clog-log 

tY1UH WLS MLE MCS WLS MLE MCS WLS MLE MCS 

10 

17 

30 

21 

18 

43 

54 

33 

60 

51 

Logit 

9 8.4 8.4 8.8 8.2 

17 16.1 16.2 17.1 16.2 

31.5 30.3 30.3 31.8 30.6 

23.5 22.8 22.8 23.6 23 

18.7 18.3 18.3 18.7 18.4 

46 45.4 45.4 45.9 45.5 

54.8 54.4 54.4 54.6 54.4 

33.5 33.4 33.4 33.3 33.3 

57.8 57.8 57.8 57.6 57.8 

49.9 50 50 49.9 50.1 

fl111J1111Jl:::tY1J"tl'l~1U'\J'\J 

Probit 

8.2 

16.2 

30.6 

23 

18.4 

45.5 

54.4 

33.3 

57.7 

50 

Clog-log 

9.6 9.3 9.3 

17.3 16.8 16.8 

30.8 30.2 30.2 

22.5 22.2 22.2 

17.8 17.7 17.7 

44.1 44 44 

53.2 53.3 53.4 

33.1 33.3 33.3 

58.2 58.7 58.7 

51.2 51.6 51.6 

'W11l1J1Atl1 Deviance P-value Deviance P-value Deviance P-value 

WLS 1.61067 0.99907 1.74884 0.98777 0.49184 0.99987 

MLE 1.36195 0.99477 1.51713 0.99242 0.40519** 0.99994 

MCS 1.36298 0.99476 1.51736 0.99242 0.40530* 0.99994 

".d 4 ~ 4, QI ~Jd 
'I.Itl\lnOl'HtYU111U'I.ItHl1lJ"l\ll:::'l.JlUflltl'l'\JlJ 11Jtl1 :::"'\Jfl111J0"tl101Ii'1'W 1J'I.IlJ 'YIn::: 200 psi 

mo 2500-4300 psi ~Oi"0~1J1fllJl1mUO~1J'lJ1~tH'I.Itl'lfl111J0"tl101Ii' 11fl111J0"tl101Ii'~1:::~'\J 
• tI 

~1'l\l:::iiF'ln~tlO1'HffU111U111tl hhffUl1 1 U'I.I tl '111 lJ"l\ll::: '\JlJlfl 1 tl'l1JlJ ,j'tllJn~"i1' ~1 ~~ 111 '\J'\J 1 n i'YI 

llJ01111fl11:::M 'li'tl1JmnO Montgomery and Peck(I 982) 'YIH~1iu'~"'h0111'YIfl log li4tltJf'\J~1UtJ1 .. .. 
.. , "4 .1"" ~ .J ~ ~.I .J ~.I" 

tl1i'\.JlU 111J 01111\1 011 \I'lU'\J'\J1JOA 1:::"'\Jfl111J0"tl101Ii' 'If'lllJlJ A11J 1::: Otl'\Jl1lJ 'I'll tl 'lA 111 1J1 tl1i'\.JlU 

ff1lJ~111tJ1 Atl'\JtYlJ tl'l fltl l1lJ"l\ll:::lffU111UUn::: 'lhffU111Ulrltl1 :::~'\Jfl111J0"tll O11i'~H1 :::~'\JnlJ 
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.,j'tllJi1 fltl ~1'U1'Ufl11lJ~'\Jtl,:j'l1lJ~1'ill::~lffrJl1lUlm:: 'l.iLffrJ'I11rJ W 'j::~lJfl11lJf1~t:l1fllfl'~'j::~miH 
'1 'nlJ11til1h::lJ1W~'~'illf1i111lJlJ li1i'YI i111lJlJ 1 'n'jU'YI 11i1::i111lJlJfltllJ'nt;llJ'U'YIll gtlf1-gtlf1 

. " 
fllrJlrnfllnh::lJ1wtil'nl'ilih~w{fiffmn fltl nfh~,:jtltl,:jU'tlrJtl~ulJmi1,:j'\h'l1'uf1 (WLS) n 

fll1::1l1'il::11J'Utl,:jtl~(MLE) 1m:: n'flfh~,:jtltl,:j~ltl~ (MCS) ~111'Uml1lJ'j::~lJfl11lJf1~t:l1fllfl' 

11tlfl,:jH''U~mH~ 4.13 

fll'j 'YIfl tltllJfl 11lJt'I1 lJl:: tllJ'Iltl,:ji111lJ lJ fllrJ' 91'n fll 'j tI 'j:: lJ1W ti l'nl'j liil~tl{ ~,:j~1'j H~ 

4.14 lflrJtiltlu;j Deviance 'Iltl,:ji111lJlJfltllJ'nt;llJ'U'YIll gtlf1-gtlf1 fllrJl91'111 MLE hf'til 

Deviance l';1fllJ 0.40519 l,rtil P-value l';ltllJ 0.99994 ~~HfI'lfl11lJl1J'Ufltn::l';ltllJ 8 fl11lJ 

111 'il::11J'U 1 'U fll'j rJtllJllJi 111 lJlJfltllJ'n t;llJ'U 'YIll gtl f1-gtlf1 ii lJ1 f1f111fl11lJ1l1'il::11J'U i111lJ lJ 1 i1i 'YI 

,... ,)11 'QI ,.ci'tI ... .. 
Deviance l'Yllf1lJ 0.40530 '11fl1 P-value l'YIlf1lJ 0.99994 'If,:jfl1 'j::lJ1W'Iltl,:j~111lJlJfltllJ'nmlJ'U'YIl 

d SId QI " Q J 4 QI d..r:::td Q 
l1lJlJ 'YIlf1i11fl rJ,:j f1'UlJ1f1 'illf1'1l tllJi1'Y1H1f1'1m 'j lJ,fl'U fl1'j mtlf1~ 111 lJ lJfl tllJ'ni11lJ'U 'YIl'j i1tl f1-i1tlf1 

fll rJ 191'111 MLE l'n 'j 1:: 111' ti 1 tlu;j Deviance U' tl rJ~ tl~ 'illf1lJ f1 f)'j W '\J tl,:j 111 f1 1'i tI 'j:: lJ1 W 

" . . " .... 1'" tI .. ,,,... ,,.. d Q.I , QI "Q 
'\JtllJi1'~'UlJlf1'Y1tl~ lli1:: '11fl1 'j::lJ1W'YI ~'illf1~111lJlJ f1i11flrJ,:jf1lJflltl,:j1f)~'illf1'1ltllJi1'ilHlJlf1 

~tlfl fllrJM'j::~lJl:rrJthflty 0.05 
. " . 

.,j'tllJi1,flfi 7 U'I1 ~,:j'ill f1'rilfll'jtll lJti li111t1'j tli mUlul'1 ~i1fi' ~flf) i 111 lJ lJflf)lJ'nt;llJ'U 

'YIll gf)f1-gf) f1 iifl 11lJt'I1 lJl::tllJlJlf111i1UlJlJ 1 i1i'YI~u,:j ',j'~'ri 1 fll'j til lJ.,j'f)lJi1i111 tI 'jtl im rJ .. 
." " 

l'I1~~i1fil1J'U1Y'UU1'n'j 1:: 11 'Il'U 1~fl11lJ11t1'j tI'j 1'U;i'U f)~tllJ'\J'U lfl'll f),:j.,j'f) lJi1 lm::fl11lJll~ f191 H'\Jf),:j 

til'nl'jliil~f){~tI'j::lJ1W '~'il::~'Uf)~tllJ'\J'U1fl'\Jtl,:j a l';lJ'U ~,:jJ'U 'il::111'U '~11i111t1'jtlimrJii~i1 
, 4 Q o'!t:t 0'01 

~f)fll'j mf)f1i1,:jfln,:jf1'1f'U 

'ill f11 tI ~ 4.7 11 tlfl ,:jf11'j 'ngf)~fl11lJ1l1 'il::l1J'U '\Jf),:j 'I1lJfll 'ill::~ln~fl11lJlffrJ'I11 rJ ~ llJi 1 

11lJlJ li1i'YI i111lJlJ 1 'n'jU'YI lli1:: i111lJlJtlf)lJ'nt;llJ'U'YI11 gtlf1-gf)f1 lrltlfl11lJf1~f)lfllfl'l~lJ~'U 'ril 

fll'j tI'j:: lJ lW ti 1~1rJn fll 'j tI'j:: lJ lW ti 1'nl'i lii l~tl{lllJlJ fi 1~,:j tltl ,:jU'f) rJtl~11 lJlJ ri1,:jtll'11l! f1 (WLS) 

nfll1::1l1'\l::11J'Utl,:jtl~(MLE) 1m:: 1i'tlfil~,:jtlf),:j~ltl~ (MCS) lm::'rilfll'j'ngf)~tl11lJ1l1'il:: 
" ". 

