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"#*!'&)!-3!%/22'+$T$,7!2'P-+!3$,.$,7%!3+-2!.')'!0*&-2*%!2-+*!,'++')$8$T*.!6#*,!
%&$*,)$%)%!0*7$,!)-!)#$,5!'0-/)!#-6!)-!(+*%*,)!)#*%*!3$,.$,7%!)-!(-)*,)$'1!+*'.*+%9!!
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$,%/33$&$*,)!/,.*+%)',.$,7!'0-/)!%&$*,&*!'%!'!(+-&*%%!',.!',!*8-18$,7!0-.<!-3!
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(+-01*29!:!1$,5*.!)#*%*!$%%/*%!6$)#!)#*!&/++*,)!.*0')*!'0-/)!,'++')$8*!$,!%&$*,&*!
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-3!)*4)%!(+-./&*.!$,!%&$*,&*9!!U'++')$8*!$%!'!#/2',!&-,%)+/&)!)#')!(*-(1*!/%*;!
$,)*,)$-,'11<!-+!,-);!)-!)*11!'0-/)!2',<!.$33*+*,)!)<(*%!-3!*4(*+$*,&*%;!%-2*!-3!6#$&#!
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!"#$%&'(J*((K'-.4-.4(C'&#2(/,-&.,&D(-.%0(/,"002(/,-&.,&(%&?%/*((<.(&?$20'#%-0.(06(

6-'/%L"#.:(#,,05.%/(06(/,-&.%-6-,(:-/,08&'1(
(

!"#$%&'(+5;;#'1(
!
! "#$%!&#'()*+!$%!',!'&&-/,)!-3!)#*!3$+%)!%)*(%!$,!)#*!.*8*1-(2*,)!-3!'!
(+-)-)<($&'1!%&#--1!%&$*,&*!)*4)!)#')!:!&'11!)#*!b%&$*,&*!.$%&-8*+<!,'++')$8*c!?[]U@9!!
"#*![]U!%*+8*%!'%!-,*!-3!)6-!8*+%$-,%!-3!)*4)!/%*.!$,!'!%)/.<!&-2('+$,7!$,)*+*%)!
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! A1)#-/7#!)#*!&/++*,)!%/0C%)',.'+.!&-,.$)$-,%!-3!A2*+$&',!%&#--1!%&$*,&*!
)*4)0--5%!%*+8*.!'%!)#*!$2(*)/%!3-+!)#*!(+*%*,)!','1<%$%;!)#*!(+-01*2!6$)#!%&#--1!
%&$*,&*!)*4)0--5%!$%!,-)!1$2$)*.!)-!)#*!Z,$)*.![)')*%9!D./&')$-,'1!+*%*'+&#*+%!
'+-/,.!)#*!6-+1.!#'8*!'))*2()*.!-,*!-3!)6-!7*,*+'1!'((+-'&#*%!3-+!$2(+-8$,7!)#*!
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0**,!'))*2()%!)-!&+*')*!%&$*,&*!1$)*+'&<!(+-7+'2%!)#')!'..+*%%!0-)#!$,%)+/&)$-,!',.!
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-/+!6-+1.9!

(
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,*&*%%'+$1<!.$%&-/,)!)#*!&+*')$-,!-3!)*&#,-1-7<!$,!$)%!(/+%/$)!-3!,*6!5,-61*.7*!
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.$+*&)1<!+*%/1)!$,!'!2'P-+!%#$3)!$,!('+'.$72%!?E/#,;!KLQF@9!!"#/%;!%&$*,)$3$&!.$%&-8*+<!
$,!)#*!%$2(1*%)!)*+2%!$%!'!b3$,.$,7!-/)c!-3!%-2*!%&$*,)$3$&!(#*,-2*,-,!)#')!&',!8'+<!
$,!2'7,$)/.*;!',.!)#*![]U!#$7#1$7#)%!)#$%!b3$,.$,7!-/)c!(+-&*%%!$,!'!6'<!)#')!%*)%!$)!
'('+)!3+-2!2-%)!)<(*%!-3!%&$*,)$3$&!6+$)$,79!
! []U%!.$33*+!3+-2!(/01$%#*.!%)/.$*%!)#')!2/%)!(+*%*,)!'!%*+$*%!-3!-0P*&)$8*;!
'.2$,$%)+')$8*!%)*(%!',.!','1<%*%!)#')!&',!0*!+*(1$&')*.!',.!(-)*,)$'11<!+*3/)*.9!!
"#*!3-/,.')$-,'1!$2(-+)',&*!-3!6+$)$,7!',.!(/01$%#$,7!3'1%$3$'01*!%)/.$*%!?g/2*;!
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!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1
 All research methods were approved under IRB protocol 2008-3-4, by the Office for the 

Protection of Human Subjects (CPHS) at the University of California, Berkeley.   Initial 

approval was granted on May 6, 2008, with continued approval until May 6, 2010. 
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=ED!3-+!*'&#!)-($&9!!"+'.$)$-,'11<;!+*7+*%%$-,!'%%/2*%!)#')!)#*!.*(*,.*,)!8'+$'01*!$%!
2*'%/+*.!6$)#-/)!*++-+9!!:,!)#$%!&'%*;!)#*!.*(*,.*,)!8'+$'01*!$%!',!*%)$2')*!-3!'!
1')*,)!&-,%)+/&)!',.!$%!2*'%/+*.!6$)#!*++-+9!!"#/%;!:!/%*.!'!1')*,)!8'+$'01*!
+*7+*%%$-,!$,!)#*!(+-7+'2;!N*-](#1&!?X/;!A.'2%;!X$1%-,!B!g'1.',*;!FGGS@9!!:,%)*'.!
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X&,#22(I&'60';#.,&((
Z@1(>#/A[(

>'&#%;&.%(
Z+37L!Q9[(

9%".-,-%1((
ZF"-%&_]W(

<22(0%"&'(

&%".-,-%-&/_)[(

9%".-,-%1(@1(
>'&#%;&.%(

V*&'11!:!.24,*2)&,/,&3! !!!9GQ!?9GQ@! CK9KL!?9KS@~~! 9QH!?9FG@~~!
!
V*&'11!::!.24,*2)&,/,&3!

!
C!9KH!?9KH@!

!
CK9FG!?9KH@~~!

!
9LR!?9FF@~~!

!
V*&'11!:!%##,-8$2&$2$S,1&2-)#!

!
!!!9LK!?9KS@~~!

!
C!!9He!?9KS@~~!

!
9KQ!?9FH@!

!
V*&'11!::!%##,-8$2&$2$
S,1&2-)#!

!
K9HK!?9KQ@~~!

!
C!!9QF!?9KQ@~~!

!
9`G!?9Fe@!

~(�9GHI!~~(�9GK9!![)',.'+.!*++-+%!'+*!$,!('+*,)#*%*%9!

(

a'+)$&$(',)%!6#-!6*+*!2*20*+%!-3!/,.*++*(+*%*,)*.!2$,-+$)<!7+-/(%!?$9*9;!2'$,1<;!
$,!)#*%*!%&#--1%;!N')$,-!',.!A3+$&',CA2*+$&',@!/,$>/*1<!0*,*3$))*.!3+-2!)#*![]U!
8*+%$-,!3-+!)#*!3$+%)!',.!%*&-,.!5,-61*.7*!+*&-7,$)$-,!)'%5%!-3!.24,*2)&,/,&39!"#*!
1'&5!-3!%/33$&$*,)!,/20*+%!-3!('+)$&$(',)%!6$)#$,!*'&#!*)#,$&!&')*7-+<!(+*8*,)*.!
3/+)#*+!$,8*%)$7')$-,%!$,)-!%(*&$3$&!*33*&)%!0<!*)#,$&$)<!?$9*9;!1--5$,7!')!/,$>/*!
0*,*3$)%!3-+!N')$,-!('+)$&$(',)%!&-2('+*.!6$)#!A3+$&',CA2*+$&',!('+)$&$(',)%@9!
! "#*!%$7,$3$&',)!$,)*+'&)$-,%!(+*%*,)*.!#*+*!(+-8$.*!%-2*!*8$.*,&*!)#')!
%)/.*,)%!6$)#!1$))1*!(+$-+!5,-61*.7*!'%!6*11!'%!%)/.*,)%!-3!1-6C*&-,-2$&!%)')/%!2'<!
0*,*3$)!2-+*!7+*')1<!3+-2!)#*![]U!8*+%$-,9!!!
=.%&'&/%(
! V*%/1)%!3-+!('+)$&$(',)!+*%(-,%*%!&-,&*+,$,7!)#*$+!$,)*+*%)%!$,8-18*.!)#+**!
.$33*+*,)!5$,.%!-3!$,8*%)$7')$-,%9!!^$+%);!:!(*+3-+2*.!)6-!%*('+')*!&#$C%>/'+*!
','1<%*%!)-!'@!.*)*+2$,*!)#*!'%%-&$')$-,!0*)6**,!)+*')2*,)!',.!6#*)#*+!%)/.*,)%!
$,.$&')*.!)#')!)#*<!(*+3-+2*.!$,.*(*,.*,)!+*%*'+&#!-,!*'&#!-3!)#*!)6-!)-($&%!
./+$,7!)#*!%*&-,.!+*&'11!%*%%$-,!',.!0@!.*)*+2$,*!)#*!'%%-&$')$-,!0*)6**,!
(+*3*+*,&*!-3!)*4)!',.!)+*')2*,);!'%!*4(1'$,*.!*'+1$*+9![*&-,.;!:!1--5*.!3-+!('))*+,%!
$,!)#*!6+$))*,!*4(1',')$-,%!'0-/)!6#')!('+)$&$(',)%!3-/,.!2-%)!$,)*+*%)$,7!'0-/)!
*'&#!)*4)!)#')!)#*<!+*'.9!!^$,'11<;!:!*4(1-+*.!)#*!+*%(-,%*%!3-+!)#*!$,)*+*%)C+',5$,7!
)'%5!)-!.*)*+2$,*!,-)'01*!&#',7*%!$,!)#*!b"-(!KGc!%*1*&)$-,!3+-2!)#*!3$+%)!)-!)#*!
%*&-,.!%*%%$-,9!!
! =.:-8-:5#2('&/&#',"9!!d,1<!eF!('+)$&$(',)%!+*(-+)*.!)#')!)#*<!.$.!%-2*!
$,.$8$./'1!+*%*'+&#!-,!',<!-3!)#*!)6-!)-($&%;!',.!)#*+*!6*+*!,-!%$7,$3$&',)!
'%%-&$')$-,%!0*)6**,!)#*%*!+*%(-,%*%!',.!)+*')2*,)9!!D4(1',')$-,%!'0-/)!)#$%!
$,.$8$./'1!+*%*'+&#!$,&1/.*.!$,)*+,*)!%*'+&#*%;!+*'.$,7!-)#*+!)*4)%!'0-/)!)#*!)-($&!
',.!'%5$,7!-)#*+!$,.$8$./'1%9!!d,*!('+)$&$(',)!6+-)*!)#')!%#*!&-,%/1)*.!#*+!
(#<%$&$',!'0-/)!)#*!4C+'<!2'&#$,*!?%#*!6'%!7*))$,7!',!4C+'<!-3!'!+*&*,)1<!0+-5*,!
3--)@!',.!#*+!,*6!5,-61*.7*!'0-/)!+'.$-'&)$8$)<9!d,*!$,)*+*%)$,7!,-)*!$%!)#')!0'%*.!
-,!)#*!)-)'1!eF!$,.$8$./'1%!6#-!+*(-+)*.!&-,./&)$,7!%-2*!3-+2!-3!$,.*(*,.*,)!
+*%*'+&#;!FK!-3!)#*%*!+*%(-,%*%!6*+*!'0-/)!)#*!)-($&;!.24,*2)&,/,&39!"#$%!3$,.$,7!



 74!

