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9446>*8GASN*-G$499483-$K4,4$9&=;6$9&., $*00$9&,84$08540-$);$3(4$5)-=*0



6002")4°14%82(/(%SF!;(/'\&)+/(4(&)8/,1)9(8=1=+0)/0+!.E!)82IM>$E!21+(8=!/'0!
21)5(),"14%-&)+02!/%!/'0!,(8=50), H!

(¢



3%$2-4$ &

3789:;<=>?@G0%&50!%6/08!1,0!"%/'1')82,!,(-15/)80%1,5#!/%!)44%-&5(,'!
090+#2)#1/),,F1)821%44),(%8)55#!/'0#12%!,%!;'(501)5,%!)//082(8=!/%!)!4%=8(/(90!
/), H1J'(501/'0+01,1"008!)!,(=8(6(4)8/1+(,01(8!,/12(0,|0P&5%+(8=14928(%(20
(8/0+)4/(%8,121+(8=":)5"(8=1)4+%, ,19)+(%1,!=+%1&,F1+0,0)+4'/(890,/(=)/(8=!/0!
06604/,1%6!29)5(8=198!"8214%%+2(8)/(%8!+0-)(8,!5(-(102H

'ABCSDERQ@-)(8!=%)5!%6!/'(,!,/12#1;),1/%!),,0,,14"8=0,!(8!6%+40!
4%8/+%5!21+(8=1)!"(-)81)5!4%%+2(8)/(%8/), | (84#%18=1)215/,F!;'(501&)+/(4(&)8/,!
:0+0108=)=02!(810(/'0+!,(8=8+121)8,1,408)+(%,H1?(-)81)5!6%+40!4%8/+%5!"),!
"008!/0,/02!;'(501&+%214(8=1504K%20+)/016%+40,F:(/')82!:(/'%1/19(,1)5!
6002")4 HIQ'0!/12#!, %1="/1/%I5)#1/'01=+%182;%+ 16%+161/1+0!45(8(4)5!+0,0)+4'"#!
6(+,/1(890,/(=)/(8=14%=8(K90Y%-+12#8)-(4,!(8!)!'0)5/'#18&%&15)/(%8H

I"#$9%8&. ( *,3)8)'*;3-$);80=646%$!M$:&=;2$*6=03-$B]$.*04-$*;6$CX$94.04-E$
K)3($*:$*54,+24$*24$893ICAIY $ SIACMSK (&$'4,98.,.46$*;$)-&.43,)8$>).*,=*0$
88.&,6);*3)&;$.86)9)46$);8,)'$3*-GH$>&3($);64'4;64;30:$* 63K ()04$8&:8=,,4;30:$
*334;6);2$3&$*$882;)3)54$3*-GASN(4$>).*;=*0$88&.,6);*3)&;$3*-G$,4<=) 46$™* 3)8) *;3-$3&$
-=-3%);$08RB&E&B4, *34$9&.,84$04540-STR4BE, 6$'4,)&6-$*3$C"IHS$!"IH$S6
WAIKI>N*EL (/'1)821;(/'%1/19(,1)5!6002")4 1%68/), 18&0+6%+-)840H!3%+!/'0)21)5
1), 18)+)2(=-F1;011,021)!181-"0+ Y50//0+1/), 1/")/1+0<1(+02!14%18/(8=!/'0!81-"0%1%6

50//0+,!(8!&404%+202!)12(%!,0<10840,!%6!,'166502!81-"0+,!)8R!50//0+,

(¢



(501&+%214(8=16%+40!;(/'1"%/'")82,H1J0N5,%!49%8214/021)!,/)82)5%80!90+,(%8!
%6!/'(,1)//08/(%81/),"1)821)2-(8(,/0+02!,090+)5!4%=8(/(90!/0,/,1/%!),,0,,1%690+)55!
4%=8(/(90!6184/(%8H

)+ 94-=03-$64.&;-3,*346$+$-)2;)9)8%;3$6480);4$);$'4,9&, . *;:84$&;$3(4$
*334;3)&;$3*-G$K (4;$'4,9&,.46$88;8=,,4;30:$K)3($3(4$>).*;=*0$88&,6);*3)&;$3*-GAS
142* 6);2$3(4$9&,84$6*3*H$™* 3)8)'*;3-$4R()>)346$);8,4*-4-$);$9&,84$*.'0)3=64H$
5% )*>)0)3:H$*;6$4, & $*8,&--$*00$9&,84$04540-$6= );2$> EBEHHASER 2B
8&;6)3)&;-H$), 4-'483)54$89$5)-=*0$9446>*8G$*5%)0*>)0)3:A$/-$4R'48346H$, 4.85);: 2%
5)-=+0$9446>*8G$,4-=0346$);$,46=846$9&,84%*.'0)3=64H$);8,4*-46$5*,)*>)0)3:H$*;6$4, & H$
* 3)8=0*,0:$*3%$);34,.46)*34$*;6$()2($9&,84-A$N*-G$499483-$K4,4$&>-4,546$8;0:$);$3(4$
8&;6)3)&;$',&5)6);2$5)-=*0$9446>*8GH$);6)8*3);2$,46=846$9&,84$*.'0)3=64H$);8,4*-46$
5% )*>)0)3:H$*;6$4, & $6=,); 253 (4B6-CHBE."* 46$38$3(4$- FROG H$499483-$3(*3$
34;646$38$>4$2,4*34,$*38()2(4,$9&,84-A$0);*00:H$™* 3)8)"*;3-$24;4,*00:$.%);3%);46$
1..43,)8*0$9&,84$&=3'=3$*8,&--$9&,84$04540-$*6$5)-=*0$8&;6)3)&;-HSK)3($;&$).*83$
9,8.$3(4$6=FB-G$&;$9&,84%*-..43,:A$7.'&,3%,30:H$;8$9*3)2=4$499483-$K4,4$' 4-4;3$
*.$45)64;846%>:$3(4$0*8G$89$*$-)2;)9)8*:3$6)994,4;84$>43K44;$>) * BBOS@I+$', 4
*6$'&-FIR'4,).4;3/6

#<>8G=HE<MO@5/,14%86(+-14')8=0,!(8!"(-)81)5!6%+4014%8/+%5!;(/'
(84+0),0216%+40,1)82!'(='5(="/1/'0!(-8&%+/)8401%6!9(,1)5!6002")4™1(8!)441+)/054!
=1(2(8=16%+401%1/&1/HIQ'0#1)5,%!0P&)82!/'015(/0+)/1+01"#!,'%;(8=1/')/M%=8(/(90
-%/%+1(8/0+60+0840!(-&)4/021"%/'16%+40!1+0=15)/(%8!21+(8=1)!"(-)81)5!4%%+2(8)/(%8!

1), 1)8214%=8(/(90!80+6%+-)840H!Q'014%HHH9IO+ ! (8/0+60+0840!;),1&+0,08/

P!



0685#1:'081&)+/(4(&)8/,1)21/%19(,1)55#!-%8(/%+!/'0(+!&0+6%+-)8401%8!/'0!"(-)81)5!
4%%+2(8)/(%8/),"1)821/08202!/%!"0!=+0)/0+!)/1'(='0+!6%+40,H!Q'(,!, 1==0,/\/')/'/'O!
20=+00!%6!(8/0+60+0840!-)#1"01+05)/02!/%!/'014%-&50P (/#1%6!/'014%=8(/(9015%)2!)82!
69%+40120-)82,HI$14',/12(0,!(8!'0)5/#!(82(9(21)5,!1&+%9(20!)8!%&E&Y%+/18(/#/%!
0,/)"5(,')!"),05(80!/')/14)81)29)8401%1+11820+,/)82(8=1%614%82(/(%8,/')/1%6/08!

50)21/%!1)120/0+(%+)/(%8!(8"%/'1-%/%+1)8214%=8(/(90!)"(5(/(0,H



#17JDC;&&

$AI2AS(H-+8"2-116'2.8-)/&+($12-$021&21L (16 &

KMK,-".-/"01%213/456*5+17%%.&/65#/%6

>06/%+14%%-+2(8)/(%8F1206(8021),1/'01")+-%8(%1,1(8/0=+)/(%81)82!4%8/+%5!%6!
2(660+08/1"%2#18)+/,1/%!:%+ | #84'+068%1,5#F14%8,/(/1/0,!)16182)-08/)5!),&04/1%6!
'1-)81-%90-08/H *1S81090+#2)#15(60F!-%/%-+14%%+2(8)/(%81&5)#,1)1&(9%/)5!+%50!(8!
9)+(%1,4/(9(/(0,F1+)8=(8=16+%-1"),(41/),",15('0!;)5"(8=1)821+0)4'(8=!6%+!%"mO04/,!
1%!-%+01&+04(,01/),",1,14'),1/'+0)2(8=!)!800250H!>%/%+14%%+2(8)/(%8!084%-&),,0,!
9)+(%1,16%+-,H!Q'0,0!(8451201(8/+)5(-"14%%+2(8)/(%8!; (4'1&0+/)(8,/%!/'0!
H#84'+%68(002!-%/(%81%6!2(660+08/!,0=-08/,1:(/'(8!)!,(8=50!5(-"F!)82!(8/0+5(-"!
4%%+2(8)/(%8F!;'(4'1(89%590,!/'0!, #84'+%8(b02!-%/(%81%6!/;%! 2(66F+08/15(-",H
*0606+2(8)/021-%690-08/,14)8!"0161+/'0+14)/0=9%-+(b03&)),@-%90-08/,F!;'0+0!
,0=-08/,1-%901/%=0/'0+1(81)14%%+2(8)/02!1+'#/'-F1)8 2)06H8."),0!-%690-08/, F!
+'0+0!,0=-08/,1-%690!)/12(660+08/!/(-0,A%Q'(,1/'0,(,!:(55!6%41,!,&04(6(4)55#%8!
"(-)81)514%%+2(8)/(%8F!;'(4'1(,1)!&+09)508/16%+-1%6!4%%+2(8)/02!-%90-08/!
6+0<108/5#!1,02!(81090+#2)#!f)," ,H

). 5=*0$8&&,6);*3)&;$,494,-$38$3(4$*>)0)3:$38$=-4$3KE&S(*;6-$-).=03%,4&=-0:$

);$*$8&&,6);*346H$-: ;8(,&;)W46H$*;6$-:;4,2)-3)8$.!*$N¢()A$*>)0)3:$)-$4--4;3)*O$);$

= 4,8=-$6%)0:$*83)5)3)4-H$4:8&.*--):2$-).'04$*83)&;-H0) G4



1#(8=1,'%05)40,1)82!"1//%8(8=!)!,'(+/F1),1;055!),1-%6+0!(8/+(4)/01)4/(%8,!5( 0!
&5)#(8=!-1,(4)5!(8,/+1-08/,F14%% (8=F!%+108=)=(8=!(8!,&%+/,H!Q'0!,0)-50,,!
(8/0=+)/(%81%6!"%/'")82,1/%10P041/01)/),"108')840,1066(4(084#1)821&+04(,(%8!(8!
1), 10P041/(%81)'014%%+2(8)/(%8!%6!-%90-08/,1"0/;008!")82, 1(,1)12#8)-(4!
&+9%40,,1/)/1+0<1(+0,!6(880214%8/+%5!/%!08,1+0!,-%%/'10P041/(%8H! 785( 0!
18(-)81)5!/),"FI"(-)81)5!4%%+2(8)/(%8!/),",120-)82!)!=+0)/0+!20=+00!%6!-%/%+!
&5)88(8=1)8214%=8(/(90!08=)=0-U8/H
S81%61+12)(5#1+%1/(80,F!;01%6/08!1,01%1+1")82,:(50!)//082(8=!/%!%/'0+!
)4(9(/(0,F!:'(41%6/08!(89%590!4%=8(/(90! &+Y%A0LJ00FD+1;01)+0!/#&(8=)8!

0-)(5!;'(50!-08/)55#14%-8%, (8=!(/,!4%8/08/F14%%" (8=12(880+!; (50!-08/)55#!
+09(0;(8=!/'0180P/12)#Z,!,4'02150F1%+!"9(8=!)14%890+,)/(%8!;'(5010)/(8=1)//'0!
2(880+!/)"50F14%--%812) (5#1+%1/(80,1)+01,)/1+)/02!;(/'1(8,/)840,!;'0+0(8!
"(-)81)514%%+2(8)/(%8!-%/%+1/),",))+0!,0)-50,,5#14%1&502!;(/'14%841++08/!
4%=8(/(90!),",HIG+09(%1,15(/0+)/1+01"),120-%8,/+)/02!+021402!-15/(/), (8=!

)"(5(/(0,1(81%520+1)215/,14%-&)+021/%!#%18=0¥ 12 05/08%+0F!=)(8(8=")!

I'%+9%1="11820+,/)82(8=1%6/),"1(8/0+)4/(%8,!(8!'0)5/#1#%18=1)215/,1(,14+14()5!6%+!
4%-&+0'082(8=12045(80,!%",0+902!(810520+5#1)82!45(8(4)5!&%&15)/(%8, HI 2#!
OP&5%-+(8=!/'0!(8/+(4)/01+05)/(%8,'(&!"0/;008!-%/%+1)8214%=8(/(90!/),"F;'(4'!
,0+90,1),1/'0169%6182)/(%8!%6!/'01+0,0)+4'1%1/5(802!(8!/'(,!/'0,(,F!;01)(-//%!=)(8!
(8,(='1,1(8/%!-15/(/), (8=")"(5(/(0,!/")//(86510840!%1+1(8/0+)4/(%8,1)82!+0,8%8,0,!/%!

/'01:%+521)+%182!1,H



N(-$3(4-)-$K)00$' &5)64$*$88." 4(4;-)54$3(4&.,43)8*0$9,*.4K&, G$8&54,):2%
5% )&=-$*-'483-$89$>).*;=*0$.83&,$8&;3,&0A$73$K)00$4R 0&,4$6)994,4;3$98&, -$&9%
>).%,=0$88&,6);*3)&;H$3(4&,)4-$);$.838&,$88&;3,&0H$*;6$3(4$=;64,0:);2$
4=,&'(:-)808&2)8%0%$.48(%;)-.-$=;64,0:);2$>).*,=*0$8&4&,6);*3)&;A$/66)3)&;*00:H$) 3%
K)00$,45)4K$' 45)8=-$,4-4* 8($&;$9*83&,-$);90=4;8);2$.&3&,$8&;3,80$6=);2$>).*;=*0$
*6$882;)3)Fa&3&.,$);34,*83)&;-A$0);*00:H$3(4$3(4-)-$6&8=.4;3$K)00$' 4-4;38*$
4-4* 8($-3=6:$7$88;6=8346$3&$4R*.):4$3(4$4994 8 BBIEES) MG $64.*,6-$

&:$9&,84$88;3,&0$6=,):2$*:$)-&.43,)8$>).*;=*0$8&&, 6):*3%:$3*-GA

KMN89:"'1%213/456*5+17%%.&/65#%6

KMNME <=$5"156&1,*#2 <$5"1106-"4"6# 1
2(-)81)51/),,JOP'("(/")!;(201+)8=01%6!9)+()/(%8,F!(86510840, I"#16)4/%+,!
14'),1-%90-08/1&"),01)82! #--0/+#H!:1+(8=1)8!(8 1&),0!-%90-08/F!"%/'!
"062#1&)+/,108=)=021(8!/'01-%690-08/1-%90!(8!)! #84'+%8(b02!-)8&tFpio#!
-%690!/%=0/"0+1(8!/'01,)-012(+04/(%8!)82!)/1/'0!,)-01/(-OH!.8!0P)-&50!%61)8{(8
&),01-%90-08/1(,145)&&(8=""%/"")82,H!Q'0! #84'+%8(b)/(%8!%6!-%90-08/!
%6/08/(-0,1&+%9(20,1(82(9(21)5,1; (/1) (5(/#!;0814%-&50/(8=1)1&) +/(415)+1-%/%+!
1), F10,804()55#1/'%,01+0<1(+(8=1&+04(,01%+!6(80!-%/%+1-9690-08/,H!S8M%8/+),/F1%1/
96RR.),01-9690-08/,1%6441+1;'081/;%6!"%2#1&)+/,1-%90!(8!%6&8&%, (/012(+04/(%8,16+%-!
%801)8%/'0+F1+0<1(+(8=1"%2#1&)+/,!/%!-)(8/)(8!)!40+/)(8!120=+00!%6! (8 A5&:0820840H

*0606+2(8)/021/),,15( 012+1--(8=1)82!,;(--(8=!"%/"1+0<1(+0!% WoiR.),0 !



.&54.4;3-A$+&00483)540H(1$%$*; 6 $& =B F(*-4$.&54.4;3-$*,4$4--4;3)*0$9&,$
4R48=3);2$*$K)64$,*;,24$8&9$8&&,6);*346$.&54.4;3-ASNK&$,4-4*,8(4,-H$%'4;84,$*,6$
7,5:$'4,9&,.46$3K&$P4R'4,).4;3-$3&$34-3$&=,$8**8)3: $3& $F(:: &= BIR-BF

'(*-4$8&8&,6);*346$.854.4;3-$>*-46$&;$3*-G$2&*0$6) IHB=N3H(4-4$33K &S

4R'4).4;3-$* 3)8)"*;3-$CE$5&8*0)WAE$K ()04$.85);2$3(4), $(*;6-$3&243(4,$*,6$):$
&"&-)34$6),483)&;-H$>=3$34;646$38$5&8*0) WASK (4;$(*;6-$K4,4$.&546$3&243(4,$*,6
@80+6%+-021;+(,/-%90-08/,1/%=0/'0+1%-+1(81%8&8&%, (/01 2(+04/(%8, (8! #841; (/')
-0/+%8%-0f 1+(8=!1/'01;+(,/1-%90-08/!/), F1&)+/(4(&)8/,1%8&/02!/%! #841%80!
')82L;(/'10)4'1"0)/1;'081-%9(8=!/%=0/'0+F!"1/14%1&502!;+(,/!650P(%8!)82
4R34;-)&;$K)3($4*8($>BRAS9);6);2-$-="&,3$3(4$)64*$3(*3$8&&,6);*346%
&54.4;3-$8*$>4$.8,4$8&,$04--$6)99)8=03$64'4;6);2$&;$3(4$3*-G$*,6$3:'4$89$
&54.4;3A$%'48)9)8*00:H$B&E, 6);*346$.854.4;3-$);$&."&-)34$6),483)&$$.*:$>4
50,,!,/)"5012101/9%!)15)4"19%61450)+10908/!/+ PQDEOIE(82(8=,!'(='5(='//'0!

(-8&%+/)8401%6!1820+,/)82(8=!/'012(660+0840,!"0/; BRI S21% LIV&.) 0!
-%90-08/,F!,1==0,/(8=!/")/!/'014%-&50P (/#1%6!/), 1=%)5,!(86510840,/'0!,/)" (5 (/#!
%6!"(-)81)514%%+2(8)/(%8H!7820+,/)82(8=!/'0,01248)-(4,14)8!(86%+-1,/+)/0=(0,!
6%-+1(-8-+%69(8=14%%+2(8)/(%8!(8/),",1+0<1(+(8=!/'0! #84'+%8(b02!-%90-08/1%6!" %/
"82,F1,14),1(81+0")"(5(/)/(%8!&+%=+)-,16%+!,/+% 01&)/(08/,1%+!/+)(8(8=!8+%=+)-,!

69%-+1-1,(4()8,1)82!)/'50/0,F!/%!8)-0!)!60;H



KMNMPM44"#./?75+156&1@'944"#./?5+11%-"4"64

S8!"(-)81)5!/)),",F1)8%/'0+145), (6(4)/(%8!2(,/(8=1(,'0,14%%+2(8)/(%8!"),02!
%81/'012(,/(84/1)4/(%8,180+6%+-021"#10)4'")82H!. ,#--0/+(4)5!-%690-08/,1%6441+!
+0810)4'1"%2#18)+/F!,14"),1/'01506/1)821+(=/")82F180+6%-+-,12(,/(84/")4/(%h8, H
T81/'019%/'0+1")82F! #--0/+(4)5!"(-)81)5!4%%+2(8)/(%8!(89%590,"%/'1")82,12%(8=!
/'01,)-01/'(8=N)/1/'01,)-01/(-0H  *A$#--0/+(4)514%%+2(8)/(%8!&)//0+8,1)+0!
4%--9%8121+(8=145)&&(8=1%+16(8=0+!/)&&(8=1-%90-08/,!(8!)! #84'+%8(b02!-)880+H!
MO04%=8(h(8=!/'0,0!-%90-08/!&)//0+8,1(,14+14()516%-+1)1"0//0+11820+,/)82(8=!%6!
"(-)81)514%%+2(8)/(%8H!EP)-(8(8=12(660+08/!14)/0=%+(0,1%6!"(-)81)5!4%%+2(8)/(%8!
'05&,11,1"0//0+11820+,/)82!'%;12(660+08/!"%2#1&)+/,1;:%+"1/%=0/'0+1(8!"(-)81)5!

/), H!

KMO8$"%./"1/611%#%.17%6#.%+156&17%%.&165#/%6

KMQWBC;>HDCE>PH&/C:;CCH&<Q&";CC?<R&S;<AGCR
JD1L#,/10-F1/'01'1-)81"062#11820+=%0,14')8=0,14%8/(81%1,5#!(8!(/,!(8/0+8)5!
J+14/1+0!/%")4'(090!/'0+-%2#8)-(410<1(5("+(1-F!)1/%&(416(+,/'0P&5%+02!"#1$%9(0/!

801+%&#,(%5%=(,/FIR('%5)(1?70+8,/0(8H!KO!;),/'016(+,/1/%! &+%&%, 0!'%:; -%/ %o+
#.,10-14%8/+%5!"%2#1&)+/,1:(I'% 1/14%8,4(%1,1(8/0+908KEA86,0)+4'1=)90!
+(,01/%!/'0120=+00,!%6!6+002%-!&+%"50-F!)!16182)-08/)5!<10,/(%8!(8!/'0!-%/%+!
4%8/+%5!6(052H!:0=+00,!%6!6+002%-!d: T3e!20,4+("0,!/'01(8/+(4)4#1%6!,/+14/1+0,!

(89%5902!(8!-%690-08/14%8/+%5F!,&)88(8=19)+(%1,!50905,16+%-1"%2#1,0=-08/,/%



mY%(8/,F!-1,450,F!1801+%8,F1)8Fiap96-+01050-08/,1(89%5902!(814%8,/+14/(8=!
)14%0%+2(8)/021-9690-08/F!/'01=+0)/0+1/'0120=-+00,1%6!6 X (B2
OP&0-+(-08/,1/)/120590!1200&0+!(8/%!: T3F!3(8 10/1)5HF!),"02!1&)+/(4(&)8/,!/%!Vel,;(8=!
)1,(8=5018&082151-11,(8=!/'0(+!6%-+0)-+-!(8Y/(-0L:(/'!)!-0/+%8%-01)82! @e!,:(8=!/;%!
&082151-,!,(-15/)80%1,5#!(8!%&8&%, (/0!2(+04/(%8,!/%!(8! #841/'+%1="1(84+0),(8=!
-%690-08/1,&002H IM0,15/,120-%8,/+)/02!/')/1&)+/(4(&)8/,!Ve!(84+0),02!6%+0)+-!
-9690-08/!(8!+0,8&%8,0!/%!&082151-!,8&002!/%!&+%-%/01-%90-08/! /)" (5(/#!)82! @e!
2(218%l!,;(/4"14%%+2(8)/(%8!&)//0+8,1(++0,&04/(901%6!8082151-1, &002!:(/'!/: %!
&082151- #1S81)5(=8-08/1;(/'1?70+8,/0(8Z,: T3!&+%"50-F!/'016(82(8=,!,1==0,/!
['01"062#1'),1)1:)#1966120)5(8=!: (/"1 4%-&50P!-%90-08/, I"#1+04+1(/(8=1)22(/(%8)5!
-%90-08/,1/%!,1)"(5(b0!4%%+2(8)/{MiB81,;(8=(8€.082151-10P&0+(-08/,!5( 0!
1)119%61214'8)81)821105,%F!&)+/(4(&)8/,18)/1+)55#1"0=(8!(89%59(8=!-%+0!m%(8/,!
)821-1,450,1/%!-)(8/)(814%%-+2(8)/(HAEH'
EP/082(8=!/'01:%+"19%6!3(8"10/)5HF!g)=)(10/!)5H!'(='5(=/02!/'0!0-0+=0840!
%612(660+08/14%9%+2(8)/(%81&)//0+8,1"),02196814)&)" (5(/#!6%+16%+0)+-1-%90-08/!
21+(8=1)1&082151-1,;(8=(8="), H1Q'(,|(-&5(4)/0,!/'0)(-&%+/)840!%6!%690+)55!
"062#14%%+2(8)/(%8!(8!,1440,,6155#1)4'(09(8=1)!-9690-08/H!: 1+(8=!"(-)81)5!
4%%+2(8)/(%81/),",FI/'(,1<10+#1"04%-0,10,804()55#!+0509)8/F!)22+0, ,(8=!/'0!
4)5508=0,1%6!,(-15/)80%1,5#14%8/+%655(8=!-1,450,1)82!m%(8/,!, 14'1/')/\/;:%!"%2#!
&)+,14)81:%+"1/%=0/'0+1(81')+-%8#H120+8,/0(8Z,1+0,0)+4'14+0)/02!)1&5)/6%6-+-16%6+!
1820+,/)82(8=!/'01-0)8,!/'+%1=";'(4'1/'0180+9%1,! #,/0-!,(-&5(6(0,!20=+00,!%6!

6-+002%-1/%61)4'(09014%%+2(8)/02!-%90-08/1(8!)8!066(4(08/!-)880+H



KMQOMN>7RES&% THDCRHESEC<;T
,1:0120590!1200&0+!(8/%!/'01-04")8(,-,1=%90+8(8=14%%+2(8)/02!
-%690-08/,FI/'0L:#8)-(41$#,/0-,1Q'0%+#1d:$Qe!%660+,1)8%/'0+"0#16+)-0;%+ !
1)114%-&50-08/,1)8210P/082,1%1+11820+,/)82(8=19%6!"(-)81)5!4%%+2{8)/(%8H
:$Q!1,1==0,/,1/')/12#8)-(4! #,/0- 1084%-&),,1" %/ 1%+20+1&)+)-0/0+,FL;'(4'
206(80!/'01,#,/0-1,1=5%")51"0)9(%-+F!)8214%8/+9%65!&)+)-0/0+,F!;'(4'1+0&+0,08/!
OP/0+8)5!6)4/%+,!(8651084(8=!/'0!, #,AQ¥|!&0+,804/(90!,'(6/,1/'016%41,16+%-!
(82(9(21)5!4%-&%6808/,1/%!/'01(8/+(4)/01(8/0+)4/(%8,1)82!+05)/(%8,'(&,"0/;008!
/'0-H!Q'0+06%+0F!"(-)81)5!-%90-08/,!)+0!1820+,/%%621), | #80+=(,/(41)4/(%8, F!
+0-+0/:%14%-8%808/,F1,14'),1"06/'1)82, F1;%+ "1 +-968(%1, 5#1/%!)44%-&5(,"1)!
/), H¥1$090+)5!,/12(0,1")90!5090+)=02!:$Q!&+(84(&50,!/%!)22+0,,14')5508=0, (8!
"(-)81)514%%+2(8)/(%8!)821+0")"(5(/)/(%8!(8!801+%5%=(4)5!8%&15)/(%8,!5("0!
J+9% EESEIF (501/4)2(/(%8)51&#, (4)51/'0+)&#)8&+%)4'0, 16941, 1%681/'01-%+0!
)6604/02!,(201%+!5(-"FI$50608 %18!10/1)5HF!)+=10!6%-+1/'01(8/0=+)/(%8!%6!
4%%+2(8)/02!/),",1(89%59(8=""%/' 150 1% (5)+ 5#F121/4'0+10/1)SHF10-&), (b0!/'O!
(-&%-+/)8401%66!)84'%+(8=1+0")"(5(/)/(%8!)&&+%)4'0,!(8!/'01:$Q!;'08!)22+0, (8=!
H#-8&/%-,1%6),&),/(4(/#1)82!;0)"80,,1(81801+9%5%=(4)5!8%& 1 5SHBH18,/)840F!
J+9% (8214021408/+)5!80+9%1,!,#,/0-1(8m1+(0,!4)8!50)2!/%!(8'0+08/!) #--0/+(0,!
(814%%+2(8)/(%8H!?#1)2%8&/(8=!/'012#8)-(41 #,/0- |&0+,&04/(90F;014)8!"0//0+!
1820+,/)821'%%;1/'0,01),#--0/+(0,1)6604/!"(-)81)5!2#8)-(4,)821/'01;)#,1(8!
#(4'1/'01"+)(8Z,1&5),/(4(/#)82!,05606+=)8(b(8=18+%&0+/(0,14)8!"0!1/(5(b02!/%!
084%1+)=01)2)&/(9014%%+2(8)/02!-%90-08/,!(81+0')"(5(/)/(%8H!*%5504/{905#F!/'0,0

[!



/12(0,! '(='5(="! ['0! +0509)840! %6! :$Q! (8! 1820+,/)82(8=! )82! (-&+%9(8=!
"(-)81)5! 4%%-+2(8)/(%8F! %660+(8=! &+%-(,(8=!)90810,! 6%+! 08)84(8=! 4%%-+2(8)/(%S8!

),,0,,-08/1)821+0")"(5(/)/(%8!,/+)/0=(0,16%+!801+%5%=(4)5!8%&15)/(%8,H

KMUAGS./5B/+/#91C1>#5B/+/#91%211%1'4"6#
7:$-G)0046%$.854.4;3H$3(4$>*0%:84$>43K44:$5* )*>)0)3:$+:6$-3+>)0)3:$)-$
8,=8)*0AR()04$(=.*;-$8%$;*5)2*34$5*,)&=-$6)-3,*83)&;-$*,6$6)994,4;3$-=,9*84-$
K)3(&=3$8&." &.)-);2$.&54.4;3$-3*>)0)3:H$,4'43)3)54$*83)&;-$*). 46$*3$*$-);204$28*0$
8%:$-3)00$4R()>)3%$-)2;)9)8%;3$5* )*>)0)3:ASN()-$'(4:&.4;8;$)-$)00=-3,*346$>'$

_4,:-34):-$4R*'04$89$*$>0*8G-.)3($(*..4,); 25*;$* S)ON (4$>0*8G-.)3(-$

&54.4;3-$K4,4$-3*>04$*;6$+88=, *34$*-$3(4:$()3$3(4$*;5)03K) 3($3(4$(*..4,A$
a&KA454,H$3(4$.&3)&;$&IS3(4$(*..4,$)3-409$6)-'0*:46$;&3)84*>04$59)$>)0)3:A
8&;6)3)&;-$0)GAS\* G);-&;[-$6)-4*-4$B\PEHS3(4$.838, $&=3'=3$8*$6)-'0%:$);8,4*-46%
42=0%)3:$>=3$0*8G$-3*>)0)3:H$*,3)8=0* 0:$);$2%)3$™* * 434 -HSK (4;$8&. ™ 46$3&S$
(4+03(:$88;3 &K E1"11$-3=6:$>:$0*34-$43$*0AHS()2(0)2(3-$3()-$5*,)*>)0)3:$*,6%
-3+>)0)3:$);$.854.4;3$334,-$);$):6)5)6="0-$K)3( 8P ) 298 A&=$
8&..=;)3:$6*:84$80*--4-H$™* 3)8)*;3-$K)3($\P$4R()>)346$2,4*34,$.8&54.4;3%
8&.'04R)3:H$*-$);6)8+346$>:$*" &R).*34$4;3,&"$B/'V;EHS):$3(4$,)2(3G;44$+,6$('$
6=,);28904R)&;$.854.4;3-$8&..'*, 46$3&$3(4$04 835§ BUA-40:H$&064,$+6=03-$
64.8;-3,*346$.8,4$-3*>04$%,6$04--$5* )*>04$.854.4;3$*334,-$*8 &--$&>-4,546$
>86:$-42.4:3-K%735)-$8,=8)*0$38$);34,',43$.854.4:355* )*>)0)3:$K)3():$-'48)9)8$

88:34R3-$*:6$'&'=0*3)&;-A$0&,$);-3*;84H$);8,4*-46$5*,)*$)0)3:$8*;
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%-0/(-0,!,(=8)5!2(66(415/(0,!(8!-00/(8=1&+04(,01-%90-08/1%"mO04/(90,F!),
20-%8,/+)/02!(810P&0+(-08/,1+0<1(+(8=1&)+/(4(&)8/,/%!-)/4'T)!,&04(6(4!6%+40
1)+=0/HIK%;090+F!(8140+/)(8145(8(4)5!8&%&15)/(%8,F19)+()"(5(/#!-)#"01)1=%%2!/ (8=F
+06504/(8=1)1,#,/0-Z,1)"(5(/#1/%!)2)&/\/%!089(+%8-08/)5!,/(-15(!)82

'4,3=,>*3)&;-A (F g+ 1+>)0)3:$8* $+0-&$>4$>4;49)8)*0$6=,);2$3(4$04*,;); 25 §-4$&9$*
80;1-%/%+!,(55H!.,1)81(82(9(21)5!50)+8,1)!80;/), F!(8(/()5!-%90-08/, 1-)#19)+#
"06%+0!=+)21)55#14')8=(8=!(8/%!-%+014%8, (,/08/1)82!&+04( DN HHF
9)+()"(5(/#1)821,/)" (5(/#1(81-%90-08/1)+0!(-8&%+/)8/14%8, (20+)/(%8!(8!-%/%H#14%8/+%5
+0,0)+4'FL (/' (-&5(4)/(%8,16%+11820+,/)82(8=14%%+2(8)/02!-%90-08/,! (81'0)5/'#

)8212(,0),08

KMVD"*.%565#%6491%213/456*5+17%%.8&/65#/%6
_).%=*0$88&&,6);*3)&;$)-$*$8&.' 04R$*-'483$89$.83&,$8&;3,80$3(*3$);58054-$3(4$
1).=03%,4&=-$*;6$8&&,6);*346$=-4$89$>&3($(*;6-A$Q()04$3(4&,43)8*0$.8640-$&994,$
5+0=*>04$8&;84'3=*0$9,* 4K&,G-H$04-)&;$*;6$> *);$).*2);2$-3=6)4-$' &5)64$3(4$
4.),)8*0$45)64;843*>&=3$(&K$3(4$>,*);[-$-3,=83=,4$*;6$9=;83)8,$8&;3,)>=34$3&$
>).*=*0$8&&,6);*3)&;AF . '&,3*:30:H$*$0&3$&ISK (*3$KASC &K $3&6*:$*>&=3$3(4$;4=,*0$
-=>-3 *34-$89$8&&,6);*346$.854.4;3-$>43KA4;$(*6-$-34.-$9,8.$04-)&;$-3=6)4-$
K()8($(*54$>44;%);-3,=.4;3*0%);$*65%;8);2$&=,%$=;64,-3*;6);2$&9%>,*);$9=;83)&;H$
4-'48)*00:$);:$3(4$4*,0)4,$-3*24-$&9%;4=,8-8)4;84$ £-48)8(A4.): 2$K &, G$>:$
@*,G$*:6$%'4,,:$,454*046$3(*3$.8;G4:-$3(*35(*6$3(4), $8&.,'=-$8+00&-= $-483)&;46$

4R()>)346$*>;&, *0$8&&,6);*3)&;$*334,;-H$*;6$K (4;$3(4%$04-)&;-
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0P/08202!/%!(845120!/'016%+0"+)(81)82!-(2"+)(8!4%--(,,1+0,F!/'0106604/,!;0+0!
-%6+018+%8%18402!)8256y488=F1%2(-)81)514%%+2(8)/(%8!&+%"50-,1)90!)5,%!
"008!%",0+902!5)/0+!(81&)/(08/,11820+=9%(8=!/+)8,4)55%,)5!,04/(%8(8=!210!/%!,090+0!
0&(50&/(4 #-&1%-£19821,1",0<108/!,/12(0,(8!&)/(08/,1; (/"' 4%8=08(/)5!
&)/'%5%=#1%6!/'014%+&1,14)55%, 1-')90!+090)502!/')/14)55%,)5!6("0+,1&5)#!)!" 0#+9%50!
(81/'01/(-(8=1%61")82!-%90-08/,H?11'08149%8, (20+(8=!5(-"16 184/(%8F!(/!;),
8%/(402!/")/118(5)/0+)5!50,(%8,1%6!/'0!, 1&8&50-08/)+#1-%/%+!)+0)!d$>.€!(8!-%8 0%,
)5,%!8+%2140!,(-(5)+!58p38=1206(4(/,1-)8(60,/021),1(208/(4)5!-%90-08/H#
Q'0,0'6(82(8=,1)5(=8";(/'/'0!&+%6&%,02!+%50!%6!$>.1(81-%90-08/!&5)88(8=!)82!
(/,1-%215)/%+#106604/1%8!/'01-%6/%+1%1/& 1/1%61/'01&+(-) +#1-%/%+144+/0P1d>VeH
TOO+!/'01#0)+,F!;(/'1/'0!)2908/1%6!6184/(%8)5!801+%(-)=(8=F!(/!"),!"04%-0!09(208/!
I)/1"(-)81)5!14%%-+2(8)/(%8!6184/(%8,1)+0!8%/15%4)5(002!/%!/'01&+0-%/%+!+0=(%8, (8!
1'016+9%68/)5! 4% OBAM)/0+F1/'0#)+01%+4'0,/+)/021"#1)12(,/+("1/021)4+%, 1)!
4%-&50P!80/;%+ 1(89%59(8=14%+/(4)5!)82!,1"4%+/(4)5!+0=(%8,!(84512(8=!/'0""),)5!
=)8=5()!)82!140+0"0551-F!;'(4'1&5)#1)1+%501(8!,;(/4'(8=""0/;008!"(-)81)5!
4%%+2(8)/(%818)//0+8,1)821/'01/(-(8=!-%/%+1%L)&A4%+0%90+F!/'0!, 1440, ,1%6!
"(-)81)514%%+2(8)/(%8!+05(0,1%8!/'0!,0)-50,,1(8/0=+)/(%8!%6!,08,%+#16002")4"16+%-!
"%6/'1)82,1/%!)2m1,/1-%90-08/,!(8!+0)§-0!d)!/%&(4!2(,41,,02!(8!/'0!80P/!

04/(%8ek" 1Q'(,1(86%+-)/(%68!1820+=%0,!(8/+(4)/0'&+%40, (8=!(81)+0),!,14"),/'0!
%-)/%,08,%+#14%+/0P1)82140+0"0551-1/%108,1+01)441+)/01-%§F-08/,H

(660+0840,!(8!"+)(8!6184/(%8!)82!,/+14/1+0F!&)+/(415)+5#1(81)+0),I'(='5(='/02!"#
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6%-+-0+1,/12(0,F14%15214%8/+("1/01/%!9)+()/(%8,!(8!"(-)81)5!4%%+2(8)/(%8!)4+%, !
2(660+08/1&%8&15)%8,H

S81,1--)+#F!1/'01408/+)5!80+9%1,! #,/0-Id*R$e!4%55)"%+)/0,!;(/'1/'0!
&0+(&'0+)5180+9%1,!,#,/0-/dGR$e!)82!,08,%+#16002")4"1-04")8( -, 1/%!=080+)/0!
)821-06215)/018+04(,01-96/%+14%--)83 1§ 1>15/(&5014%+/(4)5!)82!,1"4%+/(4)5!
+0=(%8,190!1"008!,'%;8!/%!'05&!(82(9(21)5,!&5)8F!(8(/()/0F!)82!+06(80!-%90-08/, F!
08,1+(8=1+0,&%8,0,1-00/!/),120-)82.H*" 17820+,/)82(8=!/'01801+)5!
-04"8(,-,1(89%5902!(8!"(-)81)5!4%%+2(8)/(%8F!'%;/'0#!(8/0+)4/F1)82!-%215)/0!
)A1(9(/#!/%!)4'(0901(8/08/(%8)5!-%90-08/,108)'50,1%1+11820+,/)82(8=1%661-%/%+!
4%8/+%5!)8214)81"011,02!(8!+0')" (5(/)/(%8!&+)4/(40,16%+1(82(9(21)5,!; (/' &)/'%5%=(0,!

)6604/(8=1-%90-08/H

KMWB$"1)%+"1%21>"6'%./4%#%.1,6#"E.5#/%61/61F%.?"1) E*+5#/%6

KMVMES"1)%+"1%21=.%:./%2"#I%6 1/61F%. 2" 1 1%6#.%+
N&$499483)540:$883,80$.854.4;3H$);80=6);2$3(4$);3,)8+34$88:&,6);*3)8;$&9$>&3($
(%;6-$);$>). 5, =*0$3*G-H$3(4$>,%);$.=-3$);342,*34%);98,,.*3)&;$9,8.$.=03) 04$-4;-&,:$
--34.-A%'Z;43).'8,3%,35-8=,84$89%-4;-8,$),9&, *3)&;$)-$,&',) &84'3)&;AS
\,&)&84'3)&;$)-$649):46$*-$&= $*K*,4:4--$&IBK (4,4$8=,$>86:$)-§ w3ssma s
*$).'8,3%3$,&04%);$9&,84$8&,3,80$>:$,&5)6);2$3(4$>,);$K)3($8&;3);=8:=-$9446>*8G$
*>&=3$3(4$'&-)3)&;$&9I$3(4$6)994,4:3$0).>-H$*6$3(4$34:-)&;$&9$. =-BBH$*6$c&):3-A

N()-$3:'4$89%$-4:-&,:$):9&,.*3)&;$*00&K-$3(4$>,*);$3&$.&:)3&, $*$H$*6c=-3
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1'01)-%18/1%6!6%-+40!-1,450,10P0+/121+(8=19)+(%1,!/),",F!(84512(8=!"(-)81)5!
4%%-+2(8)/(%8F!/%!)4'(090!1&+04(,0!)8214%%+2(8)/02!-94901a8)3H

4%-8%808/,19%6!8+%&+(%40&/(%8!(845120C

" $%&()*()+,- H/+0%&-1)-' *&)+&24(3),/1,/12(0,1")90!20-%8,/+)/021/'0(-&%+/)840!

0661&+%6&+(%40&/(90!1+0408&/%+,1(8!-1,450,!/)/1)+01"8%;8!/%!8+%69(20!(86%+-)/(%8!

)"%1/1-1,4501508=/"1)8214')8=0,!(8!-1,450!,/+0/4H

" 452+-*I5&2-25+%/+0*657)6)e98(8/!+040&/%+,)+01&+%&+(%40&/%+,16%182!(8!/'0!

M%(8/14)&,150,1)82!5(=)-08/,1)82!'05&!/'0!"%2#12(,40+8!(/,!,&)/()5'%+(08/)/(%8H

" 851')*9))0:/3 1Q082%8!%+=)8,1+04%=8(b0!4)8=0,!(8!-1,450/08,(%8!)82!6%+40F

* 4$=-46$3&$',454;3$4R84--)54$9&,84%$*:6$.=-804%$*:6$34;68$);c=,:A

\ &')&84'3)&;$*83-$*-$*$9446>*8G$08E'S);$9&.,84$8&;3,80$>:$8&-)-34;30:
8800483);2$);9&,.*3)&:$,42* 6):2$8=,,4;3$.8&54.4;3-$*:6%$);34;646$.854° 1 4%A
\,&',)&84'3)54$9446>*8G$9*8)0)3*34-$6::*.)8$*60=-3.4;3-$6=,):2$.854.4;3-H$4:-=,);2$
3(4$*88=,%8:$*:6$',48)-)&;$89$9& 843K ()8($*,4$4--4;3)*0$9&, $ER.&,6);*346
)41(%8,1(812)(5#11), HIL%,, 19661 &+%6&+(%A408&/(%8!"),1"008!,'%;8!/%!50)2!/%!206(4(/,!
(8!"(-)81)514%%+2(8)/(%8F!),120-%8,/+)/021(81)!,/12#1%61)120)660+08/02!&)+/(4(&)8/
{(/15)+=056("0+1,08,%+#1801+%&MB-E.Y6+/)8/5#F!; (501&+%6&+(%408/(90!
(86%+-)/(%8(,19(/)5!6%+1"%/'(,%-0/+(41)8212#8)-(41),”FI(/,!,(=8(6(4)840!"04%:-0,!
-%6+0!1&+%8%18402!)82!(8/+(4)/01(8!/'014%8/0P/1%612#8)-(41"(-)81)5!4%%+2(8)/(%8H
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KMVEMNC&2<GC&<Q&LEH=7G&"CC?A789&E>&"&;8CE&#<>D;<G
S81/),",1(89%59(8=16%+4014%8/+%5F19(,1)5!6002")41(,14+14()5!6%+!+0=15)/(8=!
6%-+40F10,804()55#1(8!)4/(9(/(0,120-)82(8=!&+ 3 (#0024 !
-%215)/0,16%+401)-&5(/120F!"%5,/0+,1/0-&%+)514%%+2(8)/(%8!"0/;008!5(-", F1)82!
%8&/(-(00,1%690+)55!80+6%+-)840!(8!"(-)81)5!/),",I"#14%890#(8=!(86%+-)/(%8!%8!
%"MO04/1&%, (/(%8F!,&)/()5!+05)/(%8, F1)82!-%90-08/1%134%-0#4%+O0F!
9(,1)5!6002")4°14+0)/0,/'01%&&%-+/18(/#16%-+10++%+!120/04/(%81)82!4%++04/(%8H!Q'0!
)",08401%+14')8=0,1966!9(,1)5!6002")4 1)821=)(84)8150)2!/%!4')5508=0, (8!
-)(8/)(8(8=!,#84'+%68(b02F!)441+)/0F!)82!,/)"50!-%90-08/,!(8!"%/'11&&0+!)82!
59%6;0+15(-"1-0690-08/,F1), 196", 0+902!(81&+09(%1,1&)&0+,!(8!"%/''0)5/#1)82!

45(8(4)5'&%&15)/(%&H

<28%/(*8))0:/';*/+0*#26/+%/(*851')*=5+-15(
N(,&=2($5)-=*0$9446>*8GH$);6)5)6=*0-$(FBISH DL, .*3)&; $&;$3(4$
*2;)3=64%*;6$6),483)&;$&9$9&,84$+"0)46$K (4;$8&.'043);2$>).*,=0$88&.,6);*3)&;$
3*-G-H$*00&K);2$98,$6:;*.)8%*6C=-3.4;3-$);$9&,84$&8=3'=3$*;6$3).);2$89%$.854.4;3-$*-$
4<=),46A96'48)9)8+00:H$3(4$+>)0)3:$3&$5)-=*00:$.8&;)3& B(&KS3(4$3K&S0).>-$* 4%
);34,*83);28K)3($3(4$4:5),&;.4;3%' & &34-$*88=, *8:$*,6$,46=84-$5*,)*>)0)3:$&9$9&,84$
&=3'=3% $63=6)4-$(*54$)00=-3,*346$3(*3$3(4$*>-4;84$&,$*034,*3)&;$):$-&.4$9&,.$&9$
5)-=*0$9446>*8G$*6$2*);$04*6-$38$*;$);8,4*-46$4, &,$,*34$*,6$,46=846$'4,9&., .*;84%
*88=,*8:3):$%:$*, *:$&9$6)994,4;3$>) *=*0$8&&,6);*3)& 51D & $);-3+,84HS*$

-3=6:$>:$a=%$*,6$d4K400$B!"CME$=-46$*;$)-&.43,)8$9&,845%'=0-4$3*-G
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1%1(890,/(=)/01), #--0/+#1%6!"(5)/0+)5!(8/0+60+0840!)8216%182!/")/1/),"120-)82, !
+05)/02!/%!6%+40!)-&5(/12014)8!"+(8=1968!),#--0/+(41"(5)/0+)5!(8/0+60+0840!)82!/)/!
'(='0+1=)(8150905, 1=080+)55#18+%-9%6/021")82! #-- 0/ £:498+0%90+F!,/12(0,!
20-%8,/+)102!/')/;(I"%52(8=19(,1)5!6002")4"150)2, /%! 8%%+0+18&0+6%+-)840!dOH=HF!
=+0)/0+19)+()"(5(/#F&0+6%+-)84010++%+F16%-+40!+0=15)+(/#e! (8!"%/' #--0/+(41)82!
), #--0/+(41"(-)81)5!4%%+2(8)/(%8!/),” & IN(,1)5!6002")41)5,%6!0-0+=0,),)!
“0#16)4/%+1(8651084(8=!"(-)81)5!6%+4014%8/+%5!(8!,/+%"01(82(9(21)5,H!MO,0)+4'!
(89%59(8=!/),",1,14'),1"(5)/0+)5!;+(,/1)82!6(8=0+!0P/08,(%81)/19)+(%1,16%+40!50905, !
),1,'%:81/)/1/'01)",084019%619(,1)5!6002")4 1+0,15/,1(81+02140216%+401)441+)4#!
)821(84+0),0216%+40!9)+()"&tf19'0,016(82(8=, '(='5(=/'/'0'+%50!%619(,1)5!
6002")4°1(81-)(8/)(8(8=!"(5)/0+)5!6%+4014%8/+%5!(8!"%/''0)5/'1)8212(,0),0F!)82!)5,%!
1820+&(8!/'01E4%5%=(4)5!Q'0%+#1%6!G0+408&/(%8F!(8/+%21402!"#1Q190#!)82!

115=0-+F( 1Q'01E49%65%=(4)5!Q'0%+#1%6!GO+408&/(%810-&"),(h0, /0! /+%8=!
+05)/(%8,'(&!"0/;0081%80Z,1)4/(%8,1)82!/'01&0+40&/(%81%6!/'0(+1089(%948-08/H
S81/'014%8/0P/1%61&0+6%+-(8=1)!-%/%+1/), F19(,1)5!6002")4 1&+%69(20,!&0+40&/1)5!
(86%-+-)/(%818040,,)+#16%+1)2)&/(90!(8/0+)4/(%8,!;(/'1/'01089(+%8-08/F1),!
&+09(%1,5#120-%8,/+)/02!1"#1+02140210+< A 9)DH65%=(4)5!Q'0%+#%6!
GO+408&/(%8!)29%4)/0,16%+12(,4)+2(8=1)" /+)4/1%)+/0,()8!4%8/+%65!-04')8(,-,F!, 14

),1-%/%+18&+%=+)-,F!(816)9%+1%6! (86 Y41 {Z0RB-%0/ %+ 4%81 ¥ 5H

VB



<)+-1/(*+0*>518&/(*?-1)/6&*59*<28%/(* @ 151&&2+,
K)9(8=10,/)"5(,'02!/'01&(9%/)5!+%650!%6619(,1)5!6002")4™1(8!,)&(8=!"(-)81)5!
6%-+4014%8/+%5F!(/"04%-0,10,,08/()5!/%!&+%"01200&0+!(8/%!/'01801+)51&)/; ), /)/!
6)4(5(/)/01/'(,!,08,%M86/%+1(8/0=+)/(%8H!Q'(,|I0P&5%+)/(%8!8)/1+)55#!=1(20,!1,!/%!
/'01908/+)5!)8212%+,)5!,/+0)-,196619(,1)5!&+%40,,(8=H!L00!)8219)8!:%8"05))+Z,!
+0,0)+4'11820+,4%+0,!/'014%-8&50P!+05)/(%8,'(&!"0/;008!80+40&/(%8!)82!-%/%-+!
4%8/+9%5!"#1'(='5(="/(8=1/'016184/(%8)5(/#1%6!/'01908/+)5!)8212%+,)5!,/+0)-,1(8!9(,1)5!
&+%40,,(8=H'01908/+)5!,/+0)-F!)5,%!+060++021/%!),1/'010;)/p!&)/"; #F!
&+%40,,0,19(,1)5!(86%+-)/(%8!+0=)+2(8=!/'01+04%=8(/(%8!)82!(208/(6(4)/(%8!%6!
%"MO4), KE8!"(-)81)514%%+2(8)/(%8F!/'01908/+)5! /+0)-1"04%-0,1+0509)8/!;'08!
(208/(6#(8=19%"mM04/,1"%/'")82,1-)#1(8/0+)4/!: (/'FL;'(4'/(81/1+814%1521(-&)4/!
4%%+2(8)/(%81,/+)/0=(0,H!Q'012%+,)5!,/+0)-F!)5,%!"8%:8!),1/'010:'0+0p!%-+10'%: p!
&)/ )#FI'05&,1&+%40, !,&)/()5!(86%+-)/(%8F!4+(/(4)5!6%+10P041/(8=14%%+2(8)/(8=!
-9690-08/,H" IN(,1)5!6002")41&+%640,,02!"#1/'012%+,)5!,/+0)-I'05&,!(82(9(21)5,!
"0//0+11820+,/)821/'0(+"%2#Z.,18%, (/(%8(8=F!+05)/(90!2(,/)840F!)82!-%90-08/1=%)5, !
21+(8=1)1"(-)81)5!4%%+2(8)/(%8!/), H!3%+!(8,/)840F!(82(9(21)5, :(/"""+)(8!50, (%8, !
(81/'01&)+(0/)5!5%"0!d2%+,)5!,/+0)-e!-)#0P&O+(0840!%&/(41)/)P()F!(-&)(+(8=19(,1)55#!
=1(2021-%90-08/,FI"1/1:(/'%1/'4%-8&+%-(,(8=18%+-)5!%"m04/1+049028(/(%8H
*0/65504/(905#F!/'01908/+)5!)8212%+,)5!,/+0)-,16156(55!(-8&%+/)8/1+%50,!(819(,1)5!
&+9%40,,(8=F10)4'14%8/+("1/(8=1/9%!/'01-04")8(,-,\/'+%1="1;'(4"19(,1)5!6002")4 !

(86510840,16%+401%1/&1/1)8214%%+2(8)/(%8!21+(8=1-%/%-+1/),"H
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KMX3/456*5+17%%.8/65#/%61G6&.". 1A5./5B+"1F%.?"1H"856&
G+09(%1,1+0,0)+4'""),1+090)502!/')/16%+40!20-)82,1)6604/!"(-)81)5!6%+40!
4%8/+%651&0+6%-+-)840F!;(/'15%;0+16%+40!50905, 1#(052(8=1=+0)/0+!)441+)4#1)82!
08)"5(8=!-%+0!8+04(,014%%+2(8)/(%8F!)82!'(='0+16%+40!50905,!50)2(8=!/%!+021402!
)441+)4#1)82150,,1066(4(08/14%%+2(&) R8Ny, 12:08%-08%8!"),1"008!
6+0<108/5#1%",0+902!(8145(8(4)5!&%&15)/(%8,F1&)+/(415)+5#1/'%,0!6)4(8=14")5508=0,!
;(/1090+#2)#1)4/(9(/(0,1+0<1(+(8=14%%+2(8)/(%8!"0/;008!"%/'1") 82, H!
*058,0<108/5#F!1)15%/1%6!%1+11820+,/)82(8=19%6!"(-)81)5!4%%+2(8)/(%8!(,!20+(902!
6+9-1&)/(08/1,/12(0,HIT80!,/12#!;'(4'10P)-(802!")82!=+(&!4%%+2(8)/(%8!(8!
(82(9(21)5,1&YK/+% 0!6%182!)1+021402!=+(&!6%+401=080+)/(%8!)82!(84+0),02!
)5/0+8)/(8=!/(-01"0/;008!")82,14%-&)+02!/%!"0)5/#1)215) 4S8! /12#1%6!
+(,/ Y6(8=0+10P/08,(%8,1/),",F1(/!;),!,'%;8!/")/1185("014%8/+%5,F!,/+% 01&)/(08/,!
"Y90!=+0)/0+!6%+40!) #--0/+#1)8212(66(4 15/#!(8!-)/4'(8=16%+40! 20 )B2!H
+0408/1&)&0+!"#11)8=1)8214%550)=10,F!6(82(8=,1%660+021)!=5(--0+!%6!'%&0!"#!
20-%8,/+)/(8=1/')/14%18502!"(-)81)5!-%90-08/!/+)(8(8=14)8!(-&+%90!6%+40!

4%8/+%5F14%%+2(8)/(%81)821-%/%-+! #80+=(0, (8!, /+ 551 QIRYHIB(BE! 502!

19%1)1+0214/(%8! (8!M>$E!)82108')8402!"(-)81)5!-%6/%-+! #80+=HRAMEPP |

Q'(,,1==0,/,1/")/(8/0+908/(%8, /) +=0/(8=""(-)81)5!6%+4014%8/+%5!'%652!&+%-(,0!
6%-+(-&+%69(8=1-%/%+18&0+6%+-)840!(8!,/+%0!&)/(08/,HIK%;090+F!(/1(,!8%/0;%-+/'4!
I')1-)8#1,/12(0,10P&5%+(8=1"(-)81)5!4%%-+2(8)/(%8!)4+%, 19)+(%1,16%+40!50905, !
&+02%-(8)8/5#!(89%590!45(8(4)5!&%8&15)/(%8,H!J'(50!/'0,0(890,/(=)/(%8, 1&+%9(20!
9)51)"50!(8,(='/,1(8/%!"(-)81)5!4%%+2(8)/(%8!(8!'0)5/#(82(9(21)5,!"#!,/ 12#(8=



4%8/+%6518)+/(4(&)8/,FI/'0(+!,4%&0!(,!5(-(/02H! Q'0#!1820+,4%+0!/'018040,, (/#%6!
OP)-(8(8=!"(-)81)5!6%+40!4%8/+%65!8%/1%85#!(8!'0)5/#!(82(9(21)5,"1/1)5,%!(8!
#%18=0+18%&15)/(%8,H
22(/(%8)55#F1/'0141++08/!"%2#1%6!5(/0+)/1+01(845120,1-)8#1,/12(0, /)/!
69%41,021%8!'(='0+!6%+40!50905, | JORKIPFERRI (82(9(21)5!,!-)P(-1-!
9%518/)+#14%8/+)AK9D8t!/)/12%18%/1)5: )#,1+06504/1/'016%+40!+0<1(+0-08/,1%6!
,090+)512)(5#1)4/(9(/(0,1%+16%+40, /#8&(4)55#10-8&5%#02!(82(9(21)5,;(/"'801+%5%=(4)5!
2(,%+20+,1,14'),1,/+9% G/ 1 24(8=101(-&) 4/1%615M9%%20+)/016%+40,1%8!
69%-+401-%215)/(%8121+(8=!"(-)81)5!4%%+2(8)/(%8/),",14)81&+%9(20!)!-%+0!
4%-8&+0'08,(90!1820+,/)82(8=1%6!'06:1%1+!4%8/+%5,"(-)81)5!-9690-08/,HIQ'(,!
(8,(='14)81)5,%!(86%+-1/'0120,(=81%6!06604/(90!/+)(8(8=1&5)8,1/%!)22+0,,!,&04(6 (4!

8002,1)8219%&/(-(b0'+0")"(5(/)/(%8!%1/4%-0,H

KMY 7%E6/#/-4%#%.1;6#"E.5#/%6

KMYIMK*54<85'| 1>#+&/" 15681 7% E6/#4%#%.1;64#".2"."62"L
7934;3).4-H$KA4$9);6$8=,-4054FB6EN2HSK (4,4);$K4$* 4$88..'043);2$3K &S
3*-G-$-).=03*4&=-0" 8\ (4-4$-88*0046$6 30 G-$8*$8&.,-)-3$89$*$8&..>);*3)&;$&9%
&38,H$&,$.838&,$*,6$88&2;)3)54$3*-G-A$0&, $);-3+,84H$);6)5)6=*0-$.*:$-).=03*4&=-0'$
3:'4$&;$3(4),$G4:>8&* 63K ()04$K*0G);2$&;$*$3,4*6.)00$*3$*$-3*,6);2$64-GSBIK&S
8&;8=, 4;3$.&38,$3*G-EA$7;$8&3(4,$-84;* ) &-HSKES-GA$6440 3$3(4.-4054-$5)*$
882;)3)5B&3&.,$);34,*83)&;-A$0&, $4R* '04HS);6)5)6=*0-$.*:$3:'4$&=3$*$34R3$.4--*24$

K()04$8&;8=,,4;30:$3();G):2$*>&=3$3(4),$3*-G-$9&,$3(4$6*:$&,

V[!



08=)=(8=!(8!)!4%890+,)/(%8H!:1+(8=12) (5#!)4/(9(/(0,F!;0!6+0<108/5#6(82!
%1+,0590,!1(8!)!-#+()21%61)4/(9(/(0,!/')/'%6/08/(-0,1+0<1(+0!/'0!(-15/)80%1,!
0P041/(%8!%6!4%=8(/(90!)82!-%/%+1/),",H!7820+,/)82(8=!/"0 MH#B(KD0
(8/0=+)/(%8!)82!(8/0+60+0840!1820+5#(8=!/'0,0!/),,18%/1%85#!,'02, 15(="/1%8!/'0!
(8/+(4)4(0,19%6!%1+12)(54#1+%1/(80,!"1/1)5,%!5)#, 1/'016%182)/(%8!6%+!%&/(-(b(8=!
&0+6%+-)8401(8!(8,/)840,1%6!2(9(202!)//08/(%8H
81(84+0),(8=")-%18/1961+0,0)+4'"),1,/12(02!/'0!(8/0+&5)#!"0/:008!
4%=8(/(901)82!-%/%+1/)) H- 1*06=8(/(9%%/%+!(8/0+60+0840!d*>Se!)82!/0!
(8/0+)4/(%81"0/;0081&)+/,1%66!/'0!"+)(8!+0,&%8, ("50!6%+1/'(,!(8/0+60+0840!4)8!"0!
10,/021/'+%1="1/'01)6%+0-08/(%802! 20))5&)+)2(=-,H * !.,1*>S!,1==0,/,F1/'0!
4%-&50/(%81%61)14%=8(/(901/), 1)82!-%/%+1/), !, (-15/)80%1,5#F!20/+(-08/)55#!
(-&)4/,1'01&0+6%+-)8401%61%80!%-+1"%/'l/),",F1+05)/(90!/%!/'01&0+6%+-)8401%610)4'
1), 1(82(9(21)55#!d,(8=X) 1&0+6%+-)840&M1)5 X),"1,/12(0,1)+0!&+09)508/(8!
/'016(05219%6!;)5"(8=1+0,0)F4%% "€ ¥'0,01,/12(0,1966/081(8/0=+)/01;%+ (8=!
-0-%+#11),",F1-)/'0-)/(4)5)),"F1)821)//08/(%81/), 1, 14"),1Q+)(5!>) (8=1Q0,/,!
182171 IS&) &SP 35 (8= 16+06-121)5, 1;)5°(8=!,/12(0,")9014%5504/(9054!
+090)502!12(-(8(,'02!=)(/!,&002F!,;(8=!/(-019)+()" (5(/#F)82! /+(20!508=/F!
&)+/(415)+5#1)-%8=145(8(4)5!8%& 18§15 8M112(0,109)51)/(8=!/'0106604/1%6!)!

4%841++08/14%=8(/(90Y/), 1%8!18&0+!5(-"16184/(%8!)+0!,4)+40H!$/12(0,!(8/'0! 1&&0+!
5(-"11,1)55#16%41,1%681%80!5(-"1)82!,&)8!'(='0+16%+40150905, !/')/1-)#!8%/!"0!
+06504/(901%6!6%+4010P&082(/1+0,1(812)(5#)4/(9(/(0,1)82!2%!8%/!4%8,(20+1/'0!

(865108401%6!9(,1)5!6002")4 1968!6%+4G8E T 0160;1"(-)81)5 !

V]!



4%%+2(8)/(%8!,/12(0,14%8214/02!:(/'1#%18=1"0)5/#1)215/,120-%8,/+)/02!/")/!
&0+6%+-(8=14%=8(/(90/),",14%841++08/5#!:(/""(-)81)5!6%+40!/),",150)2, /%!
(84+0),0216%MH010++%+1)821204+0),02!-%/%+1%1/&1/14%-&)+02! M} (8=50

4%82(/(%8'H & 3% 61806/0F 1 (8!5)"%+)/%-+#!,0//(8=,F19)+()"50,!)+01%6/08!,/12(02!

(8!(,%5)/(%8F!,14'),1,8&04(6(4!6%+40150905,F!)82!19(,1)5!6002")4 IdOH=HF!)!40+/)(8!
9(,1)5!=)(8eH!K%;090+F!(896)52!,408)+(%,F!/'0,019)+()"50,16+0<108/5#!
(8/0+)4/1;(/'0)4'1%/'0+1)82!(865108401%1+1)"(5(/#!/%6!&0+6%-+-14%%+2(8)/02!
-9690-08/,H!.,1, 14'F1/'0+01(, 1+ %%-1)821&%/08/()5!/%!20, (=8{p, L&) +)2(=-,!
1')/108)"501)1-%+014%-&+0'08,(90!10P&5%+)/(%8!%6!/'01(8/0+&5)#!"0/;00814%=8(/(90!
)821-06/%+16184/(%8, F1&)+/(415)+5#14%840+8(8=/'0(+) &&5(4XI6HBERV6!+0)5

4%8/0P/,F1084%-&),,(8=!6)4/%+,1,14'),16%+40!50905)8219(,1)516002")4 " H

KMYIMRI6#.5+13%##+"6"2118$"%.9
T80!,14'16+)-0;%+"16%-+11820+,/)82(8=!/'0!4')5508=0, 1% @2 (5= (,!
/'01*08/+)5129%//50804 1Q'0%+#H1.44%+2(8=/%!/'01*08/+)512%//50804 |
Q'0%-+#F!/'0+010P(,/,1)!408/+)5!&+%40, ,(8=1"%//50804"(8/'0!"+)(8!/')/'5(~(/,}/'O!
&)+)5505!&+%40,,(8=19%6!-15/(&50108482(9(21)5,!1820+/) 0121)5!/),",F!
I'01"%//50804 15(-(/,1/'01066(4(084#1; (/' (4'"%/"/'014%=8(/(901)82!-%/%+!
(86%+-)/(%8!)+01&+%40,,0214%841++08/5#H1Q'(,!"%//50804 1(,!,008!(8!/'0!;%+"1%66!
*+10%968/04(8%, 10/!)5HF!;'0+0(8!'0)5/'#1#%18=1)215/,!;'%!&0+6%+-0R!)! 056
+0=15)/0212 1§ 10P&0+(08402!)8!(84+0),01(8!/'0!6 M)+ A0+ +%6+1%66!/'0(+1+(=/!

821(81/'01&+0,08401%6!/'0124F H" 1.,1)1+0,15/F!/'0!"%//50804 1%6/08/(-0,
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50)2,1/%!+021402180+6%+-)840!)82!"),1"00819)5(2)/021)4+%, !-15/(&BMN21)5
408)+(%,16%+1)1&50/'%+)19%6!)4/(9(/(0,1+)8=(8=16+%-12+(9(8=F!;)5 (8=F!%+!"82!=+(&!
/), HI& &€& 5011000+#11),18+%66%182!(-&5(4)/(%8,16%+11820+,/)82(8=1/'0!
4%=8(/(901)+4'(/04/1+0'=%90+8(SEI2[BSF!%660+(8=!(8,(='/,(8/%!/'0!
4')5508=0,189%,02!"#12(9(2021)//08/(%8!)82!1&+%9(2(8=")1/'0%+0/(4)5!6+)-0;%+!
6%-+14+0)/(8=!,/+)/0=(0,1/%!-(/(=)/0!/'01(8/0+60+0840%p6HA1)5
Q'01&'08%-08%81%66!2X)5(8=!(8/+%2140,1)12#8)-(41(8/0+&5)#!"0/;008!
(8/0+60+08401)8216)4(5(/)/(%8F!,)&(8=!/'015)82,4)&01%6!'1-)81-%90-08KH!:1)5
/), 1(8/0+60+0840!9%441+,1:'08!,(-15/)80%1,108=)=0-08/!(8!/:%!/),",1+0,15/,1(8!
4%-8&+Y%-(,021&0+6%+-)840!(81%801%+!"%/'12%-)(8, F!(82(4)/(8=!/'016(8(/0!4) &) A(/#!
%61%1+1)//08/(%8)5!+0,%1+40,H!Q'(,|(8/0+60+08401)+(,0,1210!/%!4%-&0/(8="-%/%+1)82!
4%=8(/(90!/), 12%-)(8,F!50)2(8=!/%F),|&+09(%1,!5(/0+)/1+0!,1==0,/,F1)|2045(80!(8!

6%+401&+9%214/(%8F!6%+401)441+)4#F1)8214%=8(/(901}), 1)4800MBBHF!

21)50), 16)4(5(/)/(%8!084%-&,),,0,!1-04")8(,-, ) /1%&/(-(b0!&0+6%+-)840(8!
21)5(),"1,408)+(%,H!7820+,/)82(8=!/'01205(4)/0!")5)840!"0/;008!(8/0+60+0840!)82!
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4%=8(/(9015%)2!(-&%,02!%8!8)+/(4(&)8/,121+(8=!)1/+()5F!-) (8=!(/10),(0+1/%!2(,40+8!
/'0106604/,1%6!/'0!,04%82)+#1/),"|d4%=8(/(90!/), e!%8!/'01&+(-)+#!/), Id"(-)81)5!

