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2%-(&7,9(�� 7R� GHWHUPLQH� WKH� DVVRFLDWLRQ� EHWZHHQ� VKRUW� VWDWXUH� DQG� FHSKDOR-SHOYLF� GLVSURSRUWLRQ�
DPRQJ�SULPLJUDYLGD�ZRPHQ�ZLWK�3DNLVWDQL�SRSXODWLRQ�� 
0(7+2'2/2*<���$�FDVH-FRQWURO�VWXG\�ZDV�FDUULHG�RXW�DIWHU�DSSURYDO�RI�&363�IURP�1RYHPEHU������WR�
0D\� ����� DW�2EVWHWULFV� DQG�*\QHFRORJ\� GHSDUWPHQW� RI� -LQQDK�3RVWJUDGXDWH�0HGLFDO�&HQWHU�� .DUDFKL��
7KH� SULPLJUDYLGD� SUHJQDQW�ZRPHQ�ZLWK� WKH� JHVWDWLRQ� DJH� RI� ��� ZHHNV� RU� DERYH� DQG� SUHVHQWHG� IRU� D�
QRUPDO� YDJLQDO� GHOLYHU\� ZLWK� YHUWH[� SUHVHQWDWLRQ� RI� WKH� IHWXV� DQG� GHYHORSHG� FHSDKDORSHOYLF�
GLVSURSRUWLRQ� GXULQJ� ODERU� ZDV� LQFOXGHG� LQ� WKLV� VWXG\� DQG� SULPLJUDYLGD� SUHJQDQW� ZRPHQ� KDYLQJ� DQ�
HVWLPDWHG�IHWDO�ZHLJKW�PRUH�WKDQ�����.J��SDWLHQWV�KDYLQJ�SK\VLFDO�GLVDELOLW\�ZDV�H[FOXGHG��$�WRWDO�RI�����
SULPLJUDYLGD� SDWLHQWV� IXOILOOLQJ� LQFOXVLRQ� DQG� H[FOXVLRQ� FULWHULD� ZHUH� VHOHFWHG�� ,QIRUPHG� FRQVHQW� ZDV�
WDNHQ� IURP� HDFK� LQGLYLGXDO� SDUWLFLSDWHG� LQ� WKLV� VWXG\�� 7KH� DJH�� KHLJKW�� JHVWDWLRQDO� DJH�� IHWDO� PDO-
SUHVHQWDWLRQ�� SURORQJHG� /DERU�� DQG� FDHVDULDQ� GHOLYHU\� SDUDPHWHUV� ZHUH� REVHUYHG� ZLWKLQ� WKH� SDWLHQWV�
DQG�GDWD�ZHUH�DQDO\]HG�WKURXJK�6366�YHUVLRQ���� 
5(68/76��7KH�����������RI�SDWLHQWV�ZLWK�FHSKDORSHOYLF�GLVSURSRUWLRQ�ZDV�VKRUW�VXWXUH� LQ�FDVH�JURXS�
DQG� �������� LQ� WKH� FRQWURO� JURXS�� WKH� UHVXOWV� VKRZHG� WKH� VLJQLILFDQW� DVVRFLDWLRQ� RI� FHSKDORSHOLF�
GLVSURSRUWLRQ� ZLWK� VKRUW� VXWXUH� SDWLHQWV�� 7KH� UDWLR� RI� FDHVDULDQ� GHOLYHU\� ZDV� DOVR� KLJKHU� DQG� D�
VLJQLILFDQW�S-YDOXH�ZDV�REWDLQHG� 
&21&/86,21� � 7KH� PRWKHUV� ZLWK� FHSKDORSHOYLF� GLVSURSRUWLRQ� ZHUH� LQGHSHQGHQWO\� FRUUHODWHG� ZLWK� D�
KLJKHU�UDWH�RI�VKRUW�VWDWXUH�DQG�FDHVDULDQ�UDWH�LV�WKH�KLJKHVW�DPRQJ�WKH�&36�ZRPHQ� 

