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([SORULQJ�VXPPDWLYH�SHHU�DVVHVVPHQW�GXULQJ�D�K\EULG�
XQGHUJUDGXDWH�VXSSO\�FKDLQ�FRXUVH�XVLQJ�0RRGOH�
�
.HQQHWK�'DYLG�6WUDQJ�
6FKRRO�RI�%XVLQHVV�	�(FRQRPLFV��
6WDWH�8QLYHUVLW\�RI�1HZ�<RUN��86$��
8QLYHUVLW\�RI�3KRHQL[��$33&�5HVHDUFK��$XVWUDOLD�
�

7KH�PDLQ�K\SRWKHVLV�RI�WKLV�UHFHQW�VWXG\�ZDV�WKDW�VWXGHQW�SHHU�DVVHVVLQJ�FRXOG�SURGXFH�D�IDLU�
JUDGH�LQ�D�K\EULG�XQGHUJUDGXDWH�VXSSO\�FKDLQ�FRXUVH��$�NH\�FKDOOHQJH�ZDV�WKHUH�ZHUH�WKUHH�ORQJ�
ZULWWHQ�DVVLJQPHQWV�ZHLJKWHG�DW�����RI�WKH�FRXUVH�VSUHDG�WKURXJKRXW����ZHHNV��WKH�ILQDO�H[DP�LQ�
ZHHN����ZDV�ZHLJKWHG�DW�������7KH�VHFRQGDU\�JRDO�ZDV�WR�H[SORUH�LI�0RRGOH�FRXOG�IDFLOLWDWH�WKH�
RQOLQH�DVVHVVPHQW�RI�WKH�WKUHH�SURMHFW�PDQDJHPHQW�SODQV��33V���$�33�ZDV�DSSUR[LPDWHO\����
VLQJOH�VSDFHG�SDJHV��EDVHG�RQ�D�XQLTXH�LQLWLDWLYH�IRU�HDFK�RI�WKH����VWXGHQWV��DQG�LW�ZDV�HYDOXDWHG�
DJDLQVW�QLQH�3URMHFW�0DQDJHPHQW�%RG\�RI�.QRZOHGJH��30%2.��VWDQGDUGV�DV�ZHOO�DV�RWKHU�
FRXUVH�OHDUQLQJ�REMHFWLYHV��7KH�30%2.�OHFWXUHV�ZHUH�FODVVURRP�EDVHG��GDWD�FROOHFWLRQ�ZDV�ILHOG�
EDVHG�IRU�DXWKHQWLF�H[SHULHQWLDO�OHDUQLQJ�ZKLOH�WKH�/06�ZDV�HVVHQWLDO�IRU�PDWHULDO�VKDULQJ�DQG�
DVVLJQPHQW�PDQDJHPHQW��,QWHUUDWHU�UHOLDELOLW\��FRUUHODWLRQ�DQG�SDLU�ZLVH�W�WHVW�HVWLPDWHV�VXSSRUWHG�
WKH�K\SRWKHVHV��3HHU�DVVHVVPHQWV�ZHUH�IRXQG�WR�EH�UHOLDEOH�EHWZHHQ�VWXGHQWV�DQG�FRQVLVWHQW�ZLWK�
WKH�SURIHVVRU¶V�HYDOXDWLRQV��0RRGOH¶V�ZRUNVKRS�PRGXOH�ZDV�HIIHFWLYH�EXW�WKHUH�ZHUH�WZR�PLQRU�
VKRUWFRPLQJV������UHOLDELOLWLHV�PXVW�EH�HVWLPDWHG�PDQXDOO\��DQG�����WKHUH�ZDV�RQO\�RQH�
UXGLPHQWDU\�DOJRULWKP�LQ�0RRGOH�WR�FDOFXODWH�WKH�VWXGHQW�UDWHU�JUDGH�IRU�SHHU�DVVHVVPHQW�TXDOLW\���
�
.H\ZRUGV��VXPPDWLYH�SHHU�DVVHVVPHQW��0RRGOH�ZRUNVKRS��LQWHUUDWHU�UHOLDELOLW\�DJUHHPHQW��
VWXGHQW�SHHU�JUDGLQJ��XQGHUJUDGXDWH�VXSSO\�FKDLQ�SURMHFW�PDQDJHPHQW�K\EULG�FRXUVH��
�

,QWURGXFWLRQ�
�
7KLV�VWXG\�FRQWULEXWHV�WR�$6&,/,7(¶V�(OHFWULF�'UHDPV�FRPPXQLW\�RI�SUDFWLFH�E\�UHYLHZLQJ�WKH�SDVW�OLWHUDWXUH�
DQG�UHSRUWLQJ�D�VXFFHVVIXO�HQGHDYRU�ZKLFK�DSSOLHG�VXPPDWLYH�VWXGHQW�SHHU�DVVHVVPHQWV�XVLQJ�0RRGOH�DV�WKH�
/HDUQLQJ�0DQDJHPHQW�6\VWHP��/06��IRU�D�E\EULG�PRGH�FRXUVH��ZLWK�FRPELQDWLRQV�RI�FODVVURRP��ILHOG�DQG�
RQOLQH�VWXGHQW�OHDUQLQJ���7KH�ILQGLQJV�IURP�WKLV�VWXG\�ZLOO�LQIRUP�DQG�PRWLYDWH�IXWXUH�UHVHDUFK��
��
7KH�XQGHUO\LQJ�PRWLYH�IRU�WKLV�VWXG\�ZDV�VDGO\�QRW�PHUHO\�WRZDUGV�EHWWHU�WHDFKLQJ�DQG�OHDUQLQJ�EXW�UDWKHU�WR�
LPSURYH�WKH�HIILFLHQF\�RI�FXUUHQW�SUDFWLFHV�RXW�RI�QHFHVVLW\�EHFDXVH�RI�LQFUHDVHG�ZRUNORDG��)DFXOW\�PXVW�ILQG�
ZD\V�WR�OHYHUDJH�WHFKQRORJ\�LQ�SHGDJRJ\��IRU�FRQWLQXRXV�LPSURYHPHQW�DQG�RXW�RI�QHFHVVLW\�GXH�WR�WHDFKLQJ�
ODUJHU�FODVVHV��3XEOLF�XQLYHUVLW\�EXGJHWV�VKUDQN�ZKLOH�VWXGHQW�HQUROOPHQW�LQFUHDVHG�LQ�86$�DV�PRUH�DGXOWV�
VRXJKW�GHJUHHV�WR�UHWRRO�RU�WR�LQFUHDVH�HPSOR\PHQW�FRPSHWLWLYHQHVV��8QLWHG�8QLRQ�3URIHVVLRQDOV���������
%XVLQHVV�VFKRRO�IDFXOW\�DUH�XQGHU�SUHVVXUH�IURP�GLVFLSOLQDU\�DFFUHGLWDWLRQ�HQWLWLHV�WR�LQFUHDVH�VFKRODUO\�UHVHDUFK�
SXEOLFDWLRQV�DQG�WR�SURYLGH�VXPPDWLYH�DVVHVVPHQWV�ZKLFK�VKRZ�VWXGHQWV�DUH�OHDUQLQJ��$VVRFLDWLRQ�WR�$GYDQFH�
&ROOHJLDWH�6FKRROV�RI�%XVLQHVV��������$FFUHGLWDWLRQ�&RXQFLO�IRU�%XVLQHVV�6FKRROV�DQG�3URJUDPV���������
�
7KH�PDFUR�OHYHO�SUREOHP�ZDV�WKDW�PDQ\�XQLYHUVLWLHV�LQ�86$�KDG�H[SDQGHG�SULRU�WR�WKH�HFRQRPLF�UHFHVVLRQ�E\�
RSHQLQJ�DGGLWLRQDO�FDPSXVHV�\HW�QRZ�WKH\�IRXQG�WKHPVHOYHV�ZLWK�PRUH�VWXGHQWV�DQG�OHVV�EXGJHW��,Q�IDFW��RQH�RI�
WKH�FRVW�FXWWLQJ�PHDVXUHV�WDNHQ�E\�WKH�FROOHFWLYH�JURXS�RI�6WDWH�8QLYHUVLW\�RI�1HZ�<RUN�LQVWLWXWLRQV��681<��
GXULQJ������ZDV�WR�UHSODFH�WKH�H[SHQVLYH�%ODFNERDUG�DQG�$QJHO�/06�FRPPHUFLDO�SURGXFWV�ZLWK�RSHQ�VRXUFH�
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0RRGOH��GHYHORSHG�LQ�$XVWUDOLD���0RRGOH�LV�IUHH��LQ�WHUPV�RI�SXUFKDVH�SULFH��EXW�LW�UHTXLUHV�H[SHUWLVH�IURP�
IDFXOW\�WR�SURSHUO\�OHYHUDJH�LW�IRU�SHGDJRJ\��0RRGOH�DOVR�UHTXLUHV�FRQVLGHUDEOH�VXSSRUW�IURP�WKH�WHFKQRORJ\�
VWDII�WR�LPSOHPHQW�DQG�PDQDJH�LW��&ROOHFWLYHO\��681<�LQVWLWXWLRQV�KDYH�DSSUR[LPDWHO\���������VWXGHQWV�DQG�
RYHU���PLOOLRQ�DOXPQL��7KXV��0RRGOH�EHVW�SUDFWLFHV�GHYHORSHG�DW�681<�DUH�OLNHO\�WR�EH�ZRUWK�VKDULQJ�ZLWK�WKH�
JOREDO�HGXFDWLRQDO�FRPPXQLW\��
�
7KH�PLFUR�OHYHO�GLOHPPD�ZDV�WKDW�PDQ\�681<�LQVWLWXWLRQV�QHHGHG�HIIHFWLYH�ZD\V�WR�WHDFK�ODUJH�IDFH�WR�IDFH�
FRXUVHV�DFURVV�GLIIHUHQW�FDPSXVHV��,Q�WKH�FDVH�VWXG\��WKH�SURIHVVRU�QHHGHG�WR�WHDFK�WKH�VDPH�PXOWL�VHFWLRQ�IDFH�
WR�IDFH�FRXUVH�DW�WZR�SK\VLFDO�FDPSXVHV��ZLWK�D�IRXU�KRXU�UHWXUQ�GULYH�EHWZHHQ�WKHP�WKURXJK�WKH�$GLURQGDFN�
0RXQWDLQV�LQ�1HZ�<RUN�6WDWH�GXULQJ�ZLQWHU��0DQ\�XQLYHUVLWLHV�DURXQG�WKH�ZRUOG�IDFH�FRPSDUDEOH�FKDOOHQJHV�
GHOLYHULQJ�HIIHFWLYH�HGXFDWLRQ�SURJUDPV�WR�WKHLU�FOLHQWV�DFURVV�JHRJUDSKLF�GLVWDQFHV��VR�WKRVH�SUDFWLWLRQHUV�PD\�
EH�LQWHUHVWHG�LQ�WKH�RXWFRPHV�RI�WKLV�VWXG\��
�
7KH�FRXUVH�FRQWHQW�ZDV�SUHGRPLQDWHO\�TXDOLWDWLYH�LQ�QDWXUH��ZKLFK�UHTXLUHG�VWXGHQWV�WR�SURGXFH�HVVD\V�DQG�JLYH�
SHULRGLF�SUHVHQWDWLRQV�RI�WKHLU�SURJUHVV��2QH�RI�WKH�OHDUQLQJ�REMHFWLYHV�UHTXLUHG�VWXGHQWV�WR�FRQGXFW�SHHU�
DVVHVVPHQWV��ZKLFK�WKHUHIRUH�KDG�WR�EH�VWUXFWXUHG�LQ�D�ZD\�VR�WKDW�IDLU�JUDGHV�FRXOG�EH�JLYHQ��6WXGHQWV�ZHUH�
HYDOXDWHG�RQ�WKHLU�DELOLW\�WR�IDLUO\�DVVHVV�SHHUV������RI�FRXUVH�SRLQWV���DQG�LQ�WXUQ��VWXGHQWV�ZHUH�DVVHVVHG�E\�
WKHLU�SHHUV��\HW�WKH�SURIHVVRU�ZDV�UHVSRQVLEOH�IRU�XOWLPDWHO\�HYDOXDWLQJ�HYHU\�VWXGHQW�RXWFRPH���
�
3HHU�DVVHVVPHQW�LV�DQ�HIIHFWLYH�SHGDJRJ\�WHFKQLTXH��)DOFKLNRY�	�*ROGILQFK��������*UHHQ�	�-RKQVRQ��������
5XVVHOO�	�$LUDVLDQ��������6SH\HU��3LO]��9DQ�'HU�.UXLV�	�%UXQLQJV���������0DQ\�UHVHDUFKHUV�KDYH�SXEOLVKHG�
VWXGLHV�GHPRQVWUDWLQJ�WKDW�SHHU�DVVHVVLQJ�LV�KHOSIXO�WR�WKH�OHDUQLQJ�SURFHVV��%D\DW�	�1DLFNHU��������'L9DOO�HW�
DO���������'ROOLVVR�	�.RXQGLQ\D��������)LQQ�	�*DUQHU��������*LHOHQ��'RFK\�	�2QJKHQD��������*LHOHQ��'RFK\��
2QJKHQD��6WUX\YHQ�	�6PHHWV��������+H\PDQ�	�6DLORUV��������.R��������.ULWLNRV��:RXOIH��6XNNDU�	�6DLQL��
������/L��������/L�	�/HL�QD��������/L��/LX�	�=KRX��������/X�	�/DZ��������/X�	�=KDQJ��������1LFKROVRQ��
������1XOW\��������6KLK��������7KRPDV��0DUWLQ�	�3OHDVDQWV��������:X��'DYLVRQ�	�6KHHKDQ��������:X��+RX�	�
+ZDQJ��������=KDQJ�	�%ODNH\��������=KL�)HQJ��/LX�	�/HH����������
�
:KHQ�)DOFKLNRY�DQG�*ROGILQFK��������S�������H[DPLQHG����VWXGLHV�WKH\�IRXQG�WKH��PHDQ�FRUUHODWLRQ�RYHU�DOO�
VWXGLHV�ZDV�������LQGLFDWLQJ�HYLGHQFH�RI�DJUHHPHQW�EHWZHHQ�SHHU�DQG�WHDFKHU�PDUNV�RQ�DYHUDJH���7KLV�LQGLFDWHG�
WKDW�D�ODUJH�SRUWLRQ�RI�WKHVH�ZHUH�YDOLG�EDVHG�RQ�WKH�EHQFKPDUN�RI������IRU�UHOLDELOLW\��+DLU��%ODFN��%DELQ��
$QGHUVRQ�	�7DWKDP��������0F&DEH����������
�
7KHUH�KDYH�EHHQ�YDULRXV�VWDQGDORQH�VRIWZDUH��H�J���L3HHU��:HE3$��63$5.��RU�VXEV\VWHPV��H�J���3HHU0DUN�
ZLWKLQ�7XUQ,W,Q��IRU�LPSOHPHQWLQJ�SHHU�DVVHVVPHQWV��,Q�WKLV�VWXG\�WKH�JRDO�ZDV�WR�XWLOL]H�0RRGOH�LI�SRVVLEOH�
VLQFH�LW�ZDV�WKH�VDQFWLRQHG�/06��0RRGOH�KDV�D�ZRUNVKRS�PRGXOH�VSHFLILFDOO\�GHYHORSHG�IRU�IDFLOLWDWLQJ�VWXGHQW�
SHHU�DVVHVVPHQWV��+RZHYHU��WKHUH�ZDV�QR�LQIRUPDWLRQ�LQ�WKH�OLWHUDWXUH�DV�HYLGHQFH�RI�LWV�HIIHFWLYHQHVV�RU�DERXW�
KRZ�WR�FRQILJXUH�0RRGOH�IRU�VWXGHQW�SHHU�DVVHVVPHQWV�LQ�D�IDFH�WR�IDFH�XQLYHUVLW\�EXVLQHVV�FRXUVH��0RUH�VR��
WKHUH�ZHUH�QR�JXLGHOLQHV�IRU�PHDVXULQJ�WKH�FRQVLVWHQF\�RI�SHHU�DVVHVVPHQWV��)XUWKHUPRUH��D�SLORW�VWXG\�E\�WKH�
DXWKRU�XVLQJ�0RRGOH�ZRUNVKRS�KDG�UHYHDOHG�WKDW�WKH�SHHU�DVVHVVPHQW�DOJRULWKP�ZDV�QRW�WRWDOO\�UHOLDEOH��DQG�
VHYHUDO�H[SHULHQFHG�0RRGOH�SURJUDPPHUV�KDYH�GRFXPHQWHG�WKHVH�PLQRU�SUREOHPV��0XGUDN������E���
�
2QH�PDQGDWH�RI�WKLV�VWXG\�ZDV�WR�VWUXFWXUH�SHGDJRJ\�WR�LQFOXGH�0RRGOH��WHFKQRORJ\��WR�IDFLOLWDWH�SHHU�
DVVHVVPHQW�DQG�IDLU�JUDGLQJ�RI�VWXGHQW�DVVLJQPHQWV��$QRWKHU�REMHFWLYH�ZDV�WR�VWDWLVWLFDOO\�PHDVXUH�WKH�LQWHUUDWHU�
UHOLDELOLW\�RI�WKH�VWXGHQW�SHHU�DVVHVVPHQWV�FRPSDUHG�ZLWK�WKH�SURIHVVRU��$Q�DGGLWLRQDO�JRDO�ZDV�WR�VWDWLVWLFDOO\�
HVWLPDWH�WKH�UHOLDELOLW\�RI�XVLQJ�D�0RRGOH�ZRUNVKRS�IRU�SHHU�DVVHVVPHQW��,QGXFWLYHO\��UHFRPPHQGDWLRQV�ZHUH�
QHHGHG�IRU�DSSO\LQJ�0RRGOH�ZRUNVKRS�/06�LQ�KLJKHU�HGXFDWLRQ�SUDFWLFH�DQG�IRU�FRQGXFWLQJ�IXUWKHU�UHVHDUFK��

�
/LWHUDWXUH�UHYLHZ�
�
)LUVW�SHHU�DVVHVVPHQW�WKHRU\�LQ�KLJKHU�HGXFDWLRQ�ZDV�UHYLHZHG��IROORZHG�E\�UHOHYDQW�HPSLULFDO�VWXGLHV��7KHQ�WKH�
DSSOLFDWLRQ�RI�SHHU�DVVHVVPHQW�XVLQJ�/06�WHFKQRORJ\��VSHFLILFDOO\�0RRGOH��ZDV�UHVHDUFKHG��
�
3HHU�DVVHVVPHQW�WKHRU\�
�
*RRG�TXDOLW\�KLJKHU�HGXFDWLRQ�SURJUDPV�VKRXOG�HQFRXUDJH�LQWHUDFWLRQ�DQG�XVH�SHHU�DVVHVVPHQWV�LQ�WKH�SHGDJRJ\�
�-RKQVRQ�	�$UDJRQ���������3HHU�DVVHVVPHQWV�VKRXOG�EH�XVHG�LQ�DGGLWLRQ�WR�IDFXOW\�JHQHUDWHG�DQG�VHOI�UHJXODWHG�
IHHGEDFN�EHFDXVH�VWXGHQWV�OHDUQ�EHVW�IURP�PXOWLSOH�VRXUFHV��6WUDQJ������E���DQG�WKURXJK�D�YDULHW\�RI�OHDUQLQJ�
VW\OH�PDWFKHV�ZLWK�WKHLU�SURIHVVRUV�RU�WXWRUV��6WUDQJ������������D���
�
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0HDVXUHPHQW�RI�SHUIRUPDQFH�DJDLQVW�REMHFWLYH�FULWHULD�LV�WKH�IXQGDPHQWDO�WDVN�LQ�D�SHHU�DVVHVVPHQW��ZKLFK�
QHHGV�WR�EH�FOHDUO\�VWUXFWXUHG�DQG�VLPSOH��LQ�RUGHU�WR�EH�HIIHFWLYH�IRU�VWXGHQWV�WR�DGPLQLVWHU��)DOFKLNRY�	�
*ROGILQFK����������7KH�ZRUGV�
DVVHVVPHQW
�DQG�
HYDOXDWLRQ
�DUH�IUHTXHQWO\�XVHG�LQWHUFKDQJHDEO\��EXW�WKH\�GLIIHU�
LQ�VLJQLILFDQW�ZD\V��$VVHVVPHQWV�DUH�ZULWWHQ��RUDO��REVHUYDWLRQDO��DQG�RU�TXDQWLWDWLYH�SHUIRUPDQFH�PDUNV��H�J���
WHVW�VFRUHV��WKDW�SURYLGH�LQIRUPDWLRQ�WR�GHWHUPLQH�KRZ�ZHOO�D�VWXGHQW�KDV�SURJUHVVHG�WRZDUG�WKH�LQWHQGHG�
REMHFWLYHV��*UHHQ�	�-RKQVRQ���������(YDOXDWLRQV�XVH�WKH�DVVHVVPHQWV�WR�PDNH�MXGJPHQWV�DERXW�D�VWXGHQW¶V�
DELOLW\�DQG�WR�LQIRUP�GHFLVLRQV�DERXW�FRQWLQXHG�SHGDJRJ\��*UHHQ�	�-RKQVRQ���������7KHUHIRUH��SHHU�DVVHVVPHQW�
LV�FRQFHUQHG�ZLWK�WKH�VWXGHQW�JUDGLQJ�DVVLJQPHQWV�EDVHG�RQ�SUHGHILQHG�FULWHULD��ZKLOH�IDFXOW\�ZLOO�JHQHUDOO\�
HYDOXDWH�DVVHVVPHQW�VFRUHV�WR�LQIRUP�RQJRLQJ�SHGDJRJ\��
�
7KH�ZRUGV�
IRUPDWLYH
�DQG�
VXPPDWLYH
�DUH�DOVR�RIWHQ�PHQWLRQHG�LQ�SHHU�DVVHVVPHQWV��)RUPDWLYH�UHIHUV�WR�D�
SHGDJRJLFDO�SURFHVV�GRQH�E\�WKH�SURIHVVRU�RU�VWXGHQWV�GXULQJ�WKH�FRXUVH�WR�PHDVXUH�VWXGHQW�XQGHUVWDQGLQJ�RI�WKH�
PDWHULDO��DV�ZHOO�DV�WR�PRQLWRU�DQG�JXLGH�IXWXUH�SHGDJRJ\��5XVVHOO�	�$LUDVLDQ���������6XPPDWLYH�LV�WKH�
HYDOXDWLRQ�GRQH�DW�WKH�HQG�RI�WKH�WHDFKLQJ�SURFHVV�IRU�D�JURXS�RI�FRQFHSWV��DOEHLW�QRW�QHFHVVDULO\�DW�WKH�HQG�RI�WKH�
FRXUVH��5XVVHOO�	�$LUDVLDQ���������8VXDOO\�IRUPDWLYH�DVVHVVPHQWV�DUH�JLYHQ�E\�WKH�SURIHVVRU�DV�TXHVWLRQV�SRVHG�
GXULQJ�WKH�FODVV��RU�RQOLQH�LQ�D�IRUXP��ZKLOH�VXPPDWLYH�HYDOXDWLRQV�DUH�GRQH�DW�WKH�HQG�RI�D�OHDUQLQJ�XQLW�
WKURXJK�WHVWV�RU�DVVLJQPHQWV�ZLWK�SUHGHWHUPLQHG�UXEULFV�IRU�JUDGLQJ��3HHU�VWXGHQW�DVVHVVPHQWV�DUH�XVXDOO\�
VXPPDWLYH�LQ�QDWXUH��*UHHQ�	�-RKQVRQ��������EXW�WKH\�FRXOG�EH�IRUPDWLYH�RU�ERWK�GHSHQGLQJ�RQ�WKH�DSSOLFDWLRQ��
³%\�GHILQLWLRQ��DOO�VWXGHQW�ZRUNV�WKDW�FRQWULEXWH�WR�FRXUVH�JUDGHV�DUH�VXPPDWLYH��>«@�*UDGHV�PD\�EH�SUHVVHG�
LQWR�GRLQJ�GRXEOH�GXW\��IRUPDWLYH�DQG�VXPPDWLYH´��6DGOHU��������S��������$V�6DQGOHU�LPSOLHG��IRUPDWLYH�DQG�
VXPPDWLYH�SHHU�DVVHVVPHQWV�DUH�XVHIXO�LQ�DV�IDU�DV�WKH\�SURYLGH�H[WULQVLF�PRWLYDWLRQ�DQG�LQWULQVLF�VHOI�HIILFDF\��
�
7KH�NH\�WKHRUHWLFDO�SUREOHPV�ZLWK�SHHU�DVVHVVPHQWV��LQFOXGLQJ�IDFXOW\�SURYLGHG�DVVHVVPHQWV��DUH�UHOLDELOLW\��
YDOLGLW\��ELDV�DQG�DXWRPDWLRQ�ZLWK�WHFKQRORJ\���3HHU�DVVHVVPHQW�UHOLDELOLW\�UHIHUV�WR�WKH�GHJUHH�WKDW�VFRUHV�RQ�WKH�
DVVHVVPHQW�DUH�FRQVLVWHQW�DQG�VWDEOH�DFURVV�PXOWLSOH�UDWHUV��VWXGHQWV��IDFXOW\�RU�FRPELQDWLRQV�RI�ERWK��*UHHQ�	�
-RKQVRQ���������7KH�WKUHH�FRPPRQ�VRXUFHV�RI�HUURU�LQ�SHHU�DVVHVVPHQWV�ZKLFK�GHFUHDVH�UHOLDELOLW\�DUH��RFFDVLRQ�
�GLIIHUHQFHV�LQ�WLPH�DQG�FRQWH[W���LWHPV��VRPH�UDWHUV�PD\�QRW�IXOO\�XQGHUVWDQG�DOO�FULWHULD�RU�SHUFHLYH�WKHP�
GLIIHUHQWO\���DQG�VFRULQJ�LVVXHV�DVVRFLDWHG�ZLWK�ELDV�EHWZHHQ�VWXGHQWV�DQG�WKHLU�UDWHUV��*UHHQ�	�-RKQVRQ����������
�
$�FOHDU�GHVLJQ�XVLQJ�DQ�REMHFWLYH�UXEULF�FDQ�UHGXFH�ELDV�DQG�LPSURYH�YDOLGLW\�ZKLOH�VWDWLVWLFDO�HVWLPDWHV�VXFK�DV�
LQWHUUDWHU�DJUHHPHQW�FDQ�EH�JHQHUDWHG�WR�PHDVXUH�UHOLDELOLW\��+DLU��%ODFN��%DELQ��$QGHUVRQ�	�7DWKDP��������
0F&DEH��������6WUDQJ���������$�/06�FDQ�EH�XVHG�IRU�SHHU�DVVHVVPHQWV�WR�VWUHDPOLQH�SHHU�DVVHVVPHQW�
LPSOHPHQWDWLRQ�DQG�WR�LPSURYH�WKH�HIIHFWLYHQHVV�RI�WKH�SURFHVV�DV�ZHOO�DV�VWXGHQW�OHDUQLQJ��%LWWHU�	�/HJDF\��
�������
�
3HHU�DVVHVVPHQW�YDOLGLW\�LV�WKH�H[WHQW�WR�ZKLFK�WKH�LQVWUXPHQW�SURYLGHV�DQ�DFFXUDWH��UHSUHVHQWDWLYH��DQG�UHOHYDQW�
PHDVXUH�RI�VWXGHQW�SHUIRUPDQFH�IRU�LWV�LQWHQGHG�SXUSRVH��*UHHQ�	�-RKQVRQ���������&RQVWUXFW�UHODWHG�ULJRU�LV�
REWDLQHG�E\�HQVXULQJ�WKH�UXEULF�LV�FOHDU��&RQWHQW�UHODWHG�YDOLGLW\�UHIHUV�WR�UHIHUV�PHDVXULQJ�WKH�FRUUHFW�
REMHFWLYHV��&ULWHULRQ�UHODWHG�YDOLGLW\�UHIHUV�WR�XVLQJ�UHOHYDQW�DQG�HDV\�WR�XQGHUVWDQG�VFRULQJ�VFDOHV��ZKLFK�WKH�
UDWHUV�ZLOO�XVH�VXFK�DV�QRPLQDO��JRRG�YHUVXV�EDG�ZRUGLQJ��RU�RUGLQDO��H�J���/LNHUW���WR����UDWLQJV��6WUDQJ����������
�
'LIIHUHQFHV�EHWZHHQ�WKH�VRFLR�FXOWXUDO�IDFWRUV�RI�WKH�UDWHU�YHUVXV�UXEULF�FUHDWRU�YHUVXV�VWXGHQW�RIWHQ�LPSDFW�WKH�
YDOLGLW\�DQG�UHOLDELOLW\�RI�SHHU�DVVHVVPHQWV��/L��������0RN��������6KLK���������5HVHDUFKHUV�KDYH�DUJXHG�WKHUH�
ZLOO�EH�GLVDJUHHPHQW�EHWZHHQ�UDWHUV�UHJDUGOHVV�RI�ZKHWKHU�WKH\�DUH�VWXGHQWV�RU�IDFXOW\��)DOFKLNRY�	�*ROGILQFK��
�������+RZHYHU��WKH�FRQFHSW�EHKLQG�UDQGRPL]HG�DOORFDWLRQ�RU�SHHU�DVVHVVRUV�LV�GHULYHG�IURP�WKH�QRUPDO�
GLVWULEXWLRQ�LQ�WKDW�ZLWK�HQRXJK�UDWHUV��LQGLYLGXDO�GLIIHUHQFHV�VKRXOG�DYHUDJH�RXW��5XVVHOO�	�$LUDVLDQ���������
(YDOXDWRU�GLIIHUHQFHV�DOVR�UHIOHFW�WKH�UHDO�ZRUOG�ZRUNSODFH�VR�WKLV�LV�DQRWKHU�DUJXPHQW�VXSSRUWLQJ�SHHU�
DVVHVVPHQWV��
�
)DOFKLNRY�DQG�*ROGILQFK��������DFNQRZOHGJHG�WKDW�IDFXOW\�PD\�QRW�XVH�SHHU�DVVHVVPHQWV�EHFDXVH�WKH\�DUH�
DIUDLG�VWXGHQWV�ZLOO�QRW�EH�DEOH�WR�HYDOXDWH�DVVLJQPHQWV�UHOLDEO\�RU�WKDW�VWXGHQW�PDUNV�ZLOO�QRW�EH�FRQVLVWHQW�ZLWK�
ZKDW�IDFXOW\�ZRXOG�GR��2WKHU�UHVHDUFKHUV�FRQFXUUHG�ZLWK�WKLV��%HGRUH�	�2
6XOOLYDQ���������1RQHWKHOHVV��WKLV�LV�
DQ�HIIHFWLYH�OHDUQLQJ�VWUDWHJ\�DQG�SHGDJRJ\��LQ�WKDW�VWXGHQWV�OHDUQ�WR�LPSURYH�GXULQJ�WKH�FRXUVH�IURP�WKH�
IHHGEDFN�RQ�D�IRUPDWLYH�EDVLV��DQG�IDFXOW\�PD\�XVH�WKH�DVVHVVPHQW�VFRUHV�DV�SDUW�RI�WKH�JUDGLQJ�WRZDUGV�WKH�
FRXUVH�OHDUQLQJ�REMHFWLYHV�LQ�D�VXPPDWLYH�PDQQHU��$GGLWLRQDOO\��RQ�WKH�DVVXPSWLRQ�WKDW�WKH�VWXGHQW�DVVHVVLQJ�LV�
GRQH�IDLUO\��WKLV�RII�ORDGV�D�ODUJH�SDUW�RI�WKH�HYDOXDWLRQ�ZRUN�IURP�EXV\�IDFXOW\�ZKHQ�HQUROOPHQW�LV�ODUJH�DQG�
ZKHQ�WKH�W\SHV�RI�DVVLJQPHQWV�DUH�TXDOLWDWLYH�LQ�QDWXUH�ZLWK�ORQJ�ZULWWHQ�UHSRUWV��
�
3HHU�DVVHVVPHQW�VWXGLHV�
�
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6SH\HU��3LO]��9DQ�'HU�.UXLV�DQG�%UXQLQJV��������VHDUFKHG������VWXGLHV�LQ�WKH�HGXFDWLRQDO�SV\FKRORJ\�OLWHUDWXUH�
IRU�WKH�SHULRG�HQGLQJ�0D\������WR�UHSRUW�WKH�XVH�RI�SHHU�DVVHVVPHQW�DV�D�SHGDJRJ\��7KH\�FRQFOXGHG�WKDW�SHHU�
DVVHVVPHQW�ZDV�ZLGHO\�XVHG�DQG�LW�ZDV�DQ�HIIHFWLYH�HGXFDWLRQDO�LQWHUYHQWLRQ��ZKLFK�LPSURYHG�OHDUQLQJ��7KHLU�
DGYLFH�IRU�PDNLQJ�SHHU�DVVHVVPHQW�HIIHFWLYH�ZDV�WR�XVH�DQ�LQVWUXPHQW�OLQNHG�WR�WKH�OHDUQLQJ�REMHFWLYHV�ZKLFK�
KDV�KLJK�UHOLDELOLW\�DQG�YDOLGLW\��,Q�HIIHFW�ZKDW�WKH\�ZHUH�UHFRPPHQGLQJ�IURP�HPSLULFDO�H[SHULHQFH�ZDV�WR�XVH�D�
UXEULF�WR�LPSURYH�REMHFWLYLW\�ZLWKLQ�UDWHUV�DQG�WR�LQFUHDVH�FRQVLVWHQF\�EHWZHHQ�UDWHUV��7KH\�IRXQG�PRVW�SHHU�
DVVHVVPHQW�UXEULFV�GLG�QRW�SURYLGH�VXIILFLHQW�SV\FKRPHWULF�PHDVXUHV�WR�HQVXUH�VWXGHQWV�ZHUH�UHFHLYLQJ�D�IDLU�
UHVXOW��$Q�LPSRUWDQW�DVVHUWLRQ�WKH\�PHQWLRQHG�ZDV�³DQ�LQVWUXPHQW�IRU�HGXFDWLRQDO�SXUSRVHV�FDQ�RQO\�EH�MXVWLILHG�
E\�LWV�VXIILFLHQW�UHOLDELOLW\�DQG�YDOLGLW\�DV�ZHOO�DV�WKH�GLVFULPLQDWLYH�DQG�HYDOXDWLYH�SXUSRVHV�RI�WKH�DVVHVVPHQW´�
�6SH\HU�HW�DO���������S��������$�NH\�OLPLWDWLRQ�RI�WKHLU�UHVHDUFK�ZDV�WKDW�WKH\�UHYLHZHG�RQO\���������RI�WKRVH�
VWXGLHV�LQ�GHWDLO�ZKLFK�GLG�QRW�DSSHDU�WR�FRQIRUP�WR�WKH�V\VWHPDWLF�VDPSOLQJ�PHWKRGRORJ\�WKH\�SODQQHG��
8QIRUWXQDWHO\�QR�JXLGHOLQHV�ZHUH�JLYHQ�IRU�EHQFKPDUNV��H�J���PHDQ�DFFHSWDEOH�FRQVLVWHQF\��RU�E\�ZD\�RI�
PHWKRGV�DQG�IRUPXODV�WR�LPSOHPHQW�SHHU�DVVHVVPHQWV��)XUWKHUPRUH�WKH\�GLG�QRW�GLIIHUHQWLDWH�EHWZHHQ�IRUPDWLYH�
YHUVXV�VXPPDWLYH�DVVHVVPHQW�\HW�DFFRUGLQJ�WR�WKHLU�GLVFXVVLRQ�WKH�ODWWHU�ZDV�DVVXPHG��
�
)DOFKLNRY�DQG�*ROGILQFK��������SHUIRUPHG�D�ODQGPDUN�PHWD�DQDO\VLV�RI����HPSLULFDO�VWXGHQW�SHHU�DVVHVVPHQW�
VWXGLHV����ILQGLQJ�WKDW�VWXGHQW�HYDOXDWLRQV�RI�WKHLU�SHHUV�ZHUH�HIIHFWLYH��ZLWK�3HDUVRQ�3URGXFW�0RPHQW�
&RUUHODWLRQ�U�UDQJLQJ�IURP������WR�������PHDQ�U�ZDV��������7KH\�ZHLJKWHG�WKH�U�FDOFXODWLRQ�E\�VDPSOH�VL]H�DQG�
QXPEHU�RI�FRPSDULVRQV�PDGH��WKXV�ODUJHU�FRKRUWV�ZRXOG�KDYH�D�JUHDWHU�LQIOXHQFH�RQ�WKHLU�UHVXOW��7KH�QDWXUH�RI�
WKH�VXEMHFW�PDWWHU�LQ�WKHVH�VWXGLHV�ZHUH�JHQHUDOO\�TXDOLWDWLYH�DVVLJQPHQWV�ZKLFK�WKH\�GHVFULEHG�DV��DFDGHPLF�
SURGXFW�DQG�SURFHVV���)DOFKLNRY�	�*ROGILQFK��������S��������VXFK�DV�UHSRUWV�DQG�SUHVHQWDWLRQV���
�
,Q�WKHLU�PHWD�DQDO\VLV�)DOFKLNRY�DQG�*ROGILQFK��������FDOFXODWHG�WKH�FRUUHODWLRQ�5�RI�DFDGHPLF�SURGXFW�DQG�
SURFHVV�DVVHVVPHQWV�DV��������FRPELQHG�1 ���VWXGLHV���7KH�FDXVH�HIIHFW�FRHIILFLHQW�RI�GHWHUPLQDWLRQ�U�IRU�WKH�
SHHU�DVVHVVPHQWV�LQ�WKH�EXVLQHVV�GLVFLSOLQH�ZDV�������1 �����7KH\�FDOFXODWHG�DQ�RYHUDOO�ZHLJKWHG�HIIHFW�VL]H�
�IURP����H[SHULPHQWDO�VWXGLHV��WR�EH�����ZKLFK�LV�D�ODUJH�HIIHFW��&RKHQ���������7KLV�LQGLFDWHV�WKDW�HPSLULFDO�
VWXGLHV�KDYH�VKRZQ�VWXGHQW�DVVHVVPHQWV�RI�WKHLU�SHHUV�WR�EH�HIIHFWLYH�LQ�WHUPV�RI�FRQVLVWHQF\�ZLWK�IDFXOW\�
HYDOXDWLRQV�RI�WKH�VDPH�DVVLJQPHQW���
�
6XUSULVLQJO\��WKH\�DOVR�IRXQG�WKDW�FRUUHODWLRQV�EHWZHHQ�VWXGHQW�DQG�IDFXOW\�SHHU�DVVHVVPHQW�RI�DVVLJQPHQWV�GLG�
QRW�LQFUHDVH�DV�WKH�QXPEHU�RI�VWXGHQWV�LQFUHDVHG��7KH�RSWLPDO�QXPEHU�RI�UDWHUV�IRU�SHHU�DVVHVVPHQW�EDVHG�RQ�
PHWD�DQDO\VLV�UHVHDUFK�ZDV������ZLWK�PRUH�UDWHUV��FRQVLVWHQF\�GURSV��)DOFKLNRY�	�*ROGILQFK���������
,QWHUHVWLQJO\��WKH\�IRXQG�WKDW�WKH�TXDOLW\�RI�VWXGHQW�SHHU�DVVHVVPHQW�GLG�QRW�VLJQLILFDQWO\�GLIIHU�DFURVV�GLVFLSOLQHV�
RU�EDVHG�RQ�WHQXUH�RI�WKH�VWXGHQW��WLPH�LQ�WKH�SURJUDP��VXFK�DV�\HDU���YHUVXV�\HDU�����
�
/L��������HYDOXDWHG�SHHU�DVVHVVPHQW�LQ�D�SURMHFW�PDQDJHPHQW�FRXUVH��VLPLODU�WR�WKLV�VWXG\��DW�D�XQLYHUVLW\�LQ�
*HRUJLD��86$���6KH�DQDO\]HG�WKH�VWXGHQW�SHUFHSWLRQV�DQG�RXWFRPHV�RI�SHHU�DVVHVVPHQW�HIIHFWLYHQHVV�DV�
SHGDJRJ\��6KH�IRXQG�WKDW�VWXGHQWV�LQ�HDUO\�OHDUQLQJ�GHYHORSPHQW�VWDJHV�VKRZHG�PRUH�OHDUQLQJ�JDLQV�WKDQ�KLJK�
DFKLHYLQJ�VWXGHQWV��+RZHYHU��DOO�VWXGHQWV�KHOG�SRVLWLYH�DWWLWXGHV�WRZDUGV�WKHLU�SHHU�DVVHVVPHQW�H[SHULHQFH��7KLV�
LQGLFDWHV�WKH�SHHU�HYDOXDWLRQ�SURFHVV�ZDV�HIIHFWLYH�DV�D�IRUPDWLYH�DVVHVVPHQW��/L��;LRQJ\L�DQG�<XFKXQ��������
FRQGXFWHG�D�IROORZ�XS�VWXG\�RQ�WKLV�GDWD�ZKLFK�FRQILUPHG�WKH�LPSRUWDQFH�RI�SHHU�IHHGEDFN��7KHLU�DSSURDFK�ZDV�
WR�XVH�DVVHVVPHQWV�GXULQJ�WKH�FRXUVH�WR�KHOS�VWXGHQWV�VHOI�UHJXODWH�WKHLU�OHDUQLQJ�DQG�DOVR�DV�D�PHFKDQLVP�IRU�
JUDGLQJ��1XOW\��������SXEOLVKHG�D�VWXG\�ZKHUHE\�KH�UHFRPPHQGHG�XVLQJ�SHHU�DVVHVVPHQW�HDUO\�LQ�WKH�VWXGHQWV�
OHDUQLQJ�F\FOH��$GGLWLRQDOO\�KH�FDXWLRQHG�DJDLQVW�WKH�GLVDGYDQWDJHV�RI�XVLQJ�VHOI�DVVHVVPHQWV�GXH�WR�ELDV��
�
/LX�DQG�/HH��������LQYHVWLJDWHG�SHHU�REVHUYDWLRQ�DQG�IHHGEDFN�RQ�VWXGHQW�OHDUQLQJ�GXULQJ�D�SV\FKRORJ\�FRXUVH�
LQ�7DLZDQ��7KH\�GHWHUPLQHG�WKDW�SHHU�DVVHVVPHQW�ZDV�KHOSIXO�WR�VWXGHQWV��EXW�PRUH�VR�ODWHU�RQ�LQ�WKH�FRXUVH��$Q�
LPSRUWDQW�ILQGLQJ�IURP�WKHLU�ZRUN�ZDV�WKDW�VWXGHQWV�JRW�EHWWHU�DW�SHHU�DVVHVVPHQW�ZLWK�SUDFWLFH��7KHUHIRUH��DQ�
LPSRUWDQW�LPSOLFDWLRQ�ZRXOG�EH�UHTXLULQJ�VWXGHQWV�WR�ILUVW�FRPSOHWH�D�SUDFWLFH�SHHU�DVVHVVPHQW���
�
6RPH�IDFXOW\�XVH�SHHU�DVVHVVPHQW�LQIRUPDOO\�UDWKHU�WKDQ�DV�D�JUDGLQJ�PHFKDQLVP��+H\PDQ�DQG�6DLORUV��������
IRXQG�WKDW�WUDGLWLRQDO�SHHU�DVVHVVPHQWV�KHOSHG�VWXGHQWV�OHDUQ�WKH�PDWHULDO�EHWWHU��7KH\�DOVR�SURSRVHG�DQ�
LQWHUHVWLQJ�DSSURDFK�WR�EHWWHU�WKH�SHUFHSWLRQV�DQG�OHDUQLQJ�VW\OHV�EHWZHHQ�UDWHUV�DQG�SHHUV�E\�KDYLQJ�VWXGHQWV�
QRPLQDWH�WKHLU�UDWHUV��+RZHYHU��WKLV�ZRXOG�EH�WLPH�FRQVXPLQJ�IRU�ODUJH�FODVVHV�LQYROYLQJ�PXOWLSOH�DVVHVVPHQWV��
$Q�LPSRUWDQW�FRQFHSW�DULVLQJ�IURP�WKHLU�VWXG\�ZDV�WR�UHLQIRUFH�WKH�LGHD�RI�VWXGHQWV�SUDFWLFLQJ�SHHU�DVVHVVPHQWV��
7KH�ILQGLQJV�IURP�WKHVH�VWXGLHV�VXJJHVW�SHHU�DVVHVVPHQWV�DUH�YDOXDEOH�WR�XVH�RQ�D�IRUPDWLYH�DQG�VXPPDWLYH�
EDVLV��
�
3HHU�DVVHVVPHQW�XVLQJ�WHFKQRORJ\�
�
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2QH�RI�WKH�ZHOO�NQRZQ�VFKRODUO\�DGYRFDWHV�RI�XVLQJ�WHFKQRORJ\�LQ�HGXFDWLRQ��LQFOXGLQJ�SHHU�DVVHVVPHQWV��ZDV�
/DXULOODUG���������6KH�VXUYH\HG����KLJKHU�HGXFDWLRQ�LQVWLWXWLRQV�IURP����FRXQWULHV�LQ�$VLD�3DFLILF�UHJLRQ�
�(XUSRUH��/DWLQ�$PHULFD��DQG�1RUWK�$PHULFD��WR�GHWHUPLQH�WKH�HIIHFWLYHQHVV�RI�XVLQJ�WHFKQRORJ\�IRU�SHGDJRJ\��
+HU�UHFRPPHQGDWLRQ�ZDV�WR�OHYHUDJH�/06�WHFKQRORJ\�WR�EHWWHU�PDQDJH�ODUJH�FRKRUWV��
�
%LWWHU�DQG�/HJDF\��������HPSKDVL]HG�WKDW�WHFKQRORJ\�VKRXOG�EH�VXEVHUYLHQW�WR�OHDUQLQJ�REMHFWLYHV�ZKHQ�
FRQGXFWLQJ�SHHU�DVVHVVPHQWV�WKURXJK�WHFKQRORJ\��7KH\�DUJXHG�SHHU�DVVHVVPHQWV�DUH�PRUH�HIIHFWLYH�IRU�
HYDOXDWLQJ��DQG�IRU�VWXGHQW�OHDUQLQJ��ZLWK�TXDOLWDWLYH�DVVLJQPHQWV��VXFK�DV�WHDP�SURMHFWV�DQG�SUHVHQWDWLRQV��VLQFH�
WKHUH�LV�VR�PXFK�WR�UHYLHZ��PRUH�UDWHUV�DUH�EHWWHU�DEOH�WR�REVHUYH�GLIIHUHQW�SHUVSHFWLYHV�WR�HQKDQFH�WKH�
FRQVWUXFWLYH�IHHGEDFN��5XEULFV�OLQNHG�WR�FRXUVH�OHDUQLQJ�REMHFWLYH�VKRXOG�EH�GHVLJQHG�IRU�REMHFWLYLW\��ZKLFK�
UHIHU�WR�FRPSHWHQFLHV��DELOLWLHV��DQG�DWWLWXGHV��7KH\�RIIHUHG�WLSV�IRU�XVLQJ�SHHU�DVVHVVPHQW�UXEULFV�LQ�D�/06��

ª� $YRLG�KLJKO\�GHWDLOHG�FULWHULD�WKDW�EHFRPH�PRUH�RI�D�FKHFNOLVW�WKDQ�D�UXEULF��
ª� 8VH�D�OLPLWHG�QXPEHU�RI�GLPHQVLRQV��DVSHFWV��FDWHJRULHV���
ª� )RFXV�RQ�OHDUQLQJ�SULRULWLHV�RI�WKH�SURMHFW��
ª� 8VH�PHDVXUDEOH�FULWHULD�WKDW�FDQ�EH�FRXQWHG�RU�UDQNHG��VXFK�DV�RUGLQDOV��/LNHUW�����RU������VFDOHV���
ª� 8VH�IRXU�SHUIRUPDQFH�OHYHOV�WKDW�PDNH�ILQH�HQRXJK�GLVFULPLQDWLRQ��\HW�DUH�QRW�WRR�GLYLVLYH��VHH�EHORZ���
ª� 0DLQWDLQ�DQ�HTXDO�LQWHUYDO�GLVWDQFH�EHWZHHQ�OHYHOV�VR�WKDW�WKH�KLJKHVW�DQG�QH[W�KLJKHVW�DUH�DQ�HTXDO�

GLVWDQFH�WR�WKH�ORZHVW�DQG�QH[W�ORZHVW��
ª� ,QYROYH�VWXGHQWV�LQ�FUHDWLQJ�UXEULFV�VR�WKH\�ZLOO�FOHDUO\�XQGHUVWDQG�ZKDW�WKH�H[SHFWDWLRQV�DUH�DQG�WKLV�

ZLOO�HQFRXUDJH�VWXGHQW�VXSSRUW�RI�WKH�SURFHVV���DGDSWHG�IURP��%D\DW�	�1DLFNHU��������%LWWHU�	�/HJDF\��
�������

�
:LOOH\�DQG�*DUGQHU��������GHYHORSHG�D�SHHU�DVVHVVPHQW�PRGHO�DORQJ�ZLWK�D�VRIWZDUH�SURGXFW�FDOOHG�
63$5.SOXV�WR�DXWRPDWH�WKH�SURFHVV��7KH�VRIWZDUH�FRXOG�EH�HDVLO\�LQWHJUDWHG�LQWR�D�/06��7KHLU�PRGHO�ZDV�
EDVHG�RQ�WZR�VLPSOH�IRUPXODV��7KH�ILUVW�IRUPXOD�µ63$¶�ZDV�FDOFXODWHG�DV�WKH�VTXDUH�URRW�RI�WRWDO�UDWLQJV�IRU�DQ�
LQGLYLGXDO�DVVHVVPHQW�GLYLGHG�E\�DYHUDJH�RI�WRWDO�UDWLQJV�IRU�DO�O�WHDP�PHPEHUV��7KH�OLPLWDWLRQ�IRU�WKLV�UDWLQJ�LV�
WKDW�LW�PD\�SURYLGH�D�FRHIILFLHQW�ODUJHU�WKDQ�����VR�D�QRQOLQHDU�FRUUHFWLRQ�SURFHGXUH��PDQXDO�RU�SURJUDPPHG��
ZRXOG�EH�QHHGHG�WR�LPSOHPHQW�WKLV�IRU�JUDGLQJ�SXUSRVHV��7KH�JUDGH�LV�WKHQ�FDOFXODWHG�E\�PXOWLSO\LQJ�WKH�63$�
E\�WKH�WHDP�VFRUH��7KLV�FDQQRW�EH�LPSOHPHQWHG�IRU�LQGLYLGXDO�SURMHFWV�DV�ZDV�WKH�FDVH�LQ�WKLV�VWXG\��XQOHVV�RQO\�
WKH�63$�FRHIILFLHQW�ZHUH�XVHG�ZLWK�D�QRQOLQHDU�FRUUHFWLRQ�DOJRULWKP���7KHUH�ZHUH�QR�WHDP�SURMHFWV�KHUH�RQO\�
LQGLYLGXDO�SURMHFWV�ZKLFK�ZHUH�GRXEOH�EOLQG�DVVHVVHG�E\�ILYH�RWKHU�SHHUV��$OVR�WKHLU�PRGHO�GLG�QRW�UHSRUW�
UHOLDELOLWLHV�WR�HQVXUH�WKH�SHHU�DVVHVVPHQWV�ZHUH�FRQVLVWHQW��ZKLFK�ZDV�HVVHQWLDOO\�WKH�JRDO�RI�WKLV�VWXG\��
�
7KRPDV��0DUWLQ�DQG�3OHDVDQWV��������IRXQG�WKH�W\SH�RI�WHFKQRORJ\�XVHG�IRU�SHHU�DVVHVVPHQW�GLG�QRW�PDWWHU�DV�
ORQJ�DV�OHDUQLQJ�REMHFWLYHV�ZHUH�FOHDU��7KH\�XVHG�ZLNLV�IRU�SHHU�DVVHVVPHQW�DW�WKH�8QLYHUVLW\�RI�:ROORQJRQJ��$�
XVHIXO�FRQWULEXWLRQ�ZDV�WKHLU�UHFRJQLWLRQ�WKDW�WKH�
OHDUQLQJ�YDOXH
�RI�SHHU�DVVHVVPHQWV�PXVW�EH�H[SODLQHG�WR�
VWXGHQWV�UDWKHU�WKDQ�PHUHO\�IRUFLQJ�VWXGHQWV�WR�XVH�WKHP��
�
2QH�RI�WKH�PRUH�QRYHO�DSSURDFKHV�ZDV�E\�:X��+RX�DQG�+ZDQJ��������VLQFH�WKH\�XVHG�RQOLQH�WH[W�PHVVDJLQJ�DV�
D�SHHU�DVVHVVPHQW�PHWKRGRORJ\�IRU����VWXGHQWV��0RUH�LPSRUWDQWO\��WKH\�UHPLQGHG�XV�DERXW�WKH�LPSRUWDQFH�RI�
FRQWHQW�YDOLGLW\�DQG�FULWHULRQ�UHOLDELOLW\�IRU�SHHU�DVVHVVPHQW�UXEULFV��7KH\�UHFRPPHQGHG�IDFXOW\�XVH�%ORRPV�
FRJQLWLYH�GRPDLQ�ZKHQ�GHVLJQLQJ�WKH�SHHU�DVVHVVPHQW�UXEULF��,QWHUHVWLQJO\��/X�DQG�/DZ��������SXEOLVKHG�D�
VLPLODU�VWXG\��HFKRLQJ�WKH�DGYLFH�WR�XVH�%ORRPV�7D[RQRP\�WR�LQIRUP�WKH�GHVLJQ�RI�WKH�UXEULF���
�
1HXV��������SRLQWHG�RXW�WKDW�UDWHUV�QHHG�WR�EH�JUDGHG�WR�VR�DV�WR�SURYLGH�DFFRXQWDELOLW\�IRU�WKHLU�SHHU�
DVVHVVPHQW��+RZHYHU��WKH�ELJJHVW�LVVXH�FRQFHUQLQJ�XVLQJ�SHHU�DVVHVVPHQWV�VHHPV�WR�EH�KRZ�WR�PDWKHPDWLFDOO\�
FDOFXODWH�JUDGHV�IRU�WKH�UDWHU��DVVXPLQJ�WKH�DYHUDJH�RI�SHHU�UDWLQJV�ZRXOG�IRUP�WKH�VFRUH�RI�WKH�UDWHG�VWXGHQW����
+H�GHPRQVWUDWHG�D�WHFKQLTXH�IRU�FDOFXODWLQJ�D�FRUUHODWLRQ�FRHIILFLHQW�IRU�JUDGLQJ�WKH�UDWHU�XVLQJ�6$6��7KH�
SUREOHP�ZLWK�FRUUHODWLRQ�LV�WKDW�VLQFH�LW�LV�D�ELYDULDWH�PHDVXUH��LW�ZRUNV�ZLWK�RQO\�WZR�YDULDEOHV��ZKLFK�ZRXOG�
PHDQ�RQO\�XS�WR�WZR�UDWHUV�FRXOG�EH�DVVHVVHG�WR�FDOFXODWH�D�
UDWHU�HIIHFWLYHQHVV
�FRHIILFLHQW��,Q�DGGLWLRQ��3HDUVRQ�
3URGXFW�0RPHQW�FRUUHODWLRQ�FDQ�RQO\�EH�DSSOLHG�WR�UDWLR�OHYHO�GDWD�QRW�RUGLQDOV�RU�LQWHUYDOV�VXFK�DV�/LNHUW�VFDOHV��
�
=KDQJ�DQG�%ODNH\��������XVHG�IDFWRU�DQDO\VLV�WR�DVVLJQ�JUDGHV�WR�UDWHUV�IRU�WKHLU�SHHU�DVVHVVPHQWV��7KH\�ZHUH�
DEOH�WR�YDOLGDWH�WKHLU�UXEULF�DVVHVVPHQW�VFDOH�ZLWK�&URQEDFK
V�UHOLDELOLW\�YDOXHV�JUHDWHU�WKDQ������DQG�WKH�
LQVWUXPHQW�ZDV�DEOH�WR�FDSWXUH�����RI�WKH�YDULDQFH�EHWZHHQ�UDWHU�VFRUHV�RQ�HDFK�DVVLJQPHQW��+RZHYHU��IDFWRU�
DQDO\VLV�LV�D�FRPSOLFDWHG�SURFHVV�DQG�LW�VHHPHG�GLIILFXOW�WR�DVVRFLDWH�WR�WKH�UXEULF���
�
'ROOLVVR�DQG�.RXQGLQ\D��������XVHG�SDLUHG�W�WHVWV�WR�JUDGH�UDWHUV�EDVHG�RQ�WKHLU�SHHU�DVVHVVPHQWV�UHVXOWLQJ�LQ�DQ�
HIIHFW�VL]H�RI�������7KH�UDWLQJ�VFDOHV�ZHUH����SRLQW�/LNHUW�W\SH�VR�WKHVH�FRXOG�EH�FRQVLGHUHG�RUGLQDO�GDWD�W\SH��
3DLU�ZLVH�W�WHVWV�ZRXOG�EH�D�ODERU�LQWHQVLYH�WHFKQLTXH�WR�DVVHVV�PRUH�WKDQ�RQH�UDWHU��1RQHWKHOHVV�WKHLU�FRQFHSW�
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KDV�PHULW�VLQFH�$129$�LV�GHVLJQHG�WR�FRPSDUH�WKH�YDULDQFH�RI�UDWLQJV�ZKHQ�XVLQJ�UDWLRQ�GDWD�ZKLOH�WKH�
.UXVNDOO�:DOODFH�WHVW�FDQ�EH�XVHG�DV�WKH�QRQSDUDPHWULF�HTXLYDOHQW�RI�$129$�ZKHQ�WKH�UDWLQJV�DUH�LQ�RUGLQDO�
VFDOHV�VXFK�DV�WKH�WUDGLWLRQDO�OHWWHU�JUDGHV�$�)��6WUDQJ����������
�
3HHU�DVVHVVPHQW�LQ�0RRGOH�
�
7KH�ZRUNVKRS�PRGXOH�LQ�0RRGOH�LV�GHVLJQHG�WR�DXWRPDWH�SHHU�DVVHVVPHQWV��$�JUDGH�LV�JLYHQ�IRU�WKH�DVVHVVPHQW�
�IURP�SHHUV��DQG�D�VHSDUDWH�JUDGH�LV�JLYHQ�WR�HDFK�UDWHU��7KH�JUDGH�IRU�WKH�DVVHVVPHQW�LV�VLPSOH���LW�LV�WKH�DYHUDJH�
IURP�DOO�UDWHUV��ZLWK�RSWLRQDO�ZHLJKWLQJ�LI�WKH�LQVWUXFWRU�ZLVKHV�WR�FRQWULEXWH�D�SHHU�DVVHVVPHQW���6HOI�
DVVHVVPHQWV�DUH�DOVR�SRVVLEOH�EXW�WKLV�ZDV�QRW�XVHG�LQ�WKLV�VWXG\�GXH�WR�VHOI�SURSKHF\�ELDV��6WXGHQWV�ZLOO�WHQG�WR�
RYHUUDWH�WKHLU�RZQ�SHUIRUPDQFH��&XUUHQWO\�RQO\�SRVLWLYH�LQWHJHUV��DV�/LNHUW�VFDOHV��DUH�DYDLODEOH�LQ�0RRGOH�
ZRUNVKRS�IRU�UDWLQJV��7KLV�OLPLWV�WKH�DSSOLFDEOH�VWDWLVWLFDO�WHFKQLTXHV��7KHUH�DUH�WZR�DVVHVVPHQW�IRUPDWV��
DFFXPXODWLYH�RU�UXEULF��ZKLFK�IXQFWLRQ�VLPLODUO\��WKH�ODWWHU�LV�PRUH�VWUXFWXUHG���
�
7KHUH�LV�RQO\�RQH�PHWKRG�LPSOHPHQWHG�LQ�0RRGOH�ZRUNVKRS�YHUVLRQ�����IRU�UDWHU�JUDGLQJ�ZKLFK�LV�FDOOHG�
EHVW�
DVVHVVPHQW
��7KH�XQGHUO\LQJ�PHWKRGRORJ\�LV�QRW�ZHOO�H[SODLQHG�DQG�D�SLORW�VWXG\�UHWXUQHG�LQFRQVLVWHQW�UHVXOWV�
ZKHUH�WZR�LGHQWLFDO�UDWHUV��KDYLQJ�WKH�VDPH�SHHU�DVVHVVPHQW�VFHQDULRV��ZHUH�JLYHQ�GLIIHUHQW�VFRUHV��7KH�EDVLF�
LGHD�LV�WKDW�D�EHVW�DVVHVVPHQW�LV�LGHQWLILHG�DQG�WKH�UDWHU�LV�JLYHQ�D�
FRHIILFLHQW
�EDVHG�RQ�WKH�GLIIHUHQFHV�LQ�WKHLU�
VFRUHV�IURP�WKH�EHVW�RQH�IRU�HDFK�UXEULF�DVSHFW����EHVW�VFRUH���SHHU�VFRUH���ZHLJKWLQJ���PD[�SRVVLEOH�VFRUH��ð��
�
7KH�0RRGOH�����ZRUNVKRS�PRGXOH�YHUVLRQ�����GRFXPHQWDWLRQ�VWDWHV��
� *UDGH�IRU�DVVHVVPHQW�WULHV�WR�HVWLPDWH�WKH�TXDOLW\�RI�DVVHVVPHQWV�WKDW�WKH�SDUWLFLSDQW�JDYH�WR�WKH�SHHUV��

7KLV�JUDGH��DOVR�NQRZQ�DV�JUDGLQJ�JUDGH��LV�FDOFXODWHG�E\�WKH�DUWLILFLDO�LQWHOOLJHQFH�KLGGHQ�ZLWKLQ�WKH�
:RUNVKRS�PRGXOH�DV�LW�WULHV�WR�GR�W\SLFDO�WHDFKHU
V�MRE��7KHUH�LV�QRW�D�VLQJOH�IRUPXOD�WR�GHVFULEH�WKH�
FDOFXODWLRQ��+RZHYHU��WKH�SURFHVV�LV�GHWHUPLQLVWLF��:RUNVKRS�SLFNV�RQH�RI�WKH�DVVHVVPHQWV�DV�WKH�EHVW�
RQH���WKDW�LV�FORVHVW�WR�WKH�PHDQ�RI�DOO�DVVHVVPHQWV���DQG�JLYHV�LW������JUDGH��7KHQ�LW�PHDVXUHV�D�

GLVWDQFH
�RI�DOO�RWKHU�DVVHVVPHQWV�IURP�WKLV�EHVW�RQH�DQG�JLYHV�WKHP�WKH�ORZHU�JUDGH��WKH�PRUH�GLIIHUHQW�
WKH\�DUH�IURP�WKH�EHVW��JLYHQ�WKDW�WKH�EHVW�RQH�UHSUHVHQWV�D�FRQVHQVXV�RI�WKH�PDMRULW\�RI�DVVHVVRUV���7KH�
SDUDPHWHU�RI�WKH�FDOFXODWLRQ�LV�KRZ�VWULFW�ZH�VKRXOG�EH��WKDW�LV�KRZ�TXLFNO\�WKH�JUDGHV�IDOO�GRZQ�LI�WKH\�
GLIIHU�IURP�WKH�EHVW�RQH��0XGUDN������D���

�
7KH�
EHVW�DVVHVVPHQW
�LV�GHWHUPLQHG�IRU�HDFK�UXEULF�DVSHFW�EDVHG�RQ�ILQGLQJ�D�SHHU�DVVHVVPHQW�JUDGH�IURP�DOO�
UDWHUV�WKDW�KDV�D�VWDQGDUG�GHYLDWLRQ�YHU\�FORVH�WR�]HUR���,Q�VRPH�VLWXDWLRQV�WKHUH�PLJKW�EH�WZR�DVVHVVPHQWV�ZLWK�
WKH�VDPH�YDULDQFH��GLVWDQFH�IURP�WKH�PHDQ��EXW�WKH�GLIIHUHQW�JUDGH��,Q�WKLV�VLWXDWLRQ��WKH�PRGXOH�KDV�WR�ZDUQ�WKH�
WHDFKHU�DQG�DVN�KHU�WR�DVVHVV�WKH�VXEPLVVLRQ��VR�KHU�DVVHVVPHQW�KRSHIXOO\�KHOSV�WR�GHFLGH��RU�JLYH�JUDGHV�IRU�
DVVHVVPHQW�PDQXDOO\���WKHUH�LV�D�EXJ�LQ�WKH�FXUUHQW�YHUVLRQ�OLQNHG�ZLWK�WKLV�VLWXDWLRQ���0XGUDN������E���
�
7KH�JUDGH�IRU�DVVHVVPHQW��JLYHQ�WR�D�VWXGHQW�IRU�DVVHVVLQJ�SHHUV��LV�FDOFXODWHG�XVLQJ�WKH�
FRPSDULVRQ�RI�
DVVHVVPHQWV
�VHWWLQJ�LQ�ZRUNVKRS�ZKLFK�LV�WKHQ�PXOWLSOLHG�E\�WKH�
EHVW�DVVHVVPHQW�GLIIHUHQFH
�FRHIILFLHQW��7KH�
³FRPSDULVRQ�RI�DVVHVVPHQWV´�YDOXHV�DUH������� �YHU\�VWULFW������� �VWULFW������� �IDLU������� �OD[������� �YHU\�OD[�
�0XGUDN������E���)RU�D�VLPSOLVWLF�H[DPSOH��LI�WKH�
EHVW�DVVHVVPHQW�GLIIHUHQFH�FRHIILFLHQW
�ZHUH������DQG�LI�WKH�
IDLU�VHWWLQJ�ZHUH�XVHG�IRU�
FRPSDULVRQ�RI�DVVHVVPHQWV
��WKHQ�WKH�
JUDGH�IRU�DVVHVVPHQW
� ������������ ������
�
6\QWKHVLV�DQG�UHVHDUFK�TXHVWLRQV�
�
%DVHG�RQ�WKH�OLWHUDWXUH�UHYLHZ��SHHU�DVVHVVPHQW��DXWRPDWHG�E\�D�/06��LV�D�XVHIXO�WR�IDFLOLWDWH�SHGDJRJ\��3HHU�
DVVHVVPHQWV�UHTXLUH�D�FOHDU�UXEULF�ZLWKRXW�WRR�PDQ\�FULWHULD�LWHPV��%D\DW�	�1DLFNHU��������%LWWHU�	�/HJDF\��
�������,Q�WKH�0RRGOH�ZRUNVKRS�PRGXOH�WKHVH�DUH�FDOOHG�DVSHFWV��/LNHUW�UDWLQJ�VFDOHV�IURP���WR����ZHUH�
UHFRPPHQGHG��'ROOLVVR�	�.RXQGLQ\D����������
�
7KH�IROORZLQJ�UHVHDUFK�TXHVWLRQV�DURVH�EDVHG�RQ�WKH�OLWHUDWXUH�UHYLHZ�DQG�IURP�WKH�SUREOHPV�QRWHG�HDUOLHU��
��� :RXOG�VWXGHQWV�UDWH�WKHLU�SHHUV�UHOLDEO\"�
��� :RXOG�WKH�VWXGHQW�SHHU�UDWLQJV�EH�FRQVLVWHQW�ZLWK�IDFXOW\�DVVHVVPHQWV�RI�WKH�VDPH�VWXGHQW�DVVLJQPHQWV"�
��� ,V�WKH�0RRGOH�ZRUNVKRS�PRGXOH�HIIHFWLYH�DV�D�/06�WR�IDFLOLWDWH�VWXGHQW�SHHU�DVVHVVLQJ"�
�
0HWKRGV��SURFHGXUHV�DQG�PDWHULDOV�
�
7KH�UHVHDUFKHU�HPSOR\HG�D�WKHRU\�GHSHQGHQW�SRVLWLYLVW�SKLORVRSK\�FRQVLVWLQJ�RI�D�GHGXFWLYH�OLWHUDWXUH�UHYLHZ�
�DERYH��WR�LQIRUP�WKH�UHVHDUFK�TXHVWLRQV��LQVWUXPHQW�GHVLJQ��DQG�PHWKRGV��*LOO��-RKQVRQ�	�&ODUN��������6WUDQJ��
�������6LQFH�WKLV�VWXG\�ZDV�GHVLJQHG�WR�FROOHFW�SHUIRUPDQFH�GDWD��TXDQWLWDWLYH�WHFKQLTXHV�ZHUH�VHOHFWHG�WR�



�

��WK�DVFLOLWH�&RQIHUHQFH������3URFHHGLQJV� � 3DJH�����

DQVZHU�WKH�UHVHDUFK�TXHVWLRQV�FRQFHUQLQJ�VWXGHQW�SHHU�DVVHVVPHQW�YDOLGLW\�DQG�UHOLDELOLW\��&UHVZHOO����������
�
'HVFULSWLYH�VWDWLVWLFV��FRUUHODWLRQ��LQWHUUDWHU�UHOLDELOLW\�DQG�YDOLGLW\�WHVWV�ZHUH�DSSOLHG�DW�WKH�����FRQILGHQFH�
OHYHO��6366�YHUVLRQ������ZDV�XVHG�IRU�WKH�VWDWLVWLFDO�WHVWV��ZKLOH�0RRGOH�YHUVLRQ�����DQG�ZRUNVKRS�YHUVLRQ�����
ZHUH�LQVWDOOHG�DW�681<�IRU�WKLV�TXDVL�H[SHULPHQW��
�
&DVH�VWXG\�SDUWLFLSDQWV�
�
,Q�WHUPV�RI�VDPSOLQJ�PHWKRG��QDWXUDO�LQWDFW�FRQYHQLHQFH�JURXSV��H[LVWLQJ�FODVVHV��ZHUH�XVHG�DW�WKH�681<�
3ODWWVEXUJK�DQG�4XHHQVEXU\�FDPSXVHV��D�SXEOLF�FRPSUHKHQVLYH�XQLYHUVLW\�ORFDWHG�QRUWK�RI�WKH�VWDWH�FDSLWDO�
$OEDQ\�1<��86$���7KH�HQUROOPHQW�DW�WKLV�XQLYHUVLW\�ZDV������PDWULFXODWHG��VWXGHQWV��ZLWK������RI�WKRVH�LQ�WKH�
6FKRRO�RI�%XVLQHVV�DQG�(FRQRPLFV��RI�ZKLFK�DSSUR[LPDWHO\�����ZHUH�LQ�WKH�XQGHUJUDGXDWH�%DFKHORU�RI�6FLHQFH�
LQ�%XVLQHVV�$GPLQLVWUDWLRQ��%6%$��SURJUDP�DW�WKH�WLPH�RI�ZULWLQJ���
�
$W�WKH�XQLYHUVLW\�OHYHO��WKH�DYHUDJH�FODVV�VL]H�ZDV�����WKH�VWXGHQW�IDFXOW\�UDWLR�ZDV�������DQG�����RI�WHQXUH�WUDFN�
IDFXOW\�KHOG�WKH�KLJKHVW�GHJUHH��H�J���3K'�RU�GRFWRUDWH��LQ�WKHLU�GLVFLSOLQH��7KH�JHQGHU�EDODQFH�ZDV�������PDOH��
������IHPDOH��,QWHUQDWLRQDO�HQUROOPHQW�IURP����FRXQWULHV�UHSUHVHQWHG������RI�WKH�SRSXODWLRQ��
�
,Q�WKH�EXVLQHVV�VFKRRO�����RI�IDFXOW\�KHOG�D�UHOHYDQW�GRFWRUDWH�RU�DW�OHDVW�D�3K'��7KH�VL]H�RI�WKLV�FODVV�ZDV����
GXH�WR�LWV�GHPDQG�DW�ERWK�FDPSXVHV��WKXV�PDNLQJ�WKH�UDWLR�������7KH�UHVHDUFKHU�KDG�WDXJKW�ODUJH�FODVVHV�RI�RYHU�
����VWXGHQWV�VR�KH�ZDV�IDPLOLDU�ZLWK�XVLQJ�WHFKQRORJ\�RXW�RI�QHFHVVLW\�WR�IDFLOLWDWH�DSSO\LQJ�SHGDJRJ\�LQ�ODUJH�
FRKRUWV��7KH�PHDQ�DJH�RI�WKH�VDPSOH�ZDV�����6' ������ZKLOH�IHPDOHV�UHSUHVHQWHG�����RI�WKH�FODVV��7KHUH�ZHUH�
WKUHH�LQWHUQDWLRQDO�VWXGHQWV�LQ�WKH�VDPSOH�IURP�GLIIHUHQW�FRXQWULHV������� ��������7KH�GHPRJUDSKLF�IDFWRU�DQG�
*3$�HVWLPDWHV�RI�WKH�VDPSOH�ZHUH�VLPLODU�WR�WKH�XQLYHUVLW\
V�EXVLQHVV�VFKRRO�SRSXODWLRQ��EDVHG�RQ�]�VFRUH�WHVWV���
�
,QVWUXPHQWDWLRQ�
�
$OO����SDUWLFLSDQWV�ZHUH�XQGHUJUDGXDWH�VWXGHQWV�LQ�WKH�XSSHU�GLYLVLRQ�3URMHFW�0DQDJHPHQW��30��FRXUVH�WDXJKW�
E\�WKH�UHVHDUFKHU��7KHUH�ZDV�RQH�WHDFKLQJ�DVVLVWDQW��7KLV�FRXUVH�KDG�EHHQ�WDXJKW�E\�WKH�UHVHDUFKHU�IRU�WZR�\HDUV�
LQ�WKLV�FRQWH[W�XVLQJ�0RRGOH��DQG�EHIRUH�WKDW�WKLV�SURIHVVRU�KDG�WDXJKW�D�VLPLODU�YHUVLRQ�RI�WKLV�FRXUVH�DW�RWKHU�
XQLYHUVLWLHV�XVLQJ�%ODFNERDUG��$QJHO��0RRGOH�DQG�D�SURSULHWDU\�/06��$�SLORW�KDG�EHHQ�VXFFHVVIXOO\�FRPSOHWHG�
LQ�D�SUHYLRXV�WHUP�XVLQJ�DQ�LGHQWLFDO�FRXUVH�V\OODEXV�DQG�ZLWK�WKH�VDPH�FRQILJXUDWLRQ�LQ�0RRGOH��
�
7KHUH�ZHUH�IRXU�VXPPDWLYH�DVVHVVPHQWV��DV�HQXPHUDWHG�EHORZ��ZLWK�FRXUVH�ZHLJKWLQJ�LQ�SDUHQWKHVLV���
ª� 3URMHFW�PDQDJHPHQW�SODQ����33�����NQRZOHGJH�FRPSHWHQF\�RU�FDUHHU�DGYDQFHPHQW�����SRLQWV����
ª� 3URMHFW�PDQDJHPHQW�SODQ����33�����QDWXUDO�RU�PDQ�PDGH�GLVDVWHU�SUHSDUDWLRQ�RU�PLWLJDWLRQ�����SRLQWV����
ª� 3URMHFW�PDQDJHPHQW�SODQ����33�����UHDO�HVWDWH�FDSLWDO�LQYHVWPHQW�GHYHORSPHQW�����SRLQWV����
ª� 3URMHFW�PDQDJHPHQW�NQRZOHGJH�WHVW���FRPSUHKHQVLYH�DQG�FXPXODWLYH�H[DP�����SRLQWV���
�
0RRGOH�ZRUNVKRS�ZDV�XWLOL]HG�IRU�DOO�WKUHH�33V��(DFK�33�ZDV�DURXQG����SDJHV��7KH�FRXUVH�ZHLJKWLQJ�IRU�HDFK�
33�ZDV�SURJUHVVLYHO\�KLJKHU�EHFDXVH�VWXGHQWV�ZHUH�H[SHFWHG�WR�LPSURYH�WKHLU�FRPSHWHQFLHV�DQG�HDFK�33�
DVVLJQPHQW�ZDV�PRUH�GLIILFXOW��7KH�IRUPDW�RI�WKH�33V�ZHUH�WKDW�D�PXOWL�SDJH�SURMHFW�PDQGDWH�ZDV�SUHVHQWHG�E\�
WKH�SURIHVVRU�WKHQ�LQGXVWU\�VXEMHFW�PDWWHU�H[SHUWV�ZHUH�EURXJKW�LQ�IRU�WKH�VWXGHQWV�WR�LQWHUYLHZ��7KH�JUDGH�IRU�
HDFK�33�ZDV�EURNHQ�LQWR�WZR�FRPSRQHQWV������IRU�WKH�FKDUWHU�SUHVHQWDWLRQ�DQG�SODQ�VXEPLVVLRQ��SOXV�����IRU�
WKH�TXDOLW\�RI�WKH�SHHU�DVVHVVPHQWV�SHUIRUPHG�RQ�RWKHU�VWXGHQWV��7KH�JUDGH�IRU�WKH�ILUVW�FRPSRQHQW�ZDV�
FDOFXODWHG�LQ�0RRGOH�ZRUNVKRS�DV�WKH�XQ�ZHLJKWHG�DYHUDJH�RI�DOO�SHHU�JHQHUDWHG�VFRUHV��7KH�JUDGH�IRU�WKH�
VHFRQG�FRPSRQHQW�ZDV�FDOFXODWHG�E\�0RRGOH�ZRUNVKRS�XVLQJ�WKH�
EHVW�DVVHVVPHQW
�DOJRULWKP�ZKLFK�ZDV�
H[SODLQHG�HDUOLHU��
�
6WXGHQWV�ZHUH�UDQGRPO\�DOORFDWHG���SHHU�UHYLHZHUV�LQ�0RRGOH�ZRUNVKRS��$OO�SHHU�UHYLHZV�ZHUH�EDVHG�RQ�D�
UXEULF��OLVWHG�LQ�$SSHQGL[����DQG�HDFK�UHYLHZHU�PDUNV�ZDV�ZHLJKWHG�DW����7KH�
FRPSDULVRQ�RI�DVVHVVPHQWV
�RI�
IDLU�������ZDV�VSHFLILHG�IRU�DOO�33V��7KH�SURIHVVRU�GLG�QRW�FRPSOHWH�D�UHYLHZ�LQ�ZRUNVKRS�EXW�LQVWHDG�KH�
PDQXDOO\�DVVHVVHG�HDFK�33�XVLQJ�WKH�UXEULF��IRU�H[SHULPHQWDO�FRQWURO���7KH�UDWLQJV�ZHUH�LQIRUPHG�E\�WKH�UHYLVHG�
7D[RQRP\�IRU�(GXFDWLRQ��$QGHUVRQ�	�.UDWKZRKO���������ZKLFK�UDQJH�IURP�ORZHVW�WR�KLJKHVW�OHYHOV�RI�OHDUQLQJ�
DV��UHPHPEHULQJ��XQGHUVWDQGLQJ��DSSO\LQJ��DQDO\]LQJ��HYDOXDWLQJ��DQG�DSSO\LQJ��6WUDQJ���������
�
)LUVW�D�PDQGDWRU\�SUDFWLFH�33��ZDV�VHWXS��XVLQJ�D�VLPSOH�FODVV�H[HUFLVH�IRU�D�*HQHUDO�(OHFWULF�1DWLRQDO�*ULG�
SURMHFW�SODQ��WR�DOORZ�VWXGHQWV�WR�EHFRPH�IDPLOLDU�ZLWK�SHHU�DVVHVVLQJ�DQG�0RRGOH�ZRUNVKRS��(DFK�33�UHTXLUHG�
VWXGHQWV�WR�GHPRQVWUDWH�FRPSHWHQF\�LQ�DOO�QLQH�SURMHFW�PDQDJHPHQW�NQRZOHGJH�DUHDV��&RPSHWHQFLHV�LQFOXGHG�
XVLQJ�30�VRIWZDUH��GHYHORSLQJ�*DQWW�VFKHGXOHV��DSSO\LQJ�ULVN�TXDQWLILFDWLRQ�XVLQJ�3URJUDP�(YDOXDWLRQ�DQG�
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5HYLHZ�7HFKQLTXH��6WUDQJ�	�6\PRQGV���������DQG�RUDOO\�SUHVHQWLQJ�WKH�H[HFXWLYH�VXPPDU\�FKDUWHU�LQ�FODVV�
WKURXJK�WKH�YLGHR�FRQIHUHQFLQJ�V\VWHP�VLQFH�WZR�SK\VLFDO�FDPSXV�ORFDWLRQV�ZHUH�V\QFKURQRXVO\�OLQNHG�WRJHWKHU�
IRU�WKLV�FRXUVH��7KH�30�VRIWZDUH�ZDV�2SHQ3URMHFW�D�IUHH�SURGXFW�DYDLODEOH�IURP�WKH�RSHQ�VRIWZDUH�IRXQGDWLRQ�
ZKLFK�ZDV�VLPLODU�WR�0LFURVRIW�3URMHFW�FRPPHUFLDO�VRIWZDUH���
�
5HVXOWV��GLVFXVVLRQ�DQG�FRQFOXVLRQV�
�
0RRGOH�ZRUNVKRS�PRGXOH�LPSOHPHQWDWLRQ�
�
)LJXUH���LOOXVWUDWHV�WKH�ILUVW�IHZ�UHVXOWV�IRU�33��IURP�WKH�0RRGOH�ZRUNVKRS��7KH�SURSRUWLRQ�IRU�WKH�VXEPLVVLRQ�
ZDV�VHW�DW�������OHDYLQJ������IRU�WKH�SHHU�DVVHVVPHQW�JUDGH��,Q�ILJXUH����VWXGHQW�1���ZDV�JLYHQ�D�VFRUH�RI�
��������ZKLFK�0RRGOH�FDOFXODWHG�DV�WKH�PHDQ�RI�SHHU�DVVHVVPHQWV��PXOWLSOLHG�E\�ZHLJKWV��ZKLFK�ZHUH�VHW�DW�����
������������������������������� �������URXQGHG���7KH�VFRUH�RI�����IRU�WKH�SHHU�DVVHVVPHQW�ZDV�FDOFXODWHG�EDVHG�RQ�
WKHUH�EHLQJ�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�KLV�SHHU�DVVHVVPHQW�VFRUH�DQG�WKH�VFRUHV�IURP�RWKHU�SHHUV�RQ�WKH�
VDPH�33V���
�
1����WKH�VHFRQG�VWXGHQW�LQ�ILJXUH����UHFHLYHG�D�VXEPLVVLRQ�VFRUH�FDOFXODWHG�DV�WKH�DYHUDJH�RI��������������������
������� �������URXQGHG���+LV�SHHU�JUDGLQJ�PDUN�ZDV�������������EDVHG�RQ�WKH�WZR�FDOFXODWLRQV��GLIIHUHQFH�
FRHIILFLHQWV� ������������������������������������� �������SHHU�JUDGLQJ�PDUN� ������������������� �������� ������
�
%DVHG�RQ�WKHVH�UHVXOWV��LW�DSSHDUHG�WKDW�WKH�ILUVW�UHVHDUFK�TXHVWLRQ�ZDV�VXSSRUWHG�LQ�WKDW�UDWHUV�ZHUH�VFRUHG�
UHOLDEO\�XVLQJ�WKH�0RRGOH�ZRUNVKRS�
EHVW�DVVHVVPHQW
�WHFKQLTXH��+RZHYHU��DGGLWLRQDO�WHVWLQJ�ZDV�QHHGHG�WR�
FRQILUP�VXSSRUW�IRU�WKLV�DQG�WR�DQVZHU�WKH�VHFRQG�UHVHDUFK�TXHVWLRQ�RI�ZRXOG�WKH�SHHU�UDWLQJV�EH�FRQVLVWHQW�ZLWK�
IDFXOW\�DVVHVVPHQWV�RI�WKH�VDPH�VWXGHQW�DVVLJQPHQWV��

�
)LJXUH����6FUHHQ�VKRW�RI�0RRGOH�ZRUNVKRS�ZLWK�H[DPSOH�SHHU�DVVHVVPHQW�JUDGHV�

�
�
,QWHUUDWHU�UHOLDELOLW\�DQG�FRPSDUDWLYH�UHOLDELOLW\�WHVWV�
�
,Q�RUGHU�WR�DQVZHU�WKHVH�TXHVWLRQV��LQWHUUDWHU�UHOLDELOLW\�ZDV�FDOFXODWHG�IRU�HDFK�33�EDVHG�RQ�WKH���VWXGHQW�UDWHUV�
�RU�OHVV�LQ�D�IHZ�VLWXDWLRQV�ZLWK�PLVVLQJ�VXEPLVVLRQV���7KLV�FDQ�EH�DFKLHYHG�XVLQJ�D�YDULDWLRQ�RI�.DSSD
V�
LQWHUUDWHU�UHOLDELOLW\��&RKHQ��������EDVHG�RQ�WKH�ZRUN�RI�)OHLVV��1HH�DQG�/DQGLV���������DFFRUGLQJ�WR�WKH�
IRUPXOD�LQ�HTXDWLRQ����
�
,Q�HTXDWLRQ����I�LV�WKH�)OHLVV�.DSSD�LQWHUUDWHU�FRHIILFLHQW��KLJKHU�YDOXHV�PHDQ�PRUH�
FRQVLVWHQF\���ZKHUH�N� �QXPEHU�RI�/LNHUW�VFDOH�OHYHOV��Q� �QXPEHU�RI�UXEULF�DVSHFW�
FDWHJRULHV�UHFHLYLQJ�D�N�UDWLQJ��U� �QXPEHU�RI�UDWHUV��[ð� �FKL�VTXDUH�RI�

� �
���

�
�

�

�

�

�

�

¦

¦¦

 

  

�

�
� N

M
MM

N

M
LM

Q

L

TSUQU

[QU
I

1���

1���



�

��WK�DVFLOLWH�&RQIHUHQFH������3URFHHGLQJV� � 3DJH�����

GLIIHUHQFH�EHWZHHQ�H[SHFWHG�DQG�REVHUYHG�UDWLQJV�IRU�HDFK�N�UDWLQJ�E\�HDFK�U�UDWHU��SM�� �PHDQ�SURSRUWLRQ�IRU�N�
UDWLQJ�M��DQG�TM� �FRPSOLPHQW�RI�SM����±�PHDQ�SURSRUWLRQ�IRU�PHDQ�SURSRUWLRQ�IRU�HDFK�N�UDWLQJ�M���6XEVFULSWV�L�
DQG�M�DUH�PDWUL[�LQGH[HV��ZKLFK�SRLQW�WR�LQGLYLGXDO�/LNHUW�UDWLQJV�E\�HDFK�UDWHU��U��IRU�HDFK�UXEULF�DVSHFW��Q���
�
7KH�I�ZDV�FDOFXODWHG�IRU�HDFK�VWXGHQW�DFURVV�DOO���33�DVVLJQPHQWV��ZKHUHE\�DOO�FRHIILFLHQWV�ZHUH�DERYH������DQG�
PRVW�ZHUH�FORVH�WR�������$�EHQFKPDUN�IRU�JRRG�LQWHUUDWHU�DJUHHPHQW�LV�JHQHUDOO\�������&RKHQ��&RKHQ��:HVW�	�
$LNHQ��������EXW�VRPH�UHVHDUFKHUV�KDYH�DFFHSWHG�������+DLU��%ODFN��%DELQ��$QGHUVRQ�	�7DWKDP��������
0F&DEH��������ZKLFK�LV�WKH�EHQFKPDUN�DSSOLHG�LQ�WKLV�VWXG\���
�
)RU�H[DPSOH��DQ�I�FRHIILFLHQW�ZDV�FDOFXODWHG�XVLQJ�WKH�GDWD�IRU�VWXGHQW�1���DV�VKRZQ�LQ�WDEOH����VFRUHV�ZHUH�
VFDOHG�WR����IRU�WKH�33��DVVLJQPHQW�DQG�URXQGHG���33��ZDV�ZHLJKWHG�DW����SRLQWV��RXW�RI�����IRU��WKH�FRXUVH���
DQG�WKH�VXEPLVVLRQ�SOXV�SUHVHQWDWLRQ�FRPSRQHQW�ZDV�ZHLJKWHG�DW������7KHUHIRUH���������� ����SRLQWV��
OHDYLQJ��������� ���SRLQWV�IRU�WKH�TXDOLW\�RI�SHHU�DVVHVVPHQW�JUDGH��1RWH�WKDW�WKH�N�YDOXH�ZDV���EHFDXVH�WKH�
UDWLQJ�VFDOH�ZDV�]HUR�WR����7KH�I�NDSSD��U ���Q ���N ��� �������V� ���������]� �������S �������1 ����') �����
ZLWK�FRQWURO�LQWHUYDOV�IRU�WKH�I���������������7KLV�����FRHIILFLHQW�ZDV�D�VWDWLVWLFDOO\�VLJQLILFDQW�UHVXOW�ZLWK�
DFFHSWDEOH�LQWHUUDWHU�DJUHHPHQW�EDVHG�RQ�UHVHDUFK�SUDFWLFHV��+DLU��%ODFN��%DELQ��$QGHUVRQ�	�7DWKDP�����������
KRZHYHU�WKLV�ZDV�LOOXVWUDWHG�IRU�WKH�SHHU�DVVHVVPHQWV�RQ�RQO\�D�VLQJOH�VWXGHQW�33��7KH�NDSSD¶V�ZHUH�PDQXDOO\�
FDOFXODWHG�IRU�DOO�DVVHVVPHQWV�ZLWK�D�PHDQ�RI������LQWHUYDO���������������7KXV�WKHUH�ZDV�SUHOLPLQDU\�VXSSRUW�RI�
WKH�ILUVW�UHVHDUFK�TXHVWLRQ�WKDW�VWXGHQWV�JDYH�WKHLU�SHHUV�D�IDLU�JUDGH��
�

7DEOH����3HHU�DVVHVVPHQW�JUDGHV�IRU�VWXGHQW�1����0 ��������UDWHUV����DVSHFWV����VFDOH�OHYHOV��

5XEULF�FULWHULRQ��DVSHFW�� 0DUOD� -DFRE� &KDG� /DLODD� $OH[�
,QWHJUDWLRQ�PDQDJHPHQW� �� �� �� �� ��
6FRSH�PDQDJHPHQW� �� �� �� �� ��
7LPH�PDQDJHPHQW� �� �� �� �� ��
&RVW�PDQDJHPHQW� �� �� �� �� ��
5LVN�PDQDJHPHQW� �� �� �� �� ��
+XPDQ�UHVRXUFH�PDQDJHPHQW� �� �� �� �� ��
4XDOLW\�PDQDJHPHQW� �� �� �� �� ��
&RPPXQLFDWLRQV�PDQDJHPHQW� �� �� �� �� ��
3URFXUHPHQW�PDQDJHPHQW� �� �� �� �� ��
� 6FRUH��VFDOHG�WR����WRWDO�� ��� ��� ��� ��� ���

�
7KHQ�WR�DQVZHU�WKH�VHFRQG�UHVHDUFK�TXHVWLRQ��WKH�DYHUDJH�SHHU�JHQHUDWHG�VFRUH�IRU�HDFK�33�ZDV�FRPSDUHG�ZLWK�
WKH�SURIHVVRUV
�VFRUH��ZKLFK�ZDV�HVWLPDWHG�VWDWLVWLFDOO\�E\�DSSO\LQJ�D�SDLUHG�W�WHVW��$�WZR�WDLOHG�WHVW�ZDV�VHOHFWHG�
EHFDXVH�WKH�JRDO�ZDV�WR�WHVW�WKH�LQHTXDOLW\�RI�WKH�0RRGOH�ZRUNVKRS�JUDGH��DYHUDJH�RI�SHHU�UDWLQJV��DV�FRPSDUHG�
WR�WKH�JUDGH�JLYHQ�E\�WKH�SURIHVVRU��7KH�UHVXOWV�RI�WKH�SDLUHG�W�WHVW�VXSSRUWHG�WKH�UHVHDUFK�TXHVWLRQ��'������� �
������S ������WZR�WDLOHG���,Q�WKLV�FDVH��LW�ZDV�GHVLUDEOH�WR�VHH�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�VFRUHV��
�
7KH�QRQSDUDPHWULF�6SHDUPDQ�FRUUHODWLRQ�ZDV�YHU\�KLJK�EHWZHHQ�HDFK�VWXGHQWV�I�DQG�WKH�SHHU�DVVHVVPHQW�JUDGH�
JLYHQ�LQ�0RRGOH��VFRUH�RXW�RI�����5KR�U� �������S �������WZR�VLGHG���Q ���VWXGHQWV��1 ����DVVLJQPHQWV��
6SHDUPDQ�FRUUHODWLRQ�LV�PRUH�FRQVHUYDWLYH�WKDQ�3HDUVRQ�3URGXFW�0RPHQW�DQG�WKH�IRUPHU�GRHV�QRW�DVVXPH�D�
QRUPDO�GLVWULEXWLRQ�XQGHUOLHV�WKH�HYDOXDWLRQ�UHVXOWV��IXUWKHUPRUH�ZH�FDQQRW�H[SHFW�VWXGHQWV�WR�JUDGH�RQ�WKH�FXUYH�
RU�WKDW�WKHUH�RXJKW�WR�EH�����RI�WKH�PHDQ�UDWLQJV�ZLWK�RQH�6'�RI�WKH�PHDQ�IRU�D�SHHU�DVVHVVPHQW���7KHUHIRUH��WKH�
WKLUG�UHVHDUFK�TXHVWLRQ�ZDV�DFFHSWHG�LQ�WKDW�0RRGOH�ZDV�XVHIXO�LQ�PDQDJLQJ�WKH�SHHU�DVVHVVLQJ�SURFHVV�DQG�WKH�
DOJRULWKP�FDOFXODWHG�D�IDLU�SHHU�JUDGH�WR�HDFK�VWXGHQW�ZKLFK�ZDV�VLPLODU�WR�WKH�NDSSD������FRUUHODWLRQ���7KLV�
ZDV�SURYHQ�E\�FRPSDULQJ�WKH�ZRUNVKRS�SHHU�JUDGH�VFRUH�IRU�DOO�����DVVLJQPHQWV�WR�WKH�I�LQWHUUDWHU�DJUHHPHQW��
�
/LPLWDWLRQV�DQG�UHFRPPHQGDWLRQV�
�
$�NH\�OLPLWDWLRQ�LQ�WKLV�UHVHDUFK��ZKLFK�DIIHFWV�DQ\�JHQHUDOL]DWLRQV��ZDV�WKH�VPDOO�VDPSOH�VL]H�RI����VWXGHQWV��
$GGLWLRQDO�WKH�FRQWH[W�RI�681<�PD\�QRW�EH�VLPLODU�WR�RWKHU�XQLYHUVLWLHV��)RU�H[DPSOH�WKH�LQWHUQDWLRQDO�
FRPSRVLWLRQ�RI�WKLV�681<�LQVWLWXWLRQ�ZDV�������IURP����FRXQWULHV��DQG�WKHUH�ZHUH�WKUHH�LQWHUQDWLRQDO�VWXGHQWV�
LQ�WKH�VDPSOH������� ��������)XUWKHUPRUH��WKLV�TXDVL�H[SHULPHQW�ZDV�DSSOLHG�RQ�EXVLQHVV�VFKRRO�XQGHUJUDGXDWH�
VWXGHQWV��)RXUWKO\��WKH�SURIHVVRU
V�SHGDJRJLFDO�DSSURDFKHV�PD\�GLIIHU�VXEVWDQWLDOO\�IURP�RWKHUV��
�
1RWZLWKVWDQGLQJ�WKH�DERYH��WKHUH�ZDV�VWURQJ�HYLGHQFH�WR�VXSSRUW�ERWK�UHVHDUFK�SURSRVLWLRQV�WKDW�0RRGOH�
ZRUNVKRS�FDQ�EH�HIIHFWLYHO\�XVHG�IRU�SHHU�DVVHVVPHQWV��7KHUH�ZHUH�QR�LQVWDQFHV�RI�VWXGHQWV�UHFHLYLQJ�DQ�
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LQFRUUHFW�SHHU�JUDGH�DQG�WKH�KLJK�FRUUHODWLRQ�RI�����EHWZHHQ�SHHU�JUDGHV�DQG�)OHLVV�.DSSD�LQWHUUDWHU�UHOLDELOLW\�
IRU�HDFK�DVVLJQPHQW�LQGLFDWHG�D�KLJK�OHYHO�RI�FRQVLVWHQF\��+RZHYHU��WKLV�VWXG\�VKRXOG�EH�UHSOLFDWHG�ZLWK�ODUJHU�
VDPSOHV��DFURVV�RWKHU�GLVFLSOLQHV��DW�GLIIHUHQW�LQVWLWXWLRQV��LQ�GLIIHUHQW�VRFLR�FXOWXUHV��DQG�LQ�RQOLQH�PRGDOLW\��
�
7KH�UHVHDUFKHU�GLG�QRW�ORFDWH�DQ\�RWKHU�/06��ZKLFK�SURYLGHG�D�SHHU�DVVHVVPHQW�PRGXOH�DV�0RRGOH�GLG��7KLV�LV�
DOVR�DQ�DUHD�RI�UHFRPPHQGHG�IXWXUH�UHVHDUFK���WR�SURYLGH�SHHU�DVVHVVPHQW�PRGXOHV�IRU�WKH�RWKHU�/06�SURGXFWV���
�
,PSOLFDWLRQV�DQG�IXWXUH�UHVHDUFK�
�
0RRGOH�ZRUNVKRS�ZDV�HIIHFWLYH��7KHUH�ZDV�VWDWLVWLFDO�VXSSRUW�LQ�WKDW�WKHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�
EHWZHHQ�WKH�SURIHVVRU�JUDGLQJ�YHUVXV�WKH�VWXGHQW�SHHU�DVVHVVPHQWV�RQ�DOO���DVVLJQPHQWV��1 ���VWXGHQWV����
�
2QH�VXJJHVWLRQ�IRU�IXWXUH�UHVHDUFK�ZRXOG�EH�IRU�WKH�0RRGOH�GHYHORSHUV�WR�LPSOHPHQW�D�.DSSD�VWDWLVWLFDO�VFRUH�
LQWR�ZRUNVKRS��ZKLFK�FRXOG�SURYLGH�DQRWKHU�SHHU�JUDGLQJ�DOWHUQDWLYH��)XUWKHUPRUH��LW�ZRXOG�SURYLGH�IDFXOW\�ZLWK�
VWDWLVWLFDO�HVWLPDWHV�RI�KRZ�ZHOO�WKH�VWXGHQWV�ZHUH�SHUIRUPLQJ�UHJDUGLQJ�WKHLU�SHHU�DVVHVVPHQWV��)URP�WKDW��
SURIHVVRUV�FRXOG�DGMXVW�WKH�VWXGHQW�JUDGHV�DQG�SURYLGH�FRQVWUXFWLYH�IHHGEDFN�WR�VWXGHQWV�DERXW�WKHLU�SHHU�
DVVHVVLQJ�VNLOOV��VXEVWDQWLDWHG�ZLWK�VFLHQWLILF�HYLGHQFH��UDWKHU�WKDQ�REVHUYDWLRQV�RI�WKH�ZRUN�GRQH���
�
6WXGHQWV�FDQ�OHDUQ�IURP�WKH�SHHU�DVVHVVPHQW�SURFHVV��QRW�RQO\�DERXW�KRZ�WR�DVVHVV��EXW�WKH\�PD\�DOVR�VHH�
DOWHUQDWLYH�DSSURDFKHV�IRU�DSSO\LQJ�WKH�WKHRULHV�WDXJKW�LQ�WKH�FRXUVH��3HHU�DVVHVVPHQWV�ZHUH�IRUPDWLYH�DV�ZHOO�DV�
VXPPDWLYH�LQ�QDWXUH�VLQFH�WKH\�ZHUH�GLVWULEXWHG�WKURXJKRXW�WKH�FRXUVH�VFKHGXOH�DQG�WKH�VFRUHV�FRQWULEXWHG�
WRZDUGV�WKH�ILQDO�JUDGHV��6WXGHQWV�DSSUHFLDWHG�WKH�SHHU�DVVHVVPHQW�SHGDJRJ\�EDVHG�RQ�WKH�IDFW�WKDW�VHYHUDO�PDGH�
UHIOHFWLYH�FRPPHQWV�LQ�WKH�FRXUVH�RSLQLRQ�VXUYH\��6WXGHQWV�ZHUH�YHU\�VDWLVILHG�ZLWK�WKLV�FRXUVH��ZKLFK�KDG�DQ�
RYHUDOO�PHDQ�UDWLQJ�RI�����RXW�RI���IRU�WKH�LQVWUXFWLRQDO�LWHPV�RQ�WKH�VXUYH\��6' �����1 ���UHVSRQGHQWV���
�
,Q�FORVLQJ��WKH�UHVHDUFKHU�QRWHG�WKH�PRVW�VLJQLILFDQW�EHQHILW�IURP�WKLV�VWXG\�ZDV�FRQILUPLQJ�WKH�UHOLDEOH�
DSSOLFDWLRQ�RI�WKH�WHFKQRORJ\�HQDEOHG�0RRGOH�ZRUNVKRS�IRU�SHHU�DVVHVVPHQWV��$OWKRXJK�WKH�SURIHVVRU�VWLOO�
DVVHVVHG�HYHU\�VWXGHQW�DVVLJQPHQW�LQ�WKLV�FRXUVH��1 ������LI�WKH�.DSSD�LQWHUUDWHU�UHOLDELOLW\�VWDWLVWLF�KDG�EHHQ�
DYDLODEOH��KH�FRXOG�KDYH�MXVW�UDQGRPO\�VDPSOHG�D�IHZ��WKXV�VDYLQJ�D�WUHPHQGRXV�DPRXQW�RI�WLPH��7KLV�
PHWKRGRORJ\�ZRXOG�EH�H[WUHPHO\�YDOXDEOH�IRU�ODUJH�FRKRUWV�LQ�TXDOLWDWLYH�VXEMHFW�RULHQWHG�FRXUVHV�ZKHUH�WKHUH�
DUH�QXPHURXV�LWHPV�WR�DVVHVV���
�
)RU�H[DPSOH��WKH�UHVHDUFKHU�WRRN�RQ�DYHUDJH����PLQXWHV�WR�DVVHVV�HDFK�SURMHFW�SODQ�LQ�WKLV�FRXUVH��7KHUH�ZHUH���
���� �����SURMHFW�SODQV��H[FHSWLQJ�WKDW�RQH�VWXGHQW�GLG�QRW�VXEPLW�D�33��GXH�WR�LOOQHVV���7KHUHIRUH��DVVXPLQJ�
RWKHU�SURIHVVRUV�ZRXOG�WDNH�VLPLODU�WLPH�WR�DVVHVV�VXFK�DVVLJQPHQWV�LQ�RWKHU�FRXUVHV��D�WRWDO�RI�����PLQXWHV�
ZRXOG�EH�QHHGHG�IRU�WKLV�DFWLYLW\��,I�WKH�SURIHVVRU�LQVWHDG�PHUHO\�VDPSOHG�����RI�WKH�DVVLJQPHQWV��EDVHG�XSRQ�
WKH�SRWHQWLDO�DYDLODELOLW\�RI�D�EXLOW�LQ�.DSSD�LQWHUUDWHU�UHOLDELOLW\�VWDWLVWLF��RU�KDYLQJ�DFFHVV�WR�6366�WR�FDOFXODWH�
WKLV���DQG�IXUWKHU�DVVXPLQJ�WKH�VWXGHQWV�ZHUH�FDSDEOH�RI�DVVHVVLQJ�SHHU�DVVLJQPHQWV���DV�ZDV�WKLV�FRKRUW���WKH�
SURIHVVRU�ZRXOG�VDYH���������� �����PLQXWHV�RU�DERXW���KRXUV�HYHU\�FRXUVH��,I�WKLV�VDYLQJV�ZHUH�H[WUDSRODWHG�
DFURVV�WKH�HQWLUH�VFKRRO�RI�EXVLQHVV�DW�WKLV�XQLYHUVLW\�IRU�D�\HDU��LW�ZDV�HVWLPDWHG�WKDW�WKH�WLPH�HTXLYDOHQW�WR�
DQRWKHU�IDFXOW\�SRVLWLRQ�ZRXOG�EH�VDYHG��,PDJLQH�WKH�SRWHQWLDO�EHQHILWV�LI�WKLV�FRQFHSW�RI�WHFKQRORJ\�IDFLOLWDWHG�
VWXGHQW�SHHU�DVVHVVLQJ�ZHUH�DSSOLHG�DW�DOO�EXVLQHVV�VFKRROV�DQG�LQ�RWKHU�GLVFLSOLQHV"�7KLV�PLJKW�EH�DQ�HIIHFWLYH�
SHGDJRJ\�LI�D�UHOLDELOLW\�FRHIILFLHQW�ZDV�FDOFXODWHG�DQG�UHSRUWHG�LQ�WKH�/06�0RRGOH�ZRUNVKRS�PRGXOH��
�
5HIHUHQFHV�
�
$VVRFLDWLRQ�WR�$GYDQFH�&ROOHJLDWH�6FKRROV�RI�%XVLQHVV��$$&6%�����������(OLJLELOLW\�3URFHGXUHV�DQG�6WDQGDUGV�

IRU�%XVLQHVV�$FFUHGLWDWLRQ��7DPSD��)/��$$&6%��5HWULHYHG�IURP�
KWWS���ZZZ�DDFVE�HGX�DFFUHGLWDWLRQ�SURFHVV�GRFXPHQWV�

$FFUHGLWDWLRQ�&RXQFLO�IRU�%XVLQHVV�6FKRROV�DQG�3URJUDPV��$&%63�����������3UHOLPLQDU\�9LVLW�4XHVWLRQQDLXUH�
IRU�%DFFDODXUHDWH���*UDGXDWH�'HJUHH�6FKRROV�DQG�3URJUDPV��.DQVDV�&LW\��.6��$&%63��5HWULHYHG�IURP�
KWWS���ZZZ�DFEVS�HGX�

$QGHUVRQ��/���	�.UDWKZRKO��'����������$�7D[RQRP\�IRU�/HDUQLQJ��7HDFKLQJ�DQG�$VVHVVLQJ��$�5HYLVLRQ�RI�
%ORRP
V�7D[RQRP\�RI�(GXFDWLRQDO�2EMHFWLYHV��1HZ�<RUN��1<�86$��/RQJPDQ� 

