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'|]NQ}e w|]N\@=wQCW=ov QO MLP |=ypOt `}Uw OQ@ Q=m x@ xHwD =@ "OQm
TB [24]"OwW|t xO=iDU= MLP pOt R= |O}rwD |=yOv}=Qi |R=UpOt QO,=@r=e
'pOt Q=DN=U C=}�RH u}}aD x@ C@Uv CU= sRq 'pOt |rm Q=DN=U u}}aD R=

"O}rwD Ov}=Qi |R=UpOt pL=Qt K} QWD CQ=Jwri "2 pmW

Q@ Q}eDt OvJ =} l} |x]@=Q p}rLD |=Q@ xDi=}s}taD |]N |=ypOt u} QD|OQ@ Q=m
pOt wO Qy |=Q@ |R=UpOt pL=Qt Q=DWwv u}= QO [21]"CU= |tU= MU=B Q}eDt

"OwW|t K} QWD 2 pmW x@ xHwD =@ |@Ya |xm@W w l}DUHr
|xm@W w l}DUHr |R=UpOt R= xrLQt u}= QO %pOt |Q=tat |R} QKQ] 1 s=o
|=yCU=}U w =yQ=my=Q |rm Qw]x@ w =yZQiV}B '=yC}OwOLt '|@Ya

"OwW|t XNWt |R=UpOt
=yxO=O C}=im w |oJQ=Bm} 'uOw@|iO=YD %=yxO=O |R=UxO=t; w |Qw;`tH 2 s=o
xrLQt u}= QO l}DUHr pOt |=yxO=O VR=Q@ |=Q@ xOWh} QaD \wQW xrtH R=
l}DUHr uw}UQoQ |=ypOt QO xm CU= |r=L QO u}= &CU= |R=UpOt R=
u}@ 14OOaDt |=y|]Nsy OwHw sOa'xOWu=}@ \wQW Q@ xwqa 'xQ}eDtOvJ

"OQ}o|t Q=Qk |UQQ@ OQwt 6 s=o QO w xOW h} QaD R}v =yQ}eDt
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}B"Ow@ Oy=wN
W0 = �̂j

S(�̂j)
(4)

S(�̂j) w �j |vw}UQoQ ?} Q[ |xOWOQw;Q@ Q=Okt Qou=}@ �̂j Q=Okt x]@=Q u}= QO
"CU= �j OQw;Q@ OQ=Ov=DU= h=QLv=

T=U=Q@ 'pOt VR=Q@|} wm}v uwtR;u}= QO %Hosmer and Lemeshow uwtR;
"OwW|t xO}HvU uwtR; u}= k `@ Qt |xQ=t; x@ \w@ Qt Pvalue Q=Okt |oQR@
u}= QO CU= sRq pOt VR=Q@ QO xO=iDU= OQwt |=yxO=O |Q=PoxLY Qw_vtx@
QwUQoQ |=yQ}eDt u}@ OOaDt |=y|]Nsy OwHw sOa ZQiV}B \QW 'xrLQt
OwHw xm OwW|t jq]= |Dr=L x@ OOaDt |]Nsy "OQ}o Q=Qk |UQQ@ OQwt
?Hwt '�j ?}=Q[ Tv=} Q=wm V}=Ri= =@ pkDUt |=yQ}eDt u}@ O}OW |oDU@sy
|x@U=Lt j} Q] R= [31]"OwW �j |vw}UQoQ ?}=Q[ u}tND G}=Dv uOWQ@Dat=v
OwHw u=wD|t V IF < 4 \QW |UQQ@ w �5 |x]@=Q j@]�VIF |xQ=t;
pOt u}}aD ?} Q[ Qou=}@� R2

j "OQm OQ =Q QwUQoQ |=yQ}eDt u}@ OOaDt|]Nsy
"�CU= Xj<=vFDU=x@ 'pOt |=yQ}eDt |t=tD uOQmZQi C@=F =@ |vw}UQoQ

V IF (�j) = 1
(1�R2

j)
(5)

=} =yxO=O ^iL |xr�Ut |UQQ@ |xrRvtx@ |@Ya |xm@W pOt |Q=PoxLY
?=NDv=QO xW} Q xm xr�Ut u}= "CU= Ov}=Qi u}L QO 20xm@W OL R= V}@ VRwt;
QO xm@W xm OyO|t MQ |v=tR 'OQ=O |iNt |=yx}q |=yuwQv O=OaD ?U=vt=v
xm@W 21s}taD CQOk Vy=m x@ QHvt xO}OB u}= "OwW Q=DiQo |rLt |xv}tm l}
u}= R= R} Qo |=Q@ QwYDt |=ypL x=Q "OW Oy=wN VRwt; |=]N Vy=m seQ|ra
|}=yxO=O u}}aD "2 &OQmrta `@=D s}_vD "1 %OQ=O Q=Qk s=a |xDUO wO QO pmWt
Vy=m uO=O u=Wv |=Q@ |mqt u=wvax@ xm 22|Q=PoxLY |=yxO=O u=wvax@

"OvQ}o|t Q=Qk xO=iDU= OQwt xm@W |yOs}taD CQOk
Qw_vtx@ xm |}=}=B |@=} RQ= |=yQ=}at %pOt |}=}=B |@=} RQ= |=yQ=}at ?=NDv= 7 s=o
Ov}=Qi |@Ya |xm@W pOt w l}DUHr pOt |@=}uwQ@ w |@=}uwQO CQOk |UQQ@
Cox &� w �Nagelkerke� u}}aD ?}=Q[ %R= CU=CQ=@a 'Ov=xOW ?=NDv=
�OwW|t x@U=Lt |}=tvCUQO u} QDW}@ VwQx@ l}DUHr pOt QO xm � �Snell

xm CU= |OQ=wt |rm OYQO Qou=}@ xm �|v}@V}B CLY OYQO� XN=W w
"CU= xO=O X}NWD |DUQOx@ =Q MU=B Q}eDt ẁkw sOa =} ẁkw pOt

xOW?=NDv= |=yQ=}at x@ xHwD =@CU= sRq xrLQt u}= QO %pOt|}=}=B|@=} RQ= 8 s=o
|}xOwOLt QO =t= �� pOtVR=Q@ |=yxO=O R=pkDUt|}=yxO=O|Qw;`tH w7 s=o QO
x@ C@Uv �� �pOt |@=}uwQO w |@=}uwQ@ QO |}=}=B |Q}oxR=Ov= hOy =@� QDxOQDUo

"OwW s=Ok= |@Ya |xm@W pOt w l}DUHr pOt |}=}=B p}rLD w x@U=Lt

w xOvvmlWN |xv=Wi= Ov}=Qi l}DUHr pOt O=H}=
u; uOw@ ?U=vt |UQQ@

|=Q@ |O=yvW}B |=yQ}eDt 'xOvvmlWN |xv=Wi= Ov}=Qi R= l}DUHr |R=UpOt QO
|=yQ}eDt \=@DQ= uOw@|]N ZQi =@ w xOW ?=NDv= 1 pmW j@=]t pOt |Q=tat
s}kDUt VwQx@ pOt VR=Q@ |=yxO=O x}yD x@ C@Uv '|Ov@xv=O MU=B Q}eDt w |OwQw
VR=Q@ Qw_vtx@ xOvvmlWN |xv=Wi= Ov}=Qi R= xOW|Qw;`tH |=yxO=O "OwW|t s=Ok=

|=yx}q O=OaD '�|OwQw Q}eDt O=OaD T=U=Q@� |OwQw |x}q uwQv O=OaD xrtHR=
Q}eDt O=OaD T=U=Q@� |HwQN |x}q uwQv O=OaD '�=]N w |aU VwQx@� |v=}t

[25]"OwW s=Ok= �=]N w |aU VwQx@� |R=Up=ai `@=D ẁv w �|HwQN
'l}DUHr uw}UQoQ T=U=Q@ |R=UpOt QO %VR=Q@?U=vt |=yQ=}at ?=NDv= 4 s=o
QO xm =Hv; R= "CU= |}=tvCUQOxv}W}@ VwQ Q@ |vD@t pOt ?}=Q[ OQw;Q@
m� eifi = 1; 2; ::;mg =]N |iO=YD Q}eDt 'l}DUHr uw}UQoQ |=ypOt
h=QLv= w QiY u}ov=}t =@ |}xrtHwO `} RwD `@=D R= �CU= =yxO=O O=OaD Qou=}@
xOWxOy=Wt |=yxO=O ẁkw p=tDL= 'Ovm|t |wQ}B �(Y )(1��(Y )) Q=}at
[26]"OQ}o|t Q=Qk VR=Q@ |} wm}v lqt �� |}=tvCUQO `@=D Q=Okt |DQ=@ax@ ��
VRwt; hkwD j} Q] R= '|@Ya |xm@W |R=UpOt QO pOt VR=Q@ uOw@?U=vt
MLR pOt QO VRwt; hkwD |=Q@ "OwW|t XNWt |@Ya |xm@W pOt
|xv=Wv x@ VRwt; |xrLQt 'l} Qy jkLD ZLtx@ xm OQ=O OwHw Q=}at xU
uOW QDsm "1 %R= Ov=CQ=@a =yQ=}at u}= "OwW|t hkwDt pOt VR=Q@ uOw@?U=vt
"2 &|r@k |xOWu}}aD Q=Okt R= 'xQwO Qy QO �MSE� =]N C=a@ Qt u}ov=}t Q=Okt
Q=Okt uOW QDsm =} '|r=wDt |=yQ=QmD QO =]N u=}O=Qo sQv QO TwULt=v C=Q}}eD
x@ C@Uv =yQ=QmD O=OaD V}=Ri= "3 &|r@k |xOW u}}aD Q=Okt R= =]N u=}O=Qo sQv

[27]"|r@k |xOWu}}aD O=OaD
u=ty xm l}DUHr uw}UQoQ pOt OQw;Q@ �pOt OQw;Q@� pOt |=yQDt=Q=B u}tND 5 s=o
`@=D Q=Okt xm OwW|t s=Hv= |}xvwox@ 'CU= Q}eDt Qy x@ \w@ Qt ?}=Q[ u}}aD
yi xm |Qw]x@ 'OwW xv}W}@ 3 |x]@=Q j@] 'xO=O m ?ULQ@ |}=tvCUQO
|xOvyOu=Wv �j w fi = 1; 2; ::;mg s=i |xvwtv =@ Q_=vDt Y Q=Okt Qou=}@

[28]"CU= Xj |iO=YD Q}eDt x@ \w@ Qt uw}UQoQ ?} Q[

L(�j) =
mY
i=1

�(xi)yi [1��(xi)]1�yi (3)

VRwt; w =yxO=O |x�=Q= u=ty pY= QO '|@Ya |xm@W pOt |=yQDt=Q=B u}tND
xm@W �|=yT=}=@ w =yuRw� |rN=O |=yQDt=Q=B s}_vD hOy =@ xm CU= xm@W
'|rN=O |=yQDt=Q=B s}_vD j} Q] R= s}yO xR=H= xm@W x@ xJv=vJ "OQ}o|t s=Hv=
xOWP=ND= OQm} wQ 'Ovm l}miD pOt Q@ QF-wtQ}e |=yQ}eDt R= =Q QF-wt |=yQ}eDt
|=yVwQ Q@ x}mD =@ 'pOt Q@ QF-wt |=yQ}eDt Qo = =t= "CU= |twta |OQm} wQ
uwJty |Q=t; |=yp}rLD =} Ov}=Qi u=oQ@N |x@ QHD R= |Q}oxQy@ xrtHR= Qo}O
OQm} wQ 'OvwW Vv} Ro �=yQ}eDt u}@ |x]@=Q uOw@|]N ZQi =@� Tv=} Q=w p}rLD
|QDQ@ |xOvyOu=Wv 'u}W}B C=ar=]t|UQQ@ "CU= RmQtDt OQm} wQl} xOWP=ND=
[29]"CU= xm@W OQmrta Q=}at x@ xHwD =@ |twta OQm} wQ x@C@Uv RmQtDt OQm} wQ
ẁv xrtHR= 'VRwt; |=QH= |=yQDt=Q=B OQwtQO CU= sRq VRwt; |xrLQt QO

w �|}xQwO =} |iO=YD� =yxO=O |x�=Q= |xwLv '|Q}oO=} MQv 'VRwt; sD} Qwor=
[30]"O}; ptax@ |Q}os}tYD 'VRwt; hkwD |=yQ=}at u}vJty

G}=Dv 'l}DUHr uw}UQoQ pOt |Q=PoxLY Qw_vtx@ %pOt |Q=PoxLY 6 s=o
"OQ}o|t Q=Qk xO=iDU= OQwt Hosmer and Lemeshow w Wald |=yuwtR;
|=Q@ H0 := 0fj = 1; 2; ::; pg�j ZQi =@ CU= |vwtR; Wald uwtR;
"OQ=O QwUQoQ p xm l}DUHr uw}UQoQ pOt l} QO �j |vw}UQoQ ?} Q[ Qy
Q=Okt R= �4 |x]@=Q QO W0� uwtR; u}= |xQ=t; x@ \w@ Qt Pvalue xm |DQwYQO
O}}-=D OQwt MU=B Q}eDt Q@ Xj Q}eDt uOw@ QF-wt 'OW=@ QDsm ��� u=v}t]= ?} Q[
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Hv "Ov}=Qi OQmrta |v}@V}B l}DUHr pOt |Q=PoxLY G}=Dv "2 pwOH
OOaDt |]Nsy sOa uwtR; Wald uwtR;

VIF �j Pvalue Exp(�j) Wald

1 05 �160 178 0 002 0 000 10 001 ��� |r=oJ
1 32 0 552 0 002 1 737 9 413 � �Tin� |OwQw |=tO
1 75 �0 981 0 042 0 042 4 127 �Ps� AtB Q=Wi

|Ov@xv=O|v}@V}B|@Ya |xm@W pOt |xaUwD "CU= xOWh} QaD |Ov@xv=O|tU=
sD} Qwor= T=U=Q@ MLP Q=DN=U ?=NDv= =@ 'Ov}=Qi OQmrta XN=W |v}@V}B =}
"CU= xDiQo s=Hv= |R=UpOt QO |twta |OQm} wQ P=ND= w =]N Q=WDv=TB |WRwt;
=@ |WRwt; |=ysD} Qwor= u} QDOQ@ Q=mQB w u} QDpw=ODt R= =]N Q=WDv=TB sD} Qwor=
u}= QO [32]"OwW|t xO=iDU= ANNs |=yOQ@ Q=m R= �75 QO sm CUO xm CU= Q_=v
TB w xOW xU}=kt xm@W |HwQN Q=Okt =@ xm@W x@ xOWx�=Q= MU=B Q=Okt sD} Qwor=
xO=iDU= xm@W |=yT=}=@ w =yuRw s}_vD |=Q@ u; R= 'OwHwt |=]N |x@U=Lt R=
x@ u; =@ Q_=vDt |HwQN 'xm@W x@ Q=Okt u=ty OOHt |x�=Q= =@ xm |Qw]x@ OwW|t
|=Q@ sD} Qwor= u}= QO xO=iDU= OQwt |Q}oO=} uwv=k "OwW|t QDl}ORv hOy MU=B
?U=vt xm CU= CQ=wmQ=t � nQ@vwr uwv=k '|@Ya |xm@W pOt |=yQDt=Q=B s}_vD
100 =D 10 CaQU u; RQ=@ |xYNWt w CU= \UwDt w lJwm |=yxm@W VRwt;
xrtHR= xm OQ=O s}_vD QDt=Q=B VW uwv=k u}= "CU= u}v=wk Qo}O x@ C@Uv QDW}@ Q@=Q@
CUmW u} QDW}@ QDt=Q=B w =]N u=}O=Qo u} QDsm '|Q}oO=} MQv 'Q=QmD O=OaD x@ u=wD|t
R= |Q}owrH |=Q@ |QDt=Q=B 'CUmW u} QDW}@ QDt=Q=B xm OwW|t Qw;O=} "OQm xQ=W=
VRwt; Ov}=Qi xm CU= |R=Ht Q=QmD O=OaD Qou=}@ xm CU= xm@W OL R= V}@ |Q}oO=}

