
RŴ.)H(

�&I�'TJ[32J�M[*�S**&I�L&L[J�'T�XC'U�MZ&�SKT�S>�EI&E�EQ8P�XEF12J�X'T�XC'U�:J[32J�FO;�'Z�PE�M[*�S**&I�XJ[B�RK&FN&�X&J*
FTE�YJ�L'VN�YC2R+KT�)ZJ]�H'N�S*�I&F;J�=Z�'*�'UO1 .�J[32J�PE�M[*�YC2R+KT�I&F;J�L �XPI�=Z�:EI&E�PIPE�S**&I�S?Q�'J&

&�:L �JCZE�XPI�P�0Q&FO>�YJ�M[[+1�&I�S**&I�MZ&�S>�0Q&�X&�SFE'1J�M26'Z�P�S**&I�MZ&�K&�RE'72Q .�S**&I�0Q&�M?KJ�S>�'9N �K&
�=Z�'UN �=K>�S*�L&Q1�YJ�S>�FNI&E�EQ8P�L[N�'T�SPI�K&�X&�S0QK9J�:0UQN�M?KJ�/IQY�JT�S*�&I�S2R*&P�P�E;2RJ�J[32J�M[*

UN �=K>�S*�P�EJ>�5ZJ11�'TJ[32J�M[*�Y]'ZI�SFE'1JEJ>�YO[*�T[-�:E;2RJ�X'TJ[32J�'Z�J[32J�XPI�K&�&I�S2R*&P�J[32J�JZE';J�' .�IE
EJ>�L'[*�Y]'ZI�X'TQCF&�'*�&I�L �L&Q1�YJ�:FU'*�I&E�YO1J�'TJ[32J�M[*�S**&I�S>�Y1IQY .�K&�0Q&�M?KJ�YZQCF&�M[O;�\QK1J

FU'*�Y*C�J[2�'Z�Y*C�.QN .�P�E;2RJ�J[32J�PE�M[*�S**&I�S>�X&�SFE'1J�S*FOZQB�YJ�LQ[QJBI�SFE'1J�:FTE�YJ�L'VN�&I�S2R*&P .
0UQN�(C�SFE'1J�=Z�/IQY�S*�&I�YC2R+KT�XQCF&�L&Q2*�JB&�S*�/IQY�MZ&�J[2�IE�P�FOZQB�YJ�Y*C�LQ[QJBI�SFE'1J�L �S*�:

FOZQB�YJ�Y*CJ[2�LQ[QJBI�SFE'1J�L .

Z�=K>�S*�P�LQ[QJBI�SFE'1J�K&�RE'72Q&�'*�S>�0Q&�L �4FT�LQ[QJBI�IE�I'26I�:XI'J �X'T�SPI�Ŷ 1*�P�Y6E'Z1�SNQKN�=
I[O>�YO[*�T[-�E;2RJ�X'TJ[32J�/'ZDVJ�P�JZE';J�K&�YT'B �'*�&I�S2R*&P�J[32J.�I[2RT�JZK�HJ6�S*�X&�S**&I�D'+NE�S*�/:&P�IE:

S*Y��BQ'-�J[32JResponseFU'*�S2QQ[-�'Z�YK>�J[32J�=Z�FN&Q1�YJ�S>�FOZQB�YJ.

S*X1,X2�)��k[32J�YO[*�T[-�X'T�J[32J�'Z�E;2RJ�X'T�JPredictorFOU'*�Y7[>�'Z�YK>�FON&Q1�YJ�S>�EQU�YJ�S27B.

Y*C�S**&I�D'+NF*�'JY��E;2RJ�X'TJ[32J�'*X1,X2�)��kYO1Z�:I[2RT:

FNQU�EIP J*�FZ'*�P�FO2RT�YJQG1J'N�X'TJ2J&I'-�S>�FO2RT�YNQ[QJBI�DFJ�)Z&J].

D'5J :&QD*�JB&FZ'*�I[O>�YO[*�T[-�LQC�Y*J;�P�LQC�=KN�L&L[J�XPI�K&�&I�LQC�I'V6�L&L[J�I[TI[O>�EIP J*�&I:

�LQC�I'V6�L&L[JY=LQC�=KN�L&L[JX1=LQC�Y*J;�L&L[JX2=

��30 31X1 �32X2



X&�.�\;$�RŴ.)H(

FU'*�SN'BFO;�'Z�RE'Q�0Q&�M?KJ�:Y*C�LQ[QJBI .�YFP�0Q&�E;2RJ�J[32J�=Z�P�S2R*&P�J[32J�=Z�EJ'U�RE'Q�Y*C�LQ[QJBI
EK&EJ-�YJ�E;2RJ�J[32J�FO;�'*�S2R*&P�J[32J�=Z�S**&I�Y*'ZKI&�S*�SN'BFO;�Y*C�LQ[QJBI.

�LQ[QJBI�IE2J�PE�YC2R+KT�XQCF&�FN&Q1�YJ�Y*QC�S*�S>�XI&L*&�RE'Q�Y*C�TO>&J-�I&EQKN�:FO>�L'Z'KN�XJZ*�+'@F�S*�&I�J[3
0Q& .�:FO2R[N�/:&P�(C�=Z�XPI��';[:E�YFP�EJ[B�YJ�I&J:�JCZF?Z�E&F2J&�IE�Y+ZJ;1�IQ)�S*�_';N�TO>&J-�I&EQKN�=Z�IE�Y2:P

FU'*�J2?ZELN�_';N�S*�XJCZE�(C�JT�K&�J2V[*�S>�EIHC*�XIQ)�_';N�L'[J�K&�S>�EJ>�[J6�&I�Y*C�L&Q1�YJ .;�S*�&I�Y*C�M[O
QO0I[Q'OU�YJ�LQ[QJBI�(C�L&.L&Q1�YJ��S8Q1�'*�XI'8�D'Q�IE�DQZ@J�L&L[J�M[KD1�0U8�]5J�LQ[QJBI�(C�MZ&�K&�L&L[J�S*

EJ>�RE'72Q&�:J[C&�X'T�YBFNI'* .�YO[*�T[-�DQZ@J�L&L[J�:LQ[QJBI�(C�SFE'1J�IE�YBFNI'*�I&F;J�M2U&HB�'*�I'?OZ&�X&J*
FU�FT&QC .Q&�M?KJ�S2+F&'*�S2U&E�/P'71�XIF:�Y1:&P�I&F;J�'*�I&F;J�MZ&�0FU .[:'*�JZE';J�'T�/P'71�MZ&�S*�RFN'K)Residuals(
FOZQB�YJ.

�S2R*&P�J[32J�&I�JB&�RE'Q�Y*C�LQ[QJBI�IEy�Px��/IQY�S*�&I�LQ[QJBI�(C�SFE'1J�L&Q1�YJ�:�IZJ[C*�J-N�IE�E;2RJ�J[32J�&I
0UQN�JZK:

Y1=b0+b1x

�SFE'1J�MZ&�IEY1�J�:�RFU�EIP J*�I&F;b1�)ZJ]�'Z�YNQ[QJBI�(C�)[UP�LQ[QJBIb0��LQ[QJBI�0*'4�'Z�(C�&F+J�K&�[J0�&I
FOZQB�YJ.

FON'J�S2R*&P�J[32J�=Z�JZE';J�SN'BFO;�Y*C�LQ[QJBI�IEy�EQU�YJ�EIP J*�JCZE�E;2RJ�J[32J�FO;�'Z�PE�JZE';J�XPI�K& .�SFE'1J
IQY�S*�L&Q1�YJ�&I�SN'BFO;�Y*C�LQ[QJBI0UQN�JZK�YG>�/:

Y1=b0+b1x1+b2x2 )� �kxk

X'TJ2J&I'-�SFE'1J�MZ&�IEb1,b2�)��k�P�Y$L8�YNQ[QJBI�)Z&J]b0�0Q&�LQ[QJBI�0*'4�I&F;J .�SFE'1J�L&QO0�S*�&I�SFE'1J�MZ&
�O'Q&J*�SN'BFO;�Y*C�LQ[QJBIx1,x2�)�#kI[Q'OU�YJ.



�\;$�RŴ.)H(�J'P�Ô]WH�\P��)�

�LQ[QJBI�DFJ�K&�IQ-OJFU'*�Y*C�'TJ2J&I'-�S*�0+RN�DFJ�S>�0Q&�MZ&�Y*C .�'Z�YN&Q1�/IQZ*�FZ'+N�DFJ�)Z&J]�Y1I'+1*
FOU'*�JCZF?Z�K&�Y1*&Q1.

D'5J :FN&�Y*C�JZK�X'T�DFJ:

D'5J :FO2R[N�Y*C�JZK�X'UFFJ:

S2?N :FJC�DFJ�=Z�S*�EZF+1�E*':�S>�YZ'T�DFOZQB�Y*C�'1&G�:FOU'*�Y*.

D'5J :X'T�DFJ�Y*C�'1&G:

X&�.�\;$�RŴ.)H(�9]�)2

FU'*�I&J:J*�JZK�(Z&JU�FZ'*�RE'Q�Y*C�LQ[QJBI�IE:

�-��M[CN'[J)Y]'ZIF[J& (FU'*�J7Y�'T'*C .�YO1Z

�-�JCZE�/I'+0�S*�:�FU'*�0*'4�'T�'*C�PN'ZI&P

�X'T�[J6�JB&���P��1�S>�0Q&�'O1J�MZ&�S*�FOU'*�I&J:J*0Q&�D'JJN�'T'*C�/ZKQ.


-FU'*�S2U&FN�EQ8P�YC2R+KT�'T'*C�M[* .JCZE�/I'+0�S*



�-FU'*�D'JJN�/ZKQ1�XI&I&E�S2R*&P�J[32J.

�-�FOU'+N�Y*C�IT�X&I&E�E;2RJ�X'T�J[32J .FU'*�S2U&FN�EQ8P�XI&E'O1J�YC2R+KT�E;2RJ�X'TJ[32J�M[*�YO1Z.

�;$���>�)P�S])�QG�0V()Least Square Methods(

�SPI�MZ&�IE���P�X'T'*C�HPE�L&Q1�.QK9J�S>�I[O>�YJ�&F[-�XIQ)�&I�EQU�SO[K>:

�P-���P���S>�I[O>�YJ�&F[-�XIQ)�&ISEEJB�SO[K>:

��>�)P�S])�QG�[�Z�)H&(V�)��4�W$

� (�/'1*JJ�MZJ2K>�X'TJBEIP J*���P��/&FT'VJ�K&�Y*C�)[>J1�FO2RT:

D0+D1X

�����



� (FO2RT�)ZI&'N�'TJBEIP J*�MZ&:


(�'*�0QJ*&J*�'TJBEIP J*�PN'ZI&P:

� (OP'B�S[̂:�S*�'O*-��DFJ�IE�4Q>I'>��[J6�SQ�0@1

�)ZI&'N�X'T�JBEIP J*�M[*�IE�K&�Y*C�)[>J1�/IQZ*�S>��MZJ2K>�X'TJBEIP J*�:FO2RT�'T
/'1*JJ�FO2RT�MZJ1&I'>�YO1Z�FNI&E�&I�PN'ZI&P�MZJ2K>.



�Z�X'T�Q̂D��)Residuals(

E�O'Q&�J*�S>�LQ[QJBI�(C�SFE'1J�IE�JB&�JZE';J�:FZ&�REIP �0QF*�RFU�SK&J*�(C�MZJ1�)Q'OJ�L&QO0�S*�&I�L �S1F'*J�X'T�RE&
J[32J�5G2DJx�S2R*&P�J[32J�X&J*�:F[TE�I&J:�&Iy��FOT&QC�/P'72J�RFU�RFT'VJ�X'T�RK&FN&�S*�S>�EIP �F[T&QC�0QE�S*�XJZE';J

EQ* .YO1Z�L �RFUEIP J*�_';N�J*�RFU�RFT'VJ�_';N�Y1I'+0�S*'Y�EQ*�FT&QDN�9+*OJ .�S*�_Q*JJ�_';N�S>�0Q&�HQU7J�L �S*�MZ&

F26&�YKN�:0Q&�RFU�XDVJ�LQ[QJBI�(C�SFE'1J�(QQ1�S>�X&�S@7Y�8Q6�P�S@7Y�'Z�I[;2RJ�(C�XPI�J*�';[:E�'T�RE&E .�MZ&
4]2C&Q'OU�YJ�'*C�'Z�RFN'K[:'*�L&QO0�S*�&I�RFU�YO[*�T[-�J[32J�IEI[.

�0@Y�X&J*�YZC'U�L&QO0�S*�L&Q1�YJ�'UN �K&�&JZK�0Q&�I&EIQCJ*�X&�RNZP�0[KT&�K&�LQ[QJBI�X'UFFJ�IE�JZE';J�MZ&�YQIJ*
EJ>�RE'72Q&�LQ[QJBI�(C�SFE'1J�EIP J*.��'T�RFN'K[:'*�K&�RE'72Q&�'*�:FU'+N�I&J:J*�LQ[QJBI�DFJ�/'[]J6�JB&�/:&P�IE)ei (YJ

I&J:J*�S*�0+RN�I[N&Q1�I[O>�EY'?�L'O[K)&�'UN �LEQ+N.

'T�RFN'K[:'*�W&QC:

&(V�)�:

� (�EIP J*�X&J*��>*Q�=Z�E:&F?�X&J*�0Q&�Y6'>x�X&J*�RFT'VJ�FO;yI[U'*�S2U&E .�XEIP J*�'UN �PN'ZI&P�/IQZOZ&�IE
X&J*�0Q& .



� (XEIP J*�'T�RFN'K[:'*�PN'ZI&P�X&J*�0Q& .

S8Q1:

Error sum of square: SSE/'1*JJ�.QK9J'*C

Mean Square: MS���/'1*JJ�M[CN'[J

Error Mean Square: MSE���/'1*JJ�M[CN'[J�'*C

Y��=��(�Ŷ7)B�RWP*�

�[J6�S>�Y1IQY�IE1H��K&�Y?Z�I>�0QE�S>�0Q&�YO1J�MZF*�:EQU�DQ+:b�YO[*�T[-�IE�'Ty0Q&�J4QJ .�XDVJ�X&J*
�)Z&J]�EQ8P�=1�=1�FZ'*�:'UN �LEJ>jb�<]J�=K>�S*�LQJK �MZ&�:EQJK �&I�'Tt�JT�MZ&J*'O*�:EJ[B�YJ�/IQY�0NEQ2Q&

�DQJJ6�K&�L&Q1�YJ�&I�LQ[QJBI�X�SFE'1J�)Z&J]�K&�=Zj
j

jj

b
t

V
�E&E�I&J:�LQJK �EIQJ .�S2+F&jt�/ZKQ1�X&I&Et�0NEQ2Q&

�XE&K �S8IE�'*( 1)n m� ���L IE�S>�:FU'+[JjjV�J[32J�PN'ZI&Pjx�J*Q�IE�S>�0Q&j�LQ2Q�IE�H&j�P�PN'ZI&P�PZJ1'J�H&
�X�S+Q'@J�IE�FZ'*�P�:0Q&�PN'ZI&Q>jt�JZE';Jjb�FON'J�&I�'Td�/IQY�IEt06JB�J-N�IE�9G*JIF:�/IQY�S*�0NEQ2Q& .

�K&�=Z�JT�LQJK �X&J*�P-jb��S>�0Q&�Y6'>�'Tjt�X�SRZ';J�'*�P�REJ>�('R?�&ItEJ>�('R?�DPF8 .�LQJK �K&�P-jb�'T
�JTjx�S>�&Ijb�K&�H&F>�JT�JCZE�MDQ�S*�=�I[O>�YJ�4H?�0Q&�RFVN�I&E�YO1J�L �'*�J,'O2JtFVN�I&E�YO1J�'T�YJ�S9[2N�:FN

�S>�IZJ[Bb�P�REQ*�J7Y�'+ZJ;1�'UN �X'Tx�EIP J*�IE�'UN �X'Ty�FO2R[N�J4QJ.��J*�&I�LQ[QJBI�X�SFE'1J�S>�0Q&�Y6'>�(;6
�O'Q&b�KN�S+Q'@J�J7Y�5F'DJ�X'TI[Z' .�:/:&P�IEb��'*�'UN �J[32J�S>�FOTE�YJ�L'VN�I&E�YO1J�X'Ty��IE�P�:FNI&E�YC2R+KT

FOU'*�YJ�J4QJ�L �YO[*�T[-.

��I[O>�YJ�[J6iyMZ&J*'O*�FOU'*�S2U&E�D'JJN�/ZKQ1�'T:



[T&QD*�F[O>�[J6I[TE�H'9N&�&I�JZK�LQJK �I:

I[TF*�H'9N&�&I�JZK�LQJK �I[T&QD*�F[O>�[J6�D'?



�YG�\�L� �(&�\TŴ.)H(����)7�[�)��R�ÛQ:��YM5�B�V�Ŷ7)B�RWP*���.��NWM>P�T

I[TE�H'9N&�&I�JZK�LQJK �I[T&QD*�F[O>�[J6:

LQJK �W'C�0F'? :�I[TE�YJ�H'9N&�&I�LQJK �MZ&�SV[KT)LQ[QJBI�XI&E'O1J�LQJK (

�[J6��JB&EI&E�0F'?�PE�/IQZOZ&�IE�EQVN�EI:
� .x��Py�FNI&FN�YC2R+KT�:[T.
�  .x��Py��FNI&E�Y*CJ[2�S**&I .

�[J6��JB&EI&E�0F'?�PE�/IQZOZ&�IE�EQU�EI:
� .x��Py�FNI&FN�Y*C�S**&I.
�  .x��Py��Y*CJ[2�S**&I)�S*�0+RNx (FNI&E .

I[TE�H'9N&�&I�JZK�LQJK �I[T&QD*�F[O>�[J6:



0Q&�JZK�E?U�S*�LQJK �W'C�0F'?:

�[J6�JB&�EI&E�0F'?�PE�/IQY�MZ&�IE�EQVN�EI:
�.

 .x��Py�S**&I�FNI&E�Y*C�J[2.
�[J6�JB&�EI&E�0F'?�PE�/IQY�MZ&�IE�EQU�EI:

� .
� .x���PyFNI&E�Y*C�J[2�S**&I.

�ŜQ%: )\Û��1 �̂ (']'����'Z�3P
I[N&E�YJ:

�BQ'-�J[32J�I&F;J�LQ[QJBI�(C�O'Q&�J*�I[T&QD*�I[O>�[J6�D'?Y�X&K&�S*�&I*xX ��1�:[T�S>�Y2F'?�X&J*�'Z�=I[NL*�M[KD
I[NL*�M[KD1�&JN �IZI&FN�BQ'-�J[32J�S*�/8&I�Y0])&.

D'5J :
�DQZ@J�L&L[J =Y

�EQ>�L&L[J =X

X=15=x*        ;   5         10       15



��I[O>�[J6��K&�FU'*�E;2RJ .�P�X&�S*;N�EIP J*�I[T&QC�YJ�D'?
6�X&K&�S*�X&�SGY'*xX �'VJ�X&J*T�FZF8�RF�IZIP �0QF*.

X&�S*;N�EIP J*�0Q&�JZK�/IQY�S*:

�K&0Q&�E;2RJ�L[N�L'U�Y*C�)[>J1�JT�K&�MZ&J*'O*�0Q&�E;2RJ .�X'T�JBEIP J*�Y6J)�K&�J1�PEJT�)[>
K&�Y*C�FO2RT�'T .EIP J*�K&�MZ&J*'O*�0Q&�E;2RJ�L[N:

IZIP �YJ�0QF*�'T�BQ'-�M[CN'[J�EIP J*�X&J*�S>�0Q&�Y2F'?�K&�J2BIL*�L'O[K)&�SGY'6�MZ&�DQ) .�J2BIL*�L �PN'ZI&P�LQ;
0Q& .



-T�](�V�+̂L�T��JV'�
'ZI&P�L[F'N �DPF8DPF8�'Z�PNANOVA���PN'ZI&P�'Z�PN'ZI&P�E[G@1�P�SZL91�P�YQIJ*�X&J*YEPI�YJ�I'?*�E> .�X&J*�M[O<KT

EJ[B�YJ�I&J:�RE'72Q&�EIQJ�L[N�LQ[QJBI�XI&E�YO1J�LQJK .

�E>�PN'ZI&P =�EJ'0�SG[QP�S*�S>�Y1&J[[31x�EQU�YJ�L'[* +�SG[QQ*�S>�Y1&J[[31x�EQU�YKN�L'[*
QU�YJ�0*'4�S>�ESSR��PSSE�P-�FN&�E;2RJ�IT�K&:

�[J6�0@1H0IZI&E�LQ[QJBI�XI&E�YO1J�LQJK :

[J6H0���JB&�EQU�YJ�EI�FU'*.
ANOVA:

MSd.fSSSource of 
variance

1Regression

n-2Error

n-1Total

O1J�LQJK �X&J*�DPF8�RI'J EPI�YJ�I'?*�LQ[QJBI�XI&E�Y.



\I�/�QZ��])7�V�-T�](�VWG

�BQ'-�J[32J�=Z�M[*�S**&I�X�RE'Q�0F'?�S1F'*J�'*Y��J[32J�=Z�P�XQCV[-X�IZK&EJ-�YJ�.Q]QJ�=J)�S* .�P�PN'ZI&PQ>
�I[TE�YJ�I&J:�0@*�EIQJ�J[32J�PE�M[*�Y*C�X�S**&I�/Q:�P�0U8�X'T�RK&FN&�L&QO0�S*�&I�YC2R+KT�)ZJ] .�XQCF&�P.Q

�X�SG[QP�S*�&I�L �YFP�REQKN�S$&I&�Y]'ZI�/'+Q'@J�LPF*�&I�XF[G>�Y]'ZI�7Z'2N�P�REJ>�XFO*�DQJJ6�&I�RE'Q�Y*C�LQ[QJBI
I[O>�YJ�>ZJV1�XEF0�X'UF'5J.
�K&�Y1&FT'VJ�F[O>�[J6���BQ'-�'Z�S2R*&P�J[32J�=Z�EJ'U�F?&PY��Y@[]Q1�J[32J�=Z�PX�IZI&E .IQY�S*�\QK1J�/&FT'VJ�/

�DPF8�FNQU�YJ�0+4 .�M[*�S**&I�/Q:�P�0U8�I[T&QC�YJ�'JX�PY��I[O>�XJ[B�RK&FN&�&I .�P�PN'ZI&PQ>�&I�RK&FN&�PE�MZ&
FNQU�YJ�RE&E�S1QQ1�JZK�IE�S>�I[J'N�YJ�YC2R+KT�)ZJ].

�DPF8�.�FNPI�YJ�I'>�S*�YC2R+KT�P�RE'Q�LQ[QJBI�IE�S>�YZ'T�RE&E�S*�_Q*JJ�X'T�E'KN.

�TO>&J-�I&EQKN�IEY��E*';J�IEX��IE�XEQK0�(C�=Z�:x�IE�Y;6&�(C�=Z�PyIE�S>�XIQ)�S*�E?U��IQI�RFU�RE&E�L'VN

L �IE�S>�I[O>�YJ1

n

i
i

x
X

n
��



P1

n

i
i

y
Y

n
��



X�SNQKN�M[CN'[J�)[1J1�S*YPX�FO2RT .�/*JJ�I'U;�S*�&I�I&EQKN�(C�PE�MZ&
FOO>�YJ�I[R;1 .�S*;N�JT�X&J*i�I[O>�YJ�S+Q'@J�&I�JZK�X'U2«[K>�I&EQKN�IE:

��RFT'VJ�JT�4&J@N&�:yi�BQ'-�J[32J�M[CN'[J�K&
��RFT'VJ�JT�4&J@N&�:xi'[J�K&QCV[-�J[32J�M[CN
�YO1Z�\'*�0[K>�PE�(J]�EY'?).

�M[*�Y*C�S**&I�JB&YPX��FU'*�0+5J)�Y2:PX�EQU�YJ�E'ZKY�EQU�E'ZK�L[N(��0+RN�XJ2V[*�_';N�H«QQ�P�D«P&��X'U1*I�IE�R'B�L 
EI&E�EQ8P�HI'U;�P�H«PE�X'U1*I�S* .�M[*�S**&I�JB&�P?0J*YPX��FU'*�Y7OJ)��TZ&L6&�'*X�:Y�FO>�&F[-�TT'> (�_';N�R'B�L 

EI&E�EQ8P�H«QQ�P�D«P&�X'U1*I�S*�0+RN�HI'U;�P�H«PE�X'U1*I�IE�XJ2V[* .0[K>�0J]0�MZ&J*'O*

1

( )( )
cov( , )

1

n

i i
i

y Y x X
y x

n
�

� �
�

�



�M[*�PN'ZI&Q>�S>YPX��M[*�Y*C�S**&I�0U8�EQU�YJ�RF[J'NYPX�FTE�YJ�L'VN�&I .�JB&

WI3̂� #.�� 2X'Z�3P�X(�Q
X Y

x1 y1 1
x2 y2 2
) ) )
xn yn N



OJ�S**&I�MZ&�/IQY�L �IEEQ*�FT&QC�Y7 .�SN'7Q"2J�IE�XE'ZK�L[;�S**&I�MZ&�/FUP�/Q:�EIQJ�IE
EJ[B�YJ�I&J:�XJ[B�RK&FN&�X'TF?&P�IE�/&J[[31�J[4"1�0@1�&JZK�FTE�YKN�I&J:�'J�I'[2C& .�JB&�D'5J�X&J*Y��'ZPX�I\E�X'8�S*�&I

*�5G2DJ�I&F;J�PE�I[O>�SI&LB�I\E�I&LT�)R?�J*�I\E�X'8�S*�&IEIP �I[T&QC�0QE�S .�'T�RE&E�PN'ZI&PQ>�)[0�MZ&�/6I�X&J*
�PN'ZI&PQ>�S+Q'@J�K&�E+:�&IEI&FN'2Q&�I[O>�YJ .�X'T�RE&E�LEJ>�EI&FN'2Q&�X&J*Y��P�I[O>�YJ�I>�RFT'VJ�JT�K&�&I�M[CN'[J�&F2*&

�YO1Z�I[O>�YJ�I[R;1�I'[1J�4&J@N&�J*�&I�L �P.Qi
i

y

y Y
z

s

�
�S+Q'@J�&I�L �IE�S>�I[O>�YJ1

( )

1

n

i
i

y

y Y
s

n
�

�
�

�



�4&J@N&

�SNQKN�I'[1JY�0Q& .�EI&FN'2Q&�J[32J�S>�E&E�L'VN�L&Q1�YJZ0Q&�=Z�I'[1J�4&J@N&�P�J7Y�M[CN'[J�X&I&E .�RE&E�M[*�PN'ZI&PQ>
�EI&FN'2Q&�X'TXPY��M[*�YC2R+KT�)ZJ]�&IYPX�EQU�YJ�RE&E�JZK�/IQY�S*�P�FOJ'N�YJ.

1

1
cov( , ) ( )( )

1

n
i i

i y x

y Y x X
y x

n s s�

� �
�

�


�K&�FN&�/I'+0�YC2R+KT�)ZJ]�X&J*�YFE'1J�X'UFQJJ6:

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

� � �
�

� � � �

�)[1J1�MZF*corr(Y,X)��YJ�J[32J�PE�I'[1J�X'U6&J@N&�S*�PN'ZI&PQ>�0+RN�'Z�RFU�EI&FN'2Q&�JZE';J�M[*�PN'ZI&PQ>�/IQY�S*�&I
EJ>�J[R71�L&Q1 .K&\'*�S**&I��YO1Z�0Q&�LI';2J�YC2R+KT�)ZJ]�S>�FZE�L&Q1�YJcorr(Y,X)=corr(X,Y).

4]C�J*Corr(Y,X), Cov(Y,X)FO>�YKN�J[[31�FO>�J[[31�XJ[B�RK&FN&�X'TF?&P�JB&�YO1Z�0Q'Z'-�O'[;J�S*�0+RN .�J*�RP]0
�MZ&Corr(Y,X)�FO>�YJ�8FY�JZK�XP'RJ'N�IE.

1 ( , ) 1cor y x�� �

&�W&QC�MZCorr(Y,X)��M[*�S**&I�/Q:�P�0U8�XJ[B�RK&FN&�X&J*�F[7J�Y2[K>�&I�L YPX�EK'Q�YJ .�RK&FN&Cor(Y,X)��/Q:
�M[*�Y*C�S**&IYPX�EJ[B�YJ�RK&FN& .�S;�JTCor(Y,X)��S*���'Z�-��M[*�S**&I�FU'*�J2?ZELNYPXEQ*�FT&QC�J2ZQ: .�0J]0

Cor(Y,X)��M[*�Y*C�S**&I�0U8Y�PX�J�XDVJ�&IFO>�Y .�YO1ZCor(Y,X) �0�S>�FTE�YJ�S9[2NY�PX�IT�'*�Y2+5J�S**&I
FNI&E .P?0J*
Cor(Y,X)�S>�FTE�YJ�S9[2NY�PXFNI&E�Y7OJ�X&�S**&I.

�S>�F[O>�S8Q1�D'?�M[0�IE
=Cor(Y.X)��S>�0R[N�YO1J�MZF*��'J&LF&YPX�I&FN�X&�S**&IFN .�X&�S**&I�'UN �S>�EQU�YJ�S9[2N�'UO1
EJ[B�YJ�RK&FN&�&I�Y*C�(*&PI�(;6�YC2R+KT�)ZJ]�&JZK�FNI&FN�Y*C .�JCZE�L'[*�S*Cor(Y,X)��R'BJT�FU'*�J7Y�FN&Q1�YJ�KQOT

X,Y�FOU'*�S2U&E�Y*CJ[2�X&�S**&I .�D'5J�X&J*X��PY�DPF8�IE��9[:E�Y*C�J[2�S**&I�=Z250 XY ���I�MK]�FNI&E�&



S?OZ& .�JCZE�RFU�SY]C�X'T�RI'J �K&�XI'[R*�FON'J�MZ&�J*�RP]0Corr(Y,X)��0@1�YQ'Q&�IQ)�S*�FN&Q1�YJ
EQU�/:&P�'T�RE&E�IE�RE'26&�IPE�S*;N�FO;�'Z�=Z�J[4"1.

DPF8�S>�RE&E�S0QK9J�=Z
=Cor(x,y)��M[*�9[:E�Y*C�J[2�S**&I�=Z�YFPYPX �EI&E�EQ8P.
YXYXYX

1-746-241
-
14-649-1344

25-5500255

34-4491146

41-346217

S2?N�MZ&�F[>"1�X&J*:Q?RN&J+�0(1973)�=Z�JT�P�0Q&�4PJ1J�)JQ?RN&�YZ'1�I'U;�S*�S>�0Q&�S2C'Q�RE&E�S0QK9J�I'U;
FU�SY]C�X'T�RI'J �S0QK9J�YFP�S2U&E�&L9J�Y?J)�FNI&E�L'R?Z�R )�L'R?Z�YC2R+KT�)ZJ]�I&F;J��]5J.(E�'T�I&EQKN�P�'T�RE&

�DPF8�IE
��FN&�RFU�F[FQ1�RI'*PE.
FO>�5V>�&I�'T�=J)�IE�EQ8QJ�X'U6]2C&�FN&Q1�YKN�YC2R[KT�)ZJ]�FON'J�:�XI'Z2C&�X'T�RI'J �L'@2J&�J*�YO2+J�E[G@1�=Z.

�DPF8
�0+JQ?RN&�YZ'1I'U; :E&E�S0QK9J�I'U;EI&E�YN'R?Z�XI'Z2C&�X'T�RI'J �JZE';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

�IE�L �I&EQKN�S>�X&�S0QK9J�M[FP&�(;6�S>�EQU�YJ�HQG1J�'T�RE&E�MZ&�E?U�S*��S8Q1�'*)a(QCF&�=Z�'*�&I�RFU�RE&E�YJ�Y*C�X
EJ>�L'[*�L&Q1 .�I&EQKN)b (�SK&J*�J2U*�H«PE�S8IE�/*'1�=Z�'*�S>�FTE�YJ�L'VN�&I�0Q&�Y*CJ[2��'ZDVJ�S>�H«PE�RE&E�S0QK9J
�EQU�YJ .�I&EQKN)c(�FTE�YJ�J[[31�&I�RFU�SK&J*�(C�!F+J�K&�[J0�P�)[U�S>�EI&E�X&�S*;N�HQQ�RE&E�S0QK9J�FTE�YJ�L'VN .
�I&EQKN)d (TE�YJ�L'VN�RFT'VJ�=Z��'*�EY&�IE�RFU�SK&J*�(C�P�0R[N�)Q'OJ�Y*C�SK&J*�X&J*�RE&E�S0QK9J�M[JI'U;�S>�F

EQU�YJ�M[[11�MZJ6 .�YBFO>&J-�I&EQKN�L'@2J&�MZ&J*'O*Y��E*';J�IEX��XEF0�I&F;J�J[R71�K&�E+:Cor(Y,X) 0Q&�0«[KT&�X&I&E.



\I�/�QZ��])7�\.'UZ�1]�QT
�KT�)ZJ]�FOTE�YJ�E[?V1�J[32J�PE�S>�X&�SZP&K�OQO[QQ>�I&F;J�K&�0Q&�/I'+0�J[32J�PE�YC2R+ .�J[32J�PE�M[*�YC2R+KT�P-

�DQ)�P�0U8�X&I&E�0Q&�Y*C�XI&EJ*�S2+F&�:�E&E�TZ'KN�I&EJ*�PE�'*�YQFOT�IQ)�SZ�L&Q1�YJ�&I .�S2U&E�XF?&P�DQ)�I&EJ*�JB&
)ZJ]�:FU�RI'U&�S>�SNQB�L'KT�R'CN �:�FU'*�0Q&�I&EJ*�PE�M[*�X�SZP&K�OQO[QQ>�YC2R+KT .�&I�J[32J�FO;�M[*�X'T�YC2R+KT

E&E�TZ'KN�I&EJ*�FO;�JT�X&J*�L&Q1�YJ .��]5J�:�EQU�YJ�RE&E�L'VN�J[32J�JT�XI&EJ*�X'Z&PK�X�SG[QP�S*�'T�J[32J�M[*�YC2R+KT�P-
J[32J�SQ�JB&x1:x2 �Py �M[*�X�SZP&K�S<N'O;�:�I[U'*�S2U&E�ox��Pox2

��R'CN �:�FU'*�S8IE :

12 1 2

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

2
r ox ox� � � � .

�M[*�X�SZP&K�JB&�M[O<KTox2P30 oy��X�SZP&K�P�S8IEoy��Pox1�
��L[N�/IQY�MZ&�IE�:�FU'*�S8IEr2y�Pr1y�K&�FO1I'+0

: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)



Ŝ >̂:��])7:

SST=SSE+SSR

/&J[[31 =EJ'0�(QQ1�S>�Y1&J[[31�L&L[JXEQV[J�L'[*)SSR( +(QQ1�S>�Y1&J[[31�L&L[JX�EQU�YKN�L'[*)SSE(

�YO1Z98��/&J[[31�FYIEY�EQU�YJ�L'[*�LQ[QJBI�(C�(QQ1.
�SK&J*�Y*QC�YQIJ*�X'TI'[1J�K&�Y?Z�FU'*�SK&J*�LEQ*�(QC�J*�E[FE�FN&Q1�YJ�FU'*�J2?ZELN�=Z�S*�S;JT�P�FU'*�YJ .

S2+F&PFU'*�Y*C�S**&I�S>�0Q&�J+21J�Y2:.

2������4!(�-�2�4#�/���+�

7F<-�J;̂-���#FX8*�6�;̂��<��D.E��=t�7D���D7�@X3�P7�6:>7�D/>E=�,E .�#FX8*��:�Y���,E�C�A��FA�H(7��=-���:
7E;F0��;T;�:6��A��FA�<��D.E  .�D/>E=t ��C�;�-��9<=�#A��:.87�@-�7D����FA�C6;$��E��D8-�#A��C;7��@-��7D����FA

D_F-�#A��C;7� .�D/>E=�C;F/�?<�7;��<��:>T<7t��:6-�D+F+1�67W�,E�(HO����@���-�7D���D7�G5E7�C��@P��K�)�O .
;0E6�D<5A�@���<��DX��$-��":>H�@��#A� .��E�V��$�:E����:�67W�:FFX$�<;O�=��?�F+7���E�C;F/�?<�7;���:

7<E>/�D7�C<�A�?�F+7 .�;/�t��67W�9�>$�D7�7D����FA�9<=�6;-��7F �5<G��E;+$����5;/��B1�;���H(7�9<=�?�F+7�����: .
�;/��D3=t ��96;-��7F �=�C;F/<�7;��C�;��?7D�@%4�<D�DA�F+7��7D����FA�C6;$�#BF;�#A6�:6 .

7<<-�D̂;X7��FA�C6;$�C�;��DA�F+7�=�7<E�8;�]E;$��:��FA�C6;$�<��:>T<7�7<;�>$�D7�9�A�<D��FA�1�1�:E���� .�@*>$�7E��
�7;:�6�#:�_$�6A����#A��C6;$�?7<E�8;�@-�C67W����#A��9<=�?7<E�8;�@-�C67W�U>;�@-�#D�6 .�9<=�@-�#_/�9�>$�D7��H(7

�;��;��=6��FA�,E6:�7;�D7>B_7�C6;$�6:>7�:6�9�F��:E��D3=�#A��;0E6��FA�9<=.

�=;>F%A����C6�F<��@3�+7�:6���.E;7��6:�=:�A�?�0E;�6�DA�<E;�=:�6�%A����
�B-�6>4�#A��?6;-�D̂;X7�?�F+7�U>;�: .�:E�
��;IW�:6�@-�:E�����=�7;>D�D7�9�F��:�7��C�B��%-�<��DLX��:6�@-�#A��9;*�6F;�6=71�:6��A�?�F+7�6:>7��A:���;$>F!7�-�=�:�7

7<%BA�#F8A��C�:�6�<><A��7;��@%̂;/�:�;*�6�+%;� .7F<-�U>*:�@7�<��%-�@��?:���:E��:6�;%EF��UHO��C�;� .�C�A�?�F+7�,<E�
%A�F6FA6�D7�/;D�DA�$>-�@���:�=;>.

�+.4
���2�1���4!(

�&� :3)�����4!(:�?�F+7�?�/;A�G>8X7�@-����O�67W�,E�6�;̂��DE�A�<D�C�;���B<$��#A��DXF�:�-�@���B;�.7��E��A=F-��E
7<7�;�D7�D8A��?�F+7�,E��:�9���6=:�D7 .�=�7<D���9�7;-�=�<�;FD��9�B_H���9�;B$�C�A;BD�<��@;�4:�-�,E�9�;/:�-�;/���H(7

1 S.s. stevens



�6�7W������:��B;���F$;$�@��=	=
=����;/:�-�;A�@-�7<E>/�D7���̂;H�6�7W��:E���6F<-�G5E7#A��;BD�5�7-�< .�@-�C;/:�-
��B-;�
���B-;��@-�C;/:�-�=�<�;FD�<��6:�6��#A��9�7;-�<��6:�6 .��E�@BE�+7�C�;��9�>$�D8;��:�6�7W�:E��@-�7F<-�@*>$

6;��:�-�@����B1�D4H��28W�:�B-.

�D8A��?�F+7x�D8A��?�F+7�@��9�>$�D7�,E�@��,E�V��$�;A�����:y;FF[$�DE�A�<D�@.;��D��6;-�2E7�$�7E�8; .�,E�V��$��H(7
�,E�@�10��xy��C�A��B-;���	�
����C�A��B-;��;���F$;$�@���:����	��
����7<-�D7�2E7�$.

� :�3�4	�	���4!(:�?�F+7�?�/�;A���#A��D+F+1�67W�,E�@-����:�9���7<-�9�F���:�C;$;�7<7�;�D7�D�F$;$�?�F+7�,E .
�;/��;0E6�D<5A�@���D/>E=�;T;�<�t��;���D/>E=�=�7D���@%D�6�C;$;�t ��C�;���:��=��6�7W������=��9�E;

�6FD���@%D�6�7E���6FA612 xx � .�;/���H(7�6�7W�����":�B7�;T;�<���:�9�;/:�-�@;�4:�-�,E�?7<B7���=	�=
�=���G5E7
�?:�8D�;/:�-��7<-���?:�8D�;/:�-�<�	�#A��;$;A�7 .�D7��:�6�7W��@;>/�:E����6:�6�":�B7�=��;��;��=6�@-�#_/�9�>$�D8;�D3=

6�6�5�+;��D4H��28W�:�B-��B;�����9�>$�D8;�=�6;��:�-�@��@BE�+7�C�;���B<$�9�>$.

�D�F$;$�?�F+7x��D�F$;$�?�F+7�@��C6>XH�V��$�,E����9�>$�D7��:y�66;/�2%57��F$;$��E�C;$;��@-�9��D���6;-�2E7�$ .
�V��$��H(73xy ��W��6�7���	��
��=���@���:������	���=
���A�;F4��6�7W�����=�7<-�D7�2E7�$�5=6�;/:�-�<��5:�B-�;/:�-�6
#A��;$�;A�7.

�� :�2��0':� ���4!(:�?�F+7�?�/�;A���:�9���7<-�R_1��:�@4H�̂�=6��E�2K�_$�=6�#�B;��#A��D+F+1�67W�,E�@-��
7<7�;�D7�C��@4H�̂�?�F+7 .�?�F+7�:E�����;/��;0E6�D<5A�@��C�;���=��=��=��D/>E=t��6�7W������=��=�

�=��#�B;�7E����6>D�C;F/�?<�7;��7D���@%D�7;�D0%B��C;F/�?<�7;��C�A�71�=�@��=�7;�8��#��' .�7F<-�J;̂��H(7

�D/>E=t��C�7;/��;/�D%;�A�?�F+7����=�7D���6B*�6FD���@%D�6�7E�:

������=�����=������=

�@-�6>D�D7�@L1H7:

�1>7;̂�)�O�#E�B;:�̂�?�F+7����,<E����6E:�6:

�����=�����=�����=

�D7�@T1H7�6A�<���@-�6>D:



7D���D7�@*>$�2��*�;E<�C�A�@%.;�G���1�(7�:6:

�.�;/�D%;�A�?�F+7����;/��6B*�6-��":�;1�@*:6�C�:�6�6B*�:E��#E�B;:�̂�?�F+7�����7D���;_H�":�;1�@*:6�C�:�6
	�#A� .
6:�6�C6�6:�;*�@�<*���̂;H�=�7A6�D8;�,FA�D<X7�;_H�C��@4H�̂�?�F+7����:E�;��<�.

	.7;/�1=��?�F+7�����C��C�7;/�;��;��@A��#BF;�:F<-�5=6�?�F+7����D3=���#A� .�?�F+7����C;F/�?<�7;��:6�:E�;��<�
7;�7�D8;�Q>_27�#�B;��C��@4H�̂.


.�C�7;/�2K�_$�?�F+7�=6�;A�����<��)< ��C�7;/�2K�_$�;��;���<���#A� .�#�B;��C��@4H�̂�?�F+7����:E��;��<�
7<-�D8;�;FF[$�C��@4H�̂�?�F+7�;FF[$�����A�@4H�̂.

C��@4H�̂�?�F+7xN4�V��$����9�>$�D7��:baxy ���X:Y�780���C��@4H�̂�?�F+7�@���y�D��6;-�2E7�$�#�B;�@.;�
7<-�;FF[$�2K�_$�=6.

��@T̂�1��C>A�7<;�7�C:>7��:6�?>E=�@��,E=F̂�=�DA�<D�@X7�*��#F�;$�=�6F4X$��DA�<E;�=:�:6��G>8X7�C��@4H�̂�?�F+7
�=�":�;1���B;>7<��D��E<:� ...6=:�D7�:�-�@� .�6:�6�D0%B��&2��6:>7�@%D:�:6�9�=�;̂�@�;+$�=�":�B7�@��C<�A�?�F+7�U>;�:E�

�/�=7D���D7�@36�+7�C>5%A6�DA.

�
 :�3
��+���4!(:�?�F+7�?�/;Ax�7<7�;�D7�D%�B;�?�F+7�,E��:�9���7<-�R_1��:�#�B;��#A��D+F+1�67W�,E�@- .�@�

�6B*�=6�C�;��?�F+7�:E�����;/��;0E6�D<5A���=��D/>E=t�H(7�������9<=��=��7E����6>D�C;F/�?<�7;����#��'

�7D���@%D�7;�D0%B��C;F/�?<�7;��71�=�@��=�7;�8� .�9<=�;/����=���5;/�?�F+7���
�����=	�����?�F+7�����7D��
�5;/>4F-
��=	�#A� .F+7�=6�;A����@-�6>D�D7�@T1H7�9<=�?���9<=�;��;��@A��#A�.

#A��?�F+7�U>;�:E;$�D3�W�=�6=:�D7�:�-�@��":�;1�:�7+7��0PA��1>O��9<=�7<;�7�D8-�:>7��C�;��D%�B;�?�F+7 .�6�7W����
6�6�5�+;���:���B1�D4H��28W�:�B-�9�>$�D7�?�F+7�:E��<��2H�1 .�D%�B;�?�F+7xN4�V��$����9�>$�D7��:axy ��78

�X:Y0��D%�B;�?�F+7�@�y�7<-�;FF[$�#�B;�@.;��D���6;-�2E7�$.

�*
.��3'� ���.�2�����$+��+�2�1�4�
(

6>D�D7�?6�6�@XA>$�;E<�":>H�@���:�>03��;0E6�D4Î�;F[%7�,E�96;��:�-�@����:

)                      ( *St ��30  �31 PDIt  �32 Zt  �.t

�9��:6�@-tZ�;_H�;F[%7-�=�?7D�?6�6�/;D�HE8�@-�#A��,E2�7<-�D7�C;F/�?<�7;���:�D4Î�;'��@-�#A��C;%7�:�  .�@-�7F<-�@*>$
�C>03� ( * )�>03��=6����9�>$�D7��: );��D.E���#A��6;A��>A�@-�D3>Î�C�1�tZ�5;/�1>Î�C�;��C;0E6�=0�tZ (6;-�@:�:�:



�9�%B7<�2Î                     :St ����30  �32 �� �31 PDIt  �.t

�9�%B��$�2Î                  :St ��30  �31 PDIt  �.t

A�J;̂��A�>03��:E���F$;$�:E7��DP4�V��$�,E����9�>$�D7��:�C=;̂�@-�7<A6�D7�9�E;��:�DE�PDI��2Î�C�;��N4�,E��6>8;��E;+$
9�%B��$�2Î�C�;��N4�,E�=�9�%B7< .�:6�"�;FF[$�D�;�*�;'��D<XE�7;��C<�>7�N4�=6�:E�PDI�#A��9�B.E�2Î�=6�;A�:6 .�0PA

�7<-�D7�(;̂�2Î�;A�:6�7D�D7�@.X<7��7�7�<��J;W����@-�C=;̂.

� �*
.��3':

�<��@-�#A���>B<7�D.A��C=;̂�C�A�?6�6�@��6>D�D7�?6�_%A��9��<��1�(7�,E�9�><W�@���*�:E��:6�@-�C��?6�6�@W>8+7
�6:=��#A6�@��9�>$�D7�#E�A��=���%- .�7;>D�D7�27�D��:�;F[%7�=6��A�?6�6�:E� :�C=;̂S��@-�C��@;�4:�-�C�;��9>F4F7�@�
��:�9��@��@%B��=�:�=���=��A�D.A��C�B3�A�C�;����
 -��
���DI5D�\;I7�C�A77�:6�=�7<-�D7�7F3>$)�DX8*�?<�7;�

7E;4�2FB;�%  (PDI .�6>D�D7�C;F/�?<�7;��D4Î�:>O�@���A�;F[%7�:E��<��,E�;A.��@-�#A��C��@36�X7�>03��:E�S��@���:
PDI�6<�A�D7�M>�;7.

�9��:6�@-��?:=6�:6�9>F4F7�@��C=;̂t=�?6>��5��#A��@O>�;7�DI5D�\;I7�77�:6 .�J;̂�:E���+<E��:6��7�6;.E=:
�6:�6�6>*=�6>D�D7�:FFX$�D4Î�C�<�7�;��@-�C=;̂�C=:�D4Î�;'��,E�@-�#A� .�6F;�>$�D7�;'��:E��C;F/�?<�7;��C�;�

�6F<-�]E;X$�96>��D4Î�96;-�G5E7�#B*��:�;0;�E;�C�A;F[%7 .@A��93�6E:�6�2Î�:�B-�9>-��;0;�E;�;F[%7��=��=
��@-�6F<-�D7�]E;X$��::

6F<-�D7�:�9/�=�9�/7<;�>4�@���:��A�?6�6�@W>8+7�:E��;FB_$�=�2F42$ .�6>D�D7�@*>%7�=�?6>8;�2F42$��:��A�?6�6�:E��]3>7
6:�6�6>*=�2Î�=6��B<$�V*�=�:6�@-.���%<7)���
 (2��C�;���:�96>��D4Î�2F42$�C�;��;0;�E;�;F[%7�<��?6�_%A��;%EF��&

7F<-�@T1H7.



]E6:3E:�$C=;̂PDI]E6:3E:�$C=;̂PDI
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RV*WP�NV&�[�Z�R�W:�S])�QG)WLS(

�FN&�5G2DJ�X'T�PN'ZI&P�X&I&E�P�S2R+KT'N�'T'*C�H'K1�Y2:PO�0Q&�LPKQJ�/'1*JJ�MZJ2K>�SF'RJ�&HF�P�0Q&�XJ*:�PZJ1'J .
�X'T�LKP�K&�RE'72Q&�'*�\QK1J�'T�PN'ZI&P��FNQU�YJ�L'[*.

'BFO;�LQ[QJBI�IE�L'R?Z�J[2�X'T�LKP�'*�/&FT'VJFTE�XPI�FN&Q1�YJ�RE'Q�LQ[QJBI�FON'KT�SN .�XJ*:�PZJ1'JW��JY'O0�S>
�X'T�LKP�L'KT�L �J*:�XPIiw�I[O>�YJ�5ZJ11�E?U�MZF*�&I�FO2RT.

i

n

W

W

W

 �
� �

�� �
� �
 �

�

K&�FO1I'+0�LQ[QJBI�)Z&J]�S*�_Q*JJ�LPKQJ�HPE�X'T�L&Q1�MZJ2K>�X'TEJBEIP J*�'*�R'CN :

1( )b X WX X WY Y�� ��



�YO1Z�'T'*C�S*�_Q*JJ�X'T�PN'ZI&P�S>�YJ'COT2
1��X'T�LKP�:FO2R[N�J*&J*�'Tiw�����OQ?1J�IQ)�S*�S>�FOOZLB�YJJ*�X&�SNQB�S*�&I

'*2
1��FOU'*�)Q'O2J��S>�XIQ)�S*2 2

1 / iw� ��PN'ZI&P�PZJ1'J�R'CN �:EQU-��LQ[QJBI�)Z&J]�X�RFU�EIP J*�PN'ZI&PQ>
K&�0Q&�/I'+0:

1. ( ) ( )( )west V b MSE X WX ���

�L �IE�S>wMSEEQU�YJ�5ZJ11�JZK�/IQY�S*:

2

1

+( )
n

i i i
i

w

w Y Y
MSE

n p
�

�
�

�




RE'Q�Y*C�LQ[QJBI�'*�S*'VJ�X'T�LKP�0Q&�M?KJ�)G2&iw��M?KJ�D'5J�X&J*�:FOZ �0QE�S*�YZDVJ�YQ'Q&�S**&I�=Z�K&�'T
YO1Z�'T'*C�PN'ZI&P�S>�FU'*�XDVJ�0Q&2

1���>*Q�HPE�L&Q1�'*�)Q'O2Jk�FU'*�E;2RJ�J[32J�M[J .�FO1I'+0�'T�LKP�R'CN �MZ&J*'O*

K& :2

1
i

ik

w
x

�

�D'5J :DFJ�:YRZJ1'J�SPI�K&�RE'72Q&�'*0 1Y x� � �� � ��P�F[TE�SK&J*�JZK�X'T�RE&E�S*�&I0b�P1b�FZIP �0QE�S*�&I .�I&EQKN
F[O>�I[QJ1�&I�SK&J*�(C�P�TO>&J- .JZE';J+Y�FZIP �0QE�S*�I'V0&�I:I�=Z�'*�&I�'T�RFN'J�P .�PN'ZI&P�E[G@1�P�SZL91�DPF8

F[TE�H'9N&�&I�SK&EJ-�HF0�LQJK �P�RE&E�E[?V1�&I .PN'ZI&P�PZJ1'J-�PZJ1'J�P�'TJ2J&I'-�PN'ZI&PQ>+( )V Y��S>�YJ'COT�&I
x=65�X&J*�P�REJ>�&F[-�:0Q&( 65)E Y x ���L'O[K)&�X�SGY'6���F[TE�E[?V1�&I�FYIE.

�
�
�


�
�
�
�
�


�
�
�


X

�����������
�����������
���
Y

1

14 790 295

,

790 49300 18030

49300 790 4.5
66100 66100( ) ,

790 14
0.29

66100 66100

X X X Y

X X b�

 �  �
� � � �� �� �� � � �
� � � � �  �

 �  ��� � � �� � �� � � �� �� � � �� � �

P-:



+ 4.5 0.29Y x� �

2

6621.514372 , 6641

1 1
11 (295) 6216.071429

14
6641 6216.071429 424.928571

6621.514372 6216.071429 405.442943

6641 6621.514372 19.485628

T

R

E

b X Y Y Y

Y Y
n
SS

SS

SS

�� �� �

��� �

� � �
� � �
� � �

d.f.SSM[CN'[J�JZE';JYix�LZ'K2J

�4/666713/3313  12  1530

121617  1540

00202050

00222260

4102525  23  27  24  2670

122829  2780

818/6667

1 8 .6 6 6 7 , 1 9 .4 8 5 6 2 8 1 8 .6 6 6 7 0 .8 1 8 9 2 8p e IS S S S� � � �

�DPF8�MZ&J*'O*AVONA�0Q&�M[O;:

FMSd.f.SS/+OJ

249/6877405/4429431405/442943LQ[QJBI

1/62381219/485628RFN'J

0/08770/20.473240/818928SK&J*�HF0

2/3333818/6667\@J�X'*C

13424/928571/K8

P-1 0���&�)Q'OJ�DFJ�P-�:0R[N�I&E�YO1J�LQJK �LQ;�SK&J*�HF0�EIQJ�IE�YFP�:0Q&�I&E�YO1J�LQJK �&JZK�0Q&0Q.



1

1.21109 0.01941

. ( ) ( )

0.01941 0.000344

estV b MSE X X �

� �
� ��� �� �
� �� �

�S>�YN'JK�X&J*x=65��R'CN �FU'*1

65hX
 �

�� �
 �

��P�0Q&

1

0.025

+. ( ) ( ) 0.14119

+ 4.5 0.29 65 23.35, (12) 2.179

23.35 2.179 0.14119 (22.53123, 24.16876)

t
h h h

h

estV Y X MSE X X X

Y t

��� �� � �

� � 
 � �

� �

�YT�H'U��RŴ.)H(

R��[�Z)���V�\;%QZ�'U�

YO1J�P�0[T'J�'*�)G2&�:SN'BFO;�LQ[QJBI�E[G@1�SZL91�IES**&I�LEQ*�I&EJ�P�E;2RJ�X'TJ[32J�M[*�X'T�I'>PJQ�:S2R*&P�X'TJ[32
IZI&E .TQJ-�SO[JK�MZ&�IE�\QK1J�S>�YZ'T�YJ�=J*JK&�FO1I'+0�:EQU:

5F&:�0R[;�LQB'NQB�E;2RJ�X'TJ[32J�X'TJ4&�Y+RN�0[KT&

��( :�0Q&�IF;;�S2R*&P�J[32J�XPI�RFU�RE&E�E;2RJ�J[32J�=Z�J4&�YBIL*

��6:>�J4&�X&I&E�E;2RJ�J[32J�=Z�S?OZ&�E[FE�S*�'Z YJ�:0Q&�S2R*&P�J[32J�XPI�J4&�LPF*�'Z�P�I�EJ>�4H?��DFJ�K&�&I�E;2RJ�J[32J�L �L&Q1

��E :S2U&FN�IQ̂?�DFJ�IE�LQO>�'1�S>�XJCZE�E;2RJ�J[32J�JT�'Z ��EJ[B�I&J:�YQIJ*�EIQJ�FZ'*�L �YF'K2?&�J[4"1�X&J*

�TQJ-�MZ&�X&J*RE'Q�'2+RN�BQ'-�'TYJ�X&FU'*�S2U&E�EQ8P�FN&Q1 .B&G;2RJ�X'TJ[32J�JFNI&E�I&J:�DFJ�IE�S>�Y)�(��M[*�IE
P�FOU'*�S2R+KT'N�L'UEQC)�(��4H?�DFJ�K&�YFP�:FO2RT�_'+1I&�IE�S2R*&P�J[32J�'*�S>�XJCZE�E;2RJ�J[32J�JT�'*FOU'*�RFU��L[N

FOU'*�S2R+KT'N�E&E�/\&QQ�MZ&�S*�L&Q1�YJ�X&�RE'Q�'2+RN�X'T�(&Q8.�[1:QJ�J2V[*�IE�SN'7Q"2J0S2UI�Y*J91�J[2�X'TFON'J�YZ'T�
0RZK�HQG0�P�Y0'K28&�HQG0�:E'Z2:&�:0ZJZFJ�'*�YC2R+KT�S*�'Z�P�FNI&E�EZ'K1�JCZF?Z�M[*�YC2R+KT�S*�E;2RJ�X'TJ[32J�YQ'OU

FNI&E�EZ'K1�:FO2R[N�DFJ�IE�YFP�:REQ*�_'+1I&�IE�S2R*&P�J[32J�'*�S>�XJCZE�E;2RJ�X'TJ[32J.

�2RJ�X'TJ[32J�S>�YJ'COTYJ�:FO2RT�S2R+KT�L'UEQC�M[*�E;YGC&E�YC2R+KT�'UN �M[*�I[ZQB��EI&E�EQ8P�Y*DKT�FO;�'Z .�:S2+F&
RM&PYJ�I&J:�RE'72Q&�EIQJ�XEI&QJ�IE�\QK1J�Y*DKT�FO;�X�Y2?�'Z�P�@IL*�I'[R*�E;2RJ�X'TJ[32J�M[*�YC2R+KT�S>�EJ[B

2 Intercorrelation



FU'*�EJ'> .SNQB�=OZ&J�X'TJ[32J�'UN �IE�S>�E$'RJ�K&�X&SG[QP�S*�P�FO2RT�YGC&E�(*&PI�X&I&E�E;2RYJ�M[[+1�Y*DKT�FO;�X -

YJ�XP'>&P�&I�EQUI[O> .YJ�I&J:�3@*�EIQJ�&I�Y2[1:QJ�&F2*&�FO;JTFO2RT�S2RKT'N�E;2RJ�X'TJ[32J�S>�I[TE.

�D'5J� :�YGK0�RPJB�=Z�E&J6&�I'KU�J4&�YQIJ*�X&J*)x1 ('ZIE�RLZ'8�L&QO0�S*�YGK0�RPJB�S>�Y3G+J�PYJ�06FO>)x2(�XPI�J*�:
SG[QP�S*�RFU�)R>�X'TK'[2J&�RPJB�X)Y(RE&E�:/K8�JZK�X'TRFU�XIP FN& .�S>�F[TE�L'VN)x1 (�P)x2 (�R'CN �:FO2RT�S2R+KT'N

SFE'1J�=ZRE&E�MZ&�S*�SN'BFO;�Y*C�LQ[QJBI�X�DPF8�P�F[TE�SK&J*�'TANOVA�F[TE�E[?V1�&I .�J[32J�4H?�'*�P.Q
E;2RJ)x2 (J�K&SFE'1J�:DF�DPF8�P�SK&J*�&I�RE'Q�Y*C�LQ[QJBI�XANOVA�F[TE�E[?V1�&I .�J[32J�4H?�'*�&I�I'>�M[KT
�E;2RJx1�F[TE�H'9N&�:DFJ�K&.

��������x1



��

��x2

�
���
������
���Y

B �:SN'BFO;�LQ[QJBI�(C�LE&E�SK&J*�M[O<KT�P�YC2R+KT�)ZJ]�S+Q'@J�X&J*YT'RE&E�K&�&I�JZK�X'TYJ�6I'C�'T -

I[O>

P-:

�P-x1��Px2�FO2RT�S2R+KT'N .IZI&E�YRZJ1'J�E'KN�K&�RE'72Q&�'* :

=



0J]0�K&�X'T��P�L&Q1�.QK9J�L&QO0�S*L&Q1�.QK9J�P�LQ[QJBI�HPE�X'T�RE'72Q&�'*C�HPE�X'T
REJ>�E;2RJ�X'TJ[32J�EQ8P�0?&JY�S*�S?OZ&�X&J*�IZ&��P�I[TE�L'VN�DFJ�IE�&I .DPF8ANOVA�0Q&�M[O;.

MSdfss/+OJ
2402.250LQ[QJBI

=3.5255'*C
7/K8

�S<N'O;�IZI&E�:I[O>�4H?�DFJ�K&�&I:

=

�I&EJ*�LQ;�PY�JZE';J�P-�:0Q&�REJ?N�J[[31��P��FO2RT�YG+:�JZE';J�L'KT .MZ&J*'O*:

, 

�DPF8�PANOVA�0Q&�M[O;.



MSdfss/+OJ
1231.125LQ[QJBI

=31.4586'*C
7/K8

�S<N'O;�P��IZI&E�:I[O>�4H?�DFJ�K&�&I :

, , = , 

, 

�DPF8�PANOVA�0Q&�M[O;:

MSdfss/+OJ
1171.125LQ[QJBI

=41.4586'*C
7/K8

�0J]0�K&�L&Q1�.QK9J�L&QO0�S*�E;2RJ�J[32J�(;6�S?OZ&�LE&E�L'VN�X&J*�LQ[QJBI�HPE�X'T��EI&E�EQ8P�DFJ�IE
Q&�RFU�RE'72Q&�0J]0�:0�SNQB�S*�L[N�E;2RJ�J[32J�(;6�DFJ�IE�S?OZ&�L'[*�X&J*�0Q&�S26JB�I&J:�RE'72Q&�EIQJ�S*'VJ�X
EI&E�EQ8P.

S2?N�D'5J�IE�YU8Q1�)F'8�X��X&J*�LQ[QJBI�)$&J]�S?OZ&�0Q&�RFT'VJ�E*':��P�BI�P�RE'Q�LQ[QJBI�IE�LQ[QJ
FNI&E�EQ8P�DFJ�IE�E;2RJ�J[32J�PE�JT�'Z�JCZE�E;2RJ�J[32J�'Z �S?OZ&�S*�S8Q1�LPF*�:FO2RT�L'R?Z�SN'BFO; .S9[2N�=Z�MZ&�X

YJ�S2R+KT'N�E;2RJ�X'TJ[32J�IUJFU'*.
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�2Î�=�2Î�:E��?7;�8F*���:6�7<E��D7�#A6�@��DB��E7�C�A�1>7;̂�6F<-�?6�_%A��96;-�6:�7;�%A��C�*�@��71�=�1>S�C7<��?�F+7

���?7D�C7<��?�F+7�=�?7D�C=-;7�C�A;F[%7�<��"�:;-�@��6F<-�D7�?6�_%A�.

YT�H'U��V�X&�.�\;$�RŴ.)H(�\/]):�P�N)B

EJ[B�YJ�I&J:�RE'72Q&�EIQJ�X&�REJ2RB�IQ)�S*�'T�PZJ1'J�J+8�:Y]'ZI�P�XI'J �X'T�E[G@1�P�SZL91�IE .�YRZJ1'J�SPI�/:&P�IE
�X'T�R'C2QE�S>�FTE�YJ�RK'8&�&JZK�:0Q&�/IPJ]�=Z�SN'BFO;�Y*C�LQ[QJBI�X'T�E[G@1�P�SZL91�@IL*�X'T�SZ&I �P�SFE'1J

FNQU�S26JB�I'?*�XFJ I'>�SNQB�S*�P�FNQU�RE&E�TZ'KN�REJV6�/IQY�S*�'T�RE&E .

-T�](�V�-]):�P�Y�.�!P�XW!T -��(�&)��-T�](�VWG

��PN'ZI&P�YQJ1'J-��Y6E'Z1�I&EJ*�PN'ZI&PQ>�/IQY�S*



�5ZJ11YJ�I&EJ*�5ZJ11�S*�S8Q1�'*�S>�EQU�IZI&E:

=

DQJJ6�K&�RE'72Q&�'*�MZ&J*'O*�X'TYG+:�IZI&E:

�PZJ1'J�5ZJ11�S*�S8Q1�'*�S>�0U&E�I[T&QC:

&�S>IZI'.R*�J)'C�S*�&I�L �FZ'*�P�0Q&�)F'8�P�IUJ�I'[R*�S9[2N�MZ .�/IQY�IE�R'CN �:FU'*�S2U&FN�EQ8P�SK&J*�HF0�S<N'O;
�LEQ*�DQU9J�YO1Z�L �)ZI&'N�X&�S*;N�EIP J*�K&MSE�YJ�RE'72Q&�:0Q&�RFU�Y6J1J�J2V[-�S>�EQ8P�SK&J*�HF0�JB&�P�I[O>
�P�FU'*�S2U&E�L&Q1�M[CN'[J�H'N�S*�L �EIP J*�K&�R'CN �:FU'*�DQU9J�YO1Z�:\@J�HPE�X'T�YJ�RE'72Q&I[O> .�EQ8P�MZ&�'*

PN'ZI&P�PZJ1'J�)[1J1-�K&�0Q&�/I'+0�RFU�EIP J*�PN'ZI&PQ>:

�F[O>�[J6�=OZ&XK�RFU�RE&E�I&F;J�=Z�E;2RJ�J[32J�Xx�S>�SNQCN'KT�R'CN �:FU'*�2V[-J��M[CN'[J�YO[*�T[-�:FU�L'[*Y�
�I&F;J�MZ&�X&J*x�K&�0Q&�/I'+0�RFU�RE&E:

�S<N'O;��R'CN �:I[O>�5ZJ11�&I :



�:PN'ZI&P�R'CN �K&�0Q&�/I'+0:

'Z�P

�LEQ*�DQU9J�/IQY�IE�S>��:RFU�REIP J*�PN'ZI&P�&�M[O;0Q:

0Q&�M[O;�M[[11�)ZJ]�YRZJ1'J�/IQY :

�����D'5J :DPF8ANOVA��D'5J�X&J*�&I��F[TE�E[?V1�YRZJ1'J�SPI�K&�RE'72Q&�'*�P .�PN'ZI&PQ>�PN'ZI&P�PZJ1'J�M[O<KTb��&I
�PN'ZI&P�P.Q�P�REIP �0QE�S*��F[O>�EIP J*�&I.

, X'X==Y

SSR=5088.596-4032=1056.596

SSE=



/+OJ SS d.f MS

LQ[QJBI 1056.596 1 1056.596

RFN'J 23.404 5 4.6808

/K8 1080 6

est.s.e(b1)=

BQ'-�L'KT�S>RFJ �0QE�S*�EZ6�X&F2*&�IE�S>�FO2RT�YZ'TFN&.

E

==

R�W:�S])�QGRV*WP�NV&�[�Z

��L&Q1�MZJ2K>�SPIYJ�LPKQJ�HPE�X'T[*�REJV6�/IQY�S*�YRZJ1'J�SPI�'*�FN&Q1EQU�L' .PZJ1'J�F[O>�[J6w�PZJ1'J�=Z
LKP�L �J*:�XPI�JY'O0�S>�FU'*�XJ*:�X'Twi�YO1Z�:FOU'*

SFE'1J�R'CN L&Q1�MZJ2K>�D'JJN�X'T�LPKQJ�HPE�X'T)�-��-� (YJ�JZK�/IQY�S*EQU�S2UQN�L&Q1:

�OQ?1J�[J6�'*�PZJ1'J�XJZH-��MZJ2K>�X'TEIP J*L&Q1K&�FO1I'+0�LPKQJ�HPE�X'T:



�JB&�S>�EQU�0:EW=I�SFE'1J�L'KT�R'CN �:FU'*L&Q1�MZJ2K>�X'TYJ�0QE�S*�LPKQJ'N�HPE�X'TFOZ  .PN'ZI&P�PZJ1'J-�
L&Q1�MZJ2K>�X'TJBEIP J*�PN'ZI&PQ>K&�0Q&�/I'+0�LPKQJ�HPE�X'T:

PN'ZI&P�PZJ1'J�P-�RFU�EIP J*�PN'ZI&PQ>�I&EJ*�X����0Q&�M[O;:

L �IE�S>

SPSS

SPSS��/I'+0�/'KG>�DP&�4PJ?Statistical Package for the Social Science��X&J*�XI'J �I&L6&�HJN�X�S2R*�X'O1J�S*
FU�Y?&J)�XI'J �E[G@1�X&J*�S>�0Q&�XEJ*I'>J-�P�RFU�S2C'OU�X�SJ'NJ*�:Y0'K28&�HQG0�EQ*�I[T&QC�IE':�L �J*�(GR1�'*�P�0Q&�R

FZ'KN�YJ�M?KJ�J[2�Y2?�'Z�P�I&QUE�I'[R*�'UN �H'9N&�L'?J&�I&L6&�HJN�MZ&�LPF*�S>�I[TE�H'9N&�&I�X&�RF[<[-�X'T�TTPN-.

�<V)2SPSS��Z)̂@�P�A])>:�V

�X�SJ'NJ*�X&J8&'*SPSS�X�RJ9O-�:Data editor��E?U�9*'*J��EQU�YJ�K'*.

�E?U�



RJ9O-�MZ&��X�SN'*K�PE�X&I&EData View��PVariable View�FU'*�YJ .�X�SN'*K�IEData View��P�EIQJ�=Z�X�RFOTE�L'VN�J*Q�JT
0Q&�J[32J�=Z�X�RFOTE�L'VN�LQ2Q�JT .�X�SN'*K�IE�'TJ[32J�5ZJ11Variable View�EJ[B�YJ�H'9N&.

��E?U�IE�S>�SNQB�L'KT�RJ9O-�MZ&�IE��DJ�X'T�YBNZP�F[O[*�YJEJ>�5ZJ11�L&Q1�YJ�&I�J[32J�JT�5G2 .�L'VN�J*Q�JT�RJ9O-�MZ&�IE
FU'*�YJ�J[32J�L �X'T�YBNZP�'T�LQ2Q�P�J[32J�=Z�X�RFOTE .I[O>�YJ�5ZJ11�&I�L �.QN�XF1*�LQ2Q�IE�P�J[32J�H'N�LQ2Q�M[FP&�IE .

�E?U�IE�S>�SNQB�L'KT�J[32J�.QN
�2UI�:XEF0�5G2DJ�/\'?�FN&Q1�YJ�F[O>�YJ�RFT'VJFU'*�YFQ-�F?&P�P�BZI'1�Y2?�P�X&�S .

�XEF0�.QN�L[N�YKQ&�X'TJ[32J�.&QN&�X&J*�EQU�YJ�S[YQ1"Numeric"��'1�EJ>�('D2N&�&I�JB&[N�XF1*�E?&JJ�IE'&HBF>�S*�K�XI
IZQVN�S8&QJ�YG?VJ�'*�FJ �T[-.

E?U�

�E?U�

U?�E�



-�LQ2Q�IE�P�F[O>�YJ�M[[11�&I�XI'V0&�H':I&�E&F11�P�J[32J�[J0�XF1*�LQ2Q�PE�IE�S>�I9OLabel��S>�Y1I'+0�K&�F[N&Q1�YJ�EI&E�H'N
F[O>�RE'72Q&�L �X&J*�)R;�J*�L&QO0�S*�0Q&�J[32J�MZ&�X'T�RE&E�.QN�P�H'N�X�RFOO>�Y0&F1 .�IE�7Z'2N�TZ'KN�H'COT�'T�)R;J*�MZ&

�IQ&�P�0Q&�E'ZK�'TJ[32J�E&F11�S>�YN'JK�WQZC�S*�'UN �X�RFT'VJ�P�FNQU�YJ�RFZE�DP&F8�P�'TI&EQKN�I'[R*�RFU�SY]C�'TJ[32J
FU'*�YJ�F[7J .�X�SN'*K�XF1*�LQ2QVariable View��L&QO0�0@1Values��'Z�P�YKQ&�X'TJ[32J�X&J*�S>�EQU�YJ�RE'72Q&�YN'JK

I[O>�RE'72Q&�XI&F;J�X'T�)R;J*�K&�I[T&QD*�Y+[1J1 .�E?U�IE�S>�SNQB�L'KT�0[RO8�J[32J�IE�D'5J�X&J*���'*�F[O>�YJ�RFT'VJ
J*�=[G>��LQ2Q�IE�J[32J�MZ&�S*�_Q*JJ�X�SN'C�XPIValues��X�RJ9O-Value Labels�FU�FT&QC�K'* .�I[N&Q1�YJ�RJ9O-�MZ&�IE

�XEF0�I&F;J���P�L&EJJ�S*�&I��I[TE�0+RN�L'NK�S*�&I .�X�SK>E�FZ'*�I'*�JT�K&�P-Add��L �XQG8�IE'>�IE�&I�S9[2N�P�I[O>�=[G>�&I

PI�J*�=[G>�K&�P-�P�I[Z'KN�RFT'VJ�Xok��X�S@7Y�S*Variable View�0VB�I[T&QC�K'*.

�H'N�S*�XF1*�LQ2QMissing��Ŷ1*�IE�'Z�P�I[U'*�S2U&E�'N&QC'N�P�IU+J�X'T�RE&E�:'T�RE&E�L'[J�IE�S>�EJ[B�YJ�I&J:�RE'72Q&�EIQJ�YN'JK
�S>�FU'*�EZ'J�JCVTPN-�XDU�'Z�P�FOU'*�REJ>�.'O2J&�D&QQ�S*�BQ'-�K&�L'BFOO>�0>JU�:/\&QQ�IE�&I�YYQZC�S*�X'T�RE&E

EJ[CN�J-N�IE�EQC�XI'J �E[G@1 .�X�SN'C�IE�EQ8QJ�X�SK>EJ*�=[G>�K&�P-Missing��X�RJ9O-Missing Values��E?U�9*'*J��
FU�FT&QC�K'* .0U&E�F[T&QDN�X&�S26I�0QE�K&�I&F;J�RJZ&E�M[FP&�XPI�J*�=[G>�/IQY�IE .�I&F;J�SQ�M2U&E�X�RK'8&�RJZ&E�M[JPE
�0QE�K&�P�M[Z'-�F?�S>�RK'*�=Z�P�S26I�0QE�K&�I&F;J�=Z�S>FTE�YJ�&I�L'?J&�MZ&�'KU�S*�HQQ�X�RJZ&EP�FTE�YJ�'KU�S*�&I�S26I

�JZE';J�X&J*�F[O>�YJ�XDVJ�&I�L �X\'*Missing�F[Z'KN�5ZJ11�EQC.

�����

�����



�L&QO0�'*�XF1*�LQ2Q�IEColumns��X�SN'*K�IE�J[32J�0Q&�I&J:�S>�&I�YNQ2Q�[J0Data View�I[O>�YJ�5ZJ11�FO>�D'3U& .�IE
�LQ2QAlign�I[Z'KN�M[[11�&I�J[32J�JT�X�SN'C�IE�EQ8QJ�/'0])&�XJ[BI&J:�L'?J�S>�IZI&E�&I�L'?J&�MZ& .�LQ2Q�IEMeasure�

�YKQ&�X'T�SOZLB�M[*�K&�&I�J[32J�XJ[B�RK&FN&�O'[;J(Nominal)�Y+[1J1�:(Ordinal)��PScale�Y+RN�P�X&�SGY'6�X'TJ[32J�X&J*�
I[O>�YJ�('D2N&.

�X�SN'*K�S*�E?&JJ�MZ&�H'9N&�K&�P-Data View��I&J:�SN'*K�MZ&�X'T�LQ2Q�IE�RFU�5ZJ11�X'TJ[32J�H'N�S>�I[O>�YJ�RFT'VJ�P�S26I
0Q&�S26JB .EJ>�EI&P�&I�J[32J�JT�5G2DJ�EI&QJ�S*�_Q*JJ�JZE';J�FZ'*�LQO>& .�X'TIQ2QE�=K>�S*�'ZP�Y2QE�/IQY�S*�IT�I'>�MZ&

copy/paste�0Q&�JZH-�L'?J&�ER>&�J[-N�XJCZE�X'T�SJ'NJ*�X'T�EZ'6�K&.

�E?U���X�SN'*KVariable View�FTE�YJ�L'VN�IZ&�RF[J'N�'T�EZ6�&I�L �S>�YF'5J�X&J* .

E?U�

�FOU'*�YJ�FJ IE�P�SPJ6�L&L[J�:EZ6�:D'Q�:D'5J�MZ&�J[32J�I'U;�F[O>�YJ�RFT'VJ�S>�SNQB�L'KT�&I�EZ6�J[32J�:'TJ[32J�MZ&�K&�S>
�&I�S[;*�P�YKQ&Scale�IZ&�REJ>�5ZJ11 .�LQ2Q�IE�EZ6�J[32J�X&J*values��I&F;J
��I&F;J�P�L[Z'-�P�L'2R*'1�X'T�EZ6�S*�&I���S*�&I

IZ&�RE&E�W'Z2C&�L'2RJK�P�I'U*�X'T�EZ6.



�E?U���X�SN'*KData View�XEF0�JZE';J�FTE�YJ�L'VN�EZ6�D'5J�X&J*�&I��ER>&�EZ'6�K&�J[32J�JT�S*�_Q*JJcopy/paste�FN&�RFU.

�(&�\Ĉ5W:�(�P�SPSS

�L>JJ�S*�TZ&JB�X'T�XC'U�J[-N�Y7[YQ1�I'J �IE�7Z&I�X'T�XC'U�LEIP �0QF*�X&J*)FJ�:SN'[J�:M[CN'[J (...�X'T�XC'U�P
�YBFO>&J-)�P�'U>I';�:PN'ZI&P�:EI&FN'2Q&�4&J@N& (...EI&E�EQ8P�R&I�MZFO; .�L&QO0�S*�)G2&�Y7[YQ1�I'J output��TD*�K&�XI'[2C&

0Q&�Y*'[2QE�E*':�Y)'+O2Q&�I'J  .�Y7[YQ1�I'J �X'T�XC'U�LEIP �0QE�S*�X&J*��'Y'Z2C&�S>�FNI&E�EQ8P�IT�YZ'TIQ2QE�'J&
FN&�RFU�Y?&J).�K&�'TIQ2QE�MZ&�X�SGK8�K&Analyze��P.Q�RFU�.PJU�S@7Y�X\'*�IE�('D2N&�'*Descriptive Statistics��YJ�SJ&E&

F*'Z .�FZ'*�IZIP �0QE�S*�&I�(+1JJ�X'TI&EQKN�P�YN&P&J6�S*�_Q*JJ�X'T�XC'U�Y7[>�J[32J�=Z�X&J*�I[T&QC�YJ�JB&�L �K&�P-



�X�SOZLBFrequencies��X�SOZLB�FU'*�YK>�J-N�EIQJ�J[32J�S>�Y1IQY�IE�P�I[Z'KN�('D2N&�&IDescriptive�2N&�&I�'*�P�REJ>�('D
�E?U�J[-N�X&�RJ9O-���X�RJ9O-�S*�I[O>�S+Q'@J�&I�'UN �XI'J �X'T�XC'U�I[GZ'J�S>�YZ'TJ[32J�FZ'*�RJ9O-�MZ&�IE�IZQU�YJ�PJ*PI

Variable(s)�I[Z'KN�E;2OJ.�E?U�

�LQ2Q�IE�P�REJ>�EI&FN'2Q&�&I�J-N�EIQJ�X'TJ[32J�I[NL*�=[1�&I�RJ9O-�M[Z'-�=;Q>�/*JJ�S>�Y1IQYIEFZ'KN�YJ�RJ[CG�XFZF8 .��'�*
�XPI�J*�=[G>Options�?U�X�RJ9O-�E�
�I[Z'KN�('D2N&�&I�J-N�EIQJ�XI'J �X'T�XDU�'1�FTE�YJ�&I�L'?J&�MZ&�'J�S*�P�RFU�K'*.

�I&J:�YCFQ;�P�YBF[V>�X'T�XC'U�YN'[J�IE'>�IE�P�YBFO>&J-�X'T�XC'U�XF1*�IE'>�IE�:.QK9J�P�M[CN'[J�RJ9O-�X\'*�IE
EFNI&.

�J[32J�X&J*�&I�8Q6�J[RJ�JB&�D'5J�L&QO0�S*income��S>�XFZF8�X�S@7Y�IE�I[TE�H'9N&�'T�EZ6�D'5J�K&SPSS��L&QO0�0@1output�
�E?U�9*'*J�YFPF8�FTE�YJ�TZ'KN�&I�'T�DPF8�P�'TI&EQKN�P�7Z'2N�L �IE�P�FO>�YJ�K'*���I[O>�YJ�RFT'VJ .

- �������������������������������
E?U��



FN&�RFJ IE�TZ'KN�S*�IZ&�REJ>�('D2N&�S>�Y7[YQ1�I'J �X'T�XC'U�DPF8�MZ&�IE .�X�S@7Y�S*�JB&Data editor��K'*�'UGZ6�D'5J
�0@1�XFZF8�J[32J�IZEJB�L&QO0Zincome��J[32J�X�RFU�EI&FN'2Q&�JZE';J�L'KT�S>�I[O>�YJ�RFT'VJincome�FU'*�YJ .

E?U��

�E?U�IE�)G*J�MZ&���0Q&�RFU�RE&E�L'VN .�����X�S�OZLB�K&�J�[32J�=�Z�X�RF�U�EI&FN'2Q&�JZE';J�LEIP �0QE�S*�X&J*�P-Analyze�:
Descriptive Statistics�����P.�Q�P�REJ�>�('�D2N&�&IDescriptive��������X�S�OZLB�RF�U�K'�*�X�RJ�9O-�IE�P�I[�NK�Y�J�&ISave standard 

values�I[NK�YJ�=[1�&I.

�(W�.&Explore

J[RJ�K&�S>�IQ2QE�MZ&Analyze�P.QPdescriptive statistics�P.QPexplore�&I�L'?J&�MZ&�'J�S*�FU'*�YJ�YQJ2QE�E*':��FTE�YJ
IZIP �0QE�S*�&I�Y7[YQ1�I'J �SN'B&F8�IQ)�S*�J[32J�=Z�IE�EQ8QJ�5G2DJ�X'T�RPJB�X&J*�S> .�D'5J�IE�I[T&QD*�JB&�D'5J�X&J*

�0QE�S*�FN&�RFU�I[R;1�EJQ�P�HJB�X�S2QE�PE�S*�S>�5G2DJ�X'T�EZ6�IE�&I�SPJ6�L&L[J�S*�_Q*JJ�XI'J �X'T�XC'U�EZ6



�XPI�J*�FZ'*�IZIP Explore�>I[O>�=[G.

�E?U�9*'*J�S>�X&�RJ9O-�IE����SPJ6��L&L[J�&I�S2R*&P�J[32J�EQU�YJ�K'*(sale)��EZ6�&I�RFU�XFO*�RPJB�J[32J�P�REJ>�('D2N&
(season)�I[Z'KN�YJ�('D2N& .�X'T�SOZLB�RJ9O-�0Q&I�0KQ�X\'*�X�SUQB�IEStatistics��PPlots��'UN �IE�L&Q1�YJ�S>�EI&E�EQ8P

XI'J �X'T�XC'U�EQKN�('D2N&�&I�J-N�EIQJ�X'TI&EQKN�P .�E?U�9*'*J�YFPF8��'2Z'UN����X�S@7Y�IEoutput��FZ �YJ�IE�TZ'KN�S*
�&I�SPJ6�J[32J�XI'J �X'T�YBNZP�S>'Q&J*�D'Q�5G2DJ�X'T�EZ6�O�EJQ�P�HJB��0Q&�REJ>�S+Q'@J�SN'B&F8.

�����



']'��[�Z)̂@�P�[�Y�.�!P

EQU�S+Q'@J�XFZF8�X'TJ[32J�EQ8QJ�X'TJ[32J�JZE';J�X�SZ'-�J*�S>�FU'*�HK\�0Q&�M?KJ�YT'B .�X�SKG>�XPI�I'>�MZ&�X&J*
Transform��X�SOZLB�L �K&�P-�P�REJ>�=[G>�QOJ�I&QN�IEcompute�I[Z'KN�YJ�('D2N&�&I.

?UE��

�E?U�9*'*J�XFZF8�X�RJ9O-���EJ>�5ZJ11�&I�L �X�S+Q'@J�X�RQ@N�P�FZF8�J[32J�L&Q1�YJ�L �IE�S>�EQU�YJ�K'* .�J[32J�H'N
�0KR:�IE�FZF8Target Variable�EJ>�5ZJ11�H'N�M[Z'-�0KR:�IE�L&Q1�YJ�L[N�&I�L �)R;�J*�P�.QN�P�RFU�EI&P .�,;�0KQ�IE
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�LQ[QJBI�X'T�DFJ�JZ'Q�K&�FZ'*�P�RFVN�9;@J�Y*C�X�SN'B�FO;�LQ[QJBI�X'T�[J6�S>�0Q&�MZ&�X�RFOTE�L'VN�F*'Z�TZ&L6&�IT
EJ>�RE'72Q&.

E?U
�



�H�Y��N�H�0V(�Y��RŴ.)H(�N��T��N(Stepwise)

�SPI�IE�S>�I[27B�MZ&�K&�T[-Enter�FNQU�YJ�LQ[QJBI�DFJ�EI&P�L'JLKT�E;2RJ�X'TJ[32J�H'K1 .�SPI�IEStepwise��JT�IE
�J[4"1�S>�XJ[32J�MZJC �EPIP�'1�I'>�MZ&�P�EQU�YJ�SFE'1J�EI&P�XI&E'O1J�P�J[4"1�/FU�X'O+J�J*�E;2RJ�X'TJ[32J�K&�Y?Z�SG?JJ

1�)ZJ]�J*�XI&E'O1J�M[[1R2�F*'Z�YJ�SJ&E&�FU'*�S2U&E .�P�FU'*�E'ZK�I'[R*�E;2RJ�X'TJ[32J�E&F11�S>�0Q&�F[7J�YN'JK�SPI�MZ&
FO>�RE'72Q&�YO[*�T[-�IE�&I�I&HB�J[4"1�E;2RJ�X'TJ[32J�E&F11�MZJ2K>�FU'*�EZ'J�JCVTPN-.�'*�F[O>�[J6�D'5J�X&J*���E;2RJ�J[32J

�P�PO8�P�MQx1��Px2��Px3�R*&P�J[32J�P�X�S2y��E?U�9*'*J
��IZIP �0QE�S*�&I�LQ[QJBI�SFE'1J�)Z&J]�I[T&QC�YJ.

E?U
�

�&I�SPI�S2R*&P�P�E;2RJ�X'TJ[32J�LEJ>�EI&P�K&�F1*Stepwise��IE'>�IE�P�REJ>�('D2N&Statistics��/I'+0�I'O>�IER square 

change��I[NK�YJ�=[1�IT)�E?U
�(



?UE
�

�SPI�FON'J�&I�J-N�EIQJ�X'TI&EQKN�SGK8�K&�P�EI&QJ�JZ'QEnter�I[TE�YJ�H'9N&�'T�EZ6�D'5J�P .�XC'U�L'KT�Y8PJC�DPF8�M[FP&
FU�RE&E�>[]Q1��]+:�S>FU'*�YJ�'TJ[32J�YC2R+KT�PZJ1'J�HPE�DPF8�P�Y7[YQ1�I'J �X'T) .�X'T�E?U
���P�
 (

E?U
�

E?U�




�XF1*�DPF8)�E?U�� (FTE�YJ�L'VN�&I�LQ[QJBI�DFJ�S*�S2R*&P�X'TJ[32J�EPIP�)[1J1 .�FZF8�J[32J�=Z�SG?JJ�JT�IE�D'5J�MZ&�IE
�EI&P

E?U��

0Q&�RFVN�6I'C�XJ[32J�:[T�P�RFU .SPSS��YJ�EI&P�FZF8�J[32J�=Z�S>�L'JK�JTEK'Q�YJ�FZF8�DFJ�=Z�EQU .�J[32J�DP&�DFJ�IE
x3��'Zst spell score��J[32J�HQQ�DFJ�IE�P�MQ�J[32J�HPE�DFJ�IE�Px2��'Zst reading score�FN&�RFU�EI&P.

E?U��



��E?U���O>�YJ�SRZ';J�IT�'*�&I�RFU�H'9N&�LQ[QJBI�X'T�DFJ�S>�FTE�YJ�L'VN�&I�XF1*�DPF8F .�LQ2QR Square change��L'VN
�LQ[QJBI�DFJ�M[[11�)ZJ]�MQ��J[32J�EPIP�K&�F1*�S>�FTE�YJ���/
��J[32J�EPIP�K&�F1*�P�S2U&E��TZ&L6&x2I&F;J�S*�&EF9J
�����

0Q&�S26'Z�TZ&L6& .�P�MQ�X'TJ[32J�EPIP�YO1Zx2�FN&�RF[VD*�EQ+U*�&I�LQ[QJBI�DFJ�L&Q1 .�JZE';J�SRZ';JR2�RFU�=]Y&��FZ#J�L[N
�E;2RJ�J[32J�SQ�EJ'U�LQ[QJBI�DFJ�'*�S>�FU'*�YJ�)G*J�M[KTx2��Px3��L&Q1�YJ����X�S2R*&P�J[32J�/&J[[31K&�FYIEy��YO[*�T[-�&I

EQKN.�DPF8�E[G@1ANOVA��E?U�IE�EQ8QJ�
��JZE';J�S*�S8Q1�'*�S>�0Q&�)G*J�MZ&�JCN'[*�L[NSig��K&�J2K>
�/
��DFJ�SQ�JT
�RE'72Q&�LQ[QJBIFNI&E�'O1J�XI'J �+'@F�K&�RFU.

E?U�


�E?U����SPI�S*'VJ�L �J[R71�S>�FTE�YJ�L'VN�&I�5G2DJ�DFJ�SQ�IE�LQ[QJBI�)$&J]�DPF8Enter�FU�S27B�J2V[-�P�0Q&.

E?U��



�E?U���T�DFJ�K&�H&F>�JT�K&�S>�FTE�YJ�L'VN�&I�YZ'TJ[32J�XI'J �/'0])&FN&�RFU�4H?�' .

E?U��

�DFJ�IE�S>�EQU�YJ�S-?]J���J[32J�I'U;,�DFJ�IE���DFJ�IE�P�J[32J�SQ
�FN&�RFN'J�Y:'*�LQ[QJBI�X�SFE'1J�K&�6I'C�J[32J�PE.

�E?U����X'T�DFJ�IE�Y*C�IT�S*�_Q*JJ�E$'RJ
�B�J2V[-�L �E[G@1�S>�REJ>�YQIJ*�SN'B&F8�IQ)�S*�&I�SN'BFU�S27.

�E?U����SPI�IE�S>�0Q&�RFU�YO[*�T[-�JZE';J�P�'T�RFN'J�Y:'*�S*�_Q*JJ�/'0])&Enter�FU�RE&E�>[]Q1�IT.



E?U��

�E?U�IE���-�JZE';J�J*&J*�IE�'T�RFN'K[:'*�TO>&J-�I&EQKN�IT�TZ'KN�S*�EQ*�DFJ�MZJ2GJ'>�S>�HQQ�DFJ�K&�EY'?�X�RFU�YO[*�T[
0Q&�RFJ IE .�)Q'OJ�RFU�('D2N&�Y*C�LQ[QJBI�DFJ�S>�0Q&�)G*J�MZ&�JCN'[*�P�REQ*�Y6E'Z1��]J'>�I&EQKN�MZ&�IE�YBFO>&J-
0Q&�REQ*.

