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6FUHHQLQJ�WXEHUFXORVLV�LQ�WKH�6LVWDQ�UHJLRQ�RI�,UDQ��$�3RSXODWLRQ�%DVHG�6WXG\��
0RVD\HE�6KDKU\DU� � $EEDVDOL�1LD]L� DQG�%HK]DG�1DURXLH�
�
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$EVWUDFW��(VWLPDWLRQ�RI�WKH�SUHYDOHQFH�RI�WXEHUFXORVLV�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�QHHGV�IRU�WKH�SURYLVLRQ�RI�KHDOWK�VHUYLFHV�LQ�,UDQ��,Q�WKLV�VWXG\��ZH�LQYHVWLJDWH�WKH�SUHYDOHQFH�RI�SXOPRQDU\�WXEHUFXORVLV�LQ�WKH�6LVWDQ�UHJLRQ�RI�,UDQ��$�FURVV�VHFWLRQDO� VWXG\�ZDV� FDUULHG� RXW� GXULQJ� ����� LQ� WKH� 6LVWDQ� UHJLRQ� RI� ,UDQ�� 6LVWDQ� KDV� D� WRWDO� SRSXODWLRQ� RI����������LQFOXGLQJ��������IDPLOLHV���������RI�WKHVH�LQGLYLGXDOV��RU��������KDYH�D�KLVWRU\�RI�FKURQLF�FRXJK��D�FRXJK�ODVWLQJ� PRUH� WKDQ� �� ZHHNV�� EDVHG� RQ� RXU� VXUYH\�� ,QGLYLGXDOV� ZKR� ZHUH� VXVSHFWHG� RI� KDYLQJ� WXEHUFXORVLV� ZHUH�UHIHUUHG� WR� WKH�GLVWULFW� KHDOWK� FHQWHU��)RU� HDFK� FDVH�� GLDJQRVWLF�SURFHGXUHV� LQFOXGLQJ�SK\VLFDO� H[DPLQDWLRQ� RI� WKH�FKHVW�IRU�HYDOXDWLRQ�RI�%DFLOOXV�&DOPHWWH�*XpULQ�VWDWXV��REWDLQLQJ�RI���VSXWXP�VPHDU�VDPSOHV��DQG�UDGLRJUDSK\�RI�WKH�FKHVW���2I���������LQGLYLGXDOV��������RU��������GHPRQVWUDWHG�VFDUULQJ�W\SLFDO�RI�%&*��DQG�FKURQLF�FRXJK�ZDV�FRQILUPHG�YLD�FOLQLFDO�ZRUNXS�LQ������SDUWLFLSDQWV��$PRQJ�WKHVH�SDUWLFLSDQWV��������������RI�WKH�6LVWDQ�SRSXODWLRQ��SUHVHQWHG� ZLWK� SURGXFWLYH� FRXJK�� VSXWXP� VSHFLPHQV� ZHUH� WDNHQ� IURP� WKLV� JURXS�� &KHVW� UDGLRJUDSKV� VKRZHG�FKDUDFWHULVWLF�SXOPRQDU\�WXEHUFXORVLV�OHVLRQV�LQ������������RI�����SDWLHQWV�LQ�ZKRP�UDGLRJUDSK\�ZDV�SHUIRUPHG�RQ�WKH�EDVLV� RI� FOLQLFDO� ILQGLQJV��6HYHQ�SDWLHQWV�ZHUH� LGHQWLILHG� DV�KDYLQJ� WXEHUFXORVLV� WKURXJK�VSXWXP�VPHDUV�� ILYH�RWKHU�SDWLHQWV�ZHUH�IRXQG�WR�QRW�KDYH�WXEHUFXORVLV�YLD�WKLV�PHWKRG��:LWK�UHVSHFW�WR�WKH�GLIIHUHQW�W\SHV�RI�GLDJQRVWLF�PHWKRGV�XVHG��WKH�GLIIHUHQFHV�DPRQJ�WKHP�IRU�SRVLWLYH�SUHGLFWLYH�YDOXH��VSHFLILFLW\�DQG�VHQVLWLYLW\�ZHUH�VLJQLILFDQW��S��������7KH�OLNHOLKRRG�UDWLR�IRU�FKHVW�UDGLRJUDSK\�ZDV�DOVR�VLJQLILFDQWO\�JUHDWHU� WKDQ�WKDW�IRU�WKH�VSXWXP�VPHDU�PHWKRG� ������� YHUVXV� ������ S