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$EVWUDFW

7KH� FRQFHSW� RI� UHVHDUFK� SDUDGLJP� LV� RQH� WKDW� PDQ\� KLJKHU� GHJUHH� UHVHDUFK� VWXGHQWV�� DQG� HYHQ� HDUO\� FDUHHU�
UHVHDUFKHUV��ILQG�HOXVLYH�WR�DUWLFXODWH��DQG�FKDOOHQJLQJ�WR�DSSO\�LQ�WKHLU�UHVHDUFK�SURSRVDOV��$GRSWLQJ�DQ�HWKQRJUDSKLF�
DQG�KHUPHQHXWLF�PHWKRGRORJ\��WKH�SUHVHQW�SDSHU�GUDZV�XSRQ�RXU�H[SHULHQFHV�DV�OHFWXUHUV�LQ�5HVHDUFK�0HWKRGV�RYHU�
PDQ\�\HDUV��DQG�XSRQ SHUWLQHQW�OLWHUDWXUH WR�H[SODLQ�WKH�PHDQLQJ�RI�UHVHDUFK�SDUDGLJP��7KH�SDSHU HOXFLGDWHV WKH�NH\�
DVSHFWV�RI�UHVHDUFK�SDUDGLJPV�WKDW�UHVHDUFKHUV�VKRXOG�XQGHUVWDQG�ZHOO�WR�EH�DEOH�WR�DGGUHVV�WKLV�FRQFHSW�DGHTXDWHO\�
LQ�WKHLU�UHVHDUFK�SURSRVDOV��,W RIIHUV�VXJJHVWLRQV�RQ�KRZ�UHVHDUFKHUV�FDQ�ORFDWH�WKHLU�UHVHDUFK�LQWR�D�SDUDGLJP�DQG�WKH�
MXVWLILFDWLRQ�QHHGHG�IRU�SDUDGLJP�FKRLFH��:LWK�WKH�H[SOLFLW�SXUSRVH�RI�KHOSLQJ�KLJKHU�GHJUHH�UHVHDUFK��+'5��VWXGHQWV�
GHVLJQ� HIIHFWLYH� UHVHDUFK� SURSRVDOV�� WKH� SDSHU� DOVR� GLVFXVVHV� WKH� GLIIHUHQW� UHVHDUFK� PHWKRGRORJLHV� EHVW� VXLWHG� WR�
FRQGXFW�UHVHDUFK�LQ�HDFK�RI�WKH�SDUDGLJPV�GLVFXVVHG��

.H\ZRUGV� 5HVHDUFK�SDUDGLJP��(SLVWHPRORJ\��2QWRORJ\��0HWKRGRORJ\��$[LRORJ\

���,QWURGXFWLRQ��:KDW�'R�:H�0HDQ�E\�5HVHDUFK�3DUDGLJP"

$�UHYLHZ�RI�OLWHUDWXUH�IURP�OHDGHUV�LQ�WKH�ILHOG�OHDGV�WR�D�GHHS�XQGHUVWDQGLQJ�RI�WKH�PHDQLQJ�RI�D�UHVHDUFK�SDUDGLJP��
)RU�H[DPSOH�� LQ�7KH�6WUXFWXUH�RI�6FLHQWLILF�5HYROXWLRQV $PHULFDQ�SKLORVRSKHU�7KRPDV�.XKQ� ������ ILUVW�XVHG� WKH�
ZRUG�SDUDGLJP�WR�PHDQ�D�SKLORVRSKLFDO�ZD\�RI�WKLQNLQJ��7KH�ZRUG�KDV�LWV�DHWLRORJ\�LQ�*UHHN�ZKHUH�LW�PHDQV�SDWWHUQ�
,Q�HGXFDWLRQDO�UHVHDUFK�WKH�WHUP�SDUDGLJP�LV�XVHG�WR GHVFULEH�D�UHVHDUFKHU¶V�µZRUOGYLHZ¶ �0DFNHQ]LH�	�.QLSH���������
7KLV� ZRUOGYLHZ� LV� WKH� SHUVSHFWLYH�� RU� WKLQNLQJ�� RU� VFKRRO� RI� WKRXJKW�� RU� VHW� RI� VKDUHG� EHOLHIV�� WKDW� LQIRUPV� WKH�
PHDQLQJ�RU�LQWHUSUHWDWLRQ�RI�UHVHDUFK�GDWD��2U��DV�/DWKHU��������H[SODLQV��D�UHVHDUFK�SDUDGLJP�LQKHUHQWO\�UHIOHFWV�WKH�
UHVHDUFKHU¶V� EHOLHIV DERXW� WKH� ZRUOG� WKDW� V�KH� OLYHV� LQ� DQG�ZDQWV� WR� OLYH� LQ�� ,W� FRQVWLWXWHV� WKH� DEVWUDFW� EHOLHIV� DQG�
SULQFLSOHV�WKDW�VKDSH�KRZ�D�UHVHDUFKHU�VHHV�WKH�ZRUOG��DQG�KRZ�V�KH�LQWHUSUHWV�DQG�DFWV�ZLWKLQ�WKDW�ZRUOG��:KHQ�ZH�
VD\�WKDW�LW�GHILQHV�WKH�UHVHDUFKHU¶V�ZRUOGYLHZ��ZH�PHDQ�WKDW�D�SDUDGLJP�FRQVWLWXWHV WKH�DEVWUDFW�EHOLHIV�DQG�SULQFLSOHV�
WKDW�VKDSH�KRZ�D�UHVHDUFKHU�VHHV�WKH�ZRUOG��DQG�KRZ�V�KH�LQWHUSUHWV�DQG�DFWV�ZLWKLQ�WKDW�ZRUOG� ,W�LV�WKH�OHQV�WKURXJK�
ZKLFK� D� UHVHDUFKHU� ORRNV� DW� WKH� ZRUOG�� ,W� LV� WKH� FRQFHSWXDO� OHQV� WKURXJK� ZKLFK� WKH� UHVHDUFKHU� H[DPLQHV� WKH�
PHWKRGRORJLFDO�DVSHFWV�RI�WKHLU�UHVHDUFK�SURMHFW�WR�GHWHUPLQH�WKH�UHVHDUFK�PHWKRGV�WKDW�ZLOO�EH�XVHG�DQG�KRZ�WKH�GDWD�
ZLOO�EH�DQDO\VHG��*XED�DQG�/LQFROQ��������ZKR�DUH�OHDGHUV�LQ�WKH�ILHOG�GHILQH�D�SDUDGLJP�DV�D�EDVLF�VHW�RI�EHOLHIV�RU�
ZRUOGYLHZ� WKDW�JXLGHV� UHVHDUFK�DFWLRQ�RU�DQ� LQYHVWLJDWLRQ��6LPLODUO\�� WKH�JXUXV�RI�TXDOLWDWLYH� UHVHDUFK��'HQ]LQ�DQG�
/LQFROQ� �������� GHILQH�SDUDGLJPV�DV� KXPDQ�FRQVWUXFWLRQV��ZKLFK�GHDO�ZLWK� ILUVW� SULQFLSOHV�RU� XOWLPDWHV� LQGLFDWLQJ�
ZKHUH� WKH� UHVHDUFKHU� LV� FRPLQJ� IURP�VR� DV� WR� FRQVWUXFW�PHDQLQJ� HPEHGGHG� LQ�GDWD��3DUDGLJPV�DUH� WKXV� LPSRUWDQW�
EHFDXVH� WKH\� SURYLGH� EHOLHIV� DQG� GLFWDWHV��ZKLFK�� IRU� VFKRODUV� LQ� D� SDUWLFXODU� GLVFLSOLQH�� LQIOXHQFH�ZKDW� VKRXOG� EH�
VWXGLHG��KRZ� LW� VKRXOG�EH� VWXGLHG��DQG KRZ� WKH� UHVXOWV�RI� WKH� VWXG\�VKRXOG�EH� LQWHUSUHWHG��7KH�SDUDGLJP�GHILQHV�D�
UHVHDUFKHU¶V� SKLORVRSKLFDO� RULHQWDWLRQ� DQG�� DV� ZH� VKDOO� VHH� LQ� WKH� FRQFOXVLRQ� WR� WKLV� SDSHU� WKLV� KDV� VLJQLILFDQW�
LPSOLFDWLRQV�IRU�HYHU\�GHFLVLRQ�PDGH�LQ�WKH�UHVHDUFK�SURFHVV��LQFOXGLQJ�FKRLFH�RI�PHWKRGRORJ\�DQG�PHWKRGV��$QG�VR�
D� SDUDGLJP� WHOOV� XV� KRZ� PHDQLQJ� ZLOO� EH� FRQVWUXFWHG� IURP� WKH� GDWD� ZH� VKDOO� JDWKHU�� EDVHG� RQ� RXU� LQGLYLGXDO�
H[SHULHQFHV� �L�H�� ZKHUH� ZH� DUH� FRPLQJ� IURP��� ,W� LV� WKHUHIRUH� YHU\� LPSRUWDQW�� WKDW� ZKHQ� \RX� ZULWH� \RXU� UHVHDUFK�
SURSRVDO IRU�+'5��\RX�FOHDUO\�VWDWH�WKH�SDUDGLJP�LQ�ZKLFK�\RX�DUH�ORFDWLQJ�\RXU�UHVHDUFK�

���:KDW�$UH�WKH�(VVHQWLDO�(OHPHQWV�RI�D�5HVHDUFK�3DUDGLJP" 3HUWLQHQW�/LWHUDWXUH

$FFRUGLQJ� WR� /LQFROQ DQG� *XED� �������� D SDUDGLJP� FRPSULVHV� IRXU� HOHPHQWV�� QDPHO\�� HSLVWHPRORJ\�� RQWRORJ\��
PHWKRGRORJ\�DQG�D[LRORJ\��,W�LV�LPSRUWDQW�WR�KDYH�D�ILUP�XQGHUVWDQGLQJ�RI�WKHVH�HOHPHQWV�EHFDXVH�WKH\�FRPSULVH�WKH�
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EDVLF�DVVXPSWLRQV� EHOLHIV��QRUPV�DQG�YDOXHV�WKDW�HDFK�SDUDGLJP�KROGV� 7KHUHIRUH��LQ�ORFDWLQJ�\RXU�UHVHDUFK�SURSRVDO
LQ� D� SDUWLFXODU� UHVHDUFK� SDUDGLJP�� WKH� XQGHUVWDQGLQJ� LV� WKDW� \RXU� UHVHDUFK� ZLOO� XSKROG�� DQG� EH� JXLGHG� E\� WKH�
DVVXPSWLRQV��EHOLHIV��QRUPV�DQG�YDOXHV�RI�WKH�FKRVHQ�SDUDGLJP� ,W� LV� WKHUHIRUH�LPSRUWDQW�WKDW�\RX�GHPRQVWUDWH�WKDW�
\RX�NQRZ�ZKDW�HDFK�RI�WKHVH�HOHPHQWV�PHDQ�

��� (SLVWHPRORJ\�RI�D�3DUDGLJP

(SLVWHPRORJ\� KDV� LWV� DHWLRORJ\� LQ� *UHHN� ZKHUH� WKH� ZRUG� HSLVWHPH�� PHDQV� NQRZOHGJH�� 3XW� VLPSO\�� LQ� UHVHDUFK��
HSLVWHPRORJ\�LV�XVHG�WR�GHVFULEH�KRZ�ZH�FRPH�WR�NQRZ�VRPHWKLQJ��KRZ ZH�NQRZ�WKH�WUXWK�RU�UHDOLW\��RU�DV�&RRNVH\�
DQG�0F'RQDOG� �������SXW� LW�� ZKDW� FRXQWV� DV� NQRZOHGJH�ZLWKLQ� WKH�ZRUOG�� ,W� LV� FRQFHUQHG�ZLWK� WKH� YHU\� EDVHV� RI�
NQRZOHGJH�± LWV� QDWXUH�� DQG� IRUPV� DQG� KRZ� LW� FDQ�EH� DFTXLUHG�� DQG�KRZ� LW� FDQ�EH� FRPPXQLFDWHG� WR�RWKHU� KXPDQ�
EHLQJV��,W�IRFXVHV�RQ�WKH�QDWXUH�RI�KXPDQ�NQRZOHGJH�DQG�FRPSUHKHQVLRQ�WKDW�\RX��DV�WKH�UHVHDUFKHU�RU�NQRZHU��FDQ�
SRVVLEO\�DFTXLUH�VR�DV�WR�EH�DEOH WR�H[WHQG��EURDGHQ�DQG�GHHSHQ�XQGHUVWDQGLQJ LQ�\RXU�ILHOG�RI�UHVHDUFK��6FKZDQGW�
�������GHILQHV�LW�DV�WKH�VWXG\�RI�WKH�QDWXUH�RI�NQRZOHGJH�DQG�MXVWLILFDWLRQ��$QG�VR��LQ�FRQVLGHULQJ�WKH�HSLVWHPRORJ\�
RI�\RXU�UHVHDUFK��\RX�DVN�TXHVWLRQV�OLNH��,V�NQRZOHGJH�VRPHWKLQJ�ZKLFK�FDQ�EH�DFTXLUHG�RQ�WKH�RQH�KDQG��RU�� LV� LW�
VRPHWKLQJ�ZKLFK�KDV�WR�EH�SHUVRQDOO\�H[SHULHQFHG"�:KDW�LV�WKH�QDWXUH�RI�NQRZOHGJH�DQG�WKH�UHODWLRQVKLS�EHWZHHQ�
WKH� NQRZHU� DQG� WKH�ZRXOG�EH� NQRZQ"�:KDW� LV� WKH� UHODWLRQVKLS� EHWZHHQ�PH�� DV� WKH� LQTXLUHU�� DQG�ZKDW� LV� NQRZQ"
7KHVH�TXHVWLRQV�DUH�LPSRUWDQW�EHFDXVH�WKH\�KHOS�WKH�UHVHDUFKHU�WR�SRVLWLRQ�WKHPVHOYHV�LQ�WKH�UHVHDUFK�FRQWH[W�VR�WKDW�
WKH\�FDQ�GLVFRYHU�ZKDW�HOVH�LV�QHZ��JLYHQ�ZKDW�LV�NQRZQ��$QG�VR�WR�XQGHUVWDQG�WKH�HSLVWHPRORJLFDO�HOHPHQW�RI�\RXU�
SDUDGLJP��\RX�VKRXOG�DVN�WKH�YHU\�LPSRUWDQW�TXHVWLRQ�RI�KRZ�ZH�NQRZ�ZKDW�ZH�NQRZ"�7KLV�TXHVWLRQ�LV�WKH�EDVLV�IRU�
LQYHVWLJDWLQJ�µWUXWK¶��:KHUHDV�LW�PLJKW�EH�GHEDWDEOH�DV�WR�ZKHWKHU�WKHUH�LV�VXFK�D�WKLQJ�DV�µWUXWK¶��'DYLGVRQ���������LI�
ZH�WDNH�IDFWXDO�HYLGHQFH�DV�WUXWK��WKHQ�HSLVWHPRORJ\�KHOSV�\RX�WR�DVN�IDFWXDO�TXHVWLRQV��VXFK�DV�KRZ�GR�ZH�NQRZ�WKH�
WUXWK"�:KDW�FRXQWV�DV�NQRZOHGJH"�7KHVH�DUH SDUWLFXODUO\� LPSRUWDQW�TXHVWLRQV EHFDXVH�RQH�RI�WKH�FULWHULD�E\�ZKLFK�
KLJKHU�GHJUHH� UHVHDUFK� LV� MXGJHG� LV� LWV� FRQWULEXWLRQ� WR�NQRZOHGJH�� ,Q� WU\LQJ� WR� DUWLFXODWH� WKH� DQVZHUV� WR� WKH� DERYH�
TXHVWLRQV�� UHVHDUFKHUV� FDQ� GUDZ� IURP� IRXU� VRXUFHV� RI� NQRZOHGJH�� � 7KRVH� VRXUFHV� DUH� LQWXLWLYH� NQRZOHGJH��
DXWKRULWDWLYH� NQRZOHGJH�� ORJLFDO� NQRZOHGJH�� DQG� HPSLULFDO� NQRZOHGJH �6ODYLQ�� ������� ,I� \RX� UHO\� RQ� IRUPV� RI�
NQRZOHGJH�VXFK�DV�EHOLHIV��IDLWK��DQG�LQWXLWLRQ��WKHQ�WKH�HSLVWHPRORJLFDO�EDVLV�RI�\RXU�UHVHDUFK�LV�LQWXLWLYH NQRZOHGJH��
,I� \RX� UHO\�RQ�GDWD� JDWKHUHG� IURP�SHRSOH� LQ� WKH�NQRZ��ERRNV�� OHDGHUV� LQ�RUJDQLVDWLRQV�� WKHQ� \RXU� HSLVWHPRORJ\� LV�
JURXQGHG�RQ�DXWKRULWDWLYH�NQRZOHGJH��,I�\RX�SXW�HPSKDVLV�RQ�UHDVRQ�DV�WKH�VXUHVW�SDWK�WR�NQRZLQJ�WKH�WUXWK��WKHQ�WKLV�
DSSURDFK� LV� FDOOHG� UDWLRQDOLVW� HSLVWHPRORJ\ RU� ORJLFDO� NQRZOHGJH��2Q� WKH� RWKHU� KDQG�� LI� \RX� SXW� HPSKDVLV� RQ� WKH�
XQGHUVWDQGLQJ�WKDW�NQRZOHGJH�LV�EHVW�GHULYHG�IURP�VHQVH�H[SHULHQFHV��DQG�GHPRQVWUDEOH��REMHFWLYH�IDFWV� WKHQ�\RXU�
DSSURDFK� OHDQV� WRZDUGV� HPSLULFDO� HSLVWHPRORJ\�� (SLVWHPRORJ\� LV� LPSRUWDQW� EHFDXVH�� LW� KHOSV� \RX� WR� HVWDEOLVK� WKH�
IDLWK�\RX�SXW�LQ�\RXU�GDWD��,W�DIIHFWV�KRZ�\RX�ZLOO�JR�DERXW�XQFRYHULQJ�NQRZOHGJH�LQ WKH�VRFLDO�FRQWH[W�WKDW�\RX�ZLOO�
LQYHVWLJDWH�

����2QWRORJ\�RI�D�3DUDGLJP

2QWRORJ\� LV� D� EUDQFK� RI� SKLORVRSK\� FRQFHUQHG�ZLWK� WKH� DVVXPSWLRQV�ZH�PDNH� LQ� RUGHU� WR� EHOLHYH� WKDW� VRPHWKLQJ�
PDNHV�VHQVH�RU�LV�UHDO��RU�WKH�YHU\�QDWXUH�RU�HVVHQFH�RI�WKH�VRFLDO�SKHQRPHQRQ�ZH�DUH�LQYHVWLJDWLQJ �6FRWODQG���������
,W LV�WKH�SKLORVRSKLFDO�VWXG\�RI�WKH�QDWXUH�RI�H[LVWHQFH�RU�UHDOLW\��RI�EHLQJ�RU�EHFRPLQJ��DV�ZHOO�DV�WKH�EDVLF�FDWHJRULHV�
RI�WKLQJV�WKDW�H[LVW�DQG�WKHLU�UHODWLRQV��,W�H[DPLQHV�\RXU�XQGHUO\LQJ�EHOLHI�V\VWHP�DV�WKH�UHVHDUFKHU��DERXW�WKH�QDWXUH�
RI�EHLQJ�DQG�H[LVWHQFH��,W�LV�FRQFHUQHG�ZLWK�WKH�DVVXPSWLRQV�ZH�PDNH�LQ�RUGHU WR�EHOLHYH�WKDW�VRPHWKLQJ�PDNHV�VHQVH�
RU�LV�UHDO��RU�WKH�YHU\�QDWXUH�RU�HVVHQFH�RI�WKH�VRFLDO�SKHQRPHQRQ�ZH�DUH�LQYHVWLJDWLQJ��,W�KHOSV�\RX�WR�FRQFHSWXDOLVH�
WKH�IRUP�DQG�QDWXUH�RI�UHDOLW\�DQG�ZKDW�\RX�EHOLHYH�FDQ�EH�NQRZQ�DERXW�WKDW�UHDOLW\��3KLORVRSKLFDO DVVXPSWLRQV�DERXW�
WKH�QDWXUH�RI�UHDOLW\�DUH�FUXFLDO�WR�XQGHUVWDQGLQJ�KRZ�\RX�PDNH�PHDQLQJ�RI�WKH�GDWD�\RX�JDWKHU��7KHVH�DVVXPSWLRQV��
FRQFHSWV�RU�SURSRVLWLRQV�KHOS� WR�RULHQWDWH�\RXU� WKLQNLQJ�DERXW� WKH�UHVHDUFK�SUREOHP�� LWV� VLJQLILFDQFH��DQG�KRZ�\RX�
PLJKW�DSSURDFK�LW�VR�DV�WR�FRQWULEXWH�WR�LWV�VROXWLRQ��2QWRORJ\�LV�VR�HVVHQWLDO�WR�D�SDUDGLJP�EHFDXVH�LW�KHOSV�WR�SURYLGH�
DQ�XQGHUVWDQGLQJ�RI�WKH�WKLQJV�WKDW�FRQVWLWXWH�WKH�ZRUOG��DV�LW�LV�NQRZQ �6FRWW�	�8VKHU���������,W�VHHNV�WR�GHWHUPLQH�
WKH�UHDO�QDWXUH��RU�WKH IRXQGDWLRQDO�FRQFHSWV�ZKLFK�FRQVWLWXWH�WKHPHV�WKDW�ZH�DQDO\VH�WR�PDNH�VHQVH�RI�WKH�PHDQLQJ�
HPEHGGHG�LQ�UHVHDUFK�GDWD��,W�PDNHV�\RX�DVN�TXHVWLRQV�VXFK�DV��,V�WKHUH�UHDOLW\�RXW�WKHUH�LQ�WKH�VRFLDO�ZRUOG�RU�LV�LW�D�
FRQVWUXFWLRQ��FUHDWHG�E\�RQH¶V�RZQ�PLQG"�:KDW� LV� WKH�QDWXUH�RI� UHDOLW\"� ,Q�RWKHU�ZRUGV�� ,V� UHDOLW\�RI�DQ�REMHFWLYH�
QDWXUH��RU�WKH�UHVXOW�RI�LQGLYLGXDO�FRJQLWLRQ"�:KDW�LV�WKH�QDWXUH�RI�WKH�VLWXDWLRQ�EHLQJ�VWXGLHG" 2QWRORJ\�HQDEOHV�\RX�
WR�H[DPLQH�\RXU�XQGHUO\LQJ�EHOLHI�V\VWHP�DQG�SKLORVRSKLFDO�DVVXPSWLRQV�DV�WKH�UHVHDUFKHU��DERXW�WKH�QDWXUH�RI�EHLQJ��
H[LVWHQFH� DQG� UHDOLW\�� 3KLORVRSKLFDO� DVVXPSWLRQV� DERXW� WKH� QDWXUH� RI� UHDOLW\� DUH� FUXFLDO� WR� XQGHUVWDQGLQJ� KRZ� \RX�
PDNH�PHDQLQJ�RI�WKH�GDWD�\RX�JDWKHU��7KHVH�DVVXPSWLRQV��FRQFHSWV�RU�SURSRVLWLRQV�KHOS�WR�RULHQWDWH�\RXU�WKLQNLQJ�
DERXW�WKH�UHVHDUFK�SUREOHP��LWV�VLJQLILFDQFH��DQG�KRZ�\RX�PLJKW�DSSURDFK�LW�VR�DV�WR�DQVZHU�\RXU�UHVHDUFK�TXHVWLRQ��
XQGHUVWDQG�WKH�SUREOHP�LQYHVWLJDWHG�DQG�FRQWULEXWH�WR�LWV�VROXWLRQ��
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����0HWKRGRORJ\�RI�D�3DUDGLJP

0HWKRGRORJ\�LV�WKH EURDG�WHUP�XVHG�WR�UHIHU�WR�WKH�UHVHDUFK�GHVLJQ��PHWKRGV��DSSURDFKHV�DQG�SURFHGXUHV�XVHG�LQ�DQ�
LQYHVWLJDWLRQ WKDW� LV�ZHOO�SODQQHG� WR�ILQG�RXW� VRPHWKLQJ �.HHYHV���������)RU�H[DPSOH��GDWD�JDWKHULQJ��SDUWLFLSDQWV��
LQVWUXPHQWV� XVHG�� DQG� GDWD� DQDO\VLV�� DUH� DOO SDUWV� RI� WKH� EURDG� ILHOG� RI� PHWKRGRORJ\�� ,Q� VXP�� WKH� PHWKRGRORJ\�
DUWLFXODWHV� WKH� ORJLF�DQG� IORZ�RI� WKH� V\VWHPDWLF�SURFHVVHV� IROORZHG� LQ�FRQGXFWLQJ�D� UHVHDUFK�SURMHFW�� VR�DV� WR�JDLQ�
NQRZOHGJH� DERXW� D� UHVHDUFK� SUREOHP�� ,W� LQFOXGHV� DVVXPSWLRQV� PDGH�� OLPLWDWLRQV� HQFRXQWHUHG DQG� KRZ� WKH\� ZHUH�
PLWLJDWHG�RU�PLQLPLVHG��,W�IRFXVHV�RQ�KRZ�ZH�FRPH�WR�NQRZ�WKH�ZRUOG�RU�JDLQ�NQRZOHGJH�DERXW�SDUW�RI�LW �0RUHQR��
�������,Q�FRQVLGHULQJ�WKH�PHWKRGRORJ\�IRU�\RXU�UHVHDUFK�SURSRVDO��\RX�VKRXOG�DVN�\RXUVHOI�WKH�TXHVWLRQ��+RZ�VKDOO�,�
JR� DERXW� REWDLQLQJ� WKH� GHVLUHG� GDWD�� NQRZOHGJH� DQG� XQGHUVWDQGLQJV� WKDW� ZLOO� HQDEOH� PH� WR� DQVZHU� P\� UHVHDUFK�
TXHVWLRQ�DQG�WKXV�PDNH�D�FRQWULEXWLRQ�WR�NQRZOHGJH"

����$[LRORJ\�

$[LRORJ\�UHIHUV�WR�WKH�HWKLFDO�LVVXHV�WKDW�QHHG�WR�EH�FRQVLGHUHG�ZKHQ�SODQQLQJ�D�UHVHDUFK�SURSRVDO��,W�FRQVLGHUV�WKH�
SKLORVRSKLFDO� DSSURDFK� WR� PDNLQJ GHFLVLRQV� RI� YDOXH� RU WKH� ULJKW� GHFLVLRQV �)LQQLV�� ������� ,W� LQYROYHV� GHILQLQJ��
HYDOXDWLQJ�DQG�XQGHUVWDQGLQJ�FRQFHSWV�RI�ULJKW�DQG�ZURQJ�EHKDYLRXU�UHODWLQJ�WR�WKH�UHVHDUFK� ,W�FRQVLGHUV�ZKDW�YDOXH�
ZH�VKDOO�DWWULEXWH�WR WKH�GLIIHUHQW�DVSHFWV�RI�RXU�UHVHDUFK��WKH�SDUWLFLSDQWV��WKH GDWD�DQG�WKH�DXGLHQFH�WR�ZKLFK�ZH�VKDOO�
UHSRUW� WKH� UHVXOWV� RI� RXU� UHVHDUFK� 3XW VLPSO\�� LW� DGGUHVVHV� WKH� TXHVWLRQ��:KDW� LV� WKH� QDWXUH� RI� HWKLFV� RU� HWKLFDO�
EHKDYLRXU"�,Q�DQVZHU�WR�WKLV�TXHVWLRQ��LW�LV�LPSRUWDQW�WR�FRQVLGHU�\RXU�UHJDUG�IRU�KXPDQ�YDOXHV�RI�HYHU\RQH�WKDW�ZLOO�
EH�LQYROYHG�ZLWK�RU�SDUWLFLSDWH�LQ�\RXU�UHVHDUFK�SURMHFW��7KLV�FRQVLGHUDWLRQ�LV�IDFLOLWDWHG�E\�WKH�IROORZLQJ�TXHVWLRQV��
:KDW�YDOXHV�ZLOO�\RX OLYH�E\�RU�EH�JXLGHG�E\�DV�\RX�FRQGXFW�\RXU�UHVHDUFK"�:KDW�RXJKW�WR�EH�GRQH�WR�UHVSHFW�DOO�
SDUWLFLSDQWV¶� ULJKWV"� :KDW� DUH� WKH� PRUDO� LVVXHV� DQG� FKDUDFWHULVWLFV� WKDW� QHHG� WR� EH� FRQVLGHUHG"� :KLFK� FXOWXUDO��
LQWHUFXOWXUDO�DQG�PRUDO� LVVXHV�DULVH�DQG�KRZ�ZLOO� ,� DGGUHVV� WKHP"�+RZ�VKDOO� ,�VHFXUH� WKH�JRRGZLOO�RI�SDUWLFLSDQWV"�
+RZ�VKDOO�,�FRQGXFW�WKH�UHVHDUFK�LQ�D�VRFLDOO\�MXVW��UHVSHFWIXO�DQG�SHDFHIXO�PDQQHU" +RZ�VKDOO�,�DYRLG�RU�PLQLPLVH�
ULVN�RU�KDUP��ZKHWKHU�LW�EH�SK\VLFDO��SV\FKRORJLFDO��OHJDO��VRFLDO��HFRQRPLF RU�RWKHU"��$5&��������

$QVZHUV� WR� WKHVH� TXHVWLRQV� DUH� EHVW� JXLGHG� E\� IRXU FULWHULD RI� HWKLFDO� FRQGXFW� QDPHO\� WHOHRORJ\�� GHRQWRORJ\��
PRUDOLW\�DQG�IDLUQHVV��0LOO�������� 7HFKQLFDOO\��WHOHRORJ\ LV�WKH�WKHRU\�RI�PRUDOLW\�ZKLFK�SRVWXODWHV�WKDW�GRLQJ�ZKDW�
LV� LQWULQVLFDOO\�JRRG�RU�GHVLUDEOH� LV�D�PRUDO�REOLJDWLRQ� WKDW�VKRXOG�EH�SXUVXHG� LQ�HYHU\�KXPDQ�HQGHDYRXU��$QG�VR��
WHOHRORJ\ UHIHUV�WR�DWWHPSWV�PDGH�LQ�UHVHDUFK�WR�PDNH�VXUH�WKDW�WKH�UHVHDUFK�UHVXOWV�LQ�D�PHDQLQJIXO�RXWFRPH�WKDW�ZLOO�
VDWLVI\�DV�PDQ\�SHRSOH�DV�SRVVLEOH��$Q�DSSOLFDWLRQ�RI�WKLV�FULWHULRQ�LV�IDFLOLWDWHG�E\�TXHVWLRQV�VXFK�DV� DUH�WKH�PHWKRGV�
XVHG� LQ� WKLV� UHVHDUFK� SUDJPDWLF� DQG� GR� WKH\� PDNH� FRPPRQ� VHQVH"� :LOO� WKH� DFWLRQV� XQGHUWDNHQ� LQ� WKH� UHVHDUFK�
SURGXFH�PRUH�EHQHILWV�WKDQ�KDUP"�$P�,�FRQYLQFHG�WKDW�WKH�DFWLRQV�WKDW�ZLOO�EH�WDNHQ�GXULQJ�WKH�UHVHDUFK�ZLOO�EH�WKH�
ULJKW�RQHV"�+DYH�,�FRQVLGHUHG�DOO�SRVVLEOH�FRQVHTXHQFHV�RI�WKLV�UHVHDUFK" 'HRQWRORJ\ LV�WKH�XQGHUVWDQGLQJ�WKDW�HYHU\�
DFWLRQ�WKDW�ZLOO�EH�XQGHUWDNHQ�GXULQJ�WKH�UHVHDUFK�ZLOO�KDYH�LWV�RZQ�FRQVHTXHQFH��LQWHQGHG�WR�EHQHILW�SDUWLFLSDQWV��WKH�
UHVHDUFKHU��WKH�VFKRODVWLF�FRPPXQLW\�RU�WKH�SXEOLF�DW�ODUJH �6FKHIIOHU�������� ,W�DOVR�DOORZV�IRU�IOH[LELOLW\�WR�GHDO�ZLWK�
LQGLYLGXDO�SDUWLFLSDQWV�RU�REVHUYDWLRQV� 7KH�PRUDOLW\�FULWHULRQ UHIHUV�WR�WKH�LQWULQVLF�PRUDO�YDOXHV�WKDW�ZLOO�EH�XSKHOG�
GXULQJ�WKH�UHVHDUFK��)RU�H[DPSOH�� WKDW� WKH�UHVHDUFKHU�ZLOO�EH�WUXWKIXO�LQ�WKHLU� LQWHUSUHWDWLRQ�RI�WKH�GDWD��)LQDOO\�� WKH�
FULWHULRQ�RI�IDLUQHVV GUDZV�WKH�UHVHDUFKHU¶V�DWWHQWLRQ�WR�WKH�QHHG�WR�EH�IDLU�WR�DOO�UHVHDUFK�SDUWLFLSDQWV�DQG�WR�HQVXUH�
WKDW�WKHLU�ULJKWV�DUH�XSKHOG� ,PSOHPHQWDWLRQ�RI�WKLV�FULWHULRQ�LV�JXLGHG�E\�TXHVWLRQV�VXFK�DV��KRZ�IDLU�ZLOO�P\�UHVHDUFK�
DFWLRQV� EH"�:LOO� WKH\� WUHDW� DOO� UHVHDUFK� SDUWLFLSDQWV� LQ� WKH� VDPH� ZD\"�:LOO� P\� DFWLRQV� VKRZ� IDYRXULWLVP DQG�RU
GLVFULPLQDWLRQ�WRZDUGV�DQ\�SDUWLFLSDQWV"�

$QG� VR� LQ� WKH� VHFWLRQ�RQ� HWKLFDO� FRQVLGHUDWLRQV IRU� \RXU� KLJKHU�GHJUHH� UHVHDUFK SURSRVDO�� \RX� VKRXOG�GHPRQVWUDWH�
EHVW�HWKLFDO�FRQGXFW�E\�VKRZLQJ�DQ�XQGHUVWDQGLQJ�RI�ZKDW�LV�ULJKW�RU�ZURQJ�EHKDYLRXU�DV�\RX�FRQGXFW�WKH�UHVHDUFK��
7KLV�FRQVLGHUDWLRQ�LV�IRXQGHG�RQ�WKH�XQGHUVWDQGLQJ�WKDW�DOO�KXPDQV�KDYH�GLJQLW\�ZKLFK�PXVW�EH�UHVSHFWHG��DQG�WKH\�
KDYH�D�IXQGDPHQWDO�KXPDQ�ULJKW�WR�PDNH�FKRLFHV�ZKLFK�\RX�DV�D�UHVHDUFKHU�PXVW�UHVSHFW��,PSOHPHQWDWLRQ�RI�HWKLFDO�
FRQVLGHUDWLRQV� IRFXVHV�RQ� IRXU�SULQFLSOHV�ZKLFK�\RX�QHHG� WR�XSKROG�ZKHQ�GHDOLQJ�ZLWK� \RXU�SDUWLFLSDQWV�DQG�GDWD��
7KHVH�SULQFLSOHV�KDYH� WKH� DFURQ\P�3$3$ QDPHO\� 3ULYDF\��$FFXUDF\��3URSHUW\�� DQG�$FFHVVLELOLW\�� DQG�DUH�EULHIO\�
XQSDFNHG�EHORZ��IROORZLQJ�6LGJZLFN���������DQG 6ORWH����������

������3ULYDF\

8QGHU�WKLV�SULQFLSOH��\RX�QHHG�WR�FRQVLGHU�ZKDW�LQIRUPDWLRQ�SDUWLFLSDQWV�ZLOO�EH�UHTXLUHG�WR�UHYHDO�WR�\RX�RU�WR�RWKHUV�
DERXW� WKHPVHOYHV�� WKHLU�DVVRFLDWLRQV RU�RUJDQLVDWLRQV"� ,W� FRQVLGHUV� WKH�FRQGLWLRQV�DQG�VDIHJXDUGV�XQGHU�ZKLFK�GDWD
ZLOO�EH�JDWKHUHG�DQG�DQDO\VHG��:KDW�WKLQJV��IRU�H[DPSOH��FDQ�SDUWLFLSDQWV�NHHS�WR�WKHPVHOYHV��DQG�QRW�EH�IRUFHG�WR�
UHYHDO�WR�\RX�RU�DQ\�RWKHU�SHRSOH"
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������$FFXUDF\

7KLV�SULQFLSOH�FRQVLGHUV�ZKR�LV�UHVSRQVLEOH�IRU�WKH�DXWKHQWLFLW\��ILGHOLW\��DQG��DFFXUDF\�RI�LQIRUPDWLRQ"�6LPLODUO\��LW�
FRQVLGHUV� KRZ� \RX� DV� WKH� UHVHDUFKHU�ZLOO� FURVV�FKHFN�ZLWK� SDUWLFLSDQWV� VR� WKH\� NQRZ� \RX� KDYH� UHFRUGHG� WKH� GDWD�
DFFXUDWHO\��,W�DOVR�PDNHV�LW�YHU\�FOHDU�ZKR�ZLOO�EH�KHOG�DFFRXQWDEOH�IRU�DQ\�HUURUV�LQ�GDWD"�$QG��LI�DQ\�SDUW\�ZHUH WR�
EH�LQMXUHG��KRZ�ZRXOG�WKH\�EH�FRPSHQVDWHG"

������3URSHUW\

8QGHU�WKLV�SULQFLSOH��\RX�QHHG�WR�FRQVLGHU�ZKR�ZLOO�RZQ�WKH�GDWD"�:LOO�WKHUH�EH�DQ\�SD\PHQW�IRU�WKH�GDWD"�,I�VR��ZKDW�
ZLOO�EH WKH�MXVW�DQG�IDLU�SULFHV��IRU�WKH�H[FKDQJH�RI�GDWD"�:KR�ZLOO�RZQ WKH FKDQQHOV��VXFK�DV�SXEOLFDWLRQV�DQG�PHGLD�
WKURXJK�ZKLFK�LQIRUPDWLRQ�ZLOO�EH GLVVHPLQDWHG"

������$FFHVVLELOLW\

7KLV�SULQFLSOH�FRQVLGHUV�ZKR�ZLOO�KDYH�DFFHVV�WR�WKH�GDWD"�+RZ�ZLOO�WKH�GDWD�EH�NHSW�VDIH�DQG�VHFXUH"�8QGHU�ZKDW�
FRQGLWLRQV�DQG�ZLWK�ZKDW�VDIHJXDUGV�ZLOO�UHVHDUFKHUV�DQG�SDUWLFLSDQWV�KDYH�DFFHVV�WR�WKH�GDWD"�+RZ�ZLOO�DFFHVV�WR�WKH�
GDWD�EH�JDLQHG"�

���:K\�+DV�7KLV�7RSLF�$WWUDFWHG�&RQWURYHUV\�$PRQJ�5HVHDUFKHUV�2YHU�7LPH��/LWHUDWXUH�5HYLHZ

%RWK� IURP� HYLGHQFH� LQ� WKH� OLWHUDWXUH� DQG� IURP�RXU� H[SHULHQFHV� LQ� VXSHUYLVLQJ�+'5� VWXGHQWV�� LW� LV� FOHDU� WR� XV� WKDW�
PDQ\�+'5�UHVHDUFK�VWXGHQWV DQG�HDUO\�FDUHHU�UHVHDUFKHUV DUH�RIWHQ�FRQIXVHG�DERXW WKH�XVH�RI�WKH�WHUP�SDUDGLJP� $W�
WKH�EURDGHU�OHYHO��WKLV�FRQIXVLRQ�VWHPV�IURP�WKH�XVH�RI�WKH�WHUP�SDUDGLJP�LQ�HYHU\GD\�GLVFRXUVHV�LQ�FRQWUDVW�WR�LWV�XVH�
LQ�WKH�HGXFDWLRQDO�UHVHDUFK��3DUDGLJP�LQ�HYHU\GD\�SDUODQFH�GRHV�QRW�LQFOXGH�WKH�TXDOLWLHV�RI�HSLVWHPRORJ\��RQWRORJ\��
PHWKRGRORJ\� RU� D[LRORJ\�� ZKLFK�� DV� ZH� KDYH� VHHQ� DERYH� DUH� LQWHJUDO� WR� WKH� WHUP� LQ� WKH� ILHOG� RI� UHVHDUFK�� ,W� LV�
WKHUHIRUH�LPSRUWDQW�IRU�+'5�VWXGHQWV�WR�EH�FRJQL]DQW�RI�WKLV�UHDOLW\��:KDW¶V�PRUH��WKHUH�LV�DOVR�FRQVLGHUDEOH�GLYHUVLW\�
LQ�KRZ�WKH�WHUP�LV�XVHG�ZLWKLQ�UHVHDUFK FRQWH[WV��$�UHYLHZ�RI�UHVHDUFK OLWHUDWXUH�UHYHDOV�WKDW RYHU�WKH�\HDUV� WKH�WHUP�
SDUDGLJP KDV�FRQMXUHG XS�FRQVLGHUDEOH�FRQWURYHUV\ �*XED���������7KH�FRQWURYHUV\�ZDV�LQ�WKH�PDLQ FHQWUHG�ILUVW�RI�
DOO��DURXQG�WKH�KLVWRULFDO�GHYHORSPHQW�RI�WKH�WHUP�DQG�KRZ�LW�ZDV GHILQHG�E\�YDULRXV�DXWKRUV�DQG�VHFRQGO\��E\�ZKDW�
EHFDPH�NQRZQ�DV µLQWHU�DQG� LQWUD�GLVFLSOLQDU\�SRZHU�ZDUV¶�RU� µSDUDGLJP�ZDUV¶� LQ� WKH�VRFLDO�VFLHQFHV� � �/LQFROQ�	�
*XED��������*XED�	�/LQFROQ���������ZKLFK�ZHUH�UDPSDQW�HVSHFLDOO\�LQ�WKH�����V�

$Q�DQDO\VLV�RI� WKH�GHILQLWLRQV�JLYHQ�E\� OHDGHUV� LQ� WKH� ILHOG VXFK�DV�*XED�DQG�/LQFROQ� �������DQG�&UHVZHOO� �������
&UHVZHOO�	�0LOOHU��������EHWUD\V�D� ODFN�RI�DJUHHPHQW�DERXW ZKDW�FRQVWLWXWHV�D�SDUDGLJP�DV�ZHOO� DV�DQ RYHUODS� LQ�
GHILQLWLRQV�DQG�H[SODQDWLRQV��)RU�H[DPSOH��ZKLOH�&UHVZHOO¶V��������GHILQLWLRQ RI�D�SDUDGLJP DV ³«�D�EDVLF�VHW�RI�
DVVXPSWLRQV� WKDW�JXLGH� WKHLU� >UHVHDUFKHUV¶@� LQTXLULHV´� �S������DOLJQV�ZLWK� WKH�ZRUOGYLHZ�SHUVSHFWLYH�RI�D�SDUDGLJP��
/LQFROQ¶V��������GHILQLWLRQ��DV�DOWHUQDWLYH�ZRUOG�YLHZV�ZLWK�VXFK�SHUYDVLYH�HIIHFWV�WKDW�«�SHUPHDWHV�HYHU\�DVSHFW�RI�
D� UHVHDUFK� LQTXLU\��JRHV�EH\RQG� WKLV�DQG�HQFDSVXODWHV�RWKHU�SHUVSHFWLYHV�RI�SDUDGLJP�ZLWKRXW�EHLQJ�VSHFLILF�� 7KLV�
FRQVLGHUDEOH� DQG� JODULQJ� RYHUODS RI GHILQLWLRQV� DQG�RU� H[SODQDWLRQV� KDV� WR� GR�� LQ� SDUW�� ZLWK� WKH� IDFW� WKDW VRFLDO�
EHKDYLRXU�LV�IOXLG�DQG�KRZ�ZH�WKLQN�RU�EHKDYH�FDQQRW�EH�FRPSOHWHO\�FRPSDUWPHQWDOLVHG�ZLWK�FOHDU�FXW�ERXQGDULHV��
$V� VXFK�� WR� WKLQN� DERXW� D� SDUDGLJP�DV D ZRUOGYLHZ�RU� HSLVWHPRORJLFDO� VWDQFH�GRHV�QRW�SUHFOXGH� WKH� FURVV�RYHU�RI�
LGHDV��7KXV��QR�PDWWHU� WKH�SRVLWLRQ�ZH�VWDUW� IURP��KRZ�ZH�NQRZ�DQG�JR� DERXW�NQRZLQJ� LV� OLQNHG��RU�RYHUODSV DQG�
DIIHFWV�KRZ�ZH�FRQFHLYH DQG�H[SODLQ�SDUDGLJPV��7KLV�LV�D�PDMRU�FRQWULEXWRU�WR�WKH�FRQIXVLRQ�LQ�WKH�VRFLDO�VFLHQFHV�
WKDW� +'5� VWXGHQWV� DQG� HDUO\� FDUHHU UHVHDUFKHUV� H[SHULHQFH� LQ� WU\LQJ� WR� DUWLFXODWH� ZKDW� FRQVWLWXWHV� WKH� UHVHDUFK�
SDUDGLJP�IRU�WKHLU�SURMHFWV�

7KH�FRQWURYHUV\�LQ�UHODWLRQ�WR�WKH�KLVWRULFDO�GHYHORSPHQW�KDV�WR�GR�ZLWK�.XKQ¶V ������ RULJLQDO�XVH�DQG�H[SODQDWLRQV�
RI�WKH�WHUP�LQ�KLV�HDUO\ ZRUN�DQG�KRZ�UHVHDUFKHUV�LQ�GLIIHUHQW�ILHOGV�RI�VWXG\�FDPH�WR�XQGHUVWDQG�DQG�XVH�WKH�WHUP��
)RU�H[DPSOH��0RUJDQ��������DVVHUWV�WKDW�WKH�VRFLDO�VFLHQWLVWV¶�XVH�RI�WKH�WHUP�GLIIHUV�IURP�WKDW�LQ�VFLHQFH�VWXGLHV��+H�
DUJXHV�WKDW�.XKQ¶V�LQLWLDO�DUWLFXODWLRQ�RI�WKH�QRWLRQ�RI�SDUDGLJP�ZDV�FRQIXVLQJ�DQG�FXOPLQDWHG�LQ�WKH�WHUP�EHLQJ�XVHG�
E\�UHVHDUFKHUV�LQ�WKH�ILHOG�RI�VFLHQFH�VWXGLHV WR�PHDQ�³WKH�FRQVHQVXDO�VHW�RI�EHOLHIV�DQG�SUDFWLFHV�WKDW�JXLGH�D�ILHOG«�´
�0RUJDQ��������S� �����$W�WKH�VDPH�WLPH�WKH�WHUP�KDV�EHHQ�XVHG�LQ�VRFLDO�VFLHQFH�UHVHDUFK�LQ�DERXW�����GLIIHUHQW�ZD\V��
7KHVH�LQFOXGH WKDW�D�SDUDGLJP PHDQV�D�ZRUOGYLHZ��D SDUDGLJP�LV�DQ�HSLVWHPRORJLFDO�VWDQFH��D�SDUDGLJP LV�D�VHW�RI�
VKDUHG�EHOLHIV�DPRQJ�PHPEHUV�RI�D�VSHFLDOW\�DUHD�DQG��D�SDUDGLJP�DV�D�PRGHO�H[DPSOH RI�UHVHDUFK �0RUJDQ��������

,Q� FDVWLQJ� D� SDUDGLJP�DV� D�ZRUOGYLHZ��0RUJDQ� ������� S����� SUHVHQWV� WKH� WHUP�DV� ³«�� DOO�HQFRPSDVVLQJ�ZD\V�RI�
H[SHULHQFLQJ� DQG� WKLQNLQJ� DERXW� WKH� ZRUOG�� LQFOXGLQJ� EHOLHIV� DERXW� PRUDOV�� YDOXHV�� DQG� DHVWKHWLFV´�� 7KLV�
DOO�HQFRPSDVVLQJ�SRVLWLRQ�FRXOG�PHDQ�WKDW�UHVHDUFKHUV�PLJKW�TXHVWLRQ�ZKDW�FDQ�EH�UHVHDUFKHG�RU�ZKHWKHU�DW�DOO�VRPH�
WRSLFV� VKRXOG� EH� UHVHDUFKHG� RQ� PRUDO� JURXQGV�� 6XFK� D� SRVLWLRQ� FRXOG� EH� XVHIXO� LQ� GLUHFWLQJ� HWKLFV� DQG� HWKLFDO�
GHFLVLRQ�PDNLQJ�ZLWKLQ� UHVHDUFK��ZKLFK� DOLJQV�ZLWK�TXHVWLRQV� DERXW� D[LRORJ\�� � %XW� LW�PLJKW� DOVR�EH� UHVWULFWLYH� LQ�
WHUPV�RI�WKH�KXPDQ�GHVLUH�WR�H[SORUH�DQG XQGHUVWDQG�RXU�ZRUOG��7KHUHIRUH�WKLV�YLHZ�RI�D�SDUDGLJP�FRXOG�SRWHQWLDOO\�
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EH�D�VRXUFH�RI�FRQIXVLRQ��GH�PRWLYDWLRQ�RU�LQFRKHUHQFH IRU�+'5�VWXGHQWV��

7KH�LQWHUSUHWDWLRQ�RI�SDUDGLJPV�DV�HSLVWHPRORJLFDO�VWDQFHV�KDV� LWV�URRWV�LQ�WKH�PHDQLQJ�RI�HSLVWHPRORJ\��ZKLFK��DV�
ZH�VDZ�DERYH� UHODWHV�WR�WKH�TXHVWLRQV�DERXW�ZKDW�GRHV�LW�PHDQ�WR�NQRZ�DQG�KRZ�FDQ�ZH�NQRZ" 7KHUHIRUH�WKLV�YLHZ�
RI� SDUDGLJP�� WDNHV� WKH� SRVLWLRQ� WKDW� UHVHDUFK� LQKHUHQWO\� LQYROYHV� HSLVWHPRORJLFDO� LVVXHV� DERXW� WKH� QDWXUH� RI�
NQRZOHGJH� DQG� NQRZLQJ�� ,Q� WKLV� VHQVH�� UHVHDUFKHUV� ZLOO� DOLJQ� WKHLU� QRWLRQ� RI� SDUDGLJP� ZLWK� WKH� PRVW� SRSXODU�
HSLVWHPRORJLFDO�VWDQFHV��H�J���UHDOLVP�DQG�FRQVWUXFWLYLVP��DV�GLVWLQFWLYH�EHOLHI�V\VWHPV��0RUJDQ���������5HVHDUFKHUV�
ZKR�DUH�JXLGHG�E\�HLWKHU� VWDQFH�DUH�GLUHFWHG�E\� WKDW�SRVLWLRQ� WR�DVN�SDUWLFXODU� W\SH�RI� UHVHDUFK�TXHVWLRQV�DQG�DOVR�
DQVZHU� WKHP�LQ�D�SDUWLFXODU�ZD\��7KH� LQWHUSUHWDWLRQ�RI�SDUDGLJPV�DV� VKDUHG�EHOLHIV�DPRQJ�PHPEHUV�RI�D�VSHFLDOW\
DUHD� IRFXVHV� RQ� ZKDW� PHPEHUV� RI� D� SDUWLFXODU� ILHOG� RI� UHVHDUFK� WKLQN� DUH� WKH� IXQGDPHQWDO� SULQFLSOHV� WKDW� JRYHUQ�
UHVHDUFK� $GGLWLRQDOO\��DQ�DQDO\VLV�RI�D�SDUDGLJP DV�D�PRGHO�H[DPSOH�RI�UHVHDUFK�GUDZV�RQ�WKH�QRWLRQ�WKDW�SDUDGLJPV�
DUH�PRGHOV�DERXW�KRZ�UHVHDUFK�LV�GRQH�LQ�D�JLYHQ�ILHOG��.XKQ��������0RUJDQ���������:LWK�VXFK�D GLYHUVH�VHQVH�RI�
ZKDW� FRQVWLWXWHV� D� SDUDGLJP�� LW� LV� QRW� VXUSULVLQJ� WKDW� +'5� VWXGHQWV� DQG� HDUO\� FDUHHU� UHVHDUFKHUV� H[SHULHQFH�
GLIILFXOWLHV�LQ�XQGHUVWDQGLQJ�SDUDGLJPV�DQG�FKRRVLQJ�RQH�IRU�WKHLU�UHVHDUFK�

,Q�WHUPV�RI�WKH�µLQWHU�DQG�LQWUD�GLVFLSOLQDU\�SRZHU�ZDUV¶��WKH�LVVXH�XQGHU�FRQVLGHUDWLRQ ZDV�DERXW�ZKR�KDG WKH�SRZHU�
WR�QDPH�DQG�GHILQH�D�SDUDGLJP��,Q� WKLV� UHJDUG��NH\�SHUVRQDOLWLHV� LQ�SDUWLFXODU�GLVFLSOLQHV�KDYH� RYHU� WLPH�VRXJKW� WR�
µFUHDWH¶�DQG� µDGG¶�QHZ�SDUDGLJPV��ZKLFK�ZHUH RIWHQ�FKDOOHQJHG�RU�GLVPLVVHG�E\�FROOHDJXHV�DQG�FURVV�GLVFLSOLQDU\�
UHVHDUFKHUV��)RU�H[DPSOH�LQ�WKH�ODWH�����V��WKH�ILHOG�RI�VSHFLDO�HGXFDWLRQ�VDZ�WKH�HPHUJHQFH�RI�D�µQHZ¶ WUDGLWLRQ�RI�
UHVHDUFK�LQWR�VSHFLDO�HGXFDWLRQDO�QHHGV��ZKLFK�6NLGPRUH��������FDOOHG�DQ�µRUJDQL]DWLRQDO�SDUDGLJP¶� :KLOH�VRPH�LQ�
WKH� VSHFLDO� QHHGV� ILHOG� �H�J�$YUDPLGLV�	�6PLWK�� ������ DFFHSWHG� WKLV� DV� D� QHZ� SDUDGLJP�� RWKHU� UHVHDUFKHUV� LQ� WKH�
VRFLDO�VFLHQFHV�GLG�QRW�DJUHH�ZLWK�6NLGPRUH¶V�QHZ�SDUDGLJP��7KLV� UDLVHG�WKH�TXHVWLRQ�DERXW�ZKR�KDG WKH�SRZHU�WR�
QDPH�DQG�NHHS�D�SDUDGLJP" ,Q� WKLV� UHJDUG� 0RUJDQ� �������S������ZULWHV� ³«��SDUDGLJPV� LQ� VRFLDO� VFLHQFH� UHVHDUFK�
PHWKRGRORJ\�DUH�QRW�DEVWUDFW�HQWLWLHV�ZLWK�WLPHOHVV�FKDUDFWHULVWLFV��LQVWHDG��ZKDW�FRXQWV�DV�D�SDUDGLJP�DQG�KRZ�WKH�
FRUH�FRQWHQW�RI�D�SDUDGLJP�LV�SRUWUD\HG�LQYROYHV�D�VHULHV�RI�RQJRLQJ�VWUXJJOHV�EHWZHHQ�FRPSHWLQJ�LQWHUHVW�JURXSV´��
7KLV� FRQFOXVLRQ� HQGRUVHV� WKH� UHDOLW\� RI� WKH� LQWHU�DQG� LQWUD�GLVFLSOLQDU\� SRZHU�ZDUV DQG� LV� EXWWUHVVHG� E\� WKH�PDQ\�
µQHZ¶ SDUDGLJPV� WKDW� KDYH� EHHQ� DGGHG� WR� WKH� OLVW� RI� VRFLDO� VFLHQFH� UHVHDUFK� SDUDGLJPV� LQ� WKH� ODVW� WZR� GHFDGHV��
'HVSLWH� WKLV� FRPSOH[LW\ LQ� WKH�KLVWRU\�RI�SDUDGLJP�GHYHORSPHQW�� WKHUH� LV� QRZ�JHQHUDO� DJUHHPHQW� DERXW� WKH�PDMRU�
SDUDGLJPV�WKDW�DUH�DSSOLFDEOH�LQ�HGXFDWLRQDO�UHVHDUFK��DQG�ZH�WXUQ�WR�WKHVH��LQ�WKH�IROORZLQJ�VHFWLRQ�

���:KLFK�$UH�WKH�'RPLQDQW�5HVHDUFK�3DUDGLJPV�$SSOLHG�LQ�(GXFDWLRQDO�5HVHDUFK"

$�ODUJH�QXPEHU�RI�SDUDGLJPV�KDYH�EHHQ�SURSRVHG�E\�UHVHDUFKHUV�EXW�&DQG\�������� RQH�RI�WKH�OHDGHUV�LQ�WKH�ILHOG�
VXJJHVWV� WKDW� WKH\� DOO� FDQ� EH� JURXSHG� LQWR WKUHH� PDLQ� WD[RQRPLHV�� QDPHO\� 3RVLWLYLVW�� ,QWHUSUHWLYLVW�� RU� &ULWLFDO�
SDUDGLJPV��+RZHYHU��RWKHU�UHVHDUFKHUV�VXFK�DV�7DVKDNNRUL�DQG�7HGGOLH������D������E��SURSRVH�D�IRXUWK�WKDW�ERUURZV�
HOHPHQWV�IURP�WKHVH�WKUHH DQG�LV�NQRZQ�DV�WKH�3UDJPDWLF�SDUDGLJP��/HW¶V�KDYH�D�EULHI�ORRN�DW�HDFK�RI�WKHVH�

����3RVLWLYLVW�3DUDGLJP

)LUVW�SURSRVHG�E\�D�)UHQFK�SKLORVRSKHU��$XJXVWH�&RPWH�������± �������WKH�3RVLWLYLVW�SDUDGLJP�GHILQHV�D�ZRUOGYLHZ�
WR�UHVHDUFK��ZKLFK�LV�JURXQGHG�LQ�ZKDW�LV�NQRZQ�LQ�UHVHDUFK�PHWKRGV�DV�WKH�VFLHQWLILF�PHWKRG�RI�LQYHVWLJDWLRQ��&RPWH�
������� SRVWXODWHG� WKDW� H[SHULPHQWDWLRQ�� REVHUYDWLRQ� DQG� UHDVRQ� EDVHG� RQ� H[SHULHQFH RXJKW� WR� EH� WKH� EDVLV� IRU�
XQGHUVWDQGLQJ� KXPDQ� EHKDYLRXU�� DQG� WKHUHIRUH�� WKH� RQO\� OHJLWLPDWH� PHDQV� RI� H[WHQGLQJ� NQRZOHGJH� DQG� KXPDQ�
XQGHUVWDQGLQJ��,Q�LWV�SXUH�IRUP��WKH�VFLHQWLILF�PHWKRG��LQYROYHV�D�SURFHVV�RI�H[SHULPHQWDWLRQ�WKDW�LV�XVHG�WR�H[SORUH�
REVHUYDWLRQV�DQG�DQVZHU�TXHVWLRQV��DV�LOOXVWUDWHG�LQ�)LJXUH����,W�LV�XVHG�WR�VHDUFK�IRU�FDXVH�DQG�HIIHFW�UHODWLRQVKLSV�LQ�
QDWXUH��,W�LV�FKRVHQ�DV�WKH�SUHIHUUHG�ZRUOGYLHZ�IRU�UHVHDUFK��ZKLFK�WULHV�WR�LQWHUSUHW�REVHUYDWLRQV�LQ�WHUPV�RI�IDFWV�RU�
PHDVXUDEOH� HQWLWLHV �)DGKHO�� ������� 5HVHDUFK� ORFDWHG� LQ� WKLV� SDUDGLJP� UHOLHV� RQ� GHGXFWLYH� ORJLF�� IRUPXODWLRQ� RI�
K\SRWKHVHV�� WHVWLQJ� WKRVH� K\SRWKHVHV�� RIIHULQJ� RSHUDWLRQDO� GHILQLWLRQV� DQG� PDWKHPDWLFDO� HTXDWLRQV�� FDOFXODWLRQV��
H[WUDSRODWLRQV�DQG�H[SUHVVLRQV��WR�GHULYH�FRQFOXVLRQV��,W�DLPV�WR�SURYLGH�H[SODQDWLRQV�DQG�WR�PDNH�SUHGLFWLRQV�EDVHG�
RQ�PHDVXUDEOH�RXWFRPHV��7KRVH�PHDVXUDEOH�RXWFRPHV�DUH�XQGHUJLUGHG�E\�IRXU�DVVXPSWLRQV�WKDW�&RKHQ��0DQLRQ DQG�
0RUULVRQ �������� H[SODLQ� DUH� GHWHUPLQLVP�� HPSLULFLVP�� SDUVLPRQ\� DQG� JHQHUDOL]DELOLW\�� $Q� XQSDFNLQJ� RI� HDFK� RI�
WKHVH� DVVXPSWLRQV� KHOSV� UHVHDUFKHUV�XQGHUVWDQG�EHWWHU� WKH�PHDQLQJ� DQG� H[SHFWDWLRQV�RI� UHVHDUFK� FRQGXFWHG�ZLWKLQ�
WKLV�SDUDGLJP��%ULHIO\��WKH�DVVXPSWLRQ�RI�GHWHUPLQLVP PHDQV�WKDW�WKH�HYHQWV�ZH�REVHUYH�DUH�FDXVHG�E\�RWKHU�IDFWRUV��
7KHUHIRUH��LI�ZH�DUH�WR�XQGHUVWDQG FDVXDO�UHODWLRQVKLSV�DPRQJ�IDFWRUV��ZH�QHHG�WR�EH�DEOH�WR�PDNH�SUHGLFWLRQV DQG�WR�
FRQWURO WKH� SRWHQWLDO� LPSDFWV� RI� WKH� H[SODQDWRU\� IDFWRUV� RQ� WKH� GHSHQGHQW� IDFWRUV�� 7KH� DVVXPSWLRQ� RI� HPSLULFLVP
PHDQV�WKDW�IRU�XV�WR�EH�DEOH�WR�LQYHVWLJDWH�D�UHVHDUFK SUREOHP��ZH�QHHG�WR�EH�DEOH�WR�FROOHFW�YHULILDEOH�HPSLULFDO�GDWD��
ZKLFK VXSSRUW� WKH� WKHRUHWLFDO� IUDPHZRUN� FKRVHQ� IRU� \RXU� UHVHDUFK� DQG� HQDEOH \RX� WR� WHVW� WKH� K\SRWKHVHV \RX�
IRUPXODWHG�� ,Q� DVVXPLQJ� SDUVLPRQ\� WKH� 3RVLWLYLVW� SDUDGLJP UHIHUV� WR� WKH� UHVHDUFKHU¶V� DWWHPSWV� WR� H[SODLQ� WKH�
SKHQRPHQD WKH\�VWXG\ LQ�WKH�PRVW�HFRQRPLF�ZD\�SRVVLEOH��)LQDOO\��WKH�JHQHUDOL]DELOLW\ DVVXPSWLRQ�WHOOV�XV�WKDW�WKH�
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UHVXOWV� REWDLQHG IURP� D� UHVHDUFK� SURMHFW� FRQGXFWHG� ZLWKLQ� WKH� 3RVLWLYLVW� SDUDGLJP�� LQ� RQH� FRQWH[W�� VKRXOG� EH�
DSSOLFDEOH� WR� RWKHU� VLWXDWLRQV� E\� LQGXFWLYH� LQIHUHQFHV�� 7KLV�PHDQV� WKDW� WKH� SRVLWLYLVW� UHVHDUFKHU� VKRXOG� EH� DEOH� WR�
REVHUYH�RFFXUUHQFHV� LQ� WKH�SDUWLFXODU�SKHQRPHQRQ� WKH\�KDYH� VWXGLHG��DQG�EH�DEOH� WR�JHQHUDOLVH�DERXW�ZKDW�FDQ�EH�
H[SHFWHG� HOVHZKHUH� LQ� WKH� ZRUOG� %HFDXVH� RI� WKHVH� DVVXPSWLRQV�� WKH� 3RVLWLYLVW� SDUDGLJP� DGYRFDWHV� WKH� XVH� RI�
TXDQWLWDWLYH� UHVHDUFK� PHWKRGV� DV� WKH� EHGURFN� IRU� WKH� UHVHDUFKHU¶V� DELOLW\� WR� EH� SUHFLVH� LQ� WKH� GHVFULSWLRQ� RI� WKH�
SDUDPHWHUV�DQG�FRHIILFLHQWV�LQ�WKH�GDWD�WKDW�DUH�JDWKHUHG��DQDO\VHG�DQG�LQWHUSUHWHG��VR�DV�WR XQGHUVWDQG�UHODWLRQVKLSV�
HPEHGGHG�LQ�WKH�GDWD�DQDO\VHG��

$QG� VR�� LQ� WHUPV�RI� WKH� IRXU� IRXQGDWLRQDO� HOHPHQWV� RU� DVVXPSWLRQV� RI� D� SDUDGLJP�� IRU� WKH 3RVLWLYLVW� SDUDGLJP�� LWV�
HSLVWHPRORJ\� LV� VDLG� WR� EH REMHFWLYLVW�� LWV� RQWRORJ\� QDLYH� UHDOLVP�� LWV�PHWKRGRORJ\� H[SHULPHQWDO�� DQG� LWV� D[LRORJ\�
EHQHILFHQFH� $JDLQ�� XQSDFNLQJ�HDFK�RI� WKHVH�HOHPHQWV� VKRXOG�KHOS� WKH� UHVHDUFKHU�XQGHUVWDQG�EHWWHU� WKLV�SDUDGLJP�
7KH�REMHFWLYLVW� HSLVWHPRORJ\ KROGV� WKDW� KXPDQ� XQGHUVWDQGLQJ� LV� JDLQHG� WKURXJK� WKH� DSSOLFDWLRQ�RI� UHDVRQ� �)DGKHO��
�������7KLV�LPSOLHV�WKDW�WKURXJK�UHVHDUFK�ZH�FDQ�DFTXLUH�NQRZOHGJH�ZKLFK�LQFUHDVLQJO\�DSSUR[LPDWHV�WKH�UHDO�QDWXUH�
RI�ZKDW�LW�LV�WKDW�ZH�LQYHVWLJDWH��,Q�RWKHU�ZRUGV��WKURXJK�UHVHDUFK��ZH�FDQ�JDLQ�NQRZOHGJH�ZKLFK�KHOSV�XV�WR�EHFRPH�
PRUH REMHFWLYH� LQ� XQGHUVWDQGLQJ� WKH� ZRUOG� DURXQG� XV� 7KH� QDwYH� UHDOLVW� RQWRORJ\ DVVXPHV� WKH� DFFHSWDQFH� RI� WKH�
IROORZLQJ�ILYH�EHOLHIV��3XWQDP��������6HDUOH��������

x 7KHUH�H[LVWV�D�ZRUOG�RI�PDWHULDO REMHFWV�

x 6RPH�VWDWHPHQWV�DERXW�WKHVH�REMHFWV�FDQ�EH�NQRZQ�WR�EH�WUXH�WKURXJK�VHQVH�H[SHULHQFH��

x 7KHVH�REMHFWV�H[LVW�ZKHWKHU�WKH\�DUH�DFWXDOO\�SHUFHLYHG�RU�HYHQ�ZKHQ WKH\�DUH�QRW�SHUFHLYHG��7KHVH REMHFWV�
RI�SHUFHSWLRQ�DUH�DVVXPHG�WR�EH�ODUJHO\�SHUFHSWLRQ�LQGHSHQGHQW�

x 7KHVH�REMHFWV�DUH�DOVR�DEOH�WR�UHWDLQ�SURSHUWLHV�RI�WKH�W\SHV�ZH�SHUFHLYH�WKHP�DV�KDYLQJ��HYHQ�ZKHQ�WKH\�DUH�
QRW�EHLQJ�SHUFHLYHG��7KHLU�SURSHUWLHV�DUH�SHUFHSWLRQ�LQGHSHQGHQW�

x %\�PHDQV�RI�RXU�VHQVHV��ZH�SHUFHLYH�WKH�ZRUOG�GLUHFWO\��DQG�SUHWW\�PXFK�DV�LW�LV��,Q�WKH�PDLQ��RXU�FODLPV�WR�
KDYH�NQRZOHGJH�RI�LW�DUH�MXVWLILHG�

7KH H[SHULPHQWDO� PHWKRGRORJ\ HOHPHQW� PHDQV� WKDW� WKH� UHVHDUFK� ZLOO LQYROYH� PDQLSXODWLRQ RI� RQH� YDULDEOH� WR�
GHWHUPLQH� ZKHWKHU� FKDQJHV� LQ� WKDW YDULDEOH� FDXVH� FKDQJHV� LQ� DQRWKHU� YDULDEOH �6PLWK�	�+HVKXVLXV�� ������ 7KH�
IRUPHU� YDULDEOH� LV� FDOOHG� WKH� H[SODQDWRU\ RU� SUHGLFWRU YDULDEOH�� DQG� WKH� ODWWHU� YDULDEOH�� LV� FDOOHG� WKH� H[SODLQHG� RU�
GHSHQGHQW�YDULDEOH �%XUQV���������7KLV PHWKRGRORJ\�FDQ�RQO\�DSSO\� LI�ZH�DUH�DEOH� WR�FRQWURO�ZKDW�KDSSHQV� WR� WKH�
YDULDEOHV�RU�VXEMHFWV�ZH�VWXG\� 6XFK�FRQWURO�HQDEOHV�WKH�UHVHDUFKHU�WR� WHVW�DQG�WR�DFFHSW�RU�UHMHFW�K\SRWKHVHV� 7KH�
EHQHILFHQFH�D[LRORJ\ UHIHUV� WR� WKH� UHTXLUHPHQW� WKDW� DOO� UHVHDUFK� VKRXOG� DLP� DW� PD[LPL]LQJ� JRRG� RXWFRPHV� IRU� WKH�
UHVHDUFK�SURMHFW��IRU�KXPDQLW\�LQ�JHQHUDO��DQG�IRU�WKH�UHVHDUFK�SDUWLFLSDQWV �0DUWHQV���������,W�DOVR�LPSOLHV�WKDW� WKH�
UHVHDUFK�VKRXOG�DLP�DW�DYRLGLQJ�RU�DW�OHDVW PLQLPL]LQJ�DQ\�ULVN��KDUP��RU�ZURQJ�WKDW�FRXOG�RFFXU�GXULQJ�WKH�UHVHDUFK�

����� &KDUDFWHULVWLFV�RI�5HVHDUFK�/RFDWHG�:LWKLQ�7KH�3RVLWLYLVW�3DUDGLJP

7KH�IROORZLQJ�VXPPDU\�VKRXOG�KHOS�\RX�WR�XQGHUVWDQG�WKH�EDVLF�FKDUDFWHULVWLFV�RI�UHVHDUFK� WKDW�LV�QRUPDOO\�ORFDWHG�
ZLWKLQ�WKH�3RVLWLYLVW�SDUDGLJP��1HXUDWK��������)DGKHO�������

R $�EHOLHI�WKDW�WKHRU\�LV�XQLYHUVDO�DQG�ODZ�OLNH�JHQHUDOLVDWLRQV�FDQ�EH�PDGH�DFURVV�FRQWH[WV�

R 7KH�DVVXPSWLRQ�WKDW�FRQWH[W�LV�QRW�LPSRUWDQW

R 7KH�EHOLHI�WKDW�WUXWK�RU�NQRZOHGJH�LV�µRXW�WKHUH�WR�EH�GLVFRYHUHG¶�E\�UHVHDUFK�

R 7KH�EHOLHI�WKDW�FDXVH�DQG�HIIHFW�DUH�GLVWLQJXLVKDEOH�DQG�DQDO\WLFDOO\�VHSDUDEOH�

R 7KH�EHOLHI�WKDW�UHVXOWV�RI�LQTXLU\�FDQ�EH�TXDQWLILHG�

R 7KH�EHOLHI�WKDW�WKHRU\�FDQ�EH�XVHG�WR�SUHGLFW�DQG�WR�FRQWURO�RXWFRPHV

R 7KH�EHOLHI�WKDW�UHVHDUFK�VKRXOG�IROORZ�WKH�6FLHQWLILF�0HWKRG�RI�LQYHVWLJDWLRQ

R 5HVWV�RQ�IRUPXODWLRQ�DQG�WHVWLQJ�RI�K\SRWKHVHV

R (PSOR\V�HPSLULFDO�RU�DQDO\WLFDO�DSSURDFKHV

R 3XUVXHV�DQ�REMHFWLYH�VHDUFK�IRU�IDFWV

R %HOLHYHV�LQ�DELOLW\�WR�REVHUYH�NQRZOHGJH�

R 7KH�UHVHDUFKHU¶V�XOWLPDWH�DLP�LV�WR�HVWDEOLVK�D�FRPSUHKHQVLYH�XQLYHUVDO�WKHRU\��WR�DFFRXQW�IRU�KXPDQ�DQG�
VRFLDO�EHKDYLRXU�

R $SSOLFDWLRQ�RI�WKH�VFLHQWLILF�PHWKRG �,OOXVWUDWHG�LQ�)LJXUH���
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)LJXUH��� 7KH�6FLHQWLILF�0HWKRG

6RXUFH��
KWWSV���ZZZ�VFLHQFHEXGGLHV�RUJ�HQJLQHHULQJ�GHVLJQ�SURFHVV�HQJLQHHULQJ�GHVLJQ�FRPSDUH�VFLHQWLILF�PHWKRG�VKWPO

$V�UHVHDUFKHUV�ZUHVWOHG�ZLWK�WKH�XQGHUVWDQGLQJ�WKDW�PDQ\�RI�WKHVH�FKDUDFWHULVWLFV�FDQQRW�EH�IXOO\�DSSOLHG�LQ�FRQWH[WV�
ZKHUH�KXPDQV�DUH�LQYROYHG��WKDW� WKH VRFLDO�ZRUOG�FDQQRW�EH�VWXGLHG�LQ�WKH�VDPH�ZD\�DV� WKH�QDWXUDO�ZRUOG�� WKDW� WKH�
VRFLDO�ZRUOG�LV�QRW�YDOXH�IUHH�DQG�WKDW�LW�LV�QRW�SRVVLEOH�WR�SURYLGH�H[SODQDWLRQV�RI�D�FDXVDO�QDWXUH��PRGLILFDWLRQV�ZHUH�
PDGH� WR� UHOD[� VRPH� RI� WKH� DVVXPSWLRQV RXWOLQHG� DERYH�� 7KLV� OHG� WR� D� GHULYDWLYH� RI� WKLV� SDUDGLJP�� NQRZQ� DV� WKH�
3RVWSRVLWLYLVW� SDUDGLJP� 7KH� ODWWHU� DFFHSWV� WKDW� UHDOLW\� LV� LPSHUIHFW� DQG� WKDW� WUXWK� LV� QRW� DEVROXWH� EXW� SUREDEOH�� ,W�
DOORZV� IRU�REVHUYDWLRQV�ZLWKRXW�H[SHULPHQWDWLRQ�RU� IRUPXODWLRQ�RI K\SRWKHVHV� WR�EH� WHVWHG��*XED� ������� VD\V� WKDW�
ZKHUHDV�WKH�3RVLWLYLVW�SDUDGLJP PDLQWDLQV�WKH�EHOLHI�WKDW�UHDOLW\�LV�RXW�WKHUH�WR�EH�VWXGLHG��FDSWXUHG�DQG�XQGHUVWRRG��
WKH� 3RVWSRVLWLYLVW� FRXVLQ� DFFHSWV� WKDW� UHDOLW\� FDQ� QHYHU� EH� IXOO\� XQGHUVWRRG�� EXW� DW� EHVW�� RQO\� DSSUR[LPDWHG��
$FFRUGLQJO\�� WKH� 3RVWSRVLWLYLVW� SDUDGLJP KDV� WHQGHG� WR� SURYLGH� WKH� ZRUOGYLHZ� IRU� PRVW� UHVHDUFK� FRQGXFWHG� RQ�
KXPDQ�EHKDYLRXU W\SLFDO�RI�HGXFDWLRQDO�FRQWH[WV�
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����� &ULWHULD�IRU�9DOLGDWLQJ�5HVHDUFK�/RFDWHG�LQ�WKH�3RVLWLYLVW�3DUDGLJP

