
&LHQFLDV�GH�OD�&RQGXFWD ����� 8QLYHUVLGDG�&DUORV�$OEL]X������������������������������������������ )/825,6+,1*�,1�7+(�$7+(,67�&20081,7<
������9RO���� ± 1~P������������ 6DQ�-XDQ��3XHUWR�5LFR����

)ORXULVKLQJ�6FDOH�LQ�WKH�$WKHLVW�&RPPXQLW\�
RI�3XHUWR�5LFR��9DOLGDWLRQ�DQG�3V\FKRPHWULF�
6WXG\�

-XDQ $QtEDO�*RQ]iOH]�5LYHUD��3V\��'�

3RQFH�+HDOWK�6FLHQFHV�8QLYHUVLW\��3XHUWR�
5LFR

$EVWUDFW

7KLV� DUWLFOH� H[DPLQHV� WKH� SV\FKRPHWULF SURSHUWLHV� RI� WKH�)ORXULVKLQJ�
6FDOH�LQ�WKH�DWKHLVW�FRPPXQLW\�RI�3XHUWR�5LFR��$�WRWDO�RI�����DWKHLVWV�
SDUWLFLSDWHG� LQ� WKLV� H[SORUDWRU\� DQG� SV\FKRPHWULF� VWXG\�� 7KH� UHVXOWV�
FRQILUPHG� WKDW� WKH� VFDOH� KDV� D� RQH�GLPHQVLRQDO� VWUXFWXUH�� 7KH� HLJKW�
LWHPV�FRPSOLHG�ZLWK�WKH�GLVFULPLQDWLRQ�FULWHULD��7KH�UHOLDELOLW\�LQGH[�RI�
WKH� VFDOH� ZDV� RI� ����� �&URQEDFK
V� DOSKD�� SV\FKRPHWULFDOO\� DGHTXDWH�
DFFRUGLQJ� WR�.OLQH���������7KHVH�UHVXOWV�VXJJHVW� WKDW� WKH�)ORXULVKLQJ�
6FDOH� KDV� WKH� SRWHQWLDO� WR� PHDVXUH� WKLV� FRQVWUXFW� DPRQJ� WKH� DWKHLVW�
FRPPXQLW\�RI�3XHUWR�5LFR��:H�UHFRPPHQG�WKH�XVH�RI�WKLV�VFDOH�IRU�WKH�
GHYHORSPHQW�RI�QHZ�UHVHDUFK�UHJDUGLQJ�SV\FKRORJLFDO�ZHOO�EHLQJ�DQG�
SRVVLEOH� FRUUHODWLRQV�ZLWK� RWKHU� SV\FKRVRFLDO� YDULDEOHV� LQ� WKH� DWKHLVW�
FRPPXQLW\�

.H\ZRUGV� DWKHLVP�� SV\FKRORJLFDO� ZHOO�EHLQJ�� IORXULVKLQJ��
SV\FKRPHWULF�SURSHUWLHV��YDOLGDWLRQ

5HVXPHQ

(O�SUHVHQWH�HVWXGLR�DQDOL]D�ODV�SURSLHGDGHV�SVLFRPpWULFDV�GH�OD�(VFDOD�
GH�)ORUHFLPLHQWR�HQ�OD�FRPXQLGDG�DWHtVWD�GH�3XHUWR�5LFR��8Q�WRWDO�GH�
���� DWHtVWDV� SDUWLFLSDURQ� HQ� HVWH� HVWXGLR� GH� FDUiFWHU� H[SORUDWRULR� \�
SVLFRPpWULFR��/RV�UHVXOWDGRV�FRQILUPDURQ�TXH�OD�HVFDOD�PDQWLHQH�XQD�
HVWUXFWXUD�XQLGLPHQVLRQDO��/RV�RFKR�tWHPV�GH�OD�HVFDOD�FXPSOLHURQ�FRQ�
ORV� FULWHULRV� GH� GLVFULPLQDFLyQ�� (O� tQGLFH� GH� FRQILDELOLGDG� DOID� GH�
&URQEDFK� GH� OD� HVFDOD� IXH� ����� FRQVLGHUDGR� FRPR� DGHFXDGR�
SVLFRPpWULFDPHQWH� �.OLQH�� ������� (VWRV� UHVXOWDGRV� VXJLHUHQ� TXH� OD�
(VFDOD�GH�)ORUHFLPLHQWR�WLHQH�HO�SRWHQFLDO�SDUD�PHGLU�HVWH�FRQVWUXFWR�
HQ�OD�FRPXQLGDG�DWHtVWD�GH�3XHUWR�5LFR��5HFRPHQGDPRV�TXH�OD�HVFDOD�
VH�XWLOLFH�SDUD�HO�GHVDUUROOR�GH�QXHYDV�LQYHVWLJDFLRQHV�VREUH�HO�ELHQHVWDU�
SVLFROyJLFR� \� VXV� SRVLEOHV� FRUUHODFLRQHV� FRQ� RWUDV� YDULDEOHV�
SVLFRVRFLDOHV�HQ�OD�FRPXQLGDG�DWHtVWD��

3DODEUDV� FODYHV� DWHtVPR�� ELHQHVWDU� SVLFROyJLFR�� IORUHFLPLHQWR��
SURSLHGDGHV�SVLFRPpWULFDV��YDOLGDFLyQ�

�-XDQ� $�� *RQ]iOH]�5LYHUD�� 3V\�'��� $VVLVWDQW� 3URIHVVRU�� 6FKRRO� RI� %HKDYLRUDO� DQG� %UDLQ�
6FLHQFHV��3RQFH�+HDOWK�6FLHQFHV�8QLYHUVLW\��6DQ�-XDQ�8QLYHUVLW\�&HQWHU��3XHUWR�5LFR�

&RUUHVSRQGHQFH��'U��-XDQ�$��*RQ]iOH]�5LYHUD������:HVW�0DLQ�6XLWH������%D\DPyQ��3XHUWR�
5LFR���������7HO���������������������MDJRQ]DOH]#SVP�HGX

