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,Q�WKLV�DUWLFOH�ZH�GHVFULEH�UHVXOWV�IURP�DQ�H[SHULPHQW�RI�XVHU�LQWHUDFWLRQ�ZLWK�DXWRQRPRXV�

KXPDQ�OLNH��KXPDQRLG��FRQYHUVDWLRQDO�DJHQWV��:H�K\SRWKHVL]H�WKDW�IRU�HPERGLHG�FRQYHUVDWLRQDO

DJHQWV��QRQYHUEDO�EHKDYLRUV�UHODWHG�WR�WKH�SURFHVV�RI�FRQYHUVDWLRQ��ZKDW�ZH�FDOO�HQYHORSH

IHHGEDFN��LV�PXFK�PRUH�LPSRUWDQW�WKDQ�RWKHU�IHHGEDFN��VXFK�DV�HPRWLRQDO�H[SUHVVLRQ��:H�WHVW

WKLV�K\SRWKHVLV�E\�KDYLQJ�VXEMHFWV�LQWHUDFW�ZLWK�WKUHH�DXWRQRPRXV�DJHQWV��DOO�FDSDEOH�RI�IXOO�

GXSOH[�PXOWLPRGDO�LQWHUDFWLRQ��DEOH�WR�JHQHUDWH�DQG�UHFRJQL]H�VSHHFK��LQWRQDWLRQ��IDFLDO

GLVSOD\V��DQG�JHVWXUH��(DFK�DJHQW��KRZHYHU��JDYH�D�GLIIHUHQW�NLQG�RI�IHHGEDFN������FRQWHQW�UHODWHG

RQO\������FRQWHQW���HQYHORSH�IHHGEDFN��DQG�����FRQWHQW���HPRWLRQDO��&RQWHQW�UHODWHG�IHHGEDFN

LQFOXGHV�DQVZHULQJ�TXHVWLRQV�DQG�H[HFXWLQJ�FRPPDQGV��HQYHORSH�IHHGEDFN�LQFOXGHV�EHKDYLRUV

VXFK�DV�JD]H��PDQXDO�EHDW�JHVWXUH��KHDG�PRYHPHQWV��HPRWLRQDO�IHHGEDFN�LQFOXGHV�VPLOHV�DQG

ORRNV�RI�SX]]OHPHQW��6XEMHFWV©�HYDOXDWLRQV�RI�WKH�V\VWHP�ZHUH�FROOHFWHG�ZLWK�D�TXHVWLRQQDLUH��DQG

YLGHR�WDSHV�RI�WKHLU�VSHHFK�SDWWHUQV�DQG�EHKDYLRUV�ZHUH�VFRUHG�DFFRUGLQJ�WR�KRZ�RIWHQ�WKH�XVHUV

UHSHDWHG�WKHPVHOYHV���KRZ�RIWHQ�WKH\�KHVLWDWHG��DQG��KRZ�RIWHQ�WKH\�JRW�IUXVWUDWHG��7KH�UHVXOWV

FRQILUP�RXU�K\SRWKHVLV�WKDW�HQYHORSH�IHHGEDFN�LV�PRUH�LPSRUWDQW�LQ�LQWHUDFWLRQ�WKDQ�HPRWLRQDO

IHHGEDFN�DQG�WKDW�HQYHORSH�IHHGEDFN�SOD\V�D�FUXFLDO�UROH�LQ�VXSSRUWLQJ�WKH�SURFHVV�RI�GLDORJ��$

VHFRQGDU\�UHVXOW�IURP�WKLV�VWXG\�VKRZV�WKDW�XVHUV�JLYH�RXU�PXOWLPRGDO�FRQYHUVDWLRQDO�KXPDQRLGV

YHU\�KLJK�UDWLQJV�RI�OLIHOLNHQHVV�DQG�IOXLGLW\�RI�LQWHUDFWLRQ�ZKHQ�WKH�DJHQWV�DUH�FDSDEOH�RI�JLYLQJ

VXFK�IHHGEDFN�

,QWURGXFWLRQ

5HVHDUFK�LQWHQGHG�WR�DQVZHU�TXHVWLRQV�DERXW�WKH�YDULRXV�IHDWXUHV�RI�HPERGLHG�DJHQW�RULHQWHG

V\VWHPV¥V\VWHPV�WKDW�HPSOR\�DQ�HPERGLHG�FKDUDFWHU�DV�LQWHUIDFH¥KDV�WR�GDWH�EHHQ�KDPSHUHG

E\�WKH�ODFN�RI�UHDO�FRPSXWHU�V\VWHPV�FDSDEOH�RI�VXVWDLQLQJ�DQG�VXSSRUWLQJ�PXOWLPRGDO�GLDORJ

ZLWK�D�KXPDQ�XVHU��7R�DVVHVV�WRSLFV�VXFK�DV�OLIHOLNHQHVV��WUXVW��HIIHFWLYHQHVV�RI�FRPPXQLFDWLRQ�

�������������������������������������������

7KLV UHVHDUFK ZDV VSRQVRUHG E\ WKH VSRQVRUV RI WKH 0,7 0HGLD /DERUDWRU\� 76* 0DJLF� DQG 5$11º6� :H
WKDQN -RH\ &KDQJ� <RXQJPH 0RRQ� (ULQ 0DULH 3DQWWDMD� 5RODQG 3DXO� 0XNHVK 3UDVDG 6LQJK� DQG +DQQHV
9LOKMiOPVVRQ IRU WKH FDUH DQG IHHGLQJ RI *DQGDOI� DQG RWKHU YDOXDEOH FRQWULEXWLRQV WR WKLV ZRUN�

.� 5� 7KyULVVRQ FDQ EH UHDFKHG DW NULV#PHGLD�PLW�HGX�
$GGUHVV FRUUHVSRQGHQFH WR -XVWLQH &DVVHOO� *HVWXUH DQG 1DUUDWLYH /DQJXDJH *URXS� 0,7 0HGLD

/DERUDWRU\� �� $PHV 6WUHHW� (������� &DPEULGJH� 0$ ������ 86$� (�PDLO� MXVWLQH#PHGLD�PLW�HGX
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XVHUV©�OLNDELOLW\�RI�WKH�LQWHUDFWLRQ��DV�ZHOO�DV�WKH�TXHVWLRQ�RI�ZKHWKHU�WR�HPSOR\�KXPDQRLG�ILJXUHV

WR�UHSUHVHQW�WKH�V\VWHP��WKHVH�VWXGLHV�KDYH�WXUQHG�WR�UKHWRULF��FI��/DQLHU�������/DXUHO�������

:L]DUG�RI�2]�WHFKQLTXHV��0DXOVE\�HW�DO���������+DXSWPDQ���������PL[HG�DXWRPDWLRQ�:L]DUG�RI�

2]��7KyULVVRQ���������W\SHG�QDWXUDO�ODQJXDJH��1HDO�	�6KDSLUR��������:DKOVWHU���������LFRQLF

HPERGLPHQWV�RI�YDULRXV�W\SHV��.LQJ�	�2K\D��������0DHV���������RU�VLPSO\�LJQRUHG�WKH�LVVXH�RI

HPERGLPHQW��6SDUUHOO��������7KyULVVRQ�HW�DO����������$V�D�UHVXOW��RQH�FDQQRW�MXVWLILDEO\�JHQHUDOL]H

WKH�UHVXOWV�RI�WKHVH�VWXGLHV�DQG�V\VWHPV�WR�IXWXUH�V\VWHPV�HPSOR\LQJ�FRPSXWHU�FRQWUROOHG

FKDUDFWHUV��FDSDEOH�RI�UHDO�WLPH�GLDORJ¥WHPSWLQJ��DV�LW�PD\�EH�

,Q�WKLV�DUWLFOH�ZH�SUHVHQW�DQ�HPERGLHG�DQLPDWHG�DJHQW�FDSDEOH�RI�VXSSRUWLQJ�UHDO�WLPH

PXOWLPRGDO�FRQYHUVDWLRQ�ZLWK�D�XVHU��:H�H[SORLW�WKH�PXOWLPRGDO�FDSDELOLWLHV�RI�WKLV�DJHQW�V\VWHP

LQ�RUGHU�WR�WHVW�WKH�FRPSDUDWLYH�LPSRUWDQFH�RI�WZR�DVSHFWV�RI�LQWHUDFWLRQ�FODLPHG�WR�EH�FUXFLDO

PRWLYDWLRQV�IRU�PXOWLPRGDOLW\�LQ�LQWHUDFWLYH�V\VWHPV��WXUQ�WDNLQJ�DQG�RWKHU�FRQYHUVDWLRQ�SURFHVV�

RULHQWHG�LQWHUDFWLRQ�EHKDYLRUV��DQG�HPRWLRQDO�UHVSRQVHV��,Q�ZKDW�IROORZV��ZH�ILUVW�OD\�RXW�WKH

GHEDWH�RYHU�ZKDW�IHDWXUHV�PDNH�DQ�HPERGLHG�DQLPDWHG�DJHQW�PRVW�ZRUWKZKLOH�WR�FRQYHUVDWLRQDO

V\VWHPV��:H�WKHQ�WXUQ�WR�WKH�QRQYHUEDO��HPERGLHG�EHKDYLRUV�WKDW�KXPDQV�XVH�LQ�FRQYHUVDWLRQ�

:H�GHVFULEH�KRZ�VHWV�RI�WKHVH�EHKDYLRUV�PDNH�XS�RXU�WZR�IHHGEDFN�FRQGLWLRQV�LQ�WKH�QH[W

VHFWLRQ��RQ�H[SHULPHQWDO�GHVLJQ��)LQDOO\��ZH�GHVFULEH�RXU�UHVXOWV�DQG�GUDZ�FRQFOXVLRQV�DERXW

ZKDW�HPERGLHG�EHKDYLRUV�VKRXOG�EH�DGGUHVVHG�ILUVW�LQ�WKH�GHVLJQ�RI�DQLPDWHG�HPERGLHG

LQWHUDFWLYH�DJHQWV�IRU�FRQYHUVDWLRQ�

)HHGEDFN�LQ�(PERGLHG�&RQYHUVDWLRQ

5HVSRQVHV�WR�FRPPDQGV�DQG�TXHVWLRQV�DUH�D�JLYHQ�LQ�DQ\�SXUSRVHIXO��FRQYHUVDWLRQDO�V\VWHP¥

ZLWKRXW�DSSURSULDWH�UHVSRQVH�WR�FRQWHQW��WKHUH�LV�OLWWOH�SRLQW�WR�LQWHUDFWLYH�V\VWHPV��H�J��0RRUH�	

3DULV��������&DZVH\���������2QH�VRPHWLPHV�KHDUV�WKH�FODLP�WKDW�WKHUH�LV�QR�QHHG�IRU�PRGHV�RWKHU

WKDQ�VSHHFK��VLQFH�WKH�VSHHFK�FKDQQHO�FDUULHV�PRVW�RU�DOO�WKH�QHFHVVDU\�LQIRUPDWLRQ�LQ

FRQYHUVDWLRQDO�V\VWHPV��2FKVPDQ�	�&KDSDQLV���������7KLV�KDV�EHHQ�FRXQWHUHG�E\�D�JURZLQJ

ERG\�RI�UHVHDUFK�RQ�EHOLHYDEOH��OLIH�OLNH�HPERGLHG�FRQYHUVDWLRQDO�DJHQWV��$QGUp�	�5LVW�������

%DWHV��������&DVVHOO�HW�DO���������1DVV�HW�DO����������+RZHYHU��HYHQ�ZLWKLQ�WKH�FRPPXQLW\�WKDW

DFFHSWV�HPERGLPHQW�WR�EH�SRWHQWLDOO\�LPSRUWDQW�LQ�LQWHUDFWLYH�V\VWHPV��PDQ\�GLIIHUHQW�KXPDQ

FKDUDFWHULVWLFV�KDYH�EHHQ�SXW�IRUWK�DV�WKH�NH\�WR�PDNLQJ�HPERGLHG�DJHQWV�HIIHFWLYH¥IOXLG�ERG\

PRYHPHQW��IDFH�DQG�KDQG�JHVWXUHV��HPRWLRQDO�H[SUHVVLRQV��SRVWXUH��UHDOLVWLF�ORRNLQJ�VNLQ�

1RQHWKHOHVV�WKH�\RXQJ�ILHOG�RI�V\QWKHWLF�FRPSXWHU�FKDUDFWHUV�KDV�QRW�VHHQ�PXFK�UHVHDUFK

FRPSDULQJ�WKHVH�GLIIHUHQW�SXWDWLYHO\��PRVW�LPSRUWDQW��FKDUDFWHULVWLFV�RI�LQWHUDFWLYH�FRPSXWHU

FKDUDFWHUV�

7ZR�RI�WKHVH�KXPDQ�FKDUDFWHULVWLFV�KDYH�EHHQ�SDUWLFXODUO\�VLQJOHG�RXW�DV�LPSRUWDQW�WR

FRQYHUVDWLRQDO�V\VWHPV��HPRWLRQDO�IHHGEDFN�DQG�HQYHORSH�IHHGEDFN�
�)RU�WKH�PRVW�SDUW��LQ�WKLV

�������������������������������������������

 :H FDOO WKHVH EHKDYLRUV �HQYHORSH� WR FRQYH\ WKH IDFW WKDW WKH\ FRQFHUQ WKH RXWHU HQYHORSH RI FRPPXQLFDWLRQ�
UDWKHU WKDQ LWV FRQWHQWV� $ VLPLODU GLVWLQFWLRQ EHWZHHQ FRQWHQW DQG HQYHORSH LV PDGH E\ 7DNHXFKL 	 1DJDR ������
ZKHQ WKH\ UHIHU WR WKH GLIIHUHQFH EHWZHHQ �REMHFW�OHYHO FRPPXQLFDWLRQ� �UHOHYDQW WR WKH FRPPXQLFDWLRQ JRDO� DQG
�PHWD�OHYHO SURFHVVLQJ� �UHOHYDQW WR FRPPXQLFDWLRQ UHJXODWLRQ��
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FRQYHUVDWLRQ�RULHQWHG�OLWHUDWXUH��HPRWLRQDO�IHHGEDFN�KDV�PHDQW�HPRWLRQDO�HPEOHPV��(PRWLRQDO

HPEOHPV�DUH�IDFLDO�GLVSOD\V�WKDW�UHIHUHQFH�D�SDUWLFXODU�HPRWLRQ�ZLWKRXW�UHTXLULQJ�WKH�SHUVRQ

VKRZLQJ�WKH�H[SUHVVLRQ�WR�IHHO�WKDW�HPRWLRQ�DW�WKH�PRPHQW�RI�H[SUHVVLRQ��(NPDQ���������,Q�WKH

OLWHUDWXUH�RQ�DQWKURSRPRUSKLVP��HPRWLRQDO�IHHGEDFN�DV�GLVSOD\HG�E\�WKH�DQLPDWHG�DJHQW©V

HPRWLRQDO�HPEOHPV�LQ�UHVSRQVH�WR�D�XVHU©V�LQSXW�LV�KHOG�WR�EH�D�IHDWXUH�WKDW�DQ�HPERGLHG�DJHQW�

EDVHG�LQWHUIDFH�FRXOG¥DQG�VKRXOG¥DGG�WR�KXPDQ�FRPSXWHU�LQWHUDFWLRQ��FI��(OOLRWW��������.RGD

	�0DHV��������+DVHJDZD�HW�DO���������1DJDR�	�7DNHXFKL��������7DNHXFKL�	�1DJDR�������

%ULWWRQ���������7KH�HPRWLRQDO�IHHGEDFN�XVHG�LQ�VXFK�V\VWHPV�KDV�EHHQ��LQ�JHQHUDO��YHU\�VLPSOH�

VFUXQFKHG�H\HEURZV�WR�LQGLFDWH�SX]]OHPHQW��D�VPLOH�DQG�UDLVHG�H\HEURZV�WR�LQGLFDWH�KDSSLQHVV�

7KH�VHFRQG�FKDUDFWHULVWLF�KHOG�WR�EH�LPSRUWDQW�WR�WKH�HIIHFWLYHQHVV�RI�FRQYHUVDWLRQDO�V\VWHPV�LV

HQYHORSH�IHHGEDFN��,Q�WKLV�OLWHUDWXUH��IRU�WKH�PRVW�SDUW��HQYHORSH�IHHGEDFN�KDV�PHDQW�WKH

QRQYHUEDO��DQG�RFFDVLRQDOO\�YHUEDO��EHKDYLRUV�WKDW�H[LVW�LQ�IDFH�WR�IDFH�FRQYHUVDWLRQ��VXFK�DV

PDQXDO�JHVWXUH��EDFN�FKDQQHO�IHHGEDFN��<QJYH���������DQG�JD]H��DQG�WKDW�WKH�DQLPDWHG�DJHQW

SURGXFHV�LQ�UHVSRQVH�WR�WKH�XVHU©V�FRPPXQLFDWLYH�DFWLRQV��7KH�GHVLJQHUV�RI�WKHVH�V\VWHPV�

OLNHZLVH��FODLP�WKDW�WKHVH�HQYHORSH�EHKDYLRUV�DUH�HVVHQWLDO�WR�HPERGLHG�LQWHUDFWLYH�FRQYHUVDWLRQDO

V\VWHPV��&DVVHOO�HW�DO���������/HVWHU�HW�DO���������3HODFKDXG�HW�DO���������7KyULVVRQ�������&DVVHOO

HW�DO���IRUWKFRPLQJ���7KH�HQYHORSH�IHHGEDFN�XVHG�LQ�VXFK�V\VWHPV�LV�HTXDOO\�VLPSOH��SULPDULO\

QRGV��DQG�JODQFHV�WRZDUGV�DQG�DZD\�IURP�WKH�XVHU��EXW�HPSKDVL]HV�WKH�LVVXH�RI�WLPLQJ�LQ�WKH

SURGXFWLRQ�RI�VXFK�IHHGEDFN�

:LWK�PDQ\�UHVHDUFKHUV�IRFXVLQJ�RQ�WKHVH�LPSRUWDQW�LVVXHV��ZH�DVN�WKH�TXHVWLRQV�����'RHV

QRQYHUEDO�IHHGEDFN�KHOS�LQ�DQLPDWHG�DJHQWV��DQG�LI�VR�����ZKLFK�NLQG�RI�QRQYHUEDO�IHHGEDFN"�,Q

SDUWLFXODU��ZKLFK�LV�PRUH�FUXFLDO��SURYLGLQJ�WKH�V\VWHP�ZLWK�WKH�DELOLW\�WR�SURYLGH�����HPRWLRQDO

IHHGEDFN��RU�����IHHGEDFN�WKDW�LV�UHODWHG�WR�WKH�SURFHVV�RI�WKH�FRQYHUVDWLRQ"�2XU�FODLP�LV�WKDW�WKH

LPSRUWDQFH�RI�HPERGLPHQW�LQ�FRPSXWHU�LQWHUIDFHV�OLHV�ILUVW�DQG�IRUHPRVW�LQ�LWV�SRZHU�DV�D

XQLI\LQJ�FRQFHSW�IRU�UHSUHVHQWLQJ�WKH�SURFHVVHV�DQG�EHKDYLRUV�VXUURXQGLQJ�FRQYHUVDWLRQ��,I�WKLV

LV�WUXH��IHHGEDFN�WKDW�UHODWHV�GLUHFWO\�WR�WKH�SURFHVV�RI�WKH�FRQYHUVDWLRQ�VKRXOG�EH�RI�XWPRVW

LPSRUWDQFH�WR�ERWK�FRQYHUVDWLRQDO�SDUWLFLSDQWV��ZKLOH�DQ\�RWKHU�YDULDEOHV��VXFK�DV�HPRWLRQDO

GLVSOD\V��VKRXOG�EH�VHFRQGDU\�

/HW�XV�QRZ�WXUQ�WR�ZKDW�LV�PHDQW�E\�WKHVH�WZR�W\SHV�RI�QRQYHUEDO�EHKDYLRUV��%HIRUH�GLYLGLQJ�WKH

EHKDYLRUV�LQWR�HPRWLRQDO�DQG�HQYHORSH�IHHGEDFN��ZH�JLYH�D�EULHI�LQWURGXFWLRQ�WR�WKH�NLQGV�RI

QRQYHUEDO�EHKDYLRUV�WKDW�DUH�IRXQG�LQ�WKH�FRQWH[W�RI�FRQYHUVDWLRQ��:H�ZLOO�ILUVW�GLVFXVV�IDFLDO�DQG

JD]H�EHKDYLRUV��DQG�WKHQ�KDQG�EHKDYLRUV�

:KHQ�ZH�WDON�DERXW�QRQYHUEDO�FRQYHUVDWLRQDO�EHKDYLRUV��ZH�DUH�UHDOO\�PRVW�LQWHUHVWHG�LQ

SUHFLVHO\�WLPHG�FKDQJHV�LQ�H\HEURZ�SRVLWLRQ��H[SUHVVLRQV�RI�WKH�PRXWK��PRYHPHQW�RI�WKH�KHDG

DQG�H\HV��DQG�JHVWXUHV�RI�WKH�KDQGV��)RU�H[DPSOH��UDLVHG�H\HEURZV���D�VPLOLQJ�PRXWK��LV�WDNHQ�WR

EH�D�KDSS\�H[SUHVVLRQ��(NPDQ�	�)ULHVHQ���������ZKLOH�PRYLQJ�RQH
V�KHDG�XS�DQG�GRZQ�LV�WDNHQ

WR�EH�D�QRG��DQG�D�TXLFN�WZR�SKDVH�JHVWXUH�RI�WKH�KDQG�LV�FDOOHG�D�EHDW��0F1HLOO���������6RPH

IDFLDO�GLVSOD\V
�DUH�OLQNHG�WR�SHUVRQDOLW\�DQG�UHPDLQ�FRQVWDQW�DFURVV�D�OLIHWLPH��D��ZLGH�H\HG

ORRN����VRPH�DUH�OLQNHG�WR�HPRWLRQDO�VWDWH�DQG�PD\�ODVW�DV�ORQJ�DV�WKH�HPRWLRQ�LV�IHOW��GRZQFDVW

�������������������������������������������

 )ROORZLQJ WKH OLWHUDWXUH� ZH UHIHU WR WKHVH FRQMXQFWLRQV RI IDFLDO EHKDYLRUV DV ¦IDFLDO GLVSOD\V§ UDWKHU WKDQ ¦IDFLDO
H[SUHVVLRQV§ WR DYRLG WKH DXWRPDWLF FRQQRWDWLRQ RI HPRWLRQDO H[SUHVVLRQ�
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H\HV�GXULQJ�GHSUHVVLRQ���DQG�VRPH�DUH�V\QFKURQL]HG�ZLWK�WKH�XQLWV�RI�FRQYHUVDWLRQ�DQG�ODVW�RQO\�D

