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N/%6&2/7&2.!8&%6-H$,&$%3!6-0052&6/7&2.!7#$0!$NN&6&$27<;!6/2!L$!6#/<<$2.&2.O!M66-,8&2.!7-![-2K
2$;!$7!/<O! f=>>c/h3!4&7&G$2!%6&$26$!&2H-<H$%!$2./.&2.!6&7&G$2%! &2!H/,&-5%!*#/%$%!-N!/57#$27&6!
%6&$27&N&6!,$%$/,6#3!$%*$6&/<<;!8/7/!6-<<$67&-2!/28!8/7/!/2/<;%&%!f[-22$;!$7!/<O!=>>c/hO!M2!$PK
/0*<$! &%! 7#$!$[&,8!*,-R$67! f#77*%'mm$L&,8O-,.mhO!M%!-2$!-N! 7#$! </,.$%7!6&7&G$2!%6&$26$!*,-R$67%3!
$[&,8!/<-2$!6-27,&L57$%!7-!-H$,!(>>!0&<<&-2!L&,8!%&.#7&2.%!F-,<8F&8$!f:5<<&H/2!$7!/<O3!=>(`hO!92!
/2-7#$,!$P/0*<$3!-H$,!7F-!0&<<&-2!H-<527$$,%!#/H$!F-,C$8!-2!n--2&H$,%$!7-!/2/<;G$!/28!6</%K
%&N;!8/7/!N,-0!./</P&$%3!N-%%&<%3!/28!056#!0-,$O!92H-<H$0$27!&2!6&7&G$2!%6&$26$!/67&H&7&$%!N-%7$,%!
C2-F<$8.$!.$2$,/7&-23!%#/,&2.!-N!&8$/%3!/28!$H&8$26$KL/%$8!8$6&%&-2K0/C&2.3!F#&6#!#/%!.,$/7!
*-7$27&/<!7-!$2#/26$!%6&$27&N&6!<&7$,/6;!/0-2.!7#$!*5L<&6!fY-6#$!$7!/<O3!=>=>hO!M88&7&-2/<<;3!7#$!
*-%%&L&<&7;!-N!/2/<;G&2.!7#$!*/,7&6&*/27T%!-F2!8/7/!F&<<!*,-H&8$!0-7&H/7&-2!/28!%5**-,7!N-,!$2K
%5,&2.!,$/<!$2./.$0$27!/%!F$<<!/%!$856/7&-2/<!&0*/67!fQ,&$%!$7!/<O3!=>(chO!M%!:#$,L&2&2!$7!/<O!
f=>=(h!$0*#/%&G$!7#/7!7#$!6-27,&L57&-2!-N!2-2K*,-N$%%&-2/<!*/,7&6&*/27%!7-!%6&$27&N&6!,$%$/,6#!
#/%!L$6-0$!&26,$/%&2.<;!&0*-,7/27O!E-F$H$,3!7-!L$!528$,%7--8!/28!&27$,*,$7$8!6<$/,<;!/28!/6K
65,/7$<;3!8/7/!05%7!L$!7,/2%N-,0$8!&27-!0$/2&2.N5<!&2N-,0/7&-2O!"/C&2.!4&7&G$2!:6&$26$!8/7/!
/28!7,/2%N-,0&2.!&7!&27-!0$/2&2.N5<!&2N-,0/7&-2!&%!6#/<<$2.&2.O!

U/7/!#$7$,-.$2$&7;!/28!j5/<&7;!/,$!C$;!L/,,&$,%!7-!7,/2%N-,0&2.3!0/2&*5</7&2.3!/28!H&%5/<&G&2.!
6&7&G$2!%6&$26$!8/7/!L$6/5%$!6&7&G$2!%6&$26$!&2&7&/7&H$%!6-H$,!/!F&8$!,/2.$!-N!7-*&6%3!8$%&.2%3!
/28!,$%$/,6#!2$$8%O!M%!+-6-6C!$7!/<O!f=>(dh!*-&27!-573!/2/<;G&2.!6&7&G$2!%6&$26$!8/7/!6/2!L$!
6#/<<$2.&2.! L$6/5%$! -N! &7%! 6-0*<$P&7&$%O! M2-7#$,! L/,,&$,! &%! 7;*&6/<<;! 6/5%$8! L;! 7#$! </6C! -N!
C2-F<$8.$!/28!%C&<<%!-N!2-2K$P*$,7!%6&$27&%7%!F#$2!&27$,*,$7&2.!/28!6-0052&6/7&2.!8/7/O!4-2K
%$j5$27<;3!E$$,!$7!/<O!f=>(>h!$0*#/%&G$!7#$!&0*-,7/26$!-N!528$,%7/28&2.!8/7/3!,$</7&2.!&73!/28!
6-0052&6/7&2.!&7!&2!/!0$/2&2.N5<!F/;!f*O)chO!97!#/%!L$$2!*,-H$2!7#/7!F$<<K8$%&.2$8!.,/*#&6%!
/,$!056#!0-,$!$NN$67&H$!7#/2!-7#$,!N-,0%!-N!8/7/!&27$,*,$7/7&-2!/28!6-0052&6/7&-23!%56#!/%!
7$P73!250L$,%3!/28!%*,$/8%#$$7%3!L;!"5N7$!f(ce?hO!Q&%5/<&G/7&-2!$2#/26$8!L;!/8H/26$8!8&.&7/<!
7$6#2-<-.;!#/%!/<,$/8;!L$$2!F&8$<;!8$H$<-*$8!/28!/**<&$8!7-!%5**-,7!7#$!8/7/!/2/<;%&%!-N!$P*$,7!
%6&$27&%7%!fJ-2.3!=>(=hO!J$<<K8$%&.2$8!8/7/!H&%5/<&G/7&-2!&%!$H$2!0-,$!6,56&/<!F#$2!7,;&2.!7-!
%&0*<&N;!6-0*<$P!%6&$27&N&6!8/7/!&27-!/2!$/%;K7-K528$,%7/28!N-,0/7!N-,!6&7&G$2!%6&$27&%7%3!F#-!
0/;!</6C!7$6#2&6/<!-,!%5LR$67K8-0/&2!C2-F<$8.$O!M*/,7!N,-0!7#&%3!7#$!,$%$/,6#!6-0052&7;!#/%!
/<,$/8;!*,-H$8!7#/7!8/7/!H&%5/<&G/7&-2!#/%!7#$!*-7$27&/<!7-!/**$/<!7-!/!L,-/8!/58&$26$3!0-7&H/7$!
*/,7&6&*/7&-23!&0*,-H$!8/7/!6-<<$67&-23!6-27,-<!8/7/!j5/<&7;3!/28!*,-0-7$!8$6&%&-2K0/C&2.!fZ,/;!
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$7!/<O3!=>=(hO!97!&%!2-!8-5L7!7#/7!7#$,$!&%!/!.,-F&2.!&27$,$%7!&2!/28!$0*#/%&%!-2!L$%7!*,/67&6$%!&2!
8/7/!H&%5/<&G/7&-2!&2!.$2$,/<O!E-F$H$,3!7#$,$!&%!/!</6C!-N!,$%$/,6#!7-!*,-H&8$!/2!-H$,H&$F!-N!7#$!
65,,$27!%7/7$!-N!7#&%!7-*&63!/28!L$%7!*,/67&6$%!/,$!#&88$23!F#&6#!0/C$%!&7!8&NN&65<7!7-!.5&8$!,$K
%$/,6#$,%!%$$C&2.!7-!/6#&$H$!7#$!%/0$!-LR$67&H$%O!
!
92!7#&%!7#$%&%3!/!0$7/K%;27#$%&%!-N!7#$!<&7$,/75,$!&%!$0*<-;$8!&2!/!%;%7$0&6!0/22$,!/%!/!0$/2%!-N!
L$77$,!528$,%7/28&2.!7#$!65,,$27!,$%$/,6#!%7/75%!-2!7#$!/**<&6/7&-2!-N!8/7/!H&%5/<&G/7&-2!7$6#2-<K
-.;!&2!6&7&G$2!%6&$26$O!"#$!7#$-,;3!7$6#2&6/<!N$/75,$%3!-**-,752&7&$%3!/28!6#/<<$2.$%!-N!/!F&8$!
,/2.$!-N!,$%$/,6#!8&%6&*<&2$%!/,$!$P/0&2$8!&2!/!%;%7$0/7&6!0/22$,O!B/6#!,$%$/,6#!j5$%7&-2!&%!
-57<&2$8!F&7#!&7%!C$;!N&28&2.%!/28!N-<<-F$8!L;!/!<&%7!-N!L$%7!*,/67&6$%!N-,!8/7/!H&%5/<&G/7&-2!&2!
6&7&G$2!%6&$26$O![/%$8!-2!7#$!<$%%-2%!<$/,2$8!N,-0!7#$%$!L$%7!*,/67&6$%3!,$6-00$28/7&-2%!/,$!
0/8$!N-,!$856/7-,%!&2!E&.#$,!B856/7&-2!7-!5%$!8/7/!H&%5/<&G/7&-2!7-!&0*,-H$!%758$27!<$/,2&2.O!
X<7&0/7$<;3!7#&%!7#$%&%!&%!$H/<5/7$8!N-,!&7%!<&0&7/7&-2%!/28!&7%!6-27,&L57&-2!7-!7#$!N&$<8!-N!1$/,2&2.3!
4-0052&6/7&-23!/28!92N-,0/7&-2!"$6#2-<-.;3!/%!F$<<!/%!%5..$%7&-2%!N-,!N575,$!,$%$/,6#O!
!
3&4&5%67'8$&49":;4<!
!!
Yg('!J#/7! ,$%$/,6#!#/%!L$$2!6/,,&$8!-57!-2! 7#$!/**<&6/7&-2!-N!8/7/!H&%5/<&G/7&-2! &2! 6&7&G$2!

%6&$26$I'!

Yg='!J#/7!/,$!7#$!7$6#2&6/<!/%*$67%!-N!7#$!/**<&6/7&-2%!5%$8!7-!H&%5/<&G$!8/7/I!

Yg?'!J#/7!/,$!7#$!6#/<<$2.$%!/28!-**-,752&7&$%!-N!/**<;&2.!8/7/!H&%5/<&G/7&-2!7-!6&7&G$2!%6&K

$26$I!!

!
!
!
!
! !



"#$%&'!(%)!*+*+,+-+!
./01#&20'3!%4!5%'6#/78&9!:#$;&'<#/'!%4!=$$>0#?!@A!

"
&"

2!Background 

"#&%!6#/*7$,!N&,%7<;!*,$%$27%!/2!-H$,H&$F!-N!8/7/!H&%5/<&G/7&-2!&2!%$67&-2!=O(O![;!&27,-856&2.!
6-26$*7%!%56#!/%!8/7/3!&2N-,0/7&-23!C2-F<$8.$3!/28!7#$!N<-F!-N!8/7/!&27-!C2-F<$8.$3!7#$!j5$%K
7&-2!-N!F#;!H&%5/<&G$!8/7/!&%!,$/%-2$8!/28!/,.5$8O!92!%$67&-2!=O=3!7#$!8&%65%%&-2!-N!8/7/!H&%5/<K
&G/7&-2!N-65%$%!-2!7#$!6&7&G$2!%6&$26$!6-27$P7O!MN7$,!6-26$*75/<&G&2.!6&7&G$2!%6&$26$3!F#;!H&%5K
/<&G&2.!8/7/!&%!$%%$27&/<!7-!6&7&G$2!%6&$26$!&%!.,-528$8O!!

2.1! Data Visualization 

!"#"#$ %&'&$&()$*+,$,-$./+0-11$2'$
!
J#/7!F&<<!7#$!F$/7#$,!L$!<&C$!</7$,!7-8/;I!U-!9!2$$8!7-!L,&2.!,/&2!6<-7#$%!&2!6/%$!&7!,/&2%!F#$2!
9!.$7!#-0$!</7$,!&2!7#$!$H$2&2.I!97!&%!#&.#<;!52<&C$<;!7#/7!/2;-2$!&%!.-&2.!7-!L$!/L<$!7-!8$7$,0&2$!
F#/7!7#$!F$/7#$,!F-5<8!<--C!<&C$!F&7#!R5%7!%/7$<<&7$!&0/.$!8/7/!-,!-7#$,!%-5,6$%!-N!-L%$,H$8!
8/7/!/<-2$O!J#/7!F$!2$$8!&2%7$/8!&%!/!N-,0!-N!&2N-,0/7&-2!7#/7!&%!528$,%7/28/L<$!7-!#$<*!5%!F&7#!
-5,!&28&H&85/<!8$6&%&-2%3!%56#!/%!/!F$/7#$,!N-,$6/%7O!M%!S$F!f=>>ch!*-&27%!-573!&2N-,0/7&-2!&%!
.$2$,/7$8!L;!&7$0%3!$27&7&$%3!/28!7#&2.%!7#/7!8-!2-7!8&,$67<;!6-,,$%*-28!7-!*#;%&6/<!%7,5675,$%!-,!
-LR$67%O!92!7#&%!$P/0*<$3!8/7/!&%!%/7$<<&7$!&0/.$%!/28!-7#$,!C&28%!-N!,/F!8/7/O!92N-,0/7&-2!&%!7#$!
F$/7#$,!N-,$6/%73!F#&6#!&%!6,$/7$8!L;!*,-6$%%&2.!,/F!8/7/!7-!*,-H&8$!6-27$P7!/28!0$/2&2.O!S5,K
7#$,0-,$3!C2-F<$8.$!&%!6,$/7$8!F#$2!&2N-,0/7&-2!&%!&27$.,/7$8!F&7#!#50/2!$P*$,&$26$!f@/GG/3!
=>>chO!BH$,;!&28&H&85/<!#/%!8&NN$,$27!$P*$,&$26$%!/28!&2%&.#7%3!0/C&2.!7#$!&27$,*,$7/7&-2!52&j5$O!
@/GG/!f=>>ch!/,.5$%!a7#$!8$H$<-*0$27!-N!C2-F<$8.$!%#-5<8!L$!7#$!*,&26&*/<!/&0!-N!/2;!6-0K
052&6/7&-2!*,-6$%%Ob!f*O!chO!A2-F<$8.$!&%!F#/7!F$!C2-F3!/28!C2-F<$8.$!0/;!,$%5<7!&2!/67&-2O!
M66-,8&2.!7-!Q,&$%!f=>(eh3!"/L<$!(!%#-F%!/!L,&$N!-H$,H&$F!-N!7#$!0/&2!8&NN$,$26$%!L$7F$$2!7#$!
7#,$$!L/%&6!6-26$*7%!-N!a8/7/b!a&2N-,0/7&-2b!/28!aC2-F<$8.$b!f*O!dhO!
! !
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!
=5>?&'('
@5";'A"BB&%&;6&4'>&9C&&;'A595D'";B:%E59":;D'5;A'F;:C?&A#&)'GA5H9&A'B%:E'I%"&4'J*2(0D'H)',K)!!
'

!! !"#"! $%&'()"#$'%! *%'+,-!.-!!
CDE%F(<1%! CDE%F(<1%! 37DE%F(<1%!

)-"%$%.! 0B'G%$4<4=! A$&'$'G%$4<4=! A$&'$'G%$4<4='HB2'$''
&I%F<H<F'$75<%4F%!

/('0-11! J4I2BF%&&%5! K2BF%&&%5!
C2=$4<L%5'$45'I2%&%4(%5'<4'$'
&7<($D#%'HB2G$(!

K2BF%&&%5'M'745%2&(BB5!
'!

-2")/,-1! 3$(%##<(%'<G$=%'5$($' N%$(6%2'HB2%F$&(' O<&$&(%2'P$24<4=Q'"#<G$(%'F6$4=%'

!
@/GG/!f=>>ch!&<<5%7,/7$%!7#$!N<-F!-N!aS,-0!U/7/!7-!J&%8-0b!f%$$!S&.5,$!(h!7-!H&%5/<&G$!#-F!
F$!*,-6$%%!8/7/!7-!C2-F<$8.$!/28!F&%8-0O!M!*&$6$!-N!8/7/!&%!0$/2&2.<$%%!-2!&7%!-F2O!@/GG/!
f=>>ch!/,.5$%!7#/7!a7-!.&H$!0$/2&2.!7-!7#&%!8/7/3!8/7/!05%7!N&,%7!L$!*,-6$%%$83!-,./2&G$83!/28!
*,$%$27$8! &2!/! %5&7/L<$! N-,0/7O!"#&%! 7,/2%N-,0/7&-2!/28!0/2&*5</7&-2!-N!8/7/!*,-856$! &2N-,K
0/7&-2Ob!f*O!chO!J#$2!&2N-,0/7&-2!&%!&27$.,/7$8!F&7#!/!%*$6&N&6!/58&$26$i%!$P*$,&$26$3!&7!6,$/7$%!
C2-F<$8.$O!J&%8-0!&%!7#$!#&.#$%7!<$H$<!-N!6-0*,$#$2%&-2O!97!6/2!L$!8$N&2$8!/%!7#$!%7/.$!&2!
F#&6#!/!*$,%-2!#/%!/6j5&,$8!%56#!/2!/8H/26$8!<$H$<!-N!C2-F<$8.$!-N!*,-6$%%$%!/28!,$</7&-2K
%#&*%!7#/7!&7!&%!7#$2!*-%%&L<$!7-!$P*,$%%!/!j5/<&N&$8!R58.0$27!-2!8/7/O!
!
S&.5,$!(!
=7&'6:;9";$$E':B'$;A&%495;A";#)'
!

!
V-7$'!"#$!6-27&2550!-N!528$,%7/28&2.!o9<<5%7,/7&-2p3!/66-,8&2.!7-!V/7#/2!:#$8,-NN!f/%!6&7$8!&2!
@/GG/3!=>>c3!*O!ch!
!
"#$!N&,%7!%7$*!-N!7#$!aS,-0!U/7/!7-!J&%8-0b!N<-F!&%!7-!0/C$!7#$!7,/2%&7&-2!N,-0!8/7/!7-!&2N-,K
0/7&-2!&2!7#$!6-27&2550!-N!528$,%7/28&2.O!M66-,8&2.!7-!7#$!L--C!92N-,0/7&-2!U$%&.23!&2!-,8$,!
7-!6,$/7$!0$/2&2.N5<!&2N-,0/7&-23!&7!05%7!L$!-,./2&G$8!/28!*,$%$27$8!&2!/!F/;!7#/7!&%!/66$%%&L<$!
7-!7#$!7/,.$7!/58&$26$!/28!6-0052&6/7$%!6-27$P7!/,-528!&7!fq/6-L%-2!l!V$71&L,/,;3!(ccchO!M!
6$27,/<!j5$%7&-2!&%!7#$23!#-F!7-!7,/2%N-,0!/28!0/2&*5</7$!8/7/!&27-!&2N-,0/7&-2I!92!7#$!2$P7!
%$67&-23!8/7/!H&%5/<&G/7&-2!&%!&27,-856$8!/%!/!*-7$27&/<!%-<57&-2O!
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!"#"!$ 3*4$5216&728-$)&'&9$
!
"#$!F/;!#-F!#50/2%!%$$!*</;%!/!6,56&/<!,-<$!&2!7#$!F/;!*,-6$%%!&2N-,0/7&-2O!Q&%&-2!&%!C2-F2!
/%!/!8-0&2/27!%$2%$!6-0*/,$8!F&7#!%0$<<3! 7/%7$3!/28!#$/,&2.O!"#/7! &%!L$6/5%$3!-2!-2$!#/283!
#50/2!H&%&-2!&%!*,$K/77$27&H$3!F#&6#!0$/2%!F$!%$$!7#&2.%!L$N-,$!F$!*/;!/77$27&-2!7-!7#$0!fM*K
*$<L/50!l!V-,6&/3!=>>chO!E50/2!L,/&2%!*,-6$%%!&2N-,0/7&-2!N,-0!%-0$!L/%&6!H&%5/<!N$/75,$%3!
%56#!/%!%#/*$%3!%&G$%3!6-<-,%3!*-%&7&-2%3!$76O3!&2!/2!$P7,$0$<;!%$<$67&H$!0/22$,!85,&2.!7#$!*,$K
/77$27&H$!*,-6$%%O!\2!7#$!-7#$,!#/283!A-6#!/28!"%56#&;/!f=>>Dh!,$*-,7! 7#/7!#50/2!H&%&-2!&%!
6/*/L<$!-N!6-2%50&2.!/!F&8$!H/,&$7;!-N! &2N-,0/7&-2! N-,! %$2%&2.O![,/&2%!/,$!6/*/L<$!-N!*,-K
6$%%&2.!0-,$!&2N-,0/7&-2!H&/!#50/2!H&%&-2!&2!L-7#!/!6-.2&7&H$!/28!0$0-,;K$2#/26&2.!F/;O!
E50/2%! 7$28! 7-! *,$N$,! H&%5/<&G&2.! 6-0*<$P! &2N-,0/7&-2! -H$,! *-,&2.! -H$,! 250L$,%3! 7$P7%3!
%*,$/8%#$$7%3!-,!-7#$,! N-,0%!-N! &2N-,0/7&-23!$%*$6&/<<;!F#$2!8$/<&2.!F&7#!/L%7,/67!8/7/! 7#/7!
8-$%!2-7!6-,,$%*-28!7-!*#;%&6/<!%*/6$!f@/GG/!=>>c3!*O!((hO!92!%#-,73!+-6-6C!$7!/<O!f=>(`/h!/,.5$!
7#/7!7#$!#50/2!L,/&2!&%!$P7,$0$<;!.--8!/7!&27$,*,$7&2.!H&%5/<!&2N-,0/7&-23!8$7$67&2.!*/77$,2%3!
/28!8$7$67&2.!-57<&$,%O!"#$;!/<%-!*-&27!-57!7#/7!8/7/!H&%5/<&G/7&-2!&%!/!F/;!N-,!5%!7-!/66$%%!&2K
N-,0/7&-2!7#,-5.#!-5,!$;$%!/28!7#,-5.#!0/2&*5</7&-2!F&7#!&27$,/67&H$!%;%7$0%!f+-6-6C!$7!/<O3!
=>(`/hO!M%!"5N7$!f(ce?h!6</&0%3!F$<<K8$%&.2$8!.,/*#&6%!6-0052&6/7$!0$%%/.$%!N,-0!8/7/!$NK
N$67&H$<;O!

!"#":$ ;+(0-.'6&7282(<$%&'&$=216&728&'2+($
!
"#$,$!/,$!250$,-5%!8$N&2&7&-2%!-N!8/7/!H&%5/<&G/7&-23!F#&6#!0$/2%!7#$!6-26$*7!6/22-7!L$!N-,K
0/<<;!8$N&2$8!f4#$23!=>(DhO!92!<&2$!F&7#!7#$!,$%$/,6#!j5$%7&-2%3!7#&%!%758;!&%!F$<<!%$,H$8!L;!7#$!
$P*</2/7&-2!-N!S$F!f=>>ch!/,.,$$8!L;!4#$2! &2!=>(D'!a7#$!5%$!-N! &0/.$%! 7-! ,$*,$%$27! &2N-,K
0/7&-2!O!O!O!&7!*,-H&8$%!/!*-F$,N5<!0$/2%!L-7#!7-!0/C$!%$2%$!-N!8/7/!/28!7-!7#$2!6-0052&6/7$!
F#/7!F$iH$!8&%6-H$,$8!7-!-7#$,%b!f*O!=hO!Y$./,8&2.!7#$!8$N&2&7&-2!-N!8/7/!H&%5/<&G/7&-23!/2/<;%&%3!
/28!6-0052&6/7&-2!/,$! 7#$! 7F-!*,&0/,;!.-/<%O!"#$!H&%5/<&G/7&-2!/&0&2.!N-,!/2/<;%&%! &%!/<%-!
6/<<$8!aH&%5/<!/2/<;7&6%b3!/%!&7!#$<*%!0/C$!%$2%$!-N!7#$!8/7/!H&%5/<<;O!"#$!/2/<;7&6/<!8/7/!H&%5/<K
&G/&7-2!8&H&8$%!&27-!7F-!7;*$%3!&LH?:%59:%M'N"4$5?"O59":;D!/28!6:;B"%E59:%M'N"4$5?"O59":;O!BPK
*<-,/7-,;!H&%5/<&G/7&-2!#$<*%!$P7,/67!-LR$67&H$%!N,-0!8/7/!/28!.$2$,/7$!2$F!#;*-7#$%$%!L/%$8!
-2!7#$!8/7/O!9N!7#$,$!/,$!/<,$/8;!#;*-7#$%$%!/28!&7!2$$8%!7-!L$!6-2N&,0$8!-,!6#$6C$8!F#$7#$,!
7#$!#;*-7#$%&%!#-<8%!7#$!8/7/!-,!2-73!7#$2!&%!6/<<$8!6:;B"%E59:%M'N"4$5?"O59":;O!92!6-27,/%73!&LP
H?5;59:%M!H&%5/<&G/7&-2!&%!5%$8!N-,!6-0052&6/7&-2!*5,*-%$%O!M2!$P*</2/7-,;!H&%5/<&G/7&-2!%5*K
*-,7%!7#$!.$2$,/7&-2!-N!/!0$%%/.$!N,-0!7#$!0$/2&2.!-N!7#$!8/7/!7-!,$/6#!7#$!7/,.$7!/58&$26$O!
J#$2!5%&2.!8/7/!H&%5/<&G/7&-2!7$6#2-<-.;!N-,!6-0052&6/7&-23!V&6#-<%-2K4-<$!f=>>)h!%5..$%7%!
7#$,$!/,$!%-0$!&0*-,7/27!/%*$67%!2$$8!7-!L$!7/C$2!&27-!/66-527O!:56#!/%!F#-!&%!7#$!7/,.$7!/58&K
$26$3!/28!F#/7!H&$F!-N!7#$!8/7/!7#$;!F/27!-,!2$$8!7-!C2-F3!/%!F$<<!/%!L/%$8!-2!*,$H&-5%!$P*$K
,&$26$!/28!C2-F<$8.$3!6/2!7#$!7/,.$7!/58&$26$!528$,%7/28!7#$!H&%5/<&G/7&-2!$NN$67&H$<;!/28!/6K
65,/7$<;I!92!6-2R5267&-2!F&7#!H&%5/<&G/7&-2!7$6#2-<-.;3!F#/7!/28!#-F!&2N-,0/7&-2!&%!6-005K
2&6/7$8!#/%!/!%&.2&N&6/27!&0*/67!-2!&28&H&85/<!&27$,*,$7/7&-23!/%!F$<<!/%!7#$!6#-&6$%!7#$;!0/C$!
/L-57!N575,$!&%%5$%O!U/7/!H&%5/<&G/7&-2!/**,-/6#$%!/,$!8$%&.2$8!N-,!6$,7/&2!.-/<%O!"#$,$N-,$3!&7!
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&%! &0*-,7/27! 7-! /2/<;G$! 7#$!.-/<%!-N! 7#$!8/7/!H&%5/<&G/7&-2!/**,-/6#$%! 7-! &8$27&N;!F#&6#!/*K
*,-/6#$%!/28!7--<%!F&<<!L$!0-%7!/**,-*,&/7$!N-,!/!.&H$2!7/%CO!
!
M!U/7/!Q&%5/<&G/7&-2!BP/0*<$!
!
"#$!W/<$!+,-.,/0!-2!4<&0/7$!4-0052&6/7&-2!6-28567$8!7#$!a4<&0/7$!4#/2.$!&2!7#$!M0$,&6/2!
@&28b!*,-R$67O![/%$8!-2!/2!/2/<;%&%!/28!H&%5/<!,$*,$%$27/7&-2!-N!%5,H$;!8/7/3!7#$!*/77$,2!F/%!
N-528!L;!+-*-H&6#!$7!/<O!f=>(Dh!7#/7!0-%7!M0$,&6/2%!F$,$!6-26$,2$8!/L-57!6<&0/7$!6#/2.$3!L57!
7#$;!8&82T7!$P*$67! 7-!L$!&0*/67$8!*$,%-2/<<;O!M%!%#-F2!&2!7#$!<$N7!H&%5/<&G/7&-2!&2!S&.5,$!=3!
0-%7!M0$,&6/2%!C2-F!.<-L/<!F/,0&2.! &%!#/**$2&2.3!/28!0-%7!/.,$$! &7!#/,0%!*$-*<$! &2! 7#$!
X2&7$8!:7/7$%O!E-F$H$,3! 7#$!8/7/!H&%5/<&G/7&-2!-2! 7#$!,&.#73! ,$H$/<%!0-%7!M0$,&6/2%!L$<&$H$!
.<-L/<!F/,0&2.!F-2T7!#/,0!7#$0!*$,%-2/<<;O!92!7#&%!6-5*<$!-N!H&%5/<&G/7&-2%3!7#$!*/77$,2!-N!7#$!
*,-L<$0!&%!6<$/,<;!H&%&L<$3!2/0$<;!7#$!*,-L<$0!-N!*$-*<$T%!,&%C!*$,6$*7&-2!-N!.<-L/<!F/,0&2.O!
"#$!H&%5/<&G/7&-2%! &28&6/7$! 7#$!0$%%/.$! 7#/7! 7#$!.<-L/<!F/,0&2.! &%!C2-F2! N-,! &7%! $2-,0-5%!
<-2.K7$,0!6-2%$j5$26$%!L57!#/%!/!<&77<$!%#-,7K7$,0!&0*/67!-2!&28&H&85/<%O!
!
S&.5,$!=!
Q:C'GE&%"65;4'=7";F'G>:$9'R?"E59&'R75;#&)'
'
!

!
V-7$'!S,-0!Q:C'GE&%"65;4'=7";F'G>:$9'R?"E59&'R75;#&3!o9<<5%7,/7&-2p3!L;!+-*-H&6#!$7!/<O3!
=>(D3!:-5,6$!f#77*%'mmFFFO2;7&0$%O6-0m&27$,/67&H$m=>(Dm>?m=(m6<&0/7$m#-FK/0$,&6/2%K7#&2CK
/L-57K6<&0/7$K6#/2.$K&2K%&PK0/*%O#70<h!

2.2! Data Visualization in Citizen Science 
!
"#&%!%$67&-2!F&<<!8&%65%%!8/7/!H&%5/<&G/7&-2!&2!7#$!6-27$P7!-N!6&7&G$2!%6&$26$O!"#$!N&,%7!%7$*!F&<<!
L$!7-!8$N&2$!6&7&G$2!%6&$26$!/28!7#$2!6</,&N;!7#$!*5,*-%$!-N!5%&2.!8/7/!H&%5/<&G/7&-2!7$6#2-<-.;!
&2!6&7&G$2!%6&$26$O!M88&7&-2/<<;3!7#$!-**-,752&7&$%!/28!6#/<<$2.$%!-N!&26-,*-,/7&2.!%56#!7$6#2-<K
-.;!&27-!6&7&G$2!%6&$26$!*,-R$67%!/,$!8&%65%%$8O!
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!"!"#$ ;2'28-($>02-(0-$

:6&$26$3!F#&6#!#/%! 7,/8&7&-2/<<;!L$$2!*,/67&6$8!L;!*,-N$%%&-2/<%3! #/%!L$$2! %&.2&N&6/27<;! &0K
*/67$8!L;!7#$!,/*&8!8$H$<-*0$27!-N!&2N-,0/7&-2!7$6#2-<-.;O![;!57&<&G&2.!$0$,.&2.!7$6#2-<-.&$%3!
*5L<&6!0$0L$,%!F#-!/,$!2-7!$P*$,7%!6/2!*/,7&6&*/7$!&2!/57#$27&6!%6&$27&N&6!*,-6$%%$%3!&26<58&2.!
8&.&7/<!*</7N-,0%3!0-L&<$!/**<&6/7&-2%!f/**%h3!.$-.,/*#&6!&2N-,0/7&-2!%;%7$0%!fZ9:h3!/28!.,/*#K
&6/<!5%$,!&27$,N/6$%!f+-6-6C!$7!/<O3!=>()hO!92!%6&$27&N&6!,$%$/,6#3!6&7&G$2!%6&$27&%7%!#/H$!L$6-0$!
&26,$/%&2.<;!&0*-,7/27!%-5,6$%!-N!8/7/!6-<<$67&-2!f:#$,L&2&2!$7!/<O3!=>=(hO!92!/88&7&-2!7-!6-<<$67K
&2.!8/7/3!2-2K$P*$,7!6&7&G$2!%6&$27&%7%!/88,$%%!%6&$27&N&6!j5$%7&-2%!f[-22!$7!/<O3!=>(`h!6-0052&K
6/7$!F&7#!-7#$,!&27$,$%7$8!*/,7&$%3!%#/,$!&8$/%3!/28!6-27,&L57$!7-!8$6&%&-2K0/C&2.!fE-;$,!$7!/<O3!
=>=(hO!M!6&7&G$2!%6&$26$!/**,-/6#!#/%!/0*<$!*-7$27&/<!N-,!7,/2%8&%6&*<&2/,&7;!/28!N-,!&27$.,/7&2.!
2/75,/<3!*#;%&6/<3!/28!#$/<7#!%6&$26$%!F&7#!7#$!#50/2&7&$%!fY-6#$!$7!/<O3!=>=>h3!/28!<$/8%!7-!/2!
-H$,/<<!/8H/26$0$27!&2!%6&$27&N&6!528$,%7/28&2.!f[-22$;!$7!/<O3!=>>cLhO!"#$!$H-<57&-2!-N!6&7&G$2!
%6&$26$!6/2!L$!%$$2!&2!7#$!L&,8!-L%$,H/7&-2!,$%$/,6#!$P/0*<$O!

M2!$P/0*<$!-N!4&7&G$2!:6&$26$!
!
[/6C!&2!7#$!;$/,!(c>>3!6&7&G$2%!%7/,7$8!7-!*/,7&6&*/7$!7-!-L%$,H$3!6</%%&N;3!/28!6-<<$67!&2N-,0/7&-2!
/L-57! 7#$!4#,&%70/%![&,8!4-527! f4[4h! N-,! 7#$!V/7&-2/<!M585L-2!:-6&$7;!/225/<<;O!4&7&G$2!
%6&$26$!L$./2!&2!7#&%!F/;3!L57!&7!F/%2T7!527&<!7#$!(cc>%!7#/7!7#$!6-26$*7!-N!6&7&G$2!%6&$26$!F/%!
&27,-856$8O!\H$,!7#$!*/%7!7#,$$!8$6/8$%3!4-,2$<<!1/L-,/7-,;!-N!\,2&7#-<-.;!#/%!$2./.$8!7#$!
*5L<&6!N,-0!/,-528!7#$!F-,<8!&2!-L%$,H&2.!L&,8%!/28!6-<<$67&2.!8/7/O!92!=>>=3!7#$;!</526#$8!
$[&,8!f#77*%'mm$L&,8O-,.mh3!-2$!-N!7#$!</,.$%7!6&7&G$2!%6&$26$!*,-R$67%!&2!7#$!F-,<83!F#&6#!6-27,&LK
57$%!0-,$!7#/2!(>>!0&<<&-2!L&,8!-L%$,H/7&-2!8/7/!$/6#!;$/,O!J&7#!7#$!#$<*!-N!6&7&G$2!%6&$27&%7%!
&2H-<H$8!&2!$[&,83!%6&$27&%7%!6/2!&8$27&N;!#-F!*-<<57&-23!8&%$/%$3!6<&0/7$!6#/2.$3!/28!-7#$,!N/6K
7-,%!/NN$67!L&,8%O!!!
!
V-2K$P*$,7!4&7&G$2!:6&$27&%7%!
!
92!7#$!N&$<8!-N!4&7&G$2!:6&$26$3!7#$,$!/,$!H/,&-5%!7$,0%!N-,!6&7&G$2%!F#-!/,$!$2./.$83!%56#!/%!
*/,7&6&*/273!6&7&G$2!%6&$27&%73!H-<527$$,3!/28!%-!-2!/28!%-!N-,7#O!97!&%!F-,7#!0$27&-2&2.!7#/7!&2!
7#&%!%758;3!7#$!7$,0!2-2K$P*$,7!6&7&G$2!%6&$27&%73!%#-,7!N-,!6&7&G$2!%6&$27&%73!&%!5%$8O!V-2K$P*$,7%!
%7/28!&2!6-27,/%7!7-!$P*$,7%3!F#-!/,$!7;*&6/<<;!*,-N$%%&-2/<!%6&$27&%7%!&2!7#$!,$%*$67&H$!%6&$27&N&6!
N&$<83!-,!/!*,-N$%%&-2/<!F&7#!$P*$,7&%$!&2!-,./2&G&2.!4&7&G$2!:6&$26$!*,-R$67%3!/%!F$<<!/%!$P*$,7&%$!
&2!-7#$,!*,-N$%%&-2/<!8-2/7&-2%!%56#!/%!8/7/!%6&$27&%7%!fA/%*$,-F%C&!l!E&<<0/23!=>(ehO!BH$2!
7#-5.#!6&7&G$2!%6&$27&%7%!0/;!N,-0!0/2;!*$,%*$67&H$%!2-7!2$6$%%/,&<;!L$!$P*$,7%3!7#$;!/,$!&2K
6,$/%&2.<;!&2H-<H$8!/%!0-,$!/66$%%!7-!8/7/!/28!8&.&7/<!7--<%!/,$!0/8$!/H/&</L<$!f:#$,L&2&2!$7!/<O3!
=>=(hO!M%!V$F0/2!$7!/<O!f=>(=h!6&7$!%$H$,/<!%758&$%!-2!6&7&G$2!%6&$26$3!%56#!/%!U/2&$<%$2!$7!/<O!
f=>>ch3!U&6C&2%-2!$7!/<O!f=>(=h3!/28!@&<<$,KY5%#&2.!$7!/<O!f=>(=h3!7#$;!#&.#<&.#7!7#/7!7#$!%5**-,7!
-N!/66$%%&2.!8/7/!/28!/**<;&2.!8&.&7/<!7--<%3!/8H/26$8!2-2K$P*$,7!6&7&G$2!%6&$27&%7%!&2!/2/<;G&2.!
7#$&,!-F2!8/7/3!&27$,*,$7&2.3!/28!6-0052&6/7&2.!7#$0!F&7#!7#$&,!-F2!6-26$,2%!/28!&27$,$%7%O!
!
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"#$-,$7&6/<!+$,%*$67&H$%!-2!1$/,2&2.!/28!B856/7&-2!&2!4&7&G$2!:6&$26$!

92!<&2$!F&7#!M,2%7$&2!f(c`ch3!Y-6#$!$7!/<O!f=>=>h!/,.5$!7#/7!7#$!,-<$!6&7&G$2!%6&$26$!0/;!*</;!&2!
/67&H&%0!/28!/8H-6/6;!&%!6,56&/<!F#$2!&7!6-0$%!7-!$856/7&-2!/28!<$/,2&2.O!4&7&G$2!%6&$26$!*,/6K
7&6$!6-5<8!L$!$P$,6&%$8!/%!-2$!0$/2%!-N!$856/7&2.!/67&H$!6&7&G$2%!L;!$0*-F$,&2.!6-0052&7&$%!
7-!/8H-6/7$!N-,!7#$&,!<-6/<!$2H&,-20$27!7#,-5.#!,$%$/,6#3!-,!L;!$2/L<&2.!6&7&G$2%!7-!./7#$,!$H&K
8$26$!-23!/28!/,7&65</7$3!*,$%%&2.!&%%5$%!fY-6#$!$7!/<O3!=>=>3!*O!dhO![5&<8&2.!-2!M,2%7$&2T%!6-2K
6$*73!E/C</;!f=>(?h!8$%&.2%!/!N,/0$F-,C!N-,!6</%%&N;&2.!7#$!<$H$<!-N!*/,7&6&*/7&-2!/28!$2./.$K
0$27!-N!6&7&G$2!%6&$27&%7%!&%!*,-*-%$8!/./&2%7!7#$!7$6#2&6/<3!%-6&/<3!/28!65<75,/<!L/6C.,-528!-N!
6&7&G$2!%6&$26$O!E$!%5..$%7%!<$/,2&2.!F&<<!L$!$2#/26$8!/%!7#$!*5L<&6!.$7%!0-,$!&2H-<H$8!/28!
$2./.$8!&2!6&7&G$2!%6&$26$O!!

M7!7#$!0-%7!L/%&6!<$H$<3!E/C</;!f=>(?h!$P*</&2%!7#/7!&7!&%!6%:CA4:$%6";#!%&26$!H-<527$$,!6-0K
*57&2.!,$<&$%!-2!/!</,.$!250L$,!-N!&28&H&85/<%!*,-H&8&2.!,$%-5,6$%3!F&7#!H$,;!<&77<$!6-.2&7&H$!
$2./.$0$27O!M!%$6-28!<$H$<!6-2%&%7%!-N!A"49%">$9&A'";9&??"#&;6&3!F#&6#!5%$%!7#$!6-.2&7&H$!/L&<K
&7&$%!-N!*/,7&6&*/27%!/%!/!,$%-5,6$O!M%!*/,7!-N!7#&%!7;*$!-N!$2./.$0$273!H-<527$$,%!0/;!/%C!j5$%K
7&-2%!85,&2.!7#$&,!7&0$!F-,C&2.!-2!7#$!*,-R$673!/28!&7!&%!&0*-,7/27!7-!L$!/F/,$!-N!#-F!7-!%5**-,7!
7#$&,!<$/,2&2.!L$;-28!7#$!&2&7&/<!7,/&2&2.O!V$P73!6:EE$;"9M'46"&;6&!&2H-<H$%!*/,7&6&*/27%!8$N&2K
&2.!7#$!,$%$/,6#!j5$%7&-2%!/28!8$H&%&2.!8/7/!6-<<$67&-2!0$7#-8%!&2!6-2%5<7/7&-2!F&7#!%6&$27&%7%!
/28!$P*$,7%O!+/,7&6&*/27%!6-<<$67!8/7/3!L57!7#$;!/,$!2-7!&2H-<H$8!&2!/2/<;G&2.!7#$&,!-F2!6-<<$67$8!
8/7/3!E/C</;!f=>(?h!6</&0$8!&7!&%!a*$,#/*%!L$6/5%$!-N!7#$!<$H$<!-N!C2-F<$8.$!7#/7!&%!,$j5&,$8!7-!
&2N$,!%6&$27&N&6!6-26<5%&-2%!N,-0!7#$!8/7/Ob!f*O!((DhO!92!7#$!$283!6-<</L-,/7&H$!%6&$26$!&%!&27$K
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/!j5/27&7/7&H$!0$7/K/2/<;%&%!7#/7!&27$,*,$7%!/!*/,7&65</,!*#$2-0$2-2!F/%!<&C$<;!7-!L$!7#$!L$%7!
6#-&6$!N-,!7#$!,$%$/,6#!j5$%7&-2%!fZ,/27!$7!/<3!=>>chO!
!!
M!@$7/K:;27#$%&%!<&7$,/75,$!,$H&$F!F/%!6-28567$8!7-!$P/0&2$!#-F!8/7/!H&%5/<&G/7&-2!7$6#2-<K
-.;!F/%!5%$8!&2!6&7&G$2!%6&$26$!fYg(3!Yg=3!Yg?hO!1/7$,3!L/%$8!-2!7#$!&2%&.#7%!<$/,2$8!&2!7#$!
<&7$,/75,$3!,$6-00$28/7&-2%!N-,!/**<;&2.!8/7/!H&%5/<&G/7&-2!7$6#2&j5$%!&2!#&.#$,!$856/7&-2!F$,$!
6-2%7,567$8O!"#$!@$7/K:;27#$%&%!<&7$,/75,$!,$H&$F!F/%!L/%$8!-2!7#$!Z,-528$8!"#$-,;!1&7$,/K
75,$!Y$H&$F!@$7#-8! *,$%$27$8! L;!J-<N%F&2C$<! $7! /<O! f=>(?h! /28! 6-0L&2$8! /! .5&8$<&2$! N-,!
:7,5675,$8!1&7$,/75,$!Y$H&$F%!N,-0!A/,-<&2%C/!92%7&757$7!X2&H$,%&7;!1&L,/,;O!M!.,-528$8!7#$K
-,;!/2/<;%&%!F/%!/2!$P*<-,/7-,;!0$7#-8!7#/7!*,-H&8$8!/!0$/2%!-N!&2H$%7&./7&2.!/!*#$2-0$2-2!
7#/7!#/%!<&77<$!*,&-,!,$%$/,6#!/77,/67&-2!f@&<<&C$23!+O!=>(>h3!F#&6#!N&7%!&27-!7#$!2/75,$!-N!7#$!7-*&6O!
"#$!,$%$/,6#!8$%&.2!&%!&<<5%7,/7$8!&2!"/L<$!=O!X%&2.!7#$!+Y9:@M!N<-F3!7#$!7#,$$!%7$*%!-N!8$N&2K
&2.3!%$/,6#&2.3!/28!%$<$67&2.!F$,$!*$,N-,0$8!%;%7$0/7&6/<<;O!92!/88&7&-2!7-!-*$2!6-8&2.!L/%$8!
-2!J-<N%F&2C$<!$7!/<O!f=>(?h3!6-27$27!/2/<;%&%!F/%!/<%-!5%$8!7-!/2/<;G$!7#$!8/7/O!

"/L<$!=!
3&4&5%67'U&4"#;':B'@&95PVM;97&4"4)'

:7,5675,$%! :7/.$%! "/%C! !
U/7/!4-<<$67&-2! -)'OUVW0U'

!
!"#$%&'()%*#)'&#+",)-').#,#/.0*)
1-.23+/%#)/$")"#+&2&%).#,#/.0*)43#,%&-$,)
5#'&$#)%*#)0.&%#.&/)'-.)&$0+3,&-$6#70+3,&-$)
1&$"),#/.0*)%#.2,)/$")0.#/%#),#/.0*)8+-09,)

!

! +)'3UXY"A!
!

:;;+()<=!>?:)'+-@)%-),#/.0*)&$)/),%.30%3.#")@/()
>#+#0%)5/%/8/,#A)>#/.0*),%.30%3.#,)

!

! '
Z)'3U[U"\!
!

=#'&$#)%*#),/2;+#)&%#./%&B#+()
C@-)0/%/+-D,A)"&''#.#$%)/,;#0%,)
E/+&"&%()-')%*#),#+#0%#")+&%#./%3.#)

!

U/7/!M2/<;%&%! ])'X0X[^_U!
!

F.-3$"#")C*#-.() !
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3.1! Data Collection 

:"#"#$ %-C2(-$

"#$!N&,%7!%7/.$!-N!8/7/!6-<<$67&-2!F/%!7-! &8$27&N;!/28!,$N&2$!7#$!%$/,6#!7$,0%!&2! <&2$!F&7#!7#$!
,$%$/,6#!j5$%7&-2%O!:&26$!4&7&G$2!:6&$26$!/28!8/7/!H&%5/<&G/7&-2!%*/2!H/,&-5%!8&%6&*<&2$%3!/!7#$K
%/5,5%!0&.#7!L$!#$<*N5<!7-!&8$27&N;!%$/,6#!7$,0%!/28!%;2-2;0%O!"#$!BY94!8/7/L/%$T%!7$,0&2-<K
-.;! N5267&-2!F/%!5%$8! 7-! %$/,6#! N-,!*,&-,! %758&$%!-2! 7#&%! 7-*&6O! 92! 7#$!$/,<;!8/;%!-N!4&7&G$2!
:6&$26$!/28!U/7/!Q&%5/<&G/7&-23!2$&7#$,!7#$%/5,5%!$P&%7$83!F#&6#!0/;!&28&6/7$!/!8&NN$,$27!/*K
*,-/6#!F/%!2$$8$8O!"#$!*,&-,!<&7$,/75,$!,$H&$F!%758&$%!F$,$!%$/,6#$8!N-,!5%&2.!C$;F-,8%!%56#!
/%!r7$6#2-<-.;r3!r6-0052&6/7&-2r3!/28!r<$/,2&2.r!&2!r4&7&G$2!:6&$26$r!F&7#&2!/!L,-/8!,/2.$O!M!
7-7/<!-N!7#,$$!<&7$,/75,$!,$H&$F%!F$,$!/2/<;G$83!/28!C$;!%$/,6#!7$,0%!,$</7$8!7-!6&7&G$2!%6&$26$!
F$,$!&8$27&N&$8!L/%$8!-2!7#-%$!,$H&$F%O!92!/88&7&-23!%$H$,/<!C$;!/,7&6<$%!/28!L--C%!F$,$!5%$8!7-!
<-6/7$!C$;F-,8%!,$</7$8!7-!8/7/!H&%5/<&G/7&-2O!"#$!8$N&2&7&-2!F/%!&7$,/7&H$!/28!5%$8!7$6#2&j5$%!
%56#!/%!%2-FL/<<&2.3!/%!%5..$%7$8!L;!J/88&2.7-2!$7!/<O!f=>(=hO!92!"/L<$!?3!%$/,6#!7$,0%3!F-,8%3!
-,!*#,/%$%!/,$!8&H&8$8!&27-!7F-!.,-5*%O!4&7&G$2!%6&$26$KN-65%$8!7$,0%!/,$!&2!.,-5*!(!fs(h!/28!
8/7/!H&%5/<&G/7&-2KN-65%$8!7$,0%!/,$!&2!.,-5*!=!fs=hO!

"/L<$!?!
V&5%67'=&%E4'

Z,-5*!(m!s(!
4&7&G$2!%6&$26$!N-65%!

Z,-5*!=m!s=!
U/7/!H&%5/<&G/7&-2!N-65%!

GH&%&I#$) ,0&#$JG) K=) G;/.%&0&;/%-.() ,0&#$0#G) K=)
G0.-@",-3.0#") ,0&#$0#G) K=) G0-223$&%() ,0&#$0#G) K=)
G0-223$&%(L8/,#")2-$&%-.&$DG)K=)G;38+&0);/.%&0&;/%&-$)
&$) ,0&#$%&'&0) .#,#/.0*G) K=) GH-223$&%() ,0&#$0#G) K=)
G:2/%#3.),0&#$0#G)K=)GB-+3$%##.)2-$&%-.&$DG)

G5/%/)B&,3/+&I/%&-$JG)K=)G&$'-.2/%&-$)
B&,3/+&I/%&-$JG) K=) GB&,3/+&I/%&-$JG)
K=)GE&,3/+):$/+(%&0,G)

! !
!
s(!,$*,$%$27%!.,-5*!(3!s=!,$*,$%$27%!.,-5*!=O!

:"#"!$ >-&/0*$
!
92! 7#$!L$.&22&2.3!/2!$P*$,&0$27!F/%!6/,,&$8!-57!/7! 7#$!X2&H$,%&7;!1&L,/,;! &2!Z-7#$2L5,.! 7-!
%$<$67!8/7/L/%$%!,$<$H/27!7-!7#$!,$%$/,6#!N&$<8O!:6-*5%!/28!J$L!-N!:6&$26$!fJ-%h!F$,$!&26<58$8!
/%! /! ,$%5<7! -N! 7F-! N/67-,%O! [-7#! 8/7/L/%$%! F$,$! 05<7&8&%6&*<&2/,;! 8/7/L/%$%! #/H&2.! j5/<&7;!
%-5,6$%!F&7#!*$$,K,$H&$F$8!<&7$,/75,$O!92!/88&7&-23!L-7#!8/7/L/%$%!F$,$!,$6-00$28$8!L;!7#$!
X2&H$,%&7;!-N!Z-7#$2L5,.!<&L,/,;O!Y$./,8&2.!%$/,6#!%7,/7$.&$%!&2!7#&%!%758;3!L--<$/2!-*$,/7-,%!
rMVUr!/28! r\Yr!F$,$!5%$8! 7-! <&2C! %$/,6#! 7$,0%! 7-!8/7/L/%$! <-.&6!F#$2!/! 7-*&6! 6-27/&2$8!
05<7&*<$!%$/,6#!7$,0%O!g5-7/7&-2!0/,C%!F$,$!/<%-!5%$8!7-!%$/,6#!N-,!*#,/%$%O!
!
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"-!-*7&0&G$!7#$!%$/,6#!%7,5675,$!L/%$8!-2!7#$!8/7/L/%$%!5%$83!/!7$%7!%$/,6#!F/%!6-28567$8!&2!
J$L!-N!:6&$26$!/28!:6-*5%O!:$/,6#&2.!&2!/<<!%$/,6#/L<$!N&$<8%!6/2!L$!8-2$!5%&2.!-2$!j5$,;!&2!
J$L!-N!:6&$26$!L;!5%&2.!7#$!aM<<!S&$<8%b!-*7&-2O!"#$!a"-*&6b!-*7&-2!-2<;!%$/,6#$%!N-,!7&7<$%3!
/L%7,/67%3!/57#-,!C$;F-,8%3!/28!A$;F-,8%!+<5%O!M%!6-0*/,$8!7-!/!%$/,6#!N-,!aM<<!S&$<8%b&2!7#$!
J$L!-N!:6&$26$!8/7/L/%$3!/!%$/,6#!N-,!a"-*&6b!F/%!5%$8!/%!&7!*,-H&8$8!0-,$!,$<$H/27!#&27%O!"-!
0/C$!&7!$j5/<!&2!L-7#!8/7/L/%$%3!/!a"9"1BKM[:KABWb!%$/,6#!&2!:6-*5%!F/%!%$<$67$8O!M88&K
7&-2/<<;3!/%!2$&7#$,!:6-*5%!2-,!J$L!-N!:6&$26$!8/7/L/%$%!6-27/&2$8!/!7#$%/5,5%!N5267&-23!/!N,$$!
F-,8!%$/,6#!F/%!5%$8O!M<<!8/7/L/%$%!6-28567$8!7#$!%/0$!%$/,6#!j5$,;!f%$$!"/L<$!?h!-2!7#$!%/0$!
8/7$!=>==K>`K=>O!1/2.5/.$%!-7#$,!7#/2!B2.<&%#!F$,$!$P6<58$8O!\7#$,!8-650$27!7;*$%!<&C$!a8/7/!
*/*$,%b!/28!a$/,<;!/66$%%b!F$,$!/<%-!$P6<58$8O!M!7-7/<!-N!(D>!8-650$27!,$%5<7%!F$,$!N-528!&2!
:6-*5%!/28!D`!F$,$!N-528!&2!J$L!-N!:6&$26$!f"/L<$!dhO!
!
"/L<$!d!
V&5%67'V9%59&#M)''

U/7/L/%$! :$/,6#!j5$,;! 926<58$8m!BP6<58$8! Y$%5<7%!
:4\+X:! !"#$%$&'()*+(,'-## ./01.# '2345676#890#

•! :;<;#=;>7?#@"A#
•! '6B<C?B;4#@"A#
•! '??;<5D#@"A#
•! E<F7?# 4;8G5;G7H# <F;8#

'8G4BHF#@IA#

"JK##
!1#$%$&'()*+(,'-## I0L/."M#
!"#)N:#!1## "J0#

J$L!-N!:6&$26$! !"#@$C>B3A## JKK"# '234567#89L#
•! :;<;#=;>7?#@1A#
•! ';?4O#)337HH#@"A#
•! =?C3776B8G#=;>7?#@"A#
•! E<F7?# 4;8G5;G7H# <F;8#

'8G4BHF#@KA##

J0#
!1#@$C>B3A## ".1/.M"#
!"#)N:#!1## .K#

!
\2<;!N,$$!7$P7!%$/,6#!&2!:6-*5%3!/28!J$L!-N!:6&$26$3!=>==K>`K=>O!
s(!,$*,$%$27%!.,-5*!(3!/28!s=!,$*,$%$27%!.,-5*!=!/%!*,$%$27$8!&2!"/L<$!dO!

:"#":$ >-7-0'$$
!
W3XV@G'B?:C'
!
92!*$,N-,0&2.!7#$!<&7$,/75,$!,$H&$F3!7#$!+Y9:@M!8&/.,/0!F/%!/8-*7$8!&2!S&.5,$!`!7-!,$*-,7!7#$!
,$%5<7%O!+Y9:@M!%7/28%!N-,!*,$N$,,$8!,$*-,7&2.!&7$0%!/28!&%!</,.$<;!5%$8!N-,!:;%7$0/7&6!Y$K
H&$F%!/28!@$7/K%;27#$%&%!f+/.$!$7!/<O3!=>=(hO!
! !
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!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

'
'
!"#$%&'.)!+Y9:@M!N<-F3!/8/*7$8!N,-0!+/.$!$7!/<O3!f=>=(hO!
!
X9&%59"N&'4&?&69":;'H%:6&44'
!
MN7$,!,$0-H&2.!85*<&6/7$!/,7&6<$%3!7#$!N&2/<!%$/,6#!F/%!6-28567$8!-2!=>=>K>DK>?!,$%5<7&2.!&2!
(eD!#&7%!&2!7F-!%$<$67$8!8/7/L/%$%O!"#$!(eD!#&7%!F$,$!.,-5*$8!&27-!7F-!6/7$.-,&$%!,$./,8&2.!7#$!
8-650$27!7;*$O!Z,-5*!\2$!F/%!*$$,K,$H&$F$8!R-5,2/<!/,7&6<$%!f2tcDh!/28!Z,-5*!"F-!&26<58$8!
6-2N$,$26$!*,-6$$8&2.%! f2t!e?hO!S&,%7<;3!.,-5*!-2$! %C&00$8! 7#,-5.#! 7#$! 7&7<$3! /L%7,/673! /28!
C$;F-,8%!F#&6#!,$%5<7$8!&2!)(!/,7&6<$%O!"#$!*5,*-%$!-N!%C&00&2.!.,-5*!-2$!N&,%7!F/%!7-!7$%7!

./012!3!452!61"63"728/!07"#!5"/52595707!

"#B%&?2!0?#/'040#?!4&%<!?;';7;2#2!
C#7!%4!DB0#/B#!E/!F!-GH!
DB%$82!E/!FI-+H!

(%/JK/9>026!&#B%&?2!#LB>8?#?M!
=B;?#<0B!;&'0B>#2NB%/4#&#/B#!
$&%B##?0/92!0/B>8?#?)!!
:8$>0B;'#!&#B%&?2!&#<%1#?!7#J
4%&#!'6#!2B&##/0/9,!E/!F!GGH!

!"
#$

%&'
&(

)%
&*

$!

!"#B%&?2!#LB>8?#?,!I++!!
E=&'0B>#2!/!FOGH!
EP%/4#&#/B#!$&%B##?0/92/!FQOH!

"#B%&?2!2B&##/#?,IR+!
"#$%&'()*$+,-$!*-+&&.#./!!!!!!!
E=&'0B>#2!/!FS-H!
EP%/4#&#/B#!$&%B##?0/92!/!FRTH!
!

"#$%&'2!2%896'!4%&!&#'&0#1;>,R+!
A6#!/8<7#&!4%&!48>>J'#L'!2B&##/0/9)!!
E=&'0B>#2!/!FQIH!
EP%/4#&#/B#!$&%B##?0/92!/!F*SH!

"#$%&'2!/%'!&#'&0#1#?,!*!
E0.,)%&!$1!2#.3!$4&!25%%!$&6$H!

!
"#

$$
%&

%'
!

!

"#$%&'2!#LB>8?#?,!G*!
!

"#$%&'2!;22#22#?!4%&!#>09070>0'3,-R!
U8>>JA#L'!DB&##/0/9!
E=&'0B>#2!/!FOSH!
EP%/4#&#/B#!$&%B##?0/92!/!F*SH!

D'8?0#2!0/B>8?#?!0/!'6#!&#10#V,!IG!

!$
(+

,"
#"

!
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#-F!0/2;!%/0*<$%!6-5<8!.$7!N,-0!*$$,K,$H&$F$8!/,7&6<$%O!MN7$,!/!N5<<K7$P7!%6/22&2.3!D!/,7&6<$%!
F$,$!&26<58$8O!"#$!%6-*$!-N!7#$!*$$,K,$H&$F$8!/6/8$0&6!/,7&6<$%!#/8!2-7!N5<N&<<$8!7#$!,$j5&,$K
0$27!N-,!7#$!H/<&8&7;!-N!/!<&7$,/75,$!,$H&$F!%758;O!"#$,$N-,$3!7#$!%/0$!*,-65,$!/**<&$8!7-!.,-5*!
7F-!6-2N$,$26$!*,-6$$8&2.%O!Z,-5*!7F-!6-27,&L57$8!c!#&27%O!M!7-7/<!-N!(`!/,7&6<$%!%7,&67<;!6-2K
N-,0$8!F&7#!7#$!%$/,6#!6,&7$,&/!N-,F/,8!/28!L/6CF/,8!&2!/2!&7$,/7&H$!0/22$,!F#&6#!&<<5%7,/7$%!
&2!S&.5,$!D3!,$./,8&2.!7#$!Z,-528$8!"#$-,;!L;!J/88&2.7-23!$7!/<O!f=>(=3!*O!dchO!
!

!
'
!"#$%&'/)!97$,/7&H$!%$<$67&-2!*,-6$%%3!/8-*7$8!N,-0!J/88&2.7-23!$7!/<O!f=>(=3!*O!dchO!
!
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926<5%&-2!6,&7$,&/'!
•" Y$*-,7!-2!H&%5/<&G/7&-2!7$6#2-<-.&$%!/**<&$8!&2!7#$!4&7&G$2!:6&$26$!6-27$P7O!
•" BP/0&2$!-,!$H/<5/7$!H&%5/<&G/7&-2!*,/67&6$%O!
•" J,&77$2!&2!B2.<&%#O!

BP6<5%&-2!6,&7$,&/'!
•" @/&2<;!&27,-856$!/!6&7&G$2!%6&$26$!*,-R$67!-,!/2!/**<&6/7&-2!/%%-6&/7$8!F&7#!6&7&G$2!%6&K

$26$O!Q&%5/<&G/7&-2!F/%!L,&$N<;!0$27&-2$8!/%!-2$!-N! 7#$! N5267&-2%O!S-,! $P/0*<$3! 7#$!
/,7&6<$!aY$*57/7&-2K/F/,$!N&<7$,&2.!%$,H&6$%!N-,!6&7&G$2!%6&$26$!8/7/i!L;![,--C&2.!/28!
E527$,3!=>((bO!!

•" 4-26$*75/<!%758&$%!-,!0-8$<%O!
•" V-!%-5,6$!N-528m/H/&</L<$3!&O$O!a"#$!Z<-L$!n&C/!$856/7&-2!/28!*,$H$27&-2!*,-R$67bO!

3.2! Data Analysis  

"#$!-H$,/<<!%7,5675,$!-N!7#$!8/7/!/2/<;%&%!-N!7#$!<&7$,/75,$!,$H&$F!&%!-,./2&G$8!-2!7#$!,$%$/,6#!
j5$%7&-2%O!"#$,$!&%!/2!$0$,.&2.!%758;!/&0$8!/7!&2H$%7&./7&2.!7#$!65,,$27!7,$28%!&2!6&7&G$2!%6&K
$26$!F#$2!5%&2.!8/7/!H&%5/<&G/7&-2!7$6#2-<-.;O!92!-,8$,!7-!&2H$%7&./7$!*#$2-0$2/!F&7#!<&77<$!
*,&-,!,$%$/,6#!/77,/67&-23!/66-,8&2.!7-!@&<<&C$23!+O!f=>(>h3!/!.,-528$8!7#$-,;!/**,-/6#!&%!,$6K
-00$28$8!/%!/**,-*,&/7$!,$./,8&2.!7#$!7-*&6T%!2/75,$O!!

92!,$%*-2%$!7-!Yg=3!2&2$!fcm(`h!/,7&6<$%!-2!7$6#2&6/<!/%*$67%!-N!8/7/!H&%5/<&G/7&-2!F$,$!.,-5*$8!
7-.$7#$,O!92!7#$%$!2&2$!/,7&6<$%3!7#$!8/7/!H&%5/<&G/7&-2!/**<&6/7&-2!8&%65%%$8!F/%!-N7$2!2-7!-2<;!
8$H$<-*$8!N-,!/!*/,7&65</,!4:!*,-R$67!L57!6-5<8!/<%-!L$!5%$8!N-,!6&7&G$2!%6&$26$!*,-R$67%!&2!.$2K
$,/<O! 92! %-0$!6/%$%3! 7#$!/**<&6/7&-2!F/%!*/,7!-N!/!4:!*,-R$673!L57! &7%! 7$6#2&6/<!/%*$67%!F$,$!
0-%7<;!$P/0&2$8O!"#$,$!F$,$!%$H$2!fDm(`h!%758&$%!&2!F#&6#!7#$!8/7/!H&%5/<&G/7&-2!%-<57&-2!F/%!
*/,7!-N!/!</,.$,!4:!*,-R$67O!"#$,$N-,$3!7#$!8/7/!H&%5/<&G/7&-2!%-<57&-2!F/%!8&%65%%$8!/28!$P/0K
&2$8!F&7#&2!7#$!4&7&G$2!:6&$26$!*,-R$67O!92!,$%*-2%$!7-!Yg(!/28!Yg?3!/<<!(`!/,7&6<$%!F$,$!$PK
/0$8O!"#$!8/7/!/2/<;%&%!*,-6$%%$%!/,$!&<<5%7,/7$8!&2!S&.5,$!DO!97!%#-5<8!L$!2-7$8!7#/73!85$!7-!7#$!
</6C!-N!/2!$P&%7&2.!/2/<;%&%! N,/0$F-,C! &2! 7#&%! N&$<8!/28! 7#$! &2#$,$27!2/75,$!-N! 7#$!.,-528$8!
7#$-,;!/2/<;%&%!0$7#-83!/2-7#$,!,$%$/,6#$,!0/;!,$/6#!/!8&NN$,$27!6-26<5%&-2!/28!6#--%$!/!8&NK
N$,$27!.,-5*&2.O!!
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V-7$'!U595'G;5?M4"4'W%:6&44'o&<<5%7,/7&-2p3!/8/*7$8!N,-0!:-6&/<!Y$%$/,6#!f=>=(3!@/,6#!(hO!
g5/<&7/7&H$!4-27$27!M2/<;%&%!oQ&8$-pO!W-5"5L$O!
#77*%'mmFFFO;-575L$O6-0mF/76#IHt/,kgc(5#c,W!

:"!"#$ E/+0-11$
!
[/%$8!-2!J-<N%F&2C$<!$7!/<O!f=>(?h3!/! 7#,$$K%7$*!/2/<;7&6/<!6-8&2.!*,-6$%%!f-*$23!/P&/<3!/28!
%$<$67&H$!6-8&2.h!F/%!6-28567$8!&2!7#&%!%758;O!"#$;!%7/7$8!7#/7!7#$!7#,$$K%7$*!/2/<;7&6/<!6-8&2.!
*,-6$%%!F/%!a*$,N-,0$8!&2!/2!&27$,7F&2$8!N/%#&-23!.-&2.!L/6C!/28!N-,7#!L$7F$$2!*/*$,%3!$PK
6$,*7%3!6-26$*7%3!6/7$.-,&$%3!/28!%5LK6/7$.-,&$%b!f*O!)(hO!4-8&2.!F/%!8-2$!0/25/<<;!-2!*/*$,!
%&26$!7#$!8/7/!%$7!F/%!,$</7&H$<;!%0/<<O!M88&7&-2/<<;3!%&26$!7#$!6-8$,!F/%!2$F!7-!7#$!.,-528$8!
7#$-,;!/**,-/6#3!0$0-&2.!F/%!/<%-!5%$8!/%!/!7--<!-N!.,-528$8!7#$-,;!%5..$%7$8!L;!4-#$2!$7!
/<O! f=>(ehO!M!0$0-! &%!/!2-7$!F,&77$2! 7-!-2$%$<N!L;! 7#$!6-8$,3!/%!:7,/5%%!/28!4-,L&2! f(cc>h!
/,.5$83!0$0-&2.!6-27,&L57$%!7-!7#$!N-,05</7&-2!-N!7#$!$0$,.&2.!7#$-,;O!92!/66-,8/26$!F&7#!7#$!
,$6-00$28/7&-2!L;!7#$!,$%$/,6#$,%3!7#$!6-8$,!6/,$N5<<;!0/25/<<;!,$/83!6-27&25-5%<;!6-0*/,$83!
/28!<&2C$8!&8$27&N&$8!6/7$.-,&G/7&-2%!N,-0!(`!/,7&6<$%!/28!0$0-&2.!&2!n-7$,-!%-N7F/,$3!527&<!
7#$,$!F$,$!2-!2$F!6-26$*7%3!-,!*,-*$,7&$%!/66-,8&2.!7-!7#$!7&0$N,/0$!/28!-7#$,!,$%-5,6$%!-N!
7#$!7#$%&%!F-,CO!M2!-*$,/7&H$!8$%6,&*7&-2!N-,!$/6#!6-8&2.!*,-6$%%!&%!.&H$2!&2!"/L<$!)!/66-,8&2.!
7-!J-<N%F&2C$<!$7!/<O!f=>(?hO!
!
"/L<$!)!
G'E59%"L':B'&567'6:A";#'H%:6&44)'GAT$49&A'>M'JY:?B4C";F&?'&9'5?)D'*2(+D'H)'-(K)'
! M2/<;7&6/<!6-8&2.!%7$*%! ! !
!

(!-*$2!6-8&2.! &28567&H$!
Z$2$,/7&2.!#&.#$,K/L%7,/67&-2!<$H$<!7;*$!6/7$K
.-,&$%!N,-0!%$7%!-N!6-26$*7%O!

!
=!/P&/<!6-8&2.! 8$8567&H$!

S5,7#$,!8$H$<-*&2.!6/7$.-,&$%!/28!,$</7&2.!
7#$0!7-!7#$&,!*-%%&L<$!%5LK6/7$.-,&$%O!

! ?!%$<$67&H$!6-8&2.! ! 927$.,/7&2.!/28!,$N&2&2.!6/7$.-,&$%O!!!
!
"#$!N&,%7!%7$*!F/%!7-!%$<$67!C$;!$P6$,*7%!N,-0!7#$!/,7&6<$%O!"#$,$!/,$!j5$%7&-2%!7-!.5&8$!7#$!-*$2!
6-8&2.!%56#!/%3!F#/7!&%!7#&%!8/7/!/!%758;!-NI!J#/7!&%!#/**$2&2.!&2!7#$!8/7/I!M%!/!8$8567&H$!
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*,-6$%%3!/P&/<!6-8&2.!$%7/L<&%#$%!,$</7&-2%#&*%!L$7F$$2!6/7$.-,&$%!/28!%5L6/7$.-,&$%O!"56C$,!
f=>(`h!/,.5$%!7#/7!7#&%!*#/%$!%$$C%!7-!8&%7&2.5&%#!6-26$*7%!L/%$8!-2!F#$7#$,!7#$;!,$N$,!7-!6/5%$%3!
6-2%$j5$26$%3! -,! &27$,H$2&2.! -,! 6-27$P75/<! 6&,650%7/26$%O! 92! 7#&%! %758;3! 65$4&4! /28! 6:;4&P
Z$&;6&4!%$$0$8!0-,$!2/75,/<O!"#$!7#&,8!%7$*!$<$67&H$!6-8&2.!&8$27&N&$%!/28!8$H$<-*%!<&2C%!L$K
7F$$2!7#$!0/&2!6/7$.-,&$%!7-!/2%F$,!7#$!,$%$/,6#!j5$%7&-2%!fJ-<N%F&2C$<!$7!/<O3!=>(?3!*O!)(hO!
!
S-<<-F&2.!7#$!/8H&6$!-N!E%&$#!/28!:#/22-2!f=>>)h3!/88&7&-2/<!6-8$%!F$,$!8$H$<-*$8!/%! 7#$!
/2/<;%&%!*,-.,$%%$83!/28!7#$!&2&7&/<!6-8&2.!%6#$0$!F/%!,$H&%$8!/28!,$N&2$8!f*O!(=e`hO!"#$!&2&7&/<!
6-8&2.!%6#$0$!-N!-*$2!6-8&2.!N-,!7#&%!%758;!F/%!/**,-/6#$8!/%!N-<<-F%'!

•" J#/7!&7!&%I!!
•" E-F!8-$%!&7!7$%7I!J#/7!8-$%!&7!%#-FI!
•" J#/7!/,$!7#$!-**-,752&7&$%!/28!6#/<<$2.$%!/66-,8&2.!7-!7#$&,!N&28&2.%I!

"#&%!%7/.$!,$%5<7$8!&2!/!6-26$*7!0/7,&P!5%&2.!@&6,-%-N7!BP6$<!/28!0$0-%!&2!n-7$,-!V-7$O!M%!/!
,$%5<7!-N!%&G$!6-2%&8$,/7&-2%3! 7#&%! 7#$%&%!8&8!2-7! &26<58$! 7#$! ,$%5<7&2.!0/7,&PO!M2!$P/0*<$!-N!
6-8&2.3!6/7$.-,&G&2.3!/28!0$0-&2.!&%!*,$%$27$8!&2!7#$!L-P!L$<-F'!
!

G;'&L5EH?&':B'6:A";#D'659&#:%"O";#D'5;A'E&E:";#<'
!
!
=&L9<'\6%'I$I%2'HBF7&%&'B4'(62%%'F6$##%4=<4='$&I%F(&'HB2'$F$5%G<F&'P6B'PB7#5'P$4('(B'D7<#5'B4'
F<(<L%4SD<2(6%5'<4HB2G$(<B4'&%(&'<4'B25%2'(B'D%((%2'5BF7G%4('$45'$4$#9&%'G<4B2'6%2<($=%'<(%G&R''

•! \6%'6%(%2B=%4%<(9'BH'(6%'W4HB2G$(<B4'!<4'(%2G&'BH'&FBI%*'BH'%5<(B2<$#'F6B<F%&*'BH'T7$#<(9*'
%(F)/*'$45'D%6<45'<('(6%'6%(%2B=%4%<(9'BH'(6%'W4HB2G$(<B4'K2B1<5%2&'(6%G&%#1%&)'N%'I2%&%4('
$45'5<&F7&&'(6%'&(2$(%=9'$5BI(%5'<4'B25%2'(B'5%GB4&(2$(%'IB(%4(<$#'$55%5'1$#7%&'BH'&7F6'$'
2%&%$2F6'B4'DB(6'&<5%&'!$F$5%G<F&'$&'P%##'$&'<4HB2G$(<B4'I2B1<5%2&/*'$45'<4'B25%2'(B'I<4S
IB<4('I2BH<#%&'BH'<4HB2G$(<B4'I2B1<5%2&)''

•! \6%'H$F(B2&'BH'<GI%2H%F(<B4'(6$('$2%'#<?%#9'(B'D%'G%('P6%4'6$45#<4='&7F6'<4HB2G$(<B4'&%(&)'
N%'H<2&('=<1%'$'=#BD$#'1<%P'BH'(6%'5$($'$45'<4HB2G$(<B4'6$21%&(%5'H2BG'F<(<L%4SD<2(6%5'%S
&B72F%&*'$45'(6%4'I2BIB&%'$4'%`%GI#<H<%5'#<&('BH'(6%'?%9'H$F(B2&'BH'<GI%2H%F(<B4'P%'F$G%'
$F2B&&'572<4='(6%'2%&%$2F6'7I'(B'4BP)''

•! \6%'5%&<=4'$45'<GI#%G%4($(<B4'BH'1<&7$#'&B#7(<B4&'&7IIB2(<4='$4$#9(<F$#'($&?&'<4'(6%'&I%S
F<H<F'FB4(%`('BH'<GI%2H%F('<4HB2G$(<B4'&%(&)'N%'I2%&%4('$45'5<&F7&&'(6%'#%$24<4=&'BH'&BG%'
BH' (6%' &B#7(<B4&' P%' 6$1%' 5%1%#BI%5*' &B#7(<B4&' (6$(' $2%' (B5$9' $1$<#$D#%' B4#<4%' !(%22<(BS
=2$I6<%)G$I)F42&)H2/)'!;#$<&%'%('$#)*'+,-.*'I)'-8/'

R:A";#D'659&#:%"O";#D'5;A'@&E:";#<';#$<&%'%('$#)'!+,-./'52%P'(6%'FB4F#7&<B4'BH'F6$#S
#%4=%&'<4'(6<&'(%`(*'P6<F6'G%$4&'(6%'(62%%'F6$##%4=%&'P%2%'4B('(6%B2%(<F$#*'<4&(%$5'(6%9'P%2%'
I2B1%4'F6$##%4=%&'!FB4(%`('BH'aF6$##%4=%&a/)'''\6%'(%2G&'a6%(%2B=%4%<(9a'$45'a<GI%2H%F(<B4a'$IS
I%$2%5'<4'B(6%2'$2(<F#%&*'$&'I$2('BH'(6%'<&&7%'BH'a5$($'T7$#<(9a'<4'(6%'FB4(%`('BH'aI2B1%4'F6$#S
#%4=%&a)'3<4F%'a(6%'5%&<=4'$45'<GI#%G%4($(<B4a'F6$##%4=%'6$5'P<5%'G%$4<4=*'<('2%G$<4%5'BI%4'
6%2%'(B'&%%'<H'GB2%'I2%F<&%'F$(%=B2<%&'FB7#5'HB2G'H2BG'B(6%2'$2(<F#%&'(B'D%((%2'5%&F2<D%'(6%'F6$#S
#%4=%'BH'a(6%'5%&<=4'$45'<GI#%G%4($(<B4a)'\6<&'I2BF%&&'#%5'(B'(6%'HB2G$(<B4'BH'(62%%'#%1%#&'BH'F$(S
%=B2<%&*'&7F6'$&'a"6$##%4=%&aSS'aO$($'T7$#<(9aSSaA%(%2B=%4%<(9aQ'aWGI%2H%F(<B4a)'X55<(<B4$##9*'
a1<&7$#'&B#7(<B4&'&7IIB2(<4='$4$#9(<F$#'($&?&b'P%2%'<4(%2I2%(%5'$&'c(B'$4$#9&<&'5$($'P$&'(6%'5$($'
1<&7$#<L$(<B4'=B$#b'$45'=2B7I%5'<4(B'F$(%=B2<%&'a1<&7$#<L$(<B4'=B$#&a)''
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M%!/!,$%5<7!-N!7#$!</,.$!250L$,!-N!6-<502!6/7$.-,&$%!8$H$<-*$8!&2!7#&%!7#$%&%3!&7!F/%!8&NN&65<7!7-!
&26<58$!7#$%$!6/7$.-,&$%!&2!/!7/L<$O!"#$!/L,&8.$8!6-8&2.!/28!6/7$.-,&$%!,$%5<7$8!&2!7#,$$!0/7,&6$%!
f"/L<$!`3D3eh!5%&2.!@&6,-%-N7!BP6$<O!@-,$!8$7/&<$8!&2N-,0/7&-2!F/%!<&%7$8!/%!N-<<-F%!L/%$8!-2!
$/6#!,$%$/,6#!j5$%7&-2'!
!!
•" "#$!6/7$.-,&$%!%56#!/%!+5L<&6/7&-2!\57<&2$%!/28!U$0-.,/*#&6%3!:5LR$67!M,$/%3!J-,86<-583!

V$7F-,C%!M2/<;%&%3!/28!4-26$*7!0/**&2.!F$,$!&2H$%7&./7$8!7-!/2%F$,!Yg('!Y759'%&4&5%67'
754'>&&;'65%%"&A':$9':;'97&'5HH?"659":;':B'A595'N"4$5?"O59":;'";'6"9"O&;'46"&;6&['!
!

"#$!N&,%7!,$%$/,6#!j5$%7&-2!&2!7#&%!%758;!&%!7-!8$7$,0&2$!F#/7!,$%$/,6#!#/%!L$$2!6/,,&$8!-57!-2!
7#$!/**<&6/7&-2!-N!8/7/!H&%5/<&G/7&-2!&2!6&7&G$2!%6&$26$O![/%$8!-2!Yg(3'7#$!-H$,H&$F!-N!4:!*,-K
R$67%!7#/7!#/H$!L$$2!N/6&<&7/7$8!L;!8/7/!H&%5/<&G/7&-2!7$6#2-<-.;!&2!$P&%7&2.!%758&$%!F/%!/2/<;G$8O!
M2!/2/<;%&%!N,-0!/!%7/7&%7&6/<!/%!F$<<!/%!/!7#$-,$7&6/<!*$,%*$67&H$!F/%!L$2$N&6&/<!%&26$!&7!F/%!/2!
$0$,.&2.!7-*&6O!+5L<&6/7&-2!\57<&2$%!/28!U$0-.,/*#&6%3!:5LR$67!M,$/%3!J-,8!4-5<83!/28!V$7K
F-,C!M2/<;%&%!#/H$!L$$2!$P/0&2$8!N-,!/!%7/7&%7&6/<!-H$,H&$F!-N!7#&%!N&$<8!N,-0!05<7&!/2.$<%O!
"#$!.-/<!-N!4-26$*7!@/**&2.!F/%!7-!*,-H&8$!/!L$77$,!528$,%7/28&2.!-N!8&NN$,$27!$0$,.&2.!8/7/!
H&%5/<&G/7&-2K,$</7$8!7#$-,&$%!&2!7#$!4&7&G$2!:6&$26$!6-27$P7O!
!
92!"/L<$!`3!M!8$%6,&*7&-2!-N!7#$!8/7/!F/%!*,-H&8$83!&26<58&2.!M,7&6<$!2/0$m";*$3!+5L<&6/7&-23!
+</6$3!U/7/!7;*$mU-0/&23!/28!4:!+,-R$67m!M**<&6/7&-2!V/0$O!X%&2.!7#$!M<<!:6&$26$!q-5,2/<!
4</%%&N&6/7&-2!fM:q4h!N5267&-2!&2!:6-*5%!F/%!5%$8!7-!6</%%&N;!7#$!R-5,2/<%!/28!6-2N$,$26$!*,-K
6$$8&2.%3!7#$!(`!/,7&6<$%!F$,$!%/H$8!&2!7#$!:6-*5%!8/7/L/%$!/28!F$,$!6</%%&N&$83!/28!/2/<;G$8!
L/%$8!-2!M:q4!%7/28/,8%O!92!"/L<$!D3!7#$!%5LR$67!/,$/!-N!$/6#!/,7&6<$!&%!*,$%$27$8O![/%$8!-2!
"/L<$%!`!/28!D3!+5L<&6/7&-2!\57<&2$%!/28!U$0-.,/*#&6%3!/%!F$<<!/%!:5LR$67!M,$/%3!F$,$!/2/K
<;G$8!&2!:6-*5%!/28!@&6,-%-N7!BP6$<O!"#&%!%7$*!#$<*$8!7-!528$,%7/28!7#$!%6-*$!-N!7#$!8/7/%$7%!
f(`!/,7&6<$%h!L;!7&0$!/28!6-527,;3!7-!/2%F$,!7#$!528$,<;&2.!j5$%7&-2!-N!Yg(%56#!/%!F#$7#$,!
7#&%!7-*&6!F/%!%758&$8!.<-L/<<;!-,!-2<;!&2!6$,7/&2!.$-.,/*#&6!/,$/%3!-,!6$,7/&2!%5LR$67!/,$/%O!M%!
F$<<3!&2!-,8$,!7-!.$7!7#$!*$,%*$67&H$!N,-0!8&NN$,$27!/2.<$%!7-!L$77$,!/2%F$,!Yg(3!J-,8!4<-58!
/28! V$7F-,C%! M2/<;%&%! F$,$! /<%-! /**<&$8O! X%&2.! /! F$LKL/%$8! /**<&6/7&-2!
f#77*%'mmFFFOF-,86<-58%O6-0mh3!7#$!J-,8!4<-58!/2/<;%&%!6-28567$8!/!H&%5/<!,$*,$%$27/7&-2!-N!
7#$!0-%7!*,-0&2$27!7$,0%!N,-0!7#$!/L%7,/67!/28!6-26<5%&-2!*/,7%!-N!(`!/,7&6<$%3!6/*75,&2.!&0K
*-,7/27! /28! N,$j5$27<;! -665,,&2.! 7$,0%O!V$7F-,C%!M2/<;%&%! f5%&2.! #77*%'mmFFFO,$%$/,6#,/LK
L&7O/&mh!6-5<8!L$!#$<*N5<!7-!/2/<;G$!6&7/7&-2!6-22$67&-2%!L$7F$$2!(`!/,7&6<$%3!%56#!/%!F#$7#$,!
7#$!,$%$/,6#!7-*&6!F/%!8&%*$,%$8!-,!N-65%$83!/28!7-!F#/7!$P7$27O!92!/88&7&-23!7#$!6&7/7&-2!,$%5<7!
N,-0!7#$!V$7F-,C%!M2/<;%&%!6-5<8!L$!5%$8!7-!./&2!/!L$77$,!528$,%7/28&2.!-N!7#$!,$<&/L&<&7;!-N!
7#$!8/7/%$7%!L;!%#-F&2.!#-F!-N7$2! 7#$!(`!/,7&6<$%!F$,$!6&7$8O!"#$!,$%5<7%!F$,$!8&%65%%$8! &2!
%$67&-2!dO(!/28!,$*,$%$27$8!&2!S&.5,$%!c3(>3((3(=3(?O!!

!
S5,7#$,0-,$3!7#$!&2H$%7&./7&-2!-N!4-26$*7!@/**&2.!-N!H&%5/<&G/7&-2%!&2!4&7&G$2!:6&$26$!,$%5<7$8!
N,-0!7#$!8&,$67!-L%$,H/7&-2!-N!7#$!8/7/%$7%O!"#$,$!F$,$!7F-!0-7&H/7&-2%!N-,!$0*<-;&2.!4-26$*7!
@/**&2.O!S&,%7<;3!L/%$8!-2!7#$!8&%65%%&-2!-N!6-26$*75/<&G&2.!8/7/!H&%5/<&G/7&-2!&2!7#$![/6CK
.,-528!%$67&-23!7#$,$!F$,$!2$F!6-26$*7%!F$,$!&27,-856$8!&2!7#$!8/7/%$7%O!97!F/%!2$6$%%/,;!7-!
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6<$/,<;!8$%6,&L$!7#$!8$N&2&7&-2%!-N!8&NN$,$27!8/7/!H&%5/<&G/7&-2K,$</7$8!6-26$*7%!7#/7!/**$/,$8!&2!
7#$!6-27$P7!-N!4&7&G$2!:6&$26$O!:$6-28<;3!&7!0&.#7!#/H$!7#$!*-7$27&/<!7-!6-27,&L57$!/!0-,$!6-0K
*,$#$2%&H$! 6-26$*75/<! 528$,%7/28&2.! /28! 7#$,$N-,$! N-,0!/!2$F! </28%6/*$! N-,! /**<;&2.!8/7/!
H&%5/<&G/7&-2!&2!4&7&G$2!:6&$26$O![/%$8!-2!7#$!,$<$H/26$!-N!7#$!6-26$*7%3!7#,$$!%5LK6/7$.-,&$%!
F$,$!.,-5*$8!/28!N-,0$8'!(h!6-26$*7%!/%%-6&/7$8!F&7#!8/7/!7;*$!/28!8/7/!j5/<&7;u!=h!6-26$*7%!
/%%-6&/7$8!F&7#!/!8$%&.2!*$,%*$67&H$u!/28!?h!6-26$*7%!/%%-6&/7$8!F&7#!/!6,&7&6/<!*$,%*$67&H$O!"#$!
,$%5<7%!F$,$!8&%65%%$8!&2!%$67&-2!dO(!/28!7#$!,$%5<7%!6-27,&L57$8!a8/7/!H&%5/<&G/7&-2!N$$8L/6C!
<--*!&2!4&7&G$2!:6&$26$b!fS&.5,$!(dh'F#&6#!F/%!*,$%$27$8!&2!7#$!U&%65%%&-2!%$67&-2O!'

!
•" "#,$$!6/7$.-,&$%!+,&0/,;!"$6#2&6/<!S$/75,$%3!M**<&6/7&-2!Z-/<%3!/28!X%/L&<&7;!BH/<5K

/7&-2!F$,$!.,-5*$8!,$./,8&2.!/2%F$,&2.!Yg='!Y759'5%&' 97&' 9&67;"65?'54H&694':B' 97&'
5HH?"659":;4'$4&A'9:'N"4$5?"O&'A595['

!
S,$j5$27<;!/**$/,$8!7$,0%!&2!,$</7&-2!7-!/2%F$,%T!&2&7&/<!6-8&2.!%6#$0$!aF#/7!&7!&%Ib!#$<*$8!7-!
&8$27&N;! /88&7&-2/<! 6-8$%! F#&6#! *,$%$27! &2! "/L<$! eO! 97! &26<58$8! U/7/! ";*$3! M**<&6/7&-2!
7;*$m2/0$3!\*$2!:-5,6$3!Q&%5/<&G/7&-2!Z-/<3!/28!"/,.$7!M58&$26$O!"#$%$!/88&7&-2/<!6-8$%!&2!
"/L<$!e!F$,$!8&H&8$8!&27-!7F-!6/7$.-,&$%3!+,&0/,;!"$6#2&6/<!S$/75,$%3!/28!M**<&6/7&-2!Z-/<%O!!
"-!8$7$,0&2$!F#&6#!8/7/!H&%5/<&G/7&-2!/**,-/6#$%!/28!7--<%!F-5<8!F-,C!L$%7!N-,!/!*/,7&65</,!
7/%C3!&7!F/%!&0*-,7/27!7-!/2/<;G$!7#$!.-/<%!-N!7#$!8/7/!H&%5/<&G/7&-2!/**,-/6#$%O![$%&8$%!Q&%5K
/<&G/7&-2!Z-/<%3!"/,.$7!/58&$26$%!F$,$!/<%-!&0*-,7/27! 7$6#2&6/<!/%*$67%!7#/7!F$,$!N,$j5$27<;!
0$27&-2$8!&2! 7#$!8/7/%$7%! 7-!/2%F$,!Yg=O!S5,7#$,0-,$3!%&26$!8&NN$,$27! 7;*$%!-N!8/7/!,$j5&,$!
8&NN$,$27!/**,-/6#$%!7-!H&%5/<&G/7&-2!fE%5!$7!/<O3!=>(eh3!&7!F/%!2$6$%%/,;!7-!8$7$,0&2$!F#&6#!
U/7/!";*$!F/%!H&%5/<&G$8O!M88&7&-2/<<;3!7#$,$!F/%!/!#&.#!N,$j5$26;!-N!:H&;'4:$%6&!&2!7#$!8/K
7/%$7%O!M66-,8&2.!7-!Z,/;!$7!/<O3!f=>=(h3!/2!-*$2K%-5,6$!/**<&6/7&-2!&%!-2$!7#/7!8-$%!2-7!,$j5&,$!
<&6$2%&2.!/28! &%! N,$$! 7-!5%$O![;!*,-H&8&2.!/66$%%! 7-!8/7/!-*$,/7&-2%!/28!6-8$!0-8&N&6/7&-2%3!
Z,/;!$7!/<O3!f=>=(h!/,.5$!7#/7!7#$!-*$2K%-5,6$!8/7/!H&%5/<&G/7&-2!%-<57&-2!&26,$/%$%!/66$%%&L&<&7;3!
7,/2%*/,$26;3!*/,7&6&*/27!$2./.$0$273!/28!7,5%7!/0-2.!*/,7&6&*/27%!&2!4&7&G$2!:6&$26$O!"#5%3!
7#$!-*$2K%-5,6$!N$/75,$!F/%!6#-%$2!N-,!/2/<;%&%O!E-F$H$,3!7#$,$!2$$8$8!7-!L$!/!6<$/,!8&%7&267&-2!
#$,$!7-!#$<*!6</,&N;!7#$!8$N&2&7&-2!-N!:H&;'4:$%6&!/28!7-!8&%7&2.5&%#!&7!N,-0!/2-7#$,!7$,0!:H&;'
A595!&2!-,8$,!7-!$2%5,$!6-,,$67!6-8&2.O!\H&;'A595!&%!/<%-!-N7$2!0$27&-2$8!&2!4&7&G$2!:6&$26$O!
\H&;'A595! ,$N$,%! 7-!8/7/!-,!8/7/%$7%! 7#/7!/,$!-*$2! 7-! 7#$!*5L<&63!-*$2! &2!N-,0/73!/28!-*$2<;!
<&6$2%$8!f8$N&2&7&-2!8,/F2!N,-0!7#$!\*$2!A2-F<$8.$!S-528/7&-2hO!!
!
J#$2!&7!6/0$!7-!7#$!&2&7&/<!6-8&2.!%6#$0$!aE-F!8-$%!&7!7$%7I!J#/7!8-$%!&7!%#-FIb3!,$N$,,$8!7-!
7#$!$H/<5/7&-2O!@/GG/! f=>>ch!6</&0$8! 7#/7!/!8/7/!H&%5/<&G/7&-2!%-<57&-2!%#-5<8!L$!$H/<5/7$8!
L/%$8!-2!&7%!5%/L&<&7;3!N5267&-2/<&7;3!$NN$67&H$2$%%3!$NN&6&$26;3!/28!5%$N5<2$%%O!92!8/7/!H&%5/<&G/K
7&-23!5%/L&<&7;!/28!N5267&-2/<&7;!F$,$!0-%7!N,$j5$27<;!0$27&-2$8!&2!7#$!%$<$67$8!<&7$,/75,$O!";*K
&6/<<;3!5%/L&<&7;!&%!8$7$,0&2$8!L;!/%C&2.!j5$%7&-2%!N,-0!/!5%$,!$P*$,&$26$!*$,%*$67&H$3!%56#!/%3!
a&%!7#$!.,/*#&6/<!&27$,N/6$!$/%;!7-!5%$!/28!&275&7&H$Ib!f@/GG/3!=>>c3!*O!(=Dh!/28!F#$7#$,!7#$!
H&%5/<&G/7&-2%!8-!$2/L<$!7#$!$P*<-,/7&-2!-N!8/7/!f[</&%$!$7!/<O3!=>(e3!*O!(ehO!S5267&-2/<&7;!,$N$,%!
7-!7#$!%$7!-N!-*$,/7&-2%!-N!/2!/**<&6/7&-2O!97!6/2!2$./7&H$<;!/NN$67!5%/L&<&7;!&N!7#$,$!/,$!7--!0/2;!
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-,!7--!6-0*<&6/7$8!N5267&-2%!&2!/2!/**<&6/7&-2!%&26$!&7!6/2!L$!8&NN&65<7!7-!<$/,2!/28!5%$O!4-2%$K
j5$27<;3!7#&%!%758;!N-65%$%!-2!X%/L&<&7;!BH/<5/7&-2!&2!/2!/77$0*7!7-!N&28!$H&8$26$KL/%$8!L$%7!
*,/67&6$%O!92!%$67&-2!dO=3! 7#$!,$%5<7%!-N!7#$!7#,$$!6/7$.-,&$%!/28!7#$&,!%5L6/7$.-,&$%!F$,$!8&%K
65%%$8O!

!
•" 92!<&2$!F&7#!Yg?3!7#$!6-2%7/27!6-0*/,&%-2!-N!7#$!<&7$,/75,$!&8$27&N&$8!7#$!&0*-,7/26$!-N!

8&%65%%&2.!-**-,752&7&$%!/28!6#/<<$2.$%!F&7#&2!7#$!7$6#2&6/<!/28!%-6&/<!8-0/&2%O!92!/8K
8&7&-2!7-!-*$2!6-8&2.3!C$;F-,8!%$/,6#&2.!&2!n-7$,-!%-N7F/,$!F/%!/<%-!5%$8!7-!<-6/7$!7#$!
6-27$P7!-N!-**-,752&7&$%!/28!6#/<<$2.$%O!:&26$!/!H/,&$7;!-N!F,&7&2.!%7;<$%3!N-65%3!8$*7#3!
/28!j5/<&7;!F$,$!-L%$,H$8!&2!7#$!/,7&6<$%3!7#$!%;2-2;0!-N!6#/<<$2.$m6#/<<$2.$%!%56#!/%!
j5$%7&-2mj5$%7&-2&2.3! -L%7/6<$3! #&28$,3! 8,/FL/6C3! ,&%C3! /28! 7#$! %;2-2;0! -N! -**-,K
752&7;m-**-,752&7&$%!f6#/26$3!*-%%&L&<&7;3!L$2$N&7h!F$,$!5%$8!&2!7#$!%$/,6#O!

!
"#$!8$N&2$8!/88&7&-2/<!6-8$%!8$H$<-*$8!L;!6-2%7/27!6-0*/,&%-2!&26<58$8'!U/7/!g5/<&7;!f#$7$,K
-.$2$&7;3!&26-0*/,/L&<&7;3!526$,7/&27;h3!U/7/!+,&H/6;!fF#$2!&7!-665,%!/28!#-F!7-!8$/<!F&7#!&7h3!
M**<&6/L&<&7;!f/**<&6/L<$!8/7/!H&%5/<&G/7&-2!N,/0$F-,C%!-,!/**<&6/L<$!8$%&.2!%7,/7$.&$%h3!A2-FK
&2.!7#$!7/,.$7!/58&$26$3!U/7/!H&%5/<&G/7&-2!/%!/2!/&8!N-,!6-0052&6/7&-2!/28!<$/,2&2.!f5%&2.!8/7/!
H&%5/<&G/7&-2!&2!N-,0/<!/28!&2N-,0/<!$856/7&-23!7,/&2&2.!/28!<$/,2&2.!0/7$,&/<%!N-,!8/7/!H&%5/<K
&G/7&-2!%56#!/%!$P*</2/7-,;!7$P73!H&8$-!757-,&/<%3!%5**-,7!N-,!528$,%7/28&2.!/28!/2/<;G&2.mH&%5K
/<&G&2.!8/7/3!%5**-,7!N-,!528$,%7/28&2.!7#$!/2/<;%$%mH&%5/<&G/7&-2h3!"#$!&0*/67!-N!6-<</L-,/7&H$!
8$%&.2!-2!7#$!%-6&/<!8-0/&2!f-*$2K$28$8!8$%&.2!&2!8$H$<-*&2.!-*$2!%-5,6$!/**<&6/7&-2%3!6-K
/57#-,&2.!4:!2/,,/7&H$!&2!*5L<&6!H&%5/<&G/7&-2!F&7#!*-<<&2.!&27$,/67&-2hO!!

!
"#$!<&0&7/7&-2!-N!,$%-5,6$%!f%56#!/%!7&0$3!N&2/26&/<!/28!#50/2!,$%-5,6$%h!F/%!-2$!-N!7#$!0-%7!
8&%65%%$8!6#/<<$2.$%!&2!<&7$,/75,$3!0-7&H/7$8!7#$!&2H$%7&./7&-2!-N!7#$!6-26$,2!-N!/**<&6/L&<&7;!&2!
7#$!7$6#2&6/<!8-0/&2O!92!/88&7&-23!Z,/;!$7!/<O!f=>=(h!#&.#<&.#7!7#/7!7#$!7$6#2&6/<!8-0/&2!0/;!
2-7!#/H$!7#$!%/0$!<-2.K7$,0!H/<5$!/%!7#$!%-6&/<!8&0$2%&-2%!$P*,$%%$8!L;!&27$.,/7&2.!7$6#2-<-.;!
/%!/!L,&8.$!&2!4&7&G$2!:6&$26$!f*O!(?hO!E-F!7#$!8/7/!/,$!H&%5/<&G$8!F/%!6,56&/<!&O$O3!N-,!$NN$67&H$<;!
6-0052&6/7&2.!%6&$26$3!#-F$H$,3!%-!&%!#-F!7#$!7/,.$7!/58&$26$!*$,6$&H$%!7#$!8/7/!H&%5/<&G/7&-2!
fV&6#-<%-2K4-<$3!=>>)hO!"#$,$N-,$3!7#$!6/7$.-,&$%!-N!%-6&/<!8&0$2%&-2%!&2!7#&%!%758;!F$,$!8&K
H&8$8! &27-! 7#,$$! N-65%$%'!(h!C2-F&2.! 7#$! 7/,.$7!/58&$26$u!=h!8/7/!H&%5/<&G/7&-2!/%!/2!/&8! N-,!
6-0052&6/7&-23!<$/,2&2.3!/28!$856/7&-2u!/28!?h!7#$!&0*/67!-N!6-<</L-,/7&H$!8$%&.2!-2!7#$!%-6&/<!
8-0/&2O!"#$!,$%5<7%!F$,$!6-8$8!-2!*/*$,%!/28!0$0-%!%7-,$8!&2!n-7$,-!V-7$!/28!-,./2&G$8!L;!
7#$0$%!&2!7$P7!&2!:$67&-2!dO?O!

:"!"!$ F-C7-0'2+($
!
U$%*&7$!L$&2.!*/,7&65</,<;!5%$N5<!N-,!&2H$%7&./7&2.!F#/7!7#$!8/7/!8$0-2%7,/7$83!.,-528$8!7#$-,;!
/2/<;%&%!/<%-!#/8!%-0$!8,/FL/6C%O!\2<;!-2$!6-8$,!&2!7#&%!%758;!0/8$!7#$!&27$,*,$7/7&-2!/28!
6-2%7,567&-2!-N!7#$!8/7/!%5LR$67&H$O!92!/88&7&-23!/!H/,&$7;!-N!N/67-,%!F$,$!2-7$8!&2!,$</7&-2!7-!7#$!
/,7&6<$%3! %56#!/%! 7#$&,!j5/<&7;3!8$*7#3!/28!%7;<$O! 97!F/%!-L%$,H$8! 7#/7! 7#$!6-8&2.!$NN-,7!F/%!/!
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#&.#<;!%5LR$67&H$!$28$/H-,!%&26$!7#$!/57#-,!/6C2-F<$8.$%!7#/7!N/67-,%!%56#!/%!L/6C.,-5283!$8K
56/7&-23!/28!528$,%7/28&2.!0/;!#/H$!/NN$67$8!7#$!6-8&2.!$NN-,7O!97!&%!<&C$<;!7#/7!-7#$,!,$%$/,6#K
$,%!F-5<8!6-8$!7#$!8/7/!%$7!8&NN$,$27<;O![$%&8$%!*,-856&2.!</,.$!/0-527%!-N!8/7/3![,;/27!/28!
4#/,0/G!f=>>Dh!6,&7&6&G$!7#/7!%7/28/,8!,5<$%!N-,!&8$27&N;&2.!/28!6/7$.-,&G&2.!/,$!</6C&2.3!F#&6#!
0/C$%!&7!8&NN&65<7!N-,!,$%$/,6#$,%!F&7#-57!%C&<<%!7-!&8$27&N;!/28!6/7$.-,&G$O!9!$P*$,&$26$8!7#/7!
F#$2!/2/<;G&2.!8/7/!F&7#!.,-528$8!7#$-,;3!&7!F/%!$/%;!7-!/%%50$!7#$!0-%7!N,$j5$27<;!-665,,&2.!
6/7$.-,&$%!/28!6-26$*7%!F$,$!7#$!0-%7!,$<$H/27O!E-F$H$,3!9!7,&$8!7-!C$$*!&2!0&28!7#/7!6-26$*7%!
7#/7!/**$/,!R5%7!-26$!&2!7#$!8/7/!%$7!0/;!L$!R5%7!/%!,$<$H/27!/%!7#-%$!/**$/,&2.!0-,$!7#/2!-26$O!
@-,$!,$N<$67&-2!-2!7#$!/2/<;%&%!0$7#-8!F/%!/<%-!8&%65%%$8!&2!%$67&-2!?OdO!

3.3! Limitations of Method 
"#$!6-<<$67$8!8/7/%$7!F/%!%0/<<3!-2<;!6-27/&2&2.!(`!*$$,K,$H&$F$8!R-5,2$;!/,7&6<$%!/28!6-2N$,K
$26$!*,-6$$8&2.%O!:&26$!7#$!,$%5<7%!F$,$!8,/F2!N,-0!0/7$,&/<%!7#/7!F$,$!*5L<&%#$83!&7!F/%!8&NK
N&65<7! 7-!6</&0!7#/7! 7#$;!/,$!,$*,$%$27/7&H$!-N! 7#$!$27&,$!N&$<8O!"&0$!/28!,$%-5,6$%!F$,$!6-2K
%7,/&2$83!/%!F$,$!</2.5/.$3!7#$!L/6C.,-5283!/28!7#$!R58.0$27!-N!7#$!,$%$/,6#$,O!"#&%!,$%$/,6#!
6-2%&%7$8!-N!7#$!*/,7K7&0$!F-,C!-N!-2$!&28&H&85/<!-H$,!/!*$,&-8!-N!N-5,!0-27#%O!"#$,$!6-5<8!
/<%-!L$!<&0&7/7&-2%!/%%-6&/7$8!F&7#!7#$!0$7#-8!6#-%$2!N-,!6-<<$67&2.!/28!/2/<;G&2.!8/7/O!E-FK
$H$,3!7#$!%758;!0/75,$%!F&7#!7&0$!/28!*$$,!,$H&$F%O!

3.4! Ethics, Validity, and Reliability 
92! 7#&%!%758;!/**<;&2.!.,-528$8! 7#$-,;3! ,$%$/,6#$,!L&/%!F/%!6-2%&8$,$8!/2! &0*-,7/27!$7#&6/<!
6-2%&8$,/7&-2O!Y$%$/,6#!L&/%$%!6/2!L$!8$<&L$,/7$!f&27$27&-2/<h!-,!526-2%6&-5%!f52&27$27&-2/<h3!
/66-,8&2.!7-![;,2$3!UO!f=>(DhO!92!<&2$!F&7#!526-2%6&-5%!f52&27$27&-2/<h!L&/%3!7#$,$!F/%!/!.--8!
7#&2.! /L-57! 7#$! ,$%$/,6#$,T%! &2$P*$,&$26$! &2! 6&7&G$2! %6&$26$! /28! 8/7/! H&%5/<&G/7&-2O! "#$! ,$K
%$/,6#$,!F/%!0-7&H/7$8!7-!8-!7#&%!%758;!0/&2<;!-57!-N!&27$,$%7O!S-,!$P/0*<$3!/%!/!,$%5<7!-N!7#$!
</6C!-N!*,$KC2-F<$8.$3!&7T%!$/%&$,!7-!C$$*!-*$2!/28!&00$,%$!&2!7#$!8/7/!%-!7#/7!7#$!8/7/!%*-C$!
N-,!&7%$<NO!M88&7&-2/<<;3!7#$!,$%$/,6#$,!F/%!0&28N5<!7#/7!0/&27/&2&2.!-LR$67&H&7;!7#,-5.#-57!7#$!
$27&,$!,$%$/,6#!*,-6$%%!F/%!$%%$27&/<!7-!/H-&8!8$<&L$,/7$!f&27$27&-2/<h!L&/%O!
!
S5,7#$,3! 7#$!,$%$/,6#!0$7#-8!F/%!6/,$N5<<;!%$<$67$8!/66-,8&2.! 7-! 7#$!,$%$/,6#!j5$%7&-2%3! 7#$!
C2-F<$8.$!,$j5&,$0$27%3!/28!7#$!/**,-*,&/7$2$%%!-N!7#$!%758;O!M!%;%7$0/7&6!+Y9:@M!8/7/!6-<K
<$67&-2!N<-F!F/%!/**<&$8!7-!&0*,-H$!7#$!H/<&8&7;!/28!,$<&/L&<&7;!-N!7#$!%758;O!@/25/<<;!/2/<;G&2.!
(`!/,7&6<$%!F/%!5%$8!7-!./&2!/!7#-,-5.#!528$,%7/28&2.!-N!7#$!<&7$,/75,$O!"#&%!0&.#7!L$!/!<&0&7/K
7&-23!L57!&7!F/%!2$6$%%/,;!N-,!7#$!,$%$/,6#!/7!7#&%!%7/.$O!:&26$!7#&%!%758;!#/8!-2<;!-2$!6-8$,3!
$%7/L<&%#&2.!*$$,!8$L,&$N&2.!N,-0!7#$!%5*$,H&%-,!$2#/26$8!&7%!,$<&/L&<&7;O!M%!1&26-<2!/28!Z5L/!
f(ce)h3! /28! @/22&2.! f(ccDh! %5..$%7$83! 2$./7&H$! 6/%$! /2/<;%$%! F$,$! 5%$8! &2! 7#&%! %758;! 7-!
/6#&$H$!2$57,/<!-,!52L&/%$8!,$%5<7%!fE%&$#!l!:#/22-23!=>>)hO!E-F$H$,3!7#$,$!0&.#7!-665,!<&0K
&7/7&-2%!85,&2.!7#$!8/7/!/2/<;%&%!*,-6$%%3!%56#!/%!6-8&2.!L&/%!8&%65%%$8!&2!%$67&-2!?O=O=O!"#$!
8$7/&<$8!<&0&7/7&-2!6/5%$8!L;!7#$!,$%$/,6#!0$7#-8!F/%!,$N<$67$8!/N7$,!8&%65%%&2.!7#$!,$%5<7%!&2!
%$67&-2!)O)O!
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4!Results 

M%!%7/7$8!&2!7#$!*,$H&-5%!%$67&-23!7#$!<&7$,/75,$!%$/,6#!&2j5&,;!;&$<8$8!=d`!8-650$27%3!F#&6#!
F$,$! ,$856$8! 7-! (e>! /N7$,! ,$0-H&2.! 85*<&6/7$%O! :$H$27;K$&.#7! N5<<! 7$P7%!F$,$! %$<$67$8! /N7$,!
%6,$$2&2.!7&7<$%!/28!/L%7,/67%!/66-,8&2.!7-!7#$!%$<$67&-2!6,&7$,&/!*,$%$27$8!&2!7#$!0$7#-8!6#/*7$,O!
X<7&0/7$<;3!(`!*$$,K,$H&$F$8!R-5,2/<!/,7&6<$%!/28!6-2N$,$26$!*,-6$$8&2.%!F$,$!,$7/&2$8!&2!7#$!
,$H&$F!6-,*5%!/N7$,!/**<;&2.!7#$!%$<$67&-2!6,&7$,&/O!!

"#$!(`!%/0*<$%!F$,$!8&H&8$8!&27-!7F-!6<5%7$,%3!F#$,$!,$</7$8!6-8$%!F$,$!8&H&8$8!&27-!6/7$.-,&$%!
L/%$8!-2!7#$!,$%$/,6#!j5$%7&-2%O!V&.#!fcm(`h!/,7&6<$%!/88,$%%$8!7#$!7$6#2&6/<!/%*$67%!-N!8/7/!
H&%5/<&G/7&-2O!92!,$%*-2%$!7-!Yg=3!7#$;!&8$27&N&$8!*,&0/,;!N$/75,$%3!/**<&6/7&-2!.-/<%3!/28!5%/K
L&<&7;!$H/<5/7&-2!-N!7#$!/**<&6/7&-2%O!M%!*/,7!-N!7#$!4:!+,-R$67%3!%$H$2!fDm(`h!%758&$%!$P/0&2$8!
7#$!8$%&.2!/28!&0*/67!-N!H&%5/<&G/7&-2!%-<57&-2%O!92!7#$%$!%758&$%3!7#$!H&%5/<&G/7&-2!%-<57&-2!F/%!
-N7$2!H&$F$8!&2!6-27$P7O!M<<!(`!/,7&6<$%!/88,$%%$8!Yg(!L;!*,-H&8&2.!*,-N&<$%!-N!7#$!4:!*,-R$67%!
/28!0/**&2.!7#$!6-26$*7%!7-!&8$27&N;!$0$,.&2.!7,$28%!/28!6,&7&6/<!/%*$67%!/%!F$<<!/%!Yg?!7-!
&8$27&N;!-**-,752&7&$%!/28!6#/<<$2.$%!&2!7#&%!N&$<8O![/%$8!-2!7#$!8$7/&<$8!$P*</2/7&-2%!N-,!7#$!
N-,05</7&-2!-N!6/7$.-,&$%!/28!%5LK6/7$.-,&$%!#/H$!L$$2!8&%65%%$8!&2!7#$!@$7#-8!%$67&-2O!B/6#!
,$%$/,6#!j5$%7&-2!F/%!/2%F$,$8!7#$0/7&6/<<;O!S&.5,$!e!&<<5%7,/7$%!7#$!6-,$!%7,5675,$!-N!7#$!,$K
%5<7%O!

!
!"#$%&'0)!Y$%$/,6#!j5$%7&-2!7#$0/7&6!6/7$.-,&$%O!
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4.1! Citizen Science facilitated by data visualization (RQ1) 
!
38(<'Y759'%&4&5%67'754'>&&;'65%%"&A':$9':;'97&'5HH?"659":;':B'A595'N"4$5?"O59":;'";'6"9"O&;'
46"&;6&[!

"#$!N&,%7!,$%$/,6#!j5$%7&-2!&2!7#&%!%758;!%$$C%!7-!8$7$,0&2$!/2!-H$,H&$F!-N!$P&%7&2.!%758&$%!-N!
F#/7!%758&$%!F$,$!6-28567$8!N-,!4:!*,-R$67%!#/H$!L$$2!N/6&<&7/7$8!L;!8/7/!H&%5/<&G/7&-2!7$6#K
2-<-.;O!M2!/2/<;%&%!-N!7#$!65,,$27!%7/7$!-N!6&7&G$2!%6&$26$!H&%5/<&G/7&-2!%758&$%!F/%!6-28567$8!
N,-0!/!%7/7&%7&6/<!/28!/!7#$-,$7&6/<!*$,%*$67&H$O!:7/7&%7&6/<!/2/<;%&%!$P/0$8!+5L<&6/7&-2!\57<&2$%!
/28!U$0-.,/*#&6%3!:5LR$67!M,$/%3!J-,8!4-5<83!/28!V$7F-,C%!M2/<;%&%O!"#$!&2H$%7&./7&-2!-N!
$P&%7&2.!8/7/!H&%5/<&G/7&-2K,$</7$8! 7#$-,;! &2!4:! ,$%5<7$8! &2!4-26$*7!@/**&2.O!Y$%*-2%$%! 7-!
Yg(3(`!/,7&6<$%!/,$!%500/,&G$8!&2!/!0/7,&P!&2!"/L<$!`3!/28!7#$!8$7/&<$8!%5LR$67!/,$/!0/7,&P!&%!
*,$%$27$8!&2!"/L<$!DO!

"/L<$!`!
V9$A"&4':B'A595'N"4$5?"O59":;'";'R"9"O&;'V6"&;6&)!
!
! !
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,"-!"#$%&'&$(&!#$!
"#.+/0&'!1/++#'0&2!"#3
#+&'*045&!6#'78!"1"6!

9:1:,8!
"*$*2*!
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&(#=>=0&.=!

"#*=0*<!?@=&'5*04#$!*$2!1&*3
@4'2!1/'5&>!A&*.!B"?,11AC!
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+5L<&6/7&-2!\57<&2$%!/28!U$0-.,/*#&6%!
!
U$%*&7$!-2$!/,7&6<$T%!*5L<&6/7&-2!&2!=>>)3!7#$!-7#$,!()!/,7&6<$%!F$,$!*5L<&%#$8!L$7F$$2!=>()!/28!
=>==O!"#$!*5L<&6/7&-2!-57<$7%!&26<58$8!2&2$!R-5,2/<!/,7&6<$%!f)`O?vh!/28!%$H$2!6-2N$,$26$!*,-K
6$$8&2.%!fd?Oevh3!%$$!S&.5,$!cO!Y$%$/,6#!&%!6-28567$8!&2!%$H$,/<!6-527,&$%!f%$$!S&.5,$!(>h'!7#$!
XO:OMO!f`!/,7&6<$%h3!M5%7,/<&/!/28!7#$!XA!f7F-!*/*$,%!$/6#h3![$<.&503!S,/26$3!Z$,0/2;3!97/<;3!
V$7#$,</28%3!V-,F/;3!/28!4/2/8/!f-2$!*/*$,!$/6#hO!!
!

!
'!"#$%&'1)!U-650$27%!L;!;$/,!/28!8-650$27%!L;!7;*$!-N!*5L<&6/7&-2O!
!

!
!!"#$%&'(2)!U-650$27%!L;!6-527,;O!
!
:5LR$67!M,$/%!
!
"#$,$!F$,$!2&2$!8-0/&2%!f%$$!S&.5,$!((h!&2!7#$!8/7/!%$7!,$./,8&2.!7#$!6&7/7&-2!/2/<;%&%!0$7#-8!
M<<!:6&$26$!q-5,2/<!4</%%&N&6/7&-2!fM:q4h3!F#&6#!F/%!5%$8!&2!:6-*5%!7-!6</%%&N;!R-5,2/<%!/28!
6-2N$,$26$!*,-6$$8&2.%O!4-0*57$,!:6&$26$!/66-527%!N-,!?DO)v!-N!/<<!,$%$/,6#!/28!:-6&/<!:6&K
$26$%!N-,!=>OevO!B2H&,-20$27/<!:6&$26$!/66-527$8!N-,!(=O)v!/28!B/,7#!/28!+</2$7/,;!:6&$26$%!
/66-527$8!N-,!eO)vO!M,7%!/28!E50/2&7&$%!/28!U$6&%&-2!:6&$26$%!6-27,&L57$8!-2$!%758;!$/6#!
fdO=vhO!A/28<&C/,!$7!/<O3!f=>(ehi%!/,7&6<$!/<-2$!6-H$,$8!7#,$$!8-0/&2%'![&-6#$0&%7,;3!Z$2$7&6%3!
/28!@-<$65</,![&-<-.;3!/%!F$<<!/%!90052-<-.;!/28!@&6,-L&-<-.;O!
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!
!"#$%&'(()!U-650$27%!L;!%5LR$67!/,$/O!
!
J-,8!4<-58!
!
Q&%5/<!F-,8!6<-58%!&2!S&.5,$!(=!*,-H&8$!/!j5&6C!H&$F!-N!7#$!0-%7!*,-0&2$27!7$,0%!N,-0!7#$!
aML%7,/67b!/28!aS&28&2.b!%$67&-2%!-N!7#$!(`!/,7&6<$%O!M%!%$$2!&2!7#$!&0/.$!.$2$,/7$83!7#$!</,.$,!
7#$!F-,8!/**$/,%3! 7#$!0-,$! N,$j5$27<;! &7!/**$/,%! &2! 7#$! 7$P7!8/7/O!"#$!8/7/!%/0*<$! &26<58$8!
aML%7,/67b!/28!aS&28&2.b!7$P7!8/7/!.$2$,/7$8!L;!:6-*5%O!
!
!

!
'
!"#$%&'(*)!J-,8!4<-58O!
!
!
!
! !
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V$7F-,C%!M2/<;%&%!!
!
M!H&%5/<!/2/<;%&%!-N!7#$!6&7/7&-2!6-22$67&-2%!L$7F$$2!(`!/,7&6<$%!f%$$!S&.5,$!(?h!,$H$/<$8!7#/7!
7#&%!,$%$/,6#!7-*&6!-N!8/7/!H&%5/<&G/7&-2!&2!4&7&G$2!:6&$26$!F/%!8&%*$,%$8O!92!7#&%!2$7F-,C!/2/<K
;%&%!H&%5/<&G/7&-23!7#$!.,$$2!8-7%!&28&6/7$8!(`!/,7&6<$%3!/28!7#$!L<5$!8-7%!,$*,$%$27$8!*/*$,%!7#/7!
6-22$67$8!(`!/,7&6<$%3!2-7!(`!/,7&6<$%!7#$0%$<H$%O!"#$!</,.$,!7#$!8-7%3!7#$!0-,$!6&7/7&-2%O!"#$!
-2<;!8&,$67!6-22$67&-2%!F$,$!L$7F$$2!:2;8$,!f=>(Dh!F&7#!\NN$2#5L$,!f=>=>h3!/28!:/28#/5%!
f=>(ch!F&7#!V&6#-<%-2K4-<$!f=>>)hO!"#$,$!F$,$!%&P!/,7&6<$%!F&7#!2-!6-22$67&-2!/7!/<<!f?DO)vh3!
/28!7#$,$!F$,$!%&P!F&7#!&28&,$67!6-22$67&-2%!f?DO)vhO!
!

!
!

!"#$%&'(+)!V$7F-,C%!M2/<;%&%3!3&4&5%6735>>"9D'I&%4":;'*)2'Q$E5;'X;9&??"#&;6&'=&67;:?:P
#"&4D'X;6:%H:%59&A)'f2O8OhO!#77*%'mmFFFO,$%$/,6#,/LL&7/**O6-0!
!
4-26$*7!@/**&2.!
!
M<7#-5.#!8-0&2/27!6-26$*7%!%56#!/%!a8/7/!H&%5/<&G/7&-2b!-,!a&2N-,0/7&-2!H&%5/<&G/7&-2!f92N-K
Q&%hb! F$,$! &8$27&N&$8! &2! 7#$! [/6C.,-528! 6#/*7$,3! -7#$,! 8/7/! H&%5/<&G/7&-2K,$</7$8! 6-26$*7%!
$0$,.$8!&2!7#$!<&7$,/75,$!,$H&$FO!4-26$*7!0/**&2.!6/2!L$!$%*$6&/<<;!5%$N5<!&2!&8$27&N;&2.!L</2C!
%*-7%!/28!L<&28!%*-7%!&2!/!6,-%%K8&%6&*<&2$!%758;O!V$F!/**,-/6#$%!/28!$0$,.&2.!7,$28%!F$,$!
&8$27&N&$83!/%!F$<<!/%!6,&7&6/<!/%*$67%O!
!
R:;6&H94'544:6"59&A'C"97'A595'9MH&'5;A'A595'Z$5?"9M'
! !
"#$!6-26$*7%!-N!Q-<527$$,$8!Z$-.,/*#&6! 92N-,0/7&-2! fQZ9h!H&%5/<&G/7&-2!/28!4/,7-.,/*#&6!
H&%5/<&G/7&-23!,$N$,!7-!H&%5/<&G&2.!.$-%*/7&/<!8/7/O!Z$-%*/7&/<!8/7/!6-27/&2%!%*/7&/<!6-0*-2$27%!
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/28!.$-,$N$,$26$8!&2N-,0/7&-2O!M66-,8&2.!7-!E-;$,!$7!/<O!f=>=(h3!0/2;!4&7&G$2!:6&$26$!7-*&6%!
#/H$!.$-%*/7&/<!8/7/!F#&6#!6/2!L$!<-6/7&-2%!-N!/2&0/<!/28!*</27!%*$6&$%3!8/7/!-N!7#$!F/7$,!j5/<K
&7;!&2!</C$%!/28!-6$/2%3!-,!*</6$%!F&7#!$2H&,-20$27/<!*-<<57&-2O!"#$!%758;!-N![&,/.#&!$7!/<O!f=>=>h!
N-65%$%!-2!7#$!,-<$!-N!QZ9!H&%5/<&G/7&-2!&2!$26-5,/.&2.!*/,7&6&*/7&-2!&2!$2H&,-20$27/<!4&7&G$2!
:6&$26$O!M2!$0*&,&6/<! %758;!-N!4/,7-.,/*#&6!Q&%5/<&G/7&-2! N-65%$8!-2! 7#$!526$,7/&27;! &%%5$!
/%%-6&/7$8!F&7#!52%;%7$0/7&6!6-<<$67$8!4:!8/7/!fE-;$,!$7!/<O3!=>=(hO!92!/!6/%$!%758;3![</&%$!$7!
/<O!f=>(eh!$P*<-,$8!6#/<<$2.$%!$26-527$,$8!&2!8/7/!0-8$<&2.!/28!H&%5/<&G/7&-2!6#/<<$2.$%!&2!7#$!
6-<<$67&-2!-N!.$-K,$</7$8!%*/7&-K#&%7-,&6/<!8/7/!&2!7#$!N&$<8!-N!0&2-,!#$,&7/.$O!Y$%$/,6#$,%!V/K
H/,,/!$7!/<O!f=>=>h!8$H$<-*$8!/28!$P/0&2$8!7F-!8&NN$,$27!/**,-/6#$%!7-!H&%5/<&G&2.!QZ9O!

92!6-27,/%7!7-!.$-%*/7&/<!8/7/3!-7#$,!N-,0%!-N!8/7/3!%56#!/%!/58&-3!F$,$!<$%%!*<$27&N5<!L57!j5&7$!
6-0*<$PO!\<&H$,!$7!/<O!f=>=>h!,$H$/<$8!/!250L$,!-N!&27$,/67&-2!6#/<<$2.$%!&2!6-22$67&-2!F&7#!
/58&-!8/7/!&2!7#$!4:!*,-R$67%O!"#$&,!%758;!$P/0&2$8!#-F!H&%5/<!7,/2%N-,0/7&-2!6-5<8!/&8!7#$!
$856/7&-2!/28!$2./.$0$27!-N!6&7&G$2!%6&$27&%7%!7-!6-<<$67!L$77$,!8/7/O!U$%*&7$!7#$!%758;T%!%0/<<!
%/0*<$! %&G$! f(=!*/,7&6&*/27%h3! 7#$! ,$%5<7%! %5..$%7$8!/!2$F!/**,-/6#! 7-!/2/<;G&2.!/58&-!8/7/!
7#,-5.#!H&%5/<&G/7&-2O!M2-7#$,!2&6#$!/,$/!N-65%$%!-2!/2/<;G&2.!05%&6KL&L<&-.,/*#&6!8/7/! ,$K
./,8&2.!*5L<&6!&2H-<H$0$27O!"5**$2!$7!/<O!f=>(`h!*,-H&8$8!8/7/!H&%5/<&G/7&-2!$P/0*<$%!7-!$2K
6-5,/.$!-*$2!/66$%%!7-!05%&6KL&L<&-.,/*#&6/<!8/7/%$7%!7-!,$/6#!-57!7-!0-,$!%6#-</,%!/28!6&7&G$2!
%6&$27&%7%O!
!
J#$2!&7!6/0$!7-!7#$!8/7/!j5/<&7;!&%%5$!/6,-%%!7#$!<&7$,/75,$3!7#$!6-0*<$P&7;!6/5%$8!L;!#$7$,-.$K
2$&7;!/,-%$!,$.5</,<;!/%!/!6-26$,2!F#&6#!&%!8&%65%%$8!&2!%$67&-2!dO?O(O(O!S5,7#$,0-,$3!/!8&%65%K
%&-2!/L-57!&0*$,N$67&-2!&2!0&2-,!#$,&7/.$!8/7/%$7%!F/%!,/&%$8!L;![</&%$!$7!/<O!f=>(ehO!90*$,N$6K
7&-23!F#&6#!F/%!6/5%$8!L;!6&7&G$2%i! %$<NKC2-F<$8.$3!*</;$8!/!6,56&/<! ,-<$! &2!*,$%$,H&2.!/28!
%#/,&2.!0&2-,!#$,&7/.$O!4-27,/%7&2.!7-!6-<<$67&2.!-,!8$6,;*7&2.!0/%%&H$!8/7/%$7%3!7#$!%758;!,$/K
%-2$8!F#;!&0*$,N$67&-2%!%#-5<8!2-7!L$!,$856$8!&2!E&%7-,&6/<!:6&$26$%3!,/7#$,!&7!F/%!2$6$%%/,;!
7-!8$%&.2!H&%5/<&G/7&-2!%-<57&-2%!7#/7!<$8!7-!L$77$,!/%%$%%0$27%!-N!&0*$,N$67&-2%O!

R:;6&H94'544:6"59&A'C"97'5'A&4"#;'H&%4H&69"N&'
'
M<-2.!F&7#!7#$!N/67!7#/7!H&%5/<!*,/67&6$%!/,$!8$$*<;!$27F&2$8!F&7#!7#$!7;*$!-N!6&7&G$2!%6&$26$!
8/7/3!:2;8$,!f=>(Dh!*,-H&8$%!/!7#$-,$7&6/<!528$,%7/28&2.!-N!Q$,2/65</,!Q&%5/<&G/7&-2!&2!,$</7&-2!
7-!2-2K$P*$,7!5%$,!H&%5/<&G/7&-2!8$%&.2!fVBXQ&%hO!"#&%!6-26$*7!*,-*-%$%!/!L,-/8$,!H&$F!-N!
H&%5/<&G/7&-2!&2!7#$!6&7&G$2!%6&$26$!6-27$P7O!M%!*/,7!-N!7#&%!6-26$*73!H$,2/65</,!H&%5/<&G/7&-2%!
/,$!6,$/7$8!L;!/28!N-,!2-2K$P*$,7%!&2!-,8$,!7-!%5**-,7!8/7/K,&6#!6-<</L-,/7&H$!/28!6--,8&2/7$8!
4:!*,-R$67%3!8&%7&267!N,-0!H&%5/<&G/7&-2%!6,$/7$8!L;!$P*$,7%O!VBXQ&%!*,/67&6$%!6/2!*-%&7&H$<;!
&0*/67! 7#$! 7$6#2-<-.;!8$H$<-*0$27!-N!8/7/!H&%5/<&G/7&-2! &7%$<N! 7#,-5.#!/!6-K8$%&.2!*,-6$%%O!
S5,7#$,0-,$3! 8&NN$,$27! /**,-/6#$%! 7-! &2H-<H&2.! 2-2K$P*$,7%! 8&,$67<;! &2! H&%5/<&G/7&-2! 8$%&.2!
#/H$!L$$2!8&%65%%$8!&2!-7#$,!*,/67&6$%O!Z,/;!$7!/<O!f=>=(h!$0*#/%&G$!7#$!L$2$N&7%!7-!$2./.$!$28K
5%$,%!8&,$67<;!&2!7#$!8$%&.2!-N!7#$!8/7/!H&%5/<&G/7&-2!/**<&6/7&-2!7-!$2/L<$!7#$0!7-!H&%5/<&G$!8/7/!
&28$*$28$27<;!7-!/88,$%%!*$,%-2/<!&27$,$%7%O!!
!
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\7#$,!/%*$67%!-N!H&%5/<&G/7&-2!%-<57&-2%!&2!6-22$67&-2!7-!4:3!&O$O3!F#$,$!H&%5/<&G/7&-2%!/,$!8&%K
*</;$83!/!,$6$27!*/*$,!L;!4</%$!$7!/<O!f=>(eh!8&%65%%$%!7#$!6-26$*7!-N!*5L<&6!H&%5/<&G/7&-23!F#&6#!
,$N$,%!7-!8/7/!H&%5/<&G/7&-2!$P#&L&7$8!&2!*5L<&6!%*/6$%!F&7#!7#$!.-/<!-N!N/6&<&7/7&2.!%-6&/<!8&%K
6-5,%$!/28!*,-0-7&2.!,$N<$67&-2O!M8H/26$8!L;!927$,2$7K-NK"#&2.%!f9-"h3!8/7/!H&%5/<&G/7&-23!/28!
&27$,/67&H$!*-<<&2.!%;%7$0!$2/L<$%!*/,7&6&*/27%!7-!6-27,&L57$!7-!/!6&H&6/<<;!0-7&H/7$8!6-K/57#-,K
&2.!8/7/K8,&H$2!2/,,/7&H$O!!
!
M!250L$,!-N!-7#$,!7#$-,&$%!N,-0!8&NN$,$27!8&%6&*<&2/,;!%$67-,%!#/H$!L$$2!/**<&$8!7-!/&8!&2!8$K
%&.2&2.!8/7/!H&%5/<&G/7&-2!&2!4:O!S-,!$P/0*<$3![&,/.#&!$7!/<O!f=>=>h!/,$!&27$,$%7$8!&2!$P*<-,&2.!
7#$!8&NN$,$26$!L$7F$$2!7#$!0$/2&2.!-N!6-<-,!&2!/L%-<57$!7$,0%!/28!&7T%!0$/2&2.!F#$2!/**<&$8!7-!
/!%*$6&N&6!6-27$P7!%56#!/%!F/7$,!j5/<&7;O!"#$!6-26$,2!/L-57!6-<-,!#/%!,$6$&H$8!%-0$!/77$27&-2!
L57!#/%!-2<;!L$$2!L,&$N<;!/88,$%%$8!&2!-7#$,!%758&$%3!/%!F$<<!/%!/!N-65%!.,-5*!%758;!L;!E%5!$7!
/<O!f=>(ehO!92!%*&7$!-N!7#&%!N/673!&2!7#$!$2H&,-20$27/<!N&$<83![&,/.#&!$7!/<O!f=>=>h!#/H$!0/8$!7#$!
-2<;!$0*&,&6/<!/77$0*7!7-!5%$!7#$!6-<-,!0$/2&2.!7$%7!0$7#-8!L/%$8!-2!J-2!/28!J$%7</28!f=>(Dh!
/0-2.!7#$!(`!/,7&6<$%O!"-!7#$!L$%7!-N!0;!C2-F<$8.$3!7#$!6-<-,!0$/2&2.!%758;!&2!8/7/!H&%5/<&G/K
7&-2!,$0/&2%!528$,$P*<-,$8!-,!528$,,$%$/,6#$8!&2!-7#$,!%6&$27&N&6!N&$<8%O!
!
R:;6&H94'544:6"59&A'C"97'5'6%"9"65?'H&%4H&69"N&'
!
\NN$2#5L$,!f=>=>h!$P*</&2$8!aM57-.,/*#&6!Q&%5/<&G/7&-2b!/%!/!%*$65</7&H$!6-527$,K0-8$<!7-!
/88,$%%!%-0$!<&0&7/7&-2%!-N!8/7/!H&%5/<&G/7&-2O!U/7/!H&%5/<&G/7&-2!-NN$,$8!0/2;!/8H/27/.$%3!&2K
6<58&2.!.$2$,/<&G/L<$!0$7#-8%!-N!*/77$,2!8&%6-H$,;!/28!6-0*57/7&-2O!E-F$H$,3!8/7/!H&%5/<&G/K
7&-2!F/%!-2<;!*-%%&L<$!F#$2!8/7/!F/%!/<,$/8;!*,$%$27O!92!7#&%!F/;3!7#$!0/7$,&/<!*,-6$%%$%!/28!
6&,650%7/26$%! -N! 8/7/! 6-<<$67&-2! ,$0/&2$8! </,.$<;! #&88$2! f\NN$2#5L$,3! =>=>hO! 92! /88&7&-23!
7#,-5.#!/2!$P*<-,/7-,;!j5/<&7/7&H$!%758;3!V&6#-<%-2K4-<$!f=>>)h!6,&7&6&G$8!7#$!,-<$!-N!H&%5/<&K
G/7&-2!&2!6-0052&6/7&2.!6<&0/7$!6#/2.$!&2!7$,0%!-N!H/<&8&7;3!%5LR$67&H&7;3!/28!&27$,*,$7/7&-2O!
BH$2! 7#-5.#!",50L-! f(ccch! /,.5$%! a6-27$0*-,/,;! %6&$26$! 6-0052&6/7&-2! ,$<&$%! -2!H&%5/<!
,$*,$%$27/7&-2!7-!6</,&N;!8/7/3!&<<5%7,/7$!6-26$*7%3!/28!$2./.$!/!*5L<&6!&2N-,0$8!7#,-5.#!/2!$H$,K
&26,$/%&2.!/,%$2/<!-N!6-0*57$,!.,/*#&6%!/28!2$F!0$8&/!7--<%b!f*O!d=(hO!E-F$H$,3!&2!<&2$!F&7#!
:7/00!$7!/<O!f=>>>h3!V&6#-<%-2K4-<$!f=>>)h!8$6</,$%!7#/7!*$-*<$i%!*$,6$*7&-2%!/28!7#$!2/75,$!
-N!6<&0/7$!6#/2.$!0/C$!&7!6#/<<$2.&2.!7-!6-0052&6/7$!/!0-7&H/7&2.!0$%%/.$!H&%5/<<;O!92!7#$!
/,7&6<$3!V&6#-<%-2K4-<$! f=>>)h!/2/<;G$%! 7#$! N/67-,%! 7#/7! &0*/67!8/7/!H&%5/<&G/7&-2! &2!6<&0/7$!
6#/2.$!/28!*,-H&8$%!*,/67&6/<!,$6-00$28/7&-2%!N-,!&7%!&0*<$0$27/7&-2O!

4.2! From a Technical Perspective (RQ2) 
!
38*<'Y759'5%&'97&'9&67;"65?'54H&694':B'97&'5HH?"659":;4'$4&A'9:'N"4$5?"O&'A595['
!
92! <&2$!F&7#!Yg=3! 7#,$$!/%*$67%!F&<<!L$!$P/0$8! &2! 7#&%! %$67&-2'!(h! 7#$!/**<&6/7&-2T%!*,&0/,;!
7$6#2&6/<!N$/75,$%3!&26<58&2.!8/7/!7;*$3!/**<&6/7&-2!7;*$!fF$LKL/%$8!-,m/28!0-L&<$!/**<&6/7&-2h3!
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/28!-*$2K%-5,6$u!=h!/**<&6/7&-2!.-/<%u!/28!?h!5%/L&<&7;!$H/<5/7&-23!&26<58&2.!F#/73!/28!-2!F#-0!
F/%!7#$!$H/<5/7&-2!6-28567$8O!!

G"!"#$ E/2A&/4$H-0*(20&7$@-&'6/-1$
!
U/7/!7;*$!
!
"#$,$!F$,$!%$H$2!%758&$%!fDmch!,$</7$8!7-!7#$!$2H&,-20$27/<!8/7/%$7%3!-2$!%758;!N-65%$8!-2!6-%K
0-<-.&6/<!%&05</7&-2!8/7/%$7%3!/28!-2$!%758;!-2!@&2-,!E$,&7/.$O!B2H&,-20$27/<!8/7/%$7%!F$,$!
7#$!N-65%3!7F-!&2H$%7&./7$8!F/7$,!0-2&7-,&2.!8/7/3!/28!7#$!-7#$,!N&H$!6-27,&L57$8!-2$!%758;!$/6#!
&2!N-5,!8&NN$,$27!8-0/&2%'!6<&0/7$K,$</7$83!0/,&2$!8$L,&%3!$2H&,-20$27/<!$UVM3!L&-8&H$,%&7;3!
/28!$2H&,-20$27/<!%$2%&2.!/28!*5L<&6!#$/<7#O!M%!6-0*/,$8!F&7#!7#$!N&28&2.%!-N!6-26$*7!0/*K
*&2.!7-!Yg(3!N-5,!/,7&6<$%!,$*-,7$8!QZ9!8/7/!/66$%%!7#,-5.#!8&NN$,$27!8&%6&*<&2$%O!
!
J$LKL/%$8!-,m/28!@-L&<$!M**<&6/7&-2!
!
92!/<<!2&2$!%758&$%3!&27$,/67&H$!F$LKL/%$8!/**<&6/7&-2%!F$,$!,$*-,7$83!7F-!-N!F#&6#!/<%-!0$2K
7&-2$8!0-L&<$!H$,%&-2%!f%$$!"/L<$!ehO!"#$!%758;!L;!ML,/0-H!$7!/<O!f=>==h!F/%!7#$!-2<;!-2$!7#/7!
8&%65%%$8!F#;!7#$;!6-2%&8$,$8!F$LKL/%$8!7-!L$!7#$!L$%7!%-<57&-2O!97!F/%!7&0$K6-2%50&2.!/28!
6-0*<$P!7-!H&%5/<&G$!%&05</7&-2!8/7/%$7%3!/66-,8&2.!7-!ML,/0-H!$7!/<O!f=>==hO!M%!/!,$%5<73!4-%K
0-Q&%!F/%!8$H$<-*$8!/%! /2! &27$,/67&H$!F$L!/**<&6/7&-2!85$! 7-!(h!0&2&0&G$!8&%C! %*/6$! /28!
0$0-,;!,$j5&,$0$27%3!=h!0/P&0&G$!/66$%%&L&<&7;!/6,-%%!-*$,/7&2.!%;%7$0%3!/28!?h!$<&0&2/7$!7#$!
2$$8!7-!6-0*&<$!-,!&2%7/<<!%-N7F/,$!<-6/<<;!L$6/5%$!-N!&7%!0/%%&H$!8&%C!%*/6$!/28!0$0-,;!,$K
j5&,$0$27%!fML,/0-H!$7!/<O3!=>==hO! !
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"/L<$!e!
W%"E5%M'=&67;"65?'!&59$%&4':B'U595'I"4$5?"O59":;'";'R"9"O&;'V6"&;6&)'

'

)?<B347# :;<;#$O>7# )>>4B3;<BC8#
$O>7PN;D7#

E>78#+C5?37# QBH5;4BR;<BC8#SC;4# $;?G7<#)56B7837#

BW<*4=&!&0!*<:8!
OPQ^C3

1#(4*<!Y4=0#'4(*<!
-4$#'!Y&'40*M&!

6&@3@*=&2! ?+&$!=#/'(&! ,$*<>=4=! V#$3&X+&'0!*$2!!
FX+&'0=!

!
BY#>&'!&0!*<:8!
OPOQC!

F$54'#$.&$0*<!
W4#245&'=40>!

6&@3@*=&28!
W4#245&'=40>!+'#N&(0!

)*'0<>! ,$*<>=4=! V#$3&X+&'0=!

BV*5*''*!&0!*<:8!
OPOPC3

F$54'#$.&$0*<!
"<4.*0&!

!

6&@3@*=&28!
"404H&$1&$=4$M!)'#N&(0!

?+&$!=#/'(&! ,$*<>=4=!*$2!!
"#../$4(*04#$!

!!

V#$3&X+&'0!*$2!!
FX+&'0=!

BW4'*M;4!&0!*<:8!
OPOPC!

F$54'#$.&$0*<!
<*7&!.#$40#'4$M!

!

6&@3@*=&28!
.#@4<&!*++<4(*04#$!!
1E-EKF!)'#N&(0!

?+&$!=#/'(&! ,$*<>=4=!*$2!!
"#../$4(*04#$!

V#$3&X+&'0!*$2!!
FX+&'0=!

BY=/!&0!*<:8!OPQRC! F$54'#$.&$0*<!
=&$=4$M!*$2!!
+/@<4(!;&*<0;!

6&@3@*=&28!
FY"!

)*'0<>! ,$*<>=4=!*$2!!
"#../$4(*04#$!

V#$3&X+&'0!

B"<*'7!&0!*<:8!
OPOQC!

F$54'#$.&$0*<!
.*'4$&!2&@'4=!

6&@3@*=&28!
-#@4<&!*++<4(*04#$!

)*'0<>!
64<<!@&!

,$*<>=4=! V#$3&X+&'0=!

B,@'*.#5!&0!*<:8!
OPOOC!

"#=.#<#M4(*<!
=4./<*04#$!

6&@3@*=&2!!
"#=.#G4=!

?+&$!=#/'(&! ,$*<>=4=! V#$3&X+&'0!*$2!!
FX+&'0=!

BI'*>!&0!*<:8!OPOQC! F$54'#$.&$0*<!
Z*0&'!.#$40#'4$M!

6&@3@*=&2!
"6T,A!

?+&$!=#/'(&! ,$*<>=4=!*$2!!
"#../$4(*04#$!

V#$3&X+&'0!*$2!!
FX+&'0=!

BL*$2<47*'!&0!*<:8!
OPQRC3

F$54'#$.&$0*<!
&TV,!

6&@3@*=&2!
[*$*(*+*!

Z4<<!@&! ,$*<>=4=! V#$3&X+&'0!*$2!!
FX+&'0=!

!

\*$2!%-5,6$!

"#$,$!F$,$!N&H$!f)mch!%758&$%!,$*-,7&2.!-*$2K%-5,6$!8/7/!H&%5/<&G/7&-2!/**<&6/7&-2%!fV/H/,,/!$7!
/<O3!=>=(u![&,/.#&!$7!/<O3!=>=>u![</&%$!$7!/<O3!=>(cu!ML,/0-H!$7!/<O3!=>==u!Z,/;!$7!/<O3!=>=(hO!
"#,$$!f?mch!,$*-,7$8!&7!/%!,$%7,&67$8!7-!/!<&0&7$8!/58&$26$!85$!7-!&O$O3!8/7/!5%$!/.,$$0$27%!f4</,C!
$7!/<O3!=>=(hO!97!#/%!L$$2!%7/7$8!L;!7F-!/,7&6<$%!fA/28<&C/,!$7!/<O3=>(eu!4</,C!$7!/<O3!=>=(h!7#/7!
7#$!/**<&6/7&-2!0/;!L$6-0$!-*$2!%-5,6$! &2! 7#$! N575,$O!A/28<&C/,!$7!/<O! f=>(eh!%7/7$8! 7#/7! &7!
F-5<8!L$6-0$!/2!-*$2!%-5,6$!N-,!528$,.,/85/7$!$856/7&-2!&2!7#$!N575,$O!!

G"!"!$ D..720&'2+($I+&71$
!
U/7/!H&%5/<&G/7&-2!/**<&6/7&-2%!6/2!L$!6</%%&N&$8!&27-!6/7$.-,&$%!N-,!/2/<;%&%!/28!6-0052&6/7&-2!
L/%$8!-2!7#$!/**<&6/7&-2!.-/<%!8&%65%%$8!&2!7#$![/6C.,-528!%$67&-2O!M<<!%758&$%!fcmch!,$*-,7$8!
H&%5/<&G&2.!8/7/!N-,!/2/<;%&%3!F#&<$!7#,$$!-N!7#$0!f?mch!/88,$%%$8!L-7#!/2/<;%&%!/28!6-0052&K
6/7&-2!/%!*5,*-%$O!BP/0&2&2.!7#$!/**<&6/7&-2T%!.-/<%!&2!8$7/&<3!0/2;!-N!7#$!/**<&6/7&-2!.-/<%!
F$,$!,$%$/,6#K-,&$27$83!&26<58&2.!0/C&2.!6&7&G$2K6-27,&L57$8!8/7/!$P*<-,/L<$!fE%5!$7!/<O3!=>(eu!
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V/H/,,/!$7!/<O3!=>=>h!%56#!/%!*/77$,2%!fV/H/,,/!$7!/<O3!=>=>h3!/28!&2H$%7&./7&2.!/!,/2.$!-N!%6&$2K
7&N&6!j5$%7&-2%!fML,/0-H!$7!/<O3!=>==u!A/28<&C/,!$7!/<O3!=>(ehO!:$H$,/<!-N!7#$!.-/<%!F$,$!&27$K
.,/7$8!&27-!4&7&G$2!:6&$26$3!&26<58&2.!$26-5,/.&2.!4&7&G$2!:6&$26$!*/,7&6&*/7&-2!f[&,/.#&!$7!/<O3!
=>=>hu!C$$*&2.!7#$!*5L<&6!&2N-,0$8!/28!5*8/7$83!/28!6-0052&6/7&2.!/28!8&%%$0&2/7&2.!$H&K
8$26$KL/%$8!,$%5<7%!fE%5!$7!/<O3!=>(eu![</&%$!$7!/<O3!=>(ehu!<$/,2&2.!/28!*,-0-7&2.!6&7&G$2!%6&K
$27&%7%i!%5%7/&2/L<$!L$#/H&-,%!f[&,/.#&!$7!/<O3!=>=>hu!$0*-F$,&2.!%6&$27&N&6!$H&8$26$KL/%$8!/6K
7&-2!/28!8$6&%&-2K0/C&2.!fE%5!$7!/<O3!=>(ehO!!

G"!":$ J1&K272'4$L5&76&'2+($

()*)+),! -./0!1/2!34/5'/0367!
!
\2<;!%&P!/,7&6<$%!,$*-,7$8!7#$!$H/<5/7&-2!*,-6$%%!f[</&%$!$7!/<O3!=>(cu!E-;$,!$7!/<O3!=>=(u![&,/.#&!
$7!/<O3!=>=>u!ML,/0-H!$7!/<O3!=>==u!Z,/;!$7!/<O3!=>=(u!A/28<&C/,!$7!/<O3!=>(ehO!M0-2.!7#$!%&P3!
-2$!%758;!fA/28<&C/,!$7!/<O3!=>(eh!8&%65%%$8!7#$!,$%5<7%!-N!7#$!/%%$%%0$27!/<-2$!F&7#-57!.-&2.!
&27-! %5NN&6&$27!8$7/&<O!"/C&2.!/! 6<-%$,! <--C!/7! 7#$! <&7$,/75,$3! $H$2! 7#-5.#! 7#$!$H/<5/7&-2!F/%!
8&%65%%$8!&2!<&.#7!-N!7#$!%&P!%758&$%3!7#$!,$/%-2!N-,!/!6$,7/&2!/%%$%%0$27!0$7#-8!F/%!-N7$2!52K
N-528$8O!S5,7#$,0-,$3!/<<!%&P!%758&$%!5%$8!8&NN$,$27!6,&7$,&/O!@-,$-H$,3!7#$!-7#$,!7#,$$!/,7&6<$%!
8-!2-7!8&%65%%!$H/<5/7&-2! fV/H/,,/!$7! /<O3!=>=>u!E%5!$7!/<O3!=>(eu!4</,C!$7! /<O3!=>=(h3! ,/7#$,!
%5..$%7&2.!$H/<5/7&-2!/%!/!N5,7#$,!%758;O!!
!
M!C$;!N&28&2.!-N!E-;$,!$7!/<O!f=>=(hT%!$0*&,&6/<!%758&$%!-2!7#$!.,/8/7&-2!-N!,$*-,7&2.!/67&H&7;!
#/H$!8&%6-H$,$8!7#/7!6&7&G$2!%6&$27&%7%!F#-!,$*-,7!F$<<!8-!2-7!/57-0/7&6/<<;!#/H$!L$77$,!$P*$,&K
$26$%!5%&2.!-,2&7#-<-.&6/<!8/7/!/28!H&%5/<&G&2.!7#$0O!S5,7#$,3!VM:M!"/%C!1-/8!928$P3!/!%5LK
R$67&H$3!05<7&8&0$2%&-2/<!/%%$%%0$27!&2%7,50$273!F/%!5%$8!7-!/%%$%%!*$,6$*7&-2%!-N!7/%C!F-,CK
<-/8!f*O!()DhO![&,/.#&!$7!/<O!f=>=>h!*,$%$27$8!/28!H/<&8/7$8!/!0&P75,$!-N!X%/L&<&7;!BH/<5/7&-2!
@$7#-8%!fXB@%h!%56#!/%!#$5,&%7&6%!/28!N&$<8!7$%7%!7-!7$%7!&%%5$%!%56#!/%!,$6-.2&G/L&<&7;3!<$/,2/K
L&<&7;!/28!0$0-,/L&<&7;3!$NN&6&$26;3!/28!-7#$,%!f*O!=d?hO!92!/2-7#$,!F/7$,!0-2&7-,&2.!8/7/!H&%5K
/<&G/7&-2!%758;3!Z,/;!$7!/<O!f=>=(h!$H/<5/7$8!7#$!&275&7&H$2$%%!-N!7#$!&27$,N/6$3!&7%!,$<$H/26$!7-!
7#$!5%$,%i!j5$%7&-2%3!/28!7#$!.$2$,/7&-2!-N!/67&-2/L<$!&2N-,0/7&-2!f*O!(>hO!ML,/0-H!$7!/<O!f=>==h!
*,-H&8$8!$H/<5/7&-2!,$%5<7%!N,-0!/2!-*$2K$28$8!%758;!F&7#!8$7/&<$8!j5/<&7/7&H$!N$$8L/6C!N,-0!
$&.#7!,$%$/,6#$,%!,$6,5&7$8!N,-0!7#$!F-,C%#-*%!f*O!=c==hO!92!/!%758;!L;![</&%$!$7!/<O!f=>(eh3!/!
%$7!-N!$&.#7!6,&7$,&/!F$,$! 7$%7$8'!(h!,$/8/L&<&7;!/%%$%%0$273!=h!C2-F<$8.$!6-0052&6/7&-2u!?h!
,$/%-2&2.!/28!#;*-7#$%&%!.$2$,/7&-2u!dh!/8-*7&-2!/28!,$5%$u!)h!5%$,!.5&8/26$u!`h!<$.&L&<&7;u!Dh!
/8/*7/L&<&7;u!eh!6-2%&%7$26;O!!

!"#"$"#%-.8!1/2!34/5'/0367%

M2-7#$,!&0*-,7/27!j5$%7&-2!/L-57!7#$!$H/<5/7&-2!-N!5%/L&<&7;!&%!7-!$H/<5/7$!F#-0O!92!%758&$%!-N!
E%5!$7!/<O!f=>(eh!/28!ML,/0-H/!$7!/<O!f=>==h3!7#$!$H/<5/7&-2!*-*5</7&-2!F/%!<&0&7$8!7-!-2<;!
$P*$,7%3!/<7#-5.#!7#$!/**<&6/7&-2!F/%!/<%-!&27$28$8!N-,!L-7#!%6&$27&%7%!/28!6&7&G$2!%6&$27&%7%O!92!
7#$!-7#$,!%758&$%3!7#$!F/;!7-!8$N&2$!7#$!/**<&6/7&-2!7$%7$8!-2!F#-0!,$0/&2%!526<$/,O!"#$!$28K
5%$,%!7$,0!F/%!5%$8!&2!7#$!%758;!L;!Z,/;!$7!/<O!f=>=(h3!F#&6#!,$N$,,$8!7-!/2;-2$!F#-!6-5<8!5%$!
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7#$!/**<&6/7&-23!,$./,8<$%%!-N!F#$7#$,!7#$;!F$,$!&2H-<H$8!&2!7#$!4:!*,-R$67O!B28K5%$,%!6-5<8!L$!
&27$,*,$7$8!/%!2-2K$P*$,7%!/28m-,!$P*$,7%O!92!/2-7#$,!%758;!L;![&,/.#&!$7!/<O!f=>=>h3!7#$;!7$%7$8!
7#$!/**<&6/7&-2!F&7#!a*$-*<$!/7!7#$!H$,;!N&,%7!$P*$,&$26$!F&7#!7#$!/**!/28!2-!*,$<&0&2/,;!&27,-K
8567&-2b!f*O!=d?h3!F#&6#!6-5<8!L$!&27$,*,$7$8!/%!7#$;!0/;!2-7!L$!7#$!$28K5%$,O!@-,$-H$,3!/6K
6-,8&2.!7-![</&%$!$7!/<O!f=>(ch3!7#$&,!$0*&,&6/<!%758;!$H/<5/7$8!7#$!H&%5/<&G/7&-2!L;!7#$!*/,7&6&K
*/27%!F#-!#/8!2-!L/6C.,-528!C2-F<$8.$!-N!#$,&7/.$!%6&$26$%3!F#&6#!6/5%$8!&26-26<5%&H$!,$K
%5<7%O!92%7$/83!7#$;!$H/<5/7$8!8&,$67!N$$8L/6C!N,-0!&2N-,0/7&-2!*,-H&8$,%3!F#&6#!<$8!7-!%566$%%!
&2!8$7$67&2.!0&%&27$,*,$7/7&-2!f*O!(chO!:&0&</,<;3!7#$!8$N&2&7&-2!-N!2-!L/6C.,-528!C2-F<$8.$!&2!
#$,&7/.$!%6&$26$%! &2! 7#$!%758;!-N![</&%$!$7!/<O! f=>(ch3!F/%!/<%-!2-7!2$6$%%/,&<;! 7#$!$28K5%$,%!
0$27&-2$8!&2!Z,/;!$7!/<O!f=>=(hO!

