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&XUUHQW�,VVXHV�DQG�)XWXUH�'LUHFWLRQV�
LQ�+XQWHU�*DWKHUHU�6WXGLHV�

0DWKLDV�*XHQWKHU�

$EVWUDFW���� 7KH�ILHOG�RI�KXQWLQJ�JDWKHULQJ�VWXGLHV�KDV�EHHQ�
D�FRQWHQWLRXV�EUDQFK�RI�DQWKURSRORJ\�VLQFH�LWV�LQFHSWLRQ�WZR�
FHQWXULHV�EDFN��7KH�DUWLFOH�UHYLHZV�WKH�GHYHORSPHQWV�RI�WKH�
ILHOG�WKURXJK�WZR�JHQHUDWLRQV�RI�UHVHDUFKHUV��IURP�WKH�����V�WR�
����V��ZKHQ�DQ�HFRORJLFDO�SDUDGLJP�SUHYDLOHG��WR�WKH�SUHVHQW�
JHQHUDWLRQ��7KH�ODWWHU��ODUJHO\�LQ�UHDFWLRQ�WR�WKH�H[FHVVLYHO\�VWDWLF�
DQG�PDWHULDOLVW�RULHQWDWLRQ�RI�WKH�SUHYLRXV�DSSURDFK��KDV�WXUQHG�
WRZDUGV�PRGHV�RI�DQDO\VLV�RI�IRUDJLQJ���RU��WRGD\��ODUJHO\��SRVW��
IRUDJLQJ����VRFLHWLHV�WKDW�DUH�HLWKHU�KLVWRULFDO�RU�KHUPHQHXWLFDO�
RU�V\PEROLF��DV�ZHOO�DV��UHYLVLRQLVW���JLYLQJ�WR�WKH�ILHOG�LWV�ODW��
HVW�ERXW�RI�FRQWHQWLRXVQHVV���,W�LV�VXJJHVWHG�WKDW�WKHVH�PRGHUQ�
�DQG�SRVWPRGHUQ��GHYHORSPHQWV�KDYH�H[SDQGHG�DQG�UHLQYLJR��
UDWHG�WKH�ILHOG��ZKRVH�YLDELOLW\�DQG�UDLVRQ�G
¬WUH�KDV�EHHQ�TXHV��
WLRQHG�E\�VRPH�UHVHDUFKHUV�LQ�UHFHQW�\HDUV��:KLOH�GUDZLQJ�RQ�
UHVHDUFK�RQ�KXQWHU�JDWKHUHUV�JOREDOO\��WKH�DUWLFOH�LV�IRFXVHG�SUH��
GRPLQDQWO\�RQ�WKH�6DQ��D�KXQWHU�JDWKHUHU�JURXS�RI�SDUDGLJPDWLF�
VLJQLILFDQFH�LQ�KXQWHU�JDWKHUHU�VWXGLHV��>6RXWKHUQ�$IULFD��6DQ��
EXVKPDQ��KXQWHU�JDWKHUHUV��KXQWHU�JDWKHUHU�UHYLVLRQLVP�GHEDWH��
FXOWXUDO�HFRORJ\��EHKDYLRXUDO�HYROXWLRQDU\�HFRORJ\��KLVWRU\�RI�
DQWKURSRORJLFDO�WKHRU\@�

0DWKLDV�*XHQWKHU��'U���SURIHVVRU�DW�WKH�'HSDUWPHQW�RI�$QWKUR��
SRORJ\��:LOIULG�/DXULHU�8QLYHUVLW\��:DWHUORR��2QWDULR��&DQDGD���
��+H�FRQGXFWHG�HWKQRJUDSKLF�ILHOGZRUN�DPRQJ�WKH�1DUR�DQG�
 $X��JHLVL�6DQ��%XVKPHQ��RI�WKH�*KDQ]L�'LVWULFW��%RWVZDQD��
EHWZHHQ������DQG������DQG�WKH�2PDKHNH�'LVWULFW��1DPLELD��
LQ���������+LV�SXEOLFDWLRQV�LQFOXGH�ERRNV��H�J����.DODKDUL�DQG�
1DPLE�%XVKPHQ�LQ�*HUPDQ�6RXWK�:HVW�$IULFD��(WKQRJUDSKLF�
5HSRUWV�E\�&RORQLDO�6ROGLHUV�DQG�6HWWOHUV�����������7ULFNVWHUV�
DQG�7UDQFHUV��%XVKPDQ�5HOLJLRQ�DQG�6RFLHW\���������� �7KH�
1KDUR�%XVKPHQ�RI�%RWVZDQD����������DQG�VHYHUDO�DUWLFOHV�DERXW�
6DQ�HWKQRORJ\�DQG�HWKQRKLVWRU\����6HH�DOVR�5HIHUHQFHV�&LWHG��

(YHQ�WKRXJK�WKH\�DUH�IDVW�GLVDSSHDULQJ��KXQWLQJ��
JDWKHULQJ�VRFLHWLHV�FRQWLQXH�WR�EH�D�ILHOG�RI�YLJRU��
RXV�DQWKURSRORJLFDO�UHVHDUFK�DQG�GHEDWH��7KH�ODWWHU�
KDV�EHHQ�HVSHFLDOO\�LQWHQVH�RYHU�WKH�SDVW�GHFDGH��

DQG�D�KDOI��ZKLFK�KDV�VHHQ�VRPH�UHVHDUFKHUV�WDN��
LQJ�QHZ�GLUHFWLRQV�DQG�FKDOOHQJLQJ���DW�WLPHV�ZLWK�
KHDWHG��UHYLVLRQLVW��SROHPLFV��� WKRVH�ZKR�KDYH�
FKRVHQ�WR�VWD\�WKH�FRXUVH��FRQWLQXLQJ�ZLWK�WKH�VDPH�
WULHG�DQG�WHVWHG��HFRORJLFDO�SURJUDP�RI�UHVHDUFK�DV�
WKH�SUHYLRXV�JHQHUDWLRQ�RI�UHVHDUFKHUV��7KH�SULQFL��
SDO�WKHRUHWLFDO�LQQRYDWLRQV��E\�WKH�SUHVHQW�JHQHU��
DWLRQ�RI�UHVHDUFKHUV��KDYH�EHHQ�WKH�LQMHFWLRQ�LQWR�
WKH�KLWKHUWR�VWDWLF�DQG�PDWHULDOLVW�ILHOG�RI�KXQWHU��
JDWKHUHU�VWXGLHV�RI�KLVWRULFDO�DQG�SROLWLFDO��DV�ZHOO�
DV�KXPDQLVWLF�LQWHUSUHWLYH�DQG�V\PEROLF�UHOLJLRXV�
G\QDPLFV�DQG�GLPHQVLRQV��$QRWKHU�GHYHORSPHQW�LV�
WKH�GHURPDQWLFL]DWLRQ�RI�WKH�KXQWHU�JDWKHUHU��HVSH��
FLDOO\�LFRQLF�RQHV�VXFK�DV�WKH�%XVKPHQ���7KHVH�
GHYHORSPHQWV�KDYH�UHLQYLJRUDWHG�WKH�ILHOG��ZKRVH�
YLDELOLW\�DQG�UDLVRQ�G
¬WUH�KDV�EHHQ�TXHVWLRQHG�E\�
VRPH�UHVHDUFKHUV�LQ�UHFHQW�\HDUV��,�ZLOO�VXUYH\�GH��
YHORSPHQWV�RI�ZKDW�KDV�EHHQ�D�FRQWHQWLRXV�EUDQFK�
RI�DQWKURSRORJ\�RYHU�WKH�WKLUW\�ILYH�\HDUV�DQG�RIIHU�
DQ�DSSUDLVDO�RI�WKH�IXWXUH�RI�WKH�ILHOG�RI�IRUDJLQJ�
VWXGLHV���RU�SRVWIRUDJLQJ�VWXGLHV��DV�WKH�ILHOG�ZLOO�
OLNHO\�EH�NQRZQ�DV�WKHQ��

&RXQWLQJ�&DORULHV��'HILQLQJ�&DWHJRULHV��
%XLOGLQJ�0RGHOV��7KH�����V�DQG�(DUO\�����V�

0RGHUQ�KXQWHU�JDWKHUHU�VWXGLHV�ZHUH�ODXQFKHG�LQ�
������DW�WKH��0DQ�WKH�+XQWHU��FRQIHUHQFH�LQ�&KL��

��2U�6DQ��DV�QHLWKHU�WHUP�LV�IUHH�RI�WKH�WDLQW�RI�GHSUHFDWLRQ��
DQG�DV�WKH�VHDUFK�IRU�D�YHUQDFXODU�WHUP�DSSHDUV�WR�EH�IXWLOH�
�*XHQWKHU���������I����,�HPSOR\�ERWK�WHUPV��DQG�XVH�WKHP�
LQWHUFKDQJHDEO\���
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���� 0DWKLDV�*XHQWKHU�

FDJR��RQH�RI�ZKRVH�WZR�RUJDQL]HUV��5LFKDUG�/HH��
VHW�WKH�WKHRUHWLFDO�WRQH�IRU�ZKDW�ZRXOG�EHFRPH�D�
VLJQDO�HYHQW�LQ�WKLV�VXEGLVFLSOLQH�RI�DQWKURSRORJ\�
DQG�DUFKDHRORJ\��7KH�FRQIHUHQFH��DQG�WKH�YROXPH�
SURGXFHG�IURP�LW��/HH�DQG�'H9RUH�>HGV�@��������
FKDUWHG�WKH�WKHRUHWLFDO�FRXUVH�RI�WKH�ILHOG�WKURXJK��
RXW�WKH�IROORZLQJ�JHQHUDWLRQ�RI�UHVHDUFKHUV��ERWK�
DQWKURSRORJLVWV�DQG�DUFKDHRORJLVWV��ZKR�KDG�ERWK�
EHHQ�LQYLWHG�WR�WKH�&KLFDJR�FRQIHUHQFH��,W�ZDV�D�
FRXUVH�WKDW�PRYHG�DORQJ�FXOWXUDO�PDWHULDOLVW�FKDQ��
QHOV�H[SORULQJ��RQ�WKH�EDVLV�RI�GHWDLOHG�HPSLULFDO�
VWXGLHV��DOO�RI�WKH�SDUDPHWHUV�RI�FXOWXUDO�HFRORJ\�
DQG�DGDSWDWLRQ��6WXGLHG�ZHUH�VXFK�IDLUO\�SUHFLVH�
DQG�PHDVXUDEOH�WKLQJV�DV�FDORULF�LQSXWV�DQG�RXWSXWV�
DQG�HQHUJ\�EXGJHWV��VXEVLVWHQFH�SDWWHUQV�DQG�WKH�
PDQ�KRXUV��DQG�WKH�GLYLVLRQ�RI�ODERXU�WKH\�JHQHU��
DWH��GHPRJUDSK\�DQG�VSDWLDO�RUJDQL]DWLRQ��JHQGHU�
DQG�SURSHUW\�UHODWLRQV��DQG�DOO�HOVH�WKDW�PDNHV�XS�
WKH��IRUDJLQJ�PRGH�RI�SURGXFWLRQ���/HH�������,Q��
JROG��������,Q�WXQH�ZLWK�DQ�DQWKURSRORJ\�ZLGH�LQ��
WHUHVW�LQ�JHQGHU��DQG�HVSHFLDOO\�ZRPHQ
V�LVVXHV��WKLV�
WRSLF�UHFHLYHG�VSHFLDO�DWWHQWLRQ�IURP�ODUJHO\�IHPDOH�
�DQG�IHPLQLVW��UHVHDUFKHUV��%HJLHU�������/HDFRFN�
�������LQ�SDUWLFXODU�WKH�VXEVLVWHQFH�UROH�RI��ZRPDQ�
WKH�JDWKHUHU���ZKRVH�HFRQRPLF��SROLWLFDO��DQG�ULWXDO�
VWDWXV�ZDV�DVVHVVHG�UHODWLYH�WR��PDQ�WKH�KXQWHU��
�'DKOEHUJ��������

7KH�HWKQRJUDSKLF�UDQJH�RI�KXQWHU�JDWKHUHU�UH��
VHDUFK�EHFDPH�JUHDWO\�H[WHQGHG�WKURXJKRXW�WKH�
����V��DV�RQH�UHVHDUFKHU�DIWHU�DQRWKHU�VHW�RXW�WR�
FRQGXFW�ILHOGZRUN�DPRQJ�KXQWHU�JDWKHUHU�HQFODYHV�
LQ�DOO�UHJLRQV�RI�WKH�ZRUOG��,Q�VRPH�SODFHV�WKLV�
FRYHUDJH�ZDV�LQWHQVLYH�UDWKHU�WKDQ�H[WHQVLYH��DV�
ZDYHV�RI�HWKQRJUDSKHUV�ZRUNHG�ZLWKLQ�WKH�VDPH�
UHJLRQ��VXFK�DV�WKH�$UFWLF�RU�WKH�.DODKDUL��ZKLFK�
KDV�EHHQ�YLVLWHG�E\�SHUKDSV�����DQWKURSRORJLVWV�
DQG�DUFKDHRORJLVWV�GXULQJ�WKH�VHFRQG�KDOI�RI�WKH�ODVW�
FHQWXU\��+XGHOVRQ�������%DUQDUG��������7KLV�OHG�
WR�WKH�RYHUUHSUHVHQWDWLRQ�RI�FHUWDLQ�KXQWHU�JDWKHUHU�
JURXSV��PRVW�VWULNLQJO\�VR�WKH�6DQ��LQ�SDUWLFXODU�WKH�
.DODKDUL�-X�
KRDQVL��RU��.XQJ���ZKR�DOVR�KDSSHQ�WR�
EH�WKH�KXQWHU�JDWKHUHU�JURXS�5LFKDUG�/HH�KDV�EHHQ�
FRQFHUQHG�ZLWK�SURIHVVLRQDOO\��DORQJ�ZLWK�WKH�0DU��
VKDOO�IDPLO\��ZKRVH�DQWKURSRORJLFDO�DUWLFOHV��VRPH�
RI�WKHP�LQ�1DWLRQDO�*HRJUDSKLF���ILOPV��DQG�SRSX��
ODU�ERRNV�H[SDQGHG�WKH�SURILOH�RI�WKLV�IRUDJLQJ�SHR��
SOH�EH\RQG�WKH�DQWKURSRORJLFDO�ILHOG�RI�KXQWHU�JDWK��
HUHU�VWXGLHV��6SHHWHU�%ODXGV]XQ��������7KH\�KDYH�
DSSHDUHG��DQG�FRQWLQXH�WR�DSSHDU��LQ�YLUWXDOO\�HYHU\�
1RUWK�$PHULFDQ�LQWUR�DQWKUR�WH[W��IUHTXHQWO\�LQ�WKH�
IRUP�RI�D�JORVV\�SKRWRJUDSKLF�HVVD\�WKDW�GZHOOV�RQ�
WKH�SHRSOH
V�IRUDJLQJ�2WKHUQHVV��

,Q�DGGLWLRQ�WR�EHLQJ�EXV\�ILHOG�ZRUNHUV��WKH�
KXQWHU�JDWKHUHU�UHVHDUFKHUV�ZHUH�DOVR�EXV\�FRQIHU��
HQFH�DWWHQGHHV��PHHWLQJ�HYHU\�WZR�RU�WKUHH�\HDUV�

DW�LQWHUQDWLRQDO�FRQIHUHQFHV��2I�WKHVH�WKH��&RQIHU��
HQFH�RQ�+XQWLQJ�*DWKHULQJ�6RFLHWLHV���RU�&+$*6��
KDYH�EHHQ�WKH�RQHV�PRVW�ZLGHO\�DWWHQGHG��/HH�DQG�
'DO\���������I����&RQIHUHQFH�GHOHJDWHV�H[FKDQJHG�
LQIRUPDWLRQ��FRPSDUHG�QRWHV��FRUURERUDWHG�RU�FULWL��
FL]HG�RQH�DQRWKHU
V�HPSLULFDO��DQDO\WLFDO��DQG�WKHR��
UHWLFDO�PDWHULDO��VHW�WKHRUHWLFDO�DJHQGDV��

7KH�EDVLF�WKHRUHWLFDO�FRQFHUQ�WKURXJKRXW�WKH�
��V�DQG���V�ZDV�PRGHO�EXLOGLQJ��RI�WKH��IRUDJLQJ�
EDQG���LQ�YDULRXV�IRUPV�DQG�W\SRORJLHV�DQG�LQ�
WHUPV�RI�D�GLYHUVLW\�RI�FULWHULD��IRU�LQVWDQFH��DV�GH��
JUHH�RU�SDWWHUQ�RI�PRELOLW\��IRRG�KDELWV��DEVHQFH�RU�
SUHVHQFH�RI�VXUSOXV�DQG�IRRG�VWRUDJH��RU�RI�KHUG��
LQJ�RU�FXOWLYDWLQJ�QHLJKERXUV��7HVWDUW�������������
%DUQDUG�����������I����7KH\�DOO�ERLOHG�GRZQ�WR�WKH�
�VLPSOH���FRPSOH[��GXDO�W\SRORJ\�WKDW�KDG�EHHQ�
SDUW�RI�WKH�DQWKURSRORJLVW
V�WKHRUHWLFDO�WRRONLW�IRU�
JHQHUDWLRQV��DOEHLW�LQ�DQ�HYROXWLRQLVW�FDVW��.HOO\�
������������VRPHWKLQJ�WKH�PRGHUQ�IRUPXODWLRQ�
ZDV�QRW��RWKHU�WKDQ��SHUKDSV��LPSOLFLWO\���,QVWHDG��
WKH�ODWWHU�WUHDWV�WKH�VLPSOH�FRPSOH[�GLYLVLRQ�DV�D�
FRQWLQXXP��%XUFK�DQG�(OODQQD�����E��������DQG�
GLIIHUHQWLDWHV�EHWZHHQ�WKH�WZR�KXQWHU�JDWKHUHU�
W\SHV�LQ�WHUPV�RI�RUJDQL]DWLRQDO�FRPSOH[LW\��UH��
VXOWLQJ�IURP�VXFK�VRFLRHFRQRPLF�IDFWRUV�DV�GHJUHH�
RI�VHGHQWLVP��W\SHV�RI�IRRG��DYDLODELOLW\�RI�VXU��
SOXV��DQG�VWRUDJH�DQG�UXOHV�RI�RZQHUVKLS�DQG�GLV��
SRVLWLRQ�RI�IRRG�DQG�FDSLWDO�JRRGV��-DPHV�:RRG��
EXUQ
V��������IRUPXODWLRQ�RI�WKLV�FRQFHSWXDO�SDLU��
LQ�WHUPV�RI�UHWXUQ�RQ�HQHUJ\�RU�ODERXU�LQYHVWPHQW���
�LPPHGLDWH���YV���GHOD\HG����ZDV�DQG�UHPDLQV�WKH�
PRVW�LQIOXHQWLDO�RI�WKHVH�IRUPXODWLRQV��

2I�WKH�WZR��WKH�VLPSOH��HJDOLWDULDQ��LPPHGLDWH��
UHWXUQ�IRUDJLQJ�EDQG��� VXFK�DV�WKDW�RI�/HH
V�
�.XQJ�DQG�:RRGEXUQ
V�+DG]D���ZDV�WKH�IDYRXUHG�
PRGHO��/HH��������DQG�WKH�RQH�WR�DVVXPH�SDUDGLJ��
PDWLF�VWDWXV�LQ�WKH�WZR�GHFDGHV�IROORZLQJ��0DQ�
WKH�+XQWHU���7KH�GRPLQDQFH�RI�WKLV�PRGHO���WKH�
�W\UDQQ\�RI�WKH��.XQJ����ZDV�VHHQ�DV�VRPHWKLQJ�
RI�D�WKHRUHWLFDO�VWUDLJKW�MDFNHW�E\�VRPH�UHVHDUFKHUV��
HVSHFLDOO\�WKRVH�ZRUNLQJ�DPRQJVW�QRUWKHUQ�IRU��
DJHUV�ZKR�KXQW�DQG�ILVK�PRUH�WKDQ�WKH\�JDWKHU�
�(PEHU�������DQG�PD\��WR�YDU\LQJ�GHJUHHV��EH�VHG��
HQWDU\�DQG�FRPSOH[�LQ�WKHLU�VRFLRSROLWLFDO�RUJDQL��
]DWLRQ��7KH�ODWWHU�UHVHUYDWLRQV�ZHUH�KHOG�HVSHFLDOO\�
E\�DUFKDHRORJLVWV��ZKR�IRXQG�OLWWOH�ILW�EHWZHHQ�WKH�
FRQWHPSRUDU\��JHQHUDOL]HG�IRUDJLQJ�EDQG���.HOO\�
������DQG�WKH�PRUH�FRPSOH[�KXQWHU�JDWKHUHU�SRS��
XODWLRQV�RI�WKH�3OHLVWRFHQH�SDVW�DQG�D�QXPEHU�RI�
WKHP�DWWHPSWHG�WR�PRYH�WKH�FRPSOH[�EDQG�RXW�RI�
WKH�VLPSOH�EDQG
V�VKDGRZ��LQLWLDWLYHV�ZKLFK�JDLQHG�
WKHRUHWLFDO�UHVRQDQFH�RQO\�LQ�WKH�VXEVHTXHQW�WZR�
GHFDGHV���$�FDVH�LQ�SRLQW�LV�WKH�YROXPH�RQ�FRPSOH[�
SUHKLVWRULF�VRFLHWLHV�E\�WKH�DUFKDHRORJLVWV�'RXJODV�
3ULFH�DQG�-DPHV�%URZQ��ZLWK�WKH�JRDO�RI��UHYLV��

$QWKURSRV����������
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&XUUHQW�,VVXHV�DQG�)XWXUH�'LUHFWLRQV�LQ�+XQWHU�*DWKHUHU�6WXGLHV� ����

LQJ�WKH�WUDGLWLRQDO�YLHZ�RI�IRUDJLQJ�VRFLHWLHV�DV�
VPDOO��PRELOH��DQG�VLPSOH��DQG�WR�LQGLFDWH�WKDW�
ODUJH��IL[HG��DQG�FRPSOH[�PD\�PRUH�IUHTXHQWO\�
FKDUDFWHUL]H�KXQWHU�JDWKHUHUV���������[Y��HPSKDVLV�
LQ�WKH�RULJLQDO���)RU�PXFK�WKH�VDPH�UHDVRQ�(UQHVW�
%XUFK�DQG�/LQGD�(OODQQD��D�GHFDGH�ODWHU��FRQYHQHG�
D�FRQIHUHQFH�DQG�SXEOLVKHG�D�YROXPH��>HGV�@�������
����E���I���WKDW�JDYH�SUHHPLQHQFH�WR�FRQWHPSRUDU\�
FRPSOH[�QRUWKHUQ�KXQWHU�JDWKHUHUV��

7KH�LQWHUHVW�LQ�HFRORJLFDO�LVVXHV�SHUVLVWHG�
WKURXJKRXW�WKH�ODWH���V�DQG�WKURXJK�WKH���V��HV��
SHFLDOO\�SURSHUW\�UHODWLRQV��ZKLFK�ZHUH�WKH�VXE��
MHFW�RI�RQH�RI�WKH�WZR�&+$*6���YROXPHV��,Q��
JROG�HW�DO������E��%DUQDUG�DQG�:RRGEXUQ��������
,QGHHG��D�QXPEHU�RI�DQWKURSRORJLVWV�FRQWLQXH�WR�GR�
WR�WKLV�GD\�ZKDW�WKH\�RU�RWKHUV�GLG�WKHQ��XQID]HG�
E\�UHFHQW�SRVWHFRORJLFDO�WKHRUHWLFDO�VWLUULQJV��ZRUN��
LQJ��VROLGO\���LI�QRW�VWROLGO\���DQG�VWHDGIDVWO\��RQ�
VXFK�FODVVLF�LVVXHV�DV�ODQG�XVH��WHUULWRULDOLW\��WKH�LQV�
DQG�RXWV�RI��KXQWHU�DIIOXHQFH���GLYLVLRQ�RI�ODERXU�
DQG�JHQGHU�UHODWLRQV��SURSHUW\�ULJKWV��WKH��NH\�LV��
VXHV��LQ�D�YROXPH�RQ�KXQWHU�JDWKHUHU�UHVHDUFK�LQ�
WKH�HDUO\�����V��RQ�WKH�&+$*6���FRQIHUHQFH�LQ�
)DLUEDQNV��%XUFK�DQG�(OODQQD�>HGV�@��������,Q�WKH�
GHFDGH���DQG�FHQWXU\���WKDW�IROORZHG��RQH�RI�WKH�NH\�
UHVHDUFKHUV�ZRUNLQJ�ZLWKLQ�WKLV�SDUDGLJP��-DPHV�
:RRGEXUQ��ZDV�KRQRXUHG�E\�D�FRQIHUHQFH�RQ�WKH�
WRSLFV�RI�SURSHUW\�DQG�HTXDOLW\�WKDW�ZDV�FRQYHQHG�
E\�WKH�0D[�3ODQFN�,QVWLWXWH�IRU�6RFLDO�$QWKURSRO��
RJ\�LQ�+DOOH��*HUPDQ\�LQ������DQG�DWWHQGHG�E\�
RYHU�ILIW\�UHVHDUFKHUV�ZKR�ZHUH�LQVSLUHG�LQ�WKHLU�UH��
FHQW�DQG�FXUUHQW�ZRUN�RQ�KXQWHU�JDWKHUHU�DQG�RWKHU�
HJDOLWDULDQ�VRFLHWLHV�E\�WKH�FRQIHUHQFH
V�JXHVW�RI�
KRQRXU��$�SDLU�RI�FRQIHUHQFH�YROXPHV�RQ�WKH�VDPH�
WRSLF�DQG�ZLWK�WKH�VDPH�WLWOH�ZDV�SXEOLVKHG�IRXU�
\HDUV�ODWHU��:LGORN�DQG�7DGHVVH�����D������E���
$QRWKHU�RI�WKH��ROG�JXDUG��UHVHDUFKHUV��5LFKDUG�
/HH��ZDV�UHFRJQL]HG�E\�D�QXPEHU�RI�ZRUNHUV�LQ�
WKH�ILHOG��LQ�D�FRQIHUHQFH�DQG�WKH�YROXPH�LW�\LHOGHG��
RQ�WKH��SROLWLFV�RI�HJDOLWDULDQLVP���6ROZD\��������
6RPH�RI�WKH�ODWHU�ZRUN�RQ�HFRORJ\�KDV�UHPDLQHG�
IUDPHG�LQ�WKH�VDPH�����V�WKHRUHWLFDO�WHUPV��ZKLOH�
RWKHU�UHVHDUFKHUV�KDYH�PRYHG�EH\RQG��WR�VKDUSHQ�
DQG��VFLHQWL]H���DV�ZHOO�DV��HYROXWLRQL]H���WKH�SUR��
FHVVHV�RI�DGDSWDWLRQ��E\�PHDQV�RI�D�QHZ��PRUH�ULJ��
RURXV�DQDO\WLFDO�GHYLFH��QDPHO\�KXPDQ�EHKDYLRXUDO�
�RU�HYROXWLRQDU\��HFRORJ\��DQG�LWV�VHPLQDO�WKHRUHW��
LFDO�FRQVWUXFW�RI��RSWLPDO�IRUDJLQJ�VWUDWHJ\���:LQ��
WHUKDOGHU�DQG�6PLWK����������%RWK�DUH�KLJKO\�IRUPDO��
ELRORJ\�EDVHG�H[WHQVLRQV�RI�WKH�VWDWLF�FXOWXUDO�HFR��
ORJLFDO�RULHQWDWLRQ�IURP�HDUOLHU�WLPHV��.HOO\��������

2WKHU�FRQFHUQV�RI�UHVHDUFKHUV�RI�WKH���V�DQG�
HDUO\���V�ZHUH��RQ�WKH�RQH�KDQG��WKH�SROLWLFDO�SOLJKW�
RI�KXQWLQJ�JDWKHULQJ�SHRSOHV�RI�WKH�ZRUOG��DQG�
WKH�UHVHDUFKHUV
�LQFXPEHQW�UHVSRQVLELOLWLHV��DQG��
RQ�WKH�RWKHU��WKH�H[SDQVLRQ�RI�WKH�IRUPDO�DQDO\��
VLV�RI�WKHLU�VRFLHWLHV�IURP�PDWHULDO��LQIUDVWUXFWXUDO�
WR�VRFLDO�DQG�VWUXFWXUDO�OHYHOV��IRU�LQVWDQFH��NLQ��
VKLS�DQG�SROLWLFDO�RUJDQL]DWLRQ�DQG�SURFHVVHV���$Q�
H[DPSOH�LV�5LFKDUG�/HH
V� DQG�,UYHQ�'H9RUH
V�
VHFRQG��.DODKDUL�EDVHG��KXQWHU�JDWKHUHU�YROXPH�
��������ZKLFK�FRQWDLQV�DQ�HFOHFWLF�DUUD\�RI�DUWLFOHV�
RQ�WKH�6DQ�WKDW�UDQJH�IURP�FKLOG�UHDULQJ�DQG�ZRP��
HQ
V�LVVXHV��WKURXJK�WUDQFH�GDQFLQJ�DQG�IRONORUH��WR�
SURFHVVHV�RI�FKDQJH�DQG�DFFXOWXUDWLRQ��+LVWRU\�DQG�
FKDQJH�UHFHLYHG�GXH�QRWLFH�DOVR�LQ�WKH�YROXPH�WKDW�
HPHUJHG�IURP�WKH�ILVW�&+$*6�FRQIHUHQFH�LQ�3DULV�
LQ�������/HDFRFN�DQG�/HH��������

+XQWHU�*DWKHUHU�6WXGLHV�DQG�$UFKDHRORJ\�

$V�DOUHDG\�QRWHG��DUFKDHRORJLVWV�DOVR�ZHUH�D�VWURQJ�
SUHVHQFH�DW��0DQ�WKH�+XQWHU���DORQJ�ZLWK�D�IHZ�
HYROXWLRQDU\�DQWKURSRORJLVWV��:KDW�GUHZ�ERWK�VHWV�
RI�VFKRODUV�WR�WKLV�DQWKURSRORJLFDO�FRQIHUHQFH�
ZDV�LWV�FXOWXUDO�HFRORJLFDO��PDWHULDOLVW�WKHRUHWL��
FDO�IUDPHZRUN��ZKLFK�VLWV�ZHOO�ZLWK�DUFKDHRORJ\��
DORQJ�ZLWK�LWV�SHQFKDQW�IRU�SRUWUD\LQJ�FRQWHPSR��
UDU\�KXQWHU�JDWKHUHUV�DV�DUFKDLF�DQG�SULVWLQH��ZKDW�
ZH�PLJKW�FDOO�WKH��OLYLQJ�IRVVLO�WURSH����7KH�FRQIHU��
HQFH�FRQWULEXWHG�WR�WKH�GHYHORSPHQW�RI�WKH��1HZ�
$UFKDHRORJ\����WKDW�$PHULFDQ�DUFKDHRORJLVWV�VDZ�
DV�RQH�ZLWK�DQWKURSRORJ\��%LQIRUG���������DQG�RI�
HWKQRDUFKDHRORJ\��7KH�SURV�DQG�FRQV�RI�WKH�ODWWHU
V�
DQDO\WLFDO�PRGXV�RSHUDQGL�ZHUH�GHEDWHG��QDPHO\�
HWKQRJUDSKLF�DQDORJ\��RU�WKH�H[WUDSRODWLRQ�IURP�
H[WDQW�KXQWHU�JDWKHUHU�SRSXODWLRQV�WR�H[WLQFW�RQHV��
7KDW�EHFDPH�WKH�DSSURDFK�RI�D�QXPEHU�RI�HWK��
QRDUFKDHRORJLFDO�VWXGLHV�LQ�WKH�GHFDGH�IROORZLQJ��
WR�KXQWHU�JDWKHUHU�JURXSV�LQ�WKH�$UFWLF��%LQIRUG�
�������$XVWUDOLD��*RXOG�������DQG�WKH�.DODKDUL�
�<HOOHQ��������������

7KH�UHDVRQ��WKH�SURSRQHQWV�RI�WKLV�FRQWURYHUVLDO�
DQDO\WLFDO�DSSURDFK�ZHUH�GUDZQ�WR�WKH�VDPH��ZDV�
EHFDXVH�LW�DOORZV�IRU�WKH�IRUPXODWLRQ�RI�D�QXPEHU�
RI�SUHFLVH�TXHVWLRQV�DQG�K\SRWKHVHV�DERXW�DGDSWLYH��
VSDWLDO��GHPRJUDSKLF��WHFKQR�HFRQRPLF��DQG�RWKHU�
SDUDPHWHUV�DQG�WKHLU�UHODWLRQVKLS�WR�VRFLDO�RUJDQL��
]DWLRQ��7KHVH�FRXOG�WKHQ�EH�EURXJKW�WR�EHDU�RQ�WKH�
DQDO\VLV�RI�WKH�DUFKDHRORJLFDO�VLWH��&ODUN��������
7KRVH�RSSRVHG�SRLQWHG�RXW�WKH�PDQ\�SLWIDOOV�RI�
WKLV�PHWKRGRORJ\��SULPH�RI�WKHP�WKH��SULVWLQLVP��
SUREOHP���WKH�ODFN�RI�KLVWRULFDO�FRQWLQXLW\�EHWZHHQ�
WKH�KXQWHU�JDWKHUHUV�DERYHJURXQG�DQG�WKRVH�EHORZ�
�� DQG�WKH�ODFN�RI�HFRORJLFDO�HTXLYDOHQFH�LQ�WKH�

��%RUJHKRII�0XOGHU���������6PLWK���������6PLWK�DQG�:LQWHU��
KDLGHU���������:LQWHUKDLGHU�DQG�6PLWK���������

��%UXFH�:LQWHUKDLGHU�KDV�UHFHQWO\�H[SUHVVHG�VRPH�VHFRQG�
WKRXJKWV�DERXW�WKH�FRQFHSW���������
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0DWKLDV�*XHQWKHU�

WZR�VHWV�RI�HQYLURQPHQWV��ZKLFK�WRGD\�DUH�DOPRVW�
DOZD\V�LQKRVSLWDEOH�DQG�PDUJLQDO�DQG�LQ�WKH�SDVW�
PLJKW�KDYH�EHHQ�IDYRXUDEOH�DQG�KLJK�\LHOG��2WKHU�
SUREOHPV�ZHUH�QRWHG��PDQ\�RI�WKHP�E\�DUFKDHROR��
JLVWV�LQ�VXEVHTXHQW�GHFDGHV��ZKR�FRQWLQXH�WR�GHEDWH�
DQG�FKDOOHQJH�WKH�PHULWV�RI�HWKQRJUDSKLF�DQDORJ\��
2QH�LV�WKH�UHYLVLRQLVWV
�SRLQW�DERXW�WKH�YLUWXDOO\�
XQLYHUVDO�FRQWDFW�LQGLJHQRXV�KXQWHU�JDWKHUHUV�KDYH�
KDG�ZLWK�QRQIRUDJHUV��REYLDWLQJ�WKH�HDUOLHU�SUH��
+RORFHQH�VFHQDULR�RI��KXQWHU�JDWKHUHUV�OLYLQJ�LQ�
D�ZRUOG�RI�KXQWHU�JDWKHUHUV���$QRWKHU�LV�WKH�XQ��
FULWLFDO�DFFHSWDQFH�RI�DQ�DUELWUDULO\�SULYLOHJHG�0U��
KXQWHU�JDWKHUHU��RQH���DV�QRWHG�DERYH�ZKHQ�PHQ��
WLRQLQJ�3ULFH
V�DQG�%URZQ
V�ZRUN�RQ�SUHKLVWRULF�
KXQWHU�JDWKHUHUV���WKDW�PD\�EH�DOWRJHWKHU�LQDSSOL��
FDEOH�WR�FHUWDLQ�KXQWHU�JDWKHUHUV�RI�WKH�3OHLVWRFHQH�
SDVW���2WKHU�FULWLFV�SRLQW�WR�WKH�JUHDW�GLYHUVLW\�RI�
KXQWHU�JDWKHUHUV�WRGD\�DQG�WKH�LQILQLWHO\�JUHDWHU�GL��
YHUVLW\�RI�WKRVH�RI�WKH�SDVW��PLOOHQLD�DQG�PLOOLRQV�
RI�\HDUV�EDFN�LQ�WLPH��ZLWK�LWV�XQFHDVLQJ�FOLPDWLF��
IORUDO�DQG�IDXQDO�YDULDWLRQV�DQG�RVFLOODWLRQV��HVSH��
FLDOO\�LQ�WKH�8SSHU�3DODHROLWKLF��DQG�WKH�WHQGHQF\�
WR�VHH�RQO\�WKH�SDVW�KXQWHU�JDWKHUHU�JURXSV�DV�RQ�D�
WUDMHFWRU\�RI�FKDQJH�DQG�H[WDQW�RQHV�DV�DW�WKH�HQG�
RI�WKDW�WUDMHFWRU\�DQG�ZLWKRXW�FKDQJH��3DUNLQJWRQ�
���������I����0HWKRGRORJLFDO�SUREOHPV�SRLQWHG�WR�
ZHUH�WKH�LQYLVLELOLW\�RI�SODQWV�LQ�3OHLVWRFHQH�VLWHV��
DV�RI�KXQWHU�JDWKHUHU�FDPSV�RU�EDQGV�JHQHUDOO\��
GXH�WR�WKHLU�VPDOOQHVV��IOXLGLW\��DQG�HSKHPHUDOLW\�
�'HHW]�������6PLWK�����������WKH�SUHVHQFH�RU�DE��
VHQFH�IURP�SUHKLVWRULF�VLWHV�RI�VSHFLILF�WHFKQRORJL��
FDO�RU�VRFLDO�LWHPV��3DUNLQJWRQ�������������DQG�WKH�
JDSV�DQG�FRQWUDGLFWLRQV��DV�ZHOO�DV�RWKHU�LQDGHTXD��
FLHV�LQ�WKH�HWKQRJUDSKLF�UHFRUG��HVSHFLDOO\�WKRVH�
DVSHFWV�RI�LW�WKDW�DUH�RI�XVH�WR�DUFKDHRORJLVWV��:REVW�
������.UDPHU��������%HFDXVH�RI�DOO�RI�WKHVH�SURE��
OHPV��-RKQ�3DUNLQJWRQ�VXJJHVWHG�WKDW�DUFKDHROR��
JLVWV���WKRVH�ZRUNLQJ�LQ�D�VRXWKHUQ�$IULFDQ�FRQWH[W�
��VKRXOG��GH��.XQJ��WKHLU�HIIRUWV�DQG�XVH�HWKQR��
JUDSKLF�DQG�HWKQRKLVWRULFDO�HYLGHQFH��DV�D�FKDO��
OHQJH��QRW�D�PRGHO��RI�WKH�SDVW���������������

$UFKDHRORJ\�DQG�KXQWHU�JDWKHUHU�VWXGLHV�UHPDLQ�
FORVHO\�OLQNHG�WKHRUHWLFDO�DQG�UHVHDUFK�HQWHUSULVHV�
WR�WKLV�GD\��%HWWLQJHU�������%DUQDUG��������QHF��
HVVDULO\�VR�DV�WKH�HFRORJLFDO�DQG�FXOWXUDO�KRUL]RQV�
SUREHG�E\�SUHKLVWRULF�DUFKDHRORJLVWV�DUH��QRZ�DV�
LQ�WKH�SDVW�DQG�WKH�IXWXUH��WKRVH�RI�IRUDJHUV���7KH�

XWLOLW\�RI�HWKQRJUDSKLF�DQDORJ\�ZDV�UHFHQWO\�UHDS��
SUDLVHG�E\�/HZLV�%LQIRUG��������LQ�D�FRPSUHKHQ��
VLYH�WKHRUHWLFDO�ZRUN�WKDW�VHW�DV�LWV��SULPDU\�SURE��
OHP�WKH�GHYHORSPHQW�RI�D�PHWKRG�IRU�SURGXFWLYHO\�
XVLQJ�HWKQRJUDSKLF�GDWD�WR�VHUYH�DUFKDHRORJLFDO�
JRDOV���7KLV�LW�GRHV�ZLWK�UHIHUHQFH�WR�H[WDQW�KXQW��
HU�JDWKHUHU�VRFLHWLHV�������RI�WKHP�DUH�DQDO\VHG�
LQ�GHWDLO���ZKRVH�HFRORJLFDO�DQG�VRFLDO�VWUXFWXUDO�
GLYHUVLW\�DUH�FRPSDUHG�E\�%LQIRUG��WR�SURYLGH�D�
XQLIRUPLWDULDQ�VWUDWHJ\�IRU�H[WUDSRODWLQJ�DQG�UHFRQ��
VWUXFWLQJ�WKH�VDPH�IRU�H[WLQFW�RQHV��$�UHFHQW�FRO��
ODERUDWLYH�HWKQRDUFKDHRORJLFDO�SURMHFW�DPRQJ�WKH�
.DODKDUL�-X�
KRDQVL���RQH�VHW�ZLWKLQ�WKH�WHUPV�RI�WKH�
UHYLVLRQLVP�GHEDWH���ZDV�FDUULHG�RXW�E\�WKH�DUFKDH��
RORJLVW�$QG\�6PLWK�DQG�WKH�DQWKURSRORJLVW�5LFKDUG�
/HH��6PLWK�DQG�/HH��������$UFKDHRORJ\�LV�DQ�LQWH��
JUDO�FRPSRQHQW�LQ�WKH�ODWWHU
V���ZLWK�5LFKDUG�'DO\�
��UHFHQW�HQF\FORSDHGLD�SURMHFW�RQ�KXQWHU�JDWKHUHUV�
ZRUOGZLGH��/HH�DQG�'DO\�>HGV�@��������0RUH�UH��
FHQW�\HW�LV�&DWKHULQH�3DQWHU�%ULFN�HW�DO�
V�DXWKRUL��
WDWLYH�DQWKRORJ\�RQ�KXQWHU�JDWKHUHUV���������7KHVH�
ZRUNV��DOO�DWWHVW�WR�DQ�RQJRLQJ��PXWXDOO\�VWUHQJWK��
HQLQJ�SDUWQHUVKLS�EHWZHHQ�WKH�WZR�GLVFLSOLQHV��LQ�
WKHLU�VWXG\�RI�IRUDJLQJ�VRFLHWLHV�QRZ�DQG�LQ�WKH�SDVW��

7KH�PRVW�UHFHQW�LQWHUGLVFLSOLQDU\�LQLWLDWLYHV�LQ�
KXQWHU�JDWKHUHU�VWXGLHV��ERWK�XQGHUWDNHQ�LQ�������
ZHUH�DQRWKHU�,QWHUQDWLRQDO�+XQWHU�*DWKHUHU�&RQ��
IHUHQFH��&+$*6����LQ�(GLQEXUJK��DQG�WKH�ODXQFK��
LQJ�RI�D�QHZ�MRXUQDO��7KH�IRUPHU�ZDV�RQ�WKH�WKHPH�
RI��+XQWHU�*DWKHUHU�6WXGLHV�DQG�WKH�5HVKDSLQJ�RI�
$QWKURSRORJ\���WR�ZKLFK�DUFKDHRORJLVWV�ZHUH�H[��
WHQGHG�D�VSHFLDO�LQYLWDWLRQ��7KH�ODWWHU�LV�DQ�RQOLQH�
MRXUQDO�%HIRUH�)DUPLQJ��7KH�$UFKDHRORJ\�DQG�$Q��
WKURSRORJ\�RI�+XQWHU�*DWKHUHUV��HGLWHG�E\�/DUU\�
%DUKDP���$�UHFHQW�LVVXH�����������ZLWK�WKH�WKHPH�
RI��FKDOOHQJLQJ�FRPSODFHQF\���LV�HVSHFLDOO\�LQYLJ��
RUDWLQJ�WKHRUHWLFDOO\��2Q�WKH�EDVLV�RI�QHZ�DUFKDH��
RORJLFDO�DQG�FURVV�FXOWXUDO�HWKQRJUDSKLF�GDWD��WKH�
DUWLFOHV�LQ�WKH�LVVXH�FKDOOHQJH�D�QXPEHU�RI�LWHPV�
RI�UHFHLYHG�ZLVGRP�LQ�WKH�ILHOG��VXFK�DV�WKH�H[FHS��
WLRQDOLW\�RI�WURSLFDO�IRUHVW�KXQWHUV�DQG��\HW�DJDLQ��
WKH��.XQJ�+DG]D�PRGHO�RI�WKH�HJDOLWDULDQ�EDQG��HV��
SHFLDOO\�IRU�SUHKLVWRULF�KXQWHU�JDWKHUHUV��VRPH�DV�
UHPRWH�LQ�WKH�SDVW�DV�WKH�0LGGOH�3OHLVWRFHQH��7KH�
FRQVLVWHQW�RXWSXW�RI�ILUVW�UDWH�DUWLFOHV��DORQJ�ZLWK�
GLVFXVVLRQV��QHZV��DQG�UHYLHZV��DWWHVWV�WR�WKH�RQ��
JRLQJ�KHDOWK�RI�WKH�MRXUQDO��ZKLFK�WKH�HGLWRU�DW��
WULEXWHV��LQ�SDUW�WR�WKH�MRXUQDO
V��K\EULG�YLJRXU���
GHULYHG�IURP�WKH�WZR�GLVFLSOLQHV�WKDW�FRQWULEXWH�WR�
LW��RIIHULQJ��D�EURDG�FKXUFK�IRU�WKRVH�ZLWK�FDWKROLF�
WDVWHV�LQ�KXQWHU�JDWKHUHU�UHVHDUFK���%DUKDP�������
DUWLFOH�����

��2Q�WKLV�VHH�DOVR�)ROH\���������%HQGHU�DQG�0RUULV������������
.HOO\������������������

��6HH�&RQNH\������������I����6RIIHU�������������+LWFKFRFN�
����������I����%HQGHU�DQG�0RUULV�����������*RULQJ�0RUULV�
DQG�%HOIHU�&RKHQ���������

��9L]��6FKHLQVRKQ���������3UHQWLVV�DQG�.XMLW���������)LW]KXJK�
��������
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&XUUHQW�,VVXHV�DQG�)XWXUH�'LUHFWLRQV�LQ�+XQWHU�*DWKHUHU�6WXGLHV� ����

+LVWRU\�DQG�WKH�5HYLVLRQLVW�&KDOOHQJH�

7KH�LVVXHV�UDLVHG�DW�&+$*6���DW�WKH�HQG�RI�WKH�
����V�ZHUH�SLFNHG�XS�LQ�WKH�IROORZLQJ�GHFDGH�DQG�
GHILQHG�RQH�RI�WKH�NH\�LVVXHV�RI�WKH�QH[W�GHFDGH��WKH�
PRYH�IURP�VWDWLF�PRGHO�EXLOGLQJ�WR�SURFHVVXDO�FRQ��
FHUQV��HVSHFLDOO\�ZLWK�KLVWRU\����KLVWRU\�RI��KLVWRU\�
E\��KLVWRU\�IRU��DV�QRWHG��LQ�H[KRUWDWRU\�WRQHV��E\�
%DUEDUD�%HQGHU�DQG�%ULDQ�0RUULV�������������LQ�WKH�
LQWURGXFWLRQ�WR�RQH�RI�WKH�WZR�YROXPHV���VXEWLWOHG�
�+LVWRU\��(YROXWLRQ��DQG�6RFLDO�&KDQJH����HPHUJ��
LQJ�IURP�&+$*6���LQ�/RQGRQ�LQ�������,QJROG�
HW�DO������D������E���7KLV�FRQIHUHQFH�DOVR�EURXJKW�
DUFKDHRORJLVWV���RQH�RI�WKHP�%HQGHU���EDFN�WR�WKH�
FRQIHUHQFH�WDEOH��DV�NH\�SDUWLFLSDQWV�LQ�WKH�KXQWHU��
JDWKHUHU�HQWHUSULVH��

:KLOH�HFRORJ\�FRQWLQXHG���DQG��DV�QRWHG�DERYH��
FRQWLQXHV���DV�D�YLJRURXV�UHVHDUFK�LQWHUHVW��LW�LV�
SUREDEO\�IDLU�WR�VD\�WKDW�WKH�LQWHUHVW�LQ�KLVWRU\�KDV�
KHOG�WKH�XSSHU�KDQG�DQG�KDV�SUHYDLOHG�DV�WKH�NH\�GL��
UHFWLRQ�LQ�WKH�ILHOG�WRGD\��/HH�DQG�'DO\��������I����
7KH�WKHRUHWLFDO�LPSHWXV�EHKLQG�WKH�KLVWRULFL]DWLRQ�
RI�KXQWHU�JDWKHUHU�VWXGLHV�KDV�EHHQ�WKH��.DODKDUL�
'HEDWH��ZKLFK�ZDV�VWDUWHG�E\�WKH�VR�FDOOHG��UH��
YLVLRQLVWV��LQ�WKH�PLG���V��JDLQHG�PRPHQWXP�DW�
WKH�GHFDGH
V�HQG��DQG�SHDNHG�LQ�WKH�HDUO\���V��
2QFH�DJDLQ�LW�KDG�EHHQ�D�&+$*6�FRQIHUHQFH�WKDW�
VWDUWHG�WKH�GHEDWH���&+$*6���DW�%DG�+RPEXUJ�LQ�
*HUPDQ\��6FKULUH�>HG�@���������5HYLVLRQLVP��DOVR�
VSUHDG�IURP�WKH�.DODKDUL�WR�RWKHU�KXQWHU�JDWKHUHU�
FRQVWLWXHQFLHV��HVSHFLDOO\�WKH�WURSLFV��ZKRVH�UDLQ�
IRUHVWV���DORQJ�ZLWK�WKHLU�IRUDJHU�LQKDELWDQWV���ZHUH�
VXEMHFWHG�WR��KLVWRULFDO�HFRORJLFDO��H[DPLQDWLRQ�
ZKLFK�UHYHDOHG�WKDW�PXFK�RI�WKDW�DOOHJHGO\��YLU��
JLQ��HQYLURQPHQW�ZDV�DFWXDOO\�DQ��DQWKURSRJHQLF��
ODQGVFDSH�DQG�WKDW�WKH�KXQWLQJ�JDWKHULQJ�DGDSWD��
WLRQ�ZDV�LPSRVVLEOH�LQ�WKH�UDLQIRUHVW�HQYLURQPHQW�
ZLWKRXW�DJULFXOWXUH�RU�WUDGH�WR�VXSSOHPHQW�LW���(YHQ�
VR�XQOLNHO\�D�SODFH�DV�WKH�VXEDUFWLF��/HJURV�������
5HQRXI���������LQGHHG��WKH�DUFWLF�LWVHOI��0F*KHH�
��������ZHUH�VXEMHFWHG�WR�WKH�KLVWRULFDO�UHYLVLRQLVW�
JD]H��5HYLVLRQLVP�DOVR�FURVVHG�GLVFLSOLQDU\�OLQHV�
LQ�KXQWHU�JDWKHUHU�VWXGLHV��IURP�DQWKURSRORJ\�WR�
DUFKDHRORJ\��6KRWW��������HVSHFLDOO\�LQ�WKH�VRXWK��
HUQ�$IULFDQ�FRQWH[W���ZKHUH�WKH�SURFHVV�RI�GLV��
PDQWOLQJ�RI�DSDUWKHLG��DQG�LWV��SULPRUGLDOLVW��UDFLDO�
SROLFLHV�DQG�SURFOLYLWLHV��SURYLGHG�DQ�LQWHOOHFWXDO�
DQG�LGHRORJLFDO�FOLPDWH�WKDW�JHQHUDOO\�IDYRXUHG�G\��
QDPLF�KLVWRULFDO�H[SODQDWLRQV�RYHU�VWDWLF�HFRORJLFDO�
RU�VWUXFWXUDO�RQHV��,Q�WKH�.DODKDUL�FRQWH[W��UHYL��

VLRQLVP
V�VSRNHVPDQ�DQG�ZRPDQ�ZHUH�DQG�UHPDLQ�
(GZLQ�:LOPVHQ��������DQG�&DUPHO�6FKULUH��>HG�@�
������DQG�WKHLU�WDUJHWHG�RSSRQHQWV��ZKRP�WKH\�OD��
EHO��LVRODWLRQLVWV���DUH�5LFKDUG�/HH��6ROZD\�DQG�
/HH�������/HH�DQG�*XHQWKHU��������DV�ZHOO�DV�RWKHU�
6DQ�UHVHDUFKHUV��LQ�SDUWLFXODU�/RUQD�0DUVKDOO��-LUR�
7DQDND��DQG�*HRUJH�6LOEHUEDXHU��:LOPVHQ��������

7KH�GHEDWH�KDV�EHHQ�UHPDUNDEO\���DQG��IRU�KXQW��
LQJ�JDWKHULQJ�FLUFOHV��XQFKDUDFWHULVWLFDOO\��� YLW��
ULROLF��ZKDW�EHFDPH�XQOHDVKHG�ZDV�D�IXOO�IOXQJ�
0HWKRGHQVWUHLW��ZLWK�WKH�HPSKDVLV�RQ�6WUHLW�,��WKDW�
GLYLGHG�KXQWHU�JDWKHUHU�VWXGHQWV�LQWR�WZR�ZDUULQJ�
FDPSV�DQG�HOLFLWHG�D��FULVLV����RI�UHSUHVHQWDWLRQ��LI�
QRW�DOVR�RI�FRQILGHQFH��/HH�������*XHQWKHU��������
7KH�GHEDWH�LV�D�VLJQLILFDQW�HQRXJK�WKHRUHWLFDO�PR��
PHQW�LQ�WKH�GLVFLSOLQH�WR�KDYH�ZDUUDQWHG�LQFOXVLRQ�
LQ�D�UHFHQW�HQF\FORSDHGLD�RQ�DQWKURSRORJ\��*XHQ��
WKHU�����E���DV�ZHOO�DV�LQ�D�WKHRUHWLFDO�DQWKURSRORJ\�
WH[W�RQ�FRQWHPSRUDU\�LVVXHV�DQG�GHEDWHV�LQ�DQWKUR��
SRORJ\��:HOVFK�DQG�(QGLFRWW�����D����7KH�UHDVRQ�
IRU�WKH�YLWULRO�LV�WKDW�LW�LV�DERXW�IXQGDPHQWDOV��WZR�
GLIIHUHQW��GLDPHWULFDOO\�RSSRVHG�YLVLRQV�RQ�KXQWHU��
JDWKHUHUV��7R�VRPH�VRFLDO�DQDO\VWV�WKLV�DPRXQWV�WR�
QRWKLQJ�OHVV�WKDQ�D�GHEDWH�RQ�EDVLF�KXPDQLW\��D�FDVH�
LQ�SRLQW�ZRXOG�EH�7LP�,QJROG��ZKR�UHJDUGV�KXQWHU��
JDWKHUHU�VRFLHW\�DV�H[HPSOLI\LQJ�WKH���
HOHPHQWDU\
�
IRXQGDWLRQV�RI�KXPDQ�VRFLDOLW\���������������D�SR��
VLWLRQ�WKDW�HFKRHV�WKH�ROG�GHEDWH�DERXW�WKH��IXQF��
WLRQDO�SUHUHTXLVLWHV�RI�KXPDQ�VRFLHW\���$EHUOH�HW�DO��
������VHH�DOVR�%XUFK�����������������
7KH�RQH�YLVLRQ�RQ�KXQWHU�JDWKHUHUV��UHSUHVHQWHG�

E\�/HH�DQG�&R��VHHV�VXFK�SHRSOH�DV�OLYLQJ�LQ�VR��
FLHWLHV�WKDW��LQ�WKHLU�RSHQQHVV�DQG�HJDOLWDULDQLVP��
DUH�GLVWLQFWLYHO\�GLIIHUHQW�IURP�DOO�RWKHU�VRFLHWLHV��
0RUHRYHU�WKH\�DUH�KHOG�WR�EH�UHSUHVHQWDWLYH��VRPH�
PRUH�VRPH�OHVV��RI�DQ�DUFKDLF�OLIHZD\��DOWKRXJK�
QRW��LQ�PRVW�FDVHV��ZLWKRXW�VRPH�KLVWRULFDO�FRQ��
QHFWLRQV�WR�QRQIRUDJLQJ�QHLJKERXU�VRFLHWLHV���7KH�
UHYLVLRQLVW�YLHZ�GLVPLVVHV�DV�D�URPDQWLFLVW�DQG�HYR��
OXWLRQLVW�ILFWLRQ�WKH�QRWLRQ�RI�DQ�DUFKDLF�DERULJLQDO�
KXQWHU�JDWKHUHU�VRFLHWDO�W\SH��0RUHRYHU��LWV�SURSR��
QHQWV�GHHP�WKDW�QRWLRQ�LV�DQ�8WRSLDQ�IDQF\��DQ�HYR��
OXWLRQDU\�RU�GHOXVLRQDU\�SURMHFWLRQ�RI�DQ�LPDJLQHG�
DQFLHQW�SDVW�WR�DQ�H[SHULHQFHG�DQG�LGHRORJLFDOO\�
UHMHFWHG�SUHVHQW��7KRVH�GRLQJ�WKH�LPDJLQLQJ�DQG�
UHMHFWLQJ�ZHUH�:HVWHUQ�VRFLHW\�ZHDU\�PHPEHUV�RI�
WKH�����V�DQG���V�FRXQWHUFXOWXUH��ZKR��DV�JUDG��
XDWH�VWXGHQW�ILHOG�ZRUNHUV�LQ�WKH�.DODKDUL��IRXQG�
WKHLU�8WRSLDQ�GUHDPV�UHDOL]HG��DPRQJVW�WKH�GHVHUW
V�

��+HDGODQG�DQG�5HLG���������+HDGODQG���������+HDGODQG�DQG�
%DLOH\���������%DLOH\�DQG�+HDGODQG���������%DO«H���������
%DKXFKHWHWDO���������

��0D]HO���������6PLWK���������6DGU���������

��7KH�RWKHU�KXQWHU�JDWKHUHU�LVVXH�WR�EH�IHDWXUHG�LQ�WKH�:HOVFK�
DQG�(QGLFRWW�YROXPH�LV�ZKHWKHU�RU�QRW�WURSLFDO�KXQWHU�JDWK��
HUHUV�FDQ�VXEVLVW�VROHO\�RQ�IRUDJHG�IRRGV�RU�QHHG�VXSSOHPHQ��
WDO�IRRG�VRXUFHV������E���

$QWKURSRV����������
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���� 0DWKLDV�*XHQWKHU�

�KDUPOHVV�SHRSOH������$�JHQHUDWLRQ�ODWHU��WKH�UHYL��
VLRQLVWV�VHW�WR�GHFRQVWUXFWLQJ�DOO�RI�WKHVH�UHYHULHV�
ZLWK�D�YHQJHDQFH��VXEVWLWXWLQJ�IRU�KLSSLH�ORYH�DQG�
SHDFH�\XSSLH�VWDWH�DQG�FDSLWDO����7KH�UHYLVLRQLVW�
YLHZ�UHJDUGV�H[WDQW�KXQWHU�JDWKHUHUV�QRW�DV�FXOWXUDO�
DERULJLQDOV�EXW�DV�VRFLDO�PDUJLQDOV��WLHG�LQ�GLIIHU��
HQW�IRUPV�RI�GHSHQGHQF\�UHODWLRQVKLSV�WR�UHJLRQDO�
DJURSDVWRUDO�VWDWH�VRFLHWLHV��RU�WR�WKH�FRORQLDOLVW��
SRVWFRORQLDOLVW��RU�FDSLWDOLVW�ZRUOG�V\VWHP��7KH�ILUVW�
HQYLVLRQV�D�KXQWHU�JDWKHUHU��VRFLHW\�DJDLQVW�WKH�
VWDWH���&ODVWUHV��������WKH�VHFRQG�D�VRFLHW\�ZLWKLQ��
RI��RU�EHKROGHQ�WR�WKH�VWDWH��6RPH�ZRXOG�UHJDUG�WKH�
ODWWHU�SRVLWLRQ�DV�\HW�DQRWKHU�IRUP�RI�URPDQWLFLVP���
SRVWPRGHUQ�EURRGLQJ��GHFRQVWUXFWLRQLVW�GRXEW��DQG�
F\QLFLVP��/HH���������ZKLOH�RWKHUV�KDYH�DVVLJQHG�
WR�LW�WKH�HSLVWHPRORJLFDO�VWDWXV�RI�D�QHZ�PRGHO�RU�
SDUDGLJP���WKH��LQWHUGHSHQGHQW�PRGHO���DV�DJDLQVW�
WKH�RSSRVLWH��JHQHUDOL]HG�IRUDJLQJ�PRGHO��DQG�LWV�
SUH���V�DQWLWKHVLV��WKH��SDWULOLQHDO�SDWULORFDO�EDQG��
�.HOO\��������������DOVR�VHH�/HH��������

$IWHU�PXFK�VRXQG�DQG�IXU\��RYHU�WKH�SDJHV�RI�
PDQ\�D�����V�DQG���V�LVVXH�RI�&XUUHQW�$QWKUR��
SRORJ\�DV�ZHOO�DV�RWKHU�DQWKURSRORJLFDO�MRXUQDOV����
WKH�GHEDWH��DIWHU�RQH�PRUH���LWV�ODVW"���IODUH�XS�
�:LOPVHQ��������KDV�QRZ�DEDWHG��'HVSLWH�LWV�IXQ��
GDPHQWDO�LUUHFRQFLODELOLW\��WKH�WZR�VHWV�RI�FRQWHV��
WDQWV�VHHP�QRZ�WR�KDYH�DJUHHG�WR�GLVDJUHH��6RPH�RI�
WKH�SDUWLFLSDQWV�LQ��RU�REVHUYHUV�RI��WKH�UHYLVLRQLVP�
GLVSXWH�KDYH�FRPH�WR�DFNQRZOHGJH�WKH�DSSURSULDWH��
QHVV�RI�RQH�RU�WKH�RWKHU�SDUDGLJP�GHSHQGLQJ�RQ�WKH�
VSHFLILFV�RI�D�SDUWLFXODU�FDVH����,Q�IDFW��RQH�PLJKW�
GHHP�WKH�UHYLVLRQLVW�GHEDWH�DFWXDOO\�WR�KDYH�KDG�D�
VDOXWDU\�HIIHFW�RQ�WKH�ILHOG�RI�KXQWHU�JDWKHUHU�VWXG��
LHV�LQ�WKDW�LW�KDV�LGHQWLILHG�VRPH�RI�LWV�WKHRUHWLFDO�
VKRUWFRPLQJV�DQG��WKURXJK�YLJRURXV��DLU�FOHDULQJ�
SROHPLFV��KDV�UHYLWDOL]HG�DQG�H[SDQGHG�WKH�ILHOG��
ERWK�WKHRUHWLFDOO\�DQG�PHWKRGRORJLFDOO\��,WV�ZLGHU�
IDOORXW�LV�IHOW�DOVR�EH\RQG�KXQWHU�JDWKHUHU�UHVHDUFK�

FLUFOHV��WKH�FXUUHQW��LQGLJHQRXV�SHRSOHV��GHEDWH��
ZKLFK�KDV�JHQHUDWHG�PXFK�WKH�VDPH�KHDW�DQG�GH��
JUHH�RI�SRODUL]DWLRQ�DV�GLG�WKH�PRUH�QDUURZO\�GH��
ILQHG�.DODKDUL�GHEDWH��RYHU�PXFK�WKH�VDPH�VRUWV�RI�
LVVXHV���WKH�HVVHQWLDOLVP��SULPRUGLDOLVP��DQG�SULP��
LWLYLVP�WKDW�DOOHJHGO\�DWWDFK�WR�WKH�WHUP�DQG�WURSH�RI�
�LQGLJHQRXV�SHRSOHV������

7KH�IRUHPRVW�WKHRUHWLFDO�LPSURYHPHQW�WKH�UH��
YLVLRQLVP�GHEDWH�KDV�EURXJKW�WR�KXQWHU�JDWKHUHU�
VWXGLHV�LV�WKDW�KLVWRU\�KDV�QRZ�EHFRPH�WKH�YLWDO�
DQG�LQGLVSHQVDEOH�GLPHQVLRQ�LQ�WKH�DQDO\VLV�RI�IRU��
DJLQJ�VRFLHWLHV�WKDW�LW�VKRXOG�DOZD\V�KDYH�EHHQ��7KH�
IRFXV�RQ�KLVWRU\�KLJKOLJKWV�D�IXQGDPHQWDO�VWUXFWXU��
DO�WUDLW�RI�KXQWHU�JDWKHUHU�VRFLHWLHV��RQH�QRW�VXIIL��
FLHQWO\�UHFRJQL]HG�E\�WKH�SUHYLRXV�JHQHUDWLRQ�RI�
UHVHDUFKHUV�DWWHPSWLQJ�WR�GHYHORS�SURWRW\SDO��SDU��
DGLJPDWLF��DQG�SUHVFULSWLYH�PRGHOV�IRU�VXFK�VRFL��
HWLHV��WKHLU�KLJK�GHJUHH�RI�IOXLGLW\��IOH[LELOLW\��DQG�
UHVLOLHQFH��&RQVHTXHQWO\��WKH\�GLVSOD\�JUHDW�GLYHU��
VLW\��ERWK�ODWHUDOO\�RYHU�VSDFH�DQG�OLQHDOO\�WKURXJK�
WLPH��DV�GLIIHUHQW�HFRORJLFDO�RU�KLVWRULFDO�FLUFXP��
VWDQFHV�HOLFLW�GLIIHUHQW�FXOWXUDO�DGDSWDWLRQV��3ODF��
LQJ�DQG�WUDFLQJ�D�KXQWHU�JDWKHUHU�JURXS�ZLWKLQ�DQG�
WKURXJK�WLPH�UHYHDOV�WKH�UDQJH�DQG�SDUDPHWHUV�RI�
VWUXFWXUDO�IOXLGLW\�RI�KXQWHU�JDWKHUHU�VRFLDO�RUJD��
QL]DWLRQ���WKH�VDPH�ZD\�UHJLRQDO�FRPSDULVRQ�RI�
H[WDQW�JURXSV�GR��DV�LQ�WKH�UHFHQW�ZRUN�E\�$ODQ�
%DUQDUG������D���6XVDQ�.HQW���������3DXO�5RVFRH�
��������DQG�5REHUW�.HOO\���������RQ�.KRLVDQ��
$IULFDQ��1HZ�*XL³HDQ��DQG�JOREDO�KXQWLQJ�JDWKHU��
LQJ�SRSXODWLRQV��0\�RZQ�ZRUN�RQ�%XVKPDQ�UHOL��
JLRQ�DQG�VRFLHW\��������UHYHDOV��RQ�WKH�EDVLV�RI�ODW��
HUDO�DQG�OLQHDO�FRPSDULVRQ��KRZ�WKRURXJKO\�IOH[LEOH�
DQG�YDULDEOH��LQGHHG��DPELJXRXV�DQG�DPRUSKRXV��
WKHVH�WZR�LQVWLWXWLRQDO�GRPDLQV�DUH��UHQGHULQJ�GLI��
ILFXOW�WKH�WDVN�RI�H[WUDFWLQJ�DQ\WKLQJ�OLNH�D�FRUH�
RU�FHQWUH��6XFK�FRPSDUDWLYH�ZRUN�LV�DQ�LPSRUWDQW�
H[HUFLVH�IRU�UHVHDUFKHUV�LQ�WKH�ILHOG��%LUG�'DYLG�
������DV�LW�LV�RQO\�E\�NQRZLQJ�WKH�UDQJH�RI�IOH[��
LELOLW\��UHVLOLHQFH��DQG�GLYHUVLW\�RI�VXFK�VRFLHWLHV�
WKDW�ZH�FDQ�GHILQH�WKH�FDWHJRU\�DQG�SURYLGH�PRG��
HOV�IRU�KXQWHU�JDWKHUHU�VRFLHW\�WKDW�GR�QRW�DUELWUDU��
LO\�SULYLOHJH�RQH�PRGHO�RYHU�DQRWKHU��DV�GLG�HDU��
OLHU�UHVHDUFKHUV����7KH�DUELWUDULQHVV�RI�DQ�DOOHJHG�
KXQWHU�JDWKHUHU�DUFKH��SURWR\SH�LV�VKRZQ�XS�LI�LW�LV�
UHYHDOHG�WKDW�WKHUH�PD\�EH�GR]HQV�RI�YDULDQWV��LQ�DOO�
VKDSHV�DQG�VL]HV��RIWHQ�LQ�RQH�UHJLRQ��DQG�RYHU�D�
VKRUW�SHULRG�RI�KLVWRULFDO�WLPH����

���.RQQHU�DQG�6KRVWDN���������:LOPVHQ�����������I����DOVR�VHH�
*XHQWKHU���������

����$�FDVH�LQ�SRLQW�LV�WKH�ODWH�-RKQ�0DUVKDOO��ZKR��HPEUDFLQJ�
WKH�ODWWHU�YLHZ��WRWDOO\�UHSXGLDWHG�KLV�SUHYLRXV�URPDQWLF�SHU��
VSHFWLYH�RQ�WKH��.XQJ�LQ�WKH�ODWHU�\HDUV�RI�KLV�FDUHHU�DV�D�
HWKQRJUDSKLF�ILOP�PDNHU��SULPDULO\�RI�WKHVH�LFRQLF�KXQWHU��
JDWKHUHUV��.DSIHU�HW�DO��������7RPDVHOOL�DQG�+RPLDN��������
0DUVKDOO
V�ODWHVW�ILOP�VHULHV���D�ILYH�SDUW�UHWURVSHFWLYH�RQ�
KLV�DQG�KLV�IDPLO\
V�ZRUN�DPRQJVW�WKH�1DPLELDQ��.XQJ�DQG�
WKH�HFRQRPLF�DQG�SROLWLFDO�SURFHVVHV�WKH\�H[SHULHQFHG�IURP�
EHWZHHQ��������������0DUVKDOO���������GRFXPHQWV�WKLV�VKLIW��
HVSHFLDOO\�SDUW����WLWOHG��'HDWK�E\�0\WK���

���6HH�%DUQDUG������E��IRU�D�VXPPDU\�RI�WKH�YROXPLQRXV�
RXWSXW�RI�DUWLFOHV�RQ�WKH�.DODKDUL�'HEDWH��+RZHYHU��WKH�
VXPPDU\�LV�LQFRPSOHWH��DV�WKH�GHEDWH�ZDV�IDU�IURP�RYHU�DW�
WKH�WLPH�RI�%DUQDUG
V�VWRFNWDNLQJ��)RU�DQ�H[DPLQDWLRQ�RI�WKH�
GHEDWH�LQ�WKH�FRQWH[W�RI�ZLGHU�DQWKURSRORJLFDO�WKHRU\�VHH�
.XSHU��������

���/HH���������.HQW���������*XHQWKHU������E�����������I����

���.XSHU���������.HQULFN�DQG�/HZLV���������%DUQDUG���������
���%DUQDUG�����������������%XUFK�����������������.HOO\�

���������������.HQW������������
���$V�,�KDYH�VKRZQ�DPRQJ�WKH�1DUR�6DQ�RI�ZHVWHUQ�%RWVZD��

QD��RQ�WKH�EDVLV�RI�HWKQRKLVWRULFDO�UHVHDUFK��*XHQWKHU�������
����D����������������������
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&XUUHQW�,VVXHV�DQG�)XWXUH�'LUHFWLRQV�LQ�+XQWHU�*DWKHUHU�6WXGLHV� ����

,Q�DGGLWLRQ�WR�GLUHFWLQJ�WKH�ILHOG
V�IRFXV�WR�KLV��
WRU\�DQG�WR�GLYHUVLW\��WKH�RWKHU�WKHRUHWLFDO�GHYHO��
RSPHQW�WKDW�DURVH�IURP�WKH�UHYLVLRQLVW�FKDOOHQJH�
LV�WKDW�LW�EURXJKW�DERXW�VRPH�VLJQLILFDQW�VKLIWV�LQ�
WKH�WKHRUHWLFDO�SHUVSHFWLYH�LQ�KXQWHU�JDWKHUHU�VWXG��
LHV��,QVWHDG�RI�H[SODLQLQJ�QRPDGLVP��VKDULQJ��HJDO��
LWDULDQLVP���IDPLOLVWLF��JURXS�OLIH��ODFN�RI�VWDWXV�
GLIIHUHQWLDWLRQ�DQG�OHDGHUVKLS��JURXS�RSHQQHVV�LQ�
WHUPV�RI�WKH�DGDSWLYH�DQG�RUJDQL]DWLRQDO�G\QDPLFV�
RI�WKH�IRUDJLQJ��RU�FRPPXQDO�PRGH�RI�SURGXFWLRQ��
WKHVH�IHDWXUHV�DUH�H[SODLQHG��E\�WKH�LQWHUGHSHQGHQW�
PRGHO��LQ�WHUPV�RI�VXFK�VRFLDO�FRQGLWLRQV�RU�SUR��
FHVVHV�DV�PDUJLQDOLW\��FODVV��HWKQLFLW\��UHODWLYH�GH��
SULYDWLRQ��ODEHOLQJ�WKHRU\��DV�ZHOO�DV�LGHQWLW\�SROL��
WLFV�DQG�ZRUOG�V\VWHPV�WKHRU\��5DR�������*ULQNHU�
������������7KHRUHWLFDOO\�DQG�VXEVWDQWLYHO\��WKH�
ILHOG�KHUH�ILQGV�LWVHOI�LQ�WKH�WHUUDLQ�RI�WKH�VRFLRORJLVW�
DQG�WKH�SROLWLFDO�HFRQRPLVW��DV�WKH�DQDO\WLFDO�IRFXV�
VKLIWV�IURP�DERULJLQDO�WULEDLV�WR�PDUJLQDOL]HG�SUR��
OHWDULDQV��%\�VR�ZLGHQLQJ�WKH�WKHRUHWLFDO�VFRSH�RI�
KXQWHU�JDWKHUHU�VWXGLHV��RWKHU�JURXSV�FDQ�EH�DGPLW��
WHG�WR�WKH�IRUDJHU�IROG��IURP�FRQWHPSRUDU\�-DSDQHVH�
LQVKRUH�ZKDOHUV��,ZDVDNL�*RRGPDQ�DQG�)UHHPDQ�
������DQG���WK��WR���WK�FHQWXU\�1HZIRXQGODQG�
FRORQLVWV��6PLWK��������WKURXJK�VLPSOH�KRUWLFXO��
WXUDOLVWV�LQ�JHQHUDO����WR�VRFLDO�PDUJLQDOV�LQ�)LUVW�
:RUOG��DQG�RWKHU��XUEDQ�UHJLRQV��VXFK�DV�YDJDERQGV�
DQG�EDJ�ODGLHV��SDQ�KDQGOHUV�DQG�EHJJDUV��VWUHHW�
SHRSOH���XUEDQ�QRPDGV���DQG�J\SVLHV��7KH\�RF��
FXS\�ZKDW�WKH�*HUPDQ�DQWKURSRORJLVW�$SDUQD�5DR�
GXEV�WKH��SHULSDWHWLF�QLFKH��������������������DQG�
$ODQ�%DUQDUG������������UHIHUV�WR�DV�WKH�VDQ�LQ�
DQ\�FLW\��+HUH�5DR�SRLQWV�WR�VXFK�VWUXFWXUDO�SDUDO��
OHOV�EHWZHHQ�KXQWHU�JDWKHUHUV�DQG�XUEDQ�SHULSDWHW��

LFV�DV�D�QRPDGLF�OLIHVW\OH��RSSRUWXQLVWLF�IRUDJLQJ��
ORZ�OHYHO�WUDGH�RU�VSRUDGLF�ZRUN��VRFLDO�DQG�HFR��
QRPLF�GHSHQGHQF\��ORZ�VRFLDO�VWDWXV��SHUVRQDO�DX��
WRQRP\��ORRVH�FRQQHFWLRQ�RI�WKH�LQGLYLGXDO�WR�D�
FROOHFWLYLW\�DQG��DV�D�FULWHULRQ�QRW�RIWHQ�QRWHG�E\�
VWXGHQWV�RI�WULEDO�KXQWHU�JDWKHUHUV��DOWKRXJK�IUH��
TXHQWO\�SUHVHQW���GHHPHG�E\�PHPEHUV�RI�WKH�ZLGHU�
VRFLHW\�WR�KROG�ULWXDO�SRZHU��IRU�ZKLFK�WKH\�DUH�
HLWKHU�HVWHHPHG�DQG�VRXJKW�RXW��RU�GHPRQL]HG��RU�
FULPLQDOL]HG��5DR����������������,QFLGHQWDOO\��
DQRWKHU�WULEH�WR�EH�LQFOXGHG�ZLWKLQ�WKH�UDQNV�RI�
XUEDQ��DQG�RFFDVLRQDOO\�SHULSDWHWLF���HUVDW]�QHR��
IRUDJHUV���DFFRUGLQJ�WR�RQH�UHVHDUFKHU
V�WRQJXH�LQ��
FKHHN�VXJJHVWLRQ��+DQVHQ��������DUH�DFDGHPLFV��
PDQ�WKH�KXQWHU�LV�KHUH�VHHQ�WR�EH�HQJDJHG�LQ�WKH�H[��
FLWLQJ�DQG�H[DOWHG��KLJK�VWDWXV��KLJK�ULVN��\HW�ORZ��
\LHOG�LQWHOOHFWXDO�VXEVLVWHQFH�WDVN�RI�UHVHDUFK��ZKLOH�
DFDGHPLF�ZRPDQ��WKH�JDWKHUHU
V�WDVN��LV�KXP�GUXP��
ORZ�VWDWXV��ORZ�ULVN��KLJK�\LHOG�WHDFKLQJ��

$SDUW�IURP�WKHVH�WKHRUHWLFDO�VSLQ�RIIV�IURP�WKH�
UHYLVLRQLVP�GHEDWH��WKHUH�KDYH�DOVR�EHHQ�PHWKRG��
RORJLFDO�GHYHORSPHQWV�LQ�WKH�ILHOG��,W�KDV�WULJJHUHG�
D�QHZ�VZHHS�RI�ILHOGZRUN��DV�ZHOO�DV�SUHYLRXVO\�
QHJOHFWHG�HWKQRKLVWRULFDO�DQG�DUFKLYDO�ZRUN��%XUFK�
������������LQ�RUGHU�WR�FKHFN�DQG�UHFKHFN�WKH�HP��
SLULFDO�UHFRUG��RU�WR�DGG�QHZ�LQIRUPDWLRQ�WR�LW��
7KLV�UHYLVLRQLVW�WULJJHUHG�UHYLHZ�DQG�UHFKHFN�RI�
WKH�HWKQRJUDSKLF�EDVH�KDV�GRXEWOHVV�H[SDQGHG�WKH�
VDPH��DV�ZHOO�DV�UHQGHUHG�LW�PRUH�DFFXUDWH��7KH�
ILHOGZRUN�LQFOXGHV�FROOHFWLQJ�RUDO�KLVWRULHV��H�J���
/HH��������DV�ZHOO�DV�PDSSLQJ�EDQG�WHUULWRULHV��DW�
WLPHV�ZLWK�DFFXUDWH��KLJK�WHFK�*36��*HRJUDSKLF�
3RVLWLRQLQJ�6\VWHP��LQVWUXPHQWV�DQG�*,6��*HR��
JUDSKLF�,QIRUPDWLRQ�6\VWHPV��PDSSLQJ�WHFKQLTXHV��
IUHTXHQWO\�ZLWK�WKH�HQOLVWHG�KHOS�RI�H[SHUWV��

7KH��,QVLGHUV
�9LHZ���3ROLWLFDO�DQG�&XOWXUDO�

7KH�ODVW��PDSSLQJ�RI�WUDGLWLRQDO�EDQG�WHUULWRULHV�
DQG�UHVRXUFH�QH[XVHV��PD\�EH�D�WDVN�D�UHVHDUFKHU�
WRGD\�PD\�FDUU\�RXW�IRU�UHDVRQV�WKDW�DUH�RWKHU�
WKDQ�DFDGHPLF��,QVWHDG��KH�RU�VKH�PD\�FRQGXFW�
VXFK�UHVHDUFK�DW�WKH�EHKHVW�RI�D�SROLWLFDOO\�RUJD��
QL]HG�KXQWHU�JDWKHUHU�JURXS��RU�DQ�DGYRFDF\�RUJD��
QL]DWLRQ��6XFK�ZDV�WKH�FDVH��IRU�H[DPSOH��DPRQJ�
WKH�'HQH�RI�QRUWKZHVWHUQ�&DQDGD��$VFK�������
DQG�WKH�-X�
KRDQVL�DQG��*ZL�DQG�*��DQD�RI�1\DH�
1\DH�DQG�WKH�&HQWUDO�.DODKDUL�*DPH�5HVHUYH��%R��
GHQ����������I���6PLWK�HW�DO�������������UHVSHFWLYHO\��
7KLV�EULQJV�XV�WR�D�QHZ�GLUHFWLRQ�LQ�KXQWHU�JDWK��
HUHU�VWXGLHV��WKH�LQYROYHPHQW�RI�WKH�SHRSOH�WKHP��
VHOYHV��LQ�WKH�UHVHDUFK��EH�LW��SXUH��RU��DSSOLHG���
*LYHQ�WKHLU�VWDWXV�DV�HWKQLF�PLQRULWLHV��LQ�VWDWH�VRFL��
HWLHV�WKDW�IUHTXHQWO\�RSSUHVV��H[SORLW��RU�H[SURSULDWH�

���5R\�(OOHQ���������LQ�D�VWXG\�RI�WKH��VPDOO�VFDOH�VRFLDO�IRU��
PDWLRQ��EDVLFDOO\�RI�KXQWHU�JDWKHUHUV��GHDOV�ZLWK�WKH�HOX��
VLYHQHVV�RI�WKH�SUDFWLFDO�DQG�FRQFHSWXDO�ERXQGDU\�EHWZHHQ�
IRUDJLQJ�DQG�FXOWLYDWLRQ��ERWK�RI�ZKLFK�PD\�VSRUDGLFDOO\�RU�
F\FOLFDOO\�HQJDJH�LQ�WKH�RWKHU�VXEVLVWHQFH�DFWLYLW\��)RZOHU�
DQG�7XUQHU������������GHVFULEH�WKH�YDULRXV�ZD\V�KXQWHU��
JDWKHUHUV�KDYH��GRPHVWLFDWHG��WKHLU�HQYLURQPHQW�ZLWKRXW�
DFWXDOO\�KDYLQJ�GRPHVWLFDWHG�VSHFLILF�VSHFLHV�RI�SODQWV�RU�
DQLPDOV��7KH�IDFW�WKDW�IRUDJHUV�JHQHUDOO\�PDQDJH�WKHLU�UH��
VRXUFH�EDVH�LQ�VRPH�IDVKLRQ��YL]���ILUH�HFRORJ\���WKXV�IXUWKHU�
UHGXFHV�WKH�IRUDJHU�FXOWLYDWRU�GLVWLQFWLRQ��+DYLQJ�HVFKHZHG�
WKH��IHWLVK�RI�IRUDJLQJ���0\HUV�������������WKH�VXEVLVWHQFH��
LQIRUPHG�KXQWHU�JDWKHUHU�IRUDJHU�FDWHJRU\�KDV��LQ�D�VHQVH��
GLVVROYHG�LQWR�D�QRQ�FDWHJRU\��7R�DQ�H[WHQW�WKLV�LV�HYLGHQW�
LQ�5REHUW�.HOO\
V�UHFHQW�ERRN�RQ�KXQWHU�JDWKHUHU�GLYHU��
VLW\���������ZKLFK��LWV�WLWOH����7KH�)RUDJLQJ�6SHFWUXP����
QRWZLWKVWDQGLQJ��LQFOXGHV�ZLWKLQ�LWV�VFRSH�D�QXPEHU�RI�KRU��
WLFXOWXUDO�VRFLHWLHV��6R�GRHV�:RRGEXUQ
V��GHOD\HG�UHWXUQ��
KXQWHU�JDWKHUHU�FDWHJRU\��DV�GR�WKH�WZR�HGLWHG�YROXPHV�WKDW�
ZHUH�UHFHQWO\�SXEOLVKHG�E\�UHVHDUFKHUV�LQVSLUHG�E\�KLV�ZRUN�
�:LGORN�DQG�7DGHVVH�����D������E���ZKLFK�LQFOXGH�QXPHU��
RXV�FRQWULEXWLRQV�E\�UHVHDUFKHUV�RQ�QRQIRUDJLQJ�HJDOLWDULDQ��
VPDOO�VFDOH�VRFLHWLHV��
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���� 0DWKLDV�*XHQWKHU�

WKHP�DQG�UHQGHU�WKHP��VRFLHWLHV�LQ�GDQJHU������VXFK�
UHVHDUFK�LV�YLWDOO\�QHFHVVDU\��DV�DUH�DWWLWXGHV�DQG�
DFWLRQV�RI�HQJDJHPHQW�DQG�DGYRFDF\�RQ�WKH�SDUW�
RI�DQWKURSRORJLVWV��1RW�RQO\�DUH�VXFK�DWWLWXGHV�DQG�
DFWLRQV�D�PDWWHU�RI�WKH�UHVHDUFKHU
V�RZQ�FRQVFLHQFH��
WKH\�KDYH�DOVR�EHFRPH�H[SHFWDWLRQV�RQ�WKH�SDUW�
RI�WKH��SRVW�IRUDJLQJ�SHRSOH�ZKRP�WKH�UHVHDUFKHU�
KDV�FRPH�WR�VWXG\�DQG�ZKR�UHMHFW�WKH�VWDWXV�DV�
SDVVLYH�UHVHDUFK�VXEMHFWV�YLV�¢�YLV�WKH�YLVLWLQJ�DQ��
WKURSRORJLVW��+XQWHU�JDWKHUHU�SHRSOH��� OLNH�RWKHU�
�LQGLJHQRXV��SHRSOHV�HYHU\ZKHUH�LQ�WKH�ZRUOG��HV��
SHFLDOO\�VLQFH�WKH�����V��WKH�81�GHFODUHG��'HFDGH�
RI�,QGLJHQRXV�3HRSOHV����DUH�QRZ�EHFRPLQJ�DFWLYH�
SDUWLFLSDQWV�LQ�WKH�UHVHDUFK�RI�DQWKURSRORJLVWV�DQG�
RWKHU�UHVHDUFKHUV��7KDW�UHVHDUFK�LV�QRZ�UHJDUGHG�
DV�EHLQJ�QR�ORQJHU�DERXW�WKHP��EXW�LV�H[SHFWHG�WR�
EH�IRU�WKHP��DQG�IUHTXHQWO\�DOVR�ZLWK�WKHP��DW�WKHLU�
LQVWUXFWLRQV��XQGHU�WKHLU�GLUHFWLRQ��DQG�LQ�OLQH�ZLWK�
WKHLU�DJHQGDV��2QH�VWULNLQJ�H[DPSOH�LV�WKH�UHFHQWO\�
SXEOLVKHG��9RLFHV�RI�WKH�6DQ��SURMHFW�WKDW�GUHZ�LQ�
6DQ�LQGLYLGXDOV�IURP�HLJKW�ODQJXDJH�FRPPXQLWLHV�
IURP�IRXU�FRXQWULHV�RI�VRXWKHUQ�$IULFD��ZKR�ZHUH�
LQWHUYLHZHG�RYHU�D�VSDQ�RI�VHYHUDO�\HDUV��WR�WHOO�
WKH�ZRUOG�DERXW�WKHLU�LVVXHV�DQG�SUREOHPV��KRSHV�
DQG�DVSLUDWLRQV��LQ�DQ�LQWHUQDWLRQDOO\�SXEOLVKHG�
ZRUN��/H�5RX[�DQG�:KLWH��������5LFKDUG�/HH
V�
DQG�5LFKDUG�'DO\
V�UHFHQWO\�SXEOLVKHG�PRQXPHQWDO�
�&DPEULGJH�(QF\FORSHGLD�RI�+XQWHUV�DQG�*DWKHU��
HUV��KDV�FRQWULEXWLRQV�E\�OLWHUDWH�KXQWHU�JDWKHUHUV��
LQFOXGLQJ�WKH�-X�
KRD�OHDGHU�DQG�HGXFDWLRQ�RIIL��
FHU�.[DR�5R\DO��R�RR��7KH�6DQ��DORQJ�ZLWK�KXQW��
HU�JDWKHUHUV�DQG�LQGLJHQRXV�SHRSOHV���HVSHFLDOO\�
$PD]RQLDQ�,QGLDQV��7XUQHU�������5DEEHQ���������
HOVHZKHUH��DUH�EHFRPLQJ�HGXFDWHG��SROLWLFDOO\�DOHUW��
DQG�DVWXWH�DQG�DZDUH�RI�WKHLU�SODFH�LQ�WKH�ZLGHU�
VRFLHW\�DQG�QDWLRQ�VWDWH��0RUHRYHU��WKH\�DUH�DZDUH�
RI�WKH�DQWKURSRORJLFDO�HQWHUSULVH�JRLQJ�RQ�LQ�WKHLU�
PLGVW��LWV�GHVFULSWLRQ�DQG�LQVFULSWLRQ�HLWKHU�RI�WKHLU�
FXOWXUH�RU�KHULWDJH��RU�RI�WKHLU�KLVWRU\�DQG�SROLWLFDO�
DFWLYLWLHV��7KH\�PD\��LQ�IDFW��EH�FULWLFDO�RI�WKDW�HQ��
WHUSULVH��HVSHFLDOO\�WKH�ODWWHU�VHW�RI�UHVHDUFK�WRSLFV��
HVSHFLDOO\�LQ�LWV�PRGHUQLVW�RU�SRVWPRGHUQLVW�PRGHV��
RI�GHSLFWLQJ�KXQWHU�JDWKHUHU�SHRSOH�DV�HLWKHU�KLV��
WRU\
V�RU�WKH�ZRUOG
V�SDVVLYH��VLQQHG�DJDLQVW��YRLFH��
OHVV��YLFWLPL]HG�SXSSHWV���0HGLFLQH�������[LLL���RU�
DV�GXSHV�DQG�SDZQV�ZLWKLQ�WKH�SRZHU�SOD\V�RI�WKH�
HQFRPSDVVLQJ�VWDWH�DQG�ZRUOG�FDSLWDO��%XUFK�DQG�
(OODQQD�����D�����,I���.DW]�HW�DO������������������

7KH\�PD\�DOVR�EH�SDUWLFLSDQWV�LQ�HWKQRJUDSKLF�
RU�DUFKDHRORJLFDO�SURMHFWV��RU�WKH\�PD\�EH�HQOLVWHG�
WR�WHOO�WKHLU�OLIH�VWRULHV��LQWR�WKH�FDVVHWWH�UHFRUGHU�
RU�ILOP�FDPHUD�RI�WKH�UHVHDUFKHU��ZKR�ZLOO�WKHQ�

SURGXFH�D�ERRN�RU�ILOP�RQ�KLV�RU�KHU�OLIH�DQG�SHR��
SOH
V�OLIHZD\V��$�UHFHQW�6DQ�H[DPSOH��GUDZQ�\HW�
DJDLQ�IURP�WKH�6DQ��LV�WKH�UHPDUNDEOH�VWXG\�RQ�
WKH�SROLWLFDOO\�HPSRZHULQJ�HIIHFWV�RI�WKH�WUDQFH�
GDQFH�RQ�WKH��.DH��.DH�-X�
KRDQVL��ZKLFK�ZDV�ZULW��
WHQ�ZLWK�WKH�FORVH�FROODERUDWLRQ�RI�WKH�SHRSOH�RI�
�.DH��.DH�YLOODJH��HVSHFLDOO\�WKH�WUDQFH�GDQFHUV�
�.DW]�HW�DO���������6XFK�VWXGLHV�PD\�EH�DOWRJHWKHU�
LQ�WKH�KXQWHU�JDWKHUHU�SHUVRQ
V�RZQ�YRLFH��VXFK�
DV�WKH�6DQ�ZRPHQ�1�LVD��6KRVWDN��������1 DL�
�0DUVKDOO�������9RONPDQ��������DQG�1�DPNZD�
�+HLQ]�DQG�/HH�������RU�WKH�$WKDSDVNDQ�DQG�7OLQ��
JLW�ZRPHQ�$QJHOD�6LGQH\��.LWW\�6PLWK��DQG�$QQLH�
1HG��&UXLNVKDQN��������7KHVH�DEVRUELQJ�DQG�H[��
SDQVLYH�OLIH�VWRU\�IRFXVHG�ZRUNV�KDYH�XQGHUVFRUHG�
MXVW�KRZ�ZHOO�GHILQHG��DXWRQRPRXV��DQG�LQGLYLGX��
DWHG�WKH�SHUVRQDOLW\�RI�WKH�LQGLYLGXDO�SHUVRQ�LV�LQ�
VXFK�VRFLHWLHV��*DUGQHU��������2WKHU�1RUWK�$PHU��
LFDQ�H[DPSOHV�RI�VXFK�KXPDQLVWLFDOO\�DQG��HPL��
FDOO\��FDVW�ZRUNV�RQ�YDULRXV�GRPDLQV�RI�KXQWHU��
JDWKHUHU�H[SUHVVLYH�FXOWXUH���VRPH�RI�WKHP�ZULWWHQ�
E\�LQGLJHQRXV�DXWKRUV���DUH�DQ�H[SORUDWLRQ�RI��WKH�
SDWKV�WR�NQRZOHGJH��RI�WKH�%HDYHU�,QGLDQV��5LG��
LQJWRQ�������������DQG�WKH��PDSV�DQG�GUHDPV��RI�
WKH�VDPH�SHRSOH��%URG\��������DQG�D�GHFLSKHULQJ�
RI�WKH�URFN��ZULWLQJV��DQG�DUW�RI�WKH�6WHLQ�5LYHU�
9DOOH\��<RUN�HW�DO���������7KHVH�ZRUNV��DQG�RWKHUV�
OLNH�WKHP��/HH�������/HH�DQG�'DO\�����������KDYH�
VHQVLWLVHG�DQWKURSRORJLVWV�WR�WKH��QDWLYH��RU�VXEDO��
WHUQ��SHUVSHFWLYH��DQG�KDYH�EURXJKW�WKH��KXPDQLV��
WLF��DSSURDFK�WR�KXQWHU�JDWKHUHU�VWXGLHV��FRQVLVWLQJ��
DFFRUGLQJ�WR�)UHG�0\HUV��RI�VWXGLHV�WKDW�HPSKD��
VL]H��KHUPHQHXWLF�DQG�PHDQLQJIXO�LQWHUSUHWDWLRQ�RI�
LQVLGHUV
�YLHZV��UHIOH[LYH�ZRUNV��DQG�WKH�DGYRFDF\�
UHVHDUFK�RI�SROLWLFDO�HQJDJHPHQW�RIWHQ�XQGHUWDNHQ�
RQ�EHKDOI�RI�KXQWHU�JDWKHUHUV���������������

&ORVLQJ�WKH�6\PEROLF�*DS�

7KH�GHYHORSPHQWV�MXVW�GLVFXVVHG�EULQJ�XV�WR�DQRWK��
HU�UHFHQW�GHYHORSPHQW���DQG�FRUUHFWLYH���LQ�KXQW��
HU�JDWKHUHU�VWXGLHV��WKH��EH\RQG�HFRORJ\��PRYH��,W�
LV�D�PRYH�DZD\�IURP�PDWHULDOLVP�DQG�WKH�UHTXL��
VLWH��ERWWRP�XS��DQDO\VLV�RI�KXQWHU�JDWKHUHU�VRFL��
HW\�DQG�FXOWXUH��ZKLFK�KDV�GRPLQDWHG�DQG�FRQILQHG�
WKH�WKHRUHWLFDO�DJHQGD�RI�VR�PDQ\�UHVHDUFKHUV��WR�
LGHRORJ\�DQG�D��WRS�GRZQ��PRGH�RI�DQDO\VLV����

���0LOOHU���������VHH�DOVR�'\FN���������+LWFKFRFN������D���/HH�
��������%RGOH\���������

���0\�RZQ�UHFHQW��������VWXG\�RI�%XVKPDQ�UHOLJLRQ�DQG�LWV�
DUWLFXODWLRQ�ZLWK�%XVKPDQ�VRFLHW\�DQG�WKH�IRUDJLQJ�HWKRV�
LV�DQ�H[DPSOH��:KHQ�GHDOLQJ�ZLWK�VRFLDO�DQG�FRVPRORJLFDO�
VWUXFWXUH�LQ�KLV�FRPSDUDWLYH�VWXG\�RI�.KRLVDQ�VRFLHW\�DQG�
FXOWXUH��$ODQ�%DUQDUG��WRR��DGYDQFHV�D�VLPLODU�DSSURDFK��
WR�UHYHUVH�WKH�PDWHULDOLVW�HPSKDVLV�RQ��EDVH��RYHU��VXSHU��
VWUXFWXUH��DQG�UHJDUG�WKH�ODWWHU�DV��D�GHHS�FXOWXUDO�VWUXFWXUH��
�%DUQDUG�����D�������KLV�HPSKDVLV���
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&XUUHQW�,VVXHV�DQG�)XWXUH�'LUHFWLRQV�LQ�+XQWHU�*DWKHUHU�6WXGLHV� ����

:H�VKRXOG�QRWH�WKDW�WKLV�FKDUDFWHUL]DWLRQ�RI�KXQW��
HU�JDWKHUHU�UHVHDUFK��DV�H[FHVVLYHO\�PDWHULDOLVWLF��
GRHV�QRW�DSSO\�HTXDOO\�WR�WKH�HQWLUH�UHVHDUFK�ILHOG��
,W�LV�SURPLQHQW�LQ�PDQ\�RI�WKH�VWXGLHV�RQ�1RUWK�
$PHULFDQ�KXQWHU�JDWKHUHUV��� WKH�OHJDF\�RI�VXFK�
UHVHDUFKHUV�DV�6SHFN��6WHZDUG��DQG�6HUYLFH���DQG�
LW�DSSOLHV�HVSHFLDOO\�WR�WKH�%XVKPHQ��*XHQWKHU�
������������DORQJ�ZLWK�RWKHU�$IULFDQ�JURXSV��,W�
LV�PXFK�OHVV�RI�D�SUREOHP�LQ�WKH�ILHOG�RI�$XV��
WUDOLDQ�$ERULJLQDO�VWXGLHV��DV�DPRQJVW�WKHVH�KXQW��
HU�JDWKHUHUV�WKH�P\WKRORJLFDO�DQG�P\VWLFDO�VSKHUH�
LV�VXFK�D�SDOSDEOH�SUHVHQFH��ZLWKLQ�QRW�MXVW�WKH�
ULWXDO�FXOWXUDO�GRPDLQ��EXW�DOVR�WKH�HFRORJLFDO�DQG�
VRFLDO�RQH��WKDW�LW�FRXOG�QRW�EH�PLVVHG�E\�HYHQ�
WKH�PRVW�KDUG�QRVHG�VFLHQWLVW�HWKQRJUDSKHU��$Q��
RWKHU�KXQWHU�JDWKHUHU�FZP�KRUWLFXOWXUDOLVW�FRQWLQ��
JHQW�DPRQJVW�ZKRP�WKHUH�H[LVWV�D�ULFK�UHFRUG�RQ�
P\WK�DQG�FRVPRORJ\�LV�$PD]RQLD��WKDQNV�WR�WKH�
P\WKR�ORJLFDO�ODERXUV�RI�&ODXGH�/«YL�6WUDXVV�DQG�
WKRVH���RQ�$FKXDU�FRVPRORJ\�DQG�RQWRORJ\���RI�
KLV�VWXGHQW�3KLOLSSH�'HVFROD�����������7KH�ODWWHU��
LQ�KLV�ODWHVW�LQWHOOHFWXDO�WRXU�GH�IRUFH���������KDV�
H[SDQGHG�DQG�UHILQHG�KLV�KHUPHQHXWLFDO�SURELQJV�
RI�$FKXDU�FRVPRORJ\�E\�GHYHORSLQJ�DQ�HQFRPSDVV��
LQJ�IRXU�IROG�WD[RQRP\�RI�RQWRORJLHV����WRWHPLVP���
�DQLPLVP����DQDORJLVP����QDWXUDOLVP����WKDW�PRYHV�
EH\RQG�$PD]RQLD�DQG�KXQWHU�JDWKHUHU�FXOWXUHV�WR�
KXPDQ�FXOWXUH�LQ�JHQHUDO��0RUHRYHU��1RUWK�$PHU��
LFDQ�UHVHDUFKHUV��QRWZLWKVWDQGLQJ�WKLV�ILHOG
V�HFR��
ORJLFDO�OHJDF\��KDYH�PRUH�UHFHQWO\�RIIHUHG�D�IHZ�
VWXGLHV�WKDW�SUREH�WKH�P\WKRORJLFDO�DQG�H[SUHVVLYH��
DV�ZHOO�DV�ULWXDO��7DQQHU�������UHDOPV�RI�WKHLU�UH��
JLRQ
V�KXQWHU�JDWKHUHU�SHRSOHV��7KH�IRUPHU�ZHUH�
UHIHUUHG�WR�LQ�WKH�SDUDJUDSK�DERYH��<HW��WKH�HWKQR��
JUDSKLF�UHFRUG�RQ�KXQWHU�JDWKHUHUV�JHQHUDOO\�KDV��
XQWLO�UHFHQWO\��UHYHDOHG�D�QRWLFHDEOH��V\PEROLF�JDS��
�*XHQWKHU�������������,W�LV�QRZ�IDVW�EHLQJ�ILOOHG��
E\�VWXG\�XSRQ�VWXG\�RQ�ULWXDO��P\WK��FRVPRORJ\��
IRONORUH��PXVLF��DQG�DUW����$UFKDHRORJLVWV��WRR��HV��

SHFLDOO\�WKRVH�XQGHU�WKH��SRVW�SURFHVVXDO��LQIOX��
HQFH�RI�FRJQLWLYH�DUFKDHRORJLVWV�OLNH�,DQ�+RGGHU��
KDYH�H[SDQGHG�DQG�LQWHQVLILHG�WKHLU�H[DPLQDWLRQ�RI�
WKH�V\PEROLF�DQG�H[SUHVVLYH�GRPDLQV�RI�SDVW�FXO��
WXUHV��$V�QRWHG�DERYH��IRRWQRWH�����WKLV�DSSOLHV�
HVSHFLDOO\�WR�FDYH�DQG�URFN�DUW��WKH�VWXG\�RI�ZKLFK�
KDV�H[SDQGHG�JUHDWO\��DV�ZHOO�DV�KDYLQJ�EHFRP��
LQJ�HYHU�PRUH�SURELQJ�DQDO\WLFDOO\��ZLWK�UHVSHFW�WR�
WKH�V\PEROLF��SKHQRPHQRORJLFDO��DQG�KHUPHQHXWL��
FDO�SDUDPHWHUV�WKDW�DUH�FRQVLGHUHG�LQ�LWV�DQDO\VLV����

$SDUW�IURP�VWXGLHV�WKDW�GHDO�GLUHFWO\�ZLWK�RQH�
RU�VHYHUDO�RI�WKH�GRPDLQV�RI�UHOLJLRXV�RU�H[SUHVVLYH�
FXOWXUH��WKHUH�LV�D�EDVLF�FRQFHSWXDO�ZD\�LQ�ZKLFK�
KXQWHU�JDWKHUHU�VWXGLHV�KDYH�PRYHG�EH\RQG�HFRO��
RJ\��7KLV�LV�WKH��GH�PDWHULDOL]DWLRQ��RI�WKH�FRQ��
FHSWV�RI�IRUDJLQJ�DQG�KXQWLQJ�DQG�JDWKHULQJ��EH��
\RQG�IDFWRUV�RI�VXEVLVWHQFH�DQG�PRGHV�RI�SURGXF��
WLRQ��:KLOH�:RRGEXUQ
V�GXDO�FDWHJRU\��LPPHGLDWH��
GHOD\HG�UHWXUQ��KXQWHU�JDWKHUHUV�VWLOO�LV�GHILQHG�SUL��
PDULO\�LQ�WHUPV�RI�UHODWLRQV�RI�SURGXFWLRQ�DQG�VLJ��
QLILFDQFH�RI�SURSHUW\��KLV�EURDGHU�FDWHJRU\���HJDOL��
WDULDQ�VRFLHWLHV����������JUHDWO\�H[SDQGV�WKH�VRFLDO�
DQG�LGHRORJLFDO�SDUDPHWHUV�RI�KXQWHU�JDWKHUHU�VR��
FLDO�IRUPDWLRQV��6R�GRHV�5R\�(OOHQ
V���������VPDOO��
VFDOH�VRFLDO�IRUPDWLRQ��DQG�5LFKDUG�/HH
V��FRP��
PXQDO�PRGH�RI�SURGXFWLRQ���7KLV�KH�GHYHORSHG�LQ�
WKH�����V��UHSODFLQJ�KLV�SUHYLRXVO\�FKHULVKHG��IRU��
DJLQJ�PRGH�RI�SURGXFWLRQ���������DQG�HYHQ�HDUOLHU�
�QRPDGLF�VW\OH���/HH�DQG�'H9RUH��������7KH�FRQ��
FHSW�EHFDPH�\HW�PRUH�UHPRYHG�IURP�VXEVLVWHQFH�
LQ�LWV�IRXUWK�DQG�ILQDO�FRQFHSWXDO�LQFDUQDWLRQ��DV�
�SULPLWLYH�FRPPXQLVP�����

7R�RQH�UHVHDUFKHU��7LP�,QJROG��KXQWLQJ�DQG�JDWK��
HULQJ�DUH�QRW�VR�PXFK�LQVWUXPHQWDO�WHFKQLTXHV�RU�
DFWLRQV�RI�VXEVLVWHQFH�SURFXUHPHQW�DV�WKH\�DUH�LQ��
WHQWLRQDO�DFWV�WKDW�DUH��VRFLDOO\�GLUHFWHG����� LQ�
ZKLFK�KXPDQ�EHLQJV�SXUSRVLYHO\�
WDNH�KROG
�RI�
WKH�UHVRXUFHV�RI�WKHLU�HQYLURQPHQWV���,QJROG�������
������$PRQJ�IRUDJHUV��DFFRUGLQJ�WR�,QJROG���WKH�
VRFLDO�UHODWLRQV�WKHPVHOYHV�ERWK�FRQVWLWXWH�DQG�
FKDUDFWHUL]H�WKH�SUDFWLFDO�DFWLYLWLHV�RI�KXQWLQJ�DQG����7R�VRPH�H[WHQW�WKHVH�DUH�QHXWUDOL]HG�E\�WKH�FXUUHQW�VSDWH�RI�

EHKDYLRXUDO�HFRORJLFDO�UHVHDUFK�RI�6RXWK�$PHULFDQ�IRUDJHUV�
��HVSHFLDOO\�WKH�$FK«��+LOO�DQG�+XUWDGR���������WKDW�JLYH�
VKRUW�VKULIW�WR�WKH�VXSHUVWUXFWXUDO�GRPDLQ��

���:LWK�UHVSHFW�WR�WKH�6DQ��H[DPSOHV�RW�VXFK�ZRUNV�DUH�LYDW]�
��������.DW]�HW�DO����������%LHVHOH���������(QJODQG���������
+HZLWW���������6FKPLGW���������'HDFRQ�DQG�'RZVRQ���������
*XHQWKHU���������������$�IRFXV�RI�H[SDQGHG�UHVHDUFK�RQ�
6DQ�H[SUHVVLYH�FXOWXUH�LV�RQ�URFN�DUW��HVSHFLDOO\�E\�/HZLV��
:LOOLDPV��H�J���/HZLV�:LOOLDPV�������/HZLV��:LOOLDPV�DQG�
'RZVRQ�������/HZLV�:LOOLDPV�DQG�3HDUFH�������DQG�KLV�
DVVRFLDWHV�DQG�VXFFHVVRUV�DW�7KH�5RFN�$UW�5HVHDUFK�,QVWL��
WXWH�DW�WKH�8QLYHUVLW\�RI�WKH�:LWZDWHUVUDQG�LQ�-RKDQQHVEXUJ��
$XVWUDOLDQ�UHVHDUFKHUV��WRR��KDYH�H[SDQGHG�WKHLU�UHVHDUFK�LQ�
WKLV�ILHOG��XQGHU�WKH�DXVSLFHV�RI�WKH�$XVWUDOLDQ�5RFN�$UW�
5HVHDUFK�$VVRFLDWLRQ��$85$���7KH�SDSHUV�IURP�LWV������
FRQIHUHQFH�LQ�$OLFH�6SULQJV�ZHUH�SXEOLVKHG�LQ�%HIRUH�)DUP��
LQJ���������7KH�SRSXODU�ZULWHU�,DQ�:LOVRQ
V�UHFHQWO\�SXE��

OLVKHG��������GLIIXVLRQLVW��$QGDPDQHVH�LVODQGV"�6DKDUD"�
6RXWK�$PHULFD"��F0P��ORVW�ZRUOG��WKHVLV�RQ�WKH�HQLJPDWLF�
DQG�DQFLHQW����SUH�DERULJLQDO�����%UDGVKDZ�SDLQWLQJV��LQ�
WKH�.LPEHUOH\�UHJLRQ�RI�1RUWKZHVW�$XVWUDOLD��KDV�WULJJHUHG�
D�IXULRXV�GHEDWH�DPRQJVW�$XVWUDOLDQ�URFN�DUW�VFKRODUV��DV�
ZHOO�DV��XQFRYHUHG�D�KRUQHW
V�QHVW�RI�$XVWUDOLDQ�VHQVLWLYLWLHV�
DQG�SDUDQRLDV���+DQEXU\�7HQLVRQ������������7KH�GHEDWH�KDV�
JDOYDQL]HG�LQWHUHVW�LQ�$ERULJLQDO�URFN�DUW��PXFK�WKH�VDPH�
ZD\�/HZLV�:LOOLDPV
V��VKDPDQLF�WKHVLV��RQ�6DQ�URFN�DUW��
SUHVHQWHG�LQ�HYHU�PRUH�DFFHVVLEOH�DQG�DWWUDFWLYHO\�SURGXFHG�
ERRNV���������KDV�LQWHQVLILHG�VFKRODUO\��LQGLJHQRXV��DQG�SXE��
OLF�LQWHUHVW�LQ�WKH�VXEMHFW��

���9L]��/HZLV�:LOOLDPV�DQG�'RZVRQ���������'RZVRQ�DQG�
/HZLV�:LOOLDPV���������/HZLV�:LOOLDPV�DQG�&ORWWHV���������
/HZLV�:LOOLDPV���������

���/HH���������VHH�DOVR�%DUQDUG��������DQG�,QJROG��������������
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���� 0DWKLDV�*XHQWKHU�

JDWKHULQJ���������2WKHUV�KDYH�GH�HFRORJLVHG�IRU��
DJLQJ��UDWKHU�WKDQ�KXQWLQJ�DQG�JDWKHULQJ��WUHDWLQJ�
LW�DV�QRW�PHUHO\�D�VXEVLVWHQFH�RU�SURGXFWLRQ�PRGH�
EXW�DV�DQ�HWKRV�RU�LGHRORJ\��WKDW�LQIRUPV�VRFLDO�UH��
ODWLRQV��NLQVKLS��DQG�WKH�FURVV�FXOWXUDO�LQWHUDFWLRQ�
RI�IRUDJHUV�ZLWK�QHLJKERXUV����7KH�QDWXUDO�HQYLURQ��
PHQW�LWVHOI�EHFRPH�LGHDWLRQDO��LQVWHDG�RI�UHJDUGLQJ�
LW�DV�D�PDWHULDO��SUDJPDWLFDOO\�H[SORLWHG�GRPDLQ�RI�
UHVRXUFHV�DQG�ULVNV��LW�LV�VHHQ���LQ�DQ�LGLRP�WKDW�
LV�SDWHUQDOLVWLF�UDWKHU�WKDQ�SUDJPDWLF�DQG�DQLPLVWLF�
UDWKHU�WKDQ�HFRQRPLF�����DV�WKH��JLYLQJ�HQYLURQ��
PHQW��ZKLFK��SURYLGHV�IRU�WKHLU�QHHGV���WR�ZKRP�
LWV�KXQWHU�JDWKHUHUV�GHQL]HQV�VWDQG�LQ�D�UHODWLRQ��
VKLS�RI��FRVPLF�VKDULQJ���ZLWK��KXPDQ�OLNH�UHOD��
WLYHV���%LUG�'DYLG������������������������������
%LUG�'DYLG
V�LGHDV�RQ�WKH��JLYLQJ�HQYLURQPHQW��DUH�
SDUW�RI�D�ZLGHU�GLVFRXUVH��WKDW�ZDV�LQLWLDWHG�E\�7LP�
,QJROG�LQ�WKH�PLG�����V���������RQ�WKH�ODUJHO\�VR��
FLDOO\�FRQVWLWXWHG�FRQFHSWXDOLVDWLRQV�KXQWHU�JDWKHU��
HUV�KROG�RI�QDWXUH���WKH�HQYLURQPHQW��%LUG�'DYLG�
�������������DQLPDOV��,QJROG�>HG�@�������DQG�SODQWV�
�'HVFROD���������DQG�HYHQ�WUHHV�DQG�URDGV���DV�RS��
SRVHG�WR�SDWKV���WKURXJK�WKHP��WKH�0DOD\VLDQ�UDLQ�
IRUHVW���ERWK�RI�ZKRVH��VRFLDO�OLIH��ZDV�H[SORUHG�
E\�D�KXQWHU�JDWKHUHU�UHVHDUFKHU��UHVSHFWLYHO\��5LYDO�
������DQG�7XFN�3R��������
2WKHU�SURFHVVHV�RI�KXQWHU�JDWKHUHU�VRFLHW\��KLWK��

HUWR�H[SODLQHG�LQ�WHUPV�RI�DGDSWDWLRQ�RU�ULVN�PDQ��
DJHPHQW��DUH�JLYHQ�D�SUHGRPLQDQWO\�VRFLDO�JORVV��
IRU�LQVWDQFH�H[FKDQJH��:LHVVQHU��������ZKLFK�LV�
KHOG�WR�EH�QRW�D�VXEVLVWHQFH�RU�HFRQRPLF�DFWLYLW\�
DV�PXFK�DV�D�FRQVWLWXWLYH�SURFHVV�RI�VRFLDO�OLIH��
ZLWK�H[FKDQJH�LWHPV�JRLQJ�EH\RQG�IRRG��WR�VXFK�
WKLQJV�DV�RUQDPHQWV��VWRULHV�DQG�NQRZOHGJH��QDPHV��
VH[XDOLW\��NLWK�DQG�NLQ��0\HUV�������������7KH�W\SH�
RI�H[FKDQJH�WKDW�LV�FDVW�LQ�VXFK�VRFLDO�DQG�PRUDO�
WHUPV��PRUH�QRZ�WKDQ�HYHU�EHIRUH��LV�VKDULQJ���WKH�
PRVW�VRFLDOO\�FKDUJHG�RI�WKH��LQWLPDWH�HFRQRPLHV��
�3ULFH�������:LGORN�DQG�7DGHVVH�����D���7XUQLQJ�
WR�DQRWKHU�EDVLF�VWUXFWXUDO�IHDWXUH�RI�KXQWHU�JDWK��
HUHU�VRFLHW\��IOXLGLW\��LWV�DQDO\VLV��WRR��LV�WDNHQ�EH��
\RQG�HFRORJ\��UDWKHU�WKDQ�KROGLQJ�LW�WR�EH�PRUH�
WKDQ�DQ\WKLQJ�HOVH�DQ�DGDSWLYH�VWUDWHJ\�RI�RSWLPDO�
UHVRXUFH�XWLOL]DWLRQ�LQ�D�PDUJLQDO�HQYLURQPHQW��UH��
VHDUFKHUV�QRZ�UHJDUG�LW�DV�DQ�HFRQRPLF�VWUDWDJHP�
IRU�NHHSLQJ�DW�ED\�FRPSHWLWRUV�IURP�QHLJKERXULQJ�
FDPSV��DPRQJVW�FRPPHUFLDO�IRUDJHUV��%LUG�'DYLG�
�����������RU�D�VWUDWHJ\�IRU�HYDGLQJ�HQHPLHV����$QG�

DPRQJ�WKH�+DG]D��ZKDW�PD\�GULYH�D�PDQ�DQG�KLV�
IDPLO\�DZD\�IURP�D�FDPSVLWH�LV�QLJKWPDUHV���+RZ��
HYHU��LW�LV�DQ�DUJXDEOH�SRLQW�ZKHWKHU�WKLV�IDFWRU�LV�
PDWHULDO���EDG�GLJHVWLRQ���RU�LPPDWHULDO���DFWLYH�
LPDJLQDWLRQ���

'HURPDQWLFL]LQJ�WKH�%XVKPHQ��DQG�2WKHU�
,FRQLF�+XQWHU�*DWKHUHUV��

8QWLO�UHFHQWO\�KXQWHU�JDWKHUHUV�ZHUH�VHHQ�DV�OLYLQJ�
GLVWLQFW�DQG�GLVFUHWH�OLYHV���DV�ZHOO�DV�GLVFUHHW��RU�
LVRODWHG�RQHV��7KHVH�OLYHV�ZHUH�VLJQLILFDQWO\�GLI��
IHUHQW�LQ�WKHLU��TXDOLW\�RI�UHODWHGQHVV��RU��VRFLDO��
LW\���EDVHG�RQ�WUXVW��UDWKHU�WKDQ�GRPLQLRQ��DQG�RQ�
�UHODWLRQV�RI�LQFRUSRUDWLRQ�UDWKHU�WKDQ�H[FOXVLRQ��
�,QJROG�������������$V�ZHOO�WKHUH�DUH�WKH�RQFH�
KDOORZHG�DQG�QRZ��WR�VRPH�H[WHQW��TXHVWLRQHG�RU�
TXDOLILHG�KDOOPDUNV�RI�KXQWHU�JDWKHUHU�VRFLHW\�DQG�
HWKRV�DV�VKDULQJ�DQG�FRRSHUDWLRQ��JHQGHU�DQG�VRFLDO�
HTXDOLW\�DQG�LQGLYLGXDOLW\��QRQ�DFTXLVLWLYHQHVV�DQG�
KXPLOLW\����5HYLVLRQLVWV��DV�QRWHG�DERYH��UHJDUG�WKLV�
PL[�RI�ZKROHVRPH�VRFLDO�DQG�PRUDO�WUDLWV�8WRSLDQ�
DQG�IDQFLIXO��

,Q�SDUW��WKLV�PRUH�VREHU�DQG�VRPEHU�SHUVSHFWLYH�
RQ�WKHVH�SHRSOH�DOVR�ZDV�DVVXPHG�LQGHSHQGHQWO\�RI��
DQG�SULRU�WR�WKH�UHYLVLRQLVW�SDUDGLJP�DQG�WKH�JHQ��
HUDO��GLVFLSOLQH�ZLGH�SRVWPRGHUQLVW�F\QLFLVP�WKDW�LV�
LWV�KDOOPDUN��(GJHUWRQ�������/H%ODQF�DQG�5HJLVWHU�
�������,Q�KXQWHU�JDWKHUHU�VWXGLHV�LW�DURVH�GXULQJ�
WKH�FRXUVH�RI�FRQWLQXLQJ��SRVW��0DQ�WKH�+XQWHU��
ILHOG�UHVHDUFK�DQG�IROORZ�XS�VWXGLHV��VRPH�RI�LW�JHQ��
HUDWHG�WKURXJK�FRQIHUHQFH�QHWZRUNLQJ�DQG�EUDLQ��
VWRUPLQJ��)RU�RQH�WKLQJ�WKLV�QHZ�UHVHDUFK�UHYHDOHG�
WKDW�WKH�XQLYHUVDO�LGHDO�YV��UHDO�GLVFUHSDQF\�ZDV�
IRXQG�DOVR�DPRQJVW�KXQWHU�JDWKHUHUV��VRPHWKLQJ�
WKDW�PD\�KDYH�HVFDSHG�WKH�QRWLFH�RI�VRPH�RI�WKH�HDU��
OLHU�XWRSLD�PLQGHG�UHVHDUFKHUV��)RU�DQRWKHU��IXUWKHU��
DQG�PRUH�EDODQFHG��UHVHDUFK�UHYHDOHG�D�QXPEHU�RI�
LQKHUHQW�FRQWUDGLFWLRQV�DQG�DPELJXLWLHV�LQ�FHUWDLQ�
LQVWLWXWLRQV�DQG�YDOXHV����7XUQLQJ�WR�WKH�.DODKDUL�
DJDLQ��WKH�DOOHJHGO\�SHDFHIXO�DQG��KDUPOHVV��%XVK��
PHQ���WKH��IORZHU�FKLOGUHQ�RI�WKH�.DODKDUL����ZHUH��
RQ�FORVHU�LQVSHFWLRQ��VHHQ�WR�GLVSOD\�D�KLJK�LQFL��
GHQFH�RI�KRPLFLGHV�DQG�VRUFHU\�DFFXVDWLRQV��/HH�
����������I���*XHQWKHU��������,QVWHDG�RI�VROLFLWRXV��
FDULQJ�VKDULQJ��DQWKURSRORJLVWV�QRZ�UHIHU�WR�WKLV�
FHQWUDO�PRGH�RI�H[FKDQJH�DQG�LQWHUDFWLRQ�DV��GH��
PDQG�VKDULQJ���3HWHUVRQ��������$V�DQ�LQVWDQFH��
RI��SUHVFULSWLYH�DOWUXLVP���,QJROG������������XVLQJ����%LUG�'DYLG���������%DUQDUG���������%LHVHOH���������*XHQ��

WKHU�������������������
���OKLV�FRQFHSWXDOL]DWLRQ�LV�QRW�XQOLNH�WKH�RQH�WKH�0EXWL�DUH�

VDLG�WR�KDYH�RI�WKHLU�IRUHVW�HQYLURQPHQW��ZKLFK�WKH\�UHJDUG�
DV�D�SURYLGHQWLDO�SDUHQW��7XUQEXOO��������

���%HQGHU�DQG�0RUULV�������������/HH�DQG�'DO\�����������
+LWFKFRFN������E��������.HOO\�HW�DO���������������

���/HDFRFN���������:RRGEXUQ���������/HH���������������,Q��
JROG���������*DUGQHU���������%RHKP���������

���/HH���������%ULJJV���������%DUQDUG����������I����*XHQWKHU�
���������������
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&XUUHQW�,VVXHV�DQG�)XWXUH�'LUHFWLRQV�LQ�+XQWHU�*DWKHUHU�6WXGLHV� ����

0H\HU�)RUWHV
�V�WHUP��ZKLFK�REYLDWHV�UHFLSURFLW\�
�5LYDO�����������DQG�PD\�EH�SRLQWHG�DQG�SUHV��
VXUHG��DV�ZHOO�DV�DOWRJHWKHU�DV\PPHWULFDO��LW�KDV�
EHHQ�GHVFULEHG�DPRQJ�WKH�$XVWUDOLDQ�$ERULJLQHV�
�3HWHUVRQ�������0DFGRQDOG�������DQG�WKH�+DG]D�
�:RRGEXUQ������������7KH�6DQ��WRR��UHJDUG�VKDULQJ�
DV�DQ��HQWLWOHPHQW��DQG�PD\�EH�VHHQ�YRFLIHURXVO\�
DQG�FDQWDQNHURXVO\�WR�H[DFW�WKH�VDPH�IURP�RQH�
DQRWKHU�WKURXJK�WKH��FRPSODLQW�GLVFRXUVH���5RVHQ��
EHUJ��������6RPH��LQ�IDFW��ILQG�WKH�PRUDO�H[SHFWD��
WLRQ�WR�VKDUH�DQ�LUNVRPH�REOLJDWLRQ��DV�,�REVHUYHG�
DPRQJ�WKH�*KDQ]L�IDUP�%XVKPHQ�RI�%RWVZDQD��
*XHQWKHU�����������������6R�FKDUJHG�ZLWK�WHQVLRQ�
PD\�EH�WKH�DFWLRQ�RI�VKDULQJ�WKDW�LW�PD\�JLYH�ULVH�
WR�SK\VLFDO�ILJKWLQJ�DQG�KRPLFLGH���RU��DPRQJ�WKH�
%XVKPHQ��D�WUDQFH�GDQFH��WR�FRRO�WHPSHUV��*XHQ��
WKHU��������������(JDOLWDULDQLVP�LV�GHVFULEHG�DV�
D�IDFDGH�E\�RQH�.DODKDUL�UHVHDUFKHU��.HQW�������
ZKLOH�DQRWKHU�QRWHV�KRZ�SHRSOH�DUH�FKDILQJ�XQ��
GHU�WKH�XQUHOHQWLQJ�UHTXLUHPHQW�SODFHG�RQ�D�SHUVRQ�
ZLWK�D�VNLOO�SHUVRQDOO\�DQG�FXOWXUDOO\�FKHULVKHG��VD\�
D�KXQWHU��RUDWRU��RU�KHDGPDQ��WR��KLGH�KLV�OLJKW�XQ��
GHU�D�EXVKHO���WKDW�LV��WR�QHJDWH�KLV�DELOLW\�RU�DPEL��
WLRQ��WKURXJK�D�VWHUHRW\SHG�VHOI�HIIDFHPHQW�URXWLQH�
�*XOEUDQGVHQ��������6RPH�UHVHDUFKHUV�SUHIHU�WR�GH��
SLFW�WKH�%XVKPHQ�DQG�RWKHU�KXQWHU�JDWKHUHUV�QRW�VR�
PXFK�DV�SHRSOH�ZKR�VKDUH�DQG�FDUH��FRRSHUDWH��WUXVW�
HDFK�RWKHU�DQG�GUDZ�RQH�DQRWKHU�LQWR�WKH�JURXS��EXW�
DV�SHRSOH�ZLWK�D��ODFN�RI�FRPPLWPHQW�WR�RWKHUV��
�:RRGEXUQ������������DQG��RQ�RFFDVLRQ��DV�VRPH��
ZKDW�VFKHPLQJ�RSHUDWRUV��RI�WKH�KRPR�PDQLSXODWRU�
W\SH��ZKR�H[SORLW�VRFLDO�UHODWLRQV��WR�NLQ�DQG�QHLJK��
ERXULQJ�EDQGV�DQG�QRQ�%XVKPHQ��ZLWK�WKH�VDPH�
FRVW�EHQHILW�DVVHVVPHQW�RI�LQGLYLGXDO�JDLQ�DQG�VHOI��
LQWHUHVW�DV�HYROXWLRQDU\�HFRORJLVWV�GHVFULEH�WKHLU�
VXEVLVWHQFH�DQG�DGDSWLYH�SDWWHUQV�DQG�UHYLVLRQLVWV�
WKHLU�UHODWLRQ�WR�RXWVLGHUV��*XHQWKHU����������I����

$V�ORQJ�DV�WKLV�OHVV�URV\�VLGH�RI�KXQWHU�JDWKHU��
HUV�LV�VHHQ�QRW�DV�DQ�DOWHUQDWLYH�WR�WKH�ROG�YLHZ��
EXW�DV�D�FRPSOHPHQW�WKHUHWR��*XHQWKHU�����������
�����WKLV�GHLGHDOL]HG��GH�5RXVVHDXLDQL]HG�SRUWUD\DO�
RI�KXQWHU�JDWKHUHU�LV�D�YDOXDEOH�FRUUHFWLYH�WR�WKH�
ILHOG��,W�OHDGV�RQH�WR�VHH�KXQWHU�JDWKHUHUV�QRW�DV�
VRPH�LFRQLF�VWHUHRW\SH�EXW�DV��VXSSRUWLQJ@�DQ\�LP��
DJH�RI�KXPDQ�VRFLHW\��JHQHURXV�RU�JUHHG\��YLROHQW�
RU�SHDFHIXO��PRQRJDPRXV�RU�SRO\JDPRXV��DWWHQWLYH�
RU�DORRI�RI�FKLOGUHQ���DV�5REHUW�.HOO\�������������
FRQFOXGHG�KLV�FRPSDUDWLYH�VWXG\�RI�����RGG�KXQW��
HU�JDWKHUHU�VRFLHWLHV��,W�ZRXOG�EH�GHVLUDEOH�LI�RWKHU�
ZULWHUV�RQ�KXQWHU�JDWKHUHUV�ZHUH�WR�SRUWUD\�WKH�VXE��
MHFWV�RI�WKHLU�ODERXUV�LQ�VXFK�WHUPV��� DV�SHRSOH�
OLNH�DQ\�RWKHU�SHRSOH��,I�WKDW�PHVVDJH�VSUHDGV�WR�
SROLF\�PDNHUV�LQ�JRYHUQPHQW�RU�GHYHORSPHQW�FLU��
FOHV�ZRUNLQJ�WRZDUG�WKH�LPSURYHPHQW�RI�SURVSHFWV�
RI�WRGD\
V�KXQWHU�JDWKHUHU�PLQRULWLHV��LW�PLJKW�KHOS�

WKHP�LQ�WKHLU�VWUXJJOHV�RI�JDLQLQJ�UHFRJQLWLRQ�DV�
HTXDO�FLWL]HQV��ZLWK�DQ�HTXDO�DQG�HTXLWDEOH�VKDUH�RI�
HFRQRPLF�DQG�SROLWLFDO�ULJKWV�DQG�UHVRXUFHV����

&RQFOXVLRQ��7KH�)XWXUH�RI�+XQWHU�*DWKHUHU�
6WXGLHV�

7KH�ILHOG�RI�KXQWHU�JDWKHUHU�VWXGLHV�KDV�DW�DOO�WLPHV�
EHHQ�ULFK�LQ�GHEDWH�DQG�FRQWURYHUV\��/HH�������/HH�
DQG�'DO\��������������HVSHFLDOO\�DIWHU�������ZKHQ�
OHJLRQV�RI�ILHOG�ZRUNHUV�GLVSHUVHG�WR�YDULRXV�UH��
JLRQV�RI�WKH�ZRUOG�WR�VWXG\�VXFK�SHRSOH��DQG��RQ�
DOWHUQDWH�\HDUV��DJJUHJDWHG�DW�FRQIHUHQFH�YHQXHV�
�DURXQG�SHUPDQHQW�ZDWHULQJ�KROHV��EHWZHHQ�VHV��
VLRQV���VKDULQJ�LQIRUPDWLRQ�DQG�HQULFKLQJ�WKH�GLV��
FLSOLQHV
�VWRUH�RI�FRQFHSWV��PRGHOV��DQG�SDUDGLJPV��
7KH�ILHOG�LV�QRZ�ULFKHU�DQG�PRUH�FRQWHQWLRXV�WKDQ�
HYHU��EHLQJ�LQ�WKH�SURFHVV�RI�V\QWKHVLV�RI�WZR�RS��
SRVHG�SDUDGLJPV��WKHUHE\�H[SDQGLQJ�WKH�IRUPDO�DQG�
VXEVWDQWLYH�SDUDPHWHUV�DQG�SHULPHWHU�RI�WKH�GLVFL��
SOLQH�DV�QHYHU�EHIRUH��)RU�WKLV�UHDVRQ�,�GR�QRW�VKDUH�
WKH�DWWLWXGHV�RI�GRRP�DQG�JORRP�RI�VRPH�ZULW��
HUV����DERXW�LWV�XWLOLW\��YLDELOLW\��DQG�IXWXUH��*XHQ��
WKHU��������QRU�WKH�SHVVLPLVWLF��UHVLJQHG�WRQH�DERXW�
WKH�DSSHDUDQFH�RI�KXQWHU�JDWKHUHUV�DQG�WKH��IRUDJ��
LQJ�ZD\�RI�OLIH��KXPDQNLQG
V�PRVW�VXFFHVVIXO�DGDS��
WDWLRQ�IRU�PDQ\�WKRXVDQGV�RI�\HDUV��KDYLQJ��FRPH�
WR�D�FORVH�ZLWK�WKH�HQG�RI�WKH�VHFRQG�PLOOHQLXP��
�+HDGODQG�DQG�%ORRG�������IURP�ERRN�MDFNHW���

,W�LV�QR�GRXEW�WUXH�WKDW�WKH�KXQWHU�JDWKHUHU�SHR��
SOHV�RI�ROG�DUH�QR�ORQJHU�DURXQG��KDYLQJ�GLVDS��
SHDUHG�RU�EHHQ�WUDQVIRUPHG�LQWR��SRVWIRUDJHUV���DQG�
DOVR�WKDW�WKH�ROG�FRQFHSWV�DQG�PRGHOV�ZH�KDYH�DERXW�
WKHP�PD\�LQGHHG��EH��D�PLUDJH���DV�(UQHVW�%XUFK�
FRQWHQGV��DQG�QR�ORQJHU��D�XVHIXO�FDWHJRU\�IRU�WKH��
RUHWLFDO�SXUSRVHV��������������EXW�RQO\�KHXULVWLF�
DQG�SHGDJRJLFDO�RQHV��.HOO\������������<HW��PXFK�
ZRUN�WKDW�LV�QHZ�DQG�IUHVK�LV�OHIW�IRU�WKH�QH[W�
JHQHUDWLRQ�RI�VWXGHQWV�ZKR�PLJKW�ZLVK�WR�ZRUN�LQ�

���7KH�FRXQWHUSURGXFWLYH�HIIHFWV�RI�WKH�URPDQWLFLVW�SULPRUGLDO��
LVP�WURSH�RQ�WKH�SROLWLFDO�DVSLUDWLRQV�RI�FRQWHPSRUDU\�6DQ�
DQG�RWKHU�.KRLVDQ�JURXSV�RYHU�VRXWKHUQ�$IULFD��LQ�WKH�FRQ��
WH[W�RI�SRVW�DSDUWKHLG�LGHQWLW\�SROLWLFV��KDV�EHFRPH�D�VXEMHFW�
RI�PXFK�GLVFXVVLRQ��DPRQJVW�ERWK�DFDGHPLFV�DQG�SROLWLFDOO\�
DFWLYH�DQG�DVWXWH�.KRLVDQ�LQGLYLGXDOV�DQG�JURXSV��$�QXPEHU�
RI�FRQIHUHQFHV�RU�PXVHXP�H[KLELWLRQV�KDYH�EHHQ�FRQYHQHG�
LQYROYLQJ�ERWK�VHWV�RI�SDUWLFLSDQW��VXFK�DV�WKH��3HRSOH��3RO��
LWLFV��DQG�3RZHU��7KH�3ROLWLFV�RI�5HSUHVHQWLQJ�WKH�%XVKPDQ�
3HRSOH�RI�6RXWKHUQ�$IULFD��KHOG�LQ�-RKDQQHVEXUJ�LQ�$XJXVW�
�����DQG��7KH�.KRLVDQ�,GHQWLWLHV�DQG�&XOWXUDO�+HULWDJH�
&RQIHUHQFH��KHOG�LQ�&DSH�7RZQ�LQ�-XO\�������%DQN�������
DOVR�VHH�7RPDVHOOL�������6NRWQHV�������+LWFKFRFN�������
%RGHQ��������

���$UFDQG���������������%DUQDUG�����������I����%XUFK��������
���I����.HOO\����������������
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���� 0DWKLDV�*XHQWKHU�

WKH�ILHOG�RI�ZKDW�ZLOO�OLNHO\�WKHQ�EH�FDOOHG�SRVW��
IRUDJLQJ�VWXGLHV��6RPH�RI�WKH�ZRUN�RQ�WKHVH�HUVW��
ZKLOH�KXQWHU�JDWKHUHUV�QRZ�OLYLQJ�LQ�RWKHU�SODFHV�
DQG�RWKHU�ZD\V�VWLOO�GHDOV�ZLWK�VRPH�RI�WKH�VDPH�
LVVXHV�WKDW�KDYH�SUHRFFXSLHG�UHVHDUFKHUV�LQ�WKH�ILHOG�
IRU�GHFDGHV��7KH�GLIIHUHQFH�LV�WKDW�ZKDW�LV�LQYHVWL��
JDWHG���SURSHUW\�DQG�HTXDOLW\��:LGORN�DQG�7DGHVVH�
����D������E���VD\��RU�WKH�VRFLDO�HFRQRP\�RI�VKDU��
LQJ��:HQ]HO�HW�DO���������RU�WKH�LPSDFW�RI�FDVK�
�3HWHUVRQ�DQG�0DWVX\DPD���������LV�IRFXVVHG�RQ�
FKDQJLQJ�RU�FKDQJHG��SRVWIRUDJHUV��WR�H[DPLQH�WKH�
G\QDPLF�RI�FKDQJH�DQG�PRGHUQLVDWLRQ�RQ�D��WUDGL��
WLRQDO��LQVWLWXWLRQ�RU�SURFHVV��$V�IRU�WKH�LQWHUDFWLRQ�
RI�KXQWHU�JDWKHUHUV�ZLWK�QHLJKERXUV��WKH�LQWHUHVW�RI�
WKH�KLVWRULFDOO\�PLQGHG�UHVHDUFKHUV�LQ�WKH�ILHOG��WKH�
QHLJKERXUV�DUH�QRZ�QRW�DJURSDVWRUDOLVWV�QRPDGV�
RU�SUHFDSLWDOLVW�UHJLRQDO�VWDWHV�EXW�PRGHUQ�QDWLRQ��
VWDWHV�DQG�WKHLU�EXUHDXFUDWLF�DJHQWV�DQG�DJHQFLHV�
�7ULJJHU��������DV�ZHOO�DV�RWKHU�HWKQLF�JURXSV�ZLWK�
ZKLFK�WKH�KXQWHU�JDWKHUHU�HWKQLF�PLQRULW\�FRP��
SHWHV�IRU�ODQG��ZRUN��UHFRJQLWLRQ��DQG�ULJKWV����

+RZHYHU��WKH�VRFLDO��HFRQRPLF��DQG�SROLWLFDO�VLW��
XDWLRQ�RI�WRGD\
V�SRVWIRUDJLQJ�VRFLHWLHV�DQG�SHR��
SOHV�DOVR�SUHVHQW�EUDQG�QHZ�UHVHDUFK�FKDOOHQJHV�WR�
UHVHDUFKHUV�LQ�WKH�ILHOG��IRU�ZKLFK�WKH\�PD\�QRW�QHF��
HVVDULO\�KDYH�WKH�FRQFHSWXDO�WRROV��RQ�VXFK�LV��
VXHV�DV�FRPPRGLWL]DWLRQ��3HWHUVRQ�DQG�0DWVX\DPD�
�������WRXULVP��*XHQWKHU������� 2PD�DQG�7KRPD�
�������LGHQWLW\�SROLWLFV����GHYHORSPHQW��<RXQJ�
������6DXJHVWDG��������DQG�HYHQ�VR�VSHFLILF�DQG�
FRPSOH[�DQ�LVVXH�DV�JLYLQJ�H[SHUW�WHVWLPRQ\�LQ�
FRXUWURRPV��XVXDOO\�RQ�ODQG�FODLPV�FDVHV��7KXHQ�
�������7KHUH�DUH�DOVR�QHZ�HWKLFDO�LVVXHV��IRU�LQ��
VWDQFH��FXOWXUDO�SURSHUW\�ULJKWV��-RUDP�8VHE�DQG�
&KHQQHOOV��������7KHVH�LVVXHV�DQG�FKDOOHQJHV�WR�
KXQWHU�JDWKHUHU�UHVHDUFKHUV�ZLOO�PDNH�WKHLU�UH��
VHDUFK�DQ�HIIRUW�WKDW�LV�DUJXDEO\�PRUH�ZRUWKZKLOH�
WKDQ�LW�ZDV�HYHU�EHIRUH��6KHG�RI�LWV�HYROXWLRQLVW�DQG�
SULVWLQLVW�EDJJDJH��ZLWK�DQG�IRU�SHRSOH�ZKR�DUH�HQ��
JDJHG�LQ�DQ�HPSRZHULQJ��FRXQWHU�KHJHPRQLF�VWUXJ��
JOH�IRU�ULJKWV�DQG�UHFRJQLWLRQ��DQG�ZLWK�WKHRUHWLFDO�
VLJQLILFDQFH�WKDW�WDNHV�WKH�ILHOG�RI�KXQWHU�JDWKHUHU�
VWXGLHV�LQWR�DQ�H[SDQGHG�UHDOP�RI�VRFLDO�WKHRU\��WKH�
ILHOG�ZLOO�EH�PRUH�UHOHYDQW�WR�WKH�SHRSOH�DQG�WKH�
GLVFLSOLQH�WKDQ�LW�KDV�HYHU�EHHQ�EHIRUH��

$Q�HDUOLHU�YHUVLRQ�RI�WKLV�SDSHU�ZDV�SUHVHQWHG�DW�D�V\PSR��
VLXP�RQ��3HUVSHFWLYHV�RQ�6RFLR�&XOWXUDO�$QWKURSRORJ\��
FRQYHQHG�E\�WKH�0D[�3ODQFN�,QVWLWXWH�IRU�(YROXWLRQDU\�
$QWKURSRORJ\��/HLS]LJ��0D\����������

5HIHUHQFHV�&LWHG�

$EHUOH��'�)���$�.��&RKHQ��$�.��'DYLV��0��-��/HY\��-U���DQG�
)��;��6XWWRQ�
����� 7KH�)XQFWLRQDO�3UHUHTXLVLWHV�RI�6RFLHW\��(WKLFV����������

�����

$UFDQG��%HUQDUG�
����� 7KH�1HJULWRV�DQG�WKH�3HQDQ�:LOO�1HYHU�%H�&XLYD��)RON�

�����������
����� ,,�Q�\�D�MDPDLV�HX�GH�VRFL«W«�GH�FKDVVHXUV�FXHLLLHXUV��

$QWKURSRORJLH�HW�6RFL«W«V��������������

$VFK��0LFKDHO�
����� 3DVW�DQG�3UHVHQW�/DQG�8VH�E\�WKH�6ODYH\�,QGLDQV�RI�

WKH�0DFNHQ]LH�5LYHU�'LVWULFW���(YLGHQFH�SUHVHQWHG�WR�
WKH�0DFNHQ]LH�9DOOH\�3LSHOLQH�,QTXLU\��<HOORZNQLIH���
5HFRUGV�RI�0DFNHQ]LH�9DOOH\�3LSHOLQH�,QTXLU\������
�������������

%DKXFKHW��6HUJH��'R\OH�0F.H\��DQG�,JRU�GH�*DULQH�
�����:LOG�<DPV�5HYLVLWHG��,V�,QGHSHQGHQFH�IURP�$JULFXO��

WXUH�3RVVLEOH�IRU�5DLQ�)RUHVW�+XQWHU�*DWKHUHUV"�+XPDQ�
(FRORV\��������������

%DLOH\��5REHUW�&��DQG�7KRPDV�1��+HDGODQG�
������� 7KH�7URSLFDO�5DLQ�)RUHVW��,V�,W�D�3URGXFWLYH�(QYLURQPHQW�

IRU�+XPDQ�)RUDJHUV"�+XPDQ�(FRORJ\���������������

%DO«H��:LOOLDP��HG���
����� $GYDQFHV�RI�+LVWRULFDO�(FRORJ\��1HZ�<RUN��&ROXPELD�

8QLYHUVLW\�3UHVV��

%DQN��$QGUHZ��HG���
����� 7KH�3URFHHGLQJV�RI�WKH�.KRLVDQ�,GHQWLWLHV�DQG�&XOWXUDO�

+HULWDJH�&RQIHUHQFH���+HOG�DW�WKH�6RXWK�$IULFDQ�0X��
VHXP��&DSH�7RZQ��������-XO\��������&DSH�7RZQ��7KH�
,QVWLWXWH�IRU�+LVWRULFDO�5HVHDUFK��8QLYHUVLW\�RI�WKH�:HVW��
HUQ�&DSH��

%DUKDP��/DUU\�6��
����� (GLWRULDO��)RUDJLQJ�)XUWKHU�$ILHOG��%HIRUH�)DUPLQJ��7KH�

$UFKDHRORJ\�DQG�$QWKURSRORJ\�RI�+XQWHU�*DWKHUHUV�
���������
AWWSA�ZZZ�ZDVSUHVV�FR�XN�MRXUQDOV�EHIRUHIDUPLQJ��
MRXUQDOB�����B��HGLWRULDO�LQGH[�SKS!�>������������@�

%DUQDUG��$ODQ�
������ &RQWHPSRUDU\�+XQWHU�*DWKHUHUV��&XUUHQW�7KHRUHWLFDO�,V��

VXHV�LQ�(FRORJ\�DQG�6RFLDO�2UJDQL]DWLRQ��$QQXDO�5HYLHZ�
RI�$QWKURSRORJ\��������������

����D�+XQWHUV�DQG�+HUGHUV�RI�6RXWKHUQ�$IULFD��$�&RPSDUDWLYH�
(WKQRJUDSK\�RI�WKH�.KRLVDQ�3HRSOHV��&DPEULGJH��&DP��
EULGJH�8QLYHUVLW\�3UHVV���&DPEULGJH�6WXGLHV�LQ�6RFLDO�
DQG�&XOWXUDO�$QWKURSRORJ\������

����E�7KH�.DODKDUL�'HEDWH��$�%LEOLRJUDSKLFDO�(VVD\��(GLQ��
EXUJK��&HQWUH�IRU�$IULFDQ�6WXGLHV���&HQWUH�IRU�$IULFDQ�
6WXGLHV��2FFDVLRQDO�3DSHUV������

����� 3ULPLWLYH�&RPPXQLVP�DQG�0XWXDO�$LG��.URSRWNLQ�9LV��
LWV�WKH�%XVKPHQ��,Q��&��0��+DQQ��HG����6RFLDOLVP��,GH��
DOV��,GHRORJLHV��DQG�/RFDO�3UDFWLFH��SS���������/RQGRQ��
5RXWOHGHH���$6$�0RQRJUDSKV������

����� ,QGLJHQRXV�3HRSOHV��$�5HVSRQVH�WR�-XVWLQ�.HQULFN�DQG�
-HURPH�/HZLV�������$QWKURSRORJ\�7RGD\�����������

����� .DODKDUL�5HYLVLRQLVP��9LHQQD��DQG�WKH�,QGLJHQRXV�3HR��
SOHV��'HEDWH��6RFLDO�$QWKURSRORJ\�������������

����� $QWKURSRORJ\�DQG�WKH�%XVKPDQ��2[IRUG��%HUJ��

%DUQDUG��$ODQ��DQG�-XVWLQ�.HQULFN��HGV���
����� $IULFD
V�,QGLJHQRXV�3HRSOHV���)LUVW�3HRSOHV��RU��0DU��

JLQDOLVHG�0LQRULWLHV�"�(GLQEXUJK��&HQWUH�RI�$IULFDQ�
6WXGLHV��

���+LWFKFRFN������D���/HH�DQG�+LWFKFRFN���������.HQW���������
���%DQN���������+LWFKFRFN������������D���%DUQDUG�DQG�.HQULFN�

��������0HUODQ���������
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&XUUHQW�,VVXHV�DQG�)XWXUH�'LUHFWLRQV�LQ�+XQWHU�*DWKHUHU�6WXGLHV� ����

%DUQDUG��$ODQ��DQG�-DPHV�:RRGEXUQ�
����� 3URSHUW\��3RZHU��DQG�,GHRORJ\�LQ�+XQWHU�*DWKHULQJ�6R��

FLHWLHV��$Q�,QWURGXFWLRQ��,Q��7��,QJROG��'��5LFKHV��DQG�-��
:RRGEXUQ��HGV��������E��SS��������

%HJLHU��(OVLH�%��
����� 6H[��6WDWXV��DQG�$XWKRULW\�LQ�(JDOLWDULDQ�6RFLHW\��$PHU��

LFDQ�$QWKURSRORJLVW��������������

%HQGHU��%DUEDUD��DQG�%ULDQ�0RUULV�
����� 7ZHQW\�<HDUV�RI�+LVWRU\��(YROXWLRQ��DQG�6RFLDO�&KDQJH�

LQ�*DWKHUHU�+XQWHU�6WXGLHV��,Q��7��,QJROG��'��5LFKHV��DQG�
-��:RRGEXUQ��HGV��������D��SS���������

%HWWLQJHU��5REHUW�/��
����� +XQWHU�*DWKHUHUV��$UFKDHRORJLFDO�DQG�(YROXWLRQDU\�

7KHRU\��1HZ�<RUN��3OHQXP�3UHVV��

%LHVHOH��0HJDQ�
�����:RPHQ�/LNH�0HDW��7KH�)RONORUH�DQG�)RUDJLQJ�,GHRORJ\�

RI�WKH�.DODKDUL�-X�
KRDQ��-RKDQQHVEXUJ��:LWZDWHUVUDQG�
8QLYHUVLW\�3UHVV��

%LQIRUG��/HZLV�5��
�����$UFKDHRORJ\�DV�$QWKURSRORJ\��$PHULFDQ�$QWLTXLW\�����

���������
�����1XQDPLXW�(WKQRDUFKDHRORJ\��1HZ�<RUN��$FDGHPLF�

3UHVV��
����� &RQVWUXFWLQJ�)UDPHV�RI�5HIHUHQFH��$Q�$QDO\WLFDO�0HWK��

RG�IRU�$UFKDHRORJLFDO�7KHRU\�%XLOGLQJ�8VLQJ�+XQWHU��
*DWKHUHU�DQG�(QYLURQPHQWDO�'DWD�6HWV��%HUNHOH\��8QL��
YHUVLW\�RI�&DOLIRUQLD�3UHVV��

%LUG�'DYLG��1XULW�+��
�����+XQWHU�*DWKHUHUV�DQG�2WKHU�3HRSOH��$�5H�([DPLQDWLRQ��

,Q��7��,QJROG��'��5LFKHV��DQG�-��:RRGEXUQ��HGV��������D��
SS���������

�����7KH�*LYLQJ�(QYLURQPHQW��$QRWKHU�3HUVSHFWLYH�RQ�WKH�
(FRQRPLF�6\VWHP�RI�*DWKHUHU�+XQWHUV��&XUUHQW�$QWKUR��
SRORJ\��������������

����� %H\RQG��7KH�2ULJLQDO�$IIOXHQW�6RFLHW\���$�&XOWXUDOLVW�
5HIRUPXODWLRQ��ZLWK�&RPPHQWV�DQG�5HSO\���&XUUHQW�$Q��
WKURSRORJ\������������

�����+XQWHU�*DWKHUHU�5HVHDUFK�DQG�&XOWXUDO�'LYHUVLW\��,Q��6��
.HQW��HG����SS�����������

����� �$QLPLVP��5HYLVLWHG��3HUVRQKRRG��(QYLURQPHQW��DQG�
5HODWLRQDO�(SLVWHPRORJ\��ZLWK�&RPPHQWV�DQG�5HSO\���
&XUUHQW�$QWKURSRORJ\�����6���6����

����� 7KH�3URSHUW\�RI�6KDULQJ��:HVWHUQ�$QDO\WLFDO�1RWLRQV��
1D\DND�&RQWH[WV��,Q��7��:LGORN�DQG�:��*��7DGHVVH�
�HGV��������D��SS�����������

%RGHQ��*HUWUXG�
�����-¦JHU�XQG�*HMDJWH��'LH�%XVFKOHXWH�LP�V¾GOLFKHQ�$IULND��

�%HJOHLWEDQG�]XU�$XVVWHOOXQJ�LP�.XOWXU��XQG�6WDGWKLVWR��
ULVFKHQ�0XVHXP�'XLVEXUJ�������������������������'XLV��
EXUJ��6WDGW�'XLVEXUJ�.XOWXU��XQG�6WDGWKLVWRULVFKHV�0X��
VHXP�'XLVEXUJ��

%RGOH\��-RKQ�+��
����� &XOWXUDO�$QWKURSRORJ\��7ULEHV��6WDWHV��DQG�WKH�*OREDO�

6\VWHP��0RXQWDLQ�9LHZ��0D\ILHOG�3XEOLFDWLRQV��

%RHKP��&KULVWRSKHU�
����� (JDOLWDULDQ�%HKDYLRXU�DQG�5HYHUVH�'RPLQDQFH�+LHUDU��

FK\��ZLWK�&RPPHQWV�DQG�5HSO\���&XUUHQW�$QWKURSRORJ\�
�������������

%RUJHKRII�0XOGHU��0RQLTXH�
����� +XPDQ�%HKDYLRXUDO�(FRORJ\��,Q��-��5��.UHEV�DQG�1��%��

'DYLHV��HGV����%HKDYLRXUDO�(FRORJ\��$Q�(YROXWLRQDU\�

$SSURDFK��SS���������2[IRUG��%ODFNZHOO�6FLHQWLILF�3XE��
OLFDWLRQV��

%ULJJV��-HDQ�/��
����� /LYLQJ�'DQJHURXVO\��7KH�&RQWUDGLFWRU\�)RXQGDWLRQV�RI�

9DOXH�LQ�&DQDGLDQ�,QXLW�6RFLHW\��,Q��(��/HDFRFN�DQG�5��
/HH��HGV����SS�����������

%URG\��+XJK�
�����0DSV�DQG�'UHDPV��,QGLDQV�DQG�WKH�%ULWLVK�&ROXPELD�

)URQWLHU��3URVSHFW�+HLJKWV��:DYHODQG�3UHVV��>����@�

%XUFK��(UQHVW�6���-U��
����� 7KH�)XWXUH�RI�+XQWHU�*DWKHUHU�5HVHDUFK��,Q��(��6��

%XUFK��-U��DQG�/��-��(OODQQD��HGV����SS������������

%XUFK��(UQHVW�6���-U���DQG�/LQGD�-��(OODQQD�
����D�*RYHUQPHQW�,QWHUYHQWLRQ��(GLWRULDO��,Q��(��6��%XUFK��-U��

DQG�/��-��(OODQQD��HGV����SS�������������
����E�,QWURGXFWLRQ��,Q��(��6��%XUFK��-U��DQG�/��-��(OODQQD��HGV����

SS�������

%XUFK��(UQHVW�6���-U���DQG�/LQGD�-��(OODQQD��HGV���
����� .H\�,VVXHV�LQ�+XQWHU�*DWKHUHU�5HVHDUFK��2[IRUG��%HUJ��

&ODUN��-��'HVPRQG�
����� 6WXGLHV�RI�+XQWHU�*DWKHUHUV�DV�DQ�$LG�WR�WKH�,QWHUSUHWD��

WLRQ�RI�3UHKLVWRULF�6RFLHWLHV��,Q��5��%��/HH�DQG�,��'H9RUH�
�HGV����SS�����������

&ODVWUHV��3LHUUH�
����� 6RFLHW\�DJDLQVW�WKH�6WDWH��1HZ�<RUN��8UL]HQ�%RRNV��

&RQNH\��0DUJDUHW�:��
����� 7R�)LQG�2XUVHOYHV��$UW�DQG�6RFLDO�*HRJUDSK\�RI�3UH��

KLVWRULF�+XQWHU�*DWKHUHUV��,Q��&��6FKULUH��HG����SS�������
�����

&UXLNVKDQN��-XOLH��LQ�FROODERUDWLRQ�ZLWK�$QJHOD�6LGQH\��.LWW\�
6PLWK��DQG�$QQLH�1HG��
����� /LIH�/LYHG�/LNH�D�6WRU\��/LIH�6WRULHV�RI�7KUHH�<XNRQ�

(OGHUV��/LQFROQ��8QLYHUVLW\�RI�1HEUDVND�3UHVV��

'DKOEHUJ��)UDQFHV��HG���
������� :RPDQ�WKH�*DWKHUHU��1HZ�+DYHQ��<DOH�8QLYHUVLW\�3UHVV��

'HDFRQ��-DQHWWH��DQG�7KRPDV�$��'RZVRQ��HGV���
����� 9RLFHV�IURP�WKH�3DVW���;DP�%XVKPHQ�DQG�WKH�%OHHN�DQG�

/OR\G�&ROOHFWLRQ��-RKDQQHVEXUJ��:LWZDWHUVUDQG�8QLYHU��
VLW\�3UHVV��

'HHW]��-DPHV�-��)��
����� +XQWHUV�LQ�$UFKHRORJLFDO�3HUVSHFWLYH��,Q��5��%��/HH�DQG�

,��'H9RUH��HGV����SS�����������

'HVFROD��3KLOLSSH�
����� /D�QDWXUH�GRPHVWLTXH��6\PEROLVPH�HW�SUD[LV�GDQV�O
«FR��

ORJLH�GHV�$FKXDU��3DULV���GLWLRQV�GH�OD�PDLVRQ�GHV�
VFLHQFHV�GH�O
KRPPH��

����� 7KH�6SHDUV�RI�7ZLOLJKW��/LIH�DQG�'HDWK�LQ�WKH�$PD]RQ�
-XQJOH��1HZ�<RUN��7KH�1HZ�3UHVV��

����� 3DU�GHO¢�QDWXUH�HW�FXOWXUH��3DULV��*DOOLPDUG��

'RZVRQ�7KRPDV�$���DQG�-��'DYLG�/HZLV��:LOOLDPV��HGV���
����� &RQWHVWHG�,PDJHV��'LYHUVLW\�LQ�6RXWKHUQ�$IULFDQ�5RFN�

$UW�5HVHDUFK��-RKDQQHVEXUJ��8QLYHUVLW\�RI�WKH�:LWZD��
WHUVUDQG�3UHVV��

'\FN��1RHO��HG���
����� ,QGLJHQRXV�3HRSOHV�DQG�WKH�1DWLRQ�6WDWH���)RXUWK�
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