�[�Z�0V(Forward��VBackward

[-�L&Q1�O'Q&J*�Y?Z�Y?Z��'TJ[32J�RFNPI�T[-�SPI�IEYJ�YQIJ*�DFJ�S*�'UN �LFU�S6']&�J4&�P�RFU�DFJ�EI&P�S2R*&P�J[32J�YO[*�T-

FNEJB�YJ�4H?�FOTE�YKN�TZ&L6&�&I�DFJ�L&Q1�XI&E'O1J�/IQY�S*�S>�YZ'TJ[32J�P�EQU.

YO1J�TT'>�MZJ2K>�L �4H?�S>�XJ[32J�P�REJ>�EI&P�DFJ�S*�&I�'TJ[32J�H'K1�RFNPI�P-�SPI�IEQJBI�DFJ�L&Q1�IE�&I�I&E�LQ[
YJ�4H?�SFE'1J�K&�EI&EYJ�SJ&E&�5[1]�J[32J�MZJC �4H?�'1�I'>�MZ&�P�EQUF*'Z .Y8PJC�'*�S*'VJ�SPI�PE�MZ&�IE�'UN �J[R71�P�'T

FU'*�YJ�YG+:�X�RFU�S27B�X'T�SPI.

E?U��



\;$�RŴ.)H(�ÔQ>:

�S*�LF[UQ-�EK0�WJ'8�X&J*�&I�'TQCF&�K&�X&�RF[<[-�P�/[QP�RKQ?�Y*C�LQ[QJBI�YJ�IT&J6�L'BFOO>�E[G@1�K&�XI'[R*�X'TK'[N
FZ'KN .FU'*�)Q'OJ�E$'RJ�H'K1�X&J*�Y*C�LQ[QJBI�S>�0U&E�I'-2N&�L&Q1�YKN .�/*'1�9ZJ)�K&�'T�YO[*�T[-�P�BQ'-�/':P&�Ŷ 1*

�LQ[QJBI�S&�S9[2N�06JB�J-N�IE�D'JJN�P�Y1K8�&I�'T'*C�L&Q2*�S>�YJ'COT�P�FNI&E�S**&I�IT'*�YJQG1J�Y*C�J[2�Y*C�J[2
FO>�YJ�J[[31�'TJ2J&I'-�K&�Y*C�Y1*'1�/IQY�S*�BQ'-�S>�0Q&�MZ&�IE�(;6�Y*C�LQ[QJBI�'*�L �4]2C&�P�EQ*�FT&QC.

\;$)̂?�RŴ.)H(

�LKP�TZ&L6&�XQCF&�M2C'Q�SG%RJ)y (�L&Q8�/'N&Q[?�S*�YZ&H2�IZMI�K&�Y1*'1�L&QO1*�&I)x (IZJ[B�YJ�J-N�IE�&I .�M[*�S**&Iy��Px�
�SNQC;�&I�I[O>�XK'QQCF&

0R[N�)Q'OJ�SG%RJ�MZ&�X&J*�E[FE�FO;�S*��\'K2?&�RE'Q�Y*C�LQ[QJBI�XQCF&�0Q&I�(C�=Z .�S*�M[$'-�4J)�K&��\'K2?&�BQ'-
EQU�YJ�EPF@J�FZ �YJ�T[-�LEJ>�E[K?1�LPF*�S>�XFUI�L&L[J�WG[QP .�Y6']&�FUI�IKZL>'J�WG[QP�S*�\'*�0KQ�K&�BQ'-�FZ'U

&Q1�YJ�S>�Y?ZMQFQ[*EQU�EPF@J�FU'*�YZ&H2�VJ[8�E[K?1�J)'C�S*�FN .�&JZK�FOU'*�S2U&E�&I�I'26I�MZ&�FON&Q1�YKN�0Q&I�_Q*C
FOO>�YJ�/*:�&I�YZ\'*�'Z�YO[$'-�X'TKJJ�H'9N&JQ�P�FOO>�YJ�&F[-�TZ&L6&�Y2*'4�L&L[J�S*�YO[*�T[-�IE�TZ&L6&�F?&P�JT�»&K&�S*�'UN  .

�E?U�S*�YO@OJ�=ZS�EI&E�J2J&I'-�SQ�S>�FO>�L'[*�Y6'>�RK&FN&�S*�&I�I'26I�MZ&�0Q&�M?KJ .�'Z�IK[N�YJ�I&F;J�S*�J2J&I'-�SQ�MZ&
�YJ�DJ2O>�&I�IKZL>'J�S*�IK[N�YJ�K&�TZ&L6&�L&L[J�S>�YJQQ�J2J&I'-�P�EQU�YJ�RF[J'N�)N'9J�S>�RFU�S6']&�I&F;J�:&F+J�K&�[J0

FNQU�YJ�_Q*JJ�FO> .�/IQY�S*�0Q&�W&QC�MZ&�X&I&E�S>�YZQCF&FU'*�YJ�JZK.

�X&K&�S*��JB&xi��BQ'-�FO>�FUI�E'ZKyi��S*�)N'9J�=Z�/IQZ*��X&K&�S*�P�FO?[J�E[Jxi=0��IZI&E�I'-2N&yi�
J*&J*��EQU .�HQQ�J2J&I'-�0Q&�L&L[J�J2J&I'- .SFE'1J*�'9J�LQ[QJBI�X&J*�M?KJ�X'TQCF&�K&�Y?Z�(;6�LQ[QJBI�P�0Q&�Y+N

0Q&�Y*C�J[2�X'TQCF&�K&�Y?Z�(;6�Y+N'9J .FTE�YJ�TZ'KN�&I�Y*C�J[2�X'TQCF&�SNQKN�IUJ�X'T�S+O8�&HU1J:

)� (0Q'TJ2J&I'-�K&�Y*CJ[2�Y1*'1�FO>�YJ�_Q*JJ�'T�YO[*�T[-�S*�&I�BQ'-�S>�Y1*'1 .�XQCF& *�S*�0+RN�0Q&�Y*CJ[2 .

)� (�XQCF&�=Z�4]CJ*FU'*�S2U&E�EQ8P�'TJ2J&I'-�P�'T�YO[*�T[-�M[*�I[;2RJ�X&�S**&I�0R[N�HK\�Y*C .�IE *�T[-�=Z�(;6
EI&E�EQ8P�J2J&I'-�SQ�YFP�YO[*.

)
 (FO2RT�IT�DE'1J�XE'ZK�Y*CJ[2�LQ[QJBI�X'TQCF&�MZ&J*'O*�0R[N�EJ7*JZ@OJ�LEJ>�XJ2J&I'-�LQ; .



&(V�)�

I�IE�'TJ2J&I'-�EIP J*�EI&FN'2Q&�SPI0Q&�/'1*JJ�MZJ2K>�:Y*CJ[2�LQ[QJB .�YG>�Y*C�J[2�XQCF&�X&J*

�L �IE�S>��:�'T�YO[*�T[-�I&EJ*4�:�X'TJ2J&I'-�I&EJ*f�K&�Y*C�J[2�Y1*'14���P�S>�:0Q&�HQG1J
RFOO>EIP J*���K&�XI&F;J4�'K[:'*�/'1*JJ�.QK9J�/*'1�S>�0Q&�:FO>�IK[N�YJ�&I�LPKQJ�RFN

JB&��P�E;2RJ�'T�R'CN �FOU'*�YZ'KO2QIE�EIP J*4�0Q& .��IKZL>'J�YZ'KO2QIE�EIP J*��J*&J*
���X'8�S*�6JDJ�IE�)G2&�S>�0Q&n��K&n-q�EQU�YJ�RE'72Q& .

F �̂/�L�RŴ.)H(

L'KTIQ)S>YJ:I[N&EX&J*H'9N&E[G@1LQ[QJBI:Y*CJ[32JS2R*&PFZ'*YK>PIE>*QT9OQSGY'6X&/Y+RNFU'*.'J&
YT'B/':P&8'71&YJF26&S>J[32JS2R*&P9[;@1IEO'[;JSGY'6X&/ Y+RNREQ+NPO'[;JL /IQY�S*YKQ&) PEYU8P'Z
FO;YU8P( 0Q&. �:D'?D&QQMZ&'80Q&S>X&J*MZ&I'>FZ'*S;:EJ>IEYF'?T[-�S>[J6YQ'Q&E[G@1:LQ[QJBI
O'[;JSGY'6X&/ Y+RNJ[32JS2R*&P0Q&. �IEM[O;:Y2F'?HJNYZ'TI&L6&L'?J&�MZ&&IX&J*'JIT&J6REJ>0Q&'1I[N&Q2*
EJ&Q0T[-YO[*RFOO>/&J[[31=ZJ[32JYKQ&&IL[NYZ'Q'OUI[O>.�:SPI�MZ&S>LQ[QJBI=[2R9FH'N:EI&EIEJC&P&
STE0431 P'ZP&STE0491 S*L&QO0YGZF*X&J*SPIY*C�LQ[QJBIPM[O<KTE[G@1/*'1YZ[DV1=J*JFU. ��]5J=Z
E[G@1JBYF'JM?KJ0Q&EZ'JFU'*'*S*�S8Q1X'TJ[32JE;2RJFON'J:SPJ6SOZLTX'T:F[FQ1IUQI&K'*PQ:EQT[-YO[*
FO>S>'Z 0>JUIED'Q0R?UIP�RFOZ YJEQU'Z�J[CLQ;O'[;JJ[32JS2R*&PYKQ&:0Q&SPIE:&F?.QK9J
/'1*JJX&J*E?MZ&:'TEJ*I'>�.QN)Q'OJ'N0Q&PS*X'8L S*I';'NFZ'*K&SPIXJCZEFON'JLQ[QJBI=[2R9FRE'72Q&
EJ>. �YN'JKS>J[32JS2R*&PIE>*QYKQ&0Q&PX'TJ[32JE;2RJY+[1J1�ITPSGY'6X&:FO2RTSPIX'TLQ[QJBIY*C
YFQK1JPE[G@1:YZ[DV1I&F;J'TEIP J*&II>J1K&Y1:&P�I&F;JL'VNYJFOTE.�MZ&J*'O*LQ[QJBI�K&=[2R9FX&J*M[KD1
D'K2?&.Q:P=ZE&FZPIW'CRE'72Q&YJEQUPJ[32JS2R*&PIEL *SYO1J)'TIQ8'N�0+RN0Q&odds ratio ( S>SPI
XJCZEX&J*L'[*D'K2?&0Q&. X&J*:D'5JJB&D'K2?&.Q:P=ZE&FZPIFON'JLEIP J[U'Z(CIE('1J-=Z�FU'*�S?Q
��
:FU'*0+RNX'TIQ8'N��L P'ZS*0+RN=ZS*=Z0Q&.



SV[KTS*[J6M2U&E0+RNX'TIQ8'N=Z:RFZF-YJL&Q1D'K2?&.Q:PL E&FZPI&IS+Q'@JEJ>.YO1ZD'K2?&�S**&IP
0+RN'TIQ8'NS*MZ&/IQYE*':5ZJ110Q&:

S;JB&YJL&Q1K&LQ[QJBI=[2R9FX&J*S2QEXFO*X'TY+[1J1YO1ZS;+)XFO*X'T)1JJRFU'*PE'Z0F'?�FO;) FON'J
/\&QQDP&F2JIESJ'OVQJ-'T( L[NRE'72Q&:EJ>'J&JB&J[32JS2R*&PFON'JIQ&FO;JUU@IL*X&I&E
MZFO;S;+)XFO*X'T)1JJ'NFU'*:'KUYJF[N&Q1K&E[G@1=[?71RFOO>'ZFO;RJ[32JRE'72Q&F[O>.�LQ[QJBI:=[2R9F
S[+ULQ[QJBIY*C0Q&'*MZ&/P'71S>RQ@NS+Q'@J)Z&J]IEMZ&PESPIZL'R?FU'*�YKN. �MZF*YO1JS>LQ[QJBI

:=[2R9FS*X'8E:&F?LEJ>IPH9J'T'*C) XI'>S>LQ[QJBIY*CH'9N&FTE�YJ(:YF'K2?&&IS>=ZS1:&PAIYJ
:FTEJ5>&F?YJFO>.:M[O<KTIEE[G@1LQ[QJBI:Y*CX&J*LQJK DFJ�SK&J*PYO1JI&ELEQ*J4&JTJ[32JIE:DFJS*
1J1)[K&RI'J X'TF Pt RE'72Q&YJ:EQUIEYF'?S>IE:�=[2R9F�LQ[QJBIK&RI'J X'TX'>J$Q?Q&)X2(��P
FF&P)wald (RE'72Q&YJEQU.

LQ[QJBI=[2R9F0+RNS*E[G@1YZ[DV1L[N0[@8I&EI&EPIUJMZJ1E[FEL ��MZ&0Q&S>IEE[G@1YT'B�YZ[DV1
/':P&D'K2?&.Q:P=ZFZF-R6I'CK&5[)
'1�I&J:YJEJ[BPX'TJ[32JT[-M[*FZ'*X&I&E/ZKQ1D'JJNFO;RJ[32J
FOU'*. �IEYF'?S>IELQ[QJBI:=[2R9FD'K2?&.Q:P=ZRFZF-IEEC&EREPF@J
'1��I&J:EI&EP0Z'0IT[-[J6
D'JJNLEQ*X'TJ[32JT[-M[*HK\0R[N.

DFJLQ[QJBI2R9F=[
E[G@1DFJLQ[QJBI=[2R9FS*L8IEEIQJJ[32J:S2R*&PS*'VJLQ[QJBIY*C0Q&S>IEL :

= y0+RN'TIQ8'N
= ln(y) I2ZI'CFY1[+)

= x1,x2�)�#kX'TJ[32JE;2RJ
= B0,B1,B2�)��k)Z&J]X'TJ[32JE;2RJ

= eJ[32J'*C0Q&
0RDNFZ'*'*RE'72Q&K&=[O?1X'TXI'J HQQQJS*J5>&F?YZ'KO2QIEmaximum likelihood  )Z&J]&IM[KD1EKP
P.QSFE'1JLQ[QJBI=[2R9F&I0QF*EIP :



I&F;JYO[KD1K&0+RN'TIQ8'N0Q&S>K&9ZJ)S+Q'@JS*0QEYJFZ PH'9N&JQM[KD1D'K2?&.Q:P=Z
E&FZPIK&M[KD10+RNN'TIQ8'S*MZ&/IQY0Q&:

S2?N: �HJNX'TI&L6&XI'J XEF12JFON'JMinitab :SAS PSPSS YJFON&Q1/'+Q'@JHK\&IH'9N&�FOTE)ER>&�'K[;2RJF:'6
DPFJ" Modul " X&J8&E[G@1LQ[QJBI=[2R9F0Q&(.

S2?N: �IEYF'?S>SOJ&E/&J[[310+RN0D*'T�M[*
'1�L'QQN&E:EISOJ&E/&J[[310[8QF0+RN0D*'T
M[*��'10Q&.

0[8QFLogit 

XIQ@JMZJ1HQU7JY]'ZIIELQ[QJBI:=[2R9F0[8QF�0Q&.0[8QFS*X'O1JI2ZI'CFY1[+)( ln ) 0D*X'TJ[32J
S2R*&P( Y ) YJFU'*S>DFJ:L S*DFJ0[8QF4PJ1J0Q&. RE'QMZJ1D'5JK&=Z0[8QF&IYJL&Q1)F':�IE=Z
DPF8Y;6&Q12*2 RFT'VJEJ>. �IEDPF8:JZK/ZKQ1J[32JS2R*&P0>JUIE/'*'D2N&)Y (J*O'Q&J[32J�=ZE;2RJ
0[RO8)(XRFJ 0Q&. IEMZ&:D'5J:0[8QFI2ZI'CFY1[+))ln (0D*X'TY 0Q&S>I&F;JY &IXPI��K&X T[-YO[*JY
FO>.

RI'J �FF&P)Wald(
IELQ[QJBI:=[2R9FRI'J FF&PYO1JI&ELEQ*IQ̂?JTJ[32JE;2RJIESFE'1J&IL'VNYJFTE. IE:S9[2NRI'J FF&P
DE'1JRI'J t IELQ[QJBIY*C0Q&. �LQJK FF&PK&S**&IJZKS+Q'@JYJEQUS>IE:L 3iS*X'O1J'2*)ZJ]PJ[32JXiP
S.E. X'*CEI&FN'2Q&L 0Q&. IE:/:&PRI'J FF&PMZ&[J6J7Y&IS*LQJK YJEI&HBS>YJ'K1�I&F;J3'TJ*&J*0Q&�'*� .



YO1ZL&L[JJ[4'1YJ'K1X'TJ[32JE;2RJJ*J[32JS2R*&PJ*&J*J7Y0Q&. :P-JB&I&J:0Q&[J6J7Y&IEII&F;J�:I[O>
E:&F?Y?Z�K&3�FZ'+N�'TJ7Y*FU'.�S2?NX&S>EQ8PEI&EMZ&0Q&S>YN'JKI&F;J�S>3@IL*:FU'*FF&P)ZI&&F[-YJFO>
PY1:QJS>S8IEXE&K =ZJ[32JJ*&J*'*EF0�:FU'*IEL /IQYI&F;JRI'J FF&PK&IH80+RN)ZJ]YNQ[QJBI)3 (
L J[32JS*X'*C)S.E. (L 0QF*YJFZ .

'J&X&J*X'TJ[32J1:Y+[1JS>S8IEXE&K 'UN SV[KTK&EF0=ZJ2V[*:0Q&S8IEXE&K RI'J FF&P=ZJ[32J0Q&J*&J*'*
E&F11/';+)L J[32JX'UOJEF0=Z)N *1.(
�'T�0D*)Odds(
0D*'T/I'+00Q&K&D'K2?&AILE&E=ZS1:&PJ*D'K2?&AILE&FNL S1:&P. �0D*'TK&9ZJ)DQJJ6JZK'@JYJ�S+Q
FNQUS>IE:L P1D'K2?&AILE&E=ZS1:&PP1 *p1D'K2?&AILE&FNL S1:&P0Q&:

X&J*<IEJ2U*HQU7J0D*:'TD'5J_Q*JJS*DFJ0[8QFIE/'@7YE+:&II&J?1YJI[O>. IEMZ&:D'5J0>JU�0D*
L&EJJIE/'*'D2N&/I'+00Q&K&E&F11YN&EJJS>IE/'*'D2N&0>JUREJ>FN&p1:0+RNS*E&F11S?[N&EJJIE/'*'D2N&
0>JUREJ?NFN&1- p1:YO1Z90/20=4.5  .IERPJBL'NK:L[N0D*0>JUL'NKIE/'*'D2N&0Q&�J*&J*'*E&F11YN'NKS>IE
/'*'D2N&0>JUREJ>FN&p0:0+RNS*E&F11YN'NKS>IE/'*'D2N&0>JUREJ?NFN&1 *p0:1ZYO80/10=8 .
0+RN0D*'T)Odds ratio(
IELQ[QJBI:=[2R9FX&J*M[[11L&L[JJ[4'1JTJ[32JE;2RJJ*J[32J:S2R*&PK&RI'J X&S*H'N0+RN0D*'TRE'72Q&YJ
EQU. 0+RN0D*:'TIE/:&P0+RNPE0D*S*JCZFKT0Q&PS*X'O1J0+RND'K2?&.Q:P=Z
FJ'[-'*[J6Q̂00ZIERPJBDP&S*D'K2?&.Q:PL FJ'[-'*[J60ZQ̂0IERPJBHPEYJFU'*. S*:Y1I'+00D*�0+RN
'TL'VNRFOTE=ZF?&PJ[[31IE0D*X'T.Q:P=ZFJ'[-S*X&K&=ZF?&PJ[[31IEJ[32JE;2RJ0Q&. PJOZ&�K&YJL&Q1

0+RN0D*'T&I�DE'1J3�IELQ[QJBIY*C0RN&ES>J*&O'QDQJJ6JZKPK&9ZJ)0D*�PE�I[R;1J*JCZFKTS+Q'@JYJ
EQU:

S>IEL 
P1 =D'K2?&.Q:P=ZFJ'[-'*[J60ZQ̂0IERPJBDP&)�(
P0 =D'K2?&.Q:P=ZFJ'[-'*[J60ZQ̂0IERPJBHPE)
(
X&J*<IEJ2U*RQ@NS+Q'@J0+RN0D*:'TD'5J_Q*JJS*DFJ0[8QFP0D*'T&II'*JCZEI&J?1YJI[O>. IEMZ&:D'5J
X&J*S+Q'@J0+RN0D*:'T&F2*&HK\0Q&0D*0>JUIE/'*'D2N&IEPERPJBL&EJJPL'NK&IS+Q'@JI[O>. IES+Q'@J



0D*:'TS-?]JIZEJ>S>0D*0>JUL&EJJIE/'*'D2N&J*&J*'*90/20 = 4.5 P0D*L X&J*L'NKJ*&J*'*80/10=8 

0Q&. :D'?JB&I&F;JPE0D*&IJ*JCZFKTI[R;1:I[O>0+RN0D*'TJ*&J*0Q&'*8/4.5=1.78   .YO1ZIE:L'NK0+RN
0>JUIE/'*'D2N&=ZELNS*PEJ*&J*L&EJJ0Q&. 0:ES2U&EI[U'*S>0D*�0+RN'TIEDQJJ6'*E'KNOR PIEY8PJC
SPSS '*E'KNExp(B) XDVJRFU&0Q.

CIEJ[R717Z'2N0+RN0D*:'TFZ'*F0&Q:JZK&I0Z'0II[O>:

�-JTR'B0+RN0D*'TJ2BIL*K&EF00 :FU'*J[[31X'TJ[32JE;2RJPS2R*&P0+5JPIT0U80Q&. YO1ZTZ&L6&'*I&F;J
J[32J:E;2RJI&F;JJ[32JS2R*&PL[NTZ&L6&YJF*'Z) IEMZ&0F'?I&F;JB L[N5J0+0Q&(
�-JTR'B0+RN0D*'TJ2?;Q>K&EF00 :FU'*J[[31X'TJ[32JE;2RJPS2R*&PY7OJPIE0U85F'DJIT0Q&) IEMZ&

0F'?I&F;JB L[NY7OJ0Q&(

-JTR'B0+RN0D*'TJ*&J*'*EF00 :FU'*J[32JE;2RJJ[4'1YO1JXI&EJ*J[32JS2R*&PEI&FNPI&F;J'2*'Z J4&LJ7Y0Q&.

C0+RN0D*'T&IYJI[N&Q1S*PERQ[UJ[R71I[O>:

�-IERQ[U:DP&L'KTIQ)S>IE\'*RI'U&:FUJ*O'Q&0+RNJ[[31IEJ[32JS2R*&PS*X&K&=ZF?&PJ[[31J[32JIEE;2RJ
J[R71I[O>. S*L&QO0:D'5J0+RN0D*X'T����IED'5J_Q*JJS*0>JUL&EJJPNKL'IE
/'*'D2N&L'VNYJFTES>L'NK=ZELNS*PEJ*&J*L&EJJIE/'*'D2N&0>JUYJFOO>

-2 IERQ[U:HPEYJI[N&Q10+RN0D*'T&IS*/IQYFYIEJ[R71:I[O>X&J*MZ&:I'>&F2*&0+RN0D*'T&IEF0�K&�I>P
P.QIEEF0�

(J]YJI[O>. S*L&QO0:D'5JJB&0+RN0D*TX'����&IK&EF0�I[O>�I>PIEEF0�

(J]I[O>
EY'?L J*&J*��FYIEFT&QCEQ*S>L'VNYJFTE'*TZ&L6&=ZF?&PJ[32J�IE:0[RO80D*0>JUIE/'*'D2N&S*
RK&FN&��FYIETZ&L6&YJF*'Z.

I9?SNQKNIELQ[QJBI=[2R9F
S;JB&IE/'[*E&_Q*JJS*LQ[QJBI:=[2R9FF0&Q:YY'CX&J*I9?SNQKNPL[NE:&F?0+RNE&F11SNQKNS*J[32J�E&F11
E;2RJE'UOV[-RFVN:0Q&'J&YCJ*L'BFORZQNIERKQ?I'J FO;:RJ[32JE:&F?I9?SNQKNX&J*=ZLQQJBI�E[G@1
=[2R9F(QC&I�

J7NPYCJ*L[N�
J7NL&QO0REJ>FN&. IEWQZCE:&F?0+RNE&F11SNQKNS*J[32J�E&F11E;2RJ:L[N

S*L&QO0=ZRF0'::YG>E:&F?0+RN�
J[32JE;2RJS*�SNQKNHK\0Q&. 'J&L S;IGRJ:FU'*�YJMZ&0Q&S>JTS;
E&F11X'TJ[32JE;2RJJ2V[*:FU'*I9?SNQKNFZ'*J2V[*FU'*. MK]L S>IE:=[2R9F�LQ[QJBIS*I9?SNQKNI'[R*2V[*J
K&I9?SNQKNIELQ[QJBIY*CK'[NIZI&E.



RQ@N5ZJ11X'TJ[32JS;+)XFO*RFU) YKQ&PY+[1J1( IELQ[QJBI=[2R9F
Y?ZK&IUJMZJ1/]?VJIEX&J8&E[G@1LQ[QJBI:=[2R9FEQ8PX'TJ[32JY+[1J10Q&. IEH'COTLQ[QJBI�X&J8&

:=[2R9F[J6J*MZ&0Q&S>YJ'K1X'TJ[32JE;2RJIE>*QT9OQSGY'6X&/ Y+RN:FO2RTYF'?IES>IEEK0M[O;
0R[NPYCJ*K&'UN YKQ&PY+[1J1L[NFO2RT. 'J&K&'9N S>IELQ[QJBI=[2R9F'*D'K2?&�0+RN.Q:P=ZRFZF-S*
D'K2?&HF0.Q:PL RFZF-JQI'>P:EI&EMZ&J*'O*X'TJ[32JE;2RJ'K2?FZ'*S*TJ[32JS+U�X'SGY'6X&) '*PEF>J7YP
=Z( EZF+1FNQU'1I[N&Q2*0+RN/';+)L IEJ[32JS2R*&P&IYQIJ*I[O>. M[KT�S*:J)'CIEHJNI&L6&SPSS IEH'COT
X&J8&IQ2QELQ[QJBI:=[2R9FK&9ZJ)IE'>�1>�����31�)��IEYGY&�IE'>:IQ2QEMZ&L'?J&EQ8PEI&ES>X'TJ[32J
;+)SXFO*RFU) YKQ&PY+[1J1( &IS*/IQYY1OZ1S*SGY'6�X'TJ[32JX&EZF+1I[O>.

X&J*Y1OZ1LEJ>X'TJ[32JYKQ&P:Y+[1J1FZ'*JT=ZK&/';+)) SOZLBX'T( L J[32JS*L&QO0=ZJ[32J
SN'B&F8'*PES;+)5ZJ11RFUPS*S;+)DP&F>
PS*S;+)HPEF>�9G11[BEJ. S*L&QO0:D'5JJB&J[32J
EIQJJ-N'J" >*Q/][Z@1" 0Q&S>IE/';+):M[Z'-(QQ2JP\'*5ZJ11RFU:0Q&FZ'*JTSOZLB&IS*=Z�L&QO0
J[32JPEYU8P('R?REJ>PS*YN'R>S>L L&L[J/]Z@1&IFNI&EF>�PS*YN'R>S>L /][Z@1�L&L[J&IFNI&FN
F>
�9G11BEJ[. YO1ZMZF*/IQY:

J[32JDP&( /][Z@1M[Z'-=�P/][Z@1J[2M[Z'-=

J[32JHPE( /][Z@1(QQ2J=�P/][Z@1J[2(QQ2J=

L'KTIQ)S>IES;+)\'*S-?]JYJ:EQUJ[32J/][Z@1IEH'COTEZF+1S*J[32J:Y1OZ1(;6IE2 S;+)RFU�5ZJ11P
S;+)HQQ) YO1Z][Z@1/\'*( 4H?RFU0Q&. E[FEMZ&JJ&L 0Q&S>IELQ[QJBI:=[2R9FLQ[QJBI�FON'KTY*C:
J[32JY1OZ1X&J*S;+)JC ) YO1ZMZJ2BIL*F>( 5ZJ11YKNEQUPE&F11L RI&QKTFZ'*J2K>�Y?ZK&E&F11/';+)J[32J
YGY&�FU'*)YO1Zk-1 (MZ&EY&X&J*('O28&K&SF'RJY?[O?1FO;ITY*CLEQ*LQ[QJBI�IE=[2R9F0Q&. S;+)X&S>S*
J[32JY1OZ1EZF+1YKN:EQUS;+)/8JJReference category  EI&E�H'NS>X'O+JSRZ';JPE*';1'*JZ'Q/';+)I&J:YJ
EJ[B.

Y1:QJS>/';+)J[32JE;2RJ'*/';+)5G2DJJ[32JS2R*&PS*IQ-OJSRZ';JIEE*';1&J:IYJ:FNJ[BIEH'COTX&J8&IE'>
�1>�����31�)�IEIQ2QELQ[QJBI:=[2R9FL'?J&('D2N&MZFO;.QNE*';1EQ8PEI&E:



�-XC'U)Indicator :(IEMZ&:SPIE*';1'TS*/IQY0ZQ̂0'ZHF00ZQ̂0IE=ZS;+)L'VNRE&EFNQV[J. S;+)
/8JJL[NS*/IQY=Z5ZEIIEPZJ1'JE*';1'*JZE';J) 1 ( L'VNRE&EYJEQU. MZ&:SPI7Z&IMZJ1SPI('D2N&E*';1
'T0Q&S>)G2&L[NK&SPIRE'72Q&YJI[O>.

�-RE'Q)Simple:(IEMZ&:SPIJTS;+)K&J[32JT[-M[*) L8S;+)/8JJ( '*S;+)/8JJJ[32JS2R*&PSRZ';JYJFNQU.


-/P'71)Difference:(JT;+)SK&J[32JT[-M[*) L8S;+)DP&( '*M[CN'[JJ4&/';+)YG+:SRZ';JYJEQU. MZ&:SPIS*
OQ?1JE*';1X'T/JKGT)Helmert(L[N4PJ1J0Q&.

�-/JKGT)Helmert:(JTS;+)K&J[32JT[-M[*) L8S;+)JC ( '*M[CN'[JJ4&/';+)XF1*SRZ';JYJFNQU) YO1ZJ*
P?0SPI/P'71(
�-FO;SGK8X&)Polynomial:(IEMZ&:SPIS>S*E*';1X'TFO;SGK8X&FJ'12J)Orthogonal polynomial 

contrasts (L[N4PJ1J:0Q&[J6J*MZ&0Q&S>SGY'6M[*/';+)J*&J*YJFU'*. MZ&E*';1:'T(;6X&J*X'TJ[32JXEF0
L'?J&JZH-FO2RT.

�-4&J@N&)Deviation:(JTS;+)K&J[32JT[-M[*) L8S;+)/8JJ( '*J4&E>SRZ';JYJEQU.

Y*'ZKI&DFJLQ[QJBI=[2R9F
IEE[G@1LQ[QJBI:=[2R9FX&J*Y*'ZKI&L&L[JSK&J*E>:DFJK&LQJK 0+RN0QIEYZ'KN)likelihood ratio()0+RN

0QIEYZ'KNIEY8PJCSPSS '*E'KNLog likelihood L'VNRE&EEQV[J(RE'72Q&YJEQURI'J �S>L X2YJFU'*. 

:MZ&J*'O*IE:'9OZ&RI'J X2DE'1JRI'J F IEE[G@1LQ[QJBIY*C0Q&. 4FTLQJK 0QIE�0+RNYZ'KNMZ&0Q&S>
/P'71M[*D'K2?&T[-YO[*RFUIQ̂?=ZQCDQ'-IE=ZS;+)PS;+)Y1:&PP&&IE:&F?�S*TT'>FTE. X&J*MZ&:IQ-OJ
MZ&LQJK )Z&J]=[2R9FF[FQ1YJFO>S>FNIE':L'ZQCDQ'-&I'*0:EJTXJ2V[*�S;IES;+)Y1:&PEQCI&J:FOTE.

0+RN0QIEYZ'KNJ*O'Q&/P'71IEI&F;J4&J@N&'TS+Q'@JYJEQU. YO1Z4&J@N&LPF*EQ8PJ[32JT[-M[*DFJ�IE
X'UOJ4&J@N&'*EQ8P[32JJT[-M[*IEDFJ. S*Y1&J+0MUPI:J1IELQJK 0+RN0QIE:YZ'KNI&F;JRI'J X2�=ZI'*
(;6X&J*EF00*'4IESFE'1JLPF*:[TJ[32JT[-M[*) E;2RJ( PI'*JCZEP-K&EPIPJTJ[32JM[+V[-S*SFE'1JS+Q'@JYJ
EQU.

I&F;J4&J@N&K&9ZJ)DQJJ6JZKS+Q'@JYJEQU:

MZ&J*'O*I&F;JE]'71PE4&J@N&K&JCZFKT)D(:S>0+RN0QIEYZ'KNJ*O'Q&L S+Q'@JYJEQUJ*&J*0Q&'*:



G= X2= D ( DFJLPF*J[[31) *( DFJ'*J[[31)
IEJ[R71I&F;J0QIEYZ'KN'*RE'72Q&K&YO1JXI&EI&F;JRI'J X2 IE>*QX'*C=;Q>J1K&0/05 :YJN&Q1Y-�I[IZJ+*
S>'Z DFJLQ[QJBIS*Y*QCRE&E'T&ISK&J*YJFO>'Z�J[CS2+F&FZ'*S8Q10U&ES>J*4]CRI'J X2LQQJ[-IE

DPF8Y;6&Q1PM[O<KTJZ'QLQJK X'TS*'VJS>K&RI'J X2 RE'72Q&YJFOO>PIE'UN I&F;JJ1\'*X2L'VNRFOTEL&L[J
J2V[*S**&I'Z/P'71:0Q&IELQJK 0+RNYZ'KO2QIEJ*P?0:0Q&YO1ZIE'9OZ&JTS;RI'J �I&F;JX2 J2?;Q>FU'*
SK&J*DFJJ2U*0Q&. J*O'Q&/'@[]Q1YJL&Q1M[O;0UQN:

�-*X&JY-LEJ*S*SK&J*E>DFJLQ[QJBI:=[2R9FK&RI'J 2�RE'72Q&YJI[O>.

�-�X&J*Y-LEJ*S*YO1JXI&EJ4&JTJ[32JJ*J[32J:S2R*&PK&RI'J FF&PRE'72Q&YJI[O>.


-�X&J*Y-LEJ*S*L&L[JJ[4'1JTJ[32JJ*J[32J:S2R*&PK&RI'J Exp(B) RE'72Q&YJI[O>S>L'KT0+RN0D*'T0Q&.
*:MZ&J*'ORI'J FF&PWald HF;JJ*RI'J Exp(B) YJFU'*.

LQ[QJBI9F=[2RYKQ&PEYU8P
E[G@1LQ[QJBI=[2R9FYKQ&PEYU8PYN'JKEIQJRE'72Q&I&J:YJEJ[BS>J[32JS2R*&PIE>*QYKQ&PEYU8P0Q&P
'O*IZI&EEQ8P'ZHF0=Z07Y&IJ*O'Q&S0QK9JX&K&X'TJ[32JE;2RJT[-YO[*I[O>. IE�MZ&J*'O*LQ[QJBI=[2R9F

YKQ&PEYU8P'JYKNI[N&Q1FON'KTLQ[QJBIY*CFO;:RJ[32JI&F;JXEF09[:EJ[32J�=ZS2R*&P&IJ*O'Q&Y1'0])&S>
/8&IS*X'TJ[32JE;2RJIZI&E:M[[11I[O>. S?G*IEMZ&:SPI'JD'K2?&�0++RN)P(I'>PJQIZI&ES>L &I'*F>)�(L'VN
YJFOTE'1F>)
 .(D'5JX'TXEF12J&IYJL&Q1J*EJKUIE�S>L '*=ZJ[32JS2R*&PYKQ&YU8PPEI'>PJQIZI&E: S?OZ&
&J;YCJ*L'>EQ>IEH'COTFFQ1YJFNJ[JPJCZE�YCJ*RFNKYJ�FON'JMZ&S>&J;YCJ*L&FNPJUUIE/'*'D2N&0>JUYJ
FOO>PYCJ*JCZE0>JUYKN�FOO>MZ&&J;�S>YCJ*L'ZQ9VN&E96QJS*06'ZIEFJ<IYG[Z@1YJFNQUPYCJ*JCZE
96QJYKN�FNQUMZ&S>&J;YCJ*I';E�HEJJXI'K[*X'TY+G:YJFNQUPYCJ*JCZEYKN�FNQUMZ&S>&J;YCJ*R'CO*'T
96QJFN&PYCJ*JCZE�FO2R[N�96QJ'UOZ&YCKTY1\&QQFO2RTS>HJNI&L6&SPSS MZ&L'?J&&IX&J*'JIT&J6YJFO>'1
I[N&Q2*EJ&Q0T[-RFOO>�YO[*/&J[[31=ZJ[32JYKQ&YU8PPE&IL[NYZ'Q'OUI[O>. IE:/:&PIEMZ&.QNLQ[QJBI:=[2R9F
YJD'K2?&�I[N&Q1.Q:P=ZS1:&P&IS*IQ)I[;2RJEIP J*I[O>.

T[-[J6'T
�-�J[32JS2R*&PFZ'*�'K2?FZ'*IE>*QT9OQYKQ&YU8PPEFU'*



�-�J[32JX'TE;2RJYJFON&Q1ITIE>*QYK>) SGY'6X&/ Y+RN( PITIE>*QY7[>S;+)XFO*RFU)YKQ&/ Y+[1J1( 

FOU'*. 'J&L'O;S;=Z'ZFO;J[32JE;2RJIE>*QYKQ&/ Y+[1J1FNEQ*:'K2?FZ'*&F2*&MZ&'TJ[32J&IS*X'TJ[32JY1OZ1
EZF+1I[O>) YO1ZX'TF>0 P�. (2+F&SIESPILQ[QJBIXIE'>�:=[2R9FS*H'N�1>�����31�)��EQ8PEI&ES>'*('D2N&P
X&J8&:L X'TJ[32JY+[1J1S*IQ)I'>EQCX'TJ[32J�S*Y1OZ1EZF+1YJFNQU. :MZ&J*'O*XK'[NS*F>XI&HBEF9J'UN 
(QQ19;@J0R[N.


-�HPLF0[1+1RE&EX'TX'TJ[32JE;RJK&/ZKQ1D'JJNXIPJ]0R[N. 'J&L'O;S;MZ&'TJ[32JX&I&E/ZKQ1D'JJNFO;RJ[32J
FOU'*:IEL /IQYSK&J*DFJJ2U*FT&QCEQ*.

�-�FO;Y*DKTLEQ+NX'TJ[32JE;2RJ:K&JCZE/']PJ7JLQ[QJBI=[2R9FYJFU'*.&J;S>IE/IQYFO;Y*DKT
LEQ*MZ&:'TJ[32J'TEIP J*X&I&E)ZI&REQ*PX'T'*CEI&FN'2Q&L[NL'QQNXE'ZK0U&E�FT&QC. I[QJ1I&EQKNTO>&J-S*'J
=K>YJFO>'1K&FO;Y*DKTLEQ*'ZLEQ+NX'TJ[32JL'O[K)&�E;2RJEY'?I[O>.

S2?N: L'O;S;T[-[J6X'TD'JJNLEQ*FO;RJ[32JPXJ*&J*PZJ1'JX'TPN'ZI&PPPN'ZI&PQ>M[J'1:FNFUIEL 
/IQYE'UOV[-YJEQUS>K&SPIE[G@1YZ[DV1:S*X'8SPIE[G@1=[2R9FRE'72Q&I[O>.

D'5J:XJCVTPN-IEEFY0Q&'1MZJ2KUJEJ&Q0J4QJJ*@JJPJ[JL&E&KQN&IYZ'Q'OUFO>PY-EJ+*S>@JJPJ[J�MZ&
L&E&KQN0@1J[4'1S;YGJ&Q0�0Q&S*Y1I'+0MZ&JCVTPN-FZ:EI&E1'Y-EJ+*S>'Z '*RE'72Q&K&=ZXJQYJ�'TJ[32J
FN&Q1M[[11FO>S>D'K2?&RFNKLFN'J'Z/Q6L&E&KQNIF;;�0Q&
IEMZ&9[;@1�

E&KQNRK'1FFQ2JRFUS*L&QO0I9?SNQKN('D2N&PIE:L 0[1]P@JJPJ[JL&E&KQNS*J[32J�L&QO0

S2R*&P:P5 J[32J0[RO8:0[1]PPEQG:LEQ*:S+1I:FFQ1MQIE'JP/][Z@1IE'JS*L&QO0E;2RJ�X'TJ[32JIEJ-N
S26JBRFU�FN&.MZ&JCVTPN-P.Q'*RE'72Q&K&IQ2QE)Transform > Recode (J[32J&I/IQY�S*JZK5ZJ11PF>XI&HB
REJ>0Q&.

J[32JS2R*&P: J[32JS2R*&P0[1]P@JJPJ[JL&EKQN)Mortality(0Q&S>IEPES;+)JZK5ZJ11PS2QEXFO*YJFNQU:
S;+)DP&: �/Q6RFU)�F>�(:S;+)HPE: RFNK)�F>
(
J[32JE;2RJ:

�(J[32J0[RO8E&KQN)Gender(IEPES;+)JZKS2QEXFO*YJEQU: S;+)DP&: EJJ)�F>�(:S;+)HPE:�LK)�F>�(
� (J[32J0[1]PPEQG:LEQ*E&KQN)Twin (IEPES;+)5ZJ11YJEQU: S;+)DP&: =ZQG:)�F>�(:S;+)HPE: PEQG:)F>�(

 (J[32JS+1IFFQ1E&KQN)LiveRank(IE07TS;+)5ZJ11FU :���P���P
�P��P��P��P�



� (J[32JMQIE'J)Mether Age(S*/IQYSGY'6X&K&��D'Q'1
�D'Q5ZJ11FU.

�(J[32J>*Q][Z@1/IE'J)Education(IESQS;+)YGZ@15ZJ11FU: S;+)DP&: Y*E&QQPY$&F2*&)�F>�(:S;+)HPE: 

YZ'KOT&IP(QQ2J)�F>� (:S;+)HQQ: S[F'0)�F>
(

RQ@N&J8&IESPSS

�-IQ2QE
�1�AB��	������==����	����1�A�����=>�3�)��&I&J8&YJ�I[O>.

�-�J[32JS2R*&P)Mortality (&IEI&PIE'>Dependent PX'TJ[32JE;2RJ) IE'9OZ&5 J[32J( &IEI&PIE'>Covariance YJ
I[O>. P.QIEIE'>Method SPIForward: LR &I('D2N&YJI[O>.




-�SK>E�1>�����31�)�&I=[G>YJI[O>. IERJ9O-XFZF8S>K'*YJEQU:X'TJ[32JS;+)XFO*RFU)Education , 

Twin , Gender(&IK&0KQ,;('D2N&REJ>PS*0KQ0Q&ID';2N&YJI[TE) JB&IEIE'>Contrast YUPIJ[2K&
Indicator &IS*L&QO0SPIE*';1PFirst &IS*L&QO0S;+)/8JJ('D2N&IZEJ>IEL /IQY'K2?FZ'*J*XPISK>E

Change =[G>I[O>'1/&J[[31D'K0&EQU(.

�-�J*XPISK>E.1"��)�=[G>YJI[O>. IERJ9O-XFZF8S>K'*YJEQUSOZLBX'TGroup membership , 

probabilities &IIE0KR:predicted values :SOZLBCooks &IIE0KR:Influence �PSOZLBStudentized &IIE0KR:
Residuals ('D2N&P:P.QJ*XPISK>EContinue=[G>JYI[O>.



-5 SK>E��>���=�)�&I=[G>REJ>PIERJ9O-XFZF8S>K'*YJEQU:SOZLBX'TClassification plots�PHosmer *

Lemeshow goodness *of *fit &IIE0KR:Statistics and plots ('D2N&I[O>�YJ. P.Q:SK>EContinue &I=[G>
YJI[O>.

�-J*XPISK>EOk IE'>IEYGY&IQ2QE���1�A�����=>�3�)�=[G>YJI[O>.

DPF8JZKS*L&QO0M[FP&Y8PJCLQ[QJBI=[2R9FL'VNYJFTES>K&.QK9J�

J7N:�
E&KQN) �
FYIE(EIQJ
E[G@1I&J:S26JBP�
E&KQN)�
FYIE( S*0G0M2U&EI&F;JRFVKBPHQG1J'NEI&PE[G@1RFVNFN&) S2U&E�S8Q1'*F[UYN'JK
S>I&F;JY?ZK&X'TJ[32JS2R*&P'ZE;2RJX&J*=ZQCDQ'-HQG1J'NFU'*:LQ[QJBIL �=[2R9FQCDQ'-&IK&E[G@1
6I'CYJFO>FON'J01 E&KQNIEMZ&D'5J(.



DPF8JZK'*L&QO0)Dependent Variable Encoding(X'TF>S[FP&X'TJ[32JS2R*&P&IS*X'TF>FZF81YJ�J[[3FTE. IE
9[;@1:J]'?J[32JS2R*&PEIQJ:J-N0[1]P@JJPJ[JL'N&E&KQNYJFU'*S>K&PES;+)LE&KQNRFU�/Q6)�F>�'*�(P
L&E&KQNRFNK�RFN'J)�F>�'*�(E[?V1RFU0Q&.'J&L'KTIQ)S>IEMZ&DPF8YJF[O[*:LQ[QJBI�IQ2QE=[2R9FX'TF>

)� (�P)� (TF>�S*�&I�X')
 (�P)� (EZF+1YJFO>. YO1ZF>)�(X&J*RPJBL&E&KQN/Q6&I�RFUS*F>)
(PF>)� (X&J*RPJB
L&EKQNRFNKRFN'J&IS*�F>)�(EZF+1YJFO>. :MZ&J*'O*Y1:QJS>)ZJ]J[4'1)B (=ZJ[32JE;2RJJ*J[32JS2R+1&P0+5J
:FU'*MZF*YO1J0Q&S>IES9[2NMZ&J[32J2RJ:E;FT'UTZ&L6&D'K2?&�IERFNKLFN'JL&E&KQNI[T&QCEQ*PJ*:P?0
)ZJ]J[4'1Y7OJ0F\EJ*TT'>D'K2?&RFNKLFN'JPIETZ&L6&�/:&PD'K2?&/Q6L&E&KQNEI&E.

DPF8JZK/'0])&Y7[YQ1IEWQZCRIQ@NEIQCJ*'*X'TF>J[32JY7[>S;+)XFO*RFU) YKQ&PY+[1J1( I&S$&I&YJ
FTE. IEMZ&:DPF8IEEIQJX'TJ[32JPE:YU8PX&J*S;+)DP&K&JT:J[32JF>)�(PX&J*S;+)HPEF>)
 (IEJ-NS26JB
RFU0Q&. 'J&IEEIQJX'TJ[32JFO;YU8PFO-'J:/][Z@1&F2*&IESRZ';JDP&�/';+)PHPE'*:ITX&J*S;+)DP&F>)�(P
X&J*S;+)HPEF>)
(&IIEJ-NS26JBYJEQU. :P.QIESRZ';JHPE�/';+)PHQQ'*:ITX&J*S;+)HPEF>)�(PX&J*S;+)
HQQF>)
(&IIEJ-NS26JB0Q&. IEEIQJJZ'Q/';+)�X\'*6( :L[NS*M[KTQ@NEK0YJEQU. YO1ZJTS;+)'*S;+)J1\'*K&
EQCSRZ';JPF>XI&HBYJEQU. (



Y8PJCE[G@1LQ[QJBI=[2R9FEJ'UPE<QG*0Q&:Block 0 =MZ&:<QG*Y8PJCSG?JJJ7YIE=[2R9F�LQ[QJBI
&IL'VNYJFTE. YO1ZSG?JJX&S>KQOT:[TRE&EX&EI&PE[G@1RFVN0Q&. X&J*J[R717Z'2NLQ[QJBI:=[2R9FK&MZ&

<QG*RE'72Q&YKNI[O>.Block 1=<QG*YGY&LQ[QJBI9F=[2R0Q&S>IEH'COT7Z'2N�J[R71FZ'*L &ISI&LBI[O>. 

MZ&:SG?JJ7Z'2NP-K&EPIP'TJ[32JS*E[G@1&IIEYJJ*EJ[B. IES*�:SJ&E&7Z'2NJTPE<QG*S*=[?71RI'U&YJEQU. 

�-��<QG*�Y8PJC
:
Y8PJCDPF8JZK7Z'2N_Q*JJS*Block 0 'ZE[G@1S[FP&&IL'VNYJTEF. IEMZ&:<QG*:[TSG?JJX&)YJ'B(X&J*EPIP
RE&E'TS*DFJ&J8&RFVN0Q&. S*M[KT:J)'CJ*)R;Step 0 ) SG?JJJ7Y( &IIEYJ'K1Y8PJCMZ&�X'T<QG*RFT'VJ
YJI[O>. IEMZ&<QG*'*RE'72Q&K&SPIE[G@1LQ[QJBIH'BS*H'BForward: LR :E;2RJ�X'TJ[32J) IEQY/IYO1JI&E
LEQ*(:S*)[1J1I&F;JRJKNK&\'*S*M[Z'-:EI&PDFJYJFNQU. S2+F&IEHJNI&L6&spss�YN'JKS>I&F;JRJKN'TJ[32JJ2V[*
:FU'*EPIPL 'TS*DFJS*/IQYT[-RFZLBPEQCS*EQCH'9N&YJEQU.

DPF8S;+)XFO*JZKL'VNYJFTES>'*�L'O[K)&�/���IEFY'*RE'72Q&K&.QK9J�J[32JE;2RJIEMZ&IZIE':�9[;@1/&J[[31
J[32JS2R*&P@JJPJ[JL&E&KQN&IM[[+1I[O>.

IEDPF8:JZKLQ;KQOT:[TXJ[32JEI&PDFJ:RFVNMZ&J*'O*'UO17Z'2N_Q*JJS*EF00*'4IEDFJRFJ 0Q&�0+RN�S>
�'*�J*&J*�L&�FF&P�RI'J ��
/���N�P�L �X'T�0D*�0+R�

/
�FU'*�YJ.

IE9[;@1J]'?5 J[32J:0[RO80[1]P:LEQ*QG:PES+1I:FFQ1MQ:IE'JP/][Z@1IE'JS*L&QO0X'TJ[32JYO[*�T[-
RFOO>D'K2?&@JJPJ[JL&E&KQNEIQJE[G@1I&J:S26JBFN&. '*S8Q1S*7Z'2NE[G@1S[FP&IE�<QG*
:X'O52Q&�S*J[32JX'TS+1I
FFQ1PMQP�IE'JL&L[J(QQ2J/][Z@1�K&�J2BIL*�XI&E�YO1J�>*Q�'*
�/




 )�XI&E�YO1J�>*Q�'*�)[1J1�S*���/
��P���/
��P���/
 (X'TJ[32J�JZ'QEI&PRFUIEE[G@1LQ[QJBIIE':S*T[-YO[*
/&J[[31J[32JS2R*&P@JJPJ[JL&E&KQNYJFOU'*.

�-��<QG*�Y8PJC�
JIUMZJ1Y8PJCE[G@1LQ[QJBI=[2R9F:Y8PJCBlock 1 0Q&S>J[R717Z'2NLQ[QJBI=[2R9FFZ'*O'Q&�J*MZ&

Y8PJCH'9N&EJ[C*. MZ&:Y8PJC7Z'2NLQ[QJBI=[2R9F&IS*=[?71IEJTSG?JJL'VNYJFTE. :.QK9J�IEE>
Y8PJCLQ[QJBI=[2R9FIE�<QG*�&IYJL&Q1S*�TD*ZKJI[R;1EJ>S>JTY;;@JIESI&LB�H'COTYRZQNFZ'*S*
'UN RI'U&FO>:

�-Y*'ZKI&E>DFJ
�-�RI'J Y$Q?NSK&J*

-LQJK X'TXI'J _Q*JJS*J[4'1JTJ[32JT[-M[*) E;2RJ(

�-Y*'ZKI&/\'K2?&T[-YO[*RFU
M[FP&TD*K&�<QG*�Y8PJC�7Z'2N�:LQJK HP&YNOQ*J_Q*JS*Y*'ZKI&E>DFJLQ[QJBI=[2R9F&IL'VNYJFTE. MZ&
LQJK S*YQIJ*MZ&.Q]QJYJEK&EJ-S>DFJ'1S;RK&FN&/IF:M[[+1PYZ&I'>�EI&E'*S8Q1S*�:OQ*�YN�HP&�LQJK �7Z'2N

�K&�J2K>�X'*C�>*Q�IE�P�DQ+:�E*':�DFJ�HI'U;�SG?JJ�IE
�/
�0Q&�I&E�YO1J.



DPF8XF1*7Z'2N_Q*JJS*PERI'J I2ZI'CFYZ'KO2QIEP)ZJ]M[[11PEPL-) EJ'U)ZJ]M[[11P>'>PEN)ZJ]�P
M[[11E9[N<J>( &IL'VNYJFTE. MZ&:)Z&J])ZJ;1X'T)ZJ]M[[11)R2(IELQ[QJBIY*CS>FO2RTIE'9OZ&IE

LQ[QJBI=[2R9FRE'72Q&YJEQU. IELQ[QJBI:=[2R9FLQ;S+Q'@J9[:EI&F;J)ZJ]I&QUE�M[[11FO2RT::MZ&J*'O*K&
JZE';JRI'J X'T8Q6X&J*MZ&I'>RE'72Q&YJEQU'1XDVJEEJBS>X'TJ[32JS2RN&Q1�E;2RJFN&'1S;L&L[JK&PN'ZI&P
J[32JS2R*&P&IM[[+1FOO>. JZE';JRI'J X'T)ZJ]M[[11PEPL-�M[*
��'1��EI&E�L'QQNPJTS;I&F;JMZ&RI'J 'TS*�EF0�
=ZELNJ1FU'*:L'VNYJFTES>T;NX'TJ[32JE;2RJM[[+1IEPN'ZI&PJ[32JS2R*&PE'ZK0Q&PJ*P?0JZE';J=ZELNS*

�0F\EJ*T;N5[1]'TJ[32JIEMZ&JJ&EI&E.

IEEIQJMZ&:D'5JS-?]JYJEQUS>IESG?JJ:HI'U;JZE';JJTPERI'J _Q*JJS*)ZJ]M[[11PEPL-�\'*�'+ZJ;1)��
/
��P
�(REQ*PMZ&L'VNYJFTES>5 J[32JE;2RJMZ&9[;@1K&/IF:M[[+1�'+ZJ;1YZ\'*IEWQZCPN'ZI&PP/&J[[31J[32J

S2R*&PS*@JJPJ[JL&E&KQNI&EIQCJ*FO2RT. IE:/:&PMZ&5 J[32JS2RN&Q1FN&M[*
/���'1�

�FYIEK&/&J[[31@JJPJ[J
L&E&KQN&IM[[+1FOO>.

IEIQ2QELQ[QJBI=[2R9FS*=K>PESPIYJI[N&Q1S*L&L[JSK&J*DFJ'*RE&E'TY-IZJ+*:
�(RI'J Y$Q?NSK&J*JKQQT*QVKF :'*S8Q1S*S9[2NEY'?K&LQJK JKQQTPQVKFIESG?JJHI'U;)
 (SK&J*L&L[JT[-
YO[*/&J[[31J[32JS2R*&PIE>*QX'*CJ2?;Q>�K&
�/
�0R[N�I&E�YO1J .DFJ�S>�'O1J�MZF*9[;@1)Q'OJREQ+NPK&SK&J*
HK\I&EIQCJ*0R[N. YO1ZX'TJ[32JE;2RJIE':S*T[-/&J[[31�YO[*J[32JS2R*&P0R[N.

�(X'TI&EQKNRFN'K[:'*: PEI&EQKNXF[7JS>X&J*MZ&I'>PEQ8FNI&E:I&EQKNJ[[31IE4&J@N&IE/\'K2?&�E*';JT[-YO[*
RFUYJFOU'*. X&J*I[QJ1MZ&I&EQKNYJI[N&Q1IEH'COTX&J8&LQ[QJBI:=[2R9F
'*('D2N&SOZLBCooks K&0KR:Influence PSOZLBDeviance K&0KR:Residuals IEIE'>.1"��)�:X'TI&EQKNEIQJ
J-N&IQJ1I[I[O>.



X'O+JS+Q'@JI&F;JLQJK JKQQT*QVKFS>IE\'*RFT'VJFU:DPF8Y;6&Q1JZKYJFU'*. IEMZ&:DPF8JT�X&J*I&J?1:
YN&P&J6X'TRFT'VJRFUPEIQJI'-2N&L'ZQCDQ'-IEJTS;+)K&J[32JS2R*&PL'VNRE&ERFU0Q&.

P-K&X&J8&E[G@1LQ[QJBI=[2R9F:S*PE9ZJ)YJI[N&Q1/IF:DFJIE=[?71E&J6&IE/';+)J[32JS2R*&PM[[11�&I
=I[O>�(DPF8S;+)XFO*)Classification Table(P� (I&EQKNS;+)�XFO*)Classification Plot .(IEY8PJCLQ[QJBI

=[2R9F:&F2*&7Z'2NDPF8S;+)XFO*PP.Q7Z'2NI&EQKNS;+)XFO*L'VNRE&EYJEQU. M[KT�S*J)'C&F2*&S*7Z'2NDPF8
S;+)XFO*PP.QI&EQKNS;+)XFO*) S>MZJC Y8PJC0Q&( RI'U&YJEQU.�S2+F&FZ'*RI'U&0U&ES>7Z'2NJTPE

Y8PJCL'R?ZPEK?JJCZFKTFO2RT.

DPF8S@7YF1*S>DPF8S;+)XFO*H'N:EI&ES*'J=K>YJFO>'1K&9ZJ)I[QJ1Y;6&Q1BQ'-'TIERFT'VJ�/';+)RFU
PEIQJ:I'-2N&EJ?GK0DFJP/IF:=[?71E&J6&IE/';+)J[32JS2R*&P) L&E&KQNRFNKRFN'JP/Q6�L&E&KQNRFU( &IS*BQ'-

EIQJI'-2N&IEL'KTS;+)L'VNYJFTE. MZ&DPF8S*'J=K>YJFO>'1L&L[JEJ?GK0YO[*�T[-XJZH-DFJ&IY*'ZKI&
I[O>. IEMZ&:DPF8SN'CX'TXJ*::E&F11T[-YO[*X'T>[@Y&IL'VNYJFTESN'CPX'T6I'CK&J*:L[NE&F11T[-
YO[*X'TJ[2>[@Y&IL'VNYJFOTE. J*O'Q&7Z'2NMZ&DPF8YJI[N&Q1L&L[J�S*0@YPI;QDFJIES;+)XFO*E&J6&Y-
IZJ+*. L'KTIQ)S>IEDPF8RFT'VJYJEQU:FYIE0@YYO[*�T[-PS;+)XFO*DFJIE�SG?JJP-K&EPIPJTJ[32J
S*DFJL'VNRE&ERFU0Q&. �S*L&QO0:D'5JIESG?JJS>�DP&(;6J[32JTwin :EQ*�DFJ�IE0:ES;+)XFO*E&J6&(QQ1DFJ
J*&J*'*�/���EQ*�FYIE .MZ&IE�YO1Z:SG?JJ�
J7NK&L'N&E&KQN/Q6RFUP�
J7NK&L&E&KQNRFNKRFN'JS*Y2QIE=[?71RFU
�FN& .S*Y1I'+0:�
K&�J7NL&E&KQN/Q6RFUS*R'+2U&IERPJBL&E&KQNRFNKRFN'JPJ*P?0J7Y'1K&L&E&KQNRFNKRFN'JIE



RPJBL&E&KQNRFU�/Q6I&J:S26JBFN&. IESG?JJ:HPE0@YS;+)XFO**'EPIPJ[32J/][Z@1IE'J�S*�/���TZ&L6&�FYIE
06'Z. IEMZ&SG?JJL[N:5 J7NK&LE&KQN/Q6RFUS*R'+2U&IERPJBL&E&KQNRFNKRFN'JI&J:FO26JB. IE:HQQ�SG?JJ'*EPIP

MQ�J[32JIE'J(:0@YS;+)XFO*E&J6&L'KT�/���FYIEY:'*FN'J. �I&F;J�MZ&0@YS;+)XFO*'VNLYJFTES>'*�L'O[K)&
�/��FYIEYJI[N&Q1I[$QC*'*RE'72Q&K&.QK9J5 J[32JMZ&�E;2RJ9[;@1:IZIE':/&J[[31J[32JS2R*&P@JJPJ[J&IM[[+1
I[O>. MK]L S>IEMZ&:SG?JJR'+2U&S;+)XFO*L'KT�S*/IQYREQ*0Q&S>5 J7NK&L&E&KQN/Q6RFUS*R'+2U&IEPJBR
L&E&KQNRFNKRFN'JS;+)XFO*RFUFN&M[O<KT�P��J7NK&L&E&KQN/Q6RFUP�
J7NK&L&E&KQNRFNKRFN'JS*Y2QIE=[?71
RFUFN&. X&J*<IEJ2U*:DPF8�MZ&YJI[N&Q17Z'2NL &I'*I&EQKNS;+)XFO*)Classification Plot(S*L&QO0MZJC 

Y8PJCLQ[QJBI�E[G@12R9F=[SRZ';JI[O>.

DPF8F1*'*L&QO0)Variables in the Equation(MK]S$&I&SY]CX&K&T;NJTJ[32JIE:DFJL'VNFTE�YJS>H&F>
'TJ[32JF1*K&X&J8&LQ[QJBI:=[2R9FIEDFJY:'*RFN'JFN&. MZ&:DPF8IUJMZJ1DPF8IE7Z'2N�J[R71_Q*JJS*YO1J
XI&EPL&L[JJ[4'1JTJ[32JE;2RJJ*J[32JS2R*&PYJFU'*. IEMZ&:DPF8MZFO;RI'J EQ8P�IUJFNI&ES>X&J*J[R717Z'2N

:'UN M2RN&E0[T'JPEJ>I'>'UN XIPJ]0Q&:

B:MZ&RI'J L'KT)ZJ]J[4'1YNQ[QJBIEI&FN'2Q&RFVN0Q&. IE:/:&PMZ&RI'J L'KT)ZJ]EIP J*RFU:R&JKTX'*C�'*
EI&FN'2Q&0Q&.

S .E.:MZ&RI'J S>Standard Error :0Q&/I'+0K&X'*CEI&FN'2Q&YJFU'*.

Wald :RI'J :FF&PIUJMZJ1RI'J X&J*LQJK YO1JXI&EIQ̂?JTJ[32JE;2RJIEDFJYJFU'*S>YJI[N&Q19ZJ)�K&
>*QYO1JXI&EL )sig(S*MZ&JJ&Y-IZJ+*. IE&P:/:RI'J FF&PDE'1JRI'J t IELQ[QJBIY*C0Q&. �IEJ[R71S9[2N



RI'J FF&PL[NYJI[$QBL'O;S;I&F;JMZ&RI'J X&J*JTJ[32JIE>*QX'*CJ2?;Q>K&
�/
�I&E�YO1J:FU'*IEL 
/IQYS9[2NYJIZJ[BS>EQ8PL J[32JIEDFJF[7JPJ4&L YO1JI&E0Q&.

Exp(B):&MZRI'J S>S*0+RN0D*'T4PJ1J:0Q&/I'+0YJFU'*K&0+RND'K2?&.Q:P=ZRFZF-S*HF0�D'K2?&.Q:P
L . IE:/:&PMZ&RI'J /I'+00Q&K&/&J[[31T[-YO[*RFUIE0D*'TS*X&K&=ZF?&PTZ&L6&IEE;2RJ�J[32J. MZ&

:0+RNDE'1J)Z&J]LQ[QJBIEI&FN'2Q&RFU)Beta(IELQ[QJBIY*CYJFU'*S>X&J*J[R719[;@1�7Z'2NK&L RE'72Q&
YJEQU. Y1:QJS>0+RN0D*'TJ2?;Q>K&EF0��:FU'*IEL /IQYYJI[$QBS>TZ&L6&�'*JZE';JJ[32J:E;2RJD'K2?&
.Q:PRFZF-TT'>YJF*'Z) J4&Y7OJ( PJ*:P?0Y1:QJS>0+RN0D*J2BIL*�'TK&EF0��FU'*IEL /IQYYJI[$QB
'*TZ&L6&JZE';JJ[32J:E;2RJD'K2?&.Q:PRFZF-TZ&L6&YJ�F*'Z)J4&0+5J.(:MZ&J*'O*IEE[G@1LQ[QJBI:=[2R9FJ[4'1

Y7OJJTJ[32JE;2RJIEDFJ&IYJL&Q1K&PEX[DV1�9ZJ)E&E�-�K&9ZJ)0J]0Y7OJI&F;JRI'J B :P�-K&9ZJ)
Q>=;J1LEQ*I&F;JExp(B) K&EF0=Z.

S2?N: IP E'ZYJIZQUX&J*S?OZ&Y-IZJ+*H&F>'TJ[32JJ*J[32JS2R*&PJ[4'1XI'J YO1JXI&E:FNI&EK&RI'J wald�RE'72Q&
YJI[O>. 'J&X&J*S?OZ&Y-IZJ+*L&L[JJ[4'1JT=ZK&MZ&'TJ[32JJ*J[32JS2R*&PIF;;:0Q&K&RI'J Exp(B) �RE'72Q&YJ
I[O>. :MZ&J*'O*RI'J wald HF;JJ*RI'J Exp(B) YJFU'*.

IEEIQJMZ&D'5J'*E'O2Q&S*DPF8)Variable in the Equatio(YJI[N&Q1I[$QC*S>YJ'K1X'TJ[32JEI&P�E;2RJRFUIE
E[G@1YNQ[QJBIS*L8J[32JS+1IFFQ1:IE':S*T[-YO[*/&J[[312JJ[3S2R*&P) D'K2?&/Q6'ZRFNKLFN'JL&E&KQN( FO2RTP
YZ'N&Q1T[-YO[*'UN IE>*QX'*CJ2?;Q>K&
�/
�FU'*. K&:Y6J)IEL'[JS0QK9JX'TJ[32JYO1JI&ERFN'K[:'*IE:DFJ
J[32JMQIE'JYZ'N&Q1�MZJ2V[*&IIE0[1]P@JJPJ[JL&E&KQNEI&E./'[$L89[:EJ1J[4'1MZ&'TJ[32JJ*@JJPL&E&KQN�J[J
IEJZKL'[*YJEEJB:

�-IEEIQJJ[32J/][Z@1IZFT'US>ITL&L[JM[$'-PITL&L[J(QQ2J/][Z@1IE'JJ*0[1]P@JJL&E&KQN�J[JPJ4QJ
0Q&. J*O'Q&7Z'2N:DPF8RFT'VJYJI[O>S>MZ&/&J4&S*/IQYY7OJ0Q&P'*TZ&L6&Z@1�L&L[J/][(QQ2JIE'JS*

/][Z@1\'*D'K2?&RFNKLFN'JE&KQNTT'>YJF*'Z. IEEIQJ/][Z@1M[$'-IE'JFT'U�:L[NJ[4'1YO1JI&EMZ&>*QK&
/][Z@1J*D'K2?&/Q6'ZRFNKLFN'JE&KQNI[2RT. 0+RN0D*X'TMZ&J[32J'*�J*&J*
YFP)ZJ]B L'VNYJFTES>MZ&

J4&S*IQY/Y7OJ0Q&YO1Z'*TZ&L6&L&L[J/][Z@1M[$'-IE'J/][Z@1�S*\'*D'K2?&RFNKLFN'JL&E&KQNTT'>YJ
F*'Z.

�-MQIE'J)Motherage (J[32JXJCZE0Q&S>J*0[1]P@JJPJ[JL&E&KQNJ[4'1EI&E. J[4'1MZ&J[32J



0+5J0Q&. YO1Z'*TZ&L6&MQ:IE'JD'K2?&RFNKLFN'JE&KQNTZ&L6&YJF*'ZPJ*:P?0TT'>MQ:IE'JRFNK�D'K2?&LFN'J
P&&ITZ&L6&YJFZ'*.


-IEEIQJPEJ[32JJCZEQG:PELEQ*P0[RO8)Gender , Twin(IO[+[JS>'*S8Q1S*S?OZ&0+RN0D*�'UN 
�0Q&P
M[O<KT)ZJ]B YJL&Q1RFT'VJEJ>S>/&J4&MZ&PEJ[32JITS*Y/IQY7OJ0Q&. S*/I'+0QG:PE�JCZELEQ*:E&KQN
D'K2?&@JJP&&ITZ&L6&YJFTE'10+RNS*YN'JKS>E&KQN=ZQG:FFQ2JEQU.

M[O<KTJ*O'Q&7Z'2NMZ&DPF8YJI[N&Q1DFJLQ[QJBI=[2R9F&IJ*O'Q&SG?JJHI'U;S*/IQYJZKI[TE�L'VN:

LQ[QJBI�DFJ= -17.92 ( '4�EF00* ) *46.052 ( Gender) + 4.599 ( Motherage ) *61.959 (Twin) *63.011 ( Low 

Education ) *36.967 ( Medium Education )

DPF8XF1*J*O'Q&J[[31IERI'J I2ZI'CF:YZ'KO2QIEIUQEPIPJTJ[32JS*DFJ&IIEM[[+1/&J[[31J[32J
S2R*&PIEJT�SG?JJL'VNYJTEF. �IEMZ&:DPF8IEJT:SG?JJL'O;S;IUQJTJ[32JIEDFJJ2V[*:FU'*L �EPIPJ[32J
S*DFJ30'*TZ&L6&I&F;JRI'J I2ZI'CFY$'KO2QIEYJEQU. K&:Y6J)IEMZ&:DPF8X'O+J6PJCJT>*Q�J[32JYO1JXI&E

K&�J2BIL*
�/
�0Q&. YO1ZIEJT:SG?JJJTJ[32JS>>*QYO1JXI&EL K&
�/
�FU'*�J2BIL*K&DFJ6I'CYJEQU. S*



L&QO0:D'5JIESG?JJ:HI'U;S-?]JYJEQUS>&F2*&'*EPIPJ[32JGender �S*:DFJL&L[JJ[[31IEI&F;JRI'J I2ZI'CF
YZ'KO2QIEJ*&J*�'*���/����J[32J�EPIP�'*�S>�EQ*Motherage���S*��RI'J �MZ&�I&F;J��
/����>06'Z�TT' .J[32J�EPIP�'*�IQ*O[KT

Twin��S*�DFJ�S*
��/���J[32J�EPIP�'*�RI'*PE�P�TZ&L6&Education��S*��
/�
�EJ>�&F[-�TT'>.

DPF8XF1*YZ'TJ[32J&IL'VNYJFTES>IEJTSG?JJK&:E[G@1J[4'1YO1JXI&EJ*/&J[[31J[32JS2R*&PS2U&FNIE�PS9[2NK&
DFJ6I'CRFUFN&. :M[O<KTIEMZ&:DPF8RJKNE>RI'J 'TL[NX&J*JTSG?JJS+Q'@JYJEQUP[J6�MZ&J7Y&IS*
LQJK YJEI&HBS>JTXJ[32JS>IESFE'1J:RFJ'[NX&I&E)ZJ]X'2*
�0Q&. YO1ZXJ[4'1/&J[[31�J*J[32J@JJPJ[J
L&E&KQNEI&FN. IEMZ&:D'5JIESG?JJ:HI'U;>*Q1JYOXI&EJ[32JLiveRank J2BIL*�K&
�/
YO1Z�:0Q&MZ&J*'O*J[4'1
YO1JXI&EJ*@JJPJ[JL&E&KQNEI&FN. :M[O<KTI&F;JE>RI'J MZ&J[32JSG?JJ�IEHI'U;J*&J*'*�0Q&.

I&EQKNS@7YF1*S>S*I&EQKNS;+)XFO*)Classification Plot (4PJ1J:0Q&JZQZ1XJZ*0@YS;+)XFO*IE�&I=Z
I&EQKNH&JBQ2R[TS2V-X&L'VNYJFTE. L'KTIQ)S>S27B:FUMZ&I&EQKN&IIEI'O>DPF8S;+)XFO*)Classification 

Table(S>�]+:>[]Q1RE&E:FUSPIXJCZEX&J*TZ'KN0@YS;+)XFO*L&E&KQNIEPEL&E&KQN�RPJBRFNKRFN'JP/Q6
RFU0Q&. MZ&QKNI&EK&PEIQ@JX PY E[?V1RFU0Q&PL&L[J8'+*N&/\'K2?&YO[*�T[-RFU'*'TFJ'[-) .Q:P'ZHF0



.Q:PS9[2N( &IL'VNYJFTE. IE:/:&P'*RE'72Q&K&MZ&I&EQKNYJI[N&Q1Y-S>�IZJ+*'Z /\'K2?&T[-YO[*RFU\'*'*.Q:P
:FJ'[-P/\'K2?&T[-YO[*RFU[Z'-M'*HF0.Q:PFJ'[-YCOT'KT'Z�EI&E�J[C:MZ&J*'O*Y1[+)0Q&JTS;MZ&YCOT'KT
J2V[*FU'*0@YS;+)XFO*J2V[*0Q&. IEMZ&:I&EQKNIQ@JX�D'K2?&T[-YO[*RFUPIQ@JY YN&P&J6&IL'VNYJFTE. 

D'K2?&T[-YO[*�M[*�RFU
��'1��L'QQNEI&EPJTQCDQ'-YJFN&Q1F;JXI&K&MZ&D'K2?&&I06'ZIEFO> .I&F;JSJ*'ZS*;N
LZ'K1D'K2?&T[-YO[*RFUJ*&J*'*�/
�PL'ZQCDQ'-RPJBDP&XP'RJ'ZM[Z'-J1K&�D'K2?&�/
�L'ZQCDQ'-��PRPJBHPEL[N
J1\'*K&D'K2?&�/
��YJ�I&J:FNJ[B. :MZ&J*'O*JTS;L'ZQCDQ'-RPJBDP&IE0KQ,;IQ@J) YO1Z'1D'K2?&�/
( ��P

L'ZQCDQ'-RPJBHPEIE0KQ0Q&IIQ@J) YO1Z�K&�J1\'*D'K2?&�/
( I&J::�FNJ[C*0@YS;+)XFO*PT[-YO[*DFJ
J2V[*0Q&. 



�\M5��[�Z�YCLWP�K̂M!:�0V()PCA(

�SPIPCA�J�P�'T�RE&E�F1*�E[G;1�X&J*�RJ[32JFO;�XI'J �E[G@1�X'T�SPI�K&�Y?Z�E[G@1�J[-N�XJCZE�X'T�SPI�J*�X&�SJF;
0Q&�YGJ'0 .EJ>�RI'U&�JZK�EI&QJ�S*�L&Q1�YJ�YGY&�X'T�S7F#J�E[G@1�SPI�X'TEJ*I'>�K&:

�RJ[32JFO;�X'T�RE&E�IE�YF'K2?&�/J-�_';N�YZ'Q'OU
�SN'BFO;�LQ[QJBI�IE�Y@[]Q1�X'TJ[32J�E&F11�E[G;1
���YK2Z �E[G@1�IE�'T�I2Z �LEQ*�XF1*�=1�YQIJ*

-I[O>�YJ�XIP E'Z�&I�HQU7J�FO;�L �X'TEJ*I'>�P�SPI�MZ&�X�S$&I&�S*�.PJU�K&�T[:

�-�YTWQT�[�Z�X&�&�-]):�P:
�'*�SNQKN�X'̂0&�E&F11n�'TJ[32J�E&F11�:)'T�XC'U (�'*p�'*�SNQKN�X'̂0&�:xij��'*�SNQKN�X'T�RE&E�PZJ1'J�PX��YJ�RE&E�TZ'KN

FNQU

X= 

�PZJ1'J�MZ&�IE��J*Qn��PZJ1'J�H&X �FU'*�YJ.�I&F;J�0Q&�HK\�XI'J �X'T�E[G@1�)G2&�IE
n��K&�J2BIL*p�FU'*.0Q&�I&J:J*�JZK�/I'+0�D �RFZ&�0F'?�IE:

30	�pn

� -��YTWQT�ŜIT�̂P�(�&)� :

,��� T, ,  =X = 

= 



� -YTWQT�-T�](�WG�-]):�P :

�0Q&�YRZJ1'J�S>�&I�SNQKN�PN'ZI&Q>�PZJ1'J��'*S�FOTE�YJ�L'VN.

S= T

��X'TJ[32J�M[*�SNQKN�PN'ZI&Q>i �P�H&j �EQU�YJ�S+Q'@J�JZK�/IQY�S*�H&:

sij =

Note :�PZJ1'JS �0Q&�LI';2J.YO1Z :sij = sji

Note:EQU�YJ�RF[J'N�J[32J�L �PN'ZI&P�SEQC�'*�J[32J�=Z�PN'ZI&Q> .ZI&P�J[32J�S*�_Q*JJ�X�SNQKN�PN'[i��E*':�JZK�9ZJ)�K&�H&
0Q&�S+Q'@J:

sij =

	 --]):�P�[�X,]V�[�Z(�&)��V�)]&�EP:

I[TE�I&J:�J7Y�J*&J*�&I�PZJ1'J�X�SZDVJ�X�SFE'1J�0Q&�Y6'>�RNZP�JZE';J�LEIP �0QE�S*�X&J*:

I[Z'KN�YJ�S+Q'@J�JZK�9ZJ)�S*�L[N�&I�RNZP�X'TI&EJ*:



\M5��[�Z�YCL
P�K̂M!:�A])>:

�I[O>�YJ�[J6X��PZJ1'J�=Z��X'TJ[32J�S*�_Q*JJ�X'T�RE&EX1��PX2�P...PXpFU'*�YJ .�L �J,'O2J�PN'ZI&Q>�PZJ1'J
Sx���P�FU'*�YJp��'*�&I�FZF8�X'TJ[32JY1��PY2�P...PYp�I[TE�YJ�L'VN .�MZ&�K&�=Z�JTp�1*'1�Y+[>J1�FZF8�J[32J�K&�Yp��J[32J

FNQU�YJ�5ZJ11�S[FP&�X'T�RE&E�PN'ZI&Q>�PZJ1'J�X�RNZP�X'TI&EJ*�P�JZE';J�O'Q&�J*�S>�FOU'*�YJ�S[FP&.

�0Q&�RFU�RE&E�=JU�SJ&E&�IE�SY]C�IQ)�S*�FZF8�X'TJ[32J�LEIP �0QE�S*�E?&JJ:

�-RFU�J>G�5ZJ11�O'Q&�J*�PN'ZI&Q>�PZJ1'J�LEIP �0QE�S*
�-P�JZE';J�LEIP �0QE�S*�RFU�J>G�5ZI'11�O'Q&�J*�X'TI&EJ*

-JZK�/IQY�S*�YGY&�X'T�S7F#J�LEIP �0QE�S*:

�JZE';J�I[O>�YJ�[J61��PR2�P...PRp��PZJ1'J�X�RFU�)1JJ�X�RNZP�JZE';JSx��S>�FU'*�YJR1(R2(...(Rp�FU'*�YJ .q1��P
q2�P...�Pqp��JZE';J�MZ&�'*�)Q'O2J�X�RNZP�X'TI&EJ*�L[NFOU'*�YJ .�YGY&�X�S7F#Ji�EQU�YJ�5ZJ11�JZK�/IQY�S*�H& .

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

qi = T

D'5J�X&J*:   Y1 = 1q T X

�K&�=ZJT�X&J*�S?[1IQY�IEn ��K&�=Z�JT�I&F;J�SNQKN�Q̂0p�@J�&I�YGY&�X�S7F#J'PZJ1'J�=Z�I[O>�S+Q��JZK�/IQY�S*
EQU�YJ�EY'? .�L �IE�S>I&F;J�YGY&�X�S7F#Ji��S*�_Q*JJ�H&r��P�0Q&�SNQKN�Q̂0�M[J&��J*Qr�
�PZJ1'J�H&Y�0Q&.

Y= 

\M5��[�Z�YCL
P�4�W$

�0Q&�J7Y�J*&J*�YGY&�X'T�S7F#J�YZPE�S*�PE�YC2R+KT�)ZJ] .FOU'*�YJ�S2R+KT'N�PE�S*�PE�'UN �YO1Z.



��PN'ZI&P'*�0Q&�J*&J*Ri��L �I'[1J�4&J@N&�P�FU'*�YJ .�LQ;�S9[2N�IERi FU�)1JJ�=;Q>�S*�@IL*�K&�'T�FN&�R�
FN&�RFU�)1JJ�PN'ZI&P�YBIL*�)[1J1�S*�L[N�'T.

�YGY&�X'T�S7F#J�X'T�PN'ZI&P�/K8�'*�0Q&�J*&J*�S[FP&�X'TJ[32J�X'T�PN'ZI&P�/K8 :

Note :FOO>�YJ�J[[31�L[N�YGY&�X'T�S7F#J�:FO>�J[[31�'TJ[32J�XJ[B�RK&FN&�O'[;J�JB& .�YGY&�X'T�S7F#J�0Q&�HK\�S9[2NIE�J*�&I
EEJB�4J)J*�E?VJ�MZ&�'1�IZIP �0QE�S*�RFU�EI&FN'2Q&�X'T�RE&E�PZJ1'J�O'Q& .�X'T�RE&E�PN'ZI&PQ>�PZJ1'J�S?[Z'9N �K&

�0Q&�RFVN�EI&FN'2Q&�X'T�RE&E�YC2R+KT�PZJ1'J�'*�J*&J*�RFU�EI&FN'2Q&)�YO1ZSu=Rx(�S7F#J�:RFU�EI&FN'2Q&�X'T�RE&E�K&�RE'72Q&�'*�:
'Q&�J*�YGY&�X'TFNQU�YJ�S+Q'@J�YC2R+KT�PZJ1'J�X�RNZP�X'TI&EJ*�P�JZE';J�O.

�I[O>�YJ�[J6�J�����J&�MZ&�X&J*1��PR2�P.. .�PRp��PZJ1'J�X�RNZP�J������ZE';JRxYJ�S>�XIQ��)�S*�FOU'*R1(R2(....(R�p��P
q1��Pq2�P...PqpS?Z�X�RNZP�X'TI&EJ*O2RT�'UN �J,'O2J�FJ'12J�XF .�YGY&�X�S7F#J�/IQY�MZ&�IEi��YJ�5ZJ11�JZK�/IQY�S*�H&
EQU:

Yi = iq T U = qi1 U1 + qi2 U2 + qi3 U�� ����������� qiP UP

U i = 

:FNPI�I'>�S*�RFU�EI&FN'2Q&�X'T�RE&E�S>�Y2F'?�IE�K&�=Z�JT�PN'ZI&P�S>�'9N �K&p�J*&J*�RFU�EI&FN'2Q&�J[32J���PN'ZI&P�:FU'*�YJ
�'*�0Q&�J*&J*�E>:

Tr(R)=p

\M5��[�Z�YCL
P�&�'>:�Y��=��(�ÔQ6:

Y&�X'T�S7F#J�E[G@1�K&�XEJ*I'>�JT�IE11�S;�IZJ[C*�I[KZ1�FZ'*�&F2*&�YGIZJ+*�I'>�S*�E[G@1�IE�&I�YGY&�X'T�S7F#J�K&�XE&F .�MZ&�IE
�S**&II[O>�YJ�S$&I&�&I�FNI&E�YN&P&J6�EJ*I'>�P�0Q&�REJ>�Y6J1J�J<NI�S>�Y2VCN&JQ�RF0':�PE:
�-��&I�XJZH-�J[[31�E>�K&�YZDVJ�@IL*�FYIE�S>�FZJ+*�I'>�S*�&I�YGY&�X'T�S7F#J�K&�XE&F11)��]5J�
 (%FOTE�TUQ-.



Note :�YGY&�X�S7F#J�S>�XJZH-�J[[31�FYIEi�*�0Q&�REIP �('R?�S*�&I�L �H&'*�0Q&�J*&J:

�IUQ�S9[2N�IEk�DP&�YGY&�X�S7F#J)( pk ��'*�0Q&�J*&J*�XJZH-J[[31�E>�K&:

�-ZP�JZE';J�S>�FZJ+*�I'>�S*�&I�YZ'T�S7F#J�'UN �J,'O2J�X�RN)'UN �PN'ZI&P�YO1Z (FU'*�RNZP�JZE';J�X�SKT�(QQ2J�K&�J2BIL* .�(QQ2J
EEJB�YJ�S+Q'@J�JZK�/IQY�S*�RNZP�JZE';J:

p
i

p

i
�� 1
�

�

/IQY�MZ&�IE�:FU'*�S26I�I'>�S*�YC2R+KT�PZJ1'J�YGY&�X'T�S7F#J�E[G@1�IE�JB&:

=p, �=1 

FU'*�YJ�H'9N&�E*':�YN'Q �S*�)1�YO[J�J[-N�YZ'TI&L6&�HJN�'*�:RFU�RE&E�>[]Q1�YO+J�O'Q&�J*�YGY&�X'T�S7F#J�E[G@1�FOZ J6 .�IE
EEJB�YJ�S$&I&�0Q&�S26JZH-�H'9N&�I&L6&�HJN�MZ&�'*�S>�YF'5J�JZK:

�D'5J :Y]'ZI�OPIE�/&JKN�)X1(YQI'6�:�)X2(Y]'ZI�:�)X3(YQI'6�P�)X4(��S*�_Q*JJ�
�0Q&�EQ8QJ�JZK�=JU�S*�Q9VN&E:



�X�RJ9O-�IE�JZK�/IQY�S*�&I�'T�RE&E�)1�YO[J�I&L6&�HJN�([@J�IEworksheet�I[O>�YJ�EI&P:

�XQOJ�K&�P.Qstat ��X�SOZLBMultivariate   > principal components��JZK�E?U�9*'*J�P�I[O>�YJ�('D2N&�&I
&JJI[TE�YJ�H'9N&�&I�E?:

�LEK�K&�P-OK�EQU�YJ�RE&E�TZ'KN�PJ*PI�/IQY�S*�FOZ J6�7Z'2N:



PCA��(&SPSS:

�I&L6&�HJN�E&E�H'9N&�&I�YGY&�X'T�S7F#J�E[G@1�L �'*�L&Q1�YJ�S>�YZ'TI&L6&�HJN�JCZE�K&spss�FU'*�YJ .�H'9N&�X�RQ@N�SJ&E&�IEPCA�
�S$&I&�I&L6&��HJN�MZ&�'*FU�FT&QC.

I[O>�YJ�EI&P�&I�'T�RE&E�&F2*&:



�K&�&I�F1*�I[T&QC�YJ�P�IZI&E�J[32J�SQ�(;6�D'5J�MZ&�IE
��S*��I[TE�TT'> .�'J'0�FO;�S>�I[N&FN�J2V[*�X'TJ[32J�'*�YF'5J�IE�JB&�D'?
�JZK�/IQY�S*�I[O>�6&JD2Q&�I[T&QC�YJ�&I�YGY&scree plot �I[O>�YJ�IQI�&I .KN�MZ&�XEQK0�IQ@J�YJ�L'VN�&I�RNZP�JZE';J�I&EQ

'T�S7F#J�E&F11�Y;6&�IQ@J�P�FTE .�&I�YGY&�X'T�S7F#J�K&�E&F11�L �L&Q1�YJ�RNZP�JZE';J�YFPLN�J[Q�S*�S8Q1�'*�P�I&EQKN�MZ&�E[G@1�'*
EK�M[KD1�:FOU'*�'T�RE&E�E>�JCN'Z'KN�FON&Q1�YJ�J2U*�S> .0Q&�RFU�RE&E�L'VN�SJ&E&�IE�FNPI�MZ&.





P-��X�S@7Y�IE�&I�I&EQKN�SG?JJ�MZ&�H'9N&�K&output�I[Z'KN�YJ�E[G@1�&I�L �P�REJ>�RFT'VJ .�JZK�/IQY�S*�I&EQKN�D'5J�MZ&�IE
FU'*�YJ:



FNI&E�XJ2BIL*�X�RNZP�JZE';J�DP&�EJ'0�PE�S>�IZQU�YJ�S8Q2J.FU'*�YJ�JZK�/IQY�S*�E?&JJ�X�SJ&E&:



&JJ�X�S@7Y�IE�7Z'2N�8Q6�E? �Y)�K&�P-
FNQU�YJ�RE&E�TZ'KN�JZK. output��/IQY�S*





PCA���M�P�(&

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

�̂7W::

IQ2QEX)COEFF = princomp(��YGY&�X'T�S7FQJ�E[G@1)PCA (�RE&E�PZJ1'J�XPI�&I��S7FQJ�)Z&J]�REJ>�D'K0&�:
FN&EJC[J�J*�&I�YGY&�X'T .�PZJ1'J�X'TJ*Q��0Q&�'TJ[32J�S*�_Q*JJ�'UNQ2Q�P�REQ*�/&FT'VJ�S*�_Q*JJ .COEFF��PZJ1'J�=Z

�I&EJ*IE�L �LQ2Q�JT�S>�FU'*�YJ�FU'*�YJ�YGY&�S7FQJ�=Z�S*�_Q*JJ�)Z&J]�RFN .�'T�S7FQJ�PN'ZI&P�TT'>�)[1J1�S*�'UNQ2Q
�FN&�S26JB�I&J:.

IQ2QEprincomp���S*�'UNQ2Q�M[CN'[J�TT'>�'*�FTE�YKN�'UNQ2Q�O'[;J�IE�XJ[[31�'J&�:FTF[J�0ZL>JJ .�E[G@1�D'K0&�IQ-OJ�S*
2Q&�X'TJ[32J�'*�YGY&�X'T�S7FQJ�IQ2QE�K&�:�0Q&�YC2R+KT�)ZJ]�X'O+J�J*�S>�:�EI&FN'princomp(zscore(X))��F[Z'KN�RE'72Q& .

�IQ2QE�K&�YC2R+KT�'Z�PN'ZI&PQ>�PZJ1'J�XPI�YGY&�X'T�S7FQJ�E[G@1�I[;2RJ�D'K0&�IQ-OJ�S*pcacov��F[Z'KN�RE'72Q&.

�IQ2QE[COEFF,SCORE] = princomp(X)��:SCORE[2J&�:�FN&EJC[JJ*�&I�RFOZ'KN�S>�YGY&�X'T�S7FQJ�X'TK'��IE
�FU'+[J�YGY&�X'T�S7FQJ�X'̂6 .�PZJ1'J�X'TJ*QSCORE�FU'+[J�'T�S7FQJ�S*�_Q*JJ�'UNQ2Q�P�:�/&FT'VJ�S*�_Q*JJ.

�IQ2QE[COEFF,SCORE,latent] = princomp(X)��:latent��PZJ1'J�RNZP�JZE';J�EJ'U�S>�XI&EJ*�:�FN&EJC[J�J*�&I
PQ>�PN'ZI&�FU'+[J.

[COEFF,SCORE,latent,tsquare] = princomp(X)��:tsquare��FN&EJC[JJ*�&I .�RI'J �EJ'U�S>��X&J*�AO[G2T�X
0Q&�RE&E�JT.

