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&RQVWDQW� HSLSKRUD� LV� WKH� FRPPRQHVW� V\PSWRP� RI�
FKURQLF�GDFU\RF\VWLWLV�VHFRQGDU\� WR�QDVRODFULPDO�GXFW�
�1/'�� REVWUXFWLRQ��� ,W� LV� ERWKHUVRPH� V\PSWRP� ZKLFK�
DIIHFWV� WKH� SDWLHQW¶V� � � VRFLDO� DQG� IXQFWLRQDO� OLIH�� 7KH�
FRQGLWLRQ� LV� PRVWO\� XQLODWHUDO� EXW� ERWK� H\HV� FDQ� EH�
LQYROYHG�� 3URORQJ� WHDUV� VWDVLV� LQ� ODFULPDO� VDF� LQYLWHV�
VHFRQGDU\�EDFWHULDO� LQIHFWLRQ�ZKLFK�FDQ� OHDG� WR�DFXWH�
RQ�FKURQLF�GDFU\RF\VWLWLV�� 
'DFU\RF\VWRUKLQRVWRP\� �'&5�� ZDV� LQWURGXFHG� E\� D�
)UHQFK� RSKWKDOPRORJLVW� $GHR� 7RWL�� LQ� ����� IRU� WKH�
WUHDWPHQW� RI� FKURQLF� GDFU\RF\VWLWLV��� ,Q� ����-������
'XSX\-'XWHPSV�DQG�%RXUJXHW�VXJJHVWHG�IRU�HSLWKHOLDO�
OLQHG� ILVWXOD� E\� DQDVWRPRVLQJ� ODFULPDO� DQG� QDVDO�
PXFRVD���'&5�FUHDWHV�WKH�ORZ�UHVLVWDQW�QHZO\�IRUPHG�
ILVWXOD� E\� PDNLQJ� RVWHRWRP\� LQ� QDVDO� ERQH� DQG�
DQDVWRPRVLV� EHWZHHQ� ODFULPDO� VDF� DQG� ODWHUDO� QDVDO�
PXFRVD�� 7KLV� ILVWXOD� E\SDVVHV� WKH� REVWUXFWLRQ� DW� WKH�
OHYHO� RI�1/'�ZKLFK�QRUPDOO\� RSHQV�XQGHU� WKH� LQIHULRU�
WXUELQDWH� DQG� GUDLQ� WHDUV� GLUHFWO\� LQWR� QDVDO� FDYLW\�
XQGHU�WKH�PLGGOH�PHDWXV�IURP�WKH�ODFULPDO�VDF� 
7KH�DYDLODEOH�WUHDWPHQW�PRGDOLWLHV�IRU�FRQVWDQW�ZDWHU\�

H\H� UHVXOWLQJ� IURP� REVWUXFWLRQ� RI� WKH� QDVRODFULPDO�
GXFWV� DUH� FRQYHQWLRQDO� H[WHUQDO� DSSURDFK� '&5�(;-
'&5��ZLWK�RU�ZLWKRXW�PLWRP\FLQ�&�� LQWHUQDO� DSSURDFK�
HQGRVFRSLF�HQGR� QDVDO� '&5� �(1'2-'&5����
HQGRFDQDOLFXODU� ODVHU� '&5�� (QGRVFRSLF� EDOORRQ�
DVVLVWHG� '&5� DQG� EDOORRQ� GDFU\RSODVW\�� (QGR� '&5�
KDV� WKH� DGYDQWDJH� RI� VXWXUH� OHVV� VXUJHU\�� VKRUW�
UHFRYHU\�WLPH�DQG�OHVV�PRUELGLW\�EXW�RQ�WKH�RWKHU�KDQG�
SURFHGXUH� KDV� VWHHS� OHDUQLQJ� FXUYH�� QHHG� FRVWO\�
LQVWUXPHQWV�DQG�WUDLQHG�VXUJLFDO�WHDP�-��� 
([WHUQDO�'&5�LV�PRUH�SRSXODU��VXFFHVVIXO�DQG�ZLGHO\�
DFFHSWHG�WUHDWPHQW�PRGDOLW\�IRU�FKURQLF�GDFU\RF\VWLWLV�
HVSHFLDOO\� LQ� XQGHUSULYLOHJHG� DUHDV��� $FFRUGLQJ� WR�
OLWHUDWXUH�� YDULRXV� PRGLILFDWLRQV� LQ� WKH� VXUJLFDO� VWHSV�
VXFK�DV�VL]H�RI�IODS��VLQJOH�IODS�WHFKQLTXH��GRXEOH�IODS�
WHFKQLTXH� DQG� IODS� H[FLVLRQ� KDV� EHHQ� FDUULHG� RXW� WR�
DFKLHYH�EHWWHU�VXUJLFDO�RXWFRPH�ZLWKRXW�GLVWXUELQJ� LWV�
QDWLYH� FRQFHSW�-���� OLPLWHG� GDWD� LV� DYDLODEOH� WR� DVVHVV�
WKH�VXFFHVV�UDWH�RI�'&5�ZLWK�DQWHULRU�IODS�VXWXULQJ� LQ�
FRPSDULVRQ�WR�'&5�ZLWK�WRWDO�IODS�H[FLVLRQ� 
7KH�SXUSRVH�RI� WKLV�VWXG\�ZDV� WR�DVVHVV� WKH�HIILFDF\�
RI� GDFU\RF\VWRUKLQRVWRP\� ZLWK� LQWXEDWLRQ�� ZLWK� DQG�
ZLWKRXW� DQWHULRU� IODS� VXWXULQJ� LQ� SDWLHQWV� ZLWK� FKURQLF�
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GDFU\RF\VWLWLV� VHFRQGDU\� WR� WKH� QDVRODFULPDO� GXFW�
REVWUXFWLRQ�� 

0(7+2'2/2*< 

&RPSDUDWLYH�FURVV-VHFWLRQDO�VWXG\�ZDV�FDUULHG�RXW�RQ�
VHFRQGDU\� GDWD� IURP� PHGLFDO� UHFRUGV�� 'XH� WR� OHVV�
QXPEHUV� RI� SDWLHQWV�� -XGJPHQWDO� VDPSOLQJ� WHFKQLTXH�
�([WHQVLRQ� RI� FRQYHQLHQW� VDPSOLQJ�� ZDV� XVHG� WR� JHW�
VWXG\� VDPSOH�� 7KHUHIRUH�� DOO� WKH� SDWLHQWV� ZKR�
SUHVHQWHG� ZLWK� GDFU\RF\VWLWLV� XQGHUZHQW� H[WHUQDO�
GDFU\RF\VWRUKLQRVWRP\�GXULQJ�-XO\������WR�-XQH������
DW� ,QVWLWXWH� RI� 2SKWKDOPRORJ\�� /LDTXDW� 8QLYHUVLW\� RI�
0HGLFDO� 	�+HDOWK� 6FLHQFHV� -DPVKRUR�ZHUH� LGHQWLILHG�
DQG�LQFOXGHG�LQ�WKH�VWXG\������������������� 
3DWLHQWV� ZLWK� FRQVWDQW� HSLSKRUD� GXH� WR� 1/'�
REVWUXFWLRQ� �FRQILUPHG� E\� V\ULQJLQJ� RI� ODFULPDO�
SDVVDJH� DQG� UXOHG� RXW� DQ\� QDVDO� SDWKRORJ\� E\�
RWRUKLQRODU\QJRORJLVW��� UHJXUJLWDWLRQ� WHVW� SRVLWLYH� DQG�
GLDJQRVHG� DV� FKURQLF� GDFU\RF\VWLWLV� ZHUH� LQFOXGHG�
ZLWKRXW� GLVFULPLQDWLRQ� RI� DJH� DQG� VH[�� 3DWLHQWV� ZLWK�
DQ\� QDVDO� DEQRUPDOLWLHV� VXFK� DV� QDVDO� SRO\SV��
K\SHUWURSKLHG� LQIHULRU� WXUELQDWH�� GHYLDWHG� QDVDO�
VHSWXP�� WXPRXUV� DQG� SUHYLRXV� IDLOHG� '&5� ZHUH�
H[FOXGHG� IURP� WKH� VWXG\�� 3DWLHQW¶V� GDWD� LQFOXGLQJ�
GHPRJUDSKLF� GHWDLOV�� VXUJLFDO� WHFKQLTXHV�� VXUJLFDO�
RXWFRPH� RU� VXFFHVV� UDWH� DQG� IROORZ� XS� SHULRG� ZHUH�
UHWULHYHG�IURP�SDWLHQW�FKDUW�IURP�WKH�KRVSLWDO�UHFRUG� 
,Q�WKLV�ZD\�XVLQJ�MXGJPHQWDO�VDPSOLQJ�WHFKQLTXH�WRWDO�
VDPSOH� VL]H� WXUQHG� RXW� ZDV� ��� SDWLHQWV� �6WXG\�
SDUWLFLSDQWV���)XUWKHU�� VWXG\� SDUWLFLSDQWV�ZHUH� GLYLGHG�
LQWR�WZR�JURXSV�$�DQG�%�GHSHQGLQJ�XSRQ�WKH�VXUJLFDO�
WHFKQLTXHV� XVHG�� *URXS� $� LQFOXGHG� H\H� LQ� ZKLFK�
VXWXULQJ� RI� RQO\� DQWHULRU� IODS�ZDV� GRQH� DQG�*URXS�%�
LQFOXGHG�H\HV� LQ�ZKLFK�QR� IODS�ZDV�FUHDWHG�DQG�ERWK�
DQWHULRU�DQG�SRVWHULRU�IODS�ZHUH�H[FLVHG��$OO�VXUJHULHV�
ZHUH� SHUIRUPHG� XQGHU� K\SRWHQVLYH� JHQHUDO�
DQDHVWKHVLD� DQG� VWDQGDUG� VXUJLFDO� VWHSV� RI� H[WHUQDO�
'&5� ZHUH� SHUIRUPHG�� %HIRUH� VWDUWLQJ� VXUJHU\�� QDVDO�
FDYLW\�ZDV�SDFNHG�ZLWK���� OLGRFDLQH� DQG���� ��������
HSLQHSKULQH�� $IWHU� YHUWLFDO� VNLQ� LQFLVLRQ� DQG� EOXQW�
PXVFOH� GLVVHFWLRQ�� 3HULRVWHXP� ZDV� UHIOHFWHG� RII� WKH�
ODFULPDO�ERQH�ZLWK�WKH�KHOS�RI�3HULRVWHXP�HOHYDWRU�DQG�
RSHQLQJ� ZDV� PDGH� LQ� ODFULPDO� ERQH� E\� XVLQJ� D�
NHUULVRQ�ERQH�SXQFK��$� YHUWLFDO� LQFLVLRQ�ZDV�JLYHQ� LQ�
QDVDO� PXFRVD� DQG� ODFULPDO� VDF� ZDOO� DQG� IODSV� ZHUH�
PDGH��'&5� WXEH�ZDV� LQVHUWHG� LQ�DOO� WKH�SDWLHQWV�DQG�
WLHG� LQWR� WKH� QDVDO� FDYLW\�� ,Q� *URXS� $� SRVWHULRU� IODS�
ZHUH� H[FLVHG� DQG� DQWHULRU� IODS� RI� QDVDO�PXFRVD� DQG�
ODFULPDO� VDF� ZDV� VXWXUHG� ZLWK� ���� YLFU\O� VXWXUH�� ,Q�
*URXS� %�� DQWHULRU� DV� ZHOO� DV� SRVWHULRU� IODS� ZHUH�
H[FLVHG� DQG� QR� IODS� ZDV� FUHDWHG�� 0XVFOH� DQG� VNLQ�
ZHUH�VXWXUHG�OD\HU�E\�OD\HU�ZLWK�����YLFU\O�VXWXUH�� 
3RVW� RSHUDWLYHO\� QDVDO� SDFNLQJ� ZDV� OHIW� IRU� RQH� GD\��
3RVW� RSHUDWLYHO\� DOO� SDWLHQW� SUHVFULEHG� FDSVXOH�
FLSURIOR[DFLQ� ���� PJ� %,'� IRU� ��� GD\V� DQG� WDEOHW�

,EXSURIHQ� ���� PJ� WZLFH� D� GD\� IRU� ��� GD\V�� 3DWLHQW�
ZKR�KDG�KHDY\�EOHHGLQJ�LQWUDRSHUDWLYHO\�ZHUH�NHSW�RQ�
FDSVXOH� WUDQH[VDPLF� DFLG� ���� PJ� %,'� IRU� ��� GD\V��
3DWLHQWV�ZHUH�DGYLVHG� WR� WDNH� UHVW� IRU� RQH�ZHHN�DQG�
DYRLG�KHDY\�ZHLJKW�OLIWLQJ�DQG�QRVH�EORZLQJ�WR�SUHYHQW�
VHFRQGDU\�QDVDO�EOHHGLQJ��2Q�ILUVW�SRVW-RSHUDWLYH�GD\�
PR[LIOR[DFLQ� ����� ZLWK� 'H[DPHWKDVRQH� ����� H\H�
GURSV� IRXU� WLPHV� D� GD\� IRU� RQH� ZHHN� DQG� QHRP\FLQ��
SRO\P\[LQ�%�DQG�EDFLWUDFLQ�RLQWPHQW��3RO\ID[��IRU�VNLQ�
ZRXQG�IRU����GD\V�ZHUH�SUHVFULEHG� 
)ROORZ�XS�DGYLVHG�DW���ZHHN����PRQWK����PRQWKV�DQG�
�� PRQWKV�� 6LOLFRQ� WXEH� ZDV� UHPRYHG� �� WR� �� PRQWKV�
DIWHU� VXUJHU\�� $IWHU� UHPRYDO� RI� WKH� WXEH� DOO� SDWLHQW�
XQGHUZHQW� V\ULQJLQJ� RI� ODFULPDO� SDVVDJH� ZLWK�
JHQWDP\FLQ� VSODVK� XQGHU� WRSLFDO� DQDHVWKHVLD� WR�
FRQILUP� WKH� SDWHQF\� RI� '&5� ILVWXOD�� 6XFFHVV� UDWH� RI�
VXUJHU\� ZDV� DVVHVVHG� DW� �� PRQWKV� DQG� �� PRQWKV�
IROORZ� XS� YLVLWV� E\� VXEMHFWLYH� PHWKRG� �UHGXFWLRQ� RU�
DEVHQFH� RI� V\PSWRPV� RI� HSLSKRUD�� DV� ZHOO� DV�
REMHFWLYH�PHWKRG� �SDWHQW� ODFULPDO� ILVWXOD� RQ� V\ULQJLQJ�
RI� ODFULPDO� GUDLQDJH� V\VWHP��� 3DWLHQW� ZLWK� SHUVLVWHQW�
HSLSKRUD�DQG� ��RU� IDLOXUH� WR� LUULJDWH� ODFULPDO� ILVWXOD�RQ�
V\ULQJLQJ�ZHUH�ODEHOOHG�DV�VXUJLFDO�IDLOXUH� 
'DWD� ZHUH� DQDO\VHG� E\� 6366� ���� IUHTXHQFLHV� DQG�
SHUFHQWDJHV� IRU� FDWHJRULFDO� YDULDEOHV� DQG�PHDQ� DQG�
DYHUDJHV� IRU� QXPHULFDO� YDULDEOHV� ZHUH� FDOFXODWHG��
6WXGHQW�W-WHVW�DSSOLHG�IRU�DJH�DQG�IROORZ�XS�SHULRG�DQG�
[�� �FKL-� VTXDUH�� DSSOLHG� IRU� JHQGHU� DQG� VXUJLFDO�
RXWFRPH� FRPSDULQJ� WZR� WHFKQLTXHV�� 3-YDOXH� �� �U�  �
�����ZDV�FRQVLGHUHG�DV�VLJQLILFDQW��� 

5(68/76 

$FFRUGLQJ� WR� UHVHDUFK�SURWRFRO��PHGLFDO� UHFRUG�RI� ���
H\HV�RI����SDWLHQWV�ZHUH�LGHQWLILHG�DQG�LQFOXGHG�LQ�WKLV�
VWXG\�� � ,Q�7KLUW\-IRXU�H\HV��RQO\� DQWHULRU� IODS� VXWXULQJ�
�*URXS� $�� ZDV� GRQH� DQG� LQ� ��� H\HV�� DQWHULRU� DQG�
SRVWHULRU� IODS� H[FLVHG� DQG� IODS� OHVV� '&5� ZDV�
SHUIRUPHG� �*URXS� %��� 0HDQ� DJH� RI� WKH� SDWLHQW� LQ�
*URXS�$�ZDV�������\HDUV�������DQG�LQ�*URXS�%�ZDV�
������ \HDUV������� �3-�������� 0RVW� RI� WKH� RSHUDWHG�
SDWLHQWV� ZHUH� IHPDOHV� VXFK� DV� ���� LQ�*URXS�$� DQG�
������ LQ�*URXS�%�3–��������7KHUH�ZDV�QR�VWDWLVWLFDO�
GLIIHUHQFH�ZKHQ�FRPSDUHG�LQ�WHUPV�RI�DJH�DQG�JHQGHU�
EHWZHHQ�WZR�JURXSV��7DEOH�,�� 
7KH�RYHUDOO� VXFFHVV�RXWFRPH�RI�'&5�ZLWK� LQWXEDWLRQ�
LQ� RXU� VWXG\� ZDV� ����� �)LJXUH� ,��� 7KLUW\-RQH� H\HV�
�������� LQ�*URXS�$�DQG����H\HV��������� LQ�*URXS�%�
ZHUH� ODEHOOHG� DV� VXFFHVVIXO� RQ� WKH� EDVLV� RI� DEVHQFH�
RU� UHGXFWLRQ�RI�HSLSKRUD�DQG�SDWHQW� ODFULPDO�SDVVDJH�
RQ� V\ULQJLQJ� �)LJXUH� ,,�� ZKHUHDV� �� H\HV� ������� LQ�
*URXS�$�DQG���H\H��������LQ�*URXS�%�ZHUH� LQ�IDLOXUH�
DQG�DGYLVHG�5H�'&5�VXUJHU\��&RPSDULVRQ�RI�VXUJLFDO�
RXWFRPH� EHWZHHQ� WZR� JURXSV� ZDV� VWDWLVWLFDO�
LQVLJQLILFDQFH� �3-�������� )ODSOHVV� '&5� GRHV� QRW�
DGYHUVHO\�DIIHFW�WKH�RXWFRPH�RI�VXUJHU\� 

'DFU\R�&\VWR�5KLQRVWRP\�ZLWK�,QWXEDWLRQ��$QWHULRU�)ODS�9HUVXV�)ODS�([FLVLRQ 
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([WHUQDO� GDFU\RF\VWRUKLQRVWRP\� ZLWK� VLOLFRQ� WXEH�
LQWXEDWLRQ� UHPDLQV� WKH� *ROG� 6WDQGDUG� DQG� PRVW�
VXFFHVVIXO� VXUJLFDO� SURFHGXUH� IRU� 1DVRODFULPDO� GXFW�
REVWUXFWLRQ� DQG� FRPPRQO\� SHUIRUPHG� LQ� RFXORSODVW\�

DQG�JHQHUDO�RSKWKDOPRORJ\�RYHU�VHYHUDO�GHFDGHV� 
,Q� RXU� VWXG\� WRWDO� QXPEHU� RI� ��� H\HV� RI� ��� SDWLHQWV�
ZHUH� LQFOXGHG�� PDMRULW\� RI� SDWLHQW� ZHUH� LQ� WKH� DJH�
UDQJH�RI�EHWZHHQ����–����\HDUV��7KH�PHDQ�DJH�RI�WKH�
SDWLHQW� LQ�*URXS�$�ZDV��������������DQG�LQ�*URXS�%�
ZDV� ������ \HDUV� ������� �7DEOH� ,��� 6HYHUDO� VWXGLHV�
VXSSRUWHG�RXU�GDWD�LQ�WHUPV�RI�FRPPRQHVW�DJH�JURXS�
��-����6DLMX�5��������PHQWLRQHG�PHDQ�DJH�RI����\HDUV�
ZLWK�DJH�UDQJH�EHWZHHQ����-����\HDUV��$QRWKHU�VWXG\�
E\�=DPDQ�0��������VWDWHG� WKDW�PDMRULW\�RI� WKH�SDWLHQW�
ZHUH� LQ� WKH� DJH� UDQJH� RI� ��-��� \HDUV�� +RZHYHU��
%DOGHVFKL�/��������VWXGLHG�SDWLHQW�ZLWK�WKH�DJH�UDQJH�
RI� ���–� ��� \HDUV��0HDQ�DJH�ZDV���� \HDUV�� FRXOG� EH�
GXH� WR� WKH� UHDVRQ� WKDW� WKH\� KDYH� LQFOXGHG� SDWLHQWV�
ROGHU�WKDQ����\HDUV�RI�DJH� 
,Q�SUHVHQW� VWXG\� IHPDOHV�ZDV�SUHGRPLQDQWO\� DIIHFWHG�
WKDQ�WKH�PDOHV�VXFK�DV����SDWLHQWV���������LQ�*URXS�
$� DQG� ��� H\HV� �������� LQ� *URXS� %� ZHUH� IHPDOHV�
�7DEOH� ,��� 0DQ\� VWXGLHV� LQ� WKH� OLWHUDWXUH�-���VXSSRUWHG�
WKH� VDPH� WKDW� 1/'� REVWUXFWLRQ� LV� PRUH� FRPPRQO\�
VHHQ�LQ�PLGGOH�DJH�DQG�HOGHUO\�IHPDOHV�DQG�PRUH�WKDQ�
����RI� WKH� WUHDWHG� SDWLHQW�ZHUH� IHPDOHV�� ,W� FRXOG� EH�
RZLQJ� WR� KRUPRQDO� FKDQJHV� LQ� PLGGOH� DJH� IHPDOH��
1DUURZ�ODFULPDO�IRVVD�DQG�PLGGOH�QDVRODFULPDO�GXFW�LV�
DOVR� RQH� RI� WKH� FRQWULEXWLQJ� IDFWRUV� LQ� IHPDOHV� DV�
ZHOO��� 
7KH�RYHUDOO� VXFFHVV�RXWFRPH�RI�'&5� LQ� WKLV�VWXG\� LV�
���� �)LJXUH� ,��� ,Q� OLWHUDWXUH�� WKH� UHSRUWHG� VXUJLFDO�
VXFFHVV� LV� ���� WR� ���� DQG� XVXDOO\� LW� LV� EHWWHU� WKDQ�
������-����7KLV�KLJK�VXFFHVV�UDWH�LV�PDLQO\�EHFDXVH�RI�
LQWXEDWLRQ�RI�VLOLFRQ�WXEH�LQ�DOO�WKH�SDWLHQWV��+XVVDLQ�HW�
DO��� FRQGXFWHG� D� VWXG\� DQG� REVHUYHG� KLJK� VXFFHVV�
UDWH� RI� ������ LQ� LQWXEDWHG� SDWLHQWV� DV� FRPSDUHG� WR�
������ LQ� QRQ-LQWXEDWHG� SDWLHQWV�� $QRWKHU� VWXG\� E\�
$GYDQL�5.�������� DOVR� VKRZHG�����VXFFHVV� UDWH� LQ�
LQWXEDWHG�FDVHV�DV�FRPSDUHG�WR�����LQ�QRQ-LQWXEDWHG�
SDWLHQWV�� � 2Q� RWKHU� KDQG� VRPH� UHVHDUFKHUV� VXJJHVW�
WKDW� GLDPHWHU� RI� 6LOLFRQ� LQWXEDWLRQ� WXEH� LV� VPDOO� DQG�
LQFDSDEOH� WR�DYRLG�VWHQRVLV�DQG�DFWXDOO\� LQFUHDVH� WKH�
FKDQFHV� RI� IDLOXUH� E\� LQGXFLQJ� JUDQXODWLRQ� WLVVXH�
IRUPDWLRQ��� 
$OWKRXJK�'&5�LV�VWDQGDUG�SURFHGXUH�IRU�QDVRODFULPDO�
GXFW�REVWUXFWLRQ��LW�KDV�IHZ�OLPLWDWLRQV�VXFK�DV�GLIILFXOW�
WR� GHVLJQ� DQG� VXWXUH� PXFRVDO� IODS� GXH� WR� GHHS�
ORFDWLRQ�� OLPLWHG� YLHZ� EHFDXVH� RI� EOHHGLQJ� LQ� IHZ�
SDWLHQWV� DQG� SURORQJ� VXUJHU\� WLPH� XQGHU� JHQHUDO�
DQDHVWKHVLD�� VR� LW� LV� FKDOOHQJLQJ� DV� ZHOO� DV� WLPH�
FRQVXPLQJ� 
,Q� WKH�SUHVHQW�VWXG\�ZH�DVVHVV�WKH�VXFFHVV�RXWFRPH�
RI�'&5�ZLWK�RQO\�DQWHULRU�IODS�IRUPDWLRQ��*URXS�$��DQG�
FRPSDUH�ZLWK�'&5�ZLWK� WRWDO� IODS�H[FLVLRQ��*URXS�%���
7KH�VXFFHVV�RXWFRPH� LQ�*URXS�$�ZDV�������DQG� LQ�
*URXS� %� ZDV� ������ �)LJXUH� ,,��� 7KH� UHVXOWV� ZHUH�
VWDWLVWLFDOO\� LQVLJQLILFDQW� �3-������� DQG� LQGLFDWHG� WKDW�
ERWK� WKH� WHFKQLTXHV� DUH� HTXDOO\� HIIHFWLYH� DQG�
VXFFHVVIXO�� 7DNDKDVKL� <� ������ FRQGXFWHG� D�
FRPSDUDWLYH� VWXG\� ZKLFK� VXSSRUWV� RXU� GDWD�� 7KH\�
LQFOXGHG�����H\HV�RI�����SDWLHQWV�����H\HV� LQ�GRXEOH�
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-�/LDTXDW�8QL�0HG�+HDOWK�6FL�$35,/�-�-81(�������9RO�����1R���� 

IODS� DQDVWRPRVLV� DQG� ���� H\HV� LQ� FRPSOHWH� IODS�
H[FLVLRQ�� &RPSDULVRQ� RI� WKH� VXUJLFDO� RXWFRPH�
UHYHDOHG� WKDW� '&5� ZLWKRXW� IODS� KDG� VLPLODU� VXUJLFDO�
RXWFRPH� �������� DV� '&5� ZLWK� GRXEOH� IODS� �������
$QRWKHU� UHVHDUFKHU��� SHUIRUPHG� UHWURVSHFWLYH� VWXG\�
LQFOXGLQJ����H\HV�ZLWK�H[WHUQDO�'&5�ZLWK�DQWHULRU�DQG�
SRVWHULRU� IODS� H[FLVLRQ� DQG� REVHUYHG� ������ VXFFHVV�
UDWH�� 7KH\� FRQFOXGHG� WKDW� IODSOHVV� '&5� LV� HIIHFWLYH�
SURFHGXUH� DQG� IODS� PDNLQJ� GRHV� QRW� DIIHFW� WKH�
RXWFRPH� RI� VXUJHU\�� 6LPLODUO\�� 5DQMDQ� 5� �������
UHWURVSHFWLYHO\� UHYLHZHG� WKH� VXFFHVV� UDWH� RI� IODSOHVV�
H[WHUQDO� '&5� ZLWK� 00&� V\ULQJLQJ� RQ� �WK� SRVW-
RSHUDWLYH� GD\� DQG� REVHUYHG� VXFFHVV� UDWH� RI� DV� KLJK�
DV��������DW�WKH�HQG�RI���\HDU�IROORZ�XS�SHULRG�� 
:H� EHOLHYH� WKDW� H[FLVLRQ� RI� IODS� LV� HDVLHU�� VLPSOH�
SURFHGXUH� DQG� VKRUWHQV� WKH� VXUJHU\� WLPH� UDWKHU� WKDQ�
SRRUO\� FUHDWHG� DQG� VXWXUHG� PXFRVDO� IODS� ZKLFK� PD\�
EORFN�WKH�ERQ\�RVWHXP�GXH�WR�ILEURVLV�DQG�JUDQXODWLRQ�
WLVVXH�� ,W� LV� DOVR� EHQHILFLDO� LQ� WKRVH� FLUFXPVWDQFHV�
ZKHUH� SDWLHQW� EOHHG� KHDYLO\� GXULQJ� VXUJHU\� DQG�
YLVLELOLW\�RI�QDVDO�PXFRVD�LV�FRPSURPLVHG� 
7KLV�VWXG\�KDV�IHZ�OLPLWDWLRQV��,W�LV�UHWURVSHFWLYH�VWXG\�
ZLWK� OLPLWHG� VDPSOH� VL]H� DQG� IROORZ� XSV�� +RZHYHU��
ODUJHU� VFDOH� VWXGLHV� LQFOXGLQJ� 5DQGRPL]HG� FRQWURO�
WULDOV��5&7V��DUH�UHFRPPHQGHG�IRU�IXUWKHU�HYLGHQFH��� 

&21&/86,21 

([FLVLRQ� RI� PXFRVDO� IODSV� LV� HIIHFWLYH� DQG�
FRPSDUDWLYHO\� HDVLHU�� ,W� VKRUWHQV� WKH� SURFHGXUH� WLPH�
DQG�GHFUHDVH�KD]DUGV�RI�JHQHUDO�DQDHVWKHVLD� 

(WKLFDO� SHUPLVVLRQ�� /LDTXDW�8QLYHUVLW\�RI�0HGLFDO�
	� +HDOWK� 6FLHQFHV�� ,QVWLWXWH� RI� 2SKWKDOPRORJ\� (5&�
OHWWHU�1R��/80+6�'LU�2SKWK�-�����GDWHG���-��-������ 

&RQIOLFW�RI� LQWHUHVW��7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW�
LQ�DXWKRUV� 

)XQGLQJ�� 7KHUH�ZDV�QR� IXQGLQJ� IURP�DQ\� DJHQF\�
RU�LQVWLWXWLRQ� 

$87+25�&2175,%87,216 

0HPRQ�01��&RQFHLYHG��GHVLJQHG�	�ZULWLQJ�RI�PDQXVFULSW 
6KDLNK�6��'DWD�FROOHFWLRQ��HGLWLQJ 
6KDLNK�:��(GLWLQJ��ILQDO�DSSURYDO 
0HPRQ�)1��6WDWLVWLFDO�DQDO\VLV��ILQDO�DSSURYDO 
1DUVDQL�$.��(GLWLQJ��ILQDO�DSSURYDO 

5()(5(1&(6 

�� 5DWKHU� 6�� 6LQJK� 7�� ([WHUQDO� 'DFU\RF\VWRUK-
LQRVWRP\�ZLWK�	�ZLWKRXW� VLOLFRQ� WXEH� LQWXEDWLRQ� LQ�
FKURQLF� GDFU\RF\VWLWLV� ZLWK� QDVRODFULPDO� GXFW�
EORFN��-.�6FLHQFH�����������������-���� 

�� 7RWL� $�� 1XRYR� PHWRGR� FRQVHUYDWRUH� GL� FXUD�
UHGLFDOH� GHOOH� VXSSXUD]LRQ� FKURQLFOH� 'HO� 6DFFR�
ODFULPDOH� �GDFULRFLVWRULQRVWRPLD���&OLQ�0RG��������
�������-�� 

�� $OH[DQGHU� -()�� (VVHQWLDO� 2SKWKDOPLF� 6XUJHU\��
)LUVW�HGLWLRQ��2[IRUG��8.��%XWWHU-�+HLQPDQQ��������
S������ 

�� 5DKPDQ� 0�� +RVVDLQ� 0�� &RPSDUDWLYH� VWXG\� RI�

VXFFHVV� RI� 'DFU\RF\VWRUKLQRVWRP\� ZLWK� DQG�
ZLWKRXW� VLOLFRQ� WXEH� ,QWXEDWLRQ�� -$)0&�
%DQJODGHVK����������������-���� 

�� $PDGL� $-�� (QGRVFRSLF� '&5� YV� ([WHUQDO� '&5��
:KDW¶V� %HVW� LQ� WKH� $FXWH� 6HWWLQJ�� -� 2SKWKDOPLF�
9LV� 5HV� ������ ������� ������� GRL���������MRYU��
MRYUB���B��� 