7KH� HPSLULFDO� UHVHDUFK�DERXW� SV\FKRORJLFDO�ZHOO�EHLQJ� LQ� WKH�
3XHUWR� 5LFDQ� DWKHLVW� FRPPXQLW\� KDV� EHHQ� OLPLWHG�� (VVHQWLDOO\�� WKHUH�
ZDV�QR�HPSLULFDO�OLWHUDWXUH�FRQFHUQLQJ�WKH�SV\FKRORJLFDO�DQG�VXEMHFWLYH�
ZHOO�EHLQJ�LQ�DWKHLVWV�XQWLO�������0DUWtQH]�7DERDV�	�2UHOODQD���������
7KLV IDFW�GHPRQVWUDWHG�WKH ODFN�RI�LQWHUHVW�WKDW�SUHYDLOHG�GXULQJ�GHFDGHV
FRQFHUQLQJ�WRSLFV�UHODWHG�WR�WKH�DWKHLVW�FRPPXQLW\�LQ�WKH�SV\FKRORJ\�
ILHOG� �*RQ]iOH]�5LYHUD�� 5RVDULR�5RGUtJXH]�� 5RGUtJXH]�5DPRV��
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Ϯϭϳ Ϯϭϴ

+HUQiQGH]�*DWR�� 	� 7RUUHV�%iH]�� ������� /LNHZLVH�� PDQ\� EHKDYLRU�
SURIHVVLRQDOV�KDYH� ODEHOHG DWKHLVW� LQGLYLGXDOV�DV�HPSW\��QRW�KDYLQJ�D�
SXUSRVH� LQ� OLIH�� DQG� EHLQJ� QHXURWLF�� DVRFLDO�� VHOILVK�� DQG� LPPRUDO�
�0DUWtQH]�7DERDV�� 9DUDV�'tD]�� /ySH]�*DUD\�� 	� +HUQiQGH]�3HUHLUD��
������� ,Q� SRSXODU� WHUPV�� WKHUH� LV� D� JHQHUDOL]HG� SHUFHSWLRQ� DERXW� WKH�
DWKHLVW�FRPPXQLW\�WKDW�TXDOLILHV� WKHP�DV�LQVHQVLWLYH��VDWDQLF��F\QLFDO��
DQG�OXVWIXO��*RQ]iOH]�5LYHUD��3DEHOOyQ�/HEUyQ��	�5RVDULR�5RGUtJXH]��
����D��

7KLV� VFHQDULR� FRXOG� H[SODLQ� WKH� UHDVRQ� ZK\� WKHUH� DUH� QR�
HPSLULFDO� VWXGLHV� WKDW� DVVHVV� WKH� SV\FKRPHWULF� SURSHUWLHV� RI� SRVLWLYH�
SV\FKRORJLFDO� IXQFWLRQLQJ� VFDOHV� LQ� WKH� DWKHLVW FRPPXQLW\�� 7KLV IDFW�
UHVXOWV�LQWHUHVWLQJ�± DQG�XQIRUWXQDWH�DW�WKH�VDPH�WLPH�±ZKHQ�LW�KDV�EHHQ�
VKRZQ� KLVWRULFDOO\� WKDW� WKLV� FRPPXQLW\� KDV� EHHQ� RQH� RI� WKH� PRVW�
PDUJLQDOL]HG� JURXSV� LQ� :HVWHUQ� FRXQWULHV� �*HUYDLV� 	� 1RUHQ]D\DQ��
����� 'RDQH�	�(OOLRWW���������7KH�RULJLQ�RI�WKLV�PDUJLQDOL]DWLRQ�OLHV�LQ�
UHMHFWLQJ�WKH�H[LVWHQFH�RI�*RG�LQ�D�KLJKO\�WKHLVWLF�VRFLHW\��,Q�WKLV�VHQVH��
WKH�DWKHLVW�± VRPHRQH�ZKR�GRHV�QRW�DGKHUH�WR�WKH�FHQWUDO�SULQFLSOHV�RI�
WKHLVP� DQG� GRHV� QRW� EHOLHYH� LQ� *RG� RU� JRGV� �&OLWHXU�� ������ ± LV�
GHPRQL]HG�LQ�WKH�KDQGV�RI�WKHLVWLF�PDMRULWLHV��,Q IDFW��D�VWXG\�FRQGXFWHG�
LQ�3XHUWR�5LFR ZLWK�����DWKHLVWV�UHSRUWHG�WKDW�����RI WKH�SDUWLFLSDQWV�
VKRZHG� VLJQLILFDQW� OHYHOV� RI� SHUFHLYHG� GLVFULPLQDWLRQ� �*RQ]iOH]�
5LYHUD�HW�DO�������D��

,Q� 3XHUWR� 5LFR�� YHU\� IHZ� VWXGLHV� KDYH� GLUHFWO\� H[DPLQHG� WKH�
SV\FKRORJLFDO� ZHOO�EHLQJ� RI DWKHLVWV� �*RQ]iOH]�5LYHUD� HW� DO��� ����D��
*RQ]iOH]�5LYHUD� HW� DO��� ������ *RQ]iOH]�5LYHUD�� 4XLQWHUR�-LPpQH]��
9HUD\�$OLFHD�� 	� 5RVDULR�5RGUtJXH]�� ����E�� 0DUWtQH]�7DERDV� 	�
2UHOODQD�� �������0RVW� RI� WKHVH� VWXGLHV� KDYH� XVHG WKH� 3V\FKRORJLFDO�
:HOOEHLQJ�6FDOH �5\II���������WKH�6DWLVIDFWLRQ�ZLWK�/LIH�6FDOH��'LHQHU��
(PPRQV��/DUVHQ��	�*ULIILQ���������DQG�WKH�)ORXULVKLQJ�6FDOH��'LHQHU�
HW� DO��� ����� DV�PHDVXUHPHQW� LQVWUXPHQWV�� 7KH� ILUVW� WZR� LQVWUXPHQWV�
KDYH� EHHQ� YDOLGDWHG� WKURXJK� SV\FKRPHWULF� VWXGLHV� LQ� QXPHURXV�
FRXQWULHV��+RZHYHU�� WKH�)ORXULVKLQJ�6FDOH� LV� WKH�PRVW� UHFHQW�DQG�KDV�
VOLJKW�SV\FKRPHWULF�HYLGHQFH�LQ�/DWLQ�$PHULFD��&DVVDUHWWR�	�0DUWtQH]��
������ *RQ]iOH]�5LYHUD�� ������ 7KH� )ORXULVKLQJ� 6FDOH� PHDVXUHV�

SV\FKRVRFLDO�VXFFHVV��WDNLQJ�WKH�LQWHJUDWLRQ�RI�WKH�PDLQ�SV\FKRORJLFDO�
WKHRULHV�WKDW�GHDO�ZLWK�KXPDQ�IORXULVKLQJ�DQG�SHUVRQDO�SURVSHULW\ DV�WKH�
FRQFHSWXDO� IRXQGDWLRQ�� 6SHFLILFDOO\�� LW� HYDOXDWHV� KXPDQ� ZHOO�EHLQJ�
IURP� DQ� HXGDHPRQLF� SHUVSHFWLYH� �*RQ]iOH]�5LYHUD�� ������� 7KLV�
LQVWUXPHQW�KDV�WKULYHG�GXH�WR�LWV EULHI�DQG�HDV\�DGPLQLVWUDWLRQ��

'XH�WR�WKH�ODFN�RI�UHVHDUFK�LQ�3XHUWR�5LFR�DQG�/DWLQ�$PHULFD�
UHJDUGLQJ�KRZ�WKH�DWKHLVW�FRPPXQLW\�GHVFULEHV�LWV�RZQ�SV\FKRORJLFDO�
ZHOO�EHLQJ��DQG�LQ�WKH�QHHG�RI�KDYLQJ�YDOLG�DQG�UHOLDEOH�LQVWUXPHQWV�WR�
H[DPLQH� WKHVH� FRQVWUXFWV�� D� WUDQVYHUVH�� LQVWUXPHQWDO� VWXG\�� ZDV
GHVLJQHG� WR� HYDOXDWH� WKH� SV\FKRPHWULF� SURSHUWLHV� RI� WKH� )ORXULVKLQJ�
6FDOH� LQ� WKH� DWKHLVW� FRPPXQLW\� RI� 3XHUWR� 5LFR� �$WR�� /ySH]�� 	�
%HQDYHQWH���������6SHFLILFDOO\�� WKLV�SURMHFW�KDV�IRXU�PDLQ�REMHFWLYHV��
����DQDO\]H�WKH�IDFWRU�VWUXFWXUH�RI�WKH�LQVWUXPHQW�WKURXJK�FRQILUPDWRU\�
IDFWRU�DQDO\VLV������H[DPLQH�WKH�GLVFULPLQDWRU\�FDSDELOLW\�RI�WKH�LWHPV��
���� HYDOXDWH� WKH� UHOLDELOLW\� RI� WKH� LQVWUXPHQW�� DQG� ���� HVWDEOLVK�
FRQYHUJHQW� YDOLGLW\� WKURXJK WKH� FRUUHODWLRQ ZLWK� D� PHDVXUH� RI�
SV\FKRORJLFDO�ZHOO�EHLQJ��OLIH�VDWLVIDFWLRQ���

0HWKRG

3DUWLFLSDQWV

7KH�VDPSOH�FRQVLVWHG�RI�����DWKHLVWV��UHVLGHQWV�RI�3XHUWR�5LFR��
VHOHFWHG�XSRQ�DYDLODELOLW\��7KH�SDUWLFLSDQWV�DYHUDJH�DJH�ZDV��������6'�
 ��������6RFLRGHPRJUDSKLF�GDWD�RI WKH�VDPSOH�LV�VKRZQ�LQ�7DEOH����7KH�
LQFOXVLYH�FULWHULD�HVWDEOLVKHG�IRU�SDUWLFLSDWLQJ�LQ�WKH�VWXG\ ZDV��EH����
\HDUV�RU�ROGHU�DQG�EH�VHOI�LGHQWLILHG�DV�DQ�DWKHLVW� �WKHRORJLFDO DWKHLVW�
DQG� VHOI�LGHQWLILHG� DWKHLVW��� 7KH� H[FOXVLRQ� FULWHULD� ZDV� WR� EH� VHOI�
LGHQWLILHG�DV�DQ�DJQRVWLF�
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1RWH��Q  ������ I  �IUHTXHQF\�

0HDVXUHPHQWV

*HQHUDO�'DWD�4XHVWLRQQDLUH� 7R�GHVFULEH�WKH�VWXG\�VDPSOH��D�
VRFLRGHPRJUDSKLF�TXHVWLRQQDLUH�ZDV�GHYHORSHG�WR�REWDLQ�LQIRUPDWLRQ
UHJDUGLQJ�DJH��VH[��DFDGHPLF�EDFNJURXQG��DPRQJ�RWKHU�YDULDEOHV��

)ORXULVKLQJ�6FDOH��:H�XVHG�WKH�IORXULVKLQJ�VFDOH�GHYHORSHG�E\�
'LHQHU� HW� DO�� �������� FRQVLVWLQJ� RI� HLJKW� LWHPV�� WR� DVVHVV� WKH�
SV\FKRORJLFDO�ZHOO�EHLQJ�IURP�DQ�HXGDHPRQLF�SHUVSHFWLYH��H�J� ,�OHDG�
D� SXUSRVHIXO� DQG� PHDQLQJIXO� OLIH�� ,� DP� RSWLPLVWLF� DERXW� P\�
IXWXUH�� (DFK� LWHP� KDV D� UHVSRQVH� VFDOH� RI� VHYHQ� SRLQWV�� ZKLFK�
IOXFWXDWHV�IURP�³IXOO\�GLVDJUHH´�WR�³IXOO\�DJUHH´��7KH�SRVVLEOH�UDQJH�LV�
IURP���WR����SRLQWV��$�KLJK VFRUH�FKDUDFWHUL]HV�D�SHUVRQ�ZLWK�UHVLOLHQFH�
DQG�SV\FKRORJLFDO�UHVRXUFHIXOQHVV�

6DWLVIDFWLRQ�ZLWK�/LIH�6FDOH��6:/6���7KH�6SDQLVK�YHUVLRQ�RI�
WKH�6:/6�IURP�'LHQHU��(PPRQV��/DUVHQ��DQG�*ULIILQ��������ZDV�XVHG��
7KHVH� DXWKRUV� EHOLHYH� WKDW� OLIH� VDWLVIDFWLRQ� FRQVWLWXWHV� WKH� FRJQLWLYH�
FRPSRQHQW� RI� VXEMHFWLYH�ZHOO�EHLQJ��7KH� LQVWUXPHQW� FRQVLVWV� RI� ILYH�
LWHPV�LQ�WRWDO��H�J���,�DP�YHU\�VDWLVILHG�ZLWK�P\�OLIH��,Q�PRVW�ZD\V�P\�OLIH�
LV�FORVH�WR�P\�LGHDO���ZLWK�D�UHVSRQVH�VFDOH�RI�VHYHQ�SRLQWV�IOXFWXDWLQJ�
IURP�³WRWDOO\�GLVDJUHH´�WR�³WRWDOO\�DJUHH´��7KH�ORZHVW�VFRUH�WKDW�FDQ�EH�
REWDLQHG� LV� �� DQG� WKH� KLJKHVW� LV� ���� +LJK� VFRUHV� VXJJHVW� D� KLJK� OLIH�
VDWLVIDFWLRQ� 7KH�6SDQLVK�YHUVLRQ�RI�WKH�VFDOH�UHSRUWHG�DQ�$OSKD�RI�����
�*RQ]iOH]�5LYHUD�	�5RVDULR�5RGUtJXH]��������

*HQHUDO�3URFHGXUHV

2QFH�WKH�,QVWLWXWLRQDO�5HYLVLRQ�&RPPLWWHH��,5%��RI�WKH�&DUORV�
$OEL]X�8QLYHUVLW\��6DQ�-XDQ��3XHUWR�5LFR��DSSURYHG�WKH�SURFHGXUHV�IRU�
WKLV� VWXG\�� WKH� SDUWLFLSDQW� UHFUXLWPHQW� VWDJH� VWDUWHG�� $� SDLG�
DGYHUWLVHPHQW� DPRQJVW� SRSXODU� VRFLDO� QHWZRUNV� �VXFK� DV� )DFHERRN��
7ZLWWHU��*RRJOH���:KDWV$SS��DPRQJ�RWKHUV��ZDV�XVHG�� ,Q� WKLV�VWDJH��
WKH�FROODERUDWLRQ�RI�$WHtVWDV�GH�3XHUWR�5LFR��DQ�RUJDQL]DWLRQ�RI�DWKHLVW�
DFWLYLVP��ZDV YHU\�XVHIXO��DV�WKH\�VKDUHG�WKH�DG�LQ�WKHLU�VRFLDO�QHWZRUNV��
ZKLFK� VLJQLILFDQWO\� VSHHG� XS� WKH� SURFHVV�� 7KH� GDWD� FRPSLODWLRQ�ZDV�
FDUULHG� RXW� WKURXJK RQOLQH� TXHVWLRQQDLUHV� XVLQJ� WKH� 3V\FK'DWD�
SODWIRUP��2QFH�WKH�GDWD�ZDV�FROOHFWHG��WKH�SV\FKRPHWULF�SURSHUWLHV�RI�
WKH�)ORXULVKLQJ�6FDOH�ZHUH�H[DPLQHG��7KH�FRPSXWHU�DSSOLFDWLRQ�,%0�
6366�6WDWLVWLFV��YHUVLRQ���� DQG�67$7$ �YHUVLRQ�������ZHUH�XVHG�IRU�
WKH�GDWD�DQDO\VLV��,Q�6366��GLVFULPLQDWRU\��UHOLDELOLW\��DQG�FRUUHODWLRQ�
DQDO\VHV� ZHUH� SHUIRUPHG�� 7KH� FRQILUPDWRU\� IDFWRU� DQDO\VLV� ZDV�
SHUIRUPHG� LQ� 67$7$�� XVLQJ� WKH PD[LPXP�OLNHOLKRRG� HVWLPDWLRQ�
PHWKRG�DQG�WKH�6DWRUUD±%HQWOHU�FRUUHFWLRQV��������

5HVXOWV

)LUVW�� D� FRQILUPDWRU\� IDFWRU� DQDO\VLV�ZLWK� VWUXFWXUDO� HTXDWLRQV�
ZDV�FDUULHG�RXW��7R�HYDOXDWH�WKH�DGMXVWPHQW�RI�WKH�PRGHO��WKH�IROORZLQJ�
JRRGQHVV�RI�ILW�WHVWV�ZHUH�XVHG��&KL�VTXDUH�WHVW��Ȥ����5RRW�0HDQ�6TXDUH�
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ϮϮϭ ϮϮϮ

(UURU� RI� $SSUR[LPDWLRQ� �506($��� 7XFNHU±/HZLV� ,QGH[� �7/,��� DQG�
&RPSDUDWLYH�)LW�,QGH[��&),�� )RU�DQ�DGHTXDWH�DGMXVWPHQW�RI�WKH�PRGHO��
WKH�&),�DQG�7/,�PXVW�EH�HTXDO�WR�RU�JUHDWHU�WKDQ�����DQG�WKH�YDOXH�RI�
WKH�506($�PXVW�EH�HTXDO�WR�RU�OHVV�WKDQ������%\UQH���������6LQFH�WKH�
GDWD� ZDV� QRW� QRUPDOO\� GLVWULEXWHG�� WKH� 6DWRUUD�%HQWOHU� DGMXVWPHQWV�
ZHUH� XVHG� WR� FRPSXWH� WKH� DGMXVWPHQW� RI� WKH� VWUXFWXUDO� HTXDWLRQV¶�
PRGHOV��DV�WKH�QRQ�QRUPDOLW\�RI�WKH�GDWD PRGLILHV�WKH�VWDQGDUG�HUURU�RI�
WKH� HVWLPDWHV� DQG� WKH� JOREDO� DGMXVWPHQW� RI� WKH� PRGHO�� $IWHU� WKH�
FRUUHFWLRQV�ZHUH PDGH��WKH�UHVXOWV�VKRZHG�DQ�DGHTXDWH�DGMXVWPHQW�RI�
WKH�PRGHO�� FRPSRVHG�RQO\�E\�RQH� ODWHQW� IDFWRU� WKDW�HQFRPSDVVHV� WKH�
HLJKW�LWHPV�RI�WKH�VFDOH��Ȥ�� ��������������S���������506($� ������&),�
 ������7/,� ������Ȥ��FRUUHFWHG� �������������S���������506($�FRUUHFWHG�
 ������&),�FRUUHFWHG� ������7/,�FRUUHFWHG� ������7KH�REWDLQHG�UHVXOWV�
DUH� FRQVLGHUHG� DGHTXDWH� DGMXVWPHQW� OHYHOV �%\UQH�� ������ 6DWRUUD� 	�
%OHQWHU���������5HJUHVVLRQ�FRHIILFLHQWV�UDQJHG�EHWZHHQ�����DQG������VHH�
7DEOH����

7KHQ�� WKH� GLVFULPLQDWLRQ� RI� WKH� HLJKW� LWHPV� RI� WKH� VFDOH� ZDV�
DQDO\]HG�WKURXJK�WKH LWHP�WRWDO�FRUUHODWLRQ LQGH[��7KH LQGH[HV�UDQJHG�
EHWZHHQ�����DQG���� DQG�DOO�H[FHHGHG�WKH�UHFRPPHQGHG�PLQLPDO�YDOXH�
RI������.OLQH���������7DEOH���SUHVHQWV�WKH�GLVFULPLQDWLRQ�LQGH[HV�RI�WKH�
VFDOH�� WKH� H[SODLQHG� YDULDQFH�� DQG� WKH� UHJUHVVLRQ� FRHIILFLHQWV� RI� WKH�
FRQILUPDWRU\� IDFWRU� DQDO\VLV�ZLWK� LWV� UHVSHFWLYH� FRQILGHQFH� LQWHUYDOV��
/DWHU� DQ�LQWHUQDO�FRQVLVWHQF\�DQDO\VLV�RI�WKH�HLJKW�LWHPV�ZDV�SHUIRUPHG�
WR�GHWHUPLQH�WKH�UHOLDELOLW\�LQGH[�RI�WKH�VFDOH��7KH�WKUHH�PHWKRGV�XVHG�
ZHUH� DV� IROORZV�� &URQEDFK� DOSKD� FRHIILFLHQW�� 6SHDUPDQ�%URZQ� VSOLW�
KDOI��DQG WKH�2PHJD�FRHIILFLHQW��VHH�7DEOH�����$OO�WKH�LQGH[HV�H[FHHGHG�
WKH�PLQLPXP�RI������UHFRPPHQGHG�E\�WKH�OLWHUDWXUH�WR�EH�FRQVLGHUHG�D�
UHOLDEOH� LQVWUXPHQW� �'H9HOOLV�� ������ .OLQH�� ������ /DVW�� LQ� RUGHU� WR�
HYDOXDWH� WKH� FRQYHUJHQW� YDOLGLW\� RI� WKH� VFDOH�� WKH� FRUUHODWLRQ� RI� WKH�
6DWLVIDFWLRQ�ZLWK�/LIH�6FDOH�ZDV�DQDO\]HG��$V�FDQ�EH�VHHQ�LQ�7DEOH����
WKH FRUUHODWLRQ LQGH[�ZDV�VLJQLILFDQW�DQG�VKRZHG�D�SRVLWLYH�DVVRFLDWLRQ��
ZKLFK�FRQILUPHG�WKDW�WKH�UHODWLRQVKLS�DPRQJ�ERWK�VFDOHV�LV�ZLWKLQ�WKH�
H[SHFWHG�DQG�WKH\�FRQYHUJH�ZLWK�HDFK�RWKHU�
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ϮϮϯ ϮϮϰ

7DEOH��
'HVFULSWLYH�DQG 'LVWULEXWLRQ�6WDWLVWLFV��,WHP�'LVFULPLQDWLRQ�,QGH[HV��5HJUHVVLRQ�&RHIILFLHQWV��DQG�&RQILGHQFH�,QWHUYDOV

,WHPV 0 6' 6NHZQHVV .XUWRVLV
.ROPRJRURY�
6PLUQRY

6KDSLUR�:LON UELV 5� ȕ ,�&�����

,WHP�� ���� ����� ������ ����� ��� ��� ��� ��� ��� >��������@

,WHP�� ���� ����� ������ ����� ��� ��� ��� ��� ��� >��������@

,WHP�� ���� ���� ������ ����� ��� ��� ��� ��� ��� >��������@

,WHP�� ���� ���� ������ ����� ��� ��� ��� ��� ��� >��������@

,WHP�� ���� ���� ������ ������ ��� ��� ��� ��� ��� >��������@

,WHP�� ���� ���� ������ ������ ��� ��� ��� ��� ��� >��������@

,WHP�� ���� ����� ������ ����� ��� ��� ��� ��� ��� >��������@

,WHP�� ���� ����� ������ ����� ��� ��� ��� ��� ��� >��������@
1RWH��0  �0HDQ��6'  �6WDQGDUG�'HYLDWLRQ��6NHZQHVV�VWDQGDUG�HUURU  ������ .XUWRVLV�VWDQGDUG�HUURU� �������'HJUHHV�RI�IUHHGRP�.ROPRJRURY±
6PLUQRY�DQG�6KDSLUR±:LON� ������DOO�WKH�YDOXHV�S����������UELV  �,WHP�GLVFULPLQDWLRQ�LQGH[HV��5�  �([SODLQHG�YDULDQFH� ȕ  �VWDQGDUGL]HG�UHJUHVVLRQ�
FRHIILFLHQWV��S� �VLJQLILFDQFH��&�,�����  �FRQILGHQFH�LQWHUYDOV�RI�UHJUHVVLRQ�FRHIILFLHQWV��

7DEOH��
0HDQV��6WDQGDUG�'HYLDWLRQV��$OSKDV��2PHJD�&RHIILFLHQW��DQG�&RUUHODWLRQV

0 6' Į ĮVWDQG Z 6% � �

)ORXULVKLQJ�6FDOH ����� ���� ��� ��� ��� ��� � ���

6DWLVIDFWLRQ�ZLWK�/LIH ������ ���� ��� ��� ��� ��� ��� �

1RWH��0  �0HDQ��6'  �6WDQGDUG�'HYLDWLRQ�ߙ�  �&URQEDFK¶V�DOSKD�FRHIILFLHQW��ĮVWDQG  �&URQEDFK
V�VWDQGDUGL]HG�DOSKD��Z  �2PHJD�FRHIILFLHQW��6%� �
6SHDUPDQ�%URZQ�FRHIILFLHQW���Q  ������
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ϮϮϱ ϮϮϲ

'LVFXVVLRQ

%DVHG�RQ�WKH�ILQGLQJV�RI WKLV�VWXG\��LW�FRXOG�EH�VWDWHG�WKDW�WKH�
)ORXULVKLQJ�6FDOH�KDV�DGHTXDWH�SV\FKRPHWULF�SURSHUWLHV�WR�H[DPLQH�WKH�
KXPDQ� ZHOO�EHLQJ� IURP� D� HXGHPRQLF� SHUVSHFWLYH� LQ� WKH� DWKHLVW�
FRPPXQLW\�RI�3XHUWR�5LFR��7KH�DQDO\VHV�SHUIRUPHG�WR�WKH�)ORXULVKLQJ�
6FDOH�VKRZHG�DQ�HOHYDWHG�UHOLDELOLW\�DQG�YDOLGLW\�RI�WKH�LQVWUXPHQW�LQ�
WKH� DWKHLVW� FRPPXQLW\�� ,Q�DGGLWLRQ�� WKH�)ORXULVKLQJ�6FDOH�VKRZHG�DQ�
DGHTXDWH� FRQVWUXFW� YDOLGLW\�� WHVWHG� WKURXJK� WKH� FRQILUPDWRU\� IDFWRU�
DQDO\VLV��DV�ZHOO�DV�DQ�DSSURSULDWH�FRQYHUJHQW�YDOLGLW\��

5HJDUGLQJ� WKH� UHOLDELOLW\�RI� WKH�LQVWUXPHQW��FRQVLVWHQW� LQGH[HV�
ZHUH� REWDLQHG� WR� WKRVH� HYLGHQFHG� E\� WKH� VFDOH� LQ� RWKHU� VWXGLHV�
�&DVVDUHWWR�	�0DUWtQH]��������'LHQHU� HW�DO��� ������*RQ]iOH]�5LYHUD��
������ +RQH� HW� DO��� ������ 6LOYD�	�&DHWDQR�� ������ 6XPL�� ������� 7KH�
FRUUHODWLRQV�RI�HDFK�LWHP�ZLWK�WKH�WRWDO�VFRUH�VKRZ�D�UHPDUNDEOH�LQWHUQDO�
FRQVLVWHQF\��7KH�PRGHUDWHO\�KLJK�FRUUHODWLRQ�RI�WKH�)ORXULVKLQJ�6FDOH
ZLWK� WKH� PHDVXUH� RI OLIH VDWLVIDFWLRQ� SURYLGHV� HYLGHQFH� RQ� WKH�
FRQYHUJHQW�YDOLGLW\�RI�WKH�VFDOH�DQG�DJUHHV�ZLWK�WKH�FRUUHODWLRQ�SDWWHUQV�
REWDLQHG�LQ�RWKHU UHVHDUFK��*RQ]iOH]�5LYHUD��������*RQ]iOH]�5LYHUD�HW�
DO�������D��+RQH�HW�DO���������6LOYD�	�&DHWDQR��������

,Q� WKHRUHWLFDO� WHUPV�� WKH�SV\FKRPHWULF� ILQGLQJV� FRQILUPHG� WKH�
XQLGLPHQVLRQDOLW\� RI� WKH� VFDOH�� 7KLV� LV� FRQVLVWHQW� ZLWK� WKH� UHVHDUFK�
FRQGXFWHG�ERWK� LQ�3XHUWR�5LFR��*RQ]iOH]�5LYHUD��������DQG� LQ�RWKHU�
FRXQWULHV� �&DVVDUHWWR�	�0DUWtQH]�� ������+RQH�� -DUGHQ��	�6FKRILHOG��
������+RZHOO�	�%XUR��������6LOYD�	�&DHWDQR���������ZKLFK�VXJJHVWV�
WKDW� WKH� VFDOH�� XQWLO� WKLV� PRPHQW�� LV� QRW� DIIHFWHG� E\� VRFLRFXOWXUDO�
YDULDEOHV� RU� DWWULEXWHV�� 7KLV� XQLTXH� GLPHQVLRQ� DVVHVVHV� SRVLWLYH�
LQWHUSHUVRQDO�UHODWLRQVKLSV��IHHOLQJV�RI�FRPSHWHQFH��VHQVH�RI�SXUSRVH��
DQG�RSWLPLVP��:H�PXVW�SRLQW�RXW�WKDW�WKHVH�HOHPHQWV�RI�KXPDQ�ZHOO�
EHLQJ�KDYH�QRW�EHHQ�VWXGLHG�LQ�GHSWK�LQ�WKH�DWKHLVW�FRPPXQLW\�RI�3XHUWR�
5LFR��2QO\� WZR�HPSLULFDO� VWXGLHV�KDYH�DGGUHVVHG�VXFK�DVSHFWV LQ� WKH�
FRPPXQLW\� �0DUWtQH]�7DERDV�	�2UHOODQD�� ������*RQ]iOH]�5LYHUD� HW�
DO����������DQG�WKDW�LV�ZK\ WKH�XVH�RI WKH�)ORXULVKLQJ�6FDOH�LV�VXJJHVWHG�

WR� GHYHORS� QHZ� UHVHDUFK ZLWK DWKHLVW� SHRSOH� DQG� XQGHUVWDQG� WKH�
SV\FKRORJLFDO�SURFHVVHV�WKDW�VWLPXODWHV�WKHLU�ZHOO�EHLQJ�

,Q�SUDFWLFDO�WHUPV��LW�ZDV�VKRZQ�WKDW�WKH�)ORXULVKLQJ�6FDOH�FDQ�
EH�XVHG� IRU� WKH�GHYHORSPHQW�RI�QHZ�UHVHDUFK�RQ�SV\FKRORJLFDO�ZHOO�
EHLQJ�DQG�LWV�SRVVLEOH�FRUUHODWLRQV�ZLWK�RWKHU�SV\FKRVRFLDO�YDULDEOHV�LQ�
WKH� DWKHLVW� FRPPXQLW\�� 7KHVH� VWXGLHV PLJKW� SURYLGH� YDOXDEOH�
LQIRUPDWLRQ� DERXW� WKLV� SRSXODWLRQ� IURP� GLIIHUHQW� SHUVSHFWLYHV� DQG�
SV\FKRVRFLDO�DSSURDFKHV�WKDW�FDQ�UHYHDO�D�PRUH�FRPSOHWH�SURILOH�RI�WKH�
DWKHLVW� LQGLYLGXDOV�� 2Q� WKH� RWKHU� KDQG�� WKH� VLPSOH� ODQJXDJH� RI� WKH�
)ORXULVKLQJ� 6FDOH� DQG� LWV� FRQVWLWXWLRQ� RI� HLJKW� LWHPV� PDNHV� WKH�
LQVWUXPHQW�XVHIXO DQG�RI�HDV\�DGPLQLVWUDWLRQ�DQG�LQWHUSUHWDWLRQ��,Q WKLV�
VHQVH��WKH�)ORXULVKLQJ�6FDOH�LV�D�SUDFWLFDO�DQG�HIIHFWLYH LQVWUXPHQW� LQ�
WKH�UHVHDUFK�ZRUN�ZLWKLQ�WKH�DWKHLVW�FRPPXQLW\�RI�3XHUWR�5LFR�

/LNH� DOO� UHVHDUFK�� RXU� VWXG\� RZQV� VRPH� OLPLWDWLRQV�� )LUVW�� WKH�
VDPSOH� JDWKHUHG� ZDV� D FRQYHQLHQFH�� QRQ�SUREDELOLVWLF W\SH�� ZKLFK�
PDNHV�WKH�JHQHUDOL]DWLRQ�RI�WKH�UHVXOWV�OLPLWHG��$QRWKHU�OLPLWDWLRQ�OLHV�
LQ�WKH�XVH�RI�HOHFWURQLF�SODWIRUPV�IRU�GDWD�FROOHFWLRQ��VLQFH�LW UHVWULFWV�
WKH� RSSRUWXQLW\� WR� SDUWLFLSDWH� LQ� UHVHDUFK� RQO\� WR� SHRSOH� ZKR� KDYH�
DFFHVV�WR�WKH�LQWHUQHW�DQG�WKH�RQHV��WKDW�LQ�D�FHUWDLQ�ZD\��GRPLQDWH�WKH�
XVH�RI�FRPSXWHUV�DQG�RU�DUH�IDPLOLDU�ZLWK�WKH�XVH�RI�GLJLWDO�SODWIRUPV��
+RZHYHU��WKH�XVH�RI�WKH�LQWHUQHW�IRU�GDWD�FROOHFWLRQ�LV�D�JURZLQJ�SUDFWLFH�
LQ� SV\FKRORJLFDO� DQG� SV\FKRPHWULF� UHVHDUFK�� )RU� IXWXUH� UHVHDUFK� ZH�
UHFRPPHQG�FRQWLQXLQJ�WKH�DSSOLFDWLRQ�RI�WKH�LQYHQWRU\�LQ�RWKHU�FXOWXUDO�
FRQWH[WV� WR�HVWDEOLVK�WKH�VHQVLWLYLW\�RI�WKH�YDULDWLRQV�LQ�WKH�LQGLFDWRUV
DFFRUGLQJ�WR�WKH�FRQWH[W�FKDQJHV�

,Q�VXPPDU\��WKH�SV\FKRPHWULF�SURSHUWLHV�REWDLQHG�GHPRQVWUDWH�
WKDW� WKH� )ORXULVKLQJ� 6FDOH VKRZV� DGHTXDWH� YDOLGLW\� DQG� UHOLDELOLW\�
LQGH[HV� %DVHG�RQ� WKHVH�ILQGLQJV�� LW� LV�FRQFOXGHG� WKDW� WKH VFDOH� LV�DQ�
H[FHOOHQW� PHDVXUHPHQW� LQVWUXPHQW� IRU� IXWXUH� UHVHDUFK� LQ� WKH� DWKHLVW�
FRPPXQLW\� RI� 3XHUWR� 5LFR�� )LQDOO\�� ZH� HQFRXUDJH� EHKDYLRUDO�
SURIHVVLRQDOV� DQG� JUDGXDWH� VWXGHQWV� RI� SV\FKRORJ\� WR� FRQVLGHU WKH�
SV\FKRORJLFDO� ZHOO�EHLQJ LQ� WKH� DWKHLVW� FRPPXQLW\ DV� D� WRSLF� IRU�
UHVHDUFK�RU�GLVVHUWDWLRQ�ZRUN�
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5HIHUHQFHV

$WR�� 0��� /ySH]�� -�� -��� 	� %HQDYHQWH�� $�� �������� 8Q� VLVWHPD� GH�
FODVLILFDFLyQ�GH�ORV�GLVHxRV�GH�LQYHVWLJDFLyQ�HQ�SVLFRORJtD��$QDOHV�
GH�3VLFRORJtD��������������������

%\UQH��%��0����������6WUXFWXUDO�HTXDWLRQ�PRGHOLQJ�ZLWK�$026��%DVLF�
FRQFHSWV�� DSSOLFDWLRQV�� DQG� SURJUDPPLQJ�� 1HZ� <RUN��
3V\FKRORJ\�3UHVV��

&DVVDUHWWR��0���	�0DUWLQH]�� 3�� ��������9DOLGDFLyQ� GH� ODV� HVFDODV� GH�
ELHQHVWDU�� GH� IORUHFLPLHQWR� \� DIHFWLYLGDG�� 3HQVDPLHQWR�
3VLFROyJLFR�� ������� ������� GRL����������-DYHULDQDFDOL�336,���
��9()$

&KLQ��:��:�� ��������3DUWLDO� OHDVW� VTXDUHV� LV� WR�/,65(/�DV� SULQFLSDO�
FRPSRQHQWV� DQDO\VLV� LV� WR� FRPPRQ� IDFWRU� DQDO\VLV��7HFKQRORJ\�
6WXGLHV����������������

&OLWHXU��3����������7KH�GHILQLWLRQ�RI�DWKHLVP��-RXUQDO�RI�5HOLJLRQ�DQG�
6RFLHW\���������������

'H9HOOLV�� 5�)�� �������� 6FDOH� GHYHORSPHQW�� 7KHRU\� DQG� DSSOLFDWLRQV��
&DOLIRUQLD��6DJH�

'LHQHU��(���(PPRQV��5��$���/DUVHQ��5�� -���	�*ULIILQ��6�� ��������7KH�
6DWLVIDFWLRQ�ZLWK�/LIH�6FDOH��-RXUQDO�RI�3HUVRQDOLW\�$VVHVVPHQW��
��������������GRL���������V��������MSD����B��

'LHQHU��(���:LUW]��'���7RY��:���.LP�3ULHWR��&���&KRL��'���2LVKL��6��	�
%LVZDV�'LHQHU�� 5�� �������� 1HZ� :HOO�%HLQJ� 0HDVXUHV�� 6KRUW�
6FDOHV�WR�$VVHVV�)ORXULVKLQJ�DQG�3RVLWLYH�DQG�1HJDWLYH�)HHOLQJV��
6RFLDO�,QGLFDWRUV�5HVHDUFK������������������GRL���������V������

���������\

'RDQH�� 0�� -��� 	� (OOLRWW�� 0�� �������� 3HUFHSWLRQV� RI� 'LVFULPLQDWLRQ�
$PRQJ� $WKHLVWV�� &RQVHTXHQFHV� IRU� $WKHLVW� ,GHQWLILFDWLRQ��
3V\FKRORJLFDO�DQG�3K\VLFDO�:HOO�%HLQJ��3V\FKRORJ\�RI�5HOLJLRQ�
DQG�6SLULWXDOLW\�����������������GRL���������UHO�������

*HUYDLV��:��0���	�1RUHQ]D\DQ��$����������5HOLJLRQ�DQG�WKH�RULJLQV�RI�
DQWL�DWKHLVW� SUHMXGLFH�� ,Q� 6�� &ODUNH�� 5�� 3RZHOO��	� -�� 6DYXOHVFX�
�(GV���� ,QWROHUDQFH� DQG� FRQIOLFW�� $� VFLHQWLILF� DQG� FRQFHSWXDO�
LQYHVWLJDWLRQ �SS�� ���±������ 2[IRUG�� 8.�� 2[IRUG� 8QLYHUVLW\�
3UHVV��GRL���������DFSURI��RVR�����������������������

*RQ]iOH]�5LYHUD��-��$����������3URSLHGDGHV�SVLFRPpWULFDV�GH�OD�(VFDOD�
GH�)ORUHFLPLHQWR�HQ�3XHUWR�5LFR��5HYLVWD�(YDOXDU���������������

*RQ]iOH]�5LYHUD��-��$���3DEHOOyQ�/HEUyQ��6���	�5RVDULR�5RGUtJXH]��$��
�����D���(O�URO�PHGLDGRU�GH�OD�LGHQWLILFDFLyQ�DWHtVWD�HQ�OD�UHODFLyQ�
HQWUH� GLVFULPLQDFLyQ� \� ELHQHVWDU� SVLFROyJLFR�� 8Q� HVWXGLR�
SUHOLPLQDU�� 5HYLVWD� 3XHUWRUULTXHxD� GH� 3VLFRORJtD�� ������� ����
����

*RQ]iOH]�5LYHUD��-��$���5RVDULR�5RGUtJXH]��$����������&DUDFWHUtVWLFDV�
3VLFRPpWULFDV�GH�OD�(VFDOD�GH�6DWLVIDFFLyQ�FRQ�OD�9LGD��6:/6��
HQ� XQD�0XHVWUD� GH�$GXOWRV�3XHUWRUULTXHxRV��$UWLFOH� VXEPLWWHG�
IRU�SXEOLFDWLRQ�

*RQ]iOH]�5LYHUD��-��$���5RVDULR�5RGUtJXH]��$���5RGUtJXH]�5DPRV��(���
+HUQiQGH]�*DWR��,���	�7RUUHV�%iH]��/��0����������$UH�EHOLHYHUV�
KDSSLHU�WKDQ�DWKHLVWV"�:HOO�EHLQJ�PHDVXUHV�LQ�D�VDPSOH�RI�DWKHLVWV�
DQG� EHOLHYHUV� LQ� 3XHUWR� 5LFR�� ,QWHUDFFLRQHV�� ������ �������
GRL���������������Y�Q�����

*RQ]iOH]�5LYHUD�� -�$��� 4XLQWHUR�-LPpQH]�� 1��� 9HUD\�$OLFHD�� -��� 	�
5RVDULR�5RGUtJXH]�� $�� �����E��� 5HODFLyQ� HQWUH� (VSLULWXDOLGDG��
3UiFWLFDV�5HOLJLRVDV�\�%LHQHVWDU�3VLFROyJLFR�HQ�XQD�0XHVWUD�GH�
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ϮϮϵ ϮϯϬ

&UH\HQWHV� \� 1R� &UH\HQWHV�� 5HYLVWD� &LHQFLDV� GH� OD� &RQGXFWD��
�������������

+RQH��/���-DUGHQ��$���	�6FKRILHOG��*����������3V\FKRPHWULF�3URSHUWLHV�
RI� WKH� )ORXULVKLQJ� 6FDOH� LQ� D� 1HZ� =HDODQG� 6DPSOH�� 6RFLDO�
,QGLFDWRUV� 5HVHDUFK�� �������� ����������� GRL���������V������
���������[

+RZHOO��$�� -��	�%XUR��.�� ��������0HDVXULQJ�DQG�3UHGLFWLQJ�6WXGHQW�
:HOO�%HLQJ��)XUWKHU�(YLGHQFH�LQ�6XSSRUW�RI�WKH�)ORXULVKLQJ�6FDOH�
DQG� WKH� 6FDOH� RI� 3RVLWLYH� DQG� 1HJDWLYH� ([SHULHQFHV� 6RFLDO�
,QGLFDWRUV�5HVHDUFK�������������������GRL���������V����������
������

.OLQH��3�� ��������7KH�+DQGERRN�RI�SV\FKRPHWULF� WHVWLQJ��1HZ�<RUN��
5RXWOHGJH�

.OLQH�� 7�� -�� �������� 3V\FKRORJLFDO� WHVWLQJ�� $� SUDFWLFDO� DSSURDFK� WR�
GHVLJQ� DQG� HYDOXDWLRQ�� 7KRXVDQG� 2DNV�� 6DJH��
GRL����������������������

0DUWtQH]�7DERDV��$���	�2UHOODQD��(����������6DWLVIDFFLyQ�FRQ�OD�YLGD��
IORUHFLPLHQWR� \� ELHQHVWDU� SVLFROyJLFR� HQ� SHUVRQDV�
DWHDV�DJQyVWLFDV� \� SHUVRQDV� WHtVWDV�GHtVWDV�� (Q� -�� 5RGUtJXH]�
*yPH]��(G��� /D�UHOHYDQFLD�GH�ODV�FDWHJRUtDV�GH�OD�HVSLULWXDOLGDG�
\� OD� UHOLJLRVLGDG� HQ� OD� SVLFRORJtD� FRQWHPSRUiQHD��
,QYHVWLJDFLRQHV� SXHUWRUULTXHxDV �SS�� ���������� 6DQ� -XDQ�� 35��
3XEOLFDFLRQHV�*DYLRWD�

0DUWtQH]�7DERDV��$���9DUDV�'tD]��1���/ySH]�*DUD\��'���	 +HUQiQGH]�
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