.(<�:25'6��6KRUW�VWDWXUH��&HSKDORSHOYLF�GLVSURSRUWLRQ��3ULPLJUDYLGD� 

,1752'8&7,21 

&HSKDORSHOYLF� GLVSURSRUWLRQ� LV� RQH� RI� WKH� FRPPRQ�
REVWHWULF� FRPSOLFDWLRQV�� &HSDKORSHOYLF� GLVSURSRUWLRQ�
PD\�OHDG�WR�VHYHUH�FRPSOLFDWLRQV�LQ�PRWKHU�DQG�FKLOG�
ZKHQ� LW� QRW� GLDJQRVHG� DQG� PDQDJHG� WLPHO\��
&RPSOLFDWLRQV� RI� GHYHORSLQJ� &3'� LQFOXGH� SURORQJHG�
ODERU�� PRXOGLQJ� �� DQG� FDSXW� IRUPDWLRQ�� REVWUXFWHG�
ODERU�DQG�IHWDO�GLVWUHVV���7KHUHIRUH�� LW� LV�QHFHVVDU\� WR�
SUHGLFW� FHSKDORSHOYLF� GLVSURSRUWLRQ� DV� HDUO\� DV�
SRVVLEOH� WR� DYRLG� VXFK� VHULRXV� FRPSOLFDWLRQV��
&HSKDORSHOYLF� GLVSURSRUWLRQ� LV� GHILQHG� DV�� WKH�
DQDWRPLFDO� GLVSURSRUWLRQ� EHWZHHQ� IHWDO� KHDG� DQG�
PDWHUQDO�SHOYLV�� ,W� LV�GHYHORSHG�HLWKHU�E\�PDWHUQDO� RU�
IHWDO�FDXVHV��7KH�IHWDO�FDXVHV� LQFOXGH� LQFUHDVHG�IHWDO�
ZHLJKW�� K\GURFHSKDORXV�� PDOSRVLWLRQ�� DQG� PDWHUQDO�
FDXVHV�LQFOXGH�VKRUW�KHLJKW�RU�VPDOO�SHOYLV��PHWDEROLF�
ERQH� GLVHDVHV�� SUHYLRXV� IUDFWXUH�� :RPHQ� RI� VPDOO�
KHLJKW� ������P�� ZLWK� FRPSDUDWLYHO\� D� ODUJH� EDE\� LQ�
WKHLU�SHOYLV�DUH�PRUH�OLNHO\� WR�GHYHORS�&3'�HVSHFLDOO\�
LQ� WKHLU� ILUVW� SUHJQDQF\��� 5HJDUGLQJ� &HSKDORHOYLF�
'LVSURSRUWLRQ� UHODWHG� FRPSOLFDWLRQV� D� VWXG\� VKRZHG�
WKDW� LQFUHDVLQJ� PDWHUQDO� KHLJKW� UHGXFHG� FKDQFHV� RI�
GHYHORSLQJ� LQWUDSDUWXP� IHWDO� KHDG� PRXOGLQJ���

&HSKDORSHOYLF� GLVSURSRUWLRQ� LV� DQ� LQGHSHQGHQW� ULVN�
IDFWRU�IRU�FHVDUHDQ�VHFWLRQ�LQ�QXOOLSDURXV�SDWLHQWV�ZLWK�
DQ� RGG� UDWLR� RI� ����� ����� FO ������ S������ ��� 7KH�

SULPLJUDYLGDV� DUH� FRQVLGHUHG� D� KLJK� ULVN� JURXS� DQG�
UHTXLUH� UHJXODU� DVVLVWDQFH� LQ� WKH� IRUP� RI� DQWHQDWDO�
FDUH�DQG� WKLV�PD\�KHOS� WKHP�GXULQJ� WKHLU� SUHJQDQF\��
ODERU��DQG�SXHUSHULXP�� 
7KH� FHSKDORSHOYLF� GLVSURSRUWLRQ� FDQ� EH� SUHGLFWHG� WR�
VRPH� H[WHQW� E\� PDWHUQDO� DQWKURSRPHWULF�
PHDVXUHPHQW�� E\� FRPELQLQJ� WKHVH� PHDVXUHPHQWV�
ZLWK� FOLQLFDO� HVWLPDWHV� RI� IHWDO� ZHLJKW�� LW� GHILQHV�
SUHGLFWLYH� YDOXH� WR� D� UHODWLYHO\� PRGHVW� GHJUHH��� 7KH�
UDWH� RI� GHYHORSLQJ� FHSKDORSHOYLF� GLVSURSRUWLRQ� LV� VWLOO�
KLJKHU� LQ�VKRUW�VWDWXUH�SDUWXULHQW�HYHQ�DIWHU�FRQWURO�RI�
ELUWK� ZHLJKW�� SDULW\�� W\SH� RI� DWWHQGDQFH� LQ� DQWHQDWDO�
FDUH�XQLW�� 

7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�FHSKDORSHOYLF�
GLVSURSRUWLRQ� FRPSOLFDWLRQV� DQG� LWV� DVVRFLDWLRQV� ZLWK�
VKRUW� VWDWXUH� DORQJ� ZLWK� SHUFHQWDJHV� RI� FHVDUHDQ�
VHFWLRQ�LQ�RXU�FRKRUWV�RI�WKH SDWLHQW�ZLWK�FRPSOLFDWLRQV�
RI� FHSKDORSHOYLF� GLVSURSRUWLRQ� FDVH� JURXS� DQG� D�
QRUPDO�FRQWURO�JURXS�RI�VHOHFWHG�SUHJQDQW�ZRPHQ� 

0$7(+2'2/2*< 

$�&DVH-&RQWURO�VWXG\�ZDV�FRQGXFWHG�LQ�WKH�2EVWHWULFV�
DQG� *\QHFRORJ\� GHSDUWPHQW� RI� -LQQDK� 3RVWJUDGXDWH�
0HGLFDO�&HQWHU��.DUDFKL��7KH�V\QRSVLV�ZDV�DSSURYHG�
E\�&363�DQG�DIWHU�DSSURYDO�RI�WKH�V\QRSVLV�LQIRUPHG�
FRQVHQW� ZDV� WDNHQ�� 7KH� VWXG\� ZDV� VWDUWHG� IURP�
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1RYHPEHU������WR�0D\������ 
7KH� SULPLJUDYLGD� ZRPHQ�ZHUH� LQFOXGHG� LQ� WKLV� VWXG\�
ZKR� DGPLWWHG� DW� -30&� 2EVWHWULFV� DQG� *\QHFRORJ\�
GHSDUWPHQWV� IRU� DQWHQDWDO� FDUH�� 7KH� SULPLJUDYLGD�
SUHJQDQW�ZRPHQ�ZLWK� WKH� JHVWDWLRQ� DJH�RI� ���ZHHNV�
RU� DERYH� DQG� SUHVHQWHG� IRU� QRUPDO� YDJLQDO� GHOLYHU\�
ZLWK� YHUWH[� SUHVHQWDWLRQ� RI� WKH� IHWXV� DQG� GHYHORSLQJ�
FHSDKDORSHOYLF�GLVSURSRUWLRQ�GXULQJ�ODERU� 
7KH� SULPLJUDYLGD� SUHJQDQW� ZRPHQ� KDYLQJ� DQ�
HVWLPDWHG� IHWDO� ZHLJKW� PRUH� WKDQ� ���� .J�� SDWLHQWV�
KDYLQJ�D�SK\VLFDO�GLVDELOLW\� OLNH�SROLR��KLVWRU\�RI�SHOYLF�
IUDFWXUH� DQG� ULFNHW� DQG� DEQRUPDO� SODFHQWD� VXFK� D�
SODFHQWD� SUHYLD�� SODFHQWDO� DEUXSWLRQ�� DQG� SODFHQWDO�
DGKHVLRQ�RQ�XOWUDVRXQG�DQG�HVWLPDWHG� IHWDO�ZHLJKW�RI�
PRUH�WKDQ���NJ�ZHUH�H[FOXGHG� 
1RQ-SUREDELOLW\�$�FRQYHQLHQW�VDPSOLQJ�WHFKQLTXH�ZDV�
XVHG� LQ� WKLV� VWXG\�� 7KH� FDOFXODWHG� VDPSOH� VL]H� ZDV�
����LQ�HDFK�JURXS��DW�����FRQILGHQFH�OHYHO�DQG�SRZHU�
RI� ���� ZLWK� DQ� H[SHFWHG� SURSRUWLRQ� RI� RXWFRPH�
DPRQJ� D� FRQWURO� RI� ����� DPRQJ� FRQWURO� DQG� ������
DPRQJ�FDVHV� 
$� WRWDO� RI� ���� SULPLJUDYLGD�SDWLHQWV� IXOILOOLQJ� LQFOXVLRQ�
DQG� H[FOXVLRQ� FULWHULD� IURP� WKH� GHSDUWPHQW� RI�
J\QHFRORJ\� DQG� REVWHWULFV� XQLW� �� RI� -30&� ZHUH�
VHOHFWHG�� ,QIRUPHG� FRQVHQW� ZDV� WDNHQ� IURP� HDFK�
HQUROOHG�SDWLHQWV�LQ�WKLV�VWXG\��7KH�ZRPHQ�XQGHUJRLQJ�
ODERU�ZHUH�IROORZHG�DQG�REVHUYHG�IRU WKH SURJUHVV�RI�
ODERU��GXULQJ�WKH�YDJLQDO�H[DPLQDWLRQ�LW�ZDV�REVHUYHG�
WKDW�FHUYLFDO�GLODWDWLRQ�DQG�GHVFHQW�RI�IHWDO�KHDG�LV�QRW�
HQJDJHG� LI� FHUYLFDO� GLODWDWLRQ� LV� OHVV� WKDQ� �FP� SHU�
KRXU��7KHUH�ZDV�VHYHUH�PRXOGLQJ�DQG�FDSXW�IRUPDWLRQ�
ZDV� VHHPHG� WKHUHDIWHU� REVWUXFWHG� ODERU� DQG� IXUWKHU�
PDQDJHPHQW�ZDV�GRQH� 
'DWD�ZHUH�HQWHUHG�DQG�DQDO\]HG�XVLQJ�6366�YV������
0HDQ� DQG� WKH� VWDQGDUG�GHYLDWLRQ�ZHUH� FDOFXODWHG� IRU�
FRQWLQXRXV� YDULDEOH� LQFOXGLQJ� PDWHUQDO� DJH��
JHVWDWLRQDO�DJH��DQG�KHLJKW�RI� WKH�SDWLHQW�DQG�WLPH�RI�
WKH�ODERU��)UHTXHQF\�DQG�SURSRUWLRQV�ZHUH�FDOFXODWHG�
IRU� FDWHJRULFDO� YDULDEOHV� VXFK� DV� IHWDO� PDO-
SUHVHQWDWLRQ��SURORQJHG�ODERU��DQG�FRXUVH�RI�GHOLYHU\��
/RJLVWLF�UHJUHVVLRQ�ZDV�DSSOLHG�WR�DVVHVV�WKH�SRVVLEOH�
DVVRFLDWLRQ� EHWZHHQ� PDWHUQDO� KHLJKW� DQG�
FHSKDORSHOYLF� GLVSURSRUWLRQ�� 3-9DOXH� RI� ������ ZHUH�
FRQVLGHUHG�VLJQLILFDQW� 

