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)UHQFK�ODQJXDJH�OHDUQLQJ

7LWOH

)5(1&+�/$1*8$*(�/($51,1*
'HSDUWPHQW 7KH�/DQJXDJH�&HQWUH
,QVWLWXWLRQ 8QLYHUVLW\�RI�:DUZLFN

'HVFULSWLRQ�RI�WKH�FRXUVH

7KH�FRXUVH�DLPV�WR�EXLOG�XS�OLQJXLVWLF
NQRZOHGJH�DQG�XQGHUVWDQGLQJ�RI�PHDQLQJ
WKURXJK�FUHDWLYH�XVH�RI�WKH�WDUJHW�ODQJXDJH
XVLQJ�VWXGHQW�FHQWUHG�OHDUQLQJ�DSSURDFKHV�

7KH�REMHFWLYHV�DUH�WR�FRQGXFW�EDFNJURXQG
VWXG\�WKURXJK�UHVHDUFK�DQG�WR�XVH�WKHVH
PDWHULDOV�DV�WKH�EDVLV�IRU�SUHVHQWDWLRQ�DQG
GLVFXVVLRQ�ZRUN�

,Q�WKH�ILUVW�WHUP��JURXS�WXWRUV�GHVFULEHG�WKH
SURMHFW�WLPHWDEOH�IRU�ZRUN�DQG�VXEPLVVLRQ�
7KH�WZR�FODVVHV�ZHUH�GLYLGHG�LQ�WR�SURMHFW
WHDPV��DVNHG�WR�FKRRVH�DQ�LPDJH�DQG�FRQGXFW
VRPH�EDFNJURXQG�UHVHDUFK��'XULQJ�WKH�VHFRQG
WHUP��WKH�VWXGHQWV�JDYH�D�SUHVHQWDWLRQ�
GLVFXVVLRQ�DQG�DQDO\VLV�RI�WKHLU�FKRVHQ�LPDJH
WR�WKH�WXWRU�DQG�FODVV�SHHUV��$IWHU�HDFK
SUHVHQWDWLRQ��WKH\�SDUWLFLSDWHG�LQ�WKH
IRUPXODWLRQ�RI�
IROORZ�XS
�UHVHDUFK�TXHVWLRQV
DV�VXJJHVWHG�E\�WKHLU�SHHUV�DQG�LQ�QHJRWLDWLRQ
ZLWK�WKHLU�WXWRU��,Q�WKH�WKLUG�WHUP��WKH
VWXGHQWV�VXEPLWWHG�WKH�UHVXOWV�RI�WKHLU�IXUWKHU
UHVHDUFK�WR�WXWRUV�ZKR�WKHQ�PDUNHG�WKH
SURMHFWV�XVLQJ�DQ�HQFRGHG�PDUNLQJ�VFKHPH
DQG�UHWXUQHG�WKHP�WR�VWXGHQWV��)ROORZLQJ�DQ\
FRUUHFWLRQV�WR�WKHLU�ZRUN��WKH�VWXGHQWV
SXEOLVKHG�WKHLU�SURMHFWV�GLUHFWO\�WR�WKH�:HE
VLWH�

&RXUVH�GHWDLOV

2QH�\HDU�XQGHUJUDGXDWH�FRXUVH�IRU�)UHQFK
ODQJXDJH�OHDUQLQJ
/RZHU�LQWHUPHGLDWH�OHYHO
1RQ�VSHFLDOLVW�ODQJXDJH�OHDUQHUV
7ZR�WXWRU�JURXSV�RI����VWXGHQWV
a���KRXUV�WRWDO�OHDUQLQJ�KRXUV�SHU�JURXS

2QH�RI�WKH�WXWRUV�ZDV�DQ�H[SHULHQFHG�ZHE
XVHU�ZKLOH�WKH�RWKHU�ZDV�UHODWLYHO\
LQH[SHULHQFHG�LQ�WKH�XVH�RI�WHFKQRORJ\�

'HWDLOV�RI�WKH�7(/5,�LQWHUYHQWLRQ�DQG
KRZ�LW�DLPHG�WR�HQKDQFH�WKH�OHDUQLQJ�DQG
FRXUVH�DFWLYLWLHV"

7(/5,�DSSURDFKHV�ZHUH�HPEHGGHG�LQ�WKH
UHVHDUFK�EDVHG�DSSURDFK�WR�OHDUQLQJ�XVHG�
&	,7�WRROV�ZHUH�LPSOHPHQWHG�WKDW�SURYLGHG
WKH�DELOLW\�IRU�VWXGHQWV�WR�VXEPLW�ZRUN�WR�WKH
ZHE�DQG�WR�YLHZ�DQG�FRPPHQW�RQ�HDFK
RWKHU¶V�FRQWULEXWLRQV��$�&*,�VFULSW�GHYHORSHG
E\�WKH�7(/5,�3URMHFW�ZDV�XVHG VLQFH�LW�RIIHUHG

2WKHU�WHDFKLQJ�PHWKRGV�XVHG�WR�VXSSRUW
DFWLYLW\��H�J��WXWRULDOV��OHFWXUHV��RUDO
SUHVHQWDWLRQV��ODE�FODVVHV�

� 3UHVHQWDWLRQV
� 4XHVWLRQ�DQG�DQVZHU�VHVVLRQV
� *URXS�ZRUN�ZDV�HQFRXUDJHG�DQG�VRPH

VWXGHQWV�GLG�ZRUN�LQ�SDLUV�
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D�VLPSOH�LQWHUIDFH�WR�VXLW�WKH�WHFKQLFDO�DELOLWLHV
RI�WKH�VWXGHQW�JURXS�

7KH�LQWHJUDWLRQ�RI�VWXGHQW�ZHE�SXEOLVKLQJ
DLPHG�WR�HQKDQFH�OHDUQLQJ�DQG�WKH
GHYHORSPHQW�RI�UHVHDUFK�EDVHG�DSSURDFKHV
E\�SURYLGLQJ�DQ�DGGLWLRQDO�RU�DOWHUQDWLYH
PHDQV�IRU�VWXGHQWV�WR�H[SUHVV�WKHPVHOYHV

7KH�HYDOXDWLRQ�IRFXVHG�RQ�
� 6WXGHQW�DWWLWXGHV�WR�WKH�ZHE��EHIRUH�DQG

DIWHU�WKHLU�FRPSOHWLRQ�RI�D�VKRUW�SURMHFW
� 7KH�UROHV�SOD\HG�E\�FKRLFH�DQG

UHVSRQVLELOLW\�LQ�UHODWLRQ�WR�WKH�XVH�RI
LPDJHV�GXULQJ�WKH�SURMHFW��DQG�WKHLU�HIIHFW
RQ�PRWLYDWLRQ�WR�XVH�WKH�WDUJHW�ODQJXDJH�

2WKHU�WHFKQRORJLHV�XVHG�WR�VXSSRUW
DFWLYLW\��H�J��&'�520��ZHE�UHVRXUFHV�
OHFWXUH�QRWHV��UHIHUHQFHV��RQOLQH�WHVWV�

� :HE�UHVRXUFHV��SURYLGHG�E\�WKH�VWXGHQWV�

+RZ�WKH�FRXUVH�ZDV�SUHYLRXVO\�UXQ
�LI�DSSOLFDEOH�

7KH�WRSLF�IRU�SURMHFW�ZRUN��GLVFXVVLRQV�DQG
SUHVHQWDWLRQV�ZDV�FKRVHQ�E\�WKH�WXWRU�

)LQDO�ZRUN�VXEPLWWHG�ZDV�PDUNHG�DQG
UHWXUQHG�WR�WKH�LQGLYLGXDO�VWXGHQWV�DW�WKH�HQG
RI�WKH�FRXUVH�

3UREOHPV�ZLWK�SUHYLRXV�WHDFKLQJ
PHWKRGV

&ODVV�VL]HV�ZHUH�WRR�ELJ�WR�DOORZ�VWXGHQWV�WR
VHH�DQG�GLVFXVV�FRQWULEXWLRQV�IURP�WKH�ZKROH
JURXS�

6WXGHQWV�ZHUH�RIWHQ�QRW�PRWLYDWHG�WR�H[SUHVV
WKHPVHOYHV�LQ�WKH�WDUJHW�ODQJXDJH�DQG
GLVFXVVLRQV�ZHUH�VORZ�DQG�DUGXRXV�IRU�ERWK
WXWRUV�DQG�VWXGHQWV�

,QWHQGHG�FDSDELOLWLHV�WR�EH�GHYHORSHG

7KH�IRUPDWLRQ�DQG�JHQHUDWLRQ�LQ�WKH�WDUJHW
ODQJXDJH�RI�
• SHUVRQDO�LQWHUSUHWDWLRQ��PHDQLQJ�DQG

H[SUHVVLRQ
• DUJXPHQWV��UHDVRQLQJ�DQG�H[SODQDWLRQV

7KH�DELOLW\�WR�
• EH�RULJLQDO��FUHDWLYH�DQG�LQQRYDWLYH
• GHDO�ZLWK��HYDOXDWH�DQG�V\QWKHVLVH�

FRPSOH[�FRQFHSWV

0HWKRGV�RI�DVVHVVPHQW

� 3UHVHQWDWLRQ�ZRUN
� )LQDO�SURMHFW�ZRUN

3UREOHPV�LQ�VHWWLQJ�XS�WKH�FRXUVH�RU
WHFKQRORJ\

7HFKQLFDO�'HVSLWH�D�ZLGH�GLIIHUHQWLDWLRQ�LQ�WKH
WHFKQLFDO� H[SHUWLVH� RI� ERWK� WKH� VWXGHQWV� DQG
WXWRUV��YHU\�IHZ�WHFKQRORJ\�UHODWHG�GLIILFXOWLHV
ZHUH�HQFRXQWHUHG�

*URXS� ZRUNLQJ�� ZLWK� VWXGHQWV� FRPLQJ� IURP
GLIIHUHQW� GHJUHH� GLVFLSOLQHV�� LW� LV� QRW
UHFRPPHQGHG�WR�KDYH�JURXSV�ZLWK�PRUH�WKDQ
�� SHRSOH�� GXH� WR� UHSRUWHG� SUREOHPV� ZLWK
VWXGHQWV
� WLPH� PDQDJHPHQW� DQG� RUJDQLVLQJ
IDFH�WR�IDFH�SURMHFW�PHHWLQJV�ZLWK�WKHLU�SHHUV�

+RZ�WKHVH�ZHUH�VROYHG

2QH�VROXWLRQ�PD\�EH�DFWLYH�HQFRXUDJHPHQW�LQ
WKH�XVH�RI�H�PDLO�
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6WXGHQW� SUHFRQFHSWLRQV�� DV� WKLV�ZDV� WKH� ILUVW
\HDU� RI� LPSOHPHQWDWLRQ�� VRPH� WHHWKLQJ
SUREOHPV� KDG� WR� EH� RYHUFRPH�� )RU� H[DPSOH�
VWXGHQWV�RIWHQ�DVNHG� IRU� �SUHYLRXV�PRGHOV� WR
IROORZ��� WKHUH� ZDV� D� GLVDSSRLQWLQJ� OHYHO� RI
UHVHDUFK�FDUULHG�RXW�E\�VRPH�VWXGHQWV�DV�WKH\
EHOLHYHG�WKDW�WKH\�KDG�ILQLVKHG�WKH�EXON�RI�WKH
SURMHFW�ZRUNORDG�E\�WKH�SUHVHQWDWLRQ�VWDJH�

([DPSOHV�RI�SUHYLRXV�FRKRUWV�RI�VWXGHQWV�RQ
WKH�FRXUVH�DUH�QRZ�EHLQJ�XVHG�LQ�UHVSRQVH�WR
WKH�QHHG�IRU�PRGHOV�RI�JRRG�SUDFWLFH�

&ODULILFDWLRQ�LV�QRZ�JLYHQ�LQ�WKH�VWUXFWXUH�RI
WKH�FRXUVH�DQG�WKH�UDWLRQDOH�DQG�UHTXLUHPHQW
WR�FRQGXFW�UHVHDUFK�ERWK�SULRU�WR�WKH
SUHVHQWDWLRQ�DQG�LQ�SUHSDUDWLRQ�IRU�SXEOLVKLQJ
ZRUN�

([WHQW�RI�GHYHORSPHQW�RI�LQWHQGHG
RXWFRPHV

7(/5,�HYDOXDWLRQ

,W� ZDV� FOHDU� WKDW� WKH� WUDQVSDUHQW� XVH� RI
WHFKQRORJ\� ZDV� D� VXFFHVV� IDFWRU�� 7KH� GHVLJQ
RI� WKH�:HE� HQYLURQPHQW� ZDV� SXUSRVHO\� NHSW
DV�VLPSOH�DV�SRVVLEOH�WR�DYRLG�GLVWUDFWLRQ�IURP
WKH�PDLQ�SURFHVV�RI�ODQJXDJH�OHDUQLQJ�

7KH� VWXGHQWV� XQGHUWRRN� WKH� UHVHDUFK� ZRUN
ZLWK�PRUH�HQWKXVLDVP�LQ�FRPELQDWLRQ�ZLWK�WKH
RSSRUWXQLWLHV� IRU� SXEOLVKLQJ� ZRUN� DQG
H[SUHVVLRQ� RI� LGHDV� ±� DV� LQ� WKH� UHVHDUFK
SURFHVV�� � 7KLV� LQFUHDVHG� PRWLYDWLRQ� FOHDUO\
SOD\HG� D� UROH� LQ� LPSURYLQJ� WKH� TXDOLW\� RI� WKH
FRXUVH��ERWK�LQ�WHUPV�RI�WKH�VWXGHQWV¶�OHDUQLQJ
H[SHULHQFH�DQG�WKHLU�RYHUDOO�SHUIRUPDQFH�DQG
DFKLHYHPHQW�

$FDGHPLF�WXWRU�HYDOXDWLRQ

%RWK� WKH� SUHVHQWDWLRQV� DQG� WKH� ZULWWHQ� ZRUN
ZHUH� RI� D� FRQVLVWHQWO\� KLJK� TXDOLW\� ZLWK
UHVSHFW� WR� WKH� JHQHUDWLRQ� RI� PHDQLQJ�
LQWHUSUHWDWLRQ� DQG� FUHDWLYH� XVH� RI� WKH
ODQJXDJH�

7KH�WHFKQRORJ\�EDVHG�DSSURDFKHV�DOORZHG
VFRSH�ZLWKLQ�WKH�FRXUVH�VFKHGXOH�IRU�VWXGHQWV
WR�UHIOHFW�PRUH�GHHSO\�WKDQ�ZDV�SUHYLRXVO\
SRVVLEOH�LQ�VROHO\�WLPHWDEOHG�JURXSV��$�KLJKHU
GHJUHH�RI�IRFXV�LQ�IDFH�WR�IDFH�VHPLQDUV�ZDV
DOVR�DSSDUHQW�

/LQJXLVWLF�NQRZOHGJH�DQG�IOXHQF\�RI
H[SUHVVLRQ�LQ�D�ZLGHU�UDQJH�RI�FRPPXQLFDWLRQ
DUHDV��OLVWHQLQJ��UHDGLQJ��VSHDNLQJ�DQG
ZULWLQJ��ZHUH�DOVR�HQKDQFHG�

6WXGHQWV�HYDOXDWLRQ

7KH�VWXGHQWV�UHVSRQGHG�ZHOO�WR�WKH
RSSRUWXQLW\�IRU�VHOI�H[SUHVVLRQ�DQG�FUHDWLYH
XVH�RI�LPDJHV�DQG�WKH�WDUJHW�ODQJXDJH��7KH\
ZHUH�LQ�WKH�PDLQ�SDUW�H[FLWHG�E\�WKH�QHZ
WHDFKLQJ�DQG�OHDUQLQJ�DSSURDFK�

'HVSLWH�VRPH�WHFKQLFDO�SKRELDV��WKH�VWXGHQWV
ZHUH�VXUSULVHG�DW�WKH�HDVH�ZLWK�ZKLFK�WKH\
FRXOG�VXEPLW�WKHLU�ZRUN�DQG�FRPPHQWV�WR�WKH
ZHE�

7KH�VWXGHQWV�UHPDUNHG�WKDW�WKH\�ZHUH
VWLPXODWHG�WR�WDNH�ULVNV�LQ�WKHLU�XVH�RI�)UHQFK
ODQJXDJH��ZKLFK�WKH\�IHOW�FRQWULEXWHG�WR
LPSURYHG�SHUIRUPDQFH�LQ�WKH�SUHVHQWDWLRQ�DQG
ILQDO�ZRUN�

8QLQWHQGHG�EHQHILWV�RU�FRVWV

7(/5,�HYDOXDWLRQ

$OWKRXJK�WKLV�ZDV�VRPHWKLQJ�HQWLUHO\�QHZ�WR

$FDGHPLF�WXWRU�HYDOXDWLRQ

0RWLYDWLRQ��D�GHILQLWH�LQFUHDVH�ZDV�SHUFHLYHG
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WKH�WXWRUV��WKH\�QRWHG�WKDW�WKH�SHGDJRJLFDO
PHWKRGRORJ\�DQG�LGHDV�VXJJHVWHG�WKHPVHOYHV
TXLWH�UHDGLO\��7KH�SURMHFW�KLJKOLJKWHG�WKH
LPSRUWDQFH�RI�WLJKWO\�LQWHJUDWLQJ�DQ\�QRYHO
DFWLYLWLHV�ZLWK�WKH�FRXUVH�VWUXFWXUH��7KH
ELJJHVW�SUREOHPV�ZHUH�HVVHQWLDOO\�LQ
RYHUFRPLQJ�DQ[LHWLHV�LQ�LPSOHPHQWLQJ
VRPHWKLQJ�LQQRYDWLYH�LQWR�D�SUHGHILQHG
FXUULFXOXP�DQG�DWWDFKLQJ�D�YDOXH��L�H�
DVVHVVPHQW�PDUN��WR�LW�

DIWHU�WKH�HDUO\�SUHVHQWDWLRQV��WKH
TXHVWLRQQDLUHV�DQG�IRFXV�JURXS�LGHQWLILHG�WKDW
WKH�:HE�DV�D�SXEOLVKLQJ�PHGLXP�LQ
FRPELQDWLRQ�ZLWK�WKH�SUHVHQWDWLRQ�GLG�DFW�DV
DQ�LQFHQWLYH�IRU�D�ODUJH�SURSRUWLRQ�RI�WKH
VWXGHQWV��$�PLQRULW\�UHPDLQHG�ZKR�ZHUH
LQGLIIHUHQW�WR�WKH�SXEOLFDWLRQ�RI�WKHLU�SURMHFW�

6WXGHQWV�HYDOXDWLRQ

8VH�RI�LPDJHV��WKH�IUHH�FKRLFH�RI�LPDJH
IRUPHG�WKH�IRFDO�SRLQW�RI�WKH�SURMHFW�DQG�ZDV
OLQNHG�WR�PRWLYDWLRQDO�IDFWRUV�LGHQWLILHG�E\�WKH
VWXGHQWV��SXUVXLQJ�HQMR\DEOH�EDFNJURXQG
UHVHDUFK��VHOI�H[SUHVVLRQ��DGYDQFHG�XVH�RI
ODQJXDJH��SDUWLFLSDWLRQ�GXULQJ�WKH
SUHVHQWDWLRQ�DQG�TXHVWLRQ�DQG�DQVZHU
VHVVLRQ��SURGXFLQJ�D�:HE�SXEOLVKDEOH
GRFXPHQW�

(IIHFW�RQ�ODQJXDJH�OHDUQLQJ��DFFRUGLQJ�WR
VWXGHQW�UDWLQJV��WKH�VNLOOV�PRVW�SUDFWLVHG�ZHUH
VSHDNLQJ�DQG�ZULWLQJ�IROORZHG�E\�OLVWHQLQJ�DQG
UHDGLQJ�

&RVW�HIIHFWLYHQHVV�DQDO\VLV
�H�J��IDFWRUV�VXFK�DV�OHDUQLQJ�TXDOLW\��VWDII
WLPH��HDVH�RI�WUDQVIHU�WR�RWKHU�FRXUVHV�

7KH� ORZ�FRVW� WHFKQRORJ\� SURYHG� HIIHFWLYH� LQ
DFKLHYLQJ� LWV� REMHFWLYHV� DQG� EHLQJ� HDV\� WR
PDQDJH� E\� VWXGHQWV� ZLWK� ORZ� OHYHOV� RI� ,7
DELOLW\� �DW� OHDVW� DW� WKH� RQVHW� RI� WKH� FRXUVH��
7KH� HGXFDWLRQDO� EHQHILWV�� KRZHYHU�� ZHUH
KLJKO\� VLJQLILFDQW�� 7KH� LPSOHPHQWDWLRQ� RI� WKH
WHFKQRORJ\�HQKDQFHG�OHDUQLQJ�DSSURDFK�LQ�WKLV
FRXUVH� ZDV� WKHUHIRUH� MXVWLILHG� LQ� WHUPV� RI
FRVW�EHQHILWV�

7KH� XVH� RI� VXFK� DSSURDFKHV� LQ� VXEVHTXHQW
UXQV� RI� WKH� FRXUVH� DQG� LQ� RWKHU� ODQJXDJH
OHDUQLQJ� FRXUVHV� RIIHUHG� E\� WKH� /DQJXDJH
&HQWUH� PDNHV� WKH� LQLWLDO� LQYHVWPHQW� LQ� VWDII
WLPH�KLJKO\�FRVW�HIIHFWLYH�LQ�WKH�ORQJHU�WHUP�

7R�ZKDW�H[WHQW�FDQ�WKH�FRXUVH�GHVLJQ
DSSURDFK�VXSSRUW�KLJKHU�VWXGHQW
QXPEHUV"

'HSHQGHQW�RQ�ZKHWKHU�LQGLYLGXDO�RU�JURXS
SUHVHQWDWLRQV�UHPDLQ�SDUW�RI�WKH�FRXUVH�DQG�LI
WKHVH�VWLOO�IRUP�SDUW�RI�WKH�RYHUDOO�FRXUVH
DVVHVVPHQW�

)XUWKHU�GHYHORSPHQWV�SODQQHG�IRU�WKLV�RU
RWKHU�FRXUVHV

7KH�LQWHQWLRQ�LV�WR�H[WHQG�WKH�SURMHFW�QH[W
\HDU��7KLV�ZLOO�LQFOXGH�YRFDEXODU\�OLVWV��EHWWHU
LQWHJUDWLRQ�RI�WKH�UHVHDUFK�HOHPHQW�RI�WKH
SURMHFW��H[SDQVLRQ�RI�WKH�:HE�VLWH�DQG
SRVVLEO\�WKH�XVH�RI�D�GLVFXVVLRQ�ERDUG�
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:HE�SXEOLVKLQJ�VXEPLVVLRQ�DUHD��6WXGHQW�ZRUN�LV�OLVWHG�E\�WXWRU�JURXS��WRS��DQG�D�FDOHQGDU�RI
WKH�FRXUVH�VWUXFWXUH�DQG�DVVLJQPHQWV�LV�DYDLODEOH��ERWWRP��


