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1HZ�'UXJV�&RUQHU 
 
$YDFRSDQ 
02$��&RPSOHPHQW��D�UHFHSWRU�
�&�D5��DQWDJRQLVW� 
,QGLFDWLRQ��$GMXQFWLYH�WUHDWPHQW�RI�
DQWL-QHXWURSKLO�F\WRSODVPLF�DXWRDQWL�
ERG\��$1&$�-DVVRFLDWHG�YDVFXOLWLV� 
 
3LORFDUSLQH�K\GURFKORULGH�RSKWKDO�
PLF�VROXWLRQ 
02$��&KROLQHUJLF�PXVFDU LQLF�UH�
FHSWRU�DJRQLVW� 
,QGLFDWLRQ��7UHDWPHQW�RI�SUHVE\R�
SLD��DJH-UHODWHG�EOXUU\�QHDU�YLVLRQ��� 
 
$VFLPLQLE� 
02$��7\URVLQH�NLQDVH�LQKLELWRU � 
,QGLFDWLRQ��7UHDWPHQW�RI�SDWLHQWV�
ZLWK�3KLODGHOSKLD�FKURPRVRPH-
SRVLWLYH�FKURQLF�P\HORLG�OHXNHPLD�
�3K��&0/��� 
 
5RSHJLQWHUIHURQ�DOID-�E-QMIW 
02$��,QWHU IHURQ�DOID-�E� 
,QGLFDWLRQ��7UHDWPHQW�RI�DGXOWV�
ZLWK�SRO\F\WKHPLD�YHUD�� 
 
9RVRULWLGH� 
02$��&�W\SH�QDWU LXUHWLF�SHSWLGH�
�&13��DQDORJXH� 
,QGLFDWLRQ��7R�LQFUHDVH�OLQHDU �
JURZWK�LQ�SHGLDWULF�SDWLHQWV�ZLWK�
DFKRQGURSODVLD� 
 
0DULEDYLU� 
02$��&\WRPHJDORYLUXV��&09��
S8/���NLQDVH�LQKLELWRU� 
,QGLFDWLRQ��7UHDWPHQW�RI�SRVW-
WUDQVSODQW�&09�LQIHFWLRQ�GLVHDVH� 
 

5HIHUHQFH��86)'$ 

'HDU�5HDGHUV�� 
7KH�SXUSRVH�RI�WKLV�EXOOHWLQ�LV�WR�GLVVHPLQDWH�VRPH��LPSRUWDQW�LQIRUPDWLRQ�UHODWHG�WR�GUXJV�DQG�PHGLFDO�GHYLFHV�OLNHO\�WR�EH�
RI�LQWHUHVW�WR�HYHU\RQH��LQYROYHG�GLUHFWO\�RU�LQGLUHFWO\��LQ�SDWLHQW�FDUH��7KH�FXUUHQW�LVVXH�KLJKOLJKWV�UHFHQW�GUXJ�DSSURYDOV��
SKDUPDFRPHWDERORPLFV��DQWLPLFURELDO�UHVLVWDQFH�DQG�IHZ�LQWHUHVWLQJ�SRWHQWLDO�SUHFOLQLFDO�UHVHDUFK��)HHGEDFN�DQG�VXJJHV�
WLRQV��LI�DQ\��PD\�EH��VHQW��DW�HPDLO�,G��WKHSLOOER[DIPF#JPDLO�FRP�� 

