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4T! ;+  #,ZD @"W4,l:D "7 4A< o#% 89 "D9  >:u7+B

C:<+9 ["wg S1& B }",GD1!+. D 0"?! �*":!Cc( 1cW9
0;B 0),cc%4f8 94ccn*B8 ccD "ccAEL Ccc!  *"mccJ 8+91cc!+)L

c%47 ["cwg+ Cc7 +8 [+4c,,lL \*+ 09)7 I7"g4,�Ccn$7 1!"
 DC7 H,! +8 [+4,,lL }",GD 1!+)L98B^ I%9.

1-3-I)D+' M=,
p1cD @+4c7  c<B8 0),c%4f8 Y,$ZLYc,$ZL B @;"c%

=9+9I%+ @91& @"W.=9+9@+4c7  *"W8+1cGD YD"c< "cW

1. Goodness of fit
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1E:uW YG:uD 4,l:D 1E� "* q* B C:u7+B 4,l:D.�1W
 -7"cL Ync< C7 C:u7+B 4,l:D 0",7 '0),%4f8 Y,$ZL ;+

;+4,l:D)@"W(;+ "cL I%"#U 4*9"GD B �*+43 'YG:uD
xcJ+ 89 +8 C:uc7+B 4c,l:D 8"c:J8 0+)c:7 x*4d \*+@"cW

5,ccP  cL^  !"cD;94c(  cE,7.0;B 0),cc%4f8 NB88+9
CU"< 0+)E& C7  *"mJ'0),c%4f8 Yc,$ZL ;+ 1c*1Q @+

C(  !"D; '+8 "W4,l:D 0",D �7+B8  %847 B IU"E< t0+)L
=9+9 47 1,(]Lc$ZD @"cW"cW4,l:D 9+1cU8 Ic,-a)D B  

98+9 9)U 89 '1<"7)Fotheringham et al., 2002.(

1-4->N= >O)6!P, CQ-0R4./012 ,&-
�"wL8+  $( \,.6L '98+9 9)QB "FE*+ 89 C(  .AD C:n!
B  cJ+4Z!+ 4,c%"VL [8)cb Cc7 ["caB+  W"cf C( I%+

=+4.f D C�+8+  $ZD ["d"wL8+ ;+ =1EE(994cfCc7 Cc( c
"EL0)u�.,% �a1Ic%+ 8)A?cD.0)uc�.,% �a"cEL
C798+9 =8"<+ �*":! 01< })n-D C7  $( 8)d.C(  !"D;

=9+9 =B4fC7 "Wc  !"nD ["`:6D ;+ �8"J c C!"f+1Q 8)d
 D 8+4a  %847 98)D D �,(4L C(  !"D; B 94,f'1!)<

 ccD 0"?cc! 9)ccU ;+ [B"ccV:D 8"cc:J8 B91ccEW9.�a"ccEL
5G! Ra+B 89 '0)u�.,%89 +8  *"mcJ Ic,-a)D 4,l:D

 cD 0"?c! "W4,l:D \,7 �7+B8 \,,wL1cW9.Cc(  !"cD;
;+  ?c67 89 C:uc7+B B YG:ucD @"cW4,l:D \,7 C#7+8
p1cD ' VED 4>*9  ?67 89 B 9)< Iw�D C-M"#D CED+9
\,c7 Cc#7+8 txc,a9 t~,6?cL 0+)cL  M)c.-D 0),%4f8

YG:uD @"W4,l:DIc<+9 1cW+)6! +8 C:u7+B B.2\*1c7
,L4L�cQ)D Ic%+ \cn.D "mcJ YcD"& Cc7  AQ)cL '�

994cf "cW4,l:D  *"mcJ �c7+B8 ;+ Ic%89"! @"W4,uVL
)Fotheringham, et al., 2002.(Yc,$ZL '0^ 4c7 =Bic&

=9+9Ccc7 [B"ccV:D @94ccn*B8 1ccED;",!  *"mccJ @"ccW
p1cD 89 C:uc7+B B YG:uD @"W4,l:D \,7 �"wL8+ CM)GD

I%+.

C#7+8)1(
i i i m mi iy x x ... x

i ...n
 ! "! "! " "! " #

 
1 1 2 2

1
   

  

 �cc,(4L 0"cc,D ;+ C:ucc7+B 4cc,l:D \,cc.6L "ccFE*+ 89
Ccc7 YG:uccD @"ccW4,l:D  cc#U  ccD Icc%9 1cc*^ . xccwd

98B^47 X*8+9 q,%i( 0),%4f8 94n*B8 =1EE(: 12  
  

 C#7+8)2(  T Tˆ X X) X y$!  % 1  
  

!̂        '=1c< =9; \,.6L @"W4:D+8"P 8+947 X   z*4L"cD 
G:uccD @"ccW4,l:D 'Yy B =1cc< =1W"?ccD 4*9"ccGD 8+94cc7 

T(X X)$1 89 {I%+ z!"*8+)( z!"*8+B z*4L"D })n-D 
          CM9"-D 89 [+1W"?D 0;B CVM�D 01< 98+B "7 C(  L8)b

  vc#7+8 '0),%4f8          0;B 0),c%4f8 Cc#7+8 Cc7 8)(OcD    8+9
 D Y*1wL  *"mJ 9)< .  