�� -DLQ� 6�� *DQJXO\� $�� 6LQJK� 6�� 0RKDSDWUD� 6��
7ULSDWK\� '�� 5DWK� 6�� 3ULPDU\� QRQ� HQGRVFRSLF�
HQGRQDVDO� YHUVXV� GHOD\HG� H[WHUQDO�
GDFU\RF\VWRUKLQRVWRP\� LQ� DFXWH� GDFU\RF\VWLWLV��
2SKWKDO��3ODVW��5HFRQVWU�6XUJ�������������������-
����GRL���������,23������������������� 

�� <LQJ� //�� .KODOGLQ� 60�� $]OL� 1%�� ([WHUQDO�
GDFU\RF\VWRUKLQRVWRP\��$�WZR�\HDUV�UHYLHZ��$VLDQ�
-�2SKWKDOPRO���������������-���� 

�� $OL�0(��0HPRQ�0'��6KHULI�6(��7DUHN�0$��6WXG\�
RI�WKH�HIIHFW�RI�GLIIHUHQW�GHVLJQV�RI�QDVDO�PXFRVDO�
DQG�ODFULPDO�VDF�IODSV�RQ�VXFFHVV�UDWH�RI�H[WHUQDO�
GDFU\RF\VWRUKLQRVWRP\�� -�(J\SW�2SKWKDOPRO�6RF��
����������������-��� 

�� 7DNDKDVKL� <�� 0LWR� +�� .DNL]DNL� +�� ([WHUQDO�
GDFU\RF\VWRUKLQRVWRP\� ZLWK� DQG� ZLWKRXW� GRXEOH�
PXFRVDO�IODS�DQDVWRPRVLV��FRPSDULVRQ�RI�VXUJLFDO�
RXWFRPH��-�&UDQLRIDF�6XUJ������������������-�� 

��� 6DWKLVK�.��3UDNDVK�'1��+HGJH�66��$PUXWKD�31��
&KDYDQ�77��6KUHHVKUXWKL�1��&RPSDUDWLYH�VWXG\�RI�
H[WHUQDO� '&5� ZLWK� VXWXULQJ� RI� ERWK� DQWHULRU� DQG�
SRVWHULRU� IODSV� YHUVXV� DQWHULRU� IODS� DORQH�� -� (YRO�
0HG�'HQW�6FL�������������������-�� 

��� $JDUZDO�5.��%HKHUD�6��6DKRR�6��$�&RPSDUDWLYH�
VWXG\� RI� H[WHUQDO� GDFU\RF\VWRUKLQRVWRP\� XVLQJ�
VLQJOH� IODS�� GRXEOH� IODS� DQG� LQWUD� F\VWLF� LPSODQW�
�3DZDU��GDFU\RF\VWRUKLQRVWRP\� WHFKQLTXHV��<XYD�
-�0HG�6FL����������������-��� 

��� 6DLMX� 5�� 0RUVH� /-�� :HLQEHUJ� '�� 6KUHVWKD� 0.��
5XLW� 6�� 3URVSHFWLYH� UDQGRPL]HG� FRPSDULVRQ� RI�
H[WHUQDO� 'DFU\RF\VWRUKLQRVWRP\�ZLWK� DQG� ZLWKRXW�
VLOLFRQH� LQWXEDWLRQ��%U�-�2SKWKDOPRO���������������
����-��� 

��� =DPDQ�0�� %DEDU� 7)�� 6DHHG�1�� $� UHYLHZ� RI� ����
FDVHV� RI� GDFU\RF\VWRUKLQRVWRPLHV� �'XSX\�
'XWHPSV� DQG� %RXUJHW� 7HFKQLTXH�� -� $\XE� 0HG�
&ROO�$EERWWDEDG�����������������-��� 

��� %DOGHVFKL� /�� 1DUGL�0�� +LQWVFKLFK� &5�� .RRUQQHHI�
/��$QWHULRU�VXVSHQGHG�IODSV��$�PRGLILHG�DSSURDFK�
IRU� H[WHUQDO� GDFU\RF\VWRUKLQRVWRP\�� %U� -�
2SKWKDOPRO�� ������ ������� ���-��� GRL���������
EMR���������� 

��� 'LULP�%��6HQGXO� 6<��'HPLU�0��(UJHQ�(��$FDG�=��
2OJXQ�$��HW�DO��&RPSUDVLRQ�RI�0RGLILFDWLRQ�LQ�)ODS�
$QDVWRPRVLV� 3DWWHUQ� DQG� VNLQ� LQFLVLRQ� W\SHV� IRU�
H[WHUQDO� 'DFU\RF\VWRUKLQRVWRP\�� $QWHULRU-� 2QO\�
)ODS� $QDVWRPRVLV� ZLWK� :� 6NLQ� ,QFLVLRQ� YHUVXV�
$QWHULRU� DQG� 3RVWHULRU� )ODS� $QDVWRPRVLV� ZLWK�
/LQHDU� 6NLQ� ,QFLVLRQ�� 6FLHQWLILF� :RUOG� -�� ������
$UWLFOH�,'�������� 

��� +DVVDQ� 0$�� %DGUHOGLQ� 0+�� (O-1DKULU\� 7�� 

'DFU\R�&\VWR�5KLQRVWRP\�ZLWK�,QWXEDWLRQ��$QWHULRU�)ODS�9HUVXV�)ODS�([FLVLRQ 

��� 



 