"O@=}|t xt=O= =yxO=O^iL pmWt RwQ@ R= TB
OQmrta XN=W |v}@V}B Qw_vtx@ |@Ya |xm@W |R=UpOt |[=} Q pOt
|xm@W pOt �VRwt;� VR=Q@ Qw_vtx@ "CU= xOy=Wt p@=k 3 pmW ?r=k QO Ov}=Qi
Q=Ri=sQv R= xO=iDU= =@ w |iO=YD VwQx@ pOt VR=Q@ |=yxO=O 'Ov}=Qi |@Ya
|=yxO=O VR=OQBV}B CU= QmP x@ sRq "CU= xOW x�=Q= pOt x@ MATLAB[32]

j@] [�1; 1] |xOwOLt QO =yv; O}OLD w =yxO=O |R=Up=tQv j} Q] R= 'pOt VR=Q@
[33]"CU= xDiQo CQwY Q=Ri=sQv R= xO=iDU= =@ 7 |x]@=Q

xni = 2 � xi �min(xi)
max(xi)�min(xi)

� 1 (7)

xi =@ Q_=vDt |xOWp=tQv Q=Okt xni w pOt x@ |OwQw Q=Okt Qou=}@ xi xm |Qw]x@
j} Q] R= 4 pmW j@=]t 'OQmrta |v}@V}B |@Ya |xm@W pOt |Q=PoxLY "CU=
CiQo s=Hv= |Q=PoxLY |=yxO=O u=wvax@ xm@W x@ xOWx�=Q= |=yxO=O R=|WN@ u}}aD

xm CU= =yQ}eDt p=tQv C=Q}}eD |xvt=O R= |iO=YD ,qt=m |xvwtv 100 pt=W 'pOt
=@ Q_=vDt MU=B Q}eDt l} w QwUQoQ Q}eDt 7 x@ \w@ Qt C=aq]= |w=L xvwtv Qy
OQmrta |v}@V}B |DQ=@ax@ =} |Ov@xv=O C}a[w |v}@V}B C}Hwr `@=D "CU= u;
|x]@=Q j@=]t 'AtB Q=Wi w |OwQw |=tO '|r=oJ QF-wt |=yQwUQoQ ?ULQ@ Ov}=Qi

"CU= xOW x�=Q= SPSS Q=Ri=sQv R= xO=iDU= =@ w 6
Logit(�(S1)) = �160 178� �+ 0 552� �Tin� 0 981� Ps

(6)

Wald uwtR; G}=Dv x@ xHwD =@ Ov}=Qi OQmrta l}DUHr uw}UQoQ pOt CLY
Hosmer and LemeshowuwtR; |HwQN w �Pvalue < � = 0 05�

"CU= O}}-=D OQwt 2 pwOH j@=]t '�V IF < 4�
|}=D28 |xvwtv l} |Qw;`tH =@ Ov}=Qi l}DUHr pOt |}=}=B |@=} RQ= Qw_vtx@
|}xOwOLt QO =t= 'VR=Q@ |=yxO=O |Qw;`tH \}=QW =@ x@=Wt |]}=QW QO Ov}=Qi R=
|x@U=Lt x@ C@Uv �|@=}uwQO w |@=}uwQ@ QO |}=}=B |Q}oxR=Ov= hOy =@� QDxOQDUo
u}= G}=Dv "CU= xOW s=Ok= 'Ov}=Qi l}DUHr pOt |}=}=B |@=} RQ= |=yXN=W
Q=Okt w 0 805 =@ Q@=Q@ Nagelkerke u}}aD?} Q[ Q=Okt |xOvyOu=Wv 'C=@U=Lt
=@ Q@=Q@ |v}@V}B CLY OYQO w 0 604 =@ Q@=Q@ Cox & Snell u}}aD ?} Q[

"CU= 90

w xOvvmlWN |xv=Wi= Ov}=Qi |@Ya |xm@W pOt O=H}=
u; |@=} RQ=

|=yxO=O w 1 pmW QO |O=yvW}B |=yQ}eDt x@ xHwD =@ 'Ov}=Qi |@Ya xm@W pOt
xOW |Q=tat �Ov}=Qi l}DUHr pOt VR=Q@ QO xO=iDU= OQwt� pOt VR=Q@ |}=D100
'|OwQw |=tO '|wQu=Qo |=yQ}eDt |t=tD 'Ov}=Qi |@Ya |xm@W pOt QO "CU=
C=QF= OwHw u=mt= x@ xHwD =@ AtB Q=Wi w |HwQN |=tO '|r=oJ 'Vmt Q=Wi
Q}eDt 'pOt R= |HwQN Q}eDt w pOt x@ |OwQw |=yQ}eDt u=wvax@ =yOv}=Qi p@=kDt

"xOvvmlWN |xv=Wi= Ov}=Qi OQmrta XN=W |v}@V}B Qw_vtx@ |@Ya |xm@W |R=UpOt |[=} Q pOt "3 pmW
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|v}
@V

}B"Ov}=Qi OQmrta |v}@V}B |@Ya xm@W pOt |=Q@ hkwD x_LrQO VRwt; G}=Dv w hkwD |=yQ=}at "3 pwOH
hkwD |x_Lr QO G}=Dv hkwD |=yQ=}at

u=}O=Qo Q=QmD VRwt; C=a@ Qt u}ov=}t |Q=PoxLY |=]N C=a@ Qt u}ov=}t �=]N C=Q}}eD�u=}O=Qo Q=QmD =]N C=a@ Qt u}ov=}t
0 0019764 72 7 49748e� 006 9 23989e� 005 1e� 010 100 1e� 005

|@Ya |xm@W pOt |QDQ@ "Ovm|t |v}@V}B =Q Ov}=Qi OQmrta l}DUHr pOt =@
\@ Q |irDNt p}qO x@ u=wD|t =Q xOvvmlWN |xv=Wi= Ov}=Qi OQmrta |v}@V}B QO
OwHw '=yQ}eDt u}@ O}OW p@=kDt C=QF= OwHw %R= Ov=CQ=@a p}qO u}= R= |NQ@ "O=O
|=ypOt |@Uv CQOk =} 'MU=B Q}eDt w QwUQoQ |=yQ}eDt u}@ |]NQ}e |x]@=Q
|xm@W pOt|@Uv |QDQ@ w|}=Q=m R= u=v}t]= pwYL =@ "|@=}uwQ@ QO|@Ya |xm@W
|xv} Ro u=wvax@ pOt u}= 'xOvvmlWN |xv=Wi= Ov}=Qi OQmrta |v}@V}B QO |@Ya
s}_vD |=Q@ hrDNt |=yw} Q=vU |x�=Q= x@ C@Uv =D OQ}o|t Q=Qk xO=iDU= OQwt QDQ@
j@] '�=yQwUQoQ C=Q}}eD p=tQv |xvt=O R= QDxOQDUo |}xvt=O QO� Ov}=Qi |=y|OwQw

"OwW s=Ok= 5 pmW
xm |r=L QO Ov}=Qi OQmrta C}a[w 'OwW|t xOy=Wt 5 pmW QO xm u=vJ
|xvt=O QO Vmt Q=Wi w O=Qo|Dv=U |xHQO 555 =D 535 |xvt=O QO |OwQw |=tO
|r=oJ |=Q@ x}v=F 1 68 w 1 67 Q=Okt wO ZQi =@ 'Ovm|t Q}}eD Q=@|r}t 26 =D 10
OQmrta C}a[w 'w} Q=vU u}= QO "CU= xOW |v}@V}B |@Ya |xm@W pOt \UwD
xi; xj = f0; 1g xm |Qw]x@ CU= xOW XNWt =y(xi; xj) ltmx@ Ov}=Qi
CU= |Dr=L QO Ov}=Qi OQmrta ?wr]t C}a[w |xOvyOu=Wv xi = 1 Q=Okt w
OQmrta QO C}kiwt sOa |xOvyOu=Wv xi = 0 Q=Okt u}vJty &� = 1 67 xm
|xOvyOu=Wv xj = 1 Q=Okt ?}DQD u}tyx@ "CU= � = 1 67 ZQi =@ Ov}=Qi
xj = 0 Q=Okt w '� = 1 68 xm CU= |Dr=L QO Ov}=Qi OQmrta ?wr]t C}a[w
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