
!"#$"%&'!(')*+,-".&,+,/0'1,-$&,'1*/2#,+ $345

%!

I//":-.A"#"33*8/*<"%(-&*I$':%-.8#*.#*4#:)"%3.#1*-&"*2#8S("$1"

8#*?.(%).%3.3*M%33*=)'1*^$0.#.3-)%-.8#*%08#1

!).0%);*<"%(-&*V%)"*98)5")3**.#*C8'-&*N%5%)-%P*T\QZ

G.5".3&*GU*M')%(.-&%)%#PQ*C%("&%*C'#15%)T

QM"$.:%(*C:."#:"*!)81)%0P*?%:'(-;*8/*M"$.:.#"*@#.A")3.-%3*4#$8#"3.%**
T=",%)-0"#-*8/*!%)%3.-8(81;P*?%:'(-;*8/*M"$.:.#"*@#.A")3.-%3*4#$8#"3.%

9:#$-%;$

(LJKW�QHZ�FDVHV�RI�FKURQLF�¿ODULDVLV�KDYH�EHHQ�GLVFRYHUHG�LQ�6RXWK�-DNDUWD��D�QRQ�HQGHPLF�

.,3.N&F"&872&2#3&8#.*$&"0&2,.$%/*%%*"$I&.6/*$*%2,.2*"$&"0&6*32#:48.,<./.H*$3&KE5DM&.$6&.4<3$6.H"43&

\HDUO\�IRU�¿YH�\HDUV�VKRXOG�EH�SHUIRUPHG�O&F#3,30",3I&(,*/.,:&#3.42#&8.,3&A",)3,%&*$&="72#&!.).,2.&

UHTXLUH�KHDOWK�HGXFDWLRQ� WR�SHUIRUP�¿ODULDVLV�SUHYHQWLRQ�FRUUHFWO\��7KLV� UHVHDUFK�DLPHG� WR�VWXG\�

WKH�HIIHFWLYHQHVV�RI�KHDOWK�HGXFDWLRQ�RQ�¿ODULDVLV�PDVV�GUXJ�DGPLQLVWUDWLRQ��0'$��DPRQJ�SULPDU\�

#3.42#&8.,3&A",)3,%& *$&="72#&!.).,2.N&F#*%&%276:&7%36&3Q(3,*/3$2.4&63%*-$&A*2#&(,3?("%2&%276:&

/32#"6N&E.2.&8"44382*"$&A.%&6"$3& *$&="72#&!.).,2.&"$& 2#3&TX2#&"0& !7$3&TPO^&<:&.%)*$-&.44& 2#3&

DWWHQGLQJ� SULPDU\� KHDOWK� FDUH� ZRUNHUV� WR� ¿OO� WKH� TXHVWLRQQDLUHV� FRPSULVHG� RI� HLJKW� TXHVWLRQV�

UHJDUGLQJ�¿ODULDVLV�0'$��7KH�UHVXOWV�VKRZ�WKDW�EHIRUH�KHDOWK�HGXFDWLRQ��������RI�SDUWLFLSDQWV�KDG�

("",&)$"A436-3I&OJNZW&#.6&.B3,.-3&)$"A436-3&.$6&ONYW&"0&(.,2*8*(.$2%&#.6&-""6&)$"A436-3&"$&

¿ODULDVLV�0'$��)ROORZLQJ�KHDOWK�HGXFDWLRQ��������RI�SDUWLFLSDQWV�KDG�JRRG�NQRZOHGJH�RQ�¿ODULDVLV��

TaNZW& #.6& .B3,.-3& )$"A436-3& .$6& "$4:& aNJW& "0& (.,2*8*(.$2%& #.6& ("",& )$"A436-3& K/.,-*$.4&

#"/"-3$3*2:& 23%2&dPNPPOMN& 12&A.%&8"$847636& 2#.2&#3.42#&3678.2*"$& *%&300382*B3& *$& *$8,3.%*$-& 2#3&

NQRZOHGJH�RI�SULPDU\�KHDOWK�FDUH�ZRUNHUV�RQ�¿ODULDVLV�0'$�

!,<=*-)#@�¿ODULDVLV��KHDOWK�HGXFDWLRQ��KHDOWK�FDUH�ZRUNHUV��PDVV�WUHDWPHQW

I/"5-.A.-%3*!"#;'('&%#*2"3"&%-%#*M"#1"#%.*!"06").%#*+6%-*M%3%(

!"#:"1%&%#*?.(%).%3.3*,%$%*!"-'1%3*!'35"30%3*$.*N%5%)-%*C"(%-%#P*T\QZ

9:#$-%6

'HODSDQ�NDVXV�EDUX�¿ODULDVLV�NURQLV�GLWHPXNDQ�GL�-DNDUWD�6HODWDQ�\DQJ�EXNDQ�PHUXSDNDQ�GDHUDK�

3$63/*%N&S$27)&/3/727%&,.$2.*&(3$74.,.$I&(3/<3,*.$&"<.2&6*32*4).,<./.H*$&6.$&.4<3$6.H"4&2*.(&

2.#7$&%34./.&4*/.&2.#7$&#.,7%&6*4.)7).$NO&;43#&).,3$.&*27I&(327-.%&(7%)3%/.%&6*&!.).,2.&=34.2.$&

PHPHUOXNDQ� SHQJHWDKXDQ� XQWXN�PHODNXNDQ� SHQFHJDKDQ� ¿ODULDVLV� GHQJDQ� EHQDU��3HQHOLWLDQ� LQL�

<3,27\7.$& 7$27)& /3$-32.#7*& 303)2*B*2.%& (3$:747#.$& )3%3#.2.$& /3$-3$.*& (,"-,./& (3/<3,*.$&

REDW�PDVVDO�SHQFHJDKDQ��3203���¿ODULDVLV�SDGD�SHWXJDV�SXVNHVPDV�GL�-DNDUWD�6HODWDQ��'HVDLQ�

(3$34*2*.$&*$*&.6.4.#&3)%(3,*/3$2.4&63$-.$&/32"63&(,3?("%2&%276*N&+3$-7/(74.$&6.2.&6*4.)7).$&6*&

!.).,2.&=34.2.$&(.6.&TX&!7$*&TPO^N&=3/7.&(327-.%&(7%)3%/.%&:.$-&#.6*,&6*/*$2.&7$27)&/3$-*%*&

NXHVLRQHU� \DQJ� EHULVL� �� SHUWDQ\DDQ� PHQJHQDL� 3203� ¿ODULDVLV�� +DVLO� SHQHOLWLDQ� PHQXQMXNNDQ�

<.#A.&%3<347/&(3$:747#.$&)3%3#.2.$I&Z^I^W&(327-.%&/3/*4*)*&(3$-32.#7.$&:.$-&<7,7)I&OJIZW&

/3/*4*)*& (3$-32.#7.$& ,.2.?,.2.& 6.$& OIYW& /3/*4*)*& (3$-32.#7.$& :.$-& <.*)& /3$-3$.*& +;R+&

¿ODULDVLV��6HWHODK�SHQ\XOXKDQ�NHVHKDWDQ��������SHWXJDV�PHPLOLNL� SHQJHWDKXDQ�EDLN�PHQJHQDL�

3203�¿ODULDVLV�� ������PHPLOLNL� SHQJHWDKXDQ� UDWD�UDWD�GDQ�KDQ\D������PHPLOLNL� SHQJHWDKXDQ�

)7,.$-& K23%& /.,-*$.4& #"/"-3$3*2:& dPNPPOMN& E*%*/(74).$& <.#A.& (3$:747#.$& )3%3#.2.$& 303)2*0&

PHQLQJNDWNDQ�SHQJHWDKXDQ�SHWXJDV�SXVNHVPDV�PHQJHQDL�3203�¿ODULDVLV�

!%$%&63(;"@�¿ODULDVLV��SHQ\XOXKDQ��SHNHUMD�NHVHKDWDQ��SHQJREDWDQ�PDVDO



!"#$%#&'()*+,")-$.#(/##+$012)#+)3$45'3()3#,

%#

!"#$%&'%("$%&'%)*+,-+,%&./0

4#-)8$':-.8#

/\PSKDWLF� ¿ODULDVLV� �/)�� LV� D� SDUDVLWLF� GLVHDVH�

S&#/!*( PE( -9$!!( ,%+B%( %!2&-+*!/( G$+#%*B+$2/H5(

i78#3,3,*.& <.$8,"02*;( ],7-*.& /.4.:*( &%*( ],7-*.&

2*/",*7(F9!(/0:%(&%*(/E23-+2/(+6(NQ(&$!('E239!*!2&(

&%*( 'E239&%:0-0/7( .%(S9$+%0S(NQ;(%+%_$!J!$/0P'!(&%*(

3!$2&%!%-(*0/&P0'0-E(+SS#$/(B90S9($!*#S!/(-9!(M#&'0-E(

+6('06!(+6(3&-0!%-/7(K!S&#/!(NQ($!*#S!/(-9!(M#&'0-E(+6(

'06!;( -9!(A+$'*(I!&'-9(C$:&%0b&-0+%( GAICHX( 0%0-0&-!*(

-9!( D'+P&'( 1$+:$&22!( -+( ?'020%&-!( NE239&-0S(

Q0'&$0&/0/(GD1?NQH(0%(WVVV7(F9!(3$02&$E(!'!2!%-/(+6(

-9!(3$+:$&2(&$!(-+(0%-!$$#3-(-$&%/20//0+%(&%*(2&%&:!(

2+$P0*0-E(&%*('020-(*0/&P0'0-E7(F+(0%-!$$#3-(-$&%/20//0+%;(

AIC( 0%0-0&-!*( 2&//( *$#:( &*20%0/-$&-0+%( G@<=H( +6(

¿ODULDVLV�� )LODULDVLV�0'$� LQYROYHV� WKH� DGPLQLVWUDWLRQ�

+6( &'P!%*&b+'!( aVV( 2:( &%*( *0!-9E'( S&$P&2&b0%!(

�'(&�� �� PJ�NJ� ERG\� ZHLJKW� RQFH� D� \HDU� IRU� ¿YH�

E!&$/7(F90/(-$!&-2!%-(0/(:0J!%(-+(&''(3!+3'!(0%(&$!&/(

G+%!().<7(.23$�GLVWULFW��ZLWK�PLFUR¿ODULDO�UDWH�RI�PRUH�

WKDQ����DQG�LI�D�FKURQLF�¿ODULDVLV�FDVH�LV�IRXQG�W(A0-9(

0'$��LW� LV�KRSHG�WKDW�¿ODULDVLV�ZLOO�QRW�HPHUJH�DV�D�

3#P'0S( 9!&'-9( 3$+P'!2( 0%( .%*+%!/0&7( Q+''+B0%:( -9!(

&*20%0/-$&-0+%(+6(@<=;(&*J!$/!($!&S-0+%/(9&J!(P!!%(

B0*!'E(%+-!*7(F9!(/0*!(!66!S-/(0%S'#*!(:!%!$&'(G6!J!$;(