7KH� 3RVLWLYLVW� SDUDGLJP� LV� XVXDOO\� YDOLGDWHG� E\� DSSO\LQJ� IRXU� FULWHULD QDPHO\�� LQWHUQDO� YDOLGLW\�� H[WHUQDO� YDOLGLW\�
UHOLDELOLW\��DQG�REMHFWLYLW\ �%XUQV�������� :H�H[SODLQ��EULHIO\��ZKDW�HDFK�PHDQV�DQG�LQYROYHV��,QWHUQDO�YDOLGLW\ LV�WKH�
H[WHQW� WR� ZKLFK� WKH� UHVXOWV� REWDLQHG� LQ� D VWXG\� DUH� DWWULEXWDEOH� WR� WKH LQGHSHQGHQW� YDULDEOH� WKDW� H[SODLQV� WKHLU�
RFFXUUHQFH�DQG�QRW�VRPH�RWKHU�IDFWRUV� 7KLV�FULWHULRQ�KHOSV�XV�WR�DQVZHU�VRPH�LPSRUWDQW TXHVWLRQV��)RU�H[DPSOH� DUH�
ZH�DEOH�WR�VD\�IRU�FHUWDLQ�WKDW WKH�FKDQJHV�LQ�WKH�LQGHSHQGHQW�YDULDEOH�DUH�LQGHHG�UHVSRQVLEOH�IRU�WKH�YDULDWLRQV�ZH�
KDYH�REVHUYHG�LQ�WKH�GHSHQGHQW�YDULDEOH" )XUWKHUPRUH��DUH�ZH�VDWLVILHG�WKDW�WKH�YDULDWLRQ�LQ�WKH�GHSHQGHQW�YDULDEOH�
PLJKW� QRW� EH� DWWULEXWDEOH� WR� VRPH� RWKHU� FDXVHV" $GGLWLRQDOO\�� KRZ� FRQILGHQW� DUH� ZH� WKDW� WKH FKDQJHV� ZH� KDYH�
REWDLQHG� LQ� WKH� GHSHQGHQW� YDULDEOH� DUH� DFWXDOO\� FDXVHG� E\� WKH� LQGHSHQGHQW� YDULDEOH VWXGLHG" 'R�ZH� KDYH� HQRXJK�
HYLGHQFH� WR� FRQFOXGH� WKDW� FKDQJHV� LQ� WKH� LQGHSHQGHQW�YDULDEOH� H[SODLQ� WKH� FKDQJHV�ZH� REVHUYHG� LQ� WKH�GHSHQGHQW�
YDULDEOH" $QVZHUV�WR�WKHVH�TXHVWLRQV�DUH LPSRUWDQW�EHFDXVH� RQO\�LI�WKH�UHVXOWV�RI�RXU�GDWD�DQDO\VLV�VKRZ�WKDW�WKHUH�LV�
D�KLJK�GHJUHH�RI�LQWHUQDO�YDOLGLW\�DUH�ZH�HQWLWOHG�WR�PDNH�WKH�FODLP� WKDW�WKH�DQDO\VLV�KDV�LGHQWLILHG�FDXVH�DQG�HIIHFW�
UHODWLRQVKLSV� ,I� WKH�GDWD�DQDO\VLV \LHOGHG�ORZ�LQWHUQDO�YDOLGLW\�� WKHQ�ZH�ZRXOG�KDYH�QR�EDVLV�IRU�FODLPLQJ�FDXVDOLW\�
DQG�ZH�ZRXOG�KDYH�WR�FRQFOXGH�WKDW�WKHUH�LV�OLWWOH�RU�QR�HYLGHQFH�RI�FDXVDOLW\� ,QWHUQDO�YDOLGLW\�WKHUHIRUH�GHILQHV�WKH�
H[WHQW�WR�ZKLFK�ZH�DUH�DEOH�WR�HOLPLQDWH�FRQIRXQGLQJ�YDULDEOHV�ZLWKLQ�WKH�VWXG\� ,Q�FRQWUDVW��H[WHUQDO�YDOLGLW\ UHIHUV�
WR�WKH�GHJUHH�WR�ZKLFK�WKH�UHVXOWV�REWDLQHG�LQ�D�VWXG\�FDQ�EH JHQHUDOL]HG�WR�RWKHU�FRQWH[WV �3URFKDVND��)���������7KLV�
LV�RIWHQ�DQ�LQGLFDWLRQ�WKDW�RXU�GDWD�ZHUH�GUDZQ�IURP�D�VDPSOH�WKDW�LV�UHSUHVHQWDWLYH�RI�WKH�SRSXODWLRQ� ,W�KHOSV�XV�WR�
DQVZHU� WKH� TXHVWLRQ�� EDVHG� RQ� WKH� UHVXOWV� RI� RXU� VWXG\�� DUH�ZH� DEOH� WR� VD\� WKDW� WKH� VDPH� WKLQJ� KDSSHQV� RU�ZRXOG�
KDSSHQ LQ�DQRWKHU�RU�RWKHU�VHWWLQJV"�$QG�VR��LI�WKH�UHVXOWV�RI�RXU�UHVHDUFK�FDQ�UHDGLO\�EH�JHQHUDOLVHG�WR�WKH�SRSXODWLRQ�
DW�ODUJH��WKHQ�ZH�VD\�WKDW�ZH�FDQ�OHJLWLPDWHO\�VD\�WKDW�RXU�UHVXOWV�KDYH�D�KLJK�OHYHO�RI�H[WHUQDO�YDOLGLW\� 5HOLDELOLW\ LV�
WKH�GHJUHH�WR�ZKLFK�D�UHVHDUFK�LQVWUXPHQW�SURGXFHV�VWDEOH�RU�FRQVLVWHQW�UHVXOWV �.LUN�	�0LOOHU���������$FFRUGLQJ�WR�
-RSSH� ������� S�� ��� UHOLDELOLW\� LV� GHILQHG� DV� ³WKH� H[WHQW� WR� ZKLFK� UHVXOWV� DUH� FRQVLVWHQW� RYHU� WLPH� «� DQ� DFFXUDWH�
UHSUHVHQWDWLRQ� RI� WKH� WRWDO� SRSXODWLRQ� XQGHU� VWXG\� LV� UHIHUUHG� WR� DV� UHOLDELOLW\� DQG� LI� WKH� UHVXOWV� RI� D� VWXG\� FDQ� EH�
UHSURGXFHG XQGHU D� VLPLODU�PHWKRGRORJ\�� WKHQ� WKH� UHVHDUFK� LQVWUXPHQW� LV� FRQVLGHUHG� WR� EH� UHOLDEOH´�� ,Q� HYHU\GD\�
ODQJXDJH� WKH� WHUP� LV� XVHG� WR�PHDQ� FRQVLVWHQF\� RU� UHSHDWDELOLW\� RI�PHDVXUHPHQW��2EMHFWLYLW\ LQ UHVHDUFK� LV� TXLWH� D�
EURDG� FULWHULRQ�� ,W� UHIHUV� WR� WKH� GHJUHH� WR� ZKLFK� \RX�� DV� WKH� UHVHDUFKHU�� XWLOLVH� SUHFLVH� LQVWUXPHQWV�� DSSURDFK� WKH�
UHVHDUFK�ZLWKRXW�ELDV��DQG�ZLWK�KRQHVW\��DQG�UHPDLQ�RSHQ�WR�VXJJHVWLRQV�IURP�SDUWLFLSDQWV�LQ�WKH�UHVHDUFK �0\UGDO��
�������,Q�UHVHDUFK�PHWKRGV��REMHFWLYLW\�PHDQV�WKDW�DOO�VRXUFHV�RI�ELDV�DUH�PLQLPL]HG�DQG�WKDW�SHUVRQDO�RU�VXEMHFWLYH�
LGHDV�DUH�HOLPLQDWHG�DV�KXPDQO\�SRVVLEOH� ,Q�WKH�VWULFW�SRVLWLYLVW�VHQVH��WKLV�FULWHULRQ�UHTXLUHV�WKDW�DV�IDU�DV SRVVLEOH��
\RX��WKH�UHVHDUFKHU� VKRXOG UHPDLQ�GLVWDQFHG�IURP�ZKDW�\RX VWXG\�VR�WKDW�WKH�ILQGLQJV RI�\RXU�UHVHDUFK�ZLOO GHSHQG�
RQ�WKH�QDWXUH�RI�WKH�GDWD�UDWKHU�WKDQ�RQ�\RXU�SUHIHUHQFHV� SHUVRQDOLW\��EHOLHIV�DQG�YDOXHV�

����7KH�,QWHUSUHWLYLVW�3DUDGLJP�&RQVWUXFWLYLVW�3DUDGLJP

7KH� FHQWUDO� HQGHDYRXU� RI� WKH� ,QWHUSUHWLYLVW� SDUDGLJP� LV� WR� XQGHUVWDQG� WKH� VXEMHFWLYH� ZRUOG� RI� KXPDQ� H[SHULHQFH�
�*XED�	�/LQFROQ���������7KLV�DSSURDFK�PDNHV�DQ�HIIRUW� WR� µJHW� LQWR� WKH�KHDG�RI� WKH� VXEMHFWV�EHLQJ� VWXGLHG¶ VR� WR�
VSHDN� DQG� WR�XQGHUVWDQG� DQG� LQWHUSUHW ZKDW� WKH� VXEMHFW� LV� WKLQNLQJ�RU� WKH�PHDQLQJ� V�KH� LV�PDNLQJ�RI� WKH� FRQWH[W��
(YHU\�HIIRUW�LV�PDGH�WR�WU\�WR�XQGHUVWDQG�WKH�YLHZSRLQW�RI�WKH�VXEMHFW�EHLQJ�REVHUYHG��UDWKHU�WKDQ�WKH�YLHZSRLQW�RI�WKH�
REVHUYHU�� � (PSKDVLV� LV� SODFHG�RQ�XQGHUVWDQGLQJ� WKH� LQGLYLGXDO� DQG� WKHLU� LQWHUSUHWDWLRQ�RI� WKH�ZRUOG� DURXQG� WKHP��
+HQFH�� WKH�NH\� WHQHW�RI� WKH�,QWHUSUHWLYLVW�SDUDGLJP�LV� WKDW� UHDOLW\� LV�VRFLDOO\�FRQVWUXFWHG �%RJGDQ�	�%LNOHQ���������
7KLV�LV�ZK\�VRPHWLPHV�WKLV�SDUDGLJP�KDV�EHHQ�FDOOHG�WKH�&RQVWUXFWLYLVW�SDUDGLJP� ,Q�WKLV�SDUDGLJP��WKHRU\�GRHV�QRW�
SUHFHGH� UHVHDUFK� EXW� IROORZV� LW� VR� WKDW� LW� LV JURXQGHG� RQ� WKH� GDWD� JHQHUDWHG� E\� WKH� UHVHDUFK� DFW�� +HQFH�� ZKHQ�
IROORZLQJ� WKLV� SDUDGLJP�� GDWD� DUH� JDWKHUHG� DQG� DQDO\VHG� LQ� D�PDQQHU� FRQVLVWHQW�ZLWK� JURXQGHG� WKHRU\ �6WUDXVV�	�
&RUELQ���������7KLV SDUDGLJP�DVVXPHV�D�VXEMHFWLYLVW�HSLVWHPRORJ\��D�UHODWLYLVW�RQWRORJ\��D�QDWXUDOLVW�PHWKRGRORJ\��
DQG�D�EDODQFHG D[LRORJ\��7KHVH�HOHPHQWV�DUH�EULHIO\�H[SODLQHG�EHORZ�

7KH�DVVXPSWLRQ�RI�D�VXEMHFWLYLVW�HSLVWHPRORJ\ PHDQV�WKDW�WKH�UHVHDUFKHU�PDNHV�PHDQLQJ�RI�WKHLU�GDWD�WKURXJK�WKHLU�
RZQ� WKLQNLQJ� DQG� FRJQLWLYH� SURFHVVLQJ� RI� GDWD LQIRUPHG E\� WKHLU� LQWHUDFWLRQV� ZLWK� SDUWLFLSDQWV�� 7KHUH� LV� WKH�
XQGHUVWDQGLQJ�WKDW�WKH�UHVHDUFKHU�ZLOO�FRQVWUXFW�NQRZOHGJH�VRFLDOO\�DV�D�UHVXOW�RI�KLV�RU�KHU�SHUVRQDO�H[SHULHQFHV�RI�
WKH�UHDO� OLIH�ZLWKLQ� WKH�QDWXUDO�VHWWLQJV� LQYHVWLJDWHG �3XQFK���������7KHUH� LV� WKH�DVVXPSWLRQ� WKDW� WKH�UHVHDUFKHU�DQG�
WKHLU�VXEMHFWV�DUH�HQJDJHG�LQ LQWHUDFWLYH SURFHVVHV�LQ�ZKLFK�WKH\�LQWHUPLQJOH��GLDORJXH��TXHVWLRQ��OLVWHQ��UHDG��ZULWH�
DQG�UHFRUG�UHVHDUFK�GDWD� 7KH�DVVXPSWLRQ�RI�D�UHODWLYLVW�RQWRORJ\ PHDQV�WKDW�\RX�EHOLHYH�WKDW�WKH�VLWXDWLRQ�VWXGLHG�KDV�
PXOWLSOH�UHDOLWLHV��DQG�WKDW�WKRVH�UHDOLWLHV�FDQ�EH�H[SORUHG DQG�PHDQLQJ�PDGH�RI�WKHP�RU�UHFRQVWUXFWHG�WKURXJK�KXPDQ�
LQWHUDFWLRQV�EHWZHHQ�WKH�UHVHDUFKHU DQG�WKH�VXEMHFWV�RI�WKH�UHVHDUFK��DQG�DPRQJ�WKH�UHVHDUFK�SDUWLFLSDQWV �&KDOPHUV��
0DQOH\�	�:DVVHUPDQ�������� ,Q� DVVXPLQJ� D�QDWXUDOLVW�PHWKRGRORJ\ WKH� UHVHDUFKHU�XWLOLVHV�GDWD� JDWKHUHG� WKURXJK�
LQWHUYLHZV�� GLVFRXUVHV�� WH[W� PHVVDJHV� DQG� UHIOHFWLYH� VHVVLRQV�� ZLWK� WKH� UHVHDUFKHU� DFWLQJ� DV� D� SDUWLFLSDQW� REVHUYHU�
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�&DUU�	�.HPPLV���������$�EDODQFHG�D[LRORJ\ DVVXPHV�WKDW�WKH�RXWFRPH�RI�WKH�UHVHDUFK�ZLOO�UHIOHFW�WKH�YDOXHV�RI�WKH�
UHVHDUFKHU��WU\LQJ�WR�SUHVHQW�D�EDODQFHG�UHSRUW�RI�WKH�ILQGLQJV�

������&KDUDFWHULVWLFV�RI�5HVHDUFK�/RFDWHG�ZLWKLQ�WKH�,QWHUSUHWLYLVW�3DUDGLJP

$FFRUGLQJ�WR�/LQFROQ DQG�*XED ��������DQG�0RUJDQ����������UHVHDUFK�FRQGXFWHG�XQGHU� WKH�,QWHUSUHWLYLVW�SDUDGLJP�
XVXDOO\�H[KLELWV�WKH�IROORZLQJ�FKDUDFWHULVWLFV�

R 7KH�DGPLVVLRQ�WKDW�WKH�VRFLDO�ZRUOG�FDQQRW�EH XQGHUVWRRG�IURP�WKH�VWDQGSRLQW RI�DQ�LQGLYLGXDO�

R 7KH�EHOLHI�WKDW�UHDOLWLHV�DUH�PXOWLSOH�DQG�VRFLDOO\�FRQVWUXFWHG

R 7KH� DFFHSWDQFH� WKDW� WKHUH� LV� LQHYLWDEOH� LQWHUDFWLRQ� EHWZHHQ� WKH� UHVHDUFKHU� DQG� KLV� RU� KHU� UHVHDUFK�
SDUWLFLSDQWV

R 7KH�DFFHSWDQFH�WKDW�FRQWH[W�LV�YLWDO�IRU�NQRZOHGJH�DQG�NQRZLQJ�

R 7KH�EHOLHI� WKDW�NQRZOHGJH� LV� FUHDWHG�E\� WKH� ILQGLQJV��FDQ�EH�YDOXH� ODGHQ�DQG� WKH�YDOXHV�QHHG� WR�EH�PDGH�
H[SOLFLW

R 7KH�QHHG�WR�XQGHUVWDQG�WKH�LQGLYLGXDO�UDWKHU�WKDQ�XQLYHUVDO�ODZV�

R 7KH�EHOLHI�WKDW�FDXVHV�DQG�HIIHFWV�DUH�PXWXDOO\�LQWHUGHSHQGHQW�

R 7KH� EHOLHI� WKDW� FRQWH[WXDO� IDFWRUV� QHHG� WR� EH� WDNHQ� LQWR� FRQVLGHUDWLRQ� LQ� DQ\� V\VWHPDWLF� SXUVXLW� RI�
XQGHUVWDQGLQJ�

������&ULWHULD�8VHG�WR�9DOLGDWH�5HVHDUFK�/RFDWHG�ZLWKLQ�WKH�,QWHUSUHWLYLVW�3DUDGLJP

*XED��������VXJJHVWV�WKDW�LQ�UHVHDUFK�FRQGXFWHG�ZLWKLQ WKH�,QWHUSUHWLYLVW�SDUDGLJP�WKH�SRVLWLYLVW FULWHULD�RI�LQWHUQDO�
DQG� H[WHUQDO� YDOLGLW\�� DQG� UHOLDELOLW\� GLVFXVVHG DERYH�� VKRXOG�EH� UHSODFHG�ZLWK� IRXU FULWHULD� RI� WUXVWZRUWKLQHVV� DQG�
DXWKHQWLFLW\��7KHVH� LQFOXGH�DUH�FUHGLELOLW\��GHSHQGDELOLW\��FRQILUPDELOLW\ DQG� WUDQVIHUDELOLW\� $OWKRXJK� WKHVH�FULWHULD�
ZHUH LQLWLDOO\�FKDOOHQJHG��/LQFROQ���������WKH\ DUH�QRZ�ZHOO�DFFHSWHG�E\�PDQ\�VFKRODUV�LQ�HGXFDWLRQDO�UHVHDUFK��H�J�
0HUULDP��������(UODQGVRQ�HW�DO���������6LOYHUPDQ��������%RXPD 	�$WNLQVRQ��������DQG�VR�+'5�VWXGHQWV�VKRXOG�EH�
IDPLOLDU�ZLWK�WKHLU�PHDQLQJV��ZKLFK DUH�RXWOLQHG�KHUH��

7KH� FULWHULRQ� RI� FUHGLELOLW\ LV� XVHG� LQ� UHVHDUFK� ORFDWHG�ZLWKLQ� WKH� ,QWHUSUHWLYLVW� SDUDGLJP� WR� UHIHU� WR� WKH� H[WHQW� WR�
ZKLFK�GDWD�DQG�GDWD�DQDO\VLV�DUH�EHOLHYDEOH��WUXVWZRUWK\ RU�DXWKHQWLF �*XED���������7KLV�FULWHULRQ�VKRXOG�EH�XVHG�LQ�
UHVHDUFK�ORFDWHG�ZLWKLQ�WKH�,QWHUSUHWLYLVW�SDUDGLJP�LQ�SUHIHUHQFH�WR�WKH�FULWHULRQ�RI�LQWHUQDO�YDOLGLW\�RI�WKH�3RVLWLYLVW�
SDUDGLJP�� ,Q� DJUHHPHQW� ZLWK�*XED� ��������0HUULDP� ������� H[SODLQV� WKDW� WKLV� FULWHULRQ� UHODWHV� WR� WKH� UHVHDUFKHU¶V�
DELOLW\� WR� LQYHVWLJDWH� WKH�TXHVWLRQ� +RZ�GR� WKH� ILQGLQJV�DOLJQ�ZLWK�UHDOLW\�DV�FRQVWUXFWHG�E\� WKH�UHVHDUFKHU�DQG� WKH�
UHVHDUFK� SDUWLFLSDQWV"� � *XED� ������� VXJJHVWV� WKDW� WKH� FULWHULRQ� RI� GHSHQGDELOLW\ VKRXOG� EH� XVHG� LQ� LQWHUSUHWLYLVW�
UHVHDUFK�LQ�SUHIHUHQFH�WR�WKH�FULWHULRQ�RI�UHOLDELOLW\�RI�WKH�3RVLWLYLVW�SDUDGLJP��*XED��������H[SODLQV�WKDW�WKLV�FULWHULRQ�
UHIHUV�WR�WKH�DELOLW\�RI�REVHUYLQJ�WKH�VDPH�RXWFRPH�RU�ILQGLQJ�XQGHU�VLPLODU�FLUFXPVWDQFHV��:KHUHDV�UHVHDUFK�ORFDWHG�
ZLWKLQ�WKH�3RVLWLYLVW�SDUDGLJP�FDQ�XWLOLVH�UHVHDUFK�PHWKRGV�ZKLFK�FDQ�GHPRQVWUDWH�WKDW�LI�DFWLYLWLHV�ZHUH�UHSHDWHG��LQ�
WKH� VDPH� FRQWH[W� DQG� ZLWK� WKH� VDPH�PHWKRGV� DQG� UHVHDUFK� SDUWLFLSDQWV� ZH� FRXOG� DFKLHYH� VLPLODU� ILQGLQJV�� *XED�
DUJXHV WKDW�EHFDXVH�WKH�LQWHUSUHWLYLVW�UHVHDUFKHU�GHDOV�ZLWK�KXPDQ�EHKDYLRXU�ZKLFK�LV�E\�LWV�YHU\�QDWXUH�FRQWLQXRXVO\�
YDULDEOH��FRQWH[WXDO��DQG�VXEMHFW�WR�PXOWLSOH�LQWHUSUHWDWLRQV�RI�UHDOLW\��V�KH�LV�QRW�DEOH�WR�UHSURGXFH�H[DFWO\�WKH�VDPH�
UHVXOWV�� $W� EHVW�� WKH� UHVHDUFKHU� FDQ�PDNH� LQIHUHQFHV� ZKLFK� LQ� WKHPVHOYHV� DUH� LQIOXHQFHG� E\� WKH� UHVHDUFKHU¶V� RZQ�
FRQVWUXFWLRQ�RI�PHDQLQJ��7KRVH� LQIHUHQFHV�DQG� LQWHUSUHWDWLRQ�DUH�GHSHQGDEOH�GHSHQGLQJ�RQ� WKH� UHVHDUFKHU¶V�DELOLW\�
DQG� VNLOOV� WR�PDNH� VXUH� WKDW� WKH� ILQGLQJV� WUXO\� HPHUJH� IURP� WKH� GDWD� JDWKHUHG� DQG� DQDO\VHG� IRU� WKH� UHVHDUFK� 7KH�
FULWHULRQ�RI�FRQILUPDELOLW\ LV�XVHG�E\�WKH�LQWHUSUHWLYLVW�UHVHDUFKHU�LQ�SUHIHUHQFH�WR�WKH�FULWHULRQ�RI�REMHFWLYLW\��ZKLFK�LV�
DSSOLHG E\�WKH�SRVLWLYLVW�UHVHDUFKHU��*XED�������� ,W�UHIHUV�WR�WKH�H[WHQW�WR�ZKLFK�WKH�ILQGLQJV�RI�\RXU�UHVHDUFK�SURMHFW�
FDQ� EH� FRQILUPHG� E\� RWKHUV� LQ WKH� ILHOG�� 7KH� RYHUULGLQJ� JRDO� RI� WKLV� FULWHULRQ� LV� WR� HQVXUH� WKDW� \RXU ELDVHV� DUH�
PLQLPLVHG��DQG�SUHIHUDEO\�HOLPLQDWHG� IURP�FRQWDPLQDWLQJ� WKH� UHVXOWV�RI� WKH�GDWD�DQDO\VHG��6KHQWRQ�� �������S������
H[SODLQV�WKDW�IRU�WKH�UHVHDUFK�WR�DFKLHYH�WKLV�FULWHULRQ��³VWHSV�PXVW�EH�WDNHQ�WR�KHOS�HQVXUH�DV�IDU�DV�SRVVLEOH�WKDW�WKH�
ZRUN¶V� ILQGLQJV� DUH� WKH� UHVXOW� RI� WKH� H[SHULHQFHV� DQG� LGHDV� RI� WKH� LQIRUPDQWV�� UDWKHU� WKDQ� WKH� FKDUDFWHULVWLFV DQG�
SUHIHUHQFHV�RI�WKH�UHVHDUFKHU´� 7KH�FULWHULRQ�RI�WUDQVIHUDELOLW\ LV�XVHG�LQ�LQWHUSUHWLYLVW�UHVHDUFK�LQ�SUHIHUHQFH�WR�WKH�
FULWHULRQ�RI�H[WHUQDO�YDOLGLW\�XVHG�LQ�WKH�3RVLWLYLVW�SDUDGLJP��*XED�������� /LQFROQ�DQG�*XED��������H[SODLQ�WKDW�WKLV�
FULWHULRQ�UHSUHVHQWV�WKH�UHVHDUFKHU¶V�HIIRUWV�WR�HQVXUH�WKDW�WKH\�SURYLGH�HQRXJK�FRQWH[WXDO�GDWD�DERXW�WKHLU�UHVHDUFK�VR�
WKDW�UHDGHUV�RI�WKHLU�ILQGLQJV�FDQ�UHODWH�WKRVH�ILQGLQJV�WR�WKHLU�RZQ�FRQWH[WV� 0RUH�WKDQ����\HDUV�VLQFH�*XED��������
ILUVW�SURSRVHG�WKLV�FULWHULRQ��LW�LV�VWLOO�VXEMHFW�WR�FRQVLGHUDEOH�FRQWURYHUV\��)RU�H[DPSOH��(UODQGVRQ�HW DO����������OLNH�
*RPP��+DPPHUVOH\�DQG�)RVWHU��������DUJXH�WKDW VLQFH�E\�GHILQLWLRQ��LQWHUSUHWLYLVW�UHVHDUFK�LV�FRQWH[W�VSHFLILF��ZLWK�
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UHJDUG� WR� ORFDOH� DQG� SDUWLFLSDQWV�� JHQHUDOL]DELOLW\� RI� WKH� ILQGLQJV� RI� UHVHDUFK� FRQGXFWHG� ZLWKLQ� WKH� ,QWHUSUHWLYLVW�
SDUDGLJP�LV SUDFWLFDOO\�LPSRVVLEOH�

����7KH�&ULWLFDO�3DUDGLJP�7UDQVIRUPDWLYH�3DUDGLJP

7KH� &ULWLFDO� SDUDGLJP� VLWXDWHV� LWV� UHVHDUFK� LQ� VRFLDO� MXVWLFH� LVVXHV� DQG� VHHNV� WR� DGGUHVV� WKH� SROLWLFDO�� VRFLDO� DQG�
HFRQRPLF� LVVXHV��ZKLFK� OHDG� WR� VRFLDO�RSSUHVVLRQ��FRQIOLFW�� VWUXJJOH�� DQG�SRZHU� VWUXFWXUHV�DW�ZKDWHYHU� OHYHOV� WKHVH�
PLJKW�RFFXU��%HFDXVH�LW�VHHNV�WR�FKDQJH�WKH�SROLWLFV�VR�DV�WR�FRQIURQW�VRFLDO�RSSUHVVLRQ�DQG�LPSURYH�WKH�VRFLDO�MXVWLFH�
LQ� WKH� VLWXDWLRQ�� LW� LV� VRPHWLPHV� FDOOHG� WKH� 7UDQVIRUPDWLYH� SDUDGLJP�� 7KLV� SDUDGLJP� DVVXPHV� D� WUDQVDFWLRQDO�
HSLVWHPRORJ\���LQ�ZKLFK�WKH�UHVHDUFKHU�LQWHUDFWV�ZLWK�WKH�SDUWLFLSDQWV���DQ�RQWRORJ\�RI�KLVWRULFDO�UHDOLVP� HVSHFLDOO\�DV�
LW�UHODWHV�WR�RSSUHVVLRQ��D�PHWKRGRORJ\�WKDW�LV�GLDORJLF��DQG�DQ�D[LRORJ\ WKDW�UHVSHFWV�FXOWXUDO�QRUPV�

������&KDUDFWHULVWLFV�RI�5HVHDUFK�/RFDWHG�ZLWKLQ�WKH�&ULWLFDO�3DUDGLJP

)ROORZLQJ� *XED� DQG� /LQFROQ� �������� DV� ZHOO� DV�0DUWHQV� ������� ZH� FDQ� DWWULEXWH� WKH� IROORZLQJ� FKDUDFWHULVWLFV� WR�
UHVHDUFK�FRQGXFWHG�ZLWKLQ WKH�&ULWLFDO�SDUDGLJP�

R 7KH�FRQFHUQ�ZLWK�SRZHU�UHODWLRQVKLSV�VHW�XS�ZLWKLQ�VRFLDO�VWUXFWXUHV�

R 7KH�FRQVFLRXV�UHFRJQLWLRQ�RI�WKH�FRQVHTXHQFHV�RI�SULYLOHJLQJ�YHUVLRQV�RI�UHDOLW\

R 7KH�UHVSHFW�IRU�FXOWXUDO�QRUPV

R $Q�H[DPLQDWLRQ�RI�FRQGLWLRQV�DQG�LQGLYLGXDOV�LQ�D�VLWXDWLRQ��EDVHG�RQ�VRFLDO�SRVLWLRQLQJ�

R 7KH�WUHDWPHQW�RI UHVHDUFK�DV�DQ�DFW�RI�FRQVWUXFWLRQ�UDWKHU�WKDQ�GLVFRYHU\�

R $�FHQWUDO�IRFXV�RI�WKH�UHVHDUFK�HIIRUW�RQ�XQFRYHULQJ�DJHQF\��ZKLFK�LV�KLGGHQ�E\�VRFLDO�SUDFWLFHV��OHDGLQJ�WR�
OLEHUDWLRQ�DQG�HPDQFLSDWLRQ�

R $QG�HQGHDYRXU�WR�H[SRVH�FRQMXQFWLRQV�RI�SROLWLFV��PRUDOLW\� DQG�HWKLFV�

R 7KH�GHOLEHUDWH�HIIRUWV�RI�WKH�UHVHDUFKHU�WR�SURPRWH�KXPDQ�ULJKWV��DQG�LQFUHDVH�VRFLDO�MXVWLFH��DQG�UHFLSURFLW\�

R 7KH� GHOLEHUDWH� HIIRUWV� RI� WKH� UHVHDUFKHU� WR� DGGUHVV� LVVXHV� RI� SRZHU�� RSSUHVVLRQ� DQG� WUXVW� DPRQJ� UHVHDUFK�
SDUWLFLSDQWV

R $�KLJK�UHOLDQFH�RQ�SUD[LV�

R 7KH�XVH�RI�HWKQRPHWKRGRORJ\��VLWXDWLQJ�NQRZOHGJH�VRFLDOO\�DQG�KLVWRULFDOO\

R $Q�DSSOLFDWLRQ�RI�DFWLRQ�UHVHDUFK

R 7KH�XWLOLVDWLRQ�RI�SDUWLFLSDWRU\�UHVHDUFK�

����7KH�3UDJPDWLF�3DUDGLJP

7KLV� 3DUDGLJP� DURVH� DPRQJ� SKLORVRSKHUV�ZKR� DUJXHG� WKDW� LW� ZDV� QRW� SRVVLEOH� WR� DFFHVV� WKH� µWUXWK¶ DERXW� WKH� UHDO�
ZRUOG�VROHO\�E\�YLUWXH�RI�D�VLQJOH�VFLHQWLILF�PHWKRG�DV�DGYRFDWHG�E\�WKH�3RVLWLYLVW�SDUDGLJP��QRU�ZDV�LW�SRVVLEOH�WR�
GHWHUPLQH�VRFLDO�UHDOLW\�DV�FRQVWUXFWHG�XQGHU�WKH�,QWHUSUHWLYLVW�SDUDGLJP��)RU�WKHP��D�PRQR�SDUDGLJPDWLF�RULHQWDWLRQ�
RI� UHVHDUFK� ZDV� QRW� JRRG� HQRXJK�� 5DWKHU�� WKHVH� SKLORVRSKHUV� � �VXFK� DV $OLVH� 	� 7HGGOLH�� ������ %LHVWD�� ������
7DVKDNNRUL� DQG� 7HGGOLH�� ����D�� DQG� ����E�� 3DWWRQ�� ������ DUJXHG� WKDW� ZKDW� ZDV� QHHGHG�ZDV� D� ZRUOGYLHZ� ZKLFK�
ZRXOG�SURYLGH�PHWKRGV�RI�UHVHDUFK�WKDW�DUH�VHHQ�WR�EH�PRVW�DSSURSULDWH�IRU�VWXG\LQJ�WKH�SKHQRPHQRQ�DW�KDQG��6R��
WKHVH�WKHRULVWV�ORRNHG�IRU�DSSURDFKHV�WR�UHVHDUFK�WKDW�FRXOG�EH�PRUH�SUDFWLFDO�DQG�SOXUDOLVWLF�DSSURDFKHV�WKDW�FRXOG�
DOORZ� D� FRPELQDWLRQ� RI�PHWKRGV� WKDW� LQ� FRQMXQFWLRQ� FRXOG� VKHG� OLJKW� RQ� WKH� DFWXDO� EHKDYLRXU RI� SDUWLFLSDQWV�� WKH�
EHOLHIV WKDW�VWDQG�EHKLQG�WKRVH�EHKDYLRXUV�DQG�WKH�FRQVHTXHQFHV WKDW�DUH�OLNHO\�WR�IROORZ�IURP�GLIIHUHQW�EHKDYLRXUV��
7KLV� JDYH� ULVH� WR� D� SDUDGLJP� WKDW� DGYRFDWHV� WKH� XVH� RI�PL[HG�PHWKRGV� DV� D�SUDJPDWLF ZD\� WR� XQGHUVWDQG� KXPDQ�
EHKDYLRXU�± KHQFH�3UDJPDWLF�SDUDGLJP��6R��DV�H[SODLQHG�EULHIO\�LQ�WKH�EUDFNHWV��WKLV�SDUDGLJP�DGYRFDWHV�D�UHODWLRQDO�
HSLVWHPRORJ\ �L�H�� UHODWLRQVKLSV� LQ� UHVHDUFK� DUH� EHVW� GHWHUPLQHG� E\�ZKDW� WKH� UHVHDUFKHU� GHHPV� DSSURSULDWH� WR� WKDW�
SDUWLFXODU�VWXG\���D�QRQ�VLQJXODU�UHDOLW\ RQWRORJ\ �WKDW�WKHUH�LV�QR�VLQJOH�UHDOLW\�DQG�DOO�LQGLYLGXDOV�KDYH�WKHLU�RZQ�DQG�
XQLTXH� LQWHUSUHWDWLRQV� RI� UHDOLW\��� D� PL[HG� PHWKRGV� PHWKRGRORJ\ �D� FRPELQDWLRQ� RI� TXDQWLWDWLYH� DQG� TXDOLWDWLYH�
UHVHDUFK PHWKRGV���DQG�D�YDOXH�ODGHQ�D[LRORJ\ �FRQGXFWLQJ�UHVHDUFK�WKDW�EHQHILWV�SHRSOH��

������&KDUDFWHULVWLFV�RI�5HVHDUFK�/RFDWHG�ZLWKLQ�WKH�3UDJPDWLF�3DUDGLJP

,Q�D�VHQVH��WKLV�SDUDGLJP�ZDV�GHYHORSHG�LQ�DQ�HIIRUW�WR�SXW�DQ�HQG�WR�WKH�WZR�GLDPHWULFDOO\�RSSRVHG�SRVLWLRQV�RI�WKH�
3RVLWLYLVW��DQG�SRVWSRVLWLYLVW��RQ�RQH�VLGH�DQG�WKH�,QWHUSUHWLYLVWV�RQ�WKH�RWKHU��DQG�WKXV�HQG�ZKDW�ZHUH�UHIHUUHG�WR�DV�
µ3DUDGLJP�:DUV¶ �*DJH���������'UDZLQJ�RQ�WKH�ZRUN�E\�&UHVZHOO���������7DVKDNNRUL�DQG�7HGGOLH������D���3DWWRQ�
��������DQG�0DUWHQV���������UHVHDUFK�ORFDWHG�ZLWKLQ�WKLV�SDUDGLJP�GHPRQVWUDWHV�WKH�IROORZLQJ�FKDUDFWHULVWLFV�
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x $�UHMHFWLRQ�RI�WKH�SRVLWLYLVW�QRWLRQ�WKDW�VRFLDO�VFLHQFH�LQTXLU\�FDQ�XQFRYHU�WKH�µWUXWK¶�DERXW�WKH�UHDO�ZRUOG�

x $Q�HPSKDVLV�RI�µZRUNDELOLW\¶�LQ�UHVHDUFK�

x 7KH�XVH�RI µZKDW�ZRUNV¶ VR�DV�WR�DOORZ�WKH�UHVHDUFKHU�WR�DGGUHVV�WKH�TXHVWLRQV�EHLQJ�LQYHVWLJDWHG�ZLWKRXW�
ZRUU\LQJ�DV�WR�ZKHWKHU�WKH�TXHVWLRQV�DUH�ZKROO\�TXDQWLWDWLYH�RU�TXDOLWDWLYH�LQ�QDWXUH�

x $GRSWLRQ�RI� D�ZRUOGYLHZ� WKDW� DOORZV� IRU� D� UHVHDUFK�GHVLJQ� DQG�PHWKRGRORJLHV� WKDW� DUH�EHVW� VXLWHG� WR� WKH�
SXUSRVH�RI�WKH�VWXG\��

x 8WLOLVLQJ�OLQHV�RI�DFWLRQ�WKDW�DUH�EHVW�VXLWHG�WR�VWXG\LQJ�WKH�SKHQRPHQRQ�EHLQJ�LQYHVWLJDWHG�

x $� UHMHFWLRQ� RI WKH� QHHG� WR� ORFDWH \RXU� VWXG\� HLWKHU� LQ� D� 3RVLWLYLVW� �SRVWSRVLWLYLVW�� SDUDGLJP� RU� DQ�
,QWHUSUHWLYLVW��FRQVWUXFWLYLVW��SDUDGLJP��

x 6HHNLQJ WR� XWLOLVH� WKH� EHVW� DSSURDFKHV� WR� JDLQLQJ� NQRZOHGJH� XVLQJ� HYHU\� PHWKRGRORJ\� WKDW� KHOSV� WKDW�
NQRZOHGJH�GLVFRYHU\�

x &KRLFH�RI�UHVHDUFK�PHWKRGV�GHSHQGLQJ�RQ�WKH�SXUSRVH�RI�WKH�UHVHDUFK�

x $� VHDUFK� IRU� XVHIXO� SRLQWV� RI� FRQQHFWLRQ� ZLWKLQ� WKH� UHVHDUFK� SURMHFW� WKDW� IDFLOLWDWH� XQGHUVWDQGLQJ� RI� KH�
VLWXDWLRQ�

���:KDW�$UH�WKH�0HWKRGRORJLFDO ,PSOLFDWLRQV�RI�3DUDGLJP�&KRLFH"�

,Q�WKLV�VHFWLRQ�RI�WKH�SDSHU��ZH�DGGUHVV�D�FDUGLQDO�TXHVWLRQ�WKDW�+'5�VWXGHQWV�RIWHQ�ILQG�SHUSOH[LQJ��QDPHO\��KDYLQJ�
GHFLGHG�WR�ORFDWH�P\�UHVHDUFK�LQ�D�SDUWLFXODU�SDUDGLJP��ZKLFK�PHWKRGRORJ\�VKDOO�,�XVH"�$OWHUQDWLYHO\��ZKDW�DUH�WKH�
PHWKRGRORJLFDO� LPSOLFDWLRQV� RI� SDUDGLJP� FKRLFH" 7KLV� TXHVWLRQ� ZDV� VWDWHG� E\� *XED� DQG� /LQFROQ� ������� DV�� 'R�
GLIIHUHQW�LQTXLU\ SDUDGLJPV�LPSO\�GLIIHUHQW�LQTXLU\�PHWKRGRORJLHV"�

$�YHU\�LPSRUWDQW�UHODWLRQVKLS�H[LVWV�EHWZHHQ�SDUDGLJP�DQG�PHWKRGRORJ\�EHFDXVH�WKH�PHWKRGRORJLFDO�LPSOLFDWLRQV�RI�
SDUDGLJP�FKRLFH�SHUPHDWH��WKH�UHVHDUFK�TXHVWLRQ�V��SDUWLFLSDQWV¶�VHOHFWLRQ��GDWD�FROOHFWLRQ�LQVWUXPHQWV�DQG�FROOHFWLRQ�
SURFHGXUHV��DV�ZHOO�DV�GDWD�DQDO\VLV��)RU�H[DPSOH��LQ�UHVSHFW�RI�GDWD�DQDO\VLV��WKH�FKRLFH�RI�WKH�3RVLWLYLVW�SDUDGLJP�
PHDQV�WKDW�WKH�GDWD�WR�EH�JDWKHUHG�ZLOO�EH�TXDQWLWDWLYH�LQ�QDWXUH��DQG�DUH PRVW OLNHO\�WR�EH�DQDO\]HG�XVLQJ�TXDQWLWDWLYH�
SURFHGXUHV�� ,Q�FRQWUDVW��FKRLFH�RI� WKH�,QWHUSUHWLYLVW�SDUDGLJP�DOLJQV�ZLWK�UHVHDUFK�PHWKRGRORJLHV�DQG�PHWKRGV� WKDW�
ZLOO�JDWKHU�DQG�DQDO\]H TXDOLWDWLYH�GDWD��)RU�H[DPSOH��QDUUDWLYH�DSSURDFKHV�WR�GDWD�DQDO\VLV�DUH EDVHG�RQ�WKH�VRFLDO�
FRQVWUXFWLRQLVW�VFKRRO�RI�WKRXJKW��3RONLQJKRUQH��������DQG�LQ�WHOOLQJ�D�VWRU\�RU�QDUUDWLYH��D�SHUVRQ�LV�DEOH�WR�GHVFULEH�
WKH� PRUDO� DQG� HWKLFDO� FKRLFHV� WKDW� WKH\� KDYH� PDGH�� 7KH� SURFHVV� KDV� WKH� SRWHQWLDO� WR� WUDQVIRUP� WKH� SHUVRQ
V�
H[SHULHQFHV��,Q�WKLV�SURFHVV�WKH�GDWD�DUH FULWLFDOO\�DQDO\VHG�LQ�WHUPV�RI�WKH�KLVWRULFDO��VRFLDO�DQG�FXOWXUDO FRQWH[W�RI�WKH�
VWRU\�DQG�DOORZ�WKH UHVHDUFKHU�WR H[DPLQH�WKH�H[LVWLQJ�GLVFRXUVHV�DQG�WKH�LVVXH�RI�SRZHU��)RXFDXOW���������������

,Q�PDQ\� LQVWDQFHV�ZKHUH� WKH� ,QWHUSUHWLYLVW� SDUDGLJP� LV� FKRVHQ�� GDWD� JDWKHULQJ PHWKRGV� IROORZ� D� JURXQGHG WKHRU\�
DSSURDFK� ZKLFK� LV�ZHOO�VXLWHG� WR�JHQHUDWLQJ�D� WKHRU\� IURP�UHDO� OLIH�RFFXUUHQFHV� LQ�ZKLFK� WKH�VRFLDO�SURFHVVHV�DQG�
ZKDW�WKH\�PHDQ�DUH�H[SODLQHG��,W�LV�EDVHG�RQ�V\PEROLF�LQWHUDFWLRQLVW�WKHRU\� �6WUDXVV�	�&RUELQ���������DQG�LQ�VRPH�
VWXGLHV�� WKH� V\PEROV� RU� V\PEROLVP�ZLWKLQ� WKH� GDWD� SURYLGH� EDVLV� IRU� WKHRUL]LQJ�� DERXW� WKH� SDUWLFLSDQW� H[SHULHQFHV�
EHLQJ� LQYHVWLJDWHG�� WKHLU� EHKDYLRXUV�� UHVSRQVHV�� SURFHVVHV� DQG� WKH PHDQLQJV HPEHGGHG� LQ� WKHVH��$QRWKHU� H[DPSOH�
WKDW�KHOSV�WR�HOXFLGDWH�WKH�OLQN�EHWZHHQ�SDUDGLJP�FKRLFH�DQG�PHWKRGRORJ\�FDQ�DOVR�EH�GUDZQ�IURP�UHVHDUFK�ORFDWHG�
LQ� WKH� ,QWHUSUHWLYLVW� SDUDGLJP� DQG� VHHNLQJ� WR� GLVFRYHU WKH� 
HVVHQFH
� RI� SDUWLFLSDQWV¶� H[SHULHQFH� LQ� D� FRQWH[W�� 6XFK�
UHVHDUFK�RIWHQ� DVNV� WKH�TXHVWLRQ 
ZKDW� LV� LW� OLNH� WR� KDYH� WKDW H[SHULHQFH"
�7KHUHIRUH� SKHQRPHQRORJ\�EHFRPHV� WKH�
LGHDO�PHWKRGRORJ\�WR�DSSO\�LQ�WKDW�UHVHDUFK��3KHQRPHQRORJ\�ZRXOG�EH�WKH�LGHDO�PHWKRGRORJ\�WR�DSSO\�LQ�WKLV�FDVH��
EHFDXVH� DV� 7D\ORU� DQG� %RJGDQ�� ������� VD\�� GDWD� DQDO\VLV� LQ� VXFK� D� UHVHDUFK� SURMHFW� IRFXVHV� RQ� WKH� VRFLDO
FRQVWUXFWLRQLVW� SULQFLSOH WKDW� ³ZKDW�SHRSOH� VD\� DQG�GR� �LV�� D� SURGXFW RI�KRZ� WKH\�GHILQH� WKHLU�ZRUOG´� �SS�� �� ± ����
3KHQRPHQRORJ\�ZRXOG� WKHUHIRUH�EH� WKH�VXLWDEOH�PHWKRGRORJ\�EHFDXVH� WKLV�SULQFLSOH�PHDQV� WKDW�KRZ�SHRSOH�GHILQH�
WKHLU�ZRUOG�LV�UHODWHG�WR����WKH�LQWHUDFWLRQV�WKH\�KDYH�ZLWK�RWKHUV�����KRZ�WKH\�SHUFHLYH�RWKHUV�WR�SHUFHLYH�WKHP�����WKH�
ZD\V�LQ�ZKLFK�WKH\�KDYH�OHDUQHG�WR�GHDO�ZLWK�OLIH�H[SHULHQFHV�DQG����WKH�DPRXQW�RI�SHUFHLYHG�FRQWURO�WKH\�KDYH��DQG�
���WKH VLJQLILFDQFH�RI�SHUFHLYHG�FRQWURO�WR�WKHP��

$QRWKHU�H[DPSOH��DJDLQ�WDNHQ�IURP�FKRLFH�RI�WKH�,QWHUSUHWLYLVW�SDUDGLJP�KHOSV�WR�LOOXPLQDWH�WKH�UHODWLRQVKLS�EHWZHHQ�
SDUDGLJP�DQG�PHWKRGRORJ\�FKRLFH��)RU�H[DPSOH� LQ�WU\LQJ�WR�XQGHUVWDQG�WHDFKHUV¶�H[SHULHQFHV�RI SDUWLFLSDWLRQ�LQ�WKH�
GHFLVLRQ�PDNLQJ�SURFHVV�LQ�D�VFKRRO�RQH�FRXOG�YHU\�ZHOO�FKRRVH�WKH�,QWHUSUHWLYLVW�SDUDGLJP��$V�ZH�VDZ�HDUOLHU��WKLV�
SDUDGLJP¶V�RQWRORJ\�DVVXPHV WKDW�WKHUH�LV�QR�VLQJOH�UHDOLW\��7KLV�SRVLWLRQ�ZLOO�UHTXLUH�DQ�HSLVWHPRORJ\�WKDW�DOORZV�IRU�
WKH� LQWHUSUHWDWLRQ�RI� WKH�SDUWLFLSDQWV¶ SHUFHSWLRQV�RI� WKHLU�RZQ�UHDOLWLHV�� ,Q� WKLV�FDVH��DQ� LQWHUSUHWLYLVW�HSLVWHPRORJ\�
ZRXOG� EH� LGHDO� EHFDXVH LW� XQGHUJLUGV� WKH� IDFW� WKDW� PHDQLQJ� RU� NQRZOHGJH� LV� QRW� WKHUH� WR� EH� GLVFRYHUHG� EXW�
LQGLYLGXDOO\�RU�VRFLDOO\�FRQVWUXFWHG��7KLV�SDUDGLJP�WHOOV�XV�WKDW�SHRSOH�PDNH�WKHLU�RZQ�UHDOLW\�E\�WKH�PHDQLQJV�DQG�
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LQWHUSUHWDWLRQV� WKH\�JLYH� WR� WKHLU�H[SHULHQFHV�DQG WKDW� WKHUH�DUH�PXOWLSOH� WUXWKV�� ,Q�HVVHQFH�UHDOLW\� LV�D� UHVXOW�RI�RXU�
RZQ�PDNLQJ��)XUORQJ���������)URP�WKLV�SDUDGLJPDWLF�XQGHUVWDQGLQJ� \RX�ZRXOG�DVN�\RXUVHOI�WKH�TXHVWLRQV��KRZ�FDQ�
,�NQRZ�WKH�SDUWLFLSDQWV¶�ZRUOG�RU�H[SHULHQFHV��RU�KRZ�FDQ�,�JDLQ�NQRZOHGJH�RI�WKHLU SHUFHSWLRQV�RI�WKHLU�H[SHULHQFHV"�
7KH�VHDUFK�IRU�WKH�DQVZHUV�WR�WKHVH TXHVWLRQV DERXW�WKH�SURFHVV�RI�KRZ WKH�SDUWLFLSDQWV H[SHULHQFH WKHLU�ZRUOG��ZLOO�
FRQVWLWXWH WKH� PHWKRGRORJ\ WKDW� \RX� ZLOO� XVH�� $QG� LW� EHFRPHV� REYLRXV� WKDW� WKH� µKRZ¶ ZLOO� LPSO\� ZKR� VKRXOG� EH�
LQYLWHG�WR�VKDUH�WKHLU�H[SHULHQFHV��DQG�KRZ�VKRXOG�WKH\�VKDUH�WKRVH�H[SHULHQFHV" ,W�ZLOO�UHTXLUH�\RX�WR�FRQVLGHU�KRZ�
\RX� ZLOO� JDWKHU� DQG� VWRUH� WKH� GDWD�� DQDO\VH� WKHP�� DQG� KRZ� \RX� ZRXOG� HYDOXDWH� DQG� LQWHUSUHW� WKH� SDUWLFLSDQWV¶�
H[SHULHQFHV� DV� HPEHGGHG� LQ� \RXU� UHVHDUFK GDWD� ,Q� DQVZHULQJ� WKHVH�TXHVWLRQV�� H[SHULHQFH�RI� WKH�ZRUOG� RU� HYHQWV��
�ZKLFK� LV�XQLTXH� WR HDFK�RQH�RI�XV��� UHPDLQV� WKH�FRUH RI�\RXU�GDWD�DQDO\VLV�DQG� LQWHUSUHWDWLRQ��7KLV� LPSOLHV� WKDW� D�
VXLWDEOH� PHWKRGRORJ\ WKDW� FRXOG� JXLGH� WKLV� NLQG� RI� UHVHDUFK� ZRXOG� EH SKHQRPHQRORJ\�� 7KLV� LV� EHFDXVH�� D NH\�
FRPSRQHQW� RI� SKHQRPHQRORJ\� LV� WKH� GHVFULSWLRQ RI� SHRSOHV¶� H[SHULHQFHV� �0RXVWDNDV�� ������ DV� FLWHG� LQ�&UHVZHOO��
������DQG�WKHUHIRUH�DV�D�UHVHDUFK�GHVLJQ��WKLV�PHWKRGRORJ\�ZRXOG�EH�LGHDO�EHFDXVH�LW�VHHNV�WR�XQGHUVWDQG��GHVFULEH��
DQG�LQWHUSUHW�KXPDQ�EHKDYLRXU�DQG�WKH�PHDQLQJ�LQGLYLGXDOV�PDNH�RI�WKHLU�H[SHULHQFH´��&DUSHQWHU��������S��������

$QRWKHU� LOOXVWUDWLRQ� RI� WKH� OLQN� EHWZHHQ� SDUDGLJP� FKRLFH� DQG� PHWKRGRORJ\�� LV� WDNHQ� IURP� WKH� ILHOG� RI� VSHFLDO�
HGXFDWLRQ��)RU�H[DPSOH��ZULWLQJ�DERXW�LPSOLFDWLRQV�RI�SDUDGLJP�FKRLFH�IRU�VSHFLDO�HGXFDWLRQ�UHVHDUFK��$YUDPLGLV�DQG�
6PLWK��������S������VDLG�

6SHFLDO�HGXFDWLRQ�UHVHDUFK�XVLQJ� WKH� LQWHUSUHWLYLVW�SDUDGLJP�ZLOO�UHTXLUH� WKDW� WKH�UHVHDUFKHU�ZLOO�QRW FRQVLGHU� WKH�
µODEHO¶� RU� µV\QGURPH¶ DV� D� FRQFHSW�� ZKLFK� LV� XQLWDU\� DQG� YDOLG� DFURVV� LQGLYLGXDOV� DQG� FRQWH[WV�� «�� ,QVWHDG� WKH�
SHUFHSWLRQV�RI�WHDFKHUV� OHDUQLQJ�VXSSRUW�DVVLVWDQWV��6(1&2
V��SDUHQWV�DQG�WKH�FKLOGUHQ�± \RXQJ�DGXOWV�WKHPVHOYHV�±
ZLOO�EH�VRXJKW�LQ�RUGHU WR�JDLQ�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�SDUWLFXODU�QHHGV�RI�WKH�JLYHQ�LQGLYLGXDO�

+HUH�DJDLQ�ZH�VHH�WKDW�WKH�SDUDGLJP�FKRVHQ�LQIOXHQFHV�ZKDW�ZLOO�FRQVWLWXWH�WUXVWZRUWK\�GDWD�DQG�KRZ�WKH�GDWD�ZLOO�EH�
DQDO\VHG��,W�FDQ�EH�VHHQ�WKDW�ZKHQ�D�VWXG\�LV�LQWHUSUHWLYLVW�LQ�QDWXUH��DQG�VHHNLQJ�WR�XQGHUVWDQG�WKH�H[SHULHQFHV�RI�D�
EURDG� UDQJH� RI� VWDNHKROGHUV�� DELOLW\� WR� LQWHUSUHW� WKHLU� H[SHULHQFHV� EHFRPHV� DQ� LPSRUWDQW PHWKRGRORJLFDO�
FRQVLGHUDWLRQ��

7KXV��ZKLOH� LW� LV�QRW�SRVVLEOH�ZLWKLQ� WKH� VFRSH�RI� WKLV�SDSHU� WR�JR� LQWR�GHWDLOV�RI�ZKDW� HDFK� UHVHDUFK�PHWKRGRORJ\�
HQWDLOV�� WKH� IROORZLQJ� VXEVHFWLRQV� SURYLGH� D� VQDSVKRW� RI� UHVHDUFK� PHWKRGRORJLHV UHVHDUFKHUV� PRVWO\� XVH� LQ� WKH�
GLIIHUHQW�SDUDGLJPV�

����5HVHDUFK�0HWKRGRORJLHV�6XLWHG�WR�WKH�3RVLWLYLVW�3DUDGLJP

7KH�UHVHDUFK�FRQGXFWHG�XQGHU�WKH�3RVLWLYLVW�SDUDGLJP�RIWHQ�XWLOLVHV�WKH�IROORZLQJ�PHWKRGRORJLHV�

R ([SHULPHQWDO�PHWKRGRORJ\

R 4XDVL�H[SHULPHQWDO�PHWKRGRORJ\

R &RUUHODWLRQDO�PHWKRGRORJ\

R &DXVDO�FRPSDUDWLYH�PHWKRGRORJ\

R 5DQGRPL]HG�FRQWURO�WULDOV�PHWKRGRORJ\

R 6XUYH\�UHVHDUFK�PHWKRGRORJ\

����5HVHDUFK 0HWKRGRORJLHV�6XLWHG�WR�WKH�,QWHUSUHWLYLVW�3DUDGLJP

)RU� UHVHDUFK� FRQGXFWHG� XQGHU� WKH� ,QWHUSUHWLYLVW� SDUDGLJP� UHVHDUFKHUV� KDYH� D� ZLGH� FKRLFH� RI� PHWKRGRORJLHV�
LQFOXGLQJ��

R 1DWXUDOLVW�PHWKRGRORJ\

R 1DUUDWLYH�LQTXLU\�PHWKRGRORJ\

R &DVH�VWXG\�PHWKRGRORJ\

R *URXQGHG�WKHRU\�PHWKRGRORJ\

R 3KHQRPHQRORJ\�PHWKRGRORJ\

R +HUPHQHXWLFV�PHWKRGRORJ\

R (WKQRJUDSK\�PHWKRGRORJ\

R 3KHQRPHQRJUDSK\�PHWKRGRORJ\

R $FWLRQ�UHVHDUFK�PHWKRGRORJ\
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R +HXULVWLF�LQTXLU\�PHWKRGRORJ\

����5HVHDUFK�0HWKRGRORJLHV�6XLWHG�IRU�8VH�LQ�WKH�&ULWLFDO�3DUDGLJP

0DQ\�UHVHDUFK�SURMHFWV�FRQGXFWHG�XQGHU�WKH�&ULWLFDO SDUDGLJP�DSSO\�WKH�IROORZLQJ�PHWKRGRORJLHV�

R 1HR�0DU[LVW�PHWKRGRORJ\

R )HPLQLVW�WKHRULHV

R &XOWXUDO�VWXGLHV

R &ULWLFDO�UDFH�WKHRU\

R )UHLUHDQ�VWXGLHV

R 3DUWLFLSDWRU\�HPDQFLSDWLRQ

R 3RVWFRORQLDO�LQGLJHQRXV�PHWKRGRORJ\

R 4XHHU�WKHRU\

R 'LVDELOLW\�WKHRULHV

R $FWLRQ�UHVHDUFK

$V�H[SODLQHG�HDUOLHU��WKH�&ULWLFDO�SDUDGLJP�LV�VXLWHG�WR�VWXGLHV�DERXW VRFLDO�MXVWLFH�DQG�JLYLQJ�YRLFH�WR�WKH�YRLFHOHVV�RU�
WKRVH� OHVV� SRZHUIXO�� ,Q� HGXFDWLRQDO� UHVHDUFK�� RQH� RI� WKH� DUHDV� WKDW� HDVLO\� ILWV WKLV� W\SH� RI� UHVHDUFK� LV� WKH� ILHOG� RI�
VSHFLDO� HGXFDWLRQ�� 8VLQJ� SHRSOH� ZLWK� GLVDELOLWLHV� DV� UHVHDUFKHUV� RU� UHVHDUFK� DVVLVWDQWV� DOORZV� IRU� GHYHORSLQJ�
NQRZOHGJH�DQG�VNLOOV�DERXW�WKHLU�RZQ�FRQGLWLRQV�RU�H[SHULHQFHV��7KH�&ULWLFDO�SDUDGLJP LV�LQWHUHVWHG�LQ�HPSRZHUPHQW�
DQG� UHPRYLQJ� RSSUHVVLYH� VWUXFWXUHV� DURXQG� UHVHDUFK� VXEMHFWV�� 7KHUHIRUH�� DV� VKRZQ� DERYH�� DFWLRQ� UHVHDUFK� LV� RQH�
PHWKRGRORJ\�WKDW�FRXOG�EH�XVHG�ZHOO�ZLWKLQ�WKLV�SDUDGLJP��7KLV�LV�EHFDXVH�WKH�DSSOLFDWLRQ�RI�DFWLRQ�UHVHDUFK ZRXOG�
EH RQH�ZD\�RI�HQVXULQJ�WKDW�WKH�SRZHU�GLIIHUHQFH EHWZHHQ�WKH�H[SHUW�RU�UHVHDUFKHU� ZLWK�VR�PXFK�SRZHU��NQRZOHGJH��
H[SHUWLVH�DQG�RWKHU�UHVRXUFHV�� LV�PLQLPLVHG DJDLQVW�UHODWLYHO\�SRZHUOHVV�UHVHDUFK�VXEMHFWV��7KLV FKDQJH ZRXOG�DOLJQ�
ZHOO�ZLWK�WKH�SDUDGLJP¶V�HPDQFLSDWRU\ ZRUOGYLHZ�DQG�OHDG�WR�VRFLDO�WUDQVIRUPDWLRQ��7KXV��ZKHQ�DSSOLHG�LQ�WKH�ILHOG�
RI� VSHFLDO� HGXFDWLRQ�� WKLV� FRXOG� OHDG� WR� HPSRZHUPHQW�� $FFRUGLQJ� WR� %DUQHV� ������ VXFK� DQ� DSSURDFK� DOORZV
UHVHDUFKHUV WR OHDUQ KRZ�WR SXW�WKHLU�NQRZOHGJH�DQG�VNLOOV�DW�WKH�GLVSRVDO�RI SHRSOH ZLWK�GLVDELOLWLHV�

����5HVHDUFK�0HWKRGRORJLHV�6XLWHG�IRU�8VH�LQ�WKH�3UDJPDWLF�3DUDGLJP

%HFDXVH� E\� GHILQLWLRQ WKH� 3UDJPDWLF SDUDGLJP� DGYRFDWHV� WKH� XVH� RI� ERWK� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� UHVHDUFK�
PHWKRGV�DFFRUGLQJ�WR�QHHG��UHVHDUFK�FRQGXFWHG�ZLWKLQ�WKLV�SDUDGLJP�GUDZV�RQ�PHWKRGRORJLHV�WDNHQ�IURP�ERWK�WKHVH�
ILHOGV��&RPPRQO\�XVHG�PHWKRGRORJLHV LQFOXGH�

R 1DWXUDOLVW�PHWKRGRORJ\

R 1DUUDWLYH�LQTXLU\

R &DVH�VWXG\

R 3KHQRPHQRORJ\

R (WKQRJUDSK\

R $FWLRQ�5HVHDUFK

R ([SHULPHQWDO�PHWKRGRORJ\

R 4XDVL�H[SHULPHQWDO�PHWKRGRORJ\

R &DXVDO�FRPSDUDWLYH�PHWKRGRORJ\

���&RQFOXVLRQ

)URP� WKH� GLVFXVVLRQV� SUHVHQWHG� DERYH� DQG� WKH� OLWHUDWXUH� UHYLHZHG�� LW� VKRXOG� EH� FOHDU� WR� UHDGHUV� WKDW� SDUDGLJPV� DV�
SRVLWLRQV�DERXW�HSLVWHPRORJ\��RQWRORJ\�DQG�D[LRORJ\��H[HUW�VLJQLILFDQW�LQIOXHQFHV�RQ�WKH�PHWKRGRORJ\�WR�EH�XVHG�LQ�D�
UHVHDUFK�SURMHFW��0RUJDQ���������%HFDXVH�HDFK�SDUDGLJP�LV�XQGHUJLUGHG�E\�VSHFLILF�DVVXPSWLRQV�DV�GLVFXVVHG�HDUOLHU��
FKRLFH�RI�D�SDUDGLJP�IRU�\RXU�UHVHDUFK�LPSOLHV�WKDW�WKH�UHVHDUFK�ZLOO�EH�QHVWHG�LQ�D�SDUWLFXODU�HSLVWHPRORJ\��RQWRORJ\��
DQG�D[LRORJ\��DQG�WKDW�WKHVH�HOHPHQWV�ZLOO�WKHUHIRUH�JXLGH�\RX�WRZDUGV�D�SDUWLFXODU�PHWKRGRORJ\��7KXV��WKH�FKRLFH�RI�
D�SDUDGLJP�LPSOLHV�D�QHDU�FHUWDLQW\�DERXW�SDUWLFXODU�PHWKRGRORJLHV�WKDW�IORZ�IURP�WKDW�SDUDGLJP��7KLV�UHODWLRQVKLS�LV�
YHU\� LPSRUWDQW� EHFDXVH� WKH� PHWKRGRORJLFDO� LPSOLFDWLRQV� RI� SDUDGLJP� FKRLFH� SHUPHDWH�� WKH� UHVHDUFK� TXHVWLRQ�V��
SDUWLFLSDQWV¶�VHOHFWLRQ��GDWD�FROOHFWLRQ�LQVWUXPHQWV�DQG�FROOHFWLRQ�SURFHGXUHV��DV�ZHOO�DV�GDWD�DQDO\VLV��7KXV��UHVHDUFK�



KWWS���LMKH�VFLHGXSUHVV�FRP ,QWHUQDWLRQDO�-RXUQDO�RI�+LJKHU�(GXFDWLRQ 9RO�����1R���������

3XEOLVKHG�E\�6FLHGX�3UHVV �� ,661���������� (�,661����������

ORFDWHG�LQ�DQ\�RI�WKH�IRXU�SULPDU\�SDUDGLJPV�KDV�D�ZLGH�UDQJH�RI�UHVHDUFK�PHWKRGRORJLHV�WR�FKRRVH�IURP�� ,W�LV�DOVR�
ZRUWK� QRWLQJ�� WKDW� LW� LV� TXLWH� SRVVLEOH� WR� FRPELQH� VHYHUDO� UHVHDUFK� PHWKRGRORJLHV� ZLWKLQ� RQH� UHVHDUFK� SDUDGLJP��
+RZHYHU��FKRLFH�RI�WKH�ULJKW�PHWKRGRORJLHV�QHHGV�WR�EH�LQIRUPHG�E\�D�JRRG�XQGHUVWDQGLQJ�RI�WKH�GLIIHUHQW�DVSHFWV�RI�
UHVHDUFK�SDUDGLJPV�GLVFXVVHG�LQ�WKLV�SDSHU�

5HIHUHQFHV�

$OLVH�� 0�� $��� 	� 7HGGOLH�� &�� �������� $� FRQWLQXDWLRQ� RI� WKH� SDUDGLJP� ZDUV"� 3UHYDOHQFH� UDWHV� RI� PHWKRGRORJLFDO�
DSSURDFKHV� DFURVV� WKH� VRFLDO�EHKDYLRUDO� VFLHQFHV�� -RXUQDO� RI� 0L[HG� 0HWKRGV� 5HVHDUFK�� ������ ��������
KWWSV���GRL�RUJ�������������������������

$5&�� �������� 1DWLRQDO� 6WDWHPHQW� RQ� (WKLFDO� &RQGXFW� LQ� +XPDQ� 5HVHDUFK� ����� �8SGDWHG�0D\� ������� &DQEHUUD��
$XVWUDOLDQ�5HVHDUFK�&RXQFLO�

$YUDPLGLV�� (�� 	� 6PLWK�� %�� �������� $Q� LQWURGXFWLRQ� WR� WKH� PDMRU� UHVHDUFK� SDUDGLJPV� DQG� WKHLU� PHWKRGRORJLFDO�
LPSOLFDWLRQV� IRU� VSHFLDO� QHHGV� UHVHDUFK�� (PRWLRQDO� DQG� %HKDYLRXUDO� 'LIILFXOWLHV�� ������ ������
KWWSV���GRL�RUJ�������������������������

%DUQHV��&���������4XDOLWDWLYH�UHVHDUFK��YDOXDEOH�RU�LUUHOHYDQW"�'LVDELOLW\��5HVHDUFK�DQG�+DQGLFDS����������������

%LHVWD��*����������3UDJPDWLVP�DQG�WKH�SKLORVRSKLFDO�IRXQGDWLRQV�RI�PL[HG�PHWKRGV�UHVHDUFK��,Q�$��7DVKDNNRUL�	�&��
7HGGOLH� �(GV���� 6DJH� KDQGERRN� RI� PL[HG� PHWKRGV� LQ� VRFLDO� 	� EHKDYLRUDO� UHVHDUFK� ��QG� HG��� SS�� ���������
7KRXVDQG�2DNV��&$��6DJH��KWWSV���GRL�RUJ�����������������������Q�

%RJGDQ��5��&��	�%LNOHQ��6��.����������4XDOLWDWLYH�UHVHDUFK�LQ�HGXFDWLRQ��$Q�LQWURGXFWLRQ�WR�WKHRU\�DQG�PHWKRGV���UG�
HG����1HHGKDP�+HLJKWV��0$��$OO\Q�	�%DFRQ�

%RXPD��*��'��	�*�%�-��$WNLQVRQ��*��%��-����������$�KDQGERRN�RI�VRFLDO�VFLHQFH�UHVHDUFK���QG�HG���2[IRUG��2[IRUG�
8QLYHUVLW\�3UHVV�

%XUQV��%��5����������,QWURGXFWLRQ�WR�5HVHDUFK�0HWKRGV���WK (GQ��)UHQFKV�)RUHVW��3HDUVRQ�HGXFDWLRQ�

&DQG\�� 3�&�� �������� &RQVWUXFWLYLVP� DQG� WKH� VWXG\� RI
VHOI�GLUHFWLRQ� LQ� DGXOW� OHDUQLQJ�� 6WXGLHV� LQ� WKH� (GXFDWLRQ� RI�
$GXOWV���������������� KWWSV���GRL�RUJ�������������������������������

&DUSHQWHU�� &�� ������� 3KHQRPHQRORJ\� DQG� UHKDELOLWDWLRQ� UHVHDUFK� ,Q� 3�� /LDPSXWWRQJ� �HG��� 5HVHDUFK� PHWKRGV� LQ�
KHDOWK��)RXQGDWLRQV�IRU�HYLGHQFH�EDVHG�SUDFWLFH�� ��QG�HG���SS�����±����� 6RXWK�0HOERXUQH��$XVWUDOLD��2[IRUG�
8QLYHUVLW\�3UHVV

&DUU��:��/���	�.HPPLV��6����������%HFRPLQJ�FULWLFDO��(GXFDWLRQ��NQRZOHGJH�DQG�DFWLRQ�UHVHDUFK� /RQGRQ��)DOPHU�

&KDOPHUV��'�-���0DQOH\��'��	�:DVVHUPDQ��5����������0HWDPHWDSK\VLFV��1HZ�(VVD\V�RQ�WKH�)RXQGDWLRQV�RI�2QWRORJ\��
2[IRUG�8QLYHUVLW\�3UHVV��'RUU��&�

&RKHQ��/��0DQLRQ��/��DQG�0RUULVRQ��.� ������� 5HVHDUFK�0HWKRGV�LQ�(GXFDWLRQ ���WK�(G����/RQGRQ��

&RPWH��$���������� $�JHQHUDO�YLHZ�RI�SRVLWLYLVP� /RQGRQ��6PLWK�(OGHU�	�&R�

&RRNVH\�� 5�� 	� 0F'RQDOG�� *�� �������� 6XUYLYLQJ� DQG� WKULYLQJ� LQ� SRVWJUDGXDWH� UHVHDUFK�� 3UDKUDQ�� 9,&�� 7LOGH�
8QLYHUVLW\�3UHVV�

&UHVZHOO��-����������4XDOLWDWLYH�LQTXLU\�DQG�UHVHDUFK�GHVLJQ��&KRRVLQJ�DPRQJ�ILYH�WUDGLWLRQV��7KRXVDQG�2DNV��&$��
6DJH�

&UHVZHOO� -� :��������� 4XDOLWDWLYH�LQTXLU\�	�UHVHDUFK�GHVLJQ��&KRRVLQJ�DPRQJ�ILYH�DSSURDFKHV ��QG HG��� 7KRXVDQG
2DNV��&$��6DJH�3XEOLFDWLRQV�

&UHVZHOO� -���	�0LOOHU� '��������� 'HWHUPLQLQJ�9DOLGLW\�LQ�4XDOLWDWLYH�,QTXLU\��7KHRU\�,QWR�3UDFWLFH�����������������
KWWSV���GRL�RUJ���������V��������WLS����B�

&UHVZHOO�� -�:�� ������� 5HVHDUFK� GHVLJQ�� 4XDOLWDWLYH�� TXDQWLWDWLYH�� DQG� PL[HG� PHWKRGV� DSSURDFKHV� ��QG� HG���
7KRXVDQG�2DNV��6DJH�

'DYLGVRQ�� '�� �������� $� &RKHUHQFH� 7KHRU\� RI� 7UXWK� DQG� .QRZOHGJH�� ,Q� 6�� %HUQHFNHU�� 	� )�� 'UHWVNH� �(GV����
.QRZOHGJH��UHDGLQJV�LQ�FRQWHPSRUDU\�HSLVWHPRORJ\��2[IRUG�3UHVV�

'HQ]LQ��1�.��	�/LQFROQ��<�6����������+DQGERRN�RI�TXDOLWDWLYH�UHVHDUFK��6DJH��/RQGRQ��6DJH�

(UODQGVRQ��'���+DUULV��(��/O��6NLSSHU��%��/��	�$OOHQ��6��'����������'RLQJ�QDWXUDOLVWLF�LQTXLU\��D�JXLGH�WR�PHWKRGV�
/RQGRQ��6DJH��

)DGKHO� .�� ������ 3RVLWLYLVW� DQG� +HUPHQHXWLF� 3DUDGLJP�� $� &ULWLFDO� (YDOXDWLRQ� XQGHU� WKHLU� 6WUXFWXUH� RI� 6FLHQWLILF�
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3UDFWLFH��7KH�6RVODQG�-RXUQDO� ������

)LQQLV��-��������� 1DWXUDO�/DZ�DQG�1DWXUDO�5LJKWV��2[IRUG��&ODUHQGRQ�3UHVV��

)RXFDXOW� 0� �������� 7KH� 6XEMHFW� DQG� 3RZHU�� $IWHUZRUG� WR� 'UH\IXV� +/� 	� 5DELQRZ� 3�� 0LFKHO� )RXFDXOW�� %H\RQG�
6WUXFWXUDOLVP�DQG�+HUPHQHXWLFV� %ULJKWRQ��+DUYHVWHU�

)RXFDXOW�0� ����� >����@��7KH� (WKLF� RI� &DUH� IRU� WKH� 6HOI� DV� D� 3UDFWLFH� RI� )UHHGRP�² $Q� ,QWHUYLHZ�ZLWK�0LFKHO�
)RXFDXOW��3KLORVRSK\�DQG�6RFLDO�&ULWLFLVP�������������� KWWSV���GRL�RUJ���������������������������

)XUORQJ��0�� ������� µ&OHDU�DW� D�GLVWDQFH� -XPEOHG�XS�&ORVH��2EVHUYDWLRQ�� LPPHUVLRQ�DQG� UHIOHFWLRQ� LQ� WKH�SURFHVV�
WKDW�LV�FUHDWLYH�UHVHDUFK� ,Q�3��/LDPSXWWRQJ��HG���5HVHDUFK�PHWKRGV�LQ�KHDOWK��)RXQGDWLRQV�IRU�HYLGHQFH�EDVHG�
SUDFWLFH� ��QG�HG���SS�����±����� 6RXWK�0HOERXUQH��$XVWUDOLD��2[IRUG�8QLYHUVLW\�3UHVV

*DJH��1�/����������7KH�SDUDGLJP�ZDUV�DQG�WKHLU�DIWHUPDWK��$�KLVWRULFDO VNHWFK�RI�UHVHDUFK�RQ�WHDFKLQJ�VLQFH�������
(GXFDWLRQDO�5HVHDUFKHU��������������

*RPP��5���+DPPHUVOH\��0��	�)RVWHU��3����������&DVH�VWXG\�DQG�JHQHUDOL]DWLRQ��LQ��&DVH�VWXG\�PHWKRG��5��*RPP��0��
+DPPHUVOH\�DQG�3��)RVWHU��HGV��/RQGRQ��6DJH��SS����±�����

*XED��(��*����������&ULWHULD�IRU�DVVHVVLQJ�WKH�WUXVWZRUWKLQHVV�RI�QDWXUDOLVWLF�LQTXLULHV� (GXFDWLRQDO�&RPPXQLFDWLRQ�
DQG�7HFKQRORJ\�-RXUQDO��������������±����

*XED��(�*��	�/LQFROQ��<�6�� ������� 'R�LQTXLU\�SDUDGLJPV� LPSO\� LQTXLU\�PHWKRGRORJLHV"�,Q�'�0��)HWWHUPDQ�� �HG���
4XDOLWDWLYH� DSSURDFKHV� WR� HYDOXDWLRQ� LQ� HGXFDWLRQ�� 7KH� VLOHQW� VFLHQWLILF� UHYROXWLRQ�� �SS�� ��������� /RQGRQ��
3UDHJHU�

*XED��(�*��	�/LQFROQ��<�6��������� :KDW�LV�7KLV�&RQVWUXFWLYLVW�3DUDGLJP�$Q\ZD\"�LQ�)RXUWK�*HQHUDWLRQ�(YDOXDWLRQ��
/RQGRQ��6DJH�3XEOLFDWLRQV��������

*XED� (� ������� 7KH�3DUDGLJP�'LDORJ��6DJH��&DOLIRUQLD�

*XED��(��*��	�/LQFROQ��<��6����������&RPSHWLQJ�SDUDGLJPV�LQ�TXDOLWDWLYH�UHVHDUFK��,Q 'HQ]LQ��1�.��	�/LQFROQ��<�6��
+DQGERRN�RI�TXDOLWDWLYH�UHVHDUFK���UG�(GQ���SS������± ����� &DOLIRUQLD��6DJH�

*XED� (��*� 	�/LQFROQ� <��������µ�3DUDGLJPDWLF�FRQWURYHUVLHV��FRQWUDGLFWLRQV�	�HPHUJLQJ�FRQIOXHQFHV¶�LQ�7KH�6DJH�
+DQGERRN�RI�4XDOLWDWLYH�5HVHDUFK� �UG�(GQ��&DOLIRUQLD��6DJH�

-RSSH��0����������7KH�5HVHDUFK�3URFHVV��5HWULHYHG���$XJXVW������� IURP��KWWS���ZZZ�U\HUVRQ�FD�aPMRSSH�US�KWP

.HHYHV��-��3��������� (GXFDWLRQDO�UHVHDUFK�PHWKRGRORJ\�DQG�PHDVXUHPHQW��&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV�

.LUN�� -���	�0LOOHU��0��/�� ��������5HOLDELOLW\�DQG�YDOLGLW\� LQ�TXDOLWDWLYH� UHVHDUFK��%HYHUO\�+LOOV��6DJH�3XEOLFDWLRQV�
KWWSV���GRL�RUJ����������������������

.XKQ��7��6����������7KH�VWUXFWXUH�RI�VFLHQWLILF�UHYROXWLRQV����VW (GQ���&KLFDJR��,/��8QLYHUVLW\�RI�&KLFDJR�3UHVV�

.XKQ��7����������3RVWVFULSW�������,Q�7��.XKQ��7KH�VWUXFWXUH�RI�VFLHQWLILF�UHYROXWLRQV ��QG�HG���SS������������&KLFDJR��
8QLYHUVLW\�RI�&KLFDJR�3UHVV�

/DWKHU�� 3�� �������� 5HVHDUFK� DV� SUD[LV�� +DUYDUG� (GXFDWLRQDO� 5HYLHZ�� ������� ��������
KWWSV���GRL�RUJ����������KDHU������EM�K������������

/LQFROQ��<� 6� 	�*XED��(��*���(GV���������1DWXUDOLVWLF�,QTXLU\��7KRXVDQG�2DNV��6DJH�

/LQFROQ��<��6�� ��������(PHUJLQJ�FULWHULD� IRU�TXDOLW\� LQ�TXDOLWDWLYH�DQG� LQWHUSUHWLYH� UHVHDUFK��4XDOLWDWLYH� ,QTXLU\� ���
���±���� KWWSV���GRL�RUJ���������������������������

/LQFROQ�� <�� 6�� 	� *XED�� (�� *�� �������� 3DUDGLJPDWLF� FRQWURYHUVLHV�� FRQWUDGLFWLRQV�� DQG� HPHUJLQJ� FRQIOXHQFHV�� ,Q
'HQ]LQ��1�.��	�/LQFROQ��<�6����������+DQGERRN�RI�TXDOLWDWLYH�UHVHDUFK��/RQGRQ��6DJH� &KDSWHU��������± ����

0DFNHQ]LH��1��	�.QLSH��6����������5HVHDUFK�GLOHPPDV��SDUDGLJPV��PHWKRGV�DQG�PHWKRGRORJ\��,VVXHV�,Q�(GXFDWLRQDO�
5HVHDUFK�����������

0DUWHQV��'��0����������5HVHDUFK�DQG�(YDOXDWLRQ�LQ�(GXFDWLRQ�DQG�3V\FKRORJ\���WK (GQ��/RV�$QJHOHV��6DJH�

0HUULDP��6��%����������4XDOLWDWLYH�UHVHDUFK�DQG�FDVH�VWXG\�DSSOLFDWLRQV�LQ�HGXFDWLRQ��6DQ�)UDQFLVFR��-RVVH\�%DVV�

0LOO�� -�� 6�� ������� 8WLOLWDULDQLVP�� ,Q (VVD\V� RQ� (WKLFV�� 5HOLJLRQ�� DQG� 6RFLHW\�� HGLWHG� E\� -�� 0�� 5REVRQ�� 9RO�� ���
RI &ROOHFWHG�:RUNV�RI�-RKQ�6WXDUW�0LOO��7RURQWR��8QLYHUVLW\�RI�7RURQWR�3UHVV��SS�����±����

0RUHQR��-����������&RQWULEXWLRQ�RI�VRFLRPHWU\�WR�UHVHDUFK�PHWKRGRORJ\�LQ�VRFLRORJ\��$PHULFDQ�6RFLRORJLFDO�5HYLHZ��
�������SS������± �����KWWSV���GRL�RUJ����������������
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0RUJDQ�� '�/�� �������� 3DUDGLJPV� /RVW� DQG� 3UDJPDWLVP� 5HJDLQHG�� 0HWKRGRORJLFDO� ,PSOLFDWLRQV� RI� &RPELQLQJ�
4XDOLWDWLYH�DQG�4XDQWLWDWLYH�0HWKRGV��-RXUQDO�RI�0L[HG�0HWKRGV�5HVHDUFK��������������

0RXVWDNDV�� &�� �������� 3KHQRPHQRORJLFDO� 5HVHDUFK� 0HWKRGV�� 7KRXVDQG� 2DNV�� &$�� 6DJH�
KWWSV���GRL�RUJ����������������������

3RONLQJKRUQH��'��(��������� 1DUUDWLYH�NQRZLQJ�DQG�WKH�KXPDQ�VFLHQFHV� $OEDQ\��1<� 6WDWH�8QLYHUVLW\�RI�1HZ�<RUN�
3UHVV�

0\UGDO��*����������2EMHFWLYLW\�LQ�6RFLDO�5HVHDUFK��/RQGRQ��3DQWKHRQ�%RRNV��1HZ�<RUN�
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