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�0HUX�8QLYHUVLW\�RI�6FLHQFH�DQG��7HFKQRORJ\�� 

3DUWLFLSDWRU\�(SLGHPLRORJ\��3(��GHYHORSHG�DV�D�EUDQFK�RI�YHWHULQDU\�HSLGHPLRORJ\�

DQG� KDV� EHHQ�ZLGHO\� XVHG� LQ� LQIHFWLRXV� GLVHDVH� FRQWURO� DQG� HDUO\� ZDUQLQJ� LQ� UH�

VRXUFH-OLPLWHG�VHWWLQJV�� ,Q�WKH�EHJLQQLQJ��3DUWLFLSDWRU\�(SLGHPLRORJ\�ZDV�IRFXVHG�

RQ�OLQNLQJ�UHVHDUFKHUÖV�FRPPXQLFDWLRQ�VNLOOV�ZLWK�SDUWLFLSDWRU\�PHWKRGV�WR�HQDEOH�

SDUWLFLSDWLRQ�RI� OLYHVWRFN�RZQHUV�DQG�KHUGHUV� LQ� LGHQWLILFDWLRQ�DQG�DVVHVVPHQW�RI�

OLYHVWRFN�GLVHDVHV�DV�ZHOO�DV�LQ�GHYHORSPHQW��PRQLWRULQJ��DQG�HYDOXDWLRQ�RI�GLVHDVH�

FRQWURO�VWUDWHJLHV��,Q�WKLV�UHVSHFW��XVH�RI�SDUWLFLSDWRU\�WHFKQLTXHV�JUDGXDOO\�GHYHO�

RSHG� LQWR� 3DUWLFLSDWRU\� (SLGHPLRORJ\� ZLWK� LQFUHDVHG� UHFRJQLWLRQ� E\� HSLGHPLROR�

JLVWV�ZKR�KDYH�GHYHORSHG�VHYHUDO�WRROV�ZKLFK�DUH�EHLQJ�DGDSWHG�LQ�KXPDQ�KHDOWK�

DQG�QXWULWLRQ��5HODWLYH� WR� YHWHULQDU\�XVHV�DQG�KXPDQ�QXWULWLRQ��3DUWLFLSDWRU\�(SLGHPLRORJ\�KDV�QRW�EHHQ�XVHG� LQ�

SXEOLF�KHDOWK�LQ�.HQ\D�RU�IRU�VWXGLHV�RQ�LPSRUWDQW�KXPDQ�GLVHDVHV��VXFK�DV�.DOD-D]DU��+RZHYHU��LQ�UHFHQW�SDVW�WKHUH�

KDYH�EHHQ�JURZLQJ�LQWHUHVWV�IURP�HSLGHPLRORJLVWV�WR�H[WHQG�WHVWLQJ�DQG�SLORWLQJ�RI�3DUWLFLSDWRU\�(SLGHPLRORJ\�DS�

SURDFK�LQ�DULG�DQG�VHPL-DULG�VHWWLQJV�RI�.HQ\D�JHDUHG�DW�HPSRZHULQJ�FRPPXQLWLHV�WR�LGHQWLI\�DQG�VROYH�WKHLU�KHDOWK�

QHHGV��$GGLWLRQDOO\��WKHUH�LV�RQJRLQJ�GHEDWH�DERXW�DELOLW\�RI�HSLGHPLRORJ\�WR�JLYH�UHVXOWV�WKDW�FDQ�EH�EHWWHU�DSSOLHG�

LQ�SXEOLF�KHDOWK�SUDFWLFH�EHVLGHV�LWV�DELOLW\�WR�LGHQWLI\�GLVHDVH�ULVN�IDFWRUV��6FLHQWLILF�UHVHDUFK�KDV�UHFRPPHQGHG�WKDW�

SDUWLFLSDWRU\�UHVHDUFK�EH�DSSOLHG� LQ�HSLGHPLRORJ\�WR�EULGJH�WKLV�GHVFULSWLYH�JDS�DQG�DFWLRQ��7KLV�UHYLHZ�GHVFULEHV�

LPSOHPHQWDWLRQ�H[SHULHQFHV�DQG�OHVVRQV� OHDUQW� LQ�WKH�XVH�RI�3DUWLFLSDWRU\�(SLGHPLRORJ\� LQ�XQGHUVWDQGLQJ�KXPDQ�

GLVHDVHV��ERWK�FRPPXQLFDEOH�DQG�QRQ-FRPPXQLFDEOH�DV�ZHOO�DV�KXPDQ�QXWULWLRQ��D�NH\�IDFWRU� LQ�KHDOWK�DQG�ZHOO�

QHVV��5HYLHZHG�DUWLFOHV�SURYLGH�DQ�XQGHUVWDQGLQJ�LQWR�DSSOLFDWLRQ�RI�3(�DSSURDFKHV�ZKLFK�KDYH�EHHQ�OLPLWHG�LQ�SDV�

WRUDOLVW� DUHDV��ZKHUH�]RRQRWLF�GLVHDVHV�DUH�SURQH�� 7KLV� DUWLFOH� HVWDEOLVKHV� WKDW� DV�RSSRVHG� WR�PRUH�FRQYHQWLRQDO�

PHWKRGV��XVLQJ�3DUWLFLSDWRU\�(SLGHPLRORJ\�FDQ�JHQHUDWH�SUHFLVH�DQG�VFLHQWLILFDOO\�FUHGLEOH�LQIRUPDWLRQ�ZLWKLQ�D�UHOD�

WLYHO\�VKRUW�SHULRG��'DWD�JHQHUDWHG�IURP�3DUWLFLSDWRU\�(SLGHPLRORJ\�FDQ�EH�VXVWDLQDEO\�XVHG�WR�HIIHFWLYHO\�ILQG�VROX�

WLRQV�WR�FRPPRQ�FRPPXQLW\�KHDOWK�SUREOHPV�EDVHG�RQ�ORFDO�SUHIHUHQFHV�IRU�FRQWURO�RSWLRQV� 

.(<�:25'6 

(SLGHPLRORJ\ 

(DUO\�:DUQLQJ 

3DUWLFLSDWRU\�(SLGHPLRORJ\ 

3DUWLFLSDWRU\�5HVHDUFK 

=RRQRWLF�'LVHDVHV� 

��¾��s«ĥ/±Í¾«s¤ĥ±�ĥP���«��ăĥU���«±¤±�Ýĥs«�ĥP±��s¤ĥP���«��ÂĈĥĥîĕîĖĥîìîïăĥïì-ðì 

-RXUQDO�ZHEVLWH��KWWSV���MRXUQDOV�PXVW�DF�NH 

,QWURGXFWLRQ��+LVWRU\�DQG�(YROXWLRQ� 

3DUWLFLSDWRU\� (SLGHPLRORJ\� �3(�� GHYHORSHG� DV� D�

EUDQFK� RI� YHWHULQDU\� HSLGHPLRORJ\� DQG� KDV� EHHQ�

ZLGHO\�XVHG�LQ�LQIHFWLRXV�GLVHDVH�FRQWURO�DQG�HDUO\�

ZDUQLQJ� LQ� UHVRXUFH-OLPLWHG� VHWWLQJV� �&DWOH\� 	�

0DULQHU��������$OOHSX]�HW�DO����������$FFRUGLQJ�WR�

6ZHGLVK� ,QWHUQDWLRQDO� $JULFXOWXUDO�1HWZRUN� ,QLWLD�
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WLYH� >6,$1,@�� �������� 3DUWLFLSDWRU\� (SLGHPLRORJ\�

KDV� EHHQ� LQIOXHQFHG� E\� 3DUWLFLSDWRU\� 5XUDO� $S�

SUDLVDO��35$���D�WHFKQLTXH�WKDW�SODFHV�ORFDO�SDUWLFL�

SDWLRQ�DW�WKH�FHQWHU�RI�WKH�SURFHVV��7KLV�SDUWLFLSD�

WRU\�DSSURDFK�LV�UHJDUGHG�DV�DQ�HPHUJLQJ�VXEMHFW�

LQ�YHWHULQDU\�HSLGHPLRORJ\�DQG�KDV�VHHQ�D�VXUJH�LQ�

LQWHUHVW�LQ�UHFHQW�\HDUV��1HYHUWKHOHVV��GHVSLWH�WKLV�

H[SDQVLRQ�� WKHUH� LV� VWLOO� QR�DFFHSWHG�GHILQLWLRQ�RI�

3(�� +RZHYHU�� GHILQLWLRQ� RIIHUHG� E\� &DWOH\� HW� DO��

>��@� LV� SUHIHUUHG� VLQFH� LW� PDNHV� D� FOHDUHU� VWDWH�

PHQW�DERXW�WKH�VLJQLILFDQFH�RI�SDUWLFLSDWRU\�FRP�

SRQHQW�RI�3(��7RULELR�	�5XVKWRQ���������3DUWLFLSD�

WRU\�(SLGHPLRORJ\�VHHNV�WR�LQFUHDVH�NQRZOHGJH�RI�

KHDOWK� LVVXHV� DQG� VWUDWHJLHV� IRU� WKHLU� SUHYHQWLRQ��

FRQWURO��DQG�GLVHDVH�VXUYHLOODQFH�ZKLOH�JLYLQJ�FRP�

PXQLWLHV� D� YRLFH� �&DWOH\� HW� DO��� ������ -RVW� HW� DO���

������� 7KHVH�PHWKRGRORJLHV� DQG� DSSURDFKHV� GH�

ULYHG� IURP� SDUWLFLSDWRU\� DSSUDLVDO�� DUH� KHOSIXO� LQ�

VHYHUDO� VLWXDWLRQV�ZKHQ� VWDQGDUG� HSLGHPLRORJLFDO�

DSSURDFKHV�IDOO�VKRUW�RI�GHOLYHULQJ�QHFHVVDU\�OHYHO�

RI�XQGHUVWDQGLQJ�RI�FXUUHQW�VLWXDWLRQ�UHTXLUHG�IRU�

FUHDWLQJ�DQ�HIIHFWLYH�VROXWLRQ��$OGHUV�HW�DO����������

3DUWLFLSDWRU\�(SLGHPLRORJ\ÖV�PDMRU�REMHFWLYH� LV�WR�

JDWKHU� LQIRUPDWLRQ� IURP� SHRSOH� DPRQJ� WKH� JHQ�

HUDO� SRSXODWLRQ�� 7KHVH� LQGLYLGXDOV� LQFOXGH� SHRSOH�

ZKR� GR� QRW� VHHN� FRQVXOWDWLRQ� IRU� WKHLU� PHGLFDO�

LQGLFDWLRQV� �:RUOG� +HDOWK� 2UJDQL]DWLRQ� >:+2@��

�������� 

,Q� 3(�� SDUWLFLSDWRU\� PHWKRGV� DQG� DSSURDFKHV�

DUH�XVHG�WR�LPSURYH�FRPPXQLW\�XQGHUVWDQGLQJ�RI�

GLVHDVH� SDWWHUQV� LQ� SRSXODWLRQV� DQG� HQFRXUDJHV�

DFWLYH�SDUWLFLSDWLRQ�RI�FRPPXQLWLHV�DW�ORFDO�OHYHOV��

7KLV� SURPRWHV� D� VHWWLQJ� IRU� VKDUHG� OHDUQLQJ� WKDW�

HQKDQFHV� XQGHUVWDQGLQJ� RI� FRPPXQLW\ÖV� DQLPDO�

KHDOWK� ULVNV�� SHUFHSWLRQ� RI� � ULVNV�� DQG� RSSRUWXQL�

WLHV� IRU� GLVHDVH� VXUYHLOODQFH�� FRQWURO�� DQG� WLPHO\�

GLVVHPLQDWLRQ�RI�LQIRUPDWLRQ�WR�WKRVH�UHVSRQVLEOH�

IRU� SUHYHQWLRQ� DQG� FRQWURO� �$OGHUV� HW� DO��� ������

7RULELR�	�5XVKWRQ���������,Q�WKH�EHJLQQLQJ��3DUWLF�

LSDWRU\� (SLGHPLRORJ\� ZDV� IRFXVHG� RQ� OLQNLQJ� UH�

VHDUFKHUÖV�FRPPXQLFDWLRQ�VNLOOV�ZLWK�SDUWLFLSDWRU\�

PHWKRGV�WR�HQDEOH�SDUWLFLSDWLRQ�RI�OLYHVWRFN�RZQ�

HUV� DQG� KHUGHUV� LQ� LGHQWLILFDWLRQ� DQG� DVVHVVPHQW�

RI� OLYHVWRFN� GLVHDVHV� DV� ZHOO� DV� LQ� GHYHORSPHQW��

PRQLWRULQJ�� DQG� HYDOXDWLRQ� RI� GLVHDVH� FRQWURO�

VWUDWHJLHV�� 7KLV� ZDV� GRQH� WDNLQJ� LQWR� FRQVLGHUD�

WLRQ�RI� OLYHVWRFN�NHHSHU
V�NQRZOHGJH��H[SHULHQFH��

DQG� UDWLRQDOHV�� )RU� H[DPSOH�� SDVWRUDOLVWV� KDYH�

ZHDOWK\�DQG�GHWDLOHG�NQRZOHGJH�RQ�PDMRU�]RRQR�

WLF� GLVHDVHV� WKDW� FRXOG� DIIHFW� WKHLU� DQLPDOV�� 7KLV�

ORFDO� LQIRUPDWLRQ� LV� EDVHG� RQ� VKDUHG� FXOWXUDO�

NQRZOHGJH� EDVHG� RQ� OLIH� H[SHULHQFH� RI� SHUVRQV��

)XQGDPHQWDO�EDVLV�RI�WKLV�NQRZOHGJH�LV�HSLGHPLR�

ORJLFDO�REVHUYDWLRQV��SDWKRORJLFDO��DQG�FOLQLFDO�WKDW�

SURYLGH� DQ� RSSRUWXQLW\� WR� FDWHJRUL]H� GLVHDVH� LQ�

IRUPDWLRQ�LQWR�UHFRJQL]DEOH�XQLWV�GHILQHG�E\�WUDGL�

WLRQDO�WHUPLQRORJLHV��)URP�DQ�HSLGHPLRORJLFDO�SHU�

VSHFWLYH��WKLV�FDWHJRUL]DWLRQ�FRXOG�DV�ZHOO�EH�WDN�

HQ�DV�FRPPXQLW\�FDVH�GHILQLWLRQV��&DWOH\�	�0DUL�

QHU���������)UHTXHQWO\�ZH�HQFRXQWHU�VLWXDWLRQV�LQ�

ZKLFK�PRGHUQ�HSLGHPLRORJLFDO�DSSURDFKHV�DUH�QRW�

VDWLVIDFWRU\� WR� FRPSOHWHO\� XQGHUVWDQG� VLWXDWLRQV�

DQG�EH�DEOH�WR�ILQG�YLDEOH�VROXWLRQV�WR�OLNHO\�SURE�

OHPV�UHODWLQJ�WR�FRPPXQLW\�KHDOWK��,Q�PRVW�FDVHV�

FRQWH[WXDO� LQIRUPDWLRQ� LV� QHHGHG� WR� FRUUHFWO\� LQ�

WHUSUHW�TXDQWLWDWLYH�GDWD��3DUWLFLSDWRU\�(SLGHPLRO�

RJ\��3(�� LV�D�WULHG-DQG-WUXH�VWUDWHJ\�WKDW�JHWV�EH�

\RQG�PDQ\�GUDZEDFNV�RI� FRQYHQWLRQDO� HSLGHPLR�

ORJLFDO�DSSURDFKHV��DQG�LW�KDV�EHHQ�XWLOL]HG�WR�DG�

GUHVV�D�YDULHW\�RI�LVVXHV�ZLWK�DQLPDO�KHDOWK�VXUYHLO�

ODQFH� DQG� UHVHDUFK� �-RVW� HW� DO��� ������� ,Q� WKLV� UH�

VSHFW�� XVH� RI� SDUWLFLSDWRU\� WHFKQLTXHV� JUDGXDOO\�

GHYHORSHG� LQWR� 3DUWLFLSDWRU\� (SLGHPLRORJ\� ZLWK�

LQFUHDVHG� UHFRJQLWLRQ� E\� HSLGHPLRORJLVWV� ZKR�

KDYH� GHYHORSHG� VHYHUDO� WRROV� ZKLFK� DUH� EHLQJ�

DGDSWHG� LQ� KXPDQ� KHDOWK� DQG� QXWULWLRQ�� ,Q�PDQ\�

$IULFDQ�FRXQWULHV��3DUWLFLSDWRU\�(SLGHPLRORJ\�ZDV�

HVWDEOLVKHG� DQG� VWDQGDUGL]HG� IURP� HDUO\� ����V��

+RZHYHU��3(�KDV�EHHQ�PDLQO\�UHVWULFWHG�WR�]RRQR�

WLF� DQG� OLYHVWRFN�GLVHDVHV�� OHDYLQJ� LQVLJKWV� RI� KX�

PDQ� GLVHDVH� DQG� WKH� LQWULFDWH� LQWHUDFWLRQV� EH�

WZHHQ� SDVWRUDOLVWV�� OLYHVWRFN�� DQG� UDQJHODQGV� XQ�

NQRZQ��*ULIILWK�HW�DO����������7KH�ILUVW-WLPH�3DUWLFL�

SDWRU\� (SLGHPLRORJ\� ZDV� DGDSWHG� IRU� KHDOWK� UH�

VHDUFK�LQ�.HQ\D�ZDV�LQ������ZKHUH�LW�ZDV�XVHG�WR�

VWXG\�FRPPXQLW\�OHYHO�DVVHVVPHQW�RI�WKH�VHDVRQ�

DOLW\�DQG�EDVLF�FDXVHV�RI�DFXWH�PDOQXWULWLRQ�LQ�,VLR�

OR� DQG� 0DUVDELW� &RXQWLHV� LQ� 1RUWKHUQ� .HQ\D�

�%XUQV�HW�DO����������3DUWLFLSDWRU\�WHFKQLTXHV�KDYH�

EHHQ� DSSOLHG� LQ� VHYHUDO� GLIIHUHQW� LQLWLDWLYHV� DQG�

�� 
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VWXGLHV� RYHU� WKH� SDVW� IHZ� \HDUV�� .H\� DGYDQWDJHV�

DQG�GLVDGYDQWDJHV�RI�3(�LQ�DQLPDO�KHDOWK�KDV�EHHQ�

WKRURXJKO\� UHYLHZHG�� +RZHYHU�� DFWLYLWLHV� FDUULHG�

RXW� KDYH� QRW� \HW� EHHQ� V\VWHPDWLFDOO\� FRPSLOHG�

�&DWOH\�HW�DO��������� 

7KLV�SDSHU�UHYLHZV�SULQFLSDO�DSSOLFDWLRQV�RI�3DU�

WLFLSDWRU\� (SLGHPLRORJ\� LQ� KXPDQ� DQG� QXWULWLRQ�

VHFWRUV� KLJKOLJKWLQJ� LPSOHPHQWDWLRQ� H[SHULHQFHV�

DQG�OHVVRQV�OHDUQW�IURP�ILHOG�DSSOLFDWLRQV��ZLWK�WKH�

DLP� RI� HOLPLQDWLRQ� RI� QHJOHFWHG� WURSLFDO� GLVHDVHV�

OLNH� .DOD-D]DU� WURXJK� VXUYHLOODQFH� DQG� UHVSRQVH��

5HYLHZHG� DUWLFOHV� SURYLGH� DQ� XQGHUVWDQGLQJ� LQWR�

DSSOLFDWLRQ� RI� 3DUWLFLSDWRU\� (SLGHPLRORJ\� DS�

SURDFKHV�XQGHUOLQLQJ� VLJQLILFDQFH�RI� H[SDQGLQJ� LW�

DV� D� SUDFWLFDO� VWUDWHJ\� IRU� LQYROYLQJ� FRPPXQLWLHV�

LQ�DGGUHVVLQJ�DQLPDO�DQG�DVVRFLDWHG�SXEOLF�KHDOWK�

KD]DUGV��WKXV�UHGXFLQJ�PRUWDOLW\�GXH�WR� 

SUHYHQWDEOH� LOOQHVVHV�� ,W� GLVFXVVHV� XQLTXH� H[DP�

SOHV�RI�3DUWLFLSDWRU\�(SLGHPLRORJ\�DSSOLFDWLRQV� LQ�

,VLROR� DQG� 0DUVDELW� &RXQWLHV� LQ� 1RUWKHUQ� .HQ\D��

.DUDPRMD� LQ� 8JDQGD�� DQG� LQ� 6KLQLOH� DQG� /LEHQ�

]RQHV� RI� 6RPDOL� UHJLRQ� RI� (WKLRSLD�� DQG� WKLV� KDV�

PDMRUO\� EHHQ� LQIRUPHG� E\� SUHYLRXV� UHSRUWHG�

GHDWKV�DQG�VSRUDGLF�RFFXUUHQFHV�RI�.DOD-D]DU�DQG�

UHODWHG�LOOQHVVHV�ZLWKLQ�WKH�VHOHFWHG�FRPPXQLWLHV� 

 

$SSURDFKHV�� 0HWKRGRORJLHV�� DQG� 7RROV� IRU� 3DU�

WLFLSDWRU\�(SLGHPLRORJ\ 

�5DSLG� 5XUDO� $SSUDLVDO� �55$�� ZDV� DQ� HDUO\� DS�

SURDFK�JHQHUDOO\�XWLOL]HG�ZKHQ�FRQGXFWLQJ�VWXGLHV�

LQ� RQH� RU� VHYHUDO� FRPPXQLWLHV� LQ� UXUDO� VHWWLQJV��

3DUWLFLSDWRU\� 5XUDO� $SSUDLVDO� �35$�� ODWHU� HPHUJHG�

DV�DQ�H[WHQGHG�SURFHVV�WKDW�LQYROYHG�LQIRUPDWLRQ�

FROOHFWLRQ�DQG�LWV�VXEVHTXHQW�XVH�E\�FRPPXQLWLHV�

͵ʹ 

7DEOH����7KH�UDQJH�RI�3DUWLFLSDWRU\�(SLGHPLRORJ\�PHWKRGV��WRROV��DQG�GDWD�JDWKHUHG�DFURVV�D�YDULHW\�RI�VHWWLQJV� 

�6RXUFH��)URQWLHUV�LQ�9HWHULQDU\�6FLHQFH������� 
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LQ�DFWLRQ�SODQQLQJ��2EMHFWLYH�RI�35$�H[HUFLVHV�LV�WR�

HQFRXUDJH�D�OHDUQLQJ�SURFHVV�DQG�NQRZOHGJH�JHQ�

HUDWLRQ�EDVHG�RQ�FRPPXQLW\�PHPEHUV�H[SHULHQFH�

WR�GHILQH�SULRULWLHV��FROOHFW��DQDO\]H��DQG� LQWHUSUHW�

GDWD��$OGHUV�HW�DO����������0HWKRGV�DQG�RXWFRPHV�

RI�DSSUDLVDO�DUH�RZQHG�E\�SDUWLFLSDWLQJ�FRPPXQL�

W\� PHPEHUV�� $IWHU� H[HUFLVHV� ZLWK� D� FRPPXQLW\��

LQIRUPDWLRQ� FROOHFWHG� LV� XVHG� DV� D� SRLQW� RI� UHIHU�

HQFH� LQ� GHYHORSLQJ� SODQ� RI� DFWLRQV� DQG� OHDUQLQJ�

IUDPHZRUNV�� )XQGDPHQWDO� JRDO� RI� 35$� LV� XVHIXO�

LQIRUPDWLRQ� JHQHUDWLRQ� DQG� HQVXULQJ� WKDW� LQIRU�

PDWLRQ� FROOHFWHG� LV� UHDGLO\� DYDLODEOH� LQ� FRPPXQL�

WLHV�DQG�XWLOL]HG�IRU�EULQJLQJ�UHTXLUHG�FKDQJH�DQG�

HPSRZHUPHQW� RI� UHVSRQGHQWV� DQG� WKHLU� FRPPX�

QLW\� �$QZDU�� ������� 3DUWLFLSDWRU\� VWXGLHV�� LQFOXG�

LQJ�WKRVH�EH\RQG�SDUWLFLSDWRU\�HSLGHPLRORJ\��XWL�

OL]H�D�YDULHW\�RI�GDWD�FROOHFWLRQ�PHWKRGV�LQFOXGLQJ�

DQG� QRW� OLPLWHG� WR� IRFXV� JURXS� GLVFXVVLRQV�� LQGL�

YLGXDO� LQWHUYLHZV�� UDQNLQJ�� FDXVDO� IORZ� DQDO\VLV��

REVHUYDWLRQ�� IUHH� OLVWLQJ�� UROH� SOD\V�� DQG� RSHQ-

HQGHG� VWRULHV�� 7R� LQFUHDVH� FKDQFHV� RI� DFKLHYLQJ�

HTXDO� DFFHVV� GXULQJ� GDWD� FROOHFWLRQ� DQG� GLVVHPL�

QDWLRQ�� FKRVHQ� WRROV� IRU� 35$� VKRXOG� HQVXUH� JHQ�

GHU� LQFOXVLYLW\� DQG� UHGXFH�GLVSDULWLHV�EHWZHHQ� OLW�

HUDWH� DQG� LOOLWHUDWH� SRSXODWLRQV� �$OGHUV� HW� DO���

������ 

(IIHFWLYH�DSSOLFDWLRQ�RI�3DUWLFLSDWRU\�(SLGHPLRO�

RJ\� UHTXLUHV� FRUUHFW� XWLOL]DWLRQ�RI� H[SOLFLW� 3DUWLFL�

SDWRU\� (SLGHPLRORJLFDO�PHWKRGV�� LQFOXGLQJ� DWWHQ�

WLRQ� WR�DSSURDFK�DQG�FRPPXQLFDWLRQ�VNLOOV�RI� UH�

VHDUFKHUV�� )URP�DQ�HSLGHPLRORFDO�SHUVSHFWLYH�� UH�

ODWLRQVKLS� EHWZHHQ� WKH� UHVHDUFKHU� DQG� WKH� FRP�

PXQLW\� GHWHUPLQHV�ZKDW� YDOXH� DQG� W\SH�RI� LQIRU�

PDWLRQ�ZLOO� EH� FRQWULEXWHG�E\� UHVSRQGHQWV��$GGL�

WLRQDOO\��LQWHUDFWLRQ�ZLWK�FRPPXQLWLHV�LV�PRUH�LP�

SRUWDQW�WKDQ�UHVHDUFKHUÖV�NQRZOHGJH�DQG�VNLOOV�RI�

PHWKRGV��HVSHFLDOO\�ZKHQ�LW�FRPHV�WR�KXPDQ�GLV�

HDVH�VXUYHLOODQFH�RI�FHUWDLQ�GLVHDVH�V\PSWRPV�EHW�

WHU� NQRZQ�� YLHZHG�� DQG� H[SHULHQFHG� E\� SHRSOH�

WKHPVHOYHV� �&DWOH\�� ������� $Q� DUUD\� RI� 3(�PHWK�

RGV� LV� DYDLODEOH�� DQG� WKHVH� PHWKRGV� FDQ� EH�

JURXSHG� LQWR�WKUHH�NH\�JURXSV��UDQNLQJ�DQG�VFRU�

LQJ�PHWKRGV��YLVXDOL]DWLRQ�PHWKRGV��DQG� LQIRUPDO�

LQWHUYLHZV�� 7KH� VDPH� ZD\� D� FOLQLFLDQ� EULQJV� WR�

JHWKHU� LQIRUPDWLRQ� IURP�D�YDULHW\�RI�VRXUFHV�GXU�

LQJ�GLDJQRVLV��LQIRUPDWLRQ�FROOHFWHG�GXULQJ�WKH�3(�

H[HUFLVH� LV� WULDQJXODWHG� IRU� YDOLGLW\�� 7DEOH� �� RXW�

OLQHV�D� UDQJH�RI�3DUWLFLSDWRU\�(SLGHPLRORJ\�PHWK�

RGV�� WRROV�� DQG�H[DPSOHV�RI�GDWD�JDWKHUHG� LQ� WKH�

ILHOG�E\�WRROV�DFURVV�D�YDULHW\�RI�VHWWLQJV� 

9LWDO� WR�HIIHFWLYH�XWLOL]DWLRQ�RI�DERYH�3(�PHWK�

RGV� LV� UHFRJQL]LQJ� DQG� FRPPLWPHQW� WR�� DGXOW�

OHDUQLQJ�SULQFLSOHV��$SSOLFDWLRQ�LV�PRUH�HIIHFWLYH�LI�

WKH� UHVHDUFKHU� XQGHUVWDQGV� WKDW� DGXOWV� KDYH� YDU�

LHG�SHUFHSWLRQV� WR� LVVXHV���XVH�RI�PRUH� WKDQ�RQH�

WRRO�WR�JDWKHU�GDWD�RQ�WKH�VDPH�UHVHDUFK�SUREOHP�

WR� YHULI\� ILQGLQJV� �WULDQJXODWLRQ�� WDNLQJ� LQWR� FRQ�

VLGHUDWLRQ�D�YDULHW\�RI� LQIRUPDQWV�� �XVH�RI�FOLQLFDO�

H[DPLQDWLRQ��ODERUDWRU\�GLDJQRVWLF�WHVWV��DQG�VHF�

RQGDU\� GDWD�� DV� LW� LV� QRW� HQRXJK� WR� EDQN� RQ� 3(�

WRROV� RQO\� GXULQJ� GDWD� FROOHFWLRQ� �$OGHUV� HW� DO���

�������$Q�RYHUYLHZ�RI�PDLQ�XVHV��UHJLRQV��DQG�GLV�

HDVHV�WKDW�3DUWLFLSDWRU\�(SLGHPLRORJ\�SURJUDPV�LQ�

WKH� ILHOG� RI� DQLPDO� KHDOWK� KDYH� DGGUHVVHG� IURP�

����� WR� ����� FRQGXFWHG� E\� $OOHSX]� HW� DO�� >�@�

KLJKOLJKWHG� VWURQJ� DQG� ZHDN� SRLQWV� RI� WKHVH�

PHWKRGRORJLHV� ZKLFK� LQFOXGHG�� LPSRUWDQW� UROH�

WKDW� LQFRUSRUDWLQJ� FRPPXQLW\� REVHUYDWLRQV� SOD\�

LQ�GLVHDVH�LQYHVWLJDWLRQ�DQG�FRQWURO�HIIRUWV�WR�LP�

SURYH�HIIHFWLYHQHVV�RI�WKHVH�HIIRUWV��DQG�PRUH�HV�

SHFLDOO\� LQ�SDVWRUDO� UHODWHG�GLVHDVHV� VXFK�DV�.DOD-

D]DU�DPRQJ�RWKHUV��,W�ZDV�DOVR�PHQWLRQHG�WKDW��LQ�

FRPSDULVRQ� WR� FRQYHQWLRQDO� PHWKRGV�� 3(� KDV� D�

JUHDWHU� FDSDFLW\� WR� GHWHFW� HPHUJLQJ� DQG� UH-

HPHUJLQJ� GLVHDVHV� DQG� DOORZV� FRPPXQLWLHV� WR�

JLYH�DQG� UHFHLYH�SURPSW� LQSXW�RQ�VXJJHVWHG�SUH�

FDXWLRQDU\�SUHYHQWDWLYH� VWHSV�� ,PSRUWDQFH� RI� XV�

LQJ�3(�LQ�UHFRJQL]LQJ�OLPLWDWLRQV�RI�GLVHDVH�SURSD�

JDWLRQ�PRGHOV�DQG�VHUYLQJ�DV�D�VLJQLILFDQW�WRRO�IRU�

UHVHDUFKHUV�DQG�FRPPXQLWLHV��LQ�WKLV�FDVH��YHWHUL�

QDULDQV�� DQG� IDUPHUV�� WR� YDOLGDWH� WKHVH� PRGHOV�

DQG�FRPSUHKHQG� LOOQHVV�SDWWHUQV�ZDV�XQGHUOLQHG��

,W� ZDV� DOVR� PHQWLRQHG� WKDW� WKHVH� WHFKQRORJLHV�

KDYH� FDSDFLW\� WR� H[DPLQH� LQWULFDWH� HFR-KHDOWK�

SUREOHPV�DQG� WKHLU� VROXWLRQV��)LQDOO\��E\�HQVXULQJ�

WKDW� DOO� VWDNHKROGHUV�KDG� D� YRLFH� LQ�GHYHORSPHQW�

RI� VXFK� LQLWLDWLYHV�� V\VWHP
V� WUXVWZRUWKLQHVV� DQG�

DFFHSWDELOLW\�ZDV�VWUHQJWKHQHG��3DUWLFLSDWRU\�(SL�

GHPLRORJ\�LV�D�IOH[LEOH�WRRO��WKXV�WKHUH�LV�D�ULVN�RI�

FUHDWLQJ�GDWD�E\�VLWWLQJ� LQ�DQ�RIILFH�ZLWKRXW�YLVLW�

͵͵ 
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LQJ� FRPPXQLWLHV�� 2WKHU� DUHDV� IRU� LPSURYHPHQW�

LQFOXGH� SRVVLELOLW\� WKDW� WLPH�� DQG� ILQDQFLDO� UH�

VWULFWLRQV�ZLOO�SUHYHQW�DOO�VWDNHKROGHUV�IURP�SDUWLF�

LSDWLQJ�IXOO\�LQ�WKH�VWXG\�� 

 