5(68/76 

7RWDO�����SULPLJUDYLGD�SUHJQDQW�ZRPHQ�ZHUH�VHOHFWHG�
DIWHU� WKH� FRPSOHWLRQ� RI� LQFOXVLRQ� FULWHULD�� RXW� RI� IURP�
���� SDUWLFLSDQWV�� ���� ZHUH� RI� SULPLJUDYLGD� SUHJQDQW�
ZRPHQ�ZLWK�FHSKDORSHOYLF�GLVSURSRUWLRQ�FRPSOLFDWLRQV�
DQG� ���� RI� SULPLJUDYLGD� SUHJQDQW� ZRPHQ� ZHUH�
HQUROOHG� DV� D� FRQWURO� JURXS� ZLWKRXW� FRPSOLFDWLRQV� RI�
FHSKDORSHOYLF�GLVSURSRUWLRQ� 
,Q� WKLV� VWXG\��ZH�KDYH� UHFRUGHG� WKH�DJH�� KHLJKW�� DQG�
JHVWDWLRQDO� SHULRG�� IHWDO� PDO-SUHVHQWDWLRQ� SURORQJHG�
ODERU� DQG� FDHVDULDQ� GHOLYHU\�� DQG�PDWHUQDO� SHULRG� RI�
HQUROOHG� SUHJQDQW� ZRPHQ� RI� ERWK� FDVH� DQG� FRQWURO�
JURXS�� 7KH� 6366� VRIWZDUH� YHUVLRQ��� ZDV� XVHG� IRU�

GHVFULSWLYH�VWDWLVWLFV�RI�DOO� TXDQWLWDWLYH�DQG�TXDOLWDWLYH�
YDULDEOHV� IRU� ERWK� VHOHFWHG� JURXSV�� 7KH� UHFRUGHG�
PHDQ�DJH�RI� WKH�SDWLHQWV�ZDV���������� \HDUV�DQG� LQ�
WKH�FRQWURO�JURXS�PHDQ�DJH�ZDV����������\HDUV��7KH�
PHDQ�KHLJKW�LQ�WKH�FDVH�JURXS�ZDV�����������FP�DQG�
���������� FP� LQ� WKH� FRQWURO� JURXS�� 7KH� PHDQ�
JHVWDWLRQDO� DJH�RI� WKH�SDWLHQWV�ZDV�����������ZHHNV�
LQ�WKH�FDVH�JURXS�DQG�����������ZHHNV�LQ�WKH�FRQWURO�
JURXS� �7DEOH� ,��� ,Q� WRWDO� VHOHFWHG� SDWLHQWV� ������
���������SDWLHQWV�ZHUH�VKRUW�VXWXUHG�EHWZHHQ����FP�
�����IHHW��WR�������FP������IHHW���DQG�����������������
SDWLHQWV� ZHUH� QRUPDO� KHLJKW� LQ� EHWZHHQ� ���� FP� ���
IHHW�� WR� ������ ����� IHHW��� 7KH� IHWDO� PDO-SUHVHQWDWLRQ�
ZDV�REVHUYHG� LQ������� LQ� WKH�FDVH�JURXS�DQG�������
ZHUH� LQ� WKH� FRQWURO� JURXS�� 7KH����� ���������ZRPHQ�
ZHUH� VXIIHUHG� SURORQJHG� ODERU� SDLQ� LQ� FDVH� JURXS�
SDWLHQWV� DQG� ������ ��������� LQ� FRQWURO� JURXS�� 7KH�
������� ���������� ZRPHQ�ZHUH� ERUQ� EDELHV� WKURXJK�
FDHVDULDQ� GHOLYHU\� DQG� WKH� S-YDOXH� VKRZHG� D�
VLJQLILFDQW� DVVRFLDWLRQ� ZLWK� VHOHFWHG� SDUDPHWHUV�
�7DEOH�,�� 
2QO\����������������RI�SUHJQDQW�ZRPHQ�ZLWK�FHSKDOR
-SHOYLF� GLVSURSRUWLRQ� LQ� WKH� FDVH� JURXS� DQG� �����
�������� SUHJQDQW� ZRPHQ� LQ� WKH� FRQWURO� JURXS� ZHUH�
VKRUW� LQ�VWDWXUH�� ,Q� WKH�SUHVHQW�VWXG\� WKH�ERWK�FRQWURO�
JURXSV� ZHUH� GLYLGHG� RQ� WKH� EDVHV� RI� PDWHUQDO� DJH�
XQGHU� ��� \HDUV� DQG�PRUH� WKDQ� ��� \HDUV� RI� DJH��:H�
ZHUH� REVHUYHG� WKDW� ������ ��������� RI� SUHJQDQW�
ZRPHQ�ZKR�KDG�OHVV�WKDQ����\HDUV�RI�DJH�ZHUH�VKRUW�
VWDWXUH�LQ�WKH�FDVH�JURXS�DQG������ZHUH�VKRUW�VWDWXUH�
LQ�D�FRQWURO� JURXS��DQG�SHUFHQWDJH�RI�QRUPDO�KHLJKWV�
VHHPHG� KLJKHVW� LQ� ERWK� JURXSV� DORQJ� ZLWK� ERWK�
PDWHUQDO�DJHV��7DEOH�,,��� 
7KH� GLIIHUHQFH� KDYH� EHHQ� IRXQG� WR� EH� VLJQLILFDQW� �3-
YDOXH�� ������� DQG� 2GGV� 5DWLR� DOVR� VKRZHG� KLJKHU�
DVVRFLDWLRQ� VWUDWLILFDWLRQ� ZLWK� UHVSHFW� WR� DJH� DQG�
JHVWDWLRQDO� DJH� ZHUH� VWDWHG� DQG� JHVWDWLRQ� DJH� DOVR�
VKRZHG�D�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�VKRUW�VXWXUH�
DQG�FHSKDOR-SHOYLF�GLVSURSRUWLRQ� 

7$%/(�,��0($1�9$/8(6�2)�',))(5(17�$1'�
3(5&(17$*(�2)�9$5,$%/(6 

+HLJKW�RI�WKH�3DWLHQWV�DQG�&HSKDORSHOYLF�'LVSURSRUWLRQ�LQ�3ULPLJUDYLGDV 
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',6&866,21 
5LVN� RI� REVWUXFWHG� ODERU� DQG� FDHVDUHDQ� VHFWLRQ� DUH�
KLJKHU� LQ� ZRPHQ� ZLWK� VKRUW� VWDWXUH� GXH� WR� FHSKDOR-
SHOYLF� GLVSURSRUWLRQ�� +RZHYHU�� LI� ELUWK� ZHLJKW� LV� ORZ�
VRPH�ZRPHQ�ZLWK�VKRUW�VWDWXUH�PD\�GHOLYHU�YDJLQDOO\��
7KH� SXUSRVH� RI� WKH� VWXG\� LV� WR� GHWHUPLQH� WKH� FXW� RII�
YDOXH�RI�KHLJKW�LQ�SULPLJUDYLGD�DW�ZKLFK�ZRPHQ�VKRXOG�
QRW�EH�JLYHQ�D�WULDO�RI�ODERU�DQG�KHQFH�WKH�LQFLGHQFH�RI�
REVWUXFWHG�ODERU�GXH�FHSKDOR-SHOYLF�GLVSURSRUWLRQ�DQG�
LWV�FRQVHTXHQFHV�PD\�EH�GHFUHDVHG���� 
7KH� FHSKDORSHOYLF� GLVSURSRUWLRQ� FRPSOLFDWLRQ� LV� D�
FRPPRQ� KHDOWK� SUREOHP� LQ� SUHJQDQW� ZRPHQ� DQG�
FDXVHG� �-��� RI� WKH� GHDWKV� LQ� SUHJQDQW� ZRPHQ�
ZRUOGZLGH���� ,Q� DGYDQFHG� FRXQWULHV�� VLJQLILFDQW�
PDWHUQDO�GHDWKV�ZHUH�FDXVHG�GXH�WR�REVWUXFWHG�ODERU�
SDLQ� DQG� XWHULQH� UXSWXUHG���� $PRQJ� WKH� GLIIHUHQW�
HWKQLF� JURXSV� WKH� GLVWULEXWLRQ� RI� PDWHUQDO� KHLJKW� LV�
YDULHG��WKH�6RXWK�$VLDQ�ZRPHQ�DUH�W\SLFDOO\�VKRUWHU�LQ�
KHLJKW� WKDQ� ZHVWHUQ� ZRPHQ���� ,Q� WKH� 3DNLVWDQL�
SRSXODWLRQ�� PDQ\� ZRPHQ� GLHG� GXULQJ� WKH� SUHJQDQF\�
DQG� PDQ\� FDVHV� ZHUH� QRW� UHSRUW� DQG� QRW� ZHOO�
LQIRUPDWLRQ� ZDV� UHFRUGHG� GXH� WR� XQDYDLODELOLW\� RI�
SHULQDWDO� GLDJQRVLV� E\� KHDOWK� FDUH� FHQWHUV� DQG� WKH�
UHDVRQ�WR�FDXVH�VHYHUDO�FDVXDOWLHV� 
7KLV� VWXG\� VKRZHG� WKDW� UDWLR� RI� FDHVDULDQ� GHOLYHU\� LV�
KLJKHU� DPRQJ� WKH� ZRPHQ� DV� FRPSDUH� ZLWK� QRUPDO�
ELUWK� DQG� FHSKDORSHOYLF� GLVSURSRUWLRQ� SDWLHQWV� IDFHG�

SURORQJHG� ODERU� SDLQ��PRXOGLQJ� DQG� FDSXW� IRUPDWLRQ��
REVWUXFWHG�ODERU�DQG�IHWDO�GLVWUHVV��7KH�VWXG\�VXSSRUWV�
WKH� SUHYLRXVO\� GHVLJQHG� VWXG\� DQG� FHSKDORSHOYLF�
GLVSURSRUWLRQ�LV�KLJKO\�FRUUHFWHG�ZLWK�VKRUW�VWDWXUH� 

&21&/86,21 

$� IHZ� VWXGLHV� KDYH� EHHQ� GRQH� RQ� FHSKDORSHOYLF�
GLVSURSRUWLRQ� ZLWK� WKH� DVVRFLDWLRQ� RI� VWDWXUH� LQ�
GLIIHUHQW�ZRUOG�SRSXODWLRQV�ZLWK�GLYHUVH�HWKHQFLW\��7KLV�
VWXG\� LQGLFDWH� WKH� SURSRUWLRQ� RI� GHOLYHULHV� ZLWK�
FHSKDORSHOYLF�GLVSUSSRWLRQ�LQ�3DNLVWDQL�SRSXODWLRQ�DQG��
VKRZ� WKH� VLJQLILFDQW� DVVRFLDWLRQ� RI� FHSKDORSHOYLF�
GLVSUSSRWLRQ�ZLWK�KHLJKW�RI�IHPDOHV��7KH�ILQGLQJV�PD\�
EH� KHOSIXO� WR� PDQDJH� � WKH� FDHVDULDQ� GHOLYHULHV� DQG�
UHGXFH�WKH�ULVN�RI�SUHQDWDO�PRUWDOLW\� 