3KDUPDFRPHWDERORPLFV� 

3KDUPDFRPHWDERORPLFV�RU�SKDUPDFRPHWDERQRPLFV�LV�WKH�VWXG\�RI�KRZ�

GLIIHUHQFHV� LQ�PHWDEROLWHV� LQ� DQ� LQGLYLGXDO� RU� VXEVHW� RI� WKH� SRSXODWLRQ�

FDQ�EH�XVHG�WR�SUHGLFW�WKHLU�YDULHG�UHVSRQVHV�WR�D�GUXJ�RU�PHGLFDO�LQWHU�

YHQWLRQ��7KH�FRQFHSW�EHKLQG�SKDUPDFRPHWDERORPLFV�LV�WKH�WKDW�DQ�LQGL�

YLGXDO¶V� PHWDEROLF� SURILOH� LV� UHODWHG� WR� WKHLU� KHDOWK-WR-GLVHDVH� VWDWXV��

ZKLFK�KDV�EHHQ�UHIHUUHG�WR�DV�WKHLU�³PHWDERW\SH´��*HQHWLFV��JHQGHU��JXW�

PLFURIORUD�� QXWULWLRQ�� DJH�� KHDOWK� VWDWXV�� RU� RWKHU� HQYLURQPHQWDO� IDFWRUV�

PD\�LPSDFW�WKH�PHWDEROLF�SURILOH�RI�DQ�LQGLYLGXDO�DQG�LQIOXHQFH�WKH�LQ�

GLYLGXDO�UHVSRQVH�WR�SKDUPDFHXWLFDO�FRPSRXQGV��$V�VXFK��PHWDERORPLFV�

SURILOHV� REWDLQHG� SULRU�� GXULQJ� RU� DIWHU� D� GUXJ� RU�PHGLFDO� LQWHUYHQWLRQ�

FDQ�SURYLGH�SUHGLFWLYH��SURJQRVWLF�� DQG�SKDUPDFRG\QDPLF� UHVSRQVH�EL�

RPDUNHUV�WR�D�GUXJ�RU�PHGLFDO�LQWHUYHQWLRQ��7KH�SKDUPDFRPHWDERORPLFV�

GDWD�PD\�DLG�XQGHUVWDQGLQJ�RI�YDULHG�GUXJ�UHVSRQVHV��L�H��UHVSRQGHUV�YV�

QRQ-UHVSRQGHUV��� EH� XVHG� WR� LQ� SUHFLVLRQ� PHGLFLQH� WR� GHWHUPLQH� GUXJ�

GRVH� OHYHOV�RU�VSHFLILF�GUXJV� WR�SUHVFULEH�IRU�DQ� LQGLYLGXDO��SURYLGH�EL�

RPDUNHUV�UHODWHG�WR�GUXJ�HIILFDF\�RU�WR[LFLW\�HIIHFWV�DQG��RIWHQ�VLPXOWD�

QHRXVO\�� SURYLGH� SKDUPDFRNLQHWLFV� LQIRUPDWLRQ� PDNLQJ� SKDUPD�

FRPHWDERORPLFV�YDOXDEOH�IRU�SUHFLVLRQ�PHGLFLQH�� 

,QGLYLGXDO�GUXJ-UHVSRQVH�SUHGLFWLRQ –�,W�LQYROYHV�FUHDWLQJ�D�SRSXODWLRQ

-EDVHG�GUXJ-UHVSRQVH�FXUYH�DJDLQVW�D�SDUWLFXODU�GLVHDVH�XVLQJ�VDPSOHV�

FROOHFWHG�EHIRUH�DQG�DIWHU�WKH�GUXJ�WUHDWPHQW��7KH�PHWDEROLF�SURILOLQJ�LV�

SHUIRUPHG�RQ�VDPSOHV�VHOHFWHG�IURP�WKH�HQGV�RI�WKH�FXUYH��KLJK�UH�

VSRQGHUV�RU�ORZ�UHVSRQGHUV��RU�DFURVV�WKH�FXUYH��JHQHUDO�UHVSRQGHUV���

%RWK�WDUJHWHG�DQG�QRQ-WDUJHWHG�PHWDERORPLFV�WRROV�DUH�XVHG�WR�GHILQH�

WKH�PHWDEROLF�µVLJQDWXUH¶�RI�GUXJ�WUHDWPHQW�LQGLFDWLQJ�WKH�GUXJ-LQGXFHG�

FKDQJHV�LQ�PHWDEROLWHV�DQG�PHWDEROLF�SDWKZD\V��FHOOXODU�SKHQRW\SH��

WKDW�DUH�DVVRFLDWHG�ZLWK�WKH�GUXJ-UHVSRQVH� 

(YDOXDWLRQ�RI�GUXJ-UHVSRQVH�YDULDELOLW\ –�7KH�LQWHUSOD\�EHWZHHQ�SKDU�

PDFRJHQRPLFV�DQG�SKDUPDFRPHWDERORPLFV�LV�D�VLJQLILFDQW�IDFWRU�LQ�

GHFLGLQJ�WKH�GUXJ-UHVSRQVH�SKHQRW\SH�RI�D�SDUWLFXODU�PHGLFDO�FRQGLWLRQ��

7KH�LGHQWLILFDWLRQ�RI�PHWDEROLF�SDWKZD\V�DIIHFWHG�E\�D�VSHFLILF�GUXJ�

WUHDWPHQW�WKURXJK�SKDUPDFRPHWDERORPLFV�DQG�VXEVHTXHQW�DQDO\VLV�RI�

JHQHWLF�YDULDWLRQV�ZLWKLQ�WKHVH�PHWDEROLF�SDWKZD\�FRPSRQHQWV�WKURXJK�

SKDUPDFRJHQRPLFV�FRXOG�SDYH�WKH�ZD\�IRU�SHUVRQDOL]HG�PHGLFLQH�� 

7KH�3LOO�%R[ ,VVXH��)RXUWK��2FW–�'HF����� 

7KH�3LOO�%R[�4XL]���� 
,QVWUXFWLRQV� 
6FDQ�WKH�45�FRGH�WR�JHW�WKH�TXHVWLRQV�
DQG�FRUUHFW�DQVZHUV� 
 
 
 



 

7KH�3LOO�%R[��,VVXH�)RXUWK��2FW-'HF����� 

$QWLPLFURELDO�UHVLVWDQFH��3RWHQWLDO�QHZV� 

 

 $ERXW���������SHRSOH�DUH�HVWLPDWHG�WR�GLH�HYHU\�\HDU�EHFDXVH�RI�DQWLELRWLF�UHVLVWDQW�EDFWHULD��
DQG�WKDW�QXPEHU�LV�H[SHFWHG�WR�ULVH�WR�PLOOLRQV��:LWKRXW�HIIHFWLYH�DQWLELRWLFV��OLIH�H[SHFWDQF\�
LV�SUHGLFWHG�WR�GURS�E\����\HDUV��)HZ�SRWHQWLDO�UHVHDUFK�LQ�WKH�ILHOG�DUH�PHQWLRQHG�EHORZ�- 

$QWLELRWLF�UHVLVWDQFH�RXWZLWWHG�E\�VXSHUFRPSXWHUV 
 

$�PXOWL-SURQJHG�FRPSXWHU-JXLGHG�VWUDWHJ\�XVHG�WR�PDNH�D�QHZ�DQWLELRWLF�IURP�DQ�H[LVWLQJ�RQH�ZKLFK�EDFWHULD�KDYH�GHYHORSHG�

UHVLVWDQFH��7KH�VWUDWHJ\�LV�WR�VLPXODWH�PDQ\�DVSHFWV�RI�D�UHGHVLJQHG�DQWLELRWLF�DW�WKH�VDPH�WLPH��LQFOXGLQJ�KRZ�VROXEOH�LW�LV��

KRZ�HIIHFWLYH�LW�LV�DW�HQWHULQJ�LQWR�WKH�EDFWHULD��DQG�KRZ�HIILFLHQW�LW�LV�DW�EORFNLQJ�WKHLU�SURWHLQ�SURGXFWLRQ��8VLQJ�D�FRPSXWD�

WLRQDO�DSSURDFK�PDNHV�WKH�GHYHORSPHQW�RI�QHZ�DQWLELRWLF�GHULYDWLYHV�IDVWHU�DQG�FKHDSHU��DQG�SUHGLFWLQJ�ZKHWKHU�D�FKHPLFDO�

FRPSRXQG�LV�JRLQJ�WR�EH�DFWLYH�EHIRUH�LW�LV�V\QWKHVL]HG�DOVR�UHGXFHV�FKDQFHV�RI�IDLOXUH� 

5HIHUHQFH��*HUKDUG�.|QLJ��3DQGLDQ�6RNNDU��1LFODV�3U\N��HW�DO��5DWLRQDO�SULRULWL]DWLRQ�VWUDWHJ\�DOORZV�WKH�GHVLJQ�RI�PDFUROLGH�
GHULYDWLYHV�WKDW�RYHUFRPH�DQWLELRWLF�UHVLVWDQFH� 3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV������������������ 

3RWHQWLDO�WHVW�GHWHUPLQHV�DQWLELRWLF�UHVLVWDQFH�LQ�OHVV�WKDQ����PLQXWHV 
 

$�WHFKQLTXH�WKDW�PHDVXUHV�WKH�PHWDEROLF�DFWLYLW\�RI�EDFWHULD�ZLWK�DQ�HOHFWULF�SUREH�FDQ�LGHQWLI\�DQWLELRWLF�UHVLVWDQFH�LQ�OHVV�

WKDQ����PLQXWHV��7KLV�WHFKQLTXH�FDQ�SURYLGH�TXLFNO\�ZKLFK�DQWLELRWLFV�ZLOO�RU�ZRQ
W�ZRUN�IRU�D�SDWLHQW
V�OLIH-WKUHDWHQLQJ�LQ�

IHFWLRQ��7KH�EDFWHULD�WKDW�DUH�VWLOO�PHWDEROL]LQJ�DQG��EUHDWKLQJ��DIWHU�DQWLELRWLF�WUHDWPHQW�DUH�FRQVLGHUHG�UHVLVWDQW��3UHYLRXV�

DWWHPSWV�WR�PHDVXUH�WKH�HOHFWURFKHPLFDO�DFWLYLW\�RI�EDFWHULD�KDG�EHHQ�OLPLWHG�EHFDXVH�PRVW�EDFWHULDO�VSHFLHV�DUH�QRW�FDSDEOH�

RI�WUDQVIHUULQJ�HOHFWURQV�GLUHFWO\�WR�DQ�HOHFWURGH��7KH�UHVHDUFKHUV�DGGHG�D�FKHPLFDO�PHGLDWRU�WR�WKHLU�DVVD\��ZKLFK�DFWHG�DV�D�

VKXWWOH�� WDNLQJ�WKH�HOHFWURQV�IURP�WKH�VXUIDFH�SURWHLQV�RI�WKH�EDFWHULD�DQG�PRYLQJ�WKHP�WR�WKH�UHVHDUFKHUV
�HOHFWURGH��ZKHUH�

WKH�HOHFWULF�VLJQDO�FDQ�EH�PHDVXUHG�� 
 
5HIHUHQFH��*UHWFKHQ�7LEELWV��$EGHOUKPDQ�0RKDPHG��'RXJODV�5��&DOO��HW�DO� 5DSLG�GLIIHUHQWLDWLRQ�RI�DQWLELRWLF-VXVFHSWLEOH�
DQG�-UHVLVWDQW�EDFWHULD�WKURXJK�PHGLDWHG�H[WUDFHOOXODU�HOHFWURQ�WUDQVIHU� %LRVHQVRUV�DQG�%LRHOHFWURQLFV��������������� 

*ROG�WR�UHGXFH�DQWLELRWLF�UHVLVWDQFH 
 

$FFRUGLQJ�WR�D�UHFHQWO\�SXEOLVKHG�VWXG\��JROG�QDQRFOXVWHUV��HDFK�PDGH�XS�RI�DERXW����DWRPV�RI�JROG��FDQ�WDUJHW�DQG�GLVUXSW�

EDFWHULDO�FHOOV��PDNLQJ�WKHP�PRUH�VXVFHSWLEOH�WR�VWDQGDUG�DQWLELRWLF�WUHDWPHQWV��,Q�WKH�VWXG\��UHVHDUFKHUV�WHVWHG�WKUHH�DQWLELRW�

LFV�IURP�GLIIHUHQW�FODVV�DJDLQVW�PHWKLFLOOLQ�UHVLVWDQW�6WDSK\ORFRFFXV�HSLGHUPLGLV��056(��ZLWK�DQG�ZLWKRXW�WKH�JROG�QDQRFOXV�

WHUV��� 7KHUH� ZDV� DQ� LPSURYHG� DQWLPLFURELDO� HIIHFW� LQ� FDVHV� ZKHUH� WKH� DQWLELRWLF� ZDV� XVHG� LQ� FRPELQDWLRQ� ZLWK� WKH� JROG�

QDQRFOXVWHUV��ZLWK����-IROG�GHFUHDVH�LQ�WKH�DPRXQW�RI�DQWLELRWLF�QHHGHG�WR�LQKLELW�JURZWK�RI�056(� 

5HIHUHQFH��=H\DQJ�3DQJ��4L]KHQ�/L��<XH[LDR�-LD��HW�DO��&RQWUROOLQJ�WKH�S\ULGLQLXP–]ZLWWHULRQLF�OLJDQG�UDWLR�RQ�DWRPLFDOO\�
SUHFLVH�JROG�QDQRFOXVWHUV�DOORZLQJ�IRU�HUDGLFDWLQJ�*UDP-SRVLWLYH�GUXJ-UHVLVWDQW�EDFWHULD�DQG�UHWDLQLQJ�ELRFRPSDWLELO�
LW\� &KHPLFDO�6FLHQFH������� 

7HODSUHYLU�LQFUHDVHV�DQWLELRWLF�SRWHQF\��OLPLWV�DQWLELRWLF�UHVLVWDQFH 
 

7HODSUHYLU��DSSURYHG�E\�WKH�)'$�WR�WUHDW�KHSDWLWLV�&��KDV�VKRZQ�WR�LQKLELW�FKDSHURQH�IXQFWLRQ�LQ�EDFWHULD��'XH�WR�WKHLU�FULWLFDO�

UROH�LQ�IROGLQJ�SURWHLQV�DQG�SURWHLQ�PLVIROG�OHDGLQJ�WR�WR[LFLW\�LQ�WKH�FHOO��FKDSHURQHV�DUH�WKH�WDUJHWV�RI�RQJRLQJ�GUXJ�GLVFRY�

HU\�UHVHDUFK��,Q�UHFHQW�VWXG\��WKH�UHVHDUFKHUV�GHPRQVWUDWHG�WKDW�WHODSUHYLU�ELQGV�WR�P\FREDFWHULDO�FKDSHURQHV�DQG�EORFNV�WKHLU�

DELOLW\�WR�IROG�SURWHLQV��7KLV�PDGH�WKH�P\FREDFWHULD�PRUH�VHQVLWLYH�WR�DQWLELRWLFV��LQFOXGLQJ�VWUHSWRP\FLQ��D�FRPPRQO\�SUH�

VFULEHG�WXEHUFXORVLV�GUXJ��&KDSHURQHV�FDQ�DOVR�VWDELOL]H�WKH�SURWHLQV�LQ�WKH�FHOO�WKDW�FDXVH�DQWLELRWLF�UHVLVWDQFH��VR�XVLQJ�

WHODSUHYLU�WR�EORFN�FKDSHURQH�IXQFWLRQ�ORZHUHG�P\FREDFWHULD
V�UHVLVWDQFH�DJDLQVW�WKH�ILUVW-OLQH�WXEHUFXORVLV�GUXJ�ULIDPSLFLQ� 

 
5HIHUHQFH��-RUGDQ�+RVIHOW��$ZHRQ�5LFKDUGV��0HQJ�=KHQJ��HW�DO��$Q�DOORVWHULF�LQKLELWRU�RI�EDFWHULDO�+VS���FKDSHURQH�SRWHQWL�
DWHV�DQWLELRWLFV�DQG�PLWLJDWHV�UHVLVWDQFH� &HOO�&KHPLFDO�%LRORJ\������� 



³,W�LV�QRW�GLIILFXOW�WR�PDNH�PLFUREHV�UHVLVWDQW�WR�SHQLFLOOLQ�LQ�WKH�ODERUDWRU\�E\�H[SRVLQJ�WKHP�WR�FRQFHQWUDWLRQV�QRW�VXIILFLHQW�WR�
NLOO�WKHP��DQG�WKH�VDPH�WKLQJ�KDV�RFFDVLRQDOO\�KDSSHQHG�LQ�WKH�ERG\��7KH�WLPH�PD\�FRPH�ZKHQ�SHQLFLOOLQ�FDQ�EH�ERXJKW�E\�DQ\RQH�
LQ�WKH�VKRSV��7KHQ�WKHUH�LV�WKH�GDQJHU�WKDW�WKH�LJQRUDQW�PDQ�PD\�HDVLO\�XQGHUGRVH�KLPVHOI�DQG�E\�H[SRVLQJ�KLV�PLFUREHV�WR�QRQ-

OHWKDO�TXDQWLWLHV�RI�WKH�GUXJ�PDNH�WKHP�UHVLVWDQW�´������$OH[DQGHU�)OHPLQJ������� 

7KH�3LOO�%R[��,VVXH�)RXUWK��2FW-'HF����� 

$QWLPLFURELDO�DJHQWV��$�JOLPSVH 

  2UJDQLVP 3UHIHUUHG�GUXJ 

*UDP���FRFFL  

6WUHSWRFRFFXV 
-6��SQHXPRQLD 
-+HPRO\WLF�JURXSV�$��%��&��* 
-6��YLULGDQV 

 
-3HQLFLOOLQ�* 
-3HQLFLOOLQ�* 
-3HQLFLOOLQ�* 

6WDSK\ORFRFFXV 
-1RQ�SHQLFLOOLQDVH�SURGXFLQJ 
-3HQLFLOOLQDVH�SURGXFLQJ 
 
 
-0HWKLFLOOLQ�UHVLVWDQW��056$� 
-&RDJXODVH�QHJDWLYH 

 
-3HQLFLOOLQ�* 
-3HQLFLOOLQDVH�UHVLVWDQW�
SHQLFLOOLQ��FOR[D��R[D��QDI�
RU�GLFOR[DFLOOLQ� 
-9DQFRP\FLQ 
-9DQFRP\FLQ 

(QWHURFRFFXV 
-)DHFDOLV 
-)DHFLXP 

 
-$PSLFLOOLQ 
-9DQFRP\FLQ 

*UDP���EDFLOOL  

$FWLQRP\FHV 3HQLFLOOLQ�* 

%DFLOOXV�LQFOXGLQJ�DQWKUD[ 3HQLFLOOLQ�* 

&ORVWULGLXP 3HQLFLOOLQ�* 

&RUQ\EDFWHULXP (U\WKURP\FLQ���)RU�&��
MHLNLXP��YDQFRP\FLQ�LV�
'2&� 

7UHSRQHPD��SDOOLGXP��SHUWHQXH� 
 

3HQLFLOOLQ�* 

6SLURFKHWHV  

/LVWHULD $PSLFLOOLQ 

/HSWRVSLUD 3HQLFLOOLQ�* 

%RUUHOLD��EXUJGRUIHUL��UHFXUUHQWLV� 'R[\F\FOLQH 

&KODP\GLDH  

-&��SVLWWDFL 
-&��WUDFKRPDWLV 
-&��SQHXPRQLD 

-'R[\F\FOLQH 
-'R[\F\FOLQH�RU�$]LWKUR 
-'R[\F\FOLQH 

5LFNHWWVLDH 'R[\F\FOLQH 

0\FRSODVPD $]LWKURP\FLQ 

2UJDQLVP 3UHIHUUHG�GUXJ 

*UDP�-�FRFFL  

1HLVVHULD 
-0HQLQJLWLGLV 
-*RQRUUKDH 

 
-3HQLFLOOLQ�* 
-&HIWULD[RQH��$]LWKURP\FLQ��
'R[\F\FOLQH 

0RUD[HOOD &HIXUR[LPH 

*UDP�-�EDFLOOL  

&DPS\OREDFWHU��/H�
JLRQHOOD��%RUGHWHOOD 

0DFUROLGHV 

%UXFHOOD 'R[\F\FOLQH���5LIDPSLFLQ 

$FLQHWREDFWHU &DUEDSHQHPV 

+HPRSKLOXV 
-6HULRXV�LQIHFWLRQV�OLNH�
PHQLQJLWLV 
-5HVSLUDWRU\�LQIHFWLRQV��
RWLWLV 
-'XFUH\L��FKDQFURLG� 

 
-&HIWULD[RQH 
 
-$PSLFLOOLQ-VXOEDFWDP 
 
-$]LWKURP\FLQ 

3UHYRWHOOD &OLQGDP\FLQ 

%XUNKROGHULD 
-0DOOHL��JODQGHUV� 
-3VHXGRPDOOHL�
�PHOLRLGRVLV� 
-&HSDFLD 

 
-6WUHSWRP\FLQ�7HWUDF\FOLQH 
-&HIWD]LGLPH 
 
-&RWULPR[D]ROH 

9LEULR��FKROHUD��VHSVLV� 7HWUDF\FOLQHV 

(QWHUREDFWHULDFHDH 
-6DOPRQHOOD 
-(��FROL�87, 
-(��FROL�VHSVLV 
-.OHEVLHOOD 
-3URWHXV�YXOJDULV 
-3URWHXV�PLUDELOLV 
-(QWHUREDFWHU 
-6HUUDWLD 
-6KLJHOOD 
-<HUVLQLD��SODJXH� 

 
-&HIWULD[RQH 
-1LWURIXUDQWRLQ��)RVIRP\FLQ 
-&HIWULD[RQH 
-&HIWULD[RQH 
-&HIWULD[RQH 
-$PSLFLOOLQ 
-&DUEDSHQHPV 
-&DUEDSHQHPV 
-)OXRURTXLQRORQHV 
-6WUHSWRP\FLQ���7HWUDF\FOLQHV 

1RFDUGLD &RWULPR[D]ROH 

'UXJV�HIIHFWLYH�DJDLQVW�DQDHURELF�RUJDQLVPV��&OLQGDP\FLQ��&HIRWHWDQ��&HIPHWD]ROH��&HIR[LWLQ��&KORUDPSKHQLFRO��0HWUR�
QLGD]ROH��0R[LIOR[DFLQ��9DQFRP\FLQ� 

'UXJV�HIIHFWLYH�DJDLQVW�SVHXGRPRQDV��&DUEHQLFLOOLQ��7LFDUFLOOLQ��3LSHUDFLOOLQ��$]ORFLOOLQ��0H]ORFLOOLQ��,PLSHQHP��'RU�
LSHQHP��0HURSHQHP��$]WUHRQDP��&HIWD]LGLPH��&HIRSHUD]RQH��0R[DODFWDP��&HIHSLPH��&HISLURPH��&LSURIOR[DFLQ��/HYRIOR[DFLQ��
&ROLVWLQ��3RO\PL[LQ�%��$PLQRJO\FRVLGHV 

'UXJV�HIIHFWLYH�DJDLQVW�056$��9DQFRP\FLQ��2U LWDYDQFLQ��'DOEDYDQFLQ��/LQH]ROLGH��&RWU LPR[D]ROH��7HLFRSODQLQ��7HOD�
YDQFLQ��6WUHSWRJUDPLQV��'DSWRP\FLQ��5LIDPSLFLQ���WK�JHQHUDWLRQ�FHSKDORVSRULQV� 



 