4%%+2(8)/(%8!/),"eF1)821-) (8=!(/1-%+0!,1(/)"50!6%+1)!:(20!+)8=01%61+0,0)+4'

Q]



&9%&15)/(%8,1(84512(8=!/'%,01;(/15(-(/021-)/'0-)/(4)5!, (55,!/")/1-)#! /+1==50!
{(11,0+0)5!,1"/+)4/(%8, HI>%+0%90+F1) 18 36W#0+1/), 1"0)+,1)1+0,0-"5)8401/%!
)I108/(%81/),”,1(812)(5#5(60H!:) (5#F!:018002!/%16%41,1%8!,&04(6(41),&04/,1%61)!
(11)/(%8!;(501(=8%+(8=1%/'0+,HI3%+1(8,))840F!(8!)!18%(,#1089(+%8-08/1,14'),1)!
8% (,#1+%%-F1%80!-(="/14%8408/+)/01%8!)!,&04(6(414%890+,)/(%8!dOH=HF!;(/')16+(082¢!
(5016(5/0+(8=1%1/1")4" =+%18218%(,01dOH=HFI%/'0+!4%890+,)/(%8,1%+!-1,(4eH!L( 0!(8!
1'014%=8(/(901/),"11,021(8!/'(,!,/12#F!(82(9(21)5,108=)=01(8!/'0!&+%40,,1%6!
0504/(8=1)821&+(%+(/(b(8=!(86%4-)/(%8H

N] #<RJ;CIC>HEFC&8I7;78DC;E_7DE<>&<Q&AER7>=7G&Q<;8C&8<>MIB&IC;Q<;R7>8CM
&+%6&%,0218+%MO4/!;(5518+%69(201)14%-&+0'08,(901),,0,,-08/1%6!"(-)81)5!6%+40!
49%8/+%5!&0+6%+-)840H!785("01&+09(%1,!"(-)81)5!4%%+2(8)/(%8!,/12(0,!;'(4'!
&+(-)+(5#16%41,0219%81)!5(-(/02!,0/1%616%+40!-0),1+0,!dOH=HF!)90+)=@6%+401%1/&1/F
0++9-+1+)JGEISYEHEH1) 1/0610P &) 82191 +1)8)5#, (,1/%!(845120!8%/1%85#!

-0),1+0,19%6!6%+40!)441+)4#1)8219)+()"(5(/#!"1/1)5,%!-0),1+0,!%616%+40!)#--0/+#H
MK 7%4:."$"6'/-"17$5.52#" INS5#/%61%212%E6/#/-"12*6P#M6BCS8&2;)3)54%

*>)0)3)4-$);$)-80*3)&;$=-);2$3(4$-*. 4$*--4-- 4;3%*-$); STHNSE S8R 6)3)&;$B)A4AHS)$
3(4$+>-4;84389$*$88;8=,,4;3$.838&,$3*-GES)-$).'&, 3% 3$*-$)3$',&5)64-$*$>*-40);4$9&.,$
#G);2$88."%,)-&;-$K (4;$,3)8) *;3-$4:2+24$);$6=*03*-G$-84;* )&-A$Q()04$-8&.4$

6=*03*-G); 2$>).*,=*0$8&&.,6);*3)&;$0)34,*3=,4$0*8G-$*$8&." 4(4;-)54%

8(* *834,)W*3)&;$&9$8&2;)3)54$9=;83)&; H$&3(4,-$);-3)3=34$*$,&>=-3%.4*-= 4$89$88&2;)3)54$

8++>)0)3)4-$*3$>*-40):4$>=3$9%)0$3&$,4'0) SFBAEILERER:)B)54$+83)5)3:$);$>&3($

3(4$%>-4:84%:6%',4-4:84$&9$3(4$8&:8=,,4: 3X5@ns *: 1



- 01(/14')5508=(8=1/%!2(,40+8!/'010P/08/1/%!;'(4'1/'0!4%=8(/(90!&0+6%+-)8401%8!
['01,0504/021/),1;),12101/%!&)+/(4(&)8/,2!14%=8(/(9014)&)"(5(/(0,19%121)5
(8/0+60+0840H!.5,%F!&0%&50!8)/1+)55#19)+#1(81/'0(+14%=8(/(90!)"(5(/(0,F10908!; (/'8!
=+961&19%6!'0)5/#1#%18=1)215/,HIKO+OF!;01&+%&%,0!/%!1,01)!"+(0614%=8(/(90!")//0+#/%!
4')+)4/0+(b0!/'014%=8(/(90!6 184/(%81%61%1+1+0,0)+4'1&)+/(4(&)8/,H!IQ'0!/0,/,};0!
4'%,01-0),1+0!=5%")514%=8(/(%8F!,0504/(90!)//08/(%8F!;%+ (8=1-0-%+#F1&+%40, (8=!
&O02F!1)821(8'("(1%+#14%8/+%5H!Q'(,!"),05(80!&0+6%+-)8401)5%8=!;(/'1/'0!4')8=01(8!
4%=8(/(90'6184/(%8),,%4()/02!; (/' /'01 24)5!; (55!"05&!&+%9(20!(8,(='/,!(8/%!

4%=8(/(9D/%+1(8/0+)4/(%8,(8"'0)5/ #1#%18=1)215/,H

NMV&%D=2T&#&I<;D
NMVMK&S7;DEGEJI7>DH
1%/)51%6!@Y"'0)5/#1#%18=1)215/,1;0+0!08+%65502!(8!/'(,!,/12#!d)90+)=0!
)=01%6!@VH@]!q! @HVYF!)=01+)Y@=01%B)¥D,F1V_160-)50,eH!Q'014%'%-+/!
4')+)4/0+(,/(4,1(84512(8=!,%4(%20-%=+)&'(4,1)+01)9)(5)"50!(8!Q)"50!VHIG)+/(4(&)8/,!
:0+01+04+1(/0216+%-1/'0178(90+,(/#1%6!:05);)+01)82!/'015%4)5!4%--18(/#H!JO!
-)201)1205("0+)/01066%+/!/%!4%8804/!;(/'11820++08&+0,08/02!=+%1&,1)82!(82(9(21)5,!
6+96-12(90+,01+)4()5!)8210/'8(4!")4 =+96182, HIQ'(,!(89%5902!"+%)208(8=!%1+!
+04+1(/-08/1&5)/6%+-,1)8210P&5%+(8=19)+(%1,1)90810,!/%!08,1+0!)1-%-+0!2(90+,0!
4%'%+HIQ'O!/12#1;),1)&&+%902!"#1/'0178(90+, (/#1%6!:05);)+0Z,1S8,/(/1/(%8)5!
MO09(0;12%)+2!dSM?!G+%mO4/IrC!@A_]VB[e!)821)55!&)+/(4(&)8/,1;0+01+0<1(+02!/%!

&+9%9(20!(86%+-0214%8,08/!"06%+01"0=(88(8=!I'0!,/12#H
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Q'(,!,/12#1;),19%8&081/%!"%/"1+(=)) 82!5060)8202!&)+/(4(&)8/,!;(/'1/'0!
(8/08/1961=080+)/(8=16(82(8=,!/')/1)+0!-%+0!+0&+0,08/)/(90!%6!/'0!1=080+)5!
&%&15)/(%8H!.1-%2(6(02190+,(%8!%6!/'01E2(8"1+="1K)820280,,1S8908/%+#16+%-!/'0!
78(90+, (/#1%61J)+;(4°FL;),11,021/%!20/0+-(80!")820280,,H!Q'0!%+(=(8)5!
E2(8"1+="1K)820280,,1S8908/%+#120905%&02!"#1 T526(052F!(826020,)| @A
<10,/(%88)(+01084%-&),,(8=""%/"118(-)81)5!)82!"(-)81)5!/),",!/%!-0),1+0!
1820280,,H*AT526(0522,1,'%+/0-+190+,(%8F!20+(902!6-+¥H100@ 06 8F!
),120905%8&02!"),021%8!/'0!(/0-,Z!=080+)5(b)"50!/%!2(660+08/!,0PO, F1415/1+)5!
=+961&,F1)82!,9608%-(4!,/)/1,0:-13%+1/'(,1+0),%8F!, (-(5)+1/%!&+09(%1,!
5(/0+)/1+0F!/'0!,'%+/0+190+,(%8!9%6!/'01E2(8"1+="IK)820280,,1S8908/%+#!:),!
-962(6(02!6%+1/'01&+0,08/!,/124#1/%!(845120!V@!<10,/(%8, F!;'(4'10-&),(b0Y),",!
+0<1(+(8=18(-)81)51)82!"(-)81)5!/),", HAQ'(,|(8!/1+8,14+0)/02!)!-%+014%-&50/0!
1820+,/)82(8=1%6!(82(9(21)5,2!")820280, H

Q%!"0105(=("50!/%!&)+/(4(&)/OF!(82(9(21)5,!")2!/%!-00/!,090+)5!0P451,(%8!
4+(/0+(HIG)+(4(&)8/,1) 2/%C

K] #)*91))*59%+)%15(5,2/(1*1&B".2/-12'1*51*6%& % (5&;)()-/(*028S3 AR )5,
"%61+08%6+021)'(,/%+#1%61801+%5%=(4)5F & #4'()/+(4F1%+!-1,415%, 050/)5!
2(,%+20+,F1),1;0551),)I'(,/%+#1%6!'0)2!/+)1-)F1)82!;0+0141++08/5#1/) (8=!
-02(4)/(%8,16%+1/'0,014%82(/(%8,F!;0+018%/105(=("50!6%+!(8451,(%8%8!/'(,!,/12#H

&
N] N/7)*+516/(*OKPOK*51*5113BB-516/(*72&25@M!,/12#1)5,%!0P451202!

(82(9(21)5,!:(/",08,%+#1(-&)(+-08/,1),1/'(,1:%152!")90!(-&0202!/'0(+!)" (5 (/#/%
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&

4%-&50/0!"(-)81)5!4%%+2(8)/(%8!/),",11820+!2(660+08/!,08,%-+#14%82(/(%8,!d'0+0F (8!

/'0!&+0,0840!)82!/'08!/'0!)",0840!%6!9(,1)5!6002")4 " 1%8!/), 1&0+6%+1)840eH

O] #)*/*65+5(2+,%/(*&1)/})1*59*Q+, (288, 1+(8=18)+/(4(&)8/,1%85#1,&0) |E8=5(,"

(,/(-&%+/)8/1(8121)%), I0P&0+(-08/,1),!, &0) (8=1%/'0+!5)8=1)=0,!4)8!(8/+%2140!
4%86%182(8=16)4/%+,1/")/1-)#)6604/1&0+6%+-)8401;(/'14%=8(/(90!/),11,021),1)!

21)5(), 1&)+)2(=-H!$&0) (8=!)8%/'0+15)8=1)=0!4)8!")90!"%/'1&%, (/(90!)82!
&%/08/()55#14)5508=(8=106604/,1%68!&0+6%+-)8401(81)14%=8(/(90!/), H!3%+!(8,/)840F!
&)+(4(&)81,1;(I")!'(,/%+#1%61"(5(8=1)5(,-1-)#1&0+6%+-1"0//0+1%814%=8(/(90!/),",
[)14+0<1(+0!/'0-1/%!+0-0-"0+!,0<10840,1%+1&(040,1%66!(86%+-)/(%814% &) +02!/%
&:80):2=*0$ -'4*G4,- B :$ 24:4 *0HS$ >)0):2=*0)-.$ *:6$ 6=*0$ 0%;2=*24$ " *83)84-$

' &5)64$);8,4*-46$K&,G);2$.4.8,:$8+*8)3:$*;6$)." &546$8&2;)3)54$904R$>)0)3:
)821(8'("(1%+#14%8/+%514%-&)+021/%!-%8%5(8=1)5{ &0 YBI%E50!;'%!,&0) !
-15/(&5015)8=1)=0,1-}#1)55%4)/014%=8(/(90!+0,%1+40,!2(660+08/5#H!Q'0!-08/)5!066%+/!
(89%5902!(8!5)8=1)=01,;(/4'(8=14%152!&%/08/()55#!(8/0+60+0;(/'!/'0!)//08/(%8)5!

20-)82,1%6!/'0/), F150)2(8=1/%!9)+()/(%8,!(8!&0+6%+-)840!/")/1)+018%/!,%505#!

0P451202!"(5(8=1)5!(82(9(211)5,H

PK $%8&.()*(+,-. */0(*1(12%0,)3(%(45-,6%2(,)-./54').(.+%.(I'75,/'-(.+'(6**/8,)%. %) (*1(

+(2'1.(%)8(/,3+.(+9%)8-((%(/'6").(+,- /O(*1(%6.,&'20(1%/.,6,1%.,)3(,) (-1*/.-(.+%.(
['75,1'(+(6*/8,)%., ) (*1(.+'(.9%(+%)8-: $*,3)8)™*;3-$K4,4$4R80=646$)9$3(4:$(*6$
* 3)8)'*346$);$-'&,3-$):5&05);2$(*;6$88&&,6);*3)&; $BAA2AHS>*-G43>*00H$-K)..);2H$

5&004:>*00E$K)3();$3(4$™*-3%:4* $8,$*$()-3&,:$89%);-3,=.4;3*0$.=-)8%'2,9&.,.*;84
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[)1+0<1(+0,14%%+2(8)/02!-%90-08/,1%66!"%/'")82,[dOH=HF!&()8%F!=1(/)+F!9(%5(8eH!
Q'0,0!0P451,(%814+(/0+()!;0+0!(-&50-08/02!/%!)44%18/16%+1)/'50/0,21)82!
-1,(4()8,21)&/(/12016%+14%%+2(8)/02!)4/(9(/(0,1+0,15/(8=16+%-16%+-)5!0P&0+(0840!
(I, 8%+/,1)821-1,(4)5(8,/+1-08/,F1+0,8&04/(905%H+ !
:1+(8=1/'0!,4+008(8=1&+%40,,F!;01)5,%!%"/)(802!(86%+-)/(%8!)"%1/!
&)+/(4(&)8/,1&#,(4)5))4/(9(/#F!,&04(6(4)55#16%41,(8=1%81/'0!/#&0!)8216+0<1084#F!
)821=)/'0+02120/)(5,!)"%1/1/'0(+19(20%!=)-010P&0+(0840!21+(8=1#%1/1)82!
4'(52'%%21/)/1-)#(86510840!"(-)81)5!4%%+2(8)/(%8!4)&)"(5(/(0,!d,00!Q)"50!VeH!
3(8)55#F1&)+/(4(&)8/,1;0+01)5,%!),"02!(6/'0#!:%152!"0!)"50!/%!+06+)(8!6+%-14)660(80!
4%8,1-8&1(%8!%8!/'012)#1%61/0,/(8=/%!&+0908/!"8%;8!"(&'),(4106604/,1%6!4)660(80!
0681-06/%+1&0+6%-+-)840!;'0+0(8!5%;0+12%,0,!-)#1&+%2140!20,(+)"501)82!
/(-15)/(90106604/,1+05)/(901/%!"(='0+12%,0,!/)/1%6/08/(-0,'#(052!1820, (+)"50!

(1'2+),)5 #-8&/%-H F#EH85618)+/(4(8)81,!, BEEAS5Y,02!/')/1/'0#12(218%/16005!
4%-6%+/)"501)",/)(8(8=16+%-14)660(80!%8!/'012)#1%61/0,/(8=F!/'0#!;0+0!0P451202!
6+%-1/'010P&0+(-08/)51&+%4021+0H!G+09(%1,1+0,0)+4'1,/12(0,1")90!20-%8,/+)/02!
1/14)660(80!-)#1,/(-15)/01408/+)5!80+9%1,!,#,/0-1)4/(9(/#F!(-&+%90!
801+%-1,415)+1/+)8,-(,,(%8!)82!)(2!(8!,"050/)5!-1,45014%8/+)4/(%8, d/'+%1="l
(84+0),0214)54(1-1+050),01"#!1-1,45014053%8f411Q'(,1(81/1+8""),1"008!,'%;8!/%!
'05&1(82(9(21)5,14)++#1%1/1/),",1+0<1(+(8=16(80!-%/%+!, (55,F14%%+2(8)/(%8F!)82!
+)&(21-%90-08/, 1 708#1S-8,96+/)8/5#F14)660(80!<1)8/(/#1-)#19)+#1=+0)/5#!"#!
"090+)=01%+16%%21)8212(660+08/5#!(-&)4/1(82(9(21)5,!"),021%8!)!19)+(0/#1%6!

089(+%8-08/)5F!&'#,(%5%=(4)5F1)821=080/ (4654 -+, 14'F14)660(80
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4%8,1-&/(%8!(8/+%2140,1)14%86%182!:'08!/+#(8=!/%!)441+)/05#1),,0,,!"(-)81)5!

4%%+2(8)/(%8!&0+6%4-)840H

NMVMN&%7RIGCE%E_C& &HDEQES7DE<>
81(-8&%+/)8/1)(-19661/'01,/1241;),1/%),,0,,1/'0106604/,1%6!)121)§, 1%8!
6%-+4014%8/+%5121+(8=1)!"(-)81)5!4%%+2(8)/(%8!/), !/')/|0P)-YBe&KIE2Q+)/0!
6%-+40!50905,!1820+12(660+08/19(,1)5!6002")4 14%82(/(%8,H!J0!0,/(-)/02!/'0!,)-&50!
,(0018002021/%!20/04/1/'0106604/1%6!/ M) 2 1)5021%81/'01&+05(-(8) +#12)/)!
4%5504/0216+%-1[1&)+/(4(&)8/,!d)90+)=01)=01%6!@WHVBIq!VHY[F!Y!-)50,F!@!60-)50,eH!
189%:0+1)8)54,(,1"),0219%8!/'01)", %51/010++%+14)5415)/02121+(8=!/'015%:0,/1)82!
'(='0,/16%+40150905,!dVAK!)82IWAKI%6!>N*s!;(/19(,1)5!6002")4 e!(82(4)/02!/)/!
1%1)4' (09011, /)/(,/(4)5!&%;0+1%6!]AkId)5&")1509051%6! APIBERER!) 14%'%-+/1%6!
@K Y'+0,0)+4'1&)+/(4(&)8/,1:%152!"01800202!d @A!/%! 20/04/106604/,))/'VAKF! @Y /%!
20/04/106604/,1)/!'WAKkeH!.!1,)-&50!,(b0!%6!@Y;),1&+%&%,021)82!/'(,!(,'14%-&)+)"50!
1%!,)-&50!,(00,10-&5%#02!(8!&+09(%1,!,/12(0,10P)-(8(8=!"(-)81)5!4%%+2(8)/(%8!

(/'(81,(8=50X),"!,408)+(%,d+)8=0CXA®!&)+/(4(&) /& *

NMW&/7D7&#<GGC8DE<¥&1CDI<?H
NMWMK&NIC;ERC>D7G&/CHE:>&FC;FECZ

N(4$4R'4,).4;3$);5&0546$& BENM&=,$5)-)3$38$3(4$7?;)54,-) 3:$&9I$P40*K* 4%
@&38&,$d4=,8-8)4;84${$d4=,&).*2);2$0*>$088*346%);$3(4$%N/1$N&K 4, ASN(4$-3=6:$

);80=646$3(,44$34-3);2$-4--)&;-H$4*8($64-)2;46$3&$*--4$$6)994,4,3
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),&04/,1%6!-%/%+1)8214%=8(/(90!&0+6%INBHBRH [{) &;*H65-51M*&) &E&25+I*OM*/*
0%/D/&;*HB5-51%R*'5 +2-27)M*&)&&25+1*/+0*SM*/*'5 +2-27)*&)&&25+E
G)+(4(8)8/,1&0+6%+-021)1-%/%+!/), 1/')1+0<1(+021/'0-1/%!1,01"%/'1')82,!
(-15/)80%1,541/%!8&+%21401(,%-0/+(416%+4014%8/+) 4 XY/ H2BHH0!6%6+40!
50905,H!Q'(,1/), 1;),14%8214/02!(8!/'01&+0,0840!)82!)",0840!%6!9(,1)5!6002")4"1%8!
1), 18&0+6%+-)840H!:1+(8=!/'0!, (8:BOF!&)+/(4(&)8/,16%41,02!,%505#1%8!/'0!
"(-)81)514%%+2(8)/(%8!/), F!;'(50121+(8=!/'0124))FF1&)+/(4(&)8/,1")2!/%!
(-15/)80%1,5#180+6%+-1/'01"(-)81)5!4%%+2(8)/(%8/), 1)82!)14%=8(/(90!/), H!
22(/(%8)55#F18&)+/(4(&)8/,11820+;08/!)!"+(06!")//0+#1%614%=8(/(90/0,/,121+(8=!/'0!
4%=8(/(90!,0,,(%8!/9%!09)51)/01/'0(+14%=8(/(90!,/)/1,H!K)561%6!/'01&)+/(4(&)8!,!
4%-&50/021/'01-%/%+1,0,,(%8,16(+,/1;' (501/'01%/'0+1")5614%-&50/02!/'014%=8(/(90!