�FN&�RFJ �EQ8Q*�YGY&�X'T�S7FQJ�X'̂6�S*�S[FP&�X'T�RE&E�EZF+1�K&�S>�FO2RT�XJZE';J�'TK'[2J& .�I&EJ*�JZE';Jlatent��PN'ZI&P�'*�J*&J*
��PZJ1'J�X'UNQ2QSCORE��FU'+[J .�RE&E�S0QK9J�L>JJ�K&�RFT'VJ�JT�RJ[32J�FO;�SGY'6�X&J*�0Q&�YQ'[;J�AO[G2T�X.

�Y2:Pn <= p�:FU'*SCORE(:,n:p)�Platent(n:p)��'1*:�J*&J*�J7Y�FT&QC�EQ*�:�P�LQ2QCOEFF(:,n:p)�4J1J�YZ'TJ[RJ�
0Q&�S>J*�FNEQK0.



�IQ2QE[...] = princomp(X,'econ')��K&�YZ'T�SZ&IE�'UO1latent ��J,'O2J�X'UNQ2Q�L[N�P�:�FO2R[N�J7Y��'JPLF�S>COEFF ��P
SCORE��Y2:P�S>:��EJ'U�(;6�FU'*��&I�:EQV[J�DP&�X'1�FN&EJC[J�J*.

J��P

�X&J*�&I�YGY&�X'T�S7FQJ�X'T�RE&Eingredients��RE&E�S0QK9J�IEHald��EQU�S+Q'@J�S7FQJ�JT�PN'ZI&P�REIP �0QF*.
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>�FOTF[J�L'VN��JZK�IQ2QE�P�I&EQKN�� %FU'+[J�S7FQJ�PE�S*�_Q*JJ�PN'ZI&P:
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'})



\Q�]��K̂M!:�0V(
YK2Z �E[G@1��0[F'16�IE�'T�LQJK �IE�X&�SOZLBFO;�/\&#Q�LEQ*�EI&FN'2Q&�YQIJ*�'UN �4FT�S>�0Q&�YZ'T�SPI�K&�X&�S0QK9J

QJ�S*�L&Q1�YJ�YK2Z �E[G@1�4&FT&�K&�0Q&�YUKQJ �X'TEJ>�RI'U&�JZK�EI&:

�/\&#Q�YNPIE�XI'BK'Q�I'[1J�X�S+Q'@J
�XL[KJ�0[G*':�I'[1J�X�S+Q'@J
�XI&QUE�I'[1J�X�S+Q'@J

EI&E�EJ*I'>�L[N�X&�SJ'OVQJ-�J[2�X'T�RE&E�X&J*�YFP�EI&E�X&�SJ'OVQJ-�X'T�RE&E�E[G@1�IE�YN&P&J6�X'TEJ*I'>�E[G@1�MZ& .�&JZK
T�RE&E�IE�S>�YZ'T�RFZ&�K&�XI'[R*EPI�YJ�I'>�S*�L[N�X&�SJ'OVQJ-�J[2�X'T�RE&E�IE�:FNQU�YJ�RE'72Q&�X&�SJ'OVQJ-�X'.

�TT'>�&I�F1*�)[1J1�MZ&�S*�P�I[O>�XJ[B�RK&FN&�&I�YN'UO-�J[32J�'1�I[O>�)[>J1�IT�'*�&I�'TJ[32J�K&�YTPJB�0Q&�HK\�S>�YT'B�YO1Z
�EJ>�RE'72Q&�YK2Z �E[G@1�SPI�K&�L&Q1�YJ�:I[TE.

E[G@1�IE�I[2RT�JZK�YQ'Q&�D&#Q�PE�S*�BQ'-�D'+NE�S*�YK2Z :

�-�/\&#Q�K&�W'C�RPJB�=Z�'Z )'T�I2Z (�FOO>�YJ�XJ[B�RK&FN&�&I�XF?&P�L'UO-�J[32J�:



�-�I[O>�XJ[B�RK&FN&�/\&#Q�BQ'-�K&�RE'72Q&�'*�&I�L'UO-�J[32J�I&F;J�SNQC;

EI&E�EQ8P�JZK�X'T�SPI�DP&�D&#Q�S*�BQ'-�X&J*:

�J�K&�RE'72Q&A'+NPJ>�X'7F �I'[1
�YGY&�X�S7F#J�M[FP&�PN'ZI&P�YQIJ*

JZK�X'T�SPI�HPE�D&#Q�S*�BQ'-�X&J*�P:

�Y*'R?�M[B'[J�K&�RE'72Q&
�YNKP�M[B'[J�K&�RE'72Q&

�D&#Q��FO>�YJ�YQIJ*�&I�LEQ*�XF1*�=Z�/:&P�IE.

NOTE :[32J�=Z�J-NFJ�X'T�I2Z �'Z �S>�.Q]QJ�MZ&�YQIJ*�YO1Z�LEQ*�XF1*�=1�YQIJ*�FOO>�YJ�XJ[B�RK&FN&�&I�W'C�L'UO-�J
J[C�'Z.

"��TV)G�[�CL��(�̂>P

FU'*�YJ�DP&�D&#Q�S*�BQ'-�X&J*�'TI'[1J�MZJ1IQUVJ�K&�I'[1J�MZ&.

AL�(�X'3T�&(�'T��.��[�Z�X&�&�[�)��"��TV)G�[�CL��(�̂>P)N�$�[�Z�X&�&(

[J6 :K��D&#Q��L'UO-�J[32JF�FOO>�YJ�XJ[B�RK&FN&�&I.

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

=tr(s)�PN'ZI&Q>�PZJ1'J�XJ*:�X'T�SZ&IE�/K8)S(

total(s) =�PN'ZI&Q>�PZJ1'J�X'T�SZ&IE�H'K1�/K8)S(

NOTE :FU'*�YJ�J[32J�L �PN'ZI&P�J*&J*�SEQC�'*�J[32J�JT�PN'ZI&Q>�S>�I[N&E�YJ.

�(�X'2�&(�'T��.��[�Z�X&�&�[�)��"��TV)G�[�CL��(�̂>P

�YC2R+KT�PZJ1'J�K&�PN'ZI&Q>�PZJ1'J�X'8�S*�0RZ'*�YJ�:FOU'*�IT�'*�/P'72J�XJ[B�RK&FN&�O'[;J�X&I&E�'T�RE&E�JB&��'KGRJ)R (
EJ>�RE'72Q& .0Q&�F[1*�X&�SJ'OVQJ-�X'T�RE&E�IE�XJ[B�RK&FN&�O'[;J�LEQ*�/P'72J.



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

Tr(R)=K�FU'*�YJ .�IE�I[N&E�YJ�&JZK�J*&J*�YGY&�J*:�XPI�X'T�SZ&IE�YC2R+KT�PZJ1'J��FU'*�YJ .�'*�J[32J�JT�YC2R+KT�LQ;
�SEQC��FU'*�YJ.

I[O>�YJ�YQIJ*�&I�E+:�TD*�IE�RFU�=J*J�D'5J�L'KT�SNQKN�L&QO0�S*.

�D'5J :Y]'ZI�OPIE�/&JKN�)X1(YQI'6�:�)X2(Y]'ZI�:�)X3 (YQI'6�P�)X4 (�S*�_Q*JJ�
��JZK�=JU�S*�Q9VN&E�EQ8QJ
0Q&:

�J[32J�)[>J1�'*�I[T&QC�YJx1��Px3�I[O>�XJ[B�RK&FN&�&I�Y]'ZI�E&F12Q&�H'N�S*�YN'UO-�J[32J:

�J[32J�PE�)[>J1�L'?J&�YQIJ*�IQ-OJ�S*x2��Px4�I[O>�YJ�EK0�)[1J1�M[KT�S*�L[N�YQI'6�E&F12Q&�H'N�S*�YN'UO-�J[32J�XJ[B�RK&FN&�P:



CL��(�̂>P�K̂M!:"��TV)G�[�

�X�SGY'6�K&�6I'C�/IFN�S*�I'[1J�MZ&)0,1 (EJ[B�YJ�I&J:.

IZJ[C*�J-N�IE�PN'ZI&Q>�PZJ1'J�O'Q&�J*�JB&:

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

tr(s)/total(s)= 

0Q&�0U8�IT�Y*C�YC2R+KT�EQ8P�JCN'[*�J[32J�PE�M[*�PN'ZI&Q>�LEQ*�@IL* .PN'ZI&Q>�/K8�Y2:P�S9[2N�IE��JR>�:FU'*�J2V[*�'T
�:DQJJ6�O'Q&�J*�P�RFU�J2?;Q>�8Q6alpha�EQU�YJ�J2BIL* .�@IL*�JZE';J�S>�IZJ[B�YJ�S9[2N�P-alpha��EQ8P�K&�Y>'?

FU'*�YJ�'T�I2Z �M[*�XQ:�0U8�IT�Y*C�YC2R+KT.

IZPJ*�T[-�YC2R+KT�PZJ1'J�O'Q&�J*�JB&�P:

%X�-9%>,$Y�0U)

%X�-9%>,$=��0U)+%X�- 9%>,$Y�0U)



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

tr(s)/total(s)= 

�P�RFU�J2?;Q>�8Q6�JR>�FU'*�J2V[*�'T�YC2R+KT�/K8�S;JT�IT�/IQY�MZ&�IEalpha�J2BIL*�FOTE�L'VN�SG%RJ�MZ&�S>�FU'*�YJV��
FOO>�YJ�XJ[B�RK&FN&�&I�XF?&P�L'UO-�J[32J�P�S2U&E�IT�'*�XQ:�YCOT'KT�'T�I2Z �S>�0Q&�MZ&.

EI&E�EQ8P�A'+NPJ>�X'7F �J[+11�X&J*�Y7G2DJ�F0&Q:.K&�EJ>�RI'U&�JZK�EI&QJ�S*�L&Q1�YJ�SGK8:

�-�X�SRZ';Jalpha�EF0�'*0.7

�JB&alpha >0.7����FU'*0���FNQU�YJ�Y;G1�(QG*J�/\&#Q .FOO>�YKN�XJ[B�RK&FN&�&I�XF?&P�J[32J�/IQY�MZ&�J[2IE.

�-JZK�/IQY�S*�'7F �J[+11:

9.0	AlphaYF'0
8.0	Alpha(QC
7.0	AlphaDQ+:�E*':
6.0	Alpha<Q?VJ
5.0	Alpha5[1]
5.0�AlphaDQ+:�E*':�J[2
\M5��[�Z�YCL
P�K̂M!:�*��X&�C�.�

FU'*�YJ�YGY&�X'T�S7F#J�PN'ZI&P�E[G@1�:EI&E�EQ8P�LEQ*�XF1*�=1�YQIJ*�X&J*�S>�XJCZE�SPI .Z&�S*�PN'ZI&P�JB&�S>�)[1J1�M
�&I�XF?&P�J[32J�'T�I2Z �L �S>�06JB�S9[2N�L&Q1�YJ�:FU'*�@IL*�YG[C�'T�S7F#J�JZ'Q�PN'ZI&P�'*�SRZ';J�IE�YGY&�X�S7F#J�M[FP&

)0Q&�DP&�YGY&�X�S7F#J�L'KT�S> (FOO>�YJ�XJ[B�RK&FN&.

*RE&E�K&�E[G@1�E?&JJ�IE�JB&EQU�RE'72Q&�H'C�X'T0�M[FP&�PN'ZI&P�YGY&�X�S7F#J  =PN'ZI&Q>�PZJ1'J�X�RNZP�I&F;J�MZJ2BIL*

 *RE&E�K&�E[G@1�E?&JJ�IE�JB&EQU�RE'72Q&�RFU�EI&FN'2Q&�X'T0�YGY&�X�S7F#J�M[FP&�PN'ZI&P  =YC2R+KT�PZJ1'J�X�RNZP�I&F;J�MZJ2BIL*

I&E�EQ8P�JZK�Y2VCN&JQ�X�RF0':�J-N�EIQJ�X�RNZP�I&F;J�YBIL*�X[DV1�YCNQC;�X&J*E.

[J6:�FOU'*�PN'ZI&Q>�PZJ1'J�X�RFU�)1JJ�JZE';J�: .

K

%X�"=(/'UX�0U)+K



�EQU�YJ�5ZJ11�JZK�/IQY�S*�'UN �M[CN'[J:

JB&��	i��S>�07B�L&Q1�YJ�:FU'*i�0Q&�@IL*�Y6'>�RK&FN&�S*.

0Q&�Y6'>�LEQ*�XF1*�=1�YQIJ*�X&J*�D'?1���XP'RJ�'Z�J2BIL*����S[;*�P�FU'*R��K&�J2?;Q>�'T�FOU'*.

�IZJ+*�I'>�S*�&I�RFU�EI&FN'2Q&�X'T�RE&E�JB&1�� .�S>�0Q&�Y6'>�LEQ*�XF1*�=1�DQ+:�X&J*�S9[2NIE1	i���REQ*�S[;*�PR��'T
�K&�J2?;Q>��FOU'*.

�TD*�IE�\T*V�ŜIT�̂P�*��X&�C�.�EQU�YJ�RE&E�>[]Q1�D'5J�'*�EIQJ�MZ&.

\��/ �ŜIT�̂P�*��X&�C�.�

FOO>�YJ�XJ[B�RK&FN&�&I�XF?&P�L'UO-�J[32J�'T�I2Z �S>�IZFU�S8Q2J�S?N �K&�P-)�E[G@1�'*�P�A'+NPJ>�X'7F �X'T�SPI�9ZJ)�K&
YGY&�X'T�S7F#J(�:�S*�FZ'*�MZ&I[O>�)[>J1�IT�'*�&I�'T�I2Z �SNQC;�L'UO-�J[32J�JZE';J�X�S+Q'@J�X&J*�D'?�S>�E&E�BQ'-�D&#Q .��Y?Z

FU'*�YJ�Y*'R?�M[CN'[J�K&�RE'72Q&�'T�R&I�K&.

IZJ[B�YJ�J-N�IE�RI'*PE�&I�YQI'6�P�Y]'ZI�OIE�X'T�RE&E�D'5J�X&J*:

�I[O>�YJ�[J6F1�]'ZI�E&F12Q&�P�0Q&�DP&�EJ'0�P�F9OQ�YJ�&I�YF2�EJ[B�YJ�RK&FN&�&I�YQI'6�E&F12Q&�P�REQ*�HPE�EJ'0.

Xi =�OIE�IE�Q9VN&E�X�RJKNiF1=1/2(x1+x3)F2=1/2(x2+x4)



\T*V�ŜIT�̂P�*��X&�C�.�

26JZH-�'T�I2Z �LEQ*�XF1*�=1�0[T'J�JB&�S>�Y*'R?�M[CN'[J�K&�RE'72Q&�X'8�S*�J-N�EIQJ�L'UO-�J[32J�XJ[B�RK&FN&�X&J*�:EQU�S
EJ>�RE'72Q&�YNKP�M[CN'[J�K&�H&Q1�YJ�FU�RE&E�>[]Q1 .�S26JB�I'>�S*�LKP�I??�IE�YGY&�X'T�S7F#J�M[FP&�)Z&J]�S>�)[1J1�MZ&�S*

FNQU�YJ .�S*�'T�I2Z �IE�EQ8QJ�XJZH-�J[[31�MZJ2V[*�S9[2N�IEFOZ ��YJ�('R?.

�'*�J,'O2J�X�RNZP�X'TI&EJ*�L'KT�/:&P�IE�YGY&�X'T�S7F#J�)Z&J]�:0Q&�RFU�S$&I&�Y1'@[]Q1�L[N��]+:�P�I[N&E�YJ�S>�IQ)�L'KT
FOU'*�YJ�RFJ �0QE�S*�X�RNZP�JZE';J.

/&JKN�D'5J�YK2Z �E[G@1�SPI�IE�L �EJ*I'>�P�YGY&�X'T�S7F#J�E[G@1�K&�RE'72Q&�J2V[*�<IE�X&J*��&I�YQI'6�P�Y]'ZI�OIE
I[O>�YJ�YQIJ*.

IZJ[C*�YNKP�M[CN'[J�P�REIP �0QE�S*�&I�'T�LKP�0RZ'*�YJ�FO2RT�XF1*�=1�'T�I2Z �FU�XDVJ�S?OZ&�K&�P-) :�FZ'*�YO1Z
I[O>�('R?�&I�RNZP�X'TI&EJ*(.



�EJ'0�X&J*�&I�FNPI�M[KTF2 �ZK�DPF8�S*�0Z'UN�IE�P�I[TF[J�H'9N&�L[NI[QI�YJ�J:

X)̂@�P'U��[�Z�X&�&�(&�\L�Q� ���)��8�ET�\]�.�U2
�S>�X&�RF0':�S*�0+RN�P�TZ'JK �0@1�X'T�RE&E�YJQK0�0[1]P�K&�Y:'71&�'Z�XE'0�J[2�IQ**�S>�0Q&�X&�RFT'VJ�/J-�RE&E�=Z

�L �O'Q&J*Q&�S2U&E�4&J@N&�:FNQU�YJ�L[F'N 0 .�S>�0Q&�XI&F;J�/J-�RE&E�:J1�RE'Q�IQ**�F?�IE�/ZKQ1�/&JKN�.QK9J�S*�0+RN
FU'*�S2U&E�I&J:�(ZJ71�'Z�_&J6&./J-�X'T�RE&E�LFUI&FZF-�EZ\E�MZJ1�RFK0�S1F'*J�P�TTPN-�=Z�IEK&�FO1I'+0:

�-FU'+N�YZQCDQ'-�S*�IE':�YG[FE�JT�S*�QCDQ'-.

�-FTE�YJ�(G2�YDQ'-�P�EEJC[KN�S8Q2J�&I�D&QQ�'Z�JCVQJ-�0QIE�IQ-OJ�QCDQ'-.


-JCVQJ-�(QQ1�D&QQ�LF[QJ-�IE�R'+2U&.

�-BQ'-�M2UQN�IE�JCVQJ-�R'+2U&.



�-Y1'0])&�X'T�=N'*�S*�/'0])&�EPIP�H'COT�IE�R'+2U&.

�-.Q]QJ�P�=J)�'*�)Q'OJ�SNQKN�('D2N&�IE�R'+2U&.

�X[DV1�SPI�/J-�X'T�RE&E:X&�S+18�X'T�I&EQKN�IE�S>�Y>Q1�S[YQ1�K&�/J-�JZE';J�X[DV1�X&J*��YJ�RE'72Q&�:FZEJB�L'[*
EQU.EEJB�IQI�X&�S+18�I&EQKN�&F2*&�0RZ'*�YJ�I'>�MZ&�X&J*.J*&J*�SQ�K&�T[*�JZE';JIQR )Y>I';�M[*�SOJ&E(�K&�J1�M[Z'-�P�J1\'*

FO2RT�FZFU�/J-�JZE';J�:S+18�X'T�SUQB .�H'N�'*�XI'J �X'TI&L6&�HJN�K&�Ŷ 1*�IEextreme FNQU�YJ�S2C'OU.

>�XJZE';J�M[*�S�S�'1
J*&J*IQR FO2RT�Y$L8�/J-�JZE';J�:S+18�X'T�SUQB�K&�J1�M[Z'-�P�J1\'* .�X'TI&L6&�HJN�K&�Ŷ 1*�IE
�H'N�'*�XI'J outliers FNQU�YJ�S2C'OU.

YGY&�X'T�S7F#J�E[G@1�E&E�I&J:�RE'72Q&�EIQJ�/J-�X'T�RE&E�YZ'Q'OU�X&J*�L&Q1�YJ�S>�XEJ*I'>J-�X'T�R&I�K&�Y?Z�FU'*�YJ .�L'KT
�0QE�S*�S)Q*JJ�/'+Q'@J�H'9N&�P�RNZP�X'TI&EJ*�P�RNZP�JZE';J�X�S+Q'@J�K&�P-�S>�YGY&�X�S7F#J�M[FP&�:FU�RE&E�>[]Q1�S>�IQ)

:FZ �YJ��PN'ZI&P�MZJ2V[*�X&I&E)max(J�/&J[[31�YZ'Q'OU�IE�YF&�X�S7F#J�M[FP&�0[G*':�LEQ*�\'*�X�RFOTE�L'VN�S>�0Q&FU'*�Y .
)FU'*�YJ�'UN �'*�J,'O2J�X�RNZP�JZE';J�'*�J*&J*�YGY&�X'T�S7F#J�PN'ZI&P�S>�I[N&E�YJ(.�S>�0Q&�Y*C�YGY&�X�S7F#J�M[FP&�/:&P�IE

0Q&�YGY&�X'T�RE&E�IE�RFT'VJ�E*':�YBFO>&J-�MZJ2V[*�'*�9+*OJ�L �E&F2J& .�PN'ZI&P�X&I&E�YGY&�X�S7F#J�M[JPE2�&�S>�REQ*�J-N�K
EI&E�I&J:�HPE�X�S+1I�IE�I&F;J .FOU'*�YJ�EQK0�IT�J*�PE�S*�PE�P�REJ>�IQ+0�YGY&�X'T�RE&E�L>JJ�K&�YGY&�X'T�S7F#J.

�IE�DP&�YGY&�X�S7F#J�IQI�:EQKN�RE'72Q&�L&Q1�YJ�/J-�X'T�RE&E�YZ'Q'OU�X&J*�YGY&�X'T�S7F#J�E[G@1�K&�RE'72Q&�'*�S>�XI'?T&I
HPE�YGY&�X�S7F#J�E*';J�FU'*�YJ�):'12J�YGY&�X'T�S7F#J�JZ'Q�K'[N�/IQY�IE�P) .�X�S7F#J�E*';J�IE�DP&�YGY&�X�S7F#J�IQI

�P�HQQ�YGY&(.....

�RE&E�L �:FOU'*�S2U&E�SGY'6�X&�S-?]J�E*':�IQ)�S*�'T�RE&E�JZ'Q�L>JK1�E@J�K&�S>�FOU'*�EQ8QJ�YZ'T�RE&E�:RFU�IQI�I&EQKN�IE�JB&
?VJ�X'T�RE&E�L&QO0�S*�'T�LQJK �'*�&I�'T�L �LEQ*�/J-�L&Q1�YJ�P�FNQU�YJ�YZ'Q'OU�/J-�'Z�<QG-B�E&E�I&J:�YQIJ*�EIQJ.



I[Z'KN�PJ�IQI�&I�'T�S7F#J�I&EQKN�P�I[O>�YJ�YQIJ*�&I�YQI'6�P�Y]'ZI�OPIE�/&JKN�D'5J�L'KT�SNQKN�X&J* .�HJN�K&�YCJ*�EQC�S2+F&
FNI&E�&I�I&EQKN�MZ&�IQI�0[G*':�EQC�'TI&L6& .N'JE&E�I[T&QC�L'VN�&I�L �I&EQKN�SJ&E&�IE�S>�)1�YO[J�I&L6&�HJN�FO.

�:)1�YO[J�I&L6&�HJN�'*�YGY&�X'T�S7F#J�E[G@1�/'+Q'@J�H'9N&�K&�P-�D'5J�MZ&�IE���0QE�S*�JZK�/IQY�S*�0ZQFP&�)[1J1�S*�EJ'0
FN&�RFJ :

[JQQ�L[N�P�YGY&�X�S7F#J�M[JPE�E*';J�IE�YGY&�X�S7F#J�M[FP&�I&EQKNI[O>�YJ�IQI�JZK�/IQY�S*�&I�YGY&�X�S7F#J�M.

EJ>�YZ'Q'OU�&I�'UN �L&Q1�YJ�Y2?&I�S*�FU'*�S2U&E�EQ8P�Y>Q?VJ�'Z�/J-�X�RE&E�S>�Y1IQY�IE�'TI&EQKN�SNQB�MZ&�S*�S8Q1�'*�P-.

�!�:1R#T�4&%2T�,+�PY$�!�:1R#TS=K SY+�!�:1R#T�4&%2T�,+�PY$�!�:1R#T



YT�H'U��RŴ.)H(�(&�\!̂7W:�[�Z)̂@�P�&�'>:�K̂ME:
�_'+1I&�L �IE�S>�0Q&�YFFJ�SN'BFO;�LQ[QJBI�E;2RJ�J[32J�MZFO;�M[*�EQ8QJ)Y@[]Q1 (�S2R*&P�J[32J�=Z�'*)BQ'- (�YJ�RF[9OQ

EQU.

�MZJ2V[*�LQ[QJBI�S>�0Q&�XQ@N�S*�E;2RJ�X'TJ[32J�('D2N&�:FU'*�YJ�=J*J�SN'BFO;�LQ[QJBI�3@*�IE�S>�YKUJ�I'[R*�X�SG%RJ
FU'*�S2U&E�&I�YZ&I'> .9N&�Y1IQY�S*�FZ'*�E;2RJ�X'TJ[32J�('D2N&�YO1Z�S*�YY'C�/'0])&�S>�DFJ�S*�YZ'TJ[32J�EPIP�K&�S>�EJZH-�H'

EQU�XJ[BQG8�FOTE�YKN�'J.

�X�SRZ';J�SGK8�K&�Y7G2DJ�X'T�SPI�IQ-OJ�MZ&�X&J*R2)M[[11�)ZJ] (�X�SRZ';J�'Z�PMSE)'*C�/'1*JJ�M[CN'[J(�0F'?�X&J*
EI&E�EQ8P�5G2DJ�X'T .B&��]5J�S>�0Q&�MZ&�5G2DJ�X'T�0F'?�K&�IQ-OJ�Jn��&I�'UN �5G2DJ�/'+[>J1�EI&E�EQ8P�E;2RJ�J[32J
�P�RE&E�I&J:�S-?]J�EIQJR2��'ZMSE�I[O>�('D2N&�&I�)[>J1�MZJ2U*�P�REJ>�YQIJ*�&I�'UN �'*�RFU�S2C'Q�X'T�DFJ.

&�YGY&�X'T�S7F#J�E[G@1�SPI�:I[TE�I&J:�S8Q1�EIQJ�I[N&Q1�YJ�)Q'OJ�X'TJ[32J�('D2N&�X&J*�S>�XJCZE�SPI�'J&�P0Q.

�SPI�IE�YGY&�X'T�S7F#J�:FU�S27B�S>�SNQB�L'KTPCA�S*�'T�RE&E�PN'ZI&Q>�'Z�P�YC2R+KT�PZJ1'J�X�RNZP�X'TI&EJ*�O'Q&�J*�:
FOZ �YJ�0QE .FTE�YJ�TUQ-�SNQKN�IE�&I�XJ2V[*�/&J[[31�P�YBFO>&J-�P�0Q&�S7F#J�MZJ2KUJ�:YGY&�X�S7F#J�M[FP& .�X&J*�P-

*�K'[N�EIQJ�X'TJ[32J�('D2N&�J1�IUJ�YGY&�X'T�S7F#J�K&�E&F11�L �P�EJ>�RE'72Q&�SPI�MZ&�K&�L&Q1�YJ�YNQ[QJBI�DFJ�S*�EPIP�X&J
EQKN�('D2N&�&I�FOU'*�YJ�XJ1\'*�PN'ZI&P�X&I&E�S>.

IZK&EJ-�YJ�D'5J�=Z�X�S$&I&�S*�.Q]QJ�J2V[*�<IE�X&J*:

I'K[*�0Z']I�M[*�X�S**&I�EI&E�EZ'K1�YN'2QI'K[*�P[$I�I[O>�YJ�[J6)y (F9OR*�JZK�X'T�J[32J�'*�&I .�X�SNQKN�=Z�I'>�MZ&�X&J*�
�
FN&�RFU�('D2N&�L&I'K[*�K&�YZ'1.

X1 =I'K[*�MQX2 =XI'K[*�/FUX3 =YN&JCN�>*Q

FOU'*�YJ�JZK�/IQY�S*�RFU�XIP �/K8�X'T�RE&E.*�H'9N&�X&JPCA�O>�YJ�RE'72Q&�)1�YO[J�I&L6&�HJN�K&I[�RFJ �0QE�S*�7Z'2N�P
�=FNQU�YJ�S$&I&�SJ&E&�IE





0Q&�RFJ �0QE�S*�Y1K91�/&J[[31�0+RN�L[N�P�/&J[[31�0+RN�:RNZP�JZE';J�EQU�YJ�S-?]J�S>�SNQCN'KT .�L[N�F1*�0KR:�E&F0&
FO2RT�'UN �J,'O2J�X�RNZP�X'T�I&EJ*�L'KT�/:&P�IE�S>�FOU'*�YJ�YGY&�X'T�S7F#J�)Z&J].]J�'*�MZ&�S*�RFJ �0QE�S*�E&F0&�X�S-?

�L'KT�S>�DP&�X�S7F#J�PE�S>�I[QI�YJ�S9[2N"I'K[*�MQ"��P"XI'K[*�/FU"��S9[2N�IE�P�S26JB�J*�IE�&I�XJZH-J[[31�MZJ2V[*�FOU'*�YJ
EQU�S2UQN�'UN �X'O+J�J*�FN&Q1�YJ�YNQ[QJBI�DFJ .�S>�HQQ�J[32J�YO1Z"YN&JCN�>*Q"��IE�XE'ZK�J[4"1�FU'*�YJ"']II'K[*�0Z"��S>

EI&HB�YKN�FU'*�YJ�'J�X�S2R*&P�J[32J.FU'*�YJ�L[N�YGY&�X'T�S7F#J�I&F;J�X�S$&I&�S*�IE':�)1�YO[J�:7Z'2N�MZ&�J*�RP]0 .�I'>�MZ&�X&J*
�X&�RIP'@J�IE'>�IE�0Q&�Y6'>storage��IE�'UN �M26JB�I&J:�E@Jworksheet�I[O>�M[[11�&I.�JZK�/IQY�S*�7Z'2N�S9[2N�IE

'KNFNQU�YJ�RE&E�TZ:



�\@̂�.�RŴ.)H(

�ER>&�K&�RE'72Q&�'*�D'5J�=Z�&F2*&

YJ�S$&I&�ER>&�IE�E?�'*�D'5J�=Z�'8�MZ&�IEVN�S>�EQU'YJ�L�&I�IT�J*�SN'BFO;�X'TJ[32J�/&J4&�SNQC;�Y3[2Q�LQ[QJBI�S>�FTE
YJ�L'JIEFZ'KN.H'N�S*�IZI&E�J[32J�SQ�K&�S0QK9J�=Z�'8�MZ&�IE�'J�X'Tx1�:x2�Px1x2�0Q&�PE�L �(J]�S> .SFE'1J�0QE�S*�X

0Q&�RFU�Y?&J)�E?U�MZ&�S*�RFJ :

y = 3x1 + 2x2 + 0.5  x1x2 + e 

�L �IE�S>e��I'[1J�4&J@N&�P�J7Y�M[CN'[J�'*�D'JJN�/ZKQ1�=Z�X&I&E�S>�0Q&�'*C�L&L[J�
�0Q&.

S*�&I�'T�RE&E�IE�'*C�LEJ>�EI&P�X&J*�S)Q*JJ�ER>&�/*'1�YJ�Y?&J)�/IQY�MZ&I[O> :

e =norminv(rand(),0,10)

�:0Q&�MUPI��S>�IQ*N'KTrand()�0Q&�ER>&�IE�Y6E'Z1�EF0�F[FQ1�/*'1 .�X&J*�RE&E�F[FQ1�X&J*x1 �K&�ITrand()x1= ��RE'72Q&
YJI[Z'KN .�P�
��X&J*�SNQKN1xYJ�0QE�S*�P�IZIP 2xYJ�S+Q'@J�E?U�MZ&�S*�IT�&II[O> :+rand()/1001= x2x  .�S*�S>�Y2:P

RE&E�MZ&�S*�_Q*JJ�LQ[QJBI�/'1*JJ�E:&F?�SPIYJ�&J8&�&I�'TYJ�JZK�7Z'2N�S*�I[O>I[QI :

E?U� :�K&�EY'?�7Z'2NOLS

YJ�RFZE�S>�IQ*N'KTSFE'1J�IE�EQ8QJ�)Z&J]�S*�0+RN�/'1*JJ�E:&F?�SPI�'*��LQ[QJBI�K&�RFJ �0QE�S*�)Z&J]EQU�S[FP&�X
'72J�I'[R*0Q&�/P .0Q&�S26JB�I&J:�IT�J*�'TJ[32J�J[4'1�P�Y*DKT�J4&�J[4"1�0@1�SN'BFO;�LQ[QJBI�MZ&�S>�0Q&�XDVJ .



�Y3[2Q�LQ[QJBI�K&�RE'72Q&

H'N�'*�M[O<KT�Y3[2Q�LQ[QJBIH'N�P�QNQD[1�LQ[QJBI�X'TYJ�S2C'OU�JCZE�X'TEQU .SKZJ8�J[32J�LQ[QJBI�MZ&�XR��P�Y6J1J�&I
J�RE'72Q&�L �K&YFO> .0Q&�E?U�MZ&�S*�S)Q*JJ�DQJJ6 :

3@(k) = (XT�� �
R�-1 XTY

3@�YJ�RF[J'N�Y3[2Q�LQ[QJBI�(QQ1�RFU�F[FQ1�X'2*�X'TEIP J*�K&�XI&EJ*�'8�MZ&�IE�:RFU�EIP J*�)Z&J]�PZJ1'JEQU.

�D'5J�MZ&�IEX��X&I&E�YRZJ1'J�
��P�5ZEI
�LQ2Q�S>�0Q&��LQ2Q�JZE';J�XP'?�'Tx1�:x2�Px1x2�YJFU'* .XT�PZJ1'J�L[N
RE'UN&J1RE&E�PZJ1'J�X0Q&�'T .�EY'?�O'Q&�MZ&�J*XTX��PZJ1'J
��IE
�YJFU'* .

�PZJ1'JI�SKT�L �YGY&�J*:�L8�S*�S>�0Q&�SQ�IE�SQ�YN'?Z�PZJ1'J�=ZSZ&IE�XYJ�J7Y�L �X'TFU'* .�=Z�L �YGY&�J*:�P
0Q& .�PR��K&�=Z�JT�IE�RFU�(J]�0*'4��J*:�J*�'T�S*�S8Q1�'*�S>�0Q&�YGY&XTX�YJ�M[[11EEJB.

��PZJ1'J�=Z�S*�0Z'UN�IE�S9[2N1IE
�YJ�YU2OJ0Q&�LQ[QJBI�Y@[]Q1�X'TJ[32J�EJ'U�S>�EQU .

�('D2N&�YCNQC;R

YJ�D'?�EJ'0�S>�I[O[+*�I[T&QCR�I[Z'KN�('D2N&�SNQC;�&I .�SO[U*�I[-O1�J2J&I'--)R (PI�'*�)G2&�P�0Q&�S2C'OU'N�\QK1J�Sad 

hoc�YJ�XDVJEEJB .XL[*�J[R71�K&�RE'72Q&�SPI .�YO@OJ�SPI�:/)';2J�I'+20&�:4]2C&�EY&�SPIL�YZ'KO2QIE�J5>&F?�:
T[-�J*C�EIP J*�P�RFU�EPF@JSPI�\[1+1�LPF*�YO[*S+Q'@J�X'TYJ�'UN �XFU'*.

REJ2RB�S@7Y�XK&FN&�R&I�YCNQC;

YJ�RE'72Q&�ER>&�YRZJ1'J�/*'1�PE�K&�'J[O>�I :mmult(array1,array2) ��Pminverse(array)���PZJ1'J�D'5>�X&J*�MZ&J*'O*XTX�
YJ�E[?V1�JZK�/IQY�S*EQU:

E?U� :�LFJ �0QE�S*�YCNQC;XTX



REPF@J�'8�MZ&�IE�XH3:CI5��EJ'UXTREPF@J�PXD3:F82��EJ'U�
��IE�J*Q
�RE&E�PZJ1'J�LQ2Q�XX�YJFU'* .�S8Q1
X&J*�S>�F[U'Z�S2U&E�S+Q'@J�ER>&�IE�L'O[JJ1E�X :PZJ1'J�('D2N&�K&�F1*�FZ'*�DQJJ6�IE�LEJ>�EI&P�P�Y8PJC�P�XEPIP�X'T�IE
X'TF[G>�'U2N&Ctrl+Shift+EnterF[TE�I'V6�&I .�PZJ1'J�JY'O0�H'K1�S9[2NYJ�RE&E�TZ'KN�P�S+Q'@J�EQU.

E?U
 :YZ'UN�/'+Q'@J�YCNQC;

R��DQGQ�IEM11�'RJ�'8�MZ&�IE�P�0Q&�XP
����0Q&�RFU .YJ�RFZE�REJ2RB�S@7Y�TZ'KN�S@7Y�IE�S<N �S*�S8Q1�'*�EQU
0Q&�JZK�/IQY�S*�RFJ �0QE�S*�)Z&J].

E?U
 :�Y3[2Q�LQ[QJBI�Y8PJC

YJ�0QE�S*�7Z'2N�K&�IQ*N'KTYJ�)Q'OJ�I'[R*�S>�0Q&�S[FP&�DQJJ6�XP'RJ�'+ZJ;1�7Z'2N�SPI�MZ&�IE�FZ EQU.

\@̂�.�RŴ.)H(��])3:

T[-�X'TJ[32J�Y2:P�S>�0Q&�XJCZE�EIP J*�SPI�Y3[2Q�LQ[QJBIYJ�I&J:�RE'72Q&�EIQJ�FNI&E�YZ\'*�Y*DKT�YO[*EJ[B .
R&IS+Q'@J�P�5ZJ11�X&J*�XE'ZK�X'TEI&E�EQ8P�Y3[2Q�X'TEIP J*�X .RFZLBJ*�&I�Y3[2Q�J4&�'*�(+1JJ�SPI�'JIZ& .��=Z�SPI�MZ&

YJ�&I�L �P�0Q&�XI&EQKN�EJ?ZPIEJ>�Y;G1�Y6'V2>&�=[O?1�=Z�L&Q1 .YJ�RE'72Q&�Y3[2Q�J4&�K&�S>�Y3[2Q�E[G@1�=Z�FO>
YJ�S$&I&�0Q&�M,»QQ�EIQJ�Y*DKT�Y2:P�EIP J*�P�5V>�S*�_Q*JJ�E$'RJ�X&J*�&I�XEJ6�S*�JZ@OJ�EJ?ZPIFO> .�X'TJBEIP J*

�X'TJBEIP J*�S*�0+RN�XJ2K>�X'*C�HPE�L&Q1�M[CN'[J�YFP�REQ*�)ZI&�SGY'?OLS�EI&E)EI'O>�P�DIQT)���
 (�S-?]J�&I
F[O>.(



�D'JJN�/\E'1J�'*�Y1P'71�<FN&�S>�Y1\E'1J�E?�'*�&I�LQ[QJBI�)Z&J]�Y3[2Q�X'TEIP J*)EZ6�IE�RFU�S$&I& (YJ�FNI&E�L&Q1
S*EIP �0QE .0Q&�JZL1IQY�S*�LQ[QJBI�XQCF&�EI&FN'2Q&�E?U�F[O>�[J6 :

>���41 �=1  �42 �=2 �)� 4P �=P +?'

/I'+0�Y3[2Q�LQ[QJBI�)Z&J]�S*�_Q*JJ�EIP J*�/\E'1JK&�FN& :

�� ���41 + r12 42 �)� ��1p4p = r1y

r21 41  ��� ��42  �)� ��2p 4p = r2y

.               .       .              .

.               .       .              .

.               .       .              .
rp1 41 + r2   42  �)� ��� ��4p= rpy

�L �IE�S>rij��XQCV[-�X'TJ[32J�M[*�YC2R+KTi��Pj��Prij�XQCV[-�J[32J�M[*�YC2R+KTi�BQ'-�J[32J�P�H&>�0Q& .�)Z&J]�EIP J*
�YO1Z�Y3[2Q�LQ[QJBI4@1,),4@P�'1J�R'C2QE�(&Q8�/\E)�
-�� (0Q& .YJ�&I�Y3[2Q�LQ[QJBI�)Z&J]�EIP J*�S*�L&Q1

RE&E�S0QK9J�EY'?�L&QO0S26'Z�J[[31�Y>FN&�S>�YZ'TEQKN�Y;G1�FN& .�&I�EZ6�MZ&�0QQ[-�EIQJ�MZ&�IE�YKQI�EK0�KJ)�X&J*
F[Z'KN�S-?]J.

�K&�&I�Y3[2Q�LQ[QJBI�S>�YGY&�J2J&I'-OLS�YJ�LZ'K2J�EK'QK�0Q& .S8Q1�FZ'*��Y2:P�S>�0U&Ek=0��P4@�X'TEIP J*�'TOLS�
EQ*�FOT&QC .�J2J&I'--�YJ�Y+ZI&�J2J&I'-�&IFOJ'N .�TZ&L6&�'*k�YJ�TZ&L6&�L[N�'TEIP J*�Y+ZI&�:J7Y�K&F*'Z .�E>�PN'ZI&P�Y6J)�K&

)PN'ZI&P�.QK9JLQ[QJBI�)Z&J]�X'TEIP J*�X'T (K&�0Q&�/I'+0 :

��L2 = �E>�PN'ZI&P)k(

�S*�0+RN�YVT'>�Y1*'1�S>k�0Q& .DQJJ6)�
-�� (�L'VN�&I�LQ[QJBI�)Z&J]�X'TEIP J*�E>�PN'ZI&P�XPI�Y3[2Q�J2J&I'-�J4&
YJFTE .�JB&K=0��IE�&I)�
-�� (0U&E�I[T&QC�I[TE�I&J:.

2 ����LE>�PN'ZI&P)
(

PN'ZI&P�XPI�&I�=;Q>�RNZP�I&F;J�J4&�S>��X'TEIP J*�E>OLS�YJ�L'VN�LQ[QJBI�)Z&J]�JB&�FTEk��&F[-�TZ&L6&�L&J>�LPF*
YJ�E[J�J7Y�S*�LQ[QJBI�X'TEIP J*�H'K1�FO>FOO>.

RFZ&�K&�XI&F;J�S>�0Q&�MZ&�Y3[2Q�LQ[QJBI�Xk�EQVN�E'ZK�Y+ZI&�TZ&L6&�'*�E>�PN'ZI&P�IE�TT'>�S>�FO>�('D2N&�&I.



&F;J�S>�FZEJB�L'[*�J2V[-�S>�L �X&J*�Y2+5J�Ik��EIP J*�IE�I>�/&J[[31�S*�0+RN�Y3[2Q�X'TEIP J*�L �X&K&�S*�S>�EI&E�EQ8P
RE&EEQ*�FOT&QC�I&FZ'-�'T) .�EI'O>�P�DIQT���
 (�S+Q'@J�'*�EK0�IE4@1,),4@P�JZE';J�X&J*k�M[*�X
��P���IE�7Z'2N�IQI�P

I&F;J�E*';Jk�YJ�('D2N&�&II[O> .�J4&�K&�EY'?�I&EQKN�)Q'OJ�I&F;J�=Z�('D2N&�X&J*�P�RF[J'N�Y3[2Qk��I&J:�RE'72Q&�EIQJ
YJI[TE .YZ'KOT&I�D'5J�IE�('D2N&�X&J*�&I�YZ'Tk�YJ�S$&I&I[O>.

�\@̂�.�0V(����&(V�)�

YJ�S9[2N�Y3[2Q�E[G@1�K&�S>�SN'BFO;�Y*DKT�X&J*�YUPIEQU .�<FN&�/&J[[31�K&�EY'?�RFU�EIP J*�)Z&J]�IE�XI&FZ'-'N�'*�IE
RE&E�EIP J*EI&E�I'>PJQ�'T .YJ�Y3[2Q�J4&�IE�&I�XI&FZ'-'NEJ>�RFT'VJ�L&Q1 .��LQ[QJBI�)Z&J]�L'JLKT�I&EQKN�=Z�Y3[2Q�J4&

4@1,),4@P��E*';J�IE�S>�0Q&k��5G2DJ�JZE';J�X&J*k��J[-N0.001��:0.002�0Q&�RFU�IQI�RJ[2�P .�E?U�
-���Y3[2Q�J4&
RE&E�S*�_Q*JJ&EI&P�X'T0Q&�/ .�DPF8�S*�S8Q1�'*�I&EQKN�MZ&�
-���X&J*�&I�Y3[2Q�)Z&J]�EIP J*�DPF8�MZ&�S>�RFU�IQI���

�I&F;Jk��K&�S>
��'1��YJ�J[[31EI&EJ*IE�&I�FO> .�JZE';J�D'5J�L&QO0�S*kREJ>�('D2N&�&I�EJ*�YO[Z'-�X'U2N&�S*�=ZELN�XIZ& .�JB&
ZE';J�X&J*�&I�XE'ZK�/'N'QQN�RFU�EIP J*�)Z&J]�=;Q>�Jk��Y*DKT�\'K2?&�P�RFU�JT',�XI&FZ'-'N�/IQY�L �IE�FOTE�L'VN

EI&E�EQ8P�SN'BFO;.

�DPF8�K&�L �'*�DE'1J�'*�Y3[2Q�J4&�K&�S>�S<N �
-��RFU�EIP J*�JZE';J�S>�0Q&�MZ&�0Q&F[-�)Z&J]�X�4��P
4��JZE';J�X&J*
�=;Q>k�0Q&�I&FZ'-'N�]J'> .�EIP J*�4�OJ�I&F;J�=Z�K&�00JQ�S*�S8QJ�J[2�Y7-0.339��EPF?�IE�I&FZ'-�I&F;J�=Z�S*0.43�
YJ�J[[31FO> .�EIP J*
4��K&��


��Y?ZELN�IE�P�RFU�.PJU
��
�YJ�I&FZ'-EQU .�)ZJ]�=2)STOCK (�YO1Z�4��J[4"1�0@1

YKN�I&J:�SN'BFO;�Y*DKT�EPF?�IE�P�EJ[B
����YJ�Y:'*�I&FZ'-FN'J .

�DPF8�
-����3[2Q�X'TEIP J*�Y4@j(k)��Y3[2Q�J2J&I'-�K&�Y1*&Q1�/IQY�S*k�RE&E�X&J*�/&EI&P�X'T)����-����(

(k)4@3
4@2(k)   4@1(k) k

1.303 0.213
-

0.339 0.000

1.080 0.215
-

0.117 0.001
0.870 0.217 0.092 0.003
0.768 0.217 0.192 0.005
0.709 0.217 0.251 0.007
0.669 0.217 0.290 0.009
0.654 0.217 0.304 0.010
0.630 0.217 0.328 0.012
0.611 0.217 0.345 0.014
0.597 0.217 0.359 0.016



0.585 0.216 0.370 0.018
0.575 0.216 0.379 0.020
0.567 0.216 0.386 0.022
0.560 0.215 0.392 0.024
0.553 0.215 0.398 0.026
0.548 0.216 0.402 0.028
0.543 0.214 0.406 0.030
0.525 0.213 0.420 0.040
0.513 0.211 0.427 0.050
0.504 0.209 0.432 0.060
0.497 0.207 0.434 0.070
0.491 0.206 0.436 0.080
0.486 0.204 0.436 0.090
0.481 0.202 0.436 0.100
0.450 0.186 0.436 0.200
0.427 0.173 0.411 0.300
0.408 0.161 0.396 0.400
0.391 0.151 0.381 0.500
0.376 0.142 0.376 0.600
0.361 0.135 0.354 0.700
0.348 0.128 0.342 0.800
0.336 0.121 0.330 0.900
0.325 0.115 0.319 1.000

�I&F;J�('D2N&�Y3[2Q�E[G@1�IE�XF1*�SG?JJk�Q[QJBI�)Z&J]�S*�_Q*JJ�X'TEIP J*�LEIP �0QE�S*�P0Q&�L .�Y*DKT�JB&
SG%RJ�=Z�SN'BFO;S2RT �TZ&L6&�'*�&I�Y3[2Q�X'TJBEIP J*�:FU'*�XF8�X�Xk�EJ>�FT&QC�J[[31�Y+[90�IQ)�S*�J7Y�K& .�'*

�TZ&L6&k�YJ�I&FZ'-�H'9N&JQ�)Z&J]FNQU .�LQ;k��I&F;J�MZJ2K>�('D2N&�&HF�0Q&�Y+ZI&�J2J&I'-�=Zk��XI&FZ'-�L �X&J*�S>
YJ�8'71&F26& .G*J�I&F;J�&JZK�EQ*�FT&QC�(Qk�S**&I�S*�'K[;2RJ�('D2N&�X&J*�EI&E�YC2R*�RFU�Y6J1J�Y+ZI&�I&F;J�Xk��MZFO;

0Q&�RFU�E'UOV[-�SPI .SPI�MZ&YJ�J*�IE�&I�JZK�EI&QJ�'TEJ[B:

�.0*'4�S*;N

MZPFF'*�P�EI'O>�:DIQT)���� (�EIP J*k�'*�&I :

k= 

REJ>�E'UOV[-��S>�FN&4@p(0),),4@1(0) �L&Q1�MZJ2K>�X'TEIP J*�HPE�X'T4p�)�41��XQCF&�Y2:P�FO2RT)�
-�� (RE&E�S*�X'T
YJ�SK&J*�FNQU)�Y2:P�YO1Zk = 0 (�PL@2(0)�0Q&�S)Q*JJ�X'*C�HPE�L&Q1�M[CN'[J.

�.�XI&J?1�SPI



�EI'O>�P�FFIQT)���� (�('D2N&�X&J*�&I�JZK�XI&J?1�SPIk�REJ>�E'UOV[-FN& :S[FP&�X'TEIP J*�'*�K&�X&k)�
-�� (�SPI�MZ&
YJ�K'2 EQU .�&I�I&F;J�MZ&k0YJ�I&F;J�P.Q�P�I[J'Nk1YJ�S+Q'@J�&II[O>:

k= 

L �K&�R'Bk1S+Q'@J�X&J*�Xk2YJ�RE'72Q&�JZK�/IQY�S*I[O>:

k= 

�YF&Q2J�EIP J*�PE�M[*�4]2C&�S?OZ&�'1�&I�FOZ J6�MZ&k�YJ�I&J?1�FU'*�['K2&�E*':I[O>.

�.�)��\@̂�.

�����I'26I4@j(k)��K&�Y1*'1�L&QO0�S*k�YJ�Y3[2Q�J4&�K&�0FQUQ�S*�&IEJ>�RFT'VJ�L&Q1 .�I&F;Jk��0Q&�I&F;J�MZJ2?;Q>�:RFU�('D2N&
���)Z&J]�H'K1�X&J*�S>4@j(k)��YJ�I&FZ'-FNQU .�Y*'D2N&�I&F;J�IE�MZ&�J*�RP]0kL&Q1�.QK9J�:RFN'J�HPE�X'T�I&F;J�=ZELN�FZ'*�'T

KK[O[J�:PN'ZI&P�TZ&L6&�EJ'0�FN'K*�Y:'*�TVIFj(k)��K&�J2K>�S*�FZ'*�L[N�
�FQJ*).YJ�XIP E'Z�I&F;J�S>�I[O>���=Z�YBNZP
�K&�J2K>�I&F;J�P�FJ'12J�I2R[Q�
�L'VNRFOTE0Q&�I&FZ'-�'Z�(DKT�J[2�I2R[Q�=Z�X.(.

�.SPI�JZ'Q�'T

SPI�K&�XI'[R*�EIP J*�JCZE�X'Tk�0Q&�RFU�E'UOV[-�L[N .*YJ�D'5J�L&QO0�S�/IQ>I'J�F[N&Q1)���
(�KQF'J�:)���
 (�P�M[2QHGB
�P[KQ&)����(�QNI\'B�P�FF'NPF?J�:)����(�P�MZJZ'Q�P�J2R.JE�:)���� (�PGT�P�)FQB�:'+TP�P)���� (F[O>�S-?]J�&I .�IE

J�EI&E�RFU�EIP J*�)Z&J]�XPI�Y*DKT�S>�Y1&J4&�XI&EQKN�S$&I&�S*�Y3[2Q�J4&�S*H8�D'?�M[0YJ�_Q*JEQU.

���RE&E�X&J*�DQJJ6�/&EI&P�X'T)�
-�� (YJ�EY'?�&I�JZK�I&F;JFO>.

= 0.0164k = 

�JZE';J�XI&J?1�SPIk0=0.0164��:k1 = 0.161�:k2 = 0.0161�YJ�&IFTE .�S*�I&J?1�PE�K&�F1*�MZ&J*'O*k = 0.0161��&JCKT
YJEQU .�E?U�Y3[2Q�J4&�
-�)�DPF8�
-��YJ�S-?]J�L[N�&IF[O> .(�X&J*k�'+ZJ;1�X
�
��YJ�I&FZ'-EQU .�EIP J*�SQ�MZ&J*'O*k

)
�
���:
�
���:
�
� (IZI&E�&I.



�DPF8�K&�
-��YJ�EIP J*�0QIE'N�Y7OJ�0J]0�JZE';J�MZ&�K&�=Z�JT�IE�S>�I[O[*41�YJ�M[*�K&)ZJ]�MZ&�P�EPI )�IE
�
���
�X&J*k= 0.016��IE�P
�����X&J*k=0.04 (YJ�I&FZ'-EQU .�DPF8�K&�
-��YJ�S-?]JL&Q1�.QK9J�S>��I[O>RFN'J�HPE�X'T�'T

)SSE(k) (�K&�(;6
�
����IEk=0��S*0.108��IEk=0.016��IE�P�S26'Z�TZ&L6&k= 0.04��S*0.117�0Q&�REJ>�&F[-�TZ&L6& .

�:PN'ZI&P�TZ&L6&�EJ&Q0VIF1(k)��PVIF3(k)��K&185�';J�S*�M[*�JZE1��P4�0Q&�REJ>�&F[-�TT'>.

�JZE';J�S>�0Q&�>]&Pk�SGY'6�IE�X)0.04��P0.016 (YJ�J-N�S*�TD*�0Z']IFQI.

�DPF8�IE�YGY&�P�RFU�EI&FN'2Q&�X'TJ[32J�X'TF?&P�S*�QCF&�K&�RFU�EIP J*�)Z&J]�
-��RFU�SY]CFN& .�S[FP&�)Z&J]3@j�K&
�EI&FN'2Q&�)ZJ]4@j�K&�RE'72Q&�'*)�
-
 (YJ�0QE�S*FZ  .�D'5J�X&J*3@1YJ�S+Q'@J�JZK�/IQY�S*EQU.

3@1j = (Sy/S1) 4@1 = (4.5437/29.9995)(0.4196) = 0.0635

�LEJ*I'>�S*�'*�Y3[2Q�SPI�'*�RFU�SK&J*�S[FP&�X'TJ[32J�)R?J*�EY'?�XQCF&�)[1J1�MZF*k=0.04�K&�0Q&�/I'+0 :

IMPORT = -8.5537 + 0.0635 . DOPROD + 0.5859 .,STOCK + 0.1156 . CONSUM

S8QJ�TZ'KN�=Z�SFE'1J�MZ&YJ�&I�S**&I�K&�X&FTE .SFE'1J�S>�F[O>�S8Q1RE&E�MZ&�X&J*�YZ'UN�XS9[2N�'*�Y1P'71�WQZC�S*�'T�X&
S7F#J�PE�LEJ*I'>�S*�K&�S>EI&FN�FJ �0QE�S*�DP&�YGY&�X ) .�DPF8�
-
�F[O>�S-?]J�&I (R*�S+Q'@J�SPI�PE�S;�JB�I'[

/P'72JFN&.

Y3[2Q�LQ[QJBI :�J>H1�FO;

S2QE�=Z�XI&FZ'-�/P'̂:�X&J*�&I�XI&L*&�Y3[2Q�LQ[QJBIRE&E�K&�X&�L&Q1�MZJ2K>�'*�E[G@1�X&J*YJ�IT&J6�HPE�X'T�IE�EK'Q
0[1]PL'O;�:\'*�Y*DKT�'*�YZ'TRE&E�IE�I>�/&J[[31�FU�RI'U&�S>U�EIP J*�)Z&J]�IE�XE'ZK�/&J[[31�)8QJ�'T�EI&E�RF

YJ�I'?U �&I�_JU�MZ&�Y3[2Q�LQ[QJBIFO>.

0[1]P�MZ&�IEL&Q1�MZJ2K>�LQ[QJBI�K&�_'[2?&�'*�FZ'*�'TEJ>�RE'72Q&�HPE�X'T .�0+RN�XJ1I&Q2Q&�X'TEIP J*�Y3[2Q�LQ[QJBI
L&Q1�MZJ2K>�X'TEIP J*�S*RE&E�IE�I>�/&J[[31�X&J*�HPE�X'TYJ�IT&J6�'TFO>.

�K&�Y3[2Q�X'TJBEIP J*RE&E�EIP J*�IE�<FN&�/&J[[31�J[4"1�0@1�S>�J-N�MZ&YKN�/:&P�'TFO2RT�I&FZ'-�FNQU .�0[Y'C�J)'C�S*
RFU�EIP J*�)Z&J]�JZE';J�:J2K>�X'*C�HPE�L&Q1�M[CN'[JYJ�I'-2N&�Y3[2Q�LQ[QJBI�X�X'TEIP J*�S*�0+RN�EPIOLS��JZE';J�S*

FOU'*�J2?ZELN�LQ[QJBI�)Z&J]�Y1:&P .T[-�M[O<KT[*YOS0QK9J�IE�S>�QCV[-�X'TJ[32J�JZE';J�S*�_Q*JJ�BQ'-�J[32J�X'T�X
RFVN�+'@F�EIP J*9[:E�FN&EQ*�FOT&QC�J1.



�Y+ZI&�J2J&I'-�EIP J*K�0Q&�YOTG�'2+RN .SPI�K&�XI'[R*�EIP J*�JCZE�X'TK��S>�YJ'0�96&Q1�EIQJ�MZ&�IE�YFP�FNI&E�EQ8P
EI&FN�EQ8P�0Q&�J2U*�SPI�H&F> .&�J-N�4JY�Y3[2Q�J2J&I'-�EIP J*�('D2N&�SPI�KK�IQ̂?�J[4"1�0@1�RFU�EIP J*�J2J&I'-�:

RE&E�IE�RE'26&IPE�_';NYJ�/:&P�'TEQU.

��L&Q1�.QK9JRFN'J�HPE�X'T�:'TSSE(k)��PN'ZI&P�TZ&L6&�EJ&Q0�PVIFj(k)��Y3[2Q�J2J&K'-�K&�Y1*'1�L&QO0�S*k�RE&E�X&J*�X'T
�/&EI&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



���X'TEIP J*OLS�LQ[QJBI�)Z&J]�Y3[2Q�P�RE&E�S*�_Q*JJ/&EI&P�X'T)����-����.(

(k=0) Y3[2Q OLS(K=0)

�)Z&J]
S[FP&

�)Z&J]
�RFU�EI&FN'2Q& S[FP&�)Z&J]

�)Z&J]
�RFU�EI&FN'2Q& J[32J

-
8.5537 0 -10.13 0 0*'4
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

S7F#J�SPI�FON'JI[KZ1�I'[1J�:YGY&�X'T�X'TJBEIP J*�K&�J1J*�Y3[2Q�X'TJBEIP J*�0:P�S;�FO>�L'[*�S>�XJ[BOLS��FO2RT
YKN�JZE';J�MZ&�S;�JB�EI&E�QCF&�IE�Y1:&P�LQ[QJBI�)Z&J]�JZE';J�S*�YC2R*�IT�KQOT�'J�FOU'*�HQG1J�FON&Q1YJ�E'UOV[-�IE�I[O>

EQ*�FT&QC�F[7J�Y3[2Q�E[G@1�:0Q&�M,»QQ�EIQJ�MZJ6�SN'BFO;�Y*DKT�S>�XEI&QJ .YJ�Y3[2Q�)Z&J]�JCZE�J[+11�=Z�FON&Q1
RE&EFOO>�E'UOV[-�&I�EQU�S1F'*J�EIQJ�FOZ J6�J2U*�<IE�S*�YU2OJ�0Q&�M?KJ�S>�YZ'T.

HJN�IE�S>�0Q&�MZ&�Y3[2Q�LQ[QJBI�JCZE�YGK0�E?VJ&0Q&�RFVN�H'9N&�XI'J �X'TI&L6 .HJN�=Z�JB&SJ'NJ*�XI'J �I&L6&�&I�X&
HJN�S2R*�K&�&I�Y3[2Q�LQ[QJBI�X'TEIP J*�:FU'*�S2U&FN�Y3[2Q�LQ[QJBI�X&J*L&Q1�MZJ2K>�I&L6&�K&�RE'72Q&�'*�EI&FN'2Q&�HPE�X'T

RE&E�S0QK9JRFU�RE&E�J[31�XIF:�S>�YZ'TYJ�:FN&EIP �0QE�S*�L&Q1 .C�S*�K&�&I�LQ[QJBI�)Z&J]�Y3[2Q�X'TEIP J*�WQZ
�J*�LQ[QJBIX*

P��)���
*

1SGK8�=Z�M2U&E�LPF*YJ�0QE�S*�QCF&�IE�0*'4�XFOZ .

Y5_$

S7F#J�LQ[QJBI�P�Y3[2Q�LQ[QJBI�EIP J*�SPI�PE�JTRI'*IE�&I�XJ2V[*�/'0])&�:YGY&�X'TRE&E�XYJ�E[G@1�S>�YZ'T�S*�FNQU
YJ�'JFTE .';J�S>�IZFZERFK0�T;N�E;2RJ�X'TJ[32J�YC2R+KT�PZJ1'J�RNZP�JZE�E[G@1�P�SN'BFO;�Y*DKT�5V>�IE�&I�X&
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