l1J'UnlJ'Yl,:j 3 i111lJlJ~1rJnfll'jtl'j::lJlwtil'nl'jliil~f){'ti,:j 3 n l'Uf1Hrh~rJ1tl'U~,:j1t1fi 4.7 tl'illf1 

~f111W::'\Jmm lnfl11lJ1l1'il::11J'U l'U fll'j'ngf)~11J'Ultli11f) tl fll'j m:: 'illrJ'\Jtl,:jtl11lJ1l1'il::11J'U~ln~ 

oil"'" ,!'t, .d ... ' ''''' ""!'t '" 'illf1fll'j'nUlmw f1i1f1lJ~flfl11lJ'U l'il::l1J'U'\Jtl,:jfl1~tllJtl'Utl,:j'YI tl ,:jlf)~ ~tlf)'U '\J l,:jlJ 1 f1 'il,:jl1J'Ul'I1~ '11 

tiltlU;j Deviane iitil'Uf)rJ mh1 '~11i111lJlJtlf)lJ'nt;llJ'U'YI11gf)f1-gf)f1 ~tI'j::lJ1W '~~hlJ1i MLE 
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79 80 8 1 82 83 79 80 8 1 82 83 

109 load 01 S Log ,LOA 

. " 
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• ~ d'.q,,::t fj} .d 
tlll'f111lJ'~61 3 11 "6~"6lJCI~~'YI 7 
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.. " .:!t ~ -=-4' QI ~ 
ftl"iH'YI 4.15 'Ilt:llJClfll1lClt:lO Reagan l1J'Ulh::1i1'Ul1ilJ~ llCl::fI11h::lJ1W~10~111lJlJtl1u1~11ifll1 

Political 

views 

I 

2 

3 

4 

5 

6 

7 

'Il'Ul~ 

13 I 

70 13 

115 44 

261 155 

153 92 

141 100 

26 18 

WLS 

I.l 

9.6 

25.3 

87.6 

72.6 

87.1 

19.3 

Logit 

MLE 

2.6 

20.2 

45.4 

133.9 

96.3 

103.3 

21.2 

MCS 

2.8 

21.0 

46.4 

134.7 

95.9 

102.4 

21.0 

WLS 

I.l 

10.2 

27.2 

92.1 

74.2 

87.2 

19.2 

Probit 

MLE 

2.6 

20.1 

45.5 

133.5 

95.9 

103.1 

21.3 

MCS 

2.6 

20.5 

45.9 

133.8 

95.7 

102.7 

21.2 

WLS 

1.1 

8.9 

22.7 

77.8 

66.5 

84.7 

20.1 

Clog-log 

MLE 

3.2 

22.3 

46.7 

132.1 

94.1 

102.3 

21.5 

tJ~f'llfl11lJl~'U61'n:: df = 5 

""'" 11ifll1 

lh::lJ1Wfll Logit Probit Clog-log 

"" " l'tl11lJl~t:l1 Deviance P-value Deviance P-value Deviance P-value 

WLS 104.77180 0.00000 89.33742 0.00000 145.63180 0.00000 

MLE 15.59553·· 0.00810 15.76384 0.00755 20.36838 0.00107 

MCS 15.75094· 0.00759 15.79503 0.00745 20.97647 0.00082 

... ... ... , , 4 ~ ... 1 Q .r:::t " 4 0 .d .d 
flt:l fll1lClt:lO 111t:l lJlClt:lO Reagan 11J'U1J1::1il'U11ilJ~ 'Ilt:llJCl flt:l ~1'U1'Ufl11lJ()'IltHfll1'4flflCl'YI 

... ,'A " ..... 1 .d," '" IClt:lO Reagan UCl:: lJlClt:lO Reagan ~llJ Political Views 'Ilt:llJCl~10l'tlJ11fll1J1::lJ1W'YI ~~10~1 

l1lJlJ hi'YI 9l111lJlJ 1l't1 ii'YI UCl::911U lJlJflt:llJl't~llJ'U 'YIll nt:lo-nt:lo tl1U 1A1i on 111:: mw 

fill'tnlih~t:l1~flml1 fit:l1ifhH.:jfft:l.:jUt:lUty~ulJ1J(h .nrll1,rO (WLS)1ifll1::lln::lrJ'UlJ.:jty~ 

MCS 

3.5 

23.9 

48.9 

135.5 

94.9 

101.9 

21.2 
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(MLE) lI~:n'flth~-3tYtl-3~Ur~ (MCS) ~11l'Ufl9l1lJ Political Views 7 'J:~lJ lItY~-3H1'U~1l'J1-3~ 

4.15 

fll'J 'YI~tYtllJfl11lJl'HlJ 1: tYlJ'\Itl-3~111lJlJ fllU 1m fll'J lh :lJ1W fil'n 1'J 1 lJl91 tl1 ~-3911'J H~ 

4.16 1~ufl1tYii~ Deviance '\Itl-3~1UlJlJ l~i'YI fllu1rn MLE hi'fl1 Deviance niltllJ 15.59553 

" 
'1l1'fl1 P-value lyiltllJ 0.00810 ,rtlfJfl1l'J:~lJl!U1htiqj 0.05 ~lfl'li'm,,~,~inlifl1'Jl~tlfl~1UlJlJ 1 ~ 
'" 1_ 1 Q 0')1 .4~. 1'" QQ " .c:i. .cad 
~'YI fllfJ 9111i MLE 'Ufllnlm1:l1'\1tll,l~ fHlIlJ11~: l1flltYfl~ Deviance 'UtlfJ'YIq~~lfl'rJflmWfl 

911lJ 

.1'" d. ~" ... 0'" ~ .1 '" 4 
~lflllJ'YI 4.8 UtY~-3fll'J'n~tl~fl11lJ'Un:1IJ'Ufj'YI'Yllfll'Jmtlfl Reagan llJ'UlJ'J:1i1'U11ilJ~ 

'" 1'" '" 1.q QI old dod d .4 
~llJ~111lJlJ ~~'YI ~1UlJlJ 'n'JlJ'YIlICl: 91111lJlJfltllJ'nClllJ'U'YIl'J Cltlfl-CltlflllJtl Political Views 

~ 1-3tl'U 111 fll'J l1'J:lJ 1W fl1~1fJ1i fll'J 11'J: lJ1W fl1'n1'J 1lJ19ltl111lJlJ ill ~~ tY6~,r~)fJq~u lJlJrl1~ 
" , 

1.11l1l!fl (WLS) 1ifll1:1.h~:11'l'Uq-3q~(MLE) UCl: 1i'flfh~~tYtl~~lq~ (MCS) lICl:ll1fll'J 

" " 'n~tl~fl11lJ1.h~:11'l'UnlJ'fi~ 3 ~1UlJlJ~1fJ1ifll'J11'J:lJlWfl1'n1'J1lJl~tl1'fi~ 3 n 1'UflHrh~fJ1tl'U 

~~111~ 4.8 tJ~lfl~m:IW:'\Itl~m1-Wfl11lJth'l:11'l'U1'Ufll'J'n~tl~fltl'U'Ii'H11'l'Ul~'U~H fll'Jm:~lfJ 
'\Itl~fl11lJtl1'l:11'l'U ~lfi~~lflfll'J'n fJ1 m W ,.; 1 ~tllJ '~fl11lJtl1~:11'l'U'\Itl~fl1~6lJtY'U tl~~ff ~lfl~ , ~ 

fltl'U'Ii'HlJ1fl ~~11'l'Ul'H~ ,,rfl1tYii~ Deviane ~fl1lJ1fl fl~l1 '~11~111lJlJ 1Cli'YI ~l1'J:lJlW '~~1fJ 

111 MLE 6~ 'li~fl11lJ1l1lJ1:tYlJtllJ'Ii'm"Cl'~~ 8 
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, 
.. "~I <!I , .1 '" , ""''''' .1 

911'lHn 4.17 'tItJ lHllJ'tI tJ 'Hn1tYfl1l111~::fI1lJ 1:: lJlW 111 flA 111 111Hl1U A 11i fll1lJ 'j:: lJl W 

Year 

of 

Edication 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

""'" 

16 

20 

41 

56 

84 

251 

123 

199 

207 

953 

210 

206 

73 

253 

63 

50 

11ifll1 

t11::lJ1Wth 

'" .. 
l"fl11lJLAtJ1 

WLS 

MLE 

MCS 

.. 

