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FRPPXQLW\�E\�LQWHJUDWLQJ�IHHGEDFN�DW�GLIIHUHQW�VWDJHV�

RI�WKH�GHYHORSPHQW�SURFHVV�>�@��2OGHU�DGXOWV�DUH�D�
KHWHURJHQHRXV�JURXS�ZLWK�D�YDULHW\�RI�VSHFLDO�QHHGV�

>�@��VXJJHVWLQJ�WKDW�XVHU�LQYROYHPHQW�DQG�H[SHUW�

IHHGEDFN�LV�SDUWLFXODUO\�LPSRUWDQW��+RZHYHU��H[LVWLQJ�
ZRUN�UHSRUWV�SUREOHPV�UHJDUGLQJ�XVHU�LQYROYHPHQW�LQ�

WKH�GHYHORSPHQW�SURFHVV��RI�JDPHV�IRU�ROGHU�DGXOWV��
,QWHUDFWLRQ�SUREOHPV�DUH�UHSRUWHG�GHVSLWH�HIIRUWV�RI�

DFFRXQWLQJ�IRU�FRPPRQ�DJH�UHODWHG�FKDQJHV�DQG�

LPSDLUPHQWV��2QO\�IHZ�WKHRUHWLFDO�FRQVLGHUDWLRQV�
UHJDUGLQJ�PRWLRQ�EDVHG�JDPH�GHVLJQ�IRU�ROGHU�DGXOWV�

DUH�DYDLODEOH�>�@��DQG�WKH�LQYROYHPHQW�RI�JDPH�DQG�
LQWHUDFWLRQ�GHVLJQ�H[SHUWV�PD\�QRW�EH�HIIHFWLYH�DV�RQO\�

IHZ�RI�WKHP�KDYH�H[SHULHQFH�LQ�GHVLJQLQJ�IRU�ROGHU�

DGXOWV��,I�0%*V�GR�QRW�PHHW�WKH�QHHGV�RI�ROGHU�DGXOWV��
WKLV�GRHV�QRW�RQO\�GLPLQLVK�SOD\HU�H[SHULHQFH��3;���EXW�

PD\�DOVR�SXW�XVHUV�DW�ULVN�RI�LQMXU\��

:KR�FDQ�ZH�WXUQ�WR�LQ�RUGHU�WR�HQVXUH�WKH�VXLWDELOLW\�RI�

PRWLRQ�EDVHG�JDPHV�IRU�ROGHU�DGXOWV"�,Q�WKLV�SDSHU��ZH�
GLVFXVV�XVHU�DQG�H[SHUW�LQYROYHPHQW��LGHQWLI\�UHOHYDQW�

H[SHUWV�RXWVLGH�WKH�JDPH�GHVLJQ�FRPPXQLW\��DQG�
GLVFXVV�DW�ZKLFK�VWDJHV�WKH\�FDQ�EH�LQYROYHG�LQ�

GHYHORSPHQW��:H�DGGUHVV�FRUH�FKDOOHQJHV�DQG�VKRZ�

KRZ�H[SHUWV�FDQ�EH�LQWHJUDWHG�LQ�WKH�GHYHORSPHQW�
SURFHVV�WR�KHOS�JDPH�GHYHORSHUV�FUHDWH�VDIH��DFFHVVLEOH�

DQG�HQMR\DEOH�0%*V�IRU�ROGHU�DGXOWV��

:KR�6KRXOG�%H�,QYROYHG"�
8VHU�DQG�H[SHUW�LQYROYHPHQW�LV�FUXFLDO�LQ�PRWLRQ�EDVHG�
JDPH�GHVLJQ�IRU�ROGHU�DGXOWV��EXW�GLIIHUHQW�FKDOOHQJHV�

KDYH�WR�EH�DGGUHVVHG��

8VHUV�DV�([SHUWV��,QYROYLQJ�2OGHU�$GXOWV�

,Q�RXU�UHVHDUFK��ZH�IRXQG�ODUJH�GLIIHUHQFHV�EHWZHHQ�
DFWLYH�DQG�LQVWLWXWLRQDOL]HG�ROGHU�DGXOWV�LQ�WKHLU�DELOLWLHV�

WR�SDUWLFLSDWH�LQ�WKH�JDPH�GHVLJQ�SURFHVV�>�@��

,QVWLWXWLRQDOL]HG�ROGHU�DGXOWV�RIWHQ�H[SHULHQFH�D�KLJKHU�
GHJUHH�RI�DJH�UHODWHG�FKDQJHV�DQG�LPSDLUPHQWV��

VRPHWLPHV�OLPLWLQJ�WKHLU�DELOLW\�RI�EHLQJ�SDUW�RI�WKH�

GHYHORSPHQW�SURFHVV�>�@��)XUWKHUPRUH��D�ODFN�RI�
IDPLOLDULW\�ZLWK�JDPHV�PD\�FDXVH�DGGLWLRQDO�GLIILFXOWLHV�

LQ�WKH�H[SUHVVLRQ�RI�RSLQLRQV�>��@��:KHQ�ZRUNLQJ�ZLWK�
ROGHU�DGXOWV�LQ�QXUVLQJ�KRPHV�HYDOXDWLRQ�VHVVLRQV�KDYH�

WR�EH�VFKHGXOHG�DURXQG�UHJXODU�DFWLYLWLHV�DQG�

SDUWLFLSDQW�DYDLODELOLW\�RIWHQ�KDV�WR�EH�GHWHUPLQHG�RQ�D�
GDLO\�EDVLV�DV�KHDOWK�FRQGLWLRQV�YDU\��0%*V�GR�QRW�RQO\�

FKDOOHQJH�XVHUV�RQ�D�FRJQLWLYH�OHYHO��EXW�DOVR�UHTXLUH�
WKHP�WR�EH�SK\VLFDOO\�DFWLYH��OHDGLQJ�WR�DGGLWLRQDO�

SUREOHPV�ZKHQ�ZRUNLQJ�ZLWK�ROGHU�DGXOWV�>�@��,Q�WKLV�

FRQWH[W��LW�LV�LPSRUWDQW�WR�FDUHIXOO\�ZHLJK�DGYDQWDJHV�
DQG�GLVDGYDQWDJHV�RI�XVHU�LQYROYHPHQW��

1RQ�*DPHU�DQG�*DPHU�([SHUWV�

$�PDMRU�FKDOOHQJH�RI�H[SHUW�LQYROYHPHQW�LQ�PRWLRQ�

EDVHG�JDPH�GHVLJQ�IRU�ROGHU�DGXOWV�LV�WKDW�IHZ�RI�WKH�
H[SHUWV�FDQ�EH�H[SHFWHG�WR�KDYH�H[WHQVLYH�NQRZOHGJH�

LQ�DOO�UHOHYDQW�DUHDV��L�H���YLGHR�JDPHV�DQG�
FKDUDFWHULVWLFV�RI�ROGHU�DGXOWV���7KHUHIRUH��LW�LV�

LPSRUWDQW�WR�FRQVXOW�H[SHUWV�LQ�ERWK�ILHOGV�DQG�

FRQVROLGDWH�WKHLU�LQSXW��H[SHUWV�RQ�ROGHU�DGXOWV�DUH�
OLNHO\�WR�JLYH�IHHGEDFN�RQ�VXLWDEOH�LQWHUDFWLRQ�

SDUDGLJPV�ZKHUHDV�JDPH�GHYHORSPHQW�H[SHUWV�FDQ�
KHOS�WXUQ�WKHP�LQWR�DSSHDOLQJ�JDPH�PHFKDQLFV��

$W�:KDW�7LPH�6KRXOG�([SHUWV�%H�,QYROYHG"�
0RGHUQ�JDPH�GHVLJQ�OLWHUDWXUH�KLJKOLJKWV�WKH�

LPSRUWDQFH�RI�DQ�LWHUDWLYH�GHYHORSPHQW�SURFHVV��
6WDUWLQJ�IURP�SOD\HU�H[SHULHQFH�JRDOV��)XOOHUWRQ�HW�DO��

>�@�VXJJHVW�D�PXOWL�VWDJH�GHYHORSPHQW�PRGHO��DQ�

LWHUDWLYH�F\FOH��)LJXUH����EHJLQV�IRU�HDFK�RI�WKH�
IROORZLQJ�VWDJHV������EUDLQVWRUPLQJ������SK\VLFDO�

)LJXUH����,WHUDWLYH�SURFHVV�
GLDJUDP�IRU�JDPH�GHYHORSPHQW�
DIWHU�)XOOHUWRQ�HW�DO��>�@��SDJH�����

&RPPRQ�$JH�5HODWHG�&KDQJHV�

&RJQLWLYH�LPSDLUPHQWV��H�J���
GHFUHPHQWV�LQ�HSLVRGLF�PHPRU\��
YDULDQFHV�LQ�ZRUNLQJ�PHPRU\�
SHUIRUPDQFH��DIIHFW�SUREOHP�
VROYLQJ�VNLOOV�DQG�LQIRUPDWLRQ�
SURFHVVLQJ�DQG�FDQ�OHDG�WR�D�
UHGXFHG�DWWHQWLRQ�VSDQ�ZKHQ�
ZRUNLQJ�RQ�FRPSOH[�WDVNV�>�@��>�@��

$�GHFOLQH�RI�PRWRU�VNLOOV�LQFOXGHV�
GHFUHPHQWV�LQ�ILQH�PRWRU�VNLOOV�DQG�
FKDQJHV�LQ�SRVWXUH�DQG�EDODQFH��
0RWRU�OHDUQLQJ�RI�QHZ�VNLOOV�LV�DOVR�
QHJDWLYHO\�DIIHFWHG�E\�DJH�>�@��>�@��
3K\VLFDO�LPSDLUPHQWV�LQFOXGH�
GHFUHPHQWV�LQ�VHQVRU\�SURFHVVHV�
DIIHFWLQJ�WKH�LQWHUDFWLRQ�ZLWK�WKH�
HQYLURQPHQW�>�@���

&KURQLF�LOOQHVVHV�UDQJLQJ�IURP�
DUWKULWLV�WR�VHYHUH�KHDUW�FRQGLWLRQV�
KDYH�DQ�LPSDFW�RQ�WKH�SK\VLFDO�
DELOLWLHV�DQG�PRELOLW\�RI�VHQLRU�
FLWL]HQV��ZKLOH�QHXURGHJHQHUDWLYH�
GLVHDVHV�VXFK�DV�$O]KHLPHU¶V�DOVR�
DIIHFW�ROGHU�DGXOWV¶�FRJQLWLRQ�>�@��
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SURWRW\SH��V�������VRIWZDUH�SURWRW\SH�V�������GHVLJQ�

GRFXPHQWDWLRQ������SURGXFWLRQ�DQG�����TXDOLW\�
DVVXUDQFH�>�@��7KLV�SURFHVV�FORVHO\�UHVHPEOHV�LWHUDWLYH�

PHWKRGV�IURP�JHQHUDO�LQWHUDFWLRQ�GHVLJQ��VKLIWLQJ�WKH�

HPSKDVLV�IURP�UHTXLUHPHQWV�DQDO\VLV�WR�SOD\HU�
H[SHULHQFH�JRDOV�DQG�EUDLQVWRUPLQJ��FI��VLGHEDU��>�@��

,Q�WKH�FDVH�RI�0%*�GHVLJQ�IRU�ROGHU�DGXOWV��FRQFHSWXDO�

EUDLQVWRUPLQJ�LV�JXLGHG�E\�KHDOWK�DQG�VDIHW\�FRQFHUQV��

1RQ�JDPHU�H[SHUWV��PHGLFDO�VWDII�DQG�WKHUDSLVWV��SOD\�
DQ�LPSRUWDQW�UROH�LQ�WKLV�SKDVH�WR�HQVXUH�WKH�EDVLF�

VXLWDELOLW\�RI�LQWHUDFWLRQ�SDUDGLJPV��3OD\HUV�IURP�WKH�
WDUJHW�JURXS�VKRXOG�EH�LQFOXGHG�EHJLQQLQJ�DW�WKH�HDUO\�

SURWRW\SLQJ�VWDJHV�WR�DFFRXQW�IRU�LVVXHV�UHODWHG�WR�WKHLU�

KHWHURJHQHLW\��PRWLRQ�EDVHG�LQSXW�VKRXOG�EH�WHVWHG�
EHIRUH�EHLQJ�LPSOHPHQWHG�LQWR�HOHFWURQLF�SURWRW\SHV�

�H�J���E\�OHWWLQJ�XVHUV�SHUIRUP�SUHOLPLQDU\�JHVWXUH�
VHWV���:KHQ�PRYLQJ�LQWR�WKH�SURGXFWLRQ�SKDVH��QRQ�

JDPHU�H[SHUWV�DQG�JDPHU�H[SHUWV�KDYH�WR�ZRUN�KDQG�LQ�

KDQG�WR�FUHDWH�VHQLRU�IULHQGO\�JDPH�PHFKDQLFV��,Q�
TXDOLW\�DVVXUDQFH��QRQ�JDPHU�H[SHUWV�DQG�XVHUV�SOD\�D�

FHQWUDO�UROH�LQ�YDOLGDWLQJ�SOD\DELOLW\��VDIHW\�DQG�KHDOWK�
DVSHFWV�DV�WKH�VRIWZDUH�PDWXUHV��

&RQFOXVLRQV�DQG�)XWXUH�'LUHFWLRQV�
*HQHUDOO\�VSHDNLQJ��XVHUV�DQG�H[SHUWV�VKRXOG�EH�

LQYROYHG�EDVHG�RQ�WKHLU�DUHDV�RI�H[SHUWLVH�DQG�WKHLU�
NLQG�RI�FRQQHFWLRQ�WR�WKH�WDUJHW�DXGLHQFH��)HHGEDFN�

QHHGV�WR�EH�ZHLJKHG�DFFRUGLQJ�WR�XVHUV¶�DQG�H[SHUWV¶�

H[SHULHQFH�ZLWK�JDPHV��LQ�RXU�UHVHDUFK��ZH�UHFHLYHG�D�
ORW�RI�IHHGEDFN�RQ�JDPH�GHVLJQ�LGHDV�IURP�DOO�JURXSV��

EXW�QRQ�JDPHU�H[SHUWV�DQG�XVHUV�RIWHQ�IRXQG�LW�GLIILFXOW�
WR�NHHS�LQ�PLQG�WKH�WHFKQLFDO�IHDVLELOLW\�RI�WKHLU�

VXJJHVWLRQV��1HYHUWKHOHVV��WKH�LQYROYHPHQW�RI�QRQ�

JDPHUV�RIIHUV�WKH�FKDQFH�RI�JHQHUDWLQJ�IUHVK�LGHDV�DQG�
WKLQNLQJ�RXWVLGH�WKH�ER[�>��@����

,Q�WKLV�FRQWH[W��UDSLG�SURWRW\SLQJ�LV�DQ�LPSRUWDQW�WRRO�WR�

OLPLW�WKH�DPRXQW�RI�WLPH�VSHQW�RQ�LPSOHPHQWLQJ�
LQDFFHVVLEOH�0%*�GHVLJQV��+RZHYHU��LQ�RUGHU�WR�

HYDOXDWH�FHUWDLQ�DVSHFWV��H�J���VXLWDELOLW\�RI�JDPH�

PHFKDQLFV�DQG�JDPH�SDFLQJ���IXQFWLRQDO�SURWRW\SHV�DUH�
UHTXLUHG��7KLV�PD\�DOVR�SUHYHQW�FRQIXVLRQ�DPRQJVW�

XVHUV�LQYROYHG�LQ�WKH�GHYHORSPHQW�SURFHVV��VLQFH�UDSLG�
SURWRW\SLQJ�GHVLJQ�PHWKRGV�RIWHQ�UHTXLUH�DQ�DEVWUDFW�

WUDQVIHU�RI�FRQFHSWV�WR�SRWHQWLDO�XVH�FDVHV��ZKLFK�LV�QRW�

UHFRPPHQGHG�ZKHQ�ZRUNLQJ�ZLWK�ROGHU�DGXOWV�>��@��,Q�
DGGLWLRQ��D�WUDGH�RII�EHWZHHQ�UDSLG�WHVWLQJ�DQG�

H[SORUDWLRQ�RI�PRYHPHQW�W\SHV�DQG�WKH�YDOLGDWLRQ�RI�
WKHUDSHXWLF�EHQHILW�QHHGV�WR�EH�IRXQG���

)LQDOO\��WKH�HYDOXDWLRQ�RI�0*%V�IRU�ROGHU�DGXOWV�UHTXLUHV�
D�FDUHIXO�H[DPLQDWLRQ�RI�WKH�DFFHVVLELOLW\�DQG�KHDOWK�

LPSOLFDWLRQV�IRU�WKH�WDUJHW�JURXS�EHIRUH�FRQVLGHULQJ�3;��
'LYHUJLQJ�IURP�XVXDO�SULRULWLHV�IRU�GHVLJQ�DQG�

HYDOXDWLRQV�RI�JDPHV��ZH�VXJJHVW�WKH�IROORZLQJ�RUGHU��

����GRQ¶W�KDUP������PDNH�LW�XVDEOH��SOD\DEOH���
DFFHVVLEOH�������PDNH�LW�IXQ������PDNH�LW�XVHIXO��,Q�

RUGHU�WR�SUHYHQW�QDUURZLQJ�GRZQ�WKH�GHVLJQ�VSDFH�WRR�
HDUO\��WKH�SULRULWLHV�PLJKW�VKLIW�GXULQJ�EUDLQVWRUPLQJ��

���������DQG�WR�D�FHUWDLQ�H[WHQW�����DUH�QRW�XVXDOO\�WRS�

SULRULWLHV�LQ�JDPH�GHVLJQ�DQG�WKH\�FRQVWLWXWH�WKH�PDLQ�
UHDVRQ�ZK\�XVHUV�EXW�DOVR�QRQ�JDPHU�H[SHUWV�PXVW�EH�

LQYROYHG�LQ�WKH�GHYHORSPHQW�RI�0%*V�IRU�ROGHU�DGXOWV��

:KHQ�GHVLJQLQJ�IRU�ROGHU�DGXOWV��JDPH�H[SHULHQFH�DQG�

SOD\DELOLW\�DUH�H[WUHPHO\�GLIILFXOW�WR�SUHGLFW��:KLOH�ILUVW�
PRGHOV�GUDZLQJ�DZDUHQHVV�WRZDUGV�FKDOOHQJHV�LQ�WKH�

GHVLJQ�RI�YLGHR�JDPHV�IRU�ROGHU�DGXOWV�KDYH�EHHQ�
GHYHORSHG�>�@��GHVLJQ�KHXULVWLFV�DUH�RIWHQ�OLPLWHG�WR�WKH�

HOLPLQDWLRQ�RI�EDVLF�SUREOHPV��7KXV��XVHU�WHVWLQJ�LV�

LPSRUWDQW�DW�DQ\�VWDJH�RI�GHYHORSPHQW��DQG�ZKHQ�
GHVLJQLQJ�IRU�ROGHU�DGXOWV��WKH�LQYROYHPHQW�RI�H[SHUWV�LV�

1RQ�*DPHU�([SHUWV�VXFK�DV�
GRFWRUV��WKHUDSLVWV�DQG�QXUVHV�FDQ�
SURYLGH�YDOXDEOH�LQVLJKWV�LQWR�
FRPPRQ�DJH�UHODWHG�FKDQJHV�DQG�
LPSDLUPHQWV��JLYH�UHFRPPHQ�
GDWLRQV�WKDW�KHOS�LQWHUDFWLRQ�
GHVLJQHUV�LPSOHPHQW�KHDOWK\�
PRYHPHQW�EDVHG�JDPH�LQSXW��DQG�
VXSSRUW�JDPH�GHYHORSHUV�
WKURXJKRXW�WKH�HYDOXDWLRQ�SURFHVV��

*DPHU�([SHUWV��H�J���LQWHUDFWLRQ�
DQG�JDPH�GHVLJQHUV�FDQ�EXLOG�RQ�
UHFRPPHQGDWLRQV�SURYLGHG�E\�QRQ�
JDPHU�H[SHUWV�DQG�KHOS�FRQYHUW�
WKHLU�LQVLJKWV�LQWR�HQMR\DEOH�JDPH�
PHFKDQLFV��*LYHQ�WKH�VXSSRUW�RI�
QRQ�JDPHU�DGYLVRUV��WKH\�FDQ�DOVR�
ZRUN�ZLWK�ROGHU�DGXOWV�WR�FUHDWH�DQG�
HYDOXDWH�DSSHDOLQJ�JDPH�FRQFHSWV��
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QHFHVVDU\�WR�ILOO�LQ�LQIRUPDWLRQ�WKDW�WKH�WDUJHW�DXGLHQFH�

PD\�EH�XQDEOH�WR�SURYLGH��*DPH�GHYHORSHUV�KDYH�WR�
EDODQFH�WKH�GHJUHH�WR�ZKLFK�WKH\�UHO\�RQ�H[WHUQDO�

SDUWQHUV��ROGHU�DGXOWV�PD\�EH�H[KDXVWHG��DQG�PHGLFDO�

VWDII�LV�XVXDOO\�VKRUW�RQ�WLPH��7KLV�FKDOOHQJH�LQFUHDVHV�
ZKHQ�WU\LQJ�WR�HYDOXDWH�WKH�WKHUDSHXWLF�YDOXH�RI�

PRWLRQ�EDVHG�JDPHV�IRU�ROGHU�DGXOWV��,Q�FRQWUDVW�WR�WKH�
ORQJ�KLVWRU\�RI�FOLQLFDO�WULDOV�LQ�PHGLFLQH��JDPHV�XVHU�

UHVHDUFK�KDV�QRW�\HW�GHYHORSHG�DSSURSULDWH�SURWRFROV��

7KH�GHYHORSPHQW�RI�QHZ�PHWKRGRORJLFDO�DSSURDFKHV�

FRXOG�DOVR�FRQWULEXWH�WR�WKH�GHYHORSPHQW�RI�JDPHV�IRU�
RWKHU�XVHU�JURXSV�WKDW�FRQVLVW�RI�PHPEHUV�ZLWK�

KHWHURJHQHRXV�DELOLWLHV�DQG�QHHGV��IRVWHULQJ�WKH�

FUHDWLRQ�RI�HQMR\DEOH�JDPHV�IRU�YXOQHUDEOH�DXGLHQFHV��
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