�������� 2QO\� ���� RI� WKH� SDWLHQWV� ZLWK� SXOPRQDU\� 7XEHUFXORVLV� ZHUH� LGHQWLILHG� YLD�+HDOWK�6HUYLFH�6\VWHP� �+66�� VFUHHQLQJ�PHWKRG� LQ�6LVWDQ�� DQG� WKH� UHVW�ZHUH�GLDJQRVHG� WKRXJK� UHFHQW� VWXG\��2XU�ILQGLQJV�VXJJHVW�WKDW�WKH�GLDJQRVWLF�SRZHU�RI�FKHVW�UDGLRJUDSK�LV�PRUH�WKDQ�VSXWXP�VPHDU��KRZHYHU��ZH�WKLQN�WKH�+66�PHWKRG�IRU�WDNLQJ�VSXWXP�ZDV�QRW�D�FRQWUROOHG�RQH��>0RVD\HE�6KDKU\DU�����$EEDVDOL�1LD]L�DQG�%HK]DG�1DURXLH��6FUHHQLQJ�WXEHUFXORVLV�LQ�WKH�6LVWDQ�UHJLRQ�RI�,UDQ��$�3RSXODWLRQ�%DVHG�6WXG\��/LIH�6FL�-������������������@���,661�������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP� ���.H\�:RUGV� &KURQLF�&RXJK��3XOPRQDU\�7XEHUFXORVLV��6SXWXP�6PHDU�����
�,QWURGXFWLRQ��7XEHUFXORVLV�FRQWLQXHV�WR�EH�D�PDMRU�FOLQLFDO�SUREOHP�LQ�VSHFLILF� SRSXODWLRQV� ZRUOG�ZLGH�� 'XULQJ� WKH� ODVW� WZR�GHFDGHV�� D� WURXEOLQJ��PDUNHG� LQFUHDVH� LQ�GUXJ�UHVLVWDQW�VWUDLQV�RI�0\FREDFWHULXP�WXEHUFXORVLV��07%��KDV�EHHQ�VHHQ�� IXUWKHU� FRPSOLFDWLQJ� WKH� FRXUVH� DQG� WUHDWPHQW� RI�WKLV�GLVHDVH����7XEHUFXORVLV� LV� RI� SDUWLFXODU� FRQFHUQ� LQ� ORZ� DQG�LQWHUPHGLDWH� LQFRPH� FRXQWULHV� VXFK� DV� ,UDQ� ����� ,Q�6LVWDQ��WKH�DQQXDO�LQFLGHQFH�UDWH�RI�7%�ZDV����FDVHV�SHU��������SRSXODWLRQ� LQ��������� WLPHV�KLJKHU� WKDQ� LQ� WKH�JHQHUDO� SRSXODWLRQ� LQ� ,UDQ� ����7KH� :RUOG� +HDOWK�2UJDQL]DWLRQ� �:+2�� UHFRPPHQGV� WKH� '276� VWUDWHJ\��IRU� ³GLUHFWO\� REVHUYHG� WUHDWPHQW�� VKRUW� FRXUVH´�� WR�

FRPEDW�7%�LQ�PRVW�KLJK�LQFRPH�FRXQWULHV������)RU�FDVH�ILQGLQJ�� LQWHJUDWLRQ� RI� DFWLYH� DQG� SDVVLYH� GLVFRYHU\� RI�FDVHV� LV� UHFRPPHQGHG�� ZLWK� D� SULRULW\� SODFHG� RQ�GHWHFWLRQ�RI�LQIHFWLRXV�FDVHV���������&KURQLF� FRXJK� �!