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$EVWUDFW

7KH�DUWLFOH�LV�GHGLFDWHG�WR�WKH�UHVHDUFK�RI�PHWDSKRULFV�RI�DGYHUWLVLQJ�GLVFRXUVH��ZKLFK�
GLIIHUV�E\�LWV�IRFXV�QRW�RQ�D�SURGXFW��DQ�H[WUDOLQJXLVWLF�REMHFW��EXW�LWV�LPDJH�DQG�LWV�
TXDOLWLHV�ZKLFK�DUH�LPSRUWDQW�IURP�SUDJPDWLF�SRLQW�RI�YLHZ�DQG�DUH�KLJKOLJKWHG�E\�
WKH� FRPPXQLFDWRU�� $FWXDOLW\� RI� WKH� XQGHUWDNHQ� UHVHDUFK� LV� GHWHUPLQHG� E\� WKH�
LPSRUWDQFH� RI� WKH� UROH� WKDW� H[SUHVVLYH� DQG� ILJXUDWLYH� FRPSRQHQW� RI� DGYHUWLVLQJ�
GLVFRXUVH�SOD\V�QRW�RQO\�LQ�WHUPV�RI�LWV�RUJDQL]DWLRQ�DV�D�VSHFLDO�SXEOLFLVWLF�JHQUH��EXW�
DOVR� LQ� WHUPV�RI� LWV�SHUFHSWLRQ�DQG� LPSDFW�E\� WKH�DGGUHVVHH�� ,Q� WKH�SURFHVV�RI� WKLV�
UHVHDUFK��ZH�UHIHUHQFHG�WKH�H[LVWLQJ�H[SHULHQFH�RI�VWXG\LQJ�RI�ODQJXDJH�XQLWV�LQ�WKH�
ILHOG�RI�SXEOLFLVWLF�GLVFRXUVH�� LQFOXGLQJ�DGYHUWLVLQJ��7KH�IXQGDPHQWDO�ZRUNV� LQ� WKH�
ILHOGV�RI�DGYHUWLVLQJ�DQG�PHWDSKRU� WKHRULHV�ZHUH�XVHG�DV�D� WKHRUHWLF�DQG�PHWKRGLF�
EDVH��7KH�VWXGLHG�PDWHULDO�VSHFLILFLW\�DQG�REMHFWLYHV�UHTXLUHG�WKH�XVDJH�RI�FRPSOH[�
RI� UHVHDUFK� PHWKRGV�� PHWKRG� RI� FRQWLQXRXV� VDPSOLQJ�� PHWKRG� RI� VWDWLVWLFV��
GHVFULSWLYH�PHWKRG��PHWKRG�RI�FRPSRQHQW�DQDO\VLV��VWUXFWXUDO�DQG�VHPDQWLF�PHWKRG�
DQG� GLVWULEXWLYH� DQG� FRQFHSWXDO� DQDO\VLV� RI� ODQJXDJH� XQLWV�� ,Q� DGYHUWLVHPHQW� RI�
FRVPHWLFV� DQG� SHUIXPH�� WKH� FRUUHODWLRQ� SHUVRQ �ZRPDQ�� ± VXEMHFW �SURGXFW�� LV�
GRPLQDWLQJ��ZKLOH�WKH�HPERGLPHQW�LV�GRQH�ZLWK�WKH�KHOS�RI�SRVLWLYH�FKDUDFWHULVWLFV��
DQG�WKH�SURGXFW�LV�FRUUHODWHG�ZLWK�WKH�SHUVRQ�E\�IXQFWLRQ��IXQFWLRQV�RI�SURWHFWRU�DQG�
KHOSHU��0HWDSKRUL]DWLRQ� LQ� DGYHUWLVHPHQWV� LV� XVXDOO\� FUHDWHG�E\� YHUE� FRPSRQHQWV��
VLQFH�YHUE�KDV�D�KLGGHQ�G\QDPLF�DQG�FDQ�FDUU\�D�VWURQJ�PRWLYH�SRZHU�FRPSDUHG�WR�
WKH�QRPLQDO�SDUWV�RI�VSHHFK��$XWKRU��UHDOL]LQJ�WKH�PRGHUQ�SHUVRQ¶V�ZRUOG�RI�YDOXHV��
TXLWH� RIWHQ� FRQFHSWXDOL]HV� WKH� QDWXUDO� SKHQRPHQD� LQ� WKH� FRVPHWLFV� DQG� SHUIXPH�
DGYHUWLVLQJ��(PSKDVLV�LV�SODFHG�QRW�RQO\�RQ�WKH�YDOXH�RI�DGYHUWLVHG�SURGXFW��EXW�DOVR�
RQ� ZD\V� WKH� SURGXFW� FDQ� FKDQJH� SHUVRQ¶V� HPRWLRQDO�� SK\VLFDO� DQG� PRUDO� DQG�
SV\FKRORJLF�FRQGLWLRQV�

.H\ZRUGV� &RPPXQLFDWLRQ�6WXGLHV��0HWDSKRUL]DWLRQ��,PDJHU\��([SUHVVLYLW\�

� 3OHDVH�FLWH�WKLV�SDSHU�DV�IROORZV�

&KXSU\DNRYD��2��$���6DIRQRYD��6��6���	�9RW\DNRYD��,��$����������0HWDSKRULFV�RI�DGYHUWLVLQJ�
GLVFRXUVH� �EDVHG� RQ� FRVPHWLFV� DQG� SHUIXPH� DGYHUWLVLQJ��� -RXUQDO� RI� 5HVHDUFK� LQ� $SSOLHG�
/LQJXLVWLFV�����63�����������

� .D]DQ�)HGHUDO�8QLYHUVLW\��EH]GQD����#UDPEOHU�UX
� 8GPXUW�6WDWH�8QLYHUVLW\
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���,QWURGXFWLRQ

7KH�PRGHUQ�VWDJH�RI�GHYHORSPHQW�RI�OLQJXLVWLF� WKRXJKW��ZKLFK�UHDOL]HV�WKH�
IXQFWLRQDO� DQG� FRPPXQLFDWLYH� DSSURDFK� WR� ODQJXDJH� DQG� VSHHFK� DFWLYLW\��
FRQFHQWUDWHV� LWV� DWWHQWLRQ� RQ� WKH� QHZ� DQG� XSGDWHG� IRUPV� RI� FRPPXQLFDWLRQV��
LQFOXGLQJ�DGYHUWLVLQJ�GLVFRXUVH��ZKLFK�KDG�LQWHQVLILHG�WKDQNV�WR�WKH�VRFLDO�IDFWRUV�WKDW�
VWLPXODWH� LQWUD� DQG� LQWHUFXOWXUDO� LQWHUDFWLRQV�EHWZHHQ�SHRSOH��7KH�PRVW� LPSRUWDQW�
DVSHFW�RI�OLQJXLVWLF�OHDUQLQJ�RI�DGYHUWLVLQJ�LV�LWV�GHVFULSWLRQ�IURP�WKH�SRLQW�RI�³WH[W�±
GLVFRXUVH´�EDVH�SDUDGLJP�

7KH� DFWXDOLW\�RI� RXU� XQGHUWDNHQ� UHVHDUFK� LV� GHILQHG�E\� WKH� VXIILFLHQW� UROH�
SODFHG�RQ�H[SUHVVLYH�DQG�ILJXUDWLYH�FRPSRQHQW�RI�DGYHUWLVLQJ�GLVFRXUVH�QRW�RQO\�LQ�
WHUPV� RI� LWV� RUJDQL]DWLRQ� DV� D� VSHFLDO� SXEOLFLVWLF� JHQUH�� EXW� DOVR� LQ� WHUPV� RI� LWV�
SHUFHSWLRQ�DQG�LPSDFW�E\�WKH�DGGUHVVHH��7KLV�LV�DOVR�LPSRUWDQW�GXH�WR�WKH�IDFW�WKDW�WKH�
SUREOHP�RI�PHWDSKRULFDO�FRPELQDWLRQV�IXQFWLRQ��LQ�SDUWLFXODU��KDV�D�GLUHFW�UHODWLRQ�WR�
WKH� OHDUQLQJV� RI� VXFK� WKLQJV� DV� ODQJXDJH� SLFWXUH� RI� WKH� ZRUOG� �6DILQ� HW� DO��� ������
6KDLNKXWGLQRYD� HW� DO��� ������� LQWHUFXOWXUDO� FRPPXQLFDWLRQ� �:LHU]ELFND�� ������
<XVXSRYD� HW� DO��� ������� UHODWLRQ� RI� ODQJXDJH� DQG� WKRXJKW�� DQG� DOVR� WR� RWKHU� EDVLF�
TXHVWLRQV�RI�PRGHUQ�OLQJXLVWLFV��)DWWDNKRYD�HW�DO���������

$GYHUWLVLQJ�DV�D�³EUDQFK�RI�PDVV�FRPPXQLFDWLRQV��LQ�ZKLFK�LQIRUPDWLYH�DQG�
ILJXUDWLYH��H[SUHVVLYH DQG�VXJJHVWLYH�WH[WV�DLPHG�DW�JURXSV�RI�SHRSOH�DUH�FUHDWHG�DQG�
GLVWULEXWHG� LQ� RUGHU� WR� PRWLYDWH� WKHP� WR� FKRRVH� DQG� DFW� DV� WKH� DGYHUWLVHU� ZDQWV´
�8FKHQRYD�	�6WDU\K���������DOORZV�XV�WR�LQFOXGH�LW�DV�D�VHSDUDWH�VHFWLRQ�LQ�WKH�ILHOG�
RI�FRPPXQLFDWLRQ�VWXGLHV��1RYLNRYD�HW�DO���������

/DQJXDJH� IHDWXUHV� RI� DGYHUWLVLQJ� DUH� VKRZQ� LQ� WKH� IDFW� WKDW� LW� FRPSRVHG�
SUHGRPLQDQWO\�RI�VLPSOH�VHQWHQFHV�UHODWHG�WR�WKH�LQIOXHQFH�RI�FROORTXLDO��G\QDPLVP�
DQG� H[SUHVVLYLW\� RI� DGYHUWLVLQJ� WH[W�� 7KH� XVH� RI� LQFHQWLYH� DQG� H[FODPDWRU\�
FRQVWUXFWLRQV��ZKLFK�SOD\�WKH�UROH�RI�SHFXOLDU�FDOOV�WR�DFWLRQ��VXJJHVWLRQ��LQYLWDWLRQ��
FRQYLFWLRQ�HWF���DQG�JLYH�WKH�VWDWHPHQW�HPRWLRQDOLW\�DQG�OLYHOLQHVV��LV�YHU\�HIIHFWLYH��
2YHUDOO��DGYHUWLVLQJ�XVHV�ULFK�VSHFWUXP�RI�H[SUHVVLYH�PHDQV�LQ�DOO�ODQJXDJH�OHYHOV�LQ�
RUGHU�WR�DFKLHYH�LQWHQVH�FRQFHQWUDWHG�LPSDFW�

���0HWKRGV

'HVSLWH�WKH�IDFW�WKDW�DGYHUWLVLQJ�DV�D�W\SH�RI�WH[W�DFWLYLW\�ZDV�FUHDWHG�TXLWH�
UHFHQWO\�� D� JUHDW� GHDO� RI� DUWLFOHV� GHGLFDWHG� WR� LWV� UHVHDUFK� H[LVW�� ³WKH� ODQJXDJH� RI�
DGYHUWLVLQJ��WKH�ODQJXDJH�RI�DGYHUWLVLQJ�WH[WV�LV��WR�WKH�JUHDWHVW�H[WHQG�FRPSDUHG�WR�
WKH�RWKHUV��WKH�XQLTXH�FDVH�RI�ODQJXDJH�IXQFWLRQLQJ�LQ�WKH�ILHOG��LQWHQWV�DQG�H[WUHPH�
FRQGLWLRQV� RI� ZKLFK� DUH� IXOO\� QRWHG� LQ� WKH� SURFHVV� RI� PDNLQJ� DGYHUWLVLQJ� WH[WV´
�.RVWRPDURY��������

,Q� WKH� SURFHVV� RI� WKLV� UHVHDUFK�� ZH� UHIHUHQFHG� WKH� H[LVWLQJ� H[SHULHQFH� RI�
VWXG\LQJ�RI�ODQJXDJH�XQLWV�LQ�WKH�ILHOG�RI�SXEOLFLVWLF�GLVFRXUVH��LQFOXGLQJ�DGYHUWLVLQJ��
7KH�IXQGDPHQWDO�ZRUNV�LQ�WKH�ILHOG�RI�DGYHUWLVLQJ�WKHRU\��.RVWRPDURY�������HWF���DQG�
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ZRUNV�LQ�WKH�ILHOG�RI PHWDSKRU�WKHRU\��:LHU]ELFND��������6NO\DUHYVND\D��������ZHUH�
XVHG�DV�D�WKHRUHWLF�DQG�PHWKRGLF�EDVH�

7KH�OLQJXLVWLF�UHVHDUFK�LQFOXGHV�H[WHQVLYH�IDFWXDO�PDWHULDO��PRUH�WKDQ�����
DGYHUWLVHPHQWV�H[WUDFWHG�IURP�MRXUQDOV�IURP������WR������ZHUH�XVHG��&RVPRSROLWDQ��
*ODPRXU�� 5LYH� *DXFKH� HWF��� SDPSKOHWV� DQG� ,QWHUQHW� GDWD� IURP� OHDGLQJ� IDFWRULHV�
PDQXIDFWXUHUV��DGYHUWLVLQJ�FDWDORJV��ERRNOHWV�DQG�OHDIOHWV�LQ�WKH�ILHOG�RI�SHUIXPHU\�
DQG�FRVPHWLFV���

7KH� VWXGLHG� PDWHULDO� VSHFLILFLW\� DQG� REMHFWLYHV� UHTXLUHG� WKH� XVDJH� RI�
FRPSOH[�RI�UHVHDUFK�PHWKRGV��PHWKRG�RI�FRQWLQXRXV�VDPSOLQJ��PHWKRG�RI�VWDWLVWLFV��
GHVFULSWLYH� PHWKRG�� ZKLFK� LQFOXGHV� REVHUYDWLRQ� DQG� FODVVLILFDWLRQ� RI� WKH� VWXGLHG�
PDWHULDO��PHWKRG�RI�FRPSRQHQW�DQDO\VLV�RI�ZRUG¶V�VHPDQWLF�VWUXFWXUH��VWUXFWXUDO�DQG�
VHPDQWLF�PHWKRG�DQG�GLVWULEXWLYH�DQG�FRQFHSWXDO�DQDO\VLV�RI�ODQJXDJH�XQLWV�

���5HVXOWV�DQG�'LVFXVVLRQ

,Q�WHUPV�RI�RXU�UHVHDUFK��RXU�LQWHUHVW�LV�IRFXVHG�RQ�HPRWLRQDO�DQG�ILJXUDWLYH�
DGYHUWLVLQJ� GHVLJQ�� ZKLFK� LV� D� VWURQJ� WRRO� RI� DGGUHVVHH� LQIOXHQFLQJ�� DQG�� PRVW�
LPSRUWDQWO\�� RQ� PHWDSKRULFDOQHVV� DV� D� ³WURSH� W\SH�� WUDQVIHUHQFH� RI� RQH� VXEMHFW¶V�
TXDOLWLHV� WR� DQRWKHU� RQH�� E\� WKHLU� VLPLODULWLHV� LQ� DQ\� SRVVLEOH� UHODWLRQ� RU� E\� WKHLU�
FRQWUDVW���«!�KLGGHQ�FRPSDULVRQ��LQ�ZKLFK�VXFK�ZRUGV�DV�NDN��NDN�EXGWR��VORYQR DUH�
QRW�PHQWLRQHG��EXW�LPSOLHG��2XW�RI�DOO�WURSHV��PHWDSKRU�GLIIHUV�IURP�DQRWKHU�E\�LWV�
XQLTXH� H[SUHVVLYHQHVV�� 0HWDSKRU�� KDYLQJ� XQOLPLWHG� SRVVLELOLWLHV� LQ� WHUPV� RI�
UDSSURDFKPHQW�RI�YDULRXV�VXEMHFWV�DQG�SKHQRPHQD�E\�UHLPDJLQLQJ�WKH�VXEMHFW�LWVHOI��
LV� DEOH� WR� XQFRYHU� LWV� LQQHU� QDWXUH�� TXLWH� RIWHQ� PHWDSKRU�� EHLQJ� DV� D� VRUW� RI�
PLFURPRGHO��GHPRQVWUDWHV�WKH�LQGLYLGXDO�DQG�DXWKRU�YLVLRQ�RI�D�ZRUOG´�

6WDUWLQJ�IURP�WKH�PRPHQW�RI�WKHRU\�RI�FRQFHSWXDO�PHWDSKRU�LQYHQWLRQ��PDQ\�
UHVHDUFKHUV� DUH� DFFHSWLQJ� PHWDSKRU� DV� D� FRJQLWLYH� PRGHO� WKDW� SDUWLFLSDWHV� LQ� WKH�
IRUPDWLRQ�RI�QDWLRQDO�VSHFLILF�DQG�LQGLYLGXDO�YLVLRQV�RI�WKH�ZRUOG��1RZDGD\V��WKHUH�
DUH�D�ORW�RI�GLIIHUHQW�WKHRULHV�RI�PHWDSKRU��UDQJLQJ�IURP�WZR�WR�HOHYHQ��)RU�H[DPSOH��
*�1��6NO\DUHYVND\D�JLYHV� WKH� V\QRSVLV�RI�EDVLF DSSURDFKHV�RI� ODQJXDJH�PHWDSKRU�
UHVHDUFK�� VHPDVLRORJLFDO�� JQRVHRORJLFDO�� SV\FKROLQJXLVWLF�� H[SHVVLRORJLFDO�� UHODWHG�
ZLWK�WKH�GHVFULSWLRQ�RI�H[SUHVVLYH�IHDWXUHV�RI�ODQJXDJH�PHWDSKRU�HWF���6NO\DUHYVND\D��
�������)RU�RXU�UHVHDUFK��WKH�PRVW�LPSRUWDQW�RQH� LV�FRQVLGHUHG�WKH�H[SUHVVLRORJLFDO�
EUDQFK�� VLQFH� ILJXUDWLYH�PHWDSKRU��ZKLFK� SOD\V� FRJQLWLYH�� QRPLQDWLYH�� DUWLVWLF� DQG�
VHPDQWLF�IXQFWLRQV�DW�WKH�VDPH�WLPH��LV�GRPLQDQW�LQ�WKH�DGYHUWLVLQJ�GLVFRXUVH�

%HLQJ�DQ�H[SUHVVLYH�ODQJXDJH�PHWKRG��PHWDSKRU�VKDUHV�D�QHZ�PHDQLQJ�ZLWK�
ROG�ZRUGV��VXUSULVHV�ZLWK�LWV�XQXVXDOQHVV�DQG�FRQWULEXWHV�WR�WKH�SHUFHSWLRQ�SDVVLYLW\�
RYHUFRPLQJ��0HWDSKRU�VKRZFDVHV�LQIRUPDWLRQ�YHU\�GHQVHO\��WKXV�FRQWULEXWLQJ�WR�LWV�
PHPRUL]DWLRQ��KHQFH�HQKDQFLQJ�WKH�LPSDFW�

0RUHRYHU�� PHWDSKRU� FDQ� HQIRUFH� D� VSHFLILF� YLVLRQ� RI� WKH� ZRUOG� WR� LWV�
DGGUHVVHH��FUHDWLQJ�QHZ�VFHQDULRV�RU�VHWWLQJV��0HWDSKRU�LQ�WKH�DGYHUWLVLQJ�GLVFRXUVH�
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DFWXDOL]HV�KHOSIXO�IRU�WKH�DGYHUWLVHU�SURGXFW�IHDWXUHV�DQG�LJQRUHV�RWKHUV��FRQWURYHUVLDO�
TXDOLWLHV��PDNLQJ�KDUG�WR�HYDOXDWH�LW�REMHFWLYHO\��6SHFLILF�DELOLW\�RI� WKH�DGYHUWLVLQJ�
GLVFRXUVH�LV�WKH�DEXQGDQFH�RI�SRVLWLYH�PHWDSKRUV�LQ�RUGHU�WR�KLJKOLJKW�SRVLWLYH�VLGHV�
RI� WKH� SURGXFW��'XH� WR� WKLV��PHWDSKRU� EHFRPHV� D� UXOLQJ� WRRO� WKDW� FDUULHV� EHKDYLRU�
SURJUDPV�IRU�FRQVXPHUV��XVLQJ�PHWDSKRUV��LW�LV�HDV\�WR�³OXOO´�DGGUHVVHH�DQG�DFKLHYH�
GHVLUHG�RXWFRPH��

2QH�RI�WKH�PRVW�LPSRUWDQW�IHDWXUHV�RI�PHWDSKRU�LV�WKH�IDFW�WKDW�LW�FDQ�VKRZ�
KRZ�WKH�YLVLRQ�RI�WKH�ZRUOG�LV�UHIOHFWHG�LQ�SXEOLF�H\H�DQG�ZKDW�WKLV�YLVLRQ�LV��6WXG\LQJ�
RI�WLPH�ERXQG�PHWDSKRUV�JLYHV�D�ULFK�PDWHULDO�³IRU�OHDUQLQJ�WKH�VRFLHW\¶V�PHQWDOLW\�
DW�WKRVH�SRLQWV�LQ�WLPH´��*DN��������

5HVHDUFKHUV�� ZRUNLQJ� ZLWK� WUDQVIHU� V\VWHP�� KLJKOLJKW� D� QXPEHU� RI� DUHDV��
VXEMHFW�± VXEMHFW��OHQ DQG�YRORV���VXEMHFW�± SHUVRQ��NLS\DWRN��OHG��]YH]GRFKND���VXEMHFW�
± SK\VLFDO ZRUOG� �JUDG� XGDURY��� VXEMHFW� ± DEVWUDFWLRQ� �YDJRQ� YUHPHQL�
�6NO\DUHYVND\D�� ������� )RXU� FRPSRQHQWV� DUH� XVHG� LQ� PDNLQJ� RI� PHWDSKRU�� WZR�
REMHFWV�DQG�WKHLU�SDUDPHWHUV�

,��7KH�SHUVRQ��ZRPDQ��± VXEMHFW��SURGXFW� FRUUHODWLRQ�LV�SUHGRPLQDQW�LQ�WKH�
FRVPHWLFV� DGYHUWLVLQJ�� ,W� LV� LQWHUHVWLQJ� WKDW��ZKLOH� LQ� UHDO� OLIH� D� SHUVRQ� LV� OLNHO\� WR�
HQFRXQWHU�D�QHJDWLYH�FKDUDFWHULVWLF��W\XI\DN��SHQ
���WKH�HPERGLPHQW�LQ�WKH�DGYHUWLVLQJ�
WH[W� FDUULHV� D� SRVLWLYH� PHDQLQJ�� 7KH� SURGXFW� LV� FRUUHODWHG� WR� WKH� SHUVRQ� E\� WKH�
IXQFWLRQV�����IXQFWLRQ�RI�KHOSHU�����IXQFWLRQ�RI�SURWHFWRU�RI�SHUVRQ¶V�DSSHDUDQFH��VXFK�
WHUPV�DV�³ILJKW��SURWHFWLRQ´�DUH�XVHG�LQ�WKH�ILUVW�SODFH��

���&RQVLGHU�WKH�UHDOL]DWLRQ�RI�KHOSHU�IXQFWLRQ��,Q�WKLV�DVSHFW��WKH�DFWLYH�XVH�
RI�YHUE�PHWDSKRUV�WKDW�UHSUHVHQW�FRQVWUXFWLRQV LV�FRPPRQ�LQ�WKH�DGYHUWLVLQJ��8VXDOO\�
WKHVH�DUH�WKH�VR]GDW
��VGHODW
�YHUEV��ZKLFK�UHTXLUH�GLVFORVXUHV��.HQ]R�SRXU�+RPPH��
PRUVNRM� GUHYHVQ\M� DURPDW�� VR]GDHW� L]� YRG\�� L]� HH� VLQHY\� DUKLWHNWXUQRH�
YRVSURL]YHGHQLH� SULURG\� �&RVPRSROLWDQ� ��������� <DUND\D� SRPDGD� /LSVWLFN� RP�
/XPHQH�VGHODHW�WYR\X�XO\ENX�REYRUR]KLWHO
QRM��D�SRFHOXM�± VODGNLP� �&RVPRSROLWDQ�
��������� $ORQJ� ZLWK� VR]GDW
�� VGHODW
 OH[HPHV�� WKH� SUHYUDWLW
�� UDERWDW
 YHUEV� DUH�
HQFRXQWHUHG�� ZKLFK� DUH� H[SDQGHG� WKURXJK� DGGLWLRQV� DQG� FLUFXPVWDQFHV�� /
2UHD���
%OHVN�GO\D�JXE��3UHYUDWLWH�YDVKL�JXE\�Y�]HUNDOR� �&RVPRSROLWDQ����������7KH�YHUE�
SUHYUDWLWH LV�XVHG�ZLWK�WKH�³FUHDWH�D�GLIIHUHQW�YLHZ��WUDQVIRUP�LQWR�VPWK��GLIIHUHQW´�
FRQWH[W� DQG� UHFHLYHV� D� PHWDSKRULFDO� PHDQLQJ� WKDQNV� WR� WKH� XVH� RI� OH[LFRQ� ZLWK�
XQXVXDO�VHPDQWLFV�

$GYHUWLVLQJ�TXLWH�RIWHQ�XWLOL]HV�WKH�GDULW
 YHUE�ZLWK�XQXVXDO�FRPELQDWLRQV��
3D\RW��/RV
RQ�GO\D�WHOD��1DVWR\DVKFKLM�LVWRFKQLN�HQHUJLL��OHJND\D�QH]KLUQD\D�IRUPXOD�
E\VWUR� YSLW\YDHWV\D�� HIIHNWLYQR� XYOD]KQ\DHW� L� GDULW NR]KH� XSUXJRVW
� L� ]KL]QHQQX\X�
VLOX���&RVPRSROLWDQ����������&DULWD��/RV
RQ�GO\D�WHOD��'DULW�NR]KH�VKHONRYLVWRVW
�L�
\DUNLH�VYH]KLH�NUDVNL���&RVPRSROLWDQ���������

,W� LV� LPSRUWDQW� WR� QRWH� WKDW� WKH� SURGXFW�± KHOSHU DVVRFLDWLRQ� LV� DOVR� RIWHQ�
H[SUHVVHG�ZLWK� WKH� XVH�RI� VXFK� OH[HPHV� DV�G\VKDW
�� SLWDW
�� ]DERWLW
V\D HWF���*26+��
OHJNLM� WRQDO
Q\M� NUHP��2EODGDHW� SUHYRVNKRGQ\PL�PDVNLUX\XVKFKLPL� L� ]DVKFKLWQ\PL�
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VYRMVWYDPL�� VR]GDHW� RVKFKXVKFKHQLH� NRPIRUWD� L� SR]YRO\DHW� NR]KH� ©G\VKDW
ª� �5LYH�
*DXFKH����������/DQF{PH� 6UHGVWYD�SR�XKRGX�]D�NR]KHM��(WL�Y\VRNRWHNKQRORJLFKQ\H�
VUHGVWYD�SLWD\XW�YDVKX�NR]KX�EODJRWYRUQRM�YODJRM���&RVPRSROLWDQ���������

���&RQVLGHU�WKH�UHDOL]DWLRQ�RI�SURWHFWRU�IXQFWLRQ��ZKLFK�LV�DOVR�UHSUHVHQWHG�
E\� VHULHV� RI� YHUEV� �]DVKFKLVKFKDW
�� Y\VYRER]KGDW
�� SUHGRKUDQ\DW
�� ERURW
V\D HWF����
)RUPXOD� V� HIIHNWLYQ\P�89�ILO
WURP� VKLURNRJR� VSHNWUD� GHMVWYL\D� SRNU\YDHW� YRORV\� L�
LQWHQVLYQR�]DVKFKLVKFKDHW� LK�RW� UD]UXVKD\XVKFKHJR�YOL\DQL\D�VROQHFKQ\K� OXFKHM��
YHWUD�� KORULURYDQQRM� YRG\� �&RVPRSROLWDQ� ��������� ,Q�PDQ\�PLFURWH[WV�� WKH� YHUE�
]DVKFKLVKFKDW
 LPSOHPHQWV�³RW�FKHJR´�YDOHQF\��,Q�WKH�GLVFXUVLYH�VSDFH�RI�FRVPHWLFV�
DQG�SHUIXPHU\�DGYHUWLVLQJ��WKH�ERURW
V\D YHUE�LV�TXLWH�FRPPRQ��/
ɈUɟɚO� .UHP�GO\D�
OLFD�� �� NUHP� ERUHWV\D V� ��� SUL]QDNDPL� VWDUHQL\D�� �&RVPRSROLWDQ� ��������� 7KH�
PLFURWH[W�� LQ�ZKLFK� WKH�SKUDVHRORJLFDO�XQLW�EURVDW
� Y\]RY LV�XVHG� LQ� WKH�FRQWH[W�RI�
³UHVLVW�� ILJKW´�� *XHUODLQ�� %HVFHQQRH� XYOD]KQ\D\XVKFKHH� VUHGVWYR� EURVDHW� Y\]RY�
YUHPHQL���&RVPRSROLWDQ���������

7KH�SURWHFWRU�IXQFWLRQ�LV�DOVR�LQYRNHG�E\�WKH�VXEMHFW�± VXEMHFW WUDQVSRVLWLRQ��
7KLV�W\SH�LV�UHSUHVHQWHG�E\�VXFK�OH[HPHV�DV�RUX]KLH��VKFKLW��)OHXU��SRPDGD��$WODVQRH�
VL\DQLH��PDVOR�ROLY\����WYRM�REUD]�± WYRH�RUX]KLH� 3RVWDY
�VYRM�DNFHQW���&RVPRSROLWDQ�
���������.UHP�GO\D� OLFD�6WRS�DJH��ȿVOL�PRUVKFKLQ\�QDVWXSD\XW�� LGHDO
QRH�RUX]KLH
SURWLY�QLK�� 6WRS�DJH� �*ODPRXU����������2ULIODPH��7RQDO
Q\M�NUHP��7RQ�± HWR�VYRHJR�
URGD� VKFKLW�� NRWRU\M� VSRVREHQ� XEHUHFK
 NR]KX� RW� QHEODJRSUL\DWQRJR� YOL\DQL\D�
RNUX]KD\XVKFKHM�VUHG\� �*ODPRXU����������7KH�RUX]KLH DQG VKFKLW� OH[HPHV� LQ� WKH�
FRQVLGHUHG�H[DPSOHV�XQGHUOLQH�WKH�FUHDP¶V�DELOLW\�WR�SURWHFW�VNLQ�IURP�DJLQJ�RU�IURP�
DGYHUVH�HIIHFWV�

,,��&RVPHWLFV�DQG�SHUIXPHU\�DGYHUWLVLQJ�RIWHQ�XVHV� WKH� VXEMHFW�± SK\VLFDO�
ZRUOG WUDQVSRVLWLRQ�DQG�SUHVHQWV�WKH�³1DWXUH��6N\�SKHQRPHQD´�VHPDQWLF�JURXS�TXLWH�
FRORUIXOO\�E\�XVLQJ�VXFK�OH[HPHV�DV�FYHW\��PRUH��RD]LV��UDGXJD��VROQHFKQ\M�OXFK��HDFK�
RI�ZKLFK�LV�XVHG�ILJXUDWLYHO\��7XDOHWQD\D�YRGD�3RHPH�± HWR�FYHWRFKQD\D�RGD��EXNHW�
NRWRU\M� /DQF{PH� SRVY\DVKFKDHW� YVHP� ]KHQVKFKLQDP� �&RVPRSROLWDQ� ���������
0X]KVNRM� DQDORJ� %OXH� 0DULQH� SRXU� /XL�� 6YRLP� VYH]KLP� L� ]KLY\P� DURPDWRP�
QDSRPLQDHW� SRVWR\DQVWYR� L� VLOX� VLQHJR�� DURPDW� PRUVNRM� VWLKLL� L� SULNO\XFKHQLM�
QDVWR\DVKFKHJR� ]KLYRJR� PLUD� �&RVPRSROLWDQ� ��������� /
2UHDO�� ,QWHQVLYQ\M�
YRVVWDQDYOLYD\XVKFKLM�NUHP��6SDVLWHO
Q\M�RD]LV��YGYRMQH�HIIHNWLYQD\D�SRPRVKFK
�GO\D�
YDVKHM� NR]KL� �&RVPRSROLWDQ� ���������� ZKHUH� PHWDSKRU� LV� XQGHUO\LQJ� SURGXFW¶V�
DELOLW\�WR�LQVWDQWO\�UHVWRUH�VNLQ�FRQGLWLRQ��6DOO\�+DQVHQ��/DN�GO\D�QRJWHM��5DGXJD�Y�
ND]KGRP�IODNRQH� �&RVPRSROLWDQ����������7HQL�2PEUH�(VVHQWLHOOH�ʋ���RW�&KDQHO��
VROQHFKQ\H�OXFKLNL�QD�WYRLK�YHNDK� �&RVPRSROLWDQ���������

,Q�FRVPHWLFV�DQG�SHUIXPHU\�DGYHUWLVLQJ��DGGUHVVHU�RIWHQ�XVHV� OH[LFRQ� WKDW�
QDPHV� QDWXUDO� SKHQRPHQD� �IORUD�� ZHDWKHU� DQG� FHOHVWLDO� SKHQRPHQD��� UHDOL]LQJ� D�
PRGHUQ�SHUVRQ¶V�YDOXHV��KLV�DVSLUDWLRQ� WR�EH�FORVH� WR�QDWXUDO�DQG�SXUH� WKLQJV��$QG�
LQIOXHQFLQJ�WKRVH�YDOXHV�SURYLGHV�LQILQLWH�SRVVLELOLWLHV�IRU�KXPDQ�H[SRVXUH�

,,,�� &RVPHWLFV� DQG� SHUIXPHU\� DGYHUWLVLQJ� OHVV� RIWHQ� XVH� WKH� VXEMHFW� ±
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DEVWUDFWLRQ WUDQVSRVLWLRQ��6DOO\�+DQVHQ�� /DN�GO\D�QRJWHM��=YH]GQ\M� RSDO�± VL\DQLH�
EODJRURGQ\K� NDPQHM QD� YDVKLK� QRJW\DK� �&RVPRSROLWDQ� ���������� ZKHUH� WKH�
FRPSDULVRQ� WR� WKH� VWRQH� VKLQLQJ� XQGHUOLQHV� SURGXFW¶V� VKLQH�� &KRFRODWH� *UHHG\� �
LJULY\M� DURPDW�NDSUL]�� ERE\� WRQND�� DSHO
VLQ�� YDQLO
� L� VXVKHQ\H� IUXNW\� �5LY� *RVK�
���������� ZKHUH� WKH� DURPD
V� FKRLFH� LV� DFFHQWHG� �WKLV� NDSUL] LV� RQO\� IRU� WKH� HOLWH�
FRQVXPHUV���'.1<��7XDOHWQD\D�YRGD�5HG�'HOLFLRXV��1RY\M�VREOD]Q��YRSORVKFKHQQ\M�
Y� DURPDWH�� 'O\D� ]KHQVKFKLQ��'O\D�PX]KFKLQ� �&RVPRSROLWDQ� ���������� ZKHUH� WKH�
³GHVLUH´�RI�VXFK�DURPD�DQG�LWV�DWWUDFWLRQ�DUH�QRWHG��%OHVN�GO\D�JXE�'LRUNLVV�RW�'LRU�±
SRFHOXM� XKRG\DVKFKHJR� OHWD� �&RVPRSROLWDQ� ���������� ZKHUH� SRFHOXM� DV� DQ�
H[SUHVVLRQ� RI� JUHHWLQJ�� ORYH� DQG� FDUHVV� LV� DVVRFLDWHG�ZLWK� WKH� VPHOO� RI� VXPPHU� ±
VPHOOV�RI IUXLWV��IORZHUV�DQG�EHUULHV��7XDOHWQD\D�YRGD�$TXDOLFD��1HYHUR\DWQR�VYH]KLM�
DURPDW�WXDOHWQRM�YRG\�VR]GDQ�VSHFLDO
QR�GO\D�WRJR��FKWRE\�Y\�VPRJOL�SRFKXYVWYRYDW
�
G\KDQLH� VDPRM� PHFKW\� �6LELUVNRH� ]GRURY
H� ����� ������ 'LRU�� 7RQDO
Q\M� NUHP��
8GRYRO
VWYLH� YR]GXVKQRJR� SULNRVQRYHQL\D�� 9ROVKHEVWYR OHJNRJR�� LGHDO
QRJR� L�
PJQRYHQQRJR�PDNL\D]KD��6YH]KLM��PDWRY\M�L�VYHW\DVKFKLMV\D�FYHW�OLFD���&RVPRSROLWDQ�
��������

,W�LV�LQWHUHVWLQJ�WR�QRWH�KRZ�HYHQ�PRGHUQ�VSRUWV�PHWDSKRUV�FDQ�EH�XVHG�LQ�
WKH� FRVPHWLFV� DQG� SHUIXPHU\� DGYHUWLVLQJ�� 7XVK
� 0DJQD6FRSLF� ± QDVWR\DVKFKD\D�
)RUPXOD�� GO\D�SRWU\DVD\XVKFKLK�UHVQLF� �&RVPRSROLWDQ���������

���6XPPDU\

0HWDSKRU�HYROYHV�LQ�WKH�EDVH�RI�GLIIHUHQW�SDUWV�RI�VSHHFK��SHUVRQDO��YHUEDO��
DGMHFWLYDO� �PHWDSKRULFDO� HSLWKHW��� ,Q� WKH� FRVPHWLFV� DQG� SHUIXPHU\ DGYHUWLVLQJ�� WKH�
PHWDSKRUL]DWLRQ� LV� XVXDOO\� GRQH� YLD� YHUEDO� FRPSRQHQWV�� ZKLFK� LQFUHDVH� WKH�
DGYHUWLVHPHQW¶V�HIILFLHQF\��,W�LV�RQO\�QDWXUDO��VLQFH�YHUE��ZKLFK�GHQRWHV�DFWLRQ��FDUULHV�
D� KLGGHQ� G\QDPLF� RU�PRYHPHQW� DQG� LW� KDV� D�PXFK� VWURQJHU� LQIOXHQFH� SRZHU� WKDQ�
SHUVRQDO�SDUWV�RI�VSHHFK��,Q�WKLV�DUWLFOH��SURPRWLRQDO�DQG�HPRWLRQDO�YHUEV�DQG�YHUEV�
RI�FUHDWLRQ�DUH�FRPPRQ��XQOLNH�YHUEV�RI�GHFRQVWUXFWLRQ��7KLV�LV�GXH�WR�WKH�IDFW�WKDW�
WKH� ³JRRG�EDG´� RSSRVLWLRQ� LV� DEVHQW� EHFDXVH� DGYHUWLVLQJ� LV� LQWHUHVWHG� LQ� WKH� PRVW�
SRVLWLYH�HYDOXDWLRQ�SRVVLEOH��TXLWH�RIWHQ�FRQVFLRXVO\�RYHUHVWLPDWLQJ�LW�

,W�LV�FRPPRQ�IRU�DGYHUWLVLQJ�WR�XVH�VXFK�PHWDSKRU�WUDQVSRVLWLRQV�DV�VXEMHFW�
± SHUVRQ�� VXEMHFW� ± SK\VLFDO� ZRUOG�� VXEMHFW� ± DEVWUDFWLRQ�� WKH� VXEMHFW� ± VXEMHFW
WUDQVORFDWLRQ��KRZHYHU��LV�XVHG�QRW�DV�RIWHQ��0HDQZKLOH��DW�WKH�RQH�KDQG��WKH�LPDJHV�
RI� SURGXFW�SURWHFWRU� DQG� SURGXFW�KHOSHU� DUH� ZLGHO\� UHSUHVHQWHG�� DQG� RQ� WKH� RWKHU�
KDQG�� WKH� TXDOLW\� RI� WKH� SURGXFW� LV� XQGHUOLQHG� E\� WKH� XVH� RI� PHWDSKRULFDO�
UDSSURDFKPHQWV�ZLWK�QDWXUH��SUHFLRXV�VWRQHV DQG�DEVWUDFW�QRXQV�LQ�ZKLFK�WKH�JHQGHU�
IRFXV�RI�PHWDSKRUL]DWLRQ�SKHQRPHQD�LV�VHHQ� $XWKRU��UHDOL]LQJ�WKH�PRGHUQ�SHUVRQ¶V�
ZRUOG�RI�YDOXHV��TXLWH�RIWHQ�FRQFHSWXDOL]HV�WKH�QDWXUDO�SKHQRPHQD�LQ�WKH�FRVPHWLFV�
DQG�SHUIXPH�DGYHUWLVLQJ�

,PDJHU\��DV�DQ�DGYHUWLVLQJ WH[W¶V�FDWHJRU\�RI�IHDWXUH��LV�UHSUHVHQWHG�LQ�LW�ZLWK�
FRPSOH[LW\� DQG� LV� GLIIHUHQWLDWHV� E\� D� QXPEHU� RI� SDUDPHWHUV�� RXW� RI� ZKLFK� WKH�
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TXDOLILFDWLRQ�RI�DGGUHVVHH��SRWHQWLDO�FRQVXPHU�RU�FXVWRPHU�RI�WKH�DGYHUWLVHG�SURGXFW�
LV� WKH�PRVW� LPSRUWDQW�RQH��(PSKDVLV� LV�SODFHG�QRW�RQO\�RQ� WKH�YDOXH�RI�DGYHUWLVHG�
SURGXFW��EXW�DOVR�RQ�ZD\V�WKH�SURGXFW�FDQ�FKDQJH�SHUVRQ¶V�HPRWLRQDO��SK\VLFDO�DQG�
PRUDO�DQG�SV\FKRORJLF�FRQGLWLRQV�

���&RQFOXVLRQV

:KLOH� VWXG\LQJ�PHWDSKRUL]DWLRQ� RI� DGYHUWLVLQJ� GLVFRXUVH�� OHW� XV� QRWH� WKDW�
PHWDSKRU� LQ� WKH� DGYHUWLVLQJ� WH[W� LV� RULHQWHG� QRW� RQ� WKH� SURGXFW� LWVHOI�� EXW� WR� WKH�
SURGXFW¶V�UHODWLRQ�WR�WKH�WKLQJV�QRW�HYHQ�UHPRWHO\�UHODWHG�WR�WKH�FRUH�RI�WKLV�SURGXFW��
EXW� ZKLFK� DUH� FKRVHQ� E\� WKH� PHVVDJH¶V� LQWHQW�� 'XH� WR� WKLV�� PHWDSKRU� FDUULHV� D�
P\WKRORJLFDO�DQG�UKHWRULFDO�WRQH�

0HWDSKRULFV�RI�DGYHUWLVLQJ�GLVFRXUVH�GLIIHUV�IURP�RWKHUV�E\�LWV�IRFXV�QRW�RQ�
D�SURGXFW��DQ�H[WUDOLQJXLVWLF�REMHFW��EXW�LWV�LPDJH�DQG�LWV�TXDOLWLHV�ZKLFK�DUH�LPSRUWDQW�
IURP�SUDJPDWLF�SRLQW�RI�YLHZ�DQG�DUH�KLJKOLJKWHG�E\�WKH�FRPPXQLFDWRU��0HDQZKLOH��
WKH� DVVRFLDWLYH� DQG� PHWDSKRULFDO� UDSSURDFKPHQWV� FDQ� LQFOXGH� HOHPHQWV� RI�
VXGGHQQHVV��FRPSDUDELOLW\�RI�LQFRPSDUDEOH�HWF�

$FNQRZOHGJHPHQWV

7KH�UHVHDUFK�LV�SHUIRUPHG�DFFRUGLQJ�WR�WKH�5XVVLDQ�*RYHUQPHQW�3URJUDP�RI�
&RPSHWLWLYH�*URZWK�RI�.D]DQ )HGHUDO�8QLYHUVLW\�

5HIHUHQFHV

)DWWDNKRYD��1���.XONRYD��0���	�)DL]XOOLQD��1����������3URKLELWLRQ�DV�V\VWHP�PDNLQJ�
VHPDQWLF�LQ�IRON�RPHQV��6*(0��%.��� $QWKUSRORJ\��$UFKDHRORJ\��+LVWRU\�	�
3KLORVRSK\�&RQIHUHQFH�3URFHHGLQJV��������±���

*DN��9��*�� ��������0HWDIRUD��8QLYHUVDO
QRH�,�VSHFLILFKHVNRH��0HWDIRUD�Y�\D]\NH�,�
WHNVWH� �0HWDSKRU�� 8QLYHUVDO� DQG� VSHFLILF�� 0HWDSKRU� LQ� ODQJXDJH� DQG� WH[W���
0RVFRZ�

.RVWRPDURY�� 9�� *�� �������� <D]\NRYRM� YNXV� HSRKL�� ,]� QDEO\XGHQLM� QDG� UHFKHYRM�
SUDNWLNRM� PDVV�PHGLD� �/LQJXLVWLF� WDVWH� RI� WKH� HUD�� 2EVHUYDWLRQV� RI� VSHHFK�
SUDFWLFH�RI�PDVV�PHGLD���0RVFRZ�

.R]KHYQLNRY�� 9�� 0��� 	� 1LNRODHY�� 3�� $�� �������� /LWHUDWXUQ\M� HQFLNORSHGLFKHVNLM�
VORYDU
��/LWHUDU\�HQF\FORSHGLF�GLFWLRQDU\���0RVFRZ�

6DILQ�� ,��.���.RORVRYD��(�� ,���	�%\FKNRYD��7��$�� ��������5HSUHVHQWDWLRQ�RI�JHQGHU�
FRQFHSWV�LQ�WKH�5XVVLDQ�DQG�3ROLVK�ODQJXDJHV��6RFLDO�6FLHQFHV��3DNLVWDQ����������
���±���

6KDLNKXWGLQRYD��5��,���/XNR\DQRYD��<X��.���	�,UJDVKHYD��7��*����������6SHFLILFV�RI�
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OH[HPH�KRXU�XVH�LQ�1��<D]\NRY
V�SRHWLF�ODQJXDJH��0RGHUQ�-RXUQDO�RI�/DQJXDJH�
7HDFKLQJ�0HWKRGV������������±���

6NO\DUHYVND\D��*��1����������0HWDIRUD�Y�VLVWHPH�\D]\ND��0HWDSKRU�LQ�WKH�ODQJXDJH�
V\VWHP���6DLQW�3HWHUVEXUJ�

8FKHQRYD�� 9�9��� 	� 6WDU\K�� 1�9�� �������� ,VWRUL\D� 5HNODP\� �7KH� KLVWRU\� RI�
DGYHUWLVLQJ���6DLQW�3HWHUVEXUJ�

:LHU]ELFND��$�� ��������8QGHUVWDQGLQJ� FXOWXUHV� WKURXJK� WKHLU� NH\�ZRUGV� �(QJOLVK��
5XVVLDQ��3ROLVK��*HUPDQ�DQG�-DSDQHVH�� 2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV�

<XVXSRYD�� =��� 5DNKLPRYD�� '��� 	� )HGRURYD�� 1�� �������� 6HPDQWLF�� JUDPPDU� DQG�
IXQFWLRQDO�IHDWXUHV�RI�SHUVRQDO�SURQRXQV�LQ�5XVVLDQ�DQG�7DWDU�ODQJXDJHV��6JHP�
������%N����3V\FKRORJ\�DQG�3V\FKLDWU\��6RFLRORJ\�DQG�+HDOWKFDUH��(GXFDWLRQ�
&RQIHUHQFH�3URFHHGLQJV���� ���±����

1RYLNRYD��,��1���3RSRYD��/��*���6KDWLORYD��/��0���%LU\XNRYD��(��9���*XVHYD��$��(���	�
.KXNKXQL��*��7����������/H[LFDO�DQG�VHPDQWLF�UHSUHVHQWDWLRQ�RI�WKH�OLQJXLVWLF�
DQG� FXOWXUDO� FRQFHSW� ³5HVW´� LQ� WKH�(QJOLVK��*HUPDQ�� DQG�5XVVLDQ� ODQJXDJHV��
2SFLyQ���� ����������������


