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Introduction 
"#$%&#%''!(%'%)&*+!+)'!%$),-).%/!.+&%%!01234-#/%/!5%#.%&'!46&!
7%)&#8#9!)#/!:%)*+8#9!;57:'<=!:+&6-9+!.+8'!>6&?@!>%!+)$%!8/%#.848%/!
)#/!$%..%/!48$%!/8A%#'86#'!46&!%B)A8#8#9!.+%!>6&?!.+).!5%#.%&'!/6=!
:+%'%!/8A%#'86#'!)&%C!7%)/%&'+8DE!F#6>,%/9%!G%#%&).86#!)#/!2,6>E!
(%,).86#'+8D'!)#/!56##%*.86#'E!H&69&)A'@!1.&-*.-&%'@!)#/!H6,8*8%'E!)#/!
I5%#.%&#%''=J!K'!.+%!%B.%&#),!%$),-).6&!46&!.+%!0).86#),!5%#.%&!46&!
L#98#%%&8#9!)#/!:%*+#6,69M!L/-*).86#!;05L:L<@!"#$%&#%''!+)'!
46*-'%/!8.'!%446&.'!8#!M%)&!N!6#!/6*-A%#.8#9!.+%!D&69&%''!.+%!5%#.%&!+)'!
A)/%!)**6&/8#9!.6!.+%'%!/&8$%&'=!:+%!46*-'!64!.+8'!&%D6&.!8'!.+%!48&'.!
/8A%#'86#C!.+%!/%$% ,6DA%#.!)#/!'-DD6&.!64!,%)/%&'+8D=!

"#$%&#%''!+)'!/%$%,6D%/!)!D)&.8*-,)&!D%&'D%*.8$%!6#!,%)/%&'+8D!.+&6-9+!
6-&!'.-/M!64!57:'=!!O-&!D68#.!64!$8%>!8'!#6.!,8A8.%/!.6!.+%!.&)/8.86#),!
#6.86#!64!D%6D,%!>8.+!46,,6>%&'E!&).+%&@!>%!'%%!,%)/%&'!)'!D%6D,%!>+6!
+)$%!.+%!)P8,8.M@!D&6D%#'8.M@!)#/!%BD%&.8'%!.6!*6#.&8P-.%!.6!.+%!
8AD&6$%A%#.!64!.+%!/6A)8#!8#!>+8*+!.+%M!)&%!'8.-).%/=!!26&!%B)AD,%@!)!
,%)/8#9!.%)*+%&!8'!#6.!6#,M!.%)*+8#9!8#!.+%!*,)''&66A@!P-.!+)'!.+%!)P8,8.M!
.6!*6#.&8P-.%!.6!.+%!8AD&6$%A%#.!64!.%)*+8#9=!!K!,%)/8#9!4)*-,.M!
A%AP%&!8'!)!4)*-,.M!A%AP%&!8#!)!-#8$%&'8.M!>+6!+)'!.+%!)P8,8.M!)#/!
D&%/8'D6'8.86#!.6!*6#.&8P-.%!.6!.+%!8AD&6$%A%#.!64!.+%8&!D)&.8*-,)&!)&%)!
64!'*+6,)&'+8D@!)#/!.6!'-DD6&.!.+%!/%$%,6DA%#.!64!9&)/-).%!'.-/%#.'!)#/!
'*+6,)&'!#%>!.6!.+%!48%,/=!G&)/-).%!'.-/%#.'!8#!57:'!)&%!'.-/M8#9!
D&6P,%A'!)#/!8''-%'!64!.+%!/6A)8#!'-*+!.+).!.+%M!9)8#!.+%!?#6>,%/9%!
)#/!%BD%&.8'%!.6!,)-#*+!)!*)&%%&!8#!.+%!8AD&6$%A%#.!64!.+%!/6A)8#!)#/!
.+%&%46&%@!+)$%!.+%!D6.%#.8),!.6!P%*6A%!,%)/%&'=!O#%!64!.+%!?%M!
6-.*6A%'!64!57:'@!.+%&%46&%@!8'!.+%!/%$%,6DA%#.!64!)!/8$%&'%!9&6-D!64!
D%6D,%!>+6!*)#!P%*6A%!D)&.!64!I.+%!8AD&6$%A%#.!*6AA-#8.MJQ

"#!.+8'!/6*-A%#.@!>%!+89+,89+.!.+%!>)M'!)#/!%B.%#.!.6!>+8*+!05L:L!
+)'!46'.%&%/!,%)/%&'!.6!'+%D+%&/!.+%!/6A)8#!64!%#98#%%&8#938#4-'%/!
.%*+#6,69M!%/-*).86#=!R%!D&6$8/%!)#!6$%&$8%>!64!.+%!5%#.%&S'!$)&86-'!
%446&.'!.6!/%$%,6D!,%)/%&'+8D@!)'!>%,,!)'!)!&)#9%!64!D%&'D%*.8$%'!6#!.+%!
%448*)*M!64!.+6'%!8#8.8).8$%'=!28#),,M@!>%!&%$8%>!05L:LS'!)DD&6)*+%'!.6!
)#/!)*.8$8.8%'!46&!/%$%,6D8#9!,%)/%&'+8D!)A6#9!8.'!'.-/%#.'@!4)*-,.M@!
D6'.3/6*.6&),!'.-/%#.'@!)#/!.+%!P&6)/%&!*6AA-#8.M=!:+%!D&8A)&M!

!46&!.+).!
/6A)8#=!".!8'!8#!.+8'!,89+.!.+).!>%!%BD,6&%!05L:LS'!)**6AD,8'+A%#.'!
>8.+!&%'D%*.!.6!.+%!/%$%,6DA%#.!64!,%)/%&'+8D=!

                                                
1 St. John, M. and Stokes, L. (2008) Investing in the Improvement of Education:  
Lessons Learned from the National Writing Project.  Available at: 
http://www.inverness-research.org/abstracts/ab2008-
12_Rpt_NWP_ImprovementInfrastructure.html. 

http://www.inverness-research.org/abstracts/ab2008-12_Rpt_NWP_ImprovementInfrastructure.html
http://www.inverness-research.org/abstracts/ab2008-12_Rpt_NWP_ImprovementInfrastructure.html
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)-/8%#*%'!46&!.+8'!/6*-A%#.!)&%!5%#.%&!,%)/%&'+8D!)#/!D6.%#.8),!4-#/%&'!
64!4-.-&%!,%)/%&'+8D!/%$%,6DA%#.!D&6T%*.'=!

Data sources and methods  

 
O-&!/).)!'6-&*%'!)#/!*6,,%*.86#!A%.+6/'!46&!.+8'!&%D6&.!8#*,-/%/C!

Q<!"#8.8),!46*-'!9&6-D!8#.%&$8%>'!>8.+!P6.+!*6+6&.'!64!/6*.6&),!'.-/%#.'!

U<!"#.%&$8%>'!;.+&%%<!)#/!'-&$%M'!;.>6<!64!/6*.6&),!'.-/%#.'@!&%9)&/8#9!
.+%!6DD6&.-#8.8%'!.+%M!+)/!.6!/%$%,6D!.+%8&!,%)/%&'+8D!*)D)*8.8%'!

V<!"#.%&$8%>'!>8.+!4)*-,.M!A%AP%&'@!&%9)&/8#9!.+%8&!6>#!6DD6&.-#8.8%'!
.6!/%$%,6D!.+%8&!,%)/%&'+8D!*)D)*8.M!)#/!+6>!.+%M!%#*6-&)9%/!,%)/%&'+8D!
/%$%,6DA%#.!)A6#9!.+%!/6*.6&),!'.-/%#.'!

W<!"#.%&$8%>'!>8.+!48%,/!%BD%&.'!.+).!%BD,6&%/@!8#!D)&.@!.+%!%B.%#.!)#/!
>)M'!05L:L!+)'!P-8,.!,%)/%&'+8D!*)D)*8.M!8#!.+%!48%,/!

X<!"#.%&$8%>'!>8.+!1%%/!G&)#.!&%*8D8%#.'!

N<!"#.%&$8%>'!>8.+!/6*.6&),!9&)/-).%'!>8.+!T6P'!

