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ÖZ

$PDo��7HUVL\HU�ELU�PHUNH]�RODQ�KDVWDQHPL]LQ�2FDN������$UDOÕN������WDULKOHUL�DUD-

VÕQGDNL�LNL]�JHEHOLNOHULQ�VRQXoODUÕQÕ�GH÷HUOHQGLUPH\L�DPDoODGÕN�

*HUHoOHU�YH�<|QWHP��0X÷OD�hQLYHUVLWHVL�(÷LWLP�YH�$UDúWÕUPD�+DVWDQHVL�.DGÕQ�+DV-
WDOÕNODUÕ� YH� 'R÷XP� .OLQL÷L¶QGH�2FDN� �����$UDOÕN� ����� WDULKOHUL� DUDVÕQGD� GR÷XPX�
JHUoHNOHúHQ������JHEH�DUDVÕQGDQ�����oR÷XO�JHEHOLN�oDOÕúPD\D�GDKLO�HGLOGL��5HWURV-
SHNWLI�RODUDN�GH÷HUOHQGLULOHQ�EX�JHEHOHULQ����¶VÕ�LNL]���¶L��o�]�JHEHOLN�LGL��

%XOJXODU�� øNL]� JHEHOLNOHULQ� ��¶VL� ��������� GLDPQL\RWLN�GLNRU\RQLN�� ��¶L� ��������� GL-
NRU\RQLN�PRQRDPQL\RWLN���¶L���������PRQRNRU\RQLN�PRQRDPQL\RWLN�ROGX÷X�VDSWDQ-

PÕúWÕU��'R÷XPODUÕQ���¶VÕ����������SUHWHUP�GR÷XP�LOH�JHUoHNOHúPLú�ROXS������������
JHEHQLQ� GR÷XPX�PLDGÕQGD�JHUoHNOHúPLúWLU�� øNL]� JHEHOLNOHULQ� ��� �������¶VL� QRUPDO�
GR÷XP������������¶VÕ�VH]DU\HQ�LOH�GR÷XPXQX�JHUoHNOHúWLUPLúWLU��6H]DU\HQ�YH�YDMLQDO�
GR÷XP�JUXEX� NHQGL� DUDVÕQGD� NDUúÕODúWÕUÕOGÕ÷ÕQGD� NDQ� ND\EÕ� DoÕVÕQGDQ� LVWDWLVWLNVHO�
RODUDN� IDUN� L]OHQPHPLúWLU��+RVSLWDOL]DV\RQ�V�UHVL�DoÕVÕQGDQ�NDUúÕODúWÕUÕOGÕ÷ÕQGD� LVH�
YDMLQDO�GR÷XP�JUXEXQGD�KRVSLWDOL]DV\RQ�V�UHVLQLQ�GDKD�NÕVD�ROGX÷X�VDSWDQPÕúWÕU��

6RQXo��dDOÕúPDPÕ]ÕQ�NOLQLN�VRQXoODUÕ�J�QFHO� OLWHUDW�U� LOH�EHQ]HUOLN�J|VWHUPHNWHGLU��
dDOÕúPDPÕ]GD��OLWHUDW�U�ELOJLVLQGHQ�IDUNOÕ�RODUDN�GH÷HUOHQGLUGL÷LPL]�VH]DU\HQ�YH�YD-

MLQDO�GR÷XP�DUDVÕQGD�NDQ�ND\EÕ�YH�KRVSLWDOL]DV\RQ�V�UHVLGLU��6H]DU\HQ� LOH�YDMLQDO�
GR÷XP�DUDVÕQGDQ�NDQ�ND\EÕ�DoÕVÕQGDQ�IDUN�L]OHQPHPLú�ROXS�YDMLQDO�GR÷XP�\DSDQ�
KDVWDODUÕQ�KRVSLWDOL]DV\RQ�V�UHVLQLQ�GDKD�NÕVD�ROGX÷X�L]OHQPLúWLU�

$QDKWDU�.HOLPHOHU��øNL]�JHEHOLN��dR÷XO�JHEHOLN��6H]DU\HQ��.RU\RQLVLWH��$PQL\RQLVLWH

$%675$&7

$LP��:H�DLPHG�WR�HYDOXDWH�WKH�RXWFRPHV�RI�WZLQ�SUHJQDQFLHV�EHWZHHQ�-DQXDU\������
DQG�'HFHPEHU������LQ�RXU�KRVSLWDO��ZKLFK�LV�D�WHUWLDU\�FHQWHU�

0DWHULDOV�DQG�0HWKRGV������PXOWLSOH�SUHJQDQFLHV�ZHUH�LQFOXGHG�LQ�WKH�VWXG\�DPRQJ�
�����SUHJQDQW�ZRPHQ�ZKR�ZHUH�GHOLYHUHG�EHWZHHQ�-DQXDU\������DQG�'HFHPEHU�
�����LQ�0X÷OD�8QLYHUVLW\�7UDLQLQJ�DQG�5HVHDUFK�+RVSLWDO�2EVWHWULFV�DQG�*\QHFRORJ\�
&OLQLF��2I� WKHVH�UHWURVSHFWLYHO\�HYDOXDWHG�SUHJQDQW�ZRPHQ������ZHUH�WZLQV�DQG���
ZDV�WULSOHW��

5HVXOWV��,W�ZDV�GHWHUPLQHG�WKDW�������������WZLQ�SUHJQDQFLHV�ZHUH�GLDPQLRWLF�GLFKR-

ULRQLF��������������ZHUH�GLFKRULRQLF�PRQRDPQLRWLF��DQG�����������ZHUH�PRQRFKRULR-

QLF�PRQRDPQLRWLF��UHVSHFWLYHO\��������������RI�WKH�GHOLYHULHV�ZHUH�ZLWK�SUHWHUP�GHOL-
YHU\�DQG������������RI�WKH�SUHJQDQW�ZRPHQ�ZHUH�GHOLYHUHG�DW�WHUP��7ZHOYH���������
WZLQ�SUHJQDQFLHV�ZHUH�GHOLYHUHG�E\�YDJLQDO�GHOLYHU\��DQG������������E\�FHVDUHDQ�
VHFWLRQ� �&�6���1R�VWDWLVWLFDO�GLIIHUHQFH�ZDV�REVHUYHG� LQ� WHUPV�RI�EORRG� ORVV�ZKHQ�
WKH�&�6�DQG�YDJLQDO�GHOLYHU\�JURXSV�ZHUH�FRPSDUHG��:KHQ�FRPSDUHG�LQ�WHUPV�RI�
KRVSLWDOL]DWLRQ�WLPH�� LW�ZDV�IRXQG�WKDW� WKH�KRVSLWDOL]DWLRQ�SHULRG�ZDV�VKRUWHU� LQ�WKH�
YDJLQDO�GHOLYHU\�JURXS�

&RQFOXVLRQ��7KH�FOLQLFDO�UHVXOWV�RI�RXU�VWXG\�DUH�VLPLODU�WR�WKH�FXUUHQW�OLWHUDWXUH��,Q�RXU�
VWXG\��ZKDW�ZH�HYDOXDWHG�GLIIHUHQWO\�IURP�WKH�OLWHUDWXUH�LV�EORRG�ORVV�DQG�KRVSLWDOL]DWL-
RQ�WLPH�EHWZHHQ�&�6�DQG�YDJLQDO�GHOLYHU\��7KHUH�ZDV�QR�GLIIHUHQFH�EHWZHHQ�&�6�DQG�
YDJLQDO�GHOLYHU\�LQ�WHUPV�RI�EORRG�ORVV��DQG�LW�ZDV�REVHUYHG�WKDW�WKH�KRVSLWDOL]DWLRQ�
SHULRG�RI�SDWLHQWV�ZKR�KDG�YDJLQDO�GHOLYHU\�ZDV�VKRUWHU�

.H\ZRUGV��7ZLQ�SUHJQDQF\��PXOWLSOH�SUHJQDQF\��FHVDUHDQ�VHFWLRQ��FKRULRQLFLW\��DP-

QLRQLFLW\

6RUXPOX�<D]DU��&RUUHVSRQGLQJ�$XWKRU��0HKPHW�)HUGL�.,1&,
$GUHV��0X÷OD�6ÕWNÕ�.RoPDQ�8QLYHUVLW\�(GXFDWLRQ�DQG�5HVHDUFK�+RVSLWDO��2EVWHWULFV�DQG�*\QHFRORJ\�'HSDUWPHQW��0X÷OD��7XUNH\�
(�PDLO��GUIHUGLNLQFL#JPDLO�FRP�

g]J�Q�$UDúWÕUPD 2UඈJඈQDO�$UWඈFOH

%DúYXUX�WDULKL������������
.DEXO�WDULKL�������������
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,1752'8&7,21

0$7(5,$/�$1'�0(7+2'

0XOWLSOH�SUHJQDQF\�RFFXUV�ZKHQ�PRUH�WKDQ�RQH�RRF\WH�LV�IHUWL-
OL]HG�DW�WKH�VDPH�WLPH�RU�ZKHQ�D�VLQJOH�RRF\WH�DQG�VSHUP�DUH�
IHUWLOL]HG�DQG�WKHQ�GLYLGHG�WR�IRUP�VHSDUDWH�HPEU\RV��,Q�UHFHQW�
\HDUV�� LWV� IUHTXHQF\�KDV� LQFUHDVHG�GXH� WR� WKH� LQWURGXFWLRQ�RI�
DVVLVWHG�UHSURGXFWLYH�WHFKQLTXHV��$57��LQWR�RXU� OLYHV�DQG�WKH�
SRVWSRQHPHQW�RI�JHVWDWLRQDO�DJH�LQ�LQGXVWULDO�VRFLHWLHV������7KH-

UH�LV�GLIIHUHQW�GDWD�DERXW�LWV�IUHTXHQF\�LQ�WKH�OLWHUDWXUH��,W�YDULHV�
DFFRUGLQJ� WR� IDFWRUV� VXFK� DV� HWKQLF� RULJLQ�� JHQHWLF� VWUXFWXUH��
IDPLOLDO�WHQGHQF\��JHVWDWLRQDO�DJH��$57��DQG�LW�LV�UHSRUWHG�WR�EH�
EHWZHHQ�������������

� $GYHUVH�PDWHUQDO� RXWFRPHV�PD\�EH�HQFRXQWHUHG� LQ�
PXOWLSOH�SUHJQDQFLHV���+HPRUUKDJLF�SUREOHPV�VXFK�DV�SODFHQ-

WDO�DEUXSWLRQ��XWHULQH�UXSWXUH��SRVWSDUWXP�DWRQ\�DQG�EOHHGLQJ��
K\SHUWHQVLYH�GLVRUGHUV�VXFK�DV�JHVWDWLRQDO�K\SHUWHQVLRQ��SUH-

HFODPSVLD�� HFODPSVLD�� +(//3� V\QGURPH�� V\VWHPLF� SUREOHPV�
VXFK�DV�HQGRPHWULWLV��VHSWLF�VKRFN��UHVSLUDWRU\�IDLOXUH��DQG�VKR-

FN�PD\�RFFXU�����

� $QRWKHU�LPSRUWDQW�LVVXH�IRU�REVWHWULFLDQV�DQG�SDUHQWV�
LQ�PXOWLSOH�SUHJQDQFLHV�LV�IHWDO�DQG�QHRQDWDO�PRUELGLW\�DQG�PRU-
WDOLW\��&KRULRQLFLW\�DQG�DPQLRQLFLW\�DUH�WKH�PRVW�LPSRUWDQW�SUH-

GLFWRUV�RI�SURJQRVLV������0RUWDOLW\�DQG�PRUELGLW\�GXH�WR�SUHWHUP�
ELUWK� LV� RQH� RI� WKH�PRVW� LPSRUWDQW� LVVXHV� ����� 1HRQDWDO�PRU-
WDOLW\�PRUELGLW\� LQFUHDVHV�GXH� WR� UHDVRQV�VXFK�DV� LQWUDXWHULQH�
JURZWK�UHWDUGDWLRQ��LQFUHDVHG�ULVN�RI�LQWUDXWHULQH�ORVV��SODFHQWDO�
DEUXSWLRQ��SUHPDWXUH�UXSWXUH�RI�PHPEUDQHV�����

� ,Q�WKLV�VWXG\��ZH�ZLOO�HYDOXDWH�WKH�PDWHUQDO�DQG�QHRQD-

WDO�RXWFRPHV�RI�PXOWLSOH�SUHJQDQFLHV�GHOLYHUHG�LQ�RXU�FOLQLF��

,Q� WKLV� UHWURVSHFWLYH�VWXG\������ WZLQ�SUHJQDQFLHV�DQG��� WULSOHW�
SUHJQDQF\�DPRQJ������ZKR�JDYH�ELUWK�LQ�0X÷OD�8QLYHUVLW\�7UD-

LQLQJ�DQG�5HVHDUFK�+RVSLWDO�2EVWHWULFV�DQG�*\QHFRORJ\�&OLQLF�
EHWZHHQ�-DQXDU\������DQG�'HFHPEHU������ZHUH�LQFOXGHG�LQ�WKH�
VWXG\��7KH�VWXG\�ZDV�DSSURYHG�E\�WKH�&OLQLFDO�5HVHDUFK�(WKLFV�
&RPPLWWHH�RI�WKH�0X÷OD�6ÕWNÕ�.RoPDQ�8QLYHUVLW\��������������
������:H�FRQGXFWHG�WKLV�VWXG\�FRQVLVWHQW�ZLWK�WKH�'HFODUDWLRQ�
RI�+HOVLQNL�(WKLFDO�3ULQFLSOHV��7KH�¿OH�UHFRUGV�ZHUH�DQDO\]HG�E\�
H[DPLQLQJ�PDWHUQDO�DJH��ZHHN�RI�ELUWK��SDULW\�JUDYLGD�QXPEHUV��
FKRULRQLFLW\�DPQLRQLFLW\�� W\SH�RI�GHOLYHU\��FKDQJHV� LQ�SUH��DQG�
SRVW�SDUWXP�KHPRJORELQ�YDOXHV�DQG�KHPRJORELQ�DPRXQW��QXP-

EHU�RI�KRVSLWDO�VWD\��SUHJQDQF\�UHODWHG�FRPSOLFDWLRQV��$3*$5�
VFRUHV�RI�IHWXVHV���VW����WK�PLQXWH���0DWHUQDO�DJH�ZDV�RQVLGH-

UHG�DV�WKH�DJH�FRPSOHWHG�DW�WKH�WLPH�RI�ELUWK��*HVWDWLRQDO�ZHHN�
ZDV�FDOFXODWHG�E\�FRQ¿UPLQJ�ZLWK�¿UVW�WULPHVWHU�XOWUDVRQRJUDS-

K\��86*���+HPRJORELQ�YDOXHV�ZHUH�VWXGLHG�RQ�D�6\VPH[�;1�
�����EORRG�FRXQWHU��6\VPH[��.REH��-DSDQ���$3*$5�VFRUHV�RI�
WKH� IHWXVHV�ZHUH�HYDOXDWHG�E\� WKH�SHGLDWULFLDQ� LQ� WKH�GHOLYHU\�
URRP�GXULQJ�GHOLYHU\��7KH��VW���WK�PLQXWH�$3*$5�VFRUH�ZDV�
FRQVLGHUHG�WR�EH�WKH�EDVH��7KH�QXPEHU�RI�QLJKWV�VSHQW�LQ�WKH�
KRVSLWDO�ZDV�WDNHQ�DV�D�EDVLV�IRU�WKH�FDOFXODWLRQ�RI�WKH�QXPEHU�
RI�GD\V�VSHQW�LQ�WKH�KRVSLWDO��3DVW�86*�UHFRUGV�ZHUH�H[DPLQHG�
LQ�WKH�GHWHUPLQDWLRQ�RI�FKRULRQLFLW\�DPQLRQLFLW\�

6WDWLVWLFDO�$QDO\VLV

� 7KH�GDWD�ZHUH�DQDO\]HG�XVLQJ�WKH�6WDWLVWLFDO�3DFNDJH�
IRU�6RFLDO�6FLHQFHV������IRU�:LQGRZV��6366�,QF���&KLFDJR��,/���
6XPPDU\�VWDWLVWLFV�ZHUH�H[SUHVVHG�DV�PHDQ�VWDQGDUG�GHYLD-

WLRQ��PLQLPXP��PD[LPXP��SHUFHQWDJHV��DQG�IUHTXHQFLHV��7KH�
QRUPDOLW\�RI�GLVWULEXWLRQ�IRU�WKH�TXDQWLWDWLYH�GDWD�ZDV�HYDOXDWHG�
XVLQJ�WKH�6KDSLUR�:LON�WHVW��0DQQ±:KLWQH\�8�WHVW�ZHUH�DSSOLHG�
WR�QRQ�QRUPDOO\�GLVWULEXWHG�GDWD��'LIIHUHQFHV�LQ�KHPRJORELQ�YD-

OXHV�EHWZHHQ�SUH�SDUWXP�DQG�SRVW�SDUWXP�ZHUH�DQDO\]HG�XVLQJ�
WKH�:LOFR[RQ�6LJQHG�5DQNV�7HVW��$OO�GLIIHUHQFHV�ZLWK�D�S�YDOXH�
RI������RU�OHVV�ZHUH�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQL¿FDQW�

����PXOWLSOH�SUHJQDQFLHV�ZHUH�GHOLYHUHG�GXULQJ�WKH�GDWHV�RI�WKH�
VWXG\��2I�WKHVH���������������ZHUH�WZLQV�DQG�����������ZHUH�
WULSOHWV�� ,W�ZDV�GHWHUPLQHG� WKDW������������� WZLQ�SUHJQDQFLHV�
ZHUH�GLDPQLRWLF�GLFKRULRQLF��������������ZHUH�GLFKRULRQLF�PR-

QRDPQLRWLF��DQG�����������ZHUH�PRQRFKRULRQLF�PRQRDPQLRWLF��
UHVSHFWLYHO\��������������SUHJQDQW�ZRPHQ�ZHUH�GHOLYHUHG�ZLWK�
SUHWHUP�GHOLYHU\��DQG������������SUHJQDQW�ZRPHQ�ZHUH�GHOLYH-

UHG�DW�WHUP�LQ�WKH�HYDOXDWLRQ�PDGH�LQ�WHUPV�RI�ZHHNV�RI�GHOLYHU\�

�����������RI�WKH�WZLQ�SUHJQDQFLHV�ZHUH�GHOLYHUHG�E\�YDJLQDO�
GHOLYHU\��DQG����ZHUH���������E\�FHVDUHDQ�VHFWLRQ��&�6���'H-

PRJUDSKLF�GDWD�RI�WKH�VWXG\�JURXS�DUH�JLYHQ�LQ�7DEOH���

7DEOH����'HPRJUDSKLF�FKDUDFWHULVWLFV�RI�VWXG\�JURXS

5(68/76

0HDQ6' 0൴Q 0D[
$JH��\HDU� 29.6 15.0 41.0
*UDY൴GD��Q� 2.4 1.0 5.0
3DU൴W\��Q� 1.0 0.0 5.0
%൴UWK�ZHHN��Q� 35.1 31.0 38.0
3UH�SDUWXP�+JE��J�G/) 10.9 8.4 13.8
3RVW�SDUWXP�+JE��J�G/) 9.74 6.50 13.0
+JE�&KDQJH��J�G/) 1.2 0.1 3.6
$3*$5�)HWXV����Q� 8.5 6.0 10.0
$3*$5�)HWXV����Q� 9.1 7.0 10
+RVS൴WDO�6WD\��GD\V� 3.3 2.0 8.0



-LQHNRORML���2EVWHWULN�YH�1HRQDWRORML�7ÕS�'HUJLVL�������9ROXPH�����6D\Õ��

1658

2I����GHOLYHULHV�E\�&�6�������������ZHUH�GHOLYHUHG�E\�HOHFWLYH�&�6�DQG������������E\�HPHUJHQF\�&�6��$PRQJ�WKH�LQGLFDWLRQ�IRU�
&�6��WKH�PRVW�FRPPRQ�UHDVRQ�ZDV�SUHYLRXV�&�6�ZLWK������������SUHJQDQW�ZRPHQ�������������SUHJQDQW�ZRPHQ�GHOLYHUHG�E\�
SULPDU\�&�6��7KH�PRVW�FRPPRQ�SULPDU\�&�6�UHDVRQ�ZDV�IRXQG�WR�EH�QRQ�YHUWH[�SUHVHQWDWLRQ�RI� WKH�¿UVW� IHWXV� LQ����SUHJQDQW�
ZRPHQ�DQG�PDWHUQDO�GHVLUH�LQ���SUHJQDQW�ZRPHQ��3UHWHUP�ODERU�ZDV�IRXQG�WR�EH�WKH�PRVW�FRPPRQ�FDXVH�RI�&�6�������������LQ�
SUHJQDQW�ZRPHQ�ZKR�GHOLYHUHG�E\�HPHUJHQF\�&�6����������RI�WKH�WZLQ�SUHJQDQFLHV�ZKR�KDG�YDJLQDO�GHOLYHU\�KDG�SUHWHUP�GHOLYHU\�
DQG���������KDG�WHUP�GHOLYHU\��

7KH�SUHVHQWDWLRQ�SDWWHUQV�RI�����SUHJQDQW�ZRPHQ�ZKR�ZHUH�SUHJQDQW�ZLWK�WZLQV�DQG�JDYH�ELUWK�DUH�SUHVHQWHG�LQ�7DEOH���

7DEOH����3UHVHQWDWLRQ�SDWWHUQV�RI�WZLQ�SUHJQDQFLHV

$OO����SDWLHQWV�ZKR�KDG�YDJLQDO�GHOLYHU\�ZHUH�LQ�YHUWH[�YHUWH[�SUHVHQWDWLRQ��,QGXFWLRQ�ZDV�DSSOLHG�WR���RI�WKHVH�SUHJQDQWV����������
IRU�PHGLFDO�UHDVRQV��$OO�RI�WKH�RWKHU�������������SUHJQDQW�ZRPHQ�DSSOLHG�DIWHU�WKH�RQVHW�RI�ODERU��

'HPRJUDSKLF�GDWD�DQG�GHOLYHU\�UHVXOWV�RI�DOO�JURXSV�DUH�JLYHQ�LQ�7DEOH����

7DEOH����'HPRJUDSKLF�GDWD�DQG�GHOLYHU\�UHVXOWV�RI�SDWLHQWV

9HUWH[�SUHVHQWDW൴RQ

n (%)

%UHHFK�3UHVHQWDW൴RQ

n (%)

)RRW�SUHVHQWDW൴RQ

n (%)

7UDQVYHUVH�SUHVHQWDW൴RQ�

n (%)
��IHWXV 58 (%60.4) 30 (%31.3) 2 (%2.1) 6 (%6.3)
��IHWXV 44 (%45.8) 30 (%31.3) 18 (%18.8) 4 (%4.2)
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����SUHJQDQW�WZLQV�ZHUH�ERUQ�LQ�RXU�FOLQLF��DQG�WKH�WRWDO�QXPEHU�
RI�ELUWKV�LV������EHWZHHQ�-DQXDU\������DQG�'HFHPEHU�������,Q�
WKLV�FDVH��LW�LV�VHHQ�WKDW�WKH�WZLQ�SUHJQDQF\�UDWH�LV��������$OW-
KRXJK�WKLV�UDWH�YDULHV�EHWZHHQ��������LQ�WKH�OLWHUDWXUH��WKH�UH-

VXOWV�RI�RXU�FOLQLF�DUH�FRPSDWLEOH�ZLWK�WKH�FXUUHQW�OLWHUDWXUH��7KLV�
UDWH�LQFUHDVHV�ZLWK�WKH�IUHTXHQW�XVH�RI�$57�DQG�WKH�LQFUHDVH�LQ�
DGYDQFHG�PDWHUQDO�DJH��$0$��SUHJQDQFLHV�FRPSDUHG�WR�SUH-

YLRXV�\HDUV�DQG�ZLOO�FRQWLQXH�WR�LQFUHDVH�LQ�WKH�FRPLQJ�\HDUV�

� ,Q�PXOWLSOH� SUHJQDQFLHV�� K\SHUWHQVLRQ�� SUHHFODPSVLD�
DQG�*'0�DUH�REVHUYHG�PRUH� IUHTXHQWO\� WKDQ�VLQJOHWRQ�SUHJ-

QDQFLHV� ���� ���� ,Q� RXU� VWXG\�� K\SHUWHQVLRQ�SUHHFODPSVLD� ZDV�
IRXQG� LQ����FDVHV����������DQG�*'0�LQ����FDVHV�����������
3UHJQDQF\�UHODWHG�K\SHUWHQVLYH�GLVHDVHV�ZHUH�IRXQG�DW�D�UDWH�
RI�������LQ�WKH�VWXG\�FRQGXFWHG�E\�*�O�HW�DO��������,Q�WKH�VWXG\�
FRQGXFWHG�E\�6FKZDUW]�HW�DO���WKH�IUHTXHQF\�RI�*'0�ZDV�IRXQG�
WR�EH������������7KH�UHDVRQ�IRU�WKHVH�KLJK�UDWHV�LQ�RXU�VWXG\�LV�
WKDW�RXU�KRVSLWDO�LV�D�WHUWLDU\�FHQWHU�DQG�LW�LV�WKH�RQO\�QHRQDWDO�
LQWHQVLYH�FDUH�XQLW�LQ�RXU�FLW\��

� &KRULRQLFLW\�DQG�DPQLRQLFLW\�DUH�RQH�RI�WKH�PRVW� LP-

SRUWDQW� SUHGLFWRUV�RI� SURJQRVLV� LQ�PXOWLSOH� SUHJQDQFLHV��1HR-

QDWDO�RXWFRPHV�LQ�GLDPQLRWLF�DQG�GLFKRULRQLF�WZLQV�DUH�SRVLWLYH�
FRPSDUHG�WR�RWKHUV�������,Q�WKH�VWXG\�FRQGXFWHG�E\�+D\HV�5-

\DQ�HW� DO�� GLDPQLRWLF�GLFKRULRQLF�SUHJQDQF\�ZDV� IRXQG�ZLWK�D�
UDWH�RI�������������,Q�WKH�VWXG\�RI�0DFKDGR�HW�DO���������RI�WKH�
SUHJQDQW�ZRPHQ�ZHUH�IRXQG�WR�EH�GLFKRULRQLF��������7KLV�UDWH�
ZDV�IRXQG�WR�EH��������LQ�RXU�VWXG\�

2QH� RI� WKH� PRVW� FRPPRQ� FDVHV� LQ� PXOWLSOH� SUHJQDQFLHV� LV�
SUHWHUP�ELUWK��0XOWLSOH�SUHJQDQFLHV�DFFRXQW�IRU��������RI�SUH-

WHUP�ELUWKV�ZRUOGZLGH� ������3UHWHUP�ELUWK�DQG�FKRULRQLFLW\�DUH�
WKH� PRVW� LPSRUWDQW� PDUNHUV� IRU� WKH� SURJQRVLV� RI� IHWXVHV�� ,Q�
WKH�VWXG\�SHUIRUPHG�E\�4D]L�HW�DO���LW�ZDV�GHWHUPLQHG�WKDW�WKH�
PHDQ�GHOLYHU\�ZHHN�RI�WZLQ�SUHJQDQFLHV�ZDV����ZHHNV�DQG�WKH�
IUHTXHQF\�RI�SUHWHUP�GHOLYHU\�ZDV�������������7KH�IUHTXHQF\�
RI�SUHWHUP�ELUWK�ZDV�IRXQG�WR�EH�����LQ�WKH�VWXG\�FRQGXFWHG�
E\�.XUGL�HW�DO���DQG����RI�WKHVH�SDWLHQWV�ZHUH�WUHDWHG�ZLWK�FHU-
YLFDO�FHUFODJH�DQG�����ZLWK�EHWDPHPHWLFV�������,Q�RXU�FRXQWU\��
$UWXQo�hON�PHQ�HW�DO��IRXQG�WKDW�������RI�WKH�FDVHV�JDYH�ELUWK�
EHIRUH����ZHHNV�RI�JHVWDWLRQ�DQG� WKH�PHDQ�ZHHN�RI�GHOLYHU\�
ZDV�IRXQG�WR�EH������������������,Q�WKH�VWXG\�RI�*XO�HW�DO���WKLV�
UDWH�ZDV�IRXQG�WR�EH�������������,Q�RXU�VWXG\��WKH�PHDQ�ZHHN�
RI�GHOLYHU\�ZDV�IRXQG�WR�EH�����������DQG�WKH�IUHTXHQF\�RI�SUH-

WHUP�GHOLYHU\�ZDV���������

� ,Q�UHFHQW�\HDUV��WKH�LQFUHDVLQJ�&�6�UDWHV�DOO�RYHU�WKH�
ZRUOG��HVSHFLDOO\�LQ�RXU�FRXQWU\��DUH�PHW�ZLWK�FRQFHUQ�������7KH�
SHUFHSWLRQ�RI�YDOXDEOH�EDE\�LQ�SUHJQDQFLHV�UHVXOWLQJ�IURP�$0$�
DQG� $57�� ZKLFK� DUH� WKH� PDLQ� HWLRORJLFDO� FDXVHV� RI� PXOWLSOH�
SUHJQDQFLHV��LQFUHDVHV�WKLV�UDWH�HYHQ�PRUH��,Q�WKH�VWXG\�FRQ-

