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VWUXNWXUD��3HWQLaNH�VYHVNH�������9DOMHYRSULQW��9DOMHYR���9L]XHOQL�VNORSRYL�VX�SUR�
FHQMLYDQL�QD�VNDODPD�IL]LaNLK�NDUDNWHULVWLND�L�NRQRWDWLYQRJ�GLIHUHQFLMDOD��3RUHG
WRJD��JUXSL�LVSLWDQLND�MH�GDW�]DGDWDN�GD�VYDNRP�YL]XHOQRP�VNORSX�GRGHOL�QD]LY
±NUEX]±�LOL�±YRYXOD±��SUHPD�WRPH�NRML�RG�WD�GYD�QD]LYD��SR�QMLKRYRP�PL^OMHQMX��X
YH`RM� PHUL� RGJRYDUD� RGUH_HQRP� VWLPXOXVX�� 5H]XOWDWL� SRND]XMX� GD� SRVWRML
SRYH]DQRVW�L]PH_X�RGUH_HQLK�IL]LaNLK�RVRELQD�L�GLPHQ]LMD�NRQRWDWLYQRJ�GLIHUHQFL�
MDOD��DOL�L�GD�QH�SRVWRML�SRYH]DQRVW�L]PH_X�SURFHQD�VWLPXOXVD�QD�GLPHQ]LMDPD
NRQRWDWLYQRJ�GLIHUHQFLMDOD�L�NODVLILNDFLMH�VWLPXOXVD�X�MHGQX�RG�JUXSD�¬�±NUEX]±�L
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8YRG
3UYR�LVWUDCLYDQMH�QD�WHPX�±WDNHWD±�L�±PDOXPD±�YU^LR�MH�.HOHU��.xOHU�

�������,VSLWDQLFLPD�MH�SULND]DR�GYH�VOLNH��MHGQX�QD�NRMRM�MH�REOD�NULYD
OLQLMD�L�GUXJX�QD�NRMRM�MH�SUDYD�L]ORPOMHQD�OLQLMD��,VSLWDQLFL�VX�LPDOL�]D
]DGDWDN�GD�RGOXaH�NRMRM�YL^H�RGJRYDUD�SVHXGRQD]LY�±WDNHWD±��D�NRMRM
SVHXGRQD]LY�±PDOXPD±��±7DNHWD±�MH�XJODYQRP�SRYH]LYDQD�VD�SUDYRP��D
±PDOXPD±�VD�NULYRP�OLQLMRP�

-DQNRYL`�L�0DUNRYL`�VX�X�GDOMLP�LVWUDCLYDQMLPD�QD�RYX�WHPX��-DQN�
RYL`�L�0DUNRYL`�������XWYUGLOL�NRML�JODVRYL�VH�aH^`H�MDYOMDMX�X�SVHXGRQD]�
LYLPD�RGUH_HQLK�DSVWUDNWQLK�YL]XHOQLK�VNORSRYD��$XWRUL�VX�NRULVWLOL�VWLPXOXVH
VOLaQH�RQLP�NRML�VX�NRUL^`HQL�X�.HOHURYLP�LVWUDCLYDQMLPD��SUL�aHPX�MH�SRORYLQD
VWLPXOXVD�RGJRYRUDOD�±WDNHWDPD±�GRN�MH�GUXJD�SRORYLQD�RGJRYDUDOD�±PDOXPD�
PD±��8WYU_HQR�MH�GD�SRVWRML�]QDaDMQD�UD]OLND�L]PH_X�NODVD�±WDNHWD±�L�±PDOXPD±�
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X�VPLVOX�GD�VX�QD]LYL�NRML�VX�GRGHOMLYDQL�WDNHWDPD�ELWQR�GUXJDaLMHJ�IRQHP�
VNRJ� VNORSD� RG�QD]LYD� GRGHOMLYDQLK�PDOXPDPD�

,VWUDCLYDQMH�NRMH�VX�YU^LOL�'LQL`HYD�L�VDUDGQLFL��������]D�FLOM�MH�LPDOR
XWYU_LYDQMH�QDaLQD�QD�NRML�RGUH_HQL�IRQHPVNL�VNORS�XWLaH�QD�SURGXNRYDQMH
DSVWUDNWQRJ�YL]XHOQRJ�VNORSD��=D�SRWUHEH�RYRJ�LVWUDCLYDQMD��JHQHULVDQR�MH
QHNROLNR�SVHXGRQD]LYD�NRML�EL�SUHPD�IRQHPVNRP�VNORSX�SULSDGDOL�JUXSL
±WDNHWH±�L�±PDOXPH±��1D�RVQRYX�UH]XOWDWD�NRMH�VX�GRELOL�-DQNRYL`�L�0DUN�
RYL`��RYL�SVHXGRQD]LYL�VX�NRQVWUXLVDQL�SRPR`X�WDaQR�RGUH_HQLK�IRQHPD
NRMH�VX�UDVSRUH_HQH�SR�RGJRYDUDMX`LP�NRQVRQDQW�YRNDO�NRQVRQDQW�REUDV�
FLPD��5H]XOWDWL�VX�SRND]DOL�GD�QD]LYL�RGJRYDUDMX`LK�IRQROR^NLK�VNORSRYD
GRLVWD�XWLaX�QD�JHQHULVDQMH�DSVWUDNWQLK�YL]XHOQLK�VNORSRYD�NRML�VX�SR�VYR�
MLP�IL]LaNLP�RVRELQDPD�VOLaQL�LOL�WDNHWDPD�LOL�PDOXPDPD�

1DUHGQR�LVWUDCLYDQMH��3HGRYL`�HW�DO��������SRND]DOR�MH�GD�SRVWRML
SRYH]DQRVW�L]PH_X�IRQHPVNH�VWUXNWXUH�QD]LYD�DSVWUDNWQLK�YL]XHOQLK�VNORS�
RYD�L�QMLKRYLK�IL]LaNLK�RVRELQD�NRMH�VX�ELOH�VLVWHPDWVNL�YDULUDQH��RGQRVQR�
SRYH]DQRVW�L]PH_X�VYDNH�RG�IL]LaNLK�NDUDNWHULVWLND��REOLQD��VYHWOLQD��NRP�
SDNWQRVW��NRPSOHNVQRVW�L�SUDYLOQRVW��L�IRQHPVNRJ�VNORSD�QD]LYD�DS�
VWUDNWQRJ�YL]XHOQRJ�VNORSD��=D�SRWUHEH�RYRJ�LVWUDCLYDQMD�JHQHULVDQD�VX���
DSVWUDNWQD�YL]XHOQD�VNORSD�NRMD�SUHGVWDYOMDMX�VYH�PRJX`H�NRPELQDFLMH�GYD
SROD�SHW�IL]LaNLK�NDUDNWHULVWLND�SUD`HQLK�X�RYRP�LVWUDCLYDQMX��6�RE]LURP�GD
VX�WR�LVWH�IL]LaNH�NDUDNWHULVWLNH�NRMH�VH�SURXaDYDMX�X�RYRP�LVWUDCLYDQMX��RYL
VWLPXOXVL�VX�RSHW�NRUL^`HQL�

-HGDQ�RG�QDaLQD�GD�VH�REMDVQL�YH]D�IRQHPVNRJ�VNORSD�QD]LYD�L
RSDCHQLK�NDUDNWHULVWLND�YL]XHOQRJ�VNORSD�MHVWH�SUHNR�]QDaHQMD�NRMH�RQL
PRJX�GD�LPDMX�]D�LVSLWDQLNH��8�SVLKRORJLML�L�VHPDQWLFL�PRCHPR�UD]OLNRYDWL
NRQRWDWLYQR�L�GHQRWDWLYQR�]QDaHQMH��3RG�NRQRWDWLYQLP�]QDaHQMHP�VH�SR�
GUD]XPHYD�]QDaHQMH�VXEMHNWLYQRJ�NDUDNWHUD��NRMH�MH�L]YHGHQR��OLaQR�L�NRMH
SURLVWLaH�L]�VXEMHNWD��D�QLMH�NDUDNWHULVWLND�VDPRJ�REMHNWD��,VWUDCLYDQMH�NRMH
MH�VSURYHR�-DQNRYL`��������LPDOR�MH�]D�FLOM�GD�NRQVWUXL^H�LQVWUXPHQW�]D
RGUH_LYDQMH�NRQRWDWLYQRJ�]QDaHQMD�UHaL��8�QHNROLNR�ID]D�LVWUDCLYDQMD�
SULNXSOMHQ�MH�YHOLNL�EURM�SULGHYD��X�YLGX�VNDOD�VD�GYD�RSR]LWQD�SROD��NRML
VX�SR�PL^OMHQMX�LVSLWDQLND�RSLVLYDOL�NRQRWDWLYQD�]QDaHQMD��3RWRP�MH�WDM�EURM
UHGXNRYDQ�L]EDFLYDQMHP�WHKQLaNL�QHRGJRYDUDMX`LK�L�VLQRQLPQLK�SULGHYD�
)DNWRUVNRP�DQDOL]RP�SURFHQD�UHaL�QD�SULGHYLPD�GRELMHQD�VX�WUL�IDNWRUD�
HPRWLYQR�HYDOXDWLYQL��NRJQLWLYQL�L�PRWLYDFLRQL��NRQDWLYQL���1DM]DG��EURM
SULGHYD��VNDOD��MH�VPDQMHQ�QD�����RGDNOH�VH�PRJX�ELUDWL�RGJRYDUDMX`H�VNDOH
�XJODYQRP����VNDOD��SR���]D�VYDNL�IDNWRU��X�]DYLVQRVWL�RG�SRMPRYD�NRML�VH
SURFHQMXMX�NRQRWDWLYQLP�GLIHUHQFLMDORP��2YDM�LQVWUXPHQW�MH�QD]YDQ�&'����

5DQLMH�SRPHQXWD�LVWUDCLYDQMD�VX�VH�EDYLOD�SRYH]DQR^`X�L]PH_X
IL]LaNLK�NDUDNWHULVWLND�DSVWUDNWQLK�YL]XHOQLK�VNORSRYD�L�IRQHPVNRJ�VNORSD
QD]LYD�NRML�VH�VD�QMLPD�DVRFLUD��3LWDQMH�NRMH�VH�SRVWDYOMD�X�RYRP�LV�
WUDCLYDQMX�MH�GD�OL�SRVWRML�SRYH]DQRVW�L]PH_X�IL]LaNLK�RVRELQD�QHNRJ�RE�
MHNWD�L�WRJD�QD�NRML�QDaLQ�`HPR�GRCLYHWL�WDM�REMHNDW��NDR�L�GD�OL�SRVWRMH
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NRQRWDWLYQD�]QDaHQMD�NDUDNWHULVWLaQD�]D�JUXSX�±WDNHWD±�L�JUXSX�±PDOXPD±�L
NRMD�VX�WR�]QDaHQMD�

&LOM��8WYUGLWL�GD�OL�SRVWRML�SRYH]DQRVW�L]PH_X�IL]LaNLK�RVRELQD�DS�
VWUDNWQRJ�YL]XHOQRJ�VNORSD�L�GLPHQ]LMD�NRQRWDWLYQRJ�]QDaHQMD�NRMH�PX�VH
SULSLVXMH��NDR�L�XWYUGLWL�SRYH]DQRVWL�L]PH_X�GLPHQ]LMD�NRQRWDWLYQRJ
]QDaHQMD�NRML�VH�SULSLVXMX�WRP�DSVWUDNWQRP�YL]XHOQRP�VNORSX�L�NODVLIL�
NDFLMH�DSVWUDNQRJ�YL]XHOQRJ�VNORSD�X�JUXSX�±WDNHWD±�LOL�±PDOXPD±��'DNOH�
RYR�LVWUDCLYDQMH�LPD�]D�FLOM�GDOMX�HNVSORDUDFLMX�IHQRPHQD�±WDNHWD�PDOXPD±�

0HWRG
1DFUW�L�YDULMDEOH��.RUL^`HQ�MH�NRUHODFLRQL�QDFUW�VD�VOHGH`LP�YDULMDE�

ODPD��
¬ SHW�QXPHULaNLK�YDULMDEOL��SURFHQH�IL]LaNLK�NDUDNWHULVWLND��REORVW�

VYHWOLQD��NRPSDNWQRVW��NRPSOHNVQRVW�L�SUDYLOQRVW�
¬ MHGQD�NDWHJRULaND�YDULMDEOD�VD�GYD�QLYRD��NUEX]�L�YRYXOD���QD]LY

GRGHOMHQ�VYDNRP�VWLPXOXVX
¬ WUL�QXPHULaNH�YDULMDEOH��SURFHQH�VOLND�QD�HPRWLYQRP��NRJQLWLYQRP

L�PRWLYDFLRQR�HYDOXDWLYQRP�IDNWRUX�NRQRWDWLYQRJ�GLIHUHQFLMDOD��
6XEMHNWL��8]RUDN�MH�ELR�SULJRGDQ�L�aLQLOR�JD�MH����XaHQLND�VUHGQMH

PHGLFLQVNH�̂ NROH�®���DSULO¯�L]�1RYRJ�6DGD��X]UDVWD�L]PH_X����L����JRGLQD�
,QVWUXPHQWL��8�LVWUDCLYDQMX�MH�NRUL^`HQ�LQVWUXPHQW�&'����]D�SURFHQX

NRQRWDWLYQRJ�GLIHUHQFLMDOD�UHaL�NRML�VH�VDVWRML�L]�WUL�NRPSRQHQHWH��HPR�
WLYQR�HYDOXDWLYQH��NRJQLWLYQH�L�PRWLYDFLRQH��NRQDWLYQH���(PRWLYQR�HYDOXD�
WLYQD�NRPSRQHQWD�VH�VDVWRML�L]�VOHGH`LK�VNDOD��QHSULMDWQR�SULMDWQR�
RGERMQR�SULYODaQR��PUVNR�GUDJR��UXCQR�OHSR�L�OR^H�GREUR��.RJQLWLYQD�NRP�
SRQHQWD�VH�VDVWRML�L]�VNDOD��EHVPLVOHQR�VPLVOHQR��NRQNUHWQR�DSVWUDNWQR�
QHORJLaQR�ORJLaQR��QHSR]QDWR�SR]QDWR�L�QHMDVQR�MDVQR��0RWLYDFLRQD�NRPSR�
QHQWD�VH�VDVWRML�L]�VNDOD��QHXSHaDWOMLYR�XSHaDWOMLYR��QHSRGVWLFDMQR�SRGVWLFDMQR�
GRVDGQR�]DQLPOMLYR��SDVLYQR�DNWLYQR�L�VODER�MDNR��8SLWQLN�IL]LaNLK�NDUDNWHULV�
WLND�VDVWRML�VH�RG�VNDOD�SURFHQH�VOHGH`LK�RVRELQD��R^WUR�REOR��WDPQR�VYHWOR�
QHNRPSDNWQR�NRPSDNWQR��SURVWR�VORCHQR�L�SUDYLOQR�QHSUDYLOQR�

6WLPXOXVL�����DSVWUDNWQD�YL]XHOQD�VNORSD�NRMD�VX�NRUL^`HQD�X�UDQLMHP
LVWUDCLYDQMX��3HGRYL`�HW�DO���������NRML�VX�VLVWHPDWVNL�YDULUDQL�WDNR�GD�]D
VYDNL�VWLPXOXV�SRVWRML�QMHPX�RGJRYDUDMX`L��D�NRML�VH�RG�VYRJ�SDUD�UD]OLNXMH
VDPR�SR�MHGQRM�RG�SHW�IL]LaNLK�NDUDNWHULVWLND��VOLND�����6DPLP�WLP�^WR�VX
DSVWUDNWQL��RYL�VNORSRYL�VX�XJODYQRP�QHSR]QDWL�YH`LQL�OMXGL��^WR�L]�LV�
WUDCLYDQMD�HOLPLQL^H�XWLFDM�SUHWKRGQRJ�LVNXVWYD�

3RVWXSDN��,VWUDCLYDQMH�MH�YU^HQR�X�WUL�ID]H��SUL�aHPX�MH�X�VYDNRM�ID]L
XaHVWYRYDOD�GUXJD�JUXSD�LVSLWDQLND��8�SUYRM�ID]L�MH�XaHVWYRYDOR����LVSL�
WDQLND�NRMLPD�VX�SRGHOMHQH����NDUWLFH�VD�SULND]DQLP�DSVWUDNWQLP�YL]XHOQLP
VNORSRYPD��=DGDWDN�LVSLWDQLND�ELR�MH�GD�QD�VHGPRVWHSHQLP�VNDODPD�SUR�
FHQH�IL]LaNLK�RVRELQD��RFHQH�]DGDWH�VWLPXOXVH��5HGRVOHG�NDUWLFD�MH�ELR
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6OLND���
6WLPXOXVL�NRUL^`HQL�XRYRP�LVWUDCLYDQMX

)LJXUH���
6WLPXOL�XVHG�LQ�WKLVUHVHDUFK
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6OLND����QDVWDYDN��
6WLPXOXVL�NRUL^`HQL�XRYRP�LVWUDCLYDQMX

)LJXUH����FRQWLQXHG�
6WLPXOL�XVHG�LQ�WKLVUHVHDUFK�
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QDVXPLaDQ�NDNR�EL�VH�L]EHJDR�PH_XVREQL�XWLFDM�VWLPXOXVD��8�GUXJRM�ID]L
LVWUDCLYDQMD��JUXSL�RG����LVSLWDQLND�VX�SRGHOMHQH�NDUWLFH��RYRJD�SXWD�VD�]D�
KWHYRP�GD� VH� VYDNRP� VWLPXOXVX� SULGUXCL� MHGQD� RG� GYH� SRQX_HQH
SVHXGRUHaL�¬�±YRYXOD±�L�±NUEX]±��2YD�GYD�SRMPD�VX�SUHX]HWD�L]�UDQLMHJ�LV�
WUDCLYDQMD��'LQL`�HW�DO����������JGH�MH�XWYU_HQR�GD�MH�SVHXGRUHa�±YRYXOD±
SUHGVWDYQLN�JUXSH�±PDOXPD±��D�SVHXGRUHa�±NUEX]±�SUHGVWDYQLN�±WDNHWD±��X
GDOMHP�WHNVWX�SRG�±YRYXORP±�`H�VH�SRGUD]XPHYDWL�±PDOXPD±��D�SRG
±NUEX]RP±�±WDNHWD±���8�WUH`RM�ID]L�LVWUDCLYDQMD�JUXSL�RG����LVSLWDQLND�GDWH
VX�NDUWLFH�NRUL^`HQH�X�SUHWKRGQLP�ID]DPD��V�WRP�UD]OLNRP�^WR�VH�RYDM�SXW
RG�LVSLWDQLND�WUDCLOR�GD�VYDNL�VWLPXOXV�RFHQL�QD�VYDNRP�IDNWRUX�NRQRWD�
WLYQRJ�GLIHUHQFLMDOD��-DQNRYL`��������QD�VNDOL�RG�¬��GR���

5H]XOWDWL
3RGDFL�GRELMHQL�QD�ELSRODUQLP�VNDODPD��RG�¬��GR����VX�WUDQVIRUPLVDQL

X�XQLSRODUQL�REOLN��RG���GR�����L�XSURVHaHQL�]D�VYDNL�VWLPXOXV��8�VWD�
WLVWLaNRM�DQDOL]L�SRGDWDND�NRUL^`HQD�MH�OLQHDUQD�NRUHODFLMD�]D�LVSLWLYDQMH
SRYH]DQRVWL�L]PH_X�IL]LaNLK�NDUDNWHULVWLND�VYDNRJ�DSVWUDNWQRJ�YL]XHOQRJ
VNORSD�L�RFHQD�QD�HPRWLYQR�HYDOXDWLYQRP��NRJQLWLYQRP�L�PRWLYDFLRQRP
IDNWRUX�NRQRWDWLYQRJ�GLIHUHQFLMDOD��

'LVWULEXFLMD�SVHXGRUHaL�GRELMHQD�X�GUXJRP�NRUDNX�LVWUDCLYDQMD�MH
REUD_HQD�WDNR�^WR�VX�XWYU_HQH�IUHNYHQFH�RED�QD]LYD��±NUEX]±�L�±YRYXOD±��]D
VYDNL�VWLPXOXV��D�SRWRP�MH�SRPR`X�KL�NYDGUDW�WHVWD�XWYU_HQR�GD�OL�VH�QHNR
LPH�VWDWLVWLaNL�aH^`H�YH]XMH�]D�RGUH_HQL�VWLPXOXV��1D�WDM�QDaLQ�MH�RGUH_HQR
GD�OL�QHNL�VWLPXOXV�SULSDGD�NODVL�±WDNHWD±�LOL�NODVL�±PDOXPD±��8WYU_LYDQMH
SRYH]DQRVWL�NRQRWDWLYQRJ�]QDaHQMD�L�NODVH�VWLPXOXVD��NDR�L�SRYH]DQRVWL
IL]LaNLK�RVRELQD�L�NODVH�VWLPXOXVD�MH�YU^HQR�SRPR`X�W�WHVWD�]D�QH]DYLVQH
X]RUNH�

'RELMHQL�UH]XOWDWL�SRND]XMX�GD�SRVWRMH�VWDWLVWLaNL�]QDaDMQH�NRUHODFLMH
L]PH_X�RVRELQH�VYHWOLQD�L�RFHQH�QD�HPRWLYQR�HYDOXDWLYQRP�IDNWRUX�NRQRWD�
WLYQRJ�GLIHUHQFLMDOD��U� ��������S� ���������RVRELQH�VORCHQRVW�VD�RFHQRP�PR�
WLYDFLRQRJ�IDNWRUD��U� ��������S� ���������L�RVRELQH�QHSUDYLOQRVW�VD�RFHQRP
NRJQLWLYQRJ��IDNWRUD�NRQRWDWLYQRJ�GLIHUHQFLMDOD��U� �¬��������S� ��������

7DNR_H�MH�GRELMHQR�GD�VH�]D�VWLPXOXVH�������������������������������
VWDWLVWLaNL�]QDaDMQLMH�YH]XMH�UHa�±YROXOD±��GRN�VH�]D�VWLPXOXVH���������������
�����������������������������������������������VWDWLVWLaNL�]QDaDMQLMH�YH]XMH
UHa�±NUEX]±��=D�VWLPXOXVH������������������������VH�QLMHGQD�RG�GYH
SVHXGRUHaL�QLMH�VWDWLVWLaNL�]QDaDMQLMH�YH]DOD��VWLPXOXVL�VD�RGJRYDUDMX`LP
EURMHYLPD�¬�WDEOD�7���

8SRUH_LYDQMH�NRPSRQHQWL�NRQRWDWLYQRJ�GLIHUHQFLMDOD�SR�NDWHJRULMDPD
±NUEX]±�L�±YRYXOD±�MH�SRND]DOR�GD�VH�RYH�GYH�NDWHJRULMH�VWLPXOXVD�VWDWLVWLaNL
]QDaDMQR�QH�UD]OLNXMX�QL�SR�MHGQRM�NRPSRQHQWL�NRQRWDWLYQRJ�GLIHUHQFLMDOD
�YLGHWL�WDEHOX����
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7DEHOD����3URVHaQH�RFHQH�NRQRWDWLYQRJ�GLIHUHQFLMDOD�SR�NDWHJRULMDPD±NUEX]±�L�±YRYXOD±�L�UH]XOWDWL�W�WHVWD
.RPSRQHQWD� .DWHJRULMD

9RYXOD�1 �� .UEX]�1 ��� =QDaDMQRVWUD]OLNH
(PRWLYQR�HYDOXDWLYQD�NRPSRQHQWD ������ ������ �����
.RJQLWLYQD�NRPSRQHQWD ������ ������ �����
0RWLYDFLRQD�NRPSRQHQWD ������ ������ �����

'LVNXVLMD
8WYU_HQD�SR]LWLYQD�NRUHODFLMD�L]PH_X�HPRWLYQR�HYDOXDWLYQH�NRPSR�

QHQWH�L�VYHWOLQH�VNORSD�X�VDJODVQRVWL�MH�VD�RS^WLP�VWDYRP�GD�MH�RQR�^WR�VH
RSDCD�NDR�VYHWOR��SRYH]DQR�VD�SR]LWLYQLP�HPRFLMDPD�WM��GD�X�YH`LQL
VOXaDMHYD�VYHWOLML�HQWLWHW�ELYD�SR]LWLYQR�RFHQMLYDQ��GRN�RQR�^WR�MH�WDPQR
aH^`H�ELYD�SRYH]DQR�VD�QHJDWLYQLP�RVH`DQMLPD�NRMD�VH�HQWLWHWX�SULSLVXMX
�QD�SULPHU��VWUDK�RG�PUDND�L�FUQLQD�NDR�L]UD]�CDORVWL��

3R]LWLYQD�NRUHODFLMD�RVRELQH�VORCHQRVW�L�PRWLYDFLRQRJ��NRQDWLYQRJ�
IDNWRUD�PRCH�VH�REMDVQLWL�WLPH�GD�ILJXUH�NRMH�VDGUCH�YL^H�NRPSRQHQDWD�OMX�
GLPD�GHOXMX�]DQLPOMLYLMH�L�GLQDPLaQLMH�RG�ILJXUD�NRMH�VX�PRQRWRQH��]ERJ
WRJD�^WR�VDGUCH�PDQMH�HOHPHQDWD�

.RJQLWLYQD�NRPSRQHQWD�QHJDWLYQR�NRUHOLUD�VD�RVRELQRP�QHSUDYLOQRVW
^WR�VH�PRCH�SURWXPDaLWL�QD�WDM�QDaLQ�GD�VX�OMXGLPD�GDOHNR�VPLVOHQLML�L�MDV�
QLML�REMHNWL�NRML�VX�SUDYLOQL��GRN�QHSUDYLOQH�REMHNWH�OMXGL�WXPDaH�NDR
QHORJLaQH��QHMDVQH��1DLPH��X�SUDYLOQLP�REMHNWLPD�ODN^H�MH�XRaLWL�REUD]DF
SR�NRP�MH�WDM�REMHNDW�JHQHULVDQ��WH�VDP�REMHNDW�SRVWDMH�ODN^H�VKYDWOMLY�
7DNR�QH^WR�VH�QH�PRCH�XRaLWL�NRG�QHSUDYLOQLK�REMHNDWD�WH�VX�YHURYDWQR
]DWR�RQL�WHCH�VKYDWOMLYL�

3RG�SUHWSRVWDYNRP�GD�NRQRWDWLYQD�]QDaHQMD�QLVX�NURV�NXOWXUDOQD��YH`
GD�VX�SRGORCQD�NXOWXUROR^NLP�XWLFDMLPD��ELWQR�MH�QDJODVLWL�GD�MH�L�LV�
WUDCLYDQMH�L�WXPDaHQMH�UH]XOWDWD�GRELMHQLK�QD�NRQRWDWLYQRP�GLIHUHQFLMDOX
YU^HQR�X�ORNDOQRP�NXOWXUQRP�NRQWHNVWX��WH�V�WRJD�VOLaQD�LVWUDCLYDQMD�NRQR�
WDWLYQRJ�]QDaHQMD�X�GUXJLP�NXOWXUQLP�SRGQHEOMLPD�PRCGD�QH`H�GRQHWL�LVWH
UH]XOWDWH��1D�UDQLMHP�SULPHUX�VD�FUQRP�RGH`RP�NDR�VLPERORP�CDORVWL�
WUHED�QDJODVLWL�GD�MH�RYDNDY�RELaDM�]DVWXSOMHQ�X�]DSDGQLP�]HPOMDPD��6D
GUXJH�VWUDQH��X�LVWRaQLP�]HPOMDPD��SUDNVD�MH�GD�VH�RCDOR^`HQL�REODaH�X
EHOR��-R^�MHGDQ�SULPHU�MH�GD�MH�X�.LQL�QHNDG�VPDWUDQR�GD�MH�FUQD�ERMD�VLP�
ERO�aLVWRWH�MHU�VH�QD�FUQRM�WNDQLQL�QH�YLGL�SUOMDY^WLQD��1DVXSURW�WRPH��YH`L
GHR�VYHWD�VPDWUD�EHOX�ERMX�VLPERORP�aLVWRWH�ED^�]DWR�^WR�VH�QD�EHORP�YLGL
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L�QDMPDQMD�WUXQND�QHaLVWR`H��$NR�SUHWSRVWDYLPR�GD�aLVWRWD�L]D]LYD�SULMDWQD
RVH`DQMD�NRG�OMXGL��YLGLPR�GD�PRCH�GD�GR_H�GR�NRQIOLNWD�WXPDaHQMD�X
UD]OLaLWLP�NXOWXUQLP�SRGQHEOMLPD�

2YDNDY�SDUDGRNV�MH�ODNR�REMD^QMLY�SRPR`X�XaHQMD�VWUXNWXUDOLVWLaNH
DQWURSROR^NH�^NROH�NRMX�MH�RVQRYDR�.ORG�/HYL�6WURV��2QD�SROD]L�RG�WRJD
GD�MH�aRYHNRYD�NXOWXUD�]DSUDYR�SURMHNWRYDQMH�VLWHPD�SULURGQLK�]DNRQLWRVWL
QD�OMXGVNH�GHODWQRVWL��/HDFK��������3ULOLNRP�SURMHNWRYDQMD�aRYHN�QXCQR
¤XSUR^`DYD¥�SULURGQH�SRMDYH�VYRGH`L�LK�QD�IRUPH�VDaLQMHQH�RG�SDURYD
RSR]LFLMD��1SU��FUYHQR�L�]HOHQR�VYHWOR�QD�VHPDIRUX��SURGXNW�aRYHNRYH�NXO�
WXUH��SUHX]HW�MH�NDR�SDU�RSR]LFLMD�L]�VSHNWUD�ERMD�X�NRPH�SRPHQXWH�GYH
ERMH�aLQH�PH_XVREQR�NRPSOHPHQWDUQL�SDU��SULURGQL�IHQRPHQ���aLQMHQLFD�GD
MH�FUYHQD�ERMD�RGDEUDQD�]D�VLJQDO�¤VWRS¥�VH�PRCH�SRYH]DWL�VD�DVRFLUDQMHP
SRMPD�RSDVQRVWL�VD�FUYHQRP�ERMRP�NUYL��2YDYD�DVRFLMDFLMD�MH�XRaHQD�MR^
QD�QDMUDQLMLP�VWXSQMHYLPD�X�ILORJHQHWVNRP�UD]YRMX�aRYHND��/HDFK�������
3UHPD�XaHQMX�VWUXNWXUDOLVWLaNH�DQWURSROR^NH�^NROH�SRYH]LYDQMH�RGUH_HQLK
SRMPRYD�VD�QHNLP�]QDaHQMLPD�MHVWH�NXOWXUROR^NL�XVORYOMHQR��DOL�VH�]DVQLYD
QD�XRaDYDQMX�VXSURWQRVWL�NRMH�MH�MH�XQLYHU]DOQR��6WRJD��DNR�EL�RYR�LV�
WUDCLYDQMH�ELOR�SRQRYOMHQR�NURV�NXOWXUDOQR��UD]OLNH�NRMH�EL�VH�MDYLOH�L]PH_X
NXOWXUD�VH�YHURYDWQR�QH�EL�RJOHGDOH�X�JXEOMHQMX�NRUHODFLMH�L]PH_X�NRQRWD�
WLYQRJ�]QDaHQMD�L�IL]LaNLK�RVRELQD��YH`�X�SURPHQL�QMHQRJ�]QDND��7DaQLMH�
DNR�VH�X�MHGQRM�NXOWXUL�SR]LWLYQH�HPRFLMH�SRYH]XMX�]D�VYHWOLMRP�VWLPXODFL�
MRP��D�X�GUXJRM�VD�WDPQLMRP��X�REH�NXOWXUH�SRVWRML�SRYH]DQRVW�HPRFLRQ�
DOQH�NRPSRQHQWH�NRQRWDWLYQRJ�]QDaHQMD�L�VYHWOLQH��VDPR�^WR�MH�X�SUYRM�WD
SRYH]DQRVW�SR]LWLYQD�D�X�GUXJRM�QHJDWLYQD��

3ULPHWQR�MH�WDNR_H�GD�VH�VWLPXOXVL�L]�NDWHJRULMD�±NUEX]±�L�±YRYXOD±
PH_XVREQR�VWDWLVWLaNL�]QDaDMQR�QH�UD]OLNXMX�SR�VNRURYLPD�QD�NRQRWDWLYQRP
GLIHUHQFLMDOX��7R�PRCH�ELWL�SRVOHGLFD�aLQMHQLFH�GD�MH�]D�UD]GYDMDQMH�DS�
VWUDNWQLK�YL]XHOQLK�VNORSRYD�X�RYH�GYH�NDWHJRULMH�]QDaDMQD�MHGLQR�RVRELQD
REORVW��^WR�MH�XWYU_HQR�W�WHVWRP��D�NRMD�QLMH�SRYH]DQD�VD�VNRURP�DS�
VWUDNWQLK�YL]XHOQLK�VNORSRYD�QD�NRQRWDWLYQRP�GLIHUHQFLMDOX��2VRELQH�NRMH
VX�VD�VNRURP�SRYH]DQH�SRND]DOH�VX�VH�X�SRWSXQRVWL�LUHOHYDQWQLP�]D�NDWH�
JRULVDQMH�DSVWUDNWQLK�YL]XHOQLK�VNORSRYD�QD�JUXSH�±NUEX]±�L�±YRYXOD±�

=DNOMXaDN
&LOM�RYRJ�LVWUDCLYDQMD�MH�ELR�GD�VH�XWYUGL�SULURGD�SRYH]DQRVWL�IL]LaNLK

NDUDNWHULVWLND�DSVWUDNWQLK�YL]XHOQLK�VNORSRYD�L�NRQRWDWLYQLK�]QDaHQMD�NRMD
VH�YH]XMX�]D�QMLK��8�SUHWKRGQLP�LVWUDCLYDQMLPD�MH�XWYU_HQR�GD�SRYH]DQRVW
L]PH_X�IL]LaNLK�NDUDNWHULVWLND�DSVWUDNWQLK�YL]XHOQLK�VNORSRYD�L�IRQROR^NLK
VWUXNWXUD��QMLKRYLK�QD]LYD�SRVWRML��5H]XOWDWL�SRND]XMX�GD�VD�WUL�NRPSRQHQWH
NRQRWDWLYQRJ�GLIHUHQFLMDOD�NRUHOLUD�SR�MHGQD�RG�IL]LaNLK�NDUDNWHULVWLND�
3R^WR�MH�VD�VYH�WUL�SRYH]DQD�MHGQD�NDUDNWHULVWLND�WR�]QDaL�GD�QHPD�LQWHUDN�
FLMH�X�XWLFDMX�IL]LaNLK�NDUDNWHULVWLND�QD�NRQRWDWLYQD�]QDaHQMD��YH`�GD�VH
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PRCH�XRaLWL�MDVQR�SUHVOLNDYDQMH�SRMHGLQDaQLK�IL]LaNLK�NDUDNWHULVWLND�QD�SR�
MHGLQDaQH�GLPHQ]LMH�NRQRWDWLYQRJ�]QDaHQMD��6XSURWQR�RaHNLYDQMLPD��NRG
NDWHJRULMD�±YRYXOD±�L�±NUEX]±�QLMH�GR^OR�GR�MDVQRJ�UD]GYDMDQMD�NRPSRQHQWL
NRQRWDWLYQRJ�GLIHUHQFLMDOD�]D�VYDNX�RG�NDWHJRULMD�

/LWHUDWXUD
'LQL`�%��1H^RYL`�=��=HaHYL`�$��0DMRU�$��*DML`�'��5RVNL`�-��?XUL`�%�5DGLYRMHYL`�%��������)HQRPHQ�WDNHWD�L�PDOXPD�¬�YL]XDOL]DFLMDSVHXGRUHaL��3HWQLaNH�VYHVNH����������
-DQNRYL`�'��������.RQRWDWLYQL�DVSHNW�]QDaHQMD��NRQVWUXNFLMD�NRQRWD�WLYQRJ�GLIHUHQFLMDOD��3VLKRORJLMD��;;;,,,�������������
-DQNRYL`�'��������.RQRWDWLYQL�DVSHNW�]QDaHQMD��XWYU_LYDQMH�ED]LaQLK�GL�PHQ]LMD�L�NRQVWUXNFLMD�NRQRWDWLYQRJ�GLIHUHQFLMDOD��'LSORPVNL�UDG��)LOR�]RIVNL�IDNXOWHW��8QLYHU]LWHW�X�%HRJUDGX
-DQNRYL`�'��L�0DUNRYL`�6��������3KRQHWLF�LFRQLF�FRQJXHQF\��7DNHWH�0DOXPD�3KHQRPHQRQ����UG�(XURSLDQ�&RQIHUHQFH�RQ�9LVXDO�3HUFHS�WLRQ��*URQLQJHQ��7KH�1HWKHUODQGV��3HUFHSWLRQ��VXSSOHPHQW��YRO�����(&93�������$EVWUDFW�����
-DQNRYL`�'��L�0DUNRYL`�6��������7DNHWH�0DOXPD�3KHQRPHQRQ����WK(XURSLDQ�&RQIHUHQFH�RQ�9LVXDO�3HUFHSWLRQ��.XVDGDVL��7XUNH\��3HUFHS�WLRQ��VXSSOHPHQW��YRO�����(&93�������$EVWUDFW������
.HOHU�:��������*HVWDOW�SV\FKRORJ\��1HZ�<RUN��1HZ�$PHULFDQ�/LEUDU\�
/HDFK�(��������&ODXGH�/oYL�6WUDXVV��1HZ�<RUN��7KH�9LNLQJ�3UHVV
3HGRYL`�,��5XMHYL`�*��6WR^L`�-��������3ULURGD�SRYH]DQRVWL�DSVWUDNWQLKYL]XHOQLK�VNORSRYD�L�QMLPD�GRGHOMHQLK�IRQROR^NLK�VWUXNWXUD��3HWQLaNHVYHVNH����������
�

,YDQD�3HGRYL`�DQG�*RUDQ�5XMHYL`
'HWHUPLQLQJ�WKH�5HODWLRQVKLS�%HWZHHQ�3K\VLFDO
&KDUDFWHULVWLFV�RI�$SVWUDFW�9LVXDO�&RQILJXUDWLRQV�DQG�7KHLU
&RQRWDWLYH�0HDQLQJV

0DQ\�GLIIHUHQW�DVSHFWV�RI�WKH�WDNHWH�PDOXPD�SKHQRPHQRQ�KDYH�EHHQ
VWXGLHG�H[WHQVLYHO\��7KLV�SDSHU�UHOLHV�RQ�WKH�WDNHWH�PDOXPD�SULQFLSOH�WR�GH�
WHUPLQH�LI�DQG�LQ�ZKDW�ZD\�WKH�SK\VLFDO�FKDUDFWHULVWLFV�RI�DQ�REMHFW�DUH
FRQQHFWHG�WR�WKH�DWWULEXWLRQ�RI�FRQRWDWLYH�PHDQLQJV�RI�WKDW�REMHFW��7R�WKDW
HQG�����YLVXDO�VWLPXOL�IURP�RXU�SUHYLRXV�UHVHDUFK��3HGRYL`�HW�DO�������
ZHUH�XVHG��7KHVH�VWLPXOL�ZHUH�V\VWHPDWLFDOO\�YDULHG�RYHU�ILYH�SK\VLFDO
FKDUDFWHULVWLFV��VKDUSQHVV��EULJKWQHVV��UHJXODULW\��FRPSDFWQHVV�DQG�FRP�
SOH[LW\��LQ�VXFK�D�ZD\�WKDW�HDFK�VWLPXOXV�ZDV�SDLUHG�ZLWK�DQRWKHU�VWLPXOXV
IURP�ZKLFK�LW�GLIIHUHG�E\�RQO\�RQH�RI�WKH�ILYH�FKDUDFWHULVWLFV��7KH�SDUWLFL�
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SDQWV�RI�WKH�H[SHULPHQW�ZHUH�GLYLGHG�LQWR�WKUHH�JURXSV��6XEMHFWV�IURP�WKH
ILUVW�JURXS�ZHUH�DVNHG�WR�HYDOXDWH�SK\VLFDO�FKDUDFWHULVWLFV�RI�DOO�WKH�VWLP�
XOL��6XEMHFWV�IURP�WKH�VHFRQG�JURXS�KDG�WR�DVVRFLDWH�VWLPXOL�ZLWK�RQH�RI
WKH�WZR�SVHXGR�ZRUGV��NUEX]��D�ZRUG�ZLWK�D�SKRQRORJLFDO�VWUXFWXUH�VLPLODU
WR�WDNHWH��DQG�YRYXOD��D�ZRUG�ZLWK�D�SKRQRORJLFDO�VWUXFWXUH�VLPLODU�WR
PDOXPD���7KH�WKLUG�JURXS�RI�VXEMHFWV�ZDV�DVNHG�WR�HYDOXDWH�WKH�FRQRWDWLYH
PHDQLQJV�RI�WKH�VWLPXOL�RQ�WKH�&'����VFDOH��7KH�LQVWUXPHQW�ZDV�FRQ�
VWUXFWHG�GXULQJ�HDUOLHU�UHVHDUFK�E\�-DQNRYLF��-DQNRYL`�������LQ�ZKLFK
WKRXVDQGV�RI�DGMHFWLYHV�ZHUH�HYDOXDWHG�LQ�RUGHU�WR�ILOWHU�RXW�WKRVH�WKDW�FDQ
EHVW�GHVFULEH�WKH�FRQRWDWLYH�PHDQLQJ�RI�D�ZRUG��7KLUW\�WZR�DGMHFWLYHV�ZHUH
H[WUDFWHG�DQG�JURXSHG�LQWR�WKUHH�IDFWRUV��HPRWLRQDO�HYDOXDWLYH��FRJQLWLYH
DQG�PRWLYDWLRQDO��FRQDWLYH���)RU�WKH�SXUSRVH�RI�WKLV�UHVHDUFK�����DGMHFWLYHV
�ILYH�IRU�HDFK�IDFWRU��ZHUH�FKRVHQ�DV�DGMHFWLYHV�WKDW�FDQ�EHVW�GHVFULEH�WKH
FRQRWDWLYH�PHDQLQJ�RI�LPDJHV��%RWK�WKH�HYDOXDWLRQV�RI�SK\VLFDO�FKDUDF�
WHULVWLFV�DQG�WKH�HYDOXDWLRQV�RI�WKH�FRQRWDWLYH�PHDQLQJ�ZHUH�DYHUDJHG�IRU
HDFK�VWLPXOXV��:KHQ�FRPSDUHG��WKHVH�DYHUDJH�HYDOXDWLRQV�VKRZ�WKDW�WKHUH
LV�D�VLJQLILFDQW�FRUUHODWLRQ�EHWZHHQ�WKH�IROORZLQJ��EULJKWQHVV�RI�DQ�REMHFW
LV�FRUUHODWHG�ZLWK�WKH�HPRWLRQDO�FRPSRQHQW�RI�WKH�FRQRWDWLYH�GLIIHUHQWLDO�
UHJXODULW\�LV�FRUUHODWHG�ZLWK�WKH�FRJQLWLYH�FRPSRQHQW�RI�WKH�FRQRWDWLYH�GLI�
IHUHQWLDO��FRPSOH[LW\�LV�FRUUHODWHG�ZLWK�WKH�PRWLYDWLRQDO��FRQDWLYH��FRPSR�
QHQW�RI�WKH�FRQRWDWLYH�GLIIHUHQWLDO��$�FRPSDULVRQ�RI�WKH�FRQRWDWLYH
GLIIHUHQWLDO�HYDOXDWLRQV�EHWZHHQ�WKH�NUEX]�DQG�YRYXOD�JURXSV�VKRZHG�WKDW
QHLWKHU�JURXS�KDG�D�SUHIIHUHG�FRQRWDWLYH�PHDQLQJ�DVVRFLDWHG�ZLWK�WKHP�
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