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�Ŷ�ƵŶĐĞƌƚĂŝŶ�ĨƵƚƵƌĞ͗��ƵƐƚƌĂůŝĂ͛Ɛ�
ǇŽƵƚŚ�ĂƌĞ�ůŽƐŝŶŐ�ŝŶƚĞƌĞƐƚ�ŝŶ�
^d�D�ĮĞůĚƐ 
 
�������:LWKRXW�LQQRYDWRUV�WR�JHQHUDWH�QHZ�LGHDV��DQG�
ZLWKRXW�6FLHQFH��7HFKQRORJ\��(QJLQHHULQJ��	�0DWK�
�67(0��ZRUNHUV�WR�UHDOL]H�WKRVH�LGHDV��D�QDWLRQ�LV�DW�
ULVN�RI�EHLQJ�OHIW�EHKLQG�LQ�WKH�PDUFK�RI�WHFKQRORJLFDO�
SURJUHVV��7RGD\��$XVWUDOLD�DQG�PDQ\�RWKHU�GHYHORSHG�
QDWLRQV¶�\RXWK�DUH�QRW�SXUVXLQJ�67(0�ILHOGV���0DQ\�
$XVWUDOLDQ�SROLWLFLDQV�DQG�EXVLQHVV�OHDGHUV�ZRUU\�WKDW�
D�ODFN�RI�TXDOLILHG�67(0�SURIHVVLRQDOV�ZLOO�OLPLW��
$XVWUDOLD¶V�UHVHDUFK�FDSDELOLWLHV�DQG�VHULRXVO\�KLQGHU�
HFRQRPLF�JURZWK��$XVWUDOLD¶V�&KLHI�6FLHQWLVW�KDV�
YRLFHG�FRQFHUQ�DERXW�WKLV�LVVXH�DIWHU�KLV�RIILFH�UHSRUW�
HG�WKDW�³VHYHQW\-ILYH�SHU�FHQW�RI�WKH�IDVWHVW�JURZLQJ�
RFFXSDWLRQV�QRZ�UHTXLUH�67(0�VNLOOV�DQG�
NQRZOHGJH�´�DQG�\HW��VRPH�HPSOR\HUV�KDYH�GLIILFXOW\�
ILQGLQJ�QHZ�KLUHV�IRU�67(0�SRVLWLRQV���7KH�2IILFH�RI�
WKH�&KLHI�6FLHQWLVW�IRXQG�WKDW�RI�VHYHUDO�KXQGUHG����
HPSOR\HUV�VXUYH\HG������UHSRUWHG�GLIILFXOW\�LQ�ILOOLQJ�
WHFKQLFLDQ�UROHV��DQG�����QRWHG�GLIILFXOW\�ZLWK�KLULQJ�
HQRXJK�67(0�JUDGXDWHV��� 
�������7KH�ODFN�RI�FDQGLGDWHV�VHHNLQJ�MREV�LQ�67(0�PD\�
RULJLQDWH�IURP�D�JURZLQJ�GLVLQWHUHVW�LQ�VFLHQFH�DQG�
PDWK�DPRQJ�SULPDU\�DQG�VHFRQGDU\�VFKRRO�VWXGHQWV��
ZKR�LQFUHDVLQJO\�FKRRVH�QRW�WR�VWXG\�RU�SXUVXH�FDUHHUV�
LQ�67(0�ILHOGV��:KLOH�WKH�WRWDO�QXPEHU�RI�VWXGHQWV�LQ�
WKH���WK�\HDU�RI�$XVWUDOLDQ�VFKRROLQJ�KDV�LQFUHDVHG�E\�
����IURP������WR�������WKH�SDUWLFLSDWLRQ�UDWHV�IRU�
PRVW�HOHFWLYH�PDWK�DQG�VFLHQFH�FRXUVHV�KDYH�IDOOHQ��
VRPH�E\�DV�PXFK�DV�������)XUWKHUPRUH��DFFRUGLQJ�WR�
WKH�3URJUDPPH�IRU�,QWHUQDWLRQDO�6WXGHQW�$VVHVVPHQW�
�3,6$��WHVWLQJ�IURP�WKH�2UJDQLVDWLRQ�IRU�(FRQRPLF�
&R-RSHUDWLRQ�DQG�'HYHORSPHQW��2(&'���$XVWUDOLDQ�
VWXGHQWV¶�PDWKHPDWLFV�OLWHUDF\�UDWHV�KDYH�GHFOLQHG�
VLQFH�������$OWKRXJK�$XVWUDOLD�VWLOO�UDQNV�DPRQJ�WKH�
WRS�QDWLRQV����WK�RYHUDOO�IRU�PDWKHPDWLFV���FRXQWULHV�

ZLWK�VLPLODU�3,6$�PDWKHPDWLFV�DYHUDJH�VFRUHV�LQ�
������VXFK�DV�&DQDGD�DQG�6ZLW]HUODQG��KDYH�H[SHUL�
HQFHG�D�ULVH�LQ�VFRUHV�VLQFH�WKHQ��PDNLQJ�$XVWUDOLD¶V�
GHFOLQH�HVSHFLDOO\�WURXEOLQJ��,Q�)LJXUH����$XVWUDOLD¶V�
PDWKHPDWLFV�OLWHUDF\�VFRUHV�DUH�FRPSDUHG�WR�D�WRS�SHU�
IRUPLQJ�FRXQWU\��+RQJ�.RQJ���RWKHU�VLPLODUO\�SHU�
IRUPLQJ�QDWLRQV��DQG�WKH�2(&'�DYHUDJH�VFRUH�RYHU�
WLPH��$V�VKRZQ��$XVWUDOLD¶V�VFRUHV�DUH�GHFOLQLQJ�IDVWHU�
WKDQ�WKH�2(&'�DYHUDJH�� 

������� 
 
 ,Q�$XVWUDOLD��WKH�&RPPRQZHDOWK�6FLHQWLILF�DQG�
,QGXVWULDO�5HVHDUFK�2UJDQLVDWLRQ��&6,52��LV�DWWHPSW�
LQJ�WR�UHYHUVH�WKLV�QHJDWLYH�WUHQG�LQ�SHUIRUPDQFH�DQG�
LQWHUHVW�LQ�67(0��$V�D�OHDGLQJ�VFLHQWLILF�UHVHDUFK�
DJHQF\��&6,52�LV�KHDYLO\�LQYHVWHG�LQ�SURPRWLQJ�VFL�
HQFH�DQG�LQGXVWU\�WKURXJKRXW�$XVWUDOLD��RIIHULQJ�QX�
PHURXV�SURJUDPV�WR�SURPRWH�JUHDWHU�VWXGHQW�LQYROYH�
PHQW�LQ�67(0��7KHVH�LQLWLDWLYHV�UDQJH�IURP�WUDLQLQJ�
WHDFKHUV�WR�LPSOHPHQW�KDQGV-RQ�OHDUQLQJ�LQ�FODVV�
URRPV��WR����SURGXFLQJ�D�WHOHYLVLRQ�SURJUDP�WKDW�VKRZV�
FKLOGUHQ�KRZ�VFLHQFH�FDQ�EH�IXQ�DQG�UHOHYDQW��,Q�DQ�
HIIRUW�WR�H[SDQG�WKHLU�RXWUHDFK��&6,52�KDV�LPSOH�

PHQWHG�D��6FLHQFH�%RRWFDPS�WR�HQFRXUDJH�PRUH�VWX�
GHQWV�WR�HQWHU�67(0�ILHOGV�� 
 7\SLFDOO\�KHOG�GXULQJ�VFKRRO�KROLGD\V�LQ�PDMRU�
FLWLHV��VHFRQGDU\�VFKRRO�VWXGHQWV��DJH����WR�����YLVLW�
&6,52�FDPSXVHV�RYHU�D�WZR-GD\�SHULRG��WRXULQJ����
ODERUDWRULHV��DWWHQGLQJ�SUHVHQWDWLRQV��DQG�FRPSOHWLQJ�
IXQ�VFLHQFH�DFWLYLWLHV��$IWHU�WZR�\HDUV�ZLWK�RYHU�����
VWXGHQW�DWWHQGHHV��&6,52�ZRXOG�OLNH�WR�DVVHVV�ZKLFK�
DFWLYLWLHV��WRSLFV��DQG�LQWHUDFWLRQV�VWXGHQWV�PRVW�YDOXH�
LQ�WKHVH�6FLHQFH�%RRWFDPSV��7KLV�LQIRUPDWLRQ�FDQ�EH�
XVHG�WR�GHYHORS�HIIHFWLYH�%RRWFDPS�DFWLYLWLHV�LQ�WKH�
IXWXUH� 
�������7KH�JRDO�RI�RXU�SURMHFW�ZDV�WR�KHOS�&6,52������
LQFUHDVH�\RXWK�LQWHUHVW�LQ�67(0�WKURXJK�LWV�6FLHQFH�
%RRWFDPSV��7KLV�JRDO�ZDV�DFKLHYHG�WKURXJK�WKUHH��
REMHFWLYHV� ����UHYLHZLQJ�EHVW�SUDFWLFHV�LQ�67(0���
HGXFDWLRQ��HVSHFLDOO\�WKH�XVH�RI�KDQGV-RQ�DFWLYLWLHV�WR�
LQFUHDVH�VWXGHQW�LQWHUHVW������DQDO\]LQJ�H[LVWLQJ������
HYDOXDWLRQ�GDWD�RQ�SUHYLRXV�6FLHQFH�%RRWFDPS�������
DFWLYLWLHV��DQG�����XVLQJ�WKLV�LQIRUPDWLRQ�WR�FRQFHSWX�
DOL]H��WHVW��DQG�UHILQH�D�QHZ�VHW�RI�DFWLYLWLHV�IRU�IXWXUH�
6FLHQFH�%RRWFDPSV��)LJXUH���� 
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,Žǁ�ƚŽ�ŵŽƟǀĂƚĞ�ƐƚƵĚĞŶƚƐ�ŝŶ�
^d�D�&ŝĞůĚƐ�� 
������� 

�������0DQ\�HQULFKPHQW�SURJUDPV�KDYH�EHHQ�FUHDWHG�
ZLWK�WKH�JRDO�RI�UDLVLQJ�DQG�PDLQWDLQLQJ�VWXGHQWV¶��
LQWHUHVW�LQ�67(0��(DFK�RI�WKHVH�SURJUDPV�XWLOL]HV�D�
XQLTXH�PHWKRG�WR�PRWLYDWH�VWXGHQWV�WR�SXUVXH�67(0�
ILHOGV�� 
 

�ĞĮŶŝŶŐ�ƐƚƵĚĞŶƚ�ŵŽƟǀĂƟŽŶ͕� 
�ŝŶƚĞƌĞƐƚ�ĂŶĚ�ĞŶŐĂŐĞŵĞŶƚ� 
 
�������,QFUHDVLQJ�PRWLYDWLRQ��RU�WKH�GULYH�VRPHRQH�KDV�
WR�GR�VRPHWKLQJ��LV�WKH�HQG�JRDO�RI�PRVW�HQULFKPHQW�
SURJUDPV��:KHQ�WKHUH¶V�OLWWOH�WLPH�WR�WHDFK�D�VWXGHQW�
DERXW�D�VXEMHFW��WKH�PDJQLWXGH�RI�DQ�HGXFDWRU
V�LPSDFW�
FDQ�EH�PHDVXUHG�QRW�RQO\�LQ�IDFWV�DQG�ILJXUHV�VWXGHQWV�
KDYH�DEVRUEHG��EXW�DOVR�LQ�WKH�VWXGHQW¶V�LQFUHDVHG��
PRWLYDWLRQ�WR�SXUVXH�WKDW�VXEMHFW�ODWHU��0RWLYDWLRQ�LV��
LQ�RXU�FDVH��ZKDW�GULYHV�WKH�VWXGHQW�WR�SXUVXH�FHUWDLQ��
DFDGHPLF�DQG�SURIHVVLRQDO�SDWKV��,W�LV�DQ�LPSRUWDQW�
FRQVWUXFW�LQ�SV\FKRORJ\��DQG�PDQ\�H[SHUWV�KDYH�RXW�
OLQHG�HIIHFWLYH�PHWKRGV�IRU�PRWLYDWLQJ�LQGLYLGXDOV��
HVSHFLDOO\�ZLWK�WKH�LQWHQWLRQ�RI�GULYLQJ�ORQJ-WHUP���
LPSDFWV��+RZHYHU��PRWLYDWLQJ�VWXGHQWV�DQG�PHDVXULQJ�
WKLV�LPSDFW�FDQ�RIWHQ�WDNH�LPSUDFWLFDO�OHQJWKV�RI�WLPH��
,W�FDQ�WDNH�PRQWKV�RU�HYHQ�\HDUV�WR�LQIOXHQFH�D�������
VWXGHQW¶V�PRWLYDWLRQ��DQG�MXVW�DV�ORQJ�WR�WHVW�IRU�
FKDQJHV�LQ�PRWLYDWLRQ���� 
�������0RWLYDWLRQ�LV�LQWHUUHODWHG�ZLWK�WZR�RWKHU�FRQ�
VWUXFWV�RI�HGXFDWLRQDO�SV\FKRORJ\��KRZHYHU��WKDW�DUH�
HDVLHU�WR�DFKLHYH�DQG�PHDVXUH��HQJDJHPHQW�DQG�LQWHU�
HVW��(QJDJHPHQW�LV�KRZ�DWWHQWLYH�DQG�LQYROYHG�D�VWX�
GHQW�LV�LQ�WKH�PRPHQW�RI�D�OHVVRQ�RU�DFWLYLW\��%HFDXVH�
HQJDJHPHQW�LV�GHILQHG�DW�D�JLYHQ�WLPH��UDWKHU�WKDQ�
RYHU�D�VSDQ�RI�WLPH��D�VWXGHQW¶V�OHYHO�RI�HQJDJHPHQW�
FDQ�EH�GHWHUPLQHG�E\�REVHUYLQJ�WKHP�IRU�D�VKRUW�GXUD�

WLRQ���:KLOH�WKLV�LV�DGYDQWDJHRXV�IRU�VKRUW�WHUP�SUR�
JUDPV��D�VWXGHQW¶V�OHYHO�RI�HQJDJHPHQW�LV�RIWHQ�D�SRRU�
LQGLFDWRU�RI�ORQJ-WHUP�PRWLYDWLRQ���,QWHUHVW�LV�D�PXFK�
EHWWHU�LQGLFDWRU��,QWHUHVW�LV��KRZ�PXFK�D�VWXGHQW�FDUHV�
DERXW�WKH�VXEMHFW��,QWHUHVW�FDQ�EH�VSDUNHG�E\�RQH�������������
ZHOO-GHYHORSHG�FODVV�RU�DFWLYLW\��RU�LW�FDQ�EH�LQVWLOOHG�
RYHU�PXOWLSOH�DFWLYLWLHV�RQ�WKH�WRSLF��2QH�UHVHDUFKHU��
'HFL��KDV�VKRZQ�WKDW�LQWHUHVW�FDQ�EH�PHDVXUHG�ZLWK�
VLPSOH�VKRUW�WHUP�VXUYH\V--
DQ�LGHDO�DSSURDFK�IRU�D�
VKRUW-WHUP�SURJUDP��VXFK�
DV�WKH�6FLHQFH�%RRWFDPSV���

%HFDXVH�WKLV�FRQVWUXFW�LV�
GHYHORSHG�LQ�D�VKRUWHU�WLPH�
IUDPH�WKDQ�PRWLYDWLRQ��EXW�
FDQ�KDYH�PRUH�HQGXULQJ�
HIIHFWV�WKDQ�HQJDJHPHQW��LW�
LV�D�SULPDU\�IRFXV�RI�RXU�
ERRWFDPS��GHVLJQ��7KHVH�
FRQVWUXFWV�DUH�IXUWKHU�FRP�
SDUHG�LQ�7DEOH��� 
�������$�VWXG\�E\�/LQQHQ�
EULQN-*DUFLD�HW�DO��UHFRJ�
QL]HG�WZR�PDMRU�FDWHJRULHV�
RI�VWXGHQW�LQWHUHVW��LQGLYLG�
XDO�DQG�VLWXDWLRQDO�LQWHUHVW��
7KH\�GHILQH�LQGLYLGXDO�LQ�
WHUHVW�DV�KRZ�PXFK�RQH�
LQKHUHQWO\�FDUHV�DERXW�D�
VXEMHFW�DQG�VLWXDWLRQDO�LQ�
WHUHVW�DV�KRZ�PXFK�DQ�LQGL�
YLGXDO�FDUHV�DERXW�D�VXEMHFW�
DW�D�SDUWLFXODU�WLPH��,I�DQ�
LQVWUXFWRU�PDLQWDLQV�D�VWX�
GHQW¶V�VLWXDWLRQDO�LQWHUHVW��LW�
FDQ�HYROYH�LQWR�LQGLYLGXDO�
LQWHUHVW���2QH�VXEFDWHJRU\�
RI�VLWXDWLRQDO�LQWHUHVW�LV�
YDOXH-EDVHG�LQWHUHVW��ZKLFK�
RFFXUV�ZKHQ�WKH�VWXGHQW�
WKLQNV�WKH�VXEMHFW�UHODWHV�WR�

WKHLU�OLIH�DQG�LV�LPSRUWDQW�WR�NQRZ��)RU�H[DPSOH��LI�DQ�
LQVWUXFWRU�WHDFKHV�VWXGHQWV�DERXW�VWUXFWXUDO�V\VWHPV�
XVLQJ�D�VSDJKHWWL�EULGJH��WKH\�PD\�VKRZ�KRZ�WKDW�
NQRZOHGJH�DSSOLHV�WR�UHDO�OLIH��VXFK�DV�LQ�WKH�FRQVWUXF�
WLRQ�RI�UHDO�EULGJHV��DV�LOOXVWUDWHG�LQ�)LJXUH����$�YLVXDO�
UHSUHVHQWDWLRQ�RI�KRZ�WKHVH�YDULRXV�W\SHV�RI�LQWHUHVW�
LQWHUUHODWH�LV�VKRZQ�LQ�)LJXUH��� 
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DĞĂƐƵƌĞͲ
ŵĞŶƚ 

DŽƟǀĂƟŽŶ 
dŚĞ�ĚĞƐŝƌĞ�Žƌ�ǁŝůůͲ
ŝŶŐŶĞƐƐ�ŽĨ�ƐŽŵĞŽŶĞ�
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�����9DOXH-EDVHG�LQWHUHVW�FDQ�EH�IRUPHG�E\�VWXGHQWV�
GXULQJ�D�IHZ�OHVVRQV��EXW�IRU�WKDW�WR�KDSSHQ�WKHVH���
OHVVRQV�QHHG�WR�HVWDEOLVK�UHOHYDQFH�WR�WKH�VWXGHQW¶V�OLIH�
DQG�LQFUHDVH�WKHLU�FRQILGHQFH�LQ�WKHLU�DELOLW\�WR�������
SHUIRUP�LQ�WKDW�DUHD���(VWDEOLVKLQJ�UHOHYDQFH�LV�������
LPSRUWDQW�IRU�VWXGHQWV�WR�XQGHUVWDQG�WKH�UHDO-OLIH�����
UHODWLRQ�DQG�DSSOLFDWLRQ�RI�WKH�OHDUQLQJ�PDWHULDO��:KHQ�
D�VWXGHQW�WDNHV�D�KXPDQLWLHV�FRXUVH��WKH\�DUH�PRUH�
OLNHO\�WR�LPPHGLDWHO\�VHH�KRZ�WKH�VXEMHFW�EHQHILWV�
WKHLU�VRFLDO�DQG�FRPPXQLFDWLRQ�VNLOOV��ZKLOH�D�PDWK�RU�
VFLHQFH�FRXUVH�PLJKW�QRW�RIIHU�WKH�VDPH�DSSDUHQW���
DSSOLFDELOLW\���,Q�RUGHU�IRU�VWXGHQWV�WR�YDOXH�67(0�
VXEMHFWV��LW�LV�YLWDO�WKDW�WKH\�FDQ�UHODWH�WKH�LGHDV�WR�WKH�
UHDO�ZRUOG�DQG�DOVR�KDYH�FRQILGHQFH�LQ�WKHLU�RZQ���
DELOLW\�WR�OHDUQ�DQG�DSSO\�LW� 
�����&RQILGHQFH�DQG�LQWHUHVW--HVSHFLDOO\�YDOXH�EDVHG�
LQWHUHVW--DUH�RIWHQ�FORVHO\�LQWHUWZLQHG�DPRQJ�VWX�
GHQWV��:KLOH�KDYLQJ�D�KLJK�VHOI-FRQILGHQFH�GRHV�QRW�
LQFUHDVH�LQWHUHVW��KDYLQJ�ORZ�FRQILGHQFH�LV�UHODWHG�WR�
KDYLQJ�ORZ�LQWHUHVW��$�VWXG\�E\�7\WOHU�ZDV�FRPSOHWHG�
RQ�VWXGHQWV�LQ�$XVWUDOLD�IURP�<HDU���WR�<HDU���DERXW�

VHOI-FRQILGHQFH�DQG�LQWHU�
HVW�LQ�VFLHQFH��7KLV�VWXG\�
IRXQG�����RI�VWXGHQWV�KDG�
KLJK�VHOI�FRQILGHQFH�LQ�
<HDU����EXW�RQO\�����RI�
WKH�VDPH�VWXGHQWV�KDYH�
KLJK�VHOI�FRQILGHQFH�ZKHQ�
WHVWHG�LQ�<HDU����7KLV�WUHQG�
ZDV�DOVR�SUHVHQW�LQ�WKH�VWX�
GHQWV¶�LQWHUHVW�LQ�VFLHQFH��
����RI�WKHVH�VWXGHQWV�ZHUH�
LQWHUHVWHG�LQ�VFLHQFH�LQ�
<HDU����EXW�RQO\�����ZHUH�
LQWHUHVWHG�LQ�VFLHQFH�LQ�
<HDU����7\WOHU�DWWULEXWHV�
WKH�GURS�LQ�LQWHUHVW�WR�ORZ�
HU�FRQILGHQFH�OHYHOV�ZLWK�
WKH�PDWHULDO�DQG�DUJXHV�IRU�
WKH�QHHG�IRU�DFWLYLWLHV�WR�
KHOS�LQFUHDVH�VWXGHQW�FRQ�
ILGHQFH����������� 
 ,GHDOO\��DQ�HIIHFWLYH�
SURJUDP�ZLOO�FUHDWH�YDOXH-
EDVHG�LQWHUHVW�DQG����������
FRQILGHQFH�WKURXJK�WDQJLEOH�WDVNV�WKDW�VWXGHQWV�FDQ�
VXFFHVVIXOO\�FRPSOHWH��7KHVH�WRROV�KDYH�DOUHDG\�EHHQ�
GHYHORSHG��DQG�DUH�LQ�XVH�WRGD\�E\�PDQ\�VXFFHVVIXO�
HQULFKPHQW�SURJUDPV�� 
 

WĞĚĂŐŽŐŝĐĂů�ƐƚƌĂƚĞŐŝĞƐ�ƵƐĞĚ�ƚŽ��
ďƵŝůĚ�ŝŶƚĞƌĞƐƚ� 
 
�����7KHUH�DUH�PDQ\�SHGDJRJLFDO�VWUDWHJLHV�XVHG�WR�
FUHDWH�UHOHYDQFH�DQG�LQFUHDVH�FRQILGHQFH��:KHWKHU�
LPSOHPHQWHG�LQ�WKH�FODVVURRP�RU�DV�DQ�H[WUDFXUULFXODU�
DFWLYLW\��PDNLQJ�D�SURJUDP�KDQGV-RQ��LQTXLU\�EDVHG��
FRRSHUDWLYH��RU�FRPSHWLWLYH�FDQ�EHWWHU�LQWHUHVW�VWXGHQWV�
LQ�67(0�ILHOGV��DQG�KHOS�WKHP�XQGHUVWDQG�WKH�LP�

SRUWDQFH�RI�67(0�LQ�WKHLU�OLYHV��7KHVH�DWWULEXWHV�DUH�
VKRZQ�LQ�7DEOH��� 
������(GXFDWRUV�RIWHQ�HPSOR\�KDQGV-RQ�DFWLYLWLHV�WR�LQ�
WHUHVW�VWXGHQWV��7R�GR�WKLV��DQ�LQVWUXFWRU�JXLGHV�VWX�
GHQWV�WKURXJK�DQ�DFWLYLW\�WKDW�FUHDWHV�SHUVRQDO�H[SHUL�
HQFHV�ZLWK�UHDO�PDWHULDOV�WR�KHOS�VWXGHQWV�JDLQ�DQ�XQ�
GHUVWDQGLQJ�RI�D�WRSLF��DV�RSSRVHG�WR�EHLQJ�OHFWXUHG�WR�
DERXW�WKHRU\���6WXGHQWV�DUH�RIWHQ�JLYHQ�D�EHWWHU�XQGHU�
VWDQGLQJ�RI�WKHLU�SRWHQWLDO�LPSDFW�ZKHQ�WKH\�DUH�HQ�
JDJHG��,Q�SDUWLFXODU��³+DQGV-RQ�OHDUQLQJ�KDV�EHHQ�LP�
SOLFDWHG�DV�RQH�RI�WKH�NH\�IDFWRUV�WKDW�FDQ�LPSURYH�D�
JLUO¶V�FRQILGHQFH�LQ�WKH�67(0�DUHDV�´���,Q�RUGHU�IRU�D�
VWXGHQW�WR�GHYHORS�LQWHUHVW�LQ�VXEMHFW�PDWWHU��D�VWXGHQW�
PXVW�EH�FRQILGHQW�LQ�WKHLU�DELOLW\�WR�XWLOL]H�LW��2QH�RI�
WKH�PRVW�SRSXODU�KDQGV-RQ�67(0�SURJUDPV�LQ�WKH�
8QLWHG�6WDWHV�LV�WKH�),567�5RERWLFV�&RPSHWLWLRQ�
�)5&���,Q�WKLV�SURJUDP�WHDPV�RI�VHFRQGDU\�VFKRRO�VWX�
GHQWV�GHVLJQ�DQG�EXLOG�WKHLU�RZQ�URERWV�WR�FRPSHWH�
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���� +DQGV-2Q ,QTXLU\-EDVHG &RRSHUDWLYH &RPSHWLWLYH 

:KDW�LW�LV 

:KHQ�WKH�VWX�
GHQW�LV�LQYROYHG�
LQ�WKH�OHVVRQ 

:KHQ�WKH�REMHF�
WLYH�LV�WR�DQVZHU�
DQ�RSHQ-HQGHG�
TXHVWLRQ 

6WXGHQWV�ZRUNLQJ�
WRJHWKHU�LQ�VPDOO�
JURXSV�RI��-� 

6WXGHQWV�FRP�
SHWLQJ�DJDLQVW�
HDFK�RWKHU�WR�
DFFRPSOLVK�D�
WDVN��EHWWHU��RU�
IDVWHU 

%HQHILWV 

�,QFUHDVHV�
VKRUW�WHUP�LQ�
WHUHVW� 
�,QFUHDVH�FRQIL�
GHQFH 
��(IIHFWLYH�ZD\�
WR�HVWDEOLVK�
UHOHYDQFH 

+HOSV�WKH�VWX�
GHQWV�OHDUQ�WR�
YDOXH�WKH�LQIRU�
PDWLRQ�DQG�KRZ�LW�
FDQ�EH�DGDSWHG�
WR�VROYH�WKH�SURE�
OHP 

�6WXGHQWV�DUH�
PRUH�LQYROYHG 
���/RZHU�SHUIRUP�
LQJ��VWXGHQWV�SHU�
IRUP�EHWWHU�WKDQ�
E\�WKHPVHOYHV� 
�,PSURYHV�FRQIL�
GHQFH 

�&DQ�LQFUHDVH�
LQWHUHVW�LQ�RWKHU�
ZLVH�ERULQJ�WRS�
LFV� 
�6WXGHQWV�DUH�
PRUH�LQYHVWHG�LQ�
SHUIRUPLQJ�ZHOO 

/LPLWDWLRQV 

6RPH�VDIHW\�
OLPLWDWLRQV�ZLWK�
ODE�DFWLYLWLHV 

0XVW�SURYLGH�VWX�
GHQWV�ZLWK�D�
JUHDW�GHDO�RI�
VWUXFWXUH 

�'LUHFWLRQV�PXVW�
EH�YHU\�FOHDU� 
�6WXGHQWV�PXVW�
EH�DZDUH�WKDW�
WKH\�IDLO�RU�VXF�
FHHG�DV�D�WHDP 

�$OO�JURXSV�PXVW�
KDYH�WKH�VDPH�
FKDQFH�DW�ZLQ�
QLQJ� 
�8QVXFFHVVIXO�
SDUWLFLSDQWV�FDQ�
ORVH�FRQILGHQFH 



 

DJDLQVW�HDFK�RWKHU�LQ�YDULRXV�JDPHV��%HFDXVH�RI�WKH�
FRPSOH[�QDWXUH�RI�D�URERWLFV�WHDP��)5&�SURGXFHV�D�
FXOWXUH�RI�FRRSHUDWLRQ�EHWZHHQ�VWXGHQWV�LQWHUHVWHG�LQ�
EXVLQHVV��FRPPXQLW\�RXWUHDFK��DQG�HQJLQHHULQJ��DO�
ORZLQJ�WKH�SURJUDP�WR�GHPRQVWUDWH�WKH�UHOHYDQFH�DQG�
SUDFWLFDO�VLGH�RI�67(0�WR�D�ODUJH�YDULHW\�RI�SDUWLFL�
SDQWV��7KH�LPSDFW�RI�)5&�KDV�EHHQ�VKRZQ�LQ�D�VWXG\�
FRPSOHWHG�E\�$�*��:HOFK��ZKR�IRXQG�LPSURYHG�VWX�
GHQW�DWWLWXGHV�WRZDUGV�PDWK�DQG�VFLHQFH�DIWHU�SDUWLFL�
SDWLRQ�LQ�)5&����:HOFK�DWWULEXWHV�PXFK�RI�WKLV�FKDQJH�
WR�WKH�UHDO-ZRUOG�DSSOLFDWLRQ�RI�VFLHQFH��DV�ZHOO�DV�
LQWHUDFWLRQ�ZLWK�)5&�PHQWRUV� 
������,QTXLU\�EDVHG�DFWLYLWLHV�DOORZ�VWXGHQWV�WR�IROORZ�
WKH�VFLHQWLILF�PHWKRG�WR�VROYH�RSHQ-HQGHG�SUREOHPV��
DQG�FRQGXFW�VFLHQWLILF�LQYHVWLJDWLRQV�RQ�WKHLU�RZQ��
6WXGHQWV�OHDUQ�QRW�RQO\�WKH�LQIRUPDWLRQ�QHHGHG�WR�
VROYH�WKH�SUREOHP��EXW�WKH\�JDLQ�D�JUHDWHU�DSSUHFLDWLRQ�
IRU�WKH�YDOXH�RI�WKH�SURFHVV�XVHG�WR�REWDLQ�VFLHQWLILF�
ILQGLQJV��(GHOVRQ��'RXJODVV��DQG�5R\�IRXQG�WKDW��LQ�
RUGHU�WR�DVVHVV�WKH�YDOXH�RI�VFLHQWLILF�ILQGLQJV��VWX�
GHQWV�VKRXOG�LQTXLUH�IRU�WKHPVHOYHV��DQG�SURGXFH�VFL�
HQWLILF�UHVXOWV����$Q�H[DPSOH�RI�WKLV�LQTXLU\-EDVHG�DS�
SURDFK�WR�D�67(0�HQULFKPHQW�SURJUDP�LV�WKH�&6,52�
&5(DWLYLW\�LQ�6FLHQFH�DQG�7HFKQRORJ\��&5(67��3UR�
JUDP��ZKHUH�VWXGHQWV�SXUVXH�WKHLU�RZQ�RSHQ-HQGHG�
VFLHQWLILF�LQYHVWLJDWLRQ��%HFDXVH�³&5(67�LV�QRW�D�
FRPSHWLWLRQ�EXW�D�SURJUDP�ZKLFK�IRFXVHV�RQ�WKH�LQGL�
YLGXDO�DQG�HQFRXUDJHV�VXFFHVV�DQG�WKH�GHYHORSPHQW�RI�
VNLOOV�´���D�KLJKHU�HPSKDVLV�LV�SODFHG�RQ�WKH�VFLHQWLILF�
SURFHVV�DV�RSSRVHG�WR�HQG�UHVXOWV�� 
�����$QRWKHU�SURYHQ�HQULFKPHQW�VWUDWHJ\�WR�LQWHUHVW�VWX�
GHQWV�LV�FRRSHUDWLYH�OHDUQLQJ��ZKLFK�LV�ZKHUH�VWXGHQWV�
ZRUN�DV�D�WHDP�WR�DFFRPSOLVK�D�WDVN�RU�WR�H[SORUH�D�
TXHVWLRQ��:KHQ�VWXGHQWV�DUH�ZRUNLQJ�LQ�D�FROODERUD�
WLYH�JURXS��WKH\�FDQ�HDFK�IHHO�WKH�JURXS
V�DSSUHFLDWLRQ�
IRU�WKHLU�FRQWULEXWLRQV��PDNLQJ�WKHP�IHHO�YDOXHG����)RU�
H[DPSOH��)5&�GHPRQVWUDWHV�FRRSHUDWLYH�OHDUQLQJ�EH�
FDXVH�RI�WKH�WHDPZRUN�UHTXLUHG�WR�EXLOG�D�URERW��(DFK�
VWXGHQW�FRQWULEXWHV�WR�RQH�SDUW�RI�WKH�URERW��DQG�WKH\�
DUH�DOO�UHOLDQW�RQ�HDFK�RWKHU�WR�JHW�LW�GRQH��(DFK�VWX�
GHQW�FRQWULEXWHV�WR�WKH�RYHUDOO�VXFFHVV�RI�WKH�SURMHFW��

DQG�DV�D�UHVXOW�WKH�WHDP�LV�DEOH�WR�DFFRPSOLVK�ORIW\�
REMHFWLYHV�LQ�D�VKRUW�DPRXQW�RI�WLPH�� 
�����&RPSHWLWLYH�OHDUQLQJ�LV�FDUULHG�RXW�ZKHQ�VWXGHQWV�
FRPSHWH�DJDLQVW�RQH�DQRWKHU�WR�EHVW�DFKLHYH�D�FRP�
PRQ�JRDO��:KLOH�HIIHFWLYH��WKLV�VW\OH�PXVW�EH�HP�
SOR\HG�FDUHIXOO\��:KHQ�XVHG�DSSURSULDWHO\�WKHVH�DF�
WLYLWLHV�JHQHUDWH�LQWHUHVW�DQG�UHGXFH�GLVUXSWLYH�EHKDY�
LRU�DPRQJ�VWXGHQWV��HVSHFLDOO\�LQ�UHJDUGV�WR�WRSLFV�WKDW�
ZRXOG�RWKHUZLVH�EH�FRQVLGHUHG�ERULQJ����&RPSHWLWLYH�
OHDUQLQJ�LV�SURPLQHQW�LQ�VXFFHVVIXO�HQULFKPHQW�SUR�
JUDPV�GLVFXVVHG�SUHYLRXVO\��DV�ZHOO�DV�:RUOGVNLOOV��
7KLV�RUJDQL]DWLRQ�SDUWQHUV�ZLWK�LQGXVWU\�VSHFLDOLVWV��
DQG�SURYLGHV�VWXGHQWV�DQ�RSSRUWXQLW\�WR�WUDLQ�LQ�YDUL�
RXV�WHFKQLFDO�ILHOGV�UDQJLQJ�IURP�JUDSKLF�GHVLJQ�WR�
ZHOGLQJ��,Q�:RUOG6NLOOV�$XVWUDOLD��VWXGHQWV�FRPSHWH�
DJDLQVW�HDFK�RWKHU�LQ�YDULRXV�WHFKQLFDO�ILHOGV�DW�VWDWH��
QDWLRQDO��DQG�LQWHUQDWLRQDO�FRPSHWLWLRQV��PRWLYDWLQJ�
WKHP�WR�PDVWHU�WKHLU�WUDGHV�WR�EHFRPH�WKH�EHVW�LQ�WKH�
ZRUOG��:RUOGVNLOOV�SDUWLFLSDQW�VXUYH\V�LQ�$XVWUDOLD�
UHYHDOHG�WKDW�LQYROYHPHQW�LQ�WKH�FRPSHWLWLRQV�DQG�
KDQGV-RQ�WUDLQLQJ�ZHUH�YLHZHG�E\�����RI�VWXGHQWV�DV�
HLWKHU�VLJQLILFDQWO\�RU�FULWLFDOO\�EHQHILFLDO�WR�WKHLU�FD�
UHHUV����%HFDXVH�RI�WKH�FRPSHWLWLYH�QDWXUH�RI�WKLV���
SURJUDP��LW�KDV�D�ODVWLQJ�LPSDFW�RQ�VWXGHQWV¶�LQWHUHVW�
LQ�D�VXEMHFW� 
 &6,52�LV�WKH�OHDGLQJ�VFLHQWLILF�UHVHDUFK�RUJDQL]D�
WLRQ�RI�$XVWUDOLD�DQG�LV�DWWHPSWLQJ�WR�LQWHJUDWH�WKHVH�
EHVW�SUDFWLFHV�LQWR�WKHLU�6FLHQFH�%RRWFDPS�SURJUDP� 

 

�^/ZK�ĂŶĚ�ƚŚĞ�^ĐŝĞŶĐĞ��ŽŽƚĐĂŵƉ 
 
�������2ULJLQDOO\�HVWDEOLVKHG�E\�WKH�)HGHUDO�*RYHUQPHQW�
RI�$XVWUDOLD�LQ�������&6,52�KDV�EHHQ�FRQGXFWLQJ�UH�
VHDUFK�LQ�YDULRXV�VFLHQWLILF�ILHOGV�WR�SURPRWH�$XVWUDOL�
DQ�GHIHQVH��LQGXVWU\��DQG�KHDOWK��IRU�DQ�H[WHQGHG�RYHU�
YLHZ�RI�&6,52��VHH�6XSSOHPHQWDO�0DWHULDOV�%���2YHU�
WKH�SDVW����\HDUV��&6,52�KDV�H[SDQGHG�LWV�IRFXV�WR�
LQFOXGH�WKH�HGXFDWLRQ�RI�IXWXUH�VFLHQWLVWV�DQG�WHFKQLFDO�
ZRUNHUV�WKURXJK�VHYHUDO�SURJUDPV��LQFOXGLQJ�WKH�6FL�
HQFH�%RRWFDPSV� 

�������7KH�6FLHQFH�%RRWFDPS�SURJUDP�LV�WDUJHWHG�IRU�
$XVWUDOLDQ�VHFRQGDU\�VFKRRO�VWXGHQWV�DJHV����WKURXJK�
����7KH�ERRWFDPS�LV�D�WZR�GD\��QRQ-UHVLGHQWLDO�SUR�
JUDP�KHOG�RQ�&6,52�FDPSXVHV�GXULQJ�VFKRRO�KROLGD\�
EUHDNV��7KHUH�DUH�WZR�ERRWFDPSV�KHOG�LQ�HDFK�$XVWUDO�
LDQ�FDSLWDO�FLW\�HYHU\�\HDU��,Q�6FLHQFH�%RRWFDPSV�VWX�
GHQWV�DUH�LQWURGXFHG�WR�SURIHVVLRQDO�VFLHQWLVWV��ZKR�
H[SODLQ�WKHLU�UHVHDUFK�DQG�KRZ�LW�LPSDFWV�WKH�ZRUOG�DW�
ODUJH��6WXGHQWV�DOVR�FRPSOHWH�D�KDQGV-RQ�DFWLYLW\��
ZKHUH�WKH\��XQGHUWDNH�YDULRXV�LQYHVWLJDWLRQV�DQG�DF�
WLYLWLHV�XVLQJ�VFLHQWLILF�DSSDUDWXV�DQG�WHFKQRORJ\�����
&6,52�DLPV�WR�LQVSLUH�VWXGHQWV�WR�SXUVXH�67(0�E\�
VKRZLQJ�WKHP�WKH�UHDO�ZRUNLQJ�HQYLURQPHQW�RI�VFLHQ�
WLVWV�DV�ZHOO�DV�VKHGGLQJ�OLJKW�RQ�WKH�UHVHDUFK�DQG�
SUREOHP�VROYLQJ�WKDW�VFLHQWLVWV�ZRUN�RQ�HYHU\�GD\�� 
 $V�D�IDLUO\�QHZ�SURJUDP—MXVW�WZR�\HDUV�ROG—WKH�
6FLHQFH�%RRWFDPS�FXUUHQWO\�RQO\�HPSOR\V�IRXU�DFWLYL�
WLHV��7KHVH�LQFOXGH�D�JHO�HOHFWURSKRUHVLV��D��'�SULQWLQJ�
DFWLYLW\��DQ�DXGLR�DPSOLILHU��DQG�D�FKHP-PDJQHWLVP�
DFWLYLW\��DV�GHVFULEHG�E\�&DUO\�6LHEHQWULWW��WKH�&6,52�
1DWLRQDO�%RRWFDPS�&RRUGLQDWRU��7KH�JHO�HOHFWURSKR�
UHVLV�DFWLYLW\�DOORZV�D�VWXGHQW�WR�H[SORUH�FHOOXODU�ELRO�
RJ\��VSHFLILFDOO\�WHFKQLTXHV�IRU�'1$�H[WUDFWLRQ��7KH�
�'�SULQWLQJ�DFWLYLW\�LQYROYHV�WKH�GHVLJQ�DQG�SK\VLFDO�
WHVWLQJ�RI�PRUH�HIIHFWLYH��'�SULQWHG�ZLQG�WXUELQH��7KH�
RWKHU�WZR�DFWLYLWLHV��WKH�SKRQH�VSHDNHU�DQG�IHUURIOXLG��
VKRZQ�LQ�)LJXUH����ZHUH�GHYHORSHG�E\�SUHYLRXV�:3,�
VWXGHQWV�ZRUNLQJ�ZLWK�&6,52����,Q�WKH�DFWLYLWLHV��VWX�
GHQWV�XVH��'�SULQWLQJ�DQG�HOHFWULFDO�HQJLQHHULQJ�WR�
EXLOG�D�SKRQH�VSHDNHU��DQG�PDJQHWLF�IOXLGV�WR�FOHDQ�XS�
DQ�RLO�VSLOO��&6,52�LV�ORRNLQJ�WR�H[SDQG�DQG�GLYHUVLI\�
WKHLU�SURJUDP�WR�LQFOXGH�PRUH�DFWLYLWLHV��VR�WKH\�FDQ�
UHDFK�PRUH�VWXGHQWV�DQG�IRVWHU�WKHLU�LQWHUHVW�LQ�67(0�� 
�������7KH�OLWHUDWXUH�VKRZV�WKDW�EROVWHULQJ�LQWHUHVW�DQG�
EXLOGLQJ�FRQILGHQFH�DUH�LPSHUDWLYH�DQG�PD\�PRWLYDWH�
WKHP�WR�SXUVXH�67(0�LQ�WKH�IXWXUH��(PSOR\LQJ�WKH�
SULQFLSOHV�RI�KDQGV-RQ�ZRUN��UHOHYDQFH��LQTXLU\��FRRS�
HUDWLRQ��DQG�FRPSHWLWLRQ�LQ�WKH�GHVLJQ�RI�DQ�DFWLYLW\�
PD\�KHOS�PDNH�WKH�DFWLYLWLHV�PRUH�LQWHUHVWLQJ�WR�WKH�
VWXGHQWV�FRPSOHWLQJ�WKHP��%\�LQFRUSRUDWLQJ�WKHVH��
LGHDV�LQWR�WKH�GHVLJQ�RI�QHZ�6FLHQFH�%RRWFDPS�DFWLYL�
WLHV��WKH�WHDP�LQWHQGHG�WR�PD[LPL]H�WKH�ORQJ-WHUP�LP�

WĂŐĞ�ϰ 



 

SDFW�RI�WKLV�SURJUDP�RQ�VWXGHQWV��DQG�HQFRXUDJH�WKHP�
WR�FRQVLGHU�IXUWKHU�VWXG\�DQG�SRVVLEO\�FDUHHUV�LQ�
67(0�ILHOGV� 

 

�ƐƐĞƐƐŝŶŐ�ƉƌĞǀŝŽƵƐ��^/ZK�������
^ĐŝĞŶĐĞ��ŽŽƚĐĂŵƉƐ͗�tŚĂƚ�ǁĞ�
ůĞĂƌŶĞĚ 
 
�����7R�EHWWHU�XQGHUVWDQG�WKH�VXFFHVV�DQG�LPSDFW�RI�WKH�
6FLHQFH�%RRWFDPS�SURJUDP��&6,52�DGPLQLVWHUV�DQ�
H[LW�VXUYH\�WR�HYHU\�VWXGHQW�DWWHQGHH��2QH�RI�RXU�RE�
MHFWLYHV�ZDV�WR�EHWWHU�XQGHUVWDQG�KRZ�PXFK�VWXGHQWV�
HQMR\HG�HDFK�RI�WKH�DFWLYLWLHV��DQG�LGHQWLI\�DUHDV�WKDW�
FDQ�EH�LPSURYHG�XSRQ� 
�������:KLOH�QRW�DOO�RI�WKH�VXUYH\V�GLVWULEXWHG�DUH�LGHQWL�
FDO��WKH\�DOO�FRQVLVW�RI�ILIWHHQ�RSHQ�UHVSRQVH��UDQNLQJ��
RU�PXOWLSOH�FKRLFH�TXHVWLRQV��7KH�TXHVWLRQV�DVNHG�VWX�
GHQWV�KRZ�PXFK�WKH\�HQMR\HG�WKH�VHJPHQWV�RI�WKH�GD\�
�PDLQ�DFWLYLW\��ODE�WRXUV��UHVHDUFK�SUHVHQWDWLRQV��RU�
RWKHU�VPDOO�DFWLYLWLHV���ZKDW�WKHLU�IDYRULWH�DQG�OHDVW�
IDYRULWH�SDUWV�RI�WKH�GD\�ZHUH��ZKDW�WKH\�HQMR\HG�RYHU�
DOO�DERXW�WKH�ERRWFDPS��DQG�KRZ�OLNHO\�WKH\�ZRXOG�EH�
WR�UHWXUQ�WR�DQRWKHU�ERRWFDPS��6RPH�RI�WKH�VXUYH\V�

KDG�VWXGHQWV�UDQN�WKH�VDPH�TXHVWLRQ�RQ�D�GLIIHUHQW�QX�
PHULFDO�VFDOH�WKDQ�RWKHU�VXUYH\V��ZKLOH�RWKHUV�SUHVHQW�
HG�WKH�VDPH�TXHVWLRQ�LQ�D�GLIIHUHQW�ZD\��L�H��D�FKDUW�WR�
FKRRVH�WRSLFV�IURP�LQVWHDG�RI�DQ�RSHQ�UHVSRQVH�TXHV�
WLRQ���2YHUDOO��DOO�RI�WKH�VXUYH\V�KDG�FRPPRQO\�
WKHPHG�TXHVWLRQV�DQG�DVNHG�IRU�WKH�VDPH�LQIRUPDWLRQ��
VR�WKH\�FRXOG�EH�DQDO\]HG�WRJHWKHU�� 
�������7KH�VWXGHQW�VXUYH\V�ZHUH�GLVWULEXWHG�DQG�FROOHFW�
HG�DW�WKH�HQG�RI�WKH�ERRWFDPS��7KLV�VHFWLRQ�H[SODLQV�
DQDO\VLV�DQG�UHVXOWV�IRU�����VWXGHQW�H[LW�VXUYH\V�IURP�
WZR�\HDUV�RI�6FLHQFH�%RRWFDPSV� 
 

^ƚƵĚĞŶƚ�ƐƵƌǀĞǇ�ƌĞƐĞĂƌĐŚ�ƋƵĞƐƟŽŶƐ 

 
�����,Q�RUGHU�WR�JDXJH�WKH�SHUIRUPDQFH�RI�WKH�PDLQ���
DFWLYLWLHV�DQG�WR�DLG�LQ�WKH�LPSURYHPHQW�RI�WKH�
ERRWFDPS�H[SHULHQFH��&6,52�LQWHQGHG�WR�XVH�WKH���
VXUYH\V�WR�DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�� 

 
4XHVWLRQV�IRFXVHG�RQ�HQMR\PHQW� 
· 'LG�VWXGHQWV�ILQG�DQ\�RI�WKH�DFWLYLWLHV�SDUWLFXODUO\�

HQMR\DEOH�RU�ERULQJ" 

· :HUH�DQ\�RI�WKH�PDLQ�DFWLYLWLHV�PRUH�RU�OHVV�����
HQMR\DEOH�WR�VWXGHQWV�WKDQ�WKH�UHVW" 

· 'LG�HQMR\PHQW�RI�WKH�PDLQ�DFWLYLWLHV�YDU\�E\����
ORFDWLRQ" 

· 'LG�HQMR\PHQW�RI�WKH�PDLQ�DFWLYLWLHV�YDU\�E\�DJH" 

· 'LG�HLWKHU�JHQGHU�HQMR\�DQ\�RI�WKH�PDLQ�����������
DFWLYLWLHV�PRUH�WKDQ�WKH�RWKHU" 

· 'LG�JHQGHU�DIIHFW�WKH�OLNHOLKRRG�RI�WKH�VWXGHQW�
UHWXUQLQJ" 

 
 
 

4XHVWLRQV�IRFXVHG�RQ�LQWHUHVW� 

· 'LG�VWXGHQWV�UHSRUW�WKH\�ZRXOG�OLNH�WR�UHWXUQ" 

· :DV�WKH�W\SH�RI�PDLQ�DFWLYLW\�FRUUHODWHG�ZLWK�VWX�
GHQWV¶�UHSRUWHG�OLNHOLKRRG�RI�UHWXUQLQJ�WR�DQRWKHU�
ERRWFDPS"� 

4XHVWLRQV�XVHIXO�IRU�IXWXUH�ERRWFDPS�GHVLJQ� 

· 'LG�WKH�VWXGHQWV�HQMR\�WKH�ODE�WRXUV�DQG��������
SUHVHQWDWLRQV"� 

· :KDW�WRSLFV�GLG�VWXGHQWV�ZDQW�WR�VHH�LQ�IXWXUH�
ERRWFDPSV" 

^ƚƵĚĞŶƚ�ƐƵƌǀĞǇ�ŝƚĞŵƐ� 
 

�������7KH�VXUYH\V�DVNHG�WKH�DJH�DQG�JHQGHU�RI�WKH�VWX�
GHQW��DV�ZHOO�DV�WKH�ORFDWLRQ�RI�WKH�ERRWFDPS��&6,52�
JDXJHG�VWXGHQWV¶�HQMR\PHQW�RI�WKH�DFWLYLW\�E\���������
LQFOXGLQJ�WKH�TXHVWLRQ�LQ�)LJXUH���$���7KH\�JHQHUDOO\�
UDWHG�WKH�PDLQ�DFWLYLW\�RI�WKHLU�FDPS�RQ�D�VFDOH�IURP�
3RRU�����WR�([FHOOHQW������DOWKRXJK�VRPH�YHUVLRQV�XVHG�
D���WR���QXPHULFDO�VFDOH��7KH�LPPHGLDWH�UDWLQJ�RI�WKH�
DFWLYLW\�LV�PRUH�OLNHO\�WR�UHSUHVHQW�WKH�VKRUW-WHUP���
HQJDJHPHQW�WKDQ�D�VWXGHQW¶V�LQWHQWLRQ�WR�SXUVXH�LW��
IXUWKHU�� 
�������,QWHUHVW�ZDV�PHDVXUHG�E\�WKH�VWXGHQW¶V�UHSRUWHG�
OLNHOLKRRG�WR�UHWXUQ�ZKLFK�ZDV�RQ�D�VFDOH�IURP�QRW�
OLNHO\�DW�DOO�����WR�YHU\�OLNHO\������:DQWLQJ�WR�UHWXUQ�WR�
WKH�ERRWFDPS�LPSOLHV�D�GHVLUH�WR�SXUVXH�WKHVH�WRSLFV�
IXUWKHU��([DPSOHV�RI�WKH�OLNHOLKRRG-WR-UHWXUQ�TXHVWLRQ�
FDQ�EH�VHHQ�LQ�)LJXUH���%���7KLV�GDWD�ZDV�VXSSOHPHQW�
HG�E\�����SDUHQW�VXUYH\V��7KHVH�VXUYH\V�LQFOXGHG�D�
TXHVWLRQ�RQ�WKH�OLNHOLKRRG�RI�WKH�SDUHQW�WR�UHERRN��D�
PHDVXUH�RI�WKH�VWXGHQW¶V�LQWHUHVW�DV�SHUFHLYHG�E\�WKHLU�
SDUHQW�� 
�������7R�KHOS�VHH�ZKDW�IXWXUH�FRQWHQW�PLJKW�LQWHUHVW�
WKHP��VWXGHQWV�ZHUH�DVNHG�WKHLU�IDYRULWH�DQG�OHDVW�ID�
YRULWH�SDUW�RI�WKH�ERRWFDPS��)LJXUHV��&�'���&6,52�
DOVR�DVNHG�IRU�WRSLFV�WKDW�WKH\�ZRXOG�OLNH�WR�VHH�LQ�IX�
WXUH�ERRWFDPSV��)LJXUH��(�)��� 

WĂŐĞ�ϱ 

&ŝŐƵƌĞ�ϱ͘�WĂƐƚ�/YW�ƐƚƵĚĞŶƚƐ�ƚĞƐƚ�ƌƵŶŶŝŶŐ�ƚŚĞ�ƉŚŽŶĞ�
ƐƉĞĂŬĞƌ�ĂŶĚ�ĨĞƌƌŽŵĂŐŶĞƟĐ�ŇƵŝĚƐ�ĂĐƟǀŝƟĞƐ� 



 

�ŽĚŝŶŐ 
 

�������7R�DQDO\]H�WKH�RSHQ-HQGHG�
VWXGHQW�UHVSRQVHV��WKH�WHDP�������
UHFRUGHG�UHVSRQVHV�YHUEDWLP�DQG�
WKHQ�FRGHG�WKHP�LQ�WKH�PDQQHU�
VHHQ�LQ�)LJXUH����:H�GHYHORSHG�
FRGLQJ�FDWHJRULHV�EDVHG�RQ�WKH��
DFWXDO�ERRWFDPS�DFWLYLWLHV��IRU��
H[DPSOH�³DFWLYLW\´��³ODE�WRXU´��DQG�
XVHG�WKHVH�WR�FRGH�WKH�UHVSRQVHV��
:H�HDFK�FRGHG�VHYHUDO�VXUYH\V�DQG�
UHILQHG�RXU�DSSURDFK�E\�FRPSDULQJ�
UHVXOWV�� 
 'HSHQGLQJ�RQ�WKH�ORFDWLRQ�DQG�
GDWH�RI�WKH�ERRWFDPS��VLPLODU�
FORVHG-HQGHG�TXHVWLRQV�KDG�EHHQ�
UHFRUGHG�RQ�GLIIHUHQW�VFDOHV��,Q��
RUGHU�WR�PHUJH�WKH�GDWD��WKH�WHDP�
OLQHDUO\�VFDOHG�WKH�GDWD�WR�PDNH�DOO�
RI�WKH�UHVSRQVHV�RQ�WKH�VDPH�VFDOH�� 

&ŝŶĚŝŶŐƐ�ĨƌŽŵ�ƐƚƵĚĞŶƚ�ƐƵƌǀĞǇƐ 
 

 

2XU�DQDO\VLV�DQVZHUHG�HLJKW�TXHVWLRQV� 
 

tĞƌĞ�ĂŶǇ�ŽĨ�ƚŚĞ�ŵĂŝŶ�ĂĐƟǀŝƟĞƐ�ŵŽƌĞ�Žƌ�
ůĞƐƐ�ĞŶũŽǇĂďůĞ�ƚŚĂŶ�ƚŚĞ�ƌĞƐƚ͍ 
 
�����&6,52�ZDV�LQWHUHVWHG�LQ�GHWHUPLQLQJ�LI�VWXGHQWV�
HQMR\HG�WKH�IRXU�FXUUHQW�DFWLYLWLHV��DQG�DOVR�ZKHWKHU�
WKHUH�ZHUH�DQ\�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�
VWXGHQW�UHSRUWHG�HQMR\PHQW�RI�HDFK�DFWLYLW\��2YHUDOO�
WKH�UDWLQJV�IRU�DOO�RI�WKH�DFWLYLWLHV�ZHUH�IDYRUDEOH��
PHDQLQJ�WKH�VWXGHQWV�HQMR\HG�WKHP��0 �������2Q�WKH�
UDWLQJ�VFDOH����ZDV�³*RRG´����ZDV�³9HU\�*RRG´��DQG���
ZDV�³([FHOOHQW�´�7KH��'�SULQWLQJ�DFWLYLWLHV�+RFKEHUJ�
DGMXVWHG�PHDQV�GHPRQVWUDWHG�WKDW�LW�ZDV�EHWZHHQ�
³*RRG´�DQG�³9HU\�*RRG´�RQ�DYHUDJH��ZKLOH�WKH�
SKRQH�VSHDNHU�DQG�PDJQHWLF�VOLPH�DFWLYLWLHV�ZHUH�EH�
WZHHQ�³9HU\�*RRG´�DQG�³([FHOOHQW´�RQ�DYHUDJH�� 
 $�RQH�ZD\�$129$�WHVW��S�������ZDV�FRQGXFWHG�
DQG�UHYHDOHG�WKDW�WKHUH�ZDV�D�GLIIHUHQFH�LQ�WKH�UDWLQJ�
RI�WKHVH�DFWLYLWLHV��)������� ������S ������$�SRVW-KRF�
+RFKEHUJ�WHVW��S�������VKRZHG�WKDW�PDJQHWLF�VOLPH�
�0 ������ZDV�PRUH�HQMR\DEOH�WKDQ�JHO�HOHFWURSKRUHVLV�
�0 �������EXW�QRW�VLJQLILFDQWO\�PRUH�HQMR\DEOH�WKDQ�
WKH��'�SULQWLQJ�DFWLYLW\��0 ������RU�WKH�SKRQH���
VSHDNHU�DFWLYLW\��0 �������6LPLODUO\��WKH��'�SULQWLQJ������
DFWLYLW\�DQG�WKH�SKRQH�VSHDNHU�DFWLYLW\�DUH�QRW��������
VLJQLILFDQWO\�PRUH�HQMR\DEOH�WKDQ�WKH�JHO���������������
HOHFWURSKRUHVLV�DFWLYLW\��7KH�+RFKEHUJ�UHVXOWV�DUH�
VKRZQ�LQ�7DEOH����7KH�GDWD�JURXSLQJV�GHPRQVWUDWH�LI�
WKH�PHDQV�DUH�GLIIHUHQW�RU�QRW��,I�WKH�PHDQV�DUH�LQ�WKH�
VDPH�JURXS�LW�VKRZV�WKH\�DUH�QRW�VWDWLVWLFDOO\�GLIIHU�
HQW��7KH�UHVXOWV�VKRZ�WKDW�QRW�DOO�DFWLYLWLHV�DUH�HTXDOO\�
HQMR\DEOH�DQG�WKDW�WKH�OHVV�HQMR\DEOH�DFWLYLWLHV��JHO�
HOHFWURSKRUHVLV��FRXOG�EH�LPSURYHG�� 
 

WĂŐĞ�ϲ 

&ŝŐƵƌĞ�ϳ͘��ĂƚĂďĂƐĞ�ŽĨ�ƐƵƌǀĞǇ�ƌĞƐƉŽŶƐĞƐ 

�Ϳ 

�Ϳ 

�Ϳ 

&Ϳ 

�Ϳ 

�Ϳ 

����&ŝŐƵƌĞ�ϲ�;�-&Ϳ͘�YƵĞƐƟŽŶƐ�ĂŶĚ�ƐĂŵƉůĞ�ƌĞƐƉŽŶƐĞƐ�ĨƌŽŵ�ƐƚƵĚĞŶƚ�ƐƵƌǀĞǇ����� 



 

�ŝĚ�ĞŶũŽǇŵĞŶƚ�ŽĨ�ƚŚĞ�ŵĂŝŶ�ĂĐƟǀŝƟĞƐ�
ǀĂƌǇ�ďǇ�ůŽĐĂƟŽŶ͍ 

������� 
�������&6,52�ZDV�DOVR�LQWHUHVWHG�LQ�KRZ�WKH�GLIIHUHQW�
ORFDWLRQV�RI�WKH�ERRWFDPSV�DIIHFWHG�WKH�VWXGHQWV¶�HQ�
MR\PHQW��7R�GHWHUPLQH�WKLV��RXU�WHDP�XVHG�WKH�VXUYH\�
TXHVWLRQ�DVNLQJ�VWXGHQWV�WR�UDWH�DFWLYLWLHV��)LJXUH��$���
7KH�ORFDWLRQ�RI�HDFK�ERRWFDPS�ZDV�UHFRUGHG�RQ�WKH�
VXUYH\V�DQG�SXW�LQWR�RXU�GDWDEDVH��:H�VSOLW�WKH�GDWDVHW�
LQ�6366�E\�WKH�PDLQ�DFWLYLW\�DQG�UDQ�IRXU�$129$�
WHVWV�RI�WKH�ORFDWLRQV�DQG�HQMR\PHQW�OHYHOV��S��������
7KH�SKRQH�VSHDNHU��)������ ������S ������DQG�PDJ�
QHWLF�VOLPH����)������ �������S ������HQMR\PHQW�GLG�
QRW�YDU\�E\�ORFDWLRQ��EXW�ZH�IRXQG�WKDW�WKH�JHO�HOHFWUR�
SKRUHVLV��)LJXUH�����)������ ����S��������DQG��'�
SULQWLQJ��)LJXUH�����)������� �������S��������DFWLYL�
WLHV�ERWK�GLIIHU��:H�WKHQ�UDQ�D�SRVW-KRF�+RFKEHUJ�WHVW�
�S�������ZKLFK�VKRZHG�WKDW�WKH�JHO�HOHFWURSKRUHVLV�
�0 ������DQG��'�SULQWLQJ��0 ������DFWLYLWLHV�ZHUH�
VLJQLILFDQWO\�OHVV�HQMR\DEOH�DW�6\GQH\�WKDQ�WKH\�ZHUH�
DW�RWKHU�ORFDWLRQV��ZKLOH�DW�%ULVEDQH��0 �������WKH�JHO�
HOHFWURSKRUHVLV�DFWLYLW\�ZDV�DV�HQMR\DEOH�DV�����������
0HOERXUQH��0 ������DQG�&DQEHUUD��0 �������EXW�
PRUH�HQMR\DEOH�WKDQ�DW�$GHODLGH��0 ������DQG�6\G�
QH\��7KH�GLIIHUHQFH�VKRZQ�EHWZHHQ�WKH�DFWLYLWLHV�
DPRQJ�WKH�ORFDWLRQV�VXJJHVWV�WKDW�HLWKHU�FXOWXUDO�GLI�
IHUHQFHV�DPRQJ�WKH�VWXGHQWV�LQ�WKH�GLIIHUHQW�FLWLHV�RU�

WKH�GLIIHUHQW�LQVWUXFWRUV�PD\�SOD\�D�UROH�LQ�WKH�HQMR\�
PHQW�RI�WKH�DFWLYLW\� 

 

�ŝĚ�ĞŶũŽǇŵĞŶƚ�ŽĨ�ƚŚĞ�ŵĂŝŶ�ĂĐƟǀŝƟĞƐ�ǀĂƌǇ�
ďǇ�ĂŐĞ͍ 

������� 
�������7R�DQVZHU�WKLV�TXHVWLRQ�RXU�JURXS�VSOLW�WKH�GDWD�LQ�
6366�E\�DFWLYLW\��DQG�WKHQ�UDQ�WKUHH�$129$�WHVWV�
�S�������XVLQJ�WKH�VWXGHQW�DJH�DV�WKH�LQGHSHQGHQW�YDU�
LDEOH�DQG�WKH�UDWLQJ�IRU�HDFK�DFWLYLW\�DV�WKH�GHSHQGHQW�
YDULDEOH��7KH��'�SULQWLQJ�DFWLYLW\�KDG�QR�GDWD�IRU�DJH��
VR�LW�ZDV�H[FOXGHG�IURP�WKLV�DQDO\VLV��:KLOH�WKH�WHVWV�
IRU�WKH�JHO�HOHFWURSKRUHVLV��)������ ������S ������DQG�
PDJQHWLF�VOLPH��)������ ������S ������KDG�QR�VLJQLIL�
FDQW�UDWLQJ�GLIIHUHQFHV�DPRQJ�GLIIHUHQW�DJHV��WKH�
SKRQH�VSHDNHU���)������ ������S ������IRXQG�WKDW�VWX�
GHQWV�RI�GLIIHUHQW�DJHV�UDWHG�LW�GLIIHUHQWO\��$�SRVW-KRF�
+RFKEHUJ�WHVW���S�������VKRZHG�WKDW����\HDU�ROGV�
�0 �����HQMR\HG�WKH�SKRQH�VSHDNHU�DFWLYLW\�OHVV�WKDQ�

WKH�����0 ������DQG�����0 ������\HDUV�ROGV��EXW�DV�
PXFK�DV�WKH�����0 ������DQG�����0 ������\HDU�ROGV�
DV�VKRZQ�LQ�)LJXUH����� 

WĂŐĞ�ϳ 

dĂďůĞ�ϯ͘�,ŽĐŚďĞƌŐ�ĚŝƐƚƌŝďƵƟŽŶ�ĨŽƌ�ƐƚƵĚĞŶƚ�ƌĞƉŽƌƚĞĚ�
ĞŶũŽǇŵĞŶƚ�ŽĨ�ŵĂŝŶ�ĂĐƟǀŝƚǇ 

$FWLYLW\ 0HDQ�5DWLQJ 

0DJQHWLF�6OLPH ���� 

3KRQH�6SHDNHU ���� 

�'�3ULQWLQJ ���� 

*HO�(OHFWURSKRUHVLV ���� 

&ŝŐƵƌĞ�ϭϬ͘�,ŽĐŚďĞƌŐ�ĚŝƐƚƌŝďƵƟŽŶ�ĨŽƌ�ĂŐĞ�ĂŶĚ�ĞŶũŽǇŵĞŶƚ�
ŝŶ�ƚŚĞ�ƉŚŽŶĞ�ƐƉĞĂŬĞƌ�ĂĐƟǀŝƚǇ 

&ŝŐƵƌĞ�ϴ͘�^ƚĂƟƐƟĐĂů�ĚŝīĞƌĞŶĐĞƐ�ďǇ�ůŽĐĂƟŽŶ�ĨŽƌ�ƚŚĞ�ϯ��
ƉƌŝŶƟŶŐ�ĂĐƟǀŝƚǇ 

&ŝŐƵƌĞ�ϵ͘�^ƚĂƟƐƟĐĂů�ĚŝīĞƌĞŶĐĞƐ�ďǇ�ůŽĐĂƟŽŶ�ĨŽƌ��ƚŚĞ�ŐĞů�
ĞůĞĐƚƌŽƉŚŽƌĞƐŝƐ�ĂĐƟǀŝƚǇ 



 

�ŽĞƐ�ŽŶĞ�ŐĞŶĚĞƌ�ĞŶũŽǇ�ĂŶǇ�ŽĨ�ƚŚĞ�ŵĂŝŶ�
ĂĐƟǀŝƟĞƐ�ŵŽƌĞ�ƚŚĂŶ�ƚŚĞ�ŽƚŚĞƌ͍ 
 
�������,Q�RUGHU�WR�GHWHUPLQH�LI�WKHUH�ZDV�D�GLIIHUHQFH�LQ�
HQMR\PHQW�EHWZHHQ�WKH�JHQGHUV��WKH�GDWD�ZDV�VSOLW�E\�
DFWLYLW\�DQG�IRXU�7-WHVWV��S�������ZHUH�FRQGXFWHG��
7KH��'�SULQWLQJ�7-WHVW�IRXQG�WKDW�WKHUH�ZDV�PRVW�OLNH�
O\�D�GLIIHUHQFH�ZLWK��W���� -������S �������ZKLOH�WKH�
UHVW�RI�WKH�DFWLYLWLHV�IRXQG�QR�GLIIHUHQFH�ZLWK�WKH�
SKRQH�VSHDNHU��W���� �-������S ������WKH�JHO�HOHFWUR�
SKRUHVLV��W���� -������S ������DQG�WKH�PDJQHWLF�VOLPH��
W��� ������S ������7KH�PHDQ�UDWLQJ�IRU�IHPDOHV�
�0 ������IRU�WKH��'�SULQWLQJ�LV�KLJKHU�WKDQ�IRU�WKH�
PDOHV��0 �������7KLV�GHPRQVWUDWHV�WKDW�IHPDOH�VWX�
GHQWV�JHQHUDOO\�HQMR\HG�WKH��'�SULQWLQJ�DFWLYLW\�PRUH�
WKDQ�WKH�PDOH�VWXGHQWV��)LJXUH������7KHUH�ZDV�QR�VLJ�
QLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�JHQGHUV�ZLWK�UHJDUG�WR�
WKHLU�DFWLYLW\�UDWLQJ�LQ�WKH�RWKHU�PDLQ�DFWLYLWLHV��7KH�
IDFW��'�SULQWLQJ�ZDV�HQMR\HG�PRUH�E\�IHPDOHV�VXJ�

JHVWV�ERRWFDPS�DFWLYLWLHV�WKDW�DUH�
DLPHG�WRZDUGV�JLUOV�VKRXOG�KDYH�
VLPLODU�DVSHFWV��VXFK�DV�D�UHOLDEOH�
WDNH�KRPH�LWHP�DQG�VWURQJ�UHDO�
ZRUOG�FRQQHFWLRQV�WR�KHOSLQJ�SHRSOH�� 
 

tĞƌĞ�ŵĂůĞ�ƐƚƵĚĞŶƚƐ�ŵŽƌĞ�
ůŝŬĞůǇ�ƚŽ�ƌĞƉŽƌƚ�ďĞŝŶŐ���������
ŝŶƚĞƌĞƐƚĞĚ�ŝŶ�ƌĞƚƵƌŶŝŶŐ�ƚŚĂŶ�
ĨĞŵĂůĞƐ͍ 
 
�������&6,52�ZDV�FXULRXV�DV�WR�ZKHWKHU�
RU�QRW�WKH�PDOH�VWXGHQWV�ZHUH�PRUH�LQWHUHVWHG�LQ�WKH�
VXEMHFWV�WDXJKW�DW�WKH�ERRWFDPS�WKDQ�IHPDOH�VWXGHQWV��
7R�DQVZHU�WKLV�TXHVWLRQ��ZH�UDQ�IRXU�7-WHVWV��S��������
RQH�IRU�HDFK�DFWLYLW\��:H�IRXQG�WKDW�WKHUH�ZDV�QR�VLJ�
QLILFDQW�GLIIHUHQFHV�IRU�DQ\�RI�WKH�DFWLYLWLHV�EHWZHHQ�
JHQGHU�DQG�WKH�VWXGHQW�JLYHQ�OLNHOLKRRG�RI�UHWXUQLQJ��
WKH�SKRQH�VSHDNHU��W���� -������S ������WKH�JHO�HOHF�
WURSKRUHVLV���W���� -������S ������WKH��'�SULQWLQJ��������
W���� -������S ������DQG�WKH�PDJQHWLF�VOLPH����������������
W��� -������S ����� 

 

�ŝĚ�ƚŚĞ�ĂĐƟǀŝƚǇ�ĂīĞĐƚ�ƚŚĞ�ƐƚƵĚĞŶƚΖƐ������
ůŝŬĞůŝŚŽŽĚ�ŽĨ�ƌĞƚƵƌŶŝŶŐ͍ 
 
�������2YHUDOO��WKH�VWXGHQWV�GLG�VWDWH�WKH\�ZHUH�IDLUO\�
OLNHO\�WR�UHWXUQ�WR�WKH�ERRWFDPS�SURJUDP���0 ������
RXW�RI����,Q�RXU�DQDO\VLV��ZH�XVHG�DQ�$129$�WHVW�
�S!������WR�GHWHUPLQH�LI�WKHUH�ZHUH�DQ\�VLJQLILFDQW�
GLIIHUHQFHV�LQ�UHSRUWHG�OLNHOLKRRG�WR�UHWXUQ�EHWZHHQ�
VWXGHQWV�ZKR�DWWHQGHG�ERRWFDPSV�UXQQLQJ�GLIIHUHQW�
PDLQ�DFWLYLWLHV��:H�IRXQG�WKDW�WKHUH�ZDV�QR�VLJQLILFDQW�
GLIIHUHQFH��)������� ������S ������EHWZHHQ�DFWLYLW\�
DQG�WKH�VWXGHQW�JLYHQ�OLNHOLKRRG�RI�UHWXUQLQJ��7KLV�
VXJJHVWV�WKDW�WKH�LQWHUHVW�JHQHUDWHG�LQ�67(0�E\�WKH�

ERRWFDPS�LV�LQGHSHQGHQW�RI�ZKLFK�RI�WKH�PDLQ�DFWLYL�
WLHV�WKH\�GLG� 
 

tŚĂƚ�ĚŝĚ�ƚŚĞ�ƐƚƵĚĞŶƚƐ�ƚŚŝŶŬ�ŽĨ�ƚŚĞ�ůĂď�
ƚŽƵƌƐ�ĂŶĚ�ƉƌĞƐĞŶƚĂƟŽŶƐ͍ 
 
�������&6,52�ZDV�DOVR�LQWHUHVWHG�LQ�ZKDW�VHJPHQW�RI�WKH�
GD\�WKH�VWXGHQWV�PRVW�HQMR\HG��VXFK�DV�WKH�PDLQ�DFWLY�
LW\��ODE�WRXUV��UHVHDUFK�SUHVHQWDWLRQV�E\�&6,52�UH�
VHDUFKHUV��RU�RWKHU�PLQRU�DFWLYLWLHV��7R�DQVZHU�WKLV��
ZH�XVHG�WKH�RSHQ-HQGHG�VXUYH\�TXHVWLRQ�WKDW�H[SOLFLW�
O\�DVNHG�WKH�VWXGHQWV�DERXW�WKHLU�IDYRULWH�SDUW�RI�WKH�
ERRWFDPS��:H�FDOFXODWHG�WKH�IUHTXHQF\�ZLWK�ZKLFK�
HDFK�RI�WKH�FDWHJRULHV�ZHUH�PHQWLRQHG��6WXGHQWV�PRVW�
RIWHQ�VWDWHG�WKDW�WKH\�PRVW�HQMR\HG�WKH�PDLQ�DFWLYLW\��
IROORZHG�E\�ODE�WRXUV��DV�VKRZQ�LQ�)LJXUH�����2XW�RI�
WKH�����VWXGHQWV�ZKR�WRRN�WKH�VXUYH\������VWDWHG�WKH\�
HQMR\HG�WKH�PDLQ�DFWLYLW\�WKH�PRVW��IROORZHG�E\����
VWDWLQJ�WKH\�HQMR\HG�WKH�ODE�WRXUV�WKH�PRVW�� 
�������&6,52�DOVR�LQTXLUHG�DERXW�WKH�VWXGHQW¶V�OHDVW�
IDYRULWH�SDUW�RI�WKH�GD\��7KLV�ZDV�FRGHG�LQ�D�VLPLODU�����
PDQQHU�DV�UHVSRQVHV�WR�WKHLU�IDYRULWH�SDUW�RI�WKH�GD\��
7KH�PRVW�FRPPRQ�OHDVW�IDYRULWH�UHVSRQVH�ZDV�WKH�UH�
VHDUFK�SUHVHQWDWLRQV�ZLWK����UHVSRQVHV��IROORZHG�E\�
ODE�WRXUV�ZLWK�����)LJXUH������ 

WĂŐĞ�ϴ 

&ŝŐƵƌĞ�ϭϮ͘�^ƚƵĚĞŶƚƐ�ĨĂǀŽƌŝƚĞ�ƐĞŐͲ
ŵĞŶƚ�ŽĨ�ƚŚĞ�ĚĂǇ 

&ŝŐƵƌĞ�ϭϯ͘�^ƚƵĚĞŶƚƐ�ůĞĂƐƚ�ĨĂǀŽƌŝƚĞ�
ƐĞŐŵĞŶƚ�ŽĨ�ƚŚĞ�ĚĂǇ 

&ŝŐƵƌĞ��ϭϭ͘�DĞĂŶ�ƌĂƟŶŐ�ŽĨ�ϯ��ƉƌŝŶƟŶŐ�ĂĐƟǀŝƚǇ���������������
ďǇ�ŐĞŶĚĞƌ 



 

tŚĂƚ�ƚŽƉŝĐƐ�ĚŝĚ�ƐƚƵĚĞŶƚƐ�ǁĂŶƚ�ƚŽ�ƐĞĞ�ŝŶ�
ĨƵƚƵƌĞ�ďŽŽƚĐĂŵƉƐ͍ 
 
�������)LJXUH��(�VKRZV�WKH�FKDUW�IURP�WKH�VXUYH\�VWX�
GHQWV�XVHG�WR�DQVZHU�WKH�TXHVWLRQ��³:KDW�WRSLFV�ZRXOG�
\RX�OLNH�WR�VHH�LQ�WKH�IXWXUH"´�7KH�PRVW�FRPPRQ�DQ�
VZHU�IURP�VWXGHQWV�ZDV�SK\VLFV�������IROORZHG�E\�
FKHPLVWU\�������DQG�ELRORJ\�������$�IXOO�FKDUW�RI�WKH�
IUHTXHQF\�RI�UHVSRQVHV�FDQ�EH�VHHQ�LQ�)LJXUH�����7KLV�
TXHVWLRQ�ZDV�YLWDO�WR�WKH�GHVLJQ�RI�WKH�WHDP¶V�IXWXUH�
ERRWFDPS�DFWLYLWLHV�EHFDXVH�LW�DOORZHG�RXU�WHDP�WR�
FKRRVH�D�WRSLF�WKDW�SULRU�ERRWFDPS�VWXGHQWV�ZHUH�PRVW�
LQWHUHVWHG�LQ� 

 
WĂƌĞŶƚ�ƐƵƌǀĞǇ�ĂŶĚ�ĮŶĚŝŶŐƐ 
��� 
�����&6,52�VHQW�DQ�HPDLO�VXUYH\�WR�SDUHQWV�RQFH�WKH�
ERRWFDPS�ZDV�FRPSOHWHG�WR�JDWKHU�WKHLU�RSLQLRQ�RQ�
WKH�SURJUDP��:LWK�WKH�SDUHQW�VXUYH\�&6,52�ZDQWHG�WR�
DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�LQ�RUGHU�WR�JDLQ�LQVLJKW�
LQWR�KRZ�ZRUWKZKLOH�WKH�SDUHQWV�IHOW�WKH�ERRWFDPS�

ZDV�WR�WKH�VWXGHQWV�� 
· 'LG�DQ\�RI�WKH�PDLQ�DFWLYLWLHV�KDYH�D�KLJK�RU���

ORZHU�OLNHOLKRRG�RI�WKH�SDUHQW�UHERRNLQJ" 
· :KDW�GLG�SDUHQWV�PRVW�RIWHQ�VWDWH�DV�WKH�PRVW�

ZRUWKZKLOH�DVSHFW�RI�WKH�ERRWFDPS" 

� 

WĂƌĞŶƚ�ƐƵƌǀĞǇ�ŝƚĞŵƐ� 
 
 7KH�SDUHQW�VXUYH\V�UHFRUGHG�WKH�ORFDWLRQ�RI�WKH�
FKLOG¶V�ERRWFDPS�DQG�LQIRUPDWLRQ�RQ�KRZ�ZRUWKZKLOH�
WKH�SDUHQW�IHOW�WKH�ERRWFDPS�ZDV��&6,52�DVNHG�WKH������
SDUHQWV�WR�UDWH�KRZ�VWURQJO\�WKH\�DJUHH�ZLWK�WKH�VWDWH�
PHQW�WKDW�WKH\�ZRXOG�ERRN�DQRWKHU�ERRWFDPS�DJDLQ�
IURP�VWURQJO\�GLVDJUHH�����WR�VWURQJO\�DJUHH������+RZ�
VWURQJO\�WKH�SDUHQWV�DJUHHG�ZLWK�WKH�ERRWFDPS�EHLQJ�
ZRUWKZKLOH�ZDV�DOVR�DVNHG�ZLWK�WKH�VDPH�VFDOH��7KH�
SDUHQWV�ZHUH�WKHQ�DVNHG�ZKDW�DERXW�WKH�ERRWFDPS�WKH\�
VDZ�DV�WKH�PRVW�ZRUWKZKLOH�LQ�WKH�IRUP�RI�DQ�RSHQ�
UHVSRQVH�TXHVWLRQ��7KH�SDUHQW�VXUYH\V�ZHUH���FRGHG�LQ�
WKH�VDPH�PDQQHU�DV�GHVFULEHG�HDUOLHU�LQ�WKH�VWXGHQW�
VXUYH\V�VHFWLRQ� 

 

�ŝĚ�ĂĐƟǀŝƚǇ�ĂīĞĐƚ�ƉĂƌĞŶƚ�ůŝŬĞůŝŚŽŽĚ�ŽĨ��
ƌĞďŽŽŬŝŶŐ͍ 
������� 
�������2YHUDOO�WKH�GDWD�VKRZHG�WKDW�SDUHQWV�ZHUH�OLNHO\�WR�
UHERRN��DYHUDJLQJ�����RXW�RI���ZLWKRXW�ORRNLQJ�DW�D�
VSHFLILF�DFWLYLW\��,Q�RUGHU�WR�GHWHUPLQH�LI�DQ�DFWLYLW\�
KDG�DQ�HIIHFW�RQ�WKH�OLNHOLKRRG�RI�WKH�SDUHQW�UHERRN�
LQJ��ZH�UDQ�DQ�$129$�WHVW��S�������RQ�WKH�JLYHQ�
OLNHOLKRRG�RI�WKH�SDUHQW�UHERRNLQJ�VSOLW�E\�WKH�PDLQ�
DFWLYLW\�WKDW�WKHLU�VWXGHQW�GLG��7KHUH�ZDV�QR�GDWD�UHF�
RUGHG�IRU�WKH�PDJQHWLF�VOLPH�DQG�VOLFN�DFWLYLW\�VR�LW�
ZDV�H[FOXGHG�IURP�WKLV�DQDO\VLV��:H�IRXQG�WKDW�WKHUH�
ZDV�QR�GLIIHUHQFH��)������ ������S ������LQ�OLNHOLKRRG�
WR�UHERRN�EHWZHHQ�WKH�SKRQH�VSHDNHU���'�SULQWLQJ��RU�
JHO�HOHFWURSKRUHVLV�DFWLYLWLHV� 

DŽƐƚ�ǁŽƌƚŚǁŚŝůĞ�ĂƐƉĞĐƚ�ŽĨ�ƚŚĞ�ƉƌŽŐƌĂŵ�
ƚŽ�ƚŚĞ�ƉĂƌĞŶƚƐ 
 
�������,Q�WKH�SDUHQW�VXUYH\�&6,52�ZDQWHG�WR�NQRZ�ZKDW�
WKH\�VDZ�DV�WKH�PRVW�ZRUWKZKLOH�DVSHFW�RI�WKH�
ERRWFDPS��7KLV�FRGLQJ�XVHG�WKH�VDPH�SURFHVV�DV����
SUHVHQWHG�SUHYLRXVO\��7KH�FRPSOHWH�OLVW�RI�FRGLQJ���
FDWHJRULHV�IRU�WKLV�TXHVWLRQ�DQG�SUHYLRXV�RQHV�DSSHDU�
LQ�VXSSOHPHQWDO�PDWHULDO�&��$V�VHHQ�LQ�)LJXUH�����
PRVW�RI�WKH�SDUHQWV�WKDW�UHVSRQGHG�IHOW�WKDW�WKH��������
H[SRVXUH�WR�VFLHQFH�ZDV�WKH�PRVW�ZRUWKZKLOH�SDUW�RI�
WKH�ERRWFDPS��IROORZHG�E\�WKHLU�FKLOGUHQ�EHLQJ�DEOH�WR�
VRFLDOL]H�ZLWK�RWKHU�VWXGHQWV�WKDW�KDYH�VLPLODU���������
LQWHUHVWV� 

 

dĂŬĞĂǁĂǇƐ�ĨŽƌ�ƚŚĞ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�
ĂĐƟǀŝƟĞƐ� 
 
�����2XU�DQDO\VLV�DOVR�YDOLGDWHG�RXU�WKLUG�REMHFWLYH��WR�
PDNH�QHZ�KDQGV-RQ�ERRWFDPS�DFWLYLWLHV��DV�ZH�IRXQG�
WKDW�WKH\�ZHUH�E\�IDU�WKH�IDYRULWH�SDUW�RI�WKH�ERRWFDPS�
SURJUDP��2YHUDOO��WKH�6FLHQFH�%RRWFDPSV�DUH�SHU�
IRUPLQJ�ZHOO�DQG�DUH�JHQHUDOO\�ZHOO�UHFHLYHG�E\�����

WĂŐĞ�ϵ 

&ŝŐƵƌĞ�ϭϰ͘�dŽƉ�ƌĞƐƉŽŶƐĞƐ�ƚŽ�ǁŚĂƚ�ƚŽƉŝĐ�ƐƚƵĚĞŶƚƐ�ǁŽƵůĚ�ďĞ�
ŝŶƚĞƌĞƐƚĞĚ�ŝŶ�ƐĞĞŝŶŐ�ĨŽƌ�ĨƵƚƵƌĞ�ďŽŽƚĐĂŵƉƐ� 

&ŝŐƵƌĞ�ϭϱ͘�DŽƐƚ�ǁŽƌƚŚǁŚŝůĞ�ĂƐƉĞĐƚƐ�ƚŽ�ƉĂƌĞŶƚƐ 



 

VWXGHQWV��/DE�WRXUV�DQG�UHVHDUFKHU�SUHVHQWDWLRQV�ZHUH�
HQMR\HG�E\�VWXGHQWV--RQH�RI�&6,52¶V�PRVW�LPSRUWDQW�
JRDOV��,W�UHYHDOHG�WKH�PRVW�GHVLUHG�DFWLYLW\�WRSLFV��
ZKLFK�ZH�NHSW�LQ�PLQG�ZKHQ�GHVLJQLQJ�QHZ�DFWLYLWLHV��
,W�DOVR�EURXJKW�WR�RXU�DWWHQWLRQ�WKDW�WKH�KDQGV-RQ�QD�
WXUH�RI�WKH�DFWLYLWLHV��KDYLQJ�D�FRQVLVWHQWO\�IXQFWLRQDO�
WDNH�KRPH�LWHP��DQG�UHODWLQJ�WKH�DFWLYLW\�WR�KHOSLQJ�
RWKHUV�KHOSV�WR�HQJDJH�IHPDOHV��DV�VKRZQ�VSHFLILFDOO\�
LQ�WKH�HQMR\PHQW�RI�WKH��'�SULQWLQJ�DFWLYLW\��7KH�LQ�
IRUPDWLRQ�JDWKHUHG�ZDV�KHOSIXO�LQ�JXLGLQJ�WKH�WHDP¶V�
SODQQLQJ�RI�QHZ�ERRWFDPS�DFWLYLWLHV��)RU�D�IXOO�GH�
VFULSWLRQ�RI�WKH�RXWFRPHV�RI�WKH�DQDO\VHV��VHH�6XSSOH�
PHQWDO�0DWHULDO�'�� 
 

�ĞƐŝŐŶ�ĂŶĚ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�
ďŽŽƚĐĂŵƉ�ĂĐƟǀŝƟĞƐ 
 

�����7KH�WKLUG�REMHFWLYH�RI�WKLV�SURMHFW�ZDV�WR�GHVLJQ�
DQG�GHYHORS�WZR�QHZ�6FLHQFH�%RRWFDPS�DFWLYLWLHV�WR�
SLTXH�$XVWUDOLDQ�VWXGHQWV¶�LQWHUHVW�LQ�VFLHQFH�DQG�
WHFKQRORJ\��ZKLOH�HPSKDVL]LQJ�WKH�VFLHQWLILF�UHVHDUFK�
RI�&6,52��:H�FKRVH�WRSLFV�IRU�WKH�DFWLYLWLHV�KLJK�
OLJKWHG�E\�VWXGHQWV�LQ�WKH�SRVW-ERRWFDPS�VXUYH\V��
QDPHO\�DVWURQRP\��FKHPLVWU\��DQG�ELRORJ\��DQG�
EUDLQVWRUPHG�SRVVLEOH�DFWLYLWLHV��:H�DQDO\]HG�WKHVH�
XVLQJ�D�GHFLVLRQ�PDWUL[��DOORZLQJ�XV�WR�UDQN�HDFK��
DFWLYLW\�E\�VHYHQ�FULWHULD��DV�VKRZQ�LQ�)LJXUH�����7KH�
IXOO�PDWUL[�LV�DYDLODEOH�LQ�6XSSOHPHQWDO�0DWHULDOV�(����������
 7KH�WHDP�WRRN�WKH�VL[�KLJKHVW�UDQNHG�DFWLYLWLHV�DQG�

GLVFXVVHG�WKHLU�SRWHQWLDO�ZLWK�&6,52� HGXFDWLRQDO�
H[SHUWV��7KH�SURV�DQG�FRQV�RI�HDFK�DFWLYLW\�DUH�VKRZQ�
LQ�7DEOH����7KLV�GLVFXVVLRQ�QDUURZHG� GRZQ�WKH����
DFWLYLWLHV�WR�WKH�WRRWKSDVWH�DQG�GR-LW-\RXUVHOI��������
HOHFWURFDUGLRJUDP�DFWLYLWLHV��:H�DOVR�LQWURGXFHG�D�
VSDFHFUDIW�GHVLJQ�DFWLYLW\��DV�WKH�H[SHUWV�ZDQWHG�WR�
SXEOLFL]H�&6,52¶V�DVWURQRP\�DFFRPSOLVKPHQWV��7KH�
WHDP�LQLWLDOO\�GHYHORSHG�WKH�PDNH-\RXU-RZQ�WRRWK�
SDVWH�DFWLYLW\��EXW�GXH�WR�XQHQWKXVLDVWLF�WHVWHU���������
UHVSRQVH��GHFLGHG�WR�OHDYH�LW�IRU�D�IXWXUH�JURXS�WR���
ILQLVK�GHYHORSLQJ� 

 

�ĞƐŝŐŶ�ƉƌŽĐĞƐƐ 
 

�����2QFH�WKH�WZR�6FLHQFH�%RRWFDPS�DFWLYLWLHV�ZHUH�
VHOHFWHG��WKH�WHDP�LWHUDWLYHO\�WHVWHG�DQG�GHYHORSHG�
WKHP��$�YLVXDO�UHSUHVHQWDWLRQ�RI�RXU�PHWKRGV�FDQ�EH�
VHHQ�LQ�)LJXUH�����)URP�WKH�VWDUW��ZH�EXLOW�LQ�WHDP�
ZRUN�DQG�KDQGV-RQ�IHDWXUHV��XVLQJ�SHGDJRJLFDO���
VWUDWHJLHV�GLVFXVVHG�SUHYLRXVO\��:H�FRQGXFWHG������
SUHWHVWLQJ�RXUVHOYHV�DQG�GLG�DGGLWLRQDO�WHVWLQJ�ZLWK�
RWKHU�VWXGHQWV��UHILQLQJ�WKH�DFWLYLW\�WHPSODWHV�DQG�
LQVWUXFWLRQV�IXUWKHU��)LQDOO\��XSRQ�VSHDNLQJ�ZLWK�
&6,52�HGXFDWLRQDO�H[SHUWV��WKH�WHDP�UHGHVLJQHG�
VRPH�DFWLYLW\�DVSHFWV�� 

 
WƌĞůŝŵŝŶĂƌǇ�ĚĞƐŝŐŶ͗��ƐƚƌŽŶŽŵǇ�ĂĐƟǀŝƚǇ 
 

�����7KH�DVWURQRP\�DFWLYLW\�LQFRUSRUDWHV�LQWHUHVW-
JHQHUDWLQJ�DVSHFWV�RI�KDQGV-RQ�DFWLYLWLHV��VXFK�DV�
HOHPHQWV�RI�LQTXLU\-EDVHG��FRPSHWLWLYH��DQG�FRRSHU�
DWLYH�OHDUQLQJ��,Q�WKLV�DFWLYLW\��VWXGHQWV�GHVLJQ�DQG�

WĂŐĞ�ϭϬ 

&ŝŐƵƌĞ�ϭϲ͘�WŽƌƟŽŶ�ŽĨ�ĚĞĐŝƐŝŽŶ�ŵĂƚƌŝǆ�ƵƐĞĚ�ƚŽ�ŶĂƌƌŽǁ�ƉŽƐƐŝďůĞ�ĂĐƟǀŝƟĞƐ 

dĂďůĞ�ϰ͘�ZĞĂƐŽŶƐ�ĨŽƌ�ĂŶĚ�ĂŐĂŝŶƐƚ�ĞĂĐŚ�ĂĐƟǀŝƚǇ�ĐŽŶĐĞƉƚ͘� 

&ŝŐƵƌĞ�ϭϳ͘�/ƚĞƌĂƟǀĞ�ƉƌŽĐĞƐƐ�ĨŽƌ�ĂĐƟǀŝƚǇ�ĚĞǀĞůŽƉŵĞŶƚ 



 

EXLOG�WKHLU�RZQ�VSDFHFUDIW��WKHQ�WHVW�LW�WR�GHWHUPLQH�LI�
LW�ZRXOG�VXUYLYH�WKH�WULEXODWLRQV�RI�VSDFH�WUDYHO��7KLV�
FDQ�HDVLO\�EH�UHODWHG�WR�&6,52¶V�H[WHQVLYH�UHVHDUFK�
LQ�GHHS�VSDFH�REVHUYDWLRQV�DQG�FRPPXQLFDWLRQ�DV�
VLVWDQFH�GXULQJ�WKH�OXQDU�ODQGLQJV�� 

�����7KH�WHDP�EHJDQ�E\�FRQVLGHULQJ�GLIIHUHQW�WHVWV�WKH�
FRPSOHWHG�VSDFHFUDIW�FRXOG�XQGHUJR��ZKLFK�ZRXOG�
SURYLGH�GHVLJQ�FULWHULD��'XULQJ�HDFK�RI�WKH�WHVWV�WKH�
VSDFHFUDIW�FRQWDLQV�DQ�HJJ��UHSUHVHQWLQJ�WKH�DVWUR�
QDXW��DQG�HDFK�WHVW�UHSUHVHQWV�GLIIHUHQW�FKDOOHQJHV�LQ�
VSDFH�WUDYHO��7DEOH����� 

 7KH�WHDP�DOVR�GHWHUPLQHG�DSSURSULDWH�PDWHULDOV�
IRU�WKH�FRQVWUXFWLRQ�RI�WKH�VSDFHFUDIW��:H�FKRVH�LQ�
H[SHQVLYH�KRXVHKROG�PDWHULDOV�VXFK�DV�FDUGERDUG��DV�
ZHOO�DV�PRUH�VSHFLDOL]HG�PDWHULDOV�VXFK�DV�JDVNHW�
WDSH��$�FRPSOHWH�OLVW�RI�WKH�VSDFHFUDIW�EXLOG�PDWHUL�
DOV�FDQ�EH�IRXQG�LQ�6XSSOHPHQWDO�0DWHULDOV�)� 

 
 

WƌĞůŝŵŝŶĂƌǇ���ĞƐŝŐŶ͗���'�ĂĐƟǀŝƚǇ 
 

�����7KH�HOHFWURFDUGLRJUDP��(&*��DFWLYLW\�SURYLGHG�D�
WRSLF�WKDW�PDQ\�VWXGHQWV�KDG�H[SUHVVHG�LQWHUHVW�LQ�
�ELRORJ\���DV�ZHOO�DV�LQVLJKW�LQWR�D�WHFKQRORJ\�WKDW�
KDV�UHOHYDQFH�LQ�PDQ\�VWXGHQWV¶�OLYHV—DV�PRVW�KDYH�
EHHQ�LQ�D�KRVSLWDO�HLWKHU�IRU�WKHPVHOYHV�RU�D�UHODWLYH��
7KH�VWXGHQWV�EXLOG�DQ�HOHFWURFDUGLRJUDP—D�GHYLFH�
WKDW�PRQLWRUV�HOHFWULFDO�VLJQDOV�IURP�WKH�KHDUW—DQG�
XVH�LW�WR�H[SORUH�ELRVLJQDOV�DQG�FDUGLRYDVFXODU�
KHDOWK� 

�����7KH�WHDP�EHJDQ�E\�GHVLJQLQJ�D�EDVLF�DQG��������
LQH[SHQVLYH�HOHFWURFDUGLRJUDP�DPSOLILHU�FLUFXLW�WR������
DPSOLI\�WKH�GLIIHUHQFH�LQ�HOHFWULFDO�YROWDJH�DFURVV�DQ�
LQGLYLGXDO¶V�IRUHDUPV��7KH�GHVLJQ�XWLOL]HV�D�KHDG�
SKRQH�MDFN�FRQQHFWLRQ�SOXJJHG�LQWR�D�FRPSXWHU�DQG�
DQDO\]HV�WKH�VLJQDO�XVLQJ�DQ�DXGLR�UHFRUGLQJ�VRIW�
ZDUH��7KH�FRPSOHWHG�LQLWLDO�GHVLJQ�FDQ�EH�IRXQG�LQ�
6XSSOHPHQWDO�0DWHULDOV�*��$IWHU�VRPH�WURXEOHVKRRW�

LQJ�DQG�UHGHVLJQ��WKH�WHDP�VXFFHVVIXOO\�EXLOW�WKH�
HOHFWURFDUGLRJUDP��$Q�LPDJH�RI�WHVWLQJ�LV�VKRZQ�LQ�
)LJXUH����� 

�����:H�FUHDWHG�VWXGHQW�LQVWUXFWLRQV�WR�FRQVWUXFW�WKH�
(&*��PDNLQJ�EUHDGERDUG�LPDJHV—SLFWXUHV�RI� ZKDW�
WKH�DFWXDO�FLUFXLW�VKRXOG�ORRN�OLNH��)LJXUH������7KHVH�
LPDJHV�ZHUH�WKHQ�FRPSLOHG�LQWR�D�GRFXPHQW ZLWK�
DVVHPEO\�LQVWUXFWLRQV��7KHQ��ZH�GHYHORSHG�DQ�DFWLYL�
W\�VKHHW�WKDW�RXWOLQHG�ZD\V�WR�H[SORUH�KRZ�WKH
ERG\¶V�DFWLRQV�DIIHFWHG�WKH�GLVSOD\HG�KHDUWEHDW�� 

WĂŐĞ�ϭϭ 

&ŝŐƵƌĞ�ϭϴ͘�dĞƐƟŶŐ�ŽĨ�ĮƌƐƚ���'�ƉƌŽƚŽƚǇƉĞ 

&ŝŐƵƌĞ�ϭϵ͘�^ĂŵƉůĞ�ďƌĞĂĚďŽĂƌĚ�ŝŵĂŐĞƐ͘ 

dĂďůĞ�ϱ͘�^ƵŵŵĂƌǇ�ŽĨ�ƉƌŽƉŽƐĞĚ�ƐƉĂĐĞĐƌĂŌ�ƐƚƵĚĞŶƚ�ƚĞƐƚƐ 



 

WƌĞůŝŵŝŶĂƌǇ�ƐĞůĨ-ƚĞƐƟŶŐ 
 

������2XU�RZQ�SUH-WHVW�RI�WKH�(&*�DQG�VSDFHFUDIW������
DFWLYLWLHV�ZDV�FRPSOHWHG�WR�HQVXUH�WKH�DFWLYLWLHV�FRXOG�
EH�GRQH�LQ�WKH�DOORWWHG�WLPH�ZLWK�WKH�SURYLGHG�PDWHUL�
DOV��:H�XVHG�D�JHQHUDO�JXLGHOLQH�RI�WZR-DQG-D-KDOI�
KRXUV�WR�SUH-WHVW�WKH�EXLOGLQJ�RI�WKH�SURWRW\SH�VSDFH�
FUDIW��(DFK�PHPEHU�VNHWFKHG�D�GHVLJQ��EXLOW�WKH�SK\VL�
FDO�PRGHO��DQG�WHVWHG�WKHLU�PRGHOV��)LJXUH������7KH�
UHVXOWV�IURP�WKH�VHOI-WHVW�FDQ�EH�VHHQ�LQ�7DEOH��� 
�����*LYHQ�WKH�VXFFHVVIXO�SUH-WHVW��ZH�WKHQ�FUHDWHG�D���
VWXGHQW�ZRUNVKHHW�RXWOLQLQJ�WKH�YDULRXV�WHVWV�WKDW�WKH�
VSDFHFUDIW�ZRXOG�XQGHUJR�DQG�SURYLGLQJ�VSDFH�IRU�WKH�
VWXGHQW�WR�VNHWFK�D�SUHOLPLQDU\�GHVLJQ��7KH�WHDP�����
GHFLGHG�WKDW�WKH�VWXGHQWV�ZRXOG�EH�DOORZHG�WR�SXUFKDVH�
WKH�PDWHULDOV�WKH\�GHVLUH�IURP�D�VKRS��7KH\�ZRXOG�UH�
FHLYH�D�ILFWLRQDO�EXGJHW�RI���������DQG�WKH�FRVW�RI�WKH�
PDWHULDOV�ZDV�VFDOHG�VR�WKDW�WKLV�ZDV�WKH�HTXLYDOHQW�RI�
��$8'�� 
������6HOI-WHVWLQJ�RI�WKH�(&*�DFWLYLW\�ZDV�FRPSOHWHG�
GXULQJ�WKH�SUHOLPLQDU\�GHVLJQ�SHULRG��3RUWLRQV�RI� WKH�
DFWLYLW\�ZHUH�FRPSOHWHG�LQGLYLGXDOO\�DQG�WHDP�PHP�
EHUV�UHYLHZHG�WKHP�DV�SURJUHVV�ZDV�PDGH��7KH�WHDP�
IRFXVHG�RQ�WKH�FODULW\�RI�WKH�LQVWUXFWLRQV��VR�VWXGHQWV�
FRXOG�FRPSOHWH�WKH�FRQVWUXFWLRQ�LQ�D� UHDVRQDEOH�
DPRXQW�RI�WLPH��5HVXOWV�DUH�VKRZQ�LQ�7DEOH���� 

�����

WĂŐĞ�ϭϮ 

&ŝŐƵƌĞ�ϮϬ͘�^ƉĂĐĞĐƌĂŌ�ƉƌŽƚŽƚǇƉĞƐ�ĨƌŽŵ�ƐĞůĨ-ƚĞƐƚ 

dĂďůĞ�ϲ͘�ZĞƐƵůƚƐ�ĂŶĚ�ƌĞǀŝƐŝŽŶƐ�ĨƌŽŵ�ĂƐƚƌŽŶŽŵǇ�ĂĐƟǀŝƚǇ�ƐĞůĨ-ƚĞƐƚ 

dĂďůĞ�ϳ͘� ��'�ƐĞůĨ-ƚĞƐƟŶŐ�ƌĞƐƵůƚƐ 



 

7KLV�VHOI-WHVWLQJ�JXLGHG�WKH�GHYHORSPHQW�RI�WKH�LQ�
VWUXFWLRQDO�PDWHULDO�DQG�LPSURYHG�KRZ�WKH�GHYLFH�
ZRXOG�EH�EXLOW��,Q�DGGLWLRQ��WKH�REVHUYDWLRQV�KHOSHG�
WKH�WHDP�WR�LPSURYH�WKH�IORZ�RI�WKH�SRVW-
FRQVWUXFWLRQ�DFWLYLWLHV� 
 

WĞĞƌ�ƚĞƐƟŶŐ 
 

�����,Q�RUGHU�WR�JDLQ�D�EHWWHU�XQGHUVWDQGLQJ�RI�KRZ�WKH�
DFWLYLWLHV�ZRXOG�IDUH�LQ�D�UHDO�6FLHQFH %RRWFDPS�HQ�
YLURQPHQW��WKH�DFWLYLWLHV�ZHUH�WHVWHG�ZLWK�RXU�SHHUV�
IURP�:RUFHVWHU�3RO\WHFKQLF�,QVWLWXWH��7KH�WHDP�XWL�
OL]HG�DQ�REVHUYDWLRQ�VKHHW��)LJXUH�����WR�RUJDQL]H�
QRWHV�DV�WKH�DFWLYLW\�SURJUHVVHG��,PDJHV�RI�SHHU�WHVW�
LQJ�DSSHDU�LQ�6XSSOHPHQWDO�0DWHULDOV�+� 

 

^ƉĂĐĞĐƌĂŌ� 
 

�����7KH�UHVXOWV�IURP�SHHU�WHVWLQJ�DUH�VXPPDUL]HG�LQ�
7DEOH����7KH�FRPSOHWHG�VSDFHFUDIW�DUH�VKRZQ�LQ� � �
)LJXUH�����7KH�SHHU�WHVWLQJ�VXJJHVWHG�WKDW�WKH�DFWLYLWLHV�

ZHUH�HQMR\DEOH�DQG�FRXOG�EH�FRPSOHWHG�RQ�WLPH ZLWK�
WKH�DSSURSULDWH�PDWHULDOV��EXW�LW�DOVR�KLJKOLJKWHG�QHFHV�
VDU\�LPSURYHPHQWV�VXFK�DV�FODULI\LQJ�LQVWUXFWLRQV� 
 

��' 
 

 7ZR�:3,�SHHUV��DQG�RQH�\HDU����$XVWUDOLDQ�VWX�
GHQW��WHVWHG�WKLV�DFWLYLW\��(DFK�VWXGHQW�EXLOW�D� ZRUN�
LQJ�(&*�ZLWKLQ�WKH�WLPH�FRQVWUDLQWV��7KH�UHVXOWV�
IURP�WKH�SHHU�WHVWLQJ�DUH�LQ�7DEOH���DQG�D�VWXGHQW
FRPSOHWLQJ�WKH�SURMHFW�ZLWK�KLV�(&*�RXWSXW�FDQ�EH�
VHHQ�LQ�)LJXUH���� 
�����:KLOH�WKH�WHDP�KDG�SUHSDUHG�ZRUNVKHHWV�IRU�SRVW�
FRQVWUXFWLRQ�DFWLYLWLHV��WKH\�ZHUH�QRW�WHVWHG� EHFDXVH�
ZH�ODFNHG�WKH�PDWHULDOV��+RZHYHU��WKH�VWXGHQWV�HQ�
MR\HG�EXLOGLQJ�WKH�GHYLFH�DQG�WKH�\HDU��� VWXGHQW�
PDQDJHG�WR�RSHUDWH�KLV�FLUFXLW�DV�DQ�(0*��GHWHFWLQJ�
WKH�PXVFOH�FRQWUDFWLRQV�LQ�KLV�IRUHDUP��7KH�WHDP�
XVHG�WKLV�IHHGEDFN�WR�PDNH�WKH�LQVWUXFWLRQV�FOHDUHU� 
 

 

WĂŐĞ�ϭϯ 

&ŝŐƵƌĞ�Ϯϭ͘�KďƐĞƌǀĂƟŽŶ�ƐŚĞĞƚ�ƵƐĞĚ�ĨŽƌ�ƉĞĞƌ�ƚĞƐƟŶŐ 

&ŝŐƵƌĞ�ϮϮ͘�WƌŽƚŽƚǇƉĞƐ�ƐƉĂĐĞĐƌĂŌ�ĨƌŽŵ�tW/�ƉĞĞƌƐ 

dĂďůĞ�ϴ͘�ZĞƐƵůƚƐ�ĂŶĚ�ƌĞǀŝƐŝŽŶƐ�ĨƌŽŵ�ƉĞĞƌ�ƚĞƐƟŶŐ�ƚŚĞ�ĂƐƚƌŽŶŽŵǇ�ĂĐƟǀŝƚǇ 



 

^ƉĞĐŝĂůŝƐƚ�ƌĞǀŝĞǁ�ŽĨ�ĂĐƟǀŝƟĞƐ 
 

�����$IWHU�UHYLVLRQV�ZHUH�PDGH�EDVHG�RQ�WKH�VHOI�DQG�
SHHU�WHVWLQJ��FRPSOHWHG�PDWHULDOV�ZHUH SUHVHQWHG�WR�
DQ�HGXFDWLRQDO�VSHFLDOLVW�IRU�UHYLHZ�RI�IHDVLELOLW\�DQG�
FODULW\� 
 

�ƐƚƌŽŶŽŵǇ 
 

:KHQ�WKH�LQVWUXFWLRQV�ZHUH�UHYLHZHG��LW�ZDV�
GHWHUPLQHG�WKDW�WKH\�ZHUH�WRR�VWUXFWXUHG�IRU VHF�
RQGDU\�VFKRRO�VWXGHQWV��7KH�HGXFDWLRQDO�VSHFLDOLVW�
VXJJHVWHG�WKH�WHVWLQJ�EH�UHYLVHG��VR�WKH�VWXGHQWV�
GHVLJQ�WKH�WHVWV�WKHPVHOYHV�LQ�D�PRUH�LQTXLU\-EDVHG�
VW\OH��/RQJ�ZDLW�WLPHV�ZHUH�D�FRQFHUQ�GXH�WR�WKH
ODUJH�FODVV�VL]H�DQG�ZHUH�UHGXFHG�E\�XVLQJ�PXOWLSOH�
WHVWLQJ�VWDWLRQV� 

 

��' 
 

�����7KH�HGXFDWLRQDO�VSHFLDOLVW�FRPSOHWHG�WKH�(&*�
ZLWK�WKH�VWHS-E\-VWHS�LQVWUXFWLRQV�WR�LGHQWLI\�DQ\
LVVXHV��2EVHUYDWLRQV��UHVXOWV��DQG�UHYLVLRQV�FDQ�EH�
VHHQ�LQ�7DEOH���� 

WĂŐĞ�ϭϰ 

dĂďůĞ�ϵ͘�ZĞƐƵůƚƐ�ĂŶĚ�ƌĞǀŝƐŝŽŶƐ�ŵĂĚĞ�ĨƌŽŵ���'�ƉĞĞƌ�ƚĞƐƟŶŐ 

dĂďůĞ�ϭϬ͘�KďƐĞƌǀĂƟŽŶƐ�ĂŶĚ�ƌĞǀŝƐŝŽŶƐ�ƚŽ���'�ĂĐƟǀŝƚǇ�ĂŌĞƌ�ƚŚĞ��ĚƵĐĂƟŽŶĂů�^ƉĞĐŝĂůŝƐƚ�ĐŽŵƉůĞƚĞĚ�ŝƚ͘ 

&ŝŐƵƌĞ�Ϯϯ͘�tW/�ƉĞĞƌ�ĐŽŵƉůĞƟŶŐ�ƚŚĞ���'�ĂĐƟǀŝƚǇ� 



 

 

&ŝŶĂů�ŽƵƚĐŽŵĞƐ� 
͚ 

�����7KH�UHYLVHG�DVWURQRP\�DFWLYLW\�IRFXVHV�RQ�
&6,52¶V�UROH�LQ�DVWURQRP\�DQG�VSDFH�H[SORUDWLRQ��
7KH�IRXU-KRXU�DFWLYLW\�EHJLQV�ZLWK�D�VKRUW�SUHVHQWD�
WLRQ��IROORZHG�E\�D�GHVLJQ�DQG�EXLOG�SKDVH��WKHQ�D�
WHVWLQJ�SKDVH��6WXGHQWV�DUH�LQWURGXFHG�WR�UHTXLUHPHQWV�
IRU�D�UHDO�VSDFHFUDIW��DQG�PXVW�EXGJHW�UHVRXUFHV�WR�
EXLOG�D�VSDFHFUDIW�WKDW�PHHWV�WKHVH�FULWHULD��7KH�VWX�
GHQWV�FUHDWH�WKHLU�RZQ�WHVWV�ZLWK�JLYHQ�PDWHULDOV�DQG�
GLVFXVV�LI�WKHLU�WHVWV�ZHUH�UHSUHVHQWDWLYH�RI�ZKDW�LV�
UHTXLUHG�RI�DFWXDO�VSDFHFUDIW��6XSSOHPHQWDO�DFWLYLWLHV�
ZHUH�LQFOXGHG�IRU�WKH�VWXGHQWV�WR�SHUIRUP�GXULQJ�
GRZQWLPH�EHWZHHQ�WHVWLQJ�SKDVHV� 
�����'XULQJ�WKH�(&*�DFWLYLW\��WKH�EDVLF�FRQFHSWV�EH�
KLQG�WKH�QHUYRXV�DQG�FDUGLRYDVFXODU�V\VWHPV�DUH�H[�
SODLQHG��LQFOXGLQJ�KRZ�VLJQDOV�DUH�SURGXFHG�DQG�KRZ�
PHGLFDO�GHYLFHV�FDQ�GHWHFW�WKHVH�VLJQDOV��WR�OHDUQ�
PRUH�DERXW�KHDOWK�DQG�WKH�ERG\��&6,52�KDV�GRQH�
UHVHDUFK�RQ�WKHVH�ELRVLJQDOV��DV�VHHQ�LQ�WKH�GHYHORS�
PHQW�RI�WHFKQLTXHV�IRU�LQWHUSUHWLQJ�((*�DQG�(&*�
VLJQDOV�WR�UHSODFH�PRUH�LQYDVLYH�SURFHGXUHV��7KH�VWX�
GHQWV�EXLOG�DQG�WKHQ�WHVW�DQ�(&*�ZLWK�TXHVWLRQV�WR�
IDPLOLDUL]H�WKHP�ZLWK�WKH�GHYLFH��ODWHU�FRQGXFWLQJ�
WKHLU�RZQ�H[SHULPHQWV� 
�����7KH�DFWLYLWLHV�UHTXLUHG�VSHFLILF�GHOLYHUDEOHV������
GHVFULEHG�LQ�7DEOH�����ZKLFK�LQFOXGH�DQ�DFWLYLW\
WHPSODWH��)LJXUH������SUHVHQWDWLRQV��)LJXUH����DQG�
�����VWXGHQW�KDQGRXWV���)LJXUH����DQG�����DQG�LQIRU�
PDWLRQ�IRU�&6,52�WR�UHIRUPDW�LQWR�WDNH�KRPH�QRWHV��
7KH�IXOO�GHOLYHUDEOHV�FDQ�EH�IRXQG�LQ�6XSSOHPHQWDO�
0DWHULDOV�VHFWLRQV�,�WKURXJK�.�IRU�WKH�VSDFHFUDIW�DF�
WLYLW\�DQG�/�WKURXJK�1�IRU�WKH�(&*��7KHVH�GHOLYHUD�
EOHV�ZLOO�HQDEOH�WKH�DFWLYLWLHV�WR�EH�UXQ�DW�WKH�
ERRWFDPSV�ZLWK�PLQLPDO�DGMXVWPHQWV�IURP� WKH�
&6,52�HGXFDWLRQDO�H[SHUWV��/LNH�DOO�HGXFDWLRQDO�SUR�
JUDPV��WKH\�ZLOO�OLNHO\�UHTXLUH�UHYLVLRQ�DIWHU�WKH�ILUVW�
IXOO-VFDOH�LPSOHPHQWDWLRQ� 

