
  T[3J M[ S* L[J T  MZ SKT S>  QP X 1J XT  :[3J O Z P M[ S* X[B R N X
T YJ LN YC KT Z HN S ;J =Z  UO . [3J P M[ YC KT ;J L XP =Z :  PP S* S? J

 :L CZ XP P O> YJ M[[  S* MZ S>  X SF1J M6Z P S* MZ  R7 . S*  M?KJ S> N 
 =Z UN =K> S LQ YJ S> N QP [N T P  X S0QKJ : QN M?KJ Q T S  S P P E;J [3J M[

UN =K> S P > 5Z1 T[3J M[ Y Z SF1J> YO[ [ :E;J XT[3J Z [3J XP   S P [3J Z;J  . 
> L[ Y Z XTQCF   L LQ YJ :   YO1J T[3J M[ S* S> YQ .   M?KJ YZQCF M[O \QK1J

 Y* [2 Z Y* .QN . P E;J [3J P M[ S* S> X SF1J SOZQB YJ LQ[B SF1J :T YJ LN  S P .
QN ( SF1J =Z Q S  YC KT XQCF LQ B S Q MZ [2  P OZQB YJ Y* LQ[B SF1J L S :

OZQB YJ Y* [2 LQ[B SF1J L.

Z =K> S P LQ[B SF1J  R7  S>  L 4 T LQ[B  6 :XJ XT P Y1 P Y6  SNQKN =
I[O> YO[ [ E;J XT[3J J P Z;J  YTB   S P [3J. I[T Z H6 S X S* DN S /:P :

SY   [3JResponse SQ[ Z YK> [3J =Z NQ YJ S> OZQB YJ.

SX1,X2 k[3J YO[ [ XT [3J Z E;J XT PredictorO Y7[> Z YK> ONQ YJ S> Q YJ S7B.

Y* S* DN JY  E;J XT[3J X1,X2 kYO1Z :I[T:

NQ P Z P OT YJQG1JN XTJ S> OT YNQ[B DJ Z.

DJ :Q BZ I[O> YO[ [ LQ Y  P LQ =KN L[J XP   LQ 6 L[J I[TI[O> P :

 LQ 6 L[JY=LQ =KN L[JX1=LQ Y  L[JX2=

0 1X1 2X2



  

 SNBO Z R   M?KJ :Y* LQ[B . YFP  E;J [3J =Z P S P [3J =Z EJ R  Y* LQ[B
 YJ E;J [3J O  S P [3J =Z S* YZ S SNBO Y* LQ[B.

 LQ[B J P YC KT XQCF NQ YJ YQ S S> X  R  Y* O> QKN :O> LZKN X  + F S  [3
 . :O[N /:P ( =Z XP ;[: YFP [B YJ : CZ?Z J  YZ; Q) S ;N O> QKN =Z  Y:P

 ?ZN ;N S XCZ ( T  [ S> C XQ) ;N L[J  S> > 6  Y* LQ YJ . S  Y* M[O
QO0I[O YJ LQ[B ( L.LQ YJ  SQ  X  D  DQ J L[J M[K U ]J LQ[B ( MZ  L[J S

> R7 :[ XT YBN . YO[ [ DQ J L[J :LQ[B ( SF1J  YBN ;J M B  ?OZ X
 TQ . M?KJ SF S  P7 X : Y1:P ;J  ;J MZ  .[: Z;J T P7 MZ S RNK)Residuals(
OZQB YJ.

 S P [3J  B R  Y* LQ[B y Px  Q S  LQ[B ( SF1J LQ YJ : IZ[C -N  E;J [3J 
QN Z:

Y =b0+b1x

 SF1J MZ Y J : R P ;b1 Z Z YNQ[B ( [P LQ[Bb0  LQ[B  Z ( J  0 
OZQB YJ.

ONJ S P [3J =Z Z;J SNBO Y* LQ[B y Q YJ P CZ E;J [3J O Z P Z;J XP  . SF1J
Q S LQ YJ  SNBO Y* LQ[BQN Z YG> :

Y =b0+b1x1+b2x2  kxk

XTJ SF1J MZ b1,b2 k P Y  YNQ[B Zb0  LQ[B  ;J . SF1J LQO0 S  SF1J MZ
  SNBO Y* LQ[Bx1,x2 kI[O YJ.



     

 LQ[B DJ  Q-OJ Y* TJ S N DJ S>  MZ Y* . Z YNQ Q ZN DJ Z  Y 1
O CZ?Z  Y1Q.

DJ :N Y* Z XT DJ:

DJ :O[N Y* Z XUFJ:

S?N :J DJ =Z S EZ E: S> YZT DOZQB Y*  :O Y*.

DJ :XT DJ Y* :

   

 : Z (Z Z R  Y* LQ[B :

-  M[CN[J)Y Z[J ( 7 T* . YO1Z

- CZ 0 S :   T * NZP

 XT 6 B  P  S>  O1J MZ S O : DJN T* /ZQ.

- S N QP YC KT T* M[ .CZ 0 S



- DJN /ZQ X  S P [3J.

- ON Y* IT X  E;J XT [3J . S N QP X O1J YC KT E;J XT[3J M[ YO1Z.

   )Least Square Methods(

 P MZ    P XT* HP LQ .QKJ S> I[O> YJ [ XQ)  Q SO[K>:

    P   S> I[O> YJ [ XQ) SB SO[K>:

    

 ( 1J MZK> XTBP   P  TJ  Y* [> OT:

D0+D1X



 (OT ZN TBP MZ:

(   TBP NZP:

 (PB S[: S O-  DJ  4Q>>  6 S 

 ZN XT BP M[   Y* [> Q S>  MZK> XTBP :OT T
1J OT MZ > YO1Z N  NZP MZK>.



 )Residuals(

   S> LQ[B ( SF1J  B Z;J :Z RP  R  ( MZ OJ LQO0 S  L S1F*J XT R
[3J 5GJx S P [3J X  :[T : y  OTQ P7J R RTJ XT R N S S> P [TQ  S XZ;J

Q .YO1Z L R P ;N  R RTJ ;N Y 0 S'Y Q TQN 9*OJ . S QJ ;N S>  HQU7J L S MZ

6 YKN :  R J LQ[B ( SF1J (Q S> X S7 8Q6 P S7 Z I[;J ( XP  ;[: T R . MZ
4]O YJ * Z RNK[: LQO0 S  R YO[ [ [3J I[.

  X  Y  LQO0 S LQ YJ UN  Z  Q  X RZP [KT  LQ[B XUFJ  Z;J MZ Y
> R7 LQ[B ( SF1J P.  T RNK[:  R7  : N : LQ[B DJ [6 B /:P )ei (YJ

: S N I[NQ I[O> E  LO[K) UN LQN.

T RNK[: Q:

:

 ( P X  * =Z E:  X   Y6>x X  RTJ OyI[ S . X P UN NZP QOZ 
X  .



 (X P T RNK[: NZP X  .

SQ:

Error sum of square: SSE1J .QKJ*

Mean Square: MS   1J M[CN[J

Error Mean Square: MSE   1J M[CN[J *

   

 6 S> YQ 1H   Y?Z I>  S>  YO1J MZ :Q DQ:b YO[ [  Ty QJ . J X
 Z  QP = = Z :UN L>jb <]J =K> S LQJ MZ :QJ  Tt T MZO :[B YJ Q NQ

 DQJ6  LQ YJ  LQ[B X SF1J Z   =Zj
j

jj

b
t

V
 : LQJ QJ . SFjt /ZQ Xt NQ

 X  S  ( 1)n m  L  S> : [JjjV [3J NZPjx *  S> j LQ  Hj P NZP ZJ H
 X S J  Z P :  NZQ>jt Z;Jjb ONJ  Td Q t6B -N  9G*J: Q S NQ .

  =Z T LQJ X  jb  S>  Y6> Tjt X SZ;J  P R>  t>  DP . LQJ  jb T
 Tjx S> jb  H> T CZ M  S = I[O> YJ 4   RN  YO1J L  ,OJtN  YO1J T YJ S[N :N

 S> IZ[Bb P RQ 7 Z; UN XTx P  UN XTy O[N QJ.    LQ[B X SF1J S>  Y6> (;6
 b KN S J 7 5FJ XTI[Z . :/:P b   UN [3J S> OT YJ LN  YO1J XTy   P :N YC KT

O YJ QJ L YO[ [.

  I[O> YJ 6iyMZO O S  DJN /ZQ T:



[TQ [O> 6I[T HN  Z LQJ I:

I[T HN  Z LQJ I[TQ [O> 6 D



             

I[T HN  Z LQJ I[TQ [O> 6:

LQJ  F : I[T YJ HN  LQJ MZ S[KT)LQ[B X O1J LQJ(

 6  B F P QOZ  QN :
 .x  Py NN YC KT [T.
  .x  Py  N Y* [2 S* .

 6  B F P QOZ  Q :
 .x  Py NN Y* S*.
  .x  Py  Y* [2 S*) S Nx (N .

I[T HN  Z LQJ I[TQ [O> 6:



 Z E? S LQJ  F:

 6 B  F P Q MZ  QN :
.

 .x  Py S* N Y* [2.
 6 B  F P Q MZ  Q :

 .
 .x   PyN Y* [2 S*.

 : )  ( 
I[N YJ:

  [3J ;J LQ[B (   I[TQ I[O> 6 DY X  S *xX  [T S> YF X  Z =I[N M[K
I[N M[K N IZN  [3J S /  Y0]).

DJ :
 DQ J L[J =Y

 Q> L[J =X

X=15=x*        ;   5         10       15



  I[O> 6    E;J . P X S*;N P I[TQ YJ D
6 X  S X SG*xXJ XT Z R IZP .

X S*;N P  Z Q S:

  E;J [N L Y* [> T  MZO  E;J . XT BP Y6)   PT [>
 Y* OT T .P  MZO  E;J [N:

IZP YJ  T  M[CN[J P X  S>  YF  B  LO[K) SG6 MZ DQ) . B  L NZP LQ
 .



  
ZP [FN DPDP  Z NANOVA   NZP Z NZP E[G P SZ  P Y  XYP YJ ? E> . X  M[OKT

[B YJ : R7 QJ [N LQ[B X  YO1J LQJ.