0,,(%8!6(+,/H!Q'01%-+20+19%6!/'0¥(82EX1)5), ", :),1)5,%!+)82%-(h02H

Cohort Characteristics

Sample Size (n) 25
Age (Yrs) 21.28 (2.15)
Biological Sex 9M|16 F
Sociodemographics Education (Yrs) 14.80 (2.22)
Handedness 1L|24R
Modified Edinburgh Handedness Inventory 1.09 (0.06)

Video gaming frequency (hours/week)

[Average of 10 participants] 7.55(7.65)
MVC Pre-task (N) 94.77 (36.40)
Motor Performance
MVC Post-task (N) 97.98 (31.23)
MoCA 28.60 (1.50)
i Attention Task - Single 33.12 (3.87)
Cognitive Attention Task - Dual 29.88 (6.78)
Performance
Stroop Congruent 12.74 (2.14)
Stroop Incongruent 17.23 (3.69)

I"HP%&' (&)*+*,-&)+",".-%,/0-/.0&

I"#'$"%&$' () *#$ (%S +&!*$/$011%&23" #3(*45$6$7$88&+"98:$;$7$9&8#:$<$ 7$+"9&:$<(=0$ 7S < (*#%&"9$
=(>*3#328&$ 044844+8&*#:$ <?=$ 7$ +"@3+)+$ 2(9)*#"%AS '(*#%"#3(*:$ B 7$ %3>C#:$ [B'%#3'3E#4F$ 4898
%&E(%H&HS")%%&*#$ 23H&($>"+3*>$ & @ E&Y3&*' &4$ 3*)HES#C &S 8(99(13*>$>"+8&45$ 0*3+"9$=06(443*>:$=J!:$
I'"*&$ I"&$ B&2(NH3(*:$ 6(%0#*3#&:$ K)4#$ I""&:$ ;&">)&$ (8% ;&>&*HA:$ <"%3($ L"%#:$ <3*&'%"8#:$
D(MN+(*:$B"# C&#$ " H$=0"M:$-O<-:$-)E&YS-+"4CTP%(4 $*HIQIISE (Yo#4$>"+&4/
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_498,4$34-3);2H$);6)5)6=*0-$K4,4$3806$3(*3$3(4),$*,3)8)"*3)&; $K*-$580=;3* :H$
*6$3(4:$88=06$9,440:$K)3(6,*K$9,8.$3(4$-3=6:$*3$*;:$3).4A$N4, );*3)&;$&9%

* 3)8)*3)&; $K&=06$(*54$&88=,,46$)9%$)3$>48*.4$804* $3(*3$3(4$™*,3)8) *;3$K*-$=;*>04$
38$9&00&K$6),483)&;-$8,$K&=06%;83%>4$*>04$3&$8&..'0:$K)3($3(4$34-3);2%$,4<=) 4.4;3-$
BAA2AH$8&=06%$;&3%$-3*$-4*346$9&,$*$',80&;246$'4,)&6$& $=,64,-3*,6$3(4$);-3,83)&;-EAS
a&K454,H$;8$* 3)8)"*;3-$K4,4$4R80=646$9,&.$3(4$-3=6:H$*:6$3(4$,4'€,346$9);6);2-$

):80=64$6*3*$9,&.$IM$(4*03(:$:&=:2$*6=03-$B-44$N*>04$CEA

NMWMN&"<;8C&/7D7&-8a8&EHEDE<>
\*,3)8)*:3-$K4,4$-4*346%);$*$8(*), $K)3($*,.,4-3-$-)3=*346$#M$);8(4-$*K*:$
9,&.$*$DM;8($P400$.8;)38&, $&;$K()8($3(4$9&.,84$3*-G$K*-$' &CAB346ASN(4), $0493$6%

)2(3%9&,4%,.-$K4,4$'0*846$&;$3(4$*,.,4-3-$89$3(4$8(*),$);$*$88.98,3*>04%$'8-)3) &A%

J408,8%-3,*-$K4,4$=-46$3&$0).)3$K,)-3$.&54.4;3-H$*:6$'*,3)8)*;3-$K4,4$4R'0)8)30:$
);-3,=8346$38$.%);3%);$*$-4+346$'8-)3)&;$K)3(&=3$.*G);2$=;;484--*,:$.854.4;3-$
BAA2AHS-(8=064,$&,$042$.854.4;3-EASN(4$>).*:=*0$8&4&.,6);*3)&;$3*-G$,4<=),46$

* 3)8)"*;3-$3&$',&6=84$9&,84$*2%);-3$3K&$8=-3&.$9)>4,$&'3)8$9&,84%$-4;-&,-$=-46$);$

' 45)&=-$-3=6)4-$Bd4=,8).*2):2$%&0=3)&;-H$b*);4-5)004$0gh$ ) S 48 C/EA
064;-&,-$K4,4$'&-)3)&;46$>43KA4;$3(4$3(=.>$*,6$);64R$9); 24, $89B4*B($(*;6$)$*$
&6)9)46$',48)-)&;$2,)'$B0)2=,4$C/EASN(4$-4;-&. -STREAR)F04$+,6$-=)3*>04%

98, $>83($>4(*5)&,*0$*:6$).*2):2$-3=6)4-$*;6$(*54$>44:$=3)0) W43 $&3 $0*>A
VAB($-4;-&,$8*$.4%-=, 45="$3&SCM"$04K3&;-SBAESA*8($*;6$)-$(&=-FORIABSDP

8*-4$64-)2;46$38&$);-=0*34%$)3$9,8.$3(4$(4*3H$4;-=,);2$3(48);342,)3:$89



/'01,(=8)5,1&+%21402!21+(8=10P&0+(-08/,H!3%+40!,(=8)5,1:0+01/+)8,-(//02X0()!6 ("0+
0%&/(414)"501/%!1)8I$SSVY Y1>(4+%8IK#E&O+(%68!T&/(4)5!$08, (8=1S8/0++%=)/%+!d>(4+%8!
T&I(4,F1./5)8/)F100%+=()eH!$(-(5)+10<1(&-08/1"),1"008!1,02!(8!9%/'0+!,/12(0,!
OP)-(8(8=!6%+40!8+%214/(%8121+(8=1&15,0,FI+)/'0+!/)8!,1,/)(802!14%8/1)4/(%8,H

RR$ 435968 () (&*(+&',-,),.%'&() &(&/HY01%2$3&."/8456.& 1 +,2-8) T%&, 2) Yort#"- () #B&O) &*(+&) 7%2&
$"2:96#)%'&)"&; %) "2+8&*,) T&(&S1+)"<&'() (&$"==%3), "2&+"I)*(HY%&*#,)) %2&,2&>(? @9IAB&
C:(),"2(=&92+)#1<%2)+D&E1+),2D&FGHB&F 7%&/ #$%& (R &*(+&%27(2$%'
1,(8=1)15%&,),,16(5/0+(8=1/04'8(<1010-85%#(SL0B-20+1285, 121//0+; %+
6(5/0+!;(/'")141/%66!6+0<1084#1%6! @A!IKbF!, (-(5)+1/%!&+0805 T 1001, H

6(5/0+(8=18+9640,,1+0-%90)BE=0<1084#18%(,0!)82118:)8/02!)+/(6)4/,F108,1+(8=!
)1,-%9%/'0+1)82!1-%+0!+05()"50!+0&-+0,08/)/(%8!%6!/'016%+401%1/&1/H

A

1/23,%8&(&1*,.%&A%50* &"56&1*%, %&7","8/28

| 1$ 631 EQEH3'S 8(%'&S 4&*4(%$)A&HS H)%3*>$ #CES 13+"%)"9$ ' (%H3* #3(*$ #"4AM/$ 0$ 48*4(%$ 93MES #C&S
(*&SHEE3H&HSCLYESI"ASCLIHSI*SMBITHBEHIIS(8S"$8(% &$H%3"9$18I(*>3*>$H#($HCES234)"9$

8R&H1"MS$ '(*H3#3(*/$ 1)%3*>$ #C8&$ &@E&I3+&*#:S E"%#IIE#43$ I()9HS 4&&S "$ IC3HES #'%>&#S 1"%S$
A34H)"HEHS "#$ HCES & H#EIS (8S HCES 4'%688&*$ "*HS Y&HT>%&E&*$ 1"%$ 1&9(I$ 3#/$ U%&E*$S 3*4#06) H&HS #CE+$
E%(H)' &$8(%'&$"*HS$Y%&HS3*4#%) #E&HSHC&+SH($%EI" @/$234)"9$88&H1 "MS (*$#" AMSE&Y%6S(%6+"+ &SI()9HS
18$+"+3E)9"#&H/$!)%3*>$#C&S234)"9$ 8&&H1"MS' (*H3#3(*:$HCE&S (9(%&HS 1"%$1()OHS +(2&$)ES"*HS
H(*$#CE&SA'%&E*SHAEEH3*>$(*$C(1$+)'C$8(%'&$I"4$"EEIB&HS#(SHCELSA&*4(%/SVCEI&SI"4$"94(S"$
'(*H3#3(*$3*$IC3 CSE"%o#3'SE #ASHIHS(HSC 285 "' &A4$H($234) "9$8&&H1 " MS@SH# AMSE&I68(%6+"+' &/

WI



206%-+01/0,/(8=F!)!"(-)81)5!-)P(-1-19%518/)+#14%8/+)4/(%8!d>N*e!;),!
-0),1+02!/9%!20/0+-(80!/'+00!,1"-)P(-)5!/)+=0/16%+40!50905, F!),120,4+("02!(8!/'0!
69%655%;(8=!,04/(%8H!?#120/0+-(8(8=10)4"1&)+/(4(&)8/Z,'>N*F1;:01)(-021/%!0,/)"5(, "
)1&0+,%8)5(b02!"),05(80!6%+!16%+401&+%214/(%8HIEP&+0,,(8=16%+40120-)82,1),!)!
&0+408/)=01%6!>N*16)4(5(/)/0,1/'0!,/)82)+2(b)/(%8!%6!6%+40120-)82,1)4+%, !
(82(9(21)5,1)82I'05&.,1)44%18/16%+19)+()/(%8,!(8!,/+08=/150905,1)-%8=1&)+/(4(&)8/,H!
:1+(8=1/'01"(-)81)5!>N*1/0,/(8=F!&)+/(4(&)8/,!;0+0!(8,/+14/02!/%!=080+)/0!
)P(-1-16%+40!1,(8=!"%/")82,!,(-15/)80%1, 5#IdW!/+()SYFOYA'FL; (/1Y X1+0,/!
&0+(%2,1(8"0/;008eH!: 1+(8=!/'01>N*I/+()5,FI&)+/(4(8)8/,16(P)/02!%8!)!+02!")+!
594)/021)/1/'01408/0+1%61)1"5)4"1,4+008!)82!;0+0!(8,/+14/02!/%!"0=(8!)&&5#(8=16%+40!
),1,%%8!),1/'01")+1/1+802!=+008H!Q'0!=+00814%5%+!;),!1,02!/%!410!6%+40!=080+)/(%8F!
#0+0),1/'01+0214%5%+!8&+%-&/02!/'0-1/%!+0,/1(8!"0/;008Y/+()5, HIQ'0!W!>N*1/+()5,!
:0+01)90+)=021/%1%"/)(8!)!+%"1,/1-0),1+01%661&)+/(4(&)8/,I>N*H!S-&%-+/)8/5#F!/'(,!
10,/1;),1+0&0)/021)6/0+1/'014%-&50/(%81%6!/'01/:%!-%/%+1,0,,(%8, |d (HE}8!, (8=50

21)54), e!/%!20/0+-(801)8#14")8=0,1(8!6%+401%1/1/)/1-)#!(82(4)/0!6)/{ET0H

NMWMO&S$CHDE>:&8&;<D<8<GH
NMWMOMK SEAESSBT<D]

"<:8C&+CFCIAH8=1/'0!,(8=500)82!21)54),",!d/'0121)5 %), 1(,!12(,41,,02!
(8120/)(5!(8!,04/(%8!@H_HWH@HeF!&)+/(4(&)8/,180+6%+-021)!"(-)81)5!4%%+2(8)/(%8!
(,%-0/+(41-%2(6(02!&(84"=+(&!/), 1)/'VAKFI@AKF!)82IWAK!%6!/'0(+!>N*H!Q'0#!

:0+0!8%/!(86%+-021)"%1/1/'0!,&04(6(4!6%+40!50905,1/0,/02!8%+!8+%9(202!)8#120/)(5,

W]



)"%1/!/'010P&0+(-08/)5!20,(=8F!/%!&+0908/!)8/(4(&)/(%8!06604/,H!Q'014'%,08!6%-+40!
50905, 1)+014%8, (20+0 A58 20+)/016%+40!5080%]50!/'0,0180+408/)=0, !
}#18%/10P)4/5#1+0&5(4)/0!/'016%+40,10P0+/021(81090+#2)#!/),",FI/'0#1084%-&), !)!
+)8=01%6!6%+401%1/&1/,1)&&5(4)"50/%!9)-%%03)10804/(9(/(67%: 1+(8=!
['01"(-)81)514%%+2(8)/(%8!/), F1&)+/(4(&)8/,1,):1)!,(8=50!:'(/01/)+=0/1")+!
&%, (/(%8021)/1/'01408/0+19%66!)!"5)4 14%-&1/0+1, 4+008HL1+021")+1;),1,(/1)/021)/!
%-019)+()"50!12(,/)840!d"),021%8!/'01/)+=0/1>N*e!"05%;!/'0!:'(/0I")+F1)82!
(8,/+14/021&)+/(4(&)8/,1/%!+05)P1d3(=1+01\/?2eH!J'08!/'0!")+1/1+802!=+008F!
8&)+/(4(&)81,1")21/%!&+%214016%+40L;(/'"%/"")82,!,(-15/)80%1,5#1)82!"+(8=!/'0!
=+008!")+1%68!/9&1%6!/'01/)+=0/1;'(/0!")+1)82!,1,/)(8!/')/'50905!%6!6%+40!18/(5!/'0!
")+1/1+8021+02H!S-&%-+)8/5#F1/'0#1:0+01(8,/+14/02!/%!=080+)/01)810<1)5!)-%18/1%6!
69%-+401(8!"%/'1')82,HIE)4'l/+()5!5),/OZNBA;),16%55%;02!"#!)| @A+0) !
(4''058021&+0908/!6)/(=10H!1J'08!9(,1)5!6002")4"1%8!/), 1&0+6%+-)8401;),!
&+9%9(202!d),120,4+("02!(8/'0!,04/(%8!"05%:;eF!(/1+0&+0,08/02!/'0!,1--)/(%8!%6!/'0!
506/!)82!+(='/16%-+40,H
LEH=7G&"CC?ATIINA(8)8/,1&0+6%+-021/'0!"(-)81)5!4%%+2(8)/(%8!/), !
)/10)4'1%6!/'01/'+00!>N*150905, !(8!/'0!&+0,08401)821)",0840!%6619(,1)5!6002")4 1%8!
1), 1&0+6%+-)840H!:1+(8=1/'019(,1)5!6002")4 14%82(/(%8F!/'0!=+008!")+!,'%;8!(8!
3(=1+01V?1-%90211&1)82!2%:8!/'0!,4+008121+(8=!/'0108/(+0!/ SEHE@A&%S, 0!
1%1/'016%+401"0(8=1=080+)/02!"#!"%/'')82,H!S8!/'014%82(/(%8!;'0+0!8%!9(,1)5!
6002")4°1;),1&+9%9(202F!&)+/(4(&)8/,1;0+01&+0,08/02!; (MR O0!)/\/+()5!%8,0/!

21+(8=!:(4'1/'01=+008!")+1-%6902!(8!+0,&%8,0!/%!6%+40!=080+)/(%8H!K%:090+F



*934,$3(&-FBAS3(4$2,44;$>* $>48* 4$-3+*3) &%, :$*,63K*-$' 4-4;346$*3$3(4$>8338.$8.9$
3(4$-8,44;$K(4,4$)3%,4.%),46$9&,$3(4$;BRIBIOG3(4$4;6$&9$3(4$3,)*0ASN(4$8=4%
-4,54-$*-$*$,494,4;84$9&,$'*,3)8)"*;3-H$);6)8*3);2$3(4$9&,84$04540$3(4:$* 4$4R'48346$38$
*);3%);$3(,8&=2(8=3$3(4$,4.%);64,$&9%$3(4$3,)*0$*;6$,46=84-$=;84,3%);3:A

Q'0!,(8=5(), 14%8,(,/02!%6!_!/+()5,1&0+14%82(/(%8F";(I')!/%/)5!%6!W_I/+()5,!

)4+%,,1/'01/'+00!6%+40!50905,1)82!/:%!9(,1)5!6002")4 14%82(/(%8,H!Q'0!81-"0+1%6!

-(81/01"+0) I:),I=(908!"0/:008!4%82(/(%8,H!Q'0!2 4 14%8, (,/021%6!/'0!,)-0!
81-"0+19%6!/+()5,|d(HOHFW_eH!G)+/(4(&)8/,1+040(902!)!,'%-+/"+0) 1"0/;088!/'0!,(8=50
1), '1)82121)5X),1,0,,(%8,H!Q'01%+20+1966!/'0,014%82(/(%8,;),1+)82%-(h02!)4+%, !

)551&)+/(4(&)8/,1/%!&+0908/!1%-+20-1106604/,H

NMWMOMNE/HB&b1<D<;&c&#<:>EREFC]
N(4$6="B*-G$=-46%);$3()-$-3=6:$88&;-)-346$89$M4334,$3*-G$'4,9&,.46$

*08;2-)64$3(4$>).*;=*0$8&&,6);*3)&;$3*-G$64-8,)>46$4*,0)4 BB 4:83+-G-$*,4%

'&'=0* $);$882;)3)54$;4= &-:8(&0&2:$38$34-3$5* )&=-$8&2;)3)54%',&84--4-$);80=6);2$

*334:3)&;*0$8&;3,&0H$8&2;)3)54$904R)>)0)3:HSK &, G);2$.4.8&,:H$*;6$,4-'&;-4$-40483)&:$

*6%);0>)3)&A ) ]N(4$;=.>4, 04334,$3*-G$=3)0)W46$(4,4$)-$>*-46$&;$-).)0*,$

' );8)'04-$*-$3(8-4$9&=;6$);$&3(4,$3*-G-H$-=8($*-$3(4$_N/AS$_N/$4R*.):4-$3(4$

);6)5)6=*0-"$*>)0)3:$38%$,48*00$(8KS.*;:$;=.>4,-$&,$04334,-$3(4:$(4*,6$);$-4<=4;84-$

A*6$3&$3(4.$3(*3%* 453, )R$&IS04334,-$89%;=.>4,-$*;6$8*;$>4$=-46$3&$',&5)643);-)2(3-$

);38$5* ) &=-$*-'483-$89$*334;3)&;* 098 % BI04 3. 458D

BA



81-"0+60//0+1/0,/160)/1+0,!,0<10840,1%6!(84+0),(8=1508=/")4+%, !,1440,,(90!/+()5,F!
(4'1(84+0),0,1'014")5508=0,1/%!)1&)+/(4(&)8/Z,!; %+ (8=1-0-%+#14)&)4(/(0,H!S8!
%1+1/), F1&)+/(4(&)8/,!15(,/0802/%!)12(%!,0<10840,14%8/)(8(8=!50//0+,1)82!181-"0+,!
'(5010P0+/(8=16%-+401;(/'"%/'1" 82, HIQ'0#!;0+0!+0<1(+02!/%!4%18/!/'0!81-"0+1%6!

50//0+,'0)+2121+(8=10)4",0<10840!)82!&+%9(20!)!+0,8%8,0!(--02()/05#1)6/0+1)!

6%+40!/+()5!108202H!G)+/(4(&)8/,1:0+01)5,%!), 021/%!&+%9(20!&0+40(902!&0+6%+-)840!

)441+)4#1(86%+-)/(%8!1,(8=1)IV!/'+%1="TY! 4)50F!;'0+0!V!(82(4)/0,!8%!4%86(20840!

(81/'01)8,;0+1)821Y1(82(4)/0,14%-&50/0!4%86(20840H!.118(<10!60)/1+0!%6!/'0141++08/!

81-"0+ X60//0+1/), 1, /Y1(/'%52,1: %+ (8=1-0-%+#14")5508=0,14%8, (,/08/1)4+%,

6%-+4014%82(/(%8,1)82!8)+/(4(&)8/,H

Trial Number

Number-Letter Sequence

Correct Answer

K3G3XBC3B13ZK42

1Q2U2Q345Q6UT48B

9X97YF8X5QJ2NFS8

S5K7HT61A6TL13QJ

N |WIN|(-

7U253C23VBG636G

6

981N91N18A8BMIN4

||| |N|®

1/23,%89(&:--%5-/*5&!"0;&<0%6&/5&=0*$"-/*5&"56 Z'V&>B"$

I"HS%&Y™ (S)* +(," +-* Vo (* "* $").* O+ SO+1* 206)$+(+-* $3* "4-063* ) +54+(&+)* &36'#%)%(,*

24$SHH) " (¥(A6T+H)*/0%2+%)%6428" (+34) 21* #3-48%%6(, *83H&+*/%$0* 73$0*0" (-) 9*: $*$0+*-+(-*
38%+"80*B3HEH* $HY"2;* $O+1*/342-*#+ HE* 03/*6" (1% 2+ $+H)* SO+ 1*0+"#-9*<O+*$") . */")*"2) 3*
"-696(%)$+#+-*/%B034$*$0+*8.3(&AHH+($*T%6" (4"2*&33H-%0("$%3(*$"). 9*<0%)*8%, 4#+*06224) $H"$+)*
)'6'2+% )+54+(&+)* 4)+-* 83#* 3(+* B3H&+* &3(-%$%3(* %o(* B(+* "HS%&Y"($9* =(* +"&0* 83HE&+*
&3(-%$%3(;* $O+* -%88%&A2$1* 2+>+2* 38* 0+ "$S+($%3(* $).* #+6"%(+-* &3()$"($;* +2&+'$* 83H#*

>"HUL"$%63() V0 (*SO+*"H#" (,+6+($*38*$0+*2+$$+#)**(-*(467+#)9

7.8,3%30:H$KA$GA'3$3(4$88.'04R) 3:$89$3(4$3*-G$3(4$-*.4$*8,8--$88:6)3)&;-$>:$

#):3%)):2$3(4$-* 4%, +:24$89$, 4-'&;-4-ASN(*3$(40'46$40).):*34$*::$'&34:3)*0$
):90=4;84$89$5*,)*3)&:-$);$3(4$*334;3)&;$3*-G$8&.'04R)3:$&;$3(4$9&,84$8&::3,80$.4*-

08&,$3()-$3*GH$KAS, *;68.0:$-4048346$*$-43389$CM$)34.-$8&.",)-):2$*$.)R

BV

4-AS



%66!50//0+,1)82181-"0+,H!Q'0,0!(/0-,!;0+014%8/(81%1,5#!,'166502!/%!=080+)/0!80;!
,0<10840,H!S/1(,!(-8&%+/)8/!/%!8%/0!/')/1/'0!,0<10840,;0+0!%6!)!6(P02!508=/"1/")/!
1)/4'021/'0121+)/(%81%61)!6%+40!/+()5!d(HOHF! @A, eF!)821205(90+02!) 12("5#H!0(908!/')/!
01)21_1/+()5,180+16%+4014%82(/(%8F!W_1)12(%!,0<10840,!;0+0!14+0)/02!(8!(>%9(0!
d.&&50F!S84eld,00!3(=1+0!@!6%+!,0<10840,!&5)#0216%+1%80!4%82(/(%8!6%+!%80!
&)+/(4(&)8/eH!Q'0!(/0-,!(8!/'01)12(%!,0<10840,!;0+0!205(90+021)/1)!|6+0<1084#!%6!BY!
"0)/,1&0+!-(81/0H!Q'0!,0<10840,;0+0! &@1%+202!/%!+021401&%/08/()5!9)+()" (5(/#!

2101/%!+0,0)+4'0+,Z190+")5!205(90+#1%6!,0< 10840, B )8204.ZB)/(%8!/")/!

0<10840,HIQ'(,1&-+0908/021&)+/(4(8)8/,16+%-18&+02(4/(8=1/'01%+20+1%61/'0150//0+,1)82!
81-"0+,H1S-&%+/)8/5#F1&)+/(4(&)8/,1;0+018%/1);)+01%6!/'0,01+)82%- (b)/(%8!
/04'8(<10,HIMO,&%8,0,14%5504/02!6+%-1)551&)+/(4(&)8/,!)/\'010821%6!/'010P&0+(-08/!
2(218%/1(82(4)/0)8#1+04%5504/(%81%66!,0<10840!&)//0+8,1%+1/'01+0&0/(/(%8!%6!/'0!,)-0!

81-"0+,1)82150//0+,(8!2(660+08/1)++)8=0-08/,H

NMWMOMO&#<:>EDEF&&S;<D<8<G
Q'0!81-"0+X60//0+1/),"1/)/1;),1)2-(8(,/0+02121+(8=!/'0!121)5X), !,0,,(%8!
),1/0,/021,0&)+)/05#!;(I'%1/1)14%841++08/!-%/%+!/),"H!Q'(,!&0+6%+-)840!,0+902!),!
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-0+(4)8F1@!),!.,()8F!)82!1V!1+0&%+/(8=1018"8%;8!+)40Hp!S8!/0+-,1%610/'8(4(/#F!@V!
,058+08%+/021),18%8&)8(4F!W!),IK(,&)8(4F1)821V/1),118°8%;8H!Q'010214)/(%8)5!
"4 =+9518219)+(02!6+%-1'(="1,4'%%5!/%! =+)B0P05!20=+00!&+%=+)-,IdVBH]A!q!
@H@ @'#0)+,1%6!0214)/(%8eH!T8!)90+)=0F!1&)+/(4(&)8/,1+08%+/021=+0)/0+11,)=01%6!/'0(+!
2%-(8)8/1')8216%+1090+#2)#1)4/(9(/(0,F!),|(82(4)/02!"#1/'01>%2(6(02!E2(8" 1+='"
K)820280,,1S8908/%-+#H!.22(/(%8)55#F!/08!&)+/(4(2)BRAEEE2!;00"5419(20%!
=)-01)4/(9(/#F1&+02%-(8)8/5#11,(8=")8R52!4%8/+%550+,!d,00!Q)"50!V1+08&%+/02!

"05%:1)821&+09(%1,5#1(8!,04/(%8!@H_HVF!6%+11%+0120/)(5,eH
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Cohort Characteristics

Sample Size (n) 25

Age (Yrs) 21.28 (2.15)

Biological Sex IM|16 F
Sociodemographics Education (Yrs) 14.80 (2.22)

Handedness 1L|24R

Modified Edinburgh Handedness Inventory 1.09 (0.06)

Video gaming frequency (hours/week)

[Average of 10 participants] 7.55(7.65)

MVC Pre-task (N) 94.77 (36.40)
Motor Performance

MVC Post-task (N) 97.98 (31.23)

MoCA 28.60 (1.50)

" Attention Task - Single 33.12 (3.87)
Cognitive Attention Task - Dual 29.88 (6.78)

Performance

Stroop Congruent 12.74 (2.14)

Stroop Incongruent 17.23 (3.69)

I"HS06& (&)*+*,-&)+",".-%,/0-/.0&

I"H'$ %8S () HS (V%S +&14B/$011%6&23 #3(*45$6$ 7$BE+"98:$; S T$9&BH:$<S 7$+"98&: S <(=0$ T$<(*#%6&"9$
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W&E(Y%H&HS')%%& #$ 23HE&($>"+3*>$ & @ E&%38&*'&A$ 3*9)HES #C&S 8(99(I3*>$>"+&A5$ 0*3+"9$ =9%(443*>:$=J1:$
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D(MN+(*:$B"# C&H#$ *H$=9"*M:$-0<-:$-) E&%$-+"4CSPY%(4:$" *HSQ33$ FE (YoH4$>"+8&4/
OMN&#<:>EDEF@&/7D7

Q'0!=+%1&!180+6%+-)840!9%8!/'014%=8(/(901/0,/,1(,'5(,/02!(8!Q)"50!\VH1?+(065#F!
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8%+-)5!+)8=0H!.,!)!+0-(820+F!/'0!14%=8(/(90!2)/)!,'%;8!(8!3(=1+0!B!)82!/'0!6%+40!
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2+9%6&1(8!/'01+);1,4%+01"#1)&&+%P(-)/05#1B!&%(8/,e1;'08!/'0!)//08/(%8!/), 1), !
&0+6%+-0214%841++08/5#1;(/'1/'01"(-)81)514%%+2(8)/(%81/), 14%-&)+021/%!;'08!(/!
1),180+6%+-021)5%80!dWIHY [WF!&IVIAHAAVFIQ)"501VF!I3(=1+0!B.eH!Q'0!)441+) 44!
%81/'01)//08/(%8!/), 1;'081&0+6%+-021)5%801+)8=0216+%-IVA/%IW _14%-++04/!
,0<10840,!d%1/1%61)1-)P(-1-1%6!W_eF!)8216+%-1"/%IW_121+(881/DI21)5
0,,(%8H!Q'0!&0+40(902!4%86(20840!(8!/'0!,4%+0,1)5,%12045(802!,(=8(6(4)8/5#!d)12+%&!
(81+):1,4%+0!"#1)&&+%P(-)/05#1')561)1&%(8/e!;'081/'01)//08/(%8!/), 1;),!
&0+6%+-0214%841++08/5#1;(/'1/'01"(-)81)514%%+2(8)/(%8!/), 14%-&)+021/%!;'08!(/!

1),1&0+6%+-02!)5%80!dwVH@BYF!&!IVIAHAAVF!Q)"50!IVFI3(=1+0!B?eH

A B
Attention Task Perceived Confidence
38 6 [ Single-Task
36 [ Dual-Task
5 ——
34 I
32 4
[7/] (2]
£ 3 E 1
P Y
28 3
26 e 9 —l
24 * *
22 1

1/23,%&B(&)*25/-/IC%&7%,A*,8"5.%&"56&7%,.%/C%6 &) 8 AI6%5.%
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6%+40106604/,1;0+0!)8)5#002!(820&08208/5#16%+10)4'19)+()"50!1,(8=1)13+(02-)8!
QO,/H!S6!/'0!1+0,15/,1%66!/'013+(02-)81Q0,/1;0+0!,(=8(6(4)8/F1I(54%PHA)B(£802
QO,/,1;0+0!(-&50-08/0216%+161+/'0+1)8)5#, (,1/%!4%-&)+0IVAK!O, H @ AKI>N*F!
VAKIO, HIWAKI>N*F1)82! @AK!9, HIWAK!>N*H!Q'019(,1)5!6002")4 106604/, !:0+0!
)8)5#b02!,0&)+)/05#16%+1"%/"l, (G22I 1)5(), 1, 408)+(%,!1,(8=13(54%P%8!
$(=802M)8"1Q0,/,HIQ'0Y/),,1;0+0!)5,%!4%-&)+02!1,(8=1J(54%P%8! $4$82
QO,/,F!,08)+)/05#16%+10)4'16%+40!)8219(,1)5!6002")4 14%82(/(%8,H!S-8%+/)8/5#F!/'0!
6%-+4012)/)16+%-1/'0!BPB2021&)+/(4(&)8/12(2!8%/1,/)821%1/1),1)81%1/5(0+!(8!/'0!
)8)5#,(,1)82!1,'%:02!,(-(5)+1/+082,1/9%!/'01+0,/1%6!/'0!=+%1&H! QRAB 169 (20!

3:M X%-++04/08%510,16%+10)4')8)5#, (,|d(HOHF!6%+40F!9(,1)5!6002")4 F!)82!/), e!
)82106604/!,(b0,H!.8#14')8=0,!(8"(-)81)5!>N*16+%-1"06%+0!/'010P&0+(-08/!/%!

)6/0+1/'010P&0+(-08/!:0+0109)51)/02!:(/'1)!&)(+02D ,/H

Single Task Dual Task
Visual Feedback No Visual Feedback Visual Feedback No Visual Feedback

10% MVC 20% MVC 30% MVC 10% MVC 20% MVC 30% MVC 10% MVC 20% MVC 30% MVC 10% MVC 20% MVC 30% MVC

Normalized Force 10.01 19.85 2957 10.03 17.28 21.42 10.14 19.68 2929 10.41 16.22 22.10
Amplitude (9.93-10.23) | (19.68 - 19.98) | (29.30 - 29.76) | (8.91- 11.82) | (15.08 - 19.15) | (19.83-25.70) | (9.96 - 10.24) | (19.36 - 19.85) | (28.83 - 20.62) | (9.43 - 11.60) [ (15.37 - 19.34) | (19.65 - 25.37)

Proportion of 4370 45.29 4387 46.05 4477 44.76 48.28 45.05 4369 4717 4825 46.90
Force (40.49 - 50.59) | (41.59 - 50.56) | (39.01 - 47.65) | (41,30 - 50.28) | (41.58 - 50.93) | (41.99 - 46.30) | (42.02 - 51.13) | (40.65 - 52.53) | (39.87 - 49.00) | (40.93 - 50.50) | (42.66 - 51.87) | (41.57 - 51.82)
025 041 065 044 071 120 031 055 076 045 0.70 (0.54 - 147
Normalized SD | (0.19-0.34) | (0.34-058) | (0.44-092) | (0.35-0.75) | (0.58-0.91) | (1.03-1.72) | (0.22-037) | (0.38-0.73) | (0.53-1.09) | (0.33-0.60) 0.82) (0.97 - 1.42)

001 017 0.36 0.03 231 -7.64 0.10 -0.28 -062 0.34 -2.86 -6.79
Constant Error | (.0.07-0.17) | (-0.40--0.01) | (:0.71--0.19) | (-1.11-1.11) | (-4.68--0.89) | (-10.57 - 4.32) | (-0.04-0.18) | (-0.61--0.13) | (-1.15--0.33) | (-0.56-1.34) | (4.22--0.53) | (-9.93 - -4.80)

022 0.42 055 1.76 322 7.65 0.32 063 0.93 1.99 3.1 7.15
Absolute Error | (0.47-0.35) | (0.23-061) | (0.35-0.93) | (0.87-245) | (1.90-4.68) | (4.50-10.71) | (0.23-0.44) | (0.29-0.88) | (041-1.44) | (0.98-242) | (1.70-4.30) | (4.87-10.37)

027 053 0.70 1.90 3.49 8.00 0.38 081 147 1.35 328 7.60
RMSE (0.21-043) | (0.29-0.77) | (045-1.17) | (1.05-2.56) | (2.07-4.83) | (4.90-11.04) | (0.28-0.56) | (0.51-1.82) | (0.51-1.82) | (1.11-258) | (1.94-4.64) | (5.33-10.98)

I"#$%&9(&1*,.%8&D%"0&,%0
@+-%"(*A54"#$%2+)*B*"(-*CD*38*"22*83#&+*6+")4#+) BRHFSW-EH () 24$*BF G, *HF G;*'(-*CFG*@1J;*
1%$0*"(-*/%$034$*>%)4"2*8++-7"&.9*: 7T TH+>%"$%3()K*@1J*L*6"?%646*>324($"#1*&3($H#"&$%3(;*M@NO
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Force Effects: Single-Task

Visual Feedback

No Visual Feedback

Variable 10% vs. 20% MVC | 10% vs. 30% MVC | 20% vs.30% MVC | 10% vs. 20% MVC | 10% vs. 30% MVC | 20% vs. 30% MVC
PFDR ' PFDR r PFDR r PfDR r PPDR r PFDR r
Normalized Force Amplitude 0.001 0.874 0.001 0.874 0.001 0.874 0.001 0.874 0.001 0.874 0.001 0.788
Proportion of Force* nia 0.272 nla 0.024 nia 0.444 nia 0.126 n/a 0.309 n/a 0.283
Normalized SD 0.001 0.821 0.001 0.874 0.001 0.837 0.013 0.498 0.001 0.740 0.001 0.670
CE 0.001 0.831 0.001 0.858 | 0.001 0.848 | 0.001 0.826 | 0.001 0.869 | 0.001 0.858
AE 0.001 0.729 0.001 0.858 0.001 0.874 0.003 0.595 0.001 0.874 0.001 0.874
RMSE 0.001 0.756 0.001 0.864 0.001 0.874 0.002 0.622 0.001 0.874 0.001 0.874
Force Effects: Dual-Task
Visual Feedback No Visual Feedback
Variable 10% vs. 20% MVC | 10% vs.30% MVC | 20% vs. 30% MVC | 10% vs. 20% MVC | 10% vs. 30% MVC | 20% vs. 30% MVC
PFER r PFDR r PV’DR r PFDR r PFDR r PFDR r
Normalized Force Amplitude 0.001 0.874 0.001 0.874 0.001 0.869 0.001 0.874 0.001 0.874 0.001 0.858
Proportion of Force* 0.899 0.148 0.345 0.315 0.030 0.562 n/a 0.105 n/a 0.040 n/a 0.024
Normalized SD 0.001 0.869 0.001 0.869 0.003 0.595 0.001 0.697 0.001 0.874 0.001 0.853
CE 0.001 0.874 0.001 0.874 0.001 0.837 0.001 0.837 0.001 0.874 0.001 0.874
AE 0.001 0.826 0.001 0.874 | 0.001 0.848 0.002 0.605 0.001 0.874 0.001 0.874
RMSE 0.001 0.858 0.001 0.874 | 0.001 0.713 0.002 0.622 0.001 0.874 0.001 0.874

I"H$%& @ (&A-"-10-1."$&A/25/Al."5 Yo&*A&L*, UBREAAY.-0
VC&S$H#'198$6"948$!34' (2&%A$B"m%aa#&mg)&4$%&4)9#3*>$8%(+$Q39 (@ (*$H&AHASE@"+3*3*>SE"3%134&$
H388896&* &A% 18#188*$ 8(%'&S$ 982 EFEBSHBLHREBS. $ 4&E"%"#EIAS 8(%$ &"CS #'AM$ "*H$ 234)"9$ 8&&H1"M$
(*H3#3(*/$ Q39'(@(*$ -3>"BMS V&AHAS 12968S E&%8(%+&HS$ (*9AS 385 6%63&H+"$ V&AHAS 18%6&S 43>*383"*#/$ [T"\$
3*H3"HEASHC #S*(BE"3%I34&$ (+E"%34(*4$18%&S (*H) #&HS 18 ") 48 SHCES6%3&H+ SV &AHSB(%$HC #$2"%3"19&$I"4$*(
43>*383"*#/$|888 #$43"&A$8(%SHCESQIY' (@ (*$HEAHAS %8S A (SU&KE (YoH&HS, %./$VCES%$2"9)8$4C()IHS* (#$1835'(*8)/
HCE&SD&"%A(*$ (%%6&9"#3(*$'(§883'3&*#/

Visual Feedback Effects
Single-Task Dual-Task

Variable 10% MVC 20% MVC 30% MVC 10% MVC 20% MVC 30% MVC

Pai r Pia r Pisa r P r P r P r
Normalized Force Amplitude 0.861 0.035 0.002 0.718 0.002 0.848 0.551 0.148 0.002 0.718 0.002 0.874
Proportion of Force 0.612 | 0234 | 0.882 | po30 | 0612 0.186 | 0612 | p132 | 0612 | p148 | 0018 | o589
Normalized SD 0.001 0.869 0.001 0.869 0.001 0.831 0.001 0.751 0.069 0.363 0.001 0.751
CE 0.904 | 0024 | 0002 | o751 | 0002 | pgsg | 0346 | 0213 | 0002 | o686 | 0.002 | 0874
AE 0.001 | o874 | 0001 | o874 | 0.001 | og74 | 0.001 | og74 | 0.001 | gg4g | 0.001 | 0874
RMSE 0.001 | o874 | 0.001 | og74 | 0001 | o874 | 0.001 | og74 | 0.001 | pg31 | 0.001 | 0874

I"H$Y8&B(&4-"-/0-]."$&A4I25/AL."5.%&* A&FI03"$& 1% %64 & &EAAY. -0
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Task Effects
Visual Feedback No Visual Feedback

Variable 10% MVC 20% MVC 30% MVC 10% MVC 20% MVC 30% MVC

Poor r Pior r Por r Pror r Poor r Pooss r
Normalized Force Amplitude 0.782 | 0.171 0.042 | 0492 | 0.006 0.713 0.882 | po73 | 0.882 0.030 | 0882 | 0067
Proportion of Force 0.291 0.331 0.788 | 0089 | 0689 | 0.148 0.946 | 0013 | 0506 | p229 | 0.291 0.390
Normalized SD 0.027 | o520 | 0.006 0686 | 0.122 0.374 0.288 | 0239 | 0288 | p229 | 0.288 | 0213
CE 0.556 0.217 0.042 0.492 0.006 0.675 0.766 0.110 0.766 0.094 0.968 0.194
AE 0.008 0.594 0.006 0.805 0.008 0.584 0.766 0.094 0.414 0.218 0.861 0.035
RMSE 0.006 0.611 0.006 0.799 0.006 0.589 0.654 0.121 0.396 0.223 0.677 0.083
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+021402!6%+4010++%+!d(HOHF*Eh. EhM>$Ee!(8!60-)50,14%-&)+02!/%!-)50,!(8!/'0!8%!

9(,1)5!6002")4 14%82(/(%8H!d,00!.8&082(P!:eH



#7JDC; &8

1(%6#0%9% ()& &# Y#+0%(') &

Q'01&1+8&%,01%6!/'(,1+0,0)+4',/12#1;),1/%1(890,/(=)/01/'0}(-&) 4/1%6! ¥8=50
1), 1)82121)5X), 120-)82,1%8!6%+40!4%8/+%5!21+(8=!"(-)81)5!4%%+2(8)/(%8!(8!
'0)5/'#1#%18=1)215/,HIQ'0!,/12#1#(05202!,090+)5!8%905!6(82(8=,H!3(+,/F!;0!
20-%8,/+)/021/')/1"(-)81)516%+4014%8/+%5! 20/0+(%o+) OB +)/0!6%+40,
(81"%/'!/'01,(8=500)82121)5(),",HIQ'(,;),!109(208402!"#!/'0!6%55%;(8=14")8=0,!
),16%+40150905,!(84+0),02F!(84512(8=1=+0)/0+11820+,'%%/(8=F!(84+0),0219)+()" (5(/#F!
)8212(-(8(,'02!)441+)4#HI$04%82F!;0!,'%;1/')1/'(,1;%+,08(8=!;),1)-&5(6(02!
+0819(,1)5!6002")4"1%68!/),"18&0+6%+-)840!:),1+0-%902F!)82!/'(,106604/!:),!
4%8,(,/08/1)4+%, 1/),"HIQ'(+2F1%1+1(890,/(=)/(%8!+090)502!)!,(=8(6(4)8/106604/!%6!
['014%=8(/(901/), 1%8!"(-)81)5!&0+6%+-)840H!$&04(6(4)554#F!&)+/(4(&)8/,10P'("(/02!
+02140216%+40!)-&5(/120F!(84+0),0219)+()"(5(/#F!)8210++%+12DE(8E!/'0121)5
4%-&)+021/%!/'0!,(8=8)) FI06604/,1/')/1/08202!/%!"0!=+0)/0+1)/!'(='0+16%+40,!)82!
:0+019685#1%",0+902!(81/'019(,1)5!6002")4 14%82(/(%8H!3%1+/'F!;0!;0+0!)"50!/%!
'%;16%+1/'016(+,/1/(-01)12%1"501(8/0+60+0840F!;'0+0!/'01&0+6%+-)8401%8!/'0!
4%=8(/(90!/), 12045(802!;'081/'01/), I;),1&0+6%+-02!,(-15/)80%1,5#!;(/'1/'0!

~9%/%-+1/),"H!S-&%+/)8/5#F1/'0106604/!, (b0, !6%+!/'0!,(=8(6(4)8/16(82(8=,+)8=0!6+%-



-9620+)/01/%!5)+=0F!(82(4)/(8=!,1",/)8/()5!)82!-0)8(8=615!2(660+0840,!"0/;008!

1'014%82(/(%8,1"0(8=14%-&)402H

UMK&"<;8C&!QQCSDH
T1+16(82(8=,1)5(=8;(/'\&+09(%1,1+0,0)+4',1==0,/(8=!/')/1(84+0),(8=!6%+40!
50905, (-8)4/1"(-)81)5!6%+4014%8PEIBE 22 (/(%68)554#F!:010P/082!/'(,!

1820+,/)82(8=1"#120-%8,/+)/(8=!/")/1/'0,014")8=0,1%441+18%/1%85#!:'08!
&)+/(4(&)8/,1&0+6%+-1)1"(-)81)5!4%%+2(8)/(%8!/), 1)5%80!"1/1)5,%!:'08!/' 0!
08=)=0!(8)121)8), 1,408)+(%!/')/1+0<1(+0,!/'0-1/%!)//082!/%!)14%=8(/(90!/),"!
(-15/)80%1,5#H!Q'0!,0504/02!6%+40!20-)82,1)/19)+(%1,!,1"-)P(-)5!50905,!
(84512(8=IVAKF!@AKF!)82!WAK!%6!>N*')21)! (=8(6(4)8/!(-&)4/1%8!-15/(&50!
),&04/,1%616%+401&+%214/(%8H!$&04(6(4)554#F14')8=0,1;0+0!1%",0+902!)4+%, !-0),1+0,!
14'),18%+-)5(00216%+401)-&5(/120F!8%+-)5(b02!$:1966!6%+40!)-&5(/120F*EF!.EF!
)82IM>$H!*965504/(905#F!/'0,01-0),1+0,!+06504/1/'01-)=8(/120F!4%8, (,/084#F!)82!
&+04(,(%819%6!/'016%+401%1/&1/121+(8=1/'01"(-)81)5!4%%+2(8)/(%8/),')82!(82(4)/0!
I')/1(84+0),(8=16%+40120-)82,18%/!%85#!(86510840!/'01%90+)55!6%+40!%1/&1/!"1/1)5,%!
)6604/1/'019)+()"(5(/#1)82!)441+)4#1%616%+40!8+%6214/(%8H!J (50!&+09(%1,!,/12(0,

190120-%8,/+)/021)8(84+0),01(819)+(%1,1-0/+(4,1%616%+4019)+()" (5(/#)821) 441 +) 44!

)821:(I'%1/'801+%5%=(4)5!2)-YE6E s 1+1 /12#10P/082,1'0,016(82(8=, I"#!
'%;(8=!,(-(5)+106604/,1)/1596{%8%20+)/016%+40150905,F1-%-+0!)"(81/%!/'%,0!1,02!

(812)(5#1/),, ™. 16%%+40120-)82,1(84+0),0F!/'0#1+0<1 (+0!-%-+0!&+04(,0

_[!



4%%+2(8)/(%81)82!,#84'+%68(Db)/(%81%66!-1,4501)4/(9)/(%8!8)//0+8,14+%, 1"%/'!
82, H1:1+(8=1=-+0)/0-+16%-+4010P0+/(%8,(8!(,%-0/+(414%8/+)4/(%8,F!/'0!
801+%-1,415)+! #,/0-16)40,14")5508=0,!(8!-)(8/)(8(8=!&+04(,0!6%+404%8/+%5F!
'(418%;1+0<1(+0,1)8!(84+0),0!(8/'01+04+1(/-08/1%6!-%/%+!18(/,1)821)!-%6+0!
06604/(90!-%215)/(%81%6!/'0(+!)4/(9(/#H!S8/0+0,/(8=5#F!/'0!2(660+0840,!(8!/'0!6%+40!
-0),1+0,1"0/;008!/'019)+(%1,16%+40120-)82,1)&&0)+!/%!"0!-%+0!&+%8%18402!(8!
1'0121)5X), 14%82(/(%8!4%-&)+02!/%!/'0!, (9501%82(/(%8F! 1820+,4%-+(8=!/'0!
(84+0),0215%)21%8!/'0!1801+%-1,415)+! #,/0-H
S-8%+/)8/5#F16%-+40106604/,(8!"%/'!/ O (8}ED21)5X), 1;0+0!
696182!(8!/'01)",0840!%66!)14')8=01(8!"(-)81)5!>N*16+%6-| Q%! &/
OP&0+(-08/H!.5/'%1="1,8&04(6(410P&0+(-08/)5!20,(=8,!)+0!+0<1(+02!/%!2(+04/5#!
-0),1+0!-1,450!6)/(=10F!/'0!5)4"1%66!)14')8=0!(8!>N*!(,1084%1+)=(8=)82!
(82(4)/0,1)/16)/(=1015( 05#12(2!8%/!(86510840!-%/%+1&0+6%+-)8401/+%1='%1/!/'0!
J12#F1+0(86%+4(8=1/'01+05()" (5(/#1%661%1+16(82(8=,HIKO+O0F!;01)2-(8(,/0+02!/+()5, (8!
0/,196!_L:(/1"+0)",1(8!"0/;008!6%+4014%82(/(%8,1)82!-%/%+!,0,,(%8, /%!4+0)/0!
%&&%+/18(/(0,16%+1+0,/H!.22(/(%8)55#F!/'016%+40150905, |(-&5(4)/02!(8/'0!,/ 1 2#F!
(4')+014%8,(20+021598%%%20+)/0F18%/1%85#!- (++%+16%-+40, | /#8&(4) 554!
0849%18/0+021(812)(5#!)4/(9(/(0,!"1/1)5,%!,0+902!/%!-(/(=)/0!6)/(=10121+(8=!0P/08202!

1+()5121+)/(%68"BQ%!-)8)=014%=8(/(90!6)/(=10F:0!(-&50-08/02!

4%18/0+")5)84(8=1)82!,0<10840!+)82%-(b)/(%8!/04'8(<10,H
1,04%82)+#1)8)5#, (,19%66!/'01/%/)5!6%+401%1/81/1+090)502!/')/1/'012(,/+("1/(%8!

06616%-+401"0/;008!8)+/(4(&)8/,212%-(8)8/!)SREM8)8/!")82,!=080+)55#

Bl



+0-)(80214%8,(,/08/!)4+%, ,16%+40150905, F14%8, (,/08/!:(/'\&+09(%1,16(82(8=,!
(82(4)/(8=!,#--0/+(4)5!+05()8401%8!"%/'182,121+(8=14%%+2(8)/02!-%90-08/,!(8!
'0)5/#1#%18=1)215/,H!:1+(8=!/'0IWAKI>N*14%82(/(%8!(8!/'002)1)5(/"!
9(,1)5!6002")4"F1&)+/(4(&)8/,120-%8,/+)/02!50, ! #--0/+#!(8!/'0(+16%+401%1/&1/!
4%-&)+021/%!/'0! @ AKI>N*149%82(/(%8H!S/!(,18%, ("50!6%+!'(='0+!6%+40150905,1/%!50)2!
1%1-%-+01) #--0/+(4)5!6%+401%1/8&1/F1)1&'08%-08%8!)5,%!%",0+902!(8!45(8(4)5!

89%8&15)/(%8,!d0H=HF! [+ CETS&H!

UMN&LEH=7G&"CC?A78%&!QQCSDH
.,1)8/(4(&)/02F!19(,1)5!6002")4°106604/,1;0+0109(208/16%+!-%,/16%+40!
-0),1+0,1)4+%,,19)+(%1,16%+40150905,)82!(8!"%/XYB2I0)5(), 14%82(/(%8,H!
$&04(6(4)55#F!/'01)",08401%619(,1)5!6002")4°1'21)1&+%68%18402F!80=)/(90!(-&)4/!
968!/'01-)=8(/1201%6!6%+40!10P0-+/02!21+(8=1/'0!"(-)81)5!4%%+2(8)/(%8!/), 1),
O0P&+0,,02!(8!/'018%+-)5(002!6%+401)-&5(/120F!1&)+/(415)+5#1)/| @ Ak!)82!WAK!>N*!
(81"%/'1/'0!,(8=50082121)50), HIQ'(,!,1==0,/,!/")/!,08,%+#!(86%+-)/(%8F!,14"),!

9(,1)5!6002")4 FI&5)#, ) 0#1+9650!(8!,)&(8=16%+40!)-&5(I(RDA!6(82(8=,!
)+01(8!5(80!: (/'1/'0'E4%5%=(4)5!Q'0%-+#1%6!GO+408&/(%8F!:'(4'(8!/'(,|4%8/0P!!
0-&'),(b0,!/'01)2)&/(90!8)/1+01%66!-%/%+!4%8/+%5!-04")8(,-,(8!+0,&%8,01/%!
089(+%8-08/)5!416, K)'01)",08401%61)!,(=8(6(4)8/!12(660+08401)/IVAKI>N*!
1==0,/,1/)/19(,1)516002")4 " 1-)#18%/1"01), 14+(/(4)5!6%+1-%215)/(8=16%+40!
)-&5(/1201)/15%;16%+40150905, | (++0,804/(90!%6!:'0/'0+1&)+/(4(&)8/,!)+0108=)=(8=!(8!

)1-%6/%X685#1/), 1%+ 2 H)5 1(89%59(8=")!4%841++08/14%=8(/(90/), HIT90+)55F

Al



1'0,016(82(8=,11820+,4%+0!/'0!(-&%+/)8401%G: 006 1)5!(86%+-)/(%8!)"%1/!
6%+401%1/&1/1(8!+0)4'(8=1)821-)(8/)(8(8=/), 120-)82,H1J'(5019(,1)5!6002")4"!
8%/)"5#!(86510840216%+401%1/&1/F1&)+/(415)+5#1),16%+40!50905,!(84+0),02F!(/,|(-&)4/!
0681/'012(,/+("1/(%8!%6!6%+40,;),1-(8(-)5H!$(=8(6(4)8/!2(660+0840,!"0/;008!/'0!
9(,1)51)82!8%!19(,1)5!6002")4 14%82(/(%8,;0+016%1821%685#!)/IWAK!>N*!:'(50!
&)+/(4(&)8/,1)//08202!/%!/'014%=8(/(90!/), H1$&04(6(4)55#F!6%+40!%1/&1/!"04)-0!50, !
H#--0+(41)/IWAKI>N*1(8/'01&+0,08401%6!9(,1)5!6002")4 H!IQ'(,!,1==0,/,!/")/!
&)+/(4(&)8/,16)4021(84+0),02!4%=8(/(90!20-)82, F1),1/'0#1)21/%!)55%4)/0!+0,%1+40,!
89%/1%85#1/%!80+6%+-1/'014%=8(/(90/), I"1/1)5,%!/%!&+%40,,1)82!(8/0+&+0/19(,1)5!
(86%+-)/(%81)"%1/1/'0(+!6%+401%1/&1/HIQ'(,121)5!4%=8(/(90!5%)2!0P400202!/)/!
OP&0+(08402!;'08!,%505#1)//082(8=1/%!/'014%=8(/(90!/),"H!Q'(,!6(82(8=!1820+,4%+0,!
/'014%-&50P1(8/0+&5)#1)-%8=14%=8(/(90!5%)2F!9(,1)5!6002")4 F!)82!"(-)81)5!6%+40!
4%8/+%5F!(82(4)/(8=!')/14%=8(/(90!20-)82,I-)#!(8/0+60+0!; (/'1/'0! #--0/+(4)5!
4%%+2(8)/(%81%6!6%+40!"0/;008!/'01')82, |(8!'0)5/ #14#%18%1)215/, H
+=,,4:3%9);6);2-$,42* 6):2$9&,84$5* )*>)0)3:H$*-$);6)8*346$>:$3(4$%P$&I$3(4$
&, *0)WA6$9&.,84$*.'0)3=64H$-=224-3$3(*3$9&,84$8=3'=33)-$.8,4$5* )*>04$);$3(4$*>-4;84$
8&9%$5)-=*0$9446>*8G$*8, SR, *34$9&.,84$04540-$9&, $>&3 (ST 696208
3*-G$8&;6)3)&;-ASN()-$8&>-4,5*3)&;$*0)2;-$K)3($',45)&=-$,4-4* B(H$K()8($64.&;-3,*34-$
3(*3$5)-=+0$9446>*8G$4;(*;84-$'4,9&, .*;84$):$>).*;=*0$88&.,6);*3)&;$3*-G-$>:$
46=8);2$5* )*>)0)3:$*:6$);8,4*-);2$*88= *8:$):$9&,84%' &65GB)&, B4$*88=*8:H$
A%-= 46$>:$.43)8-$-=8($*-$+VHS/VHS*;6$1 @%VHS-(&KA6$;83*>04$648,4*-4-$K (4;$

5)-=*0$9446>*8G$K*-$:83$*5+)0*>04$9&, $F&3($-);204

[Al



)82121)5(), 14%82(/(%8,)4+%, ,1)55!6%+40!50905, FI0P40&/16%-+*E!)/IVAKI>N*16%+!
"06/'l]), |/#&0,HIQ'0!6)4/1/')/18)+/(4(8)8/,1/08202!/%! 1820+, '%%/!/'01/)+=0/1)/ @AK!
)82IWAKI>N*I(81"%/'1,(8=501)82121)5!/),",FI"1/18%/1)/IVAKI>N*F!,1==0,/,!
81)8402!(8/0+)4/(%8,1"0/;008!/),120-)82, F1&0+408XBf3%+1&+%40,,0,F!)82!
4%=8(/(90'6)4/%+,H!./@AK!)82IWAK!>N*F1&)+/(4(&)8/,1-)#1)901&0+40(902!/0!
N),1),1-%+0120-)82(8=F!50)2(8=!/'0-!/%!)2%&/)14%8,0+9)/(90!,/+)/0=#1"#!
OP0+/(8=!50,,16%+40!/%!)9%(2!%90+0P0+/(%8!%+16) e 1N B SV 055

'(='0+16%-+401&+96214/(%8!4)8!(82140!-1,45016}/&Pop6890+,054#F1)/IVAK!

>N*FI/'01/), 1-)#1')901"008!&0+40(9021),!50,,14')5508=(8=F1)55%; (8=1&)+/(4(&)8!,!
1%!0PO+/1-%+016%+40!:(/'%1/1+(,"(8=!0P40,,(90!066%+/1%+16)/(=10H
N(4$83(4,$9&,84$*88= *8:$.4*-= 4-H$;* 40:$/V$*6$1 @%VHS*--4--$3(4$
*2:)3=64$89%4,,&,-$),,4-'483)54$&9%$3(4),$6),483)&;A$7;$3()-$88;34R3H$3(4:$,454*046$
'8.8&,4,$>).%=*0$9&,84$8&;3,8&0$K)3($);8,4*-);:2$9&.,84$04540-H$'*,3)8=0* 0:$);$3(4$

*>-4:84$89%$5)-=*0$9446>*8GH$,4'0)8*3):2$', 45)&=-$9&.,84$8&:3&D%-3=6)4-A

\*,3)8)*:3-$.*:$*334.'3$38$*6c=-3$3(4),$.83& $8&..*;6-$&,$-3,*342)4-$3&$8&.'4;-*34$
9&,$3(4$0*8G $&I$5)-=0$9446>*8G$>:$3,:);2$3&$,40:$.&,49&;$', &', )&84'3)54$8=4-$38$
42=0*34$9&.,84$&=3'=3A$a&K454, H$3(4-4$88.'4;-*3)&;$-3,*342)4-$.*:$;83$>4$*-$
499483)54$);$*88=,*340:$,42=0*3);2$9&,84$8=3'=3H$*,3)8=0* 0:$*3$()2(4,$9&,84$04540-H$
04*6);2$38&9);8,4*-46$4,,& A$P=,);2$3(4$;&$5)-=*0$9446>*8G $8&;6)3)&;$3,)*0-H$
*,3)8)*;3-$-3%, 346 $K) 3(SR$B=4$'4,)8.6$6=,); 25K ()8($3(4:$,484)546$5)-=*0$9446>*8GS$
&;$9&,84$&=3'=3$5)*$*$.&5);2$2,44;$>* ASN(4$=3)0)W*3)&;$&9$3()-$8=4$)-$8&;-)-34;3$K)3($

' 45)&=-$4R'4,).4:3-$4./0&:):2$*$-).)0* $



9(,1)5!6002")4°1-)8(&15)/(%8HD'01&:1+8%,01%66!/'01410!;),/%!&+%9(20!
&)+/(4(&)8/,1:(/')1450)+1(82(4)/(%81%6!/'010P&04/02!6%+401%1/&1/HII(I'%1/!/0!
&+0,08401%6!/'HIBLOF!(/1-)#1')90!"008!-%+0!2(66(415/1/%! 20/0+-(80!;'0/'0+!
4)8=0,!(8!6%+40!-0),1+0,!,/0--02!6+%-1/'0!0P&0+(-08/)5!4%82(/(%8!%+!6+%-!
&9%6/08/()514%861,(%8!+0=)+2(8=!/), 1(8,/+14/(%8,H!S/I(,|(-&%-+/)8/1/%!8%/0!/)/!;0!
4)88%/1+1501%1/1/')/1/'01410!-(='/)9016)4(5(/)/02!-%+01)441+)/016%+40!%1/&1/H!
$/12#(8=16%+401)441+)4#121+(80BDE)/0216%+40!(8!/'0!)",08401%6!)8#!

410';)++)8/,10P&5%-+)/(%8!(8!61/1+0!,112(0,H

UMO&/5$BH9&!IQQGBDH
81(-&%+/)8/1)8218%905!6(82(8=19%6!/'01,/1241:),1/'01,(=8(6(4)8/12(660+0840!
%",0+902!(8!6%+40!-0),1+0,!,14'),18%+-)5(002!6%+40!)-&5(/120F!6%+4019)+()"(5(/#F!
)8216%+40!)441+)4#1"0/;008!,(888Q!21)5(), 14%82(/(%8,F1&)+/(415)+5#1;'08!
9(,1)5!6002")4°1:),1&+%9(202H!Q'0!4%=8(/(90!20-)82, |(-&%,02!"#!/ 0¥ 1)5
4%82(/(%8!-)#1')90!'(820+02!/'01&)+/(4(&)8/,Z1)" (5(/#/%!+0=15)/0!6%+40!&+%&0+5#H!
$&04(6(4)55#F16(82(8=,!(82(4)/02!)!-(52!+0214/(%8!(8!/'0!8%+-)5(002!6%+40!
)-&5(/120121+(8=1/'0121)8, FI&)+/(415)+5#)/1 @Ak!)82!WAK!>N*!(8!/'0!&+0,0840!
9%6!9(,1)5!6002")4 HIQ'(,!, 1==0,/,1)1&%, ("50!(8/0+)4/(%8!"0/;008!6%+4014%8/+%5!)82!
49%841++08/14%=8(/(90120-)82, F!:(I"&)+/(4(&)8/,!,00-(8=5#1)"501/%!-)8)=01"%%/"
),",106604/(905#!)/15%;0+16%+40150905,!,14'T), IVAK!>N*I"1/I0P&0+(084(8=!
4%=8(/(901%90+5%)21)/!'(='0+16%+40!50905, H!Q'(,I'0(=/0802!14%=8(/(90!5%)2!5("05#!

'(820+021%&/(-)5!6%+40!-%215)/(%8F!50)2(8=!/%!/'01%" 0+902!+0214/(%8!(8!6%+40

[@



)-&5(/120H!1S8/0+0,/(8=5#F!120,&(/01/'0,0106604/,1%8!/'01)90+)=0!6%+40!%1/&1/F!/'0!
2(,/+("1/(%8!%6!6%+40,1+0-)(802! #--0/+(4)5!6%+401%1/&1/1)4+%, 16%+40,F19(,1)5!
6002")4°14%82(/(%8,F)82!/'0!,(88BA!121)5),",HIS/I(,|(-&%+/)8/1/%!4%8,(20+1/0!
&%.,("(5(/#1)/1/'(,106604/1-)#18%/1'%521/+1016%+1-%-+014%-&50P!,408)+(%,!
20-)82(8=!=+0)/0+!6%+40,!1%+1(8!45(8(4)5!&%&15)/(%8,I5("0!,/+%0!%+1G:F!;'0+0!
"),05(801),#--0/+#14%1521&%/08/()55#!"010P)40+")/02!"#1/'01&+0,08401%6!)!
4%841++08/14%=8(/(90!/), H

.1)8/(4(&)/02F!/'0121)5(), 1+0,15/02!(8!(84+0),0219)+()"(5(/#1%6!/'016%+40!
0%1/&1/F1&)+/(415)+5#)/IVAK!)82!@AK!>N*121+(8=1/'019(,1)5!6002")4 14%82(/(%8H!
K%;090+F14%8/+)+#/%!%1+1(8(/()5"),,1-&/(%8F!/'(,106604/1;),18%/1%" ,0+902!)/\WAK!
>N*F1%-+121+(8=1/'018%!9(,1)5!6002")4"14%82(/(%8H!Q'012(660+08/()5!06604/,!
%",0+902!)4+%,,16%+40!50905, - )#1"01+05)/02!/%!/'019)+#(8=14%=8(/(90!20-)82,!
),,%4()/02!;(/'12(660+08/!16%+40150905, H!./15%;0+!6%+40!50905, F1&)+/(4(&)8/,1-)#!90!
')21+05)/(905#1=+0)/0+14%=8(/(90!+0,%1+40,1)9)(5)"50!/%!)55%4)/0}/%:)+2!"%/"16%+40!
4%8/+%51)82!/'014%841++08/14%=8(/(90!/),” HI*%890+,05#F!)/!'(='0+!6%+40!50905,|dOH=HF!
WAK!>N*eF1&)+/(4(&)8/,1-)#1"901)5+0)2#1)55%4)/021)!,1"/)8/()5!&%+/(%81%6!/'0(+!
4%=8(/(90!+0,%1+40,1/%;)+2,1-)(8/)(8(8=16%+4014%8/+%5F!50)9(8=!60;0+!+0,%1+40,!
)9)(5)"501/%!8+%40,,1/'014%841++08/14%=8(/(90!/),"H!.,16%+40120-)82,!(84+0),0F!
&)+/(4(&)8/,'0P&0+(0840!=+0)/0+!2(66(415/4#!(8!-)(8/)(8(8=!&+04(,0!6%+4014%8/+%5F!
50)2(8=!/%!(84+0),02!19)+()"(5(/#!(81&0+6%+-)840H!Q'(,!(84+0),0219)+()" (5(/#!
),,%4()/021; (/') OIWAK!>N*14%1521(8/+%214018%(,01(8/%!/'012)/)F!-) (8=!(/!-%-+0!

4")5508=(8=1/9120/04/1,/)/(,/(4)55#!,(=8(6(4)8/106604/,1%6{) 0124)82(/(%8H



K%;090+F118%8145%,0+!0P)-(8)/(%8!%6!/'012)/)!d,0013(=1+0![eF!)!4%8,(,/08/!/+082!
0-0+=0,F!(82(4)/(8=!8%%+0-+1&0+6%-+-)8401)/IWAKI>N*1)* (81/%!/')/1%",0+902!)/!
59%;0+16%+40!50905, HIS/!(,!(-&%+/)8/!/%!+04%=8(b0!/')/|(8/0+&+0/(8=1-%90-08/!
9)+()"(5(/#!(,181)8402!)8214%8@PR08208/H!J'(50!(84+0),0219)+()"(5(/#!4)8!
(82(4)/014)5508=0,!(8!-00/(8=!6%-+40!/)+=0/,F!(/'4)81)5,%!+06504/!)2)&/)"(5(/#F!
&)+/(415)+5#1(8145(8(4)51%+150)+8(8=TA4BUB(9{21)5,!1820+=%!
+0')"(5(/)/(%81%+!50)+8180;1-%/%+!, (55,F1(8(/()5!9)+()" (5(/#!/#8&(4)55#11+)8,(/(%8, /%!
-9%+014%8,(,/08/1)82!+06(802!-%90-08/,1),1/'0#1)2)&/1)82!50)+8!/0'A:* H
Q),"106604/,!:0+016%182!16%+1)5516%-+401)441+)4#1-0),1+0,/d(HOHF *EF . EF!
M>$Ee!)4+%,,1)5516%-+40150905,(8!/'0!&+0,0840!%6!9(,1)5!6002")4  FIOP40&/16%+I*E!)/!
VAKI>N*HLI&+(%+!,/12#1(81#%18=1)215/,1(89%59(8=!,1"-)P(-)5!"(-)81)5!
(,%-0+(414%8/+)4/(%8,1)/1Y AKI>N*11820+!,(865082121)5X), 14%82(/(%8, !
+090)5021204+0),021-%/%+1%1/&1/14%-&50P (/#1)82!(84+0),0210++%+12X+(8=1/'0121)5
1), H" IT1+16(82(8=,10P&)8211&%8!0P(,/(8=1+0,0)+4'"#120-%8,/+)/(8=!/'WI21)5
1),)1,408)+(%,1)6604/16%+40!)441+)4#1)4+%, 1) !+)8=OtUBIEED+)/016%-+40, H!
J'(5018+09(%1,!,/12(0,!-)(85#!6%41,021%8M) 1)86604/,(81(82(9(21)5, (/"
801+%65%=(4)5!2(,0),0,F!,14'),!,/+% 01&)/(08/,F1&)+/(415)+5#!(8!/'014%8/0P/!%6!
18(-)81)5!/),",1%1+16(82(8=,!(82(4)/0!/')/'/'0,0!4')5508=0,!0P/082!/%!"(-)81)5!
1),”,1)821)6604/!'0)5/ #14#%18=1)215/,:(/'%1/")8#14%=8(/(90!(-&) (+- 080 &#%(
Q'01)22(/(%8)514%=8(/(9015%) 2! (-&%,02!"#!/'0fR LS5 054!
(8651084(8=!/'01801+%-1,415)+!14%8/+%5!,/+)/0=(0,10-&5%#02121+(8=!/'0!,1,/)(802!

4%8/+)4/(%8H!IQ'(,14%1521(-&)A/N'0)" (5 (#!/%!+0=15)/01-%/%-+118(/1+04+1(/-08/1)82

[B!



2(,4")+=01+)/01%&/(-)55#F1&%/08/()55#!50)2(8=/%!9)+()/(%8,!(8!/'01&)//0+8,1%66!-%/%6+!
18(/1)4/(9)/(%8,H!31/1+0!,/12(0,!,'%152!,/+(90!/%!20590!200&0+!(8/%!/'0!
1820+,/)82(8=1%6!-%/%+!18(/!)4/(9)/(%8!&)//0+8,F1/'0(+/0-&%+)5!24#8)-(4,F!)82!
1'0(+1),,%4()/(%8!;(/16514/1)/(%8,1(816%+4018+%214/(%SF!&)+/(415)+5#1(8!/'0!14%8/0P/!
%8!"%/'1,(8=5082121)5¢), !,408)+(%,H
18%905!6(82(8=1966!/'(,!,/12#!(,!/'01(8/0+)4/(%8!"0/;00843 1)86604/,!
)8219(,1)516002")4 H!$&04(6(4)55#F!:01%",0+902!)!,(=8(6(4)8/120/0+(%+)/(%8!(8!
"(-)81)5!6%+4014%8/+%5!;'0819(,1)5!6002")4 I:),1&+0,08/F!;'0+0),!/'(,|06604/!;),!
8%/109(208/!(8/'01)",0840!9%6!9(,1)5!6002")4 H!Q'(,10-&"), (b0, !/'014+14()5!+%50!%6!
9(,1)5!6002")4°1(8!-%215)/(8=!/'01(-&)4/1%6!29)5(8=1%8!6%+4014%8/+%5!21+(8=!
"(-)81)514%%+2(8)/(%8!/),",H!J'08!(82(9(21)5,108=)=0!(8!)!X})5408)+(%F!
+0+01/'0#1-1,/1,(-15/)80%1,5#180+6%-+-1)14%=8(/(901/), 1)5%8=,(20!)!-%6/%-+1/), F!
,090+)5!-04"8(,-,14%-01(8/%!&5)#H! T80!1-04')8(,-1(89%590, /'01)55%4)/(%81%6!
)/108/(%8)5!+0,%1+40,HIQ'0!"+)(8!-1,/12(,/+("1/01)//08/(%8!"0/;008!/'01/;%!/),,!
'(4'18%:14%-&0/016%-+1+0,%1+40,F!:'(4'150)2,1/%!)!"%//50804 1(8!(86%-+-)/(%8!
&+%40,,(8=H!.44%+2(8=!/%!/'01*08/+)512%//50804 1Q'0%+#F!/'(,1"%//50804 1%441+,(8!
408/+)5!"+)(81+0=(%8, F!;'0+01204(,(%8,1)+01-)201)"%1/'%;/%!)55%4)/014%=8(/(90!

