
7KH� SUHVHQWDWLRQ� RI� KHDOWK� ZDUQLQJV� LQ
WREDFFR� DGYHUWLVHPHQWV� LV� D� FRPPRQ
VWUDWHJ\� WR� DOHUW� FRQVXPHUV� WR� WKH� DGYHUVH
HIIHFWV� RI� VPRNLQJ�� ,WV� HIIHFWLYHQHVV� KDV
EHHQ�D�WRSLF�EURDGO\�GLVFXVVHG�LQ�SUHYLRXV
ZRUNV� �.DLVHUPDQ�� ������ .UXJPDQ�� )R[�
)LVFKHU� ������ 6WUDKDQ� HW� DO��� ������� DQG
VHYHUDO� PHWKRGRORJLFDO� WHFKQLTXHV� KDYH

EHHQ�GHYHORSHG�WR�FKHFN�LI�KHDOWK�ZDUQLQJV
DUH� GHWHFWHG�� ,QWHUYLHZV�� TXHVWLRQQDLUHV�
DQG� VHOI�UHSRUWV� DUH� XVXDO� VWUDWHJLHV� WR
DVVHVV� ZKHWKHU� WKH� ZDUQLQJ� KDV� EHHQ
YLHZHG�� WKH� SHUFHLYHG� EHOLHYDELOLW\� RI� WKH
ZDUQLQJ��RU�WKH�GHJUHH�RI�LPSDFW��%RUODQG�
������%HOWUDPLQL��������'XII\��������)LV�
FKHU�� .UXJPDQ�� )OHWFKHU�� )R[�� 5RMDV�
�������7KHVH�VWUDWHJLHV�H[KLELW�WKH�LQKHUHQW
SUREOHP� RI� VXEMHFWLYLW\�� DQG� VRPHWLPHV� D
YROXQWDU\�GLVWRUWLRQ�RI�LQIRUPDWLRQ�PD\�EH
SUHVHQW� LQ� WKH� UHVXOWV�� 0HPRU\� PHDVXUH�
PHQWV�DUH�DQRWKHU�IUHTXHQWO\�DSSOLHG�PHWK�
RG� �7UXLWW� HW� DO��� ������� ,W� LV� DVVXPHG� WKDW
YLVXDO� DWWHQWLRQ� GHYRWHG� WR� D� ZDUQLQJ� LQ�
VHUWHG� LQ� DQ� DG� ZLOO� LPSURYH� LWV� UHFDOO� RU
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��)DFXOW\�RI�3V\FKRORJ\��1DWLRQDO�'LVWDQFH�8QLYHUVLW\�RI�6SDLQ��81('�0DGULG�

&��-XDQ�GHO�5RVDO�����������0DGULG��6SDLQ
(�PDLO��DFUHVSR#SVL�XQHG�HV

$EVWUDFW��8VLQJ� D� SK\VLRORJLFDO� H\H�WUDFNLQJ� DSSURDFK�� SUHYLRXV� UHVHDUFK� KDV� VXJJHVWHG� WKDW
QRYHO�KHDOWK�ZDUQLQJV�LQVHUWHG�LQ�WREDFFR�DGV�FDSWXUH�YLVXDO�DWWHQWLRQ�EHWWHU�WKDQ�PDQGDWHG�RQHV�
1RQHWKHOHVV��QR�XS�WR�GDWH�VWXGLHV�KDYH�DQDO\]HG�WKH�H\H�PRYHPHQW�EHKDYLRU�EHWZHHQ�VPRNHUV
DQG�QRQ�VPRNHUV�WR�H[DPLQH�WKH�SUHVHQFH�RI�DWWHQWLRQDO�ELDVHV�WRZDUGV�WKH�ZDUQLQJV��7KH�PDLQ
REMHFWLYH�RI� WKLV� UHVHDUFK�ZDV� WR� HYDOXDWH� WKH� HIIHFWLYHQHVV�RI�QHZ� WH[W�RQO\�ZDUQLQJ� ODEHOV� LQ
FDSWXULQJ�DQG�KROGLQJ�YLVXDO�DWWHQWLRQ�� WDNLQJ�LQWR�DFFRXQW�WKH�SUHVHQFH�RU�DEVHQFH�RI�VPRNLQJ
KDELW��VPRNHUV�YV��QRQ�VPRNHUV���7KUHH�YHUVLRQV�RI�DQ�DG�ZHUH�XVHG��YHUVLRQ���ZDV�WKH�RULJLQDO
DG� LQFOXGLQJ� WKH�PDQGDWHG�ZDUQLQJ�PHVVDJH�� DQG� YHUVLRQV� �� DQG� ��ZHUH�PRGLILFDWLRQV� RI� WKH
RULJLQDO�PHVVDJH��$� VDPSOH�RI�����6SDQLVK�SDUWLFLSDQWV� �����VPRNHUV� DQG�����QRQ�VPRNHUV�
IUHHO\�H[SORUHG�RQH�YHUVLRQ�RI�WKH�DG�ZKLOH�H\H�PRYHPHQWV�ZHUH�UHFRUGHG��(\H�WUDFNLQJ�ZDV�XVHG
DV� DQ� LQGH[� RI� WKH� DWWHQWLRQDO� GHSOR\PHQW� WRZDUGV� WKH� KHDOWK�PHVVDJH�� ,PPHGLDWHO\� DIWHU� DGV
SUHVHQWDWLRQ��SDUWLFLSDQWV�DOVR�FRPSOHWHG�D�PDVNHG�PHPRU\�WDVN��5HVXOWV�LQGLFDWHG�D�EHWWHU�UHFDOO
RI�WKH�RULJLQDO�YHUVLRQ�RI�WKH�ZDUQLQJ�WKDQ�QHZHU�RQHV��0RUHRYHU��FRQWUDU\�WR�SUHYLRXV�UHVHDUFK�
H\H�PRYHPHQW�GDWD�VKRZHG�WKDW�QHZ�ZDUQLQJV�LQVHUWHG�LQ�WREDFFR�DGV�ZHUH�QHLWKHU�PRUH�TXLFNO\
DWWHQGHG� WKDQ�PDQGDWHG�PHVVDJH�QRU�FRJQLWLYHO\�SURFHVVHG� WR�D�JUHDWHU�H[WHQW��)LQDOO\��RXU� UH�
VXOWV� GLG� QRW� UHYHDO� WKH� SUHVHQFH� RI� DWWHQWLRQDO� ELDVHV� IRU�ZDUQLQJ� ODEHOV� HPEHGGHG� LQ� WKH� DG�
VXJJHVWLQJ�WKDW�WKH�WLPH�VSHQW�ORRNLQJ�DW�WKH�ZDUQLQJ�PHVVDJH��DV�ZHOO�DV�WKH�DELOLW\�WR�UHPHPEHU
LW��DSSHDU�WR�EH�LGHQWLFDO�IRU�VPRNHUV�DQG�QRQ�VPRNHUV��2YHUDOO��RXU�UHVHDUFK�RIIHUV�VRPH�VLJQLIL�
FDQW�LPSOLFDWLRQV�IRU�WKH�GHYHORSPHQW�RI�WREDFFR�DGYHUWLVLQJ�SROLFLHV�
.H\�ZRUGV��YLVXDO�DWWHQWLRQ��H\H�WUDFNLQJ��H\H�PRYHPHQWV��ZDUQLQJ�ODEHOV��WREDFFR�DGYHUWLVLQJ


�7KLV� UHVHDUFK�ZDV� FDUULHG� RXW� DW� WKH�(\H�0RYH�
PHQW� /DE� �1DWLRQDO� 'LVWDQFH� 8QLYHUVLW\� RI� 6SDLQ�
0DGULG��DQG�ZDV�VXSSRUWHG�LQ�SDUW�E\�81('�ODERUD�
WRU\� PDLQWHQDQFH� JUDQWV� DQG� UHVHDUFK� SURMHFWV�� $X�
WKRUV� WKDQN� &KULVWRSKHU� 6WDUU�� 0LNH� :LOOLDPV�
(QULTXH� 9LOD�� DQG� $QD� %DUULR� IRU� WKHLU� FRRSHUDWLRQ
DQG�LQVLJKWIXO�VXJJHVWLRQV�
&RUUHVSRQGHQFH� FRQFHUQLQJ� WKLV� DUWLFOH� VKRXOG� EH

VHQW�WR�$QWRQLR�&UHVSR�



UHFRJQLWLRQ� LQ� ODWHU� WHVWV��1HYHUWKHOHVV�� DV
VRPH� UHVHDUFK� KDV� VKRZQ� �5DGDFK�� /HP�
PHU��9RUVWLXV��+HOOHU��5DGDFK��������5RV�
EHUJHQ�� 3LHWHUV�� :HGHO�� ������� WKLV� ODVW
DVVHUWLRQ� LV� EHLQJ� TXHVWLRQHG� LQ� WKH� UHDOP
RI�JHQHUDO� DGYHUWLVLQJ�EHFDXVH�RI� WKH� ODFN
RI�FRQWURO�RYHU� WKH� VWLPXOL�H[SRVXUH� WLPHV
DQG� WKHLU� YLVXDO� FRPSOH[LW\�� IDFWRUV� WKDW
FDQ�DIIHFW�WKH�GHSWK�RI�SURFHVVLQJ��)LQDOO\�
SV\FKRSK\VLRORJLFDO� WHFKQLTXHV� VXFK� DV
H\H� PRYHPHQW� UHFRUGLQJV� SURYH� WR� EH
PXFK� � PRUH� �REMHFWLYH� �LQ� �DVVHVVLQJ� � WKH
HIILFDF\� RI� D� ZDUQLQJ� ODEHO� WR� DWWUDFW� RE�
VHUYHUV
� YLVXDO� DWWHQWLRQ�� (\H�WUDFNLQJ
PHWKRGV��EURDGO\�XVHG�LQ�WKH�ILHOG�RI�DWWHQ�
WLRQ� DQG� YLVXDO� SHUFHSWLRQ�� KDYH� SURYLGHG
VHYHUDO� ILQGLQJV� UHODWLQJ� RFXORPRWRU� EH�
KDYLRU� ZLWK� WKH� FRQWURO� RI� DWWHQWLRQ� DQG
FRJQLWLYH�SURFHVVLQJ��+HQGHUVRQ��+ROOLQJ�
ZRUWK�� ������+RIIPDQ�� ������+\×QD��5D�
GDFK�� 'HXEHO�� ������ 5D\QHU�� ������
'XULQJ�WKH�YLHZLQJ�RI�DQ�DGYHUWLVHPHQW��DQ
DOWHUQDWH� VHTXHQFH� RI� VDFFDGHV� DQG� RFXODU
IL[DWLRQV�FKDUDFWHUL]HV�WKH�REVHUYHU
V�YLVX�
DO� VFDQ�� WKH� VDFFDGHV�EHLQJ� WKH� IDVWHVW�H\H
PRYHPHQWV� WKDW�HQDEOH�YLHZHUV� WR�UHGLUHFW
WKH� OLQH� RI� JD]H� WR� ]RQHV� RI� LQWHUHVW�� DQG
IL[DWLRQV� WKH� SHULRGV� RI� WLPH� ZKHQ� WKH
SRLQW�RI�UHJDUG�UHPDLQV�UHODWLYHO\�VWLOO�
,Q� WKH� ILHOG� RI� DWWHQWLRQDO� FRQWURO� DQG

FRJQLWLYH�SURFHVVLQJ��SUHYLRXV�ZRUNV�KDYH
GLVFXVVHG� WKH� FRJQLWLYH� FRUUHODWHV� RI� WKH
RFXORPRWRU� PHDVXUHV� XVXDOO\� UHFRUGHG� LQ
H\H�WUDFNLQJ� LQYHVWLJDWLRQV� �,QKRII�� 5D�
GDFK���������:KHUHDV� VRPH�RI� WKHVH�PHD�
VXUHV� DUH� OLQNHG� WR� LQLWLDO� VWDJHV� RI
DWWHQWLRQDO�FDSWXUH��VRPH�RWKHUV�DUH�FORVHO\
UHODWHG�WR�WKH�ODWHU�FRJQLWLYH�SURFHVVLQJ��,Q
SDUWLFXODU�� WKH� WLPH� EHIRUH� ILUVW� IL[DWLRQ
�ODWHQF\� RI� LQLWLDO� IL[DWLRQ�� RYHU� D� YLVXDO
DUHD� LV�XVHIXO� WR�DQDO\]H� WKH� LQLWLDO�RULHQW�
LQJ� FRPSRQHQW� RI� DWWHQWLRQDO� ELDV�� ZLWK
VKRUW� ODWHQFLHV� VXJJHVWLQJ� WKDW� DQ� DUHD
DWWUDFWV� WKH� REVHUYHU
V� DWWHQWLRQ� VRRQ� DQG
TXLFNO\��$GGLWLRQDOO\�� WKH�QXPEHU�RI� IL[D�

WLRQV�RYHU�D�YLVXDO�]RQH�LV�RI�JUHDW�LPSRU�
WDQFH�WR�DQDO\]H�WKH�ODWH�UH�HQJDJHPHQW�RI
DWWHQWLRQ�� DORQJ�ZLWK� WKH� GZHOO� WLPH� �WRWDO
DPRXQW� RI� WLPH� VFDQQLQJ� WKH� ]RQH��� WKHVH
SDUDPHWHUV�EHLQJ�LQGLFDWRUV�RI�WKH�GHSWK�RI
SURFHVVLQJ� ZLWKLQ� WKH� VSHFLILF� ]RQH�� ,Q
FRQFOXVLRQ��H\H�WUDFNLQJ�V\VWHPV�DUH�D�VWHS
IRUZDUG�WR�NQRZ�ZKHUH�DQG�KRZ�ORQJ�SHR�
SOH�ORRN�DW�GLIIHUHQW�DUHDV�RI�DQ�DGYHUWLVH�
PHQW� �DQG�� E\� H[WHQVLRQ�� D� ZDUQLQJ� ODEHO
LQVHUWHG� RQ� LW��� DQG� WRGD\� DUH� DULVLQJ� DV� D
OHDGLQJ� WHFKQRORJ\� WR� UHSRUW� REMHFWLYHO\
ZKDW�SHUVRQV�DUH�ORRNLQJ�DW�
$OWKRXJK� UHVHDUFK� RQ� H\H� PRYHPHQWV

PD\� KHOS� XV� WR� REMHFWLYHO\� WHVW� ZKHWKHU
ZDUQLQJ�ODEHOV�LQ�WREDFFR�DGV�DUH�DWWHQGHG
DQG� SHUFHLYHG�� DQ� H\H�WUDFNLQJ� DSSURDFK
KDV�UHPDLQHG�XQXVXDO�LQ�WKH�ILHOG�RI�WREDF�
FR� DGYHUWLVLQJ� FRQWURO� �)LVFKHU�� 5LFKDUGV�
%HUPDQ�� .UXJPDQ�� ������ )R[�� .UXJPDQ�
)OHWFKHU�� )LVFKHU�� ������ .UXJPDQ�� )R[�
)OHWFKHU�� )LVFKHU�� 5RMDV�� ������� SUREDEO\
GXH�WR�WKH�KLJK�FRVW�RI�H\H�WUDFNHUV�DQG�WKH
QHFHVVDU\� WHFKQLFDO� H[SHUWLVH�� 3UHYLRXV
UHVHDUFK� SURYHG� WKDW� RQO\� ���� RI� SDUWLFL�
SDQWV�ORRNHG�DW�WKH�ZDUQLQJ�LQVHUWHG�LQ�WKH
DG� ORQJ�HQRXJK� WR� UHDG� LWV�ZRUGV� �)LVFKHU
HW� DO��� �������$� ODWHU� VWXG\� FDUULHG� RXW� E\
.UXJPDQ�HW�DO�� �������DQDO\]HG� WKH�HIIHFW
RI�QRYHO�ZDUQLQJ�PHVVDJHV�YHUVXV� D�PDQ�
GDWHG�RQH�LQ�D�VDPSOH�RI�$PHULFDQ�DGROHV�
FHQWV��/LQH� RI� JD]H� RYHU� WKH�ZDUQLQJ�ZDV
UHFRUGHG� XVLQJ� H\H� PRYHPHQW� PHDVXUH�
PHQWV�� 2YHUDOO� UHVXOWV� LQGLFDWHG� WKDW� QHZ
PHVVDJHV�ZHUH�PRUH�HIIHFWLYH�LQ�DWWUDFWLQJ
YLVXDO� DWWHQWLRQ� WKDQ� WKH� PDQGDWHG� PHV�
VDJH��1HYHUWKHOHVV��D�PDVNHG�PHPRU\� WHVW
H[KLELWHG�EHWWHU� UHFDOO�RI� WKH�FODVVLF�ZDUQ�
LQJ� DV� FRPSDUHG� WR� WKH�QHZHU�RQHV�� SURE�
DEO\� GXH� WR� WKH� HIIHFW� RI� SUHYLRXV� ID�
PLOLDULW\�� )LQDOO\�� D� SRVLWLYH� UHODWLRQVKLS
EHWZHHQ�H\H�PRYHPHQW�PHDVXUHPHQWV�DQG
WKH�UHFDOO�OHYHO�ZDV�IRXQG��PHDQ�QXPEHU�RI
IL[DWLRQV� RQ� WKH� ZDUQLQJ� DQG�PHDQ� GZHOO
WLPH� �GHILQHG� DV� WKH� WRWDO� WLPH� RI� IL[DWLRQ
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RQ� WKH� ZDUQLQJ�� ZHUH� JUHDWHU� LQ� KLJK� UH�
FDOOHUV�WKDQ�LQ�ORZ�UHFDOOHUV��7KLV�ODVW�UHVXOW
VXSSRUWHG� WKH� LGHD� WKDW� H\H�WUDFNLQJ� GDWD
ZHUH�YDOLG�PHDVXUHV�WR�SUHGLFW�ODWHU�UHFDOO�
DV�ZHOO�DV�WKH�YDOLGLW\�RI�H\H�WUDFNLQJ�PHD�
VXUHV�WR�WHVW�WKH�DWWHQWLRQDO�HIIHFWLYHQHVV�RI
ZDUQLQJV�LQVHUWHG�LQ�DGV�
'XH� WR� WKH� VFDUFLW\� RI� H\H�WUDFNLQJ� VWX�

GLHV��WKH�UHVXOWV�GHVFULEHG�DERYH�VKRXOG�EH
FDXWLRXVO\� LQWHUSUHWHG�� PRUH� HPSLULFDO
HYLGHQFH�EHLQJ�QHFHVVDU\��$GGLWLRQDOO\��QR
XS�WR�GDWH� FRPSDUDWLYH� ZRUN� KDV� EHHQ
FDUULHG� RXW� WR� DQDO\]H� ZKHWKHU� WKH� LQLWLDO
DWWHQWLRQDO� FDSWXUH� RI� D� KHDOWK�PHVVDJH� LV
VLPLODU�EHWZHHQ�VPRNHUV�DQG�QRQ�VPRNHUV�
DV�ZHOO� DV� WKH� VXEVHTXHQW� SURFHVVLQJ� WLPH
GHYRWHG� WR� LW�� ,Q� WKLV�VHQVH�� LQ�FRPSDULVRQ
ZLWK� QRQ�VPRNHUV�� UHFHQW� UHVHDUFK� RQ� WR�
EDFFR� DGGLFWLRQ� KDV� VKRZQ� WKDW� VPRNHUV
H[KLELWHG�DWWHQWLRQDO�ELDVHV� LQ�D�YDULHW\�RI
H[SHULPHQWDO� SDUDGLJPV�� )RU� H[DPSOH�
GHSULYHG�VPRNHUV�QDPHG�VORZHU�WKH�FRORUV
RI� VPRNLQJ�UHODWHG� ZRUGV� WKDQ� WKH� FRORUV
RI� FRQWURO� ZRUGV� LQ� PRGLILHG� 6WURRS�W\SH
WDVNV��:DWHUV��)H\HUDEHQG���������6LPLODU�
O\�� VPRNHUV� UHVSRQGHG� PRUH� TXLFNO\� WR
SUREHV� UHSODFLQJ� VPRNLQJ�UHODWHG� VFHQHV
�H�J���D�ZRPDQ�KROGLQJ�D�FLJDUHWWH��WKDQ�WR
FRQWURO� VFHQHV� �H�J��� D� ZRPDQ� DSSO\LQJ
OLSVWLFN�� LQ� YLVXDO� SUREH� WDVNV� �0RJJ�
%UDGOH\�� )LHOG�� GH� +RXZHU�� ������� $OVR�
XVLQJ� H\H�PRYHPHQW�PHDVXUHPHQWV�� VRPH
ZRUNV�KDYH�SRLQWHG�RXW�WKDW�VPRNHUV�PDLQ�
WDLQHG� WKHLU� JD]H� RQ� VPRNLQJ�UHODWHG� SLF�
WXUHV� IRU� ORQJHU� FRPSDUHG� WR� QHXWUDO
SLFWXUHV�� DQG� WKLV� HIIHFW� VHHPHG� WR� EH� HQ�
KDQFHG� E\� QLFRWLQH� GHSULYDWLRQ� �)LHOG�
0RJJ��%UDGOH\��������0RJJ�HW�DO���������
+HQFH��JLYHQ�WKDW�D�ZDUQLQJ�VKRXOG�VWLPX�
ODWH� WKRXJKWV� DERXW� HIIHFWV� RI� VPRNLQJ�� LW
FRXOG�EH�VXSSRVHG�WKDW�WKH�SUHVHQFH�RI�WKLV
KHDOWK�PHVVDJH�LQVHUWHG�LQ�DQ�DG�PLJKW�DFW
DV�D�PHDQLQJIXO�FXH�UHVSRQVLEOH�IRU�GLIIHU�
HQW� VFDQQLQJ� EHKDYLRUV� EHWZHHQ� VPRNHUV
DQG� QRQ�VPRNHUV�� )URP� DQ� DWWHQWLRQDO