 E> NZP = EJ0 SG[P S S> Y [[3x Q YJ L[ + SG[Q S> Y [[3x Q YKN L[
Q YJ  S> SSR  PSSE  N E;J IT :

 6 H0IZ LQ[B X  YO1J LQJ:

6H0   B Q YJ  .
ANOVA:

MSd.fSSSource of 
variance

1Regression

n-2Error

n-1Total

O1J LQJ X  DP  RJP YJ ? LQ[B X  Y.



   

  [3J =Z M[ S* X R  F S1F*J Y  [3J =Z P XQC[X IZ  YJ .QQJ ) S . P NZPQ>
 I[T YJ :  QJ [3J P M[ Y* X S* Q: P U XT R N LQO0 S  YC KT Z . XQCF 

 X SG[P S  L YFP RQKN S Y Z J LP  X[G> Y Z ZN P R> XO DQJ6  R  Y* LQ[B
I[O> YJ Z X 0 XUFJ.
  Y TJ [O> 6   Z S P [3J =Z EJ PY  Y[Q [3J =Z PX IZ .Q S \QK1J TJ 

 DPNQ YJ  . M[ S* Q: P U I[TQ YJ JX PY  I[O> X[B R N  . P NZPQ>  R N P MZ
NQ YJ R S1Q Z  S> I[JN YJ YC KT Z.

 DP. NP YJ > S YC KT P R  LQ[B  S> YZT R S QJ XT KN.

 O> QKN Y  E;J X   XQK0 ( =Z :x  Y;6 ( =Z Py S> XQ) S E? I  R R LN

L  S> I[O> YJ1

n

i
i

x
X

n
P1

n

i
i

y
Y

n
X SNQKN M[CN[J [ SYPX OT . /J U S  QKN ( P MZ

OO> YJ I[; . S*;N T Xi I[O> YJ S J  Z XU«[K> QKN :

 RTJ T 4 N :yi  [3J M[CN[J 
 RTJ T 4 N :xi[J QC[ [3J M[CN

YO1Z \ [K> P  E).

 M[ Y* S* BYPX   J) Y:PX Q YJ ZY Q Z [N(  N X [ ;N H«Q P D«P  XU1  RB L
 QP HU P H«P XU1 S . M[ S* B ?0YPX   Y7OJ)  Z6 X :Y O> [ T> ( ;N RB L

 QP H«Q P D«P XU1 S N HU P H«P XU1  X [ .[K> J]0 MZO

1

( )( )
cov( , )

1

n

i i
i

y Y x X
y x

n
 M[ NZQ> S>YPX  M[ Y* S* U Q YJ R[JNYPX T YJ LN  . B

 
X Y

x1 y1 1
x2 y2 2

xn yn N



OJ S* MZ Q L Q TQ Y7 . SN7J  XZ [ S* MZ P Q: QJ 
[B YJ : X[B R N XT P  [[3 [  Z T YKN : J [ . B DJ XY  ZPX \ X  S 

 5GJ ;J P I[O> B \ T   \ X  S P I[TQ  S . T R NZPQ> [0 MZ /6 X
 NZPQ> S J  E: N I[O> YJ . XT R L> N XY  P I[O> YJ I> RTJ T   M[CN[J 

 YO1Z I[O> YJ I[; [1J 4 N   L i
i

y

y Y
z

s
S J  L  S> I[O> YJ1

( )

1

n

i
i

y

y Y
s

n
 4 N

 SNQKN [1JY  . N [3J S>  LN LQ YJZ =Z [1J 4 N P 7 M[CN[J X . R M[ NZPQ>
 N XTXPY  M[ YC KT Z YPX Q YJ R Z Q S P OJN YJ.

1

1
cov( , ) ( )( )

1

n
i i

i y x

y Y x X
y x

n s s

  N 0 YC KT Z X  YF1J XUFQJ6:

cov( , )
co ( , )

y x

y x
r y x

s s 2 2

( )( )

( ) ( )
i i

i i

y Y x X

y Y x X

 [ MZcorr(Y,X)  YJ [3J P [1J XU6 N S NZPQ> N Z R N Z;J M[ NZPQ> Q S 
> [7 LQ .\ S*  YO1Z  L;J YC KT Z S> Z LQ YJcorr(Y,X)=corr(X,Y).

4] Corr(Y,X), Cov(Y,X)O> YKN [[3 O> [[3 X[B R N XT P B YO1Z Z [;J S N .  RP]0
 MZCorr(Y,X) O> YJ 8  Z XPJN .

1 ( , ) 1cor y x

 Q MZCorr(Y,X)  M[ S* Q: P U X[B R N X  [7J Y[K>  LYPX  YJ . R NCor(Y,X)  Q:
 M[ Y* S*YPX [B YJ R N . S TCor(Y,X)  S  Z-  M[ S*  ?ZNYPXQ TQ ZQ: . J]0

Cor(Y,X)  M[ Y* S* UY PX J J O> Y . YO1ZCor(Y,X) 0 S> T YJ S[NY PX IT  YJ S*
N .?0Cor(Y,X) S> T YJ S[NY PXN Y7OJ X S*.

 S> [O> SQ D M[0 =Cor(Y.X)  S> [N YO1J MZ JFYPX N X S*N . X S* UN S> Q YJ S[N UO
[B YJ R N  Y* (P (;6 YC KT Z Z NN Y* . CZ L[ SCor(Y,X)  RBT  7 NQ YJ QOT

X,Y O S  Y* [2 X S* . DJ XX  PY DP   9[: Y* [2 S* =Z250 XY  MK N 



S?OZ . CZ R S] XT RJ  X[ ONJ MZ  RP]0Corr(Y,X)   Y  Q) S NQ YJ
Q /:P T R  R6 P S*;N O Z =Z [.

DPS> R S0QKJ =Z=Cor(x,y)  M[ 9[: Y* [2 S* =Z YFPYPX   QP.
YXYXYX

1-746-241-
14-649-1344

25-5500255

34-4491146

41-346217

S?N MZ [> X:Q?NJ (1973) =Z T P  4P1J JQ?N YZ U S S>  S  R S0QKJ U
 S] XT RJ S0QKJ YFP S  J Y ) N L?Z R ) L?Z YC KT Z ;J ]J.( T QKN P T R

 DP    N R [FQ RP.
O> 5 >  T )  QQJ XU6]  NQ YKN YC[KT Z ONJ : X  XT RJ L J  YOJ E[G =Z.

 DP JQ?N YZU : S0QKJ U YN?Z X  XT RJ Z;J S> R.
Y1X1Y2X2Y3X3Y4X4

80/4109/14107/46106/588
6/9588/1486/7785/768
7/58138/741312/74137/718
8/8198/7797/1198/848
8/83119/26117/81118/478
9/96148/10148/84147/048
7/2466/1366/0865/258
4/2643/1045/39412/5019

10/84129/13128/15125/568
4/8277/2676/4277/918
5/6854/7455/7356/898

  L QKN S> X S0QKJ M[FP (;6 S> Q YJ HQG1J T R MZ E? S  SQ )a(QCF =Z   R R YJ Y* X
> L[ LQ . QKN)b (  U H«P S  / =Z  S> T YJ LN   Y* [2 J S> H«P R S0QKJ
 Q YJ . QKN)c( T YJ [[3  R  ( J  0 P [ S>  X S*;N HQ R S0QKJ T YJ LN .
 QKN)d (T YJ LN RTJ =Z   E   R  ( P [N OJ Y*  X  R S0QKJ M[JU S> 

Q YJ M[[1 MZ6 . YBO> QKN L J MZOY  E;J X  X 0 ;J [7  E:Cor(Y,X)  «[KT X.



   
 KT Z OT YJ E[? [3J P S> X SZP QO[Q> ;J   0 [3J P YC . [3J P M[ YC KT 

 DQ) P U X   Y* X  SF :  ZKN  P  Y OT Q) SZ LQ YJ  . S  X P DQ)  B
Z : R  S> SNQB LKT RCN :    P M[ X SZP QO[Q> YC KT .  [3J O M[ XT YC KT

 ZKN  O T X  LQ YJ . ]J : Q YJ R LN [3J T X  XZP X SG[P S T [3J M[ YC KT 
[3J S Bx1:x2  Py  M[ X SZP SNO : I[ Sox  Pox2  RCN :  S :

12 1 2

3
cos( , ) cos(30) 0 / 87

2
r ox ox .

 M[ X SZP B M[OKTox2P30 oy  X SZP P Soy  Pox1  [N Q MZ  :  Sr2y Pr1y  O0

:2 2 1 1

1
cos( , ) cos30 0 / 87, cos( , ) cos 60 0 / 5

2y yr ox oy r ox oy

(a) (b)

(d) (c)



: :

SST=SSE+SSR

[[3 =EJ0 (Q S> Y [[3 L[JXQ[J L[)SSR( +(Q S> Y [[3 L[JX Q YKN L[)SSE(

 YO1Z98  [[3 Y Q YJ L[ LQ[B ( (Q.
  YQ Y  XT[1J  Y?Z   LQ Q  E[F NQ YJ  ?ZN =Z S ST P  YJ .

SFP Y* S* S>  1J Y:.

    

F<-   F8   D.E  =t  D7 @37 >7 D/E= ,E . F8   ,E CA F H7  =  
EF0 ;  A F  D.E  . D/E=t   C  9=  :.87 @-  F C  E D8-  C7 @-  F

DF-  C7 . D/E= CF/ ?;  ><7t   D+F+  ,E (H  @   D7 7 C @  ) .
0E D<  @   D  > @  . E  :E    :FF  =  F+7  E CF/ ?; 

<E>/ D7 C  F+7 . /t   9> D7  F 9= - F 5G E+  5/   H7 9= F+7   .
 / D3=t   9- F = CF/ ; C  ? @ < D F+7  F C F;   .

<<- D 7 F C  C  D F+7 = <E8; E  F C   ><7 <;> D7 9 < F 1 :E  . @> E
 ; : 6A   C  ?<E8; @- C    9= ?<E8; @- C  >; @-  . 9= @- / 9> D7 H7

  = F ,E; D7>B7 C  >7  9F :E D3=  0E F 9=.

 ;>F  CF< @3+7  .E7 =A ?0; D <;=  B > ?- D 7 F+7 >;  . :E
   @- :E  = ;> D7 9F 7 CB-  D   @-  9* 6F; =   A F+7 >7 A >F7- = 7

<A F8A C  ><A ; @ / * +; .F<- > @7<- @ ? :E  F H C . CA F+7 ,<E
F6FA D7  DA>- @  ;>.

  

 : : F+7 ?/AG>87 @-    ,E  DE< C  B<  DF - @ B;.7 E AF E
<7; D7 D8 F+7 ,E  9 = D7 . = < 97- = F 9B  9B CAB  @; - ,E 9/- / H7

1 S.s. stevens



    B; F @===  /- A @- <E>/ D7   :E 6F<- 7 B 5-  . @- C/-
    @- C/- = F    97-   . E @E+7 C  9> D8;   :E @- F<- @>

 - @  D4 28 B.

 D8 F+7x D8 F+7 @ 9> D7 ,E @ ,E  A  yFF DE< @.; D - 2E E8; . ,E  H7
,E @10xy  CA   CA   F @  <- D7 2E.

 :  : F+7 ?/ A   D+F+  ,E @-   9 <- 9F  C<7; D7 DF F+7 ,E .
 / 0E D<  @  D/E= ; t    D/E= =  @  Ct   C    =     =  9 ;

 6F @  E 6FA12 xx . / H7   B7 ;   9/- @; - ,E <B7  = = =  7
 ?8 /- <-  ?8 /-   A7 . D7   @;>/ :E   B7 =  = @- / 9> D8; D3=

 5; D4 28 B B;  9> D8; =  - @ @E+7 C  B< 9>.

 DF F+7x  DF F+7 @ C>  ,E  9> D7 y / 2 7 F E C  @- 9 D - 2E .
  H73xy      =  @     =  A F   = <- D7 2E 5= /-  5B /- 6
  A7.

  :  : : F+7 ?/ A   9 <-   @4 = E 2  = ;  D+F+  ,E @- 
<7; D7 C @4 F+7 . F+7 :E  / 0E D<  @ C  =  =  =  D/E=t     =  = 

 =  ; E > CF/ ?;  @ ; D0  CF/ ?; CA = @ = ;8  . F<-  H7

 D/E=t  C7/ / D; F+7  =  6 6F @  E:

      =     =      =

 @- > D7 @ H7:

 1>7 )  EB; F+7  ,<E   6E:

     =     =     =

 D7 @ H7 6A  @- >:



 D7 @> 2* E CA @.; G 17 :

./ D; F+7  / 6     @  C  6  :E EB; F+7     @  C  .
 C * @<  = A D8; FA D<7  C @4 F+7  :E<.

.7/ 1= F+7   C C7/  @  F; :F< 5= F+7  D3=   . F+7  CF/ ?;  :E<
;7 D8; >7 ; C @4.

. C7/ 2  F+7 = A   <  C7/ 2       . ; C @4 F+7  :E <
<- D8; FF C @4 F+7 FF  A @4.

C @4 F+7x   9> D7 baxyX Y0 C @4 F+7 @ y D - 2E ; @.;
<- FF 2  =.

 @  >A <;7 C>7  ?E= @ ,EF = D < @7 F = 6F4 D <;=  G>87 C @4 F+7
 =  B;>7 DE ...= D7 - @ .  D0   >7 @   9= @  = B7 @ C  F+7 >; :E

/ = D7 @3 7 >  DA.

  :  : F+7 ?/Ax <7; D7 D ; F+7 ,E  9 <-   ;  D+F+  ,E @- . @

 6  = C  F+7 :E  / 0E D<   =  D/E=tH7    9=  =  E > CF/ ?;   

  @ ; D0  CF/ ?; = @ = ;8 . 9= /   =   5/ F+7   =  F+7  
 5/>4F-  =  .F+7 = A  @- > D7 @ H7 9=   9=  @  .

 F+7 >; :E D3 = = D7 - @  +7  1> 9= <;7 D8- >7 C  D ; F+7 .  
 5;   D4 28 B 9> D7 F+7 :E  2 . D ; F+7x   9> D7 axy

X Y0D ; F+7 @y <- FF ; @.; D - 2E.

   .   

> D7 ? @> E > @  >03 0E D4 F7 ,E 9  - @ :

)                      ( *St 0  1 PDIt  2 Zt  t
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Q YJ S> Y?ZQFQ[Q P J  YZ2 V[ E[K? ) S N . Z O S   6 MZ ONQ YKN  Q*
OO> YJ /*:  YZ\ Z YO[ XTJ HN P OO> YJ [ Z6 Y  L[J S YO[ [  Z6 P T » S UN .

 E? S YOOJ =ZS  J S S> O> L[ Y6> R N S  6 MZ  M?KJ . Z IK[N YJ ;J S J S MZ
 YJ DO>  IKZ>J S IK[N YJ  Z6 L[J S> YJQ J P Q YJ R[JN NJ S> R S6 ;J :J  0

NQ YJ QJ O> . Q S  Q MZ X  S> YZQCF YJ Z.

 X  S  Bxi   O>  Zyi  S NJ =Z Q  X  S P O?[J E[Jxi=0  IZ -Nyi 
  Q . HQ J  L[J J .SF1J* J LQ[B X  M?KJ XTQCF  Y?Z (;6 LQ[B P  YN

 Y* [2 XTQCF  Y?Z (;6 YNJ .T YJ ZKN  Y* [2 XTQCF SNQKN IUJ XT SO U1J:

) (TJ  Y* [2 Y1 O> YJ QJ T YO[ [ S   S> Y1 . XQCF * S N  Y* [2 .

) ( XQCF =Z 4] S  QP TJ P T YO[ [ M[ I[;J X S* [N H\ Y* .  * [ =Z (;6
 QP J S YFP YO[.

) (OT IT D1J XZ Y* [2 LQ[B XTQCF MZO [N 7 OJ L> XJ LQ .



  TJ P N P 1J MZK> :Y* [2 LQ[B . YG> Y* [2 XQCF X

 L  S>  : T YO[ [  : XTJ f  Y* [2 Y1   P S> :  HQG1J
ROO>P    X ;J K[: 1J .QKJ / S>  :O> IK[N YJ  LPQJ RN

B  P E;J T RCN O YZKO  P  .  IKZ>J YZKO  P  
   X  S J  G2 S> n  n-q Q YJ R7 .

 

LKTQ)S>YJ:I[NXHNE[GLQ[B:Y*[3JS PZYK>P*OSG6X/Y N.J
YTB:P87YJ6S>[3JS P9[;[;JSG6X/ Y NRQNP[;JLQ SYK) PYUPZ
OYUP( .  :DDQMZS>XMZ>ZS:>YF[ S>6YE[G:LQ[B
[;JSG6X/ YN[3JS P.  M[O:YFHNYZT6L?J MZXJIT6R>I[NQ

EJQ0[YO[ROO>[[3=Z[3JYK[NYZOI[O>. :P MZS>LQ[B=[ FHN:P
ST0431 PZPST0491 SLQO0YGZXPY* LQ[BPM[OKTE[G/Y[*J.  ]J=Z
E[GBYFJM?KJEZJS SQXT[3JE;JONJ:P6SOZTXT:[FQIUP:Q[YO[
O>S>Z>D? P ROZYJQZ[LQ[;J[3JS PYK:PE:.QKJ
1JXEMZ:T > .QNOJNPSXLSNZPXCZONJLQ[B=[ FR7
>.  YNJS>[3JS P*YKPXT[3JE;JY[ ITPSG6X:OTPXTLQ[BY*

YFQK1JPE[G:Y[;JTPI>Y1:P ;JLNYJOT. MZOLQ[B =[ FXM[K
DK.Q:P=ZZPR7YJQP[3JS PLSYO1J)TQN Nodds ratio ( S>P
XCZXL[DK. X:DJBDK.Q:P=ZZPONJLP[Z(=Z  S?.
:NXTQN  LPZSN=ZS=Z.



S[KTS6MNXTQN=Z:RZYJLQDK.Q:PLZPS J>.YO1ZDK  S*P
NTQNSMZQE:5Z1:

SBYJLQLQ[B=[ FXSXOXTY[YO1ZS;)XOXTJRPZF O) ONJ
\QDPJSJOT( [NR7:>JB[3JS PONJIOU@X
MZOS;)XOXTJN:KYJ[NQE[G=[?7ROO>ZOR[3JR7[O>. LQ[B:=[ F
S[LQ[BY*MZP7S>RQNS JZMZPPZL? YKN.  MZYO1JS>LQ[B

:=[ FSXE:L>P JT*) X>S>LQ[BY*HNT YJ(:YFKS>=ZS1:PYJ
:T>YJO>.:M[OKTE[GLQ[B:Y*XLQJDJ PYO1JLQT[3J:DJS
[RJXTF Pt R7YJ:QYFS>: =[ F LQ[BRJXTX>Q?)X2(  P
FP)wald (R7YJQ.

LQ[B=[ FNSE[GY[[N[PIUJMZE[FL  MZS>E[GYTB Y[
:PDK.Q:P=ZZR5[):YJ[BPXT[3J[M[ZX/ZQDJNOR[3J
O.  YFS>LQ[B:=[ FDK.Q:P=ZRZERP J :PZ0[6
DJNLQXT[3J[M[H\[N.

DJLQ[BF=[
E[GDJLQ[B=[ FSQJ[3J:S PSJLQ[BY*S>L:

= yNTQN
= ln(y) IZCFY1[)

= x1,x2 kXT[3JE;J
= B0,B1,B2 kZXT[3JE;J

= e[3J*
NZR7=[O?XTXJHQQJS>YZKOmaximum likelihood  ZM[KP

SF1JLQ[B=[ FP:



;JYO[KNTQNS>9Z)S JSYJZPHNM[KDK.Q:P=Z
ZPM[KNNTQSMZQ:

S?N:  HNXT6XJX 1JONJMinitab :SAS PSPSS YJONQJH\HN OT)E>K[;J:6
DPJ" Modul " XE[GLQ[B=[ F(.

S?N:  YFS>SOJ[[3NT M[LQN:SOJ[[3[QFNT
M[  .

[QFLogit 

XQJMZHQU7JY ZLQ[B:=[ F[QF .[QFSXO1JIZCFY1[)( ln ) XT[3J
S P( Y ) YJS>DJ:LSDJ[QF4P1J. RMZDJ=Z[QFYJLQF: =Z
DPY;6Q2*2 RTJ>.  DP:Z/ZQ[3JS P>N)Y ([3J =ZE;J
[O)(XRJ. MZ:DJ:[QFIZCFY1[))ln (XTY S>;JY XP  X [YO[JY
O>.

RJ FP)Wald(
LQ[B:=[ FRJFPYO1JLQQT[3JE;JSF1JLNYJT. :S[NRJFP

D1JRJt LQ[BY*.  LQJFPS*ZS JYJQS>:LiSXO1JZP[3JXiP
S.E. X*NL. :/:PRJFPMZ67SLQJYJBS>YJK ;JT  .



YO1ZL[J[YJKXT[3JE;J[3JS P7. :B:67;J :I[O>
E:Y?Z  ZN T7. S?NXS>QPMZS>YNJ;J S>@:FPZ[YJO>
PY1:QJS>SX=Z[3J0:LQ;JRJFPNZYNQ[B) (
L[3JSX*)S.E. (LYJZ.

JXXT[3J:Y[S>SXUNS[KT0=Z[:SXRJFP=Z[3J
1;)L[3JXUOJ0=Z)N 1.(

 T )Odds(
T0DKL=ZS1:PDKL NLS1:P.  T9Z)DQJ6ZJYJ S
NQS>:LP1DKL=ZS1:PP1 p1DKL NLS1:P:

X<UHQU7J:TDJQJSDJ[QF7E:?YJI[O>. MZ:DJ> 
L JN01YNJS>N>R>Np1:NS1S?[NJN
>R?NN1- p1:YO1Z90/20=4.5  .RPBLN:[N>LNN 1YNNS>
N>R>Np0:NS1YNNS>N>R?NN1 p0:1ZYO80/10=8 .
NT)Odds ratio(

LQ[B:=[ FXM[[1L[J[T[3JE;J[3J:S PRJXSHNNTR7YJ
Q. N:T/:PNPSCZKTPSXO1JNDK.Q:P=Z
J[6Q0ZRPBDPSDK.Q:PLJ[6ZQ0RPBHPYJ. S:Y 0 N
TLNROT=ZP[[3XT.Q:P=ZJ[SX=ZP[[3[3JE;J. POZ YJLQ
NT D1J LQ[BY*NS>DQJ6ZP9Z) P I[;CZKTS JYJ
Q:

S>L
P1 =DK.Q:P=ZJ[6ZQ0RPBDP)(
P0 =DK.Q:P=ZJ[6ZQ0RPBHP)(
X<URQNS JN:TDJQJSDJ[QFPTCZ?YJI[O>. MZ:DJ
XS JN:TH\>NPRPBL JPLNS JI[O>. S J



:TS-]JIZ>S>>L JN90/20 = 4.5 PLXLN80/10=8 

. :DB;JPCZKTI[;:I[O>NT8/4.5=1.78   .YO1Z:LNN
>N=ZNSPL J. :SI[S> NTDQJ6KNOR PYP

SPSS KNExp(B) JR.

C[7ZNN:TZ0Q:ZZ0I[O>:

-TRBNTB00 :[[3XT[3JE;JPS PJPITU. YO1ZZ6;J
[3J:E;J;J[3JS P[NZ6YJZ) MZF;JB [NJ(
-TRBNT?Q>00 :[[3XT[3JE;JPS PY7OJPU5FJIT) MZ
F;JB [NY7OJ(
-TRBNT00 :[3JE;J[YO1JX[3JS PNP;JZL7.

CNTYJI[NQSPRQ[[7I[O>:

-RQ[:DPLKTQ)S>\R:N[[3[3JS PSX=ZP[[3[3JE;J
[7I[O>. SLQO0:DJNXT.DJQJS>L JPNL
NLNYJTS>LN=ZNSPL JN>YJOO>

-2 RQ[:HPYJI[NQNTSQ[7:I[O>XMZ:>NT0 I>P
0YJI[O>. SLQO0:DJBNTX.0I[O> I>P0I[O>
ELTQQS>LNYJTZ6=ZP[3J :[O>NS
R NZ6YJZ.

ISNQKNLQ[B=[ F
SB[QJSLQ[B:=[ F0Q:YXISNQKNP[NE:N1SNQKNS[3J 1
E;JUO[RN:JYLBOZQNRQJO:R[3JE:ISNQKNX=ZLQB E[G
=[ FQ7NPY[N7NLQO0R>N. QE:N1SNQKNS[3J 1E;J:[N

SLQO0=ZR0::YG>E:N[3JE;JSSNQKNH\. JLSIGJ:  YJMZS>TS
1XT[3JE;J[:ISNQKNZ[. MKLS>:=[ F LQ[BSISNQKN[[

ISNQKNLQ[BY*[NIZ.



RQN5Z1XT[3JS;)XOR) YKPY[( LQ[B=[ F
Y?ZIUJMZ]?JXE[GLQ[B:=[ FQPXT[3JY[. HCOTLQ[B X

:=[ F6MZS>YJKXT[3JE;J*OSG6X/ Y N:OTYFS>EK0M[O
[NPYUNYKPY[[NOT. JNS>LQ[B=[ FDK  N.Q:P=ZRZS

DKH0.Q:PLRZ>P:MZOXT[3JE;JKZST[3JS XSG6X) P>7P
=Z( EZNQI[NQN;)L[3JS PYI[O>. M[KT S:)HN6SPSS HCOT
XQLQ[B:=[ F9Z)>1> 31YG >:QMZL?JQPS>XT[3J
;)SXOR) YKPY[( SQY1OSSG6 XT[3JXEZI[O>.

XY1OL>XT[3JYKP:Y[ZT=Z;)) SOZBXT( L[3JSLQO0=Z[3J
SNBPS;)5Z1RPSS;)DP>PSS;)HP>9G1[B. SLQO0:DJB[3J
QJ-NJ" *][" S>;):M[Z(QJP\5Z1R:ZTSOZBS=Z LQO0
[3JPYUPR>PSYN>S>LL[J]N>PSYN>S>L][  L[JNN
> 9G1B[. YO1ZMZQ:

[3JDP( ][M[Z=P][[2M[Z=
[3JHP( ][(QJ=P][[2(QJ=
LKTQ)S>S;)\S-]JYJ:Q[3J][HCOTEZS[3J:Y1O(;62 S;)R 5Z1P
S;)HQ) YO1Z][\( 4R. E[FMZJLS>LQ[B:=[ FLQ[B ONKTY*:
[3JY1OXS;)) YO1ZMZB>( 5Z1YKNQP1LRQKTZK> Y?Z1;)[3J
YG )YO1Zk-1 (MZEXOSFJY?[O?OITY*LQLQ[B =[ F. S;)XS>S
[3JY1OEZYKN:QS;)/ JReference category   HNS>XOJSZ;JPE;Z;):YJ
[B.

Y1:QJS>;)[3JE;J;)5GJ[3JS PSQ-OJSZ;JE;:YJ:N[BHCOTX>
1> 31QLQ[B:=[ FL?JNMZO.QNE;QP:



-)Indicator :(MZ:PE;TSQZQ0ZH0ZQ0=ZS;)LNRNQ[J. S;)
/ J[NSQ=Z5ZZJE;Z;J) 1 ( LNRYJQ. MZ:PZMZPNE;
TS>G2[NPR7YJI[O>.

-R)Simple:(MZ:PTS;)[3J[M[) S;)/ J( S;)/ J[3JS PSZ;JYJNQ.

-P7)Difference:(T;)S[3J[M[) S;)DP( M[CN[J;)YG:SZ;JYJQ. MZ:PS
Q?1JE;XTKGT)Helmert([N4P1J.

-KGT)Helmert:(TS;)[3J[M[) S;)( M[CN[J;)X1SZ;JYJNQ) YO1Z
?0PP7(
-OSGKX)Polynomial:(MZ:PS>SE;XTOSGKXJ1J)Orthogonal polynomial 

contrasts ([N4P1J:6MZS>SG6M[;)YJ. MZE;:T(;6XXT[3JX 0
L?JZOT.

-4 N)Deviation:(TS;)[3J[M[) S;)/ J( E>SZ;JYJQ.

YZDJLQ[B=[ F
E[GLQ[B:=[ FXYZL[JE>:DJLQJNYZKN)likelihood ratio()N

YZKNYPSPSS KNLog likelihood LNRQ[J(R7YJQRJ S>LX2YJ. 

:MZO:OZRJX2D1JRJF E[GLQ[BY*. 4 TLQJ NYZKNMZS>
P7M[DK[YO[RQ=ZQC=ZS;)PS;)Y1:PPE:  ST>T. XMZ:Q-OJ
MZLQJZ=[ F[FQYJO>S>N:LZQC:TX [ SS;)Y1:PQ:OT.

NYZKNP7;J4 NTS JYJQ. YO1Z4 NLPQP[3J[M[DJ 
XUOJ4 NQP[3J[M[DJ. SY 0MP:LQJN:YZKN;JRJX2 =Z
(;6X0SF1JLP[T[3J[M[) E;J( PCZPPT[3JM[[SSF1JS JYJ
Q.

;J4 N9Z)DQJ6ZS JYJQ:

MZO;JE 7P4 NCZKT)D(:S>NYZKNLS JYJQ:



G= X2= D ( DJLP [[3) ( DJ [[3)

[7;JYZKNR7YO1JX;JRJX2 *X*= Q>0/05 :YJNQY I[IZ
S>ZDJLQ[BSYQRTYJO>Z[SFZSQS>4]RJX2LQ[

DPY;6QPM[OKTZLQJXTSJS>RJX2 R7YJOO>PUN;J\X2LNROTL[J
[S*ZP7:LQJNYZKO?0:YO1ZOZTSRJ ;JX2 ?Q>

DJU. [QYJLQM[OQN:

-XYLSE>DJLQ[B:=[ FRJ2R7YJI[O>.

- XYLSYO1JXT[3J[3J:S PRJFPR7YJI[O>.

- XYLSL[J[T[3J[3J:S PRJExp(B) R7YJI[O>S>LKTNT.
:MZORJFPWald H;JRJExp(B) YJ.

LQ[BF=[YKPYUP
E[GLQ[B=[ FYKPYUPYNJQJR7:YJ[BS>[3JS P*YKPYUPP
OIZQPZH0=Z7S0QKJXXT[3JE;J[YO[I[O>.  MZOLQ[B=[ F

YKPYUPJYKNI[NQONKTLQ[BY*O:R[3J;JX 09[:[3J =ZS PY0])S>
/SXT[3JE;JIZ:M[[1I[O>. S?GMZ:PJDK N)P(>PIZS>L>)(LN
YJOT>) .(DJXTX 1JYJLQK S>L=Z[3JS PYKYUPP>PIZ: S?OZ

YL>Q>HCOTFQYJN[JPCZ YRNYJONJMZS>YLNPUN>YJ
OO>PYCZ>YKNOO>MZ S>YLZQ N96QJS6ZJ<YG[YJNQPYCZ
96QJYKNNQMZS>Y HJXK[XTYG:YJNQPYCZYKNNQMZS>YRCOT
96QJNPYCZO[N 96QJUOZYCKTY\QOTS>HN6SPSS MZL?JXJIT6YJO>
I[NQEJQ0[ROO> YO[[[3=Z[3JYKYUPP[NYZOI[O>. :/:PMZ.QNLQ[B:=[ F
YJDK I[NQ.Q:P=ZS1:PSQ)I[;JPI[O>.

[6T
- [3JS PZKZ*OYKYUPP



- [3JXTE;JYJONQIT*YK>) SG6X/ Y N( PIT*Y7[>S;)XOR)YK/ Y[( 

O. JLOS=ZZO[3JE;J*YK/ Y[NQ:KZMZT[3JSXT[3JY1O
EZI[O>) YO1ZXT>0 P. (FSPLQ[BX > :=[ FSHN1> 31QPS>NP
X:LXT[3JY[SQ)>QXT[3J SY1OEZYJNQ. :MZOX[NS>X BJUN
(Q9;J[N.

- HPF[1RXTXT[3JE;J/ZQDJNXP[N. JLOSMZT[3JX/ZQDJNOR[3J
O:LQDJUTQQ.

- OY*KTLQNXT[3JE;J:CZP7JLQ[B=[ FYJ.S>QOY*KT
LQMZ:T[3JTPXZRQPXT*N[NLQNXZ TQ. I[QKNO>SJ
=K>YJO>OY*KTLQZLQNXT[3JLO[K) E;JEI[O>.

S?N: LOS[6XTDJNLQOR[3JPXZJXTNZPPNZPQ>M[J:NL
QUO[YJQS>PE[GY[:SXPE[G=[ FR7I[O>.

DJ:XCTPMZKUJEJQ0QJ@ JP[JL QNYZOO>PYS>@ JP[J MZ
L QN[SYGJQ0SY 0MZCTP:YS>ZR7=ZXYJ T[3J
NQM[[1O>S>DKRNLNJZQ6L QN;

MZ9[;QNRFQJRSLQO0ISNQKNNP:L[1P@ JP[JL QNS[3J LQO0
S P:P5 [3J[O:[1PPQG:LQ:S:FQMJP][JSLQO0E;J XT[3J-N
S6BR N.MZCTPR7Q)Transform > Recode ([3JQ SZ5Z1P>X B
R>.

[3JS P: [3JS P[1P@ JP[JL QN)Mortality(S>PS;)Z5Z1PSXOYJNQ:
S;)DP:  Q6R) >(:S;)HP: RN) >(
[3JE;J:

([3J[OQN)Gender(PS;)ZSXOYJQ: S;)DP: J) >(:S;)HP: L) >(
 ([3J[1PPQG:LQQN)Twin (PS;)5Z1YJQ: S;)DP: =ZQG:) >(:S;)HP: PQG:)>(
 ([3JSFQQN)LiveRank(7TS;)5Z1 :  P  P P P P P



 ([3JMJ)Mether Age(SQSG6XDD5Z1.

([3J*][J)Education(SS;)YG5Z1: S;)DP: YQPY) >(:S;)HP: 

YZKOTP(QJ) > (:S;)HQ: S[F0) >(

RQNSPSS

-Q1AB == 1A =>3YJ I[O>.

- [3JS P)Mortality (P>Dependent PXT[3JE;J) OZ5 [3J( P>Covariance YJ
I[O>. >Method PForward: LR NYJI[O>.



- SK>1> 31=[G>YJI[O>. ROXZS>YJQ:XT[3JS;)XOR)Education , 

Twin , Gender(KNR>PSKD;NYJI[T) B>Contrast YP[2
Indicator SLQO0PE;PFirst SLQO0S;)/ JNIZ>LQKZXPSK>

Change =[G>I[O>[[3DK0Q(.

- XPSK>.1=[G>YJI[O>. ROXZS>YJQSOZBXTGroup membership , 

probabilities K:predicted values :SOZBCooks K:Influence  PSOZBStudentized K:
Residuals NP:XPSK>Continue=[G>JYI[O>.



-5 SK>> ==[G>R>PROXZS>YJQ:SOZBXTClassification plots PHosmer 

Lemeshow goodness of fit K:Statistics and plots NI[O> YJ. :SK>Continue =[G>
YJI[O>.

-XPSK>Ok >YGQ1A =>3=[G>YJI[O>.

DPZSLQO0M[FPYPLQ[B=[ FLNYJTS>.QKJ7N:QN) (QJ
E[G:S6BPQN)( SG0M;JRKBPHQG1JNPE[GRNN) S  SQ[YNJ
S>;JY?ZXT[3JS PZE;JX=ZQCHQG1JN:LQ[BL =[ FQCE[G

YJO>ONJ01 QNMZDJ(.



DPZLQO0)Dependent Variable Encoding(XT>S[FPXT[3JS PSXT>ZYJ [[3T. 

9[;:[3JS PQJ:-N[1P@ JP[JLNQNYJS>PS;)L QNR Q6) > (P
L QNRN RNJ) > (E[?R.JLKTQ)S>MZDPYJ[O[:LQ[B Q=[ FXT>

) ( P) (T> S  X) ( P) (EZYJO>. YO1Z>)(XRPBL QNQ6 RS>)(P>) (XRPB
L QNRNRNJS >)(EZYJO>. :MZOY1:QJS>Z[)B (=Z[3JE;J[3JS PJ
:MZYO1JS>S[NMZ[3JJ:E;TZ6DK  RNLNJL QNI[TQQP:?0
Z[Y7OJF\T>DKRNLNJPZ6 /:PDKQ6L QN.

DPZ0])Y7[QQRQNQXT>[3JY7[>S;)XOR) YKPY[( SYJ
T. MZ:DPQJXT[3JP:YUPXS;)DPT:[3J>)(PXS;)HP>) (-NS6B
R. JQJXT[3JOYUPOJ:][SZ;JDP ;)PHP:ITXS;)DP>)(P
XS;)HP>)(-NS6BYJQ. :SZ;JHP ;)PHQ:ITXS;)HP>)(PXS;)
HQ>)(-NS6B. QJZ;) X\6( :[NSM[KTQNEK0YJQ. YO1ZTS;)S;)\
QSZ;JP>X BYJQ. (



YPE[GLQ[B=[ FEJP<QG:Block 0 =MZ:<QGYPSGJ7=[ F LQ[B
LNYJT. YO1ZSGJXS>QOT[TRXPE[GRN. X[7ZNLQ[B:=[ FMZ
<QGR7YKNI[O>.Block 1=<QGYGLQ[BF=[S>HCOTZN [7ZLBI[O>. 

MZ:SGJZNPPT[3JSE[GYJ[B. S :SJZNTP<QGS=[?7RYJQ. 

-  <QG YP:
YPDPZZNQJSBlock 0 ZE[GS[FPLNYJT. MZ:<QG[TSGJX)YJB(XPP
RTSDJRN. SM[KT:)Step 0 ) SGJ7( YJKYPMZ XT<QGRTJ
YJI[O>. MZ<QGR7PE[GLQ[BHBSHBForward: LR :E;J XT[3J) QYO1J
LQ(:S[;JRKN\SM[Z:PDJYJNQ. SFHN6spss YNJS>;JRKNT[3J[
:PPLTSDJSQ[RZBPQSQHNYJQ.

DPS;)XOZLNYJTS> LO[K)/ R7.QKJ[3JE;JMZIZ: 9[;[[3
[3JS P@ JP[JL QNM[[I[O>.

DP:ZLQQOT[TX[3JPDJ:RNMZOUOZNQJS0DJRJ N S>
   L FP RJ/ N P L XT  /  YJ.

9[;5 [3J:[O[1P:LQQG:PS:FQM:JP][JSLQO0XT[3JYO[ [
ROO>DK@ JP[JL QNQJE[G:S6BN. SQSZNE[GS[FP <QG:XO S[3JXTS
FQPMP JL[J(QJ][  B  X  YO1J * /



 ) X  YO1J *  [ S/  P/  P/ (XT[3J ZPRE[GLQ[B:S[YO[
[[3[3JS P@ JP[JL QNYJO.

-  <QG YP
JIUMZYPE[GLQ[B=[ F:YPBlock 1 S>[7ZNLQ[B=[ FZ MZ

YPHN[C. MZ:YPZNLQ[B=[ FS=[?7TSGJLNYJT. :.QKJ E>
YPLQ[B=[ F <QGYJLQSZI[;>S>TY;;JB HCOTYZQNZS
UNRO>:

-YZE>DJ
- RJYQ?N
-LQJXTXJQJS[T[3J[M[) E;J(

-YZ\K[YO[R
M[FP <QG YPZN :LQJHPYNQJQSYZE>DJLQ[B=[ FLNYJT. MZ
LQJSYMZ.QQJYJS>DJSR N:M[[PYZ>SQS :Q YN HP LQJ ZN

  K> X* *  P DQ: E: DJ HU SGJ /   YO1J.



DPX1ZNQJSPRJIZCFYZKOPZM[[1PP) EJZM[[1>>PENZ P
M[[1E[N< >( LNYJT. MZ:ZZ;XTZM[[1)R2(LQ[BY*S>OTOZ

LQ[B=[ FR7YJQ. LQ[B:=[ FLQS J9[:;JZQ M[[1OT::MZO
Z;JRJXT8Q6XMZ>R7YJQJBS>XT[3JSNQ E;JNSL[JNZP
[3JS PM[[OO>. Z;JRJXTZM[[1PP M[    LQNPTS;JMZRJTS 0

=ZN:LNYJTS>;NXT[3JE;JM[[NZP[3JS PZP?0Z;J=ZNS
 F\;N5[1T[3JMZJ.

QJMZ:DJS-]JYJQS>SGJ:HUZ;JTPRJQJSZM[[1PP \ Z;)/  P
(RQPMZLNYJTS>5 [3JE;JMZ9[;:M[[Z;YZ\QNZPP[[3[3J

S PS@ JP[JL QNQOT. :/:PMZ5 [3JSNQNM[/  [[3@ JP[J
L QNM[[OO>.

QLQ[B=[ FS=K>PPYJI[NQSL[JDJRTYIZ:
(RJYQ?NKQTQKF :SQSS[NELQJKQTPQKFSGJHU) (L[J[
YO[[[3[3JS P*X*?Q> / [N  YO1J .DJ S> O1J MZ9[;OJRQNP
H\Q[N. YO1ZXT[3JE;J:S[[[3 YO[[3JS P[N.

(XTQKNRNK[:: PQKNX[7JS>XMZ>PQN:QKN[[34 N\K  E;J[YO[
RYJO. XI[MZQKNYJI[NQHCOTXLQ[B:=[ F
NSOZBCooks K:Influence PSOZBDeviance K:Residuals >.1:XTQKNQJ
-NI[I[O>.



XOJS J;JLQJKQTQKFS>\RTJ:DPY;6QZYJ. MZ:DPT X?:
YNP6XTRTJRPQJ-NLZQCTS;)[3JS PLNRR.

XE[GLQ[B=[ F:SP9Z)YJI[NQ:DJ=[?76;)[3JS PM[[1 
=I[O>(DPS;)XO)Classification Table(P (QKNS;) XO)Classification Plot .(YPLQ[B

=[ F:ZNDPS;)XOPZNQKNS;)XOLNRYJQ. M[KT S)SZNDP
S;)XOPQKNS;)XO) S>MZYP( RYJQ. SFZRS>ZNTP

YPL?ZPEK?JCZKTOT.

DPS71S>DPS;)XOHN:SJ=K>YJO>9Z)I[Y;6QTRTJ ;)R
PQJ:-N?GK0DJP:=[?76;)[3JS P) L QNRNRNJPQ6 L QNR( S
QJ-NLKTS;)LNYJT. MZDPSJ=K>YJO>L[J?GK0YO[ [XZDJYZ
I[O>. MZ:DPSNXTX*::1[YO[XT[LNYJTSNPXT*:[N1[
YO[XT[2[LNYJOT. ZNMZDPYJI[NQL[J SPI;DJS;)XO6Y
IZ. LKTQ)S>DPRTJYJQ:YO[ [PS;)XODJSGJPPT[3J
SDJLNRR.  SLQO0:DJSGJS> DP(;6[3JTwin :Q DJ :S;)XO6(QDJ

/ Q  .MZ YO1Z:SGJ7NLNQNQ6RP7NL QNRNRNJSY=[?7R
 N .SY 0: 7NL QNQ6RSRRPBL QNRNRNJP?07L QNRNRNJ



RPBL QNR Q6:S6BN. SGJ:HPS;)XOPP[3J][J S/ Z6 
6Z. MZSGJ[N:5 7NL QNQ6RSRRPBL QNRNRNJ:O6B. :HQ SGJPP

M [3JJ(:S;)XO6LKT/ Y:NJ.  ;J MZS;)XONLYJTS> LO[K)
/YJI[NQI[QCR7.QKJ5 [3JMZ E;J9[;:IZ:[[3[3JS P@ JP[JM[[
I[O>. MKLS>MZ:SGJRS;)XOLKT SQRQS>5 7NL QNQ6RSRPBR
L QNRNRNJS;)XORNM[OKT P7NL QNQ6RP7NL QNRNRNJSY=[?7
RN. X<U:DP  MZYJI[NQZNLQKNS;)XO)Classification Plot(SLQO0MZ

YPLQ[B E[GF=[SZ;JI[O>.

DP1LQO0)Variables in the Equation(MKSS]X;NT[3J:DJLNT YJS>H>
T[3J1XLQ[B:=[ FDJY:RNJN. MZ:DPIUJMZDPZN [7QJSYO1J
XPL[J[T[3JE;J[3JS PYJ. MZ:DPMZORJQP IUJNS>X[7ZN

:UNMN[TJP>>UNXP:

B:MZRJLKTZ[YNQ[BNRN. :/:PMZRJLKTZPR:RKTX* 
N.

S .E.:MZRJS>Standard Error :0X*NYJ.

Wald :RJ:FPIUJMZRJXLQJYO1JXQT[3JE;JDJYJS>YJI[NQ9Z) 
*YO1JXL)sig(SMZJYIZ. P:/:RJFPD1JRJt LQ[BY*.  [7S[N



RJFP[NYJI[QBLOS;JMZRJXT[3J*X*?Q>/  YO1J:L
QS[NYJIZ[BS>QPL[3JDJ[7JPLYO1J.

Exp(B):MZRJS>SNT4P1J:0YJNDK.Q:P=ZRZSH0 DK.Q:P
L. :/:PMZRJ0[[3[YO[RTSX=ZPZ6E;J [3J. MZ

: ND1JZLQ[BNR)Beta(LQ[BY*YJS>X[79[; ZNLR7
YJQ. Y1:QJS>NT?Q>0 :LQYJI[QBS>Z6 Z;J[3J:E;JDK
.Q:PRZT>YJZ) Y7OJ( P:?0Y1:QJS>NB  T0 LQYJI[QB
Z6Z;J[3J:E;JDK.Q:PRZZ6YJ Z)J.(:MZOE[GLQ[B:=[ F[
Y7OJT[3JE;JDJYJLQP[  9Z)- 9Z)J]0Y7OJ;JRJB :P-9Z)
Q>=LQ;JExp(B) 0=Z.

S?N: P ZYJIZQXS?OZYIZH>T[3J[3JS P[XJYO1JX:NRJwald R7
YJI[O>. JXS?OZYIZL[J[T=ZMZT[3J[3JS P;:RJExp(B)  R7YJ
I[O>. :MZORJwald H;JRJExp(B) YJ.

QJMZDJOSDP)Variable in the Equatio(YJI[NQI[QCS>YJKXT[3JP E;JR
E[GYNQ[BS[3JSFQ::S[YO[[[3J[3S P) DKQ6ZRNLNJL QN( OTP
YZNQ[YO[UN*X*?Q>/ . :Y6)L[JS0QKJXT[3JYO1JRNK[::DJ
[3JMJYZNQ MZ [[1P@ JP[JL QN.[9[:[MZT[3J@ JPL QN [J
ZL[YJB:

-QJ[3J][IZTS>ITL[JM[PITL[J(QJ][J[1P@ JL QN [JPQJ
. ZN:DPRTJYJI[O>S>MZSQY7OJPZ6 L[J][(QJJS
][\DKRNLNJQNT>YJZ. QJ][M[JT :[N[YO1JMZ*
][DKQ6ZRNLNJQNI[T. NXTMZ[3J YFPZB LNYJTS>MZ
SQY7OJYO1ZZ6L[J][M[J][  S\DKRNLNJL QNT>YJ
Z.

-MJ)Motherage ([3JXCZS>[1P@ JP[JL QN[. [MZ[3J



J. YO1ZZ6M:JDKRNLNJQNZ6YJZP:?0T>M:JRN DKLNJ
PZ6YJZ.

-QJP[3JCZQG:PLQP[O)Gender , Twin(IO[[JS>SQSS?OZN UN P
M[OKTZB YJLQRTJ>S>MZP[3JITSQY7OJ. S0QG:P CZLQ:QN
DK@ JPZ6YJTNSYNJS>QN=ZQG:FQJQ.

M[OKTZNMZDPYJI[NQDJLQ[B=[ FSGJHUSQZI[T LN:

LQ[B DJ= -17.92 (  0) 46.052 ( Gender) + 4.599 ( Motherage ) 61.959 (Twin) 63.011 ( Low 

Education ) 36.967 ( Medium Education )

DPX1[[3RJIZCF:YZKOIUPPT[3JSDJM[[[[3[3J
S PTSGJLNYJT.  MZ:DPT:SGJLOSIUT[3JDJ[:L PP[3J
SDJ0Z6;JRJIZCFYKOYJQ. :Y6)MZ:DPXOJPT* [3JYO1JX

 B/ . YO1ZT:SGJT[3JS>*YO1JXL/  BDJYJQ. S



LQO0:DJSGJ:HUS-]JYJQS>PP[3JGender  S:DJL[J[[3;JRJIZCF
YZKO /  [3J PP  S> QMotherage   S  RJ MZ ;J/  >6Z T .[3J PP  Q*O[KT

Twin  S DJ S/ [3J PP  RP P Z6Education  S/ > [ T>.

DPX1YZT[3JLNYJTS>TSGJ:E[G[YO1JX[[3[3JS PS N PS[N
DJRN. :M[OKTMZ:DPRKNE>RJT[NXTSGJS JYJQP6 MZ7S
LQJYJBS>TX[3JS>SF1J:RJ[NXZX . YO1ZX[[[3 [3J@ JP[J
L QNN. MZ:DJSGJ:HU*1JYOX[3JLiveRank B /YO1Z:MZO[
YO1JX@ JP[JL QNN. :M[OKT;JE>RJMZ[3JSGJ HU.

QKNS71S>SQKNS;)XO)Classification Plot (4P1J:ZQXS;)XO =Z
QKNHBQ[TSXLNYJT. LKTQ)S>S7B:MZQKNO>DPS;)XO)Classification 

Table(S>]:[QR:PXCZXZKNS;)XOL QNPL QN RPBRNRNJPQ6
R. MZQKNPQJX PY E[?RPL[J8*N\KYO[ [RTJ[) .Q:PZH0



.Q:PS[N( LNYJT. :/:PR7MZQKNYJI[NQYS> IZZ\K[YO[R\.Q:P
:J[P\K[YO[R[ZMH0.Q:PJ[YCOTKTZ [:MZOY1[)TSMZYCOTKT
[S;)XO[. MZ:QKNQJX DK[YO[RPQJY YNP6LNYJT. 

DK[YO[ M[ R   LQNPTQCYJNQ;JXMZDK6ZO> .;JZS*;N
ZKDK[YO[R/ PLZQCRPBDPXPJZM[Z DK/ LZQC   PRPBHP[N
\DK/  YJ :N[B. :MZOTSLZQCRPBDPKQJ) YO1ZDK/(   P

LZQCRPBHPKQJ) YO1Z  \DK/( :: N[CS;)XOP[YO[DJ
[. 



    : )PCA(

 PPCA J P T R 1 E[G; X  R[3JO XJ E[G XT P  Y?Z E[G [-N XCZ XT P  X SJ;
 YGJ0 .> R  Z QJ S LQ YJ YG XT S7FJ E[G P XT > :

R[3JO XT R  YFK  ;N YZO
SNBO LQ[B  Y[Q XT[3J 1 E[G;
  YKZ E[G  T IZ LQ X1 = Y

I[O> YJ XP Z  HQU7J O L XT > P P MZ X S S .P  [:

-    ::
  SNQKN X 0 1n T[3J 1 :)T  ( p  SNQKN X 0 :xij   SNQKN XT R ZJ PX  YJ R ZKN

NQ

X= 

 ZJ MZ   *n  ZJ HX   YJ. ;J  H\ XJ XT E[G G2 
n   Bp . : Z 0 D RZ F :

30pn

 -     :

,……, T, ,  =X = 

= 



 -  : :

  YZJ S>  SNQKN NZQ> ZJ  S OT YJ LN.

S= T

  XT[3J M[ SNQKN NZQ>i  P Hj  Q YJ S J Z Q S H:

sij =

Note : ZJS   L;J.YO1Z :sij = sji

Note:Q YJ R[JN [3J L NZP Q  [3J =Z NZQ> .ZP [3J S QJ X SNQKN N[i  E: Z 9Z)  H
 S J:

sij =

 -:     :

I[T : 7   ZJ X S J X SF1J  Y6> RZP Z;J LP  S X:

I[ZKN YJ S J Z 9Z) S [N  RZP XT:



   : :

 I[O> YJ 6X  ZJ =Z  XT[3J S QJ XT RX1  PX2 P...PXp YJ . L ,OJ NZQ> ZJ
Sx   P  YJp    Z XT[3JY1  PY2 P...PYp I[T YJ LN . MZ  =Z Tp 1 Y[> Z [3J  Yp  [3J

NQ YJ 5Z1 S[FP XT R NZQ> ZJ X RZP XT  P Z;J   S> O YJ S[FP.

  R R  SJ  S] Q) S Z XT[3J LP  S E J:

-R > 5Z1   NZQ> ZJ LP  S
-P Z;J LP  S R > 5Z1   XT
-Z Q S YG XT S7FJ LP  S:

 Z;J I[O> YJ 61  PR2 P...PRp  ZJ X R J X RZP Z;JSx  S>  YJR1R2...Rp  YJ .q1  P
q2 P... Pqp  Z;J MZ  OJ X RZP XT  [NO YJ . YG X S7FJi Q YJ 5Z1 Z Q S H .

Yi = iq T X = qi1 X1 + qi2 X2 + qi3 X   qiP XP

qi = T

DJ X :   Y1 = 1q T X

  =ZT X  S?[Q n    =Z T ;J SNQKN Q0p J  YG X S7FJZJ =Z I[O> S  Z Q S
Q YJ E . L  S>;J YG X S7FJi  S QJ Hr  P  SNQKN Q0 M[J  *r 
 ZJ HY .

Y= 

   

 7  YG XT S7FJ YZP S P YC KT Z .O YJ SKTN P S P UN YO1Z.



 NZP  Ri  L [1J 4 N P  YJ . LQ S[N Ri  J = Q> S @   T N R 
N R J NZP YB  [ S [N T.

YG XT S7FJ XT NZP /K    S[FP XT[3J XT NZP /K :

Note :OO> YJ [[3 [N YG XT S7FJ :O> [[3 T[3J X[B R N [;J B . YG XT S7FJ  H\ S[N  
B 4) E?J MZ  IZP  S R N XT R ZJ  . XT R NZPQ> ZJ S?[ZN 

  RN N XT R YC KT ZJ   R N) YO1ZSu=Rx( S7FJ :R N XT R  R7  :
  YG XTNQ YJ S J YC KT ZJ X RZP XT  P Z;J .

 I[O> YJ 6 J MZ X1  PR2 P.. . PRp  ZJ X RZP Z;JRxYJ S> XQ) S OR1R2....Rp  P
q1  Pq2 P...PqpS?Z X RZP XTOT UN ,OJ J1J X . YG X S7FJ Q MZ i  YJ 5Z1 Z Q S H
Q:

Yi = iq T U = qi1 U1 + qi2 U2 + qi3 U3   …………………..  qiP UP

U i = 

:NP > S R N XT R S> YF   =Z T NZP S> N p  R N [3J  NZP :  YJ
    E>:

Tr(R)=p

   :   :

 XT S7FJ E[G  X > T 1 S IZ[C I[K Z  YGIZ > S E[G   YG XT S7FJ  X . MZ 
 S*I[O> YJ S  N YNP6 > P  R> Y61J N S> Y CN R0: P:

-   XZ [[3 E>  Y J @   S> Z > S  YG XT S7FJ  X 1) ]J (%OT Q.



Note : YG X S7FJ S> XZ [[3 i   RP  S  L H  :

 IU S[N k DP YG X S7FJ)( pk    XZ[[3 E> :

-ZP Z;J S> Z > S  YZT S7FJ UN ,OJ X R)UN NZP YO1Z ( RZP Z;J X SKT (QJ  B . (QJ
B YJ S J Z Q S RZP Z;J:

p
i

p

i 1

Q MZ  :  S6 > S YC KT ZJ YG XT S7FJ E[G  B:

=p, =1 

 YJ HN E: YN S  YO[J [-N YZT6 HN  :R R [Q YOJ   YG XT S7FJ E[G OZ6 . 
B YJ S  S6Z HN 6 HN MZ  S> YFJ Z:

 DJ :Y Z P KN)X1(Y 6 :)X2(Y Z :)X3(Y 6 P)X4(  S QJ  QQJ Z  S Q N:



 X RO  Z Q S  T R  YO[J 6 HN ([J worksheet I[O> YJ P:

 XQOJ  stat   X SOZBMultivariate   > principal components  Z E? 9*J P I[O> YJ N 
JI[T YJ HN  E:

 L  OK Q YJ R ZKN PP Q S OZ6 ZN:



PCA  SPSS:

 6 HN  HN  YG XT S7FJ E[G L  LQ YJ S> YZT6 HN CZ spss  YJ . HN X RQN SJ PCA 
 S 6  HN MZ  TQ.

I[O> YJ P  T R :



   1 I[TQ YJ P IZ [3J S (;6 DJ MZ   S I[T T> . J0 O S> I[NN [ XT[3J  YFJ  B D
 Z Q S I[O>  I[TQ YJ  YGscree plot  I[O> YJ I   .KN MZ XQK0 QJ YJ LN  RZP Z;J Q

T S7FJ 1 Y;6 QJ P T .  YG XT S7FJ  1 L LQ YJ RZP Z;J YFPN [ S SQ  P QKN MZ E[G 
 M[K :O T R E> CNZKN ONQ YJ U S> . R R LN SJ  NP MZ.





  X S7   QKN SGJ MZ HN output I[ZKN YJ E[G  L P R> RTJ . Z Q S QKN DJ MZ 
 YJ:



N XB  X RZP Z;J DP EJ0 P S> IZQ YJ SQJ. YJ Z Q S E J X SJ:



J X S7  ZN 8Q6 E  Y)  
NQ YJ R ZKN Z. output  Q S





PCA   

[COEFF,SCORE] = princomp(X)
[COEFF,SCORE,latent] = princomp(X)
[COEFF,SCORE,latent,tsquare] = princomp(X)
[...] = princomp(X,'econ')

::

QX)COEFF = princomp(  YG XT S7FQJ E[G)PCA ( R ZJ XP   S7FQJ Z  R> DK0 :
NC[J   YG XT . ZJ XT*   T[3J S QJ UNQ P RQ TJ S QJ .COEFF  ZJ =Z

  L LQ T S>  YJ  YJ YG S7FQJ =Z S QJ Z  RN . T S7FQJ NZP T> [ S UNQ
 N S6B :.

Qprincomp   S UNQ M[CN[J T>  T YKN UNQ [;J  X[[3 J :T[J Z>J . E[G DK0 Q-OJ S
 XT[3J  YG XT S7FQJ Q   :  YC KT Z XOJ  S> : Nprincomp(zscore(X))  [ZKN R7 .

 Q   YC KT Z NZPQ> ZJ XP YG XT S7FQJ E[G I[;J DK0 Q-OJ Spcacov  [ZKN R7.

 Q[COEFF,SCORE] = princomp(X)  :SCORE[J : NC[J  ROZKN S> YG XT S7FQJ XT  
 [J YG XT S7FQJ X 6 . ZJ XT*SCORE [J T S7FQJ S QJ UNQ P : TJ S QJ.

 Q[COEFF,SCORE,latent] = princomp(X)  :latent  ZJ RZP Z;J EJ S> X  : NC[J  
PQ> NZ [J.

[COEFF,SCORE,latent,tsquare] = princomp(X)  :tsquare  NC[J  . RJ EJ S>  X  AO[GT X
 R T.

 N RJ QQ YG XT S7FQJ X 6 S S[FP XT R EZ  S> OT XZ;J T[J .  Z;Jlatent  NZP  
  ZJ XUNQSCORE  [J . R S0QKJ >J  RTJ T R[3J O SG6 X   Y[;J AO[GT X.

 Y:Pn <= p :SCORE(:,n:p) Platent(n:p) 1*:  7 TQ Q : P LQCOEFF(:,n:p) 41J YZT[J 
 S> NQK0.



 Q[...] = princomp(X,'econ')   YZT SZ UOlatent   ,OJ XUNQ [N P : O[N 7 JPF S>COEFF   P
SCORE  Y:P S>:  EJ (;6    :Q[J DP X NC[J .

 X   YG XT S7FQJ XT Ringredients  R S0QKJ Hald  Q S J S7FQJ T NZP RP .
load hald;
[pc,score,latent,tsquare] = princomp(ingredients);
pc,latent
pc =

0.0678 -0.6460  0.5673 -0.5062
0.6785 -0.0200 -0.5440 -0.4933
-0.0290  0.7553  0.4036 -0.5156
-0.7309 -0.1085 -0.4684 -0.4844

latent =
517.7969
67.4964
12.4054
0.2372

 S> OT[J LN  Z Q  P QKN %[J S7FQJ P S QJ NZP:
cumsum(latent)./sum(latent)
ans =

0.86597
0.97886
0.9996

1
biplot(pc(:,1:2),'Scores',score(:,1:2),'VarLabels',...
{'X1' 'X2' 'X3' 'X4'})



 : 
YKZ E[G  [F16  T LQJ  X SOZBO \  LQ N Y  UN 4 T S>  YZT P  X S0QKJ

QJ S LQ YJ YKZ E[G 4 T   Y QJ XT> R  Z :

\  YNP XB  [1J X S J
X[KJ [G: [1J X S J
XQ [1J X S J

 > [N X SJO  [2 XT R X  YFP  X SJO  XT R E[G  YNP6 XT > E[G MZ . Z
T R  S> YZT RZ  X[P YJ > S [N X SJO  [2 XT R  :NQ YJ R7 X SJO  X.

 T>  1 [ MZ S P I[O> X[B R N  YNUO [3J  I[O> [> IT   T[3J  YTPB  H\ S> YTB YO1Z
 > R7 YKZ E[G P  LQ YJ :I[T.

E[G  I[T Z Y  D  P S  DN S YKZ:

- \    RPB =Z Z)T IZ(OO> YJ X[B R N  X P LUO [3J :



-I[O> X[B R N \    R7   LUO [3J ;J SNQC

 QP Z XT P DP D  S  X:

J  R7NP> X7F [1
YG X S7FJ M[FP NZP Y

Z XT P HP D  S  X  P:

Y  M[B[J  R7
YNP M[B[J  R7

 D O> YJ Y   LQ X1 =Z /:P .

NOTE :[3J =Z -NJ XT IZ Z S> .QQJ MZ Y  YO1Z LQ X1 = Y OO> YJ X[B R N   LUO 
[ Z.

  

 YJ DP D  S  X  T[1J MZQUJ  [1J MZ.

(        )  (

6 :K  D  LUO [3JF OO> YJ X[B R N .

Alpha=k/(1-k)[1-tr(s)/total(s)]

=tr(s) NZQ> ZJ X*: XT SZ /K)S(

total(s) = NZQ> ZJ XT SZ HK /K)S(

NOTE : YJ [3J L NZP  Q  [3J T NZQ> S> I[N YJ.

(        

 YC KT ZJ  NZQ> ZJ X  S Z YJ :O IT  P7J X[B R N [;J X  T R B KGJ)R (
> R7 . [1 X SJO  XT R  X[B R N [;J LQ P7J.



Alpha=k/(1-k)[1-k/total(R)]

Tr(R)=K  YJ .  I[N YJ Z  YG *: XP XT SZ YC KT ZJ  YJ .  [3J T YC KT LQ
 Q  YJ.

I[O> YJ Y   E:   R *J DJ LKT SNQKN LQO0 S.

 DJ :Y Z P KN)X1(Y 6 :)X2(Y Z :)X3 (Y 6 P)X4 ( S QJ  Z  S Q N QQJ
:

 [3J [>  I[TQ YJx1  Px3 I[O> X[B R N  Y Z 1 HN S YNUO [3J:

 [3J P [> L?J Y  Q-OJ Sx2  Px4 I[O> YJ EK0 [ M[KT S [N Y 6 1 HN S YNUO [3J X[B RN P:
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  ,OJ X RZP XT  LKT /:P  YG XT S7FJ Z  :  R S Y [Q [N ]: P I[N YJ S> Q) LKT
O YJ RJ  S X RZP Z;J.
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IZ[C YNP M[CN[J P RP  S  T LP Z YJ OT X1 = T IZ  J S?OZ  ) : Z YO1Z
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 P HQ YG(.....
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I[ZKN J I   T S7FJ QKN P I[O> YJ Y   Y 6 P Y Z P KN DJ LKT SNQKN X . HN  Y  Q SF
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OT UN ,OJ X RZP XT  LKT /:P  S> O YJ YG XT S7FJ Z.]J  MZ S RJ  S 0 X S-
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YJ LJZKN.HN S IZ [3J S  S0QKJ =Z  MZ  J XTx1 :x2 Px1x2  P L  S> .SF1J  S X
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R B S7 X N R YCNQC
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XT[G> UNCtrl+Shift+Enter[T 6  . ZJ O0 HK S[NYJ R ZKN P S J Q.

E? :YZUN J YCNQC
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0.491 0.206 0.436 0.080
0.486 0.204 0.436 0.090
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P7JN.

Y3[ LQ[B : > O

S  =Z X Z P: X   X  Y3[ LQ[BR  X LQ MZK>  E[G XYJ IT6 HP XT  
[1PLO :\ Y*KT  YZTR  I> [[3  R  S> P Z   XZ [[3 QJ T  R

YJ ?    MZ Y3[ LQ[BO>.

[1P MZ LQ MZK> LQ[B  [  Z T> R7 HP XT . N X Q XTP Y3[ LQ[B
LQ MZK> XTP SR  I> [[3 X  HP XTYJ IT6 TO>.

  Y3[ XTBPR P  < N [[3 [  S> -N MZYKN /:P TOT Z NQ . [  ) S
R P Z  Z;J :K> X* HP LQ M[CN[JYJ -N Y3[ LQ[B X XTP S N POLS  Z;J S

O ?ZN LQ[B Z  Y1:P .[ M[OKT[YOS0QKJ  S> QC[ XT[3J Z;J S QJ  [3J XT X
RN + F P9[: NQ OTQ .



 YZ J PK  YOT N .P  X[ P CZ XTK  S> YJ0 96Q QJ MZ  YFP N QP
N QP  U P H> . -N 4 Y3[ J P N P K Q  [  R P J :
R  R6P ;NYJ /:P TQ.

  LQ .QKJRNJ HP XT :TSSE(k)  NZP Z6 EJQ0 PVIFj(k)  Y3[ J  Y1 LQO0 Sk R X XT
 P)-.(

VIF3(k) VIF2(k)     VIF1(k)    SSE(k)        k
186.00 1.02 186.11 0.081 0.000
98.98 1.01 99.04 0.084 0.001
41.78 1.00 41.80 0.091 0.003
22.99 0.99 23.00 0.096 0.005
14.57 0.99 14.58 0.010 0.007
10.09 0.98 10.09 0.103 0.009
8.60 0.98 8.60 0.104 0.010
6.48 0.98 6.48 0.106 0.012
5.08 0.97 5.08 0.107 0.014
4.10 0.97 4.10 0.108 0.016
3.39 0.97 3.39 0.109 0.018
2.86 0.96 2.86 0.110 0.020
2.45 0.96 5.45 0.111 0.022
2.13 0.95 2.13 0.112 0.024
1.88 0.95 1.88 0.113 0.026
1.67 0.95 1.67 0.113 0.028
1.50 0.94 1.50 0.114 0.030
0.98 0.93 0.98 0.118 0.040
0.72 0.91 0.72 0.120 0.050
0.58 0.89 0.58 0.123 0.060
0.49 0.87 0.49 0.127 0.070
0.43 0.86 0.43 0.131 0.080
0.39 0.84 0.39 0.135 0.090
0.35 0.83 0.35 0.140 0.100
0.24 0.69 0.24 0.205 0.200
0.20 0.59 0.20 0.298 0.300
0.18 0.51 0.18 0.411 0.400
0.17 0.44 0.17 0.536 0.500
0.15 0.39 0.15 0.679 0.600
0.14 0.35 0.14 0.819 0.700
0.13 0.31 0.13 0.967 0.800
0.12 0.28 0.12 1.116 0.900
0.11 0.25 0.11 1.267 1.000



   XTPOLS LQ[B Z  Y3[ P R S QJP XT)-.(

(k=0) Y3[ OLS(K=0)

 Z
S[FP

 Z
 R N S[FP Z

 Z
 R N [3J

-
8.5537 0 -10.13 0
0.0635 0.4196 -0.0514 -63393 DOPROD
0.5859 0.2127 0.5869 0.213 STOCK
0.1156 0.5249 0.2868 1.3027 CONSUM

R2 = 0.988 R2 = 0.992

S7FJ P ONJI[K [1J :YG XT XTBP   Y3[ XTBP :P S O> L[ S> X[BOLS  OT
YKN Z;J MZ S B  QCF  Y1:P LQ[B Z  Z;J S YC IT QOT J O HQG1J ONQYJ UO[  I[O>

Q TQ [7J Y3[ E[G :  M,»Q QJ MZ6 SNBO Y*KT S> X QJ .YJ Y3[ Z CZ [1 =Z ONQ
ROO> UO[  Q S1F*J QJ OZ6 U <  S YUOJ  M?KJ S> YZT.

HN  S>  MZ Y3[ LQ[B CZ YGK0 E?J RN HN XJ XT6 .HN =Z BSJN XJ 6  X
HN S   Y3[ LQ[B XTP :  S N Y3[ LQ[B XLQ MZK> 6  R7  N HP XT

R S0QKJR R [3 X : S> YZTYJ :NP  S LQ . S   LQ[B Z  Y3[ XTP Q
  LQ[BX*

P
*

1SGK =Z M  LPYJ  S QCF   XOZ.

S7FJ LQ[B P Y3[ LQ[B P P P TR   X [ 0]) :YG XTR XYJ E[G S> YZT S NQ
YJ JT .;J S> IZZRK0 ;N E;J XT[3J YC KT ZJ RZP Z E[G P SNBO Y*KT 5 >   X

YJ 7Z L O> .P MZ  S> YNQ[B XTPYJ E  TYJ YFP RQ YZ X  Q9[: NQ  
 XTPOLS  * HP LQ M[CN[J S SQ  .U YZSFJ =Z X  : LQ  Z [N ZN?J  X
SZ;J P  P P MZ XOLS  Z Y1:P Z;J N S [N ./J  M,»Q QJ SNBO Y*KT Y:P T

YJ S[QS0QKJ S> Q XTP  RP]0  TP  XOLS I[O> S J . M?KJ TP MZ  X[1 
RO> UO[  Q RN S6B -N  ]: S> T.



P  R7 X  XQ: X-N [Z [TS7FJ XTN QP Y3[ LQ[B P YG X .S[Q MZ  S>  MZ J X
PZ P: X  X  [   LQO0 S  X  SNBO Y*KT Y:P TR X MZK> E[G  T
LQYJ R7 :HP XTQ .S7FJ E[G Y:P LN  Y  R S0QKJ  X ZN Y3[ LQ[B E[G Z YG XT
YJE[G :TYJ LN  Y  R S0QKJ  X ZN Y3[ LQ[B  Z  BE[G :T Z  B 

LQ MZK> LQ[BR S] S0QKJ X  HP XTZKN R7 T[3J  X .LQ MZK> LQ[B B HP XT
 YO1Z QN  ZVIF J]0  Z  :@  XT  Z (;6 Q L   @  Y) 0 :(G2 XT

S7FJ LQ[B Y3[ LQ[B Z YG XTQ R7 .


