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:H�LGHQWLI\� WKUHH�FRQFHSWXDO� UHVRXUFHV� WKDW� LQWURGXFWRU\�SK\VLFV� VWXGHQWV� LQ�RXU� VDPSOH�FRPPRQO\�XVH�
ZKHQ� UHDVRQLQJ� PLFURVFRSLFDOO\� DERXW� WKHUPDO� SK\VLFV� WRSLFV�� ��� GLIIHUHQFHV� ZLOO� HYHQWXDOO\� HYHQ� RXW��
���PDFURVFRSLF� FKDQJHV� FRQQHFW� WR� PLFURVFRSLF� FROOLVLRQV�� DQG� ���ZKHQ� VRPHWKLQJ� LV� KRWWHU� �FROGHU��� LWV�
PROHFXOHV�DUH�PRYLQJ�IDVWHU��VORZHU���:H�UHSRUW�WKH�SUHYDOHQFH�RI�WKHVH�UHVRXUFHV��DV�ZHOO�DV�WKH�SUHYDOHQFH�
RI�PLFURVFRSLF�WKLQNLQJ��LQ�����ZULWWHQ�UHVSRQVHV�WR�WKUHH�GLIIHUHQW�KHDW�DQG�WHPSHUDWXUH�TXHVWLRQV�DGPLQLVWHUHG�
WR� LQWURGXFWRU\� SK\VLFV� VWXGHQWV� DW� IRXU� GLIIHUHQW� FROOHJHV� DQG� XQLYHUVLWLHV�� 7KLV� ZRUN� FRPSOHPHQWV� SDVW�
UHVHDUFK�LGHQWLI\LQJ�FRPPRQ�VWXGHQW�GLIILFXOWLHV�LQ�XVLQJ�PLFURVFRSLF�PRGHOV�IRU�KHDW�DQG�WHPSHUDWXUH��DQG�LW�
DGGV�WR�WKH�VPDOO�EXW�JURZLQJ�ERG\�RI�OLWHUDWXUH�WKDW�IRFXVHV�RQ�VWXGHQW�UHVRXUFHV�IRU�KHDW�DQG�WHPSHUDWXUH��
LGHQWLI\LQJ� LGHDV� LQ� VWXGHQW� WKLQNLQJ� WKDW� DUH� VHQVLEOH� DQG� FRQWLQXRXV� ZLWK� IRUPDO� SK\VLFV�� %\� UHSRUWLQJ�
FRPPRQ�VWXGHQW�UHVRXUFHV��ZH�DLP�WR�DVVLVW�LQVWUXFWRUV�LQ�QRWLFLQJ��DSSUHFLDWLQJ��DQG�EXLOGLQJ�RQ�VWXGHQW�LGHDV�
GXULQJ�LQWURGXFWRU\�WKHUPDO�SK\VLFV�LQVWUXFWLRQ��

�����3(5&�3URFHHGLQJV�HGLWHG�E\�)UDQN��-RQHV��DQG�5\DQ��3HHU�UHYLHZHG��GRL�RUJ���������SHUF������SU�$OHVDQGULQL
3XEOLVKHG�E\�WKH�$PHULFDQ�$VVRFLDWLRQ�RI�3K\VLFV�7HDFKHUV�XQGHU�D�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�����OLFHQVH�

)XUWKHU�GLVWULEXWLRQ�PXVW�PDLQWDLQ�WKH�FRYHU�SDJH�DQG�DWWULEXWLRQ�WR�WKH�DUWLFOH
V�DXWKRUV�
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2QH�ZD\�LQ�ZKLFK�3K\VLFV�(GXFDWLRQ�5HVHDUFK��3(5��KDV�
VHUYHG� LQVWUXFWRUV� LV� WKURXJK� V\VWHPDWLF� LQYHVWLJDWLRQV� RI�
VWXGHQW�LGHDV�DERXW�SK\VLFV�WRSLFV��%\�LGHQWLI\LQJ�FRPPRQ�
VWXGHQW� LGHDV� DERXW� KHDW� DQG� WHPSHUDWXUH�� IRU� H[DPSOH��
UHVHDUFKHUV�SURYLGH�LQVWUXFWRUV�ZLWK�.QRZOHGJH�RI�6WXGHQW�
,GHDV��.6,���ZKLFK��DORQJ�ZLWK�SK\VLFV�FRQWHQW�NQRZOHGJH�
DQG� NQRZOHGJH� RI� LQVWUXFWLRQDO� VWUDWHJLHV�� VXSSRUWV� DQ�
LQVWUXFWRU�LQ�IDFLOLWDWLQJ�VWXGHQW�OHDUQLQJ�>���@���

([WHQVLYH�ZRUN�KDV�EHHQ�GRQH�LQYHVWLJDWLQJ�VWXGHQW�LGHDV�
DERXW�KHDW�DQG�WHPSHUDWXUH�LQ�LQWURGXFWRU\�SK\VLFV�>����@��,Q�
LQYHVWLJDWLRQV� WKDW� LQFOXGHG� PLFURVFRSLF� PRGHOV� IRU�
XQGHUVWDQGLQJ� KHDW� DQG� WHPSHUDWXUH� FRQFHSWV�� UHVHDUFKHUV�
IRXQG� WKDW� VWXGHQWV� PLVWDNHQO\� DVVRFLDWH� YROXPH� ZLWK�
QXPEHU�RI�SDUWLFOHV��DVVXPH�FROOLVLRQV�EHWZHHQ�SDUWLFOHV�OHDG�
WR�KHDW�SURGXFWLRQ�RU�FKDQJHV�LQ�LQWHUQDO�HQHUJ\��DQG�IDLO�WR�
FRUUHFWO\� LQWHUSUHW� RU� DSSO\� SDUWLFOH� IOX[� LQ� WKLQNLQJ� DERXW�
SUHVVXUH�>�����@��:KLOH�SUHYLRXV�UHVHDUFK�SULPDULO\�IRFXVHG�
RQ�LGHQWLI\LQJ�VWXGHQW�GLIILFXOWLHV�RU�PLVFRQFHSWLRQV��D�IHZ�
VWXGLHV� KDYH� WDNHQ� D� UHVRXUFHV� OHQV�� VHHNLQJ� WR� LGHQWLI\�
³VHHGV� RI� VFLHQFH´� LQ� VWXGHQW� LGHDV�� ZKLFK� UDWKHU� WKDQ�
QHHGLQJ�WR�EH�UHSODFHG��PD\�EH�QXUWXUHG�E\�LQVWUXFWLRQ�DQG�
JURZQ� LQWR� FDQRQLFDOO\� FRUUHFW� SK\VLFV� FRQFHSWV� >�����@��
7KHVH�VWXGLHV�KDYH�LGHQWLILHG�VWXGHQWV¶�FRQFHSWXDO�UHVRXUFHV�
DERXW� KHDW� DQG� WHPSHUDWXUH�� LQFOXGLQJ� WKDW� KHDW� WUDQVIHU� LV�
GLUHFWLRQDO��WKDW�WHPSHUDWXUH�LV�DVVRFLDWHG�ZLWK�HQHUJ\��DQG�
WKDW� V\VWHPV�QDWXUDOO\�PRYH� µWRZDUG¶� HTXLOLEULXP� >�����@��
2XU�VWXG\�FRPELQHV�WKH�IRFXV�RQ�PLFURVFRSLF�UHDVRQLQJ�RI�
VRPH� SUHYLRXV� GLIILFXOWLHV�RULHQWHG� KHDW� DQG� WHPSHUDWXUH�
UHVHDUFK�DQG�WKH�UHVRXUFHV�DSSURDFK�RI�PRUH�UHFHQW�VWXGLHV�
E\� LGHQWLI\LQJ� WKH� SURPLVLQJ� LGHDV� SUHVHQW� LQ� VWXGHQWV¶�
PLFURVFRSLF�WKLQNLQJ�DERXW�KHDW�DQG�WHPSHUDWXUH���

:H�H[SORUH�WKH�TXHVWLRQ��:KDW�FRQFHSWXDO�UHVRXUFHV�DUH�
FRPPRQ� LQ� VWXGHQW� UHVSRQVHV� WR� KHDW� DQG� WHPSHUDWXUH�
TXHVWLRQV� ZKHQ� PLFURVFRSLF� WKLQNLQJ� LV� XVHG"�7R� DQVZHU�
WKLV��ZH�DQDO\]HG�����ZULWWHQ�VWXGHQW�UHVSRQVHV�WR�WKUHH�KHDW�
DQG� WHPSHUDWXUH� TXHVWLRQV� DGPLQLVWHUHG� DW� IRXU� GLIIHUHQW�
FROOHJHV�DQG�XQLYHUVLWLHV��:H�LGHQWLILHG�WKUHH�UHVRXUFHV�IRU�
UHDVRQLQJ� PLFURVFRSLFDOO\� DERXW� KHDW� DQG� WHPSHUDWXUH�� ���
GLIIHUHQFHV�ZLOO�HYHQWXDOO\�HYHQ�RXW�����PDFURVFRSLF�FKDQJHV�
FRQQHFW�WR�PLFURVFRSLF�FROOLVLRQV��DQG����ZKHQ�VRPHWKLQJ�LV�
KRWWHU��FROGHU���LWV�PROHFXOHV�DUH�PRYLQJ�IDVWHU��VORZHU���%\�
GHILQLQJ�DQG�RIIHULQJ�H[DPSOHV�RI�WKHVH�UHVRXUFHV��LQFOXGLQJ�
WKHLU�FRQQHFWLRQV�WR�FDQRQLFDOO\�FRUUHFW�SK\VLFV�FRQFHSWV��ZH�
DLP�WR�DGG�WR�LQVWUXFWRU�.6,�DQG�WKHUHIRUH�DLG�LQVWUXFWRUV�LQ�
DQWLFLSDWLQJ�DQG�EXLOGLQJ�RQ�VWXGHQW� LGHDV�GXULQJ�KHDW�DQG�
WHPSHUDWXUH�LQVWUXFWLRQ����
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,Q�UHVRXUFHV�WKHRU\��D�UHVRXUFH�LV�D�SLHFH�RI�NQRZOHGJH�
WKDW� LV� DFWLYDWHG� LQ� FRQWH[W�VHQVLWLYH� ZD\V�� VRPHWLPHV� LQ�
FRQFHUW�ZLWK�RWKHU� UHVRXUFHV�� WR� IRUP�DQ� LGHD��H[SODQDWLRQ��
DUJXPHQW�� RU� WKHRU\� >�����������@�� 5HVHDUFKHUV� KDYH�
WKHRUL]HG�H[WHQVLYHO\�DERXW�WKH�GHYHORSPHQW��VWUXFWXUH��DQG�

UROH�RI�UHVRXUFHV��DQG�KDYH�XVHG�UHVRXUFHV�WKHRU\�WR�KLJKOLJKW�
WKH� G\QDPLF�� HPHUJHQW�� FRPSOH[�V\VWHPV�OLNH� QDWXUH� RI�
VWXGHQW�WKLQNLQJ�>��@��

2XU� ZRUN� GUDZV� H[WHQVLYHO\� IURP� UHVRXUFH� WKHRU\¶V�
RULHQWDWLRQ� WRZDUG� VWXGHQW� WKLQNLQJ� DV� IXQGDPHQWDOO\�
VHQVLEOH� DQG� FRQWLQXRXV� ZLWK� IRUPDO� SK\VLFV� >���������
��������@��VHHNLQJ�WR�PDNH�YLVLEOH�WKH�FRQWLQXLWLHV�EHWZHHQ�
VWXGHQWV¶� WKLQNLQJ�DQG�IRUPDO�SK\VLFV��HYHQ�DQG�HVSHFLDOO\�
ZKHQ� WKDW� WKLQNLQJ� GRHV� QRW� XVH� WKH� ODQJXDJH� RI� IRUPDO�
SK\VLFV�RU�LV�LQFRUUHFW��2XU�ZRUN�DOVR�EXLOGV�IURP�UHVRXUFH�
WKHRU\¶V�GHILQLWLRQ�RI�OHDUQLQJ��ZKLFK�LQYROYHV�FKDQJLQJ�WKH�
VWUXFWXUH� RU� DFWLYDWLRQ� RI� UHVRXUFHV�� E\� UHRUJDQL]LQJ��
UHILQLQJ��RU�LQFUHDVLQJ�WKH�GHJUHH�RI�IRUPDOLW\�RI�UHVRXUFHV�
>�����������������@�� 2XU� SULPDU\� DLP� LQ� LGHQWLI\LQJ�
UHVRXUFHV�LV�WR�SURYLGH�LQVWUXFWRUV�ZLWK�NQRZOHGJH�WKDW�WKH\�
FDQ�XVH�WR�EXLOG�IURP�VWXGHQW�LGHDV�LQ�LQVWUXFWLRQ����
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7KH�UHVRXUFHV�ZH�UHSRUW�LQ�WKLV�SDSHU�ZHUH�LGHQWLILHG�LQ�
ZULWWHQ� VWXGHQW� UHVSRQVHV� WR� WKUHH�TXHVWLRQV� DERXW� WKHUPDO�
SKHQRPHQD��WKH�KRW�WR�FROG�TXHVWLRQ��WKH�SLVWRQ�TXHVWLRQ��DQG�
WKH�FROG�WLUH�TXHVWLRQ��)LJXUH�����$OO�WKUHH�ZHUH�FRQVWUXFWHG�
IRU� WKH� SXUSRVHV� RI� WKLV� SURMHFW��ZLWK� GLIIHUHQW� FRQFHSWXDO�
WDUJHWV�LQ�PLQG��7KH�KRW�WR�FROG�TXHVWLRQ�ZDV�PHDQW�WR�WDUJHW�
PHFKDQLVPV�IRU�HQHUJ\�WUDQVIHU�LQ�WKHUPDO�SKHQRPHQD��WKH�
SLVWRQ�TXHVWLRQ��PLFURVFRSLF�UHDVRQLQJ�DERXW�WKH�ILUVW�ODZ�RI�
WKHUPRG\QDPLFV�� DQG� WKH� FROG� WLUH� TXHVWLRQ�� PLFURVFRSLF�
H[SODQDWLRQV� IRU� FKDQJHV� LQ� �PDFURVFRSLF�� WKHUPDO�
TXDQWLWLHV��:H�FKRVH� WKHVH�TXHVWLRQV�IURP�DPRQJ�RXU�GDWD�
VHW� EHFDXVH� VWXGHQW� UHVSRQVHV� IUHTXHQWO\� UHOLHG� RQ�
PLFURVFRSLF�UHDVRQLQJ��ZKLFK�ZDV�WKH�IRFXV�RI�RXU�DQDO\VLV��

,Q� WKH� KRW� WR� FROG� TXHVWLRQ�� KRW� REMHFWV� KDYH� KLJKHU�
WHPSHUDWXUHV��ZKLFK�FRUUHVSRQGV�WR�SDUWLFOHV�ZLWK�KLJKHU�
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NLQHWLF�HQHUJ\��:KHQ�WZR�REMHFWV�FRPH�LQWR�FRQWDFW��RQH�KRW�
DQG�RQH�FROG��WKH�LQWHUDFWLRQV�EHWZHHQ�WKH�KLJKHU��DQG�ORZHU�
HQHUJ\� SDUWLFOHV� WUDQVIHU� VRPH� RI� WKH� HQHUJ\� WR� WKH� FROGHU�
REMHFW��,Q�WKH�SLVWRQ�TXHVWLRQ��DV�WKH�WHPSHUDWXUH�JRHV�XS��WKH�
VSHHG�RI�WKH�SDUWLFOHV�RI�WKH�JDV�LQFUHDVHV��DQG�WKH\�FROOLGH�
ZLWK�WKH�SLVWRQ�ZLWK�JUHDWHU�³RRPSK´�DV�WKH\�PRYH�XSZDUG���
7KLV�PHDQV� WKDW� WKH�IRUFH�H[HUWHG�E\� WKH�JDV�RQ� WKH�SLVWRQ�
LQFUHDVHV��WKH�JUDYLWDWLRQDO�IRUFH�RQ�WKH�SLVWRQ�E\�WKH�(DUWK�
UHPDLQV� WKH� VDPH�� VR� WKHUH� LV� D� QHW� XSZDUG� IRUFH� RQ� WKH�
SLVWRQ�� DQG� LW� PRYHV� XS�� )RU� WKH� FROG� WLUH� TXHVWLRQ�� ³WLUH�
SUHVVXUH´� LV� WKH� SUHVVXUH� RI� WKH� JDV� RQ� WKH� WLUH���
0LFURVFRSLFDOO\��SUHVVXUH�LV�WKH�IRUFH�RI�WKH�FROOLVLRQV�RI�WKH�
JDV�SDUWLFOHV�ZLWK�WKH�ZDOO�RI�WKH�WLUH��SHU�XQLW�DUHD���:KHQ�
WKH� WHPSHUDWXUH� GHFUHDVHV�� WKH� VSHHG� RI� WKH� SDUWLFOHV�
GHFUHDVHV��DQG� WKH�IRUFH� WKDW�SDUWLFOHV�H[HUW�DV� WKH\�FROOLGH�
ZLWK�WKH�ZDOO�DOVR�GHFUHDVHV��

:H� DQDO\]HG� D� WRWDO� RI� ���� ZULWWHQ� UHVSRQVHV� IURP�
LQWURGXFWRU\� SK\VLFV� FRXUVHV� DW� IRXU� 86� FROOHJHV� DQG�
XQLYHUVLWLHV��8��DQG�8��DUH�ODUJH�SXEOLF�LQVWLWXWLRQV��8��LQ�
WKH�3DFLILF�1RUWKZHVW�86�DQG�8��LQ� WKH�0LGZHVW��8�� LV�D�
PLG�VL]HG�SXEOLF�FRPPXQLW\�FROOHJH�LQ�WKH�:HVWHUQ�86��8��
LV� D� VPDOO� SULYDWH� LQVWLWXWLRQ� LQ� WKH� 3DFLILF� 1RUWKZHVW��
6WXGHQWV�DQVZHUHG�WKH�TXHVWLRQV�RQ�KRPHZRUN�DQG�TXL]]HV��
EHIRUH� DQG� DIWHU� LQVWUXFWLRQ� RQ� KHDW� DQG� WHPSHUDWXUH�� 7KH�
FRXUVH�UHVSRQVH�UDWHV� �L�H��QXPEHU�RI� UHVSRQVHV�GLYLGHG�E\�
WKH�QXPEHU�RI� VWXGHQWV�HQUROOHG� LQ� WKH� FRXUVH��ZHUH�����
����IRU�TXHVWLRQV�DVNHG�DW�8�������IRU�8����������IRU�8���
DQG�����IRU�8���5DQJHV� LQGLFDWH� WKDW�VWXGHQWV� IURP�PRUH�
WKDQ� RQH� FRXUVH� RU� TXDUWHU� DQVZHUHG� TXHVWLRQV�� 7KH� ORZ�
UHVSRQVH�UDWH�IRU�8��UHIOHFWV�WKDW�VWXGHQWV�WXUQHG�LQ�UHVSRQVHV�
DV� SDUW� RI� D� JURXS� DVVLJQPHQW� DW� WKDW� LQVWLWXWLRQ��ZLWK�RQH�
UHVSRQVH�JLYHQ�SHU�JURXS��UDWKHU�WKDQ�RQH�UHVSRQVH�JLYHQ�SHU�
LQGLYLGXDO��

7KH�UDFLDO�DQG�RU�HWKQLF�GHPRJUDSKLFV� IRU� WKH�FROOHJHV��
XQLYHUVLWLHV� LQ� RXU� VWXG\� YHUVXV� DOO� FROOHJH�XQLYHUVLW\�
VWXGHQWV�DUH�VKRZQ�LQ�)LJXUH����)LJXUH���VXJJHVWV� WKDW� WKH�
LQVWLWXWLRQV� LQ� RXU� VWXG\� DUH� QRW� UDFLDOO\� DQG�RU� HWKQLFDOO\�
UHSUHVHQWDWLYH�RI�WKH�SRSXODWLRQ�RI�FROOHJH�ERXQG�IUHVKPHQ�
LQ�WKH�86��%\�WKLV�PHDVXUH��WKH�XQLYHUVLWLHV�LQ�RXU�VWXG\�VHUYH�
PRUH�$VLDQ�DQG�$VLDQ�$PHULFDQ�VWXGHQWV��PRUH�PXOWLUDFLDO�
VWXGHQWV��IHZHU�+LVSDQLF�RU�/DWLQ[�VWXGHQWV��IHZHU�%ODFN�RU�
$IULFDQ�$PHULFDQ� VWXGHQWV�� DQG� IHZHU�ZKLWH� VWXGHQWV� WKDQ�
DUH�LQ�WKH�JHQHUDO�SRSXODWLRQ�RI�FROOHJH�VWXGHQWV��7KH�PHGLDQ�
SDUHQWDO�LQFRPH�RI�WKH�VWXGHQWV�DW�FROOHJHV�XQLYHUVLWLHV�LQ�RXU�
VWXG\�LV�DOVR�KLJKHU�WKDQ�WKH�QDWLRQDO�DYHUDJH��7KLV�VDPSOLQJ�
OLPLWV� WKH� JHQHUDOL]DELOLW\� RI� RXU� UHVXOWV�� WKRXJK� WKH�
UHVRXUFHV�ZH�LGHQWLILHG�DUH�FRPPRQ�DPRQJ�WKH�VWXGHQWV� LQ�
RXU� VDPSOH��ZH� FDQQRW� VSHDN� WR� WKHLU� FRPPRQDOLW\� LQ� WKH�
SRSXODWLRQ�RI�LQWURGXFWRU\�SK\VLFV�VWXGHQWV�ZULW�ODUJH���

:H�XVHG�UHVSRQVHV�WR�WKH�TXHVWLRQV�LQ�)LJXUH���WR�FUHDWH�
DQ� HPHUJHQW� FRGLQJ� VFKHPH� >��@� WKDW� FDSWXUHG� VRPH�
FRPPRQ�UHVRXUFHV� WKDW� WKH�VWXGHQWV� LQ�RXU�VDPSOH�XVHG� WR�
UHDVRQ� PLFURVFRSLFDOO\� DERXW� WKHUPDO� SKHQRPHQD�� $XWKRU�
$$��LQ�FRQVXOWDWLRQ�ZLWK�DXWKRU�7+��FRQGXFWHG�SUHOLPLQDU\�
DQDO\VHV�RI�VWXGHQW�UHVSRQVHV�WR�HDFK�TXHVWLRQ��ORRNLQJ�IRU�
LGHDV�WKDW�WKH\�FRQVLGHUHG�WR�EH�FRQWLQXRXV�ZLWK�UHOHYDQW�

����
),*�� ��� 5DFLDO� DQG�RU� HWKQLF� GHPRJUDSKLFV� RI� LQVWLWXWLRQV� LQ� RXU�
VDPSOH� �EOXH�� YHUVXV� DOO� FROOHJH�ERXQG� IUHVKPHQ� �RUDQJH��� %OXH�
EDUV�ZHUH�FRQVWUXFWHG�XVLQJ�GHPRJUDSKLF�GDWD�SURYLGHG�E\�RIILFHV�
RI� LQVWLWXWLRQDO� UHVHDUFK� RU� LQVWLWXWLRQDO� ZHEVLWHV�� ZHLJKWHG� E\�
VDPSOH�VL]H��2UDQJH�EDUV�ZHUH�FRQVWUXFWHG�XVLQJ�GDWD�IURP�.DQLP�
DQG� &LG� >��@�� $V� H[SODLQHG� E\� DFWLYLVW� .DW� /D]R� >��@�� QHLWKHU�
+LVSDQLF�QRU�/DWLQ[�DUH�UDFLDO�JURXSV��DQG�WKHVH�WZR�LGHQWLWLHV�DUH�
QRW� WKH� VDPH�� ³+LVSDQLF´� LV� D� GHVFULSWRU� IRU� SHRSOH� RI� 6SDQLVK�
VSHDNLQJ� RULJLQV�� DQG� ³/DWLQ[´� LV� D� GHVFULSWRU� IRU� SHRSOH� ZLWK�
RULJLQV�LQ�/DWLQ�$PHULFD��7KH�IRUPHU�IRFXVHV�RQ�ODQJXDJH��WKH�ODWWHU�
RQ�JHRJUDSKLF�ORFDWLRQ��

�
IRUPDO�SK\VLFV�FRQFHSWV��HYHQ�LI�QRW�VWDWHG�LQ�IRUPDO�WHUPV��
7KH\�WKHQ�LGHQWLILHG�SDWWHUQV�DFURVV�TXHVWLRQV��SURGXFLQJ�D�
FRGLQJ� VFKHPH� RI� WKUHH� UHVRXUFHV�� 7KLV� SDWWHUQ�VHHNLQJ�
DSSURDFK� IRUHJURXQGV� D� PRGHO� RI� JHQHUDOL]DELOLW\� WKDW�
HPSKDVL]HV� UHFXUUHQFH� DFURVV� PXOWLSOH� VRXUFHV� RI�
KHWHURJHQHLW\�>��@���

$XWKRUV�$$�DQG�/%� WKHQ� LQGHSHQGHQWO\� FRGHG� VWXGHQW�
UHVSRQVHV� WR� WKH� WKUHH� TXHVWLRQV�� $V� D� ILUVW� VWHS�� WKH\�
LQGHSHQGHQWO\�FRGHG�ZKHWKHU�HDFK�UHVSRQVH�GLG�RU�GLG�QRW�
FRQWDLQ� PLFURVFRSLF� WKLQNLQJ�� 7KH� DJUHHPHQW� ZDV� QHDU�
SHUIHFW��&RKHQ¶V�NDSSD� ��������5HVSRQVHV�WKDW�GLG�FRQWDLQ�
PLFURVFRSLF�WKLQNLQJ�ZHUH�WKHQ�FRGHG�IRU�WKH�XVH�RI�HDFK�RI�
WKH�WKUHH�UHVRXUFHV��5HVRXUFHV�FDQ�EH�DQG�RIWHQ�DUH�DFWLYDWHG�
LQ�FRQFHUW��WKXV��D�VLQJOH�UHVSRQVH�FRXOG�UHFHLYH�QR�FRGH��RQH�
FRGH��RU�PDQ\�FRGHV��$V�D�PHDVXUH�RI�LQWHU�UDWHU�DJUHHPHQW��
ZH�WRRN�WKH�QRUPDOL]HG�GLIIHUHQFH�EHWZHHQ�WKH�WRWDO�QXPEHU�
RI� SRVVLEOH� FRGHV� DQG� WKH� WRWDO� QXPEHU� RI� GLVDJUHHPHQWV�
EHWZHHQ� WKH� WZR� FRGHUV� :H� XVHG� SHUFHQWDJH� DJUHHPHQW�
UDWKHU�WKDQ�D�VWDQGDUG�VWDWLVWLFDO�PHDVXUH�RI�DJUHHPHQW��H�J���
&RKHQ¶V� NDSSD�� EHFDXVH�RXU� FRGHV� DUH� QRW� LQGHSHQGHQW� RU�
PXWXDOO\� H[FOXVLYH� >�����@�� 7KH� SHUFHQWDJH� DJUHHPHQW� RQ�
UHVRXUFH�FRGHV�IRU�WKH�IXOO�GDWD�VHW�ZDV������'LVDJUHHPHQWV�
ZHUH� QRW� UHVROYHG� WKURXJK� GLVFXVVLRQ�� LQVWHDG�� WKH�
SHUFHQWDJHV�UHSRUWHG�LQ�7DEOHV�,�DQG�,,�UHSUHVHQW�WKH�IUDFWLRQ�
RI�UHVSRQVHV�IRU�ZKLFK�ERWK�DXWKRUV�ZHUH�LQ�DJUHHPHQW���
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$�� 3UHYDOHQFH�RI�PLFURVFRSLF�UHDVRQLQJ�

:H�FRQVLGHUHG�D�VWXGHQW�UHVSRQVH�WR�FRQWDLQ�PLFURVFRSLF�
UHDVRQLQJ� LI� LW� XVHG� DWRPV��PROHFXOHV�� RU� RWKHU� SDUWLFXODWH�
GHVFULSWLRQV�RI�DQ�REMHFW�RU�VXEVWDQFH��HLWKHU�LQ�GUDZLQJV�RU�
LQ�ZRUGV��5HVSRQVHV�WKDW�PHQWLRQ�PLFURVWDWHV�RU�EDVLF�VWDWHV�
EXW�GR�QRW�RWKHUZLVH�FRQWDLQ�SDUWLFXODWH�GHVFULSWLRQV��H�J��³$�
V\VWHP�WHQGV�WR�PRYH�WRZDUG�KDYLQJ�WKH�PRVW�EDVLF�VWDWHV��RU�
WKH�JUHDWHVW�HQWURS\�´��ZHUH�QRW�FDWHJRUL]HG�DV�PLFURVFRSLF�
WKLQNLQJ��DV�LW�ZDV�RIWHQ�XQFOHDU�LI�VWXGHQWV�XQGHUVWRRG�WKHVH�
WHUPV�DV�UHIHUULQJ�WR�SDUWLFOH�FRQILJXUDWLRQV�RU�PLFURVFRSLF�
GHVFULSWLRQV�� 7KH� SUHYDOHQFH� RI� PLFURVFRSLF� UHDVRQLQJ�
YDULHG�DFURVV�TXHVWLRQV�DQG�LQVWLWXWLRQV��DV�VHHQ�LQ�7DEOH����
:H�EHOLHYH�VHYHUDO�IDFWRUV�DUH�DW�SOD\�KHUH��)LUVW�� WKH�WKUHH�
TXHVWLRQV�XVHG�LQ�RXU�UHVHDUFK�SURPSW�PLFURVFRSLF�WKLQNLQJ�
WR�GLIIHULQJ�GHJUHHV��6RPH�RI�RXU�TXHVWLRQV�DVN�H[SOLFLWO\�IRU�
VWXGHQWV�WR�XVH�PLFURVFRSLF�LGHDV�DQG�RWKHUV�GR�QRW��DQG�ZH�
VHH�WKH�SUHYDOHQFH�RI�PLFURVFRSLF�WKLQNLQJ�YDU\LQJ�LQ�D�ZD\�
WKDW� DSSHDUV� FRQVLVWHQW�ZLWK� WKHVH� FRQVWUDLQWV�� 6HFRQG�� ZH�
H[SHFW�YDULDELOLW\�GXH� WR� WKH�QDWXUH�RI� UHVRXUFHV�� UHVRXUFHV�
DUH� DFWLYDWHG� LQ� FRQWH[W� VHQVLWLYH� ZD\V� >��������@�� )RU�
H[DPSOH�� WKH� OLNHOLKRRG� RI� SDUWLFXODU� UHVRXUFHV� WR� EH�
DFWLYDWHG�PD\�GHSHQG�RQ�WKH�VFHQDULR�LQ�WKH�TXHVWLRQ�SURPSW��
WKH�SK\VLFV�WRSLFV�D�VWXGHQW�KDV�PRVW�UHFHQWO\�HQJDJHG�ZLWK�
GXULQJ� LQVWUXFWLRQ�� WKH� WKLQNLQJ� HOLFLWHG�E\�RWKHU� TXHVWLRQV�
JLYHQ�DW�WKH�VDPH�WLPH�DV�RXU�UHVHDUFK�TXHVWLRQV��HWF��)LQDOO\��
GLIIHUHQW�VWXGHQW�SRSXODWLRQV�ZKR�KDYH�H[SHULHQFHG�GLIIHUHQW�
LQVWUXFWLRQ�PD\�DOVR�YDU\�LQ�WKH�SUHYDOHQFH�RU�DFFHVVLELOLW\�
RI� D� SDUWLFXODU� UHVRXUFH� RU� ZD\� RI� WKLQNLQJ�� %\� VDPSOLQJ�
IURP�GLIIHUHQW�LQVWLWXWLRQV��ZH�H[SHFW�WR�ZLWQHVV�YDULDWLRQ���

%�� 0LFURVFRSLF�KHDW�DQG�WHPSHUDWXUH�UHVRXUFHV�

:LWKLQ� VWXGHQW� UHVSRQVHV� WKDW� XVHG� PLFURVFRSLF�
UHDVRQLQJ�� ZH� LGHQWLILHG� WKUHH� FRPPRQ� UHVRXUFHV�� 7KH�
SUHYDOHQFH�RI�HDFK�UHVRXUFH��E\�TXHVWLRQ�DQG�LQVWLWXWLRQ��LV�
JLYHQ� LQ� 7DEOH� ,,�� $V� ZLWK� WKH� YDULDWLRQ� LQ� SUHYDOHQFH� RI�
PLFURVFRSLF�UHDVRQLQJ��ZH�H[SHFW�YDULDWLRQ�LQ�WKH�SUHYDOHQFH�
RI� WKHVH� WKUHH� UHVRXUFHV� GXH� WR� WKH� FRQWH[WXDO� QDWXUH� RI�
UHVRXUFHV� DQG� WKH� KHWHURJHQHLW\� RI� RXU� VDPSOLQJ�� 7R� EH�
FRQVLGHUHG� FRPPRQ�� D� UHVRXUFH� QHHGHG� WR� EH� SUHVHQW� LQ�
VWXGHQW�UHVSRQVHV�WR�PXOWLSOH�TXHVWLRQV�DQG�LQ�DW�OHDVW�����
RI�UHVSRQVHV�WKDW�LQFOXGHG�PLFURVFRSLF�WKLQNLQJ�IRU�DW�OHDVW�
RQH�TXHVWLRQ��:H�ZLOO�QH[W�GHVFULEH�HDFK�RI�WKHVH�UHVRXUFHV��
ZLWK� H[DPSOHV� RI� KRZ� WKH\� DUH� XVHG� LQ� ERWK� FRUUHFW� DQG�
LQFRUUHFW�UHVSRQVHV��:H�ZLOO�DOVR�GLVFXVV�WKHLU�FRQQHFWLRQV�
WR�IRUPDO�SK\VLFV�LGHDV�DQG�UHODWLRQVKLSV�WR�SULRU�UHVHDUFK���

7$%/(�,,��3HUFHQWDJH�RI�PLFURVFRSLF�UHVSRQVHV�FRQWDLQLQJ�
HDFK�UHVRXUFH�����������E\�TXHVWLRQ�DQG�LQVWLWXWLRQ�

� +RW�WR�&ROG� 3LVWRQ� &ROG�7LUH�
� 8��� 8�� 8�� 8�� 8�� 8�� 8��

�� ���� ���� ���� ��� ���� ��� ���
�� ���� ���� ���� ���� ���� ���� ����
�� ���� ���� ���� ���� ���� ���� ����

���'LIIHUHQFHV�ZLOO�HYHQWXDOO\�HYHQ�RXW�

6WXGHQW� UHVSRQVHV� FRPPRQO\� LQFOXGHG� WKH� LGHD� WKDW�
REMHFWV� RU� V\VWHPV� WHQG� WRZDUG� XQLIRUP� GLVWULEXWLRQV� RI�
TXDQWLWLHV� VXFK� DV� SUHVVXUH�� WHPSHUDWXUH�� HQHUJ\�� IRUFH��
GHQVLW\��PROHFXODU�VSHHG��DQG�PROHFXODU�IOX[��7KLV�UHVRXUFH��
GLIIHUHQFHV�ZLOO�HYHQWXDOO\�HYHQ�RXW��GRHV�QRW�DOZD\V�LQYROYH�
PLFURVFRSLF�PRGHOLQJ�LQ�DQG�RI�LWVHOI��LW�LV�LQFOXGHG�LQ�RXU�
ILQGLQJV�KHUH�EHFDXVH�LW�ZDV�RIWHQ�XVHG�LQ�FRQMXQFWLRQ�ZLWK�
PLFURVFRSLF� UHDVRQLQJ�� ,W� FDQ� GHVFULEH� D� TXDQWLW\� LQVLGH� D�
V\VWHP�FRPLQJ�WR�EDODQFH�ZLWK�D�TXDQWLW\�RXWVLGH�WKH�V\VWHP�
�H�J�� ³7KH� DYHUDJH� WKHUPDO� HQHUJ\� RI� WKH� WLUH� FKDQJHV� WR�
PDWFK� WKH� DYHUDJH� WKHUPDO� HQHUJ\� RI� WKH� VXUURXQGLQJ�
HQYLURQPHQW�´��� ,W� FDQ� DOVR� GHVFULEH� D� TXDQWLW\� WKDW� YDULHV�
ZLWKLQ� D� V\VWHP� EHFRPLQJ� PRUH� XQLIRUP� �H�J�� ³7KH�
HTXLOLEULXP� VWDWH�ZLOO� EH� UHDFKHG�ZKHQ� HDFK� DWRP�KDV� WKH�
VDPH�WKHUPDO�HQHUJ\�DQG�LW�ZLOO�HYHQ�RXW�´���

7KH�UHVRXUFH�GLIIHUHQFHV�ZLOO�HYHQWXDOO\�HYHQ�RXW�LV�XVHG�
LQ�VXSSRUW�RI�LGHDV�WKDW�DUH�ERWK�FRQVLVWHQW�DQG�LQFRQVLVWHQW�
ZLWK�IRUPDO�SK\VLFV��8VLQJ�WKH�H[DPSOHV�DERYH��ZH�GR�WKLQN�
RI� V\VWHPV� DV� FRPLQJ� LQWR� WKHUPDO� HTXLOLEULXP� ZLWK� WKHLU�
HQYLURQPHQWV��DV�LV�LPSOLHG�E\�WKH�ILUVW�H[DPSOH��EXW�ZH�GR�
QRW� WKLQN� RI� HDFK� DWRP� DV� KDYLQJ� HTXDO� HQHUJ\� ZKHQ�
HTXLOLEULXP�LV�UHDFKHG��DV�GHVFULEHG�LQ�WKH�VHFRQG�H[DPSOH��
:KDW�LV�VKDUHG�E\�ERWK�H[DPSOHV�LV�WKH�DEVWUDFW�UHVRXUFH�WKDW�
V\VWHPV�WHQG�WRZDUG�XQLIRUPLW\��7KLV�UHVRXUFH�LV�FRQWLQXRXV�
ZLWK� IRUPDO� SK\VLFV� LGHDV� RI� V\VWHPV� WHQGLQJ� WRZDUG�
HTXLOLEULXP� FRQILJXUDWLRQV��$W� WKH�PDFURVFRSLF� OHYHO�� WKDW�
PLJKW�EH�LQWHUQDO�DQG�H[WHUQDO�SUHVVXUH�EDODQFLQJ�DV�D�SLVWRQ�
PRYHV��DW� WKH�PLFURVFRSLF� OHYHO�� WKDW�PLJKW�EH� WKH�SDUWLFOH�
VSHHG� GLVWULEXWLRQV� RI� LGHDO� JDVHV� FRQYHUJLQJ� WR� WKH�
0D[ZHOO�%ROW]PDQQ�GLVWULEXWLRQ���

7KH�GLIIHUHQFHV�ZLOO�HYHQWXDOO\�HYHQ�RXW�UHVRXUFH�DOVR�KDV�
FRQQHFWLRQV�WR�VWXGHQW�UHVRXUFHV�LGHQWLILHG�LQ�RWKHU�VWXGLHV��
/RYHUXGH� LGHQWLILHG� WKH� UHVRXUFH� V\VWHPV� QDWXUDOO\� PRYH�
¶WRZDUG¶� HTXLOLEULXP� UDWKHU� WKDQ� DZD\� LQ� WKH� WKLQNLQJ� RI�
XSSHU� GLYLVLRQ� WKHUPDO� SK\VLFV� VWXGHQWV�� ZKLFK� PD\� EH� D��
PRUH�VSHFLILF�RU�IRUPDO�YHUVLRQ�RI�GLIIHUHQFHV�ZLOO�HYHQWXDOO\�
HYHQ�RXW� >��@��$EUDKDP�HW� DO�� LGHQWLILHG� WKH� UHVRXUFH�KHDW�
WUDQVIHU�LV�GLUHFWLRQDO�LQ�WKH�WKLQNLQJ�RI�LQWURGXFWRU\�SK\VLFV�
VWXGHQWV�� ZKLFK� LQFOXGHV� UHDVRQLQJ� WKDW� WKH� GLUHFWLRQ� LQ�
TXHVWLRQ�LV�WRZDUGV�DQ�HTXLOLEULXP�>��@��$W�D�KLJKHU�OHYHO�RI�
DEVWUDFWLRQ�� GL6HVVD� GLVFXVVHV� WKH� LQWXLWLYH� LGHD� RI�
HTXLOLEUDWLRQ�� XVHG� E\� KLJK� VFKRRO� VWXGHQWV� LQ� UHDVRQLQJ�
DERXW� KHDW� DQG� WHPSHUDWXUH� WRSLFV�� ZKLFK� LQFOXGHV� WKH�
WHQGHQF\� WR� UHWXUQ� WR� EDODQFHG� FRQILJXUDWLRQV� >��@�� :H�
EHOLHYH�GLIIHUHQFHV�ZLOO�HYHQWXDOO\�HYHQ�RXW�PD\�EH�WDSSLQJ�
LQ�WR�WKLV�PRUH�EDVLF�LGHD��
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���0DFURVFRSLF�FKDQJHV�FRQQHFW�WR�PLFURVFRSLF�FROOLVLRQV�

0DQ\� VWXGHQW� UHVSRQVHV� GUHZ� FRQQHFWLRQV� EHWZHHQ�
FKDQJHV� DW� WKH� PDFURVFRSLF� OHYHO²VXFK� DV� FKDQJHV� LQ�
WHPSHUDWXUH�� SUHVVXUH�� YROXPH�� DQG� KHDW� IORZ²DQG�
FROOLVLRQV� DW� WKH� PLFURVFRSLF� OHYHO�� ,Q� VRPH� FDVHV� WKRVH�
FROOLVLRQV� ZHUH� KDSSHQLQJ� EHWZHHQ� SDUWLFOHV� ZLWKLQ� D�
VXEVWDQFH�� DQG� LQ� RWKHU� FDVHV� WKRVH� FROOLVLRQV� ZHUH�
KDSSHQLQJ� DV� SDUWLFOHV� VWUXFN� WKH� FRQWDLQHU� ZDOOV� RU� WKH�
SDUWLFOHV� RI� QHLJKERULQJ� VXEVWDQFHV��7KH� FRQQHFWLRQV�ZHUH�
RIWHQ��EXW�QRW�DOZD\V��H[SOLFLWO\�FDXVDO��,Q�DOO�WKHVH�FDVHV�ZH�
FRQVLGHUHG� VWXGHQWV� WR� EH� XVLQJ� WKH� VHFRQG� UHVRXUFH� ZH�
LGHQWLILHG�� PDFURVFRSLF� FKDQJHV� FRQQHFW� WR� PLFURVFRSLF�
FROOLVLRQV��)RU�H[DPSOH��LQ�UHVSRQVH�WR�WKH�SLVWRQ�TXHVWLRQ��
RQH�VWXGHQW�ZURWH��³:KHQ� WKH�JDV� LV�KHDWHG�� WKLV�JLYHV� WKH�
SDUWLFOHV�PRUH�HQHUJ\�DQG�WKH\�PRYH�ZLWK�PRUH�VSHHG�DQG�
FROOLGH�ZLWK�HDFK�RWKHU�ZLWK�PRUH�IRUFH��1RW�RQO\�GR� WKH\�
FROOLGH�ZLWK�HDFK�RWKHU�ZLWK�PRUH�IRUFH��EXW�DOVR�WKH�ZDOOV�RI�
WKH�FRQWDLQHU�DQG�WKH�SLVWRQ��7KLV�LV�ZKDW�FDXVHV�WKH�SLVWRQ�
WR�ULVH�´�+HUH��WKH�VWXGHQW�GHVFULEHV�SDUWLFOHV�FROOLGLQJ�ZLWK�
WKH� SLVWRQ� ZLWK� PRUH� IRUFH� DV� FDXVLQJ� WKH� PDFURVFRSLF�
PRYHPHQW�RI�WKH�SLVWRQ��,Q�UHVSRQVH�WR�WKH�FROG�WLUH�TXHVWLRQ��
RQH� VWXGHQW� ZULWHV�� ³$V� WHPSHUDWXUH� ORZHUV�� JDVHRXV�
PROHFXOHV� PRYH� VORZHU�� 7KHUHIRUH�� WKH\� KLW� WKH� WLUH� OHVV�
IUHTXHQWO\� FDXVLQJ� SUHVVXUH� WR� ORZHU�´� +HUH�� WKH� VWXGHQW�
GHVFULEHV�D�GHFUHDVH�LQ�PDFURVFRSLF�SUHVVXUH�DV�EHLQJ�FDXVHG�
E\� OHVV� IUHTXHQW� PLFURVFRSLF� FROOLVLRQV� EHWZHHQ� WKH� JDV�
PROHFXOHV�DQG�WKH�WLUH���

1HLWKHU�H[DPSOH�DERYH�JLYHV�D�FRPSOHWH�SLFWXUH�RI�KRZ�
ZH� PRGHO� PLFURVFRSLF� FROOLVLRQV� DV� FDXVLQJ� FKDQJHV� LQ�
YROXPH�RU�SUHVVXUH� LQ�SK\VLFV��ZH�ZRXOG�ZDQW� WR�FRQVLGHU�
FKDQJHV� WR�ERWK�IUHTXHQF\�RI�FROOLVLRQV�DV�ZHOO�DV� LPSXOVH�
SHU�FROOLVLRQ�ZKHQ�PROHFXOHV�DUH�PRYLQJ�IDVWHU�RU�VORZHU��
1RQHWKHOHVV��WKH�UHVRXUFH�PDFURVFRSLF�FKDQJHV�FRQQHFW� WR�
PLFURVFRSLF�FROOLVLRQV�LV�FRQWLQXRXV�ZLWK�WKH�NLQHWLF�WKHRU\�
RI�JDVHV��DV�VWXGHQWV�DUH�ORRNLQJ�WR�PLFURVFRSLF�FROOLVLRQV�WR�
H[SODLQ�FKDQJHV�LQ�PDFURVFRSLF�SURSHUWLHV���

7KLV� UHVRXUFH� UHODWHV� WR� VRPH� RI� WKH� FRPPRQ� VWXGHQW�
GLIILFXOWLHV� LGHQWLILHG� LQ�SUHYLRXV� UHVHDUFK��6HYHUDO� VWXGLHV�
UHSRUW� WKDW� VWXGHQWV�PLVWDNHQO\� FRQQHFW� FROOLVLRQV� EHWZHHQ�
SDUWLFOHV�WR�DQ�LQFUHDVH�LQ�LQWHUQDO�HQHUJ\�>��������@��:KLOH�
5REHUWVRQ� 	� 6KDIIHU� QRWH� WKDW� VRPH� VWXGHQWV� DWWULEXWH�
SUHVVXUH� RI� DQ� LGHDO� JDV� WR� SDUWLFOH�ZDOO� FROOLVLRQV� >��@��
ZKLFK� ZH� VHH� DV� DQ� DSSURSULDWH� XVH� RI� WKH� UHVRXUFH�
PDFURVFRSLF� FKDQJHV� FRQQHFW� WR� PLFURVFRSLF� FROOLVLRQV��
.DXW]� HW� DO�� GHVFULEH� PDQ\� ZD\V� WKDW� VWXGHQWV� IDLO� WR�
FRPSOHWHO\� DQG� FRUUHFWO\� XVH� WKLV� PLFURVFRSLF� PRGHO� RI�
SUHVVXUH� >��@��:H�EHOLHYH� WKH� UHVRXUFH�ZH�KDYH� LGHQWLILHG�
DQG�WKHVH�UHODWHG�GLIILFXOWLHV�LGHQWLILHG�E\�RWKHUV�FRPSOHPHQW�
HDFK�RWKHU�LQ�WKH�VSDFH�RI�.QRZOHGJH�RI�6WXGHQW�,GHDV��.6,���
,W� LV� SRWHQWLDOO\� KHOSIXO� IRU� DQ� LQVWUXFWRU� WR� VHH� ERWK� WKH�
UHVRXUFHIXOQHVV� LQ� VWXGHQWV¶� PDNLQJ� FRQQHFWLRQV� EHWZHHQ�
PLFURVFRSLF�FROOLVLRQV�DQG�PDFURVFRSLF�FKDQJHV�LQ�RUGHU�WR�
EXLOG� RQ� WKRVH� LGHDV� DQG� DOVR� WKH� SRWHQWLDO� SLWIDOOV� WKDW�
VWXGHQWV�FDQ�EH�JXLGHG�DURXQG�RU�WKURXJK�LQ�WKH�DSSOLFDWLRQ�
RI�WKRVH�PRGHOV�>��@���

���:KHQ�VRPHWKLQJ�LV�KRWWHU��FROGHU���LWV�PROHFXOHV�DUH�
PRYLQJ�IDVWHU��VORZHU��

7KH�ILQDO��DQG�PRVW�FRPPRQ��UHVRXUFH�ZH�LGHQWLILHG�ZDV�
WKDW� ZKHQ� VRPHWKLQJ� LV� KRWWHU�� LWV� PROHFXOHV� DUH� PRYLQJ�
IDVWHU�� RU� LWV� RSSRVLWH�� ZKHQ� VRPHWKLQJ� LV� FROGHU�� LWV�
PROHFXOHV�DUH�PRYLQJ�VORZHU��³6RPHWKLQJ�LV�KRWWHU��FROGHU�´�
LQFOXGHG�ERWK�GHVFULSWLRQV�RI�VXEVWDQFHV�EHLQJ�KRWWHU�FROGHU�
DQG�KDYLQJ�KLJKHU�ORZHU� WHPSHUDWXUHV�RU� WKHUPDO�HQHUJLHV��
DQG� ³LWV� PROHFXOHV� DUH� PRYLQJ� IDVWHU� �VORZHU�´� LQFOXGHG�
GHVFULSWLRQV� RI� SDUWLFOHV� PRYLQJ� IDVWHU�VORZHU� DQG� KDYLQJ�
KLJKHU�ORZHU� VSHHGV�� YHORFLWLHV� RU� NLQHWLF� HQHUJLHV�� )RU�
H[DPSOH��RQH�VWXGHQW�ZULWHV��³���DQ�LQFUHDVH�LQ�WHPSHUDWXUH�LV�
FDXVHG�E\� WKH�JDV�SDUWLFOHV�VSHHGLQJ�XS�´�$QRWKHU� VWXGHQW�
ZULWHV�� ³«WKH� DWRPV�RI� D� KRW� REMHFW� KDYH� D� KLJKHU� NLQHWLF�
HQHUJ\� WKDQ� WKDW� RI� D� FROG� REMHFW�´� 7KLV� UHVRXUFH� LV�
FRQWLQXRXV� ZLWK� WKH� IRUPDO� SK\VLFV� FRQFHSWLRQ� RI�
WHPSHUDWXUH�DV�D�PHDVXUH�RI�WKH�DYHUDJH�NLQHWLF�HQHUJ\�RI�WKH�
SDUWLFOHV�LQ�D�VXEVWDQFH���

:H�EHOLHYH�WKLV�UHVRXUFH�LV�FORVHO\�UHODWHG�WR�WKH�UHVRXUFH�
KRWWHU�REMHFWV�KDYH�PRUH�HQHUJ\��LGHQWLILHG�E\�$EUDKDP�HW�
DO�� >��@�� <RXQJ� 	� 0HUHGLWK� DOVR� LGHQWLILHG� WKDW� VWXGHQWV�
FRQQHFW�WHPSHUDWXUH�ZLWK�NLQHWLF�HQHUJ\�>��@��DQG�/HLQRQHQ�
HW� DO�� LGHQWLI\� WKDW� WKHUPDO� HQHUJ\� LV� DVVRFLDWHG� ZLWK� WKH�
PRWLRQ�RI�SDUWLFOHV� >��@��2XU�VWXG\�VXSSRUWV� WKHLU� ILQGLQJV�
DQG�DGGV�WR�WKH�OLWHUDWXUH�RQ�WKHVH�VWXGHQW�LGHDV�E\�UHSRUWLQJ�
WKH� SUHYDOHQFH� RI� WKLV� UHVRXUFH� LQ� ODUJHU� VDPSOHV� DQG� DW�
PXOWLSOH�LQVWLWXWLRQV���

9��&21&/86,216�

,Q�WKLV�VWXG\��ZH�LGHQWLILHG�WKUHH�UHVRXUFHV�LQWURGXFWRU\�
SK\VLFV�VWXGHQWV�XVH�ZKHQ�WKH\�UHDVRQ�PLFURVFRSLFDOO\�DERXW�
KHDW�DQG�WHPSHUDWXUH�����GLIIHUHQFHV�ZLOO�HYHQWXDOO\�HYHQ�RXW��
���PDFURVFRSLF�FKDQJHV�FRQQHFW�WR�PLFURVFRSLF�FROOLVLRQV��
DQG����ZKHQ�VRPHWKLQJ�LV�KRWWHU��FROGHU���LWV�PROHFXOHV�DUH�
PRYLQJ� IDVWHU� �VORZHU��� 7KHVH� UHVRXUFHV�ZHUH� FRPPRQ� LQ�
VWXGHQW� ZULWWHQ� UHVSRQVHV� WR� WKUHH� GLIIHUHQW� KHDW� DQG�
WHPSHUDWXUH� TXHVWLRQV� JLYHQ� DW� IRXU� GLIIHUHQW� FROOHJHV� DQG�
XQLYHUVLWLHV�� � 7KHVH� ILQGLQJV� VXSSRUW�� FRPSOHPHQW�� DQG�
H[SDQG�SUHYLRXV�ZRUN�RQ�VWXGHQW�FRQFHSWLRQV�DERXW�KHDW�DQG�
WHPSHUDWXUH� WRSLFV�� ,QVWUXFWRUV� PD\� EHQHILW� IURP� WKLV�
UHVHDUFK� E\� LQFUHDVLQJ� WKHLU� .QRZOHGJH� RI� 6WXGHQW� ,GHDV�
�.6,���WKHUHIRUH�EHWWHU�SRVLWLRQLQJ� WKHPVHOYHV�WR�DQWLFLSDWH�
DQG�QRWLFH�WKHVH�UHVRXUFHV�LQ�WKH�WKLQNLQJ�RI�WKHLU�VWXGHQWV��
DQG�WKHQ�EXLOG�RQ�WKHVH�UHVRXUFHV�LQ�WKHLU�LQVWUXFWLRQ���

$&.12:/('*0(176�

7KH� DXWKRUV� WKDQN�2OLQ� 6RUE\� DQG�%U\QQD�+DQVHQ� IRU�
IHHGEDFN�GXULQJ� WKH�FRQGXFWLQJ�RI� WKLV� UHVHDUFK�DQG�3DXOD�
+HURQ�IRU�IHHGEDFN�RQ�GUDIWV�RI�WKLV�SDSHU��:H�DOVR�WKDQN�DOO�
WKRVH� ZKR� KHOSHG� ZLWK� GDWD� FROOHFWLRQ�� 7KLV� ZRUN� ZDV�
VXSSRUWHG� LQ� SDUW� E\� 1DWLRQ� 6FLHQFH� )RXQGDWLRQ� JUDQWV�
��������	����������
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