͞0HGLFLQH�LV�D�VFLHQFH�RI�XQFHUWDLQW\�DQG�DQ�DUW�RI�SUREDELOLW\´���:LOOLDP�2VOHU 

7KH�3LOO�%R[��,VVXH�)RXUWK��2FW-'HF����� 

3RWHQWLDO�PROHFXOHV 

&RPSRXQG�����SURYLGHV�LQQRYDWLYH�SDLQ�UHOLHI 

1HUYH�FHOOV��RU�QHXURQV��XVH�HOHFWULFDO�FXUUHQWV�WR�VHQG�VLJQDOV�WR�WKH�EUDLQ�DQG�WKURXJKRXW�WKH�ERG\��DQG�VRGLXP�LRQ�FKDQ�

QHOV�DUH�YLWDO�WR�D�FHOO
V�DELOLW\�WR�JHQHUDWH�WKRVH�HOHFWULFDO�FXUUHQWV��:KHQ�D�QHXURQ�LV�VWLPXODWHG��WKH�1D9����FKDQQHO�

RSHQV�DQG�DOORZV�SRVLWLYHO\�FKDUJHG�VRGLXP�LRQV�WR�FURVV�WKH�FHOO�PHPEUDQH�DQG�HQWHU�WKH�SUHYLRXVO\�QHJDWLYHO\�FKDUJHG�

FHOO��7KH�FKDQJH�LQ�FKDUJH�DFURVV�WKH�FHOO�PHPEUDQH�JHQHUDWHV�DQ�HOHFWULFDO�FXUUHQW��ZKLFK�LQFUHDVHV�WKH�H[FLWDELOLW\�RI�WKH�

QHXURQ�DQG�VHWV�LQ�PRWLRQ�D�FDVFDGH�RI�HYHQWV�WKDW�OHDGV�WR�SDLQ� 

&ROODSVLQ�UHVSRQVH�PHGLDWRU�SURWHLQ����&503����DQG�DQ�HQ]\PH��8EF���WKDW�ERWK�SOD\�D�UROH�LQ�1D9����DFWLYDWLRQ��&50�

3��LV�D�SURWHLQ�WKDW�ELQGV�WR�1D9����DQG�WUDQVSRUWV�LW�WR�WKH�FHOO�PHPEUDQH��ZKHUH�VRGLXP�LRQV�DUH�WKHQ�WUDQVIHUUHG�LQWR�WKH�

FHOO��8EF��LV�DQ�HQ]\PH�WKDW�WDJV�&503��ZLWK�DQRWKHU�SURWHLQ�--�D�VPDOO�XELTXLWLQ-OLNH�PRGLILHU�SURWHLQ�--�WR�VSHFLILFDOO\�

GLUHFW�FRQWURO�RI�1D9�����7KH�FRPSRXQG�����GLUHFWO\�UHJXODWH�WKH�DFWLYLW\�RI�1D9����E\�EORFNLQJ�8EF��IURP�LQWHUDFWLQJ�

ZLWK�&503�������������������������������������������������������������������������������������������������������������������������������������������������������������������������

5HIHUHQFH��6RQJ�&DL��$XELQ�0RXWDO��-LH�<X��HW�DO��6HOHFWLYH�WDUJHWLQJ�RI�1D9����YLD�LQKLELWLRQ�RI�WKH�&503�-8EF��LQWHU�

DFWLRQ�UHGXFHV�SDLQ�LQ�URGHQWV� 6FLHQFH�7UDQVODWLRQDO�0HGLFLQH����������������� 

3RWHQWLDO�QHZ�WUHDWPHQW�IRU�$O]KHLPHU¶V�GLVHDVH 

-5HFHQW�VWXGLHV�VKRZQ�WKDW�WKH�LQWHUSOD\�EHWZHHQ�DP\ORLG�DQG�WDX�LV�D�JUHDWHU�FRQWULEXWRU�WR�$O]KHLPHU
V�WKDQ�HLWKHU�E\�

LWVHOI��6LOGHQDILO�LQFUHDVHG�EUDLQ�FHOO�JURZWK�DQG�GHFUHDVHG�K\SHUSKRVSKRU\ODWLRQ�RI�WDX�SURWHLQV��D�KDOOPDUN�ZKLFK�OHDGV�

WR�QHXURILEULOODU\�WDQJOHV���RIIHULQJ�ELRORJLFDO�LQVLJKWV�LQWR�KRZ�VLOGHQDILO�PD\�LQIOXHQFH�GLVHDVH-UHODWHG�EUDLQ�FKDQJHV��

5HVHDUFKHUV�GHWHUPLQHG�WKDW�VLOGHQDILO�LV�DVVRFLDWHG�ZLWK�����UHGXFHG�LQFLGHQFH�RI�$O]KHLPHU
V 

 
5HIHUHQFH��-LDQVRQJ�)DQJ��3HQJ\XH�=KDQJ��<DGL�=KRX��HW�DO��(QGRSKHQRW\SH-EDVHG�LQ�VLOLFR�QHWZRUN�PHGLFLQH�GLVFRYHU\�
FRPELQHG�ZLWK�LQVXUDQFH�UHFRUG�GDWD�PLQLQJ�LGHQWLILHV�VLOGHQDILO�DV�D�FDQGLGDWH�GUXJ�IRU�$O]KHLPHU¶V�GLVHDVH� 1DWXUH�$J�
LQJ������� 
 
-7KH�SURWHLQ�Į-HQGRVXOILQH��(16$��LV�LQYROYHG�LQ�WKH�GHYHORSPHQW�RI�$O]KHLPHU
V�GLVHDVH��6WXGLHV�LQ�PLFH�VKRZHG�WKDW�

HOLPLQDWLQJ�WKLV�SURWHLQ�HQWLUHO\�RU�XVLQJ�GUXJV�WR�EORFN�LWV�IXQFWLRQ�UHGXFHG�SK\VLFDO�FKDQJHV�LQ�WKH�EUDLQ�DVVRFLDWHG�ZLWK�

WKH�GLVHDVH�DQG�LPSURYHG�PHPRU\��6RPDWRVWDWLQ�QRUPDOO\�NHHSV�(16$�LQ�FKHFN��ZKLFK�LQ�WXUQ�NHHSV�QHSULOV\LQ�OHYHOV�

KLJK��DOORZLQJ�$ȕ�WR�EH�GHVWUR\HG�EHIRUH�LW�DFFXPXODWHV�� 

5HIHUHQFH��1DRWR�:DWDPXUD��1DRPDVD�.DNL\D��3HU�1LOVVRQ��HW�DO� 6RPDWRVWDWLQ-HYRNHG�$ȕ�FDWDEROLVP�LQ�WKH�EUDLQ��0HFK�
DQLVWLF�LQYROYHPHQW�RI�Į-HQGRVXOILQH-.$73�FKDQQHO�SDWKZD\� 0ROHFXODU�3V\FKLDWU\������� 

5HWURVSHFWLYH�VWXG\�ILQGV�WKDW�GDVDWLQLE�ORZHUV�EORRG�JOXFRVH 
 

'DVDWLQLE�LV�D�W\URVLQH�NLQDVH�LQKLELWRU�XVHG�WR�WUHDW�WXPRUV�DQG�PDOLJQDQW�WLVVXH��DV�ZHOO�DV�FKURQLF�P\HORJHQRXV�OHXNH�

PLD��PD\�KDYH�DQWLGLDEHWLF�HIIHFWV�FRPSDUDEOH�WR�PHGLFDWLRQV�XVHG�WR�WUHDW�GLDEHWHV��DQG�ZLWK�PRUH�UHVHDUFK�PD\�EHFRPH�

D�QRYHO�WKHUDS\�IRU�GLDEHWLF�SDWLHQWV��'DVDWLQLE�LV�D�VHQRO\WLF�GUXJ��D�W\SH�RI�DJHQW�ILUVW�LGHQWLILHG�DW�0D\R�&OLQLF�WKDW�LQ�

DQLPDO�VWXGLHV�WDUJHWV�VHQHVFHQW�FHOOV��7KHVH�FHOOV�DFFXPXODWH�LQ�PDQ\�WLVVXHV�ZLWK�DJLQJ�DQG�DW�VLWHV�RI�SDWKRORJ\�LQ�

FKURQLF�GLVHDVHV��DQG�LQ�DQLPDO�VWXGLHV�VHQRO\WLF�GUXJV�DSSHDU�WR�GHOD\��SUHYHQW�RU�DOOHYLDWH�DJH-UHODWHG�FKDQJHV��FKURQLF�

GLVHDVHV�DQG�JHULDWULF�V\QGURPHV��7KH�ILQGLQJV�VKRZ�WKDW�GDVDWLQLE�ORZHUV�VHUXP�JOXFRVH�LQ�SDWLHQWV�ZLWK�SUH-H[LVWLQJ�

W\SH���GLDEHWHV�WR�D�JUHDWHU�GHJUHH�WKDQ�LPDWLQLE�DQG�FRPSDUDEOH�WR�ILUVW-OLQH�GLDEHWLF�PHGLFDWLRQV�VXFK�DV�PHWIRUPLQ�DQG�

VXOIRQ\OXUHDV� 

5HIHUHQFH��2PLG�6DODDPL��&KLD-/LQJ�.XR��0DWWKHZ�7��'UDNH��HW�DO��$QWLGLDEHWLF�(IIHFWV�RI�WKH�6HQRO\WLF�$JHQW�'D�
VDWLQLE� 0D\R�&OLQLF�3URFHHGLQJV������� 