 

 
 

WĂŐĞ�ϭϱ 

&ŝŐƵƌĞ�Ϯϱ͘��ƐƚƌŽŶŽŵǇ�ƉƌĞƐĞŶƚĂƟŽŶ�ƐůŝĚĞƐ�ĂďŽƵƚ��^/ZK͛Ɛ�ƌĂĚŝŽ�ƚĞůĞƐĐŽƉĞƐ�ĂŶĚ�ƐƉĂĐĞĐƌĂŌ�ĐƌŝƚĞƌŝĂ� 

&ŝŐƵƌĞ�Ϯϰ͘�KƵƚůŝŶĞ�ŽĨ��ƐƚƌŽŶŽŵǇ�^ĐŝĞŶĐĞ��ŽŽƚĐĂŵƉ�ĨƌŽŵ�ƚŚĞ�ĂĐƟǀŝƚǇ�ƚĞŵƉůĂƚĞ 



 WĂŐĞ�ϭϲ  

dĂďůĞ�ϭϭ͘��ĞůŝǀĞƌĂďůĞƐ 



 

ZĞĐŽŵŵĞŶĚĂƟŽŶƐ�ĂŶĚ���������
�ŽŶĐůƵƐŝŽŶƐ 
 

�����7R�DLG�LQ�IXWXUH�GHYHORSPHQW�RI�WKH�&6,52�������
6FLHQFH�ERRWFDPS�SURJUDP��ZH�VXJJHVW�WKH�IROORZLQJ� 
· $VVHVVPHQW��6WDQGDUGL]H�VXUYH\V�WR�VLPSOLI\�

GDWD�DQDO\VLV��$GGLWLRQDOO\��PRGLI\�VXUYH\����
TXHVWLRQV�WR�IRFXV�RQ�FKDQJHV�LQ�VWXGHQW�LQWHUHVW��
UDWKHU�WKDQ�HQMR\PHQW��6HH�6XSSOHPHQWDO���������
0DWHULDOV�2��� 

· /RQJ-WHUP�LPSDFW��3URYLGH�VWXGHQWV�ZLWK�
UHVRXUFHV�RQ�KRZ�WR�JHW�LQYROYHG�ZLWK�ORQJHU-
WHUP�67(0�HGXFDWLRQ�SURJUDPV�RU�RUJDQL]DWLRQV�
OLNH�URERWLFV�WHDPV��PDWK�RO\PSLDGV��RU�RWKHU��
DIWHU-VFKRRO�SURJUDPV�WR�HQFRXUDJH�SXUVXLW�RI�
IXWXUH�VWXGLHV�DQG�FDUHHUV� 

· $FWLYLW\�'HYHORSPHQW��7HVW�WKH�DFWLYLWLHV�ZLWK�
RWKHU�:3,�VWXGHQWV��RU�$XVWUDOLDQ�VHFRQGDU\�
VFKRRO�VWXGHQWV�HDUOLHU�LQ�WKH�WLPHOLQH�RI�GHYHORS�
PHQW�WR�DOORZ�IRU�PRUH�LWHUDWLRQV�EDVHG�RQ�SDUWLFL�
SDQW�IHHGEDFN�� 

 

�����,Q�WKH�SURFHVV�RI�UHVHDUFKLQJ�VFLHQFH�LQVWUXFWLRQ�
PHWKRGV��DQDO\]LQJ�SUHYLRXV�ERRWFDPS�VXUYH\�GDWD��
DQG�GHYHORSLQJ�QHZ�DFWLYLWLHV��ZH�OHDUQHG�WR�HIIHF�
WLYHO\�PHHW�GHDGOLQHV�DV�D�JURXS��2XU�DFWLYLWLHV�ZLOO�
EH�LPSOHPHQWHG�DQG�IXUWKHU�UHILQHG�E\�&6,52�HGXFD�
WLRQDO�H[SHUWV�GXULQJ�WKHLU�XSFRPLQJ�6FLHQFH�
%RRWFDPS�SURJUDPV��:H�KRSH�WKDW�WKH�LQWHUHVW�VWX�
GHQWV�GHYHORS�ZLOO�HQFRXUDJH�WKHP�WR�FRQWLQXH�WKHLU�
HGXFDWLRQ�LQ�67(0�ILHOGV�� 
 

�ĐŬŶŽǁůĞĚŐĞŵĞŶƚƐ 
 

 7KDQN�\RX�&6,52�IRU�WKLV�RSSRUWXQLW\��&DUO\�
6LHEHQWULWW�IRU�\RXU�JXLGDQFH��3URIHVVRUV�/RUUDLQH�
+LJJLQV�DQG�(ULQ�2WWPDU�IRU�\RXU�LQVLJKW��DQG�ILQDOO\�
RXU�SHHUV�LQ�0HOERXUQH�IRU�WHVWLQJ�RXU��DFWLYLWLHV�DQG�
PDNLQJ�WKLV�SURMHFW�SRVVLEOH� 
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WĂŐĞ�ϭϴ  

ZĞĨĞƌĞŶĐĞƐ 
���2IILFH�RI�WKH�&KLHI�6FLHQWLVW���������6FLHQFH��WHFKQROR�

J\��HQJLQHHULQJ�DQG�PDWKHPDWLFV��$XVWUDOLD¶V�
IXWXUH��5HWULHYHG�IURP�$XVWUDOLDQ� *RYHUQPHQW�
:HEVLWH��KWWS��
ZZZ�FKLHIVFLHQWLVW�JRY�DX���������SURIHVVRU-
FKXEE-UHOHDVHV-VFLHQFH-WHFKQRORJ\-HQJLQHHULQJ-
DQG-PDWKHPDWLFV-DXVWUDOLDV-IXWXUH�� 

���2IILFH�RI�WKH�&KLHI�6FLHQWLVW���������0DWKHPDWLFV��HQ�
JLQHHULQJ��	�VFLHQFH�LQ�WKH�QDWLRQDO�LQWHUHVW���
5HWULHYHG�IURP�$XVWUDOLDQ�*RYHUQPHQW�:HE
 VLWH��KWWS���ZZZ�FKLHIVFLHQWLVW�JRY�DX�ZS- FRQ�
WHQW�XSORDGV�2IILFH-RI-WKH-&KLHI-6FLHQWLVW-0(6-
5HSRUW-�-0D\-�����SGI� 

���.HQQHG\��-���/\RQV��7���	�4XLQQ��)����������7KH�FRQ�
WLQXLQJ�GHFOLQH�RI�VFLHQFH�DQG�PDWKHPDWLFV�HQ�
UROPHQWV�LQ�$XVWUDOLDQ�KLJK�VFKRROV��7HDFKLQJ�
6FLHQFH�����������-���� 

���0DUJLQVRQ��6���7\WOHU��5���)UHHPDQ��%���	�5REHUWV��.��
��������67(0��FRXQWU\�FRPSDULVRQV��5HWULHYHG�
IURP�WKH�$XVWUDOLDQ�&RXQFLO�RI�/HDUQHG�$FDGH�
PLHV�:HEVLWH��ZZZ�DFROD�RUJ�DX�3')�
6$)��&RQVXOWDQWV�6$)��B67(0B�
��),1$/�SGI� 

���/LQQHQEULQN-*DUFLD��/���'XULN��$��0���&RQOH\��$��0���
%DUURQ��.��(���7DXHU��-��0���.DUDEHQLFN��6��$���	�
+DUDFNLHZLF]��-��0����������0HDVXULQJ�VLWXD�
WLRQDO�LQWHUHVW�LQ�DFDGHPLF�GRPDLQV��(GXFDWLRQDO�
DQG�3V\FKRORJLFDO�0HDVXUHPHQW������������-
����� 

���'HFL��(��/����������7KH�UHODWLRQ�RI�LQWHUHVW�WR�WKH�PRWL�
YDWLRQ�RI�EHKDYLRU��$�VHOI-GHWHUPLQDWLRQ�WKHRU\�
SHUVSHFWLYH��,Q�.��$��5HQQLQJHU��6��+LGL��	�$��
.UDSS��(GV����7KH�UROH�RI�LQWHUHVW�LQ�OHDUQLQJ�DQG�

GHYHORSPHQW����–�����+LOOVGDOH��1-��/DZUHQFH�
(UOEDXP�$VVRFLDWHV��,QF�� 

���0RRQH\��0��$���	�/DXEDFK��7��$����������$GYHQWXUH�
HQJLQHHULQJ��$�GHVLJQ�FHQWHUHG��LQTXLU\�EDVHG�
DSSURDFK�WR�PLGGOH�JUDGH�VFLHQFH�DQG�PDWKHPDW�
LFV�HGXFDWLRQ��-RXUQDO�RI�(QJLQHHULQJ�(GXFDWLRQ��
����������-����� 

���7\WOHU��5����������5H-,PDJLQLQJ�6FLHQFH�(GXFDWLRQ��
(QJDJLQJ�6WXGHQWV�LQ�6FLHQFH�IRU�$XVWUDOLD
V�
)XWXUH��5HWULHYHG�IURP�$XVWUDOLDQ�&RXQFLO�IRU�
(GXFDWLRQDO�5HVHDUFK�:HEVLWH��UH�
VHDUFK�DFHU�HGX�DX�FJL�YLHZFRQWHQW�FJL"
DUWLFOH ����	FRQWH[W DHU� 

���$WHú��g���	�(U\ÕOPD]��$����������(IIHFWLYHQHVV�RI�
KDQGV-RQ�DQG�PLQGV-RQ�DFWLYLWLHV�RQ�VWXGHQWV
�
DFKLHYHPHQW�DQG�DWWLWXGHV�WRZDUGV�SK\VLFV��$VLD-
3DFLILF�)RUXP�RQ�6FLHQFH��/HDUQLQJ�DQG�7HDFK�
LQJ����������-��� 

����&KHQ��&��)��-���-LDQJ��$���/LWNRZVNL��(���(OLD��$��5���
6KXHQ��-��$���;X��.���	�6FKZDUW]-%ORRP��5��'��
��������)HPDOHV�H[FHOOLQJ�PRUH�LQ�PDWK��HQJL�
QHHULQJ��DQG�VFLHQFH��)(00(6���$Q�DIWHU-
VFKRRO�67(0�SURJUDP�IRU�JLUOV�WKDW�IRVWHUV�
KDQGV-RQ�OHDUQLQJ�DQG�IHPDOH-WR-IHPDOH�PHQWRU�
VKLS��-RXUQDO�RI�:RPHQ�DQG�0LQRULWLHV�LQ�6FL�
HQFH�DQG�(QJLQHHULQJ������������-���� 

����:HOFK��$��*����������8VLQJ�WKH�7265$�WR�DVVHVV�
KLJK�VFKRRO�VWXGHQWV¶�DWWLWXGHV�WRZDUG�VFLHQFH�
DIWHU�FRPSHWLQJ�LQ�WKH�),567�URERWLFV�FRPSHWL�
WLRQ��$Q�H[SORUDWRU\�VWXG\��(XUDVLD�-RXUQDO�RI�
0DWKHPDWLFV��6FLHQFH�	�7HFKQRORJ\�(GXFDWLRQ��
���������-����� 

����(GHOVRQ��'���*RUGLQ��'���	�3HD��5����������$GGUHVV�
LQJ�WKH�FKDOOHQJHV�RI�LQTXLU\-EDVHG�OHDUQLQJ�
WKURXJK�WHFKQRORJ\�DQG�FXUULFXOXP�GHVLJQ��-RXU�

QDO�RI�WKH�/HDUQLQJ�6FLHQFHV�����-�������-����� 

����&RPPRQZHDOWK�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK�
2UJDQLVDWLRQ���������&5(67�–�&5(DWLYLW\�LQ�
6FLHQFH�DQG�7HFKQRORJ\��5HWULHYHG�IURP�KWWS���
ZZZ�FVLUR�DX�HQ�(GXFDWLRQ�3URJUDPV�&5(67�
&5(67� 

����)UHGHULFNV��$����������:KDW�LV�FRRSHUDWLYH�OHDUQLQJ��
DQG�ZKDW�GRHV�LW�GR" 7KH�&RPSOHWH�,GLRW¶V�*XLGH�
WR�6XFFHVV�DV�D�7HDFKHU� 5HWULHYHG�IURP�KWWSV���
ZZZ�WHDFKHUYLVLRQ�FRP�FRRSHUDWLYH-OHDUQLQJ�
WHDFKLQJ-PHWKRGV�������KWPO"SDJH �� 

����1LFKROV��6���6XOOLYDQ��-����������&RPSHWLWLRQ��5H�
WULHYHG�IURP�KWWS���ZZZ�HGXFDWLRQ�FRP�
UHIHUHQFH�DUWLFOH�FRPSHWLWLRQ�� 

����:RUOG6NLOOV�$XVWUDOLD��Q�G����0RYH�UHVHDUFK��5H�
WULHYHG�IURP�KWWS���ZZZ�ZRUOGVNLOOV�RUJ�DX�
DFWLYLWLHV�PRYH-UHVHDUFK�� 

����&RPPRQZHDOWK�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK�
2UJDQLVDWLRQ���������6FLHQFH�ERRWFDPS��5H�
WULHYHG�IURP�KWWS���ZZZ�FVLUR�DX�HQ�(GXFDWLRQ�
&RPPXQLW\-HQJDJHPHQW�%RRWFDPS� 

����&RQQRO\��5���*DWHKRXVH��$���.DUDSDQDJRV��*���3RUWX�
JDO��0DWWKHZ����������67(0�(GXFDWLRQ�$FWLYL�
WLHV�IRU�6FLHQFH�%RRWFDPSV��8QGHUJUDGXDWH�,Q�
WHUDFWLYH�4XDOLI\LQJ�3URMHFW�1R��(-SURMHFW-
������-���������5HWULHYHG�IURP�:RUFHVWHU�3RO�
\WHFKQLF�,QVWLWXWH�(OHFWURQLF�3URMHFW�&ROOHF�
WLRQ�KWWSV���ZHE�ZSL�HGX�3XEV�(-SURMHFW�
$YDLODEOH�(-SURMHFW-������-�������� 

6XSSOHPHQWDO�0DWHULDOV�IRU�WKLV�SURMHFW����������
�UDZ�GDWD��UHVHDUFK�LQVWUXPHQWV��DQG�DGGLWLRQDO�
SURMHFW �UHIHUHQFHV��EDFNJURXQG��DQG�RXWFRPHV��
FDQ�EH�IRXQG�DW KWWS���ZZZ�ZSL�HGX�(-SURMHFW-GE�
(-SURMHFW-VHDUFK�VHDUFK��XVLQJ�NH\�ZRUGV�IURP�
WKH�SURMHFW�WLWOH�� 
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