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$QQXDO�5HYLHZ�RI�&\EHU7KHUDS\�DQG�7HOHPHGLFLQH� �$5&77 ± ,661������������� LV�SXEOLVKHG�DQQXDOO\� �RQFH
SHU� \HDU�� E\� WKH� ,QWHUDFWLYH� 0HGLD� ,QVWLWXWH� �,0,��� D� ���F�� QRQ SURILW� RUJDQL]DWLRQ�� GHGLFDWHG� WR� LQFRUSRUDWLQJ�
LQWHUGLVFLSOLQDU\�UHVHDUFKHUV�IURP�DURXQG�WKH�ZRUOG�WR�FUHDWH��WHVW��DQG�GHYHORS�FOLQLFDO�SURWRFROV�IRU�WKH�PHGLFDO�DQG�
SV\FKRORJLFDO�FRPPXQLW\��,0,�UHDOL]HV�WKDW�WKH�PLQG�DQG�ERG\�ZRUN�LQ�FRQFHUW�WR�DIIHFW�TXDOLW\�RI�OLIH�LQ�LQGLYLGXDOV�
DQG� ZRUNV� WR� GHYHORS� WHFKQRORJ\� WKDW� FDQ� EH� HIIHFWLYHO\� XVHG� WR� LPSURYH� WKH� VWDQGDUGV� DQG� UHGXFH� WKH� FRVW� RI�
KHDOWKFDUH�GHOLYHU\�

,QWHUDFWLYH�0HGLD�,QVWLWXWH
�����/XVN�%RXOHYDUG��6XLWH�&����
6DQ�'LHJR��&$������ 86$
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&RS\ULJKW������� E\�,QWHUDFWLYH�0HGLD�,QVWLWXWH��3ULQWHG�LQ�WKH�8QLWHG�6WDWHV�RI�$PHULFD�

$ERXW�WKH�-RXUQDO
$5&77� LV� D� SHHU�UHYLHZHG�DOO�SXUSRVH� MRXUQDO� FRYHULQJ� D�ZLGH�YDULHW\�RI� WRSLFV�RI� LQWHUHVW� WR� WKH�PHQWDO� KHDOWK��
QHXURVFLHQFH�� DQG� UHKDELOLWDWLRQ� FRPPXQLWLHV�� 7KH� PLVVLRQ� RI� $5&77� LV� WR� SURYLGH� V\VWHPDWLF�� SHULRGLF�
H[DPLQDWLRQV�RI�VFKRODUO\�DGYDQFHV�LQ�WKH�ILHOG�RI�&\EHU7KHUDS\�DQG�7HOHPHGLFLQH�WKURXJK�RULJLQDO� LQYHVWLJDWLRQV�
LQ�WKH�7HOHPHGLFLQH�DQG�&\EHU7KHUDS\�DUHDV��QRYHO�H[SHULPHQWDO�FOLQLFDO�VWXGLHV��DQG�FULWLFDO�DXWKRULWDWLYH�UHYLHZV��
,W� LV�GLUHFWHG� WR�KHDOWKFDUH�SURYLGHUV�DQG�UHVHDUFKHUV�ZKR�DUH� LQWHUHVWHG� LQ� WKH�DSSOLFDWLRQV�RI�DGYDQFHG�PHGLD�IRU�
LPSURYLQJ�WKH�GHOLYHU\�DQG�HIILFDF\�RI�PHQWDO�KHDOWKFDUH�DQG�UHKDELOLWDWLYH�VHUYLFHV�

0DQXVFULSW 3URSRVDO�DQG�6XEPLVVLRQ
%HFDXVH�$QQXDO�5HYLHZ�SDSHUV�H[DPLQH�HLWKHU�QRYHO�WKHUDSHXWLF�PHWKRGV�DQG�WULDOV�RU�D�VSHFLILF�FOLQLFDO�DSSOLFDWLRQ�
LQ� GHSWK�� WKH\� DUH� ZULWWHQ� E\� H[SHULHQFHG� UHVHDUFKHUV� XSRQ� LQYLWDWLRQ� IURP� RXU� (GLWRULDO� %RDUG�� 7KH� HGLWRUV�
QHYHUWKHOHVV� ZHOFRPH� VXJJHVWLRQV� IURP� RXU� UHDGHUV�� 4XHVWLRQV� RU� FRPPHQWV� DERXW� HGLWRULDO� FRQWHQW� RU� SROLFLHV�
VKRXOG�EH�GLUHFWHG�WR�WKH�HGLWRUV�RQO\�

0DQXVFULSW�3UHSDUDWLRQ
0DQXVFULSWV�VKRXOG�EH�VXEPLWWHG�LQ�HOHFWURQLF�IRUPDW�RQ�&'�5RP�RU�IORSS\�GLVNV�DV�ZHOO�DV�RQ���»��[����LQ��SDSHU�
�WKUHH�FRSLHV���GRXEOH�VSDFHG�IRUPDW��$XWKRUV�VKRXOG�SUHSDUH�PDQXVFULSWV�DFFRUGLQJ� WR� WKH�3XEOLFDWLRQ�0DQXDO�RI�
WKH�$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ���WK�(G����2ULJLQDO��FDPHUD�UHDG\�DUWZRUN�IRU�ILJXUHV�LV�UHTXLUHG��2ULJLQDO�
FRORU� ILJXUHV� FDQ� EH� SULQWHG� LQ� FRORU� DW� WKH� HGLWRUV
� GLVFUHWLRQ� DQG� SURYLGHG� WKH� DXWKRU� DJUHHV� WR� SD\� LQ� IXOO� WKH�
DVVRFLDWHG�SURGXFWLRQ�FRVWV��DQ�HVWLPDWH�RI�WKHVH�FRVWV�LV�DYDLODEOH� IURP�WKH�$5&77�SURGXFWLRQ�RIILFH�RQ�UHTXHVW��
$5&77�SROLF\� SURKLELWV� DQ� DXWKRU� IURP� VXEPLWWLQJ� WKH� VDPH�PDQXVFULSW� IRU� FRQFXUUHQW� FRQVLGHUDWLRQ� E\� WZR� RU�
PRUH�SXEOLFDWLRQV��$XWKRUV�KDYH�DQ�REOLJDWLRQ� WR�FRQVXOW� MRXUQDO�HGLWRUV�FRQFHUQLQJ�SULRU�SXEOLFDWLRQ�RI�DQ\�GDWD�
XSRQ�ZKLFK�WKHLU�DUWLFOH�GHSHQGV��$V�WKLV�MRXUQDO�LV�D�SULPDU\�MRXUQDO�WKDW�SXEOLVKHV�RULJLQDO�PDWHULDO�RQO\��$5&77�
SROLF\�SURKLELWV�DV�ZHOO�SXEOLFDWLRQ�RI�DQ\�PDQXVFULSW�WKDW�KDV�DOUHDG\�EHHQ�SXEOLVKHG�LQ�ZKROH�RU�VXEVWDQWLDO�SDUW�
HOVHZKHUH��XQOHVV�DXWKRUL]HG�E\�WKH�MRXUQDO�HGLWRUV�

'LVFODLPHU
$OO� WKH�SXEOLVKHG�SDSHUV��HGLWRULDO�QHZV�DQG�FRPPHQWV��RSLQLRQV��ILQGLQJV��FRQFOXVLRQV��RU�UHFRPPHQGDWLRQV�
LQ�$5&77�DUH�WKRVH�RI�WKH�DXWKRU�V���DQG�GR�QRW�QHFHVVDULO\�UHIOHFWV�RU�FRQVWLWXWH�WKH�RSLQLRQV�RI�WKH�-RXUQDO��
LWV�3XEOLVKHU��DQG�LWV�HGLWRULDO�VWDII�
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0DUN�'�:,('(5+2/'F��*LXVHSSH�5,9$G��H��%UHQGD�.�:,('(5+2/'�I�
DQG�'DQLHOH�/$�%$5%(5$D