Overview of report 

:+8'!&%D6&.!'-AA)&8Y%'!.+%!$)&86-'!46&A),!)#/!8#46&A),!%446&.'!64!.+%!
5%#.%&!.6!P-8,/!)#/!'-DD6&.!,%)/%&'+8D!8#!.+%!/6A)8#=!ZM!I/6A)8#@J!
+%&%!>%!)&%!&%4%&&8#9!.6!.+%!A%AP%&'!64!.+%!48%,/!>+6!>6&?!.6!8#4-'%!
%#98#%%&8#9!/%'89#!D&8#*8D,%'!8#.6!.%*+#6,69M!%/-*).86#=!!"#!.+8'!&%D6&.@!
>%!+89+,89+.!)!&)#9%!64!D%&'D%*.8$%'!6#!.+%![-),8.M@!*6+%'8$%#%''@!&896&@!
)#/!*6#.&8P-.86#!64!.+%!/844%&%#.!,%)/%&'+8D3/%$%,6DA%#.!8#8.8).8$%'!64!
05L:L@!8#*,-/8#9!.+%!&%'%)&*+!'.&)#/!64!.+%!5%#.%&=!H%&'D%*.8$%'!
8#*,-/%!.+6'%!64!.+%!/6*.6&),!4%,,6>'!4&6A!P6.+!*6+6&.'E!/6*.6&),!
4%,,6>'!>+6!+)$%!9&)/-).%/!)#/!)&%!*-&&%#.,M!%AD,6M%/E!05L:L!4)*-,.M!
)/$8'6&'E!'%%/!9&)#.!&%*8D8%#.'E!4)*-,.M!)#/!'.-/%#.'!%#9)9%/!8#!&%'%)&*+!
).!05L:L!8#'.8.-.86#'E!%BD%&.'!8#!.+%!48%,/!>%!8#.%&$8%>%/!&%9)&/8#9!.+%!
5%#.%&S'!>6&?!8#!.+8'!/6A)8#E!)#/!%B.%&#),!%BD%&.!&%$8%>%&'!>%!&%*&-8.%/!
.6!&%$8%>!.+%!5%#.%&S'!&%'%)&*+!D6&.46,86=!K4.%&!D&6$8/8#9!)!&%$8%>!64!
D%&'D%*.8$%'!6#!05L:LS'!%446&.'!>8.+8#!,%)/%&'+8D!/%$%,6DA%#.@!>%!
644%&!6-&!6>#!D%&'D%*.8$%'!6#!.+%!5%#.%&S'!D&69&%''!8#!*&%).8#9!)#/!
A)8#.)8#8#9!,%)/%&'+8D!*)D)*8.M@!)#/!/8'*-''!D6.%#.8),!4-.-&%!/8&%*.86#'=!
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Leadership Development Initiatives of NCETE 
"#!.+%!46,,6>8#9!D)&)9&)D+'@!>%!-#/%&'*6&%!.+%!?%M!%446&.'!.+%!05L:L!
644%&%/!.6!P-8,/!,%)/%&'+8D!)A6#9!.+%!5%#.%&!D)&.8*8D)#.'@!)#/!
.+&6-9+6-.!.+%!.%*+#6,69M!%/-*).86#!*6AA-#8.M=!!R%!46*-'!6#!.>6!
A)T6&!%446&.'C!!!

 :+%!/6*.6&),!D&69&)A'!).!.+%!\#8$%&'8.M!64!G%6&98)@!\#8$%&'8.M!
64!",,8#68'!).!5+)AD)89#3\&P)#)@!\#8$%&'8.M!64!]8##%'6.)@!)#/!
\.)+!1.).%!\#8$%&'8.M@!)#/!,%)/%&'+8D!6DD6&.-#8.8%'!46&!/6*.6&),!
4%,,6>'!6-.'8/%!64!.+%!46&A),!/6*.6&),!D&69&)A'!

 2)*-,.M!,%)/%&'+8D!6DD6&.-#8.8%'!

The Doctoral Programs 

K!.6.),!64!Q^!_6*.6&),!'.-/%#.'!>%&%!)/A8..%/!.6!46-&!/%9&%%39&)#.8#9!
-#8$%&'8.8%'!D)&.8*8D).8#9!8#!.+%!5%#.%&!6$%&!.+%!,84%!64!.+%!9&)#.=!!L)*+!
-#8$%&'8.M!644%&%/!/844%&%#.!D&69&)A'!46&!%,898P,%!'.-/%#.'=!2&6A!.+%!
05L:L!>%P'8.%C!

 !"#$%&'(#)*'+,$-.$/#-)0'1!644%&'!)!H+_!8#!R6&?46&*%!
L/-*).86#@!>+8*+!D&%D)&%'!8#/8$8/-),'!46&!,%)/%&'+8D@!-#8$%&'8.M!
.%)*+8#9@!)#/!6.+%&!&6,%'!8#!*)&%%&!)#/!.%*+#8*),!%/-*).86#=!

 !"#$%&'(#)*'+,$-.$233'&-'*$1+$%)41&156"1781'0&!644%&'!)!H+_!
8#!`-A)#!(%'6-&*%!L/-*).86#@!>+8*+!D&%D)&%'!8#/8$8/-),'!46&!
,%)/%&'+8D!&6,%'!)#/!4)*-,.M!D6'8.86#'!.+).!&%[-8&%'!.+%!-'%!64!.+%!
.66,'!)#/!*6#*%D.'!64!8#[-8&M!)#/!)#),M'8'!8#!)*.8$8.8%'!'-*+!)'!
&%'%)&*+@!%$),-).86#@!)#/!*-&&8*-,-A!/%$%,6DA%#.=!

 !"#$%&'(#)*'+,$-.$9'&&#*-+1!644%&'!)!H+_!8#!R6&?!)#/!`-A)#!
(%'6-&*%!L/-*).86#@!>+8*+!D&%D)&%'!8#/8$8/-),'!46&!D&64%''86#),!
&6,%'!.+).!%AD+)'8Y%!*6#/-*.8#9!&%'%)&*+=!

 %+1"$:+1+#$%&'(#)*'+,!644%&'!)!H+_!8#!5-&&8*-,-A!)#/!
"#'.&-*.86#!>8.+!)#!%AD+)'8'!8#!%#98#%%&8#9!)#/!.%*+#6,69M!
%/-*).86#@!>+8*+!8'!D&8A)&8,M!*+6'%#!PM!D%6D,%!>+6!)&%!'%%?8#9!
.%)*+8#9a&%'%)&*+!D6'8.86#'!8#!*6,,%9%'!)#/!-#8$%&'8.8%'=!

O$%&!.+%!M%)&'@!>%!+)$%!8#.%&$8%>%/!)#/!'-&$%M%/!.+%!/6*.6&),!'.-/%#.'!
)P6-.!.+%8&!%BD%&8%#*%'!).!.+%8&!+6A%!-#8$%&'8.8%'@!.+%![-),8.M!)#/!$),-%!
64!5%#.%&3&%,).%/!*6-&'%'@!%$%#.'@!)#/!6.+%&!%BD%&8%#*%'@!)#/!.+%8&!
&%4,%*.86#'!6#!.+%!%B.%#.!)#/!>)M'!.+%!5%#.%&!+)'!D&%D)&%/!.+%A!46&!
,%)/%&'+8D!8#!.+%!48%,/=!:+%!46,,6>8#9!D)&)9&)D+'!'-AA)&8Y%!'6A%!64!.+%!
?%M!48#/8#9'!4&6A!6-&!'.-/8%'!64!.+%!/6*.6&),!'.-/%#.'=!
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26&!.+%!A6'.!D)&.@!.+%!/6*.6&),!4%,,6>'!P%,8%$%!05L:L!D&%D)&%/!.+%A!
.6!P%!%44%*.8$%!,%)/%&'!8#!.+%!48%,/=!:+%!$)'.!A)T6&8.M!64!.+%A!&%D6&.%/!
.+).!05L:L!+)'!%[-8DD%/!.+%A!.6!)!,)&9%!6&!$%&M!,)&9%!%B.%#.!>8.+!
-#/%&'.)#/8#9'!8#!)&%)'!.+).!D&%D)&%!.+%A!.6!D,)M!)!,%)/%&'+8D!&6,%!8#!.+%!
48%,/@!'-*+!)'C!*6#48/%#*%!>+%#!%BD,)8#8#9!P)'8*!*6#*%D.'!64!.+%!48%,/!.6!
'6A%6#%!6-.'8/%!64!8.E!D&648*8%#*M!8#!9%#%&).8#9!8#.%&%'.8#9![-%'.86#'!
.+).!)&%!>6&.+!8#$%'.89).8#9E!4)A8,8)&8.M!>8.+!A6'.!64!.+%!&%'%)&*+!
.%*+#8[-%'!-'%/!8#!.+%!48%,/E!D&648*8%#*M!8#!*6AA-#8*).8#9!8/%)'!8#!6&),!
46&A'!%BD%*.%/!PM!.+%!48%,/E!-#/%&'.)#/8#9@!'?8,,'@!)#/!?#6>,%/9%!46&!
D)&.8*8D).8#9!)'!)!A%AP%&!64!.+%!8#.%,,%*.-),!*6AA-#8.M!64!.+%!48%,/E!)!
P&6)/!-#/%&'.)#/8#9!64!.+%!48%,/!)'!)!>+6,%E!)#/!D&648*8%#*M!8#!/%'89#8#9!
&%'%)&*+!.+).!A%%.'!.+%!'.)#/)&/'!64!*&%/8P,%!>6&?!8#!.+%!48%,/=!

!"#$%&%'(#)*+,-+%&(,%.'/**.%0+".0+12/3+%4%5++*%0"+0&"+,%2#%+3+(26&**7%&..6$+%&%
*+&,+".8/0%"#*+%/(%$7%5/+*,9%4%8&3+%$&,+%$&(7%-##,%1#(2&12.%/(%28+%5/+*,:%&(,%
8&3+%,/.16..+,%5/+*,%/..6+.%&2%*+(-28%)/28%$&(7%#5%28+.+%0+#0*+:%)8/18%4%28/('%/.%
&(%/$0#"2&(2%-&6-+%#5%8#)%$7%/,+&.%&(,%.'/**.%5/2%/(2#%28+%5/+*,9%4%28/('%4%8&3+%
&%-##,%6(,+".2&(,/(-%#5%$+28#,#*#-/1&*%0"#1+..+.%6.+,%/(%28+%5/+*,:%&(,%1&(%
6(,+".2&(,:%/(2+"0"+2:%&(,%.7(28+./;+%*/2+"&26"+%)/28%&116"&17%&(,%1#(5/,+(1+9%

:+%!)&%)'!>+%&%!05L:L!/6*.6&),!4%,,6>'!>%&%!,%''!*6#48/%#.!8#*,-/%!
+)$8#9!9)8#%/!)!/%%D!-#/%&'.)#/8#9!64!.+%8&!*6#.%#.!)&%)@!*,)&8.M!64!.+%!
D,)*%!64!.+%8&!>6&?!8#!.+%!8#.%,,%*.-),!,)#/'*)D%@!)#/!%BD%&.8'%!8#!6#%!
'D%*8),8Y%/!)&%)= U

                                                
2 The differences between the cohorts regarding their perceived preparation for 
leadership roles are not strong, with slightly higher ratings given for most questions 
by the first cohort, but not significantly higher. One area—skills related to oral 
communication—may have been significantly stronger for the first cohort. 

!
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!

Percentage of NCETE doctoral fellows who believe that their doctoral 
program has equipped them with the understanding, skills, and 
knowledge to prepare them to play a leadership role in the field 

 
From the March 2009 Survey.  Percentages represent ratings of 4 or 5 on a 
scale where 1 = “not at all” and 5 = “to a very great extent.” 
 

"#!.+%!'-AA%&!64!UbQb@!),,!05L:L!2%,,6>'!c!9&)/-).%/!6&!#6.!c!>%&%!
'-&$%M%/!46&!.+%8&!48#),!)''%''A%#.!64!.+%8&!9&)/-).%!%BD%&8%#*%!;QV!
2%,,6>'!&%'D6#/%/!.6!.+%!'-&$%M<=!R%!)'?%/!.+%!4%,,6>'!.6!&).%!.+%!
%B.%#.!.6!>+8*+!$)&86-'!,%)/%&'+8D!*6AD6#%#.'!>%&%!)$)8,)P,%@!)#/!),'6!
.6!&).%!.+%![-),8.M!64!.+6'%!*6AD6#%#.'=!d-'.!6$%&!6#%3+),4!64!.+%!
2%,,6>'!&%D6&.%/!.+).!6DD6&.-#8.8%'!.6!,%)&#!)P6-.!)#/!,%)/!>+8,%!8#!.+%!
D&69&)A!>%&%!)$)8,)P,%!.6!.+%A@!)#/!.+).!.+%'%!6DD6&.-#8.8%'!>%&%!966/!
6&!%B*%,,%#.=!KP6-.!.+%!')A%!#-AP%&!P%,8%$%/!.+).!.+%!D&69&)A!D&%D)&%/!
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.+%A!.6!P%!,%)/%&'!8#!.+%!48%,/!-D6#!,%)$8#9!.+%!D&69&)A@!)#/!.+).!.+8'!
D&%D)&).86#!>)'!966/!6&!%B*%,,%#.=!

"#!.+%!')A%!UbQb!'-&$%M@!2%,,6>'!+)/!.+%!46,,6>8#9!*6AA%#.'!)P6-.!.+%!
,%)/%&'+8D!)'D%*.'!64!.+%8&!9&)/-).%!%BD%&8%#*%C!$

4%.&)%28&2%$&(7%#5%28+%*+&,+".8/0%,+3+*#0$+(2%#00#"26(/2/+.%)+%8&,%)+"+%3&.2*7%
.60+"/#"%2#%28#.+%&3&/*&<*+%#62./,+%#5%=>?@?%&(,%8&3+%./(1+%"+1#-(/;+,%28+%
./-(/5/1&(2%&,3&(2&-+%&(,%+A0+"/+(1+%28/.%-/3+.%$+%#3+"%$&(7%#5%$7%16""+(2%
1#**+&-6+.9%

%

4%1&$+%/(2#%$7%B16""+(2C%0#./2/#(%)/28%(6$+"#6.%06<*/1&2/#(.:%1#(5+"+(1+%
0"#1++,/(-.:%*+&,+".8/0%"#*+.%#(%1#$$/22++.%#5%0"#5+../#(&*%&..#1/&2/#(.:%&(,%1#D
E4%0#./2/#(.%#(%56(,+,%0"#F+12.9%4G,%.&7%28&2%/.%0"+227%"&"+%5#"%&%5/".2%7+&"%
&../.2&(2%0"#5+..#"9%4%1"+,/2%=>?@?%)/28%&%*#2:%/5%(#2%$#.2:%#5%28#.+%
#00#"26(/2/+.9%

%

H+"7%-##,%$+(2#".8/0%/.%0"#3/,+,9%

!

The cohor t  s t ruc tu re  

05L:L!'D6#'6&%/!.>6!*6+6&.'!64!/6*.6&),!'.-/%#.'!6$%&!.+%!,84%!64!.+%!
9&)#.=!!:+%!*6+6&.!'.&-*.-&%!64!.+%!/6*.6&),!D&69&)A!>)'!)!'89#848*)#.!
D6'8.8$%!*6#.&8P-.6&!.6!.+%!'.-/%#.'S!%BD%&8%#*%@!)#/!.6!.+%8&!D%&*%D.86#'!
64!.+%A'%,$%'!)'!P%*6A8#9!,%)/%&'!8#!.+%!48%,/=!"#!.+%!Ubbe!'-&$%M@!)!4%>!
4%,,6>'!*6AA%#.%/!6#!.+%!$),-%!64!.+%!*6+6&.C!

I+/(-%0&"2%#5%&%1#8#"2%/(3#'+.%&%.+(.+%#5%1#$$6(/27%&(,%<+*#(-/(-%28&2%/.%
(++,+,%2#%0"#3/,+%&%1#**&<#"&2/3+%+(3/"#($+(2%5#"%$7.+*5%&(,%#28+"%J@?K%
.2&'+8#*,+".9%>#8#"2.%&"+%&*.#%3/2&*%2#%1&0&1/27%<6/*,/(-%<+1&6.+%/2%.+"3+.%&.%&%
3+8/1*+%5#"%/(1"+&.+,%(+2)#"'/(-%&(,%/,+&%.8&"/(-9%4%,#%(#2%.++%&(7%
,/.&,3&(2&-+.%)/28%+A0+"/+(1/(-%28+%0"#-"&$%&.%0&"2%#5%&%1#8#"29%

%

@8+%1#8#"2%8&.%0"#3/,+,%&%1"/2/1&*%$&..%#5%0+#0*+%)8#%&"+%5#16.+,%#(%&%./$/*&"%
-#&*9%@8/.%/.%"&28+"%6(/L6+%/(%$7%+A0+"/+(1+%./(1+%2+18(#*#-7%+,61&2/#(:%
270/1&**7:%/.%&%.$&**%-"#60%#5%5#*'.9%@8/.%1"/2/1&*%$&..%8&.%0"#3/,+,%&%$#2/3&2/(-%
5&12#"%/(%28&2%)+%.600#"2%+&18%#28+"9%@8+%.$&**%,/.&,3&(2&-+%/.%28&2%(#2%&**%
5+**#).%&"+M)+"+%"+&,7%5#"%28+%.6<.2&(2/&*%1#$$/2$+(2%&(,%&"+%.2"6--*/(-%
$+$<+".%#5%28+%2+&$9%

%
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K7%3#1&<6*&"7%*&1'.%28+%)#",.%2#%L6&(2/57%28+%/$0#"2&(1+%#5%-#/(-%28"#6-8%&**%
08&.+.%#5%&%,#12#"&*%0"#-"&$%)/28%&2%*+&.2%&%5+)%#28+".%+A0+"/+(1/(-%28+%.&$+%
0&/(%./$6*2&(+#6.*79%=#2%28&2%28+%0&/(%/.%&*)&7.%&%<&,%28/(-9%I62%28+"+%)+"+%
2/$+.%4%.+"/#6.*7%L6+.2/#(+,%$7%,+1/./#(%2#%06".6+%&%E8N%&(,%8&3/(-%#(+%#28+"%
0+".#(%5++*/(-%28+%.&$+%0&/(:%2#%.+"3+%&.%&%.#6(,/(-%<#&",:%8+*0+,%06**%$+%
28"#6-89%4(%&,,/2/#(:%28+"+%/.%$618%2#%<+%-&/(+,%5"#$%28+%+A0+"2/.+%#5%5+**#)%
5+**#).9%@8+%/(/2/&*%0##*%#5%1&(,/,&2+.%28&2%)+"+%.#6-82%5"#$%@+18(#*#-7%
?,61&2/#(%&(,%?(-/(++"/(-%)&.%)+**%/(2+(,+,%&(,%8+*0+,%.0"+&,%&%)+&*28%#5%
0"#5+../#(&*%'(#)*+,-+%5"#$%)/28/(%28+%1#8#"29%4%*+&"(+,%&%-"+&2%,+&*%5"#$%28+.+%
1#8#"2%$+$<+".9%@8+%-"+&2+.2%,/.&,3&(2&-+%#5%&%1#8#"2%/.%28&2%/5%28+"+%&"+%&%5+)%
)+&'%*/('.%/(%28+%18&/(:%#28+".%+(,%60%1&""7/(-%28+%)+/-82%5#"%28+$9%O8+(%
L6&*/27%0+#0*+%<+-/(%2#%.862%,#)(%#62%#5%5"6.2"&2/#(:%/2%)+&'+(.%28+%1#8#"2%&(,%
8&.%(+-&2/3+%1#(.+L6+(1+.%5#"%28+%/(2+(,+,%-#&*M$/../#(%#5%=>?@?9%

!

Other  p rogram  ex per i ences 

"#!)//8.86#!.6!.+%!*6+6&.!'.&-*.-&%@!05L:L!D&6$8/%/!6.+%&!/6*.6&),!
D&69&)A!%BD%&8%#*%'!.+).!>%&%!8#.%#/%/!.6!P-8,/!,%)/%&'+8D@!'-*+!)'!
A%%.8#9'!>+%&%!2%,,6>'!'D%#.!.+%!/)M!8#!R)'+8#9.6#!_5@!$8'8.%/!012@!
)#/!A%.!)#/!'D6?%!>8.+!012!D&69&)A!6448*%&'E!&%'%)&*+!A%%.8#9'@!>+%&%!
2%,,6>'!>%&%!8#.&6/-*%/!.6!?%M!&%'%)&*+%&'!8#!.+%!48%,/@!)'!>%,,!)'!#%>!
&%'%)&*+%&'!6-.'8/%!.+%!5%#.%&E!05L:L!5%#.%&!A%%.8#9'@!>+%&%!A)#M!
'.-/%#.'!>%&%!8#$8.%/!.6!D)&.8*8D).%!8#!5%#.%&3>8/%!D,)##8#9!)#/!
P-'8#%''!A%%.8#9'E!'-DD6&.!>8.+!D&6D6'),!>&8.8#9!46&!.+%8&!/8''%&.).86#'@!
)'!>%,,!)'!6.+%&!&%'%)&*+!6DD6&.-#8.8%'E!)#/!'%%/!9&)#.!6DD6&.-#8.8%'=!"#!
9%#%&),@!.+%!5%#.%&!D,)M%/!)!,)&9%!&6,%!8#!D&6$8/8#9!'.-/%#.'!>8.+!
6DD6&.-#8.8%'!.6!P-8,/!.+%8&!,%)/%&'+8D!*6#48/%#*%!)#/!'?8,,'=!!!

Graduate  fe l l ow  research  oppor tun i t i es  

R%!*),,!D)&.8*-,)&!)..%#.86#!.6!.+%!&%'%)&*+!6DD6&.-#8.8%'!.+).!>%&%!
8#.%#/%/!.6!P-8,/!,%)/%&'+8D!'?8,,'=!]6'.!64!.+%!'.-/%#.'!>%&%!98$%#!
6DD6&.-#8.8%'!.6!D)&.8*8D).%!8#!&%'%)&*+!6-.'8/%!64!.+%8&!/8''%&.).86#!
>6&?=!16A%!'.-/%#.'!D)&.8*8D).%/!8#!&%'%)&*+!>8.+8#!.+%8&!-#8$%&'8.M!
/%D)&.A%#.'@!'6A%!'.-/%#.'!D)&.8*8D).%/!8#!05L:L!'D6#'6&%/!&%'%)&*+@!
)#/!'6A%!'.-/%#.'!D&6D6'%/!)#/!&%*%8$%/!'%%/!9&)#.!A6#%M!46&!
&%'%)&*+=!!!

R+8,%!%)&,M!6#!8#!.+%8&!%BD%&8%#*%@!A)#M!'.-/%#.'!&%D6&.%/!P%8#9!
'6A%>+).!/8'').8'48%/!>8.+!.+%8&!D&%D)&).86#!.6!*6#/-*.!&%'%)&*+@!PM!
Ubbe3Qb!A6'.!'.-/%#.'!4%,.!.+%!5%#.%&!+)/!D&%D)&%/!.+%A!>%,,=!"#!UbQb@!
.+%!A)T6&8.M!64!2%,,6>'!P%,8%$%/!.+).!.+%&%!>%&%!+89+3[-),8.M!
6DD6&.-#8.8%'!46&!.+%A!.6!,%)&#!)P6-.!&%'%)&*+@!)#/!4%,.!'-DD6&.%/!.6!/6!
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'6=!2%>%&!;P-.!'.8,,!.+%!A)T6&8.M<!4%,.!.+).!.+%M!>%&%!D&%D)&%/!.6!*6#/-*.!
&%'%)&*+!6#!.+%8&!6>#!6#*%!.+%M!9&)/-).%/!.+%!D&69&)A=!

\,.8A).%,M@!.+%!/6*.6&),!4%,,6>'!>%&%!9%#%&),,M!').8'48%/!>8.+!.+%!
&%'%)&*+!*6AD6#%#.!64!.+%!05L:L!D&69&)A=!:+%!4%,,6>'!+)/!.+%!
46,,6>8#9!48#),!*6AA%#.'!)P6-.!.+%!&%'%)&*+!*6AD6#%#.@!>+8*+!
+89+,89+.!P6.+!.+%!D6'8.8$%!)#/!#%9).8$%!)'D%*.'!64!.+%8&!%BD%&8%#*%!>8.+!
&%'%)&*+C!

O+%8&,%+A2"&#",/(&"7%#00#"26(/2/+.%2#%$++2%&(,%)#"'%)/28%.#$+%#5%28+%$#.2%
/(5*6+(2/&*%&(,%<+.2%"+.+&"18+".%/(%28+%5/+*,9%

%

4%)&.%-/3+(%$&(7%#00#"26(/2/+.%2#%,#%$7%#)(%"+.+&"189%P#)+3+":%28+%5&16*27%,/,%
(#2%/(1*6,+%$+%#(%28+/"%"+.+&"18%0&0+".:%0"#F+12.:%+219%4%)#6*,%8&3+%*+&"(+,%5"#$%
<+/(-%&(%Q&00"+(2/1+Q%"&28+"%28&(%<+/(-%28"#)(%/(2#%28+%,++0%+(,%#5%28+%0##*9%

%

J++,%-"&(2.%&(,%28+%#00#"26(/27%2#%&00*7%5#"%,/..+"2&2/#(%56(,/(-%8&3+%0"#3/,+,%
$&(7%5+**#).%)/28%&%.#*/,%"+.+&"18%5#6(,&2/#(9%

%

4%28/('%28+%"+.+&"18%1#$0#(+(2%)&.%<&.+,%#(%28+%/(,/3/,6&*%/(.2/262/#(%&(,%/2%
$&7%8&3+%<++(%$#"+%<+(+5/1/&*%2#%8&3+%$/(/$&*%1"/2+"/&%2#%28+%+A0#.6"+%28&2%)&.%
0"#3/,+,9%O8+"+%&.%4%,/,%(#2%8&3+%28+%#00#"26(/27%2#%1#(,612%$618%#5%$7%#)(%
"+.+&"18:%#28+"%5+**#).%,/,%&(,%*##'/(-%<&1'%4%<+*/+3+%28&2%)#6*,%8&3+%<++(%
8+*056*9%

%

=#)%5"#$%28+%3&(2&-+%0#/(2%#5%<+/(-%&(%&../.2&(2%0"#5+..#"%&2%&%"+.+&"18D
/(2+(./3+%6(/3+"./27:%4%&$%-"&2+56*%5#"%&**%#5%28+%0"+0&"&2/#(%/(%"+.+&"18%0"#3/,+,%
3/&%=>?@?%&(,%$7%,#12#"&*%0"#-"&$9%

%

=>?@?%+A0#.+,%6.%2#%28+%3&"/#6.%&"+&.%/(%+(-/(++"/(-%&(,%2+18(#*#-7%
+,61&2/#(%)8+"+%$#"+%"+.+&"18%/.%(+1+..&"7:%2#%<6/*,%28+%1&0&1/27%#5%+(-/(++"/(-%
&(,%2+18(#*#-7%+,61&2#".%2#%2+&18%,+./-(9%

%

@8/.%L6+.2/#(%/.%,/55/16*2%2#%&(.)+"9%45%28+%L6+.2/#(%/.:%G8#)%)+**%,/,%28+%E8N%
0"#-"&$:%$+&(/(-%28+%1*&..+.%&2%$7%6(/3+"./27:%0"+0&"+%$+%2#%1#(,612%"+.+&"18G:%
28+%&(.)+"%)#6*,%<+%/2%,/,%&(%+A1+**+(2%F#<9%P#)+3+":%/5%28+%L6+.2/#(%/.%
.0+1/5/1&**7%"+5+""/(-%2#%8#)%)+**%,/,%=>?@?%0"+0&"+%$+%2#%1#(,612%"+.+&"18:%
28+(%4%)#6*,%.&7%&%.#$+)8&2%.&2/.5&12#"7%F#<9%4%<+*/+3+%28+%R%=>?@?%1*&..+.%
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)+"+%<+(+5/1/&*9%%P#)+3+":%&2%#6"%6(/3+"./27:%)+%)+"+%(#2%0"#3/,+,%)/28%"+.+&"18%
#00#"26(/2/+.%<+7#(,%#6"%,/..+"2&2/#(:%*/'+%.#$+%#5%28+%#28+"%6(/3+"./2/+.9%

!

"#!8#.%&$8%>'!>8.+!9&)/-).%/!2%,,6>'!>+6!>%&%!%AD,6M%/@!'%$%&),!
&%D6&.%/!.+).!.+%!%BD%&8%#*%'!.+%M!+)/!8#!.+%!5%#.%&!>%&%!8#'.&-A%#.),!
8#!+%,D8#9!.+%A!)..)8#!.+%8&!*-&&%#.!D6'8.86#@!)'!>%,,!)'!D&%D)&8#9!.+%A!
.6!/%$%,6D!)#/!%AP)&?!6#!)!&%'%)&*+!)9%#/)!8#!.+%!48%,/=!;H,%)'%!'%%!.+%!
'%D)&).%!&%D6&.C!(%$8%>!64!05L:Lf'!(%'%)&*+!"#8.8).8$%!46&!A6&%!6#!.+%!
2%,,6>'f!&%'%)&*+!%BD%&8%#*%'=<!

Fac i l i t a t i ng  co l l abora t i ons  

O#%!*&8.8*),!*6AD6#%#.!.6!/%$%,6D8#9!,%)/%&'!8#!)!#%>!48%,/!8'!
4)*8,8.).8#9!*6##%*.86#'!>8.+!6.+%&'=!!05L:L!A)/%!)!'.&6#9!%446&.!.6!
*6##%*.!9&)/-).%!'.-/%#.'!.6!,%)/%&'!8#!.+%!48%,/@!4&6A!P6.+!8#'8/%!)#/!
6-.'8/%!.+%!5%#.%&@!.+&6-9+!'-DD6&.8#9!.+%8&!D)&.8*8D).86#!8#!A%%.8#9'!
)#/!*6#4%&%#*%'@!)#/!*6#$%#8#9!8#$8.).86#),!A%%.8#9'!'D6#'6&%/!PM!
05L:L=!:+%'%!6DD6&.-#8.8%'!.6!P-8,/!&%,).86#'+8D'!)#/!*6##%*.86#'!
>%&%!*6#'8'.%#.,M!+89+,89+.%/!PM!.+%!/6*.6&),!4%,,6>'!)'!$%&M!8AD6&.)#.!
*6#.&8P-.6&'!.6!.+%8&!9&6>.+!)'!'*+6,)&'=!!!

S.%&%!+**#)%5#"%=>?@?:%4%1&(%8#(+.2*7%.&7%28&2%4%)&.%&55#",+,%$&(7%
#00#"26(/2/+.%2#%.8&"+%&(,%1#**&<#"&2/3+*7%1"+&2+%'(#)*+,-+%28&2%8&.%8+*0+,%.06"%
$7%0"#5+../#(&*%1&"++"9%O#"'/(-%#(%3&"/#6.%"+.+&"18%0"#F+12.%&2%$7%"+.0+12/3+%
6(/3+"./27%#(*7%+(8&(1+,%28/.%&.0+12%#5%$7%$&2"/16*&2/#(9%

%

=>?@?%8&.%5#.2+"+,%"+*&2/#(.8/0.%&(,%1#((+12/#(.%)/28/(%&(,%&1"#..%28+%
+(-/(++"/(-%&(,%2+18(#*#-7%+,61&2/#(%5/+*,.%<7%8#.2/(-%3&"/#6.%+3+(2.%28&2%
<"#6-82%2#-+28+"%&%3&"/+27%#5%J@?K%.2&'+8#*,+".%)/28%./$/*&"%-#&*.%1#(1+"(/(-%
28+%/$0"#3+$+(2%#5%2+&18/(-M*+&"(/(-%)/28/(%#6"%.18##*.9%4%8&3+%0&"2/1/0&2+,%/(%
28+.+%"+*&2/#(.8/0.%<7%&22+(,/(-%1#(5+"+(1+.:%.7$0#./6$.:%&(,%8&3+%<++(%$#"+%
&12/3+*7%/(3#*3+,%)/28%28+.+%"+*&2/#(.8/0.%&(,%1#((+12/#(.%28"#6-8%$7%,#12#"&*%
"+.+&"189%

!

"#!6-&!8#.%&$8%>'!>8.+!%AD,6M%/!9&)/-).%'@!>%!)'?%/!.+%A!.6!*6AA%#.!
6#!.+%!%B.%#.!.6!>+8*+!.+%!5%#.%&!D&%D)&%/!.+%A!46&!*6,,)P6&).8$%!
6DD6&.-#8.8%'!8#!.+%8&!*-&&%#.!D6'8.86#'=!R+8,%!#6.!),,!9&)/-).%'!>%&%!8#!
'8.-).86#'!.+).!D&%'%#.%/!'-*+!6DD6&.-#8.8%'@!'%$%&),!*6AA%#.%/!6#!+6>!
.+%!*6##%*.86#'!.+%M!A)/%!>+8,%!D)&.!64!.+%!5%#.%&!*6#.8#-%!.6!P%!
8AD6&.)#.!8#4,-%#*%'!8#!.+%8&!*)&%%&'@!)#/!+)$%!%#*6-&)9%/!.+%A!.6!'%%?!
6-.!#%>!6DD6&.-#8.8%'!46&!*6,,)P6&).86#=!
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!

K7%(+)%1#**+&-6+%/.%5"#$%=>?@?:%&(,%8+%/.%"/-82%(+A2%,##"%&(,%.#%#<3/#6.*7%
28&2%"+*&2/#(.8/0%/.%.2"#(-9%4%2&*'%2#%B&(#28+"%>+(2+"%-"&,6&2+C%&2%*+&.2%T%#"%U%
2/$+.%&%$#(289%4%28/('%4%8&,%&%0"+227%-##,%(+2)#"'%.2&"2+,%&*"+&,7:%&(,%.#%
)8&2%4%8&3+%2"/+,%2#%,#%/.%1#((+12%28#.+%5#*'.%60%&(,%8+*0%28+$:%&(,%4%'(#)%
28+7%8&3+%8+*0+,%$+%&.%)+**9%%

%

4%28/('%28+%+A0#.6"+%2#%#28+"%0"#5+../#(&*.%)/28/(%28+%5/+*,%)&.%3+"7%/$0#"2&(2%
5"#$%&%1#60*+%#5%.2&(,0#/(2.9%=6$<+"%#(+:%'(#)/(-%28&2%28+"+%&"+%0+#0*+%#62%
28+"+%)8#%&"+%+L6&**7%+(286./&.2/1%&(,%.2"/3/(-%2#)&",%)&7.%#5%+55+12/3+*7%
+,61&2/(-%'/,.%B/.%/$0#"2&(2C9%S(,%6(,+".2&(,/(-%28&2%28+"+%&"+%-##,%0+#0*+%#62%
28+"+%28&2%&"+%$#"+%28&(%)/**/(-%2#%8+*0:%&(,%&*.#%8&3/(-%&(%#00#"26(/27%2#%
1#**&<#"&2+%)/28%0+#0*+%&2%$7%#)(%*+3+*:%6(,+".2&(,/(-%28&2%28+"+%/.%&%18&(-+%
-#/(-%#(%B/(%28+%5/+*,C9%4%&$%&..#1/&2+,%)/28%0+#0*+%28&2%4%)/**%0"#<&<*7%<+%
1#**&<#"&2/(-%)/28%5#"%28+%"+.2%#5%$7%1&"++"9%%%%%

%

O#"'/(-%&.%1*#.+*7%&.%)+%,/,%)/28%28+%1#"+%1#6".+.%&(,%28/(-.:%)/28%28+%$6*2/0*+%
/(.2"612#".%&2%$6*2/0*+%.18##*.:%/2%0"+0&"+,%$+%5#"%28+%'/(,.%#5%0#*/2/1&*%86",*+.%
&(,%16*26"&*%86",*+.%28&2%#116"%<+2)++(%0+#0*+%)/28%,/55+"+(2%0#/(2.%#5%3/+)9%4(%
28+%>+(2+":%7#6%8&3+%28+%2+&18/(-%/(.2/262/#(.%&(,%28+%"+.+&"18%/(.2/262/#(.%&(,%
28+7%&"+%)#"'/(-%1#**&<#"&2/3+*7:%<62%28+7%+&18%8&3+%28+/"%6(/L6+%$/../#(%28&2%
28+7%&"+%2"7/(-%2#%&11#$0*/.89%J/$/*&"*7:%4%-+2%2#%)#"'%)/28%8/-8%.18##*.:%)8/18%
8&3+%&%,/55+"+(2%'/(,%#5%$/../#(%28&(%28+%1#**+-+.%,#9%J#:%28&2%)&.%3+"7%8+*056*:%4%
)#6*,%.&79%

%

4%28/('%8#(+.2*7%<+/(-%+A0#.+,%2#%&(,%/(2+"&12/(-%)/28%#28+"%.26,+(2.%#(%#28+"%
1&$06.+.%&(,%0+#0*+%)/28%.618%,/3+".+%<&1'-"#6(,.%1+"2&/(*7%8+*0.%&%)8#*+%*#29%%
J#$+%#5%28+%,7(&$/1.%28&2%)+%8&,:%*/'+%)8+(%)+%8&,%2#%0&"2(+"%2#-+28+"%&1"#..%
6(/3+"./2/+.:%4%28/('%28&2%)&.%&%-"+&2%28/(-9%%4%'(#)%28&2%)+%.2&"2+,%28&2%
&126&**7%)/28%&%,+./-(%1#6".+:%<62%)+%,/,%/2%)/28%.#$+%#5%28+%#28+"%&12/3/2/+.:%/(%
.#$+%#5%28+%#28+"%1*&..+.%&.%)+**9%@8&2%1+"2&/(*7%,/,%8+*0%B$+%*+&"(%8#)%2#%
1#**&<#"&2+C9%

!

O$%&),,@!)'!64!'-AA%&!UbQb@!A6'.!05L:L!4%,,6>'!>%&%!').8'48%/!>8.+!
.+%!,%)/%&'+8D!*6AD6#%#.!64!.+%!5%#.%&S'!/6*.6&),!D&69&)AC!Neg!')8/!
.+%M!>%&%!').8'48%/!6&!$%&M!').8'48%/=!`6>%$%&@!QXg!')8/!.+%M!>%&%!
'6A%>+).!').8'48%/@!)#/!)#6.+%&!QXg!&%D6&.%/!P%8#9!/8'').8'48%/=!O$%&!
.+%!M%)&'@!>%!+)$%!6P'%&$%/!.+).!.+%!5%#.%&!>)'!$%&M!&%'D6#'8$%!.6!.+%!
*6#*%&#'!)#/!#%%/'!64!.+%!/6*.6&),!4%,,6>'=!!K!+)#/4-,!64!2%,,6>'!#6.!
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').8'48%/!>8.+!'6A%!)'D%*.'!64!.+%8&!D&69&)A!)&%!.6!P%!%BD%*.%/!8#!)#M!
/6*.6&),!D&69&)A=!:+%!8#.%&$8%>'!>8.+!9&)/-).%'!&%$%),%/!.+).!>+8,%!8#!
&%.&6'D%*.!.+%M!>6-,/!+)$%!,8?%/!'6A%!)'D%*.'!64!.+%!D&69&)A!.6!+)$%!
P%%#!8AD&6$%/@!6$%&),,!.+%M!4%,.!.+).!.+%8&!/6*.6&),!%BD%&8%#*%!D&%D)&%/!
.+%A!>%,,!46&!.+%8&!*-&&%#.!D6'8.86#'=!2-&.+%&@!.+%M!&%D6&.%/!.+).!.+%8&!
%BD%&8%#*%'!D&%D)&%/!.+%A!.6!'-DD6&.!.+%!%446&.!.6!)/$)#*%!.+%!48%,/!64!
.%*+#6,69M!%/-*).86#=!

Faculty Leadership   

:+%&%!+)'!P%%#!)!&)#9%!64!4)*-,.M!8#$6,$%/!8#!.+%!5%#.%&@!>+6!+)$%!
D)&.8*8D).%/!8#!/844%&%#.!>)M'!;PM!*6#/-*.8#9!&%'%)&*+@!'%&$8#9!)'!
D&64%''86#),!/%$%,6DA%#.!,%)/%&'@!)/$8'8#9!9&)/-).%!'.-/%#.'@!%.*=<=!!
"#.%&$8%>'!>8.+!05L:L!4)*-,.M!)#/!48%,/!%BD%&.'!%B.%&#),!.6!.+%!5%#.%&!
D&6$8/%!%$8/%#*%!64!.+%!>)M'!05L:L!)//%/!$),-%!.6!4)*-,.M!A%AP%&'f!
D&64%''86#),!.&)T%*.6&8%'!)#/!D&6$8/%/!#%>!6DD6&.-#8.8%'!46&!.+%A!.6!
A)?%!*6#.&8P-.86#'!.6!.+%!48%,/=!!

"#.%&$8%>'!>8.+!05L:L!4)*-,.M!&%9)&/8#9!>)M'!.+%!5%#.%&!+)'!8AD)*.%/!
.+%8&!D&64%''86#),!&6,%'!+)$%!&%$%),%/!.+).!46&!.+%!A6'.!D)&.@!
D)&.8*8D).8#9!8#!.+%!5%#.%&!+)'!P%%#!)!D6'8.8$%!%BD%&8%#*%=!R+8,%!?%M!
4)*-,.M!)/A8..%/!.+).!*&%).8#9!)#/!&-##8#9!.+%!5%#.%&!>)'!A6&%!/8448*-,.!
.+)#!.+%M!)#.8*8D).%/@!.+%M!),'6!)*?#6>,%/9%/!.+).!8.!+)'!8AD)*.%/!.+%A!
8#!.%&A'!64!+6>!.+%M!.+8#?!)P6-.!8#4-'8#9!%#98#%%&8#9!/%'89#!D&8#*8D,%'!
8#.6!.%*+#6,69M!%/-*).86#@!#%>!&%'%)&*+!6DD6&.-#8.8%'!)#/!)DD&6)*+%'@!
)#/!9%..8#9!'A)&.%&!)P6-.!D&6$8/8#9!D&64%''86#),!/%$%,6DA%#.!8#!
.%*+#6,69M!%/-*).86#=!2)*-,.M!),'6!/8'*-''%/!>)M'!.+%!5%#.%&!*6##%*.%/!
.+%A!>8.+!D%%&'!)*&6''!.+%!*6-#.&M@!>+8*+!.+%M!8/%#.848%/!)'!P%8#9!
)A6#9!.+%!9&%).%'.!P%#%48.'!64!P%8#9!8#$6,$%/!8#!05L:L=!H%&+)D'!A6'.!
8AD6&.)#.,M@!.+%!4)*-,.M!)9&%%/!.+).!.+%!A)T6&!*6#.&8P-.86#!6&!,%9)*M!64!
.+%!5%#.%&!>8,,!P%!.+%!#%B.!9%#%&).86#!64!,%)/%&'!)#/!'*+6,)&'!8.!8'!
D&6/-*8#9!.+&6-9+!.+%!/6*.6&),!4%,,6>'@!)#/!.+%!*&%).86#!64!)!#).86#),!
*6AA-#8.M!46*-'%/!6#!8#4-'8#9!%#98#%%&8#9!D&8#*8D,%'!8#.6!.%*+#6,69M!
%/-*).86#=!