SHUVSHFWLYH�� D� ODFN� RI� NQRZOHGJH� LQ� WKLV
UHVSHFW� MXVWLILHV� WKH� QHFHVVLW\� RI� FDUU\LQJ
RXW� DQ� H[SORUDWLYH� DQDO\VLV�� 7KLV� DQDO\VLV
EHWZHHQ� VPRNHUV� DQG� QRQ�VPRNHUV�ZRXOG
KHOS�WR�EHWWHU�XQGHUVWDQG�KRZ�ERWK�SRSXOD�
WLRQV� YLVXDOO\� DWWHQG� WR� KHDOWK� PHVVDJHV
LQVHUWHG�ZLWKLQ�FLJDUHWWH�DGYHUWLVHPHQWV�
7R� DGGUHVV� WKH� DERYH� LVVXHV�� WKH� SUHVHQW

UHVHDUFK� H[DPLQHG� WKH� HIIHFWLYHQHVV� RI
QHZ� WH[W�RQO\�ZDUQLQJ� ODEHOV� LQ� FDSWXULQJ
DQG� KROGLQJ� YLVXDO� DWWHQWLRQ�� WDNLQJ� LQWR
DFFRXQW� WKH�SUHVHQFH�RU�DEVHQFH�RI� VPRN�
LQJ�KDELW��VPRNHUV�YV��QRQ�VPRNHUV���6SH�
FLILFDOO\�� WKUHH� UHVHDUFK� TXHVWLRQV� ZHUH
H[SORUHG�� D�� 'R� QRYHO� ZDUQLQJV� H[KLELW� D
EHWWHU� UHFDOO� WKDQ� H[LVWLQJ� RQHV"� E�� 'R
QRYHO�ZDUQLQJV�DWWUDFW�DQG�PDLQWDLQ�YLVXDO
DWWHQWLRQ� RI� REVHUYHUV� WR� D� JUHDWHU� H[WHQW
WKDQ� WKH�PDQGDWHG�RQHV"�F��$UH� WKHUH�DQ\
GLIIHUHQFHV� LQ� UHFDOO� DQG� H\H� PRYHPHQW
EHKDYLRU�RYHU� WKH�ZDUQLQJ�EHWZHHQ�VPRN�
HUV� DQG� QRQ�VPRNHUV"� 7R� DQVZHU� WKHVH
TXHVWLRQV��D�6SDQLVK�VDPSOH�RI�SDUWLFLSDQWV
SHUIRUPHG� DQ� H[SHULPHQW� LQ� ZKLFK� DQ� LQ�
IUDUHG�H\H�WUDFNLQJ�V\VWHP�WRJHWKHU�ZLWK�D
PHPRU\� WHVW�ZHUH�XVHG� WR� FKHFN� WKH� OHYHO
RI� DWWHQWLRQ� DQG� ODWHU� UHFDOO� RI� ERWK� PDQ�
GDWHG�DQG�QRYHO�ZDUQLQJ�ODEHOV�LQVHUWHG�LQ
D�WREDFFR�DGYHUWLVHPHQW�

0(7+2'
3DUWLFLSDQWV
$� VDPSOH� RI� ���� 6SDQLVK� XQGHUJUDGXDWH

VWXGHQWV�ZDV� UHFUXLWHG� IRU� WKH� H[SHULPHQW�
'XH� WR� WHFKQLFDO�SUREOHPV�� WKH�GDWD�RI���
SDUWLFLSDQWV�ZHUH�GLVFDUGHG�IURP�WKH�DQDO\�
VHV�� +HQFH�� WKH� ILQDO� VDPSOH� FRQVLVWHG� RI
���� SDUWLFLSDQWV� ����� VPRNHUV� DQG� ���
QRQ�VPRNHUV���0HDQ� DJH�ZDV� ������ \HDUV
�6'� ��������$OO�RI�WKHP�VFRUHG�IRU�DW�OHDVW
������ YLVXDO� DFXLW\� XVLQJ� D� 6QHOOHQ� ZDOO
FKDUW� �QR� RQH� ZDV� H[FOXGHG� IRU� WKLV� UHD�
VRQ��� DQG� JDYH� WKHLU� ZULWWHQ� FRQVHQW� IRO�
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ORZLQJ� WKH� RIILFLDO� SURWRFRO� RI� WKH
8QLYHUVLW\�%LRHWKLFV�&RPPLWWHH��2Q�DYHU�
DJH�� WKH�PHDQ� FRQVXPSWLRQ� IRU� WKH� JURXS
RI� VPRNHUV� ZDV� ����� FLJDUHWWHV� SHU� GD\
�6'�  � ������ ZKHUHDV� SDUWLFLSDQWV� RI� WKH
QRQ�VPRNHU� JURXS� UHSRUWHG� QHYHU� KDYLQJ
VPRNHG�� ,W� PXVW� EH� KLJKOLJKWHG� WKDW� WKH
GDWD�ZHUH�UHFROOHFWHG�SULRU�WR�WKH�LQWURGXF�
WLRQ� LQ� 6SDLQ� RI� DFWXDO� JXLGHOLQHV� WKDW� UH�
TXLUH�ODUJH�WH[W�ZDUQLQJ�ODEHOV�RQ�FLJDUHWWH
SDFNV�
$SSDUDWXV�DQG�0HDVXUHV
3DUWLFLSDQWV
� H\H� PRYHPHQWV� ZHUH� UH�

FRUGHG�E\�PHDQV�RI� DQ�$SSOLHG�6FLHQWLILF
/DERUDWRULHV� $6/� ����� 7KLV� H\H� WUDFNHU
ZRUNV� IROORZLQJ�D�FRUQHDO� UHIOHFWLRQ� WHFK�
QLTXH��DQ�LQIUDUHG�EHDP�RI�OLJKW�LV�HPLWWHG
WRZDUG� WKH� SDUWLFLSDQW
V� H\H�� WKH� OLQH� RI
JD]H�LV�FDOFXODWHG�E\�WKH�V\VWHP�WDNLQJ�LQWR
DFFRXQW�UHODWLYH�SRVLWLRQV�EHWZHHQ�LQIUDUHG
FRUQHDO� UHIOHFWLRQ� DQG� SXSLO� FHQWHU�� 6DP�
SOLQJ� VSHHG� RI� WKH� FDPHUD� ZDV� ��� +]�
ZKLFK�PHDQV�WKDW�WKH�H\H�WUDFNHU�UHFRUGHG
SDUWLFLSDQWV
� OLQH� RI� JD]H� HYHU\� WZHQW\
PLOOLVHFRQGV�� )URP� WKLV� UDZ� GDWD�� VHYHUDO
SDUDPHWHUV� FRQFHUQLQJ� H\H� PRYHPHQW
EHKDYLRU� ZHUH� FRPSXWHG� RQ� WKH� KHDOWK
ZDUQLQJ� XVLQJ� (<(1$/� VRIWZDUH� GHYHO�
RSHG��E\��$6/���D���WLPH��WR��ILUVW��IL[DWLRQ�
E��QXPEHU�RI�IL[DWLRQV��DQG�F��GZHOO� WLPH�
7KH� WLPH�WR� WKH�ILUVW� IL[DWLRQ�ZDV� WKH� WLPH
HODSVHG�IURP�WKH�RQVHW�RI�WKH�VWLPXOXV�XQWLO
WKH�KHDOWK�PHVVDJH�ZDV�ILUVW�IL[DWHG��)L[D�
WLRQV� ZHUH� REWDLQHG� DSSO\LQJ� WKH� GHIDXOW
(<(1$/� FULWHULRQ� WKDW� UHSRUWV� WKH� SUHV�
HQFH�RI� D� IL[DWLRQ�ZKHQ� WKH�SRLQW� RI�JD]H
UHPDLQV� ZLWKLQ� D� ��� [� ��� DUHD� IRU� DW� OHDVW
����PV�� )LQDOO\�� LQ� RUGHU� WR�PDNH� WKH� UH�
VXOWV� FRPSDUDEOH� ZLWK� WKRVH� RI� SUHYLRXV
ZRUN� �.UXJPDQ� HW� DO��� ������� GZHOO� WLPH
ZDV� GHILQHG� DV� WKH� WRWDO� WLPH� YLHZLQJ� WKH
ZDUQLQJ� �RU� WRWDO� DPRXQW� RI� WLPH� IRU� DOO
IL[DWLRQV�RQ�WKH�ZDUQLQJ�]RQH��

,Q� DGGLWLRQ��(576� VRIWZDUH� �([SHULPHQ�
WDO�5XQ�7LPH�6\VWHP�E\�%HULVRIW��ZDV�XVHG
WR�GLVSOD\�WKH�DGV�RQ�D�PRQLWRU��7KLV�VRIW�
ZDUH�HQDEOHG�WKH�V\QFKURQL]DWLRQ�EHWZHHQ
VWLPXOL�SUHVHQWDWLRQ�DQG�WKH�VWDUWLQJ�RI�H\H
UHFRUGLQJ� E\� PHDQV� RI� 77/� VLJQDOV� VHQW
IURP� WKH� FRPSXWHU� WR� WKH� H\H� WUDFNHU
WKURXJK�WKH�SDUDOOHO�SRUW�
6WLPXOL
$Q� DGYHUWLVHPHQW� RI� D� SRSXODU� EUDQG� LQ

6SDLQ�IURP�$OWDGLV�&RPSDQ\��QDPHG�)RU�
WXQD�� ZDV� VHOHFWHG� �VHH� )LJXUH� ���� 7KLV
FRQWURYHUVLDO� VSRW� WULHG� WR�SHUVXDGH�\RXQJ
SHRSOH� WKDW� ZKHQ� EX\LQJ�)RUWXQD� D� ����
RI� WKH� SDFN� SULFH� ZRXOG� EH� GRQDWHG� WR
1RQ�*RYHUQPHQWDO�2UJDQL]DWLRQV��1*2V��
7KUHH�YHUVLRQV�RI� WKLV� DG�ZHUH�XVHG��9HU�
VLRQ� �� ZDV� WKH� RULJLQDO� DG� LQFOXGLQJ� WKH
JHQHUDO� ZDUQLQJ� PHVVDJH� SURSRVHG� E\
6SDQLVK� KHDOWK� DXWKRULWLHV� �ZDUQLQJ� WH[W
WUDQVODWHV�DV���7KH�KHDOWK�DXWKRULWLHV�ZDUQ
WKDW� WREDFFR� VHULRXVO\� GDPDJHV� \RXU
KHDOWK���� 7KH� RWKHU� WZR� YHUVLRQV� ZHUH
QRYHO� PHVVDJHV� WR� DOO� SDUWLFLSDQWV� DW� WKH
WLPH� WKDW� WKLV� H[SHULPHQW�ZDV� FDUULHG� RXW�
DQG� ZHUH� PRGLILFDWLRQV� XSRQ� WKH� RULJLQDO
ZDUQLQJ�PHVVDJH���6PRNHUV�LQKDOH�FDUERQ
PRQR[LGH�� �YHUVLRQ� ��� DQG� �6PRNLQJ� FDQ
NLOO� \RX�� �YHUVLRQ� ���� 7KH� IRQW� VL]H� XVHG
ZDV� LGHQWLFDO� IRU� WKH� WKUHH� YHUVLRQV�� %H�
FDXVH� WKHVH� WKUHH� GLIIHUHQW� YHUVLRQV� RI
FLJDUHWWH�DGYHUWLVHPHQWV�ZHUH�XVHG��SDUWLFL�
SDQWV��ZHUH��UDQGRPO\��DVVLJQHG��WR��RQH�RI
WKH� WKUHH�H[SHULPHQWDO�FRQGLWLRQV� ����SDU�
WLFLSDQWV� � LQ� �HDFK� �JURXS�� �ZLWK� ����� � RI
HDFK� JURXS� EHLQJ� VPRNHUV��� ,Q� DGGLWLRQ�
WKUHH�DGV�RI�HDX�GX�FRORJQH��PRELOH�SKRQH�
DQG�FDVXDO�FORWKLQJ�ZHUH�XVHG�DV�GLVWUDFW�
HUV� � LQ� �DOO� �WKUHH� �FRQGLWLRQV�� �6R�� �D� �WRWDO
VHW� RI� IRXU� VWLPXOL� ZDV� H[SORUHG� E\� HDFK
SDUWLFLSDQW��WKH�WREDFFR�DG�EHLQJ�UDQGRPO\
FRXQWHUEDODQFHG� DPRQJ� WKH� WKUHH� GLVWUDFW�
HUV�

�� 678',$�36<&+2/2*,&$�������������



7DVN�DQG�3URFHGXUH
([SHULPHQWDO� VHVVLRQV� ZHUH� LQGLYLGXDO�

8SRQ� DUULYDO�� WKH� SDUWLFLSDQW� ZDV� PDGH
IDPLOLDU�ZLWK�WKH�ODERUDWRU\��3UHYLRXVO\��DQ
LQGLYLGXDO� VHOI�DGPLQLVWUDWHG�TXHVWLRQQDLUH
SURYLGHG� LQIRUPDWLRQ� DERXW� VHYHUDO� YDUL�
DEOHV� VXFK� DV� DJH�� JHQGHU�� EX\LQJ� KDELWV�
DQG� WREDFFR� FRQVXPSWLRQ�� ,PPHGLDWHO\
DIWHU�� WKH� SDUWLFLSDQW� ZDV� DFFRPPRGDWHG
LQVLGH� D� VRXQGSURRIHG� FRPSDUWPHQW� LQ
IURQW� RI� D� FRPSXWHU� VFUHHQ�� $OWKRXJK� D
FKLQUHVW�ZDV�XVHG�LQ�RUGHU�WR�DYRLG�DEUXSW
KHDG� PRYHPHQWV� GXULQJ� H\H� UHFRUGLQJ�
SRVLWLRQ�ZDV�YHU\�FRPIRUWDEOH�DV�WKH�$6/
H\H� WUDFNHU� ���� LV� YHU\� XQREWUXVLYH
�QRWKLQJ�LV�DWWDFKHG�WR�WKH�XVHU���)URP�WKH
REVHUYHU
V�SRVLWLRQ��WKH�WREDFFR�DG�VXEWHQ�

GHG�DERXW����� �KRUL]RQWDO�� [����� �YHUWLFDO�
RI�YLVXDO�DQJOH�
7KH� SDUWLFLSDQW
V� WDVN� ZDV� WR� H[SORUH

IUHHO\� WKH� DGYHUWLVHPHQW� GLVSOD\HG� RQ� WKH
VFUHHQ�� VSHQGLQJ� WKH� WLPH� WKDW� KH�VKH
ZRXOG� HPSOR\� LI� WKH� DG� ZDV� HQFRXQWHUHG
GXULQJ� WKH� UHDGLQJ� RI� D� PDJD]LQH�� 7KH
VWLPXOL�ZHUH�SUHVHQWHG�RQH�DW�D�WLPH�XVLQJ
WKH� (576� VRIWZDUH�� DQG� UHPDLQHG� YLVLEOH
XQWLO� WKH� VXEMHFW� SUHVVHG� WKH� EXWWRQ� RI� D
UHVSRQVH�GHYLFH��3ULRU�WR�WKH�RQVHW�RI�HDFK
VWLPXOXV��WKH�$6/�����H\H�WUDFNLQJ�V\VWHP
ZDV�FDOLEUDWHG� LQ�RUGHU� WR�HQVXUH�D�SURSHU
H\H� UHFRUGLQJ�� 7KH� QXPEHUV� ���� DUUDQJHG
LQ� D� �� [� �� DUUD\� �EOXH� EDFNJURXQG� ZLWK
QXPEHU� �� DW� WKH� XSSHU�OHIW� YHUWH[� RI� WKH
VFUHHQ�� DQG� QXPEHU� �� DW� WKH� ORZHU�ULJKW
YHUWH[��ZHUH�GLVSOD\HG�RQ� WKH� VFUHHQ�� DQG
WKH� SDUWLFLSDQW� ZDV� DVNHG� WR� IL[DWH� HDFK
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)LJXUH� ��� 9HUVLRQ� �� RI� WKH� DGV� ZLWK� PDQGDWHG� ZDUQLQJ� ODEHO�� 7KH� KHDOWK� DXWKRULWLHV
ZDUQ�WKDW�WREDFFR�VHULRXVO\�GDPDJHV�\RXU�KHDOWK��9HUVLRQ���LQFOXGHG�WKH�QRYHO�PHVVDJH
6PRNHUV�LQKDOH�FDUERQ�PRQR[LGH��DQG�YHUVLRQ����6PRNLQJ�FDQ�NLOO�\RX�



QXPEHU� LQ� WXUQ�� $YHUDJH� FDOLEUDWLRQ� WLPH
ZDV� OHVV� WKDQ�RQH�PLQXWH��3UHYLRXV� WR� WKH
RQVHW� RI� HDFK� VWLPXOXV�� SDUWLFLSDQWV� ZHUH
UHTXLUHG�WR�ORRN�DW�QXPEHU���RI�FDOLEUDWLRQ
VFUHHQ��FHQWHU�RI�WKH�VFUHHQ��WR�HQVXUH�WKDW
DOO�RI�WKHP�VWDUWHG�WKH�YLVXDO�H[SORUDWLRQ�DW
WKH�VDPH�ORFDWLRQ�
2QFH� WKH� YLVXDO� H[SORUDWLRQ� RI� WKH� IRXU

DGYHUWLVHPHQWV�ZDV�FRPSOHWHG��D�UHFDOO�WHVW
ZDV� DSSOLHG� ZKHUH� D� SDSHU� FRS\� RI� WKH
YLHZHG� DGYHUWLVHPHQWV� ZDV� JLYHQ� ZLWK� D
EODQN�DUHD�UHSODFLQJ�ORJRV�RU�VORJDQV��HDFK
SDUWLFLSDQW� ZDV� DVNHG� WR� ILOO� LQ� WKH� EODQN
PDVNHG� DUHD� ZLWK� WKH� FRUUHVSRQGLQJ� WH[W
�DV�GHWDLOHG�DV�SRVVLEOH��UHPHPEHUHG�IURP
WKH�RULJLQDO�DG��)RU�WKH�WREDFFR�DG�WKH�DUHD
ZDV�DOZD\V� WKH�ZDUQLQJ� ODEHO��&XHV�DERXW
WKH� DSSOLFDWLRQ� RI� D� SRVWHULRU� UHFDOO� WHVW
ZHUH�QHYHU�JLYHQ��DQG� WKH� UHDO�SXUSRVH�RI
WKH�H[SHULPHQW�ZDV�QRW�NQRZQ�E\�SDUWLFL�
SDQWV��ZKR�ZHUH�WROG�WKDW�WKH�PDLQ�LQWHUHVW
RI� WKH� UHVHDUFK�ZDV� WR� VWXG\� JHQHUDO� FRQ�
VXPSWLRQ�KDELWV�

5(68/76
6HYHUDO� DQDO\VHV� RI� YDULDQFH� �$129$V�

ZHUH� FDOFXODWHG� ZLWK� UHFDOO� GDWD� DQG� H\H
PRYHPHQW� PHDVXUHPHQWV� DYHUDJHG� DFURVV
SDUWLFLSDQWV�� %RQIHUURQL� IROORZ�XS� WHVWV
ZHUH�SHUIRUPHG�WR�ORFDWH�PHDQ�GLIIHUHQFHV
ZKHQ� VLJQLILFDQW� PDLQ� DQG� LQWHUDFWLRQ
HIIHFWV�ZHUH�IRXQG�DPRQJ�JURXSV�

5HFDOO� GDWD�� )ROORZLQJ� WKH� VDPH� FULWHULD
DV� LQ�D�SUHYLRXV�UHVHDUFK��.UXJPDQ�HW�DO��
������� WKUHH� WUDLQHG� MXGJHV� VFRUHG� WKH
PHPRU\�SHUIRUPDQFH�RQ�WKH�PDVNHG�ZDUQ�
LQJ�DUHD�RI� WKH� WREDFFR�DGYHUWLVHPHQW� WKDW
SDUWLFLSDQWV� KDG� WR� ILOO� LQ�� 7KH� FDWHJRULHV
EODQN� RU� LQFRUUHFW�� ZDUQLQJ� SUHVHQFH
QRWHG�� FRQFHSW� FRUUHFW�� RU� H[DFW� FRUUHFW
ZRUGLQJ�ZHUH� VFRUHG� IURP� �� WR� �� UHVSHF�
WLYHO\��7KH�UHVXOW�RI�WKLV�SURFHGXUH�\LHOGHG
VLJQLILFDQW�SRVLWLYH�LQWHU�MXGJH�FRUUHODWLRQV
WKDW�UDQJHG�IURP�U� ������WR�U� �������'LV�
FUHSDQFLHV� DPRQJ� MXGJHV� ZHUH� VROYHG
XVLQJ�D�PDMRULW\�FULWHULRQ��LI�DQ�DJUHHPHQW
EHWZHHQ� WZR� MXGJHV� H[LVWHG�� WKH� FRUUH�
VSRQGLQJ� FDWHJRU\� ZDV� DVVLJQHG�� 7KHUH
ZHUH�QR�FDVHV�RI�GLVDJUHHPHQW� DPRQJ� WKH
WKUHH�MXGJHV�
7DEOH� �� VXPPDUL]HV� WKH� SHUFHQWDJH� RI

SDUWLFLSDQWV� WKDW� VFRUHG� LQ� HDFK� OHYHO� IRU
WKH� WKUHH� DG� YHUVLRQV�� $� SURSRUWLRQ� WHVW
FDUULHG�RXW�LQGLFDWHG�WKDW�WKH�RULJLQDO�PHV�
VDJH� UHDFKHG� ���� RI� H[DFW� UHFDOO�� ZLWK
VLJQLILFDQW� ORZHU� SHUFHQWDJHV� LQ� WKH� RWKHU
WZR�PRGLILHG� YHUVLRQV� �������� S� �� �����
LQ� ERWK� FDVHV��� ,W� LV� QRWHZRUWK\� WKDW� ���
DQG�������RI� WKH�SDUWLFLSDQWV� WKDW�YLHZHG
YHUVLRQ� �� DQG� �� UHVSHFWLYHO\� QRWLFHG� WKH
SUHVHQFH� RI� D� ZDUQLQJ� ODEHO�� EXW� RQO\
������ZHUH� DEOH� WR� UHFDOO� WKH� H[DFW� PHV�
VDJH�� )LQDOO\�� WKH� SHUFHQWDJH� RI� EODQN� RU
LQFRUUHFW�UHVSRQVHV�ZDV�KLJKHU�IRU�WKH�QHZ
PHVVDJHV�DV�RSSRVHG�WR�WKH�PDQGDWHG�RQH�
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7DEOH�����3HUFHQWDJH��RI��SDUWLFLSDQWV��LQ��HDFK��UHFDOO��OHYHO��IRU��WKH��WKUHH��DG�YHUVLRQV
�Q� ����LQ�HDFK�YHUVLRQ�
5HFDOO�/HYHO 9HUVLRQ�� 9HUVLRQ�� 9HUVLRQ��
([DFW�PHVVDJH ����� �����

 �����


&RUUHFW�FRQFHSW ����� ���� ����
:DUQLQJ�SUHVHQFH�QRWHG ����� �����

 �����


,QFRUUHFW�RU�PLVV ����� ����
 ����
$�SURSRUWLRQ� WHVW�EHWZHHQ�YHUVLRQ���RU���DQG� WKH�RULJLQDO�PHVVDJH��YHUVLRQ���� LQGL�

FDWHG�VLJQLILFDQW�GLIIHUHQFHV��
�S��������DQG�

�S��������



7R� NQRZ� LI� WKH� SUHVHQFH� RI� WKHVH� QHZ
ZDUQLQJ� ODEHOV� KDG� DQ\� HIIHFW� RQ� UHFDOO
OHYHO�� DV� D� IXQFWLRQ� RI� VPRNLQJ� KDELW�� D
IDFWRULDO� �� �DG� YHUVLRQ�� �� YV�� �� YV�� ��� [� �
�KDELW��VPRNHUV�YV��QRQ�VPRNHUV��$129$
ZDV�FDUULHG�RXW��5HVXOWV� VKRZHG�D� VLJQLIL�
FDQW�PDLQ�HIIHFW�RI�DG�YHUVLRQ�>)��������� 
��������S���������@�� EXW�QHLWKHU� WKH�KDELW
PDLQ� HIIHFW� QRU� WKH� LQWHUDFWLRQ� ZHUH� VLJ�
QLILFDQW��S� �������DQG�S� ��������UHVSHF�
WLYHO\���$V�)LJXUH��� VKRZV�� WKH� UHFDOO�ZDV
VLPLODU�EHWZHHQ�VPRNHUV�DQG�QRQ�VPRNHUV
IRU�WKH�WKUHH�YHUVLRQV��LQ�FRQWUDVW��WKH�PDQ�
GDWHG�ZDUQLQJ�KDG�D�EHWWHU� UHFDOO� WKDQ� WKH
QHZ� YHUVLRQV� �%RQIHUURQL�� S� �� ������ LQ
ERWK�FDVHV��ZLWK�QR�VLJQLILFDQW�GLIIHUHQFHV
EHWZHHQ�WKHVH�ODVW�WZR�
(\H� PRYHPHQW� GDWD�� 7LPH� WR� ILUVW� IL[D�

WLRQ��PHDQ�QXPEHU�RI� IL[DWLRQV��DQG�PHDQ

GZHOO�WLPH�RQ�ZDUQLQJ�ZHUH�HQWHUHG�LQ�D��
�DG�YHUVLRQ����YV����YV�����[����KDELW��VPRN�
HUV� YV�� QRQ�VPRNHUV�� $129$�� 0DLQ� HI�
IHFWV� DQG� LQWHUDFWLRQV�ZHUH� QRW� VLJQLILFDQW
LQ�DQ\�RI�WKH�WKUHH�SHUIRUPHG�DQDO\VHV��S�!
������ LQ� DOO� FDVHV��� 7LPH� WR� ILUVW� IL[DWLRQ�
PHDQ�QXPEHU�RI�IL[DWLRQV��DQG�PHDQ�GZHOO
WLPH� RQ� ZDUQLQJ� ZHUH� VLPLODU� DPRQJ� WKH
WKUHH� DGV�� IRU� ERWK� VPRNHUV� DQG� QRQ�
VPRNHUV��VHH�7DEOH����
)LQDOO\�� WKH� SHUFHQWDJH� RI� SDUWLFLSDQWV

IL[DWLQJ� RQ� WKH� ZDUQLQJ� ZDV� DQDO\]HG� E\
PHDQV�RI�D�SURSRUWLRQ� WHVW�� LQGLFDWLQJ� WKDW
QHZ�DG�YHUVLRQV�GLG�QRW�DWWUDFW�DWWHQWLRQ�WR
D�ELJJHU�H[WHQW�WKDQ�WKH�XQPRGLILHG��ZLWK�
RXW�DQ\�HIIHFW�RI�VPRNLQJ�KDELW�DJDLQ��VHH
7DEOH�����,Q�IDFW��LW�ZDV�QRWHZRUWK\�WKDW�WHQ
SDUWLFLSDQWV�GLG�QRW�HYHQ�ORRN�DW�WKH�ZDUQ�
LQJ�DUHD�
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)LJXUH� ��� 0HDQ� UHFDOO� VFRUH� RI� ZDUQLQJ� PHVVDJH� IRU� WKH� WKUHH� DGV� DV� D� IXQFWLRQ� RI
VPRNLQJ�KDELW
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5HODWLQJ� UHFDOO� OHYHO� DQG� JD]H� EHKDYLRU�
$�ILQDO�VHW�RI�DQDO\VHV�ZHUH�FDUULHG�RXW�WR
VWXG\�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�UHFDOO�RI
WKH� ZDUQLQJ� ODEHO� DQG� RFXORPRWRU� PHD�
VXUHV�� )RU� WKLV� SXUSRVH�� WKH� VDPSOH� ZDV
GLFKRWRPL]HG� LQWR� WZR� VXE�VDPSOHV� DV� D
IXQFWLRQ� RI� WKH� UHFDOO� OHYHO�� 3DUWLFLSDQWV
FODVVLILHG�LQ�EODQN�RU�LQFRUUHFW�RU�ZDUQLQJ
SUHVHQFH�QRWHG�FDWHJRULHV�ZHUH�DVVLJQHG�WR
WKH� ORZ�UHFDOO� JURXS�� DQG� WKRVH� FODVVLILHG
LQ� FRQFHSW� FRUUHFW�RU� H[DFW� FRUUHFW� ZRUG�
LQJ� FDWHJRULHV� WR� WKH� KLJK�UHFDOO� JURXS�
7LPH� WR� ILUVW� IL[DWLRQ�� PHDQ� QXPEHU� RI
IL[DWLRQV��DQG�PHDQ�GZHOO�WLPH�RQ�ZDUQLQJ
ZHUH�LQWURGXFHG�LQ�D����DG�YHUVLRQ����YV���
YV�� ��� [� �� �UHFDOO� OHYHO�� KLJK�� YV�� ORZ�
UHFDOO�� [� �� �KDELW�� VPRNHUV� YV�� QRQ�
VPRNHUV�� $129$�� 7KH� RQO\� VLJQLILFDQW
HIIHFW�ZDV�GXH�WR�WKH�UHFDOO�OHYHO�LQ�DQ\�RI