S90''/;(9!&*&S9!;(%&#/!&;(2E&':0&(&%*(]+0%-(3&0%H(&%*(

'+S&'( G'E239&*!%0-0/;( 'E239&%:0-0/;( +$S90-0/;( &PS!//;(

#'S!$(&%*('E239!*!2&H7Y_U(

Q0'&$0&/0/( 0/( !%*!20S( 0%( .%*+%!/0&( &%*(*#$0%:(

-9!(3!$0+*(+6(WVVV_WVV[;(-9!$!(B!$!(XX7[Xa(S&/!/(+6(

FKURQLF�¿ODULDVLV�LQ�,QGRQHVLD�Y�,Q�-DNDUWD��¿ODULDVLV�

0/($&$!'E(6+#%*(P#-(0%(WVXY;(!0:9-(S&/!/(+6(S9$+%0S(

¿ODULDVLV� ZHUH� LGHQWL¿HG� LQ� 6RXWK� -DNDUWD�� D� QRQ�

!%*!20S(&$!&7(K&/!*(+%(-9&-(6&S-;(@<=(/9+#'*(P!(

023'!2!%-!*(-+(!'020%&-!(-9!(/+#$S!(+6(0%6!S-0+%7^

F+(S&$$E(+#-(@<=;(0-( 0/(023+$-&%-(6+$(-9!(3$02&$E(

9!&'-9( S&$!( B+$,!$/( 0%( 8+#-9( "&,&$-&( -+( 9&J!(

NQRZOHGJH� RQ� ¿ODULDVLV� 0'$� LQFOXGLQJ� WKH� DGYHUVH�

$!&S-0+%/(-9&-(6+''+B/7(I!%S!;(B!(B+#'*('0,!(-+(3$+J0*!(

9!&'-9(!*#S&-0+%(-+(-9!(3$02&$E(9!&'-9(S&$!(B+$,!$/(0%(

6RXWK�-DNDUWD�RQ�¿ODULDVLV�0'$��:H�SODQ�WR�HYDOXDWH�

WKH�HIIHFWLYHQHVV�RI�KHDOWK�HGXFDWLRQ�RQ�¿ODULDVLV�0'$�

&2+%:(-9!(3$02&$E(9!&'-9(S&$!(B+$,!$/(PE(3!$6+$20%:(

3$!(&%*(3+/-_-!/-(B0-9(9!&'-9(!*#S&-0+%(&/(0%-!$J!%-0+%7

M"-&8$3

=%(!i3!$02!%-&'(*!/0:%( G3$!(&%*(3+/-_-!/-H(B&/(

S9+/!%(6+$(-90/($!/!&$S9(B0-9(9!&'-9(!*#S&-0+%(&/(0%-!$_

J!%-0+%7(F90/($!/!&$S9(B&/(S&$$0!*(+#-(&-(=7)7&E*$.%&

b3%3#.2.$&!.).,2.&=34.2.$(+%(-9!(WY$*(+6("#%!(WVXY7

k#!/-0+%%&0$!( S+23$0/0%:( +6( !0:9-( M#!/-0+%/(

RQ� ¿ODULDVLV�0'$�ZDV� XVHG� WR� VWXG\� WKH� OHYHO� RI�

,%+B'!*:!(&2+%:(3$02&$E(9!&'-9(S&$!(B+$,!$/( 0%(

8+#-9("&,&$-&(P!6+$!(&%*(&6-!$(9!&'-9(!*#S&-0+%7(

7KH� UHVHDUFKHUV�� ZRXOG� ¿UVW� UHTXHVW� WKH�

/#P]!S-/( -+( 3&$-0S03&-!( PE( J!$P&'( 0%6+$2( S+%/!%-7(

1&$-0S03&%-/(B9+(&:$!!*(-+(P!(/#P]!S-/(B!$!(:0J!%(&(

M#!/-0+%%&0$!(P!6+$!(&%*(6+''+B0%:(9!&'-9(!*#S&-0+%7(

F9!($!/+#$S!(3!$/+%(B&/(&(3&$&/0-+'+:E(3$+6!//+$(

6$+2(Q&S#'-E(+6(@!*0S0%!(R%0J!$/0-&/(.%*+%!/0&7(

F9!( 20%02#2( /&23'!( /0b!( $!M#0$!*( 6+$( -90/(

/-#*E(B&/(S&'S#'&-!*(#/0%:( -9!( 6+$2#'&5(20%02#2(

/&23'!(/0b!(j(bW(i(8<(i(GX_8<HO(f.W*_(GX7[U(i(X7[U(

i(V7Z(i(V7ZH(O(V7XZW(B90S9(!M#&'/(-+(aY;(B9!$!(bj(b(

YDOXH��6'� �VWDQGDUG�GHYLDWLRQ�DQG�&,� �FRQ¿GHQFH�

0%-!$J&'( +6( [Z`7( I+B!J!$;( -+-&'( /&23'0%:(2!-9+*(

B&/( #/!*( 6+$( -90/( $!/!&$S9( &%*( &''( -9!( &--!%*0%:(

9!&'-9( 3!$/+%%!'( 3&$-0S03&-!*( 0%( -90/( /-#*E7( F90/(

&'/+( !%/#$!*( -9&-( -9!( &--!%*0%:( 3&$-0S03&%-/( 9&*(

!M#&'(+33+$-#%0-E(-+(3&$-0S03&-!7

8188(3$+:$&2(6+$(@&S0%-+/9(J!$/0+%(WV(B&/(#/!*(

6+$(*&-&(&%&'E/0/7(F9!(&//+S0&-0+%(+6(:!%*!$;( '!J!'(+6(

!*#S&-0+%(&%*('!J!'(+6(,%+B'!*:!(B&/(&%&'E/!*(#/0%:(

S90( /M#&$!( -!/-( /!3&$&-!'E7( @&$:0%&'( 9+2+:!%!0-E(

-!/-( B&/( 3!$6+$2!*( -+( &%&'E/!*( B9!-9!$( -9!$!( B&/(

VLJQL¿FDQW�GLIIHUHQFH�EHWZHHQ�SUH�DQG�SRVW�WHVW�VFRUHV�

G"3'(-3

=( -+-&'( +6( ZZ( 3&$-0S03&%-/( &:$!!*( -+( P!S+2!(

$!/!&$S9( /#P]!S-/( +6( -90/( /-#*E7( I+B!J!$;( +%!(

3&$-0S03&%-( *0*( %+-( S+23'!-!( -9!( 3+/-_-!/-( -9!$!6+$!(

/9!(B&/(*$+33!*(+#-(+6(-90/(/-#*E7(I!%S!;(&(-+-&'(+6(

Za(3!+3'!(B!$!(#/!*(6+$(*&-&(&%&'E/!/(-+(*!-!$20%!(

B9!-9!$(9!&'-9(!*#S&-0+%(0/(!66!S-0J!(0%(0%S$!&/0%:(-9!(

NQRZOHGJH�RI�KHDOWK�FDUH�ZRUNHUV�RQ�¿ODULDVLV�0'$�

7DEOH� �� VKRZV� WKH� SDUWLFLSDQWV� VWUDWL¿HG�

&SS+$*0%:( -+( :!%*!$( &%*( 6+$2&'( !*#S&-0+%7( F9!(

Za( 3&$-0S03&%-/( B!$!( !M#&''E( *0J0*!*( 0%-+( 2&'!(

&%*(6!2&'!7(@+/-(+6(-9!(3&$-0S03&%-/(GUU7^`H(B!$!(

*03'+2&(9+'*!$/7

7DEOH� ��� � 3DUWLFLSDQWV� 6WUDWL¿HG�$FFRUGLQJ� WR�

>"#$")*%#$*I$':%-.8#

J%).%6("3 ?)"H'"#:; W

D!%*!$(

@&'! W^( ZV

Q!2&'! W^ ZV

?*#S&-0+%

I0:9(/S9++' XV X\7Z

<03'+2& YU UU7^

R%*!$:$&*#&-! V\ Xa7\

F&P'!( W( /9+B/( -9!( 3$!_-!/-( M#!/-0+%%&0$!(

$!J!&'!*( -9&-( 2&]+$0-E( +6( -9!( 3&$-0S03&%-/( *0*(

QRW� KDYH� SULRU� NQRZOHGJH� RI� ¿ODULDVLV� 0'$�� ���



!"#$"%&'!(')*+,-".&,+,/0'1,-$&,'1*/2#,+ $345

%$

G\Z7X\`H( 2&'!/( &%*( WW( G\X7a\`H( 6!2&'!/( 9&*(

SRRU� NQRZOHGJH� RQ� ¿ODULDVLV� 0'$�� 7KHUH� ZDV�

+%'E(+%!(2&'!(GX7\Z`H(B9+(9&*(:++*(,%+B'!*:!7(

6WUDWL¿FDWLRQ� E\� HGXFDWLRQ� UHYHDOHG� WKDW� WKHUH�

ZDV�QR�VLJQL¿FDQW�GLIIHUHQFH�EHWZHHQ�WKH�SUH�WHVW�

VFRUHV� DQG� WKH� OHYHO� RI� NQRZOHGJH� RQ� ¿ODULDVLV��

7KHUHIRUH��WKH�OHYHO�RI�NQRZOHGJH�RQ�¿ODULDVLV�ZDV�

%+-(&//+S0&-!*(B0-9(:!%*!$(&%*(!*#S&-0+%7

O%6("*TU*O&"*7"A"(*8/*2#8S("$1"*8#*M=^*6"/8)"*

<"%(-&*I$':%-.8#

J%).%6("3

2#8S("$1" V&.*

CH'%)"!88) ^A")%1" >88$

93$63,&

@&'! WY Y X

Q!2&'! WW Z V V7aU^

5678.2*"$

I0:9(/S9++' [ X V V7\ZW

<03'+2& YV Z X

R%*!$:$&*#&-! U W V

F&P'!( Y( /9+B/( -9&-( P!6+$!( 9!&'-9( !*#S&-0+%;(

2&]+$0-E( +6( -9!( 3&$-0S03&%-/( G\Y7YY`H( 9&*( 3++$(

NQRZOHGJH� RQ� ¿ODULDVLV� 0'$�� 3DUWLFLSDQWV� KDG�

&J!$&:!( '!J!'( +6( ,%+B'!*:!( B&/( \( GXa7\`H( &%*(

+%'E( +%!( 3&$-0S03&%-( 9&*( :++*( ,%+B'!*:!( +%(

¿ODULDVLV�0'$��$IWHU� WKH� KHDOWK� HGXFDWLRQ�� RQO\� ��

G^7a`H(3&$-0S03&%-/(9&*(3++$('!J!'(+6(,%+B'!*:!7(=(

2&]+$0-E( GUa7\`H(+6(3&$-0S03&%-/(9&*(:++*( '!J!'(+6(

NQRZOHGJH�RQ�¿ODULDVLV�0'$�

O%6("*ZU*7"A"(*8/*2#8S("$1"*8#*M=^*R"/8)"*%#$*

^/-")*I$':%-.8#*

J%).%6("3

7"A"(*8/*2#8S("$1"

!88) ^A")%1" >88$

1$!_F!/- aZ(G\Y7Y`H \(GXa7\`H X(GX7[`H

1+/-_F!/- a(G^7a`H XZ(GW^7\`H YZ(GUa7\`H

F&P'!(a(/9+B/(-9!(*0/-$0P#-0+%(+6(-9!(3&$-0S03&%-/w(

&%/B!$/( +6( !&S9( M#!/-0+%( 3$!_( &%*( 3+/-_-!/-7(A!(

S&%(+P/!$J!(-9&-(-9!(+J!$&''(-$!%*(0/(&%(0%S$!&/!(0%(

-9!(/S+$!/(+6( -9!(3&$-0S03&%-/( 0%( -9!(3+/-_-!/-7(F9!(

M#!/-0+%( -9&-( 2+/-( +6( -9!( 3&$-0S03&%-/( &%/B!$!*(

S+$$!S-'E( 0%( -9!( 3$!_-!/-( B&/( M#!/-0+%( %#2P!$( /0i(

$!:&$*0%:(@<=(/9+#'*(P!(&*20%0/-!$!*(0%(6$+%-(+6(&(

9!&'-9(S&$!(B+$,!$(G^V7a`H7(.%(-9!(3+/-_-!/-;([W7U`(

+6(-9!(3&$-0S03&%-/(&%/B!$!*(-90/(M#!/-0+%(S+$$!S-'E7(

.%( -9!(3$!_-!/-;( -9!(M#!/-0+%(B0-9( -9!( '!&/-(%#2P!$(

+6(3&$-0S03&%-/(B9+(&%/B!$!*(S+$$!S-'E(B&/(M#!/-0+%(

%#2P!$( !0:9-( $!:&$*0%:( -9!( /0*!( !66!S-/( +6( <?f;(

-9!( S+$$!S-( &%/B!$/(B!$!(=;( K( &%*(f7(C%'E( Z7U`(

+6( 3&$-0S03&%-/( S9+/!( &''( -9$!!( &%/B!$/7( I+B!J!$(

UU7^V`(+6(3&$-0S03&%-/(&%/B!$!*(M#!/-0+%(%#2P!$(

!0:9-(S+$$!S-'E(0%(-9!(3+/-_-!/-7

O%6("* LU* * !)"* %#$* !83-K-"3-* ?)"H'"#:."3*^:K

:8)$.#1*-8*-&"*C:8)"3*8/*c'"3-.8#3

c'"3-.8#3 C:8)" !)"K-"3-* !83-K-"3-**

X V \\7[` Y^`

Z XX7X` UY`

W V Ua7\` ZX7[`

Z YZ7W` a\7X`

Y V aU7Y` XU7^`

Y X7[` V`

Z ZX7[` \Y7Y`

a V ^W7W` Y7^`

Z W^7\` [U7Y`

Z V ^7a` V`

X X\7Z` X7[`

W Y\7[` XX7X`

Y XY7V` Z7U`

a Z7U` Y7^`

Z XU7^` ^^7\`

U V W^7\` Z7U`

Y X7[` X7[`

Z ^V7a` [W7U`

^ V Y7^` V`

X YY7Y` a`

W Y7^` V`

Y WW7W` Z7U`

a WZ7[` ^7a`

Z XX7X` \Y7Y`

\ V Z7U` V`

X aU7Y` Xa7\`

W WV7a` Xa7\`

Y XX7X` X7[`

a XX7X` X7[`

Z Z7U` UU7^`



!"#$%#&'()*+,")-$.#(/##+$012)#+)3$45'3()3#,

%%

!"#$%&'%("$%&'%)*+,-+,%&./0

=.3:'33.8#

Q$+2( -9!( -+-&'( Za( 3&$-0S03&%-/;( &( 2&]+$0-E( +6(

\Y7Y`( +6( 3&$-0S03&%-/( 9&*( 3++$( ,%+B'!*:!( +%(

¿ODULDVLV�0'$��7KLV�VKRZHG�WKDW�KHDOWK�HGXFDWLRQ�RQ�

0'$�¿ODULDVLV�LV�UHDOO\�QHHGHG�E\�WKH�SULPDU\�KHDOWK�

S&$!(B+$,!$/(P!S&#/!(-9!E(B+#'*(P!(!*#S&-0%:(-9!(

/+S0!-E7( ?*#S&-0%:( -9!( /+S0!-E( 0/( S$#S0&'( P!S&#/!(

-9!E( %!!*( -+( #%*!$/-&%*( -9!( 023+$-&%S!( +6(@<=(

&/(B!''(&/( -9!(&*J!$/!($!&S-0+%/( -9&-(S+#'*(+SS#$(

DV� D� UHVXOW� RI� ¿ODULDVLV� 0'$�\;[( F90/( 0/( B9E( 0-( 0/(

023+$-&%-(6+$(3$02&$E(9!&'-9(S&$!(B+$,!$/(-+(,%+B(

DQG�XQGHUVWDQG�DERXW�¿ODULDVLV�0'$�WKHPVHOYHV�VR�

-9&-(-9!E(S&%(!*#S&-!(-9!(/+S0!-E7

K+-9( 2&'!/( G\Z7X\`H( &%*( 6!2&'!/( G\X7a\`H(

9&*(3++$( '!J!'(+6(,%+B'!*:!7(F9!$!6+$!;(B!(*$!B(

&( S+%S'#/0+%( -9&-( -9!$!(B&/( $!'&-0+%/903( P!-B!!%(

:!%*!$( &%*( '!J!'( +6( ,%+B'!*:!7( C%!( 3+//0P'!(

H[SODQDWLRQ� WR� WKLV� ¿QGLQJ� LV� WKDW�ERWK�PDOHV�DQG�

6!2&'!/(9&J!(!M#&'( $0:9-/( -+(!*#S&-0+%;( -9!$!6+$!(

-9!$!( B&/( %+( *066!$!%S!( P!-B!!%( ,%+B'!*:!( +%(

¿ODULDVLV�0'$�DQG�JHQGHU��,Q�WKLV�HUD��ERWK�PDOHV�

&%*( 6!2&'!/( 9&J!( !M#&'( +33+$-#%0-0!/( -+( &--!%*(

/S9++'( &%*( -90/( 0/( !J0*!%-( B0-9( -9!( 0%S$!&/!*(

%#2P!$(+6(B+2!%(0%(#%0J!$/0-0!/(&/(B!''(&/(0%(90:9!$(

OHDUQLQJ��7KLV�¿QGLQJ�LV�LQ�OLQH�ZLWK�DQRWKHU�VWXG\�E\�

A0]!%/0%:9!( !-( &'XV( 0%( 8$0( N&%,&7(F9!E( 6+#%*( -9&-(

WKHUH�ZDV�QR�VLJQL¿FDQW�GLIIHUHQFH�EHWZHHQ�VH[HV�

&%*( -9!0$( 3!$S!3-0+%( &%*( '!J!'( +6( ,%+B'!*:!( +6(

FKURQLF�O\PSKHGHPD�GXH�WR�¿ODULDVLV�

@+/-( +6( -9!( 3&$-0S03&%-/( 0%( -90/( /-#*E( B!$!(

*03'+2&(9+'*!$/7(F9!E(&SS+#%-!*( 6+$(UU7^`(+6( -9!(

-+-&'(3&$-0S03&%-/7(I0:9(/S9++'( '!&J!$/(GX\7Z`H(&%*(

*!:$!!(9+'*!$/(GXa7\`H(+%(-9!(+-9!$(9&%*(6+$2(-9!(

UHPDLQLQJ�QXPEHU�RI�SDUWLFLSDQWV��5HÀHFWHG�E\�WKH�

'!J!'(+6(,%+B'!*:!(+6(-9!(3&$-0S03&%-/(0%(-9!(3$!_-!/-;(

WKHUH� ZDV� QR� VLJQL¿FDQW� GLIIHUHQFH� EHWZHHQ� KLJK�

/S9++'('!&J!$/;(*03'+2&(&%*(*!:$!!(9+'*!$/7(@&%E(

/-#*0!/( -9&-( 9&J!( P!!%( S&$$0!*( +#-( *!2+%/-$&-!(

+-9!$B0/!( -9&-( -9!( 90:9!$( -9!( !*#S&-0+%( '!J!';( -9!(

PRUH�NQRZOHGJH�RQH�KDV�RQ�¿ODULDVLV��%DEX�HW�DOXX(

DUH�WZR�VWXGLHV�WKDW�SURYHG�VR��7R�H[SODLQ�WKLV�¿QGLQJ��

RQH�PD\�LQIHU�WKDW�¿ODULDVLV�LV�QRW�SDUW�RI�HGXFDWLRQ�DW�

DQ\�OHYHO��7KH�LQFLGHQFH�RI�¿ODULDVLV�LV�DOVR�YHU\�ORZ�

0%("&,&$-&(-9!$!PE(2&,0%:(3!+3'!(0%("&,&$-&(0:%+$&%-7(

F90/( 0%S'#*!/( -9!( 0:%+$&%S!( +6( -9!( :+J!$%2!%-( 0%(

SURYLGLQJ�NQRZOHGJH�RI�¿ODULDVLV��:H�ZRXOG�H[SHFW�

WKDW� DW� D� � FHUWDLQ� OHYHO� RI� HGXFDWLRQ�� ¿ODULDVLV� ZLOO�

P!(-&#:9-7(I+B!J!$;(B!(+P/!$J!(9!$!(-9&-(!J!%(&-(

GHJUHH� OHYHO�� ¿ODULDVLV� LV�QRW� WDXJKW�HYLGHQW�E\� WKH�

ODFN�RI�VLJQL¿FDQFH�LQ�WKH�HGXFDWLRQ�OHYHO��7KHUHIRUH��

0-( 0/( /&6!( -+( *!*#S-( -9&-( &''( -9!( 3&$-0S03&%-/( 9&*(

!M#&'(,%+B'!*:!(&%*(0-/('&S,(-9!$!+6(3$0+$(-+(9!&'-9(

HGXFDWLRQ�� 2XU� ¿QGLQJV� ZDV� DOVR� VXSSRUWHG� E\� D�

3$!J0+#/( /-#*E( 3!$6+$2!*( PE( ?P!$9&$*( !-( &'XW( -9&-(

$!J!&'!*(*!2+:$&390S/( 0%S'#*0%:(:!%*!$(&%*( '!J!'(

RI�HGXFDWLRQ�GR�QRW�LQÀXHQFH�WKH�OHYHO�RI�NQRZOHGJH�

RI� ¿ODULDVLV�� 7KH\� KRZHYHU� IRXQG� WKDW� KDYLQJ� WKH�

*0/!&/!(0%S$!&/!/(-9!0$( '!J!'(+6(,%+B'!*:!(-9!$!PE(

PDNLQJ�WKH�VWDWXV�RI�WKHLU�GLVHDVH�DV�DQ�LQÀXHQFH�WR�

WKH�OHYHO�RI�NQRZOHGJH�RQ�¿ODULDVLV�

C%!( +6( -9!( !//!%-0&'( *!-!$20%&%-/( 0%( &%(

0%*0J0*#&'w/(P!9&J0+#$(-+B&$*/(9!&'-9(0/(,%+B'!*:!7(

@#'-03'!($!/!&$S9!$/(9&J!(*!2+%/-$&-!*(-9&-(9!&'-9(

!*#S&-0+%( 0/( !66!S-0J!( 0%( 0%S$!&/0%:( ,%+B'!*:!7(

Q+''+B0%:( 9!&'-9( !*#S&-0+%;(2&$:0%&'( 9+2+:!%!0-E(

UHYHDOHG�D�VLJQL¿FDQW�LQFUHDVH�LQ�OHYHO�RI�NQRZOHGJH�

P!-B!!%(3$!(&%*(3+/-_-!/-(B0-9(9!&'-9(!*#S&-0+%(&/(

0%-!$J!%-0+%7(F9!$!6+$!;(-90/(/-#*E(*!2+%/-$&-!*(-9&-(

9!&'-9(!*#S&-0+%(0/(!66!S-0J!( 0%( 0%S$!&/0%:(-9!('!J!'(

RI� NQRZOHGJH� RQ� ¿ODULDVLV� DPRQJ� KHDOWK� ZRUNHUV��

=( I&0-0&%( $!/!&$S9( S+%*#S-!*( PE( @&-90!#( !-( &'XY(

&'/+(S+%S'#*!*(-9&-(9!&'-9(!*#S&-0+%(0/(!66!S-0J!(0%(

LQFUHDVLQJ�WKH�OHYHO�RI�NQRZOHGJH�RQ�¿ODULDVLV�

K!S&#/!( 9!&'-9( !*#S&-0+%( 0/( !66!S-0J!( 0%(

LQFUHDVLQJ� WKH� OHYHO� RI� NQRZOHGJH� RQ� ¿ODULDVLV��

-9!( :+J!$%2!%-( /9+#'*( 023'!2!%-( 2+$!( 9!&'-9(

!*#S&-0+%(3$+:$&22!/(+6(J&$0+#/(6+$2/(-+(0%S$!&/!(

-9!( '!J!'( +6( ,%+B'!*:!( +6( 9!&'-9( S&$!( B+$,!$/7(

I!&'-9( S&23&0:%/( PE( :0J0%:( +#-( 9&%*+#-/( +$( PE(

:0J0%:(2&//('!S-#$!/(S+#'*(&'/+(P!(J!$E(#/!6#'7(Q+$(

/2&''!$( :$+#3/;( /!20%&$/( &%*( B+$,/9+3/( B+#'*(

P!(!J!%(2+$!(!66!S-0J!7(KE(0%S$!&/0%:(-9!('!J!'(+6(

NQRZOHGJH� RQ� ¿ODULDVLV�� ZH� KRSH�ZH� FDQ� FXW� WKH�

FKDLQ� RI� WUDQVPLVVLRQ� RI� ¿ODULDVLV�� %\� HGXFDWLQJ�

9!&'-9(B+$,!$/;(B!(!23+B!$( -9!2( -+( :+(+#-( 0%-+(

-9!(S+22#%0-E(-+(!*#S&-!(3!+3'!7

V8#:('3.8#

Q$+2( -9!( Za( 3&$-0S03&%-/( +6( -90/( /-#*E;( XV(

GX\7Z`H(B!$!( 90:9( /S9++'( :$&*#&-!/;( YU( GUU7^`H(

B!$!( *03'+2&( 9+'*!$/( &%*( !0:9-( GXa7\`H( +6( -9!2(

9&J!(*!:$!!(&/(-9!0$('&/-(6+$2&'(!*#S&-0+%7(K!6+$!(

9!&'-9( !*#S&-0+%;( \Y7Y`( +6( 3&$-0S03&%-/( 9&*( 3++$(

,%+B'!*:!;( Xa7\`( 9&*( &J!$&:!( ,%+B'!*:!( &%*(

X7[`( +6( 3&$-0S03&%-/( 9&*( :++*( ,%+B'!*:!( +6(

¿ODULDVLV�0'$��)ROORZLQJ�KHDOWK�HGXFDWLRQ��������

RI� SDUWLFLSDQWV� KDG� JRRG� NQRZOHGJH� RQ� ¿ODULDVLV��

W^7\`( 9&*( &J!$&:!( ,%+B'!*:!( &%*( +%'E( ^7a`(

+6( 3&$-0S03&%-/( 9&*( 3++$( ,%+B'!*:!7( 8-&-0/-0S&'(

DQDO\VLV� UHYHDOHG� D� VLJQL¿FDQW� LQFUHDVH� LQ� OHYHO�

+6( ,%+B'!*:!( P!-B!!%( 3$!_( &%*( 3+/-_-!/-( B0-9(

9!&'-9( !*#S&-0+%( &/( 0%-!$J!%-0+%7( K!S&#/!( 9!&'-9(

HGXFDWLRQ�FDQ�VLJQL¿FDQWO\�LQFUHDVH�WKH�NQRZOHGJH�

+6( 9!&'-9( S&$!( B+$,!$/;( -9!E( /9+#'*( P!( 3$+J0*!*(

ZLWK� KHDOWK� HGXFDWLRQ� UHJDUGLQJ� ¿ODULDVLV� 0'$�

$!:&$*'!//(+6(-9!0$(&:!;(:!%*!$(&%*(!*#S&-0+%('!J!'7



!"#$"%&'!(')*+,-".&,+,/0'1,-$&,'1*/2#,+ $345

'&&

G"/")"#:"3

!(" AIC( I!&'-9( ?*#S&-0+%7( D!%!J&5( A+$'*( I!&'-9(

C$:&%0b&-0+%/c(WVXYc(=J&0'&P'!(6$+25(9--35OOBBB7B9+7

LQW�WRSLFV�KHDOWKBHGXFDWLRQ�HQ�7

#(" @0S9&!'(?;(@&'!S!'&(@T;(g!$J+/(@;()&b#$&("A7(D'+P&'(

