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$PDo��)HWDO�E�\�PH�NÕVÕWOÕOÕ÷ÕQGDQ�HWNLOHQHQ�JHEHOLNOHULQ�SHULQDWDO�VRQXoODUÕQÕ�VH-

UHEURSODVHQWDO�RUDQ�NXOODQDUDN�DUDúWÕUPDN�YH�|QJ|UPH\H�oDOÕúPDN�

*HUHo�YH�<|QWHPOHU��'R÷XP�|QFHVL�NOLQL÷LQH�EDúYXUDQ�����\�NVHN�ULVNOL�JHEH��]H-

ULQGH�UHWURVSHNWLI�ELU�oDOÕúPD�\DSÕOGÕ�����KDPLOH�NDGÕQD�ÕQWUD�XWHULQ�JHOLúPH�NÕVÕWOÕOÕ÷Õ�
WHúKLVL�NRQGX��9H����KDPLOH�NDGÕQD�N�o�N�VD÷OÕNOÕ�EHEHN�WHúKLVL�NRQGX��7�P�KDV-
WDODUÕQ�WHPHO�GHPRJUD¿N��JHoPLú�REVWHWULN�YH�WÕEEL�|\N�OHUL�ND\GHGLOGL��øQWUD�XWHULQ�
JHOLúPH�NÕVÕWOÕOÕ÷Õ��VRQRJUD¿N�|Oo�PH�GD\DOÕ�RODUDN�JHEHOLN�\DúÕ� LoLQ����SHUVHQWLOLQ�
DOWÕQGDNL�WDKPLQL�IHWDO�D÷ÕUOÕ÷Õ�RODQ�JHEHOHUH�NRQXOGX��µ.�o�N�VD÷OÕNOÕ�EHEHN¶��WHúKLVL�
�� � IHWDO�D÷ÕUOÕ÷ÕQ�YH\D� IHWDO�NDUÕQ�oHYUHVL�|Oo�P�Q�Q�����SHUVDQWLOLQ�DOWÕQGD�ROGX÷X�
DQFDN�GRSSOHU�SDUDPHWUHOHUL�QRUPDO�RODQ� IHW�VOHUH� �NRQXOGX��$QFDN�EX� IHW�VOHUGH�
EHNOHQHQ� E�\�PH� SRWDQVL\HOLQH� XODúPDVÕQÕ� HQJHOOH\HQ� SDWRORMLN� IDNW|UOHU� \RNWX��
*HEHOLNOHUL� GH÷HUOHQGLUPHN� LoLQ� RUWD� VHUHEUDO� DUWHU� YH� XPELOLNDO� DUWHUOHULQ� GRSSOHU�
XOWUDVRQRJUD¿VL� NXOODQÕOGÕ�� 6HUHEURSODVHQWDO� RUDQ� �� 2UWD� VHUHEUDO� DUWHULQ� SHUVHQWLO�
LQGHNVLQLQ�8PEOLNDO�$UWHULQ��SHUVHQWLO�LQGHNVLQH�E|O�QPHVL\OH�KHVDSODQÕU��6HUHEURS-

ODVHQWDO�GRSSOHU�RUDQÕQÕQ��¶LQ�DOWÕQGD�ROPDVÕ�DQRUPDO�NDEXO�HGLOGL��<HQLGR÷DQODUÕQ�
E�W�Q�ROXPVX]�SHULQDWDO�VRQXoODUÕ�ND\GHGLOGL��

%XOJXODU������JHEH�VHUHEURSODVHQWDO�RUDQD�J|UH�LNL�JUXED�D\UÕOGÕ��*UXS�$¶�QÕQ���VH-

UHEURSODVHQWDO�RUDQÕ���GHQ�E�\�NW���Q �����*UXS�%¶�QLQ���VHUHEURSODVHQWDO�RUDQÕ���
GHQ�N�o�NW���Q ������*UXS�%¶GH�SHULQDWDO�PRUELGLWHQLQ�� LVWDWLVWLNVHO�RODUDN�DQODPOÕ�
GHUHFHGH�DUWWÕ÷Õ�L]OHQGL��$QRUPDO�VHUHEURSODVHQWDO�RUDQD�VDKLS�IHW�VOHULQ��GDKD�N|W��
IHWDO�SURJQR]�LOH�J�oO��ELU�úHNLOGH�NRUHOH�ROGX÷X�L]OHQGL��5HVSLUDWXDU�GLVWUHV�VHQG-

URPX� �S� ��������S��������� G�ú�N�DSJDU� VNRUX� �S� ��������S���������PHNRQ\XP�
DVSLUDV\RQ�RUDQÕ��S� ��������S��������YH�\HQLGR÷DQODUGD�KLSHUELOLUXELQHPL�J|U�OPH�
LQVLGDQVÕ��S� ����������S��������*UXS�%¶OL�\HQLGR÷DQODUGD�DQODPOÕ�RODUDN�GDKD�\�NVHN�
L]OHQGL��S����������<HQLGR÷DQ�\R÷XQ�EDNÕP�LKWL\DFÕ��SUHPDW�ULWH�YH�SHULQDWDO�PRUWD-

OLWH�RUDQODUÕ�VHUHEURSODVHQWDO�RUDQ�G�]H\LQH�J|UH�LVWDWLVWLNVHO�RODUDN�DQODPOÕ�IDUNOÕOÕN�
J|VWHUPHGL��S!�������

6RQXo��'RSSOHU�XOWUDVRQRJUD¿� LQWUDXWHULQ�JHOLúPH�NÕVÕWOÕOÕ÷Õ�RODQ� IHW�VOHULQ� WDQÕ�YH�
WHGDYLVLQGH�HQ�|QHPOL�\|QWHPGLU��3DUDPHWUHOHUGHQ�ELUL�RODQ�VHUHEURSODVHQWDO�RUDQ�
NOLQLV\HQOHUH�VDGHFH�IHWDO�KD\DWWD�GH÷LO��D\UÕFD�GR÷XP�VRQUDVÕ�IHWDO�NRPRUELG�GXUXP-

ODU�YH�ULVNOHU�KDNNÕQGD�GD�ELOJL�YHULU�

$QDKWDU�.HOLPHOHU��øQWUDXWHULQ�JHOLúPH�NÕVÕWOÕOÕ÷Õ��XPELOLNDO�DUWHU��RUWD�VHUHEUDO�DUWHU��
GRSSOHU�XOWUDVRQ��VHUHEURSODVHQWDO�RUDQ

$%675$&7

2EMHFWLYH��7R� LQYHVWLJDWH�DQG�SUHGLFW�SHULQDWDO�RXWFRPHV�RI�SUHJQDQFLHV�DIIHFWHG�
ZLWK��IHWDO�JURZWK�UHVWULFWLRQ�E\�FHUHEURSODFHQWDO�UDWLR��

0DWHULDO�DQG�0HWKRGV��$�UHWURVSHFWLYH�VWXG\�ZDV�FRQGXFWHG�EDVHG�RQ�����KLJK�ULVN�
SUHJQDQW�ZKR�UHIHUUHG�WR�WKH�DQWHQDWDO�FOLQLF�����SUHJQDQW�ZRPHQ�ZHUH�GLDJQRVHG�
ZLWK�ÕQWUDXWHULQH�JURZWK�UHVWULFWLRQ��$QG�����SUHJQDQW�ZRPHQ�ZHUH�GLDJQRVHG�ZLWK�
VPDOO�IRU�JHVWDWLRQDO�DJH��%DVHOLQH�GHPRJUDSKLF��SDVW�REVWHWULF���DQG�PHGLFDO�KLVWR-

ULHV�ZHUH�UHFRUGHG�IRU�DOO�SDWLHQWV��,QWUDXWHULQH�JURZWK�UHVWULFWLRQ�ZDV�GH¿QHG�WKDW�DQ�
HVWLPDWHG�ZHLJKW�EHORZ�WKH���WK�SHUFHQWLOH�IRU�JHVWDWLRQDO�DJH��EDVHG�RQ�VRQRJUDS-

KLF�PHDVXUHPHQW��7KH�GLDJQRVLV�RI�VPDOO�IRU�JHVWDWLRQDO�DJH��ZDV�GH¿QHG�WKDW�IHWDO�
ZHLJKW�RU�IHWDO�DEGRPDLQDO�FLUFXQIHUHQFH�PHDVXUHPHQW�LV�EHORZ���WK�SHUFHQWLOH��%XW�
LW�ZDV�GLDJQRVHG�LQ�IHWXVHV�ZLWK�QRUPDO�GRSSOHU�SDUDPHWHUV��$QG�QR�SDWKRORJLFDO�ID-

FWRUV�ZHUH�SUHYHQWLQJ�WKH�IHWXV�IURP�UHDFKLQJ�LWV�H[SHFWHG�JURZWK�SRWHQWLDO��'RSSOHU�
XOWUDVRXQG�RI�PLGGOH�FHUHEUDO��DUWHULHV�DQG�XPELOLFDO��DUWHULHV�ZHUH�XVHG�WR�DVVHVV�
SUHJQDQFLHV��&HUHEURSODFHQWDO� UDWH� �� ,W� LV�FDOFXODWHG�E\�GLYLGLQJ� � �0LGGOH�FHUHEUDO�
DUWHU\�SHUFHQWLOH� LQGH[� WR�8PELOLFDO� DUWHU\�SHUFHQWLOH� LQGH[�� �7KH�FHUHEURSODFHQWDO�
GRSSOHU�UDWLR��OHVV�WKDQ���ZDV��DFFHSWHG�DEQRUPDO��$GYHUVH�SHULQDWDO�RXWFRPHV�IRU��
QHZERUQV�ZHUH�GRFXPHQWHG�IRU�DOO�FDVHV��

5HVXOWV�� ���� SUHJQDQW� ZRPHQ� ZHUH� FODVVL¿HG� LQWR� WZR� JURXSV� DFFRUGLQJ� WR� FH-

UHEURSODFHQWDO�UDWLR��&HUHEURSODFHQWDO�UDWLR�UDWLR�RI�*URXS�$�LV�JUHDWHU�WKDQ����Q ������
$QG��FHUHEURSODFHQWDO�UDWLR�UDWLR�RI�*URXS�%�LV�OHVV�WKDQ����Q �����3HULQDWDO�PRUEL-
GLW\�VWDWLVWLFDOO\�VLJQL¿FDQWO\�LQFUHDVHG�LQ�*URXS�%���7KH�IHWXVHV�ZLWK�DEQRUPDO�FH-

UHEURSODFHQWDO�UDWÕR�ZHUH�VWURQJO\�FRUUHODWHG�ZLWK�ZRUVH�IHWDO�SURJQRVLV���5HVSLUDWRU\�
GLVWUHVV�V\QGURPH�UDWHV��S� ��������S��������� ORZ�DSJDU�VFRUH�RI� �QHZERUQV��S� �
�������S���������PHFRQLXP�DVSLUDWLRQ�UDWHV��S� ��������S���������DQG���LQFLGHQFH�RI�
K\SHUELOLUXELQHPLD�LQ�QHZERUQV��S� ��������S���������ZHUH�VLJQL¿FDQWO\�KLJKHU�LQ�WKH�
QHZERUQV�ZLWK�*URXS�%��S����������1HHG�IRU�QHRQDWDO� LQWHQVLYH�FDUH�� �SUHPDWXULW\��
DQG�SHULQDWDO�PRUWDOLW\�UDWHV�GLG�QRW�VKRZ�D�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�DFFRU-
GLQJ�WR�WKH�FHUHEURSODFHQWDO�UDWÕR�OHYHO��S!���������

&RQFOXVLRQ��'RSSOHU�XOWUDVRQRJUDSK\�LV�WKH�PRVW�LPSRUWDQW�PHWKRG�LQ�WKH�GLDJQRVLV�
DQG�PDQDJHPHQW�RI�IHWXVHV�ZLWK�,8*5��7KH�FHUHEURSODFHQWDO�UDWLR��ZKLFK�LV�RQH�RI�
WKH�SDUDPHWHUV��FDQ�EH�H[SODLQHG�WR�FOLQLFLDQV�QRW�RQO\�LQ�IHWDO�OLIH��ÕW�DOVR�SURYLGHV�
LQIRUPDWLRQ�DERXW�SRVWSDUWXP�IHWDO�FRPRUELG�FRQGLWLRQV�DQG�ULVNV�

.H\ZRUGV�� ,QWUDXWHULQH�JURZWK� UHVWULFWLRQ��XPELOLFDO�DUWHU\��PLGGOH�FHUHEUDO�DUWHU\��
GRSSOHU�XOWUDVRQRJUDSK\��FHUHEURSODFHQWDO�UDWLR

6RUXPOX�<D]DU��&RUUHVSRQGLQJ�$XWKRU�+DWLFH�/DoLQ�7X÷DQ�
$GUHV��6DULNDPLú�'HYOHW�+DVWDQHVL�.DGLQ�+DVWDOLNODUL�YH�'R÷XP�.OLQL÷L
(�PDLO��GU�KWF�OFQ#KRWPDLO�FRP

g]J�Q�$UDúWÕUPD 2UඈJඈQDO�$UWඈFOH

%DúYXUX�WDULKL������������
.DEXO�WDULKL������������
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�,QWUDXWHULQH�JURZWK�UHVWULFWLRQ��,8*5��LV�GH¿QHG�DV�DQ�HVWLPD-

WHG� IHWDO�ZHLJKW� ORZHU� WKDQ�WKH���WK�SHUFHQWLOH� �DFFRUGLQJ� WKH�
FDOFXODWHG� JHVWDWLRQDO� ZHHN�� 3UHJQDQFLHV� DIIHFWHG� E\� � ,8*5��
FDXVH��D�PDMRU�SXEOLF�KHDOWK�SUREOHP�UHODWHG�WR�LQFUHDVHG�QHR-

QDWDO�PRUELGLW\�DQG�PRUWDOLW\�������

� � ,8*5� LV� WKH� VHFRQG�PDLQ� FDXVH� RI� SHULQDWDO�PRUWDOLW\�� ,W� LV�
VHHQ�LQ�������RI�DOO�SUHJQDQFLHV��7KH�IHWXVHV�ZLWK��,8*5�KDYH�
KLJKHU� SHULQDWDO�PRUWDOLW\� RI� � � ����� � WLPHV� WKDQ� � IHWXVHV�ZLWK�
DSSURSULDWH�ZHLJKW� LQ�D�JHVWDWLRQDO�ZHHN������$ERXW�������RI�
IHWXVHV�ZLWK�LQWUDXWHULQH�JURZWK�UHVWULFWLRQ�DUH�ORVW�LQ�WKH�DQWH-

QDWDO�RU�QHRQDWDO�SHULRG������LQ�WKH�SUHWHUP�SHULRG�DQG�����LQ�
WKH�WHUP�SHULRG�����

��,W�LV�XVXDOO\�GH¿QHG�E\�WKH�VWDWLVWLFDO�GHYLDWLRQ�RI�IHWDO�VL]H�IURP�
D� SRSXODWLRQ�EDVHG� UHIHUHQFH��ZLWK� D� W\SLFDO� WKUHVKROG� DW� WKH�
��WK���WK�RU��UG�FHQWLOH��VXFK�D�WKUHVKROG�LV�FRQVLGHUHG�EHWWHU�
DV�LQGLFDWLYH�RI�D�µVPDOO�IRU�JHVWDWLRQDO�DJH¶��6*$��IHWXV��6*$��
KRZHYHU��GLIIHUV�IURP�,8*5�SULQFLSDOO\���EHFDXVH�LW�DOVR�HQFRP-

SDVVHV�D�PDMRULW\�RI�FRQVWLWXWLRQDOO\�VPDOO�EXW�KHDOWK\�IHWXVHV�
DW�ORZHU�ULVN�RI�DEQRUPDO�SHULQDWDO�RXWFRPH��&RQVHQVXV�EDVHG�
GH¿QLWLRQV�IRU�HDUO\�DQG�ODWH�ÕQWUDXWHULQH��IHWDO�JURZWK�UHVWULFWLRQ�
�,8*5��LQ�DEVHQFH�RI�FRQJHQLWDO�DQRPDOLHV�KDV�EHHQ�VKRZQ����

��7KH�WLPLQJ�RI�GHOLYHU\�DQG�GHWHUPLQDWLRQ�RI�LQWUDXWHULQH�IHWDO�
ZHOO�EHLQJ�DUH�LPSRUWDQW�WR�DYRLG�SHULQDWDO�PRUELGLW\�DQG�PRU-
WDOLW\�LQ�IHWXVHV�ZLWK�,8*5��7KHUH�DUH�PDQ\�PHWKRGV�IRU�GHWHU-
PLQLQJ�IHWDO�ZHOO�EHLQJ��7KHVH�LQFOXGH�PDWHUQDO�IHWDO�PRYHPHQW�
PRQLWRULQJ��D�QRQVWUHVV�WHVW��167���ELRSK\VLFDO�SUR¿OH��DQG��IH-

WDO�GRSSOHU�XOWUDVRQRJUDSK\�HYDOXDWLRQ��$PRQJ�WKHVH�PHWKRGV�
HYDOXDWLQJ�IHWDO�ZHOO�EHLQJ�LQ�IHWXVHV�ZLWK�,8*5��WKH�LPSRUWDQFH�
RI�GRSSOHU�HYDOXDWLRQ�VWDQGV�RXW��)HWDO�GRSSOHU�SDUDPHWHUV�LQF-

OXGH�PLGGOH�FHUHEUDO�DUWHU\��GXFWXV�YHQRVXV��SXOPRQDU\�DUWHU\��
XPELOLFDO�DUWHU\�DQG�XWHULQH�DUWHU\�H[DPLQDWLRQV��,W�LV�DFFHSWHG�
WKDW�SDUDPHWHUV� LQ�ZKLFK� WZR�YHVVHOV�DUH�HYDOXDWHG��VXFK�DV�
WKH�FHUHEURSODFHQWDO�UDWLR��JLYH�PRUH�YDOXDEOH�UHVXOWV�����

���7KH�DLP�RI�WKLV�VWXG\�LV�WR�HYDOXDWH�WKH�HIIHFWLYHQHVV�RI��FH-

UHEURSODFHQWDO�UDWLR���&35���ZKLFK�LV�IUHTXHQWO\�XVHG�LQ�WKH�IRO-
ORZ�XS�RI�SUHJQDQW�ZRPHQ�ZLWK�JURZWK�UHVWULFWLRQ��DQG�WR�GHFL-
GH�RQ�WLPLQJ�RI�ELUWK��IRU�WKH�SDWLHQWV�LQ�RXU�VWXG\�JURXS��7KLV�
VWXG\�DLPHG� WR�HYDOXDWH�GRSSOHU� LQGLFHV�RI� �XPELOLFDO��XWHULQH�
DQG�PLGGOH�FHUHEUDO�DUWHU\��LQ�IHWXVHV�ZLWK�,8*5�EDVHG�RQ�WKH�
JHVWDWLRQDO�ZHHNV��DQG�GHWHUPLQH��SRVVLEOH�FRQWULEXWLRQ�RI�&35�
IRU�HYDOXDWLQJ�ZHOO�EHLQJ�LQ�WKHVH�IHWXVHV�

2QH� KXQGUHG� KLJK�ULVN� SUHJQDQW� ZRPHQ� LQ� WKLUG� WULPHVWHU� RI�
SUHJQDQF\�ZKR�ZHUH� UHIHUUHG� WR� WKH�DQWHQDWDO�FOLQLF�EHWZHHQ�
�����DQG������ZHUH�LQFOXGHG�LQ�WKH�VWXG\��7KH�VWXG\�LV�D�UHW-
URVSHFWLYH�VWXG\��$OO�GDWD�RI�WKH�SDWLHQWV�ZHUH�REWDLQHG�IURP�WKH�
KRVSLWDO�LQIRUPDWLRQ�V\VWHP��.$50('���

� � �3UHJQDQW�ZRPHQ�KDG�D�VLQJOH�SUHJQDQF\�UDQJLQJ�EHWZHHQ�
������ZHHNV�RI�JHVWDWLRQ���,8*5�ZDV�GH¿QHG�DV��DQ�HVWLPDWHG�
IHWDO�ZHLJKW�EHORZ�WKH���WK�SHUFHQWLOH��$FFRUGLQJ�WR�WKH�+DGOR-

FN�)RUPXOD���6L[W\�VL[�RI�SUHJQDQW�ZRPHQ�ZHUH�GLDJQRVHG�ZLWK�
,8*5���7KLUW\�IRXU�ZRPHQ�ZHUH�GLDJQRVHG��VPDOO�IRU�JHVWDWLRQDO�
DJH��*HVWDWLRQDO�DJH�ZDV�FDOFXODWHG�DFFRUGLQJ�WR�FURZQ�UXPS�
OHQJWK�PHDVXUHPHQW�LQ�¿UVW�WULPHVWHU�XOWUDVRQRJUDSK\�PHDVX-

UHPHQW����3UHJQDQW�ZRPHQ�ZLWK�D�KLVWRU\�RI�VHULRXV�FRQJHQLWDO�
VWUXFWXUDO�DQG�FKURPRVRPDO�GHIHFWV�ZHUH�H[FOXGHG����3UHJQDQW�
ZRPHQ�ZLWK� UHQDO�GLVHDVH��GLDEHWHV�PHOOLWXV��SRVLWLYH�725&-

+(6��+&9��DQG��+,9�VHURORJ\�ZHUH�H[FOXGHG���$ERXW�WZHQW\�SD-

WLHQWV�ZHUH�H[FOXGHG�IURP�VWXG\��%DVHOLQH�GHPRJUDSKLF��SDVW�
REVWHWULF��DQG�PHGLFDO�KLVWRULHV�ZHUH�UHFRUGHG�IRU�DOO�SDWLHQWV�

���'RSSOHU�XOWUDVRXQG�SDUDPHWHUV�RI�XPELOLFDO�DUWHU\��8$���PLGG-

OH�FHUHEUDO�DUWHU\��0&$���DQG�XWHULQH�DUWHU\��ZHUH�XVHG��IRU�WKH�
HYDOXDWLRQ�RI� SUHJQDQFLHV��&HUHEURSODFHQWDO� UDWH� �&35��� ,W� LV�
FDOFXODWHG�E\�GLYLGLQJ���0&$�SHUFHQWLOH�LQGH[�WR�8$�SHUFHQWLOH�
LQGH[��

� � �&HUHEURSODFHQWDO�GRSSOHU� UDWLR� � OHVV� WKDQ���ZDV� �DFFHSWHG�
DEQRUPDO��$GYHUVH� SHULQDWDO� RXWFRPH� IRU� QHZERUQV�� VXFK� DV�
RYHUDOO� FHVDUHDQ� VHFWLRQ� UDWHV�� IHWDO� GLVWUHVV� UDWHV�� QHRQDWDO�
XQLW�DGPLVVLRQ�UDWHV��ORZ�DSJDU�VFRUH��PHFRQLXP�DVSLUDWLRQ�UD-

WHV��LQWUDYHQWULFXODU�KHPRUUKDJH�UDWHV��SHULYHQWULFXODU�OHXNRPD-

ODFLD�UDWHV��K\SR[LF�LVFKHPLF�HQFHSKDORSDWK\�UDWHV��QHFURWL]LQJ�
HQWHURFROLWLV�UDWHV��UHVSLUDWRU\�GLVWUHVV�V\QGURPH�UDWH��VHSVLV��
EURQFKRSXOPRQDU\�G\VSODVLD�UDWHV�DQG�GHDWK�ZHUH�GRFXPHQ-

WHG�IRU�DOO�FDVHV�

(WKLFV�DSSURYDO����8QLYHUVLW\�RI�+HDOWK�6FLHQFHV��6DNDU\D�7UDL-
QLQJ�DQG�5HVHDUFK�+RVSLWDO�&OLQLFDO�5HVHDUFK�(WKLFV�&RPPLW-
WHH�KDG�DSSURYHG�WKH�VWXG\�RQ����'HF������ZLWK�����������������
GHFLVLRQ�QR��$QG�WKH�VWXG\�KDV�FOHDUDQFH�UHJDUGLQJ�HWKLFDO�DQG�
VFLHQWL¿F�LQWHJULW\�RI�WKH�VWXG\��

6WDWLVWLFDO�DQDO\VLV

� �1&66��1XPEHU�&UXQFKHU�6WDWLVWLFDO�6\VWHP�� ������VRIWZD-

UH���.D\VYLOOH��8WDK��86$��ZDV�XVHG�IRU�GDWD�PDQDJHPHQW�DQG�
VWDWLVWLFDO�DQDO\VLV��)RU�DVVHVVPHQW�RI�VWXG\�GDWD���LQ�DGGLWLRQ�
WR� GHVFULSWLYH� VWDWLVWLFDO� PHWKRGV� �PHDQ�� VWDQGDUG� GHYLDWLRQ��
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5(68/76

IUHTXHQF\��� FRPSDULVRQ� RI� TXDQWLWDWLYH� GDWD� DQG� LQWHUJURXS�
FRPSDULVRQ�RI�SDUDPHWHUV�ZLWK�QRUPDO�GLVWULEXWLRQ�ZHUH�GRQH�
E\�XVLQJ�RQH�ZD\�$QRYD�WHVW��3DUDPHWHUV�ZLWK�QRUPDO�GLVWULEX-

WLRQ�ZHUH�FRPSDUHG�EHWZHHQ�WZR�JURXSV�E\�6WXGHQW�W�WHVW��3D-

UDPHWHUV�ZLWK�QRQ�QRUPDO�GLVWULEXWLRQ�ZHUH�FRPSDUHG�EHWZH-

HQ� WZR�JURXSV�E\�0DQQ�:KLWQH\�8� WHVW��%RQIHUURQL� WHVW�ZDV�
XVHG� IRU� � FRPSDULVRQV� RI� QRUPDOO\� GLVWULEXWHG� ELQDU\� JURXSV���
2QH�ZD\�$QRYD�7HVW�ZDV�XVHG� IRU� � FRPSDULVRQV�RI� QRUPDOO\�

GLVWULEXWHG�JURXSV�RI� WKUHH�RU�PRUH�� �.UXVNDO�:DOOLV� WHVW�ZDV�
XVHG�IRU�FRPSDULVRQV�RI�JURXSV�RI� WKUHH�RU�PRUH�WKDW�GLG�QRW�
VKRZ�QRUPDO�GLVWULEXWLRQ��$QG�%RQIHUURQL�'XQQ�WHVW�ZDV�XVHG�
IRU�SDLUZLVH�FRPSDULVRQV�3HDUVRQ�&KL�6TXDUH�WHVW��)LVKHU�)UH-

HPDQ�+DOWRQ�([DFW� WHVW�DQG�)LVKHU¶V�([DFW� WHVW�ZHUH�XVHG�WR�
FRPSDUH� TXDOLWDWLYH� GDWD�� 6LJQL¿FDQFH� ZDV� HYDOXDWHG� DW� WKH�
S������OHYHO�DW�OHDVW�

2QH�KXQGUHG�SUHJQDQW�ZRPHQ�ZHUH�FODVVL¿HG�LQWR�WZR�JURXSV�DFFRUGLQJ�WR�FHUHEURSODFHQWDO�UDWLR��&35�RI�*URXS�$�LV�JUHDWHU�
WKDQ����Q ������$QG��&35�RI�*URXS�%�LV�OHVV�WKDQ����Q ����1R�VLJQL¿FDQW�GLIIHUHQFH�ZDV�IRXQG�EHWZHHQ��WZR�JURXSV�DFFRUGLQJ�WR�
GHPRJUDSKLF�GDWD���0DWHUQDO�DJH��ERG\�PDVV�LQGH[��VPRNLQJ��JUDYLGLW\���DERUWLRQ��QXPEHU�RI�OLYLQJ�FKLOGUHQ�DQG�SURWHLQXULD�UDWHV�

���$FFRUGLQJ�WR��&35�OHYHO��WKHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�LQ��UDWHV�RI�IHWDO�GLVWUHVV���W\SH�RI�ELUWK�DQG�ODERU�LQGXFWLRQ�
�S!��������7KHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�EHWZHHQ�&35�OHYHOV�DFFRUGLQJ�WR��JHQGHUV�RI�WKH�IHWXVHV��S!������

7DEOH���(YDOXDWLRQ�RI�0DWHUQDO�'HPRJUDSKLF�)HDWXUHV�$FFRUGÕQJ�WR�&35�/HYHOV

&35������Q ��� &35�OHYHOV S&35�!����Q ���

0DWHUQDO�DJH��\HDUV 0൴Q�0D[��0HG൴DQ� 22-40 (27) 17-43 (27) J0,746
2UW�6V 28,38±5,06 28,20±6,15

%0,��NJ�P2���DW�EHJ൴QQ൴QJ�RI�SUHJQDQ�
F\�

0൴Q�0D[��0HG൴DQ� 23,7-41,1 (27,3) 17,1-40,6 (27,7) J�����
2UW�6V 28,59±5,26 27,52±4,62

%0,��DW�WKH�EHJ൴QQ൴QJ�RI�SUHJQDQF\�
�����NJ�P2 3 (23,1) 28 (32,2) E0,749
�������NJ�P2 7 (53,8) 36 (41,4)
!���NJ�P2 3 (23,1) 23 (26,4)

6PRN൴QJ 3RV൴W൴YH 2 (15,4) 6 (6,9) H�����
1HJDW൴YH 11 (84,6) 81 (93,1)

*UDY൴G൴W\� 0൴Q�0D[��0HG൴DQ� 1-4 (2) 1-7 (2) J0,550
2UW�6V 2,08±0,95 2,00±1,19

$ERUW൴RQ 0൴Q�0D[��0HG൴DQ� 0-2 (0) 0-5 (0) J0,994
2UW�6V 0,31±0,63 0,34±0,78

3DU൴W\ 0൴Q�0D[��0HG൴DQ� 0-2 (1) 0-3 (0) J������
2UW�6V 0,77±0,73 0,70±0,85

1XPEHU�RI�O൴Y൴QJ�FK൴OGUHQ 0൴Q�0D[��0HG൴DQ� 0-2 (1) 0-3 (0) J0,564
2UW�6V 0,69±0,63 0,64±0,81

3URWH൴QXU൴D 1HJDW൴YH 11 (84,6) 81 (93,1) H�����
3RV൴W൴YH 2 (15,4) 6 (6,9)

3URWH൴QXU൴D

1HJDW൴YH 11 (84,6) 81 (93,1) E0,373
+1 0 (0) 1 (1,1)
+2 0 (0) 1 (1,1)
+3 2 (15,4) 4 (5,6)

*HVWDW൴RQDO�ZHHN�DW�GHO൴YHU\ 0൴Q�0D[��0HG൴DQ� 28-40 (36) 27-40 (36) J0,433
2UW�6V 34,94±3,79 35,91±2,73

$QW൴K\SHUWHQV൴YH�WUHDWPHQW SRV൴W൴YH 3 (23,1) 8 (9,2) H0,153
QHJDW൴YH 10 (76,9) 79 (90,8)

&RUW൴FRVWHUR൴G�IRU�IHWDO�PDWXUDW൴RQ 3RV൴W൴YH 10 (76,9) 46 (52,9) F�����


1HJDW൴YH 3 (23,1) 41 (47,1)

7KH�UHDVRQ�RI�E൴UWK�൴QG൴FDW൴RQ
0DWHUQDO�FDXVHV 2 (15,4) 49 (56,3) F�����


)HWDO�FDXVHV 8 (61,5) 33 (37,9)
%RWK�RI�WKHP 3 (23,1) 5 (5,7)

2O൴JRK൴GURDPQ൴RV 3RV൴W൴YH 7 (53,8) 21 (24,1) H�����

1HJDW൴YH 6 (46,2) 66 (75,9)
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$�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�ZDV�IRXQG�EHWZHHQ��WZR�JURXSV�LQ�WHUPV�RI�FRUWLFRVWHURLG�UDWHV�XVHG�IRU�IHWDO�OXQJ�PDWXUDWLRQ�S�
 ��������S���������*URXS�%�KDG�D�KLJKHU�UDWH�RI�FRUWLFRVWHURLG�UDWHV����$�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�ZDV�IRXQG�EHWZHHQ�WKH�
WZR�JURXSV�LQ�WHUPV�RI�ROLJRK\GUDPQLRV�UDWHV��S� ��������S���������*URXS�%�KDG�D�KLJKHU�UDWH�RI�ROLJRK\GUDPQLRV�

7DEOH���'LVSOD\LQJ�'RSSOHU�)LQGLQJV�RI����3DWLHQWV�ZLWK�&35�8QGHU��

1RWH��7K൴V�WDEOH�KDV�EHHQ�SUHSDUHG�XV൴QJ�WKH�UHIHUHQFH�YDOXHV�൴Q�WKH�WDEOH�RI�WKH�DUW൴FOH�QXPEHUHG����൴Q�WKH�UHIHUHQFH�O൴VW������

�'RSSOHU�UHVXOWV�RI����SDW൴HQWV��DUH�VKRZQ�൴Q�WKH�WDEOH�DERYH��7K൴V�SDW൴HQWV�G൴DJQRVHG�Z൴WK�,8*5�KDYH��&35�YDOXH�RI�OHVV�WKDQ���DQG��KDYH�D�
SHUFHQW൴OH�YDOXH�RI�OHVV�WKDQ���SHUFHQW���7KHUHIRUH��WKHUH�൴V�QR�V൴JQ൴I൴FDQW�GDWD�WKDW�FDQ�EH�FRPSDUHG�EHWZHHQ�&35�YDOXH�DQG�&35�SHUFHQW൴OH��

$�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�ZDV�IRXQG�EHWZHHQ��WZR�JURXSV�LQ�WHUPV�RI�FDXVH�RI��ELUWK�LQGLFDWLRQ��S� ��������S����������5H-

DVRQV�RI��ELUWK�LQGLFDWLRQ���PDWHUQDO�FDXVHV��KLVWRU\�RI�SUHYLRXV�FHVDUHDQ�VHFWLRQ��QRQ�SURJUHVVLYH�ODERU��JHVWDWLRQDO�K\SHUWHQVLRQ��
)HWDO�FDXVHV��IHWDO�GLVWUHVV��FHSKDORSHOYLF�GLVSURSRUWLRQ�IHWDO�SUHVHQWDWLRQ�DQRPDOLHV����5DWHV�RI�ERWK�PDWHUQDO�DQG�IHWDO�FDXVHV�
LQ�WHUPV�RI�ELUWK�LQGLFDWLRQ�ZHUH��KLJK�LQ�WKRVH�ZLWK�*URXS�%��%XW��UDWH�RI�PDWHUQDO�FDXVH��ZDV�KLJKHU�LQ�WKRVH�ZLWK�*URXS�$�WKDQ�
*URXS�%�LQ�WHUPV�RI�GHOLYHU\�LQGLFDWLRQ��

3DW൴HQW

3UHJQDQF\�ZHHN�ZKHQ�
86*�൴V�SHUIRUPHG�

0&$�
3,�

8$�
3,�

8$�3,�3HUFHQW൴OH� &35� &35�SHUFHQW൴OH

1 37 1,33 1,65 !����SHUFHQW൴OH ��� �����SHUFHQW൴OH

2 37 0,95 1,10 !����SHUFHQW൴OH ���� �����SHUFHQW൴OH

3 37 ���� 1,17 !����SHUFHQW൴OH 0,70 �����SHUFHQW൴OH

4 �� 1,16 1,47 �����SHUFHQW൴OH ���� �����SHUFHQW൴OH

5 34 0,79 2,07 !����SHUFHQW൴OH ���� �����SHUFHQW൴OH

6 �� 1,41 2,60 !����SHUFHQW൴OH 0,54 �����SHUFHQW൴OH

7 �� 1,13 2,03 !����SHUFHQW൴OH 0,55 �����SHUFHQW൴OH

� 36 1,11 1,14 �����SHUFHQW൴OH 0,97 �����SHUFHQW൴OH

9 34 ���� 1,35 !����SHUFHQW൴OH 0,61 �����SHUFHQW൴OH

10 39 0,73 1,34 !����SHUFHQW൴OH 0,54 �����SHUFHQW൴OH

11 34+2 1,07 1,10 !����SHUFHQW൴OH 0,97 �����SHUFHQW൴OH

12 32 ���� 1,43 !����SHUFHQW൴OH 0,79 �����SHUFHQW൴OH

13 40 0,93 1,70 �����SHUFHQW൴OH 0,54 �����SHUFHQW൴OH
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7DEOH���(YDOXDWLRQ�RI�1HZERUQ�2XWFRPHV�$FFRUGÕQJ�WR�&35�/HYHOV

)൴VKHU�)UHHPDQ�+DOWRQ�([DFW�7HVW c3HDUVRQ�&K൴�VTXDUH�7HVW e)൴VKHU¶V�([DFW�7HVW�

g0DQQ�:K൴WQH\�8�7HVW� � � 

S������� � 
S�����

$�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�ZDV�IRXQG�EHWZHHQ�� WZR�JURXSV� LQ� WHUPV�RI�ELUWK�ZHHNV�RI� WKH�QHZERUQV�GXULQJ�GHOLYHU\�S�
 ��������S����������%LUWK�ZHHNV�RI���*URXS�%�ZHUH�ORZHU�WKDQ��*URXS�$��7KH�ELUWK�ZHHNV�RI��*URXS�%�ZHUH�ORZHU�WKDQ�*URXS�$�
�S �������S���������*URXS�%��KDG��D�ORZHU�ELUWK�ZHLJKW�RI��QHZERUQV�WKDQ�*URXS�$���,Q�*URXS�%��DSJDU�VFRUH�RI��QHZERUQV�DW��¿UVW�
PLQXWH��S� ��������S��������DQG�DW���WK�PLQXWH��S� ��������S��������ZHUH�ORZHU�WKDQ�*URXS�$���*URXS�%���S���������KDG�VWDWLVWLFDOO\�
VLJQL¿FDQW�KLJKHU�UDWHV�RI�UHVSLUDWRU\�GLVWUHVV�V\QGURPH�UDWHV���S� ��������S����������PHFRQLXP�DVSLUDWLRQ�UDWHV���S� ��������S�
�������DQG��LQFLGHQFH�RI�K\SHUELOLUXELQHPLD��LQ�QHZERUQV��S� ��������S����������

���1HHG�IRU�QHRQDWDO�LQWHQVLYH�FDUH��SHULQDWDO�PRUWDOLW\�UDWHV�RI�QHZERUQV�DQG�SUHPDWXULW\�UDWHV�GLG�QRW�GLIIHU�VLJQL¿FDQWO\�LQ�WHUPV�
RI�WKH�&35�OHYHO��S!��������7KLV�PD\�EH�GXH�WR�WKH�ORZ�QXPEHU�RI�SDWLHQWV��3HULQDWDO�PRUWDOLW\�ZDV�VHHQ�LQ�RQH�IHWXV�ZLWK�*URXS�%��

&)5������Q ���

&)5�!����Q ���

&35�OHYHOV

S
)HWDO�VWUHVV�G൴DJQRVHG�
GXU൴QJ�ODERU

3RV൴W൴YH 10 (76,9) 46 (52,9) F0,103
1HJDW൴YH 3 (23,1) 41 (47,1)

*HQGHU�RI�IHWXVHV )HPDOH 6 (46,2) 59 (67,8) H0,210
0DOH 7 (53,8) 28 (32,2)

:D\�RI�E൴UWK 9DJ൴QDO�GHO൴YHU\ 4 (30,8) 34 (39,1) H0,761
&HVDUHDQ�VHFW൴RQ 9 (69,2) 53 (60,9)

'HO൴YHU\�ZHHNV 0൴Q�0D[��0HG൴DQ� 28-40 (37) 29-41 (38) J�����

0HDQ���6V 35,38±3,80 37,63±2,04

%൴UWKZH൴JKW��JUDP� 0൴Q�0D[��0HG൴DQ� 690-3030 (2270) 670-3450 
(2580)

J�����



0HDQ���6V 1977,69±734,95 2520,33±509,73
�$SJDU�VFRUH��DW���P൴Q�� 0൴Q�0D[��0HG൴DQ� 0-9 (8) 4-9 (9) J�����


2UW�6V 7,15±2,58 8,48±0,97
$SJDU�VFRUH��DW���P൴Q�� 0൴Q�0D[��0HG൴DQ� 0-10 (9) 5-10 (10) J�����


0HDQ���6V 8,15±2,82 9,56±0,95
%൴UWK�൴QGXFW൴RQ SRV൴W൴YH 4 (30,8) 32 (36,8) H0,765

QHJDW൴YH 9 (69,2) 55 (63,2)
1HZERUQ�FRPRUE൴G�FRQG൴W൴RQV
1HRQDWDO�XQ൴W�DGP൴VV൴RQ 5 (38,5) 22 (25,3) H0,329
'XUDW൴RQ�RI�VWD\�൴Q�WKH�
൴QWHQV൴YH�FDUH�XQ൴W��GD\V�

0HDQ���6V

0൴Q�0D[��0HG൴DQ� 8-64 (24) 1-91 (4) J�����

27,60±22,20 11,90±21,94

3UHPDWXU൴W\ 5 (38,5) 15 (17,2) H0,129
5HVS൴UDWRU\�'൴VWUHVV�6\QGURPH 5 (38,5) 12 (13,8) H�����

0HFRQ൴XP�VWD൴QHG�O൴TXRU 4 (30,8) 5 (5,7) H�����

+\SHUE൴O൴UXE൴QHP൴D 3 (23,1) 2 (2,3) H�����

3HU൴QDWDO�PRUWDO൴W\ 1 (7,7) 0 (0) H0,130
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8OWUDVRXQG�H[DPLQDWLRQ� LV� WKH�EDVLF��GLDJQRVWLF� WRRO� WR�HYDOX-

DWH� IHWDO�JURZWK� �����7KH�+DGORFN�)RUPXOD� LV� WKH�PRVW�ZLGHO\�
XVHG�DQG�DFFHSWHG�PHWKRG�WR�HVWLPDWH�IHWDO�ZHLJKW�XVLQJ�VR-

QRJUDSKLF�PHDVXUHPHQWV�RI��IHWDO�DEGRPHQ��IHWDO�KHDG�DQG�IH-

PXU�OHQJWK��������'RSSOHU�XOWUDVRQRJUDSK\�DOORZV�QRQ�LQYDVLYH�
H[DPLQDWLRQ�RI��YHVVHOV�IRU�HYDOXDWLQJ��EORRG�ÀRZ�YHORFLW\�SUR-

¿OH��:KHQ�GRSSOHU�VRQRJUDSK\�LV�GRQH�FRQFXUUHQWO\�ZLWK�RWKHU�
WHVWV��LW�SURYLGHV�YHU\�XVHIXO�LQIRUPDWLRQ�DERXW�IHWDO�ZHOO�EHLQJ�

� �$EQRUPDOLWLHV� LQ� �GRSSOHU� ÀRZ� LQGLFDWH� � WUDQVLWLRQ�RI� VHYHUH�
IHWDO� JURZWK� UHVWULFWLRQ� IURP� IHWDO� DGDSWDWLRQ� WR� IDLOXUH�� �(DUO\�
FKDQJHV�LQ�IHWDO�JURZWK�UHVWULFWLRQ�GXH�WR�SODFHQWDO�IDFWRUV��GH-

WHFWHG�LQ�SHULSKHUDO�YHVVHOV�VXFK�DV�PLGGOH�FHUHEUDO�DQG�XPEL-
OLFDO�DUWHULHV��/DWH�FKDQJHV�LQ�IHWDO�JURZWK�UHVWULFWLRQ�FDQ�EH�GH-

WHFWHG�E\��GXFWXV�YHQRXV��DRUWLF��SXOPRQDU\�ÀRZV�DEQRUPDOLWLHV�
DQG�UHYHUVH�ÀRZ�LQ�WKH�XPELOLFDO�DUWHU\�������'XH�WR�SURJUHVVLYH�
SODFHQWDO�G\VIXQFWLRQ��GLDVWROLF�YHORFLW\�RI��PLGGOH�FHUHEUDO�DU-
WHULHV�LQFUHDVH��EUDLQ�VSDULQJ����%UDLQ�VSDULQJ�PHDQV�WKDW��YD-

VRGLODWDWLRQ�RI�FHUHEUDO�DUWHULHV�WR�UHVSRQVH�IRU�K\SR[HPLD�������

��7KH�FRPSHQVDWRU\�PHFKDQLVP�VWDUWV�DJDLQVW�SODFHQWDO�LQVXI-
¿FLHQF\��7KH�SXUSRVH�RI�UHGLVWULEXWLRQ�LV�WR�LQFUHDVH��EORRG�ÀRZ�
RI��EUDFKLRFHSKDOLF�FLUFXODWLRQ�DQG�P\RFDUGLXP��7KLV�FRQGLWLRQ�
LV� GH¿QHG� DV� EUDLQ� VSDULQJ� HIIHFW��7KH� V\VWROLF� GRZQVORSH� RI�
PLGGOH�FHUHEUDO�DUWHU\�ZDYHIRUP�LV�VPRRWKHG�VR�WKDW��ZDYHIRUP�
LV�DOPRVW�VLPLODU� WR� WKH�XPELOLFDO�DUWHU\�DW�DGYDQFHG� OHYHOV�RI�
SODFHQWDO�IDÕOXUH��'RSSOHU�LQGH[�LV�FRQVLGHUDEO\�GHFUHDVHG�ZLWK�
LQFUHDVLQJ��PHDQ�YHORFLW\������

���2QH�RI��PRVW�XVHG�SDUDPHWHUV�LQ�GRSSOHU�XOWUDVRXQG�PRQL-
WRULQJ� LV� �&35��&35� LV� FDOFXODWHG�E\�GLYLGLQJ� �PLGGOH� FHUHE-

UDO� DUWHU\� SXOVDWLOLW\� LQGH[� WR� � XPELOLFDO� DUWHU\� SXOVDWLOLW\� LQGH[�
�0&$�3,���8$�3,���7KH�OLPLW�YDOXH�RI�FHUHEURSODFHQWDO�UDWLR��,W�LV�
DFFHSWHG�WR�EH�OHVV�WKDQ��WK�SHUFHQWLOH�IRU�WKH�JHVWDWLRQDO�ZHHN�
RU�OHVV�WKDQ����������������������,W�FDQ�EH�PRUH�HDVLO\�DSSOLHG�LQ�
FOLQLFDO�SUDFWLFH�DV�D�OLPLW�RI�YDOXHV�RI���RU�������������

� � �6\VWHPDWLF� UHYLHZ�RI�VHYHQ�VWXGLHV� LQYROYLQJ������ IHWXVHV�
UHSRUWHG�WKDW�IHWXVHV�ZLWK�DEQRUPDO�&35�YDOXHV�KDYH��KLJKHU�
FHVDUHDQ� VHFWLRQ� UDWHV�� ORZHU�$3*$5� VFRUHV� � DQG� QHRQDWDO�
FRPSOLFDWLRQ� UDWHV�GXH� WR� IHWDO�GLVWUHVV� WKDQ�QRUPDO�&35�YD-

OXHV� �����*UDPPHOOLQL� HW� DO� � VKRZHG� WKDW� D�&35�YDOXH� EHORZ�
�����LV�LPSRUWDQW�IRU�IHWXVHV�ZLWK�SODFHQWDO�LQVXI¿FLHQF\������������
32572�VWXG\� FRQGXFWHG�RQ�SUHJQDQW�ZRPHQ�ZLWK� DEQRUPDO�
EUDLQ�SURWHFWLYH�HIIHFW��VKRZHG�DQ�HOHYHQ�IROG� LQFUHDVH� LQ�SH-

ULQDWDO� PRUELGLW\� FRPSDUHG� WR� WKRVH� ZLWK� DEQRUPDO� XPELOLFDO�
DUWHU\�GRSSOHU�UHVXOWV��7KH\�DOVR�REVHUYHG�DQ�LQFUHDVH�LQ��UDWH�

RI�QHRQDWDO�PRUWDOLW\�GXH�WR�DEQRUPDO�XPELOLFDO�DUWHULHV�GRSSOHU�
SDUDPHWHUV�����

� � �'RSSOHU�SDUDPHWHUV�KDYH��SURJQRVWLF�VLJQL¿FDQFH�IRU�GLDJ-

QRVLV�DQG�PDQDJHPHQW�RI�,8*5��0&$�GRSSOHU�DQG�8$�GRSSOHU�
DVVHVVPHQW�DORQH�DUH�QRW�HQRXJK�WR�HYDOXDWH�WKHVH�SDWLHQWV���
,I�HYDOXDWHG�WRJHWKHU��LWV�GLDJQRVWLF�YDOXH�ZLOO�EH�KLJKHU�LQ�GH-

WHUPLQLQJ��VHYHULW\�RI�IHWDO�K\SR[LD�DQG�SUHGLFWLQJ�QHRQDWDO�RXW-
FRPHV���)LJXHUDV�FRQGXFWHG�D�VWXG\�LQ������ZLWK�����IHWXVHV�
ZKR�KDG�� ODWH�RQVHW�GHYHORSPHQWDO�UHVWULFWLRQ���+H��REVHUYHG�
WKDW�XUJHQW�FHVDUHDQ�UHTXLUHPHQW��ORZ�XPELOLFDO�FRUG�YHQRXV�SK�
YDOXH��DQG�QHZERUQ�LQWHQVLYH�FDUH�UHTXLUHPHQW�ZHUH�KLJKHU�LQ�
IHWXVHV�ZLWK�DEQRUPDO�&35�YDOXH������

���.KDOLO�$$�FRQGXFWHG�D�VWXG\�LQ��������RQ�GHOD\HG�GHYHORS-

PHQWDO�UHVWULFWLRQ�RI��������IHWXVHV�ZLWK�DEQRUPDO�&35�YDOXHV��
������ZHHNV�����7KH\�REVHUYHG�WKDW���XUJHQW�FHVDUHDQ�QHHG��ORZ�
$SJDU�VFRUH��RSHUDWLYH�GHOLYHU\��DQG��QHZERUQ� LQWHQVLYH�FDUH�
UHTXLUHPHQW�ZHUH�KLJKHU��LQ��JURXS�ZLWK�D�&35�OHVV�WKDQ���������

���9ROOJUDII�+HLGZHLOOHU�6FKUHXUV�HW�DO��ÕQ�������WKH\�VKRZHG�WKDW��
FHUHEURSODFHQWDO�UDWLR�ZDV�PRUH�HIIHFWLYH�WKDQ�PLGGOH�FHUHEUDO�
DUWHU\�LQ�SUHGLFWLQJ�QHJDWLYH�SHULQDWDO�RXWFRPHV�DQG�QHXURGH-

YHORSPHQWDO�RXWFRPHV�ZKLFK�� LQFOXGLQJ�� ORZ�DSJDU�VFRUH�DQG�
SHULQDWDO� GHDWK� LQ� IHWXVHV�ZLWK� LQWUDXWHULQH� JURZWK� UHVWULFWLRQ��
>��@��+RZHYHU��DFFRUGLQJ�WR�WKH�QH[W�PHWD�DQDO\VLV�FRQGXFWHG��
E\�9ROOJUDII�+HLGZHLOOHU�6FKUHXUV�HW�DO�,Q��������WKH\�DUJXHG�WKDW�
PHDVXULQJ�&35�GLG�QRW�DGG�DQ\�SUHGLFWLYH�YDOXH�EH\RQG�8$�3,�
IRU�SUHGLFWLQJ�SHULQDWDO�RXWFRPHV���$OWKRXJK�WKH\�VWDWH�WKDW�WKH\�
GR�QRW�VXSSRUW� LWV�XVH�RXWVLGH�WKH�VWXG\�LQ�WKH�PHWD�DQDO\VLV��
WKH\�VXJJHVWHG�WKDW�SHUVRQDOL]HG�SUHGLFWLRQ�PRGHOV�VKRXOG�EH�
GHYHORSHG�IRU�SUHJQDQFLHV�ZKR�KDYH�KLJK�ULVN�RI�SODFHQWDO�LQ-

VXI¿FLHQF\������

��'DSKQH�0RUHWD��6DPXHO�9��*X\�'�(VOLFN��DQG�5RQDOG�%HQ]LH�
FRPSLOHG����VWXGLHV�LQ�������$QG�WKH\�PDGH�D�PHWD�DQDO\VLV�
ZLWK� ������� SDWLHQWV�ZLWK� LQWUDXWHULQH� JURZWK� UHVWULFWLRQ� �� �2I�
WKHVH����VWXGLHV������ZHUH�UHWURVSHFWLYH�����ZHUH�SURVSHFWLYH�
DQG���ZHUH�FDVH�FRQWURO�VWXGLHV��7KHLU�UHVXOWV�VKRZHG�WKDW�QH-

RQDWDO�XQLW�FDUH�DGPLVVLRQ��1,&8��� ORZ�DSJDU�VFRUH��VWLOOELUWK��
QHRQDWDO�PRUELGLW\��DQG�QHRQDWDO�GHDWK�UDWHV�FRXOG�EH�LGHQWL¿HG�
XVLQJ��&35������

���$QFD�&LREDQX��5DQMLW�$NROHNDU���(PLOLH�=LQJOHU��$UJ\UR�6\Q-

JHODNL�DQG��.\SURV�+��1LFRODLGHV�FRQGXFWHG�D�VWXG\�LQ��������
7KLV�ZDV�D�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�LQ��������SUHJQDQW�
ZRPHQ�ZLWK�VLQJOHWRQ�SUHJQDQFLHV��7KHLU� UHVXOWV�VKRZHG�WKDW�
ORZ�FHUHEURSODFHQWDO�UDWLR�������WK�SHUFHQWLOH���ZDV��DVVRFLDWHG�
ZLWK��KLJKHU�ULVN�RI�DGYHUVH�SHULQDWDO�RXWFRPH��XUJHQW�FHVDUHDQ�
UDWHV��DQG�SHULQDWDO�K\SR[LD�UDWHV�����
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/LPLWDWLRQV�RI�WKH�VWXG\��7KLV�VWXG\�LV�D�UHWURVSHFWLYH�VWXG\�DQG�
KDV� OHVV�QXPEHU�RI�SDWLHQWV�ZLWK�FHUHEURSODVHQWDO� UDWLR� ORZHU�
WKDQ����8PELOLFDO�DUWHULDO�RU�YHQRXV�FRUG�EORRG�S+�ZKLFK�JLYHV�
LQIRUPDWLRQ�DERXW�IHWDO�K\SR[LD��KDG�QRW�EHHQ�VWXGLHG�

'RSSOHU�XOWUDVRQRJUDSK\� LV� WKH�PRVW� LPSRUWDQW�PHWKRG� LQ� WKH�
GLDJQRVLV� DQG� PDQDJHPHQW� RI� IHWXVHV� ZLWK� ,8*5�� 7KH� FH-

UHEURSODFHQWDO� UDWLR�� ZKLFK� LV� RQH� RI� WKH� SDUDPHWHUV�� FDQ� EH�
H[SODLQHG�WR�FOLQLFLDQV�QRW�RQO\�LQ�IHWDO�OLIH��ÕW�DOVR�SURYLGHV�LQIRU-
PDWLRQ�DERXW�SRVWSDUWXP�IHWDO�FRPRUELG�FRQGLWLRQV�DQG�ULVNV�

��7KHUH�DUH�D�ORW�RI��FDXVHV��RI��,8*5���7KH\��FDQ�EH�IHWXV�UH-

ODWHG�RU�PRWKHU�UHODWHG�� �2OGHVW�NQRZQ�FDXVHV� WKDW� WKHUH�DUH�
FKURPRVRPDO�DQRPDOLHV���JHQHWLF�V\QGURPHV�DQG�LQIHFWLRQV���

$PRQJ�PDWHUQDO� FRQGLWLRQV� �� WKH�PRVW� FRPPRQ�DUH� FOLQLFDOO\�
UHOHYDQW� FRQGLWLRQV� VXFK� DV� DXWRLPPXQH� GLVRUGHUV�� FOLQLFDOO\�
UHOHYDQW�FRQGLWLRQV�VXFK�DV�DXWRLPPXQH�GLVRUGHUV��K\SR[HPLF�
FRQGLWLRQV���VXFK�DV�VHYHUH�DQDHPLD��FRQJHQLWDO�F\DQRWLF�KHDUW�
GLVHDVHV���FDUGLRYDVFXODU�GLVHDVHV���VXFK�DV�K\SHUWHQVLRQ��RU�
WKH�H[SRVLWLRQ�WR�HQYLURQPHQWDO�WR[LQV��������7KH�PHFKDQLVP�OH-

DGLQJ�WR��,8*5�LQYROYHV�DQ�DEQRUPDO�WRSKREODVW�LQYDVLRQ�RI�WKH�
PDWHUQDO�VSLUDO�DUWHULHV�GXULQJ�SUHJQDQF\��ZKLFK�UHVXOWV� LQ�DQ�
LQFRPSOHWH�UHPRGHOOLQJ�RI�WKHVH�YHVVHOV�DQG�LQ�WKH�SHUVLVWHQFH�
RI�D�KLJK�UHVLVWDQFH�DQG�ORZ�ÀRZ�XWHURSODFHQWDO�FLUFXODWLRQ��

ZKLFK�RQ�LWV�WXUQ�GHWHUPLQHV���LQVXI¿FLHQW�JDVHRXV�DQG�QXWULHQW�
H[FKDQJH�IRU�RSWLPDO�IHWDO��JURZWK����������7KLV�UHVXOWV�LQ�D�FDV-

FDGH�RI�HYHQWV�WKDW��LQFOXGLQJ�UHGXFHG�SODFHQWDO�SHUIXVLRQ�DQG�
LPEDODQFH�LQ�DQJLRJHQLF�IDFWRUV����VXFK�DV�UHOHDVLQJ�YDVFXODU�
HQGRWKHOLDO� JURZWK� IDFWRU� � DQG� SODFHQWDO� JURZWK� IDFWRU� ���$QG�
WKLV�VLWXDWLRQ�PD\� OHDG� WR�SODFHQWD�PHGLDWHG�FRPSOLFDWLRQV�RI�
SUHJQDQF\� VXFK� DV� ,8*5�� SUHHFODPSVLD�� SODFHQWDO� DEUXSWLRQ�
DQG�ODWH�SUHJQDQF\�ORVV���������������

���7KH�PDQDJHPHQW�RI��,8*5�LV�EDVHG�RQ�WKH�SURORQJDWLRQ�RI�
SUHJQDQF\�ORQJ�HQRXJK�IRU�IHWDO�RUJDQV�WR�PDWXUH�ZKLOH�DYRL-
GLQJ�LUUHYHUVLEOH�IHWXV�VXIIHUDQFH������������,I�ZH�KDYH�WR�WDON�

DERXW�SKDUPDFRORJLFDO�PDQDJHPHQW� IRU�SUHYHQWLRQ�RI� � ,8*5���
PRVW� JXLGHOLQHV� UHFRPPHQG� WUHDWPHQW� ZLWK� ORZ�GRVH� DVSLULQ��
�3UHIHUUHG�XS�WR����ZHHNV�RI�SUHJQDQF\��������$OWKRXJK�WKLV�

DSSURDFK�LV�QRW�XQLYHUVDOO\�DFFHSWHG���������7KH�XVH�RI�KHSD-

ULQ�LV�DOVR�FRQWURYHUVLDO��7KH�&DQDGLDQ�JXLGHOLQH�UHFRPPHQGV�
WKDW�KHSDULQ�VKRXOG�EH�RIIHUHG�LQ�VHOHFWHG�ZRPHQ�����������

$OWKRXJK� UHFHQW� HYLGHQFH� VKRZV� WKDW� HQR[DSDULQ� LV� QRW� HIIH-

FWLYH� LQ�SUHYHQWLQJ� � ,8*5�,W� LV� UHFRPPHQGHG� IRU�ZRPHQ�ZLWK�
SUH�H[LVWLQJ�VHYHUH�RU�HDUO\�RQVHW�,8)*5�RU�WURPERSKLOLD��

��������� �)XUWKHUPRUH��VHYHUDO� �RWKHU� �HQFRXUDJLQJ�� WKHUDSLHV�
DUH��XQGHU�LQYHVWLJDWLRQ�

���&HUHEURSODFHQWDO�UDWLR�XVHG�E\��FOLQLFLDQV�LQ��LQWUDXWHULQH�SH-

ULRG�� RQH� RI� �PRVW� LPSRUWDQW� SDUDPHWHUV� RI� � GRSSOHU� XOWUDVR-

QRJUDSK\�LQ�GLDJQRVLV�DQG�PDQDJHPHQW�RI�IHWXVHV�ZLWK�,8*5��
$QG�DOVR�LW�JLYHV�LQIRUPDWLRQ�DERXW�SRVWSDUWXP�IHWDO�FRPRUELG�
FRQGLWLRQV��0\� UHVXOWV�VKRZHG� WKDW� WKH�FHUHEURSODFHQWDO� UDWLR�
FRXOG�EH�D�JRRG�SUHGLFWLYH�WRRO��IRU�QHRQDWDO�RXWFRPHV�LQ�SUHJ-

QDQF\�ZLWK�,8*5�

��&HUHEURSODFHQWDO�UDWLR�KDV�DQ�LPSRUWDQW�SODFH�LQ�WKH�IROORZ�XS�
DQG� GHOLYHU\� RI� WKH� IHWXV�� HVSHFLDOO\� LQ� WKH� PDQDJHPHQW� RI�
ODWH�RQVHW� ,8*5��)HWXVHV�ZKR� IRXQG�&35�YDOXH� OHVV� WKDQ����
KDYH�ORZ��VW�DQG��WK�PLQXWH�ELUWK�$SJDUV�VFRUHV��$SJDUV�VFRUHV�
DUH�PRUH�OLNHO\�WR�EH�OHVV�WKDQ����$QG�QHRQDWDO�LQWHQVLYH�FDUH�
QHHGV�DQG�FRPRUELG�FRQGLWLRQV�DUH�PRUH�LV�NQRZQ�WR�EH�

���7KHVH�UHVXOWV�KDYH�LPSOLFDWLRQV�IRU�PRQLWRULQJ�SUHJQDQFLHV�DW�
ULVN���:H�DLP�WR�H[SUHVV�UHGXFHG�HYLGHQFH�RI�GDQJHU�ELDV���7KH�
JURXS�ZKLFK�&35�UDWH�ZDV�EHORZ���KDV�QHJDWLYH�IHWDO��UHVXOWV�
FRPSDUHG�WR� WKH�RWKHU�JURXS��:H�FDQ�XVH�&35�DV�D�GRSSOHU�
SDUDPHWHU�WR�SUHGLFW�IHWDO�SURJQRVLV��LI�ZH�ZDQW�IHWDO�RXWFRPHV�
WR�EH�HYHQ�PRUH�XQIDYRUDEOH��&RQÀLFW�RI�,QWHUHVW��7KH�DXWKRUV�
GHFODUHG�QR�FRQÀLFW�RI�LQWHUHVW�

��� %DGDZL�1��.XULQF]XN�--��.HRJK�-0��HW�DO�$QWHSDUWXP�
ULVN�IDFWRUV�IRU�QHZERUQ�HQFHSKDORSDWK\��WKH�:HVWHUQ�$XVWUDOL-
DQ�FDVH�FRQWURO�VWXG\��%0-������������������

��� 8QWHUVFKHLGHU� -�� 'DO\� 6�� *HDU\� 03�� .HQQHOO\� 00��
0F$XOLIIH� )0�� 2¶'RQRJKXH� .�� +XQWHU�$�� 0RUULVRQ� --�� %XUNH�
*��'LFNHU�3��7XOO\�(&��0DORQH�)'��2SWLPL]LQJ�WKH�GH¿QLWLRQ�RI�
LQWUDXWHULQH�JURZWK�UHVWULFWLRQ�±�UHVXOWV�RI�WKH�PXOWLFHQWHU�SURV-

SHFWLYH�32572�6WXG\��$P�-�2EVWHW�*\QHFRO�����������������
H�±�

��� %DVFKDW�$$� YH�*DODQ�+,� ������� ,QWUDXWHULQH�*URZWK�
5HVWULFWLRQ��,Q��*DEEH�6*��HGV���2EVWHWULFV��1RUPDO�DQG�3URE-

OHP�3UHJQDQFLHV��6HYHQWK�(GLWLRQ��3KLODGHOSKLD��3$���(OVHYLHU��
&KDSWHU�����SS���������

��� *RUGLMQ�6-�� %HXQH� ,0��7KLODJDQDWKDQ�%�� HW� DO��&RQ-

VHQVXV�GH¿QLWLRQ�RI�IHWDO�JURZWK�UHVWULFWLRQ��D�'HOSKL�SURFHGXUH��
8OWUDVRXQG�2EVWHW�*\QHFRO����������������������GRL���������
XRJ������´

��� %HUNOH\� (�� &KDXKDQ� 63��$EXKDPDG�$�� 'RSSOHU� DV-

VHVVPHQW�RI� WKH� IHWXV�ZLWK� LQWUDXWHULQH�JURZWK�UHVWULFWLRQ��6R-

FLHW\�IRU�0DWHUQDO�)HWDO�0HGLFLQH�3XEOLFDWLRQV�&RPPLWWHH��$P�
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-�2EVWHW�*\QHFRO��������������

��� *DEEH�6*��)UHHPDQ�5'��*RHEHOVPDQQ�8��2EVWHWULFV�
1RUPDO�DQG�3UREOHP�3UHJQDQFLHV��6HYHQWK�(GLWLRQ��3KLODGHOS-

KLD��3$���(OVHYLHU��&KDSWHU�����SS����

��� +DGORFN�)3��+DUULVW�5%��6KDUPDQ�56��'HWHU5/��3DUN�
6.��(VWLPDWLRQ�RI�IHWDO�ZHLJKW�ZLWK�WKH�XVH�RI�KHDG��ERG\��DQG�
IHPXU�PHDVXUHPHQWV±D�SURVSHFWLYH�VWXG\��$P�-�2EVWHW�*\QH-

FRO�����������������

��� 6FKHUMRQ�6$��6PROGHUV�'H+DDV�+��.RN�-+��=RQGHU-
YDQ�+$��7KH�³EUDLQ�VSDULQJ´�HIIHFW��$QWHQDWDO�FHUHEUDO�'RSSOHU�
¿QGLQJV� LQ� UHODWLRQ� WR�QHXURORJLF�RXWFRPH� LQ� YHU\�SUHWHUP� LQ-

IDQWV��$P�-�2EVWHW�*\QHFRO�������������������

��� *UDPHOOLQL�'��)ROOL�0&��5DERQL�6��9DGRUD�(��0HULDOGL�
$��&HUHEUDO�XPELOLFDO�'RSSOHU� UDWLR� DV� D� SUHGLFWRU� RI� DGYHUVH�
SHULQDWDO�RXWFRPH��2EVWHW�*\QHFRO����������������

���� $FKDU\D�*��:LOVJDDUG�7�� %HUQVWHQ�*.5�� HW� DO��� 5H-

IHUHQFHV� UDQJHV� IRU� VHULDO� PHDVXUHPHQWV� RI� XPELOLFDO� DUWHU\�
'RSSOHU�LQGLFHV�LQ�WKH�VHFRQG�KDOI�RI�SUHJQDQF\��$P�-�2EVWHW�
*\QHFRO�������������

���� 8QWHUVFKHLGHU� -�� 'DO\� 6�� *HDU\� 03� YH� DUN� �������
2SWLPL]LQJ� WKH�GH¿QLWLRQ�RI� LQWUDXWHULQH�JURZWK� UHVWULFWLRQ�� WKH�
PXOWLFHQWHU�SURVSHFWLYH�32572�6WXG\��$P�-�2EVWHW�*\QHFRO��
��������H����

���� )LJXHUDV�)��6DYFKHY�6��7ULXQIR�6��&URYHWWR�)��*UDWD-

FRV�(��$Q�LQWHJUDWHG�PRGHO�ZLWK�FODVVL¿FDWLRQ�FULWHULD�WR�SUHGLFW�
VPDOO�IRUJHVWDWLRQDO�� DJH� IHWXVHV� DW� ULVN� RI� DGYHUVH� SHULQDWDO�
RXWFRPH��8OWUDVRXQG�2EVWHW�*\QHFRO���������������

���� .KDOLO�$$�� 0RUDOHV�5RVHOOR� -�� 0RUODQGR� 0�� HW� DO�� ,V�
IHWDO� FHUHEURSODFHQWDO� UDWLR�DQ� LQGHSHQGHQW�SUHGLFWRU�RI� LQWUD-

SDUWXP� IHWDO�FRPSURPLVH�DQG�QHRQDWDO�XQLW�DGPLVVLRQ"�$P�-�
2EVWHW�*\QHFRO�������������H�����

���� 9ROOJUDII�+HLGZHLOOHU�6FKUHXUV�&$��GH�%RHU�0$��+H\-

PDQV�0:�� 6FKRRQPDGH� /-�� %RVVX\W� 300��0RO� %:-�� HW� DO��
3URJQRVWLF�DFFXUDF\�RI�FHUHEURSODFHQWDO� UDWLR�DQG�PLGGOH�FH-

UHEUDO� DUWHU\�'RSSOHU� IRU� DGYHUVH� SHULQDWDO� RXWFRPHV�� D� V\V-

WHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV��8OWUDVRXQG�2EVWHW�*\QHFRO�
����

���� 9ROOJUDII�+HLGZHLOOHU�6FKUHXUV��D�,5�YDQ�2VFK��D�0:�
+H\PDQV�E�:�*DQ]HYRRUW�F�/-�6FKRRQPDGH�G�&-�%D[�F�%:-�
0RO�H�&-0�GH�*URRW��D�300�%RVVX\W�I�0$�GH�%RHU&HUHEURSOD-

FHQWDO�UDWLR�LQ�SUHGLFWLQJ�DGYHUVH�SHULQDWDO�RXWFRPH��D�PHWD�D-

QDO\VLV�RI�LQGLYLGXDO�SDUWLFLSDQW�GDWD�%-2*�����

���� 'DSKQH�0RUHWD��6DPXHO�9��*X\�'�(VOLFN��5RQDOG�%HQ-

]LH��5H�HYDOXDWLQJ�WKH�UROH�RI�FHUHEURSODFHQWDO�UDWLR�LQ�SUHGLF-

WLQJ�DGYHUVH�SHULQDWDO�RXWFRPH��(XURSHDQ�-RXUQDO�RI�2EVWHWULFV�
	�*\QHFRORJ\�DQG�5HSURGXFWLYH�%LRORJ\����-XQH�������

���� $��&ÕREDQX���$�:UÕJKW����$��6\QJHODNÕ���'�:UÕJKW���5��
$NROHNDU� �� DQG�.�+�1ÕFRODÕGHV� µV� )HWDO�0HGLFLQH�)RXQGDWLRQ�
UHIHUHQFH�UDQJHV�IRU�XPELOLFDO�DUWHU\�DQG�PLGGOH�FHUHEUDO�DUWHU\�
SXOVDWLOLW\�LQGH[�DQG�FHUHEURSODFHQWDO�UDWLR

���� $OHVVDQGUD�%HWWLRO���1LFFROz�/RPEDUGL���*LDGD�&UHV-

FLROL���/DXUD�$YDJOLDQR���$OHVVDQGUR�0XJHOOL���&ODXGLD�5DYDO-
GL�����$OIUHGR�9DQQDFFL�����3KDUPDFRORJLFDO�LQWHUYHQWLRQV�IRU�WKH�
SUHYHQWLRQ�RI�IHWDO�JURZWK�UHVWULFWLRQ��SURWRFRO�IRU�D�V\VWHPDWLF�
UHYLHZ�DQG�QHWZRUN�PHWD�DQDO\VLV

���� %URVHQV� --�� 3LMQHQERUJ� 5�� %URVHQV� ,$�� 7KH� P\R-

PHWULDO� MXQFWLRQDO�]RQH�VSLUDO�DUWHULHV�LQ�QRUPDO�DQG�DEQRUPDO�
SUHJQDQFLHV��D� UHYLHZ�RI� WKH� OLWHUDWXUH��$P�-�2EVWHW�*\QHFRO�
�������������±��

���� /HYLQH�5-��/DP�&��4LDQ�&��HW�DO��6ROXEOH�HQGRJOLQ�DQG�
RWKHU�FLUFXODWLQJ�DQWLDQJLRJHQLF�IDFWRUV�LQ�SUHHFODPSVLD��1�(QJO�
-�0HG�������������±�����

���� /\DOO�)��5REVRQ�6&��%XOPHU�-1��6SLUDO�DUWHU\�UHPRGH-

OLQJ�DQG�WURSKREODVW�LQYDVLRQ�LQ�SUHHFODPSVLD�DQG�IHWDO�JURZWK�
UHVWULFWLRQ�� UHODWLRQVKLS� WR� FOLQLFDO� RXWFRPH�� +\SHUWHQVLRQ�
������������±��

���� 6DNDPRWR� 0�� 2VDWR� .�� .XER� 0�� HW� DO�� (DUO\�RQVHW�
IHWDO� JURZWK� UHVWULFWLRQ� WUHDWHG� ZLWK� WKH� ORQJ�DFWLQJ� SKRVSKR-

GLHVWHUDVH���LQKLELWRU�WDGDOD¿O��D�FDVH�UHSRUW��-�0HG�&DVH�5HS�
�����������

���� � /DXVPDQ� $�� .LQJGRP� -�� 0DWHUQDO� )HWDO� 0HGLFLQH�
&RPPLWWHH�� ,QWUDXWHULQH�JURZWK� UHVWULFWLRQ��VFUHHQLQJ��GLDJQR-

VLV��DQG�PDQDJHPHQW��-�2EVWHW�*\QDHFRO�&DQ������������±�

���� $&2*��$&2*�&RPPLWWHH�2SLQLRQ�1R�������/RZ�'RVH�
$VSLULQ�8VH�'XULQJ�3UHJQDQF\��2EVWHW�*\QHFRO����������H��±
���

���� 5RGJHU�0$��*ULV�-&��GH�9ULHV�-,3��HW�DO��/RZ�PROHFX-

ODU�ZHLJKW�KHSDULQ�DQG�UHFXUUHQW�SODFHQWD�PHGLDWHG�SUHJQDQF\�
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