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&RQFOXVLRQV��,Q�5$�SDWLHQWV�YLWDPLQ�'�GHILFLHQF\�LV�TXLWH�FRPPRQ��EXW�VLPLODU�WR�WKDW�IRXQG�LQ�FRQWURO�VXEMHFWV��GLVHDVH�DFWLYLW\�DQG
GLVDELOLW\�VFRUHV�DUH�LQYHUVHO\�UHODWHG�WR����2+�'�OHYHOV�

,QWURGXFWLRQ

9LWDPLQ�'�GHILFLHQF\�LV�H[WUHPHO\�FRPPRQ�LQ�(XURSH�DQG�SDUWLFXODUO\�LQ�6RXWKHUQ�FRXQWULHV�ZKHUH�PRUH�WKDQ�����RI�HOGHUO\�SHRSOH
DUH�DIIHFWHG�>�±�@�9LWDPLQ�'�GHILFLHQF\�LV�DOVR�IUHTXHQW�DPRQJ�\RXQJ�VXEMHFWV�����K\GUR[\YLWDPLQ�'�����2+�'��OHYHOV�ORZHU�WKDQ���
QJ�PO�KDYH�UHFHQWO\�EHHQ�UHSRUWHG�LQ�,WDO\�LQ�DOPRVW�D�WKLUG�RI�DSSDUHQWO\�KHDOWK\�ZRPHQ�>�@

(PHUJLQJ�HYLGHQFH�VXJJHVWV�WKDW�YLWDPLQ�'�SOD\V�DQ�LPSRUWDQW�UROH�LQ�LPPXQH�UHJXODWLRQ��9LWDPLQ�'�UHFHSWRUV�DUH�IRXQG�RQ�VHYHUDO
LPPXQH�FHOOV�DQG�LQ�YLWUR�VWXGLHV�KDYH�VKRZQ�WKDW�YLWDPLQ�'�PHWDEROLWHV�PRGXODWH�7�FHOO�SUROLIHUDWLRQ�DQG�GHQGULWLF�FHOO�IXQFWLRQ�>���@
(SLGHPLRORJLFDO�GDWD�DOVR�LPSO\�WKDW�YLWDPLQ�'�GHILFLHQF\�PD\�EH�D�ULVN�IRU�GHYHORSPHQW�RI�DXWRLPPXQH�DQG�RWKHU�FKURQLF
GLVHDVHV�>���@

3UHOLPLQDU\�VWXGLHV�VXJJHVW�WKDW�ORZ�OHYHOV�RI�YLWDPLQ�'�PD\�EH�FRPPRQ�LQ�UKHXPDWRLG�DUWKULWLV��5$��>��±��@�0RUH�UHFHQWO\��YLWDPLQ�'
GHILFLHQF\�ZDV�IRXQG�LQ����RXW�RI�����SRVWPHQRSDXVDO�ZRPHQ�ZLWK�5$�LQ�WKH�86$��ZLWK�WKH�KLJKHVW�SUHYDOHQFH�DPRQJ�$IULFDQ
$PHULFDQV�>�����@�0RUHRYHU��VRPH�DXWKRUV�UHSRUWHG�DQ�LQYHUVH�UHODWLRQVKLS�EHWZHHQ�VHUXP�OHYHOV�RI�YLWDPLQ�'�PHWDEROLWHV�DQG
GLVHDVH�DFWLYLW\�RU�GLVDELOLW\�LQ�SDWLHQWV�ZLWK�5$�RU�HDUO\�LQIODPPDWRU\�SRO\DUWKULWLV��DOWKRXJK�FRQIOLFWLQJ�UHVXOWV�KDYH�EHHQ
IRXQG>�����±��@

7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�HVWLPDWH�WKH�SUHYDOHQFH�DQG�GHWHUPLQDQWV�RI�YLWDPLQ�'�GHILFLHQF\�LQ�SDWLHQWV�ZLWK�5$��DQG�WR�DQDO\]H
WKH�DVVRFLDWLRQ�RI�YLWDPLQ�'�ZLWK�GLVHDVH�DFWLYLW\�DQG�GLVDELOLW\��:H�K\SRWKHVL]HG�WKDW�ORZ�OHYHOV�RI�YLWDPLQ�'�ZRXOG�EH�FRPPRQ�LQ
SDWLHQWV�ZLWK�5$�DQG�LQYHUVHO\�UHODWHG�WR�GLVHDVH�DFWLYLW\�DQG�GLVDELOLW\�

0DWHULDOV�DQG�0HWKRGV

3DWLHQWV�DQG�&RQWUROV

7KH�VWXG\�SRSXODWLRQ�LQFOXGHV�������FRQVHFXWLYH�SDWLHQWV��������ZRPHQ������PHQ��IURP����UKHXPDWRORJ\�FHQWUHV�XQLIRUPO\
GLVWULEXWHG�DFURVV�,WDO\��VL[�QRUWKHUQ��HLJKW�FHQWUDO��HLJKW�VRXWKHUQ�,WDO\��

7KH�FRQWURO�JURXS�UHVXOWHG�IURP�WKH�PHUJLQJ�RI�WZR�SRSXODWLRQ�EDVHG�VWXGLHV��UHSUHVHQWDWLYH�RI�WKH�JHQHUDO�SRSXODWLRQ�UHFUXLWHG�IURP
RVWHRSRURVLV�FHQWUHV�HTXDOO\�GLVWULEXWHG�RYHU�WKH�QDWLRQDO�WHUULWRU\�RI�,WDO\��7KH�ILUVW�VWXG\�LQFOXGHG�����&DXFDVLDQ�SRVWPHQRSDXVDO
ZRPHQ�DJHG����WR����\HDUV�QRW�DIIHFWHG�E\�GLVHDVHV�RU�RQ�WUHDWPHQW�H[SHFWHG�WR�DOWHU�PLQHUDO�PHWDEROLVP�>��@�7KH�VHFRQG�VWXG\
ZDV�PDGH�XS�RI�����SUHPHQRSDXVDO�KHDOWK\�ZRPHQ�DJHG����WR����\HDUV�>�@�7KH�FKDUDFWHULVWLFV�RI�WKHVH�WZR�SRSXODWLRQV�ZHUH
GHVFULEHG�LQ�GHWDLOV�HOVHZKHUH�DQG�WKH�GDWD�DQDO\]HG�E\�WKH�VDPH�FRRUGLQDWLQJ�FHQWUH��7KH�DLP�RI�ERWK�VWXGLHV�ZDV�WR�LQYHVWLJDWH
WKH�SUHYDOHQFH��GHWHUPLQDQWV�DQG�FRQVHTXHQFHV�RI�YLWDPLQ�'�GHILFLHQF\�LQ�KHDOWK\�,WDOLDQ�ZRPHQ�>����@

&OLQLFDO�(YDOXDWLRQ

$OO�5$�SDWLHQWV�IXOILOOHG�WKH������$PHULFDQ�&ROOHJH�RI�5KHXPDWRORJ\��$&5��UHYLVHG�FULWHULD�IRU�5$��7KH�RQO\�LQFOXVLRQ�FULWHULD�ZHUH�D
GLDJQRVLV�RI�HVWDEOLVKHG�5$�DQG�DQ�DJH�OHVV�WKDQ����\HDUV��LUUHVSHFWLYH�RI�PHQRSDXVDO�VWDWXV��$OO�SDWLHQWV�ZHUH�LQWHUYLHZHG�DQG
H[DPLQHG�DW�HDFK�FOLQLFDO�FHQWUH�IRU�WKH�JDWKHULQJ�RI�LQIRUPDWLRQ�RQ�GLVHDVH�DQG�WUHDWPHQW�KLVWRU\�

'LVHDVH�UHODWHG�YDULDEOHV�LQFOXGHG�GLVHDVH�RQVHW�DQG�GXUDWLRQ��SUHVHQFH�RI�H[WUD�DUWLFXODU�PDQLIHVWDWLRQV�����WHQGHU�MRLQW�FRXQW
�7-&����DQG����VZROOHQ�MRLQW�FRXQW��6-&�����7KH�WKUHH�YDULDEOH�'LVHDVH�$FWLYLW\�6FRUH��'$6�����ZDV�FDOFXODWHG�XVLQJ�&�UHDFWLYH
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SURWHLQ��&53��DQG�WKH�1LMPHJHQ�IRUPXOD��'$6��� ������
VTUW�7-&����������
VTUW�6-&����������
OQ�&53�����
�������������>��@�7KH
$&5�FULWHULD�ZHUH�FRQVLGHUHG�LQ�RUGHU�WR�FODVVLI\�D�SDWLHQW�DV�LQ�UHPLVVLRQ�DW�WKH�WLPH�RI�REVHUYDWLRQ��&OLQLFDO�PHDVXUHV�RI�GLVHDVH
UHODWHG�IXQFWLRQDO�LPSDLUPHQW�LQFOXGHG�+HDOWK�$VVHVVPHQW�4XHVWLRQQDLUH�'LVDELOLW\�,QGH[��+$4���6WHLQEURFNHU�IXQFWLRQDO�VWDWH�DQG
WKH�PRELOLW\�DFWLYLWLHV�RI�GDLO\�OLYLQJ��$'/��>��±��@�5$�VSHFLILF�WUHDWPHQW�ZHUH�FROOHFWHG�DQG�LQFOXGHG�WKH�JOXFRFRUWLFRLGV��GLVHDVH
PRGLI\LQJ�DQWLUKHXPDWLF�GUXJV��'0$5'V��PHWKRWUH[DWH��F\FORVSRULQH��JROG�VDOWV��VXOIDVDOD]LQH��DQWLPDODULDOV��DQG�D]DWKLRSULQH��DQG
WKH�71) �EORFNHUV��DQWL�71)���3DWLHQWV�ZHUH�LQWHUYLHZHG�UHJDUGLQJ�FXUUHQW�XVH�RI�GUXJV�DIIHFWLQJ�ERQH�PHWDEROLVP�LQFOXGLQJ
ELVSKRVSKRQDWHV��FDOFLXP�DQG�YLWDPLQ�'�VXSSOHPHQWV��9LWDPLQ�'�VXSSOHPHQWV�WDNHQ�GXULQJ�WKH�SUHYLRXV�\HDU�ZHUH�FDUHIXOO\
HYDOXDWHG�DQG�H[SUHVVHG�DV�PHDQ�GDLO\�GRVH��([SRVXUH�WR�VXQOLJKW�IURP�0DUFK�WR�6HSWHPEHU��VXQ�H[SRVXUH�WLPH��ZDV�TXDQWLILHG�DV
��������WR��������WR����RU�!���PLQXWHV�GDLO\��%RG\�ZHLJKW�DQG�KHLJKW��+DUSHQGHU�VWDGLRPHWHU��ZHUH�DVVHVVHG�DQG�WKH�ERG\�PDVV
LQGH[��%0,� �NJ�P���ZDV�FDOFXODWHG�LQ�DOO�VXEMHFWV�

/DERUDWRU\�$VVHVVPHQW

5KHXPDWRLG�IDFWRU��5)���DQWL�&\FOLF�&LWUXOOLQDWHG�3HSWLGH��DQWL�&&3��DQG�URXWLQH�ELRFKHPLVWU\�ZHUH�PHDVXUHG�ORFDOO\��,QGLYLGXDO
DOLTXRWV�RI�VHUXP�VDPSOHV�ZHUH�FROOHFWHG�IURP�-XQH������WR�0D\������IURP�HDFK�SDWLHQW��)RXU�DOLTXRWV�ZHUH�VHQW�RQ�GU\�LFH�E\
FRXULHU�WR�WKH�ODERUDWRU\�RI�WKH�8QLYHUVLW\�RI�9HURQD��DQG�NHSW�DW�í���&�XQWLO�WKH�PHDVXUHPHQW�RI�VHUXP�LQWDFW�SDUDWK\URLG�KRUPRQH
�37+��DQG����2+�'�XVLQJ�FRPPHUFLDO�(/,6$�NLWV��,'6�&R���%ROGHQ��8.��ZLWK�LQWHU�DVVD\�FRHIILFLHQW�RI�YDULDWLRQV�UDQJLQJ�IURP���WR
����

7KH�VWXG\�ZDV�LQ�FRPSOLDQFH�ZLWK�WKH�+HOVLQNL�'HFODUDWLRQ�DQG�ZDV�DSSURYHG�E\�WKH�ORFDO�(WKLFDO�&RPPLWWHHV��7KH�8QLYHUVLW\
+RVSLWDO�RI�0HVVLQD�ZDV�GHVLJQDWHG�DV�WKH�&RRUGLQDWLQJ�&HQWHU��ZKHUH�WKH�VWXG\�SURWRFRO�ZDV�DSSURYHG�RQ���)HEUXDU\�������$Q
LQIRUPHG�ZULWWHQ�FRQVHQW�ZDV�REWDLQHG�IURP�DOO�SDUWLFLSDQWV�

6WDWLVWLFDO�$QDO\VLV

$OO�GDWD�PDQDJHPHQW�DQG�DQDO\VLV�ZHUH�FHQWUDOL]HG�DQG�FRQGXFWHG�DFFRUGLQJ�WR�D�SUHVSHFLILHG�SODQ�E\�RQH�RI�WKH�FHQWUHV��37+�DQG
���2+�'�ZHUH�ORJDULWKPLFDOO\�WUDQVIRUPHG�LQ�RUGHU�WR�QRUPDOL]H�WKHLU�GLVWULEXWLRQ��7KH�EHWZHHQ�VXEJURXS�GLIIHUHQFHV�ZHUH�DVVHVVHG
E\�W�WHVW�RU�DQDO\VLV�RI�YDULDQFH��$129$���DQDO\VLV�RI�FRYDULDQFH��$1&29$��ZDV�XVHG�WR�DGMXVW�YDOXHV�IRU�DQ\�FRQIRXQGLQJ�IDFWRU�
&KL�VTXDUH�WHVWV�ZHUH�XVHG�IRU�FDWHJRULFDO�GDWD�

$VVRFLDWLRQV�EHWZHHQ�FRQWLQXRXV�YDULDEOHV�ZHUH�H[DPLQHG�XVLQJ�3HDUVRQ�FRUUHODWLRQ�FRHIILFLHQWV�DQG�PXOWLYDULDWH�OLQHDU�UHJUHVVLRQ�
'LIIHUHQFHV�ZHUH�FRQVLGHUHG�VLJQLILFDQW�DW�3���������$OO�VWDWLVWLFDO�SURFHGXUHV�ZHUH�FDUULHG�RXW�XVLQJ�D�FRPSXWHU�SURJUDP��6366
YHUVLRQ�������,QF���&KLFDJR��,/��86$��

5HVXOWV

7KH�5$�VDPSOH�ZDV�PRVWO\�IHPDOH�������ZLWK�D�PHDQ����6'��DJH�RI�������������\HDUV�DQG�GLVHDVH�GXUDWLRQ�RI������������\HDUV��7KH
PDLQ�5$�UHODWHG�ILQGLQJV�E\�JHQGHU�DUH�OLVWHG�LQ�7DEOH����ZKLFK�LQFOXGHV�DOVR�WKH�PDLQ�FKDUDFWHULVWLFV�RI�WKH�FRQWURO�ZRPHQ��7KH
GLVHDVH�ZDV�VRPHZKDW�PRUH�VHYHUH�LQ�ZRPHQ�WKDQ�LQ�PHQ��7KH�YROXPH�RI�WKH�VHUXP�VDPSOH�IURP����SDWLHQWV�ZDV�LQDGHTXDWH�IRU
WKH�PHDVXUHPHQWV�ZLWK�WKH�DXWR�DQDO\VHU�

7DEOH����0DLQ�FKDUDFWHULVWLFV��PHDQV�DQG�FRQILGHQFH�LQWHUYDOV�RU�SHUFHQWDJHV��RI�VWXG\�SRSXODWLRQ�E\
JHQGHU

5$�ZRPHQ��1� ������� 5$�PHQ��1� ����� 3� &RQWUROV��1� ������� 3�
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6L[�KXQGUHG�DQG�WKLUW\�IRXU�SDWLHQWV�������ZHUH�QRW�WDNLQJ�QDWLYH�YLWDPLQ�'�VXSSOHPHQWV������DQG�����RI�SDWLHQWV�ZHUH�WDNLQJ�����
RU������XQLWV�RI�YLWDPLQ�'��SHU�GD\��UHVSHFWLYHO\�

0HDQ ����&�,� 0HDQ ����&�,� 0HDQ ����&�,�

$JH��\HDUV� ���� �����WR����� ���� �����WR����� Q�V� ���� �����WR����� Q�V�

%0,��NJ�P�� ���� �����WR����� ���� �����WR����� ���� ���� �����WR����� �����

'LVHDVH�GXUDWLRQ��PR�� ��� ����WR���� ��� ����WR���� Q�V

6ZROOHQ�MRLQW�FRXQW��UDQJH���WR���� ���� �����WR����� ���� �����WR����� �����

'$6��� ���� �����WR����� ���� �����WR����� ������

+$4�VFRUH��UDQJH���WR��� ���� �����WR����� ���� �����WR����� ������

$'/��UDQJH���WR���� ���� �����WR����� ���� �����WR����� ������

���2+�'��QJ�PO� ���� �����WR����� ���� �����WR����� Q�V� ���� �����WR����� ������

37+��SJ�PO� ���� �����WR����� ���� �����WR����� Q�V� ���� �����WR����� ������

3UH�PHQRSDXVH ����� ����� QV

6XQ�H[SRVXUH�WLPH�!���PLQXWHV ����� ����� ���� ��� QV

6PRNLQJ ����� ����� Q�V� ����� ������

([WUD�DUWLFXODU�PDQLIHVWDWLRQV ����� ����� Q�V�

6WHLQEURFNHU�)XQFWLRQDO�VWDWH�!� ����� ����� Q�V�

'0$5'V�WKHUDS\ ����� ����� Q�V�

$QWL�WR�71)�WKHUDS\ ����� ����� Q�V�

$&5�5HPLVVLRQ ����� ����� Q�V�

*RRG�WUHDWPHQW�UHVSRQVH ����� ����� Q�V�

2VWHRSRURVLV�WKHUDS\ ����� ����� �����

*OXFRFRUWLFRLG�WKHUDS\ ����� ����� Q�V�

5KHXPDWRLG�)DFWRU�SRVLWLYH ����� ����� Q�V�

$QWL�&&3�SRVLWLYH ����� ����� Q�V�

$EEUHYLDWLRQV�����2+�'�����K\GUR[\YLWDPLQ�'��$&5��$PHULFDQ�&ROOHJH�RI�5KHXPDWRORJ\��$'/��DFWLYLWLHV�RI
GDLO\�OLYLQJ��$QWL�&&3��DQWL�&\FOLF�&LWUXOOLQDWHG�3HSWLGH��$QWL�71)��WXPRU�QHFURVLV�IDFWRU� �EORFNHU��%0,�
ERG\�PDVV�LQGH[��&53��&�UHDFWLYH�SURWHLQ��'$6�����'LVHDVH�$FWLYLW\�6FRUH�����'0$5'V��GLVHDVH
PRGLI\LQJ�DQWLUKHXPDWLF�GUXJV��+$4��+HDOWK�$VVHVVPHQW�4XHVWLRQQDLUH�'LVDELOLW\�,QGH[��37+��SDUDWK\URLG
KRUPRQH��5$��UKHXPDWRLG�DUWKULWLV�
S��LV�UHIHUUHG�WR�EHWZHHQ�JHQGHU�GLIIHUHQFHV�DQG�S��WR�EHWZHHQ�IHPDOH�SDWLHQWV�DQG�FRQWURO�ZRPHQ��Q�V�� 
QRW�VLJQLILFDQW�

9LWDPLQ�'�'HILFLHQF\�LQ�5KHXPDWRLG�$UWKULWLV��SULQWHU�IULHQGO\� KWWS���ZZZ�PHGVFDSH�FRP�YLHZDUWLFOH�������BSULQW
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7KH�FRUUHVSRQGLQJ�PHDQ�YDOXHV�RI����2+�'�DQG�WKH�SURSRUWLRQ�RI�SDWLHQWV�ZLWK�YLWDPLQ�'�GHILFLHQF\�ZLWK�WZR�GLIIHUHQW�FXW�RII�YDOXHV
DUH�OLVWHG�LQ�7DEOH���

,Q�SDWLHQWV�QRW�WDNLQJ�YLWDPLQ�'�VXSSOHPHQWV��D�VLJQLILFDQW�QHJDWLYH�FRUUHODWLRQ�EHWZHHQ����2+�'�VHUXP�OHYHOV�DQG�DJH�ZDV
REVHUYHG��3����������DQG�PHDQ�YDOXHV�IURP�-XQH�WR�'HFHPEHU�ZHUH�VLJQLILFDQWO\�KLJKHU�WKDQ�IURP�-DQXDU\�WR�0D\�������YHUVXV�����
QJ�PO��UHVSHFWLYHO\��GDWD�QRW�VKRZQ��

$PRQJ�SDWLHQWV�QRW�YLWDPLQ�'�VXSSOHPHQWHG�WKH�ORJDULWKP�RI�WKH����2+�'�OHYHOV��/Q����2+�'��OHYHOV�ZHUH�VLJQLILFDQWO\�FRUUHODWHG
ZLWK�ORJDULWKP�RI�37+��%0,��'$6����+$4�VFRUH�DQG�$'/��7DEOH�����7KH�DJH�DQG�%0,�DGMXVWHG�PHDQ����2+�'�OHYHOV�ZHUH�QRW
VWDWLVWLFDOO\�GLIIHUHQW�LQ�QRQ�VXSSOHPHQWHG�5$�SDWLHQWV��������������QJ�PO��DQG�FRQWURO�ZRPHQ�������������QJ�PO���7DEOH���VKRZV
���2+�'�OHYHOV�E\�FDWHJRULFDO�YDULDEOHV�LQ�SDWLHQWV�QRW�YLWDPLQ�'�VXSSOHPHQWHG�

7DEOH����0HDQ�DQG�IUHTXHQF\�RI����2+�'�YDOXHV�ORZHU�WKDQ����RU����PJ�PO�DFFRUGLQJ�ZLWK�UDQJHV�RI
YLWDPLQ�'�VXSSOHPHQWDWLRQV

'��VXSSOHPHQWDWLRQ�,8�GD\ 1� ���2+�'�QJ�PO�PHDQ��6�'�� ���2+�'������QJ�PO���� ���2+�'������QJ�PO����

1RQH ��� ����������� ����� �����

����� ��� ����������� ����� �����

���� ��� ����������� ����� �����

&RQWUROV ����� �����������D ������D ������E

D� �3��������DQG�E� �3��������YHUVXV�VXSSOHPHQWHG�5$�SDWLHQWV�
$EEUHYLDWLRQV�����2+�'�����K\GUR[\YLWDPLQ�'��
$OO�GLIIHUHQFHV��ERWK�SURSRUWLRQV�DQG�PHDQV��DFURVV�WKH�WKUHH�UDQJHV�RI�YLWDPLQ�'�VXSSOHPHQWDWLRQ�LQ�5$
ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW�

9LWDPLQ�'�'HILFLHQF\�LQ�5KHXPDWRLG�$UWKULWLV��SULQWHU�IULHQGO\� KWWS���ZZZ�PHGVFDSH�FRP�YLHZDUWLFOH�������BSULQW
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7DEOH����&RUUHODWLRQV�EHWZHHQ�WKH�QDWXUDO�ORJDULWKP�RI����2+�'��/Q����2+�'��DQG�VHYHUDO�FRQWLQXRXV
YDULDEOHV�LQ�SDWLHQWV�QRW�WDNLQJ�YLWDPLQ�'�VXSSOHPHQWV

&RUUHODWLRQ�FRHIILFLHQWV������&�,�� 5HJUHVVLRQ�&RHIILFLHQWV��U� 3

/Q�37+�SJ�PO í�������í�������í������ ����� �����

%0,��NJ�P�� í�������í�������í�í���� ����� ������

6ZROOHQ�MRLQWV�FRXQW í�������í�������í������ ����� �����

'$6�� í�������í�������í����� ����� ������

+$4�VFRUH í�������í�������í������ ����� ������

$'/ í�������í�������í����� ����� ������

$EEUHYLDWLRQV�����2+�'�����K\GUR[\YLWDPLQ�'��$'/��DFWLYLWLHV�RI�GDLO\�OLYLQJ��%0,��ERG\�PDVV�LQGH[��'$6
����'LVHDVH�$FWLYLW\�6FRUH�����+$4��+HDOWK�$VVHVVPHQW�4XHVWLRQQDLUH�'LVDELOLW\�,QGH[��/Q�37+��QDWXUDO
ORJDULWKP�RI�SDUDWK\URLG�KRUPRQH�

9LWDPLQ�'�'HILFLHQF\�LQ�5KHXPDWRLG�$UWKULWLV��SULQWHU�IULHQGO\� KWWS���ZZZ�PHGVFDSH�FRP�YLHZDUWLFOH�������BSULQW
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6LJQLILFDQWO\�ORZHU����2+�'�YDOXHV�ZHUH�IRXQG�LQ�SDWLHQWV�QRW�H[SHULHQFLQJ�GLVHDVH�UHPLVVLRQ�RU�ZLWK�'$6���!����RU�SRRUO\
UHVSRQGLQJ�WR�WUHDWPHQW��DQG�ZLWK�WKH�KLJKHVW�6WHLQEURFNHU�IXQFWLRQDO�VWDWH��7LPH�VSHQW�RXWGRRUV�GXULQJ�VXPPHU�PRQWKV��VXQ
H[SRVXUH�VFRUH��ZDV�D�JRRG�SUHGLFWRU�RI����2+�'�OHYHOV�

3DWLHQWV�ZLWK�WKH�ZRUVH�LQGLFHV�RI�GLVHDVH�DFWLYLW\�RU�GLVDELOLW\�ZHUH�VSHQGLQJ�VLJQLILFDQWO\�OHVV�WLPH�LQ�VXQVKLQH��7DEOH����DQG�ZHUH
WKHQ�PRUH�OLNHO\�WR�GHYHORS�D�YLWDPLQ�'�GHILFLHQF\�

7DEOH����0HDQ����2+�'�OHYHOV�DQG�SURSRUWLRQ�RI�SDWLHQWV�ZLWK����2+�'�OHYHOV�����QJ�PO�DFFRUGLQJ�WR
FDWHJRULFDO�YDULDEOHV�LQ�QRQ�YLWDPLQ�'�VXSSOHPHQWHG�SDWLHQWV

&DWHJRULDO�YDULDEOH 0HDQ 6WDQGDUG�GHYLDWLRQ 3 ��ZLWK����2+�'�����QJ�PO 3

'LVHDVH�5HPLVVLRQ 1R ���� ���� ����� ����� ������

<HV ���� ���� �����

'$6�� ���� ���� ��� ����� ����� ������

����WR���� ���� ���� �����

!��� ���� ��� �����

6WHLQEURFNHU�)XQFWLRQDO�VWDWH � ���� ���� ������ ����� �����

!� ���� ���� �����

7UHDWPHQW�5HVSRQVH *RRG ���� ���� ����� ������

)DLU ���� ���� ����� �����

1R ���� ���� �����

6XQ�H[SRVXUH�WLPH ����PLQXWHV ���� ���� ����� ����� �����

���WR����PLQXWHV ���� ��� �����

���WR����PLQXWHV ���� ���� �����

!���PLQXWHV ���� ���� �����

$EEUHYLDWLRQV�����2+�'�����K\GUR[\YLWDPLQ�'��$129$��DQDO\VLV�RI�YDULDQFH���'$6�����'LVHDVH�$FWLYLW\
6FRUH�����3�YDOXHV�ZHUH�REWDLQHG�E\�$129$�DQG�&KL�VTXDUH�WHVW�

7DEOH����$VVRFLDWLRQ�EHWZHHQ�GDLO\�VXQ�H[SRVXUH�WLPH��PLQXWHV��DQG�SDUDPHWHUV�RI�GLVHDVH�DFWLYLW\�RU
GLVDELOLW\��SHUFHQW�RI�SDWLHQWV�RU�PHDQ���6'�

6XQ�H[SRVXUH�WLPH��PLQXWHV� ��� ���WR��� ���WR��� !�� 3� �&KL�VTXDUH�RU�$129$

'LVHDVH�5HPLVVLRQ� �1R ����� ����� ����� ����� �����

7UHDWPHQW�5HVSRQVH� �)DLU�RU�1R ����� ����� ����� ����� ����

6WHLQEURFNHU�)XQFWLRQDO�VWDWH�!�� ����� ����� ����� ����� �����

9LWDPLQ�'�'HILFLHQF\�LQ�5KHXPDWRLG�$UWKULWLV��SULQWHU�IULHQGO\� KWWS���ZZZ�PHGVFDSH�FRP�YLHZDUWLFOH�������BSULQW

��RI��� ���������������$0



7KXV��WKH�DVVRFLDWLRQ�EHWZHHQ�GLVHDVH�DFWLYLW\�RU�GLVDELOLW\�DQG����2+�'�OHYHOV�ZDV�UH�H[DPLQHG�IRU�YDOXHV�DGMXVWHG�IRU�ERWK�VXQ
H[SRVXUH�WLPH�DQG�%0,��DQRWKHU�VWURQJ�GHWHUPLQDQW�RI����2+�'�YDOXHV��7KH�UHVXOWV�RI�WKLV�UH�DQDO\VLV�DUH�OLVWHG�LQ�7DEOH���

(YHQ�DIWHU�WKHVH�DGMXVWPHQWV��PRVW�LQGLFHV�RI�GLVHDVH�DFWLYLW\�RU�GLVDELOLW\�UHPDLQHG�VLJQLILFDQWO\�UHODWHG�ZLWK����2+�'�OHYHOV�DQG�WKH
FRUUHODWLRQV�EHWZHHQ�/Q����2+�'�OHYHOV�DQG�+$4�VFRUH�RU�$'/�UHPDLQHG�VLJQLILFDQW��3� �������DQG��������UHVSHFWLYHO\��UHVXOWV�QRW
VKRZQ��

'LVFXVVLRQ

:H�KDYH�IRXQG�WKDW�YLWDPLQ�'�GHILFLHQF\�����2+�'�YDOXHV�����QJ�PO��LV�FRPPRQ�LQ�5$�SDWLHQWV�DIIHFWLQJ�����RI�WKH�HQWLUH�FRKRUW�
2XU�UHVXOWV�DUH�VLPLODU�WR�WKRVH�UHSRUWHG�E\�RWKHUV�LQ�VPDOOHU�VDPSOH�VL]HV��ZLWK�D�SUHYDOHQFH�RI�YLWDPLQ�'�GHILFLHQF\�UDQJLQJ�IURP���
WR�����>��±��@

,Q�RXU�VWXG\�WKH�SURSRUWLRQ�RI�SDWLHQWV�ZLWK�YLWDPLQ�'�GHILFLHQF\�ULVHV�WR�����LQ�SDWLHQWV�QRW�WDNLQJ�YLWDPLQ�'�VXSSOHPHQWV��EXW�LW�ZDV
DOVR�XQDFFHSWDEO\�KLJK�LQ�ZRPHQ�RQ�DSSUR[LPDWHO\�����RU�����8�YLWDPLQ�'�GDLO\�VXSSOHPHQWV��WKDW�LV�����DQG�����UHVSHFWLYHO\�
7KHVH�ODWWHU�SURSRUWLRQV�ULVH�FRQVLGHUDEO\�LI�WKH�WKUHVKROG����2+�'�OHYHOV�DUH�VHW�WR����QJ�PO��EXW�WKH\�DUH�YHU\�VLPLODU�WR�WKRVH�ZH
REVHUYHG�LQ�FRQWURO�ZRPHQ�UHSUHVHQWDWLYH�RI�WKH�JHQHUDO�SRSXODWLRQ�DQG�WKLV�LQGLFDWHV�WKDW�YLWDPLQ�'�GHILFLHQF\�LV��DW�OHDVW�LQ�,WDO\��D
JHQHUDO�SUREOHP�

6ZROOHQ�MRLQWV�FRXQW ��������� ��������� ��������� ��������� ������

'$6���!��� ����� ����� ����� ����� ������

+$4�VFRUH ��������� ��������� ��������� ��������� ������

7DEOH����0HDQ����2+�'�OHYHOV�DGMXVWHG�IRU�%0,�DQG�VXQ�H[SRVXUH�WLPH�DFFRUGLQJ�WR�FDWHJRULFDO
YDULDEOHV�LQ�QRQ�YLWDPLQ�'�VXSSOHPHQWHG�SDWLHQWV

&DWHJRULDO�YDULDEOH 0HDQ 6WDQGDUG�GHYLDWLRQ 3

'LVHDVH�UHPLVVLRQ 1R ���� ���� �����

<HV ���� ����

6WHLQEURFNHU�IXQFWLRQDO�VWDWH � ���� ���� �����

!� ���� ����

'$6�� ���� ���� ��� ������

!��� ���� ����

7UHDWPHQW�UHVSRQVH *RRG ���� ���� �����

)DLU ���� ���

1R ���� ����

$EEUHYLDWLRQV��$129$��DQDO\VLV�RI�YDULDQFH�����2+�'�����K\GUR[\YLWDPLQ�'��%0,��ERG\�PDVV�LQGH[��'$6
����'LVHDVH�$FWLYLW\�6FRUH�����3�YDOXHV�ZHUH�REWDLQHG�E\�$129$�DQG�&KL�VTXDUH�WHVW�

9LWDPLQ�'�'HILFLHQF\�LQ�5KHXPDWRLG�$UWKULWLV��SULQWHU�IULHQGO\� KWWS���ZZZ�PHGVFDSH�FRP�YLHZDUWLFOH�������BSULQW
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)URP�D�FDUHIXO�DQDO\VLV�RI�D�ODUJH�QXPEHU�RI�HSLGHPLRORJLFDO�VWXGLHV�LW�ZDV�UHFHQWO\�IRXQG�WKDW�WKH�RSWLPDO����2+�'�FRQFHQWUDWLRQV
IRU�ERQH�KHDOWK�DQG�H[WUD�VNHOHWDO�EHQHILWV�DUH�EHWZHHQ����WR����QJ�PO��>��@�7KHVH�OHYHOV�ZHUH�DFKLHYHG�RQO\�E\����RI�RXU�SDWLHQWV
�UHVXOWV�QRW�VKRZQ��DQG�WKLV�LQGLFDWHV�WKDW��DW�OHDVW�LQ�5$�SDWLHQWV��LQ�RUGHU�WR�DFKLHYH����2+�'�OHYHOV�DERYH����QJ�PO�LQ�PRUH�WKDQ
����RI�WKH�SRSXODWLRQ��WKH�GDLO\�GRVH�RI�YLWDPLQ�'�VKRXOG�EH�VXEVWDQWLDOO\�KLJKHU�WKDQ�����8�SHU�GD\�

$V�H[SHFWHG��WKH�ORJDULWKPLF�YDOXHV�RI����2+�'�ZHUH�QHJDWLYHO\��3���������FRUUHODWHG�ZLWK�WKH�ORJDULWKPLF�OHYHOV�RI�37+��EXW�RQO\�LQ
SDWLHQWV�QRW�RQ�YLWDPLQ�'�VXSSOHPHQWV�

,Q�QRQ�VXSSOHPHQWHG�SDWLHQWV�����2+�'�OHYHOV�ZHUH�DVVRFLDWHG�ZLWK�VHYHUDO�YDULDEOHV��6XQ�H[SRVXUH�DQG�%0,�DUH�ZHOO�HVWDEOLVKHG
ULVN�IDFWRUV�IRU�YLWDPLQ�'�GHILFLHQF\�DQG�WKHVH�DVVRFLDWLRQV�DUH�FRQILUPHG�LQ�WKH�SUHVHQW�VWXG\�>��@

7KH�VFRSH�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�WR�ZKDW�H[WHQW�YLWDPLQ�'�GHILFLHQF\�ZDV�UHODWHG�LQ�5$�SDWLHQWV�ZLWK�WKH�VHYHULW\�RI�WKH
GLVHDVH��7KH�LQYHUVH�UHODWLRQVKLSV�EHWZHHQ�YLWDPLQ�'�OHYHOV�DQG�GLVHDVH�DFWLYLW\�RU�IXQFWLRQDO�LPSDLUPHQW�DUH�RI�LQWHUHVW�EXW�QRW�RI
REYLRXV�LQWHUSUHWDWLRQ��6LPLODU�UHODWLRQVKLSV�KDYH�EHHQ�IRXQG�DOVR�E\�RWKHUV��&XWROR�HW�DO��UHSRUWHG�D�VLJQLILFDQW�LQYHUVH�DVVRFLDWLRQ
EHWZHHQ����2+�'�DQG�'$6���LQ�SDWLHQWV�ZLWK�DFWLYH�5$�DQG�3DWHO�HW�DO��IRXQG�DQ�LQYHUVH�UHODWLRQVKLS�EHWZHHQ����2+�'�OHYHOV�DQG
WHQGHU�MRLQW�FRXQW��'$6����DQG�+$4�VFRUH�RQO\�DW�GLVHDVH�RQVHW��EXW�QRW�LQ�SDWLHQWV�ZLWK�D�GLVHDVH�GXUDWLRQ�ORQJHU�WKDQ�RQH�WR�WZR
\HDUV�>�����@�7KRXJK�RXU�VWXG\�SRSXODWLRQ�LQFOXGHG�D�ODUJH�YDULHW\�RI�GLVHDVH�DFWLYLW\��WUHDWPHQWV�DQG�GLVHDVH�GXUDWLRQV��WKH
FRUUHODWLRQV�ZH�IRXQG�ZHUH�DOO�KLJKO\�VLJQLILFDQW�DQG�WKLV�LV�OLNHO\�H[SODLQHG�E\�WKH�VL]H�RI�RXU�VWXG\�����WR����IROG�ODUJHU�WKDQ�SUHYLRXV
VWXGLHV��:H�IRXQG�WKDW�WKH�ZRUVH�WKH�GLUHFW�RU�LQGLUHFW�LQGLFHV�RI�GLVHDVH�DFWLYLW\��WKH�ORZHU�WKH����2+�'�OHYHOV�RU�WKH�KLJKHU�WKH
SURSRUWLRQ�RI�SDWLHQWV�ZLWK�YLWDPLQ�'�GHILFLHQF\��7KXV��WKH�SURSRUWLRQ�RI�SDWLHQWV�ZLWK�YLWDPLQ�'�GHILFLHQF\�ZDV�DURXQG�����ORZHU�LQ
SDWLHQWV�RQ�GLVHDVH�UHPLVVLRQ�RU�MXGJHG�DV�JRRG�UHVSRQGHUV�WR�WUHDWPHQW�RU�IRU�D�'$6���������,Q�DGGLWLRQ��ERWK�IXQFWLRQDO�LQGLFHV
DQG�PRELOLW\�$'/�ZHUH�QHJDWLYHO\�DVVRFLDWHG�ZLWK����2+�'�OHYHOV�ZLWK�D�3���������

$W�D�ILUVW�JODQFH��WKH�PRVW�REYLRXV�H[SODQDWLRQ�IRU�WKHVH�ILQGLQJV�LV�WKDW�SDWLHQWV�ZLWK�YHU\�DFWLYH�GLVHDVH�DUH�DW�KLJKHU�ULVN�RI�YLWDPLQ
'�GHILFLHQF\�UDWKHU�WKDQ�WKH�RWKHU�ZD\�DURXQG��,QGHHG��ZH�IRXQG�DQ�DVVRFLDWLRQ�EHWZHHQ�VXQ�H[SRVXUH�WLPH�DQG�DFKLHYHPHQW�RI
GLVHDVH�UHPLVVLRQ��JRRG�WUHDWPHQW�UHVSRQVH��6WHLQEURFNHU
V�IXQFWLRQDO�VWDWH��+$4�DQG�VZROOHQ�MRLQW�FRXQWV��7KLV�LQGLFDWHV�WKDW
SDWLHQWV�ZLWK�XQFRQWUROOHG�5$�DQG�RU�ZLWK�VHYHUH�IXQFWLRQDO�LPSDLUPHQW�DUH�OHVV�SURQH�WR�VSHQG�WLPH�RXWGRRUV�LQ�VXQVKLQH�DQG�DUH�
WKHUHIRUH��DW�KLJKHU�ULVN�RI�YLWDPLQ�'�GHILFLHQF\��7KXV��WKH�FRQFOXVLRQV�GUDZQ�LQ�SUHYLRXV�FURVV�VHFWLRQDO�VWXGLHV�UHJDUGLQJ�WKH
LPPXQRPRGXODWRU\�UROH�SOD\HG�E\�YLWDPLQ�'�LQ�LQIODPPDWRU\�DUWKULWLV��VKRXOG�EH�LQWHUSUHWHG�ZLWK�FDXWLRQ��LI����2+�'�YDOXHV�DUH�QRW
DGMXVWHG�IRU�WKH�NQRZQ�ULVN�IDFWRUV�IRU�YLWDPLQ�'�GHILFLHQF\�>�����@�+RZHYHU��ZKHQ�WKH�FRUUHODWLRQV�EHWZHHQ�GLVHDVH�DFWLYLW\�VFRUHV
DQG�YLWDPLQ�'�GHILFLHQF\�ZHUH�UHDQDO\VHG�E\�DGMXVWLQJ�WKH����2+�'�OHYHOV�IRU�VXQ�H[SRVXUH�DQG�%0,��WKH�DVVRFLDWLRQ�UHPDLQHG
VWDWLVWLFDOO\�VLJQLILFDQW�IRU�6WHLQEURFNHU
V�IXQFWLRQDO�VWDWH��'$6����WUHDWPHQW�UHVSRQVH��+$4�VFRUH�DQG�PRELOLW\�$'/��7KHVH�UHVXOWV
LQGLFDWH�WKDW�SDWLHQWV�ZLWK�YHU\�DFWLYH�5$�DUH�DW�KLJKHU�ULVN�RI�YLWDPLQ�'�GHILFLHQF\�IRU�VLPLODU�%0,�DQG�VXQ�H[SRVXUH��IRU�UHDVRQV�WKDW
UHPDLQ�XQNQRZQ�

7KH�PDLQ�VWUHQJWK�RI�WKLV�VWXG\�LV�LWV�VL]H��7KHUH�DUH�DOVR�LPSRUWDQW�OLPLWDWLRQV��7KH�ODUJH�KHWHURJHQHLW\�LQ�WHUPV�RI�VSHFLILF
WUHDWPHQWV�DQG�GLVHDVH�GXUDWLRQ�KDPSHUV�WKH�LQWHUSUHWDWLRQ�RI�VRPH�DVVRFLDWLRQV�EXW�LW�LV�RI�KHOS�IRU�GHILQLQJ�WKH�ULVN�RI�GHYHORSLQJ
YLWDPLQ�'�GHILFLHQF\��2XU�FRQWURO�JURXS�ZDV�LGHQWLILHG�D�SRVWHULRUL�DQG�LW�ZDV�QRW�SHUIHFWO\�PDWFKHG�VLQFH�LW�GRHV�QRW�LQFOXGH�PHQ�DQG
ZRPHQ�DJHG����WR����\HDUV�

&RQFOXVLRQV

,Q�WKLV�VWXG\�ZH�IRXQG�WKDW�LQ�5$��SDWLHQWV
�YLWDPLQ�'�GHILFLHQF\�LV�TXLWH�FRPPRQ��EXW�QRW�PRUH�FRPPRQ�WKDQ�LQ�DJH�PDWFKHG�FRQWURO
ZRPHQ�UHSUHVHQWDWLYH�RI�WKH�JHQHUDO�SRSXODWLRQ�����2+�'�OHYHOV�ZHUH�VWURQJO\�LQYHUVH�UHODWHG�WR�GLVHDVH�DFWLYLW\�DQG�GLVDELOLW\
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