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"+&,8)J2/&$D&S,+0"?/")&D$==$12/+-&9"4=%&($8/+&+*2,0&$,&;2==&*($,2-&",9&($8/+&+*2,0&+089%4,?<&S,&
0(4+&=2++$,-&$,=%&*"/0&$D&0(2&;$92&4+&1/4002,&Q+22&a4?8/2&_R<&:0892,0+&("52&0$&8+2&;$92&D/$)&=2++$,&
L&",9&92J8?&0(2&;$92&0(/$8?($80&0(2&,$02J$$>&D$/&/2+8=0+<&:0892,0+&D4/+0&?2,2/"02&92+;/4*0452&0"J=2+&
",9&)">2&"&*/294;04$,&$D&0(2&(4+0$?/")&+("*2&8+4,?&0(2&)2",&",9&)294",&D/$)&0(2&0"J=2+<&:0892,0+&
0(2,&*=$0&0(2&(4+0$?/")-&"9B8+0&J4,&1490(+-&92+;/4J2&5"/4$8+&94+0/4J804$,+-&",9&2F*="4,&1(4;(&J4,&
1490(& J2+0& D40& 0(2& 9"0"+20& ",9& 1(%<& a4,"==%-& +0892,0+& */$98;2& "& J$F*=$0<& '(2%& 4,02/*/20& 0(2&
92+;/4*0452&+0"04+04;+&+($1,&$,&"&J$F*=$0&52/+8+&"&(4+0$?/")&",9&94+;8++&0(2&*/$+&",9& ;$,+&$D&
J$F*=$0+<&:0892,0+&+8J)40029&"==&0"J=2+&",9&*=$0+<&
* 5,66%(* ;7&h2D$/2& 0(4+& =2++$,-& +0892,0+& D/$)& J$0(& ;="++& *2/4$9+& ;$)*=2029& "& +8/52%-&
4,;=894,?&Y82+04$,+&"J$80&0(24/&(24?(0-&S,+0"?/")&D$==$12/+-&9"4=%&($8/+&+*2,0&$,&;2==&*($,2-&",9&
($8/+& +*2,0& +089%4,?<& '(2& 02";(2/& ;$)*4=29& 9"0"+20+& J%& *2/4$9& ",9& "+>29& +0892,0+& 0$& )">2&
;$)*"/4+$,+&J20122,&0(2&01$&;="++&*2/4$9+<&\+&4,&=2++$,&M-&+0892,0+&("52&0$&;$)*=202&",9&92J8?&
0(2&;$92&Qa4?8/2&MR<&:0892,0+&*=$0029&92+;/4*0452&0"J=2+-&(4+0$?/")+-&",9&J$F*=$0+&0$&;$)*"/2&0(2&
01$&;="++&*2/4$9+<&'(2,-&0(2%&4,02/*/2029&0(2&+0",9"/9&9254"04$,+&",9&94+0/4J804$,+&Q+("*2-&;2,02/-&
+*/2"9-&$80=42/+R&$D&0(2&01$&;="++&*2/4$9+<&a4,"==%-&+0892,0+&/2)$529&5"=82+&4,&J$0(&$D&0(2&9"0"+20+&
0("0&"/2&;=$+2+0&",9&D"/0(2+0&D/$)&0(2&)2",<&\D02/&2";(&;(",?2-&0(2%&/2/8,&0(2&;$92&0$&*/$98;2&



92+;/4*0452&0"J=2+-&0$&(2=*&0(2)&$J+2/52&",9&4,02/*/20&;(",?2+&0$&+0",9"/9&9254"04$,&"+&12==&"+&($1&
+0",9"/9&9254"04$,&/2="02+&0$&0(2&)2",<&:0892,0+&+8J)40029&"==&0"J=2+&",9&*=$0+<&
&

&&
a4?8/2&U<&6%0($,&;$92&2)J29929&4,&!8*%02/&.$02J$$>-&*/$54929&0$&+0892,0+&4,&=2++$,&L<&
&
&

&
a4?8/2&Lj&@F")*=2&$D&0"J=2+&",9&*=$0+&+8J)40029&"D02/&/8,,4,?&0(2&*%0($,&;$92&4,&=2++$,&L<&
&&
&



&
&
&
&
&

&
a4?8/2&_j&6"/0=%&1/4002,&6%0($,&;$92&2)J29929&4,&!8*%02/&.$02J$$>-&*/$54929&0$&+0892,0+&4,&=2++$,&
M<&
&&&
&
&
&
&
&
&



