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0��.KDOLIH ,QVWLWXW�-XOHV�%RUGHW��$QDHVWKHVLRORJ\��%UXVVHOV��%HOJLXP��&RUUHVSRQGLQJ�$XWKRU
.��:LDPV ,QVWLWXW�-XOHV�%RUGHW��$QDHVWKHVLRORJ\��%UXVVHOV��%HOJLXP��

0��%HQ�$]L] ,QVWLWXW�-XOHV�%RUGHW��$QDHVWKHVLRORJ\��%UXVVHOV��%HOJLXP��

&��%DOHVWUD (QYLURQPHQWDO�� 2FFXSDWLRQDO� 	�$JHLQJ� ³,QWHJUDWLYH� 3K\VLRORJ\´� /DERUDWRU\�� +DXWH�
(FROH�%UX[HOOHV�%UDEDQW��%UXVVHOV��%HOJLXP

0��6RVQRZVNL ,QVWLWXW�-XOHV�%RUGHW��$QDHVWKHVLRORJ\��%UXVVHOV��%HOJLXP��

$%675$&7
(U\WKURSRLHWLQ��(32��VWLPXODWLQJ�DJHQWV�DUH�NQRZQ�DV�DOWHUQDWLYHV�WR�WUDQVIXVLRQ��+RZHYHU��WKH\�H[SRVH�SDWLHQWV�WR�WKURPERVLV�DQG�DUH�H[SHQVLYH��
$�SKHQRPHQRQ��³WKH�QRUPREDULF�R[\JHQ�SDUDGR[´��123���KDV�EHHQ�GHVFULEHG��$�WUDQVLHQW�K\SHUR[LD�IROORZHG�E\�D�SURORQJHG�UHWXUQ�WR�QRUPR[LD�
DFWV�DV�DQ�HIIHFWLYH�WULJJHU�IRU�(32�SURGXFWLRQ��7KH�PHFKDQLVP�GHSHQGV�RQ�IUHH�2��UDGLFDOV�DQG�RQ�UHGXFHG�JOXWKDWLRQH��*6+��DYDLODELOLWLHV��$OVR��
1�DFHW\OF\VWHLQ��1$&��LV�NQRZQ�WR�UHJHQHUDWH�WKH�VWRFN�RI�*6+��2XU�VWXG\�VRXJKW�WR�GHWHUPLQH�ZKHWKHU�D�123�UHJLPH�DGPLQLVWHUHG�DORQJVLGH�
1$&�FRXOG�SURGXFH�DQ�LQFUHDVH�LQ�UHWLFXORF\WH�FRXQW�YLD�DQ�LQFUHDVH�RI�(32�SURGXFWLRQ��LQ�SDWLHQWV�XQGHUJRLQJ�RQFRORJLFDO�DEGRPLQDO�VXUJHU\��
3URVSHFWLYH��FRQWUROOHG�WULDO�UDQGRPL]HG����SDWLHQWV�LQ���SDUDOOHO�JURXSV��7KH�¿UVW�JURXS��123��UHFHLYHG�����R[\JHQ�IRU�WZR�KRXUV�RQ�GD\V�����DQG�
��SRVWRSHUDWLYHO\�YLD�D�YHQWL�PDVN��7KH�VHFRQG�JURXS��123�1$&���LQ�DGGLWLRQ�WR�WKH�123�R[\JHQ�UHJLPH��UHFHLYHG�����PJ�,9�RQFH�D�GD\�RI�1�
DFHW\O�F\VWHLQH��1$&��RQ�WKH�¿UVW�GD\�SRVWRSHUDWLYHO\�DQG�����PJ�RUDOO\�RQFH�D�GD\�XQWLO�WKH�¿IWK�GD\�SRVW�RS��7KH�WKLUG�JURXS�UHFHLYHG�QHLWKHU�
123�QRU�1$&��2Q�SRVWRSHUDWLYH�GD\����UHWLFXORF\WHV�ZHUH�PHDVXUHG�DQG�FRPSDUHG�WR�WKH�EDVHOLQH�YDOXHV��7KH����SHUFHQW�FRQ¿GHQFH�LQWHUYDOV�RI�
WKH�PHDQ�SHUFHQWDJH�FKDQJH�IURP�EDVHOLQH�UHYHDOHG��WKDW�WKH�LQFUHDVH�LQ�UHWLFXORF\WH�FRXQWV�ZDV�VWDWLVWLFDOO\�VLJQL¿FDQW�IRU�WKH�123�*URXS�DQG�
123�1$&�*URXS��ZKHUHDV�LW�ZDV�QRW�VLJQL¿FDQW�IRU�WKH�FRQWURO�JURXS���7KHVH�GDWD�VXJJHVW�WKDW�UHODWLYH�K\SR[LD�E\�PHDQV�RI�R[\JHQ�JUDGLHQW�LV�DQ�
HIIHFWLYH�VWLPXOXV�IRU�UHWLFXORF\WH�SURGXFWLRQ�

.(<:25'6
1RUPREDULF�R[\JHQ�SDUDGR[��123���,QGXFHG�UHODWLYH�K\SR[LD��1�DFHW\OF\VWHLQ��1$&���$QDHPLD��DOWHUQDWLYH�WUDQVIXVLRQ�VWUDWHJLHV�

,QWURGXFWLRQ
$QDHPLD�LV�D�IUHTXHQW�FRPSOLFDWLRQ�LQ�FDQFHU�SDWLHQWV��0RUH�WKDQ�����
RI� SDWLHQWV� EHFRPH� DQDHPLF� LQGHSHQGHQWO\� RI� WKHLU� WUHDWPHQW� DQG�
DSSUR[LPDWHO\�����RI�DOO�SDWLHQWV�UHFHLYLQJ�FKHPRWKHUDS\�DUH�VXEMHFW�
WR�WUDQVIXVLRQ�RI�PRUH�WKDQ�RQH�EORRG�XQLW���-HONPDQQ��������0DVVRQ��
:LOODP�� 0D[ZHOO�� 3XJK�� 	� 5DWFOLIIH�� ������ 0HUFDGDQWH�� *HEELD��
0DUUD]]R��	�)LORVWR��������

2YHU�WKH�ODVW�GHFDGH��WKH�LQFUHDVLQJ�GHPDQG�IRU�EORRG�WUDQVIXVLRQV�DQG�
KHQFH�D�VXI¿FLHQW�VXSSO\�RI�GRQDWHG�EORRG��KDV�SUHVHQWHG�D�FKDOOHQJH�
WKDW�LV�OLNHO\�WR�SHUVLVW�IRU�WKH�IRUHVHHDEOH�IXWXUH����7KH�GHPDQG�LV�GXH�
HVVHQWLDOO\� WR� WKH� GHYHORSPHQW� RI� PRUH� DJJUHVVLYH� WUHDWPHQW� LQ�
RQFRORJ\�DQG�WKH�VSUHDGLQJ�RI�FDQFHU� LQ�JHQHUDO��7R�FRPSRXQG�WKH�
SUREOHP�� WKH� QXPEHU� RI� EORRG� GRQRUV� LV� GURSSLQJ� DQG� WKH� ULVNV�
DVVRFLDWHG�WR�EORRG�WUDQVIXVLRQ�DUH�VWLOO�SUHVHQW�

5HFRPELQDQW�KXPDQ�HU\WKURSRLHWLQ��UK(32��LV�FRQVLGHUHG�DQ�RSWLRQ�
IRU� WKH� WUHDWPHQW� RI� DQDHPLD� GXH� WR� FKURQLF� UHQDO� IDLOXUH� DQG� WKDW�
LQGXFHG�E\�FKHPRWKHUDS\��(U\WKURSRLHWLQ��(32�� LV�D�SUHFXUVRU� WKDW�
LQGXFHV�UHG�EORRG�FHOO�SURGXFWLRQ�YLD�UHG�ERQH�PDUURZ�SURJHQLWRU�FHOO�
DFWLYDWLRQ� �*XQJD� HW� DO��� ������ -HONPDQQ�� ������ ������� +RZHYHU��
UK(32�LV�H[SHQVLYH�DQG�VHYHUDO�VLGH�HIIHFWV�KDYH�EHHQ�UHSRUWHG�XSRQ�
LWV�SKDUPDFRORJLFDO� DGPLQLVWUDWLRQ� �%RKOLXV� HW� DO��� ������� ,W� LV� DOVR�
GLI¿FXOW� WR� REWDLQ� LQ� FHUWDLQ� FRXQWULHV�� 7KHVH� IDFWV� KDYH� SURPSWHG�
VFLHQWLVWV�DQG�FOLQLFDO�UHVHDUFKHUV�WR�WU\�DQG�GHYHORS�DOWHUQDWLYHV�LQ�WKLV�
¿HOG�

.ODXVHQ�DQG�(EHUW��(EHUW�	�%XQQ��������.ODXVHQ�HW�DO���������KDYH�
VKRZQ�WKDW�(32�LV�PRVWO\�PRGXODWHG�E\�UHQDO�WLVVXH�K\SR[LD��%DVHG�RQ�
WKLV�REVHUYDWLRQ��%DOHVWUD�GHVFULEHG�D�QHZ�SKHQRPHQRQ��NQRZQ�DV�WKH�
µQRUPREDULF� R[\JHQ� SDUDGR[¶� �123�� �%DOHVWUD�� *HUPRQSUH��
3RRUWPDQV��	�0DUURQL���������7KH�WHFKQLTXH�XVHG�WR�LQGXFH�WKLV�HIIHFW�
LQYROYHV�WKH�VLPSOH�DGPLQLVWUDWLRQ�RI�D�KLJK�FRQFHQWUDWLRQ�RI�R[\JHQ�
�2���DW�QRUPREDULF�SUHVVXUH�WR�VXEMHFWV�EUHDWKLQJ�VSRQWDQHRXVO\�DQG�
KDV�EHHQ�VKRZQ�WR�LQFUHDVH�VLJQL¿FDQWO\�WKH�SURGXFWLRQ�RI�HQGRJHQRXV�
HU\WKURSRLHWLQ��2QH�SRVVLEOH�PHFKDQLVP�IRU�WKLV�SKHQRPHQRQ�ZRUNV�
YLD�D�FHOOXODU�EDVHG�PRGHO�DGDSWHG�WR�K\SR[LD��+DGGDG���������,W�LV�
GHSHQGHQW� RQ� WKH� DYDLODELOLW\� RI� R[\JHQ� IUHH� UDGLFDOV� RU� VR�FDOOHG�
UHDFWLYH�R[\JHQ�VSHFLHV��526���7KH�NH\�HOHPHQW�RI�WKLV�FRQFHSW�LV�WKH�

FRPSOH[�IRUPHG�E\�K\SR[LD�LQGXFLEOH�IDFWRU���DOSKD��+,)��Į��DQG�WKH�
WXPRU�VXSSUHVVLQJ�9RQ�+LSSHO� /LQGDX� SURWHLQ� �9+/S��,YDQ� HW� DO���
������ -DDNNROD� HW� DO��� �������7KLV� FRPSOH[� LV� FRQVWDQWO\� ERXQG� WR�
XELTXLWLQ�OLJDVH��

'XULQJ�WKH�K\SHUR[LF�VWDWH��WKH�SURGXFWLRQ�RI�DJHQWV�SURWHFWLQJ�DJDLQVW�
526�ZLOO�EH�PHW�E\�WKH�DXJPHQWDWLRQ�RI�JOXWKDWLRQH��*6+��YLD�WKH�
VWLPXODWLRQ� RI� JOXWKDWKLRQH� V\QWKHWKDVH� HQ]\PH� DFWLYLW\��7KH�*6+�
SURGXFHG�VFDYHQJHV�WKH�526��:KHQ�UHWXUQLQJ�WR�WKH�QRUPR[LF�VWDWH��
WKH� H[WUD� *6+� SURGXFHG� ZLOO� QHXWUDOL]H� WKH� 526�� GLPLQLVK� WKHLU�
DYDLODELOLW\� DQG� ¿QDOO\� OHDG� WR� WKH� GLVVRFLDWLRQ� RI� WKH� FRPSOH[��
SHUPLWWLQJ�WKH�+,)���Į�WR�EH�GLPHULVHG�ZLWK�D�XQLW\�ȕ��7KLV�FRPSOH[�
IRUPHG� LV� UHVSRQVLEOH� IRU� WKH�FDVFDGH�RI� WKH�(32�JHQH�H[SUHVVLRQ��
VXEVHTXHQWO\� OHDGLQJ� WR�(32�KRUPRQH�SURGXFWLRQ�� �'H�%HOV� HW� DO���
������0DVVRQ�HW�DO��������

6LQFH�*6+�LV�LQYROYHG�LQ�WKLV�FDVFDGH��VRPH�ZRUNHUV�KDYH�VXJJHVWHG�
WKDW�DQ�DGMXYDQW�PLJKW�EH�PDGH�DYDLODEOH�WR�DXJPHQW�LWV�DYDLODELOLW\��
7KLV�ZRXOG�SHUPLW�WKH�QHXWUDOL]DWLRQ�RI�H[WUD�526�DQG�WKXV�SUREDEO\�
LQFUHDVH� (32� SURGXFWLRQ�� �.QRZQ� IRU� LWV� UHGR[� VWDWH��1�DFHW\O�/�
F\VWHLQH� �1$&�� FRXOG� KDYH� WKH� FDSDFLW\� WR� UHJHQHUDWH� *6+�� 7KLV�
DSSURDFK� ZDV� VKRZQ� WR� EH� HIIHFWLYH� LQ� WKH� =HPEURQ�/DFQ\� WULDO�
�=HPEURQ�/DFQ\�� 6ORZLQVND�/LVRZVND�� 6]\JXOD�� :LWNRZVNL�� 	�
6]\V]ND�� ������� EXW� WKH� VWXG\� GLG� QRW� LQFOXGH� R[\JHQ� VHVVLRQV��
+RZHYHU��0RPHQL�HW�DO�KDYH�HYDOXDWHG�WKH�HIIHFW�RI�D�VLQJOH�GRVH�RI�
1$&� RQ� WKH� (32� SURGXFWLRQ� LQ� D� K\SHUR[LF� PRGHO�� 7KLV� VWXG\�
GHPRQVWUDWHG�D�VLJQL¿FDQW�(32�LQFUHDVH��EXW�LW�ZDV�OLPLWHG�WR����KRXUV�
DQG�XVHG�KHDOWK\�YROXQWHHUV�DV�VXEMHFWV�UDWKHU�WKDQ�SDWLHQWV��0RPHQL��
'H�.RFN��'HYX\VW��	�/LLVWUR���������7KH�VDPH�UHVXOWV�ZHUH�DOVR�VKRZQ�
LQ�RQH�K\SR[LF�PRGHO�XVLQJ�1$&��+LOGHEUDQGW��$OH[DQGHU��%DUWVFK��	�
'URJH�������WKRXJK�IHZ�FOLQLFDO�WULDOV�KDYH�EHHQ�DEOH�WR�UHSURGXFH�WKLV�
HIIHFW�LQ�VWXGLHV�XVLQJ�UHODWLYH�K\SR[LD�

7KH�XVH�RI�D�SXUH�2��EUHDWKLQJ�JDV�WR�LQGXFH�WKH�123�HIIHFW�DQG�WUHDW�
DQDHPLD� KDV� EHHQ� VXSSRUWHG� LQ� UHFHQW� SXEOLFDWLRQV� �%DOHVWUD��
*HUPRQSUH��/DIHUH��	�9DQ�GHU�/LQGHQ��������%XUN��������'H�%HOV��
&RUD]]D��*HUPRQSUH��	�%DOHVWUD���������+RZHYHU��RWKHU�VWXGLHV�KDYH�
VKRZQ�FRQWUDGLFWRU\�UHVXOWV��WKRXJK�D�PDMRU�GLIIHUHQFH�LV�WKH\�XVHG�
KHDOWK\� YROXQWHHUV� �.HUDPLGDV� HW� DO��� ������ .HUDPLGDV�� 1RUPDQ��
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*XVWDIVVRQ�� (LNHQ�� 	� 0HNMDYLF�� ������� *LYHQ� WKHVH� FRQIRXQGLQJ�
UHVXOWV��LW�LV�OLNHO\�WKDW�D�SRVLWLYH�123�HIIHFW�LV�VSHFL¿FDOO\�GRVH�DQG�
WLPH�GHSHQGHQW�� �&OLQLFDO�WULDOV�LQ�WKLV�¿HOG�DUH�UDUH�DQG�ZH�DUH�\HW�WR�
IXOO\�XQGHUVWDQG�H[DFWO\�KRZ�123�HIIHFW�IXQFWLRQV��/DIHUH��6FKXEHUW��
'H� %HOV�� *HUPRQSUH�� 	� %DOHVWUD�� ������ 5RFFR�� 'LWUL�� 'H� %HOV��
&RUD]]D��	�%DOHVWUD���������2QH�YHU\�UHFHQW�VWXG\��PDGH�LQ�FOLQLFDO�
VHWWLQJ�RQ�DFXWHO\�LOO�SDWLHQWV��FRQ¿UPV�SUHYLRXV�SRVLWLYH�UHVXOWV��7KH�
DXWKRUV� REVHUYHG� DQ� LQFUHDVH� LQ� (32� DQG� UHWLFXORF\WHV� DIWHU� RQH�
VHVVLRQ�RI���KRXU�SHULRG�RI�QRUPREDULF�K\SHUR[LD��)L2��������'RQDWL�
HW�DO���������

2XU� SLORW� VWXG\� VRXJKW� WR� GHWHUPLQH� ZKHWKHU� D� 123� UHJLPH�
DGPLQLVWHUHG�DORQJVLGH�1$&�FRXOG�SURGXFH�DQ�LQFUHDVH�LQ�UHWLFXORF\WH�
FRXQWV� YLD� DQ� LQFUHDVH� RI� (32� SURGXFWLRQ�� LQ� SDWLHQWV� XQGHUJRLQJ�
RQFRORJLFDO�DEGRPLQDO�VXUJHU\�

0DWHULDOV�DQG�0HWKRGV
7KLV�SURVSHFWLYH�VLQJOH�FHQWUH��FRQWUROOHG��UDQGRPL]HG�SLORW�VWXG\�ZDV�
FRPSOLDQW�ZLWK�WKH�GHFODUDWLRQ�RI�+HOVLQNL�DQG�DSSURYHG�E\�WKH�ORFDO�
HWKLFV� FRPPLWWHH� RI� WKH� ,QVWLWXW� -XOHV� %RUGHW�� %HOJLXP� �DSSURYDO�
QXPEHU�&(��������$OO�SDUWLFLSDQWV�VLJQHG�D�ZULWWHQ�LQIRUPHG�FRQVHQW��
,QFOXVLRQ�FULWHULD�FRQVLVWHG�RI�SDWLHQWV�ZKR�ZHUH�DW�OHDVW����\HDUV�ROG�
DQG� HOLJLEOH� IRU� DEGRPLQDO� RQFRORJLFDO� VXUJHU\�� ([FOXVLRQ� FULWHULD�
LQFOXGHG�� VHYHUH� UHQDO� LQVXI¿FLHQF\� �*)5� �� ��� PO�PLQXWH� DQG�
FUHDWLQLQH�!��PJ�GO���EOHHGLQJ�QHFHVVLWDWLQJ�LWHUDWLYH�WUDQVIXVLRQ�SHU�RU�
SRVWRSHUDWLYHO\�� VHYHUH� UHVSLUDWRU\� V\QGURPH� UHTXLULQJ� FRQVWDQW�
R[\JHQ�DGPLQLVWUDWLRQ�DQG�LQWROHUDQFH�WR�DQ�R[\JHQ�PDVN��$OO�GDWD�
ZHUH�FROOHFWHG�DW�WKH�,QVWLWXW�-XOHV�%RUGHW��%HOJLXP�

$�WRWDO�RI����SDWLHQWV�VFKHGXOHG�IRU�DEGRPLQDO�VXUJHU\�ZHUH�HQUROOHG�WR�
SDUWLFLSDWH� LQ� WKH� VWXG\� DW� WKH� ,QVWLWXWH� EHWZHHQ� )HEUXDU\� DQG�
1RYHPEHU�������5DQGRPL]DWLRQ�WRRN�SODFH�DW�WKH�HQG�RI�WKH�VXUJHU\��
3DWLHQWV� ZHUH� UDQGRPL]HG� LQ� D� ������ UDWLR� WR� DQ\� RI� WKUHH� SDUDOOHO�
JURXSV��7KH�¿UVW�JURXS��123��UHFHLYHG�����R[\JHQ�IRU�WZR�KRXUV�RQ�
GD\V�����DQG���SRVWRSHUDWLYHO\�YLD�D�YHQWL�PDVN��7KH�VHFRQG�JURXS�
�123�1$&���LQ�DGGLWLRQ�WR�WKH�123�R[\JHQ�UHJLPH��UHFHLYHG�����PJ�
,9� RQFH� D� GD\� RI� 1�DFHW\O�F\VWHLQH� �1$&�� RQ� WKH� ¿UVW� GD\�
SRVWRSHUDWLYHO\�DQG�����PJ�RUDOO\�RQFH�D�GD\�XQWLO�WKH�¿IWK�GD\�SRVW�
RS�� 7KH� WKLUG� JURXS� �FRQWURO�� UHFHLYHG� QHLWKHU� 123� QRU�1$&��$Q�
H[FHSWLRQ�WR�WKLV�UXOH�SHUPLWWHG�DOO�SDWLHQWV�WR�UHFHLYH�R[\JHQ�GXULQJ�
WKH�¿UVW����KRXUV�SRVWRSHUDWLYHO\�DFFRUGLQJ�WR�WKHLU�QHHGV�DQG�LW�FRXOG�
DOVR�EH�DGPLQLVWHUHG�GXULQJ�VXUJHU\��7KH� WUHDWPHQW�ZDV�RSHQ� WR�DOO�
H[FHSW�ODERUDWRU\�VWDII��

1R�VDPSOH�VL]H�FDOFXODWLRQ�ZDV�SHUIRUPHG�IRU�WKLV�SLORW�VWXG\�DV�WKH�
REMHFWLYH�ZDV�WR�HYDOXDWH�WKH�PDJQLWXGH�RI�WKH�WUHDWPHQW�HIIHFW��7KH�
VDPSOH� VL]H� ZDV� VLPLODU� RU� VXSHULRU� WR� RWKHU� VWXGLHV� SHUIRUPHG�
SUHYLRXVO\�
�
$OO� SDWLHQWV� UHFHLYHG� DQ� RUDO� EHQ]RGLD]HSLQH� EHIRUH� VXUJHU\�� $OO�
SDWLHQWV�XQGHUZHQW�JHQHUDO�DQDHVWKHVLD�ZKLFK�FRXOG�DOVR�LQYROYH�DQ�
H S L G X U D O � W H F K Q L T X H � � 6 W D Q G D U G � D Q D H V W K H V L D � PRQ L W R U V�
�HOHFWURFDUGLRJUDP�� SXOVH� R[LPHWU\�� HQG�WLGDO� FDUERQ� GLR[LGH�
FRQFHQWUDWLRQ��DQG�RVFLOORPHWULF�DUWHULDO�EORRG�SUHVVXUH��ZHUH�XVHG��
7KH�DQDHVWKHWLVW�ZDV�IUHH�WR�FKRRVH�KLV�RU�KHU�WHFKQLTXH��'XULQJ�WKH�
VXUJHU\��DOO�SDWLHQWV�ZHUH�YHQWLODWHG�ZLWK�)L2��EHWZHHQ����DQG������
$OO�SDWLHQWV�ZHUH�H[WXEDWHG�DW�WKH�HQG�RI�WKH�VXUJHU\�DQG�ZHUH�DGPLWWHG�
WR�WKH�LQWHQVLYH�FDUH�XQLW��,&8��IRU�DW�OHDVW����KRXUV��'XULQJ�WKLV�SHULRG��
R[\JHQ� ZDV� JLYHQ� WR� DOO� SDWLHQWV� LI� WKHLU� VDWXUDWLRQ� IHOO� EHORZ� ���
SHUFHQW��7KH�R[\JHQ�SURWRFRO�VWDUWHG����KRXUV�DIWHU�DGPLVVLRQ�WR�WKH�
,&8��7KH�WUDQVIXVLRQ�WKUHVKROG�ZDV�VHW�WR���J�GO�WRJHWKHU�ZLWK�FOLQLFDO�
VLJQV�

&OLQLFDO�LQIRUPDWLRQ�FROOHFWHG�RQ�HDFK�SDWLHQW�LQFOXGHG�DJH��JHQGHU��
WREDFFR�XVH��$6$�VFRUH��SK\VLFDO�VWDWXV�FODVVL¿FDWLRQ�V\VWHP�DSSURYHG�
E\�WKH�$PHULFDQ�VRFLHW\�RI�DQDHVWKHVLD��DQG�ERG\�PDVV�LQGH[��6XUJHU\�
VSHFL¿F� GDWD� LQFOXGHG� W\SH� RI� LQWHUYHQWLRQ�� VWDUW� DQG� HQG� WLPH� RI�
VXUJHU\��/DERUDWRU\�GDWD�LQFOXGLQJ�UHWLFXORF\WH�FRXQW��KDHPRJORELQ��
KDHPDWRFULW��XUHD��FUHDWLQLQH��IHUULWLQ��WUDQVIHUULQ�VDWXUDWLRQ�DQG�LURQ�
ZHUH� FROOHFWHG� DW� EDVHOLQH� �'��� DQG� RQ� WKH� VL[WK� GD\� �'���� 7KH�
RFFXUUHQFHV�RI�SRVWRSHUDWLYH�FRPSOLFDWLRQV�ZHUH�DOVR�UHFRUGHG�

6WXG\�RXWFRPHV
7KH�SULPDU\�HQGSRLQW�ZDV�UHDFKHG�RQFH�WKH�UHWLFXORF\WH�FRXQW�ZDV�
HYDOXDWHG��SHUFHQWDJH�FKDQJH��IURP�EDVHOLQH�WR�'���ZLWKLQ�HDFK�JURXS��
7KH� VHFRQGDU\� HQG� SRLQWV� LQFOXGHG� KDHPDWRFULW� DQG� KDHPRJORELQ�
OHYHOV�PHDVXUHG�DW�EDVHOLQH�DQG�'��

6WDWLVWLFDO�DQDO\VLV
0HDQ� SHUFHQWDJH� FKDQJHV� IURP� EDVHOLQH� IRU� UHWLFXORF\WH� FRXQWV��
KDHPRJORELQ� DQG�KDHPDWRFULW� OHYHOV� DUH�SUHVHQWHG� DORQJ�ZLWK� WKHLU�
���� ��VLGHG� FRQ¿GHQFH� LQWHUYDOV� �:DOG� PHWKRG��� 7KH� GLIIHUHQFHV�
EHWZHHQ� JURXSV� LQ� UHWLFXORF\WH� FRXQWV� ZHUH� DVVHVVHG� E\� ¿WWLQJ� DQ�
$1&29$�PRGHO�WR�WKH�SHUFHQWDJH�FKDQJHV�IURP�EDVHOLQH��LQFOXGLQJ�
WHUPV� IRU� WKH� WUHDWPHQW� JURXS� DQG� EDVHOLQH� OHYHO� RI� UHWLFXORF\WHV��
)XUWKHUPRUH�� DQ�$1&29$�DQDO\VLV�RI� WKH�SHUFHQWDJH�FKDQJH� IURP�
EDVHOLQH�LQ�KDHPDWRFULW�DQG�LQ�KDHPRJORELQ��XVLQJ�WHUPV�IRU�JURXS��
EDVHOLQH�YDOXH�DQG�GXUDWLRQ�RI�VXUJHU\��ZDV�XVHG�WR�GHPRQVWUDWH�WKH�
LPSDFW�RI�GXUDWLRQ�RI�VXUJHU\�RQ�WKHVH�SDUDPHWHUV��

5HVXOWV
$�WRWDO�RI�QLQH�VXEMHFWV�ZHUH�H[FOXGHG�IURP�WKH�DQDO\VLV�GXH�WR�WKHLU�
QHHG�IRU�EORRG�WUDQVIXVLRQ�ZLWKLQ�WKH�VWXG\�SHULRG��0LVVHG�GDWD�DQG�
SUHPDWXUH�SDWLHQW�ZLWKGUDZDO�ZHUH�UHVSRQVLEOH�IRU�D�YDULDWLRQ�LQ�WKH�
QXPEHU� RI� REVHUYDWLRQ� EHWZHHQ� WKH� JURXSV�� 3UHPDWXUH� SDWLHQW�
ZLWKGUDZDO� ZDV� GXH� WR� SHUVRQDO� DQG� QRW� IRU� PHGLFDO� UHDVRQ�� 7KH�
EDVHOLQH�DQG�SHULRSHUDWLYH�FKDUDFWHULVWLFV�RI�WKH�VXEMHFWV�DUH�GHWDLOHG�LQ�
7DEOH�����

7DEOH���%DVHOLQH�DQG�SHULRSHUDWLYH�FKDUDFWHULVWLFV

9DOXHV� DUH� PHDQ�� VWDQGDUG� HUURU�� QXPEHU� RI� SDWLHQWV� RU� PHGLDQ�
�PLQLPXP�PD[LPXP�

%DVHOLQH�ODERUDWRU\�YDULDEOHV�ZHUH�JHQHUDOO\�EDODQFHG�DFURVV�WKH�WKUHH�
WUHDWPHQW�JURXSV��7DEOH����ZLWK�WKH�H[FHSWLRQ�EHLQJ�LURQ��ZKLFK�ZDV�
VOLJKWO\�ORZHU�RQ�DYHUDJH�LQ�WKH�JURXS�123�1$&��

7DEOH���%DVHOLQH�ODERUDWRU\�SDUDPHWHUV

,9 � ��

*URXS 123�� 123�1$&� &RQWURO
$JH 1 �� �� ��

0HDQ��6(� �������� �������� ��������
0HGLDQ �� �� ��
0LQ��0D[ ������ ������ ������

%0,�
�.J�P������

1 �� �� ��

0HDQ��6(� ����������� ����������� �����������
0HGLDQ ���� ���� ����
0LQ��0D[ ������������ ������������ ������������

6H[� 0DOH� �������� �������� ��������
)HPDOH ������� ������� �������

7REDFFR�XVH <HV ������� ������� �������
1R ��������� �������� ��������

'LDEHWHV <HV �� ������� �������
1R ��������� �������� ��������

+\SHUOLSLGDH
PLD

<HV ������� ������� �������

1R �������� �������� ��������
$6$ � ������ � �

� �������� �������� ��������
� ������ ������� �������

$VSLULQ�LQWDNH � �������� ��������� ���������
� ������� � �

+LVWRU\�RI�
K\SHUWHQVLRQ

� �������� �������� ��������

� �������� �������� ��������

'XUDWLRQ�RI�
VXUJHU\��PLQ�

1 �� �� ��

0HDQ��6(� ���������� ���������� ����������

0HGLDQ ��� ��� ���
0LQ��0D[ �������� �������� ��������

9DULDEOH 1 0HDQ 6WG�� 0HGLDQ 0LQLPXP0D[LPXP
8UHD��PJ�GO���

,QWHUQDWLRQDO�-RXUQDO�RI�6FLHQWL¿F�5HVHDUFK ��



/DERUDWRU\�SDUDPHWHUV�DW�GD\����7DEOH����ZHUH�VLPLODU�DFURVV�WKH�WKUHH�
WUHDWPHQW�JURXSV��

7DEOH���(I¿FDF\�UHVXOWV�RI�ODERUDWRU\�SDUDPHWHUV�RQ�'D\��

%DVHOLQH� OHYHOV� �'���� DV� ZHOO� DV� '�� DQG� SHUFHQWDJH� FKDQJH� IURP�
EDVHOLQH� RI� UHWLFXORF\WH� FRXQWV�� KDHPDWRFULW� DQG� KDHPRJORELQ�� DUH�
UHVSHFWLYHO\�SUHVHQWHG�DORQJ�ZLWK�HI¿FDF\�UHVXOWV�LQ�7DEOHV������DQG����
7KH�QLQHW\�¿YH�SHUFHQW�FRQ¿GHQFH�LQWHUYDOV�RI�WKH�PHDQ�SHUFHQWDJH�
FKDQJH� IURP�EDVHOLQH� UHYHDOHG�E\�H[FOXGLQJ���� WKDW� WKH� LQFUHDVH� LQ�
UHWLFXORF\WH�FRXQWV�ZDV�VWDWLVWLFDOO\�VLJQL¿FDQW��DW������OHYHO��IRU�WKH�
123�*URXS�DQG�123�1$&�*URXS��ZKHUHDV�LW�ZDV�QRW�VLJQL¿FDQW�IRU�
WKH�FRQWURO�JURXS��7DEOH����

7DEOH���(I¿FDF\�UHVXOWV�RI�UHWLFXORF\WHV�

9DOXHV� DUH� PHDQ�� VWDQGDUG� HUURU�� QXPEHU� RI� SDWLHQWV� RU� PHGLDQ�
�PLQLPXP�PD[LPXP�

7DEOH���(I¿FDF\�UHVXOWV�RI�KDHPDWRFULWV

,661�1R�������������_�,)���������_�,&�9DOXH��������9ROXPH���_�,VVXH���_�$SULO�����

123�JURXS �� ���� ���� �� �� ��
123�1$&�
JURXS

�� ���� ���� ���� �� ��

&RQWURO�JURXS �� ���� ���� �� �� ��
&UHDWLQLQH�
�PJ�GO���

123�JURXS �� ���� ����� ���� ���� ����
123�1$&�
JURXS

�� ���� ����� ���� ���� ���

&RQWURO�JURXS �� ���� ����� ���� ���� ����

,URQ��J�GO���

123�JURXS �� ����� ����� ��� �� ���
123�1$&�
JURXS

�� ����� ����� ��� �� ���

&RQWURO�JURXS �� ����� ����� ����� �� ���

)HUULWLQ��J�GO���
123�JURXS �� ����� ����� ��� � ���
123�1$&�
JURXS

�� ����� ����� ��� �� ���

&RQWURO�JURXS �� ����� ����� ��� �� ���

7UDQVIHUULQ�
�PJ�GO���

123�JURXS �� ����� ����� ��� ��� ���
123�1$&�
JURXS

�� ����� ���� ��� ��� ���

&RQWURO�JURXS �� ����� ����� ��� ��� ���
7UDQVIHUULQ�
VDWXUDWLRQ����

123�JURXS �� ���� ���� �� � ��
123�1$&�
JURXS

�� ���� ���� �� � ��

&RQWURO�JURXS �� ���� ���� �� �� ��

1 0HDQ 6'�(UURU 0HGLDQ
0LQL
PXP

0D[LPX
P

8UHD��PJ�GO���
123�JURXS �� ���� ���� ���� �� ��
123�1$&�
JURXS

�� ���� ���� ���� �� ��

&RQWURO�JURXS �� ���� ���� ���� �� ��

&UHDWLQLQH�
�PJ�GO���
123�JURXS �� ���� ����� ����� ���� ����
123�1$&�
JURXS

�� ���� ����� ����� ���� ����

&RQWURO�JURXS �� ���� ����� ���� ��� ����

,URQ��J�GO���
123�JURXS �� ���� ���� �� �� ��
123�1$&�
JURXS

�� ���� ���� �� �� ���

&RQWURO�JURXS �� �� ���� �� �� ���
)HUULWLQ��J�GO���
123�JURXS �� ����� ����� ����� �� ���
123�1$&�
JURXS

�� ����� ����� ��� �� ���

&RQWURO�JURXS �� ����� ����� ��� �� ����
7UDQVIHUULQ�
�PJ�GO�
123�JURXS �� ����� ���� ����� ��� ���
123�1$&�
JURXS

�� ����� ����� ��� �� ���

&RQWURO�JURXS �� ����� ���� ��� ��� ���

7UDQVIHUULQ�
VDWXUDWLRQ����

123�JURXS �� ���� ���� �� � ��
123�1$&�
JURXS �� ���� ���� �� � ��

&RQWURO�JURXS �� ���� ���� ���� � ��

123 123�1$&� &RQWURO�
%DVHOLQH�
5HWLFXORF\WHV�
�����O���

1 �� �� ��

0HDQ��6(� ������
�������

������
�������

������
�������

'D\���
5HWLFXORF\WHV�
�����O���

1 �� �� ��

0HDQ��6(� ������
�������

������
�������

������
�������

3HUFHQW�
FKDQJH�IURP�
EDVHOLQH

1 �� �� ��

0HDQ��6(� ���������� ���������� ����������
0HGLDQ ��� �� ���
0LQ��0D[ �������� �������� ��������
����&, >������@ >�����@ >������@
S�YDOXH�IRU�
FRPSDULVRQ�
ZLWK����W�
WHVW��

������ ������ ������

123 123�1$&� &RQWURO�
%DVHOLQH
+DHPDWRFULW�
���

1 �� �� ��

0HDQ��6(� ������
�������

������
�������

������
�������

'D\���
+DHPDWRFULW�
���

1 �� �� ��

0HDQ��6(� 35.88 (1.233) ������
�������

������
�������

3HUFHQW�
FKDQJH�IURP�
EDVHOLQH

1 �� �� ��

�� ,QWHUQDWLRQDO�-RXUQDO�RI�6FLHQWL¿F�5HVHDUFK



9DOXHV� DUH� PHDQ�� VWDQGDUG� HUURU�� QXPEHU� RI� SDWLHQWV� RU� PHGLDQ�
�PLQLPXP�PD[LPXP�

7KH�PHDQ�SHUFHQWDJH�GHFUHDVHV�IURP�EDVHOLQH�LQ�KDHPDWRFULW�DQG�LQ�
KDHPRJORELQ�ZHUH�VLPLODU�DFURVV�DOO�WKUHH�JURXSV��7DEOH����

7DEOH����(I¿FDF\�UHVXOWV�RI�KDHPRJORELQ

9DOXHV� DUH� PHDQ�� VWDQGDUG� HUURU�� QXPEHU� RI� SDWLHQWV� RU� PHGLDQ�
�PLQLPXP�PD[LPXP�� 1RQH� RI� WKH� SDLUZLVH� WUHDWPHQW� GLIIHUHQFHV�
ZHUH�IRXQG�WR�EH�VWDWLVWLFDOO\�VLJQL¿FDQW��7DEOH����

7DEOH����3HUFHQWDJH�FKDQJH�IURP�EDVHOLQH�LQ�UHWLFXORF\WHV�IRU�
EHWZHHQ�JURXS�FRPSDULVRQV

7KH� SHUFHQWDJH� RI� FKDQJH� IURP� EDVHOLQH� LQ� KDHPRJORELQ� DQG�
KDHPDWRFULW� ZHUH� VLJQL¿FDQWO\� FRUUHODWHG� �QHJDWLYHO\�� ZLWK� WKH�
GXUDWLRQ�RI�VXUJHU\��7DEOH�����

7DEOH���(IIHFW�RI�VXUJHU\�GXUDWLRQ

'LVFXVVLRQ
3UH��DQG�SRVWRSHUDWLYH�DQDHPLD�LV�FRPPRQ�LQ�DEGRPLQDO�RQFRORJLFDO�
VXUJHU\�� 0RVW� SDWLHQWV� DUH� VXEMHFW� WR� DOORJHQHLF� WUDQVIXVLRQ� ZKHQ�
H[FHVVLYH� EORRG� ORVV� RFFXUV� DQG�RU� ZKHQ� WKHLU� YLWDO� VLJQV� DUH�
WKUHDWHQHG��7R�GDWH��WKH�OLWHUDWXUH�VKRZV�WKDW�WUDQVIXVLRQ�LV�DVVRFLDWHG�
ZLWK� D� KLJKHU� PRUWDOLW\� UDWH�� D� ORQJHU� KRVSLWDO� VWD\� DQG� LQFUHDVHG�
PRUELGLW\� �9LQFHQW� HW� DO��� ������� ,Q� WKH� SUHVHQW� VWXG\�� WUDQVIXVHG�
SDWLHQWV� SHU� DQG� SRVWRSHUDWLYHO\� ZHUH� H[FOXGHG� IURP� VWDWLVWLFDO�
DQDO\VLV�DV�WKLV�FRXOG�DOWHU�UHWLFXORF\WH�SURGXFWLRQ��+DOYRUVHQ��+DJD��
	�%HFKHQVWHHQ���������7KH\�ZHUH�PRVWO\�WUDQVIXVHG�GXULQJ�VXUJHU\�
DQG�WKH�¿UVW�GD\�SRVWRSHUDWLYHO\��

7KH�SRVVLELOLW\�WKDW�123�FDQ�VWLPXODWH�WKH�SURGXFWLRQ�RI�UHWLFXORF\WHV�
DQG� UHG� EORRG� FHOOV� LV� VWLOO� XQGHU� GHEDWH�� %DOHVWUD� �%DOHVWUD� 	�
*HUPRQSUH�� ������ VXJJHVWHG� WKDW� ����2��PLJKW� EH� WKH� WKUHVKROG�
FRQFHQWUDWLRQ�RI� R[\JHQ� WR� WULJJHU� WKH�123��7KH� DGPLQLVWUDWLRQ�RI�
�����R[\JHQ�KDV�\LHOGHG�FRQWUDGLFWLQJ�UHVXOWV��,Q�RXU�VWXG\��ZH�FKRVH�
DQ�LQWHUPHGLDWH�FRQFHQWUDWLRQ�RI�LQVSLUHG�2��������LQ�RUGHU�WR�WU\�WR�

GHWHUPLQH�DQ�HIIHFWLYH�JUDGLHQW�RI�R[\JHQ��

$Q�LQFUHDVH�LQ�DEVROXWH�UHWLFXORF\WH�FRXQWV�ZDV�REVHUYHG�LQ�DOO�JURXSV��
7KLV� HIIHFW� FRXOG� SUREDEO\� EH� DWWULEXWHG� WR� SHURSHUDWLYH� R[\JHQ�
DGPLQLVWUDWLRQ� �)L2�� ��������� WKHQ� IROORZHG� E\� D� GHFUHDVH� LQ� WKH�
FRQFHQWUDWLRQ�RI�2��EUHDWKHG�DW�WKH�HQG�RI�VXUJHU\���,Q�RWKHU�ZRUGV��DQ�
XQDYRLGDEOH��UHODWLYH�K\SR[LD�ZDV�DGPLQLVWHUHG�WR�DOO�VXEMHFWV�DFURVV�
WKH� JURXSV�� DV� GLFWDWHG� E\� VXUJLFDO� SURWRFRO�� +RZHYHU�� ZLWKLQ� WKH�
JURXSV��WKH�PHDQ�SHUFHQWDJH�FKDQJH�IURP�EDVHOLQH�WR�GD\����'���LQ�
UHWLFXORF\WH�FRXQWV�ZDV�RQO\�VWDWLVWLFDOO\�VLJQL¿FDQW�LQ�WKH�123�DQG�
123�1$&�JURXSV��7DEOH�����7KLV�OHDGV�XV�WR�EHOLHYH�WKDW�UHSHDWHG�
UHODWLYH�K\SR[LD�EURXJKW�DERXW�VRPH�FKDQJHV��7KH�R[\JHQ�JUDGLHQW�
LQGXFHG�LV�PRVW�SUREDEO\�EHKLQG�WKLV�REVHUYHG�WUHQG�VLQFH�LQ�WKHVH�WZR�
JURXSV�DQG�GXULQJ�WKH�SRVWRSHUDWLYH�SHULRG�WKH�����R[\JHQ�YDULDWLRQ�
�)L�2������WR�)L2�������ZDV�PXFK�ELJJHU�WKDQ�WKDW�LQ�WKH�FRQWURO�
JURXS� ������� �+RZHYHU��ZH�GLG�QRW�QRWLFH� D� VLJQL¿FDQW�GLIIHUHQFH�
EHWZHHQ�JURXSV��DV�ZH�SRVWXODWHG�EHIRUH�WKDW�1$&�FRXOG�SRVLWLYHO\�
LQÀXHQFH� WKH� 123�1$&� JURXS�� $QRWKHU� K\SRWKHVLV� LV� WKDW� WKH�
123�1$&�JURXS�FRXOG�EH�LQÀXHQFHG�E\�WKH�VOLJKW�HOHYDWHG�EDVHOLQH�
UHWLFXORF\WH�FRXQWV��DOWKRXJK�QR�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�ZDV�
REVHUYHG�

7KLV�UHVXOW�LV�LQ�DJUHHPHQW�ZLWK�WKDW�RI�=HPEURQ�WULDO��=HPEURQ�/DFQ\�
HW� DO��� ������� 7KH\� QRWHG� WKDW� D� GDLO\� LQWDNH� ������ PJ�� RI� 1$&�
DXJPHQWHG�(32��KDHPRJORELQ�DQG�KDHPDWRFULW�VLJQL¿FDQWO\��DV�ZHOO�
DV�GLPLQLVKLQJ�UHWLFXORF\WHV�FRXQWV��7KH\�VXJJHVWHG�WKDW�1$&��E\�ZD\�
RI�UHGXFLQJ�+�2���FRXOG�ERWK�LQGXFH�(32�JHQH�H[SUHVVLRQ�DQG�LQKLELW�
JHQH�WUDQVFULSWLRQ��$QRWKHU�FOLQLFDO�WULDO�HYDOXDWHG�WKH�HIIHFW�RI�1$&�
DQG�K\SHUR[LD�RQ�(32�SURGXFWLRQ�LQ�KHDOWK\�VXEMHFWV��$�VLQJOH�1$&�
GRVH������PJ��SHU�GD\�ZDV�DGPLQLVWHUHG�WR�VXEMHFWV�EUHDWKLQJ������
R[\JHQ� IRU� ��� PLQXWHV�� 2QFH� DJDLQ�� DQ� (32� HOHYDWLRQ� ZDV� QRWHG�
ZLWKRXW�D�VLJQL¿FDQWO\�DXJPHQWHG�KDHPRJORELQ�OHYHO�VLQFH�WKH�IROORZ�
XS�SHULRG�ZDV�OLPLWHG�WR�IRXUW\�HLJKW�KRXUV��0RPHQL�HW�DO����������7KH�
K\SRWKHVLVHG�HIIHFW�RI�1$&�RQ�(32�SURGXFWLRQ�ZDV�GHULYHG�IURP�WKH�
123�LQWUDFHOOXODU�PHFKDQLVP��+DGGDG���������

7KH�FRQWURO�JURXS�GLG�QRW�VKRZ�DQ\�VLJQL¿FDQW�UHWLFXORF\WH�HOHYDWLRQ�
RQH�ZHHN�DIWHU� VXUJHU\��$� VLPLODU� UHVXOW�ZDV� DOVR�REVHUYHG�E\�9DQ�
,SHUHQ�HW�DO� �YDQ�,SHUHQ��%LHVPD��YDQ�GH�:LHO��	�0DU[��������DQG�
/DIHUH�HW�DO��/DIHUH�HW�DO���������ZKHUH�D�VPDOO��QRQ�VLJQL¿FDQW�LQFUHDVH�
LQ�UHWLFXORF\WH�FRXQW�RQH�ZHHN�DIWHU�VXUJHU\�ZDV�REVHUYHG��$QRWKHU�
IDFWRU� WKDW� FRXOG� LPSDFW� WKH� LQFUHDVH� LQ� UHWLFXORF\WH� FRXQW� LV� WKH�
LQÀDPPDWRU\�UHDFWLRQ�LQGXFHG�E\�VXUJHU\��7KLV�LQÀDPPDWRU\�UHDFWLRQ�
LV�WKRXJKW�WR�LQFUHDVH�KHSFLGLQ�V\QWKHVLV��DQ�LURQ�UHJXODWRU\�SHSWLGH�
�9HUJD�)DO]DFDSSD�HW�DO����������7KLV�ZLOO�PDNH�LURQ�OHVV�DYDLODEOH�WR�
SURPRWH�DQ�LQFUHDVH�LQ�UHWLFXORF\WH�FRXQW�DQG�FRQVHTXHQWO\�LPSDFW�WKH�
DFWLRQ�RI�(32��3DN��/RSH]��*DED\DQ��*DQ]��	�5LYHUD���������,Q�WKH�
SUHVHQW�VWXG\��WKHVH�WZR�PHFKDQLVPV�FRXOG�LQÀXHQFH�RXU�UHVXOWV�LQ�D�
GLIIHUHQW�ZD\� VLQFH�ZH� GR� QRW� KDYH� D� FRQWURO� RQ� WKH� LQÀDPPDWRU\�
SURFHVV�
�
,Q�RXU�VWXG\��WKH�SHUFHQWDJH�RI�FKDQJH�IURP�EDVHOLQH�LQ�KDHPRJORELQ�
DQG� KDHPDWRFULW�ZHUH� VLJQL¿FDQWO\� FRUUHODWHG� �QHJDWLYHO\��ZLWK� WKH�
GXUDWLRQ�RI�VXUJHU\��,Q�IDFW��WKH�PRUH�WKH�GXUDWLRQ�ZDV�WKH�PRUH�WKH�
SDWLHQWV� ZHUH� H[SRVHG� WR� R[\JHQ��:H� FDQ� DVVXPH� IURP�ZKDW� ZDV�
SUHYLRXVO\�SXEOLVKHG�� WKDW�JLYLQJ� WRR�PXFK�R[\JHQ�ZLOO�EOXQW�(32�
V\QWKHVLV�IRU�D�ZKLOH�DQG�WKXV�FRPSURPLVH�UHWLFXORF\WH�SURGXFWLRQ��'H�
%HOV�HW�DO���������'H�%HOV�HW�DO���������5HYHOOL�HW�DO���������

,Q� WKH� SUHVHQW� VWXG\�� UHQDO� IXQFWLRQ� ZDV� QRW� DOWHUHG� DQG� ZDV� ZHOO�
EDODQFHG�DFURVV�WKH�WKUHH�WUHDWPHQW�JURXSV��7KXV��LW�LV�QRW�OLNHO\�WR�KDYH�
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DEVHQFH�RI�D�VLJQL¿FDQW�YDULDWLRQ�LQ�KDHPRJORELQ�OHYHOV�
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DV�WKRXJKW�LW�ZDV�D�SLORW�VWXG\�DQG�WKXV�QR�VXI¿FLHQW�SRZHU�WR�PDNH�D�
GH¿QLWLYH� FRQFOXVLRQ�� +RZHYHU�� RXU� GDWD� FDQ� FHUWDLQO\� EH� XVHG� WR�
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ZHOO�DV�WKH�PDJQLWXGH�RI�WKH�R[\JHQ�JUDGLHQW�
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