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'U��6DQNHW�5DPDNDQW�/RGKD

3RVWGRFWRUDO�5HVHDUFK�)HOORZ��/LQFROQ�8QLYHUVLW\��0DOD\VLD

'��<��3DWLO�,QVWLWXWH�RI��DQG�0DQDJHPHQW��$NXUGL��3XQH����������0DKDUDVKWUD��,QGLD

&RUUHVSRQGLQJ�DXWKRU��VDQNHWUO����#JPDLO�FRP

'U��&KDQSUHHW�.DXU�5DQMLW�6LQJK�*XODWL
,QGHSHQGHQW�5HVHDUFKHU�,QGHSHQGHQW�6FKRODU��7H[DV��86$

0DQDJHPHQW�6FLHQFH�	�,QIRUPDWLRQ�7HFKQRORJ\
JXODWLFSJ#JPDLO�FRP

0V��%KDUDWL�6��%DIDQD
'HSDUWPHQW�RI�3K\VLFV��6FKRRO�RI�%DVLF�DQG�$SSOLHG�6FLHQFH��0*0�8QLYHUVLW\��&KKDWUDSDWL�

6DPEKDMLQDJDU��0DKDUDVKWUD����������,QGLD
EKDUWLEDIDQD#UHGLIIPDLO�FRP

$EVWUDFW

%DFNJURXQG� +LJKHU�HGXFDWLRQ�LV�H[SHFWHG�WR�SUHSDUH�JUDGXDWHV�
ZKR� FDQ� DSSO\� GLVFLSOLQDU\� H[SHUWLVH� WR� WKH� 6XVWDLQDEOH�
'HYHORSPHQW�*RDOV��6'*V���\HW�HPSLULFDO�HYLGHQFH�RQ�KRZ�WKH�
6'*V�FDQ�EH�HPEHGGHG�LQ�SRVWJUDGXDWH�FRPSXWLQJ�SURJUDPPHV�
LQ� ,QGLD� LV� OLPLWHG��2EMHFWLYH� 7KLV� FDVH� VWXG\� H[DPLQHG� WKH�
LQWHJUDWLRQ� RI� WKH� 6'*V� LQWR� WKH� 6HPHVWHU� �� FDSVWRQH� SURMHFW�
PRGXOH�RI�WKH�0DVWHU�RI�&RPSXWHU�$SSOLFDWLRQV����SURJUDPPH�DW�
'�� <�� 3DWLO� ,QVWLWXWH� RI� � DQG� 0DQDJHPHQW�� $NXUGL�� 3XQH��
0DKDUDVKWUD��0HWKRGV� $� PL[HG�PHWKRGV� GHVLJQ� FRPELQHG� D�
SUH��SRVW�SURMHFW� VXUYH\� ZLWK� RSHQ�HQGHG� UHVSRQVHV� IURP� ���
VWXGHQWV� ����PDOH�����IHPDOH���6WXGHQWV�ZHUH�RULHQWHG� WR� WKH����6'*V��VHOHFWHG�JRDO�DOLJQHG�SUREOHPV��
GHYHORSHG�ZHE��PRELOH�RU�GDVKERDUG�VROXWLRQV�XQGHU�IDFXOW\�JXLGDQFH��DQG�VXEPLWWHG�UHSRUWV�H[SODLQLQJ�
HDFK�SURMHFW¶V�6'*�FRQWULEXWLRQ��5HVXOWV� 6'*�����������DQG�6'*�����������ZHUH�WKH�PRVW�IUHTXHQWO\�
VHOHFWHG�JRDOV��0HDQ�VFRUHV�RQ�DOO�ILYH�DZDUHQHVV�LWHPV�URVH�IURP�����±�����EHIRUH�WKH�SURMHFWV�WR�����±
�����DIWHUZDUGV�RQ�D�ILYH�SRLQW�VFDOH �LQFUHDVHV�RI�����±������DOO�UHSRUWHG�S�����������ZLWK�WKH�ODUJHVW�JDLQ�
LQ�XQGHUVWDQGLQJ�KRZ�WHFKQRORJ\�FRQWULEXWHV�WR�WKH�6'*V��7KH�VHYHQ�SURMHFW�H[SHULHQFH�LWHPV�DYHUDJHG�
������DQG����RI����VWXGHQWV���������ZLVKHG�WR�XQGHUWDNH�6'*�DOLJQHG�SURMHFWV�DJDLQ��7KHPDWLF�DQDO\VLV�

>ĂŶŐƵĂŐĞ͗��ŶŐůŝƐŚ

ZĞĐĞŝǀĞĚ͗�ϮϮ KĐƚŽďĞƌ ϮϬϮϲ
ZĞǀŝƐĞĚ͗�Ϯϯ KĐƚŽďĞƌ ϮϬϮϲ
�ĐĐĞƉƚĞĚ͗�ϭ EŽǀĞŵďĞƌ ϮϬϮϲ
WƵďůŝƐŚĞĚ͗�ϯ EŽǀĞŵďĞƌ ϮϬϮϲ
ŚƩƉƐ͗ͬͬĚŽŝ͘ŽƌŐͬϭϬ͘ϱϮϴϭͬǌĞŶŽĚŽ͘Ϯϯϵϭϵϱϯϳ
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LGHQWLILHG�OHDUQLQJ�RXWFRPHV��WHFKQRORJ\�DV�D�VRFLDO�VROXWLRQ��VXVWDLQDELOLW\�DZDUHQHVV��V\VWHPV�WKLQNLQJ��
DQG� UHVRXUFH� RSWLPLVDWLRQ�� DQG� FKDOOHQJHV� �6'*� DOLJQPHQW�� GDWD� VFDUFLW\�� UHVRXUFH� FRQVWUDLQWV��
XQGHUVWDQGLQJ�XVHU�QHHGV���&RQFOXVLRQ�:LWKLQ�WKH�OLPLWV�RI�D�VLQJOH�LQVWLWXWLRQ��VLQJOH�JURXS�GHVLJQ��6'*�
DOLJQHG�FDSVWRQHV�ZHUH�DVVRFLDWHG�ZLWK�KLJKHU�VHOI�UHSRUWHG�VXVWDLQDELOLW\�DZDUHQHVV�DQG�D�SRVLWLYH�SURMHFW�
H[SHULHQFH��7KH�VWXG\�RIIHUV�D�UHSOLFDEOH�LQWHJUDWLRQ�PRGHO�DQG�SUDFWLFDO�LPSOLFDWLRQV�IRU�FXUULFXOXP�GHVLJQ�

.H\ZRUGV� 6XVWDLQDEOH�'HYHORSPHQW�*RDOV��(GXFDWLRQ�IRU�6XVWDLQDEOH�'HYHORSPHQW��&DSVWRQH�SURMHFWV��
3URMHFW�EDVHG�OHDUQLQJ��&RPSXWLQJ�HGXFDWLRQ��SURJUDPPH��&XUULFXOXP�LQWHJUDWLRQ��,QGLD

���,QWURGXFWLRQ

�����7KH�6'*V�DQG�WKH�UROH�RI�KLJKHU�HGXFDWLRQ

7KH� �����$JHQGD� IRU� 6XVWDLQDEOH� 'HYHORSPHQW�� DGRSWHG� E\� WKH� 8QLWHG� 1DWLRQV� LQ� ������ VHW� RXW� ���
6XVWDLQDEOH�'HYHORSPHQW�*RDOV��6'*V��DV�D�XQLYHUVDO�IUDPHZRUN�IRU�HQGLQJ�SRYHUW\��SURWHFWLQJ�WKH�SODQHW�
DQG�SURPRWLQJ�SHDFH�DQG�SURVSHULW\��8QLWHG�1DWLRQV��������(GXFDWLRQ�LV�ERWK�D�JRDO�LQ�LWV�RZQ�ULJKW��6'*�
��� DQG�DQ�HQDEOHU�RI� WKH�RWKHUV��81(6&2�������� VSHFLILHV� FRJQLWLYH�� VRFLR�HPRWLRQDO� DQG�EHKDYLRXUDO�
OHDUQLQJ� REMHFWLYHV� IRU� HDFK� JRDO�� DQG� WKH� UHYLHZ� RI� WKH� 81� 'HFDGH� RI� (GXFDWLRQ IRU� 6XVWDLQDEOH�
'HYHORSPHQW�E\�:DOV��������SRVLWLRQHG�OHDUQLQJ�DV�D�FHQWUDO� OHYHU�IRU�VRFLHWDO�FKDQJH��8QLYHUVLWLHV�DUH�
WKHUHIRUH� H[SHFWHG� WR� SUHSDUH� JUDGXDWHV� ZKR� FDQ� DFW� RQ� VXVWDLQDELOLW\� FKDOOHQJHV� ZLWKLQ� WKHLU� RZQ�
SURIHVVLRQV��$�ZRUOGZLGH� VXUYH\� E\� /HDO� )LOKR� HW� DO�� ������� IRXQG� WKDW�PDQ\� LQVWLWXWLRQV� KDG� QRW� \HW�
HQJDJHG�V\VWHPDWLFDOO\�ZLWK� WKH�6'*V� LQ� WHDFKLQJ��DQG�DUJXHG� WKDW�GRLQJ�VR�FRXOG�VWUHQJWKHQ�VWXGHQWV¶�
HQJDJHPHQW�ZLWK�VXVWDLQDELOLW\�

�����6XVWDLQDELOLW\�LQ�FRPSXWLQJ�DQG��HGXFDWLRQ

&RPSXWLQJ�JUDGXDWHV�GHVLJQ�WKH�VRIWZDUH�V\VWHPV�WKURXJK�ZKLFK�KHDOWK��HGXFDWLRQ��FRPPHUFH��PRELOLW\�
DQG�SXEOLF�VHUYLFHV�DUH�LQFUHDVLQJO\�GHOLYHUHG��7KHLU�GHFLVLRQV�WKHUHIRUH�VKDSH�VRFLDO�DQG�HQYLURQPHQWDO�
RXWFRPHV��DQG�VXVWDLQDELOLW\�LV�UHOHYDQW�WR�FRPSXWLQJ�HGXFDWLRQ�LQ�WZR�VHQVHV��FRPSXWLQJ�DV�D�PHDQV�RI�
DGGUHVVLQJ�VXVWDLQDELOLW\�SUREOHPV��DQG�FRPSXWLQJ�DV�D�VRXUFH�RI�VXVWDLQDELOLW\�LPSDFWV�LQ�LWV�RZQ�ULJKW��$�
V\VWHPDWLF�UHYLHZ�RI����SULPDU\�VWXGLHV�E\�3HWHUV�HW�DO���������FRQFOXGHG�WKDW�UHVHDUFK�RQ�VXVWDLQDELOLW\�LQ�
FRPSXWLQJ�HGXFDWLRQ�UHPDLQV�FRPSDUDWLYHO\�LPPDWXUH��ZLWK�PRVW�DUWLFOHV�EHLQJ�H[SHULHQFH�UHSRUWV�ZLWK�
OLPLWHG� HPSLULFDO� HYDOXDWLRQ�� ,QWHUYHQWLRQ� VWXGLHV� WKDW� PHDVXUH� VWXGHQW� OHDUQLQJ� DUH� FRUUHVSRQGLQJO\�
YDOXDEOH��$QJHODNL�HW�DO����������IRU�H[DPSOH��UHSRUWHG�SUH��SRVW�WHVW�UHVXOWV�IRU����VWXGHQWV�DIWHU�JUHHQ�
FRPSXWLQJ�PRGXOHV� LQ� D�*UHHN� LQIRUPDWLFV� FRXUVH�� DQG�%ODQFR�HW� DO�� ������� UHSRUWHG�RQ�����FRPSXWHU�
VFLHQFH�VWXGHQWV�ZKRVH�ZHEVLWH�SURMHFWV�HPEHGGHG�6'*�UHODWHG�FRQWHQW�

�����3URMHFW�EDVHG�OHDUQLQJ�DQG FDSVWRQHV

3URMHFW�EDVHG�OHDUQLQJ��3%/��RUJDQLVHV�OHDUQLQJ�DURXQG�VXVWDLQHG�LQTXLU\�LQWR�DXWKHQWLF�SUREOHPV�DQG�WKH�
SURGXFWLRQ� RI� DUWHIDFWV� �.UDMFLN� DQG� %OXPHQIHOG� ������� ,Q� D� UHYLHZ� RI� ��� HPSLULFDO� VWXGLHV� LQ� KLJKHU�
HGXFDWLRQ��*XR�HW�DO���������IRXQG�WKDW DIIHFWLYH�RXWFRPHV��VXFK�DV�SHUFHLYHG�EHQHILWV�DQG�PRWLYDWLRQ��ZHUH�
WKH�PRVW� FRPPRQO\� HYDOXDWHG�� DQG� FDOOHG� IRU� EHWWHU�PHDVXUHPHQW� LQVWUXPHQWV��&DSVWRQH� FRXUVHV� DUH� D�
QDWXUDO�YHKLFOH�IRU�3%/�LQ�FRPSXWLQJ��D�UHYLHZ�RI�����SULPDU\�VWXGLHV�E\�7HQKXQHQ�HW�DO� �������IRXQG�WKDW�
VRIWZDUH�HQJLQHHULQJ�FDSVWRQHV�W\SLFDOO\�UXQ�IRU�RQH�VHPHVWHU��ZLWK�VWXGHQWV�ZRUNLQJ�LQ�JURXSV�RI�IRXU�WR�
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ILYH��RIWHQ�IRU�D�FOLHQW��%HFDXVH�FDSVWRQHV�OHDYH�WRSLF�FKRLFH�WR�VWXGHQWV�ZLWKLQ�D�EURDG�EULHI��WKH\�RIIHU�D�
ORZ�FRVW�SRLQW�DW�ZKLFK�D�VXVWDLQDELOLW\�OHQV�FDQ�EH�LQWURGXFHG�ZLWKRXW�DGGLQJ�D�QHZ�FRXUVH�

�����7KH�,QGLDQ�FRQWH[W�DQG�UHVHDUFK�SUREOHP

,QGLD¶V� 1DWLRQDO� (GXFDWLRQ� 3ROLF\� ����� FDOOV� IRU� KROLVWLF�� PXOWLGLVFLSOLQDU\� HGXFDWLRQ� �0LQLVWU\� RI�
(GXFDWLRQ��������DQG�UHFHQW�DUWLFOHV�GLVFXVV�KRZ�WKH�SROLF\�DOLJQV�ZLWK�WKH�6'*V��5DGKD�DQG�$UXPXJDP�
������ DQG�KRZ� ,QGLDQ� LQVWLWXWLRQV� FRQWULEXWH� WR� WKHP� �1DUD\DQDQ��������0XFK�RI� WKLV�ZRUN�� KRZHYHU��
FRQFHUQV�SROLF\�RU�LQVWLWXWLRQDO�OHYHO�DFWLYLW\��$PRQJ�WKH�VRXUFHV�UHYLHZHG�IRU�WKLV�VWXG\��ZH�IRXQG�IHZ�
UHSRUWV� WKDW� PHDVXUH� VWXGHQW�OHYHO� OHDUQLQJ� IURP� 6'*�DOLJQHG� SURMHFWV� LQ� SRVWJUDGXDWH� FRPSXWLQJ�
SURJUDPPHV�LQ�,QGLD��7KH��LV�D�WZR�\HDU�SRVWJUDGXDWH�SURJUDPPH�WKDW�IHHGV�GLUHFWO\�LQWR�VRIWZDUH�DQG�,7�
HPSOR\PHQW��VR�HYLGHQFH�RQ�KRZ�WR�HPEHG�VXVWDLQDELOLW\�WKLQNLQJ�LQ�LWV�SURMHFW�ZRUN�LV�RI�SUDFWLFDO�LQWHUHVW�

�����$LP�DQG�UHVHDUFK�TXHVWLRQV

7KH�DLP�RI�WKLV�VWXG\�LV�WR�HYDOXDWH�WKH�LQWHJUDWLRQ�RI�WKH�6'*V�LQWR�D�6HPHVWHU����FDSVWRQH�PRGXOH�DQG�WR�
GHVFULEH�VWXGHQWV¶�OHDUQLQJ��SHUFHSWLRQV�DQG�GLIILFXOWLHV��7KH�UHVHDUFK�TXHVWLRQV�DUH�

�� :KLFK�6'*V�GR��VWXGHQWV�VHOHFW�IRU�WKHLU�FDSVWRQH�SURMHFWV"��54��

�� 'RHV�ZRUNLQJ�RQ�6'*�DOLJQHG�SURMHFWV�LQFUHDVH�VWXGHQWV¶�VHOI�UHSRUWHG�DZDUHQHVV�RI�VXVWDLQDELOLW\�
LVVXHV"��54��

�� +RZ�GR�VWXGHQWV�SHUFHLYH�6'*�DOLJQHG�SURMHFW ZRUN"��54��

�� :KDW�FKDOOHQJHV�GR�VWXGHQWV�HQFRXQWHU�LQ�DOLJQLQJ�WKHLU�SURMHFWV�ZLWK�WKH�6'*V"��54��

�����&RQWULEXWLRQV

7KH�VWXG\�PDNHV�IRXU�FRQWULEXWLRQV��)LUVW��LW�GRFXPHQWV�D�SUDFWLFDO��ORZ�RYHUKHDG�PRGHO�IRU�HPEHGGLQJ�WKH�
6'*V�LQ�D�SRVWJUDGXDWH�FRPSXWLQJ FDSVWRQH��)LJ������6HFRQG��LW�SURYLGHV�SUH��SRVW�SURMHFW�HYLGHQFH�IURP�
DQ�,QGLDQ��FRKRUW�RQ�ILYH�DVSHFWV�RI�VXVWDLQDELOLW\�DZDUHQHVV��7KLUG��LW�RIIHUV�D�TXDOLWDWLYH�DFFRXQW�RI�WKH�
OHDUQLQJ�RXWFRPHV��GLIILFXOWLHV� DQG� VXJJHVWLRQV� UHSRUWHG�E\� VWXGHQWV��)RXUWK�� LW� GHULYHV� LPSOLFDWLRQV� IRU��
FXUULFXOXP�GHVLJQ��:H�GR�QRW�FODLP�WKDW�WKH�PRGHO�LV�WKH�ILUVW�RI�LWV�NLQG��UDWKHU��WKH�VWXG\�DGGV�D�FRQWH[W�
VSHFLILF� FDVH� WR� D� OLWHUDWXUH� LQ�ZKLFK�� DV� QRWHG� DERYH�� VWXGHQW�OHYHO� HYLGHQFH� IURP� ,QGLDQ� SRVWJUDGXDWH�
FRPSXWLQJ�SURJUDPPHV�LV�VFDUFH�
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)LJ�� �� �3URSRVHG� 6'*� LQWHJUDWLRQ� IUDPHZRUN� IRU� � FDSVWRQH� SURMHFWV�� 6'*� RULHQWDWLRQ� DQG� D� UHSRUWLQJ�
UHTXLUHPHQW�FRQQHFW�WKH�6'*V�WR�WKH�6HPHVWHU���FDSVWRQH�PRGXOH��RXWFRPHV�DUH�WKRVH�H[DPLQHG�LQ�WKLV�
VWXG\�

���/LWHUDWXUH�5HYLHZ

�����7KH�6'*V�DQG�(GXFDWLRQ�IRU�6XVWDLQDEOH�'HYHORSPHQW

(GXFDWLRQ�IRU�6XVWDLQDEOH�'HYHORSPHQW��(6'��DLPV�WR�HTXLS�OHDUQHUV�ZLWK�WKH�NQRZOHGJH��VNLOOV��YDOXHV�
DQG�GLVSRVLWLRQV�QHHGHG�WR�FRQWULEXWH�WR�VXVWDLQDEOH�GHYHORSPHQW��81(6&2��������WUDQVODWHV�WKH����6'*V�
LQWR� OHDUQLQJ�REMHFWLYHV� DFURVV� FRJQLWLYH�� VRFLR�HPRWLRQDO� DQG�EHKDYLRXUDO� GRPDLQV�� JLYLQJ�HGXFDWRUV� D�
FRPPRQ�YRFDEXODU\�IRU�FXUULFXOXP�GHVLJQ��ZKLOH�:DOV��������UHYLHZHG�WKH�JOREDO�'HFDGH�RI�(6'�DQG�LWV�
LPSOLFDWLRQV� IRU� HGXFDWLRQDO� SUDFWLFH�� 7KHVH� IUDPHZRUNV� DUH� GHOLEHUDWHO\� JHQHULF�� WKHLU� DSSOLFDWLRQ� WR�
VSHFLILF� GLVFLSOLQHV�� VXFK� DV� FRPSXWLQJ�� UHTXLUHV� ORFDO� GHVLJQ� GHFLVLRQV� DERXW� FRQWHQW�� SHGDJRJ\� DQG�
DVVHVVPHQW�

�����6'*�LQWHJUDWLRQ�LQ�KLJKHU�HGXFDWLRQ

7KH�VWXG\�FRQGXFWHG�E\�/HDO�)LOKR�HW�DO���������VXUYH\HG�XQLYHUVLWLHV�ZRUOGZLGH�UHJDUGLQJ�LQWHJUDWLRQ�RI�
6'*V� LQWR� WKHLU�HGXFDWLRQDO�SURFHVV�� DV�ZHOO�DV� UHDVRQV� IRU�QRW�HQJDJLQJ�DQG�VRPH�SURSRVDOV� IRU�PRUH�
HQJDJHPHQW� LQ� WKH� SURFHVV�� )XUWKHUPRUH�� DFFRUGLQJ� WR�$QJHODNL� HW� DO�� �������� WKH� LQYROYHPHQW� RI� D�
XQLYHUVLW\� LQ� 6'*V� FDQ� EH� PDGH� YLD� FXUULFXOXP�� UHVHDUFK�� RSHUDWLRQV�� FRPPXQLW\� LQYROYHPHQW� DQG�
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JRYHUQDQFH��ZKLOH�WKH�FXUULFXOXP�RULHQWDWLRQ�ZDV�KLJKOLJKWHG�DV�RQH�RI�WKH�PRVW�LPSRUWDQW�DUHDV�LQ�WKLV�
UHJDUG�

�����3URMHFW�EDVHG�OHDUQLQJ�LQ�WHFKQLFDO�HGXFDWLRQ

7KH� UHYLHZ� E\�*XR� HW� DO�� ������� LQGLFDWHV� WKDW� 3%/� LQ� KLJKHU� HGXFDWLRQ� LV� DVVRFLDWHG�ZLWK� D� UDQJH� RI�
FRJQLWLYH��DIIHFWLYH�DQG�EHKDYLRXUDO�RXWFRPHV��EXW�WKDW�DIIHFWLYH�RXWFRPHV�GRPLQDWH�WKH�HYLGHQFH�EDVH�DQG�
LQVWUXPHQWV�QHHG�LPSURYHPHQW��,Q�HQJLQHHULQJ��&DOYR�HW�DO���������GHVFULEHG�D�PHWKRGRORJ\�IRU�GHVLJQLQJ�
VXVWDLQDELOLW\�UHODWHG�PXOWLGLVFLSOLQDU\�DFWLYLWLHV�DQG�LPSOHPHQWHG�LW�DFURVV�HLJKW�VXEMHFWV�RI�DQ�LQGXVWULDO�
HOHFWURQLFV�GHJUHH��XVLQJ�TXHVWLRQQDLUHV�EHIRUH�DQG�DIWHU�WKH�DFWLYLWLHV��7KH\�UHSRUWHG�WKDW WKH�SURMHFW�UDLVHG�
DZDUHQHVV�RI�WKH�6'*V��KHOSHG�VWXGHQWV�VHH�KRZ�WR�DSSO\�WKHLU�VNLOOV�WR�IDPLOLDU�SUREOHPV��DQG�OHG�PRUH�
VWXGHQWV� WR� FRQVLGHU� VXVWDLQDELOLW\� DV� D� SRVVLEOH� SURIHVVLRQDO� DFWLYLW\��7KHVH� ILQGLQJV� DUH� UHOHYDQW� KHUH�
EHFDXVH�WKH�SUHVHQW�VWXG\�PHDVXUHV�VLPLODU�FRQVWUXFWV�LQ�D�GLIIHUHQW�GLVFLSOLQH�DQG�OHYHO�

�����6XVWDLQDELOLW\�LQ�FRPSXWHU�VFLHQFH�DQG�,7�HGXFDWLRQ

3HWHUV�HW�DO���������V\QWKHVLVHG����VWXGLHV�DQG�SURSRVHG�D�IUDPHZRUN�RI�OHDUQLQJ�REMHFWLYHV��RXWFRPHV�DQG�
SHGDJRJLFDO�PHWKRGV�IRU�VXVWDLQDELOLW\� LQ�FRPSXWLQJ�HGXFDWLRQ�� WKH\�DOVR�QRWHG�WKDW�IHZ�VWXGLHV�HQJDJH�
ZLWK�FDOOV� IRU� V\VWHPLF�FKDQJH��$QJHODNL�HW� DO�� ������� LQWURGXFHG� IRXU�JUHHQ�FRPSXWLQJ�PRGXOHV� LQWR�D�
&RPSXWHU�1HWZRUNV�FRXUVH�DQG�FRPSDUHG�SUH� DQG�SRVW�WHVW�UHVSRQVHV�IURP����VWXGHQWV��0RVW�VWXGHQWV�KDG�
OLWWOH�SULRU�DZDUHQHVV�RI�WKH�6'*V��3RVW�WHVW�VFRUHV�IRU�VXVWDLQDELOLW\�NQRZOHGJH�DQG�IRU�LQWHQWLRQ�WR�HQJDJH�
LQ�VXVWDLQDELOLW\�ZHUH�VLJQLILFDQWO\�KLJKHU��ZKHUHDV�WKH�FKDQJH�LQ�SHUFHLYHG�QHHG�WR�LQFOXGH�VXVWDLQDELOLW\�
LQ� WKH�FXUULFXOXP�ZDV�QRW� VWDWLVWLFDOO\� VLJQLILFDQW��%ODQFR�HW� DO�� �������HPEHGGHG�6'*�UHODWHG�VWXGHQW�
JHQHUDWHG�FRQWHQW�LQ�ZHEVLWH�SURMHFWV�LQ�SURMHFW�PDQDJHPHQW�VXEMHFWV�DW�WZR�XQLYHUVLWLHV��ZLWK�����VWXGHQWV��
VWXGHQWV�UHSRUWHG�JUHDWHU�XQGHUVWDQGLQJ�RI�WKH�LPSDFW�RI�LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�WHFKQRORJLHV�RQ�
WKH�6'*V��DQG�SHUFHLYHG�PRUH�OHDUQLQJ�IURP�VHDUFKLQJ�IRU�DQG�JHQHUDWLQJ�FRQWHQW�WKDQ�IURP�XVLQJ�SHHUV¶�
PDWHULDOV��%DPED]HN�HW�DO���������UHSRUWHG�DQ�XQGHUJUDGXDWH�VRIWZDUH�HQJLQHHULQJ�FRXUVH�LQ�ZKLFK�VWXGHQWV�
LGHQWLILHG� HIIHFWV� RI� VRIWZDUH� V\VWHPV� RQ� VHYHUDO� VXVWDLQDELOLW\� GLPHQVLRQV�� DQG� FRQFOXGHG� WKDW�
VXVWDLQDELOLW\�FDQ�EH�LQWHJUDWHG�LQWR�H[LVWLQJ�FRXUVHV�ZLWK�PRGHVW�HIIRUW�

�����6'*V�LQ�,QGLDQ�KLJKHU�HGXFDWLRQ

7KH�1DWLRQDO�(GXFDWLRQ�3ROLF\������SURYLGHV�WKH�SROLF\�EDFNGURS��0LQLVWU\�RI�(GXFDWLRQ��������DQG�5DGKD�
DQG�$UXPXJDP��������GLVFXVV�WKH�DOLJQPHQW�RI�WKH�SROLF\�ZLWK�WKH�6'*V�LQ�KLJKHU�HGXFDWLRQ��1DUD\DQDQ�
��������XVLQJ�DFFUHGLWDWLRQ�VHOI�VWXG\�UHSRUWV��UHSRUWHG�WKDW�,QGLDQ�LQVWLWXWLRQV�FRQWULEXWH�QRWDEO\�WR�JRDOV�
VXFK�DV�JUHHQ�LQLWLDWLYHV��ZDWHU�FRQVHUYDWLRQ�DQG�VRFLHWDO�RXWUHDFK��ZKLOH�LGHQWLI\LQJ�JDSV�LQ�DFFHVVLELOLW\��
UHQHZDEOH�HQHUJ\�DGRSWLRQ�DQG�IXQGLQJ�IRU�VXVWDLQDELOLW\��$W�WKH�VFKRRO�OHYHO��9DUJKHVH�DQG�0DWKHZ��������
UHSRUWHG�WKDW�D�VWUXFWXUHG�LQWHUYHQWLRQ�LPSURYHG�WKH�(6'�VHOI�HIILFDF\�RI����VHFRQGDU\�VFKRRO�WHDFKHUV�LQ�
.HUDOD��PHDVXUHG�EHIRUH�� LPPHGLDWHO\�DIWHU�DQG�WKUHH�PRQWKV�DIWHU�WKH�LQWHUYHQWLRQ��7KHVH�VWXGLHV�VKRZ�
DFWLYH� LQWHUHVW� LQ� WKH� 6'*V� LQ� ,QGLD�� EXW� QRQH� RI� WKHP� H[DPLQHV� VWXGHQWV¶� OHDUQLQJ� LQ� D� SRVWJUDGXDWH�
FRPSXWLQJ�FDSVWRQH��7KH�,QGLDQ�OLWHUDWXUH�LGHQWLILHG�IRU�WKLV�VWXG\�LV�DOVR�VPDOO�UHODWLYH�WR�WKH�SROLF\�LQWHUHVW��
VR� WKH� DXWKRU� LV� HQFRXUDJHG� WR� H[WHQG� WKLV� VHFWLRQ� ZLWK� IXUWKHU� SHHU�UHYLHZHG� ,QGLDQ� VWXGLHV� EHIRUH�
VXEPLVVLRQ�



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͕ ϼbĺŽôıæôŘϱ"ôèôıæôŘϙ͑͏͕͑Ͻ ēťťŕŜϡϯϯæĤîîĤĺŪŘĲÍīϟĺŘČϯ ϼϙ(ϱI��bϙϡϙ͒͐͒͘ϱ͓͕͐͗Ͻ

�V""͑͏͕͓͕͑ иϙ �i"FI«��X�F�ϙVi��b�[ϙi>ϙ"I«(��(ϙ"I��I�[Ib( иϙſſſϟæĤîîĤĺŪŘĲÍīϟĺŘČ иϙϙ͔͔

�����&DSVWRQH�SURMHFWV�DV�D�PHFKDQLVP�IRU�VXVWDLQDELOLW\�OHDUQLQJ

7HQKXQHQ�HW�DO���������FKDUDFWHULVH�VRIWZDUH�HQJLQHHULQJ�FDSVWRQHV�DV�W\SLFDOO\�ODVWLQJ�RQH�VHPHVWHU��ZLWK�
VPDOO� WHDPV� DQG�RIWHQ�ZLWK� H[WHUQDO� FOLHQWV�� DQG�QRWH� WKDW� DVVHVVPHQWV� DUH�YDULHG��7KHVH� IHDWXUHV�PDNH�
FDSVWRQHV� VXLWDEOH� IRU� VXVWDLQDELOLW\� LQWHJUDWLRQ�� VWXGHQWV� DOUHDG\� VHOHFW� DQG� VFRSH� UHDO� SUREOHPV��ZRUN�
WKURXJK�D�IXOO�GHYHORSPHQW�F\FOH�DQG�UHSRUW�RQ�WKHLU�RXWFRPHV��$�VXVWDLQDELOLW\�OHQV�FDQ�WKHUHIRUH�EH�DGGHG�
WKURXJK�WKUHH�ORZ�FRVW�GHVLJQ OHYHUV��QDPHO\�RULHQWDWLRQ�WR�WKH�6'*V��6'*�DOLJQHG�WRSLF�VHOHFWLRQ�DQG�D�
UHTXLUHPHQW� WR� UHSRUW� HDFK� SURMHFW¶V� 6'*� FRQWULEXWLRQ�� 7KLV� LV� WKH� ORJLF� RI� WKH� IUDPHZRUN� LQ� )LJ�� ���
%DPED]HN�HW�DO���������VXSSRUW�WKH�YLHZ�WKDW�VXFK�LQWHJUDWLRQ�QHHG�QRW�UHTXLUH�D QHZ�FRXUVH�

�����5HVHDUFK�JDS�DQG�SRVLWLRQLQJ

7DEOH���VXPPDULVHV�WKH�VWXGLHV�GLVFXVVHG�DERYH�DQG�SRVLWLRQV�WKH�SUHVHQW�VWXG\��7KUHH�JDSV�DUH�DSSDUHQW��
�L�� VWXGHQW�OHYHO� HYLGHQFH� IURP� SRVWJUDGXDWH� FRPSXWLQJ� SURJUDPPHV� LQ� ,QGLD�� �LL�� FDSVWRQH�EDVHG�
LQWHJUDWLRQ� LQ� ZKLFK� VWXGHQWV� FKRRVH� WKHLU� RZQ� 6'*� IRFXV�� DQG� �LLL�� FRPELQHG� SUH��SRVW�SURMHFW� DQG�
TXDOLWDWLYH�HYLGHQFH�IURP�WKH�VDPH�FRKRUW��7KH�SUHVHQW�VWXG\�DGGUHVVHV�WKHVH�JDSV�LQ�D�VLQJOH�LQVWLWXWLRQ�
FDVH�

7DEOH� �� � 6HOHFWHG� VWXGLHV� UHOHYDQW� WR� 6'*� LQWHJUDWLRQ LQ� FRPSXWLQJ� DQG� WHFKQLFDO� HGXFDWLRQ� DQG� WKH�
SRVLWLRQLQJ�RI�WKH�SUHVHQW�VWXG\

6WXG\ &RQWH[W�DQG�GHVLJQ 0DLQ�UHSRUWHG�ILQGLQJV
5HOHYDQFH�WR�WKH�
SUHVHQW�VWXG\

/HDO�)LOKR�HW�DO��
������

:RUOGZLGH�VXUYH\�RI�
XQLYHUVLWLHV�RQ�6'*�XVH�LQ�
WHDFKLQJ

(QJDJHPHQW�ZLWK�6'*V�LQ�
WHDFKLQJ�ZDV�XQHYHQ��UHDVRQV�
IRU�QRQ�HQJDJHPHQW�DQG�
UHFRPPHQGDWLRQV�UHSRUWHG

(VWDEOLVKHV�WKH�
LQVWLWXWLRQDO�OHYHO�
JDS

%ODQFR�HW�DO��
������

����FRPSXWHU�VFLHQFH�
VWXGHQWV��WZR�XQLYHUVLWLHV��
ZHEVLWH�SURMHFWV�ZLWK�
VWXGHQW�JHQHUDWHG�FRQWHQW

*UHDWHU�XQGHUVWDQGLQJ�RI�,&7�
LPSDFWV�RQ�6'*V��PRUH�
SHUFHLYHG�OHDUQLQJ�IURP�
JHQHUDWLQJ�FRQWHQW

3URMHFW�EDVHG�6'*�
ZRUN�LQ�FRPSXWLQJ��
GLIIHUHQW�GHVLJQ�DQG�
FRXQWU\

&DOYR�HW�DO��������
(QJLQHHULQJ�GHJUHH��HLJKW�
VXEMHFWV��TXHVWLRQQDLUHV�
EHIRUH�DQG�DIWHU

5DLVHG�6'*�DZDUHQHVV��PRUH�
VWXGHQWV�FRQVLGHUHG�
VXVWDLQDELOLW\�D�FDUHHU�RSWLRQ

6LPLODU�FRQVWUXFWV��
PXOWL�VXEMHFW�UDWKHU�
WKDQ�FDSVWRQH

$QJHODNL�HW�DO��
������

���,&7�VWXGHQWV��*UHHFH��
IRXU�JUHHQ�FRPSXWLQJ�
PRGXOHV��SUH��SRVW�WHVW

6LJQLILFDQW�JDLQV�LQ�NQRZOHGJH�
DQG�LQWHQWLRQ��QRQ�VLJQLILFDQW�
FKDQJH�LQ�SHUFHLYHG�FXUULFXODU�
QHHG

&ORVHVW�TXDQWLWDWLYH�
FRPSDUDWRU��PRGXOH�
EDVHG�UDWKHU�WKDQ�
FDSVWRQH�EDVHG

3HWHUV�HW�DO��
������

6\VWHPDWLF�UHYLHZ�RI����
VWXGLHV�RQ�VXVWDLQDELOLW\�LQ�
FRPSXWLQJ�HGXFDWLRQ

0RVWO\�H[SHULHQFH�UHSRUWV��
OLPLWHG�HPSLULFDO�UHVHDUFK

0RWLYDWHV�HYLGHQFH�
EDVHG�FDVH�VWXGLHV
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6WXG\ &RQWH[W�DQG�GHVLJQ 0DLQ�UHSRUWHG�ILQGLQJV
5HOHYDQFH�WR�WKH�
SUHVHQW�VWXG\

7HQKXQHQ�HW�DO��
������

6\VWHPDWLF�UHYLHZ�RI�����
VWXGLHV�RQ�VRIWZDUH�
HQJLQHHULQJ�FDSVWRQHV

7\SLFDO�FDSVWRQH��RQH�
VHPHVWHU��JURXSV�RI��±���RIWHQ�
FOLHQW�EDVHG

6XSSRUWV�FDSVWRQH�DV�
LQWHJUDWLRQ�SRLQW

%DPED]HN�HW�DO��
������

8QGHUJUDGXDWH�VRIWZDUH�
HQJLQHHULQJ�FRXUVH��
H[SHULHQFH�UHSRUW

6WXGHQWV�LGHQWLILHG�HIIHFWV�RQ�
VHYHUDO�VXVWDLQDELOLW\�
GLPHQVLRQV

,QWHJUDWLRQ�LQWR�DQ�
H[LVWLQJ�FRXUVH

1DUD\DQDQ�������
,QGLDQ�+(,V��DFFUHGLWDWLRQ�
VHOI�VWXG\�GDWD

&RQWULEXWLRQV�LQ�JUHHQ�
LQLWLDWLYHV��RXWUHDFK��JDSV�LQ�
IXQGLQJ�DQG�DFFHVVLELOLW\

,QGLDQ�LQVWLWXWLRQDO�
FRQWH[W

3UHVHQW�VWXG\

����VWXGHQWV��3XQH��6'*�
DOLJQHG�6HPHVWHU���
FDSVWRQH��SUH�SRVW�VXUYH\�
SOXV�RSHQ�HQGHG�UHVSRQVHV

6HH�6HFWLRQ��

6WXGHQW�OHYHO�
HYLGHQFH�IURP�DQ�
,QGLDQ�SRVWJUDGXDWH�
FRPSXWLQJ�FDSVWRQH

���5HVHDUFK�0HWKRGRORJ\

�����5HVHDUFK�GHVLJQ

7KH�VWXG\�XVHG�D�VLQJOH�FDVH��PL[HG�PHWKRGV�GHVLJQ��&UHVZHOO�DQG�3ODQR�&ODUN��������7KH�TXDQWLWDWLYH�
VWUDQG�FRPSDUHG�VWXGHQWV¶�VHOI�UHSRUWHG�DZDUHQHVV�EHIRUH�DQG�DIWHU�WKH�FDSVWRQH�SURMHFW�DQG�UHFRUGHG�WKHLU�
UDWLQJV� RI� WKH� SURMHFW� H[SHULHQFH�� 7KH� TXDOLWDWLYH� VWUDQG� DQDO\VHG� RSHQ�HQGHG� UHVSRQVHV� RQ� OHDUQLQJ�
RXWFRPHV�� FKDOOHQJHV� DQG� VXJJHVWLRQV�� 7KH� WZR� VWUDQGV� ZHUH� FROOHFWHG� ZLWK� RQH� TXHVWLRQQDLUH� DQG�
LQWHUSUHWHG� WRJHWKHU��7KHUH� ZDV� QR� FRQWURO� JURXS�� VR� WKH� GHVLJQ� VXSSRUWV� GHVFULSWLYH� DQG� DVVRFLDWLRQDO�
FRQFOXVLRQV�UDWKHU�WKDQ�FDXVDO�LQIHUHQFH��)LJ����VXPPDULVHV�WKH�LPSOHPHQWDWLRQ�DQG�DQDO\VLV�SURFHVV�
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)LJ�����5HVHDUFK�PHWKRGRORJ\�DQG�LPSOHPHQWDWLRQ�IUDPHZRUN��IURP�6'*�LQWURGXFWLRQ�WR�TXDQWLWDWLYH�DQG�
TXDOLWDWLYH�DQDO\VLV�

�����,QVWLWXWLRQDO�FRQWH[W

7KH�VWXG\�ZDV�FRQGXFWHG�DW�'��<��3DWLO�,QVWLWXWH�RI��DQG�0DQDJHPHQW��$NXUGL��3XQH��0DKDUDVKWUD��ZKLFK�
RIIHUV�WKH��SURJUDPPH��,Q�6HPHVWHU���RI�WKH�SURJUDPPH��VWXGHQWV�FRPSOHWH�D�FDSVWRQH�SURMHFW�LQ�ZKLFK�WKH\�
DSSO\� WKHLU� WHFKQLFDO� NQRZOHGJH� WR� D� UHDO�ZRUOG� SUREOHP��7KH� LQVWLWXWH� LQWURGXFHG� DQ� LQLWLDWLYH� DVNLQJ�
VWXGHQWV�WR�DOLJQ�WKHLU�6HPHVWHU���FDSVWRQH�WRSLFV�ZLWK�RQH�RU�PRUH�6'*V��7KH�VRXUFH�PDQXVFULSW�GRHV�QRW�
VWDWH� SURMHFW� GXUDWLRQ�� WHDP� VL]H�� PHQWRU� DOORFDWLRQ� RU� WKH� ZHLJKW� RI� WKH� 6'*�FRQWULEXWLRQ� UHSRUW� LQ�
DVVHVVPHQW�

�����3DUWLFLSDQWV

3DUWLFLSDQWV� ZHUH� ��� � VWXGHQWV�� FRPSULVLQJ� ��� PDOH� DQG� ��� IHPDOH� VWXGHQWV�� ZKR� KDG� FRPSOHWHG� WKH�
6HPHVWHU���FDSVWRQH�SURMHFW�DQG�ZHUH�HQUROOHG� LQ�6HPHVWHU���DW� WKH� WLPH�RI�GDWD�FROOHFWLRQ��7KH�VRXUFH�
PDQXVFULSW�GRHV�QRW�VWDWH�WKH�VL]H�RI�WKH�FRKRUW�IURP�ZKLFK�WKH����SDUWLFLSDQWV�ZHUH�GUDZQ�RU�WKH�UHVSRQVH�
UDWH��1R�DJH�RU�SULRU�EDFNJURXQG�GDWD�ZHUH�FROOHFWHG�

�����6'*�LQWHJUDWLRQ�LQWHUYHQWLRQ�DQG�SURMHFW�GHYHORSPHQW�SURFHVV

7KH�LQWHUYHQWLRQ�FRPSULVHG�IRXU�VWHSV������,QWURGXFWLRQ�WR�WKH�6'*V� IDFXOW\�LQWURGXFHG�WKH����6'*V�DQG�
H[SODLQHG�KRZ�VRIWZDUH�VROXWLRQV�FDQ�FRQWULEXWH�WR�WKHP������6'*�VHOHFWLRQ� VWXGHQWV�VHOHFWHG�RQH�RU�PRUH�
6'*V�DOLJQHG�ZLWK�WKHLU�LQWHUHVWV��UHVHDUFKHG�WKH�JRDO�REMHFWLYHV�DQG�LGHQWLILHG�SUREOHPV�WKDW�WHFKQRORJ\�
FRXOG�DGGUHVV������3URMHFW�'HYHORSPHQW��7DVNV�UHODWLQJ�WR�GHYHORSLQJ�ZHE�DSSOLFDWLRQ��PRELOH�DSSOLFDWLRQ��
DQG�GDVKERDUG�ZHUH�WDNHQ�XS�E\�WKH�VWXGHQWV������6XEPLVVLRQ�DQG�(YDOXDWLRQ�RI�WKH�3URMHFWV� 6WXGHQWV�
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VXEPLWWHG�WKHLU�SURMHFWV�DORQJ�ZLWK�WKH�UHSRUW�RQ�KRZ�WKH�SURMHFW�FRQWULEXWHG�WR�WKH�DFKLHYHPHQW�RI�VHOHFWHG�
6'*V��

�����4XHVWLRQQDLUH�GHVLJQ�DQG YDOLGDWLRQ

4XHVWLRQQDLUH� ZLWK� IRXU� VHFWLRQV� ZDV� FRQGXFWHG� �VHH� 7DEOH� ���� 4XHVWLRQV� IRU� 6HFWLRQV� %� DQG� &� ZHUH�
PHDVXUHG�XVLQJ�ILYH�SRLQW�/LNHUW�VFDOH��2SWLRQV�IRU�WKH�TXHVWLRQV�DUH�QRW�LQFOXGHG�LQ�WKH�VRXUFH�PDQXVFULSW��
7KH� TXHVWLRQQDLUH� ZDV� UHYLHZHG� E\� WKUHH� IDFXOW\� PHPEHUV� DQG� SLORWHG� ZLWK� ILYH� VWXGHQWV� EHIRUH� IXOO�
DGPLQLVWUDWLRQ��7KH�VRXUFH�GRHV�QRW�UHSRUW�KRZ�WKH�UHYLHZ�ZDV�FRQGXFWHG��ZKHWKHU�WKH�SLORW�VWXGHQWV�ZHUH�
H[FOXGHG�IURP�WKH�PDLQ�VDPSOH��RU�DQ\�UHOLDELOLW\�FRHIILFLHQW�

7DEOH����6WUXFWXUH�RI�WKH�TXHVWLRQQDLUH

6HFWLRQ &RQWHQW
,WHPV�DQG�
VFDOH

7LPLQJ�RI�DGPLQLVWUDWLRQ

$
'HPRJUDSKLFV��JHQGHU��VHPHVWHU��
SURMHFW�FRPSOHWLRQ�

&DWHJRULFDO 2QFH

%

6'*�DZDUHQHVV��DZDUHQHVV�RI�WKH�
���6'*V��XQGHUVWDQGLQJ�KRZ�
WHFKQRORJ\�FRQWULEXWHV��LQWHUHVW�LQ�
VRFLDO�DQG�HQYLURQPHQWDO�LVVXHV��
XQGHUVWDQGLQJ�WKH�UROH�RI�FRPSXWHU�
SURIHVVLRQDOV��FRQQHFWLQJ�WHFKQLFDO�
VNLOOV�WR�VRFLHWDO�SUREOHPV

��LWHPV����SRLQW�
/LNHUW

%HIRUH�WKH�SURMHFW��SUH��DQG�DIWHU�WKH�
SURMHFW��SRVW�

&

3URMHFW�H[SHULHQFH��UHOHYDQFH�RI�
6'*�WKHPH��XQGHUVWDQGLQJ�RI�
VRFLDO�EHQHILW�RI�WHFKQLFDO�VNLOOV��
PRWLYDWLRQ��SUREOHP�VROYLQJ��
IDFXOW\�JXLGDQFH��LQWHUHVW�LQ�
VXVWDLQDELOLW\��FDUHHU�FRQVLGHUDWLRQ�

��LWHPV����SRLQW�
/LNHUW

$IWHU�WKH�SURMHFW

'

2SHQ�HQGHG�TXHVWLRQV��OHDUQLQJ�
RXWFRPHV��FKDOOHQJHV��VXJJHVWLRQV��
LQWHUHVW�LQ�IXWXUH�6'*�DOLJQHG�
SURMHFWV

2SHQ�HQGHG $IWHU�WKH�SURMHFW

�����'DWD�FROOHFWLRQ�SURFHGXUH

7KHUH� ZHUH� WKUHH� GDWD� FROOHFWLRQ� SRLQWV�� 3ULRU� WR� WKH� SURMHFW�� WKH� DZDUHQHVV� VXUYH\� ZDV� FRPSOHWHG��
7KURXJKRXW�WKH�SURMHFW��SDUWLFLSDQWV�ZRUNHG�ZLWK�IDFXOW\�WR�FRPSOHWH�SURMHFWV�UHODWHG�WR�6'*V��$IWHU�WKH�
SURMHFW�� SDUWLFLSDQWV� FRPSOHWHG� DZDUHQHVV�� SURMHFW� H[SHULHQFH� VXUYH\V�� DQG� RSHQ�HQGHG� UHVSRQVHV��7KH�
SURMHFW�PDQXVFULSWV�VWDWH� WKDW� WKH�GDWD�FROOHFWLRQ� WRRN�SODFH� LQ�-XO\�������%HFDXVH�ZRUN�IRU� WKH�VHFRQG�
VHPHVWHU�RFFXUUHG�SULRU�WR�WKH�SURMHFW��LW�PXVW�EH�GHWHUPLQHG�ZKHWKHU�WKH�SUH�SURMHFW�PHDVXUHV�ZHUH�WDNHQ�



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͕ ϼbĺŽôıæôŘϱ"ôèôıæôŘϙ͑͏͕͑Ͻ ēťťŕŜϡϯϯæĤîîĤĺŪŘĲÍīϟĺŘČϯ ϼϙ(ϱI��bϙϡϙ͒͐͒͘ϱ͓͕͐͗Ͻ

�V""͑͏͕͓͕͑ иϙ �i"FI«��X�F�ϙVi��b�[ϙi>ϙ"I«(��(ϙ"I��I�[Ib( иϙſſſϟæĤîîĤĺŪŘĲÍīϟĺŘČ иϙϙ͔͘

GXULQJ� WKH�SURMHFW�RU�FROOHFWHG� UHWURVSHFWLYHO\� LQ� -XO\�������5HWURVSHFWLYH�HYDOXDWLRQ�RI� WKH�SUH�SURMHFW�
PHDVXUHV�FDQ�EH�VXEMHFW�WR�UHVSRQVH�VKLIW�ELDV�

�����'DWD�DQDO\VLV

4XDQWLWDWLYH�GDWD�ZHUH�DQDO\VHG�LQ�0LFURVRIW�([FHO�XVLQJ�GHVFULSWLYH�VWDWLVWLFV�DQG�SDLUHG�VDPSOHV�W�WHVWV�
FRPSDULQJ�SUH� DQG�SRVW�SURMHFW�VFRUHV�IRU�HDFK�RI�WKH�ILYH�DZDUHQHVV�LWHPV��Q� �����GI� ������7UHDWLQJ�ILYH�
SRLQW�/LNHUW� LWHP� VFRUHV� DV� DSSUR[LPDWHO\� LQWHUYDO�VFDOHG� IRU�SDUDPHWULF� WHVWV� LV� FRPPRQ�DQG�KDV�EHHQ�
GHIHQGHG�ZKHQ�VDPSOH�VL]HV�DQG�GLVWULEXWLRQV�DUH�DGHTXDWH��1RUPDQ�������6XOOLYDQ�DQG�$UWLQR��������D�
QRQ�SDUDPHWULF�VHQVLWLYLW\�FKHFN�RQ�WKH�UDZ�GDWD�LV�QRQHWKHOHVV�DGYLVDEOH��6WDQGDUG�GHYLDWLRQV��H[DFW�S�
YDOXHV�DQG�QRUPDOLW\�FKHFNV�DUH�QRW�UHSRUWHG�LQ�WKH�VRXUFH�PDQXVFULSW��3HUFHQWDJHV�ZHUH�FDOFXODWHG�IURP�
FRXQWV� RI� ����4XDOLWDWLYH� UHVSRQVHV�ZHUH� DQDO\VHG�ZLWK� WKHPDWLF� DQDO\VLV� WR� LGHQWLI\� UHFXUULQJ� WKHPHV�
�%UDXQ�DQG�&ODUNH��������7KH�QXPEHU�RI�UHVSRQGHQWV��WKH�FRGLQJ�SURFHGXUH�DQG�WKH�QXPEHU�RI�FRGHUV�DUH�
QRW�UHSRUWHG�

��� (WKLFDO�FRQVLGHUDWLRQV

7KH�VWXG\�IROORZV�WKH�JXLGHOLQHV�VHW�RXW�E\�WKH�LQVWLWXWH�LQ�UHODWLRQ�WR�UHVHDUFK�DQG�DFDGHPLFV��7KH�VWXG\�
DVVHUWV�WKDW�SDUWLFLSDWLRQ�LQ�WKH�UHVHDUFK�ZDV�YROXQWDU\�DQG�SDUWLFLSDQWV�KDG�FRQVHQWHG�EHIRUH�GDWD�FROOHFWLRQ�
FRXOG�EHJLQ��,Q�DGGLWLRQ��WKH�VWXG\�LQGLFDWHV�WKDW�QR�SHUVRQDO�LGHQWLI\LQJ�LQIRUPDWLRQ�ZDV�FROOHFWHG�GXULQJ�
WKH�UHVHDUFK�SURFHVV��7KHUH�DUH�WZR�SUREOHPV�WKDW�KDYH�WR�GR�ZLWK�WKH�DXWKRU�RI�WKH�UHVHDUFK�ZKLFK�QHHG�
FODULILFDWLRQ��2QH�RI�WKH�SUREOHPV�LV�WKDW�WKH�SDUW�RI�WKH�VXUYH\�ZKHUH�GHPRJUDSKLF�LQIRUPDWLRQ�ZDV�DVNHG�
FRQWDLQHG� WKH� TXHVWLRQ� �1DPH�� ZKLFK� FRQWUDGLFWV� WKH� DVVHUWLRQ� PDGH� WKDW� QR� SHUVRQDO� LGHQWLI\LQJ�
LQIRUPDWLRQ�ZDV�FROOHFWHG��7KLV�DOVR�SRVHV�D�SUREOHP�EHFDXVH�WKH�UHVHDUFK�KDV�WR�LGHQWLI\�WKH�UHVSRQGHQWV�
EHIRUH�DQG�DIWHU�WKH�UHVHDUFK�LQ�RUGHU�WR�FDUU\�RXW� WKH�SDLUHG�FRPSDULVRQ��7KH�RWKHU�SUREOHP�LV� WKDW� WKH�
UHVHDUFK�IDLOV�WR�PHQWLRQ�ZKHWKHU�WKH�UHVHDUFK�KDV�EHHQ�UHYLHZHG�E\�WKH�LQVWLWXWLRQ¶V�UHYLHZ�ERDUG�RQ�HWKLFV�

���5HVXOWV�DQG�$QDO\VLV

�����'HPRJUDSKLF�SURILOH

2XU�UHVHDUFK�UHVSRQGHQWV�ZHUH�H[DPLQHG��DQG�RXU�UHVHDUFK�UHVXOWV�DUH�SUHVHQWHG�LQ�WKH�WDEOH�EHORZ��7KH�
FUXFLDO�FKDUDFWHULVWLF�RI�RXU�UHVHDUFK�UHVSRQGHQWV�LV�WKDW�WKH�QXPEHU�RI�PDOHV�DQG�IHPDOHV�LV�FORVH�LQ�WKLV�
VWXG\��$OO����VWXGHQWV�KDG�ILQLVKHG�WKHLU�PDMRU�SURMHFWV�LQ�WKH�VHFRQG�VHPHVWHU�DQG�ZHUH�SURFHHGLQJ�WR�WKH�
WKLUG�VHPHVWHU�ZKHQ�WKH\�ZHUH�DVNHG�WR�ILOO�LQ�RXU�TXHVWLRQQDLUH��,W�LV�QHFHVVDU\�WR�HPSKDVL]H�WKDW�ZH�GLG�
QRW�NQRZ�PXFK�DERXW�RXU�UHVSRQGHQWV�EHVLGHV�WKHLU�DFDGHPLF�DFKLHYHPHQWV�

7DEOH����'HPRJUDSKLF�SURILOH�RI�SDUWLFLSDQWV��Q� ����

&KDUDFWHULVWLF &DWHJRU\ &RXQW 3HUFHQWDJH

*HQGHU 0DOH �� �����

*HQGHU )HPDOH �� �����

&XUUHQW�VHPHVWHU� 6HPHVWHU�� �� ����
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&KDUDFWHULVWLF &DWHJRU\ &RXQW 3HUFHQWDJH

3URMHFW�FRPSOHWLRQ
&RPSOHWHG� 6HPHVWHU� �� FDSVWRQH�
SURMHFW

�� ����

1RWH��3HUFHQWDJHV�DUH�FDOFXODWHG�RQ�Q� ����

�����6'*�VHOHFWLRQ��54��

7DEOH���DQG�)LJ����VKRZ�WKH�GLVWULEXWLRQ�RI�6'*V�DFURVV�WKH����SURMHFWV��7KLUW\�RQH�SURMHFWV�ZHUH�HDFK�
DVVLJQHG� WR� D� VLQJOH� JRDO� DQG� WKUHH� DGGUHVVHG� WZR� WR� IRXU� JRDOV�� 6'*� �� �,QGXVWU\�� ,QQRYDWLRQ� DQG�
,QIUDVWUXFWXUH��ZDV�VHOHFWHG�PRVW�RIWHQ�����SURMHFWV����������IROORZHG�E\�6'*����*RRG�+HDOWK�DQG�:HOO�
%HLQJ����SURMHFWV���������DQG�6'*����4XDOLW\�(GXFDWLRQ����SURMHFWV����������7RJHWKHU�6'*���DQG�6'*���
DFFRXQW�IRU����RI����SURMHFWV����������7KHUH�DUH�HLJKW�JRDOV�WKDW�DSSHDU�LQGLYLGXDOO\�DV�JRDOV��ZKLOH�WKHUH�
DUH�QLQH�PRUH�JRDOV�ZKLFK�GR�QRW�DSSHDU�DV�LQGLYLGXDO�JRDOV�DOWKRXJK�WKH\�FDQ�EH�FRPSRQHQWV�RI�WKH�WKUHH�
PXOWL�JRDOV�ZKLFK�KDYH�QRW�EHHQ�HQXPHUDWHG�

7DEOH����'LVWULEXWLRQ�RI�6'*V�VHOHFWHG�IRU�WKH����FDSVWRQH�SURMHFWV

6'*�IRFXV 3URMHFWV��Q� 3HUFHQWDJH &XPXODWLYH��

*RDO����,QGXVWU\��,QQRYDWLRQ�DQG�,QIUDVWUXFWXUH �� ����� �����

*RDO����*RRG�+HDOWK�DQG�:HOO�%HLQJ � ����� �����

*RDO����4XDOLW\�(GXFDWLRQ � ����� �����

*RDO����'HFHQW�:RUN�DQG�(FRQRPLF�*URZWK � ���� �����

*RDO����=HUR�+XQJHU � ���� �����

*RDO�����6XVWDLQDEOH�&LWLHV�DQG�&RPPXQLWLHV � ���� �����

*RDO� ���� 5HVSRQVLEOH� &RQVXPSWLRQ� DQG�
3URGXFWLRQ

� ���� �����

*RDO�����&OLPDWH�$FWLRQ � ���� �����

0XOWLSOH�6'*V���±��JRDOV�SHU�SURMHFW� � ���� ����

7RWDO �� ����

1RWH��&RXQWV�DQG�SHUFHQWDJHV�DV�UHSRUWHG�LQ�WKH�VRXUFH�PDQXVFULSW��SHUFHQWDJHV�UHFRPSXWHG�IURP�Q� ����
DQG�URXQGHG�WR�RQH�GHFLPDO�SODFH��&XPXODWLYH�SHUFHQWDJHV�DUH�FDOFXODWHG�IURP�XQURXQGHG�YDOXHV�
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)LJ�����'LVWULEXWLRQ�RI�6'*V�DFURVV�WKH����VWXGHQW�FDSVWRQH�SURMHFWV��FRXQWV�DQG�SHUFHQWDJHV��

7DEOH���PDSV�HDFK�JRDO�WR�WKH�H[DPSOH�DSSOLFDWLRQV�QDPHG�LQ�WKH�VRXUFH�PDQXVFULSW��7KH�H[DPSOHV�VKRZ�
WKDW�VWXGHQWV�FKRVH�SUREOHPV�ZLWK�GLUHFW�VRFLDO�UHOHYDQFH��VXFK�DV�EORRG�GRQRU�FRQQHFWLRQ��KHDOWK�SRUWDOV��
IRRG�GRQDWLRQ�DQG�ZRPHQ¶V�VDIHW\��DV�ZHOO�DV�PRUH�JHQHUDO�LQIRUPDWLRQ�V\VWHPV��7KH�EUHDGWK�RI�6'*���
GHVHUYHV� FRPPHQW�� H[DPSOHV� VXFK� DV� HYHQW� ERRNLQJ� DQG� LQYHQWRU\� PDQDJHPHQW� DUH� FRQYHQWLRQDO�
LQIRUPDWLRQ�V\VWHPV��DQG�WKHLU�FRQWULEXWLRQ�WR�VXVWDLQDELOLW\�LV�PRUH�LQGLUHFW�WKDQ�WKDW�RI��IRU�H[DPSOH��D�
IRRG�GRQDWLRQ�SODWIRUP��7KH�VRXUFH�GDWD�GR�QRW�DOORZ�GHSWK�RI�6'*�DOLJQPHQW�WR�EH�DVVHVVHG��ZKLFK�LV�D�
OLPLWDWLRQ�RI�DQ\�FRXQW�EDVHG�GLVWULEXWLRQ��VHH�6HFWLRQ����

7DEOH����0DSSLQJ�RI�VHOHFWHG�6'*V�WR�VWXGHQW�FDSVWRQH�SURMHFW�DSSOLFDWLRQV

6'* Q ([DPSOH�DSSOLFDWLRQV�UHSRUWHG
'RPLQDQW� VXVWDLQDELOLW\�
GLPHQVLRQ��LQWHUSUHWLYH�

6'*�� ��
(YHQW� ERRNLQJ�� LQYHQWRU\�
PDQDJHPHQW

(FRQRPLF�DQG�LQIUDVWUXFWXUDO

6'*�� � %ORRG�&RQQHFW��6PDUW�+HDOWK�3RUWDO 6RFLDO��KHDOWK�

6'*�� � $,�6WXG\�3ODQQHU��6NLOO�([FKDQJH 6RFLDO��HGXFDWLRQ�

6'*�� �
&DUHHU� SODWIRUPV�� HFR�IULHQGO\�
SURGXFWV

(FRQRPLF

6'*�� � $QQD�6HYD�IRRG�GRQDWLRQ 6RFLDO��IRRG�VHFXULW\�

6'*��� � :RPHQ�6DIHW\�6\VWHP 6RFLDO��VDIHW\��LQFOXVLYH�FLWLHV�

6'*��� � $,�([SHQVH�$QDO\]HU (FRQRPLF��FRQVXPSWLRQ�

6'*��� � )LVK�ZDVWH�UHF\FOLQJ (QYLURQPHQWDO
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6'* Q ([DPSOH�DSSOLFDWLRQV�UHSRUWHG
'RPLQDQW� VXVWDLQDELOLW\�
GLPHQVLRQ��LQWHUSUHWLYH�

0XOWLSOH �
3URMHFWV� DGGUHVVLQJ� �±�� 6'*V� �QRW�
LWHPLVHG�LQ�WKH�VRXUFH�

1RW�DVVHVVDEOH

�����3UH� DQG�SRVW�SURMHFW�DZDUHQHVV��54��

7DEOH���DQG�)LJ����FRPSDUH�DZDUHQHVV�VFRUHV�EHIRUH�DQG�DIWHU�WKH�FDSVWRQH�SURMHFW��$OO�ILYH�LWHPV�LQFUHDVHG��
E\� EHWZHHQ� ����� DQG� ����� SRLQWV� RQ� WKH� ILYH�SRLQW� VFDOH�� 7KH� ODUJHVW� JDLQ� ZDV� LQ� XQGHUVWDQGLQJ� KRZ�
WHFKQRORJ\�FRQWULEXWHV�WR�WKH�6'*V�������WR���������������IROORZHG�E\�DZDUHQHVV�RI�WKH����6'*V�������WR�
��������������7KH�VPDOOHVW�JDLQ�ZDV�LQ�LQWHUHVW�LQ�VRFLDO�DQG�HQYLURQPHQWDO�LVVXHV�������WR���������������
ZKLFK�DOVR�KDG�WKH�KLJKHVW�SUH�SURMHFW�VFRUH��VXJJHVWLQJ�WKDW�VWXGHQWV�EHJDQ�ZLWK�D�PRGHUDWH�JHQHUDO�LQWHUHVW�
EXW� OHVV� FRQFHSWXDO� XQGHUVWDQGLQJ� RI� KRZ� WHFKQRORJ\� DQG� WKH�6'*V� FRQQHFW�� 3RVW�SURMHFW�PHDQV�ZHUH�
EHWZHHQ������DQG�������FORVH�WR�WKH�XSSHU�HQG�RI�WKH�VFDOH�

7DEOH����3UH�SURMHFW�DQG�SRVW�SURMHFW�DZDUHQHVV�VFRUHV��Q� �����ILYH�SRLQW�VFDOH�

$ZDUHQHVV�LWHP 3UH�PHDQ
3RVW�
PHDQ

'LIIHUHQFH
W� �GI�  �
���

S��DV�UHSRUWHG�

$ZDUHQHVV�RI�WKH����81�6'*V ���� ���� ����� ���� �������

8QGHUVWDQGLQJ� KRZ� WHFKQRORJ\�
FRQWULEXWHV�WR�6'*V

���� ���� ����� ���� �������

,QWHUHVW� LQ� VRFLDO� DQG� HQYLURQPHQWDO�
LVVXHV

���� ���� ����� ���� �������

8QGHUVWDQGLQJ� UROH� RI� FRPSXWHU�
SURIHVVLRQDOV� LQ� VXVWDLQDEOH�
GHYHORSPHQW

���� ���� ����� ���� �������

&RQQHFWLQJ� WHFKQLFDO� VNLOOV� WR� UHDO�
ZRUOG�VRFLHWDO�SUREOHPV

���� ���� ����� ���� �������
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)LJ�����3UH�SURMHFW�DQG�SRVW�SURMHFW�PHDQ�DZDUHQHVV�VFRUHV�IRU�WKH�ILYH�DZDUHQHVV�LWHPV���±��VFDOH��Q� �����

,Q�VWDWLVWLFDO�WHUPV��LW�FDQ�EH�VHHQ�WKDW�WKH�PHDQ�DIWHU�WKH�SURMHFW�LV�JUHDWHU�WKDQ�WKH�PHDQ�EHIRUH�WKH�SURMHFW�
HDFK�WLPH��1HYHUWKHOHVV�� WKHUH�DUH�D�IHZ�WKLQJV�WKDW�FDQ�EH�VDLG�DERXW� WKH�DSSOLFDWLRQ�RI�VWDWLVWLFV� LQ� WKH�
GHVLJQ��)LUVW��DV�WKHUH�LV�QR�FRQWURO�JURXS�LQ�WKH�UHVHDUFK�GHVLJQ��LW�LV�LPSRVVLEOH�WR�VD\�WKDW�WKH�LPSURYHPHQW�
LV� DV� D� UHVXOW� RI� WKH� LPSOHPHQWDWLRQ�RI� WKH�6'*V��EHFDXVH�RWKHU� HOHPHQWV�PLJKW�EH� UHVSRQVLEOH� IRU� WKH�
ILQGLQJV��6HFRQG��WKHUH�LV�QR�LQIRUPDWLRQ�DV�WR�ZKHQ�WKH�SUH�WHVW�ZDV�WDNHQ��&RQVHTXHQWO\��LI�LW�ZDV�GRQH�
UHWURVSHFWLYHO\�� WKH�SUH�SURMHFW�GDWD�ZLOO�EH�ELDVHG��$V�ILYH�WHVWV�KDYH�EHHQ�SHUIRUPHG�� WKH�FRUUHFW�DOSKD�
OHYHO�RI������VKRXOG�EH�DSSOLHG�

�����6WXGHQW�SHUFHSWLRQV�RI�WKH�SURMHFW�H[SHULHQFH��54��

7DEOH���DQG�)LJ����SUHVHQW�VWXGHQWV¶�UDWLQJV�RI�WKH�VHYHQ�SURMHFW�H[SHULHQFH�LWHPV��7KH�RYHUDOO�PHDQ�DFURVV�
WKH�VHYHQ� LWHPV�ZDV�������6WXGHQWV� UDWHG� WKH� UHOHYDQFH�RI� WKH�6'*�WKHPH�WR� WKHLU�SURMHFW�ZRUN�KLJKHVW�
��������IROORZHG�E\�PRWLYDWLRQ�DULVLQJ�IURP�DGGUHVVLQJ�D�UHDO�ZRUOG�SUREOHP���������8QGHUVWDQGLQJ�RI�KRZ�
WHFKQLFDO�VNLOOV�EHQHILW�VRFLHW\�DQG�LPSURYHPHQW�LQ�SUREOHP�VROYLQJ�DQG�FULWLFDO�WKLQNLQJ�ZHUH ERWK�UDWHG�
������ ,QWHUHVW� LQ� VXVWDLQDELOLW\� ������� DQG� FRQVLGHUDWLRQ� RI� VXVWDLQDELOLW\� LQ� D� IXWXUH� FDUHHU� �������ZHUH�
VRPHZKDW�ORZHU��7KH�DGHTXDF\�RI�IDFXOW\�JXLGDQFH�UHFHLYHG�WKH�ORZHVW�UDWLQJ���������7KH�VRXUFH�PDQXVFULSW�
ODEHOOHG�WKH�PHDQV�ZLWK�YHUEDO�LQWHUSUHWDWLRQV��³VWURQJO\�DJUHH´��³DJUHH´��DQG�LQWHUPHGLDWH�ODEHOV���EXW�WKH�
ODEHOV�ZHUH�QRW�DSSOLHG�E\�D�FRQVLVWHQW�FXW�RII��WKH\�DUH�UHSODFHG�KHUH�E\�UDQNV��DQG�WKH�YHUEDO�VFDOH�VKRXOG�
EH�UHLQVWDWHG�RQO\�ZLWK�D�VWDWHG�UXOH�
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)LJ�����0HDQ�UDWLQJV�RI�WKH VHYHQ�SURMHFW�H[SHULHQFH�LWHPV���±��VFDOH��Q� ������WKH�GDVKHG�OLQH�PDUNV�WKH�
RYHUDOO�PHDQ�RI������

�����,QWHUHVW�LQ�IXWXUH�6'*�DOLJQHG�SURMHFWV

2I�WKH����VWXGHQWV�������������H[SUHVVHG�LQWHUHVW�LQ�ZRUNLQJ�RQ�6'*�DOLJQHG�SURMHFWV�LQ�IXWXUH�VHPHVWHUV��
DQG�WZR��������GLG�QRW�H[SUHVV�FOHDU�LQWHUHVW��7DEOH����)LJ������7KHVH�ILJXUHV�KDYH�EHHQ�URXQGHG�RII�WR�����
DQG����LQ�WKH�VRXUFH�GRFXPHQW��7KHUH�LV�QR LQIRUPDWLRQ�DYDLODEOH�RQ�WKH�ZD\�WKLV�TXHVWLRQ�KDV�EHHQ�DVNHG�
DQG�DQVZHUHG��DQG�WKHUHIRUH�WKLV�UHVSRQVH�PXVW�EH�WDNHQ�WR�LQGLFDWH�DQ�DWWLWXGH�WKDW�LV�IDYRUDEOH�UDWKHU�WKDQ�
DFWLRQ�

7DEOH����,QWHUHVW�LQ�IXWXUH�6'*�DOLJQHG�SURMHFWV��Q� ����

5HVSRQVH 6WXGHQWV �Q� 3HUFHQWDJH

,QWHUHVWHG� LQ�ZRUNLQJ�RQ�6'*�DOLJQHG�SURMHFWV� LQ� IXWXUH�
VHPHVWHUV

�� �����

'LG�QRW�H[SUHVV�FOHDU�LQWHUHVW � ����

7RWDO �� ����
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)LJ�����6WXGHQWV¶�LQWHUHVW�LQ�IXWXUH�6'*�DOLJQHG�SURMHFWV��Q� �����

�����4XDOLWDWLYH�ILQGLQJV��54��DQG�54��

7KHPDWLF�DQDO\VLV�RI�WKH�RSHQ�HQGHG�UHVSRQVHV�\LHOGHG�IRXU�WKHPHV��VXPPDULVHG�LQ�7DEOH����7KH�VRXUFH�
PDQXVFULSW�GRHV�QRW�UHSRUW�KRZ�PDQ\�VWXGHQWV�FRQWULEXWHG�WR�HDFK�WKHPH��VR�WKH�ILQGLQJV�GHVFULEH�WKH�UDQJH�
RI�UHVSRQVHV�DQG�QRW�WKHLU�SUHYDOHQFH�

7KHPH����/HDUQLQJ�RXWFRPHV� 6WXGHQWV�GHVFULEHG�UHDOLVLQJ�WKDW�WHFKQRORJ\�FDQ�DGGUHVV�VRFLDO�DV�ZHOO�DV�
WHFKQLFDO�SUREOHPV��GHYHORSLQJ�DZDUHQHVV�RI�VXVWDLQDELOLW\�LVVXHV�DQG�RI�KRZ�VRIWZDUH�FDQ�FUHDWH�VRFLDO�
DQG�HFRQRPLF�EHQHILW��PRYLQJ�IURP�LVRODWHG�SUREOHP�VROYLQJ�WR�V\VWHPV�OHYHO� WKLQNLQJ��DQG�OHDUQLQJ�WR�
RSWLPLVH�UHVRXUFHV�DQG�WHFKQRORJ\�XVH�IRU�WKH�EHQHILW�RI�RUGLQDU\�XVHUV��7KHPH����&KDOOHQJHV� 6WXGHQWV�
IRXQG�LW�GLIILFXOW�WR�XQGHUVWDQG�6'*�REMHFWLYHV�DQG�WR�GHVLJQ�IHDWXUHV�WKDW�UHIOHFWHG�WKHP��UHSRUWHG GDWD�
VFDUFLW\�DQG�GLIILFXOW\�HQVXULQJ�WKH�IDLUQHVV�RI�WKH�DOJRULWKPV�WKH\�EXLOW��ZHUH�FRQVWUDLQHG�E\�WKH�DEVHQFH�
RI�SDLG�$3,V��FORXG�VHUYHUV�RU�ODUJH�GDWDVHWV��DQG�IRXQG�LW�KDUG�WR�XQGHUVWDQG�HQG�XVHU�QHHGV�DQG�WUDQVODWH�
WKHP�LQWR�HIIHFWLYH�VROXWLRQV��7KHPH����5HDVRQV�IRU�IXWXUH�LQWHUHVW� 6WXGHQWV�YDOXHG�DSSO\LQJ�WHFKQLFDO�
NQRZOHGJH� IRU� VRFLDO� LPSDFW�� LPSURYLQJ� SUDFWLFDO� DQG� SUREOHP�VROYLQJ� VNLOOV� ZKLOH� FRQWULEXWLQJ� WR�
VXVWDLQDEOH�GHYHORSPHQW��DQG�WKH�VHQVH�RI�SXUSRVH�WKDW�WKH�ZRUN�FDUULHG��7KHPH����6XJJHVWLRQV� 6WXGHQWV�
DVNHG�IRU�PRUH�SUDFWLFDO�H[SRVXUH�WKURXJK�LQGXVWU\�EDVHG�SURMHFWV��ZRUNVKRSV��PHQWRUVKLS�DQG�UHDO�ZRUOG�
FDVH�VWXGLHV��PRUH�LQWHUGLVFLSOLQDU\�FROODERUDWLRQ��HDUOLHU�LQWURGXFWLRQ�RI�WKH�6'*V��IURP�WKH�ILUVW�VHPHVWHU��
ZLWK�FDVH�VWXGLHV��DQG�VWURQJHU�SDUWQHUVKLSV�ZLWK�LQGXVWU\�DQG�QRQ�JRYHUQPHQWDO�RUJDQLVDWLRQV�

7DEOH����4XDOLWDWLYH�WKHPHV�DQG�DVVRFLDWHG�OHDUQLQJ�RXWFRPHV�RU�LPSOLFDWLRQV

7KHPH 6XE�WKHPHV�UHSRUWHG�E\�VWXGHQWV
$VVRFLDWHG� OHDUQLQJ� RXWFRPH� RU�
LPSOLFDWLRQ

��� /HDUQLQJ�
RXWFRPHV

7HFKQRORJ\� DV� D� VRFLDO� VROXWLRQ��
VXVWDLQDELOLW\�DZDUHQHVV��V\VWHPV�WKLQNLQJ��
UHVRXUFH�RSWLPLVDWLRQ

/LQNV�WHFKQLFDO�FRPSHWHQFH�WR�VRFLHWDO�
SXUSRVH��VXSSRUWV�WKH�TXDQWLWDWLYH�JDLQ�
LQ� XQGHUVWDQGLQJ� WHFKQRORJ\¶V�
FRQWULEXWLRQ
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7KHPH 6XE�WKHPHV�UHSRUWHG�E\�VWXGHQWV
$VVRFLDWHG� OHDUQLQJ� RXWFRPH� RU�
LPSOLFDWLRQ

���&KDOOHQJHV

6'*�VHOHFWLRQ�DQG�DOLJQPHQW��GDWD�VFDUFLW\�
DQG�DOJRULWKPLF�IDLUQHVV��OLPLWHG�SDLG�$3,V��
FORXG� DQG� GDWDVHWV�� XQGHUVWDQGLQJ� XVHU�
QHHGV

,QGLFDWHV� QHHG� IRU� JXLGHOLQHV� DQG�
H[DPSOHV�� GDWD� SDUWQHUVKLSV�� UHVRXUFH�
VXSSRUW�DQG�XVHU�UHVHDUFK�WUDLQLQJ

��� 5HDVRQV� IRU�
IXWXUH�LQWHUHVW

$SSO\LQJ�VNLOOV�IRU�VRFLDO�LPSDFW��SUDFWLFDO�
VNLOO� GHYHORSPHQW� ZLWK� FRQWULEXWLRQ� WR�
VXVWDLQDELOLW\��VHQVH�RI�SXUSRVH

&RQVLVWHQW�ZLWK�KLJK�PRWLYDWLRQ��������
DQG�IXWXUH�LQWHUHVW��������

���6XJJHVWLRQV

,QGXVWU\�EDVHG� SURMHFWV�� ZRUNVKRSV��
PHQWRUVKLS�� FDVH� VWXGLHV�� LQWHUGLVFLSOLQDU\�
FROODERUDWLRQ�� 6'*� LQWURGXFWLRQ� IURP�
6HPHVWHU� ��� LQGXVWU\� DQG� 1*2�
SDUWQHUVKLSV

'LUHFW� LQSXWV� IRU� FXUULFXOXP� UHGHVLJQ�
�7DEOH����

���'LVFXVVLRQ

�����+RZ�FDSVWRQH�SURMHFWV�PD\�LPSURYH�6'*�DZDUHQHVV

$OO�ILYH�DZDUHQHVV�LWHPV�URVH�DIWHU�WKH�6'*�DOLJQHG�FDSVWRQH��DQG�WKH�ODUJHVW�JDLQV�ZHUH�LQ�WKH�WZR�LWHPV�
FORVHVW�WR�WKH�LQWHUYHQWLRQ¶V�FRQWHQW��NQRZLQJ�WKH�JRDOV�DQG�XQGHUVWDQGLQJ�KRZ�WHFKQRORJ\�FRQWULEXWHV�WR�
WKHP��7KLV�SDWWHUQ�LV�SODXVLEOH�JLYHQ�WKH�LQWHUYHQWLRQ�GHVLJQ��7R�FKRRVH�DQ�6'*�DOLJQHG�SUREOHP��VWXGHQWV�
KDG�WR�UHDG�DERXW�WKH�JRDOV��LQWHUSUHW�WKHLU�REMHFWLYHV�DQG�WUDQVODWH�WKHP�LQWR�VRIWZDUH�UHTXLUHPHQWV��ZKLFK�
LV�DQ�DFWLYH�IRUP�RI�HQJDJHPHQW�ZLWK�WKH�FRQWHQW��6LPLODUO\��%ODQFR�HW�DO���������SRLQWHG�RXW�WKDW�VWXGHQWV�
SHUFHLYHG�WKDW�WKH\�JDLQHG�PRUH�NQRZOHGJH�IURP�WKH�DFW�RI�VHDUFKLQJ�IRU�DQG�JHQHUDWLQJ�6'*�LQIRUPDWLRQ�
UDWKHU�WKDQ�FRQVXPLQJ�WKH�HIIRUWV�RI�RWKHUV��ZKLOH�&DOYR�HW�DO���������VDZ�KHLJKWHQHG�DZDUHQHVV�WKURXJK�DQ�
DFWLYLW\�RQ�VXVWDLQDEOH�SURMHFWV��7KH�GLUHFWLRQ�RI�RXU�ILQGLQJV�LV�WKHUHIRUH�FRQVLVWHQW�ZLWK�WKDW�OLWHUDWXUH�

7KH�FRPSDULVRQ�ZLWK�$QJHODNL�HW�DO���������LV�LQVWUXFWLYH��,Q�WKHLU�VWXG\��NQRZOHGJH�DQG�LQWHQWLRQ�WR�HQJDJH�
LQ�VXVWDLQDELOLW\�URVH�VLJQLILFDQWO\�EXW�SHUFHLYHG�QHHG�IRU�FXUULFXODU�LQFOXVLRQ�GLG�QRW��2XU�VWXG\�GLG�QRW�
PHDVXUH�SHUFHLYHG�FXUULFXODU�QHHG��EXW�WKH�VWXGHQWV¶�RZQ�VXJJHVWLRQV�IRU�HDUOLHU�DQG�EURDGHU�6'*�H[SRVXUH�
SRLQW� WR� D� IDYRXUDEOH� YLHZ� RI� FXUULFXODU� LQWHJUDWLRQ��$� PHWKRGRORJLFDO� FRQWUDVW� LV� DOVR� ZRUWK QRWLQJ��
$QJHODNL�HW�DO��PDWFKHG�DQRQ\PRXV�SUH� DQG�SRVW�TXHVWLRQQDLUHV�WKURXJK�D�VWXGHQW�JHQHUDWHG�LGHQWLILFDWLRQ�
FRGH��ZKLFK�LV�D�ZD\�WR�UHFRQFLOH�SDLULQJ�ZLWK�DQRQ\PLW\�WKDW�FRXOG�EH�DGRSWHG�KHUH��)LQDOO\��OLNH�PRVW�
VWXGLHV�LQ�WKH�3%/�UHYLHZ�E\�*XR�HW�DO����������RXU�RXWFRPHV�DUH�DIIHFWLYH�DQG�VHOI�UHSRUWHG��7KH�VWXG\�
VKRZV�WKDW�VWXGHQWV�IHOW�PRUH�DZDUH�DQG�PRWLYDWHG��LW�GRHV�QRW�VKRZ�WKDW�WKH\�SHUIRUPHG�EHWWHU�RU�EHKDYHG�
GLIIHUHQWO\�

�����7HFKQRORJ\�DQG�VXVWDLQDEOH�GHYHORSPHQW

7KH� ODUJHVW� JDLQ�� LQ�XQGHUVWDQGLQJ�KRZ� WHFKQRORJ\�FRQWULEXWHV� WR� WKH�6'*V�� LV� WKH� UHVXOW�PRVW�GLUHFWO\�
UHOHYDQW� WR�D�FRPSXWLQJ�SURJUDPPH��6WXGHQWV¶�SURMHFWV�� IURP�KHDOWK�SRUWDOV� WR�IRRG�GRQDWLRQ�DQG�VDIHW\�
DSSOLFDWLRQV��VKRZ�WHFKQRORJ\�EHLQJ�XVHG�DV�D�PHDQV�WR�VRFLDO�HQGV��7KH�TXDOLWDWLYH�WKHPHV�DGG�QXDQFH��
VWXGHQWV�UHFRJQLVHG�WKDW�WHFKQRORJ\�LV�QRW�D�QHXWUDO�VROXWLRQ��DV�VKRZQ�E\�WKHLU�FRQFHUQV�DERXW�GDWD�VFDUFLW\�



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͕ ϼbĺŽôıæôŘϱ"ôèôıæôŘϙ͑͏͕͑Ͻ ēťťŕŜϡϯϯæĤîîĤĺŪŘĲÍīϟĺŘČϯ ϼϙ(ϱI��bϙϡϙ͒͐͒͘ϱ͓͕͐͗Ͻ

�V""͑͏͕͓͕͑ иϙ �i"FI«��X�F�ϙVi��b�[ϙi>ϙ"I«(��(ϙ"I��I�[Ib( иϙſſſϟæĤîîĤĺŪŘĲÍīϟĺŘČ иϙϙ͕͖

DQG�DOJRULWKPLF�IDLUQHVV��7KLV�HFKRHV�WKH�REVHUYDWLRQ�E\�3HWHUV�HW�DO���������WKDW�IHZ�VWXGLHV�LQ�FRPSXWLQJ�
HGXFDWLRQ�HQJDJH�ZLWK�FDOOV�IRU�GHHSHU�V\VWHPLF�FKDQJH��7KH�SUHVHQW�LQWHUYHQWLRQ�IRFXVHG�RQ�FRPSXWLQJ�
IRU� VXVWDLQDELOLW\�� LW� GLG� QRW� DGGUHVV� WKH� HQYLURQPHQWDO� IRRWSULQW� RI� FRPSXWLQJ� LWVHOI�� ZKLFK� D� IXOOHU�
FXUULFXOXP�ZRXOG�DOVR�FRYHU�

�����([SHULHQWLDO�DQG�LQWHUGLVFLSOLQDU\�OHDUQLQJ

$OWKRXJK�WKH�LQWHUYHQWLRQ�XQGHU�FRQVLGHUDWLRQ�ZDV�DLPHG�DW�VXVWDLQDELOLW\�ZLWK�UHJDUG�WR�FRPSXWLQJ�UDWKHU�
WKDQ�WKH�HQYLURQPHQWDO�DVSHFWV�RI�FRPSXWLQJ��WKH\�DUH�DOO�GLVFXVVHG�LQ�WKH�FRXUVH�RXWOLQH��7KHVH�ILQGLQJV�
ILW�WKH�ORJLF�RI�3%/�DV�LQTXLU\�LQWR�DXWKHQWLF�SUREOHPV��.UDMFLN�DQG�%OXPHQIHOG��������6WXGHQWV�DOVR�DVNHG�
IRU�LQWHUGLVFLSOLQDU\�FROODERUDWLRQ�DQG�OLQNV�ZLWK�LQGXVWU\�DQG�QRQ�JRYHUQPHQWDO�RUJDQLVDWLRQV��&DOYR�HW�DO��
������� GHVLJQHG� WKHLU� LQWHUYHQWLRQ� DV� D�PXOWLGLVFLSOLQDU\� LWLQHUDU\� DFURVV� VXEMHFWV�� DQG�7HQKXQHQ� HW� DO��
�������QRWH�WKDW�FDSVWRQHV�DUH�RIWHQ�FOLHQW�EDVHG��ERWK�VXJJHVW�ZD\V�LQ�ZKLFK�DQ��FDSVWRQH�FRXOG�GUDZ�LQ�
H[WHUQDO�SUREOHP�RZQHUV�

�����7KH�UROH�RI�IDFXOW\�JXLGDQFH

)DFXOW\�JXLGDQFH�UHFHLYHG�WKH�ORZHVW�RI�WKH�VHYHQ�UDWLQJV���������DOWKRXJK�LW�UHPDLQHG�DERYH���RQ�D�ILYH�
SRLQW�VFDOH��$�VLQJOH�LWHP�FDQQRW�VKRZ�ZK\��EXW� WKH�TXDOLWDWLYH�UHTXHVWV�IRU�PHQWRUVKLS��ZRUNVKRSV�DQG�
FOHDUHU�H[DPSOHV�VXJJHVW�WKDW�VWXGHQWV�ZDQWHG�PRUH�VWUXFWXUHG�VXSSRUW�RQ�6'*�DOLJQPHQW�VSHFLILFDOO\��QRW�
RQO\� RQ� WHFKQLFDO� GHYHORSPHQW�� (YLGHQFH� IURP� VFKRRO�OHYHO� (6'� LQGLFDWHV� WKDW� VWUXFWXUHG� SURIHVVLRQDO�
GHYHORSPHQW�FDQ�UDLVH�HGXFDWRUV¶�VHOI�HIILFDF\�IRU�(6'��9DUJKHVH�DQG�0DWKHZ��������E\�DQDORJ\��IDFXOW\�
GHYHORSPHQW�RQ�6'*�DOLJQHG�SURMHFW�VXSHUYLVLRQ�PD\ EH�ZRUWKZKLOH��DOWKRXJK�WKLV�LQIHUHQFH�JRHV�EH\RQG�
WKH�SUHVHQW�GDWD�

�����&KDOOHQJHV�HQFRXQWHUHG�E\�VWXGHQWV

7KH�IRXU�FKDOOHQJHV�SRLQW�WR�GHVLJQ�UHVSRQVHV�WKDW�LQVWLWXWLRQV�FDQ�DGRSW�DW�ORZ�FRVW��'LIILFXOW\�LQ�VHOHFWLQJ�
DQG�DOLJQLQJ�6'*V�FDQ� EH� UHGXFHG�ZLWK� FOHDU�JXLGHOLQHV��ZRUNHG�H[DPSOHV� DQG� WHPSODWHV�EHIRUH� WRSLF�
VHOHFWLRQ��'DWD� VFDUFLW\� FDQ�EH�DGGUHVVHG�E\�SDUWQHUVKLSV�ZLWK�QRQ�JRYHUQPHQWDO�RUJDQLVDWLRQV�RU� ORFDO�
ERGLHV�WKDW�FDQ�VXSSO\�GDWD�RU�SUREOHP�VWDWHPHQWV��5HVRXUFH�FRQVWUDLQWV�FDQ�EH�HDVHG�E\�SURYLGLQJ�DFFHVV�
WR� FORXG� FUHGLWV�� $3,V� DQG� GDWDVHWV�� 'LIILFXOW\� XQGHUVWDQGLQJ� XVHUV� FDQ� EH� DGGUHVVHG� WKURXJK� VKRUW�
ZRUNVKRSV�RQ�XVHU�UHVHDUFK�DQG�GHVLJQ�WKLQNLQJ��7KHVH�VXJJHVWLRQV�DUH�SURSRVDOV�GHULYHG�IURP�WKH�VWXGHQWV¶�
UHSRUWV��WKHLU�HIIHFWLYHQHVV�KDV�QRW�EHHQ�WHVWHG�

�����,PSOLFDWLRQV�IRU��DQG�FRPSXWHU�VFLHQFH�FXUULFXOXP�GHVLJQ

7DEOH���WUDQVODWHV�WKH�ILQGLQJV�LQWR�DQ�6'*�LQWHJUDWLRQ�IUDPHZRUN�IRU�WKH��FDSVWRQH��7KH�FHQWUDO�GHVLJQ�LGHD�
LV�WR�XVH�WKH�6'*V�DV�D�SUREOHP�IUDPLQJ�GHYLFH�ZLWKLQ�DQ�H[LVWLQJ�FDSVWRQH��VR�WKDW�VXVWDLQDELOLW\�LV�OHDUQW�
WKURXJK� WKH�SUDFWLFH�RI�EXLOGLQJ�VRIWZDUH�IRU�UHDO�QHHGV��7KH�HQKDQFHPHQWV� LQ� WKH� ODVW�FROXPQ�GUDZ�RQ�
VWXGHQWV¶�VXJJHVWLRQV�DQG�RQ�WKH�FKDOOHQJHV�LGHQWLILHG�DERYH��WKH\�VKRXOG�EH�WUHDWHG�DV�K\SRWKHVHV�IRU�IXWXUH�
LPSOHPHQWDWLRQ�DQG�HYDOXDWLRQ�
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7DEOH����6'*�LQWHJUDWLRQ�IUDPHZRUN�IRU�WKH��FDSVWRQH�PRGXOH

6WDJH
$FWLYLW\�LQ�WKH�VWXGLHG�
PRGXOH

(YLGHQFH�IURP�WKLV�
VWXG\

3URSRVHG�HQKDQFHPHQW��WR�EH�
HYDOXDWHG�

���6'*�
RULHQWDWLRQ

)DFXOW\�LQWURGXFH�WKH����
6'*V�DQG�WKHLU�UHOHYDQFH�
WR�VRIWZDUH

/DUJHVW�JDLQV�LQ�6'*�
DZDUHQHVV���������DQG�
XQGHUVWDQGLQJ�RI�
WHFKQRORJ\¶V�
FRQWULEXWLRQ��������

,QWURGXFH�6'*V�IURP�6HPHVWHU�
���ZLWK�FDVH�VWXGLHV��VWXGHQW�
VXJJHVWLRQ�

���3UREOHP�
LGHQWLILFDWLRQ�
DQG�6'*�
VHOHFWLRQ

6WXGHQWV�VHOHFW�6'*V�DQG�
LGHQWLI\�SUREOHPV

6'*���DQG�6'*���PRVW�
VHOHFWHG��VHOHFWLRQ�DQG�
DOLJQPHQW�ZDV�D�
FKDOOHQJH

3URYLGH�JXLGHOLQHV��H[DPSOHV�
DQG�WHPSODWHV��RIIHU�1*2�RU�
LQGXVWU\�SUREOHP�VWDWHPHQWV

���6ROXWLRQ�
GHYHORSPHQW

:HE��PRELOH�DQG�
GDVKERDUG�SURMHFWV

0RWLYDWLRQ�IURP�UHDO�
ZRUOG�SUREOHPV�UDWHG�
������GDWD�DQG�UHVRXUFH�
FRQVWUDLQWV�UHSRUWHG

3URYLGH�GDWDVHWV��$3,V�DQG�
FORXG�UHVRXUFHV��DGG�XVHU�
UHVHDUFK�DQG�GHVLJQ�WKLQNLQJ�
ZRUNVKRSV

���)DFXOW\�
PHQWRULQJ

)DFXOW\�JXLGDQFH�GXULQJ�
GHYHORSPHQW

*XLGDQFH�UDWHG�������WKH�
ORZHVW�LWHP

7UDLQ�PHQWRUV�RQ�6'*�DOLJQHG�
VXSHUYLVLRQ��DGG�VWUXFWXUHG�
PHQWRULQJ�FKHFNSRLQWV

���(YDOXDWLRQ�
DQG�6'*�
UHSRUWLQJ

3URMHFW�SOXV�UHSRUW�RQ�
6'*�FRQWULEXWLRQ

&ULWHULD�QRW�GRFXPHQWHG
$GG�DQ�6'*�FRQWULEXWLRQ�
FULWHULRQ�ZLWK�D�UXEULF��FRQVLGHU�
LPSDFW�HYLGHQFH

���5HIOHFWLRQ�
DQG�IHHGEDFN

2SHQ�HQGHG�IHHGEDFN�RQ�
OHDUQLQJ��FKDOOHQJHV��
VXJJHVWLRQV

)RXU�WKHPHV�LGHQWLILHG
&ROOHFW�VWUXFWXUHG�UHIOHFWLRQV�
HDFK�F\FOH��WUDFN�ORQJHU�WHUP�
RXWFRPHV

���5HVHDUFK�&RQWULEXWLRQV�DQG�,PSOLFDWLRQV

7KHRUHWLFDO�FRQWULEXWLRQ� 7KH�VWXG\�VXSSRUWV�DQ�H[SHULHQWLDO�DFFRXQW�RI�VXVWDLQDELOLW\�OHDUQLQJ�LQ�ZKLFK�
6'*�DZDUHQHVV��XQGHUVWDQGLQJ�RI�WHFKQRORJ\¶V�FRQWULEXWLRQ��PRWLYDWLRQ�DQG�FDUHHU�FRQVLGHUDWLRQ�GHYHORS�
WRJHWKHU�ZKHQ�VWXGHQWV�FRQVWUXFW�VROXWLRQV�WR�JRDO�DOLJQHG�SUREOHPV��,W�DGGV�D�SRVWJUDGXDWH�FRPSXWLQJ�FDVH�
WR�D�OLWHUDWXUH�WKDW�KDV�UHOLHG�KHDYLO\�RQ�H[SHULHQFH�UHSRUWV��3HWHUV�HW�DO���������7KH�HYLGHQFH�LV�DVVRFLDWLRQDO�
DQG�VKRXOG�EH�WUHDWHG�DV�K\SRWKHVLV�JHQHUDWLQJ�

0HWKRGRORJLFDO� FRQWULEXWLRQ� 7KH� VWXG\� SDLUV� D� VKRUW�� UHSHDWDEOH� DZDUHQHVV� LQVWUXPHQW� ZLWK� SURMHFW�
H[SHULHQFH�LWHPV�DQG�RSHQ�HQGHG�UHVSRQVHV��DQG�LW�PDNHV�H[SOLFLW�WKH�SRLQWV�DW�ZKLFK�VXFK�HYDOXDWLRQV�QHHG�
VWURQJHU� GRFXPHQWDWLRQ�� WLPLQJ� RI� WKH� SUH�PHDVXUH�� SDLULQJ� ZLWK� DQRQ\PLW\�� UHOLDELOLW\� HYLGHQFH� DQG�
UHSRUWLQJ�RI�GLVSHUVLRQ��7KHVH�SRLQWV�DUH�RIIHUHG�DV�D�FKHFNOLVW�IRU�VLPLODU�LQVWLWXWLRQ�OHYHO�HYDOXDWLRQV�

3UDFWLFDO�FRQWULEXWLRQ� 7KH�IUDPHZRUN�LQ�)LJ����DQG�7DEOH���VKRZV�KRZ�DQ�LQVWLWXWLRQ�FDQ�LQWURGXFH�WKH�
6'*V�WKURXJK�RULHQWDWLRQ��WRSLF�VHOHFWLRQ�DQG�D�UHSRUWLQJ�UHTXLUHPHQW��ZLWKRXW�D�QHZ�FRXUVH�
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&RQWULEXWLRQ� WR� FRPSXWLQJ� HGXFDWLRQ� 7KH� ILQGLQJV� VXJJHVW� WKDW� WKH� 6'*V� FDQ� VHUYH� DV� D� SUREOHP�
IUDPLQJ�GHYLFH�LQ�FDSVWRQH�SURMHFWV��DQG�WKDW�VWXGHQWV¶�PDLQ�GLIILFXOWLHV�OLH�LQ�DOLJQPHQW��GDWD��UHVRXUFHV�
DQG�XVHU�XQGHUVWDQGLQJ��ZKLFK�DUH�DGGUHVVDEOH�WKURXJK�FXUULFXOXP�VXSSRUW�

,PSOLFDWLRQV� IRU�,QGLDQ�KLJKHU�HGXFDWLRQ� LQVWLWXWLRQV� ,QVWLWXWLRQV� VHHNLQJ� WR�RSHUDWLRQDOLVH� WKH�6'*�
RULHQWDWLRQ�RI�QDWLRQDO�SROLF\��0LQLVWU\�RI�(GXFDWLRQ�������5DGKD�DQG�$UXPXJDP�������FDQ�XVH�FDSVWRQH�
PRGXOHV�DV�D�SUDFWLFDO�HQWU\�SRLQW��$FFUHGLWDWLRQ�EDVHG�HYLGHQFH�RI�LQVWLWXWLRQDO�6'*�DFWLYLW\��1DUD\DQDQ�
������FRXOG�EH�FRPSOHPHQWHG�E\�VWXGHQW�OHYHO�RXWFRPH�PHDVXUHV�RI�WKH�NLQG�UHSRUWHG�KHUH�

���/LPLWDWLRQV�DQG�)XWXUH�5HVHDUFK

7KHUH� DUH� VHYHUDO� VLJQLILFDQW� OLPLWDWLRQV� RI� WKH� UHVHDUFK�� )LUVW�� LW� ZDV� FRQGXFWHG� DW� RQH� LQVWLWXWLRQ� DQG�
LQFOXGHG�RQO\����VWXGHQWV��7KXV��WKHUH�LV�QR�JXDUDQWHH�WKDW�WKH�RXWFRPHV�RI�WKH�VWXG\�FDQ�EH�DSSOLHG�WR�RWKHU�
VHWWLQJV��6HFRQG�� WKH�H[SHULPHQWDO�GHVLJQ� LQFOXGHG�RQO\�RQH�VDPSOH�RI�VWXGHQWV�ZKR�SDUWLFLSDWHG� LQ� WKH�
SURMHFW�ERWK�EHIRUH�DQG�DIWHU��ZKLFK�PHDQV�WKDW�FDXVDO�UHODWLRQVKLSV�FDQQRW�EH�LGHQWLILHG��7KLUG��DOO�GDWD�
FROOHFWHG� GXULQJ� WKH� UHVHDUFK� FRPH� IURP� VHOI�UHSRUWV�� ZKLFK� FDQ� EH� GLVWRUWHG� VLQFH� UHVSRQGHQWV� RIWHQ�
SURYLGH�VRFLDOO\�GHVLUDEOH�DQVZHUV�UDWKHU�WKDQ�WKH�WUXWK��)LQDOO\��WKH�VXUYH\�WKDW�ZDV�DSSOLHG�KDV�QRW�EHHQ�
YDOLGDWHG�SURSHUO\�DQG�WKHUH�LV�QR�LQIRUPDWLRQ�DERXW�UHOLDELOLW\�DQG�YDULDQFH��7KH�DSSURDFK�WKDW�ZDV�XVHG�
WR�HYDOXDWH�KRZ�PXFK�WKH�SURMHFW�DOLJQHG�ZLWK�WKH�REMHFWLYHV�LV�QRW�DEOH�WR�PHDVXUH�GHSWK�DQG�TXDOLW\�RI�
WKLV� UHODWLRQVKLS��4XDQWLWDWLYH� GDWD� FROOHFWLRQ��ZKLFK� LQFOXGHV� VWXGHQW
V� VHOI�UHSRUWLQJ�� GRHV� QRW� SURYLGH�
HQRXJK� LQIRUPDWLRQ� DERXW� WKH� QXPEHU� RI� SDUWLFLSDQWV� DQG�ZD\V� RI� WKH� DQDO\VLV��$QG� ILQDOO\�� WKH� VWXG\�
HYDOXDWHG�RQO\�WKH�SHUFHSWLRQ�RI�WKH�SURMHFW�DPRQJ�WKH�VWXGHQWV��EXW�GLG�QRW�DQDO\]H�WKH�SURMHFW�LWVHOI�RU�LWV
LPSDFW�RQ�WKH�UHDOLW\�

)XUWKHU�VWXGLHV�FDQ�HPSOR\�PXOWL�LQVWLWXWLRQ�VDPSOHV�DQG�FRPSDULVRQ�JURXSV��WUDFN�FDUHHU�FKRLFH�RI�VWXGHQWV�
RYHU� WLPH�� DVVHVV�SURMHFW� DUWLIDFWV� XVLQJ�6'*�FRQWULEXWLRQ� UXEULF��YDOLGDWH� WKH� LQVWUXPHQW� DQG� UHSRUW� LWV�
UHOLDELOLW\�� DQG� H[DPLQH� WKH� VXVWDLQDELOLW\� IRRWSULQW� RI� WKH� VRIWZDUH� FUHDWHG� E\� WKH� VWXGHQWV��4XDOLWDWLYH�
UHVHDUFK�ZLWK�HPSOR\HUV�DQG�QRQ�JRYHUQPHQWDO�SDUWQHUV�FDQ�SURYLGH�LQVLJKWV�RQ�WKH�YDOXH�RI�6'*�RULHQWHG�
FDSVWRQH�SURMHFWV�

���&RQFOXVLRQ

7KLV�FDVH�VWXG\�H[DPLQHG�DQ�6'*�DOLJQHG�6HPHVWHU���FDSVWRQH�PRGXOH�LQ�DQ��SURJUDPPH�LQ�3XQH��6WXGHQWV�
PRVW�RIWHQ�FKRVH�6'*���DQG�6'*����7KHLU�VHOI�UHSRUWHG�DZDUHQHVV�LQFUHDVHG�RQ�DOO�ILYH�PHDVXUHG�DVSHFWV��
PRVW�VWURQJO\�LQ�XQGHUVWDQGLQJ�KRZ�WHFKQRORJ\�FRQWULEXWHV�WR�WKH�6'*V��7KH\�UDWHG�WKH�SURMHFW�H[SHULHQFH�
KLJKO\��RYHUDOO�PHDQ������RI�����DQG�������ZLVKHG�WR�XQGHUWDNH�IXUWKHU�6'*�DOLJQHG�SURMHFWV��7KHLU�UHSRUWV�
LGHQWLILHG�FOHDU�OHDUQLQJ�RXWFRPHV�DQG�IRXU�SUDFWLFDO�FKDOOHQJHV��DQG�WKHLU�VXJJHVWLRQV�SRLQW�WR�HDUOLHU�6'*�
H[SRVXUH��VWURQJHU�PHQWRULQJ�DQG�H[WHUQDO�SDUWQHUVKLSV��*LYHQ�WKH�VLQJOH�LQVWLWXWLRQ��VLQJOH�JURXS�GHVLJQ�
DQG�WKH�RSHQ�SRLQWV�RQ�PHDVXUHPHQW��WKH�UHVXOWV�DUH�EHVW�UHDG�DV�HQFRXUDJLQJ��FRQWH[W�VSHFLILF�HYLGHQFH�
WKDW�6'*�DOLJQHG�FDSVWRQHV�DUH�D�IHDVLEOH�DQG�ZHOO�UHFHLYHG�ZD\�WR�LQWHJUDWH�VXVWDLQDELOLW\�LQWR�FRPSXWLQJ�
HGXFDWLRQ��ZKLFK�ZDUUDQWV�WHVWLQJ�LQ�ODUJHU�DQG�EHWWHU�FRQWUROOHG�VWXGLHV�
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5HIHUHQFHV

�� $QJHODNL� 0(�� %HUVLPLV� )�� .DUYRXQLGLV� 7�� 'RXOLJHULV� &� ������� 7RZDUGV� PRUH� VXVWDLQDEOH� KLJKHU�
HGXFDWLRQ�LQVWLWXWLRQV��LPSOHPHQWLQJ�WKH�VXVWDLQDEOH�GHYHORSPHQW�JRDOV�DQG�HPEHGGLQJ�VXVWDLQDELOLW\�
LQWR� WKH� LQIRUPDWLRQ� DQG� FRPSXWHU� WHFKQRORJ\� FXUULFXOD�� (GXF� ,QI� 7HFKQRO� ����������±������
KWWSV���GRL�RUJ���������V�����������������

�� %DPED]HN� 3�� *URKHU� ,�� 6H\II� 1� ������� ,QWHJUDWLQJ� VXVWDLQDELOLW\� LQWR� XQGHUJUDGXDWH� VRIWZDUH�
HQJLQHHULQJ�HGXFDWLRQ��DQ�H[SHULHQFH�UHSRUW��,Q��3URFHHGLQJV�RI�WKH������&RQIHUHQFH�RQ�,QQRYDWLRQ�DQG�
7HFKQRORJ\�LQ�&RPSXWHU�6FLHQFH�(GXFDWLRQ��,7L&6(��������1LMPHJHQ�����-XQH±��-XO\�������$&0��
1HZ�<RUN��KWWSV���GRL�RUJ������������������������

�� %ODQFR� -0�� 'RPtQJXH]� &�� -DLPH�$�� 8VDQGL]DJD� ,� ������� &RQQHFWLQJ� VXVWDLQDELOLW\� DQG� FRPSXWHU�
VFLHQFH� FXUULFXOD� WKURXJK�ZHEVLWH� OHDUQLQJ� SURMHFWV� HPEHGGLQJ� GLIIHUHQW� W\SHV� RI� VWXGHQW�JHQHUDWHG�
FRQWHQW��(GXF�7HFKQRO�5HV�'HY�����������±������KWWSV���GRL�RUJ���������V�����������������

�� %UDXQ�9��&ODUNH�9� �������8VLQJ� WKHPDWLF� DQDO\VLV� LQ� SV\FKRORJ\��4XDO�5HV� 3V\FKRO� �������±�����
KWWSV���GRL�RUJ�������������������TS���RD

�� &DOYR�,��&DUUDVFDO�(��*RQ]iOH]�-0��$UPHQWLD�$��*LO�*DUFtD�-0��%DUDPERQHV�2��%DVRJDLQ�;��7D]R�
+HUUDQ�,��$SLxDQL]�(��������$�PHWKRGRORJ\�WR�LQWURGXFH�VXVWDLQDEOH�GHYHORSPHQW�JRDOV�LQ�HQJLQHHULQJ�
GHJUHHV� E\� PHDQV� RI� PXOWLGLVFLSOLQDU\� SURMHFWV�� (GXF� 6FL� �����������
KWWSV���GRL�RUJ���������HGXFVFL��������

�� &UHVZHOO�-:��3ODQR�&ODUN�9/��������'HVLJQLQJ�DQG�FRQGXFWLQJ�PL[HG�PHWKRGV�UHVHDUFK���UG�HGQ��6DJH�
3XEOLFDWLRQV��7KRXVDQG�2DNV

�� *XR�3��6DDE�1��3RVW�/6��$GPLUDDO�:��������$�UHYLHZ�RI�SURMHFW�EDVHG�OHDUQLQJ�LQ�KLJKHU�HGXFDWLRQ��
VWXGHQW�RXWFRPHV�DQG�PHDVXUHV��,QW�-�(GXF�5HV�������������KWWSV���GRL�RUJ���������M�LMHU������������

�� .UDMFLN� -6�� %OXPHQIHOG� 3&� ������� 3URMHFW�EDVHG� OHDUQLQJ�� ,Q�� 6DZ\HU� 5.� �HG�� 7KH� &DPEULGJH�
KDQGERRN�RI�WKH�OHDUQLQJ�VFLHQFHV��&DPEULGJH�8QLYHUVLW\�3UHVV��&DPEULGJH��SS����±���

�� /HDO�)LOKR�:��6KLHO�&��3DoR�$��0LIVXG�0��ÈYLOD�/9��%UDQGOL�//��0ROWKDQ�+LOO�3��3DFH�3��$]HLWHLUR�
80�� 9DUJDV� 95�� &DHLUR� 6� ������� 6XVWDLQDEOH� 'HYHORSPHQW� *RDOV� DQG� VXVWDLQDELOLW\� WHDFKLQJ� DW�
XQLYHUVLWLHV�� IDOOLQJ� EHKLQG� RU� JHWWLQJ� DKHDG� RI� WKH� SDFN"� -� &OHDQ� 3URG� �������±�����
KWWSV���GRL�RUJ���������M�MFOHSUR������������

��� 0LQLVWU\�RI�(GXFDWLRQ��*RYHUQPHQW�RI�,QGLD��������1DWLRQDO�(GXFDWLRQ�3ROLF\�������*RYHUQPHQW�RI�
,QGLD��1HZ�'HOKL

��� 1DUD\DQDQ�3� �������7KH� UROH� RI� ,QGLDQ�KLJKHU� HGXFDWLRQ� LQVWLWXWLRQV� LQ� VHQVLWL]LQJ� \RXQJ�PLQGV� WR�
6XVWDLQDEOH�'HYHORSPHQW�*RDOV��6'*V���-�$SSO�5HV�+LJK�(GXF��KWWSV���GRL�RUJ���������MDUKH���������
����

��� 1RUPDQ�*��������/LNHUW�VFDOHV�� OHYHOV�RI�PHDVXUHPHQW�DQG� WKH�³ODZV´�RI�VWDWLVWLFV��$GY�+HDOWK�6FL�
(GXF�7KHRU\�3UDFW����������±�����KWWSV���GRL�RUJ���������V���������������\

��� 3HWHUV� $.�� &DSLOOD� 5�� &RURDPă� 9&�� +HOGDO� 5�� /DJR� 3�� /HLIOHU� 2�� 0RUHLUD� $�� )HUQDQGHV� -3��
3HQ]HQVWDGOHU� %�� 3RUUDV� -�� 9HQWHUV�&&� ������� 6XVWDLQDELOLW\� LQ� FRPSXWLQJ� HGXFDWLRQ�� D� V\VWHPDWLF�
OLWHUDWXUH�UHYLHZ��$&0�7UDQV�&RPSXW�(GXF�������$UWLFOH�����KWWSV���GRL�RUJ����������������
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��� 5DGKD�/��$UXPXJDP�-��������,QWHJUDWLQJ�WKH�6XVWDLQDEOH�'HYHORSPHQW�*RDOV��6'*V��LQ�WKH�FXUULFXOXP�
DQG�VWUHQJWKHQLQJ�WHDFKHU�WUDLQLQJ�SURJUDPV�WR�DOLJQ�ZLWK�1(3�������6KDQOD[�,QW�-�(GXF���������±����
KWWSV���GRL�RUJ����������HGXFDWLRQ�Y��L������

��� 6XOOLYDQ�*0��$UWLQR�$5�-U��������$QDO\]LQJ�DQG�LQWHUSUHWLQJ�GDWD�IURP�/LNHUW�W\SH�VFDOHV��-�*UDG�0HG�
(GXF���������±�����KWWSV���GRL�RUJ���������-*0(�������

��� 7HQKXQHQ�6��0lQQLVW|�7��/XXNNDLQHQ�0��,KDQWROD�3��������$�V\VWHPDWLF�OLWHUDWXUH�UHYLHZ�RI�FDSVWRQH�
FRXUVHV� LQ� VRIWZDUH� HQJLQHHULQJ�� ,QI� 6RIWZ� 7HFKQRO� ������������
KWWSV���GRL�RUJ���������M�LQIVRI������������

��� 81(6&2� ������� (GXFDWLRQ IRU� VXVWDLQDEOH� GHYHORSPHQW� JRDOV�� OHDUQLQJ� REMHFWLYHV�� 81(6&2�
3XEOLVKLQJ��3DULV

��� 8QLWHG� 1DWLRQV� ������� 7UDQVIRUPLQJ� RXU� ZRUOG�� WKH� ����� $JHQGD� IRU� 6XVWDLQDEOH� 'HYHORSPHQW��
5HVROXWLRQ�$�5(6�������8QLWHG�1DWLRQV��1HZ�<RUN

��� 9DUJKHVH�6��0DWKHZ�30��������$�PXOWL�FRJQLWLYH�DSSURDFK�WR�HPSRZHULQJ�VHFRQGDU\�VFKRRO�WHDFKHUV¶�
VHOI�HIILFDF\�DQG�SUDFWLFHV� UHODWHG� WR� HGXFDWLRQ� IRU� VXVWDLQDEOH�GHYHORSPHQW��$VLDQ�(GXF�'HY�6WXG��
KWWSV���GRL�RUJ���������DHGV�������������

��� :DOV�$(-��������6KDSLQJ�WKH�HGXFDWLRQ�RI�WRPRUURZ�������IXOO�OHQJWK�UHSRUW�RQ�WKH�81�'HFDGH�RI�
(GXFDWLRQ�IRU�6XVWDLQDEOH�'HYHORSPHQW��81(6&2�3XEOLVKLQJ��3DULV