&

&
a4?8/2&Mj&6"/0=%&1/4002,&6%0($,&;$92&2)J29929&4,&!8*%02/&.$02J$$>-&"+&*/$54929&0$&+0892,0+&4,&
=2++$,&X<&
&

*



1/2/*<(/$=6'6*
& G2& 4,52+04?"029& $8/& /2+2"/;(& Y82+04$,+& 8+4,?& +0892,0+E& 1$/>& 4,& 0(2& 0(/22& =2++$,+& 0("0&
4,5$=52&6%0($,&Q=2++$,&L-&M-&",9&XR<&a4/+0-&12&","=%W29&+0892,0+E&8,92/+0",94,?&$D&)"0(2)"04;+&
;$,02,0&8+4,?& 6%0($,&Q/2+2"/;(& Y82+04$,& UR&0(/$8?(&"/04D";0+& $D& +0892,0& 1$/>& Q2<?<-& *=$0+R& ",9&
+0892,0+E&/2+*$,+2+&0$&Y82+04$,+&"J$80&+0"04+04;+<&:2;$,9-&12&","=%W29&+0892,0E+&*2/;2*04$,&$D&8+4,?&
6%0($,&0$&8,92/+0",9&)"0(2)"04;+& ;$,02,0&Q/2+2"/;(& Y82+04$,& LR& 8+4,?& +0892,0+E& /2D=2;0452&
/2+*$,+2+&D/$)&=2++$,&M&",9&X<&'(2&/2D=2;0452&/2+*$,+2+&"+>29&+0892,0+&0$&+8))"/4W2&1("0&0(2%&
=2"/,29-&2,B$%29-&",9&949& ,$0&2,B$%&98/4,?&0(2&=2++$,+<&b,2& /2+2"/;(2/&Y8"=40"0452=%&;$929&M_&
/2D=2;0452&/2+*$,+2+&J"+29&$,&/2+*$,+2&+4)4="/40%<&\==&/2D=2;0452&/2+*$,+2+&12/2&D4/+0&;$929&4,0$&
0(/22&;"02?$/42+j&5'>,*?=2@%(-&1'A*B%2*5'>,*?=2@%(-&$/&B,'2@,&-&4D&/2+*$,+2+&9$&,$0&D"==&4,&240(2/&$D&
0(2& I4>2^749& .$0& I4>2& 6%0($,& ;"02?$/42+<& S,& "99404$,-& +0892,0+& 2F*/2++29& 01$& )$/2& 0(2)2+-&
+*2;4D4;"==%&0("0&0(2%&5,/&(,A* C%(2,(2&",9&D2=0&C%(DE6,AFG&E62&/2,A&1(2,&2,?"?4,?&140(&6%0($,&
D$/&)"0(2)"04;+&;$,02,0<&'(2&;$92&5,/&(,A*C%(2,(2&4+&"**=429&4D&+0892,0+&2F*=4;40=%&)"92&/2D2/2,;2&
0$&"&;$,;2*0&D/$)&0(2&=2++$,&",9^$/&;$//2;0=%&2F*="4,29&1("0&0(2%&=2"/,29<&C%(DE6,AFG&E62&/2,A&4+&
;$929&4D&0(2&+0892,0+&+*2;4D4;"==%&)2,04$,&",%&;$,D8+4$,&$/&D/8+0/"04$,<&&&
&
Results 
& h2=$1-& 12& D4/+0& /2*$/0&+0892,0+E&/2+*$,+2+& 0$& Y82+04$,+&4,& =2++$,& L-& M-& ",9& X& 0$& "++2++&
+0892,0+E&8,92/+0",94,?&$D&)"0(2)"04;+&;$,02,0&Q/2+2"/;(&Y82+04$,&UR<&S,&$8/&","=%+4+-&12&D$8,9&
0("0&+$)2&+0892,0+&12/2&"J+2,0&D/$)&+$)2&=2++$,+&$/&949&,$0&;$)*=202&=2++$,+&252,&4D&0(2%&12/2&
4,&;="++<&'(8+-&D$/&2";(&$D&0(2&=2++$,+&J2=$1-&12&","=%W29&9"0"&D$/&+8J)40029&Y82+04$,+&",9&/2*$/0&
*2/;2,0&;$)*=204$,&D$/&2";(&=2++$,<&&
&
H2EA,(26I*3(A,&62/(A'()*%D*J/2@,K/2'L6*C%(2,(2**
& S,&=2++$,&L-&$D&XU&+0892,0+&4,&;="++&0("0&9"%-&TLg&$D&+0892,0+&;$)*=2029&)$/2&0(",&c]g&$D&
0(2&=2++$,-&$/&"J$80&U]&$80&$D&0(2&UM&Y82+04$,+<&\==&+0892,0+&+8J)40029&;$//2;0&92+;/4*0452&0"J=2+-&
J$FH*=$0+-&",9&(4+0$?/")+<&a4?8/2&X&+($1+&"==&;$//2;0&",9&4,;$//2;0&+0892,0&/2+*$,+2+&J%&Y82+04$,<&
e2+8=0+&+($129&0("0&)$+0&+0892,0+&;$//2;0=%&4,02/*/2029&0(2&5"=82+&D$/&)2",-&+0",9"/9&9254"04$,-&
",9&Y8"/04=2+<&A$+0&+0892,0+&12/2&"=+$&"J=2&0$&92+;/4J2&0(2&94+0/4J804$,&Q+("*2-& ;2,02/-&+*/2"9-&
$80=42/+R& $D& 0(2& (4+0$?/")<& C$1252/-& +0892,0+& +0/8??=29& $,& Y82+04$,+& "J$80& 0(2& J$F*=$0<& A$/2&
+0892,0+&12/2&8,"J=2&0$&492,04D%&0(2&4,D$/)"04$,&Q92+;/4*0452&+0"04+04;+R&+($1,&$,&"&J$F*=$0&",9&
1("0&0(2&J$F&=2,?0(&$D&J$F*=$0&/2*/2+2,0+<&&