Logit Probit Clog-log 

ff'UtJ'I WLS MLE MCS WLS MLE MCS WLS MLE MCS 

12 13,0 13.8 13.7 12.9 13.8 13.8 13.8 14.6 14.7 

15.1 16.5 16.4 15.0 16.5 16.4 15.5 17.3 17.4 

28.3 32.0 31.7 28.3 31.8 31.7 27.8 32.9 33.1 

34.4 40.6 40.3 34.8 40.3 40.1 32.1 41.0 41.2 

44.8 55.8 55.3 46.2 55.3 55.1 39.8 55.1 55.5 

15 

27 

42 

53 

166 ll2.9 149.9 148.7 ll9.7 148.6 148.1 96.4 145.5 146.7 

59 

87 

86 

45 .4 64.7 64.3 49.7 64.3 64.2 37.6 62.1 62.7 

58.7 90.3 90.0 66.6 90.3 90.1 47.9 86.5 87.4 

47.7 79.4 79.4 55.9 79.8 79.8 38.8 76.6 77.5 

305 

48 

46 

16 

28 

6 

1 

168.2 302.8 304.2 202.8 305.7 306.3 138.1 298.0 301.7 

27.9 54.3 54.8 34.3 54.8 55.1 23.4 55.1 55.8 

20.4 42.6 43.3 25.1 42.8 43.1 17.5 45 .0 45 .7 

5.3 11.9 12.2 6.5 1l.8 11.9 4.7 13.2 13.4 

13.5 32.3 33.2 15.8 30.9 31.4 12.5 37.9 38.5 

2.4 6.2 6.4 2.7 5.7 5.8 2.4 7.8 7.9 

1.4 3.8 4.0 1.4 3.3 3.3 1.4 5.1 5.1 

tl11lJL l11Jl::fflJ'tItJ'Ii 1111111 

Logit Probit Clog-log 

Deviance P-value Deviance P-value Deviance P-value 

301.95510 0.00000 178.28250 0.00000 490.09900 0.00000 

19.08540 0.16171 18.42963** 0.18791 31.15906 0.00527 

19.25154 0.15556 18.46386* 0.18646 31.34754 0.00495 
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. . " 
,rmH'fIl'jtiln~fI11lJfl~llttUfltJ1fitJtJ'YIUl'YI'l.ltl.:J~l1w.:JYiii~mY.:JfllJ lhfll'jtil'j1~'ti.:J l'Yift .. .. " 

11 tY.:JUil::l'Yift,mJ \lmi~fl~lJlrJU 11 illVfl~lJ 1Ul~tl.:JiI'I.Itl.:Jfl17 till ~ ~fl17ftfllll 9itJfl11lJfl~lltU'I.Itl.:J 
"1' ",'d ~ 0 I.,J, "Q4II:t"d" 1". fIl'j 1l1U~1Vl1 'j tl lJ1l1U ~1V'I.Itl.:J fl1fl ill1'Y111 "Fjl1ty.:J lJl1'U1'Y1tj11ilUlU11il::tl'4 tylf1 11 'YIH1UU tl fl 

" , " .." " -='1 ~ () ~ ~ "'.1 ~ UlU ~1l1lJtlU~'I1V" 'I.ItllJil~lfl Habennan(1978) lJfIl'jnfllll X 'HllJUfl1lJ'j::fltltJl1U.:J'I.Itl.:J 

QI _I Q '''' .. 1 4 d" -4 , t d " .4 ~ .d I QI'" 

fl1UlJ'jtJ1UlV a'1U fl111lJ'jfltltJa'Utl.:J fltl Il1U~1V1m::11'j tl lJ1l1U ~1V1lJtllJfl17 ftfllllf11.:J'j ::~tJflU 

. .. 
nfll'j11'j::lJ1Wfll'Yil'jlijI9ltllYiftfllll fitlnflltr.:Ja'tl.:J'!tlVll~l1tJ1Jth.:Jthl1lrfl (WLS) nfl11:: 

tl1~::lrJUtl.:Jll~(MLE) 1m:: n'flthtr.:Ja'tl.:J~lll~ (MCS) ~l11UflflllJ'j::~tJiI~ftfllll 11a'~.:JH'u 
.d 

fl17H'YI4.17 

fIl'j 'YI~ a'tltJfl11lJ 1l1lJ 1:: a'lJ'I.I tl.:Ji 111tJ tJ fllV 1 ~n fIl 'j 11 'j:: lJ lW fll'Yi 1'j lDlfi tll ~.:JfI 17 H~ 

4.18 l~vflla'o~ Deviance 'I.Itl.:Ji111lJlJ l'Yilii'YI fI1vMn MLE hi'fll Deviance l'rhfltJ 18.42963 

111'fll P-value nhfltJ 0.18791 ~tl.:Jftlfl11lJlrJU6a'l::l'yhfltJ 14 fI11lJtl1~::lrJu1Ufll'WtllJi'tJi1 

11tJtJ l'Yilii'YI iilJlflfli1fl11lJUn::lrJui111tJtJ 1 ili'YI 1m:: i111tJtJfltllJ'Yit;llJu'YI11ntlfl-ntlfl ~lfl 
" " l' dI .. ...., 1 "" 1"""" 1 ", """" " 'I.ItllJil~lUfIllftfllll"~U fl11mtlflfl111tJtJ 'YiltJ'YI mv fl11 MLE l'Yill:: l'1fl1a'flfI Deviance UtlV 

~1l~ ~lfl'lflmW'l.ltl.:Jnflll111::lJ1Wfll'Yil1lijlfltll i.:JUtl '~'hi111tJU l'Yilii'YI mvMn MLE ii 
II • • 

fl11lJ1l1lJl:: a'lJ fltJ,r tllJ il,,~i1lJ 1 flYi 1l~ 11 il:: 1 11' fll11 1:: mw Yi, ~~ 1 fli 111 tJtJ 1 fIt,'lfl V.:JfltJ fll tY .:Jlflfl 

~lfl,j'tllJil~l.:JlJlfl~ll" fI1V 1~1::~1J1rvti1tity 0.05 
. " 

1u'I.Iw::Yi it! WLS 'I.Itl.:J'lfli111tJu111'fll Deviance tl.:JlJlfl tll~lrJU1'Yill::1l19J~il~.:Ji1 
• I " , 

4 " .c:t.c:l 4 0 e' 41' e'd. JI" " ... 
lUtl.:J~lfl'l.ltllJil"~'YI 9 U lJ~lU1Ul"lrilillJlfl lm::fl11lJfI Ullflil::l"lrililflfltJU'I.IHUtlV lm::m9l1 

11111tJiUlV1rJUlltJtJ~tl1;jtl.:J n WLS tll~ 'lill1lJl::a'lJ l;jtl.:J~lfltll~iil~V.:J 1 flltY.:Jlflfl 1Ull~il:: 
" " 

setting UU i.:J'r1l111'ii~il~tJfIl'j11nlJ1W~1Vn WLS 119i,rtllJil 1utrflllW::i1'liiii1ty'tl1fltJn MLE 

tl.:J11U'i1 1Ul"lril11,fU~::iiflllrJU 0 n MLE ~a'llJl1mi1'~ tll~l1'Y1Ufllfl.:J~'liifll'!tlVlJlfl 1Ul"lril11 

l14tl 111' a'llJl1flfllU 1Wfll111:: lJ1W ~lfln MLE 'Yi!tllJfltJ Hnflll ~tJucil11i'tJfl uh.:JJ 111U fl9iH'l 

~Hflmhu'I.Itl.:J1t! WLS l"vflH~ ldtl1l'Y1Ufll1ul"Iril~ftu6 ~1Vfl1l'liU 0.5 l1ltl,!tlVfl'hif'Ufl .. 
lJlfl'l tllni 11 11'1'YItl lJfl 11lJll111 111 1U iiflla' .:Jl1l tl~ 1 N~ fli111 fl~ ~U m::,t.:J ii~il m:: 'YItJtlUl.:JlJ 1 fl .. 

" ,,, " 
9itl fill 11m 1::11 fIlHh.:JU 111U fl ih 1 11' il~fl11lJUlI';ftlUtlUtl'ti.:J ~iltr'Yillm::,j'tllJil m W l'lfui1 fI11 .. 
1rnMLE 

• " .., 1""'" 1 CIt. Q.I' d..::td d .d. fIll'YIH1UUtlflUlU flllJfl111tJlJ il~'YI fl111tJtJ 'YiltJ'YIllil:: fl111UtJfltllJ'YiilllJU'YI17 iltlfl-iltlflllJtl 

., ~ .d .1..1 '1''''''.1 ' "".. ..., " 
l::~ tJfl17 nfllll'Y1 tl.:J'I.IU 'YIl flU lJ 1:: mw fl1~ 1V11i fill lJ 1 ::mw fll'Yi17 llJlfl tll 11tJtJ fIlil.:Ja'tl.:JU tl V .. . 
tt~lltJtJrl1.:JUll1Ufl (WLS) nfll1::tl1~::lrJUtl.:Jtt~(MLE) 1m:: n'flflltr.:Ja'tl.:J911tt" (MCS) 
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~ ~ 

uCl::,hnl'n,gtl~fl11lJll1\l:a11'Un1Jl;~ 3 ~1UUU~1Unf1l1tJ1::lJlWtln'il'nijl~tl{'ti~ 3n 1'U 

m l'yh~u1fl'U~~1 tJ~ 4.9 ~\lln~nljW::,.tl~m 1~fl11lJll1\l::I11'U 1'U nn l'tgtl~I11'Ul tJ~1mtTU uu 

n~mj' H f1l1 m:: \llU,.tl~fl11lJll1 \l ::111'U ~lfi" \l1 nn 1111 U1 m w 1 n ~flU~"fl11lJll1 \l:: l11'U'lItl~tl1 

~tlUtT'Utl~~ff~1f1~ '~fltl'U,j'HlJln i~I11'U1l1'l 1l1'fl1tTU~ Deviane ntl1U'tlU um1'Umw WLS ~n 

nn m:: \llUfl11lJll1 \l::I11'U \llnf1l1l1U1 m w li H\ll n~"fl11lJ 111 \l:: 111 'U \l1 nfl 1 ~ tl U tT'U tl ~~ ff ~1f1~ , ~ 
., . 

tltl'U,j'l~lJln i~lh1l1'~1U1JU'ti~ 3 ~1U1JulitJ1::lJlW~1U11 WLS 'lmfl11lJl11lJ1::tTlJflU,j'tllJCl • . ~ 

'" '" '_I ,,- , ~, "1 "'" 1"11 9 'U 1l~f1l1lJ1::lJ1W"1U11i MLE 1m:: MeS nnm::\llU,.tl~fl11lJ'U1\l::I1J'Ufltl'U"H nCllflU~ 

flUtl1fl11lJlll\l::I11'U,.tl~fl19ltlUtT'Utl~ nril1 '~i19i111UU 1l111J11 ~tJ1::lJlW '~~1un MLE n 
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tJJlJl 5 

~ ~ . 
'11'U1~Utli' '1ilii191tJ1.h~l'mlL'n~lm U1JlliutJ iifll',j1.h~1J1WfhrnniiI9l~{1'U~i1lltJtJ 1 n 

"" '" 1 Q QI .dI..r::i d d d ~ tI I oC:It. ci.dl" \ll1 911l1tJtJ 'W',jtJl1l1n~ 911I1tJtJtl~1J'WnllJ'U111',j n~f)-n~f) C)f'l11ifll',j ',j~1J1Wtl1'W1'.i11J19I~',jl1 'II' 
~ ~ ~ 

l'U'I1'U1~utli''1il fi~ iin1n'lff~'1U'~Utl~UtJtJri1'1111'I1lrf) (WLS) iifl11~,j1\l~lfI'U~'1tl~ (MLE) 

IIn~ ii'tln1n'lff~'1~ltl~ (MCS) 1~U~9i111t1',j9l~tJff'U~'1 (y) IfI'U9i111t1',jI~'1flWfl1'Wii 2 fil fi~ 

o '11~~ I IIn~9i111t1',j~i1J1U (X) I 9i111t1',j fll',jlmUtJlliutJm~fi1fl1uhi',j'mJn 9 ,,~ IfI'U 

~n'l1'U1~Uf)1',jl1~n~'1'U~'1 Draper(1972), Ashford(l970), Cornfield (1962), Martin(1942), 

Muhammad(I990), Strand(I930), Montgomery(I982), Clogg(I988) IIn~ Haberman(I978) 

9i1mjH'U'mJmf1'U''I1qj'ill1tliitlfll',j11tl'.i1~11'~1u9i1I1tJtJ lnil1 Uf)l~'U9i1~UH"~~ 1 li9i1l1tJtJ 

tl~1J'W~I1J'U1111~~f)-~~f) 9i1UH"~~ 411n~ 6 li9i1utJtJl'W',jU111'Uf)1'.i11tl'.i1~11' ,j'mJn~Hl'U 

'11'U1~Utlf'lif9i1~UH"~~ 1-3 IfI'U'u'mJn~1'Uf)1',j1l'W116 9i1~U1'1"~~ 4-6 IfI'U,j'mJnl11'1~l'U 
1l1U1ff1ff9l{(;11l1U1) 9i1~UH"~~ 7 IfI'U,j'mJnl11'1~1'U1ff1m',jlJff1ff9l{ un~9i1~th'l~ 8-9 IfI'U 

'JI "QI cI" d.Q.CI.q cI '" .4 tI .]1 '" 1 "" 
'U~1Jnl1H~1'Uff'lff1Jff1ff9l',j 'U~1Jnl111if)1'.i1ltl'.i1~'I1'U~1Jn tl~ f)1',j ',j~lJ1Wtl1~1U9l1I1tJtJ n\ll1 .. .. .. 
9i1lLtJtJ l'W',jul1l1n~ 9i1I1tJtJtl~1J'W~11J'U1111~~f)-~~f) 1~uH9i1ff(i~ Deviance IfI'Ulf1wCfi'l'Uf)1'.i 

1m utJlli utJii f)1'.i tI',j ~ 1J1W ti 1'W 1'.i 1ii 19I~ { lin ~ I~~ f)9i 111tJtJ 1 11' 1'I11J1~ fflJ fltJ n f)lIW ~'U~'1,j' mJ n 
~ 

~nf)1',j1~ufflt1'~ ~'1il 

" "" '" ~" ,,0' ,~" "" 1. 'U~lJn9l1~U1'1"~l1 I 11J'U'U~lJnl1H~l'Ufll'.ill'Wl1U 'U~'1 Draper(1972) ~ l'll'll1tl'Utlf)1',j 

11tl'.i1~11'~1U9i1I1tJtJtl~1J'W~llJ'U1111~~f)-~~f) ~ntl',j1f)trhti1ff(i~ Deviance 'U~'19i1I1tJtJ lnil1 

fl1Ulrnf)1',jtl',j~lJ1wti1'W1'.i1ih9l~{lItJtJm1~,j1\l~lfI'U~'1tl~ (MLE) 111'ti1 Deviance = 13.76141 

U'~u~tl~\l1f)l'Jf)mw'U~'1iif)1'.itl',j~1J1wti1'W1',j1iiI9l~{ 111'ti1 p-value iitill'yilfltJ 0.0 17198 U'~U 

f)i1',j~~tJlrutht1t)J 0.05 fflt1fi~ 'li1i9i1I1tJtJl~l'I1lJ1~ff1Jflmj'~lJn,,~~ I 

" "'. ... ~" "0' ,~" "" 2. 'U~lJn9l1~U1'1"~l1 2 11J'U'U~lJnl11'1~l'Uf)1'.i1l'Wl1U'U~'1 Ashford(l970) ~ l'll'll1tl'Utl f)1',j 

11tl'.i1~11'~1U9i1UtJtJ 1 nil1 ~ntl',j 1f)tJi1ti1ff(i~ Deviance 'U~'19i1I1tJtJ 1 'W',jUl1 t11ul9i'iif)1'.i 

tI • "" 0' • ~ 1'" " ... ',j~lJ1Wtl1'W1',j11JI9ItJ'.iIltJtJt111~'U1\l~I1JUtl'ltl~ (MLE) '11tl1 Deviance = 4.05551 U~Ul1tl~\llfl 

l'Jf)mw'U~'1iif)1'.itl',j~lJ1wti1'W1',j1iiI9l~{ 9i1ff(i~ Deviance iiti111ilfltJ 4.05551 111'ti1 p-value 
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QJ' q.ctd d 'l"'..t:u:I • ,,,. QI ,..c:tt. 1"4d 
~1111J1JtH)1JYHH1JlJ'YI1HHIfHH)fl flltll~11i MCS,WLE fl~11 ~11~1111J1J 1"''S1J'YI flltll~11i . . 

do ..... ", .r:::t d 

MLE 1Jfl111Jll11Jl:11'1Jfl1J'IltllJ~'~'YI 2 1Jlfl'YItl~ 

" ~, .d ~ " "., ,~" ... 3. 'IltllJ~~1tltlH'~'YI 3 11JlJ'IltllJ~'YIH~llJfllm"''YItI'Iltl.:J Cornfield (\962) ~ l'rl'YlfllJfl 

fll'S11m 1:"'~1t1~1111J1J 1 ~i'YI Fmtl'Slflij1lfh11'ii~ Deviance 'Iltl.:J~1U1J1Jfltl1J"'~11JlJ 'YIl~ ~tlfl-
o 1 -.1 ' ...., ,~ 1" , 
~tlfl tlltl ~11ifll'S1I'S:1JlWfll"'l'j'11Jl~tl'SIl1J1Jtll1:lJl\l:11JlJtl.:Jtl~ (MLE) l1fll Deviance = 

5.88427 U'tltl~tl~\llfll'Jflfl'jW'lltl.:Jnfll'j'tll:1JlWfll"'1'Slih~tl{ ~111'ii~ Deviance nfll1liln1J 

5.88427 hi'fll p-value lyiln1J 0.43628 N~tl"'1fitlfll'Stltl1Ji'1J~1111J1Jfltl1J"'~11JlJ'YIl~~tlfl-~tlfl 

tlltiMn MLE n1Jlflfl11~1111J1J 1~i'YIIl~:~1111J1J l",'Su'YI tlltl1~n MCS,WLE flri11'~11~1 

4. ,j'tllJ~~1mh.:J'~~ 4 1~lJ,j'tllJ~'YIl.:J~llJ1'Y1t1lfl'111'~{(~11'Y1t11) 'Iltl.:J Martin{I942) ,~ 

1~1'YIflUflfll'S11m 1:"'~1t1~1111J1J 1 "''SU'YI N~tl'Slflij11fll11'ii~ Deviance 'Iltl.:J~1U1J1J 1 ~i'YI 

tlltl1rnfll'j'tl'S:1JlWfll"'1'SliJl~tl{U1J1Jtll1:1l1\l:1~lJtl.:Jtl~ (MLE) 111'fll Deviance = 1.34806 

U'tltl~tl~\llfll'Jflfl'jW'Iltl.:Jnfll'Stl'S:1JlWfll"'1'Slih~tl{ ~111'ii~ Deviance l'yiln1J 1.34806 111'fll 

p-value LYiln1J O. 71775 N~tl"'1fitlfll'Stltl1Ji'1J~1111J1J l~i'YI tlltl1rn MLE n1Jlflfl11~1U1J1J 

1 "''SU'YI U~: ~1U1J1Jfltl1J"'Ul1JlJ'YI1~~tlfl-~tlfl tlltl'~n MCS,WLE flrin '~11~1U1J1J l~i'YI 

5. ,j'tllJ~~1mh.:J'~~ 5 1~lJ,j'tllJ~'YIH~llJ1'Y1t11fl'111'~{(~11'Y1t11) 'Iltl.:J Muhammad(l990) 

'~1~1'YIflUflfll'j'11ml:"'~1t1~1111J1J l~i'YI N~tlllflij11fll11'ii~ Deviance 'Iltl.:J~1U1J1J l",'Su'YI 

tlltl1rnfll'Stl'S:1JlWfll"'l'j'liJl~tl{U1J1Jtll1:1l1\l:1~lJtl.:Jtl~ (MLE) 111'fll Deviance = 0.27191 

U'tltl~tl~\llfll'Jflfl'jW'Iltl.:Jiifll'Stl'S:1JlWfll"'l'SliJl~tl{ ~111'ii~ Deviance l'yiln1J 0.27191 111'fll 

p-value lyiln1J 0.96522 N~tl"'1fitl fll'Stltl1Ji'1J~1U1J1J 1",'Su'YIflltl1rn MLE n1Jlfl11~1U1J1J 1~ 

i'YI1l~:~1U1J1Jfltl1J"'~11JlJ'YIl~~tlfl-~tlfl tlltl1rn MCS,WLE flrin '~11~1111J1J 1 "'lU'YI flltl1~ 

6. ,j'tllJ~~1tlUH'~~ 6 Li~lJ,j'tllJ~'YIl.:J~llJ1'Y1t11fl'111'~{(~11'Y1t11) 'Il6.:J Strand(l930) ,~ 

1~1'YIflUflfll'S 11fl'S1:"'~1t19i1U1J1J 1 "''SU'YI N~tl'Slflij11"'1J11fll11'ii~ Deviance 'Iltl.:J~1U1J1Jfltl1J 
.. dO 0 1-.1 ' ...., ,~ 1'" 

"'~11JlJ'YI1'S~tlfl-~tlfl flltl ~11ifll'S lIl:1J1Wfll'Wl'j' 11Jl~tl'S 111J1Jfll1:lJ l\l: 11JlJ tl.:Jtl~ (MLE) 11 fll 

Deviance = 19.12758 U'6t1~tl~\llfll'Jflfl'jW'Iltl.:Jiifll'Stl'S:1JlWfll'Wl'j'liJl~tl{ ~111'ii~ Deviance 
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l'yiln1J19.12758 '11'.11 p-value nhn1J 0.00395 '!tWfd11~~1J1rtJdltlty 0.05 tY1Uflijhiii~11l1J1J 

iflll1ll1~tYllnmj'ijlJtl'fl~ 6 

'j/ ." .. !'II 'j/ 'j/..... , 'j/ 

7. 'Ilij\lCl~1ijtJl.:j1fl'YI 7 llJ'U'Ilij\ltl'YIHfll'U1fY1fl'J'nJfYltY~1 'Ilij.:j Montgomery(1982) fl 

i~!'YItliitlfll1iltl11~11~1tJ~1111J1J 1tl\i'YI HtlU11fl!}'hrt1J11 .11tYil~ Deviance 'Ilij.:j~11l1J1Jtlijlll't~ 
d 4 4 , 'j/..... _I • ..... • !'II , 'j/ • 

!ll'U'YIl1 tlijfl-tlijfl flltJ ~1lifll1lJ1~lllWtlll't111lJl~ijm1JlJfll1~'Ul~~llJ'U1l.:jtyfl (MLE) l1tll 

Sf .d: .::l.cwc:l I ~ J QI ~~ 
Deviance = 0.40519 'UijtJ'YItyfl~lflfJflfl'JW'Ilijnlifl11U1~lJlWtlll't111lJl~ij1 ~1tY(J~ Deviance 

I QI 1 f QI QI JIIf!J QI QI d 

l'YIlfl1J 0.40519 Iltl~tll p-value l'YIlfl1J 0.99994 Htltll'tlitlij fll1tJij1J11J~1111J1JtlijlJl'tmlJ'U'YIl 

d4 4 i"~ 4 • Q,f 1 ... ., 1'" i'll'">d 1tlijfl-tlijflflltJ ~1li MLE lllllflfl11~1111J1J tl~'YIlltl~~1111J1J l't11J'YI flltJ ~1li MCS,WLE 

• ,~' QI .c:t.t::l~ d i~ d QI jJ .d flCll1 ~11~1111J1JtlijlJl'ttl!lJ'U'YI1H\ijfl-tlijfl flltJ ~1li MLE lJtl11ll!l1lJl~tYlJfl1J'Ilij\ltl1fl'YI 7 lllfl 

8. ,j'ij\ltl~1ijtiH1flli 8 l~'U,j'ij\ltl'Yll.:j~l'UtY.:jtlllfYltY~{ 'Ilij.:j Clogg (1988) '~1~!'YItliitl 

fll1ilml~11~1tJ"1111J1J 1tl\i'YI HtlU11fltl1lfiltYil~ Deviance 'Ilij.:j"1111J1J 1tl\i'YltlltJlrnfll1 

_I • ..... • !'II ,'j/ • 'j/ .. 
1J1~lllWtlll't111ll1~ij1l!1J1Jfll1~'Ul~~llJ'U1l.:jtyfl (MLE) l1tll Deviance = 15.59553 'UijtJ'YItyfl 

~lflfJflfl'JW'llij.:jiifll1U1~lllWtill't111jjl~ij{ ~1tYil~ Deviance lyiln1J 15.59553 111'til p-value 

lliln1J 0.00395 ,!ijtJfl111~~1J1rtJdlflty 0.05 tY1Uflij 'liJj~1U1J1J lfl!l1ll1~tYlJn1J,j'ij\ltl1fl~ 8 

" ... d 
9. 'Ilij\ltl~1ijtJH1fl'YI 9 

!'II 'j/ 'j/.,.. , 'j/, 'j/ 
llJ'U'IlijlJtl'YIHfll'UtY.:jtllJfYltY~l 'Ilij.:j Haberman(1978) fl 'If • 

1'YItliitlfl11ilml~11~1tJ~1U1J1J 1tl\i'YI HtlU11fltl ':htiltYil~ Deviance 'Ilij.:j~1U1J1J hnii'YI flltJl~ 
..... _I • ..... • !'II i'j/, 'j/ 
1lifll11J1~lJ1Wtlll't111ll1~ijm1J1Jfll1::'Ul~:;llJ'U1l.:jtyfl (MLE) l1tll Deviance = 18.42963 'UijtJ 

~tyfl~lflfJflfl'JW'Ilij.:jiifl11U1:;lJlWtill't111jjl~ij{ ~1tYil~ Deviance l'yhn1J 18.42963 111'til p

value l'yiln1J 0.18791 HtlHl'tlflij fll1tJijlJr1J~1U1J1J 1l't1ii'YIflltJlrn MLE JjlJlfl11~1U1J1J 1tl\i'YI 

., d d4 4 ,~ • ''j/,,, 1'" ,~ 
lm:;~1U1J1JtlijlJl'ttlllJ'U'YIl1tlijfl-tlijfl flltJ ~1li MCS,WLE fltll1 fl11~1U1J1J l't11J'YI flltJ ~1li 

d QI " 4 .d 
MLE lJtl11lJ!l1ll1:;tYllfl1J'Ilij\ltl1fl'YI 9 lJlfl'YItyfl 

, 1 II II 

tY1 U Htlfll1ii'mfltJ1n1J ii fl11 U 1 :;lJ1W ti 1l't111jjl~ ij {li 1 ~1 'U.:j l'U ii' tJtl r.:jii flij ii rh H.:j 

tYij.:j,!ijtJtyflll1Jmi1.:jJ 111U fl (WLS), ii fll1:;lh~:;I~'U ll.:jtyfl (MLE),Utl:: ii' tlthH.:jtYij.:j~ltyfl 
(MCS) HtlU11fl!}11ii MLE 1~'Uiifl11U1:;lJlWti1l't111jjl~ij{~~~tyfll~ij.:j~1fl':h ii MLE Jj 

; ; ; 

iifll1~ij'U'1f1UrlJtilrl1.:j11111Ufl9h.:j"l l'Ull9itl:;lijlJ 119iii MCS 1m:; WLS 'liJjfll1~ij'U'1fl ~1 

1'll'tlrl"flJjti1tY.:jlfl~I~'U 0 ii MCS 1m:: WLS 'litY1lJl1(Jfi1'U1Wl11ti1U1:;lJlW'~ u9iii MLE 

.," I QI' .cu::II 1 .d.4 • 1 """.. 4 tY1lJ11(J'YI1 fl ~Hfl1JtY1'U'Ilij.:j1li WLS fltJ~H'YI llJijll'YI'Utll 'Ul'll'tltlt;!'UtJ fl1tJtlll'lf'U 0.5 111ij 
.. .. 

,!ijtJwhiitj fllJ1 fl"l ij lUll 1 11'l'YIij lJtl11lJU U1U 11'U Jj ti11l.:j111ij~h ilfl fl11U fl~ ~'U fl1 ::l1.:j Jj 
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~ . ~ 

FHlm ::'rl1HHh:nJ lfl~tlfll'i 11tl 'i 1::11' flU ti 1 ·nlll111 fl 't'i 11 11' ~~tl11lJlll1<lffliifliifll1.:J Fm "'Yi£l1~:: 
~ 

" .ct '4 , "'""" 'UtllJ~ mW1W'Utl1'i 'tf11i MLE • 

ff~'LlF~~fll'i1\lUl~fJ1timi111'U'U ~.:J9i111'U'U~1.n'U.:Jl'U1\lfJtlf.:Jif fitl 9i111'U'U i~i'rl 9i111'U'U 

i Yi 'i ii'rl 11~::9i 111 'U'UtlfllJYi ~llJ'U'rl 11 gtlfl-gtlfl 11 "'.:J\llfl't'i 1 fll'i tJi'mil9i 111 tJ'ifli 'UlUlltl'1 ~~~ 1 ~ . ~ 

fitlihtl"hfii'U1tJ~fJ'U 1 tJ 1Yi'i 1:: "h 'U'U 1~tl11lJ11 tJ 'i tJn'U;i'U fl Qti'U'U'U l~'Ufl.:J,j'fll"~ 1lft::tl11lJ 

11~ fl~H'UtI.:JtilYiU lij1~fl{~tJ'i ::lJlW 1~\l::~'U flQti'U'U'U l~'Ufl.:J a n;1\f'U ~.:J,f'U\l::l'tt'U 1~'h9i1 
11tJ'itli'UlfJij~~~flfll'i l~flflti.:JtlThfii'U 

~ ".q ~_!I flu 
fllln1)11Wl1DtlflD'Itln'lfl'V'U 

1. 1rlfl9i111tJ'i~tI'Uff'Ufl.:J1fl'U11'U'U 2 fl~lJ 11~::9i111tJ'ifli'Ultl1fl'U9i111tJ'i1;f.:Jfl~lJ tl1'i 

4 .q cf!'j cf Qt i.... i .Q 4 d ~.or::I d' 
mtlfl~.:Jtll1.:Jfl'tf'U 'UtI.:J ~\l'rl Yi'i'U'rll1'itl ~flflnl'UfJ'j 

2. ti'19i111tJ'i~fl'Uff'Ufl.:J1fl'Ull'U'U 2 fl~lJ 1l~::9i111tJ'itli'UlfJ 1fl'U9i111tJm'U'U1,jfl.:J tl1'i 

l~flflti.:Jtl~.:Jfiw 'UtI.:J i~i'rl 111fl hnii'rl 

3. 9i111tJ'i~tI'Uff'Ufl.:J1fl'U'u'm.!~'i::fJ::fJl1 (Censored duration data) 11~::9i111tJ'ifli'Ultl 

1fl'U..f.:J1;f.:Jfl~lJ111t1~tl1,jfl.:J tl1'i1~tlflti.:Jtl~.:Jfii'U'Ufl.:J ~flflti1ilfJ{ i~i'rl111t1 tlfllJYi~ 
""" " 1lJ'U 'rll'i ~tlfl-~tlfl 

5.2 tli'LhUJHD 

\llflfll'i 1\lfJ~'t'ilfll'i 1m fJ'U1YifJ'U111 flU tJ'i::lJlW ti lYiU lih~fl{ 3 111 fitl 111 ih"'.:Jfftl.:JU'flfJ 
~ . 

q'~11'U'Uti1.:Jlh1111fl (WLS), ntll1::11l\l::lfl'Utl.:Jq'~ (MLE), 11~:: n1tlfh"'.:Jfftl.:J9hq'~ (MCS) . ~ 

i~tlYi9i111tJ'i~fl'Uff'UtI.:J (Y) 1fl'U9i111tJ'i1;f.:JtJWtllYiij 2 til fitl 0 111t1 1 Yi'U119i1t1r.iHl1.:J 9 'V~ ij 

Qt d Q,I Qt ," 1"~ _I • .Q cfJ/ ~ 
~111 'U'U'rll11lJl:: fflJ fl'U~ fllJ W::'Ufl.:J11~ ~::'UfllJ~ tllfJ ~ 11i flU lJ'i::lJ lW tllYi U llJ1~tI'i ~1fJ11i tl11:: 

1l1\l::lfl'Utl.:Jq'~ 1 11'tilffii~ Deviance ~lq'~l'JflmW ~.:J~~~ 1~ fffl~tlft'fl.:Jti'U.:Jl'U 1\ltl'Ufl.:J 

fllty\l'Ull'nU'tffll'i(2539) 1l~:: Huhn,M(2000) 
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" " 
1. -31lJ 1iufl1' -3UltllJ flllflfllllllCl::l1fl U1Jlfi U1Jnfll1lh:: lJ1W th"'1l1ih~61111J1J~~"6-3 

~11h::lJ1W""1l1ih~61'lJ~"lU1J1J 1Cli'YI ~1111J1J 1 .... 1 fl'YI IICl::~1111J1Jfl6lJ""~llJlJ 'YIll ~6fl-~6fl 

Iyilt! lJ ~-3It1lJ ~llltYlJ hl~y'hflll flflll1 tl-311l fll11.h::1JlW 'ti1-3f111lJl~6~lJ tTll1 1'1J~111 1 ::1JlW 

" 
fll .... llliJl~ij1'1lJ~1111J1Jl"i-3 3 ~1111J1J 

2. lilfll1ImU1Jlfiu1Jnflll111::1JlWfll .... l1lih~ij1111J1J~~ 'lJ~1111J1J 1Cli'YI ~1111J1J 1 .... 

1 fl'YI 1m:: ~ 1111J1Jfl6lJ .... ~ IlJlJ 'YIll ~6 fl-g6 fl Irl6~ 111 11 a 61J fflJ 6-3 ihl' flll W:: I tllJlI1J1J ihh~ 1J 

(Ordinal response) 

" 
3. 111::1JlWfll .... l1liJl~61'lJ~1111J1Jl"i-3 3 ~1111J1J~1UnlmY IICl::n1lJllJlJ~ IfiU1Jtl1J11l 

fll1::111\l::ltllJ ll-3ty~ 
, .... " ,".,.,,,. 1 

4. lJfll11Iml::11"ijl,jCllJ6fl\llflfll1 'If~1111J1J 3 ~1111J1JIICl1 61\l'Yllfll11H'YI~Cl6-3 ~U 

, '"""" .... d d' .. .. _I _I .d , """'" d," 
'lf11i fll1 fffl~'YI11 Ufl11 flll'lifl n::l1f111lJlIlJ1lJl'llJ"If-3 'lf11i fll1 'YI~ ff61J1I1J1J 1JCl6fltylJfflJ\! 1 W 

(Randomized Complete Block Design: RCBD) 1~6'Y1~ff61J ,h~1111116i1JluJj~Cl~61l1~fll1W~ 

11lfflJ' \l1116'~ 1 ~Uflll1lJ~ 'l1'~1111116i1JlVltllJl1111U'YI~Cl6-3ffllJllfl~1IllJ fl66mtllJfl~lJ ~-3 

'" , d '" 11Ufl111JCl6fl ~ 

5. 'lJ fll111f111::"',j'6lJCl-ft\l11W l' ~~1111J1J 1 Cli'YI ~1111J1J 1 .... 1 fl'YI IlCl:: ~1111J1JflijlJ""~ • 
I1JlJ'YIll~6fl-~6fllrl6~111111~61JfflJ6-3Jj 2 fl~lJ tl1J~1111116i1JlU 'lJfl1l1Iml::"',j'61JCl1~~ I 

" " 
1~fi 6 IICl:: 1~fi 8 U'llilfll11Iml::"'~1U~1U1J1Jl"i-3 3 ~1111J1J'~'~ f11l\l::lilfll11Iml::"'~1U 

" ~ 1111J 1J ~ij fliilU U11 .... 11::~ 1111J1J ~ 6 fl ii I uu1 ffllJ U fl11f1 1 1::'" f111lJ ff1Jl;lJ I" ij-3~ 111 11 1 fI 1'-3 Cl:: 

l1Cll U~ 111 111 ~111 11 1 Cl::l1CllU1 ::~1J IICl::iJ-3lt1lJ~ 1111J1J~ ffllJ 11 fl6i1J lUfI 11 lJ ff1Jl;lJ 11 ::111H~1 

1I1111.y-3fl~lJ'~~ 



v ... 
1 UJft11tH38.:J 

~ J.c::Iit. QI " 

flW:::TYlUlffltYiII'S lJ1fl1'Y1U11UJ1f1l1i11'SffltYiII'S. 

'lfUff1'S1 UiII'SUti'1 . 2543. fm11fl'jl:::l1fllHI?ltltlUlrttlA1111hillllJJjtYtl-3~nllW::: 1~1U1~A1U1J1J 

fl11lJth~:::lillJl~-31ff'lJ A1U1J1J hnii'YI UCI:::A1U1J1J lC1i'YI . 1'Y1Ulu't'tlJ1i111tyt1P 

QI .c::Iit. CIt, Co4Q ~ 0' Co QI 0' 

lJ1111JWcrlili tYl'IJ11'1fltYtlili flW:::1'Y1UlffltYiII'S lJ1111'Y1UlClUlnllill'SffltYiII7 . 

'tifflJl't't7 ~-3m9J~'Sw. 2546. nnl1'S:::lJ1Wfll't't17lijlill't}1'IJtl'lA1Ul11Jtl?ltltlU lC1itY9ifl'YI1lJllJ. 

1'Y1Ulu't'tlJn111tytyllJ111liWcf1i11 tYl'IJ11'1fltYi19i flW:::'t'tlW'lfUffltYiIIlllCl:::nnlity;r 

" .. '" ~lflCl'lmWlJl1l1'Y1UlCIU. 

YilJCli'iIIU i'iIIlJl't't'lf7 . 2547. f11711fl'jl:::l1fll7tl?ltltlU~A1U117i111lJJjflllillJ 2 ~nllw:::1lJmw~Jjfll7 

Ul1C1'1,j'tllJCI.1'Y1Ulu't'tlJn111wwllJ111liWcf1i11 tYl'IJ11'1fltYi19i flW:::1'Y1UlffltYilil 
• t.I U 

.. '" " lJ1111'Y1UlClUlnllill7ffltYiII7 . 
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# WEIGHTED LEAST SQUARE # 

table.S.l <-data.frame(load=c(25oo,2700,2900,3100,3300,3500,3 700,3900,4100,4300), 

n=c(50,70, I 00,60,40,85,90,50,80,65), 

y=c(IO, 17,30,21, 18,43,54,33,60,51» 

log.1oad<- log(table.S.l$load) 

p<-c(table.S.l $y/table.S.l $n) 

q<- I-p 

Var<-c(table.S.l$n*p*q) 

Vi<-INar 

W<-diag(Var) 

V<-11W 

lnvW<-solve(W) 

nuhat.Lwls<- log(p/q) 

nuhat.Pwls<-qnorm(p) 

nuhat.Cw1s<-log(-log(q» 

X. wls<-as.matrix( cbind(rep(1 , 10), log.1oad» 

Covb.wls<-solve(t(X.wls)%*%lnvW%*%X.wls) 

b.Lwls<-as.matrix(Covb.wls%*%t(X.wls)%*%InvW%*%nuhat.Lwls) 

b.Pwls<-as.matrix(Covb.w1s%*%t(X.wls)%*%InvW%*%nuhat.Pwls) 

b.Cwls<-as.matrix(Covb.wls%*%t(X.wls)%*%lnvW%*%nuhat.Cwls) 

yhat.Lwls<-as.matrix(X.wls%*%b.Lwls) 

yhat.Pwls<-as.matrix(X.wls%*%b.Pwls) 

yhat.Cwls<-as.matrix(X.w1s%*%b.Cwls) 

prob.Lwls<-( exp(yhat.Lwls) )/( 1 +exp(yhat.Lwls» 

prob.Pw Is<-pnorm(yhat. Pw Is) 
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prob.Cwls<-I-exp( -exp(yhat.Cwls» 

ypred.Lwls<-c(table.S.1 $n*prob.Lwls) 

ypred.Pwls<-c(table.S.1 $n*prob.Pwls) 

ypred.Cwls<-c(table.S.1 $n*prob.Cwls) 

D.Lwls<- c(2*sum(table.S.l$y*log(table.S. l$y/ypred.Lwls)+(table.S.1 $n-table.S.1 $y)* 

log«table.S. l$n-table.S.1 $y)/(table.S.l$n-ypred.Lwls»» #deviance of logit 

D.Pwls<- c(2*sum(table.S. l$y*log(table.S. l$y/ypred.Pwls)+(table.S.l$0-table.S.I$y)* 

log( (table.S. 1 $n-table.S. 1 $y )/( table.S.1 $n-ypred.Pw Is») }#deviance of probit 

D.Cwls<- c(2*sum(table.S. l$y*log(table.S.l$y/ypred.Cwls)+(table.S.l$n-table.S.I$y)* 

log«table.S.l$n-table.S.I$y)/(table.S.l$n-ypred.Cwls»»)#dev ian ce of c1oglog 

P.D.Lwls<-I-pchisq(D.Lwls,df=8) 

P.D.Pwls<-I-pchisq(D.Pwls,df=8) 

P.D.Cwls<-I-pchisq(D.Cwls,df=8) 

plot(log.load, table.S.1 $y/table.S.1 $n, pch= 16, xlab="Log.Load of WLS", 

ylab=" Proportioo of fasteners that fail If, bty="L", axes=F) 

axis(l , at=seq(7,9, .1) 

axis(2, at=seq(O, I, . 1» 

points(Iog.load, prob.Lwls,pch = l ,col=2) 

points (Iog.load, prob.Pwls,pch = 2,col=3) 

points (Iog.load, prob.Cwls,pch = 3,col=4) 
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legend(x=8.3, y=.35, legend=c("Logit" ,"Probit" ,"Clog-Iog"),pch=c( I ,2,3 ),col=c(2,3,4), cex=.85, 

text.width= l, adj =c(O,.5» 