GXFWHG�E\�+D\HV�5\DQ�HW�DO���WKH�GHOLYHU\�PHWKRG�RI������PXO-
WLSOH�SUHJQDQW�ZRPHQ�ZDV�H[DPLQHG�������,Q�WKLV�VWXG\��������
RI�WKH�GHOLYHULHV�ZHUH�SHUIRUPHG�E\�&�6��&�6�ZDV�SHUIRUPHG�DW�
D�UDWH�RI�������LQ�WKH�VWXG\�SHUIRUPHG�E\�4D]L�HW�DO��������,Q�
DQRWKHU�VWXG\�FRQGXFWHG�E\�*XO�HW�DO��LQ�RXU�FRXQWU\��WKLV�UDWH�
ZDV� ������ ������ ,Q� WKH� VDPH� VWXG\�� DIWHU� WKH� ¿UVW� EDE\�ZDV�
GHOLYHUHG�E\�YDJLQDO�GHOLYHU\�LQ������RI�SUHJQDQW�ZRPHQ��WKH�
VHFRQG�EDE\�ZDV�GHOLYHUHG�E\�&�6�IRU�YDULRXV�UHDVRQV��,Q�RXU�
VWXG\��������RI�GHOLYHULHV�ZHUH�SHUIRUPHG�E\�&�6��7KH�PRVW�
FRPPRQ�FDXVH�RI�&�6� LV�SUHYLRXV�&�6�ZLWK��������:H� WKLQN�
WKDW�WKH�KLJK�UDWH�RI�&�6�LQ�RXU�FOLQLF�LV�GXH�WR�WKH�KLJK�QXPEHU�RI�
SUHJQDQW�ZRPHQ�ZKR�KDG�D�SUHYLRXV�&�6�DQG�WKH�KLJK�QXPEHU�
RI�FRPSOLFDWHG�FDVHV�EHFDXVH�RXU�FOLQLF�LV�D�WHUWLDU\�FHQWHU�

� 2QH� RI� WKH� LPSRUWDQW� LQGLFDWRUV� LQ� GHWHUPLQLQJ� WKH�
PRGH�RI�GHOLYHU\�LQ�PXOWLSOH�SUHJQDQFLHV�LV�WKH�SUHVHQWDWLRQ�RI�
WKH�IHWXVHV��9HUWH[�SUHVHQWDWLRQ�RI�WKH�¿UVW�IHWXV�LV�DQ�LPSRUWDQW�
LQGLFDWRU�IRU�YDJLQDO�GHOLYHU\������� ,Q�WKH�VWXG\�RI�*XO�HW�DO��� LW�
ZDV�GHWHUPLQHG�WKDW�������RI� WKH�IHWXVHV�ZHUH�YHUWH[�YHUWH[�
SUHVHQWDWLRQ�DQG��������RI� WKHP�ZHUH�YHUWH[�EUHHFK� �����$V�
ZH�PHQWLRQHG�EHIRUH�� WKH� IUHTXHQF\�RI�&�6� LQ� WKLV�VWXG\�ZDV�
�������,Q�WKH�VWXG\�FRQGXFWHG�E\�4D]L�HW�DO���LW�ZDV�GHWHUPLQHG�
DV�YHUWH[�YHUWH[�������IROORZHG�E\�YHUWH[�EUHHFK��������EUHH-

FK�YHUWH[�������DQG�EUHHFK�EUHHFK�������������,Q�RXU�VWXG\��LW�
ZDV�IRXQG�WKDW�WKH�¿UVW�IHWXV�ZDV�LQ�YHUWH[�SUHVHQWDWLRQ�ZLWK�D�
UDWH�RI�������

� $QRWKHU�LPSRUWDQW�LVVXH�IRU�GHWHUPLQLQJ�WKH�SURJQRVLV�
DIWHU�WKH�ZHHN�RI�ELUWK�DQG�FKRULRQLFLW\�LV�WKH��VW�DQG��WK�PLQXWH�
$3*$5�VFRUHV��7KH�FXW�RII�YDOXH�IRU�HYDOXDWLRQ�LV�DFFHSWHG�DV�
���LQ�WKH�OLWHUDWXUH��,W�ZDV�GHWHUPLQHG�DV�������LQ�WKH��VW�PLQX-

WH�$3*$5�VFRUH�HYDOXDWLRQ�RI����LQ�WKH�VWXG\�RI�+D\HV�5\DQ�HW�
DO��,Q�WKH�VDPH�VWXG\��LW�ZDV�GHWHUPLQHG�DV������LQ�WKH��WK�PL-
QXWH�$3*$5�VFRUH�HYDOXDWLRQ�������,Q�RXU�FRXQWU\��LQ�WKH�VWXG\�
RI�*�O�HW�DO��� LW�ZDV�GHWHUPLQHG� WKDW� WKH�$3*$5�VFRUH�RI� WKH�
IHWXV�ZDV����ZLWK�D�UDWH�RI������������,Q�RXU�VWXG\��WKLV�UDWH�ZDV�
IRXQG�WR�EH��������:KHQ�WKH�ZKROH�VWXG\�JURXS�ZDV�HYDOXD-

WHG��WKH�PHDQ�$3*$5�VFRUH�DW�WKH��VW�PLQXWH�ZDV�����������
IRU� ¿UVW�ERUQ� IHWXVHV�DQG����������� IRU� VHFRQG�ERUQ� IHWXVHV��
:KHQ� ZH� FRPSDUHG� WKH� YDJLQDO� GHOLYHU\� DQG� &�6� JURXSV� LQ�
RXU� VWXG\�� QR� VWDWLVWLFDOO\� VLJQL¿FDQW� GLIIHUHQFH�ZDV� REVHUYHG�
EHWZHHQ�WKH��VW�PLQXWH�$3*$5�VFRUHV��S ��������DQG�D�VWD-

5(68/76',6&86,,21
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WLVWLFDOO\� VLJQL¿FDQW� GLIIHUHQFH�ZDV�REVHUYHG�EHWZHHQ� WKH��WK�
PLQXWH�$3*$5�VFRUHV�LQ�IDYRU�RI�&�6��S �������

� %ORRG� ORVV� DQG� WKH� QXPEHU� RI� GD\V� LQ� WKH� KRVSLWDO�
DUH� LPSRUWDQW� LQ� WHUPV� RI�PDWHUQDO� RXWFRPHV� DQG� FRVW�HIIHF-

WLYHQHVV� LQ� WKH�HYDOXDWLRQ�RI�PXOWLSOH�SUHJQDQFLHV��8QOLNH� WKH�
JHQHUDO� OLWHUDWXUH�� LW� LV� DPRQJ� WKH� VXEMHFWV� ZH� HYDOXDWHG� LQ�
RXU�VWXG\��7KH�FKDQJH� LQ� WKH�DPRXQW�RI�KHPRJORELQ�EHWZHHQ�
SUH�SDUWXP� DQG� SRVW�SDUWXP� SHULRG� LV� LPSRUWDQW� LQ� WHUPV� RI�
PRUELGLW\��+HPRJORELQ�FKDQJH�ZDV� IRXQG� WR�EH���������J�G/�
LQ�SDWLHQWV�ZKR�GHOLYHUHG�YDJLQDOO\��ZKLOH�LW�ZDV���������J�G/�LQ�
SDWLHQWV�ZKR�GHOLYHUHG�E\�&�6��7KHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQL¿-

FDQW�GLIIHUHQFH�EHWZHHQ�WKH�JURXSV��S ��������,Q�WKH�HYDOXDWLRQ�
PDGH�LQ�WHUPV�RI�WKH�QXPEHU�RI�GD\V�WKH\�VWD\HG�LQ�WKH�KRVSL-
WDO��WKH�KRVSLWDOL]DWLRQ�SHULRG�RI�WKH�SDWLHQWV�ZKR�JDYH�ELUWK�E\�
YDJLQDO�GHOLYHU\�ZDV� IRXQG� WR�EH�VWDWLVWLFDOO\�VLJQL¿FDQWO\� OHVV�
�S ��������:H� WKLQN� WKLV� LV� GXH� WR� WZR� UHDVRQV��:H�DWWULEXWH�
WR�WKH�KRVSLWDOL]DWLRQ�RI�WKH�SDWLHQWV�KRVSLWDOL]HG�IRU�&�6�WR�WKH�
KRVSLWDO�WKH�QLJKW�EHIRUH�SUH�RSHUDWLYHO\�DQG�WKH�ORQJ�VWD\�LQ�WKH�
KRVSLWDO�SRVW�RSHUDWLYHO\�

7KH�UHVXOWV�RI�WKH�SUHJQDQW�ZRPHQ�ZKR�JDYH�ELUWK�LQ�RXU�FOLQLF�
ZHUH�H[DPLQHG��DQG� WKH� UHVXOWV�RI� WKH�SUHJQDQW�ZRPHQ�ZKR�
H[SHULHQFHG�DERUWLRQ�LQ�WKH�HDUO\�SHULRG�RU�RQH�RI�WKH�WZLQ�SDUW-
QHUV�ORVW�LQ�WKH�HDUO\�SHULRG�ZHUH�QRW�HYDOXDWHG�LQ�RXU�VWXG\��,Q�
DGGLWLRQ��GDWD�RQ�ZKHWKHU�PXOWLSOH�SUHJQDQFLHV�RFFXUUHG�VSRQ-

WDQHRXVO\�RU�DV�D�UHVXOW�RI�$57�FRXOG�QRW�EH�UHDFKHG�

0XOWLSOH�SUHJQDQF\� LV�D�FRQGLWLRQ� WKDW�KDV�EHHQ� LQFUHDVLQJ� LQ�
IUHTXHQF\� LQ� UHFHQW�\HDUV�DQG� LWV�PDWHUQDO�DQG�SHULQDWDO�RXW-
FRPHV�DUH�QHJDWLYH�FRPSDUHG�WR�VLQJOHWRQ�SUHJQDQFLHV��&KR-

ULRQLFLW\�DPQLRQLFLW\�DQG�SUHWHUP�ELUWK�DUH� WKH�PRVW� LPSRUWDQW�
SUHGLFWRUV�RI�SURJQRVLV��7KH�IUHTXHQF\�RI�SDWKRORJLHV�VXFK�DV�
K\SHUWHQVLYH� GLVRUGHUV� RI� SUHJQDQF\�� *'0� DQG� LQWUDKHSDWLF�
FKROHVWDVLV�RI�SUHJQDQF\�KDV�LQFUHDVHG���7KH�IUHTXHQF\�RI�GHOL-
YHU\�E\�&�6�KDV�LQFUHDVHG�GXH�WR�UHDVRQV�VXFK�DV�SUHVHQWDWLRQ�
DQRPDOLHV�DQG�SUHWHUP�GHOLYHU\��,Q�RXU�VWXG\��WKH�KRVSLWDOL]DWL-
RQ�WLPH�ZDV�SURORQJHG�DOWKRXJK� LQWUDRSHUDWLYH�EORRG� ORVV�GLG�
QRW� FKDQJH� GXH� WR� FHVDUHDQ� VHFWLRQ�� ,Q� WKH�PDQDJHPHQW� RI�
PXOWLSOH�SUHJQDQFLHV�� LW�VKRXOG�EH�PDQDJHG�WRJHWKHU�ZLWK�J\-

QHFRORJLVW� DQG�REVWHWULFLDQ�� SHULQDWRORJLVW�� QHRQDWDO� LQWHQVLYH�
FDUH�VSHFLDOLVW�DQG�VSHFLDOLVWV�RI�WKH�QHFHVVDU\�GHSDUWPHQWV��

(WKLFV�&RPPLWWHH�$SSURYDO�� 7KH� VWXG\�ZDV� DSSURYHG� E\� WKH�

&OLQLFDO�5HVHDUFK�(WKLFV�&RPPLWWHH�RI�WKH�0X÷OD�6ÕWNÕ�.RoPDQ�
8QLYHUVLW\��������������������

&RQÀLFW�RI�,QWHUHVW��1RQH�GHFODUHG�E\�WKH�DXWKRUV��

)LQDQFLDO�'LVFORVXUH��1RQH�GHFODUHG�E\�WKH�DXWKRUV��

$FNQRZOHGJHPHQWV��1RQH�GHFODUHG�E\�WKH�DXWKRUV��

��� %ODFN�0��%KDWWDFKDU\D�6��HGV��(SLGHPLRORJ\�RI�PXOWLS-

OH�SUHJQDQF\�DQG�WKH�HIIHFW�RI�DVVLVWHG�FRQFHSWLRQ������(OVH-

YLHU�

��� 'LDV�7�� %KLGH�$�� (SLGHPLRORJ\�,QFLGHQFH� RI�0XOWLSOH�
3UHJQDQF\�� 0XOWLSOH� 3UHJQDQF\�(�ERRN�� 5HFHQW�$GYDQFHV� LQ�
0DQDJHPHQW�RI�0XOWLSOH�3UHJQDQF\��������

��� 6DQWDQD� '6�� 6XULWD� )*�� &HFDWWL� -*�� 0XOWLSOH� SUHJ-

QDQF\��HSLGHPLRORJ\�DQG�DVVRFLDWLRQ�ZLWK�PDWHUQDO�DQG�SHUL-
QDWDO�PRUELGLW\��5HYLVWD�%UDVLOHLUD�GH�*LQHFRORJLD�H�2EVWHWUt-
FLD�����������������

��� :DQ�--��HW�DO��&XUUHQW�SUDFWLFHV�LQ�GHWHUPLQLQJ�DPQL-
RQLFLW\�DQG�FKRULRQLFLW\�LQ�PXOWLSOH�JHVWDWLRQV��3UHQDWDO�GLDJQR-

VLV�����������������

��� %ORQGHO�%��0DFIDUODQH�$��*LVVOHU�0��%UHDUW�*��=HLWOLQ�
-�� *HQHUDO� REVWHWULFV�� 3UHWHUP� ELUWK� DQG� PXOWLSOH� SUHJQDQF\�
LQ� (XURSHDQ� FRXQWULHV� SDUWLFLSDWLQJ� LQ� WKH� 3(5,67$7� SURMH-

FW��%-2*��$Q� ,QWHUQDWLRQDO� -RXUQDO� RI�2EVWHWULFV�	�*\QDHFR-

ORJ\������������������

��� 5L]ZDQ�1��$EEDVL�50��0XJKDO�5��0DWHUQDO�PRUELGLW\�
DQG� SHULQDWDO� RXWFRPH�ZLWK� WZLQ� SUHJQDQF\�� -RXUQDO� RI�$\XE�
0HGLFDO�&ROOHJH�$EERWWDEDG�����������������

��� .XR� +�� <DQJ� -�� :DQJ� .�� 3UHHFODPSVLD� LQ� PXOWLSOH�
SUHJQDQF\��=KRQJKXD�\L�[XH�]D�]KL �&KLQHVH�PHGLFDO�MRXUQDO��
)UHH�&KLQD�HG�����������������

��� 5DXK�+DLQ�-$��HW�DO��5LVN� IRU�GHYHORSLQJ�JHVWDWLRQDO�
GLDEHWHV�LQ�ZRPHQ�ZLWK�WZLQ�SUHJQDQFLHV��7KH�-RXUQDO�RI�0D-

WHUQDO�)HWDO�	�1HRQDWDO�0HGLFLQH�����������������

��� 7DOLS�*��$EGXOODK�6��øVPDLO�+DWQGL�.��0HKPHW�.$5$-

&$�0'��.OLQL÷LPL]GH�6RQ�øNL�<ÕOGD�'R÷XP�<DSDQ�dR÷XO�*HEH-

OLNOHULQ�'H÷HUOHQGLULOPHVL�

���� 6FKZDUW]� '%�� HW� DO�� *HVWDWLRQDO� GLDEHWHV� PHOOLWXV��
PHWDEROLF� DQG� EORRG� JOXFRVH� SDUDPHWHUV� LQ� VLQJOHWRQ� YHUVXV�
WZLQ�SUHJQDQFLHV��$PHULFDQ� MRXUQDO�RI�REVWHWULFV�DQG�J\QHFR-

ORJ\������������������

���� 0DQVR�3��9D]�$��7DERUGD�$��6LOYD�,6��&KRULRQLFLW\�DQG�
SHULQDWDO�FRPSOLFDWLRQV�LQ�WZLQ�SUHJQDQF\��D����\HDUV�FDVH�VH-

ULHV��$FWD�PHGLFD�SRUWXJXHVD�����������������
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���� +D\HV�5\DQ�'��0HDQH\�6��+RGQHWW�$��*HLVOHU�0��2¶'R-

QRJKXH�.��7KH�PDWHUQDO�DQG�SHULQDWDO�LPSOLFDWLRQV�RI�K\SHUWHQ-

VLYH�GLVRUGHUV�RI�SUHJQDQF\�LQ�D�PXOWLSOH�SUHJQDQF\�FRKRUW��$FWD�
REVWHWULFLD�HW�J\QHFRORJLFD�6FDQGLQDYLFD�����������������

���� 0DFKDGR�0��7HL[HLUD� (/�� )HUUHLUD� /0��5RGULJXHV� )��
+HQULTXHV�5��$IRQVR�(��3HULQDWDO�RXWFRPH�LQ�UHODWLRQ�WR�FKRULRQL-
FLW\�LQ�WZLQ�SUHJQDQF\��$FWD�PHGLFD�SRUWXJXHVD���������������

���� .KDOLT� 6�� 4XUHVKL� 6�� 5RRKL� 0�� 0XOWLSOH� SUHJQDQF\��
IUHTXHQF\� RI� PDWHUQDO� DQG� IHWDO� FRPSOLFDWLRQV�� 3URIHVVLRQDO�
0HG�-�����������������

���� 4D]L�*��2EVWHWULF� DQG� SHULQDWDO� RXWFRPH�RI�PXOWLSOH�
SUHJQDQF\��-�&ROO�3K\VLFLDQV�6XUJ�3DN�����������������

���� .XUGL�$0��0HVOHK�5$��$O�+DNHHP�00��.KDVKRJJL�7<��

.KDOLID�+0��0XOWLSOH�SUHJQDQF\�DQG�SUHWHUP�ODERU��6DXGL�PHGL-
FDO�MRXUQDO�����������������

���� h/.h0(1�%$��3$/$�+*��d$/,.�(��.2<81&8�)0��
øNL]�JHEHOLNOHUGH�IHWDO�YH�PDWHUQDO�VRQXoODUÕQ�GH÷HUOHQGLULOPHVL��
'RNX]�(\O�O�hQLYHUVLWHVL�7ÕS�)DN�OWHVL�'HUJLVL�����������������

���� 8OXED\�0��HW�DO��6NLQ�LQFLVLRQ�OHQJWKV�LQ�FDHVDUHDQ�VH-

FWLRQ��dXNXURYD�0HGLFDO�-RXUQDO���������������

���� %DUUHWW�-)��HW�DO��$�UDQGRPL]HG�WULDO�RI�SODQQHG�FHVDUH-

DQ�RU�YDJLQDO�GHOLYHU\�IRU�WZLQ�SUHJQDQF\��1HZ�(QJODQG�MRXUQDO�
RI�PHGLFLQH��������������������


