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ABSTRACT 
�
7KH�&RPSXWHU�6FLHQFH�SURJUDP�RI�WKH�6FKRRO�RI�(QJLQHHULQJ�DW�WKH�8QLYHUVLGDG�&DWyOLFD�GH�
OD� 6DQWtVLPD� &RQFHSFLyQ� LV� ZRUNLQJ� WR� DGRSW� &',2� 2SWLRQDO� 6WDQGDUG� ��� 6XVWDLQDEOH�
'HYHORSPHQW�DQG�FRYHU�VXVWDLQDEOH�GHYHORSPHQW�LQ�DQ�LQWHJUDWHG�PDQQHU�LQ�WKH�FXUUHQW�VWXG\�
SODQ��+HQFH��ZH�ZLVK� WR� NQRZ�ZKLFK� VWUDWHJLHV�KDYH�EHHQ�DSSOLHG� WR�SURPRWH� VXVWDLQDEOH�
GHYHORSPHQW�LQ�&RPSXWHU�6FLHQFH��ERWK�DW�WKH�FXUULFXODU�DQG�SHGDJRJLFDO�OHYHOV��7R�DQVZHU�
WKLV�TXHVWLRQ��ZH�SHUIRUPHG�D�UHYLHZ�RI�UHOHYDQW�SHHU�UHYLHZHG�DUWLFOHV�DQG�FRQIHUHQFH�SDSHUV�
UHWULHYHG�IURP�RQOLQH�GDWDEDVHV��(YHQ�WKRXJK�RXU�IRFXV�LV�&RPSXWHU�6FLHQFH��ZH�H[SDQGHG�
RXU�VHDUFK�WR�FRQVLGHU�,QIRUPDWLRQ�7HFKQRORJ\��,QIRUPDWLRQ�6\VWHPV��,QIRUPDWLFV��DQG�RWKHU�
67(0�SURJUDPV��DV�PDQ\�VWUDWHJLHV�IRU�WKHVH�ILHOGV�DUH�VLPLODU�DQG�WKXV�WKHLU�UHVXOWV�DUH�DOVR�
DSSOLFDEOH��2XU�SUHOLPLQDU\�UHVXOWV�VKRZ�WKDW��LQ�JHQHUDO��VXVWDLQDEOH�GHYHORSPHQW�LQ�&RPSXWHU�
6FLHQFH�KDV�EHHQ�DSSURDFKHG�DW�WKH�FXUULFXODU�OHYHO�DQG�DW�WKH�SHGDJRJLFDO�OHYHO��,Q�WKH�ILUVW�
FDVH��SURJUDPV�GHILQH�WKH�FRPSHWHQFHV��NQRZOHGJH��VNLOOV��DQG�DWWLWXGHV�UHTXLUHG�WR�DGGUHVV�
VXVWDLQDEOH�GHYHORSPHQW�FKDOOHQJHV��+RZHYHU��WKHUH�LV�QR�FOHDU�FRQVHQVXV�RQ�ZKLFK�VSHFLILF�
FRPSHWHQFHV��VNLOOV�RU�NQRZOHGJH�VKRXOG�EH�LQFOXGHG�LQ�WKH�FXUULFXOXP��QRU�ZKHQ�DQG�ZKHUH�
WKH\�VKRXOG�EH�DGGUHVVHG��$W�WKH�SHGDJRJLFDO�OHYHO��WKH�OLWHUDWXUH�RQ�VXVWDLQDEOH�GHYHORSPHQW�
HGXFDWLRQ�VKRZV�WKDW��ZKLOH�VRPH�KLJKHU�HGXFDWLRQ�LQVWLWXWLRQV�VWLOO�IDYRXU�WUDGLWLRQDO�OHFWXUH�
EDVHG� FRXUVHV�� DFWLYH� OHDUQLQJ�PHWKRGRORJLHV� DUH� WKH� SUHYDLOLQJ� WUHQGV��$PRQJ� WKH�ZRUNV�
UHYLHZHG��ZH�ILQG�PDQ\�H[DPSOHV�RI�SUREOHP�EDVHG�OHDUQLQJ��SURMHFW�EDVHG�OHDUQLQJ��JDPH�
EDVHG�OHDUQLQJ��FKDOOHQJH�EDVHG�OHDUQLQJ��FDVH�VWXGLHV��DQG�GHEDWHV�EHLQJ�XVHG��7KH�PDLQ�
FRQWULEXWLRQ�RI� WKLV�ZRUN� LV� WR�VHUYH�DV�D�JXLGH� LQ� LQWHJUDWLQJ�VXVWDLQDEOH�GHYHORSPHQW� LQ�D�
&RPSXWHU� 6FLHQFH� SURJUDP� E\� GHILQLQJ� SURJUDP� JRDOV� DQG� OHDUQLQJ� RXWFRPHV� UHODWHG� WR�
HQYLURQPHQWDO��VRFLDO��DQG�HFRQRPLF�VXVWDLQDELOLW\�IRU�RXU�&RPSXWHU�6FLHQFH�FXUULFXOXP�UHIRUP�
SURFHVV��)XUWKHUPRUH�� WKLV�ZRUN� FDQ�FRQWULEXWH� WR� WKH� VHOHFWLRQ�RI� DSSURSULDWH�SHGDJRJLFDO�
DSSURDFKHV�WR�VXVWDLQDELOLW\�WHDFKLQJ�DQG�OHDUQLQJ��
�
�
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INTRODUCTION 
�
7KH�&RPSXWHU�6FLHQFH�SURJUDP�RI�WKH�6FKRRO�RI�(QJLQHHULQJ�DW�WKH�8QLYHUVLGDG�&DWyOLFD�GH�
OD�6DQWtVLPD�&RQFHSFLyQ�LV�IDFLQJ�D�FXUULFXODU�UHIRUP�SURFHVV��$PRQJ�LWV�JRDOV�LV�WKH�DGRSWLRQ�
RI�&',2�2SWLRQDO�6WDQGDUG����6XVWDLQDEOH�'HYHORSPHQW��ZKLFK�LQ�D�UHFHQW�VHOI�DVVHVVPHQW�
SURFHVV�ZDV� HYDOXDWHG� DW� DQ� DFKLHYHPHQW� OHYHO� RI� �� LQ� WKH�&',2� UXEULF� IRU� WKDW� VWDQGDUG�
�0DUWtQH]�$UDQHGD� HW� DO��� ������� &XUUHQWO\�� WKH� &RPSXWHU� 6FLHQFH� SURJUDP� LQFOXGHV� D�
PDQGDWRU\�FRXUVH�RQ�(QYLURQPHQW�DQG�(QHUJ\��DQG�VWXGHQWV�XVXDOO\�ZRUN�RQ�SURMHFWV�IRFXVHG�
RQ�WKH�81'3�6XVWDLQDEOH�'HYHORSPHQW�*RDOV�LQ�WKHLU�ILUVW�\HDU�LQWURGXFWRU\�FRXUVH�SURMHFWV�
DQG�LQ�VRPH�ODWWHU�\HDU�SURMHFWV��EXW�VXVWDLQDEOH�GHYHORSPHQW�LV�QRW�FRYHUHG�LQ�D�V\VWHPDWLF�
DQG� LQWHJUDWHG� PDQQHU� LQ� WKH� FXUUHQW� VWXG\� SODQ�� 2XU� PHGLXP�WHUP� JRDO� LV� WR� UHDFK� DQ�
DFKLHYHPHQW�OHYHO�RI���LQ�WKH�&',2�UXEULF�IRU�WKH�6XVWDLQDEOH�'HYHORSPHQW�VWDQGDUG��7KHUH�
DUH�H[SOLFLW�SURJUDP�JRDOV�DQG�LQWHQGHG�OHDUQLQJ�RXWFRPHV�UHODWHG�WR�HQYLURQPHQWDO��VRFLDO��
DQG�HFRQRPLF�VXVWDLQDELOLW\�DQG�DW�OHDVW�WKUHH�VXEVWDQWLDO�VXVWDLQDEOH�GHYHORSPHQW�OHDUQLQJ�
H[SHULHQFHV�RI�LQFUHDVLQJ�FRPSOH[LW\�LQFOXGLQJ�DQ�LQWURGXFWLRQ�HDUO\�LQ�WKH�SURJUDP��0DOPTYLVW�
HW�DO����������
�
7KH�81�GHILQHV�6XVWDLQDEOH�'HYHORSPHQW��6'��DV�GHYHORSPHQW�WKDW�PHHWV�WKH�QHHGV�RI�WKH�
SUHVHQW� ZLWKRXW� FRPSURPLVLQJ� WKH� DELOLW\� RI� IXWXUH� JHQHUDWLRQV� WR� PHHW� WKHLU� RZQ� QHHGV�
�%UXQGWODQG�� ������� 2Q� WKH� RWKHU� KDQG�� 81(6&2� VWDWHV� WKDW� (GXFDWLRQ� IRU� 6XVWDLQDEOH�
'HYHORSPHQW��(6'��JLYHV� OHDUQHUV�RI�DOO�DJHV�WKH�NQRZOHGJH��VNLOOV��YDOXHV��DQG�DJHQF\�WR�
DGGUHVV� LQWHUFRQQHFWHG� JOREDO� FKDOOHQJHV� LQFOXGLQJ� FOLPDWH� FKDQJH�� ORVV� RI� ELRGLYHUVLW\��
XQVXVWDLQDEOH� XVH� RI� UHVRXUFHV�� DQG� LQHTXDOLW\�� ,W� HPSRZHUV� OHDUQHUV� RI� DOO� DJHV� WR�PDNH�
LQIRUPHG�GHFLVLRQV�DQG�WDNH�LQGLYLGXDO�DQG�FROOHFWLYH�DFWLRQ�WR�FKDQJH�VRFLHW\�DQG�FDUH�IRU�WKH�
SODQHW��(6'�LV�D�OLIHORQJ�OHDUQLQJ�SURFHVV�DQG�DQ�LQWHJUDO�SDUW�RI�TXDOLW\�HGXFDWLRQ��,W�HQKDQFHV�
WKH� FRJQLWLYH�� VRFLR�HPRWLRQDO�� DQG� EHKDYLRXUDO� GLPHQVLRQV� RI� OHDUQLQJ� DQG� HQFRPSDVVHV�
OHDUQLQJ� FRQWHQW� DQG� RXWFRPHV�� SHGDJRJ\�� DQG� WKH� OHDUQLQJ� HQYLURQPHQW� LWVHOI� �81(6&2��
�������0RUHRYHU�� WKH�81������$JHQGD� IRU�6XVWDLQDEOH�'HYHORSPHQW�GHILQHV� LWV� WDUJHW�������
(GXFDWLRQ� IRU� VXVWDLQDEOH� GHYHORSPHQW� DQG� JOREDO� FLWL]HQVKLS� DV��%\������� HQVXUH� WKDW� DOO�
OHDUQHUV� DFTXLUH� WKH� NQRZOHGJH� DQG� VNLOOV� QHHGHG� WR� SURPRWH� VXVWDLQDEOH� GHYHORSPHQW��
LQFOXGLQJ�� DPRQJ� RWKHUV�� WKURXJK� HGXFDWLRQ� IRU� VXVWDLQDEOH� GHYHORSPHQW� DQG� VXVWDLQDEOH�
OLIHVW\OHV��KXPDQ�ULJKWV��JHQGHU�HTXDOLW\��SURPRWLRQ�RI�D�FXOWXUH�RI�SHDFH�DQG�QRQ�YLROHQFH��
JOREDO� FLWL]HQVKLS� DQG� DSSUHFLDWLRQ� RI� FXOWXUDO� GLYHUVLW\� DQG� RI� FXOWXUH¶V� FRQWULEXWLRQ� WR�
VXVWDLQDEOH�GHYHORSPHQW��8QLWHG�1DWLRQV���������

6XVWDLQDEOH�GHYHORSPHQW�KDV�EHHQ�D�SHULSKHUDO�VXEMHFW�LQ�PRVW�FRPSXWLQJ�UHODWHG�HQJLQHHULQJ�
SURJUDPPHV��,Q�SDUWLFXODU��FRPSXWLQJ�UHODWHG�SURJUDPPHV�LQ�&KLOH�DUH�UDWKHU�LQIOH[LEOH�JLYLQJ�
VWXGHQWV�OLWWOH�OHHZD\�WR�WDNH�RSWLRQDO�FUHGLWV�LQ�RWKHU�DUHDV�RI�LQWHUHVW��,Q�RXU�H[SHULHQFH��WKH�
ODWHVW� JHQHUDWLRQ� RI� FRPSXWHU� VFLHQFH� VWXGHQWV� DUH� PRUH� DZDUH� DQG� FRQFHUQHG� DERXW�
VXVWDLQDELOLW\�LVVXHV�VXFK�DV�JOREDO�ZDUPLQJ�DQG�FOLPDWH�FKDQJH�EXW�ILQG�LW�KDUG�WR�UHODWH�WKHVH�
FRQFHUQV� WR� FXUUHQW� FRPSXWLQJ� FRPSHWHQFHV�� )RU� H[DPSOH�� WKHUH� LV� OLWWOH� GLVFXVVLRQ� RI� WKH�
HIIHFWV�RI�,7�RQ�WKH�HQYLURQPHQW�DQG�LWV�FDUERQ�IRRWSULQW�LV�QRW�FRYHUHG�LQ�WKH�FXUULFXOXP��7KH�
FKDOOHQJH�IRU�RXU�FXUULFXODU�UHIRUP�SURFHVV�LV��WKHQ��KRZ�WR�LQFRUSRUDWH�WKHVH�WRSLFV�LQWR�WKH�
FXUULFXOXP�� EDODQFLQJ� VXVWDLQDEOH� GHYHORSPHQW� DW� D� JHQHUDO� OHYHO� YHUVXV� DV� LW� VSHFLILFDOO\�
UHODWHV�WR�FRPSXWLQJ��$W�WKH�VDPH�WLPH��LW�PXVW�KDQGOH�WKH�WHQVLRQ�EHWZHHQ�WHDFKLQJ�6'�IDFWV�
YHUVXV�DQ�HPSKDVLV�RQ�VWXGHQWV¶�UHIOHFWLRQV�DQG�RU�SUDFWLFLQJ�VNLOOV��(ULNVVRQ����������

,Q� WKLV�ZRUN��ZH�SUHVHQW� WKH�UHVXOWV�RI�D� OLWHUDWXUH�UHYLHZ�DLPHG�DW� LGHQWLI\LQJ�ZKDW�NLQGV�RI�
VWUDWHJLHV� KDYH� EHHQ� DSSOLHG� WR� SURPRWH� VXVWDLQDEOH� GHYHORSPHQW� LQ� FRPSXWLQJ�UHODWHG�
HQJLQHHULQJ�SURJUDPV��ERWK�DW�WKH�FXUULFXODU�DQG�SHGDJRJLFDO�OHYHOV���
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REVIEW METHODOLOGY 
�
:H�SHUIRUPHG�D�QDUUDWLYH�UHYLHZ��%HDUPDQ�HW�DO���������RI�UHOHYDQW�OLWHUDWXUH�UHWULHYHG�IURP�
RQOLQH�GDWDEDVHV��2XU�LQFOXVLRQ�FULWHULD�DUH�DUWLFOHV�IRFXVLQJ�RQ�KLJKHU�HGXFDWLRQ��SXEOLVKHG�LQ�
MRXUQDOV� DQG� FRQIHUHQFH� SURFHHGLQJV� HLWKHU� LQ� (QJOLVK� RU� 6SDQLVK�� 2XU� H[FOXVLRQ� FULWHULD�
GLVFDUGHG� DUWLFOHV� SXEOLVKHG� EHIRUH� ������ WKH� \HDU� RI� WKH� 6FKRRO� RI� (QJLQHHULQJ¶V� PDMRU�
FXUULFXODU�UHIRUP�IRU�DOO�LWV�SURJUDPV�ZKHUH�WKH�&',2�DSSURDFK�ZDV�DGRSWHG��7KH�VHDUFK�ZDV�
OLPLWHG�WR�SHHU�UHYLHZHG�DUWLFOHV�DQG�FRQIHUHQFH�SDSHUV�LQ�IXOO�WH[W��H[WUDFWHG�IURP�GDWDEDVHV�
VXFK�DV� WKH�:LOH\�2QOLQH�/LEUDU\��(OVHYLHU�6FLHQFH'LUHFW�� WKH�&',2�'LJLWDO�/LEUDU\��DQG�WKH�
$&0�'LJLWDO�/LEUDU\��DPRQJ�RWKHUV��(YHQ�WKRXJK�RXU�IRFXV�LV�&RPSXWHU�6FLHQFH��ZH�H[SDQGHG�
RXU�VHDUFK�WR�FRQVLGHU�,QIRUPDWLRQ�7HFKQRORJ\��,QIRUPDWLRQ�6\VWHPV��,QIRUPDWLFV��DQG�RWKHU�
67(0�SURJUDPV��DV�PDQ\�VWUDWHJLHV�IRU�WKHVH�ILHOGV�DUH�VLPLODU�DQG�WKXV�WKHLU�UHVXOWV�DUH�DOVR�
DSSOLFDEOH���
�
2XU�UHVHDUFK�TXHVWLRQV�IRFXV�RQ�LQWHJUDWLQJ�VXVWDLQDEOH�GHYHORSPHQW�LQWR�FRPSXWHU�UHODWHG�
HQJLQHHULQJ� SURJUDPV� UHJDUGLQJ� WKH� FXUULFXOXP� DQG� WKRVH� SHGDJRJLFDO� VWUDWHJLHV� XVHG� WR�
DFTXLUH�GLIIHUHQW�FRPSHWHQF\�OHYHOV��7KXV��RXU�UHVHDUFK�TXHVWLRQV�DUH���
�
Research Question 1��:KDW�FRQFUHWH�DFWLRQV�KDYH�EHHQ� WDNHQ� WR� LQFOXGH�VXVWDLQDELOLW\� LQ�
FRPSXWLQJ�UHODWHG�HQJLQHHULQJ�SURJUDP�FXUULFXOD"�
Research Question 2�� :KLFK� DFWLYH� OHDUQLQJ� H[SHULHQFHV� KDYH� EHHQ� DSSOLHG� WR� DLG� WKH�
GHYHORSPHQW�RI�WKH�6'�FRPSHWHQFH�LQ�VWXGHQWV"�
Research Question 3��$UH�WKHVH�(6'�OHDUQLQJ�H[SHULHQFHV�DW�DQ�LQWURGXFWRU\��LQWHUPHGLDWH�
RU�DGYDQFHG�FRPSOH[LW\�OHYHO"�
�
�
RESULTS 
�
7KH�DERYH�PHQWLRQHG�GDWDEDVHV�ZHUH�FRQVXOWHG�XVLQJ�WKH�VHDUFK�WHUPV�³6XVWDLQDELOLW\´�DQG�
³6XVWDLQDEOH�'HYHORSPHQW´��DQG�³&RPSXWHU�6FLHQFH´��³,&7´��³&RPSXWHU�7HFKQRORJ\´��³67(0´��
³(QJLQHHULQJ�(GXFDWLRQ´��DPRQJ�RWKHU�VLPLODU�WHUPV��7KHVH�UHVXOWV�ZHUH�WKHQ�UHYLHZHG�DQG�
ILOWHUHG�WR�\LHOG����DUWLFOHV��ZKLFK�ZHUH�WKHQ�DQDO\VHG�WR�DQVZHU�RXU�UHVHDUFK�TXHVWLRQV��,Q�WKLV�
OLWHUDWXUH�UHYLHZ��ZH�DLP�IRU�D�TXDOLWDWLYH�UDWKHU�WKDQ�D�TXDQWLWDWLYH�DQDO\VLV��,Q�WKH�IROORZLQJ�
VHFWLRQV�ZH�SUHVHQW�RXU�SULQFLSDO�UHVXOWV�IRU�RXU�UHVHDUFK�TXHVWLRQV��
�
Results for Research Question 1�
�
7R�DQDO\VH�RXU�ILQGLQJV�IRU�WKH�ILUVW�UHVHDUFK�TXHVWLRQ��ZH�ILQG�LW�XVHIXO�WR�UHIHU�WR�WKH�GHJUHHV�
RI�VXVWDLQDELOLW\� LQWHJUDWLRQ�LQWR�WKH�FXUULFXOXP�SUHVHQWHG�E\�+XQW]LQJHU�HW�DO����������DW�WKH�
ILUVW� OHYHO�� ³%ROWHG�2Q´�� VXVWDLQDEOH� GHYHORSPHQW� LV� DFNQRZOHGJHG� LQ� WKH� JRDOV� RU�PLVVLRQ�
VWDWHPHQW�RI�WKH�SURJUDP��EXW�WKHUH�LV�OLPLWHG�LQWHJUDWLRQ�LQ�FRXUVHV�RU�LQ�WKH�FXUULFXOXP��)RU�
H[DPSOH��VXVWDLQDEOH�GHYHORSPHQW�PLJKW�EH�SUHVHQW�LQ�RQH�FRXUVH�RU�DV�D�PRGXOH�LQ�VHYHUDO�
FRXUVHV�DW�WKH�MXQLRU�RU�VHQLRU�OHYHO��$W�WKH�QH[W�OHYHO��³%XLOW�LQ´��6'�LV�LQWHJUDWHG�LQWR�WKH�JRDOV�
DQG� PLVVLRQ� VWDWHPHQW� RI� WKH� SURJUDP� DQG� VLJQLILFDQW� HIIRUW� KDV� EHHQ� PDGH� WR� LQWHJUDWH�
FRQFHSWV�DQG�PHWKRGV�LQWR�WKH�H[LVWLQJ�FXUULFXOXP�DW�DOO�OHYHOV��$W�WKH�KLJKHVW�OHYHO��³5HGHVLJQ´��
VXVWDLQDEOH� GHYHORSPHQW� KDV� EHFRPH� DQ� HVVHQWLDO� HOHPHQW� RI� WKH� SURJUDP� JRDOV� DQG�
VLJQLILFDQW�HIIRUW�KDV�EHHQ�PDGH�WR�UHWKLQN�DQG�UHGHVLJQ�DQG�SURJUDP�WR�FRPSOHWHO\�LQWHJUDWH�
FRQFHSW�LQWR�WKH�FXUULFXOXP�DW�DOO�OHYHOV���
�
0RVW�RI�WKH�DUWLFOHV�LQFOXGHG�LQ�RXU�VDPSOH��ZLWK�D�IHZ�H[FHSWLRQV��SUHVHQW�DSSURDFKHV�WKDW�IDOO�
LQWR� WKH� ³%ROWHG�2Q´� FDWHJRU\�� VXVWDLQDEOH� GHYHORSPHQW� LV� LQFOXGHG� LQWR� FRPSXWHU� VFLHQFH�
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SURJUDPV�DV�PRGXOHV�LQ�VSHFLILF�FRXUVHV�RU�DV�D�VSHFLDO�FRXUVH�GHGLFDWHG�WR�WKH�WRSLF�LQ�DQ�
VWXG\�SODQ�RWKHUZLVH�ODFNLQJ�DQ\�RWKHU�FRYHUDJH�RI�VXVWDLQDEOH�GHYHORSPHQW��RU�DW�OHDVW��WKH�
LQIRUPDWLRQ�SURYLGHG�E\� WKH�DXWKRUV�GRHV�QRW�DOORZ�XV� WR� LQIHU�RWKHUZLVH��)RU�H[DPSOH��&DL�
�������KDV�FUHDWHG�VSHFLILF�JUHHQ�FRPSXWLQJ�PRGXOHV�WKDW�FDQ�EH�DGGHG�WR�RWKHU�&6�FRXUVHV��
&D\]HU� ������� GLVFXVVHV� GHVLJQLQJ� VXVWDLQDELOLW\� XQLWV� IRU� FRXUVHV� LQ� WKH� ,QQRYDWLRQ� DQG�
7HFKQRORJ\�0DQDJHPHQW�06F�DW�%DWK�8QLYHUVLW\��$EHUQHWK\�DQG�7UHX��������GHVFULEH�KRZ�
WKH\� DGGHG� D� VHOI�FRQWDLQHG� RQH�ZHHN� PRGXOH� RQ� VXVWDLQDELOLW\� WR� WKH� ,QWURGXFWLRQ� WR�
,QIRUPDWLRQ�7HFKQRORJ\�FRXUVH�DERXW� ,7¶V�UROH� LQ�VXVWDLQDEOH�GHYHORSPHQW��+LOW\�DQG�+XEHU�
�������GLVFXVV�OHFWXUHV�JLYHQ�DV�SDUW�RI�DQ�,QIRUPDWLFV�DQG�6XVWDLQDEOH�'HYHORSPHQW�FRXUVH�
DQG�DV�JXHVW� OHFWXUHV� LQ� WKH�FRXUVHV�³6XVWDLQDEOH�'HYHORSPHQW� IRU�&RPSXWHU�6FLHQFH�DQG�
(QJLQHHULQJ´�DQG�³6XVWDLQDEOH�'HYHORSPHQW��,&7�DQG�,QQRYDWLRQ´��6WRQH��������KDV�FUHDWHG�
VXVWDLQDEOH� GHYHORSPHQW� SURMHFWV� WR� EH� LQFRUSRUDWHG� DV� PRGXOHV� LQ� ILYH� RWKHU� FRXUVHV��
/LNHZLVH��&DL��������GHYHORSHG�D�*UHHQ�&RPSXWLQJ�DQG�1HWZRUN�6HUYLFHV�FRXUVH��(ULNVVRQ�
HW�DO���������GHVFULEHV�WKUHH�LQWURGXFWRU\�FRXUVHV�RQ�VXVWDLQDEOH�GHYHORSPHQW�LQ�WKUHH�GLIIHUHQW�
,&7�UHODWHG�SURJUDPPHV�DW�.7+��)LVKHU��%LDQ�DQG�&KHQ��������DOVR�SURYLGH�VHYHUDO�H[DPSOHV�
RI�FRPSXWLQJ�FRXUVHV�UHODWHG�WR�VXVWDLQDELOLW\���
�
,Q�RXU�VDPSOH��DQ�H[DPSOH�RI�WKH�³%XLOW�LQ´�DSSURDFK�LV�WKH�ZRUN�RI�*LPHQH]�&DUER�HW�DO����������
ZKLFK�SUHVHQWV�D�VWXG\�RQ�WKH�GHYHORSPHQW�RI�WKH�FURVV�FXUULFXODU�OHDUQLQJ�RXWFRPH��&&/2��
³(WKLFDO�� HQYLURQPHQWDO� DQG� SURIHVVLRQDO� UHVSRQVLELOLW\´� IRU� VWXGHQWV� RI� GLIIHUHQW� EDFKHORU¶V�
GHJUHHV� WDXJKW�DW� WKH�8QLYHUVLWDW�3ROLWqFQLFD�GH�9DOqQFLD��6SDLQ�� ,Q�SDUWLFXODU�� WKLV� OHDUQLQJ�
RXWFRPH�LV�FRYHUHG�LQ�WKUHH�FRPSXOVRU\�FRXUVHV�DQG�WZR�RSWLRQDO�FRXUVHV�RI�WKH�EDFKHORU¶V�
GHJUHH� LQ� 7HOHFRPPXQLFDWLRQ� 7HFKQRORJLHV� DQG� 6HUYLFHV� (QJLQHHULQJ�� YLD� FDVH� VWXGLHV��
JDPLILFDWLRQ�DQG�VLPXODWLRQ���
�
,Q� RXU� UHYLHZ��PDQ\� DXWKRUV� GLVFXVV� WKH� QHHG� IRU� D� FRPSUHKHQVLYH� FXUULFXODU� UHGHVLJQ� WR�
LQFRUSRUDWH�6'�LQWR�D�VWXG\�SURJUDP�XQGHU� LQVWLWXWLRQDO�JXLGDQFH�DQG�VXSSRUW��1XxH]�HW�DO��
�������SUHVHQW�DQ�³5HGHVLJQ´�H[HPSODU��D�FDVH�VWXG\�RQ�LQWHJUDWLQJ�VXVWDLQDEOH�GHYHORSPHQW�
LQWR�D�EDFKHORU¶V�GHJUHH�FXUULFXOXP�DW�WKH�7HFQROyJLFR�GH�0RQWHUUH\��0H[LFR��7KLV�FXUULFXOXP�
UHIRUP� ZDV� GHVLJQHG� WR� LQFRUSRUDWH� GHVLJQ� SURMHFW� FRXUVHV� UDQJLQJ� IURP� WKH� �UG�� WR� �WK��
6HPHVWHU�RI�VWXGLHV�DQG�LQFOXGHV�VXVWDLQDEOH�GHYHORSPHQW�FRQWHQW�DW�HYHU\�OHYHO���
�
Results for Research Question 2�
�
2XU�OLWHUDWXUH�UHYLHZ�VKRZV�D�JUHDW�GLYHUVLW\�LQ�WKH�DFWLYH�OHDUQLQJ�SHGDJRJLFDO�VWUDWHJLHV�XVHG�
LQ�HGXFDWLRQ�IRU�VXVWDLQDEOH�GHYHORSPHQW��ZLWK�SURMHFW�EDVHG�OHDUQLQJ�DQG�UHIOHFWLYH�DFWLYLWLHV�
EHLQJ�WKH�PRVW�SUHYDOHQW��,Q�WKH�IROORZLQJ�VHFWLRQV��ZH�SUHVHQW�DQ�LQFRPSOHWH�OLVW�RI�H[DPSOHV�
IRU�FRPPRQ�SHGDJRJLFDO�VWUDWHJLHV�XVHG�LQ�(6'��
 
3URMHFW�EDVHG�OHDUQLQJ�
�
:RUNV�E\�:HEHU�HW�DO�� ��������(ULNVVRQ�HW�DO�� ��������0DUDVFR�HW�DO�� ��������6WRQH���������
*LPHQH]�&DUER� HW� DO�� ������� DOO� GHVFULEH� DSSO\LQJ� SURMHFW�EDVHG� OHDUQLQJ� LQ� LQWURGXFWRU\�
FRXUVHV�LQFRUSRUDWLQJ�VXVWDLQDELOLW\�WKHPHV���
�
*DPHV�EDVHG�OHDUQLQJ�
�
*DPH�EDVHG� OHDUQLQJ� LV� D� SHGDJRJLFDO� VWUDWHJ\� WKDW� LV� YHU\� DSSHDOLQJ� LQ� FRPSXWHU�UHODWHG�
SURJUDPPHV��DV�LW�HQFRXUDJHV�VWXGHQW�HQJDJHPHQW�DQG�UHIOHFWLRQ��(ULNVVRQ�HW�DO���������XVHV�
V\VWHPV� WKLQNLQJ� JDPHV� LQ� DQ� LQWURGXFWRU\� FRXUVH� RQ� VXVWDLQDELOLW\� DQG�PHGLD� WHFKQRORJ\��
6ZDFKD�HW�DO���������PDNH�WKH�FDVH�IRU�WKH�HIIHFWLYHQHVV�RI�XVLQJ�JDPH�EDVHG�OHDUQLQJ�IRU�
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VXVWDLQDEOH�GHYHORSPHQW�HGXFDWLRQ��DQG�GHVFULEH�(FR�-6LW\��DQ�LQWHUDFWLYH�HGXFDWLRQDO�JDPH�
IRU�VROYLQJ�FODVVLF�DOJRULWKPLF�SUREOHPV�ZLWK�-DYD6FULSW�FRGH��ZKRVH�VWRU\OLQH��JDPH�VSDFH��
DQG�UXOHV�DUH�DOO�WKHPHG�DURXQG�VXVWDLQDEOH�GHYHORSPHQW��*LPHQH]�&DUER�HW�DO���������DOVR�
GHVFULEH�WKH�GHYHORSPHQW�RI�WKH�FURVV�FXUULFXODU�OHDUQLQJ�RXWFRPH�³(WKLFDO��HQYLURQPHQWDO�DQG�
SURIHVVLRQDO� UHVSRQVLELOLW\´� IRU� VWXGHQWV� RI� GLIIHUHQW� EDFKHORU¶V� GHJUHH� SURJUDPPHV� XVLQJ�
JDPLILFDWLRQ�DQG�VLPXODWLRQ��
�
'HEDWHV�
�
&D\]HU� ������� WDONV� DERXW� HQFRXUDJLQJ� VWXGHQW� GHEDWH� DV� D� ZD\� WR� GLVFXVV� WKH� UROH� RI�
VXVWDLQDEOH�,7�LQ�PRGHUQ�VRFLHW\��&DVDx�HW�DO���������SUHVHQW�D����\HDU�KLVWRU\�RI�WKH�6RFLDO�
,PSDFW�DQG�3URIHVVLRQDO�(WKLFV�RI�,QIRUPDWLFV�FRXUVH�DW�WKH�%DUFHORQD�6FKRRO�RI�,QIRUPDWLFV�DW�
83&��ZKLFK�KDV�VWXGHQWV�GHEDWH�FDVH�VWXGLHV�DERXW�VXVWDLQDEOH�GHYHORSPHQW�LQ�FODVV�DQG�RU�
RQOLQH��$ODVZDG� DQG� -XQDLG� ������� GHVFULEH� KRZ� WKH\� LQFRUSRUDWH� HGXFDWLRQDO� GHEDWHV� RQ�
VXVWDLQDELOLW\�DQG�FOLPDWH�FKDQJH� LQ�D�FRXUVH� LQ� WKH�0HFKDQLFDO�(QJLQHHULQJ�SURJUDPPH�DW�
$VWRQ�8QLYHUVLW\��
�
&KDOOHQJH�EDVHG�OHDUQLQJ�
�
(OGHER�HW�DO���������DQG�1RUUPDQ�HW�DO���������FRYHU�WKH�XVH�RI�FKDOOHQJH�EDVHG�OHDUQLQJ�LQ�
IRXU� FRXUVHV� LQ� WKH� (UDVPXV�� SURMHFW�6FDOH8S�6XVWDLQDELOLW\�� GULYHQ� HLWKHU� E\� D� SURYLGHG�
H[WHUQDO�FKDOOHQJH�RU�E\�DLPLQJ�DW�RQH�RI�WKH�6XVWDLQDEOH�'HYHORSPHQW�*RDOV��6'*��RU�VLPLODU�
NQRZQ�VRFLHWDO�FKDOOHQJHV��
�
&DVH�VWXGLHV�
�
$EHUQHWK\�DQG�7UHX��������H[SODLQ�KRZ�WKH\�DGGHG�D�FDVH�VWXG\�RQ�VXVWDLQDEOH�GHYHORSPHQW�
WR�DQ�XSSHU�OHYHO�3URMHFW�0DQDJHPHQW�FODVV��ZKHUH�VHYHUDO� OHFWXUHV�DQG�GLVFXVVLRQV�ZHUH�
GHYRWHG�WR�WKH�LVVXH�RI�VXVWDLQDELOLW\�DQG�LWV�UHODWLRQVKLS�WR�LQIRUPDWLRQ�WHFKQRORJ\��,7����&DVDx�
HW� DO�� �������DOVR�GLVFXVV�SUHVHQWLQJ� FDVH� VWXGLHV�DERXW� VXVWDLQDEOH�GHYHORSPHQW� LQ� FODVV�
DQG�RU�RQOLQH�IRU�VWXGHQW�GLVFXVVLRQ��*LPHQH]�&DUER�HW�DO���������DOVR�GHVFULEH�XVLQJ�FDVH�
VWXGLHV� WR� PRWLYDWH� WKH� GHYHORSPHQW� RI� WKH� ³(WKLFDO�� HQYLURQPHQWDO� DQG� SURIHVVLRQDO�
UHVSRQVLELOLW\´�FURVV�FXUULFXODU�OHDUQLQJ�RXWFRPH��
�
6HPLQDUV�DQG�OHFWXUHV�
�
6HPLQDUV� DQG� OHFWXUHV� DUH� D� YHU\� FRPPRQ� SHGDJRJLFDO� VWUDWHJ\� ZKLFK� LV� DOVR� XVHIXO� IRU�
HGXFDWLRQ� IRU�VXVWDLQDEOH�GHYHORSPHQW��3HQ]HQVWDGOHU�DQG�)OHLVFKPDQQ�������� LQFRUSRUDWH�
VXVWDLQDELOLW\�LQWR�VWXGHQW�GLVFXVVLRQV�E\�VWDUWLQJ�ZLWK�D�PDVWHU¶V�VHPLQDU��ODWHU�SURJUHVVLQJ�WR�
D�VWXGHQW�OHG�OHFWXUH�VHULHV�DQG�ILQDOO\�HVWDEOLVKLQJ�WKH�WRSLF�LQ�7HDFK�7KH�7HDFKHU�VHPLQDUV�
DQG�E\�LQWHJUDWLQJ�LW� LQWR�VRIWZDUH�HQJLQHHULQJ�FRXUVHV��(ULNVVRQ�HW�DO��������PHQWLRQ�XVLQJ�
OHFWXUHV�DQG�VHPLQDUV�LQ�WKUHH�LQWURGXFWRU\�VXVWDLQDELOLW\�FODVVHV��
�
&DSVWRQH�SURMHFWV�
�
&DL��������KDV�VXSHUYLVHG�VHYHUDO�VHQLRU�WKHVLV�SURMHFWV�RQ�JUHHQ�FRPSXWLQJ��3DODFLQ�6LOYD�HW�
DO���������GHVFULEHV�IRXU�FDSVWRQH�SURMHFWV�GHYHORSHG�E\�VWXGHQWV�IURP�WKH�(UDVPXV�0XQGXV�
0DVWHU�&RXUVH� LQ�3HUYDVLYH�&RPSXWLQJ�DQG�&RPPXQLFDWLRQV� IRU�6XVWDLQDEOH�'HYHORSPHQW�
�3(5&&20��� VKRZLQJ� KRZ� D� VXVWDLQDEOH� GHYHORSPHQW� IRFXV� FDQ� EH� LQWHJUDWHG� LQWR� D�
WUDGLWLRQDO�VRIWZDUH�HQJLQHHULQJ�FRXUVH���
�
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Results for Research Question 3�
�
5HJDUGLQJ�WKH�FRPSOH[LW\�OHYHO�RI�WKH�(6'�OHDUQLQJ�H[SHULHQFHV�VWXGLHG�LQ�WKLV�OLWHUDWXUH�UHYLHZ��
PRVW� RI� WKHP� DUH� PHDQW� WR� EH� LQWURGXFWRU\� H[SHULHQFHV� WKDW� LQFRUSRUDWH� VXVWDLQDEOH�
GHYHORSPHQW� WKHPHV� LQWR� FRPSXWHU�UHODWHG� HQJLQHHULQJ� SURJUDPPHV�� $OVR�� WKH� ZRUNV�
UHYLHZHG�GR�QRW�VWDWH�ZKHWKHU�WKHVH�DUH�VWDUWLQJ�SRLQWV�IRU�PRUH�DGYDQFHG�H[SHULHQFHV�LQ�WKH�
FXUULFXOD��$� IHZ�RI� WKH� DUWLFOHV� IRXQG�E\� WKLV� OLWHUDWXUH� UHYLHZ�EHORQJ� WR� DQ� LQWHUPHGLDWH� RU�
DGYDQFHG� OHYHO� RI� VWXGLHV�� &D\]HU� ������� WDONV� DERXW� GHVLJQLQJ� VXVWDLQDELOLW\� XQLWV� IRU� WKH�
,QQRYDWLRQ�DQG�7HFKQRORJ\�0DQDJHPHQW�0DVWHU�RI�6FLHQFH�SURJUDPPH�DW�%DWK�8QLYHUVLW\��
3HQ]HQVWDGWOHU�DQG�)OHLVFKPDQQ��������GLVFXVV�FUHDWLQJ�D�PDVWHU¶V�VHPLQDU�RQ�VXVWDLQDELOLW\��
DQG�3DODFLQ�6LOYD�HW�DO���������UHSRUWV�RQ�FDSVWRQH�SURMHFWV�RI�D�0DVWHU�SURJUDP�IRFXVLQJ�RQ�
VXVWDLQDEOH�GHYHORSPHQW��
�
�
DISCUSSION 
�
)URP�RXU�OLWHUDWXUH�UHYLHZ��WKHUH�LV�D�ZLGHVSUHDG�DJUHHPHQW�RQ�WKH�LPSRUWDQFH�RI�LQWHJUDWLQJ�
VXVWDLQDEOH�GHYHORSPHQW�LQWR�DOO�67(0�SURJUDPV��&',2�6WDQGDUG�����+RZHYHU��RXU�ZRUN�KDV�
VKRZQ�D�ODFN�RI�FRQVHQVXV�RQ�JXLGHOLQHV�IRU�FRPSXWHU�UHODWHG�HQJLQHHULQJ�FXUULFXOD�UHJDUGLQJ�
HLWKHU�ZKLFK�FRUH�FRPSHWHQFLHV��&',2�6WDQGDUG����PXVW�EH�GHYHORSHG�RU�KRZ�WR�XSGDWH�WKH�
FXUULFXOD�IRU�HIIHFWLYH�FRPSHWHQFH�GHYHORSPHQW��*DPDJH�HW�DO����������)RU�H[DPSOH��WKHUH�LV�
PXFK�GLVFXVVLRQ�LQ�WKH�OLWHUDWXUH�RQ�ZKLFK�VSHFLILF�VXVWDLQDEOH�GHYHORSPHQW�WRSLFV�PDNH�XS�
WKH�FRUH�FXUULFXOXP��VLPLODUO\�WR�ZKDW�LV�IRXQG�E\�)DOXGL�DQG�*LOEHUW���������3HQQLQJWRQ�HW�DO��
������� DQG� 0DUWLQH]� HW� DO�� �������� :HLVV� HW� DO�� ������� LGHQWLI\� VL[� GLVWLQFW� SDWWHUQV� IRU�
LPSOHPHQWLQJ� HGXFDWLRQ� IRU� VXVWDLQDEOH� GHYHORSPHQW� LQ� KLJKHU� HGXFDWLRQ� LQVWLWXWLRQV��
DFFRUGLQJ�WR�WZR�GLVWLQFW�LPSOHPHQWDWLRQ�SKDVHV��HGXFDWLRQ�IRU�VXVWDLQDEOH�GHYHORSPHQW�FDQ�
EH�LPSOHPHQWHG�IURP�WKH�ERWWRP�XS��IURP�WKH�WRS�GRZQ��RU�ERWK��DQG�WKH�LPSHWXV�IRU�FKDQJH�
FDQ�FRPH�IURP�ZLWKLQ�RU�IURP�H[WHUQDO�VWDNHKROGHUV��
�
*DPDJH�HW�DO���������VWDWH�WKDW�WKH�PRVW�DSSURSULDWH�SHGDJRJLFDO�DSSURDFKHV�IRU�HGXFDWLRQ�
IRU� VXVWDLQDEOH� GHYHORSPHQW� SUREOHP�SURMHFW�EDVHG� OHDUQLQJ�� UHDO�ZRUOG� RU� H[SHULHQWLDO�
OHDUQLQJ��FDVH�VWXGLHV�DQG�H�OHDUQLQJ��DV�WKHVH�DUH�WKH�PRVW�OLNHO\�WR�HIIHFW�FKDQJH�LQ�LQGLYLGXDO�
EHKDYLRXU� WRZDUG� VXVWDLQDELOLW\� JRDOV� E\� HQKDQFLQJ� WKH� GRPDLQV� RI� NQRZOHGJH�� VNLOOV� DQG�
DWWLWXGHV�H[SHFWHG�LQ�(6'��&',2�6WDQGDUG��������2XU�OLWHUDWXUH�UHYLHZ�UHYHDOV�WKDW�PRVW�ZRUNV�
GLVFXVVHG� LQ� WKH� 5HVHDUFK� 4XHVWLRQ� �� UHYLHZ� LPSOHPHQW� WKHVH� SHGDJRJLFDO� VWUDWHJLHV��
+RZHYHU��(6'�UHTXLUHV�V\VWHPV�WKLQNLQJ�WKDW�FRQVLGHUV�IRUHVLJKW��ORQJ�WHUP�HIIHFWV�DQG�WKH�
XQGHUVWDQGLQJ�RI�V\VWHP�LQWHUFRQQHFWHGQHVV��HVVHQWLDO�WRSLFV�WR�DGGUHVV�VXVWDLQDELOLW\�LVVXHV��
$V�PHQWLRQHG�LQ�5HVHDUFK�4XHVWLRQ�������PRVW�(6'�H[SHULHQFHV�UHYLHZHG�LQ�WKLV�ZRUN�DUH�
DLPHG�DW�DQ�LQWURGXFWRU\�OHYHO�DQG�PRUH�DGYDQFHG�H[SHULHQFHV�DUH�UHTXLUHG�LQ�WKH�FXUULFXOXP�
WR� SURSHUO\� DFTXLUH�PDVWHU\� RI� 6'� FRPSHWHQFLHV� �7RUUH� HW� DO��� ������ *RPHV� HW� DO��� ������
&KDWWHUMHH�DQG�5DR��������+DQVVRQ�HW�DO�����������
�
2XU�OLWHUDWXUH�UHYLHZ�DOVR�XQFRYHUHG�VHYHUDO�EDUULHUV�WR�WKH�HIIHFWLYH�LQWHJUDWLRQ�RI�VXVWDLQDEOH�
GHYHORSPHQW�LQWR�FRPSXWHU�UHODWHG�HQJLQHHULQJ�SURJUDPPHV��$PRQJ�WKHP��DW�WKH�LQVWLWXWLRQDO�
DQG� DGPLQLVWUDWLYH� OHYHOV�� (6'� UHTXLUHV� VXSSRUW� WKURXJK� UHVRXUFHV�� FRRUGLQDWLRQ�� DQG�
DSSURSULDWH�LQFHQWLYHV��7RUUH�HW�DO����������/RQJ�WHUP�FRPPLWPHQW�WR�(6'�PXVW�HQFRPSDVV�
QRW�RQO\�D�IHZ�VWXG\�SURJUDPPHV�WKDW�UHODWH�WR�WKH�HQYLURQPHQW��EXW�UDWKHU�UHTXLUHV�D�FDPSXV�
ZLGH� HIIRUW� WR� FKDQJH� LQVWLWXWLRQDO� FXOWXUHV� WR� HQVXUH� FKDQJHV� QRW� RQO\� LQ� SURJUDP�
FRPSHWHQFLHV�EXW�DOVR�LQ�DWWLWXGHV�DQG�EHKDYLRXUV�WRZDUG�VXVWDLQDELOLW\�DW�DOO�OHYHOV��
�
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(PEUDFLQJ�VXVWDLQDELOLW\�PD\�DOVR�FKDOOHQJH�FXUUHQW�WHDFKLQJ�SUDFWLFHV�DQG�UHTXLUH�HIIRUWV�WR�
HQKDQFH� IDFXOW\� WHDFKLQJ� FRPSHWHQFHV� �&',2� 6WDQGDUGV� �� DQG� ����� )LQGLQJ� PRWLYDWHG�
WHDFKHUV�WKDW�DUH�FRPSHWHQW� LQ� WKHLU�RZQ�ILHOGV�DQG�NQRZOHGJHDEOH�DERXW�VXVWDLQDELOLW\� LV�D�
GLIILFXOW� WDVN�� )DFXOW\� PHPEHUV� PXVW� EH� SUHSDUHG� WR� ZRUN� LQWHUGLVFLSOLQDULO\� DQG�
WUDQVGLVFLSOLQDULO\�ZLWK�RWKHU�IDFXOW\�WR�WDFNOH�VXVWDLQDEOH�GHYHORSPHQW�WKHPHV��QR�HDV\�WDVN�
IRU�FRPSXWLQJ�UHODWHG�SURJUDPV��ZKHUH�,7¶V�FDUERQ�IRRWSULQW�LV�PRVWO\�LJQRUHG��DQG�UHGXFWLRQ�
DSSURDFKHV� DUH� UDUHO\� ZRUNHG� XSRQ� ZLWK� RWKHU� HQJLQHHULQJ� GLVFLSOLQHV�� /LNHZLVH�� VWXGHQWV�
VKRXOG�EH�SUHSDUHG�WR�ZRUN�ZLWK�RWKHU�VWXGHQWV�IURP�RWKHU�SURJUDPV�DQG�GLVFLSOLQHV�WR�DGGUHVV�
VXVWDLQDELOLW\�SUREOHPV�DFURVV�GLVFLSOLQHV�LQ�DQ�HIILFLHQW�DQG�RUGHUO\�PDQQHU��.RQLXNKRY�DQG�
2VDGFKD���������7R�WKDW�H[WHQW��IDFXOW\�PHPEHUV�PXVW�OHDG�WKH�ZD\�E\�VHWWLQJ�DQ�H[DPSOH��,Q�
RXU� LQVWLWXWLRQ�� VLQFH� ������ SURJUHVV� ZDV� PDGH� LQ� DVSHFWV� RI� GLVFLSOLQDU\� LPSURYHPHQW�
�VWDQGDUG����DQG�HQKDQFHPHQW�RI�IDFXOW\�WHDFKLQJ�FRPSHWHQFHV�E\�WKH�LVVXDQFH�RI���GLSORPDV�
LQ�LQQRYDWLRQ�IRU�XQLYHUVLW\�WHDFKLQJ��VWDQGDUG������EXW�LWV�HIIHFWV�LQ�WKH�WHDFKLQJ�SUDFWLFHV�DUH�
VWLOO�WR�EH�VHHQ��0DUWtQH]�$UDQHGD�HW�DO����������
�
�
CONCLUSIONS 
�
,Q�WKLV�ZRUN��ZH�SUHVHQW�D�OLWHUDWXUH�UHYLHZ�DLPHG�DW�DQVZHULQJ�UHVHDUFK�TXHVWLRQV�UHJDUGLQJ�
LQWHJUDWLQJ�VXVWDLQDELOLW\�LQWR�FRPSXWHU�UHODWHG�HQJLQHHULQJ�SURJUDPPHV��2XU�UHVXOWV�VKRZ�WKDW�
PRVW�FXUULFXODU�DFWLYLWLHV�DUH�VWLOO�DW�WKH�³%ROW�2Q´�OHYHO��QRW�IXOO\�LQWHJUDWHG�LQWR�FRXUVHV�QRU�LQWR�
WKH� FXUULFXOXP��7KH� OLWHUDWXUH�GLVFXVVHV�PDQ\�H[DPSOHV�RI� VXVWDLQDEOH�GHYHORSPHQW�EHLQJ�
LQWHJUDWHG� LQWR� LQWURGXFWRU\� FRXUVHV� RI� VXVWDLQDELOLW\�RULHQWHG� PXOWLGLVFLSOLQDU\� FRXUVHV�� RI�
ODWWHU�\HDU�FDSVWRQH�FRXUVHV�ZKHUH�VWXGHQWV�ZRUN�RQ�VXVWDLQDEOH�GHYHORSPHQW�SURMHFWV�DQG�
RQ�VHQLRU�WKHVHV�RQ�FRPSXWDWLRQDO�VXVWDLQDELOLW\��2XU�ILQGLQJV�IURP�WKH�FROOHFWHG�GDWD�VXJJHVW�
WKDW� VXVWDLQDELOLW\� LV� XQGHU�UHSUHVHQWHG� LQ� WKH� FRPSXWHU� VFLHQFH� FXUULFXOD�� )XUWKHUPRUH��
VWXGHQWV�ZRXOG�EHQHILW�IURP�H[SRVXUH�WR�6'�DOO�WKURXJK�WKHLU�VWXG\�SURJUDP�DQG�WKDW�WKHUH�DUH�
PDQ\�SHGDJRJLFDO�VWUDWHJLHV�IRU�WKLV�SXUSRVH�ZKLFK�PD\�EH�DGRSWHG�GHSHQGLQJ�RQ�WKH�FRXUVH��
1HYHUWKHOHVV�� VXVWDLQDEOH� GHYHORSPHQW� LV� EHLQJ� SURPRWHG� LQ� WKH� IRUPDO� DQG� LQIRUPDO�
FXUULFXOXP���
�
$W�WKH�SHGDJRJLFDO�OHYHO��WKH�OLWHUDWXUH�RQ�VXVWDLQDEOH�GHYHORSPHQW�HGXFDWLRQ�VKRZV�WKDW��ZKLOH�
VRPH�KLJKHU�HGXFDWLRQ�LQVWLWXWLRQV�VWLOO�IDYRXU�WUDGLWLRQDO�OHFWXUH�EDVHG�FRXUVHV��DFWLYH�OHDUQLQJ�
PHWKRGRORJLHV�DUH�WKH�SUHYDLOLQJ�WUHQGV��$PRQJ�WKH�ZRUNV�UHYLHZHG��ZH�ILQG�PDQ\�H[DPSOHV�
RI�SUREOHP�SURMHFW�EDVHG�OHDUQLQJ��JDPH�EDVHG�OHDUQLQJ��FKDOOHQJH�EDVHG�OHDUQLQJ��GHEDWHV��
FDVH�VWXGLHV��FDSVWRQH�SURMHFWV��DQG�VHPLQDUV�DQG�OHFWXUHV�EHLQJ�XVHG��2XU�UHYLHZ�DOVR�VKRZV�
D�ODFN�RI�DQ�6'�H[SHULHQFH�WUDFN�WR�DFKLHYH�DGYDQFHG�FRPSHWHQFH�OHYHOV�DQG�WKDW�WKHUH�LV�QR�
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