4.3! Opportunities and Challenges (RQ3) 
!
38+<'Y759'5%&'97&'675??&;#&4'5;A':HH:%9$;"9"&4':B'5HH?M";#'A595'N"4$5?"O59":;'9:'6"9"O&;'46"P
&;6&['
'
92! 7#&%!%$67&-23!-**-,752&7&$%!/28!6#/<<$2.$%!/%%-6&/7$8!F&7#!/**<;&2.!8/7/!H&%5/<&G/7&-2!&2!/!
4&7&G$2!:6&$26$!6-27$P7!#/H$!L$$2!8&%65%%$8!&2!L-7#!7#$!7$6#2&6/<!/28!7#$!%-6&/<!8-0/&2%!/0-2.!
(`!/,7&6<$%!f%$$!"/L<$!`hO!

G":"#$ M..+/'6(2'2-1$&()$;*&77-(<-1$2($'*-$'-0*(20&7$)+A&2($

()+),),! 9/0/!:'/5#0;!!

E$7$,-.$2$&7;!

U/7/!j5/<&7;!#/%!L$$2!&8$27&N&$8!/%!/!C$;!L/,,&$,!&2!7#$!<&7$,/75,$!f$O.O3!L;!E-;$,!$7!/<O3!=>=(u!
[</&%$!$7!/<O3!=>(eu!Z,/;!$7!/<O3!=>=(hO!92!:-6&/<!:6&$26$3!8/7/!#$7$,-.$2$&7;!f#&.#!H/,&$7;!-N!
8/7/h!/%!F$<<! /%! 7#$! &27$.,/7&-2!-N!#$7$,-.$2$-5%!8/7/3!F/%! &8$27&N&$8!/%! 7#$!0/&2!6#/<<$2.$!
f"5**$2!$7!/<O3!=>(`u![</&%$!$7!/<O3!=>(ehO!"5**$2!$7!/<O!f=>(`h!8$0-2%7,/7$8!#-F!05%&6KL&L<&K
-.,/*#&6/<!8/7/!6-5<8!L$!/2/<;G$8!/28!H&%5/<&G$83!/28!#-F!%6#-</,%!/28!6&7&G$2!%6&$27&%7%!6-5<8!
$2./.$!F&7#!&7!7#,-5.#!#/6C/7#-2%3!</,.$K%6/<$!8/7/!/2/<;%$%3!/28!8/7/L/%$!6-2%7,567&-2!f*O!eDhO!
92!-,8$,!7-!$2./.$!&2!7#$!/2/<;%&%!/28!H&%5/<&G/7&-2!-N!05%&6KL&L<&-.,/*#&6/<!8/7/3!,$%$/,6#$,%!
5,.$8!0/C&2.!8/7/%$7%!0-,$!/66$%%&L<$O!M2-7#$,!/,7&6<$!8&%65%%$8!/2-7#$,!6#/<<$2.$!6/5%$8!L;!
7#$!8/7/!#$7$,-.$2$&7;!F/%! 7#$! &0*$,N$67&-2! &2!0&2-,!#$,&7/.$!8/7/O![</&%$! $7! /<O! f=>(eh!8$K
%6,&L$8!7#/7!0&2-,!#$,&7/.$!8/7/!F/%!a*$,%-2/<!0$0-,&$%3!,$6-,8%!-N! &28&H&85/<!$P*$,&$26$%3!
%$<NKC2-F<$8.$!/L-57!/!7&0$!.-2$!L;b!/28!%56#!8/7/!F$,$!&0*$,N$673!7#$;!F$,$!a8$7/&<$8!;$7!
<$%%!*,$6&%$3! -N7$2! %5LR$67&H$3! /28!52H$,&N&/L<$b! f*O! (?hO![</&%$! $7! /<O! f=>(eh! /,.5$8! 7#/7! 7#$!
&0*$,N$67&-2!-N! a526-H$,&2.!*$,%-2/<3! &28&H&85/<! %$<NKC2-F<$8.$b!F/%! 6,56&/<! 7-! 7#$!528$,K
%7/28&2.!-N!0&2-,!#$,&7/.$!/28!&7!F/%!2-7!/!.--8!&8$/!7-!,$856$!7#$%$!&0*$,N$67&-2%!&2!E&%7-,&6/<!
:6&$26$%O!M66-,8&2.!7-!7#$!,$%$/,6#$,%3!8$%&.2&2.!H&%5/<&G/7&-2%!N-,!&0*$,N$67!0&2-,!#$,&7/.$!
8/7/%$7%!F/%!*/,7&65</,<;!6#/<<$2.&2.O!"#$;!6</&0$8!7#/7!/<7#-5.#!7#$,$!F$,$!$NN-,7%!0/8$!&2!
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&2H$%7&./7&2.!H&%5/<&G&2.!%56#!8/7/3!7#$,$!F/%!%7&<<!%&.2&N&6/27!F-,C!7-!L$!8-2$!&2!/8/*7&2.!0$7#K
-8%!-N!6-<<$67&2.!#$7$,-.$2$-5%!8/7/!7-!*,-H&8$!a%*/7&/<3!7$0*-,/<3!/28!7#$0/7&6!C2-F<$8.$Ob!
f[</&%$!$7!/<O3!=>(e3!*O!((h!!

926-0*/,/L&<&7;!!

92!B2H&,-20$27/<!:6&$26$3! 7#$!&26-0*/,/L<$!6#/,/67$,&%7&6%!-N!6&7&G$2!%6&$27&%7%T!8/7/!*,$%$27!
/2-7#$,!6#/<<$2.$!f$O.O3!E%5!$7!/<O3!=>(eu!4</,C!$7!/<O3!=>=(u!Z,/;!$7!/<O3!=>=(hO!:7/7$!/28!2-2K
%7/7$!*,-N$%%&-2/<%!F$,$!52/L<$!7-!,$7,&$H$!&2N-,0/7&-23!H&%5/<&G$!7,$28%3!/28!%#/,$!N&28&2.%!85$!
7-!7#$!&26-0*/7&L&<&7;!-N!8/7/!%7-,$8!&2!05<7&*<$!&26-0*/7&L<$!%;%7$0%!fE%5!$7!/<O3!=>(ehO!97!F/%!
2-7$8!L;!4</,C!$7!/<O!f=>=(h!7#/7!/!</6C!-N!6--,8&2/7&-2!/28!#/,0-2&G/7&-2!&2!8/7/!6-<<$67&-2!
<&0&7$8!6-0*/,/L&<&7;!L$7F$$2!.,-5*%3!F#&6#!#&28$,$8!%7/7$!/28!2-2K%7/7$!/67-,%!N,-0!8$H$<K
-*&2.!%-<57&-2%!/7!%6/<$O!92!Z,/;!$7!/<O!f=>=(h3!7#$!*-%%&L&<&7;!-N!5%&2.!/2!-*$2K%-5,6$!/**<&6/K
7&-2!/**,-/6#!F/%!$P*<-,$8!7-!/<<-F!5%$,%!7-!6#$6C!7#$&,!8/7/!/./&2%7!/2!/66$*7$8!,$N$,$26$!7-!
$2%5,$!j5/<&7;!/28!,$<&/L&<&7;!L$N-,$!%5L0&77&2.!&7O!S-,!$%7/L<&%#$8!6-0052&7;KL/%$8!5%$,%3!7#&%!
6/*/L&<&7;!F/%!&0*-,7/27!N-,!,$H&$F&2.!7#$&,!8/7/!L$N-,$!&7!&%!%5L0&77$8!7-!/!</,.$,!*,-R$67!8/7/K
L/%$3!/%!F$<<!/%!N-,!7,/&2&2.!*5,*-%$%!F#$,$!2$F!*/,7&6&*/27%!6/2!6-0*/,$!7#$&,!-L%$,H/7&-2%!7-!
#&%7-,&6/<!-,! ,$.&-2/<!2-,0%Ob! f*O! ehO!E-F$H$,3! &7! #/%!L$$2!j5$%7&-2$8!F#$7#$,!-*$2! %-5,6$!
6-5<8!%566$%%N5<<;!/88,$%%!7#&%!6#/<<$2.$!&2!-7#$,!8/7/!7;*$%O![;!5%&2.!-*$2K%-5,6$!7--<%3![</&%$!
$7!/<O!f=>(eh!%-5.#7!7-!/2%F$,!F#$7#$,!/2!-*$2K%-5,6$!%-<57&-2!6-5<8!L$!,$<&/27!-23!/28!&N!%-3!
#-F!7-!H&%5/<&G$!7#$!&0*$,N$67!8/7/!$NN&6&$27<;!f*O!(=hO!U$%*&7$!6-26$,2%3!7#$,$!F/%!2-7!$2-5.#!
$H&8$26$!-,!8&%65%%&-2!&2! 7#$! <&7$,/75,$! 7-!/%%$%%! 7#$!,&%C%!/28!L$2$N&7%!-N!5%&2.!-*$2K%-5,6$!
/**<&6/7&-2%O!

X26$,7/&27;!

:*/7&/<!N$/75,$%!./&2$8!6-26$,2!&2!4:!8/7/!f$O.O3![</&%$!$7!/<O3!=>(eu!E-;$,!$7!/<O3!=>=(h3!/28!
526$,7/&27&$%! 6-5<8!/**$/,! &2! /2;! %*/7&/<!8/7/%$7! ,$./,8<$%%!-N! 7#$!4:! %5LR$67O!M66-,8&2.! 7-!
E-;$,!$7!/<O!f=>=(h3!L-7#!n#/2.!/28!Z--86#&<8!f=>>=h3!/28!7#$!%758;!-N!A&2C$<8$;!$7!/<O!f=>(Dh!
#/H$!/</,0$8!7#/7!7#$!526$,7/&27;!6-5<8!,$%5<7!&2!/!2$./7&H$!$NN$67!-2!8$6&%&-2K0/C&2.!*,-6$%%$%!
/28!7,5%7!&2!,$%5<7%O!X26$,7/&27;!6#/<<$2.$%!0/8$!&7!8&NN&65<7!7-!,$6-.2&G$!7#$!<&0&7%!-N!7#$!H/<&8K
&7;!-N!*,$%$27$8!8/7/!/28!,$856$8!8/7/!7,/2%*/,$26;O!"#$;!%7/7$8!7#/7!&7!F/%!*-%%&L<;!85$!7-!/!
</6C!-N!6-0052&6/7&-2!F&7#!H&%5/<&G/7&-2!$P*$,7%3!*,-.,/00&2.!%C&<<%3!-,!,$%-5,6$%!f*O()chO!

()+),)*! 9/0/!<=#4/>;!
!
"#$!<&7$,/75,$!&8$27&N&$8!/!*,&H/6;!6#/<<$2.$3!/28!%-0$!%-<57&-2%!F$,$!8&%65%%$8O!M66-,8&2.!7-!
Z,/;!$7!/<O!f=>=(h3!$28!5%$,%!#/8!6-26$,2%!/L-57!*,&H/6;!F#$2!6-0052&6/7&2.m%#/,&2.!8/7/!H&/!
H&%5/<&G/7&-2O!E%5!$7!/<O!f=>(eh!,/&%$8!8/7/!*,&H/6;!&%%5$%!F#$2!5%&2.!8/7/!H&%5/<&G/7&-2!7-!%#/,$!
,$%5<7%! /28! 6-0052&6/7$! F&7#! 7#$! *5L<&6O! +$,%-2/<! %7-,&$%! /28! &0/.$%! F$,$! 8&%*</;$8! &2! /!
#$/70/*!H&%5/<&G/7&-2!7-!.&H$!&2%&.#7!&27-!#-F!*$-*<$!$P*$,&$26$!-&<!/28!./%!$P*-%5,$O!+/,7&6&K
*/27%T!*,&H/6;!F/%!*,-7$67$8!L;!8$K&8$27&N;&2.!8/7/!/28!*,$H$27&2.!,$K&8$27&N&6/7&-2!L;!E%5!$7!
/<O!f=>(e3!*O!?hO!M2-7#$,!%758;!L;!V/H/,,/!$7!/<O!f=>=>h!,$%7,&67$8!7#$!%5L0&%%&-2!-N!6-<<$67$8!
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8/7/!7-!.$-.,/*#&6/<!<-6/7&-2%!-2<;3!/%%50&2.!7#/7!7#$!5%$,!$2/L<$8!,$7,&$H/<!-N!7#&%!&2N-,0/7&-2O!
M88&7&-2/<<;3!V/H/,,/!$7!/<O!f=>=>h!/88,$%%$8!7#$!&%%5$!-N!8/7/!*,&H/6;!&2!/2!&7$,/7&H$!8$%&.2!
*,-6$%%O!92!7#$!N&,%7!H$,%&-2!-N!7#$!F$L!*-,7/<3!*$,%-2/<!&2N-,0/7&-2!F/%!2-7!8&%*</;$8!85$!7-!
8/7/!*,&H/6;!6-26$,2%O!92!75,23!7#$!%$6-28!H$,%&-2!F/%!*/%%F-,8K*,-7$67$8!/28!8&%*</;$8!*$,K
%-2/<!8/7/!-2<;!N-,!/2/<;%&%!/28!$H/<5/7&-2!f*O!?hO!

()+),)+! ?@@5#>/A#5#0;!
!
:$H$,/<!,$%$/,6#$,%!#/H$!2-7$8!7#/7!8$H$<-*&2.!F$<<K8$%&.2$8!8/7/!H&%5/<&G/7&-2!7--<%!,$j5&,$%!
/!%&.2&N&6/27!/0-527!-N!7&0$3!#50/2!/28!N&2/26&/<!,$%-5,6$%O!M%!/!,$%5<7!-N!,$%-5,6$!6-2%7,/&27%3!
E%5!$7!/<O3!f=>(eh!,$*-,7$8!7#/7!4:!*,-R$67%!-,!-,./2&G/7&-2%!7;*&6/<<;!6-5<8!2-7!8$H$<-*!H&%5K
/<&G/7&-2!7--<%!&28$*$28$27<;!7-!%5**-,7!*,-R$67!.-/<%!<&C$!8$6&%&-2K0/C&2.!f*O!=hO!97!&%!*-%%&L<$3!
7#$,$N-,$3! 7#/7!F$<<K8$%&.2$8!8/7/!H&%5/<&G/7&-2!/**<&6/7&-2%!%#-5<8!L$!8$H$<-*$8!$NN&6&$27<;O!
"#$!/,7&6<$%!0$27&-2!7#/7!&2!7#$!8$%&.2!*,-6$%%3!7#$;!%758&$8!7#$!,$<$H/27!,$%$/,6#!N&,%7!7-!%$$!&N!
7#$,$!F$,$!5%$N5<!,$</7$8!%758&$%!-,!$H$2!$P&%7&2.!/**<&6/7&-2%!7#/7!/<&.2$8!F&7#!7#$&,!4:!*,-R$67!
.-/<%!fML,/0-H!$7!/<O3!=>==u!E-;$,!$7!/<O3!=>=(u!4</%$%!$7!/<O3!=>(eu!V/H/,,/!$7!/<O3!=>=>u![&,/.#&!
$7!/<O3!=>=>u!Z,/;!$7!/<O3!=>=(u!A/28<&C/,!$7!/<O3=>(ehO!92!%-0$!6/%$%3!&7!0/;!2-7!L$!2$6$%%/,;!7-!
8$H$<-*! N,-0!%6,/76#O! 92!/2/<;G&2.!/28!H&%5/<&G&2.!#$7$,-.$2$-5%!05%&6KL&L<&-.,/*#&6/<!8/K
7/%$7%3!N-,!$P/0*<$3!"5**$2!$7!/<O!f=>(`h!N-528!L-7#!N,$$!/28!6-00$,6&/<!7--<%!6-5<8!L$!5%$8O!
"#$;!&27,-856$8!7#,$$!N,$$!7--<%3!Z--.<$!S5%&-2!"/L<$%3!\*$2E$/7@/*3!/28!+/<</8&-3!7#/7!F$,$!
F$<<!%5&7$8!7-!7#$&,!,$j5&,$0$27%!/28!$/%;!7-!5%$3!2-!*,-.,/00&2.!C2-F<$8.$!F/%!2$$8$8O!4:!
*,-R$67%!0/;!/<%-! ,$j5&,$! 7#$!8$H$<-*0$27!-N! 7#$&,!-F2!/**<&6/7&-2%!L/%$8!-2! 7#$&,! %*$6&N&6!
.-/<%!/28!<&0&7/7&-2%O!M66-,8&2.!7-!Z,/;!$7!/<O!f=>=(h3!/!250L$,!-N!7--<%!#/H$!L$$2!8$H$<-*$8!
7-!%5**-,7!7#$!/2/<;%&%!/28!H&%5/<&G/7&-2!-N!F/7$,!0-2&7-,&2.!8/7/O!@-%7!7--<%3!#-F$H$,3!F$,$!
2-7!/66$%%&L<$!85$!7-!7#$!6-%73!%;%7$0!,$j5&,$0$27%3!*,-.,/0!,$j5&,$0$27%3!/28m!-,!7;*&6/<<;!
8$%&.2$8!N-,!%*$6&N&6!*,-7-6-<%3!/28m-,!N-,0/77$8!&2*57!8/7/!7#/7!F/%!2-7!/**<&6/L<$!7-!6&7&G$2!
%6&$27&%7!6-<<$67$8!8/7/!fZ,/;!$7!/<O3!=>=(hO!ML,/0-H!$7!/<O!f=>==h!8$6&8$8!7-!8$H$<-*!/!2$F!
/**<&6/7&-2!%&26$!6$,7/&2!-LR$67&H$%!6-5<8!2-7!L$!0$7!F&7#!7#$!$P&%7&2.!/**<&6/7&-2%O!92!/88&7&-23!
7#$;!2-7$8!7#/7!7#$!#&.#!,$j5&,$0$27!N-,!*,$,$j5&%&7$!%C&<<%!7-!5%$!/2!$P&%7&2.!/**<&6/7&-2!F/%!
/<%-!6-2%&8$,$8!/!L/,,&$,O!!
!
S5,7#$,0-,$3!4&7&G$2!:6&$26$!8/7/!H&%5/<&G/7&-2!*,$%$27%!/88&7&-2/<!6#/<<$2.$%!85$!7-!&7%!%5LK
R$67K!/28!/**<&6/7&-2K%*$6&N&6!2/75,$O!E-F$H$,3!%-0$!%758&$%!#/H$!6-2%&8$,$8!/28!$P/0&2$8!7#$!
*-%%&L&<&7;!-N!/**<;&2.!8/7/!H&%5/<&G/7&-2!*,/67&6$%!/28!7#$!6-28&7&-2%!528$,!F#&6#!7#$;!6/2!L$!
/**<&$8O!92!4:3!N-5,!0-8$<%!-,!N,/0$F-,C%!N-,!8/7/!H&%5/<&G/7&-2!*,/67&6$%!#/H$!L$$2!&8$27&N&$8!
&2!7#$!<&7$,/75,$'!(h!H&%5/<&G&2.!/58&-u!=h!:-5,6$K7-K:$/!f:=:h!0/2/.$0$27!N-,!*-<&7&6/<!8$6&K
%&-2K0/C&2.u!?h!/!]5%A&;%::94!0-8$<!N-,!.,/%%,--7%!6-0052&7&$%u!/28!dh!7#$!4\M::"!0-8$<!
N-,!H$,2/65</,!H&%5/<&G/7&-2!*,/67&6$%O!"#$!N-<<-F&2.!%$67&-2!$P/0&2$%!7#$!/**<&6/L&<&7;!-N!7#$%$!
N-5,!8/7/!H&%5/<&G/7&-2!*,/67&6$%O!
!
I"4$5?"O";#'5$A":''
'
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Q&%5/<&G&2.!L&,8!/58&-!8/7/3!\<&H$,!$7!/<O!f=>=>h!$P*<-,$8!6&7&G$2!%6&$26$!&27$,/67&-2%!F&7#!&7O!
927$,/67&2.!F&7#!/!H/,&$7;!-N!0$8&/!H&%5/<<;!/28!/6-5%7&6/<<;!#/8!%$H$,/<!L$2$N&7%!f*O!(`eDhO!
U$%&.2!<$%%-2%!F$,$!-NN$,$8!7-!L,&8.$!7#$!C2-F<$8.$!./*!/28!*,-0-7$!<-2.K7$,0!$2./.$0$27!
&2!/58&-KN-65%$8!4:!*,-R$67%O!M%!*/,7!-N!7#$!8$%&.2!*,-6$%%!N-,!L,&8.&2.!7#$!C2-F<$8.$!/28!
6-27$27!F#$2!&27$,/67&2.!/28!,$H&$F&2.!7#$!/58&-3!7#$!N-<<-F&2.!$<$0$27%!F$,$!2$6$%%/,;!/6K
6-,8&2.!7-!\<&H$,!$7!/<O!f=>=>h'!a(h!0$8&/!%/<&$26$u!=h!/66$%%&L<$!/%%-6&/7&-2%u!/28!?h!%*$6&$%!
&2N-,0/7&-2!l!*$,6$*7&-2%O!"-!N/6&<&7/7$!<-2.K7$,0!$2./.$0$273!7#$;!&26<58$8!(h!Z,-F7#!-N!
C2-F<$8.$!F&7#!*5,*-%$3!=h!U&H$,%&7;!&2!"/%C!U&NN&65<7;3!?h!45%7-0&G/L<$!4-0*<$P&7;3!/28!dh!
4-<</L-,/7&H$!+5GG<$!:-<H&2.b!f*O!(`cdNhO!
'
V:$%6&P9:PV&5'JV*VK'E5;5#&E&;9'B:%'H:?"9"65?'A&6"4":;PE5F";#''

X%&2.!7#$!:-5,6$K7-K:$/!f:=:h!N,/0$F-,C3!4</,C!$7!/<O!f=>=(h!*,-H&8$8!/!8$%&.2!%7,5675,$!N-,!
7#$!M5%7,/<&/2!@/,&2$!U$L,&%!92&7&/7&H$!fM@U9h!H&%5/<&G/7&-2!7--<O![;!&26-,*-,/7&2.!7#$%$!N&H$!
a%-5,6$K7-K%$/b!%7$*%3!5%$,%!6-5<8!6#/,/67$,&G$3!$2./.$3!8&/.2-%$3!8$%&.23!/673!/28!/8/*7!F#$2!
/88,$%%&2.!<$/8&2.!$2H&,-20$27/<!6-26$,2%!f*O!=((hO!U$%*&7$!7#$!N/67!7#/7!7#$!7--<!#/%!2-7!L$$2!
$0*&,&6/<<;!$H/<5/7$8!&2!7#&%!%758;3!4</,C!$7!/<O!f=>=(h!*,-H&8$8!$P/0*<$%!-N!&7%!/**<&6/7&-2!7-!
%7/7$!*-<&6;!&0*<$0$27/7&-23!0-2&7-,&2.3!/28!,$*-,7&2.3!/%!F$<<!/%!7-!<-6/<!2-2K.-H$,20$27/<!
-,./2&G/7&-2%!0-2&7-,&2.!/28!,$*-,7&2.O!M<7#-5.#!7#$,$!F/%!/!</6C!-N!$H&8$26$!-2!7#$!N$/%&L&<&7;!
-N!7#$!/**<&6/L&<&7;!-N!7#$!8$%&.2!%7,5675,$3!4:!*,-R$67%!N-,!*-<&7&6/<!8$6&%&-2K0/C&2.!0/;!L$!
/L<$!7-!L$2$N&7!N,-0!6-2%&8$,&2.!7#$!/**<&6/L&<&7;!-N!7#&%!8$%&.2!%7,5675,$!&2!7#$&,!8$%&.2!7#&2C&2.O!

]5%A&;%::94'E:A&?'B:%'#%544%::94'6:EE$;"9M''
'
Z/,8$2,--7%!F/%!/!6-<</L-,/7&H$!++:Y!f*5L<&6!*/,7&6&*/7&-2!&2!%6&$27&N&6!,$%$/,6#h!&2!$2H&,-2K
0$27/<!#$/<7#!/28!&2N-,0/<!%6&$26$!$856/7&-2O!"#$!Z/,8$2,--7%!0-8$<!8$0-2%7,/7$8!7#/7!6-0K
052&7;KN&,%7!,$*-,7&2.!/28!$NN$67&H$!8/7/!H&%5/<&G/7&-2%!6-0L&2$8!&2!/!6-<</L-,/7&H$!6&7&G$2!%6&K
$26$!*,-R$67!$2/L<$!*/,7&6&*/27%!7-!0/C$!*$,%-2/<&G$8!8$6&%&-2%!/L-57!7#$&,!,&%C!/28!8$H$<-*!
&28&H&85/<!*,$H$27&-2!/28!&27$,H$27&-2!%7,/7$.&$%!L/%$8!-2!7#$&,!-F2!%$<NK$NN&6/6;!/28!6/*/6&7;!
f:/28#/5%!$7!/<O3!=>(c3!*O!)`hO!"#$%$!8$%&.2!%7,5675,$%!F$,$!/**<&6/L<$!7-!/<<!*-*5</7&-2%3!*/,K
7&65</,<;!528$,%$,H$8!-2$%O!!
!
R\GVV='E:A&?'B:%'N&%;56$?5%'N"4$5?"O59":;'H%569"6&4'
'
M!H$,2/65</,!8$%&.2!/%*$67!$P*/28$8!7#$!L-528/,&$%!-N!8/7/!H&%5/<&G/7&-2O!M66-,8&2.!7-!:2;8$,!
f=>(Dh3!7#$!H$,2/65</,!H$,%&-2!-N!H&%5/<&G/7&-2!8$H$<-*$8!L;!/28!N-,!2-2K$P*$,7!5%$,%!F/%!0-,$!
5%$N5<!7#/2!/!H$,%&-2!6,$/7$8!L;!/2!$P*$,7!N-,!/!%*$6&N&6!/58&$26$O!M2!$P/0*<$!-N!H$,2/65</,!
H&%5/<&G/7&-2!*,/67&6$%!&2!8/7/K,&6#!6-<</L-,/7&H$!/28!6--,8&2/7$8!4:!6-27$P7%!&%!7#$!X2&H$,%&7;!
-N!J/%#&2.7-2T%!4-/%7/<!\L%$,H/7&-2!/28!:$/L&,8!:5,H$;!"$/0!f4\M::"hO!"#$!4\M::!f%$$!
"/L<$!`h!S&$<8!Z5&8$!$2%5,$8!#&.#!8/7/!j5/<&7;!L;!*,-H&8&2.!#/28%K-2!H&%5/<!%5**-,7!N-,!2-2K
$P*$,7%O!Y$%$/,6#$,%!&2!7#$!*,-R$67!5%5/<<;!6,$/7$8!6-0*57$,KL/%$8!8/7/!H&%5/<&G/7&-2%!&2K#-5%$!
5%&2.!Y3!92C%6/*$3!/28!+-F$,+-&27!/N7$,!7#$!6-<<$67$8!8/7/!6-2H$,7&2.!7-!/L%7,/67!8/7/!f:2;8$,3!
=>(D3!*O!=(>=hO!M%!*/,7!-N!7#$!/2/<;%&%!*,-6$%%3!8/7/!H&%5/<&G/7&-2!F/%!5%$8!7-!&2N-,0!/28!5*8/7$!
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7#$!%6&$27&N&6!6-0052&7;O!"#$!6-<</L-,/7&H$!H$,2/65</,!8$%&.2!/**,-/6#!8&%6-H$,$8!7#/7!8&NN$,K
$27!8/7/!H&%5/<&G/7&-2!N-,0%!-NN$,$8!8&NN$,$27!-**-,752&7&$%!7-!*,$%$27!&2N-,0/7&-2!7-!7#$!H&$F$,O!
"#$!6-<</L-,/7&-2!L$7F$$2!4\M::"!%7/NN!/28!8$%&.2$,%!6-<</L-,/7$8!7-!$2%5,$!7#/7!7#$!H&%5/<!
8$%&.2!/28!6-27$27!F$,$!6-,,$67!/28!6-2%&%7$27!f:2;8$,3!=>(D3!*O!=(>)hO!4--,8&2/7&-23!6-005K
2&6/7&-23! /28!8/7/! &2N,/%7,5675,$!F$,$! %5**-,7$8!L;!H$,2/65</,!H&%5/<&G/7&-2!*,/67&6$%! &2! 7#$!
4\M::"!*,-R$67O!!
!
GHH?"65>?&'A&4"#;'49%59&#"&4''

M8-*7&2.!7#$!$27&,$!$P&%7&2.!8$%&.2!%-<57&-2!-,!N,/0$F-,C!0/;!2-7!L$!*-%%&L<$3!L57!*/,7%!-N!&7!
0/;!F-,C!F&7#&2!7#$!%*$6&/<!,$j5&,$0$27%!-N!7#$!/**<&6/7&-2!.-/<%O!"#$!,$%5<7%!-N!/2!$0*&,&6/<!
%758;!/8-*7$8!6-<-,!7#$-,;!7$6#2&j5$%!7-!&2H$%7&./7$!6-<-,!0$/2&2.!&2!7#$!$2H&,-20$27/<!6&7&G$2!
%6&$26$!8-0/&2%!f[&,/.#&!$7!/<O3!=>=>hO!"#$;!$P/0&2$8!7#$!8&NN$,$26$!L$7F$$2!*,$%$,H$8!/28!
/L%-<57$!0$/2&2.!L;!5%&2.!7#$!6-<-,!7#$-,;!0$7#-8%!-N!J-2!/28!J$%7</28!f=>(DhO!Y$8!F/%!
N-528! 7-!#/H$!/!2$./7&H$!/66$*7/26$3!F#&6#!/<&.2$8!F&7#! 7#$!JSU!f7#$! &27$,2/7&-2/<!J/7$,!
S,/0$F-,C!U&,$67&H$h!L57!F/%!2-7!$H&8$27!N,-0!7#$!&2H$%7&./7&-2!-N!/L%-<57$!6-<-,!0$/2&2.!
/<-2$!f[&,/.#&!$7!/<O3!=>=>3!*O!=?chO!!

"#$,$!F$,$!-7#$,!8$%&.2!%7,/7$.&$%!7#/7!F$,$!%5..$%7$8!7-!L$!/8-*7$8!N-,!/!F&8$!,/2.$!-N!5%$O!
[$%&8$%!7#$!&0*<$0$27/7&-2!-N!6-<-,!7#$-,;3![&,/.#&!$7!/<O!f=>=>h!-NN$,$8!7#$!H&%5-%*/7&/<!8$K
%&.2$,! /! 8$%&.2! %7,/7$.;! -N! /! 0/*! H&$F! H&%5/<&G/7&-2! F#&6#! F/%! *,-H$8! L;! *-%&7&H$! ,$%5<7%!
7#,-5.#!H/,&-5%!XB@%O!"#$!,$%$/,6#$,!&8$27&N&$8!7#$!6-27$27!-H$,<-/8!0&.#7!L$!&27$,*,$7$8!L;!
*/,7&6&*/27%!/%!7#/7!8/7/!6-<<$67&-2!F/%!522$6$%%/,;3!7#$,$L;!8&%6-5,/.&2.!6-27,&L57&-2%O!"#5%3!
a$P*&,/7&-2!7&0$!/28!0/*!<&0&7!8$2%&7;b!F$,$!*,-*-%$8!/%!%-<57&-2%!N-,!6-27,-<<&2.!8/7/!j5/27&7;!
/28!$26-5,/.&2.!*/,7&6&*/7&-2!f[&,/.#&!$7!/<O3!=>=>3!*O!=d?hO!M<%-!F-,7#!2-7&2.3!7#$!7F-!8$%&.2!
%7,/7$.&$%!F$,$!8-650$27$8!/28!$H/<5/7$8!&2!8$7/&<!/28!6-5<8!7#$,$N-,$!L$!$/%&<;!/8-*7$8!L;!
-7#$,!,$%$/,6#$,%!F&7#!%&0&</,!2$$8%O!!

G":"!$ M..+/'6(2'2-1$&()$;*&77-(<-1$2($'*-$1+02&7$)+A&2($

()+)*),! B$81#$%!0.3!0/=%30!/'6#3$>3!
!
97!#/%!L$$2!N-528!7#/7!&8$27&N;&2.!7#$!7/,.$7!/58&$26$!&%!*/,7&65</,<;!6,56&/<3!L57!&7!,$0/&2%!6#/<K
<$2.&2.!85$!7-!<&0&7$8!,$%-5,6$%O!M%!*,$%$27$8!&2!7#$![/6C.,-528!%$67&-23!H&%5/<&G/7&-2%!6/2!
*,-H-C$!8&NN$,$27!,$/67&-2%!&2!/66-,8/26$!F&7#!aL/6C.,-5283!*,$H&-5%!C2-F<$8.$3!0-7&H/7&-2%3!
/28!*$,%-2/<!L$<&$N%b3!%-!&7!&%!&0*$,/7&H$!7-!528$,%7/28!7#$!7/,.$7!/58&$26$!7-!$2%5,$!7#/7!H&%5K
/<&G/7&-2%!F$,$!/665,/7$3!,$<&/L<$3!/28!528$,%7/28/L<$!f:/28#/5%!$7!/<O3!=>(c3!*O!)`hO!:/28#/5%!
$7!/<O!f=>(ch!6-2<58$8!N,$j5$27<;!/%C$8!j5$%7&-2%!L/%$8!-2!V&6#-<%-2K4-<$!f=>>)h3!F#&6#!&2K
6<58$8!a?&5%;'C7:'97&'";9&;A&A'5$A"&;6&'"4D'C759'97&"%';&&A4'5%&D'5;A'7:C'97&M'C"??'H&%6&"N&'
97&'A595b!f*O!)`hO!!
!
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:6&$27&%7%!/28!2-2K$P*$,7!6&7&G$2!%6&$27&%7%!F$,$!-N7$2!&8$27&N&$8!/%!7#$!7/,.$7!/58&$26$O!92!7#$!
#50/2&7&$%3!"5**$2!$7!/<O! f=>(`h! &2H$%7&./7$8!#-F!05%&6KL&L<&-.,/*#&6/<!8/7/!6-5<8!L$!/2/K
<;G$8!/28!H&%5/<&G$8!F&7#!7#$!/&8!-N!7$6#2-<-.;3!$%*$6&/<<;!N-,!%6&$27&%7%O!"#$&,!%758;!%#-F$8!
7#/7!8/7/!H&%5/<&G/7&-2!/<<-F$8!%6&$27&%7%!7-!&8$27&N;!*-7$27&/<!*-&27%!-N!&27$,$%7!/7!/!0/6,-!<$H$<3!
7#$2!$P/0&2$8! 7#$!8/7/!0-,$! 6<-%$<;! /7! /!0&6,-! <$H$<O!S5,7#$,0-,$3! &2! /2-7#$,! %758;! &2! 7#$!
#50/2&7&$%3![</%&%$!$7!/<O!f=>(eh!7$%7$8!7#$!H&%5/<&G/7&-2%!L;!7#$!F,-2.!/58&$26$!F#-!a#/8!2-!
L/6C.,-528!C2-F<$8.$!-,!&2H-<H$0$27!&2!#$,&7/.$!%6&$26$%!/7!</,.$b!/28!&7! <$8!7-!52,$<&/L<$!
,$%5<7%!&2!$H/<5/7&-2O!:-3!7#$;!8$6&8$8!7-!7$%7!7#$!a&2N-,0/7&-2!*,-H&8$,%b!&2%7$/83!7-!*,$H$27!
0&%&27$,*,$7/7&-2%!F#$2!H&%5/<&G&2.!0&2-,!#$,&7/.$!8/7/3!,/7#$,!7#/2!%6&$27&%7%!f*O!(chO!!
!
BH$2!%-3!7#$!7/,.$7!/58&$26$!8&NN$,$8!2-7!R5%7!L$7F$$2!%6&$27&%7%!/28!6&7&G$2!%6&$27&%7%3!L57!/<%-!
L$7F$$2!6&7&G$2%!N,-0!8&NN$,$27!L/6C.,-528%3!F#&6#!*,$%$27$8!/!6#/<<$2.$O!"#$!4\M::"!*,-K
R$67!f%$$!"/L<$!`h!0/8$!/%%50*7&-2%!/L-57!7#$!8&NN$,$27!2$$8%!-N!*-7$27&/<!*/,7&6&*/27%!L/%$8!-2!
7#$&,!(DK;$/,!$P*$,&$26$!f:2;8$,3!=>(D3!*O!=(>=hO!"#$&,!0$7#-8!0&.#7!2-7!L$!%-!#$<*N5<!N-,!/!
2$F<;!$%7/L<&%#$8!4:!*,-R$67O!M%!/!,$%5<73!7#$!,$%$/,6#$,!/%C$83!a#-F!6/2!H$,2/65</,!8$%&.2$,%!
/8H/26$! 7#$&,!*,/67&6$%!F&7#-57!/%%50&2.! 7#$;!2$$8!*,-N$%%&-2/<!%C&<<%!-,! 7,/&2&2.b! f:2;8$,3!
=>(D3!*O!=(>DhO!"-!/88,$%%!7#&%!&%%5$3!7#$!,$%$/,6#$,!5,.$8!$P*/28&2.!7#$!$H/<5/7&-2!7$6#2-<-.;!
&2!H$,2/65</,!H&%5/<&G/7&-2!%-!7#/7!7#$!&27$28$8!/58&$26$!6-5<8!L$!<$/,2$8O!
!
"#$!,$H&$F$8!<&7$,/75,$3!#-F$H$,3!%#-F$8!7#/7!H$,;!N$F!%758&$%!#/H$!/77$0*7$8!7-!&8$27&N;!/!
7/,.$7!/58&$26$3!/<7#-5.#!%-0$!&2%&.#7%!#/H$!L$$2!*,-H&8$8O!X%&2.!*/,7&6&*/27%T!,-<$%!/28!0-K
7&H/7&-2%!/%!,$<$H/27!6,&7$,&/3!Z,/;!$7!/<O!f=>=(h!8$H$<-*$8!7#$&,!8/7/!H&%5/<&G/7&-2O!"#/2C%!7-!
7#$! &8$27&N&6/7&-2!-N!8&NN$,$27! ,-<$%!/28!0-7&H/7&-2%3! 7#$;!8$7$67$8! 7#$!6-27,/67! N$$8L/6C! N-,!
8$N/5<7! 7$0*</7$%!/28!%$77&2.%! &2! 7#$! &27$,/67&H$!8/7/!H&%5/<&G/7&-2! &27$,N/6$O!"#$! ,$%$/,6#$,%!
6-26<58$8!7#/7!&7!0&.#7!N$$<!,$%7,&67&H$!7-!/8H/26$8!5%$,%3!L57!-H$,F#$<0&2.!7-!7#-%$!F&7#!<$%%!
C2-F<$8.$!-N!7$6#2-<-.;O![/%$8!-2!7#$&,!N&28&2.%3!/2!&28$*$28$27!H&%5/<&G/7&-2!/**,-/6#!#/%!
L$$2!*,-*-%$8!/%!/!*-%%&L<$!%-<57&-2!7-!/&8!$NN&6&$27!6-0052&6/7&-2O!E-F$H$,3!7#$,$!F/%!/2K
-7#$,!*,-L<$0!#$,$3!%&26$!&7!F/%!2-7!/<F/;%!6<$/,!F#&6#!6,&7$,&/!F$,$!,$<$H/27O!"#$!$P*$,&0$27%!
6-28567$8!L;!E-;$,!$7!/<O!f=>=(h!*,-H&8$8!%-0$!&2%&.#7!&27-!7#&%!&%%5$O!"#$&,!%758;!$P/0&2$8!
F#$7#$,!/!<-F!-,!#&.#!<$H$<!-N!,$*-,7&2.!/67&H&7;!#$<*$8!7#$!,$<$H/27!7/,.$7!.,-5*!&27$,*,$7!8&%K
%$0&2/7&-2!/28!H&%5/<&G/7&-2!,$%5<7%O!"#&%!%758;!N-528!7#/7!/!0-,$!/67&H$!,$*-,7&2.!L$#/H&-,!
0/;!2-7!/57-0/7&6/<<;!,$%5<7!&2!L$77$,!&27$,*,$7/7&-2%!-N!7#$!8/7/!H&%5/<&G/7&-2!/28!7#$!,$/%-2!N-,!
7#&%!,$0/&2$8!526<$/,!fE-;$,!$7!/<O3!=>=(3!*O!(`DhO!92!-7#$,!F-,8%3!&7!0/;!2-7!L$!2$6$%%/,;!7-!
6-2%&8$,!,$*-,7&2.!L$#/H&-,!-N!7#$!*/,7&6&*/27%!F#$2!$H/<5/7&2.!7#$!H&%5/<&G/7&-2O!

()+)*)*! 9/0/!4#2'/5#C/0#8$!/2!/$!/#6!D8=!>8EE'$#>/0#8$!/$6!53/=$#$%!
!
^4";#'A595'N"4$5?"O59":;'";'B:%E5?'5;A'";B:%E5?'&A$659":;'

97!#/%!L$$2!%#-F2!7#/7!8/7/!H&%5/<&G/7&-2!/**<&6/7&-2%!6/2!L$!5%$8!/%!/!7$/6#&2.!7--<!&2!4&7&G$2!
:6&$26$!&2!/!H/,&$7;!-N!%758&$%O!92!&2N-,0/<!$856/7&-23!H&%5/<&G/7&-2%!F$,$!5%$8!L;!$P*$,&$26$8!
7$/0!0$0L$,%!7-!7$/6#!%758$27%!/L-57!a7#$!0$6#/2&6%!-N!8/7/!,$*,$%$27/7&-23!*-&27&2.!-57!%*$K
6&N&6!H&%5/<!N$/75,$%!&2!-,8$,!7-!N</.!*-7$27&/<!$,,-,%!-,!<&0&7/7&-2%!&2!%7/7&%7&6/<!0-8$<%Ob!f:2;8$,3!
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=>(D3!*O!=(>DhO!B0*&,&6/<<;3!A/2C<&/,!$7!/<O!f=>(eh!$P/0&2$8!7#$!5%$!-N!8/7/!H&%5/<&G/7&-2!7--<%!
&2!N-,0/<!$856/7&-2O!"#$!,$%5<7%!,$H$/<$8!*-%&7&H$!$H&8$26$!N-,!5%&2.!%56#!/!7--<!7-!,$856$!7#$!
7&0$!/28!8&NN&65<7;!/%%-6&/7$8!F&7#!H&%5/<&G&2.!L&-8&H$,%&7;!*/77$,2%!/28!#$<*!%758$27%!L$77$,!
528$,%7/28!8/7/O!+,-N$%%&-2/<!%6&$27&%7%!L$<&$H$8!7#/7!4-%Q&%!6-5<8!L$!/2!$NN$67&H$!7--<!N-,!8&%K
%$0&2/7&2.!%6&$27&N&6!,$%$/,6#!N&28&2.%!/28!7#$;!/<%-!$P*,$%%$8!&27$,$%7!&2!5%&2.!7#$!/**<&6/7&-2!
/%!/!7$/6#&2.!7--<!&2!H/,&-5%!fL-7#!N-,0/<!/28!&2N-,0/<h!$856/7&-2/<!6-27$P7%!-,!/%!/2!-57,$/6#!
7--<!7-!7#$!*5L<&6!fML,/0-H!$7!/<O3!=>==hO!!

=%5";";#'5;A'?&5%;";#'E59&%"5?4'B:%'A595'N"4$5?"O59":;''
!
:;28$,!f=>(Dhi%!6-26$*7!-N!/!F&8$,!H&$F!-N!H&%5/<&G/7&-2!F/%!/**<&$8!7-!$P/0&2$!7#$!7,/&2&2.!
/28!<$/,2&2.!0/7$,&/<%!N-,!%5**-,7&2.!8/7/!H&%5/<&G/7&-2!&2!/!6&7&G$2!%6&$26$!%$77&2.O!92!<&2$!F&7#!
A$&0!$7!/<O!f=>>eh3! 7F-!/%*$67%!F$,$!8&%65%%$8'!N-,!528$,%7/28&2.!/28!/2/<;G&2.mH&%5/<&G&2.!
8/7/3!/28!N-,!528$,%7/28&2.!7#$!/2/<;%$%mH&%5/<&G/7&-2!f/%!6&7$8!&2![</&%$!$7!/<O3!=>(e3!*O!(chO!!
!

•" :5**-,7!N-,!528$,%7/28&2.!/28!/2/<;G&2.mH&%5/<&G&2.!8/7/!

B856/7&2.! 7#$!2-2K7$6#2&6/<!/58&$26$! 7-!H&%5/<&G$!/28!/2/<;G$! ,$%5<7%! &28$*$28$27<;! &%!H$,;!
6#/<<$2.&2.3!2-7!-2<;!N-,!*,-N$%%&-2/<!%6&$27&%7%!L57!/<%-!N-,!2-2K$P*$,7!%6&$27&%7%!fA/28<&C/,!$7!
/<O3!=>(e3!*O!?hO![/%$8!-2!F#/7!#/%!L$$2!8&%65%%$8!L$N-,$3!L;!A<-$7G$,!$7!/<O!f=>=(h3!8&H$,%$!
/58&$26$%!%#-5<8!L$!6-2%&8$,$8!F#$2!8$%&.2&2.!/28!8$H$<-*&2.!7#$!7,/&2&2.!7-!&26,$/%$!*/,7&6K
&*/27%i!%6&$27&N&6!6-0*$7$26$3!%5**-,73!/28!$2%5,$!7#$!&27$28$8!-576-0$%!-N!4&7&G$2!:6&$26$!
*,-R$67%!f*O!?>=hO!:6&$27&%7%!/28!6&7&G$2%!N/6$!8&NN$,$27!6#/<<$2.$%!85,&2.!7,/&2&2.O!M66-,8&2.!7-!
/!%758;!L;!ML,/0-H$!$7!/<O!f=>==h3!8$7/&<$8!8-650$27/7&-2!F/%!,$j5&,$8!7-!/%%&%7!%6&$27&%7%!&2!
<$/,2&2.!7#$!8/7/!H&%5/<&G/7&-2!7--<O!E-F$H$,3!F#$2!N/6&2.!7#$!2-2K$P*$,7!%6&$27&%73!&7!F/%!*/,K
7&65</,<;!6,56&/<!7-!6#/2.$!7#$!%*$6&N&6!%6&$26$!</2.5/.$!7-!*</&2!</2.5/.$!7-!L$!528$,%7/28/L<$!
7-!&0*,-H$!6-0052&6/7&H$!6</,&7;!f:2;8$,3!=>(Du!Z,/;!$7!/<O3!=>=(u!:/28#/5%$!$7!/<O3!=>(chO!"-!
.,/%%,--7%!6-0052&7;!0$0L$,%3!&7!F/%!%5..$%7$8!7-!*,-H&8$!&2N-,0/<!$P*</2/7&-2%!F#&6#!8&NK
N$,$8!N,-0!7#$!F&8$,!%6&$27&N&6!6-0052&7;!fZ,/;!$7!/<O3!=>=(hO!

M%&8$!N,-0!7$P7!%5**-,73!H/,&-5%!N-,0%!-N!H&%5/<!%5**-,7!F$,$!/<%-!8&%65%%$8!&2!7#$!<&7$,/75,$O!
Z,/;!$7!/<O!f=>=(h!2-7$8!7#/7!7#$,$!F/%!/!*,$N$,$26$!N-,!r.,/*#%3!/28!0/*%!5%&2.!6-<-,!7-!%*/K
7&/<<;!8&%*</;!F/7$,!j5/<&7;!*/,/0$7$,%3!7#$&,!H/<5$%3!/28!/%%-6&/7$8!6,&7$,&/Or!f*O!((hO!M66-,8&2.!
7-!:2;8$,!f=>(Dh3!H$,2/65</,!8$%&.2$,%!6-0L&2$8!8&NN$,$27!7;*$%!-N!H&%5/<!,$*,$%$27/7&-2!%5*K
*-,7$8!L;!*</&2!$P*</2/7-,;!7$P7"!%56#!/%!&6-2%3!*#-7-.,/*#%3!/28!H$,L/<!8$%6,&*7&-2%!-N!H&%5/<!
N$/75,$%!f*O!=>eh!7-!.5&8$!7#$!6-<<$67&-2!-N!#&.#Kj5/<&7;!8/7/!/28!$2%5,$!8/7/!H/<&8&7;O!+#-7-K
.,/*#%!#$<*$8!7-!%7/L&<&G$!/!7,/2%&7&-2!N,-0!*#;%&6/<!-L%$,H/7&-2!7-!/L%7,/67$8!8/7/3!/%!F$<<!/%!
$2/L<$!$P*$,7%!7-!*,-H&8$!N$$8L/6C!7-!6&7&G$2!%6&$27&%7%!,$./,8&2.!7#$!j5/<&7;!/28!/665,/6;!-N!
7#$&,!-L%$,H/7&-2%O!"#$!5%$!-N!05<7&0$8&/!%56#!/%!L<-.%3!BK2$F%<$77$,%!F&7#!*#-7-.,/*#%!F/%!
/2!$NN$67&H$!F/;!7-!,$/6#!-57!7-!/!L,-/8$,!/58&$26$O!!

92!/88&7&-23!Z,/;!$7!/<O!f=>=(h!%5..$%7$8!5%&2.!7#$!/**<&6/7&-2!&7%$<N!7-!7,/&2!N-,!/%%$%%&2.!8/7/!
H/<&8&7;!/28!,$<&/L&<&7;O!"#$!N5267&-2!-N!/<<-F&2.!<$%%!$P*$,&$26$8!6&7&G$2!%6&$27&%7%!7-!6-0*/,$!
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7#$&,!6-<<$67$8!8/7/!7-!/2!/66$*7$8!,$N$,$26$!6-5<8!L$!%$$2!/%!/2!&0*-,7/27!&%%5$!N-,!7,/&2&2.!
*5,*-%$%!fZ,/;!$7!/<O3!=>=(hO!A/28<&C/,!$7!/<O!f=>(eh!%5..$%7!*,-H&8&2.!L,&$N!$P*</2/7&-2%!/28!
<&2C%! 7-!/88&7&-2/<!$856/7&-2/<! ,$%-5,6$%O!W$73! &7! %#-5<8!L$!2-7$8! 7#/7!$P7,/!%5**-,7!0/7$,&/<!
%#-5<8!L$!%5LR$67K%*$6&N&6O!M%!/2!$P/0*<$3!7#$!%-<57&-2%!%5..$%7$8!&2!-L%$,H/7&-2!4:!*,-R$67%!
8-2i7!N&7!%&05<7/2$-5%!8/7/O!M%7,-*#;%&6&%7%!%5..$%7$8!H&8$-!757-,&/<%!&2!7#$!%758;!-N!ML,/0-H$!
$7!/<O!f=>==h3!L57!7#$,$!F/%!2-!$P*</2/7&-2!N-,!7#$&,!,$6-00$28/7&-2O!E-F$H$,3!E-;$,!$7!/<O!
f=>=>h!%#-F$8!$0*&,&6/<!$H&8$26$!7#/7!/!H&8$-!757-,&/<!6-5<8!$2#/26$!528$,%7/28&2.!-N!8/7/!
H&%5/<&G/7&-2O!4#/<<$2.$%!F$,$!/<%-!,$*-,7$8!%56#!/%!L$&2.!<$%%!0$27/<<;!8$0/28&2.!/28!$P$,7K
&2.!<$%%!$NN-,7!L;!*,-H&8&2.!H&8$-!757-,&/<%O!M66-,8&2.!7-!E-;$,!$7!/<O!f=>=>h3!$P7$,2/<!%5**-,7K
&2.!0/7$,&/<!0/8$!0/*%!0-,$!528$,%7/28/L<$!F#$2!05<7&*<$! </;$,%!-N! &2N-,0/7&-2!/,$!6-0K
L&2$8O!"#$&,!,$%5<7%!#&.#<&.#7$8!7#$!6#/<<$2.$!7-!528$,%7/28!7#$!r0&%%&2.!*,$%$26$!8/7/r!6/5%$8!
L;!7#$!&26-0*<$7$2$%%!-N!4:!8/7/!f*O!())hO!M2!$P/0*<$!-N!r7#$!0&%%&2.!*,$%$26$!8/7/r!&%!7#/7'!
&N!/!L&,8!&%!2-7!,$*-,7$8!&2!/2!/,$/3!$&7#$,!&7!6/2!L$!&27$,*,$7$8!/%!7#$!L&,8!8-$%!2-7!$P&%7!&2!7#/7!
/,$/3!-,!&7!6/2!L$!528$,%7--8!/%!7#$,$!/,$!2-!-L%$,H/7&-2%!/H/&</L<$O!9N!0&%%&2.!*,$%$26$!8/7/!
f$&7#$,!7#$!L&,8!8-$%2i7!$P&%73!-,!2-!L&,8!-L%$,H/7&-2!&%!/H/&</L<$h!&%2i7!$P*</&2$8!6<$/,<;3!&7!0/;!
<$/8!7-!0&%528$,%7/28&2.%!-F&2.!7-!7#$!</6C!-N!7,/2%*/,$26;!&2!7#$!F/;!7#$!8/7/!H&%5/<&G/7&-2!
&%!*,$%$27$8O![/%$8!-2!7#$!VM:MK"1k!f"/%C!1-/8!928$Ph!0$7#-83!E-;$,!$7!/<O!f=>=(h!N-528!
7#/7!7#$!/88&7&-2/<!H&8$-!757-,&/<!6-5<8!2-7!,$%-<H$!7#$!7,/2%*/,$26;!&%%5$!6/5%$8!L;!7#$!0&%%&2.!
*,$%$26$!8/7/O!"#$&,!,$%5<7!%5..$%7$8!7#/7!,$./,8&2.!757-,&/<%!/28!%5**-,7&2.!0/7$,&/<%3!&7!F/%!
6,56&/<!7-!$P*</&2!2-7!-2<;!7#$!H&%5/<&G/7&-2!/28!&27$,*,$7/7&-2!-N!7#$!8/7/!L57!/<%-!rF#$,$!7#$!
<&0&7%!-N!H/<&8&7;!-N!7#$!8/7/!8$*&67$8!<&$r!&2!7#$!6&7&G$2!%6&$26$!6-27$P7!f*O!(`chO!!
!

•" :5**-,7!N-,!528$,%7/28&2.!7#$!/2/<;%$%mH&%5/<&G/7&-2!
!
M%!F$<<!/%!7,/&2&2.!/28!%5**-,7&2.!0/7$,&/<%!8&%65%%$8!*,$H&-5%<;3!A<-$7G$,!$7!/<O!f=>=(h3!"5*K
*$2!$7!/<O!f=>(`h!/28!:/28#/5%!$7!/<O!f=>(ch!%5..$%7$8!*,-H&8&2.!&28&H&85/<&G$8!%-<57&-2%!N-,!/!
8&H$,%$!/58&$26$O! 97!F/%!F-,7#!2-7&6&2.! 7#/7! &28&H&85/<&G$8!8/7/!H&%5/<&G/7&-2%!,$N$,,$8! 7-!/%!
H&%5/<&G/7&-2!F$,$!.$2$,/7$8!L;!$P*$,7%!N-,!2-2K$P*$,7%3!F#&6#!8&NN$,$8!N,-0!F#/7!Z,/;!$7!/<O3!
f=>=(h!#/H$!8&%65%%$8!7#/7!5%$,%!/2/<;G$8!8/7/!&28$*$28$27<;!N-,!7#$&,!-F2O!M2!&28&H&85/<&G$8!
H&%5/<&G/7&-2!7#/7!F/%!F$<<K8$%&.2$8!/28!/**,-*,&/7$!N-,!/!H/,&$7;!-N!/58&$26$%!,$j5&,$8!6/,$N5<!
6-2%&8$,/7&-2!/28!8$%&.2O!E-F!L$%7!7-!6-0052&6/7$!7#$!%6-*$!-N!6-0*<$P!&2N-,0/7&-2!7-!N&7!7#$!
2$$8%!-N!/!8&H$,%$!/58&$26$!/28!0/&27/&2!8/7/!H/<&8&7;!F/%!%$$2!/%!-2$!-N!7#$!L&..$%7!6#/<<$2.$%!
f$.O3!:/28#/5%!$7!/<O3!=>(cu!:2;8$,3!=>(DhO!:/28#/5%!$7!/<O! f=>(ch!6/<<$8!N-,!%#/,&2.!*,-R$67!
,$%5<7%!&2!/!*$,%-2/<&G$8!H&%5/<&G/7&-2!/28!%5..$%7$8!%&0*<&N;&2.!7#$!N&.5,$%!/28!-2<;!%#-F&2.!
*$,7&2$27!&2N-,0/7&-2!F&7#&2!*/,7&6&*/27%i!$P*$67/7&-2%!/28!,$<$H/27!7-!7#$!*/,7&6&*/27%O!S5,7#$,K
0-,$3!$H$2! 7#-5.#! 7#$;!$0*#/%&G$8! 7#$! 7&0$K6-2%50&2.!2/75,$!-N!/!*$,%-2/<&G$8!/**,-/6#3!
7#$;!/<%-!#&.#<&.#7$8!#-F!6,56&/<!/28!F-,7#F#&<$!&7!&%O!

()+)*)+! F.3!#E@/>0!8D!>855/A8=/0#43!632#%$!8$!0.3!28>#/5!68E/#$!
!
"#$!<&7$,/75,$!&8$27&N&$8!7F-!6-<</L-,/7&H$!/**,-/6#$%!N-65%$8!-2!8$%&.2!N-,!7#$!%-6&/<!&0*/67!
-N!4&7&G$2!:6&$26$!8/7/!H&%5/<&G/7&-2!*,/67&6$%3!-*$2K$28$8!8$%&.23!/28!6-K/57#-,&2.O![$%&8$%3!
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7#$,$!&%!/2-7#$,!/!6-K8$%&.2!/**,-/6#!fR\GVV='E:A&?'>M':2;8$,!&2!=>(Dh!7#/7!#/%!L$$2!8$K
%6,&L$8!/%!/!N,/0$F-,C!&2!%$67&-2!dO?O(O?O!
!
\H&;P&;A&A'A&4"#;'";'A&N&?:H";#':H&;P4:$%6&'5HH?"659":;4''

M2!-*$2K$28!8$%&.2!/**,-/6#!#/%!L$$2! &2H$%7&./7$8!/28!$H/<5/7$8!L;!Z,/;!$7! /<O! f=>=(h! &2!
/&8&2.! &28$*$28$27!8/7/!/2/<;%&%!/28!H&%5/<&G/7&-2!-N!F/7$,!j5/<&7;!8/7/O![;!5%&2.!/2!-*$2K
%-5,6$!</2.5/.$!fYh!7#,-5.#!Z&7#5L3!7#$!H&%5/<&G/7&-2!7--<!4JUM"!6/2!L$!0-8&N&$8!/28!65%K
7-0&G$8!/%!2$$8$8!L;!$28K5%$,%!Z,/;!$7!/<O!f=>=(hO!"#$!/L&<&7;!7-!&28$*$28$27<;!/2/<;G$!/28!
H&%5/<&G$!7#$!$28!5%$,%i!-F2!8/7/!/28!6-0*/,$!&7!7-!,$N$,$26$!8/7/%$7%!f/%!8&%65%%$8!&2!Yg=h3!
6-5<8!$2/L<$!7#$!$28!5%$,%!7-!L$77$,!528$,%7/28!7#$!j5/<&7;!-N!7#$&,!-F2!8/7/!/28!7#$,$N-,$!&0K
*,-H$!&7O![$&2.!&2H-<H$8!&2!8$%&.2!8&,$67<;3!6&7&G$2!%6&$27&%7%!#/8!7#$!-**-,752&7;!7-!/%C!j5$%K
7&-2%!-2!7#$&,!-F23!/%!F$<<!/%!<$/,2!/L-57!*-7$27&/<!j5$%7&-2%!7#$;!F$,$!52/F/,$!-NO!"#$;!F-5<8!
/<%-!L$!/L<$!7-!L$77$,!528$,%7/28!/28!57&<&G$!7#$&,!-F2!8/7/!&28$*$28$27<;!-,!/%!*/,7!-N!6-<</L-K
,/7&H$!$NN-,7%O!"#$%$!%-6&/<!8&0$2%&-2!6-26$,2%!6-5<8!*,-0-7$! &28$*$28$27!8$H$<-*0$27!N-,!
&28&H&85/<%!/28!7F-KF/;!6-0052&6/7&-2!L$7F$$2!8&H$,%$!/58&$26$%O!M66-,8&2.!7-!Z,/;!$7!/<O!
f=>=(h3! 7#$! 65%7-0&G$8! /28! &28$*$28$27! N$/75,$%! 6-5<8! /88,$%%! 8/7/! j5/<&7;! <&0&7/7&-2%! /28!
L,&8.$!7#$!./*!L$7F$$2!2-2K$P*$,7%!/28!%6&$27&%7%O!"#$;!/<%-!*-&27$8!-57!7#/7!7#$%$!8$%&.2!N$/K
75,$%!F$,$!6,&7&6/<!&2!8/7/!/2/<;%&%!/28!H&%5/<&G/7&-2!7--<%!7#/7!%5**-,7!8$6&%&-2K0/C&2.O!M%!/!
,$%5<73!7#$!/**<&6/7&-2!6-5<8!L$!6-2%&8$,$8!/%!/!%-<57&-2!7#/7!F-5<8!$P*/28!7#$!,/2.$!-N!6/*/K
L&<&7&$%!/28!/**<&6/L&<&7;!-N!B2H&,-20$27/<!U$6&%&-2!:5**-,7!:;%7$0%!fBU::hO!!

R:P5$97:%";#'RV';5%%59"N&'";'H$>?"6'N"4$5?"O59":;'C"97'H:??";#'";9&%569":;'

"#,-5.#!/!*5L<&6!H&%5/<&G/7&-2!/28!*-<<&2.!%;%7$0%!/**,-/6#3!4</$%!$7!/<O!f=>(eh!8&%6-H$,$8!7#$!
7/67&6!-N!%-6&/<!,$</7&-2%#&*%!L$7F$$2!*/,7&6&*/27%!&2!/!6-K8$%&.2!/**,-/6#!*,-0-7&2.!L-7#!-*K
*-,752&7&$%!/28!6#/<<$2.$%!&2!*/,7&6&*/7-,;!$2./.$0$273!/67&-2/L<$!L$#/H&-,3!/28!8&%7,&L57&-2!
*-7$27&/<O![/%$8!-2! 7#$&,! %758;3! %-6&/<! ,$</7&-2%#&*%!$26-5,/.$! ,$N<$67&-2!0-,$! 7#/2! 7#$!8/7/!
7,$28%!/28!*/77$,2%!&2!7#$!H&%5/<&G/7&-2%!7#$0%$<H$%!f*O!ehO!X2<&C$!7#$!%758;!-N!Z,/;!$7!/<O!f=>=(h3!
F#&6#!N-65%$8!-2!6-K8$%&.2&2.! 7#$!/**<&6/7&-2! &7%$<N3! 7#&%!6-K/57#-,&2.!/**,-/6#!N-65%$8!-2!
$26-5,/.&2.!*/,7&6&*/27%!&2H-<H$8!&2!7#$!4:!*,-R$67!L;!,$N<$67&2.!/28!/67&2.!-2!7#$!6-<<$67$8!
8/7/O!+/,7&6&*/27%!&2!/!*#;%&6/<!*5L<&6!$2H&,-20$27!6-5<8!L$!$2./.$8!L;!8&%*</;&2.!H&%5/<&G/7&-2!
F&7#!*-<<&2.! &27$,/67&-2O!"#$,$N-,$3! 7#$;!/8H-6/7$8! 7/C&2.!%-6&/<!8&0$2%&-2%! &27-!/66-527! &2!
8&%7,&L57&2.!/!*5L<&6!H&%5/<&G/7&-2O!U$7/&<$8!8$%&.2!6-2%&8$,/7&-2%!F$,$!*,-H&8$8!7#/7!6-5<8!L$!
5%$8!N-,!r6,-F8%-5,6$83!L-77-0K5*!*5L<&6!H&%5/<&G/7&-2!-N!6&H&6!6-26$,2%!$H&8$26$8!&2!8/7/!-2!
8&%7,&L57$8!8&%*</;%Or!f4</$%!$7!/<O3!=>(e3!*O!DhO!97!%#-5<8!L$!2-7$8!7#/7!7#&%!%758;!#/%!L$$2!6-2K
8567$8!-H$,!/!<&0&7$8!<$2.7#!-N!7&0$3!%-!&7!8-$%!2-7!*,-H&8$!<-2.K7$,0!$NN$67%O!!

!

!
!
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5!Discussion 

5.1! Discussion of RQ1 
!
RV'H%:T&694'B56"?"959&A'>M'A595'N"4$5?"O59":;'9&67;:?:#M'
!
"#$!N&,%7!,$%$/,6#!j5$%7&-2!&2!7#&%!%758;!%-5.#7!7-!8$7$,0&2$!/2!-H$,H&$F!-N!$P&%7&2.!%758&$%!-N!
F#/7!4:!*,-R$67%!#/H$!L$$2!N/6&<&7/7$8!L;!8/7/!H&%5/<&G/7&-2!7$6#2-<-.;O!97!F/%!$H&8$27!N,-0!
7#$!%5LR$67!/,$/!/28!2$7F-,C!/2/<;%&%!,$%5<7%!7#/7!%758&$%!6-H$,$8!/!F&8$!,/2.$!-N!8-0/&2%!/28!
F$,$!6,-%%K8&%6&*<&2/,;!&2!2/75,$O!"#$,$!&%!/!*-%%&L&<&7;!7#/7!6&7&G$2!%6&$26$!/<-2$!&%!&26,$/%&2.<;!
L$&2.!5%$8!&2!8&NN$,$27!N&$<8%!-N!%6&$26$3!/%!0$27&-2$8!&2!7#$![/6C.,-528!%$67&-2O!92!/88&7&-23!
8/7/!H&%5/<&G/7&-2!7$6#2-<-.;!/**<&$8!&2!4:!#/%!L$$2!%758&$8!/6,-%%!7#$!L-528/,&$%!-N!7$6#2-<K
-.;!/28!6&7&G$2!%6&$26$3!F#&6#!0/;!6-27,&L57$!7-!528$,%7/28&2.!&7%!6,-%%K8&%6&*<&2/,;!2/75,$O!
J#/7!&%!%5,*,&%&2.!&%!7#/7!7#$!,$%5<7!-N!7#$!2$7F-,C!/2/<;%&%!#/%!%#-F2!H$,;!N$F!2$7F-,C!6-2K
2$67&-2%!/0-2.!(`!%/0*<$%O!"#&%!,$%5<7!6-5<8!L$!$P*</&2$8!L;!%$H$,/<!N/67-,%O!97!0/;!L$!85$!7-!
7#$!N/67!7#/7!7#$!,$%$/,6#!&2!7#&%!$0$,.&2.!N&$<8!&%!%7&<<!&2!&7%!$/,<;!%7/.$O!97!0/;!/<%-!L$!/!</6C!-N!
6-<</L-,/7&-2!&2!7#&%!%*$6&N&6!N&$<83!-,!&7!&%!8$7$,0&2$8!L;!7#$!%5LR$67K%*$6&N&6!/28!/**<&6/7&-2K
%*$6&N&6!2/75,$!-N!7#$!,$%$/,6#O!M%!8&%65%%$8!&2!7#$![/6C.,-528!%$67&-23!7#$%$!,$%5<7%!6-2N&,0!
7#$!2$$8!N-,!/2!&2H$%7&./7&-2!&27-!8/7/!H&%5/<&G/7&-2!7$6#2-<-.;!&2!6&7&G$2!%6&$26$O!!
!
R:;6&H9'E5HH";#'
'
M!6-26$*7!0/**&2.!*,-6$%%!,$%5<7$8!&2!H/,&-5%!6-26$*7%!6-H$,&2.!4:K,$</7$8!H&%5/<&G/7&-2!&%K
%5$%!7#/7!F$,$!2-7!8&%65%%$8!&2!7#$![/6C.,-528!%$67&-2O!"#$!&0*<&6/7&-2!&%!7#/73!L$;-28!/!7$6#K
2&6/<!*$,%*$67&H$3!/!6&7&G$2!%6&$26$!6-27$P7!6/2!/88!%*$6&/<!0$/2&2.!7-!7$6#2-<-.;O!"#$!0-%7!
N,$j5$27<;!%758&$8!&2!7#$!<&7$,/75,$!&%!Q-<527$$,$8!Z$-.,/*#&6!92N-,0/7&-2!fQZ9h!H&%5/<&G/7&-2!
F#&6#!,$N$,,$8!7-!H&%5/<&G&2.!.$-%*/7&/<!8/7/O!"#&%!,$%5<7!0/;!L$!$P*</&2$8!L;!7#$!N/67!7#/7!7#$!
H/%7!0/R-,&7;!-N!4&7&G$2!:6&$26$!-L%$,H/7&-2!8/7/!/,$!.$-%*/7&/<!&2!2/75,$O!92!/88&7&-2!7-!.$-K
%*/7&/<!8/7/3!-7#$,! 7;*$%!-N!8/7/3!%56#!/%!/58&-3!/28!05%&6KL&L<&-.,/*#&6!8/7/3!F$,$!/<%-!8&%K
65%%$8O!
!
"#$!N&$<8!#/%!/<%-!*,/67&6$8!-7#$,!$0$,.&2.!7,$28%3!%56#!/%!6-<</L-,/7&H$!8$%&.2!%7,/7$.&$%O!M2!
&27$,$%7&2.!N&28&2.!F/%!7#/7!2-2K$P*$,7!5%$,!H&%5/<&G/7&-2!8$%&.2!fVBXQ&%h!7#&2C&2.!/%!/!6-K
8$%&.2!/**,-/6#!F/%!/**<&$8!7-!8$%&.2!H&%5/<&G/7&-2!N-,!/28!L;!7#$!2-2K$P*$,7!f:2;8$,3!=>(DhO!
97!&%!*-%%&L<$!7#/7!7#$!H&%5/<&G/7&-2!6-26$*7!&2!4:!0/;!$P7$28!L$;-28!7#$!H&%5/<&G/7&-2!-N!/LK
%7,/67!8/7/!7-!*,-H&8$!H&%5/<!%5**-,7!7#,-5.#-57!7#$!$27&,$!*,-R$67!<&N$6;6<$O!M2-7#$,!&27$,$%7&2.!
N&28&2.!/L-57!6-<</L-,/7&H$!8$%&.2!F/%!7#/7!$28K5%$,%!F$,$!8&,$67<;!&2H-<H$8!&2!7#$!/**<&6/7&-2!
8$%&.2!7#,-5.#!-*$2K%-5,6$!%-<57&-2%3!H&%5/<&G&2.!8/7/!&28$*$28$27<;!L/%$8!-2!7#$&,!*,$N$,$26$%O!
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M%!F$<<3!7#$!6-26$*7!-N!a+5L<&6!Q&%5/<&G/7&-2b!%5..$%7$8!/!6&H&6/<<;!0-7&H/7$8!/**,-/6#!7-!6-K
/57#-,&2.!8/7/K8,&H$2!2/,,/7&H$%!f4</$%!$7!/<O3!=>(ehO!M6,-%%!7#$!<&7$,/75,$3!#$7$,-.$2$&7;3!52K
6$,7/&27;3!52%;%7$0/7&63!/28!&26-0*/,/L<$!F$,$!N,$j5$27<;!6&7$8!/%!6-26$,2%!/L-57!8/7/!j5/<&7;O!
!
M0-2.!7#$!0-%7!&0*-,7/27!N&28&2.%!F/%!7#/7!7#$!<&7$,/75,$!N$/75,$8!6,&7&6/<!H-&6$%O![;!<--C&2.!
/7!,$%$/,6#!N,-0!/!6,&7&6/<!*$,%*$67&H$3!&7!0/;!L$!*-%%&L<$!7-!./&2!/!8$$*$,!528$,%7/28&2.O!\NK
N$2#5L$,!f=>=>h!$P7$28$8!7#$!%6-*$!-N!H&%5/<&G/7&-2!L$;-28!%;0L-<&6!8/7/!7-!528$,%7/28!#-F!
0/7$,&/<!7,/6$%!F$,$!*$,6$&H$83!/28!#-F!7#$%$!*$,6$*7&-2%!,$</7$8!7-!&28&H&85/<!C2-F<$8.$!/28!
%C&<<%O![;!6-2%&8$,&2.!7#$!%7,5675,$%!&2!7#$!*#;%&6/<!F-,<8!/%!/!N-,0!-N!8/7/3!/57-.,/*#&6!H&%5K
/<&G/7&-2!F/%!%*$65</7&H$<;!-**-%$8!7-!8/7/!H&%5/<&G/7&-23!F#&6#!F/%!6-2N&2$8!7-!%;0L-<&6!,$*K
,$%$27/7&-2%! f\NN$2#5L$,3!=>=>3!*O!(>`hO!"#$! ,$%$/,6#$,! %5..$%7$8!/! 6-0L&2$8!0-8$<! 6-5<8!
6-0L&2$!L-7#!92N-Q&%!/28!/57-.,/*#&6!H&%5/<&G/7&-2!7-!7,/6C!8/7/!/%!F$<<!/%!7-!8&%*</;!&7!.,/*#K
&6/<<;O!X%&2.!7#&%!0-8$<!,$j5&,$%!7#$!*,$%$26$!-N!H&%&L<$!0/7$,&/<!7,/6$%!F#&6#!6/2!$P*</&2!7#$!
*#$2-0$2-2O!M%!/!,$%5<73!&7!F-5<8!2-7!F-,C!&2!7#$!6-27$P7!-N!/58&-!H&%5/<&G/7&-2!&2!\<&H$,!$7!/<O!
f=>=>h!%&26$!7#$,$!/,$!2-!H&%&L<$!0/7$,&/<!7,/6$%O!M<7#-5.#!/57-.,/*#&6!H&%5/<&G/7&-2!</6C%!/.&<K
&7;3!H$,%/7&<&7;3!/28!%6/</L&<&7;!6-0*/,$8!7-!6-0*57/7&-2/<!/2/<;%&%!f\NN$2#5L$,3!=>=>h3!&2!7#$!
*,$%$26$!-N!7#$!0/7$,&/<!7,/6$%!/H/&</L<$3!/!,/F!7,/6$!0/;!$<&6&7!.,$/7$,!/77$27&-2!/28!7,5%7!&2!
6&7&G$2!%6&$27&%7%T!8/7/!7#/2!/!F$<<K8$%&.2$8!6#/,73!/28!7#$,$L;!0-,$!<&C$<;!7-!$H-C$!L$#/H&-,!
6#/2.$!/28!8$6&%&-2K0/C&2.O!!
!
"#$!H/<&8&7;3!%5LR$67&H&7;3!/28!&27$,*,$7/7&-2!-N!H&%5/<&G/7&-2!#/H$!L$$2!6,&7&6&G$8!&2!/2!$P*<-,K
/7-,;!j5/<&7/7&H$!%758;!L;!V&6#-<%-2K4-<$!f=>>)hO!"#$!N&28&2.%!/%%$,7$8!7#/7!0$,$<;!8$%&.2&2.!
/2!$NN$67&H$!H&%5/<&G/7&-2!F/%!&2%5NN&6&$273!%5..$%7&2.!6-2%&8$,&2.!#-F!H&$F$,%!,$6$&H$!H&%5/<K
&G/7&-2!F/%!$%%$27&/<O!"#$!N-<<-F&2.!C$;!j5$%7&-2%!%#-5<8!L$!,/&%$8!F#$2!57&<&G&2.!H&%5/<&G/K
7&-2%'!
!
!!!!!!!Y759'F";A':B'"E5#&4'H:%9%5M4'97&'5HH%:H%"59&'?&N&?':B'46"&;9"B"6'";B:%E59":;['Y759'67:"6&4'
5%&'E5A&'>M'97&'46"&;9"49'9:'A&N&?:H':%'4&?&69'5;'5HH%:H%"59&'N"4$5?'%&H%&4&;959":;['Q:C'"4'97&'
5$A"&;6&'";B?$&;6&A['Y"??'97&4&'"E5#&4'675;#&'>&75N":%['fV&6#-<%-2K4-<$3!=>>)3!*O!=`ch!
'
"#$!N&28&2.!#/%! &0*-,7/27! &0*<&6/7&-2%! N-,!#-F!*$-*<$!*$,6$&H$!6<&0/7$!6#/2.$!F#$2!6-0K
052&6/7&2.!&7!7-!7#$0O!"#&%!*$,%*$67&H$!/28!7#$%$!j5$%7&-2%!/,$!<&C$<;!7-!L$!*/,7&65</,<;!,$<$H/27!
F#$2!/!4:!*,-R$67!N-65%$%!-2!*5L<&6!$2./.$0$27O!"#$!&2%&.#7%!./&2$8!N,-0!7#&%!F-,C!6/2!L$!
/**<&$8!7-!N5,7#$,!,$%$/,6#!&2!7#$!N&$<8!-N!6<&0/7$!6#/2.$!H&%5/<&G/7&-2!/28!%&0&</,!6-27$P7%!N-K
65%$8!-2!*5L<&6!$2./.$0$27!/28!/67&-2O!

M%!/!,$%5<73!&0*-,7/27<;3!0$,.$8!F&7#!7#$!%500/7&H$!N&28&2.%!-N!7#$!6-26$*7!0/**&2.3!7#$!&<K
<5%7,/7&-2!-N!7#$!r8/7/!H&%5/<&G/7&-2!N$$8L/6C!<--*!&2!4&7&G$2!:6&$26$r!fS&.5,$!(dh!&%!N-,0$8!
L/%$8!-2!7#$!rN,-0!8/7/!7-!F&%8-0r!N<-F!*,$%$27$8!L;!@/GG/!f=>>chO!rU/7/!H&%5/<&G/7&-2!N$$8K
L/6C!<--*!&2!4&7&G$2!:6&$26$r!&<<5%7,/7$%!#-F!8/7/!7-!C2-F<$8.$!N<-F%!&2!<--*%3!%5**-,7&2.!/!
0-,$!6-0*,$#$2%&H$!528$,%7/28&2.!-N!F#/7!8/7/!H&%5/<&G/7&-2!0$/2%!&2!7#$!6-27$P7!-N!4&7&G$2!
:6&$26$O!"#,-5.#!N$$8L/6C!<--*%3!8/7/!H&%5/<&G/7&-2!7$6#2-<-.;!/%%&%7%!8/7/!7-!C2-F<$8.$!N<-F%!
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&2!6&7&G$2!%6&$26$!*,-R$67%O!"#$!/,,-F%!&2!S&.5,$!(d!*,$%$27!F#$,$!7#$!8/7/!H&%5/<&G/7&-2!7/C$%!
*</6$!7#,-5.#-57!7#$!6&7&G$2!%6&$26$!*,-R$67O!M66-,8&2.!7-!7#$!<&7$,/75,$3!8/7/!H&%5/<&G/7&-2!6/2!
7/C$!/!H/,&$7;!-N!N-,0%!&2!7#$!N$$8L/6C!<--*O!M%!/2!$P/0*<$3!7#$!/57-.,/*#&6!H&%5/<&G/7&-2!L/%$8!
-2!7#$!0/7$,&/<!7,/6$%!&%!*$,N-,0$8!N,-0!*#$2-0$2-2!7-!&2N-,0/7&-2!<--*O![$%&8$%3!7#$!F&%8-0!
N$$8L/6C!7-!8/7/!*,-6$%%!5%&2.!/!*5L<&6!8/7/!H&%5/<&G/7&-2!/**,-/6#!*,$%$27%!7#$!F&%8-0!-LK
7/&2$8!/28!6/2!/<%-!/%%&%7!&2!&0*,-H&2.!8/7/!6-<<$67&-2!L;!&8$27&N;&2.!8/7/!./*%O!"#&%!&0*,-H$K
0$27!&2!8/7/!6-<<$67&-2!0$7#-8%3!7#$,$N-,$3!/8H/26$%!7#$!&2H$%7&./7&-2!/!%7$*!N-,F/,8O!M!H/,&$7;!
-N!H&%5/<!N-,0%!/,$!/H/&</L<$!&2!7#$!N$$8L/6C!<--*!7#,-5.#-57!4&7&G$2!:6&$26$!*,-R$67%O!U/7/!
H&%5/<&G/7&-2!6/2!.-!L$;-28!7$6#2&6/<!$NN&6&$26;3!L$;-28!H&%5/<&G&2.!/L%7,/67!8/7/3!L$;-28!%;0K
L-<&6!8/7/3!/28!&2%7$/8!6-0L&2$!7#$!0/7$,&/<!7,/6$%3!7-!0/C$!%$2%$!-N!*,-6$%%$8!/L%7,/67!8/7/!
0-,$!$/%&<;! 7-!L$!528$,%7--8O!M88&7&-2/<<;3!#-F!H&$F$,%!*$,6$&H$3!/28!#-F!7#$&,! &28&H&85/<!
$P*$,&$26$!/28!*,$KC2-F<$8.$!,$</7$!7-!7#$!&27$,*,$7/7&-2!-N!H&%5/<&G/7&-2!/,$!/<%-!H&7/<!N/67-,%!
7-!6-26$,2!F#$2!6-2%&8$,&2.!F#/7!%6-*$!-N!8/7/!2$$8%!7-!L$!H&%5/<&G$83!/28!&2!F#/7!F/;O!

!

!"#$%&'(,)'U/7/!H&%5/<&G/7&-2!N$$8L/6C!<--*!&2!4&7&G$2!:6&$26$O!

5.2! Discussion of RQ2 
!
"#$!%$6-28!j5$%7&-2!&2!7#&%!,$%$/,6#!F/%!7-!&8$27&N;!8/7/!H&%5/<&G/7&-2!/**<&6/7&-2%!&2!4:!N,-0!
/!7$6#2&6/<!/%*$67O!V&2$!fcm(`h!/,7&6<$%!F&7#!8&H$,%$!%5LR$67!8-0/&2%!F$,$!.,-5*$8!7-.$7#$,!85$!
7-!7#$&,!N-65%!-2!7$6#2&6/<!N$/75,$%!&2!/**<&6/7&-2%O!E-F$H$,3!-7#$,!/,7&6<$%!/<%-!/88,$%%!7#$&,!
7$6#2&6/<!6-26$,2%3!/<L$&7!&2!/!<$%%!N-65%$8!F/;O!"#$!-7#$,!%$H$2!/,7&6<$%!F$,$!2-7!&26<58$8!&2!
7#$!0$7/K/2/<;%&%!7-!/2%F$,!Yg=!L/%$8!-2!7#$!6-2%&8$,/7&-2!-N!$NN&6&$26;!/28!,$<&/L&<&7;O!"#$,$!
&%!/!*-%%&L&<&7;!7#/7!/2-7#$,!,$%$/,6#$,!F-5<8!0/C$!/!8&NN$,$27!8$6&%&-2!/28!*,-856$!/!8&NN$,$27!
,$%5<7O!!!
!
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!
W%"E5%M'9&67;"65?'B&59$%&4'
!
B2H&,-20$27/<! 8/7/%$7%! F$,$! %&.2&N&6/27<;! $0*#/%&G$8! F#$2! &7! 6-0$! 7-! 8/7/! 7;*$! N$/75,$%O!
M0-2.!7#$!2&2$!%758&$%!f%$$!"/L<$!eh3!%$H$2!fDmch!8$/<7!F&7#!$2H&,-20$27/<!8/7/%$7%3!-2$!F&7#!
6-%0-<-.&6/<!%&05</7&-2!8/7/3!/28!-2$!F&7#!@&2-,!E$,&7/.$!8/7/%$7%O!M88&7&-2/<<;3!N-5,!/,7&6<$%!
,$*-,7$8!-2!%758&$%!-2!QZ9!H&%5/<&G/7&-2!f8&%65%%$8!&2!Yg(h!/6,-%%!/!H/,&$7;!-N!%6&$27&N&6!8&%K
6&*<&2$%O!S5,7#$,0-,$3!/<<!2&2$!8/7/!H&%5/<&G/7&-2!/**<&6/7&-2%!&2!2&2$!%758&$%!f(>>vh!F$,$!&2K
7$,/67&H$!F$LKL/%$83!/28!7F-!-N!7#$0!/<%-!0$27&-2$8!0-L&<$!/**<&6/7&-2%O!"#&%!,$%5<7!N5,7#$,!
%5**-,7%!7#$!&8$/!-N!E$$C$,!$7!/<O!f=>(eh3!F#-!%5..$%7$8!7#/7!$/%;K7-K5%$!F$L%&7$%3!0-L&<$!/**%3!
/28!7#-%$!8$%&.2$8!F&7#!8&NN$,$27!5%$,!.,-5*%!&2!0&28!F&<<!L$!0-,$!<&C$<;!7-!/77,/67!F&8$,!*/,K
7&6&*/7&-2!&2!6-0052&6/7&-2!&2!4:!f*O!`hO!E-F$H$,3!-2<;!ML,/0-H!$7!/<O!f=>==h!*,-H&8$8!&2K
%&.#7%!&27-!F#;!/!F$LKL/%$8!%-<57&-2!F/%!6-2%&8$,$8!7-!L$!7#$!L$%7!&2!7#$!<&7$,/75,$O!7#$,$!F/%!
2-!8&%65%%&-2!-N!*-7$27&/<!,&%C%!-,!6#/<<$2.$%!/%%-6&/7$8!F&7#!5%&2.!F$LKL/%$8!/28m!-,!0-L&<$!
%-<57&-2%O!
!
M88&7&-2/<<;3!/2-7#$,!&0*-,7/27!N&28&2.!F/%!-LH&-5%!7-!%$$!/!7,$28!$0$,.&2.!&2!7#$!8$H$<-*0$27!
-N!8/7/!H&%5/<&G/7&-2%!&2!4:!5%&2.!-*$2K%-5,6$!%-<57&-2%O!"#$!*,$%$27!%758;!,/&%$%!7#$!*-%%&L&<&7;!
7#/7!5%&2.!-*$2K%-5,6$!%-<57&-2%!6/2!*,-0-7$!6-<</L-,/7&H$!8$%&.23!F#&6#!&%!6,56&/<!N-,!6&7&G$2!
%6&$26$O!\2!7#$!-7#$,!#/283!7#$!6-<</L-,/7&H$!*-7$27&/<!&2!8$H$<-*&2.!/**<&6/7&-2%!0&.#7!,$j5&,$!
$P7,/!,$%-5,6$%3!%56#!/%!#&.#!7$6#2&6/<!,$j5&,$0$27%!N-,!#50/2!,$%-5,6$%O!E-F$H$,3!&7!&%!F-,7#!
2-7&6&2.!7#/7!%$H$,/<!/,7&6<$%!N/&<$8!7-!8&NN$,$27&/7$!L$7F$$2!:H&;P4:$%6&!/**<&6/7&-2%!/28!:H&;'
A595!/66$%%3!0/C&2.!&7!8&NN&65<7!7-!8$7$,0&2$!F#$7#$,!/2!/**<&6/7&-2!&%!-*$2K%-5,6$O!"#$!/57#-,!
#/%!0/8$!/!R58.0$27!6/<<O!
!
GHH?"659":;'#:5?4'
!
M<<!%758&$%!fcmch!,$*-,7$8!H&%5/<&G&2.!8/7/!N-,!/2/<;%&%!*5,*-%$%3!F#&<$!N-5,!-N!7#$0!fdmch!/8K
8,$%%$8!L-7#!/2/<;%&%!/28!6-0052&6/7&-2!/%!*5,*-%$!f%$$!"/L<$!ehO!BP/0&2&2.!7#$!/**<&6/7&-2T%!
.-/<%!&2!8$7/&<3!&7!F/%!&27$,$%7&2.!7-!2-7$!7#$!H&%5/<&G/7&-2!.-/<%!F$,$!&27$.,/7$8!&2!7#$!<&2$!F&7#!
7#$!.-/<%!-N!7#$!4&7&G$2!:6&$26$!*,-R$67O!@/2;!-N!7#$!/**<&6/7&-2!.-/<%!F$,$!,$%$/,6#K-,&$27$83!
&26<58&2.!0/C&2.!6&7&G$2K6-27,&L57$8!8/7/!$P*<-,/L<$!%56#!/%!*/77$,2%!/28!&2H$%7&./7&2.!/!,/2.$!
-N!%6&$27&N&6!j5$%7&-2%O!@$/2F#&<$3!%$H$,/<!-N!7#$!.-/<%!F$,$!&26-,*-,/7$8!N,-0!/!%-6&/<!*$,K
%*$67&H$3!&26<58&2.!$26-5,/.&2.!4&7&G$2!:6&$26$!*/,7&6&*/7&-23!C$$*&2.!7#$!*5L<&6!&2N-,0$8!/28!
5*8/7$83! 6-0052&6/7&2.3! /28!8&%%$0&2/7&2.! $H&8$26$KL/%$8! ,$%5<7%u! <$/,2&2.! /28!*,-0-7&2.!
6&7&G$2!%6&$27&%7%i!%5%7/&2/L<$!L$#/H&-,%u!$0*-F$,&2.!%6&$27&N&6!$H&8$26$KL/%$8!/67&-2!/28!8$K
6&%&-2K0/C&2.O!
!
M%!%#-F2!&2!S&.5,$!()3!/!*,&-,!%758;!L;!A<-$7G$,!$7!/<O!f=>=(h!#/%!&<<5%7,/7$8!7#$!%6&$27&%7%i!/28!
6&7&G$2!%6&$27&%7%i!<$/,2&2.!&2!6&7&G$2!%6&$26$!*,-R$67%3!#-F!7#$;!<$/,23!/28!F#/7!7#$;!<$/,2!f*O!
=cchO! 97! &%! &27$,$%7&2.! 7-! %$$! 7#/7! 7#$!/**<&6/7&-2!.-/<%! &8$27&N&$8! &2! 7#$! <&7$,/75,$!/,$!6<-%$<;!
6-22$67$8!7-!7#$%$!*#$2-0$2/!8$%6,&L&2.!%6&$27&%7%i!/28!6&7&G$2!%6&$27&%7%i!<$/,2&2.O!"#/7!&%!7-!
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%/;3!7#$!.-/<%!-N!H&%5/<&G&2.!8/7/!N-,!/2/<;%&%!/28!6-0052&6/7&-2!&2!4:!/,$!6<-%$<;!,$</7$8!7-!
F#/7!7#$!%6&$27&%7%!/28!6&7&G$2!%6&$27&%7%!<$/,2!/%!F$<<!/%!#-F!7#$;!<$/,2O!+$,#/*%!7#&%!&%!L$6/5%$!
H&%5/<&G&2.!8/7/!N-,!/2/<;%&%!/28!6-0052&6/7&-2!&%!/!<$/,2&2.K-,&$27$8!/67&H&7;!&2!7#$!6&7&G$2!
%6&$26$!6-27$P7O! 97!6/2! 7#$,$N-,$!L$!/%%50$8!7#/7!$0*<-;&2.!8/7/!H&%5/<&G/7&-2! &%!*/,7!-N! 7#$!
<$/,2&2.!*,-6$%%!&2!4:O!
!

!
!"#$%&'(-)!BP7$28$8!7#$0/7&6!0/*!-N!H-<527$$,%i!<$/,2&2.3!:-5,6$!fA<-$7G$,!$7!/<O3!=>=(3!*O!=cch!
!
^45>"?"9M'&N5?$59":;'
!
92!7#$!H&%5/<&G/7&-2!<&7$,/75,$3!$H/<5/7&2.!H&%5/<&G/7&-2%!&%!L$6-0&2.!&26,$/%&2.<;!&0*-,7/273!/6K
6-,8&2.!7-!"-,;!/28!@-<<$,!f=>>)hO!97!&%!6,56&/<!7-!6-28567!5%$,!%758&$%!-N!*$,6$*75/<!*#$2-0$2/!
/28!6-0*/,$!7--<%!7-!8$7$,0&2$!F#$7#$,!H&%5/<&G/7&-2%!/,$!5%$N5<!N-,!*$-*<$!F-,C&2.!&2!,$/<!<&N$!
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f*O!ehO!:&P!f`mch!/,7&6<$%!$H/<5/7$8!5%/L&<&7;!&2!7#$!<&7$,/75,$O!"/C&2.!/!6<-%$,!<--C!/7!7#$!<&7$,/75,$3!
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5.3! Discussion of RQ3 
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-2!F#$2!6-0052&6/7&2.!%6&$27&N&6!N&28&2.%!7-!7#$!*5L<&63!&2%7$/8!-N!N-65%&2.!-2!7#$!8/7/!/2/<K
;%&%O!V$H$,7#$<$%%3! 7#$!*$,6$&H$,T%! *$,%*$67&H$!-NN$,$8! /! 6#/26$! 7-! 6-2%&8$,! %-<H&2.! $P&%7&2.!
6#/<<$2.$%!L;!&26-,*-,/7&2.!$%7/L<&%#$8!7#$-,&$%!&O$O3!6-<-,!7#$-,;!N,-0!-7#$,!,$%$/,6#!N&$<8%O!

\**-,752&7&$%!/28!4#/<<$2.$%!&2!7#$!:-6&/<!U-0/&2!
!
_;:C";#'97&'95%#&9'5$A"&;6&'"4'6%$6"5?'
'
"#$!<&7$,/75,$!#/%!8$0-2%7,/7$8!7#/7!&8$27&N;&2.!7#$!7/,.$7!/58&$26$!/28!7#$&,!2$$8%!&%!$%*$6&/<<;!
6,56&/<O! [/%$8! -2! 7#$! ,$%5<7%3! &7! &%! &0*-,7/27! 7-! 6-2%&8$,! #-F! /! 5%$,T%! L/6C.,-5283! *,&-,!
C2-F<$8.$3!0-7&H/7&-23!/28!*$,%-2/<!L$<&$N%!6/2!/NN$67!7#$!/665,/6;3!,$<&/L&<&7;3!/28!528$,%7/28K
&2.!-N!H&%5/<&G/7&-2O!J#&<$!-2<;!/!N$F!%758&$%!#/H$!/77$0*7$8!7-!&8$27&N;!/!7/,.$7!/58&$26$!N-,!
$H/<5/7&-2O!"#&%!,$%5<7!0/;!L$!85$!7-!/!</6C!-N!,$*-,7%3!/!</6C!-N!/77$27&-23!-,!/!</6C!-N!0$7#-8%!
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/28!,$%-5,6$%!/H/&</L<$!&2!/6/8$0&/O!"#$!</6C!-N!6</,&7;!&2!8$N&2&2.!F#-0!7#$!7/,.$7!/58&$26$%!
/,$!f&2!:$67&-2!dO=O?h!0/;!/<%-!L$!/!N/67-,O!92!%*&7$!-N!7#$%$!<&0&7/7&-2%3!7#$!%758;!#/%!2-2$7#$<$%%!
;&$<8$8!%-0$!&2%&.#7%O!M2!$0*&,&6/<!%758;!%5..$%7$8!7#/7!&7!0&.#7!2-7!L$!2$6$%%/,;!7-!6-2%&8$,!
,$*-,7&2.!L$#/H&-,!-N!7#$!*/,7&6&*/27%!/%!/!,$<$H/27!6,&7$,&-2!F#$2!$H/<5/7&2.!7#$!-L%$,H/7&-2/<!
4:!H&%5/<&G/7&-2O!"#$!j5$%7&-2!-N!F#/7!6,&7$,&/!7-!5%$!7-!&8$27&N;!7#$!7/,.$7!/58&$26$!N-,!8/7/!
H&%5/<&G/7&-2!,$0/&2%!52/2%F$,$8O!"#&%!&%!/2!&0*-,7/27!&%%5$!N-,!N575,$!,$%$/,6#O!
!
U595'N"4$5?"O59":;'54'5;'5"A'B:%'6:EE$;"659":;'5;A'?&5%;";#''
'
[/%$8! -2! Y-6#$! $7! /<O! f=>=>h3! %758&$%! %56#! /%! :7-,C%8&$6C! $7! /<O! f=>(`h3! Y-6#$! /28! U/H&%!
f=>(D/h3!#&.#<&.#7!7#/7!/%!6&7&G$2!%6&$26$!8$H$<-*%!/%!/2!$0$,.&2.!*,-N$%%&-2/<!N&$<83!$856/7&-2!
/28!<$/,2&2.!/,$!6,&7&6/<!&%%5$%O!J#$2!&7!6-0$%!7-!6-0052&6/7&-2!&2!4:3!&2!<&2$!F&7#!7#$!8&%65%K
%&-2!L;!Y-6#$!$7!/<O!f=>=>h!&2!7#$![/6C.,-528!%$67&-23!-2$KF/;!6-0052&6/7&-2!&2!6&7&G$2!%6&K
$26$!&2H-<H$%!6-0052&6/7&-2!-N!%6&$27&N&6!N&28&2.%3!N528&2.K%*$6&N&6!*5L<&6!,$</7&-2%!-L<&./K
7&-2%3!-,!/77,/67&2.!*/,7&6&*/27%O!U$%*&7$!7#$!#&.#!,$j5&,$0$27!N-,!%5NN&6&$27!,$%-5,6$%3!7F-KF/;!
6-0052&6/7&-2!/<<-F%!6&7&G$2%!/28!%6&$27&%7%!7-!$P6#/2.$!&2N-,0/7&-23!L5&<8!7,5%7!/28!,$</7&-2K
%#&*%3!/28!N-%7$,!6-<</L-,/7&-2%!/28!<$/,2&2.!f@$,6$,!l!1&77<$7-23!=>>D3!/%!6&7$8!&2!Y-6#$!$7!/<O3!
=>=>hO!M66-,8&2.!7-!7#$!65,,$27!%758;3!&7!F/%!L$<&$H$8!7#/7!8/7/!H&%5/<&G/7&-2!6-5<8!L$!5%$8!/%!
/2!$856/7&-2/<!7--<!&2!L-7#!N-,0/<!/28!&2N-,0/<!$856/7&-2O!U/7/!H&%5/<&G/7&-2!*,/67&6$%!F$,$!
N-528!7-!%5**-,7!528$,%7/28&2.!8/7/!/28!6-0052&6/7&2.!%6&$27&N&6!N&28&2.%!/28!C2-F<$8.$!L;!
6&7&G$2!%6&$27&%7%3!%6&$27&%7%3!/28!$856/7-,%O!!
!
M66-,8&2.!7-!A<-$7G$,!$7!/<O!f=>=(h3!&7!F/%!&0*-,7/27!7-!6-2%&8$,!8&H$,%$!/58&$26$%!F#$2!*</2K
2&2.!/28!8$H$<-*&2.!7,/&2&2.!7-!&26,$/%$!*/,7&6&*/27%T!%6&$27&N&6!6-0*$7$26$!/28!%5**-,73!/%!F$<<!
/%!$2%5,$!7#$!8$%&,$8!-576-0$%!-N!6&7&G$2!%6&$26$!*,-R$67%!f*O!?>=hO!M66-,8&2.!7-!A$&0!$7!/<O!
f=>>eh3!0$/2&2.N5<<;3!8&NN$,$27!6#/<<$2.$%!/28!-**-,752&7&$%! N/6$8!L;!%6&$27&%7%!/28!6&7&G$2%!
F$,$! N-528!F#$2! &7!6/0$! 7-! 7,/&2&2.!-,!%5**-,7&2.!%6&$27&%7%!/28!6&7&G$2%! 7-!528$,%7/28!/28!
/2/<;G$mH&%5/<&G$!8/7/3!/%!F$<<!/%!7,/&2&2.!-,!%5**-,7&2.!7#$0!7-!528$,%7/28!7#$!/2/<;%$%mH&%5K
/<&G/7&-2%!/%!0$27&-2$8!L;![</&%$!$7!/<O!&2!=>(e!f*O!(chO!"#$!*</&2!</2.5/.$!7$P7!%5**-,7!/28!
H/,&-5%! N-,0%!-N!H&%5/<! %5**-,7! %56#!/%!*#-7-.,/*#%! &27$.,/7$8!F&7#!05<7&K0$8&/!F$,$! %5.K
.$%7$8!7-!$2%5,$!8/7/!H/<&8&7;O!92!/88&7&-23!&7!F/%!/2!$NN$67&H$!0$7#-8!-N!6-0052&6/7&2.!F&7#!/!
L,-/8$,!/58&$26$O!"#$!,$%5<7%!%5..$%7$8!7#/7!7#$!8/7/!H&%5/<&G/7&-2!/**<&6/7&-2!&7%$<N!6-5<8!L$!
5%$8!&2!7#$!7,/&2&2.!%$67&-2!L;!6-0*/,&2.!6-<<$67$8!8/7/!F&7#!,$N$,$26$!8/7/!7-!$2%5,$!8/7/!H/K
<&8&7;!/28!,$<&/L&<&7;O!!
!
M88&7&-2/<<;3!%$H$,/<!%758&$%!/<%-!%5..$%7$8!H&8$-! 757-,&/<%!6-5<8!L$!5%$8! 7-!$2#/26$!528$,K
%7/28&2.!7-!/&8!$NN&6&$27!7,/&2&2.O!E-F$H$,3!7#$,$!F/%!/!2$$8!7-!2-7&6$!7#/7!N&28&2.%!%#-F$8!7#/7!
H&8$-!757-,&/<%!F-5<8!#/H$!2$./7&H$!$NN$67%3!%56#!/%!L$&2.!<$%%!0$27/<<;!8$0/28&2.!/28!$P$,7&2.!
<$%%!$NN-,7O!B%*$6&/<<;3!&7!&%!6,56&/<!7-!,$/<&G$!/!H&8$-!757-,&/<!6/2T7!,$%-<H$!7#$!7,/2%*/,$26;!&%%5$!
6/5%$8!L;!7#$!0&%%&2.!*,$%$26$!8/7/O!"#$!N&28&2.!%5..$%7$8!7#/7!H&%5/<&G&2.!7#$!0&%%&2.!*,$%K
$26$!8/7/!,$j5&,$%!2-7!R5%7!/!H&%5/<!$P*</2/7&-2!-N!#-F!7#$!8/7/!&%!H&%5/<&G$8!/28!&27$,*,$7$83!
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L57!/<%-!$P*</&2&2.!7#$!0$/2&2.!/28!%6-*$!-N!7#$!8/7/%$7%3!/28!7#$!<&0&7/7&-2%!-N!7#$!8/7/!H/<&8K
&7;O!!
!
M!N5,7#$,!&0*-,7/27!N&28&2.!F/%!7#/7!*,-H&8&2.!&28&H&85/<&G$8!%-<57&-2%!N-,!/!8&H$,%$!/58&$26$!
%5**-,7$8!7#$!528$,%7/28&2.!-N!7#$!H&%5/<&G/7&-2O!92!<&2$!F&7#!U/2&$<!f(cc=h3!:/28#/5%!$7!/<O!
f=>(ch!%7/7$8!7#/7!a%/N$.5/,8%!/./&2%7!0&%,$*,$%$27/7&-2!/,$!$%%$27&/<!7-!7#$!H/<&8&7;!-N!7#$!8/7/!
H&%5/<&G/7&-2!N&$<8b!f*O!`ehO!"#$!*,$%$27!%758;!,/&%$%!7#$!*-%%&L&<&7;!7#/7!&28&H&85/<&G$8!H&%5/<&K
G/7&-2!,$j5&,$%!6/,$N5<!6-2%&8$,/7&-23!&26<58&2.!*,$%$27&2.!/28!6-0052&6/7&2.!,$<$H/27!&2N-,K
0/7&-2!&2!/!F/;!7#/7!0$$7%!7#$!2$$8%!-N!/!8&H$,%$!/58&$26$!F#&<$!0/&27/&2&2.!7#$!H/<&8&7;!-N!7#$!
8/7/O!J#&<$!*,$<&0&2/,;3!7#$%$!,$%5<7%!#/H$!&0*-,7/27!&0*<&6/7&-2%!N-,!7#$!8$%&.2!/28!7#$!5%$!-N!
7,/&2&2.!/28!<$/,2&2.!0/7$,&/<%!N-,!8/7/!H&%5/<&G/7&-2O!M<-2.!F&7#!F#-!7#$!7/,.$7!/58&$26$!&%3!&7!
&28&6/7$%!#-F!7#$%$!,$<$H/27!N/67-,%!%#-5<8!L$!6-2%&8$,$8!&2!/!%5LR$67K%*$6&N&6!4:!6-27$P7O!!
!
=7&'"EH569':B'6:??5>:%59"N&'A&4"#;':;'97&'4:6"5?'A:E5";'
'
:$H$,/<!*,$H&-5%!%758&$%!#/H$!2-7$8!7#$!&0*-,7/26$!-N!6-<</L-,/7&-2!&2!6&7&G$2!%6&$26$O!M%!8&%K
65%%$8!&2!7#$![/6C.,-528!%$67&-2!,$./,8&2.!7-!M,2%7$&23!6&7&G$2!%6&$26$!*</;%!/2!&0*-,7/27!,-<$!
&2!/67&H&%0!/28!/8H-6/6;!F#$2!&7!6-0$%!7-!$856/7&-2!/28!<$/,2&2.!fY-6#$!$7!/<O3!=>=>3!*O!dhO!
Y$./,8&2.!E/C</;T%!f=>(?h!7;*-<-.;!f%$$!S&.5,$!?h3!#$!%5..$%7%!7#/7!<$/,2&2.!F&<<!L$!$2#/26$8!
/%!6&7&G$2%!.$7!0-,$!&2H-<H$8!/28!$2./.$8!&2!6&7&G$2!%6&$26$O!"#$!6-<</L-,/7&2.!<$H$<!&%!7#$!7-*!
<$H$<3!C2-F&2.!/28!/6j5&,&2.!C2-F<$8.$!/%!/67&H$!/28!6-<<$67&H$!/67&H&7&$%!f*O!)hO!
!
"#$! <&7$,/75,$! &8$27&N&$8! 7#,$$!6-<</L-,/7&H$!/**,-/6#$%! 7-!4&7&G$2!:6&$26$!8/7/!H&%5/<&G/7&-2!
*,/67&6$%O!\2$!6-K8$%&.2!/**,-/6#!F/%!8&%65%%$8!/%!/!N,/0$F-,C!*,$H&-5%<;O!\*$2K$28$8!8$K
%&.2! %758;! %5..$%7%! 7#/7! -*$2K%-5,6$! %-<57&-2%! 6/2! L$! &27$.,/7$8! F&7#! -*$2K$28! 8$%&.2! /*K
*,-/6#$%O!M%!8$%6,&L$8!&2!7#$!8&%65%%&-2!-2!-*$2!%-5,6$!&2!%$67&-2!)O=3!#-F$H$,3!&7!&%!6,56&/<!7-!
6-2%&8$,!F#/7! ,$%-5,6$%! /,$!2$$8$8! &2!*/,7&65</,! /28!F#/7!*,$K%C&<<%! /,$!2$$8$8! &2!-,8$,! 7-!
&0*<$0$27!7#&%!/**,-/6#!%566$%%N5<<;O!M2-7#$,!6-<</L-,/7&H$!/**,-/6#3!6-K/57#-,&2.!*5L<&6!H&%K
5/<&G/7&-2!F&7#!*-<<&2.!%;%7$0%3!F/%!&8$27&N&$8!&2!7#$!<&7$,/75,$!/28!7#$!N&28&2.%!*,-H$8!7#$!-57K
6-0$%!-N!*,-0-7&2.!*/,7&6&*/7-,;!$2./.$0$27!/28!/67&-2/L<$!L$#/H&-,O!X2<&C$!7#$!-*$2K$28$8!
8$%&.2!&2!8$H$<-*&2.!/2!-*$2K%-5,6$!/**<&6/7&-2!F#&6#!N-65%$8!-2!7#$!/**<&6/7&-2!&7%$<N3!7#&%!
6-K/57#-,&2.!/**,-/6#!N-65%$8!-2!$26-5,/.&2.!*/,7&6&*/27%!&2H-<H$8!&2!7#$!4:!*,-R$67!L;!,$K
N<$67&2.!/28!/67&2.!-2!7#$!,$/8&<;!6-<<$67$8!8/7/O!"#$!,$%5<7%!%5..$%7!7/C&2.!%-6&/<!8&0$2%&-2%!
&27-!/66-527!&2!7#$!6-27$P7!-N!4:!8/7/!H&%5/<&G/7&-2O!U$%*&7$!7#$&,!8&NN$,$26$%3!L-7#!6-<</L-,/7&H$!
/**,-/6#$%!*,-0-7$!/67&-2O!"#$,$N-,$3!6&7&G$2!%6&$26$!*,-R$67%!7#/7!*,-0-7$!/67&-2!0&.#7!L$2K
$N&7!N,-0!/!6-<</L-,/7&H$!/**,-/6#O!
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5.4! Data visualization in Higher Education: Recommenda-
tions 

[/%$8!-2![-5F0/KZ$/,#/,7!/28!q$22&N$,!4-<<&2%!f=>()h3!8/7/!6/*/6&7;!/28!&2N-,0/7&-2!<&7$,/6;!
/,$!L$6-0&2.!&26,$/%&2.<;!&0*-,7/27!N-,!E&.#$,!B856/7&-23!%*$6&N&6/<<;!/,-528!8/7/!H&%5/<&G/K
7&-2! 7$6#2&j5$%! fn$272$,!$7!/<O3!=>(chO!M66-,8&2.! 7-! 7#$! ,$%5<7%!-N! 7#&%! 7#$%&%! %758;3! 7#$!L$%7!
*,/67&6$%!-N!8/7/!H&%5/<&G/7&-2!7$6#2-<-.&$%!&2!4&7&G$2!:6&$26$!F$,$!&8$27&N&$8O!4/2!H&%5/<&G/K
7&-2!7$6#2&j5$%!L$!5%$8!&2!E&.#$,!B856/7&-2!L/%$8!-2!<$%%-2%! <$/,2$8!N,-0!6&7&G$2!%6&$26$I!
"#&%!%$67&-2!*,-H&8$%!,$6-00$28/7&-2%!N-,!5%&2.!8/7/!H&%5/<&G/7&-2!7$6#2-<-.;!&2!E&.#$,!B8K
56/7&-2!L/%$8!-2!7#$!L$%7!*,/67&6$%!&8$27&N&$8!&2!7#$!0$7/K%;27#$%&%O!

N"G"#$ O)-('2C42(<$P-1'$E/&0'20-1$$

XA&;9"BM";#'?&5%;";#'#:5?4'5;A'569"N"9"&4'

•! "#$!&2N-,0/<!$856/7&-2!N&$<8!5%$8!8/7/!H&%5/<&G/7&-2%!7-!7$/6#!%758$27%!/L-57!a7#$!0$K
6#/2&6%!-N!8/7/!,$*,$%$27/7&-23!*-&27&2.!-57!%*$6&N&6!H&%5/<!N$/75,$%!7-!N</.!*-7$27&/<!$,K
,-,%!-,!<&0&7/7&-2%b!f:2;8$,3!=>(D3!*O!=(>DhO!

•! "-!N/6&<&7/7$!<-2.K7$,0!$2./.$0$273!\<&H$,!$7!/<O3!f=>=>h!,$6-00$28$8!(h!Z,-F7#!-N!
C2-F<$8.$!F&7#!*5,*-%$3!=h!U&H$,%&7;!&2!"/%C!U&NN&65<7;3!?h!45%7-0&G/L<$!4-0*<$P&7;3!
/28!dh!/!4-<</L-,/7&H$!+5GG<$!:-<H&2.!/**,-/6#!f*O!(`cdNhO!!

•! "#$,$!#/H$!L$$2!%$H$,/<!%566$%%N5<!6-<</L-,/7&H$!/**,-/6#$%!/**<&$8!7-!8&NN$,$27!%7/.$%!
-N!%6&$27&N&6!,$%$/,6#!&2!H/,&-5%!6-27$P7%O!M66-,8&2.!7-!:/28#/5%!$7!/<O!f=>(ch3!/!6-<</LK
-,/7&H$!/**,-/6#!*,-0-7$8!%$<NK$NN&6/6;!/28!6/*/6&7;3!L;!0/C&2.!*$,%-2/<&G$8!8$6&%&-2%!
/28!8$H$<-*&2.!*$,%-2/<&G$8!*,$H$27&-2!/28!&27$,H$27&-2!%7,/7$.&$%!&2!7#$!Z/,8$2,--7%!
0-8$<!f*O!)`hO!!

•! J&7#!/2!-*$2K%-5,6$!8/7/!H&%5/<&G/7&-2!7--<!&2H$%7&./7$8!L;!Z,/;!$7!/<O!f=>=(h3!$28!5%$,%!
F$,$!/L<$!7-!&28$*$28$27<;!/2/<;G$3!H&%5/<&G$3!/28!6-0*/,$!7#$&,!8/7/!7-!,$N$,$26$!8/K
7/%$7%3!F#&6#!,$&2N-,6$8!7#$&,!528$,%7/28&2.!-N!7#$!j5/<&7;!-N!7#$&,!-F2!8/7/!/28!#-F!7-!
&0*,-H$! &7O!J#$2!6&7&G$2!%6&$27&%7%!/,$! &2H-<H$8!8&,$67<;! &2!-*$2K$28$8!6-<</L-,/7&H$!
/67&H&7&$%3!7#$;!6/2!/%C!7#$&,!-F2!j5$%7&-2%3!/%!F$<<!/%!<$/,2!/L-57!*-7$27&/<!j5$%7&-2%!
7#/7! 7#$;!F$,$!2-7!/F/,$!-NO! 92!/88&7&-2! 7-!*,-0-7&2.! &28&H&85/<!8$H$<-*0$273! 7#$%$!
-*$2K$28$8!6-<</L-,/7&H$!/67&H&7&$%!N/6&<&7/7$!7F-KF/;!6-0052&6/7&-2!L$7F$$2!8&H$,%$!
/58&$26$%O!!

•! 4</$%!$7!/<O!f=>(eh!8&%6-H$,$8!/!6-K8$%&.2!/**,-/6#!&2!*5L<&6!H&%5/<&G/7&-2!F&7#!*-<<&2.!
&27$,/67&-2!*,-0-7&2.!$2./.$0$273!/67&-2/L<$!L$#/H&-,3!/28!8&%7,&L57&-2!*-7$27&/<O! 92!
6-27,/%7!7-!8/7/!7,$28%!/28!*/77$,2%!&2!H&%5/<&G/7&-2%!7#$0%$<H$%3!7#$!,$%$/,6#$,!*-&27$8!
-57! 7#/7!%-6&/<! ,$</7&-2%#&*%!$26-5,/.$!0-,$! ,$N<$67&-2!f*O!ehO!"#$&,! ,$6-00$28/7&-2!
F/%!7-!6-2%&8$,!%-6&/<!8&0$2%&-2%!F#$2!8&%7,&L57&2.!/!*5L<&6!H&%5/<&G/7&-2O!!
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!"#$ ;#'97&'%"#79'67:"6&':B'A595'N"4$5?"O59":;'9&67;:?:#M'

•! M!H/,&$7;!-N!N,$$!/28!6-00$,6&/<!7--<%!%5&7!F$<<!7#$!H&%5/<&G/7&-2!,$j5&,$0$27%!/28!/,$!
$/%;!7-!5%$!%&26$!2-!*,-.,/00&2.!%C&<<%!/,$!,$j5&,$8O!"5**$2!$7!/<O!f=>(`h!&27,-856$8!
7#,$$!N,$$!7--<%!&2!7#$&,!*,/67&6$%3!Z--.<$!S5%&-2!"/L<$%3!\*$2E$/7@/*3!/28!+/<</8&-O!

•! "#$!L$2$N&7%!-N!&27$,/67&H$!F$L!8$%&.2!&26<58$!(h!,$856&2.!8&%C!%*/6$!/28!0$0-,;!8$K
0/28%3!=h!&0*,-H&2.!/66$%%&L&<&7;!/6,-%%!-*$,/7&2.!%;%7$0%3!/28!?h!$<&0&2/7&2.!7#$!2$$8!
7-!6-0*&<$!-,!&2%7/<<!%-N7F/,$!<-6/<<;!85$!7-!&7%!0/%%&H$!8&%C!%*/6$!/28!0$0-,;!,$j5&,$K
0$27%!fML,/0-H!$7!/<O3!=>==hO!!

•! X%&2.!H&%5/<&G/7&-2%!N-,!8/7/!6-0052&6/7&-2!-,!%#/,&2.!,/&%$%!*,&H/6;!6-26$,2%!N-,!$28!
5%$,%!fZ,/;!$7!/<O3!=>=(hO!"#&%!*,-L<$0!6/2!L$!/88,$%%$8!L;!8$K&8$27&N;&2.!7#$!8/7/!/28!
*,$H$27&2.!&7%!,$K&8$27&N&6/7&-23!/%!%5..$%7$8!L;!E%5!$7!/<O!f=>(e3!*O!?h!

=%5";";#'5;A'?&5%;";#'E59&%"5?4'9:'4$HH:%9'5;5?M4"4'5;A'6:EE$;"659":;'

•! 92!<&2$!F&7#!%$H$,/<!%758&$%!&2!7#$!<&7$,/75,$3!A<-$7G$,!$7!/<O!f=>=(h!%7,$%%$8!7#$!2$$8!7-!
6-2%&8$,! /!8&H$,%$!/58&$26$!F#$2!*</22&2.!/28!8$%&.2&2.!6&7&G$2! %6&$26$! 7,/&2&2.! &2!
-,8$,!7-!&26,$/%$!*/,7&6&*/27%T!%6&$27&N&6!6-0*$7$26$3!%5**-,73!/28!/6#&$H$!7#$!&27$28$8!
-576-0$%!f*O!?>=hO!!

•! "#$,$!/,$!%$H$,/<!%758&$%!f$O.O3!A<-$7G$,!$7!/<O3!=>=(u!"5**$2!$7!/<O3!=>(`u!/28!:/28#/5%!
$7!/<O3!=>(ch!7#/7!%5..$%7!*,-H&8&2.!&28&H&85/<&G$8!%-<57&-2%!N-,!7,/&2&2.!/28!%5**-,7&2.!
0/7$,&/<%!N-,!8&H$,%$!/58&$26$%O!M66-,8&2.!7-!:/28#/5%!$7!/<O!f=>(ch3!4:!*,-R$67!,$%5<7%!
%#-5<8!L$!8&%*</;$8!&2!*$,%-2/<&G$8!H&%5/<&G/7&-2%3!/28!N&.5,$%!%#-5<8!L$!%&0*<&N&$8!7-!
*,$%$27!-2<;!&2N-,0/7&-2!7#/7!&%!,$<$H/27!7-!*/,7&6&*/27%!/28!F&7#&2!7#$&,!$P*$67/7&-2%O!

•! M!L,-/8$,!/**,-/6#!7-!H&%5/<&G/7&-2!F/%!%5..$%7$8!7-!8$H$<-*!7,/&2&2.!/28!<$/,2&2.!0/K
7$,&/<%!7-!%5**-,7!8/7/!H&%5/<&G/7&-2!&2!6&7&G$2!%6&$26$!%$77&2.%O!92!-,8$,!7-!$2%5,$!7#/7!7#$!
H&%5/<!8$%&.2!/28!6-27$27!F$,$!6-,,$67!/28!6-2%&%7$273!:2;8$,! f=>(Dh! ,$*-,7$8! 7#/7!/!
#/28%K-2!H&%5/<!F/%!8$H$<-*$8!7#,-5.#!6-<</L-,/7&H$!H$,2/65</,!8$%&.2!*,/67&6$O!:758;!
,$%5<7%!6-2N&,0$8!7#$!&0*-,7/26$!-N!*,-H&8&2.!8&NN$,$27!N-,0%!-N!8/7/!H&%5/<&G/7&-2!%&26$!
7#$%$!N-,0%!6-5<8!*,-H&8$!8&NN$,$27!*-%%&L&<&7&$%!N-,!*,$%$27&2.!7#$!&2N-,0/7&-2O!!

•! 90*,-H&2.!6-0052&6/7&-2!6</,&7;!L;!%F&76#&2.!%*$6&N&6!%6&$26$!</2.5/.$!7-!*</&2!</2K
.5/.$!F/%!#&.#<&.#7$8!L;!:2;8$,!f=>(Dh3!Z,/;!$7!/<O!f=>=(h3!/28!:/28#/5%!$7!/<O!f=>(chO!
M66-,8&2.!7-!Z,/;!$7!/<O! f=>=(h3!.,/%%,--7%!6-0052&7;!0$0L$,%!%#-5<8!L$!*,-H&8$8!
F&7#!&2N-,0/<!$P*</2/7&-2%!7#/7!8&NN$,!N,-0!7#-%$!*,-H&8$8!L;!/28!N-,!7#$!F&8$,!%6&$2K
7&N&6!6-0052&7;O!!

•! Q&8$-!757-,&/<%!F$,$!%#-F2!7-!#/H$!/!*-%&7&H$!$NN$67!-2!$2#/26&2.!7#$!528$,%7/28&2.!
/28!$/%$!-N!7#$!5%$!-N!8/7/!H&%5/<&G/7&-2!L;!E-;$,!$7!/<O!f=>=>hO!97!F/%!F-,7#F#&<$!7-!
6-2%&8$,!7#$,$!F/%!/<%-!$0*&,&6/<!$H&8$26$!%#-F&2.!7#$!6#/<<$2.$%!,$</7$8!7-!*,-H&8&2.!
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H&8$-!757-,&/<%3!%56#!/%!7#$!%5**-,7!-N!H&8$-!757-,&/<%!6-5<8!$P$,7!<$%%!$NN-,7!/28!L$!<$%%!
0$27/<<;!8$0/28&2.O!!

N"G"!$ P-1'$./&0'20-$&..742(<$'+$Q2<*-/$L)60&'2+($
!
E&.#$,!B856/7&-2!&2%7&757&-2%!#/H$!L$.52!7-!$0*#/%&G$!7#$!&0*-,7/26$!-N!8/7/!H&%5/<&G/7&-23!
F#&6#!&%!,$./,8$8!/%!/!C$;!6-0*-2$27!-N!&2N-,0/7&-2!<&7$,/6;!fn$272$,!$7!/<O3!=>(chO!M%!*,-H$8!
&2!7#&%!0$7/K%;27#$%&%!%758;3!7#/2C%!7-!&7%!/2/<;7&6/<!/28!6-0052&6/7&H$!2/75,$3!8/7/!H&%5/<&G/K
7&-2!&%!*/,7!-N!7#$!<$/,2&2.!*,-6$%%!&7%$<N!&2!7#$!<$/,2&2.!$2H&,-20$27!-N!6&7&G$2!%6&$26$O!\N7$23!
6&7&G$2!%6&$26$!8/7/!H&%5/<&G/7&-2!&%!L/%$8!-2!%6&$27&N&6!8/7/3!&2H-<H&2.!/57#$27&6!%6&$27&N&6!,$K
%$/,6#!*,-6$%%$%3!/28!6-0052&6/7&2.!%6&$27&N&6!N&28&2.%3!F#&6#!/<%-!-N7$2!-665,%!&2!#&.#$,!$8K
56/7&-2O!M%!8/7/!H&%5/<&G/7&-2!*</;%!/!</,.$!,-<$!/28!#/%!%7,-2.!*-7$27&/<!L$2$N&7%!N-,!7#$!aN,-0!
8/7/! 7-!C2-F<$8.$b! N<-F! &2!6&7&G$2!%6&$26$3! &7! &%!2-7! %5,*,&%&2.! 7#/7!#&.#!$856/7&-2!6/2!/<%-!
L$2$N&7!N,-0!&7O!\2!7#$!L/%&%!-N!7#$!,$%5<7%!-N!7#$!L$%7!*,/67&6$%!-N!7#&%!0$7/K%;27#$%&%!%758;3!8/7/!
H&%5/<&G/7&-2!&2!4:!#-<8%!0/2;!<$%%-2%!/**<&6/L<$!7-!#&.#$,!$856/7&-2!7-!%5**-,7!%758$27%T!<$/,2K
&2.O!92!/2!$0*&,&6/<!%758;3!A/28<&C/,!$7!/<O!f=>(eh!,$*-,7$8!/!6-<</L-,/7&H$!6-5,%$!L$7F$$2!,$K
%$/,6#$,%3!$856/7-,%3!/28!%758$27%O!"#&%!$P/0*<$!.&H$%!/!%566$%%N5<!6/%$!%#-F&2.!E&.#$,!B85K
6/7&-2!6/2!L$2$N&7!N,-0!8/7/!H&%5/<&G/7&-2!F#$2!&7!&%!/**,-*,&/7$<;!/**<&$8O!

4'/,--(#,1(&%7"'6$"'/($"',)'"894'1"$"(1/:"1$'()*'()'6)*"151(*6(&"'+%/1,#%,-,5;'/,61$"'

!
!!!!<:"'5,(-',3'&:"'&0")&;=0""2'/,61$"'0($'&,'.1,7%*"'6)*"151(*6(&"'$&6*")&$'0%&:'()'(6&:")&%/'1"$"(1/:'">."=
1%")/"'%)'+%/1,#%,-,5;'()*'+%/1,#%(-'/,++6)%&;'"/,-,5;?'4$'.(1&',3'&:"'/,61$"@'$&6*")&$'0"1"'%)&1,*6/"*'&,'
&:"'$&16/&61"',3'"894'$"A6")/%)5'1"$6-&$'6$%)5'&:"'B()(/(.('C:%);'(..?'<:";'0"1"'")/,61(5"*'&,'">.-,1"'*(&('
()*'."13,1+'$&(&%$&%/(-'()(-;$"$'+,$&'1"-"7()&'&,'&:"':;.,&:"$"$'&:";':(*'*"7"-,."*?'4'2";'#")"3%&',3'6$%)5'
1()(/(.('0($'&:(&'*"$.%&"':(7%)5'),'.1%,1'#%,%)3,1+(&%/$'">."1%")/"@'$&6*")&$'/,6-*'#"5%)'">.-,1%)5'&:"%1',0)'
/,--"/&"*'*(&('#;'6$%)5'&:"',)-%)"'%)$&()/"',3'&:"'(..?'<:1,65:'*(&('7%$6(-%D(&%,)@'C&6*")&$'/()'5(%)'('#"&&"1'
6)*"1$&()*%)5',3'7%$6(-%D%)5@'()*'&"(/:"1$'/()'1"*6/"'&:"'&%+"'()*'*%33%/6-&;'($$,/%(&"*'0%&:'&1,6#-"$:,,&%)5'
%)3,1+(&%/$'%$$6"$?'B()(/(.('%$'#"%)5'%)&"51(&"*'%)&,'&:"'6./,+%)5'6)*"151(*6(&"'/611%/6-6+'+,*6-"'EF%."=
-%)"'3,1'G)*"151(*6(&"'H%/1,#%,+"'4)(-;$%$I@'0:%/:'0%--'#"'()',.")=$,61/"@'/,+.1":")$%7"'$6%&"',3'()(-;$%$'
()*'*(&('7%$6(-%D(&%,)'&,,-$'3,1'6)*"151(*6(&"'1"$"(1/:"1$?!!@$45#<?$2'%('$#)*'+,-.*'I)'./!

!
S&.5,$!(`!&<<5%7,/7$%!,$6-00$28/7&-2%!N-,!$856/7-,%!&2!E&.#$,!B856/7&-2!7-!5%$!8/7/!H&%5/<&G/K
7&-2!7$6#2-<-.;!7-!%5**-,7!%758$27%T!<$/,2&2.O!"#$!,$6-00$28/7&-2%!6-2%&%7!-N!N-5,!%7$*%O!S&,%73!
7#$!92&7&/7&-2!%7$*!6-2%&8$,%!7#,$$!N/67-,%'!%$77&2.!$856/7&-2/<!.-/<%3!&2H$%7&./7&2.!/H/&</L<$!,$K
%-5,6$%3!/28!.$77&2.!7-!C2-F!7#$!%758$273!2/0$<;!7/,.$7!/58&$26$%O!98$27&N;&2.!./*%!L$7F$$2!
$856/7&-2/<!.-/<%3!,$%-5,6$%!/H/&</L<$3!/28!7#$!L/6C.,-528!/28!%C&<<%!-N!%758$27%!/,$!$%%$27&/<!
&2!-,8$,!7-!6-2%&8$,!7-!F#/7!$P7$27!%*$6&N&6!8/7/!H&%5/<&G/7&-2!7--<%!6/2!L$!5%$8!7-!/6#&$H$!%*$K
6&N&6!<$/,2&2.!.-/<%O!M%!/2!$P/0*<$3!N-,!7#$!7/,.$7!%758$27!.,-5*3!&7!&%!H&7/<!7-!&8$27&N;!F#$7#$,!
8/7/!H&%5/<&G/7&-2!&%!2$$8$8!7-!&0*,-H$!/2/<;7&6/<!-,!6-0052&6/7&H$!%C&<<%!-,!L-7#O!"#$!,$/%-2!
&%!7#/7!/!6$,7/&2!7;*$!-N!8/7/!H&%5/<&G/7&-2!7--<!-N!/!6$,7/&2!%5LR$67!/,$/!0/;!%5**-,7!/2/<;%&%3!
L57!&7!0/;!2-7!L$!/**,-*,&/7$!N-,!6-0052&6/7&-2!2$$8%O!9N!7#$!$856/7&-2/<!/&0!&%!N-,!L-7#!/2/<K
;%&%!/28!6-0052&6/7&-23!7#$2!&7!0/;!2$$8!7-!%$/,6#!N-,!-7#$,!L$77$,!-*7&-2%3!$76O!"#$!%$6-28!
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%7$*!&2H-<H$%!7#$!*,$*/,/7&-2!-N!8/7/!H&%5/<&G/7&-2!7$6#2-<-.;!/28!7,/&2&2.!0/7$,&/<%!7-!%5**-,7!
7#$&,!5%$O!B0*<-;&2.!6-<</L-,/7&H$!/67&H&7&$%!&2!&0*<$0$27/7&-2!&%!#&.#<&.#7$8!&2!7#$!7#&,8!%7$*O!
"#$!&2%*&,/7&-2!N,-0!Y-6#$!$7!/<O!f=>=>h3!:2;8$,!f=>(Dh3!Z,/;!$7!/<O!f=>=(h3!/28!:/28#/5%!$7!/<O!
f=>(ch3!C2-F&2.!/28!/6j5&,&2.!C2-F<$8.$!/,$!&27$.,/7$8!/67&H$<;!&2!H/,&-5%!N-,0%!-N!6-<</L-K
,/7&-2!/28!*,-0-7$%!,$/<!$2./.$0$27!-N!7#$!7/,.$7!%758$27%O!92!/88&7&-23!N$$8L/6C!*</;%!/2!&0K
*-,7/27!,-<$!&2!<$/,2&2.O!E-F$H$,3!/!8&NN&65<7!*/,7!-N!7#$!*,-6$%%!&%!.$77&2.!N$$8L/6C!7-!/%%$%%!
7#$!528$,%7/28&2.!-N!8/7/!H&%5/<&G/7&-2O!S$$8L/6C!-2!H&%5/<&G/7&-2%!6/2!L$!*,-H&8$8!L;!$856/K
7-,%3!,$%$/,6#$,%3!/28!*$$,%3!L57!-7#$,!N-,0%!-N!N$$8L/6C!/,$!/<%-!2$$8$8O!U5$!7-!7#$!6-0*<$P&7;!
-N!$H/<5/7&-2!&2!8/7/!H&%5/<&G/7&-2!&2!6&7&G$2!%6&$26$3!<$%%-2%!/,$!<$/,2$8!7-!N&28!/2!$/%;K7-K5%$!
$H/<5/7&-2! %-<57&-2! 7-!*,-0-7$! N$$8L/6C! /28! /%%$%%!H&%5/<&G/7&-2O!4-28567&2.! 7#&%! <&7$,/75,$!
,$H&$F!<$/8%!7-!7#$!8&%6-H$,;!-N!Q&%1/L!f%$$!S&.5,$!(DhO!M%!/!N,$$!/28!$/%;K7-K5%$!-2<&2$!*</7K
N-,03!Q&%1/L!*,-H&8$%!7#$!-**-,752&7;!7-!%$7!5*!/!*$,%-2/<!$P*$,&0$27!-N!H&%5/<&G/7&-2!$/%&<;!
/28!-57%7,$76#!7-!/!L,-/8!/58&$26$3!/%!F$<<!/%!./7#$,!N$$8L/6C!&2!-,8$,!7-!$2/L<$!/%%$%%&2.!7#$!
528$,%7/28/L&<&7;!-N!H&%5/<&G/7&-2O!97!&%!#-*$8!7#/7!&2!/88&7&-2!7-!Q&%1/L3!-7#$,!%-<57&-2%!F&<<!L$!
8&%6-H$,$8!-,!8$H$<-*$8!7-!#$<*!F&7#!7#$!/%%$%%0$27!*,-6$%%O!M2-7#$,!/%%$%%0$27!0$7#-8!&%!
#-%7&2.!/!*5L<&6!H&%5/<&G/7&-2!f4</$%!$7!/<O3!=>(eh!7-!$26-5,/.$!,$N<$67&H$!7#&2C&2.O!B&7#$,!/%!/!
N-,0!-N!/2!/%%$%%0$27!6-28567$8!L$7F$$2!$856/7-,%!/28!%758$27%!-,!/%!/!6-K8$%&.2!/**,-/6#!
-*$2!/28!-57%7,$76#$8!7-!<-6/<!6-0052&7&$%!7-.$7#$,!F&7#!$856/7-,%!/28!%758$27%O!92!7#$!$283!/%!
/!%7/28K/<-2$!,$6-00$28/7&-23!8$7/&<$8!&2N-,0/7&-2!&%!*,-H&8$8!&2!S&.5,$!(`O!!!!

!

! !
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Q&%1/L!fS&.5,$!(Dh!&%!/2!-2<&2$!*</7N-,0!7#/7!/<<-F%!5%$,%!7-!8$%&.2!/28!8$*<-;!$P*$,&0$27%!7-!
$H/<5/7$! 7#$&,! H&%5/<&G/7&-2%O! B/%;K7-K8$*<-;! $P*$,&0$27%! 6-5<8! L$! 6,$/7$8! 5%&2.! Q&%1/LT%!
-2<&2$!*</7N-,0O!M2/<;7&6!8/%#L-/,8%!/28!%6/NN-<8!7$0*</7$%!%&0*<&N;!$P*$,&0$27!8$%&.2!/28!
/2/<;%&%O!7#$!*</7N-,0!%5**-,7%!/<%-!/2-2;0-5%!*/,7&6&*/7&-2!/28!*$,%-2/<&G$8!N$$8L/6C3!7-!0-K
7&H/7$!L,-/8!*/,7&6&*/7&-2O!X%$!6/%$!%6$2/,&-%!8$0-2%7,/7$!7#$!5%/L&<&7;!/28!5%$N5<2$%%!-N!7#$!
*</7N-,0!&2!/88,$%%&2.!7#$!8&NN$,$27!2$$8%!-N!*,/67&7&-2$,%3!,$%$/,6#$,%3!/28!$856/7-,%O!

!

!"#$%&'(/<!M!5%$,!%6$2/,&-!%#-F&2.!#-F!/!H&%5/<!8/7/!R-5,2/<&%7!F-5<8!5%$!Q&%1/L!7-!/2%F$,!
j5$%7&-2%!/L-57!7#$!7,/8$K-NN!-N!#$,!8$%&.2!/<7$,2/7&H$%!/28!8$,&H$!8$%&.2!N$$8L/6C!-2!#-F!/6K
75/<!*/,7&6&*/27%!F-5<8!,$/67!7-!#$,!H&%5/<&G/7&-2%O!f:-5,6$'!4#-&!$7!/<O3!=>=(3!*O!`h!

5.5! Limitations 
"#&%!0/%7$,T%! 7#$%&%!F/%! 6-2%7,/&2$8!L;! 7&0$3! %-! &7%! N&28&2.%!05%7! L$! 6-2%&8$,$8!F&7#&2! 7#$!
6-27$P7!-N! %-0$! <&0&7/7&-2%O!Z$2$,/<<;3! 7#$%$! ,$%5<7%!6/22-7!L$!.$2$,/<&G$8!85$! 7-! 7#$! %0/<<!
%/0*<$!%&G$!f(`!/,7&6<$%hO!"#&%!%758;3!#-F$H$,3!&%!j5/<&7/7&H$!&2!2/75,$3!/28!7#$!,$%$/,6#!j5$%K
7&-2%!F$,$!$P*</&2$8!&2!/!6-27$P73!%-!H/<&8&7;!6</&0%!0/;!2-7!L$!%5**-,7$8O!S5,7#$,0-,$3!-2<;!
-2$!6-8$,!F/%!&26<58$8!&2!7#$!0$7/K%;27#$%&%!%758;3!/28!.&H$2!7#/7!7#$!,$%$/,6#$,!#/8!<&0&7$8!
L/6C.,-528!C2-F<$8.$3!7#$%$!<&0&7/7&-2%!&0*/67$8!7#$!&27$,*,$7/7&-2!-N!7#$!,$%5<7%3!%56#!/%!*-%K
%&L<$!$,,-,%3!%5LR$67&H$! &27$,*,$7/7&-2%3!/28!L&/%$%O! 92!/88&7&-23!/!0$7#-8-<-.;!<&0&7/7&-2!#/%!
L$$2!8&%65%%$8!&2!7#$!@$7#-8!%$67&-2O!U5$!7-!&7%!6-27$0*-,/,;!%6-*$3!7#&%!7-*&6!#/%!,$6$&H$8!
<&77<$!*,&-,!,$%$/,6#O!V-!$P&%7&2.!N,/0$F-,C!6-5<8!L$!5%$8!7-!/2/<;G$!7#$!8/7/O!"#$!-*$2!6-8&2.!
0$7#-8!&8$27&N&$%!F#/7!F/%!H&%&L<$!L57!N/&<%!7-!,$H$/<!F#/7!F/%!528$,6-H$,$8!/28!F#/7!#/8!2-7!
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L$$2!8&%65%%$8O!S5,7#$,0-,$3! 7#$!j5/<&7;!-N! 7#$!,$%$/,6#!8$%&.2!/28!$H/<5/7&-2!8$%&.2!6-5<8!
/NN$67!7#$!,$<&/L&<&7;!-N!7#$!N&28&2.%O!E-F$H$,3!7#$!,$%$/,6#!8$%&.2!/28!0$7#-8!-N!7#$!%758;!#/H$!
2-7!L$$2!$P/0&2$83!2-,!#/%!7#$!j5/<&7;!-N!7#$!0$7#-8-<-.;!-N!7#$!/,7&6<$%!L$$2!6-0*/,$8O!M!
0$7/K/2/<;%&%!-N!7#$!(`!%/0*<$%!&%!2$$8$8!&2!7#$!N575,$O!
!
!
!

!

!

!

!
!
!
!
!
!
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6!Conclusion 

6.1! Answering the Research Questions 
1&7$,/75,$KL/%$8!/2/<;%$%!*,-H&8$!/!0-,$!6-0*,$#$2%&H$!H&$F!-N!4&7&G$2!:6&$26$T%!8/7/!H&%5/<K
&G/7&-2!N$$8L/6C!<--*O![$%&8$%!7$6#2&6/<!/%*$67%!-N!H&%5/<&G/7&-23!%-6&/<!6-27$P73!H&$F$,!*$,6$*K
7&-23!&28&H&85/<!$P*$,&$26$3!/28!*,$KC2-F<$8.$!/,$!/<%-!6,56&/<!N/67-,%!7-!6-2%&8$,O!"#$,$!&%!/!
0$,.&2.!-N!%-6&/<!/28!7$6#2&6/<!/%*$67%!-N!8/7/!H&%5/<&G/7&-2!&2!4:3!F#&6#!/,$!6-2%&8$,$8!7-!L$!
&27$,8$*$28$27O!
!
S,-0!/!7$6#2&6/<!*$,%*$67&H$3!7#$,$!#/%!L$$2!/!N-65%!-2!8/7/!#$7$,-.$2$&7;!f#&.#!H/,&$7;h3!8/7/!
&26-0*/,/L&<&7;3! /28! 526$,7/&27;! &2! 7#$! %*/7&/<! 8/7/%$7! /%! 6#/<<$2.$%! ,$</7$8! 7-! 8/7/! j5/<&7;O!
J#$2!&27$,*,$7&2.!8/7/!H&%5/<&G/7&-2%3!$P*</2/7&-2%!-N!8/7/%$7!%6-*$!F$,$!R5%7!/%!&0*-,7/27!/%!
$P*</2/7&-2%! -N! H&%5/<&G/7&-2! N$/75,$%3! ,$./,8&2.! 7#$! 526$,7/&27;! 6#/<<$2.$%O! B/%;K7-K/66$%%!
-*$2K%-5,6$!%-<57&-2%!&2!4:!8/7/!H&%5/<&G/7&-2!F$,$!$H&8$27<;!$0$,.&2.!/%!/!7,$283!&7!$2/L<$8!
F&8$,!*/,7&6&*/7&-2!&2!4:!6-0052&6/7&-2O!S5,7#$,!,$%$/,6#!-2!7#$!,&%C%!/28!L$2$N&7%!/%%-6&/7$8!
F&7#!-*$2K%-5,6$!%-N7F/,$!%-<57&-2%!0/;!L$!/L<$! 7-!/88,$%%! 7#$! &26-0*/,/L<$!6#/<<$2.$%! &2!
.,$/7$,!8$*7#O!M2-7#$,!&0*-,7/27!-L%$,H/7&-2!F/%!7#$!/**<&6/L&<&7;O!"#&%!%758;!&8$27&N&$8!N-5,!
N,/0$F-,C%! /28! ,$*-,7$8! /**<&6/L<$! H&%5/<&G/7&-2! 8$%&.2! %7,/7$.&$%O! X%/L&<&7;! $H/<5/7&-2!
%$$0$8!7-!L$!</6C&2.!%7/28/,8&G/7&-2!/28!%5NN&6&$27!%758;!#&28$,&2.!/**<&6/L&<&7;O!E-F$H$,3!&7!
F/%!%7&<<!*-%%&L<$!7-!526-H$,!H/<5/L<$!&2%&.#7%!8$%*&7$!7#$%$!<&0&7/7&-2%O!!
!
90*-,7/27<;3!N,-0!/!%-6&/<!*$,%*$67&H$3!8$%&.2&2.!/!7$6#2&6/<<;!$NN$67&H$!H&%5/<&G/7&-2!F/%!&2K
%5NN&6&$27u!N/67-,&2.!&2!7#$!5%$,T%!*$,6$*7&-2!&%!2$6$%%/,;O!97!F/%!H&7/<!7-!6-2%&8$,!#-F!/!5%$,T%!
L/6C.,-5283!*,&-,!C2-F<$8.$3!0-7&H/7&-23!/28!*$,%-2/<!L$<&$N%!6/2!/NN$67!7#$!/665,/6;3!,$<&/K
L&<&7;3!/28!528$,%7/28&2.!-N!H&%5/<&G/7&-2O!"#$!%758;!/<%-!8&%6-H$,$8!7#,$$!8&NN$,$27!6-<</L-,/K
7&H$!4:!8/7/!H&%5/<&G/7&-2!*,/67&6$%!7#/7!*,-H&8$8!H/<5/L<$!&2%&.#7%!&27-!&2K8$*7#!$2./.$0$27!
7#,-5.#!&27$,/67&H$!6-<</L-,/7&-2O!M88&7&-2/<<;3!H&%5/<&G&2.!8/7/!&2!4:!F/%!/2!/67&H&7;!7#/7!F/%!
.$/,$8!7-F/,8!<$/,2&2.3!/28!&7!F/%!L$<&$H$8!7#/7!8/7/!H&%5/<&G/7&-2!6-5<8!L$!5%$8!/%!/2!$856/K
7&-2/<!7--<!&2!L-7#!N-,0/<!/28!&2N-,0/<!$856/7&-2O!@$/2&2.N5<<;3!7#$!&0*/67!N/67-,%!-N!7,/&2&2.!
F$,$!&8$27&N&$8!/28!R5%7&N&$8O!S-,!8/7/!H/<&8&7;!/28!$NN$67&H$!6-0052&6/7&-2!F&7#!/!L,-/8$,!/5K
8&$26$3!*</&2! </2.5/.$! 7$P7%!/28!H&%5/<!0$8&/! %56#!/%!*#-7-.,/*#%!/28!H&8$-! 757-,&/<%!F$,$!
,$6-00$28$8O!M!8/7/!H&%5/<&G/7&-2!/**<&6/7&-2!6/2!L$!5%$8!/%!/! 7,/&2&2.!7--<! 7-!$2%5,$!8/7/!
j5/<&7;O!928&H&85/<&G&2.!%-<57&-2%!N-,!/!8&H$,%$!/58&$26$!6/2!#$<*!7-!N/6&<&7/7$!7#$!528$,%7/28&2.!
-N!7#$!H&%5/<&G/7&-2!/%!F$<<O!!
!
[/%$8!-2!<$%%-2%!<$/,2$8!N,-0!L$%7!*,/67&6$%3!/!%$7!-N!,$6-00$28/7&-2%!#/%!L$$2!8$H$<-*$8!7-!
#$<*!$856/7-,%!&2!E&.#$,!B856/7&-2!7-!&0*,-H$!%758$27!<$/,2&2.!5%&2.!8/7/!H&%5/<&G/7&-2!7$6#K
2-<-.;O!!
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6.2! Study Contributions and Future Directions 
!
"#$!N&28&2.%!-N!7#&%!7#$%&%!6-27,&L57$!7-!7#$!65,,$27!<&7$,/75,$!&2!%$H$,/<!F/;%!L;!&0*,-H&2.!-5,!
528$,%7/28&2.!-N!8/7/!H&%5/<&G/7&-2!&2!7#$!6-27$P7!-N!4&7&G$2!:6&$26$O!S&,%7<;3!7#$!&<<5%7,/7&-2!-N!
7#$!r8/7/!H&%5/<&G/7&-2!N$$8L/6C!<--*!&2!4&7&G$2!:6&$26$r!*,-H&8$%!/!0-,$!6-0*,$#$2%&H$!H&$F!
-N!65,,$27!528$,%7/28&2.!L/%$8!-2!$0$,.&2.! 7,$28%!/28!6-26$*7%!$H/<5/7$8! &2! 7#$! <&7$,/75,$O!
M88&7&-2/<<;3!H/<5/L<$!&2%&.#7%!/,$!./&2$83!/28!7#$!/**<&6/L&<&7;!&%!8&%65%%$8O!@$/2F#&<$3!52,$K
%-<H$83!-,!528$,K%758&$8!*,-L<$0%!/,$!&8$27&N&$83!F#&6#!8$0/28!N5,7#$,!,$%$/,6#!/28!/77$27&-2O!
"#$!7#$-,$7&6/<!/28!*,/67&6/<!&2N-,0/7&-2!&2!7#&%!7#$%&%!&%!&27$28$8!7-!&2%*&,$!8$%&.2$,%!-,!4:!
*,-R$67!0/2/.$,%!7-!&26&7$!7#-5.#73!-,!7-!*,-H&8$!/!0-8$%7!6-27,&L57&-2!7-!7#$!8$%&.2!-N!/**<;&2.!
8/7/!H&%5/<&G/7&-2%!&2!4:O![$%&8$%!*,-H&8&2.!52/2%F$,$8!-,!528$,%758&$8!*,-L<$0%!7-!,$%$/,6#K
$,%!&2!7#&%!N&$<83!7#&%!7#$%&%!F&<<!#-*$N5<<;!</;!7#$!.,-528F-,C!/28!%*5,!N5,7#$,!,$%$/,6#O!@-,$K
-H$,3!/!%758;!-N! 7#&%! 7;*$!#-*$%! 7-3!L;!*,-H&8&2.!/67&-2/L<$!,$6-00$28/7&-2%!L/%$8!-2!L$%7!
*,/67&6$%3!/%%&%7!$856/7-,%!&27$,$%7$8!&2!5%&2.!8/7/!H&%5/<&G/7&-2!7$6#2-<-.;!7-!%5**-,7!%758$27%T!
<$/,2&2.O!!
!
[/%$8!-2!,$6-00$28/7&-2%3!/2!$0*&,&6/<!5%$!6/%$!%758;!&2!E&.#$,!B856/7&-2!&%!/!<-.&6/<!2$P7!
%7$*O!"#$!2$P7!%7$*!&2!7#&%!,$%$/,6#!6/2!/<%-!&26<58$!8$H$<-*&2.!,$6-00$28/7&-2%!N-,!8$%&.2K
&2.!8/7/!H&%5/<&G/7&-2!/67&H&7&$%!&2!4:!/28!6-28567&2.!/2!$0*&,&6/<!%758;O!
!
!
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:*,&2.$,!927$,2/7&-2/<!+5L<&%#&2.O!#77*%'mm8-&O-,.m(>O(>>DmcDeK?K>?>K)e=DeKdx()!

A-6#3!4O3!l!"%56#&;/3!VO!f=>>DhO!M77$27&-2!/28!6-2%6&-5%2$%%'!"F-!8&%7&267!L,/&2!*,-6$%%$%O!
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V$F0/23!ZO3!J&..&2%3!MO3!4,/<<3!MO3!Z,/#/03!BO3!V$F0/23!:O3!l!4,-F%7-23!AO!f=>(=hO!"#$!N575,$!
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8!Appendices 

!

8.1! Reference (Articles) 
!

ML,/0-H3!UO3![5,6#$773!qO!VO3!B<$C3!\O3!E500$<%3!4O3!+,-6#/%C/3!qO!kO3!l!S-,L$%3!MO!ZO!f=>==hO!

4-%0-Q&%'!M2!927$,/67&H$!Q&%5/<!M2/<;%&%!"--<!N-,!BP*<-,&2.!E;8,-8;2/0&6!4-%0-<-.&6/<!

:&05</7&-2%O!X```'=%5;4569":;4':;'I"4$5?"O59":;'5;A'R:EH$9&%']%5H7"643!=c>cw=c=)O!:6-K

*5%O!#77*%'mm8-&O-,.m(>O((>cm"Q4ZO=>==O?()c`?>!

[&,/.#&3!4O!MO3!+$%%&2/3!BO3!4/,,&-23!UO3!l![,-H$<<&3!@O!MO!f=>=>hO!QZ9!Q&%5/<&%/7&-2!7-!%5**-,7!

*/,7&6&*/7-,;!</C$!0-2&7-,&2.'!"#$!6/%$!%758;!-N!%&0&<$!*,-R$67O!X;9&%;59":;5?'G%67"N&4':B'97&'

W7:9:#%5EE&9%MD'3&E:9&'V&;4";#'5;A'VH59"5?'X;B:%E59":;'V6"&;6&4'P'XVW3V'G%67"N&43!

,+f[dh3!=?Dw=ddO!:6-*5%O!#77*%'mm8-&O-,.m(>O)(cdm&%*,%K/,6#&H$%Kk1999K[dK=>=>K=?DK=>=>!

[</&%$3!qOKWO3!U58$C3!9O3!l!:/;.&3!ZO!f=>(ehO!4&7&G$2!4-27,&L57&-2%!/28!@&2-,!E$,&7/.$'!S$$8L/6C!

-2!@-8$<&2.!/28!Q&%5/<&%&2.!/2!92N-,0/7&-2!@/%#K5*O!*2(0'X```'-97'X;9&%;59":;5?'R:;B&%P

&;6&':;'U595'V6"&;6&'5;A'GAN5;6&A'G;5?M9"64'JUVGGK3!((w=>O!

#77*%'mm8-&O-,.m(>O((>cmU:MMO=>(eO>>>((!

4</$%3!:O3!4-$2$23!qO3!l!Q/28$!@-$,$3!MO!f=>(ehO!4-2H$;&2.!/!6&H&6!&%%5$!7#,-5.#!8/7/!H&/!%*/K

7&/<<;!8&%7,&L57$8!*5L<&6!H&%5/<&G/7&-2!/28!*-<<&2.!8&%*</;%O!W%:6&&A";#4':B'97&'(297d:%A"6'
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7&-2!/28!M2/<;%&%!-N!4-0052&7;KZ$2$,/7$8!J/7$,!g5/<&7;!U/7/O!XVW3V'X;9&%;59":;5?'a:$%;5?'

:B']&:PX;B:%E59":;3!(2fdh3!M,7&6<$!dO!#77*%'mm8-&O-,.m(>O??c>m&R.&(>>d>=>D!
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