D�'HSDUWPHQW�RI�([SHULPHQWDO�%LRPHGLFLQH�DQG�&OLQLFDO�1HXURVFLHQFH��8QLYHUVLW\�RI�
3DOHUPR��,WDO\

E�&HQWUR�3VLFRILVLFR�H�)LVLRNLQHVL��VUO��3DOHUPR
F9LUWXDO�5HDOLW\�0HGLFDO�&HQWHU��6DQ�'LHJR��&$

G$SSOLHG�7HFKQRORJ\�IRU�1HXUR�3V\FKRORJ\�/DE��,VWLWXWR�$X[RORJLFR�,WDOLDQR��
0LODQ��,WDO\

H�'HSDUWPHQW�RI�3V\FKRORJ\��8QLYHUVLWj�&DWWROLFD�GHO�6DFUR�&XRUH��0LODQ��,WDO\
I,QWHUDFWLYH�0HGLD�,QVWLWXWH��9LUWXDO�5HDOLW\�0HGLFDO�,QVWLWXWH��6DQ�'LHJR��&$

$EVWUDFW� &KURQLF�SDLQ�LV�D�QRWDEOH LVVXH�RI�SXEOLF�KHDOWKFDUH��FDXVLQJ�HQRUPRXV�
GLUHFW�DQG�LQGLUHFW�FRVWV� DQG�D�UHGXFWLRQ�RI�WKH�TXDOLW\�RI�OLIH�LQ�WKH�DIIHFWHG�SDWLHQWV��
,Q�WKLV�VWXG\��ZH�KDYH�XVHG�9LUWXDO�5HDOLW\��95��DV�D�PHWKRG�WR�UHGXFH�VWUHVV��DQ[LHW\�
DQG�SDLQ�LQ�SDWLHQWV�DIIHFWHG�E\�FKURQLF�SDLQ��:H�H[DPLQHG�WZR�FRKRUWV�RI�SDWLHQWV��
DQ�H[SHULPHQWDO�JURXS�DQG�D�FRQWURO�JURXS��7KH�SDWLHQWV�LQ�WKH�H[SHULPHQWDO�JURXS�
ZHUH�DGPLQLVWHUHG�HLJKW�95�VHVVLRQV��HDFK�RI�WKRVH�ODVWHG�WKLUW\�PLQXWHV��ZKLOH�WKH�
FRQWURO�JURXS�KDG�D�VWDQGDUG�WKHUDS\��7KH�UHVXOWV�DUH�HQFRXUDJLQJ��WKH\�GHPRQVWUDWH�
WKH�HIILFDF\�RI�95�WUHDWPHQW�DQG�WKH�VDIHW\�RI�WKH�PHWKRG�

.H\ZRUGV� &KURQLF�SDLQ��SDOOLDWLYH�FDUH��YLUWXDO�UHDOLW\��DQDOJHVLD�

�� ,QWURGXFWLRQ

7KH GHILQLWLRQ�RI�SDLQ�ZDV�JLYHQ�E\�WKH�,$63��,QWHUQDWLRQDO�$VVRFLDWLRQ�IRU�WKH�6WXG\�
RI�3DLQ��LQ�������$FFRUGLQJ�WR�WKLV�GHILQLWLRQ��WKH�SDLQ�LV�GHVFULEHG�DV�³DQ�XQSOHDVDQW�
VHQVRU\�DQG�HPRWLRQDO�H[SHULHQFH�DVVRFLDWHG�ZLWK�DFWXDO�RU�SRWHQWLDO�WLVVXH�GDPDJH��RU�
GHVFULEHG�LQ�WHUPV�RI�VXFK�GDPDJH´�>�@��6DLG�GHILQLWLRQ�SXWV�HPSKDVLV�QRW�RQO\�RQ�WKH�
REMHFWLYH�FRPSRQHQW�RI�WKH�SDLQ��EXW�DOVR�RQ�WKH�VXEMHFWLYH�SDUW��%HLQJ�DQ�XQSOHDVDQW�
H[SHULHQFH��WKHUH�LV�DOVR�DQ�HPRWLRQDO�FKDUJH�WKDW�DFFRPSDQLHV�WKH�SDLQ�>�@��7KHUHIRUH��
SDLQ�WKHUDS\�QRW�RQO\�DLPV�WR�UHVWRUH RI�WKH�GDPDJHG�WLVVXH��EXW�DOVR�WR�UH�HVWDEOLVK WKH�
SV\FKRORJLFDO�HTXLOLEULXP�RI�WKH�SDWLHQW��)XUWKHUPRUH��GHSUHVVLRQ��DQ[LHW\��GHQLDO�DQG�
PXVFOH�ZHDNQHVV�DUH�RIWHQ�DVVRFLDWHG�ZLWK FKURQLF�SDLQ�>�@��,Q�SDUWLFXODU��WKH�UHODWLRQ�
EHWZHHQ�SDLQ�DQG�GHSUHVVLRQ�LV�QRW�D�PHUH�FDXVH�HIIHFW�LQWHUDFWLRQ��EXW�WKH�WZR�IDFWRUV�
DUH�FDSDEOH�RI�LQIOXHQFLQJ�HDFK�RWKHU��VXFK�WKDW�GHSUHVVLRQ�FDQ DPSOLI\�WKH�SHUFHSWLRQ�
RI� SDLQ� DQG� YLFH� YHUVD� 7KH� HFRQRPLF� DQG� VRFLDO� FRVWV� OLQNHG� WR� FKURQLF� SDLQ� DUH�
HQRUPRXV��VLQFH�WKLV�KDV�EHHQ�LGHQWLILHG�DV�RQH�RI�WKH�PDLQ�FDXVHV�RI�ORVV�RI�IXQFWLRQ�
DQG�SURGXFWLYLW\�LQ�VHYHUDO�FRXQWULHV�


 &RUUHVSRQGLQJ�DXWKRU� GJXDULQR#OLYH�LW�



��������� '��*XDULQR�HW�DO����&KURQLF�SDLQ�WUHDWPHQW�WKURXJK�YLUWXDO�UHDOLW\

3KDUPDFRORJLFDO�LQWHUYHQWLRQ�LV�WKH�PDLQ�WKHUDS\�IRU�WKH�SDWLHQWV��7KLV�LV�DEOH�WR�UHGXFH�
WKH�LQIODPPDWLRQ�DQG�WKH�OHYHOV�RI�SDLQ�SHUFHLYHG��EXW�DOVR�EULQJV LPSRUWDQW�VLGH�HIIHFWV��
)XUWKHUPRUH�� ZKHQ� WROHUDQFH� RFFXUV�� LW¶V� QHFHVVDU\� WR� LQFUHDVH� WKH� DPRXQW� RI� GUXJ�
DGPLQLVWHUHG�WR�PDLQWDLQ�WKH�GHVLUHG�OHYHO�RI�DQDOJHVLD�

�� 0HWKRGV

$�JURXS�RI����SDWLHQWV��FRPSRVHG�RI�� ZRPHQ�DQG���PHQ�ZDV UHFUXLWHG�LQ�VDQLWDU\�
VWUXFWXUHV�DQG�GLYLGHG�LQ�WZR�JURXSV��DQ�H[SHULPHQWDO�JURXS�DQG�D�FRQWURO�JURXS

7DEOH����3RSXODWLRQ�FKDUDFWHULVWLFV

6XEMHFWV�LQ�WKH�H[SHULPHQWDO�JURXS�ZHUH�DGPLQLVWHUHG HLJKW�95�WUHDWPHQW�VHVVLRQV�
RI� WKLUW\�PLQXWHV�HDFK�� WZR�WLPHV�SHU ZHHN��7KH�95�VFHQDULRV�XVHG�ZHUH�³(QFKDQWHG�
)RUHVW´�� ³&DVWOH´ DQG� ³&OLII´�� GHYHORSHG� DW�7KH�9LUWXDO�5HDOLW\�0HGLFDO� &HQWHU�� 6DQ�
'LHJR��&$��7KH�ZRUOGV�KHOS�HYRNH�UHOD[DWLRQ�DQG�GHHS�EUHDWKLQJ�>�@��7KH�FRQWURO�JURXS�
DGKHUHG� WR� WKH� FODVVLFDO� WKHUDS\�� FRQVLVWLQJ RI� SKDUPDFRORJLFDO� LQWHUYHQWLRQ� DQG�
WKHUPRWKHUDS\��PDJQHWRWKHUDS\� DQG XOWUDVRQLF�WUHDWPHQW��

95�VFHQDULRV�ZHUH�UXQ�LQ�D�3&��DQG�WKH�HQYLURQPHQWV�ZHUH�YLVXDOL]HG�RQ D�PRQLWRU��
FRQILJXULQJ�D�QRQ�LPPHUVLYH�95�H[SHULHQFH��7KH�PRYHPHQWV�WKURXJK�WKH�HQYLURQPHQWV�
ZHUH�PDQDJHG�ZLWK� WKH�KHOS� RI� D� MR\SDG� DQG� WKH� VRXQG�ZDV UHSURGXFHG�E\� D� SDLU� RI�
KHDGSKRQHV�

�� 5HVXOWV

7DEOH��� 5HVXOWV�DW�:LOFR[RQ�WHVW
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7KH�UHVXOWV�RI�WKH�WHVWV�VKRZ�WKH�HIILFDF\�RI�WKH�WZR�WKHUDSLHV��WKH�95�WUHDWPHQW�
DQG�WKH�FODVVLF�WKHUDS\���,Q�WKH�H[SHULPHQWDO�JURXS�WKHUH�LV�D�VLJQLILFDQW�UHGXFWLRQ�LQ�WKH�
VFRUHV� REWDLQHG� LQ� WKH�0F*LOO� 3DLQ�4XHVWLRQQDLUH�� %ULHI� 3DLQ� ,QYHQWRU\� VHYHULW\� DQG�
LQWHUIHUHQFH�DQG�LQ�WKH�9LVXDO�$QDORJ�6FDOH��$�WHQGHQF\�WR�VLJQLILFDQFH LV�VKRZQ LQ�WKH�
6XEMHFWLYH� 8QLWV� RI� 'LVWUHVV� 6FDOH�� ,Q� WKH� FRQWURO� JURXS� WKHUH� LV� QRW� D� PHDQLQJIXO�
UHGXFWLRQ�RI�WKH�VFRUHV��H[FHSW�IRU�D�WHQGHQF\�WR�VLJQLILFDQFH LQ�WKH�%ULHI�3DLQ�,QYHQWRU\�
VHYHULW\�

�� 'LVFXVVLRQ

,Q� WKH� H[SHULPHQWDO� JURXS�� WKH� UHGXFWLRQ� LQ� WKH� 0F*LOO�� %3,� VHYHULW\� DQG�
LQWHUIHUHQFH�DQG�67$,�VFRUHV� LQGLFDWHV� WKDW� WKH� WKHUDS\� LV�HIILFLHQW�DQG�SRZHUIXO��7KH�
UHVXOWV�REWDLQHG�VXJJHVW�WKDW� WKHUH�KDV�EHHQ�D�GHFUHDVH�LQ�WKH�SDLQ H[SHULHQFHG�E\�WKH�
VXEMHFWV��LQ�WKH�LQWHUIHUHQFH�ZLWK�GDLO\�DFWLYLWLHV��,QVWHDG��WKH�VXEMHFWV�LQ�WKH�FRQWURO�JURXS�
KDG�D�PHDQLQJIXO�UHGXFWLRQ�RI�WKH�VFRULQJ�RQO\�LQ�WKH�%3,�VHYHULW\�WHVW��7KLV�VKRZV�WKDW�
WKH�VXEMHFW�KDG�D�UHGXFWLRQ�RI�WKH�LQWHQVLW\�RI�WKH SDLQ�H[SHULHQFHG��HYHQ�LI�WKH�DPRXQW
RI�WKLV�UHGXFWLRQ�LV�QRW�DV�KLJK�DV�WKH�RQH�REWDLQHG�LQ�WKH�H[SHULPHQWDO�JURXS��7KH�95�
WUHDWPHQW�KDV�VKRZHG�WR�EH�DQ�H[FHOOHQW�WRRO�WR�LQGXFH�DQDOJHVLD��%RWK�WKHUDSLHV�ODVWHG�
IRXU�ZHHNV��VKRZLQJ�WKDW�LQ�WKH�VDPH�TXDQWLW\�RI�WLPH��WKH�95�WKHUDS\�LV�PRUH�HIILFLHQW�
WR�LQGXFH�DQDOJHVLD�WKDQ�WKH�FODVVLFDO�WKHUDS\�

�� &RQFOXVLRQV

95�WUHDWPHQW�LV�VWLOO�WR�EH�FRQVLGHUHG�WKH�IXWXUH�RI�ORZ�DQG�PLOG�SDLQ�V\QGURPHV��
VLQFH�WKH�PRUH�VWXGLHV�DUH�FDUULHG�RXW��WKH�PRUH�WKH�DGYDQWDJHV�RI�VDLG�WHFKQLTXH�FRQWLQXH�
WR� VKRZ�� 7KH� DEVHQFH� RI� XVH� RI� SKDUPDFRORJLFDO� DQDOJHVLFV�� DQG� WKH� PLQLPDO
LQYDVLYHQHVV�RI�WKH�SURFHGXUH�DUH�FDSDEOH�RI�HQFRXUDJLQJ�WKH�SDWLHQWV�WR�VWDUW�WKH�WKHUDS\��
DQG�KHOSLQJ�WR�UHDFK D�FHUWDLQ�OHYHO�RI�DQDOJHVLD�LQ�MXVW�RQH�PRQWK��

,W�VKRXOG�EH�DFNQRZOHGJHG�WKDW�WKHVH�UHVXOWV�ZHUH�REWDLQHG�ZLWK�D�QRQ�LPPHUVLYH�
95� WHFKQRORJ\�� LQ� ZKLFK WKH� 95� HQYLURQPHQWV� ZHUH� GLVSOD\HG� RQ� ODSWRS� FRPSXWHU�
LQVWHDG�RI�D�KHDG�PRXQWHG�GLVSOD\��7KH�LPSOHPHQWDWLRQ�RI�D�KHDG�PRXQWHG�GLVSOD\�FRXOG�
JLYH�D�JUHDWHU�VHQVH�RI�LPPHUVLRQ�LQ�WKH�95��GLVWUDFWLQJ�WKH�SDWLHQWV�PRUH�HIILFLHQWO\�DQG�
WKXV�VWUHQJWKHQLQJ�WKH�HIIHFWV�RI�WKH�WKHUDS\�

$W� OHDVW�� WKH� UHVXOWV� DUH� HQFRXUDJLQJ�� EXW� VWLOO� WKH� QXPEHU� RI� SDWLHQWV� KDV� WR� EH�
LQFUHDVHG��

5HIHUHQFHV

>�@ +�� 0HUVNH\�� 1�� %RJGXN� &ODVVLILFDWLRQ� RI� FKURQLF� SDLQ�� 'HVFULSWLRQ� RI� FKURQLF� SDLQ� V\PSWRPV� DQG�
GHILQLWLRQV�RI�SDLQ�WHUPV��6HFRQG�HGLWLRQ��,$63�7DVN�)RUFH�RQ�7D[RQRP\��,$63�3UHVV��6HDWWOH�������

>�@ -�6��&DUSHQWHU��'��%URFNRSS��&RPSDULVRQ�RI�SDWLHQWV
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