&
a4?8/2&Xj&I2++$,&L&;$//2;0&",9&4,;$//2;0&/2+*$,+2+&0$&Y82+04$,+&/2?"/94,?&)2"+8/2+&$D&+*/2"9&",9&
;2,0/"=&02,92,;%-&0(2&+("*2&$D&(4+0$?/")+&94+0/4J804$,-&",9&4,02/*/20"04$,+&$D&*=$0+&Q0"J=2-&J$F*=$0&
",9&(4+0$?/")+R<&
&
& S,&=2++$,&M-&$D&MM&+0892,0+&4,&;="++&0("0&9"%-&V]g&$D&+0892,0+&;$)*=2029&)$/2&0(",&c]g-&$/&
c&$80&$D&0(2&U]&Y82+04$,+&4,&0(2&=2++$,<&\==&+0892,0+&+8J)40029&;$//2;0&92+;/4*0452&0"J=2+-&J$FH*=$0+-&
",9& (4+0$?/")+<& a4?8/2& d& +($1+& "==& ;$//2;0& ",9& 4,;$//2;0& +0892,0& /2+*$,+2+& J%& Y82+04$,<& '(2&
)"B$/40%&$D&+0892,0+&Q,&k&LUR&12/2&"J=2&0$&;$//2;0=%&*/294;0&0(2&+("*2&$D&0(2&(4+0$?/")&94+0/4J804$,&
J2D$/2&*=$004,?&8+4,?&5"=82+&$D&0(2&)2",&",9&)294",&D/$)&0(2&92+;/4*0452&0"J=2<&S,&0(24/&/2+*$,+2+&
0$&$*2,H2,929&Y82+04$,+-&+0892,0+&;$8=9&92+;/4J2&0(2&94+0/4J804$,&$D&"&(4+0$?/")&",9&92;492&$,&",&
"**/$*/4"02&,8)J2/&$D&J4,+&D$/&0(2&?452,&9"0"&+20<&:0892,0+&;$8=9&"=+$&492,04D%&($1&"&(4+0$?/")&
;",&J2&4,02/*/2029&4,&5"/4$8+&1"%+&92*2,94,?&$,&0(2&J4,&;$8,0<&a$/&2F")*=2-&$,2&+0892,0&+0"029j&OS&
;$8=9&+22&($1&0(2&9"0"&;(",?2+&1(2,&%$8&;(",?2&0(2&J4,+-&1(4;(&;",&92;2452&*2$*=2&"J$80&0(2&
9"0"<[&S,&"99404$,-&0(2&)"B$/40%&$D&+0892,0+&Q,&k&LdR&12/2&"J=2&0$&492,04D%&0(2&4,D$/)"04$,&+($1,&
$,&"&J$F*=$0-&252,&0($8?(&)$+0&+0892,0+&12/2&8,"J=2&0$&",+12/&0(4+&Y82+04$,&4,&=2++$,&L<&:0892,0+&
;$8=9&"=+$&492,04D%&*/$+&",9&;$,+&$D&J$F*=$0+<&a$/&2F")*=2-&"&+0892,0&+0"029j&O'(2&*/$&4+&0("0&%$8&
;",&+22&0(2&)4,-&)"F-&)294",-&Sle-&$80=42/+-&lU-&",9&l_&4,&"&D"4/=%&+4)*=2&?/"*(<&'(2&;$,&4+&0("0&
%$8&;",E0&+22&0(2&D/2Y82,;%&$D&2";(&9"0"&*$4,0&$/&0(2&5"/4"J4=40%&140(4,&0(2&Sle<&m$8&"=+$&;",E0&+22&
0(2&)2",&",9&+0",9"/9&9254"04$,<[&&
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&
a4?8/2&d<&I2++$,&M&;$//2;0&",9&4,;$//2;0&/2+*$,+2+&0$&Y82+04$,+&/2?"/94,?&0(2&+("*2&$D&(4+0$?/")&
94+0/4J804$,&J"+29&$,&)294",&",9&)2",&",9&4,02/*/20"04$,+&$D&*=$0+&Q0"J=2-&J$F*=$0&",9&(4+0$?/")+R<&
&

& S,&=2++$,&X-&$D&Mc&+0892,0+&4,&;="++&0("0&9"%-&M_g&$D&+0892,0+&12/2&"J=2&0$&;$)*=202&)$/2&

0(",& c]g& $D& 0(2& =2++$,-& $/& c& $80& $D& 0(2& U]& Y82+04$,+<& I$?& 9"0"& +($1+& 0("0& 0(2& +0892,0+& 1($&

;$)*=2029&=2++$,&X&+*2,0&)$/2&0(",&ML&)4,802+-&0(2&04)2&$D&"&;="++&*2/4$9-&1(4;(&)2",+&0("0&0(2%&

;$)*=2029&0(2&=2++$,&"D02/&;="++<&\==&+8J)40029&92+;/4*0452&0"J=2+-&J$FH*=$0+-&",9&(4+0$?/")+&12/2&

;$//2;0<&a4?8/2&c&+($1+&)$+0&+0892,0+&12/2&"J=2&0$&";;8/"02=%&",+12/&0(2&Y82+04$,+&4,&=2++$,&X<&

:0892,0+&;$8=9&92+;/4J2&94+0/4J804$,+&Q+("*2-&;2,02/-&+*/2"9-&$80=42/+R&",9&;$)*"/2&0(24/&9"0"&0$&

",$0(2/&;="++&"+&2F2)*=4D429&J%&$,2&+0892,0j&O'(2&+*/2"9&4,&*2/4$9&$,2&4+&)8;(&="/?2/&982&0$&",&

$80=42/&$D&LX<&'(4+&;"8+29&0(2&?/"*(&$D&*2/4$9&$,2&0$&J2&+>2129&0$&0(2&/4?(0<&S,&*2/4$9&01$&0(2&

+*/2"9& 4+& +)"==2/& ",9& +>2129& 0$& 0(2& =2D0<& '(2/2& "/2& ,$& $80=42/+<[& a8/0(2/-& )$+0& +0892,0+& ;$8=9&

";;8/"02=%&94+;8++&($1&"994,?&",9&/2)$54,?&"&*$4,0&;=$+2+0&0$&0(2&)2",&"DD2;029&0(2&+0",9"/9&

9254"04$,+<&a$/&2F")*=2-&$,2&+0892,0&+0"029j&OSD&K"&9"0"&*$4,0N&1"+&;=$+2&0$&0(2&)2",&40&1$8=9,f0&