�� ZHHNV� GXUDWLRQ�� LV� DQ� LPSRUWDQW�V\PSWRP� LQ� WKH� GLDJQRVLV� RI� SXOPRQDU\� WXEHUFXORVLV��7KLV�V\PSWRP�FRXOG�EH�XVHG�DV�D�VFUHHQLQJ�LQGH[�LQ�WKH�HYDOXDWLRQ�RI�7%�SUHYDOHQFH�LQ�VSHFLILF�FRPPXQLWLHV��,Q�=DERO�� KRZHYHU�� HYHQ� WKRXJK� WKH� LQFLGHQFH� UDWH� RI�VPHDU�SRVLWLYH� SXOPRQDU\� 7%�� PLOLDU\� 7%�� DQG� 7%�PHQLQJLWLV�KDG�DSSDUHQWO\�GHFUHDVHG� WKH� UHDO� LQFLGHQFH�DQG� SUHYDOHQFH� RI� WXEHUFXORVLV� LQ� WKLV� DUHD� LV� VWLOO�XQNQRZQ�������
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%HIRUH� ������ YDFFLQDWLRQ� ZLWK� %&*� ZDV� QRW�PDQGDWRULO\� JLYHQ� LQ� ,UDQ�� DQG� WKH� DQQXDO� ULVN� RI�WXEHUFXORVLV� LQIHFWLRQ� ZDV� HVWLPDWHG� DW� �������� 7KHVH�GD\V��YDFFLQDWLRQ�RI�$57,�LV�DOPRVW�LPSRVVLEOH���������6LVWDQ�LV�D�UHJLRQ�LQ�WKH�6LVWDQ�DQG�%DOXFKLVWDQ�SURYLQFH�LQ� HDVWHUQ� ,UDQ� �SRSXODWLRQ�� ���������� 7KH� DLP� RI� WKLV�FURVV�VHFWLRQDO� VWXG\� ZDV� WR� FRPSDUH� WKH� GLDJQRVWLF�YDOXH� RI� FKHVW� UDGLRJUDSK� ZLWK� VSXWXP� VPHDU� DV�VFUHHQLQJ�PHWKRGV� IRU�7%� LQ�SDWLHQWV�ZLWK�FKURQLF��!��ZHHNV�GXUDWLRQ��FRXJK��������
�
0DWHULDOV�DQG�PHWKRGV��
$ WRWDO� RI� ������� IDPLOLHV� ZHUH� LQWHUYLHZHG� ���������LQGLYLGXDOV�� IRU� WKLV� VWXG\�� ,QGLYLGXDOV� H[SHULHQFLQJ�FRXJK�RI�!��ZHHNV�GXUDWLRQ�ZHUH�HOLJLEOH�IRU�WKLV�VWXG\�GXULQJ� ������ 7KRVH� ZLWK� VXVSHFWHG� WXEHUFXORVLV� ZHUH�UHIHUUHG� WR� WKH� 'LVWULFW� +HDOWK� &HQWHU�� )RU� HDFK�LQGLYLGXDO� HQUROOHG� LQ� WKH� VWXG\�ZKR�ZDV� VXVSHFWHG� RI�KDYLQJ� WXEHUFXORVLV�� WKH� IROORZLQJ� GLDJQRVWLF�SURFHGXUHV�ZHUH�SHUIRUPHG��SK\VLFDO�H[DPLQDWLRQ�RI�WKH�FKHVW��GHWHUPLQDWLRQ�RI�%&*�VWDWXV� WKURXJK� LQVSHFWLRQ�IRU� W\SLFDO� VFDUV�� DQG� REWDLQLQJ� RI� WKUHH� VSXWXP�VSHFLPHQV� IRU� ODERUDWRU\� VXEPLVVLRQ�� LQ� WKH� ODE�� WKHVH�VDPSOHV� XQGHUZHQW�PLFURVFRS\� H[DPLQDWLRQ� DQG� =LHKO�1LHOVHQ� VWDLQLQJ�� 7KH� TXDOLW\� RI� WKH� ODERUDWRU\�H[DPLQDWLRQV�ZDV�FRQWUROOHG�E\�WKH�FHQWUDO�ODERUDWRU\�LQ�=DERO�� LQ� WKH� FHQWHU� RI� 6LVWDQ�� :KHWKHU� FKHVW�UDGLRJUDSKV�ZHUH�REWDLQHG�ZDV�OHIW� WR�WKH�GLVFUHWLRQ�RI�WKH� SK\VLFLDQ�� )RU� FDVHV� LQ� ZKLFK� UDGLRJUDSKV� ZHUH�REWDLQHG�� WKH� ILOPV� ZHUH� UHDG� LQGHSHQGHQWO\� E\� WZR�UDGLRORJLVWV� ZKR�ZHUH� DZDUH� RI� WKH� VXEMHFW¶V� VLJQV� RU�V\PSWRPV�� 'LVDJUHHPHQWV� RQ� LQWHUSUHWDWLRQ� RI� WKH�UDGLRJUDSKV�ZHUH�VHWWOHG�E\�FRQVHQVXV�EHWZHHQ�WKH�WZR�VSHFLDOLVWV�ZKR�UHDG�WKHP�DW�ILUVW�SULPDU\�FDUH�SK\VLFLDQ�DQG�WKHQ�UDGLRORJLVWV�UHDG�WKH�&;5���$IWHU� SHUIRUPLQJ� WKH� DIRUHPHQWLRQHG� VWHSV�� DOO�GLDJQRVHG� SXOPRQDU\� 7%� FDVHV� ZHUH� UHJLVWHUHG� LQ� WKH�VWXG\�DQG�UHIHUUHG�WR�SXEOLF�KHDOWK�VHUYLFHV�IRU�VWDQGDUG�WUHDWPHQW��7KH�GLDJQRVLV�RI�WXEHUFXORVLV�ZDV�EDVHG�RQ�D�FRPELQDWLRQ�RI�FOLQLFDO�ILQGLQJV��ODERUDWRU\�UHSRUWV�DQG�UHVSRQVH� WR� WUHDWPHQW�� � 'DWD� DQDO\VHV� ZHUH� SHUIRUPHG�XVLQJ� 6366� ]�WHVWV� �6366�,%0�� $UPRQN�� 1<�� 8QLWHG�6WDWHV�� WR� FRPSDUH� WKH� VSXWXP� VPHDU� WHVWV� ZLWK�UDGLRJUDSK\� ZLWK� UHVSHFW� WR� SRVLWLYH� SUHGLFWLYH� YDOXH��QHJDWLYH�SUHGLFWLYH�YDOXH��VSHFLILFLW\��DQG�VHQVLWLYLW\���
5HVXOWV��2I� WKH� �������� LQGLYLGXDOV� LQLWLDOO\� LQFOXGHG�� ������������� IHPDOH� DQG��������PDOH�� KDG� D�KLVWRU\�RI�PRUH�WKDQ���ZHHNV¶�FRXJK��2I�WKHVH��������LQGLYLGXDOV�������KDG� VFDUULQJ� WKDW� ZDV� W\SLFDO� RI� %&*��&KURQLF� FRXJK�ZDV� FRQILUPHG� LQ� ����� SDUWLFLSDQWV� WKURXJK� FOLQLFDO�ZRUNXS��$GGLWLRQDOO\�� VHYHQ�QHZ�SXOPRQDU\�7%� FDVHV�

ZHUH�GLDJQRVHV�WKURXJK�GLUHFW�PLFURVFRS\�H[DPLQDWLRQ�RI�VSXWXP�VPHDU�VDPSOHV���7DEOH�DQG�)LJXUH����&KHVW�UDGLRJUDSK\�VXJJHVWHG�WKH�SUHVHQFH�RI�SXOPRQDU\�7%� LQ� ��� FDVHV�� VHYHQ� RI� WKHVH� KDG� SRVLWLYH� VSXWXP�VPHDUV�����KDG�QHJDWLYH�VSXWXP�VPHDUV��DQG����KDG�ROG�7%�OHVLRQV��)LYH�RI�WKHVH����SDWLHQWV�KDG�QR�KLVWRU\�RI�SXOPRQDU\�7%���7DEOH����6HQVLWLYLW\�� VSHFLILFLW\�� 339��139�� DQG� WKH� OLNHOLKRRG�UDWLR�IRU� VSXWXP� VPHDU� VDPSOHV�DQG�FKHVW� UDGLRJUDSK\�DUH�VKRZQ�LQ���7DEOH����
�'LVFXVVLRQ��7KH� UHSRUWHG� LQFLGHQFH� RI� SXOPRQDU\� 7%� LV� ORZHU� LQ�FRPSDULVRQ� ZLWK� WKH� DFWXDO� LQFLGHQFH� RI� GLVHDVH� LQ�6LVWDQ� VKRZQ� GXULQJ� WKLV� WKH� VWXG\�� ����� LQGLYLGXDOV�SUHVHQWHG�ZLWK�FKURQLF�FRXJK�������RI� WKHVH�SUHVHQWHG�ZLWK� SRVLWLYH� FRXJK�� DQG� �������RI� WKHVH�ZHUH� VPHDU�SRVLWLYH� ���RI� �������$� VLPLODU� VWXG\� LQ� ,UDQ� LQGLFDWHG�WKDW� ����� RI� WKHVH� W\SHV� RI� FDVHV� KDG� VSXWXP� VPHDU�VDPSOHV� WKDW� ZHUH� SRVLWLYH� IRU� 7%�� $QRWKHU� VWXG\�VKRZHG�WKDW�����RI�FDVHV�ZLWK�FKURQLF�FRXJK�KDG�VPHDU�VDPSOHV�WKDW�VKRZHG�WKH�SUHVHQFH�RI�7%�������,Q�6LVWDQ�LQ� ������ WKH� SUHYDOHQFH� RI� SXOPRQDU\� 7%� DQG� VPHDU�SRVLWLYH� SXOPRQDU\� 7%� ZDV� ��� DQG� ��� SHU� ��������SRSXODWLRQ��UHVSHFWLYHO\�����'XULQJ� WKH� SUHVHQW� VWXG\�� DOO� RI� WKRVH� ZLWK� SRVLWLYH�VSXWXP� VPHDU� VDPSOHV� SUHVHQWHG� FOLQLFDOO\� ZLWK�DQRUH[LD�DQG�ZHLJKW�ORVV��)HYHU��FRXJK��DQG�ZHLJKW�ORVV�KDYH� EHHQ� UHSRUWHG� DV� WKH�PRVW� FRPPRQ� V\PSWRPV� RI�SXOPRQDU\�7%�LQ�GLIIHUHQW�VWXGLHV��������������+RZHYHU��IHYHU�DQG�FKURQLF�FRXJK�ZHUH�QRW�VHQVLWLYH�HQRXJK�IRU�DGHTXDWH� 7%� GLDJQRVLV� LQ� VRPH� VWXGLHV� ������ 2YHUDOO��FKHVW� UDGLRJUDSK\� KDV� JUHDWHU� GLDJQRVWLF� DELOLW\� WKDQ�GRHV�VSXWXP�VPHDU�VDPSOHV����������WKLV�ZDV�FRQILUPHG�DJDLQ� LQ� WKH� SUHVHQW� VWXG\�� ZKLFK� IRXQG� WKDW� FKHVW�UDGLRJUDSK\� LV� VLJQLILFDQWO\� EHWWHU� WKDQ� VSXWXP� WHVWLQJ�IRU�WKH�GLDJQRVLV�RI�7%���7KH�XVH�RI�UDGLRJUDSK\�IRU�GLDJQRVLV�RI�SXOPRQDU\�7%�KDV�VRPH�OLPLWDWLRQV��&RQVLGHULQJ�DFWLYH�SXOPRQDU\�7%�������RI�VXVSHFWHG�SDWLHQWV�KDG�SRVLWLYH�UHVXOWV�RQ�FKHVW�UDGLRJUDSK\��DFWLYH�GLVHDVH�RU�ROG�7%�OHVLRQV���2I�WRWDO�WXEHUFXORVLV� FDVHV� DQG� VXVSHFWHG� FDVHV�� DFWLYH� GLVHDVH�ZDV� LGHQWLILHG� LQ� ������ RI� WKHP� E\� PHDQV� RI� FKHVW�UDGLRJUDSK\�� ������ KDG� SRVLWLYH� UHVXOWV� YLD� VSXWXP�PLFURVFRS\�ODERUDWRU\� H[DPLQDWLRQ�� $QQXDO� LQFLGHQFH�RI�SXOPRQDU\�7%�DQG�WKH�LQFLGHQFH�RI�7%�DV�VKRZQ�RQ�VPHDU� VDPSOHV� ZHUH� ���� DQG� ����� SHU� ��������SRSXODWLRQV�� UHVSHFWLYHO\�� 7KH� ,UDQLDQ� +HDOWK� 6HUYLFH�6\VWHP� LGHQWLILHG� ��� VPHDU�SRVLWLYH� FDVHV� RI� 7%� LQ������� ZKLOH� WKH� UHFHQW� VWXG\� LGHQWLILHG� ��� DGGLWLRQDO�FDVHV� ZLWK� SXOPRQDU\� WXEHUFXORVLV� DW� WKH� VDPH� WLPH��7KHUHIRUH�� WKH� +HDOWK� 6HUYLFH� 6\VWHP� RQO\� LGHQWLILHG��������RI�SDWLHQWV�ZLWK�WXEHUFXORVLV��,Q�RXU�RSLQLRQ��WKH�RQO\�NH\�IRU�GLPLQLVKLQJ� WKLV�GLIIHUHQFH� LV� UHYLVLQJ� WKH�DSSOLFDWLRQ�RI�GLDJQRVWLF�WRROV���
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&RQFOXVLRQ� 2XU� ILQGLQJV� VXJJHVW� WKDW� WKH� GLDJQRVWLF�SRZHU�RI�FKHVW� UDGLRJUDSK�LV�PRUH� WKDQ�VSXWXP�VPHDU��KRZHYHU��ZH� WKLQN� WKH�+66�PHWKRG� IRU� WDNLQJ� VSXWXP�ZDV�QRW�D�FRQWUROOHG�RQH���
$FNQRZOHGJPHQW��:H� DSSUHFLDWH� WKH� 'HSXW\� RI� 5HVHDUFK� RI� =DKHGDQ�8QLYHUVLW\� RI�0HGLFDO� 6FLHQFHV� IRU� WKHLU� ILQDQFLDO� DQG�WHFKQLFDO� VXSSRUW� RI� RXU� VWXG\�� :H� DUH� LQGHEWHG� WR�'U�$OL�'DYDULDQ� IRU� KLV� OHDGLQJ� VXJJHVWLRQV� LQ� OLWHUDU\�UHYLVLRQ�RI�WKLV�DUWLFOH�DQG��ZRXOG�OLNH�WR�$FNQRZOHGJH�RXU�FROOHDJXH�LQ�&OLQLFDO�5HVHDUFK�'HYHORSPHQW�&HQWHU�RI�$OL�(EQH�$ELWDOHE�+RVSLWDO� ��=DKHGDQ�8QLYHUVLW\�RI�0HGLFDO� 6FLHQFHV� IRU� WKHLU� KHOS� SUHSDULQJ� WKLV�PDQXVFULSW��

5HIHUHQFHV������ 5HJXODU� TXDUWHUO\� DQG� DQQXDO� UHSRUWV� RI� FDVH�GHWHFWLRQ�� &RQWURO� RI� 'LVHDVH� &HQWUH�� ,�5�,UDQ� +HDOWK�0LQLVWHU������������:+2�7XEHUFXORVLV�FRQWURO�LQ�SULVRQV��$�PDQXDO�IRU�SURJUDP�PDQDJHUV��*HQHYD��6ZLW]HUODQG��:+2����������6DOHN� 6�� 6DOHN� 62�� 0RKDPPDGL� $� �&KURQLF� FRXJK�DQG�3XOPRQDU\�7XEHUFXORVLV�LQ�WKH�XUEDQ�3RSXODWLRQ�RI�UXGVDU�±7DQDIIRV�������������������&RQLQ[�5��0DKHU�'��5H\HV�+�7XEHUFXORVLV�LQ�SULVRQV�LQ�FRXQWULHV�ZLWK��KLJK��SUHYDOHQFH��%0-��������������������0DVMHGL� 05�� 7DEDWDEDHH� '�6DOHN� 6� �7XEHUFXORVLV�JXLGH� �,�5�,UDQ� �)RUHLJQ� 0LQLVWHU� 3XEOLVK� &HQWHU����������������0LOOHU� /*�� $VFK� 60�� <X� (,� �$SRSXODWLRQ� ±EDVHG�VXUYH\� RI� WXEHUFXORVLV� V\PSWRPV�� KRZ� DW\SLFDO�SUHVHQWDWLRQ"�&OLQ�,QIHFW�'LV��������������������
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