YHU\�VKRUW�WLPH��H\HEURZ�UDLVHV�DORQJ�ZLWK�SLWFK�DFFHQWHG�ZRUGV���/LNHZLVH��VRPH�KDQG�JHVWXUHV

FDQ�FDUU\�LQIRUPDWLRQ�LQ�WKH�DEVHQFH�RI�VSHHFK��WKHVH�WHQG�WR�EH�FXOWXUDOO\�VSHFLILF��H�J���WKH

�WKXPEV�XS��JHVWXUH���DQG�VRPH�DUH�V\QFKURQL]HG�ZLWK�FRQYHUVDWLRQDO�XQLWV�

,Q�DGGLWLRQ�WR�FKDUDFWHUL]LQJ�QRQYHUEDO�EHKDYLRUV�E\�WKH�PXVFOHV�RU�SDUW�RI�WKH�ERG\�LQ�SOD\��ZH

FDQ�DOVR�FKDUDFWHUL]H�WKHP�E\�WKHLU�IXQFWLRQ�LQ�D�FRQYHUVDWLRQ��2I�FRXUVH��VRPH�QRQYHUEDO

EHKDYLRUV�FRQYH\�FRQWHQW��H�J���KROGLQJ�RQH
V�KDQGV�DSDUW�DV�RQH�VD\V�¦WKH�ILVK�ZDV�WKLV�ELJ�§

6RPH�QRQYHUEDO�EHKDYLRUV�FRQYH\�WUDQVLWRU\�HPRWLRQDO�VWDWHV��HPRWLRQDO�IHHGEDFN�WR�WKH

FRQYHUVDWLRQ���DQG�VRPH�KDYH�DQ�HQYHORSH��RU�FRQYHUVDWLRQDO�SURFHVV�RULHQWHG�IXQFWLRQ��)RU

H[DPSOH��VPLOLQJ�ZKHQ�DVNHG�LI�RQH�ZRXOG�OLNH�LFH�FUHDP�RU�ORRNLQJ�SX]]OHG�ZKHQ�TXHULHG�DERXW

RQH
V�QRQH[LVWHQW�VLVWHU�DUH�QRQYHUEDO�EHKDYLRUV�ZLWK�DQ�HPRWLRQDO�IHHGEDFN�IXQFWLRQ��4XLFN

QRGV�RI�WKH�KHDG�ZKLOH�RQH�LV�OLVWHQLQJ�WR�VRPHERG\�VSHDN��D�JODQFH�DW�WKH�RWKHU�SHUVRQ�ZKHQ�RQH

LV�ILQLVKHG�VSHDNLQJ��RU�D�EHDW�JHVWXUH�ZKHQ�RQH�LV�WDNLQJ�D�WXUQ�VSHDNLQJ�KDYH�DQ�HQYHORSH

IXQFWLRQ��7KHVH�DUH�QRW�WKH�RQO\�IXQFWLRQV�IRU�QRQYHUEDO�EHKDYLRUV�LQ�FRQYHUVDWLRQ��SHRSOH�DOVR

XVH�QRQYHUEDO�FXHV�WR�FHPHQW�VRFLDO�UHODWLRQVKLSV��SROLWH�VPLOHV��DQG�WR�IXOILOO�JUDPPDWLFDO

IXQFWLRQV��H\HEURZ�UDLVHV�RQ�SLWFK�DFFHQWHG�ZRUGV��

1RWH�WKDW�WKH�VDPH�PRYHPHQWV�E\�WKH�ERG\�FDQ�KDYH�WZR�RU�PRUH�GLIIHUHQW�IXQFWLRQV��6PLOHV�FDQ

VHUYH�WKH�IXQFWLRQ�RI�HPRWLRQDO�IHHGEDFN��LQGLFDWLQJ�WKDW�RQH�LV�KDSS\��RU�WKH\�FDQ�VHUYH�D�SXUHO\

VRFLDO�IXQFWLRQ�HYHQ�LI�RQH�LV�QRW�DW�DOO�KDSS\��1RGV�RI�WKH�KHDG�FDQ�UHSODFH�VD\LQJ��\HV���D

FRQWHQW

IXQFWLRQ���RU�VLPSO\�LQGLFDWH�WKDW�RQH�LV�IROORZLQJ��HYHQ�LI�RQH�GRHV�QRW�DJUHH�ZLWK�ZKDW�LV�EHLQJ

VDLG��DQ�HQYHORSH�IXQFWLRQ��
�,Q�WKLV�VWXG\�ZH�FRPSDUH�WKH�FRQWULEXWLRQ�RI�WZR�GHEDWHG�IXQFWLRQV

ILOOHG�E\�QRQYHUEDO�EHKDYLRU��WKH�HPRWLRQDO�IHHGEDFN�IXQFWLRQ�DQG�WKH�HQYHORSH�IXQFWLRQ��7KH

FODLP�KHUH�LV�WKDW�HQYHORSH�EHKDYLRUV��ZKLFK�UHODWH�GLUHFWO\�WR�WKH�SURFHVV�RI�FRQYHUVDWLRQ��DUH�WKH

VWURQJHVW�DUJXPHQW�IRU�XVLQJ�DQ�HPERGLHG�DJHQW�LQ�VSHHFK�EDVHG�KXPDQ�FRPSXWHU�LQWHUDFWLRQ�

([SHULPHQWDO�'HVLJQ

7KH�6\VWHP

7R�WHVW�WKLV�FODLP��ZH�XVHG�D�IXOO\�DXWRPDWHG�FKDUDFWHU�JHQHUDWLRQ�V\VWHP��FDOOHG�<PLU��FDSDEOH

RI�UHDO�WLPH��PXOWLPRGDO��IDFH�WR�IDFH�LQWHUDFWLRQ�ZLWK�D�XVHU��7KyULVVRQ��WKLV�LVVXH���<PLU�LV�D

WHVWEHG�V\VWHP�HVSHFLDOO\�GHVLJQHG�IRU�SURWRW\SLQJ�PXOWLPRGDO�DJHQWV�WKDW�XQGHUVWDQG�KXPDQ

FRPPXQLFDWLYH�EHKDYLRU�DQG�JHQHUDWH�LQWHJUDWHG�VSRQWDQHRXV�YHUEDO�DQG�QRQYHUEDO�EHKDYLRU�RI

WKHLU�RZQ��<PLU�LV�FRQVWUXFWHG�DV�D�OD\HUHG�V\VWHP�DQG�SURYLGHV�D�IRXQGDWLRQ�IRU�DFFRPPRGDWLQJ

DQ\�QXPEHU�RI�LQWHUSUHWLYH�SURFHVVHV��UXQQLQJ�LQ�SDUDOOHO��ZRUNLQJ�LQ�FRQFHUW�WR�LQWHUSUHW�DQG

UHVSRQG�WR�WKH�XVHU
V�EHKDYLRU��<PLU�WKXV�RIIHUV�RSSRUWXQLWLHV�WR�H[SHULPHQW�ZLWK�YDULRXV

FRPSXWDWLRQDO�VFKHPHV�IRU�KDQGOLQJ�VSHFLILF�VXEWDVNV�RI�PXOWLPRGDO�LQWHUDFWLRQ��VXFK�DV�QDWXUDO

ODQJXDJH�SURFHVVLQJ�DQG�PXOWLPRGDO�DFWLRQ�JHQHUDWLRQ�DQG�H[HFXWLRQ�

�������������������������������������������

 &RQWHQW QRGV WHQG WR EH IHZHU DQG SURGXFHG PRUH HPSKDWLFDOO\ DQG VORZO\ WKDQ HQYHORSH QRGV �'XQFDQ� ������
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,Q�LQWHUDFWLRQV�ZLWK�DQLPDWHG�FKDUDFWHUV�FUHDWHG�LQ�WKH�SURWRW\SH�<PLU�V\VWHP��WKH�FKDUDFWHU

DSSHDUV�RQ�RQH�PRQLWRU�DQG�D�PRGHO�RI�WKH�VRODU�V\VWHP�RQ�DQRWKHU��VHH�)LJXUH�����7KH�XVHU

ZHDUV�D�WUDFNLQJ�VXLW�WKDW�JLYHV

WKH�FRPSXWHU�D�YLVXDO

UHSUHVHQWDWLRQ�RI�WKH�XVHU©V

XSSHU�ERG\��$Q�H\H�WUDFNHU

DOORZV�LW�WR�WUDFN�WKH�XVHU©V

JD]H��6SHHFK�LV�FROOHFWHG

WKURXJK�D�KHDG�PRXQWHG

PLFURSKRQH�DQG�DQDO\]HG�E\�D

JUDPPDU�EDVHG�FRQWLQXRXV

VSHHFK�UHFRJQL]HU�DQG�SURVRG\

DQDO\]HU��)RU�PRUH�GHWDLOV�RI�WKH

SURWRW\SH�V\VWHP��VHH�7KyULVVRQ

�WKLV�LVVXH���7KH�LQWHUDFWLRQ

UHYROYHV�DURXQG�XVHUV�DVNLQJ

WKH�DQLPDWHG�FKDUDFWHU�WR�VKRZ

WKHP�WKH�YDULRXV�SODQHWV�DQG�WR

DQVZHU�WKHLU�TXHVWLRQV�DERXW

WKRVH�SODQHWV�DQG�DERXW�WKH

VRODU�V\VWHP�

)RU�WKH�SXUSRVHV�RI�WKH�FXUUHQW�H[SHULPHQW��ZH�FUHDWHG�WKUHH�DQLPDWHG�HPERGLHG�FRQYHUVDWLRQDO

DJHQWV�ZLWKLQ�WKH�<PLU�HQYLURQPHQW��7KH�WKUHH�DJHQWV�ZHUH�LGHQWLFDO�H[FHSW�WKDW�HDFK�KDG�D

GLIIHUHQW�IDFH�DQG�YRLFH�DQG��GHSHQGLQJ�RQ�WKH�FRQGLWLRQ��WKH\�HDFK�UHVSRQGHG�WR�FRQYHUVDWLRQ

GLIIHUHQWO\�DV�IROORZV��LQ�WKH�FRQWURO�FRQGLWLRQ��WKH�DXWRQRPRXV�FKDUDFWHU�JDYH�FRQWHQW�UHODWHG

IHHGEDFN��VSHHFK�DQG�DFWLRQ��RQO\���&RQWHQW�IHHGEDFN�LV�VSHHFK�WKDW�SHUWDLQV�WR�WKH�WRSLF�RI�WKH

FRQYHUVDWLRQ��VXFK�DV�DQVZHUV�WR�TXHVWLRQV��RU�DFWLRQV��VXFK�DV�UHVSRQVHV�WR�UHTXHVWV��H�J���¦6KRZ

PH�WKH�VXQ§����7KH�DJHQW�LQ�WKH�VHFRQG�FRQGLWLRQ�DGGHG�HQYHORSH�IHHGEDFN�WR�WKHVH�FRQWHQW

UHVSRQVHV��DV�GHILQHG�EHORZ���7KH�DJHQW�LQ�WKH�WKLUG�FRQGLWLRQ�FRPELQHG�HPRWLRQDO�IHHGEDFN�ZLWK

FRQWHQW�UHVSRQVHV��DV�GHILQHG�EHORZ��,I�HPRWLRQ�RU�HQYHORSH�IHHGEDFN�DGG�QRWKLQJ�WR�FRQWHQW

IHHGEDFN��ZH�VKRXOG�VHH�QR�GLIIHUHQFH�EHWZHHQ�WKHVH�WKUHH�FRQGLWLRQV��,I��KRZHYHU��HPRWLRQDO

IHHGEDFN�RU�HQYHORSH�IHHGEDFN�LV�EHQHILFLDO�IRU�WKH�IOXLGLW\�RI�FRPPXQLFDWLRQ��LQWHUDFWLRQ�ZLWK

WKH�DJHQWV�LQ�WKHVH�FRQGLWLRQV�VKRXOG�EH�PRUH�HIILFLHQW�DQG�VDWLVI\LQJ�WKDQ�ZLWK�FRQWHQW�IHHGEDFN

DORQH�

.LQGV�RI�&RPPXQLFDWLYH�%HKDYLRUV

7KXV�ZH�H[DPLQHG�XVHUV
�HYDOXDWLRQ�RI��DQG�HIILFLHQF\�RI�WKHLU�LQWHUDFWLRQ�ZLWK��WKUHH�GLIIHUHQW

NLQGV�RI�FRPPXQLFDWLYH�EHKDYLRUV�JLYHQ�E\�WKH�DXWRQRPRXV�KXPDQRLGV������&RQWHQW�RQO\

IHHGEDFN��&217�������FRQWHQW���HPRWLRQDO�IHHGEDFN��(02���DQG�����FRQWHQW���HQYHORSH

IHHGEDFN��(19��

7KH�IROORZLQJ�DJHQW�EHKDYLRUV�ZHUH�XVHG�LQ�HDFK�FDWHJRU\�

)LJXUH �� $ VXEMHFW JHWV UHDG\ WR LQWHUDFW ZLWK *DQGDOI�
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,��&RQWHQW��&217�

���([HFXWLQJ�FRPPDQGV�	�DQVZHULQJ�TXHVWLRQV

���9HUEDO�DFNQRZOHGJHPHQW�DV�D�SDUW�RI�FDUU\LQJ�RXW�DQ�DFWLRQ��¦RNH\�GRNH\��OHW©V�JR�WR

-XSLWHU�§�

$Q�H[DPSOH�RI�DQ�LQWHUDFWLRQ�ZLWK�DQ�DJHQW�LQ�WKH�FRQWHQW�FRQGLWLRQ�IROORZV�

*DQGDOI��¦:KDW�FDQ�,�GR�IRU�\RX"§�>)DFH�ORRNV�DW�XVHU��(\HV�GR�QRW�PRYH�@

8VHU��¦:LOO�\RX�VKRZ�PH�ZKDW�0DUV�ORRNV�OLNH"§�>8VHU�ORRNV�DW�*DQGDOI�@

*DQGDOI��¦:K\�QRW¥KHUH�LV�0DUV§�>)DFH�PDLQWDLQV�RULHQWDWLRQ��1R�FKDQJH�RI�H[SUHVVLRQ��0DUV

DSSHDUV�RQ�PRQLWRU�@

8VHU��¦:KDW�GR�\RX�NQRZ�DERXW�0DUV"§�>8VHU�ORRNV�DW�PDS�RI�VRODU�V\VWHP�@

*DQGDOI��¦0DUV�KDV�WZR�PRRQV§�>)DFH�PDLQWDLQV�RULHQWDWLRQ��1R�FKDQJH�RI�H[SUHVVLRQ�@

,,��(PRWLRQDO�IHHGEDFN��(02�


���&RQIXVHG�H[SUHVVLRQ�ZKHQ�LW�GRHVQ©W�XQGHUVWDQG�DQ�XWWHUDQFH

���6PLOHV�ZKHQ�DGGUHVVHG�E\�WKH�XVHU�DQG�ZKHQ�DFTXLHVFLQJ�WR�D�UHTXHVW��IRU�H[DPSOH�WR

WDNH�WKH�XVHU�WR�D�SDUWLFXODU�SODQHW�

$Q�H[DPSOH�RI�DQ�LQWHUDFWLRQ�ZLWK�DQ�DJHQW�LQ�WKLV�HPRWLRQDO�FRQGLWLRQ�IROORZV�

*DQGDOI��¦:KDW�FDQ�,�GR�IRU�\RX"§�>*DQGDOI�VPLOHV�ZKHQ�XVHU©V�JD]H�IDOOV�RQ�KLV�IDFH��WKHQ

VWRSV�VPLOLQJ�DQG�VSHDNV�@

8VHU��¦7DNH�PH�WR�-XSLWHU�§�>8VHU�ORRNV�DW�VFUHHQ�DQG�WKHQ�EDFN�DW�*DQGDOI�DQG�VR�*DQGDOI

VPLOHV�@

*DQGDOI��¦6XUH�WKLQJ��7KDW©V�-XSLWHU§�>*DQGDOI�VPLOHV�DV�KH�EULQJV�-XSLWHU�LQWR�IRFXV�RQ�WKH

VFUHHQ�@

8VHU��>/RRNV�EDFN�DW�*DQGDOI��6KRUW�SDXVH�ZKLOH�GHFLGLQJ�ZKDW�WR�VD\�WR�*DQGDOI�@

*DQGDOI��>/RRNV�SX]]OHG�EHFDXVH�WKH�XVHU�SDXVHV�ORQJHU�WKDQ�H[SHFWHG���:DLWV�IRU�XVHU�WR

VSHDN�@

8VHU��¦&DQ�\RX�WHOO�PH�DERXW�-XSLWHU"§

�������������������������������������������

 7KHVH HPRWLRQDO IHHGEDFN HPEOHPV ZHUH FKRVHQ IRU WZR UHDVRQV� )LUVW� JLYHQ WKH GHDUWK RI OLWHUDWXUH DGGUHVVLQJ
WKLV LVVXH� ZH IHOW WKDW LW ZDV LPSRUWDQW WR FDUU\ RXW WKH FOHDQHVW PDQLSXODWLRQ SRVVLEOH� DQG WKHUHIRUH ZH XVHG WKH WZR
HPRWLRQDO H[SUHVVLRQV PRVW FRPPRQO\ IRXQG LQ H[LVWHQW HPERGLHG DJHQWV� 6HFRQG� ZH FKRVH WKRVH H[SUHVVLRQV WKDW
ZHUH DSSURSULDWH WR WKH WDVN� )RU H[DPSOH� ZH ZRXOG QRW H[SHFW *DQGDOI WR JHW DQJU\ DW KLV XVHU� DQG WKHUHIRUH
IURZQV DUH LQDSSURSULDWH�
� 7KH SDXVH ZDV VHW WR ��� PV� ZKLFK WXUQHG RXW WR WULJJHU WKH SX]]OHG H[SUHVVLRQ RQFH HYHU\ ��� WXUQV� RQ DYHUDJH�
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,,,��(QYHORSH��(19�

���7XUQLQJ�KHDG�DQG�H\HV�WRZDUGV�XVHU�ZKHQ�OLVWHQLQJ��DQG�WRZDUGV�WDVN�ZKHQ�H[HFXWLQJ

FRPPDQGV�LQ�WKH�GRPDLQ

���$YHUWLQJ�JD]H�DQG�OLIWLQJ�H\HEURZV�ZKHQ�WDNLQJ�WXUQ

���*D]LQJ�EDFN�DW�SHUVRQ�ZKHQ�JLYLQJ�WXUQ

���7DSSLQJ�ILQJHUV�WR�VKRZ�WKDW�LW�LV�¦DOLYH§

���%HDW�JHVWXUH�ZKHQ�SURYLGLQJ�YHUEDO�FRQWHQW

$Q�H[DPSOH�RI�DQ�LQWHUDFWLRQ�ZLWK�WKLV�HQYHORSH�DJHQW�IROORZV�


8VHU��¦,V�WKDW�SODQHW�0DUV"§

*DQGDOI��¦<HV��WKDW©V�0DUV�§�>*DQGDOI�UDLVHV�H\HEURZV�DQG�SHUIRUPV�EHDW�JHVWXUH�ZKLOH

VD\LQJ�¦\HV�§��WXUQV�WR�SODQHW�DQG�SRLQWV�DW�LW�ZKLOH�VD\LQJ�¦WKDW�LV�0DUV�§�DQG�WKHQ�WXUQV

EDFN�WR�IDFH�XVHU�@

8VHU��¦,�ZDQW�WR�JR�EDFN�WR�(DUWK�QRZ��7DNH�PH�WR�(DUWK�§�>8VHU�ORRNV�DW�PDS�RI�VRODU�V\VWHP

VR�*DQGDOI�ORRNV�DW�VRODU�V\VWHP�@

*DQGDOI��¦2.��(DUWK�LV�WKLUG�IURP�WKH�VXQ�§�>*DQGDOI�WXUQV�WR�SODQHW�DV�KH�EULQJV�LW�XS�RQ�WKH

VFUHHQ��WKHQ�WXUQV�WR�XVHU�DQG�VSHDNV�@

8VHU���7HOO�PH�PRUH���>*DQGDOI�WDNHV�DERXW���VHFRQGV�WR�SDUVH�WKH�VSHHFK��EXW�KH�NQRZV

ZLWKLQ�����PV�ZKHQ�WKH�XVHU�JLYHV�WKH�WXUQ��VR�KH�ORRNV�WR�WKH�VLGH�WR�VKRZ�WKDW�KH
V�WDNLQJ

WKH�WXUQ��DQG�KLV�H\HEURZV�JR�XS�DQG�GRZQ�DV�KH�KHVLWDWHV�ZKLOH�SDUVLQJ�WKH�XVHU
V

XWWHUDQFH�@

*DQGDOI��¦7KH�(DUWK�LV��������NP�LQ�GLDPHWHU�§�>*DQGDOI�ORRNV�EDFN�DW�WKH�XVHU�DQG�VSHDNV�@

8VHUV
�H[SHULHQFH�RI�WKH�DJHQWV
�OLIH�OLNHQHVV�DQG�HDVH�RI�LQWHUDFWLRQ�ZDV�DVVHVVHG�E\

TXHVWLRQQDLUH��7KH�HIILFLHQF\�RI�WKH�LQWHUDFWLRQ�ZDV�PHDVXUHG�E\�UHODWLYH�QXPEHU�RI�XWWHUDQFHV

�QXPEHU�RI�VXEMHFW�FRQWULEXWLRQV�WR�WKH�GLVFRXUVH�RYHU�WKH�QXPEHU�RI�FKDUDFWHU�FRQWULEXWLRQV��

UHODWLYH�QXPEHU�RI�VXEMHFWV©�KHVLWDWLRQV��RYHU�WKH�WRWDO�QXPEHU�RI�WKHLU�FRQWULEXWLRQV���DQG

UHODWLYH�H[SUHVVLRQV�RI�IUXVWUDWLRQ��RYHU�WKH�WRWDO�QXPEHU�RI�WKHLU�FRQWULEXWLRQV��

�������������������������������������������

 )RU IXOO GHWDLOV RI WKH PRWLYDWLRQ IRU WKHVH EHKDYLRUV� WKHLU WLPLQJ� DQG H[DFW PRYHPHQWV� VHH &DVVHOO� �LQ SUHVV��
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3UHWHVW�RI�(PRWLRQDO�([SUHVVLRQV

7KUHH�GLIIHUHQW�FKDUDFWHUV��GLVWLQFWLYH�IDFH���GLVWLQFWLYH�YRLFH��ZHUH�FRQVWUXFWHG��VHH�)LJXUH����

(DFK�IDFH�ZDV�FDSDEOH�RI�GLVSOD\LQJ�RQH�QHXWUDO�H[SUHVVLRQ�DQG�WKH�WZR�HPRWLRQDO�HPEOHPV�

KDSS\�DQG�FRQIXVHG��DV�ZHOO�DV�WKH�UDQJH�RI�KHDG��H\H�DQG�KDQG�PRYHPHQWV���,Q�SUHYLRXV�UHVHDUFK

RQ�HPRWLRQDO�HPEOHPV�LQ�LQWHUDFWLYH�V\VWHPV��WKH�IDFHV�KDYH�QRW�EHHQ�SUHWHVWHG�LQ�RUGHU�WR

GHWHUPLQH�KRZ�YLHZHUV�LQWHUSUHW�WKH�H[SUHVVLRQV���%XW��KRZ�GR�ZH�NQRZ�WKDW�HPRWLRQDO�HPEOHPV

DFWXDOO\�GLVSOD\�WKH�HPRWLRQ�WKDW�ZH�LPDJLQH�WKH\

GR"��:H�UDQ�D�SLORW�WHVW�WR�FRQILUP�WKDW�WKH�IDFLDO

GLVSOD\V�XVHG�ZHUH�UHOLDEO\�LGHQWLILHG�LQ�DOO

FKDUDFWHUV��DV�GHVFULEHG�QH[W�

)DFHV�ZHUH�WHVWHG�E\�DGRSWLQJ�D�SDUDGLJP�IURP

(OOLRWW��������ZKR�GHPRQVWUDWHG�WKDW�DPELJXRXV

VHQWHQFHV��H�J���¦,�VHH�SHRSOH�OLNH�WKDW�DOO�WKH

WLPH�§�ZRXOG�EH�LQWHUSUHWHG�GLIIHUHQWO\�ZKHQ

SDLUHG�ZLWK�IDFHV�DQG�LQWRQDWLRQ�WKDW

FRPPXQLFDWHG�GLIIHUHQW�NLQGV�RI�HPRWLRQDO

FRQWHQW��)RU�RXU�SXUSRVHV��V\QWKHVL]HG�VSHHFK�ZDV�XVHG�ZLWKRXW�LQWRQDWLRQ��VR�DV�QRW�WR�ELDV

VXEMHFWV��7KUHH�VFHQDULRV�ZHUH�SUHVHQWHG�ZLWK�HDFK�DPELJXRXV�VHQWHQFH��RQH�FRUUHVSRQGLQJ�WR

HDFK�IDFLDO�GLVSOD\�RI�QHXWUDO��KDSS\��DQG�FRQIXVHG��)RU�H[DPSOH��VXEMHFWV�KHDUG��¦,�VHH�SHRSOH

OLNH�WKDW�DOO�WKH�WLPH§�DQG�ZHUH�DVNHG�WR�FKRRVH�DPRQJ�WKH�IROORZLQJ�WKUHH�VFHQDULRV������1LFN�LV

D�JRRG�WHDFKHU�DQG�VR�KH�H[SHULHQFHV�VDWLVIDFWLRQ�ZKHQ�KH�LV�VWRSSHG�RQ�WKH�VWUHHW�E\�D�IRUPHU

VWXGHQW�ZKR�ZDQWHG�WR�WKDQN�KLP�IRU�DOO�KH�OHDUQHG�LQ�KLV�FODVV������1LFN�GRHV�QRW�NQRZ�ZKDW�WR

WKLQN�RI�FUD]LHV�OLNH�WKH�RQH�KH�MXVW�VDZ������1LFN�H[SODLQV�KLV�FOLHQW�OLVW�WR�KLV�QHZ�SDUWQHU��2QH

WKLUG�RI�WKH�VXEMHFWV�VDZ�WKH�WHVW�VHQWHQFH�XWWHUHG�E\�%LOER�ZLWK�D�QHXWUDO�IDFH��RQH�WKLUG�KHDUG�WKH

VHQWHQFH�XWWHUHG�E\�%LOER�ZLWK�D�KDSS\�IDFH��DQG�RQH�WKLUG�KHDUG�LW�XWWHUHG�E\�%LOER�ZLWK�D

FRQIXVHG�IDFH��7ZR�RWKHU�VHQWHQFHV�ZHUH�XVHG�WR�WHVW�WKH�*DQGDOI�DQG�5RODQG�IDFHV��6XEMHFWV

ZHUH�JLYHQ�WKUHH�¨ZDUP�XS©�VFHQDULRV��ZLWKRXW�IHHGEDFN�IURP�WKH�H[SHULPHQWHU��EHIRUH�WKH�DFWXDO

WKUHH�WHVW�VFHQDULRV��,Q�DGGLWLRQ�WR�PDWFKLQJ�WKH�IDFHV�ZLWK�GHVFULSWLRQV��VXEMHFWV�UDWHG�WKH

FRQILGHQFH�RI�HDFK�RI�WKHLU�PDWFKHV�IURP����QRW�FRQILGHQW��WR����KLJKO\�FRQILGHQW��

$�VDPSOH�RI����VXEMHFWV�UHYHDOHG�WKDW�WKH�KDSS\�IDFH�ZDV�UHFRJQL]HG�DV�VXFK�E\�DOPRVW�DOO

VXEMHFWV��IRU�DOO�WKUHH�FKDUDFWHUV������RI�WKH�WLPH��ZLWK�DQ�DYHUDJH�FRQILGHQFH�OHYHO�RI�����DQG

FRQIXVHG�DQG�QHXWUDO�IDFHV�ZHUH�UHFRJQL]HG�����DQG�����RI�WKH�WLPH��UHVSHFWLYHO\��ZLWK

FRQILGHQFH�OHYHOV�RI���LQ�HDFK�FDVH��IRU�DOO�WKUHH�FKDUDFWHUV��7KHVH�IDFHV�ZHUH�XVHG�LQ�FUHDWLQJ�WKH

DQLPDWHG�FRQYHUVDWLRQDO�DJHQW�IRU�HDFK�FRQGLWLRQ�

+\SRWKHVHV

:H�K\SRWKHVL]HG�WKDW�&217�DQG�(02�ZRXOG�EH�HTXDO�RQ�ERWK�PHDVXUHV��EXW�(19�IHHGEDFN

ZRXOG�SURYH�WR�PDNH�D�VLJQLILFDQW�GLIIHUHQFH�IRU�WKHVH�PHDVXUHV��(LJKW�K\SRWKHVHV�ZHUH�WHVWHG�

)LJXUH �� 7KH IDFHV XVHG IRU WKH WKUHH DJHQWV� IURP
OHIW WR ULJKW� %LOER� *DQGDOI DQG 5RODQG �QHXWUDO
H[SUHVVLRQV��
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^+�` 1R�GLIIHUHQFH�ZLOO�EH�IRXQG�IRU�UHODWLYH�FRQWULEXWLRQV�IURP�XVHUV�EHWZHHQ�FRQGLWLRQ�&217