("52&"&J4?&2DD2;0<&C$1252/-&4D&12&("9&/2)$529&",&$80=42/-&=4>2&M]&0(2&:'7&1$8=9&;(",?2[<&&

&

&
a4?8/2& c<&I2++$,& X& ;$//2;0& ",9& 4,;$//2;0& /2+*$,+2+& 0$& Y82+04$,+& /2?"/94,?&0(2& +("*2& $D& 0(2&
94+0/4J804$,&",9&2DD2;0&$D&/2)$54,? &9"0"&5"=82+<&
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H2EA,(26I*?,&L,#2'%(6*%D*?&%)&/KK'()*
& S,&0(4+&+2;04$,-&12&94+;8++&/2D=2;0452&/2+*$,+2+&D/$)&=2++$,&M&",9&X&0$&492,04D%&($1&+0892,0+&
*2/;24529&*/$?/"))4,?&140(&6%0($,&0$&=2"/,&)"0(2)"04;+&;$,02,0&Q/2+2"/;(&Y82+04$,&LR<&e2;"==&
0("0&4,&0(2+2&/2+*$,+2+-&+0892,0+&+8))"/4W29&1("0&0(2%&=2"/,29&",9&94+;8++29&1("0&0(2%&=4>29&",9&
949&,$0&=4>2&"J$80&0(2&=2++$,<&
& S,&=2++$,&M-&_]&+0892,0+&+8J)40029&/2D=2;0452&/2+*$,+2+<&a4?8/2&V&+($1+&0("0&0(2&)"B$/40%&$D&
0(2&+0892,0+&Q,&k&UcR&+0"029&0(2%&=4>29&8+4,?&6%0($,&4,&0(4+&=2++$,&D$/&2F")*=2-&"&+0892,0&+0"029j&OS&
8+29&92+;/4*0452&5"=82+&0$&?82++&"0&0(2&+("*2&",9&:b#:<&S&"=+$&;$)*"/29&0(2&8+2D8=,2++&$D&J$FH
*=$0&",9&(4+0$?/")+&",9&1("0&4,D$&0(2%&J$0(&?452<&S&=4>29&40<&S0&1"+,E0&0("0&;$,D8+4,?-&",9&40&4+&8+2D8=&
4,D$/)"04$,&D$/&0(2&D808/2&1(2,&S&("52&0$&92;492&1(4;(&$,2&Q?/"*(R&0$&8+2&4,&94DD2/2,0&+408"04$,+<[&
a$8/&+0892,0+&)2,04$,29&,$0&=4>4,?&6%0($,-&",9&0(/22&$D&0(2+2&+0892,0+&2F*="4,29&0("0&6%0($,&1"+&
D/8+0/"04,?&",9&J2;")2&;$,D8+29<&a$/&2F")*=2-&$,2&+0892,0&+0"029j&OS&94+=4>29&40&J2;"8+2&40&1"+&
D/8+0/"04,?& ",9& 1"+& ,$0& */$*2/=%& 1$/>4,?& D$/& )2<& C$1252/-& S& =2"/,29& )$/2& "J$80& J$FH
*=$0+^(4+0$?/")+<[&'(2&/2)"4,4,?&T&+0892,0+&949&,$0&)2,04$,&=4>4,?&6%0($,&$/&,$0<&e2?"/94,?&$0(2/&
0(2)2+-&a4?8/2&T&+($1+&0("0&$,=%&+4F&+0892,0+&+0"029&0(2%&12/2&;$,D8+29^D/8+0/"029&J%&*%0($,-&",9&
)$+0&+0892,0+&Q,&k&L_R&+0"029&0(2%&=2"/,29&;$,02,0&",9&;$8=9&;$//2;0=%&492,04D%&0(2&0"/?20&;$,02,0&
D$/&0(2&=2++$,&Q2<?<-&OG2&=2"/,29&K0(2N&5"=82&$D&(4+0$?/")&5+&J$FH*=$0&",9&($1&+;"=2&KJ4,&;$8,0+N&
$D&(4+0$?/")&4)*";0+&($1&0(2&9"0"&4+&+($1,<&S&=4>29&0(4+&=2++$,<[R&
&
&
&
&
&
&
&
a4?8/2&V<&:0892,0+E&/2D=2;0452&/2+*$,+2+&4,&=2++$,&M&$,&1(20(2/&0(2%&=4>29&$/&94+=4>29&6%0($,&
&
&

&
&
a4?8/2& T<& :0892,0+E& /2D=2;0452& /2+*$,+2& 4,& =2++$,& M& $,& 1(20(2/& 0(2%& I2"/,29&#$,02,0&$/& 1"+&
#$,D8+29^a/8+0/"029<&
&
& S,&=2++$,&X-&U_&+0892,0+&+8J)40029&/2D=2;0452&/2+*$,+2+<&a4?8/2&U]&+($1+&0("0&+$)2&+0892,0+&
=4>29&0(2&=2++$,&Q,&k&_R-&J80&)$/2&+0892,0+&Q,&k&XR&949&,$0&=4>2&0(4+&=2++$,<&a$/&2F")*=2-&"&+0892,0&
+0"029j&OS&0($8?(0&0("0&0(2/2&12/2&"&=$0&$D&4++82+&140(&0(2&;$92&",9&0("0&40&1"+&$52/=%&04)2&;$,+8)4,?&
D$/&1("0&12&";08"==%&?$0&$80&$D&40<&'(2&;$92&+$)204)2+&B8+0&949,E0&1$/>-&$/&12&1$8=9&+*2,9&"&=$0&
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$D&04)2&D4F4,?&+4)*=2&4++82+&0("0&949,E0&02";(&8+&",%0(4,?&"J$80&+0"04+04;+-&1(4;(&1"+&D/8+0/"04,?<[&
a4?8/2& UU& +($1+& 0("0& +$)2& +0892,0+& Q,& k& XR& =2"/,29&;$,02,0&J80& )$+0& +0892,0+& 12/2&
;$,D8+29^D/8+0/"029&Q,&k&TR&140(&0(2&=2++$,<&a$/&2F")*=2-&$,2&+0892,0&+0"029j&O:$)2&+02*+&12/2&,$0&
1$/>4,?-&",9&S&("9&0$&"+>&D$/&"&=$0&$D&(2=*&D/$)&$80+492&/2+$8/;2+<&C$1252/-&S&=2"/,29&($1&)2",-&
)294",-&",9&+>21,2++&"/2&"==&/2="029&"+&12==&"+&+0",9"/9&9254"04$,<[&b52/"==-&+0892,0+&/2;$?,4W29&
0(2&J2,2D40+&$D&0(4+&=2++$,-&J80&1"+&"=+$&;$,D8+29-&"+&+0"029&J%&0(4+&+0892,0j&OS&=2"/,29&($1&0$&?/"*(&
94DD2/2,0& /2"=H1$/=9& 9"0"<& S& =4>29& +224,?& /2"=& 4,D$/)"04$,& 4,& "& 54+8"=& )",,2/& "+& 40& (2=*29& )2&
8,92/+0",9&40&J2002/<&S&1"+&"&=400=2&;$,D8+29-&($1252/-&140(&+$)2&$D&0(2&4,+0/8;04$,+&D$/&0(2&;$94,?<[&&
&& &

&
a4?8/2&U]<&:0892,0+E&/2D=2;0452&/2+*$,+2+&4,&=2++$,&X&$,&1(20(2/&0(2%&I4>29&$/&74+=4>29&6%0($,<&
&
&

&
a4?8/2& UU<& :0892,0+E& /2D=2;0452& /2+*$,+2& 4,& =2++$,& X& $,& 1(20(2/& 0(2%& I2"/,29&#$,02,0&$/& 1"+&
#$,D8+29^a/8+0/"029&
 

Discussion&&
& '(4+& +089%& */$54929& +$)2& */2=4)4,"/%& 25492,;2&"J$80&4,02?/"04,?& "& 02F0HJ"+29&
*/$?/"))4,?& =",?8"?2&4,&"&D$/)"=&(4?(&+;($$=&\6&+0"04+04;+&;="++<&G(2,&+;"DD$=929&0$&,$54;2&
=2"/,2/+-& 02F0HJ"+29& */$?/"))4,?& ;",& "++4+0& 140(& 0(2& 02";(4,?& $D&) "0(2)"04;+&; $,02,0<&G2&
+;"DD$=929&6%0($,H4,02?/"029&=2++$,+&J%&2)J2994,?&(4,0+&0("0&?8492&+0892,0+&4,&?2,2/"04,?&0(24/&
/2+8=0+&Q2<?<&0"J=2+-&J$F*=$0+&",9&(4+0$?/")+R&",9&Y82+04$,+&0("0&/2D=2;0&$,&0$*4;+&;$52/29&4,&2";(&
=2++$,<& '(4+& +;"DD$=94,?& )"%& 2,;$8/"?2& +0892,0+& 0$& ;$,98;0& 0(24/& $1,& 2F*=$/"04$,+& 140(& =2++&
+0/8;08/2&",9&+8**$/0&D/$)&0(2&02";(2/<&&
& b52/"==-&$8/&/2+8=0+&+8??2+029&0("0&)$+0&+0892,0+&+($129&", &8,92/+0",94,?&$D&94+0/4J804$,+&
4,&;$,02F0&Q+("*2-&;2,02/-&+*/2"9-&$80=42/+R-&982&0$&+0892,0+&("54,?&0(2&$**$/08,40%&0$&2F*=$/2&0(2&
9"0"&+20+&4,&92*0(<&a$/&2F")*=2-&"==$14,?&+0892,0+&0$&0(4,>&)$/2&"J$80&0(2&2DD2;0&$D&J4,&+4W2&4,&"&
(4+0$?/")-&0(/$8?(&0(2)&)">4,?&"9B8+0)2,0+<&'(/$8?(&0(4+&*/$;2++&+0892,0+&+22&($1&94DD2/2,0&
?/"*(+& $D& 0(2& +")2& 9"0"& ;",& */$5492& 94DD2/2,0& 4,D$/)"04$,& ",9& 4,02/*/20"04$,+&KLcN<&G2& "=+$&

���������� �� �������	

0 5 10 15 20 25 30 35 40 45 50

�
 �� �� �
 �������� ������ ���	�� �� �� �	���	

Liked

Did	Not	Like

Neither

3

5

5

Catagories

0 5 10 15 20 25 30 35 40 45 50

�Number	of	Responses

Confused/Frustrated

Learned	Content



$J+2/529&0("0-&4,&I2++$,&L-&+$)2&+0892,0+&+0/8??=29&140(&4,02/*/204,?&1("0&4+&+($1,&$/&,$0&+($1,&
$,&J$F*=$0+-&J80&J%&I2++$,&M-&)$+0&+0892,0+&;$8=9&4,02/*/20&0(2&94DD2/2,;2&J20122,&4,D$/)"04$,&
+($1,&$,&"&J$F*=$0&52/+8+&"&(4+0$?/")<&'(4+&?/$10(&$D&8,92/+0",94,?&;$8=9&J2&982&0$&+0892,0+&
J24,?&/2*2"029=%&*/$)*029&0$&4,02/*/20&J$FH*=$0+&",9&(4+0$?/")+&"D02/&*=$004,?<&&
& : 0892,0+E&/2D=2;0452&/2+*$,+2+&$,&=2++$,+&M&",9&X&+8??2+0&0("0&0(2%&2,B$%29&8+4,?&6%0($,&
0$&;/2"02&)8=04*=2&9"0"&54+8"=+&$D&/2"=H1$/=9&9"0"+20+<&:0892,0+&"=+$&2,B$%29&0(2&$**$/08,40%&0$&
)">2&5"/4$8+&"9B8+0)2,0+&0$&0(2&;$92&0$&$J+2/52&;(",?2+&4,&9"0"&/2*/2+2,0"04$,<&6%0($,&"==$1+&
+0892,0+&0$&2"+4=%&)">2&"9B8+0)2,0+&0$&9"0"&",9&4))294"02=%&+22&0(2&2DD2;0&$D&0(24/&;($4;2+&+8;(&"+&
J4,&+4W2&4,&"&(4+0$?/")<&:0892,0+&"=+$&=4>29&J24,?&"J=2&0$&2F*=$/2&9"0"+20+&0(/$8?(&)8=04*=2&54+8"=&
/2*/2+2,0"04$,+&Q4<2<-&(4+0$?/")-&J$F*=$0-&92+;/4*0452&0"J=2R<&S,&0(2&D808/2-&"99404$,"=&*/$)*04,?&)"%&
(2=*&+0892,0+&/2D=2;0&$,&0(2&"DD$/9",;2+&$D&"80$)"04;&*=$004,?&$D&54+8"=&/2*/2+2,0"04$,+&0$&J2002/&
8,92/+0",9& ",9& 2F*2/42,;2& 0(2& */";04;2& $D& 9$4,?& +0"04+04;"=& ","=%+4+&KMN&4,& "& 02F0HJ"+29&
*/$?/"))4,?&=",?8"?2 <&&
& \99404$,"=&*/$)*0+&)"%&"=+$&(2=*&+0892,0+&("52&J2002/&*2/;2*04$,+&"J$80&6%0($,&"+&"&0$$=&
0$&8,92/+0",9&0(2&) "0(2)"04;+&;$,02,0&;$52/29<&b,2&+0892,0&/2*$/029&0("0&6%0($,&949&,$0&)">2&
+0"04+04;+&2"+42/&D$/&0(2)&0$&8,92/+0",9<&'(2&+0892,0+&+$)204)2+&("9&94DD4;8=0%&8,92/+0",94,?&($1&
0(2&6%0($,&1$/>29-&1(4;(&=29&0$&+$)2&D/8+0/"04$,-&2+*2;4"==%&1(2,&0(2%&?20&+%,0"F&2//$/+<&\=0($8?(&
)$+0&$D&0(2&;$92&4,&0(2&=2++$,&1"+&1/4002,&",9&$,=%&/2Y84/29&+0892,0+&0$&)">2&)4,$/&)$94D4;"04$,+-&
+0892,0+&12/2&,$0&D8==%&;$,D492,0&4,&92J8??4,?&",9&4,02/";04,?&140(&0(2&;$92<&'(4+&4+&8,+8/*/4+4,?&
J2;"8+2&)$+0&$D&0(2&+0892,0+&("52&,$0&J22,&2F*$+29&0$&*/$?/"))4,?-&+$&0(2%&)"%&/2Y84/2&",&
4,0/$98;04$,&$D&0(2&0$$=<&S,&D808/2&4)*=2)2,0"04$,+&12&1$8=9&"99&Y82+04$,+&"J$80&0(2&92J8??4,?&
*/$;2++&+8;(&"+-&O($1&949&%$8&9202/)4,2&1("0&0$&;(",?2&4,&0(2&*%0($,&;$92&1(2,&%$8&?$0&0(2&
2//$/Z[&"+&12==&"+&"&;="++&94+;8++4$,&"J$80&($1&0$&92J8?&;$92<&S,&"99404$,-&+0892,0+&;$8=9&/2;2452&
$**$/08,4042+&0$&+("/2&0(24/&;$92&140(&2";(&$0(2/&",9&*/$5492&D229J";><&&
& '(2&/2+8=0+&$52/"==&+8??2+0&0("0&"&+0"04+04;+&=2++$,&0("0&4,02?/"02+&6%0($,&;",&J2&",&2DD2;0452&
02;(,$=$?%&1(2,&4)*=2)2,029&4,&"&D$/)"=&(4?(&+;($$=& ;="++/$$)<&C$1252/-&J2;"8+2&+0892,0+&
+0/8??=29&140(&6%0($,-&12&+8??2+0&0("0&D808/2&402/"04$,+&4,;=892&)$/2&;="++&04)2&0$&2,?"?2&+0892,0+&
4,&*/$?/"))4,?&*/";04;2+<&e2;"==&0("0&0(2&D4/+0&=2++$,&8+4,?&6%0($,&$,=%&/2Y84/29&+0892,0+&0$&;=4;>&
0(/$8?(&0(2&;$92&",9&?20&"80$)"04;&/2+8=0+<&C$1252/-&4,&=2++$,&M&",9&X-&+0892,0+&("9&0$&1/402&",9&
92J8?&"&*"/0&$D&0(2&;$92&0$&*/$98;2&/2+8=0+<&'(4+&)"%&2F*="4,&1(%&12&$J+2/529&0("0-&"+&0(2&=2++$,+&
J2?",&0$&?20&("/92/&",9&=$,?2/-&0(2&+0892,0+&12/2&=2++&=4>2=%&0$&D4,4+(<&'2";(2/+&;$8=9&*/$5492&
+0892,0+&140(&"99404$,"=&04)2&0$&D4,4+(&$/&+*/2"9&=2++$,+&";/$++&)8=04*=2&;="++&*2/4$9+<&S,&"99404$,-&
02";(2/+&;",&"=+$&;$,+492/&($1&0$&2,?"?2&+0892,0+&4,&922*2/&/2D=2;04$,+&"J$80&0(24/&8,92/+0",94,?&
"0&0(2&4,02/+2;04$,&$D&)"0(2)"04;+&",9&*/$?/"))4,?<&a$/&2F")*=2-&"994,?&2F*=4;40&94+;8++4$,&",9&
/2D=2;04$,+&"J$80&)"0(2)"04;+&140(&",9&140($80&*/$?/"))4,?&)"%&(2=*&+0892,0+&/2;$?,4W2&0(2&
5"=82&$D&8+4,?&6%0($,&D$/&+$=54,?&/2"=H1$/=9&*/$J=2)+&4,&+0"04+04;+<&
 
 
 
 



Conclusion&&
& '">2,&0$?20(2/-&$8/&D4,94,?+&+8??2+0&0("0&4,02?/"04,?&"&02F0HJ"+29&*/$?/"))4,?&=",?8"?2-&
6%0($,-&4,&"&(4?(&+;($$=&)"0(2)"04;+&;$8/+2&;",&2,?"?2&+0892,0+&140(&/2"=H1$/=9&9"0"&","=%+4+&
140($80&(4,92/4,?&0(24/&8,92/+0",94,?&$D&)"0(2)"04;+&;$,02,0<&\=0($8?(&6%0($,&;",&+8**$/0&)$/2&
+0892,0H9/452,&",9&$*2,H2,929&2F*=$/"04$,+-&02";(2/+&)8+0&J2&;"804$8+&1(2,&8+4,?&40-&*"/04;8="/=%&
4,&0(2&H̀UL&;="++/$$)+-&J2;"8+2&+0892,0+&;",&J2;$)2&D/8+0/"029&J%&0(2&92J8??4,?&*/$;2++<&b8/&
+089%&*/2+2,0+&$,2&*/$)4+4,?&2F")*=2&$D&($1&6%0($,&;",&J2&2)J29929&4,&"&(4?(&+;($$=&+0"04+04;+&
;$8/+2&0$&(2=*&+0892,0+&8,92/+0",9&)"0(2)"04;+&",9&+("/2&0(2&*$12/&$D&*/$?/"))4,?&140(&+0892,0+&
1($&1$8=9&,$0&,$/)"==%&2,?"?2&140(&6%0($,&;$92<&&&
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