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CA2RE
&RQIHUHQFH�IRU�$UWLVWLF�DQG�$UFKLWHFWXUDO��'RFWRUDO��5HVHDUFK

&KLDUD�6FDQDJDWWD�����
8QLYHUVLW\�,XDY�RI�9HQLFH
*XLGHOLQHV�IRU�WKH�&R�'HVLJQ��KRZ�WR�VROYH�8UEDQ�,VVXHV
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&$6(�678',(6��5(68/76�$1'�129(/7<
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/($51,1*�/223�352&(66�$33/,('�72�&2�'(6,*1
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0\�UHVHDUFK�DLPV� WR� WHVW�KRZ�FR�GHVLJQ�FDQ�KHOS� WR�VROYH�GLIIHUHQW�XUEDQ� LVVXHV�DQG�
ZDQWV� WR� SURGXFH� D� YDGHPHFXP�ZLWK� JXLGHOLQHV� RQ� KRZ� WR� VHW� D� XUEDQ� OLYLQJ� ODE� WR�
LQYROYH�VWDNHKROGHUV�IRU�D�FR�GHVLJQ�SURFHVV��7R�GR�VR�,�QHHGHG�WR�VWXG\�WKH�VWDWH�RI�WKH�
DUW��EXW�,�DOVR�QHHGHG�WR�VHDUFK�IRU�FDVH�VWXGLHV�ZLWK�ZKLFK�WR�FKHFN�WKH�JRRG�DQG�WKH�
EDG�SUDFWLFHV�
7KH�VWXG\�RI�WKH�VWDWH�RI�WKH�DUW�JDYH�PH�D�PRUH�FRPSOHWH�FRPSUHKHQVLRQ�RI�WKH�VLWXDWLRQ�
LQ�ZKLFK�P\�UHVHDUFK�LV�IUDPHG��DQG�LW�LQFOXGHG�
•� 6FDQGLQDYLDQ�´FRRSHUDWLYH�GHVLJQµ�LQ�WKH���V�
•� 'H�&DUOR�SDUWLFLSDWRU\�GHVLJQ�RI�WKH�7HUQL�SURMHFW�
•� ´3DUWLFLSDWRU\�GHVLJQµ�LQ�WKH�86$�GXULQJ�WKH���V�
•� 6L]D�DQG�6$$/�SURFHVV�LQ�WKH���V�
•� ´8VHU�FHQWHUHG�GHVLJQµ�E\�'RQDOG�'RUPDQ�LQ�WKH���V�
•� ´3DUWLFLSDWRU\�EXGJHWLQJµ�LQ�3RUWXJDO�IURP�WKH������RQ�
7KH�PHWKRGRORJ\�LV�WKDW�RI�WKH�UHVHDUFK�E\�SUDFWLFH�ZKLFK��LQ�P\�UHVHDUFK��XVHV�FDVH�
VWXGLHV�WR��FKHFN�ZKLFK�SUDFWLFHV�FDQ�EH�FRQVLGHUHG�JRRG�RU�EDG��FURVV�GDWD�FROOHFWHG�
IURP�WKH�VWDWH�RI�WKH�DUW�DQG�WKH�FDVH�VWXGLHV�DQG�FRPSDUH�WKH�FDVH�VWXGLHV�

7KH�FDVH�VWXGLHV�,·P�ZRUNLQJ�ZLWK�DUH�WZR��RQH�LV�WKH�SODQQLQJ�IRU�WKH�&LW\�RI�6SRUW�LQ�
6DQ�'RQj�GL�3LDYH��,WDO\��DQG�WKH�RWKHU�LV�D�(XURSHDQ�5HVHDUFK�3URMHFW��IXQGHG�XQGHU�WKH�
-3,�8UEDQ�(XURSH��FDOOHG�/223(5��/HDUQLQJ�/RRSV�LQ�WKH�3XEOLF�5HDOP��ZKLFK�ZLOO�DSSO\�
WKH�OHDUQLQJ�ORRS�WR�WKH�FR�GHVLJQ�SURFHVV��7R�EHWWHU�H[SODLQ��LQ�WKH�&LW\�RI�6SRUW�RI�6DQ�
'RQj�GL�3LDYH�,�DP�DQDO\]LQJ�D�EDVLF�SDUWLFLSDWRU\�GHVLJQ�SURFHVV��2Q�WKH�RWKHU�KDQG�WKH�
FDVH�VWXG\�RI�WKH�/223(5�SURMHFW�KDV�WKH�DPELWLRQ�RI�FUHDWLQJ�D�QHZ�ZD\�RI�GHFLVLRQ�
PDNLQJ�ZKLFK�EULQJV�WRJHWKHU�DOO�VWDNHKROGHUV��LQFOXGLQJ�SROLF\PDNHUV��WKDW�LWHUDWLYHO\�
OHDUQ�KRZ�WR�DGGUHVV�XUEDQ�FKDOOHQJHV��7KLV� LV�DQ� LPSOHPHQWHG�FR�GHVLJQ�SURFHVV�DV�
VWDNHKROGHUV�LQ�WKH�HQG�DUH�FDOOHG�WR�HYDOXDWH�ZKDW�WKH\�KDYH�GRQH�
7KH�H[SHFWHG�UHVXOW�RI�P\�UHVHDUFK�LV�WKDW�RI�FUHDWLQJ�D�VHW�RI�JXLGHOLQHV�ZKLFK�FDQ�EH�
XVHG�WR�VROYH�GLIIHUHQW�XUEDQ�LVVXHV��VXFK�DV�SODQQLQJ�SUREOHPV�RU�DLU�TXDOLW\��XVLQJ�WKH�
FR�GHVLJQ�SURFHVV�DSSOLHG�WR�XUEDQ�OLYLQJ�ODEV�
7KHUH�LV�DQ�LQWULQVLF�SDUW�RI�LQQRYDWLRQ�LQ�P\�UHVHDUFK��ZKLFK�LV�OLQNHG�WR�WKH�QRYHOW\�RI�
WKH�/223(5�SURMHFW�WKDW�LQVHUWV�FR�PRQLWRULQJ�LQ�WKH�SDUWLFLSDWRU\�GHVLJQ�SURFHVV�DQG�
DSSOLHV�WKH�OHDUQLQJ�ORRS�WR�LW��UHVHDUFK�E\�SUDFWLFH���$OVR��DQRWKHU�QRYHOW\�VWDQGV�LQWR�
WKH�SRVVLELOLW\�RI�LPSOHPHQWLQJ�WKH�JXLGHOLQHV�

���,GHQWLÀFDWLRQ�RI�SUREOHPV

�D��6FRSLQJ �E��'DWD
FROOHFWLRQ �F��9LVXDOLVDWLRQ �D��&R�GHVLJQ �E��(YDOXDWLRQ �E��0RQLWRULQJ�D�

,PSOHPHQWDWLRQ

•�'HOLEHUDWLRQ
•�'HÀQLWLRQ�RI�
SUREOHP�FRQWH[W
•�,GHQWLÀFDWLRQ�RI�
VWDNHKROGHUV
•�5HFUXLWPHQW�RI�
SDUWLFLSDQWV

6WDUW�ZLWK�DQRWKHU�ORRS

•�4XDQWLWDWLYH��
1RLVH�
$LU�SROOXWLRQ�
3XEOLF�RSHQ�GDWD
•�4XDOLWDWLYH��
3LFWXUHV�WH[W

•�4XDQWLWDWLYH��
1RLVH�
$LU�SROOXWLRQ�
3XEOLF�RSHQ�GDWD
•�4XDOLWDWLYH��
3LFWXUHV�WH[W

•�0DSV
•�*UDSKV
•�'UDZLQJV

•�2QOLQH��
LQWHUDFWLYH�LGHD�
JHQHUDWLRQ�WRRO��������
•�2IÁLQH��
GHVLJQ�ZRUNVKRSV

•�6XVWDLQDELOLW\
•�6WDNHKROGHUV�
VXSSRUW��0$0&$�
•�3DUWLFLSDWRU\�
EXGJHWLQJ

•�&R�LPSOHPHQWDWLRQ�
ZLWK�VWDNHKROGHUV

���&R�GHVLJQ�DQG�HYDOXDWLRQ
RI�DOWHUQDWLYH�VROXWLRQV ���,PSOHPHQWDWLRQ�DQG�PRQLWRULQJ

6&23,1*7KH�ÀUVW�VWDJH�RI�WKH�ZRUN�ZDV�
WKH�VFRSLQJ�RI�LVVXHV�
,W�KHOSHG�UHVHDUFKHUV�DQG�
SROLF\PDNHUV�WR�EHWWHU�
XQGHUVWDQG�WKH�SHUFHSWLRQ�RI�
FLWL]HQV��DQG�KHOSHG�FLWL]HQV�WR�
IRFXV�RQ�ZKDW�DUH�WKHLU�SULRULWLHV�
ZKHQ�WDONLQJ�DERXW�XUEDQ�
LVVXHV�

3DUWLFLSDQWV�DUH�DEOH�WR�
FUHDWH�D�SRLQW�RI�FRQWDFW�
ZLWK�SROLF\PDNHUV�DV�

WKH\�IHHO�WKDW�VRPHRQH�LV�
OLVWHQLQJ�WR�WKHP�RQ�ZKDW�

LV�LPSRUWDQW�

��� /HFWXUHV�DERXW�
EDVLF�LQIR�RI�SROOXWLRQ�
��� 3DUWLFLSDQWV�ZRUNLQJ�
RQ�PDSV�WR�H[SUHVV�
ZKLFK�XUEDQ�LVVXHV�
OLQNHG�WR�SROOXWLRQ�DUH�
WKH�PRVW�LPSRUWDQW�
��� :RUNVKRS�

1 2 3

7KH�FR�PRQLWRULQJ�VWDJH�WXUQHG�RXW�
WR�EH�YHU\�LPSRUWDQW�DV�LW�KDV�EHHQ�DQ�
HVVHQWLDO�VWHS�WR�UHDFK�WKH�FR�GHVLJQ�
DQG�LW�KHOSHG�SDUWLFLSDQWV�WR�IHHO�WKH\�
DUH�SDUW�RI�WKH�SURFHVV��,Q�/223(5�
WKH�FR�PRQLWRULQJ�ZDV�PRUH�SUDFWLFDO�
DV�SDUWLFLSDQWV�FRXOG�GHFLGH�ZKHUH�WR�
PRQLWRU�SROOXWDQWV�ZLWK�ERWK�RIÀFLDO�DQG�
SDUWLFLSDWRU\�VHQVLQJ�WRROV��TXDOLWDWLYH�
DQG�TXDQWLWDWLYH�GDWD��

��� 1RLVH�ER[��FURZGVHQVLQJ
��� *HRWDJJLJ�WRRO��
FURZGVHQVLQJ
��� $LU%HDP��FURZGVHQVLQJ
��� 3DVVLYH�VHQVRU��RIÀFLDO
��� 0RELOH�VWDWLRQ��RIÀFLDO�
GDWD

3DUWLFLSDQWV�OHDUQ�KRZ�
GDWD�DUH�FROOHFWHG�DQG�
IHHO�PRUH�LQ�WRXFK�ZLWK�
ZKDW�LV�KDSSHQLQJ�DQG�
ZKLFK�LVVXHV�DUH�PRUH�

UHOHYDQW�

1 2

5 4 3
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7KH�YLVXDOLVDWLRQ�VWDJH�KHOSV�
SDUWLFLSDQWV�WR�XQGHUVWDQG�
LI�WKHLU�WKRXJKWV�DERXW�
XUEDQ�LVVXHV��DQG�DPRXQW�RI�
SROOXWDQWV�SUHVHQW�LQ�WKHLU�
QHLJKERXUKRRG��ZHUH�ULJKW�RU�
ZURQJ��7KLV�LV�HVVHQWLDO�WR�
RSHQ�XS�WKHLU�PLQG�DERXW�WKH�
SRVVLEOH�PLWLJDWLRQ�VROXWLRQV�

6WDNHKROGHUV�FDQ�VHH�WKH�
UHVXOW�RI�WKH�ZRUN�WKH\�
KDYH�GRQH�ZLWK�WKH�GDWD�
FROOHFWLRQ��7KH\�FDQ�KDYH�
D�FRPSOHWH�LGHD�RI�WKH�

VLWXDWLRQ�

6WDNHKROGHUV�DFWLYHO\�
SDUWLFLSDWHG�WR�SUHYLRXV�
VWDJHV��WKLV�PHDQV�WKH\�
KDYH�DOO�WKH�WRROV�QHHGHG�
IRU�WKH�FR�GHVLJQ��7KH\�
ZLOO�EH�KHOSHG�LQ�WKH�

SURFHVV�WR�GHYHORS�LGHDV�

��� 9LVXDOLVDWLRQ�RI�GDWD�FROOHFWHG�
ZLWK�RIÀFLDO�WRROV��
+HUH�30���FROOHFWHG�ZLWK�PRELOH�
VWDWLRQV�
��� 'DWD�FROOHFWHG�ZLWK�
SDUWLFLSDWRU\�VHQVLQJ��
+HUH�30����FROOHFWHG�ZLWK�
$LU%HDP�

1 2

7KH�YLVXDOLVDWLRQ�VWDJH�KHOSV�SDUWLFLSDQWV�WR�
XQGHUVWDQG�LI�WKHLU�WKRXJKWV�DERXW�XUEDQ�LVVXHV�
RI�WKHLU�QHLJKERXUKRRG�ZHUH�FRUUHFW�RU�LQFRUUHFW��
7KLV�PHDQV�WKDW�ZKHQ�WKH�FR�GHVLJQ�VWDJH�
ZLOO�VWDUW�WKH\�ZLOO�EH�DEOH�WR�KDYH�D�FRPSOHWH�
RYHUYLHZ�RI�WKH�VLWXDWLRQ��7R�PDNH�WKH�PRVW�RXW�
RI�WKH��FR�GHVLJQ�VWDJH�LW�ZLOO�EH�SRVVLEOH�WR�XVH�D�
FRPELQDWLRQ�RI�RQOLQH�DQG�RIÁLQH�WRROV�ZKLFK�FDQ�
KHOS�SDUWLFLSDQWV�WR�H[SUHVV�ZKDW�WKH\�ZRXOG�OLNH�
WR�GR�WR�VROYH�LVVXHV�

D��,1752'8&7,21 E��85%$1
&+$//(1*(6 F��&2�'(6,*1

H��9$'(0(&80 I��)857+(5
'(9(/230(176

G��&2�'(6,*1�DQG
/($51,1*�/223

3$57��

3$57��

3$57��

,W�ZLOO�EH�D�VHW�RI�JXLGHOLQHV�
RQ�JRRG�DQG�EDG�SUDFWLFHV�
VHHQ� LQ� WKH� FDVH� VWXGLHV�
DQG�LQ�WKH�VWDWH�RI�WKH�DUW�

7KH� YDGHPHFXP� FDQ� EH�
ODWHU� LPSOHPHQWHG� �ERWK�
SDSHU�DQG�GLJLWDO� YHUVLRQV��
ZLWK�RWKHU�FDVH�VWXGLHV

%*+#4#�5%#0#)#66#

)7+&'.+0'5�(14�6*'�%1�&'5+)0��*19�61�51.8'�74$#0�+557'5

/[�TGUGCTEJ�CKOU�VQ�VGUV�JQY�EQ�FGUKIP�ECP�JGNR�VQ�UQNXG�FKHHGTGPV�WTDCP�KUUWGU�CPF�YCPVU�VQ�RTQFWEG�C�XC�
FGOGEWO�YKVJ�IWKFGNKPGU�QP�JQY�VQ�UGV�C�WTDCP�NKXKPI�NCD�VQ�KPXQNXG�UVCMGJQNFGTU�HQT�C�EQ�FGUKIP�RTQEGUU��
6Q�FQ�UQ�+�PGGFGF�VQ�UVWF[�VJG�UVCVG�QH�VJG�CTV��DWV�+�CNUQ�PGGFGF�VQ�UGCTEJ�HQT�ECUG�UVWFKGU�YKVJ�YJKEJ�VQ�
EJGEM�VJG�IQQF�CPF�VJG�DCF�RTCEVKEGU�
6JG�UVWF[�QH�VJG�UVCVG�QH�VJG�CTV�ICXG�OG�C�OQTG�EQORNGVG�EQORTGJGPUKQP�QH�VJG�UKVWCVKQP�KP�YJKEJ�O[�
TGUGCTEJ�KU�HTCOGF��CPF�KV�KPENWFGF�

5ECPFKPCXKCP�pEQQRGTCVKXG�FGUKIPq�KP�VJG���U�
&G�%CTNQ�RCTVKEKRCVQT[�FGUKIP�QH�VJG�6GTPK�RTQLGEV�
p2CTVKEKRCVQT[�FGUKIPq�KP�VJG�75#�FWTKPI�VJG���U�
5K\C�CPF�5##.�RTQEGUU�KP�VJG���U�
p7UGT�EGPVGTGF�FGUKIPq�D[�&QPCNF�&QTOCP�KP�VJG���U�
p2CTVKEKRCVQT[�DWFIGVKPIq�KP�2QTVWICN�HTQO�VJG������QP�

6JG�OGVJQFQNQI[�KU�VJCV�QH�VJG�TGUGCTEJ�D[�RTCEVKEG�YJKEJ��KP�O[�TGUGCTEJ��WUGU�ECUG�UVWFKGU�VQ��EJGEM�YJKEJ�
RTCEVKEGU�ECP�DG�EQPUKFGTGF�IQQF�QT�DCF��ETQUU�FCVC�EQNNGEVGF�HTQO�VJG�UVCVG�QH�VJG�CTV�CPF�VJG�ECUG�UVWFKGU�
CPF�EQORCTG�VJG�ECUG�UVWFKGU�
6JG�ECUG�UVWFKGU�+oO�YQTMKPI�YKVJ�CTG�VYQ��QPG�KU�VJG�RNCPPKPI�HQT�VJG�%KV[�QH�5RQTV�KP�5CP�&QP¼�FK�2KCXG�

+VCN[��CPF�VJG�QVJGT�KU�C�'WTQRGCP�4GUGCTEJ�2TQLGEV��HWPFGF�WPFGT�VJG�,2+�7TDCP�'WTQRG��ECNNGF�.112'4�

.GCTPKPI�.QQRU�KP�VJG�2WDNKE�4GCNO��YJKEJ�YKNN�CRRN[�VJG�NGCTPKPI�NQQR�VQ�VJG�EQ�FGUKIP�RTQEGUU��6Q�DGVVGT�
GZRNCKP��KP�VJG�%KV[�QH�5RQTV�QH�5CP�&QP¼�FK�2KCXG�+�CO�CPCN[\KPI�C�DCUKE�RCTVKEKRCVQT[�FGUKIP�RTQEGUU��1P�
VJG�QVJGT�JCPF�VJG�ECUG�UVWF[�QH� VJG�.112'4�RTQLGEV�JCU� VJG�CODKVKQP�QH�ETGCVKPI�C�PGY�YC[�QH�FGEK�
UKQP�OCMKPI�YJKEJ�DTKPIU�VQIGVJGT�CNN�UVCMGJQNFGTU�� KPENWFKPI�RQNKE[OCMGTU��VJCV� KVGTCVKXGN[� NGCTP�JQY�VQ�
CFFTGUU�WTDCP�EJCNNGPIGU��6JKU�KU�CP�KORNGOGPVGF�EQ�FGUKIP�RTQEGUU�CU�UVCMGJQNFGTU�KP�VJG�GPF�CTG�ECNNGF�
VQ�GXCNWCVG�YJCV�VJG[�JCXG�FQPG�
6JG�GZRGEVGF�TGUWNV�QH�O[�TGUGCTEJ�KU�VJCV�QH�ETGCVKPI�C�UGV�QH�IWKFGNKPGU�YJKEJ�ECP�DG�WUGF�VQ�UQNXG�FKH�
HGTGPV�WTDCP�KUUWGU��UWEJ�CU�RNCPPKPI�RTQDNGOU�QT�CKT�SWCNKV[��WUKPI�VJG�EQ�FGUKIP�RTQEGUU�CRRNKGF�VQ�WTDCP�
NKXKPI�NCDU�
6JGTG�KU�CP�KPVTKPUKE�RCTV�QH�KPPQXCVKQP�KP�O[�TGUGCTEJ��YJKEJ�KU�NKPMGF�VQ�VJG�PQXGNV[�QH�VJG�.112'4�RTQLGEV�
VJCV�KPUGTVU�EQ�OQPKVQTKPI�KP�VJG�RCTVKEKRCVQT[�FGUKIP�RTQEGUU�CPF�CRRNKGU�VJG�NGCTPKPI�NQQR�VQ�KV�
TGUGCTEJ�
D[�RTCEVKEG���#NUQ�CPQVJGT�PQXGNV[�UVCPFU�KPVQ�VJG�RQUUKDKNKV[�VQ�KORNGOGPV�VJG�IWKFGNKPGU��YTKVVGP�YKVJ�VJG�
ECUG�UVWFKGU�GZRGTKGPEGU��YKVJ�QVJGT�ECUGU�

-G[YQTFU��EQ�FGUKIP��NGCTPKPI�NQQR��CKT�SWCNKV[��WTDCP�KUUWGU
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&RQIHUHQFH�IRU�$UWLVWLF�DQG�$UFKLWHFWXUDO��'RFWRUDO��5HVHDUFK

&KLDUD�6FDQDJDWWD�����
8QLYHUVLW\�,XDY�RI�9HQLFH
*XLGHOLQHV�IRU�WKH�&R�'HVLJQ��KRZ�WR�VROYH�8UEDQ�,VVXHV
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0\�UHVHDUFK�DLPV� WR� WHVW�KRZ�FR�GHVLJQ�FDQ�KHOS� WR�VROYH�GLIIHUHQW�XUEDQ� LVVXHV�DQG�
ZDQWV� WR� SURGXFH� D� YDGHPHFXP�ZLWK� JXLGHOLQHV� RQ� KRZ� WR� VHW� D� XUEDQ� OLYLQJ� ODE� WR�
LQYROYH�VWDNHKROGHUV�IRU�D�FR�GHVLJQ�SURFHVV��7R�GR�VR�,�QHHGHG�WR�VWXG\�WKH�VWDWH�RI�WKH�
DUW��EXW�,�DOVR�QHHGHG�WR�VHDUFK�IRU�FDVH�VWXGLHV�ZLWK�ZKLFK�WR�FKHFN�WKH�JRRG�DQG�WKH�
EDG�SUDFWLFHV�
7KH�VWXG\�RI�WKH�VWDWH�RI�WKH�DUW�JDYH�PH�D�PRUH�FRPSOHWH�FRPSUHKHQVLRQ�RI�WKH�VLWXDWLRQ�
LQ�ZKLFK�P\�UHVHDUFK�LV�IUDPHG��DQG�LW�LQFOXGHG�
•� 6FDQGLQDYLDQ�´FRRSHUDWLYH�GHVLJQµ�LQ�WKH���V�
•� 'H�&DUOR�SDUWLFLSDWRU\�GHVLJQ�RI�WKH�7HUQL�SURMHFW�
•� ´3DUWLFLSDWRU\�GHVLJQµ�LQ�WKH�86$�GXULQJ�WKH���V�
•� 6L]D�DQG�6$$/�SURFHVV�LQ�WKH���V�
•� ´8VHU�FHQWHUHG�GHVLJQµ�E\�'RQDOG�'RUPDQ�LQ�WKH���V�
•� ´3DUWLFLSDWRU\�EXGJHWLQJµ�LQ�3RUWXJDO�IURP�WKH������RQ�
7KH�PHWKRGRORJ\�LV�WKDW�RI�WKH�UHVHDUFK�E\�SUDFWLFH�ZKLFK��LQ�P\�UHVHDUFK��XVHV�FDVH�
VWXGLHV�WR��FKHFN�ZKLFK�SUDFWLFHV�FDQ�EH�FRQVLGHUHG�JRRG�RU�EDG��FURVV�GDWD�FROOHFWHG�
IURP�WKH�VWDWH�RI�WKH�DUW�DQG�WKH�FDVH�VWXGLHV�DQG�FRPSDUH�WKH�FDVH�VWXGLHV�

7KH�FDVH�VWXGLHV�,·P�ZRUNLQJ�ZLWK�DUH�WZR��RQH�LV�WKH�SODQQLQJ�IRU�WKH�&LW\�RI�6SRUW�LQ�
6DQ�'RQj�GL�3LDYH��,WDO\��DQG�WKH�RWKHU�LV�D�(XURSHDQ�5HVHDUFK�3URMHFW��IXQGHG�XQGHU�WKH�
-3,�8UEDQ�(XURSH��FDOOHG�/223(5��/HDUQLQJ�/RRSV�LQ�WKH�3XEOLF�5HDOP��ZKLFK�ZLOO�DSSO\�
WKH�OHDUQLQJ�ORRS�WR�WKH�FR�GHVLJQ�SURFHVV��7R�EHWWHU�H[SODLQ��LQ�WKH�&LW\�RI�6SRUW�RI�6DQ�
'RQj�GL�3LDYH�,�DP�DQDO\]LQJ�D�EDVLF�SDUWLFLSDWRU\�GHVLJQ�SURFHVV��2Q�WKH�RWKHU�KDQG�WKH�
FDVH�VWXG\�RI�WKH�/223(5�SURMHFW�KDV�WKH�DPELWLRQ�RI�FUHDWLQJ�D�QHZ�ZD\�RI�GHFLVLRQ�
PDNLQJ�ZKLFK�EULQJV�WRJHWKHU�DOO�VWDNHKROGHUV��LQFOXGLQJ�SROLF\PDNHUV��WKDW�LWHUDWLYHO\�
OHDUQ�KRZ�WR�DGGUHVV�XUEDQ�FKDOOHQJHV��7KLV� LV�DQ� LPSOHPHQWHG�FR�GHVLJQ�SURFHVV�DV�
VWDNHKROGHUV�LQ�WKH�HQG�DUH�FDOOHG�WR�HYDOXDWH�ZKDW�WKH\�KDYH�GRQH�
7KH�H[SHFWHG�UHVXOW�RI�P\�UHVHDUFK�LV�WKDW�RI�FUHDWLQJ�D�VHW�RI�JXLGHOLQHV�ZKLFK�FDQ�EH�
XVHG�WR�VROYH�GLIIHUHQW�XUEDQ�LVVXHV��VXFK�DV�SODQQLQJ�SUREOHPV�RU�DLU�TXDOLW\��XVLQJ�WKH�
FR�GHVLJQ�SURFHVV�DSSOLHG�WR�XUEDQ�OLYLQJ�ODEV�
7KHUH�LV�DQ�LQWULQVLF�SDUW�RI�LQQRYDWLRQ�LQ�P\�UHVHDUFK��ZKLFK�LV�OLQNHG�WR�WKH�QRYHOW\�RI�
WKH�/223(5�SURMHFW�WKDW�LQVHUWV�FR�PRQLWRULQJ�LQ�WKH�SDUWLFLSDWRU\�GHVLJQ�SURFHVV�DQG�
DSSOLHV�WKH�OHDUQLQJ�ORRS�WR�LW��UHVHDUFK�E\�SUDFWLFH���$OVR��DQRWKHU�QRYHOW\�VWDQGV�LQWR�
WKH�SRVVLELOLW\�RI�LPSOHPHQWLQJ�WKH�JXLGHOLQHV�

���,GHQWLÀFDWLRQ�RI�SUREOHPV

�D��6FRSLQJ �E��'DWD
FROOHFWLRQ �F��9LVXDOLVDWLRQ �D��&R�GHVLJQ �E��(YDOXDWLRQ �E��0RQLWRULQJ�D�

,PSOHPHQWDWLRQ

•�'HOLEHUDWLRQ
•�'HÀQLWLRQ�RI�
SUREOHP�FRQWH[W
•�,GHQWLÀFDWLRQ�RI�
VWDNHKROGHUV
•�5HFUXLWPHQW�RI�
SDUWLFLSDQWV

6WDUW�ZLWK�DQRWKHU�ORRS

•�4XDQWLWDWLYH��
1RLVH�
$LU�SROOXWLRQ�
3XEOLF�RSHQ�GDWD
•�4XDOLWDWLYH��
3LFWXUHV�WH[W

•�4XDQWLWDWLYH��
1RLVH�
$LU�SROOXWLRQ�
3XEOLF�RSHQ�GDWD
•�4XDOLWDWLYH��
3LFWXUHV�WH[W

•�0DSV
•�*UDSKV
•�'UDZLQJV

•�2QOLQH��
LQWHUDFWLYH�LGHD�
JHQHUDWLRQ�WRRO��������
•�2IÁLQH��
GHVLJQ�ZRUNVKRSV

•�6XVWDLQDELOLW\
•�6WDNHKROGHUV�
VXSSRUW��0$0&$�
•�3DUWLFLSDWRU\�
EXGJHWLQJ

•�&R�LPSOHPHQWDWLRQ�
ZLWK�VWDNHKROGHUV

���&R�GHVLJQ�DQG�HYDOXDWLRQ
RI�DOWHUQDWLYH�VROXWLRQV ���,PSOHPHQWDWLRQ�DQG�PRQLWRULQJ

6&23,1*7KH�ÀUVW�VWDJH�RI�WKH�ZRUN�ZDV�
WKH�VFRSLQJ�RI�LVVXHV�
,W�KHOSHG�UHVHDUFKHUV�DQG�
SROLF\PDNHUV�WR�EHWWHU�
XQGHUVWDQG�WKH�SHUFHSWLRQ�RI�
FLWL]HQV��DQG�KHOSHG�FLWL]HQV�WR�
IRFXV�RQ�ZKDW�DUH�WKHLU�SULRULWLHV�
ZKHQ�WDONLQJ�DERXW�XUEDQ�
LVVXHV�

3DUWLFLSDQWV�DUH�DEOH�WR�
FUHDWH�D�SRLQW�RI�FRQWDFW�
ZLWK�SROLF\PDNHUV�DV�

WKH\�IHHO�WKDW�VRPHRQH�LV�
OLVWHQLQJ�WR�WKHP�RQ�ZKDW�

LV�LPSRUWDQW�

��� /HFWXUHV�DERXW�
EDVLF�LQIR�RI�SROOXWLRQ�
��� 3DUWLFLSDQWV�ZRUNLQJ�
RQ�PDSV�WR�H[SUHVV�
ZKLFK�XUEDQ�LVVXHV�
OLQNHG�WR�SROOXWLRQ�DUH�
WKH�PRVW�LPSRUWDQW�
��� :RUNVKRS�

1 2 3

7KH�FR�PRQLWRULQJ�VWDJH�WXUQHG�RXW�
WR�EH�YHU\�LPSRUWDQW�DV�LW�KDV�EHHQ�DQ�
HVVHQWLDO�VWHS�WR�UHDFK�WKH�FR�GHVLJQ�
DQG�LW�KHOSHG�SDUWLFLSDQWV�WR�IHHO�WKH\�
DUH�SDUW�RI�WKH�SURFHVV��,Q�/223(5�
WKH�FR�PRQLWRULQJ�ZDV�PRUH�SUDFWLFDO�
DV�SDUWLFLSDQWV�FRXOG�GHFLGH�ZKHUH�WR�
PRQLWRU�SROOXWDQWV�ZLWK�ERWK�RIÀFLDO�DQG�
SDUWLFLSDWRU\�VHQVLQJ�WRROV��TXDOLWDWLYH�
DQG�TXDQWLWDWLYH�GDWD��

��� 1RLVH�ER[��FURZGVHQVLQJ
��� *HRWDJJLJ�WRRO��
FURZGVHQVLQJ
��� $LU%HDP��FURZGVHQVLQJ
��� 3DVVLYH�VHQVRU��RIÀFLDO
��� 0RELOH�VWDWLRQ��RIÀFLDO�
GDWD

3DUWLFLSDQWV�OHDUQ�KRZ�
GDWD�DUH�FROOHFWHG�DQG�
IHHO�PRUH�LQ�WRXFK�ZLWK�
ZKDW�LV�KDSSHQLQJ�DQG�
ZKLFK�LVVXHV�DUH�PRUH�

UHOHYDQW�

1 2
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7KH�YLVXDOLVDWLRQ�VWDJH�KHOSV�
SDUWLFLSDQWV�WR�XQGHUVWDQG�
LI�WKHLU�WKRXJKWV�DERXW�
XUEDQ�LVVXHV��DQG�DPRXQW�RI�
SROOXWDQWV�SUHVHQW�LQ�WKHLU�
QHLJKERXUKRRG��ZHUH�ULJKW�RU�
ZURQJ��7KLV�LV�HVVHQWLDO�WR�
RSHQ�XS�WKHLU�PLQG�DERXW�WKH�
SRVVLEOH�PLWLJDWLRQ�VROXWLRQV�

6WDNHKROGHUV�FDQ�VHH�WKH�
UHVXOW�RI�WKH�ZRUN�WKH\�
KDYH�GRQH�ZLWK�WKH�GDWD�
FROOHFWLRQ��7KH\�FDQ�KDYH�
D�FRPSOHWH�LGHD�RI�WKH�

VLWXDWLRQ�

6WDNHKROGHUV�DFWLYHO\�
SDUWLFLSDWHG�WR�SUHYLRXV�
VWDJHV��WKLV�PHDQV�WKH\�
KDYH�DOO�WKH�WRROV�QHHGHG�
IRU�WKH�FR�GHVLJQ��7KH\�
ZLOO�EH�KHOSHG�LQ�WKH�

SURFHVV�WR�GHYHORS�LGHDV�

��� 9LVXDOLVDWLRQ�RI�GDWD�FROOHFWHG�
ZLWK�RIÀFLDO�WRROV��
+HUH�30���FROOHFWHG�ZLWK�PRELOH�
VWDWLRQV�
��� 'DWD�FROOHFWHG�ZLWK�
SDUWLFLSDWRU\�VHQVLQJ��
+HUH�30����FROOHFWHG�ZLWK�
$LU%HDP�

1 2

7KH�YLVXDOLVDWLRQ�VWDJH�KHOSV�SDUWLFLSDQWV�WR�
XQGHUVWDQG�LI�WKHLU�WKRXJKWV�DERXW�XUEDQ�LVVXHV�
RI�WKHLU�QHLJKERXUKRRG�ZHUH�FRUUHFW�RU�LQFRUUHFW��
7KLV�PHDQV�WKDW�ZKHQ�WKH�FR�GHVLJQ�VWDJH�
ZLOO�VWDUW�WKH\�ZLOO�EH�DEOH�WR�KDYH�D�FRPSOHWH�
RYHUYLHZ�RI�WKH�VLWXDWLRQ��7R�PDNH�WKH�PRVW�RXW�
RI�WKH��FR�GHVLJQ�VWDJH�LW�ZLOO�EH�SRVVLEOH�WR�XVH�D�
FRPELQDWLRQ�RI�RQOLQH�DQG�RIÁLQH�WRROV�ZKLFK�FDQ�
KHOS�SDUWLFLSDQWV�WR�H[SUHVV�ZKDW�WKH\�ZRXOG�OLNH�
WR�GR�WR�VROYH�LVVXHV�

D��,1752'8&7,21 E��85%$1
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H��9$'(0(&80 I��)857+(5
'(9(/230(176

G��&2�'(6,*1�DQG
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3$57��

3$57��
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,W�ZLOO�EH�D�VHW�RI�JXLGHOLQHV�
RQ�JRRG�DQG�EDG�SUDFWLFHV�
VHHQ� LQ� WKH� FDVH� VWXGLHV�
DQG�LQ�WKH�VWDWH�RI�WKH�DUW�

7KH� YDGHPHFXP� FDQ� EH�
ODWHU� LPSOHPHQWHG� �ERWK�
SDSHU�DQG�GLJLWDO� YHUVLRQV��
ZLWK�RWKHU�FDVH�VWXGLHV