WKH�WKUHH�SHUIRUPHG�DQDO\VHV��ZLWK�QR�RWKHU
PDLQ� HIIHFWV� RU� LQWHUDFWLRQV� REVHUYHG�
2QFH�DJDLQ��WKH�QHZ�DGV�ZHUH�QHLWKHU�PRUH
HIILFLHQW� LQ� FDSWXULQJ� DQG� KROGLQJ� YLVXDO
DWWHQWLRQ� WKDQ� WKH� PDQGDWHG� RQH�� QRU� GLG
VPRNLQJ�KDELW�KDYH�DQ\�LQIOXHQFH��+RZHY�
HU�� DV� FDQ� EH� VHHQ� LQ� 7DEOH� ��� WKH� H\H
PRYHPHQW�PHDVXUHV�UHYHDOHG�WKH�SUHVHQFH
RI� FRJQLWLYH� VNLOOV� UHODWHG� WR� LQIRUPDWLRQ
UHWHQWLRQ�� 7KRXJK� KLJK� UHFDOOHUV� WRRN
VOLJKWO\�PRUH� WLPH� WR� GLUHFW� WKH� ILUVW� IL[D�
WLRQ�RQ�WKH�ZDUQLQJ�DUHD�WKDQ�ORZ�UHFDOOHUV
>)� ��������  � ������� S�  � ����@�� WKH� KLJK�
UHFDOO�JURXS�H[KLELWHG�D�VLJQLILFDQW�JUHDWHU
PHDQ� QXPEHU� RI� IL[DWLRQV� >)� ��������  
�������� S� �� ������@� DQG� D� ORQJHU� PHDQ
GZHOO� WLPH� >)� ��������  � �������� S� �
������@�RQ�WKH�ZDUQLQJ�WKDQ�WKH�ORZ�UHFDOO
JURXS�� ,Q� FRQFOXVLRQ�� WKRVH� SDUWLFLSDQWV
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7DEOH����(\H�PRYHPHQW�PHDVXUHV�RQ�ZDUQLQJ�DV�D�IXQFWLRQ�RI�DG�YHUVLRQ�DQG�VPRNLQJ
KDELW

(\H�PRYHPHQW�PHDVXUH 9HUVLRQ�� 9HUVLRQ�� 9HUVLRQ��
7LPH�WR�ILUVW�IL[DWLRQ 6PRNHUV �����V �����V �����V

1RQ�VPRNHUV �����V �����V �����V
0HDQ�QXPEHU�RI�IL[DWLRQV 6PRNHUV ����� ���� ����

1RQ�VPRNHUV ���� ���� ����
0HDQ�GZHOO�WLPH 6PRNHUV �����V �����V �����V

1RQ�VPRNHUV �����V �����V �����V
$QDO\VHV� GLG� QRW� \LHOG� DQ\� VLJQLILFDQW� GLIIHUHQFHV� LQ� H\H� PRYHPHQW� PHDVXUHV� DV� D

IXQFWLRQ�RI�DG�YHUVLRQ�DQG�VPRNLQJ�KDELW��V� �VHFRQGV�

7DEOH� ��� 3HUFHQWDJH� RI� VPRNHUV� DQG� QRQ�VPRNHUV� IL[DWLQJ� RQ� ZDUQLQJ� IRU� HDFK� DG
YHUVLRQ
+DELW 9HUVLRQ�� 9HUVLRQ�� 9HUVLRQ��
6PRNHUV��Q� ���� ����� ����� �����
1RQ�VPRNHUV��Q� ���� ����� ����� �����
$�SURSRUWLRQ�WHVW�GLG�QRW�LQGLFDWH�DQ\�VLJQLILFDQW�GLIIHUHQFHV��7HQ�VXEMHFWV�RI�WKH�WRWDO

VDPSOH����VPRNHUV�DQG���QRQ�VPRNHUV��GLG�QRW�ORRN�DW�WKH�ZDUQLQJ�DW�DOO



WKDW� FDPH� VOLJKWO\� ODWHU� WR� WKH� ZDUQLQJ
ORFDWLRQ� VSHQW� PRUH� WLPH� H[SORULQJ� LW�
H[KLELWLQJ� ORQJ� JD]HV� DV� ZHOO� DV� D� KLJK
QXPEHU�RI�IL[DWLRQV�

',6&866,21
7KH�DLP�RI� WKLV� UHVHDUFK�ZDV� WR�HYDOXDWH

WKH�HIIHFWLYHQHVV�RI�QHZ�ZDUQLQJ�ODEHOV�LQ
FDSWXULQJ� DQG� KROGLQJ� YLVXDO� DWWHQWLRQ�
WDNLQJ� LQWR� DFFRXQW� WKH� SUHVHQFH� RU� DE�
VHQFH�RI�WKH�VPRNLQJ�KDELW��0HPRU\�PHD�
VXUHV� DQG� SK\VLRORJLFDO� H\H�WUDFNLQJ
UHFRUGLQJV� LQGLFDWHG� WKDW� QHZ� WH[W�RQO\
ZDUQLQJV� LQVHUWHG� LQ� WREDFFR� DGV� ZHUH
QHLWKHU� EHWWHU� UHFDOOHG� QRU� PRUH� TXLFNO\
IL[DWHG� WKDQ� PDQGDWHG� PHVVDJHV�� 1HLWKHU
ZHUH� WKHUH� DQ\� GLIIHUHQFHV� LQ� PHDVXUH�
PHQWV� FRPSDULQJ� VPRNHUV� DQG� QRQ�
VPRNHUV�
9LHZHUV� UHFDOOHG� WKH� FODVVLF� ZDUQLQJ

EHWWHU�WKDQ�WKH�QHZ�YHUVLRQV��VXJJHVWLQJ��DV
SURSRVHG� E\� PHPRU\� PRGHOV�� WKDW� WKH
PDQGDWHG�ZDUQLQJ�KDV�EHHQ�ILUPO\�OHDUQHG
RYHU� WLPH�� UHVXOWLQJ� LQ� DQ� DGYDQWDJH� LQ
VXEVHTXHQW�UHFDOO��VHH�DOVR�.UXJPDQ�HW�DO��
�������7KH�LQWURGXFWLRQ�RI�QRYHO�PHVVDJHV
GLG� QRW� JHQHUDWH� D� IDFLOLWDWLYH� HIIHFW� RQ
PHPRU\�� 7KRXJK� D� YHU\� KLJK� SHUFHQWDJH

RI� SDUWLFLSDQWV� YLHZLQJ� D� QHZ� PHVVDJH
GLUHFWHG� WKHLU� JD]H� DW� WKH� ZDUQLQJ� DUHD�
RQO\������SHUFHQW�KDG�DQ�H[DFW�UHFDOO�RI�LW�
7KH�HIIHFW�RI�SUHYLRXV�OHDUQLQJ�ZDV�FOHDUO\
HYLGHQW� LQ� WHQ� SDUWLFLSDQWV� WKDW� YLHZHG� D
PRGLILHG� YHUVLRQ��ZKR� ILOOHG� LQ� WKH�PHP�
RU\�WDVN�ZLWK�WKH�FODVVLF�PHVVDJH�WKDW�WKH\
KDG�QHYHU�VHHQ�LQ�WKH�DVVLJQHG�FRQGLWLRQ�
0RUHRYHU�� SHUKDSV� PRVW� LPSRUWDQWO\�

H\H�WUDFNLQJ�UHFRUGLQJV�RIIHUHG�LQWHUHVWLQJ
VXJJHVWLRQV� IRU� WKH� LQLWLDO� HQJDJHPHQW� RI
DWWHQWLRQDO�PHFKDQLVPV� DQG� WKH� ODWHU� FRJ�
QLWLYH� SURFHVVLQJ� RI� KHDOWK� PHVVDJHV� LQ�
VHUWHG�LQ�DGV��5HJDUGOHVV�RI�VPRNLQJ�KDELW
�VPRNHUV� YV�� QRQ�VPRNHUV��� QRYHO� PHV�
VDJHV� GLG� QRW� JDLQ� SDUWLFLSDQWV
� DWWHQWLRQ
PRUH� TXLFNO\� WKDQ� WKH� PDQGDWHG� RQH�� DV
UHYHDOHG�E\�WKH�DQDO\VLV�RI�WKH�WLPH�EHIRUH
WKH�ILUVW�IL[DWLRQ�RYHU�WKH�ZDUQLQJ��,Q�DGGL�
WLRQ��DV�SRLQWHG�RXW�E\�WKH�PHDQ�QXPEHU�RI
IL[DWLRQV�DQG�PHDQ�GZHOO�WLPH��QRYHO�PHV�
VDJHV�ZHUH�QRW�SURFHVVHG�PRUH�GHHSO\�WKDQ
WKH� RULJLQDO� RQH�� 5DWKHU�� WKH� WLPH� VSHQW
ORRNLQJ�DW�WKH�ZDUQLQJ�ZDV�VLPLODU�DPRQJ
WKH�WKUHH�YHUVLRQV�
)LQDOO\�� KDYLQJ�GLFKRWRPL]HG� WKH� VDPSOH

LQWR�WZR�UHFDOO�OHYHOV��KLJK�DQG�ORZ���LW�ZDV
REVHUYHG� WKDW� RFXORPRWRU� PHDVXUHV� ZHUH
FORVHO\� OLQNHG� WR� WKH� UHFDOO� RI� WKH� KHDOWK
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7DEOH�����(\H��PRYHPHQW��PHDVXUHV��RQ��ZDUQLQJ��IRU��KLJK��Q� �����DQG�ORZ�UHFDOOHUV
�Q� ����
(\H�PRYHPHQW�PHDVXUH 5HFDOO�OHYHO
7LPH�WR�ILUVW�IL[DWLRQ +LJK �����V

/RZ �����V�
0HDQ�QXPEHU�RI�IL[DWLRQV +LJK �����

/RZ �����
0HDQ�GZHOO�WLPH +LJK �����V�

/RZ �����V
)RU� HDFK� H\H�PRYHPHQW�PHDVXUH�� WKH� DQDO\VHV� GLG� \LHOG� VLJQLILFDQW� GLIIHUHQFHV� EH�

WZHHQ�KLJK�DQG�ORZ�UHFDOO�OHYHO��V� �VHFRQGV�



PHVVDJH�� DV� H[SHFWHG� DFFRUGLQJ� WR� WKH
UHVHDUFK� UHODWLQJ� H\H� PRYHPHQWV� DQG� LQ�
IRUPDWLRQ� SURFHVVLQJ� �+\×QD� HW� DO��� �����
5D\QHU�� ������� $OWKRXJK� LQGLYLGXDOV� ZLWK
KLJK� OHYHO�RI� UHFDOO� GLUHFWHG� WKH� ILUVW� IL[D�
WLRQ�WR�WKH�ZDUQLQJ�DOPRVW�RQH�VHFRQG�ODWHU
WKDQ�ORZ�UHFDOOHUV��WKH�IRUPHU�JURXS�KDG�D
GHHSHU� FRJQLWLYH� SURFHVVLQJ� RI� WKH� KHDOWK
PHVVDJH�� ZLWK� D� JUHDWHU� QXPEHU� RI� IL[D�
WLRQV�DQG�D�ORQJHU�YLHZLQJ�SHULRG�
7KH�SUHVHQW� ILQGLQJV�SDUWO\� UHSOLFDWH� DQG

H[WHQG�WKRVH�RI�.UXJPDQ�HW�DO����������$V
LQ� WKHLU� VWXG\��RXU�SDUWLFLSDQWV�H[KLELWHG�D
KLJKHU� UHFDOO� RI� WKH� ROG� YHUVLRQ� RI� WKH
ZDUQLQJ�WKDQ�QHZHU�RQHV��DOVR��WKH�QXPEHU
RI� IL[DWLRQV� DQG� WKH� WRWDO� YLHZLQJ� WLPH
GHYRWHG� WR� WKH� KHDOWK� PHVVDJH� VKRZHG� D
SRVLWLYH� UHODWLRQVKLS� ZLWK� UHFDOO� OHYHO�
+RZHYHU�� FRQWUDU\� WR� .UXJPDQ
V� UHVXOWV�
RXU� H\H�WUDFNLQJ� GDWD� QHLWKHU� VXSSRUW� WKH
K\SRWKHVLV�WKDW�QRYHO�ZDUQLQJV�FDSWXUH�WKH
YLHZHUV
� DWWHQWLRQ� PRUH� TXLFNO\� WKDQ� WKH
PDQGDWHG�RQH��QRU�WKDW�QRYHO�ZDUQLQJV�DUH
FRJQLWLYHO\� SURFHVVHG� WR� D� JUHDWHU� H[WHQW�
0RUHRYHU�� LQ� RXU� UHVHDUFK�� LQGLYLGXDOV
ZLWK�D�KLJKHU� OHYHO�RI� UHFDOO�GLUHFWHG� WKHLU
ILUVW�JD]H�DW�WKH�ZDUQLQJ�PHVVDJH�ODWHU�WKDQ
WKH� ORZ� UHFDOOHUV�� )LQDOO\�� VPRNLQJ� KDELW
GLG�QRW�KDYH� DQ\� LQIOXHQFH�RQ� WKH� UHVXOWV�
DQG� JLYHQ� WKDW� WKLV� PDQLSXODWLRQ� ZDV� D
QRYHOW\�LQWURGXFHG�LQ�RXU�ZRUN�IRU�WKH�ILUVW
WLPH�� QR� FRPSDULVRQV� DUH� VXLWDEOH� ZLWK
SUHYLRXV�GDWD�RI�.UXJPDQ�DQG�FROOHDJXHV�
$OWKRXJK�WKH�SUHVHQFH�RI�DWWHQWLRQDO�ELDVHV
LQ� VPRNHUV� KDV� EHHQ� ZHOO� HVWDEOLVKHG� LQ
RWKHU� H[SHULPHQWDO� SDUDGLJPV� VXFK� DV
PRGLILHG� 6WURRS� RU� YLVXDO� SUREH� WDVNV
�)LHOG��0RJJ��%UDGOH\��������0RJJ�HW�DO��
������ :DWHUV�� )H\HUDEHQG�� ������� UHVXOWV
RI� WKH� SUHVHQW� UHVHDUFK� GR� QRW� VHHP� WR
UHYHDO�DQ�DQDORJRXV�PHFKDQLVP�GXULQJ�WKH
H[SORUDWLRQ� RI� DQ� DGYHUWLVHPHQW� ZLWK� D
ZDUQLQJ�LQVHUWHG�LQ�LW��1R�GLIIHUHQFHV�ZHUH
IRXQG� LQ� H\H� PRYHPHQW� PHDVXUHPHQWV
EHWZHHQ� VPRNHUV� DQG� QRQ�VPRNHUV�� WKH

LQLWLDO� WLPH� VSHQW� WR�RULHQWDWH�YLVXDO� DWWHQ�
WLRQ� WRZDUGV� WKH� ZDUQLQJ� DQG� WKH� WLPH
GHYRWHG� WR� WKH� ODWHU� SURFHVVLQJ� RI� WKH
ZDUQLQJ� ZHUH� VLPLODU� IRU� ERWK� JURXSV�
$OWKRXJK�LW� LV�VXSSRVHG�WKDW�D�KHDOWK�PHV�
VDJH� VKRXOG� VWLPXODWH� WKRXJKWV� DERXW� HI�
IHFWV� RI� VPRNLQJ� �%RUODQG�� ������� RXU
ILQGLQJV� VXJJHVW� WKDW� WKH� SUHVHQFH� RI� D
ZDUQLQJ� ODEHO� LQVHUWHG� LQ� DQ� DG� GRHV� QRW
VHHP� WR�DFW�DV�D�PHDQLQJIXO�FXH� UHVSRQVL�
EOH� IRU� GLIIHUHQW� VFDQQLQJ� EHKDYLRUV� EH�
WZHHQ�VPRNHUV�DQG�QRQ�VPRNHUV�
$�PDMRU�OLPLWDWLRQ�RI�RXU�VWXG\�LV�UHODWHG

WR� WKH� DJH� RI� SDUWLFLSDQWV�� $OWKRXJK� WKH
DWWHQWLRQDO� HQJDJLQJ� SURFHVV� RYHU� KHDOWK
PHVVDJHV� FRXOG� EH� VLPLODU� UHJDUGOHVV� RI
DJH�� WKH� JHQHUDOL]DWLRQ� WR� DQ� DGXOW� VXESR�
SXODWLRQ�LV�DQ�RSHQ�TXHVWLRQ�DQG�RQO\�IXU�
WKHU� UHVHDUFK� ZLOO� FODULI\� WKLV� LVVXH�
6LPLODUO\��WKH�VRFLDO�UHOHYDQFH�RI�WKH�PHV�
VDJH� RXWOLQHG� E\� WREDFFR� SXEOLFLVWV� �
DSSHDOLQJ� WR�DQ�DOWUXLVWLF�FDXVH� WR�HQFRXU�
DJH� WKH� EX\LQJ� EHKDYLRU� DPRQJ� \RXQJ
SHRSOH� �� PLJKW� KDYH� H[HUWHG� VRPH� LQIOX�
HQFH�� WDNLQJ� DZD\� D� IDLU� DPRXQW� RI� DWWHQ�
WLRQDO�UHVRXUFHV�IURP�WKH�ZDUQLQJ�
)RFXVLQJ� RQ� WKH� DWWHQWLRQDO� LVVXH�� RXU

UHVHDUFK� RIIHUV� VRPH� VLJQLILFDQW� LPSOLFD�
WLRQV� IRU� WKH� GHYHORSPHQW� RI� WREDFFR� DG�
YHUWLVLQJ� UHJXODWLRQV�� )LUVW�� NQRZOHGJH� RI
KRZ�D�KHDOWK�PHVVDJH�LQVHUWHG�LQ�DQ�DGYHU�
WLVHPHQW� JDLQV� WKH� DWWHQWLRQ� RI� SHUVRQV
VKRXOG� EHFRPH� D� FRJQLWLYH� FULWHULRQ� IRU
FUHDWLQJ� DQG� HYDOXDWLQJ� HIILFLHQW� ZDUQLQJ
ODEHOV��.UXJPDQ��)R[��)LVFKHU���������7KH
LQLWLDO�GHWHFWLRQ�RI�D�ZDUQLQJ�LV�D�SUHFHGLQJ
VWHS�FORVHO\�FRQQHFWHG�ZLWK�HDUO\�VWDJHV�RI
YLVXDO� SURFHVVLQJ�� ZKHUH� KHDOWK� PHVVDJHV
DUH� FRPSHWLQJ� ZLWK� RWKHU� SHUFHSWXDO� IHD�
WXUHV�LQVHUWHG�LQ�WKH�DG�WR�FDSWXUH�WKH�DWWHQ�
WLRQ�RI�YLHZHUV��+HQGHUVRQ��+ROOLQJZRUWK�
������� $W� D� ODWHU� SHULRG�� WKH� FRPSUHKHQ�
VLRQ�RI�WKH�PHVVDJH�FRQVWLWXWHV�D�KLJK�OHYHO
FRJQLWLYH� SURFHVVLQJ�� ZLWK� D� QDUURZ� UHOD�
WLRQVKLS� EHWZHHQ� WKH� WLPH� VSHQW� UHDGLQJ
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WKH� ZDUQLQJ� DQG� LWV� FRUUHVSRQGLQJ� UHFDOO�
6HFRQG�� FLJDUHWWH� ZDUQLQJV� DSSHDU� WR� EH
HTXDOO\� DWWHQGHG� WR� E\� VPRNHUV� DQG� QRQ�
VPRNHUV�� 7KH� WLPH� VSHQW� ORRNLQJ� DW� WKH
ZDUQLQJ�PHVVDJH�DQG�WKH�DELOLW\�WR�UHPHP�
EHU� LW� DSSHDU� WR�EH� LGHQWLFDO�� UHJDUGOHVV�RI
VPRNLQJ� KDELW�� $V� D� UHVXOW�� LW� GRHV� QRW
VHHP� WR� EH� QHFHVVDU\� WR� GHYHORS� GLIIHUHQW
DWWHQWLRQDO� VWUDWHJLHV� GHYRWHG� VSHFLILFDOO\
WR� HDFK�JURXS��7KLV� ODFN�RI�GLIIHUHQFHV� LQ
WKH� DWWHQWLRQDO� OHYHO� FRQWUDVWV� ZLWK� UHFHQW
HYLGHQFH� REWDLQHG� LQ� WKH� ILHOG� RI� DWWULEX�
WLRQDO� SUHIHUHQFHV�� ZLWK� VPRNHUV� DWWULEXW�
LQJ� WKH� ZDUQLQJ� PHVVDJHV� WR� PHGLFDO
VWXGLHV� DQG� QRQ�VPRNHUV� WR� JRYHUQPHQWDO
DXWKRULWLHV� �*XWWPDQ�� 3HOHJ�� ������� )LQDO�
O\��DOWKRXJK�WH[W�RQO\�ZDUQLQJV�DUH�D�ORZ�
FRVW�DQWL�VPRNLQJ�VWUDWHJ\��QRYHO�PHVVDJHV
LQ�WREDFFR�SULQW�DGYHUWLVLQJ�GR�QRW�VHHP�WR
EH� DV� HIIHFWLYH� DV� H[SHFWHG� HLWKHU� LQ�JDLQ�
LQJ� SDUWLFLSDQWV
� DWWHQWLRQ� PRUH� TXLFNO\
WKDQ� WKH�PDQGDWHG�RQH��RU� LQ�JHQHUDWLQJ�D
IDFLOLWDWLYH� HIIHFW� RQ� PHPRU\�� 6RPH� UH�
VHDUFKHUV� VXJJHVW� WKDW� D� WH[W� ZLWK� D� ODUJH
SRLQW�IRQW�RU�KLJK�FRQWUDVW�FOHDUO\�HQKDQFHV
WKH�UHFDOO�DQG�SUHVHUYHV�WKHUHIRUH�LWV�DWWHQ�
WLRQDO� HIIHFWLYHQHVV� �7UXLWW� HW� DO��� ������
1RQHWKHOHVV�� LQVHUWHG� LQ� D� PDJD]LQH� RU
ELOOERDUG� DGYHUWLVHPHQW�� WH[W�RQO\� ZDUQ�
LQJV�FDQ�EH�KLJKO\�PDQLSXODWHG�E\�WREDFFR
SXEOLFLVWV� DQG� HDVLO\� PDVNHG� ZLWK� RWKHU
SHUFHSWXDO� HOHPHQWV� DQG� DOWHUQDWLYH� PHV�
VDJHV�
$FFRUGLQJ� WR� D� &DQDGLDQ� VXUYH\�� WKH

DSSOLFDWLRQ� RI� JUDSKLF� LPDJHU\� PD\� EH� D
PXFK� PRUH� HIIHFWLYH� GHWHUUHQW� WKDQ� WH[W�
RQO\� PHVVDJHV� �+DPPRQG�� )RQJ�� 0F'R�
QDOG��&DPHURQ��%URZQ���������(PEHGGLQJ
YLYLG� FRORUIXO� LPDJHV� LQ� DGV� WR� FDSWXUH
FRQVXPHUV
�DWWHQWLRQ�DQG�LOOXVWUDWH�YLVXDOO\
WKH�GDPDJHV�RI�VPRNLQJ���VXFK�DV�LV�EHLQJ
DWWHPSWHG� RQ� &DQDGLDQ� RU� %UD]LOLDQ� FLJD�
UHWWH�SDFNV���PD\�LPSURYH�WKH�YLVXDO�GHWHF�
WLRQ� RI� ZDUQLQJV�� ERWK� RI� VPRNHUV� �WR
HQFRXUDJH� TXLWWLQJ�� DQG� QRQ�VPRNHUV� �WR

DYRLG�VWDUWLQJ�D�KDUPIXO�KDELW���7KH� LQVHU�
WLRQ� RI� WKHVH� LPSDFWLQJ� LPDJHV� LQWR� WKH
YLVXDO� DUUDQJHPHQW� RI� DQ� DG� �QRW� RQO\� RQ
WKH� SDFNV� RI� FLJDUHWWHV� WKHPVHOYHV��ZRXOG
SUREDEO\�QRW�RQO\�DFW�DV�DQ�HIIHFWLYH�DWWHQ�
WLRQDO� FXH�� EXW� ZRXOG� DOVR� SURYLGH� YLVXDO
HOHPHQWV� ZKLFK� WREDFFR� SXEOLFLVWV� PD\
ILQG�PRUH�GLIILFXOW� WR�PDVN� WKDQ� WH[W�RQO\
PHVVDJHV�� /LQHV� RI� IXWXUH� UHVHDUFK� XVLQJ
H\H�WUDFNLQJ� WHFKQLTXHV� ZLOO� FODULI\� KRZ
WKHVH�QHZ�JHQHUDWLRQ�KHDOWK�PHVVDJHV�JDLQ
WKH� YLVXDO� DWWHQWLRQ� �&UHVSR�� &DEHVWUHUR�
%DUULR�� ������� DQ� DGGLWLRQDO� FKDOOHQJH
EHLQJ�WR�GLVFHUQ�KRZ�WKH�SLFWRULDO�LQIRUPD�
WLRQ�DQG�WKH�FRUUHVSRQGLQJ�WH[W�DUH�YLVXDOO\
LQWHJUDWHG��5D\QHU��5RWHOOR��6WHZDUW��.HLU�
'XII\�� ������� /DVWO\�� QHZ� HIIRUWV� WKDW� LQ�
YROYH�D�PRUH�H[KDXVWLYH�DVVHVVPHQW�RI�WKH
DWWHQWLRQDO� VKLIWV� RYHU� WLPH� VKRXOG� SURYH
XVHIXO� LQ� NQRZLQJ� ZKHWKHU� KHDOWK� PHV�
VDJHV�DUH�VNLSSHG�WR�DYRLG�LQIRUPDWLRQ�WKDW
LV�HLWKHU�LUUHOHYDQW�RU�DYHUVLYH�
,Q� VXPPDU\�� DV� UHYHDOHG� E\� PHPRU\

PHDVXUHV� DQG� H\H� PRYHPHQW� GDWD�� QHZ
YHUVLRQV� RI� WH[W�RQO\� ZDUQLQJ� ODEHOV� LQ�
VHUWHG� LQ� WREDFFR� DGYHUWLVHPHQWV� DUH� QHL�
WKHU� EHWWHU� UHFDOOHG� QRU� PRUH� TXLFNO\
IL[DWHG�WKDQ�PDQGDWHG�PHVVDJHV��$OVR��WKH
WLPH�VSHQW�ORRNLQJ�DW�WKH�ZDUQLQJ�PHVVDJH�
DV� ZHOO� DV� WKH� DELOLW\� WR� UHPHPEHU� LW�� DS�
SHDU� WR�EH� LGHQWLFDO� UHJDUGOHVV�RI� VPRNLQJ
KDELW�� )URP� DQ� DWWHQWLRQDO� SHUVSHFWLYH�
WREDFFR�DGYHUWLVLQJ�SROLFLHV�PXVW�WDNH�LQWR
DFFRXQW� WKDW� QRYHO� WH[W�RQO\� ZDUQLQJV
LQVHUWHG� LQ�FLJDUHWWH�SULQW�DGV�GR�QRW�VHHP
WR� EH� DV� HIIHFWLYH� DV� H[SHFWHG�� %DVHG� RQ
SUHYLRXV�UHVHDUFK�RI�RXU�JURXS��ZH�VXJJHVW
WKDW� WKH�XVH�RI�QHZ� VWUDWHJLHV� �� H�J��� YLYLG
FRORUIXO�LPDJHV��ZRXOG�EH�KHOSIXO�LQ�JDLQ�
LQJ�DWWHQWLRQ�DQG��FRQVHTXHQWO\��LQ�DOHUWLQJ
FRQVXPHUV�WR�WKH�DGYHUVH�HIIHFWV�RI�VPRN�
LQJ��2QO\�QHZ�OLQHV�RI�UHVHDUFK�ZLOO�FODULI\
WKLV�LVVXH�
5HFHLYHG�)HEUXDU\���������
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5()(5(1&(6
%(/75$0,1,��5�)���������3HUFHLYHG�EHOLHYDELOLW\

RI� ZDUQLQJ� ODEHO� LQIRUPDWLRQ� SUHVHQWHG� LQ� FLJDUHWWH
DGYHUWLVLQJ��-RXUQDO�RI�$GYHUWLVLQJ������������
%25/$1'�� 5��� ������ 7REDFFR� KHDOWK� ZDUQLQJV

DQG� VPRNLQJ�UHODWHG� FRJQLWLRQV� DQG� EHKDYLRXUV�
$GGLFWLRQ����������������
&5(632�� $��� &$%(675(52�� 5��� %$55,2�� $��

������ $WWHQWLRQDO� HIIHFWLYHQHVV� RI� LFRQLF� ZDUQLQJ
ODEHOV� LQ� WREDFFR� DGYHUWLVLQJ� DQDO\]HG� E\� H\H�
WUDFNLQJ� WHFKQLTXHV�� ,Q�� 0�� *URQHU�� 5�� *URQHU�� 5�
0ÝUL��.��.RJD��6��5DHVV��3K��6XU\��(GV����7KLUWHHQWK
(XURSHDQ� &RQIHUHQFH� RQ� (\H� 0RYHPHQWV�� %HUQ�
9LVODE������
'8))<��6�$���������&DUWRRQ�FKDUDFWHUV�DV�WREDFFR

ZDUQLQJ� ODEHOV��'LVVHUWDWLRQ�$EVWUDFWV� ,QWHUQDWLRQDO�
6HFWLRQ� %�� 7KH� 6FLHQFHV� 	� (QJLQHHULQJ�� SS�� ����
�8QLY�0LFURILOPV�,QWHUQDWLRQDO��
),(/'�� 0��� 02**�� .��� %5$'/(<�� %�3��� �����

(\H�PRYHPHQWV� WR� VPRNLQJ�UHODWHG� FXHV��(IIHFWV� RI
QLFRWLQH� GHSULYDWLRQ�� 3V\FKRSKDUPDFRORJ\�� ����
��������
),6&+(5��3�0���.58*0$1��'�0���)/(7&+(5�

-�(��� )2;��5�-���52-$6��7�+��� ������$Q� HYDOXDWLRQ
RI�KHDOWK�ZDUQLQJV�LQ�FLJDUHWWH�DGYHUWLVHPHQWV�XVLQJ
VWDQGDUG� PDUNHW� UHVHDUFK� PHWKRGV�� :KDW� GRHV� LW
PHDQ�WR�ZDUQ"�7REDFFR�&RQWURO�������������
),6&+(5��3�0���5,&+$5'6��-�:��-U���%(50$1�

(�-���.58*0$1��'�0���������5HFDOO�DQG�H\H�WUDFN�
LQJ� VWXG\�RI� DGROHVFHQWV�YLHZLQJ� WREDFFR�DGYHUWLVH�
PHQWV��-RXUQDO�RI�WKH�$PHULFDQ�0HGLFDO�$VVRFLDWLRQ�
�����������
)2;��5�-��� .58*0$1��'�0��� )/(7&+(5�� -�(��

),6&+(5�� 3�0��� ������ $GROHVFHQWV
� DWWHQWLRQ� WR
EHHU� DQG� FLJDUHWWH� SULQW� DGV� DQG� DVVRFLDWHG� SURGXFW
ZDUQLQJV��-RXUQDO�RI�$GYHUWLVLQJ������������
*8770$1��1���3(/(*��+��� ������3XEOLF�SUHIHU�
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