-�/LDTXDW�8QL�0HG�+HDOWK�6FL�$35,/�-�-81(�������9RO�����1R���� 

(O-7DEEDNK�0��,�VKDSHG�LQFLVLRQ�ZLWK�PXFRVDO�IODS�
SUHVHUYLQJ�WHFKQLTXH�LQ�HQGRVFRSLF�GDFURF\VWRUK-�
LQRVWRP\��(J\SW�-�2WRODU\QJRO���������������-�� 

��� 3DWHO�.��0DJGXP�5��6HWKLD�6��/XQH�$��3UDGKDQ�$��
0LVUD� 51�� $� FOLQLFR-EDFWHULRORJLFDO� VWXG\� RI�
FKURQLF� GDFU\RF\VWLWLV�� 6XGDQHVH� -� 2SKWKDOPRO��
�������������-�� 

��� *URE� 65�� &DPSEHOO� $�� /HIHEYUH� '5�� <RRQ� 0.��
([WHUQDO�YHUVXV�HQGRVFRSLF�HQGRQDVDO�GDFU\RF\V-�
WRUKLQRVWRP\��,QW�2SKWKDOPRO�&OLQ�����������������
-����GRL����������,,2������������������ 

��� 7HWLNRJOX� 0�� 6DJGLN� +0�� 2]FXUD� )�� $NWDV� 6��
$VVHVVPHQW� RI� DQWHULRU� VXVSHQGHG� IODSV�
PRGLILFDWLRQ�IRU�H[WHUQDO�GDFU\RF\VWRUKLQRVWRP\��-�
&UDQLRIDF� 6XUJ�� ������ ������� ���-����� 
GRL����������6&6������������������ 

��� /HH�0-��.KZDUJ�6,��.LP� ,+��&KRL�-��&KRL�<��.LP�
1�� HW� DO�� 6XUJLFDO� RXWFRPHV� RI� H[WHUQDO�
GDFU\RF\VWRUKLQRVWRP\� DQG� ULVN� IDFWRUV� IRU�
IXQFWLRQDO� IDLOXUH�� D� ��-\HDU� H[SHULHQFH�� (\H

�/RQGRQ��� ������ ���������-����� GRL���������H\H��
��������� 

��� =DPDQ� 0�� %DEDU� 7)�� $EGXOODK� $�� 3URVSHFWLYH�
UDQGRPL]HG� FRPSDULVRQ� RI� 'DFU\RF\VWRUKLQRV-�
WRP\�>'&5@�ZLWK�RU�ZLWKRXW�LQWXEDWLRQ��3DN�-�0HG�
5HV����������������-��� 

��� $GYDQL�5.��+DOHRSRWD�)0��6KDK�6,$��.DGUL�:0��
,QGLFDWLRQV� DQG� UHVXOW� RI� '&5� ZLWK� VLOLFRQH� WXEH�
LQWXEDWLRQ��3DN�-�2SKWKDOPRO�����������������-��� 

��� 3HQJ�:�� 7DQ� %�� :DQJ� <��:DQJ� =�� /LDQJ� ;�� $�
0RGLILHG� 3UHVHUYHG� 1DVDO� DQG� /DFULPDO� )ODS�
7HFKQLTXH�LQ�(QGRVFRSLF�'DFU\RF\VWRUKLQRVWRP\��
6FL�5HS��������$UWLFOH�,'������ 

��� 0RKDPHG� $O-7DKLU� $$�� )ODSOHVV� ([WHUQDO�
'DFU\RF\VWRUKLQRVWRP\�� 'R� IODSV� UHDOO\� PDWWHU"�
$$0-������������������-���� 

��� 5DQMDQ�5��5XSDP�.��.XPDU�6���)ODSOHVV�H[WHUQDO�
'&5��,W�LV�WLPH�WR�VD\�JRRG�E\H�IODSV��$UFK�1XUV�	�
&DUH���������������� 
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$87+25�$)),/,$7,21� 
 

'U��0DUL\D�1D]LVK�0HPRQ��&RUUHVSRQGLQJ�$XWKRU� 
$VVRFLDWH�3URIHVVRU 
,QVWLWXWH�RI�2SKWKDOPRORJ\� 
/LDTXDW�8QLYHUVLW\�RI�0HGLFDO�DQG�+HDOWK�6FLHQFHV 
�/80+6���-DPVKRUR��6LQGK-3DNLVWDQ� 
(-PDLO��PDUL\DPHPRQ#KRWPDLO�FRP 
 
'U��6DMLGD�3DUYHHQ�6KHLNK 
$VVRFLDWH�3URIHVVRU 
'HSDUWPHQW�RI�2SKWKDOPRORJ\ 
%LODZDO�0HGLFDO�&ROOHJH 
/80+6��-DPVKRUR��6LQGK-3DNLVWDQ� 
 
'U��:DKHHG�$KPHG�6KHLNK 
6HQLRU�0HGLFDO�2IILFHU 
'U��5XWK�.�0�3IDX�&LYLO�+RVSLWDO� 
.DUDFKL��6LQGK-3DNLVWDQ� 
 
'U��)DUDK�1D]�0HPRQ 
(SLGHPLRORJLVW 
3DNLVWDQ�+HDOWK�5HVHDUFK�&RXQFLO��+HDG�2IILFH� 
,VODPDEDG-3DNLVWDQ� 
 
'U��$VKRN�.XPDU�1DUVDQL 
3URIHVVRU��,QVWLWXWH�RI�2SKWKDOPRORJ\ 
/80+6��-DPVKRUR��6LQGK-3DNLVWDQ�� 