  

 C#7+8)3(  T Tˆ (X WX) X Wy$ ! 1  
  

W           !"#$%& '()!* +,- .!*)& /0)12&u    3!456 78 9
   !!:( 3!!#;2<& 87%!!& .TX WX  /=2!!07(- /0)12!!& 

>%           3!* '()!* 3!>  !:( ?02!"@()AB +,- /=207(-     !:8
          - 88)!C D%!E#& F!02* 2G87-H)* +87-Hy     )!"AI& 7(8)!* 

   !:( 3IJ*(- .+,-       /0)12!& 78 ?02!"@()AB '2!GW  )!* 
  ?KL( )<$ '-7      02!: - F!=(  3!0(78 )        )M!L /0)12!& '2!G

F4IJG .  
  

n

W
W

...
W

" #
$ %
$ %
$ %& '

1
1

   
   
   
   

  

  

1-5-   !" #$%&'(         )* #+,- ./0#1-&)/2 *&'3( " 40*
5'-  

  NF0( ,( ?E0         +,- +%"!:)C7 78 ?K!L( '2!G     9?02O!@ 7(8
  F=2* '2456 7(FP&3         !*2Q F=2* '2456 ,( 8%R 3> 9 :( 4  - 
?$2S<=( F=2* '24565 :( NFT U"EV1  .F=2* '2456  *2Q 

  JB '2O@        N8(8 '2O!@ 78 (7 ?I*2Q '%B-       !>)W 2!G

                                                           
1. Simpson Paradox 

  .+.X . YK<&»+%JZ[": \$241«.  
3. Bandwidth 
4. Fixed 
5. Adaptive 
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?&  FG8 .           !:( ?!:%C ]F& D2:()* 3>  *2Q  ;2W 78
+,- ?& 3S:2^& 3;82#& _0( 2* ?G8 88)C :  

  

 3<*(7)4(  i
/ (d (u) / h)iw (u) e(!

0 25  
  

    97%>`& 3<*(7 78iw (u)      NFG2V!& ?02!"@()AB +,-   
i     & 3* 3B%1 2* a(    "#$%u  9di(u)     NFG2V!& 3KL2@ i   ,( a( 

   "#$%&u9   - h       F!=2* '2!456 a2!= 3!*  !:( ?!Ib"[>  . 78
?;2W             _"!"#1 ?!:%C ]F& c0)d ,(  *2Q F=2* '2456 3>
?&             ?!:%C 3!;82#& D2!:()* ?$2!S<=( F=2* '2456 98%T

  ?& efV& 3I@20)""A1         )Qg!& h(FG2V& 8(F#1 3* - 88)C
   ?& ,2* ]F& 78    ?i(F1 - 8%T  jF44>    )Qg!& )I&(72!6 8(F!#1

 JB '2O@ )G 78 h-2MI&  :%B-.  
  

 3<*(7)5(  i

d (u)i( )h
w (u) e

) *
+ ,
+ ,
- .
(

!

2 21
  

  

         3!<*(7 2!* 97%>`!& 3;82#& '2G)I&(726)4 (   !P*2<&
F=7(8 .       J!B '2O@ a%5M& ,( F=2* '2456      N82MI!:( %!B-
?&  F4> .  UET1 +2V=          '2!456 -  *2Q F=2* '2456 NF4G8

 :( ?$2S<=( F=2* .  
 L( NF0(    +,- +%":)C7 8)E0-7 78 ?K       )!* ?02O!@ 7(8

             78 3IJ!*(- - UPIJ!& '2!G)"AI& ?!:7)* 3>  :( _0(
    +2E& 78 93#;2<& 87%& 3456     ?!& h7%L ?02G      3!> 8)!"C
    :( efV& 25=H  "#$%& .       3K!L2@ 2!* 3> ?1(FG2V& 78

k08l=        ?!& h7%L  "#$%& )G 3* )1       )IV!"* +,- 98)!"C
         +,- 9)!17-8 mKL2@ 2* h(FG2V& - n :(   F!=7(8 ')!I[> .

3*             8(F!#1 3S!:2^& 9?!K^& '2!G)I&(726 _"![f1 7%o4&
   ?& h7%L )Qg& '2G)I&(726     ]F& 78 3> 98)"C    ?<R '2G

      h7%!L 3!* k":p>/ ( /1 22     ?!& -  !:(       (7 +H +(%!1
3*               +%"!:)C7 ]F!& 78 )Qg!& '2!G)I&(726 8(F!#1 +(%!4i

+,-       87-H q2JW 3* ?K^& ?02O@ 7(8 . 3<*(7 78   97%>`!& 
tr(S)/ !1 9Ttr(S S)/ !2 !!!:(  . /0)12!!!&S 3!!!> 9
3*    Np> /0)12& +(%4i1   ?!& 3IR24T     98%!Tŷ    '-7 (7 y 

?& )0, h7%L 3* 872r= .  
  

 3<*(7)6(  y Sy!!  
  

2-=") " *&>-  /0  
2-1- ?3@/9- A*"'B- C$DB(  

 3* +()51      s7l* - 7%V>  fI026 +(%4i       +()!0( )5!T _0)1
     ,( t"* ?I"#[B '(7(87       8-F!W  W2J& - )M= +%"K"& 

700        ]2!: 78 3>  :( .*)&)I&%K"> 1385     N()![G 3!* 
.*(%1 +H )+2I:( +()51(9 jF=)"C)*78  ?I"#[B    ,( t"*13 
+%"K"& 78 ?IW2J& - )M=  8-FW19000 - .*)&)I&%K"> 

 7(8 _"4u[G  '(22    - 3P<4& 112  3!"W2= )  - '7 U&2!T
t0)v1 (  :( N8%* .         N8,2!0 +()!51 78 ?!I"#[B w>()!1

?& N87-H)* .*)&)I&%K"> )G 78 )M= 7(lG 8%T .  
      3!P<4& 9c"P^1 ?12#;2<& j8-F^&7     !:( +()!51  .

                3!* q)!x ,( n ;2!:7 N()!C7l* 3!* ]2[!T ,( 3P<4& _0(
       !MG +(F!"& 9D7F!& N()C7l*         ( nyI!M& +2!*2"R - )!"1 ,

           +2!*2"R - _"J!W a2&( +(F"& 9qpP=( +2*2"R 3* q%4B
  +2*2"R 3* z)T ,( - nF=-2&8    _J!W 82I!:( - +pS: '2G

  ?& 8-F^& 24*  88)C .  3P<4&7        )5!T 'l!>)& cd2!4& ,( 
 3* +()51   ?& 72[T  F0H .        cd2!4& 3* ]2[T ,( 3P<4& _0(3 

  -4      cd24& 3* q%4B ,( 913   - 12      3P<4& 3* q)x ,( 96 
   3* z)T ,( -    3!P<4& 8    ?!& 8-F!^&    8%!T .   3!P<4&7  ,( 

          cd2!4& _"* 78 (7 wG8l=26 a2P&  #:- {2^;22   m!=2C 
87(8 +()51 )5T .  

1  

  
 UET1 .* '24562?$2S<=( F=2* '2456 -  *2Q F=  

                                                           
1. Hat 
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 UET2 .c"P^1 j8-F^&  

  

 3!!P<4&7 '(7(8 1178  3!!>  !!:( ')5!!T X%!!K* 
        _0( 78 'FS;2> - '82|I$( 9?i2[IB( '2G)"AI& ?:7)* 

X%!!K* _"!![G h2!!ipd( 3!!026 )!!* 9tG-}!!6  h7%!!L 2!!G
?&  8)"C .             .!$(- +()!51 Y!K$ - l!>)& 78 3> 3P<4& _0(

   '(7(8 NFT5   93"W2= 16         8-F!W ?I#!:- - 3!K^& 3/15 
)I&%K">        ,( t"* ?I"#[B - .*)&300      ]2!: 78 )M= 7(lG 
1385   :( N8%* .      F!4&72> )IV!"* 3!P<4& _0(     - _"V!=

 ?12PSd - ?i2[IB( ~%41 '(7(8 :( .  
  

2-2-A*&* I$:B( " ?JNO(  /0  
  +,- +%":)C7 8)E0-7           )!"AI& 87-H)!* '()!* ?02O!@ 7(8

   ')5T w>()1)      ?=2[IR2!: w>()!1 - ?I"[#B w>()1 (  3!*
       !:( NFT N82MI:( UPIJ& '2G)"AI& k[> .   - 3!0lv1

    a)= ,( N82MI:( 2* U"K^1     7(l!@(»GWR  9+�7- 3 «   78 3!>
  3&2=)* U:2>%"= N2rV=(8   NFT ?J0%=9 (   3I@)C a2v=  !:( .

    ]F& _0( 7811     NFT q2fI=( U0�8 _0( 3* 24* )"AI&    F!=(
)  ]-FB1 :(      ?K"|M1 h2ipd( +8%* D)I:8 78 9 Jf=

 78 2G)"AI& _0( ,( N82MI:( 3P*2: 9a-8 n)o= 87%&  $8 2*
]F&            w!G 9a%!: - n+()!r08 h2"*)v1 - 3*2V& '2G    �4!:

            2GF!W(- - D2!"P& )!o= ,( ?*2!fI=( '2!G)"AI& +8%* '
'72&H  T(8)* .  

 

 ]-FB1 .25=H ?M"L%1 '2G72&H - N82MI:( 87%& '2G)"AI&* 

)/$3- P&#B8& Q$R8/$- ?S$T$% ?S$7H .)/U1V& W-X<  YJ#3(#$Z1-  
98/201 99/455 07/2425 81/35 DNS   !"#$% &'()*  

42/0 97/1 15/5 91/0 FAR  +,$!-,. &'()*  
519/653 175/1848 2059 1000 PRC   /$"01"23)   +4562 7)89,':,;9 9(<= >? @8( 
04/0 89/0 1 6/0 E  AB,-,+ /C6+**?(4.,8 ?()D(  
03/0 04/0 4/0 0 NE ?(4.  8 ?()D( AB,-,+ /C6+  
06/0 11/0 59/0 0 M )%,E2 ?()D( AB,-,+ /C6+ 
04/0 06/0 47/0 0 MM )%,E2 ?)2 AB,-,+ /C6+ 
03/0 08/0 25/0 0 EF F G,+3 AB,-,+ /C6+HI,  
07/0 63/0 8/0 07/0 BI JB4!2 AB,-,+ /C6+()EF 1;( G  
04/0 45/0 71/0 22/0 EM ?(4.,8 ?)2 AB,-,+ /C6+ 
02/0 03/0 3/0 0 NEW ?(4.  8 G,+3 AB,-,+ /C6+

* .>?(? >?(? 3( @!D)K)8 >?,L!.( ?942 7,=  :,. 79,$F). 79,2M 7,=1385/.( G();( 9,2M <')2 .   
** ."N!2 1;(/.( O4P8 GM /"#$% H' @8 O4P8 )= 9? ?4%42 ?9(42 ?(J#* &"6Q* HR,S ).  

  !"#$ %&$7 
'(&)* +,(-&).
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          /T.( @!D)K U,V+( /B,S W? 1;( 9? H"PX* W @;<V* :
1-    W Y@!6TT8(W )TT"N!2 G(4TTZ[ @TT8  +,$!-,TT. &'()TT*   
2-   @8  !"#$% &'()*     @!68(W )"N!2 G(4Z[ .     W? )T= 7()T8

\"TTR4* )TT"N!2 ]/TTB,S  3( /TT.( ^9,TTC[ G,TT52 >JTTZZ'
^,_!`2O4P8 HQa <')2 1;<*9,'  ,= .  

  
2-2-1-()#%./#, 01!23 4"'526 789 1  

          &'()T* )"N!2 W HQ!62 7,=)"N!2 1"8 b8(W9  .9)8 9?
          ,T8 @T+,K(J% ^94R @8 ,=)"N!2 c;,5; (J!8( ] +,$!-,.
       ]/;,E+ 9? W JZ!D)K 9()0 :J2 G423M ?942 @!68(W )"N!2

      423M d,.()8 @!68(W )"N!2 ,8 9(?,Z#2 7,=)"N!2  /+42 G
           1;JTZe ^94TR @8  f$= gh. W J+JF i,`!+( 4B9,'

       J+JTF :JT2 ?9(W G,T2<$= ])"N!2 .    j9(?,TZ#2 7,T=)"N!2
 ̂ 9,C[ @+,K(J%    3( JT+( :        ] T!"#$% &'()T* ]1"T23 /T$"0

     T8 ?()D( AB,-,+ /C6+           ?()TD( AB,T-,+ /C6T+ W ?(4T.
?(4.,8 .  

G3W G4"TT.)K9 ?9(W )TT"N!2 9,TTEe 1TT;(   ;,kTTD 9(?

 2     ;( 3( W J+4F     JTZ+,$= ]:JT2 7()T%( 9,8 )= ,8 @lXB 1
  U,TTK @TT8 U,TTK mW9)Stepwise( 7(9(? @TT' 7)TT"N!2 ]

        2 noS ]JF,8 @!68(W )"N!2 ,8 79(?,Z#2 1;)!$'   ??)K
            ,=)"N!2 @"Q8 ,8 W )"N!2 1;( GWJ8 :J2 J#8 @PS)2 9? W

  2 >?423M  ?4F .      2 @2(?(  ;,% ,* &!;94fB( 1;(     @T' J8,;
     0,T8 7,T=)"N!2 U,$*   JT+,2         W J+4TF 9(?,TZ#2 :JT2 9? >

      0,8 ^,#8)2 p4$V2 9? q.,Z2 );?,Q2     ;4T5"+ W >JT+,2
 H;J#* m3()8     @8 W J+)"K H5F >JF    JTZ;M ?4%W .  HTS()2

 :WJ% 9? 9,_!-( @8 ]>JF  r2>JF s9?  J+(.  
           T%W)- @T' ]c".t' G4".)K9 ,;  P' /B,S 9?

 TT2 (9 GM 3( HTTR,S  :WJTT% 9? G(4TT*3 ]?)TT' >J=,uTT2 
4TT$V2 9(JTTQ2 0,TT8 ^,TT#8)2 p  :JTT2 3( HTTR,S >JTT+,2

74/101 >JTTF H;JTT#* m3()TT8  ;4TT5"+ 9(JTTQ2 W 35/0 
/.( .      G3W G4"T.)K9 @T'  +,23 ,2(         9,T' @T8  ;,kTD 9(?

  2 @!D)K  ?4F .    0,8 ^,#8)2 p4$V2 9(JQ2     HTR,S >J+,2
 :JTT2 3(28/70W   ;4TT5"+  >JTTF H;JTT#* m3()TT853/0   

/.(.   
1  

 :WJ%2 .;J#* m3()8  ;45"+ ?9WM)8 0,8 ^,#8)2 p4$V2 W >JF H  @Z"E8 >J+,2)@!68(W )"N!2 G(4Z[ @8  +,$!-,. &'()*(  
  :;,2<") "!2$32(    :;,2<") "!2$31( #&2.9!"#= >'" 

 ! /"#$%  ! /&  0,8 ^,#8)2 p4$V2 >J+,2 ,=  
!/'(&% !/'(' H;J#* m3()8  ;45"+ >JF  

?;,@1  :;,2<"

"!)$* % " /("#  0,8 ^,#8)2 p4$V2 2>J+, ,=  
!)('"% !)($$% H;J#* m3()8  ;45"+ >JF  

 A'  :;,2<" (B#CD "!4  

Intercept Intercept Intercept 
PRC PRC PRC 9(?,Z#2 7,=)"N!22 

E E E  
n/s n/s  DNS  

Removed n/s NE  

  

                                                           
  .       QCr vw. q;)x G,$=  +,$!-,. &'()* 3( 94lZ2   ,; ^,FAR /.(  .     @8 ,"+? 7,=)EF 9?  +,$!-,. &'()*  ^94R       T2 >J;? ^W,L!2 7,=    ?4TF
)  ]7<;<[1376 .(        +,$!-,. &'()* )y'(JS G,$BM z94C2,= 9?1   @8 5/2       J{4. &PE5!.( 9? W /.( 1   @8 2 /.(  . G(<"2 ,* GJZB 9?1 @8 6 34V2 

           :4|94"B W )!6}Z2 9? &09 1;( @'  B,S 9? ]?9(? ?4%W /-,.   3( 1  @8 5/3 $+ 3W,V*  JZ' .      W  +J"T. 7,=)ETF W (?,T+,' j:()!+4T2 W 4T!+94* 9?
      \Q. ,* 34V2 ,"B()!.( jG94CP21   @8 12  ?9(? ?4%W  .     3( 34V2 456"6+()L+,. 9?1   @8 7   ,* 1   @8 14  /.( )"N!2  .      1"8 ,"LB?t"D 9? @Z2(? 1;(1   @T8 

12 ,* 1 @8 30/.(  .&E2 1;( 9? &'()* 34V2 H2,[ 1;)*H$S ^,+,52( G?48 (9(? ],=)EF   /.( 94'o2 HQ+W) ]7<;<[1376.( 
2. Significant Variables 
3. Non Significant 



E2FG 01!23 H;+I3 "4 (B#CD E#&"#95 (B!"#1 (,"26
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 :WJ%3 .G3W G4".)K9 W c".t' G4".)K9 ?)5;W9 3( HR,S ~;,!+ @6;,Q2 !2 7()8  ;,kD 9(? +,$!-,. &'()* )"N  
?;,@1  :;,2<"   A'  :;,2<" (B#CD "!4  789 E#&2.9!"#=  

74/101 26/70  0,8 ^,#8)2 p4$V2 >J+,2 ,=1  

4 46 2 7,=)!2(9,| ?(J#*�)a2  

3/0 25/0 ,$f".3  

19/515 88/197 'M 9,"#2,;"@54  

35/0 55/0 m3()8  ;45"+ 

35/0 53/0 H;J#* m3()8  ;45"+ >JF  

  
 0(W 9?   H;J#* m3()8  ;45"+ 9(JQ2 �  >JF) @T8   G(4TZ[

  �,Cw+(  84- A-,F (  3(35/0    @T8 53/0     (JT"| �;(<TD( 
      0,8 ^,#8)2 p4$V2 9(JQ2 W >?)'     3( >J+,274/101   @T8 

28/70   /.( @!D,; �=,'  .       );,T. 9? 7)*)8 W ^W,L* 1;(
A-,F  T  8,;39( 7,=    ])a�T2 7,T=)!2(9,| ?(J#* H"C0 3( 

5";,'M 9,"#2 W ,$f". T @     T2 >JT;? <"+  ?4TF .   )T2( 1T;(
G,u+     )"N!2 ?9WM)8 9? /0? �;(<D( W ,w- �=,' >JZ=?

