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�������������0XVFXORVNHOHWDOLQUHYLHZ�FRP� 

3XEOLVKHG�E\�3K\VLFLDQV�6SHFLDOL]LQJ��,Q 
0XVFXORVNHOHWDO�0HGLFLQH� 

$7+/(7(�5(&$//�9(5686�
&/,1,&$//<�'2&80(17('�����

&21&866,21 
  
5HFXUUHQW�FRQFXVVLRQ�LV�WKRXJKW�WR�

EH� DVVRFLDWHG� ZLWK� DGYHUVH� KHDOWK�
HIIHFWV�� LQFOXGLQJ� FRJQLWLYH��
QHXUREHKDYLRUDO� DQG� VRPDWLF�
FRQGLWLRQV�� $� ZHDNQHVV� LQ� WKH�
NQRZOHGJH� RI� WKH� ORQJ-WHUP� HIIHFWV�
RI�FRQFXVVLRQ�LQ�WKH�IRUPHU�DWKOHWH�LV�
WKH� DEVHQFH� RI� LQIRUPDWLRQ����
UHJDUGLQJ� WKH� YDOLGLW\� RI� DWKOHWH�
UHFDOO�� 7KLV� VWXG\� HVWLPDWHG� WKH�
DJUHHPHQW� EHWZHHQ� DWKOHWH� UHFDOO�
DQG� FOLQLFDOO\� GRFXPHQWHG�������������
FRQFXVVLRQ� 
)RUPHU� FROOHJH� DWKOHWHV� ZKR� KDG�

SOD\HG� DW� WKH� 8QLYHUVLW\� RI� 1RUWK��
&DUROLQD� DW� &KDSHO� +LOO� � � � � EHWZHHQ�
����� DQG� ����� ZHUH� VHQW� RQOLQH�
4XDOWULFV�TXHVWLRQQDLUHV �����������
FRQFHUQLQJ� FRQFXVVLRQ� KLVWRU\�� 7KH�
SDUWLFLSDQWV�ZHUH�DVNHG�WR�UHSRUW�WKH�
QXPEHU�RI�FRQFXVVLRQV�WKDW�WKH\�KDG�
VXVWDLQHG�GXULQJ�SDUWLFLSDWLRQ�LQ�KLJK�
VFKRRO�� FROOHJH� DQG� SURIHVVLRQDO�
VSRUW�� )RU� WKRVH� ZLWK� FRQFXVVLRQV�
GXULQJ� FROOHJH�� WKH� DWKOHWHV� ZHUH�
DVNHG� WKH� GDWHV� RI� LQMXULHV�� 7KH����
SDUWLFLSDQWV� ZHUH� DVNHG� DERXW�����������
,PSDFWV� WKDW� WKH\� KDG� VXVWDLQHG�
ZKLFK� WKH\� WKRXJKW� VKRXOG� KDYH�
EHHQ�� EXW� KDG� QRW� EHHQ�� GLDJQRVHG�
DV� FRQFXVVLRQV� E\� WHDP� PHGLFDO�
VWDII�� 5HVSRQVHV� WR� WKHVH�
TXHVWLRQQDLUHV�ZHUH�OLQNHG�WR�FOLQLFDO�
UHFRUGV� FROOHFWHG� E\� WKH� 8QLYHUVLW\�
DWKOHWLF� GHSDUWPHQW� FRQFHUQLQJ�
FRQFXVVLRQV�GXULQJ��������SDUWLFLSDWLRQ� 
7KH� UHFDOO� GDWD� LQGLFDWHG� WKDW�

������ KDG� VXVWDLQHG� RQH� RU� PRUH�
FRQFXVVLRQV� GXULQJ� FROOHJH�� ZLWK�
������ RFFXUULQJ� GXULQJ� FROOHJLDWH�
VSRUWV�� 7KH� FOLQLFDOO\� GRFXPHQWHG�
FRQFXVVLRQ� GDWD� LQGLFDWHG� WKDW�
������ KDG� VXVWDLQHG� RQH� RU� PRUH�
FRQFXVVLRQV� GXULQJ� FROOHJH�� 7KH�
DWKOHWHV�IDLOHG�WR�UHFDOO�������RI� WKH�
FOLQLFDOO\� GRFXPHQWHG�������������������
FRQFXVVLRQV�� ZLWK� QR� FOLQLFDO��������
GRFXPHQWDWLRQ� DVVRFLDWHG� ZLWK�
������ RI� WKH� DWKOHWH-� UHFDOOHG������
FRQFXVVLRQV�� 2I� WKRVH� ZKR� GLG� QRW�

GLVFORVH� WKHLU� FRQFXVVLRQV�� ������
GLG� QRW� WKLQN� WKDW� WKH� HYHQW� ZDV�
VHULRXV�HQRXJK�WR�UHSRUW� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI������

IRUPHU� FROOHJLDWH� DWKOHWHV� IRXQG� D�
ORZ� DJUHHPHQW� EHWZHHQ� DWKOHWH���
UHFDOOHG� DQG� FOLQLFDOO\� GRFXPHQWHG�
FRQFXVVLRQ�KLVWRU\� 
  
.HUU�� =��� HW� DO�� $JUHHPHQW� EHWZHHQ�
$WKOHWH� –� 5HFDOOHG� DQG� &OLQLFDOO\�
'RFXPHQWHG� &RQFXVVLRQ� +LVWRULHV�
LQ�)RUPHU�&ROOHJLDWH�$WKOHWHV��$P� -�
6SRUW�0HG��������0DUFK���������- 
���� 
 
 (3,'85$/�67(52,'6��9(5686�

25$/�*$%$3(17,1�)25����������������
5$',&8/$5�3$,1 

  
/RZ� EDFN� SDLQ� �/%3�� KDV� EHHQ� D��

OHDGLQJ� FDXVH� RI� \HDUV� ORVW� WR�
GLVDELOLW\� RYHU� WKH� SDVW� VHYHUDO�
GHFDGHV�� 7UHDWPHQWV� IRU� /%3� KDYH�
LQFOXGHG�HSLGXUDO�VWHURLGV��DV�ZHOO�DV�
RUDO� PHGLFDWLRQV�� LQFOXGLQJ�
JDEDSHQWLQ�� 7KLV� VWXG\� FRPSDUHG�
WKH� HIILFDF\� RI� D� VLQJOH� HSLGXUDO�
VWHURLG� � LQMHFWLRQ� YHUVXV� RUDO�
JDEDSHQWLQ� IRU� SDWLHQWV� ZLWK�
OXPERVDFUDO�UDGLFXODU�SDLQ� 
6XEMHFWV�ZHUH�SDWLHQWV�DW� OHDVW����

\HDUV� RI� DJH� HDFK� GLDJQRVHG� ZLWK�
UDGLFXODU�OHJ�SDLQ�GXH�WR�D�KHUQLDWHG�
GLVF� RU� VSLQDO� VWHQRVLV�� 7KH��
SDUWLFLSDQWV�UHFHLYHG�HSLGXUDO�VWHURLG�
LQMHFWLRQV�SOXV�SODFHER�SLOOV��RU�VKDP�
LQMHFWLRQV�SOXV�JDEDSHQWLQ��WLWUDWHG�WR�
����� WR� ����� PJ� SHU� GD\�� 7KH����
SULPDU\� RXWFRPH� PHDVXUH� LQYROYHG�
UDWLQJ� RI� WKH� LQWHQVLW\� RI� OHJ� SDLQ� DW�
RQH� DQG� WKUHH� PRQWKV� DIWHU� WKH���
LQWHUYHQWLRQ�� 7KH� VHFRQGDU\� � � �
RXWFRPH� PHDVXUHV� LQFOXGHG� ZRUVW�
OHJ� SDLQ�� DQG� DYHUDJH� DQG� ZRUVW�
EDFN�SDLQ�VFRUHG�XVLQJ�WKH�2VZHVWU\�
'LVDELOLW\�,QGH[� 
2I� WKH� ���� SDWLHQWV�� ��� ZHUH����

LQFOXGHG� LQ� WKH� LQMHFWLRQ� JURXS� DQG�
��� LQ� WKH� JDEDSHQWLQ� JURXS�� $W� RQH�
PRQWK�� ERWK� JURXSV� H[SHULHQFHG�
VLPLODU� UHGXFWLRQV� LQ� DYHUDJH� OHJ�
SDLQ� VFRUHV� IURP� EDVHOLQH� ZLWK� QR�
VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� WKH�

JURXSV�� $W� WKUHH� PRQWKV��������������
LPSURYHPHQWV� LQ� DYHUDJH� OHJ� SDLQ�
SHUVLVWHG� ZLWK� QR� VLJQLILFDQW��������
GLIIHUHQFH� EHWZHHQ� WKH� JURXSV�� )RU�
VHFRQGDU\�RXWFRPH�PHDVXUHV�VPDOO�
GLIIHUHQFHV� ZHUH� VHHQ� EHWZHHQ� WKH�
JURXSV�� IDYRULQJ� LQMHFWLRQV� IRU� ZRUVW�
OHJ� SDLQ� VFRUHV� DQG� VXFFHVVIXO����
RXWFRPHV� �S ����� DQG� S ��������
UHVSHFWLYHO\�� 
&RQFOXVLRQ�� 7KLV� UDQGRPL]HG�

FRQWUROOHG� WULDO� RI� SDWLHQWV� ZLWK�������
OXPERVDFUDO� UDGLFXODU� SDLQ� GXH� WR�
KHUQLDWHG� GLVF� RU� VSLQDO� VWHQRVLV�
IRXQG� WKDW� RUDO� JDEDSHQWLQ� DQG��������
HSLGXUDO� VWHURLG� LQMHFWLRQV� KDYH����
VLPLODU� HIIHFWV� RQ� SDLQ� LQWHQVLW\� DW�
RQH� DQG� WKUHH� PRQWKV�� DOWKRXJK�
VWHURLGV� PD\� KDYH� D� VOLJKW�
DGYDQWDJH�LQ�UHGXFLQJ�ZRUVW�OHJ�SDLQ�
DW�RQH��PRQWK� 

  
&RKHQ��6��(SLGXUDO�6WHURLG�,QMHFWLRQV�
&RPSDUHG� ZLWK� *DEDSHQWLQ� IRU����
/XPERVDFUDO� 5DGLFXODU� 3DLQ�� $�����
0XOWLFHQWHU� 5DQGRPL]HG� 'RXEOH-
%OLQG�&RPSDUDWLYH�(IILFDF\�6WXG\��%U�
0HG�-�������$SULO����������K����� 
  

%272;�'(&5($6(6����������������
&$/&,721,1�*(1(�5(/$7('����

3(37,'(�,1�&+521,&�
0,*5$,1(6 

  
$�VLJQLILFDQW�SRUWLRQ�RI� � � � �SDWLHQWV�

ZLWK� FKURQLF� PLJUDLQH� �&0�� GR� QRW�
UHVSRQG� HIIHFWLYHO\� WR� SUHYHQWDWLYH�
PHGLFDWLRQV�DORQH�RU�LQ�FRPELQDWLRQ��������������
2QDERWXOLQXPWR[LQ$� ZDV�������������
DSSURYHG�IRU�WKH�SUHYHQWLRQ�RI�&0�LQ�
������&KDQJHV�IURP��ZLWKLQ�WKH�EUDLQ�
DUH� WKRXJKW� WR� DFWLYDWH� WKH����������������������
WULJHPLQRYDVFXODU� V\VWHP�� ZKLFK�
UHVXOWV� LQ� WKH� ORFDO� UHOHDVH� RI��������
YDVRDFWLYH� � � � � � QHXURSHSWLGHV� IURP�
SUHV\QDSWLF� QHUYH� WHUPLQDOV�� 7KHVH�
LQFOXGH� FDOFLWRQLQ� JHQH� UHODWHG�����
SHSWLGH� �&*53��� � � � � � � � � � YDVRDFWLYH�
LQWHVWLQDO� SHSWLGH� �9,3��� RU� SLWXLWDU\�����
DGHQ\ODWH� F\FODVH� DFWLYDWLQJ�������
SRO\SHSWLGH� �3$&$3��� 7KLV� � UHOHDVH�
LQGXFHV�YDVRGLODWLRQ�DQG�QHXURJHQLF�
LQIODPPDWLRQ��JLYLQJ�ULVH�WR�SXOVDWLQJ�
PLJUDLQH� SDLQ�� 7KLV� VWXG\� ZDV������

9ROXPH����1XPEHU�� 0D\�������� 
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GHVLJQHG� WR� GHWHUPLQH� ZKHWKHU����
WUHDWPHQW� ZLWK� 2QDERWXOLQXPWR[LQ$�����
LQGXFHV��� ��FKDQJHV� LQ�SODVPD�&*53����������������
FRQFHQWUDWLRQV� 
6XEMHFWV� ZHUH� ��� SDWLHQWV� ZLWK�

FKURQLF� PLJUDLQH� ZKR� KDG� IDLOHG����
EHFDXVH�RI�HLWKHU�SRRU�HIILFDF\�DQG�RU�
WROHUDELOLW\� WR� WUHDWPHQW� ZLWK� DW� OHDVW�
WZR� SURSK\ODFWLF� PHGLFDWLRQV�� 7KH�
SDWLHQWV�ZHUH�PDLQWDLQHG�RQ��SULRU�RUDO�
SUHYHQWDWLYH�� �� � �� � �� � �� � �� �PHGLFDWLRQV�
DQG�UHFHLYHG 2QDERWXOLQXPWR[LQ$�
LQMHFWLRQV� DW� OHDVW� WZLFH� GXULQJ� D� ���
ZHHN� SHULRG�� /HYHOV� RI� &*53� ZHUH�
GHWHUPLQHG� EHIRUH� DQG� RQH� PRQWK�
DIWHU���������WUHDWPHQW� 
7KH� OHYHO� RI� &*53� DIWHU���������

2QDERWXOLQXPWR[LQ$� WUHDWPHQW� ZDV�
VLJQLILFDQWO\� GHFUHDVHG� DV� FRPSDUHG�
WR�EDVHOLQH��S���������6L[W\-IRXU�RI�WKH�
SDWLHQWV� UHVSRQGHG�� ZKLOH� ��� GLG� QRW�
QRWLFH� DQ\� FKDQJH�� 3UHWUHDWPHQW�
&*53� OHYHOV� RI� WKH� UHVSRQGHUV�ZHUH�
VLJQLILFDQWO\� KLJKHU� WKDQ� RI� WKRVH� RI�
WKH� QRQUHVSRQGHUV� �S��������� 2QH�
PRQWK� DIWHU� WUHDWPHQW�� &*53� OHYHOV�
GLG�QRW�FKDQJH�LQ�QRQ-UHVSRQGHUV��EXW�
VLJQLILFDQWO\� GHFUHDVHG� LQ��������
UHVSRQGHUV��S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�������

SDWLHQWV� ZLWK� FKURQLF� PLJUDLQHV������
VXJJHVWV� WKDW� D�PHFKDQLVP�RI� DFWLRQ�
RI� WKH� WUHDWPHQW� LV� WKH� UHYHUVDO� RI���
SHULSKHUDO� DQG� FHQWUDO� VHQVLWL]DWLRQ��
UHVXOWLQJ� IURP� WKH� LQKLELWLRQ� RI� WKH�
UHOHDVH� RI� FDOFLWRQLQ� JHQH� UHODWHG���
SHSWLGH� 
  
&HUQXGD-0RUROOR�� (� HW� DO��������
2QDERWXOLQXPWR[LQ$� GHFUHDVHV�
,QWHULFWDO� &*53� 3ODVPD� /HYHOV� LQ�
3DWLHQWV�ZLWK�&KURQLF���0LJUDLQH��3DLQ��
������0D\��������������–���� 

  

 ($5/<�267(2$57+5,7,6� 
$)7(5�$&/� 

5(&216758&7,21 
  
3UHYLRXV� VWXGLHV� KDYH� VXJJHVWHG�

WKDW� WKH� SUHYDOHQFH� RI� NQHH���������������������
RVWHRDUWKULWLV� �2$�� LV� DV� KLJK� DV� ����
RQH� GHFDGH� DIWHU� DQWHULRU� FUXFLDWH���
OLJDPHQW� �$&/�� LQMXU\�� 7KLV� VWXG\����
DVVHVVHG� WKH� SUHYDOHQFH� RI� NQHH�2$�
RQH�\HDU�DIWHU�$&/�UHSDLU� 
6XEMHFWV� ZHUH� ���� FRQVHFXWLYH����

SDWLHQWV�� ��� WR� ��� \HDUV� RI� DJH�� ZLWK�
$&/� LQMXU\�� DOO� RI� ZKRP� KDG�
XQGHUJRQH� D� VLQJOH� EXQGOH� KDPVWULQJ�
WHQGRQ� � � DXWRJUDSK� $&/� UHSDLU�� ,Q�
DGGLWLRQ�� ��� XQLQMXUHG�� DV\PSWRPDWLF��
PDWFKHG� FRQWUROV� ZHUH� UHFUXLWHG� IRU�
FRPSDULVRQ�� $OO� SDWLHQWV� XQGHUZHQW�
05,�DW�EDVHOLQH�DQG�DW�RQH-\HDU�IROORZ
-XS�� 7KHVH� 05,V� ZHUH� UHDG� E\� D�
PXVFXORVNHOHWDO� � � � � � UDGLRORJLVW� ZKR�
GHWHUPLQHG� WKH� � � � � � SUHVHQFH� RU�
DEVHQFH�RI�2$�� � � � � � � � � � �3UHRSHUDWLYH�
VFDQV�ZHUH�XQDYDLODEOH�IRU�DQDO\VLV� 
$W� RQH-\HDU� IROORZ-XS�� WKH� 05,V�

GHPRQVWUDWHG� WKDW� ���� RI� WKH����������
SDUWLFLSDQWV� KDG� NQHH� 2$�� 2I� WKRVH��
���� KDG� WLELRIHPRUDO� 2$� DQG� ����
KDG� SDWHOORIHPRUDO� 2$�� 1RQH� RI� WKH���������
FRQWUROV�GHPRQVWUDWHG�2$��7KRVH�ZKR�
XQGHUZHQW� D� SDUWLDO� PHQLVFHFWRP\� DW�
WKH� WLPH� RI� UHSDLU�ZHUH�PRUH� OLNHO\� WR�
KDYH� WLELRIHPRUDO�2$� WKDQ� WKRVH�ZKR�
GLG�QRW��$�ERG\�PDVV�LQGH[�RI�RYHU����
NJ�Pð� ZDV� DVVRFLDWHG� ZLWK� DQ����������
LQFUHDVHG� ULVN� RI� WLELRIHPRUDO����������
RVWHRSK\WHV� DQG� SDWHOORIHPRUDO� ERQH�
OHVLRQV�� 2OGHU� DJH� DQG� PDOH� JHQGHU�
ZHUH� DVVRFLDWHG� ZLWK� D� VLJQLILFDQWO\�
HOHYDWHG�ULVN�RI�SDWHOORIHPRUDO�2$�DQG�
RVWHRSK\WHV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� XQGHUJRLQJ� DQWHULRU� FUXFLDWH�
OLJDPHQW�UHSDLU�IRXQG�WKDW��DW�RQH�\HDU��
���� GHPRQVWUDWHG� HYLGHQFH� RI����������������
RVWHRDUWKULWLV�RI�WKH�NQHH� 
  
&XOYHQRU�� $��� HW� DO�� (DUO\� .QHH���������
2VWHRDUWKULWLV� LV� (YLGHQW� 2QH� <HDU��
IROORZLQJ� $QWHULRU� &UXFLDWH� /LJDPHQW�������������
5HFRQVWUXFWLRQ�� $� 0DJQHWLF�������������
5HVRQDQFH� � � � ,PDJLQJ� (YDOXDWLRQ����
$UWKULWLV�DQG�5KHXP��������$SULO����
��������-���� 

 &21&866,21�$1'�%$77,1*�
3(5)250$1&( 

  
$IWHU� FRQFXVVLRQ�� FRJQLWLRQ� LV� RIWHQ�

LPSDLUHG� IRU� ZHHNV� WR� PRQWKV�������
3DWLHQWV� RIWHQ� FRPSODLQ� RI� VORZHG�
WKLQNLQJ� RU� UHVSRQVH� VSHHG�� PHQWDO�
IRJJLQHVV��DQG�SRRU�FRQFHQWUDWLRQ��$V�
FRQFXVVLRQV� DFFRXQW� IRU� RYHU� WZR�
SHUFHQW� RI� DOO� WLPH� ORVV� LQMXULHV� LQ���
PDMRU� OHDJXH� EDVHEDOO�� WKLV� VWXG\��

H[DPLQHG� WKH� UHODWLRQVKLS� EHWZHHQ�
FRQFXVVLRQ�DQG�EDWWLQJ�SHUIRUPDQFH� 
7KLV� UHWURVSHFWLYH� FRKRUW� VWXG\��

LGHQWLILHG� PDMRU� OHDJXH� EDVHEDOO����
SOD\HUV� ZKR� VXVWDLQHG� D� FRQFXVVLRQ��
H[DPLQLQJ� EDWWLQJ� PHWULFV� EHIRUH� DQG�
DIWHU� WKH� LQMXU\�� 7KLV� FKDQJH� LQ�����
EDWWLQJ�PHWULFV�ZDV� WKHQ�FRPSDUHG� WR�
SOD\HUV� ZKR� PLVVHG� SOD\LQJ� WLPH� E\�
JRLQJ� RQ� PDWHUQLW\� RU��������������������
EHUHDYHPHQW� OHDYH�� 'DWD� ZHUH�����
LQFOXGHG� IRU� DOO� HYHQWV�DPRQJ�SOD\HUV�
ZKR� KDG� SOD\HG� LQ� WKH� PDMRU� OHDJXH�
UHJXODU�VHDVRQ� IRU�DW� OHDVW� WZR�ZHHNV�
EHIRUH� WKH� HYHQW�� 7KH� RXWFRPH� GDWD�
FKRVHQ� ZHUH� EDWWLQJ� DYHUDJH� �$9*���
RQ-� EDVH� SHUFHQWDJH� �2%3��� VOXJJLQJ�
SHUFHQWDJH� �6/*�� FDOFXODWHG� DV�
>VLQJOHV� �� ��� î� GRXEOHV�� �� � � � � ��� î�
WULSOHV�������î�KRPH�UXQV�@�RIILFLDO�����DW-
EDWV��� 2%3� SOXV� VOXJJLQJ����������
SHUFHQWDJH� �236��� �ZDON� � SHUFHQWDJH��
�ZDONV� � SHU� SODWH� DSSHDUDQFHV���
VWULNHRXW�SHUFHQWDJH��VWULNHRXWV�SHU�DW-
EDWV��� DQG� KRPH� UXQ� SHUFHQWDJH�
�KRPH�UXQV�SHU�DW-EDWV�� 
'DWD�ZHUH� UHWULHYHG� FRQFHUQLQJ�����

HYHQWV� RI� FRQFXVVLRQ������������������������
EHUHDYHPHQW� DQG� SDWHUQLW\� OHDYH��
$PRQJ� SOD\HUV� ZLWK� FRQFXVVLRQ������
EDWWLQJ� SHUIRUPDQFH� GHFOLQHG� GXULQJ�
WKH�WZR�ZHHNV�DIWHU�UHWXUQ�IURP�OHDYH��
ZKLOH� WKRVH� LQ� WKH� RWKHU� JURXSV� ZHUH�
IRXQG� WR� KDYH� LPSURYHPHQW� LQ� QHDUO\�
DOO� PHWULFV�� 7KLV� GLIIHUHQFH� ZDV������������
VLJQLILFDQW� IRU� $9*� �S �������� 2%3�
�S ������� 6/*� �S ������� DQG� 236�
�S �������� +RZHYHU�� WKH� GLIIHUHQFHV�
EHWZHHQ� JURXSV� ZHUH� QRW� DSSDUHQW�
EH\RQG�WZR�ZHHNV�DIWHU�UHWXUQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� PDMRU�

OHDJXH�EDVHEDOO�SOD\HUV�ZLWK� WLPH� ORVW�
GXH� WR� FRQFXVVLRQ� IRXQG� WKDW�����������
FRQFXVVHG� SOD\HUV� SHUIRUP� ZRUVH� LQ�
WKH� WZR�ZHHNV� IROORZLQJ� UHWXUQ� IURP�D�
FRQFXVVLRQ�LQMXU\� 
 
:DVVHUPDQ��(�HW�DO��&RQFXVVLRQV�$UH�
$VVRFLDWHG� :LWK� 'HFUHDVHG������������
%DWWLQJ� 3HUIRUPDQFH� $PRQJ�����������
0DMRU-�/HDJXH�%DVHEDOO�3OD\HUV��$P� -�
6SRUWV�0HG��������0D\������������–
����� 

$872120,&�'<6)81&7,21�:,7+�
3(56,67(17�3267&21&866,21�

6<037206 
  
&RQFXVVLRQV� DUH� FRPPRQ� LQ����

FKLOGUHQ� DQG� DGROHVFHQWV�� ZLWK� PRVW�
UHFRYHULQJ�ZLWKLQ�VHYHQ�WR����GD\V��$Q�
DVVRFLDWLRQ�KDV�EHHQ�IRXQG����EHWZHHQ�
VSHFLILF�FRQFXVVLRQ�� � � �V\PSWRPV�DQG�
SURWUDFWHG� UHFRYHU\�� ZLWK� GL]]LQHVV�
VXJJHVW� WR�EH�D� � � � �SRWHQWLDO�SUHGLFWRU�
RI�WKLV��������������SHUVLVWHQFH��7KLV�VWXG\�
ZDV� � � � � � � � � GHVLJQHG� WR� FKDUDFWHUL]H�
RUWKRVWDWLF� LQWROHUDQFH� DPRQJ� \RXQJ������������
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SDWLHQWV� ZLWK� SHUVLVWHQW����������������
SRVWFRQFXVVLYH�V\PSWRPV� 
7KLV� SURVSHFWLYH� VWXG\� LQFOXGHG��

SDWLHQWV�� ��� WR� ��� \HDUV� RI� DJH�����
UHIHUUHG� WR� D� SHGLDWULF� QHXURORJ\�
KHDGDFKH� FOLQLF� IRU� PDQDJHPHQW� RI��������������
SRVWFRQFXVVLYH� V\PSWRPV�� $OO�����
VXEMHFWV� FRPSODLQHG� RI� RQJRLQJ�����
V\PSWRPV� LQFOXGLQJ���������
OLJKWKHDGHGQHVV��DW� WKUHH�ZHHNV� WR�VL[�
PRQWKV� � � � � � � SRVW-LQMXU\�� $OO�������
SDUWLFLSDQWV� ZHUH� � DVVHVVHG� IRU�
V\PSWRPV� RQ� WKH� GD\� RI� HYDOXDWLRQ��
DQG������XQGHUZHQW�D�������KHDG-XSULJKW�
WLOW� WDEOH� �+87�� VWXG\�� $W� WKDW�������������
HYDOXDWLRQ�� ������ KDG� � � DEQRUPDO�
UHVXOWV�� ZLWK� LVRODWHG� � � � � V\QFRSH� LQ�
������� DQG� SRVWXUDO� � WDFK\FDUGLD�
V\QGURPH� �3276�� LQ��������7KH�+87�
WHVW� VFRUHV� ZHUH� FRPSDUHG� WR� WKH�
SRVWFRQFXVVLYH�V\PSWRP�VFRUHV� 
)LIW\� SHUFHQW� RI� WKH� SDWLHQWV� ZLWK�

3276� DOVR� GHPRQVWUDWHG� V\QFRSH� RU�
LQWHUPLWWHQW� V\QFRSH� EHWZHHQ� ILYH� DQG�
��� PLQXWHV� RI� WHVWLQJ�� � 3DWLHQWV� ZLWK�
3276� � � KDG� � � KLJKHU��������������
OLJKWKHDGHGQHVV� UDWLQJV� WKDQ� GLG� WKH�
QRUPDO� DQG� V\QFRSH� JURXS� �S���������
3DWLHQWV� ZLWK� 3276� DOVR� KDG� KLJKHU���������
SRVW-FRQFXVVLRQ� VFRUHV� WKDQ� GLG�
QRUPDO�SDWLHQWV��S���������$W����IROORZ-
XS�� QLQH� RI� ��� SDWLHQWV� QR� ORQJHU�PHW�
WKH�3276�GLDJQRVWLF�FULWHULD� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI������

DGROHVFHQWV� ZLWK� SHUVLVWHQW���������
SRVWFRQFXVVLYH� V\PSWRPV� IRXQG� WKDW�
WKH� PDMRULW\� KDG� HYLGHQFH� RI��������������
DXWRQRPLF� G\VIXQFWLRQ�� UHYHDOHG� E\��
KHDG-XSULJKW�WLOW�WDEOH�WHVWLQJ� 
  
+H\HU�� *��� HW� DO�� 2UWKRVWDWLF���������
,QWROHUDQFH� DQG� $XWRQRPLF����������
'\VIXQFWLRQ� LQ� <RXWK� ZLWK� 3HUVLVWHQW�
3RVWFRQFXVVLRQ� 6\PSWRPV�� $� +HDG�
8SULJKW�7LOW�7DEOH�6WXG\��&OLQ�-�6S�0HG��
������ '2,�� ���������
-60������������������ 
 

 ())(&7�2)�(;(5&,6(�21�
$%'20,1$/�2%(6,7<�$1'�
*/8&26(�72/(5$1&( 

  
([HUFLVH� LV� WKRXJKW� WR� EH� LPSRUWDQW�

IRU� LQGLYLGXDOV� ZKR� ZLVK� WR� UHGXFH���
REHVLW\� DQG� UHODWHG� JOXFRVH� WROHUDQFH��
7KLV� UDQGRPL]HG�� FOLQLFDO� WULDO����������
LQYHVWLJDWHG� WKH� VHSDUDWH� HIIHFWV� RI�
KDELWXDO� H[HUFLVH�� GLIIHULQJ� LQ� DPRXQW�
DQG� LQWHQVLW\�� RQ� DEGRPLQDO� REHVLW\�
DQG�JOXFRVH�WROHUDQFH� 
7KLV� UDQGRPL]HG�� FRQWUROOHG� WULDO���

LQFOXGHG� ���� VHGHQWDU\�� REHVH� DGXOWV��
7KH� VXEMHFWV� ZHUH� UDQGRPL]HG� WR� D�
FRQWURO�JURXS�UHFHLYLQJ�QR�H[HUFLVH��&���
D� ORZ� DPRXQW�ORZ� LQWHQVLW\� JURXS�
�/$/,��� D� KLJK� DPRXQW�ORZ� LQWHQVLW\�
�+$/,�� JURXS� DQG� D� KLJK� DPRXQW�����

KLJK-LQWHQVLW\� JURXS� �+$+,��� 7DUJHW�
KHDUW�UDWHV�ZHUH�DGMXVWHG�WR����PDLQWDLQ�
92�� SHDN� DW� ���� IRU� WKH� ORZ� LQWHQVLW\�
DQG� ���� IRU� WKH� � � � � KLJK-LQWHQVLW\�
JURXSV�� UHVSHFWLYHO\��$W� WKHVH�H[HUFLVH�
LQWHQVLWLHV�� WKH� WDUJHW� DPRXQWV� RI�
H[HUFLVH� IRU� ZRPHQ� DQG� PHQ��
UHVSHFWLYHO\��ZHUH�����DQG�����NFDO�IRU�
WKH� ORZ� DPRXQW� JURXS�� DQG� ���� DQG�
���� NFDO� IRU� WKH� KLJK� DPRXQW� JURXSV��
7KH� SULPDU\� RXWFRPH� PHDVXUHV� ZHUH�
ZDLVW� � FLUFXPIHUHQFH� DQG� WZR-KRXU������
JOXFRVH� WROHUDQFH�� PHDVXUHG� DW�
EDVHOLQH�� ��� ZHHNV� DQG� ��� ZHHNV��
6HFRQGDU\� PHDVXUHV� � � � LQFOXGHG�
PHDVXUHV�RI����FDUGLRYDVFXODU����ILWQHVV� 
5HGXFWLRQV� LQ� WKH� ZDLVW�������������

FLUFXPIHUHQFH� DW� ��� ZHHNV� ZHUH�
JUHDWHU�LQ�DOO�H[HUFLVH�JURXSV��S�������
IRU� DOO�� WKDQ� WKH� FRQWURO� JURXS�� EXW� GLG�
QRW�GLIIHU�EHWZHHQ�WKH�H[HUFLVH�JURXSV��
5HGXFWLRQV� LQ� WKH� WZR-KRXU� JOXFRVH�
OHYHOV�DW����ZHHNV�ZHUH�JUHDWHU� LQ� WKH�
+$+,� JURXS� WKDQ� LQ� WKH� FRQWURO�
�S ������� DQG� /$/,� �S ������ JURXSV��
1R� � � � VLJQLILFDQW� FKDQJHV� ZHUH� QRWHG�
IRU� WKH� /$/,� RU� +$/,� JURXSV����������
&RPSDUHG�ZLWK�WKH�FRQWURO�JURXS��ERG\�
ZHLJKW� DQG� FDUGLRUHVSLUDWRU\� ILWQHVV�
OHYHOV� ZHUH� VLJQLILFDQWO\� � � LPSURYHG� LQ�
DOO� H[HUFLVH� JURXSV�� DOWKRXJK�����������
FDUGLRUHVSLUDWRU\� ILWQHVV� LPSURYHG�ZLWK�
LQFUHDVHG� YROXPH� DQG� LQWHQVLW\� RI��
H[HUFLVH� 
&RQFOXVLRQ�� 7KLV�VWXG\�RI�SDWLHQWV�

ZLWK� DEGRPLQDO� REHVLW\� IRXQG� WKDW�
REHVLW\� GHFUHDVHV� ZLWK� H[HUFLVH��
UHJDUGOHVV� RI� LQWHQVLW\�� DOWKRXJK� RQO\�
KLJK-LQWHQVLW\�������H[HUFLVH�FDQ�UHGXFH�
WZR-KRXU����JOXFRVH�OHYHOV� 
  
5RVV�� 5��� HW� DO�� (IIHFWV� RI� ([HUFLVH�
$PRXQW� DQG� ,QWHQVLW\� RQ� $EGRPLQDO�
2EHVLW\� DQG� *OXFRVH� 7ROHUDQFH� LQ�
2EHVH�$GXOWV��$QQ� ,QWHUQ� 0HG�� ������
0DUFK���������������-���� 

  

(;(5&,6(�35(6&5,37,21��$)7(5�
267(232527,&�������9(57(%5$/�

)5$&785( 
  
2VWHRSRURWLF� YHUWHEUDO� IUDFWXUH� LV�

FRPPRQ� DPRQJ� SHRSOH� ZLWK������
RVWHRSRURVLV�� DQG� LV� OLQNHG� ZLWK� D�
UHGXFHG� TXDOLW\� RI� OLIH�� $OWKRXJK�
H[HUFLVH� LV� UHFRPPHQGHG� DV� D�
FRPSRQHQW� RI� WKH� PDQDJHPHQW� RI�
RVWHRSRURVLV�� LW� LV� XQFOHDU� ZKHWKHU�
H[HUFLVH� LQWHUYHQWLRQ� KDV� EHQHILWV�
DPRQJ� WKRVH� ZLWK� RVWHRSRURWLF���
YHUWHEUDO� IUDFWXUHV�� 7KLV� OLWHUDWXUH�
UHYLHZ� HYDOXDWHG� WKH� EHQHILWV� DQG�
KDUPV�RI�H[HUFLVH�DPRQJ�DGXOWV�ZLWK�D�
KLVWRU\� RI� RVWHRSRURWLF� � � � � YHUWHEUDO�
IUDFWXUH� 
$� OLWHUDWXUH� UHYLHZ�ZDV� FRPSOHWHG�RI�

PHQ� DQG� ZRPHQ� RYHU� WKH� DJH� RI� ����

ZLWK� D� KLVWRU\� RI� QRQWUDXPDWLF� RU�
PLQLPDO� WUDXPD� RVWHRSRURWLF������
IUDFWXUH� RI� WKH� YHUWHEUDH�� WUHDWHG� ZLWK�
H[HUFLVH��7KH�SULPDU\�RXWFRPH�YDULDEOH�
ZDV� WKH� LQFLGHQFH� RI� IXWXUH� IUDFWXUHV�
DQG� DGYHUVH� HYHQWV�� 7KH� OLWHUDWXUH�
UHYLHZ� LGHQWLILHG� VHYHQ� VWXGLHV��
LQFOXGLQJ���������������������SDUWLFLSDQWV��
)RXU� DGYHUVH� HYHQWV� WR� WKLV� ZHUH�����
UHSRUWHG�����LQFOXGLQJ�����WKUHH�IUDFWXUHV����
�IUDFWXUH����RI���WKH���FRVWDO FDUWLODJH���
ULE� � IUDFWXUH� DQG� PHWDWDUVDO� IUDFWXUH���
WKDW� ZHUH� � � � GLUHFWO\� DWWULEXWDEOH� WR�
H[HUFLVH��)RU�VHFRQGDU\�RXWFRPHV��WKH�
GDWD�GHPRQVWUDWHG� WKDW� � � � � � � � H[HUFLVH�
LPSURYHV�SDLQ���������������SHUIRUPDQFH�RQ�
WKH�WLPHG�JHW�XS�DQG�JR��WHVW���ZDONLQJ�
VSHHG�� EDFN� H[WHQVRU� VWUHQJWK�� WUXQN�
PXVFOH�HQGXUDQFH�DQG�TXDOLW\-RI-OLIH� 
&RQFOXVLRQ�� 7KLV�OLWHUDWXUH��UHYLHZ�

UHYHDOHG� DQ� � � � � � DEVHQFH� RI� ODUJH��
UDQGRPL]HG� WULDOV� RI� WKH� � � � HIIHFWV� RI�
H[HUFLVH�RQ����SDWLHQWV�ZLWK�RVWHRSRURWLF�
YHUWHEUDO� � � IUDFWXUHV�� � � 7KH� GDWD� GR��
KRZHYHU�� VXJJHVW� WKDW� H[HUFLVH� FDQ�
LPSURYH�SDLQ�� SHUIRUPDQFH�DQG�TXDOLW\�
RI�OLIH� 
 � 
.DVFK�� 5��� HW� DO�� ([HUFLVH�������������
3UHVFULSWLRQ� IRU� 3HRSOH� ZLWK������������
2VWHRSRURWLF� 9HUWHEUDO� )UDFWXUH�� %U� -�
6SRUW� 0HG�� ������ $SULO�� ������� ���-
���� 
  

1(59(�%/2&.�$1'���������������
1(852720<�)25�63$67,&�

(48,129$586�)227 
  
6SDVWLF� HTXLQRYDUXV� IRRW� LV� D���

FRPPRQ�GHIRUPLW\�DPRQJ�SDWLHQWV�ZLWK�
KHPLSOHJLD��7UHDWPHQW�IRU�WKLV�FRQGLWLRQ�
LQFOXGHV� SK\VLFDO� WKHUDS\�� VWUHWFKLQJ��
RUWKRVHV�� IXQFWLRQDO� � � HOHFWULFDO�
VWLPXODWLRQ��FKHPLFDO������QHXURO\VLV�ZLWK�
SKHQRO�� DOFRKRO�� � ERWXOLQXP� WR[LQ��
WHQGRQ� WUDQVIHUV� DQG� VHOHFWLYH� WLELDO�
QHXURWRP\�� 7KLV� VWXG\� FRPSDUHG� WKH�
HIIHFW� RI� D� � � GLDJQRVWLF� PRWRU� QHUYH�
EORFN� ZLWK� DQHVWKHWLFV�� ZLWK� WKDW� RI� D�
VHOHFWLYH�WLELDO�QHXURWRP\� 
3DWLHQWV� ZHUH� FRQVHFXWLYHO\����

UHFUXLWHG� E\� DQ� LQWHUGLVFLSOLQDU\�
VSDVWLFLW\� JURXS� DW� D� XQLYHUVLW\�����
KRVSLWDO�� $OO� SDUWLFLSDQWV� XQGHUZHQW� D�
GLDJQRVWLF� QHUYH� EORFN� ZLWK� D� RQH�P/�
GRVH�RI� OLGRFDLQH����DW� WKH� � � GLIIHUHQW�
PRWRU�EUDQFKHV�RI� WKH�WLELDO�QHUYH�XQWLO�
WKH� WULFHSV� VSDVWLFLW\� KDG�GLVDSSHDUHG��
7KH� SDWLHQWV� WKHQ� � � XQGHUZHQW� D�
QHXURWRP\�RI�WKH�VDPH�EUDQFKHV�RI�WKH�
WLELDO�QHUYH��%HIRUH�DQG�DIWHU�GLDJQRVWLF�
QHUYH� EORFN�� DQG� WZR�PRQWKV� DQG� WZR�
\HDUV� DIWHU� VHOHFWLYH� WLELDO� QHXURWRP\��
VSDVWLFLW\�� PXVFOH� VWUHQJWK�� SDVVLYH�
UDQJH�RI�DQNOH�PRWLRQ��JDLW�SDUDPHWHUV�
DQG�JDLW�NLQHPDWLFV�ZHUH�DVVHVVHG� 
2I� WKH�����FRQVHFXWLYH�SDWLHQWV�ZKR�
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EHQHILWHG� IURP� D� GLDJQRVWLF� QHUYH�
EORFN�� ��� PHW� WKH� LQFOXVLRQ� DQG�
H[FOXVLRQ� FULWHULD�� DQG� XQGHUZHQW�
VXUJHU\�� 7KLUW\� RI� WKH� ��� SDWLHQWV�
FRPSOHWHG� WKH� VWXG\�� $W� WZR-\HDU�
IROORZ-XS� WKH� GHFUHDVH� LQ� VSDVWLFLW\�
DQG� LPSURYHPHQW� LQ�JDLW�NLQHPDWLFV�
ZHUH� VLPLODU� DIWHU� WKH� GLDJQRVWLF�
QHUYH� EORFN� DQG� WZR� \HDUV� DIWHU�
QHXURWRP\� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�
SDWLHQWV� ZLWK� VSDVWLF� HTXLQRYDUXV�
IRRW� VHFRQGDU\� WR�KHPLSOHJLD� IRXQG�
WKDW� D� GLDJQRVWLF� QHUYH� EORFN� ZLWK�
DQHVWKHWLFV� LV� DQ� HIIHFWLYH� WRRO� LQ�
SUHGLFWLQJ� WKH� UHVXOW� RI� D� WLELDO�
QHXURWRP\� 
 
'HOWRPEH�� 7��� HW� DO�� &RPSDULVRQ�
EHWZHHQ� 7LELDO� 1HUYH� %ORFN� ZLWK�
$QHVWKHWLFV� DQG� 1HXURWRP\� LQ�
+HPLSOHJLF� $GXOWV� ZLWK� 6SDVWLF�
(TXLQRYDUXV�)RRW��$QQ�3K\V�5HKDE�
0HG��������$SULO�����������-��� 
 

  (;(5&,6(�7+(5$3<�$1'����������
,1)/$00$725<�0$5.(56�)25�

.1((�267(2$57+5,7,6 
  
7KH� NQHH� LV� WKH� MRLQW� PRVW�

FRPPRQO\�DIIHFWHG�E\�RVWHRDUWKULWLV�
�2$���$OWKRXJK�LQLWLDOO\�FRQVLGHUHG�D�
QRQ-LQIODPPDWRU\� GLVHDVH�� UHFHQW�
VWXGLHV�KDYH�GHPRQVWUDWHG� WKH� UROH�
RI� F\WRNLQHV� DQG� SURVWDJODQGLQV� LQ�
FDUWLODJH� GHVWUXFWLRQ�� 7KLV� VWXG\�
DVVHVVHG�WKH�HIIHFWV�RI�DQ�H[HUFLVH�
WKHUDS\� SURWRFRO� RQ� SK\VLFDO��������
SHUIRUPDQFH��SDLQ�DQG�LQIODPPDWRU\�
PDUNHUV� 
6XEMHFWV� LQFOXGHG� DPEXODWRU\���

SDWLHQWV� ZLWK� UDGLRJUDSKLFDOO\�
GHPRQVWUDWHG� 2$� RI� WKH� NQHH�����
([FOXGHG�ZHUH� WKRVH�ZLWK�D�KLVWRU\�
RI�OLJDPHQW�RU�PHQLVFXV�LQMXU\�DW�WKH�
NQHH�� RU� RWKHU� PHGLFDO� LVVXHV� WKDW�
PLJKW� UHGXFH� WKHLU� DELOLW\� WR���������
SDUWLFLSDWH�� $OO� SDUWLFLSDQWV����������
XQGHUZHQW� ��� ZHHNV� RI� WUDLQLQJ���
LQYROYLQJ� WKUHH�� ZHHNO\�� ��-PLQXWH�
VHVVLRQV�� LQFOXGLQJ� VWUHQJWK� DQG�
IOH[LELOLW\� � H[HUFLVHV�� 7KUHH� VHWV�
ZHUH� � � � � � � � � � SHUIRUPHG� IRU� HDFK����
PXVFOH� JURXS��%HIRUH� DQG� DIWHU� WKH�
H[HUFLVH������������,QWHUYHQWLRQ��EORRG�
ZDV� FROOHFWHG� IRU� PHDVXUHV� RI����
LQIODPPDWRU\� PDUNHUV�� LQFOXGLQJ������
,/-��� 71)-DOSKD� DQG� � � � � VROXEOH����
71)-DOSKD� UHFHSWRUV�� 3DLQ����������
SHUFHSWLRQ�ZDV�PHDVXUHG�XVLQJ�WKH�
YLVXDO� DQDORJXH� VFDOH� �9$6��� DV�
ZHOO�DV�WKH�:20$&� 
7KH� DYHUDJH� 9$6� VFRUH� ZDV����

GHFUHDVHG� IURP� ���� DW� EDVHOLQH� WR�
���� DIWHU� WUDLQLQJ� �S��������� 7KH�
VWLIIQHVV� VXEVFDOH�� WKH� SK\VLFDO��
IXQFWLRQDO� VXEVFDOH�� DV� ZHOO� DV� WKH�

JOREDO�VFDOH�RI�WKH�:20$&�ZHUH�DOO�
VLJQLILFDQWO\� LPSURYHG� DIWHU� WUDLQLQJ�
�S�������� S������� DQG� S��������
UHVSHFWLYHO\��� $IWHU� WKH� H[HUFLVH��
SURWRFRO�� D� UHGXFWLRQ� ZDV� VHHQ� LQ�
VHUXP� ,/-��� ZLWK� WKH� RWKHU�PDUNHUV�
IDLOLQJ� WR� VKRZ� D� VWDWLVWLFDOO\���������
VLJQLILFDQW�FKDQJH� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI������
SDWLHQWV� ZLWK� RVWHRDUWKULWLV� RI� WKH�
NQHH� IRXQG� WKDW� VWUHQJWKHQLQJ����
H[HUFLVH� FRXOG� UHGXFH� VRPH������
PDUNHUV� RI� LQIODPPDWLRQ�� ZKLOH�����
GHFUHDVLQJ� SDLQ� DQG� LQFUHDVLQJ�
IXQFWLRQ� 
� 
$JXLDU�� *��� HW� DO�� (IIHFWV� RI����������
([HUFLVH� 7KHUDS\� 3URWRFRO� RQ�����
,QIODPPDWRU\�0DUNHUV��3HUFHSWLRQ�RI�
3DLQ� DQG� 3K\VLFDO� 3HUIRUPDQFH� LQ�
,QGLYLGXDOV�ZLWK�.QHH�2VWHRDUWKULWLV��
5KHXPDW� ,QWHUQ�� ������0DUFK����
��������-��� 
  

8/75$6281'�,1�&$53$/�
7811(/�6<1'520(�:,7+�

1250$/�1(59(�&21'8&7,21�
678',(6 

  
&DUSDO� WXQQHO� V\QGURPH� �&76�� LV�
W\SLFDOO\� FRQILUPHG� E\� QHUYH�
FRQGXFWLRQ� VWXGLHV� �1&6���
+RZHYHU�� UHFHQWO\�� LW� KDV� EHHQ�
GHPRQVWUDWHG� WKDW� KLJK-UHVROXWLRQ�
VRQRJUDSK\� FDQ�GHWHFW�DQ�DEVROXWH�
RU� UHODWLYH� HQODUJHPHQW� RI� WKH�
PHGLDQ�QHUYH� SUR[LPDO� WR� WKH� HGJH�
RI�WKH�IOH[RU�UHWLQDFXOXP�LQ�FDVHV�RI�
&76�� 7KLV� VWXG\� IXUWKHU� DVVHVVHG�
WKH� XWLOLW\� RI� XOWUDVRXQG� IRU� SDWLHQWV�
ZLWK� FOLQLFDOO\� GHILQLWH� &76� ZKR�
KDYH�QRUPDO�1&6�UHVXOWV� 
7KLV� SURVSHFWLYH�� EOLQGHG�� FURVV-�
VHFWLRQDO�VWXG\�LQFOXGHG����SDWLHQWV�
ZLWK� FOLQLFDOO\� GHILQLWH� &76� DQG�
QRUPDO� 1&6� UHVXOWV�� DV� ZHOO� DV� ���
KHDOWK\�� PDWFKHG� FRQWUROV�� $OO�
VXEMHFWV� XQGHUZHQW� QHXURORJLF�
WHVWLQJ��LQFOXGLQJ�SURYRFDWLYH�WHVWLQJ�
IRU� &76�� VHQVRULPRWRU� H[DPLQDWLRQ�
DQG�URXWLQH�PHGLDQ�DQG�XOQDU�1&6��
8VLQJ�D�KLJK�UHVROXWLRQ�VRQRJUDSK\��
WKH� PHGLDQ� QHUYH� FURVV-VHFWLRQDO�
DUHD� �&6$�� ZDV� PHDVXUHG� DW� WKH�
OHYHO� RI� WKH� SLVLIRUP� ERQH�� ,Q�
DGGLWLRQ�� WKH� IOH[RU� UHWLQDFXOXP�
WKLFNQHVV��)57��ZDV�PHDVXUHG� 
7KH� PHDQ� &6$� ZDV� VLJQLILFDQWO\�
KLJKHU� LQ� WKH� SDWLHQWV� ZLWK� FOLQLFDO�
&76� WKDQ� LQ� WKH� FRQWURO� SDWLHQWV�
�S �������� ZLWK� ��� RI� ��� SDWLHQWV�
DQG� RQH� RI� ��� FRQWUROV�
GHPRQVWUDWLQJ� D� &6$� DERYH� ����
PPð� �S �������� ,Q� DGGLWLRQ�� )57�
ZDV�VLJQLILFDQWO\�JUHDWHU� LQ� WKH�&76�
SDWLHQWV� WKDQ� LQ� WKH�FRQWURO�SDWLHQWV�
�S �������� 

&RQFOXVLRQ�� 7KLV� VWXG\� RI�
SDWLHQWV�ZLWK�FOLQLFDOO\�GHILQLWH�FDUSDO�
WXQQHO� V\QGURPH� ZKR� KDG� QRUPDO�
QHUYH�FRQGXFWLRQ�VWXGLHV�IRXQG�WKDW�
KDOI�RI�WKH�FDVHV�FRXOG�EH�FRQILUPHG�
E\�KLJK-UHVROXWLRQ�XOWUDVRXQG� 
  
$O-+DVKHO�� <��� HW� DO�� 6RQRJUDSK\� LQ�
&DUSDO� 7XQQHO� 6\QGURPH� ZLWK�
1RUPDO� 1HUYH� &RQGXFWLRQ� 6WXGLHV��
0XVFOH� 1HUYH�� ������$SULO���������
���-���� 

 
,175$-$57,&8/$5����������������

,1-(&7,216�,1�7+80%������������
267(2$57+5,7,6 

  
2VWHRDUWKULWLV� �2$�� RI� WKH����������
FDUSRPHWDFDUSDO� MRLQW� RI� WKH� WKXPE�
LV� WKRXJKW� WR� DIIHFW� DW� OHDVW� ����RI�
ZRPHQ� RYHU� WKH� DJH� RI� ���� :KLOH�
LQWUD-DUWLFXODU� FRUWLFRVWHURLG� XVH� LV�
RIWHQ� VWXGLHG� LQ� SDWLHQWV� ZLWK� KLS�
DQG� NQHH� 2$�� VWXGLHV� RI� LQWUD-
DUWLFXODU� WKHUDS\� IRU� WKXPE� 2$� DUH�
VFDUFH�� 7KLV� V\VWHPDWLF� OLWHUDWXUH�
UHYLHZ� ZDV� GHVLJQHG� WR� EHWWHU�
DVVHVV� WKH� HIIHFWV� RI� LQWUD-DUWLFXODU�
LQMHFWLRQV�IRU�2$�RI�WKH�WKXPE� 
$� V\VWHPDWLF� OLWHUDWXUH� UHYLHZ� ZDV�
SHUIRUPHG� RI� VWXGLHV� RI� 2$� RI� WKH�
WKXPE�� ZKLFK� LQFOXGHG� WUHDWPHQW�
ZLWK�LQWUD-DUWLFXODU LQMHFWLRQV� RI����
FRUWLFRVWHURLGV� DQG�RU� K\DOXURQLF�
DFLG�� 2XWFRPH� PHDVXUHV� LQFOXGHG�
SDLQ�DQG�RU�IXQFWLRQDO�FDSDFLW\�DQG�
RU�SLQFK�IRUFH� 
7KH� PHWD-DQDO\VLV� LQFOXGHG� ����
SDWLHQWV�� ZLWK� ���� WUHDWHG� ZLWK����
K\DOXURQLF� DFLG�� ���� ZLWK�������������
FRUWLFRVWHURLG� DQG� ��� ZLWK� SODFHER�
LQMHFWLRQV�� $PRQJ� VWXGLHV� RI��������
K\DOXURQLF� DFLG� YHUVXV� SODFHER����
K\DOXURQLF� DFLG� ZDV� VXSHULRU� IRU�
IXQFWLRQDO� LPSURYHPHQW�� EXW� QRW� IRU�
SDLQ�� $PRQJ� WKRVH� FRPSDULQJ�����
K\DOXURQLF� DFLG� DQG� VWHURLG���������
LQMHFWLRQV�� QR� GLIIHUHQFH� ZDV� QRWHG�
EHWZHHQ� WKH� JURXSV� DW� VKRUW-WHUP�
IROORZ-XS�� DOWKRXJK� K\DOXURQLF� DFLG�
VHHPHG� VXSHULRU� RQ� SXOS� SLQFK�
IRUFH� VWDWXV�� ZKLOH� VWHURLGV� ZHUH�
VXSHULRU�IRU�SDLQ�UHOLHI�DW�ZHHN���� 
&RQFOXVLRQ�� 7KLV� OLWHUDWXUH���
UHYLHZ�RI�SDWLHQWV�ZLWK�RVWHRDUWKULWLV�
RI� WKH� WKXPE� IRXQG� FRUWLFRVWHURLGV�
WR� EH� XVHIXO� IRU� GHFUHDVLQJ� SDLQ��
ZKLOH�K\DOXURQLF�DFLG�PD\�EH�XVHIXO�
WR� LQFUHDVH� IXQFWLRQ� DW� ��� ZHHNV�
DIWHU�LQMHFWLRQ��7KH�DXWKRUV�QRWH�WKDW�
WKH� JUHDW� KHWHURJHQHLW\� RI� WKH�
UHVXOWV� OLPLWV� D� FOHDU� XQGHUVWDQGLQJ�
RI�WKH�HIILFDF\�RI�HDFK� 
  
+LP�� 6��� HW� DO�� ,QWUD-$UWLFXODU���������
,QMHFWLRQV� LQ� 7KXPE� 2VWHRDUWKULWLV��
$� 6\VWHPDWLF� 5HYLHZ� DQG���������������
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0HWD-$QDO\VLV� RI� 5DQGRPL]HG�����
&RQWUROOHG�7ULDOV��-RLQW��%RQH��6SLQH��
'2,����������M�MEVSLQ������������ 

 
 23,2,'6�)25�',$%(7,&�������

3(5,3+(5$/�1(8523$7+< 
  
,W� LV� HVWLPDWHG� WKDW� ���� RI� DOO��

GLDEHWLF� SDWLHQWV� H[SHULHQFH� FKURQLF�
QHXURSDWKLF� SDLQ�� 2QO\� GXOR[HWLQH�
DQG� SUHJDEDOLQ� DUH� FXUUHQWO\������
DSSURYHG� E\� WKH� )'$� IRU� WUHDWLQJ�
GLDEHWLF� SHULSKHUDO� QHXURSDWK\�
�'31��� 7UDPDGRO� RU� RSLRLGV� DUH�
JHQHUDOO\�UHFRPPHQGHG�DV�WKLUG�OLQH�
DJHQWV� IRU�PRGHUDWH� WR�VHYHUH�SDLQ��
7KLV� VWXG\� ZDV� GHVLJQHG� WR� EHWWHU������
XQGHUVWDQG� WKH� RSLRLG� SUHVFULSWLRQ�
SDWWHUQV�IRU�SDWLHQWV�ZLWK�'31� 
$�����UDQGRP�VDPSOH�RI��������,06

-/LIHOLQN� +HDOWK� 3ODQ� FODLPV� GDWD�
ZHUH� REWDLQHG� IURP� ����� WR� ������
$GXOW� SDWLHQWV�ZHUH� LGHQWLILHG�ZLWK�D�
GLDJQRVLV� RI� '31�� ZLWK� GDWD� IXUWKHU�
DVVHVVHG� IRU� GHPRJUDSKLFV����
FRPRUELGLWLHV� DQG� PHGLFDWLRQ�����
SUHVFULSWLRQV�� 0HGLFDWLRQV����������
FRQVLGHUHG� DV� SUHVFULEHG� IRU� '31�
LQFOXGHG�RSLRLGV� DQWLGHSUHVVDQWV��
DQWLFRQYXOVDQWV�� QRQVWHURLGDO�������
DQWL-LQIODPPDWRU\� GUXJV�� WRSLFDO�
DJHQWV� DQG� VNHOHWDO� PXVFOH���������
UHOD[HUV� 
$� WRWDO� RI� �������� SDWLHQWV�������

GLDJQRVHG� ZLWK� GLDEHWHV� ZHUH����
LGHQWLILHG�� ZLWK� ���� PHHWLQJ� DOO� WKH�
LQFOXVLRQ� FULWHULD�� 2I� SDWLHQWV� ZLWK�
'31�� SKDUPDFRORJLF� WUHDWPHQW� IRU�
WKH� '31� ZDV� REVHUYHG� IRU� �������
2I� WKRVH�ZKR� UHFHLYHG�'31� UHODWHG��������
SKDUPDFRORJLF� WUHDWPHQW�� �������
ZHUH� SUHVFULEHG� RSLRLGV�� 7KH� PRVW����
FRPPRQ� ILUVW-OLQH� DJHQWV� IRU� '31�
ZHUH� RSLRLGV� ����� DQWLGHSUHVVDQWV�
�������� DQWLFRQYXOVDQWV� �������
QRQVWHURLGDO�DQWL-LQIODPPDWRU\�GUXJV�
������� DQG� VNHOHWDO� PXVFOH�
UHOD[DQWV� ������� 7KH� )'$����������
DSSURYHG� DJHQWV� GXOR[HWLQH� DQG�
SUHJDEDOLQ��ZHUH�XVHG�LQ�������DQG�
������RI�WKH�FDVHV������UHVSHFWLYHO\��
7ZHQW\-WZR� SHUFHQW� RI� '31�������
SDWLHQWV�H[FOXVLYHO\�XVHG�RSLRLGV� IRU�
'31� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW�� RI� SDWLHQWV� ZLWK� GLDEHWLF�������
SHULSKHUDO� QHXURSDWK\�� ���� GLG� QRW�
UHFHLYH� SUHVFULSWLRQ� SKDUPDFRORJLF�
WUHDWPHQW�� $PRQJ� WKRVH� ZLWK�����
SUHVFULSWLRQV��RSLRLGV�ZHUH� WKH�PRVW�
IUHTXHQWO\� SUHVFULEHG�� ILUVW-OLQH�
DJHQWV� 
  
3DWLO�� 3��� HW� DO�� 2SLRLG� 8VH� LQ� WKH�
0DQDJHPHQW� RI� 'LDEHWLF� 3HULSKHUDO�
1HXURSDWK\� �'31�� LQ� D� /DUJH����
&RPPHUFLDOO\� ,QVXUHG� 3RSXODWLRQ��

&OLQ� -� 3DLQ��������0D\������������-
���� 

 
727$/�&217$&7�,162/(6�)25�

3/$17$5�)$6&,,7,6 
  
3ODQWDU�IDVFLLWLV�LV�FKDUDFWHUL]HG�E\�

SDLQ� DQG� VWLIIQHVV� LQ� WKH� KHHO� DQG�
PHGLDO�DUFK�RI�WKH�IRRW��:KLOH�LQVROHV�
DUH�RIWHQ�SUHVFULEHG�DV�D� WUHDWPHQW��
OLWWOH� LV� NQRZQ� DERXW� WKH� UHODWLYH�
HIIHFWV� RI� SUHIDEULFDWHG� DQG� FXVWRP�
PDGH� LQVROHV�� 7KLV� VWXG\� DVVHVVHG�
WKH�HIILFDF\�RI�FXVWRP�PDGH� LQVROHV�
RQ�SDLQ��IXQFWLRQ��GLVWULEXWLRQ�RI�ORDG��
JDLW��TXDOLW\�RI�OLIH�DQG�VDWLVIDFWLRQ� 
7KLV� GRXEOH-EOLQG�� SODFHER-�

FRQWUROOHG� WULDO� LQFOXGHG� ��� SDWLHQWV�
ZLWK� SODQWDU� IDVFLLWLV�� 7KH� SDWLHQWV�
ZHUH� UDQGRPL]HG� WR� UHFHLYH� HLWKHU�
FXVWRP-PDGH� LQVROHV� �WUHDWPHQW�
JURXS��� RU� IODW� LQVROHV� �FRQWURO�
JURXS���,QVROH�XVH�ZDV�WLWUDWHG�XS�WR�
GDLO\� ZHDU� IRU� VL[� PRQWKV�� 6XEMHFWV�
ZHUH� DVVHVVHG� DW� EDVHOLQH� DQG� DW�
���� ���DQG�����GD\V�XVLQJ�D� YLVXDO�
DQDORJXH� VFDOH� IRU� SDLQ�� �� PLQXWH�
ZDON�WHVW��WKH�IRRW�IXQFWLRQ�LQGH[��WKH�
IRRW� KHDOWK� VWDWXV�TXHVWLRQQDLUH�� WKH�
PHGLFDO�RXWFRPHV�VWXG\�VKRUW�IRUP�–�
��� DQG� D� /LNHUW� VFDOH� IRU� SDWLHQW�
VDWLVIDFWLRQ� 
6LJQLILFDQW� LPSURYHPHQW� LQ� SDLQ�

ZKLOH� ZDONLQJ� ZDV� GRFXPHQWHG� LQ�
WKH�WUHDWPHQW�JURXS��DV�FRPSDUHG�WR�
WKH� FRQWURO� JURXS� �S �������� %RWK�
JURXSV� GHPRQVWUDWHG� LPSURYHPHQW��
ZLWK� QR� GLIIHUHQFH� EHWZHHQ� JURXSV�
IRU� SDLQ� DW� UHVW�� IRRW� SDLQ�� IRRW�
IXQFWLRQ��JHQHUDO�IRRW�KHDOWK��JHQHUDO�
KHDOWK� DQG� SK\VLFDO� DFWLYLW\�
VXEVFDOHV� RI� WKH� IRRW� KHDOWK� VWDWXV�
TXHVWLRQQDLUH�� RU� IRU� VXEVFDOHV� RI�
WKH� 6)-���� )XUWKHU�� QR� GLIIHUHQFH�
EHWZHHQ� WKH� WZR� JURXSV� ZDV� QRWHG�
LQ�SDWLHQW�VDWLVIDFWLRQ� 
&RQFOXVLRQ�� 7KLV� UDQGRPL]HG��

FRQWUROOHG� WULDO� RI� SDWLHQWV� ZLWK�
SODQWDU� IDVFLLWLV� IRXQG� WKDW� WRWDO�
FRQWDFW� LQVROHV� UHGXFHG� SDLQ� ZKLOH�
ZDONLQJ��DV�FRPSDUHG�WR�IODW�LQVROHV��
EXW� GLG� QRW� UHVXOW� LQ� D� JUHDWHU�
LPSURYHPHQW�LQ�SDWLHQW�VDWLVIDFWLRQ� 
  
2OLYHLUD�� +�� (IIHFWLYHQHVV� RI� 7RWDO�
&RQWDFW� ,QVROHV� LQ� 3DWLHQWV� ZLWK�
3ODQWDU� )DVFLLWLV�� -� 5KHXP�� ������
0D\������������-���� 
  

7,0(�72�5(7851�72�75$,1,1*�
$)7(5�675(66�)5$&785(6 

  
7KH�LQFLGHQFH�RI�VWUHVV�IUDFWXUHV�LQ�

PLOLWDU\� UHFUXLWV� FDQ� EH� DV� KLJK� DV�
����� ,Q�DGGLWLRQ�� WKRVH�ZKR�VXVWDLQ�
D� VWUHVV� IUDFWXUH� GXULQJ� EDVLF�

WUDLQLQJ� DUH� DW� KLJKHU� ULVN� RI�
VXEVHTXHQW�VWUHVV�IUDFWXUHV��$V�OLWWOH�
LV� NQRZQ� DERXW� WKH� OHQJWK� RI� WLPH�
UHTXLUHG� IRU� UHKDELOLWDWLRQ�DQG� UHWXUQ�
WR�SUH-LQMXU\�OHYHO�RI�SK\VLFDO�DFWLYLW\�
DIWHU� WKHVH� LQMXULHV�� WKLV� VWXG\� XVHG�
ORQJLWXGLQDO�SURVSHFWLYH�GDWD�WR�KHOS�
FODULI\�WKLV�LVVXH� 
6XEMHFWV� ZHUH� ������ 0DULQHV�

XQGHUJRLQJ� FRPPDQGR� WUDLQLQJ�
EHWZHHQ� $SULO� RI� ����� DQG� $SULO� RI�
������ $PRQJ� WKHVH�� ���� VWUHVV�
IUDFWXUHV� ZHUH� GLDJQRVHG�� :KHQ�
GLDJQRVHG�� WKH� SDWLHQWV� ZHUH�
UHPRYHG�IURP�WUDLQLQJ�DQG�SODFHG�LQ�
SK\VLRWKHUDS\� DQG� UHKDELOLWDWLRQ��
:KHQ� IXOO\� UHFRYHUHG�� WKH\� ZHUH�
SODFHG�LQ�D�UHFRYHU\�JURXS�WR�UHJDLQ�
ILWQHVV�DQG�PLOLWDU\�VNLOOV��'DWD�ZHUH�
UHYLHZHG�IRU�VWUHVV�IUDFWXUH�W\SH�DQG�
FRXUVH�RI�UHFRYHU\� 
7KH�PRVW� FRPPRQ� VWUHVV� IUDFWXUH�

VLWHV� ZHUH� PHWDWDUVDO� ����� WLELD�
�����IHPXU������DQG�ILEXOD�����7KH�
PHDQ� UHKDELOLWDWLRQ� WLPH� IRU�D�VLQJOH�
PHWDWDUVDO�ZDV������ZHHNV��PXOWLSOH�
PHWDWDUVDOV� ����� ZHHNV�� WLELD� �����
ZHHNV�� ILEXOD������ZHHNV�DQG�IHPXU�
�����ZHHNV� 
&RQFOXVLRQ�� 7KLV�IRXU-\HDU�VWXG\�

RI� PLOLWDU\� UHFUXLWV� LQ� FRPPDQGR�
WUDLQLQJ� LGHQWLILHG� D� VWUHVV� IUDFWXUH�
SUHYDOHQFH� RI� ILYH� SHUFHQW�� ZLWK�
UHFRYHU\� WLPHV� UDQJLQJ� IURP� �����
ZHHNV� WR� ����� ZHHNV�� GHSHQGLQJ�
XSRQ�WKH�VLWH�RI�WKH�IUDFWXUH� 
  
:RXOG��$���HW�DO��,QFLGHQFH�DQG�7LPH�
WR� 5HWXUQ� WR� 7UDLQLQJ� IRU� 6WUHVV�
)UDFWXUHV� GXULQJ� 0LOLWDU\� %DVLF�
7UDLQLQJ����- 6SRUWV 0HG��
������������������������� 
 
  
3+<6,&$/�$&7,9,7<�,1�<287+�

'$1&(�&/$66(6 
  
$FWLYLW\� UHFRPPHQGDWLRQV� IRU���

FKLOGUHQ� LQFOXGH� ��� PLQXWHV� RI���
PRGHUDWH� WR� YLJRURXV� SK\VLFDO���
DFWLYLW\�RQ�PRVW�GD\V��'DWD�VXJJHVW�
WKDW� RQO\� ���� RI� FKLOGUHQ� DQG� HLJKW�
SHUFHQW� RI� DGROHVFHQWV� PHHW� WKLV�
JXLGHOLQH�� $V� GDQFH� LV� SDUWLFXODUO\�
SRSXODU� DPRQJ� JLUOV�� WKLV� VWXG\��
DVVHVVHG� WKH� SK\VLFDO� DFWLYLW\����
LQYROYHG� LQ� VHYHQ� W\SHV� RI� VWXGLR�
GDQFH�FODVVHV� 
'DQFH� VWXGLRV� LQ� 6DQ� 'LHJR����

&DOLIRUQLD�� ZHUH� LGHQWLILHG�� ZLWK� ���
UDQGRPO\�VHOHFWHG�IRU�LQFOXVLRQ��7KH�
GDQFH� VWXGLRV� RIIHUHG� FODVVHV� LQ�
EDOOHW�� MD]]��KLS-KRS��/DWLQ� IODPHQFR��
/DWLQ� VDOVD�� EDOOHW� IRONORULFR� DQG�
SDUWQHUHG� GDQFH�� 6WXGHQWV�� ILYH� WR�
��� \HDUV� RI� DJH�� DQG� LQVWUXFWRUV��
ZHUH� JLYHQ� DFFHOHURPHWHUV� IRU� WKH�
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OHQJWK� RI� FODVV� DQG� DVNHG� WR������
FRPSOHWH� D� EULHI� VXUYH\�� 2QO\�����
EHJLQQHU� DQG� LQWHUPHGLDWH� OHYHO�
FODVVHV� ZHUH� HOLJLEOH� IRU� LQFOXVLRQ��
'DWD�ZHUH�UHYLHZHG�IRU�WRWDO�DFWLYLW\��
DV� ZHOO� DV� WLPH� VSHQW� LQ� VHGHQWDU\��
OLJKW�� PRGHUDWH�� YLJRURXV� DQG�����
PRGHUDWH� SOXV� YLJRURXV� DFWLYLW\�
�039$�� 
$� WRWDO� RI� ���� JLUOV� SDUWLFLSDWHG� LQ�

WKH� VWXG\�� LQFOXGLQJ� �����������������
DGROHVFHQWV��)RU�FKLOGUHQ��PLQXWHV�RI�
093$�SHU�KRXU��VHVVLRQ��ZHUH��������
IRU� KLS-KRS�� ����� IRU� SDUWQHUHG�
GDQFLQJ������� IRU� MD]]�GDQFLQJ�������
IRU� WDS� � � � GDQFLQJ�� ����� IRU�����������
/DWLQ-VDOVD�� ����� IRU� EDOOHW�� DQG� ����
IRU� /DWLQ-IODPHQFR��)RU�DGROHVFHQWV��
WKH� WLPH� VSHQW� LQ� 093$� SHU� KRXU�
FODVV�ZDV������PLQXWHV� IRU�KLS-KRS��
�����PLQXWHV� IRU� MD]]�������� IRU� WDS��
����� IRU� /DWLQ-VDOVD�� ����� IRU� EDOOHW��
����� IRU�SDUWQHUHG�GDQFH��DQG� -�����
IRU�/DWLQ-IODPHQFR� 
&RQFOXVLRQ��7KLV�VWXG\�RI�GDQFH�

FODVVHV�IRU�FKLOGUHQ�DQG�DGROHVFHQWV�
GHPRQVWUDWHV� WKDW� KLS-KRS� SURYLGHV�
WKH� JUHDWHVW� DPRXQW� RI�PRGHUDWH� WR�
YLJRURXV� SK\VLFDO� DFWLYLW\�� ERWK� IRU�
FKLOGUHQ�DQG�� � � �� � � �� � � � �DGROHVFHQWV��
ZKLOH� /DWLQ� IODPHQFR� SURYLGHV� WKH�
OHDVW� 
  
&DLQ�� .��� HW� DO�� 3K\VLFDO� $FWLYLW\� LQ�
<RXWK� 'DQFH� &ODVVHV�� 3HGLDWULFV��
GRL����������SHGV�����-������ 
  

35(-(;,67,1*�6/((3���� 
3$77(516�$1'�5(&29(5<�

)520�&21&866,21 
  
$OWKRXJK� WKH� DVVRFLDWLRQ� EHWZHHQ�

SRRU� VOHHS� K\JLHQH� DQG� GHFOLQLQJ�
QHXURFRJQLWLYH� IXQFWLRQ� KDV�
SUHYLRXVO\� EHHQ� GHPRQVWUDWHG�� LW� LV�
XQFOHDU� ZKHWKHU� SUH-LQMXU\� VOHHS�
SDWWHUQV� DIIHFW� UHFRYHU\� IURP� VSRUW-�
UHODWHG� LQMXU\�� 7KLV� VWXG\� DVVHVVHG�
QHXURFRJQLWLYH� LPSDLUPHQW� DQG�
V\PSWRPV� DPRQJ� DWKOHWHV�
SUHVHQWLQJ� ZLWK� FRQFXVVLRQ��
FRPSDULQJ� WKRVH� ZLWK� DQG� WKRVH�
ZLWKRXW� VHOI-UHSRUWHG� SUHPRUELG�
VOHHS�GLIILFXOWLHV� 
7KLV� SURVSHFWLYH� VWXG\� LQFOXGHG�

DWKOHWHV����� WR����\HDUV�RI�DJH�ZLWK�
D� EDVHOLQH� QHXURFRJQLWLYH�
DVVHVVPHQW� DQG� D� GLDJQRVLV� RI�
VSRUWV� UHODWHG� FRQFXVVLRQ� �65&���
2XWFRPH� PHDVXUHV� LQFOXGHG�
,PPHGLDWH� 3RVW-� &RQFXVVLRQ�
$VVHVVPHQW� DQG� &RJQLWLYH� 7HVW�
�,P3$&7�� DQG� 3RVWFRQFXVVLRQ�
6\PSWRP� 6FDOH� �3&66�� UHVXOWV�� DV�
ZHOO� DV� VOHHS� GLIILFXOWLHV��
FKDUDFWHUL]HG� DV� GLIILFXOW\� IDOOLQJ�
DVOHHS� RU� VOHHSLQJ� OHVV� WKDQ� XVXDO��

3RVWFRQFXVVLYH�GDWD�ZHUH�FRPSDUHG�
EHWZHHQ� WKH� DWKOHWHV� ZLWK� SUH-
H[LVWLQJ� VOHHS� GLIILFXOWLHV� DQG� WKRVH�
ZLWKRXW� 
6LJQLILFDQWO\� ZRUVH� SHUIRUPDQFH�

ZDV� IRXQG� LQ� WKH� SRRU� VOHHS� JURXS�
IRU� PHDVXUHV� RI� YHUEDO� PHPRU\��
YLVXDO�PHPRU\�DQG� UHDFWLRQ� WLPH�DV�
FRPSDUHG� ZLWK� FRQWUROV�� :KLOH� WKH�
GLIIHUHQFHV�EHWZHHQ�JURXSV�ZHUH�QR�
ORQJHU�DSSDUHQW�DIWHU�VHYHQ�GD\V�IRU�
YHUEDO� PHPRU\� DQG� UHDFWLRQ� WLPH��
YLVXDO� PHPRU\� ZDV� ZRUVH� LQ� WKH�
SRRU�VOHHS�JURXS� IRU�XS� WR����GD\V��
3DWLHQWV� LQ� WKH� SRRU� VOHHS� JURXS�
UHSRUWHG� KLJKHU� WRWDO� V\PSWRPV� DQG�
VOHHS-UHODWHG�V\PSWRPV�WKDQ�GLG�WKH�
FRQWURO�JURXS� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

FROOHJLDWH� DWKOHWHV� ZLWK� FRQFXVVLRQ�
IRXQG�WKDW�SUH-LQMXU\�VOHHS�GLIILFXOWLHV�
ZHUH�FRUUHODWHG�ZLWK�GHFUHDVHG�SRVW
-�FRQFXVVLRQ QHXURFRJQLWLYH�
SHUIRUPDQFH� DQG� LQFUHDVHG�
V\PSWRPV� 
  
6XIULQNR�� $��� HW� DO�� (IIHFW� RI� 3UH-
,QMXU\� 6OHHS� 'LIILFXOWLHV� RQ�
1HXURFRJQLWLYH� ,PSDLUPHQW� DQG�
6\PSWRPV� DIWHU� 6SRUW� 5HODWHG�
&RQFXVVLRQ�� $P� -� 6SRUWV� 0HG��
������$SULO��������� ���-���� 
  

35(9(17,1*�'(/$<('�216(7�
086&/(�625(1(66�:,7+�����

6$))521 
  
'HOD\HG� RQVHW� PXVFOH� VRUHQHVV�

DIWHU� HFFHQWULF� H[HUFLVH� OHDGV� WR�
PXVFOH� VZHOOLQJ�� HOHYDWHG�FUHDWLQLQH�
NLQDVH�� ODFWDWH� GHK\GURJHQDVH� DQG�
UHGXFHG� VWUHQJWK�� 6DIIURQ�� D� VSLFH�
ZKRVH�FRPSRXQGV�KDYH�EHHQ�IRXQG�
WR� KDYH� DQWL-LQIODPPDWRU\� DQG� DQWL-�
QRFLFHSWLYH�DFWLYLWLHV��ZDV�HYDOXDWHG�
IRU� LWV� HIIHFWV� RQ� PXVFOH� VRUHQHVV�
DQG� VWUHQJWK� IROORZLQJ� HFFHQWULF�
H[HUFLVH� 
7KLUW\-QLQH� VXEMHFWV� ZHUH�

UDQGRPL]HG� WR� RQH� RI� WKUHH� JURXSV�
WR� UHFHLYH� WKUHH� LGHQWLFDO� FDSVXOHV�
SHU�GD\�EHJLQQLQJ�RQH�ZHHN�EHIRUH��
DQG� FRQWLQXLQJ� WKUHH� GD\V� DIWHU�� DQ�
H[HUFLVH� SURWRFRO�� 7KHVH� LQFOXGHG�
VDIIURQ� SRZGHU� DW� ����PJ� SHU� GD\��
LQGRPHWKDFLQ� DW� ��� PJ� WKUHH� WLPHV�
SHU� GD\� RU� D� SODFHER� FDSVXOH� WKUHH�
WLPHV� SHU� GD\�� $OO� VXEMHFWV�
XQGHUZHQW� D� PXVFOH� VRUHQHVV�
SURWRFRO� XVLQJ� D� OHJ� SUHVV�PDFKLQH�
ZLWK� WKH� ZHLJKW� ORDGHG� WR� ���� RI�
WKHLU�PD[LPXP� LVRWRQLF� IRUFH� LQ� IRXU�
VHVVLRQV� ZLWK� ��� UHSHWLWLRQV�� 7KH�
JURXSV� ZHUH� FRPSDUHG� IRU� � PXVFOH�
VRUHQHVV� DW� ���� ��� DQG� ��� KRXUV�
SRVW-H[HUFLVH� 
,Q� WKH� FRQWURO� JURXS�� WKHUH� ZDV� D�

VLJQLILFDQW� GHFOLQH� LQ� WKH� PD[LPXP�
LVRWRQLF� IRUFH� DW� ��� KRXUV� ���������
��� KRXUV� ��������� DQG� ��� KRXUV�
��������DIWHU� WKH�HFFHQWULF�SURWRFRO��
&UHDWLQLQH� NLQDVH� FRQFHQWUDWLRQV�
ZHUH� LQFUHDVHG� LQ� WKH� SODFHER�
JURXS�� SHDNLQJ� DW� ��� KRXUV�
���������� ZKLOH� WKH� VDIIURQ� JURXS�
LQFUHDVHG� E\� �����DW� ��� KRXUV� DQG�
WKHQ�UHWXUQHG�WR�QRUPDO�� ,Q�DGGLWLRQ��
/'+� OHYHOV� ZHUH� OHVV� LQ� WKH� VDIIURQ�
JURXS� WKDQ� LQ� WKH� SODFHER� JURXS�
�S��������� 7KH� VDIIURQ� JURXS� KDG�
OHVV�SDLQ� WKDQ� WKH�SODFHER�JURXS�DW�
�������DQG����KRXUV��S���������ZLWK�
QR� SDLQ� LQ� WKH� VDIIURQ� JURXS� DW� ���
DQG� ��� KRXUV�� ,Q� WKH� LQGRPHWKDFLQ�
JURXS�� SDLQ� ZDV� DOOHYLDWHG� DIWHU� ���
KRXUV� 
&RQFOXVLRQ�� 7KLV� VWXG\� LQGLFDWHV�
WKDW� D� ��-GD\� VXSSOHPHQWDWLRQ� ZLWK�
VDIIURQ� KDV�D� SUHYHQWDWLYH� HIIHFW� RQ�
GHOD\HG�RQVHW�PXVFOH�VRUHQHVV�DQG�
ORVV� RI� VWUHQJWK� IROORZLQJ� HFFHQWULF�
H[HUFLVH� 
  
0HDPDUEDVKL��$���HW�DO��3UHYHQWDWLYH�
(IIHFWV� RI� ��-'D\� 6XSSOHPHQWDWLRQ�
ZLWK� 6DIIURQ� DQG� ,QGRPHWKDFLQ� RQ�
WKH� 'HOD\HG� 2QVHW� 0XVFOH�
6RUHQHVV��&OLQ� -� 6SRUWV�0HG��������
0DUFK�������������-���� 
  

6+257-7(50�86(�2)� 
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+<3(57(16,9(�3$7,(176 

  
3UHYLRXV� VWXGLHV� KDYH� VXJJHVWHG�

DQ� DVVRFLDWLRQ� EHWZHHQ� VHOHFWLYH�
DQG� QRQVHOHFWLYH� QRQVWHURLGDO� DQWL-�
LQIODPPDWRU\� GUXJV� �16$,'V�� DQG�
WKH� ULVN� RI� FDUGLRYDVFXODU� DQG�
FHUHEURYDVFXODU�HYHQWV��/LPLWHG�GDWD�
H[LVW�� FRQFHUQLQJ� SDWLHQWV� WDNLQJ�
WKHVH� PHGLFDWLRQV� ZKR� DUH� DW� DQ�
LQFUHDVHG� ULVN� RI� YDVFXODU� GLVHDVH��
7KLV� VWXG\� H[DPLQHG� WKH� VKRUW-WHUP�
HIIHFW� RI� VHOHFWLYH� DQG� QRQVHOHFWLYH�
16$,'V� RQ� WKH� ULVN� RI� LVFKHPLF� RU�
KHPRUUKDJLF� VWURNH� DPRQJ� SDWLHQWV�
ZLWK�K\SHUWHQVLRQ� 
'DWD� IRU� WKLV� VWXG\� ZHUH� REWDLQHG�

IURP� WKH� 1DWLRQDO� +HDOWK� ,QVXUDQFH�
5HVHDUFK� 'DWDEDVH� LQ� 7DLZDQ��
3DWLHQWV� ZHUH� LGHQWLILHG� ZLWK� DQ�
LQFLGHQW� VWURNH� LQ� ������ HDFK� RI�
ZKRP� ZDV� GLDJQRVHG� ZLWK�
K\SHUWHQVLRQ�� (DFK� ZDV� PDWFKHG�
ZLWK� D� FRQWURO�� 'DWD� ZHUH� DOVR�
UHYLHZHG� WR� LGHQWLI\� SUHVFULSWLRQV� RI�
16$,'V�� LQFOXGLQJ� VHOHFWLYH� &2;-��
LQKLELWRUV� DQG� QRQVHOHFWLYH�16$,'V��
ZLWKLQ� ��� GD\V� RI� VWURNH� �VWXG\�
SHULRG���DQG�DW����WR 
����GD\V�EHIRUH�WKH�VWURNH��FRQWURO�



 

3DJH�� �����������������0D\�������� ��������������9ROXPH����1XPEHU�� 

 

 

SHULRG��� 'DWD� ZHUH� DQDO\]HG� WR�
GHWHUPLQH� WKH� HIIHFW� RI� UHFHQW�
SUHVFULSWLRQV� IRU� 16$,'V� DQG� WKH�
VXEVHTXHQW� ULVN� RI� VWURNH�� 2I� WKH�
������ SDWLHQWV� ZLWK� K\SHUWHQVLRQ�
ZKR�ZHUH�KRVSLWDOL]HG� IRU� �VWURNH� LQ�
������ ���� ZHUH� DGPLWWHG� IRU�
LVFKHPLF��DQG�����IRU�KHPRUUKDJLF��
VWURNH�� 7KH� XVH� RI� 16$,'V� GXULQJ�
WKH� ��� GD\V� EHIRUH� VWURNH� ZDV�
DVVRFLDWHG� ZLWK� D� ����� IROG�
LQFUHDVHG� ULVN� RI� VWURNH� DQG� D� �����
IROG� LQFUHDVHG� ULVN� RI� LVFKHPLF�
VWURNH�� 1RQVHOHFWLYH� 16$,'V�
VLJQLILFDQWO\� LQFUHDVHG� WKH� ULVN� RI�
VWURNH�� ZLWK� DQ� DGMXVWHG� RGGV� UDWLR�
�$25��RI�������LVFKHPLF�VWURNH�$25�
RI������DQG�KHPRUUKDJLF�VWURNH�$25�
RI������ 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

K\SHUWHQVLYH�SDWLHQWV� IRXQG� WKDW� WKH�
UHFHQW�XVH�RI�QRQVWHURLGDO�����������DQWL
-QIODPPDWRU\� GUXJV� LQFUHDVHV� WKH�
ULVN�RI�LVFKHPLF�VWURNH� 
  
&KXDQJ�� 6��� HW� DO�� $VVRFLDWLRQ� RI�
6KRUW-7HUP�8VH�RI�1RQVWHURLGDO�$QWL
-� ,QIODPPDWRU\�'UXJV�ZLWK�6WURNH� LQ�
3DWLHQWV� ZLWK� +\SHUWHQVLRQ�� 6WURNH��
������$SULO������������-����� 
 

63+(123$/$7,1(�*$1*/,21�
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$V�UHFHQW�HYLGHQFH�KDV�LPSOLFDWHG�

WKH� VSKHQRSDODWLQH� JDQJOLRQ� DV� DQ�
LPSRUWDQW� QHXUDO� UHOD\� IRU� PLJUDLQH��
D�EORFN�RI�WKLV�JDQJOLRQ�LV�WKRXJKW�WR�
EH�D�SRWHQWLDO�WUHDWPHQW�RSWLRQ��7KLV�
VWXG\� HYDOXDWHG� WKH� HIILFDF\� RI� D�
VSKHQRSDODWLQH� JDQJOLRQ� EORFN� IRU�
WKH� WUHDWPHQW� RI� DFXWH� IURQWDO�
KHDGDFKHV� LQ�SDWLHQWV�SUHVHQWLQJ� WR�
DQ�HPHUJHQF\�GHSDUWPHQW� 
6XEMHFWV�ZHUH�SDWLHQWV�DJHV���� WR�

��� \HDUV� RI� DJH�� SUHVHQWLQJ� WR� DQ�
HPHUJHQF\�GHSDUWPHQW�ZLWK�D�IURQWDO
-� EDVHG� KHDGDFKH� DQG� D� QRUPDO�
QHXURORJLF� H[DPLQDWLRQ�� 7KH�
VXEMHFWV�ZHUH�UDQGRPL]HG�WR�UHFHLYH�
���� 0/� RI� HLWKHU� VDOLQH� �FRQWURO��� RU�
����� EXSLYLFDLQH�� DSSOLHG� E\�
FDWKHWHU� WR� WKH� VSKHQRSDODWLQH�
JDQJOLRQ�� 7KH� VXEMHFWV� ZHUH�
DVVHVVHG� IRU� KHDGDFKH� SDLQ� DW�
EDVHOLQH��DQG�DW�ILYH�DQG����PLQXWHV�
DIWHU� LQWHUYHQWLRQ�� 7KH� SUHGHILQHG��
SULPDU\� HQGSRLQW� ZDV� D� ����
DEVROXWH� SDLQ� UHGXFWLRQ� DW� ���
PLQXWHV�� 6HFRQGDU\� RXWFRPHV�
LQFOXGHG�D�UHGXFWLRQ�RI�SDLQ�E\�PRUH�
WKDQ� ��� PP� RQ� D� ���� PP� YLVXDO�
DQDORJXH�VFDOH� 
$�WRWDO�RI����SDWLHQWV�ZHUH�HQUROOHG�

LQ� WKLV�VWXG\��ZLWK���� UDQGRPL]HG� WR�
WKH�EXSLYLFDLQH�JURXS�DQG���� WR� WKH�
QRUPDO� VDOLQH� JURXS�� $� WRWDO� RI�

������ RI� WKH� WUHDWPHQW� JURXS�
HQMR\HG�D�����UHGXFWLRQ� LQ�SDLQ�DV�
FRPSDUHG� WR� ������ RI� WKH� VDOLQH�
JURXS�� UHVXOWLQJ� LQ� D� QRQVLJQLILFDQW�
GLIIHUHQFH�� $W� ��� PLQXWHV�� WKH�
PHGLDQ�9$6�KHDGDFKH�VFRUH�IRU�WKH�
WUHDWPHQW�JURXS�ZDV����DQG�WKDW�IRU�
WKH� VDOLQH� JURXS� ZDV� ������ $W� ���
KRXUV�� DPRQJ� WKRVH� DYDLODEOH� IRU�
IROORZ-XS�� ������ RI� WKH� EXSLYLFDLQH�
WUHDWHG�� DQG� ������ RI� WKH� VDOLQH�
WUHDWHG�SDWLHQWV�ZHUH�KHDGDFKH�DQG�
QDXVHD�IUHH� 
&RQFOXVLRQ�� 7KLV� HPHUJHQF\�

GHSDUWPHQW� VWXG\� RI� SDWLHQWV�
SUHVHQWLQJ� ZLWK� DFXWH� IURQWDO�
KHDGDFKH� IRXQG� WKDW� D�
VSKHQRSDODWLQH� JDQJOLRQ� EORFN� GLG�
QRW�UHGXFH�WKH�SURSRUWLRQ�RI�SDWLHQWV�
ZLWK� D� ���� RU� JUHDWHU� UHGXFWLRQ� LQ�
KHDGDFKH� VHYHULW\�� DOWKRXJK� WKH�
WUHDWPHQW�GLG�UHVXOW�LQ�EHWWHU���-KRXU�
RXWFRPHV� 
  
6FKDIIHU�� -��� HW� DO�� 1RQLQYDVLYH�
6SKHQRSDODWLQH� *DQJOLRQ� %ORFN� IRU�
$FXWH� +HDGDFKH� LQ� WKH� (PHUJHQF\�
'HSDUWPHQW�� $� 5DQGRPL]HG��
3ODFHER-&RQWUROOHG�7ULDO��$QQ�(PHUJ�
0HG��������0D\������������-���� 
 

6<129,$/�67(0�&(//6��)25�
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$UWLFXODU� FDUWLODJH� LQMXULHV� DUH� D�

FRPPRQ� FOLQLFDO� SUREOHP��ZKLFK� OHIW�
XQWUHDWHG��PD\�OHDG�WR�RVWHRDUWKULWLV�
�2$��� 3UHYLRXV� VWXGLHV� RI�
PHVHQFK\PDO� VWHP� FHOOV� �06&V��
KDYH� VKRZQ� WKDW� V\QRYLDO� 0&6F�
KDYH� VXSHULRU� FKRQGURJHQLF� DELOLW\�
FRPSDUHG� ZLWK� 06&V� IURP� RWKHU�
WLVVXHV�� 7KLV� VWXG\� DVVHVVHG� WKH�
HIILFDF\� RI� V\QRYLDO� 06&V� IRU� WKH�
WUHDWPHQW� RI� VLQJXODU� FDUWLODJH�
GHIHFWV� 
6XEMHFWV�ZHUH����SDWLHQWV��DJHV 
��� WR���� \HDUV��ZLWK�V\PSWRPDWLF��

VLQJOH� FDUWLODJH� GHIHFWV� RI� WKH�
IHPRUDO� FRQG\OH�� $OO� SDWLHQWV�
XQGHUZHQW� $&/� UHFRQVWUXFWLRQ� DQG�
WZR� UHFHLYHG� PHQLVFDO� VXWXUHV��
6\QRYLXP� ZDV� KDUYHVWHG� IURP� WKH�
VXSUDSDWHOODU� SRXFK� IRU� 06&�
FXOWXULQJ�� $W� VXUJHU\�� WKH� LQMXUHG�
FDUWLODJH� ZDV� GHJUDGHG�
DUWKURVFRSLFDOO\��ZLWK�V\QRYLDO�06&V�
SODFHG� RYHU� WKH� GHIHFW� IRU� ���
PLQXWHV�� )ROORZ� XS� HYDOXDWLRQV�
LQFOXGHG� 05,� H[DPLQDWLRQ� ZLWK� D�
VHFRQG� ORRN� DUWKURVFRS\� FRPSOHWHG�
IRU� SDWLHQWV� ZLWK� GLVFRPIRUW�� $�
QHHGOH�ELRSV\�ZDV�SHUIRUPHG�DW� WKH�
FHQWHU� RI� WKH� UHSDLUHG� FDUWLODJH��
&OLQLFDO� RXWFRPHV� ZHUH� DVVHVVHG�
XVLQJ�WKH�/\VKROP�VFRUH�DQG�7HJQHU�
DFWLYLW\�OHYHO�VFDOHV� 

05,� VFRUHV� IRU� FDUWLODJH� GHIHFWV�
LQFUHDVHG� DIWHU� WUHDWPHQW� IRU� DOO� ���
SDWLHQWV� �S �������� /DWHUDO� IHPRUDO�
FRQG\OH� GHIHFWV� ZHUH� LQFRPSOHWHO\�
KHDOHG� LQ� RQH� SDWLHQW� ZKRVH� ODWHUDO�
PHQLVFXV� KDG� EHHQ� FRPSOHWHO\�
UHPRYHG�� /\VKROP� NQHH� VFRUHV�
LPSURYHG� DIWHU� WUHDWPHQW� IRU� DOO�
SDWLHQWV��S ��������ZKLOH�WKH�7HJQHU�
DFWLYLW\�VFRUHV�GLG�QRW� 
&RQFOXVLRQ�� 7KLV� VPDOO� FDVH�

VHULHV� IRXQG� WKDW� WUDQVSODQWDWLRQ� RI�
V\QRYLDO� PHVHQFK\PDO� VWHP� FHOOV�
PD\�EH�HIIHFWLYH�IRU�WKH�WUHDWPHQW�RI�
FDUWLODJH�GHIHFWV�RI�WKH�NQHH� 
  
6HNL\D�� ,� HW� DO�� $UWKURVFRSLF�
7UDQVSODQWDWLRQ� RI� 6\QRYLDO� 6WHP�
&HOOV�,PSURYHV�&OLQLFDO�2XWFRPHV�LQ�
.QHHV� ZLWK� &DUWLODJH� 'HIHFWV�� &OLQ�
2UWKR� DQG� 5HO� 5HV�� ������ $SULO�
������������V������-���-����-�� 

 

5,6.�2)�&203/(;�5(*,21$/�
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7KH�PRVW�FRPPRQ�W\SH�RI�IUDFWXUH�

LQ� WKH� XSSHU� H[WUHPLW\� LV� WKH� GLVWDO�
UDGLDO� IUDFWXUH�� 6XFK� IUDFWXUHV� FDUU\�
D� KLJK� ULVN� RI� FUHDWLQJ� FRPSOH[�
UHJLRQDO� SDLQ� V\QGURPH�� W\SH� ,�
�&536-����7KLV�VWXG\�ZDV�GHVLJQHG�
WR� IXUWKHU� XQGHUVWDQG� WKH� ULVN� RI�
&536-�� DPRQJ� SDWLHQWV� ZLWK� WKHVH�
IUDFWXUHV� 
6XEMHFWV�ZHUH�����SDWLHQWV�ZLWK�D�

GLVWDO� UDGLDO� IUDFWXUH�� WUHDWHG�
VXUJLFDOO\�EHWZHHQ�-XO\�RI������DQG�
$SULO� RI� ������ 7KH� SDWLHQWV� ZHUH�
DVVHVVHG� IRU� V\PSWRPV� RI� &536-��
DW� VL[�� ��� DQG� ��� ZHHNV� DIWHU�
VXUJHU\�� $W� IROORZ-XS�� ��� SDWLHQWV�
ZLWK� ZHUH� GLDJQRVHG� ZLWK� &536-���
7KHVH� FDVHV� ZHUH� UHYLHZHG� IRU�
GLVWLQJXLVKLQJ� FKDUDFWHULVWLFV��
LQFOXGLQJ� DJH�� JHQGHU�� ERG\� PDVV�
LQGH[�� W\SH� RI� IUDFWXUH�� HQHUJ\� RI�
W\SH� RI� VXUJHU\�� DQG� GXUDWLRQ� RI�
LPPRELOL]DWLRQ� 
$� ELYDULDWH� UHODWLRQVKLS� DQDO\VLV�

LQGLFDWHG� WKDW� VL[� SHUFHQW� RI� PDOH��
DQG� ���� RI� IHPDOH�� SDWLHQWV� KDG�
GHYHORSHG�&536-�� �S �������7KRVH�
ZLWK� &536-�� ZHUH� ROGHU� DQG� PRUH�
OLNHO\� WR� KDYH� VXVWDLQHG� D� KLJK-
HQHUJ\� LQMXU\� DQG� WR� KDYH� D�
FRPPLQXWHG� IUDFWXUH� �S�������
S������ DQG� S������� UHVSHFWLYHO\���
0XOWLYDULDWH� ORJLVWLF� DQDO\VLV�
UHYHDOHG� WKDW� IHPDOH� JHQGHU�� D�
VHYHUH� W\SH�RI� IUDFWXUH�� DQG�D�KLJK-�
HQHUJ\� LQMXU\� FRQWULEXWHG�
VLJQLILFDQWO\� WR� WKH� GHYHORSPHQW� RI�
&536-�� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� SDWLHQWV�

ZLWK� VXUJLFDOO\� WUHDWHG� GLVWDO� UDGLDO�



 

 

0XVFXORVNHOHWDO� LQ�5HYLHZ� �06.��
LV� SURGXFHG� E\� SK\VLFLDQV�
VSHFLDOL]LQJ�LQ�PXVFXORVNHOHWDO�DQG�
QHXURORJLFDO� PHGLFLQH�� ZLWK� WKH�
FRRSHUDWLRQ� DQG� DVVLVWDQFH� RI�
(PRU\� 8QLYHUVLW\� 6FKRRO� RI�
0HGLFLQH�� � 6XPPDULHV� DSSHDULQJ�
LQ� WKLV� SXEOLFDWLRQ� DUH� LQWHQGHG� DV�
DQ� DLG� LQ� UHYLHZLQJ� WKH� OLWHUDWXUH�
UHOHYDQW� WR� WKH� SUDFWLFH� RI� FOLQLFDO�
PXVFXORVNHOHWDO� PHGLFLQH�� � 7KH�
VXPPDULHV� DSSHDULQJ� LQ� WKLV�
SXEOLFDWLRQ� DUH� LQWHQGHG� DV� DQ� DLG�
LQ� UHYLHZLQJ� WKH� EURDG� EDVH� RI�
OLWHUDWXUH�UHOHYDQW�WR�WKLV�ILHOG������� 
7KHVH� VXPPDULHV� DUH� QRW�

LQWHQGHG� IRU� XVH� DV� WKH� VROH� EDVLV�
IRU� FOLQLFDO� WUHDWPHQW�� RU� DV� D�
VXEVWLWXWH� IRU� WKH� UHDGLQJ� RI� WKH�
RULJLQDO�UHVHDUFK��� 
06.� LV� DIILOLDWHG� ZLWK� WKH� :RUOG�

+HDOWK� 2UJDQL]DWLRQ� DQG� PXOWLSOH�
QDWLRQDO� PHGLFDO� VRFLHWLHV�
ZRUOGZLGH� 
���3ULYDWH�VXEVFULSWLRQV�DUH�DYDLODEOH�
E\�HPDLO�DW�PVNLQUHYLHZ#DRO�FRP 
RU�E\��SKRQH�DW����������-������ 
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3URGXFHG�E\�WKH�'HSDUWPHQW�RI� 
5HKDELOLWDWLRQ�0HGLFLQH��(PRU\�
8QLYHUVLW\�6FKRRO�RI�0HGLFLQH 

� ǆƉĂŶĚ ŝŶŐ � ƚ ŚĞ � Ĩ ƌ ŽŶ ƚ ŝ Ğ ƌ � Ž Ĩ �ŵĞĚ ŝ Đ ŝ Ŷ Ğ � ŝ Ŷ � ƌ Ğ Ɛ ĞĂ ƌ ĐŚ ͕ � ƚ Ğ ĂĐŚ ŝŶ Ő ͕ � ĂŶĚ �Ɖ Ă ƚ ŝ ĞŶ ƚ � Đ Ă ƌ Ğ  

IUDFWXUHV� IRXQG� WKDW� JHQGHU�� KLJK-
HQHUJ\� LQMXU\� DQG� D� VHYHUH� IUDFWXUH�
W\SH� DUH� ULVN� IDFWRUV� IRU� GHYHORSLQJ�
&536-�� 
  
5RK�� <��� HW� DO�� )DFWRUV� $VVRFLDWHG�
ZLWK� &RPSOH[� 5HJLRQDO� 3DLQ�
6\QGURPH� 7\SH� ,� LQ� 3DWLHQWV� ZLWK�
6XUJLFDOO\� 7UHDWHG� 'LVWDO� 5DGLXV�
)UDFWXUH��$UFK�2UWKRS�7UDXPD�6XUJ��
������ 'HFHPEHU�� ������������-
������ 
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6RPH�VWXGLHV� KDYH� HVWLPDWHG� WKDW�
PRUH� WKDQ� KDOI� RI� SDWLHQWV� ZLWK�
GLDEHWHV� PHOOLWXV� KDYH� DUWKULWLV�� DQG�
PD\�HYHQWXDOO\�QHHG�D�KLS�RU�D�NQHH�
UHSODFHPHQW�� $V� VHYHUDO� VWXGLHV�
KDYH� GHPRQVWUDWHG� WKDW�
K\SHUJO\FHPLD� FDQ� DGYHUVHO\� DIIHFW�
ZRXQG� KHDOLQJ�� WKH� ULVN� RI� SRRU�
RXWFRPHV� DPRQJ� GLDEHWLFV�
XQGHUJRLQJ MRLQW� UHSODFHPHQW�
LV� D� FRQFHUQ�� 7KLV� PHWD-� DQDO\VLV�
ZDV� XQGHUWDNHQ� WR� FODULI\� WKH�
SUHYDOHQFH� RI� GLDEHWHV� PHOOLWXV�
DPRQJ� SDWLHQWV� XQGHUJRLQJ� SULPDU\�
WRWDO� NQHH� UHSODFHPHQW�� DQG� WR�
GHWHUPLQH� ZKHWKHU� WKLV� GLVHDVH�

LPSDFWV�RXWFRPH� 
$� V\VWHPDWLF� VHDUFK� ZDV�

FRQGXFWHG� IRU� SXEOLFDWLRQV� EHWZHHQ�
�����DQG�������7KDW�VHDUFK�\LHOGHG�
���� KLJK-TXDOLW\�� FRQWUROOHG�
REVHUYDWLRQDO� VWXGLHV� FRYHULQJ�
��������WRWDO�NQHH�DUWKURSODVWLHV� 
7KH� GDWD� UHYHDOHG� WKDW� SDWLHQWV�

ZLWK� GLDEHWHV� PHOOLWXV� ZHUH� DW�
LQFUHDVHG� ULVN� RI� GHHS� LQIHFWLRQ�
>RGGV� UDWLR� �25� ����@��
SHULSURVWKHWLF� IUDFWXUH� �25 �������
DVHSWLF� ORRVHQLQJ� �25 ������ DQG�
ZRUVH� .QHH� 6RFLHW\� )XQFWLRQ�
VXEVFRUHV� �PHDQ� GLIIHUHQFH -������
UHODWLYH�WR�WKRVH�ZLWKRXW�GLDEHWHV� 
&RQFOXVLRQ�� 7KLV� PHWD-DQDO\VLV�

RI� VWXGLHV� FRQFHUQLQJ� WKH� HIIHFW� RI�
GLDEHWHV� RQ� WKH� RXWFRPH� RI� NQHH�
UHSODFHPHQW� IRXQG� WKDW� GLDEHWHV�
LQFUHDVHV� WKH� ULVN� RI� LQIHFWLRQ��
IUDFWXUH�� KDUGZDUH� ORRVHQLQJ� DQG�
SRRU�RXWFRPH� 
  
<DQJ�� =��� HW� DO�� 7KH� ,QIOXHQFH� RI�
'LDEHWHV� 0HOOLWXV� RQ� WKH� 3RVW-�
2SHUDWLYH� 2XWFRPH� RI� (OHFWLYH�
3ULPDU\� 7RWDO� .QHH� 5HSODFHPHQW��
%RQH� -RLQW� -�� ������ ��-%�� ����-�
������ 
  
 