%/77*%)%!)#')!)#*!)-($&!-3!+'.$-'&)$8$)<!2$7#)!#'8*!0**,!2-+*!2-)$8')$,7!3-+!)#*!
('+)$&$(',)%;!6#$&#!6$11!0*!'..+*%%*.!2-+*!3/11<!./+$,7!)#*!.$%&/%%$-,!%*&)$-,9!
! I'&6&'&.,&(06(%&?%9!!"#*!3-11-6$,7!)'01*!(+*%*,)%!'!&+-%%!)'0/1')$-,!-3!
(+*3*+*,&*!0<!)+*')2*,)!',.!)#*!+*%/1)%!-3!'!&#$C%>/'+*!)*%)!-3!$,.*(*,.*,&*9!
(

>#@2&(^E`E(!"-L/V5#'&(/%#%-/%-,/(06($'&6&'&.,&(@1(%'&#%;&.%(

a+*3*+*,&*! "#-%*!X#-!V*'.!
[]U!o*+%$-,!-3!
.24,*2)&,/,&3!

"#-%*!X#-!V*'.!
[]U!o*+%$-,!-3!
%##,-8$2&$2$

S,1&2-)#!

"-)'1!

.24,*2)&,/,&3$ SG!?QQ9QS}@! !!!`L!?`S9KF}@! KKL!?HQ9L`}@!
$

%##,-8$2&$2$

S,1&2-)#$

!
!!eF!?eG9`R}@!

!
!!!`L!?`S9KF}@!

!
!!RK!?eR9SQ}@!

!
U-!(+*3*+*,&*!

!
!!!!e!?F9RQ}@!

!!
!!!!Q!?H9SS}@!

!!
!!!!!!L!?`9eK}@!

!
"-)'1!

!
KGH!?KGG}@!

!
KG`!?KGG}@!

!
!FGL!

a*'+%-,!

! 

"
(2)

2 |!!!R9FQLF;!!!(!|!G9GKQ!

!
a'+)$&$(',)%!6#-!+*'.!)#*![]U!8*+%$-,!-3!.24,*2)&,/,&3!(+*3*++*.!)#$%!)*4)!-8*+!)#*!
=ED!8*+%$-,!-3!%##,-8$2&$2$S,1&2-)#!'12-%)!)6-C)#$+.%!-3!)#*!)$2*9!!"#-%*!6#-!+*'.!
)#*![]U!8*+%$-,!-3!%##,-8$2&$2$S,1&2-)#!(+*3*++*.!)#$%!)*4)!-8*+!)#*!=ED!8*+%$-,!-3!
.24,*2)&,/,&3$'0-/)!#'13!)#*!)$2*9!:)!$%!'1%-!$2(-+)',)!)-!,-)*!)#')!)#*+*!6*+*!,-!
%$7,$3$&',)!.$33*+*,&*%!$,!(+*3*+*,&*!'&&-+.$,7!)-!7*,.*+;!*)#,$&$)<!-+!1',7/'7*!
(+-3$&$*,&<9!"#/%;!%/0P*&)!2'))*+!',.!)*4)!)<(*!6*+*!)#*!-,1<!)6-!8'+$'01*%!)#')!#'.!
',!*33*&)!-,!)*4)!(+*3*+*,&*9!
! 7#''#%-8&('&/$0./&/(#@05%($0-.%/(06(-.%&'&/%9!"#*+*!6*+*!,-!.$%)$,&)!
('))*+,%!$,!+*%(-,%*%!+*7'+.$,7!('+)$&/1'+!(-$,)%!-3!$,)*+*%)!3-+!)#*!)*4)%9!!
V*%(-,%*%!+',7*.!3+-2!8'+$-/%!($*&*%!-3!&-,&*()/'1!$,3-+2')$-,!?*979;!,&X1$)**0$"*B$
0,8"&$>#-41$&*$*('$#3#@;!'((1$&')$-,%!?O$0,K#4$0#2'-,-8$2>*(&$&"#$PH'23$=2)",-#@!-+!)#*!
$2('&)!-,!(*-(1*!?'24,*2)&,/,&3$)2-$K,00$3*(C$>(&$,&$)2-$201*$12/#$3*('$0,+#@9!!!
! A!,-)'01*!(-$,)!$%!)#*!,/20*+!-3!+*'.*+%!-3!)#*![]U!-3!'!('+)$&/1'+!)-($&!6#-!
2*,)$-,!)#*!.$%&-8*+<!%)-+<!'%!'!(-$,)!-3!$,)*+*%)!$,!)#*!)*4)9!!"#$+)<C-,*!-3!)#*!)-)'1!
KGH!+*'.*+%!-3!)#*![]U!8*+%$-,!-3!.24,*2)&,/,&3!2*,)$-,*.!)#*!=/+$*%\!%)-+<!'%!'!
#$7#1$7#)!',.!`R!-3!)#*!)-)'1!KG`!+*'.*+%!-3!)#*![]U!8*+%$-,!-3!%##,-8$2&$2$S,1&2-)#!
3-/,.!J'1$1*-\%!%)-+<!)-!0*!'!(-$,)!-3!$,)*+*%)9!
! =.%&'&/%(X#.A-.4(>#/A9!]/*!)-!)#*!*,-+2-/%!8'+$'0$1$)<!$,!)#*!+',5*.!
(+*3*+*,&*%!3-+!)#*!%*1*&)*.!)-($&%;!:!&-/1.!,-)!.*)*+2$,*!',<!%$7,$3$&',)!.$%&*+,'01*!
('))*+,%9!!:!6'%!'01*!)-!,-)*!)#')!)#*!,/20*+!-3!)$2*%!5*<!)-($&%!+*1')*.!)-!)#*!)-($&!
'((*'+*.!-,!'!('+)$&$(',)\%!)-(!KG!$,)*+*%)!1$%)!$,&+*'%*.!0*)6**,!)#*!3$+%)!',.!
%*&-,.!'.2$,$%)+')$-,!3-+!('+)$&$(',)%!6#-!+*&*$8*.!)#*!+*1*8',)![]U!8*+%$-,%;!
%/&#!'%!b_/($)*+c!?%$4!'..$)$-,'1!)$2*%!'%!-((-%*.!)-!)#+**!3*6*+!3-+!+*'.*+%!-3!)#*!
=ED!8*+%$-,!-3!.24,*2)&,/,&3@!',.!b+'.$-'&)$8$)<c!?3$8*!'..$)$-,'1!)$2*%!'%!-((-%*.!
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)-!3$3)**,!3*6*+!3-+!+*'.*+%!-3!)#*!=ED!8*+%$-,!-3!%##,-8$2&$2$S,1&2-)#@9!!g-6*8*+;!$)!
$%!.$33$&/1)!)-!$,)*+(+*)!)#*%*!+*%/1)%!.*3$,$)$8*1<9!

(

3-/,5//-0.!
O-;-%#%-0./(06(%"-/(+%5:1(

! :!&-2(-%*.!)#*!*4(*+$2*,)'1!)*4)%!',.!2*'%/+*%!/%*.!3-+!)#$%!%)/.<;!',.!:!
6'%!(+*%*,)!3-+!'11!)#*!.')'!&-11*&)$-,;!6#$&#!&*+)'$,1<!%/77*%)%!)#*!(-%%$0$1$)<!-3!
%-2*!3-+2!-3!0$'%!$,!)#*!+*%/1)%9!!g-6*8*+;!:!2'.*!*8*+<!*33-+)!)-!7/'+',)**!'!3'$+!
&-2('+$%-,!-3!)#*![]U!',.!=ED;!)#*!(+-&*%%!-3!6#$&#!6'%!.*)'$1*.!$,!)#*!(+*8$-/%!
&#'()*+9!:!0*1$*8*!)#')!'11!3-/+!*4(*+$2*,)'1!)*4)%!'+*!6-+)#<!%&#--1!%&$*,&*!+*'.$,7!
2')*+$'1%!$,!)#')!*'&#!6'%!6+$))*,!'&&/+')*1<!',.!&-#*%$8*1<!6$)#!)#*!$,)*,)!-3!
*,7'7$,7!2$..1*!%&#--1!%)/.*,)%9!
! "#*!2*'%/+*%!.$.!,-)!'..+*%%!)#*!/,$>/*!*1*2*,)%!-3!)#*![]U!8*+%$-,%;!)#/%!
'8-$.$,7!0$'%!$,!(*+3-+2',&*9!!A1)#-/7#!2<!(+*%*,&*!)#+-/7#-/)!)#*!.')'!&-11*&)$-,!
&-/1.!,-)!0*!'8-$.*.;!:!2'.*!*8*+<!*33-+)!)-!3-&/%!2<!&-22*,)%!-,!'11!3-/+!)*4)%!',.!
,-)!%$,71*!-/)!',<!8*+%$-,!-+!)-($&9!
! A,-)#*+!1$2$)')$-,!-3!)#$%!%)/.<!$%!)#*!1'&5!-3!',!'.*>/')*!*4)*+,'1!%-/+&*!-3!
8'1$.$)<!*8$.*,&*!3-+!)#*!*4(*+$2*,)'1!2*'%/+*%9!!^/)/+*!+*(1$&')$-,%!-3!)#$%!%)/.<!
%#-/1.!$,&1/.*!'!2-+*!.*)'$1*.!',.!&-2(+*#*,%$8*!*8'1/')$-,!-3!)#*!8'1$.$)<!
'+7/2*,)!3-+!',<!-/)&-2*!2*'%/+*%!/%*.9!!U*8*+)#*1*%%;!:!0*1$*8*!)#')!)#*!
.-&/2*,)')$-,!-3!)#*!)*%)!&-,%)+/&)$-,!(+-8$.*.!$,!)#$%!%)/.<!',.!)#*!>/',)$)')$8*!
*8$.*,&*!7$8*,!'0-8*!(+-8$.*!%)+-,7!(+*1$2$,'+<!%/((-+)!3-+!)#*!(+-(-%*.!
$,)*+(+*)')$-,%!-3!)#*!2*'%/+*%!/%*.9!
3-/,5//-0.(06(M-.:-.4/(

