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7KH�5HVHDUFK�7HDFKLQJ�1H[XV�DQG�,WV�,QIOXHQFH�RQ�6WXGHQW�/HDUQLQJ

%HJRxD�*URV���0DQHO�9LDGHU���$OEHUW�&RUQHW���0LTXHO�0DUWtQH]���-RUGL 3DOpV� 	 0DUWD�6DQFKR�
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� )DFXOW\�RI�3V\FKRORJ\��8QLYHUVLWDW�GH�%DUFHORQD��%DUFHORQD��6SDLQ
� )DFXOW\�RI�&KHPLVWU\��8QLYHUVLWDW�GH�%DUFHORQD��%DUFHORQD��6SDLQ
�)DFXOW\�RI�0HGLFLQH��8QLYHUVLWDW�GH�%DUFHORQD��%DUFHORQD��6SDLQ
� )DFXOW\�RI�*HRJUDSK\�DQG�+LVWRU\��8QLYHUVLWDW GH�%DUFHORQD��%DUFHORQD��6SDLQ
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5HFHLYHG��-DQXDU\��������� $FFHSWHG��0DUFK�������� 2QOLQH�3XEOLVKHG��0DUFK���������

GRL���������LMKH�Y�Q�S��� 85/��KWWSV���GRL�RUJ���������LMKH�Y�Q�S���

$EVWUDFW

7KH� UHODWLRQVKLS� EHWZHHQ� WHDFKLQJ� DQG� UHVHDUFK� LQ� XQLYHUVLWLHV� KDV� EHHQ� ZLGHO\� VWXGLHG� LQ� WKH� KLJKHU� HGXFDWLRQ�
OLWHUDWXUH��EXW�QR�FOHDU�UHODWLRQVKLS�EHWZHHQ�WKH�WZR�KDV�EHHQ�LGHQWLILHG��1HYHUWKHOHVV��LQ�UHFHQW�\HDUV��UHVHDUFK�KDV�
EHHQ� OLQNHG� WR�D� IRUP�RI� WHDFKLQJ� WKDW� LV�PRUH� IRFXVHG�RQ� WKH�GHYHORSPHQW�RI�FRPSHWHQFHV�DQG� OHDUQLQJ�FDSDFLW\�
WKURXJK�HQTXLU\�DQG� WKH�JHQHUDWLRQ�RI�QHZ�NQRZOHGJH�� ,Q� WKLV�FRQWH[W�� LW� LV� LPSRUWDQW� IRU� WHDFKHUV�DQG�VWXGHQWV� WR�
ZRUN� WRJHWKHU� RQ� WKH� GHVLJQ� RI� VKDUHG VSDFHV� IRU UHVHDUFK� DQG� OHDUQLQJ�� 7KLV� ZRUN� H[DPLQHV� WKH� FDVH� RI� WKH�
8QLYHUVLW\� RI� %DUFHORQD� WR� DQDO\VH� ZKHWKHU� WKHUH� LV� HQRXJK� FRQQHFWLRQ� EHWZHHQ� UHVHDUFK� DQG� WHDFKLQJ� WR� DOORZ�
VWXGHQWV�WR�H[SHULHQFH�WKLV�OLQN�DQG� WR�VXFFHVVIXOO\�GHYHORS�UHVHDUFK�FRPSHWHQFHV� 7HDFKLQJ�SODQV�RI�WKH�DFDGHPLF�
\HDU� �������� ZHUH� VFUHHQHG� WR� LGHQWLI\� UHVHDUFK�UHODWHG� FRPSHWHQFHV�� WKH� PRGXOHV� WKH\� DSSHDU� LQ�� DQG� WKH
GHVFULSWLRQV� RI� WKH� HYDOXDWLRQ� V\VWHPV�� 7KLV� LQIRUPDWLRQ�ZDV� FRPSDUHG� WR� WKH� VWXGHQWV¶� SHUFHSWLRQV� RI� WKH� DFWXDO�
WUDLQLQJ� WKH\�KDG� UHFHLYHG�RQ� WKHVH� UHVHDUFK� FRPSHWHQFHV�� 5HVXOWV� VKRZHG� WKDW� WHDFKLQJ�SODQV� HVWDEOLVK�QXPHURXV�
FRPSHWHQFHV�UHODWHG�WR�UHVHDUFK�DQG�JHQHUDWLQJ�QHZ�NQRZOHGJH��+RZHYHU��VWXGHQWV�FRQVLGHU�WKDW�WKLV�NQRZOHGJH�LV�
QRW�GHYHORSHG�XQWLO�WKH�ILQDO�\HDU�SURMHFW�

.H\ZRUGV� UHVHDUFK�WHDFKLQJ��WHDFKLQJ�OHDUQLQJ�UHVHDUFK��VWXGHQW�SDUWLFLSDWLRQ�LQ UHVHDUFK��UHVHDUFK�FRPSHWHQFHV

���,QWURGXFWLRQ

7KH�VWXG\�RI� WKH�UHODWLRQVKLS EHWZHHQ� WKH� WHDFKLQJ�OHDUQLQJ�SURFHVV�DQG�UHVHDUFK� LV�D�PXFK�GHEDWHG VXEMHFW� LQ� WKH�
KLJKHU�HGXFDWLRQ�OLWHUDWXUH��,Q�UHFHQW�\HDUV��WKHUH�KDV�EHHQ�D�VLJQLILFDQW�GHYHORSPHQW�LQ�KRZ�WKLV�WRSLF�LV�FRQVLGHUHG��
VKLIWLQJ�DZD\� IURP� IRFXVLQJ�PDLQO\�RQ� WKH�DFWLYLW\� RI�DFDGHPLF� VWDII�DQG�KRZ� WKH\�PDQDJH� WKHLU� WLPH� �DV� VHHQ� LQ�
VRPH�RI�WKH�H[DPSOHV�VWXGLHG�LQ�WKH�VHPLQDO�DUWLFOH�E\�+DWWLH�DQG�0DUVK���������WRZDUGV�D�PXFK�EURDGHU�DSSURDFK�
WKDW� HQFRPSDVVHV� WKH� FHQWUDO� UROH� RI� VWXGHQWV�� D� GHHSHU� H[SORUDWLRQ� RI� WKH� SRVVLEOH V\QHUJLHV� EHWZHHQ�
WHDFKLQJ�OHDUQLQJ� DQG� UHVHDUFK�� DQG� DVSHFWV� UHODWHG� WR� LQVWLWXWLRQDO� FXOWXUH� DQG� XQLYHUVLW\� SROLF\�� (ONHQ� DQG�
:ROOVFKHLG��������SURYLGH�DQ�H[FHOOHQW�UHYLHZ�DQG�DQDO\VLV�RI�WKLV�WRSLF��

$W� WKH� VDPH� WLPH�� PDQ\� UHVHDUFK�LQWHQVLYH� XQLYHUVLWLHV� �VRPHWLPHV� RUJDQLVHG� LQWR� QHWZRUNV� VXFK� DV� WKH� 5XVVHOO�
*URXS�RU�/(58��DUH�FDOOLQJ�IRU�WKH�SRZHUIXO�UHVXOWV�RI�UHVHDUFK�WR�EH�XVHG�HIIHFWLYHO\�DQG�WUDQVIHUUHG�WR�H[FHOOHQW�
DQG�LQQRYDWLYH�HGXFDWLRQ��/(58���������(VVHQWLDOO\��WKLV�PHDQV�JRLQJ�EH\RQG�WKH�WUDGLWLRQDO�QRWLRQ�RI�JRRG�UHVHDUFK�
JXDUDQWHHLQJ� JRRG� WHDFKLQJ� �DV� WKH� WHDFKLQJ� FRQWHQW� FRXOG� EH� FXWWLQJ�HGJH� VFLHQWLILF� NQRZOHGJH��� DQG� LQVWHDG�
H[SORULQJ�PRUH�WKRURXJKO\�D�VXEMHFW�WKDW�E\�LWV�YHU\�QDWXUH�LV�KLJKO\�FRPSOH[��DQG�JHQHUDWLQJ�VXLWDEOH�LQVWLWXWLRQDO�
SROLFLHV�EDVHG�RQ�WKLV�DQDO\VLV�

7KH�8QLYHUVLW\�RI�%DUFHORQD�LV�D�PHPEHU�RI�WKH�/HDJXH�RI�(XURSHDQ�5HVHDUFK�8QLYHUVLWLHV��/(58��DQG��VLQFH�WKH�
UHIRUP�LQVWLWXWHG�DV�SDUW�RI�6SDLQ¶V�LQWHJUDWLRQ�LQWR�WKH�(XURSHDQ�+LJKHU�(GXFDWLRQ�$UHD��WKH�VWXG\�SURJUDPPHV�IRU�
YDULRXV� FRXUVHV� DW� WKLV� XQLYHUVLW\ LQFOXGH� GLIIHUHQW� UHVHDUFK� FRPSHWHQFHV�� 7KLV� ZRUN� H[DPLQHV� WKH� FDVH� RI� WKH�
8QLYHUVLW\�RI�%DUFHORQD� LQ�RUGHU� WR�DQDO\VH�ZKHWKHU� WKHUH� LV�HQRXJK�FRQQHFWLRQ�EHWZHHQ� UHVHDUFK�DQG� WHDFKLQJ� WR�
DOORZ�VWXGHQWV�WR�H[SHULHQFH WKLV�OLQN�DQG�VXFFHVVIXOO\�GHYHORS�UHVHDUFK�FRPSHWHQFHV�
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���/LWHUDWXUH�5HYLHZ

����7KH�5HODWLRQVKLS�EHWZHHQ�5HVHDUFK�DQG�WKH�7HDFKLQJ�/HDUQLQJ�3URFHVV

:KHQ�WDFNOLQJ�WKH�LVVXH�RI�WKH�UHODWLRQVKLS�EHWZHHQ�UHVHDUFK�DQG�WKH�WHDFKLQJ�OHDUQLQJ�SURFHVV�LQ�KLJKHU�HGXFDWLRQ� LW�
LV�LPSRUWDQW��ILUVW�RI�DOO��WR�FRQVLGHU�VRPH�FRQFHSWXDO�DQG�GHILQLWLRQ�SUREOHPV�WKDW�FRPSOLFDWH�DQ\�DQDO\VLV�RI�D�WRSLF�
WKDW�LV�DOUHDG\�FRPSOH[�E\�QDWXUH��

2QH� IDFW� KLJKOLJKWHG� E\� WKH� H[WHQVLYH� OLWHUDWXUH� RQ� WKLV� VXEMHFW� LV� WKH� QHHG� WR� DGRSW� D� EURDG� DQG� FRPSUHKHQVLYH�
DSSURDFK�WKDW�HQFRPSDVVHV�QRW�RQO\�WKH�7HDFKLQJ�5HVHDUFK�1H[XV��751���DV�RFFXUV�LQ�PDQ\�FDVHV��EXW�ZKLFK�DOVR�
FRQVLGHUV� WKH� WULDG�RI� WKH�7HDFKLQJ�/HDUQLQJ�5HVHDUFK�1H[XV��7/51��RU� WKH�5HVHDUFK�(GXFDWLRQ�1H[XV��5(1���$�
ZLGHU�YLVLRQ LV�UHTXLUHG��ZKLFK�LQFOXGHV�QRW�RQO\�WKH�VSHFLILF�DFWLYLW\�RI�DFDGHPLF�VWDII�DQG�VWXGHQWV��EXW�ZKLFK�DOVR�
WDNHV� LQWR� DFFRXQW� DVSHFWV� RI� RUJDQLVDWLRQ�� OHDGHUVKLS� DQG� LQVWLWXWLRQDO� FXOWXUH�� $ORQJ� WKHVH� OLQHV�� (ONHQ� DQG�
:ROOVFKHLG� ������� H[SOLFLWO\� GLVWLQJXLVK� WKH� UHODWLRQVKLS� EHWZHHQ� UHVHDUFK� DQG� WHDFKLQJ�� LQ� ZKLFK� WKH� µXQLW� RI�
DQDO\VLV¶� LV� WKH� WHDFKHU�� IURP� WKH� UHODWLRQVKLS� EHWZHHQ� UHVHDUFK� DQG� OHDUQLQJ�� LQ� ZKLFK� WKH� XQLW� RI� DQDO\VLV� LV� WKH�
VWXGHQW��1DWXUDOO\��UHFRJQLVLQJ�WKH�OLQN�EHWZHHQ�WKHVH�WZR�DVSHFWV� UDLVHV�WKH�QHHG�IRU�D�PRUH�JOREDO�YLVLRQ�RI�WKHVH�
TXHVWLRQV��

7KHUH�DUH�DOVR�GLIILFXOWLHV�ZLWK�WKH�GHILQLWLRQ�RI�UHVHDUFK�LWVHOI��ZKLFK�KDYH�EHHQ�GLVFXVVHG�IURP�GLIIHUHQW�SRLQWV�RI�
YLHZ��HVSHFLDOO\�UHJDUGLQJ�LWV�QDWXUH�DQG�PHWKRGV�DFURVV�GLYHUVH�GLVFLSOLQHV��,W�LV�HYLGHQW�WKDW�WKLV�KDV�DQ�LPSDFW�RQ�
GHILQLQJ� WKH� UROH�RI� UHVHDUFK� LQ� WKH� WHDFKLQJ�OHDUQLQJ�SURFHVV� DQG� WKH� IRUPV� WKLV� UHODWLRQVKLS� FDQ� WDNH��:H� VKRXOG�
PHQWLRQ�KHUH�WKH�FODVVLF�GLVWLQFWLRQ�EHWZHHQ�µSXUH¶�RU�µEDVLF¶�UHVHDUFK��QRUPDOO\�OLQNHG�WR�VSHFLILF�DQG�ZHOO�GHILQHG�
GLVFLSOLQDU\�DUHDV��DQG�UHVHDUFK�WKDW�LV�µDSSOLHG¶�WR�WDFNOLQJ�FRQFUHWH�µUHDO�ZRUOG¶�SUREOHPV�DQG�FKDOOHQJHV��XVXDOO\�RI�
D� PRUH� PXOWLGLVFLSOLQDU\� QDWXUH�� 'HVSLWH� LWV� VKRUWFRPLQJV� DQG� RYHUO\� VLPSOLVWLF� FKDUDFWHU�� WKLV� GLVWLQFWLRQ� FDQ� EH
XVHIXO�ZKHQ�GLVFXVVLQJ� WKLV�PDWWHU��DQG� LW�KDV�EHHQ�GHYHORSHG� WR�JUHDWHU�DQG� OHVVHU�H[WHQWV�E\�YDULRXV�DXWKRUV�� IRU�
H[DPSOH�� DV� µW\SH� �� UHVHDUFK¶� DQG� µW\SH� �� UHVHDUFK¶� �*LEERQV� HW� DO��� ������� ,Q� VRPH� FDVHV�� WKH� H[SORUDWLRQ� RI� WKLV�
GLVWLQFWLRQ�KDV�OHG�WR�LQWHUHVWLQJ�GHYHORSPHQWV�LQ�VSHFLILF�DUHDV��7R�FLWH�MXVW�D�FRXSOH�RI�H[DPSOHV��WKH�ZRUN�RI�+XII�
DQG�+XII��������DQG�6DXQGHUV��������LQ�WKH�DUHD�RI�PDQDJHPHQW��EDVHG�RQ�DQ�DQDO\VLV�RI�OHYHOV�RI�DSSOLFDELOLW\�RI�
WKH�NQRZOHGJH�JHQHUDWHG�E\�UHVHDUFK��DUH�ERWK�LPSRUWDQW��,Q�PDQ\�RWKHU�FDVHV�WKH�GLVWLQFWLRQ�LV�UHOHYDQW��LQ�VSLWH�RI�
RIWHQ� EHLQJ� LPSOLFLW�� DQG� SDUWLFXODUO\� VR� LQ� ILHOGV�ZLWK� D� VWURQJ� VFLHQWLILF� DQG� SURIHVVLRQDO� GLPHQVLRQ� VXFK� DV�� IRU�
H[DPSOH��PHGLFDO�VWXGLHV��/DLGODZ�HW�DO���������.LQJ�HW�DO����������7KLV�UDLVHV�WKH�YHU\�LPSRUWDQW�LVVXH�RI�WKH�UROH�RI�
UHVHDUFK�FRPSHWHQFHV�LQ�WKH�SURIHVVLRQDO�DUHQD��

7KHUH�DUH�RWKHU�DSSURDFKHV�WR�UHVHDUFK�WKDW�PD\�FRQWULEXWH�LQWHUHVWLQJ�GHVFULSWLYH�DQG�LQWHUSUHWDWLYH�HOHPHQWV��6RPH�
DUH�EDVHG�RQ�WKH�SHUFHSWLRQV�DQG�DWWLWXGHV�RI�UHVHDUFKHUV�WKHPVHOYHV�DV�D�ZD\�RI�GLVWLQJXLVKLQJ�EHWZHHQ�PRUH�RU�OHVV�
LPSOLFLW�QRWLRQV�RI�UHVHDUFK��IRU�H[DPSOH��%UHZ��������RU�WKH�UHODWLRQVKLS�EHWZHHQ�FRQFHSWLRQV�RI�UHVHDUFK�DQG�RWKHU�
HOHPHQWV��VXFK�DV�VFLHQWLILF�SURGXFWLYLW\��%UHZ�HW�DO����������RWKHUV��DV�DOUHDG\�PHQWLRQHG��SUHIHU� WR�HPSKDVLVH� WKH�
GLIIHUHQFHV� DPRQJ� GLVFLSOLQHV� �IRU� H[DPSOH��%HFKHU� DQG�7URZOHU�� ������7URZOHU� DQG�:DUHKDP�� ������+HDOH\� DQG�
+HDOH\���������

,Q� DGGLWLRQ� WR� LPSRUWDQW� WHUPLQRORJLFDO� DQG� FRQFHSWXDO� LVVXHV�� D� FULWLFDO� UHYLHZ� RI� WKH� OLWHUDWXUH� RQ� WKHVH� WKHPHV�
UHYHDOV� RWKHU� ZHDNQHVVHV�� WKH� ODFN� RI� DQ� H[KDXVWLYH� DQDO\VLV� RI� WKH� GLIIHUHQW� OHYHOV�� ERWK� GLVFLSOLQDU\� DQG�
RUJDQLVDWLRQDO��GHSDUWPHQWDO��XQLYHUVLW\��HWF����WKH�H[LVWHQFH�RI�VWDUWLQJ�SRLQWV�DQG�UHJXODWLRQV�WKDW�LQIOXHQFH�WKH�IRFXV�
RI� UHVHDUFK� VXFK� DV�� IRU� H[DPSOH�� WKH� SUHVXSSRVLWLRQ� WKDW� WKH� WHDFKLQJ�OHDUQLQJ�UHVHDUFK� UHODWLRQVKLS� H[LVWV�
QHFHVVDULO\�RU�E\�GHILQLWLRQ��D�FHUWDLQ�ODFN�RI�WKHRULVDWLRQ��ZLWK�D�ODUJH�QXPEHU�RI�PDLQO\�RU�WRWDOO\�HPSLULFDO�ZRUNV��
WKH� WHQGHQF\ WR�XVH� UDWKHU�YDJXH� WHUPLQRORJ\� WR�GHVFULEH� WKH� FRQQHFWLRQ�EHLQJ� VWXGLHG�� DQG� WKH� DEVHQFH�RI� VWURQJ�
FDXVDO�PRGHOV��$�XVHIXO�UHYLHZ�RI�VRPH�RI�WKHVH�SRLQWV�FDQ�EH�IRXQG�LQ�7URZOHU�DQG�:DUHKDP���������

,W�LV�DOVR�LPSRUWDQW�WR�SRLQW�RXW�VRPH�WHQGHQFLHV�DQG�FRQFHSWLRQV�WKDW�FDQ�EH�IRXQG�LQ�WKH�OLWHUDWXUH�RQ�WKLV�VXEMHFW��
DQG�ZKLFK�KDYH�VLJQLILFDQW�LPSOLFDWLRQV�

� ,Q�PDQ\� VWXGLHV� WKHUH� VHHPV� WR� EH� DQ� LPSOLFLW� �RU� VRPHWLPHV� HYHQ� H[SOLFLW�� SUHVXSSRVLWLRQ� WKDW� WKH� UHODWLRQVKLS�
EHWZHHQ�HGXFDWLRQ�DQG�UHVHDUFK�LV�DV\PPHWULFDO��DQG�WKDW�UHVHDUFK�VKRXOG�LQIRUP�DQG�JXLGH�WHDFKLQJ�DQG�OHDUQLQJ��
ZKLOH� WKH� LPSDFW� LQ� WKH� RSSRVLWH� GLUHFWLRQ� DSSHDUV� OHVV� FOHDU� DQG�� LQ� DQ\� FDVH�� JHQHUDOO\� UHFHLYHV� OHVV� DWWHQWLRQ��
+RZHYHU��WKHUH�DUH�LPSRUWDQW�H[FHSWLRQV�WR�WKLV�DSSURDFK��VXFK�DV WKH�ZRUN�RI�+DUODQG��������DQG�&KDUOHV���������
ZKLFK�GHYHORS�WKH�FRQFHSW�RI�WHDFKLQJ�OHG�UHVHDUFK�

$OWKRXJK� WKH� WHDFKLQJ�OHDUQLQJ�UHVHDUFK� QH[XV� LV� RIWHQ� FRQVLGHUHG� WR� EH� HVSHFLDOO\� UHOHYDQW� RU� SRZHUIXO� LQ�
SRVWJUDGXDWH�OHYHO�VWXGLHV�� WKHUH� LV�D�JURZLQJ� WUHQG� WRZDUGV�IRFXVLQJ�RQ� WKH�QHHG� WR�VWUHQJWKHQ� WKLV� W\SH�RI� OLQN� LQ�
GHJUHH� VWXGLHV� DV� ZHOO� �+HDOH\� DQG� -HQNLQV�� ������ ������+HQVOH\�� ������� ,Q� JHQHUDO�� WKH� FRQFHSW� RI� UHVHDUFK�OHG�
HGXFDWLRQ��ZKLFK�LV�YHU\�LPSRUWDQW�LQ�UHVHDUFK�LQWHQVLYH�XQLYHUVLWLHV��LV�SURSRVHG�IRU�DOO�HGXFDWLRQDO�OHYHOV��DOWKRXJK�



KWWS���LMKH�VFLHGXSUHVV�FRP ,QWHUQDWLRQDO�-RXUQDO�RI�+LJKHU�(GXFDWLRQ 9RO�����1R� �������

3XEOLVKHG�E\�6FLHGX�3UHVV ��� ,661���������� (�,661����������

LW� PD\� WDNH� GLIIHUHQW� IRUPV� LQ� HDFK� RQH� �/(58�� ������� ,Q� VRPH� FDVHV�� WKLV� HYHQ� UHIHUV� WR� DFWLRQV� WR� EH� WDNHQ�
VSHFLILFDOO\�ZLWK�ILUVW�\HDU�VWXGHQWV��/HY\�DQG�3HWUXOLV���������7KH�8QGHUJUDGXDWH�5HVHDUFK�2SSRUWXQLWLHV�3URJUDP�
�8523�� LQLWLDWLYH��ZKLFK� LV� GLVFXVVHG� EULHIO\� EHORZ�� LV� D� FOHDU� H[DPSOH� RI� WKH� LQWHUHVW� LQ� HQJDJLQJ� XQGHUJUDGXDWH�
VWXGHQWV�LQ�UHVHDUFK�

� 7KH�GLIIHUHQW�QRWLRQV�RI�WKH� WHDFKLQJ�OHDUQLQJ�UHVHDUFK�OLQN�DOVR�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�GHEDWH�VXUURXQGLQJ�
WKH�FRQFHSW�RI�HGXFDWLRQDO�H[FHOOHQFH�EDVHG�RQ�UHVHDUFK��/(58��������DQG�WKH�FULWLFLVP�WKDW�KDV�EHHQ�OHYHOOHG�DW�WKLV�
LGHD��&KDUOHV���������

��� %DVLF�&RQQHFWLRQV�LQ�WKH�5HVHDUFK�(GXFDWLRQ�5HODWLRQVKLS

$V� PHQWLRQHG� HDUOLHU�� YDULRXV� DVSHFWV� FDQ� EH� LGHQWLILHG� LQ� WKH� UHVHDUFK�HGXFDWLRQ� UHODWLRQVKLS�� )LUVW� RI� DOO�� ZKHQ�
WDONLQJ� DERXW� WKH� WHDFKLQJ�UHVHDUFK� FRQQHFWLRQ� LW� LV� LPSRUWDQW� WR� EHDU� LQ� PLQG� WKDW� WKLV� UHIHUV� DERYH� DOO� WR� WKH�
GLIIHUHQW� DFWLYLWLHV� FDUULHG� RXW� E\� DFDGHPLF� VWDII�� WKH� FRQQHFWLRQ� DPRQJ� WKHP�� WKH� ZD\� WKH\� DUH� IRFXVHG� DQG� WKH�
GLVWULEXWLRQ�RI� WKH� WLPH�GHGLFDWHG� WR� WKHVH� WDVNV��7KHVH�IDFWRUV�KDYH�DQ� LPSDFW�RQ�VWXGHQW� OHDUQLQJ� WKURXJK�DVSHFWV�
VXFK�DV� WKH� W\SH�RI� WHDFKHU�� WKHLU� WUDLQLQJ�� WKHLU� OHYHO�RI� VFLHQWLILF�TXDOLILFDWLRQ�DQG� WKH� WLPH� WKH\�GHGLFDWH� WR� WKHLU�
WHDFKLQJ� DFWLYLW\��$�FRQWUDVW� FDQ�EH�REVHUYHG�EHWZHHQ� WKH� LPSRUWDQFH� DFDGHPLF� VWDII� DQG� LQVWLWXWLRQV� WKHRUHWLFDOO\�
SODFH�RQ� WKLV� UHODWLRQVKLS�DQG� WKH�RIWHQ� LQFRQFOXVLYH�RU�HYHQ�DSSDUHQWO\�FRQWUDGLFWRU\�UHVXOWV�REWDLQHG� LQ�HPSLULFDO�
VWXGLHV��7KLV�YLHZSRLQW�LV�DOVR�IRXQG�DW�WKH�KHDUW�RI�GLVFXVVLRQV�VXUURXQGLQJ�DFDGHPLF�VWDII¶V�ZRUNLQJ�KRXUV�DQG�KRZ�
WKH\� DUH� GLYLGHG� DPRQJ� YDULRXV� DFWLYLWLHV�� D� SHUVSHFWLYH� WKDW� DSSHDUV� ORJLFDO�� DOEHLW� RYHUO\� VLPSOLVWLF�� DV� LW� RIWHQ�
VHHPV� WR� EH� EDVHG� RQ� D� UDGLFDO� VHSDUDWLRQ� RI� WHDFKLQJ� DQG� UHVHDUFK� DFWLYLW\�� ZLWKRXW� FRQVLGHULQJ� RU� VWXG\LQJ� WKH�
SRVVLEOH� V\QHUJLHV� EHWZHHQ� WKHP�� 'UDZLQJ� RQ� D� GHEDWH� HQFRXQWHUHG� LQ� PDQ\� ILHOGV�� DQG� XVLQJ� GHOLEHUDWHO\�
SURYRFDWLYH� ODQJXDJH�� 0F.HQ]LH� HW� DO�� ������� PDLQWDLQ� WKDW� XQLYHUVLW\� DQG� JRYHUQPHQW� SROLFLHV� KDYH� SOD\HG� D�
GHFLVLYH� SDUW� LQ� ZHDNHQLQJ� RU� HYHQ� GHVWUR\LQJ� WKH� UHODWLRQVKLS� EHWZHHQ� WHDFKLQJ� DQG� UHVHDUFK� LQ� WKH� DFWLYLW\� RI�
DFDGHPLF�VWDII��

+DWWLH� DQG�0DUVK¶V� ������� VHPLQDO� FRQWULEXWLRQ� RQ� WKLV� VXEMHFW� VXJJHVWV� GLIIHUHQW�PRGHOV� RI� UHODWLRQVKLS� EHWZHHQ�
WHDFKLQJ� DQG� UHVHDUFK� DFWLYLW\� DQG� VSHFLILFDOO\� DQDO\VHV� WKH� OLQN� EHWZHHQ� VFLHQWLILF� SURGXFWLYLW\� DQG� WHDFKLQJ�
HIIHFWLYHQHVV��7KHLU�PHWD�DQDO\VLV��EDVHG�RQ�PXOWLSOH�SUHYLRXV�VWXGLHV�� IRXQG�D�SUDFWLFDOO\�QXOO�FRUUHODWLRQ�EHWZHHQ
WKHVH�WZR�HOHPHQWV��6XEVHTXHQW�VWXGLHV�FRQWLQXH�WR�SUHVHQW�DPELJXRXV�RU�FRQWUDGLFWRU\�UHVXOWV��$�UHFHQW�UHYLHZ�RI�
WKH� OLWHUDWXUH� FDQ� EH� IRXQG� LQ� (ONHQ� DQG�:ROOVFKHLG� �������� 7KH� GLUHFWLRQ� DQG� VWUHQJWK� RI� WKH� WHDFKLQJ�UHVHDUFK�
UHODWLRQVKLS�VHHP�WR�GHSHQG�RQ�IDFWRUV�VXFK�DV�WKH�SDUWLFXODU�GLVFLSOLQH��WKH�W\SH�RI�VWXGHQW��WKH�W\SH�RI�WHDFKHU�DQG�
WKH�RULHQWDWLRQ�RI�WKH�VWXG\�SURJUDPPH��

,Q� WXUQ�� WKH� UHVHDUFK�OHDUQLQJ� FRQQHFWLRQ� LV� XQGHUVWRRG� DV� WKH� DQDO\VLV� RI� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� FRQWDFW�
VWXGHQWV�KDYH ZLWK�UHVHDUFK��LQFOXGLQJ�UHVHDUFK�DFWLYLWLHV��DQG�QRW�RQO\�WKH�DYDLODELOLW\�RI�XS�WR�GDWH�LQIRUPDWLRQ��DQG�
WKH�TXDOLW\�RI�WKHLU�HGXFDWLRQ��,Q�JHQHUDO��WKHUH�LV�UHPDUNDEOH�DJUHHPHQW�LQ�WKH�OLWHUDWXUH�LQ�UHFRJQLVLQJ�WKH�EHQHILWV�RI�
OHDUQLQJ�EDVHG�LQ�VRPH�ZD\�RQ�UHVHDUFK��DOWKRXJK�WKLV�SRVLWLYH�LQIOXHQFH�PXVW�EH�FRQWH[WXDOLVHG�DQG�PD\�EH�DIIHFWHG�
E\�YDULRXV�IDFWRUV�DQG��FULWLFDOO\��E\�WKH�W\SH�RI�DFWLYLWLHV�SURSRVHG��7KHVH�DFWLYLWLHV��LQ�WXUQ��GHSHQG�WR�D�JUHDW�H[WHQW�
RQ�WKH�FRQFHSWLRQ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�WHDFKLQJ�OHDUQLQJ�SURFHVV�DQG�UHVHDUFK�DQG�WKH�ZD\�RI�IRFXVLQJ�WKH�
FXUULFXOXP��

7KH� OLWHUDWXUH� UHYHDOV� GLIIHUHQW� SURSRVDOV� IRU� LGHQWLI\LQJ� DQG�GHVFULELQJ� WKH� YDULRXV� W\SHV�RI� UHODWLRQVKLS� WKDW�PD\�
GHYHORS�EHWZHHQ� WKH� WHDFKLQJ�OHDUQLQJ�SURFHVV�DQG� UHVHDUFK�� ,Q�DGGLWLRQ� WR� WKHLU�FRQFHSWXDO�YDOXH�� WKHVH�SURSRVDOV�
FDQ�EH�XVHIXO�IRU�GLDJQRVLQJ�WKH�VSHFLILF�VLWXDWLRQ�LQ�GLIIHUHQW�XQLYHUVLWLHV��DV�ZHOO�DV�LQ�GLIIHUHQW�GLVFLSOLQDU\�DUHDV��
6RPH�RI�WKHVH�FRQWULEXWLRQV�ZHUH�PDGH�E\�+RGVRQ���������+HDOH\���������/HY\�DQG�3HWUXOLV��������DQG�'HNNHU�DQG�
:ROI� �������� )URP� WKH� DOWHUQDWLYH� SHUVSHFWLYH� RI� OHDUQLQJ� VXSSRUW� VHUYLFHV��+HQVOH\� ������� DSSURDFKHV� WKLV� WRSLF�
IURP�DQ�LQWHUHVWLQJ�DQJOH��LQ�WHUPV�RI�WKH�UHODWLRQVKLS�EHWZHHQ�VWXGHQWV�DQG�NQRZOHGJH��LQ�D�FRQWLQXXP�WKDW�UDQJHV�
IURP�WKH�VWXGHQW�DV�D�FRQVXPHU�WR�WKH�VWXGHQW�DV�D�NQRZOHGJH�SURGXFHU�

3UREDEO\�WKH�EHVW�NQRZQ�DQG�PRVW�LQIOXHQWLDO�RI�WKHVH�FRQWULEXWLRQV�LV�WKDW�LQLWLDOO\�SXW�IRUZDUG�E\�+HDOH\��������DQG�
ODWHU�E\�+HDOH\�DQG�-HQNLQV���������7KHVH�DXWKRUV�SURSRVH�WZR�IXQGDPHQWDO�D[HV��DQ�HPSKDVLV�RQ�UHVHDUFK�FRQWHQW�LQ�
D�GLVFLSOLQDU\�DUHD�YHUVXV�DQ�HPSKDVLV�RQ�UHVHDUFK�SURFHVVHV�DQG�SUREOHPV��DQG��WKH�GHJUHH�RI�VWXGHQW�SDUWLFLSDWLRQ�
LQ�UHVHDUFK�WDVNV��

7KHUH� LV� DQ�REVHUYDEOH� WUHQG� LQ�RQH�SDUW� RI� WKH� OLWHUDWXUH� WR� WDON� DERXW� HGXFDWLRQ�QRW� VWULFWO\�EDVHG�RQ�RU�RULHQWHG�
WRZDUGV� UHVHDUFK�� EXW� DERXW� LQTXLU\�EDVHG� OHDUQLQJ� �,%/��� ZKLFK� LV� JHQHUDOO\� XQGHUVWRRG� DV� DQ� DFWLYH� OHDUQLQJ�
VWUDWHJ\�URRWHG�LQ�LGHQWLI\LQJ�DQG�UHVROYLQJ�TXHVWLRQV��SUREOHPV�RU�VFHQDULRV��8VLQJ� WKLV�DSSURDFK��LW� LV�SRVVLEOH�WR�
LQFRUSRUDWH�VRPH��QRW�QHFHVVDULO\�DOO��HOHPHQWV�RI�SURIHVVLRQDO�UHVHDUFK�LQWR�WKH�WHDFKLQJ�OHDUQLQJ�SURFHVV��DOORZLQJ�
IRU� LQWHUGLVFLSOLQDU\� GLYHUVLW\�ZKLOH� SUHVHUYLQJ� VRPH� FHQWUDO� IHDWXUHV� VXFK� DV� LGHQWLI\LQJ� DQG� VROYLQJ� SUREOHPV� RU�
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HVWDEOLVKLQJ� UHODWLRQVKLSV� DPRQJ� YDULDEOHV� �.HVHOPDQ�� ������ /HY\� DQG� 3HWUXOLV�� ������� 1DWXUDOO\�� WKH� GHJUHH� RI�
FRQQHFWLRQ� DQG� DSSUR[LPDWLRQ� RI� WKH� FRQFHSW� RI� ,%/� WR� WKH� SUHYLRXVO\� PHQWLRQHG� W\SHV� RI� HGXFDWLRQ� PD\� YDU\��
GHSHQGLQJ�RQ�WKH�VSHFLILF�DFWLYLWLHV�LQFOXGHG��DQG�LQ�VRPH�FDVHV� ,%/�ZLOO�DOPRVW�FHUWDLQO\�EH�LQGLVWLQJXLVKDEOH�IURP�
RWKHU��DOUHDG\�GHYHORSHG�FRQFHSWV��

$W� PDQ\� XQLYHUVLWLHV� WKHUH� DUH� JRRG� SUDFWLFHV� WKDW� LQYROYH� D� FHUWDLQ� DPRXQW� RI� VWXGHQW� SDUWLFLSDWLRQ� LQ� UHVHDUFK�
DFWLYLWLHV��9LVVHU�:LMQYHHQ�HW�DO����������GUDZLQJ�IURP�WKH�W\SRORJLHV�SURSRVHG�E\�+HDOH\��������� LGHQWLI\�VSHFLILF�
DFWLYLWLHV�WKDW�FDQ�EH�OLQNHG�WR�JHQHUDO�SURILOHV�� WHDFKLQJ�RU�PDNLQJ�NQRZQ�UHVHDUFK�UHVXOWV��UHVHDUFK�OHG���VKRZLQJ�
ZKDW�LW�PHDQV�WR�EH�D�UHVHDUFKHU��UHVHDUFK�JXLGHG���KHOSLQJ�WR�FRQGXFW�UHVHDUFK�DQG�SURYLGLQJ�UHVHDUFK�H[SHULHQFHV�
�UHVHDUFK�EDVHG���

6RPH�VWXGLHV�RQ�DFDGHPLFV¶�SHUFHSWLRQ�RI�WKLV�LVVXH�DOORZ�XV�WR�LGHQWLI\�D�VHULHV�RI�TXHVWLRQV�WKDW�KHOS�WR�REWDLQ�D�
FOHDUHU� SLFWXUH� RI� UHDO� VLWXDWLRQV�� )RU� H[DPSOH�� %UHZ� DQG�0DQWDL� ������� GLVWLQJXLVK� WKH� IROORZLQJ� DVSHFWV�� VSDQ�
�UHVHDUFK�IRU�DOO�VWXGHQWV�RU�VSHFLDOLVHG�SURFHVVHV�RQO\�IRU�VSHFLILF�JURXSV"���OHYHO�RI�JXLGDQFH��JXLGHG�UHVHDUFK�YV�
LQGHSHQGHQW�UHVHDUFK���SURFHVV��VWXGHQW�LQYROYHPHQW�LQ�WKH�HQWLUH�UHVHDUFK�SURFHVV�RU�RQO\�VSHFLILF�SDUWV��VXFK�DV�GDWD�
FROOHFWLRQ"��� IRFXV��RQ�GHYHORSLQJ�VNLOOV�DQG�RU�RQ�VWXGHQWV¶�DWWLWXGHV"���TXDOLW\��UHVHDUFK�ZLWK� ORZ�H[SHFWDWLRQV�RI�
TXDOLW\�RU�PRUH�SRZHUIXO��ZLWK�SXEOLFDWLRQ�SRWHQWLDO"�� LGHQWLW\� �VWXGHQWV� LGHQWLILHG�DV� UHVHDUFKHUV�ZLWKLQ� WKHLU�RZQ�
FRQWH[W�RU�FRQVLGHUHG�DV�PHPEHUV�RI�WKH�UHVHDUFK�FRPPXQLW\�DQG�IXWXUH�UHVHDUFKHUV"���

'LIIHUHQW� SURSRVDOV�KDYH�EHHQ�SUHVHQWHG� IRU� V\VWHPDWLVLQJ� VWXGHQW� HQJDJHPHQW� LQ� UHVHDUFK� DFWLYLWLHV��%UHZ� �������
DGYDQFHV� WKH� FRQFHSW� RI� VFKRODUO\� NQRZOHGJH�EXLOGLQJ� FRPPXQLWLHV�� $ORQJ� WKH� VDPH� OLQHV�� +HDOH\� HW� DO�� �������
SURSRVH�D�FRQFHSWXDO�DQG�SUDFWLFDO�IUDPHZRUN�FDOOHG�6WXGHQWV�DV�3DUWQHUV��WDNLQJ�D�WHUP�WKDW�ZDV�DOUHDG\�LQ�XVH�DQG�
ODWHU�GHYHORSHG�IXUWKHU��&RRN�6DWKHU�HW�DO����������7KH�EDVLF�LGHD�KLQJHV�RQ�VHHNLQJ�IRUPXODV�IRU�HVWDEOLVKLQJ�VKDUHG�
UHVHDUFK�DQG�OHDUQLQJ�VSDFHV�LQ�ZKLFK�DFDGHPLF�VWDII�DQG�VWXGHQWV�IRUP�D�SDUWQHUVKLS��7KLV�FRQFHSW�LV�FXUUHQWO\�D�KRW�
WRSLF�LQ�KLJKHU�HGXFDWLRQ�DQG�KDV�OHG�WR�WKH�GHYHORSPHQW�RI�D�ZKROH�OLQH�RI�ZRUN�DQG�HYHQ�ERDVWV�VSHFLDOLVHG�MRXUQDOV��
VXFK�DV�WKH�,QWHUQDWLRQDO�-RXUQDO�IRU�6WXGHQWV�DV�3DUWQHUV�

$Q�LPSRUWDQW�LQLWLDWLYH�LQ�WKLV�DUHD�DUH�8QGHUJUDGXDWH�5HVHDUFK�2SSRUWXQLWLHV�3URJUDPV��8523���FRPPRQO\�IRXQG�
LQ�(QJOLVK�VSHDNLQJ�FRXQWULHV��DOWKRXJK�VLPLODU�LQLWLDWLYHV�H[LVW�LQ�RWKHU�FRQWH[WV��8523�DUH�VSHFLILFDOO\�GHVLJQHG�WR�
HQFRXUDJH�XQGHUJUDGXDWH�HQJDJHPHQW�LQ�UHVHDUFK�DORQJVLGH�DFDGHPLF�VWDII��WKURXJK�YDULRXV�PRGDOLWLHV�DQG�LQLWLDWLYHV��
$W�VRPH�LQVWLWXWLRQV�WKHVH�SURJUDPPHV�KDYH�H[LVWHG�IRU�PDQ\�\HDUV� DV�LV�WKH�FDVH�RI�0,7��SURJUDPPH�ODXQFKHG�LQ�
������DQG�,PSHULDO�&ROOHJH�/RQGRQ��VLQFH��������DPRQJ�PDQ\�RWKHUV�

2QH�FRPPRQ�HOHPHQW� WKDW�DOORZV�D� VROLG� IRXQGDWLRQ� WR�EH� ODLG� IRU� WKH� UHODWLRQVKLS�EHWZHHQ� WHDFKLQJ�OHDUQLQJ�DQG�
UHVHDUFK�LV�FXUULFXODU�GHVLJQ�EDVHG�RQ�RU�LQVSLUHG�E\�UHVHDUFK��7KH�LGHD�RI�FXUULFXOXP�GHVLJQ�LV�QRW�RQO\�JURXQGHG�LQ�
WKH�TXHVWLRQ�RI�ZKDW�FRQWHQW� IRUPV�SDUW�RI�D�FHUWDLQ�VWXG\�SURJUDPPH�� LQVWHDG� LW� LV�D�PXFK�PRUH�G\QDPLF�FRQFHSW�
WKDW�HQFRPSDVVHV�DOO�WKH�VLJQLILFDQW�DFWLYLWLHV�DQG�FRQQHFWLRQV�WKDW�FDQ�LPSURYH�VWXGHQW�OHDUQLQJ��VRPH�RI�ZKLFK�FDQ�
EH�HVWDEOLVKHG�LQ�WKH�VWXG\�SURJUDPPH�DQG�RWKHUV�WKURXJK�WKH�SUDFWLFHV�GHULYHG�IURP�LW��7KHUH�VWLOO�VHHPV�WR�EH�D�QHHG�
IRU�D�PRUH�V\VWHPDWLF�VWXG\�RI�WKH�VSHFLILF�HOHPHQWV�WR�EH�FRQVLGHUHG�ZKHQ�LQWHJUDWLQJ�UHVHDUFK�LQWR�KLJKHU�HGXFDWLRQ�
FXUULFXOD��DOWKRXJK�WKHUH�KDYH�EHHQ�LPSRUWDQW�FRQWULEXWLRQV�VXFK�DV��IRU�H[DPSOH��WKDW�SURGXFHG�E\�*ULIILRHQ��*URHQ�
DQG�1DN��������DIWHU�DQ�H[KDXVWLYH�DQDO\VLV�RI�SUHYLRXV�VWXGLHV��LQ�ZKLFK�WKH\�LGHQWLI\����EDVLF�FXUULFXODU�DVSHFWV�WR�
WDNH� LQWR� DFFRXQW�� )XQJ� ������� DQG� &DUQHOO� DQG� )XQJ� ������� SUHVHQW� GLIIHUHQW� H[SHULHQFHV� GHYHORSHG� DURXQG� WKH�
FHQWUDO�FRQFHSW�RI�WKH�µFRQQHFWHG�FXUULFXOXP¶��LQFOXGLQJ�WKRVH�FDUULHG�RXW�DW�8QLYHUVLW\�&ROOHJH�/RQGRQ��7KLV�FDVH�LV�
SDUWLFXODUO\�LQWHUHVWLQJ�EHFDXVH�RI�LWV�EURDG�VFRSH�DQG�WKH�IDFW�WKDW�LW�LV�OLQNHG�WR�WKH�XQLYHUVLW\¶V�VWUDWHJLF�SODQQLQJ�
�8&/�(GXFDWLRQ�6WUDWHJ\���������DQG�8&/��������7KH�LGHD�RI�D�FRQQHFWHG�FXUULFXOXP�UHODWHV�WR�TXHVWLRQV�VXFK�DV�
VWXGHQWV¶� FRQQHFWLRQ� ZLWK� WKH� LQVWLWXWLRQ¶V� UHVHDUFKHUV� DQG� UHVHDUFK�� WKH� FRQVWUXFWLRQ� RI� D� OLQH� RI� FRQWLQXLW\� RU�
DUJXPHQW�EDVHG�RQ�WKH�UHVHDUFK�DFWLYLW\�LQ�HDFK�SURJUDPPH��WKH�FRQQHFWLRQV�IRUPHG�EHWZHHQ�GLIIHUHQW�VXEMHFWV�DQG�
GLVFLSOLQHV�DQG�VXEMHFWV�RXWVLGH�WKH�DFDGHPLF�ZRUOG��WKH�OLQN�EHWZHHQ�DFDGHPLF�DQG�SURIHVVLRQDO�OHDUQLQJ��VWXGHQWV¶�
FDSDFLW\�WR�SURGXFH�UHVXOWV�WKDW�FDQ�EH�SUHVHQWHG�WR�DQ�DXGLHQFH��DQG�VWXGHQWV¶�FRQQHFWLRQV�ZLWK�HDFK�RWKHU�DQG�ZLWK�
DOXPQL��

$V� WKH� OLWHUDWXUH� DQDO\VLV� VKRZV�� VRPH� FRPPRQ� SUREOHPV� LQ� WKH� VWXG\� RI� WKHVH� LVVXHV� DUH� FORVHO\� OLQNHG� WR� WZR�
HOHPHQWV�� WKH� ILUVW�� DV� DOUHDG\� VHHQ�� UHODWHV� WR� WKH� QHHG� WR� SUHFLVHO\� GHILQH� WKH� WHUPV� WR� EH� XVHG� DQG� D� VXLWDEOH�
WKHRUHWLFDO�IUDPHZRUN��WKH�VHFRQG�FRQFHUQV�WKH�QHHG�IRU�HPSLULFDO�UHIHUHQFHV�WKDW�SURYLGH�PHDQLQJIXO�LQIRUPDWLRQ��
7KLV�VHFRQG�DVSHFW�LQFOXGHV�ERWK�LGHQWLI\LQJ�SHUWLQHQW�YDULDEOHV�DQG�LQGLFDWRUV�DQG�GHWHUPLQLQJ�WKH�UHOHYDQW�DJHQWV�
DQG� VRXUFHV�RI� LQIRUPDWLRQ� WKDW� VKRXOG�EH�XVHG�� ,Q� WKLV� UHJDUG�� DQG� DORQJ� WKH� OLQHV�RI� RWKHU� HPSLULFDO� VWXGLHV��ZH�
EHOLHYH�WKDW�WKH�RSLQLRQ�RI�VWXGHQWV�LV�SDUWLFXODUO\�LPSRUWDQW��ERWK�DV�NH\�ILJXUHV�LQ�WKH�WHDFKLQJ�OHDUQLQJ�SURFHVV�DQG�
DV�SHRSOH�ZKR�FDQ�DVVHVV�WKH�LPSOHPHQWDWLRQ�RI�WKH�REMHFWLYHV�VHW�LQ�WKH�VWXG\�SODQV�IURP�WKHLU�RZQ�VSHFLILF�SRLQW�RI�
YLHZ��
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,Q�OLJKW�RI�WKH�EURDG�WUHQGV�GHWHFWHG�LQ�KLJKHU�HGXFDWLRQ��LW�FRXOG�EH�HVSHFLDOO\�SURGXFWLYH�WR�HPSKDVLVH�DQ�DQDO\VLV�
OLQNHG� WR� WKH� FRQFHSW� RI� FRPSHWHQFH��ZKLFK� KDV� EHFRPH� NH\� WR� WKH� FRQILJXUDWLRQ� RI� KLJKHU� VWXGLHV� DQG� LWV� DFWXDO�
UHDOLVDWLRQ� LQ� WHUPV�RI� WHDFKLQJ�� OHDUQLQJ� DQG� HYDOXDWLRQ� DFWLYLWLHV�� ,I�� DV�XVXDOO\�RFFXUV�� VWXG\�SURJUDPPHV�GHILQH�
FRPSHWHQFHV� H[SOLFLWO\� RU� LPSOLFLWO\� UHODWHG� WR� VNLOOV� DQG� DWWLWXGHV� IRXQG� LQ� UHVHDUFK�� DQDO\VLQJ� WKH� DVVRFLDWHG�
DFWLYLWLHV�PD\�SURYLGH�D�FORVHU�XQGHUVWDQGLQJ�RI�WKH�UHDO�VLWXDWLRQ�DQG�FRXOG�KHOS�WR�LGHQWLI\�WKH�UROH�RI�UHVHDUFK�LQ�
WKH�GHYHORSPHQW�RI�WKH�WHDFKLQJ�OHDUQLQJ�SURFHVV��,Q�WKLV�VWXG\��ZH�KDYH�DSSURDFKHG�WKLV�VXEMHFW�WKURXJK�DQ�DQDO\VLV�
RI�GLIIHUHQW�FRXUVHV�RIIHUHG�DW�WKH�8QLYHUVLW\�RI�%DUFHORQD�

���0HWKRG

7R�DQDO\VH�WKH�WHDFKLQJ�UHVHDUFK�QH[XV�DW�WKH�8QLYHUVLW\�RI�%DUFHORQD��8%�� ZH�VHOHFWHG�WKH�PRVW�µWUDGLWLRQDO¶�GHJUHH�
FRXUVHV�WKDW�FRYHU�WKH�IRXU�PDLQ�NQRZOHGJH�DUHDV�DW�WKH�8%��+XPDQLWLHV�DQG�6RFLDO�6FLHQFHV��(FRQRPLF�DQG�/HJDO�
6FLHQFHV�� ([SHULPHQWDO� 6FLHQFHV� DQG� +HDOWK� 6FLHQFHV�� 6SHFLILFDOO\�� WKH� IROORZLQJ� GHJUHHV� ZHUH� FKRVHQ�� /DZ��
(OHFWURQLF�(QJLQHHULQJ��3K\VLFV��+LVWRU\�DQG�0HGLFLQH�

7ZR�FRPSOHPHQWDU\� OLQHV�RI� DQDO\VLV�ZHUH�SXUVXHG��)LUVW�RI�DOO��ZH� LGHQWLILHG� UHVHDUFK�UHODWHG�FRPSHWHQFHV� LQ� WKH�
WHDFKLQJ� SODQV� IRU� WKH� �������� DFDGHPLF� \HDU� DQG� WKH� PRGXOHV� WKH\� DSSHDU� LQ�� DQG� JDWKHUHG� GHVFULSWLRQV� RI� WKH�
HYDOXDWLRQ� V\VWHPV� XVHG� E\� WHDFKHUV�� 7KHQ�� WKLV� LQIRUPDWLRQ� ZDV� FRQWUDVWHG� ZLWK� WKH� VWXGHQWV¶� SHUFHSWLRQV� RI� WKH�
WUDLQLQJ�WKH\�KDG�UHFHLYHG�RQ�WKHVH�UHVHDUFK�FRPSHWHQFHV��

7R�REWDLQ WKH�VWXGHQWV¶�SHUFHSWLRQV��ZH�FRQGXFWHG�IRXU�IRFXV�JURXSV VHOHFWHG�IURP�D�FRQYHQLHQFH�VDPSOH GLVWULEXWHG�
LQ�WKH�IROORZLQJ�ZD\V�

�� $�JURXS�VWXG\LQJ�ODZ��IRUPHG�RI�VHYHQ�XQGHUJUDGXDWH�VWXGHQWV�

�� $� JURXS� VWXG\LQJ� SK\VLFV� DQG� HQJLQHHULQJ�� IRUPHG� RI� ILYH� VWXGHQWV �WZR� HQJLQHHULQJ� XQGHUJUDGXDWHV�� WZR�
SK\VLFV�JUDGXDWHV�FXUUHQWO\�VWXG\LQJ�IRU�WKHLU�GRFWRUDWHV�DQG�RQH�VWXGHQW�WDNLQJ�SK\VLFV�DQG�PDWKHPDWLFV���

�� $�JURXS�VWXG\LQJ�KLVWRU\�IRUPHG�RI�IRXU�ILQDO�\HDU�VWXGHQWV�

�� $�JURXS�VWXG\LQJ�PHGLFLQH��IRUPHG�RI�IRXU�VHFRQG�\HDU�UHVLGHQWV��$OO�RI�WKHP�JUDGXDWHG�LQ�WKH�ILUVW�\HDU�RI�WKH�
%RORJQD�3URFHVV������������

���5HVXOWV

����/DZ�6WXGLHV

,Q�WKH�ODZ VWXGLHV��WKUHH�VSHFLILF�FRPSHWHQFHV�UHODWHG�WR�UHVHDUFK�ZHUH�LGHQWLILHG��7KRVH�PRVW�FRPPRQO\�IRXQG�DUH�
OLQNHG�WR�PDQDJLQJ�NQRZOHGJH�VRXUFHV��,Q�IDFW��WKH�HIIHFWLYH�PDQDJHPHQW�RI�NQRZOHGJH�VRXUFHV�FRPSHWHQFH�DSSHDUV�
LQ����FRXUVHV�LQ�WKH�ODZ�SURJUDPPH��+RZHYHU��WKLV�EURDG�SUHVHQFH�FRQWUDVWV�ZLWK WKH VWXGHQWV¶ RSLQLRQ��,Q�JHQHUDO��
WKH�VWXGHQWV�IHOW�WKH\�KDG�QRW�UHFHLYHG�WUDLQLQJ�UHODWHG�WR�UHVHDUFK�DQG�PHQWLRQHG�WKDW�WKH\�KDG�GLIILFXOW\�VHDUFKLQJ�
IRU�LQIRUPDWLRQ�DQG��SDUWLFXODUO\��DFFHVVLQJ�UHVRXUFHV��7KH�H[DPSOH�PRVW�RIWHQ�SURYLGHG�E\�VWXGHQWV�ZDV�WKH�ODFN�RI�
DFFHVV�WR�FRXUW�UXOLQJV��7KH\�VWDWHG�WKDW�WKH\�VHOGRP�UHFHLYHG�OHFWXUHV�RQ�UXOLQJV�DQG�MXULVSUXGHQFH��

7KH�VWXGHQWV�DOVR�FRQVLGHUHG�WKDW�WKH�WHDFKLQJ�PHWKRGV�XVHG�ZHUH�SXUHO\�WUDQVPLVVLYH�DQG�GLVFRQQHFWHG�IURP�FXUUHQW�
H[DPSOHV��7KH\�EHOLHYHG�WKDW�WHDFKHUV�VKRXOG�WUDQVPLW�DQG�KLJKOLJKW�WKH�UHVHDUFK�WKH\�DUH�GRLQJ�LQ�RUGHU�WR�PRWLYDWH�
DQG� LQFHQWLYLVH� WKHLU� VWXGHQWV¶� NQRZOHGJH��7KH\� VKRXOG� DOVR�SURYLGH�GRFXPHQWV� DQG� DUWLFOHV� DQG�GHPRQVWUDWH� KRZ�
WKH\�UHODWH�WR�UHVHDUFK��

7KH�DFDGHPLF�VWDII�GR�QRW�XVXDOO\�WDON�DERXW�WKHLU�UHVHDUFK��RU�ZKDW�WKH\�DUH�VWXG\LQJ��µ,�WKLQN�WKDW�ZKHQ�H[SODLQLQJ�D�
WRSLF� WKHUH� DUH� WHDFKHUV� ZKR� JLYH� XV� H[DPSOHV� WKDW� DURXVH� RXU� FXULRVLW\� DQG� HQFRXUDJH� XV� WR� VHDUFK� IRU� UHVHDUFK�
DUWLFOHV�WKH\�KDYH�ZULWWHQ�RU�UHDG�DQG�ZKLFK�DUH�YHU\�XVHIXO�IRU�XQGHUVWDQGLQJ�WKH�WRSLF�WKH\�DUH�WHDFKLQJ�XV�DERXW¶�
�/DZ�����7KH�XQLYHUVLW\�µVKRXOG�SODFH�D�JUHDWHU�IRFXV�RQ�UHVHDUFK��WR�NQRZ�ZKDW�WKRVH�WHDFKHUV�ZKR�UHDOO\�DSSO\�D�
UHJLPH�RI�FRQWLQXRXV�HYDOXDWLRQ�DUH�WKLQNLQJ�²DQG�,�KDYH�HQFRXQWHUHG�IHZ�RI�WKHVH��KRQHVWO\²��DV�WKRVH�ZKR�GR�VR�
SURPRWH� UHVHDUFK� NQRZ�KRZ� EHFDXVH� WKH\� PDNH� \RX� FRPH� WR� FODVV�� WKH\� IRUFH� \RX� WR� SDUWLFLSDWH�� WR� VHDUFK� IRU�
LQIRUPDWLRQ�DQG�QRW�RQO\�WDNH�DQ�H[DP�DQG�ODWHU�IRUJHW�HYHU\WKLQJ¶��/DZ�����

$�SRVLWLYH�DVSHFW�SRLQWHG�RXW�E\�VWXGHQWV�ZDV�WKDW�LQ�VRPH�PRGXOHV�WKH\�FRXOG�LPSURYH�WKHLU�JUDGHV�E\�FRQGXFWLQJ�µD�
OLWWOH UHVHDUFK¶�WR�VWXG\�D�SDUWLFXODU�SRLQW�LQ�JUHDWHU�GHSWK��µ,�GLG�VRPH�UHVHDUFK�WR�JDLQ�D�EHWWHU�JUDGH�LQ�RQH�VXEMHFW�
DQG� ,� IRXQG� LW�YHU\� LQWHUHVWLQJ��7KH�H[DP� LV�PRUH�RU� OHVV�HDV\�DV� ORQJ�DV�\RX�DWWHQG�\RXU� OHFWXUHV�� WDNH�QRWHV�DQG�
XQGHUVWDQG�ZKDW�\RX�OHDUQ��,Q�WKH�FRXUVHZRUN�\RX�KDYH�WR�LQYHVWLJDWH��VR�LW�LV�YHU\�KHOSIXO�WR�UHDG�GLIIHUHQW�RSLQLRQV�
DQG�DUWLFOHV�DQG�WKHQ�IRUP�\RXU�RZQ�LGHDV�DQG�SXW�WKHP�LQ�ZULWLQJ��,�WKLQN�LW�LV�YHU\�XVHIXO�WKDW�ZH�DUH�VHW�WKLV�W\SH�RI�
WDVN�DQG��DERYH�DOO��LW�KHOSV�D�JUHDW�GHDO�LI�\RX�DUH�JLYHQ�WKH�ULJKW�WRROV¶��/DZ�����

$QRWKHU�SRVLWLYH�DVSHFW�LV�WKH�ILUVW�FRXUVH�WKH\�WDNH�RQ�ZRUNLQJ�WHFKQLTXHV��DOWKRXJK�WKH\�IHOW�WKDW�LW�KDG�OLWWOH�EHDULQJ�
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RQ�WKH�UHVW�RI�WKHLU�VXEMHFWV�DQG�ZKDW�WKH\�KDG�OHDUQW�ZDV�QRW�DSSOLHG�ODWHU�LQ�WKH�FRXUVH�

����(QJLQHHULQJ�DQG�3K\VLFV

,Q� WKH� HQJLQHHULQJ VWXGLHV�� ��� JHQHUDO� GHJUHH� FRPSHWHQFHV� FRQQHFWHG� ZLWK� UHVHDUFK� ZHUH� LGHQWLILHG�� 7KRVH� PRVW�
FRPPRQO\� IRXQG� LQ� WKH� GLIIHUHQW� PRGXOHV� DUH� OLQNHG� WR� SUREOHP�VROYLQJ� XVLQJ� LQLWLDWLYH�� FUHDWLYLW\� DQG�
GHFLVLRQ�PDNLQJ��WHDPZRUNLQJ�DQG�WKH�DELOLW\�WR�ZRUN�LQ�PXOWLGLVFLSOLQDU\�JURXSV�

,Q� WKH� SK\VLFV GHJUHH� FRXUVH� ZH� IRXQG� HLJKW� JHQHUDO� FRPSHWHQFHV� UHODWHG� WR� UHVHDUFK�� 2I� SDUWLFXODU� QRWH� LV� WKH�
FDSDFLW\�IRU�DQDO\VLV��V\QWKHVLV�DQG�DGDSWDWLRQ�WR�QHZ�VLWXDWLRQV��ZKLFK�LV�SUHVHQW�LQ����PRGXOHV��

7KH� ILQDO� \HDU� SURMHFW� �)<3�� LV� WKH� WDVN� WKDW� LQFOXGHV� WKH� HYDOXDWLRQ� RI� WKH� FRPSHWHQFHV� PRVW� FORVHO\� OLQNHG� WR�
UHVHDUFK��7KH�)<3�LV�FRQFHLYHG�DV�DQ�LQWURGXFWLRQ�WR�UHVHDUFK�ZRUN�LQ�ZKLFK�VWXGHQWV�KDYH�WR�FKRRVH�D�WRSLF�IURP�D�
OLVW�SURYLGHG�E\�WKHLU� WXWRUV��*LYHQ�WKDW� WKH�)<3�LV�GHVLJQHG�DV�D�SLHFH�RI�ZRUN�LQYROYLQJ�UHVHDUFK�PHWKRGRORJ\��LW�
VKRXOG� EH� SUHVHQWHG� LQ� WKH� VWDQGDUG� IRUPDW� RI� WKH� PRVW� LPSRUWDQW� VFLHQWLILF� MRXUQDOV� LQ� WKH� ILHOG� RI� SK\VLFV�� 7KH�
ILQLVKHG� ZRUN� LV� SUHVHQWHG SXEOLFO\� DQG� DOVR� FRUUHVSRQGV� WR� WKH� XVXDO� IRUPDW� IRXQG� DW� WKH� FRQIHUHQFHV� ZKHUH�
DFDGHPLF�VWDII�GLVVHPLQDWH�WKHLU�UHVHDUFK�SURMHFWV��

,Q�HQJLQHHULQJ��MXVW�DV�LQ�WKH�SK\VLFV�GHJUHH��VWXGHQWV�PXVW�VHOHFW�WKH�WRSLF�IRU�WKHLU�)<3�IURP�D�OLVW��+RZHYHU��RQH�RI�
WKH�GLIIHUHQFHV�LV�WKDW�ZRUN�UHODWHG�WR�WXWRU�OHG�DFWLYLWLHV�LQ�FRPSDQ\�LV�DOVR�DFFHSWHG��7KLV�DVSHFW�ZDV�LQWURGXFHG�WR�
UHVSRQG�WR�WKH�KLJK�GHPDQG�IRU�HQJLQHHUV�LQ�ORFDO�ILUPV��

,Q�WKH�IRFXV�JURXS�PDGH�XS�RI�SK\VLFV�DQG�HQJLQHHULQJ�VWXGHQWV��WKH�SDUWLFLSDQWV�IHOW�WKDW�GXULQJ�WKHLU�GHJUHH�FRXUVHV�
WKH\� KDG�REWDLQHG� FRPSHWHQFHV� LQ� WHDPZRUNLQJ�� LQGHSHQGHQW� OHDUQLQJ� DQG� DQDO\VLQJ� VFLHQWLILF� DUWLFOHV��$OO� DJUHHG�
WKDW�WKH�)<3�LV�WKH�ILUVW�PRPHQW�DW�ZKLFK�WKH\�WUXO\�OHDUQW�KRZ�WR�FRQGXFW�UHVHDUFK��7KH\�DOVR�EHOLHYHG�WKDW�IURP�WKH�
ILUVW� \HDU�� WKH� WHDFKLQJ� VWDII� VKRXOG� WUDQVPLW� DQG� KLJKOLJKW� WKH� UHVHDUFK�EHLQJ� FRQGXFWHG�� LQWURGXFH� VWXGHQWV� WR� WKH�
IDFXOW\¶V�UHVHDUFK�JURXSV�DQG�WKH�VXEMHFWV�WKH\�DUH�ZRUNLQJ�RQ��HWF��

7KH�SK\VLFV�VWXGHQWV�EHOLHYHG�WKDW�WKH\�VHULRXVO\�ODFNHG�WUDLQLQJ�RQ�KRZ�WR�VHDUFK�IRU�LQIRUPDWLRQ��DFFHVV�UHVRXUFHV��
DUWLFOHV��HWF��7KH\�VWDWHG�WKDW�µWHDFKHUV�IHHO�WKDW�WKH\�DUH�ZDVWLQJ�WLPH�LI�WKH\�KDYH�WR�GHGLFDWH�FODVV�KRXUV�WR�PDWWHUV�
UHODWLQJ�WR�VHDUFKLQJ�IRU�LQIRUPDWLRQ¶�

7KH�HQJLQHHULQJ�VWXGHQWV�KDG�D�PRUH�SRVLWLYH�YLHZ��DV�WKH\�KDYH�DFFHVV�WR�VRPH�HOHFWLYH�PRGXOHV�WKDW�WHDFK�WKHP�WR�
VHDUFK�IRU� LQIRUPDWLRQ��EXW� WKH�SK\VLFV�VWXGHQWV�ZHUH�PRUH�FULWLFDO��2Q� WKLV�PDWWHU��RQH�VWXGHQW�VWDWHG� WKDW� µRQ� WKLV�
GHJUHH� FRXUVH�ZH�GRQ¶W�ZRUN�RQ� WKH� FRPPXQLFDWLRQ� FRPSHWHQFH��ZH� DUH� QRW� VKRZQ�KRZ� WR�JLYH�SUHVHQWDWLRQV�RU�
FRPPXQLFDWH�� RU� HYHQ� WDXJKW� VFLHQWLILF� ZULWLQJ� WR� SUHVHQW� SDSHUV� DW� FRQIHUHQFHV� RU� DV� DUWLFOHV��8QWLO� WKH� )<3��ZH�
KDGQ¶W�HYHU�UHDG�D�VFLHQWLILF�DUWLFOH¶��3K\VLFV����

:H�VKRXOG�PHQWLRQ�WKDW�PRVW�RI�WKH�VWXGHQWV�H[SUHVVHG�D�JUHDW�GHDO�RI�LJQRUDQFH�RI�WKH�DFDGHPLF�VWDII¶V�UHVHDUFK�DQG�
NQRZOHGJH�WUDQVIHU�DFWLYLWLHV��7KH\�SURSRVHG�WKDW�WKLV�W\SH�RI�LQIRUPDWLRQ�EH�LQFOXGHG�LQ�UHFHSWLRQ�VHVVLRQV�DQG�WKDW�
WKH�UHVHDUFK�DFWLYLWLHV�DQG�SURMHFWV�DFDGHPLF�VWDII�LQ�HDFK�VXEMHFW�DUH�LQYROYHG�LQ�EH�SUHVHQWHG�LQ�D�FODVVURRP�VHVVLRQ�

����+LVWRU\

,Q� WKH� GHJUHH� LQ� KLVWRU\�� ZH� IRXQG� HLJKW� JHQHUDO� FRPSHWHQFHV� UHODWHG� WR� UHVHDUFK�� 7KH� DFWLYLWLHV� DQG� HYDOXDWLRQ�
PHWKRGV� DUH� KLJKO\� GLYHUVH� EXW�� XQOLNH� WKH� RWKHU� FRXUVHV� VWXGLHG�� LQ� PDQ\� RI� WKH� PRGXOHV� VWXGHQWV� DUH� RIIHUHG�
TXHVWLRQQDLUHV� DQG� VHOI�HYDOXDWLRQ� DFWLYLWLHV�� 7KHUH� DUH� H[DPV� DQG� ZULWWHQ� WHVWV�� EXW� WKH\� RQO\� DFFRXQW� IRU�
DSSUR[LPDWHO\�����RI�WKH�WRWDO�HYDOXDWLRQ��7KH�UHVW�RI�WKLV�ILJXUH�LV�WDNHQ�IURP�WKH�VXP�RI�YDULRXV�W\SHV RI�DFWLYLW\��
HVVD\V�RQ�PDWHULDO��GHEDWHV�RQ�UHDGLQJV��SUHVHQWDWLRQ�RI�VWXGHQWV¶�ZRUN��RUDO�FRPPHQWDULHV�RQ�WH[W�DQG�DXGLRYLVXDO�
GRFXPHQWV��HWF�

7KH�KLVWRU\�VWXGHQWV�IHOW�WKDW�WKHUH�LV�D�KXJH�JDS�EHWZHHQ�WKH�FRQWHQW�RI�WKH�WHDFKLQJ�SODQV�DQG�ZKDW�WKH\�UHDOO\�GLG�
GXULQJ�WKHLU�GHJUHH�FRXUVHV��$OWKRXJK�WKH\�UHFRJQLVHG�WKDW�FHUWDLQ�SUDFWLFHV�LQWURGXFH�WKHP�WR�UHVHDUFK�H[SHULHQFH��
WKHLU�VHQVDWLRQ�ZDV�WKDW�LW�ZDV�LQVXIILFLHQW��$OO�WKH�KLVWRU\�VWXGHQWV�ZKR�SDUWLFLSDWHG�KLJKOLJKWHG�WKDW�WKHUH�ZDV�D�ODFN�
RI�ZRUN�XVLQJ�GLUHFW�VRXUFHV�� ,Q� WKHLU�RSLQLRQ��YHU\� IHZ�RI� WKH�PRGXOHV� WKH\� WRRN�SURYLGHG� WKHP�ZLWK� LQIRUPDWLRQ�
UHJDUGLQJ�WKH�XVH�RI�SULPDU\�VRXUFHV��DOEHLW�RIWHQ�OLPLWHG�WR�JORVVDULHV�DQG�OLVWV��DQG�WKH\�GLG�QRW�GR�DQ\�PHDQLQJIXO�
ZRUN�XVLQJ�WKHVH�VRXUFHV��,Q�VRPH�FDVHV� WKH\�VWDWHG�WKDW�DW�QR�SRLQW�GXULQJ�WKHLU�GHJUHHV�GLG�DQ\�WHDFKHU�DVN�WKHP�WR�
VHDUFK�VSHFLDOLVHG�DUFKLYHV��DQG�WKDW�WKH�UHVHDUFK�WRROV�WKH\�ZHUH�VKRZQ�DUH�LQVXIILFLHQW�IRU�WDFNOLQJ�D�UHDO�SURMHFW�

7KH� VWXGHQWV� ZHUH� SDUWLFXODUO\� FULWLFDO� RI� WKH� )<3�� DV� IDFXOW\� UXOHV� H[SUHVVO\� IRUELG� WKH� XVH� RI� SULPDU\� VRXUFHV��
DOWKRXJK�LQ�VRPH�FDVHV�WKHLU�WXWRUV��LQ�DJUHHPHQW�ZLWK�VWXGHQWV�ZKR�H[SUHVVHG�WKHLU�FRQVHQW��LJQRUHG�WKLV�LQVWUXFWLRQ��
7KH\�GLG�QRW�XQGHUVWDQG�ZK\�D�ILQDO�\HDU�SURMHFW�LQ�ZKLFK��VXSSRVHGO\��WKH\�PXVW�GHPRQVWUDWH�ZKDW�WKH\�KDYH�OHDUQW��
KDV�WR�EH�OLPLWHG�WR�D�VWDWH�RI�DIIDLUV�GUDZQ�IURP�D�VSHFLDOLVHG�ELEOLRJUDSK\��7KLV�FULWLFLVP�RI�WKH�)<3�VWHPV�IURP�WKH�
IDFW�WKDW�LW�UHDOO\�LV�MXVW�DQRWKHU�VXEMHFW�RQ�WKH�GHJUHH�FRXUVH�DQG�WKH\�GR�QRW�QHFHVVDULO\�OHDUQ�WR�FRQGXFW�UHVHDUFK��
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HYHQ� WKRXJK� WKH\� DOVR� IHOW� WKDW� LW�ZDV� WKH� ILUVW� W\SH� RI�ZRUN� WUXO\� OLQNHG� WR� UHVHDUFK�� )URP� WKH� )<3�RQZDUGV� WKH�
VWXGHQWV�KDYH�PRUH�GLUHFW�FRQWDFW�ZLWK�WKHLU�WXWRU�DQG�WKLV�HQFRXUDJHV�WKHP�WR�FRQVLGHU�WKH�SRVVLELOLW\�RI�FRQGXFWLQJ�
UHVHDUFK��'XULQJ�WKH�GHJUHH��VRPHWLPHV�µWKH�DFDGHPLF�VWDII�WUDQVPLW�LQIRUPDWLRQ�DERXW�WKHLU�UHVHDUFK�DQG�LQFOXGH�LW�LQ�
WKH�ELEOLRJUDSK\��EXW�WKH\�GR�QRW�H[SODLQ�KRZ�WKH\�FDUULHG�LW�RXW��,W�ZRXOG�EH�JUHDW�LI�WKH\�JDYH�XV�PRUH�GHWDLOV�DERXW�
KRZ�WKH\�GR�WKLV¶�

7KH� VWXGHQWV� DOVR� DGPLWWHG� KDYLQJ� FHUWDLQ� GLIILFXOWLHV� ZLWK� VNLOOV� VXFK� DV� ELEOLRJUDSKLFDO� UHVHDUFK�� DZDUHQHVV� RI�
TXDOLW\� MRXUQDOV� DQG� VHDUFKLQJ� RQOLQH� IRU� UHOLDEOH� UHVRXUFHV��ZKLFK� VKRZV� WKDW� WKH\� DUH� QRW� DFTXLULQJ� VRPH� RI� WKH�
HVVHQWLDO�FURVV�GLVFLSOLQDU\�DQG�VSHFLILF�FRPSHWHQFHV�WKH\�VKRXOG�GXULQJ�WKHLU�GHJUHHV��

7KH\�GR�EHOLHYH�WKDW�WKH\�KDG�GHYHORSHG�WKH�FDSDFLW\�WR�V\QWKHVLVH�LGHDV��EXW�EHPRDQHG�D�ODFN�RI�WUDLQLQJ�RQ�WKH�XVH�
RI�,&7�DSSOLHG�WR�KLVWRU\�UHVHDUFK��VRPHWKLQJ�WKH\�FRQVLGHU�YHU\�VHULRXV�JLYHQ�WKDW�ZH�DUH�OLYLQJ�LQ�D�GLJLWDO�ZRUOG��
7KH\� DOVR� UHFRJQLVHG� WKDW�� GHVSLWH� EHLQJ� GLJLWDO� QDWLYHV�� WKHLU� NQRZOHGJH� RI� UHVHDUFK� WRROV� �GDWDEDVHV�� *,6��
VSUHDGVKHHWV�����ZDV�OLPLWHG��7KHLU�SHUFHSWLRQV�FRXOG�EH�VXPPHG�XS�LQ�WKLV�VWDWHPHQW��µ+LVWRU\�FRQWHQW�FDQ EH�OHDUQW�
ZLWKRXW�JRLQJ�WR�XQLYHUVLW\��ZH�FRPH�KHUH�QRW�WR�OHDUQ�DERXW�KLVWRU\��EXW�WR�EHFRPH�KLVWRULDQV¶�

7KH\�VXJJHVWHG� LQWURGXFLQJ�SUDFWLFDO� H[HUFLVHV�PRUH� FORVHO\� OLQNHG� WR� UHVHDUFK� DQG�ZRUNLQJ�ZLWK� VRXUFHV�� ERWK� LQ�
WKHLU�GRFXPHQWDWLRQ�FHQWUH�UHDGLQJ�DFWLYLW\��LQ�DUFKLYHV��OLEUDULHV�����DQG�LQ�REMHFWLYH�IRFXVHG�VHOHFWLRQ�FULWHULD��KRZ�
WR�XVH�,&7�IRU�WKLV�SXUSRVH�DQG�HYHQ�LQ�WKH�LQLWLDO�GHVLJQ�RI�D�VWXG\��GHILQLQJ�REMHFWLYHV�DQG�PHWKRGRORJLHV��VWDWH�RI�
DIIDLUV������0RUHRYHU�� WKH\�FRQVLGHUHG�WKDW� WKHVH�SUDFWLFHV�VKRXOG�EH�LQFRUSRUDWHG�LQWR�DOO�DUHDV�RU�PRGXOHV�IRU�HDFK�
SHULRG��SUHKLVWRU\��FODVVLFDO�ZRUOG��PHGLHYDO�HUD��PRGHUQ�DQG�FRQWHPSRUDU\�DJHV���7KHVH�SURSRVDOV�DUH�DLPHG�DW� D�
JUHDWHU� XVH� RI� UHVHDUFK� SUDFWLFHV� LQ� WKHLU� VWXGLHV�� 7KH\� DOVR� DVNHG� WKDW� LQ� HDFK� PRGXOH� WKH\� EH� SRLQWHG� WRZDUGV�
VRXUFHV� WKDW�FDQ�EH�XVHG� WR� VWXG\�D�SDUWLFXODU�SRLQW� LQ�JUHDWHU�GHSWK�� LQ� WKH� VDPH�ZD\�DV� WKH\�DUH�JLYHQ�D� VSHFLILF�
ELEOLRJUDSK\�

����0HGLFLQH

,Q� WKH� GHJUHH� LQ� PHGLFLQH�� ��� VXEMHFW�VSHFLILF� FRPSHWHQFHV� ZHUH� LGHQWLILHG�� 7KRVH� PRVW� FRPPRQO\� IRXQG� LQ� WKH�
WHDFKLQJ� SODQV� DUH� OLQNHG� WR� WKH� FDSDFLW\� IRU� DQDO\VLV� DQG� V\QWKHVLV�� SUREOHP� VROYLQJ� DQG� WHDPZRUN�� 7KH� PRVW�
LPSRUWDQW�HOHPHQW�RI� WKH�HYDOXDWLRQ�DUH�PXOWLSOH�FKRLFH� WHVWV��ZKLFK�JHQHUDOO\�DFFRXQW� IRU�����RI� WKH� ILQDO�JUDGH�
FRPSOHPHQWHG�E\�FOLQLFDO�SUDFWLFH�DQG�VHPLQDUV�

7KH� GHJUHH� XVHV� WKH� HYLGHQFH�EDVHG� PHGLFLQH� SDUDGLJP� LQ� LWV� WHDFKLQJ� DQG� WKHUHIRUH� LQ� RQH� ZD\� RU� DQRWKHU�
HPSKDVLVHV� WKDW� WKH�FRQWHQW�EHLQJ� WDXJKW� LV�EDVHG�RQ� UHVHDUFK��7KLV� LV�YHU\� W\SLFDO� LQ� WKH�EDVLF�PRGXOHV�� LQ�ZKLFK�
VWXGHQWV�DUH�JLYHQ�H[DPSOHV�RI�WKH�UHVHDUFK�WKDW�KDV�JHQHUDWHG�WKH�NQRZOHGJH�EHLQJ�WDXJKW��

7KH� PHGLFDO� VWXGHQWV� LQ� WKLV� VWXG\� VWDWHG� WKDW� GXULQJ� WKHLU� VWXGLHV� WKH\� DUH� H[SHFWHG� WR� DFTXLUH� FRPSHWHQFHV� LQ�
VSHFLDOLVHG�ELEOLRJUDSKLFDO�VHDUFKHV��ILQGLQJ�LQIRUPDWLRQ�DQG�DFFHVVLQJ�GDWDEDVHV�DQG�XVLQJ�VSHFLILF�VHDUFK�HQJLQHV��
EXW� WKH\�KDG�GLIILFXOW\� DSSO\LQJ�ELRVWDWLVWLFDO� NQRZOHGJH� DV� WKHLU� WUDLQLQJ� LV� KLJKO\� WKHRUHWLFDO�� µ,W� LV� QRW� D� FDVH�RI�
SURYLGLQJ� IRUPXODV�� EXW� RI� H[SODLQLQJ� ZKLFK� VWDWLVWLFDO� WRRO� VKRXOG� EH� XVHG� DQG� ZKHQ�� ,Q� IDFW�� WKH� VWDWLVWLFDO�
SDUDPHWHUV� DUH� FDOFXODWHG� E\� VWDWLVWLFDO� SURJUDPV¶� �0HGLFLQH� ���� $OO� WKH� SDUWLFLSDQWV� DJUHHG� WKDW� WKH� ELRVWDWLVWLFV�
PRGXOH�VKRXOG�EH�UHVWUXFWXUHG�WR�PDNH�LW�PRUH�XVHIXO��

'XULQJ�WKHLU�GHJUHH�FRXUVHV�WKH�VWXGHQWV�UHDG�VFLHQWLILF�DUWLFOHV��EXW�GXH�WR�D�ODFN�RI�NQRZOHGJH�WKH\�YHU\�RIWHQ�IHOW�
LQFDSDEOH� RI� GHYHORSLQJ� FULWLFDO� DQDO\VHV�� 7KH� )<3� SURYLGHG� D� SUDFWLFDO� RSSRUWXQLW\� WR� DSSO\� WKH� WKHRUHWLFDO�
NQRZOHGJH�WKH\�KDG�DFTXLUHG��EXW�WKH\�VWUHVVHG�WKDW�LW�VKRXOG�QRW�EH�WKHLU�RQO\�FKDQFH�WR�GR�VR��7KH\�DOVR�KLJKOLJKWHG�
WKH�WUDLQLQJ�RQ�UHVHDUFK�FRPSHWHQFHV�SURYLGHG�E\�WKHLU�)<3�WXWRUV�

7KH�VWXGHQWV�SURSRVHG�FDUU\LQJ�RXW�H[HUFLVHV�RQ�FULWLFDO�DQDO\VLV�DQG�WKH�PHWKRGRORJ\�RI�VFLHQWLILF�DUWLFOHV�LQ�HDFK�
PRGXOH�RI�WKH GHJUHH��LQWHUSUHWLQJ�VWXGLHV�LQ�VPDOO�JURXSV�LQ�YDULRXV�PRGXOHV��ZKLFK�FRXOG�WKHQ�EH�LQFOXGHG�LQ�WKH�
HYDOXDWLRQV�� FUHDWLQJ� HOHPHQWDU\� RU� EDVLF� VWXG\� GHVLJQV� DQG� FRQGXFWLQJ� PRUH� H[HUFLVHV� RQ� DSSO\LQJ� WKHRUHWLFDO�
NQRZOHGJH�

���'LVFXVVLRQ

$OWKRXJK� WKH�FRQFHSW�RI� UHVHDUFK� LQ� WKH�GLIIHUHQW� VWXGLHV�DQDO\VHG� LV�GLIIHUHQW�� WKHUH�DUH�PDQ\�FRPPRQ�VLWXDWLRQV��
7KH�WHDFKLQJ�SODQV�HVWDEOLVK�QXPHURXV�FRPSHWHQFHV�UHODWHG�WR�UHVHDUFK�DQG�JHQHUDWLQJ�QHZ�NQRZOHGJH��1HYHUWKHOHVV��
WKHVH�SODQV�GR�QRW�XVXDOO\�H[SODLQ�KRZ�WKHVH�FRPSHWHQFHV�DUH�WR�EH�REWDLQHG�DQG�HYDOXDWHG�

'XULQJ� WKH� ILUVW� RU� VHFRQG� VHPHVWHU� LW� LV� YHU\� FRPPRQ� WR� LQWURGXFH� PRGXOHV� UHODWHG� WR� VHDUFKLQJ� IRU� VRXUFHV� RI�
VFLHQWLILF�LQIRUPDWLRQ�DQG�UHVRXUFHV��EXW�LWV�VXEVHTXHQW�DSSOLFDWLRQ�WKURXJKRXW�WKH�FRXUVH�LV�SRRU�DQG�WKLV�NQRZOHGJH�
LV�QRW�JHQHUDOO\�XWLOLVHG�XQWLO�WKH�)<3�

7KHUH� ZDV� FOHDU� DJUHHPHQW� DPRQJ� DOO� WKH� SDUWLFLSDQWV� WKDW� WKH� )<3� LV� WKH� RQO\� SRLQW� ZKHQ� UHVHDUFK� ZRUN� LV�
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VSHFLILFDOO\� VHW� DV�D� WDVN� 'HVSLWH� WKH� VWDWHPHQWV� UHJDUGLQJ� WKH� LPSRUWDQFH�RI� LQWHUDFWLRQ� DPRQJ� UHVHDUFK�� WHDFKLQJ�
DQG� OHDUQLQJ��RXU�DQDO\VLV LGHQWLILHG D�VHULHV�RI�VKRUWFRPLQJV� WKDW KLJKOLJKW WKH QHHG WR�GHYHORS VSHFLILF�DFWLRQV� WR�
DFKLHYH WKLV� REMHFWLYH�� 6XFK� DFWLRQV� VKRXOG� EH� RI� DQ� LQVWLWXWLRQDO� QDWXUH� DQG� EULQJ� DERXW� FKDQJH� LQ� WKH� DFDGHPLF�
VWDII¶V� WHDFKLQJ� FXOWXUH�� (YHQ� WKRXJK� WKHVH� LVVXHV� ZHUH� LGHQWLILHG� LQ� WKH� FRQWH[W� RI� D� VSHFLILF� XQLYHUVLW\�� WKH�
FKDUDFWHULVWLFV�RI� WKH�6SDQLVK�DQG�&DWDODQ�XQLYHUVLW\� V\VWHPV��ZKLFK�KDYH�KLJKO\�XQLIRUP�UHJXODWLRQV��VXJJHVW� WKDW�
PDQ\�RI�WKH�LGHQWLILHG�LVVXHV DUH�JHQHUDOL]DEOH�WR�DW�OHDVW�WKHVH�V\VWHPV��)URP�WKH�DQDO\VLV�RI�WKH�UHVXOWV�RI�WKLV�VWXG\��
VRPH�DFWLRQV�DQG�UHFRPPHQGDWLRQV�DUH�GHULYHG�

6SHFLILF�DFWLRQV

D��$V�UHJDUGV�WHDFKLQJ�SODQV

�� 5HYLHZ� WHDFKLQJ� SODQV� DQG� UHDO� WHDFKLQJ� DFWLYLW\� LQ� HDFK� FRXUVH� WR� JXDUDQWHH� DQ� DGHTXDWH� SUHVHQFH� RI�
DFDGHPLF�WLPH�DQG�DWWHQWLRQ�WR�VWXGHQWV�WKDW�IRVWHUV�D�FULWLFDO�VSLULW�DQG�UHJXODU�H[FKDQJH�RI�RSLQLRQV�EDVHG�
RQ�DQ�DQDO\VLV�RI�UHVHDUFK�SUDFWLFHV�DQG�UHVXOWV�

�� )RU� HDFK� VXEMHFW�� VHW� DVLGH� VSHFLILF� WLPH� DQG� DFWLYLWLHV� IRU� WKLV SXUSRVH� DQG� HQVXUH� WKDW� WKHVH� DUH� ZHOO�
SXEOLFLVHG�DQG�VKDUHG�DPRQJ�WKH�DFDGHPLF�VWDII�LQ�HDFK�NQRZOHGJH�DUHD�

�� (VWDEOLVK�LQGLFDWRUV�OLQNHG�WR�VWXGHQW�SDUWLFLSDWLRQ�LQ�WKHVH�DFWLYLWLHV�DV�D�OHDUQLQJ�HYDOXDWLRQ�FULWHULRQ�

�� ,QFRUSRUDWH�DFWLYLWLHV�WKDW�V\VWHPDWLFDOO\�LQIRUP�VWXGHQWV�DERXW�WKH�XVXDO�VRXUFHV�RI�UHVHDUFK�DQG�LQQRYDWLRQ�
LQ�WKHLU�ILHOGV�RI�VWXG\��WHDFK�WKHP�KRZ�WR�VHDUFK�IRU�DQG�VHOHFW�LQIRUPDWLRQ��DQG�KRZ�WR�FRQVXOW�DQG�REWDLQ�
UHSRUWV��DUWLFOHV��FRXUW�UXOLQJV�DQG�RWKHU�VSHFLDOLVHG�UHVRXUFHV�

E��$V�UHJDUGV�IRVWHULQJ�LQWHUHVW�LQ�DQG�UDLVLQJ�DZDUHQHVV�RI�UHVHDUFK

�� )URP� WKH� VHFRQG� VHPHVWHU� RI� GHJUHH� FRXUVHV�� SURPRWH�PDVWHU� FODVVHV� LQ� ODUJH�JURXS� IRUPDW� GHOLYHUHG� E\�
DFDGHPLFV�UHQRZQHG�IRU�WKHLU�UHVHDUFK�DQG�ZLWK�GHPRQVWUDWHG�DELOLW\�WR�FRPPXQLFDWH�NQRZOHGJH��LQ�ZKLFK�
WKH\�SUHVHQW�VRPH�RI�WKH�PRVW�H[FLWLQJ�DQG�UHOHYDQW�UHVHDUFK�IRU�HDFK�GHJUHH�FRXUVH�

�� $FFRPSDQ\�WKHVH�VHVVLRQV�ZLWK�IRUXPV�IRU�GHEDWH�DQG�GLVFXVVLRQ�LQ�VPDOO�JURXSV�LQ�ZKLFK�WUDLQHH�UHVHDUFK�
VWDII�FDQ�DOVR�SDUWLFLSDWH�

�� (QJDJH�VWXGHQWV��HVSHFLDOO\�IURP�WKH�ILIWK�VHPHVWHU��LQ�UHVHDUFK�DFWLYLWLHV�WKURXJK�,%/�FRQWH[WV��%UHZ��������
������FLWHG�E\�*RQ]DOH]��������

�� (QFRXUDJH� DFDGHPLF� VWDII� WR� DGRSW� D� UHIOHFWLYH��PRWLYDWLQJ� DWWLWXGH� DQG� EH� RSHQ� WR� GHEDWH� LQ� WKHLU� XVXDO�
WHDFKLQJ�DFWLYLW\�ZLWK�WKH�DLP�RI�IRVWHULQJ�D�FULWLFDO�XQGHUVWDQGLQJ�RI�NQRZOHGJH�

F�� � $V�UHJDUGV�PDVWHULQJ�LQVWUXPHQWDO�FRPSHWHQFHV

�� 2IIHU� VWXGHQWV� VSDFHV� IRU� OHDUQLQJ� WR� FRPPXQLFDWH� ZHOO� RUDOO\� DQG� LQ� ZULWLQJ� XVLQJ� FRQWULEXWLRQV� IURP�
DFDGHPLF�ZULWLQJ�

�� 3URPRWH�WKH�FUHDWLRQ�RI�UHSRUWV�DQG�LQIRJUDSKLFV�XVLQJ�GLJLWDO�WRROV�

�� 7HDFK�VWXGHQWV�KRZ�WR�FKRRVH�DQG�XVH�WKH�ULJKW�VWDWLVWLFDO�WRROV�WR�SURFHVV�GDWD�DQG�WR�UHDG�DQG�XQGHUVWDQG�
VFLHQWLILF�DUWLFOHV�DQG�UHSRUWV�ZLWKRXW�GLIILFXOW\�

�� ,QIRUP� VWXGHQWV� DERXW� WKH� UHVHDUFK� JURXSV� UHODWHG� WR� WKHLU� VWXGLHV� DQG� DERXW� WKH� EXUVDULHV� DQG� JUDQWV�
DYDLODEOH��DV�ZHOO�DV�KRZ�WR�DSSO\�IRU�WKHP�LQ�RUGHU�WR�MRLQ�UHVHDUFK�WHDPV�DQG�SURMHFWV�

G��$V�UHJDUGV�ILQDO�\HDU�SURMHFWV

�� &RQVROLGDWH� WKH� DSSURDFKHV�SURSRVHG�E\� WKH� )<3�DV� DQ� LQWURGXFWLRQ� WR� UHVHDUFK� DQG� FRQGXFW� DQ� LQ�GHSWK�
UHYLHZ�RI�WKH�DSSURDFKHV�WKDW�YLHZ�WKH�)<3�DV�MXVW�DQRWKHU�PRGXOH�

�� 3URSRVH��LI�QRW�DOUHDG\�EHLQJ�GRQH��WKDW�SDUW�RI�WKH�)<3�VKRXOG�FRQVLVW�RI�ZULWLQJ�DQ�DUWLFOH�LQ�WKH�VWDQGDUG�
IRUPDW�DQG�VW\OH�RI�D�UHVHDUFK�DUWLFOH�LQ�WKH�GLVFLSOLQHV�FORVHVW�WR�WKH�GHJUHH�DQG�WKH�WRSLF�RI�WKH�ILQDO�\HDU�
SURMHFW�

�� ,Q�WKH�ILQDO�HYDOXDWLRQ�RI�WKH�)<3��SD\�SDUWLFXODU�DWWHQWLRQ�WR�WKH�UHYLHZ�RI�WKH�VWDWH�RI�WKH�DUW�RI�WKH�WRSLF�RI�
VWXG\�DQG�WKH�VXPPDU\�RI�DUWLFOHV�DQG�UHSRUWV�RQ�WKH�PRVW�UHOHYDQW�UHVHDUFK�

�� ,Q� WKH� ILQDO� HYDOXDWLRQ� RI� WKH� )<3�� JUDGH� WKH� VWXGHQWV¶� RUDO� DQG� ZULWWHQ� DUJXPHQWDWLYH� VNLOO� DQG�
FRPPXQLFDWLRQ�FRPSHWHQFH��

)LQDOO\�� VRPH�PRUH� JHQHUDO� FRQVLGHUDWLRQV� RU� UHFRPPHQGDWLRQV� FRXOG� DOVR� EH� GHULYHG� IURP� WKH� ZRUN� DV� D� ZKROH��
LQFOXGLQJ�WKH�IROORZLQJ�IRXU�
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� ,PSOHPHQW� D� UHVHDUFK�EDVHG� WHDFKLQJ�OHDUQLQJ� SURFHVV� �LQ�+HDOH\¶V� WHUPLQRORJ\��� WKDW� LV�� RQH� OLQNHG� WR� UHVHDUFK�
SURFHVVHV� DQG� QRW� RQO\� FRQWHQW�� DQG�ZLWK� WKH� DFWLYH� SDUWLFLSDWLRQ� RI� VWXGHQWV�� GHPDQG� D�PRUH� DPELWLRXV� VWUDWHJLF�
DSSURDFK� IURP� XQLYHUVLWLHV� DFFRPSDQLHG� E\� SURIRXQG� FKDQJHV� DW� YDULRXV� OHYHOV� �RUJDQLVDWLRQDO�� ILQDQFLDO�� WHDFKHU�
WUDLQLQJ�� HWF��� DQG� WKH� FRUUHVSRQGLQJ� DOLJQPHQW� RI� JRYHUQPHQWDO� SROLFLHV�� ,W� LV� LPSRUWDQW� WR� IRVWHU�� SURWHFW� DQG�
GLVVHPLQDWH� H[LVWLQJ� JRRG�SUDFWLFHV�EXW�� DW� WKH� VDPH� WLPH�� WUDQVFHQG� WKHP� WKURXJK�D�PRUH� V\VWHPDWLF� DSSURDFK� LQ�
GLIIHUHQW�GLUHFWLRQV�

� ,Q�SDUWLFXODU��WKH�DFDGHPLF�VWDII¶V�UHVHDUFK�FDSDFLW\�LV�LPSRUWDQW��EXW�LW�LV�QRW�HQRXJK�WR�JXDUDQWHH�WKH�H[LVWHQFH�RI�D�
UHVHDUFK�HFRV\VWHP�FDSDEOH�RI�KDYLQJ�D�SRZHUIXO�LPSDFW�RQ�VWXGHQW OHDUQLQJ�LI�LW�LV�QRW�DFFRPSDQLHG�E\�HOHPHQWV�WKDW�
IDFLOLWDWH�VWXGHQW�HQJDJHPHQW�LQ�UHVHDUFK�SURFHVVHV��DFFRUGLQJ�WR�WKH�FKDUDFWHULVWLFV�RI�HDFK�HGXFDWLRQDO�OHYHO��GHJUHH��
PDVWHU��GRFWRUDWH���

� /LQNHG� WR� WKH� SUHYLRXV� SRLQW�� LW� LV� QHFHVVDU\� WR� FDUHIXOO\� DVVHVV� WKH� UROH� RI� UHVHDUFK� DW� DOO� HGXFDWLRQDO� OHYHOV��
FRQQHFWLQJ� WKHP� WR� WKH� GLIIHUHQW� W\SRORJLHV� RI� WHDFKLQJ�UHVHDUFK� QH[XV�� ,Q� WKLV� FRQWH[W�� LW� FRXOG� EH� LPSRUWDQW� WR�
H[SOLFLWO\�LQFOXGH�FRQWLQXLQJ�HGXFDWLRQ��7KH�SUHVHQFH�RI�LPSRUWDQW�UHVHDUFK�HOHPHQWV��QRW�VLPSO\�WKH�SUHVHQWDWLRQ�RI�
FRQWHQW�� FRXOG�EH�RQH�RI� WKH� GLVWLQFWLYH� IHDWXUHV�RI� FRQWLQXLQJ� HGXFDWLRQ�SURYLGHG�E\�XQLYHUVLWLHV�� FRPSDUHG�ZLWK�
RWKHU�SURSRVDOV�

� ,W�LV�LPSRUWDQW�WR�DYRLG�H[FOXVLYHO\�OLQNLQJ�WKH�DFTXLVLWLRQ�RI�UHVHDUFK�VNLOOV�DQG�DWWLWXGHV�ZLWK�WKH�SHUVSHFWLYH�RI�DQ�
DFDGHPLF�RU�UHVHDUFK�FDUHHU��ZH�VKRXOG�VWUHQJWKHQ�WKH�ERQG�ZLWK�WKH�SURIHVVLRQDOLVDWLRQ�SURFHVV��ZLWK�DQ�LPSDFW�RQ�
FXUULFXOXP�GHVLJQ�DQG�UHOHYDQW�OHDUQLQJ�VLWXDWLRQV��)RVWHULQJ�D�UHVHDUFK�DWWLWXGH�LV� IXQGDPHQWDO�LQ�WKH�HGXFDWLRQ� RI�
FULWLFDO�DQG�SURDFWLYH�SURIHVVLRQDOV�

��� /LPLWDWLRQV�DQG�IXWXUH�GLUHFWLRQV

7KH� FXUUHQW� VWXG\� DQDO\VHG DQ� LQVWLWXWLRQ�� WKH� 8QLYHUVLW\� RI� %DUFHORQD�� WKDW� LV� SDUW� RI� WKH� /(58� DQG� ZKLFK�
SURDFWLYHO\�ZRUNV�WR�DGDSW�WR�WKH�WUHQGV�RI�WKH�(XURSHDQ�+LJKHU�(GXFDWLRQ�$UHD��$OWKRXJK�WKHUH�LV�UHDVRQ�WR�EHOLHYH�
WKDW�PDQ\�RI�WKH�UHVXOWV�DQG�FRQFOXVLRQV�GUDZQ�IURP�WKLV�VWXG\�FDQ�EH�JHQHUDOL]HG�WR�VLPLODU�XQLYHUVLWLHV��LW�ZRXOG�EH�
LQWHUHVWLQJ� WR�H[SORUH� WKHVH� LVVXHV� LQ�RWKHU� W\SHV�RI�XQLYHUVLW\� V\VWHPV�DV�ZHOO��:H�EHOLHYH� WKDW� WKH�DSSURDFK�XVHG�
KHUH��ZKLFK� DQDO\VHG UHVHDUFK�UHODWHG� FRPSHWHQFLHV� DQG� KRZ� WKH\� DUH� WUDLQHG�ZLWKLQ� GLIIHUHQW� VWXG\� SURJUDPPHV��
FRXOG� EH� XVHIXO� IRU� IXWXUH� ZRUN�� $OWKRXJK� WKH� SURFHGXUH� SURSRVHG� LQ� WKLV� VWXG\� QHHGV� WR� EH� WHVWHG� RQ� GLIIHUHQW�
XQLYHUVLW\�GHJUHHV��ZH�EHOLHYH�LW�PD\�EH�XVHIXO�IRU�YDULRXV�W\SHV�RI�KLJKHU�HGXFDWLRQ�LQVWLWXWLRQV��DQG�FRXOG�VHUYH�DV�D�
EDVLV�WR�JXLGH�SROLWLFDO�GHFLVLRQV�DW�GLIIHUHQW�OHYHOV�RI�HDFK�RUJDQL]DWLRQ�

7KLV�VWXG\�IROORZHG�D�TXDOLWDWLYH�DSSURDFK��ZLWK�VHOHFWHG�JURXSV�RI�XQLYHUVLW\�GHJUHHV�DQG�VWXGHQWV��7KLV�DOORZHG�XV�
WR� LGHQWLI\�PHDQLQJIXO�RSLQLRQV��SHUFHSWLRQV�DQG�VLWXDWLRQV��7KH�FXUUHQW� VWXG\��DQG� LQ�SDUWLFXODU� WKH�FRQWHQW�RI� WKH�
GLVFXVVLRQV�E\�WKH�IRFXV�JURXSV�IURP�GLIIHUHQW�GHJUHH�FRXUVHV��PD\�SURYLGH�D�EDVLV�IRU�H[SDQGLQJ�WKH�UHVHDUFK�IRFXV�
LQ� IXWXUH� VWXGLHV��)RU� H[DPSOH�� TXHVWLRQQDLUHV� FRXOG�EH�GHYHORSHG�EDVHG�RQ� WKH� LQIRUPDWLRQ�REWDLQHG� LQ� WKH� VPDOO�
JURXS�GLVFXVVLRQV�WKDW�PD\�DOORZ�IRU�D�PRUH�SRZHUIXO�DQDO\VLV�EDVHG�RQ�TXDQWLWDWLYH�GDWD��:KLOH�VDPSOLQJ�VWXGHQWV�
IURP�D�EURDGHU�UDQJH�RI�XQLYHUVLW\�GHJUHHV�FRXOG�EULQJ�QHZ�HOHPHQWV�LQWR�WKH�GLVFXVVLRQ��ZH�EHOLHYH�WKH�LQIRUPDWLRQ�
FROOHFWHG�LQ�WKLV�VWXG\�DOUHDG\�UHIOHFWV�PRVW�RI�WKH�UHOHYDQW�WRSLFV��,W�LV�DOVR�LPSRUWDQW�WR�FRQVLGHU�WKH�QHHG�WR�UHODWH�
WKH�LQIRUPDWLRQ�GHULYHG�IURP�LQ�WKLV�DQG�IXWXUH�ZRUN�ZLWK�WKH�FRQWHQW�DQG�UHVXOWV�RI�LQWHUQDO�DQG�H[WHUQDO�SURFHVVHV�RI�
HYDOXDWLRQ�DQG�FHUWLILFDWLRQ�RI�XQLYHUVLW\�GHJUHHV��,Q�WKLV�UHJDUG��WKH�DQDO\VLV�RI�WKH�PHFKDQLVPV�WKDW�VKRXOG�DOORZ�WR�
LPSURYH� WKH�PHWKRGRORJLFDO� WUDLQLQJ�DQG�SURPRWH�D�PRUH�DFWLYH� LQYROYHPHQW�RI� WKH�VWXGHQWV� LQ�UHVHDUFK�SURFHVVHV�
VKRXOG�EH�VWUHQJWKHQHG��

$FNQRZOHGJHPHQWV

7KLV�FRQWULEXWLRQ�LV�WKH�UHVXOW�RI�WKH�SURMHFW�5(',&(���� �����VXSSRUWHG�E\�,&(�,'3�DW�WKH�8QLYHUVLW\�RI�%DUFHORQD�

5HIHUHQFHV

%HFKHU�� 7� 	 7URZOHU�� 3�� �������� $FDGHPLF� WULEHV� DQG� WHUULWRULHV�� LQWHOOHFWXDO� HQTXLU\� DQG� WKH� FXOWXUH� RI� WKH�
GLVFLSOLQHV� /RQGRQ��5RXWOHGJH�

%UHZ��$����������7KH�QDWXUH�RI�UHVHDUFK��LQTXLU\�LQ�DFDGHPLF�FRQWH[WV� /RQGRQ��5RXWOHGJH�)DOPHU�

%UHZ��$����������5HVHDUFK DQG�WHDFKLQJ��%H\RQG�WKH�GLYLGH� 3DOJUDYH�0F0LOODQ�

%UHZ��$� 	0DQWDL��/����������$FDGHPLFV¶�SHUFHSWLRQV�RI�WKH�FKDOOHQJHV�DQG�EDUULHUV�WR�LPSOHPHQWLQJ�UHVHDUFK�EDVHG�
H[SHULHQFHV� IRU� XQGHUJUDGXDWHV�� 7HDFKLQJ� LQ� +LJKHU� (GXFDWLRQ�� ������� ��������
KWWSV���GRL�RUJ������������������������������

%UHZ�� $��� %RXG�� '��� 1DPJXQJ�� 6��� /XFDV�� /� 	 &UDZIRUG�� .�� �������� 5HVHDUFK� SURGXFWLYLW\� DQG� DFDGHPLFV¶�
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FRQFHSWLRQV�RI�UHVHDUFK��+LJKHU�(GXFDWLRQ������� KWWSV���GRL�RUJ���������V����������������

&DUQHOO��%� 	 )XQJ��'����������'HYHORSLQJ�WKH�KLJKHU�HGXFDWLRQ�FXUULFXOXP� /RQGRQ��8&/�3UHVV�

&KDUOHV�� 0�� �������� 7HDFKLQJ� LQ� VSLWH� RI� H[FHOOHQFH�� 5HFRYHULQJ� D� SUDFWLFH� RI� WHDFKLQJ�OHG� UHVHDUFK�� 6WXGLHV� LQ�
3KLORVRSK\�DQG�(GXFDWLRQ�������������KWWSV���GRL�RUJ���������V���������������

&RRN�6DWKHU�� $��� 0DWWKHZV�� .��� 1WHP�� $� 	 /HDWZLFN�� 6�� ��������:KDW� :H� 7DON� $ERXW� :KHQ�:H� 7DON� $ERXW�
6WXGHQWV� DV� 3DUWQHUV�� ,QWHUQDWLRQDO� -RXUQDO� IRU� 6WXGHQWV� DV� 3DUWQHUV�� ������ ����
KWWSV���GRL�RUJ����������LMVDS�Y�L������

'HNNHU��+� 	 :ROI��6����������5H�LQYHQWLQJ�UHVHDUFK�EDVHG�WHDFKLQJ�DQG�OHDUQLQJ��0HHWLQJ�RI�(XURSHDQ�8QLYHUVLW\�
$VVRFLDWLRQ� %UXVVHOV�

'XUQLQJ� %� 	 -HQNLQV� $� ������� 7HDFKLQJ�UHVHDUFK�UHODWLRQV�LQ�GHSDUWPHQWV��7KH�SHUVSHFWLYHV�RI�EXLOW�HQYLURQPHQW�
DFDGHPLFV� 6WXGLHV�LQ�+LJKHU�(GXFDWLRQ����� ���±���� KWWSV���GRL�RUJ��������������������������

(ONHQ��0� 	 :ROOVFKHLG�� 6�� ��������7KH� UHODWLRQVKLS� EHWZHHQ� UHVHDUFK� DQG� HGXFDWLRQ�� W\SRORJLHV� DQG� LQGLFDWRUV�
2VOR��1RUGLF�,QVWLWXWH�IRU�6WXGLHV�LQ�,QQRYDWLRQ��5HVHDUFK�DQG�(GXFDWLRQ�

)XQJ��'����������$�FRQQHFWHG�FXUULFXOXP�IRU�KLJKHU�HGXFDWLRQ� /RQGRQ��8&/�3UHVV�

*LEERQV��0��� /LPRJHV�� &��� 1RZRWQ\�� +��� 6FKZDUW]PDQ�� 6��� 6FRWW�� 3� 	 7URZ��0�� �������� 7KH� QHZ� SURGXFWLRQ� RI�
NQRZOHGJH��WKH�G\QDPLFV�RI�VFLHQFH�DQG�UHVHDUFK�LQ�FRQWHPSRUDU\�VRFLHWLHV� 6DJH�

*ULIILRHQ�� '��� *URHQ�� $� 	 1DN�� -�� �������� 7KH� LQWHJUDWLRQ� RI� UHVHDUFK� LQ� WKH� KLJKHU� HGXFDWLRQ� FXUULFXOXP�� $�
V\VWHPDWLF� UHYLHZ�� 7KH� +LJKHU� (GXFDWLRQ� -RXUQDO� RI� /HDUQLQJ� DQG� 7HDFKLQJ�� �������
KWWSV���GRL�RUJ����������YKV���M��

+DUODQG�� 7�� �������� 7HDFKLQJ� WR� HQKDQFH� UHVHDUFK�� +LJKHU� (GXFDWLRQ� 5HVHDUFK� DQG� 'HYHORSPHQW��
KWWS���G[�GRL�RUJ������������������������������

+DWWLH�� -� 	 0DUVK�� +�� �������� 7KH� UHODWLRQVKLS� EHWZHHQ� UHVHDUFK� DQG� WHDFKLQJ�� $� PHWD�DQDO\VLV�� 5HYLHZ� RI�
(GXFDWLRQDO�5HVHDUFK����������������� KWWSV���GRL�RUJ��������������������������

+DWWLH��-� 	 0DUVK��+����������2QH�MRXUQH\�WR�XQUDYHO�WKH�UHODWLRQVKLS�EHWZHHQ�UHVHDUFK�DQG�WHDFKLQJ��5HVHDUFK�DQG�
7HDFKLQJ��&ORVLQJ�WKH�'LYLGH"�$Q�,QWHUQDWLRQDO�&ROORTXLXP�:LQFKHVWHU�

+HDOH\�� 0�� �������� /LQNLQJ� UHVHDUFK� DQG� WHDFKLQJ� H[SORULQJ� GLVFLSOLQDU\� VSDFHV� DQG� WKH� UROH� RI� LQTXLU\�EDVHG�
OHDUQLQJ��$�5��%DUQHWW��5HVKDSLQJ�WKH�XQLYHUVLW\��QHZ�UHODWLRQVKLSV�EHWZHHQ�UHVHDUFK��VFKRODUVKLS�DQG�WHDFKLQJ
�S����������0DLGHQKHDG��0F*UDZ�+LOO���2SHQ�8QLYHUVLW\�3UHVV�

+HDOH\��0� 	 +HDOH\�� 5�� �������� µ,W� GHSHQGV¶�� ([SORULQJ� WKH� FRQWH[W�GHSHQGHQW� QDWXUH� RI� µ6WXGHQWV� DV� 3DUWQHUV¶�
SUDFWLFHV� DQG� SROLFLHV�� ,QWHUQDWLRQDO� -RXUQDO� IRU� 6WXGHQWV� DV� 3DUWQHUV�� ������ ������
KWWSV���GRL�RUJ����������LMVDS�Y�L������

+HDOH\��0� 	 -HQNLQV��$� ��������'HYHORSLQJ�8QGHUJUDGXDWH�5HVHDUFK�DQG�(QTXLU\� <RUN��7KH�+LJKHU�(GXFDWLRQ�
$FDGHP\�

+HDOH\��0� 	 -HQNLQV��$����������7KH�UROH�RI�DFDGHPLF�GHYHORSHUV�LQ�HPEHGGLQJ�KLJK�LPSDFW�XQGHUJUDGXDWH�UHVHDUFK�
DQG� LQTXLU\� LQ� PDLQVWUHDP� KLJKHU� HGXFDWLRQ�� WZHQW\� \HDUV¶� UHIOHFWLRQ�� ,QWHUQDWLRQDO� -RXUQDO� IRU� $FDGHPLF�
'HYHORSPHQW��������������� KWWSV���GRL�RUJ����������������;�������������

+HDOH\��0���)OLQW��$� 	 +DUULQJWRQ��.�� ��������(QJDJHPHQW� WKURXJK�SDUWQHUVKLS�� VWXGHQWV�DV�SDUWQHUV� LQ� OHDUQLQJ�
DQG�WHDFKLQJ�LQ�KLJKHU�HGXFDWLRQ� <RUN��7KH�+LJKHU�(GXFDWLRQ�$FDGHP\�

+HQVOH\��0����������$�VXUYH\�RI�LQVWUXFWLRQDO�VXSSRUW�IRU�XQGHUJUDGXDWH�UHVHDUFK�SURJUDPV��3RUWDO��/LEUDULHV�DQG�WKH�
$FDGHP\�����������������

+RGVRQ�� '�� �������� $Q� H[SORUDWLRQ� RI� VRPH� LVVXHV� UHODWLQJ� WR� LQWHJUDWLRQ� LQ� VFLHQFH� DQG� VFLHQFH� HGXFDWLRQ��
,QWHUQDWLRQDO�-RXUQDO�RI�6FLHQFH�(GXFDWLRQ�����������������

+XII��6� 	 +XII��-����������5H�IRFXVLQJ�WKH�EXVLQHVV�VFKRRO�DJHQGD��%ULWLVK�-RXUQDO�RI�0DQDJHPHQW�����V����V���V���
KWWSV���GRL�RUJ����������������������V���

-HQNLQV�� $� 	 +HDOH\�� 0�� �������� ,QVWLWXWLRQDO� VWUDWHJLHV� WR� OLQN� WHDFKLQJ� DQG� UHVHDUFK� /RQGRQ�� 7KH� +LJKHU�
(GXFDWLRQ�$FDGHP\�

.HVHOPDQ��$����������6XSSRUWLQJ�LQTXLU\�OHDUQLQJ�E\�SURPRWLQJ�QRUPDWLYH�XQGHUVWDQGLQJ�RI�PXOWLYDULDEOH�FDXVDOLW\��
-RXUQDO RI�5HVHDUFK�LQ�6FLHQFH�7HDFKLQJ�������������� KWWSV���GRL�RUJ���������WHD������



KWWS���LMKH�VFLHGXSUHVV�FRP ,QWHUQDWLRQDO�-RXUQDO�RI�+LJKHU�(GXFDWLRQ 9RO�����1R� �������

3XEOLVKHG�E\�6FLHGX�3UHVV ��� ,661���������� (�,661����������

.QLJKW��6���9DQ�:\N�� -� 	 0DKRPHG��6�� ��������7HDFKLQJ� UHVHDUFK��D�SURJUDPPH� WR�GHYHORS� UHVHDUFK�FDSDFLW\� LQ�
XQGHUJUDGXDWH�PHGLFDO� VWXGHQWV� DW� WKH�8QLYHUVLW\�RI�.ZD=XOX�1DWDO� 6RXWK�$IULFD��%0&�0HGLFDO�(GXFDWLRQ��
������� ���� KWWSV���GRL�RUJ���������V����������������

/DLGODZ��$���$LWRQ��-���6WUXWKHUV��-� 	 *XLOG��6����������'HYHORSLQJ�UHVHDUFK�VNLOOV�LQ�PHGLFDO�VWXGHQWV��$0((�*XLGH�
1R������0HGLFDO�7HDFKHU����������������� KWWSV���GRL�RUJ����������������;�������������

/(58�� �������� ([FHOOHQW� HGXFDWLRQ� LQ� UHVHDUFK�ULFK� XQLYHUVLWLHV� /HXYHQ�� /HDJXH� RI� (XURSHDQ� 5HVHDUFK�
8QLYHUVLWLHV�

/HY\��3� 	 3HWUXOLV��5����������+RZ�GR�ILUVW�\HDU�XQLYHUVLW\�VWXGHQWV�H[SHULHQFH�LQTXLU\�DQG�UHVHDUFK��DQG�ZKDW�DUH�
WKH� LPSOLFDWLRQV� IRU� WKH� SUDFWLFH� RI� LQTXLU\�EDVHG� OHDUQLQJ"� 6WXGLHV� LQ� +LJKHU� (GXFDWLRQ�� ������� �������
KWWSV���GRL�RUJ�����������������������������

0F.HQ]LH��$���*ULJJV��/���6QHOO��5� 	 0H\HUV��'����������7KH�P\WK�RI�WKH�WHDFKLQJ�UHVHDUFK QH[XV��/HJDO�(GXFDWLRQ�
5HYLHZ��������������

5XVVHOO�*URXS�� ��������$�SDVVLRQ� IRU� OHDUQLQJ��7KH� VWXGHQW� H[SHULHQFH�DW�5XVVHOO�*URXS�XQLYHUVLWLHV� 7KH�5XVVHOO�
*URXS�RI�8QLYHUVLWLHV�

6DXQGHUV�� 0�� ������� 7KH� PDQDJHPHQW� UHVHDUFKHU� DV� SUDFWLWLRQHU�� $� &�� &DVVHOO 	 :�� /HH�� &KDOOHQJHV� DQG�
FRQWURYHUVLHV�LQ�PDQDJHPHQW �S������������/RQGRQ��7D\ORU�DQG�)UDQFLV�

7URZOHU��3� 	 :DUHKDP��7����������7ULEHV��WHUULWRULHV��UHVHDUFK�DQG�WHDFKLQJ��(QKDQFLQJ�WKH�WHDFKLQJ�UHVHDUFK�QH[XV�
<RUN��7KH�+LJKHU�(GXFDWLRQ�$FDGHP\�

9LVVHU�:LMQYHHQ��*���9DQ�'ULHO��-���9DQ�GHU�5LMVW��5���9HUORRS��1� 	 9LVVHU��$����������7KH�LGHDO�UHVHDUFK�WHDFKLQJ�
QH[XV�LQ�WKH�H\HV�RI�DFDGHPLFV��%XLOGLQJ�SURILOHV��+LJKHU�(GXFDWLRQ�5HVHDUFK�	�'HYHORSPHQW������������������
KWWSV���GRL�RUJ��������������������������


