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2%-(&7,9(�� 7R� ILQG� RXW� DQ\� QRWLFHDEOH� VL]H� GLIIHUHQFH� LQ� WKH� VXSHULRU� DLUZD\� DW� WKH� HQG� RI� SUHPRODU�
H[WUDFWLRQ�WUHDWPHQW�DQG�WR�ILQG�RXW�WKH�HIIHFWV�RI�H[WUDFWLRQ�RQ�D[LDO�LQFOLQDWLRQV�RI�DQWHULRU�WHHWK� 
0(7+2'2/2*<�� ,W� ZDV� D� UHWURVSHFWLYH� TXDVL-H[SHULPHQWDO� VWXG\� WKDW� FRQVLVWHG� RI� ��� RUWKRGRQWLF�
SDWLHQWV� LQ�ZKLFK�DOO� IRXU� ILUVW�SUHPRODUV�ZHUH�H[WUDFWHG��7KH�RUWKRGRQWLF� WUHDWPHQW�RI� WKH�SDUWLFLSDQWV�
ZDV� GRQH� DW� 'HSDUWPHQW� RI� 2UWKRGRQWLFV�� -LQQDK�0HGLFDO� DQG�'HQWDO� &ROOHJH�� .DUDFKL�� 7KH� GDWD� ZDV�
FROOHFWHG� IURP�-DQXDU\������ WR�0DUFK�������6DPSOLQJ� WHFKQLTXH�VHOHFWHG�ZDV�FRQVHFXWLYH�ZKLFK� LV�D�
QRQ-� SUREDELOLW\� W\SH� RI� VDPSOLQJ�� 7KH� FDVHV� LQFOXGHG� LQ� WKLV� VWXG\� ZHUH� VNHOHWDO� DQG� GHQWDO� FODVV� ,�
KDYLQJ�FODVV�,�PRODU�UHODWLRQVKLS�ZLWK�FURZGLQJ�WKDW�UHTXLUHG�DOO�IRXU�ILUVW�SUHPRODU�H[WUDFWLRQV��3DWLHQWV�
KDYLQJ�V\QGURPHV�RU�LQ�QHHG�RI�RUWKRJQDWKLF�VXUJHU\�ZHUH�H[FOXGHG�IURP�WKLV�VWXG\��7KH�DQDO\VLV�ZDV�
GRQH�RQ�/DWHUDO�&HSKDORPHWULF�UDGLRJUDSK�ZKLFK�ZDV�FDSWXUHG�LQ�WKH�EHJLQQLQJ�DQG�DQRWKHU�RQH�RQFH�
WUHDWPHQW�ZDV� FRPSOHWHG��2Q� WKHVH� UDGLRJUDSKV�� FKDQJHV� LQ� WKH� VRIW� SDODWH� DQG� XSSHU� DLUZD\�ZLGWKV�
ZHUH�PHDVXUHG� 
5(68/76��1R�DSSUHFLDEOH�DOWHUDWLRQV�REVHUYHG�LQ�WKH�VXSHULRU�DLUZD\�DQG�VRIW�SDODWH�ZLGWKV��7KH�
GLIIHUHQFH�REVHUYHG�LQ�WKH�XSSHU�LQFLVRUV�LQFOLQDWLRQ�ZDV�VLJQLILFDQW�ZKHQ�FRPSDUHG�WR�WKHLU�
SUHWUHDWPHQW�YDOXHV�� 
&21&/86,21��1R�DSSUHFLDEOH�FKDQJH�KDV�EHHQ�QRWHG�LQ�WKH�DLUZD\�GLPHQVLRQV�DIWHU�H[WUDFWLRQ�RI�
SUHPRODUV��7KH�H[WUDFWLRQV�GRQH�DV�D�SDUW�RI�RUWKRGRQWLF�WUHDWPHQW�UHVXOWV�LQ�D�JUHDW�LPSURYHPHQW�LQ�WKH�
FRUUHFWLRQ�RI�SURFOLQDWLRQV�RI�DQWHULRU�WHHWK�DQG�UHGXFWLRQ�RI�OLS�SURFXPEHQF\�� 

.(<�:25'6��3UHPRODU�H[WUDFWLRQV��/DWHUDO�&HSKDORJUDP��$LUZD\� 

,1752'8&7,21 

7KHUH� KDYH� EHHQ� D� ORW� RI� FRQWURYHUVLHV� UHJDUGLQJ�
H[WUDFWLRQ� DQG� QRQ-H[WUDFWLRQ� DSSURDFKHV� LQ�
RUWKRGRQWLFV�� $QJOH� ZDV� LQ� IDYRU� RI� QRQ-H[WUDFWLRQ�
WUHDWPHQW� PRGDOLW\�� 7KH� HIIHFWV� RI� SUHPRODU�
H[WUDFWLRQV� RQ� WKH� VDJLWWDO� SODQH� ZHUH� KLJKOLJKWHG� E\�
-DQVRQ� *� HW� DO��� $FFRUGLQJ� WR� KLP�� WKHUH� ZDV� DQ�
LPSURYHPHQW�LQ�WKH�DQWHURSRVWHULRU�PD[LOORPDQGLEXODU�
UHODWLRQ��DV�VKRZQ�E\�WKH�UHGXFWLRQ�RI�$1%� 
0RVW� FRPPRQO\� H[WUDFWHG� WHHWK� IRU� RUWKRGRQWLF�
SXUSRVH� DUH� SUHPRODUV���([WUDFWLRQ� RI� SUHPRODUV� LV� D�
FRPPRQ�SUDFWLFH��KRZHYHU��LWV�HIIHFWV�RQ�XSSHU�DLUZD\�
GLPHQVLRQ� LV� VWLOO� D� PDWWHU� RI� GHEDWH��� 3UDFWLWLRQHUV�
QHHG� URXWLQH� RUWKRGRQWLF� GLDJQRVLV� DQG� SODQQLQJ� WR�
PDLQWDLQ� WKH� DLUZD\� VLQFH� LW� LV� RI� XWPRVW� LPSRUWDQFH�
ZKLOH� SHUIRUPLQJ� SK\VLRORJLFDO� IXQFWLRQV� OLNH�
UHVSLUDWLRQ�� VZDOORZLQJ� DQG� SURQXQFLDWLRQ��� $LUZD\�
GLPHQVLRQ� FDQ� EH� VWXGLHG� LQ� GHWDLO� YLD� ODWHUDO�
&HSKDORJUDP�� 
1R�FKDQJH�ZDV�QRWHG�LQ�RUR-SKDU\QJHDO�GLPHQVLRQ�RI�
SDWLHQWV�ZKR�KDYH�XQGHUJRQH�H[WUDFWLRQ�WUHDWPHQW�DV�
LQGLFDWHG�E\�UHFHQW�VWXGLHV���7KLV�LV�LQ�IDYRU�RI�ILQGLQJV�
UHSRUWHG� E\� 6WHIDQRYLF��� HW� DO� ZKHUH� QR� VLJQLILFDQW�
FKDQJH� ZDV� QRWHG� DIWHU� H[WUDFWLRQV� LQ� DQ�
RUWKRGRQWLFDOO\�WUHDWHG�FDVH��1DUURZLQJ�RI�RURSKDU\Q[�

DW� WKH�DUHD� MXVW�SRVWHULRU� WR�VRIW�SDODWH�DQG�WRQJXH� LQ�
SDWLHQWV� ZKR� XQGHUZHQW� RUWKRGRQWLF� WUHDWPHQW�
LQYROYLQJ�H[WUDFWLRQV�ZDV�UHSRUWHG�E\�*HUPHQ-FDNDQ�� 

$�VWXG\�FRQGXFWHG�E\�&KHQ��DQG�KLV�FRZRUNHUV�KDYH�
IRXQG�WKDW�SUHPRODU�H[WUDFWLRQV�UHVXOWHG�LQ�WKH�FKDQJH�
LQ�ORFDWLRQ�RI�WKH�K\RLG�ERQH��UHVXOWLQJ�LQ�WKH�UHGXFWLRQ�
RI� WKH�XSSHU�DLUZD\��7KH� ILQGLQJ�RI�&KHQ�ZDV� IXUWKHU�
VXSSRUWHG�E\�D�VWXG\�GRQH�E\�6KDQRQ73��������ZKR�
DOVR� UHSRUWHG� QHW� LQFUHDVH� LQ� DLUZD\� GLPHQVLRQ� DIWHU�
H[WUDFWLRQ�WKHUDS\�LQ�DQ�RUWKRGRQWLF�FDVH� 
7KH�JRDO�RI�RXU�VWXG\�ZDV�WR�ILJXUH�RXW�DQ\�GLIIHUHQFH�
LQ� XSSHU� DLUZD\� GLPHQVLRQV� DIWHU� GRLQJ� RUWKRGRQWLF�
H[WUDFWLRQ�IRXU�ILUVW�SUHPRODUV�DQG�WR�ILQG�RXW�WKH�PRVW�
VXLWDEOH�WUHDWPHQW�PRGDOLW\�IRU�WKH�SDWLHQW��.QRZOHGJH�
DERXW�DQ\�VLJQLILFDQW�FKDQJH� LQ�DLUZD\�GLPHQVLRQ�ZLOO�
EH� KHOSIXO� IRU� WKH� SDWLHQWV� ZLWK� FRPSURPLVHG� XSSHU�
DLUZD\V� H�J�� SDWLHQWV� ZLWK� DGHQRLGV�� WRQVLOV� DQG�
REVWUXFWLYH� W\SH� RI� VOHHS� DSQHDV�� 7KH� VHFRQG�
REMHFWLYH� LV� WR� ILQG� RXW� WKH� FKDQJHV� LQ� WKH� D[LDO�
LQFOLQDWLRQV� RI� XSSHU� DQG� ORZHU� DQWHULRU� WHHWK� DIWHU�
GLVWDOL]DWLRQ�LQ�FDVHV�KDYLQJ�FURZGLQJ� 
7KH� SXUSRVH� RI� FRQGXFWLQJ� WKLV� UHVHDUFK� ZDV� WR�
PHDVXUH�DQ\�DOWHUDWLRQ� LQ� WKH� VXSHULRU� DLUZD\� VL]H� LQ�
SDWLHQWV�ZKRVH�PDQDJHPHQW�ZDV�GRQH�RUWKRGRQWLFDOO\�
E\� H[WUDFWLQJ� SUHPRODUV� IRU� WKH� FRUUHFWLRQ� RI�
SURFOLQDWLRQV�RI�LQFLVRUV� 
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0(7+2'2/2*< 

7KLV� UHWURVSHFWLYH� TXDVL-H[SHULPHQWDO� VWXG\� ZDV�
FRQGXFWHG� IURP� -DQXDU\� ����� WR�0DUFK� ������ 7KLUW\�
FDVHV�WUHDWHG�ZLWK�DOO� ILUVW�SUHPRODU�H[WUDFWLRQV�DW� WKH�
'HSDUWPHQW� RI� 2UWKRGRQWLFV�� -LQQDK� 0HGLFDO� DQG�
'HQWDO� &ROOHJH�� .DUDFKL�� ZHUH� LQFOXGHG� LQ� WKLV� VWXG\��
7KH� DQDO\VLV� ZDV� GRQH� RQ� WKH� SUHWUHDWPHQW�
FHSKDORJUDP�WDNHQ�DW�WKH�WLPH�RI�HQUROPHQW�DQG�SRVW-
WUHDWPHQW� ODWHUDO� FHSKDORJUDP� WDNHQ� DIWHU� ��-���
PRQWKV� RI� RUWKRGRQWLF� WUHDWPHQW� DQG� WKHQ� WKHLU�
PHDVXUHPHQWV�ZHUH�FRPSDUHG�WR�ILQG�RXW�FKDQJHV�LQ�
WKH�DLUZD\�GLPHQVLRQ��2Q� WKH�EDVLV�RI�GDWD�FROOHFWHG�
IURP�VWXGLHV�GRQH�SUHYLRXVO\���DQG�FRQVLGHULQJ�SRZHU�
WR� EH� DW� ���� ZLWK� FRQILGHQFH� OHYHO� RI� ����� VDPSOH�
VL]H� FDOFXODWHG�ZDV�����6DPSOLQJ� WHFKQLTXH�VHOHFWHG�
ZDV�FRQVHFXWLYH�ZKLFK� LV�D�QRQ-�SUREDELOLW\�VDPSOLQJ�
WHFKQLTXH�� 
,QFOXVLRQ�FULWHULD� 
�� &DVHV�ZKLFK�DUH�PDQDJHG�E\�H[WUDFWLQJ�DOO�ILUVW�

SUHPRODUV 
�� &DVHV�ZLWK�VNHOHWDO�FODVV�,�UHODWLRQVKLS 
�� &DVHV�LQ�ZKLFK�PRODU�FODVV�LV�,�RQ�ERWK�VLGHV� 
�� &DVHV�KDYLQJ�FURZGLQJ�RI�PRUH�WKDQ��PP� 
�� &DVHV� ZLWK� QR� FRQJHQLWDOO\� PLVVLQJ� WHHWK�

�H[FOXGLQJ�WKLUG�PRODUV� 
�� $JH� RI� SDWLHQW� PDOHV� ���-��� \HDUV�� DQG� IHPDOHV�

���-���\HDUV� 
�� &DVHV�LQ�ZKLFK�JURZWK�KDV�FHDVHG�VR�QR�QHHG�RI�

RUWKRSHGLF�WUHDWPHQW 
([FOXVLRQ�FULWHULD� 
�� &DVHV�ZLWK�VNHOHWDO�FODVV�,,�DQG�,,,�UHODWLRQVKLS 
�� &DVHV�LQ�ZKLFK�PRODU�FODVV�LV�,,�RU�,,,� 
�� &DVHV� PDQDJHG� E\� SHUIRUPLQJ� RUWKRJQDWKLF�

VXUJHULHV 
�� &DVHV�ZLWK�V\QGURPHV�OLNH�FOHIW�OLS�DQG�SDODWH 
�� $Q\�PHGLFDO�KLVWRU\� 
�� $GHQRLGHFWRP\�DQG�WRQVLOOHFWRP\ 
7KH� &HSKDORPHWULF� UDGLRJUDSKV� ZHUH� FROOHFWHG� IURP�
WKH� RUWKRGRQWLF� 23'� RI� -LQQDK� PHGLFDO� DQG� GHQWDO�
FROOHJH��&HSKDORPHWULF�UDGLRJUDSKV�ZHUH�FDSWXUHG�E\�
SRVLWLRQLQJ� WKH� SDWLHQW� RQ� D� XQLYHUVDO� FHSKDORVWDW�� ,W�
ZDV�PDGH�VXUH�WKDW�WKH�2UELWDOH-3RULRQ�SODQH�ZKLFK�LV�
DOVR� NQRZQ� DV� )UDQNIRUW� KRUL]RQWDO� �)+�� SODQH� ZDV�
DOLJQHG�ZLWK�WKH�IORRU�DQG�MDZ�SRVLWLRQ�ZDV�DGMXVWHG�LQ�
VXFK� D� ZD\� WKDW� XSSHU� DQG� ORZHU� WHHWK� ZHUH�
FRPSOHWHO\� PHHWLQJ�� /LSV� ZHUH� UHSRVHG� DQG� SDWLHQW�
ZDV� LQ� D� VWDQGLQJ� SRVLWLRQ��&OHDU� DGKHVLYH� WDSH�ZDV�
XVHG� WR� VWLFN� D� WUDFLQJ� VKHHW� RI� DURXQG� ���XP�
WKLFNQHVV� WR� WKH� ;-UD\� ILOP�� $IWHU� WKLV�� UHJLVWUDWLRQ�
PDUNV� ZHUH� GUDZQ� VR� WKDW� LW� FDQ� EH� XVHG� DV� D�
UHIHUHQFH�LQ�FDVH�WUDFLQJ�VKHHW�VOLSV�IURP�LWV�SRVLWLRQ��
7UDFLQJ� RI� WKH� ODQGPDUNV� DQG� PHDVXUHPHQWV� ZHUH�
GRQH� LQ� D� GDUN� URRP� E\� SODFLQJ� D� UDGLRJUDSK� DORQJ�
ZLWK�DWWDFKHG�WUDFLQJ�VKHHW�RQ�WKH�LOOXPLQDWRU�ER[� 
7KH� PHDVXUHPHQWV� ZHUH� GRQH� RQ� D� FHSKDORPHWULF�
UDGLRJUDSK� WDNHQ�EHIRUH�DQG�DIWHU� WKH� WUHDWPHQW��7KH�
YDULDEOHV� WKDW� ZHUH� XVHG� WR� MXGJH� WKH� FKDQJHV� DUH�
OLVWHG�EHORZ� 

6RIW�SDODWH�ZLGWK 
3RVWHULRU�QDVDO� VSLQH� WR�XYXOD� LQ��PP��VKRZV�WKH�
H[WHQW� RI� VRIW� SDODWH�� ,W� LV� PHDVXUHG� IURP� XYXOD� WR�
SRVWHULRU�QDVDO�VSLQH 
0D[LPXP� 3DODWDO� 7KLFNQHVV� LQ� �PP�� VRIW� SDODWH�
GLDPHWHU� �JUHDWHU� ZLGWK� RI� WKH� VRIW� SDODWH� VHHQ� � DW��
ULJKW� DQJOH� WR�D� OLQH� WKDW� UXQV� IURP�XYXOD� WR�SRVWHULRU�
QDVDO� VSLQH 
6RIW� SDODWDO� DQJOH� ���� LW� LV� WKH� LQWHUVHFWLRQ� IRUPHG�
E\�SDODWDO� OHQJWK��8YXOD�WR�3RVWHULRU�QDVDO�VSLQH��DQG�
3DODWDO�SODQH��$16-316� 
8SSHU�DLUZD\�GLPHQVLRQV 
63$6� �PP�� XSSHUPRVW� DQG� SRVWHULRU� DLUZD\�
UHJLRQ��DLUZD\�EUHDGWK�SRVWHULRU�WR�VRIW�SDODWH�SDUDOOHO�
WR�D�OLQH�WKDW�UXQV�IURP�3RLQW�%�WR�*RQLRQ� 
0$6� �PP�� PLGGOH� DLUZD\� UHJLRQ� �OLQH� SDVVLQJ�
WKRXJK� WKH� WLS�RI�XYXOD� WR�SRVWHULRU�SKDU\QJHDO�VSDFH�
SDUDOOHO� WR� D� OLQH� WKDW� UXQV� IURP� SRLQW� %� WR� *RQLRQ�� 
,$6� �PP��WKH�DQWHURSRVWHULRU�GHSWK�RI�WKH�SKDU\Q[�
PHDVXUHG�EHWZHHQ�WKH�SRVWHULRU�SKDU\QJHDO�ZDOO�DQG�
WKH� VXUIDFH� RI� WKH� WRQJXH� RQ� D� OLQH� SDUDOOHO� WR� WKH�
*RQLRQ-SRLQW� %� OLQH� WKURXJK� WKH� PRVW� DQWHURLQIHULRU�
SRLQW�RQ�WKH�ERG\�RI�WKH�VHFRQG�FHUYLFDO�YHUWHEUD� 
6NHOHWDO�DQG�GHQWDO�PHDVXUHPHQWV 
61$�LQWHUVHFWLRQ�EHWZHHQ�6HOOD�WR�1DVLRQ�DQG�OLQH�
IURP�1DVLRQ�WR�SRLQW�$ 
61%�� LQWHUVHFWLRQ� EHWZHHQ� � 6HOOD� WR� 1DVLRQ� DQG�
OLQH�IURP�1DVLRQ�WR�SRLQW�% 
$1%�� LQWHUVHFWLRQ�EHWZHHQ�1DVLRQ� WR�SRLQW�$�DQG�
1DVLRQ�WR�SRLQW�% 
)0$�� LQWHUVHFWLRQ� EHWZHHQ� )UDQNIRUW� KRUL]RQWDO�
SODQH�DQG�0DQGLEXODU�SODQH 
8�–61�� LQWHUVHFWLRQ� EHWZHHQ� FHQWHU� D[LV� RI�
PD[LOODU\�LQFLVRU�DQG�6HOOD�WR�1DVLRQ�SODQH 
,03$�� LQWHUVHFWLRQ� RI� WKH� FHQWHU� D[LV� RI� WKH�
PDQGLEXODU� LQFLVRU� DQG�0DQGLEXODU� SODQH� ZKLFK� IURP�
*RQLRQ�WR�0HQWRQ 
),*85(�,�� 
&(3+$/20(75,&�3/$1(6�$1'�$1*/(6 

(YDOXDWLRQ�RI�8SSHU�$LUZD\�'LPHQVLRQ 

��� 
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&DOFXODWLRQV� IRU� WKH� UHVXOWV� ZHUH� GRQH� RQ� 6WDWLVWLFDO�
3DFNDJH� IRU� WKH� 6RFLDO� 6FLHQFHV� 6366� ������ 7KH�
PHDQV� DQG� VWDQGDUG� GHYLDWLRQV� RI� DOO� YDULDEOHV� ZHUH�
FDOFXODWHG�� 7KH� 3-YDOXH� RI� ����� RU� OHVV� WKDQ� LW�
FRQVLGHUHG� LPSRUWDQW� IURP� VWDWLVWLFV� YLHZSRLQW��
6WXGHQW¶V� W-WHVW� DSSOLHG� WR� GLIIHUHQWLDWH� YDULDEOHV� RI�
EHIRUH� DQG� DIWHU� WUHDWPHQW�� &RQILGHQFH� LQWHUYDO� XVHG�
ZDV����� 

5(68/76 

0HDQ� FKDQJHV� LQ� VRIW� SDODWH� DQG� VXSHULRU� DLUZD\�
GLPHQVLRQ� LQ� VXEMHFWV� ZKR� KDYH� XQGHUJRQH�
RUWKRGRQWLF� WUHDWPHQW� ZLWK� DOO� IRXU� ILUVW� SUHPRODU�
H[WUDFWLRQV� LV� VKRZQ� LQ� 7DEOH� ,�� 3UH� DQG� SRVW-
WUHDWPHQW�PHDQ�LQ�WKH�VDJLWWDO�GLPHQVLRQ��61$��61%��
$1%��DQG�GHQWDO� LQFOLQDWLRQ� �8�–61�� ,03$��FKDQJHV�
DUH�VKRZQ�LQ�7DEOH�,,� 
1R�GLPHQVLRQDO� FKDQJH�ZDV�VHHQ�XSSHU��PLGGOH�DQG�
LQIHULRU�DLUZD\V��$�PLQRU�FKDQJH� LQ�VRIW�SDODWH� OHQJWK�
E\� ����� PP� ZDV� QRWHG� EXW� LW� ZDV� QRW� VWDWLVWLFDOO\�
VLJQLILFDQW��S� ��������7KH�D[LDO�LQFOLQDWLRQV�RI�DQWHULRU�
WHHWK�ZHUH�QRWLFHDEO\�GHFUHDVHG�DIWHU�WKHLU�UHWUDFWLRQ� 

7$%/(�,��7+(�0($1�&+$1*(�2)�%()25(�$1'�
$)7(5�75($70(17�,1�62)7�3$/$7(�$1'�
833(5�$,5:$<�',0(16,21�,1�3$7,(176�:+2�
+$9(�81'(5*21(�257+2'217,&�75($70(17�
,1&/8',1*�$//�)285�),567�35(02/$5�
(;75$&7,216 

3DLUHG�W�WHVW�DSSOLHG���6LJQLILFDQW 
7$%/(�,,��7+(�0($1�&+$1*(�2)�%()25(�$1'�
$)7(5�75($70(17�,1�6$*,77$/�$1'�'(17$/�
0($685(0(176�,1�3$7,(176�81'(5*2,1*�
257+2'217,&�75($70(17�:,7+�$//�)285�
),567�35(02/$5�(;75$&7,216 

3DLUHG�W�WHVW�DSSOLHG���6LJQLILFDQW 

',6&866,21 

7KH� DLUZD\� GLPHQVLRQ� LV� DIIHFWHG� E\� GLIIHUHQW�
RUWKRGRQWLF� PRGDOLWLHV�� 5DSLG� SDODWDO� H[SDQVLRQ�
LQFUHDVHV� WKH� QDVRSKDU\QJHDO� DLUZD\��� 2UWKRJQDWKLF�
VXUJHULHV�WKDW� LQYROYH�IRUZDUG�SRVLWLRQLQJ�RI� MDZV�DQG�
RUWKRGRQWLF� WUHDWPHQW� ZLWK� IRUZDUG� PRYHPHQW� RI�
GHQWLWLRQ� LQFUHDVH� WKH� DLUZD\� GLPHQVLRQ���7KHQ� WKHUH�
DUH�H[DPSOHV�RI� RUWKRSHGLF� WUHDWPHQW� OLNH�SURWUDFWLRQ�
IDFHPDVN�WKHUDS\�DQG�IXQFWLRQDO�DSSOLDQFHV��ERWK�FDQ�
DXJPHQW�DLUZD\�GLPHQVLRQV����� 

7KH�JRDO�RI� WKLV� UHVHDUFK�ZDV� WR�DQDO\]H�FKDQJHV� LQ�
WKH�RUR-SKDU\QJHDO�GLPHQVLRQV�DIWHU�GRLQJ�H[WUDFWLRQV�
RI� ILUVW�SUHPRODUV�DQG� WKHQ�RI�GLVWDOL]DWLRQ�RI� LQFLVRUV��
7KH� PDMRULW\� RI� ILUVW� SUHPRODU� H[WUDFWLRQ� VSDFH� LV�
XWLOL]HG�E\�WKH�SRVWHULRU�PRYHPHQW�RI�LQFLVRUV��� 

7KH�UHVXOWV�RI�WKLV�VWXG\�VKRZHG�QR�QRWLFHDEOH�FKDQJH�
LQ�WKH�DLUZD\�GLPHQVLRQV�DIWHU�H[WUDFWLRQ�RI�DOO�IRXU�ILUVW�
SUHPRODUV�� 7KLV� ILQGLQJ� LV� FRQVLVWHQW� ZLWK� WKH� VWXG\�
GRQH� E\� $O� 0DDLWDK� (� �������	� %KDWLD� 6� ������� LQ�
ZKLFK�QR�DSSUHFLDEOH�FKDQJH�ZDV�QRWHG�LQ�WKH�YROXPH�
RI�DLUZD\�GLPHQVLRQV� 
$QRWKHU�VWXG\�WKDW�FRUURERUDWHG�RXU�ILQGLQJV�ZDV�GRQH�
E\� 6WHIDQRYLF� 1� ������� LQ� ZKLFK� KH� VXJJHVWHG� QR�
QRWHZRUWK\� FKDQJH� LQ� DLUZD\� GLPHQVLRQ� DIWHU� WKH�
H[WUDFWLRQ�RI�DOO�IRXU�ILUVW�SUHPRODUV� 
7KH� PDMRULW\� RI� FDVHV� LQ� RXU� VWXG\� KDG� LQFUHDVHG�
UHDGLQJV�RI�XSSHU�DQG�ORZHU�LQFLVRUV�LQFOLQDWLRQV��)LUVW�
SUHPRODU�H[WUDFWLRQ�ZDV�GRQH�WR�FRUUHFW�SURFOLQDWLRQV��
6LJQLILFDQW� LPSURYHPHQW� ZDV� VHHQ� LQ� WKH� D[LDO�
LQFOLQDWLRQV� RI� DQWHULRU� WHHWK� DIWHU� WKHLU� UHWUDFWLRQ� LQWR�
WKH� H[WUDFWLRQ� VSDFH�� /LS� FRPSHWHQF\� ZDV� DOVR�
DFKLHYHG� DIWHU� UHWUDFWLRQ� RI� DQWHULRU� WHHWK�� 7KHVH�
RXWFRPHV� DUH� SDUDOOHO� WR� WKH� ILQGLQJV� RI� &KHQ� .�
�������� +H� UHSRUWHG� WKDW� SURFXPEHQF\� RI� OLSV� ZDV�
JUHDWO\� LPSURYHG� E\� UHWUDFWLRQ� RI� DQWHULRU� WHHWK� DQG�
KHQFH�LPSURYLQJ�RYHUDOO�SDWLHQWV¶�SURILOH��� 

2Q�WKH�RWKHU�KDQG��DFFRUGLQJ�WR�VWXGLHV�FRQGXFWHG�E\��
*HUPHF-&DNDQ�'�������ZKHQ�LQFLVRUV�ZHUH�GLVWDOL]HG�
DIWHU�H[WUDFWLQJ�SUHPRODUV��D�GHFUHDVH�ZDV�VHHQ�LQ�WKH�
VL]H�RI� WKH�DLUZD\��7KLV�GHFUHDVH�ZDV�GXH�WR�FKDQJH�
LQ� WRQJXH�SRVWXUH� LQ�D�PRUH�EDFNZDUG�GLUHFWLRQ��7KLV�
LV� LQ� FRQWUDVW� WR� RXU� ILQGLQJV�� ZKHUH� QR� VLJQLILFDQW�
GLIIHUHQFH�ZDV�UHSRUWHG�DIWHU�VSDFH�FORVXUH� 
2QH�RI�WKH�OLPLWDWLRQV�RI�WKLV�VWXG\�LV�WKDW� LW�ZDV�GRQH�
RQ�D�FHSKDORPHWULF�UDGLRJUDSK�ZKLFK�ZDV�REWDLQHG�E\�
FRQYHQWLRQDO�PHWKRG�VR�LW�SURYLGHV�D�WZR-GLPHQVLRQDO�

+DQD�3HUYH]��6DUD�6KDK��5DELD�+DTTXL��$QLWD�1DVHHU��)DL]D�$]DP��:DULVKD�$KPHG 
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8SSHU�DLUZD\�GLPHQVLRQV�9DULDEOHV� 
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3RVW� 
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YLHZ��7R�RYHUFRPH�WKLV�VKRUWFRPLQJ�DQG�WR�JHW�D�PRUH�
YDOLG� DQG� DFFXUDWH� SLFWXUH� RI� WKH� FKDQJHV� LQ� DLUZD\�
GLPHQVLRQV� DIWHU� H[WUDFWLRQV�� WKUHH-GLPHQVLRQDO�
LPDJLQJ�OLNH�&%&7�VKRXOG�EH�FRQVLGHUHG�LQ�WKH�IXWXUH� 
$QRWKHU� VKRUWFRPLQJ� RI� WKLV� VWXG\� ZDV� WKDW� WKH�
PDMRULW\� RI� SDWLHQWV�ZHUH� IHPDOHV��$V�PDOHV�DUH� OHVV�
FRQVFLRXV� HVWKHWLFDOO\�� WKHLU� QHHGV� DQG� GHVLUHV� WR�
XQGHUJR� RUWKRGRQWLF� WUHDWPHQW� IRU� DHVWKHWLF� UHDVRQV�
DUH� ORZ����6R�� WR�DGGUHVV� WKLV�FRQFHUQ�� IXWXUH�VWXGLHV�
VKRXOG� EH� GHVLJQHG� LQ� VXFK� D� ZD\� WKDW� DQ� HTXDO�
QXPEHU� RI�PDOH� DQG� IHPDOH� SDWLHQWV� DUH� LQFOXGHG� LQ�
WKH�VDPSOH�VL]H�VR�WKDW�WKHUH�LV�QR�JHQGHU�ELDV� 

&21&/86,21 

7KHUH�ZDV�QR�DSSUHFLDEOH�GLIIHUHQFH�LQ�WKH�GLPHQVLRQ�
RI�XSSHU�DLUZD\�DQG�VRIW�SDODWH�DIWHU�WKH�H[WUDFWLRQV�RI�
DOO�IRXU�ILUVW�SUHPRODUV� 
7KH� H[WUDFWLRQ� WUHDWPHQW� LQ� RUWKRGRQWLFV� UHVXOWV� LQ�
JUHDW�LPSURYHPHQW�LQ�WKH�FRUUHFWLRQ�RI�SURFOLQDWLRQV�RI�
DQWHULRU�WHHWK�DQG�D�GHFUHDVH�LQ�OLS�SURFXPEHQF\� 
([WUDFWLRQ� RI� ILUVW� SUHPRODUV� FDQ� EH� VDIHO\�
UHFRPPHQGHG�LQ�SDWLHQWV�ZLWK�FRPSURPLVHG�DLUZD\�DV�
WKH�PDMRULW\�RI�VSDFH�LV�XVHG�XS�E\�WKH�GLVWDOL]DWLRQ�RI�
DQWHULRU�WHHWK� 

(WKLFDO� SHUPLVVLRQ�� -LQQDK� 0HGLFDO� DQG� 'HQWDO�
&ROOHJH�� .DUDFKL� (5&� /HWWHU� 1R�� ������������ GDWHG��
��-��-����� 
&RQIOLFW� RI� ,QWHUHVW�� 1RQH� WR� EH� GHFODUHG� E\�
DXWKRUV 
)XQGLQJ��1R�H[WHUQDO�VRXUFH�RI�IXQGLQJ�XVHG 

$87+25�&2175,%87,216� 

3HUYH]� +�� 3ULQFLSOH� UHVHDUFKHU�� DUWLFOH� ZULWLQJ�� GDWD�
DQDO\VLV��6366��DQG�LQWHUSUHWDWLRQ 
6KDK� 6�� $UWLFOH� GLVFXVVLRQ�� FURVV� UHIHUHQFLQJ� DQG�
SURRI�UHDGLQJ 
+DTTXL� 5�� 'DWD� DQDO\VLV�� LQWHUSUHWDWLRQ� DQG�
FRPSLODWLRQ�RI�UHVXOWV 
1DVHHU� $�� 'DWD� DQDO\VLV�� GDWD� FROOHFWLRQ� DQG�
LQWHUSUHWDWLRQ� 
$]DP�)��'DWD�DQDO\VLV��6366��DQG�GDWD�FROOHFWLRQ 
$KPHG�:��'DWD�DQDO\VLV��6366��DQG�GDWD�FROOHFWLRQ 

5()(5(1&(6 

�� &KHQ�<��+RQJ�/��:DQJ�&��=KDQDJ�6��&DR�&��:HL�
)��HW�DO��(IIHFW�RI� ODUJH�LQFLVRU�UHWUDFWLRQ�RQ�XSSHU�
DLUZD\�PRUSKRORJ\� LQ� DGXOW� ELPD[LOODU\� SURWUXVLRQ�
SDWLHQWV�� $QJOH�2UWKRG�� ������ ������� ���-���� GRL��
��������������-������ 

�� -DQVRQ� *�� /HQ]D� (%�� )UDQFLVFR� 5�� $OLDJD-'HO�
&DVWLOOR� $�� *DULE� '�� /HQ]D�0�� 'HQWRVNHOHWDO� DQG�
VRIW� WLVVXH� FKDQJHV� LQ� FODVV� ,,� VXEGLYLVLRQ�
WUHDWPHQW� ZLWK� DV\PPHWULF� H[WUDFWLRQ� SURWRFROV��
3URJ�2UWKRG������������������GRL����������V�����
-���-����-[� 

�� =KDQJ� -�� &KHQ� *�� /L� :�� ;X� 7�� 8SSHU� $LUZD\�

&KDQJHV� DIWHU� 2UWKRGRQWLF� ([WUDFWLRQ� 7UHDWPHQW�
LQ�$GXOWV��$�3UHOLPLQDU\�6WXG\� XVLQJ�&RQH�%HDP�
&RPSXWHG� 7RPRJUDSK\�� 3/R6� 21(�� ������ ��
������ H��������� GRL�� ��������
MRXUQDO�SRQH��������� 

�� 1DJPRGH� 6�� <DGDY� 3�� -DGKDY� 0�� (IIHFW� RI� ILUVW�
SUHPRODU� H[WUDFWLRQ� RQ� SRLQW� $�� SRLQW� %�� DQG�
SKDU\QJHDO� DLUZD\� GLPHQVLRQ� LQ� SDWLHQWV� ZLWK�
ELPD[LOODU\�SURWUXVLRQ��-�,QGLDQ�2UWKRG�6RF��������
�������-��� 

�� *HUPHF-&DNDQ� '�� 7DQHU� 7�� $NDQ� 6�� 8YXOR-
JORVVRSKDU\QJHDO� GLPHQVLRQV� LQ� QRQ-H[WUDFWLRQ��
H[WUDFWLRQ� ZLWK� PLQLPXP� DQFKRUDJH�� DQG�
H[WUDFWLRQ� ZLWK� PD[LPXP� DQFKRUDJH�� (XU� -�
2UWKRG�� ������ ������� ���-���� GRL�� ��������HMR�
FMT���� 

�� %XFN�/0��'DOFL�2��'DUHQGHOLOHU�0$��3DSDJHRUJLRX�
6�� 3DSDGRSRXORX� $�� 9ROXPHWULF� XSSHU� DLUZD\�
FKDQJHV� DIWHU� UDSLG� PD[LOODU\� H[SDQVLRQ�� D�
V\VWHPDWLF� UHYLHZ� DQG� PHWD-DQDO\VLV�� (XU� -�
2UWKRG�� ������ ������� ���-���� GRL�� ��������HMR�
FMZ����� 

�� *XQVRQ� 0-�� $UQHWW� *:�� 2UWKRJQDWKLF� YLUWXDO�
WUHDWPHQW� SODQQLQJ� IRU� IXQFWLRQDO� HVWKHWLF� UHVXOWV��
6HP�2UWKRG������������������-���� 

�� 6D\LQVX� .�� ,VLN� )�� $UXQ� 7�� 6DJLWWDO� DLUZD\�
GLPHQVLRQV� IROORZLQJ�PD[LOODU\� SURWUDFWLRQ��D� SLORW�
VWXG\�� (XU� -� 2UWKRG�� ������ ������� ���-��� GRL��
��������HMR�FML������� 

�� 2]EHN�0�0��0HPLNRJOX�7�8��*|JHQ�+��/RZH�$�$��
%DVSLQDU� (�� 2URSKDU\QJHDO� DLUZD\� GLPHQVLRQV�
DQG� IXQFWLRQDO-RUWKRSHGLF� WUHDWPHQW� LQ� VNHOHWDO�
&ODVV�,,�FDVHV��$QJOH�2UWKRG������������������-����
GRL�� ������������-����������
���������2$'$)2!����&2����� 

��� $OGRVDUL� 0�� $OTDVLU� $�� $OJDKWDQL� 1�� $OPRVD� 1��
$OPRDPPDU� .�� $OEDUDNDWL� 6�� (YDOXDWLRQ� RI� WKH�
$LUZD\� 6SDFH� &KDQJHV� DIWHU� ([WUDFWLRQ� RI� )RXU�
6HFRQG� 3UHPRODUV� DQG� 2UWKRGRQWLF� 6SDFH�
&ORVXUH� LQ�$GXOW�)HPDOH�3DWLHQWV�ZLWK�%LPD[LOODU\�
3URWUXVLRQ�–�$�5HWURVSHFWLYH�6WXG\��6DXGL�'HQW�-��
������ ���������-���� 'RL�� ��������
M�VGHQWM������������� 

��� $O� 0DDLWDK� (�� (O� 6DLG� 1�� $OKDLMD� $EX� (6�� )LUVW�
SUHPRODU� H[WUDFWLRQ� HIIHFWV� RQ� XSSHU� DLUZD\�
GLPHQVLRQ� LQ� ELPD[LOODU\� SURFOLQDWLRQ� SDWLHQWV��
$QJOH�2UWKRG������������������-��� 

��� %KDWLD�6��-D\DQ�%��&KRSUD�66��(IIHFW�RI�UHWUDFWLRQ�
RI� DQWHULRU� WHHWK�RQ�SKDU\QJHDO�DLUZD\�DQG�K\RLG�
ERQH�SRVLWLRQ� LQ�&ODVV� ,�ELPD[LOODU\�GHQWRDOYHRODU�
SURWUXVLRQ��0HG� -� $UPHG� )RUFHV� ,QGLD�� ������ ��
�6XSSO�����6��-6��� 

��� 6WHIDQRYLF�1��(O�+��&KHQLQ�'/��*OLVLF�%��3DORPR�
-0�� 7KUHH-GLPHQVLRQDO� SKDU\QJHDO� DLUZD\�
FKDQJHV� LQ� RUWKRGRQWLF� SDWLHQWV� WUHDWHG� ZLWK� DQG�
ZLWKRXW� H[WUDFWLRQV��2UWKRG�&UDQLRIDF�5HV�� ������

(YDOXDWLRQ�RI�8SSHU�$LUZD\�'LPHQVLRQ 

��� 
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���������-����GRL����������RFU�������� 
��� &KHQ�.��+DQ�;��+XDQJ�/��%DL�'��7RRWK�PRYHPHQW�

DIWHU� RUWKRGRQWLF� WUHDWPHQW� ZLWK� �� VHFRQG�
SUHPRODU� H[WUDFWLRQV�� $P� -� 2UWKRG� 'HQWRIDFLDO�
2UWKRS�� ������ �������� ���-��� GRL�� ��������
M�DMRGR������������� 

��� 6KDQQRQ� 73�� ³2URSKDU\QJHDO� DLUZD\� YROXPH�
IROORZLQJ� RUWKRGRQWLF� WUHDWPHQW�� 3UHPRODU�
H[WUDFWLRQ� YHUVXV� QRQ-H[WUDFWLRQ´� �������� 7KHVHV�
	� 'LVVHUWDWLRQV� �(7'��� 3DSHU� ����� KWWS���
G[�GRL�RUJ����������HWG�FJKV������������ 

+DQD�3HUYH]��6DUD�6KDK��5DELD�+DTTXL��$QLWD�1DVHHU��)DL]D�$]DP��:DULVKD�$KPHG 

��� 

$87+25�$)),/,$7,21� 
 

'U��+DQD�3HUYH]��&RUUHVSRQGLQJ�$XWKRU� 
$VVLVWDQW�3URIHVVRU� 
'HSDUWPHQW�RI�2UWKRGRQWLFV 
-LQQDK�0HGLFDO�DQG�'HQWDO�&ROOHJH 
.DUDFKL��6LQGK-3DNLVWDQ�� 
(PDLO��GUKDQDSHUYH]#JPDLO�FRP 
 
'U��6DUD�6KDK 
6HQLRU�5HJLVWUDU� 
'HSDUWPHQW�RI�2UWKRGRQWLFV 
-LQQDK�0HGLFDO�DQG�'HQWDO�&ROOHJH 
.DUDFKL��6LQGK-3DNLVWDQ�� 
 
'U��5DELD�+DTTXL 
'HPRQVWUDWRU 
'HSDUWPHQW�RI�2UWKRGRQWLFV 
-LQQDK�0HGLFDO�DQG�'HQWDO�&ROOHJH� 
.DUDFKL��6LQGK-3DNLVWDQ� 
 
'U��$QLWD�1DVHHU 
+RXVH�2IILFHU 
'HSDUWPHQW�RI�2UWKRGRQWLFV 
-LQQDK�0HGLFDO�DQG�'HQWDO�&ROOHJH 
.DUDFKL��6LQGK-3DNLVWDQ� 
 
'U��)DL]D�$]DP 
+RXVH�2IILFHU 
'HSDUWPHQW�RI�2UWKRGRQWLFV 
-LQQDK�0HGLFDO�DQG�'HQWDO�&ROOHJH 
.DUDFKL��6LQGK-3DNLVWDQ� 
 
'U��:DULVKD�$KPHG 
+RXVH�2IILFHU 
'HSDUWPHQW�RI�2UWKRGRQWLFV� 
-LQQDK�0HGLFDO�DQG�'HQWDO�&ROOHJH 
.DUDFKL��6LQGK-3DNLVWDQ� 