! V*%/1)%!3+-2!)#$%!(+*%*,)!%)/.<!(+-8$.*!*8$.*,&*!$,!%/((-+)!-3!)#*!
#<(-)#*%$%!)#')!2$..1*!%&#--1!%)/.*,)%!0*,*3$)!3+-2!)*4)%!)#')!#$7#1$7#)!)#*!(+-&*%%!
-3!.$%&-8*+<;!*%(*&$'11<!6#*,!(+$-+!5,-61*.7*!$%!1'&5$,79!!V*%/1)%!3+-2!)#*!%*&-,.!
+*&'11!)'%5%!'1%-!%/77*%)!)#')!)#*![]U!%/((-+)%!+*)*,)$-,!-3!%&$*,&*!&-,&*()/'1!
$,3-+2')$-,!-8*+!)$2*9!!J+',)*.;!)#*![]U!.$.!,-)!'16'<%!*1$&$)!7+*')*+!5,-61*.7*!
+*)*,)$-,!?$9*9;!3-+!)#*!3$+%)!+*&-7,$)$-,!)'%5!-,!.24,*2)&,/,&3!3-+!'11!('+)$&$(',)%!',.!
)#*!%*&-,.!+*&-7,$)$-,!)'%5!-,!)#*!%'2*!)-($&!3-+!R)#!7+'.*+%@!',.!$)!.$.!$,)*+'&)!
6$)#!2',<!&#'+'&)*+$%)$&%!-3!)#*!('+)$&$(',)%!?*979;!*)#,$&$)<!',.!%&#--1!'))*,.*.@;!
0/)!)#*!-8*+'11!%)-+<!#*+*!$%!)#')!%)/.*,)%!1*'+,*.!',.!+*2*20*+*.!2-+*!
$,3-+2')$-,!3+-2!)#*![]U%9!
! "#*!$2(-+)',&*!-3!)#*!.$%&-8*+<!,'++')$8*!$%!3/+)#*+!(/,&)/')*.!0<!)#*!
$,)*+'&)$-,%!3-+!*)#,$&$)<!',.!%&#--1!'%%$7,2*,);!6#$&#!%/77*%)!)#')!%)/.*,)%!3+-2!
1-6!%-&$-C*&-,-2$&!0'&57+-/,.%!0*,*3$)!2-+*!3+-2!+*'.$,7!%&$*,&*!)*4)%!)#')!
#$7#1$7#)!.$%&-8*+<9!!]/*!)-!)#*!3'&)!)#')!2-%)!-3!)#*!('+)$&$(',)%!$.*,)$3$*.!'%!*)#,$&!
2$,-+$)$*%!?$9*9;!N')$,-!-+!A3+$&',CA2*+$&',@!&'2*!3+-2!d'5%!O$..1*;!'!+*(-+)*.!
#$7#C(-8*+)<!%&#--1;!$)!$%!,-)!(-%%$01*!)-!%*('+')*!*)#,$&!2$,-+$)<!%)')/%!',.!%-&$-C
*&-,-2$&!%)')/%!3-+!)#$%!%)/.<9!!^/)/+*!+*(1$&')$-,%!-3!)#$%!%)/.<!&-/1.!'..+*%%!)#$%!
&-,3-/,.9!
! "#*!-8*+'11!('))*+,!3+-2!)#*!3$,.$,7%!-,!+*&'11!)'%5%!%/77*%)%!'!/,$>/*!
0*,*3$)!3-+!)#*![]U;!0/)!)#*+*!$%;!'%!:!%/77*%)*.!*'+1$*+;!%-2*!$,&-,%$%)*,&<;!
*%(*&$'11<!3-+!)#*!3$+%)!+*&'11!-3!.24,*2)&,/,&39!g-6*8*+;!:!0*1$*8*!)#')!)#$%!
$,&-,%$%)*,&<!&',!$,!('+)!0*!*4(1'$,*.!0<!)#*!+*%/1)%!-3!)#*!8'+$-/%!$,)*+*%)!
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2*'%/+*%9!!M'%*.!-,!)#*!&#$C%>/'+*!','1<%$%!-,!)*4)!(+*3*+*,&*%;!$)!%**2%!)#')!
.24,*2)&,/,&3!6'%!-8*+'11!2-+*!(-(/1'+!)#',!%##,-8$2&$2$S,1&2-)#;!+*7'+.1*%%!-3!
8*+%$-,9!!"6*,)<C-,*!(*+&*,)!3*6*+!+*'.*+%!(+*3*++*.!)#*![]U!)*4)!6#*,!)#*!)-($&!
6'%!'0-/)!)*1*%&-(*%9!!A1%-;!'!7+*')*+!(-+)$-,!?'1)#-/7#!)#$%!,/20*+!$%!,-)!
%$7,$3$&',)!*,-/7#!)-!2'5*!'!8*+<!%)+-,7!&1'$2@!-3!)#-%*!6#-!+*'.!)#*![]U!8*+%$-,!
-3!%##,-8$2&$2$S,1&2-)#!#'.!,-!(+*3*+*,&*!0*)6**,!)#*!)6-!)*4)%!?%**!"'01*!`9L;!('7*!
S`@9!"#$%!$,)*+*%)!3-+!.24,*2)&,/,&3!$%!'1%-!*8$.*,&*.!$,!)#*!7+*')*+!,/20*+!-3!
('+)$&$(',)%!6#-!+*(-+)*.!'..$)$-,'1!$,.*(*,.*,)!+*%*'+&#!-,!)#$%!)-($&9!!"#*%*!
3$,.$,7%!%/77*%)!)#')!)#*!%/0P*&)!-3!+'.$-'&)$8$)<!2'<!0*!$,#*+*,)1<!2-+*!$,)*+*%)$,7;!
)#/%!%/77*%)$,7!)#')!('+)$&$(',)%!('$.!'!7+*')!.*'1!-3!'))*,)$-,!)-!)#$%!)*4);!
+*7'+.1*%%!-3!)+*')2*,)9!!M*&'/%*!-3!)#$%!3-&/%*.!'))*,)$-,!-,!.24,*2)&,/,&3!)*4)%;!
('+)$&$(',)%!2'<!,-)!#'8*!+*&*$8*.!'..$)$-,'1!0*,*3$)!3+-2!)#*![]U!8*+%$-,9!
! "#*!(-(/1'+$)<!-3!.24,*2)&,/,&3!$%!('+)$&/1'+1<!%/+(+$%$,7!&-,%$.*+$,7!)#')!)#*!
1*8*1!+*'.'0$1$)<!6'%!2/&#!#$7#*+!?'((+-4$2')*1<!')!)#*!KG)#!7+'.*!1*8*1@!3-+!)#*!
)*4)%!'0-/)!+'.$-'&)$8$)<!)#',!3-+!)#*!)*4)%!'0-/)!)*1*%&-(*%!?S)#!7+'.*!1*8*1;!%**!)#*!
*,.!-3!=#'()*+!e!3-+!)#*!%)+/&)/+'1!','1<%$%!-3!)#*!*4(*+$2*,)'1!)*4)%@9!d,*!&-/1.!
*'%$1<!'%%/2*!)#')!'!2-+*!.$33$&/1)!)*4)!?$9*9;!)*4)!6$)#!'!7+*')*+!,/20*+!-3!/,3'2$1$'+!
6-+.%@!6-/1.!0*!1*%%!$,)*+*%)$,7;!*%(*&$'11<!)-!<-/,7!+*'.*+%9!g-6*8*+;!$)!%**2%!
)#')!)#*!,-8*1)<!-3!1*'+,$,7!'0-/)!'!(-6*+3/1!',.!(-)*,)$'11<!.',7*+-/%!*1*2*,)!1$5*!
+'.$/2!$%!*,-/7#!)-!&'()/+*!)#*!'))*,)$-,!',.!$,)*+*%)!-3!('+)$&$(',)%!$,!)#$%!%)/.<;!
+*7'+.1*%%!-3!)#*!+*'.'0$1$)<!1*8*19!!!

(

!0.,25/-0.(
! :!0*7',!)#$%!&#'()*+!0<!(+*%*,)$,7!+*%*'+&#!$,!%/((-+)!-3!)#*!'+7/2*,)!3-+!
)*'&#$,7!)#*!%&$*,)$3$&!(+-&*%%!$,!)#')!%)/.*,)%!',.!)*'&#*+%!'1$5*!#'8*!1$))1*!
5,-61*.7*!'0-/)!%&$*,&*!'%!'!6'<!-3!1*'+,$,7!%-2*)#$,7!'0-/)!-/+!6-+1.9!!^$,.$,7%!
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Chapter 5:  Concluding Remarks!
!
! "#$%!.$%%*+)')$-,!%)/.<!'..+*%%*%!)6-!-/)%)',.$,7!(+-01*2%!'0-/)!%&$*,&*!
*./&')$-,9!!"#*!3$+%)!(+-01*2!$%!)#*!$,%/33$&$*,)!/,.*+%)',.$,7!'0-/)!)#*!,')/+*!-3!
%&$*,&*!'%!'!(+-&*%%!',.!',!*8-18$,7!0-.<!-3!5,-61*.7*!'2-,7!%)/.*,)%!',.!
)*'&#*+%!$,!%&$*,&*!&1'%%+--2%9!!"#*!%*&-,.!(+-01*2!$%!)#*!1'&5!-3!%/((-+)!7$8*,!0<!
%&#--1!%&$*,&*!)*4)0--5%!)-!+*&)$3<!)#$%!3$+%)!(+-01*29!:,!)#*!3$+%)!&#'()*+;!:!%/77*%)*.!
)#')!0-)#!(+-01*2%!'+*!$,)*7+'1!)-!)#*!&/++*,)!.*0')*!'0-/)!)#*!$,&1/%$-,!-3!
,'++')$8*%;!-+!%)-+$*%;!$,!%&$*,&*!)*4)%!0<!1$,5$,7!)#*!(+-&*%%!-3!%&$*,&*!?$9*9!
*4(1-+')$-,!-+!*4(*+$2*,)')$-,@!6$)#!)#*!3/,.'2*,)'1!*1*2*,)%!-3!,'++')$8*!)*4)%9!:!
.*%&+$0*.!#-6!,'++')$8*!$%!'!#/2',!&-,%)+/&)!)#')!(*-(1*!/%*;!$,)*,)$-,'11<!-+!,-);!
)-!)*11!'0-/)!2',<!.$33*+*,)!)<(*%!-3!*4(*+$*,&*%;!$,&1/.$,7!%&$*,)$3$&!$,>/$+<9!:!
(+-8$.*.!'!%*+$*%!-3!*4'2(1*!)*4)%!)#')!0+-'.*,!)#*!8$*6!-3!,'++')$8*!)#')!$%!
)+'.$)$-,'11<!.$%&/%%*.!$,!*./&')$-,!',.!*4(1-+*.!)#*!6'<%!$,!6#$&#!,'++')$8*!$%;!
',.!%#-/1.!0*;!',!$,)*7+'1!('+)!-3!)*4)%!(+-./&*.!$,!%&$*,&*9! !
! [$,&*!)#*!*'+1$*%)!+*&-+.*.!)$2*%;!%&$*,)$%)%!#'8*!6+$))*,!)#*$+!'&&-/,)%!-3!
#-6!)#*<!&'2*!)-!5,-6!%-2*)#$,7!,*6!'0-/)!)#*!6-+1.9!!:,!)#*!%*&-,.!&#'()*+;!:!
.*%&+$0*.!2<!(+-&*%%!3-+!','1<T$,7!KF!.$%&-8*+<!'&&-/,)%!$,!-+.*+!)-!.*)*+2$,*!)#*!
&-22-,'1$)$*%!'&+-%%!)#*%*!)*4)%9![&$*,&*!.$%&-8*+<!,'++')$8*%!?[]U%@!'+*!%$2$1'+!)-!
(/01$%#*.!%&$*,)$3$&!%)/.$*%!$,!)#')!0-)#!.*%&+$0*!'!(+-01*2!6$)#$,!'!7$8*,!3$*1.!',.!
)#*!(+-&*%%!)#')!1*.!)-!'!%-1/)$-,;!6#$&#!$%!)#*!.$%&-8*+<9!!g-6*8*+;![]U%!'+*!>/$)*!
.$33*+*,)!3+-2!-)#*+!%&$*,)$3$&!6+$)$,7!./*!1'+7*1<!)-!)#*!%&$*,)$%)\%!(+*+-7')$8*!)-!
.$%&1-%*!)#*!%*+*,.$($)-/%!*8*,)%!)#')!-&&/++*.!./+$,7!)#*!.$%&-8*+<!(+-&*%%;!6#$&#!
'+*!)<($&'11<!*$)#*+!*4&1/.*.!3+-2!-+!+*&1'$2*.!'%!%)',.'+.!(+-&*./+*!$,!(/01$%#*.!
%)/.$*%9!![]U%;!)-!'!7+*')*+!*4)*,);!%#-6!)#*!%&$*,)$%)\%!1-8*!3-+!)#*!6-+5!'%!$)!+*1')*%!
)-!'!7$8*,!(+-01*2!-+!2<%)*+<!6$)#$,!'!('+)$&/1'+!3$*1.!-3!%)/.<9!
! []U%!8'+<!7+*')1<!$,!.*)'$1!',.!*2(#'%$%!'&+-%%!3-/+!&-22-,!&-2(-,*,)%f
)#*!1-8*!3-+!)#*!6-+5;!)#*!5,-6,;!)#*!/,5,-6,!',.!)#*!(+-&*%%!)-6'+.%!.$%&-8*+<9!!!
X#$1*!%-2*!$,&1/.*!7+*')*+!.*)'$1!'0-/)!)#*!'&&-/,)%!$,8-18$,7!2$%#'(%!',.!&#',&*!
?*979;!M$+5*1',.;!KLKeI!O'+%#'11;!FGGF@;!-)#*+%!*2(#'%$T*!)#*!3+/%)+')$-,%!',.!
P/0$1')$-,%!)#*<!*4(*+$*,&*.!./+$,7!)#*!*4(1-+')-+<!-+!*4(*+$2*,)'1!(+-&*%%!
?J'1$1*-;!KQKGI!J/)#;!KLLS@9!A1)#-/7#![]U%!.-!,-)!+*(+*%*,)!'!&-,%$%)*,)!3-+2!-3!
%&$*,)$3$&!6+$)$,7;!)#*<!-33*+!'!8'1/'01*!1*,%!3-+!.$%&/%%$,7!2',<!'%(*&)%!-3!%&$*,)$3$&!
6-+5!)#')!'+*!&/++*,)1<!$7,-+*.!$,!)#*!&1'%%+--29!![(*&$3$&'11<;![]U%!&',!#*1(!
%)/.*,)%!/,.*+%)',.!)#*!7+*')!8'+$'0$1$)<!$,!)#*!&/1)/+*!-3!%&$*,)$3$&!1*'+,$,7!'%!6*11!
'%!)#*!#/2',!>/'1$)$*%!-3!%&$*,)$%)%!)#*2%*18*%9!!
! "#+-/7#!8'+$-/%!'&&-/,)%!-3!.$%&-8*+<;!%)/.*,)%!',.!)*'&#*+%!6$11!#'8*!)#*!
-((-+)/,$)<!)-!%**!)#')!)#*!%&$*,)$3$&!(+-&*%%!$%!,-)!'!&1*',!%*)!-3!(+-&*./+*%;!',.!
)#')!%-2*)$2*%!2$%)'5*%!'+*!*8*,!2-+*!8'1/'01*!)#',!(1',,*.!*4(*+$2*,)%9!!A1%-;!
%&$*,)$%)%!&',!0*!&-2(1*)*1<!6+-,7!$,!)#*$+!)#$,5$,7!'0-/)!'!(+-01*2!?*979;!^$,1'<!<!
M'++z%;!KRRK@!',.!,**.!)-!%)'+)!'11!-8*+!'7'$,9!D%%*,)$'11<;![]U%!*2(#'%$T*!)#*!
#/2',!'%(*&)%!-3!%&$*,)$3$&!*,.*'8-+%;!6#$&#!:!0*1$*8*!(+-8$.*%!'!+*1*8',);!*,7'7$,7!
&-,)*4)!)#')!3/+)#*+!3'&$1$)')*%!&-,&*()/'1!/,.*+%)',.$,79!"#/%;!3-+!)#$%!%)/.<;!:!
$,8*%)$7')*.!)#*![]U\%!/,$>/*!*33*&)!-,!)#*!$,)*+*%);!/,.*+%)',.$,7!',.!5,-61*.7*!
+*&-7,$)$-,!-3!2$..1*!%&#--1!%)/.*,)%9!!



 78!

! :,!)#*!)#$+.!&#'()*+;!:!.*%&+$0*.!#-6;!$,!-+.*+!)-!$,8*%)$7')*!)#*!/,$>/*!
*33*&)%!-3!)#*![]U;!:!/,.*+)--5!)#*!%<%)*2')$&!.*8*1-(2*,)!-3!'!%*+$*%!-3!
*4(*+$2*,)'1!)*4)%!)#')!'+*!&-,%$%)*,)!$,!)*+2%!-3!'&&*%%$0$1$)<;!&-#*%$-,!',.!7*,*+'1!
*,7'7*2*,)!?$9*9;!)#*!(+*%*,&*!-3!#/2',!$,)*+*%)@!',.!.$33*+!-,1<!$,!)*+2%!-3!
6#*)#*+!)#*!/,$>/*!&-2(-,*,)%!-3!)#*![]U!6*+*!(+*%*,)!$,!)#*!)*4)9!"#*%*!
*4(*+$2*,)'1!)*4)%!6*+*!.*8*1-(*.!6$)#!)#*!7/$.',&*!-3!%&$*,)$%)%;!1$)*+'+<!*4(*+)%;!
)*'&#*+%!',.!%)/.*,)%!)-!.$33*+!$,!)*+2%!-3!7*,+*!?[]U!',.!,-,C[]U!8*+%$-,%@!',.!
)-($&!?+'.$-'&)$8$)<!',.!)#*!/%*!-3!)*1*%&-(*%!)-!1*'+,!'0-/)!&*+)'$,!'%(*&)%!-3!
%('&*@9!!
! :.*,)$3<$,7!)#*!&-22-,!*1*2*,)%!$,![]U%!6'%!)#*!3$+%)!%)*(!$,!)#*!(+-&*%%!-3!
'.'()$,7!',.!.*8*1-($,7!)#*!*4(*+$2*,)'1!)*4)%!3-+!2$..1*!%&#--1!%)/.*,)%9!"#*%*!
3-/+!&-22-,!*1*2*,)%!?1-8*!3-+!)#*!6-+5;!)#*!5,-6,;!)#*!/,5,-6,!',.!)#*!(+-&*%%!
)-6'+.%!.$%&-8*+<@!%*+8*.!'%!'!7/$.*!3-+!*,%/+$,7!)#')!)#*!*4(*+$2*,)'1![]U%!'+*!
&-2('+'01*!)-!)#*!3$+%)C#',.!'&&-/,)%!<*)!6+$))*,!')!'!1*8*1!'((+-(+$')*!3-+!<-/,7!
+*'.*+%!6$)#!1$))1*!)-!,-!(+$-+!5,-61*.7*!-3!)#*!)'+7*)*.!%&$*,)$3$&!$,3-+2')$-,9!"#*!
,-,C[]U!&-2('+$%-,!)*4)%!'+*!&-2('+'01*!)-!)#*!(+-)-)<($&'1![]U%!$,!*8*+<!6'<;!
%'8*!)#*!3-/+!&-22-,!*1*2*,)%9!!"#*!%&$*,)$3$&!$,3-+2')$-,!(+*%*,)*.!$,!)#*!,-,C
[]U!)*4)%!$,&1/.*%!*4(1',')$-,%!-3!)#*!)'+7*)*.!&-,&*()%!6$)#-/)!)#*!.$%&-8*+<!
(+-&*%%;!6#$&#!$,'.8*+)*,)1<!2'<!7$8*!)#*!$2(+*%%$-,!)#')!)#$%!%&$*,)$3$&!
$,3-+2')$-,!6'%!'16'<%!5,-6,!)-!)#*!+*%(*&)$8*!3$*1.!-3!%)/.<;!#*,&*!)#*$+!,'2*;!
&-,&*()/'11<!5,-6,!*4(-%$)$-,%!?=ED%@9!!!
! :,!-+.*+!)-!2'$,)'$,!&-,%$%)*,&<!$,!)#*!>/'1$)<!-3!'11!3-/+!*4(*+$2*,)'1!)*4)%;!:!
/%*.!'!)#*-+*)$&'11<!7+-/,.*.;!&-11'0-+')$8*!'((+-'&#!3-+!.*8*1-($,7!)#*![]U!',.!
=ED!)*4)!8*+%$-,%!3-+!*'&#!)-($&9!!"#*!+')$-,'1*!3-+!)#$%!)#*-+*)$&'11<!.*1$0*+')*!',.!
&-2(1*4!6+$)$,7!(+-&*%%!$%!)6-C3-1.9!!^$+%);!$)!$%!&+$)$&'1!?',.!*)#$&'1@!)#')!)#*!2$..1*!
%&#--1!('+)$&$(',)%!$,!2<!%)/.<!'+*!*4(-%*.!)-!#$7#!>/'1$)<!)*4)%!)#')!&',!3'&$1$)')*!
&-,&*()/'1!1*'+,$,79![*&-,.;!$)!$%!$2(-+)',)!)#')!2<!%)/.<!$%!-,1<!'!&-2('+$%-,!-3!
7*,+*!?$9*9;![]U!8%9!=ED@!6#$1*!#-1.$,7!'11!-)#*+!>/'1$)$*%!&-,%)',);!6#$&#!$,&1/.*%!
)#*!>/'1$)<!-3!6+$)$,79!"#/%;!2/1)$(1*!$)*+')$-,%!-3!-/)1$,$,7;!.+'3)$,7!',.!*.$)$,7!
&-22*,&*.!6$)#!'!%)*'.<!3-&/%!-,!2'$,)'$,$,7!'&&*%%$0$1$)<!',.!&-#*%$-,!
)#+-/7#-/)!'11!3-/+!)*4)%9!!"#$%!$)*+')$8*!(+-&*%%!$,8-18*.!)#*!*.$)-+$'1!%/((-+)!-3!
%&$*,)$%)%!'%!6*11!'%!1$)*+'+<!%(*&$'1$%)%!)-!*,%/+*!&-,&*()/'1!'&&/+'&<!',.!
'&&-/,)'0$1$)<!3-+!.*8*1-($,7!&-#*%$8*!',.!*,7'7$,7!)*4)%!'&+-%%!7*,+*%9!
! A!3$,'1!*8'1/')$8*!(+-&*%%!3-+!'11!3-/+!*4(*+$2*,)'1!)*4)%!$,8-18*.!'!%*+$*%!-3!
)#$,5C'1-/.%!6$)#!KH!2$..1*!%&#--1!('+)$&$(',)%!6#-!#*1(*.!)-!3/+)#*+!+*3$,*!)#*!
)*4)%!$,!)*+2%!-3!7*,*+'1!'&&*%%$0$1$)<!',.!&-#*%$-,9!!A..$)$-,'11<;!:!'%5*.!3-/+!
2$..1*!%&#--1!)*'&#*+%!)-!$,.$8$./'11<!*8'1/')*!)#*!3-/+!*4(*+$2*,)'1!)*4)%;!'11!-3!
6#-!'7+**.!)#')!'11!)*4)%!6*+*!%/33$&$*,)1<!&-,%$%)*,)!$,!)*+2%!-3!>/'1$)<!',.!
*,7'7*2*,)9!!g-6*8*+;!)#*+*!6'%!.$%'7+**2*,)!'2-,7!)#*%*!)*'&#*+%!$,!)*+2%!-3!
6#$&#!7*,+*!6-/1.!*1$&$)!7+*')*+!1*8*1%!-3!*,7'7*2*,)!',.!)#/%!+*%/1)!$,!7+*')*+!
1*8*1%!-3!/,.*+%)',.$,7!',.!+*&'11!-3!&-,&*()/'1!$,3-+2')$-,9!d,1<!-,*!)*'&#*+!
0*1$*8*.!)#')!)#*![]U!8*+%$-,%!6-/1.!*1$&$)!7+*')*+!+*&-7,$)$-,!(*+3-+2',&*9!"#*!
+*2'$,$,7!)#+**!)*'&#*+%!&-,&1/.*.!)#')!'11!3-/+!)*4)%!#'.!',!*>/'1!&#',&*!-3!
*,7'7$,7!%)/.*,)%;!.*(*,.$,7!-,!$,.$8$./'1!$,)*+*%)%!$,!('+)$&/1'+!%&$*,&*!&-,)*,)9!
g-6*8*+;!-,*!-3!)#*!)#+**!$,!'7+**2*,)!(-%)/1')*.!)#')!)#-%*!%)/.*,)%!6$)#!'!



 79!

('+)$&/1'+!$,)*+*%)!$,!%&$*,&*!2$7#)!3$,.!)#*!%)-+<!*1*2*,)%!-3!)#*![]U!)*4)%!)-!0*!
.$%)+'&)$,7!',.!)#/%!1*%%!'((*'1$,79!
! "#*!.$33*+*,&*!$,!-($,$-,%!-3!)#*%*!)*'&#*+%!+*'33$+2*.!)#*!&-,%$%)*,&<!$,!)#*!
7*,*+'1!>/'1$)<!-3!'11!3-/+!*4(*+$2*,)'1!)*4)%9!!X$)#!)#*!*4&*()$-,!-3!)#*!/,$>/*!
&-2(-,*,)%!-3!)#*![]U;!'11!)*4)%!'+*!&-2('+'01*!$,!)*+2%!-3!'&&*%%$0$1$)<!',.!
7*,*+'1!#/2',!$,)*+*%);!)#/%!(+-8$.$,7!'!%-1$.!7+-/,.!3-+!$,8*%)$7')$,7!)#*!
('+)$&/1'+!0*,*3$)%!-3![]U%!3-+!/,.*+%)',.$,7!',.!+*2*20*+$,7!%&$*,)$3$&!
$,3-+2')$-,9!
! In the fourth chapter, I described the randomized, controlled experimental study 

in which I compared how well two different genres (SDN and CKE) of science texts 

elicited interest, conceptual understanding and long term knowledge recognition from 

participating middle school students.  During this study, 209 7
th

 and 8
th

 grade participants 

were randomly assigned to read two of four science texts that differed according to topic 

(Radioactivity and Seeing at a Distance) and type of text (SDN and CKE), and then 

answered a series of questions about the conceptual information presented in each text.  

A week later, participants answered another series of questions about these same two 

topics in order to determine the effects of a particular type of science text on longer term 

knowledge recognition.!
 Participants generally recalled a significantly greater level of conceptual 

information for both the first and second tasks of knowledge recognition when they read 

the SDN version of Seeing at a Distance.  This same result was present for the second 

recognition task for Radioactivity. The difference between the SDN and CKE versions of 

Radioactivity was non-significant for 8
th

 grade participants, potentially due to the 

reported high level of prior conceptual knowledge among 8
th

 grade students on this topic.  

Additionally, the effect of the SDN was significantly greater for participants of 

/,.*++*(+*%*,)*.!2$,-+$)<!7+-/(%!?$9*9;!2'$,1<;!$,!)#*%*!%&#--1%;!N')$,-!',.!A3+$&',C
A2*+$&',) on all recognition tasks except the second recognition task for Seeing at a 

Distance. 

 These findings in favor of the SDN suggest two points.  First, the SDN is an 

important learning tool for those with less prior knowledge about a given concept.  

Presenting conceptual information within the context of discovery promotes 

understanding and long-term memory of key conceptual information.  Second, the 

interactions for ethnicity suggest that students of marginalized ethnicities benefit even 

more from the SDN, thus strengthening the argument for including the discovery process 

in school science texts. 

 These findings prompt me to  leave readers of this dissertation with two final 

thoughts, the first of which focuses on the take away points from the empirical study 

while the second expands this discussion to future research endeavors.  

 First, the essential point from the empirical study presented in Chapter 4 is that 

students benefit when they learn about how scientists learn about our world and have the 

opportunity to read texts that expose the historical progression of scientific knowledge.  

To only present the knowledge about what we think is true about the world is not truly 

science but merely a collection of information. However, I am not advocating for a 

complete revolution in the genre of school science texts.  Not every text has to be an 

SDN. However, when students have the chance to read about scientific concepts in their 

historical and personal context, science comes to life, and that excitement may inspire 
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extended readings of more technically descriptive information within the domain. 

Perhaps many of the students who reported engaging in further independent research after 

the first encounter with the SDNs were reading expository texts about the conceptual 

information presented in the experimental texts.  The discovery narrative elevated both 

the importance and meaning of the highlighted concepts, which in turn made expository 

texts about these concepts important and meaningful to the students. 

 Second, our schools, teachers, and students desperately need better quality school 

science texts. It took approximately two years of research and development to create the 

texts for this study.  Granted, much of this time was devoted to understanding the 

theoretical underpinnings of the SDN, and then operationalizing the theory through many 

drafts of the experimental texts, but unless our profession is willing to devote extensive 

time to the development and empirical evaluation of science texts, our students will 

continue to read and regurgitate the fact-laden, interest-barren texts that dominate the 

current marketplace of science textbooks.!
 As a recent entrant into the educational research community, I believe we must 

hold the textbook industry to a higher standard when it comes to their text development 

process. We must insist that they provide students with quality texts that, while 

promoting knowledge, also promote a sense of the inquiry process and sense of joy that 

guides scientific discovery. This dissertation study is just a starting point. I plan to 

expand this line of inquiry over the next few years, and I hope others will join the effort. 

Our students deserve nothing less. 

!
(

(
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approach enables us to 
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6'<!(-%%$01*9!
 

 

 

 

 

 

 

 

 

 

 

 

 

 

ma'7*!KGn!
! "-!2'5*!)#*!0*%)!1*,%*%;!J'1$1*-!3$+%)!#'.!)-!3$,.!&1*'+!71'%%!)#')!#'.!,-!'$+!
0/001*%;!6#$&#!6'%!#'+.!)-!3$,.!./+$,7!#$%!)$2*9!!g*!6-+5*.!'11!.'<!3-+!2',<!
2-,)#%!&/))$,7;!7+$,.$,7!',.!(-1$%#$,7!&-/,)1*%%!71'%%!1*,%*%;!&'+*3/11<!%#'($,7!*'&#!
-,*9![-2*!-3!#$%!1*,%*%!+*3+'&)*.!2-+*!%)+-,71<!)#',!-)#*+%;!7$8$,7!'!7+*')*+!&#',7*!
$,!6#')!#*!&-/1.!%**9!!g*!)--5!&'+*3/1!,-)*%!-,!#-6!#*!&#',7*.!)#*!%#'(*!',.!
)#$&5,*%%!-3!*'&#!1*,%!0*3-+*!#*!6-/1.!)+<!'7'$,!6$)#!'!,*6!1*,%9!O-%)!-3!)#*!1*,%*%!
)#')!#*!&+*')*.!.$.!,-)!6-+5;!0/)!#*!1*'+,*.!3+-2!2'5$,7!*'&#!-,*9!!^$,'11<;!#*!
1*'+,*.!)#')!)#*!&-,&'8*!1*,%!#'.!)-!+*3+'&)!1$7#)!2-+*!%)+-,71<!)#',!)#*!&-,8*4!1*,%!
$,!-+.*+!)-!&1*'+1<!%**!)#*!%/+3'&*!-3!)#*!2--,9!"-!2'5*!)#*!&-,&'8*!1*,%!+*3+'&)!
2-+*;!)#*!%#'(*!-3!)#*!1*,%!#'.!)-!#'8*!'!7+*')*+!$,6'+.!&/+8*9!
!
ma'7*!KKn!
! X#*,!J'1$1*-!1--5*.!)#+-/7#!#$%!,*6!)*1*%&-(*;!#*!&-/1.!%**!)#*!%/+3'&*!-3!
)#*!2--,;!',.!%-!#*!0*7',!#$%!3$+%)!&1-%*!1--5!$,)-!%('&*9!!g*!%1*()!./+$,7!)#*!.'<!$,!
-+.*+!)-!6-+5!',.!%**!)#*!2--,!')!,$7#)9!O',<!(*-(1*!)#-/7#)!)#')!)#*!2--,!6'%!'!
%2--)#!0'11!6$)#!'!1$7#)!-3!$)%!-6,9!!U-6!)#')!J'1$1*-!#'.!'!&1-%*+!1--5!)#+-/7#!#$%!
)*1*%&-(*;!#*!+*'1$T*.!)#')!)#*!2--,\%!%/+3'&*!#'.!2-/,)'$,%!',.!8'11*<%9!
! D8*,!)#-/7#!J'1$1*-!&-/1.!%**!'!1-)!-3!.*)'$1;!#$%!)*1*%&-(*!6-/1.!-,1<!1*)!#$2!
%**!'!%2'11!('+)!-3!)#*!2--,!')!'!)$2*9!"#*!1-,7*+!#*!2'.*!#$%!)/0*;!)#*!2-+*!.*)'$1!
#*!&-/1.!%**;!0/)!-,1<!$,!%2'11*+!('+)%9!"#*!)+'.*-33!3-+!%**$,7!2-+*!.*)'$1!$%!)#')!#*!
6-/1.!%**!1*%%!-3!)#*!6#-1*!2--,9!X#')!$%!%**,!)#+-/7#!)#*!)*1*%&-(*!$%!)#*!b3$*1.!-3!
8$*69c!M*&'/%*!#$%!)*1*%&-(*!#'.!'!8*+<!%2'11!3$*1.!-3!8$*6;!#*!#'.!)-!2-8*!#$%!
)*1*%&-(*!'+-/,.!)-!&1*'+1<!%**!'11!)#*!('+)%!-3!)#*!2--,9!
 

"*1*%&-(*!6$)#!&-,&'8*!',.!&-,8*4!1*,%*%9!

!
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! J'1$1*-!.*&$.*.!)-!%)/.<!)#*!2--,!*8*+<!3*6!2$,/)*%!)#+-/7#-/)!)#*!,$7#)!
3-+!%*8*+'1!2-,)#%9!D'&#!)$2*!#*!1--5*.!)#+-/7#!#$%!)*1*%&-(*;!#*!6-/1.!2'5*!
.+'6$,7%!-3!*8*+<!.*)'$19!!"#*,;!#*!2'.*!'!6#-1*!.+'6$,7!3+-2!'11!)#*!('+)%9!
 

 

 

 

 

 

 

 

!
ma'7*!Ken!
! ]/+$,7!J'1$1*-\%!)$2*;!(*-(1*!0*1$*8*.!)#')!*8*+<)#$,7!6*!&-/1.!%**!$,!)#*!
,$7#)!%5<!2-8*.!'+-/,.!)#*!D'+)#9!J'1$1*-!6-,.*+*.!$3!)#$%!6'%!)+/*;!',.!%-!6$)#!#$%!
2$7#)<!)*1*%&-(*;!#*!0*7',!)-!%)/.<!)#*!(1',*)!&'11*.!_/($)*+9!"#+-/7#-/)!)#*!,$7#);!
#*!6-/1.!2'5*!#$%!.+'6$,7%!-3!_/($)*+;!)'5$,7!,-)*!-3!*8*+<!2'+5!)#+-/7#!#$%!
(-6*+3/1!1*,%*%9!
 

 

 

 

 

 

 

 

 

 

 

ma'7*!K`n!
! g*!1--5*.!)#+-/7#!#$%!)*1*%&-(*!*8*+<!,$7#);!P/%)!'%!#*!.$.!6$)#!)#*!2--,9!!A)!
3$+%);!#*!)#-/7#)!)#')!)#*+*!6*+*!3-/+!0+$7#)!%)'+%!,*'+!_/($)*+;!0/)!)#*%*!%)'+%!
%**2*.!)-!2-8*!'+-/,.!_/($)*+!$,!)#*!%'2*!.$+*&)$-,!*8*+<!,$7#)9!A3)*+!'!3*6!
2-,)#%!',.!2',<!.+'6$,7%;!#*!+*'1$T*.!)#')!)#*%*!%)'+%!6*+*!'&)/'11<!3-/+!2--,%9!!

o$*6!A! o$*6!M!

o$*6!A!#'%!'!%2'11*+!3$*1.!-3!8$*6!)#',!o$*6!M9!!!

3'#G-.4(06(%"&(

;00.E((

F"#%(G&(,#.(/&&(%"'054"(%"&(U#2-2&#.(%&2&/,0$&E(

_/($)*+!
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M*3-+*!)#$%!)$2*;!,-!-,*!5,*6!)#')!)#*+*!6*+*!-)#*+!2--,%!-/)!$,!%('&*9!!J'1$1*-!
1*'+,*.!3+-2!#$%!.+'6$,7%!)#')!)#*%*!2--,%!+-)')*!'+-/,.!_/($)*+!P/%)!'%!-/+!2--,!
+-)')*%!'+-/,.!)#*!D'+)#9!J'1$1*-!6'%!)#*!3$+%)!)-!#'8*!*8$.*,&*!)#')!)#*!D'+)#!6'%!
,-)!')!)#*!&*,)*+!-3!*8*+<)#$,7;!'%!*8*+<-,*!#'.!0*1$*8*.9!!A1)#-/7#!#$%!.+'6$,7%!.$.!
,-)!(+-8*!)#')!)#*!%/,!6'%!)#*!&*,)*+!-3!*8*+<)#$,7!'%!=-(*+,$&/%!'+7/*.;!
.$%&-8*+$,7!)#*!2--,%!-3!_/($)*+!6'%!',-)#*+!%)*(!)-6'+.%!)#*!)+/)#!'0-/)!-/+!
/,$8*+%*9!
!
ma'7*!KHn!
! J'1$1*-!6'%!*4&$)*.!)-!.$%&-8*+!)#*!2-/,)'$,%!',.!8'11*<%!-3!-/+!2--,!',.!
)#*!3-/+!2'P-+!2--,%!-3!_/($)*+9!"#*!1*,%*%!-3!J'1$1*-\%!)*1*%&-(*!#'8*!1*.!)#*!6'<!)-!
*8*,!0*))*+!)*1*%&-(*%!)#')!&',!#*1(!/%!%**!*8*,!2-+*!2--,%!+*8-18$,7!'+-/,.!
_/($)*+9!!"#*%*!.$%&-8*+$*%!'0-/)!-/+!%-1'+!%<%)*2!#*1(!/%!)-!/,.*+%)',.!)#*!D'+)#!
',.!$)%!(1'&*!$,!)#*!/,$8*+%*9!
 

 

>G0(V5-,A(:'#G-.4/(06(f5$-%&'(#.:(-%/(;00./E((

>"&/&(:'#G-.4/(#'&(6'0;(%G0(:-66&'&.%(.-4"%/E((

!

f5$-%&'(
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<$$&.:-?(K*((!0LB&%'-?(a5%$5%(60'(<22(M05'(9?$&'-;&.%#2(>&?%/(

!
"#*!3-11-6$,7!)'01*%!%#-6!$,.$&*%!-+7',$T*.!0<!%$4!&')*7-+$*%W!!'@!7*,*+'1!
$.*,)$3$&')$-,;!0@!+*'.'0$1$)<;!&@!7*,*+'1!6-+.!',.!)*4)!$,3-+2')$-,;!.@!%<,)'&)$&!
>/'1$)<;!*@!+*3*+*,)$'1!',.!%*2',)$&!>/'1$)<;!',.!3@!%$)/')$-,'1!2-.*1!.$2*,%$-,%9!
[-2*!$,.$&*%!'+*!(+*%*,)*.!2-+*!)#',!-,&*!$,!0*&'/%*!)#*<!+*1')*!)-!2-+*!)#',!-,*!
&')*7-+<9!!
!
)E U&.&'#2(=:&.%-6-,#%-0.(#.:(X&6&'&.,&(=.60';#%-0.((
>-%2&( 3&/,'-$%-0.(06(%&?%( U&.'&(( +05',&(( O+<+$#,&((

VA]�=ED!

!
=ED!8*+%$-,!-3!.24,*2)&,/,&3$
! [&$*,&*! [*13!7*,*+')*.! =-11*7*N*8*1!

VA]�[]U! []U!8*+%$-,!-3!.24,*2)&,/,&3$ [&$*,&*! [*13!7*,*+')*.! =-11*7*N*8*1!

"DN�=ED!
=ED!8*+%$-,!-3!%##,-8$2&$2$
S,1&2-)#$ [&$*,&*! [*13!7*,*+')*.! =-11*7*N*8*1!

"DN�[]U!
[]U!8*+%$-,!-3!%##,-8$2&$2$
S,1&2-)#$ [&$*,&*! [*13!7*,*+')*.! =-11*7*N*8*1!

!
JE X&#:#@-2-%1(=.:-,&/(

!
TE U&.&'#2(F0':(#.:(>&?%(=.60';#%-0.(

TE)E((K#/-,(,05.%((

>-%2&(

X9<37I(

\75;@&'(06(

I#'#4'#$"/\(

X9<37+(

\75;@&'(06(

+&.%&.,&/\(

X9<37F(

\75;@&'(

06(F0':/\(

X9<3<IO(

\<8&'#4&(

+&.%&.,&/(

$&'(

I#'#4'#$"\(

X9<3<+F(

\<8&'#4&(

+122#@2&/(

$&'(F0':\(

X9<3<+O(

\<8&'#4&(

F0':/(

$&'(

+&.%&.,&\(

VA]�=ED! K`! HS! LHR! `9GSK! K9QF! KQ9RGS!

VA]�[]U! FK! QS! KFKe! e9KL! K9HSL! KR9KG`!

"DN�=ED! K`! HH! KFKG! `! K9eQe! KR9LeR!

"DN�[]U! KS! SK! KeeF! `9KSQ! K9eSH! KR9SQK!

!
!
!
!

>-%2&(

X9<3<+O(\<8&'#4&(

F0':/($&'(

+&.%&.,&\(

X9<3<+F(

\<8&'#4&(

+122#@2&/($&'(

F0':\(

X9<3MX9(\M2&/,"(

X&#:-.4(9#/&(

+,0'&(Z]L)]][\(

X9<3MQUO(

\M2&/,"LQ-.,#-:(

U'#:&(O&8&2(Z]L

)J[\(

VA]�=ED! KQ9RGS! K9QF! HF9SF`! KG9GRK!

VA]�[]U! !KR9KG`! K9HSL! H`9RSQ! KG9KGe!

"DN�=ED! KR9LeR! K9eQe! SF9eGe! S9RSL!

"DN�[]U! KR9SQK! K9eSH! SK9`QR! S9LHF!



 111!

TEJE(M'&V5&.,-&/(

>-%2&(

MXY!X#,G(\!&2&?W(

'#GW(;&#.(60'(

,0.%&.%(G0':/(Z]L

)W]]]W]]][\(

MXY!O#,G(\!&2&?W(

204#'-%";W(;&#.(

60'(,0.%&.%(G0':/(

Z]Lc[\(

MXY!X;,/(\!&2&?W(

'#GW(;-.-;5;(-.(

/&.%&.,&(60'(

,0.%&.%(G0':/(Z]L

)W]]]W]]][\(

MXY!O;,/(

\!&2&?W(

204#'-%";W(

;-.-;5;(-.(

/&.%&.,&(60'(

,0.%&.%(G0':/(

Z]Lc[\(

VA]�=ED! FLHe9GeR! F9eQS! FS9KRR! K9GHS!

VA]�[]U! FHHe9GSF! F9eQe! FS9GQS! K9GR!

"DN�=ED! FKGF9QL`! F9`K`! FH9SFL! K9e`Q!

"DN�[]U! F`KG9KQK! F9`HR! FL9FHQ! K9eLF!

!
TETE !0.,'&%&.&//(

>-%2&(

FaX3!#,G(

\!0.,'&%&.&//W(;&#.(60'(

,0.%&.%(G0':/\(

FaX3!;,/(

\!0.,'&%&.&//W(

;-.-;5;(-.(/&.%&.,&(

60'(,0.%&.%(G0':/\(

VA]�=ED! eSQ9KH! KRQ!

VA]�[]U! eQR9HKQ! KHR!

"DN�=ED! `FG9FRR! KHR!

"DN�[]U! `KF9e`H! KHR!

!
TE^E N1$&'.1;1(

>-%2&(

Ng7aR7#G(\B&#.(

"1$&'.1;(8#25&/(06(

.05./\(

NgS9XK#G(\B&#.(

"1$&'.1;(8#25&/(06(

8&'@/\(

VA]�=ED! `9e`H! K9`Ge!

VA]�[]U! `9`LL! K9eHF!

"DN�=ED! `9LQ! K9QKR!

"DN�[]U! H! K9QFQ!

!
^E +1.%#,%-,(=.:-,&/(

^E)E(!0./%-%5&.%/(

>-%2&(

397+7I(

\705.(

I"'#/&(

=.,-:&.,&(

+,0'&(Z$&'(

%"05/#.:(

G0':/[\(

+g77I(

\B&#.(

.5;@&'(06(

;0:-6-&'/(

$&'(.05.L

$"'#/&\(

+g7NG(\B&#.(

.5;@&'(06(

"-4"&'(2&8&2(

,0./%-%5&.%/(

$&'(G0':\(

+g7O9(\B&#.(

.5;@&'(06(

G0':/(@&60'&(

%"&(;#-.(

8&'@(06(;#-.(

,2#5/&(-.(

/&.%&.,&/\(

39779U-(

\75;@&'(06(

.&4#%-0./W(

-.,-:&.,&(

/,0'&\(

VA]�=ED! FQ`9GLF! G9LFK! G9SeK! H9`eL! H9FKL!

VA]�[]U! FHL9QRS! G9LGR! G9SeF! `9SQK! R9F``!

"DN�=ED! FSQ9FRH! G9RSH! G9SFF! `9QRR! `9SKH!

"DN�[]U! FRG9SRK! G9RKQ! G9See! `9Q`R! Q9SHS!

!
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^EJE(I'0.05./W(%1$&/(#.:(%0A&./(

>-%2&(

397+IXJ(\X#%-0(

06($'0.05./(%0(

.05.($"'#/&/\(

397IXI-(\I&'/0.#2(

$'0.05.(-.,-:&.,&(

/,0'&\(

>gI>aQ,(\>1$&L%0A&.(

'#%-0(60'(#22(,0.%&.%(

G0':/\(

VA]�=ED! G9KH! eL9QQQ! G9`L`!

VA]�[]U! G9KL! `L9`Q`! G9HKL!

"DN�=ED! G9FF! QG9RF! G9FRR!

"DN�[]U! G9FFH! Qe9GQe! G9`G`!

!
^E^E((!0..&,%-8&/(
!*&20$)*--#)&,/#1$

>-%2&(\>-%2&\(

!a7-(\=.,-:&.,&(06(

#22(,0..&,%-8&/\(

397!a73-(\75;@&'(

06(,0.:-%-0.#2(

&?$'&//-0./W(

-.,-:&.,&(/,0'&\(

VA]�=ED! QS9RH! F9GRR!

VA]�[]U! RR9FKK! F9`Se!

"DN�=ED! H`9QLK! K9RRQ!

"DN�[]U! H`9RGH! F9FHF!

!
:*1,&,/#$)*--#)&,/#1I$

>-%2&(\>-%2&\(

!a7<3$-(

\=.,-:&.,&(06(

$0/-%-8&(#::-%-8&(

,0..&,%-8&/\(

!a7>I$-(

\=.,-:&.,&(06(

$0/-%-8&(

%&;$0'#2(

,0..&,%-8&/\(

!a7!+$-(

\=.,-:&.,&(06(

$0/-%-8&(,#5/#2(

,0..&,%-8&/\(

!a7OU$-(

\=.,-:&.,&(06(

$0/-%-8&(204-,#2(

,0..&,%-8&/\(

VA]�=ED! FS9K`! L9eLH! FH9GHF! KR9SRL!

VA]�[]U! `H9e`F! KK9H`F! Fe9LGR! FF9FHL!

"DN�=ED! KR9eRR! S9H``! FG9FSe! KR9eRR!

"DN�[]U! KR9SQL! R9FHR! FG9FS! KH9SQQ!

!
!
;#82&,/#$)*--#)&,/#1I$

>-%2&(\>-%2&\(

!a7<3.-(

\=.,-:&.,&(06(

.&4#%-8&(

#::-%-8&(

,0..&,%-8&/\(

!a7>I.-(

\=.,-:&.,&(06(

.&4#%-8&(

%&;$0'#2(

,0..&,%-8&/\(

!a7!+.-(

\=.,-:&.,&(06(

.&4#%-8&(

,#5/#2(

,0..&,%-8&/\(

!a7OU.-(

\=.,-:&.,&(06(

.&4#%-8&(

204-,#2(

,0..&,%-8&/\(

VA]�=ED! H9FKL! G! G! H9FKL!

