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2%-(&7,9(�� 7R� FRPSDUH� WKH� RXWFRPH� DQG� XVHIXOQHVV� RI� SULPDU\� UHSDLU� DQG� LOHRVWRP\�SURFHGXUHV� LQ�
FDVHV�RI�W\SKRLG�SHUIRUDWLRQ� 
0(7+2'2/2*<��7KLV�VWXG\�FRQGXFWHG�DW�%RODQ�0HGLFDO�&RPSOH[�+RVSLWDO�4XHWWD��IURP�1RYHPEHU������
WR�0D\�������7RWDO�����FDVHV�RI�W\SKRLG�SHUIRUDWLRQ�LQFOXGHG�LQ�WKH�VWXG\�DQG�SDWLHQWV�ZHUH�GLYLGHG�LQWR�
WZR�JURXSV�RI����SDWLHQWV�HDFK�� ,Q�RQH�JURXS�SULPDU\�UHSDLU��JURXS�$��ZDV�GRQH�DQG�LQ�DQRWKHU�JURXS�
LOHRVWRP\��JURXS�%��ZDV�GRQH��,W¶V�D�FURVV�VHFWLRQDO�FRPSDUDWLYH�VWXG\�DQG�SDWLHQWV�ZHUH�HYDOXDWHG�IRU�
SRVWRSHUDWLYH�RXWFRPH�RI�ERWK�VXUJLFDO�SURFHGXUHV��7KH�6WDWLVWLFDO�VRIWZDUH�6366�YHUVLRQ������XVHG�IRU�
GDWD�DQDO\VLV�DQG�S-YDOXH�������ZDV�FRQVLGHUHG�DV�VLJQLILFDQW� 
5(68/76��7KH�ZRXQG�LQIHFWLRQ�UDWH�LQ�SDWLHQWV�ZLWK�LOHRVWRP\�ZDV���������RXW�RI�����DQG�PHDQ�GXUDWLRQ�
RI�ZRXQG�GLVFKDUJH�ZDV�����������GD\V��,Q�WKH�SDWLHQWV�ZLWK�SULPDU\�UHSDLU�WKH�ZRXQG�LQIHFWLRQ�UDWH�ZDV�
��������RXW�RI�����DQG�PHDQ�GXUDWLRQ�RI�ZRXQG�GLVFKDUJH�ZDV�����������GD\V��7KH�FRVPHVLV�DFFHSWDQFH�
UDWH�LQ�SDWLHQWV�ZLWK�LOHRVWRP\�ZDV�����������RXW�RI����SDWLHQWV��DQG�LQ�SDWLHQWV�ZLWK�SULPDU\�UHSDLU�WKH�
FRVPHVLV� UDWH� ZDV� ���� ���� RXW� RI� ��� SDWLHQWV��� ,Q� WKLV� VWXG\� LQFUHDVHG� UDWH� RI� SRVWRSHUDWLYH�
FRPSOLFDWLRQV�VHHQ�LQ�JURXS�$�FRPSDUHG�WR�JURXS�%�DQG�FRVPHVLV�DFFHSWDQFH�UDWH�LV�ORZHU�LQ�JURXS�$�
FRPSDUHG�WR�JURXS�%�� 
&21&/86,21��7KLV�VWXG\�REVHUYHG�WKDW� LOHRVWRP\�SURFHGXUH�SOD\V�DQ� LPSRUWDQW�UROH� LQ�FDVHV�RI� LOHDO�
SHUIRUDWLRQ�RYHU�RWKHU�VXUJLFDO�RSWLRQV� 

.(<�:25'6��:RXQG�'LVFKDUJH��,QWUD-$EGRPLQDO�&ROOHFWLRQ��,OHRVWRP\��7\SKRLG�LOHDO�3HUIRUDWLRQ� 

,1752'8&7,21 

+LVWRULFDOO\� JDVWURLQWHVWLQDO� SHUIRUDWLRQV� KDYH� EHHQ�
REVHUYHG� VXUJLFDO� SUREOHP� DFURVV� WKH� ZRUOG��� ,W� FDQ�
RFFXU� LQ� DQ\� SDUW� RI� JDVWURLQWHVWLQDO� WUDFW� IURP�
HVRSKDJXV�WR�UHFWXP�DQG�FDXVH�SHULWRQLWLV���� ,Q� ,QGLDQ�
VXEFRQWLQHQW� WKH� ILIWK� FRPPRQ� FDXVH� RI� DEGRPLQDO�
HPHUJHQF\� LV� ,OHDO� SHUIRUDWLRQ� SHULWRQLWLV� DQG� LW¶V� GXH�
WR� KLJK� LQFLGHQFH� UDWH� RI� HQWHULF� IHYHU��� 'HVSLWH�
DYDLODELOLW\� RI� PRGHUQ� PHGLFDO� GLDJQRVWLF� WHFKQRORJ\�
DQG� WUHDWPHQW� SURFHGXUHV� WKH� GLVHDVH� DEUXSW� RQVHW�
DQG� UDSLG� GRZQKLOO� FDXVLQJ� KLJK� PRUWDOLW\��� 7KH�
SHULWRQLWLV� PRUWDOLW\� UDWH� LV� �-���� DQG� LQFDVH� RI� ODWH�
SUHVHQWDWLRQ� WKH� SHULRSHUDWLYH� PRUWDOLW\� UDWH� ULVHV� XS�
WR������� 

7\SKRLG� IHYHU� LV� UHFRJQL]HG� DV� D� VHYHUH� IHEULOH� DQG�
OLIH� WKUHDWHQLQJ� GLVHDVH� DQG� PDMRU� WKUHDW� WR� SXEOLF�
KHDOWK��7KH�PDMRU�FDXVH�RI�GLVHDVH� LV�JUDP�QHJDWLYH�
EDFLOOXV� VDOPRQHOOD� W\SKL� DQG� LW� WUDQVPLWWHG� WKURXJK�
2UR-IHFDO� URXWH���7KH� LQFLGHQFH� UDWH� LV� !���� ���������
FDVHV� SHU� \HDU� JOREDOO\� DQG� HQGHPLF� UHJLRQV� DUH�
GHYHORSLQJ�FRXQWULHV���7\SKRLG� IHYHU� LV�D�JOREDO�SXEOLF�
KHDOWK� LVVXH� DQG�PDLQ� UHDVRQ� RI� RFFXUUHQFH� LV� SRRU�
ZDVWH� GLVSRVDO� V\VWHP� DQG� LPSURSHU� VDQLWDWLRQ� LQ�
GHYHORSLQJ� FRXQWULHV��� 7\SKRLG� IHYHU� ZLWQHVVHG�

QXPHURXV� FRPSOLFDWLRQV� DQG� PRVW� FRPPRQ� RQH� LV�
LQWHVWLQDO� KHPRUUKDJH�� %XW� WKH� OHWKDO� FDXVH� RI� KLJK�
PRUELGLW\� DQG�PRUWDOLW\� DPRQJ� W\SKRLG� IHYHU� SDWLHQWV�
LV� SHUIRUDWLRQ� LQ� WHUPLQDO� LOHXP��� $PRQJ� �-����
SDWLHQWV�� WKH� 3D\HU¶V� SDWFKHV� DEXQGDQFH� RQ� DQWL-
PHVHQWHULF� ERUGHU� RI� WHUPLQDO� LOHXP� FDXVHV�
ORQJLWXGLQDO�XOFHUV�DQG�HYHQWXDOO\�OHDGV�WR�SHUIRUDWLRQ��
,QDGHTXDWH� DQWLPLFURELDO� WKHUDS\�� PDOH� VH[�� DQG�
OHXFRSHQLD�DUH�VKRUW� WHUP�V\PSWRPV�RI� W\SKRLG� IHYHU�
DQG� OHDGV� WR� HQWHULF� SHUIRUDWLRQ� LQ� W\SKRLG� IHYHU�
SDWLHQWV�� 

*OREDOO\�� GHVSLWH� SUDFWLFH� RI� VHYHUDO� VXUJLFDO�
WHFKQLTXHV�� WKH�ZLGHO\� DFFHSWDEOH� VXUJLFDO� SURFHGXUH�
LQ� W\SKRLG� LOHDO� SHUIRUDWLRQ� VWLOO� QRW� HVWDEOLVKHG���
7KHUHIRUH�� VHYHUDO� W\SH� RI� VXUJLFDO� SURFHGXUHV�
FXUUHQWO\� DYDLODEOH� WR� WUHDW� W\SKRLG� SHUIRUDWLRQ� ZKLFK�
LQFOXGHV� SULPDU\� GRXEOH� OD\HUHG� FORVXUH�� VHJPHQWDO�
UHVHFWLRQ�ZLWK�HQG-� WR-� HQG�DQDVWRPRVLV�DQG�SULPDU\�
LOHRVWRP\��� �5HVHDUFKHV� REVHUYHG� WKDW� LQ� SULPDU\�
UHSDLU� SURFHGXUH� ZRXQG� LQIHFWLRQ� DQG� DEGRPLQDO�
FROOHFWLRQ� UDWHV� DUH� KLJKHU� WKDQ� LOHRVWRP\��� 0DQ\�
UHVHDUFKHUV� ZRUOGZLGH� UHFRPPHQGHG� LOHRVWRP\� WKH�
PRVW� VXFFHVVIXO� SURFHGXUH� LQ� FDVHV� RI� W\SKRLG�
SHUIRUDWLRQ� EHFDXVH� RI� ORZ� PRUWDOLW\�� PRUELGLW\� DQG�
VKRUW� KRVSLWDO� VWD\� DV� FRPSDUHG� WR� RQO\� SULPDU\�
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DQDVWRPRVLV� SURFHGXUH��� $GGLWLRQDO� VXUJHU\� IRU�
FORVXUH� RI� LOHRVWRP\� LV� WKH� PDMRU� GLVDGYDQWDJH� RI�
LOHRVWRP\� SURFHGXUH� ZKLFK� FRXOG� OHDGV� WR� LOHRVWRP\�
UHODWHG�FRPSOLFDWLRQV�DPRQJ�W\SKRLG�SDWLHQWV���0RVW�RI�
VWXGLHV� IRXQG� EHWWHU� FRVPHVLV� DFFHSWDQFH� LQ� SULPDU\�
UHSDLU� EXW� WKHUH� LV� DQRWKHU� VWXG\� FRQGXFWHG� LQ�6RXWK�
.RUHD� REVHUYHG� KLJKHU� FRVPHVLV� DFFHSWDQFH� UDWH� LQ�
LOHRVWRP\� JURXS� RI� SDWLHQWV���� 5HVHDUFKHUV� REVHUYHG�
WKDW� WKH� JHQGHU�� FDXVH� RI� SHUIRUDWLRQ�� SXV� DPRXQW��
IHFDO� ILVWXOD� DQG� LQWUD-DEGRPLQDO� DEVFHVVHV� DUH�PDLQ�
SURJQRVWLF� IDFWRUV� DQG� SURYRNHG� WKH� QHHG� RI� IXUWKHU�
UHVHDUFK�RQ�WRSLF����,Q�FRQWH[W�RI�%DORFKLVWDQ�SURYLQFH�
RI�3DNLVWDQ�YHU\�VFDUFH�UHVHDUFK�FRQGXFWHG�DQG�EHLQJ�
D� GHYHORSLQJ� FRXQWU\�� ZH� KDYH� WR� IDFH� W\SKRLG�
SHUIRUDWLRQ� FRPPRQO\� LQ� 3DNLVWDQ�� 7KHUH� LV� QHHG� WR�
HVWDEOLVK� PRUH� VXFFHVVIXO� SURFHGXUH� WR� UHGXFH�
PRUELGLW\� LQ� WHUPV� RI� ZRXQG� LQIHFWLRQ� LQ� RXU�
SRSXODWLRQ�� � 7KH� DLP� RI� WKLV� VWXG\� LV� WR� FRPSDUH� WKH�
RXWFRPH� DQG� XVHIXOQHVV� RI� SULPDU\� UHSDLU� DQG�
LOHRVWRP\� SURFHGXUHV� LQ� FDVHV� RI� W\SKRLG� LOHDO�
SHUIRUDWLRQ� SDWLHQWV� DW� %RODQ� 0HGLFDO� &RPSOH[�
+RVSLWDO�4XHWWD� 