     G3W G4".)K9 ?)5;W9 7)*)8 )f+,"8 W @!68(W    ;,kTD 9(?
   /.( @Z"23 1;( 9? .         /C6T+ W 1"T23 /T$"0 7,T=)"N!2

 O4P8 9? ?(4.,8 ?()D( AB,-,+    G,TZ"$r( vwT. 9? ,=95 
     )"N!2 ,8 9(?,Z#2 @w8(9 7(9(? JR9?   +,$!-,. &'()*    JT+(

) :WJ%4 .(  
  

 :WJ%4 . W c".t' G4".)K9 ?)5;W9 3( HR,S ~;,!+ @6;,Q2  
    G3W G4".)K9  +,$!-,. &'()* )"N!2 7()8  ;,kD 9(?  

J:629 KB2L 2;M.9 
310/0 @B?,#2 /8,a 

550/1 ?(4.,8 ?()D( AB,-,+ /C6+ 

7-E49/1  1"23 /$"0 

  
@uQ+        G4".)K9 mW9 3( HR,S 7,=G3W      ;,kTD 9(?

          H5TF 9?  +,$!-,T. &'()T* )"N!2 7()83    >?(? G,uT+ 
/.( >JF .  

      H5TF 9? \B( @uQ+3       q;)Tx �Z'()T|  f+4Tfe ]
          :JT2 9? (9 ?(4T.,8 ?()TD( AB,T-,+ /C6+ )!2(9,|   73,T.

    2 G,u+  +,$!-,. &'()*        &'()* @' ^94R 1;( @8 ]J=?
  @T8  +,$!-,.         9? ?(4T.,8 ?()TD( AB,T-,+ /C6T+ @P"T.W

 I i4Z%   @QwZ2  8)7    2 :J2 )!E8    ?4TF .    9? i @uTQ+
        )!2(9,| 3(  +,$!-,. &'()* 7);o|)"a�* G(<"2 ]H5F 1;(

  :J2 3( J#8 1"23    T2 G,uT+ (9 73,.  JT=? .  9? s @uTQ+
  H5F3      @8  +,$!-,. &'()* GJF :J2  f+4fe     @P"T.W

  2 G,u+ (9 �48)2 7,=)"N!2  JT=? . G,T$=    9? @T' @T+4K
@uQ+      :J2 3( HR,S  %W)- 7,=  2       q;()Tx ]J;? G(4*

    TK�;W 1"$= W /.( A`u2 O4P8 )= 7()8 G4".)K9
G3W G4"TT.)K9    9? ,TTw- �=,TT' qTT%42  ;,kTTD 9(?

@2,+)8 7<;9 JF J=(4- >JZ;M 7,= .1234  

                                                           
1. Residual Squares 
2. Effective Number: 

     )f+,"8 )a�2 7,=)!2(9,| ?(J#*  :?,C*   );?,Q2 1"8/"Cy*    ,w- W >JF 
9(? �,C*9( J+,8 7,ZE| ,8 W /.( :J2 q;()x 1"$`* 9??.  

3. Sigma:  
     0,8 9,"#2 n()X+( A-,F ,$f".  >J+,2    ce4' W /.,=     GM G?48 )*

?9(? :J2 7)*)8 3( G,u+.  
4. AICc: 

 A-,F 3(       :J2 @6;,Q2 7()8 J"L2 9,"68 7,=        @T' ]G4"T.)K9 7,T=
 1";,| 9(JQ2    )*   A-,TF 1T;(  G,uT+             ,T8 :JT2 )T!E8 �,TCw+( >JTZ=?

>?(? /.(  *(J=,u2 7,=.  
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)                                      /0(                                            ()                             1)                                                                     (2(

 H5F3) .\B( (:J2 9? ?(4.,8 ?()D( AB,-,+ /C6+ )!2(9,| q;)x @uQ+  Y +,$!-,. &'()* 73,.)i ( 9? 1"23 /$"0 )!2(9,| q;)x @uQ+
:J2  W Y +,$!-,. &'()* 73,.)s (+:J2 9? 1""#* q;)x 9WoV2 @uQ  +,$!-,. &'()* 73,..  

  
2-2-2-(.;N%O 01!23 4"'526 789   

           9,T' @T8  +,$!-,. &'()* )"N!2 7()8 @'  FW9 JZ+,$=
             ,T8 @T+,K(J% ^94TR @T8 ,=)"N!2 c;,5; (J!8( ]JF >?)8
          /;,E+ 9? W JZ!D)K 9()0 :J2 G423M ?942 @!68(W )"N!2

    W )"N!2 ,8 9(?,Z#2 7,=)"N!2      G4T23M :,$[( 3( g| @!68(
          ̂ 94TR @8  f$= gh. W J+J;?)K i,`!+( 4B9,' /+42