,PSOHPHQWDWLRQ�([SHULHQFHV�DQG�/HVVRQV�/HDUQW�

IURP�WKH�$SSOLFDWLRQ�RI�3DUWLFLSDWRU\�(SLGHPLRO�

RJ\ 

7KH�IROORZLQJ�VHOHFWHG�FDVH�VWXGLHV�SURYLGH�DQ�

LQVLJKW� LQWR� XQLTXH� DSSOLFDWLRQ� RI� 3DUWLFLSDWRU\�

(SLGHPLRORJ\� LQ� (DVW� $IULFD� LQ� DVVHVVPHQW� RI� KX�

PDQ� KHDOWK�� IRRG�� DQG� QXWULWLRQ� VHFXULW\�� $OW�

KRXJK��LQ�WKH�UHJLRQ��WKHUH�KDV�EHHQ�OLPLWHG�DSSOL�

FDWLRQ� RI� SDUWLFLSDWRU\� DSSURDFKHV� DQG� PHWKRGV�

LQ�KXPDQ�KHDOWK�DQG�QXWULWLRQ�VHFWRUV��*UH\�OLWHUD�

WXUH� LV� DYDLODEOH� RQ� DSSOLFDWLRQ� RI� 3DUWLFLSDWRU\�

(SLGHPLRORJ\� LQ�KXPDQ�KHDOWK�ZLWK� OLPLWHG�GRFX�

PHQWDWLRQ� �&DWOH\�� ������� 7KH� ILUVW� FDVH� VWXG\�

RXWOLQHV� WKH� ILUVW-WLPH� 3DUWLFLSDWRU\� (SLGHPLRORJ\�

ZDV�DGDSWHG�IRU�KHDOWK�UHVHDUFK�LQ�.HQ\D�LQ������

ZKHUH� LW�ZDV� XVHG� WR� VWXG\� WKH� FRPPXQLW\� OHYHO�

DVVHVVPHQW� RI� VHDVRQDOLW\� DQG� EDVLF� FDXVHV� RI�

DFXWH�PDOQXWULWLRQ�LQ�,VLROR�DQG�0DUVDELW�&RXQWLHV�

LQ� 1RUWKHUQ� .HQ\D�� 7KH� VHFRQG� VWXG\� IURP� .DUD�

PRMD�8JDQGD�SURYLGHV�DQ�RYHUYLHZ�RI�DSSOLFDWLRQ�

RI� 3DUWLFLSDWRU\� (SLGHPLRORJ\� WR� DVVHVV�

NQRZOHGJH� RI� ZRPHQ� EDVHG� RQ� VHDVRQDOLW\� DQG�

FDXVHV�RI�DFXWH�PDOQXWULWLRQ��7KH�WKLUG�FDVH�VWXG\�

ZDV� SDUWLFLSDWRU\� UHVHDUFK� IRU� SDVWRUDOLVW� KHDOWK�

DQG� QXWULWLRQ� FRQGXFWHG� LQ� 6KLQLOH� DQG� /LEHQ�

]RQHV� RI� 6RPDOL� UHJLRQ� LQ� (WKLRSLD� RQ� LPSRUWDQW�

FDXVHV� RI� FKLOG�PDOQXWULWLRQ�� OLQNV� EHWZHHQ� FKLOG�

QXWULWLRQDO� VWDWXV�DQG�PLON� VXSSO\�DQG�SULRULW\� LQ�

WHUYHQWLRQV� WR� DGGUHVV�PDOQXWULWLRQ� LQ� WKHLU� FRP�

PXQLWLHV� 

7KHVH� UDUH� H[SHULHQFHV� YDOLGDWH� XVH� RI� 3DUWLFL�

SDWRU\�(SLGHPLRORJ\�WR�DGGUHVV�KHDOWK�FKDOOHQJHV�

IDFLQJ� FRPPXQLWLHV� HIIHFWLYHO\� DQG� VXVWDLQDEO\��

HPSKDVL]LQJ� LPSRUWDQFH� RI� LQWHJUDWLRQ� RI� ORFDO�

NQRZOHGJH� DQG� H[SHULHQFHV�� 7KH� VWXGLHV� VKRZ�

KRZ�DSSOLFDWLRQ�RI�3DUWLFLSDWRU\�(SLGHPLRORJ\�DS�

SURDFK� HPSRZHUV� FRPPXQLWLHV� WR� LGHQWLI\� DQG�

VROYH� WKHLU�KHDOWK�QHHGV�WKXV� LQIOXHQFLQJ�SRVLWLYH�

VXVWDLQDEOH� FKDQJHV�� FXUELQJ� VSUHDG�� UHGXFLQJ�

WUDQVPLVVLRQ��DQG�PRUWDOLW\�GXH�WR�YDULRXV�GLVHDV�

HV�ZKLFK�PD\�RIWHQ�EUHDN�XS�ZLWKLQ�FRPPXQLWLHV��

$�JRRG�H[DPSOH� LV�WKH� MXVW�HQGHG�&29,'-���SDQ�

GHPLF�� UHFHQW� UHSRUWHG� FDVHV�RI�XQNQRZQ�GHDGO\�

LOOQHVV�ZLWK� .DOD-D]DU� OLNH� V\PSWRPV� LQ� ,VLROR� DQG�

0DUVDELW�&RXQWLHV� DV�ZHOO� DV� YDULRXV� RWKHU� FDVHV�

DQG�GLVHDVH�RFFXUUHQFHV�LQ�VXFK�FRPPXQLWLHV��7KH�

&29,'-��� SDQGHPLF� KLJKOLJKWHG� LPSRUWDQFH� RI�

KDYLQJ�DQ�HIIHFWLYH�VXUYHLOODQFH�V\VWHP�LQ�SODFH�WR�

LGHQWLI\� DQG� FRQWURO� GLVHDVH� RXWEUHDNV� �:LWWZHU�

HW� DO��� ������� )LQDOO\�� WKLV� RYHUYLHZ� DFFHQWXDWHV� RQ�

PXWXDO�EHQHILWV�RI�3DUWLFLSDWRU\�(SLGHPLRORJ\�EH�

WZHHQ�UHVHDUFKHUV�DQG�VWXG\�SRSXODWLRQV�EULGJLQJ�

JDSV� EHWZHHQ� GHVFULSWLRQ� RI� UHVHDUFK� SUREOHP�

DQG�DFWLRQ�ZKLFK�KDV�EHHQ�ODFNLQJ�LQ�UHVHDUFK� 

� 

.HQ\D�� 8VLQJ� 3DUWLFLSDWRU\� (SLGHPLRORJ\� WR� ,Q�

YHVWLJDWH� WKH� &DXVHV� DQG� 6HDVRQDOLW\� RI� $FXWH�

0DOQXWULWLRQ� LQ� 0DUVDELW� DQG� ,VLROR� &RXQWLHV��

1RUWKHUQ�.HQ\D 

$ULG�DQG�6HPL-$ULG��$6$/��&RXQWLHV�DUH�DPRQJ�

WKH� OHDVW�GHYHORSHG�&RXQWLHV� LQ�.HQ\D��WKH�SRSX�

ODWLRQ��SUHGRPLQDQWO\�SDVWRUDOLVWV��IDFH�D�FRPSOH[��

FKDQJLQJ�HQYLURQPHQW�ZLWK�FRXQWU\ÖV�KLJKHVW� OHY�

HOV�RI�SRYHUW\��IRRG�LQVHFXULW\�DQG�JHQGHU�LQHTXDO�

LW\�� DOO� RI� ZKLFK� KDYH� LPSOLFDWLRQV� IRU� QXWULWLRQDO�

VWDWXV� �<RXQJ�� ������� 'HVSLWH� VLJQLILFDQW� LQYHVW�

PHQW� E\� LPSOHPHQWLQJ� SDUWQHUV�� WKHVH� &RXQWLHV�

VXVWDLQ�KLJK�UDWHV�RI�DFXWH�PDOQXWULWLRQ�DQG�WKXV�

ZHDNHQHG� LPPXQH� V\VWHP� HVSHFLDOO\� DPRQJVW�

XQGHU-ILYHV�DQG�HOGHUO\��WKXV�LQFUHDVHG�ULVN�WR�FHU�

WDLQ� LQIHFWLRXV� GLVHDVHV�� 7KH� &RXQWLHV� UHJXODUO\�

H[SHULHQFH�SUHYDOHQFH�UDWHV�RI�DFXWH�PDOQXWULWLRQ�

WKDW� H[FHHG� HPHUJHQF\� WKUHVKROG� OHYHOV�� HYHQ�

ZKHQ� WKHUH� DUH�QR�REYLRXV� FOLPDWH� VKRFNV�� )URP�

�����WR�������WKH\�ZHUH�DW�RU�DERYH�,3&�3KDVH����

EHWZHHQ���DQG����WLPHV��WULJJHULQJ�KXPDQLWDULDQ�

UHVSRQVHV� WKDW� DGGUHVVHG� DFXWH� PDOQXWULWLRQ� LQ�

VKRUW� WHUP��EXW�GLG�YHU\� OLWWOH� WR�DGGUHVV�XQGHUO\�

LQJ�FDXVHV��7KLV�V\VWHPLF�IDLOXUH�WR�DGGUHVV�SHUVLV�

WHQW� DFXWH�PDOQXWULWLRQ� LV� LQ� SDUW� GXH� WR� ODFN� RI�

HYLGHQFH� DQG� SRRU� XQGHUVWDQGLQJ� RI� GULYHUV� RI�

DFXWH� PDOQXWULWLRQ� LQ� WKHVH� GU\ODQGV� �<RXQJ��

������� 

7R�EHWWHU�XQGHUVWDQG�FDXVHV�DQG�VHDVRQDOLW\�RI�

DFXWH�PDOQXWULWLRQ�LQ�,VLROR�DQG�0DUVDELW�&RXQWLHV�
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LQ�1RUWKHUQ�.HQ\D��3DUWLFLSDWRU\�(SLGHPLRORJ\�DS�

SURDFK� ZDV� SLORWHG� EHWZHHQ� )HEUXDU\� ����� DQG�

$SULO� ����� LQ� &KDUL� DQG� &KHUDE� :DUGV� LQ� ,VLROR�

&RXQW\�DQG�/R\DQJDODQL�DQG�1RUWK�+RUU�:DUGV�LQ�

0DUVDELW� &RXQW\�� &RPPXQLW\� OHYHO� DQDO\VLV��

VRXJKW�WR�XQGHUVWDQG�KRZ�FRPPXQLWLHV�GHVFULEH�

PDOQXWULWLRQ�LQ�FKLOGUHQ�DQG�PRWKHUV�ZLWK�UHJDUGV�

WR� DYDLODEOH� GLHWV� RI� KHDOWK\� DQG� PDOQRXULVKHG�

FKLOGUHQ�� VHDVRQDOLW\� RI� PDOQXWULWLRQ� DQG� UHODWHG�

IDFWRUV��KRZ�FRPPXQLWLHV�H[SODLQ�DQG�UDQN�FDXVHV�

RI�PDOQXWULWLRQ�LQ�FKLOGUHQ�DQG�PRWKHUV��ZKDW�DUH�

WKH� YDULDWLRQV� LQ� GLHWV� RI� KHDOWK\� DQG� PDOQRXU�

LVKHG� FKLOGUHQ� LQ� FRQQHFWLRQ� ZLWK� VSHFLILF� IRRG�

W\SHV�DQG�VHDVRQDO�DYDLODELOLW\�RI�IRRG�W\SHV��ZKDW�

DUH� FRPPXQLW\�SDUWLFLSDQWVÖ� VXJJHVWLRQV� DQG�SUL�

RULWLHV� IRU� LPSURYLQJ�QXWULWLRQ�� DQG� UHDVRQLQJ� EH�

KLQG�WKHLU�YLHZV��6XFK�DSSURDFK�LV�HVVHQWLDO�LI�HP�

SOR\HG� WR� LQYHVWLJDWH� YDULRXV� FDXVHV� RI� FHUWDLQ�

KXPDQ� GLVHDVHV� WRZDUGV� DFKLHYHPHQW� RI� 6'*� ��

RQ� KHDOWK� DQG� ZHOOEHLQJ� IRU� DOO�� ([DPSOHV� RI� SD�

UDPHWHUV� WKDW�ZRXOG� OHDG� WR�SRVLWLYH�SROLF\�JXLG�

LQJ� LQIRUPDWLRQ�ZRXOG� LQFOXGH�EXW�QRW� OLPLWHG� WR�

TXHVWLRQV� OLNH�� :KHQ� RU� ZKDW� DUH� WKH� VHDVRQV�

ZKHQ� FHUWDLQ� V\PSWRPV� VXFK� DV� HQODUJHPHQW� RI�

WKH� VSOHHQ� IRU� FDVHV� RI� .DOD-D]DU� DUH� UHSRUWHG��

ZKDW�FRXOG�EH�PDMRU�GLVHDVH�FDXVHV�IURP�FRPPX�

QLW\ÖV� SHUVSHFWLYH��ZKDW� DUH� FRPPXQLW\ÖV� SULRULWL�

]DWLRQ�RI�GLVHDVH�FDXVHV��ZKDW�WUDGLWLRQDO��FXOWXU�

DO�� VSLULWXDO� EHOLHIV� HLWKHU� SUHYHQW� RU� FDXVH� PRUH�

VSUHDG� WKXV� LQFUHDVHG�KDUP� IURP�VXFK�D�GLVHDVH��

ZKDW� OHYHOV�RI�NQRZOHGJH��DWWLWXGH��DQG�SUDFWLFHV�

H[LVW� LQ� WKH� FRPPXQLW\� WRZDUGV� SUHYHQWLRQ� DQG�

FRQWURO� PHDVXUHV� RI� WKH� GLVHDVH� DQG� FKDOOHQJHV�

DIIHFWLQJ� VXUYHLOODQFH� DQG� FRQWURO� RI� GLVHDVHV� LQ�

FRPPXQLWLHV�� 

)LJXUH���VKRZFDVHV�DQ�H[DPSOH�RI�D�3(�PHWKRG�

DW� XVH� LQ� /RL\DQJDODQL� �0DUVDELW� &RXQW\�� -� D�

PRQWKO\� FDOHQGDU�� 7R� LOOXVWUDWH� WKH� UHODWLRQVKLSV�

EHWZHHQ�WKH�PRQWKV�DQG�WKH�LQGLFDWRUV��FRXQWHUV�

�VWRQHV�� ZHUH� GLVWULEXWHG� WKURXJKRXW� FDOHQGDU�

�FHOOV��� 7KH� GLDJUDPV� GHSLFWLQJ� ORFDO� PRQWKV� DUH�

SRVLWLRQHG�RQ�WKH�OHIW�VLGH�RI�WKH�SKRWRJUDSK�DQG�

GLDJUDPV� GHVFULELQJ� GLIIHUHQW� LQGLFDWRUV� DUH� SRVL�

WLRQHG�DORQJ� WKH�ERWWRP�RI� WKH�SKRWRJUDSK�� 7KH�

VWXG\� HVWDEOLVKHG� WKDW� DV� RSSRVHG� WR�PRUH� FRQ�

YHQWLRQDO�PHWKRGV��XVLQJ�3DUWLFLSDWRU\�(SLGHPLRO�

RJ\�FDQ�JHQHUDWH�D�JUHDW�GHDO�RI�SUHFLVH�DQG�VFL�

HQWLILFDOO\� FUHGLEOH� LQIRUPDWLRQ� ZLWKLQ� D� UHODWLYHO\�

VKRUW�SHULRG�RI�VWXG\��%XUQV�HW�DO��������� 

.H\� OHVVRQV� OHDUQW� IURP� WKH� H[SHULHQFH� RI� WKH�

DSSOLFDWLRQ� RI� 3DUWLFLSDWRU\� (SLGHPLRORJ\� PHWK�

RGV�LQFOXGH� 

L� 3DUWLFLSDWRU\�(SLGHPLRORJ\� �3(��PHWKRGV�DS�

SOLHG�SURGXFHG�WHFKQLFDOO\�SODXVLEOH�DQG�UHOLD�

EOH�LQIRUPDWLRQ�RQ�WKH�ORFDOO\�SHUFHLYHG�FDXV�

HV�DQG�VHDVRQDOLW\�RI�PDOQXWULWLRQ�� 

LL� 7KH� 3(� DSSURDFKHV� JDWKHUHG� LQIRUPDWLRQ�

IURP� WKH� FRPPXQLW\� SHUFHSWLRQV� HQDEOLQJ�

FOHDU�MXVWLILFDWLRQV�� 

LLL� 7KH� 3(� WHFKQLTXH� ZDV� XVHIXO� LQ� SURYLGLQJ�

PRUH�FODULW\�RQ�FRPSOH[�DVVRFLDWLRQV�� 

LY� 5HODWLYH� WR� TXDQWLWDWLYH� VXUYH\V�� 3(� H[HUFLVH�

ZDV�LQH[SHQVLYH��TXLFN��DQG�IOH[LEOH� 

Y� 3DUWLFLSDWRU\� (SLGHPLRORJ\� PHWKRGV� ZHUH�

FRQGXFWHG� UHODWLYHO\� TXLFNO\� DQG� FRVW� HIIHF�

WLYHO\� DQG� VWLOO�PDLQWDLQHG� DQ� DFFHSWDEOH� OHY�

HOV�RI�DFFXUDF\� 

YL� $QDO\VLV�RI� WKH�3(�GDWD�ZDV�YHU\�VLPSOH�ZLWK�

YHU\� OLWWOH� GDWD�PDQLSXODWLRQ�� 7KH� HDVH� RI� 3(�

GDWD� DQDO\VLV� HQDEOHG� WKH� UHVHDUFKHUV� WR�

VKDUH�UHVXOWV�WLPHO\� 

YLL� ,PPHGLDWH� YDOLGLW\�RI� WKH�GDWD� FROOHFWHG�ZDV�

DFKLHYHG� EHFDXVH� WULDQJXODWLRQ� KDSSHQHG� LQ�

WKH� ILHOG�GXULQJ� WKH�DSSOLFDWLRQ�RI� WKH�PHWK�

RGV� 

,QWHUHVWLQJO\��WKLV�3(�WHFKQLTXH�LOOXVWUDWLRQ�HP�

SKDVL]HV�PRUH�RQ�ORFDO�DQDO\VLV�RI�FROOHFWHG�LQIRU�

͵ͷ 

)LJXUH�����,OOXVWUDWLYH�([DPSOH�RI�D�3(�0HWKRG�-�0RQWKO\�

&DOHQGDU���&RS\ULJKW��%XUQV������� 
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PDWLRQ�DV�RSSRVHG�WR�UHPRWH�DQDO\VLV�FRQGXFWHG�

VROHO\�E\� UHVHDUFKHUV�� ,W�VKRZV� WKDW��3DUWLFLSDWRU\�

(SLGHPLRORJ\� HQVXUHV� WKH� SDUWLFLSDWLRQ� DQG� FRQ�

VXOWDWLRQ�RI�DOO�WKH�VWDNHKROGHUV�LQ�WKH�FRPPXQLW\�

LQ� PDNLQJ� GHFLVLRQV� WKDW� DIIHFW� WKHLU� ZHOOEHLQJ��

7KH� LGHQWLILFDWLRQ�RI� FRPPXQLW\� SULRULWLHV� IRU� DG�

GUHVVLQJ�PDOQXWULWLRQ�� GHVFULEHV� WKH� DELOLW\� RI� 3(�

LQ�XWLOL]LQJ�WKH�FRPPXQLW\�DV�D�XVHIXO�WRRO�LQ�GDWD�

DQDO\VLV�� 7KURXJK� WKH� FRPPXQLW\
V� SDUWLFLSDWLRQ�

DV�WKH�VWXG\
V�SULPDU\�VWDNHKROGHUV��3DUWLFLSDWRU\�

(SLGHPLRORJ\�SRWHQWLDO� WR�EXLOG� WUXVW� LQ� WKH�FRP�

PXQLW\� ZDV� KLJKOLJKWHG� ZLWK� PHPEHUV� EHOLHYLQJ�

WKDW�WKH�GDWD�JHQHUDWHG�IURP�WKH�H[HUFLVH�ZLOO�EH�

XVHG� WR� SURWHFW� WKHLU� RZQ� KHDOWK� DQG� ZHOOEHLQJ��

7KH�SLORW
V�PRVW�LPSRUWDQW�OHVVRQ�LV�WKDW��ZKHQ�3(�

LV� FRQGXFWHG� HIIHFWLYHO\�� LW� JRHV� D� ORQJ� ZD\� LQ�

EXLOGLQJ� DQG� PDLQWDLQLQJ� WUXVW� RI� WKH� DIIHFWHG�

FRPPXQLWLHV� OHDGLQJ� WR� LPSOHPHQWDWLRQ� RI�PRUH�

VXVWDLQDEOH� GLVHDVH� VXUYHLOODQFH�� SUHYHQWLRQ�� DQG�

FRQWURO�VWUDWHJLHV��%XUQV�HW�DO��������� 

 

.DUDPRMD��8JDQGD�-�8VLQJ�3DUWLFLSDWRU\�(SLGHPL�

RORJ\� WR� ,QYHVWLJDWH� :RPHQÖV� .QRZOHGJH� RQ�

WKH� 6HDVRQDOLW\� DQG� &DXVHV� RI� $FXWH� 0DOQXWUL�

WLRQ� 

.DUDPRMD�LV�D�UHPRWH�VHPL-DULG�UHJLRQ�LQ�1RUWK�

HDVW� 8JDQGD�PDLQO\� LQKDELWHG� E\� SDVWRUDOLVW� DQG�

DJUR-SDVWRUDOLVW�FRPPXQLWLHV��)RU�PDQ\�\HDUV��WKH�

UHJLRQ� KDV� EHHQ� FRQVLGHUHG� SROLWLFDOO\� DQG� HFR�

QRPLFDOO\� PDUJLQDOL]HG� ZLWK� ORZ� KXPDQ� GHYHORS�

PHQW�LQGLFDWRUV�FRPSDUHG�WR�RWKHU�SDUWV�RI�8JDQ�

GD��&DWOH\�HW�DO����������7KH�UHJLRQ�KDV�SHUVLVWHQW�

KLJK� OHYHOV�RI� DFXWH�PDOQXWULWLRQ� UHSRUWHG�PDLQO\�

LQ�FKLOGUHQ�DJHG���PRQWKV�WR���\HDUV�GHVSLWH�WKH�

ODUJH-VFDOH�SURJUDPPHV�E\�GHYHORSPHQW�SDUWQHUV��

0DMRU�LVVXHV�DERXW�KHDOWK�DQG�PDOQXWULWLRQ�LQ�WKLV�

UHJLRQ�RI�8JDQGD�DUH�ORQJ-VWDQGLQJ��(YHQ�ZLWK�WKH�

LPSRUWDQFH� RI� VHDVRQDOLW\� LQ� SDVWRUDOLVW� VHWWLQJV��

WKH� VHDVRQDO� YDULDWLRQ� RI� PDOQXWULWLRQ� KDG� QRW�

EHHQ� H[SODLQHG� LQ� .DUDPRMD� XS� WR� ����� GXH� WR�

RSHUDWLRQDO� FKDOOHQJHV� DQG� ODFN� RI� UHVRXUFHV� WR�

FRQGXFW�QXWULWLRQDO�VXUYH\V��7KH�ELDQQXDO�VXUYH\V�

FRQGXFWHG� LQ� WKH� UHJLRQ� SURYLGHG� SRLQW� SUHYD�

OHQFH�HVWLPDWHV�RI� DFXWH�PDOQXWULWLRQ�ZKLFK� FDQ�

QRW� FOHDUO\� GHSLFW� VHDVRQDO� YDULDWLRQ� LQ� JOREDO�

DFXWH� PDOQXWULWLRQ� �*$0�� ZKLFK� KDV� LPSRUWDQW�

LPSOLFDWLRQV�IRU�QXWULWLRQ�SURJUDPPLQJ��&DWOH\�HW�

DO���������� 

*LYHQ� WKH� OLPLWHG� GRFXPHQWDWLRQ� RI� WKH� VHD�

VRQDOLW\�RI�DFXWH�PDOQXWULWLRQ��KHDOWK�DQG�ZHOOEH�

LQJ�DQG�UHODWHG�OLYHOLKRRG�DFWLYLWLHV�LQ�.DUDPRMD��D�

3DUWLFLSDWRU\� (SLGHPLRORJ\� VWXG\� ZDV� FRQGXFWHG�

WR� EHWWHU� XQGHUVWDQG� WKH� VHDVRQDOLW\� IURP� YLHZV�

VKDUHG�E\�ZRPHQ�DJUR-SDVWRUDOLVWV��7KH�VWXG\�DOVR�

DLPHG� WR� XQGHUVWDQG� NQRZOHGJH� RI� ZRPHQ� DQG�

WKHLU�SULRULWL]DWLRQ�RI�FDXVHV�RI�DFXWH�PDOQXWULWLRQ�

LQ�FKLOGUHQ�DQG�PRWKHUV��7KH�VWXG\�DOVR�VRXJKW�WR�

DVVHVV�YHWHULQDU\�H[SHULHQFHV�RI�3(�DSSOLFDWLRQ�WR�

XQGHUVWDQG� LI� WKH\� FRXOG� EH� DGDSWHG� IRU� XVH� LQ�

VWXGLHV�RQ�KXPDQ�KHDOWK�DQG�QXWULWLRQ��� 

([DPSOHV�DQG�XWLOLW\�RI�3DUWLFLSDWRU\�(SLGHPLRO�

RJ\�PHWKRGV�DSSOLHG�LQ�WKH�VWXG\�LQFOXGH� 

L� ,QLWLDO�HWKQRJUDSKLF�DSSURDFK�ZDV�XWLOL]HG�WR�

XQGHUVWDQG� ODQJXDJH� XVHG� E\� ZRPHQ� HVSH�

FLDOO\� DJUR-SDVWRUDOLVWV� WR� GHVFULEH� PDOQXWUL�

WLRQ� DQG� DVVRFLDWHG� LVVXHV�� 7KLV� ZDV� GRQH�

WKURXJK� IRFXV� JURXS� GLVFXVVLRQV� FRQGXFWHG�

E\� IDFLOLWDWRUV� ZLWK� H[SHULHQFH� ZLWK� LQIRUPDO�

LQWHUYLHZLQJ�WHFKQLTXHV� 

LL� 6HPL-VWDQGDUGL]DWLRQ� RI� WZR� 3DUWLFLSDWRU\�

(SLGHPLRORJ\�PHWKRGV�� FDXVDO� GLDJUDPV� DQG�

PRQWKO\� FDOHQGDUV�ZDV� LQIRUPHG�E\� WKH� VHF�

RQGDU\� OLWHUDWXUH� DQG� ORFDO� ODQJXDJH� GUDZQ�

IURP�WKH�ILUVW�HWKQRJUDSKLF�VWDJH� 

LLL� 8VLQJ� PRQWKO\� FDOHQGDU� DV� D� YLVXDOL]DWLRQ�

PHWKRG� VKRZHG� SDWWHUQV� RI� VHOHFWHG� LQGLFD�

WRUV��7KLV�3(�PHWKRG� LV� LGHDO� LQ� VLWXDWLRQV�RI�

ORZ� OLWHUDF\�EHFDXVH� LW�XVHV�SLFWXUHV�RU� ORFDO�

REMHFWV�WR�GHSLFW�LQGLFDWRUV�DQG�PRQWKV�� 

LY� 3DUWLFLSDWRU\� (SLGHPLRORJ\�PHWKRGV� HQVXUHV�

LQYROYHPHQW� RI� DOO� LQIRUPDQWV� DQG� DUH� XVHIXO�

FRPSOHPHQW� WR� FRQYHQWLRQDO� TXDQWLWDWLYH�

VXUYH\V�WKDW�XVH�OLPLWHG�FRPPXQLW\�SDUWLFLSD�

WLRQ� 

Y� $GGLWLRQDO� TXHVWLRQV� DVNHG� E\� IDFLOLWDWRUV� WR�

SUREH� VFRULQJ� ZHUH� TXLWH� KHOSIXO� WR� EHWWHU�

XQGHUVWDQG�ZRPHQÖV�SHUFHSWLRQV�EHKLQG�WKH�

VFRULQJ� 

YL� 3URSRUWLRQDO�SLOLQJ�ZDV�XVHG�DV�D�UDSLG�PHWK�

RG� IRU� TXDQWLI\LQJ� UHVSRQVHV� LQ� DGGLWLRQ� WR�

͵ 



ϴ 

XVH�RI�TXHVWLRQV� 

YLL� .HQGDOOÖV�FRHIILFLHQW�RI�FRQFRUGDQFH��:��ZDV�

XVHG�LQ�6366�VRIWZDUH�WR�DVVHVV�UHSURGXFLELO�

LW\� RI� PRQWKO\� FDOHQGDU� PHWKRG� DFURVV� WKH�

GLIIHUHQW�SDUWLFLSDQW�JURXSV� 

YLLL�)LQGLQJV� YDOLGLW\� ZDV� FRQILUPHG� E\� FURVV-

FKHFNLQJ� ILQGLQJV� DJDLQVW� RWKHU� LQIRUPDWLRQ�

VRXUFHV� ZKLFK� LQFOXGHG� NH\� LQIRUPDQW� LQWHU�

YLHZV�DQG�UHYLHZ�RI�OLWHUDWXUH� 

L[� 3DUWLFLSDWRU\� (SLGHPLRORJ\� PHWKRGV� ZHUH�

FRQGXFWHG� E\� IDFLOLWDWRUV� ZKR� LGHDOO\� ZHUH�

IOXHQW� LQ� WKH� ORFDO� ODQJXDJH� DQG� UHSHDWHG�

DPRQJ�GLIIHUHQW�JURXSV�RI�SDUWLFLSDQWV� 

[� 3DUWLFLSDWRU\� (SLGHPLRORJ\� IDFLOLWDWRUV� ZHUH�

WUDLQHG� RQ� 3(� LPPHGLDWHO\� EHIRUH� ILHOGZRUN�

DQG� VXSSRUWHG� E\� IDFLOLWDWRUV� H[SHULHQFHG� LQ�

XVLQJ�SDUWLFLSDWRU\�PHWKRGV� 

[L� 3DUWLFLSDWRU\�(SLGHPLRORJ\�PHWKRGV�DUH�UHOLD�

EOH� LQ� UHPRWH� DQG� XQGHU-GHYHORSHG� VHWWLQJV�

DQG� FDQ� JHQHUDWH� UHOLDEOH� DQG� YDOLG� LQIRU�

PDWLRQ�LQ�D�SDUWLFLSDWRU\�ZD\� 

[LL� 3DUWLFLSDWRU\� (SLGHPLRORJ\� DSSURDFKHV� DUH�

IDU�TXLFNHU��OHVV�H[SHQVLYH��DQG�PRUH�HWKLFDOO\�

WKDQ�TXDQWLWDWLYH�ORQJLWXGLQDO�VWXGLHV� 

 

7KLV� H[DPSOH�RI�3(�DSSOLFDWLRQ� FRQILUPHG� WKDW�

3(� DSSURDFK� FDQ� EH� XWLOL]HG� WR� GHVFULEH� DQG� H[�

SODLQ� FRPSOH[� DQG� FRPSOLFDWHG� IRRG� SURGXFWLRQ�

DQG�VRFLDO�IDFWRUV�WKDW�OHDG�WR�DFXWH�PDOQXWULWLRQ��

7KLV�LQFOXGHV�IDFWRUV�GLIILFXOW�WR�FDSWXUH�ZLWK�WUDGL�

WLRQDO�QXWULWLRQDO�VXUYH\V��$OGHUV�HW�DO����������)RU�

XQGHUVWDQGLQJ� VHDVRQDOLW\� DQG� FDXVHV� RI� DFXWH�

PDOQXWULWLRQ� LQ�UHPRWH�DQG�XQGHUGHYHORSHG�DJUR-

SDVWRUDO� VHWWLQJ�� XVH� RI� DGDSWHG� 3(� PHWKRGROR�

JLHV� ZDV� GHPRQVWUDWHG� DV� D� OHJLWLPDWH� DQG� GH�

SHQGDEOH� VWUDWHJ\�� 8OWLPDWHO\�� 3(� FRXOG� VXSSOH�

PHQW�FRQYHQWLRQDO�UHVHDUFK�WHFKQLTXHV�DQG�VWUDW�

HJLHV�� VXFK� TXDQWLWDWLYH� UHVHDUFK� DQG� QXWULWLRQ�

FDXVDO�DQDO\VLV��DQG�LW�FRXOG�EH�HIIHFWLYH�LQ�GHVLJQ�

LQJ� SURJUDPV� DLPHG� DW� UHGXFLQJ� PDOQXWULWLRQ�

�&DWOH\�HW�DO���������� 

 

 

(WKLRSLD�–�3DUWLFLSDWRU\�5HVHDUFK�IRU�WKH�3DVWRU�

DOLVW�+HDOWK�DQG�1XWULWLRQ�,QLWLDWLYH� 

&KLOGUHQ� RI� $IULFDQ� SDVWRUDOLVWV� DUH� JDLQLQJ�

UHFRJQLWLRQ� DV� WKH�PRVW� QXWULWLRQDOO\� VXVFHSWLEOH�

FKLOGUHQ� JOREDOO\�� $FFRUGLQJ� WR�:RUOG� +HDOWK� 2U�

JDQL]DWLRQ��:+2���OHYHOV�RI�JOREDO�DFXWH�PDOQXWUL�

WLRQ� �*$0�� LQ� \RXQJ�FKLOGUHQ�DUH�RIWHQ�REVHUYHG�

WR�VXUJH�DERYH�����LQ�WKH�6RPDOL�5HJLRQ�RI�(WKLR�

SLD�� OHYHO� FRQVLGHUHG� DV� D� QXWULWLRQDO� HPHUJHQF\��

+RZHYHU��FRZÖV�PLON��RQH�RI�WKH�ZRUOG
V�PRVW�QX�

WULWLRQDOO\� FRPSOHWH� IRRGV�� SOD\V� D� FUXFLDO� UROH� LQ�

WKHVH� FKLOGUHQ
� GLHWV� IURP� ILQGLQJV� RI� UHVHDUFK�

VWXGLHV�FRQGXFWHG�LQ�WKH�UHJLRQ��6DGOHU�	�&DWOH\��

�������$OWKRXJK�WKHUH�DUH�PDQ\�VWXGLHV�DQG�HDUO\�

ZDUQLQJV� OLWHUDWXUH� WKDW� HPSKDVL]HV� WKH� LP�

SRUWDQFH�RI�OLYHVWRFN�DQG�DQLPDO�SURGXFWV�IRU�GLH�

WDU\� LQWDNH� DQG� LQFRPH� IRU� SDVWRUDOLVWV�� WKHUH� LV�

OLWWOH� GHVFULSWLRQ� RI� WKH� IRRG� FRQVXPSWLRQ� DQG�

GLVWULEXWLRQ� RI� DQLPDO� SURGXFWV� VXFK� DV� PLON�� RU�

WKH� XVH� RI� VXFK�SURGXFWV� DPRQJ� YXOQHUDEOH� SHR�

SOH�JURXSV�LQ�WKH�UHJLRQ��6DGOHU�	�&DWOH\��������� 

7KH�DSSURDFK�XVHG�LQ�WKLV�VWXG\�VSHFLILFDOO\�H[�

DPLQHV�UHODWLRQVKLS�EHWZHHQ�DQLPDO�SURGXFWV�DQG�

\RXQJ�FKLOG�IHHGLQJ�XVLQJ�ORFDO�YLHZV�DQG�SHUVSHF�

WLYHV�� 7KH� DLP� RI� WKLV� VWXG\� FRQGXFWHG� LQ� 6KLQLOH�

DQG� /LEHQ� ]RQHV� RI� 6RPDOLD� UHJLRQ� ZDV� WR� DVN�

ZRPHQ� SDVWRUDOLVWV� DQG� PHQ�� ZKDW� WKH\� WKLQN�

DERXW�PDMRU�FDXVHV�RI�FKLOG�PDOQXWULWLRQ��UHODWLRQ�

VKLS� EHWZHHQ� FKLOG� QXWULWLRQ� VSDFH� DQG�PLON� VXS�

SO\�DQG�WKH��EHVW�ZD\��WR�DGGUHVV�PDOQXWULWLRQ�LQ�

WKHLU� FRPPXQLWLHV�� 3DUWLFLSDWRU\� (SLGHPLRORJ\�

PHWKRGV� VXFK� DV� PDWUL[� VFRULQJ�� VHDVRQDO� FDOHQ�

GDUV�� DQG� VHTXHQFLQJ� SURGXFHG� GHWDLOHG� LQIRU�

PDWLRQ� DERXW� FKLOG� QXWULWLRQ�� UHDVRQV� IRU� IRRG�

FKRLFHV� XVHG� IRU� ERWK� VHDVRQDO� WUHQGV� DQG� UHOD�

WLRQVKLSV�� 7DEOH���GHWDLOV� WKH� VXPPDU\�RI�SDUWLFL�

SDWRU\�PHWKRGV� XVHG� LQ� WKH� VWXG\� WR� DVVHVV� WKH�

UROH�DQG�YDOXH�RI�DQLPDO�PLON� LQ�GLHWV�RI�SDVWRUDO�

LVWV�FKLOGUHQ� 

7KH�VWXG\�XVHG�UHFRJQL]HG�SDUWLFLSDWRU\�PHWK�

RGV� VXFK� DV� UDQNLQJ�� VHDVRQDO� FDOHQGDUV� DQG�PD�

WUL[�VFRULQJ��7KHVH�3(�PHWKRGV�KDYH�EHHQ�XWLOL]HG�

LQ� SDVWRUDO� DUHDV� DQG� DGDSWHG� E\� VHYHUDO� HDUO\�

ZDUQLQJ� V\VWHPV� IRU� PDQ\� \HDUV�� 7KH� PHWKRGV�

SURGXFHG�VLPSOH�LQIRUPDWLRQ�WKDW�ZDV�XQGHUVWRRG�

͵ 



ϵ 

E\� PDQ\� VWDNHKROGHUV�� HQDEOLQJ� LQ-GHSWK� GLVFXV�

VLRQV� RQ� WKH� PDMRU� FDXVHV� RI� FKLOG� PDOQXWULWLRQ��

$FFRUGLQJ� WR� WKH� UHVHDUFK�� 6RPDOL� SDVWRUDOLVWV��

SDUWLFXODUO\�ZRPHQ��DUH�D�YDOXDEOH�VRXUFH�RI�LQIRU�

PDWLRQ� RQ� FKLOG� QXWULWLRQ�� 7KH\� DUH� DZDUH� RI� WKH�

QXWULWLRQDO� YDOXH� RI� IRRGV� OLNH� OLYHVWRFN�PLON� DQG�

WU\� WR� SULRULWL]H� FRQVXPSWLRQ� RI� WKHVH� IRRGV� E\�

\RXQJ� FKLOGUHQ� GHVSLWH� OLYLQJ� LQ� D� KDUVK� HQYLURQ�

PHQW�DQG�KDYLQJ�OLWWOH�DFFHVV�WR�IRUPDO�HGXFDWLRQ��

7KH� 3(� DSSURDFK� SURGXFHG� YHU\� GHWDLOHG� UHVXOWV�

DQG�LQIRUPDWLRQ�RQ�LQIDQW�DQG�\RXQJ�FKLOG�IHHGLQJ�

SUDFWLFHV�� UHDVRQV� IRU� FKRVHQ� IRRGV�� VHDVRQDO�

WUHQGV��DQG�UHODWLRQVKLSV�RI�WKHVH�IDFWRUV�RQ�FKLOG�

PDOQXWULWLRQ��7R�FDSWXUH�VRPH�RI�WKLV�LQIRUPDWLRQ��

SDUWLFXODUO\� LQ� WHUPV� RI� SUHIHUHQFHV�� EHKDYLRUV��

DWWLWXGHV�� DQG� XQGHUVWDQGLQJ� RI� FDXVDO� UHODWLRQ�

VKLSV�� TXDOLWDWLYH� PHWKRGV� ZHUH� WKH� RQO\� YLDEOH�

RSWLRQ�� ,W� ZRXOG� EH� H[WUHPHO\� GLIILFXOW� WR� XQGHU�

VWDQG� WKHVH� IDFWRUV� XVLQJ� RQO\� TXDQWLWDWLYH� DS�

SURDFKHV��6DGOHU�	�&DWOH\��������� 

 

&RQFOXVLRQV�DQG�)XWXUH�'LUHFWLRQV 

3DUWLFLSDWRU\�5XUDO�$SSUDLVDO��35$���D�WHFKQLTXH�

WKDW�SODFHV�ORFDO�SDUWLFLSDWLRQ�DW�WKH�FHQWHU�RI�WKH�

SURFHVV��KDV�KDG�DQ�LQIOXHQFH�RQ�3DUWLFLSDWRU\�(SL�

GHPLRORJ\�� $V� QRWHG� LQ� WKLV� DUWLFOH�� 3DUWLFLSDWRU\�

(SLGHPLRORJ\� HPSKDVL]HV� WKH�PXWXDO� EHQHILWV� RI�

SDUWLFLSDWRU\� PHWKRGV� EHWZHHQ� DFDGHPLF� UH�

VHDUFKHUV�� SXEOLF� KHDOWK� SURIHVVLRQDOV�� DQG� WKH�

SRSXODWLRQV� EHLQJ� VWXGLHG� WR�PDNH� HIIHFWLYH� XVH�

RI� GDWD� LQVLJKWV� IRU� WLPHO\� UHVSRQVH� SODQV��ZKLFK�

FDQ� HYHQWXDOO\� UHVXOW� LQ� EHWWHU� KHDOWK� RXWFRPHV��

7KLV� UHYLHZ� KLJKOLJKWV� OLWHUDWXUH� DYDLODEOH� RQ� WKLV�

WRSLF� VHHNLQJ� WR� GHSLFW� KRZ� SDUWLFLSDWRU\� DS�

SURDFKHV� DUH� DSSOLHG� LQ� HSLGHPLRORJ\� DQG� ZKDW�

GLVWLQJXLVKHV� WKHP� IURP� QRQ-SDUWLFLSDWRU\� UH�

VHDUFK�� 7KH� UHYLHZ� KDV� REVHUYHG� WKDW� YHWHULQDU\�

HSLGHPLRORJ\�DQG� VRFLDO� VFLHQFHV� FDQ� FROODERUDWH�

WR�LPSURYH�GLVHDVH�FRQWURO�E\�HQKDQFLQJ�FRPSUH�

KHQVLRQ� RI� FRQWH[WXDOL]HG� LQIRUPDWLRQ� WKDW� LP�

SDFWV� GLVHDVH� FRQWURO� GHFLVLRQ-PDNLQJ� DQG� HQ�

KDQFLQJ�GLVHDVH�SUHYHQWLYH�DQG�FRQWURO�VWUDWHJLHV�

E\�LQFRUSRUDWLQJ�LQGLJHQRXV�SHUVSHFWLYHV�WKURXJK�

SDUWLFLSDWRU\�DSSURDFKHV�� 

,W
V� LPSRUWDQW� WR� NHHS� LQ� PLQG� WKDW� 3DUWLFLSD�

WRU\� (SLGHPLRORJ\� GRHVQ
W� KDYH� DQ\� IL[HG� WRROV�

DQG� FDQ�SURGXFH�QHZ��PRUH� FRPSUHKHQVLYH�� DQG�

PRUH� ZLGHO\� UHOHYDQW� LQIRUPDWLRQ� WKDW� FDQ� EH�

PRUH� HDVLO\� DSSOLHG� WR� HIIHFW� SRVLWLYH� FKDQJH� LQ�

͵ͺ 

7DEOH����$�VXPPDU\�RI�SDUWLFLSDWRU\�PHWKRGV�XVHG�LQ�WKH�VWXG\�WR�DVVHVV�UROH�DQG�YDOXH�RI�DQLPDO�P LON�LQ�GLHWV�
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SHRSOH
V�KHDOWK��6RFLDO�VFLHQFHV�DUH�UDUHO\�LQFRUSR�

UDWHG�LQWR�HSLGHPLRORJ\��WKXV��WKH\�FRQWLQXH�WR�EH�

RQ�WKH�SHULSKHUDO�RI�PDQDJLQJ�GLVHDVH�RXWEUHDNV��

6RFLDO�VFLHQWLVWV�KDYH�VKRZQ�WKDW�VWDWLVWLFV�GR�QRW�

DOZD\V� DFFXUDWHO\� FDSWXUH� WKH� UHDOLWLHV� RI� ORFDO�

FRPPXQLWLHV��&RQVHTXHQWO\��HIIHFWLYH�ORFDO�SDUWLF�

LSDWLRQ�LV�QHFHVVDU\�IRU�ZHOO-WDLORUHG�DQG�VXVWDLQD�

EOH� FRPPXQLW\� VHQVLWLYH� DSSURDFKHV� WR� HDUO\� GLV�

HDVH� GHWHFWLRQ�� RQ� WLPH� SUHYHQWLRQ� DQG� FRQWURO�

VROXWLRQV��KHQFH�FXUELQJ�XQGXH�HIIHFWV�GXH�WR�GLV�

HDVH� WUDQVPLVVLRQ� LQ� FRPPXQLWLHV�� � ,W� LV� LQFUHDV�

LQJO\�FOHDU�WKDW�VRFLR-FXOWXUDO��HFRQRPLF��DQG�SROLW�

LFDO� IDFWRUV�PXVW� EH� FRQVLGHUHG� IRU� HIIHFWLYH� GLV�

HDVH� SUHYHQWLRQ�� 7KLV� HQJDJHPHQW� FDQ� EH� GRQH�

WKURXJK�3DUWLFLSDWRU\� (SLGHPLRORJ\��'HVSLWH� WKLV��

SDUWLFLSDWRU\� DSSURDFKHV�DUH�XVHG� OHVV� FRPSDUHG�

WR� FRQYHQWLRQDO� UHVHDUFK� PHWKRGV�� 3DUWLFLSDWRU\�

(SLGHPLRORJ\� �3(�� KDV� EHHQ� PDLQO\� GLUHFWHG� WR�

]RRQRWLF�DQG�GLVHDVHV�DIIHFWLQJ�OLYHVWRFN�DQG�QRW�

XWLOL]HG�WR�H[SORUH�SHUFHSWLRQV�RI�KXPDQ�GLVHDVH��

7KLV� SDSHU� HPSKDVL]HV� SULQFLSOHV� RI� 3DUWLFLSDWRU\�

(SLGHPLRORJ\�DQG�WKDW�LW�LV�YLWDO�WR�DFWLYHO\�LQYROYH�

GLIIHUHQW�FRPPXQLWLHV�LQ�ØGHILQLQJ�DQG�SULRULWL]LQJ�
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