(WKLFDO� SHUPLVVLRQ�� � &ROOHJH� RI� 3K\VLFLDQV� 	�
6XUJHRQV� 3DNLVWDQ�� 5HVHDUFK� (YDOXDWLRQ� 8QLW��
SHUPLVVLRQ� OHWWHU� 1R�� &363�5(8�2%--����-���-
������GDWHG���-��-����� 
&RQIOLFW� RI� ,QWHUHVW�� 7KHUH�ZDV�QR�DQ\�FRQIOLFW�RI�
LQWHUHVW� 
)XQGLQJ��7KHUH�ZDV�QR�DQ\�IXQGLQJ�DJHQF\ 
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5RVKDQ�6��6WXG\�GHVLJQ��GUDIW�ZULWLQJ� IRU�PDQXVFULSW��
GDWD�FROOHFWLRQ 
3KXOSRWR�0��'DWD�LQWHUSUHWDWLRQ�DQG�FULWLFDO�UHYLHZ 
1LJDU�5��'UDIW�ZULWLQJ�IRU�PDQXVFULSW��FULWLFDO�UHYLHZ�RI�
PDQXVFULSW� 
$KPDG� 6�� &ULWLFDO� UHYLHZ� RI� WKH� PDQXVFULSW� DQG�
GUDIWLQJ� 

5()(55(1&(6 

�� 7RK-$GDP� 5�� 6ULVXSXQGLW� .�� 7RQJVRQJ� 7�� 6KRUW�
VWDWXUH� DV� DQ� LQGHSHQGHQW� ULVN� IDFWRU� IRU�
FHSKDORSHOYLF� GLVSURSRUWLRQ� LQ� D� FRXQWU\� RI�
UHODWLYHO\� VPDOO-VL]HG� PRWKHUV�� $UFK� *\QHFRO�
2EVWHW�� ������ �������� ����-��� GRL�� ��������
V�����-���-����-�� 

�� 'L�%LDVH�1��%DOGXFFL�6��/HQFLRQL�&��%HUWRORWWR�$��
7XPPLQLD� $�� 'RGHVLQL� $5�� HW� DO�� 5HYLHZ� RI�
JHQHUDO�VXJJHVWLRQV�RQ�SK\VLFDO�DFWLYLW\�WR�SUHYHQW�
DQG� WUHDW� JHVWDWLRQDO� DQG� SUH-H[LVWLQJ� GLDEHWHV�
GXULQJ� SUHJQDQF\� DQG� LQ� SRVWSDUWXP�� 1XWULWLRQ��
PHWDEROLVP�� DQG� FDUGLRYDVFXODU� GLVHDVHV� �� 1XWU�
0HWDE� &DUGLRYDVF� 'LV�� ������ ������� ���-���� 
GRL����������M�QXPHFG������������� 

�� .DZDGD�0��1DNDWVXNDVD�0��1LVKLPXUD�7��.DQHNR�
$�� 0RULPRWR� 1�� &RYDULDWLRQ� RI� IHWDO� VNXOO� DQG�
PDWHUQDO� SHOYLV� GXULQJ� WKH� SHULQDWDO� SHULRG� LQ�
UKHVXV� PDFDTXHV� DQG� HYROXWLRQ� RI� FKLOGELUWK� LQ�
SULPDWHV��3URF�1DWO�$FDG�6FL�86$�����������������
�����-���GRL����������SQDV������������ 

�� %ULFN�$��/D\WH�5��1RODQ�$��7XUQHU�0-��'LIIHUHQFHV�
LQ� QXOOLSDURXV� FDHVDUHDQ� VHFWLRQ� UDWHV� DFURVV�
PRGHOV� RI� FDUH�� D� GHFRPSRVLWLRQ� DQDO\VLV�� %0&�
+HDOWK�6HUY�5HV���������������� 

�� 'RZVZHOO� 7�� &DUUROL� *�� 'XOH\� /�� *DWHV� 6��

6DPL\D�5RVKDQ��0DU\DP�3KXOSKRWR��5RRKL�1LJDU��6KDNHHO�$KPHG 

��� 

3DUDPHWHUV 6KRUW�
6WDWXUH 
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*�OPH]RJOX� $0�� .KDQ-1HHORIXU� '�� HW� DO��
$OWHUQDWLYH�YHUVXV�VWDQGDUG�SDFNDJHV�RI�DQWHQDWDO�
FDUH� IRU� ORZ-ULVN� SUHJQDQF\�� &RFKUDQH� 'DWDEDVH�
6\VW� 5HY�� ������ ��������� &'�������� 
GRL�������������������&'�������SXE�� 

�� *UHY� -�� %HUJ� 0�� 6ROO� 5�� 0DWHUQDO� SURELRWLF�
VXSSOHPHQWDWLRQ� IRU� SUHYHQWLRQ� RI� PRUELGLW\� DQG�
PRUWDOLW\� LQ� SUHWHUP� LQIDQWV�� &RFKUDQH� 'DWDEDVH�
6\VW� 5HY�� ������ �������� &'�������� 
GRL�������������������&'�������SXE�� 