HUDGLFDWLRQ�RI�O\PSKDWLF�¿ODULDVLV��WKH�YDOXH�RI�FKURQLF�

*0/!&/!( S+%-$+'( 0%( 3&$&/0-!( !'020%&-0+%( 3$+:$&22!/7(

1'+8(+%!7(WVV\cYG\H5!W[YU7(?3#P(WVV\OV\OXa7

$(" <!3&$-!2!%( )!/!9&-&%( 4.7( 1!*+2&%( 3$+:$&2(

HOLPLQDVL� ¿ODULDVLV� GL� ,QGRQHVLD�� ,QGRQHVLD�� -DNDUWD���

<!3&$-!2!%()!/!9&-&%(4.c(WVXW7(.%*+%!/0&%7

%(" 4!%S&%&( T&/0+%&'( 1$+:$&2( =,/!'!$&/0( ?'020%&/0(

Q0'&$0&/0/( *0( .%*+%!/0&( GWVXV( _( WVXXH7( "&,&$-&5(

<!3&$-!2!%()!/!9&-&%(4.c(WVXV7(.%*+%!/0&%7

&(" T]!%:&(8@;(A&2&!(fT;(T]+2+(<A;(@B&%*&B0$+(f8;(

@+'E%!#i(<I7(f9$+%0S(S'0%0S&'(2&%06!/-&-0+%/($!'&-!*(

-+(A#S9!$!$0&(P&%S$+6-0(0%6!S-0+%(0%(&(90:9'E(!%*!20S(

&$!&( 0%()!%E&7(F$&%/&S-0+%/(+6( -9!(4+E&'(8+S0!-E(+6(

F$+30S&'(@!*0S0%!(&%*(IE:0!%!7(WVV^cXVXGZH5aY[_aa7(

'(" Q$!!*2&%(<C7(.22#%!(*E%&20S/(0%(-9!(3&-9+:!%!/0/(

RI� KXPDQ� O\PSKDWLF� ¿ODULDVLV�� 3DUDVLWRO� 7RGD\��

X[[\cXaGUH5WW[_Ya7(

)(" <0$!,-+$&-( "!%*!$&'( 11( >( 1N7( 1!*+2&%( 3$+:$&2(

HOLPLQDVL�¿ODULDVLV�GL�,QGRQHVLD��-DNDUWD��'HSDUWHPHQ�

)!/!9&-&%(4.c(WVV\7(.%*+%!/0&%7

*(" :+2� 6RXWK� (DVW� $VLDQ� 5HJLRQDO� 2I¿FH� �6($52���

Q$!M#!%-'E(&/,!*(M#!/-0+%/(&%*(6&S-(/9!!-($!:&$*0%:(

O\PSKDWLF�¿ODULDVLV��HOHSKDQWLDVLV���,QGLD�������

+(" :+2�� *OREDO� SURJUDP� WR� HOLPLQDWH� ¿ODULDVLV��

2+%0-+$0%:(&%*(!30*!20+'+:0S&'(&//!//2!%-(+6(2&//(

*$#:(&*20%0/-$&-0+%7(.%*0&5((WVXX

!,("A0]!/0%:9!( 48;( ?,&%&E&,!( 8;( 1!$!$&( @8;(

A0S,$!2&/0%:9!( =47( )%+B'!*:!( &%*( 3!$S!3-0+%/(

RI� ¿ODULDVLV� LQ� &RORPER�� 6UL� /DQND�� DPRQJ� SDWLHQWV�

ZLWK�FKURQLF�¿ODULDO� O\PSKRHGHPD��$QQDOV�RI� WURSLFDO�

2!*0S0%!(&%*(3&$&/0-+'+:E7(WVV^cXVXGYH5WXZ_WY7

!!("K&P#( Kh;( I&b$&( 4);( f99+-$&E( D1;( 8&-E&%&$&E&%&(

)7( )%+B'!*:!( &%*( P!'0!6/( &P+#-( !'!39&%-0&/0/( &%*(

K\GURFHOH� RI� O\PSKDWLF� ¿ODULDVLV� DQG� VRPH� VRFLR�

*!2+:$&390S(*!-!$20%&%-/(0%(&%(!%*!20S(S+22#%0-E(

+6(?&/-!$%(.%*0&7(1#P'0S(9!&'-97(WVVacXX\GWH5XWX_^7

!#("?P!$9&$*( @N;(A&',!$( ?@;(=**0//( <D;( N&220!( 1"7(

=( /#$J!E( +6( ,%+B'!*:!;( &--0-#*!/;( &%*( 3!$S!3-0+%/(

�.$3V�� RI� O\PSKDWLF� ¿ODULDVLV�� HOHSKDQWLDVLV�� DQG�

9E*$+S!'!( &2+%:( $!/0*!%-/( 0%( &%( !%*!20S( &$!&( 0%(

I&0-07(F9!(=2!$0S&%( ]+#$%&'(+6( -$+30S&'(2!*0S0%!(&%*(

9E:0!%!7(X[[UcZaGYH5W[[_YVY7

!$("@&-90!#(?;(N&220!(1";(4&**&E(";(K!&S9(@";(8-$!0-(F;(

A!%*-(";(!-(&'7(Q&S-+$/(&//+S0&-!*(B0-9(3&$-0S03&-0+%(

0%( &( S&23&0:%( +6(2&//( -$!&-2!%-( &:&0%/-( 'E239&-0S(

¿ODULDVLV��LQ�/HRJDQH��+DLWL��$QQDOV�RI�WURSLFDO�PHGLFLQH�

&%*(3&$&/0-+'+:E7(WVVac[\G^H5^VY_Xa7


