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$%675$&7��3URIHVVLRQDO�H[SHUWLVH�LQ�WKH�DUFKLWHFWXUH��HQJLQHHULQJ�DQG�FRQVWUXFWLRQ��$(&��LQGXVWU\�LV�W\SLFDOO\�
GHYHORSHG�WKURXJK�\HDUV�RI� ILHOG�H[SHULHQFH��7KH�NQRZOHGJH�REWDLQHG�GXULQJ�WKLV� WLPH�FRQVLVWV�RI�ERWK�H[SOLFLW�
NQRZOHGJH�DQG�WDFLW�NQRZOHGJH��(GXFDWRUV�W\SLFDOO\�IRFXV�RQ�SUHVHQWLQJ�FRQWHQW�WR�GHYHORS�H[SOLFLW�NQRZOHGJH��
EXW� ERWK� IRUPV� DUH� UHTXLUHG� IRU� QRYLFH� VWXGHQWV� WR� EHFRPH� H[SHUW� SUDFWLWLRQHUV�� 3DUW� RI� WKH� FKDOOHQJH� ZLWK�
GHYHORSLQJ� WDFLW� NQRZOHGJH� LV� WKDW� DFWXDO� SURMHFW� H[SHULHQFHV� FDQ� EH� GLIILFXOW� WR� UHSOLFDWH� LQ� DFDGHPLF�
HQYLURQPHQWV��(PHUJLQJ�DXJPHQWHG�UHDOLW\��$5��DQG�YLUWXDO�UHDOLW\��95��WHFKQRORJLHV�PD\�RIIHU�QHZ�DELOLWLHV�WR�
SURYLGH� H[SHULHQFH� WKDW� PLPLFV� RQ�VLWH� H[SHULHQFHV� IRU� VWXGHQWV�� 2WKHU� ILHOGV� RI� UHVHDUFK� KDYH� GHYHORSHG�
HGXFDWLRQDO� DSSURDFKHV� WR� VXSSRUW� H[SHULHQFHV� WKDW� PD\� HQDEOH� WDFLW� NQRZOHGJH� JHQHUDWLRQ�� LQFOXGLQJ� WKH�
&DUQHJLH� )RXQGDWLRQ¶V� 7KUHH� $SSUHQWLFHVKLSV� 0RGHO�� ZKLFK� VWDWHV� WKDW� WKH� PRVW� FRPSUHKHQVLYH� OHDUQLQJ�
H[SHULHQFHV� PXVW� LQFOXGH� DQ� HPSKDVLV� RQ� FRJQLWLYH� XQGHUVWDQGLQJ�� SUDFWLFDO� VNLOOV�� DQG� PRUDO� GLPHQVLRQV��
7KHUHIRUH��WKLV�SDSHU�SURSRVHV�D�PHWKRGRORJ\�WKDW�ZLOO�HQDEOH�UHVHDUFKHUV�WR�XVH�WKLV�PRGHO�DV�D�JXLGH�LQ�RUGHU�
WR� WHVW� WKH�LPSDFW�RI�$5��DQG�95�HQDEOHG� OHDUQLQJ� LQ�WKH�$(&�GRPDLQ��7KLV�PHWKRGRORJ\� LQFOXGHV� WKUHH�PDLQ�
SDUWV��H[SHUW�IRFXV�JURXS�LQWHUYLHZV��95�$5�H[SHULHQFHV�ZLWK�GDWD�FROOHFWLRQ�WKURXJKRXW��DQG�SUH�SRVW�DQDO\VLV�
WR�DVVHVV�WKH�LPSDFW�RI�WKH�WHFKQRORJ\�LQWHUYHQWLRQ��

.(<:25'6�� $XJPHQWHG� 5HDOLW\�� 9LUWXDO� 5HDOLW\�� 7KUHH� $SSUHQWLFHVKLSV� 0RGHO�� 'HVLJQ� $VVHVVPHQW�� 7DFLW�

.QRZOHGJH�

�� ,1752'8&7,21�

��� ,QGXVWU\�&RQFHUQV�$ERXW�6KRUWDJH�RI�6NLOOHG�:RUNIRUFH�

,Q�WKH�FRPLQJ�GHFDGHV��WKH�DUFKLWHFWXUH��HQJLQHHULQJ�DQG�FRQVWUXFWLRQ��$(&��LQGXVWU\�LV�H[SHFWHG�WR�VHH�VXEVWDQWLDO�
JURZWK�ZLWK�ODERU�GHPDQGV�JURZLQJ�XSZDUGV�RI�WZHQW\�SHUFHQW�QDWLRQDOO\��+HQGHUVRQ��������$OWKRXJK�WKH�JURZWK�
LV�SURMHFWHG�WR�LQFUHDVH�UHYHQXHV��WKH�$(&�LQGXVWU\�DV�D�ZKROH�LV�SURMHFWHG�WR�VWUXJJOH�ZLWK�PHHWLQJ�WKLV�GHPDQG�
DV� LW�FRQWLQXHV� WR� JUDSSOH�ZLWK�FULWLFLVP�RI�SRRU�SURGXFWLYLW\��*RRGUXP�HW�DO��������7HLFKRO]� HW�DO��������DQG�
ZDVWHG�PRQH\�GXH�WR�LQWHURSHUDELOLW\�LVVXHV��&KRKDQ�HW�DO��������+ZDQJ�HW�DO��������/RYH�HW�DO��������7KH�VHYHULW\�
RI�WKHVH�LVVXHV�DUH�FRPSRXQGHG�E\�WKH�FKDOOHQJHV�DVVRFLDWHG�ZLWK�HQWHULQJ�D�³ODERU�FOLII´��$�ODERU�FOLII�LV�GHILQHG�
DV�WKH�VWDWH�DW�ZKLFK�SURMHFW�SHUIRUPDQFH�LV�VLJQLILFDQWO\�DIIHFWHG�E\�RQH�RU�PRUH�ZRUNIRUFH�LVVXHV��ODERU��TXDQWLW\�
RU�TXDOLW\��$OEDWWDK�HW�DO���������7KH�PHGLDQ�DJH�RI�FRQVWUXFWLRQ�SURIHVVLRQDOV�KDV�ULVHQ�WR������\HDUV�RI�DJH�DQG�
GHVLJQ�SURIHVVLRQDOV¶�PHGLDQ�DJH� LV� QRZ���� \HDUV�ROG��%XUHDX�RI� /DERU�6WDWLVWLFV��������DQG� WKH� ODFN�RI� QHZ�
SURIHVVLRQDOV�HQWHULQJ�WKLV�LQGXVWU\�LV�QRW�RIIVHWWLQJ�WKRVH�UHWLULQJ��*DPEOH��������7KH�FRQIOXHQFH�RI�WKHVH�WUHQGV�
PHDQV�WKH�LQGXVWU\�ZLOO�FRQWLQXH�WR�IDFH�FKDOOHQJHV�RI�WUDLQLQJ�QHZ�SURIHVVLRQDOV�UDSLGO\�WR�PHHWLQJ�WKH�JURZLQJ�
ZRUNIRUFH�QHHGV��$UGLWL�	�0RFKWDU��������'XERLV�	�*DGGH��������6FKZDWND��%XWOHU��	�5RVHFUDQFH����������

7KLV� ORVV� RI� NQRZOHGJH� DQG� H[SHUWLVH�ZLOO� SRVH� D�PDMRU� FKDOOHQJH� WR� WKH�$(&� LQGXVWU\� LQ� WKH� FRPLQJ� \HDUV��
.QRZOHGJH�LV�JHQHUDOO\�EURNHQ�LQWR�WZR�FDWHJRULHV��H[SOLFLW�DQG�WDFLW�NQRZOHGJH��3DWKLUDJH �HW�DO���������([SOLFLW�
NQRZOHGJH� LV� UHODWHG� WR� WKH� LQIRUPDWLRQ� WKDW� FDQ� EH� DFFHVVHG�� DUWLFXODWHG�� DQG� FRPPXQLFDWHG� HDVLO\�� 7KLV�
LQIRUPDWLRQ� LV� W\SLFDOO\�FRQYH\HG� LQ� WKH�IRUP�RI� WH[WERRNV�RU�GHWDLOHG�H[DPSOHV��&ROOLQV�������0DUDYLOKDV�	�
0DUWLQV�������3DWKLUDJH�HW�DO���������,Q�WKH�$(&�LQGXVWU\��WKLV�IRUP�RI�NQRZOHGJH�LV�JHQHUDOO\�WDXJKW�DQG�UHWDLQHG�
WKURXJK�PDQXDOV�RU�VWDQGDUG�RSHUDWLQJ�SURFHGXUHV��+L]DU�0G�.KX]DLPDK�	�+DVVDQ��������+RZHYHU��GXH�WR�WKH�
JURZLQJ�FRPSOH[LW\�RI�SURMHFWV�DQG�WKH�GLYHUVH�QDWXUH�RI�SURMHFW�VFRSH�ZLWKLQ�WKH�$(&�LQGXVWU\��D�JURZLQJ�LQWHUHVW�
LQ�WDFLW�NQRZOHGJH�KDV�HPHUJHG�LQ�RUGHU�WR�EHWWHU�WUDLQ�SURMHFW� WHDP�PHPEHUV��+L]DU�0G�.KX]DLPDK�	�+DVVDQ�
������:RR�HW�DO����������

8QOLNH�H[SOLFLW�NQRZOHGJH��WDFLW�NQRZOHGJH�LV�GHILQHG�DV�WKH�XQGHUVWDQGLQJ��FDSDELOLWLHV��VNLOOV�DQG�WKH�H[SHULHQFHV�
RI�LQGLYLGXDOV��RIWHQ�H[SUHVVHG�LQ�KXPDQ�DFWLRQV�LQ� WKH�IRUP�RI�WKRXJKWV��SRLQWV�RI�YLHZ��HYDOXDWLRQ�DQG�DGYLFH�
�&ROOLQV�������1RQDND�	�7DNHXFKL�������3DWKLUDJH�HW�DO���������7DFLW�NQRZOHGJH�KDV�EHHQ�LGHQWLILHG�DV�D�FULWLFDO�
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HOHPHQW�ZLWKLQ� WKH�$(&�LQGXVWU\�DQG�FDQ�EH�VXEFDWHJRUL]HG�IXUWKHU�LQWR�FRJQLWLYH�NQRZOHGJH��PHQWDO�EHOLHIV�RU�
KXQFKHV��DQG�WHFKQLFDO�NQRZOHGJH��WKH�NQRZ�KRZ�DQG�VNLOOV���'¶(UHGLWD�	�%DUUHWR�������+L]DU�0G�.KX]DLPDK�
	�+DVVDQ��������%\�LWV�QDWXUH��WKLV�IRUP�RI�NQRZOHGJH�LV�GLIILFXOW�WR�UHFRUG�DQG�WKHUHIRUH�FKDOOHQJLQJ�WR�WHDFK�WR�
QHZ�LQGXVWU\�PHPEHUV� WKDW� KDYH�QRW�KDG� WKH�RSSRUWXQLW\� WR�H[SHULHQFH�DQ�DFWLYH�SURMHFW� MREVLWH� LQ�D�SDUWLFXODU�
VLWXDWLRQ�� 7\SLFDOO\�� LW� LV� JDLQHG� WKURXJK� \HDUV� RI� SURMHFW� VLWH� H[SHULHQFH�� EXW� WKH� WLPH� UHTXLUHG� IRU� WKLV� WDFLW�
NQRZOHGJH�JHQHUDWLRQ�LV�QRW�FRQGXFLYH�WR�PHHWLQJ�WKH�LQGXVWU\¶V�JURZLQJ�ODERU�GHPDQGV��:LWK�WKH�FXUUHQW�ODERU�
VKRUWDJH��WKH�LQGXVWU\�QHHGV�D�PHDQV�RI�HGXFDWLQJ�QHZ�LQGLYLGXDOV�PRUH�UDSLGO\�WR�JDLQ�WKLV�WDFLW�NQRZOHGJH�� �

����3RWHQWLDO�RI�(PHUJLQJ�7HFKQRORJ\�

,Q� WKH�SDVW�� HGXFDWRUV�KDYH� OHYHUDJHG�SK\VLFDO�GHVLJQ�DQG�FRQVWUXFWLRQ�SURMHFWV� �L�H�6RODU�'HFDWKORQ�� WR�HQDEOH�
VWXGHQWV�WR�DWWDLQ�ERWK�H[SOLFLW�DQG�WDFLW�NQRZOHGJH��:KLOH�WKLV�W\SH�RI�KDQGV�RQ�HGXFDWLRQ�PD\�EH�KLJKO\�YDOXDEOH�
WR�WKH�VWXGHQWV��LW�LV�H[WUHPHO\�WLPH�DQG�UHVRXUFH�LQWHQVLYH��ZKLFK�PHDQV�WKDW�QRW�DOO�VWXGHQWV�FDQ�KDYH�WKLV�W\SH�RI�
SUDFWLFDO� H[SHULHQFH� SULRU� WR� JUDGXDWLRQ�� 7KLV� OLPLWV� DFFHVV� WR� H[SHULHQFH� WKDW� FDQ� HQDEOH� WDFLW� NQRZOHGJH�
JHQHUDWLRQ��$XJPHQWHG�5HDOLW\��$5��DQG�9LUWXDO�5HDOLW\��95��HQYLURQPHQWV�PD\�IDFLOLWDWH�WKLV�W\SH�RI�HGXFDWLRQ�
E\�UHSOLFDWLQJ�FRQVWUXFWLRQ�RU�GHVLJQ�HQYLURQPHQWV�LQ�D�FODVVURRP�VHWWLQJ�ZLWK�UHODWLYHO\�ORZ�FRVWV�LQ�PDWHULDOV��
)LJXUH���SUHVHQWV�D�FRQFHSWXDO�JUDSKLF�LOOXVWUDWLQJ�KRZ�WKLV�WHFKQRORJ\�PD\�HQDEOH�VLPLODU�H[SHULHQFHV�WR�SK\VLFDO�
SUHVHQFH���

)LJ�����*UDSKLFDO�UHSUHVHQWDWLRQ�RI�PRWLYDWLRQ�WR�UHVHDUFK�

$XJPHQWHG�5HDOLW\��$5��DQG�9LUWXDO�5HDOLW\��95��HQYLURQPHQWV�KDYH�EHHQ�VXJJHVWHG�WR�SURYLGH�YDOXH�E\�DOORZLQJ�
SURMHFW�WHDPV�DQG�HGXFDWRUV�WR�UHSOLFDWH�FRQVWUXFWLRQ�RU�GHVLJQ�HQYLURQPHQWV�LQ�D�FODVVURRP�VHWWLQJ�ZLWK�UHODWLYHO\�
ORZ�FRVWV�LQ�PDWHULDOV��$OVDIRXUL�HW�DO��������$OVDIRXUL�	�$\HU�������)UDQN�	�.DSLOD�������:X�HW�DO���������$5�
LV� WKH� LQFRUSRUDWLRQ�RI�ERWK� WKH� WDQJLEOH�HOHPHQWV�RI� WKH�SK\VLFDO�HQYLURQPHQW�ZLWK� WKDW�RI� WKH�PRGHOHG�YLUWXDO�
HQYLURQPHQW�GLVSOD\HG�VLPXOWDQHRXVO\��0LOJUDP�	�.LVKLQR��������95�HQYLURQPHQWV�DUH�ZKHUH�WKH�VHQVDWLRQ�RI�
SUHVHQFH�LV�FRQYH\HG�E\�PLQLPL]LQJ�WKH�FRQWDFW�RI�WKH�XVHU�ZLWK�WKH�SK\VLFDO�ZRUOG��WKXV�GLIIHUHQWLDWLQJ�IURP�ZHE�
EDVHG�95�DSSOLFDWLRQ�WKDW�DUH�QRUPDOO\�PDQLSXODWHG�WKURXJK�D�PRXVH�DQG�WKH�3&�GLVSOD\��0DULQL�HW�DO���������$5�
KDV�EHHQ�LGHQWLILHG�WR�SURYLGH�YDOXH�LQ�WKH�HDUO\�VWDJHV�RI�D�FRQVWUXFWLRQ�SURMHFW�E\�VXSSRUWLQJ�GHFLVLRQ�PDNLQJ�
SURFHVVHV� �$OVDIRXUL� HW� DO�� ������� ,Q� DGGLWLRQ�� 95� KDV� EHHQ� SUHYLRXVO\� IRXQG� WR� HQDEOH� XVHUV� WR� YLVXDOL]H� DQG�
UHFRJQL]H�FRPSOH[�ZRUNSODFH�VLWXDWLRQV��IURP�ZKLFK�WKH�NQRZOHGJH�RI�SURFHGXUHV�DQG�VNLOOV�FRXOG�EH�EXLOW��DQG�
WDVNV� LQ�D�VDIH�DQG�IRUJLYLQJ�HQYLURQPHQW�EH�FDUULHG�RXW� �/L�HW�DO���������7KHVH�HQYLURQPHQWV�DUH� LQWHQGHG� WR�
VLPXODWH�H[SHULHQFHV�WKDW�FRXOG�RQO\�EH�DFKLHYHG�RWKHUZLVH�WKURXJK�SK\VLFDO�H[SHULHQFHV��$OVDIRXUL�HW�DO��������
*XSWD� ������+XJKHV� HW� DO�� ������ 0LOJUDP� 	� )XPLR� ������� 7KLV� LPPHUVLRQ� LQ� WKH� H[SHULHQFH� PRWLYDWHV� WKH�
UHVHDUFKHUV�WR�H[SORUH�WKH�H[WHQW�WR�ZKLFK� WKHVH�YLVXDOL]DWLRQ�HQYLURQPHQWV�PD\�EH�DEOH�WR�UHSOLFDWH�WKH�W\SH�RI�
WDFLW�NQRZOHGJH�JHQHUDWLRQ� WKDW�LV�W\SLFDOO\�GHYHORSHG�WKURXJK�\HDUV�RI�RQVLWH�H[SHULHQFH��7KXV��WKH�LQWHUDFWLRQV�
ZLWK�WKHVH�HQYLURQPHQWV�OHDG�UHVHDUFKHUV�WR�TXHVWLRQ�ZKHWKHU�RU�QRW�$5�DQG�95�FDQ�EH�OHYHUDJHG�WR�IDFLOLWDWH�WDFLW�
NQRZOHGJH�JHQHUDWLRQ��

:KLOH�$5�DQG�95�RIIHU�WKHRUHWLFDO�SRWHQWLDO�WR�VWXGHQWV¶�GHYHORSPHQW�RI� WDFLW�NQRZOHGJH��WKHUH�LV�QRW�FXUUHQWO\�
DQ�XQGHUVWDQGLQJ�RI�KRZ�WDFLW�NQRZOHGJH�VKRXOG�EH�HYDOXDWHG�LQ�WKH�GHVLJQ�DQG�FRQVWUXFWLRQ�HGXFDWLRQ�GRPDLQ��
7KH� 7KUHH� $SSUHQWLFHVKLSV� 7KHRU\� RIIHUV� D� IUDPHZRUN� WKDW� RXWOLQHV� WKUHH� FULWLFDO� FRPSRQHQWV� WKDW� PXVW� EH�
HPEUDFHG�LQ�RUGHU�WR�IDFLOLWDWH�WDFLW�NQRZOHGJH�JHQHUDWLRQ��KHDG��KHDUW��DQG�KDQG��6KXOPDQ��������2WKHU�ILHOGV�RI�
HGXFDWLRQ�VXFK�DV�QXUVLQJ� KDYH� IRXQG�VXFFHVV� LQ� WKH�DSSOLFDWLRQ�RI� WKLV� OHDUQLQJ� WKHRU\� LQ� WKH�GHYHORSPHQW�RI�
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EHWWHU�SUHSDUHG�PHGLFDO�SURIHVVLRQDOV��7D\ORU�	�&DUH��������,W�LV�SRVVLEOH�WKDW�WKLV�VDPH�DSSURDFK�WR�OHDUQLQJ�PD\�
EHQHILW�GHVLJQ�DQG�FRQVWUXFWLRQ�HGXFDWLRQ�DV�ZHOO��EXW�FXUUHQWO\�WKHUH�LV�D�ODFN�RI�XQGHUVWDQGLQJ�RI�KRZ�LW�VKRXOG�
EH�DSSOLHG�WR�WKLV�VSHFLILF�GRPDLQ��7KHUHIRUH��WKLV�SDSHU�DLPV�WR�ILOO�WKLV�NQRZOHGJH�JDS�E\�DGGUHVVLQJ�WKH�IROORZLQJ�
TXHVWLRQV�����:KDW�PHWKRGRORJLFDO�GHFLVLRQV�IDFLOLWDWH�WKH�DSSURSULDWH�DSSOLFDWLRQ�RI�WKH�7KUHH�$SSUHQWLFHVKLSV�
OHDUQLQJ� WKHRU\� XVLQJ� $5�95� LQWHUYHQHG� F\EHUOHDUQLQJ� HQYLURQPHQWV� WR� HQDEOH� WDFLW� NQRZOHGJH� JHQHUDWLRQ�
UHOHYDQW� WR�GHVLJQ�DQG�FRQVWUXFWLRQ�HGXFDWLRQ"����$QG�ZKDW�GDWD�VKRXOG�EH�FROOHFWHG�GXULQJ�$5�95�OHDUQLQJ�
DFWLYLWLHV�WR� LQIRUP�WKH�GHYHORSPHQW�RI�UHOHYDQW� OHDUQLQJ�DVVHVVPHQWV�LQ�WKLV�QHZ�JHQUH�RI�F\EHUOHDUQLQJ"�7KLV�
SDSHU�FRQWULEXWHV�D�PHWKRGRORJ\�WR�WHVW�GHVLJQ��DQG�FRQVWUXFWLRQ�UHODWHG�WDFLW�NQRZOHGJH�JHQHUDWLRQ�WKURXJK�$5�
DQG�95�HQKDQFHG�F\EHUOHDUQLQJ�HQYLURQPHQWV��7KH�UHPDLQGHU�RI�WKLV�SDSHU�ZLOO�LQFOXGH�D�VXPPDU\�RI�WKH�OHDUQLQJ�
WKHRU\�VXSSRUWLQJ�WKH�SURSRVHG�PHWKRGRORJ\��DORQJ�ZLWK�WKH�WKUHH�VWHS�PHWKRGRORJ\�LWVHOI��

�� 7+(25(7,&$/�81'(53,11,1*6���

��� 7KH�7KUHH�$SSUHQWLFHVKLSV�0RGHO�

7KH�³7KUHH�$SSUHQWLFHVKLSV�0RGHO´�SURYLGHV�WKH�WKHRUHWLFDO�XQGHUSLQQLQJV�IRU�WKH�SURSRVHG�PHWKRGRORJ\�RI�WKLV�
SDSHU�� 7KH� UHVXOWV� RI� D� PXOWL�\HDU�� PXOWL�LQVWLWXWLRQDO� VWXG\� FRQGXFWHG� E\� WKH� &DUQHJLH� )RXQGDWLRQ� IRU� WKH�
$GYDQFHPHQW�RI�7HDFKLQJ��������GHVFULEH�WKH�FXUUHQW�VWDWH�RI�XQGHUJUDGXDWH�HQJLQHHULQJ�HGXFDWLRQ�LQ�WKH�8�6��
DQG�SURYLGH�UHFRPPHQGDWLRQV�IRU�LPSURYLQJ�FXUULFXOXP�WR�DOLJQ�ZLWK�WKH�SURIHVVLRQDO�GHPDQGV�RI�WKH�ILHOG��7KH�
VWXG\�IRXQG�WKDW�ZLWKLQ�HQJLQHHULQJ�ILHOGV��FXUULFXOD�DUH�SULPDULO\�IRFXVHG�RQ�WKH�WHFKQLFDO�RU�H[SOLFLW�NQRZOHGJH�
ZLWKLQ� WKH�UHODWHG�ILHOG��WKRXJK�WKHUH�LV�D�QHHG�IRU�PRUH�LQWHJUDWHG�OHDUQLQJ�H[SHULHQFHV� WKDW�LQYROYH�NQRZOHGJH�
�+HDG��� VNLOOV� �+DQG��� DQG� SURIHVVLRQDO� MXGJPHQW� �+HDUW�� �6KHSSDUG� HW� DO�� ������� ,Q� WKHRU\�� WKHVH� H[SHULHQFHV�
VKRXOG�SURYLGH�D�PRUH�ZHOO�URXQGHG�DSSURDFK� WR�IDFLOLWDWLQJ� WKH��GHYHORSPHQW�RI��PRUH�UREXVW�IRUPV�RI�H[SOLFLW�
DQG�WDFLW�NQRZOHGJH�DPRQJ�QHZ�SURIHVVLRQDOV���

7KH�7KUHH�$SSUHQWLFHVKLSV�DSSURDFK�LV�LQIRUPHG�E\�WKH�LQVLJKWV�RI�PDQ\�FRQWULEXWRUV��-RKQ�'HZH\��D�SURIHVVRU�
DQG�HGXFDWLRQ�UHVHDUFKHU��DUJXHG�WKDW�WHDFKHUV�QRW�RQO\�QHHG�WR�EH�HGXFDWHG�RQ�WKHRU\��EXW�DOVR�SUDFWLFDO�DSSOLFDWLRQ�
�6KXOPDQ��������/DWHU��6KXOPDQ�H[SDQGHG�RQ�'HZH\¶V�WKHRU\�ZLWK�KLV�SHUVSHFWLYH�RQ�WKH�WKUHH�DSSUHQWLFHVKLSV��
6KXOPDQ� WKHRUL]HG� WKDW� SURIHVVLRQDO� HGXFDWLRQ� LV� FRPSRVHG� RI� WKUHH� DSSUHQWLFHVKLSV�� FRJQLWLYH�� SUDFWLFDO�� DQG�
PRUDO� �6KXOPDQ� ������� 7KH� FRJQLWLYH� GLPHQVLRQ� IRFXVHV� RQ� WKH� NQRZOHGJH� SURIHVVLRQDOV� VKRXOG� SRVVHVV�� WKH�
SUDFWLFDO�GLPHQVLRQ� IRFXVHV�RQ� WKH�VNLOOV�D�SURIHVVLRQDO�PXVW�H[KLELW��DQG� WKH�PRUDO�GLPHQVLRQ� IRFXVHV�RQ� WKH�
DWWLWXGHV��YDOXHV��DQG�HWKLFV�WKDW�DUH�FRPPRQO\�DVVRFLDWHG�ZLWK�WKH�SURIHVVLRQ�RI�LQWHUHVW��)ROORZLQJ� WKLV�OLQH�RI�
UHVHDUFK�� WKH�7UDQVIRUPDWLYH�6XVWDLQDEOH�/HDUQLQJ��76/�� WKHRU\�ZDV�FUHDWHG� WR�HQVXUH� WKDW�FHUWDLQ�YDOXHV�ZHUH�
LPSDUWHG�LQ�HGXFDWLRQ�WR�HQVXUH�D�VXVWDLQDEOH�IXWXUH�WKDW�ZLOO�FRQWLQXH�WR�SURJUHVV�RXU�VRFLHW\��6LSRV�HW�DO���������
6LSRV�DQG�FROOHDJXHV��������HFKRHG�WKH�VHQWLPHQWV�RI�'HZH\�DQG�6KXOPDQ�WKURXJK�WKHLU�ZRUN��DQG�FRQWLQXHG�WR�
DUJXH�WKDW�WKH�KHDG��KDQG��DQG�KHDUW�VKRXOG�EH�LPSOHPHQWHG�LQWR�LQWHU��DQG�WUDQV�GLVFLSOLQDU\�HGXFDWLRQ��:KLOH�WKH�
FRPELQDWLRQ�RI� WKH�WKUHH�FRQVWUXFWV�DUH�LQWHUFKDQJHDEO\�UHIHUUHG�WR�DV�ERWK�7UDQVIRUPDWLYH�6XVWDLQDEOH�/HDUQLQJ�
DQG�7KUHH�$SSUHQWLFHVKLSV�LQ�H[LVWLQJ�VFKRODUVKLS��WKH�DXWKRUV�ZLOO�UHIHU�WR�WKHP�DV�WKH�³7KUHH�$SSUHQWLFHVKLSV´�
LQ�WKLV�SDSHU�IRU�FRQWLQXLW\��7KH�SURSRVHG�PHWKRGRORJ\�RI� WKLV�SDSHU�DLPV� WR�DGGUHVV�WKH�QHHG�IRU�PRUH�GLYHUVH�
OHDUQLQJ�LQWHJUDWLRQ�LQ�GHVLJQ�FXUULFXOD�WKURXJK�WKH�DSSOLFDWLRQ�RI�D�7KUHH�$SSUHQWLFHVKLSV�DSSURDFK�WR�HGXFDWLQJ�
IXWXUH�GHVLJQ�DQG�FRQVWUXFWLRQ�SURIHVVLRQDOV����

�� 352326('�0(7+2'2/2*<�

7KH�SURSRVHG�PHWKRGRORJ\� LQYROYHV�D� WKUHH�VWHS�SURFHGXUH�EDVHG�RQ� WKH�7KUHH�$SSUHQWLFHVKLSV� WKHRU\� WR� WHVW�
GHVLJQ��DQG�FRQVWUXFWLRQ�UHODWHG�WDFLW�NQRZOHGJH�JHQHUDWLRQ� WKURXJK�$5�DQG�95�HQYLURQPHQWV��7KH�LQWHQWLRQ�RI�
WKLV�PHWKRGRORJLFDO�DSSURDFK�LV�WR�SURYLGH�UHVHDUFKHUV�DQG�HGXFDWRUV�D�PHWKRG�WR�WHVW�WDFLW�NQRZOHGJH�JHQHUDWLRQ�
ZLWK�YLVXDOL]DWLRQ�WHFKQRORJLHV�VR�WKDW�WKH\�PD\�EH�DEOH�WR�XQGHUVWDQG�WKH�H[WHQW�HDFK�WHFKQRORJ\�PD\�EH�XVHG�WR�
UHFUHDWH� H[SHULHQFHV� WKDW� HOLFLW� EHKDYLRUV� UHODWLQJ� WR� WDFLW� NQRZOHGJH� JDLQ�� 7KH� ILUVW� VWHS� RI� WKH� PHWKRGRORJ\�
LQFOXGHV�H[SHUW�LQWHUYLHZV�WR�LGHQWLI\�SDUWLFXODU�XVH�FDVHV�DQG�GHVLUHG�UHVHDUFK�TXHVWLRQV�WKDW�QHHG�WR�EH�DGGUHVVHG�
LQ�UHODWLRQ� WR� WKH� WDUJHWHG�DSSUHQWLFHVKLS��7KH�VHFRQG� VWHS� LQYROYHV� WKH�GHYHORSPHQW�RI�SUH��DQG�SRVW�OHDUQLQJ�
DFWLYLW\�DVVHVVPHQWV�WKDW�ZLOO�KHOS�HGXFDWLRQDO�UHVHDUFKHUV�WR�HYDOXDWH�WKH�LPSDFWV�RI�WHFKQRORJ\�LQWHUYHQWLRQV��7KH�
WKLUG� VWHS� LQYROYHV� WKH� GHYHORSPHQW� RI� WKH� DFWXDO�$5�95�HQDEOHG� OHDUQLQJ� H[SHULHQFH� EDVHG� RQ� WKH� WDUJHWHG�
OHDUQLQJ�RXWFRPHV��7KHVH�VWHSV�DUH�RXWOLQHG�LQ�)LJXUH���DQG�GHWDLOHG�LQ�WKH�VXEVHTXHQW�VHFWLRQV� �
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)LJXUH����*UDSKLFDO�2YHUYLHZ�RI�3URSRVHG�0HWKRGRORJ\�

��� ([SHUW�,QWHUYLHZV�

'LIIHUHQW� IRUPV�RI�DVVHVVPHQW�DOORZ�IRU�JDWKHULQJ�HYLGHQFH�RI�GLIIHUHQW� IRUPV�RI� NQRZOHGJH��7KXV�� LQ�RUGHU� WR�
HYDOXDWH� HDFK� RI� WKH� WKUHH� DSSUHQWLFHVKLSV� LQ� UHODWLRQ� WR� GHVLJQ� DVVHVVPHQW�� HGXFDWRUV� DQG� UHVHDUFKHUV� � PXVW �
VWUDWHJLFDOO\� WDUJHW�HDFK�DSSUHQWLFHVKLS� XVLQJ�D�YDULHW\�RI� IRUPV�RI�GDWD�FROOHFWLRQ�DQG�DQDO\VLV��$OWKRXJK� WDFLW�
NQRZOHGJH�LV�JDLQHG�WKURXJK�WKH�FRPELQDWLRQ�RI�WKH�WKUHH�DSSUHQWLFHVKLSV��E\�VHSDUDWLQJ�HDFK�DSSUHQWLFHVKLS�LQWR�
VHSDUDWH�HYDOXDWLRQV��LW�DOORZV�UHVHDUFKHUV�WR�LGHQWLI\�VSHFLILF�FKDUDFWHULVWLFV�RI�HDFK�DSSUHQWLFHVKLS�WKDW�PD\�EH�
PDQLSXODWHG�WR�SURPRWH�JUHDWHU�WDFLW�NQRZOHGJH�JDLQ��2QFH�D�WDUJHWHG�DSSUHQWLFHVKLS�LV�HVWDEOLVKHG�DPRQJVW�WKH�
UHVHDUFK�WHDP��WKH�ILUVW�VWHS�ZLWKLQ�WKH�PHWKRGRORJ\�ZRXOG�EH�WR�LGHQWLI\�ZKLFK�H[SHULHQFHV�ZRXOG�EHVW�UHSOLFDWH�
FDUHHU�VLWXDWLRQV�ZLWKLQ�WKH�LQGXVWU\�WKDW�FDOO�IRU�WKDW�SDUWLFXODU�DSSUHQWLFHVKLS��7R�GR�WKLV�WKH�UHVHDUFK�WHDP�PXVW�
ILUVW�JDLQ�LQVLJKWV�DERXW�WKH�UHDO�ZRUOG�VLWXDWLRQV�IDFHG�WKURXJKRXW�WKH�GHVLJQ�LQGXVWU\�DQG�WKH�DVVRFLDWHG�GHFLVLRQ�
SURFHVVHV�LQGXVWU\�SURIHVVLRQDOV�WDNH�WR�EH�VXFFHVVIXO�LQ�HDFK�VLWXDWLRQ��7R�HVWDEOLVK�WKLV�XQGHUVWDQGLQJ�DQG�SURYLGH�
D�IUDPHZRUN�IRU�UHSOLFDWLQJ�DQ�H[SHULHQFH�LQ�D�WHVWLQJ�HQYLURQPHQW��UHVHDUFKHUV�VKRXOG�ILUVW�FRQGXFW�LQ WHUYLHZV�
ZLWK�VXEMHFW�PDWWHU�H[SHUWV�WDUJHWHG�DW�XQGHUVWDQGLQJ�WKH�GHFLVLRQ�SURFHVVHV�RU�HOHPHQWV�RI�NQRZOHGJH�WKH\�GZHOO�
XSRQ�ZKHQ�FRPLQJ�XS�ZLWK�VROXWLRQV��6XEMHFW�PDWWHU�H[SHUWV�DUH�WKRVH�DVVXPHG�WR�KDYH�SUROLILF�ZRUNLQJ�H[SHULHQFH�
ZLWKLQ�WKH�LQGXVWU\�RU�D�FRQWHQW�H[SHUW�LQ�DQ�DFDGHPLF�VHWWLQJ���

7R�REWDLQ�WKH�PRVW�EHQHILFLDO�FRPPHQWDU\�DPRQJVW�LQGXVWU\�SURIHVVLRQDOV��LW�LV�VXJJHVWHG�WR�GHYHORS�DQ�LQWHUYLHZ�
SURWRFRO�VSHFLILFDOO\�IRFXVLQJ�RQ�KRZ�H[SHUWV�DQG�QRYLFHV�GLIIHU�LQ�WKHLU�SURFHVVHV�IRU�DFTXLULQJ�NQRZOHGJH�DQG�
KRZ�WKH\�UHSUHVHQW�NQRZOHGJH��H�J���GRPDLQ�VSHFLILF�YV��JHQHUDO�NQRZOHGJH���3RSRYLF��������,QWHUYLHZ�TXHVWLRQV�
VKRXOG�EH�EDVHG�XSRQ�WKH�ZRUNLQJ�NQRZOHGJH�DQG�ZRUN�H[SHULHQFH�HDFK�H[SHUW�IDFHV�LQ�WKHLU�FDUHHUV��7KH�TXHVWLRQV�
VKRXOG�DOORZ�IRU�RSHQ�HQGHG�GLVFXVVLRQ�IURP�WKH�LQWHUYLHZHH�WR�UHIOHFW�XSRQ�SUHYLRXV�H[SHULHQFHV�DQG�GHFLVLRQ�
PDNLQJ� SURFHVVHV� WKDW�ZHUH� XVHG� WR� UHPHG\� WKH� GLVFXVVHG� VLWXDWLRQ��'HSHQGHQW� XSRQ�ZKLFK� DSSUHQWLFHVKLS� LV�
WDUJHWHG��LQWHUYLHZ�TXHVWLRQV�VKRXOG�EH�UHILQHG�WR�DFFRPPRGDWH�HDFK�GLPHQVLRQ�LQ�RUGHU�WR�HQFRXUDJH�LQWHUYLHZHHV�
WR�KDYH�PRUH�DWWXQHG�SHUVSHFWLYHV�DQG�DQVZHUV�WR�WKH�DSSUHQWLFHVKLS��)RU�H[DPSOH��VDPSOH�TXHVWLRQV�GHYHORSHG�
IRU�DSSOLFDWLRQ�ZLWK�WKH�KHDUW�GLPHQVLRQ�RU�PRUDO�DSSUHQWLFHVKLS�DUH�SURYLGHG�LQ�7DEOH����7KURXJK�WKHVH�LQWHUYLHZV��
UHVHDUFKHUV�VKRXOG�EH�DEOH� WR� LGHQWLI\�VSHFLILF�FDUHHU�H[SHULHQFHV� LQ� UHODWLRQ� WR�GHVLJQ�DVVHVVPHQW� WKDW�FDQ�EH�
UHFUHDWHG�LQ�D�YLUWXDO�DQG�RU�DXJPHQWHG�HQYLURQPHQW��(DFK� LQWHUYLHZ�SURWRFRO�VKRXOG�EH�SLORWHG�DQG�UHILQHG�DV�
QHFHVVDU\�LQ�RUGHU�WR�DOORZ�UHVHDUFKHUV�WR�WDUJHW�PHDQLQJIXO�UHVSRQVHV�IURP�LQWHUYLHZHHV��

7DEOH����6DPSOH�([SHUW�,QWHUYLHZ�3URWRFRO�4XHVWLRQV �

�� 7HOO�PH�D�OLWWOH�DERXW�KRZ�ORQJ�\RX�KDYH�ZRUNHG�LQ�WKLV�LQGXVWU\�DQG�ZKDW�\RX�FXUUHQWO\�GR��

��
%DVHG�RQ�WKH�IROORZLQJ�IRXU�RSWLRQV��ZKLFK�SKDVH�GR�\RX�KDYH�WKH�PRVW�LPSDFW�RQ�DV�SDUW�RI�\RXU�GD\�WR�GD\�MRE��

SODQQLQJ��GHVLJQ��EXLOG��RU�RSHUDWH"�

��
&DQ�\RX�JLYH�PH�H[DPSOH�RI�D�WLPH�ZKHQ�\RX�QHHGHG�WR�GHVLJQ�RU�EXLOG�D�IDFLOLW\��RU�FRPSRQHQW��IRU�LQGLYLGXDOV�

ZLWK�QHHGV�GLIIHUHQW�IURP�\RXU�RZQ"�3OHDVH�NHHS�WKLV�H[DPSOH�LQ�PLQG�WKURXJKRXW�WKH�UHVW�RI�WKH�LQWHUYLHZ� �

��
:KDW�LV�\RXU�DSSURDFK�IRU�GHVLJQLQJ�FRQVWUXFWLQJ�D�IDFLOLW\�WKDW�LV�PLQGIXO�RI�D�GLYHUVH�JURXS�RI�LQGLYLGXDOV��H�J���

DJH��GLVDELOLW\�DELOLW\��HWF��"�

��
+RZ�GR�\RX�HYDOXDWH�GLIIHUHQW�GHVLJQ�FRQVWUXFWLRQ�RSWLRQV�WR�VXSSRUW�WKH�JURXS�RI�LQGLYLGXDOV"��3URPSW��:KDW�

LQIRUPDWLRQ�LV�XVHIXO�IRU�FRPSOHWLQJ�WKLV�HYDOXDWLRQ"��
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�

��� 7HFKQRORJLFDO�,QWHUYHQWLRQ�

2QFH� DQ� H[SHULHQFH� FDQ� EH� LGHQWLILHG� WKURXJK� WKH� VLWXDWLRQDO� FRQWHQW� SURYLGHG� E\� WKH� H[SHUW� LQWHUYLHZHHV��
UHVHDUFKHUV� FDQ� WKHQ� DGGUHVV� KRZ� WR� EHVW� UHFUHDWH� WKH� H[SHULHQFH� WKURXJK� YLVXDOL]DWLRQ� WHFKQRORJLHV�� 7DEOH� ��
SUHVHQWV�H[DPSOHV�RI�GHILQHG�FDUHHU�H[SHULHQFHV�DQG� WKH�DVVRFLDWHG�WDUJHWHG�DSSUHQWLFHVKLS��,Q�RUGHU�WR� WDUJHW�D�
SDUWLFXODU� DSSUHQWLFHVKLS�� LW� LV� QHFHVVDU\� WR� GHYHORS� D� VWUDWHJ\� IRU� UHSOLFDWLQJ�� UHFRUGLQJ�� DQG� DQDO\]LQJ� WDFLW�
NQRZOHGJH�JHQHUDWLRQ�IRU�WKH�LQWHQGHG�FDUHHU�H[SHULHQFH�UHVHDUFKHUV�ZRXOG�OLNH�WR�HYDOXDWH�� �

7DEOH����([DPSOH�([SHULHQFHV�$VVRFLDWHG�:LWK�(DFK�$SSUHQWLFHVKLS�
$SSUHQWLFHVKLSV�� ([DPSOH�([SHULHQFH�

8VH�&DVH��
([SHULHQFH�-XVWLILFDWLRQ��

&RJQLWLYH��+HDG�� %XLOGLQJ�&RGH�
(YDOXDWLRQ�

7R�WHVW�LQGXVWU\�VSHFLILF�NQRZOHGJH�SDUWLFLSDQWV�VKRXOG�SRVVHVV�
WKURXJK�WKH�XVH�FXUUHQW�EXLOGLQJ�FRGHV�UHTXLUHG�IRU�D�VSDFH��

0RUDO��+HDUW�� +DQGLFDS�
$FFHVVLELOLW\�

7R�JHQHUDWH�HPSDWK\�DPRQJ�SDUWLFLSDQW�E\�SODFLQJ� WKHP�LQ�D�GHVLJQ�
VFHQDULR�UHTXLULQJ�RI�D�XVHU�ZLWK�GLIIHUHQW�QHHGV�WKDQ�WKHLU�RZQ��

3UDFWLFDO��+DQG�� :LQGRZ�)UDPH�
$VVHPEO\�

7R�FKDOOHQJH�SDUWLFLSDQWV�XVH�RI�VNLOOV�E\�GHILQLQJ�D�VHW�RI�PHDQV�
DQG�PHWKRGV�WKDW�FDQ�EH�EXLOW�E\�KDQG�

$VVXPLQJ� WKDW� D� SK\VLFDO� H[SHULHQFH� LV� QRW� DYDLODEOH� IRU� DVVHVVPHQW� RQ� DQ� DFWLYH� SURMHFW� WKDW�ZRXOG� H[DFWO\�
UHSOLFDWH� WKH� LGHQWLILHG� VLWXDWLRQ� RU� H[SHULHQFH�� UHVHDUFKHUV�PXVW� DUWLILFLDOO\� FUHDWH� WKLV� H[SHULHQFH�� )RU� WKLV�� D�
WHFKQRORJLFDO�LQWHUYHQWLRQ�PD\�EH�DEOH�WR�IDFLOLWDWH�WKH�HQYLURQPHQW��7KH�DXWKRUV�RI�WKLV�SDSHU�KDYH�UHIUDLQHG�IURP�
H[SOLFLWO\�GHWDLOLQJ�GHYHORSPHQW�VWUDWHJLHV� IRU� WKH� WHFKQRORJLFDO� LQWHUYHQWLRQ��7KH� LQWHQW�RI� WKLV�PHWKRGRORJLFDO�
DSSURDFK� LV� WR�KDYH�D�ZLGH�DSSOLFDELOLW\� WR� WHVW� WDFLW�NQRZOHGJH�DFURVV�YDULRXV�FRQVWUXFWLRQ� XVH�FDVHV�RU�FDUHHU�
H[SHULHQFHV�RI�ZKLFK�UHVHDUFKHUV�DQG�HGXFDWRUV�PD\�UHTXLUH�GLIIHUHQW�GHYHORSPHQW�QHHGV�LQ�FUHDWLQJ�WKH�LPPHUVLYH�
H[SHULHQFH�� 7KHUHIRUH�� JHQHUDO� JXLGHOLQHV� DQG� VXJJHVWLRQV� DUH� SUHVHQWHG� LQ� RUGHU� WR� GHYHORS� WKH� WHFKQRORJLFDO�
LQWHUYHQWLRQ�WR�EH�WHVWHG��7KH�WHFKQRORJLFDO�LQWHUYHQWLRQ�WR�FUHDWH�WKLV�HQYLURQPHQW�VKRXOG�UHSUHVHQW�WKH�LQWHQGHG�
FDUHHU�H[SHULHQFH�LQ�D�PDQQHU�WKDW�FRQYH\V�HQRXJK�GHWDLO�DQG�LPPHUVLRQ�VR�WKDW�LW�LV�FRPSDUDEOH�WR�WKH�SK\VLFDO�
ZRUOG� H[SHULHQFHV� WKDW� VWXGHQWV� ZRXOG� IDFH� LQ� WKHLU� HYHQWXDO� FDUHHU�� )URP� SUHYLRXV� ZRUN�� YLVXDOL]DWLRQ�
WHFKQRORJLHV� VXFK� DV�$5� DQG� 95� KDYH� EHHQ� LGHQWLILHG� WR� EH� HIIHFWLYH� PHDQV� RI� FRPPXQLFDWLRQ� DQG� FUHDWLQJ�
LPPHUVLYH�HQYLURQPHQWV�WKDW�PLPLF�WKH�SK\VLFDO�ZRUOG��$5�DQG�95�KDYH�EHHQ�UHSRUWHG�WR�VXSSRUW�EHWWHU�GHFLVLRQ�
PDNLQJ�WKDW�WUDGLWLRQDOO\�KDG�RQO\�EHHQ�UHSRUWHG�WKURXJK�SK\VLFDO�PRFN�XSV�RU�H[SHULHQFH��$OVDIRXUL�HW�DO���������
$5�DOORZV�IRU�WKH�XVHUV�WR�SK\VLFDOO\�ZDON�DURXQG�RU�LQWHUDFW�ZLWK�D�VSDFH�ZKLOH�VLPXOWDQHRXVO\�LQWHUDFWLQJ�ZLWK�
WKH�GHYHORSHG�YLUWXDO�PRGHO��:KHUH�SK\VLFDO�H[SORUDWLRQ�RI�D�YLUWXDO�VSDFH�LV�QRW�UHTXLUHG��95�FDQ�EH�XVHG�WR�DOORZ�
SDUWLFLSDQWV�WR�EH�IXOO\�LPPHUVHG�LQ�D�GHYHORSHG�YLUWXDO�PRGHO��7KH�FORVH�DSSUR[LPDWLRQ�RI�H[SHULHQFH�WKURXJK�WKH�
XVH�RI� WKHVH� WHFKQRORJLHV�PD\�SURYLGH� XVHUV�HQRXJK�RI�DQ� LPPHUVLYH�H[SHULHQFH� WR� IDFLOLWDWH� WDFLW� NQRZOHGJH�
JHQHUDWLRQ�

����� 'DWD�&ROOHFWLRQ�0HWKRGV�	�$QDO\VLV�

$V�WDFLW� NQRZOHGJH� LV� JDLQHG� WKURXJK�H[SHULHQFH�� UHVHDUFKHUV�DUH� LQWHUHVWHG� LQ�ERWK� WKH�YHUEDO�DQG� QRQ�YHUEDO�
EHKDYLRUV�GHPRQVWUDWHG�ZLWKLQ�WKH�PRGHOHG�H[SHULHQFH�DQG�KRZ�WKDW�PD\�UHODWH�WR�WKH�GHFLVLRQV�RI�SURIHVVLRQDOV��
,Q�RUGHU�WR�HYDOXDWH�WKH�XVHU�ZLWKLQ�WKH�PRGHOHG�H[SHULHQFH�DQG�WHVW�WKH�SRVVLEOH�WDFLW�NQRZOHGJH�JDLQ�LQ�UHODWLRQ�
WR�WKH�WDUJHWHG�DSSUHQWLFHVKLS��LW�LV�QHFHVVDU\�WR�UHFRUG�WKH�LQWHUDFWLRQ�ERWK�YLVXDOO\�DQG�DXGLEO\��7KLV�GDWD�FDQ�EH�
XVHG�WR�FRQGXFW�IXWXUH�EHKDYLRUDO�DQDO\VLV��5HVHDUFKHUV�DUH�LQWHUHVWHG�LQ�ERWK�H[SHUW�GHPRQVWUDWHG�EHKDYLRUV�ZLWKLQ�
WKH�PRGHOHG�H[SHULHQFH�DV�ZHOO�DV�QRYLFH�EHKDYLRUV��%\�KDYLQJ�ERWK�H[SHUW�DQG�QRYLFH�EHKDYLRUDO�GDWD��VWDWLVWLFDO�
FRPSDULVRQV��L�H��RQH�VDPSOH�W�WHVWV��WR�HYDOXDWH�WKH�DELOLW\�RI�QRYLFHV�WR�PHHW�WKH�VWDQGDUG�VHW�IRUWK�E\�H[SHUWV�� �

0XOWLSOH�YLGHR�DQG�DQ�DXGLR�UHFRUGLQJ�GHYLFHV�DUH�VXJJHVWHG�WR�FROOHFW�WKLV�LQIRUPDWLRQ��7KH�XVH�RI�PXOWLSOH�YLGHR�
FDPFRUGHUV�DOORZV�UHVHDUFKHUV�WR�IL[�WKH�FDPHUDV�LQ�NH\�ORFDWLRQV�DQG�GLIIHUHQW�DQJOHV�DURXQG� WKH�H[SHULPHQW�WR�
UHFRUG�DOO�SK\VLFDO�LQWHUDFWLRQ�ZLWK�WKH�PRGHOHG�H[SHULHQFH��$Q�DXGLR�UHFRUGLQJ�GHYLFH�FDQ�EH�IL[HG�RQ�RU�QHDU�WKH�
WHVW�VXEMHFW� WR�UHFRUG�XVHU¶V�DQVZHUV�WR�SRVHG�VFHQDULRV�DQG�FRPPXQLFDWLRQ�ZKLOH�LQWHUDFWLQJ�ZLWK� WKH�PRGHOHG�
H[SHULHQFH��$VVXPLQJ� WKH� WHVWLQJ�VSDFH� LV�VXIILFLHQWO\�VPDOO��YLGHR�FDPFRUGHUV�FDQ�EH�XVHG�DORQH� WR�UHFRUG� WKH�
LQWHUDFWLRQ�LI�EDFNJURXQG�QRLVH�LV�RI�QR�FRQFHUQ�� �

7R�IDFLOLWDWH�YHUEDO�FRPPXQLFDWLRQ�RI�SDUWLFLSDQWV��LW�LV�VXJJHVWHG�WKDW�UHVHDUFKHUV�GHYHORS�D�WKLQN�DORXG�SURWRFRO�
WR�OHDG�VXEMHFWV�WKURXJK� WKH�H[SHULHQFH�DQG�LQTXLUH�DERXW�WKH�VXEMHFW¶V�GHFLVLRQ�PDNLQJ�SURFHVV�ZLWKRXW�ELDV��$�
WKLQN�DORXG� SURWRFRO� LV� D� WRRO� W\SLFDOO\� XVHG� LQ� SV\FKRORJ\� DQG� FRJQLWLYH� KXPDQ� IDFWRUV� ILHOGV� WKDW� KDV� EHHQ�
VXJJHVWHG�WR�EH�RQH�RI�WKH�PRVW�HIIHFWLYH�ZD\V�WR�DVVHVV�KLJKHU�OHYHO�WKLQNLQJ�SURFHVVHV�ZKLFK�LQYROYH�ZRUNLQJ�
PHPRU\��-RH�HW�DO��������2OVRQ��������,W�LV�D�WRRO�XVHG�WR�HVWDEOLVK�YHUEDO�FRPPXQLFDWLRQ�RI�WKH�SUREOHP�VROYLQJ�
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VWUDWHJLHV�RI�SDUWLFLSDQWV��-RH�HW�DO���������7KH�SURWRFRO�VKRXOG�ILUVW�VXIILFLHQWO\�LQWURGXFH�WKH� WHVW�VXEMHFW�WR�WKH�
H[SHULHQFH� RU� XVH� FDVH� WKH\� DUH� YLUWXDOO\� EHLQJ� SODFHG� LQWR� DQG� HVWDEOLVK� WKH� WDVN� WKH� XVHU� LV� WR� FRPSOHWH��
5HVHDUFKHUV�VKRXOG�DYRLG�WKH�XVH�RI�SURPSWLQJ�WHVW�VXEMHFWV�SDVW�WKH�SRLQW�RI�LQWURGXFLQJ�WKH�H[SHULHQFH�DV�WR�QRW�
LQWURGXFH� ELDV��'XULQJ� WKH� H[SHULPHQW�� UHVHDUFKHUV� VKRXOG� DWWXQH� WKH� WKLQN�DORXG� SURWRFRO� WR� KDYH� OLWWOH� WR� QR�
LQYROYHPHQW�E\� WKH�UHVHDUFK�WHDP�DQG�RQO\�XVH�RSHQ�HQGHG�TXHVWLRQV�ZLWK�UHJDUG�WR� WKH�H[SHULHQFH�RU�XVH�FDVH��
7KH�TXHVWLRQV�VKRXOG�QRW�VXJJHVW�D�ULJKW�RU�ZURQJ�DQVZHU��EXW�UDWKHU�DVN�³KRZ´�DQG�³ZK\´�WKH�SDUWLFLSDQW�PDGH�
WKH�GHFLVLRQV�WKH\�GLG��7KH�DQVZHUV�WR�WKH�TXHVWLRQV�FDQ�EH�ODWHU�XVHG�IRU�YLGHR�EHKDYLRUDO�DQDO\VLV�DQG�TXDOLWDWLYH�
DQDO\VLV��

2QFH� WKH� YLGHR� DQG� DXGLR� GDWD� DUH� FROOHFWHG�� D� EHKDYLRUDO� FRGLQJ� VFKHPH� FDQ� EH� GHYHORSHG� WR� LGHQWLI\� DQG�
TXDQWLWDWLYHO\�HYDOXDWH�WKH�YHUEDOL]HG�DQVZHUV�DQG�NH\�SK\VLFDO�LQWHUDFWLRQV��%\�DVVLJQLQJ�FRGHV�WR�HDFK�LGHQWLILHG�
DQVZHU�RU�LQWHUDFWLRQ��UHVHDUFKHUV�DUH�DEOH�WR�DVVLJQ�D�QXPHULF�YDOXH�WR�WKH�LQWHUDFWLRQV�WKH�XVHUV�DUH�GHPRQVWUDWLQJ�
WKDW�FDQ�ODWHU�EH�XVHG�IRU�VWDWLVWLFDO�DQDO\VLV��$OVDIRXUL�HW�DO��������/LVWRQ�HW�DO��������7KLV�FDQ�EH�GRQH�LQ�QXPHURXV�
W\SHV� RI� YLGHR� DQDO\VLV� VRIWZDUH� VXFK� DV� %25,6�� 7KH� FRGLQJ� VFKHPH� LV� GHSHQGHQW� XSRQ� WKH� H[SHULHQFH� DQG�
DSSUHQWLFHVKLS�WKH�UHVHDUFK�WHDP�LV�WDUJHWLQJ�ZLWKLQ�WKH�H[SHULPHQW��'HSHQGLQJ�RQ�ZKLFK�GDWD�SRLQWV�DUH�RI�PRVW�
LQWHUHVW� WR�DQDO\]H�RU�SURYLGH�WKH�JUHDWHVW�YDOXH�ZLWK�UHJDUG� WR�PHDQLQJIXO�LQIHUHQFH��WKH�FRGLQJ�VFKHPH�FDQ�EH�
UHDUUDQJHG�DV�QHFHVVDU\� WR�DFFRPPRGDWH� WKH�H[SHULPHQW��([DPSOH�FRGHV�DUH�SURYLGHG�EHORZ�LQ�7DEOH���IRU�DQ�
H[SHULPHQW� LQ� UHODWLRQ� WR� KDQGLFDS� GHVLJQ� DVVHVVPHQW�� %HKDYLRUDO� FRGHV� FDQ� EH� DVVLJQHG� WR� FROOHFW� GLIIHUHQW�
LQIRUPDWLRQ�IURP�WKH�H[SHULPHQW��7LPH�DQG�GXUDWLRQ�LQIRUPDWLRQ�FDQ�EH�FROOHFWHG�E\�PRQLWRULQJ�WKH�EHJLQQLQJ��
HQG��RU�WLPH�VWDPS�RI�D�FHUWDLQ�LQWHUDFWLRQ�RU�FRPPXQLFDWLRQ��7KLV�LQIRUPDWLRQ�FDQ�EH�XVHG�WR�FRQGXFW�SURGXFWLYLW\�
VWDWLVWLFV�RI�SDUWLFLSDQWV�DQG� LGHQWLI\� WKH�RUGHU�RI�ZKLFK� LQIRUPDWLRQ� LV� LGHQWLILHG��&RXQWHG� LQVWDQFHV�RI�FRGHG�
HOHPHQWV�FDQ�EH�XVHG�IRU�UXEULF�EDVHG�HYDOXDWLRQ�RU�IRU�FRPSDULVRQ�DJDLQVW�GLIIHUHQW�VDPSOHG�JURXSV��L�H��QRYLFH�
DQG�H[SHUW���

7DEOH����([DPSOH�%HKDYLRUDO�&RGHV�IRU�9LGHR�$QDO\VLV��

&RGH�� %HKDYLRU�� 'DWD�&ROOHFWHG�IRU�6WDWLVWLFDO�$QDO\VLV��

%HJLQ�$VVHVVPHQW� 0RPHQW�ZKHQ�SDUWLFLSDQW�DFNQRZOHGJHV�WKH�VWDUW�RI�WKHLU�
DVVHVVPHQW�RU�ZKHQ�WKH�ILUVW�FRPPHQW�LV�JLYHQ�

'XUDWLRQ���%HJLQQLQJ�WLPHVWDPS�RI�DFWLYLW\�

(QG�$VVHVVPHQW� 0RPHQW�ZKHQ�SDUWLFLSDQW�DFNQRZOHGJHV�WKH�HQG�RI�WKHLU�
DVVHVVPHQW�RU�ZKHQ�SDUWLFLSDQW�VWDWHV�WKH\�KDYH�QR�DGGLWLRQDO�

FRPPHQW�

'XUDWLRQ���(QGLQJ�WLPHVWDPS�RI�DFWLYLW\�

&RXQWHUWRS�+HLJKW� 3DUWLFLSDQW�FRPPHQW�VWDWLQJ�WKH�KHLJKW�RI�DQ\�FRXQWHUWRS�QHHGV�WR�
EH�DGMXVWHG�WR�ILW�WKH�KHLJKW�RI�VRPHRQH�LQ�D�ZKHHOFKDLU�

3RLQW���&RXQWHG�HYHQW�

0RYHPHQW�
7KURXJK�0RGHO�

$FWLYH�PRYHPHQW�LQ�ZKHHOFKDLU�E\�SDUWLFLSDQW�LQ�PRGHO� 'XUDWLRQ�	�3RLQW��&DQ�DVVLJQ�VWDUW��VWRS�
FRGHV�WR�FROOHFW�WLPHVWDPSV�RU�FRXQWHG�HYHQW�

��� 3HUFHSWXDO�$QDO\VLV�±�3UH�	�3RVW�4XHVWLRQQDLUHV���

7R�XQGHUVWDQG�DQG�HYDOXDWH�WKH�LPSDFWV�RI�LQWHUYHQWLRQ�RQ�SDUWLFLSDQWV�EHIRUH�DQG�DIWHU�WKH�PRGHOHG�H[SHULHQFH��D�
SDLU�RI�SUH�DQG�SRVW�WHVW�VXUYH\V��NQRZQ�PRUH�JHQHUDOO\�DV�D� UHSHDWHG�PHDVXUHV�GHVLJQ��FDQ�EH�XVHG� WR�FROOHFW�
TXDQWLWDWLYH�GDWD��'XJDUG�	�7RGPDQ��������7KH�SHUFHSWXDO�FRQWHQW�JDWKHUHG�FDQ�EH�XVHG�IRU�VWDWLVWLFDO�DQDO\VLV�
�H�J��RQH�VDPSOH�W�WHVW��WR�GHWHUPLQH�LI�WKHUH�LV�DQ\�VLJQLILFDQW�FKDQJH�LQ�SHUFHSWLRQ�DQG�RU�NQRZOHGJH�GXH�WR�WKH�
LQWURGXFWLRQ�RI�WKH�LQWHUYHQWLRQ��$�PDLQ�DGYDQWDJH�RI�XVLQJ�SUH��DQG�SRVW�WHVW�GHVLJQ�LV�WKDW�WKH�DVVRFLDWHG�UHSHDWHG�
PHDVXUHV�VWDWLVWLFDO�DQDO\VHV�WHQG�WR�EH�PRUH�SRZHUIXO��DQG� WKXV�UHTXLUH�FRQVLGHUDEO\�VPDOOHU�VDPSOH�VL]HV�WKDQ�
RWKHU�W\SHV�RI�DQDO\VHV��%URJDQ�	�.XWQHU��������

7KH�SUH��DQG�SRVW�WHVW�VXUYH\V�DLP�WR�FROOHFW�TXDQWLWDWLYH�GDWD��LQ�DGGLWLRQ� WR�WKH�TXDOLWDWLYH�GDWD�FROOHFWHG�XVLQJ�
WKH�WKLQN�DORXG�SURWRFRO��WR�DGGUHVV�WKH�IROORZLQJ�UHVHDUFK�TXHVWLRQV� �

,�� +RZ�GR�SDUWLFLSDQWV�UHVSRQG�WR�WKH�WHFKQRORJ\�LQWHUYHQWLRQ�LWVHOI��LQFOXGLQJ�WKH�H[SHULHQFH�DQG�SRWHQWLDO�
NQRZOHGJH�JDLQV"�

,,�� +RZ�GR�SDUWLFLSDQWV�SHUIRUP�LQ�WKH�H[SHULPHQW��L�H��FRQGXFWLQJ�GHVLJQ�DQG�FRQVWUXFWDELOLW\�UHYLHZ��LQ�WKH�
WHFKQRORJ\�LQWHUYHQHG�HQYLURQPHQW"�

,,,�� +RZ�RWKHU� IDFWRUV�� LQFOXGLQJ� WKH�GHPRJUDSKLFV� �H�J��SULRU�ZRUNLQJ� NQRZOHGJH�DQG�H[SHULHQFH��RI� WKH�
SDUWLFLSDQWV� DQG� WKH� WZR� GLIIHUHQW� YLVXDOL]DWLRQ� WHFKQRORJ\� �L�H�� 95� DQG� $5��� PD\� LQIOXHQFH� WKHLU�
SHUIRUPDQFH�LQ�WKH�PRGHOHG�H[SHULHQFH"�

����� 3UH�	�3RVW�$FWLYLW\�4XHVWLRQQDLUH�'HVLJQ�
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7KH�SUH�WHVW�VXUYH\�TXHVWLRQQDLUH�VKRXOG�FROOHFW�WKH�GHPRJUDSKLFV�LQIRUPDWLRQ�RI�WKH�SDUWLFLSDQWV��LQFOXGLQJ�WKHLU�
SULRU� ZRUNLQJ� NQRZOHGJH� DQG� H[SHULHQFH� ZLWK�� ��� GHVLJQ� DQG� FRQVWUXFWDELOLW\� UHYLHZ�� DQG� ��� YLVXDOL]DWLRQ�
WHFKQRORJ\��95�	�$5��XVHG�LQ�WKH�UHVHDUFK�DFWLYLW\��3HUFHSWLRQV�DQG�H[SHFWDWLRQV�WRZDUGV�SHUIRUPLQJ�WKH� WDVNV�
LQ�WKH�H[SHULPHQW�ZLWK�GLIIHUHQW�YLVXDOL]DWLRQ�WHFKQRORJ\�DUH�DOVR�PHDVXUHG�XVLQJ���SRLQW�/LNHUW�W\SH�VFDOHV��7KH�
SRVW�WHVW� VXUYH\� TXHVWLRQQDLUH� FROOHFWV� GDWD� RQ� SDUWLFLSDQWV¶� SHUFHLYHG� H[SHULHQFH� ZLWK� WKH� GHVLJQ� DQG�
FRQVWUXFWDELOLW\�UHYLHZ�DFWLYLWLHV�LQ�ERWK�95�DQG�$5�LQWHUYHQHG�HQYLURQPHQWV��7R�KHOS�XQGHUVWDQG�WKH�XVDELOLW\�
GLIIHUHQFH�SHUFHLYHG�E\�SDUWLFLSDQWV�LQ�WKH�WZR�HQYLURQPHQWV�VKRXOG�LQWHJUDWHG�LQWR�WKH�TXHVWLRQQDLUHV�DV�ZHOO��7KH�
WHQ�LWHP�DWWLWXGH�/LNHUW�VFDOHV��L�H��WKH�6\VWHP�8VDELOLW\�6FDOHV��686��GHYHORSHG�E\�%URRNH���������DUH�VXJJHVWHG�
WR�EH�XVHG� WR�TXDQWLI\� WKLV�LQIRUPDWLRQ��,Q�RUGHU�WR�NHHS�GDWD�FRQVLVWHQW�� WKH�TXHVWLRQQDLUHV�VKRXOG�EH�OLQNHG�YLD�
WKH�XVH�RI�LGHQWLILHU�TXHVWLRQV�WR�DOORZ�GLUHFW�FRPSDULVRQ�RI�UHVSRQVHV�E\�WKH�VDPH�SDUWLFLSDQWV�EHIRUH�DQG�DIWHU�
WKH�DFWLYLW\�� ,Q�RUGHU� WR� OLPLW�ELDV�� LGHQWLI\LQJ�TXHVWLRQV�VKRXOG�EH�SURPSWHG� LQ�D� IDVKLRQ� WKDW�GRHV�QRW�GLUHFWO\�
LGHQWLI\�WKH�SDUWLFLSDQW�ZLWKLQ�WKH�DFWLYLW\��7KH�PHGLXP�RI�ZKLFK�WKH�TXHVWLRQQDLUH�LV�GLVWULEXWHG��ZKHWKHU�LW�EH�D�
SDSHU�RU�HOHFWURQLF�TXHVWLRQQDLUH��LV�QRW�LPSRUWDQW��7KRXJK�LQ�RUGHU�WR�DOORZ�SDUWLFLSDQWV�WR�KDYH�WKH�EHVW�UHFDOO�RI�
WKH� DFWLYLW\�� LW� LV� LPSHUDWLYH� WKDW� WKH� SUH�TXHVWLRQQDLUH� EH� JLYHQ� LPPHGLDWHO\� EHIRUH� WKH� DFWLYLW\� DQG� WKH� SRVW�
TXHVWLRQQDLUH�LPPHGLDWHO\�DIWHU�WKH�DFWLYLW\���

&RUUHVSRQGLQJ�WR�WKH�UHVHDUFK�TXHVWLRQV��WKH�IROORZLQJ�DQDO\VHV�FDQ�EH�SHUIRUPHG��
,�� &RPSDULQJ�WKH�XVDELOLW\�RI�WKH�WZR�YLVXDOL]DWLRQ�WHFKQRORJ\�LQWHUYHQHG�HQYLURQPHQWV��XVLQJ�RQH�VDPSOH�

W�WHVW��
,,�� &RPSDULQJ� WKH�H[SHFWHG�ZLWK�H[SHULHQFHG�UHVXOWV�RI�GHVLJQ�DQG�FRQVWUXFWDELOLW\�UHYLHZ�LQ�WKH�95��DQG�

$5�LQWHUYHQHG�HQYLURQPHQWV�XVLQJ�RQH�VDPSOH�W�WHVW��DQG�
,,,�� (YDOXDWLQJ�LI�WKH�DERYH�DQDO\VHV�DUH�GHSHQGHQW�RQ�SULRU�ZRUNLQJ�NQRZOHGJH�DQG�H[SHULHQFH��L�H��QRYLFH�

YV��H[SHUWV��XVLQJ�3HDUVRQ¶V�FKL�VTXDUH�WHVW��

�� /,0,7$7,216�	�',6&866,21��

7KH�DXWKRUV�SURYLGH�D�PHWKRGRORJLFDO�DSSURDFK�WR�WHVW�QHZ�DQG�HPHUJLQJ�WHFKQRORJLFDO�LQWHUYHQWLRQV¶�LPSDFWV�RQ�
WDFLW�NQRZOHGJH�JHQHUDWLRQ�EDVHG�RQ�WKH�7KUHH�$SSUHQWLFHVKLSV�PRGHO��:KLOH�WKH�PHWKRGRORJ\�KDV�D�WKHRUHWLFDO�
EDVLV��LW�KDV�QRW�\HW�EHHQ�HPSLULFDOO\�WHVWHG��VR�WKH�DXWKRUV�FDQQRW�FODLP�WKH�H[WHQW�WR�ZKLFK�WKLV�PRGH�RI�HGXFDWLRQ�
LPSDFWV�VWXGHQW�OHDUQLQJ��

$V� WKH� SURSRVHG� PHWKRGRORJ\� GRHV� QRW� FDOO� IRU� DQ� HYHQO\� GLVWULEXWHG� VDPSOLQJ� RI� H[SHUW� LQWHUYLHZHHV��
JHQHUDOL]DELOLW\�DPRQJ�GLYHUVH�SRSXODWLRQ�PD\�EH�OLPLWHG��7KH�H[SHULHQFHV�DQG�UHSOLFDWHG�HQYLURQPHQWV�LQ�$5�RU�
95�DUH�EDVHG�RQ�WKH�VLWXDWLRQDO�FRQWHQW�SURYLGHG�E\�H[SHUW�LQWHUYLHZV�ZKLFK�DUH�DVVXPHG�WR�EH�UHJLRQDOO\�FHQWHUHG�
LQ�H[SHULHQFH��7KLV�PD\�OHDG�WR�GHYHORSHG�H[SHULHQFHV�WKDW�PD\�QRW�EH�SUDFWLFDO�IRU�UHSOLFDWLRQ�LQ�RWKHU�UHVHDUFK�
RU�FXUULFXOD���

7KH�DXWKRUV�DLP�WR�FUHDWH�WKLV�PHWKRGRORJ\�WR�VXSSRUW�OHDUQLQJ�H[SHULHQFHV�HQDEOHG�E\�$5�RU�95�WHFKQRORJLHV��,W�
LV�SRVVLEOH�WKDW�RWKHU�UHVHDUFKHUV�ZLOO�ZDQW�WR�H[SORUH�WKH�LPSDFWV�RI�GLIIHUHQW� WHFKQRORJLHV��,I�VR��WKH\�PD\�ILQG�
WKDW�FHUWDLQ�DVSHFWV�RI�WKH�SURSRVHG�PHWKRGRORJ\�PXVW�EH�FKDQJHG�WR�DFFRPPRGDWH�WKH�GLIIHUHQW�WHFKQRORJ\��,W�LV�
OLNHO\�WKDW�WKLV�ZRXOG�RQO\�LPSDFW�WKH�WHFKQRORJLFDO�LQWHUYHQWLRQ�GDWD�FROOHFWLRQ�DFWLYLWLHV��EXW�WKH�DXWKRUV�UHFRJQL]H�
WKH�SRWHQWLDO�OLPLWDWLRQ�WKDW�WKLV�SRVHV�WR�EURDG�DSSOLFDWLRQ�RI�WKLV�PHWKRGRORJ\� �

�� &21&/86,21�
7KLV�UHVHDUFK�SUHVHQWV�D�PHWKRGRORJLFDO�DSSURDFK�IRU�WHVWLQJ�DQG�DVVHVVLQJ�WDFLW�NQRZOHGJH�JHQHUDWLRQ�IRU�GHVLJQ�
DQG�FRQVWUXFWLRQ�HGXFDWLRQ�DFFRUGLQJ�WR� WKH�7KUHH�$SSUHQWLFHVKLSV�PRGHO��7KH�VSHFLILF�PHWKRGRORJ\�GHYHORSHG�
DLPV� WR�SURYLGH�D�PHDQV�IRU�DVVHVVLQJ� WDFLW� NQRZOHGJH� JHQHUDWLRQ� WKURXJK� WKH� XVH�RI�$5��DQG�95�LQWHUYHQHG�
F\EHUOHDUQLQJ�HQYLURQPHQWV��7KH�XVH�RI�YLGHR�DQG�DXGLR�UHFRUGLQJV�RI�XVHUV�LQ�VLPXODWHG�HQYLURQPHQWV�WUDQVODWHG�
LQWR�FRGHG�LQIRUPDWLRQ�DOORZV�UHVHDUFKHUV�WR�REMHFWLYHO\�FRPSDUH�ERWK�VWXGHQW�QRYLFHV�DQG�SUDFWLWLRQHU�H[SHUWV�WR�
XQGHUVWDQG�WKH�VLPLODULWLHV�RU�GLIIHUHQFHV�LQ�WKH�EHKDYLRUV�UHODWHG�WR�WDFLW�NQRZOHGJH��7KLV�ZRUN�FRQWULEXWHV�WR�WKH�
FXUUHQW�ERG\�RI�NQRZOHGJH�E\�SURYLGLQJ�DQ�DSSURDFK� WKDW�DOORZV�UHVHDUFKHUV�WR�SHUIRUP�REMHFWLYH�DQG�HPSLULFDO�
IXWXUH�ZRUN�WR�WHVW� WKH�DSSOLFDELOLW\�RI�XVLQJ�WKHVH�WHFKQRORJLHV�WR�IDFLOLWDWH�H[SHULHQFHV�WKDW�ZRXOG�RWKHUZLVH�EH�
GLIILFXOW�RU�LPSRVVLEOH�WR�UHSOLFDWH�LQ�D�FODVVURRP�VHWWLQJ� �

,I� WKH�PHWKRGRORJ\�SURYLGHG�LV�OHYHUDJHG�E\�RWKHU�UHVHDUFKHUV��LW�PD\�SURYLGH�DQ�HIIHFWLYH�ZD\�IRU�HGXFDWRUV�WR�
GHYHORS�D�PRUH�FRPSUHKHQVLYH�XQGHUVWDQGLQJ�RI�KRZ�WKH�7KUHH�$SSUHQWLFHVKLSV�OHDUQLQJ�WKHRU\�VXSSRUWV�GHVLJQ�
DQG�FRQVWUXFWLRQ�HGXFDWLRQ��7KLV�ZLOO�QRW�RQO\�DGYDQFH�WKH�WKHRUHWLFDO�XQGHUVWDQGLQJ�RI�F\EHUOHDUQLQJ�IRU�WKH�$(&�
GRPDLQ��EXW� LW�PD\�DOVR�DOORZ�HGXFDWRUV�DQG�SUDFWLWLRQHUV� WR� WUDLQ�QHZ�LQGLYLGXDOV� WR�PRUH�UDSLGO\�GHYHORS� WKH�
FULWLFDO�WDFLW�NQRZOHGJH�WKDW�WUDGLWLRQDOO\�KDV�UHTXLUHG�\HDUV�WR�GHYHORS��7KLV�ZRXOG�SURYLGH�D�PHFKDQLVP�WR�DGGUHVV�
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VRPH�RI�WKH�SUHVVLQJ�QHHGV�IRU�VNLOOHG�ZRUNIRUFH�LQ�WKH�$(&�LQGXVWU\�ZKLOH�VXSSRUWLQJ�WKH�SHUVRQDO�GHYHORSPHQW�
RI�WKH�IXWXUH�LQGXVWU\�OHDGHUV��

�� $&.12:/('*(0(176��
7KLV�PDWHULDO�LV�EDVHG�XSRQ�ZRUN�VXSSRUWHG�E\�WKH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ�XQGHU�*UDQW�1R��,,6���������

�� 5()(5(1&(6�
$EHUQHWK\��%���	�5XVVHOO��'��*����������([SHUW�QRYLFH�GLIIHUHQFHV�LQ�DQ�DSSOLHG�VHOHFWLYH�DWWHQWLRQ�WDVN�� �
-RXUQDO�RI�6SRUW�3V\FKRORJ\�����������������

$OEDWWDK��0RKDPPHG��0DUFR�*LURQ��3DXO�*RRGUXP��'DQLHO�*URYHV��'HDQ�+DPULFN��+RVVHLQ�.DULPL��DQG�������7LP�
7D\ORU�������� ,V�7KHUH�D�'HPRJUDSKLF�&UDIW� /DERU�&OLII�7KDW�:LOO�$IIHFW�3URMHFW�3HUIRUPDQFH"�&RQVWUXFWLRQ�
,QGXVWU\�,QVWLWXWH���

$OVDIRXUL��6���$\HU��6��.���$WNLQVRQ��5��.���	�7DQJ��3����������,QIRUPDWLRQ�7HFKQRORJ\�DQG�+XPDQ�)DFWRUV�WR�
(QKDQFH�'HVLJQ�DQG�&RQVWUXFWDELOLW\�5HYLHZ�3URFHVVHV�LQ�&RQVWUXFWLRQ���

$OVDIRXUL��6���	�.��$\HU��6�� ��������$�6WHS�%\�6WHS�3URFHGXUH�)RU� ,PSOHPHQWLQJ�0L[HG�5HDOLW\�9LVXDOL]DWLRQ�
,QWHUIDFHV�LQ�'HVLJQ�DQG�&RQVWUXFWDELOLW\�5HYLHZ�6HVVLRQV��������±������

$UGLWL�� '��� 	� 0RFKWDU�� .�� �������� 7UHQGV� LQ� SURGXFWLYLW\� LPSURYHPHQW� LQ� WKH� 86� FRQVWUXFWLRQ� LQGXVWU\��
&RQVWUXFWLRQ�0DQDJHPHQW�DQG�(FRQRPLFV�����������±�����

$WPDQ��&��-���$GDPV��5��6���&DUGHOOD��0��(���7XUQV��-���0RVERUJ��6���	�6DOHHP��-����������(QJLQHHULQJ� �

GHVLJQ�SURFHVVHV��$�FRPSDULVRQ�RI�VWXGHQWV�DQG�H[SHUW�SUDFWLWLRQHUV��-RXUQDO�RI�HQJLQHHULQJ� �

HGXFDWLRQ������������������

%URJDQ��'��5���DQG�.XWQHU��0��+�� ���������&RPSDUDWLYH�$QDO\VHV�RI� 3UHWHVW�3RVWWHVW� 5HVHDUFK�'HVLJQV���7KH�
$PHULFDQ�6WDWLVWLFLDQ������������������

%URRNH��-�����������686�$�TXLFN�DQG�GLUW\�XVDELOLW\�VFDOH���8VDELOLW\�HYDOXDWLRQ�LQ�LQGXVWU\�����������������

%XUHDX�RI�/DERU�6WDWLVWLFV����������/DERU�)RUFH�6WDWLVWLFV�IURP�WKH�&XUUHQW�3RSXODWLRQ�6XUYH\��5HWULHYHG�IURP� �

&DUQHJLH�)RXQGDWLRQ�IRU�WKH�$GYDQFHPHQW�RI�7HDFKLQJ���������3UHSDUDWLRQ�IRU�WKH�3URIHVVLRQV�3URJUDP�� �

&KRKDQ��$��+���5DPO\��$���1RU��6���	�,VKDN��+����������,PSOLFDWLRQV�RI�GHVLJQ�GHILFLHQF\�RQ�EXLOGLQJ�PDLQWHQDQFH�
DW�SRVW�RFFXSDWLRQDO�VWDJH��-RXUQDO�RI�%XLOGLQJ�$SSUDLVDO������������±�������

&ROE\��$���	�6XOOLYDQ��:��0����������)RUPDWLRQ�RI�SURIHVVLRQDOLVP�DQG�SXUSRVH��3HUVSHFWLYH�IURP�WKH�SUHSDUDWLRQ�
IRU�WKH�SURIHVVLRQV�SURJUDP��8��6W��7KRPDV�/-�����������

&ROOLQV��+��0���+DUU\�0������������7DFLW�DQG�H[SOLFLW�NQRZOHGJH��8QLYHUVLW\�RI�&KLFDJR�3UHVV���

'¶(UHGLWD��0��$���	�%DUUHWR��&����������+RZ�'RHV�7DFLW�.QRZOHGJH�3UROLIHUDWH"�$Q�(SLVRGH�%DVHG�3HUVSHFWLYH��
2UJDQL]DWLRQ�6WXGLHV��������������±�������

'XERLV��$���	� *DGGH�� /��(�� �������� 7KH� FRQVWUXFWLRQ� LQGXVWU\� DV� D� ORRVHO\� FRXSOHG� V\VWHP�� LPSOLFDWLRQV� IRU�
SURGXFWLYLW\�DQG�LQQRYDWLRQ��&RQVWUXFWLRQ�0DQDJHPHQW�DQG�(FRQRPLFV������������±������

'XJDUG�� 3��� DQG� 7RGPDQ�� -�� �������� �$QDO\VLV� RI� 3UHဨWHVWဨ3RVWဨWHVW� &RQWURO� *URXS� 'HVLJQV� LQ� (GXFDWLRQDO�
5HVHDUFK���(GXFDWLRQDO�3V\FKRORJ\������������������

)UDQN�� -�� $��� 	� .DSLOD�� 9�� �������� 0L[HG�UHDOLW\� OHDUQLQJ� HQYLURQPHQWV�� ,QWHJUDWLQJ� PRELOH� LQWHUIDFHV� ZLWK�
ODERUDWRU\�WHVW�EHGV��&RPSXWHUV�	�(GXFDWLRQ���������±������

*DPEOH��%����������/DERU�6KRUWDJH�+DPPHUV�8�6��&RQVWUXFWLRQ�,QGXVWU\��5HWULHYHG�2FWREHU����������

*RRGUXP��3��0���+DDV��&��7���&DOGDV��&���=KDL��'���<HLVHU��-���	�+RPP��'����������0RGHO�WR�3UHGLFW�WKH�,PSDFW�
RI�D�7HFKQRORJ\�RQ�&RQVWUXFWLRQ�3URGXFWLYLW\��-RXUQDO�RI�&RQVWUXFWLRQ�(QJLQHHULQJ�DQG�0DQDJHPHQW�����������

*ULJJ��1��6���&ULVZHOO��0��(���)RQWDQH��'��*���6DLWR�� /���6LOOHU��7��-���	�6XQDGD��'��.�� �������� ,QWHJUDWHG�FLYLO�
HQJLQHHULQJ�FXUULFXOXP��)LYH�\HDU�UHYLHZ��-RXUQDO�RI�3URIHVVLRQDO�,VVXHV�LQ�(QJLQHHULQJ�(GXFDWLRQ�DQG�3UDFWLFH��
������������������

*XSWD��%����������9LUWXDO�5HDOLW\�������
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+HQGHUVRQ��5����������,QGXVWU\�HPSOR\PHQW�DQG�RXWSXW�SURMHFWLRQV�WR�������0RQWKO\�/DERU�5HYLHZ���

+HUNHUW��-��5�� ��������(QJLQHHULQJ�HWKLFV�HGXFDWLRQ� LQ� WKH�86$��&RQWHQW��SHGDJRJ\�DQG�FXUULFXOXP�� (XURSHDQ�
-RXUQDO�RI�(QJLQHHULQJ�(GXFDWLRQ������������������

+HVV��-��/���6WUREHO��-���3DQ��5���	�0RUULV��&��$��:���������-XQH���3UDFWLFLQJ�HQJLQHHUV¶�SHUFHSWLRQV�RI�HPSDWK\�
DQG� FDUH��'HULYHG� H[SORUDWRU\� IDFWRU� VWUXFWXUH� IURP� D� ���LWHP� VXUYH\�� ,Q� ����� $6((�$QQXDO� &RQIHUHQFH� 	�
([SRVLWLRQ��SS������������

+L]DU� 0G� .KX]DLPDK�� .��� 	� +DVVDQ�� )�� �������� 8QFRYHULQJ� 7DFLW� .QRZOHGJH� LQ� &RQVWUXFWLRQ� ,QGXVWU\��
&RPPXQLWLHV�RI�3UDFWLFH�$SSURDFK��3URFHGLD���6RFLDO�DQG�%HKDYLRUDO�6FLHQFHV���������±������

+XJKHV��&��(���6WDSOHWRQ��&��%���+XJKHV��'��(���	�6PLWK��(��0����������0L[HG�5HDOLW\�LQ�(GXFDWLRQ��(QWHUWDLQPHQW��
DQG�7UDLQLQJ��,(((�&RPSXWHU�*UDSKLFV�DQG�$SSOLFDWLRQV�����������±�����

+ZDQJ��%��*���7KRPDV��6��5���$VFH��0���+DDV��&��7���	�&DOGDV��&��+����������0HDVXULQJ�WKH�,PSDFW�RI�5HZRUN�
RQ�&RQVWUXFWLRQ�&RVW�3HUIRUPDQFH���

.UXHJHU��5��$���	�&DVH\��0��$����������)RFXV�JURXSV��$�SUDFWLFDO�JXLGH�IRU�DSSOLHG�UHVHDUFKHUV���UG�HG����7KRXVDQG�
2DNV��&$��6DJH��

/L��;���<L��:��� &KL��+��/���:DQJ��;���	�&KDQ��$��3��&�� ��������$�&ULWLFDO�5HYLHZ�RI�9LUWXDO�DQG�$XJPHQWHG�
5HDOLW\��95�$5��$SSOLFDWLRQ�LQ�&RQVWUXFWLRQ��$XWRPDWLRQ�LQ�&RQVWUXFWLRQ���������±������

/LVWRQ�� .��� )LVFKHU�� 0�� 	� :LQRJUDG�� 7��� ������ )2&86('� 6+$5,1*� 2)� ,1)250$7,21� )25� 08/7,�
',6&,3/,1$5<�'(&,6,21�0$.,1*�%<�352-(&7�7($06��,7FRQ������

/RYH�� 3��� (GZDUGV��'�� -��� 6DQJZRQ��+���	�*RK�� <�� 0�� ��������'HVLJQ� HUURU� UHGXFWLRQ�� WRZDUG� WKH� HIIHFWLYH�
XWLOL]DWLRQ�RI�EXLOGLQJ�LQIRUPDWLRQ�PRGHOLQJ�� �

0DUDYLOKDV��6���	�0DUWLQV��-����������6WUDWHJLF�NQRZOHGJH�PDQDJHPHQW�D�GLJLWDO�HQYLURQPHQW��7DFLW�DQG�H[SOLFLW�
NQRZOHGJH�LQ�)DE�/DEV��-RXUQDO�RI�%XVLQHVV�5HVHDUFK�� �

0DULQL��'���)ROJLHUL��5���*DGLD��'���	�5L]]L��$����������9LUWXDO�UHDOLW\�DV�D�FRPPXQLFDWLRQ�SURFHVV��9LUWXDO�5HDOLW\��
����������±������

0LOJUDP�� 3��� 	� .LVKLQR�� )�� �������� $� 7$;2120<� 2)� 0,;('� 5($/,7<� 9,68$/� ',63/$<6�� ,(,&(�
7UDQVDFWLRQV�RQ�,QIRUPDWLRQ�6\VWHPV�������� �

1RQDND�� ,��� 	� 7DNHXFKL�� +�� �Q�G���� 7KH� NQRZOHGJH�FUHDWLQJ� FRPSDQ\�� +RZ� -DSDQHVH� FRPSDQLHV� FUHDWH� WKH�
G\QDPLFV�RI�LQQRYDWLRQ������������

2QZXHJEX]LH��$��-���'LFNLQVRQ��:��%���/HHFK��1��/���	�=RUDQ��$��*����������$�TXDOLWDWLYH�IUDPHZRUN�IRU� �

FROOHFWLQJ�DQG�DQDO\]LQJ�GDWD�LQ�IRFXV�JURXS�UHVHDUFK��,QWHUQDWLRQDO�-RXUQDO�RI�4XDOLWDWLYH� �

0HWKRGV��������������

3DWKLUDJH��$���3DWKLUDJH��&���$PDUDWXQJD��'���	�+DLJK��5����������7KH�UROH�RI�WDFLW�NQRZOHGJH�LQ�WKH�FRQVWUXFWLRQ�
LQGXVWU\��WRZDUGV�D�GHILQLWLRQ�7LWOH�7KH�UROH�RI�WDFLW�NQRZOHGJH�LQ�WKH�FRQVWUXFWLRQ�LQGXVWU\��WRZDUGV�D�GHILQLWLRQ�
7KH�UROH�RI�WDFLW�NQRZOHGJH�LQ�WKH�FRQVWUXFWLRQ�LQGXVWU\��WRZDUGV�D�GHILQLWLRQ���

3RSRYLF��9���������-XO\���([SHUW�DQG�QRYLFH�XVHU�GLIIHUHQFHV�DQG�LPSOLFDWLRQV�IRU�SURGXFW�GHVLJQ�DQG� �

XVDELOLW\��,Q�3URFHHGLQJV�RI�WKH�+XPDQ�)DFWRUV�DQG�(UJRQRPLFV�6RFLHW\�$QQXDO�0HHWLQJ��9RO������

1R������SS�������������

5XVVHOO�� -�� 6��� 	� 6WRXIIHU�� :�� %�� �������� 6XUYH\� RI� WKH� QDWLRQDO� FLYLO� HQJLQHHULQJ� FXUULFXOXP�� -RXUQDO� RI�
3URIHVVLRQDO�,VVXHV�LQ�(QJLQHHULQJ�(GXFDWLRQ�DQG�3UDFWLFH�������������������

6KXOPDQ��/��6����������6LJQDWXUH�SHGDJRJLHV�LQ�WKH�SURIHVVLRQV��'DHGDOXV�����������������

6KXOPDQ��/��6���	�:LOVRQ��6��0����������7KH�ZLVGRP�RI�SUDFWLFH��(VVD\V�RQ� WHDFKLQJ��OHDUQLQJ��DQG�OHDUQLQJ� WR�
WHDFK��6DQ�)UDQFLVFR��-RVVH\�%DVV��

6KHSSDUG��6��'���0DFDWDQJD\��.���&ROE\��$���	�6XOOLYDQ��:��0��(GXFDWLQJ�HQJLQHHUV��'HVLJQLQJ�IRU�WKH�IXWXUH�RI�
WKH�ILHOG��������6WDQIRUG��&$��-RVVH\�%DVV��DJH����������

6LSRV��<���%DWWLVWL��%���	�*ULPP��.�� ��������$FKLHYLQJ� WUDQVIRUPDWLYH�VXVWDLQDELOLW\� OHDUQLQJ��(QJDJLQJ� KHDG��
KDQGV�DQG�KHDUW��,QWHUQDWLRQDO�-RXUQDO�RI�6XVWDLQDELOLW\�LQ�+LJKHU�(GXFDWLRQ������������

6WUREHO��-���+HVV��-���3DQ��5���	�:DFKWHU�0RUULV��&��$����������(PSDWK\�DQG�FDUH�ZLWKLQ�HQJLQHHULQJ��4XDOLWDWLYH�
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SHUVSHFWLYHV�IURP�HQJLQHHULQJ�IDFXOW\�DQG�SUDFWLFLQJ�HQJLQHHUV��(QJLQHHULQJ�6WXGLHV�����������������

7D\ORU��/��.���	�&DUH��'��:����������1XUVLQJ�(GXFDWLRQ�DV�&RJQLWLYH�$SSUHQWLFHVKLS��$�)UDPHZRUN�IRU�&OLQLFDO�
(GXFDWLRQ��1XUVH�(GXFDWLU����������

7HLFKRO]��3���*RRGUXP��3��0���	�+DDV��&��7����������8�6��&RQVWUXFWLRQ�/DERU�3URGXFWLYLW\�7UHQGV������±������
-RXUQDO�RI�&RQVWUXFWLRQ�(QJLQHHULQJ�DQG�0DQDJHPHQW�������������±������

:RR��-��+���&OD\WRQ��0��-���-RKQVRQ��5��(���)ORUHV��%��(���	�(OOLV��&����������'\QDPLF�.QRZOHGJH�0DS��UHXVLQJ�
H[SHUWV¶�WDFLW�NQRZOHGJH�LQ�WKH�$(&�LQGXVWU\��$XWRPDWLRQ�LQ�&RQVWUXFWLRQ������������±������

:X��+��.���:HQ��6���/HH���<X��&KDQJ��+��<���	�/LDQJ��-��&����������&XUUHQW�VWDWXV��RSSRUWXQLWLHV�DQG�FKDOOHQJHV�
RI�DXJPHQWHG�UHDOLW\�LQ�HGXFDWLRQ���

6PLWK�$��6��DQG�-RQHV�$��%����������3XEOLVKHG�HOHFWURQLFDOO\��3URFHHGLQJV�RI��WK�LQWHUQDWLRQDO�FRQIHUHQFH�RI�RIILFH�
V\VWHPV��-RQHV�$��%���HGLWRU���8QLYHUVLW\�RI�1HZ�%UXQVZLFN�����������

�

�
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