+0,%1+40,1/%!12(660+08/1/) I9%68(/%-+(8=!/), 1&0+6%+-)840! (BB L+/'0+!

(84+0),0,14%=8(/(9015%)2!"#1+0<1(+(8=1)22(/(%8)5!)//08/(%8)5!+0,%1+40,1/%!&+%40,
)821(8/0+&+0/1/'01(84%-(8=19(,1)5!(86%+-)/(%SH! QA(BBYBS(/%+(8=!(-8%,0,!
)810P/+)!"1+2081%814%=8(/(90!+0,%1+40,F1&%/08/()55#12(90+/(8=1)//08/(%8!):)#!6+%-!

0%/'0+14%841++08/1/),",1%+1),&04/,1%661/'018+(-)+#/),"HI?#14%8/+),/F121+(8E!8%!9(,1)5

[Y!



6002")4"14%82(/(%SF!8)+/(4(8)8/,1-)#1')90!-%+0106604/(905#!)55%4)/02!/'0(+!
)/108/(%8!/%!2(660+08/1),&04/,1%61/'01/), F1=(908!/")/!/'0418%!5%8=0+1"219(,1)5!
J/(-15(1)9)(5)"50!/%!6%41, 1%8H!Q'0+06%-+0F!/'0!+0-%69)5!%6619(,1)5!6002")4 1-)#)90!
-(8(-(b02!/'01(8/0+60+0840!"0/;008!/'0!,(8=HPB2!21)5X), !,408)+(%, HI T0+)55F!
1'(,16(82(8=11820+,4%+0,1/'01(8/+(4)/0!(8/0+&5)#1"0/;008!,08,%+#16002")4"F!
4%=8(/(90'&+%40,,0,F1)821-%/%-+14%8/+%5!21+(8="(-)81)5!4%%-+2(8)/(%8!/),"H
N(4$4R'4,).4;3*0$64-)2;$=-46$);$3()-$-3=6:3K*-$.43)8=08=-0:$8,*9346$3&$
4;-=,4$3(4$,8>=-3;4--$*;6$5%0)6)3:$89$3(4-4$9);6);2-A$+* 49=0$4R'4,).4;3*0$64-)2;$
8&;-)64,*3)&;-$);5&0546$4R80=6);2$™*,3)8)"*;3-$4;2+246$);$-'&, 3-$&,$'0*:);2$.=-)8*0%
);-3,=.4;3-H$*-$>83($*83)5)3)4-$,4<=) 4$8&&,6);*346$.854.4;3-$&9$>&3($(*;6-ASN()-$)-$
).'&,3%3$>48*=-4%' )& $,4-4* 8($(*-$);6)8*346$3(*3$-=8($-G)00-$8*;$);90=4;84%
>).*=*0$8&;3,&08);$5* ) &=-$'&'=0*3)&;-H$);80=6);2$8()06,4;H$:8=;24,$*6=03-H$*/6$
&064,$6=03% """ """ g@& 4854 H$, 4-4% 8($);5&05);2%);6)5)6=*0-$K)3($-3,&GAS(*-$
);6)8*346$3(*3$4;2*2);2$);$>).*;=*0$8&&,6);*3)&;$3,*););2$3(,&=2($,&=3);4$*83)5)3)4-H$
-=8($*-$-'&,3-$*;6$.=-)8H$8*;$04*6$38$*$648,4*-4$);$'4,9&, *;84$4, & $*-$4R' 4--46$>:$
*$,46=83)&;$);$1@%BAS4R80=6);2$*,3)8)*;3-3K)3($>*8G2,&=;6-$);5805);2$
*83)5)3)4-$-=8($*-$-'&,3-$&,$'0*:);2$*$.=-)8*0$);-3,=.4;3H$3(4$-3=6.$*). 46 $3&$8,4*34$*$
&,49(8.824;48=-$8&(&,3ASN()-$*" &*8($+0-8$(40'46$.);).\WA$3(4$);90=4;84$&9%
);6)5)6=*03',46)-'&-)3)&;-$&$*'3)3=64-$&;$3(4$8>-4,546$,4-=03-H$;&3$88...&;0:$
6)-80&-46%);$&3(4,$>).*;=*0$8&&,6);*3)&;$-3=6)4-H$3(4,4>:$*33,)>=3);2$*,:$&=388.4-$

').%)0:$38$3(4$4R'4,).4:3*0$* *6)2.$)3-40KE PP 38) - $) '8, 3*:3$38.$:834$3(*3$

4R80=6);2$"*,3)8)"*;3-$>*-46$&;$>*8G2,8=:6-$):5&05):2



)41(9(/(0,15(0!,&%+/,1%+1&5)#(8=1-1,(4)5!(8,/+1-08/,14)8!"014')5508=(8=F!
&)+/(415)+5#!(814#%18=0+14%'%-+/,HIg%18=0+(82(9(21)5,!)+0!-%-+015("05#!/%!08=)=0!(8!
&Y%+, 14%-&)+021/%1%520+1)215/,HIS-&Y%+/)8/5#F!;'(50!;012(2!8%/!0P45120!
&)+(4(&)8/,16%+141++08/5#1&5)#(8=1%-+1")9(8=1)1'(,/%+#1%6!&5)#(8=19(20%!=)-0,!:(/'
)82 X05214%8/+%550+F!185(°01&+09(%1,1"(-)81)5!4%%+2(8)/(%8!,/12(0,F!/'(,!

(86%+-)/(%8),14%5504/02!/%!"0//0+14")+)4/0+(b 0!/ O EEESEP) (501061 +!

112#12(218%/1')90!)!,166(4(08/!81-"0+1%61&)+/(4(&)8/,!;'%!(208/(6(02!),19(20%!
=)-0+,1/%14%8214/1)1,04%82)+#1)8)5#, (,F161/1+0!,/12(0,!:(/'15)+=0+1,)-&50!, (b0, !
4%15210P&5%+0!/'01&%/08/()5!(86510840!%6!9(20%!=)-0,1%8!"(-)81)5!6%+4014%8/+%5H!
J(501/'(,1/12#1;),18%/!,&04(6(4)55#120,(=802!/%!0P&5%+0!,0P12(660+0840,1210!/%!
5(-(/)/(%8,1(8!,)-&50!,(b01)82!/'015)4 1%61-0/(415%1,!-)/4'(8=1"0/;008!-)50,)82!
60-)50,!"),021%681)=01)821%/'0+!+0509)8/14)+)4/0+(,/(4,F1/'012)/)12%0,!&+0,08/!
%-01(8/+(=1(8=1&+05(-(8)+#1(8,(='/,H!Q'0!)90+)=H)&2B.% %%/%+!/), !
)P(-1-19%518/)+#14%8/+)4/(%8!d>N*e19)510,16%+1"%/'-)50,1)82!60-)50,!:0+0!
+05)/(905#145%,0F!,1==0,/(8=14%-&)+)"5016%+4014)&)"(5(/(0,!"0/;008!/'0!=0820+,H!
K%;090+F!)18%/)"50!/+082!10-0+=02C!60-)50, 10P'("(/021+021402!6%+40!0++%-+!
4%-&)+02!/%!-)50,1(8!/'018%!9(,1)5!6002")4"14%82(/(%8H!Q'(,1%",0+9)/(%8!4%152!
&%/08/()55#1"01)//+("1/021/%!2(660+0840,!(8!,08,%+#1&+%40,,(8=1%+1-%/%+1&5)88(8=!
J+)/0=(0,H!Q'010P&5%+)/%+#1&5%/,1&+%69(202!(8!/'0!.&&082(P!,04/(%8!,0+90!),1)!
9)51)"50!,/)+/(8=18%(8/F1%660+(8=12(+04/(%8!6%+!61/1+01(890,/(=)/(%8,16%41,(8=1%8!

=0820%804(6(4106604/,!(8!20)%8=!,408)+(%!H

I



Q'1,16)+F1-14'19%61/'01+0,0)+4'"),16%41,02!%8!/'0106604/, 1966/ (55!
%81=)(/FL;'(501%1+! /12#1,'02,15(="/1%8!/'0106604/, 1966 2(By5!21+(8=!
"(-)81)514%%+2(8)/(%8F!/'1,10P&)82(8=!/'0!,4%&01%6!(890,/(=)/(%8!(8!/'(,!) +O)H!
G+09(%1,1+0,0)+4'),14%8, (,/08/5#1,'%;8!/') /12 ¥ (8=121+(8=!;)5"(8=!50)2,!
1%18%/)"5012045(80,!(8=)(/!,&002F!,:(8=!/(-OF1)82! /+(20!508=/"1)-%8=!#%18=!
'0)/'#1)215/,1)821(8!145(8(4)5!&%&15)/MEBE*E# Y581 1--)+#F1961+! /124#1%660+,!
9)51)"50!(8,(="/,1(8/%!'%;14%=8(/(90!20-)82,)6604/!-%/%-+1&0+6%+-)840!"0#%82!

14)2(/(%8)5!,/12(0,16%41,02!%8!1;)5 (8=40,/,H

UMU&#<:>EDEFC&SC;Q&;R7>8C
Q'014%=8(/(90!8+%/%4%5!20-%8,/+)/0218%+-)514%=8(/(90!6184/(%8!(8!/'(,!
4% '%-+/F1),1(82(4)/021"#1/'01)90+)=0!>%*.! 495 G %>00+0%90+F18)+/(4(&)8,!
)5,%6180+6%+-021;(/'(8/'018%+-)5!+)8=01%8!/'01$/+%%&!/), I; (4161 +/'0+!
(82(4)/021/')/1,&04(6(414%-&%808/,1%6!0P041/(9016184/(%8F!,14'),1,0504/(90!
)/108/(%81)821(8'("(/%+#14%8/+%5F!:0+01)5,%!(8/)4/\(8!/' (148 St@ma=0/0+F!
1'0,016(82(8=,!,1==0,/!/")/!/'01%" ,0+902106604/,1%66!6%+40F!19(,1)5!6002")4 F1)82!/), !
968!"(-)81)5!4%8/+%651%441++02!(8!)'0)5/#1&%&15)/(%8H
7.&,3%30:H$KAS$* 4$-(8K);2$9&,$3(4$9),-3$3).4VBSGHARI4) 4,33
);5805);2$>).%;=*0$88&,6);*3)&;$);$(4*03(:$:8=;2$*6=03-$3(*3$3(4,4$)-$>)6),483)&;*0$
);34,94,4:84H$4R' 4--46$*-$*$.=3="0$6)-,='3)&;$>43K44;$3(4$.838,$*,6$*334;3)8;$3*-G-A$
Z9$;&34H$3(4$'%,3)8)*;3-[$*88=,*8:$8;$3(4$*334;3)&;$3*-G$-)2;)9)8*;30:$648,4*-46 $B*$#

'€):3$6,& H$K()8($)-$*", &R).*340:$*$C"1$648,4*-4$9,8.58(4),



"),05(801&0+6%+-)840e!;(/'1/'01)22(/(%81%6!)14%841++08/1-%/%-+/),"|d'0-+0F /0!
"(-)81)514%%+2(8)/(%8/), eFI61+/'0+!'(='5(='/(8=14")5508=0,!(82(9(21)5,!6)40!
'081+0<1(+02!/%!4%8214/1-15/(&501/),",!,(-15/)80%1,5#H!Q'(,!-1/1)5!(8/0+60+0840!
+0+01/'014%=8(/(90Y/),"1)6604/,1/'01-%/%+1/),"1)8219(40190+,)!(,!5( 05#1+05)/02!/%!
1'016)4/1/")/1;'0818)+/(4(8)8/,108=)=0!(81/'0,0!/;%!/),",F1/'O(+14%=8(/(90!+0,%1+40,!
)+012(9(202!"0/;008/'01/;%/),"HIQ'(,14+0)/0, !, (/1)/(%8!;'0+0!/'0120-)82,1%6!
0)4'),"14%-&0/016%-+15(-(/02!)//08/(%8)5!+0,%1+40,F!)!18&'08%-08%8!0P&5)(802!"#!

/'01+0,%1+401)55%4)/(%8!-§%6205H

S8/0+0,/(8=5#F!;'(50!/'0+01(,)8!(84+0),(8=!)-%18/1%6!+0,0)+4'14%8214/02
%8!/'0106604/,19%6614%=8(/(90!/), 1968!-%/%+!80+6%-+-)8401d&)+/(415)+5#121+(8=
5" (8=€F!/'0!,(-15/)80%1,!(890,/(=)/(%8!%66!4')8=0,!(8!"%/'/'0!4%=8(/(90!)82
“%6/%+12%-)(8,(,18%/14%--4S& 708# 112(0,1-)#!, %-0/(-0,!(8451201)!
4%=8(/(90!&+%/%A4%5!/%14")+)4/0+(b0!4%=8(/(90'6 184/(%8!"1/129%618%/18040, ) +(5#
0-&5%#1/'01,)-014%=8(/(901/), 16+%-1/'0121)5, 1, 408)+(%H!Q%!/'0!"0,/1%8!%1+
"8%;502=0F1/"(,(,1/'016(+,/!,/12#1/%! #,/0-)/(4)55#!(890,/(=)/014%=B(/(90
&0+6%+-)840!: (/)82 (/'%1/1)14%841++08/1"(-)81)5!4%%+2(8)/(%8Y/),IHIQ,
18(<10!)&&+%)4')55%:;,16%+!)!-06+0181)840211820+,/)82(8=1%6!"%;4%=8(/(90
&+%40,,0,)+0!(865108402!"#1/'01,(-15/)80%1,108=)=0-08/1%6!-%/%+1/),",B2!9(40
90+,)H!G+09(%1,5#F)8106604/1%6!)!14%841++08/1-%/%+1/), 1%8!4%=8(X90!&0+6%+-)840
21+(8=1)818)4 1)), 1;),16%6182!(81%6520+1)215/,1"1/18%/!(81#%18=
+6=03 K0 NG (4$6)-8,4'*:8:$>43K44:$3(4-4$,4-=03-$*:6$8=,$,4-=03-$K () 8(
'%;1)81(8/0+60+0840!6+%-1/'01-%6/%+1/), 1(8!'0)5/#1#%18=1)215/,14%152!"0



)II+("1/021/%!-15/(&5016)4/%+,1(84512(8=12(660+0840,!(8!+0,%1+40!)55%4)/(%8,"0/;008!
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Name:
MONTREAL COGNITIVE ASSESSMENT (MoCA ®) Education: Giste ot Bl
Version 8.3 English Sex: DATE:
VISUOSPATIAL / EXECU Draw CLOCK (Fi t
. /
@ Begin f:
End [ [1 [l L1 [ S _/5
Contour Numbers Hands
[1|_/3
MEMORY : 5 LEG COTTON | SCHOOL | TOMATO WHITE
Read list of words, subject must NO
repeat them. Do 2 trials, even if 1st trial is successful. 1st TRIAL POINTS
Do a recall after 5 minutes.
2nd TRIAL
ATTENTION Read list of digits (1 digit/sec.). Subject has to repeat them in the forwardorder. [ 1 2 4 8 1 5
Subject has to repeat them in the backwardorder. [ 1 4 2 7 _/2
Read list of letters. The subject must tap with his hand at each letter A. No points if 2 2 errors.
[] FBACMNAAJKLBAFAKDEAAAJAMOFAAB 7/1
Serial 7 subtraction starting at 60. [ 153 [ 146 [ 139 [ 132 [125
4 or 5 comect subtractions: 3 pts,  2or 3 comect: 2 pts,  1comect: 1pt, 0 correct: 0 pt _/3
Repeat: The child walked his dog in the park after midnight. [1
The artist finished his painting at the right moment for the exhibiti [1 _/2
Language Fluency. Name maximum number of words in one minute that begin with the letter B. [ 1 ____ (N211words) N
ABSTRACTION Similarity between e.g. banana - orange =fruit [ ] hammer - screwdriver [ 1 matches - lamp _if2
IS WAGL N RW (115) | as 10 recall words | LEG COTTON | SCHOOL | TOMATO | WHITE | Pointsfor _/5
Memory WITH NO CUE £ [ [1 [ [1 recall only
Index Score x2 Category cue B
(Mis) X1_| Maltplo cholce cue Mis=__/15
ORIENTATION [ ] Date [ 1 Month [ 1 Year [ 1 Day [ 1 Place [ 1 City _ /6
© Z. Nasreddine MD www.mocatest.org mis: 1s
ink by: ( Normal 2 26/30)
: A . TOTAL /30
Training and Certification are required to ensure accuracy. Add 1 pointif < 12yr =
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),,0,,-08/F10P&5)(8!/)/1/'01$/+%%&! QO,/1-0),1+0,!:%+ (8=!-0-%-+#1)82!)//08/(%8!
)821/'012(660+08/!/),",14%-&50/02!+0<1(+0! 2(660+08/!50905,1%6! 066%-+/1"#!/'01"+)(8! /%!
4%-&50/0H! :05)#,! /%! &0+6%-+-1,&04(6(41/),”, d(HOHF! +0)2(8=!:%+2,! 1&,(20! 2%;8! 6%-+!
(8,))840e!(,14)5502!/'01$/+%%& E6604/H

G.MQ\V
red green red yellow green
red blue red yellow red
blue yellow vyellow green red

blue yellow green blue yellow
green green red blue green

blue red yellow blue red
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blue green red green
red blue green blue red
red green red
blue green blue
green green red green
blue red blue red
G.MQ!W
xbrq Ibihg ozt mppaa
Ibihg ozt Ibihg Ibihg xbrq
xbrq xbrq mppaa
mppaa ozt mppaa
lbihg mppaa Ibihg ozt
xbrq ozt xbrq Ibihg
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red green blue yellow Dblue
red blue yellow red
green yellow green red
yellow green blue
green red green
blue blue yellow blue
G.MQ!Y
red green blue yellow Dblue
red blue yellow red
green yellow green red
yellow green blue
green red green
blue blue yellow blue
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Vs

red green red yellow green
red blue red yellow red
blue yellow vyellow green red
blue yellow green blue yellow
green green red blue green
blue red yellow blue red
VINS$!$ Fd%QV1$pvr $
blue green red yellow green
red blue green blue red
yellow red yellow green red
blue yellow green blue yellow
green green red yellow green
blue red yellow blue red
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blue green red yellow green
red blue green blue red
yellow red yellow green red
blue yellow green blue yellow
green green red yellow green
blue red yellow blue red
VINS#SRBd%QVISpVr $
blue green red blue green
green blue yellow red green
red yellow green blue blue
yellow blue green red yellow
yellow red red yellow blue
blue green blue red yellow
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blue green red
green blue yellow

red yellow green
yellow blue green
yellow red red

blue green blue

blue
red
blue
red
yellow

red

green

green
blue

yellow
blue

yellow
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Supplemental material Text S1: The modified Edinburgh Handedness Inventory

Please indicate your preference in the use of your hands in the following activities by

selecting the appropriate option. If you are indifferent, select “Either”. (Please delete as

appropriate).
1. With which hand do you normally write? left either right
2. With which hand do you draw? left either right
3. Which hand would you use to throw a ball to hit a target?  left either right
4. With which hand do you use your toothbrush? left either right
5. Which hand holds a knife when you are cutting things? left either right

(not with a fork)

6.  Which hand holds the thread when you are threading a left either right
needle?

7. When you strike a match, which hand holds the match? left either right
8. When you open a box, which hand holds the lid? left either right
9. Which hand holds the spoon when you are eating a soup?  left either right
10. With which hand do you use scissors? left either right
11. Which hand is at the upper part of the broom? left either right
12. Which hand holds the hammer when you are driving a nail? left either right

Note 1: this questionnaire is based on Oldfield (1971). Two bimanual items (from Oldfield’s
long list) were added to his recommended 10-items questionnaire to equate the number of
unimanual and bimanual items.

Note 2: each “left” answer was scored with “0”, each “either” answer with “0.5” and each
“right” answer with “1”. A strong right-handed participant would score “12”.
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Institutional Review Board
IVERSI'I‘Y 210H Hullihen Hall
()I Newark, DE 19716

Phone: 302-831-2137

DATE: November 28, 2023

TO: Roxana Burciu

FROM: University of Delaware IRB

STUDY TITLE: [2078301-3] Effects of Single- and Dual-Task Constraints on Force Control

during Bimanual Coordination in Parkinson’s Disease
SUBMISSION TYPE: Amendment/Modification

ACTION: APPROVED
APPROVAL DATE: November 28, 2023
EXPIRATION DATE: July 18, 2024
REVIEW TYPE: Expedited Review

REVIEW CATEGORY: Expedited review per 45 CFR 46.110(b)(1)(ii)

Thank you for your A Aodification ission to the University of Delaware Institutional
Review Board (UD IRB). The UD IRB has reviewed and APPROVED the proposed research and
submitted documents via Expedited Review in compliance with the pertinent federal regulations.

As the Principal Investigator for this study, you are responsible for and agree that:

« All research must be conducted in accordance with the protocol and all other study forms as
approved in this submission. Any revisions to the approved study procedures or documents must
be reviewed and approved by the IRB prior to their implementation. Please use the UD amendment
form to request the review of any changes to approved study procedures or documents.

Informed consent is a process that must allow prospective participants sufficient opportunity to
discuss and consider whether to partici IRB-appi d and ped consent documents must
be used when enrolling participants and a written copy shall be given to the person signing the
informed consent form.

Unanticipated problems, serious adverse events involving risk to participants, and all non-
compliance issues must be reported to this office in a timely fashion according with the UD
requirements for reportable events. All sp reporting requi its must also be followed.

.

Oversight of this study by the UD IRB REQUIRES the submission of a CONTINUING REVIEW seeking
the renewal of this IRB approval, which will expire on July 18, 2024. A continuing review/progress report
form and up-to-date copies of the protocol form and all other approved study materials must be submitted
to the UD IRB at least 45 days prior to the expiration date to allow for the required IRB review of that
report.

If you have any questions, please contact the UD IRB Office at (302) 831-2137 or via email at hsrb-
research@udel.edu. Please include the study title and reference number in all correspondence with this
office.
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