0(7+2'2/2*< 

7KLV�VWXG\�ZDV�FRQGXFWHG�DW�%RODQ�0HGLFDO�&RPSOH[�
+RVSLWDO�� %RODQ� 0HGLFDO� &ROOHJH� 4XHWWD� IURP��
1RYHPEHU� ����� WR� 0D\� ������ 7RWDO� ���� FDVHV� RI�
W\SKRLG�SHUIRUDWLRQ� LQFOXGHG� LQ� WKH�VWXG\�DQG�SDWLHQWV�
ZHUH� GLYLGHG� LQWR� WZR� JURXSV� RI� ��� SDWLHQWV� HDFK�� ,Q�
RQH�JURXS�SULPDU\� UHSDLU� �JURXS�$��ZDV�GRQH�DQG� LQ�
DQRWKHU� JURXS� LOHRVWRP\� �JURXS� %�� ZDV� GRQH�� ,W¶V� D�
FURVV� VHFWLRQDO� FRPSDUDWLYH� VWXG\� DQG� SDWLHQWV� ZHUH�
HYDOXDWHG� IRU� SRVWRSHUDWLYH� RXWFRPH�RI� ERWK� VXUJLFDO�
SURFHGXUHV�� 7KH� K\SRWKHVLV� ZDV� WKDW� WKHUH� LV�
GLIIHUHQFH�RQ�SRVW-RSHUDWLYH�ZRXQG� LQIHFWLRQ�EHWZHHQ�
SULPDU\� FORVXUH� DQG� LOHRVWRP\�� 7KH� QRQ-SUREDELOLW\�
FRQVHFXWLYH� WHFKQLTXH� ZDV� XVHG� IRU� VDPSOLQJ� DQG�
LQFOXVLRQ�FULWHULD�ZDV�SDWLHQWV�ZKR�XQGHUZHQW� W\SKRLG�
SHUIRUDWLRQ� VXUJHU\�� DJH� EHWZHHQ� ��-��� \HDUV�� ERWK�
JHQGHU� DQG� JLYHQ� FRQVHQW� IRU� VWXG\�� 3DWLHQWV� ZLWK�
/XQJ� GLVHDVH� )(9���� RQ� SXOPRQDU\� IXQFWLRQ� WHVW��
PDOLJQDQW� RQ� EDVLV� RI� ELRSV\� UHSRUW� DQG� WKRVH� QRW�
ZLOOLQJ� WR� SDUWLFLSDWH� LQ� VWXG\� ZHUH� H[FOXGHG��
5DQGRPL]DWLRQ� ZDV� GRQH� E\� VHQLRU� VXUJHRQV� E\�
SLFNLQJ� XS� FDUGV� RI� ERWK� JURXSV� DQG� DOO� RSHUDWLRQV�
ZHUH� GRQH� E\� JURXS� RI� WKUHH� H[SHULHQFHG� VXUJHRQV�
DQG� DOO� SHUIRUPHG� WKH� VDPH� WHFKQLTXH�� +DQG� VHZQ�
PHWKRG�XVHG�IRU�DOO�SURFHGXUHV�DQG�LQWHUSUHWDWLRQ�ZDV�
GRQH�E\�VHQLRU�VXUJHRQ�� 
7KLV� VWXG\�ZDV�DSSURYHG� E\�&ROOHJH�RI� SK\VLFLDQV�	�
VXUJHRQV� 3DNLVWDQ� �&363�� DQG� %RODQ� 0HGLFDO�
&RPSOH[� +RVSLWDO� 4XHWWD� �%0&+��� 7KRVH� SDWLHQWV�
ZKR�IXOILOOHG�WKH�FULWHULD�RI�VWXG\�ZHUH�DVNHG�IRU�ZULWWHQ�
FRQVHQW�DQG�VHOHFWHG�SDWLHQWV�WDNHQ�XS�IRU�HPHUJHQF\�
VXUJHU\�DIWHU� UHVXVFLWDWLRQ��3DWLHQWV�ZHUH�GLYLGHG� LQWR�
WZR�JURXSV�DQG�ERWK�JURXSV�RI�SDWLHQWV�ZHUH� LQMHFWHG�
�UG�JHQHUDWLRQ�DQWLELRWLFV�� 
7ZR� GLIIHUHQW� VXUJLFDO� SURFHGXUHV� GRQH� IRU� HDFK�

JURXS�� JURXS�$�SDWLHQWV�XQGHUZHQW� IRU� SULPDU\� UHSDLU�
DQG� JURXS� %� SDWLHQWV� XQGHUZHQW� IRU� LOHRVWRP\�
SURFHGXUH�� 7KUHH� VXUJHRQV� DSSOLHG� WKH� VDPH�
WHFKQLTXH�LQ�SURFHGXUHV�DQG�XVHG�KDQG�VHZQ�PHWKRG��
7KH� JURXS� $� SDWLHQWV� XQGHUZHQW� IRU� SULPDU\� FORVXUH�
DQG� WZR� OD\HU�PHWKRG� DSSOLHG�� 7KH� �-�� SRO\� JO\FROLF�
DFLG��YLFU\O��ZDV�XVHG�WR�FORVH�LQQHU�OD\HU�DQG�VLON��-��
ZDV� XVHG� WR� FORVH� RXWHU� OD\HU�� 7KH� JURXS�%� SDWLHQWV�
XQGHUZHQW�IRU� LOHRVWRP\�SURFHGXUH�DQG�ERWK�JURXS�RI�
SDWLHQWV� REVHUYHG� IRU� SRVW-RSHUDWLYH� FRPSOLFDWLRQV�
GXULQJ� ILYH� GD\V� RI� KRVSLWDO� VWD\�� ODWHU� FRYHULQJ� RI�
LOHRVWRP\�SURFHGXUH�GRQH�LQ�JURXS�%�SDWLHQWV� 
7KH�WRRO�RI�DVVHVVPHQW�ZDV�SUHGHVLJQHG�SURIRUPD�WR�
UHFRUG� DOO� LQIRUPDWLRQ� RI� WKH� SDWLHQWV� DQG� LQFOXVLRQ�
H[FOXVLRQ�FULWHULD�DSSOLHG� LQ� WKH�VWXG\� WR�FRQWURO�ELDV��
6WDWLVWLFDO� VRIWZDUH� 6366� YHUVLRQ� ����� ZDV� XVHG� IRU�
GDWD�DQDO\VLV��0HDQ�DQG�VWDQGDUG�GHYLDWLRQ�FDOFXODWHG�
IRU�TXDQWLWDWLYH�YDULDEOHV�DQG�IUHTXHQFLHV�SHUFHQWDJHV�
IRU�GHVFULSWLRQ��7KH�VWDWLVWLFDO�WHVW�³FKL�VTXDUH´�DSSOLHG�
WR�ILQG�DVVRFLDWLRQ�RI�SRVW-RSHUDWLYH�RXWFRPH�ZLWK�WZR�
VXUJLFDO� SURFHGXUHV� LQ� ERWK� JURXS� RI� SDWLHQWV� DQG� S�
YDOXH�������FRQVLGHUHG�VLJQLILFDQW��7KH�YDULDEOHV�ZHUH�
DJH�� JHQGHU� DQG� DFFHSWDQFH� RI� FRVPHVLV��
6WUDWLILFDWLRQ�SURFHGXUH�ZDV�GRQH�WR�VHH�WKH�HIIHFW�RI�
PRGLILHUV� RQ� RXWFRPH� LQ� ERWK� JURXSV� RI� SDWLHQWV��
0RUHRYHU�� WKLV� VWXG\� DVVHVVHG� FRVPHVLV� DFFHSWDQFH�
DPRQJ�WZR�WUHDWPHQW�JURXSV�ZLWK�ERWK�JHQGHUV��� 

5(68/76 

7KLV� VWXG\� FRPSDUHG� SRVWRSHUDWLYH� VXUJLFDO�
FRPSOLFDWLRQV� LQ� WZR� JURXSV� RI� SDWLHQWV� ZKR�
XQGHUZHQW� IRU� SULPDU\� FORVXUH� DQG� LOHRVWRP\�� 7KHUH�
ZDV� KLJKHU� QXPEHU� RI�PDOH� SDWLHQWV� ���� ���� RXW� RI�
���� SDWLHQWV�� LQ� WKH� VWXG\� DQG� IHPDOH� FRQWULEXWLRQ�
UHPDLQHG�RQO\���������RXW�RI�����SDWLHQWV���/LNHZLVH�
LQ� JURXS� ZLVH� GLVWULEXWLRQ� WKH� PDOH� SDWLHQWV� ZHUH� LQ�
KLJKHU�QXPEHU�WKDQ�IHPDOH�SDWLHQWV�� ,Q�JURXS�$�PDOH�
SDWLHQWV� ZHUH� ������ ���� RXW� RI� ��� SDWLHQWV�� DQG�
IHPDOH� ZHUH� RQO\� ������ ���� RXW� RI� ��� SDWLHQWV���
6LPLODUO\�LQ�JURXS�%�PDOH�SDWLHQWV�ZHUH�����������RXW�
RI� ��� SDWLHQWV�� DQG� IHPDOH� SDWLHQWV� UHPDLQHG� RQO\�
����������RXW�RI������ 
,Q� WKLV� VWXG\� WKH� FXPXODWLYH� PHDQ� DJH� RI� WKH� VWXG\�
VXEMHFW� ZDV� ������������ \HDUV�� /LNHZLVH� LQ� JURXS� $�
SDWLHQWV�WKH�PHDQ�DJH�ZDV������������DQG�LQ�JURXS�%�
SDWLHQWV�������������\HDUV�� � ,Q�JURXS�$�DERXW�������
���� RXW� RI� ��� SDWLHQWV�� SDWLHQWV� ZHUH����� \HDUV� DQG�
����������RXW�RI����SDWLHQWV��ZHUH�!���\HDUV�RI�DJH��
,Q� JURXS� %� DERXW� ������ ���� RXW� RI� ��� SDWLHQWV��
SDWLHQWV�ZHUH�����\HDUV�RI�DJH�DQG�����������RXW�RI�
��� SDWLHQWV�� ZHUH� !��� \HDUV� RI� DJH� �7DEOH� ,��� 7KHUH�
ZHUH�KLJKHU�QXPEHU�RI�SDWLHQWV�ZLWK�����\HDUV�RI�DJH�
LQ� JURXS� $� EXW� RQ� RWKHU� KDQG� WKHUH� ZHUH� KLJKHU�
QXPEHU�RI�SDWLHQWV�!���\HDUV�RI�DJH�LQ�JURXS�%��7KXV��
WKLV� VWXG\� REVHUYHG� WKDW� PRVW� RI� \RXQJHU� SDWLHQWV�
XQGHUZHQW� IRU� SULPDU\� UHSDLU� SURFHGXUH� DQG� ROGHU�
SDWLHQWV� XQGHUZHQW� IRU� LOHRVWRP\� SURFHGXUH��
)XUWKHUPRUH�� LQ� WKLV� VWXG\� WKH� PHGLDQ� DJH� GDWD�

&RPSDULVRQ�RI�2XWFRPH�WKH�3ULPDU\�5HSDLU�9HUVXV�,OHRVWRP\ 
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GRHVQ¶W� REVHUYHG� VWDWLVWLFDOO\� VLJQLILFDQW� HIIHFW� RQ�
RXWFRPH�LQ�ERWK�WUHDWPHQW�JURXSV�RI�SDWLHQWV�� 
7KHUH�ZHUH���������RXW�RI����SDWLHQWV��SDWLHQWV�ZLWK�
SRVWRSHUDWLYH� ZRXQG� LQIHFWLRQ� LQ� JURXS� $� DQG� PHDQ�
GXUDWLRQ� RI�ZRXQG� GLVFKDUJH�ZDV� ���������� GD\V�� ,Q�
JURXS�%�SDWLHQWV�WKH�ZRXQG�LQIHFWLRQ�ZDV���������RXW�
RI����SDWLHQWV��DQG�PHDQ�GXUDWLRQ�RI�ZRXQG�GLVFKDUJH�
ZDV� ���������� GD\V�� 7KH� S� YDOXH� S ������ �7DEOH� ,,��
VKRZQ� VWDWLVWLFDOO\� VLJQLILFDQW� DVVRFLDWLRQ� EHWZHHQ�
ZRXQG� LQIHFWLRQ� DQG� WZR� VXUJLFDO� SURFHGXUHV�� 7KLV�
VWXG\� REVHUYHG� WKDW� WKRVH� SDWLHQWV� XQGHUZHQW� IRU�
LOHRVWRP\� �JURXS� %�� H[SHULHQFHG� OHVV� SRVWRSHUDWLYH�
FRPSOLFDWLRQ� �ZRXQG� LQIHFWLRQ�� WKDQ� SULPDU\� UHSDLU�
�JURXS� $�� DQG� VLPLODU� UHVXOWV� REVHUYHG� LQ� DQRWKHU�
VWXG\�LQ�%HQLQ�� 
7$%/(�,,��)5(48(1&<�$1'�$662&,$7,21�2)�
:281'�,1)(&7,21�:,7+�678'<�*52836��Q ���� 

/DWHU� VWUDWLILFDWLRQ� ZLWK� UHVSHFW� WR� JHQGHU� GRQH� WR�
REVHUYH�HIIHFW�PRGLILHUV�LI�H[LVW�DQG�WKH�UHVXOWV�VKRZQ�
WKDW� WKHUH� LV� QR� VLJQLILFDQW� DVVRFLDWLRQ� RI� ZRXQG�
LQIHFWLRQ� DQG� PDOH� JHQGHU� LQ� WZR� WUHDWPHQW� JURXSV�
�7DEOH� ,9�� ZLWK� S� YDOXH� RI� S ������ �IHPDOH� JHQGHU�
S �������DJH�����\HDUV�S �������DQG�DJH�!���\HDUV�
S �������� )XUWKHU� VWUDWLILFDWLRQ� ZLWK� UHVSHFW� WR� DJH�
GRQH��7DEOH�9��WR�REVHUYH�HIIHFW�PRGLILHUV�LI�H[LVW�DQG�
WKH� UHVXOWV� VKRZQ� WKDW� WKHUH� LV� QR� VLJQLILFDQW�
DVVRFLDWLRQ� RI� ZRXQG� LQIHFWLRQ� DQG� DJH� !��� LQ� WZR�
WUHDWPHQW�JURXSV��S ������� 
7KH�DFFHSWDQFH�RI� FRVPHVLV�ZDV����� ���� RXW� RI� ���
SDWLHQWV�� LQ�SDWLHQWV�RI�JURXS�$�DQG�����������RXW�RI�
��� SDWLHQWV�� LQ� SDWLHQWV� RI� JURXS� %�� 7KHUH� ZDV�
VWDWLVWLFDOO\� VLJQLILFDQW� DVVRFLDWLRQ� �S ������� EHWZHHQ�
DFFHSWDQFH�RI�FRVPHVLV�DQG�ERWK�VXUJLFDO�SURFHGXUHV�
�7DEOH� ,,,��� 0RUHRYHU�� WKLV� VWXG\� IRXQG� VWDWLVWLFDOO\�
VLJQLILFDQW�DVVRFLDWLRQ�LQ�DFFHSWDQFH�RI�FRVPHVLV�DQG�

IHPDOH� JHQGHU� LQ� ERWK� JURXSV� RI� VWXG\� DQG� S� YDOXH�
ZDV�S ������7DEOH�9,�,���$GGLWLRQDOO\��WKLV�VWXG\�GLGQ¶W�
IRXQG�VWDWLVWLFDOO\�VLJQLILFDQW�DVVRFLDWLRQ�LQ�DFFHSWDQFH�
RI� FRVPHVLV� DPRQJ� PDOH� JHQGHU� SDWLHQWV� LQ� ERWK�
JURXSV�RI�VWXG\�DQG�S�YDOXH�ZDV�S ������7DEOH�9,�,,��� 
7$%/(�,,,��)5(48(1&<�$1'�$662&,$7,21�2)�
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7\SKRLG� SHUIRUDWLRQ� LV� FRQVLGHUHG� D� SXEOLF� KHDOWK�
LVVXHV� DFURVV� WKH� ZRUOG� GXH� WR� FRPSOLFDWLRQ� RI�
SHULWRQLWLV� DQG� LWV� RQH� RI� WKH� PDMRU� FDXVH� RI� KLJK�
PRUWDOLW\� DQG� PRUELGLW\� LQ� GHYHORSLQJ� FRXQWULHV���

5HVHDUFK� VKRZQ� WKDW� HDUO\� LQWHUYHQWLRQ� RI�
SUHRSHUDWLYH� UHVXVFLWDWLRQ� RI� W\SKRLG� SHUIRUDWLRQ�
SDWLHQWV� FRXOG� LPSURYH� WKH� VXUYLYDO���� 7KLV� VWXG\�
FRQILUPHG� ILQGLQJV� RI� SUHYLRXV� VWXGLHV� WKDW� LOHDO�
SHUIRUDWLRQ�DQG�LQWHVWLQDO�EOHHGLQJ�DUH�WZR�PDMRU�OHWKDO�
FRPSOLFDWLRQV�DPRQJ�W\SKRLG�SHUIRUDWLRQ�SDWLHQWV�DQG�
WKHVH� DULVHV� IURP� QHFURVLV� 3\UH¶V� SDWFKHV� LQ� WKH�
WHUPLQDO� LOHXP����7ZR� LPSRUWDQW� SURJQRVWLF� IDFWRUV� LQ�
W\SKRLG�IHYHU�SDWLHQWV�DUH�V\PSWRPV�DQG�SUHVHQWDWLRQ�
WLPH� LQ�KRVSLWDO�DQG�FXUUHQW�VWXG\�FKHFNHG�PHWKRG�RI�
WUHDWPHQW�ZLWK�KRVSLWDO�VWD\�GXUDWLRQ���� 

&XUUHQW� VWXG\� KLJKOLJKWHG� WKH� LPSRUWDQFH� RI� W\SKRLG�
GLVHDVH� ZKLFK� LV� VWLOO� WKH� PDMRU� FDXVH� RI� VPDOO� ERZO�
SHUIRUDWLRQ�DQG�OLNHZLVH�DQRWKHU�VWXG\�REVHUYHG�WKDW�LW�
DFFRXQWV� IRU� ������� DEGRPLQDO� SHUIRUDWLRQ� FDVHV�
JOREDOO\���$GGLWLRQDOO\�� DERXW� ���� FDVHV� DUH� GXH� WR�
XQNQRZQ� UHDVRQV� DQG� GXULQJ� KLVWR-SDWKRORJLFDO�
H[DPLQDWLRQ� LW� VKRZHG� QRQVSHFLILF� LQIODPPDWLRQ���

$QRWKHU� VWXG\� REVHUYHG� WKDW� DERXW� ������ FDXVHV� RI�
LOHDO�SHUIRUDWLRQ�DUH�QRQVSHFLILF��DERXW�����DUH�GXH�WR�
W\SKRLG� SHUIRUDWLRQ� DQG� ������ FDVHV� DUH� GXH� WR�
WXEHUFXODU�SHUIRUDWLRQ����,Q� WKLV�VWXG\�KLJKHU�QXPEHU�RI�
PDOH� SDWLHQWV� ZKR� XQGHUZHQW� IRU� WZR� W\SHV� RI�
WUHDWPHQW� PHWKRGV� WR� UHSDLU� LOHDO� SHUIRUDWLRQ� DQG�
OLNHZLVH� DQRWKHU� VWXGLHV� IRXQG� WKH� VLPLODU� UHVXOWV������
7DEOH� ,��&XUUHQW�VWXG\�GRQH�VWUDWLILFDWLRQ�ZLWK� UHVSHFW�
WR�JHQGHU� WR� REVHUYH�HIIHFW�PRGLILHUV� LI� H[LVW� DQG� WKH�
UHVXOWV�VKRZQ�WKDW�WKHUH�LV�QR�VLJQLILFDQW�DVVRFLDWLRQ�RI�
ZRXQG�GLVFKDUJH�ZLWK�JHQGHU�LQ�WZR�WUHDWPHQW�JURXSV�

7DEOH� ,9� ZLWK� S� YDOXH� RI� S ������ �IHPDOH� JHQGHU�
S �������DJH�����\HDUV�S �������DQG�DJH�!���\HDUV�
S ������� 7KLV� VWXG\� IRXQG� KLJKHU� PRUELGLW\� LQ� WKRVH�
SDWLHQWV�ZKR�XQGHUZHQW� IRU� LOHRVWRP\�SURFHGXUH�WKDQ�
SULPDU\�UHSDLU�UHJDUGOHVV�RI�JHQGHU�HIIHFW�DQG�OLNHZLVH�
VLPLODU� ILQGLQJ� ZHUH� REVHUYHG� LQ� DQRWKHU� VWXG\����,Q�
WKLV� VWXG\� FRPPRQHVW� SRVWRSHUDWLYH� FRPSOLFDWLRQV�
ZDV�ZRXQG� LQIHFWLRQ� UHJDUGOHVV� RI� JHQGHU� HIIHFW� DQG�
OLNHZLVH�VLPLODU�UHVXOWV�IRXQG�LQ�DQRWKHU�VWXG\��� 

,Q� WKLV� VWXG\� IXUWKHU� VWUDWLILFDWLRQ� ZLWK� UHVSHFW� WR� DJH�
JURXS��DJH�����DQG�!���\HDUV��GRQH�WR�REVHUYH�HIIHFW�
PRGLILHUV�LI�H[LVW�DQG�UHVXOWV�VKRZQ�WKDW�WKHUH�ZDV�QR�
VWDWLVWLFDOO\� VLJQLILFDQW� DVVRFLDWLRQ� RI� ZRXQG� LQIHFWLRQ�
DQG�DJH�LQ�WZR�WUHDWPHQW�JURXSV�7DEOH�9�ZLWK�S�YDOXH�
RI� S ������� $QRWKHU� VWXG\� UHSRUWHG� WKDW� WKH� HIIHFWHG�
DJH�JURXS�RI�W\SKRLG�GLVHDVH�LV����\HDUV�DQG�7\SKRLG�
LOHDO�SHUIRUDWLRQ�HIIHFWV�\RXQJHU�DGXOWV� LQ�VHFRQG�DQG�
WKLUG� GHFDGHV� RI� OLIH����)XUWKHUPRUH�� LQ� FXUUHQW� VWXG\�
KLJKHU� QXPEHU� RI� \RXQJHU� SDWLHQWV� XQGHUZHQW� IRU�
SULPDU\� UHSDLU� PHWKRG� ZKLFK� SURYRNHG� WKH� IXUWKHU�
UHVHDUFK� RQ� DJH� JURXS� GHVSLWH� VWDWLVWLFDOO\�
LQVLJQLILFDQW� UHVXOWV�� 7KH� WZR� RWKHU� LPSRUWDQW� IDFWRUV�
ZKLFK� LQIOXHQFH� WKH� SURJQRVLV� LQ� W\SKRLG� LOHDO�
SHUIRUDWLRQ� DUH� QXPEHU� DQG� ORFDWLRQ� RI� WKH�
SHUIRUDWLRQ���� 7KXV�� WKHUH� LV� QHHG� RI� IXUWKHU� UHVHDUFK�
RQ� WRSLF� WR� VHH� DJH� HIIHFWV� LQ� GLIIHUHQW� HQYLURQPHQW��
0RUHRYHU�� WKH� FRVPHVLV� DFFHSWDQFH� LV� KLJKHU� LQ�
SDWLHQWV� XQGHUZHQW� IRU� LOHRVWRP\� SURFHGXUH� WKDQ�
SULPDU\� UHSDLU� DQG� FRPSDUDWLYHO\� GXUDWLRQ� RI� KRVSLWDO�
VWD\� LV� DOVR� VKRUWHU� LQ� LOHRVWRP\� SURFHGXUH� SDWLHQWV�
7DEOH� ,,,�� )XUWKHU� VWUDWLILFDWLRQ� LQ� WHUP� RI� JHQGHU�
REVHUYHG�WKDW�IHPDOH�DFFHSWDQFH�RI�FRPHVLV�LV�KLJKHU�
WKDQ�PDOH�JHQGHU�7DEOH�9,�� 
0RUHRYHU�� WKLV� VWXG\� REVHUYHG� KLJKHU� PRUELGLW\� DQG�
PRUWDOLW\� IROORZLQJ� VXUJLFDO� WUHDWPHQW� RI� W\SKRLG� LOHDO�
SHUIRUDWLRQ�DQG�DQRWKHU�VWXG\�IRXQG�VLPLODU�ILQGLQJV�LQ�
GHYHORSLQJ� FRXQWULV����5HVHDUFKHUV� REVHUYHG� WKDW� WKH�
ORRS�LOHRVWRP\�SURFHGXUH�LV�EHWWHU�RSWLRQ�RI�WUHDWPHQW�
IROORZHG� E\� VHFRQG� RSHUDWLRQ� LQ� FDVHV� RI� JURVV�
SHULWRQLWLV� ZLWK� FRSLRXV� DPRXQW� RI� SXV� DQG� IHFDO�
PDWWHU��PXOWLSOH�SHUIRUDWLRQV�ZLWKLQ���FP�RI�LOHR-FHDFDO�
YDOYH�DQG�GHOD\� LQ� WKH�RSHUDWLRQ���7KLV�SURFHGXUH�FDQ�
EH� GRQH� �-��ZHHNV� DIWHU� ILUVW� VXUJHU\� EXW� LW� KDV� RZQ�
ULVN� IDFWRUV� DQG� LW� FRXOG� EH� SV\FKRORJLFDO� DQG� VRFLDO�
WUDXPD�WR�WKH�SDWLHQWV���� 

/LWHUDWXUH� VKRZV� WKDW� WKH� SULPDU\� UHSDLU� LV� EHWWHU�
RSWLRQ�WKDQ�LOHRVWRP\�LQ�SHUIRUDWLRQ�FDVHV�EHFDXVH�RI�
ORZ�FRVW�DQG�OHVV�FRPSOLFDWLRQV����7KH�PRUWDOLW\�UDWH�LV�
OHVV� LQ� SULPDU\� VXUJLFDO� UHSDLU� WKDQ� ORRS� LOHRVWRP\��
���� DQG� ���� UHVSHFWLYHO\���� 7KLV� VWXG\� IRXQG� WKDW�
LOHRVWRP\�LV�D�EHWWHU�SURFHGXUH�ZLWK�OHVV�SRVWRSHUDWLYH�
FRPSOLFDWLRQV� GHVSLWH� KLJKHU� FRVW� LQ� LOHDO� SHUIRUDWLRQ�
FDVHV� DQG� OLNHZLVH� DQRWKHU� VWXGLHV� IRXQG� VLPLODU�
UHVXOWV� LQ� GHYHORSLQJ� FRXQWU\������ )XUWKHUPRUH�� WKLV�
VWXG\� REVHUYHG� WKDW� LOHRVWRP\� DQG� LOHR-WUDQVYHUVH�
E\SDVV� PXVW� EH� FRQVLGHUHG� WUHDWPHQW� RSWLRQ� LQ�
SDWLHQWV�ZKR�SUHVHQW�ZLWK�XQKHDOWK\�JXW�DQG�LOHRVWRP\�
LV� D� OLIHVDYLQJ� LI� LW� SUDFWLFH� ZLVHO\� DQG� VLPLODU� UHVXOWV�

&RPSDULVRQ�RI�2XWFRPH�WKH�3ULPDU\�5HSDLU�9HUVXV�,OHRVWRP\ 
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IRXQG� LQ� SUHYLRXV� VWXG\����7KLV� VWXG\� UHSRUWHG� WKDW�
LOHRVWRP\� UHSDLU�PHWKRG�KDV�JRRG�SURJQRVLV� UDWHV� LQ�
SDWLHQWV�RI� LOHDO�SHUIRUDWLRQ�DQG�VWDWLVWLFDOO\�VLJQLILFDQW�
DVVRFLDWLRQ� IRXQG� EHWZHHQ� ZRXQG� GLVFKDUJH� DQG�
WUHDWPHQW�SURFHGXUH�7DEOH�,,�DV�SUHYLRXV�VWXG\���� 
5HVHDUFKHUV�REVHUYHG� WKDW� WKH�QXPEHU�RI�SHUIRUDWLRQ�
DIIHFWV� WKH� PRUWDOLW\� LQ� W\SKRLG� LOHDO� SHUIRUDWLRQ�
FDVHV����2Q� FRQWUDU\� DQRWKHU� VWXG\� REVHUYHG� LQ� KLV�
VWXG\� WKDW� QXPEHU� RI� SHUIRUDWLRQV� GRHV� QRW�
VLJQLILFDQWO\� DIIHFW� WKH� RXWFRPH� DQG� PRUWDOLW\� UDWH� LQ�
W\SKRLG� LOHDO� SHUIRUDWLRQ� EXW� FRPPRQHVW� LQIOXHQFLQJ�
IDFWRU� LV� WLPH� RI� VXUJHU\� DIWHU� SHUIRUDWLRQ����+LJKHU�
PRUELGLW\� DQG� PRUWDOLW\� REVHUYHG� LQ� SDWLHQWV� ZKR�
XQGHUZHQW� IRU�VXUJHU\�DIWHU����KRXUV�RI�SHUIRUDWLRQ����

7KH�LOHDO�SHUIRUDWLRQ�UHOHYDQW�SHULWRQLWLV�LV�FRPPRQHVW�
VXUJLFDO� HPHUJHQF\� LQ� WURSLFDO� UHJLRQV� DQG� LWV� �WK�
FRPPRQHVW� FDXVH� RI� DEGRPLQDO� HPHUJHQFLHV� LQ�
WURSLFDO� UHJLRQV� OLNH� ,QGLDQ� VXEFRQWLQHQW����7\SKRLG�
LOHDO�SHUIRUDWLRQ�KDV�VXGGHQ�RQVHW�DQG�VSHHG\�VWUDLJKW�
IRUZDUG�FRXUVH�ZLWK�KLJK�PRUWDOLW\� UDWH� LQ�FDVH�RI�QRW�
WUHDWHG� DQG� VWLOO� GLIILFXOW� WR� FRSH� GHVSLWH� UHFHQW�
DGYDQFHV� LQ� PHGLFDO� VFLHQFHV���� $QRWKHU� VWXG\�
REVHUYHG� OHVV�QXPEHU�RI�SRVWRSHUDWLYH�FRPSOLFDWLRQV�
LQ� LOHRVWRP\� SURFHGXUH�� WKH� DQDVWRPRWLF� OHDNDJH�
ZKLFK� QHHGV� UHRSHUDWLRQ� ZDV� ��� LQ� LOHRVWRP\�
SURFHGXUH� JURVV� IHFDO� FRQWDPLQDWLRQ� ZDV� ������ LQ�
SULPDU\� UHSDLU� FDVHV� DQG� LW� FRQILUPV� WKH� ILQGLQJV� RI�
FXUUHQW�VWXG\��� 

&21&/86,21 

7KLV� VWXG\� IRXQG� WKDW� WKRVH� SDWLHQWV� XQGHUZHQW� IRU�
LOHRVWRP\� WUHDWPHQW�KDG�EHWWHU�RXWFRPH� WKDQ�SULPDU\�
UHSDLU� WUHDWPHQW� PHWKRG� DQG� VLJQLILFDQW� GLIIHUHQFH�
IRXQG� LQ� WHUPV� RI� ZRXQG� LQIHFWLRQ� DQG� DFFHSWDEOH�
FRPHVLV� ZLWK� WZR� W\SH� RI� WUHDWPHQW� PHWKRGV��
0RUHRYHU�� LOHRVWRP\� SURFHGXUH� LV� PRUH� EHQHILFLDO� LQ�
W\SKRLG� LOHDO� SHUIRUDWLRQ� SDWLHQWV� EHFDXVH� RI� OHVV�
FRPSOLFDWLRQ�� +RZHYHU�� LOHRVWRP\-UHODWHG�
FRPSOLFDWLRQV� LQFUHDVH� WKH� SRVWRSHUDWLYH� VWD\� RI� WKH�
SDWLHQW��7KRXJK��WKHVH�FRPSOLFDWLRQV�FDQ�EH�UHGXFHG��
LI� QRW� RXWULJKW� HOLPLQDWHG�� E\� SURSHU� IDVKLRQLQJ� RI� WKH�
VWRPD� DQG� FDUH� RI� WKH� VWRPD�� 0RUHRYHU�� FRPHVLV�
DFFHSWDQFH� LV� KLJKHU� LQ� SDWLHQWV� WKRVH� XQGHUZHQW� IRU�
LOHRVWRP\� SURFHGXUH� WKDQ� SULPDU\� UHSDLU� PHWKRG�
HVSHFLDOO\�LQ�ZRPHQ� 

(WKLFDO� SHUPLVVLRQ�� &ROOHJH� RI� 3K\VLFLDQV� 	�
6XUJHRQV�3DNLVWDQ��5(8�SHUPLVVLRQ�OHWWHU�1R��&363�
5(8�6*5-��������-������GDWHG���-��-����� 

&RQIOLFW�RI�,QWHUHVW��7KH�DXWKRU�DQG�UHVHDUFKHU�KDV�
QR� FRQIOLFW� RI� LQWHUHVW� DQG� DOO� HWKLFDO� SURFHGXUHV�
IROORZHG� DV� SHU� JXLGHOLQHV� RI� &ROOHJH� RI� 3K\VLFLDQV�
DQG� 6XUJHRQV� 3DNLVWDQ� �&363�� DQG� %RODQ� 0HGLFDO�
&RPSOH[� +RVSLWDO� 4XHWWD� �%0&+��� 0RUHRYHU��
LQIRUPHG� FRQVHQW� ZDV� REWDLQHG� IURP� DOO� SDWLHQWV� IRU�
EHLQJ�LQFOXGHG�LQ�WKH�VWXG\�� 

)XQGLQJ�� 7KLV� VWXG\� ZDV� FRQGXFWHG� LQ� SXEOLF�
VHFWRU� +RVSLWDO� �%RODQ�0HGLFDO� &RPSOH[� +RVSLWDO�� RI�

%RODQ�0HGLFDO�&ROOHJH�4XHWWD�DV�SDUW�RI�SRVWJUDGXDWH�
WUDLQLQJ� RI� &ROOHJH� RI� 3K\VLFLDQV� DQG� 6XUJHRQV�
3DNLVWDQ� �&363��� 1RQH� RI� IXQGLQJ� ZDV� UHTXLUHG� DV�
UHVHDUFKHU� DQG� DXWKRU� LV� IXOO� WLPH� HPSOR\HH� DW�
WHDFKLQJ�KRVSLWDO��%0&+��� 

$87+25�&2175,%87,216 

0HQJDO�0$��3UHVHQWHG�WKH�,GHD��:URWH�WKH�PDQXVFULSW 
0XKDPPDG�'��6XSHUYLVHG�WKH�SURMHFW 
%D]DL�$.��&RQFHLYHG�WKH�VWXG\ 
0HQJDO�0$��&ULWLFDO�IHHGEDFN�	�VKDSH�RI�UHVHDUFK 
0HQJDO� +�� $QDO\WLFDO� FDOFXODWLRQV�� ZULWLQJ� RI�
PDQXVFULSW 

5()(5(1&(6 

�� :DLQ� -��+HQGULNVHQ�56��0LNROHLW�0/�� .HGG\�.+��
2FKLDL� 5/�� 7\SKRLG� IHYHU�� /DQFHW� /RQG� (QJO��
������ ����������� ����-���� GRL���������6����-
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0/67� RI� 6DOPRQHOOD� 7\SKL� 5HYLVLWHG� LQ� 3RVW-
JHQRPLF� (UD�� *HQHWLF� &RQVHUYDWLRQ�� 3RSXODWLRQ�
6WUXFWXUH�� DQG� &RPSDUDWLYH� *HQRPLFV� RI� 5DUH�
6HTXHQFH� 7\SHV�� )URQW� 0LFURELRO�� ������ ��� �����
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ODERUDWRU\�GLDJQRVLV��DQWLPLFURELDO�UHVLVWDQFH��DQG�
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3HGLDWULFV��������S����-���� 
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