�� .R]XNL�1��.DW]�-��/HH�$&��9RJHO�-3��6LOYHLUD�0)��
6DQLD� $�� HW� DO�� 6KRUW�0DWHUQDO� 6WDWXUH� ,QFUHDVHV�
5LVN� RI� 6PDOO-IRU-*HVWDWLRQDO-$JH� DQG� 3UHWHUP�
%LUWKV� LQ� /RZ-� DQG� 0LGGOH-,QFRPH� &RXQWULHV��
,QGLYLGXDO� 3DUWLFLSDQW� 'DWD� 0HWD-$QDO\VLV� DQG�
3RSXODWLRQ� $WWULEXWDEOH� )UDFWLRQ�� � -� 1XWU�� ������
�������������-����GRL����������MQ������������ 

�� 0XQDEL� ,*�� /XERJD� 6$�� /XERREL� /�� 0LUHPEH� )��
$VVRFLDWLRQ� EHWZHHQ� 0DWHUQDO� 3HOYLV� +HLJKW� DQG�
,QWUDSDUWXP� )RHWDO� +HDG� 0RXOGLQJ� LQ� 8JDQGDQ�
0RWKHUV� ZLWK� 6SRQWDQHRXV� 9HUWH[� 'HOLYHULHV��

2EVWHW�*\QHFRO�,QW���������������������� 
�� 'DQLVK� 1�� )DZDG� $�� $EEDVL� 1�� $VVHVVPHQW� RI�

SUHJQDQF\� RXWFRPH� LQ� SULPLJUDYLGD�� FRPSDULVRQ�
EHWZHHQ�ERRNHG�DQG�XQ-ERRNHG�SDWLHQWV��-�$\XE�
0HG�&ROO�$EERWWDEDG�����������������-�� 

��� 1HLOVRQ� -3�� /DYHQGHU� 7�� 4XHQE\� 6�� :UD\� 6��
2EVWUXFWHG� ODERXU�� %U� 0HG� %XOO�� ������ ���� ���-
���� 

��� 0HQGH]-'RPLQJXH]� 1�� 9D]TXH]-9D]TXH]� **��
/DYLDGD-0ROLQD� +$�� GH� -HVXV� ,QXUUHWD-'LD]� 0��
)DMDUGR-5XL]� /6�� $]FRUUD� +�� &HSKDORSHOYLF�
GLVSURSRUWLRQ� DV� SULPDU\� GLDJQRVLV� IRU� FHVDUHDQ�
VHFWLRQ��5ROH�RI�QHRQDWDO�ELUWKZHLJKW�LQ�UHODWLRQ�WR�
PDWHUQDO� KHLJKW� DW� D� +RVSLWDO� LQ� 0HULGD��0H[LFR��
$P�-�+XPDQ�%LRO���������������H������� 

��� 3DYOLþHY�0��5RPHUR�5��0LWWHURHFNHU�3��(YROXWLRQ�
RI� WKH� KXPDQ� SHOYLV� DQG� REVWUXFWHG� ODERU�� QHZ�
H[SODQDWLRQV�RI�DQ�ROG�REVWHWULFDO�GLOHPPD��$P�-�
2EVWHW�*\QHFRO�����������������-����GRL����������
M�DMRJ������������� 

+HLJKW�RI�WKH�3DWLHQWV�DQG�&HSKDORSHOYLF�'LVSURSRUWLRQ�LQ�3ULPLJUDYLGDV 

��� 
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'U��6DPL\D�5RVKDQ 
���%HG�+RVSLWDO�6KDK�)DLVDO�7RZQ 
.DUDFKL��6LQGK-3DNLVWDQ� 
 
'U��0DU\DP�3KXOSRWR 
6HQLRU�5HJLVWUDU��*\QHFRORJLVW 
%LODZDO�0HGLFDO�&ROODJH 
.RWUL��-DPVKRUR��6LQGK-3DNLVWDQ� 
 
'U��5RRKL�1LJDU��&RUUHVSRQGLQJ�$XWKRU� 
6HQLRU�5HJLVWUDU 
%LODZDO�0HGLFDO�&ROODJH 
.RWUL��-DPVKRUR��6LQGK-3DNLVWDQ� 
(PDLO��URRKLQLJDUXMMDQ#\DKRR�FRP��
PV�������#JPDLO�FRP 
 
'U��6KDNHHO�$KPDG 
&RQVXOWDQW�$QHVWKHVLRORJLVW 
'RZ�8QLYHUVLW\��.DUDFKL��6LQGK-3DNLVWDQ� 