\,.8A).%,M@!4)*-,.M!P%,8%$%/!.+).!.+%!5%#.%&!D&6$8/%/!)#!6DD6&.-#8.M!46&!
#).86#),!*6,,)P6&).86#!)#/!.+%!D6.%#.8),!.6!-#84M!)#/!P&8#9!)..%#.86#!.6!
.+6'%!)..%AD.8#9!.6!8#.%9&).%!%#98#%%&8#9!/%'89#!D&8#*8D,%'!8#.6!
.%*+#6,69M!%/-*).86#=!

4%28/('%28+%>+(2+"%8&.%"+&*%0#2+(2/&*%5#"%&,3&(1/(-%&(%&-+(,&9%@#%8+*0%<+%/(%&%
*+&,+".8/0%"#*+%&(,%$&'+%28&2%8&00+(%B/.%&%-##,%#00#"26(/27C9%@8+%>+(2+"%8&.%
&.%$618%0#2+(2/&*%5#"%8&3/(-%/(5*6+(1+%#5%&(728/(-%4G3+%.++(%/(%&%*#(-%2/$+9%S(,%
+A2+"(&**7:%8&3/(-%"+.#6"1+.%2#%,#%28+%)#"'%/.%&(%/(1+(2/3+9%
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%

S**%&*#(-:%#(+%#5%28+%$&F#"%3&*6+.%#5%28+%>+(2+"%)&.%<+/(-%&<*+%2#%1#((+12%)/28%
0++".%&2%#28+"%/(.2/262/#(.%#(%&%"+-6*&"%<&./.9%O/28#62%28+%>+(2+":%28&2%F6.2%
,#+.(G2%8&00+(9%V#6%.++%28+.+%0+#0*+%&2%1#(5+"+(1+.%#(1+%&%7+&"%#"%#(1+%+3+"7%2)#%
7+&".9%@8&2G.%&%86-+%<+(+5/2D0"#5+../#(&*%1#**&<#"&2/#(.%&(,%#00#"26(/2/+.%2#%
1#**&<#"&2+%+3+(%56"28+"W%@8+%<#22#$%*/(+%/.%28&2%4%8#0+%28+%>+(2+"%-/3+.%6.%
.#$+%3/./</*/27%/(%28+%5/+*,%&(,%#55+".%6.%.#$+%1#**&<#"&2/#(%#00#"26(/2/+.%*/'+%
X+(%O+*27G.%)#"'%)/28%=S?W%@8&2%/.%86-+9%@8&2%)#6*,%(#2%8&3+%8&00+(+,%
)/28#62%28+%>+(2+"9%

%

4(2+"(&**7:%&**%&*#(-:%4%<+*/+3+,%/(%)8&2%28+%>+(2+"%.2##,%5#"9%S(,%<+/(-%&<*+%2#%
$#3+%5#")&",%)/28%28/.%/(/2/&2/3+%2#%*##'%&2%+(-/(++"/(-%,+./-(%&.%&%1+(2"&*%0/+1+%
&(,%1#$0#(+(2%#5%2+18(#*#-7%+,%&.%&%5/+*,9%O8+28+"%/2G.%)#"'/(-%)/28%28+%
*+&,+".8/0%2+&$%#"%,+3+*#0/(-%.#$+%0"#0#.&*.:%#"%8+*0/(-%.26,+(2.%2#%-+2%#(<#&",%
)/28%28+/"%"+.+&"18W%

%

4%&$%3+"7%1#$$/22+,%2#%28+%5/+*,%-+(+"&**79%O+**%<+5#"+%28+%>+(2+"%1&$+%/(2#%
<+/(-:%4%)&.%/(3#*3+,%#(%28+%(&2/#(&*%.1+(+%W%&(,%<+/(-%/(3#*3+,%/(%28+%
F#6"(&*.%&(,%.#%5#"28:%&(,%.#%=>?@?%)&.%&%1#(2/(6&2/#(%#5%28&2%$#2/3&2/#(%2#%
<+%&%1#(2"/<62#"%2#%28+%5/+*,9%S(,%28+%5&12%28&2%)+%)+"+%2"7/(-%2#%1"+&2+%&%(+A2%
-+(+"&2/#(%#5%0"#5+..#".%)8#%1#6*,%-/3+%*+&,+".8/0%2#%28+%5/+*,%)&.%+A1/2/(-%&(,%#5%
1#6".+%28+%5&12%28&2%&%-##,%1"#),%#5%0+#0*+%(&2/#(&**7%)8#%)/**%1#$+%2#-+28+"%#3+"%
28/.%28/(-%)&.%+A1/2/(-9%@8+"+%&"+%.#$+%-##,%0+#0*+%/(%=>?@?:%&(,%)8+(%)+%
<"/(-%6.%&**%2#-+28+":%#62%#5%28&2:%7#6%-+2%&%-##,%+A1/2+$+(2%5"#$%/29%

!

Facu l t y  research  oppor t un i t i es  

O#%!64!.+%!D6.%#.8),!P%#%48.'!64!D)&.8*8D).8#9!8#!)#!0123'D6#'6&%/!
5%#.%&!46&!7%)&#8#9!)#/!:%)*+8#9!8'!.+%!6DD6&.-#8.M!.6!*6#/-*.!
*6,,)P6&).8$%!&%'%)&*+=!!!R+8,%!.+8'!>)'!#6.!#%*%'')&8,M!)!4&%[-%#.!
6**-&&%#*%!8#!05L:L@!46&!.+6'%!>+6!/8/!%#9)9%!8#!>6&?8#9!>8.+!6.+%&'!
6#!&%'%)&*+!D&6T%*.'@!8.!>)'!)!$%&M!&%>)&/8#9!%BD%&8%#*%=!!K'!6#%!4)*-,.M!
A%AP%&!D-.!8.C!

W@8+"+%/.%$&-/1%28&2%8&00+(.:%<+2)++(%<"/(-/(-%2#-+28+"%28+.+%,/.0&"&2+%
0+".#(&*/2/+.%&(,%28+.+%,/.0&"&2+%2+18(/1&*%1#$0+2+(1/+.9%S**%#5%&%.6,,+(:%/2%
1*/1'.%&(,%4%28/('%.#%5&":%28&2%0"#5+../#(&**7:%/.%)8&2%4%)#6*,%.&7%4%8&3+%*+&"(+,%
5"#$%28/.:%8#)%-"+&2%/2%/.9%Y+.+&"18%,#+.(G2%8&3+%2#%<+%8#*+,%60%/(%7#6"%#55/1+:%
)8&1'/(-%&)&7%#(%28+%1#$062+"9%

!
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:6>)&/!.+%!%#/!64!.+%!9&)#.!D%&86/@!)!4%>!4)*-,.M!A%AP%&'!D)&.8*8D).%/!
8#!'%%/!9&)#.34-#/%/!&%'%)&*+@!)#/!'%$%&),!>%&%!8#!.+%!D&6*%''!64!
D&6D6'8#9!#%>!&%'%)&*+!D&6T%*.'!.6!.+%!0).86#),!1*8%#*%!26-#/).86#=!
O#%!8#!D)&.8*-,)&!&%D6&.%/!.+).!+8'!%BD%&8%#*%!8#!05L:L!>)'!
8#'.&-A%#.),!8#!'-DD6&.8#9!+8'!%446&.'!.6!'-PA8.!)!_(F3QU!D&6D6'),C!

4%,#(G2%.0+(,%&%*#2%#5%2/$+%+(-&-/(-%/(%"+.+&"18%0"#F+12.%&(,%/(%5&12:%F6.2%28/.%
$#(28:%4%&$%.6<$/22/(-%$7%3+"7%5/".2%0"#0#.&*%2#%28+%=J!%5#"%"+.+&"189%4%28/('%
<+/(-%/(3#*3+,%)/28%28+%=>?@?%&(,%8+&"/(-%&<#62%28+%"+.+&"18%&(,%)8&2%
#28+".%)+"+%,#/(-%-&3+%$+%1#(5/,+(1+%&(,%0/L6+,%$7%/(2+"+.2%2#%2"7%)"/2/(-%&%
"+.+&"18%0"#0#.&*:%&%</-%$&F#"%#(+9%@#%<+%8#(+.2:%4%)&.%&*)&7.%(#2%&5"&/,%#5%28+%
6('(#)(:%<62%28+%6('(#)(%)&.%6('(#)(%&(,%.#%4%,/,(G2%+3+(%'(#)%8#)%2#%-+2%
.2&"2+,%)/28%28+%"+.+&"18%0"#0#.&*9%4%28/('%$7%+A0+"/+(1+%)/28%=>?@?%,/,%
8+*0%$+%6(,+".2&(,%)8&2%28+%0"#1+..%)&.%*/'+:%+3+(%28#6-8%28+%*+&"(/(-%16"3+%/.%
.2/**%86-+9%%4%28/('%/2%8+*0+,%$+%-&/(%28+%1#(5/,+(1+%2#%2"7%28/.%"+.+&"18%0"#0#.&*%
28&2%4%&$%.+(,/(-%/(9%

"#!'-AA)&M@!6$%&!.+%!D)'.!'%$%&),!M%)&'!64!6P'%&$8#9!.+%!05L:L!4)*-,.M!
8#!D&6T%*.!,%)/%&'+8D!A%%.8#9'@!.),?8#9!>8.+!.+%A!8#!8#.%&$8%>'@!)#/!
,8'.%#8#9!.6!*6#4%&%#*%!D&%'%#.).86#'!)#/!6.+%&!A%%.8#9!D&%'%#.).86#'@!
>%!+)$%!'%%#!)!'.%)/M!9&6>.+!8#!'6D+8'.8*).86#!)#/!/%D.+!64!
*6#$%&').86#!)P6-.!.+%!*+),,%#9%'!.+%M!4)*%!8#!.+%8&!%446&.'!.6!D&6A6.%!)!
#%>!D%&'D%*.8$%!6#!.%*+#6,69M!%/-*).86#=!:+%!6DD6&.-#8.8%'!46&!#).86#),!
*6,,)P6&).86#@!.+%!/%$%,6DA%#.!64!.+%!/6*.6&),!D&69&)A!)*&6''!.+%!46-&!
-#8$%&'8.8%'@!)#/!.+%!6DD6&.-#8.8%'!46&!*6#/-*.8#9!#%>!&%'%)&*+!+)$%@!8#!
6-&!$8%>@!9&6>#!)#/!*6#.&8P-.%/!.6!P-8,/8#9!,%)/%&'+8D!*)D)*8.M!)A6#9!
.+%'%!4)*-,.M!A%AP%&'!.+).!>8,,!-,.8A).%,M!P%#%48.!.+%!48%,/=!

Perspec t i ves  f rom  the  f i e l d  

K'!D)&.!64!6-&!%$),-).86#!>6&?@!>%!*6#'-,.%/!%B.%&#),!%BD%&.'@!.6!9).+%&!
.+%8&!8AD&%''86#'!64!.+%!5%#.%&!)#/!8.'!D6.%#.8),!.6!8AD)*.!.+%!48%,/=!O#%!
)&%)!.+).!.+%!%BD%&.'!)9&%%!8'!*-&&%#.,M!,)*?8#9!8#!.+%!48%,/!)#/!8'!)#!)&%)!
8#!>+8*+!.+%!5%#.%&!*6-,/!D6.%#.8),,M!*6#.&8P-.%@!8'!4-.-&%!,%)/%&'+8DC!
.+%!#-AP%&!64!D%6D,%!%#9)9%/!8#!.+%!48%,/!8'!/%*,8#8#9@!)#/!.+%&%!8'!)!
*&8.8*),!#%%/!46&!4&%'+!D%&'D%*.8$%'!)#/!%#%&9M=!K!4%>!64!6-&!%B.%&#),!
%BD%&.'!*6AA%#.%/C!

4%28/('%B<6/*,/(-%*+&,+".8/0%1&0&1/27C%/.%0"#<&<*7%#(+%#5%28+%1#$0#(+(2.%)8+"+%
28+7%"+&**7%,/,%28+%<+.2:%/(%2+"$.%#5%2"7/(-%2#%/,+(2/57%&(,%$+(2#"%0+#0*+:%2#%-/3+%
28+$%#00#"26(/2/+.%&(,%-/3+%28+$%+A0#.6"+9%4(%$7%$+&(,+"/(-.%&2%0"#5+../#(&*%
1#(5+"+(1+.%&(,%.#%#(:%28+"+%8&.%<++(%&%,+5/(/2+%0"+.+(1+%#5%.#$+%#5%28#.+9%4%1&(G2%
0"+2+(,%2#%.&7%4%'(#)%&**%#5%28+$:%<62%28+"+%&"+%,+5/(/2+*7%.#$+%#5%28+$%28&2%4%
8&3+%.++(%#62%&(,%&<#62%&(,%4%'(#)%28&2%)&.%.#$+28/(-%28&2%28+%*+&,+".8/0%
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2+&$%-&3+%&%*#2%#5%28#6-82%2#:%28&2%+A0#.6"+%&(,%+(-&-+$+(2%&(,%-/3+%28+$%"+&*%
"+.0#(./</*/2/+.%&(,%+A0+12&2/#(.9%4%28/('%28+7%,/,%&%-##,%F#<%)/28%28&29%

%

O8&2%28+%1+(2+"%8&.%<++(%&<*+%2#%,#%<7%28+.+%6(/3+"./2/+.%)#"'/(-%
1#**&<#"&2/3+*7W%/.%"+D+(+"-/;+%&(,%"+D/(2"#,61+%7#6(-%5&16*27%/(2#%28+.+%
6(/3+"./27%0"#-"&$.%<+1&6.+%)+%)+"+%-+22/(-%2#%&%0#/(2%)8+"+%)+%)+"+%-+22/(-%&%
*/22*+%</2%.2&*+:%<+1&6.+%)+%,/,(G2%8&3+%&%*#2%#5%7#6(-+"%0+#0*+%1#$/(-%/(2#%28+%
5/+*,%2#%2&'+%#3+"%.#$+%#5%28+.+%6(/3+"./27%2+&18/(-%0#./2/#(.9%S.%0+#0*+%"+2/"+,:%
28+"+%)&.%F6.2%(#%#(+%#(%28+%8#"/;#(%2#%2&'+%28+%F#<9%S**%#5%28&2%/.%-##,9%@8&2%/.%
)87%4%28/('%28&2%28+7%8&3+%28+%0#2+(2/&*%2#%$&'+%&%-##,%/$0&129%4%6(,+".2&(,%
28&2%.26,+(2.%2&'+.%1*&..+.%<&.+,%#(%28+/"%#)(%6(/3+"./27:%<62%28+7%&*.#%,#%.#$+%
,/.2&(1+%*+&"(/(-%1*&..+.%&(,%28&2%-/3+.%28+%.26,+(2%28+%&</*/27%2#%/(2+"5&1+%)/28%
5&16*27%5"#$%&**%#3+"%28+%1#6(2"7:%&(,%28&2%"+&**7%,#+.%8+*0%2#%<"/(-%&%$#"+%
1#**&<#"&2/3+%<"&/(%&"#6(,%/2:%<+1&6.+%7#6%&"+(G2%*/$/2+,%2#%28+%/,+&.%28&2%7#6%
&"+%+A0#.+,%2#%#(%28+%1&$06.%7#6%&22+(,9%

%

4%28/('%28+7%,#%8&3+%28+%0#2+(2/&*%2#%$&'+%0"#-"+..:%<62%4%28/('%28+/"%0#2+(2/&*%
1#$0*+2+*7%8/(-+.%60#(%&%*&"-+"%-"#60%#5%.26,+(2.%<+/(-%+(-&-+,:%<+1&6.+%4%28/('%
2#%&(%+A2+(2:%28+/"%(6$<+".%8&3+%<++(%5+)%<+1&6.+%5"&('*7:%&.%&%5/+*,:%)+%8&3+%
3+"7%5+)%0+#0*+%28&2%&"+%06".6/(-%E89N9G.9%@8+%$#"+%)+%1&(%60%28#.+%(6$<+".:%
&(,%-+2%$#"+%0+#0*+%/(%28+%28/('D2&('%.#%2#%.0+&':%28+%$#"+%$#$+(26$%&(,%
$#"+%&12/#(%1&(%8&00+(9%

%

4%)#6*,%.&7%B#(+%=>?@?%-"&,6&2+%/(%0&"2/16*&"C%1+"2&/(*7%8&.%28+%0#2+(2/&*%
5#"%&%-"+&2%1&"++"%&8+&,%#5%8+"9%4%28/('%28+"+%)/**%<+%5#"1+.%<"/(-/(-%+(-/(++"/(-%
/(2#%28+%XDZT%)#"*,%&(,%/2%/.%/$0#"2&(2%28&2%2+18(#*#-7%+,%<+%0&"2%#5%28&29%
@8+"+%&"+%5#"1+.%/(%0*&7%<+7#(,%2+18(#*#-7%+,61&2/#(%2#%)#"'%/(%28&2%&"+(&9%J#:%
&(,%2#%28+%+A2+(2%28&2%28+"+%&"+%0+#0*+%*/'+%B28/.%=>?@?%-"&,6&2+C%)8#%&"+%
7#6(-:%+(+"-+2/1%&(,%(#2%<#6(,%<7%2"&,/2/#(:%4%28/('%28&2%/.%&**%2#%28+%-##,:%
<+1&6.+%)8&2%2+18(#*#-7%+,61&2/#(%5"#$%&(%/(,6.2"/&*%&"2.%0+".0+12/3+%/.:%/.%(#2%
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