%D\DW��$���	�1DLFNHU��9����������7RZDUGV�D�OHDUQHU�FHQWUHG�DSSURDFK��LQWHUDFWLYH�RQOLQH�SHHU�DVVHVVPHQW��6RXWK�
$IULFDQ�-RXUQDO�RI�+LJKHU�(GXFDWLRQ�����������������https://doi.org/10.20853/26-5-200 

%HGRUH��3���	�2
6XOOLYDQ��%����������$GGUHVVLQJ�LQVWUXFWRU�DPELYDOHQFH�DERXW�SHHU�UHYLHZ�DQG�VHOI�DVVHVVPHQW��
-RXUQDO�RI�WKH�&RXQFLO�RI�:ULWLQJ�3URJUDP�$GPLQLVWUDWRUV��������������� 

%LWWHU��*��*���	�/HJDF\��-��0����������8VLQJ�7HFKQRORJ\�LQ�WKH�&ODVVURRP��1<��3HDUVRQ���

https://doi.org/10.20853/26-5-200
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&RKHQ��-����������:HLJKWHG�NDSSD��QRPLQDO�VFDOH�DJUHHPHQW�ZLWK�SURYLVLRQ�IRU�VFDOH�GLVDJUHHPHQW�RU�SDUWLDO�
FUHGLW��3V\FKRORJLFDO�%XOOHWLQ����������������� https://doi.org/10.1037/h0026256 

&RKHQ��-����������6WDWLVWLFV�D�SRZHU�SULPHU��3V\FKRORJ\�%XOOHWLQ��������������� 
&RKHQ��-���&RKHQ��3���:HVW��6��*���	�$LNHQ��/��6����������$SSOLHG�0XOWLSOH�5HJUHVVLRQ�&RUUHODWLRQ�$QDO\VLV�IRU�

WKH�%HKDYLRUDO�6FLHQFHV���UG�HG����0DKZDK��1-��/DZUHQFH�(UOEDXP�$VVRFLDWHV� 
&UHVZHOO��-��:����������5HVHDUFK�'HVLJQ��4XDOLWDWLYH��4XDQWLWDWLYH��DQG�0L[HG�0HWKRGV�$SSURDFKHV���UG�HG����

1<��6DJH��,6%1����������������
'L9DOO��0���%DUU��-���*RQ\HDX��0���0DWWKHZV��6��-���$PEXUJK��-��9���4XDOWHUV��'���HW�DO����������)ROORZ�XS�

DVVHVVPHQW�RI�D�IDFXOW\�SHHU�REVHUYDWLRQ�DQG�HYDOXDWLRQ�SURJUDP��$PHULFDQ�-RXUQDO�RI�3KDUPDFHXWLFDO�
(GXFDWLRQ�������������https://doi.org/10.5688/ajpe76461

'ROOLVVR��$���	�.RXQGLQ\D��9����������$Q�LQWHJUDWHG�IUDPHZRUN�IRU�DVVHVVLQJ�RUDO�SUHVHQWDWLRQV�XVLQJ�SHHU��VHOI��
DQG�LQVWUXFWRU�DVVHVVPHQW�VWUDWHJLHV��1$&7$�-RXUQDO��������������� 

)DOFKLNRY��1���	�*ROGILQFK��-����������6WXGHQW�SHHU�DVVHVVPHQW�LQ�KLJKHU�HGXFDWLRQ��D�PHWD�DQDO\VLV�FRPSDULQJ�
SHHU�DQG�WHDFKHU�PDUNV��5HYLHZ�RI�(GXFDWLRQDO�5HVHDUFK����������������� 

)LQQ��*��0���	�*DUQHU��-����������7ZHOYH�WLSV�IRU�LPSOHPHQWLQJ�D�VXFFHVVIXO�SHHU�DVVHVVPHQW��0HGLFDO�7HDFKHU��
��������������.�https://doi.org/10.3109/0142159X.2010.546909

)OHLVV��-��/���1HH��-��&��0���	�/DQGLV��-��5����������/DUJH�VDPSOH�YDULDQFH�RI�NDSSD�LQ�WKH�FDVH�RI�GLIIHUHQW�VHWV�
RI�UDWHUV��3V\FKRORJLFDO�%XOOHWLQ����������������. https://doi.org/10.1037/0033-2909.86.5.974� 

*LHOHQ��6���'RFK\��)���	�2QJKHQD��3����������$Q�LQYHQWRU\�RI�SHHU�DVVHVVPHQW�GLYHUVLW\��$VVHVVPHQW�	�
(YDOXDWLRQ�LQ�+LJKHU�(GXFDWLRQ����������������. https://doi.org/10.1080/02602930903221444� 

*LHOHQ��6���'RFK\��)���2QJKHQD��3���6WUX\YHQ��.���	�6PHHWV��6����������*RDOV�RI�SHHU�DVVHVVPHQW�DQG�WKHLU�
DVVRFLDWHG�TXDOLW\�FRQFHSWV��6WXGLHV�LQ�+LJKHU�(GXFDWLRQ����������������� 

*LOO��-���-RKQVRQ��3���	�&ODUN��0����������5HVHDUFK�0HWKRGV�IRU�0DQDJHUV���WK�HG����/RQGRQ��6DJH��,6%1������
�����������

*UHHQ��6��.���	�-RKQVRQ��5��/���(GV������������(VVHQWLDO�&KDUDFWHULVWLFV�RI�$VVHVVPHQW��9RO������1<��0FJUDZ�
+LOO�

+DLU��-��)���%ODFN��:��&���%DELQ��%��-���$QGHUVRQ��5��(���	�7DWKDP��5��/����������0XOWLYDULDWH�'DWD�$QDO\VLV���WK�
HG����8SSHU�6DGGOH�5LYHU��1-��3UHQWLFH�+DOO� 

+H\PDQ��-��(���	�6DLORUV��-��-����������3HHU�DVVHVVPHQW�RI�FODVV�SDUWLFLSDWLRQ��DSSO\LQJ�SHHU�QRPLQDWLRQ�WR�
RYHUFRPH�UDWLQJ�LQIODWLRQ��$VVHVVPHQW�	�(YDOXDWLRQ�LQ�+LJKHU�(GXFDWLRQ����������������� 

-RKQVRQ��6��'���	�$UDJRQ��6��5����������$Q�LQVWUXFWLRQDO�VWUDWHJ\�IUDPHZRUN�IRU�RQ�OLQH�OHDUQLQJ�HQYLURQPHQWV��
1HZ�'LUHFWLRQV�IRU�$GXOW�DQG�&RQWLQXLQJ�(GXFDWLRQ�����������. https://doi.org/10.1002/ace.117� 

.R��&����������7KH�YLHZV�RI�SURVSHFWLYH�FODVV�WHDFKHUV�DERXW�SHHU�DVVHVVPHQW�LQ�WHDFKLQJ�SUDFWLFH��
(GXFDWLRQDO�6FLHQFHV��7KHRU\�	�3UDFWLFH������������������� 

.ULWLNRV��9��6���:RXOIH��-���6XNNDU��0��%���	�6DLQL��%����������,QWHUJURXS�SHHU�DVVHVVPHQW�LQ�SUREOHP�EDVHG�
OHDUQLQJ�WXWRULDOV�IRU�XQGHUJUDGXDWH�SKDUPDF\�VWXGHQWV��$PHULFDQ�-RXUQDO�RI�3KDUPDFHXWLFDO�(GXFDWLRQ��
�����������. https://doi.org/10.5688/ajpe75473

/DXULOODUG��'����������0RGHOOLQJ�EHQHILWV�RULHQWHG�FRVWV�IRU�WHFKQRORJ\�HQKDQFHG�OHDUQLQJ��+LJKHU�(GXFDWLRQ��
������������. https://doi.org/10.1007/s10734-006-9044-2

/L��/����������+RZ�GR�VWXGHQWV�RI�GLYHUVH�DFKLHYHPHQW�OHYHOV�EHQHILW�IURP�SHHU�DVVHVVPHQW"�,QWHUQDWLRQDO�
-RXUQDO�IRU�WKH�6FKRODUVKLS�RI�7HDFKLQJ�	�/HDUQLQJ������������. � 

/L��/���	�/HL�QD��/����������2Q�OLQH�SHHU�DVVHVVPHQW�RI�FKLQHVH�VWXGHQWV
�RUDO�SUHVHQWDWLRQ�LQ�(QJOLVK��6LQR�86�
(QJOLVK�7HDFKLQJ�����������������.�

/L��/���/LX��;���	�=KRX��<����������*LYH�DQG�WDNH��$�UH�DQDO\VLV�RI�DVVHVVRU�DQG�DVVHVVHH
V�UROHV�LQ�WHFKQRORJ\�
IDFLOLWDWHG�SHHU�DVVHVVPHQW��%ULWLVK�-RXUQDO�RI�(GXFDWLRQDO�7HFKQRORJ\����������������� 

/X��-���	�/DZ��1����������2QOLQH�SHHU�DVVHVVPHQW��HIIHFWV�RI�FRJQLWLYH�DQG�DIIHFWLYH�IHHGEDFN��,QVWUXFWLRQDO�
6FLHQFH����������������. https://doi.org/10.1007/s11251-011-9177-2�

/X��-���	�=KDQJ��=����������8QGHUVWDQGLQJ�WKH�HIIHFWLYHQHVV�RI�RQOLQH�SHHU�DVVHVVPHQW��$�SDWK�PRGHO��-RXUQDO�RI�
(GXFDWLRQDO�&RPSXWLQJ�5HVHDUFK����������������. https://doi.org/10.2190/EC.46.3.f� 

0F&DEH��0����������$VVHVVPHQW��EOHQGLQJ�DQG�FUHDWLYLW\��7KH�DEF�RI�WHFKQRORJ\�LQ�PDWKHPDWLFV�WHDFKLQJ��7KH�
,QWHUQDWLRQDO�-RXUQDO�IRU�7HFKQRORJ\�LQ�0DWKHPDWLFV�(GXFDWLRQ��������������� 

0RN��-����������$�FDVH�VWXG\�RI�VWXGHQWV
�SHUFHSWLRQV�RI�SHHU�DVVHVVPHQW�LQ�+RQJ�.RQJ��(/7�-RXUQDO��(QJOLVK�
/DQJXDJH�7HDFKHUV�-RXUQDO����������������. https://doi.org/10.1093/elt/ccq062� 

0XGUDN��'�������D��-DQXDU\������%HVW�$VVHVVPHQW�5DWHU�6FRULQJ�LQ�0RRGOH�:RUNVKRS������5HWULHYHG�-XQH����
������IURP�KWWS���GRFV�PRRGOH�RUJ����HQ�8VLQJB:RUNVKRS� 

0XGUDN��'�������E��-DQXDU\�����0RRGOH�:RUNVKRS�����6SHFLILFDWLRQV��5HWULHYHG�-XQH����������IURP�
KWWS���GRFV�PRRGOH�RUJ�GHY�:RUNVKRSB���BVSHFLILFDWLRQ� 

1HXV��-��/����������3HHU�DVVHVVPHQW�DFFRXQWLQJ�IRU�VWXGHQW�DJUHHPHQW��$VVHVVPHQW�	�(YDOXDWLRQ�LQ�+LJKHU�
(GXFDWLRQ����������������. https://doi.org/10.1080/02602930903342315�

https://doi.org/10.1037/h0026256
https://doi.org/10.5688/ajpe76461
https://doi.org/10.3109/0142159X.2010.546909
https://doi.org/10.1037/0033-2909.86.5.974%ED%AF%80%ED%B0%83
https://doi.org/10.1080/02602930903221444%ED%AF%80%ED%B0%83
https://doi.org/10.1002/ace.117%ED%AF%80%ED%B0%83
https://doi.org/10.5688/ajpe75473
https://doi.org/10.1007/s10734-006-9044-2
https://doi.org/10.1007/s11251-011-9177-2%ED%AF%80%ED%B0%83
https://doi.org/10.2190/EC.46.3.f%ED%AF%80%ED%B0%83
https://doi.org/10.1093/elt/ccq062%ED%AF%80%ED%B0%83
https://doi.org/10.1080/02602930903342315%ED%AF%80%ED%B0%83
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1LFKROVRQ��'��7����������(PEHGGLQJ�UHVHDUFK�LQ�D�ILHOG�EDVHG�PRGXOH�WKURXJK�SHHU�UHYLHZ�DQG�DVVHVVPHQW�IRU�
OHDUQLQJ��-RXUQDO�RI�*HRJUDSK\�LQ�+LJKHU�(GXFDWLRQ������������������� 

1XOW\��'��'����������3HHU�DQG�VHOI�DVVHVVPHQW�LQ�WKH�ILUVW�\HDU�RI�XQLYHUVLW\��$VVHVVPHQW�	�(YDOXDWLRQ�LQ�+LJKHU�
(GXFDWLRQ����������������. https://doi.org/10.1080/02602930903540983�

5XVVHOO��0��.���	�$LUDVLDQ��3��:���(GV������������6XPPDWLYH�$VVHVVPHQWV���WK�HG��9RO������0FJUDZ�+LOO� 
6DGOHU��'��5����������*UDGH�LQWHJULW\�DQG�WKH�UHSUHVHQWDWLRQ�RI�DFDGHPLF�DFKLHYHPHQW��6WXGLHV�LQ�+LJKHU�

(GXFDWLRQ�����������������
6KLK��5��&����������&DQ�:HE�����WHFKQRORJ\�DVVLVW�FROOHJH�VWXGHQWV�LQ�OHDUQLQJ�(QJOLVK�ZULWLQJ"�,QWHJUDWLQJ�

IDFHERRN�DQG�SHHU�DVVHVVPHQW�ZLWK�EOHQGHG�OHDUQLQJ��$XVWUDODVLDQ�-RXUQDO�RI�(GXFDWLRQDO�7HFKQRORJ\��
��������������. https://doi.org/10.14742/ajet.934�

6SH\HU��5��H���3LO]��:���9DQ�'HU�.UXLV��-���	�%UXQLQJV��-��:����������5HOLDELOLW\�DQG�YDOLGLW\�RI�VWXGHQW�SHHU�
DVVHVVPHQW�LQ�PHGLFDO�HGXFDWLRQ��$�V\VWHPDWLF�UHYLHZ��0HGLFDO�7HDFKHU����������H����H���� 

6WUDQJ��.��'����������4XDQWLWDWLYH�RQOLQH�VWXGHQW�SURILOLQJ�WR�IRUHFDVW�DFDGHPLF�RXWFRPH�IURP�OHDUQLQJ�VW\OHV�
XVLQJ�GHQGURJUDP�GHFLVLRQ�PRGHOV��0XOWLFXOWXUDO�(GXFDWLRQ�	�7HFKQRORJ\�-RXUQDO�����������������
5HWULHYHG�IURP�KWWS���G[�GRL�RUJ��������������������������� 

6WUDQJ��.��'����������8VLQJ�UHFXUVLYH�UHJUHVVLRQ�WR�H[SORUH�QRQOLQHDU�UHODWLRQVKLSV�DQG�LQWHUDFWLRQV��$�WXWRULDO�
DSSOLHG�WR�D�PXOWLFXOWXUDO�HGXFDWLRQ�VWXG\��3UDFWLFDO�$VVHVVPHQW��5HVHDUFK�	�(YDOXDWLRQ���������������
5HWULHYHG�IURP�KWWS���SDUHRQOLQH�QHW�JHWYQ�DVS"Y ��	Q ��

6WUDQJ��.��'�������D���*OREDO�FXOWXUH��OHDUQLQJ�VW\OH�DQG�RXWFRPH��DQ�LQWHUGLVFLSOLQDU\�HPSLULFDO�VWXG\�RI�
LQWHUQDWLRQDO�VWXGHQWV��-RXUQDO�RI�,QWHUFXOWXUDO�(GXFDWLRQ������������������5HWULHYHG�IURP�
KWWS���ZZZ�WDQGIRQOLQH�FRP�GRL�DEV������������������������������SUHYLHZ�

6WUDQJ��.��'�������E���0HDVXULQJ�VHOI�UHJXODWHG�H�IHHGEDFN��VWXG\�DSSURDFK�DQG�DFDGHPLF�RXWFRPH�RI�
PXOWLFXOWXUDO�XQLYHUVLW\�VWXGHQWV��,QWHUQDWLRQDO�-RXUQDO�RI�&RQWLQXLQJ�(QJLQHHULQJ�(GXFDWLRQ�DQG�/LIH�
/RQJ�/HDUQLQJ������������������5HWULHYHG�IURP�
KWWS���ZZZ�LQGHUVFLHQFH�FRP�VHDUFK�LQGH[�SKS"DFWLRQ UHFRUG	UHFBLG ������

6WUDQJ��.��'����������$�JURXQGHG�WKHRU\�VWXG\�RI�FHOOXODU�SKRQH�QHZ�SURGXFW�GHYHORSPHQW��,QWHUQDWLRQDO�
-RXUQDO�RI�,QWHUQHW�DQG�(QWHUSULVH�0DQDJHPHQW�����������������5HWULHYHG�IURP�
KWWS���ZZZ�LQGHUVFLHQFH�FRP�EURZVH�LQGH[�SKS"MRXUQDO,' ��	\HDU ����	YRO �	LVVXH ��

6WUDQJ��.��'����������5LVN�PDQDJHPHQW�UHVHDUFK�GHVLJQ�LGHRORJLHV��VWUDWHJLHV��PHWKRGV�DQG�WHFKQLTXHV��
,QWHUQDWLRQDO�-RXUQDO�RI�5LVN�DQG�&RQWLQJHQF\�0DQDJHPHQW��������������5HWULHYHG�IURP�KWWS���ZZZ�LJL�
JOREDO�FRP�DUWLFOH�ULVN�PDQDJHPHQW�UHVHDUFK�GHVLJQ�LGHRORJLHV�������

6WUDQJ��.��'���	�5��-��6\PRQGV���������$QDO\]LQJ�UHVHDUFK�DFWLYLW\�GXUDWLRQ�DQG�XQFHUWDLQW\�LQ�EXVLQHVV�
GRFWRUDWH�GHJUHHV��,QWHUQDWLRQDO�-RXUQDO�RI�5LVN�DQG�&RQWLQJHQF\�0DQDJHPHQW��������������� 

7KRPDV��*���0DUWLQ��'���	�3OHDVDQWV��.����������8VLQJ�VHOI��DQG�SHHU�DVVHVVPHQW�WR�HQKDQFH�VWXGHQWV
�IXWXUH�
OHDUQLQJ�LQ�KLJKHU�HGXFDWLRQ��-RXUQDO�RI�8QLYHUVLW\�7HDFKLQJ�	�/HDUQLQJ�3UDFWLFH������������� 

8QLWHG�8QLRQ�3URIHVVLRQDOV��883�����������6XQ\�%XGJHW�DQG�6WXGHQW�(QUROOPHQW�7UHQGV��$OEDQ\��1<��883� 
:LOOH\��.���	�*DUGQHU��$����������,QYHVWLJDWLQJ�WKH�FDSDFLW\�RI�VHOI�DQG�SHHU�DVVHVVPHQW�DFWLYLWLHV�WR�HQJDJH�

VWXGHQWV�DQG�SURPRWH�OHDUQLQJ��(XURSHDQ�-RXUQDO�RI�(QJLQHHULQJ�(GXFDWLRQ������������������ 
:X��.���'DYLVRQ��/���	�6KHHKDQ��$��+����������3KDUPDF\�VWXGHQWV
�SHUFHSWLRQV�RI�DQG�DWWLWXGHV�WRZDUGV�SHHU�

DVVHVVPHQW�ZLWKLQ�D�GUXJ�OLWHUDWXUH�HYDOXDWLRQ�FRXUVH��$PHULFDQ�-RXUQDO�RI�3KDUPDFHXWLFDO�(GXFDWLRQ�� 
����������. https://doi.org/10.5688/ajpe76462�

:X��6��<���+RX��+��7���	�+ZDQJ��:��<����������([SORULQJ�VWXGHQWV
�FRJQLWLYH�GLPHQVLRQV�DQG�EHKDYLRUDO�
SDWWHUQV�GXULQJ�D�V\QFKURQRXV�SHHU�DVVHVVPHQW�GLVFXVVLRQ�DFWLYLW\�XVLQJ�LQVWDQW�PHVVDJLQJ��$VLD�3DFLILF�
(GXFDWLRQ�5HVHDUFKHU�����������������

=KDQJ��$���	�%ODNH\��3����������3HHU�DVVHVVPHQW�RI�VRIW�VNLOOV�DQG�KDUG�VNLOOV��-RXUQDO�RI�,QIRUPDWLRQ�
7HFKQRORJ\�(GXFDWLRQ�������������. https://doi.org/10.28945/1634� 

=KL�)HQJ�/LX��(���	�/HH��&��<����������8VLQJ�SHHU�IHHGEDFN�WR�LPSURYH�OHDUQLQJ�YLD�RQOLQH�SHHU�DVVHVVPHQW��
7XUNLVK�2QOLQH�-RXUQDO�RI�(GXFDWLRQDO�7HFKQRORJ\�����������������

https://doi.org/10.1080/02602930903540983%ED%AF%80%ED%B0%83
https://doi.org/10.14742/ajet.934%ED%AF%80%ED%B0%83
https://doi.org/10.5688/ajpe76462%ED%AF%80%ED%B0%83
https://doi.org/10.28945/1634%ED%AF%80%ED%B0%83
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$SSHQGL[����3HHU�DVVHVVPHQW�UXEULF�DSSOLHG�LQ�0RRGOH�ZRUNVKRS�
$VSHFW��
�FDWHJRU\��

&ULWHULD� 5DWLQJ��
������

,QWHJUDWLRQ�
PDQDJHPHQW�

D��ILUVW�SDJH�KDV�SURMHFW�FRUUHFW�WLWOH��30�QDPH��GDWH��FRXUVH�QXPEHU��E��SURMHFW�LV�
XQLTXH��DQG�DSSURYHG�RQOLQH�LQ�30,6���F��YHUVLRQ�ORJ�LV�SUHVHQW�DQG�UHDOLVWLFDOO\�
FRPSOHWHG��YHUVLRQ���RU�VLPLODU���G��WDEOH�RI�FRQWHQWV�LI�DFFXUDWH�DQG�ZHOO�
IRUPDWWHG��H��FKDUWHU�PHQWLRQV�NH\�LWHPV�IURP�VFRSH�VXFK�DV�NH\�GHOLYHUDEOH�DQG�
UHDVRQ�IRU�SURMHFW��RYHUDOO�FRVW�DQG�WLPH��30��I��DOO�RWKHU�HLJKW�VHFWLRQV�DUH�
SUHVHQW��J��$3$�UHIHUHQFHV�DW�HQG�IRU�FLWDWLRQV�WR�VRXUFHV��K��VSHOOLQJ��JUDPPDU��
DQG�SURIHVVLRQDO�EXVLQHVV�ZULWLQJ�DQG�VSHDNLQJ�HYLGHQW�DW�DOO�WLPHV��L��XSORDGHG�
LQ�3')�IRUPDW�ZLWK�2SHQ3URM�RU�3ODQQHU�*DQWW�ILOH�DWWDFKHG��

�

6FRSH�
PDQDJHPHQW�

D��LQGLFDWHG�H[DFW�QDWXUH�RI�SURMHFW��E��VRPH�EDFNJURXQG��ZLWK�D�FLWDWLRQ�WR�
OLWHUDWXUH�RU�QHZV�DUWLFOH���F��VWDUW�DQG�FRPSOHWH�GDWH��RU�GXUDWLRQ���G��DW�OHDVW�RQH�
NH\�GHOLYHUDEOH��UHODWHV�WR�UHDVRQ�IRU�GRLQJ�SURMHFW���H��DW�OHDVW�RQH�DVVXPSWLRQ��I��
DW�OHDVW�RQH�FRQVWUDLQW��J��VSHOOLQJ��JUDPPDU��DQG�SURIHVVLRQDO�EXVLQHVV�ZULWLQJ�
DQG�VSHDNLQJ�HYLGHQW�DW�DOO�WLPHV��

�

7LPH�
PDQDJHPHQW�

D��LQFOXGHV�*DQWW�ZLWK�WDVNV�VKRZQ��E��DW�OHDVW���UHVRXUFHV��30�������F��VHTXHQFH�
DQG�OLQNV�FDQ�EH�VHHQ��G��LQGHQWDWLRQ�XVHG�ZLWK�:%6�QXPEHUV��H��DW�OHDVW�RQH�
PLOHVWRQH�YLVLEOH��I��IRUPDWWHG�FOHDUO\�DQG�SURIHVVLRQDOO\�ZLWK�QR�GXSOLFDWLRQ�
IURP�ULVN�RU�RWKHU�VHFWLRQV��J��VSHOOLQJ��JUDPPDU��DQG�SURIHVVLRQDO�EXVLQHVV�
ZULWLQJ�DQG�VSHDNLQJ�HYLGHQW�DW�DOO�WLPHV��LQFOXGLQJ�WLPHO\�GHOLYHU\�RI�FKDUWHU�
EULHILQJ�SUHVHQWDWLRQ���

�

&RVW�
PDQDJHPHQW�

D��LQFOXGHV�H[WHUQDO�DQG�LQWHUQDO�XQLW�FRVWV�VXPPDUL]HG�E\�FDWHJRU\��E��DW�OHDVW���
OHYHOV�RI�GHWDLO��FDWHJRULHV���F��RYHUDOO�WRWDO��G��HDUQHG�YDOXH�IRUPXOD�VKRZQ��H��
HDUQHG�YDOXH�FDOFXODWLRQ�FRUUHFW��I��63,�DQG�&3,�VKRZQ�DV�SHUFHQWDJHV��J��
LPSOLFDWLRQV�RQ�EXGJHW�GLVFXVVHG��K��QR�GXSOLFDWLRQ�IURP�SURFXUHPHQW�RU�RWKHU�
VHFWLRQV��L��VSHOOLQJ��JUDPPDU��DQG�SURIHVVLRQDO�EXVLQHVV�ZULWLQJ�DQG�VSHDNLQJ��

�

+XPDQ�UHVRXUFH�
PDQDJHPHQW�

D��DW�OHDVW���UHVRXUFH�UROHV�H[SODLQHG��E��FRVWV�VKRZQ��LQFOXGLQJ�30���F��OLVWHG�LQ�
WDEOH�IRUPDW��UHVRXUFH�DOORFDWLRQ�PDWUL[���G��XQLW�FRVWV�JLYHQ��H��VDPH�UHVRXUFHV�DV�
VKRZQ�RQ�*DQWW�FKDUW��J��PDWHULDO�UHVRXUFHV�VKRZQ��I��SHUVRQ�UHVRXUFHV�XVHG��J��
VSHOOLQJ��JUDPPDU��DQG�SURIHVVLRQDO�EXVLQHVV�ZULWLQJ�DQG�VSHDNLQJ��

�

5LVN�
PDQDJHPHQW�

,QWHUQDO�ULVNV��D��PHWKRG�IRU�HVWLPDWLQJ�LQWHUQDO�ULVNV�OLVWHG��E��WDEOH�LQFOXGHG�
�ZHOO�IRUPDWWHG��ODEHOHG��UHIHUHQFHG�LQ�WH[W���VKRZV�ULVN\�WDVNV��DQG�RYHUDOO�
FULWLFDO�SDWK�PHWKRG�ULVN��VWDQGDUG�GHYLDWLRQ���F��VKRZV�SUREDELOLW\�SURMHFW�ZLOO�
ILQLVK�����HDUOLHU�WKDQ�H[SHFWHG�GXUDWLRQ���([WHUQDO�ULVNV��G��PHWKRG�IRU�
HVWLPDWLQJ�H[WHUQDO�ULVNV�OLVWHG��H��LGHQWLILFDWLRQ������OLNHO\�ULVNV�OLVWHG�DSSOLFDEOH�
LI�WKH�SURMHFW�ZHUH�XQGHUZD\���I��VRXUFHV�IRU�ULVNV�QRWHG��VXEMHFW�H[SHUW�
LQWHUYLHZV���J��VSHOOLQJ��JUDPPDU��SURIHVVLRQDO�EXVLQHVV�ZULWLQJ�DQG�VSHDNLQJ��

�

4XDOLW\�
PDQDJHPHQW�

D��DW�OHDVW���NH\��UHDVRQDEOH��TXDOLW\�JRDOV�LGHQWLILHG��E��NH\�FULWHULD�LQ�D�PDWUL[�
�WDEOH�ZLWK�KHDGLQJ�HWF���F��VHOHFWLRQ�RI�PHWKRG�WR�PHDVXUH�TXDOLW\�H[SODLQHG��G��
IRUPXODH�RU�EHQFKPDUNV�LGHQWLILHG��H��FLWDWLRQV�WR�TXDOLW\�JXLGHOLQHV��I��]HUR�
GHIHFWV��K��VSHOOLQJ��JUDPPDU��SURIHVVLRQDO�EXVLQHVV�ZULWLQJ�DQG�VSHDNLQJ��

�

&RPPXQLFDWLRQ�
PDQDJHPHQW�

D��DW�OHDVW���NH\��UHDVRQDEOH��VWDNHKROGHUV�LGHQWLILHG��E��NH\�GHOLYHUDEOHV�LQ�D�
PDWUL[��WDEOH�ZLWK�KHDGLQJ�HWF���F��HPDLOV�IRU�VWDNHKROGHUV�WR�QRWLI\�WKHP��G��
PHQWLRQ�XVH�RI�WHFKQRORJ\�RU�PHWKRG�IRU�DERYH��LQWHUYLHZV���H��FRPPXQLFDWLRQ�
PDWUL[�FRPSOHWH�ZLWK�:��KRZ�IRUPDW��J��VSHOOLQJ��JUDPPDU��SURIHVVLRQDO�
EXVLQHVV�ZULWLQJ�DQG�VSHDNLQJ�GXULQJ�SURMHFW�FKDUWHU�EULHILQJ�ZLWK�RWKHU�30
V��

�

3URFXUHPHQW�
PDQDJHPHQW�

D��LQFOXGHV�H[WHUQDO�DQG�LQWHUQDO�XQLW�FRVWV�IRU�PDWHULDOV�VXPPDUL]HG�E\�FDWHJRU\��
E��DW�OHDVW���OHYHOV�RI�GHWDLO��FDWHJRULHV���F��RYHUDOO�WRWDO��G��FRQWUDFW�W\SHV�
H[SODLQHG��H��MXVWLILFDWLRQ�IRU�FRQWUDFW�W\SHV�JLYHQ��I��LPSOLFDWLRQV�RQ�EXGJHW�
GLVFXVVHG��K��QR�GXSOLFDWLRQ�IURP�FRVW�RU�RWKHU�VHFWLRQV��L��VSHOOLQJ��JUDPPDU��DQG�
SURIHVVLRQDO�EXVLQHVV�ZULWLQJ�DQG�VSHDNLQJ�HYLGHQW�DW�DOO�WLPHV��

�

5DWLQJV�DUH�VFRUHV�RI�FRPSHWHQF\�RU�SURILFLHQF\��LQIRUPHG�E\�WKH�UHYLVHG�7D[RQRP\�IRU�(GXFDWLRQ��ZKHUH���
��LV�WKH�ORZHVW�DQG���LV�WKH�KLJKHVW���� �QRW�DGGUHVVHG���� �EDVLF�XQGHUVWDQGLQJ�EXW�PDQ\�UHTXLUHPHQWV�PLVVLQJ�
DQG�W\SRV���� �DSSOLFDWLRQ�RI�NH\�UHTXLUHPHQWV�EXW�W\SRV�DQG�VRPH�LWHPV�PLVVLQJ���� �VRXQG�DQDO\VLV�EXW�W\SRV�
RU�D�IHZ�UHTXLUHPHQWV�PLVVLQJ����VWURQJ�GHPRQVWUDWLRQ�RI�NQRZOHGJH�DUHD�ZLWK�DOO�UHTXLUHPHQWV�PHW��

�



��WK�DVFLOLWH�&RQIHUHQFH������3URFHHGLQJV� 3DJH�����

$XWKRU�GHWDLOV�

'U�.HQQHWK�'DYLG�6WUDQJ��'RFWRUDWH��0%$��%6��%7��)/0,��&1$��303�
6FKRRO�RI�%XVLQHVV�DQG�(FRQRPLFV�
6WDWH�8QLYHUVLW\�RI�1HZ�<RUN�
����%D\�5RDG��5HJLRQDO�+LJKHU�(GXFDWLRQ�%XLOGLQJ��4XHHQVEXU\��1<��86$�������
7HO������������������
)D[������������������
:HE��KWWS���SHUVRQDO�SODWWVEXUJK�HGX�NVWUD�����

3OHDVH�FLWH�DV��6WUDQJ�.�'����������([SORULQJ�VXPPDWLYH�SHHU�DVVHVVPHQW�GXULQJ�D�K\EULG�XQGHUJUDGXDWH�VXSSO\� 
FKDLQ�FRXUVH�XVLQJ�0RRGOH��,Q�+��&DUWHU��0��*RVSHU�DQG�-��+HGEHUJ��(GV����(OHFWULF�'UHDPV��3URFHHGLQJV� 
DVFLOLWH������6\GQH\����SS�����������https://doi.org/10.14742/apubs.2013.1339

&RS\ULJKW��������.HQQHWK�'DYLG�6WUDQJ�

7KH�DXWKRU�DVVLJQ�WR�DVFLOLWH�DQG�HGXFDWLRQDO�QRQ�SURILW�LQVWLWXWLRQV��D�QRQ�H[FOXVLYH�OLFHQFH�WR�XVH�WKLV�
GRFXPHQW�IRU�SHUVRQDO�XVH�DQG�LQ�FRXUVHV�RI�LQVWUXFWLRQ��SURYLGHG�WKDW�WKH�DUWLFOH�LV�XVHG�LQ�IXOO�DQG�WKLV�
FRS\ULJKW�VWDWHPHQW�LV�UHSURGXFHG��7KH�DXWKRU�DOVR�JUDQW�D�QRQ�H[FOXVLYH�OLFHQFH�WR�DVFLOLWH�WR�SXEOLVK�WKLV�
GRFXPHQW�RQ�WKH�DVFLOLWH�ZHE�VLWH�DQG�LQ�RWKHU�IRUPDWV�IRU�WKH�3URFHHGLQJV�DVFLOLWH�6\GQH\�������$Q\�RWKHU�XVH�
LV�SURKLELWHG�ZLWKRXW�WKH�H[SUHVV�SHUPLVVLRQ�RI�WKH�DXWKRU��

https://doi.org/%ED%AF%80%ED%B0%94%ED%AF%80%ED%B0%93%ED%AF%80%ED%B0%91%ED%AF%80%ED%B0%94%ED%AF%80%ED%B0%97%ED%AF%80%ED%B0%9A%ED%AF%80%ED%B0%97%ED%AF%80%ED%B0%95%ED%AF%80%ED%B0%92%ED%AF%80%ED%B1%84%ED%AF%80%ED%B1%93%ED%AF%80%ED%B1%98%ED%AF%80%ED%B1%85%ED%AF%80%ED%B1%96%ED%AF%80%ED%B0%91%ED%AF%80%ED%B0%95%ED%AF%80%ED%B0%93%ED%AF%80%ED%B0%94%ED%AF%80%ED%B0%96%ED%AF%80%ED%B0%91%ED%AF%80%ED%B0%94%ED%AF%80%ED%B0%96%ED%AF%80%ED%B0%96%ED%AF%80%ED%B0%9C