   J+JF :J2 ?9(W G,2<$= .      ̂ 94TR @T8 9(?,Z#2 7,=)"N!2
 ̂ 9,C[ @+,K(J%   3( J+( :     /C6+ ]?(4.,8 ?()D( AB,-,+ /C6+

          T8 ?()TD( AB,T-,+ /C6+ ]?(4.,8 G(?)2 AB,-,+    ]?(4T.
      T8 G,T+3 AB,-,+ /C6+        ( AB,T-,+ /C6T+ ]?(4T.  ?()TD

          AB,T-,+ /C6T+ ])%,TE2 G(?)2 AB,-,+ /C6+ ])%,E2
 F G,+3,             )ETF 1T;( 9? @T' 7?()TD( AB,-,+ /C6+ W HI

 >JF JB4!2  J+( .       G4"T.)K9 ?)5;W9 ?9(W )"N!2 /u= 1;(
G3W     2  ;,kD 9(?    ( W J+4F3        ?)89,T' 9,8 )= ,8 @lXB 1;( 

            )T"N!2 ,T8 79(?,TZ#2 1;)T!$' 7(9(? @' 7)"N!2 ]:J2
  S ]JF,8 @!68(W  2 no            1T;( ]7JT#8 @TPS)2 9? W ??)TK

                >?4T23M ,T=)"N!2 @T"Q8 ,T8 W )T"N!2 1T;( GWJT8 ?)5;W9
 2  ?4F .      2 9()5*  ;,% ,* &!;94fB( 1;(       U,T$* @T' ??)K

  0,8 7,=)"N!2             );?,TQ2 W J+4TF 9(?,TZ#2 :JT2 9? >J+,2
     0,8 ^,#8)2 p4$V2 9? q.,Z2       m3()T8  ;4T5"+ W >J+,2

      JTZ;M /T.? @8 >JF H;J#* .  W9 1T;(     T2 (9 JT+     9? G(4T*
 :WJ%4?)' >J=,u2 .  

G,$=        T2 :WJ% 9? @' @+4K        G4"T.)K9 ]JT;? G(4T*
)  9()5*5(           7,T=)"N!2 3( >?,L!T.( 7()T8  CT.,Z2 :J2 ]

G3W G4"TT.)K9 mW9 ,TT8  8,TT`!+( /TT.(  ;,kTTD 9(? . 9?
          3( HTR,S  %W)- @' c".t' G4".)K9 ,;  P' /B,S

   2 (9 GM              TQ2 ]?)T' >J=,uT2 qTPw2 @T2(?( 9? G(4T* 9(J
   0,8 ^,#8)2 p4$V2   :J2 3( HR,S >J+,238349633 W 

   H;J#* m3()8  ;45"+ 9(JQ2    >JF152/0      7()T8 W Y/T.( 
       G3W G4"T.)K9 mW9 3( @T'  !B,S       >?,L!T.(  ;,kTD 9(?

 2       0,8 ^,#8)2 p4$V2 9(JQ2 ]?4F     :J2 3( HR,S >J+,2
29498861]  1"TT"#* q;)TTx 9WoTTV2 9(JTTQ2 W 331/0 

/.( .G,$=    t2 @' 94r  2 @lS        m3()T8  ;4T5"+ ]?4TF
   3( H;J#*152/0   @8 331/0       9(JTQ2 W ]>?)' (J"| �;(<D( 

 0,TTT8 ^,TTT#8)2 p4TTT$V2  3( >JTTT+,238349633 @TTT8 
29498861            �=,T' 3( G,uT+ @T' ]/T.( @!D,; �=,' 

      G3W G4".)K9 ?)5;W9 9? /0? �;(<D( W ,w-   ;,kD 9(?
?9(? .      A-,F );,. 9? 7)*)8 W ^W,L* 1;(       8,T;39( 7,T=  
 TTT 9,TT"#2 W ,$f"TT. ])a�TT2 7,TT=)!2(9,| ?(JTT#* HTT"C0 3(

@5";,'M  2 >J;? <"+ T  ?4F) :WJ%5.(  
   Z#2 G423M 7()8        AB,T-,+ /C6T+ 7,=)"N!2 ]79(?
   O4P8 9? ?(4.,8 ?()D(          9? @T' 7?()TD( AB,-,+ /C6+ ],=
   >JF JB4!2 )EF 1;(         ?)T2 G()%,E2 AB,-,+ /C6+ W ]J+(

O4P8       G,Z"$r( vw. 9? ],=95  2 JR9?     JZ!6T= 9(?,TZ#
) :WJ%6 .(  
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 :WJ%4.)8 M ?9Wm3()8  ;45"+  >JF H;J#*W^,#8)2 p4$V2  0,8  @Z"E8 >J+,2)  !"#$% &'()* )"N!2@!68(W )"N!2 G(4Z[ @8 ( 

 '345&6, 
) ,(&7*5(

 '345&6, 
) ,(&7*4(

'345&6, 
)  ,(&7*3(

 '345&6, 
) ,(&7*2(

'345&6, 
)  ,(&7*1(

89&:$(,8; Model

38 349 633 38 296 830 37 621 707 37 539 210 37 539 173 !"#$ %#&$'( )*+,(-./#(#0 
0/1521 0/1524 0/1666 0/1677 0/1669 12.&3 456'$ !2*78/-.9 

:8;<= >*8;'?@  

29 498 861 29 218 706 28 340 918 27 570 608 28 237 002 -./#+8"#$ %#&$'( )*+,(#0 
0/3313 0/3346 0/3503 0/3643 0/3497 12.&3 456'$ !2*78/-.9 

>5A >*8;'?@ !2#BC @6D

Intercept Intercept Intercept Intercept Intercept Intercept '8EF( 
E E E n/s n/s E  

Removed n/s n/s n/s n/s EM  

n/s NE n/s n/s n/s NE  

- - - Removed n/s NEW  

- Removed n/s n/s n/s M  

MM n/s n/s n/s n/s MM  

- - Removed n/s n/s EF  

BI BI BI BI BI BI  

  
  

  !"#5 .$%! &'()* $+'(,-. /,01!. %2 3456 71589 :;15<= >8'?@# A*2,B ,'C8= D2,E >15FG .2/  
  !"#$%&  
'"#()  

  !"#$%&  
 *+ ,-./0 &12

 3.4$561&.7  
896  

38349633 29498862 >H5E I5?E,= J+@K= L"95= 5M  
5 32 ,N+= D5M,8=2.5O /2"?B  

39/187 41/166 5@P'( 
95/14601 83/14369 *Q .5'?=51':0  

15/0 35/0 R%2,E >1+0'9 
15/0 331331/0 31"?B R%2,E >1+0'9 L"S  

  
  

  !"#6 .&'()* R!. ./ 3<8;= D5M,'C8= T12,U  

:;!<$6 =-$> $"?56  
953097/1874 :V/5?= WE5N 

576534/1576- XV5Y59 WZ;9/2+(5E /2,G2  

145897/122 L"S "V+8= ,[S \12 ./ :* D/2,G2 XV5Y59 WZ;9 "92 
820443/19- ,#5[= XV5Y59 WZ;92]+^E /,= $ 5M 
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:_<9       $%! $+'(,-. R!. %2 3456 D5M     >15F`G .2/
     >8'?@# A*2,B ,'C8= D2,E)  3<8;= D5M,'C8= T12,U (

   30S ./4   W`(2 L"=Q .       30`S ./ a`V2 :_`<94  $2b`'= 
B        ./ 2. /2+`(5E /2,`G2 XV5`Y59 WZ;`9 ,`'C8= D.2c-,'Nd

 "=      >= $5_9 >8'?@# A*2,B D%5(     D.+`e :E f"M/    :`*
              g+`h# D/!"`6 5`B ! g,`i  5@`S ./ >8'?@# A*2,B

       >`= W'?ZB /2+(5E /2,G2 WZ;9 %2 >H,S   "`h* .   g :_`<9
 >= $5_9               ./ ,#5`[= $2/,`= XV5`Y59 WZ;`9 :`* "`M/

     W`(2 ,B,Nj= >8'?@# A*2,B I2,''CB .     D5`1+- k :_`<9
        $5`0= ./ >95@8Y5`( A*2,B :* W(2 \12     L,`'B D5`M    ,`B

:E              "`= ,`8[E L"`S L/5l8`(2 m3<8;= D5M,'C8= :^'(!
>=  /+S .:_<9 n;15<= ./ >H5E D5M L"95=    /.2"958`(2 D5`M

   $+'`̀ (,-. ! >V+`̀ @?= $+'`̀ (,-.  "`̀ = !/ %2 3`̀456
$%!     >= L"M5_= f>15FG .2/         %2 3`456 :_<9 ./ :* /+S

 (,-. /,01!. $%! $+'            ,`'C8= !/ ,`M D2,`E f>15F`G .2/
 "E51 oM5* 5pY $2b'=) 30S5 .(  

  

  
)                                       !")                                                                         (#                                        ()                                   $(

 30S4) .aV2 ( "= ./ /2+(5E /2,G2 XV5Y59 WZ;9 ,8=2.5O T1,U :_<9  q>8'?@# A*2,B D%5()g ( $2/,= XV5Y59 WZ;9 ,8=2.5O T1,U :_<9
 "= ./ ,#5[=  ! q>8'?@# A*2,B D%5()k ( "= ./ \''?B T1,U .!cK= :_<9 >8'?@# A*2,B D%5(  

  )                                                 FG1)                                                                 (H(  
 I@J5. )aV2 ( :_<9>H5E  "= ./ /.2"958(2 L"95= ! q&'()* $+'(,-. %2 L/5l8(2 5E >8'?@# A*2,B D%5() g(  :_<9>H5E "95= ./ /.2"958(2 L

 "= $%! $+'(,-. %2 L/5l8(2 5E >8'?@# A*2,B D%5( >15FG .2/ 
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 $5_`̀ 9 /.% :`̀ E \`̀S!. bZ`̀( a`̀'e  .2"`̀ <= L"`̀ hM/
>H5E  L"95=    r.bE /.2"958(2 D5M           >B.5`Zs :`E ! ,l`4 %2 ,B

Overestimate  >V56./ fW(2           :`E \`S!. bZ`( a'e :*
  $5'E L,'B bZ(   >H5E L"hh*  L"95=    &t+* /.2"958(2 D5M    ,`B

      >B.5Zs :E ! ,l4 %2Underestimate     fW15[9 ./ ! qW(2 
     >H5E L%5E uH2! ./ L,'B v9.  L"95=      &`1/b9 /.2"958(2 D5M

>= $515@9 2. ,l4 :E /%5(.  
   >H5E :_<9 "h95= :E  L"95=       A*2,`B  "= /.2"958(2 D5M

      $5_9 b=,H :E \S!. bZ( a'e f>8'?@#      .2"`<= L"`hM/
>H5E  L"95=    .bE /.2"958(2 D5Mr           >B.5`Zs :`E ! ,l`4 %2 ,B

Overestimate   >V56 ./ fW(2          :`E \`S!. bZ( a'e :*
  $5'E L,'B bZ(   >H5E L"hh*  L"95=    &t+* /.2"958(2 D5M    ,`B

      >B.5Zs :E ! ,l4 %2Underestimate     W`15[9 ./ ! W`(2 
    >H5E w%5E L,'B v9. b'9  L"95=         :`E &`1/b9 /.2"958`(2 D5M

 W(2 L/,* $515@9 2. ,l4) 30S6.(  
  

3-:P"5B + QN<  3$"%  
     :=59,E ./ >^42 x2"M2 %2 >01      :E >E5'8(/ fD,[S Db1.

   :h=2/ :* W(2 >p12,S        D,[`S D5M5FG ! I5="Y %2 D2
:`̀ E    y,8`̀ (/ ./ g+`̀ ^p= W`̀ 'l'* 5`̀ E ! >G5`̀ * L%2"`̀ 92

           \1,`8@*  5`@s2 5E >E5'8(/ \12 ! /,'- .2,H $2"9!,[S
 "S5E :h1bM .         >`<ph=  /5?B /5K12 5E f,=2 \12 :E $"'(.

     >= I.+4 I5950=2 ! W'?@# \'E  /,'- .   %2 o'`E A*2,`B
                \'`E %2 2.  /5`?B \`12 ,[`S %2 >_`zE ./ W'?@# "6

>=  /,E .     >15(.59 ! 2"4!,( /5K12 fL!)s :E      f>`92!. D5`M
      L.5`#2 ! \'`=% W@'H >92,-          ! {,`# ! D.5`0MbE f:`95Y

    %!,E $50=2 fW15h#      \12 %2 D/.2+= ! >8S2"[E I2,e5z=
     $Q I5?ZB %2 3'ZHW(2 .       \'15`O .5';`E A*2,B f3E5<= ./

     |5E 3'ZH %2 2. >B)0_= b'9   I5="Y :h1bM \8G.    >95`(.
 :h'=% ./            >15`hE,1% I5;`'(dB f,E5`?= :0Z`S D5M) fgQ

   \l^B ! %5- f},E (      >`S%+=Q f>95=./ f>8S2"[E I5="Y !
     /.2/ L2,@M :E 5[h12 ,15~9 ! .       A*2,`B :`E $"'`(. \12,E5hE

      `E I.5~9 ! ><ph= !  +<?=       >s+`U+= 5M,[`S ./ $Q ,
  W(2 W'@M2,O �E .       ! 3'^�B ! >(.,E fy5(2 \'@M ,E

 "`̀ =  I.!,`̀ U %2 D,[`̀ S A*2,`̀ B D%5`̀ (  o`̀ 92/ D5`̀ M
:=59,E  W(2 D,[S Db1. .  �+`E,= I5?V5p= %2 D.5';E ./

   3'^�B %2 fA*2,B :E  >`= L/5l8(2 &'()* .5=Q D5M   /+`S
  "= 5=2   fA*2,B I!5l8= D5M �0?h=   W`V56 L"`hh*   D5`M
5`̀ l8=D,[`̀S :?`̀(+B I!  ./ 2. >B!5`̀ l8= x2"`̀M2 ! "`̀ 92

   >=  5Z9/ D,[S I5?V5p=  "hh* .      oV5`t f 5`6 \'s ./
  \12 ./ >^42   "= :9+-        I5�`z_= $/2/ WV5Y/ L+�9 5M

o'O ./ >15FG   W`(2 A*2,B u1%+B >h'E)Martori and 

Surinach, 2001, 11.(  

  
 I@J6. )aV2 ( :_<9>H5E 95= "= ./ /.2"958(2 L" ! q&'()* $+'(,-. %2 L/5l8(2 5E f>95@8Y5( A*2,B D%5() g(  :_<9>H5E  ./ /.2"958(2 L"95=

 "= $%! $+'(,-. %2 L/5l8(2 5E f>95@8Y5( A*2,B D%5( >15FG .2/  
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        3`* W`'M5= 3`'V/ :E &'()* $+'(,-.     f$Q ,`P9
   $5`̀ '= >`̀pY :`̀pE2. b'V5`̀ 9Q D2,`̀ E >G5`̀* ! {%| W`̀H/

,'C8=       /.2"`9 :8;`E2! ! 3<8;`= D5M .  $%! $+'`(,-.   .2/
          :8;`E2! ! 3<8;`= D5M,'C8= $5'= >pY :pE2. >15FG  
 W`̀'@M2 5`̀M,'C8= �`̀E2!. ./ 5F`̀G :`̀V+<= :`̀* >95`̀=% `̀`

>=             >15F`G $+'`(,-. D2,`E >h1bP15`# $2+hs :E `"E51
�G+=   >= 3@s ,B "h* .$%! $+'(,-.   "`'V+B 5E >15FG .2/
L/2/      2. $50=2 \12 >15FG D5M :E    >= /+#!      ,`''CB 5`B /.!Q

          /,`'- .2,`H >(.,E /.+= 5M,'C8= \'E �E2!. ./ >15FG .
:_<9   :E D5M      L/2/ \12 %2 L"=Q W(/        o`<9 f>15F`G D5`M
\''?B  L"hh*         "9.2/ /+#+= �12,S ,';lB ! �'<�B ./ D2 .
$5@M   $+'(,-. /,01!. %2 L/5l8(2 f"S :~6)= :* :9+-
$%!       �B \12 >B5?V5p= :9+@9 ./ .2/   >E5'8(/ T#+= f�'<

            J+`@K= oM5`* b'9 !  "= ./ ,B|5E }5Zp92 XY5S :E
   5M5pY .!cK=) >H5E ,1/5<=    "= L"95= ("1/,- .  \12 ,*�

    >= ,~9 :E D.!,U :809        f�'<�B \12 :=2/2 D2,E :* "(.
:E           >`=  "`= >12.5`* ! WH/ o12bG2 .+~h=      /2"`?B $2+`B

         `?V5p= /.+`= :h[O &'0lB ! ,8_'E 3<8;= D5M,'C8= :
   >62+9 :E&t+*       W`G,- ,~9 ./ 2. ,B . :`E      W`'^E5H 3`'V/

    $%! $+'(,-. /,G :E ,��h=        ! >15`(5hS ./ >15FG .2/
 ./ $Q %2 L/5l8`̀`(2 f5`̀`M,'C8= $5`̀`'= �`̀`E2!. 3`̀`'^�B

3'^�B    :=59,E >�@* D5M     :<ph= ! D,[S Db1.     :'`4+B D2
>=  /+S .  L,[E fuH2! ./          >`= /,`01!. \`12 %2 D,`'-    "`92+B

     ,';= ./ +9 >=5- �'H/ ]./    >@^s ! ,B        %2 :8`(/ $Q ,`B
L"1"O        >= �. 5FG ,8;E ./ :* D,[S D5M :E f"hM/  .5@S
"1Q.  
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