#MAXIMUM LIKELll-IOOD ESTIMA TTON# 

fit.logit<-glm( table.S . 1 $y/table.S.1 $o- Iog.load, weights=table.S. 1 $0, 

family=binomial(link=logit» 

fit.probit<-glm( table.S .1 $y/table.S.1 $n- Iog.load, weights=table.S.1 So, 

family=binomial( I ink=probit» 

fit.c1oglog<-glm(table.S.1 $y/table.S.1 $n- Iog.load, weights=table.S. 1 $0, 

family=binomial(link=cloglog» 

P.D.Lmle<-I-pchisq(fitlogitSdeviance,df=8) 



P.D.Pmle<-I-pchisq(fit.probit$deviance,df=8) 

P.D.Cmle<-I-pchisq(fit.c1oglog$deviance,df=8) 

plot(log.1oad,table.S.1 $y/table.S.1 $n, pch= 16, xlab="Log.Load of MLE", 

ylab=" Proportion offusteners that fuill", bty="L", axes=F) 

axis(1, at=seq(7,9, .1) 

axis(2, at=seq(O, I, .1) 

lines(1og.1oad, fitted(fit.logit),lty = l,col=2) 

lines(1og.load, fitted(fit.probit),lty = 2,col=3) 

lines(1og.load, fitted(fit.c1oglog),lty = 3,col=4) 

legend(x=8.25, y= .35, legend=c("Logit" ,"Probit", "Clog-log"), 

1ty=c(1,2,3), col=c(2,3,4),cex=.85, text.width= l, adj =c(O,.5» 

p<-c(table.S.1 $y/table.S.1 $n) 

q<- I-p 

z.Lmcs<- log(p/q) 

z.Pmcs<- qnonn(p) 

z.Cmcs<-log(-log(q» 

#MIN1MUM CHI-SQUARE# 

W.I <-c(table.S.l $n*p*q) # weights of logit 

W.2<-c«table.S.I$n*(dnonn(z.PmcsY'2»/(p*q»# weights of pro bit 

A<-c«I/( -log(q)*table.S.1 $n*q») 

W.3<-c«(1/«A"2)*table.S.I$n*p*q»)# weights of c1oglog 

W .Lmcs<-diag(W.I) 

W .Pmcs<-diag(W .2) 

W.Cmcs<-diag(W.3) 

X < -as.matrix( cbind( rep( I , I 0), log. load) ) 

Covb.Lmcs<-solve( t(X)%*% W .Lmcs%*%X) 

Covb.Pmcs<-solve(t(X)%*%W.Pmcs%*%X) 

Covb.Cmcs<-solve(t(X)%*%W.Cmcs%*%X) 

b.Lmcs<-as.matrix( Covb.Lmcs%*%t(X)%*% W .Lmcs%*%z.Lmcs) 

b.Pmcs<-as.matrix( Covb.Pmcs%*%t(X)%*% W .Pmcs%*%z.Pmcs) 
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b.Cmcs<-as.matrix(Covb.Cmcs%*%t(X)%*%W.Cmcs%*%z.Cmcs) 

yhat.Lmcs<-as.matrix(X%*%b.Lmcs) 

yhat.Pmcs<-as.matrix(X%*%b.Pmcs) 

yhat.Cmcs<-as.matrix(X%*%b.Cmcs) 

prob.Lmcs<-exp(yhat.Lmcs)/( I +exp(yhat.Lmcs» 

prob.Pmcs<-pnonn(yhat.Pmcs) 

prob.Cmcs<-I-exp( -exp(yhat.Cmcs» 

ypred.Lmcs<-c(table.S.1 $n*prob.Lmcs) 

ypred.Pmcs<-c(table.S.1 $n*prob.Pmcs) 

ypred.Cmcs<-c(table.S.I$n*prob.Cmcs) 

D.Lmcs<- c(2*sum(table.S.1 $y*log(table.S.1 $y/ypred.Lmcs)+(table.S. l$n-table.S.I $y)* 

log( (table.s.1 $n-table.S.1 $y )/( table.S.1 $n-ypred.Lmcs»» #deviance of logit 

D.Pmcs<- c(2*sum(table.S.1 $y*log(table.S.1 $y/ypred.Pmcs)+(table.S.1 $n-table.S.1 $y)* 

log«table.S. I$n-table.S.I$y)/(table.S.l$n-ypred.Pmcs»» #deviance of probit 

D.Cmcs<- c(2*sum(table.S.1 $y*log(table.S.I$y/ypred.Cmcs)+(table.S.I$n-table.S. I$y)* 

log«table.S. I$n-table.S.l$y)/(table.S. I$n-ypred.Cmcs»» #deviance of cIoglog 

P.D.Lmcs<-I-pchisq(D.Lmcs,df=8) 

P.D.Pmcs<-I-pchisq(D.Pmcs,df=8) 

P.D.Cmcs<-I-pchisq(D.Cmcs,df=8) 

plot(log.load, table.S. I$y/table.S.1 $n, pch= 16, xlab="log.load of MCS", 

ylab=flProportion of fasteners that fail fI , bty="L", axes=F) 

axis(l, at=seq(7,9, . J) 

axis(2, at=seq(O, I, .1» 

lines(Iog.load, prob.Lmcs,lty = 4,col=2) 

lines(Iog.load, prob.Pmcs,lty = 5,col=3) 

lines(Iog.load, prob.Cmcs,lty = 6,col=4) 
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legend(x=8.25, y=.35, legend=c(fl Logit","Probit","Clog-log"),lty=c(4,5,6),col=c(2,3,4), cex=.85, 

textwidth= l, adj =c(O,.5» 



#Cor plot# 

plot(log.load, table.S.l$yitable.S.I $n, pch= 16, xlab="Log.LOAD", 

ylab="Proportion of fasteners that fail ", bty="L", axes=F) 

axis(I , at=seq(7,9, . I) 

axis(2, at=seq(O, I, .1) 

points (Iog.load, prob.Lwls,pch = l,col=2) 

points (Iog.load, prob.Pwls, pch = 2,col=3) 

points (Iog.load, prob.Cwls, pch = 3,col=4) 

points (Iog.load, fitted(fit.logit),pch = 4,col=2) 

points (Iog.load, fitted(fit.probit),pch = 5,col=3) 

points (Iog.load, fitted(fit.c1oglog),pch = 6,001=4) 

points (Iog.load, prob.Lmcs,pch= 7,col=2) 

points (Iog.load, prob.Pmcs,pch = 8,col=3) 

points (Iog.load, prob.Cmcs,pch = 9,col=4) 

\05 

legend(x=8.3,y=.45,legend=c("Lwls","Pwls","Cwls","Lmle","Pmle","Cmle","Lmcs","Pmcs","Cm 

cs"),pch=c( 1 ,2,3,4,5,6,7 ,8,9),col=c(2,3,4), cex=.8, text width= I, adj =c(O,.5» 

data.frame(b.Lwls, b.Pwls, b.Cwls, summary(fit.logit)$coefficients, 

summary(fitprobit)$coefficients,summary(fit.cloglog)$ooefficients,b.Lmcs,b.Pmcs, 

b.Cmcs) 

data.frame(p, prob.Lwls, prob.Pwls, prob.Cwls,fitted(fit.logit),fitted(fit.probit), 

fitted(fit.cloglog),prob.Lmcs,prob.Pmcs,prob.Cmcs) 

data.frame(log.load,table.S.1 , p, ypred.Lwls, fitted.Lmle=round(table.S.1 $n*fitted(fit.logit), I), 

ypred.Lmcs, ypred.Pwls,fitted.Pmle = round(table.S. I$n*fitted(fit.probit), I), ypred.Pmcs, 

ypred.Cwls ,fitted.CrnIe =round(table.S.1 $n*fitted(fitc1oglog), I ),ypred.Cmcs) 

data. frame(D.L w Is, D .Pwls,D. Cw Is, fit.logit$deviance, fit. probit$deviance, 

fit.cloglog$deviance,D.Lmcs, D.Pmcs, D.Cmcs ) 

data.frame(P.D.Lwls,P.D .Pwls,P.D.Cwls,P.D.Lmle, P.D.Pmle, P.D.CrnIe, P.D.Lmcs, 

P.D.Pmes, P.D.Cmcs) 
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2900 7.972466 
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l1lJ~l 'il1!:lJ lHfI H) 'IlJ'U ll.ltl 'j!:~ lJfl11l.1 fl~ tl1 flHl 
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