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$EVWUDFW�
:H�SUHVHQW�DQ�H[SHULPHQWDO�FRPSDULVRQ�RI�WKUHH�
NLQHVLDWULF�H[HUFLVH�LQVWUXFWLRQ�PRGDOLWLHV��D�OLYH�KXPDQ�
LQVWUXFWRU��KXPDQ���UHFRUGHG�YLGHR��YLGHR��DQG�D�
YLUWXDO�ILJXUH�GLVSOD\HG�QH[W�WR�WKH�UHSUHVHQWDWLRQ�RI�
WKH�XVHUV¶�DSSUR[LPDWH�VNHOHWRQ��LQWHUDFWLYH���7KH�
UHVXOWV�UHJDUGLQJ�XVHU�H[SHULHQFH��SUHIHUHQFHV��DQG�
H[HUFLVH�DFFXUDF\�LQGLFDWH�D�SUHIHUHQFH�IRU�WKH�KXPDQ�
LQVWUXFWRU�DFURVV�PHDVXUHV��$�GLVSDULW\�H[LVWV�EHWZHHQ�
H[HUFLVH�DFFXUDF\�DQG�SHUFHLYHG�HDVH�RI�XQGHUVWDQGLQJ�
ZKHQ�FRPSDULQJ�WKH�YLGHR�ZLWK�WKH�LQWHUDFWLYH�
PRGDOLW\��3HUFHSWLRQ�PHDVXUHV�LQGLFDWH�D�VOLJKW�
SUHIHUHQFH�IRU�WKH�YLGHR�PRGDOLW\��ZKLOVW�SHUIRUPDQFH�
GDWD�VKRZV�D�VLJQLILFDQWO\�KLJKHU�DFFXUDF\�LQ�WKH�
LQWHUDFWLYH�FRQGLWLRQ��2XU�ILQGLQJV�VXSSRUW�WKH�IXUWKHU�
LQYHVWLJDWLRQ�RI�GLJLWDO�LQWHUIDFHV�WR�VXSSRUW�SK\VLFDO�
WKHUDS\�DQG�UHKDELOLWDWLRQ�DV�D�FRVW�HIIHFWLYH�DQG�
SRWHQWLDOO\�PRUH�HIILFLHQWO\�FXVWRPL]DEOH�DGGLWLRQ�WR�
WUDGLWLRQDO�H[HUFLVH�LQVWUXFWLRQ�IRUPV��

$XWKRU�.H\ZRUGV�
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,QWURGXFWLRQ�
$�JURZLQJ�ERG\�RI�UHVHDUFK�LQYHVWLJDWHV�IXOO�ERG\�
PRWLRQ�WUDFNLQJ�VHQVRUV��)%076��DQG�PRWLRQ�EDVHG�
JDPHV��0%*V��DV�HOHPHQWV�RI�DSSOLFDWLRQV�WKDW�DUH�
LQWHQGHG�WR�VXSSRUW�SK\VLFDO�WKHUDS\�RU�UHKDELOLWDWLRQ�
�37�5��E\�RIIHULQJ�PRWLYDWLRQ��JXLGDQFH�DQG�RU�
SURJUHVV�LQIRUPDWLRQ��5HFHQW�VWXGLHV�KDYH�XQGHUOLQHG�
WKH�SRWHQWLDO�RI�VXFK�DSSOLFDWLRQV�ZLWK�D�QXPEHU�RI�
WDUJHW�JURXSV��H�J��>���@��DQG�RWKHUV�KDYH�HYDOXDWHG�
WKH�WUDFNLQJ�DFFXUDF\�RI�FRQVXPHU�JUDGH�)%076��VXFK�
DV�WKH�.LQHFW�>�@��:KLOH�SURIHVVLRQDO�VROXWLRQV�FDQ�
WKHRUHWLFDOO\�GHOLYHU�D�KLJKHU�DFFXUDF\��WKH\�RIWHQ�KDYH�
WKHLU�RZQ�VHWV�RI�OLPLWDWLRQV��H�J��LQFUHDVHG�FRVW��
FKDOOHQJHV�LQ�FDOLEUDWLRQ��LQWUXVLYLW\��PDLQWHQDQFH��UHDO�
WLPH�XVDJH��>�@�DQG�WKH�WUDFNLQJ�DFFXUDF\�RI�WKH�
FRQVXPHU�KDUGZDUH�LV�UHDVRQDEOH�IRU�PDQ\�XVH�FDVHV��
)%076�GULYHQ�LQWHUDFWLYH�DSSOLFDWLRQV�KDYH�EHHQ�
VWXGLHG�LQ�FRPSDULVRQ�WR�WUDGLWLRQDO�H[HUFLVH�JXLGDQFH�
E\�LQVWUXFWLRQ�VKHHWV�>�@��+RZHYHU��WR�WKH�EHVW�RI�RXU�
NQRZOHGJH��WKH�TXHVWLRQ��³+RZ�GRHV�D�IXOO�ERG\�
PRWLRQ�EDVHG�LQWHUDFWLYH�VROXWLRQ�FRPSDUH�WR�PRUH�
WUDGLWLRQDO�NLQHVLDWULF�H[HUFLVH�LQVWUXFWLRQ�PRGDOLWLHV�
ZKHQ�FRQYH\LQJ�DFWXDO�SK\VLFDO�H[HUFLVH�VHWV��LQ�WHUPV�
RI�WKH�UHVXOWLQJ�XVHU�H[SHULHQFH�DQG�WKH�H[HUFLVH�
SHUIRUPDQFH"´�UHPDLQV�XQDQVZHUHG��:H�WKXV�SUHVHQW�
DQ�H[SHULPHQWDO�FRPSDULVRQ�RI�WKUHH�DOWHUQDWLYH�
PRGDOLWLHV���D��OLYH�KXPDQ�WR�KXPDQ�LQVWUXFWLRQ�
>KXPDQ@���E��LQVWUXFWLRQ�E\�YLGHR��ZLWK�D�UHFRUGHG�
KXPDQ�LQVWUXFWRU�>YLGHR@�DQG��F��LQVWUXFWLRQ�YLD�DQ�
LQWHUDFWLYH�WRRO�>LQWHUDFWLYH@�WKDW�VKRZV�D�VWLFN�ILJXUH�
DQLPDWLRQ�RI�SUH�UHFRUGHG�H[HUFLVHV�WRJHWKHU�ZLWK�D�
VWLFN�ILJXUH�UHSUHVHQWDWLRQ�RI�WKH�UHFLSLHQW��

5HODWHG�:RUN�
([LVWLQJ�ZRUN�RQ�WKH�SRWHQWLDO�RI�)%076�LQ�0%*V�IRU�
KHDOWK�KDV�IRFXVHG�RQ�WKH�.LQHFW�>�@�DQG�VLPLODU�

WHFKQRORJLHV��DV�ZHOO�DV�RWKHU�GHYLFHV��VXFK�DV�GLJLWDO�
EDODQFH�ERDUGV�>�@��SRLQWLQJ�GHYLFHV�>�@��HWF��6LQFH�QR�
FRQWDFW�IXOO�ERG\�PRWLRQ�WUDFNLQJ�GHYLFHV�DUH�DUJXDEO\�
PRVW�IOH[LEOH�DQG�FDQ�VXSSRUW�D�ODUJH�QXPEHU�RI�
GLIIHUHQW�H[HUFLVHV�DQG�XVH�FDVHV��WKH�TXHVWLRQ�DULVHV��
KRZ�LQWHUDFWLYH�H[HUFLVH�LQVWUXFWLRQ�FRPSDUHV�WR�RWKHU�
PRGDOLWLHV��8]RU�HW�DO��>�@�DUJXH�WKDW��QH[W�WR�WKH�
VFHQDULR�RI�DXJPHQWLQJ�OLYH�LQVWUXFWRU�WR�
UHFLSLHQW�JURXS�VHVVLRQV��WKH�PRVW�HVWDEOLVKHG�PHWKRG�
WKDW�WKLV�QHZ�WHFKQRORJ\�FRPSHWHV�ZLWK�DUH�
LQVWUXFWLRQDO�ERRNOHWV��RU�YLGHRV��VLQFH�WKRVH�GR�QRW�
UHTXLUH�WKH�SUHVHQFH�RI�D�WKHUDSLVW��7KH\�IRXQG�WKDW�WKH�
ODWWHU�PRGDOLWLHV�PD\�KDYH�D�QHJDWLYH�LQIOXHQFH�RQ�WKH�
DGKHUHQFH�WR�KRPH�UHKDELOLWDWLRQ�SURJUDPV��H�J��
VNLSSHG�UHSHWLWLRQV���H[HUFLVHV��PRYHPHQWV�IDVWHU�WKDQ�
LQWHQGHG��SDVVLYH�QDWXUH��QR�SURJUHVV�GLVSOD\���$�
IROORZ�XS�VWXG\�FRPSDUHG�LQVWUXFWLRQDO�ERRNOHWV�DQG�
PRUH�LQWHUDFWLYH�IRUPV�RI�H[HUFLVH�LQVWUXFWLRQ�>�@�
RIIHULQJ�HLWKHU�SDVVLYH�IHHGEDFN��D�JXLGLQJ�PDQQHTXLQ�
RQO\���RU�UHDO�WLPH�IHHGEDFN��D�PDQQHTXLQ�UHSURGXFLQJ�
WKH�PRYHPHQWV�RI�WKH�XVHU���3DUWLFLSDQWV�UHSRUWHGO\�
SDLG�PRUH�DWWHQWLRQ�WR�WKH�JXLGLQJ�PDQQHTXLQ��EXW�
H[SHULHQFHG�IHHGEDFN�SURYLGHG�E\�WKH�UHDO�WLPH�
PDQQHTXLQ�WR�EH�KHOSIXO��,QWHUDFWLYH�PHWKRGV�ZHUH�
SUHIHUUHG�RYHU�WKH�LQVWUXFWLRQDO�ERRNOHWV�DQG�WKH�
DXWKRUV�FRQFOXGH�WKDW�WKH\�VXSSRUW�WKH�SDUWLFLSDQWV�LQ�
SHUIRUPLQJ�WKH�H[HUFLVHV�DW�WKH�FRUUHFW�VSHHG�>�@��
+RZHYHU��FRPSDUDWLYH�VWXGLHV�ZLWK�IXUWKHU�DOWHUQDWLYH�
LQVWUXFWLRQ�PRGDOLWLHV�DUH�QHHGHG�WR�SURYLGH�LQVLJKWV�RQ�
WKH�H[DFW�EHQHILWV�WKDW�FDQ�EH�H[SHFWHG���DQG�SRWHQWLDO�
WUDGH�RIIV�WKDW�PD\�EH�LQYROYHG��ZKHQ�FKRRVLQJ�
EHWZHHQ�WKH�DYDLODEOH�PRGDOLWLHV��

([SHULPHQW�'HVLJQ�	�5HVHDUFK�0HWKRGV�
:H�WKHUHIRUH�LQYHVWLJDWH�ZKHWKHU�H[HUFLVHV�DUH�VWLOO�
SURSHUO\�SHUFHLYHG�ZKHQ�WKH\�DUH�SUHVHQWHG�LQ�D�SODLQ�

,QVWUXFWLRQ�0RGDOLWLHV�

�D��±�KXPDQ��WKH�JROG�VWDQGDUG�LQ�

SUDFWLFDO�37�5�IRU�H[HUFLVHV�WKDW�GR�

QRW�UHTXLUH�DGGLWLRQDO�WRROV�RU�

PDFKLQHU\��$�VROH�LQVWUXFWRU�ZDV�

WUDLQHG�WR�FRQVLVWHQWO\�GHOLYHU�WKH�

H[HUFLVH�VHW��(DFK�VWXG\�VHVVLRQ�ZDV�

DFFRPSDQLHG�E\�D�SUH�UHFRUGHG�DXGLR�

YRLFH�RYHU�WR�DVVXUH�WHPSRUDO�

VWDELOLW\��7KH�WUDFN�ZDV�XVHG�DFURVV�

DOO�FRQGLWLRQV��D��E�	�F���

�E��±�YLGHR��D�FRPPRQO\�HPSOR\HG�

PRGDOLW\�IRU�WKH�DW�KRPH�GHOLYHU\�RI�

NLQHVLDWULF�H[HUFLVH�LQVWUXFWLRQV��,Q�

WKLV�VWXG\�LW�VHUYHV�DV�D�EDVHOLQH��7KH�

YLGHR�ZDV�FUHDWHG�E\�UHFRUGLQJ�WKH�

WUDLQHG�LQVWUXFWRU��

�F��±�LQWHUDFWLYH��D�EDUH�ERQHV�

LPSOHPHQWDWLRQ�RI�DQ�³LQVWUXFWLRQV�

DQG�IHHGEDFN�UHSUHVHQWDWLRQ´�VFKHPH�

WKDW�LV�DFKLHYDEOH�ZLWK�FRQVXPHU�

JUDGH�)%076�DQG�PDWFKLQJ�

LQWHUDFWLYH�DSSOLFDWLRQV��$�

FRPSDULVRQ�RI�WKH�RWKHU�PRGDOLWLHV�

ZLWK�WKH�JLYHQ�WRRO��ODFNLQJ�DOO�

GHFRUDWLRQV�DQG�IXUWKHU�JDPH�

PHFKDQLFV��LV�FRJHQW�WR�LVRODWH�WKH�

LPSDFW�RI�WKH�UHSUHVHQWDWLRQ�PHWKRG�

IURP�WKH�SRWHQWLDO�LQIOXHQFH�RI�RWKHU�

HOHPHQWV�RI�D�PRUH�FRPSOH[�³UHDO´�

JDPH�RU�D�PRUH�LQIRUPDWLRQ�ULFK�

DSSOLFDWLRQ�LQWHUIDFH��7KH�VNHOHWDO�

GDWD�IRU�GULYLQJ�WKH�YLUWXDO�UHDOLW\�

�95��FKDUDFWHU�ZDV�UHFRUGHG�LQ�WKH�

VDPH�WDNH�DV�WKH�LQVWUXFWLRQ�YLGHR��
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YLUWXDO�HQYLURQPHQW��D�JHQHULF�VHWWLQJ�LQ�ZKLFK�D�ZLGH�
UDQJH�RI�H[HUFLVH�SDWWHUQV�FDQ�EH�UHDOL]HG��HYHQ�
VSHFLILFDOO\�IRU�LQGLYLGXDO�SDWLHQWV��DQG�ZKLFK�DOVR�
UHSUHVHQWV�WKH�WHFKQRORJLFDO�EDVLV�IRU�D�ZLGH�UDQJH�RI�
DSSOLFDWLRQV��DQG�KRZ�WKLV�PRGDOLW\�FRPSDUHV�WR�YLGHR�
RU�KXPDQ�LQVWUXFWLRQV��7KH�,QVWUXFWLRQ�0RGDOLWLHV�WH[W�
ER[�SURYLGHV�IXUWKHU�LQIRUPDWLRQ�RQ�HDFK�PRGDOLW\��

7KH�VWXG\�IROORZV�D�ZLWKLQ�VXEMHFWV�GHVLJQ�ZLWK�WKH�
LQVWUXFWLRQ�PRGDOLW\�DV�WKH�LQGHSHQGHQW�YDULDEOH�DQG�
WKH�GHSHQGHQW�YDULDEOHV�RI�XVHU�H[SHULHQFH��8;���
SUHIHUHQFH�DQG�SHUIRUPDQFH�DFFXUDF\��ZKLFK�ZH�DLP�WR�
FDSWXUH�YLD�WULDQJXODWLRQ�E\�FRPELQLQJ�PXOWLSOH�
PHDVXUHV��$IIHFW�ZDV�PHDVXUHG�EHIRUH�WKH�H[SHULPHQW�
DQG�DIWHU�HDFK�FRQGLWLRQ�E\�XVLQJ�D�VHOI�DVVHVVPHQW�
PDQLNLQ��6$0���$�%RUJ�UDWLQJ�RI�SHUFHLYHG�H[HUWLRQ�
�53(��ZDV�DOVR�FROOHFWHG�IROORZLQJ�HDFK�FRQGLWLRQ��
(VWDEOLVKHG�8;�LQVWUXPHQWV�GR�QRW�PDWFK�DOO�LQWHUDFWLRQ�
VFKHPHV�LQ�WKLV�VWXG\��:H�WKHUHIRUH�FROOHFWHG�
UHVSRQVHV�WR�WKUHH�/LNHUW�VFDOH�LWHPV�WKDW�DUH�VSHFLILF�
WR�WKH�UHVHDUFK�DW�KDQG��IROORZLQJ�HDFK�FRQGLWLRQ��WKH�
SDUWLFLSDQWV¶�SHUFHLYHG�HQMR\PHQW��WKHLU�HDVH�RI�
XQGHUVWDQGLQJ�WKH�H[HUFLVH�LQVWUXFWLRQV��DQG�WKHLU�VHOI�
HYDOXDWHG�SHUIRUPDQFH�DFFXUDF\��FI��7DEOH�����$IWHU�
FRPSOHWLQJ�DOO�WULDOV��SDUWLFLSDQWV�UDQNHG�WKH�PRGDOLWLHV�
DFFRUGLQJ�WR�WKH�VDPH�WKUHH�DVSHFWV�DQG�ZHUH�DVNHG�WR�
SURYLGH�UHDVRQV�IRU�WKH�UDQNLQJ�GHFLVLRQV��

7KH�H[HUFLVHV�HPSOR\HG�LQ�WKH�VWXG\�ZHUH�VHOHFWHG�
IURP�DQ�LQVWUXFWLRQ�'9'�ZLWK�H[HUFLVH�URXWLQHV�IRU�
3DUNLQVRQ¶V�GLVHDVH�SDWLHQWV���)LYH�H[HUFLVHV�WKDW�
LQYROYH�HLWKHU�XSSHU�DQG�RU�ORZHU�ERG\�PRYHPHQWV�DQG�
FDQ�EH�SHUIRUPHG�ZKLOH�VWDQGLQJ�XSULJKW�ZLWKRXW�
UHTXLULQJ�DQ\�HTXLSPHQW�ZHUH�VHOHFWHG��(DFK�H[HUFLVH�

�������������������������������������������������
��³2EHQDXI�EHL�3DUNLQVRQ´���������'HVLWLQ�$U]QHLPLWWHO�*PE+�

ZDV�ILUVW�LQWURGXFHG�YHUEDOO\�ZKLOVW�EHLQJ�GHPRQVWUDWHG�
DQG�WKH�UHFLSLHQWV�ZHUH�WKHQ�DVNHG�WR�SHUIRUP�WHQ�
UHSHWLWLRQV�RI�WKH�H[HUFLVH�WRJHWKHU�ZLWK�WKH�LQVWUXFWRU��
ZKLOH�D�YHUEDO�FRXQW�GRZQ�SURYLGHG�FXHV�IRU�LPSURYHG�
DOLJQPHQW�DQG�FODULW\�DERXW�WKH�SURJUHVV��(DFK�H[HUFLVH�
VHVVLRQ�ODVWHG���PLQXWHV�DQG����VHFRQGV��&RQGLWLRQV�
ZHUH�SUHVHQWHG�LQ�/DWLQ�VTXDUH�UDQGRPL]HG�RUGHU��7KH�
VWXG\�ZDV�FRQGXFWHG�ZLWK�KHDOWK\�FRQYHQLHQW�VXEMHFWV�
WR�HVWDEOLVK�ILUVW�LQVLJKWV�VSDULQJ�WKH�FRPSOH[LW\�RI�
IDFWRUV�LQWURGXFHG�E\�WDUJHW�JURXSV�ZLWK�VSHFLDO�QHHGV�
�FI��WR�WKH�3DUWLFLSDQWV�WH[W�ER[�IRU�IXUWKHU�GHWDLOV���

�

)LJXUH����([SHULPHQW�VHWXS��PL[HG�GLVSOD\�RI�DOO�FRQGLWLRQV���

7KH�H[SHULPHQW�VHWXS�GLIIHUHG�VOLJKWO\�EHWZHHQ�WKH�
KXPDQ�FRQGLWLRQ�DQG�WKH�YLGHR��DV�ZHOO�DV�WKH�
LQWHUDFWLYH�FRQGLWLRQ��VHH�)LJXUH�����([HUFLVHV�ZHUH�
SHUIRUPHG�LQ�D�PLUURUHG�IDVKLRQ��7KH�PHWKRG�IRU�
PHDVXULQJ�WKH�GLVWDQFH�EHWZHHQ�SRVWXUH�GDWD�VHWV�
EHWZHHQ�FRQGLWLRQV�DQG�SDUWLFLSDQWV�LV�VXPPDUL]HG�LQ�
WKH�&RPSDULVRQ�RI�([HUFLVH�0RYHPHQW�'DWD�WH[W�ER[��

5HVXOWV�
$OO�LQWHUYDO�W\SH�UHVSRQVHV�ZHUH�DQDO\]HG�ZLWK�RQH�ZD\�
UHSHDWHG�PHDVXUHV�$129$V��  ������ZLWK�0DXFKO\�
VSKHULFLW\�WHVWV��3RVW�KRF�SDLUZLVH�W�WHVW�FRPSDULVRQV�
DUH�SHUIRUPHG�DW�âLGiN�FRUUHFWHG��YLD�6366��
VLJQLILFDQFH�OHYHOV�XSRQ�D�SRVLWLYH�LQGLFDWLRQ�RI�D�QXOO�
K\SRWKHVLV�YLRODWLRQ�LQ�WKH�$129$V��

3DUWLFLSDQWV�

$OO�SDUWLFLSDQWV�����PDOH�����IHPDOH��

DYHUDJH�DJH�0 ������\HDUV��

6' �������0,1�0$; �������

SDUWLFLSDWHG�RQ�D�YROXQWDU\�EDVLV��

����RI�WKH�SDUWLFLSDQWV�UHSRUWHG�

UHJXODU�FRPSXWHU�XVH�DQG����

SDUWLFLSDQWV�VWDWHG�WKDW�WKH\�SOD\�

GLJLWDO�JDPHV�OHVV�WKDQ�RQFH�D�PRQWK�

RU�QHYHU������UHSRUWHG�WR�EH�

SHUIRUPLQJ�SK\VLFDO�H[HUFLVHV�RI�

DUELWUDU\�NLQG�DW�OHDVW�RQFH�D�ZHHN��

1RQH�RI�WKH�SDUWLFLSDQWV�VWDWHG�WKDW�

WKH\�SHUIRUP�PRUH�WKDQ�HLJKW�KRXUV�

RI�SK\VLFDO�DFWLYLW\�SHU�ZHHN��(LJKW�

SDUWLFLSDQWV�VWDWHG�WR�KDYH�GRQH�

SK\VLFDO�H[HUFLVH�SURJUDPV�ZKLFK�

LQYROYHG�FKRUHRJUDSKLHV��

�

)LJXUH����$�VFUHHQVKRW�RI�WKH�LQWHUIDFH�
IRU�WKH�LQWHUDFWLYH�H[HUFLVH�LQVWUXFWLRQ�
PRGDOLW\��O��LQVWUXFWRU��U��SDUWLFLSDQW���
6KDGRZV�DGGHG�IRU�EHWWHU�SHUFHSWLELOLW\�
RI�RULHQWDWLRQ��(OHYDWHG�FDPHUD�LQ�
LQVWUXFWLRQ�GHPRQVWUDWLRQ�SKDVH��0RWLRQ�
GDWD�ZDV�FDSWXUHG�ZLWK�D�.LQHFW�GHYLFH��
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7KH�53(�UHVSRQVHV�GLVSOD\�QHDUO\�LGHQWLFDO�PHDQV�DIWHU�
DOO�FRQGLWLRQV��KXPDQ��0 ������6' ������YLGHR��
0 ������6' ������LQWHUDFWLYH��0 ������6' ������ZLWK�
QR�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�FRQGLWLRQV��2YHUDOO�
OHYHOV�LQGLFDWHG�³YHU\�OLJKW´�H[HUWLRQ��FRUUHVSRQGV�WR�
KHDUW�EHDW�UDWHV�RI�a����WR�����%30���

$Q�RYHUYLHZ�RI�WKH��SW��VFDOH�6$0�DIIHFW�UHVSRQVHV�LV�
SUHVHQWHG�LQ�7DEOH����$�VWDWLVWLFDOO\�VLJQLILFDQW�
GLIIHUHQFH�ZDV�IRXQG�IRU�WKH�YDOHQFH�PHDVXUH�
� ������ �������  ������K� �������7KH�SRVW�KRF�
SDLUZLVH�FRPSDULVRQ�VKRZHG�D�VLJQLILFDQW�GLIIHUHQFH�
EHWZHHQ�WKH�EHIRUH�DQG�WKH�KXPDQ�FRQGLWLRQ��  �������
$URXVDO�UHVSRQVHV�ZHUH�FRUUHFWHG�ZLWK�*UHHQKRXVH�
*HLVVHU�GXH�WR�VSKHULFLW\�YLRODWLRQ�� ���� ��������
 �������5HVXOWV�LQGLFDWH�VLJQLILFDQW�GLIIHUHQFHV�ZLWKLQ�
VXEMHFWV�� ��������������� ������� �������K� �������
ZLWK�SRVW�KRF�SDLUZLVH�FRPSDULVRQV�VKRZLQJ�VLJQLILFDQW�
GLIIHUHQFHV�EHWZHHQ�EHIRUH�DQG�HDFK�RI�WKH�FRQGLWLRQV�
�DOO� ��������EXW�QRW�EHWZHHQ�DQ\�RI�WKH�FRQGLWLRQV��
7KH�$129$�RQ�WKH�GRPLQDQFH�UHVSRQVHV�GLG�QRW�
LQGLFDWH�DQ\�VLJQLILFDQW�GLIIHUHQFH��

7KH�SDUWLFLSDQWV¶�UHVSRQVHV�WR�WKH�XVH�FDVH�VSHFLILF��SW��
/LNHUW�VFDOH�LWHPV��ZKLFK�ZHUH�SUHVHQWHG�ZLWK�HGJH�
ODEHOV�UDQJLQJ�IURP�³VWURQJO\�GLVDJUHH´�WR�³VWURQJO\�
DJUHH´�DQG�ZHUH�FRQFHUQHG�ZLWK�SHUFHLYHG�HQMR\PHQW��
XQGHUVWDQGLQJ�DQG�SHUIRUPDQFH�DFFXUDF\��DUH�
VXPPDUL]HG�LQ�7DEOH����7KH�$129$�IRU�HQMR\PHQW�GLG�
QRW�LQGLFDWH�VLJQLILFDQW�GLIIHUHQFHV��+RZHYHU��WRJHWKHU�
ZLWK�WKH�UDWKHU�VWURQJ�PHDQ�DJUHHPHQW��WKH�GDWD�
VKRZHG�D�QRWDEOH�GLVWULEXWLRQ��ZLWK���������RI�
SDUWLFLSDQWV�LQGLFDWLQJ�³VWURQJO\�DJUHH´�IROORZLQJ�WKH�
KXPDQ�LQWHUDFWLYH�FRQGLWLRQ�UHVSHFWLYHO\��ZKHUHDV�RQO\�
����LQGLFDWHG�³VWURQJO\�DJUHH´�IROORZLQJ�WKH�YLGHR�
FRQGLWLRQ��7KH�UHVSRQVH�DQDO\VLV�RQ�XQGHUVWDQGLQJ�GLG�

LQGLFDWH�WKH�H[LVWHQFH�RI�D�VLJQLILFDQW�GLIIHUHQFH�
� ������ �������  �������3RVW�KRF�WHVWV�SRLQW�DW�WKH�
FRQGLWLRQV�KXPDQ�DQG�LQWHUDFWLYH��  ������WKH�
LQVWUXFWLRQ�PRGDOLW\�HPSOR\LQJ�D�KXPDQ�LQVWUXFWRU�ZDV�
SHUFHLYHG�WR�EH�PRUH�HDV\�WR�XQGHUVWDQG��/DVWO\��WKH�
$129$�RI�WKH�SHUFHLYHG�LPLWDWLRQ�DFFXUDF\�DOVR�VKRZV�
D�VLJQLILFDQW�HIIHFW�� ������ �������  �������ZKLFK�FDQ�

EH�H[SODLQHG�E\�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�
KXPDQ�DQG�WKH�YLGHR�FRQGLWLRQ��  ������ZKHUH�WKH�

IRUPHU�UHFHLYHG�D�KLJKHU�PHDQ�DJUHHPHQW��

$Q�RYHUYLHZ�RI�WKH�UDQNLQJ�UHVSRQVHV�LV�SURYLGHG�LQ�
)LJXUH����$�)ULHGPDQ�WHVW�ZDV�DSSOLHG�WR�HDFK�UDQNLQJ�
�  �����DQG�SRVW�KRF�âLGiN�FRUUHFWHG�:LOFR[RQ�6LJQHG�
5DQN�WHVWV��VLJQLILFDQFH�OHYHO�KHUH��S�������ZHUH�
HPSOR\HG�WR�TXDOLI\�GLIIHUHQFHV�EHWZHHQ�FRQGLWLRQV��
7KH�HQMR\PHQW�UDQNLQJ�GLG�QRW�VKRZ�D�VLJQLILFDQW�
GLIIHUHQFH��EXW�WKH�XQGHUVWDQGLQJ�UDQNLQJ��F���� �����
S ������DQG�WKH�DFFXUDF\�UDQNLQJ��F���� �����S ������
GLG��7KH�GLIIHUHQFH�LQ�XQGHUVWDQGLQJ�DQG�DFFXUDF\�ZDV�
VLJQLILFDQW�EHWZHHQ�WKH�SDLU�RI�WKH�KXPDQ�DQG�WKH�
LQWHUDFWLRQ�FRQGLWLRQ��S �����DQG�S �����UHVSHFWLYHO\���
7KH�GLVWULEXWLRQ�RI��VW���QG�DQG��UG�SODFHV�VKRZV�WKDW�
YLGHR�LV�PRVW�FRPPRQO\�LQ��QG�SODFH��ZKHUHDV�IRU�VRPH�
XVHUV�LQWHUDFWLYH�GLG�WDNH�ILUVW�SODFH��:LWK�UHJDUG�WR�
HDVH�RI�XQGHUVWDQGLQJ��PRVW�RI�WKH�SDUWLFLSDQWV�UDQNHG�
WKH�KXPDQ�FRQGLWLRQ�ILUVW��5HDVRQV�ZHUH�WKDW�³WKH�UHDO�
ERG\�LPDJH�LV�PRUH�XQGHUVWDQGDEOH´���D�SRVVLELOLW\�RI�D�
³GLUHFW�FRPSDULVRQ´�RU�WKH�ODUJHU�VL]H�SUHVHQWDWLRQ��
3DUWLFLSDQWV�ZKR�UDQNHG�WKH�LQWHUDFWLYH�FRQGLWLRQ�ILUVW�
VDLG�³WKH�PDQQHTXLQ�ZDV�WKH�HDVLHVW�WR�SHUFHLYH´�RU�
WKDW�LW�ZDV�KHOSIXO�WR�VHH�RQHVHOI��3DUWLFLSDQWV�ZKR�
UDQNHG�WKH�LQWHUDFWLYH�FRQGLWLRQ�ILUVW�IRU�HQMR\PHQW�
PHQWLRQHG�UHDVRQHG��³LW�ZDV�PRVW�LQWHUHVWLQJ´��

�������������������������������������������������
��$OO�SDUWLFLSDQW�TXRWHV�ZHUH�WUDQVODWHG�IURP�*HUPDQ��

&RPSDULVRQ�RI�([HUFLVH�

0RYHPHQW�'DWD�

6WUDWHJ\�DSSOLHG�WR�FRPSHQVDWH�IRU�

GLIIHUHQW�ERG\�SURSRUWLRQV�EHWZHHQ�

SDUWLFLSDQWV��

���3UHGHWHUPLQH�UHOHYDQW�GDWD�

VHJPHQWV�EDVHG�RQ�DXGLR�FXHV��

���,VRODWH�UHSHWLWLRQV���WR����RXW�RI�

����

���5HPRYH�QRLV\�SRVWXUH�GDWD����

SDUWLFLSDQW�UHPRYHG�RI������

���0LUURU�UHFLSLHQW�VNHOHWRQ��KXPDQ�

FRQGLWLRQ�RQO\���

���7UDQVODWH�ERWK�VNHOHWRQV�VR�WKDW�

WKH�FHQWUDO�KLS�MRLQW�UHVLGHV�LQ�WKH�

RULJLQ��

���6FDOH�WKH�UHFLSLHQW¶V�VNHOHWRQ�VR�

WKDW�WKH�FHQWUDO�KLS�ERQH�WR�

FHQWUDO�VKRXOGHU�ERQH�GLVWDQFH�

PDWFKHV�WKDW�RI�WKH�LQVWUXFWRU¶V�

VNHOHWRQ��

���&DOFXODWH�ORFDO�HUURU�EDVHG�RQ�

VXP�RI�VTXDUHV�GLVWDQFHV�

�FDOFXODWHG�ZLWK�WKH�)UREHQLXV�

QRUP��EHWZHHQ�WKH�JROG�VWDQGDUG�

KLHUDUFKLFDO�MRLQW�RULHQWDWLRQV�RI�

WKH�LQVWUXFWRU�DQG�WKRVH�RI�WKH�

UHFLSLHQW��IRU�D�SUHVHOHFWHG�VXEVHW�

RI�MRLQWV�WKDW�DUH�UHOHYDQW�WR�HDFK�

H[HUFLVH��

���3URYLGH�D�JUDQG�PHDQ�RI�WKH�VXP�

RI�DOO�RIIVHWV�RYHU�DOO�IUDPHV�IRU�

HDFK�H[HUFLVH��
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³EHFDXVH�,�FRXOG�VHH�P\�RZQ�PRYHPHQWV´��RU�³WKH�
DQLPDWLRQ�FDQ�EH�FRPSUHKHQGHG�EHVW´��5HDVRQV�VWDWHG�
IRU�SODFLQJ�WKH�KXPDQ�FRQGLWLRQ�ILUVW�IRU�HQMR\PHQW�
ZHUH��³GRLQJ�WKH�H[HUFLVHV�WRJHWKHU�LV�IXQ´��³PRUH�
LQWXLWLYH�>«@�EHWWHU�SURSRUWLRQV´��³H\H�FRQWDFW´��RU�
³LQWHUDFWLRQ�ZLWK�DQRWKHU�KXPDQ�EHLQJ´��

3HUIRUPDQFH�$QDO\VLV�
6LQFH�GLVWDQFH�PHWULF�UHVXOWV�EHWZHHQ�VNHOHWDO�
PRYHPHQW�GDWD�DUH�QRW�ZHOO�FRPSDUDEOH�LQ�DEVROXWHV��
WKH�VXPV�RI�PHDQ�URWDWLRQ�GLIIHUHQFHV�IRU�HDFK�H[HUFLVH�
LQ�HYHU\�FRQGLWLRQ�ZHUH�QRUPDOL]HG�SHU�SDUWLFLSDQW�
DJDLQVW�WKH�FRQGLWLRQ�LQ�ZKLFK�WKDW�SDUWLFLSDQW�
SHUIRUPHG�ZLWK�WKH�ODUJHVW�GLIIHUHQFH�LQ�FRPSDULVRQ�WR�
WKH�LQVWUXFWRU�SRVWXUH�GDWD��7KH�PHDVXUH�FDQ�EH�
VXPPDUL]HG�DV�WKH�QRUPDOL]HG�PHDQ�VTXDUHG��UHOHYDQW�
KLHUDUFKLFDO�MRLQW��URWDWLRQ�GLVWDQFH��1065'���7KH�
UHVXOWLQJ�UHODWLYH�GLIIHUHQFHV�EHWZHHQ�FRQGLWLRQV�RI�DOO�
SDUWLFLSDQWV��FI��)LJXUH����ZHUH�VXEMHFWHG�WR�D�RQH�ZD\�
UP$129$��5HVXOWV�LQGLFDWHG�D�VLJQLILFDQW�HIIHFW�RQ�WKLV�
PHDVXUH�� ������ �������� �������K� �������3RVW�KRF�
SDLUZLVH�FRPSDULVRQV�VKRZHG�VLJQLILFDQW�GLIIHUHQFHV�
EHWZHHQ�DOO�WULDOV��>E_D��E_F@�� �������>D_F@��  �������
7KH�GLIIHUHQFH�LQ�SHUIRUPDQFH�FRPSDUHG�WR�WKH�RULJLQDO�
LQVWUXFWRU¶V�SRVWXUH�GDWD�ZDV�VLJQLILFDQWO\�KLJKHU�LQ�WKH�
LQWHUDFWLYH�FRQGLWLRQ�WKDQ�LQ�WKH�KXPDQ�FRQGLWLRQ�DQG�LW�
ZDV�DJDLQ�VLJQLILFDQWO\�KLJKHU�LQ�WKH�YLGHR�FRQGLWLRQ�
WKDQ�LQ�ERWK�DIRUHPHQWLRQHG�FRQGLWLRQV��

'LVFXVVLRQ�
7KH�UHVXOWV�VXJJHVW�WKDW�WKH�KXPDQ�LQVWUXFWRU�PRGDOLW\�
LV�WKH�PRVW�SUHIHUUHG�RQH�DQG�OHDGV�WR�WKH�PRVW�
DFFXUDWH�SHUIRUPDQFH��7KH�53(�UHVXOWV�H[SHFWHGO\�
LQGLFDWH�FRQVLVWHQWO\�ORZ�OHYHOV�RI�SK\VLFDO�H[HUWLRQ�DFURVV�
FRQGLWLRQV��VXJJHVWLQJ�WKDW�DOO�PRGDOLWLHV�FDQ�EH�H[SHFWHG�
WR�GHOLYHU�VLPLODU�OHYHOV�RI�H[HUWLRQ��:H�OLQN�WKH�VOLJKWO\�

LQFUHDVHG�DURXVDO�FRPSDUHG�WR�SUH�WULDO�OHYHOV�DFURVV�
FRQGLWLRQV�WR�WKLV�UHVXOW��7KH�XVH�FDVH�VSHFLILF�SHUFHSWLRQ�
LWHPV�DQG�WKH�SDUWLFLSDQWV¶�VWDWHPHQWV�LQGLFDWH�WKDW�WKH�
LQVWUXFWLRQV�LQ�WKH�LQWHUDFWLYH�PRGDOLW\�DSSHDU��WR�VRPH��
WR�EH�GLIILFXOW�WR�XQGHUVWDQG��7KLV�FRQGLWLRQ�DOVR�GLG�QRW�
OHDG�WR�VLJQLILFDQWO\�LQFUHDVHG�YDOHQFH�FRPSDUHG�WR�WKH�
SUH�WULDO�OHYHOV��+RZHYHU��WKH�UDWLQJV�IRU�XQGHUVWDQGLQJ�
DUH�KLJK�DQG�WKH�KLJK�HQMR\PHQW�UDWLQJV�GLG�QRW�VXIIHU�LQ�
FRPSDULVRQ�WR�WKH�RWKHU�PRGDOLWLHV��7KH�SHUIRUPDQFH�
DFFXUDF\�ZDV�VLJQLILFDQWO\�KLJKHU�LQ�WKH�LQWHUDFWLYH�
FRQGLWLRQ�WKDQ�LQ�WKH�YLGHR�FRQGLWLRQ��HYHQ�WKRXJK�WKH�
SHUFHLYHG�DFFXUDF\�GRHV�QRW�PLUURU�WKLV�REMHFWLYH�ILQGLQJ��
7KH�YDU\LQJ�LQGLFDWLRQV�ZLWK�UHJDUG�WR�XVHU�H[SHULHQFH�DQG�
SUHIHUHQFH�EHWZHHQ�WKH�YLGHR�DQG�WKH�LQWHUDFWLYH�PRGDOLW\�
ZDUUDQW�IXUWKHU�FRQVLGHUDWLRQ��7KH�ORZ�ILGHOLW\�YLVXDO�
UHSUHVHQWDWLRQ�PD\�DSSHDU�DOLHQ�WR�PDQ\�XVHUV�ZKR�DUH�
QRW�DFFXVWRPHG�WR�YLUWXDO�UHDOLW\�GLVSOD\V��7KLV�PD\�DOVR�
H[SODLQ�WKH�ORZHU�UDWLQJV�IRU�HDVH�RI�XQGHUVWDQGLQJ�ZLWK�
WKLV�PRGDOLW\��7KH�SDUWLFLSDQWV¶�SHUFHSWLRQ�RI�DFFXUDF\�GLG�
FRUUHVSRQG�WR�REMHFWLYH�DFFXUDF\�GLIIHUHQFHV�EHWZHHQ�WKH�
KXPDQ�FRQGLWLRQ�DQG�WKH�RWKHU�FRQGLWLRQV��EXW�QRW�LQ�WKH�
GLIIHUHQFH�EHWZHHQ�WKH�YLGHR�DQG�WKH�LQWHUDFWLYH�FRQGLWLRQ��
7KLV�VHUYHV�DV�D�UHPLQGHU�RI�WKH�LPSRUWDQFH�RI�FRQVLGHULQJ�
ERWK�VXEMHFWLYH�SHUFHSWLRQ�DQG�REMHFWLYH�SHUIRUPDQFH��

7KH�REMHFWLYH�RIIVHW�LQ�SHUIRUPDQFH�DFFXUDF\�EHWZHHQ�WKH�
KXPDQ�LQVWUXFWRU�PRGDOLW\�DQG�WKH�WZR�DOWHUQDWLYHV�
LQGLFDWHV�WKDW�FRQVWDQWO\�LGHQWLFDO�UHSUHVHQWDWLRQV�RI�WKH�
H[HUFLVH�LQVWUXFWLRQ�GHOLYHU\��ZKLFK�ZDV�SUHVHQW�ERWK�LQ�
WKH�YLGHR�DQG�WKH�LQWHUDFWLYH�PRGDOLW\��GRHV�QRW�VHHP�WR�
OHDG�WR�LQFUHDVHG�SHUIRUPDQFH�DFFXUDF\�FRPSDUHG�WR�WKH�
JROG�VWDQGDUG��7KH�IDFW�WKDW�WKH�LQWHUDFWLYH�PRGDOLW\�GLG�
EHDW�WKH�EDVHOLQH�LQ�WHUPV�RI�REMHFWLYH�SHUIRUPDQFH�
DFFXUDF\�PD\�EH�DWWULEXWHG�WR�WKH�SUHVHQFH�RI�D�YLUWXDO�
UHSUHVHQWDWLRQ�RI�WKH�H[HUFLVH�UHFLSLHQW��7KH�VWURQJ�ILQGLQJ�
WKDW�SHUIRUPDQFH�DFFXUDF\�ZDV�EHVW�LQ�WKH�KXPDQ�

7DEOH����6$0�UHVXOWV��Y YDOHQFH��
D DURXVDO��G GRPLQDQFH��

%HIRUH�

$�

�KXPDQ��

%�

�YLGHR��

&�

�LQWHUDFWLYH��

Y0 ������

Y6' �����

Y0 ������

Y6' ����

Y0 ������

Y6' ����

Y0 ������

Y6' �����

D0 ������

D6' �����

D0 ������

D6' �����

D0 ������

D6' �����

D0 ������

D6' �����

G0 ������

G6' �����

G0 ������

G6' �����

G0 ������

G6' �����

G0 ������

G6' �����

7DEOH����$Q�RYHUYLHZ�RI�WKH�XVH�FDVH�
VSHFLILF�/LNHUW�VFDOH�LWHPV�SUHVHQWHG�DIWHU�
HDFK�FRQGLWLRQ��WRJHWKHU�ZLWK�WKH�
UHVSRQVH�PHDQV�DQG�VWDQGDUG�GHYLDWLRQV�

6WDWHPHQW���

7ULDO�

$�

�KXPDQ��

%�

�YLGHR��

&�

�LQWHUDFWLYH��

³,�HQMR\HG�

GRLQJ�WKLV�VHW�RI�

H[HUFLVHV�´�

0 ������

6' �����

0 ������

6' �����

0 ������

6' ������

³7KH�VKRZQ�

H[HUFLVHV�ZHUH�

HDV\�WR�

XQGHUVWDQG�´�

0 ������

6' �����

0 ������

6' �����

0 ������

6' �����

³,�FRXOG�LPLWDWH�

WKH�H[HUFLVHV�

DFFXUDWHO\�´�

0 ������

6' ����

0 ������

6' �����

0 ������

6' �����

�
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PRGDOLW\�PD\�EH�GXH�WR�WKH�FRPSDUDWLYHO\�ULFK�GLVSOD\�RI�
OLYH�KXPDQ�SHUIRUPDQFH��ZKLFK�ZDV�DSSDUHQWO\�ORVW�LQ�WKH�
YLGHR�FRQGLWLRQ��6RFLDO�IDFWRUV�PD\�PRWLYDWH�SDUWLFLSDQWV�
WR�DFW�LQ�D�PRUH�HQFRXUDJHG�PDQQHU��KRZHYHU��IXWXUH�
ZRUN�LV�QHHGHG�WR�IXUWKHU�GLIIHUHQWLDWH�WKLV�UHVXOW��

&RQFOXVLRQ�
&RQVLGHULQJ�DOO�ILQGLQJV��ZH�DUJXH�WKDW�PRWLRQ�EDVHG�
WHFKQRORJ\�HQDEOHG�DSSOLFDWLRQV�DQG�JDPHV�IRU�WKH�
VXSSRUW�RI�37�5�DUH�ZRUWK�ZLOH�WR�SXUVXH�DV�D�PDWWHU�RI�
UHVHDUFK�DQG�GHYHORSPHQW��:KLOH�WKH�SHUFHSWLYH�
PHDVXUHV�LQ�WKLV�VWXG\�VKRZ�WKDW�D�EDUH�ERQHV�
LPSOHPHQWDWLRQ�RI�VXFK�DQ�LQWHUDFWLYH�NLQHVLDWULF�H[HUFLVH�
LQVWUXFWLRQ�PRGDOLW\�GRHV�QRW�FOHDUO\�EHDW�H[LVWLQJ�
PRGDOLWLHV�LQ�DOO�DVSHFWV��LW�FDQ�UHVXOW�LQ�KLJKHU�
SHUIRUPDQFH�DFFXUDF\�WKDQ�HVWDEOLVKHG�DOWHUQDWLYHV�DQG�LV�
XVDEOH�DQG�HQMR\DEOH�HYHQ�ZLWKRXW�PDNLQJ�XVH�RI�WKH�IXOO�
SRWHQWLDO�RI�GLJLWDO�PHGLD�DQG�JDPHV��:KLOH�LW�LV�LPSRUWDQW�
WR�XQGHUVWDQG�WKH�HIIHFW�RI�WKH�JHQHUDO�PRGDOLW\�
VHSDUDWHO\�IURP�RWKHU�IDFWRUV��ZH�QRZ�KDYH�UHDVRQ�WR�
DVVXPH�WKDW�WKH�SRVLWLYH�LQGLFDWLRQV�LQ�UHODWHG�ZRUN�DUH�WR�
QRWDEOH�H[WHQGV�GXH�WR�SRVLWLYH�HIIHFWV�RI�GHFRUDWLRQV��
DGGLWLRQDO�IXQFWLRQDOLWLHV��LQIRUPDWLRQ�DQG�SRWHQWLDO�UHZDUG�
RU�JDPH�PHFKDQLFV��)XWXUH�ZRUN�LV�QHHGHG�WR�VHSDUDWH�
WKH�LPSDFW�RI�LQWHUSUHWDELOLW\�RI�D�SKRWRUHDOLVWLF���UHDO�
KXPDQ��FRQVLVWHQW�UHSURGXFWLRQ�RI�LQVWUXFWLRQV�DQG�WKH�
UROH�RI�FRQVWDQW�IHHGEDFN�LQ�PRUH�GHWDLO��

$FNQRZOHGJPHQWV�
7KLV�ZRUN�ZDV�SDUWLDOO\�IXQGHG�E\�WKH�.ODXV�7VFKLUD�
)RXQGDWLRQ��.76��WKURXJK�WKH�JUDGXDWH�VFKRRO�
$GYDQFHV�LQ�'LJLWDO�0HGLD��

5HIHUHQFHV�
>�@� *DEHO��0���*LODG�%DFKUDFK��5���5HQVKDZ��(���DQG�

6FKXVWHU��$��)XOO�ERG\�JDLW�DQDO\VLV�ZLWK�.LQHFW��

�����$QQXDO�,QWHUQDWLRQDO�&RQIHUHQFH�RI�WKH�,(((�
(QJLQHHULQJ�LQ�0HGLFLQH�DQG�%LRORJ\�6RFLHW\�
�(0%&���������������±������

>�@� *HUOLQJ��.�0���'HUJRXVRII��.�.���DQG�0DQGU\N��5�/��
,V�0RYHPHQW�%HWWHU"�&RPSDULQJ�6HGHQWDU\�DQG�
0RWLRQ�%DVHG�*DPH�&RQWUROV�IRU�2OGHU�$GXOWV��
*UDSKLFV�,QWHUIDFH������������������±�����

>�@� *HUOLQJ��.�0���/LYLQJVWRQ��,�-���1DFNH��/�(���DQG�
0DQGU\N��5�/��)XOO�%RG\�0RWLRQ�%DVHG�*DPH�
,QWHUDFWLRQ�IRU�2OGHU�$GXOWV��&+,¶����3URFHHGLQJV�RI�
WKH���WK�LQWHUQDWLRQDO�FRQIHUHQFH�RQ�+XPDQ�
IDFWRUV�LQ�FRPSXWLQJ�V\VWHPV����������

>�@� *HUOLQJ��.�0���6FKLOG��-���DQG�0DVXFK��0��([HUJDPH�
GHVLJQ�IRU�HOGHUO\�XVHUV��WKH�FDVH�VWXG\�RI�
6LOYHU%DODQFH��3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�$GYDQFHV�LQ�&RPSXWHU�
(QWHUWDLQPHQW�7HFKQRORJ\������������±����

>�@� /DQJH��%���.RHQLJ��6���0F&RQQHOO��(���HW�DO��
,QWHUDFWLYH�JDPH�EDVHG�UHKDELOLWDWLRQ�XVLQJ�WKH�
0LFURVRIW�.LQHFW��9LUWXDO�5HDOLW\��95��������,(((��
������������±�����

>�@� 6PHGGLQFN��-���6LHJHO��6���DQG�+HUUOLFK��0��$GDSWLYH�
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