VA]�[]U! L9RLe! G! K9Q`L! KK9H`F!

"DN�=ED! R9GKH! G! G9L`e! R9LHR!

"DN�[]U! Q9SHS! G! K9HGF! R9FHR!

!
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^EbE(O04-,#2(a$&'#%0'/(

>-%2&(\>-%2&\(

397OaU-(\O04-,#2(

0$&'#%0'(-.,-:&.,&(/,0'&(

Z#.:(h(-6(h(0'(h(,0.:(h(

.&4[\(

VA]�=ED! e`9``S!

VA]�[]U! HF9SQF!

"DN�=ED! F`9G`H!

"DN�[]U! FQ9FSQ!

!
^EcE(+&.%&.,&(/1.%#?(/-;-2#'-%1(

>-%2&(\>-%2&\(

+>XR>#(\+&.%&.,&(

/1.%#?(/-;-2#'-%1W(

#:P#,&.%\(

+>XR>%(\+&.%&.,&(

/1.%#?(/-;-2#'-%1W(

#22W(#,'0//(

$#'#4'#$"/\(

+>XR>$(\+&.%&.,&(

/1.%#?(/-;-2#'-%1W(

/&.%&.,&(#22W(

G-%"-.($#'#4'#$"/\(

VA]�=ED! G9KK`! G9K! G9GLR!

VA]�[]U! G9K! G9GRH! G9GR!

"DN�=ED! G9GLF! G9GRQ! G9GLe!

"DN�[]U! G9KGS! G9GLF! G9KGe!

!
!
bE(X&6&'&.%-#2(#.:(+&;#.%-,(=.:-,&/(

bE)E(<.#$"0'(

>-%2&(\>-%2&\(

!X9MI)5(

\<.#$"0'(

'&6&'&.,&W(

#:P#,&.%W(

5.G&-4"%&:\(

!X9MI#5(\<.#$"0'(

'&6&'&.,&W(#22(

:-/%#.,&/W(

5.G&-4"%&:\(

VA]�=ED! G9FQR! G9GLQ!

VA]�[]U! G9e`R! G9KHe!

"DN�=ED! G9eQL! G9KRe!

"DN�[]U! G9``e! G9KLS!

!
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!
bEJE(!0L'&6&'&.,&(

>-%2&(

\>-%2&\(

!X9M<)5(

\<'45;&.%(

a8&'2#$W(

#:P#,&.%W(

5.G&-4"%&:\(

!X9M<#5(

\<'45;&.%(

a8&'2#$W(#22(

:-/%#.,&/W(

5.G&-4"%&:\(

!X9M+)5(\+%&;(

a8&'2#$W(

#:P#,&.%W(

5.G&-4"%&:\(

!X9M+#5(

\+%&;(

a8&'2#$W(#22(

:-/%#.,&/W(

5.G&-4"%&:\(

!X9M!)5(

\I'0$0'%-0.(

06(,0.%&.%(

G0':/(%"#%(

08&'2#$(

@&%G&&.(

#:P#,&.%(

/&.%&.,&/\(

VA]�=ED! G9SRQ! G9HSK! G9RFK! G9QFL! G9KQQ!

VA]�[]U! G9SKF! G9HLF! G9QHF! G9HS`! G9K`K!

"DN�=ED! G9RHQ! G9QGS! G9RF! G9H`R! G9KRL!

"DN�[]U! G9RSK! G9Q`! G9R`e! G9HQF! G9KL!

!
bETE(O#%&.%(+&;#.%-,(<.#21/-/(ZO+<[(

>-%2&(\>-%2&\(

O+<#//#(\O+<W(

+&.%&.,&(%0(

+&.%&.,&W(#:P#,&.%W(

;&#.\(

O+<$//#(\O+<W(

/&.%&.,&/W(#22(

,0;@-.#%-0./W(

;&#.\(

O+<$$#(\O+<W(

I#'#4'#$"(%0(

I#'#4'#$"W(;&#.\(

VA]�=ED! G9`R`! G9eL! G9QHe!

VA]�[]U! G9`FS! G9eSL! G9Q`L!

"DN�=ED! G9HFH! G9HFK! G9QHF!

"DN�[]U! G9HKe! G9HGR! G9QeQ!

!
cE !#5/#2(3-;&./-0.(

cE)E !#5/#2(:-;&./-0.(

>-%2&(\>-%2&\(

!<R+SI(\=.,-:&.,&(

06(,#5/#2(8&'@/W(

2-.A/W(#.:($#'%-,2&/\(

!<R+!(\X#%-0(06(

,#5/#2($#'%-,2&/(%0(

,#5/#2(8&'@/(Z,$(

:-8-:&:(@1(,8h)[\(

VA]�=ED! Qe9QS`! G9QeF!

VA]�[]U! QS9QGK! G9HLQ!

"DN�=ED! HL9RSS! G9H`F!

"DN�[]U! QG9GQ! G9HHR!

!
cEJE =.%&.%-0.#2(:-;&./-0.(

>-%2&(\>-%2&\(

=7>9!(\X#%-0(06(

-.%&.%-0.#2($#'%-,2&/(

%0(-.%&.%-0.#2(

,0.%&.%\(

=7>9-(\=.,-:&.,&(

06(-.%&.%-0.#2(

#,%-0./W(&8&.%/W(

#.:($#'%-,2&/E\(

VA]�=ED! G! R9eHK!

VA]�[]U! G! KG9SKS!

"DN�=ED! G! KR9eRR!

"DN�[]U! G! KR9SQL!

!
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cETE >&;$0'#2(:-;&./-0.(

>-%2&(\>-%2&\(

>9BI%#(\B&#.(06(

%&./&(#.:(#/$&,%(

'&$&%-%-0.(/,0'&/\(

VA]�=ED! G9SSS!

VA]�[]U! G9Ree!

"DN�=ED! G9SSH!

"DN�[]U! G9RGS!

!
cE^E +$#%-#2(:-;&./-0.(

>-%2&(\>-%2&\(

+I<>!(\B&#.(06(

20,#%-0.(#.:(

;0%-0.('#%-0(

/,0'&/E\(

VA]�=ED! G9`Fe!

VA]�[]U! G9`GS!

"DN�=ED! G9`HR!

"DN�[]U! G9`SF!

!
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<$$&.:-?(!*((B&#/5'&/(

(
)E((=%&;/(60'(X&,#22W(I"#/&(=(60'(K0%"(>0$-,/E(

X#:-0#,%-8-%1(>&?%W(X&,#22(=( +&&-.4(#%(#(3-/%#.,&(>&?%W(X&,#22(=(

K9!!X#')!.$.!<-/!3$,.!2-%)!$,)*+*%)$,7!
3+-2!)#$%!)*4)Y(Z0$&.L&.:&:[!

!

K9!!X#')!.$.!<-/!3$,.!2-%)!$,)*+*%)$,7!
3+-2!)#$%!)*4)Y(Z0$&.L&.:&:[!

!
F9!!]-!<-/!#'8*!',<!>/*%)$-,%!-3!<-/+!

-6,!'0-/)!)#$%!)-($&Y!!X+$)*!)#*%*!
>/*%)$-,%!0*1-69(Z0$&.L&.:&:[!

!

F9!!]-!<-/!#'8*!',<!>/*%)$-,%!-3!<-/+!
-6,!'0-/)!)#$%!)-($&Y!!X+$)*!)#*%*!
>/*%)$-,%!0*1-69(Z0$&.L&.:&:[!

!

e9 U-)!'11!-3!)#*!$)*2%!0*1-6!'+*!
*1*2*,)%9!!=$+&1*!-,1<!)#*!*1*2*,)%!
?*$7#)!%/0%)',&*%!',.!*1*2*,)%!'+*!
1$%)*.@!

!

e9 ]+'6!',.!1'0*1!)#*!('+)%!-3!)#*!
J'1$1*',!)*1*%&-(*9!?-(*,C*,.*.@!

!

`9 p-/+!3+$*,.!%#-6%!<-/!'!71-6!%)$&5!
',.!)#$,5%!$)!$%!+'.$-'&)$8*!0*&'/%*!
$)!71-6%9!!D4(1'$,!')!1*'%)!%G0(G#1/!
)-!%#-6!<-/+!3+$*,.!)#')!)#*!71-6!
%)$&5!$%!,-)!+'.$-'&)$8*9!Z0$&.L
&.:&:[!

!

`9 Z%*!)6-!-3!)#*!3-11-6$,7!6-+.%!
?1$%)@!)-!3$11!$,!)#*!01',5%!$,!)#*!
3-11-6$,7!%*,)*,&*W!b:,!-+.*+!)-!
&1*'+1<!%**!.*)'$1%!-,!.$%)',)!
-0P*&)%;!)#*!����?,0.,#8&@�����!1*,%!
2/%)!#'8*!'!7+*')*+!&/+8*!)#',!)#*!
���?,0.8&?@��������!1*,%!$,!'!
)*1*%&-(*9!

!

e9 X#$&#!-3!)#*!3-11-6$,7!$%!',!*1*2*,)!
$,!($)&#01*,.*Y!
'9@!!!+-&5!
@E[((($020.-5;(

&9@!!!7-1.!
.9@!!!&#1-+$,*!
!

H9 A!(*+%-,!6$11!%**!',!-0P*&)!2-%)!
&1*'+1<!6#*,!)#*!1$7#)!)+'8*1%!
.$+*&)1<!)-!)#*W!

'9@ -0P*&)!
09@ *<*!
,E[ '&%-.#(

.9@ 1*,%!
Q9!!V'.$-'&)$8*!*1*2*,)%!'+*!.*&'<$,7;!
6#$&#!2*',%!)#')W!
'9@!!!)#*<!'+*!%1-61<!.<$,7!-/)!
09@!!!)#*<!'+*!7*,*+'11<!/,&#',7*.!
,E[(((%"&1(#'&(20/-.4($#'%/(06(#%0;/(
.9@!!!)#*<!'+*!7'$,$,7!('+)%!-3!')-2%!

!

Q9 ^$,$%#!)#*!3-11-6$,7!%)')*2*,)W!!!
bN*'+,$,7!'0-/)!)#*!2--,%!-3!
_/($)*+!#*1(*.!/%!/,.*+%)',.!9!9!9!b!

!

S9!!A,!*1*&)+-2*)*+!&',W!
'9@ !!-,1<!2*'%/+*!71-6$,7!-0P*&)%!
09@ !!2*'%/+*!&#*2$&'1!+*'&)$-,%!
,E[ ((;&#/5'&(2&8&2/(06(&2&,%'-,-%1(

.9@ !!.$+*&)1<!2*'%/+*!+'.$-'&)$8$)<!
!

S9 =$+&1*!)#*!($&)/+*!0*1-6!6$)#!)#*!
1'+7*%)!3$*1.!-3!8$*69!?%*+$*%!-3!3-/+!
($&)/+*%!3+-2!)#*!0--5;!i**=@!

!
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R9 X#$&#!-3!)#*!3-11-6$,7!$%!)+/*!'0-/)!
+'.$-'&)$8$)<Y!!
'9@ P/%)!'!1$))1*!0$)!-3!*4(-%/+*!6$11!

5$11!<-/9!
09@ $)!$%!',-)#*+!3-+2!-3!*1*&)+$&$)<9!
,E[ -%(,#.(;08&(%"'054"(#2;0/%(

#.1%"-.4E(
.9@ $)!$%!1*%%!(-6*+3/1!$,!(/+*!3-+29!
!

R9 d,1<!-,*!-3!)#*!3-11-6$,7!
%)')*2*,)%!$%!)+/*9!!=$+&1*!-,1<!)#*!
)+/*!%)')*2*,)9!
#E[(>"&(/5'6#,&(06(%"&(;00.(-/(
/-;-2#'(%0(%"&(9#'%"i/(/5'6#,&E(

09@!"#*!D'+)#!2-8*%!'+-/,.!)#*!
2--,!$,!)#*!%'2*!.$+*&)$-,9!

&9@!"#*!D'+)#\%!2--,!2-8*%!'+-/,.!
_/($)*+!$,!)#*!%'2*!.$+*&)$-,9!

.9@!"#*!2--,!$%!'!%2--)#!0'11!-3!
1$7#)!',.!2-8*%!'+-/,.!D'+)#9!

!
L9!!=$+&1*!-,1<!)#*!+'.$-'&)$8*!*1*2*,)%!
?1$%)!-3!R!*1*2*,)%!',.!%/0%)',&*%!
(+*%*,)*.;!1$5*!$,!$)*2!e!3-+!3$+%)!
+*&'11@9!

!

L9 X#$&#!$%!0*))*+!3-+!1--5$,7!')!%2'11!
.*)'$1%!-,!',!-0P*&)!3'+!'6'<!?&$+&1*!
-,*@!!!!!!!!

!!!!!!!!!1-,7!)*1*%&-(*!!!!!!!!!!!!%#-+)!
)*1*%&-(*!!

!
D4(1'$,!<-/+!&#-$&*!0*1-69!Z0$&.L

&.:&:[!
!

KG9!!:,!-+.*+!)-!#'8*!'!&#*2$&'1!
+*'&)$-,;!
#E[(%"&(#%0;/(06(:-66&'&.%(&2&;&.%/(

;5/%(@-.:(%04&%"&'E(

09@!)#*!.$33*+*,)!*1*2*,)%!2/%)!0*!
+'.$-'&)$8*9!

&9@!)#*!')-2%!-3!.$33*+*,)!*1*2*,)%!
2/%)!.$%%-18*9!

.9@!)#*!.$33*+*,)!*1*2*,)%!2/%)!#'8*!
)#*!%'2*!')-2%9!

!

KG9!!X#$&#!-3!)#*!3-11-6$,7!.$'7+'2%!$%!
)#*!@&/%!*4'2(1*!-3!+*3+'&)$-,Y!
?%*+$*%!-3!3-/+!.$'7+'2%!(+*%*,)$,7!
'!7+*<!0-4!',.!'++-6%!(-$,)*.!$,!
.$33*+*,)!.$+*&)$-,%@!

! ! ! ! !
! !
!
!
!

!
!
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JE((=%&;/(60'(X&,#22W(I"#/&(==W(60'(@0%"(%0$-,/E(

X#:-0#,%-8-%1(>&?%W(X&,#22(==( +&&-.4(#%(#(3-/%#.,&(>&?%W(X&,#22(==(

K9!g'8*!<-/!)+$*.!)-!1*'+,!2-+*!'0-/)!
+'.$-'&)$8$)<!%$,&*!<-/!1'%)!+*'.!)#$%!
)*4)Y!!!
! ?&$+&1*!-,*@W!!! pD[! Ud!
!
X+$)*!6#')!<-/!#'8*!.-,*!)-!1*'+,!
2-+*9!!
Z0$&.L&.:&:[!

K9!g'8*!<-/!)+$*.!)-!1*'+,!2-+*!'0-/)!
+'.$-'&)$8$)<!%$,&*!<-/!1'%)!+*'.!)#$%!
)*4)Y!!!
! ?&$+&1*!-,*@W!!! pD[! Ud!
!
X+$)*!6#')!<-/!#'8*!.-,*!)-!1*'+,!
2-+*9!
Z0$&.L&.:&:[!

F9!!A,!*1*2*,)W!
'@ '16'<%!0+*'5%!.-6,!$,)-!%2'11*+!

*1*2*,)%!
@[ /0;&%-;&/(@'&#A/(:0G.(-.%0(

/;#22&'(&2&;&.%/(
&@ ,*8*+!0$,.%!6$)#!-)#*+!*1*2*,)%!
.@ '16'<%!0$,.%!6$)#!-)#*+!

*1*2*,)%!!

F9!!N$7#)!)+'8*1%W!
#[ -.(#(/%'#-4"%(2-.&(:-'&,%21(%0(

05'(&1&/E(
0@ $,!'!&+--5*.!1$,*!.$+*&)1<!)-!-/+!

*<*%9!
&@ $,!'!&$+&1*!)#')!2-8*%!'6'<!3+-2!

-/+!*<*%9!
.@ $,!'!%)+'$7#)!1$,*!.$+*&)1<!'6'<!

3+-2!-/+!*<*%9!
!

e9!!A,!')-2W!
'@ $%!2'.*!/(!-3!.$33*+*,)!*1*2*,)%!
0@ $%!)#*!1'+7*%)!('+)!-3!2'))*+!
,[ -/(%"&(/;#22&/%($#'%(06(;#%%&'(

.@ $%!)#*!%'2*!%$T*!'%!'!7+'$,!-3!%'1)!

e9!!(*-(1*!6#-!,**.!+*'.$,7!71'%%*%!!
7*,*+'11<!/%*W!

'@ &-,&'8*!1*,%*%!
@[ ,0.8&?(2&./&/(

&@ 0-)#!&-,8*4!',.!&-,&'8*!1*,%*%!
.@ )#$,!1*,%*%!

`9!!V'.$-'&)$8$)<!&',!%'8*!1$8*%!0<W!
#[ A-22-.4($#'%/(06(%"&(@0:1(G-%"(

,#.,&'(
0@ .$%%-18$,7!('+)%!-3!)#*!0-.<!6$)#!

&',&*+!
&@ 0$,.$,7!6$)#!('+)%!-3!)#*!0-.<!

6$)#!&',&*+!
.@ 2'5$,7!(*-(1*!6$)#!&',&*+!

%)+-,7*+!
!

`9!!+*3+'&)$-,!$%W!
'@ &/+8*.!1$7#)!
@[ @&.:&:(2-4"%(
&@ 0+$7#)!1$7#)!
.@ 0-/,&*.!1$7#)!!

H9!!V'.$-'&)$8*!*1*2*,)%!'+*!.$33*+*,)!
3+-2!,-,C+'.$-'&)$8*!*1*2*,)%9!!
X+$)*!.-6,!'11!)#*!(-%%$01*!6'<%!
)#')!2'5*!+'.$-'&)$8*!*1*2*,)%!
%(*&$'19!!Z0$&.L&.:&:[(

(
(

(

!

H9!!O')&#!)#*!3-11-6$,7!)6-!1*,%*%!6$)#!
)#*!&-++*&)!1'0*1W!
'@ &-,&'8*!
0@ &-,8*4!

!
!
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Q9!!a$)&#01*,.*!$%W!
'@!',!-+.$,'+<!+-&5!
0@!'!+'.$-'&)$8*!*1*2*,)!
,[(#('#:-0#,%-8&('0,A(
.@!',!/+',$/2!*1*2*,)!

!

Q9!!M*3-+*!J'1$1*-;!)*1*%&-(*%!&-/1.!-,1<!
#*1(!/%!%**!%#$(%!$,!)#*!-&*',!QG!
2$1*%!'6'<9!N$%)!*8*+<)#$,7!)#')!
2'5*%!)#*!J'1$1*',!)*1*%&-(*!2/&#!
2-+*!(-6*+3/19!

!

S9!=#*2$&'1!+*'&)$-,%!#*1(!/%!
/,.*+%)',.W!

#[(G"#%(&2&;&.%/(@-.:(%04&%"&'(

0@!6#')!*1*2*,)%!'+*!+'.$-'&)$8*!
&@!#-6!1'+7*!')-2%!'+*!$,!2'))*+!
.@!#-6!2',<!')-2%!'+*!$,!',!
*1*2*,)!
!

S9!!"#*!2'P-+!2--,%!-3!_/($)*+!%#-6!/%!
)#')W!
'@ (1',*)%!2-8*!$,!-((-%$)*!

.$+*&)$-,%!
@[ %"&(9#'%"(-/(.0%(%"&(,&.%&'(06(

%"&(5.-8&'/&(

&@ _/($)*+!$%!1'+7*+!)#',!)#*!D'+)#!
.@ _/($)*+!$%!)#*!&*,)*+!-3!)#*!

/,$8*+%*!!
R9!!V'.$-'&)$8*!*1*2*,)%!'+*!.',7*+-/%!
0*&'/%*W!

'@ )#*<!#'8*!'!%)+',7*!01/*!71-6!
@[ %"&1(@'&#A(:0G.(;#%%&'(

&@ )#*<!2-8*!)#+-/7#!2'))*+!
.@ )#*<!'+*!3-/,.!'11!'+-/,.!/%!
!

R9!!"#*!J'1$1*',!)*1*%&-(*W!
'@ $%!,-)!)#*!3$+%)!)<(*!)-!%#-6!/%!

.*)'$1%!-3!-/+!2--,9!
@[ ,#..0%(/"0G(5/(#22(%"&(:&%#-2/(

06(%"&(;00.(#%(0.,&E(

&@ &',!%#-6!/%!'11!)#*!.*)'$1%!-3!
_/($)*+9!

.@ $%!)#*!-,1<!)*1*%&-(*!/%*.!)-.'<!
L9!!=$+&1*!-,1<!)#*!+'.$-'&)$8*!*1*2*,)%!
?1$%)!-3!%/0%)',&*%!',.!*1*2*,)%@9!

!

L9!=$+&1*!)#*!($&)/+*!0*1-6!6$)#!)#*!
%2'11*%)!3$*1.!-3!8$*69!
?A,-)#*+!%*+$*%!-3!($&)/+*%!3+-2!)#*!
0--5!i**=@!

(

(
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TE(=.%&'&/%(B&#/5'&/(

^-+!0-)#!)#*!$,$)$'1!',.!%/0%*>/*,)!+*&'11!%*%%$-,%;!%/0P*&)%!6*+*!'%5*.!)-!%*1*&)!
KG!)-($&%!3+-2!)#*!1$%)!(+-8$.*.!)#')!)#*<!6-/1.!2-%)!1$5*!)-!+*'.!'0-/)!',.!
+',5!)#*2!'&&-+.$,7!)-!)#*$+!(+*3*+*,&*9!!M*1-6!$%!'!%'2(1*!-3!6#')!*'&#!
%/0P*&)%!+*&*$8*.!?1$%)!-3!)-($&%!6*+*!+',.-21<!.$%(1'<*.!3-+!*'&#!%/0P*&)@9!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

:,!'..$)$-,!)-!)#*!$,)*+*%)!+',5$,7!)'%5%;!)#*+*!6*+*!`!$)*2%!$,)*+*%)C+*1')*.!$)*2%!
*20*..*.!$,!)#*!+*&'11!)'%5%!.*%&+$0*.!'0-8*W!

• ?^-+!0-)#!)-($&%;!3$+%)!$)*2!$,!V*&'11!:!)'%5@W!!5"2&$4,4$3*($+,-4$=*1&$
,-&#'#1&,-8$2>*(&$&",1$&#P&Z$$

$

• ?^-+!0-)#!)-($&%;!%*&-,.!$)*2!$,!V*&'11!:!)'%5@W!S*$3*($"2/#$2-3$[(#1&,*-1$
*+$3*('$*B-$2>*(&$&",1$&*?,)Z$$5',&#$&"#1#$[(#1&,*-1$>#0*BI$

!
• ?N'%)!$)*2!'3)*+!V*&'11!:!)'%5@W!5",)"$>**K$B21$=*1&$,-&#'#1&,-8$&*$3*(Z$

W),')0#$*-#M@$$$$$$$$$&#0#1)*?#1$$$$$$$$$$$$$'24,*2)&,/,&3$$$$9P?02,-$3*('$)"*,)#I$

!
 

 

 

!