DQG�FRQGLWLRQ�(02�

^+�` 5HODWLYHO\�IHZHU�VXEMHFW�FRQWULEXWLRQV�ZLOO�EH�IRXQG�LQ�FRQGLWLRQ�(19�WKDQ�FRQGLWLRQV

&217�DQG�(02�

^+�` 1R�GLIIHUHQFH�LQ�KHVLWDWLRQV�ZLOO�EH�IRXQG�EHWZHHQ�FRQGLWLRQV�&217�DQG�(02�

^+�` 5HODWLYHO\�IHZHU�KHVLWDWLRQV�ZLOO�EH�IRXQG�LQ�FRQGLWLRQ�(19�WKDQ�LQ�FRQGLWLRQV�&217�DQG

(02�

^+�` 1R�GLIIHUHQFH�LQ�RYHUODSV�LQ�VSHHFK�ZLOO�EH�IRXQG�EHWZHHQ�FRQGLWLRQV�&217�DQG�(02�

^+�` 5HODWLYHO\�IHZHU�RYHUODSV�LQ�VSHHFK�ZLOO�EH�IRXQG�LQ�FRQGLWLRQ�(19�WKDQ�LQ�FRQGLWLRQV

&217�DQG�(02�

^+�` 1R�GLIIHUHQFH�ZLOO�EH�IRXQG�LQ�VXEMHFWV©�UDWLQJ�RI�WKH�DJHQW�EHWZHHQ�FRQGLWLRQV�&217�DQG

(02�

^+�` 6XEMHFWV�LQ�FRQGLWLRQ�(19�ZLOO�UDWH�WKH�DJHQW�KLJKHU�WKDQ�WKRVH�LQ�FRQGLWLRQV�&217�DQG

(02�

'DWD�IRU�K\SRWKHVHV���DQG���ZDV�FROOHFWHG�ZLWK�D�TXHVWLRQQDLUH��VHH�WKH�DSSHQGL[���'DWD�IRU

K\SRWKHVHV�����ZHUH�FROOHFWHG�E\�DQDO\]LQJ�YLGHR�WDSH�UHFRUGLQJV�RI�WKH�VXEMHFWV��5HODWLYH

QXPEHU�RI�FRQWULEXWLRQV��DV�ZHOO�DV�KHVLWDWLRQV�DQG�IUXVWUDWLRQ�UHVSRQVHV��ZHUH�VFRUHG�DFFRUGLQJ

WR�SUHGHWHUPLQHG�VFRULQJ�VFKHPHV��VHH�WKH�DSSHQGL[���9LGHR�WDSHV�ZHUH�VFRUHG�LQGHSHQGHQWO\�E\

WZR�VFRUHUV�LQ�D�GRXEOH�EOLQG�GHVLJQ��6FRULQJ�UHOLDELOLW\�IRU�WKH�YDULDEOHV�REWDLQHG�IURP�WKH

YLGHRV��UHODWLYH�QXPEHU�RI�RYHUODSV��KHVLWDWLRQV��DQG�FRQWULEXWLRQV��ZDV�U ������S����������

'HVLJQ

7KH�H[SHULPHQW�ZDV�D�PL[HG�EHWZHHQ�ZLWKLQ�VXEMHFWV�GHVLJQ��'HSHQGHQW�YDULDEOHV�ZHUH�����

UHODWLYH�QXPEHU�RI�XVHU�FRQWULEXWLRQV�SHU�FRQGLWLRQ��QXPEHU�RI�XVHU�FRQWULEXWLRQV�GLYLGHG�E\�WKH

QXPEHU�RI�DJHQW�FRQWULEXWLRQV�������UHODWLYH�QXPEHU�RI�XVHU�KHVLWDWLRQV�SHU�FRQGLWLRQ��QXPEHU�RI

KHVLWDWLRQV�RYHU�WKH�QXPEHU�RI�FRQWULEXWLRQV�������UHODWLYH�QXPEHU�RI�RYHUODSV�SHU�FRQGLWLRQ

�QXPEHU�RI�RYHUODSV�RYHU�WKH�WRWDO�QXPEHU�RI�FRQWULEXWLRQV���DQG�����WKH�XVHUV
�VXEMHFWLYH

DVVHVVPHQW�RI�WKH�LQWHUDFWLRQ�EDVHG�RQ�WKHLU�DQVZHUV�WR�QLQH�TXHVWLRQV��DSSHQGL[���,QGHSHQGHQW

YDULDEOHV�ZHUH�DJHQW��*DQGDOI��5RODQG��%LOER���IHHGEDFN�FRQGLWLRQ��(19��&217��(02���RUGHU

RI�IDFHV��RUGHU�RI�FRQGLWLRQV��7KH�ILUVW�WZR�ZHUH�ERWK�ZLWKLQ�VXEMHFW�YDULDEOHV��(DFK�DJHQW

RFFXUUHG�HTXDOO\�RIWHQ�DV�WKH�ILUVW��VHFRQG�RU�WKH�WKLUG�DJHQW�D�VXEMHFW�LQWHUDFWHG�ZLWK��(DFK

FRQGLWLRQ�RFFXUUHG�HTXDOO\�RIWHQ�DV�WKH�ILUVW��VHFRQG�RU�WKLUG�FRQGLWLRQ�WR�ZKLFK�D�VXEMHFW�ZDV

H[SRVHG��7KHVH�ZHUH�WKXV�EHWZHHQ�VXEMHFWV�YDULDEOHV��,Q�VXP��WKHQ��HDFK�VXEMHFW�LQWHUDFWHG�ZLWK

WKUHH�GLIIHUHQW�DQLPDWHG�DJHQWV��HDFK�ZLWK�D�GLIIHUHQW�VHW�RI�FRQYHUVDWLRQDO�EHKDYLRUV�

6XEMHFWV

$�FRQYHQLHQFH�VDPSOH�RI����YROXQWHHUV�EHWZHHQ�WKH�DJHV�RI����DQG�����ERWK�PDOH�DQG�IHPDOH�

ZDV�WHVWHG��.��5��7KyULVVRQ�DFWHG�DV�H[SHULPHQWHU��$�EDFNJURXQG�TXHVWLRQQDLUH�FRQILUPHG�WKDW

WKH�VXEMHFWV�ZHUH�QRYLFH�FRPSXWHU�XVHUV�ZLWK�QR�YLVXDO�SUREOHPV�RU�RWKHU�KDQGLFDSV��$OO�ZHUH

QDWLYH�(QJOLVK�VSHDNHUV�
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,QVWUXFWLRQV

6XEMHFWV�ZHUH�WROG�WKDW�WKH�DJHQWV�NQHZ�DERXW�WKH�VRODU�V\VWHP�DQG�WKDW�WKH\�VKRXOG��LQWHUDFW�DV

QRUPDOO\�DV�SRVVLEOH��ZLWK�WKH�DJHQWV�LQ�RUGHU�WR�ILQG�RXW�PRUH�DERXW�WKH�VRODU�V\VWHP��DQG�WR�JHW

D�WRXU�RI�WKH�DQLPDWHG�PRGHO�RI�WKH�SODQHWV��$OWKRXJK�WKH�DJHQW�ZDV�FDSDEOH�RI�UHVSRQGLQJ�WR

XQUHFRJQL]HG�VSHHFK��ZLWK�XWWHUDQFHV�VXFK�DV�¦,©P�VRUU\��,�GLGQ©W�JHW�WKDW§���WR�DYRLG�DQ�LQLWLDO

SHULRG�RI�WULDO�DQG�HUURU��DQG�IUXVWUDWLRQ���XVHUV�ZHUH�JLYHQ�D�VKHHW�ZLWK�H[DPSOH�XWWHUDQFHV�WKDW

WKH�DJHQWV�ZRXOG�XQGHUVWDQG�
 6XEMHFWV�KDG�D�WULDO�RI�����WXUQV�ZLWK�WKH�DJHQWV�EHIRUH�WKH

H[SHULPHQW�EHJDQ��6XEMHFWV�LQWHUDFWHG��RQ�DYHUDJH��IRU���PLQXWHV�ZLWK�HDFK�RI�WKH�WKUHH�DJHQWV�

ZLWK�D���PLQXWH�EUHDN�LQ�EHWZHHQ�

5HVXOWV

6L[�RI�WKH�HLJKW�K\SRWKHVHV�ZHUH�FRQILUPHG��D�LV�VHW�DW������IRU�DOO�K\SRWKHVHV��1 �����7KH�QXOO

K\SRWKHVLV�ZDV�WHVWHG�ZLWK�D�UHSHDWHG�PHDVXUHV�PXOWLYDULDWH�DQDO\VLV�RI�YDULDQFH��0$129$�

ZLWK�WKH�IROORZLQJ�GHSHQGHQW�YDULDEOHV��DOO�UDWLQJV�RI�*DQGDOI�LQ�TXHVWLRQ����VHH�DSSHQGL[��

KHVLWDWLRQV��FRQWULEXWLRQV�DQG�RYHUODSV��DQG�ZDV�UHMHFWHG��)>������@� ��������S���������2YHUDOO�

WKH�UHVXOWV�VXSSRUWHG�WKH�VLJQLILFDQFH�RI�HQYHORSH�IHHGEDFN�RYHU�HPRWLRQDO�IHHGEDFN�DQG�FRQWHQW�

RQO\�IHHGEDFN��&RPSDULVRQV�EHWZHHQ�LQGLYLGXDO�PHDQV�ZHUH�GRQH�ZLWK�SDLUHG�W�WHVWV�DQG�DUH

VXPPDUL]HG�LQ�7DEOH����$V�FDQ�EH�VHHQ�LQ�7DEOH����LQ�QR�FDVH�ZDV�HPRWLRQDO�IHHGEDFN�UDWHG

VLJQLILFDQWO\�GLIIHUHQWO\�IURP�WKH�FRQWURO�FRQGLWLRQ��7KLV�DOORZV�XV�WR�SRRO�WKH�FRQGLWLRQV�RI

&217�DQG�(02�IRU�VXEVHTXHQW�WHVWV��&( �&217�(02����

1R�HIIHFWV�ZHUH�IRXQG�IRU�RUGHU�RI�FKDUDFWHU��RUGHU�RI�FRQGLWLRQV��RU�LQWHUDFWLRQV�EHWZHHQ�WKHVH�

RQ�WKH�GHSHQGHQW�YDULDEOHV�

+\SRWKHVLV 0HDQV W 6LJQLILFDQFH &RQILUPHG

^+�` &RQWULEXWLRQV� (02  &217

(02 ����

&217 ���� ����� Q�V� �WZR�WDLOHG� �

^+�` &RQWULEXWLRQV� (19 � &217� (02

(19 ����

&�(�� ���� ���� S � ���� �RQH�WDLOHG� �

^+�` +HVLWDWLRQV� (02  &217

(02 �����

&217 ����� ��� Q�V� �WZR�WDLOHG� �

^+�` +HVLWDWLRQV� (19 � &217� (02

(19 ���

&�(�� ���� ����� S � ���� �RQH�WDLOHG� QR

^+�` 2YHUODSV� (02  &217

(02 �����

&217 ����� ����� Q�V� �WZR�WDLOHG� �

^+�` 2YHUODSV� (19 � &217� (02

(19 ����

&�(�� ���� ����� S � ���� �RQH�WDLOHG� QR

^+�` $JHQW 5DWLQJ �4��� (02  &217

(02 �����

&217 ����� ���� Q�V� �WZR�WDLOHG� �

^+�` $JHQW 5DWLQJ �4��� (19 ! &217� (02

(19 �����

&�(�� ����� ����� S � ���� �RQH�WDLOHG� �

^+�` +HOSIXOQHVV �4��� (02  &217

(02 ����

&217 ���� ����� Q�V� �WZR�WDLOHG� �

^+�` +HOSIXOQHVV �4��� (19 ! &217� (02

(19 ����

&�(�� ���� ����� S � ���� �RQH�WDLOHG� �

�������������������������������������������

8VHUV E\ QR PHDQV VDLG RQO\ XWWHUDQFHV SULQWHG RQ WKH ¦FKHDW VKHHW�§ RU� IRU WKDW PDWWHU� RQO\ XWWHUDQFHV WKDW DJHQWV
XQGHUVWRRG�
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7DEOH �� 5HVXOWV IURP 3DLUHG W�7HVWV IRU (DFK RI WKH +\SRWKHVHV� 5DWLQJ K\SRWKHVHV ZHUH WHVWHG ZLWK WZR TXHVWLRQV
IURP WKH (YDOXDWLRQ 4XHVWLRQQDLUH �DSSHQGL[�� ')  �� IRU DOO W�YDOXHV� (02 DQG &217 DUH SRROHG IRU DOO
FRPSDULVRQV ZLWK (19� 5LJKWPRVW FROXPQ OLVWV ZKLFK K\SRWKHVHV ZHUH FRQILUPHG� Q�V�� QRW VLJQLILFDQW�

5HODWLYH�1XPEHU�RI�&RQWULEXWLRQV

7KHUH�ZDV�D�VLJQLILFDQW�GLIIHUHQFH�IRU�UHODWLYH�QXPEHU�RI�FRQWULEXWLRQV�EHWZHHQ�WKH�WKUHH

FRQGLWLRQV��)>�����@� �������S���������UHSHDWHG�PHDVXUHV�0$129$���)LJXUH���VKRZV�D

FRPSDULVRQ�EHWZHHQ�WKH�QXPEHU�RI�FRQWULEXWLRQV�ZLWK�&217�DQG�(02�SRROHG��7KH�ILJXUH

LQGLFDWHV�WKDW��DV�SUHGLFWHG��VXEMHFWV�PDGH�IHZHU�FRQWULEXWLRQV�SHU�DJHQW�FRQWULEXWLRQ�ZKHQ

VSHDNLQJ�ZLWK�WKH�HQYHORSH�IHHGEDFN�DJHQW�WKDQ�ZKHQ�VSHDNLQJ�ZLWK�WKH�HPRWLRQDO�RU�FRQWHQW�

RQO\�DQLPDWHG�DJHQWV��7KLV�PHDVXUH�FDQ�EH�WDNHQ�DV�D�URXJK�HVWLPDWH�RI�FRQYHUVDWLRQDO

HIILFLHQF\�

6XEMHFW�(YDOXDWLRQ�RI�&RQGLWLRQV

7KH�TXHVWLRQQDLUH�FRQFHUQV�VXEMHFWV
�UDWLQJV�RI�WKH�DQLPDWHG�DJHQWV
�ODQJXDJH��LQWHUDFWLRQ�VW\OH�

DQG�OLIHOLNHQHVV��6XEMHFWV
�UDWLQJ�RI�WKH�FKDUDFWHUV
�ODQJXDJH�DELOLWLHV�LV�VXUSULVLQJO\�KLJK��RQ�D

VFDOH�IURP���WR�����KXPDQV�JHWWLQJ�D�SHUIHFW������VXEMHFWV�JDYH�DJHQWV�LQ�WKH�(19�FRQGLWLRQ�D

PHDQ�RI�������6' ������IRU�ODQJXDJH�XQGHUVWDQGLQJ�DQG�������6' ������IRU�ODQJXDJH�XVH��7KHVH

QXPEHUV�PLJKW�VLPSO\�LQGLFDWH�WKH�XVHUV
�VDWLVIDFWLRQ�ZLWK�WKH�ODQJXDJH�SDUW�RI�WKH�V\VWHP�

+RZHYHU��LW�LV�VWULNLQJ�WKDW�WKH�HQYHORSH�IHHGEDFN�FRQGLWLRQ¥LQ�ZKLFK�ODQJXDJH�XQGHUVWDQGLQJ

DQG�ODQJXDJH�JHQHUDWLRQ�ZHUH�LGHQWLFDO�WR�WKH�RWKHU�FRQGLWLRQV¥ZDV�UDWHG�PRUH�KLJKO\�RQ�WKHVH

GLPHQVLRQV��LQGLFDWLQJ�WKDW�WKH�SUHVHQFH�RI�HQYHORSH�IHHGEDFN�FDXVHG�XVHUV�WR�JLYH�WKH�DJHQWV�D

KLJKHU�VFRUH�RQ�ODQJXDJH�DELOLW\�

6XEMHFW

� �� �� ����������

� ��

� ��

� ��

� ��

��

� ��

(19

(02�&217� �

)LJXUH �� 'LIIHUHQFH LQ UHODWLYH QXPEHU RI FRQWULEXWLRQV EHWZHHQ FRQGLWLRQ (19 �GDUN OLQH�
DQG &( �&217�(02���� 7KLV GLIIHUHQFH ZDV VLJQLILFDQW� 6KDGHG DUHD VKRZV WKH DPRXQW RI
GLIIHUHQFH� WKH VROLG GDUN WDLO DW ULJKW VKRZV D FOHDU UHYHUVDO RI WKH RYHUDOO SDWWHUQ IRU VXEMHFW
�� RQO\�
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7KH�TXHVWLRQV�WKDW�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�EHWZHHQ�WKH�(19�DQG�&(�FRQGLWLRQV�DUH

VXPPDUL]HG�LQ�7DEOH����$ORQJ�WKH�PDMRULW\�RI�GLPHQVLRQV��WKH�DJHQW�GLVSOD\LQJ�HQYHORSH

IHHGEDFN�ZDV�UDWHG�PRUH�KLJKO\�WKDQ�WKH�DJHQWV�LQ�WKH�RWKHU�WZR�FRQGLWLRQV��:H�H[SHFWHG�WR�JHW�D

IORRU�HIIHFW�IRU�TXHVWLRQ����FRPSDULQJ�WKH�LQWHUDFWLRQ�ZLWK�LQWHUDFWLQJ�ZLWK�D�JROGILVK��7KLV�WXUQHG

RXW�WR�EH�WKH�FDVH��PHDQ�VFRUH�RQ�TXHVWLRQ��J� ��������OHQGLQJ�VWUHQJWK�WR�UHVXOWV�REWDLQHG�LQ�WKH

RWKHU�TXHVWLRQV�

'LVFXVVLRQ

$OO�EXW�WZR�K\SRWKHVHV�ZHUH�FRQILUPHG�

7KLV�VXSSRUWV�WKH�JHQHUDO�FODLP�VHW�IRUWK�LQ

WKLV�SDSHU¥WKDW�QRQYHUEDO�EHKDYLRUV�DUH

LPSRUWDQW�WR�DQLPDWHG�FRQYHUVDWLRQDO

DJHQWV�DQG�WKDW�DSDUW�IURP�FRQWHQW��WKH�PRVW

KHOSIXO�NLQG�RI�QRQYHUEDO�EHKDYLRUV�DUH

HQYHORSH��RYHU�HPRWLRQDO�IHHGEDFN���,Q

SDUWLFXODU��LQ�WHUPV�RI�UDWLQJ�RI�LQWHUDFWLRQ

VW\OH��WKH�DJHQW�WKDW�JLYHV�HQYHORSH

IHHGEDFN�LV�UDWHG�DV�PRUH�KHOSIXO��PRUH

OLIHOLNH��DQG�PRUH�VPRRWK�LQ�LWV�LQWHUDFWLRQ

VW\OH��,Q�WHUPV�RI�XVHU©V�EHKDYLRUV��WKH�XVHU

ZDV�PRUH�HIILFLHQW�LQ�WKH�HQYHORSH

IHHGEDFN�FRQGLWLRQ��XVLQJ�IHZHU�XWWHUDQFHV

WR�DFFRPSOLVK�WKH�WDVN��,Q�IDFW��QR

GLIIHUHQFH�ZDV�IRXQG��DORQJ�DQ\�GLPHQVLRQ�

EHWZHHQ�WKH�DJHQW�WKDW�JDYH�FRQWHQW�IHHGEDFN�DORQH�DQG�WKH�DJHQW�WKDW�JDYH�FRQWHQW�IHHGEDFN�SOXV

HPRWLRQDO�IHHGEDFN��1RWH�WKDW�WKH�EHKDYLRUV�UHVSRQVLEOH�IRU�WKHVH�UHVXOWV�DUH�VOLJKW�QRGV�RI�WKH

KHDG��JD]H�WRZDUGV�XVHU�DQG�DZD\��EHDW�JHVWXUHV�ZKHQ�WDNLQJ�WKH�WXUQ��H\H�EOLQNV¥LQ�VKRUW

EHKDYLRUV�WKDW�DUH�RIWHQ�WKRXJKW�RI�DV��EDFNJURXQG�SURFHVVHV��LQ�KXPDQ�KXPDQ�FRPPXQLFDWLRQ

�'XQFDQ���������ZKLFK�IRU�WKH�PRVW�SDUW�ODVW�OHVV�WKDQ�����PV��DQG�ZKRVH�RQVHW�LV�ILQHO\�WLPHG�LQ

WKH�FRQYHUVDWLRQ�

,Q�WZR�FDVHV�RXU�RULJLQDO�K\SRWKHVHV�ZHUH�QRW�FRQILUPHG��7KHVH�WZR�FDVHV�DUH�LQWHUHVWLQJ�EHFDXVH

WKH\�VHHP�WR�SRLQW�WR�ZKDW�KDSSHQV�ZKHQ�DQ�DJHQW�LV�VR�VXFFHVVIXOO\�KXPDQ�OLNH�LQ�LWV

FRPPXQLFDWLRQ�VW\OH�WKDW�LW�UDLVHV�XVHU�H[SHFWDWLRQV�SDVW�ZKDW�FDQ�EH�FXUUHQWO\�PHW�

7KH�WZR�K\SRWKHVHV�WKDW�ZHUH�QRW�FRQILUPHG�VKRZHG�D�UHYHUVH�SDWWHUQ�RI�ZKDW�ZDV�H[SHFWHG�

ILUVW��VXEMHFWV�PRUH�IUHTXHQWO\�VSRNH�DW�WKH�VDPH�WLPH�DV�WKH�DJHQW�LQ�WKH�HQYHORSH�IHHGEDFN

FRQGLWLRQ�DQG��VHFRQG��PRUH�RIWHQ�VKRZHG�HYLGHQFH�RI�KHVLWDWLRQ�RU�IUXVWUDWLRQ�LQ�WKLV�FRQGLWLRQ�

6RPH�H[DPLQDWLRQ�RI�WKH�GDWD��KRZHYHU��SRLQWV�WR�WKH�IROORZLQJ�LQWHUSUHWDWLRQ�

48(67,21 (19 &�(

�D��/DQJXDJH�XQGHUVWDQGLQJ ���� ����

�E��/DQJXDJH�XVH ���� ����

�F��6PRRWKQHVV�RI�LQWHUDFWLRQ ���� ����

�I��6PRRWKQHVV�RI�LQWHUDFWLRQ

FRPSDUHG�WR�LQWHUDFWLQJ

ZLWK�D�GRJ
 ���� ����

�L��/LIH�OLNHQHVV�FRPSDUHG�WR

DQ\�FRPSXWHU�FKDUDFWHU
 ���� ����

7DEOH � ,WHPV LQ 4XHVWLRQ � �$SSHQGL[� WKDW :HUH
6LJQLILFDQWO\ 'LIIHUHQW %HWZHHQ WKH (19 &RQGLWLRQ DQG
WKH 3RROHG &217 DQG (02 &RQGLWLRQV� 
6FDOH IURP �
WKURXJK �� RWKHUV VFDOHG IURP � WKURXJK ���
&�( �&217�(02����
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��� 6XEMHFWV�LQ�WKH�(19�FRQGLWLRQ�WHQGHG�WR�ORRN�PRUH�EDFN�DQG�IRUWK�EHWZHHQ�WKH�ELJ�VFUHHQ

�ZKHUH�WKH�SODQHWV�ZHUH�GLVSOD\HG��DQG�WKH�DQLPDWHG�FKDUDFWHU��WHQGHG�WR�JHVWXUH�PRUH��DQG

VHHPHG�WR�EH�PRUH�GUDZQ�LQWR�WKH�LQWHUDFWLRQ�LQ�JHQHUDO��,Q�IDFW��SDUWLFLSDQWV�WHQGHG�WR�PLPLF

WKH�DJHQWV©�EHKDYLRUV��LI�WKH�DJHQW�ZDV�ULJLG��WKH\�WHQGHG�WR�VWDQG�VWLOO��LI�WKH�DJHQW�ZDV�PRUH

DQLPDWHG��WKH\�WHQGHG�WR�EH�PRUH�DQLPDWHG��7KLV�PD\�EH�OHDGLQJ��LQ�WKH�FXUUHQW

LPSOHPHQWDWLRQ��WR�D�OHVV�SUHGLFWDEOH�UHVSRQVH�SDWWHUQ�IURP�WKH�DJHQW��UHVXOWLQJ�LQ�PRUH�HUURUV

LQ�MXGJHPHQW�RI�WKH�FRQYHUVDWLRQDO�VWDWH�ERWK�RQ�WKH�SDUW�RI�WKH�XVHU�DQG�WKH�DJHQW�

1HYHUWKHOHVV��WKH�XVHU�SUHIHUV�WKLV�NLQG�RI�LQWHUDFWLRQ��DFFRUGLQJ�WR�HYHU\�PHDVXUH��WR�RQH

ZLWKRXW�WKLV�HQYHORSH�IHHGEDFN��:H�LQWHUSUHW�WKLV�VLPSO\�WR�LQGLFDWH�WKDW�WKH�UREXVWQHVV�RI�WKH

DJHQW
V�EHKDYLRUV�DQG�LQWHUSUHWLYH�SURFHVVHV�QHHGV�WR�EH�LPSURYHG��KDUGO\�D�VXUSULVH�JLYHQ�WKH

HDUO\�VWDWH�RI�RXU�SURWRW\SH�

��� $OWKRXJK�ZH�RULJLQDOO\�DVVXPHG�RYHUODSV�LQ�VSHHFK�EHWZHHQ�WKH�XVHU�DQG�WKH�DQLPDWHG�DJHQW

WR�LQGLFDWH�GLVIOXHQF\�RQ�WKH�XVHU©V�SDUW��RYHUODSV�PD\��LQ�IDFW��LQGLFDWH�WKDW�WKH�XVHU�LV

WUHDWLQJ�WKH�DQLPDWHG�DJHQW�H[DFWO\�OLNH�DQRWKHU��KXPDQ��FRQYHUVDWLRQDO�SDUWQHU��7KXV��LQ�WKH

VDPH�ZD\�WKDW�KXPDQV�PD\�WDON�RYHU�RQH�DQRWKHU��XVHUV�DUH�WDONLQJ�RYHU�WKH�DQLPDWHG

FKDUDFWHU��IXOO\�H[SHFWLQJ�WKH�FKDUDFWHU�WR�EH�DEOH�WR�NHHS�XS��8QIRUWXQDWHO\��WKH�DJHQWV


PXOWLPRGDO�DQDO\VLV�LV�QRW�SRZHUIXO�HQRXJK�WR�NHHS�XS��DQG�LQ�FDVHV�RI�RYHUODS��WKH�DJHQW

GRHVQ©W�XQGHUVWDQG�WKH�XVHU©V�DFWLRQV��7KLV�PDNHV�WKH�XVHU�KHVLWDWH�RU�WXUQ�WRZDUGV�WKH

H[SHULPHQWHU�IRU�DVVLVWDQFH��,Q�WKLV�VLWXDWLRQ��WKH�HQYHORSH��SURFHVV�UHODWHG�FXHV�WKDW�WKH�DJHQW

LV�SURYLGLQJ¥LQ�SDUWLFXODU��ORRNLQJ�WRZDUGV�WKH�XVHU�WR�JLYH�RYHU�WKH�WXUQ¥DUH�DOORZLQJ�WKH

XVHU�WR�EHJLQ�KHU�KLV�WXUQ�PRUH�TXLFNO\�WKDQ�LQ�WKH�FRQGLWLRQ�LQ�ZKLFK�V�KH�PXVW�ZDLW�WR�VHH�LI

WKH�V\QWKHVL]HG�VSHHFK�LV�UHDOO\�ILQLVKHG��7KDW�LV��WKH�DJHQW
V�HQYHORSH�IHHGEDFN�LV�LQFUHDVLQJ

WKH�QDWXUDOQHVV�RI�LWV�EHKDYLRU��ZKLFK�LQ�WXUQ��OHDGV�WKH�XVHU�WR�EHFRPH�PRUH�VSRQWDQHRXV�DQG

QDWXUDO�

2QH�PLJKW�DUJXH�WKDW�WKH�HPRWLRQDO�DJHQW�FRQGLWLRQ�ZDV�QRW�VWURQJ�HQRXJK�WR�WHVW�DJDLQVW�WKH

HQYHORSH�DJHQW��,W�LV�WUXH�WKDW�RQO\�WZR�HPRWLRQDO�H[SUHVVLRQV��KDSS\��SX]]OHG��QHXWUDO��ZHUH�XVHG

E\�WKH�HPRWLRQDO�DJHQW��DQG�WHFKQLFDO�LVVXHV�OHG�WR�WKRVH�IDFHV�QRW�EHLQJ�DV�KLJKO\�GLIIHUHQWLDWHG

DV�RQH�PLJKW�ZLVK���+RZHYHU��ZH�ZRXOG�DUJXH�WKDW�LW�LV�TXLWH�FRPPRQ�WR�ILQG�VXFK�D�VPDOO

QXPEHU�RI�H[SUHVVLRQ�FRQVWLWXWLQJ�¦HPRWLRQ§�LQ�LQWHUDFWLYH�V\VWHPV�DQG��IXUWKHU��XQOLNH�SUHYLRXV

UHVHDUFK��ZH�GLG�SUHWHVW�WKRVH�IDFHV�DQG�IRXQG�WKHP�WR�EH�GLVWLQJXLVKHG�UHOLDEO\�E\�XVHUV�

0RUHRYHU��RWKHU�UHVHDUFK�LQ�RXU�ODE�KDV�VKRZQ�WKDW�WKH�VDPH�HPRWLRQDO�DJHQW��XVLQJ�H[DFWO\�WKHVH

H[SUHVVLRQV��LV�GLIIHUHQWLDWHG�IURP�WKH�FRQWHQW�RQO\�IDFH�DQG�LV�IRXQG�WR�EH�PRUH�¦IULHQGO\§�E\

XVHUV��ZKLOH�WKH�HQYHORSH�DJHQW�LV�IRXQG�WR�EH�PRUH�¦KHOSIXO§��&DVVHOO��LQ�SUHVV���1RQHWKHOHVV��LW

LV�FOHDU�WKDW�IXUWKHU�UHVHDUFK�LV�QHHGHG�ZLWK�D�ODUJHU�YDULHW\�RI�PRUH�ILQHO\�GUDZQ�H[SUHVVLRQV�

&RQFOXVLRQV

5HVXOWV�VXFK�DV�WKHVH�SRLQW�VWURQJO\�WRZDUGV�WKH�QHHG�WR�IXUWKHU�H[SORUH�WKH�UROH�RI�HQYHORSH

IHHGEDFN�LQ�KXPDQRLG�DQLPDWHG�FRQYHUVDWLRQDO�DJHQWV��:H�KDYH�VKRZQ�WKDW�XVHUV�UDWH

FRQYHUVDWLRQDO�DJHQWV�HPSOR\LQJ�HQYHORSH�IHHGEDFN�EHKDYLRUV�PRUH�KLJKO\�WKDQ�DJHQWV�ZLWKRXW

QRQYHUEDO�EHKDYLRUV�RU�DJHQWV�JLYLQJ�HPRWLRQDO�IHHGEDFN�DQG�WKDW�VXFK�HQYHORSH�EHKDYLRUV

LQFUHDVH�XVHUV©�HIILFLHQF\��DQG�GHFUHDVH�WKHLU�FRQYHUVDWLRQDO�PLV�VWDUWV��:H�EHOLHYH�WKDW�WKHVH
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UHVXOWV�GHULYH�IURP�WKH�UROH�RI�HQYHORSH�IHHGEDFN�LQ�DOORZLQJ�XVHUV�WR�����DSSO\�WKH�NQRZOHGJH

WKDW�WKH\�DOUHDG\�KDYH�DERXW�KXPDQ�FRQYHUVDWLRQ�WR�WKHLU�LQWHUDFWLRQ�ZLWK�WKH�FRPSXWHU��DQG����

WUXVW�WKDW�WKH�FRQYHUVDWLRQ�LV�SURFHHGLQJ�VPRRWKO\��VLQFH�WKH\�DUH�XSGDWHG�DERXW�WKH�SURFHVV�RI

FRQYHUVDWLRQ�WKURXJKRXW�WKH�LQWHUDFWLRQ�

7KHVH�UHVXOWV�GR�QRW�UXOH�RXW�D�UROH�IRU�HPRWLRQDO�IHHGEDFN�LQ�FHUWDLQ�FRQGLWLRQV�RU�WDVNV��)LUVW�

ZKLOH�ZH�WHVWHG�WKH�VLPSOH�VHW�RI�HPRWLRQDO�HPEOHPV�WKDW�DUH�LPSOHPHQWHG�LQ�PDQ\�H[LVWHQW

LQWHUDFWLYH�V\VWHPV��D�PRUH�FRPSOH[�VHW�RI�HPRWLRQDO�H[SUHVVLRQV�PD\�EH�PRUH�HIIHFWLYH�LQ

HQJDJLQJ�XVHUV��6HFRQG��DV�7DNHXFKL�	�1DLWR��������UHPDUN��RQH�UHDVRQ�WKDW�LQWHUIDFH�V\VWHPV

WKDW�LQFRUSRUDWH�HPRWLRQDO�IDFLDO�GLVSOD\V�PD\�WDNH�PRUH�HIIRUW�UDWKHU�WKDQ�OHVV��LV�WKDW�XVHUV�PD\

EH�WU\LQJ�WR�LQWHUSUHW�WKH�PHDQLQJ�RI�WKH�KXPDQ�H[SUHVVLRQV��7KLV�LV�ILQH�LQ�FDVHV�ZKHUH�D�V\VWHP

FRXOG�EH�H[SHFWHG�WR�EH�FRQYH\LQJ�WKH�HPRWLRQDO��VHPDQWLF�IXQFWLRQ�RI�IDFLDO�GLVSOD\V¥EXW�WKHVH

FDVHV�DUH�UDUH��7KDW�LV��ZKHUHDV�WKH�ZRPDQ�ZKR�VHOOV�\RX�\RXU�GDLO\�ORWWHU\�WLFNHW�PD\�QDWXUDOO\

EH�H[SHFWHG�WR�VKRZ�SOHDVXUH��GLVDSSRLQWPHQW��RU�VXUSULVH�DV�\RX�UHDG�RII�WKH�QXPEHUV�RQ�\RXU

WLFNHW��WKH�DJHQW�ZKR�UHWULHYHV�\RXU�H�PDLO�GRHV�QRW�KDYH�DQ�DZIXO�ORW�WR�JHW�HPRWLRQDO�DERXW�

:RUN�FLUFXPVWDQFHV�VXFK�DV�WKHVH�VWLOO�PDNH�XS�WKH�PDMRULW\�RI�VLWXDWLRQV�LQ�ZKLFK�DQLPDWHG

DJHQWV�DUH�HPSOR\HG�>DOWKRXJK�VHH�/HVWHU�HW�DO���������@��7KHUHIRUH��LQ�WKH�JHQHUDO�FDVH��ZH�FDQ

VD\�WKDW�PRUH�HIIRUW�VKRXOG�EH�SXW�LQWR�LPSOHPHQWLQJ�HQYHORSH�EHKDYLRUV��ZKLFK�IDFLOLWDWH

KXPDQ�OLNH��SUHGLFWDEOH��DQG�VPRRWK�LQWHUDFWLRQ�ZLWK�DQ�HPERGLHG�FRQYHUVDWLRQDO�DJHQW�

,Q�VXP��ZH�KDYH�GHPRQVWUDWHG�WKDW�FRQYHUVDWLRQDO�V\VWHPV�HPSOR\LQJ�DQ�DQWKURSRPRUSKLF�

KXPDQ�OLNH�FKDUDFWHU�PD\�ZRUN�EHWWHU��DQG�EH�EHWWHU�DFFHSWHG��LI�WKH\�SURYLGH�LPSRUWDQW�HQYHORSH

IHDWXUHV�IURP�KXPDQ�IDFH�WR�IDFH�LQWHUDFWLRQ��VXFK�DV�EDFN�FKDQQHO�IHHGEDFN��DWWHQWLRQDO�FXHV�

DQG�EHDW�JHVWXUHV�
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$33(1',;� 6&25,1* 	 (9$/8$7,21 48(67,211$,5(

6FRULQJ RI &RQWULEXWLRQV
5HODWLYH QXPEHU RI VXEMHFW FRQWULEXWLRQV ZDV HVWLPDWHG LQ WKH IROORZLQJ ZD\� IRU HDFK XWWHUDQFH RU DFWLRQ RI WKH DJHQW� WKH

QXPEHU RI WLPHV D VXEMHFW UHSHDWV WKH VDPH UHTXHVW RU PDNHV D QHZ UHTXHVW LV FRXQWHG�

6FRULQJ RI +HVLWDWLRQV 	 )UXVWUDWLRQ
7KH IROORZLQJ EHKDYLRUV ZLOO EH FRXQWHG DV FRQVWLWXWLQJ LQWHUDFWLRQ�UHODWHG KHVLWDWLRQV DQG IUXVWUDWLRQ� RQ EHKDOI RI WKH VXEMHFWV�

�� 5HVWDUWV �UHODWHG WR DJHQW©V EHKDYLRU¥QRW WR UHFDOOLQJ D FRPPDQG��

�� 6XEMHFW ORRNV DW H[SHULPHQWHU ZKLOH ZDLWLQJ IRU DJHQW WR UHVSRQG�

�� 6XEMHFW FOHDUO\ LQGLFDWHV IUXVWUDWLRQ ZLWK DJHQW©V UHVSRQVH RU ODFN RI UHVSRQVH� E\ JHVWXUH� RU YHUEDOO\� IRU H[DPSOH E\

DVNLQJ H[SHULPHQWHU ZKDW WR GR�

(YDOXDWLRQ 4XHVWLRQQDLUH
�1RWLFH WR WKH UHDGHU� 7KH QDPH DSSHDULQJ LQ WKH TXHVWLRQV� *DQGDOI� %LOER� RU 5RODQG� GHSHQGHG RQ ZKLFK FKDUDFWHU
WKH VXEMHFW MXVW LQWHUDFWHG ZLWK��

<RX KDYH MXVW LQWHUDFWHG ZLWK *DQGDOI� RQH RI WKUHH FRPSXWHU�HQDFWHG FKDUDFWHUV ZH DUH GHYHORSLQJ� )ROORZLQJ DUH TXHVWLRQV

UHODWHG WR \RXU H[SHULHQFH ZLWK *DQGDOI� 3OHDVH DQVZHU WKHP WR WKH EHVW RI \RXU DELOLW\�

(VWLPDWHG WLPH� � PLQXWHV�

<RXU FRRSHUDWLRQ LV DSSUHFLDWHG�

�� 3OHDVH UDWH *DQGDOI RQ WKH IROORZLQJ LVVXHV�

�D� 2Q D VFDOH IURP � WR ��� DVVXPLQJ WKDW D KXPDQ JHWV D VFRUH RI ��� *DQGDOI©V XQGHUVWDQGLQJ RI \RXU VSRNHQ ODQJXDJH JHWV D

VFRUH RI BBBBBBBB�

�E� 2Q D VFDOH IURP � WR ��� DVVXPLQJ WKDW D KXPDQ JHWV D VFRUH RI ��� *DQGDOI©V XVH RI VSRNHQ ODQJXDJH JHWV D VFRUH RI

BBBBBBBB�

:KHQ WZR SHRSOH LQWHUDFW IDFH�WR�IDFH� WKHLU LQWHUDFWLRQ LV PRVW RI WKH WLPH YHU\ VPRRWK� ZLWK PLQLPDO KHVLWDWLRQV DQG

PLVXQGHUVWDQGLQJV�

�F� 2Q D VFDOH IURP � WR ��� DVVXPLQJ WKDW D KXPDQ JHWV D VFRUH RI ��� WKH VPRRWKQHVV RI WKH LQWHUDFWLRQ ZLWK *DQGDOI JHWV D VFRUH

RI BBBBBBBB�

�G� &RPSDUHG WR LQWHUDFWLQJ ZLWK D GRJ� *DQGDOI©V XQGHUVWDQGLQJ RI VSRNHQ ODQJXDJH LV ���

R���PXFK EHWWHU� R���VRPHZKDW EHWWHU� R���DERXW HTXDO� R���VOLJKWO\ ZRUVH� R ���PXFK ZRUVH�

�H� &RPSDUHG WR LQWHUDFWLQJ ZLWK D GRJ� *DQGDOI©V XVH RI ODQJXDJH LV ���

R���PXFK EHWWHU� R���VRPHZKDW EHWWHU� R���DERXW HTXDO�

R���VOLJKWO\ ZRUVH� R���PXFK ZRUVH�

�I� &RPSDUHG WR LQWHUDFWLRQ ZLWK D GRJ� WKH VPRRWKQHVV RI WKH LQWHUDFWLRQ ZLWK *DQGDOI LV ���

R���PXFK EHWWHU� R���VRPHZKDW EHWWHU� R���DERXW HTXDO� R���VOLJKWO\ ZRUVH� R���PXFK ZRUVH�

�J� &RPSDUHG WR LQWHUDFWLQJ ZLWK D ILVK LQ D ILVKERZO� LQWHUDFWLQJ ZLWK *DQGDOI LV ���

R ���PXFK PRUH LQWHUHVWLQJ�
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R ���VRPHZKDW PRUH LQWHUHVWLQJ�

R ���DERXW HTXDO

R ���VRPHZKDW OHVV LQWHUHVWLQJ�

R ���PXFK OHVV LQWHUHVWLQJ�

�K� &RPSDUHG WR DQ\ UHDO DQLPDO �H[FOXGLQJ KXPDQV�� *DQGDOI VHHPV���

R ���LQFUHGLEO\ OLIH�OLNH�

R ���YHU\ OLIH�OLNH�

R ��VRPHZKDW OLIH�OLNH�

R ���QRW YHU\ OLIH�OLNH�

R ���QRW OLIH�OLNH DW DOO�

�L� &RPSDUHG WR WKH PRVW OLIH�OLNH FKDUDFWHU LQ DQ\ FRPSXWHU JDPH RU SURJUDP \RX KDYH VHHQ� *DQGDOI VHHPV���

R ���LQFUHGLEO\ OLIH�OLNH�

R ���YHU\ OLIH�OLNH�

R ��VRPHZKDW OLIH�OLNH�

R ���QRW YHU\ OLIH�OLNH�

R ���QRW OLIH�OLNH DW DOO�

�� +RZ KHOSIXO WR WKH LQWHUDFWLRQ GLG \RX ILQG ���

�D� ���WKH FRQWHQW RI *DQGDOI©V VSHHFK"

R 9HU\ KHOSIXO�

R 6RPHZKDW KHOSIXO�

R 1HLWKHU KHOSIXO QRU XQKHOSIXO�

R 8QKHOSIXO�

R &RXQWHUSURGXFWLYH�

�E� ���*DQGDOI©V KHDG PRWLRQV"

R 9HU\ KHOSIXO�

R 6RPHZKDW KHOSIXO�

R 1HLWKHU KHOSIXO QRU XQKHOSIXO�

R 8QKHOSIXO�

R &RXQWHUSURGXFWLYH�

�F� ���*DQGDOI©V H[SUHVVLRQV"

R 9HU\ KHOSIXO�

R 6RPHZKDW KHOSIXO�

R 1HLWKHU KHOSIXO QRU XQKHOSIXO�

R 8QKHOSIXO�

R &RXQWHUSURGXFWLYH�

�G� ���*DQGDOI©V JD]H"

R 9HU\ KHOSIXO�

R 6RPHZKDW KHOSIXO�
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R 1HLWKHU KHOSIXO QRU XQKHOSIXO�

R 8QKHOSIXO�

R &RXQWHUSURGXFWLYH�

�H� ���*DQGDOI©V KDQG JHVWXUHV"

R 9HU\ KHOSIXO�

R 6RPHZKDW KHOSIXO�

R 1HLWKHU KHOSIXO QRU XQKHOSIXO�

R 8QKHOSIXO�

R &RXQWHUSURGXFWLYH�
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5HIHUHQFHV

$QGUp��(��DQG�7��5LVW��������&RSLQJ�ZLWK�WHPSRUDO�FRQVWUDLQWV�LQ�PXOWLPHGLD�SUHVHQWDWLRQ

SODQQLQJ��3UR���RI�$$$,�����SS����������

%DWHV��-��������7KH�UROH�RI�HPRWLRQ�LQ�EHOLHYDEOH�DJHQWV��&RPPXQ��$&0�����������������

%ULWWRQ��%�&�-��������(QKDQFLQJ�FRPSXWHU�KXPDQ�LQWHUDFWLRQ�ZLWK�DQLPDWHG�IDFLDO�H[SUHVVLRQV�

0DVWHU©V�WKHVLV��0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\��&DPEULGJH��0DVV�

&DVVHOO��-��,Q�SUHVV��(PERGLHG�FRQYHUVDWLRQ��,QWHJUDWLQJ�IDFH�DQG�JHVWXUH�LQWR�DXWRPDWLF�VSRNHQ

GLDORJ�V\VWHPV��,Q�6SRNHQ�GLDORJXH�V\VWHPV��HG��6��/XSHUIR\��&DPEULGJH��0DVV���0,7�3UHVV�

&DVVHOO��-���&��3HODFKDXG��1�,��%DGOHU��0��6WHHGPDQ��%��$FKRUQ��7��%HFNHWW��%��'RXYLOOH��6�

3UHYRVW��DQG�0��6WRQH��������$QLPDWHG�FRQYHUVDWLRQ��5XOH�EDVHG�JHQHUDWLRQ�RI�IDFLDO

H[SUHVVLRQ��JHVWXUH�DQG�VSRNHQ�LQWRQDWLRQ�IRU�PXOWLSOH�FRQYHUVDWLRQDO�DJHQWV��&RPSXW�

*UDSKLFV�����������������

&DVVHOO��-���2��7RUUHV��DQG�6��3UHYRVW��,Q�SUHVV��7XUQ�WDNLQJ�YV��GLVFRXUVH�VWUXFWXUH��+RZ�EHVW�WR

PRGHO�PXOWLPRGDO�FRQYHUVDWLRQ��,Q�0DFKLQH�FRQYHUVDWLRQV��HG��<��:LONV��7KH�+DJXH�

.OXZHU�

&DZVH\��$��������3ODQQLQJ�LQWHUDFWLYH�H[SODQDWLRQV��,QW��-��0DQ�0DFKLQH�6WXG��������������

'XQFDQ��6��������6RPH�VLJQDOV�DQG�UXOHV�IRU�WDNLQJ�VSHDNLQJ�WXUQV�LQ�FRQYHUVDWLRQV��,Q

1RQYHUEDO�FRPPXQLFDWLRQ��HG��6��:HLW]��1HZ�<RUN��2[IRUG�8QLYHUVLW\�3UHVV�

(NPDQ��3��������$ERXW�EURZV��(PRWLRQDO�DQG�FRQYHUVDWLRQDO�VLJQDOV��,Q�+XPDQ�(WKRORJ\�

&ODLPV�DQG�OLPLWV�RI�D�QHZ�GLVFLSOLQH��HGV��0��YRQ�&UDQDFK��.��)RSSD��:��/HSHQLHV��DQG�'�

3ORRJ�����������1HZ�<RUN��&DPEULGJH�8QLYHUVLW\�3UHVV�

(NPDQ��3���DQG�:��9��)ULHVHQ��������8QPDVNLQJ�WKH�IDFH��3DOR�$OWR��&DOLI���&RQVXOWLQJ

3V\FKRORJLVWV�3UHVV�

(OOLRWW��&��������,�SLFNHG�XS�&DWDSLD�DQG�RWKHU�VWRULHV��$�PXOLWPRGDO�DSSURDFK�WR�H[SUHVVLYLW\�IRU

¦HPRWLRQDOO\�LQWHOOLJHQW§�DJHQWV��,Q�3URF��)LUVW�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$XWRQRPRXV

$JHQWV�����������)HEUXDU\������0DULQD�GHO�5H\��&DOLI�

+DVHJDZD��2���.��,WRX��7��.XULWD��6��+D\DPL]X��.��7DQDND��.��<DPDPRWR��DQG�1��2WVX�������

$FWLYH�DJHQW�RULHQWHG�PXOWLPRGDO�LQWHUIDFH�V\VWHP��,Q�3URFHHGLQJV�RI�,-&$,���������$XJXVW

�������0RQWUpDO��4XpEHF��&DQDGD�

+DXSWPDQ��$�*��������6SHHFK�DQG�JHVWXUHV�IRU�JUDSKLF�LPDJH�PDQLSXODWLRQ��,Q�3URF��6,*&+,

�������������1HZ�<RUN��$&0�3UHVV�

.LQJ��:��-��DQG�-��2K\D��������7KH�UHSUHVHQWDWLRQ�RI�DJHQWV��$QWKURSRPRUSKLVP��DJHQF\�DQG

LQWHOOLJHQFH��,Q�3URF��&+,�
����$&0�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV�

���������1HZ�<RUN��$&0�3UHVV�

.RGD��7����DQG�3��0DHV��������$JHQWV�ZLWK�IDFHV��7KH�HIIHFWV�RI�SHUVRQLILFDWLRQ�RI�DJHQWV�

3UHVHQWHG�DW�+XPDQ�&RPSXWHU�,QWHUDFWLRQ�¨����$XJXVW��/RQGRQ��8.�

/DQLHU��-��������$JHQWV�RI�DOLHQDWLRQ��,QWHUDFWLRQV�������-XO\���������
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/DXUHO��%��������$QWKURSRPRUSKLVP��)URP�(OL]D�WR�7HUPLQDWRU����3DQHOLVW�GLVFXVVLRQ��$��'RQ�

PRGHUDWRU���,Q�&+,�
���&RQIHUHQFH�3URFHHGLQJV��$&0�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ

&RPSXWLQJ���������0D\������0RQWHUH\��&DOLI�

/HVWHU��-���-��9RHUPDQ��6��7RZQV��DQG�&��&DOODZD\��������&RVPR��$�OLIH�OLNH�DQLPDWHG

SHGDJRJLFDO�DJHQW�ZLWK�GHLFWLF�EHOLHYDELOLW\��,Q�:RUNLQJ�1RWHV�RI�WKH�,-&$,�
���:RUNVKRS�RQ

$QLPDWHG�,QWHUIDFH�$JHQWV��0DNLQJ�7KHP�,QWHOOLJHQW���������$XJXVW��1DJR\D��-DSDQ�

0DHV��3��������$JHQWV�WKDW�UHGXFH�ZRUN�DQG�LQIRUPDWLRQ�RYHUORDG��&RPPXQ��$&0��������������

0DXOVE\��'���'��*UHHQEHUJ��DQG�5��0DQGHU��������3URWRW\SLQJ�DQ�LQWHOOLJHQW�DJHQW�WKURXJK

:L]DUG�RI�2]��3URF��,QWHU&+,�¨������������$SULO��������$PVWHUGDP��1HWKHUODQGV�

0F1HLOO��'��������+DQG�DQG�0LQG��:KDW�*HVWXUHV�5HYHDO�DERXW�7KRXJKW��&KLFDJR��8QLYHUVLW\

RI�&KLFDJR�3UHVV�

0RRUH��-�'���DQG�&��/��3DULV��������3ODQQLQJ�WH[W�IRU�DGYLVRU\�GLDORJV��&DSWXULQJ�LQWHQWLRQDO�DQG

UKHWRULFDO�LQIRUPDWLRQ��&RPSXW��/LQJXLVWLFV����������������

1DJDR��.���DQG�$��7DNHXFKL��������6RFLDO�,QWHUDFWLRQ��0XOWLPRGDO�FRQYHUVDWLRQ�ZLWK�VRFLDO

DJHQWV��,Q�3URF����WK�1DWLRQDO�&RQIHUHQFH�RQ�$UWLILFLDO�,QWHOOLJHQFH��$$$,������YRO�����������

$XJXVW������6HDWWOH��:DVK�

1DVV��&���-��6WHXHU��(��7DXEHU��DQG�+��5HHGHU��������$QWKURSRPRUSKLVP��DJHQF\�DQG�HWKRSRHLD�

&RPSXWHUV�DV�VRFLDO�DFWRUV��,Q�,QWHU&+,�¨���$GMXQFW�3URFHHGLQJV����������

1HDO��-��*���DQG�6��&��6KDSLUR��������,QWHOOLJHQW�PXOWL�PHGLD�LQWHUIDFH�WHFKQRORJ\��,Q�,QWHOOLJHQW

8VHU�,QWHUIDFHV��HGV��-�:��6XOOLYDQ��DQG�6�:��7\OHU��SS���������1HZ�<RUN��$GGLVRQ�:HVOH\�

2FKVPDQ��5��%���DQG�$��&KDSDQLV��������7KH�HIIHFWV�RI����FRPPXQLFDWLRQ�PRGHV�RQ�WKH

EHKDYLRU�RI�WHDPV�GXULQJ�FR�RSHUDWLYH�SUREOHP�VROYLQJ��,QW��-��0DQ�0DFKLQH�6WXG���������

����

3HODFKDXG��&���1��,��%DGOHU��DQG�0��6WHHGPDQ��������/LQJXLVWLF�LVVXHV�LQ�IDFLDO�DQLPDWLRQ��,Q

&RPSXWHU�DQLPDWLRQ�¨����HGV��1��0DJQHQDW�7KDOPDQQ�DQG�'��7KDOPDQQ���������1HZ�<RUN�

6SULQJHU�9HUODJ�

6SDUUHOO��&�-��������&RYHUEDO�LFRQLF�JHVWXUH�LQ�KXPDQ�FRPSXWHU�LQWHUDFWLRQ��0DVWHU©V�WKHVLV��0,7

0HGLD�/DERUDWRU\��0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\��&DPEULGJH��0DVV�

7DNHXFKL��$���DQG�.��1DJDR��������&RPPXQLFDWLYH�IDFLDO�GLVSOD\V�DV�D�QHZ�FRQYHUVDWLRQDO

PRGDOLW\��,Q�3URF��,QWHU&+,��©�������������$SULO��������$PVWHUGDP��1HWKHUODQGV�

7DNHXFKL��$���DQG�7��1DLWR��������6LWXDWHG�IDFLDO�GLVSOD\V��7RZDUGV�VRFLDO�LQWHUDFWLRQ��,Q�+XPDQ

IDFWRUV�LQ�FRPSXWLQJ�V\VWHPV��&+,�¨���&RQIHUHQFH�3URFHHGLQJV������������0D\�������'HQYHU�

&ROR�

7KyULVVRQ��.��5��������)DFH�WR�IDFH�FRPPXQLFDWLRQ�ZLWK�FRPSXWHU�DJHQWV��,Q�$$$,�6SULQJ

6\PSRVLXP�RQ�%HOLHYDEOH�$JHQWV�:RUNLQJ�1RWHV���������0DUFK��������6WDQIRUG�8QLYHUVLW\�

6WDQIRUG��&DOLI�

7KyULVVRQ��.��5��7KLV�LVVXH��$�0LQG�PRGHO�RI�PXOWLPRGDO�FRPPXQLFDWLYH�FUHDWXUHV�DQG

KXPDQRLGV��$SSOLHG�$UWLILFLDO�LQWHOOLJHQFH�

7KyULVVRQ��.��5���'��%��.RRQV��DQG�5��$��%ROW��������0XOWL�PRGDO�QDWXUDO�GLDORJXH��6,*&+,

3URF��
��������������$OVR�LQ�6,**5$3+�9LGHR�5HYLHZ��&+,�¨���7HFKQLFDO�9LGHR�3URJUDP

�������
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