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Abstract 
Narrative is a powerful core component of human development. Our ability to tell stories has               
been credited as one of the major influences for the success of the human species. We                
communicate, think, encode memories, dream, and learn about the world around us through             
stories. As story-beings, we need to recognize and harness the power of narrative as an               
educational tool.  

Despite the importance of narratives, there are significant gaps in the literature for             
understanding children’s narrative development and designing interventions to support growth.          
Unlike literacy, there are no state-reported statistics of the rates of narrative development for              
children, nor are there established consistent methods with comprehensive metrics to           
systematically document narrative progress or evaluate interventions. These gaps are perpetuated           
by the complex space of narrative, specifically in the form of the content and the social, cultural,                 
and individual context.  

In response to these gaps, we developed Learning Loops, a novel digitally-mediated            
family learning system for documenting and supporting children’s narratives. Embedded in the            
Learning Loops system is StoryBlocks, an open-ended storytelling app for children ages six to              
ten. While children play in StoryBlocks, their fine-grained interaction data is captured and             
streamed to a human coach, who uses a custom-built tool to analyze play and identify narrative                
trends. Coaches use this analysis to scaffold children’s narrative process through direct feedback             
and promote caregiver co-engagement through text message updates and activities. This system            
is unique in that it: 1) documents children’s stories as a basis for a comprehensive narrative                
analysis system, and 2) incorporates the important social role in children’s learning by using              
digital tools to augment and support human social engagement in the narrative process.  

Through presenting Learning Loops, this work explores the roles that both technology            
and humans play within these digitally-mediated systems to support narrative development           
within the child’s social context. This dissertation proposes the Two-Lens Approach, a holistic             
theoretical framework for studying the form, content, and context of children’s narratives. This             
approach is applied to critique the current design and guide future iterations to improve the               
program’s ability to document, analyze, and support children’s narrative capacity.  
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OLWHUDF\���OHDUQLQJ���RSHQHG���XS���WKH���SRVVLELOLW\���IRU���PH���WR���FRPH���WR���/60����,YDQ����WKDQN���\RX���IRU���WHDFKLQJ��
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HDFK���/HDUQLQJ���/RRSV���WHDP���PHPEHU����WKDQN���\RX���IRU���\RXU���KDUG���ZRUN����EULOOLDQW���LGHDV����SDVVLRQ���
VXSSRUW����DQG���IULHQGVKLS����7R���-XOLDQD���1D]DUp����WKDQN���\RX���IRU���EHLQJ���P\���SDUWQHU���WKURXJK���P\���HQWLUH��
GRFWRUDWH����7KH���ZRUN���LQ���WKLV���GLVVHUWDWLRQ���LV���DV���PXFK���\RXUV���DV���LW���LV���PLQH����:RUGV���FDQQRW���GHVFULEH��
KRZ���JUDWHIXO���,���DP���IRU���\RXU���SDUWQHUVKLS����IULHQGVKLS����DQG���OHDGHUVKLS����<RX���KDYH���WDXJKW���PH���ZKDW���WUXH��
FROODERUDWLRQ���PHDQV���DQG���LW���KDV���EHHQ���DQ���KRQRU���WR���ZRUN���WRJHWKHU���WR���PDNH���RXU���FUD]\���LGHDV���D���UHDOLW\��
RYHU���WKH���SDVW���ILYH���\HDUV����,���ORRN���IRUZDUG���WR���FRQWLQXLQJ���WKLV���MRXUQH\���ZLWK���\RX����7R���6DUDK���%DOOLQJHU���
WKDQN���\RX���IRU���WDNLQJ���D���FKDQFH���RQ���XV���DQG���MRLQLQJ���WKH���WHDP����<RXU���GHGLFDWLRQ����FRPSDVVLRQ����DQG��
YLVLRQ���KDYH���HOHYDWHG���/HDUQLQJ���/RRSV���IURP���D���UHVHDUFK���SURMHFW���WR���D���UHVHDUFK�EDVHG���RXWUHDFK��
SURJUDP����DQG���,���DP���JUDWHIXO���WR���FRQWLQXH���WKLV���ZRUN���DORQJVLGH���\RX����$OVR����WKDQN���\RX���IRU���DOZD\V��
NHHSLQJ���PH���XS�WR�GDWH���RQ���FXUUHQW���DIIDLUV����7R���6QHKD���0DNLQL����WKDQN���\RX���IRU���EULQJLQJ���6WRU\%ORFNV��
WR���OLIH���DQG���HQFRXUDJLQJ���FKLOGUHQ���WR���VKDUH���WKHLU���RZQ���VWRULHV����,���DP���IRUHYHU���LQVSLUHG���E\���\RXU��
LQQRYDWLYH���GHVLJQV���DQG���GHGLFDWLRQ���WR���IL[���HYHQ���WKH���PRVW���IUXVWUDWLQJ���RI���EXJV����7R���'DYH���%RQQHU���
WKDQN���\RX���IRU���JLYLQJ���RXU���V\VWHP���D���VROLG���EDFNERQH����WHDFKLQJ���XV���KRZ���WR���EH���HIIHFWLYH���OHDGHUV����DQG��
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WKLV���WU\LQJ���WLPH���WR���KHOS���JURZ���6WRU\%ORFNV���LQWR���D���IXQ����VXVWDLQDEOH���DSS����,���ORRN���IRUZDUG���WR���ZRUNLQJ��
WRJHWKHU���DQG���OHDUQLQJ���IURP���\RX���DV���ZH���LWHUDWH���RQ���RXU���V\VWHP����7R���$UWHPLVLD���/XN���DQG���'HYLQ��
0XUSK\����WKDQN���\RX���IRU���EHLQJ���LQWHJUDO���PHPEHUV���RI���WKH���WHDP���DQG���SXVKLQJ���WKH���ZRUN���IRUZDUG���RYHU��
WKH���SDVW���\HDU���
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,���ZDQW���WR���WKDQN���DOO���P\���FROOHDJXHV���DW���/60����,YDQ���6\VRHY����-XOLDQD���1D]DUp����6QHKD���0DNLQL���
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RI���VWRU\���LQ���VFKRROV���>�@����EHFDXVH���WKHUH���DUH���YHU\���IHZ���UHVHDUFK�EDVHG���SUDFWLFHV���WKDW���DUH���NQRZQ���WR��
VXSSRUW���QDUUDWLYH���GHYHORSPHQW����6LQFH���WKH���GHILQLWLRQ���RI���³JRRG���ZULWLQJ´���LV���VXEMHFWLYH���DQG���UHODWLYHO\��
DPELJXRXV����WKHUH���DUH���QR���FOHDUO\���GHILQHG���PHWULFV����PDNLQJ���WKH���WUDFNLQJ���RI���QDUUDWLYH���JURZWK���KDUG���WR��
LGHQWLI\���DQG���HYLGHQFH�EDVHG���ZULWLQJ���LQWHUYHQWLRQV���GLIILFXOW���WR���UHVHDUFK���DQG���LPSOHPHQW���ZLWKLQ���DQG��
RXWVLGH���RI���WKH���VFKRRO���VHWWLQJ����7KH���FRPSOH[LW\���RI���GHILQLQJ���QDUUDWLYH���LV���FRPSRXQGHG���E\���WKH���JDSV���LQ��
WKH���OLWHUDWXUH���RQ���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW����8QOLNH���RWKHU���FRPSRQHQWV���RI���OLWHUDF\����VXFK���DV��
UHDGLQJ���IOXHQF\���DQG���FRPSUHKHQVLRQ����WKHUH���DUH���QR���UHSRUWHG���VWDWLVWLFV���RU���UDWHV���RI���QDUUDWLYH���VNLOOV���IRU��
FKLOGUHQ����0HWHDV���DQG���6HQJHUV������������H[SODLQ���WKDW���WKH���UHVHDUFK���DJHQGD���WHQGV���WR���UXOH���RXW���WKH���DELOLW\��
WR���VWXG\���KXPDQ���QDUUDWLYHV���EHFDXVH���LWV���FRPSOH[LW\���GHILHV���WKH���SRVVLELOLW\���RI���FRPSOHWH����WHVWDEOH��
PRGHOV���>��@����7KHUHIRUH����GXH���WR���WKH���VHHPLQJO\���SDUDGR[LFDO���QDWXUH���RI���QDUUDWLYH���UHVHDUFK����YHU\���IHZ��
FRPSUHKHQVLYH���VWDQGDUGV���RU���PHWULFV���H[LVW���WR���HYDOXDWH���FKLOGUHQ¶V���QDUUDWLYH���DELOLWLHV���

7HFKQRORJ\���KDV���WKUHH���SRWHQWLDO���EHQHILWV���WKDW���FDQ���EH���KDUQHVVHG���WR���KHOS���VWDUW���WR���FORVH���WKH��
UHVHDUFK���JDS���VXUURXQGLQJ���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW����LQWHUDFWLYLW\����GDWD���FDSWXUH����DQG��
FRQQHFWLYLW\����7KH���LQWHUDFWLYLW\���RI���GLJLWDO���WRROV���FDQ���SURYLGH���D���VWLPXODWLQJ����SHUVRQDOL]HG���SODWIRUP��
IRU���FKLOGUHQ¶V���FUHDWLYH���H[SUHVVLRQ���DQG���VWRU\WHOOLQJ���>��������@����+RZHYHU���PDQ\���OLWHUDF\�EDVHG���DSSV��
DUH���QHLWKHU���RSHQ�HQGHG���WR���DOORZ���IRU���FKLOGUHQ���WR���FUHDWH���WKHLU���RZQ���VWRULHV����QRU���WDUJHWHG���WRZDUGV��
VFKRRO�DJHG���FKLOGUHQ����ZKHUH���WKH���QHHG���IRU���FUHDWLYH���H[SUHVVLRQ���LV���SDUWLFXODUO\���DFXWH���>��������������@���
$QRWKHU���XQLTXH���DIIRUGDQFH���RI���WHFKQRORJ\���LV���LWV���DELOLW\���WR���FDSWXUH���GDWD���LQ���D���QHZ���ZD\���WR���GRFXPHQW��
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FKLOGUHQ¶V���VWRULHV����:KLOH���WKLV���DELOLW\���H[LVWV����WKH���PDMRULW\���RI���FKLOGUHQ¶V���OHDUQLQJ���DSS���FRPSDQLHV��
RQO\���XVH���FKLOGUHQ¶V���LQWHUDFWLRQ���GDWD���WR���PHDVXUH���DSS���XVDJH����8QIRUWXQDWHO\����WKH���EXON���RI���WKH���ULFK��
OHDUQLQJ���GDWD���LV���HLWKHU���QRW���VWRUHG���RU���QRW���V\QWKHVL]HG���LQ���DQ\���PHDQLQJIXO���ZD\���WR���VXSSRUW���WKH���FKLOG¶V��
OHDUQLQJ���SURFHVV���>��������������������������@���

'HVSLWH���WKH���DGYDQWDJHV���RI���WHFKQRORJ\����IHZ���SODWIRUPV���KDUQHVV���WKHVH���DIIRUGDQFHV���WR���VXSSRUW��
FKLOGUHQ¶V���FUHDWLYH���H[SUHVVLRQ���WKURXJK���VWRU\WHOOLQJ���IRU���HDUO\���DQG���PLGGOH���FKLOGKRRG����DQG���HYHQ��
IHZHU���LQFOXGH���D���VRFLDO���FRPPXQLW\���WR���VXSSRUW���QDUUDWLYH���JURZWK����1DUUDWLYH���GHYHORSPHQW���GRHV���QRW��
KDSSHQ���LQ���D���YDFXXP����EXW���H[LVWV���LQ���WKH���FKLOG¶V���VRFLDO���FRQWH[W���>������������������������@����7HFKQRORJ\���KDV���WKH��
SRWHQWLDO���WR���FRQQHFW���SHRSOH���LQ���D���IDVWHU���DQG���PRUH���LPPHGLDWH���ZD\���WKDQ���HYHU���EHIRUH����+RZHYHU���
GHVSLWH���WKH���LPSRUWDQFH���RI���WKH���VRFLDO���FRPSRQHQW���RI���FKLOGUHQ¶V���VWRU\WHOOLQJ���DQG���WKH���DELOLW\���IRU��
WHFKQRORJ\���WR���FRQQHFW���RQH���DQRWKHU����IHZ���SODWIRUPV���IRU���FKLOGUHQ¶V���VWRU\WHOOLQJ���DUH���GHVLJQHG���WR��
LQFOXGH���WKH���FKLOG¶V���VRFLDO���FRQWH[W���DQG���FRPPXQLW\���>��������@����,QVWHDG����VRPH���SODWIRUPV���DUH���GHVLJQHG��
WR���DFWXDOO\���UHSODFH���WKH���FKLOG¶V���VRFLDO���VXSSRUW���ZLWK���D���GLJLWDO���DJHQW���>��������������������������������������@����7KLV��
PDNHV���WHFKQRORJ\���PRUH���DOLHQDWLQJ����DQG���KDV���WKH���SRWHQWLDO���WR���DFWXDOO\���GLVWDQFH���WKH���FKLOG¶V���VRFLDO��
FRPPXQLW\���IURP���WKH���OHDUQLQJ���H[SHULHQFH����UDWKHU���WKDQ���LQFOXGH���LW���>��������@���

*LYHQ���WKH���EUHDGWK���RI���SUREOHPV���VXUURXQGLQJ���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW����ZH���VHH���DQ��
RSSRUWXQLW\���WR���FUHDWH���/HDUQLQJ���/RRSV����D���SODWIRUP���IRU���FKLOGUHQ���DJHV���VL[���WR���WHQ���\HDUV���ROG�����VW��WK��
JUDGH����WKDW���QRW���RQO\���SURYLGHV���D���VSDFH���IRU���FUHDWLYH���H[SUHVVLRQ���WKURXJK���ZULWLQJ���VWRULHV����EXW���DOVR��
XVHV���SOD\���DQDO\WLFV���DQG���EXLOGV���D���VXSSRUWLYH���OHDUQLQJ���FRPPXQLW\���WR���SURPRWH���WKH���JURZWK���RI��
FKLOGUHQ¶V���QDUUDWLYH���VNLOOV����L�H�����ZULWLQJ����FUHDWLYLW\����FROODERUDWLRQ����LWHUDWLRQ����LPDJLQDWLRQ�����7KURXJK��
/HDUQLQJ���/RRSV����RXU���JRDO���LV���WR���DGGUHVV���WKLV���PXOWLIDFHWHG���SUREOHP���E\���FRPELQLQJ���GDWD�GULYHQ��
DQDO\VLV���ZLWK���KXPDQ���DQDO\WLFV���VNLOOV���WR���FDSWXUH���DQG���LGHQWLI\���D���FKLOG¶V���PHDQLQJIXO���OHDUQLQJ��
SDWWHUQV���EH\RQG���ZKDW���HLWKHU���FRXOG���SURGXFH���DORQH����7KLV���DOORZV���XV���WR���V\VWHPDWLFDOO\���GRFXPHQW���
V\QWKHVL]H����DQG���LQWHUSUHW���HOHPHQWV���RI���FKLOGUHQ¶V���QDUUDWLYH���VNLOOV���LQ���RUGHU���WR���FRQWLQXDOO\���WUDFN��
QDUUDWLYH���SURJUHVV���

7KH���SXUSRVH���RI���WKLV���GLVVHUWDWLRQ���LV���WR���GHYHORS���D���WKHRUHWLFDO���IUDPHZRUN���IRU���FKLOGUHQ¶V��
QDUUDWLYH���GHYHORSPHQW����DQG���DSSO\���WKLV���IUDPHZRUN���WR���LQIRUP���WKH���GHVLJQ���RI���/HDUQLQJ���/RRSV���
VSHFLILFDOO\���LQ���WKH���SURJUDP¶V���DELOLW\���WR���GRFXPHQW���DQG���VXSSRUW���FKLOGUHQ¶V���QDUUDWLYH���FDSDFLW\����,Q���WKLV��
GLVVHUWDWLRQ����,���XVH���/HDQLQJ���/RRSV���DV���D���FDVH���VWXG\���WR���FRQGXFW���UHVHDUFK���WRZDUGV���XQGHUVWDQGLQJ���DQG��
GHVLJQLQJ���V\VWHPV���IRU���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���E\���DGGUHVVLQJ���WKH���IROORZLQJ���UHVHDUFK��
TXHVWLRQV���

�� %DVHG���RQ���RXU���WKHRU\���RI���QDUUDWLYH���GHYHORSPHQW����KRZ���GR���ZH���GHVLJQ���WKH���EHVW��
SODWIRUP���IRU���FKLOGUHQ
V���QDUUDWLYH���H[SUHVVLRQ"��

�� 8VLQJ���RXU���WKHRUHWLFDO���IUDPHZRUN���WR���LQIRUP���RXU���DQDO\WLFV����KRZ���GR���ZH���GRFXPHQW��
DQG���WUDFN���FKLOGUHQ
V���QDUUDWLYH���SURJUHVV���IURP���WKHLU���VWRULHV"��

�� +RZ���FDQ���ZH���EHVW���XVH���FKLOGUHQ
V���VWRU\���GDWD���WR���VXSSRUW���FKLOGUHQ
V���QDUUDWLYH���FDSDFLW\"��

7KH���EHQHILWV���RI���WKLV���ZRUN���DUH���WKUHH�IROG����)LUVW����QDUUDWLYH���LV���RQH���SRZHUIXO���DVSHFW���RI���ZKDW��
PDNHV���XV���KXPDQ���DQG���VWXG\LQJ���FKLOGUHQ¶V���QDUUDWLYHV���LV���D���FUXFLDO���VWHS���LQ���XQGHUVWDQGLQJ���QDUUDWLYH��
GHYHORSPHQW����6HFRQG����FKLOGUHQ���H[SUHVV���WKHPVHOYHV���DQG���WKHLU���EHOLHIV���DERXW���WKH���ZRUOG���WKURXJK��
WKHLU���QDUUDWLYHV����DQG���FUHDWLQJ���SODWIRUPV���ZLWK���IUDPHZRUNV���WR���V\VWHPDWLFDOO\���VWXG\���WKHVH���QDUUDWLYHV��
FDQ���KHOS���XV���EHWWHU���XQGHUVWDQG���WKH���FKLOG¶V���FRJQLWLYH���DQG���HPRWLRQDO���GHYHORSPHQW����7KLUG����FKLOGUHQ¶V��
QDUUDWLYH���H[SUHVVLRQ���SOD\V���D���ELJ���SDUW���LQ���WKHLU���RYHUDOO���OHDUQLQJ���DQG���GHYHORSPHQW����DQG���ZH���QHHG���WR��
GHVLJQ���PRUH���HYLGHQFH�EDVHG���LQWHUYHQWLRQV���DQG���SODWIRUPV���WR���IDFLOLWDWH���WKLV����7KLV���ZRUN���ZLOO��
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FRQWLQXH���WR���LQIRUP���WKH���GHVLJQ���DQG���DSSURDFK���RI���WKH���/HDUQLQJ���/RRSV���SURJUDP����DQG���DLPV���WR���VHUYH���DV��
DQ���LQWHUQDO���FRQVWLWXWLRQ���IRU���KRZ���WKH���SURJUDP���GHILQHV����GRFXPHQWV����DQG���VXSSRUWV���QDUUDWLYH��
GHYHORSPHQW����,Q���WKLV���ZD\����WKLV���ZRUN���ZLOO���KHOS���EXLOG���RQ���WKH���SURJUDP¶V���IRXQGDWLRQV���DV���/HDUQLQJ��
/RRSV���WUDQVLWLRQV���WR���WKH���QRQSURILW���VSDFH����

7KLV���GLVVHUWDWLRQ���LV���VXPPDWLYH���LQ���LWV���H[DPLQDWLRQ���RI���WKH���H[LVWLQJ���OLWHUDWXUH���DQG���WKH���FXUUHQW��
/HDUQLQJ���/RRSV���SURJUDP����\HW���IRUPDWLYH���LQ���LWV���GHVLJQ���RI���QHZ���LWHUDWLRQV���DQG���DQDO\VLV���WRROV���WKDW��
DOLJQ���ZLWK���P\���SURSRVHG���WKHRUHWLFDO���IUDPHZRUN�����7KLV���GLVVHUWDWLRQ���LV���RUJDQL]HG���LQWR���ILYH���VHFWLRQV���
)LUVW����,���SUHVHQW���WKH���FXUUHQW���/HDUQLQJ���/RRSV���V\VWHP���DQG���DSSURDFK����FRPSOHWH���ZLWK���OLWHUDWXUH��
UHYLHZV���WKDW���LQIRUPHG���WKH���SURJUDP¶V���GHVLJQ���DQG���GHYHORSPHQW����1H[W����,���H[DPLQH���WKH���FXUUHQW��
V\VWHP¶V���DELOLW\���WR���GRFXPHQW���DQG���VXSSRUW���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���E\���DQDO\]LQJ���ILQGLQJV��
IURP���WKH���/HDUQLQJ���/RRSV���6SULQJ����������SLORW����7KHQ����LQ���UHVSRQVH���WR���RXU���ILQGLQJV����,���FRQGXFW���D��
OLWHUDWXUH���UHYLHZ���RI���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���DQG���V\QWKHVL]H���LW���LQWR���P\���RZQ���WKHRUHWLFDO��
IUDPHZRUN����WKH���7ZR�/HQV���$SSURDFK����ZKLFK���XVHV���D���IRUPDOLVW���DQG���LQWHUSUHWLYH���OHQV���WR���DQDO\]H���WKH��
IRUP����FRQWHQW����DQG���FRQWH[W���RI���FKLOGUHQ¶V���QDUUDWLYHV����)LQDOO\����,���DSSO\���WKH���7ZR�/HQV���$SSURDFK���WR��
WKH���/HDUQLQJ���/RRSV���V\VWHP���UHWURVSHFWLYHO\���DQG���SURVSHFWLYHO\���LQ���RUGHU���WR���VXUIDFH���FRQVLGHUDWLRQV��
DQG���VXJJHVW���GHVLJQV���WR���LPSURYH���WKH���SURJUDP¶V���DELOLW\���WR���GRFXPHQW���DQG���VXSSRUW���FKLOGUHQ¶V��
QDUUDWLYH���FDSDFLW\����7KLV���GLVVHUWDWLRQ���FXOPLQDWHV���LQ���D���GHVLJQ���GRFXPHQW���WKDW���ZLOO���LQIRUP���WKH���QH[W��
LWHUDWLRQV���RI���RXU���SODWIRUP���IRU���FKLOGUHQ¶V���H[SUHVVLRQ���DQG���QDUUDWLYH���DQDO\VLV���WRROV���
�
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������/HDUQLQJ���/RRSV���$SSURDFK���DQG���&XUUHQW���6\VWHP���'HVLJQ��
�
������7KH���/HDUQLQJ���/RRSV���$SSURDFK��
��������%DFNJURXQG���/LWHUDWXUH���IRU���'HYHORSLQJ���WKH���/HDUQLQJ���/RRSV���$SSURDFK��

1DUUDWLYH���LV���LQKHUHQWO\���VRFLDO����ERWK���LQ���LWV���FRPPXQLFDWLYH���SXUSRVH���DQG���LQ���LWV���DFTXLVLWLRQ���
7KH���DFW���RI���VWRU\WHOOLQJ���RIWHQ���LQYROYHV���DW���OHDVW���WZR���SHRSOH����DQ���DXWKRU�WHOOHU���DQG���D���OLVWHQHU�UHDGHU���>����
��@����)RU���\RXQJHU���FKLOGUHQ����WKH���GHYHORSPHQW���RI���VWRU\WHOOLQJ���DQG���QDUUDWLYH���PRVW���RIWHQ���RFFXUV���IURP��
UHODWLRQVKLSV���ZLWK���FDUHJLYHUV���RU���RWKHU���DGXOWV����XVXDOO\���LQ���WKH���FRQWH[W���RI���FRQYHUVDWLRQ����UHPLQLVFLQJ���
RU���SOD\���>��@����&KLOGUHQ���FDQ���HQJDJH���LQ���VWRU\WHOOLQJ���DQG���GHYHORS���QDUUDWLYH���VNLOOV���IURP���DQG���ZLWK��
SHHUV����FDUHJLYHUV����DGXOWV����WHDFKHUV����DQG���RWKHUV���LQ���WKHLU���FRPPXQLW\���>�����������������������������������@���
6WRU\WHOOLQJ���DQG���VWRU\���DFWLQJ���LV���D���KHDYLO\���UHVHDUFKHG���SUDFWLFH���WKDW���GHPRQVWUDWHV���WKH���EHQHILWV���DQG��
LQIOXHQFHV���RI���WKH���FKLOG¶V���VRFLDO���OHDUQLQJ���FRPPXQLW\���RQ���WKH���GHYHORSPHQW���RI���FKLOGUHQ¶V���QDUUDWLYHV��
>�����������������@����&KLOGUHQ���FRQVWUXFW���QDUUDWLYHV���WKDW���UHSUHVHQW���WKH���LQIOXHQFH���RI���WKH���WKHPHV���RU���WRSLFV��
WKDW���WKHLU���SHHUV���KDYH���VKDUHG���>�����������@����WKH���ODQJXDJH���XVHG���LQ���FRPPRQ���IDLU\���WDOHV���WKH\���DUH���H[SRVHG��
WR���>���������@����WKH���FXOWXUHV���DQG���FRQWH[WV���WKDW���RFFXU���DW���KRPH���RU���LQ���VFKRRO���>������@����DQG���WKH���VFDIIROGLQJ���RI��
WKH���DGXOW���VFULEH���DQG���GLUHFWRU���>������@����)RU���SOD\�EDVHG���QDUUDWLYH���DSSURDFKHV����L�H����VWRU\WHOOLQJ���DQG��
VWRU\���DFWLQJ����WKH���DGXOW���LV���FRQVWDQWO\���WU\LQJ���WR���VWULNH���D���EDODQFH���EHWZHHQ���H[FHVVLYH���DQG���LQVXIILFLHQW��
VXSSRUW���E\���DVVHVVLQJ���WKH���FKLOG¶V���]RQH���RI���SUR[LPDO���GHYHORSPHQW���>��@���LQ���RUGHU���WR���DGMXVW���WKH���OHYHO���RI��
VFDIIROGV���DYDLODEOH���WR���WKH���FKLOG���WR���RSWLPL]H���WKHLU���OHDUQLQJ���>�������������������@����

5HVHDUFK���KDV���VKRZQ���WKDW���WKLV���VFDIIROGLQJ���UROH���LV���RIWHQ���EHWWHU���SOD\HG���E\���DGXOWV����UDWKHU���WKDQ��
VDPH�DJHG���SHHUV����DV���LW���UHTXLUHV���D���OHYHO���RI���VRSKLVWLFDWLRQ���DQG���EDFNJURXQG���NQRZOHGJH���DERXW���WKH��
FKLOG���>�������@����$V���DGXOWV���PRGHO����IDFLOLWDWH����VFDIIROG����DQG���FR�HQJDJH����WKH\���KHOS���DFWLYDWH���WKH���OHDUQLQJ��
IRU���WKH���FKLOG���E\���FRQWH[WXDOL]LQJ���WKH���PDWHULDO���>�������@����0XOWLSOH���UHVHDUFK���VWXGLHV���KDYH���IRXQG���WKDW��
VWRU\WHOOLQJ���DQG���SOD\���DFWLYLWLHV���WKDW���DUH���VFDIIROGHG���E\���HQFRXUDJLQJ���DGXOWV���DQG���RWKHU���PRUH��
H[SHULHQFHG���SDUWQHUV���LQFUHDVHG���FKLOGUHQ¶V���HPRWLRQDO���UHJXODWLRQ���DQG���H[SUHVVLRQ���>��������������@���DQG��
VKRZHG���JUHDWHU���QDUUDWLYH���VNLOO���JDLQV���WKDQ���WKRVH���ZLWKRXW���VFDIIROGLQJ���>����������������@����)XUWKHUPRUH���
SDUHQW�FKLOG���DFWLYLWLHV���DUH���GLUHFWO\���OLQNHG���WR���EHWWHU���OLWHUDF\���VNLOOV����LQFOXGLQJ���QDUUDWLYH���>��������@���

'HVSLWH���WKH���ZHOO���GRFXPHQWHG���LPSDFW���WKDW���VRFLDO���VXSSRUW����HVSHFLDOO\���IURP���DGXOWV���DQG��
FDUHJLYHUV����KDV���RQ���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���DQG���JUHDWHU���OLWHUDF\���OHDUQLQJ����HGXFDWLRQDO��
WHFKQRORJ\���LV���QRW���FRPPRQO\���GHVLJQHG���WR���LQFOXGH���RSSRUWXQLWLHV���IRU���DGXOW���DQG���SHHU���VRFLDO��
HQJDJHPHQW���>��������@����7KLV���LV���DQ���XQIRUWXQDWH���RYHUVLJKW����DV���UHVHDUFK���LQ���FKLOGUHQ¶V���HGXFDWLRQDO��
PHGLD���KLJKOLJKWV���WKDW���ZHOO�GHVLJQHG���WHFKQRORJ\���DORQH���LV���QRW���HQRXJK���WR���VXSSRUW���FKLOGUHQ¶V��
OHDUQLQJ���>��������������@����,QVWHDG����*XHUQVH\���DQG���/HYLQH������������VXJJHVW���D���³WHFK�DVVLVWHG����KXPDQ��
SRZHUHG´���OHDUQLQJ���DSSURDFK����LQ���ZKLFK���WHFKQRORJ\���LQ���FRPELQDWLRQ���ZLWK���DGXOWV���ZKR���FDQ���JXLGH��
FKLOGUHQ���ZLOO���SURGXFH���WKH���EHVW���OHDUQLQJ���RXWFRPHV���>��@����8QIRUWXQDWHO\����UDWKHU���WKDQ���LQYLWLQJ��
FDUHJLYHUV���WR���EH���JXLGHV����WHFKQRORJ\���KDV���D���WHQGHQF\���WR���ERWK���GLVWDQFH���FDUHJLYHUV���IURP���DFWLYHO\��
HQJDJLQJ���ZLWK���WKHLU���FKLOGUHQ���DQG���SHUSHWXDWHV���SDUHQWDO���LQVHFXULW\���DURXQG���VXSSRUWLQJ���FKLOGUHQ¶V��
OHDUQLQJ���>����������@����5HVHDUFK���VKRZV���WKDW���ZKHQ���OLWHUDF\���DSSV���LQFOXGH���PRUH���DXWRPDWHG���VFDIIROGV���
SDUHQWV���DUH���OHVV���OLNHO\���WR���FR�HQJDJH���DQG���PRUH���OLNHO\���WR���IHHO���LQFRPSHWHQW���DW���VXSSRUWLQJ���WKHLU���FKLOG��
DQG���PLVLQWHUSUHW���WKHLU���UROH���DV���XQQHFHVVDU\���>��������������@����'HVLJQLQJ���DSSV���WR���LQFOXGH���FDUHJLYHUV���LQ��
WKH���DFWLYLW\���FDQ���LQFUHDVH���SDUHQW¶V���VHQVH���RI���VHOI�HIILFDF\���DQG���PRWLYDWLRQ����HVSHFLDOO\���ZKHQ��
HQFRXUDJHG���E\���RWKHUV����H�J�����WHDFKHUV����ZKR���LQYLWH���SDUHQWV���LQWR���WKH���SURFHVV���DQG���DFWLYHO\���HQFRXUDJH��
WKHLU���LQYROYHPHQW���>��������@����5HVHDUFKHUV���KDYH���VXJJHVWHG���RIIHULQJ���RQJRLQJ���FRDFKLQJ���WR���SDUHQWV���RQ��
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KRZ���WR���VXSSRUW���VSHFLILF���OLWHUDF\���VNLOOV���DV���D���ZD\���WR���ERWK���LPSURYH���FKLOGUHQ¶V���OLWHUDF\���DFTXLVLWLRQ��
DQG���EROVWHU���SDUHQWV¶���FRQILGHQFH���DQG���LQYROYHPHQW���>��������@����

+RZHYHU����UDWKHU���WKDQ���XVLQJ���FKLOGUHQ¶V���LQWHUDFWLRQ���GDWD���WR���DXJPHQW���VRFLDO���VXSSRUWV���WKDW��
LQFOXGH���FDUHJLYHUV����UHVHDUFKHUV���DQG���GHYHORSHUV���DUH���XVLQJ���$,���WRROV���WR���EXLOG���GLJLWDO���VRFLDO���DJHQWV��
WKDW���DLP���WR���UHSODFH���KXPDQV���DV���VRFLDO���OHDUQLQJ���SDUWQHUV���>��������������������������������������������@����7KHUH���DUH��
VHYHUDO���OLPLWDWLRQV���WR���WKH���DELOLW\���RI���WKH���FXUUHQW���WHFKQRORJ\���SODWIRUPV���DQG���GLJLWDO���WRROV���LQ��
UHSOLFDWLQJ���WKH���ULFKQHVV���DQG���EHQHILWV���RI���KXPDQ���VRFLDO���LQWHUDFWLRQV���IRU���OHDUQLQJ����2QH���LV���WKDW���GLJLWDO��
VRFLDO���SDUWQHUV���VXFK���DV���LQWHUDFWLYH���PHGLD���FKDUDFWHUV���RU���LQVWUXFWLRQDO���WXWRUV����UXQ���RQ���SUH�VFULSWHG��
PDWHULDO����ZKLFK���LQKHUHQWO\���DVVXPHV���WKDW���WKHUH���LV���RQH���ZD\���WR���VROYH���D���SUREOHP���RU���KDYH���DQ��
LQWHUDFWLRQ���>��������������������������������������@����7KLV���SUH�VFULSWHG���PDWHULDO���FDQQRW���ZRUN���IRU���PRUH��
RSHQ�HQGHG���DQG���FRPSOH[���GLVFLSOLQHV���OLNH���QDUUDWLYH����DQG���UHVHDUFK���VKRZV���WKDW���FUHDWLQJ���OHQJWKLHU��
DQG���YDULHG���VFULSWV���IRU���WKHVH���FKDUDFWHUV�DJHQWV���FDQ���DFWXDOO\���EH���GHWULPHQWDO���WR���FKLOGUHQ¶V���OHDUQLQJ���E\��
RYHU�VWUXFWXULQJ���RU���VWULSSLQJ���DZD\���WKH���FKLOG¶V���DJHQF\���DQG���LQLWLDWLYH���LQ���WKH���LQWHUDFWLRQ���>��������@���

$QRWKHU���OLPLWDWLRQ���LV���WKDW���DJHQWV���ZKR���DUH���SURJUDPPHG���RQ���WULJJHU�ZRUGV���FDQ���RIWHQ���SURYLGH��
LUUHOHYDQW���VFDIIROGLQJ���WKDW���GLVWUDFWV���UDWKHU���WKDQ���DLGV���FKLOGUHQ¶V���OHDUQLQJ����2QH���VWXG\���RQ���GLJLWDO��
DJHQWV���IRU���VFDIIROGLQJ���EHWZHHQ���SHHU���OHDUQHUV���IRXQG���WKDW���WKH���LQWHUMHFWLRQV���IURP���WKH���DJHQW���WHQGHG���WR��
EH���GLVWUDFWLQJ���DQG���DQQR\LQJ����LQWHUIHULQJ���ZLWK���WKH���VWXGHQWV¶���DELOLW\���WR���OHDUQ���>��@����7KLV���LV���FRQVLVWHQW��
ZLWK���WKH���UHVHDUFK���LQ���FKLOGUHQ¶V���GLJLWDO���H�UHDGHUV����ZKLFK���IRXQG���WKDW���WKH���DQLPDWLRQV���DQG��
PDQLSXODWLYH���IHDWXUHV����VXFK���DV���DXWRPDWHG���VFDIIROGV����DFWXDOO\���GLVWUDFWHG���FKLOGUHQ����KLQGHULQJ���WKHLU��
OHWWHU���UHFRJQLWLRQ���DQG���VWRU\���FRPSUHKHQVLRQ���>��������@����7KH���VFDIIROGV���SURYLGHG���E\���D���KXPDQ���DGXOW���DUH��
OHVV���GLVWUDFWLQJ���EHFDXVH���WKH\���DUH���PRUH���QXDQFHG����%\���DVVHVVLQJ���WKH���SUR[LPDO���]RQH���RI���WKH���FKLOG����WKH��
VLWXDWLRQ����WKH���HQYLURQPHQW����DQG���WKH���FKLOG¶V���LQWHUHVWV����WKH���DGXOW���FDQ���HPSOR\���GLIIHUHQW���VWUDWHJLHV���RU��
FRQWHQW���WR���DGMXVW���DQG���FXVWRPL]H���WKHLU���VXSSRUW���>��@���

3HUKDSV���WKH���ODUJHVW���OLPLWDWLRQ���RI���GLJLWDO���VRFLDO���DJHQWV���LV���WKHLU���LQDELOLW\���WR���FROOHFW���H[WHUQDO��
FRQWH[WXDO���GDWD���LQ���RUGHU���WR���PDNH���LQIHUHQFHV���DQG���GHFLVLRQV���DERXW���KRZ���WR���EHVW���VXSSRUW���WKH���FKLOG��
>��@����'HSHQGLQJ���RQ���WKH���H[SHUWLVH���DQG���H[SHULHQFH���RI���WKH���FKLOG����WKH���DGXOW���QHHGV���WR���EH���IOH[LEOH���
FRQVWDQWO\���DGMXVWLQJ���DQG���VZLWFKLQJ���WKHLU���UROH����VRPHWLPHV���WDNLQJ���PRUH���RI���D�����VXSSRUWLQJ���UROH���WKDQ��
GLUHFWLQJ���UROH����DQG���NQRZLQJ���ZKHQ���WR���OHW���WKH���FKLOG���LQGLYLGXDOO\���SUREOHP���VROYH���>��������@����7KH���DELOLW\��
WR���LQWHUSUHW���WKH���FKLOG¶V���QHHGV����DGMXVW���WKH���IRUP���RI���VFDIIROGLQJ���UHTXLUHG����DQG���WKHQ���SURYLGH���WKDW��
VXSSRUW���LQ���D���WLPHO\���PDQQHU���WKDW���DFNQRZOHGJHV���WKH���FKLOG¶V���SURFHVV���DQG���LQWHUHVWV���LV���XQLTXHO\��
KXPDQ����DQG���VRPHWKLQJ���WKDW���GLJLWDO���WRROV���FDQQRW���DFFRPSOLVK���DORQH����5DWKHU���WKDQ���XVLQJ���FKLOGUHQ¶V��
GDWD���WR���EXLOG���PRUH���UREXVW���GLJLWDO���VRFLDO���SDUWQHUV���WKDW���UHSOLFDWH���RU���UHSODFH���WKH���UROH���RI���WKH���KXPDQ���
WKHVH���GDWD���VKRXOG���EH���XVHG���WR���SURPSW���DQG���VXSSRUW���WKH���KXPDQ���DGXOW���LQ���KDYLQJ���PHDQLQJIXO���VRFLDO��
LQWHUDFWLRQV���DQG���HQJDJLQJ���LQ���WKH���FKLOG¶V���QDUUDWLYH���SURFHVV����

,Q���UHVSRQVH���WR���RWKHU���GLJLWDO���V\VWHPV���IRU���FKLOGUHQ¶V���VWRU\WHOOLQJ���HLWKHU���LJQRULQJ���WKH��
LPSRUWDQFH���RI���KXPDQ���FRQQHFWLRQ���LQ���FKLOGUHQ¶V���OHDUQLQJ���RU���DWWHPSWLQJ���WR���UHSODFH���KXPDQV���ZLWK��
LQDGHTXDWH���GLJLWDO���VRFLDO���SDUWQHUV����ZH���SURSRVH���WKH���/HDUQLQJ���/RRSV���V\VWHP����ZKLFK���WDNHV���WKH���ILUVW��
NQRZQ���VWHSV���DW���DFFRXQWLQJ���IRU���WKH���LPSRUWDQW���VRFLDO���UROH���LQ���FKLOGUHQ¶V���OHDUQLQJ���E\���XVLQJ���GLJLWDO��
WRROV���WR���DXJPHQW���DQG���VXSSRUW���KXPDQ���VRFLDO���HQJDJHPHQW���LQ���WKH���QDUUDWLYH���SURFHVV����
�
��������,QWURGXFWLRQ���WR���WKH���/HDUQLQJ���/RRSV���6\VWHP��

/HDUQLQJ���/RRSV���FUHDWHV���VPDOO�VFDOH���FRDFK�IDPLO\���QHWZRUNV���FHQWHUHG���DURXQG���GLJLWDO��
VWRU\WHOOLQJ���WRROV����7KURXJK���KDUQHVVLQJ���WKH���SRZHU���RI���WHFKQRORJ\���WR���HQKDQFH���KXPDQ���FDSDELOLWLHV��
DQG���FRQQHFW���FRDFKHV���DQG���IDPLOLHV����WKHVH���QHWZRUNV���DLP���WR���SURPRWH���FKLOGUHQ¶V���QDUUDWLYH��
GHYHORSPHQW���E\���HPSRZHULQJ���FKLOGUHQ���DV���DXWKRUV����VFDIIROGLQJ���FKLOGUHQ¶V���VWRU\WHOOLQJ����DQG��
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HQFRXUDJLQJ���IDPLO\���LQYROYHPHQW���LQ���WKH���QDUUDWLYH���SURFHVV����7KLV���V\VWHP���LV���XQLTXH���LQ���WZR���PDLQ��
ZD\V���������LW���GRFXPHQWV���FKLOGUHQ¶V���QDUUDWLYHV���WR���EXLOG���D���FRPSUHKHQVLYH���DQDO\WLFV���V\VWHP���WR���PHDVXUH��
QDUUDWLYH���GHYHORSPHQW����DQG��������LW���DFFRXQWV���IRU���WKH���LPSRUWDQW���VRFLDO���UROH���LQ���FKLOGUHQ¶V���OHDUQLQJ���E\��
XVLQJ���GLJLWDO���WRROV���WR���DXJPHQW���DQG���VXSSRUW���KXPDQ���VRFLDO���HQJDJHPHQW���LQ���WKH���QDUUDWLYH���SURFHVV���

7�ZR���FRUH���WHFKQRORJLHV���DUH���LQWHJUDO���WR���WKH���/HDUQLQJ���/RRSV���SURJUDP����6WRU\%ORFNV����DQ��
RSHQ�HQGHG���VWRU\WHOOLQJ���DSS���IRU���FKLOGUHQ���WR���FUHDWH���XQLTXH���FRPLF�VW\OH���VWRULHV����DQG���WKH���&RDFK��
&RQVROH����UHIHUUHG���WR���DV���&RQVROH�����D���FXVWRP�EXLOW���SRUWDO���IRU���RXU���WUDLQHG���YROXQWHHU���FRDFKHV���
�

�
)LJXUH�����������7KH���/HDUQLQJ���/RRS��

�
)LJXUH���������GLVSOD\V���WKH���ZKROH���OHDUQLQJ���ORRS���DQG���WKH���WKUHH���PDLQ���VWDNHKROGHUV���ZLWKLQ���LW���²��

WKH���FKLOG����WKH���FDUHJLYHU����DQG���WKH���FRDFK����:KLOH���FKLOGUHQ���SOD\���ZLWK���6WRU\%ORFNV����HYHU\���WDS���DQG���FOLFN��
LV���UHFRUGHG����FDSWXULQJ���ERWK���WKH���GHWDLOV���RI���ZKDW���FKLOGUHQ���PDNH����L�H�����WKH���SURGXFWV���RI���WKHLU���SOD\����DQG��
KRZ���WKH\���PDNH���WKHP����L�H�����WKH���SURFHVV���RI���WKHLU���SOD\�����7KHVH���GDWD���DUH���VWUHDPHG���WR���WKH���&RQVROH���
ZKHUH���RXU���GDWD���DQDO\WLFV���V\VWHP���FRPELQHV���KXPDQ���DQG���PDFKLQH���DQDO\VLV���WR���LGHQWLI\���PHDQLQJIXO��
OHDUQLQJ���SDWWHUQV���LQ���FKLOGUHQ¶V���IUHHSOD\���DQG���WUDFN���WKHLU���QDUUDWLYH���GHYHORSPHQW���RYHU���WLPH����7KH��
FRDFKHV���WDNH���WKHVH���OHDUQLQJ���PRPHQWV���DQG���WUDQVODWH���WKHP���LQWR���VKRUW����WZR�VHQWHQFH���XSGDWHV���WKDW��
WKH\���VHQG���WR���FKLOGUHQ¶V���FDUHJLYHUV���YLD���WH[W���PHVVDJH����7KHVH���XSGDWHV���DOVR���LQFOXGH���D���VKRUW���
FRQWH[WXDOL]HG���DFWLYLW\���WKDW���WKH���FKLOG���DQG���WKHLU���FDUHJLYHU���FDQ���GR���WRJHWKHU���WR���UHLQIRUFH���ZKDW���WKH��
FKLOG���LV���OHDUQLQJ����$GGLWLRQDOO\����FRDFKHV���FDQ���UHDFK���EDFN���LQWR���WKH���DSS���DQG���VHQG���IHHGEDFN���
VXJJHVWLRQV����RU���SURPSWV���GLUHFWO\���WR���WKH���FKLOG¶V���VWRU\���WR���VFDIIROG���FKLOGUHQ¶V���OHDUQLQJ���DQG���H[SDQG��
WKHLU���VSKHUH���RI���H[SORUDWLRQ���WKURXJK���SOD\���

7KH���/HDUQLQJ���/RRSV���DSSURDFK���FRQVLVWV���RI���IRXU���NH\���FRPSRQHQWV����������OLWHUDF\���OHDUQLQJ��
DSSV����������)DPLO\���/HDUQLQJ���&RDFKHV����UHIHUUHG���WR���DV���FRDFKHV�����������QDUUDWLYH���DQDO\WLFV���WRROV����DQG��������
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IDPLO\���HQJDJHPHQW����(DFK���SDUW���RI���WKLV���IXOO�VWDFN���DSSURDFK���LV���LQWHJUDO���WR���WKH���GHYHORSPHQW���RI���D��
GLJLWDOO\�PHGLDWHG���V\VWHP���IRU���GRFXPHQWLQJ���DQG���VXSSRUWLQJ���FKLOGUHQ¶V���QDUUDWLYHV����7KH���GHVLJQ���DQG��
GHYHORSPHQW���RI���WKH���ILUVW���WKUHH���FRPSRQHQWV���DUH���GHVFULEHG���EHORZ����
�
��������*XLGLQJ���3ULQFLSOHV���RI���WKH���/HDUQLQJ���/RRSV���$SSURDFK��

,Q���UHVSRQVH���WR���WKH���EDFNJURXQG���OLWHUDWXUH����/HDUQLQJ���/RRSV���DGKHUHV���WR���D���³WHFK�DVVLVWHG���
KXPDQ�SRZHUHG´���>��@���DSSURDFK���WR���OHDUQLQJ���E\���LQVHUWLQJ���D���KXPDQ���FRDFK���LQWR���WKH���V\VWHP���DQG��
XVLQJ���WKH���SRZHU���RI���PDFKLQH���WHFKQLTXHV���WR���DXJPHQW���WKH���FRDFK¶V���VNLOOV���DQG���ORRS���FDUHJLYHUV���LQWR���WKH��
SURFHVV����7DNLQJ���D���EOHQGHG���DSSURDFK���LV���D���FRUH���WHQDQW���RI���WKH���/HDUQLQJ���/RRSV���SURJUDP����DQG���LV��
HPERGLHG���LQ���WKH���FKLOG�GULYHQ����PDFKLQH�JXLGHG���6WRU\%ORFNV���DSS����DV���ZHOO���DV���WKH���FRDFK�GULYHQ���
GLJLWDOO\�VXSSRUWHG���&RQVROH��� �

,Q���RUGHU���WR���EXLOG���D���EOHQGHG����SOD\IXO����DQG���FKLOG�GULYHQ���OLWHUDF\���OHDUQLQJ���V\VWHP���IRU���FKLOGUHQ��
DQG���IDPLOLHV����/HDUQLQJ���/RRSV���ZDV���EXLOW���XSRQ���DVSHFWV���RI���WKH���SHGDJRJLHV���RI���WKH���WKHRULVWV���6H\PRXU��
3DSHUW����0DULD���0RQWHVVRUL����DQG���/HY���9\JRWVN\����7KHUH���DUH���IRXU���JXLGLQJ���SULQFLSOHV���RI���WKH���/HDUQLQJ��
/RRSV���SURJUDP���������3OD\IXO���/HDUQLQJ���������6RFLDO���/HDUQLQJ���������3OD\���$QDO\WLFV����DQG��������6FDIIROGHG��
/HDUQLQJ���

&XULRVLW\���DQG���WKH���GULYH���WR���OHDUQ���DERXW���WKH���ZRUOG���DQG���RQH¶V���VHOI���DUH���FHQWUDO���GULYLQJ���IRUFHV��
RI���FKLOGUHQ¶V���OHDUQLQJ����/HDUQLQJ���/RRSV���VHHNV���WR���GHVLJQ���IXQ����HQJDJLQJ���H[SHULHQFHV���WKDW���WDS���LQWR��
HDFK���FKLOG¶V���QDWXUDO���LQVWLQFWV���WR���SOD\���DQG���H[SORUH����ZKLOH���JXLGLQJ���FKLOGUHQ���WRZDUGV���OHDUQLQJ��
RXWFRPHV����6H\PRXU���3DSHUW���EHOLHYHG���WKDW���WKH���SULPDU\���DJHQF\���LQ���WKH���OHDUQLQJ���SURFHVV���VKRXOG��
UHPDLQ���ZLWK���WKH���FKLOG����HQDEOLQJ���WKH���FKLOG���WR���FRQVWUXFW���KHU���RZQ���OHDUQLQJ���HQYLURQPHQW���WKURXJK��
SHUVRQDOO\�PHDQLQJIXO����SURMHFW�EDVHG���SOD\�����>��@����3DSHUW���EHOLHYHG���WKDW���WHFKQRORJ\���FRXOG���VHUYH���DV���D��
IXQGDPHQWDOO\���QHZ���PDWHULDO���IRU���OHDUQHUV����%XLOGLQJ���RQ���3DSHUW¶V���JXLGLQJ���LGHDV���FRPELQHG���ZLWK���GDWD��
DQDO\WLFV���WR���XQGHUVWDQG���FKLOG���GHYHORSPHQW����WKH���/HDUQLQJ���/RRSV���WHDP���GHVLJQV���WRROV���IRU���FKLOGUHQ���WR��
GHYHORS���VNLOOV���LQ���VHOI�H[SUHVVLRQ����OLWHUDF\����DQG���GLDORJXH���WKURXJK���QDWXUDO���PHGLXPV���RI���ZULWWHQ��
ODQJXDJH����SLFWXUHV����DQG���VWRULHV���WKDW���DUH���HYROYHG���IRU���SHUVRQ�WR�SHUVRQ���FRPPXQLFDWLRQ���

/HDUQLQJ���/RRSV���FKDPSLRQV���WKH���EHOLHI���WKDW���OLWHUDF\���LV���DQ���LQKHUHQWO\���VRFLDO���DFWLYLW\����7KH���UROH��
RI���FDUHJLYHUV����SHHUV����DQG���RWKHUV���WKDW���IRUP���D���FKLOG¶V���PRVW���LQWLPDWH���VRFLDO���OHDUQLQJ���FRPPXQLW\���LV��
FULWLFDO���WR���WKH���FKLOG¶V���GHYHORSPHQW���>��@������)RU���\RXQJHU���FKLOGUHQ����WKHVH���VRFLDO���QHWZRUNV���KDYH���DQ��
HYHQ���JUHDWHU���LPSDFW���RQ���WKH���FKLOG¶V���GHYHORSPHQW������$OWKRXJK���OHDUQLQJ���WHFKQRORJLHV���KDYH���XQLTXH��
DIIRUGDQFHV����UHVHDUFK���FRQWLQXHV���WR���GHPRQVWUDWH���WKDW���WHFKQRORJ\���DORQH���LV���QRW���HQRXJK����DQG���DSS��
FUHDWRUV���PXVW���DFNQRZOHGJH���WKH���FULWLFDO���UROH���WKDW���FDUHJLYHUV���SOD\���DV���JXLGHV���DQG���UROH���PRGHOV���>��@���
(GXFDWLRQDO���DSSV���GHVLJQHG���IRU���FDUHJLYHU�FKLOG���G\DGV���KDYH���WKH���SRWHQWLDO���WR���HPSRZHU���FDUHJLYHUV���WR��
HQJDJH���LQ���WKH���OHDUQLQJ���SURFHVV���>��@������7KH���/HDUQLQJ���/RRSV���DSSURDFK���IRFXVHV���RQ���WKUHH���PDLQ��
SOD\HUV����WKH���FKLOG����WKH���FDUHJLYHU����DQG���WKH���FRDFK����7KLV���FRDFK�LQ�WKH�ORRS���V\VWHP���LV���GHVLJQHG���WR��
HQFRXUDJH���FKLOG�GULYHQ����SOD\IXO���OHDUQLQJ���WKDW���LQYROYHV���PHPEHUV���RI���WKH���FKLOG¶V���OHDUQLQJ��
FRPPXQLW\���ZLWKLQ���WKH���OHDUQLQJ���SURFHVV���

0RQWHVVRUL¶V���SHGDJRJ\���UHTXLUHG���FRQVWDQW���REVHUYDWLRQ���DQG���DQDO\VLV���RI���FKLOGUHQ���WR���JXLGH��
LQGLYLGXDO���GHYHORSPHQW���>��@����/HDUQLQJ���/RRSV���HPEUDFHV���WKLV���LGHD���E\���GHYHORSLQJ���3OD\���$QDO\WLFV���
ZKLFK���OHYHUDJH���GDWD�GULYHQ���WRROV���WR���DXJPHQW���KXPDQ���REVHUYDWLRQ���DQG���DQDO\VLV���E\���VXUIDFLQJ���GDWD��
DQG���YLVXDOL]LQJ���SOD\���WUDFHV���WR���KHOS���KXPDQ���DQDO\VWV���LGHQWLI\���LQWHQWLRQDO���KLJKHU���OHYHO���SDWWHUQV����7KH��
&RQVROH���LV���SRZHUHG���E\���3OD\���$QDO\WLFV����ZKLFK���HQDEOHV���D���FRDFK���WR���UDSLGO\���LQVSHFW���SOD\���WUDFHV��
FROOHFWHG���IURP���D���FKLOG¶V���DFWLYLW\���DQG���SXOO���RXW���WKHLU���VDOLHQW���DFKLHYHPHQWV����RU���PHDQLQJIXO���OHDUQLQJ��
PRPHQWV����7KHVH���3OD\���$QDO\WLFV���DUH���LQWHQGHG���WR���GRFXPHQW���QDUUDWLYH���GHYHORSPHQW���DQG���HQFRXUDJH��
FKLOGUHQ¶V���VWRU\WHOOLQJ����EXW���QRW���WR���IRUFH���WKHLU���VWRULHV���WR���ILW���D���VSHFLILF���PROG����/LNH���0RQWHVVRUL���
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/HDUQLQJ���/RRSV���VHHV���LPPHQVH���SRWHQWLDO���IRU���UHYHDOLQJ���LQVLJKWV���LQWR���D���FKLOG¶V���GHYHORSPHQWDO��
WUDMHFWRU\���JURXQGHG���LQ���ULFK����ORQJLWXGLQDO����EHKDYLRUDO���GDWD����7KHVH���LQVLJKWV���SURYLGH���WKH���EDVLV���IRU��
/HDUQLQJ���/RRSV¶���WHFK�DVVLVWHG����EXW���KXPDQ�SRZHUHG���OHDUQLQJ���DSSURDFK����

$FFRUGLQJ���WR���/HY���9\JRWVN\����OHDUQLQJ���ODUJHO\���KDSSHQV���ZLWKLQ���WKH���=RQH���RI���3UR[LPDO��
'HYHORSPHQW���²���D���UDQJH���RI���VNLOOV���WKDW���WKH���FKLOG���KDVQ¶W���\HW���PDVWHUHG���RQ���KHU���RZQ����\HW���FDQ���SHUIRUP��
ZLWK���VRPH���DPRXQW���RI���KHOS���>��@����7KH���RSSRUWXQLWLHV���IRU���VXFK���OHDUQLQJ���IUHTXHQWO\���DULVH���LQ���WKH��
SURFHVV���RI���VHOI�GLUHFWHG���SOD\����DV���WKH���FKLOG���RIWHQ���VHWV���JRDOV���EH\RQG���KHU���FXUUHQW���UHDFK����6XSSRUWLQJ��
WKH���FKLOG���WR���DFKLHYH���VXFK���JRDOV���LV���LPSRUWDQW���IRU���PDLQWDLQLQJ���KHU���LQWHUHVW���DQG���HQJDJHPHQW���ZLWK���WKH��
V\VWHP����*XLGLQJ���WKH���FKLOG���WKURXJK���DQ���RSHQ�HQGHG���SOD\���UHTXLUHV���JHWWLQJ���WR���NQRZ���ZKDW���WKH���FKLOG¶V��
LQWHUHVWV���DQG���JRDOV���DFWXDOO\���DUH����DQG���SURYLGLQJ���VXEWOH���KHOSIXO���KLQWV���IRU���DFKLHYLQJ���WKHVH���JRDOV���
&RDFKHV���XVH���WZR���VWHSV���WR���JXLGH���FKLOGUHQ����)LUVW����WKH\���DQDO\]H���WUHQGV���LQ���SOD\���GDWD���DQG���LGHQWLI\��
FKLOGUHQ¶V���LQWHQWLRQV���RU���SHUVRQDO���OHDUQLQJ���JRDOV���WKURXJK���WKHLU���VWRULHV����1H[W����WKH\���VFDIIROG��
FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���E\���ERWK���SURYLGLQJ���IHHGEDFN���RQ���FKLOGUHQ¶V���VWRULHV���WKDW���GLUHFWO\��
DOLJQ���ZLWK���WKH���FKLOG¶V���QDUUDWLYH���JRDOV���DQG���SURPSWLQJ���QHZ���VWRULHV���WKDW���H[SDQG���WKH���FKLOG¶V���VSKHUH���RI��
H[SORUDWLRQ����%\���XVLQJ���WKH���3OD\���$QDO\WLFV���DV���D���JXLGH���WR���LQIRUP���WKHLU���IHHGEDFN���DQG���SURPSWV���
FRDFKHV���EHWWHU���LGHQWLI\���WKH���VWUHQJWKV���RI���FKLOGUHQ¶V���VWRULHV���LQ���RUGHU���WR���KHOS���FKLOGUHQ���GHYHORS���WKH��
QDUUDWLYHV���WKDW���WKH\���ZDQW���WR���WHOO���

�
��������+LVWRU\���RI���WKH���'HYHORSPHQW���RI���/HDUQLQJ���/RRSV��

7KH���/HDUQLQJ���/RRSV���V\VWHP���ZDV���GHYHORSHG���XVLQJ���D���'HVLJQ�%DVHG���5HVHDUFK���DSSURDFK��
�'%5����>��@����WDNLQJ���WKH���OHDUQLQJV���IURP���SUHYLRXV���UHVHDUFK���DQG���XVLQJ���LW���WR���GULYH���FKDQJHV���WR���WKH��
FXUUHQW���V\VWHP���DQG���WHFKQRORJ\����7KUHH���UHVHDUFK���SLORWV���ZHUH���FRQGXFWHG���WKDW���OHG���WR���WKH���IRUPDWLRQ���RI��
WKH���/HDUQLQJ���/RRSV���V\VWHP���DQG���DSSURDFK����$OO���RI���WKHVH���SLORWV���XVHG���WKH���IRXQGDWLRQDO���OLWHUDF\��
OHDUQLQJ���DSS����6SHHFK%ORFNV����UHIHUUHG���WR���DV���6%����>��@����6%���LV���DQ���RSHQ�HQGHG���OLWHUDF\���DSS���WKDW��
SURPRWHV���SKRQHPLF���DZDUHQHVV���WKURXJK���H[SORUDWLYH���ZRUGSOD\���IRU���FKLOGUHQ���DJHV���IRXU���WR���VL[���\HDUV��
ROG���>��������@����,Q���6%����FKLOGUHQ���FRXOG���SXOO���DSDUW���DQG���SXW���WRJHWKHU���OHWWHU���EORFNV���WKDW���ZRXOG���VRXQG���RXW��
WKHLU���FUHDWLRQV���XVLQJ���WKH���SKRQHWLF���UXOHV���RI���(QJOLVK����7KH���ILUVW���UHVHDUFK���SLORW���LQ���WKH���VSULQJ���RI���������
FRQVLVWHG���RI���D���WHQ�ZHHN���XVHU���VWXG\���RI���WKH���6%���DSS���LQ���D���NLQGHUJDUWHQ���SUHSDUDWRU\���FODVVURRP���ZLWK�������
FKLOGUHQ����DJHV���IRXU���WR���ILYH���\HDUV���ROG�����7KLV���SLORW���OHG���WR���WKH���FUHDWLRQ���RI���WZR���IRXQGDWLRQDO���DVSHFWV���RI��
WKH���/HDUQLQJ���/RRSV���DSSURDFK����3OD\���$QDO\WLFV���DQG���VRFLDO���OHDUQLQJ����6LQFH���6%���ZDV���RSHQ�HQGHG���DQG��
HYHU\���WDS���DQG���FOLFN���ZDV���UHFRUGHG����WKH���FKLOG¶V���SOD\���FRXOG���EH���UHFRQVWUXFWHG���IURP���WKH���GDWD���ORJV���DQG��
SUHVHQWHG���LQ���DQ���HDVLO\���GLJHVWLEOH���YLVXDOL]DWLRQ����L�H�����3OD\7UHHV���>��@����WR���YLHZ���QRW���RQO\���WKH���SURGXFWV��
RI���FKLOGUHQ¶V���SOD\����EXW���WKH���SURFHVV���DV���ZHOO���>��@����:LWK���WKLV���QHZ���DELOLW\���WR���YLVXDOL]H���WKH���SURFHVV���RI��
FKLOGUHQ¶V���SOD\����WKH���TXHVWLRQV���EHFDPH���ZKR���ZRXOG���YLHZ���WKLV���GDWD����DQG���KRZ���FRXOG���LW���EH���XVHG���WR��
VRFLDOO\���VXSSRUW���FKLOGUHQ¶V���OLWHUDF\���OHDUQLQJ"���,Q���DQVZHU���WR���WKHVH���TXHVWLRQV����WKH���FRDFKLQJ���V\VWHP��
IRU���6%���ZDV���GHVLJQHG���DQG���LPSOHPHQWHG����7KH���ILUVW���SLORW���RI���WKH���FRDFKLQJ���V\VWHP���IRU���6%���ZDV��
FRQGXFWHG���LQ���WKH���VSULQJ���RI�����������ZLWK���WKUHH���UHVHDUFKHUV���VHUYLQJ���DV���FRDFKHV���IRU��������FKLOGUHQ����DJHV��
IRXU���WR���WHQ���\HDUV����DQG���WKHLU���IDPLOLHV���RYHU���WHQ���ZHHNV����7KH���SXUSRVH���RI���WKLV���VHFRQG���SLORW���ZDV���WR��
GHVLJQ���WKH���UROH���RI���WKH���FRDFK���DQG���WKH���ILUVW���LWHUDWLRQ���RI���WKH���FRDFK���WRROV����L�H�����WKH���&RQVROH�����)LQGLQJV��
IURP���WKLV���SLORW���LQGLFDWHG���WKDW���WKH���FRDFKLQJ���V\VWHP���JDYH���SDUHQWV���LQFUHDVHG���YLVLELOLW\���LQWR���WKHLU��
FKLOG¶V���LQ�DSS���OLWHUDF\���SOD\���>��������@����

7R���IXUWKHU���H[DPLQH���WKHVH���ILQGLQJV����ZH���FRQGXFWHG���D���UDQGRPL]HG���FRQWURO���VWXG\���RQ���WKH��
FRDFKLQJ���V\VWHP���IRU���6%���LQ���WKH���VSULQJ���RI����������ZLWK��������FKLOGUHQ����DJHV���IRXU���WR���HLJKW���\HDUV����DQG���VL[��
6SHHFK�/DQJXDJH���3DWKRORJ\���JUDGXDWH���VWXGHQWV���VHUYLQJ���DV���FRDFKHV���RYHU���HLJKW���ZHHNV����7ZR��
UHVHDUFKHUV���VHUYHG���DV���&RRUGLQDWRUV����WUDLQLQJ���DQG���VXSSRUWLQJ���FRDFKHV���WKURXJKRXW���WKH���VWXG\���
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&KLOGUHQ���DQG���IDPLOLHV���ZHUH���UDQGRPO\���DVVLJQHG���WR���HLWKHU���WKH���FRQWURO���FRQGLWLRQ����ZLWKRXW���D���FRDFK����
RU���WKH���WUHDWPHQW���FRQGLWLRQ����ZLWK���D���FRDFK�����&KLOGUHQ���DQG���IDPLOLHV���SOD\HG���ZLWK���6%���LQ���WKH���KRPH���IRU��
HLJKW���ZHHNV���DQG���IDPLOLHV���LQ���WKH���WUHDWPHQW���FRQGLWLRQ���UHFHLYHG���SHUVRQDOL]HG���FRDFK���XSGDWHV���DERXW��
WKHLU���FKLOG¶V���LQ�DSS���ZRUGSOD\���RQH���WR���WKUHH���WLPHV���D���ZHHN����ZKHUHDV���IDPLOLHV���LQ���WKH���FRQWURO���FRQGLWLRQ��
UHFHLYHG���DXWRPDWHG���³FRDFKLQJ���WLSV´���ZLWK���JHQHULF���XSGDWHV���DERXW���KRZ���FKLOGUHQ���FRXOG���SOD\���DQG��
OHDUQ���IURP���6%����7KH���LPSOHPHQWDWLRQ���RI���WKH���UDQGRPL]HG���FRQWURO���VWXG\���OHG���WR���WKH���GHYHORSPHQW���RI��
WKH���FRDFK���WUDLQLQJ���DQG���UHVRXUFHV����WKH���VXJJHVWHG���ZRUGV���IHDWXUH����L�H�����FUHDWLQJ���D���SDWKZD\���IRU��
FRDFKHV���DQG���FKLOGUHQ���WR���LQWHUDFW���E\���VXJJHVWLQJ���UHOHYDQW���ZRUGV���DQG���SURPSWV���IRU���FKLOGUHQ���WR���FUHDWH��
LQ���6%�����DQG���WKH���LQ�SHUVRQ���ZRUNVKRSV����$���QHZ���LWHUDWLRQ���RI���WKH���&RQVROH���ZDV���GHYHORSHG���DQG��
DXWRPDWHG���DQDO\WLFV���ZHUH���LQFRUSRUDWHG���WR���KHOS���GLUHFW���FRDFKHV���LQ���V\VWHPDWLFDOO\���VXUIDFLQJ��
PHDQLQJIXO���OHDUQLQJ���PRPHQWV���LQ���FKLOGUHQ¶V���ZRUGSOD\����,QLWLDO���ILQGLQJV���IURP���WKLV���VWXG\���LQGLFDWHG��
WKDW���SDUHQWV���LQ���WKH���WUHDWPHQW���FRQGLWLRQ���KDG���DQ���LQFUHDVHG���DZDUHQHVV���RI���WKHLU���FKLOGUHQ¶V���LQ�DSS���SOD\���
UHFRXQWLQJ���DOPRVW���WZLFH���DV���PDQ\���ZRUGV���WKDW���WKHLU���FKLOGUHQ���FUHDWHG���WKDQ���WKH���IDPLOLHV���LQ���WKH���FRQWURO��
FRQGLWLRQ����S ����������2QH���WUHQG����WKRXJK���QRW���VWDWLVWLFDOO\���VLJQLILFDQW����VXJJHVWHG���WKDW���SDUHQWV���LQ���WKH��
WUHDWPHQW���FRQGLWLRQ���UHSRUWHG���FR�HQJDJLQJ���PRUH���ZLWK���WKHLU���FKLOGUHQ����S ��������$QRWKHU���ILQGLQJ��
LQGLFDWHG���WKDW���FKLOGUHQ���LQ���WKH���WUHDWPHQW���FRQGLWLRQ���SOD\HG���ZLWK���6%���PRUH���IUHTXHQWO\���WKDQ���FKLOGUHQ��
LQ���WKH���FRQWURO���FRQGLWLRQ����S ���������>��@�����&DUHJLYHUV����FKLOGUHQ����DQG���FRDFKHV���JDYH���FRQVLVWHQW���

IHHGEDFN���DERXW���H[SDQGLQJ���RQ���WKH���FRQWHQW���RI���WKH���6%���DSS���WR���LQFOXGH���PRUH���H[SUHVVLYH���OLWHUDF\��
RSSRUWXQLWLHV����VXFK���DV���VWRU\WHOOLQJ����,Q���UHVSRQVH����ZH���XVHG���WKH���GDWD���DQG���IHHGEDFN���WR���LWHUDWH���RQ���WKH��
VWUXFWXUH���DQG���DSSURDFK���RI���WKH���FRDFKLQJ���V\VWHP���DQG���UHGHVLJQ���LW���IRU���VWRU\WHOOLQJ����OHDGLQJ���WR���WKH��
FUHDWLRQ���RI���/HDUQLQJ���/RRSV���

2YHU���WKH���FRXUVH���RI���WKH���WKUHH���SLORWV����PXOWLSOH���VWUDLQV���RI���UHVHDUFK���ZHUH���DOVR���EHLQJ���FRQGXFWHG��
WR���GHYHORS���WKH���OLWHUDF\���DSSV���DQG���WRROV���WKDW���LQIRUPHG���ERWK���WKH���6WRU\%ORFNV���DSS���DQG���WKH���&RQVROH��
�H�J�����6QHKD���0DNLQL¶V���3LFWXUH%ORFNV���>��@�����'%5���WHFKQLTXHV����VXFK���DV���FR�GHVLJQ���ZRUNVKRSV���ZLWK��
WDUJHW���XVHUV����UDSLG�F\FOH���SURWRW\SLQJ���DQG���FRQWLQXRXV���XVHU�WHVWLQJ����ZHUH���XVHG���WR���GHYHORS���WKH��
WHFKQRORJ\���WRROV���DQG���UHVRXUFHV���HPSOR\HG���E\���WKH���/HDUQLQJ���/RRSV���SURJUDP���

7KH���UHPDLQGHU���RI���WKLV���VHFWLRQ���ZLOO���GHVFULEH���WKH���GHVLJQ���DQG���GHYHORSPHQW���RI���6WRU\%ORFNV���
WKH���FRDFK���UROH����WKH���&RQVROH����DQG���WKH���3OD\���$QDO\WLFV���V\VWHP���ZLWKLQ���WKH���&RQVROH���
�
������6WRU\%ORFNV���'HVLJQ����$���'LJLWDO���$SS���IRU���&KLOGUHQ¶V���1DUUDWLYH���([SUHVVLRQ��
��������%DFNJURXQG���/LWHUDWXUH���WKDW���,QVSLUHG���6WRU\%ORFNV��

*LYHQ���WKH���YDULDQW���QDWXUH���RI���FKLOGUHQ¶V���VWRULHV���DW���GLIIHUHQW���VWDJHV���RI���WKHLU���GHYHORSPHQW���
GHVLJQLQJ���D���SODWIRUP���IRU���FKLOGUHQ¶V���QDUUDWLYH���H[SUHVVLRQ���QHHGV���WR���EH���RSHQ�HQGHG���DQG��
FXVWRPL]DEOH���IRU���FKLOGUHQ���WR���FUHDWH���PXOWLSOH���W\SHV���RI���VWRULHV�����7KH���PDMRULW\���RI���HGXFDWLRQDO���DSSV���RQ��
WKH���PDUNHW���SUHVFULEH���WR���WKH���LQVWUXFWLRQLVW���SDUDGLJP���RI���GHOLYHULQJ���OLWHUDF\���OHVVRQV����ZKHUH���WKH���PDLQ��
PRGH���RI���LQWHUDFWLRQ���LV���GLUHFWHG����VXFK���DV���VHOHFWLQJ���RQH���RI���WZR���SUHGHILQHG���RSWLRQV���LQ���D���³FKRRVH���\RXU��
RZQ���DGYHQWXUH´���VWRU\���>��@����+RZHYHU����UHVHDUFK���VXJJHVWV���WKDW���WKHVH���VWUXFWXUHG����UHZDUGV�EDVHG��
JDPHV���GR���QRW���DOZD\V���OHDG���WR���WKH���EHVW���OHDUQLQJ���RXWFRPHV���IRU���FKLOGUHQ���>��@����,Q���FRQWUDVW���WR���WKLV���
DFWLYLWLHV���IRFXVHG���RQ���FUHDWLRQ���KHOS���FKLOGUHQ���WR���GHYHORS���D���GHHSHU���XQGHUVWDQGLQJ���>��@����HVSHFLDOO\���LQ��
UHODWLRQ���WR���OLWHUDF\���GHYHORSPHQW����2QH���SURSRQHQW���RI���WKLV���LQ���WKH���ILHOG���RI���OLWHUDF\���OHDUQLQJ���LV���0DULD��
0RQWHVVRUL����ZKR���EHOLHYHG���WKDW���FKLOGUHQ���VKRXOG���OHDUQ���ZULWLQJ����WKH���OLWHUDU\���IRUP���RI���FUHDWLRQ����EHIRUH��
UHDGLQJ���>��@����7KLV���LGHD���WKDW���FKLOG�FHQWHUHG����FUHDWLYH���HQYLURQPHQWV���IDFLOLWDWH���GHHSHU���OHDUQLQJ��
DPRQJ���FKLOGUHQ���DOVR���OLHV���DW���WKH���FRUH���RI���3DSHUW¶V������������FRQVWUXFWLRQLVW���DSSURDFK���WR���OHDUQLQJ���>��@����

������)XUWKHU���SXEOLFDWLRQV���RQ���WKH���UHVXOWV���RI���WKLV���VWXG\���ZLOO���EH���UHOHDVHG���ZLWK���WKH���GLVVHUWDWLRQ���RI���-XOLDQD���1D]DUp���
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7KH���JRDO���RI���FRQVWUXFWLRQLVW����RU���GHVLJQ�EDVHG���OHDUQLQJ���HQYLURQPHQWV���LV���WR���FUHDWH���DQ���RSHQ��
VSDFH���ZKLFK���DOORZV���IRU���OHDUQHUV���WR���ILQG���SURMHFWV���WKDW���DUH���SHUVRQDOO\���HQJDJLQJ���DQG���LQWHOOHFWXDOO\��
LQWHUHVWLQJ���UDWKHU���WKDQ���LQVWUXFWRU�GLUHFWHG���OHDUQLQJ���DFWLYLWLHV����5HVQLFN����%UXFNPDQ����DQG���0DUWLQ��
���������SURSRVHG���WZR���SULQFLSOHV���RI���GHVLJQ�EDVHG���OHDUQLQJ���WKDW���FRQWULEXWH���WR���ULFK���OHDUQLQJ��
H[SHULHQFHV����SHUVRQDO���FRQQHFWLRQV����ZKLFK���LQFUHDVH���UHODWHGQHVV���DQG���PRWLYDWLRQ����DQG��
HSLVWHPRORJLFDO���FRQQHFWLRQV����ZKLFK���HQFRXUDJH���QHZ���ZD\V���RI���WKLQNLQJ���WKURXJK���WKH���LWHUDWLYH���GHVLJQ��
SURFHVV���>��@����6LPLODUO\����ZRUN���E\���*HH������������RQ���HGXFDWLRQDO���JDPHV����VXJJHVWV���WKDW���VLJQLILFDQW��
OHDUQLQJ���RFFXUV���WKURXJK���GRLQJ����H[SORULQJ����DQG���FUHDWLQJ����ZKHUH���H[SHULHQWLDO���OHDUQLQJ���WKURXJK��
FRQWH[WXDOL]LQJ���WKH���PDWHULDO���OHQGV���LWVHOI���WR���D���GHHSHU���XQGHUVWDQGLQJ���E\���DSSO\LQJ���NQRZOHGJH���WR��
VROYH���SUREOHPV����UDWKHU���WKDQ���MXVW���PHPRUL]LQJ���IDFWV���>��@����7KLV���LV���HVSHFLDOO\���SHUWLQHQW���IRU���OLWHUDF\��
OHDUQLQJ���DQG���VWRU\WHOOLQJ���WHFKQRORJLHV����EHFDXVH���VWRU\WHOOLQJ���LV���LQKHUHQWO\���D���FRQVWUXFWLRQLVW���DFWLYLW\��
>�@����*LYHQ���WKH���SXUSRVHV���RI���QDUUDWLYHV���WR���FRQYH\���PHDQLQJ���DQG���IRUP���D���VHQVH���RI���LGHQWLW\����PRUH��
RSHQ�HQGHG���SODWIRUPV���DUH���QHFHVVDU\���WR���VXSSRUW���WKH���FRQVWUXFWLRQLVW���QDWXUH���RI���VWRU\WHOOLQJ���

$���JURXS���RI���UHVHDUFKHUV���GHYHORSHG���D���IUDPHZRUN���ZLWK���JXLGHOLQHV���WR���GHWHUPLQH���WKH��
HGXFDWLRQDO���TXDOLW\���RI���FKLOGUHQ¶V���OHDUQLQJ���DSSV���>��@����7KHUH���DUH���IRXU���JXLGHOLQHV����NQRZQ���DV���WKH���IRXU��
SLOODUV����HQJDJH���LQ���DFWLYH���OHDUQLQJ����SURYLGH���PXOWLSOH���SDWKZD\V���RI���HQJDJHPHQW����HQFRXUDJH��
PHDQLQJIXO���OHDUQLQJ����DQG���VXSSRUW���VRPH���IRUP���RI���VRFLDO���LQWHUDFWLYLW\����$OO���RI���WKHVH���SLOODUV���PXVW���EH��
PHW���ZKLOH���VLPXOWDQHRXVO\���LQ���SXUVXLW���RI���D���FOHDU���OHDUQLQJ���JRDO���>��@����7KLV���IUDPHZRUN���LV���FRQVLVWHQW��
ZLWK���WKH���OLWHUDWXUH���RQ���WKH���LPSRUWDQFH���RI���VRFLDO���QXUWXUDQFH���E\���FDUHJLYHUV���DQG���DGXOWV���DQG���DFWLYH��
SDUWLFLSDWLRQ���IRU���WKH���GHYHORSPHQW���RI���FKLOGUHQ
V���QDUUDWLYH���VNLOOV����HVSHFLDOO\���IRU���HDUO\���DQG���PLGGOH��
FKLOGKRRG���>��@����2QH���VWXG\���IRXQG���WKDW���ROGHU���SUHVFKRRO���FKLOGUHQ¶V���QDUUDWLYH���VNLOOV���ZHUH���KLJKHU���IRU��
FKLOGUHQ���ZKRVH���PRWKHUV���HQJDJHG���WKHP���LQ���PRUH���MRLQW���ERRN���UHDGLQJ���>��@����6LPLODUO\����DQRWKHU���VWXG\��
IRXQG���WKDW���FKLOGUHQ���ZKR���ZHUH���JLYHQ���DFWLYH�FKRLFH���GXULQJ���VWRU\�UHODWHG���DFWLYLWLHV���VKRZHG���JUHDWHU��
QDUUDWLYH���VNLOOV���JDLQV���WKDQ���WKRVH���VWXGHQWV���ZKR���ZHUH���LQ���WKH���QR�FKRLFH���FRQGLWLRQ���>��@����,Q���RWKHU��
ZRUGV����DFWLYH���SDUWLFLSDWLRQ���DQG���FKRLFH���ZLWKLQ���QDUUDWLYH���DFWLYLWLHV����VXFK���DV���VWRU\WHOOLQJ���DQG��
UH�HQDFWPHQW����UHODWH���WR���WKH���GHYHORSPHQW���RI���KLJKHU�OHYHO���WKLQNLQJ����VRFLDO���VNLOOV����ODQJXDJH��
GHYHORSPHQW����DQG���FRJQLWLYH���VNLOOV���>�������@����7UHQGV���LQ���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW����VXFK���DV��
FKLOGUHQ���IHHOLQJ���PRWLYDWHG���WR���WHOO���VWRULHV���RI���WKHLU���SHUVRQDO���H[SHULHQFH���>������@����UHLQIRUFH���WKH���QHHG���IRU��
RSHQ�HQGHG���RSSRUWXQLWLHV���IRU���FKLOGUHQ���WR���VKDUH���WKHLU���RZQ���YRLFH���WKURXJK���VWRULHV���

'HVSLWH���WKH���HYLGHQFH���WKDW���FKLOGUHQ¶V���QDUUDWLYH���VNLOOV���WKULYH���ZKHQ���WKH\���FDQ���DFWLYHO\���FUHDWH��
WKHLU���RZQ���VWRULHV���DQG���UHFHLYH���VXSSRUW���IURP���FDULQJ���DGXOWV����YHU\���IHZ���RSHQ�HQGHG���VWRU\WHOOLQJ���DSSV��
H[LVW���IRU���VFKRRO�DJHG���FKLOGUHQ����$���UHSRUW���WKDW���DQDO\]HG���������RI���WKH���PRVW���SRSXODU���OLWHUDF\���DSSV���IRU��
FKLOGUHQ���DJHV���������IRXQG���WKDW���QRQH���RI���WKH���DSSV���DLPHG���WR���VXSSRUW���FKLOGUHQ¶V���FUHDWLYH���DQG���ZULWWHQ��
H[SUHVVLRQ���>��@����:KLOH���VRPH���VWRU\WHOOLQJ���DSSV���IRU���FKLOGUHQ���GR���H[LVW����YHU\���IHZ���RI���WKHP���LQFOXGH���D��
OHYHO���RI���VRFLDO���LQWHUDFWLYLW\����DQG���QRQH���RI���WKHP���XVH���WKH���FKLOG¶V���VWRU\���GDWD���WR���WUDFN���RU���VXSSRUW���WKH��
FKLOG¶V���QDUUDWLYH���SURJUHVV���>��������������������@���

,Q���OLJKW���RI���WKLV���OLWHUDWXUH����ZH���KDYH���EXLOW���WKH���DSS����6WRU\%ORFNV����ZKLFK���LV���GHVLJQHG���WR���EH���DQ��
RSHQ�HQGHG���SODWIRUP���IRU���FKLOGUHQ¶V���QDUUDWLYH���H[SUHVVLRQ���
�
��������6WRU\%ORFNV���'HVLJQ��

6WRU\%ORFNV���DLPV���WR���SURPRWH���FUHDWLYH���H[SUHVVLRQ����OLWHUDF\���GHYHORSPHQW����DQG��
VRFLDO�HPRWLRQDO���GHYHORSPHQW���WKURXJK���VWRU\WHOOLQJ���IRU���FKLOGUHQ���DJHV���VL[���WR���WHQ����,Q���WKLV���DSS���
FKLOGUHQ���FUHDWH���SHUVRQDOO\���JHQHUDWHG����FRPLF�VW\OH���VWRULHV���E\���LQVHUWLQJ���FKDUDFWHUV����VHWWLQJ��
HPRWLRQV����W\SLQJ���GLDORJXH����XVLQJ���ZRUGV���WR���LQVHUW���LPDJHV���WKDW���FXVWRPL]H���VFHQHV����DQG���UHFRUGLQJ��
WKHLU���YRLFHV���WR���QDUUDWH���WKHLU���XQLTXH���VWRULHV����:LWK���6WRU\%ORFNV����ZH���FDQ���FROOHFW���D���FRUSXV���RI��

����



�

FKLOGUHQ¶V���VWRULHV���LQ���RUGHU���WR���EXLOG���DQDO\VLV���WRROV���WKDW���FDQ���GRFXPHQW���FKLOGUHQ¶V���QDUUDWLYH��
GHYHORSPHQW���RYHU���WLPH����6WRU\%ORFNV���DOVR���LQFRUSRUDWHV���VRFLDO���VXSSRUW���E\���FRDFKHV����ZKR���SURYLGH��
SHUVRQDOL]HG���VFDIIROGLQJ���IRU���FKLOGUHQ¶V���QDUUDWLYHV���GLUHFWO\���WKURXJK���WKH���DSS����

(DFK���FKLOG���KDV���D���6WRU\%ORFNV���DFFRXQW���LQ���ZKLFK���WKH\���FDQ���FUHDWH���PXOWLSOH���VWRULHV���
FRQVLVWLQJ���RI���XS���WR���WHQ���IUDPHV����RU���VFHQHV�����7KHUH���DUH���WZR���PDLQ���VFUHHQV���LQ���6WRU\%ORFNV����WKH���KRPH��
VFUHHQ���DQG���WKH���FUHDWH���VFUHHQ����)LJXUH���������GLVSOD\V���WKH���KRPH���VFUHHQ����ZKHUH���FKLOGUHQ���FDQ���VWDUW���QHZ��
VWRULHV����HGLW���SDVW���VWRULHV����DQG���HGLW���WKH���WLWOHV���RI���WKHLU���VWRULHV����)LJXUH���������GHWDLOV���WKH���FUHDWH���VFUHHQ��
ZLWK���WKH���QDYLJDWLRQ���GUDZHU���DW���WKH���WRS����)HDWXUHV���ZLWKLQ���WKH���QDYLJDWLRQ���EDU���DUH���WR���UHWXUQ���KRPH��
�WKHUHE\���VDYLQJ���WKH���VWRU\�����UHFRUG���DQG���SOD\���WKH���DXGLR���QDUUDWLRQ���IRU���HDFK���IUDPH����WRJJOH���EHWZHHQ��
IUDPHV���DQG���SOD\���WKH���FKDUDFWHU���GLDORJXH���IRU���HDFK���IUDPH����DQG���DGG���RU���GHOHWH���IUDPHV����$W���WKH���ERWWRP��
RI���WKH���FUHDWH���VFUHHQ���LV���WKH���FUHDWH���GUDZHU����)LJXUH���������GLVSOD\V���DOO���WKH���IHDWXUHV���RI���WKH���FUHDWH���GUDZHU��
²���L�H�����VHWWLQJ���WKH���EDFNJURXQG����VHOHFWLQJ���FKDUDFWHUV���DQG���HPRWLRQV����LQVHUWLQJ���GLDORJXH���EXEEOHV���DQG��
W\SLQJ���VSHHFK����DQG���XVLQJ���YRFDEXODU\���WR���VHDUFK���DQG���LQVHUW���LWHPV����
�

�
)LJXUH���������6WRU\%ORFNV���+RPH���6FUHHQ���ZLWK���(GLW���7LWOH���)HDWXUH��

�

�
)LJXUH���������6WRU\%ORFNV���&UHDWH���6FUHHQ���ZLWK���WKH���1DYLJDWLRQ���'UDZHU���DQG���)HDWXUHV��

�

����



�

�
)LJXUH���������6WRU\%ORFNV���&UHDWH���6FUHHQ���ZLWK���WKH���&UHDWH���'UDZHU���DQG���)HDWXUHV��

�
7KH���GHVLJQ���RI���HDFK���IHDWXUH���ZDV���JXLGHG���E\���RXU���XQGHUO\LQJ���SHGDJRJLFDO���SULQFLSOHV���DQG���KDYH��

EHHQ���LWHUDWLYHO\���GHYHORSHG���DQG���SOD\�WHVWHG���E\���FKLOGUHQ����)RU���H[DPSOH����WR���DOLJQ���ZLWK���WKH��
RSHQ�HQGHG���QDWXUH���RI���FRQVWUXFWLRQLVW���SOD\����FKLOGUHQ���FDQ���VHOHFW���IURP��������RXWGRRU���VFHQHV���������LQGRRU��
VFHQHV����RU��������FRORUV����DQG���WKH\���FDQ���XVH���WKH���VHDUFK���IHDWXUH���WR���VHDUFK���DQG���LQVHUW���RYHU�����������LPDJHV���
WR���FXVWRPL]H���WKHLU���VHWWLQJ����,Q���WKLV���ZD\����FKLOGUHQ���KDYH���IXOO���DJHQF\���WR���EXLOG���WKHLU���EDFNJURXQGV���DQG��
WHOO���WKHLU���RZQ���VWRU\����DQG���WKH\���DUH���QRW���OLPLWHG���E\���WKH���FKRLFH���RI���EDFNJURXQG���VFHQHV����6LPLODUO\����ZKLOH��
WKHUH���DUH���RQO\���WKUHH���FKDUDFWHUV���LQ���6WRU\%ORFNV²���%RR����.LZL����DQG���/HP²���WKHVH���FKDUDFWHUV���ZHUH��
GHYHORSHG���LQ���FROODERUDWLRQ���ZLWK���6HVDPH���:RUNVKRS����DQG���ZHUH���LQWHQWLRQDOO\���GHVLJQHG���WR���EH���QRYHO��
DQG���DPELJXRXV���LQ���RUGHU���WR���DGDSW���WR���DQ\���FKDUDFWHUV���WKDW���FKLOGUHQ���ZRXOG���ZDQW���WR���UHSUHVHQW���LQ���WKHLU��
VWRULHV����7KHVH���FKDUDFWHUV����FRPELQHG���ZLWK���WKH���DELOLW\���WR���VHDUFK���DQG���LQVHUW���LWHPV���LQ���SODFH���RI��

���,WHPV���FRXUWHV\���RI���)ODWLFRQ�������

����



�

FKDUDFWHUV����H�J�����LQVHUW���WKH���LPDJH���IRU���³GRJ´���WR���VHUYH���DV���D���FKDUDFWHU�����JLYHV���FKLOGUHQ���DJHQF\���RYHU��
WKH���PDLQ���FKDUDFWHUV���RI���WKHLU���VWRU\����

2QH���H[DPSOH���RI���WKH���LWHUDWLYH���GHYHORSPHQW���RI���6WRU\%ORFNV���IHDWXUHV���LV���WKH���LWHP���VHDUFK��
IHDWXUH����7KLV���IHDWXUH���ZDV���DQ���DGDSWDWLRQ���RI���WKH���FRQVWUXFWLRQLVW���OLWHUDF\���DSS����3LFWXUH%ORFNV����ZKLFK��
SLORW���ILQGLQJV���VXJJHVWHG���KLJKO\���HQJDJHG���FKLOGUHQ¶V���H[SORUDWLRQ���RI���VSHOOLQJ���DQG���YRFDEXODU\��
FRQFHSWV���ZKLOH���SURPRWLQJ���D���VHQVH���RI���DXWKRUVKLS���DV���WKH\���FUHDWHG���SHUVRQDOO\�PHDQLQJIXO���GLJLWDO��
SLFWXUHV���>��������@����2WKHU���IHDWXUHV���ZHUH���FR�GHVLJQHG���ZLWK���FKLOGUHQ����VXFK���DV���WKH���HPRWLRQ���VHOHFWLRQ��
IHDWXUH����3OD\�WHVWV���DQG���FR�GHVLJQ���VHVVLRQV���RI���6WRU\%ORFNV���IHDWXUHV���UHYHDOHG���FHUWDLQ���GHVLJQ��
FRQVLGHUDWLRQV���WR���KHOS���VFDIIROG���FKLOGUHQ¶V���QDUUDWLYHV����VXFK���DV���LQFRUSRUDWLQJ���D���³UHDG´���EXWWRQ���ZLWKLQ��
WKH���NH\ERDUG���VR���WKDW���FKLOGUHQ���FRXOG���KHDU���WKHLU���W\SHG���WH[W���UHDG���DORXG���LQ���WKH���FKDUDFWHU¶V���YRLFH���WR���DLG��
LQ���VSHOOLQJ���DQG���SXQFWXDWLRQ����H�J�����IRU���LQIOHFWLRQ�����$OO���RI���WKH���PRGLILFDWLRQV���DQG���DGDSWDWLRQV���WR���WKH��
GHVLJQ���KHOSHG���FUHDWH���D���PRUH���RSHQ�HQGHG���DQG���FKLOG�GULYHQ���DSS���IRU���FKLOGUHQ¶V���QDUUDWLYH���H[SUHVVLRQ���
6HH���$SSHQGL[���$���IRU���WKH���GHYHORSPHQW���RI���6WRU\%ORFNV���DQG���KLVWRU\���RI���GHVLJQ���

$V���D���ILUVW���VWHS���WR���DOLJQ���ZLWK���WKH���VRFLDO���OHDUQLQJ���JXLGLQJ���SULQFLSOH���DQG���WR���DFFRPPRGDWH���WKH��
VRFLDO���GLPHQVLRQ���RI���FKLOGUHQ¶V���QDUUDWLYHV����ZH���GHVLJQHG���WKH���6WRU\���6WLFNLHV���IHDWXUH���IRU���FRDFKHV���WR��
VFDIIROG���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���E\���SURYLGLQJ���IHHGEDFN���RQ���WKHLU���VWRULHV����)LJXUH��������
GHPRQVWUDWHV���WKH���UHFHSWLRQ���RI���D���6WRU\���6WLFN\���ZLWKLQ���6WRU\%ORFNV����2QFH���D���FRDFK���VHQGV���D���6WRU\��
6WLFN\����WKH���FKLOG���JHWV���D���QRWLILFDWLRQ���RQ���WKH���KRPH���VFUHHQ���WR���LQGLFDWH���WKDW���WKH���VWRU\���KDV���D���QHZ���6WLFN\���
:KHQ���WKH\���FOLFN���RQ���WKH���VWRU\����WKH\���FDQ���YLHZ���WKH���6WRU\���6WLFN\���RQ���D���VSHFLILF���VFHQH����7R���VXSSRUW���D��
ODUJH���DJH�UDQJH���RI���FKLOGUHQ���ZLWK���YDULRXV���UHDGLQJ���VNLOOV����FKLOGUHQ���FDQ���KHDU���WKH���VWLFN\���UHDG���DORXG���WR��
WKHP����RU���WKH\���FDQ���UHDG���LW���WKHPVHOYHV����7R���LQFUHDVH���FKLOGUHQ¶V���VHQVH���RI���DJHQF\���DQG���DXWKRUVKLS����WKH\��
KDYH���WKH���DELOLW\���WR���GHOHWH���WKH���6WRU\���6WLFNLHV���E\���WKH���FRDFK���ZKHQHYHU���WKH\���ZRXOG���OLNH���
�

�
)LJXUH���������6WRU\%ORFNV���1RWLILFDWLRQ���DQG���9LHZ���RI���&RDFK���6WRU\���6WLFN\��

�
7R���DOLJQ���ZLWK���WKH���/HDUQLQJ���/RRSV���DSSURDFK����6WRU\%ORFNV���ZDV���GHVLJQHG���WR���EH���D���VPDUW���

H[SUHVVLYH���PHGLXP����6WRU\%ORFNV���LV���DQ���H[SUHVVLYH���PHGLXP���EHFDXVH���LW���DOORZV���FKLOGUHQ���WR���XVH��
ZRUGV����LPDJHV����DQG���YRLFH���WR���FUHDWH���DQG���VDYH���SHUVRQDOO\���PHDQLQJIXO���VWRULHV���DERXW���DQ\WKLQJ���WKH\��
ZRXOG���OLNH����6WRU\%ORFNV���LV���D���VPDUW���PHGLXP���EHFDXVH���LW���LV���UHVSRQVLYH���DQG���LW���UHPHPEHUV����:KHQ���D��
FKLOG���FRQVWUXFWV���VWRULHV����WKH���PHGLXP���UHVSRQGV���E\���SURQRXQFLQJ���WKH���GLDORJXH���XVLQJ���WKH���SKRQHWLF��
UXOHV���RI���(QJOLVK���WR���VSHDN���LQ���WKH���FKDUDFWHU¶V���YRLFH����DQG���FRQYHUWLQJ���RYHU�����������ZRUGV���LQWR���LPDJHV��
WR���FXVWRPL]H���HDFK���VFHQH����6WRU\%ORFNV���UHPHPEHUV���LQ���WKH���VHQVH���WKDW���DOO���LQWHUDFWLRQV���ZLWKLQ���WKH��
PHGLXP���DUH���UHFRUGHG���DW���ILQH���JUDQXODULW\���ZLWK���WLPH���VWDPSV����7KLV���FROOHFWLRQ���RI���ORQJLWXGLQDO���GDWD��
HQDEOHV���WKH���DQDO\VLV���RI���FKLOG���EHKDYLRU����DELOLWLHV����WUHQGV����DQG���OHDUQLQJ���WUDMHFWRULHV����,Q���RUGHU���WR���PDNH��
WKLV���ULFK���GDWD���PHDQLQJIXO����D���KXPDQ���FRDFK���LV���QHHGHG���

����
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�
������)DPLO\���/HDUQLQJ���&RDFKHV��

)DPLO\���/HDUQLQJ���&RDFKHV���DLP���WR���SURPRWH���FKLOGUHQ¶V���OLWHUDF\���VNLOOV���DQG���QDUUDWLYH��
GHYHORSPHQW���WKURXJK���SOD\���DQG���VXSSRUW���IDPLO\���HQJDJHPHQW���LQ���FKLOGUHQ¶V���OHDUQLQJ���SURFHVV����,Q��
RUGHU���WR���EH���VXFFHVVIXO����WKH���FRDFK���PXVW���IRUP���D���SRVLWLYH���DQG���WUXVWLQJ���UHODWLRQVKLS���ZLWK���WKH���IDPLO\���
KDYH���D���EDFNJURXQG���NQRZOHGJH���RI���FKLOGUHQ¶V���ODQJXDJH���DQG���OLWHUDF\���GHYHORSPHQW����DQG���DOLJQ���ZLWK���D��
FRQVWUXFWLRQLVW���SHGDJRJ\����IROORZLQJ���D���SOD\IXO���GHILQLWLRQ���RI���OHDUQLQJ���

7KH���UROH���RI���D���FRDFK���LQ���VXSSRUWLQJ���FKLOGUHQ¶V���QDUUDWLYH���LV���WZR�IROG����&RDFKHV���ERWK���VXSSRUW��
IDPLOLHV���LQ���XQGHUVWDQGLQJ���DQG���FRQWH[WXDOL]LQJ���WKHLU���FKLOGUHQ¶V���QDUUDWLYH���OHDUQLQJ���SURFHVV���LQ���RUGHU��
WR���HPSRZHU���SDUHQWV���WR���FR�HQJDJH���ZLWK���WKHLU���FKLOGUHQ����DQG���GLUHFWO\���VXSSRUW���FKLOGUHQ¶V���QDUUDWLYH��
GHYHORSPHQW���E\���XVLQJ���WKH���GDWD���IURP���FKLOGUHQ¶V���6WRU\%ORFNV���VWRULHV���WR���SURYLGH���IHHGEDFN���DQG��
VFDIIROG���WKH���VWRU\WHOOLQJ���SURFHVV���

,Q���RUGHU���WR���EH���D���VXFFHVVIXO���)DPLO\���/HDUQLQJ���&RDFK���DQG���DGG���YDOXH���IRU���WKH���FKLOGUHQ���DQG��
FDUHJLYHUV���SDUWLFLSDWLQJ���LQ���/HDUQLQJ���/RRSV����FRDFKHV���KDYH���ILYH���PDLQ���UHVSRQVLELOLWLHV����&RDFKHV��
PXVW����������EXLOG���D���SRVLWLYH����WUXVWLQJ���UHODWLRQVKLS���ZLWK���IDPLOLHV����������PDLQWDLQ���SRVLWLYH����UHVSRQVLYH��
FRPPXQLFDWLRQ���ZLWK���IDPLOLHV����������XVH���WKH���&RQVROH���WR���DQDO\]H���SOD\����LQWHUDFW���ZLWK���FKLOGUHQ����DQG��
FRPSRVH���DQG���VHQG���XSGDWHV���DQG���DFWLYLWLHV���WR���FDUHJLYHUV����������IRVWHU���FRPPXQLW\�EXLOGLQJ���EHWZHHQ��
IDPLOLHV���DW���WKH���LQ�SHUVRQ���ZRUNVKRSV����DQG���������FRQQHFW���ZLWK���&RRUGLQDWRUV���DQG���VXSSRUW���IHOORZ��
FRDFKHV���

7R���EHFRPH���D���FRDFK����FRDFKHV���DWWHQG���D���RQH�GD\���WUDLQLQJ���IDFLOLWDWHG���E\���&RRUGLQDWRUV����L�H����
UHVHDUFK���VWDII���ZKR���KDYH���SUHYLRXVO\���VHUYHG���DV���FRDFKHV�����'XULQJ���WKLV���WUDLQLQJ���FRDFKHV���XVH���WKH��
&RDFK���+DQGERRN����VHH���H[FHUSWV���IURP���&RDFK���+DQGERRN���LQ���$SSHQGL[���%����WR���JXLGH���WKHP���LQ���OHDUQLQJ��
WKH���UHVSRQVLELOLWLHV���RI���D���FRDFK����KRZ���WR���XVH���WKH���&RQVROH����EHVW���SUDFWLFHV���IRU���FRPPXQLFDWLQJ���ZLWK��
IDPLOLHV����KRZ���WR���IDFLOLWDWH���LQ�SHUVRQ���ZRUNVKRSV����DQG���SURYLGH���KDQGV�RQ���H[DPSOHV���DQG���DGGLWLRQDO��
UHVRXUFHV����$IWHU���WKH���WUDLQLQJ����FRDFKHV���UHFHLYH���FRQWLQXHG���SURIHVVLRQDO���GHYHORSPHQW���IURP��
&RRUGLQDWRUV���GXULQJ���EL�ZHHNO\���YLGHR���FKHFN�LQV���DQG���D���SULYDWH���FRDFK���PHVVDJLQJ���WKUHDG����7KH��
SXUSRVHV���RI���WKHVH���FRPPXQLFDWLRQ���FKDQQHOV���ZLWK���&RRUGLQDWRUV���DQG���IHOORZ���FRDFKHV���DUH���WR���VKDUH��
DQQRXQFHPHQWV����DVN���TXHVWLRQV����SURYLGH���VXSSRUW����VKDUH���UHVRXUFHV����DQG���EUDLQVWRUP���LGHDV���

7KH���PDMRULW\���RI���WKH���FRDFK¶V���UHVSRQVLELOLWLHV���DUH���FDUULHG���RXW���WKURXJK���WKH���&RQVROH����ZKLFK��
DOORZV���FRDFKHV���WR���ERWK���VHUYH���IDPLOLHV���DW���D���GLVWDQFH���DQG���DGDSW���WKHLU���FRDFKLQJ���WLPH���WR���WKHLU���VSHFLILF��
VFKHGXOHV����7KH���&RQVROH���ZDV���VSHFLILFDOO\���GHVLJQHG���WR���VXSSRUW���WKH���UROH���RI���D���FRDFK���

�
������&RDFK���&RQVROH���'HVLJQ����'LJLWDO���7RRO���IRU���9LHZLQJ���DQG���6XSSRUWLQJ��
&KLOGUHQ¶V���1DUUDWLYHV��
��������'HVLJQ���RI���WKH���&RDFK���&RQVROH���IRU���&KLOGUHQ¶V���1DUUDWLYHV��

7KH���&RDFK���&RQVROH���LV���WKH���FXVWRP�EXLOW���WRRO���IRU���FRDFKHV���WKDW���DOORZV���WKHP���WR���FRPPXQLFDWH��
ZLWK���FKLOGUHQ���DQG���FDUHJLYHUV���DQG���DQDO\]H���VWRU\���GDWD����7KURXJK���WKH���&RQVROH����FRDFKHV���FDQ���PHVVDJH��
SDUHQWV����DQDO\]H���SOD\����LQWHUDFW���ZLWK���FKLOGUHQ���YLD���6WRU\���6WLFNLHV����FRPSRVH���DQG���VHQG���XSGDWHV���DQG��
FDUHJLYHU�FKLOG���DFWLYLWLHV���WR���IDPLOLHV����DQG���FRQQHFW���ZLWK���&RRUGLQDWRUV����7KH���JRDO���RI���WKH���&RQVROH���LV��
WR���SURYLGH���D���GLJLWDO���SODWIRUP���IRU���FRDFKHV���WR���DQDO\]H���FKLOGUHQ¶V���QDUUDWLYHV���DQG���VXSSRUW���FKLOGUHQ��
DQG���IDPLOLHV���LQ���WKH���QDUUDWLYH���SURFHVV���LQ���D���V\VWHPDWLF���DQG���HIILFLHQW���PDQQHU����

7KH���GHVLJQ���RI���WKH���&RQVROH���IRU���6WRU\%ORFNV���LV���PRGHOHG���RQ���WKH���&RDFK���&RQVROH���IRU��
6SHHFK%ORFNV����ZKHUH���HDFK���FRDFK���WDVN���LV���VHSDUDWHG���LQWR���WDEV���WKDW���D���FRDFK���PXVW���JR���WKURXJK���WR���FDUU\��
RXW���WKHLU���UHVSRQVLELOLWLHV����+RZHYHU����VLQFH���WKH���SURFHVV���RI���DQDO\]LQJ���DQG���VXSSRUWLQJ���QDUUDWLYHV���LV��

����



�

PRUH���FRPSOH[���WKDQ���VSHOOLQJ���DQG���YRFDEXODU\����WKH���&RQVROH���IRU���6WRU\%ORFNV���KDV���PRUH���FDSDELOLWLHV��
DQG���UHTXLUHV���PRUH���LQWHUDFWLRQ���IURP���WKH���FRDFK����7KH���&RQVROH���IRU���6WRU\%ORFNV���FRQVLVWV���RI���WKUHH��
SDJHV����WKH���KRPH���VFUHHQ����WKH���FDUHJLYHU���PHVVDJHV����DQG���WKH���FRDFK���LQIR���VFUHHQ����:LWKLQ���WKH���KRPH��
VFUHHQ����FRDFKHV���FDQ���VHH���HDFK���RI���WKH���FKLOGUHQ���WKH\���FRDFK����:KHQ���WKH\���FOLFN���RQ���D���FKLOG����WKH\���KDYH��
DFFHVV���WR���ILYH���WDEV���FRUUHVSRQGLQJ���WR���WKHLU���UHVSRQVLELOLWLHV����������RYHUYLHZ����������DQDO\]H����������LQWHUDFW���
������XSGDWH����DQG���������ILQLVK����

)LJXUH���������VKRZV���WKH���KRPH���VFUHHQ���RI���WKH���&RQVROH����7KH���KRPH���VFUHHQ���LV���WKH���LQLWLDO���VFUHHQ��
DIWHU���WKH���FRDFK���VLJQV���LQWR���WKH���&RQVROH����7KH���WLOHV���UHSUHVHQW���DOO���WKH���FKLOGUHQ���WKDW���WKH���FRDFK���ZRUNV��
ZLWK����DQG���QRWLILHV���WKH���FRDFK���RI���QHZ���SOD\���VLQFH���WKH\���ODVW���FKHFNHG���WKH���&RQVROH���DV���ZHOO���DV���DQ\���QHZ��
FDUHJLYHU���PHVVDJHV���
�

�
)LJXUH���������7KH���+RPH���6FUHHQ���RI���WKH���&RDFK���&RQVROH���

�
:KHQ���WKH���FRDFK���VHOHFWV���D���FKLOG¶V���WLOH����WKH\���HQWHU���LQWR���WKH���FKLOG¶V���SOD\���ZLWK���DFFHVV���WR���WKH��

ILYH���WDEV����7KH���ILUVW���WZR���WDEV���RI���WKH���&RQVROH����L�H�����RYHUYLHZ���DQG���DQDO\]H����DUH���SRZHUHG���E\���3OD\��
$QDO\WLFV����ZKLFK���DUH���GHVFULEHG���LQ���PRUH���GHWDLO���LQ���WKH���IROORZLQJ���VHFWLRQ����,Q���WKH���RYHUYLHZ���WDE����VHH��
ILJXUH����������FRDFKHV���FDQ���YLHZ���D���VXPPDU\���RI���WKH���DFFXPXODWLRQ���RI���WKH���3OD\���$QDO\WLFV����L�H�����6WRU\��
6WDWV���DQG���6WRU\���$QQRWDWLRQV����DFURVV���DOO���GD\V���RI���6WRU\%ORFNV���SOD\���IRU���WKH���FKLOG����7KH���RYHUYLHZ���WDE��
LV���PHDQW���WR���UHSUHVHQW���WKH���RYHUYLHZ���RI���WKH���FKLOG¶V���SURJUHVV���DQG���SOD\���SDWWHUQV����H�J�����PLQXWHV���RI��
SOD\����RYHU���WLPH����7KH���GDWD���IURP���WKH���RYHUYLHZ���WDE���LV���GHULYHG���IURP���WKH���LQGLYLGXDO���LQVWDQFHV���RI���SOD\��
DQG���DQQRWDWLRQV���LQ���WKH���DQDO\]H���WDE���

�

����



�

�
)LJXUH���������7KH���2YHUYLHZ���7DE���ZLWKLQ���WKH���&RDFK���&RQVROH���

�
7KH���QH[W���WDE���LV���WKH���DQDO\]H���VFUHHQ����VHH���ILJXUH����������IRU���HDFK���LQGLYLGXDO���VWRU\����7KH���VWRULHV��

DUH���GLYLGHG���LQWR���VWRU\���VHVVLRQV����DOVR���NQRZQ���DV���WLPH���PDUNHUV�����ZKLFK���DUH���GHILQHG���DV���WKH���SOD\��
EHWZHHQ���HDFK���FRDFK�VHQW���FDUHJLYHU���XSGDWH����&RDFKHV���VHOHFW���RQH���RI���WKH���VWRULHV���IURP���WKH���VWRU\���EDU��
RQ���WKH���OHIW���WR���YLHZ���DQG���DQQRWDWH���HDFK���VWRU\���VHVVLRQ����,Q���WKH���DQDO\]H���WDE����FRDFKHV���FDQ���YLHZ���WKH���VWRU\��
LWVHOI���HLWKHU���IUDPH�E\�IUDPH���LQ���WKH���3OD\���0RGH����RU���DV���D���VSHG���XS���YLGHR���RI���WKH���FKLOG¶V���HQWLUH���VWRU\��
SURFHVV���LQ���WKH���3URFHVV���0RGH����,I���FKLOGUHQ���UHFRUGHG���DXGLR���QDUUDWLRQ���IRU���D���JLYHQ���IUDPH����WKH\���FDQ��
FOLFN���RQ���WKH���VSHDNHU���EXWWRQ���WR���KHDU���WKH���FKLOG¶V���DXGLR���FOLS����%HORZ���WKH���VWRU\���DUH���WKH���6WRU\���6WDWV���
ZKLFK���DUH���WKH���DXWRPDWHG���VWRU\���GDWD���UHODWHG���WR���OHDUQLQJ���SDWWHUQV���SXOOHG���IURP���WKH���FKLOG¶V���VWRU\����H�J����
LWHPV���VHDUFKHG����LWHPV���XVHG����FKDUDFWHUV����HPRWLRQDO���YRFDEXODU\����DQG���SUHVHQWHG���DV���D���OLVW���IRU���FRDFKHV��
WR���UHYLHZ����7KH���SXUSRVH���RI���WKH���6WRU\���6WDWV���DUH���WR���SUHVHQW���D���VQDSVKRW���RI���GDWD���WR���FRPSOHPHQW���WKH��
FKLOG¶V���VWRU\���DQG���LQIRUP���WKH���FRDFK¶V���6WRU\���$QQRWDWLRQV����6WRU\���$QQRWDWLRQV���DUH���D���FRDFK
V��
WZR�PLQXWH����VXSSOHPHQWDO���DQDO\VLV���RI���HOHPHQWV���RI���WKH���VWRU\���WKDW���FDQQRW���EH���DXWRPDWLFDOO\���GHWHFWHG��
E\���DOJRULWKPV����6WRU\���$QQRWDWLRQV���DUH���FUXFLDO���WR���DQDO\]LQJ���WKH���VWRU\���KROLVWLFDOO\���DQG���LQFOXGH���WKH��
PHDQLQJ���DQG���SORW���RI���WKH���VWRU\����ZKHWKHU���WKH���VWRU\���IROORZV���D���FRKHUHQW���VHTXHQFH����DQG���WKH���OHYHO���RI��
GHWDLO���XVHG���LQ���WKH���VWRU\����&RDFKHV���DUH���H[SHFWHG���WR���FUHDWH���6WRU\���$QQRWDWLRQV���IRU���HDFK���VWRU\���WKDW���D��
FKLOG���ZRUNHG���RQ���GXULQJ���D���JLYHQ���VWRU\���VHVVLRQ����XVXDOO\���DERXW���������GD\V�����7R���DLG���LQ���WKHLU��
LQWHUSUHWDWLRQ����FRDFKHV���FRXOG���YLHZ���WKH���FKLOG¶V���VWRU\���IURP���WKH���3OD\���DQG���3URFHVV���0RGHV����SURYLGLQJ��
H[WUD���LQVLJKW���LQWR���WKH���FKLOG¶V���LQWHQWLRQV���IRU���WKH���VWRU\���

����



�

�

�
)LJXUH���������7KH���$QDO\]H���7DE���ZLWK���6WRU\���6WDWV���DQG���6WRU\���$QQRWDWLRQ���LQ���WKH���&RDFK���&RQVROH���

�
$IWHU���DQDO\]LQJ���WKH���VWRU\����FRDFKHV���XVH���WKH���LQWHUDFW���WDE���WR���GLUHFWO\���LQWHUDFW���ZLWK���WKH���FKLOG���E\��

VHOHFWLQJ���D���VWRU\���ZLWKLQ���WKH���FXUUHQW���VWRU\���VHVVLRQ���DQG���JLYLQJ���IHHGEDFN���YLD���6WRU\���6WLFNLHV����VHH��
ILJXUH�����������&RDFKHV���FDQ���WRJJOH���EHWZHHQ���WKHLU���DQDO\VLV���DQG���WKH���LQWHUDFW���WDE���WR���XVH���WKHLU��
DQQRWDWLRQV���WR���LQIRUP���WKH���FRQWHQW���RI���WKHLU���IHHGEDFN����&RDFKHV���FDQ���SODFH���WKHLU���6WLFN\���RQWR���DQ\���SDUW��
RI���WKH���VFHQH����DQG���PDNH���PXOWLSOH���6WLFNLHV���SHU���VWRU\����3UHYLRXVO\���UHVROYHG���6WRU\���6WLFNLHV���RQ���D���JLYHQ��
VWRU\���DUH���GLVSOD\HG���EHORZ���IRU���UHIHUHQFH���
�

�
)LJXUH���������7KH���,QWHUDFW���7DE���ZLWK���6WRU\���6WLFNLHV���LQ���WKH���&RDFK���&RQVROH��

����



�

�
,Q���WKH���XSGDWH���WDE���FRDFKHV���FRPSRVH���VKRUW����WZR�VHQWHQFH���FDUHJLYHU���XSGDWHV���DERXW���WKH��

OHDUQLQJ���PRPHQWV���WKDW���RFFXUUHG���LQ���WKH���VWRU\���VHVVLRQ����VHH���ILJXUH�����������7KLV���XSGDWH���LV���VHQW���WR���WKH��
FDUHJLYHUV���YLD���WH[W���PHVVDJH����7R���FRPSRVH���DQ���XSGDWH���DERXW���WKH���FKLOG¶V���SOD\����WKH���FRDFK���ILUVW��
FDWHJRUL]HV���WKH���XSGDWH���E\���VHOHFWLQJ���D���FDWHJRU\���IURP���WKH���GURSGRZQ���PHQX����DQG���WKHQ���W\SHV���WKH��
XSGDWH���LQ���WKH���WH[WER[����&RDFKHV���FDQ���XVH���WKH���³FKDQJH���SURPSW´���EXWWRQ���WR���VHOHFW���IURP���GLIIHUHQW��
VHQWHQFH���SURPSWV���WR���KHOS���VWUXFWXUH���FDUHJLYHU���XSGDWHV����(DFK���ZHHN����FRDFKHV���PXVW���VHQG���RQH��
FDUHJLYHU�FKLOG���DFWLYLW\���DORQJ���ZLWK���WKHLU���XSGDWH���E\���XVLQJ���WKH���WH[WER[���EHORZ���WKH���XSGDWH���WR���ZULWH���LQ��
DQ���DFWLYLW\���WKDW���UHODWHV���WR���WKH���XSGDWH���EHLQJ���VHQW����3UHYLRXVO\���VHQW���XSGDWHV���DUH���GLVSOD\HG���EHORZ���IRU��
UHIHUHQFH����7KHVH���XSGDWHV���DQG���WKH���DFWLYLWLHV���DUH���LQIRUPHG���E\���WKH���6WRU\���$QQRWDWLRQV���

�

�
)LJXUH���������7KH���8SGDWH���7DE���ZLWK���&DUHJLYHU���8SGDWHV���DQG���$FWLYLWLHV���LQ���WKH���&RDFK���&RQVROH���

�
7KH���ILQDO���WDE���LV���WKH���ILQLVK���EXWWRQ����VHH���ILJXUH������������2QFH���FRDFKHV���DQDO\]H����LQWHUDFW����DQG��

FRPSRVH���XSGDWHV����WKH\���FOLFN���RQ���WKH���ILQLVK���WDE���WR���UHYLHZ���DQG���VFKHGXOH���FDUHJLYHU���XSGDWHV����DQG���VHQG��
6WRU\���6WLFNLHV����&DUHJLYHU���XSGDWHV���DQG���DFWLYLWLHV���DUH���VFKHGXOHG���WR���VHQG���GLUHFWO\���WR���WKH���FDUHJLYHU¶V��
SKRQH���RQ���0RQGD\����:HGQHVGD\����DQG���)ULGD\���DW�������SP����&RDFKHV���PD\���FUHDWH���DQG���HGLW���XSGDWHV���DQ\��
WLPH���EHIRUH���WKH���VFKHGXOHG���VHQG���WLPH����)RU���6WRU\���6WLFNLHV����WKHVH���DUH���VHQW���GLUHFWO\���WR���WKH���FKLOG¶V��
6WRU\%ORFNV���GHYLFH���DV���VRRQ���DV���WKH���FRDFK���FOLFNV���WKH���³VHQG´���EXWWRQ���
�

����



�

�
)LJXUH����������7KH���)LQLVK���7DE���LQ���WKH���&RDFK���&RQVROH���

�
$QRWKHU���LPSRUWDQW���UHVSRQVLELOLW\���RI���WKH���FRDFK���LV���WR���PDLQWDLQ���UHVSRQVLYH���FRPPXQLFDWLRQ��

ZLWK���FDUHJLYHUV����,Q���RUGHU���WR���GR���WKLV����WKH���&RQVROH���LQFOXGHV���D���PHVVDJLQJ���IHDWXUH���FDOOHG���FDUHJLYHU��
PHVVDJHV����VHH���ILJXUH������������&RDFKHV���FDQ���DFFHVV���FDUHJLYHU���PHVVDJHV���E\���FOLFNLQJ���RQ���D���FDUHJLYHU��
ZLWKLQ���WKH���KRPH���VFUHHQ����7KLV���IHDWXUH���UHVHPEOHV���D���WUDGLWLRQDO���PHVVDJLQJ���VHUYLFH����ZKHUH���FRDFKHV��
FDQ���YLHZ���DOO���WKHLU���FRPPXQLFDWLRQ���ZLWK���WKH���VSHFLILF���FDUHJLYHU����H�J����XSGDWHV���VHQW����FDUHJLYHU���WH[W��
PHVVDJHV����ZLWKLQ���D���JLYHQ���WH[W���WKUHDG����0RUH���LQIRUPDWLRQ���DERXW���WKH���FDUHJLYHU���LV���GLVSOD\HG���RQ���WKH��
ULJKW����DQG���FRDFKHV���FDQ���FDOO���WKH���FDUHJLYHU¶V���FHOO���SKRQH���E\���XVLQJ���WKH���EOXH���EXWWRQ����2Q���WKH���OHIW���DUH���DOO��
WKH���FDUHJLYHUV���WKDW���D���FRDFK���LV���DVVLJQHG���WR����DQG���FRDFKHV���FDQ���YLHZ���WKH���PHVVDJH���WKUHDG���ZLWK���DQ\��
FDUHJLYHU���E\���VHOHFWLQJ���WKH���FDUHJLYHU���QDPH���RQ���WKH���OHIW����7R���SURWHFW���WKH���SHUVRQDO���LQIRUPDWLRQ���RI���WKH��
FRDFKHV���DQG���FDUHJLYHUV����FRDFKHV���DQG���IDPLOLHV���DUH���JLYHQ���SVHXGR���SKRQH���QXPEHUV���WKDW���FRQQHFW���WR��
WKH���&RQVROH���DQG���WKH���FDUHJLYHU¶V���SKRQH����$GGLWLRQDOO\����UDWKHU���WKDQ���FRQQHFWLQJ���WKH���FRDFK¶V���SKRQH��
GLUHFWO\����WKH���&RQVROH���VHQGV���DQ���DOHUW���WH[W���WR���WKH���FRDFK���ZKHQ���D���FDUHJLYHU���KDV���VHQW���D���PHVVDJH���
SURPSWLQJ���WKH���FRDFK���WR���ORJLQ���WR���WKH���&RQVROH���WR���YLHZ���DQG���UHVSRQG���WR���WKH���FDUHJLYHU���PHVVDJH����7KLV��
LV���WR���HQVXUH���WKDW���DOO���WH[W���PHVVDJH���FRPPXQLFDWLRQ���EHWZHHQ���FRDFKHV���DQG���FDUHJLYHUV���DUH��
GRFXPHQWHG���WKURXJK���WKH���&RQVROH����
�

����



�

�
)LJXUH����������&DUHJLYHU���0HVVDJHV���6FUHHQ���LQ���WKH���&RDFK���&RQVROH���

�
7KH���ILQDO���VFUHHQ���RI���WKH���&RQVROH���LV���WKH���FRDFK���LQIR���VFUHHQ����VHH���ILJXUH������������ZKLFK���LV��

DFFHVVHG���E\���FOLFNLQJ���RQ���WKH���FRDFK���SKRWR���LQ���WKH���WRS���ULJKW���FRUQHU���RI���WKH���&RQVROH����7KLV���VFUHHQ��
SURYLGHV���WKH���QHFHVVDU\���UHVRXUFHV���DQG���OLQNV���WR���VXSSRUWV���IRU���FRDFKHV����7KLV���SDJH���OLQNV���WR���D���GLJLWDO��
3')���RI���WKH���&RDFK���+DQGERRN����ZKLFK���SURYLGHV���DOO���WKH���PDWHULDO���FRYHUHG���GXULQJ���FRDFK���WUDLQLQJ���DQG��
SURYLGHV���D���KRZ�WR���JXLGH���IRU���WKH���&RQVROH����7R���FUHDWH���D���VXSSRUWLYH���FRPPXQLW\���RI���FRDFKHV����WKLV���SDJH��
OLQNV���WR���D���SULYDWH���&RDFK���*URXS0H���&KDQQHO���WKDW���FRDFKHV���FDQ���XVH���WR���PHVVDJH���HDFK���RWKHU����DVN��
TXHVWLRQV����VKDUH���LGHDV����RU���SURYLGH���IHHGEDFN���DQG���VXSSRUW����2QFH���HYHU\���RWKHU���ZHHN���FRDFKHV���XVH���WKLV��
SDJH���WR���MRLQ���WKH���&RDFK�&RRUGLQDWRU���&KHFN�LQV���YLD���*RRJOH���+DQJRXWV����ZKHUH���&RRUGLQDWRUV���VKDUH��
LQIRUPDWLRQ���DQG���SURYLGH���RQJRLQJ���VXSSRUW���IRU���FRDFKHV���GXULQJ���WKH���SURJUDP����)LQDOO\����WKLV���LQIR��
VFUHHQ���FRQWDLQV���FRDFK���SURILOH���LQIRUPDWLRQ����VXFK���DV���WKH���FRDFK¶V���HPDLO���DGGUHVV����SVHXGR���SKRQH��
QXPEHU����WKHLU���/HDUQLQJ���/RRSV���QXPEHU�����DQG���WKH���ORJRXW���OLQN���
�

����



�

�
)LJXUH����������7KH���&RDFK���,QIR���6FUHHQ���LQ���WKH���&RDFK���&RQVROH���

�
7KH���&RQVROH¶V���GHVLJQ���HPERGLHV���WKH���/HDUQLQJ���/RRSV���DSSURDFK���LQ���VHYHUDO���ZD\V����)LUVW����E\��

VHQGLQJ���6WLFNLHV���DQG���FRPLQJ���XS���ZLWK���FUHDWLYH���DFWLYLWLHV���IRU���IDPLOLHV���WR���GR���WRJHWKHU����WKH���&RQVROH��
VXSSRUWV���FRDFK���HQJDJHPHQW���LQ���WKHLU���RZQ���SOD\IXO���OHDUQLQJ���SURFHVV����6HFRQG����WKH���FDUHJLYHU���XSGDWHV��
DQG���FDUHJLYHU���PHVVDJHV���HQFRXUDJH���VRFLDO���OHDUQLQJ���E\���SURPRWLQJ���FR�HQJDJHPHQW���DQG��
FRPPXQLFDWLRQ���EHWZHHQ���D���VXSSRUWLYH���FRPPXQLW\���OHDUQLQJ���QHWZRUN����7KLUG����WKH���6WRU\���6WLFNLHV��
IHDWXUH���DOORZV���FRDFKHV���WR���WDLORU���WKHLU���VFDIIROGLQJ���WR���PHHW���WKH���FKLOG¶V���QHHGV���DQG���VXSSRUW���WKH��
QDUUDWLYH���SURFHVV����)RXUWK����WKH���&RQVROH���LV���SRZHUHG���E\���3OD\���$QDO\WLFV����ZKLFK���FRPELQHV���KXPDQ���DQG��
PDFKLQH���DQDO\VLV���VNLOOV���WR���GRFXPHQW���DQG���DQDO\]H���FKLOGUHQ¶V���QDUUDWLYHV���
�
������3OD\���$QDO\WLFV���IRU���6WRU\%ORFNV����'RFXPHQWLQJ���DQG���$QDO\]LQJ���&KLOGUHQ¶V��
1DUUDWLYHV��
��������%DFNJURXQG���/LWHUDWXUH���WKDW���,QVSLUHG���3OD\���$QDO\WLFV���IRU���&KLOGUHQ¶V���1DUUDWLYHV��

,Q���RUGHU���WR���DOLJQ���ZLWK���DQ���RSHQ�HQGHG���SODWIRUP���IRU���FKLOGUHQ¶V���QDUUDWLYH���H[SUHVVLRQ����WKH��
PHWKRG���RI���DQDO\VLV���PXVW���EH���DEOH���WR���HQFRPSDVV���PDQ\���W\SHV���RI���VWRULHV���DQG���DFFRXQW���IRU���D���UDQJH���RI��
QDUUDWLYH���VNLOOV���VR���DV���QRW���WR���SXQLVK���FKLOGUHQ���IRU���HQJDJLQJ���LQ���YDULRXV���VW\OHV���RI���FUHDWLYH���H[SUHVVLRQ��
>��������@����7KH���IHZ���VWDQGDUGL]HG���PHWULFV���WKDW���H[LVW���WR���PHDVXUH���FKLOGUHQ¶V���QDUUDWLYH���VNLOOV���DUH��
LQVXIILFLHQW����7KH���PDMRULW\���RI���WKHP���GR���QRW���PHDVXUH���FKLOGUHQ¶V���SHUVRQDOO\�JHQHUDWHG���QDUUDWLYHV����EXW��
LQVWHDG���PHDVXUH���D���FKLOG¶V���UHWHOOLQJ���RI���D���OHVV���WKDQ���LQVSLULQJ���VWRU\���>������@����7KHUH���DUH���WZR���NQRZQ��
VWDQGDUGL]HG���PHDVXUHV���WKDW���DUH���WKH���H[FHSWLRQ����H[DPLQLQJ���HLWKHU���FKLOGUHQ¶V���VWRULHV���EDVHG���RQ��
SURPSWLQJ���SLFWXUHV���RU���FKLOGUHQ¶V���SHUVRQDOO\�JHQHUDWHG���QDUUDWLYHV����7KH���7HVW���RI���1DUUDWLYH���/DQJXDJH��
�71/������>��@���DQG���WKH���1DUUDWLYH���/DQJXDJH���0HDVXUHV¶���7HVW���RI���3HUVRQDO���*HQHUDWLRQ����73*����>��@���

����



�

7KH���ODUJHVW���OLPLWDWLRQ���IRU���ERWK���RI���WKHVH���PHDVXUHV���LV���WKDW���WKH\���RQO\���IRFXV���RQ���WKH���PHFKDQLFV���DQG��
VWUXFWXUH���RI���FKLOGUHQ¶V���VWRULHV����PRVW���OLNHO\���EHFDXVH���WKHVH���DUH���PRUH���HDVLO\���PHDVXUDEOH���>��@����$��
IXUWKHU���OLPLWDWLRQ���RI���WKH���71/�����LV���WKDW���FKLOGUHQ¶V���VFRUHV���DUH���QHJDWLYHO\���LPSDFWHG���ZKHQ���WKH\���WHOO��
PRUH���FUHDWLYH���VWRULHV���LQVSLUHG���E\���D���SLFWXUH���>��@���

7KLV���IRFXV���RQ���WKH���PHFKDQLFV���DQG���GHLQFHQWLYLFDWLRQ���IRU���FUHDWLYLW\���LV���HVSHFLDOO\���FRQFHUQLQJ��
JLYHQ���WKH���SXUSRVH���RI���VWRU\WHOOLQJ���WR���FRQVWUXFW���DQG���FRPPXQLFDWH���PHDQLQJ����7KLV���WUHQG���WR���FUHDWH��
QDUURZ���PHDVXUHV���WKDW���IRFXV���RQO\���RQ���RQH����HDVLO\���WHVWDEOH���DVSHFW���RI���D���JUHDWHU���FRPSOH[���FRQFHSW���LV��
QRW���XQLTXH���WR���QDUUDWLYH���GHYHORSPHQW����EXW���FDQ���DOVR���EH���VHHQ���LQ���WKH���UHOXFWDQFH���WR���PHDVXUH���OHDUQLQJ��
WKURXJK���SOD\���>��@����&UHDWLQJ���LQVXIILFLHQW���PHDVXUHV���E\���LVRODWLQJ����RU���IUDJPHQWLQJ���DVSHFWV���RI���D��
FRPSOH[���SKHQRPHQRQ����VXFK���DV���QDUUDWLYH���GHYHORSPHQW����EOLQGV���UHVHDUFKHUV���WR���WKH���KROLVWLF��
SHUVSHFWLYH���DQG���PDVNV���WKH���LPSRUWDQW���LQWHUFRQQHFWLRQV���EHWZHHQ���UHODWHG���FRQFHSWV���>�������������@����7R��
RQO\���DQDO\]H���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���E\���ORRNLQJ���DW���PHFKDQLFV���DQG���VWRU\���JUDPPDU���SDLQWV��
DQ���LQFRPSOHWH���SLFWXUH���EHFDXVH���LW���LJQRUHV���WKH���PHDQLQJ���WKH���FKLOG���LV���FRPPXQLFDWLQJ���DQG���VHYHUV���WKH��
OLQNV���EHWZHHQ���WKH���FKLOG¶V���VRFLDO����HPRWLRQDO����DQG���FRJQLWLYH���FRQWH[WV����ZKLFK���PRWLYDWH���WKH���FRQWHQW��
>�������������@������,QVWHDG����DQ���LQWHJUDWLYH����G\QDPLF���DSSURDFK���WR���DQDO\]LQJ���FKLOGUHQ¶V���VWRULHV���LV���QHHGHG���
RQH���WKDW���DFFRXQWV���IRU���WKH���FRPSOH[LW\���RI���QDUUDWLYH���GHYHORSPHQW���E\���HQFRPSDVVLQJ���PXOWLSOH���DVSHFWV��
RI���QDUUDWLYH���>�������������@����

6RPH���RI���WKH���FUXFLDO���DVSHFWV���RI���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���ZKLFK���DUH���OHVV���H[SORUHG��
LQFOXGH����RUGHULQJ���DQG���XQGHUVWDQGLQJ���H[SHULHQFH����VHTXHQFLQJ����SHUVSHFWLYH�WDNLQJ���
FDQRQLFDOL]DWLRQ����LQWHQWLRQDOL]DWLRQ����PHWDFRPPHQWDU\�����HPRWLRQDO���H[SUHVVLRQ���DQG���PDVWHU\��
�HPSDWK\����UHDUUDQJHPHQW����V\PEROL]DWLRQ����UHSHWLWLRQ����HPRWLRQDO���WUDQVIRUPDWLRQ�����VRFLDO��
XQGHUVWDQGLQJ���DQG���WUDQVIRUPDWLRQ����FRQVWUXFWLRQ���RI���WKH���VHOI����UHSUHVHQWDWLRQ���RI���LGHQWLW\����H[SUHVVLRQV��
RI���VHOI�HIILFDF\����DJHQF\����QDUUDWLYH���YRLFH�����DQG���FUHDWLYLW\����LPDJLQDWLRQ����IOH[LELOLW\����DGDSWDELOLW\����>����
�����������������������������������@����:KLOH���PDQ\���RI���WKHVH���DVSHFWV���RI���FKLOGUHQ¶V���QDUUDWLYHV���DUH���LPSRUWDQW���IRU��
WDNLQJ���D���KROLVWLF���DSSURDFK���WR���DQDO\VLV����WR���RXU���NQRZOHGJH���WKHUH���DUH���QR���NQRZQ���PHWULFV���ZKLFK���DLP���WR��
LGHQWLI\���DQG���PHDVXUH���WKHP���>��@����

2QH���PDMRU���DIIRUGDQFH���RI���WHFKQRORJ\���LV���LWV���DELOLW\���WR���GRFXPHQW���VWRULHV���DQG���FROOHFW���GDWD���WKDW��
FDQ���KHOS���LGHQWLI\���WUHQGV���LQ���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���>��@����+RZHYHU����WKHVH���DQDO\WLF��
V\VWHPV���DUH���OLPLWHG���LQ���WKHLU���DELOLW\���WR���GRFXPHQW���WUHQGV���LQ���WKH���PRUH���FRPSOH[���DVSHFWV���RI���FKLOGUHQ¶V��
QDUUDWLYHV���EHFDXVH���WKH\���DUH���QRW���HDVLO\���WHVWDEOH����DQG���WKHUHIRUH���GLIILFXOW���WR���DXWRPDWH���>��������@���
'HVSLWH���UHFHQW���DGYDQFHV���LQ���PDFKLQH���OHDUQLQJ���DQG���QDWXUDO���ODQJXDJH���SURFHVVLQJ���IRU���VXPPDUL]LQJ��
DQG���FDWHJRUL]LQJ���QDUUDWLYHV����WKHVH���DUWLILFLDO���LQWHOOLJHQFH����$,����WRROV���DUH���QRW���DGHTXDWH���ZKHQ���WU\LQJ���WR��
DQDO\]H���FKLOGUHQ¶V���VWRU\���IUDJPHQWV���>�������@�����$OWKRXJK���PDFKLQH���DOJRULWKPV���KDYH���VWURQJ���SDWWHUQ��
UHFRJQLWLRQ���FDSDELOLWLHV����WKH\���DUH���XQDEOH���WR���PDNH���LQIHUHQFHV���DQG���GUDZ���FRQFOXVLRQV���EDVHG���RQ��
H[WHUQDO���GDWD����VXFK���DV���WKH���LPPHQVH���FRQWH[WXDO���LQIRUPDWLRQ���DQG���NQRZOHGJH���DERXW���WKH���FKLOG���DV���D��
WKLQNLQJ����HPRWLRQDO����DQG���OLYLQJ���KXPDQ���EHLQJ���>��������@����7R���XQGHUVWDQG���FKLOGUHQ¶V���VWRU\���IUDJPHQWV���
ZH���QHHG���WR���XQGHUVWDQG���WKHLU���PHDQLQJ���DQG���SHUVSHFWLYH���>�������@����7DNLQJ���WKH���SHUVSHFWLYH���RI���WKH��
QDUUDWRU���LV���VRPHWKLQJ���WKDW���PDFKLQHV���FDQQRW���GR����LW���LV���XQLTXHO\���KXPDQ����(QJHO������������KLJKOLJKWV���WKLV��
ZKHQ���VKH���VWDWHV����³8QOLNH���D���FRPSXWHU����ZH���DUH���DOZD\V���VHHNLQJ���DQG���FUHDWLQJ���PHDQLQJ����$QG���PHDQLQJ��
LV���ZKDW���LV���PRVW���LPSRUWDQW���DERXW���QDUUDWLYHV����7KH���DXWKRU¶V���PHDQLQJ���LV���ZKDW���GULYHV���D���VWRU\���
GHWHUPLQHV���WKH���VKDSH���LW���WDNHV����DQG���JLYHV���WKH���OLVWHQHU���WKH���LPSXOVH���WR���XQGHUVWDQG���WKH���VWRU\´����S��������
>�@����,Q���RWKHU���ZRUGV����PDFKLQHV���DORQH���FDQQRW���DQDO\]H���FKLOGUHQ¶V���VWRULHV����ZH���QHHG���D���KXPDQ���LQ���WKH��
ORRS����7KLV���QHHG���IRU���D���KXPDQ���DQDO\VW���LV���IXUWKHU���VXSSRUWHG���E\���WKH���UHVHDUFK���RQ���WKH���OLPLWDWLRQV���RI��
OHDUQLQJ���DQDO\WLFV���DQG���HGXFDWLRQDO���GDWD���PLQLQJ����ZKHUH���WKH���ILQH�JUDLQHG���GDWD���LV���DXWRPDWLFDOO\��

����



�

DQDO\]HG���DQG���FOXVWHUHG����EXW���WKHQ���UHTXLUHV���D���KXPDQ���WR���LQWHUSUHW���WKH���GDWD���DQG���PDNH���LW���PHDQLQJIXO��
>��������@���

7KHUHIRUH����ZH���SURSRVH���WKH���GHYHORSPHQW���RI���DQ���DQDO\WLFV���V\VWHP���WKDW���LV���QRW���MXVW���KROLVWLF���LQ��
LWV���DSSURDFK���WR���LQFOXGH���PXOWLSOH���DVSHFWV���RI���QDUUDWLYH���GHYHORSPHQW���EH\RQG���WKH���PHFKDQLFV����EXW���LV��
DOVR���G\QDPLF���LQ���LWV���DSSURDFK���E\���FRPELQLQJ���WKH���VWUHQJWKV���RI���ERWK���PDFKLQH���DQG���KXPDQ���DQDO\WLFDO��
VNLOOV���WR���V\VWHPDWLFDOO\���GRFXPHQW���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���WKURXJK���WKHLU���6WRU\%ORFNV��
VWRULHV���
�
��������'HYHORSLQJ���3OD\���$QDO\WLFV���IRU���6WRU\%ORFNV��

7KH���FXUUHQW���YHUVLRQ���RI���WKH���/HDUQLQJ���/RRSV���DQDO\WLFV���V\VWHP���DWWHPSWHG���WR���XVH���WKH���GHVLJQ��
SULQFLSOHV���DQG���SHGDJRJLHV���GHWDLOHG���DERYH���WR���DGGUHVV���WKH���OLPLWDWLRQV���RI���WKH���QDUUDWLYH���DQDO\VLV��
DSSURDFKHV���H[SUHVVHG���LQ���WKH���EDFNJURXQG���OLWHUDWXUH����7KH���JRDO���RI���3OD\���$QDO\WLFV���IRU���6WRU\%ORFNV��
ZDV���WR���GHYHORS���D���IUDPHZRUN���IRU���XQGHUVWDQGLQJ���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���WKURXJK���WKHLU��
SOD\���ZLWK���SHUVRQDOO\���JHQHUDWHG���VWRULHV����6LQFH���IHZ���JRRG����FRPSUHKHQVLYH���IUDPHZRUNV���H[LVW���IRU��
DQDO\]LQJ���FKLOGUHQ¶V���SHUVRQDOO\���JHQHUDWHG���VWRULHV����RXU���3OD\���$QDO\WLFV���FRPELQHG���PDQ\���GLIIHUHQW��
DQDO\VHV���DQG���SUDFWLFHV���WKDW���SHRSOH���XVH���WR���WXWRU���DQG���DVVHVV���FKLOGUHQ¶V���VWRULHV����:H���LQWHQWLRQDOO\��
GHVLJQHG���RXU���3OD\���$QDO\WLFV���WR���DQDO\]H���FKLOGUHQ¶V���QRQ�WUDGLWLRQDO���VWRULHV����H�J�����VWRULHV���QRW��
FHQWHUHG���DURXQG���D���³SUREOHP´����VWRU\���IUDJPHQWV����FKLOGUHQ¶V���VFULSWV�����:H���WULHG���WR���WDNH���D���KROLVWLF��
DSSURDFK����VSOLWWLQJ���RXU���DQDO\WLFV���IUDPHZRUN���LQWR���WKUHH���PDLQ���FDWHJRULHV���LQ���RUGHU���WR���DFFRPPRGDWH��
D���ZLGH���YDULHW\���RI���VWRULHV���DQG���SHUVSHFWLYHV���

,Q���DQ���DWWHPSW���WR���WDNH���D���KROLVWLF���DSSURDFK���WKDW���ERWK���DFFRPPRGDWHG���D���EURDG���GHILQLWLRQ���RI��
QDUUDWLYH���DQG���DWWHPSWHG���WR���HOXFLGDWH���WKH���LPPHQVH���OHDUQLQJ���PRPHQWV���WKDW���RFFXU���ZKLOH���FKLOGUHQ��
FUHDWH���WKHLU���RZQ���VWRULHV����WKH���WKUHH���FDWHJRULHV���RI���DQDO\VLV���WKDW���ZH���GHILQHG���ZHUH����������6WRU\���*UDPPDU��
DQG���6WRU\���6HTXHQFH����������0HDQLQJV����(PRWLRQV���DQG���6WRU\���7\SHV����DQG���������/DQJXDJH���)HDWXUHV����7KHVH��
WKUHH���FDWHJRULHV���KHOSHG���XV���LGHQWLI\���DQG���RUJDQL]H���ERWK���WKH���DXWRPDWHG���GDWD���LQWR���WKH���6WRU\���6WDWV��
EHQFKPDUNV����DV���ZHOO���DV���WKH���SURPSWV���IRU���WKH���FRDFK¶V���6WRU\���$QQRWDWLRQV����7KHVH���WKUHH���FDWHJRULHV��
ZHUH���QRW���VSHFLILHG���ZLWKLQ���WKH���&RQVROH¶V���DQDO\]H���WDE����EXW���ZHUH���XVHG���LQWHUQDOO\���GXULQJ���WKH���FUHDWLRQ��
RI���WKH���DQDO\WLFV���LQ���DQ���HIIRUW���WR���PDNH���VXUH���PXOWLSOH���DVSHFWV���RI���FKLOGUHQ¶V���QDUUDWLYHV���EH\RQG���MXVW���WKH��
PHFKDQLFV���ZHUH���FRQVLGHUHG���

7KH���3OD\���$QDO\WLFV���IRU���6WRU\%ORFNV���ZDV���RXU���ILUVW���DWWHPSW���DW���FRPELQLQJ���WKH���SRZHUV���RI��
ERWK���KXPDQ���DQG���PDFKLQH���QDUUDWLYH���DQDO\VLV���VNLOOV���WR���PRUH���HTXDOO\���UHSUHVHQW���VWUXFWXUDO���DQDO\VLV��
�H�J�����VWRU\���JUDPPDU����DQG���FRQWHQW���DQDO\VLV����H�J�����VWRU\���LGHD���GHYHORSPHQW�����7KH���FRDFKHV���XVHG���RXU��
3OD\���$QDO\WLFV���V\VWHP���WR���EHWWHU���XQGHUVWDQG���FKLOGUHQ¶V���VWRULHV����YLHZ���FKLOGUHQ¶V���QDUUDWLYH���SURJUHVV���
DQG���SURYLGH���IHHGEDFN���WR���VXSSRUW���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW����,Q���WKLV���ZD\����WKH���SXUSRVH���RI��
WKHVH���DQDO\WLFV���ZHUH���WR���GRFXPHQW���QDUUDWLYH���GHYHORSPHQW���DQG���EH���XVHG���DV���JXLGHOLQHV���E\���FRDFKHV���WR��
HQFRXUDJH���FKLOGUHQ¶V���VWRU\WHOOLQJ���RI���WKH���VWRULHV���WKDW���WKH\���ZDQW���WR���WHOO����QRW���WR���IRUFH���WKHLU���VWRULHV���WR��
ILW���D���VSHFLILF���PROG���

7KH���3OD\���$QDO\WLFV���IRU���6WRU\%ORFNV���ZHUH���FUHDWHG���EHIRUH���WKH���FRPSDWLEOH���YHUVLRQ���RI��
6WRU\%ORFNV���H[LVWHG����PDNLQJ���LW���LPSRVVLEOH���WR���NQRZ���H[DFWO\���ZKDW���GDWD���ZRXOG���EH���SURGXFHG���IURP��
FKLOGUHQ¶V���6WRU\%ORFNV���VWRULHV���DQG���KRZ���WR���UHSUHVHQW���DQG���DQDO\]H���WKRVH���GDWD����$W���WKH���WLPH���
6WRU\%ORFNV���H[LVWHG���DV���D���FRPSOHWHO\���GLIIHUHQW���DSS����VHH���$SSHQGL[���$�����DQG���WKH���RQO\���KLQW���DW���WKH���QHZ��
YHUVLRQ���ZDV���D���FROOHFWLRQ���RI���HDUO\���VNHWFKHV���DQG���D���EXOOHW���SRLQW���OLVW���RI���GHVLUHG���IHDWXUHV����7KHUHIRUH����LQ��
RUGHU���WR���EXLOG���WKH���3OD\���$QDO\WLFV���IRU���6WRU\%ORFNV����,���FRQVLGHUHG���WKH���IHDWXUHV���ZH���EHOLHYHG��
6WRU\%ORFNV���ZRXOG���KDYH���DQG���HVWLPDWHG���WKH���GDWD���RXWSXW���RI���WKRVH���IHDWXUHV����,QVSLUHG���E\���WKH��
OLWHUDWXUH���IURP���QDUUDWLYH���UHVHDUFKHUV���>�������@����FXUUHQW���QDUUDWLYH���DQDO\VLV���PHDVXUHV����VFKRRO��

����



�

FXUULFXOXPV���DQG���VWDWH���ZULWLQJ���VWDQGDUGV����DQG���EHVW���SUDFWLFHV����,���GHYHORSHG���RXU���WKUHH���FDWHJRULHV���RI��
DQDO\VLV���WR���WDNH���D���KROLVWLF���DSSURDFK���WR���DQDO\]LQJ���FKLOGUHQ¶V���VWRULHV����,���WKHQ���FUHDWHG���EHQFKPDUNV��
ZLWKLQ���WKRVH���FDWHJRULHV���WKDW���DOLJQHG���ZLWK���RXU���SURMHFWHG���GDWD���RXWSXW����VHH���ILJXUH������������1H[W����,��
PDGH���P\���RZQ���VDPSOH���VWRULHV���IURP���RUDO���DFFRXQWV���RI���UHDO���FKLOGUHQ���DQG���PDQXDOO\���GHVLJQHG���WKHP���DV��
LI���WKH\���ZHUH���6WRU\%ORFNV���VWRULHV����%\���KDQG�DQQRWDWLQJ���WKH���GDWD���,���EHOLHYHG���RXU���V\VWHP���ZRXOG���EH��
DEOH���WR���GHWHFW����,���DQDO\]HG���WKHVH���VWRULHV���LQ���RUGHU���WR���WHVW���RXW���ZKHWKHU���RXU���DQDO\WLFV���V\VWHP���ZRXOG��
ZRUN���EHIRUH���EXLOGLQJ���LW����7KLV���SURFHVV���OHG���WR���WKH���ILUVW���LWHUDWLRQ���RI���WKH���6WRU\���6WDWV���DQG���6WRU\��
$QQRWDWLRQV����ZKLFK���ERWK���FRQVWLWXWH���WKH���FXUUHQW���3OD\���$QDO\WLFV���V\VWHP���IRU���6WRU\%ORFNV���
�

�
)LJXUH����������6WRU\���6WDW���DQG���6WRU\���$QQRWDWLRQ���%HQFKPDUNV���'LYLGHG���LQWR���7KUHH���$QDO\WLFV���&DWHJRULHV��
�
:H���XVHG���WKH���&RDFK���&RQVROH���WR���GRFXPHQW����GLVSOD\����DQG���DQQRWDWH���DOO���RI���WKH���DQDO\WLFV���IURP��

FKLOGUHQ¶V���6WRU\%ORFNV���VWRULHV����:LWKLQ���WKH���&RQVROH����WKH���3OD\���$QDO\WLFV���V\VWHP���ZDV���VSOLW���LQWR���WKUHH��
PDLQ���SDUWV����������6WRU\���6WDWV����������6WRU\���$QQRWDWLRQV����DQG���������2YHUYLHZ���RI���3URJUHVV����7KH���JRDO���RI��
WKHVH���WKUHH���SDUWV���ZDV���WR���KHOS���FRDFKHV���TXLFNO\���PDNH���VHQVH���RI���WKH���OHDUQLQJ���PRPHQWV���WKDW���RFFXUUHG��
ZKLOH���FKLOGUHQ���FUHDWHG���VWRULHV���LQ���6WRU\%ORFNV����
�
��������3OD\���$QDO\WLFV���IRU���6WRU\%ORFNV����6WRU\���6WDWV��

6WRU\���6WDWV���LQFOXGH���WKH���PRUH���HDVLO\���DXWRPDWDEOH���HOHPHQWV���RI���FKLOGUHQ¶V���QDUUDWLYHV����H�J����
FKDUDFWHUV���XVHG���LQ���WKH���VWRU\����HPRWLRQV���XVHG���LQ���HDFK���VFHQH����SXQFWXDWLRQ���XVHG���LQ���WKH���GLDORJXH�����,Q��
WKH���ILUVW���YHUVLRQ���RI���WKH���V\VWHP����6WRU\���6WDWV���ZHUH���VHW���IRU���HDFK���6WRU\%ORFNV���OHYHO���WR���KHOS���FRDFKHV��
LGHQWLI\���LPSRUWDQW���OLWHUDF\���PLOHVWRQHV���DQG���WUHQGV���WKDW���RFFXUUHG���GXULQJ���SOD\����6WRU\%ORFNV���OHYHOV��
ZHUH���EDVHG���RQ���D���FRPELQDWLRQ���RI���FKLOGUHQ¶V���SUH�VFRUHV���RQ���WKH���71/������FKLOGUHQ¶V���DJH����JUDGH���OHYHO���
DQG���VLEOLQJ���RUGHU����7KH���VWRU\���GDWD���RI���WKH���6WRU\���6WDWV���ZHUH���LQWHQGHG���WR���KHOS���FRDFKHV���VHH���SURJUHVV��
RYHU���WLPH����LGHQWLI\���DUHDV���LQ���ZKLFK���D���FKLOG���PD\���QHHG���DGGLWLRQDO���VXSSRUW����DQG���FUHDWH���FDUHJLYHU�FKLOG��
DFWLYLWLHV���DQG���6WRU\���6WLFNLHV���WR���VXSSRUW���WKH���H[SDQVLRQ���RI���FKLOGUHQ¶V���SOD\����6WRU\���6WDWV���ZHUH���EDVHG��
RQ���D���FRPELQDWLRQ���RI���WKH���&RPPRQ���&RUH���6WDWH���6WDQGDUGV����WKH���0DVVDFKXVHWWV���(QJOLVK���/DQJXDJH��
$UWV����(/$����DQG���/LWHUDF\���)UDPHZRUN���>��@����WKH���1/0���>��@����DQG���WKH���71/�����>��@����DQG���ZHUH��
PRGLILHG���WR���LPDJLQH���ZD\V���LQ���ZKLFK���WKRVH���EHQFKPDUNV���ZRXOG���EH���PHW���WKURXJK���SOD\IXO���H[SORUDWLRQ��

����



�

LQ���6WRU\%ORFNV����7KH��������6WRU\���6WDWV���WKDW���ZHUH���LQFOXGHG���LQ���WKH���3OD\���$QDO\WLFV���IRU���6WRU\%ORFNV��
ZHUH���

Ɣ &KDUDFWHUV����ZKHWKHU���DQG���ZKLFK���FKDUDFWHUV���ZHUH���XVHG���LQ���WKH���VWRU\����%RR����.LZL����/HP����
Ɣ 6HWWLQJ����ZKHWKHU���DQG���ZKLFK���VHWWLQJV���ZHUH���XVHG���WR���VHW���WKH���WRQH���RI���WKH���VWRU\����
Ɣ ,WHPV����LWHPV���WKDW���ZHUH���VHDUFKHG���IRU���DQG���LWHPV���WKDW���ZHUH���XVHG���LQ���WKH���VWRU\���
Ɣ 'LDORJXH����ZKHWKHU���VSHHFK���EXEEOHV���ZHUH���XVHG���DQG���ZKHWKHU���WKH\���ZHUH���DVVRFLDWHG���ZLWK���D��

SDUWLFXODU���FKDUDFWHU���
Ɣ 1DUUDWLRQ����ZKHWKHU���D���QDUUDWLRQ���ZDV���UHFRUGHG���E\���WKH���FKLOG���WR���QDUUDWH���WKH���VFHQH���
Ɣ /HQJWK����7KH���QXPEHU���RI���VFHQHV���LQ���WKH���VWRU\���
Ɣ (PRWLRQ���6WDWHV����WKH���HPRWLRQ�IDFLDO���H[SUHVVLRQ���VHOHFWHG���IRU���HDFK���FKDUDFWHU���LQ���D���VFHQH���
Ɣ (PRWLRQDO���/DQJXDJH����ZKHWKHU���WKH���GLDORJXH���LQ���WKH���VSHHFK���EXEEOHV���FRQWDLQV���HPRWLRQDO��

ODQJXDJH���RU���YRFDEXODU\���WKDW���UHIHUV���WR���HPRWLRQV����H�J�����³DQJU\�´���³PDG�´���³XSVHW�´���³MHDORXV´����
Ɣ 9HUE���7HQVH����RI���WKH���YHUEV���XVHG���LQ���WKH���FKDUDFWHU¶V���GLDORJXH����KRZ���PDQ\���DUH���SDVW����SUHVHQW����RU��

IXWXUH���WHQVHV���
Ɣ &DSLWDOL]DWLRQ����WKH���QXPEHU���RI���FDSLWDO���OHWWHUV���XVHG���LQ���WKH���GLDORJXH���
Ɣ 3XQFWXDWLRQ����WKH���QXPEHU���RI���SXQFWXDWLRQ���PDUNV���XVHG���LQ���WKH���GLDORJXH���
Ɣ 6LJKW���:RUGV����WKH���QXPEHU���RI���DJH���DQG���JUDGH���DSSURSULDWH���VLJKW���DQG���VSHOOLQJ���ZRUGV���XVHG���LQ��

GLDORJXH����EDVHG���RQ���VHYHUDO���OLVWV���RI���FRPPRQ���LUUHJXODUO\���VSHOOHG���VLJKW���ZRUGV���DQG���VSHOOLQJ��
ZRUGV���E\���JUDGH���DQG���DJH����

Ɣ *UDGH�/HYHO���9RFDEXODU\���6FRUH����WKH���UHDGDELOLW\���VFRUH���RI���WKH���GLDORJXH���ZLWKLQ���D���VWRU\����WRRO��
H[DPLQHV���WKH���QXPEHU���RI���V\OODEOHV���SHU���ZRUG���WR���DVVHVV���JUDGH���OHYHO���RI���VHQWHQFH���VWUXFWXUH����

�
7KH���DXWRPDWHG���6WRU\���6WDWV���ZHUH���SUHVHQWHG���LQ���WZR���ZD\V����)LUVW����LQ���WKH���DQDO\]H���WDE���IRU���HDFK��

LQGLYLGXDO���VWRU\����FRDFKHV���FRXOG���VHH���WKH���IUHTXHQF\���DQG���FRQWHQW���RI���HDFK���6WRU\���6WDW���EHQFKPDUN����VHH��
ILJXUH������������6HFRQG����LQ���WKH���2YHUYLHZ���WDE����XQGHU���WKH���6WRU\���6WDWV���6XPPDU\����D���JUDSK���VKRZHG���WKH��
DYHUDJH���QXPEHU���RI���ODQJXDJH���IHDWXUH���VWDWV���DQG���VWRU\���JUDPPDU���VWDWV���SHU���GD\���DFURVV���DOO���VWRULHV���IRU��
WKDW���FKLOG����VHH���ILJXUH������������7KH���LQWHQGHG���SXUSRVH���RI���WKH���6WRU\���6WDWV���ZDV���WR���KHOS���FRDFKHV���TXLFNO\��
LGHQWLI\���PHDQLQJIXO���OHDUQLQJ���PRPHQWV���DQG���WR���IRFXV���WKHLU���DWWHQWLRQ���RQ���VSHFLILF���OHDUQLQJ���WUHQGV��
WKURXJK���WKH���SUHVHQFH���RI���QDUUDWLYH���VNLOOV���

�
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�
)LJXUH����������([DPSOH���RI���6WRU\���6WDWV���LQ���WKH���$QDO\]H���7DE���IRU���&KLOG¶V���,QGLYLGXDO���6WRU\���

�

�
)LJXUH����������([DPSOH���RI���6WRU\���6WDWV���6XPPDU\���LQ���2YHUYLHZ���7DE���$FURVV���$OO���&KLOG¶V���3OD\���

�
��������3OD\���$QDO\WLFV���IRU���6WRU\%ORFNV����6WRU\���$QQRWDWLRQV��

&RDFK���6WRU\���$QQRWDWLRQV���DUH���FUXFLDO���WR���VXSSOHPHQWLQJ���WKH���DXWRPDWHG���VWRU\���DQDO\VLV���LQ��
RUGHU���WR���KROLVWLFDOO\���DQDO\]H���FKLOGUHQ¶V���VWRULHV����,Q���DQ���HIIRUW���WR���EHWWHU���LQWHUSUHW���WKH���OHVV���HDVLO\��
DXWRPDWHG���HOHPHQWV���RI���FKLOGUHQ¶V���VWRULHV����H�J�����PHDQLQJ����SORW����FRKHUHQFH�����FRDFKHV���FRXOG���XVH��
6WRU\���6WDWV���DQG���WKH���3OD\���DQG���3URFHVV���0RGHV���RI���FKLOGUHQ¶V���VWRULHV���WR���LQIRUP���WKHLU���DQQRWDWLRQV���

����



�

6LPLODU���WR���6WRU\���6WDWV����6WRU\���$QQRWDWLRQV���ZHUH���DOVR���EDVHG���RQ���D���FRPELQDWLRQ���RI���WKH���&RPPRQ��
&RPPRQ���&RUH���DQG���0DVVDFKXVHWWV���(/$���6WDQGDUGV����WKH���71/�����DQG���1/0���VWDQGDUGL]HG���WHVWV���
%H\RQG���WKRVH���PHDVXUHV����6WRU\���$QQRWDWLRQV���ZHUH���DOVR���LQVSLUHG���E\���EHVW���SUDFWLFHV����VXFK���DV��������
%RVWRQ¶V���:ULWHU¶V���*XLGH���>��@���DQG���WKHRUHWLFDO���IUDPHZRUNV���VXFK���DV���%UXQHU¶V���IHDWXUHV���RI���QDUUDWLYHV��
>��@���DQG���(QJHO¶V���WKUHH�SDUW���DQDO\VLV���>�@����7R���OLPLW���WKH���WLPH���LW���WRRN���FRDFKHV���WR���FRPSOHWH���WKH��
DQQRWDWLRQV����,���LGHQWLILHG���RQO\���WHQ���6WRU\���$QQRWDWLRQ���EHQFKPDUNV���

Ɣ 0HDQLQJ�������3ORW����,Q���D���VHQWHQFH���RU���ZLWK���NH\ZRUGV����ZKDW���LV���WKH���SORW���RI���WKH���VWRU\����RU���ZKDW��
PHDQLQJ���LV���WKH���FKLOG���WU\LQJ���WR���FRPPXQLFDWH���ZLWK���WKLV���VWRU\"��

Ɣ (PRWLRQDO���7RQH����,V���WKH���RYHUDOO���HPRWLRQDO���WRQH���RI���WKH���VWRU\���SRVLWLYH����QHJDWLYH����RU���QHXWUDO"��
Ɣ &ROG���YHUVXV���+RW����&ROG���VWRULHV���DUH���DERXW���SK\VLFDO���DFWLRQ���RU���WKH���EHKDYLRU���RI���FKDUDFWHUV����+RW��

VWRULHV���DUH���PRUH���HPRWLRQDO���LQ���ODQJXDJH���DQG���GHVFULSWLRQ����,V���WKH���VWRU\���KRW����FROG����ERWK����RU��
QHLWKHU"��

Ɣ *HQUH����:KDW���LV���WKH���JHQUH���RI���WKH���VWRU\����H�J�����ILFWLRQ����UHDO���OLIH����GUDPD����FRPHG\����RWKHU�"��
Ɣ 7KHPH����'RHV���WKH���VWRU\���KDYH���D���PDLQ���WKHPH����H�J�����IULHQGVKLS����DQLPDO����VSRUW����IDPLO\���

REVWDFOH����URXWLQH����FRQIOLFW�"���
Ɣ 3HUVSHFWLYH����)URP���ZKDW���RU���ZKR¶V���SHUVSHFWLYH���LV���WKH���FKLOG���WHOOLQJ���WKH���VWRU\"���,V���WKH���FKLOG��

XVLQJ���GLDORJXH����WKH���QDUUDWLRQ���ER[����RU���WKH���YRLFH���UHFRUGLQJ���WR���FRQYH\���WKLV���SHUVSHFWLYH"���,V��
WKH���FKLOG���XVLQJ���WKH���VFHQH���DQG���LPDJHV���LQ���WKH���VFHQH���WR���SRUWUD\���SHUVSHFWLYH"��

Ɣ 3UREOHP�������$FWLRQ����'RHV���WKH���VWRU\���KDYH���D���SUREOHP���RU���D���KLJK���SRLQW"���,I���\HV����LQ���ZKLFK���IUDPH��
GRHV���WKH���SUREOHP���RFFXU���DQG���ZKDW���LV���WKH���SUREOHP"���,I���WKHUH���LV���D���SUREOHP����DUH���WKHUH���DQ\��
DFWLRQV���RU���DWWHPSWV���IURP���WKH���FKDUDFWHUV���WR���VROYH���WKH���SUREOHP"���,I���\HV����LQ���ZKLFK���IUDPH���GRHV��
WKLV���DFWLRQ���RFFXU���DQG���ZKDW���KDSSHQV"���,I���QR����DUH���WKHUH���DQ\���DFWLRQV���WKDW���DUH���FHQWUDO���WR���WKH��
VWRU\"��

Ɣ &RPSOHWH���6WRU\����'RHV���WKH���FKLOG���WHOO���D���FRPSOHWH���VWRU\"���,I���QR����ZKDW���TXHVWLRQV���GR���\RX���ZDQW��
WR���DVN���WKH���FKLOG���DERXW���WKH���VWRU\"���:KDW���DERXW���LW���VHHPV���LQFRPSOHWH"��

Ɣ &RKHUHQW���6HTXHQFH����'RHV���WKH���VWRU\���IROORZ���D���ORJLFDO���VHTXHQFH���WKDW���PDNHV���VHQVH���DQG���KDV��
PHDQLQJ"���,I���QR����ZKDW���PLJKW���EH���PLVVLQJ����RU���ZKDW���GRHV���QRW���PDNH���VHQVH"��

Ɣ /HYHO���RI���'HWDLO����+RZ���PDQ\���LPDJHV���KDV���WKH���FKLOG���XVHG���WR���VHW���WKH���VFHQH����GLDORJXH���
HPRWLRQV����OHQJWK����DQG���FRQWHQW"���$JH����QDUUDWLYH���VNLOO����DQG���VWRU\���W\SH���PD\���LQIOXHQFH���WKH��
DPRXQW���RI���GHWDLO���LQFOXGHG���LQ���D���VWRU\���

�
7KH���6WRU\���$QQRWDWLRQV���ZHUH���FRPSOHWHG���IRU���HDFK���VWRU\���ZLWKLQ���WKH���DQDO\]H���WDE���RI���WKH��

&RQVROH����&RDFKHV���ZHUH���SURPSWHG���ZLWK���D���IHZ���TXLFN���TXHVWLRQV���WR���DQVZHU���DERXW���WKH���VWRU\���IRU���HDFK��
VWRU\���VHVVLRQ����VHH���ILJXUH������������7KH���DQQRWDWLRQV���ZHUH���WKHQ���XVHG���LQ���WZR���ZD\V����)LUVW����WKH\���ZHUH��
PHDQW���WR���VHUYH���DV���D���ZD\���WR���KHOS���WKH���FRDFK���FRQVLGHU���ZKDW���WR���ZULWH���LQ���WKHLU���FDUHJLYHU���XSGDWHV���DQG��
6WRU\���6WLFN\���IHHGEDFN����HQFRXUDJLQJ���FRDFKHV���WR���FRS\���DQG���SDVWH���GLUHFWO\���IURP���WKHLU���DQQRWDWLRQV���
6HFRQG����D���VXPPDU\���RI���WKH���6WRU\���$QQRWDWLRQV���ZHUH���SUHVHQWHG���LQ���WKH���RYHUYLHZ���WDE����VHH���ILJXUH��
���������GRFXPHQWLQJ���WKH���SHUFHQWDJH���RI���FKLOGUHQ¶V���DQQRWDWHG���VWRU\���VHVVLRQV���DORQJ���WKH���6WRU\��
$QQRWDWLRQ���EHQFKPDUNV���WR���GHPRQVWUDWH���WUHQGV���DQG���SURJUHVV���DFURVV���DOO���VWRULHV���RYHU���WLPH���
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)LJXUH�����������([DPSOH���RI���&RPSOHWHG���6WRU\���$QQRWDWLRQ���LQ���WKH���$QDO\]H���7DE���IRU���&KLOG¶V���,QGLYLGXDO���6WRU\���
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�
)LJXUH����������([DPSOH���RI���6WRU\���$QQRWDWLRQV���6XPPDU\���LQ���2YHUYLHZ���7DE���$FURVV���$OO���&KLOG¶V���3OD\���

�
��������3OD\���$QDO\WLFV���IRU���6WRU\%ORFNV����2YHUYLHZ���RI���3URJUHVV��

7KH���2YHUYLHZ���RI���3URJUHVV���SURYLGHV���D���KLVWRULFDO���YLHZ���RI���WKH���DFFXPXODWHG���6WRU\���6WDWV���DQG��
WKH���SHUFHQWDJH���RI���6WRU\���$QQRWDWLRQV���DFURVV���DOO���SOD\���VHVVLRQV���IRU���D���JLYHQ���FKLOG����7KH���2YHUYLHZ���RI��
3URJUHVV���LV���SUHVHQWHG���ZLWKLQ���WKH���RYHUYLHZ���WDE���RI���WKH���&RQVROH����DQG���ZDV���LQWHQGHG���WR���KHOS���FRDFKHV��
KLJKOLJKW���WUHQGV���DQG���GRFXPHQW���QDUUDWLYH���SURJUHVVLRQ���RYHU���WLPH����1RW���DOO���EHQFKPDUNV���ZLWKLQ���WKH��
6WRU\���6WDWV���DQG���6WRU\���$QQRWDWLRQV���OHQW���WKHPVHOYHV���WR���EHLQJ���SUHVHQWHG���RYHU���WLPH����,Q���WKH���6WRU\��
6WDWV���6XPPDU\����ILJXUH������������WKH���JUDSK���VKRZV���WKH���DYHUDJH���QXPEHU���RI���ODQJXDJH���IHDWXUHV����L�H����
HPRWLRQDO���YRFDEXODU\����YHUEV����VLJKW���ZRUGV����DQG���VWRU\���JUDPPDU���IHDWXUHV����L�H�����GLDORJXH���EXEEOHV���
LWHPV����IUDPH���QDUUDWLRQV����XVHG���E\���WKH���FKLOG���HDFK���GD\����,Q���WKH���6WRU\���$QQRWDWLRQ���6XPPDU\����ILJXUH��
���������WKH���JUDSKV���VKRZ���WKH���SHUFHQWDJH���EUHDNGRZQ���RI���WKH���FKLOG¶V���DQQRWDWHG���VWRU\���VHVVLRQV���DW���WKH��
SUHVHQW���WLPH����7KH���SHUFHQWDJHV���FKDQJH���DV���PRUH���VWRULHV���DUH���DQQRWDWHG����7KH���EHQFKPDUNV���LQFOXGHG���LQ��
WKH���6WRU\���$QQRWDWLRQ���6XPPDU\���ZHUH���VWRU\���JHQUHV����VWRU\���W\SHV����SUREOHP���YV����DFWLRQ���VWRU\���
HPRWLRQDO���WRQH����DQG���DYHUDJH���GHWDLO���OHYHO����)LQDOO\����WKH���DPRXQW���RI���FKLOG¶V���SOD\���WLPH����LQ���PLQXWHV���SHU��
GD\����ZDV���VKRZQ���LQ���D���OLQH���JUDSK���DW���WKH���ERWWRP���RI���WKH���RYHUYLHZ���WDE���
�
��������&RPSXWDWLRQDO���$SSURDFK���IRU���3OD\���$QDO\WLFV��

,Q���W\SLFDO���VWRU\WHOOLQJ���DQG���SOD\���SUDFWLFHV����RQH���RI���WKH���PRVW���WLPH�FRQVXPLQJ���DVSHFWV���LV��
GRFXPHQWLQJ���FKLOGUHQ¶V���VWRULHV����<HW����GRFXPHQWDWLRQ����DORQJ���ZLWK���WDNLQJ���WKH���WLPH���WR���DQDO\]H���HDFK��
VWRU\����DUH���WZR���RI���WKH���PRVW���LPSRUWDQW���DVSHFWV���IRU���PHDVXULQJ���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���
7KHUHIRUH����WKH���JRDO���RI���WKH���FRPSXWDWLRQDO���DSSURDFK���IRU���RXU���3OD\���$QDO\WLFV���V\VWHP���ZDV���WR���QRW���RQO\��
SURYLGH���DQ���HIIRUWOHVV���GRFXPHQWDWLRQ���SURFHVV���IRU���FKLOGUHQ¶V���SHUVRQDOO\�JHQHUDWHG���VWRULHV����EXW���DOVR��
WR���DXJPHQW���WKH���DQDO\VLV���SURFHVV���IRU���FRDFKHV���WKURXJK���D���FRPELQDWLRQ���RI���KXPDQ���DQG���GLJLWDO��
WHFKQLTXHV����6SHFLILFDOO\����ZH���DLPHG���WR���FRPELQH���WHFKQLTXHV���IURP���OHDUQLQJ���DQDO\WLFV���DQG���EHKDYLRUDO��
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DQDO\VLV���LQ���RUGHU���WR���FUHDWH���D���G\QDPLF���V\VWHP���WKDW���KDUQHVVHG���WKH���SRZHU���RI���ERWK���KXPDQ���DQG��
PDFKLQH���DQDO\VLV���VNLOOV���WR���PRUH���HIILFLHQWO\���PHDVXUH���FRPSOH[���VWRU\WHOOLQJ���PHWULFV���WKDQ���HLWKHU��
FRXOG���SURGXFH���DORQH����H�J�����SORW���VXPPDU\����HPRWLRQDO���YRFDEXODU\�����

:KLOH���RXU���LQWHQWLRQ���ZDV���WR���LQFRUSRUDWH���PDFKLQH���OHDUQLQJ���WHFKQLTXHV���LQWR���WKH���3OD\��
$QDO\WLFV���IRU���6WRU\%ORFNV����WKH���WLPH���FRQVWUDLQWV���RI���RXU���SLORW���DQG���WKH���OLPLWDWLRQV���RI���RXU���WHFKQLFDO��
UHVRXUFHV���KDOWHG���RXU���DELOLW\���WR���H[SORUH���GHSOR\LQJ���PDFKLQH���OHDUQLQJ���WHFKQLTXHV���IRU���RXU���ILUVW��
YHUVLRQ����,QVWHDG����ZH���DGDSWHG���RXU���JRDO���WR���H[DPLQH���WKH���UROHV���RI���KXPDQ���PDQXDO���DQDO\VLV���DQG���RI��
WHFKQRORJLFDO���DXWRPDWHG���DQDO\VLV���WR���FRQVLGHU���KRZ���DQG���ZKHUH���PDFKLQH���OHDUQLQJ���WHFKQLTXHV���PLJKW��
KDYH���WKH���PRVW���LPSDFW���IRU���WKH���HIILFLHQF\���DQG���HIIHFWLYHQHVV���RI���WKH���QH[W���LWHUDWLRQ����7KHUHIRUH����WKH��
FXUUHQW���FRPSXWDWLRQDO���DSSURDFK���RI���3OD\���$QDO\WLFV���FRQVLVWHG���RI���WKUHH���PDLQ���WHFKQLTXHV���IRU��
DQDO\]LQJ���FKLOGUHQ¶V���6WRU\%ORFNV���VWRULHV����������$XWRPDWHG���$OJRULWKPV����������+XPDQ���$QDO\WLFV����DQG��
������&RPELQHG���+XPDQ�'LJLWDO���$SSURDFK����)LJXUH����������GHPRQVWUDWHV���WKH���EHQFKPDUNV���WKDW���ZHUH��
PHDVXUHG���E\���WKH���GLIIHUHQW���WHFKQLTXHV���

�

�
)LJXUH����������7KH���'LVWULEXWLRQ���RI���%HQFKPDUNV���$ORQJ���WKH���7KUHH���$QDO\WLF���7HFKQLTXHV���

�
$OO���RI���WKH���6WRU\���6WDWV���ZHUH���PDFKLQH�JHQHUDWHG���E\���WKH���DXWRPDWHG���DOJRULWKPV���ZH���ZURWH����,Q��

RXU���ILUVW���YHUVLRQ���RI���WKH���DQDO\WLFV����ZH���IROORZHG���D���VLPLODU���DSSURDFK���XVHG���E\���PDQ\���/HDUQLQJ��
$QDO\WLFV����/$����SUDFWLFHV����/$���LV���GHILQHG���DV���WKH���SURFHVV���ZKHQ���³VRSKLVWLFDWHG���DQDO\WLF���WRROV���DUH��
XVHG���WR���LPSURYH���OHDUQLQJ���DQG���HGXFDWLRQ´���>��@����,Q���RWKHU���ZRUGV����LW���LV���WKH���SURFHVV���RI���PHDVXULQJ���
FROOHFWLQJ����DQDO\]LQJ����DQG���UHSRUWLQJ���GDWD���DERXW���OHDUQHUV���DQG���WKHLU���FRQWH[WV����:KLOH���WKH���RSSRUWXQLW\��
VSDFH���IRU���/$���LV���EURDG����WKH���ZD\V���LQ���ZKLFK���/$���WHQGV���WR���EH���LPSOHPHQWHG���LV���QDUURZ���>��������@����0RVW��
RI���WKH���WLPH����/$���LV���XVHG���IRU���EXLOW�LQ���VWXGHQW���WUDFNLQJ���IXQFWLRQDOLW\����ZLWKRXW���FDSLWDOL]LQJ���RQ���WKH��
PRGHOOLQJ���FDSDFLW\���RI���WKH���DQDO\WLFV���WR���PDNH���SUHGLFWLRQV����DFW���RQ���WKHP����DQG���WKHQ���XVH���WKH���UHVXOWV���WR��
LPSURYH���WKH���SUHGLFWLRQV���RYHUWLPH����,Q���IXWXUH���FRPSXWDWLRQDO���DSSURDFKHV����ZH���SODQ���WR���XVH���ERWK���WKH��
VWXGHQW�WUDFNLQJ���IXQFWLRQDOLW\���RI���/$����DV���ZHOO���DV���DWWHPSW���WR���EURDGHQ���WKH���ZD\���OHDUQLQJ���DQDO\WLFV��
KDYH���WUDGLWLRQDOO\���EHHQ���LPSOHPHQWHG���E\���LQFRUSRUDWLQJ���D���KXPDQ�PDFKLQH���HOHPHQW����DQG���FUHDWLQJ���D��
F\FOLF���VKDUH���RI���NQRZOHGJH����+RZHYHU����IRU���WKH���FXUUHQW���3OD\���$QDO\WLFV���V\VWHP����ZH���RQO\��
LPSOHPHQWHG���WKH���VWXGHQW�WUDFNLQJ���DSSURDFK����
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7KHUH���DUH���WZR���NLQGV���RI���DOJRULWKPV���ZH���FUHDWHG���WR���DXWRPDWLFDOO\���DQDO\]H���WKH���6WRU\���6WDWV��
EHQFKPDUNV���IURP���FKLOGUHQ¶V���VWRU\���GDWD����)LUVW����ZH���ZURWH���VFULSWV���WR���SXOO���WKH���LQIRUPDWLRQ���GLUHFWO\��
IURP���WKH���6WRU\%ORFNV���ORJ���GDWD����VXFK���DV���FKDUDFWHUV����VHWWLQJV����LWHPV���VHDUFKHG����LWHPV���XVHG����GLDORJXH���
WH[W���QDUUDWLRQ����OHQJWK����DQG���HPRWLRQ���VWDWHV����6HFRQG����IRU���RWKHU���EHQFKPDUNV����VXFK���DV���VLJKW���ZRUGV���
FDSLWDOL]DWLRQ����SXQFWXDWLRQ����DQG���HPRWLRQDO���YRFDEXODU\����ZH���ZURWH���DOJRULWKPV���WKDW���WRRN���LQIRUPDWLRQ��
IURP���WKH���ORJV���DQG���FRPSDUHG���LW���WR���SUHGHWHUPLQHG���OLVWV���WR���YDOLGDWH���ZKHWKHU���WKH\���PHW���WKH���FULWHULD���RI��
WKH���EHQFKPDUN���RU���QRW����)RU���H[DPSOH����IRU���WKH���HPRWLRQDO���YRFDEXODU\���EHQFKPDUN����ZH���FRPSDUHG���WKH��
ORJV���RI���WKH���FKLOG¶V���W\SHG���ZRUGV���LQ���WKH���GLDORJXH���EXEEOHV���WR���D���OLVW���RI���HPRWLRQDO���YRFDEXODU\���ZRUGV����,I��
WKH���FKLOG���XVHG���DQ\���HPRWLRQDO���ZRUGV����DQG���LI���WKH\���ZHUH���VSHOOHG���FRUUHFWO\����WKHQ���WKH���ZRUG���ZRXOG��
DSSHDU���LQ���WKH���6WRU\���6WDWV���DV���DQ���HPRWLRQDO���YRFDEXODU\���ZRUG����7KLV���ZD\����FRDFKHV���GR���QRW���KDYH���WR��
NHHS���D���UXQQLQJ���OLVW���LQ���WKHLU���KHDG���DERXW���ZKLFK���ZRUGV���DUH���FRQVLGHUHG���HPRWLRQDO���YRFDEXODU\���ZRUGV���
$ORQH����WKH���6WRU\���6WDWV���EHQFKPDUNV���ZHUH���QRW���WKH���PRVW���H[FLWLQJ����EXW���WKH\���ZHUH���UHODWLYHO\���HDV\���WR��
DXWRPDWH���JLYHQ���WKH���GDWD���IURP���6WRU\%ORFNV����DQG���WKH���JRDO���RI���WKHP���ZDV���WR���KHOS���FRDFKHV���LGHQWLI\���DQG��
NHHS���WUDFN���RI���VRPH���RI���WKH���VWUXFWXUDO���DQG���OLQJXLVWLF���HOHPHQWV���RI���FKLOGUHQ¶V���VWRULHV���

&HUWDLQ���EHQFKPDUNV���FDQQRW���EH���DXWRPDWHG���E\���D���PDFKLQH����DQG���UHTXLUH���XQLTXHO\���KXPDQ��
DQDO\VLV���VNLOOV����7KHVH���EHQFKPDUNV���DUH���DQDO\]HG���E\���WKH���FRDFK���LQ���WKH���6WRU\���$QQRWDWLRQV���DQG��
LQFOXGH���PHDQLQJ�SORW���VXPPDU\����JHQUH����WKHPH����SHUVSHFWLYH����SUREOHP�DFWLRQ����FRPSOHWH���VWRU\����DQG��
FRKHUHQW���VHTXHQFH����+DYLQJ���FRDFKHV���FRPSOHWH���WKH���6WRU\���$QQRWDWLRQV���KHOSHG���WKHP���LGHQWLI\���WUHQGV��
DQG���XVH���WKHLU���DQQRWDWLRQV���WR���TXLFNO\���UHIHUHQFH���RU���DFFHVV���VSHFLILF���VWRULHV���ZLWKRXW���KDYLQJ���WR���UHUHDG��
WKH���HQWLUH���VWRU\����5DWKHU���WKDQ���ZDVWLQJ���WLPH���DQDO\]LQJ���HOHPHQWV���VXFK���DV���ODQJXDJH���IHDWXUHV���DQG���VWRU\��
JUDPPDU���WKDW���FDQ���HDVLO\���EH���DXWRPDWHG����WKH���DQDO\WLFV���ZHUH���GHVLJQHG���IRU���FRDFKHV���WR���VSHQG���WKHLU��
WLPH���GRFXPHQWLQJ���PRUH���FRPSOH[���QDUUDWLYH���FRPSRQHQWV����H�J�����SORW���VXPPDU\����LQ���RUGHU���WR���PRUH��
HIILFLHQWO\���DQG���HIIHFWLYHO\���XVH���GDWD���WR���VXSSRUW���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW��� �

,Q���WKH���PLGGOH���RI���WKH���GLDJUDP���LQ���ILJXUH�����������WKHUH���LV���D���VZHHW���VSRW����ZKLFK���FRPELQHV���ERWK��
KXPDQ���DQG���GLJLWDO���WHFKQLTXHV���IRU���DQDO\]LQJ���FKLOGUHQ¶V���VWRULHV����$V���ZH���FRQWLQXH���WR���LPSURYH���RXU��
DQDO\WLFV���V\VWHP����WKH���JRDO���LV���WR���LQFUHDVH���WKH���EHQFKPDUNV���WKDW���UHO\���RQ���WKHVH���FRPELQHG���WHFKQLTXHV���
VLQFH���DOJRULWKPV���DORQH���DUH���RIWHQ���QRW���VXIILFLHQW����DQG���RQO\���UHO\LQJ���RQ���KXPDQ���DQDO\VLV���FDQ���EH���DQ��
H[WUHPHO\���KHDY\���EXUGHQ���DQG���LQKLELWV���VFDOH����8QIRUWXQDWHO\����IRU���RXU���FXUUHQW���3OD\���$QDO\WLFV���V\VWHP���
WKH���EHQFKPDUNV���XQGHU���WKH���KXPDQ�GLJLWDO���DSSURDFK���VHFWLRQ���ZHUH���PRUH���UHOLDQW���RQ���LQIRUPDWLRQ���IURP��
WKH���DXWRPDWHG���DOJRULWKPV���LQIRUPLQJ���WKH���FRDFK¶V���DQQRWDWLRQV����DQG���OHVV���LQKHUHQWO\���GHVLJQHG���LQ���WKH��
DQDO\WLFV���WR���PDNH���WKDW���FRQQHFWLRQ���VDOLHQW����)RU���H[DPSOH����WR���DQQRWDWH���WKH���HPRWLRQDO���WRQH���RI���WKH��
VWRU\����WKH���FRDFK���XVHG���WKH���HPRWLRQ���VWDWHV���RI���WKH���FKDUDFWHUV���DQG���WKHLU���DVVHVVPHQW���RI���WKH���VWRU\¶V���SORW��
WR���LGHQWLI\���WKH���RYHUDOO���WRQH����6LPLODUO\����WKH���SUHVHQFH���RI���FHUWDLQ���6WRU\���6WDWV����VXFK���DV���FKDUDFWHUV���
LWHPV����GLDORJXH����QDUUDWLRQ����OHQJWK����DQG���HPRWLRQV���LQIRUPHG���WKH���&RDFK¶V���DQQRWDWLRQ���DERXW���WKH���OHYHO��
RI���GHWDLO���LQ���WKH���FKLOG¶V���VWRU\����:KLOH���WKH���RULJLQDO���LQWHQW���ZDV���WR���SUH�SRSXODWH���WKHVH���DQQRWDWLRQ���ILHOGV��
ZLWK���WKH���FRUUHVSRQGLQJ���6WRU\���6WDWV����ZH���ZHUH���QRW���DEOH���WR���LPSOHPHQW���WKLV���IHDWXUH���LQWR���WKH���ILUVW��
YHUVLRQ���RI���RXU���3OD\���$QDO\WLFV����
�
��������/LPLWDWLRQV���DQG���)XWXUH���'LUHFWLRQV��

(YHU\���ILUVW���YHUVLRQ���KDV���VRPH���NQRZQ���OLPLWDWLRQV���DQG���LQLWLDO���FRQVWUDLQWV���EHIRUH���LW���LV��
GHSOR\HG����DQG���RXU���3OD\���$QDO\WLFV���IRU���6WRU\%ORFNV���DUH���QR���H[FHSWLRQ����2XU���ILUVW���OLPLWDWLRQ����DV���VWDWHG��
DERYH����ZDV���WKDW���ZH���QHLWKHU���KDG���D���ZRUNLQJ���SURWRW\SH����QRU���D���ILQLVKHG���GHVLJQ���RI���6WRU\%ORFNV���EHIRUH��
ZH���VWDUWHG���GHVLJQLQJ���DQG���GHYHORSLQJ���WKH���3OD\���$QDO\WLFV���V\VWHP����7KLV���OLPLWDWLRQ���ZDV���SHUKDSV���WKH��
VRXUFH���IRU���ZKLFK���DOO���RXU���RWKHU���OLPLWDWLRQV���VWHPPHG����)LUVW����ZKHQ���EXLOGLQJ���WKH���6WRU\%ORFNV���DSS����ZH��
ZDQWHG���WR���DOORZ���FKLOGUHQ���WR���DOZD\V���EH���DEOH���WR���UHYLVH���WKHLU���VWRULHV����PDNLQJ���VWRULHV���DOZD\V���HGLWDEOH��
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DQG���QHYHU���FRPSOHWH����'XH���WR���WKLV����ZH���ZHUH���QRW���DEOH���WR���FRQGXFW���RXU���DQDO\VLV���DW���WKH���VWRU\���OHYHO���
EHFDXVH���WKHUH���ZH���FRXOG���QRW���LGHQWLI\���D���FRPSOHWH���VWRU\����,QVWHDG����ZH���FUHDWHG���DQ���DUELWUDU\���XQLW����FDOOHG��
D���WLPH���PDUNHU����DOVR���NQRZQ���DV���D���VWRU\���VHVVLRQ�����LQ���ZKLFK���WKH���VWRULHV���ZHUH���EURNHQ���XS���E\���WKH���WLPH��
EHWZHHQ���HDFK���FRDFK���XSGDWH����L�H�����0RQGD\����:HGQHVGD\����DQG���)ULGD\���DW�������SP�����6WRU\���6WDWV���ZHUH��
JHQHUDWHG���DQG���FRDFKHV���KDG���WR���ZULWH���DQQRWDWLRQV���IRU���HDFK���VWRU\���VHVVLRQ����UHVXOWLQJ���LQ���PXOWLSOH��
DQQRWDWLRQV���RI���D���VLQJOH���VWRU\����1RW���RQO\���GLG���WKLV���VWRU\���VHVVLRQ���VROXWLRQ���FUHDWH���FRQIXVLRQ���DQG���DGGHG��
ZRUN���IRU���WKH���FRDFKHV����EXW���ZH���ZHUH���QRW���DEOH���WR���UXQ���WKH���DQDO\WLFV���DFURVV���PXOWLSOH���VWRULHV����EXW��
LQVWHDG���KDG���WR���FDOFXODWH���DFFXPXODWLRQ���RI���6WRU\���6WDWV���SHU���GD\����$GGLWLRQDOO\����VLQFH���FRDFKHV���RIWHQ��
GLG���QRW���FRPSOHWH���WKH���HQWLUH���DQQRWDWLRQ���ILHOG���IRU���D���VWRU\���LQ���ZKLFK���WKH\���DOUHDG\���DQQRWDWHG���D��
SUHYLRXV���VWRU\���VHVVLRQ����PDQ\���ILHOGV���ZHUH���OHIW���EODQN����GUDVWLFDOO\���VNHZLQJ���WKH���SHUFHQWDJH��
VXPPDULHV���RI���WKH���6WRU\���$QQRWDWLRQV���DQG���UHQGHULQJ���WKHP���XVHOHVV����2XU���GHVLJQ���FRQVWUDLQW���WR���PDNH��
WKH���FKLOGUHQ¶V���6WRU\%ORFNV���LQILQLWHO\���HGLWDEOH���FUHDWHG���D���PDMRU���OLPLWDWLRQ���WKDW���ZH���NQHZ���ZRXOG��
LPSDFW���WKH���RUJDQL]DWLRQ����SURGXFWLRQ����DQG���SUHVHQWDWLRQ���RI���RXU���DQDO\WLFV���V\VWHP����8QIRUWXQDWHO\����ZH��
GLG���QRW���KDYH���HQRXJK���WLPH���EHIRUH���GHSOR\PHQW���WR���UHGHVLJQ���WKH���DSS����DQG���LQVWHDG���KDG���WR���FUHDWH���D��
VHULHV���RI���WHPSRUDU\���IL[HV����H�J�����WKH���³FRS\���ODVW���DQQRWDWLRQ´���EXWWRQ���LQ���WKH���&RQVROH����LQ���RUGHU���WR��
DFFRXQW���IRU���WKH���DEVHQFH���RI���D���VWRU\���XQLW���WR���DQDO\]H���VWRULHV����)RU���WKH���VHFRQG���LWHUDWLRQ���RI���ERWK��
6WRU\%ORFNV���DQG���WKH���DQDO\WLFV���V\VWHP����,���SODQ���WR���DGGUHVV���WKLV���OLPLWDWLRQ���E\���KDYLQJ���FKLOGUHQ��
LQGLFDWH���ZKHQ���WKHLU���VWRULHV���DUH���FRPSOHWH���LQ���6WRU\%ORFNV����DQG���WKHQ���RQO\���DOORZLQJ���FRDFKHV���WR��
DQDO\]H���FRPSOHWHG���VWRULHV����VR���WKDW���WKH���DQDO\WLFV���FDQ���EH���JHQHUDWHG���DW���WKH���VWRU\�OHYHO����UDWKHU���WKDQ���WKH��
DUELWUDU\���VWRU\���VHVVLRQ���OHYHO���

7KH���VHFRQG���NQRZQ���OLPLWDWLRQ���RI���3OD\���$QDO\WLFV���ZDV���WKDW���LW���ZDV���NQRZLQJO\���EXLOW���RQ��
QDUURZ����VWDQGDUGL]HG���PHWULFV����6LQFH���WKH���LQWHQWLRQ���IRU���WKH���6WRU\%ORFNV���DSS���ZDV���WR���EH���PRUH��
RSHQ�HQGHG���DQG���DOORZ���IRU���DQ\���W\SH���RI���FKLOG�JHQHUDWHG���VWRU\����ZH���EURDGHQHG���RXU���GHILQLWLRQ���RI��
QDUUDWLYH���GHYHORSPHQW���DQG���DWWHPSWHG���WR���DFFRXQW���IRU���LW���LQ���RXU���DQDO\VLV���IUDPHZRUN����(YHQ���WKRXJK��
RXU���GHILQLWLRQ���RI���QDUUDWLYH���ZDV���EURDG���WR���DOORZ���IRU���DQ\���W\SH���RI���FKLOG�JHQHUDWHG���VWRU\���WKH��
LQVSLUDWLRQ���IRU���GHYHORSLQJ���RXU���EHQFKPDUNV����VXFK���DV���&RPPRQ���&RUH���JXLGHOLQHV���DQG���QDUUDWLYH��
ODQJXDJH���PHDVXUHV����DUH���UHODWLYHO\���QDUURZ���LQ���ZKDW���WKH\���FRQVLGHU���WR���EH���D���QDUUDWLYH����$V���D���UHVXOW����WKH��
PDMRULW\���RI���WKH���PHDVXUHV���ZH���DXWRPDWHG���IRFXVHG���WRR���PXFK���RQ���WKH���VWUXFWXUH���RI���WKH���VWRU\����H�J�����VWRU\��
JUDPPDU�����7KHUHIRUH����DOWKRXJK���FKLOGUHQ���ZHUH���DEOH���WR���PDNH���PXOWLSOH���W\SHV���RI���QDUUDWLYHV���LQ��
6WRU\%ORFNV����RXU���DQDO\VLV���DSSURDFK���IDYRUHG���VWRULHV���WKDW���IROORZHG���D���WUDGLWLRQDO���QDUUDWLYH���VW\OH���
IRFXVHG���DURXQG���D���SUREOHP����DQG���FRQWDLQHG���D���EHJLQQLQJ����PLGGOH����DQG���HQG����,���DWWHPSWHG���WR���DFFRXQW��
IRU���WKLV���OLPLWDWLRQ���E\���LQFRUSRUDWLQJ���WKH���FRDFK¶V���LQWHUSUHWDWLRQ���RI���OHVV���VWUXFWXUDO���HOHPHQWV���
+RZHYHU����WKHUH���EHFDPH���D���GHOLFDWH���EDODQFH���EHWZHHQ���RYHU�EXUGHQLQJ���WKH���FRDFK���DQG��
XQGHU�DQDO\]LQJ���WKH���LQWHUSUHWLYH���HOHPHQWV���RI���D���VWRU\����6RPH���EOLQGVSRWV���,���LGHQWLILHG���LQ���RXU���DQDO\WLFV��
DSSURDFK���ZHUH���DVVHVVLQJ���FKLOGUHQ¶V���UHSUHVHQWDWLRQ���RI���VHOI���DQG���LGHQWLW\����DQDO\]LQJ���FKLOGUHQ¶V���RUDO��
QDUUDWLYH���VNLOOV���WKURXJK���WKHLU���DXGLR���UHFRUGLQJV����DQG���DQDO\]LQJ���FKLOGUHQ¶V���YLVXDO���UHSUHVHQWDWLRQV��
WKURXJK���WKH���FRPSRVLWLRQ���RI���WKHLU���VFHQHV����)RU���WKLV���ILUVW���LWHUDWLRQ���RI���D���3OD\���$QDO\WLFV���V\VWHP����ZH��
RSWHG���WRZDUGV���OHVVHQLQJ���WKH���FRDFK���EXUGHQ���XQWLO���ZH���FRXOG���FROOHFW���HQRXJK���FKLOGUHQ¶V���VWRU\���GDWD���WR��
LQIRUP���QHZ���DOJRULWKPV���DQG���UHGHVLJQ���D���PRUH���DGYDQFHG���FRPSXWDWLRQDO���DSSURDFK���IRU���FRDFKHV���WR��
PRUH���HIILFLHQWO\���IRFXV���RQ���WKH���LQWHUSUHWLYH���HOHPHQWV���RI���FKLOGUHQ¶V���VWRULHV���

)LQDOO\����WKH���WKLUG���OLPLWDWLRQ���RI���RXU���3OD\���$QDO\WLFV���V\VWHP���ZDV���WKDW���PRVW���RI���WKH���GDWD���UHOLHG��
KHDYLO\���RQ���EHLQJ���SUHVHQWHG���ZLWKLQ���D���GDVKERDUG����:KLOH���GDWD���YLVXDOL]DWLRQV���DQG���GDVKERDUGV���FDQ���EH��
KHOSIXO���LQ���SUHVHQWLQJ���LQIRUPDWLRQ���IURP���OHDUQLQJ���DQDO\WLFV����RQH���FRPPRQ���SLWIDOO���LQ���GDWD���DQDO\WLFV��
GDVKERDUGV���IRU���WHDFKHUV���DQG���HGXFDWRUV���LV���WKDW���WKH\���DUH���RIWHQ���XQLQWHUSUHWDEOH���RU���XVHOHVV���>��@����,Q��
UHVSRQVH����RXU���LQWHQW���ZDV���WR���FUHDWH���D���VLPSOH���DQG���PHDQLQJIXO���GDVKERDUG���ZLWKRXW���DQ\���FRPSOLFDWHG��
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YLVXDOV����:H���ZDQWHG���WR���HQJDJH���WKH���FRDFK���LQ���D���F\FOLF���VKDUH���RI���NQRZOHGJH����ZKHUH���WKH\���XVHG���WKH���GDWD��
WR���LQIRUP���WKHLU���H[SHUWLVH����DQG���WKHQ���WKHLU���H[SHUWLVH���SURGXFHG���PRUH���VRSKLVWLFDWHG���GDWD���VHWV���ZLWK��
PRUH���FRQWH[W���DQG���PHDQLQJ����+RZHYHU����LQ���LPSOHPHQWLQJ���WKH���DQDO\WLFV���V\VWHP���DQG���FRQQHFWLQJ���LW��
ZLWK���WKH���6WRU\%ORFNV���DSS����WLPH���DQG���UHVRXUFH���FRQVWUDLQWV���OHG���WR���XV���FXWWLQJ���IHDWXUHV���RI���WKH���DQDO\WLFV��
WKDW���FRQQHFWHG���WKH���DXWRPDWHG���GDWD���ZLWK���WKH���FRDFK���DQQRWDWLRQV����H�J����SUH�SRSXODWLQJ���DXWRPDWHG��
GDWD���WR���LQIRUP���UHOHYDQW���6WRU\���$QQRWDWLRQ���ILHOGV�����%HIRUH���GHSOR\LQJ����ZH���NQHZ���WKDW���VRPH���RI���WKH��
6WRU\���6WDWV���DQG���2YHUYLHZ���RI���3URJUHVV���ILHOGV���ZRXOG���EH���OHVV���XVHIXO���IRU���FRDFKHV����)RU���WKH���QH[W��
LWHUDWLRQ���RI���WKH���DQDO\WLFV���V\VWHP����,���DLP���WR���PDNH���VLPSOLFLW\���DQG���XVHIXOQHVV���D���WRS���SULRULW\���LQ���WKH��
GHVLJQ���DQG���LPSOHPHQWDWLRQ���RI���WKH���&RQVROH���

7R���VWXG\���HDFK���RI���WKH���GHVLJQV���DQG���LPSOHPHQW���WKH���IXOO���/HDUQLQJ���/RRSV���SURJUDP����ZH��
FRQGXFWHG���D���SLORW���RI���WKH���HQWLUH���V\VWHP����7KH���QH[W���VHFWLRQ���RI���WKLV���GLVVHUWDWLRQ���DQDO\]HV���WKH���6SULQJ��
�������SLORW���WR���H[DPLQH���/HDUQLQJ���/RRSV¶���DELOLW\���WR���GRFXPHQW���DQG���VXSSRUW���FKLOGUHQ¶V���QDUUDWLYH��
GHYHORSPHQW���

�
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������/HDUQLQJ���/RRSV���6SULQJ����������3LORW���6WXG\��
������0HWKRGRORJ\��
��������3LORW���*RDOV���DQG���5HVHDUFK���4XHVWLRQV��

7KH���JRDOV���RI���WKLV���SLORW���ZHUH���WKUHHIROG����)LUVW����ZH���ZDQWHG���WR���XQGHUVWDQG���KRZ���FKLOGUHQ��
SOD\HG���ZLWK���6WRU\%ORFNV���IRU���DQ���H[WHQGHG���SHULRG���RI���WLPH���LQ���WKHLU���KRPH���RYHU���HLJKW���ZHHNV����6HFRQG���
ZH���DLPHG���WR���LQVHUW���RXU���VWRU\WHOOLQJ���DSS����6WRU\%ORFNV���LQWR���RXU���SUHYLRXVO\���WHVWHG���FRDFKLQJ���V\VWHP��
>��������@���WR���H[DPLQH���RXU���DELOLW\���WR���FUHDWH���D���GLJLWDOO\�PHGLDWHG���V\VWHP���FHQWHUHG���DURXQG���FKLOGUHQ¶V��
QDUUDWLYHV����7KLUG����ZH���ZDQWHG���WR���FRQWLQXH���LWHUDWLQJ���RQ���RXU���PDWHULDOV����WRROV����DQG���WUDLQLQJ���IRU��
FRDFKHV���VR���WKDW���WKH\���FRXOG���EHWWHU���VXSSRUW���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���DQG���HQJDJH���IDPLOLHV���LQ��
WKH���VWRU\WHOOLQJ���SURFHVV����*LYHQ���WKHVH���JRDOV����RXU���IRUPDWLYH���UHVHDUFK���TXHVWLRQV���ZHUH������������+RZ���GLG��
FKLOGUHQ���HQJDJH���ZLWK���6WRU\%ORFNV"���������:KDW���WUHQGV���FDQ���ZH���REVHUYH���LQ���FKLOGUHQ¶V���VWRULHV"���������&DQ��
RXU���V\VWHP���GRFXPHQW���FKLOGUHQ¶V���QDUUDWLYH���SURJUHVV���WKURXJK���WKHLU���6WRU\%ORFNV���VWRULHV"���������'LG���WKH��
SUHVHQWDWLRQ���RI���VWRU\���GDWD���LQ���WKH���&RQVROH���KHOS���FRDFKHV���VHH���SURJUHVVLRQ"���������'LG���FRDFKHV���XVH���WKH��
GDWD���LQ���WKH���&RQVROH���WR���VXSSRUW���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW"���7KH���ILQGLQJV���IURP���WKLV���SLORW���ZLOO��
KHOS���XV���LPSURYH���RXU���V\VWHP���DQG���WRROV���

�
��������3DUWLFLSDQWV��

:H���FRQGXFWHG���WKH���ILUVW���SLORW���VWXG\���RI���WKH���/HDUQLQJ���/RRSV���SURJUDP���ZLWK��������IDPLOLHV��������
FKLOGUHQ����DJHV���VL[���WR���WHQ���\HDUV���ROG����DQG���ILYH���YROXQWHHU���FRDFKHV����JUDGXDWH���VWXGHQWV���LQ��
HGXFDWLRQ�UHODWHG���ILHOGV����DJHV�����������\HDUV���ROG����IRU���HLJKW���ZHHNV���LQ���WKH���*UHDWHU���%RVWRQ���$UHD����(DFK��
FRDFK���VHUYHG���EHWZHHQ���WKUHH���WR���VL[���FKLOGUHQ����7ZR���UHVHDUFK���VWDII���VHUYHG���DV���&RDFK���&RRUGLQDWRUV���
WUDLQLQJ���DQG���VXSSRUWLQJ���FRDFKHV���GXULQJ���WKH���SLORW���SURJUDP����3DUWLFLSDQWV���ZHUH���UHFUXLWHG���WKURXJK��
FROODERUDWLRQV���ZLWK���H[LVWLQJ���FRPPXQLW\���SDUWQHUV���DQG���XQLYHUVLWLHV����)DPLOLHV���ZHUH���UHFUXLWHG��
WKURXJK���DQ���DIWHU���VFKRRO���DQG���\RXWK���ZULWLQJ���SURJUDP����7KH���PDMRULW\���RI���IDPLOLHV���VSRNH���D���ODQJXDJH��
RWKHU���WKDQ���(QJOLVK���LQ���WKH���KRPH����OLYHG���LQ���D���WUDGLWLRQDOO\���XQGHUVHUYHG���FRPPXQLW\���LQ���WKH���%RVWRQ��
DUHD����DQG���DWWHQGHG���SXEOLF���VFKRRO���RU���ZHUH���KRPHVFKRROHG����&RDFKHV���ZHUH���UHFUXLWHG���WKURXJK���WKH��
6SHHFK�/DQJXDJH���3DWKRORJ\���JUDGXDWH���GHSDUWPHQW���DW���1RUWKHDVWHUQ���8QLYHUVLW\���DQG���WKH���+DUYDUG��
*UDGXDWH���6FKRRO���RI���(GXFDWLRQ���GHSDUWPHQW����
�
��������3URFHGXUH��

,Q���SUHSDUDWLRQ���IRU���WKLV���SLORW����ZH���LWHUDWLYHO\���GHYHORSHG���WZR���FRUH���WHFKQRORJLHV���WKDW���DUH��
LQWHJUDO���WR���WKH���/HDUQLQJ���/RRSV���SURJUDP����������WKH���6WRU\%ORFNV���DSS����ZKLFK���FKLOGUHQ���XVHG���WR���FUHDWH��
WKHLU���RZQ���FRPLF�VW\OH���VWRULHV����DQG���������WKH���&RDFK���&RQVROH����UHIHUUHG���WR���DV���&RQVROH�����ZKLFK���FRDFKHV��
XVHG���WR���DQDO\]H���VWRULHV����YLHZ���FKLOGUHQ¶V���SURJUHVV����JLYH���IHHGEDFN���RQ���VWRULHV����DQG���FRPPXQLFDWH��
ZLWK���FDUHJLYHUV����

%HIRUH���WKH���SLORW����FRDFKHV���FRPSOHWHG���D���ILIWHHQ�PLQXWH���SUH�VXUYH\���DERXW���WKHLU���SUHYLRXV��
H[SHULHQFHV���DQG���H[SHFWDWLRQV���RI���EHFRPLQJ���D���FRDFK����7KH\���DOVR���FRPSOHWHG���D���RQH�GD\���FRDFK��
WUDLQLQJ���ZLWK���WKH���FRRUGLQDWRUV���ZKLFK���LQWURGXFHG���WKH���/HDUQLQJ���/RRSV���DSSURDFK���DQG���WUDLQHG��
FRDFKHV���KRZ���WR���XVH���WKH���&RQVROH����FRPPXQLFDWH���ZLWK���IDPLOLHV����DQG���IDFLOLWDWH���LQ�SHUVRQ���IDPLO\��
ZRUNVKRSV����'XULQJ���WKH���WUDLQLQJ����FRDFKHV���ZHUH���SURYLGHG���ZLWK���D���&RDFK���+DQGERRN����VHH���$SSHQGL[��
%����WR���XVH���DV���D���UHVRXUFH���WKURXJKRXW���WKH���SLORW����&RDFKHV���FRPSOHWHG���D���EULHI���IHHGEDFN���VXUYH\���DIWHU���WKH��
WUDLQLQJ����7R���SURYLGH���FRQWLQXHG���VXSSRUW����FRDFKHV���DWWHQGHG���D���ILIWHHQ�PLQXWH���JURXS���YLGHR���FDOO���ZLWK��
WKH���FRRUGLQDWRUV���HYHU\���RWKHU���ZHHN����ILYH���WLPHV���GXULQJ���WKH���VWXG\����DQG���KDG���DFFHVV���WR���D���SULYDWH��
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&RDFK���*URXS0H���FKDW���FKDQQHO���WR���VKDUH���LQIRUPDWLRQ���DQG���TXHVWLRQV���ZLWK���IHOORZ���FRDFKHV���DQG��
FRRUGLQDWRUV���

,Q���RUGHU���WR���SDUWLFLSDWH����FDUHJLYHUV���FRPSOHWHG���D���ILIWHHQ�PLQXWH���RQERDUGLQJ���VXUYH\���DQG��
FKLOGUHQ���FRPSOHWHG���WKH���7HVW���RI���1DUUDWLYH���/DQJXDJH����71/������DVVHVVPHQW���ZLWK���WUDLQHG���PHPEHUV���RI��
WKH���UHVHDUFK���WHDP���WR���SHUVRQDOL]H���WKH���DQDO\WLFV���OHYHO���WR���WKH���FKLOG¶V���QDUUDWLYH���VNLOOV����$W���WKH���ODXQFK���RI��
WKH���SLORW����FRDFKHV���DQG���IDPLOLHV���DWWHQGHG���D���RQH�KRXU���LQ�SHUVRQ���ZRUNVKRS���LQ���RUGHU���WR���PHHW���HDFK��
RWKHU���DQG���VWDUW���EXLOGLQJ���D���WUXVWLQJ���UHODWLRQVKLS����)DPLOLHV���ZHUH���JLYHQ���L3DGV���ZLWK���6WRU\%ORFNV���DQG��
RSWLRQDO���ZLIL���KRWVSRWV���WR���WDNH���KRPH���ZLWK���WKHP���IRU���HLJKW���ZHHNV����7KH���UHVHDUFK���WHDP���KHOSHG��
RQERDUG���IDPLOLHV���RQWR���WKH���DSS���DQG���FUHDWH���WKHLU���RZQ���SHUVRQDO���ORJLQV����

7KURXJKRXW���WKH���HLJKW���ZHHN���SLORW����FKLOGUHQ���SOD\HG���ZLWK���6WRU\%ORFNV���LQ���WKH���KRPH����7KHUH��
ZDV���QR���SUHVFULEHG���DPRXQW���RI���SOD\����EXW���IDPLOLHV���ZHUH���DVNHG���WR���WU\���WR���SOD\���ZLWK���6WRU\%ORFNV���DW��
OHDVW���RQFH���D���ZHHN����LI���SRVVLEOH����:KLOH���FKLOGUHQ���SOD\HG���ZLWK���6WRU\%ORFNV����HDFK���WDS���DQG���FOLFN���ZDV��
VWUHDPHG���WR���WKHLU���FRDFK���YLD���WKH���&RQVROH����7KUHH���WLPHV���D���ZHHN����0RQGD\����:HGQHVGD\����DQG���)ULGD\����
FRDFKHV���ZHUH���SURPSWHG���WR���UHYLHZ���FKLOGUHQ¶V���SOD\���LQ���WKH���&RQVROH����,I���WKHUH���ZDV���SOD\����FRDFKHV���XVHG��
WKH���&RQVROH���WR����������DQDO\]H���WKH���VWRU\���DQG���FRPSOHWH���WKH���6WRU\���$QQRWDWLRQV���IRU���HDFK���SOD\���VHVVLRQ���
������FRPSRVH���D���FDUHJLYHU���XSGDWH���WR���FRPPXQLFDWH���WKH���FKLOG¶V���OHDUQLQJ���PRPHQWV����������LQFOXGH���D��
UHOHYDQW���IDPLO\���DFWLYLW\���WKDW���FDUHJLYHU���DQG���FKLOG���FRXOG���JR���WRJHWKHU���WR���UHLQIRUFH���ZKDW���WKH���FKLOG���ZDV��
OHDUQLQJ����DQG���������VHQG���IHHGEDFN���DQG���TXHVWLRQV���GLUHFWO\���WR���WKH���FKLOG¶V���VWRU\���WKURXJK���6WRU\���6WLFNLHV���
7KH���FDUHJLYHU���XSGDWHV���ZHUH���VHQW���WR���FDUHJLYHUV���DV���D���WH[W���PHVVDJH���EHWZHHQ���RQH���WR���WKUHH���WLPHV���D��
ZHHN����GHSHQGLQJ���RQ���WKH���FKLOG¶V���SOD\���WLPH����DQG���RQFH���SHU���ZHHN���WKH���XSGDWH���FRQWDLQHG���D���UHOHYDQW��
IDPLO\���DFWLYLW\����6WRU\���6WLFNLHV���ZHUH���VHQW���DW���OHDVW���RQFH���SHU���ZHHN����GHSHQGLQJ���RQ���KRZ���PXFK���WKH��
FKLOG���SOD\HG����&DUHJLYHUV���DQG���FRDFKHV���FRXOG���FRPPXQLFDWH���EDFN�DQG�IRUWK���EHWZHHQ���WH[W���PHVVDJHV��
DQG���WKH���FDUHJLYHU���PHVVDJHV���LQ���WKH���&RQVROH���

&DUHJLYHUV���FRPSOHWHG���D���ILIWHHQ�PLQXWH���PLG�ZD\���SURJUDP���VXUYH\���DW���ZHHN���WKUHH����SULRU���WR��
DWWHQGLQJ���WKH���VHFRQG���ZRUNVKRS����$W���ZHHN���IRXU���FRDFKHV���DQG���IDPLOLHV���DWWHQGHG���WKH���VHFRQG���
RQH�KRXU���LQ�SHUVRQ���ZRUNVKRS����'XULQJ���WKH���VHFRQG���ZRUNVKRS���FRDFKHV���DQG���FDUHJLYHUV���KDG���D��
PLG�SLORW���FKHFN�LQ����FKLOGUHQ���DWWHQGHG���D���IRFXV���JURXS���ZLWK���WKH���UHVHDUFK���WHDP���DERXW���WKH���DSS����DQG��
FRDFKHV���DQG���IDPLOLHV���SOD\HG���VWRU\WHOOLQJ�UHODWHG���JDPHV���WRJHWKHU����&KLOGUHQ���DQG���IDPLOLHV���ZHUH��
QRWLILHG���WR���VXEPLW���RQH���RI���WKHLU���6WRU\%ORFNV���VWRULHV���IRU���WKH���ILQDO���ERRN�����6WRU\%ORFNV���7DOHV�����&RDFKHV��
FRPSOHWHG���D���EULHI���IHHGEDFN���VXUYH\���DIWHU���WKH���VHFRQG���ZRUNVKRS���

$W���WKH���HQG���RI���WKH���SLORW����ZHHN���HLJKW����IDPLOLHV���DQG���FRDFKHV���DWWHQGHG���DQ���KRXU�ORQJ��
FHOHEUDWLRQ���ZRUNVKRS����ZKHUH���WKH\���UHWXUQHG���WKH���WHFKQRORJ\����SOD\HG���VWRU\�UHODWHG���JDPHV���ZLWK���WKHLU��
FRDFKHV����DQG���UHFHLYHG���WKHLU���SXEOLVKHG���ERRN�����6WRU\%ORFNV���7DOHV�����VHH���H[DPSOH���LQ���$SSHQGL[���&����
)DPLOLHV���FRPSOHWHG���D���ILQDO���SRVW�SURJUDP���VXUYH\���DQG���FRDFKHV���FRPSOHWHG���D���SRVW�SURJUDP���VXUYH\���
�
������)LQGLQJV��
��������&KLOGUHQ¶V���8VH���DQG���(QJDJHPHQW���ZLWK���6WRU\%ORFNV��

7ZHQW\�RQH���FKLOGUHQ���FUHDWHG���D���WRWDO���RI���������VWRULHV���LQ���6WRU\%ORFNV����DYHUDJH���RI�������
VWRULHV�FKLOG����PD[LPXP���VWRULHV�FKLOG���LV����������PLQLPXP���VWRULHV����FKLOG���LV���������SOD\LQJ���IRU���D���WRWDO���RI��
������KRXUV����DYHUDJH���RI��������PLQXWHV�GD\�FKLOG����������KRXUV�ZHHN�FKLOG����RYHU���WKH���HLJKW���ZHHNV����7KH��
DFFXPXODWHG���VWDWLVWLFV���IRU���HDFK���6WRU\%ORFNV���IHDWXUH����GHULYHG���LQ���ODUJH���SDUW���IURP���WKH���6WRU\���6WDWV����LV��
SUHVHQWHG���LQ���ILJXUH����������EHORZ���
�

����
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�
)LJXUH���������2YHUYLHZ���RI���VWDWLVWLFV���IRU���HDFK���IHDWXUH���RI���6WRU\%ORFNV���IURP���WKH���SLORW���

�
7KH���PRVW���XVHG���IHDWXUH���RI���WKH���DSS���ZDV���WKH���LWHP���VHDUFKHV����ZLWK������������WRWDO���VHDUFKHV���DQG��

��������XQLTXH���ZRUG���VHDUFKHV�����'XULQJ���WKH���VHFRQG���ZRUNVKRS����ZHHN���IRXU����FKLOGUHQ���ZHUH���SXW���LQ���D��
IRFXV���JURXS���DQG���DVNHG���WR���VKDUH���WKHLU���OLNHV���DQG���GLVOLNHV���RI���WKH���6WRU\%ORFNV���DSS����7KH\���H[SUHVVHG��
WKDW���WKH\���HVSHFLDOO\���ORYHG���³FUHDWLQJ���WKHLU���RZQ���VWRULHV���DERXW���DQ\WKLQJ�´���JHWWLQJ���³IHHGEDFN���IURP��
WKHLU���FRDFKHV�´���DQG���EHLQJ���DEOH���WR���³VHDUFK���IRU���LPDJHV�´���,Q���WKH���)DPLO\���0LG�3URJUDP���6XUYH\����RQH��
FDUHJLYHU���YDOLGDWHG���KHU���FKLOGUHQ¶V���H[FLWHPHQW���E\���VWDWLQJ���WKDW���KHU���FKLOGUHQ���ZHUH���³REVHVVHG���ZLWK���WKH��
DSS�´���7KHVH���UHSRUWV���DOLJQHG���ZLWK���WKH���QXPEHU���RI���VWRULHV���FUHDWHG���DQG���WKH���KLJK���YROXPH���RI���IHDWXUHV��
XVHG����H�J�����LPDJHV���VHDUFKHG����GXULQJ���WKH���SLORW���LQGLFDWH���WKDW���WKH���PDMRULW\���RI���FKLOGUHQ���ZHUH���KLJKO\��
HQJDJHG���ZLWK���6WRU\%ORFNV���GXULQJ���WKH���SLORW���
�
��������2EVHUYHG���7UHQGV���LQ���&KLOGUHQ¶V���6WRU\%ORFNV���6WRULHV��

:H���DQDO\]HG���WUHQGV���LQ���FKLOGUHQ¶V���6WRU\%ORFNV���VWRULHV���E\���DQDO\]LQJ���WKH���FRQWHQW���RI��
FKLOGUHQ¶V���VWRULHV���IURP���WKH���6WRU\%ORFNV���ORJV����)LJXUH���������VKRZV���DQ���RYHUYLHZ���RI���DOO���6WRU\%ORFNV��

����



�

VWRULHV���IRU���DOO���FKLOGUHQ����EURNHQ���GRZQ���E\���WKH���6WRU\���$QQRWDWLRQV����7ZR�KXQGUHG���DQG���HOHYHQ���VWRULHV��
ZHUH���DQQRWDWHG���IRU���WKHLU���WKHPHV����7KH���WRS���ILYH���PRVW���FRPPRQ���WKHPHV���LQ���FKLOGUHQ¶V���DQQRWDWHG��
VWRULHV���ZHUH���IULHQGVKLS������������IDPLO\������������DQLPDOV������������FRQIOLFW������������DQG��
DGYHQWXUH�WUDYHO������������&RDFKHV���DQQRWDWHG���WKH���JHQUH���IRU���������VWRULHV����6LQFH���WKH\���ZHUH���DEOH���WR��
VHOHFW���PXOWLSOH���JHQUHV���SHU���VWRU\����������JHQUHV���ZHUH���VHOHFWHG���IRU���WKH���������DQQRWDWHG���VWRULHV����2I���WKH��
������VWRULHV���DQQRWDWHG���IRU���JHQUH����������VWRULHV���ZHUH���FDWHJRUL]HG���DV���UHDO���OLIH�����������������VWRULHV���ZHUH��
FRQVLGHUHG���ILFWLRQ�����������������VWRULHV���KDG���HOHPHQWV���RI���GUDPD������������DQG��������VWRULHV���ZHUH���FRPHGLHV��
��������1RQH���RI���WKH���FRDFKHV���VHOHFWHG���³RWKHU´���IRU���WKH���JHQUH����$FURVV���DOO���������DQQRWDWHG���VWRULHV���IRU��
DFWLRQ�SUREOHP����FRDFKHV���LGHQWLILHG���VL[���VWRULHV���WKDW���FRQWDLQHG���RQO\���DFWLRQV����������������VWRULHV���WKDW��
FRQWDLQHG���RQO\���SUREOHPV������������DQG��������WKDW���FRQWDLQHG���ERWK���DFWLRQV���DQG���SUREOHPV������������2I���WKH��
������VWRULHV���DQQRWDWHG���IRU���FRPSOHWHQHVV���������VWRULHV���ZHUH���PDUNHG���DV���FRPSOHWH������������$FURVV��������
VWRULHV���DQQRWDWHG���IRU���FRKHUHQFH����������ZHUH���PDUNHG���DV���FRKHUHQW������������2Q���DYHUDJH����WKH���OHYHO���RI��
VWRU\���GHWDLO���ZDV���PHGLXP����DYHUDJH���RI����������
�

�
)LJXUH���������2YHUYLHZ���RI���6WRU\���$QQRWDWLRQV���$FURVV���$OO���6WRU\%ORFNV���6WRULHV���IRU���$OO���&KLOGUHQ����Q �������6LQFH���FRDFKHV��
FRXOG���FKRRVH���PXOWLSOH���WKHPHV���IRU���HDFK���VWRU\���DQG���WKHUH���ZDV���QR���ZD\���WR���LQGLFDWH���SULRULW\���RI���WKHPH����ZH���FRXQWHG���HDFK��
WKHPH���WKDW���FRDFKHV���LGHQWLILHG���ZLWK���HTXDO���SULRULW\����ZKHUH���WKH���QXPEHU���RI���WKHPHV���WDJJHG���ZHUH���������IRU���������VWRULHV����7KLV��

LV���WKH���VDPH���IRU���JHQUHV����7KH���SHUFHQWDJHV���DUH���FDOFXODWHG���RXW���RI���WRWDO���DQQRWDWHG���VWRULHV���IRU���HDFK���FDWHJRU\���

����



�

�
7R���IXUWKHU���H[DPLQH���WUHQGV���LQ���FKLOGUHQ¶V���6WRU\%ORFNV���VWRULHV����ZH���FRPSDUHG���VRPH���RI���WKH��

6WRU\���$QQRWDWLRQV������H�J�������QXPEHU���RI���VWRULHV���FUHDWHG����SHUFHQWDJH���RI���VWRU\���JHQUHV����SHUFHQWDJH���RI��
VWRU\���WKHPHV����SHUFHQWDJH���RI���VWRULHV���ZLWK���DFWLRQV����SHUFHQWDJH���RI���VWRULHV���ZLWK���SUREOHPV����DYHUDJH��
SHUFHQWDJH���RI���VWRU\���GHWDLO����SHUFHQWDJH���RI���FRPSOHWH���VWRULHV����SHUFHQWDJH���RI���FRKHUHQW���VWRULHV����EDVHG��
RQ���FHUWDLQ���LQGHSHQGHQW���YDULDEOHV���JOHDQHG���IURP���WKH���)DPLO\���2QERDUGLQJ���6XUYH\���DQG���WKH��
6WRU\%ORFNV���ORJ���GDWD����2XU���LQGHSHQGHQW���YDULDEOHV���ZHUH���FKLOG���DJH����VL[����VHYHQ����HLJKW����QLQH����DQG���WHQ��
\HDUV���ROG�����FKLOG���JHQGHU����PDOH����IHPDOH�������DQG�����FRDFK�����������������������������������

:H���ILUVW���H[DPLQHG���WUHQGV���LQ���FKLOGUHQ¶V���VWRULHV���E\���DJH����2I���WKH��������SDUWLFLSDQWV���DW���WKH��
FRPSOHWLRQ���RI���WKH���SURJUDP��������VL[�\HDU�ROG���FKLOGUHQ���FUHDWHG���������VWRULHV��������VHYHQ�\HDU�ROG���FKLOGUHQ��
FUHDWHG���������VWRULHV��������HLJKW�\HDU�ROG���FKLOGUHQ���FUHDWHG��������VWRULHV��������QLQH�\HDU�ROG���FKLOGUHQ���FUHDWHG��
�����VWRULHV����DQG�������WHQ�\HDU�ROG���FKLOGUHQ���FUHDWHG��������VWRULHV������2QH���FKLOG���LQ���WKLV���VWXG\���ZDV���ILYH���\HDUV��
RI���DJH����DQG���ZH���H[FOXGHG���KLV���GDWD���LQ���RXU���DQDO\VLV���RI���WUHQGV���E\���DJH����2Q���DYHUDJH����ROGHU���FKLOGUHQ��
WHQGHG���WR���PDNH���IHZHU���VWRULHV���WKDQ���\RXQJHU���FKLOGUHQ��������VL[�\HDU�ROG���FKLOGUHQ���PDGH���������VWRULHV���DQG��
WKUHH���FKLOGUHQ���DW���WHQ���\HDUV���RI���DJH���PDGH���RQO\��������VWRULHV����7KH���GHVFULSWLYH���VWDWLVWLFV���IRU���VWRULHV���E\��
DJH���DUH���SUHVHQWHG���LQ���ILJXUH����������/RRNLQJ���DW���WKH���VWRU\���JHQUHV���DQQRWDWHG���IRU���VL[���DQG���VHYHQ���\HDU���ROGV¶��
VWRULHV����VL[�\HDU�ROGV���PDGH���PRUH���ILFWLRQDO���VWRULHV���������RI��������VL[�\HDU�ROG���VWRULHV�����������DQG��������RI��
�����VHYHQ�\HDU�ROG���VWRULHV�����������ZHUH���FDWHJRUL]HG���DV���³ILFWLRQ´�����ZKHUHDV���VHYHQ���\HDU���ROGV���PDGH��
PRUH���VWRULHV���DERXW���UHDO���OLIH���������RI��������VHYHQ�\HDU�ROG���VWRULHV�����������DQG��������RI��������VL[�\HDU�ROG��
VWRULHV�����������ZHUH���FDWHJRUL]HG���DV���³UHDO���OLIH´�����(LJKW�\HDU�ROG���FKLOGUHQ���PDGH���IHZHU���FRPSOHWH��
VWRULHV���WKDQ���FKLOGUHQ���RI���RWKHU���DJHV��������RI��������HLJKW�\HDU�ROG���DQQRWDWHG���VWRULHV�����������ZHUH���PDUNHG���DV��
FRPSOHWH�����:KLOH���DERXW���WKUHH�TXDUWHUV���RU���PRUH���RI���WKH���DQQRWDWHG���VWRULHV���IRU���HDFK���DJH���JURXS���ZHUH��
PDUNHG���DV���FRKHUHQW����DOO��������RI���WKH���WHQ�\HDU�ROG���DQQRWDWHG���VWRULHV���ZHUH���FRKHUHQW����/RRNLQJ���MXVW���DW��
WKH���WRS���ILYH���WKHPHV���LGHQWLILHG���E\���FRDFKHV����HLJKW���\HDU���ROGV���PDGH���PDQ\���VWRULHV���DERXW���IULHQGVKLS��������
RI��������DQQRWDWHG���VWRULHV������������VHYHQ���DQG���QLQH���\HDU���ROGV���PDGH���PDQ\���VWRULHV���DERXW���IDPLO\���������RI��
�����VHYHQ�\HDU�ROG���DQQRWDWHG���VWRULHV����������������RI��������QLQH�\HDU�ROG���DQQRWDWHG���VWRULHV������������DQG��
VL[���\HDU���ROGV���PDGH���PDQ\���VWRULHV���DERXW���FRQIOLFW���������RI��������DQQRWDWHG���VWRULHV�����������DQG���DQLPDOV��������
RI��������DQQRWDWHG���VWRULHV������������6HYHQ���\HDU���ROGV���KDG���WKH���KLJKHVW���DYHUDJH���OHYHO���RI���VWRU\���GHWDLO��
��������DQG���WHQ���\HDU���ROGV���KDG���WKH���ORZHVW���DYHUDJH���OHYHO���RI���VWRU\���GHWDLO������������

�

�
)LJXUH���������'HVFULSWLYH���6WDWLVWLFV���IRU���6HOHFWHG���6WRU\���$QQRWDWLRQV���*URXSHG���E\���&KLOG���$JH���

�
:H���WKHQ���H[DPLQHG���WUHQGV���LQ���FKLOGUHQ¶V���VWRULHV���E\���JHQGHU����2I���WKH��������FKLOGUHQ���SDUWLFLSDWLQJ���

�����ZHUH���IHPDOH���DQG���HLJKW���ZHUH���PDOH����)HPDOHV���FUHDWHG���D���WRWDO���RI���������VWRULHV���RXW���RI���WKH���������VWRULHV���
DQG���PDOHV���FUHDWHG���D���WRWDO���RI���������VWRULHV����7KH���GHVFULSWLYH���VWDWLVWLFV���IRU���VWRULHV���E\���JHQGHU���DUH��
SUHVHQWHG���LQ���ILJXUH����������7ZR�KXQGUHG���DQG���WZHOYH���VWRULHV���ZHUH���DQQRWDWHG���IRU���JHQUH����ZLWK���FRDFKHV��
FKRRVLQJ���DW���OHDVW���RQH���JHQUH���IRU���������VWRULHV���FUHDWHG���E\���IHPDOH���SDUWLFLSDQWV���DQG��������VWRULHV���FUHDWHG��

����



�

E\���PDOH���SDUWLFLSDQWV����*LUOV���PDGH���PRUH���UHDO���OLIH���VWRULHV���������RI���������IHPDOH���VWRULHV�����������DQG��������RI��
�����PDOH���VWRULHV�����������ZHUH���FDWHJRUL]HG���DV���³UHDO���OLIH´�����ZKHUHDV���ER\V���PDGH���PRUH���ILFWLRQDO���VWRULHV��
������RI��������PDOH���VWRULHV�����������DQG��������RI���������IHPDOH���VWRULHV�����������ZHUH���FDWHJRUL]HG���DV���³ILFWLRQ´���
DQG���GUDPDV���������RI��������PDOH���VWRULHV�����������DQG��������RI���������IHPDOH���VWRULHV������������$ERXW���KDOI���RI���WKH��
DQQRWDWHG���VWRULHV���WKDW���ERWK���ER\V���DQG���JLUOV���FUHDWHG���ZHUH���FRPSOHWH���VWRULHV����DQG���RYHU���WKUHH�IRXUWKV���RI��
WKH���DQQRWDWHG���VWRULHV���FUHDWHG���E\���ERWK���JHQGHUV���ZHUH���FRKHUHQW����,Q���UHYLHZLQJ���WKH���WKHPHV���RI��
FKLOGUHQ¶V���VWRULHV���E\���JHQGHU����JLUOV���FUHDWHG���PDQ\���VWRULHV���DERXW���IDPLO\���������RI���������IHPDOH���VWRULHV���
�����������RI��������PDOH���VWRULHV�����������ZKHUHDV���ER\V���FUHDWHG���PRUH���VWRULHV���DERXW���DQLPDOV���������RI��������PDOH��
VWRULHV���������������RI���������IHPDOH���VWRULHV����������DQG���FRQIOLFW���������RI��������PDOH���VWRULHV���������������RI���������
�������,QWHUHVWLQJO\����VLPLODU���WUHQGV���DPRQJ���WKH���WKHPHV���LQ���SUHVFKRRO�DJHG���FKLOGUHQ¶V���VSRQWDQHRXV��
RUDO���VWRULHV���E\���JHQGHU���ZHUH���IRXQG���E\���1LFRORSRXORX�������������6KH���IRXQG���WKDW���ER\V���WHQGHG���WR���IRFXV��
WKHLU���VWRULHV���RQ���ZKDW���VKH���WHUPHG���WKH���³KHURLF�DJRQLVWLF���JHQUH´���ZKHUH���FKDUDFWHUV���RI���SRZHU���DUH��
EURXJKW���WRJHWKHU���YLD���FRQIOLFW����DQG���JLUOV���WHQGHG���WR���IRFXV���WKHLU���VWRULHV���DURXQG���WKH���³IDPLO\���JHQUH´��
ZKHUH���FKDUDFWHUV���KDYH���SUH�H[LVWLQJ���UHODWLRQV���DQG���VHHN���KDUPRQ\���>��@����/DVWO\����RQ���DYHUDJH����JLUOV��
WHQGHG���WR���FUHDWH���VWRULHV���ZLWK���VOLJKWO\���PRUH���GHWDLO���WKDQ���ER\V����JLUOV���DYHUDJH���OHYHO���RI���GHWDLO���ZDV��������
DQG���ER\V���DYHUDJH���ZDV����������

�

�
)LJXUH���������'HVFULSWLYH���6WDWLVWLFV���IRU���6HOHFWHG���6WRU\���$QQRWDWLRQV���*URXSHG���E\���&KLOG���*HQGHU���

�
1H[W����ZH���H[DPLQHG���WUHQGV���LQ���FKLOGUHQ¶V���VWRULHV���JURXSHG���E\���WKHLU���FRDFK����(DFK���FRDFK���VHUYHG��

DQ���DYHUDJH���RI���������FKLOGUHQ����&RDFK��������VHUYHG���WKUHH���FKLOGUHQ���IURP���RQH���IDPLO\����GXH���WR���DWWULWLRQ���
&RDFK�����¶V���RWKHU���IDPLO\���OHIW���WKH���VWXG\���DIWHU���WKH���ILUVW���ZHHN�����&RDFK��������VHUYHG���VL[���FKLOGUHQ���IURP��
IRXU���IDPLOLHV����RQH���ZHHN���LQWR���WKH���VWXG\���D���VLEOLQJ���RI���D���SDUWLFLSDWLQJ���FKLOG���RQ���WKH���FXVS���RI���WKH���DJH��
UDQJH���MRLQHG���WKH���VWXG\���DQG���&RDFK��������DJUHHG���WR���FRDFK���WKDW���FKLOG�����DQG���&RDFK���������&RDFK���������DQG��
&RDFK��������DOO���VHUYHG���IRXU���FKLOGUHQ���HDFK���IURP���WKUHH���IDPLOLHV����7KH���GHVFULSWLYH���VWDWLVWLFV���IRU���VWRULHV��
JURXSHG���E\���FRDFK���DUH���SUHVHQWHG���LQ���ILJXUH����������&KLOGUHQ���ZKR���KDG���FRDFK��������PDGH���PRUH���UHDO���OLIH��
VWRULHV���������RI��������DQQRWDWHG���VWRULHV�����������DQG���PDQ\���RI���WKHLU���VWRULHV���FHQWHUHG���DURXQG���WKH���WKHPH���RI��
IDPLO\���������RI��������DQQRWDWHG���VWRULHV������������7KH���FKLOGUHQ���ZKR���KDG���&RDFK��������FUHDWHG���WKH���KLJKHVW��
QXPEHU���RI���VWRULHV����PDGH���PRUH���GUDPDWLF���VWRULHV���������RI��������DQQRWDWHG���VWRULHV������������DQG���KDG���WKH��
KLJKHVW���DYHUDJH���OHYHO���RI���VWRU\���GHWDLO����DYHUDJH���RI�����������$OO���FRDFKHV���PDUNHG���WKH���PDMRULW\���RI���WKHLU��
FKLOGUHQ¶V���DQQRWDWHG���VWRULHV���DV���FRKHUHQW���

�

�
)LJXUH���������'HVFULSWLYH���6WDWLVWLFV���IRU���6HOHFWHG���6WRU\���$QQRWDWLRQV���*URXSHG���E\���&RDFK���

����



�

�
7KH���SXUSRVH���RI���REVHUYLQJ���WKHVH���WUHQGV���LV���WR���XQGHUVWDQG���KRZ���FKLOGUHQ���XVH���6WRU\%ORFNV���DQG��

H[SORUH���WKH���W\SHV���RI���VWRULHV���FKLOGUHQ���WHOO����7KHVH���WUHQGV���DUH���QRW���PHDQW���WR���SURYH���GLIIHUHQFHV���DPRQJ��
DJHV���RU���JHQGHUV����QRU���VKRXOG���WKH\���EH���JHQHUDOL]HG���WR���RWKHU���VWRU\WHOOLQJ���VLWXDWLRQV����+RZHYHU����WKHVH��
6WRU\%ORFNV���VWRULHV���DUH���RQH���RI���WKH���ILUVW���NQRZQ���FRUSRUD���RI���FKLOGUHQ¶V���GLJLWDO���VWRULHV����7KHUHIRUH����LW��
LV���LPSRUWDQW���WR���H[DPLQH���WKH���SRVVLEOH���WUHQGV���ZLWKLQ���WKHVH���VWRULHV����DQG����RQFH���RXU���FRUSXV���RI���GLJLWDO��
VWRULHV���FRQWLQXHV���WR���JURZ����FRPSDUH���WKH���WUHQGV���LQ���FKLOGUHQ¶V���GLJLWDO���VWRULHV���ZLWK���WUHQGV���LQ���WKHLU���RUDO��
RU���ZULWWHQ���VWRULHV���
�
��������6\VWHPDWLF���'RFXPHQWDWLRQ���RI���&KLOGUHQ¶V���1DUUDWLYH���3URJUHVV��

,W���LV���LPSRUWDQW���WR���GLVWLQJXLVK���EHWZHHQ���WKH���TXHVWLRQ���RI���ZKHWKHU���FKLOGUHQ���PDGH���SURJUHVV���
DQG���DVNLQJ���RXU���DFWXDO���TXHVWLRQ����ZKLFK���LV���ZKHWKHU���RXU���WRRO���KDG���WKH���FDSDFLW\���WR���GRFXPHQW���SRWHQWLDO��
SURJUHVV����7KHUHIRUH����UDWKHU���WKDQ���RQO\���SUHVHQWLQJ���GDWD���WKDW���VKRZV���ZKHWKHU���DOO���FKLOGUHQ���PDGH��
SURJUHVV����,���ZLOO���LQVWHDG���VKRZ���H[DPSOHV���RI���WKH���ILQH�JUDLQHG���GDWD���RXU���V\VWHP���FROOHFWV���DQG���KRZ���ZH��
FDQ���DQDO\]H���LW���WR���GRFXPHQW���SRWHQWLDO���SURJUHVV����

)URP���WKH���6WRU\%ORFNV���ORJ���GDWD����HYHU\���WDS���ZDV���UHFRUGHG���DQG���VFUHHQVKRWV���ZHUH���WDNHQ���RI��
HDFK���IUDPH���LQ���WKH���VWRU\���DIWHU���HYHU\���PDMRU���DFWLRQ���RU���FKDQJH���WR���WKH���VWRU\����H�J�����LQVHUWLQJ���D���FKDUDFWHU���
VHDUFKLQJ���DQ���LWHP����LQVHUWLQJ���GLDORJXH�����7KHVH���GDWD���DQG���WKH���VFUHHQVKRWV���ZHUH���FRPSLOHG���DQG��
SUHVHQWHG���ZLWKLQ���WKH���&RQVROH���LQ���WKH���IRUP���RI���6WRU\���6WDWV���DQG���WKH���3OD\���DQG���3URFHVV���0RGHV���RI���WKH��
FKLOG¶V���VWRU\����&RDFKHV���FRPSOHWHG���6WRU\���$QQRWDWLRQV���IRU���HDFK���VWRU\���WR���VXSSOHPHQW���WKH���DXWRPDWHG��
6WRU\���6WDWV����7KH���6WRU\%ORFNV���ORJ���GDWD���DQG���&RQVROH���ORJ���GDWD���ZHUH���FRPELQHG���WR���FUHDWH���D���FRPSOHWH��
GDWDVHW���IRU���HDFK���VWRU\����)URP���WKLV���ILQH�JUDLQHG���GDWD���RI���D���VLQJOH���FKLOG¶V���SOD\����ZH���FDQ���ORRN���DW���ERWK���DQ��
LQGLYLGXDO���VWRU\����DV���ZHOO���DV���DQ\���RI���WKHVH���GDWD���SRLQWV���IRU���HDFK���VWRU\���RYHU���WLPH����2QH���ZD\���ZH���FRXOG��
XVH���WKLV���ILQH�JUDLQHG���GDWD���WR���GRFXPHQW���D���FKLOG¶V���QDUUDWLYH���SURJUHVVLRQ���ZRXOG���EH���WR���FKDUW���WKH��
QXPEHU���RI���RFFXUUHQFHV���RI���HDFK���6WRU\���6WDW���DQG���6WRU\���$QQRWDWLRQ���ZLWKLQ���D���FKLOG¶V���VWRU\����RUJDQL]HG��
FKURQRORJLFDOO\���E\���VWRU\���HQG���GDWH����7R���GHPRQVWUDWH���WKLV����ZH���ZLOO���SLFN���RQH���6WRU\���6WDW����VXFK���DV���YHUE��
XVDJH����9HUE���XVDJH���ZDV���UHSUHVHQWHG���LQ���WKH���6WRU\���6WDWV����:H���LQWHJUDWHG���D���WKLUG�SDUW\���SDFNDJH���FDOOHG��
VSD&\���WR���UXQ���WKURXJK���HDFK���ZRUG���LQ���WKH���VSHHFK���EXEEOH���WR���ILUVW���GHWHUPLQH���LI���WKH���ZRUG���LV���D���YHUE����DQG���

LI���VR���WDJ���LW���DV���SDVW����SUHVHQW����RU���LQILQLWLYH���XVLQJ���VSD&\¶V���FODVVLILHUV����:H���FDQ���ORRN���DW���D���FKLOG¶V��
SURJUHVVLRQ���RI���YHUE���XVDJH���IURP���WKH���GLDORJXH���EXEEOHV���LQ���WKHLU���VWRULHV���RYHU���WLPH����)RU���H[DPSOH����E\��
DQDO\]LQJ���WZR���VWRULHV���IURP���D���VL[�\HDU�ROG����5RJHU�����ZH���FDQ���VHH���WKH���JURZWK���LQ���KLV���XVH���RI���YHUEV���IURP���

RQH���RI���WKH���ILUVW���VWRULHV���KH���FUHDWHG���LQ���6WRU\%ORFNV����ILJXUH�����������WR���RQH���RI���WKH���ODVW���VWRULHV���KH���FUHDWHG��
LQ���6WRU\%ORFNV���DW���WKH���HQG���RI���WKH���SLORW����ILJXUH�����������,Q���WKH���ILUVW���VWRU\����5RJHU���XVHG���WZR���YHUEV����³DP´��
�IURP���³,¶P´����DQG���³ORYH´����,Q���WKH���ODVW���VWRU\����5RJHU���XVHG��������YHUEV���LQ���WRWDO����&RQWUROOLQJ���IRU���OHQJWK���RI��
VWRU\���E\���IUDPH����5RJHU¶V���ILUVW���VWRU\���KDG���DQ���DYHUDJH���RI���������YHUEV���SHU���IUDPH���DQG���KLV���ODVW���VWRU\���KDG���DQ��
DYHUDJH���RI���������YHUEV���SHU���IUDPH����7KLV���LQGLFDWHV���D���JURZWK���LQ���YHUE���XVDJH���RYHU���WLPH����

)XUWKHUPRUH����RXU���V\VWHP���FDQ���QRW���RQO\���SUHVHQW���WKLV���ILQH�JUDLQHG���GDWD���E\���FRPSDULQJ���WKH��
ILUVW���DQG���ODVW���VWRULHV���RI���HDFK���FKLOG����EXW���LW���FDQ���DOVR���FKDUW���WKH���RFFXUUHQFHV���RI���WKHVH���VWDWV����VXFK���DV���YHUE��
XVDJH����IRU���HDFK���VWRU\���RYHU���WLPH���WR���JHW���D���PRUH���FRPSUHKHQVLYH���YLHZ���RI���WKH���LQFUHPHQWDO���VKLIWV��
WKURXJKRXW���WKH���FRXUVH���RI���WKH���SLORW����)RU���H[DPSOH����ILJXUH���������FKDUWV���WKH���DYHUDJH���YHUE���XVDJH���SHU��
IUDPH���IRU���DOO���RI���5RJHU¶V���VWRULHV���GXULQJ���WKH���SLORW����RUJDQL]HG���E\���VWRU\���HQG���GDWH����)LQDOO\����ZLWK���RXU��
GDWD����ZH���FDQ���JR���HYHQ���IXUWKHU����E\���QRW���MXVW���FDOFXODWLQJ���WKH���WRWDO���YHUEV���XVHG����EXW���DOVR���ORRNLQJ���DW���WKH��

���VSD&\¶V���/LQJXLVWLF���)HDWXUHV�����KWWSV���VSDF\�LR�XVDJH�OLQJXLVWLF�IHDWXUHV��
���(YHU\���QDPH���RI���WKH���FKLOGUHQ����FDUHJLYHUV����DQG���FRDFKHV���LQ���WKLV���HQWLUH���GLVVHUWDWLRQ���KDYH���EHHQ���FKDQJHG���WR��
SURWHFW���WKH���SULYDF\���RI���RXU���SDUWLFLSDQWV���
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EUHDNGRZQ���RI���YHUE���WHQVH����)RU���H[DPSOH����5RJHU¶V���ILUVW���VWRU\���KDG���WZR���SUHVHQW���WHQVH���YHUEV���DQG���KLV��
ODVW���VWRU\���KDG���WKUHH���SDVW���WHQVH���YHUEV����QLQH���SUHVHQW���WHQVH���YHUEV����DQG��������LQILQLWLYH���WHQVH���YHUEV���
5RJHU¶V���WUHQG���LQ���XVLQJ���LQFUHDVLQJO\���YDULHG���YHUE���WHQVHV���DOLJQV���ZLWK���WKH���UHVHDUFK���ILQGLQJ���WKDW���\RXQJ��
FKLOGUHQ���VWDUW���WHOOLQJ���VWRULHV���XVLQJ���WKH���SUHVHQW���WHQVH���DQG���LQFUHDVH���WR���WKH���SDVW���DQG���IXWXUH���WHQVHV���DV��
WKHLU���VWRU\WHOOLQJ���VNLOOV���JHW���PRUH���VRSKLVWLFDWHG���>��@���
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)LJXUH���������5RJHU¶V���)LQDO���&RPSOHWH���6WRU\���&UHDWHG���LQ���6WRU\%ORFNV���
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�
)LJXUH���������/LQH���FKDUW���RI���5RJHU¶V���WRWDO���YHUE���XVDJH���LQ���HDFK���VWRU\����RUJDQL]HG���E\���VWRU\���HQG���GDWH���

�
)RU���WKH���OHVV���HDVLO\���DXWRPDWDEOH���HOHPHQWV���RI���D���VWRU\����VXFK���DV���LGHQWLI\LQJ���WKH���VWRU\¶V���JHQUH���

WKH���FRPSOHWHQHVV���RI���D���VWRU\����DQG���WKH���FRKHUHQFH���RI���D���VWRU\����FRDFKHV���DQQRWDWHG���HDFK���VWRU\���WKH��
FKLOGUHQ���FUHDWHG���XVLQJ���WKH���6WRU\���$QQRWDWLRQV����6LPLODU���WR���WKH���ILQH�JUDLQHG���ZD\���RXU���V\VWHP���FDQ��
DQDO\]H���WKH���6WRU\���6WDWV����RXU���V\VWHP���FDQ���FRPSLOH���DQG���DQDO\]H���FRDFK���DQQRWDWLRQV���WR���ORRN���DW��
HOHPHQWV���WKDW���UHODWH���WR���VWRU\���SURJUHVVLRQ����VXFK���DV���VWRU\���FRPSOHWHQHVV����5HWXUQLQJ���WR���5RJHU¶V��
H[DPSOHV���LQ���ILJXUHV���������DQG����������WKH���FRDFK���DQQRWDWHG���5RJHU¶V���ILUVW���VWRU\���DV���LQFRPSOHWH����DQG���WKH��
ODVW���VWRU\���DV���FRPSOHWH����:H���FRXOG���WKHQ���XVH���WKH���GDWD���LQ���HDFK���VWRU\���WR���FKDUW���WKH���SURJUHVVLRQ���RI��
FRPSOHWH���VWRULHV���DFURVV���DOO���RI���5RJHU¶V���VWRULHV����RUJDQL]HG���FKURQRORJLFDOO\���E\���HQG���GDWH���

*LYHQ���WKH���ILQH�JUDLQHG���GDWD���FDSWXUHG���DQG���FRPSLOHG���E\���RXU���V\VWHP����LW���LV���UHDVRQDEOH���WR��
FRQFOXGH���WKDW���RXU���V\VWHP���KDV���WKH���DELOLW\���WR���GRFXPHQW���FKLOGUHQ¶V���QDUUDWLYH���SURJUHVVLRQ���IURP���WKHLU��
6WRU\%ORFNV���VWRULHV����+RZHYHU����LQ���RUGHU���WR���WUXO\���PDNH���WKDW���FODLP����ZH���QHHG���WR���GHILQH���QDUUDWLYH��
SURJUHVV���DQG���LGHQWLI\���ZKLFK���PHDVXUHV���DOLJQ���ZLWK���RXU���GHILQLWLRQ����6LQFH���RXU���RULJLQDO���GHVLJQ���RI���WKH��
DQDO\WLFV���V\VWHP���DLPHG���WR���WDNH���D���EURDG���GHILQLWLRQ���RI���QDUUDWLYH���EH\RQG���MXVW���WKH���PHFKDQLFV���RI��
QDUUDWLYH����ZH���FDQQRW���EDVH���RXU���GHILQLWLRQ���RI���QDUUDWLYH���SURJUHVV���RQ���WKH���PHDVXUHV���RI���WKH���6WRU\���6WDWV��
DQG���6WRU\���$QQRWDWLRQV����DORQH����7KLQJV���OLNH���YHUE���XVDJH���DQG���YHUE���WHQVHV���DUH���RQO\���D���VPDOO���SDUW���RI���D��
PXFK���ODUJHU���SLFWXUH���RI���ZKDW���FRQVWLWXWHV���D���QDUUDWLYH����DQG���ZKDW���ZH���FDQ���REVHUYH���DV���QDUUDWLYH��
SURJUHVV����)RU���H[DPSOH����UHYLVLWLQJ���5RJHU¶V���WZR���VWRULHV����ZH���FDQ���VHH���WKDW���ZKLOH���KLV���YHUE���XVDJH���GLG��
LQFUHDVH����KLV���ODVW���VWRU\���ZDV���ZD\���PRUH���FRPSOH[���WKDQ���KLV���ILUVW����LQGLFDWLQJ���WKDW���WKHUH���DUH���PDQ\���RWKHU��
HOHPHQWV���FRQWULEXWLQJ���WR���SURJUHVVLRQ����H�J�����OLQJXLVWLF���FRPSOH[LW\����FRKHUHQFH����FRPSRVLWLRQDO��
FRPSOH[LW\����HPRWLRQDO���FRPSOH[LW\����FRPSOH[LW\���RI���SORW�����)RFXVLQJ���VROHO\���RQ���VRPHWKLQJ���OLNH���YHUE��
XVDJH����HYHQ���ZLWK���LWV���FRUUHODWLRQ���WR���RWKHU���DVSHFWV���RI���QDUUDWLYH���ODQJXDJH���DQG���VWRU\���JUDPPDU��
IHDWXUHV����RQO\���GRFXPHQWV���D���VPDOO���SDUW���RI���ZKDW���PDNHV���5RJHU¶V���ODVW���VWRU\���PRUH���VRSKLVWLFDWHG���
:KLOH���WKHVH���DUH���VWLOO���LPSRUWDQW���WR���PHDVXUH����ZH���ZDQW���WR���PDNH���VXUH���ZH���DUH���QRW���SUHVHQWLQJ���WKHVH��
SLHFHV���RI���GDWD���DV���WKH���ZKROH���SLFWXUH���WR���FRDFKHV����7KHUHIRUH����WKH���GDWD���FDSWXUHG���E\���RXU���V\VWHP��
VXJJHVWV���WKDW���LW���LV���SRVVLEOH���WR���GRFXPHQW���SURJUHVVLRQ���RQ���FHUWDLQ���QDUUDWLYH���VNLOOV���RU���HOHPHQWV����H�J����
OLQJXLVWLF���IHDWXUHV�����EXW���WKDW���ZH���FDQQRW���FRQFOXGH���ZKHWKHU���ZH���KDYH���GRFXPHQWHG���FKLOGUHQ¶V��
QDUUDWLYH���SURJUHVVLRQ���ZLWKRXW���ILUVW���FUHDWLQJ���D���FRPSUHKHQVLYH���GHILQLWLRQ���RI���SURJUHVVLRQ����,Q���RUGHU���WR��
GR���WKLV����ZH���ZLOO���QHHG���WR���FUHDWH���D���WKHRUHWLFDO���IUDPHZRUN���IRU���KRZ���ZH���GHILQH���DQG���DQDO\]H���QDUUDWLYH����

,Q���DQDO\]LQJ���RXU���V\VWHP¶V���DELOLW\���WR���GRFXPHQW���SRWHQWLDO���QDUUDWLYH���SURJUHVVLRQ����ZH���FDQ���DOVR��
ORRN���EH\RQG���WKH���6WRU\���6WDWV���DQG���6WRU\���$QQRWDWLRQV����DW���WKH���FRDFK¶V���FDUHJLYHU���XSGDWHV����2QH���RI���WKH��
UROHV���RI���D���FRDFK���ZDV���WR���FRPPXQLFDWH���FKLOGUHQ¶V���OHDUQLQJ���PRPHQWV���GXULQJ���SOD\���WR���FDUHJLYHUV��
WKURXJK���WKHLU���FDUHJLYHU���XSGDWHV����WKHUHE\���XVLQJ���WKH���&RQVROH���WR���GRFXPHQW���SRWHQWLDO���SURJUHVV���WKDW��
PD\���RU���PD\���QRW���KDYH���EHHQ���FDSWXUHG���E\���WKH���6WDWV���RU���$QQRWDWLRQV����,���RUJDQL]HG���HDFK���FRDFK¶V���XSGDWH��
IRU���HDFK���FKLOG���LQ���FKURQRORJLFDO���RUGHU���DQG���PDQXDOO\���DQQRWDWHG���IRU���HYLGHQFH���RI���SURJUHVVLRQ����2QO\��
FKLOGUHQ���ZKR���KDG���XSGDWHV���WKDW���PHW���WKH���LQFOXVLRQ���FULWHULD���ZHUH���DQDO\]HG����7R���EH���LQFOXGHG����D���FRDFK��
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PXVW���KDYH���VHQW���DW���OHDVW���ILYH���XSGDWHV���WR���WKH���FKLOG¶V���FDUHJLYHU���VSHFLILFDOO\���DERXW���WKH���FKLOG¶V���VWRULHV��
�WKLV���H[FOXGHV���/DFN���RI���$FWLYLW\���XSGDWHV�����$OO���XSGDWHV���IRU��������RI���WKH��������FKLOGUHQ���ZHUH���DQDO\]HG���
$QDO\VLV���UHYHDOHG���WKDW���WKH���XSGDWHV���IRU��������RI���WKH��������FKLOGUHQ���GRFXPHQWHG���VWURQJ���QDUUDWLYH��
SURJUHVVLRQ����DQG���VOLJKW���QDUUDWLYH���SURJUHVVLRQ���IRU���WKH���UHPDLQLQJ���WKUHH���RI���WKH��������FKLOGUHQ����0\��
DQQRWDWLRQV���\LHOGHG���IRXU���FDWHJRULHV���RI���SURJUHVVLRQ���FRPPXQLFDWHG���WKURXJK���WKH���FRDFKHV¶���XSGDWHV���
SURJUHVVLRQ���RI���VWRU\���FRPSOHWHQHVV����VWRU\���FRKHUHQFH����H[SUHVVLRQ����HPRWLRQDO���H[SUHVVLRQ���DQG��
FKDUDFWHU���GHYHORSPHQW�����DQG���VWRU\���FRPSOH[LW\����&RDFKHV���DOVR���PDGH���QRWH���RI���VSHFLILF���WUHQGV���WKH\��
VDZ���LQ���FKLOGUHQ¶V���VWRULHV����VXFK���DV���WKHPHV���DPRQJ���VLEOLQJV����LQIOXHQFH���RI���VWRU\���JHQUHV����DQG��
H[SDQGLQJ���RU���HGLWLQJ���VWRULHV���LQ���UHVSRQVH���WR���DQ���H[SHULHQFH���RU���D���FRDFK¶V���IHHGEDFN����)XUWKHUPRUH����WR��
PDNH���VXUH���WKHVH���GHSLFWLRQV���RI���SURJUHVVLRQ���ZHUH���DFFXUDWH����,���ZHQW���EDFN���WR���FKLOGUHQ¶V���VWRULHV���WR���VHH��
LI���,���FRXOG���ILQG���HYLGHQFH���RI���WKH���GRFXPHQWHG���SURJUHVV����

7R���YDOLGDWH���WKH���SURJUHVV���FRPPXQLFDWHG���WKURXJK���WKH���XSGDWHV����HDFK���XSGDWH���ZDV���PDSSHG���WR��
LWV���UHOHYDQW���VWRU\���IRU���HYLGHQFH���RI���WKH���OHDUQLQJ���PRPHQW���H[SUHVVHG���LQ���WKH���XSGDWH����)LJXUH���������VKRZV��
DQ���H[DPSOH���RI���WKLV���PDSSLQJ���ZLWK��������VWRULHV����VRPH���ZLWK���VHYHUDO���GUDIWV����E\���VHYHQ�\HDU�ROG���5DFKHO���
DQG���WKH���UHOHYDQW���FDUHJLYHU���XSGDWHV���DQG���6WRU\���6WLFNLHV���IURP���&RDFK���1DWDOLH����,Q���5DFKHO¶V���VWRULHV���
RQH���FDQ���VHH���DQ���LQFUHDVH���LQ���VWRU\���FRPSOHWHQHVV����$W���ILUVW����5DFKHO¶V���VWRULHV���GLG���QRW���FRQWDLQ���HLWKHU���DQ��
HQGLQJ���VROXWLRQ���RU����VRPHWLPHV����D���PLGGOH���DFWLRQ����+RZHYHU����KDOIZD\���WKURXJK���WKH���SLORW���ZLWK��
SURPSWLQJ���IHHGEDFN���IURP���&RDFK���1DWDOLH����5DFKHO¶V���WKLUG���GUDIW���RI����'RQDOG���WUXPS����KDG���D���FOHDU��
EHJLQQLQJ����PLGGOH����DQG���HQG����5DFKHO���WKHQ���FUHDWHG���KHU���RZQ���FRPSOHWH���VWRU\���LQ����6KDUN�����DQG���&RDFK��
1DWDOLH¶V���FDUHJLYHU���XSGDWH���QRWHG���WKH���LQFUHDVLQJ���FRPSOH[LW\���WKDW���5DFKHO���LQFOXGHG���WKURXJK���FUHDWLQJ��
D���FOHYHU���SORW���WZLVW����&RPSDULQJ���WKH���ILUVW���DQG���VHFRQG���GUDIWV���RI���5DFKHO¶V����7KH���VDG���WUHH����GHPRQVWUDWHV��
5DFKHO¶V���FRQWLQXHG���LQFUHDVH���LQ���VWRU\���FRPSOHWHQHVV���ZLWK���D���FOHDU���UHVROXWLRQ���DQG���VWRU\���FRPSOH[LW\��
WKURXJK���UHSUHVHQWLQJ���WKH���FKDUDFWHU¶V���HPRWLRQDO���UHDFWLRQV���WR���WKH���VLWXDWLRQ����7RZDUGV���WKH���PLGGOH���DQG��
HQG���RI���WKH���SLORW����5DFKHO���FRQVLVWHQWO\���FUHDWHG���FRPSOHWH���VWRULHV���ZLWK���LQFUHDVHG���FRPSOH[LW\���WKURXJK��
VKLIWLQJ���SHUVSHFWLYHV���ZLWKLQ���WKH���VWRU\���WR���QDUUDWH���VFHQHV����L�H������(YLO���ERR������YLVXDOO\���UHSUHVHQWLQJ���SORW��
WZLVWV���DQG���FOLII���KDQJHUV����H�J������7KHLI���OHP����8QLFRUQ���WURSK\������LQWURGXFLQJ���PXOWLSOH���SUREOHPV���DQG��
VROXWLRQV���LQ���RQH���VWRU\����L�H������8QLFRUQ���WURSK\������DQG���DGGLQJ���PRUH���YLVXDO���GHWDLOV���DQG���GLDORJXH���WR���WHOO��
VWRULHV���DERXW���FRPSOH[���WRSLFV����H�J������6SDFH����7UHH���JKRVW������)LQDOO\����5DFKHO¶V���ODWHU���VWRULHV���FRQWDLQHG��
PRUH���IOHVKHG���RXW���FKDUDFWHU���GHYHORSPHQW���DQG���HPRWLRQDO���H[SUHVVLRQ���RI���WKH���FKDUDFWHUV����H�J������*LDQW��
ERR������;ER[���DQG���FRRNLHV������3URJUHVVLRQ���RI���VWRU\���FRPSOHWHQHVV����FRPSOH[LW\����DQG���H[SUHVVLRQ���ZHUH���DOO��
GRFXPHQWHG���DQG���FRPPXQLFDWHG���WKURXJK���&RDFK���1DWDOLH¶V���FDUHJLYHU���XSGDWHV���
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)LJXUH���������7KLUWHHQ���VWRULHV���E\���5DFKHO����DJH���VHYHQ����PDSSHG���WR���&RDFK���1DWDOLH¶V���6WRU\���6WLFNLHV���DQG���&DUHJLYHU���8SGDWHV���

��
0DQ\���FRDFKHV���GRFXPHQWHG���SURJUHVVLRQ���WKURXJK���VWRU\���FRPSOHWHQHVV���LQ���WKHLU���&DUHJLYHU��

8SGDWHV����&RPSOHWHQHVV���ZDV���LGHQWLILHG���DV���VWRULHV���ZLWK���D���FOHDU���EHJLQQLQJ����PLGGOH����DQG���HQGLQJ����DQG��
ZHUH���VRPHWLPHV���FHQWHUHG���DURXQG���D���SUREOHP���ZLWK���DFWLRQV���RU���UHDFWLRQV����DQG���D���ILQDO���VROXWLRQ����6RPH��
FKLOGUHQ���VKRZHG���SURJUHVVLRQ���LQ���VWRU\���FRPSOHWHQHVV���E\���VWDUWLQJ���WR���ZULWH���LQFRPSOHWH���VWRULHV���WKDW��
RQO\���KDG���D���EHJLQQLQJ���RU���DQ���DFWLRQ����DQG���WKHQ���WRZDUGV���WKH���HQG���RI���WKH���SLORW���VWDUWHG���WR���ZULWH���FRPSOHWH��
VWRULHV���ZLWK���D���EHJLQQLQJ����PLGGOH����DQG���HQG����)RU���H[DPSOH����ILJXUH���������VKRZV���WKUHH���VWRULHV���FUHDWHG���E\��
HLJKW�\HDU�ROG���5HQ\����RQH���IURP���WKH���VWDUW����PLGSRLQW����DQG���HQG���RI���WKH���SLORW����DORQJ���ZLWK���UHOHYDQW���6WRU\��
6WLFNLHV���DQG���FDUHJLYHU���XSGDWHV���E\���&RDFK���.H\OD����,Q����8QWLWOHG�����5HQ\���FUHDWHG���RQH���VFHQH���ZKLFK��
VWDUWHG���WR���VHW���XS���D���SUREOHP���DQG���SUHVHQW���WKH���FKDUDFWHU¶V���PHQWDO���VWDWH����EXW���GLG���QRW���KDYH���D���PLGGOH���RU��
HQGLQJ����WKLV���RFFXUV���LQ���RWKHU���HDUO\���VWRULHV���E\���5HQ\�����&RDFK���.H\OD���QRWHG���WKLV���LQ���KHU���FDUHJLYHU��
XSGDWH����DQG���WULHG���WR���FRPH���XS���ZLWK���DFWLYLWLHV���WKDW���FDUHJLYHU���DQG���FKLOG���FRXOG���GR���WRJHWKHU���WR��
HQFRXUDJH���FUHDWLQJ���VWRULHV���ZLWK���HQGLQJV����6LPLODUO\����5HQ\¶V���ILUVW���GUDIW���RI����GD\���'-���WDONHG���WR��
VWUDQJHUV�����VWDUWHG���WR���VHW���XS���D���SUREOHP����EXW���KDG���QR���DFWLRQ���RU���VROXWLRQ����DOVR���QRWHG���E\���&RDFK���.H\OD��
LQ���WKH���FDUHJLYHU���XSGDWH�����+RZHYHU����LQ���KHU���VHFRQG���GUDIW����5HQ\���DGGHG���D���PLGGOH���DFWLRQ����ZKHUH���'-��
UHDFWV���WR���WKH���SUREOHP���E\���FU\LQJ����EXW���WKHUH���ZDV���VWLOO���QR���VROXWLRQ���RU���HQGLQJ����)LQDOO\����LQ���KHU���ODVW���VWRU\���
7KH���7ULFN�����5HQ\¶V���ILUVW���GUDIW���DJDLQ���VHW���XS���WKH���FRQWH[W����EXW���LW���ZDV���QRW���XQWLO���KHU���VHFRQG���GUDIW���DW���WKH��
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HQG���RI���WKH���SLORW����ZKHUH���VKH���FUHDWHG���KHU���ILUVW���FRPSOHWH���VWRU\���ZLWK���D���FOHDU���EHJLQQLQJ����PLGGOH����DQG��
HQG����&RDFK���.H\OD���VXSSRUWHG���WKH���GHYHORSPHQW���RI���WKLV���FRPSOHWH���VWRU\���WKURXJK���KHU���IHHGEDFN���LQ���WKH��
6WRU\���6WLFNLHV����DQG���FRPPXQLFDWHG���5HQ\¶V���SURJUHVVLRQ���RI���VWRU\���FRPSOHWHQHVV���WKURXJK���KHU��
&DUHJLYHU���8SGDWHV���
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�
)LJXUH���������7KUHH���VHOHFWHG���VWRULHV���E\���5HQ\����DJH���HLJKW����PDSSHG���WR���&RDFK���.H\OD¶V���6WRU\���6WLFNLHV���DQG���&DUHJLYHU���8SGDWHV��

WR���GHPRQVWUDWH���3URJUHVVLRQ���RI���6WRU\���&RPSOHWHQHVV����
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�
6LPLODU���WR���VWRU\���FRPSOHWHQHVV����VHYHUDO���FRDFKHV���DOVR���GRFXPHQWHG���SURJUHVVLRQ���WKURXJK��

VWRU\���FRKHUHQFH���LQ���WKHLU���XSGDWHV����3URJUHVVLRQ���LQ���VWRU\���FRKHUHQFH���ZDV���LGHQWLILHG���DV���VKLIWV���EHWZHHQ��
FUHDWLQJ���VWRULHV���DERXW���D���VLQJOH���HYHQW����D���FKDLQ���RI���XQUHODWHG���HYHQWV����D���ORJLFDOO\���VHTXHQFHG���FKDLQ���RI��
HYHQWV����DQG���D���IRFXVHG���FKDLQ���RI���HYHQWV���FHQWHUHG���DURXQG���D���SORW���RU���WKHPH����)LJXUH����������SUHVHQWV���ILYH��
VWRULHV���E\���VHYHQ�\HDU�ROG���'DQD���DW���WKH���VWDUW����PLGSRLQW����DQG���HQG���RI���WKH���SLORW����DQG���WKH���UHOHYDQW���6WRU\��
6WLFNLHV���DQG���XSGDWHV���IURP���&RDFK���6DUDK����,Q���WKH���ILUVW���GUDIW���RI����$���GD\���LQ���WKH���FLW\�����'DQD���FUHDWHG���D��
VLQJOH���HYHQW���ZLWK���QR���FKDLQ���RI���VHTXHQFH����DQG���&RDFK���6DUDK���QRWHG���WKLV���LQ���KHU���FDUHJLYHU���XSGDWH���
/DWHU����LQ����2QH���GD\���WR���JR���VKRSSLQJ�����'DQD���FUHDWHG���KHU���ILUVW���VKRUW���FKDLQ���RI���HYHQWV����ZKLFK���ZHUH��
VRPHZKDW���VHTXHQWLDOO\���UHODWHG����EXW���ZHUH���QRW���FHQWHUHG���DURXQG���D���VSHFLILF���WKHPH���RU���SUREOHP����$JDLQ���
&RDFK���6DUDK���QRWHG���WKLV���WUHQG���LQ���KHU���XSGDWH���E\���DFNQRZOHGJLQJ���WKH���UHDOLVWLF���SORW���RI���JURFHU\��
VKRSSLQJ����DQG���HQFRXUDJLQJ���'DQD���DQG���KHU���FDUHJLYHU���WR���LQFOXGH���GHWDLOV���WR���LGHQWLI\���D���SUREOHP���
0LG�ZD\���WKURXJK���WKH���SLORW����'DQD���ZURWH���KHU���ILUVW���ORQJ���IRFXVHG���FKDLQ���VWRU\���LQ���WKH���VHFRQG���GUDIW���RI��
7KH���FDW���DQG���WKH���ZHWFK�����:KLOH���WKLV���IRFXVHG���FKDLQ���ZDV���ORQJHU����LW���ZDV���VWLOO���VOLJKWO\���VFDWWHUHG���DQG���QRW��
FHQWHUHG���DURXQG���D���FHQWUDO���SUREOHP���RU���DFWLRQ����,Q���KHU���VHFRQG���GUDIW���RI����$���GD\���QHYHU���HQGV�����'DQD���ZDV��
SURPSWHG���E\���&RDFK���6DUDK¶V���6WRU\���6WLFNLHV���WR���FRQWLQXH���KHU���VWRU\���DQG���LQVHUW���KHU���ILUVW���SUREOHP����7KLV��
IRFXVHG���FKDLQ���VWRU\���LQWURGXFHG���D���SUREOHP����L�H�����WKH���FDW���QRW���EHLQJ���DEOH���WR���FDUU\���WKH���ERQH����ZLWK���D��
FDXVDO���DFWLRQ���LQ���UHVSRQVH����L�H�����WKH���GRJ���FRPLQJ���WR���KHOS�����&RDFK���6DUDK���GRFXPHQWHG���WKH���ILUVW��
LQVHUWLRQ���RI���D���SUREOHP���DQG���VROXWLRQ���LQ���KHU���FDUHJLYHU���XSGDWH����)LQDOO\����'DQD���UHYLVLWHG���KHU���ILUVW���VWRU\���
$���GD\���LQ���WKH���FLW\�����DQG���DV���KHU���ODVW���VWRU\����PDGH���D���WKLUG���GUDIW����:KLOH���WKLV���VWRU\���ZDV���VWLOO���D���IRFXVHG��
FKDLQ���RI���HYHQWV���QRW���FHQWHUHG���DURXQG���D���SUREOHP����'DQD���DGGHG���GLDORJXH���DQG���QDUUDWLRQ���GHWDLOV���WR��
FHQWHU���WKH���VWRU\���DURXQG���D���JLUO¶V���ELUWKGD\���DQG���WHOO���LW���RYHU���WKH���FRXUVH���RI���WZR���GD\V����&RDFK���6DUDK��
GRFXPHQWHG���WKH���LQFUHDVHG���OHYHO���RI���GHWDLO���DQG���FRPSOHWHQHVV���RI���WKH���VWRU\����ZKLFK���DGGHG���WR���WKH��
LQFUHDVH���LQ���FRKHUHQFH���
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�
)LJXUH����������)LYH���VHOHFWHG���VWRULHV���E\���'DQD����DJH���VHYHQ����PDSSHG���WR���&RDFK���6DUDK¶V���6WRU\���6WLFNLHV���DQG���&DUHJLYHU��

8SGDWHV���WR���GHPRQVWUDWH���3URJUHVVLRQ���RI���6WRU\���&RKHUHQFH���
�

)LJXUH����������GHPRQVWUDWHV���DQRWKHU���H[DPSOH���RI���SURJUHVVLRQ���RI���VWRU\���FRKHUHQFH���IURP���WKUHH��
VHOHFWHG���VWRULHV���DW���WKH���VWDUW����PLGSRLQW����DQG���HQG���RI���WKH���SLORW���E\���D���VHYHQ�\HDU�ROG����0DWWKHZ����,Q��
8QWLWOHG�����0DWWKHZ���SUHVHQWHG���D���FKDLQ���RI���HYHQWV���DQG���LQFOXGHG���WZR���QHVWHG���SUREOHPV���DQG���VROXWLRQV��
ZLWK���WKH���GRJV���DOO���ORRNLQJ���DOLNH����DQG���RYHUFRPLQJ���ERUHGRP���ZLWK���VRFFHU����+RZHYHU����IUDPHV���ZLWKLQ��
WKLV���VWRU\����VXFK���DV���WKH���SLQHDSSOH���DQG���WKH���ZRRG����EURNH���XS���WKH���FKDLQ���RI���HYHQWV���DQG���ZHUH���XQUHODWHG���WR��
WKH���RWKHU���SORWV���RI���WKH���VWRU\����+DOIZD\���WKURXJK���WKH���SLORW����LQ����*RLQJ���IRU���D���ZDON�����0DWWKHZ���DJDLQ��
FUHDWHG���D���FKDLQ���RI���HYHQW���VWRU\����EXW���LW���ZDV���PRUH���FRKHVLYH���WKDQ���WKH���SUHYLRXV���VWRU\���DQG���LQFOXGHG��
PRUH���FRPSOH[���GHWDLO����VXFK���DV���WKH���LQWHUQDO���PHQWDO���VWDWHV���RI���WKH���FKDUDFWHUV����)LQDOO\����LQ����0\���ELUWKGD\��
PHPRULHV�����0DWWKHZ���FRPSOHWHG���D���VWRU\����LQ���FROODERUDWLRQ���ZLWK���KLV���FDUHJLYHU����ZLWK���ZD\���PRUH���GHWDLO��
DQG���D���ORJLFDO���VHTXHQFH���RI���HYHQWV���WKDW���LQFOXGHG���WUDQVLWLRQV���EHWZHHQ���WKH���HYHQWV����H�J�����DIWHU���ZLQQLQJ��

����
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WKH���JDPH���WKH\���JHW���WR���JR���FHOHEUDWH���KLV���ELUWKGD\�����$OWKRXJK���WKLV���ZDV���GRQH���LQ���FROODERUDWLRQ���ZLWK���KLV��
FDUHJLYHU����LW���LV���HDV\���WR���GLVWLQJXLVK���WKH���FDUHJLYHU¶V���YRLFH���IURP���0DWWKHZ¶V���YRLFH���LQ���WKH���VWRU\���
8QIRUWXQDWHO\����ZKLOH���SURJUHVVLRQ���RI���FRKHUHQFH���LV���FOHDUO\���GHPRQVWUDWHG���WKURXJK���0DWWKHZ¶V��
VWRULHV����WKH���FRUUHVSRQGLQJ���FDUHJLYHU���XSGDWHV���FUHDWHG���E\���&RDFK���0HODQLH���RQO\���VOLJKWO\���UHIOHFWHG��
DQG���GRFXPHQWHG���WKLV���SURJUHVVLRQ���
�
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)LJXUH����������7KUHH���VHOHFWHG���VWRULHV���E\���0DWWKHZ����DJH���VHYHQ����GHPRQVWUDWLQJ���SURJUHVVLRQ���RI���VWRU\���FRKHUHQFH����DQG��

PDSSHG���WR���&RDFK���0HODQLH¶V���6WRU\���6WLFNLHV���DQG���&DUHJLYHU���8SGDWHV���
�

7KH���WKLUG���FDWHJRU\���WKDW���FRDFKHV���GRFXPHQWHG���ZDV���SURJUHVVLRQ���RI���H[SUHVVLRQ����ERWK���LQ��
LQFOXGLQJ���PRUH���HPRWLRQDO���H[SUHVVLRQ���RI���WKH���FKDUDFWHUV����DQG���LQ���FKDUDFWHU���GHYHORSPHQW���WKURXJK��
UHSUHVHQWLQJ���FKDUDFWHU���PHQWDO���VWDWH����)RU���H[DPSOH����ILJXUH����������VKRZV���IRXU���VHOHFWHG���VWRULHV���E\��
QLQH�\HDU�ROG���,QJULG���IURP���WKH���VWDUW����PLGSRLQW����DQG���HQG���RI���WKH���SLORW����DORQJ���ZLWK���&RDFK���1DWDOLH¶V��
FRUUHVSRQGLQJ���XSGDWHV���DQG���6WRU\���6WLFNLHV����,Q���KHU���ILUVW���VWRU\�����7KH���%LUWKGD\�����,QJULG���UHSUHVHQWHG���WKH��
HPRWLRQV���RI���WKH���FKDUDFWHUV���WKURXJK���IDFLDO���H[SUHVVLRQV���DQG���WKH���XVH���RI���HPRWLRQDO���ODQJXDJH����H�J����
³VDG���VDG���/HP´�����ZKLFK���DOLJQHG���ZLWK���WKH���SORW���RI���WKH���VWRU\����&RDFK���1DWDOLH���QRWHG���WKLV���LQ���KHU��
FDUHJLYHU���XSGDWH����,Q���KHU���ILUVW���GUDIW���RI����7KH���OHIW���RXW���.LZL�����,QJULG���DJDLQ���XVHG���FKDUDFWHU���H[SUHVVLRQV��
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DQG���HPRWLRQDO���ODQJXDJH���WR���UHSUHVHQW���HPRWLRQV����KRZHYHU���WKH���HPRWLRQ���FKDQJHG���ZLWKRXW���DQ\���DFWLRQ��
RU���VROXWLRQ���WR���WKH���SUREOHP����$IWHU���UHFHLYLQJ���IHHGEDFN���IURP���&RDFK���1DWDOLH����,QJULG���HGLWHG���KHU��
VHFRQG���GUDIW���WR���LQFOXGH���D���FOLIIKDQJHU���WKDW���LQGLUHFWO\���DQVZHUHG���ZK\���.LZL¶V���HPRWLRQV���FKDQJHG��
GUDPDWLFDOO\���IURP���VFHQH���IRXU���WR���VFHQH���ILYH����7RZDUGV���WKH���VHFRQG���KDOI���RI���WKH���SLORW����,QJULG���FUHDWHG��
%DG���GD\���SW���������LQ���ZKLFK���VKH���VHW���XS���WKH���FRQWH[W���DQG���SURYLGHG���LQVLJKW���LQWR���%RR¶V���PHQWDO���VWDWH���WR��
H[SUHVV���KLV���HPEDUUDVVPHQW���DQG���DQJHU����&RDFK���1DWDOLH���GRFXPHQWHG���WKLV���VKLIW���E\���HPSDWKL]LQJ���ZLWK��
WKH���PDLQ���FKDUDFWHU���LQ���KHU���XSGDWH����H�J����³:H¶YH���DOO���KDG���WKRVH���PRPHQWV�´�����7RZDUGV���WKH���HQG���RI���WKH��
SLORW����,QJULG���FRQWLQXHG���WKH���VWRU\���LQ����%DG���GD\���SW���������ZKHUH���VKH���LQFOXGHG���IODVKEDFNV����L�H�����IUDPHV��
WKUHH���DQG���ILYH����WR���UHSOD\���WKH���FKDUDFWHUV¶���PHPRULHV����FUHDWLQJ���ORWV���RI���HPRWLRQDO���WHQVLRQ���E\���KDYLQJ��
UHDFWLYH���FKDUDFWHUV���WKDW���GR���QRW���XQGHUVWDQG���ZK\���HDFK���LV���IHHOLQJ���WKDW���ZD\����7KLV���VWRU\���LV���D���SRZHUIXO��
H[DPSOH���RI���FKDUDFWHU���GHYHORSPHQW���DQG���HPRWLRQDO���H[SUHVVLRQ���ZLWK���FRPSOH[���XQGHUWRQHV���DERXW��
KXPDQ���FRPPXQLFDWLRQ���DQG���XQGHUVWDQGLQJ����&RDFK���1DWDOLH���GRFXPHQWHG���WKH���SURJUHVVLRQ���RI��
H[SUHVVLRQ���LQ���,QJULG¶V���VWRU\���LQ���KHU���FDUHJLYHU���XSGDWHV���
�
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�
)LJXUH����������6HOHFWHG���VWRULHV���E\���,QJULG����DJH���QLQH����DQG���&RDFK���1DWDOLH¶V���&DUHJLYHU���8SGDWHV����GHPRQVWUDWLQJ���SURJUHVVLRQ��

RI���HPRWLRQDO���H[SUHVVLRQ���DQG���FKDUDFWHU���GHYHORSPHQW���
�

$V���FKLOGUHQ¶V���VWRULHV���LQFUHDVHG���LQ���FRPSOHWHQHVV����FRKHUHQFH����DQG���H[SUHVVLRQ����WKH\���EHFDPH��
LQFUHDVLQJO\���FRPSOH[����$OPRVW���DOO���FRDFKHV���GRFXPHQWHG���SURJUHVVLRQ���LQ���FKLOGUHQ¶V���VWRU\��
FRPSOH[LW\����6WRU\���FRPSOH[LW\���ZDV���LGHQWLILHG���E\���LQFRUSRUDWLQJ���KLJK���OHYHOV���RI���GHWDLO����H�J�����LWHPV���
GLDORJXH����QDUUDWLRQ�����FUHDWLQJ���PRUH���FRPSOH[���DQG���VRSKLVWLFDWHG���SORWV����H�J�����KXPRU����SORW���WZLVWV����FOLII��
KDQJHUV����VLGH���SORWV�����XVLQJ���WKH���FRPSRVLWLRQ���RI���VFHQHV���WR���UHSUHVHQW���PHDQLQJ���RU���DFWLRQ����XVLQJ���PRUH��
VRSKLVWLFDWHG���ODQJXDJH���LQ���GLDORJXH���EXEEOHV���RU���DXGLR���UHFRUGLQJV����UHSUHVHQWLQJ���GLIIHUHQW��
SHUVSHFWLYHV���ZLWKLQ���D���VWRU\����DQG���HODERUDWLQJ���RQ���HYHQWV����FKDUDFWHUV����RU���FRQWH[W���ZLWKLQ���D���VWRU\���WR��
SURYLGH���PRUH���PHDQLQJ����7KHVH���HOHPHQWV���RI���VWRU\���FRPSOH[LW\���FDQ���EH���VHHQ���LQ���DOO���WKH���SUHYLRXV��
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H[DPSOHV����)LJXUH�����������EHORZ����VKRZV���ILYH���VHOHFWHG���VWRULHV���FUHDWHG���E\���0DF\����D���VHYHQ�\HDU�ROG����DQG��
&RDFK���0HODQLH¶V���UHOHYDQW���FDUHJLYHU���XSGDWHV����7KHVH���VWRULHV���DQG���XSGDWHV���GRFXPHQWHG���SURJUHVVLRQ��
RI���VWRU\���FRPSOH[LW\����VSHFLILFDOO\���LQ���LQFUHDVHG���XVH���RI���GHWDLOV���VXFK���DV���GLDORJXH���EXEEOHV���DQG���LWHPV���
LQFUHDVHG���XVH���RI���FRPSRVLWLRQ���WR���UHSUHVHQW���VFHQHV���DQG���DFWLRQV����DQG���H[SDQGHG���HODERUDWLRQ���RI���VWRU\��
WR���FRPPXQLFDWH���PHDQLQJ����
�
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�
)LJXUH����������6HOHFWHG���VWRULHV���E\���0DF\����DJH���VHYHQ����GRFXPHQWLQJ���QDUUDWLYH���FRPSOH[LW\����DQG���PDSSHG���WR���&RDFK��

0HODQLH¶V���&DUHJLYHU���8SGDWHV���
�
7KH���FOHDU���SURJUHVVLRQ���GRFXPHQWHG���E\���WKH���FRDFKHV���LQ���WKHLU���FDUHJLYHU���XSGDWHV���VXJJHVWV���WKDW��

RXU���V\VWHP���GRHV����LQ���IDFW����KDYH���WKH���DELOLW\���WR���GRFXPHQW���FKLOGUHQ¶V���QDUUDWLYH���SURJUHVVLRQ���EH\RQG���WKH��
PHFKDQLFV����H�J����ODQJXDJH���IHDWXUHV����VWRU\���JUDPPDU����WKDW���WKH���6WRU\���6WDWV���DQG���6WRU\���$QQRWDWLRQV��
SURYLGH����7KH���IRXU���FDWHJRULHV���RI���SURJUHVVLRQ����L�H�����FRPSOHWHQHVV����FRKHUHQFH����H[SUHVVLRQ���
FRPSOH[LW\����HPSKDVL]HG���E\���WKH���FRDFKHV���DQG���ODWHU���LGHQWLILHG���IURP���WKHLU���XSGDWHV���DUH���LPSRUWDQW���IRU��
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XV���WR���LQFOXGH���ZKHQ���FUHDWLQJ���RXU���GHILQLWLRQ���RI���QDUUDWLYH���SURJUHVVLRQ����1RZ���WKDW���ZH���DUH���FRQILGHQW���LQ��
RXU���V\VWHP¶V���DELOLW\���WR���GRFXPHQW���FKLOGUHQ¶V���QDUUDWLYH���SURJUHVVLRQ����ZH���PXVW���FRQVLGHU���WKH���LPSDFW��
WKDW���JURXSLQJ���WKH���GDWD���DQG���SUHVHQWLQJ���WKH���6WRU\���6WDWV���DQG���6WRU\���$QQRWDWLRQV���KDYH���RQ���FRDFKHV
��
DELOLW\���WR���YLHZ���FKLOGUHQ¶V���SURJUHVV���DQG���VXSSRUW���WKHLU���QDUUDWLYH���GHYHORSPHQW���
�
��������3UHVHQWDWLRQ���RI���'DWD���LQ���&RQVROH���IRU���9LHZLQJ���1DUUDWLYH���3URJUHVVLRQ���

,���DQDO\]HG���FRDFKHV¶���VHOI�UHSRUW���IURP���WKH���&RDFK���3RVW�6XUYH\���DV���D���SUR[\���WR���DVVHVV���ZKHWKHU��
WKH���SUHVHQWDWLRQ���RI���WKH���GDWD���LQ���WKH���&RQVROH���KHOSHG���FRDFKHV���YLHZ���FKLOGUHQ¶V���QDUUDWLYH���SURJUHVVLRQ���
0DQ\���FRDFKHV���VSRQWDQHRXVO\���UHSRUWHG���VHHLQJ���QDUUDWLYH���SURJUHVV���RYHU���WKH���FRXUVH���RI���WKH���SLORW����)RU��
H[DPSOH����LQ���UHVSRQVH���WR���EHLQJ���DVNHG���WKHLU���PRVW���UHZDUGLQJ���H[SHULHQFH���RI���EHLQJ���D���FRDFK����RQH���FRDFK��
VDLG����³6HHLQJ���KRZ���H[FLWHG���WKH���NLGV���ZHUH���DERXW���VKDULQJ���WKHLU���VWRULHV���ZDV���UHDOO\���UHZDUGLQJ���
5HDGLQJ���WKH���VWRULHV���ZDV���D���KLJKO\���HQWHUWDLQLQJ���H[SHULHQFH����DQG���WKHUH���ZHUH���PDQ\���µDKD¶���PRPHQWV��
ZHUH���,���FRXOG���VHH���WKH���NLGV���PDNLQJ���SURJUHVV�´���:KHQ���DVNHG���WR���UDWH���WKH���H[WHQW���WR���ZKLFK���WKH\���IRXQG��
WKH���&RQVROH���KHOSIXO���LQ���FDUU\LQJ���RXW���WKHLU���UHVSRQVLELOLWLHV����DOO���FRDFKHV���VXUYH\HG���IRXQG���LW���KHOSIXO���LQ��
DQDO\]LQJ���FKLOGUHQ¶V���VWRULHV��������RI�������³VWURQJO\���DJUHHG´��������RI�������³VRPHZKDW���DJUHHG´�����KDOI���WKH��
FRDFKHV���VXUYH\HG���IRXQG���WKH���6WRU\���6WDWV���KHOSIXO���LQ���LGHQWLI\LQJ���WUHQGV���LQ���FKLOGUHQ¶V���VWRU\���GDWD��������RI��
����³VWURQJO\���DJUHHG´��������RI�������³VRPHZKDW���DJUHHG´��������RI�������³QHLWKHU���DJUHHG���QRU���GLVDJUHHG´��������RI������
³VRPHZKDW���GLVDJUHHG´�����DQG���KDOI���WKH���FRDFKHV���VXUYH\HG���IRXQG���WKH���RYHUYLHZ���VFUHHQ���KHOSIXO���IRU��
GRFXPHQWLQJ���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���RYHU���WLPH��������RI�������³VWURQJO\���DJUHHG´��������RI������
³QHLWKHU���DJUHHG���QRU���GLVDJUHHG´��������RI�������³VOLJKWO\���GLVDJUHHG´�����:KHQ���DVNHG���DERXW���WKH���OHDVW���XVHG��
IHDWXUHV���RI���WKH���&RQVROH����WZR���FRDFKHV���UHSRUWHG���QRW���XVLQJ���WKH���RYHUYLHZ���RI���VWRULHV���IHDWXUH����,Q��
UHVSRQVH���WR���ZKDW���IHDWXUHV���FRXOG���EH���LPSURYHG���LQ���WKH���&RQVROH����RQH���FRDFK���UHSRUWHG���WKDW���VKH���ZRXOG��
OLNH���WKH���WRRO���WR���EHWWHU���GRFXPHQW���FKDQJHV���IURP���FKLOGUHQ¶V���VWRU\���GUDIWV����7KHUHIRUH����ZKLOH���FRDFKHV��
UHSRUWHG���VHHLQJ���WKHLU���FKLOGUHQ���PDNH���SURJUHVV���GXULQJ���WKH���SLORW����WKHLU���IHHGEDFN���RQ���WKH���&RQVROH��
LQGLFDWHG���WKDW���WKH���SUHVHQWDWLRQ���RI���WKH���GDWD����VSHFLILFDOO\���WKH���6WRU\���6WDWV���DQG���WKH���RYHUYLHZ���VFUHHQ���
ZDV���QRW���KLJKO\���HIIHFWLYH���LQ���KHOSLQJ���WKHP���YLHZ���QDUUDWLYH���SURJUHVVLRQ����

%H\RQG���FRDFK���VHOI�UHSRUW���GDWD����,���ORRNHG���DW���VRPH���H[DPSOHV���RI���FRDFK���EHKDYLRU���WR���VHH��
ZKHWKHU���WKH\���ZHUH���DEOH���WR���YLHZ���SURJUHVVLRQ���WKURXJK���WKH���&RQVROH���HQRXJK���WR���FRPPXQLFDWH���LW���WR��
FDUHJLYHUV���LQ���WKHLU���FDUHJLYHU���XSGDWHV����$V���WKH���XSGDWHV���DQG���H[DPSOH���VWRULHV���DERYH���LQGLFDWH����PRVW���RI��
WKH���FRDFKHV���ZHUH���DEOH���WR���YLHZ���SURJUHVVLRQ���RI���FKLOGUHQ¶V���VWRULHV���IURP���WKH���&RQVROH���DPRQJ���WKH���IRXU��
FDWHJRULHV����FRPSOHWHQHVV����FRKHUHQFH����H[SUHVVLRQ����DQG���FRPSOH[LW\����7KLV���VXJJHVWV���WKDW���WKH��
SUHVHQWDWLRQ���RI���WKH���GDWD����DW���OHDVW���LQ���VWRU\���IRUP����FRQWULEXWHG���WR���EHLQJ���DEOH���WR���VHH���VRPH���SURJUHVVLRQ��
ZLWKLQ���WKH���&RQVROH����+RZHYHU����QRW���DOO���FRDFKHV���GRFXPHQWHG���SURJUHVVLRQ���LQ���D���ZD\���WKDW���DOLJQHG���ZLWK��
WKH���FKLOG¶V���VWRULHV����H�J�����&RDFK���0HODQLH¶V���XSGDWHV���DERXW���0DWWKHZ¶V���VWRULHV���LQ���ILJXUH������������)RU��
H[DPSOH����ZKLOH���0DWWKHZ¶V���VWRULHV���FOHDUO\���GHPRQVWUDWHG���SURJUHVVLRQ���RI���VWRU\���FRKHUHQFH����&RDFK��
0HODQLH¶V���XSGDWHV���GLG���QRW���UHIOHFW���RU���GRFXPHQW���VSHFLILF���SURJUHVVLRQ���RQ���FRKHUHQFH����7KLV���VXJJHVWV��
WKDW���WKH���GHVLJQ���RI���WKH���&RQVROH���WR���VXSSRUW���FRDFKHV���LQ���LGHQWLI\LQJ���SURJUHVVLRQ���ZDV���QRW���HIIHFWLYH���IRU��
DOO���FRDFKHV���RU���FDWHJRULHV���RI���SURJUHVVLRQ����7KHUHIRUH����ZH���FDQQRW���DVVXPH���WKDW���SUHVHQWLQJ���WKH���VWRULHV���
DORQH����KHOSHG���FRDFKHV���YLHZ���DQG���GRFXPHQW���WKDW���SURJUHVV���LQ���D���V\VWHPDWLF���ZD\����2XU���FXUUHQW���&RQVROH��
SUHVHQWHG���WKH���VWRULHV����EXW����DV���H[SUHVVHG���LQ���FRDFK���IHHGEDFN���DERXW���WKH���&RQVROH����GLG���QRW���HIIHFWLYHO\��
SUHVHQW���WKH���VXSSOHPHQWDO���GDWD���WR���IRFXV���FRDFKHV���WRZDUGV���WUHQGV���LQ���SURJUHVVLRQ����,QVWHDG����ZH���QHHG��
WR���UHGHVLJQ���WKH���&RQVROH���WR���SUHVHQW���WKH���VWRULHV���DQG���VXSSOHPHQWDO���GDWD���LQ���D���ZD\���WKDW���GLUHFWV���D��
FRDFK¶V���IRFXV���WRZDUGV���LGHQWLI\LQJ���WKHVH���VSHFLILF���IRUPV���RI���SURJUHVV���LQ���D���V\VWHPDWLF���ZD\���ERWK��
ZLWKLQ���DQ���LQGLYLGXDO���VWRU\���DQG���DFURVV���PXOWLSOH���VWRULHV����
�
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��������3UHVHQWDWLRQ���RI���GDWD���LQ���&RQVROH���IRU���6XSSRUWLQJ���1DUUDWLYH���'HYHORSPHQW��
&RDFKHV���VXSSRUWHG���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���GLUHFWO\���E\���VHQGLQJ���IHHGEDFN���WR���WKH��

FKLOG¶V���VWRULHV���WKURXJK���6WRU\���6WLFNLHV����DQG���LQGLUHFWO\���E\���HQFRXUDJLQJ���FDUHJLYHUV���WR���HQJDJH���LQ���WKHLU��
FKLOG¶V���QDUUDWLYH���SURFHVV���WKURXJK���WH[W���PHVVDJH���FRPPXQLFDWLRQ����FDUHJLYHU���XSGDWHV����DQG���UHOHYDQW��
IDPLO\���DFWLYLWLHV����$���WRWDO���RI���������6WRU\���6WLFNLHV���ZHUH���VHQW���E\���ILYH���FRDFKHV���WR���JLYH���IHHGEDFN���RQ���WKH��
VWRULHV���RI��������FKLOGUHQ����DYHUDJH���RI��������6WRU\���6WLFNLHV�FKLOG�����&RDFKHV���XVHG���6WRU\���6WLFNLHV���WR���JLYH��
IHHGEDFN����JLYH���SUDLVH����DVN���TXHVWLRQV����XVH���VWUDWHJLHV���WR���HQFRXUDJH���UHIOHFWLRQ����H�J�����GLVWDQFH��
SURPSWLQJ�����GHPRQVWUDWH���DFWLYH���OLVWHQLQJ���WKURXJK���UHOHYDQW���UHDFWLRQV����DQG���HQFRXUDJH���H[SORUDWLRQ��
RU���HODERUDWLRQ����&HUWDLQ���6WRU\���$QQRWDWLRQV����H�J�����VWRU\���FRKHUHQFH����VWRU\���FRPSOHWHQHVV����ZHUH��
LQWHQGHG���WR���LQVSLUH���FRDFK���6WRU\���6WLFNLHV����,Q���UHVSRQVH���WR���WKH���KHOSIXOQHVV���RI���WKH���&RQVROH���LQ��
LQWHUDFWLQJ���ZLWK���WKH���FKLOG���YLD���6WRU\���6WLFNLHV����������RI���FRDFKHV���VXUYH\HG���IRXQG���LW���KHOSIXO��������RI������
³VWURQJO\���DJUHHG´��������RI�������³VRPHZKDW���DJUHHG´��������RI�������³QHLWKHU���DJUHHG���QRU���GLVDJUHHG´�����,Q��
SURYLGLQJ���IHHGEDFN���RQ���WKH���&RQVROH����RQH���FRDFK���VWDWHG���WKDW����³:KLOH���6WRU\���6WLFNLHV���ZHUH���KHOSIXO����,��
ZLVK���VWXGHQWV���FRXOG���UHSO\���RU���KDYH���D���VHSDUDWH���VSDFH���WR���FRPPHQW���RU���DGG���TXHVWLRQV���WR���XV�´��
7KHUHIRUH����DFFRUGLQJ���WR���FRDFK���IHHGEDFN���DQG���UHSRUW����ZKLOH���WKH���&RQVROH���ZDV���KHOSIXO���LQ���VXSSRUWLQJ��
FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���WKURXJK���6WRU\���6WLFNLHV����PRUH���RSSRUWXQLWLHV���IRU���EDFN�DQG�IRUWK��
FRPPXQLFDWLRQ���EHWZHHQ���FRDFKHV���DQG���FKLOGUHQ���ZRXOG���LPSURYH���WKH���RSSRUWXQLWLHV���IRU���DQG��
HIIHFWLYHQHVV���RI���FRDFK���VXSSRUW���

7R���YDOLGDWH���FRDFKHV¶���UHSRUWV���LQ���WKH���KHOSIXOQHVV���RI���6WRU\���6WLFNLHV���LQ���VXSSRUWLQJ���FKLOGUHQ¶V��
GHYHORSPHQW����,���DQQRWDWHG���GUDIWV���RI���VHOHFWHG���VWRULHV���WR���ILQG���HYLGHQFH���RI���FKLOGUHQ¶V���VWRU\���HGLWV���LQ��
UHVSRQVH���WR���FRDFK���IHHGEDFN���YLD���6WRU\���6WLFNLHV����0\���DQQRWDWLRQV���\LHOGHG���WKUHH���GLIIHUHQW���W\SHV���RI��
HGLWV�UHVSRQVHV���WR���FRDFK���IHHGEDFN����ZKLFK���FRUUHVSRQG���WR���WKUHH���LPSOLFDWLRQV���DERXW���WKH���SUHVHQWDWLRQ��
RI���GDWD���LQ���WKH���&RQVROH���IRU���VXSSRUWLQJ���QDUUDWLYH���GHYHORSPHQW����)LUVW����LQ���UHVSRQVH���WR���FRDFK���6WRU\��
6WLFNLHV����VRPH���FKLOGUHQ���ZHQW���EDFN���WR���HDUOLHU���IUDPHV���RI���WKHLU���VWRU\���DQG���DGGHG���PRUH���GHWDLO���WR���VHW���WKH��
FRQWH[W����)RU���H[DPSOH����ILJXUH����������VKRZV���WKUHH���GUDIWV���RI���D���VWRU\�����7KH���5XQDZD\������E\���HLJKW�\HDU�ROG��
&ODLUH����DQG���WKH���FRUUHVSRQGLQJ���6WRU\���6WLFNLHV���DQG���FDUHJLYHU���XSGDWHV���E\���&RDFK���&RUD����,Q���WKH���ILUVW��
GUDIW����&ODLUH���ZURWH���GRZQ���VRPH���WKRXJKWV���LQ���.LZL¶V���KHDG����DQG���&RDFK���&RUD���UHVSRQGHG���E\��
ZRQGHULQJ���KRZ���WKH���VWRU\���ZLOO���SURJUHVV����,Q���UHVSRQVH����&ODLUH¶V���VHFRQG���GUDIW���LQFOXGHG���DQRWKHU��
FKDUDFWHU���LQ���WKH���ILUVW���VFHQH���DQG���WKHQ���WZR���PRUH���VFHQHV���DERXW���WKHP���UXQQLQJ���DZD\���IURP���ELUO����&RDFK��
&RUD���FUHDWHG���D���6WRU\���6WLFN\���DVNLQJ���IRU���PRUH���FRQWH[W���DERXW���ELUO���DQG���ZK\���WKH\���DUH���UXQQLQJ���IURP���LW���
,Q���UHVSRQVH����&ODLUH���FUHDWHG���GUDIW���WKUHH����ZKLFK���VKH���QRW���RQO\���DGGHG���PRUH���VFHQHV���LQ���WKH���VWRU\���VR���WKDW��
LW���ZDV���PRUH���FRPSOHWH���DQG���FRKHUHQW����VKH���DOVR���ZHQW���EDFN���WR���KHU���SUHYLRXV���VFHQHV���DQG���DGGHG���PRUH��
FRQWH[W���YLD���WH[W���ER[HV���WR���H[SODLQ���ZKDW���ELUO���LV����:LWKLQ���WKH���&RQVROH����&RDFK���&RUD¶V���6WRU\��
$QQRWDWLRQV���GRFXPHQWHG���D���FKDQJH���LQ���VWRU\���FRKHUHQFH���IURP���GUDIW���RQH���WR���GUDIW���WKUHH����VXJJHVWLQJ��
WKDW���KHU���IRFXV���RQ���LQFUHDVHG���FRKHUHQFH���RI���WKH���VWRU\���WKURXJK���DGGLQJ���FRQWH[W���FRXOG���KDYH���EHHQ��
LQIOXHQFHG���E\���WKH���&RQVROH¶V���HPSKDVLV���RQ���FRKHUHQFH���LQ���WKH���6WRU\���$QQRWDWLRQV���
�
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�
)LJXUH����������6HOHFWHG���GUDIWV���RI����7KH���5XQDZD\�����%\���&ODLUH����HLJKW���\HDUV���ROG����DQG���FRUUHVSRQGLQJ���6WRU\���6WLFNLHV���DQG��

&DUHJLYHU���8SGDWHV���E\���&RDFK���&RUD���
�

6LPLODU���WR���HGLWLQJ���E\���DGGLQJ���PRUH���FRQWH[W����WKH���VHFRQG���W\SH���RI���UHVSRQVH���WR���FRDFK���6WRU\��
6WLFNLHV���ZDV���HGLWLQJ���WR���HODERUDWH���RQ���D���VWRU\¶V���HQGLQJ����7KH���ILUVW���H[DPSOH���RI���WKLV���FDQ���EH���VHHQ���LQ��
5DFKHO¶V���VWRU\�����7KH���VDG���WUHH�����ILJXUH�����������ZKHUH���LQ���WKH���ILUVW���GUDIW���5DFKHO���HQGHG���WKH���VWRU\���RQ���IUDPH��
ILYH���E\���KDYLQJ���WKH���FKDUDFWHU���FU\���RYHU���WKH���WUHH����,Q���UHVSRQVH���WR���&RDFK���1DWDOLH¶V���6WRU\���6WLFN\���DERXW��
ZKHWKHU���WKHUH���LV���DQ\WKLQJ���%RR���FDQ���GR����5DFKHO���FUHDWHG���GUDIW���WZR����ZKLFK���FKDQJHG���IUDPH���ILYH���WR���D��
VROXWLRQ����L�H�����SODQWLQJ���VHHGV���IRU���D���QHZ���WUHH�����DQG���HQGV���RQ���IUDPH���HLJKW���ZLWK���D���IXOO���UHVROXWLRQ���
6LPLODUO\���LQ���,QJULG¶V���VWRU\�����7KH���OHIW���RXW���.LZL�����ILJXUH������������,QJULG���FKDQJHG���WKH���HQGLQJ���RI���KHU���VWRU\��
LQ���IUDPH���VL[���LQ���UHVSRQVH���WR���&RDFK���1DWDOLH¶V���TXHVWLRQ���DERXW���ZKDW���PDGH���.LZL¶V���HPRWLRQV���FKDQJH���
&RDFK���1DWDOLH���HQFRXUDJHG���,QJULG���DQG���KHU���IDPLO\���WR���FRQVLGHU���HODERUDWLQJ���RQ���.LZL¶V���HPRWLRQDO��
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FKDQJH���ERWK���LQ���WKH���6WRU\���6WLFN\���DQG���LQ���KHU���FDUHJLYHU���XSGDWH����,Q���WKH���&RQVROH¶V���6WRU\���$QQRWDWLRQV���
&RDFK���1DWDLH���UHIOHFWHG���FKDQJHV���LQ���ERWK���RI���WKHVH���FKLOGUHQ¶V���VWRU\���FRPSOHWHQHVV���IURP���RQH���GUDIW���WR��
DQRWKHU����VXJJHVWLQJ���WKDW���WKH���&RQVROH¶V���HPSKDVLV���RQ���VWRU\���FRPSOHWHQHVV���PD\���KDYH���LQIOXHQFHG���WKH��
GLUHFWLRQ���RI���&RDFK���1DWDOLH¶V���VXSSRUW���IRU���ERWK���5DFKHO���DQG���,QJULG���

7KH���WKLUG���W\SH���RI���HGLW���WKDW���FKLOGUHQ���PDGH���LQ���UHVSRQVH���WR���FRDFK���6WRU\���6WLFNLHV���ZDV���GLUHFW��
UHVSRQVH���WR���D���TXHVWLRQ���RU���REVHUYDWLRQ���WKDW���D���FRDFK���PDGH����7ZR���H[DPSOHV���RI���WKLV���FDQ���EH���VHHQ���LQ���WKH��
WZR���VWRULHV���ZULWWHQ���E\���-HQQ\����D���WHQ�\HDU�ROG���JLUO����DQG���WKH���FRUUHVSRQGLQJ���6WRU\���6WLFNLHV���DQG��
FDUHJLYHU���XSGDWHV���E\���&RDFK���6DUDK����ILJXUH������������,Q���ERWK���RI���KHU���VWRULHV�����8QWLWOHG��������DQG����8QWLWOHG��������
-HQQ\���UHVSRQGHG���WR���&RDFK���6DUDK¶V���TXHVWLRQV���E\���HODERUDWLQJ���RQ���WKH���HQGLQJ���RI���KHU���VWRULHV���WR���DGG��
PRUH���GHWDLO����+RZHYHU����LQ���IUDPH�������RI����8QWLWOHG���������\RX���FDQ���VHH���WKDW���-HQQ\���DGGHG���WKH���VSHHFK���EXEEOH���
³7KH\���U�´���LQ���UHVSRQVH���WR���&RDFK���6DUDK¶V���REVHUYDWLRQ���WKDW���.LZL���DQG���/HP���PXVW���EH���JRRG���IULHQGV���
6LPLODUO\����LQ���GUDIW�������RI����8QWLWOHG���������-HQQ\���DGGHG���D���WH[W���ER[���WKDW���VDLG���³\HV´���LQ���UHVSRQVH���WR���&RDFK��
6DUDK¶V���TXHVWLRQ���DERXW���ZKHWKHU���WKH���FKDUDFWHUV���DVNHG���WKH���OLIHJXDUG���IRU���KHOS����,Q���ERWK���RI���WKHVH��
VWRULHV����-HQQ\���XVHG���VSHHFK���EXEEOHV���DQG���LQVHUWHG���WKHP���LQWR���KHU���VWRU\���WR���UHVSRQG���GLUHFWO\���WR���KHU��
FRDFK����7KLV���W\SH���RI���UHVSRQVH���DOLJQV���ZLWK���FRDFK���IHHGEDFN���WKDW���KDYLQJ���PRUH���RSSRUWXQLWLHV���IRU��
FRDFKHV���DQG���FKLOGUHQ���WR���KDYH���EDFN�DQG�IRUWK���LQWHUDFWLRQV���EH\RQG���WKH���RQH�VLGHG���FRPPXQLFDWLRQ��
RI���6WRU\���6WLFNLHV���FRXOG���EH���EHQHILFLDO���LQ���VXSSRUWLQJ���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW����7KHUHIRUH���
WKHVH���ILQGLQJV���VXJJHVW���WKDW���LQ���SUDFWLFH����ZKLOH���WKH���GDWD���SUHVHQWHG���LQ���WKH���&RQVROH���PD\���KDYH���KHOSHG��
FRDFKHV���VXSSRUW���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���IRU���FHUWDLQ���VWUXFWXUDO���HOHPHQWV����H�J����
FRPSOHWHQHVV����FRKHUHQFH�����LW���ZDV���OHVV���HIIHFWLYH���LQ���VXSSRUWLQJ���FRDFK���XVH���RI���UHIOHFWLYH���VWUDWHJLHV��
DQG���EDFN�DQG�IRUWK���FRPPXQLFDWLRQ���EHWZHHQ���FKLOGUHQ���DQG���FRDFKHV���IRU���ERWK���WKH���HODERUDWLRQ���DQG��
LQWHUSUHWDWLRQ���RI���WKH���PHDQLQJ���RI���FKLOGUHQ¶V���VWRULHV����
�
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�
)LJXUH����������6HOHFWHG���GUDIWV���RI����8QWLWOHG��������DQG����8QWLWOHG���������E\���-HQQ\����DJH���WHQ����DQG���FRUUHVSRQGLQJ���6WRU\���6WLFNLHV���DQG��

&DUHJLYHU���8SGDWHV���E\���&RDFK���6DUDK���
�

7R���XQGHUVWDQG���ZKHWKHU���WKH���&RQVROH���KHOSHG���FRDFKHV���LQGLUHFWO\���VXSSRUW���FKLOGUHQ
V���QDUUDWLYH��
GHYHORSPHQW���WKURXJK���FRPPXQLFDWLRQ���DQG���LQWHUDFWLRQV���ZLWK���FDUHJLYHUV����,���H[DPLQHG���WKH���FDUHJLYHU��
XSGDWHV����LQFOXGLQJ���WKH���FDUHJLYHU���PHVVDJHV�����FDUHJLYHU���UHSRUWV���RI���WKHLU���FR�HQJDJHPHQW����DQG��
FDUHJLYHU���SHUFHSWLRQV���RI���WKHLU���FKLOG¶V���SURJUHVV���DQG���FRDFK���LPSDFW����'XULQJ���WKH���HLJKW���ZHHN���SLORW���
ILYH���FRDFKHV���DQG���IRXUWHHQ���IDPLOLHV���VKDUHG���D���WRWDO���RI���������WH[W���PHVVDJHV����LQFOXGLQJ���FDUHJLYHU��
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XSGDWHV���DQG���IDPLO\���DFWLYLWLHV����DYHUDJH���RI��������WH[WV�IDPLO\���DQG���������WH[WV�IDPLO\�ZHHN�����(DFK��
FRDFK¶V���FDUHJLYHU���XSGDWH���UHIOHFWHG���WKH���SURJUHVV���WKDW���WKH���FKLOG���PDGH���LQ���WKHLU���VWRU\���HGLW����DQG���VRPH��
�H�J�����&RDFK���&RUD¶V���FDUHJLYHU���XSGDWH���RQ���������������DQG��������������LQ���ILJXUH�����������LQFOXGHG���DQ��
DFWLYLW\���WKDW���WKH���FDUHJLYHU���DQG���FKLOG���FRXOG���GR���WRJHWKHU���WR���IXUWKHU���UHLQIRUFH���DQG���VXSSRUW���ZKDW���WKH��
FKLOG���ZDV���OHDUQLQJ����6RPH���FDUHJLYHUV���ZRXOG���UHVSRQG���WR���WKHLU���FRDFK¶V���XSGDWHV���DQG���DFWLYLWLHV����DVNLQJ��
TXHVWLRQV���RU���DFNQRZOHGJLQJ���UHFHLSW����)LJXUH����������VKRZV���D���WH[W���PHVVDJH���H[FKDQJH���EHWZHHQ���D��
FRDFK���DQG���D���FDUHJLYHU����7KH���XSGDWHV���DQG���H[FKDQJHV���EHWZHHQ���WKH���FRDFKHV���DQG���FDUHJLYHUV��
GHPRQVWUDWHV���WKDW���WKH���&RQVROH¶V���GHVLJQ���ZDV���HIIHFWLYH���LQ���DOORZLQJ���FRDFKHV���WR���FRPPXQLFDWH��
SURJUHVV���WR���FDUHJLYHUV���DQG���LQGLUHFWO\���VXSSRUW���FKLOGUHQ¶V���QDUUDWLYH���SURJUHVV����

�

�
)LJXUH����������([DPSOH���RI���D���WH[W���PHVVDJH���H[FKDQJH���EHWZHHQ���FRDFK���DQG���FDUHJLYHU���ZLWKLQ���WKH���&RQVROH���

�
)XUWKHUPRUH����ZH���ZDQWHG���WR���H[DPLQH���ZKHWKHU���WKH���FRDFKHV���LQGLUHFWO\���VXSSRUWHG���FKLOGUHQ¶V��

QDUUDWLYH���GHYHORSPHQW���WKURXJK���HQFRXUDJLQJ���FDUHJLYHUV���WR���FR�HQJDJH���LQ���WKHLU���FKLOGUHQ¶V���QDUUDWLYH��
SURFHVV����,Q���WKH���)DPLO\���0LG�3URJUDP���DQG���(QG�RI�3URJUDP���6XUYH\V����DOO���FDUHJLYHUV���VXUYH\HG���������RI��
�����RQ���0LG�3URJUDP���DQG��������RI��������RQ���(QG�RI�3URJUDP����UHSRUWHG���UHDGLQJ���WKH���XSGDWHV���������RI�������
UHSRUWHG���³DOZD\V´��������RI��������UHSRUWHG���³PRVW���RI���WKH���WLPH´���RQ���(QG�RI�3URJUDP����DQG���������RI��
FDUHJLYHUV���ZKR���FRPSOHWHG���WKH���0LG�3URJUDP���6XUYH\��������RI���������DQG���������RI���WKH���FDUHJLYHUV���ZKR��
FRPSOHWHG���WKH���(QG�RI�3URJUDP���6XUYH\��������RI���������UHSRUWHG���FRPSOHWLQJ���WKH���FRDFK���VXJJHVWHG��
DFWLYLWLHV����7KH���GDWD���FRPPXQLFDWHG���E\���WKH���FRDFKHV���LQ���WKH���FDUHJLYHU���XSGDWHV���QRW���RQO\���HQFRXUDJHG��
VRPH���FDUHJLYHUV���WR���VXSSRUW���WKHLU���FKLOGUHQ¶V���QDUUDWLYH���SURFHVV����EXW���DOVR���LQFUHDVHG���FDUHJLYHU¶V��
SHUFHSWLRQ���RI���WKHLU���RZQ���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���

7KH���WZR���TXHVWLRQV���IURP���WKH���)DPLO\���(QG�RI�3URJUDP���6XUYH\���DERXW���FKLOGUHQ¶V���OHDUQLQJ��
WKURXJK���SOD\LQJ���ZLWK���6WRU\%ORFNV���DQG���FDUHJLYHU¶V���OHDUQLQJ���DERXW���WKHLU���FKLOG¶V���QDUUDWLYH��
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GHYHORSPHQW���WKURXJK���WKH���FRDFKLQJ���XSGDWHV���VHUYHG���DV���SUR[LHV���IRU���DVVHVVLQJ���FDUHJLYHUV¶��
SHUFHSWLRQV���RI���WKHLU���FKLOGUHQ¶V���QDUUDWLYH���SURJUHVV���GXULQJ���WKH���SLORW����$OO���FDUHJLYHUV���VXUYH\HG��
UHSRUWHG���IHHOLQJ���FRQILGHQW���WKDW���WKHLU���FKLOGUHQ���ZHUH���OHDUQLQJ���VRPHWKLQJ���ZKLOH���SOD\LQJ���ZLWK��
6WRU\%ORFNV��������RI��������³VWURQJO\���DJUHHG´��������RI��������³VRPHZKDW���DJUHHG´����DYHUDJH���UHVSRQVH���ZDV��
���������RQ���D���ILYH�SRLQW���/LNHUW���VFDOH�����$OO���FDUHJLYHUV���VXUYH\HG���UHSRUWHG���OHDUQLQJ���DERXW���WKHLU���FKLOG¶V��
QDUUDWLYH���GHYHORSPHQW���IURP���WKH���FRDFKLQJ���XSGDWHV��������RI��������³VWURQJO\���DJUHHG´��������RI��������³VRPHZKDW��
DJUHHG´����DYHUDJH���UHVSRQVH���ZDV�����������RQ���D���ILYH�SRLQW���/LNHUW���VFDOH�����'XULQJ���WKH���RSHQ���UHVSRQVHV���
VRPH���FDUHJLYHUV���UHSRUWHG���VHHLQJ���SURJUHVV���RQ���WKHLU���FKLOGUHQ¶V���VWRU\WHOOLQJ���VNLOOV���GXULQJ���WKH���SLORW��
SURJUDP����)RU���H[DPSOH���RQH���FDUHJLYHU���ZURWH����³�,W���ZDV���JUHDW���IRU���FUHDWLYLW\���DQG���EXLOGLQJ���FRQFUHWH��
VWRU\WHOOLQJ���VNLOOV�´���6LPLODUO\����DQRWKHU���FDUHJLYHU���VWDWHG����³7KH���NLGV���UHDOO\���HQMR\HG���LW����WKH\���ZRUNHG��
RQ���ZULWLQJ���VNLOOV���DQG���VSHOOLQJ�´���2WKHU���FDUHJLYHUV���H[SUHVVHG���VHHLQJ���SURJUHVV���LQ���WKHLU���FKLOGUHQ¶V��
PRWLYDWLRQ����VXFK���DV����³,���IRXQG���LW���UHDOO\���PDGH���D���KXJH���GLIIHUHQFH���IRU���>P\���FKLOG@����+H���ZDV���QRW��
LQWHUHVWHG���LQ���OHDUQLQJ���WR���UHDG���EHIRUH���DQG���/HDUQLQJ���/RRSV���WRWDOO\���FKDQJHG���WKDW���DQG���JDYH���KLP���DQ��
RXWOHW���WR���H[SUHVV���KLPVHOI���DQG���EH���FUHDWLYH����,���ORYHG���WKDW���KLV���FKDUDFWHUV���DOZD\V���KDG���WKH���H[SUHVVLRQV��
RQ���WKHLU���IDFHV���WR���UHIOHFW���KLV���VWRULHV����+H���SXW���VR���PXFK���WLPH���DQG���HIIRUW���LQWR���KLV���VWRULHV���DQG���KH���OHDUQHG��
WR���VWD\���ZLWKLQ���WKH���VWRU\���WKHPH���KH���ZDV���ZULWLQJ���DERXW�´���7KURXJK���WKH���VXUYH\���UHVSRQVHV���DQG���IHHGEDFN��
IURP���WKH���FDUHJLYHUV����ZH���FDQ���VHH���WKDW���FDUHJLYHUV���SHUFHLYHG���WKDW���WKHLU���FKLOGUHQ���GHPRQVWUDWHG��
QDUUDWLYH���SURJUHVV���GXULQJ���WKH���SLORW���SURJUDP����DQG���LW���ZDV���VXSSRUWHG���E\���WKHLU���FRDFKHV����

7KHVH���GDWD���VXJJHVW���WKDW���WKH���&RQVROH���KHOSHG���FRDFKHV���ERWK���GLUHFWO\���VXSSRUW���FKLOGUHQ¶V��
QDUUDWLYH���GHYHORSPHQW���WKURXJK���6WRU\���6WLFNLHV����DQG���LQGLUHFWO\���VXSSRUW���FKLOGUHQ
V���QDUUDWLYH��
GHYHORSPHQW���WKURXJK���FRPPXQLFDWLQJ���SURJUHVV���ZLWK���FDUHJLYHUV���DQG���HQFRXUDJLQJ���FDUHJLYHU��
LQYROYHPHQW����+RZHYHU����WKHVH���GDWD���DOVR���LGHQWLI\���DUHDV���IRU���LPSURYHPHQW����VXFK���DV���SUHVHQWLQJ���WKH��
GDWD���LQ���D���ZD\���WR���HQFRXUDJH���FRDFK���LQWHUSUHWDWLRQ���DQG���VXSSRUW���RI���OHVV���VWUXFWXUDO���HOHPHQWV���RI��
QDUUDWLYH����H�J�����LQWHUSUHWLYH���DQG���UHIOHFWLYH���HOHPHQWV����DQG���GHVLJQLQJ���PRUH���RSSRUWXQLWLHV���IRU��
EDFN�DQG�IRUWK���FRPPXQLFDWLRQ���EHWZHHQ���FKLOGUHQ���DQG���FRDFKHV���
�
������6XPPDU\���RI���)LQGLQJV���DQG���,PSOLFDWLRQV��
��������6XPPDU\���RI���)LQGLQJV��

7KH���ILQGLQJV���IURP���RXU���SLORW���VXJJHVW���WKDW���PRVW���FKLOGUHQ���ZHUH���KLJKO\���HQJDJHG���ZLWK��
6WRU\%ORFNV����,���XVHG���RXU���FRUSXV���RI���FKLOGUHQ¶V���SHUVRQDOO\�JHQHUDWHG���GLJLWDO���VWRULHV���WR���XQGHUVWDQG��
WKH���W\SHV���RI���QDUUDWLYHV���FKLOGUHQ���FUHDWHG���DQG���ORRN���IRU���WUHQGV���DPRQJ���WKH���FKLOGUHQ���LQ���RXU���SLORW���E\���DJH��
DQG���JHQGHU����,���IRXQG���WUHQGV���LQ���VWRU\���WKHPHV���DPRQJ���JHQGHU���WKDW���UHVHPEOHG���WKH���ILQGLQJV���IURP��
DQRWKHU���UHVHDUFK���VWXG\���RI���SUHVFKRRO���FKLOGUHQ¶V���VSRQWDQHRXV���RUDO���VWRULHV���ZKHUH���JLUOV���WROG���PRUH��
VWRULHV���DERXW���IDPLO\���DQG���KDUPRQ\���DQG���ER\V���WROG���PRUH���VWRULHV���DERXW���FRQIOLFW���DQG���SRZHU���>��@����7R��
P\���NQRZOHGJH����WKHVH���6WRU\%ORFNV���VWRULHV���DUH���RQH���RI���WKH���ILUVW���FRUSRUD���RI���\RXQJ���FKLOGUHQ¶V��
SHUVRQDOO\�JHQHUDWHG���GLJLWDO���VWRULHV���WR���H[LVW����$V���RXU���FRUSXV���RI���VWRULHV���FRQWLQXHV���WR���JURZ����ZH���SODQ��
WR���LQYHVWLJDWH���WKLV���VSDFH���IXUWKHU���E\���DQDO\]LQJ���WKH���WUHQGV���LQ���FKLOGUHQ¶V���VWRU\���GDWD���DQG���FRPSDULQJ��
WKHP���WR���WKH���WUHQGV���LQ���RWKHU���VWRU\���IRUPV����H�J�����RUDO����ZULWWHQ����GUDPDWL]HG����

,���DGGUHVVHG���WKH���UHPDLQLQJ���UHVHDUFK���TXHVWLRQV���E\���H[DPLQLQJ���WKUHH���GLIIHUHQW���SDUWV���RI���RXU��
V\VWHP����������WKH���SURFHVV���RI���GDWD���FROOHFWLRQ���DQG���GRFXPHQWDWLRQ���RI���SRWHQWLDO���SURJUHVV����������WKH��
V\QWKHVLV���DQG���SUHVHQWDWLRQ���RI���GDWD���WR���KHOS���GHPRQVWUDWH���SURJUHVV����DQG���������WKH���FDSDELOLW\���WR���XVH���GDWD��
WR���VXSSRUW���QDUUDWLYH���GHYHORSPHQW���DQG���FRPPXQLFDWH���SURJUHVV����2XU���ILQGLQJV���VXJJHVW���WKDW���RXU��
V\VWHP���GRHV���KDYH���WKH���DELOLW\���WR���GRFXPHQW���VRPH���HOHPHQWV���RI���QDUUDWLYH���SURJUHVV����EXW���D���FRQFUHWH��
GHILQLWLRQ���RI���QDUUDWLYH���SURJUHVV���LV���QHHGHG���WR���V\VWHPDWLFDOO\���GRFXPHQW���WKH���PRUH���FRPSOH[���RU��
DEVWUDFW���HOHPHQWV���RI���QDUUDWLYH���GHYHORSPHQW����&RDFK���IHHGEDFN���DQG���EHKDYLRU���LQGLFDWHG���WKDW���ZKLOH��
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WKH���SUHVHQWDWLRQ���RI���WKH���GDWD���LQ���WKH���&RQVROH���KHOSHG���VRPH���FRDFKHV���VHH���QDUUDWLYH���SURJUHVV����NH\��
IHDWXUHV���VXFK���DV���WKH���6WRU\���6WDWV���DQG���RYHUYLHZ���VFUHHQ���ZHUH���OHVV���HIIHFWLYH����DQG���WKH���GDWD���GLG���QRW��
DOZD\V���KHOS���RULHQW���FRDFKHV���WRZDUGV���LGHQWLI\LQJ���SURJUHVV����)LQDOO\����WKH���&RQVROH���VHHPHG���WR���EH��
HIIHFWLYH���LQ���KHOSLQJ���FRDFKHV���ERWK���GLUHFWO\���DQG���LQGLUHFWO\���VXSSRUW���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW��
RYHUDOO����WKRXJK���VRPH���PRGLILFDWLRQV���ZHUH���VXJJHVWHG����VXFK���DV���LQFUHDVLQJ���RSSRUWXQLWLHV���IRU��
EDFN�DQG�IRUWK���FRPPXQLFDWLRQ���EHWZHHQ���FRDFKHV���DQG���FKLOGUHQ���

�
��������,PSOLFDWLRQV��

,QVSLUHG���E\���RXU���ILQGLQJV����,���ZLOO���WDNH���WZR���VWHSV���LQ���RUGHU���WR���EHWWHU���XQGHUVWDQG���ZKDW���GDWD���WR��
FRPELQH���DQG���KRZ���WR���GHVLJQ���WKH���&RQVROH���WR���GRFXPHQW���DQG���SUHVHQW���QDUUDWLYH���SURJUHVVLRQ����DV���ZHOO��
DV���KHOS���FRDFKHV���VXSSRUW���QDUUDWLYH���GHYHORSPHQW����)LUVW����,���ZLOO���FUHDWH���D���WKHRUHWLFDO���IUDPHZRUN���IRU��
FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW����DQG���XVH���WKLV���WR���LQIRUP���ERWK���RXU���GHILQLWLRQ���RI���QDUUDWLYH����DQG��
WKURXJK���WKLV����RXU���GHILQLWLRQ���RI���QDUUDWLYH���SURJUHVVLRQ����DQG���WKH���UHGHVLJQ���RI���RXU���DQDO\WLFV���V\VWHP����$V��
RXU���ILQGLQJV���GHPRQVWUDWHG����RXU���V\VWHP���KDV���WKH���DELOLW\���WR���GRFXPHQW���SURJUHVV���RQ���PDQ\���ILQH�JUDLQHG��
GHWDLOV���RI���HDFK���VWRU\����\HW���HDFK���RI���WKHVH���GHWDLOV����DORQH����GRHV���QRW���GHILQH���VWRU\���SURJUHVVLRQ����,QVWHDG���
WKH\���DUH���DOO���SDUW���RI���D���PRUH���FRPSOH[���SLFWXUH����%\���GHYHORSLQJ���D���WKHRUHWLFDO���IUDPHZRUN���IRU���FKLOGUHQ¶V��
QDUUDWLYH���GHYHORSPHQW����,���ZLOO���EH���DEOH���WR���UHRUJDQL]H���DQG���DQDO\]H���RXU���GDWD���WR���EHWWHU���XQGHUVWDQG���KRZ��
ZH���FDQ���EHVW���GRFXPHQW���FKLOGUHQ¶V���QDUUDWLYH���SURJUHVVLRQ����6HFRQG����,���ZLOO���UHGHVLJQ���WKH���&RQVROH���DQG��
SUHVHQW���WKH���ILQH�JUDLQHG���GDWD���WR���EHWWHU���GLUHFW���WKH���FRDFK¶V���DWWHQWLRQ���WR���GHWDLOV���UHODWHG���WR���RXU���QHZ��
GHILQLWLRQ���RI���SURJUHVVLRQ����LQFOXGLQJ���WKH���IRXU���FDWHJRULHV���RI���SURJUHVVLRQ���WKDW���FRDFKHV���GRFXPHQWHG��
LQ���WKH���XSGDWHV����FRPSOHWHQHVV����FRKHUHQFH����H[SUHVVLRQ����DQG���FRPSOH[LW\�����*XLGHG���E\���WKHVH���IRXU��
FDWHJRULHV���DQG���RXU���WKHRUHWLFDO���IUDPHZRUN����,���ZLOO���UHGHVLJQ���WKH���SUHVHQWDWLRQ���RI���WKH���GDWD����H�J�����6WRU\��
6WDWV����WR���EH���H[SOLFLWO\���FRQQHFWHG���WR���WKH���VWRU\���LWVHOI����DQG���LQIRUP���WKH���6WRU\���$QQRWDWLRQV����,Q���WKLV���ZD\���
WKH���GDWD���ZLOO���EH���FRQQHFWHG���WR���WKH���JUHDWHU���PHDQLQJ���RI���KRZ���LW���UHSUHVHQWV���FHUWDLQ���WUHQGV���LQ��
SURJUHVVLRQ����KHOSLQJ���FRDFKHV���UHFRJQL]H���SURJUHVV����DQG���LPSDFWLQJ���KRZ���FRDFKHV���XVH���WKDW���GDWD���WR��
VXSSRUW���FKLOGUHQ¶V���QDUUDWLYHV���ERWK���GLUHFWO\���DQG���LQGLUHFWO\����7KLV���UHRUJDQL]DWLRQ���RI���WKH���SUHVHQWDWLRQ��
RI���GDWD���ZLOO���EH���PDGH���ERWK���IRU���HDFK���LQGLYLGXDO���VWRU\����DV���ZHOO���DV���DFURVV���VWRULHV����VR���FRDFKHV���FDQ��
EHWWHU���LGHQWLI\���WUHQGV���LQ���FKLOGUHQ¶V���VWRULHV���RYHUDOO���

,Q���WKH���QH[W���VHFWLRQ���RI���WKLV���GLVVHUWDWLRQ����,���ZLOO���GHYHORS���D���WKHRUHWLFDO���IUDPHZRUN���IRU��
FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW����DQG���DSSO\���WKLV���IUDPHZRUN���WR���RXU���/HDUQLQJ���/RRSV���V\VWHP���LQ��
RUGHU���WR���LQIRUP���RXU���ILQGLQJV���DQG���LWHUDWH���RQ���RXU���DQDO\WLFV���V\VWHP���
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������%XLOGLQJ���D���7KHRUHWLFDO���)UDPHZRUN���IRU���&KLOGUHQ¶V��
1DUUDWLYH���'HYHORSPHQW��
�
������,QWURGXFWLRQ���WR���'HYHORSLQJ���D���7KHRUHWLFDO���)UDPHZRUN��

)RU���WKH���ODVW���VHYHQ���\HDUV���,���KDYH���EHHQ���GHOYLQJ���LQWR���WKH���OLWHUDWXUH���RQ���FKLOGUHQ¶V���QDUUDWLYH��
GHYHORSPHQW����ZDGLQJ���WKURXJK���WKH���GHSWKV���RI���DUWLFOHV����ERRNV����EORJV����DQG���HVVD\V����$QG���GXULQJ���WKLV��
WLPH����,���KDYH���IHOW���ORVW���LQ���WKH���VHD���RI���OLWHUDWXUH����FRQVWDQWO\���VHDUFKLQJ���IRU���VRPHWKLQJ���WKDW���PLJKW���QRW��
H[LVW����VHDUFKLQJ���IRU���D���WKHRUHWLFDO���IUDPHZRUN���RU���SUDFWLFDO���DSSURDFK���WR���VWXG\LQJ���FKLOGUHQ¶V��
QDUUDWLYHV���WKDW���HQFRPSDVVHV���WKH���FRPSOH[����PXOWLFRPSRQHQW���QDWXUH���RI���FKLOGUHQ¶V���VWRULHV����,¶YH���WUHDG��
WKURXJK���WKH���PDMRU���ZDYHV���RI���WKH�������V��������V��������V����DQG���HDUO\�������V����,���KDYH���IORDWHG���WKURXJK���WKH��
FXUUHQWV���RI���OLQJXLVWLFV����SV\FKRORJ\����HGXFDWLRQ����OLWHUDWXUH����VRFLRORJ\����DQG���VWLOO����QRWKLQJ����*OLPPHUV��
RI���KRSH���IURP���WHUPV���OLNH���³QDUUDWLYH���LQWHOOLJHQFH´���DQG���³LQWHUSUHWLYH���DSSURDFK´���VHUYH���DV���P\���OLIH���UDIW���
NHHSLQJ���PH���DIORDW���DQG���PRWLYDWLQJ���PH���WKURXJK���WKH���FKXUQLQJ���ZDWHUV���RI���UHVHDUFK����<HW���WKH\���GRQ¶W��
SURYLGH���IXOO���DQVZHUV����DQG���VR���VWLOO���,���TXHVWLRQ����KDYH���,���RYHUORRNHG���VRPHWKLQJ"���6R����DIWHU���VHYHQ���\HDUV��
RI���VHDUFKLQJ����,���KDYH���GHFLGHG���WR���WDNH���WKH���SLHFHV���RI���WKH���UHVHDUFK���WKDW���,���FDQ���XVH����SXW���WKHP���WRJHWKHU���
DQG���FUHDWH���P\���RZQ���DQVZHUV���

,Q���WKH���PDMRULW\���RI���WKH���UHVHDUFK���,���KDYH���IRXQG���RYHU���WKH���SDVW���VHYHQ���\HDUV����WKHUH���VHHPV���WR���EH���D��
GLVFRQQHFW���EHWZHHQ���WKH���WKHRULHV���RQ���KRZ���DQG���ZK\���ZH���GHYHORS���QDUUDWLYHV����WKH���ULJLG���DQG���GLVSDUDWH��
GHILQLWLRQV���RI���QDUUDWLYH����DQG���WKH���DSSURDFKHV���IRU���XQGHUVWDQGLQJ���DQG���DQDO\]LQJ���QDUUDWLYH����)RU���WKH��
H[LVWLQJ���WKHRUHWLFDO���DSSURDFKHV���WR���XQGHUVWDQGLQJ���DQG���DQDO\]LQJ���QDUUDWLYHV����VSHFLILFDOO\����WKHUH���DUH��
VHYHUDO���OLPLWDWLRQV���WKDW���KDYH���WDXJKW���PH���ZKLFK���DVSHFWV���,���EHOLHYH���DUH���LPSRUWDQW���WR���FUHDWLQJ���D��
FRPSUHKHQVLYH���WKHRUHWLFDO���IUDPHZRUN����$V���D���VFLHQWLVW����,���UHFRJQL]H���WKDW���PDQ\���RI���WKH���H[LVWLQJ��
DSSURDFKHV���LJQRUH���FUXFLDO���GDWD���E\���IRFXVLQJ���RQ���RQO\���RQH���DVSHFW���RI���WKH���QDUUDWLYH����H�J�����SURWDJRQLVW��
JRDO���DWWDLQPHQW�����7KHUH���LV���D���ODFN���RI���FRKHVLRQ���DPRQJ���WKH���GLVFLSOLQHV���WKDW���VWXG\���QDUUDWLYHV���>��������@���
5DWKHU���WKDQ���FROODERUDWLQJ���RU���FRPELQLQJ���DSSURDFKHV����PRVW���UHVHDUFKHUV���RQO\���DQDO\]H���WKH���VWUXFWXUH��
RU���PHFKDQLFV���RI���FKLOGUHQ¶V���QDUUDWLYHV����ZKLOH���RWKHUV���RQO\���IRFXV���RQ���WKH���FRQWHQW���>�@����

$V���D���GHYHORSPHQWDO���SV\FKRORJLVW����,���UHFRJQL]H���WKDW���PDQ\���RI���WKH���H[LVWLQJ���DSSURDFKHV����E\��
LJQRULQJ���WKH���PXOWLWXGH���RI���VNLOOV���WKH���FKLOG���GHPRQVWUDWHV���WKURXJK���WKHLU���VWRU\����EHFRPH���EOLQG���WR���WKH��
PRWLYDWLRQ���IRU����DQG���PHDQLQJ���EHKLQG���WKH���VWRU\����8QIRUWXQDWHO\����PDQ\���UHVHDUFKHUV���XVH��
PHWKRGRORJLHV���WKDW���GHPRWLYDWH���WKH���FKLOG����DVNLQJ���WKHP���WR���UHWHOO���DQ���XQLQVSLULQJ���VWRU\���RU���XVLQJ��
ODFNOXVWHU���SURPSWV���WR���HOLFLW���QDUUDWLYHV���IURP���WKH���FKLOGUHQ���>������@����,Q���RUGHU���WR���WUXO\���XQGHUVWDQG��
FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW����UHVHDUFKHUV���PXVW���FUHDWH���LQWHUHVWLQJ���ZD\V���WR���FDSWLYDWH���DQG��
PRWLYDWH���WKHLU���SDUWLFLSDQWV���WR���VKDUH���VWRULHV���WKDW���DUH���DOLJQHG���ZLWK���WKHLU���QDUUDWLYH���VNLOOV����$QG���DV���D��
KXPDQ����D���VWRU\�EHLQJ����,���UHFRJQL]H���WKDW���DOPRVW���DOO���RI���WKH���H[LVWLQJ���DSSURDFKHV���LJQRUH���WKH���SXUSRVH��
IRU���VWRU\WHOOLQJ����WKH���V\QWKHVL]LQJ���TXDOLW\����WKH���PHDQLQJ�PDNLQJ����WKH���DELOLW\���WR���ERWK���XQGHUVWDQG���DQG��
FRPPXQLFDWH���ZKR���ZH���DUH���DQG���ZKDW���ZH���EHOLHYH����

7KURXJK���H[SHULHQFLQJ���IUXVWUDWLRQ���DW���WKHVH���OLPLWDWLRQV����,���KDYH���OHDUQHG���ZKDW���,���KDYH���EHHQ��
VHDUFKLQJ���IRU���LQ���DQ���DSSURDFK���WR���VWXG\LQJ���FKLOGUHQ¶V���QDUUDWLYHV����,Q���RUGHU���WR���UHFRQQHFW���WKH��
GHILQLWLRQV����WKHRULHV����DQG���DSSURDFKHV���WR���KRZ���ZH���XQGHUVWDQG���DQG���VWXG\���QDUUDWLYH����ZH���PXVW���VWULYH���WR��
GHYHORS���D���KROLVWLF���DSSURDFK����RQH���WKDW���LQWHJUDWHV���WKH���PXOWLSOH���DVSHFWV���RI���QDUUDWLYHV����DOORZV���FKLOGUHQ��
WR���WHOO���WKH���VWRULHV���WKDW���DUH���PHDQLQJIXO���WR���WKHP����DQG���FRQQHFWV���WR���WKH���SXUSRVHV���RI���ZK\���ZH���FUHDWH���DQG��
VKDUH���VWRULHV����

7KHUHIRUH����LQ���WKLV���VHFWLRQ���RI���WKH���GLVVHUWDWLRQ���,���ZLOO���EXLOG���XSRQ���WKH���ULFK���WKHRULHV���RI���QDUUDWLYH��
GHYHORSPHQW���DQG���V\QWKHVL]H���WKHP���LQWR���DQ���DWWHPSWHG���KROLVWLF���WKHRUHWLFDO���IUDPHZRUN���IRU���FKLOGUHQ¶V��
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QDUUDWLYH���GHYHORSPHQW���LQ���RUGHU���WR���LQIRUP���WKH���GHVLJQ���RI���WKH���/HDUQLQJ���/RRSV���SURJUDP����,Q���WKH��
SDUDJUDSKV���EHORZ���,���ZLOO���FRQGXFW���D���OLWHUDWXUH���UHYLHZ���RQ���WKH���GHILQLWLRQV���RI���QDUUDWLYH����WKH���IXQFWLRQV��
RI���QDUUDWLYH����DQG���WKH���H[LVWLQJ���WKHRULHV����WUHQGV����DQG���DSSURDFKHV���IRU���XQGHUVWDQGLQJ���FKLOGUHQ¶V��
QDUUDWLYH���GHYHORSPHQW����,���ZLOO���WKHQ���EXLOG���XSRQ���WKH���OLWHUDWXUH���E\���SUHVHQWLQJ���RXU���WKHRUHWLFDO��
IUDPHZRUN����WKH���7ZR�/HQV���$SSURDFK����DQG���DSSO\���LW���WR���FKLOGUHQ¶V���VWRULHV���DV���DQ���H[DPSOH���IRU���KRZ���WKLV��
IUDPHZRUN���FDQ���EH���XVHG���LQ���SUDFWLFH���
�
������/LWHUDWXUH���5HYLHZ���RQ���1DUUDWLYH���'HILQLWLRQV���DQG���1DUUDWLYH���7KHRULHV��
��������'HILQLWLRQV���RI���1DUUDWLYH��

7KHUH���LV���QR���RQH����FRPSUHKHQVLYH���GHILQLWLRQ���RI���QDUUDWLYH����DV���LW���LV���D���ULFK���DQG���FRPSOH[���VHW���RI��
FRQFHSWV����ZKLFK���DUH���GHILQHG���GLIIHUHQWO\���E\���WKH���YDULRXV���GLVFLSOLQHV���WKDW���VWXG\���LW����$FFRUGLQJ���WR���WKH��
ILHOG���RI���QDUUDWLYH���LQWHOOLJHQFH����RQH���XQLI\LQJ���WKHPH���DPRQJ���WKHVH���GLVFLSOLQHV���LV���WKDW���QDUUDWLYH���LV���D��
IXQGDPHQWDO���RUJDQL]LQJ���SULQFLSOH���RI���WKH���KXPDQ���H[SHULHQFH���>��@����$���PRUH���FRPPRQ���GHILQLWLRQ���RI��
QDUUDWLYH���LV���WKH���WHOOLQJ����ZULWLQJ����RU���UH�HQDFWPHQW���RI���VHOI�JHQHUDWHG���VWRULHV����NQRZQ���WDOHV����ERRNV����RU��
WKH���UHFRXQWLQJ���RI���SHUVRQDO���H[SHULHQFHV���>��@����(DUO\���VWXGLHV���RI���QDUUDWLYH����VXFK���DV���/DERY���DQG��
:DOHW]N\�������������GHILQHG���QDUUDWLYH���DV���WKH���XVH���RI���VSHFLILF���OLQJXLVWLF���WHFKQLTXHV���LQ���RUGHU���WR���UHFRXQW��
SDVW���HYHQWV���>�@����7KLV���PRUH���QDUURZ���GHILQLWLRQ���DOORZHG���UHVHDUFKHUV���WR���PDNH���WKH���FRPSOH[���ILHOG���RI��
QDUUDWLYH���PRUH���DQDO\]DEOH���E\���ORRNLQJ���DW���WKH���OLQJXLVWLF���PHFKDQLFV���RI���SHRSOH¶V���SHUVRQDO���VWRULHV����,Q��
FRQWUDVW����0F&DEH���DQG���3HWHUVRQ������������FRQVLGHU���WKH���PXOWLSOH���IXQFWLRQV���RI���QDUUDWLYH���E\���UHIHUULQJ���WR��
LW���DV���D���³OLQJXLVWLF���FURVVURDGV���RI���FXOWXUH����FRJQLWLRQ����DQG���HPRWLRQ´���IRU���WKH���SXUSRVHV���RI��
VHQVH�PDNLQJ���DQG���VHOI�UHSUHVHQWDWLRQ���>��������@����,Q���WKLV���ZD\����ZKHQ���GHILQLQJ���QDUUDWLYH����VRPH��
UHVHDUFKHUV���VWUHVV���WKH���LPSRUWDQFH���RI���WDNLQJ���D���EURDG���GHILQLWLRQ���LQ���RUGHU���WR���VHUYH���PXOWLSOH���FXOWXUHV��
DQG���D���ZLGH���DJH���UDQJH���>��������������@����'HILQLWLRQV���RI���QDUUDWLYH���DQG���IHDWXUHV���RI���QDUUDWLYH���KDYH���D���F\FOLF��
UHODWLRQVKLS����LW���LV���LPSRUWDQW���WR���XQGHUVWDQG���ZKDW���QDUUDWLYHV���FRQWDLQ���LQ���RUGHU���WR���FUHDWH���D���GHILQLWLRQ���
\HW���E\���GHILQLQJ���D���QDUUDWLYH���RQH���FRQFUHWL]HV���ZKDW���RQH���FRQVLGHUV���QDUUDWLYH���IHDWXUHV���
�
��������1DUUDWLYH���)HDWXUHV��

1DUUDWLYHV���FRQWDLQ���DQ���DFFRXQW���RI���H[SHULHQFHV���RU���HYHQWV����UHDO���RU���LPDJLQHG����WKDW���DUH��
VHTXHQFHG���RYHU���D���SHULRG���RI���WLPH���WR���FRQYH\���PHDQLQJ���>�������@����,Q���RUGHU���WR���VWXG\���QDUUDWLYH���
UHVHDUFKHUV���IRFXV���RQ���GLIIHUHQW���IHDWXUHV���RI���QDUUDWLYHV����VRPH���DUH���PRUH���ULJLG����VXFK���DV���6WHLQ���DQG��
*OHQQ¶V������������VWRU\���JUDPPDU����ZKLFK���VWDWHV���WKDW���WKH���SUHGLFWDEOH���VWUXFWXUH���RI���QDUUDWLYHV���FDQ���EH��
VSOLW���LQWR���WZR���PDLQ���FDWHJRULHV����D���VHWWLQJ���DQG���DQ���HSLVRGH����:LWKLQ���WKHVH���FDWHJRULHV����QDUUDWLYHV���PXVW��
FRQWDLQ���FKDUDFWHU����LQLWLDWLQJ���HYHQW����LQWHUQDO���UHVSRQVH����SODQ����DFWLRQ����FRQVHTXHQFH����DQG���UHDFWLRQ��
>��@����%XLOGLQJ���RQ���VWRU\���JUDPPDU����6WHLQ���DQG���$OEUR������������JR���D���VWHS���IXUWKHU���LQ���WKHLU���GHILQLWLRQ���
H[SODLQLQJ���WKDW���D���³JRRG´���VWRU\���FRQWDLQV���D���JRDO�GLUHFWHG���DFWLRQ���RI���D���SURWDJRQLVW����,Q���RUGHU���WR��
DFFRPSOLVK���WKLV����WKH���VWRU\���PXVW���FRQWDLQ���IRXU���GLPHQVLRQV���������D���SURWDJRQLVW���ZLWK���LQWHQWLRQDO��
DFWLRQV���������H[SOLFLWO\���VWDWHG���JRDOV���RU���GHVLUHV���E\���WKH���SURWDJRQLVW���������DFWLRQV���WKDW���VHUYLFH���WKH��
SURWDJRQLVW¶V���JRDOV����DQG��������RXWFRPHV���WKDW���DUH���UHODWHG���WR���JRDO���DWWDLQPHQW���>��@����,Q���ODWHU���ZRUN����WKH��
QHFHVVLW\���RI���WHPSRUDO���FDXVH���DQG���HIIHFW���LQ���FUHDWLQJ���D���³JRRG´���VWRU\���LV���HPSKDVL]HG���>��@����

6HSDUDWLQJ���IURP���WKH���VWUXFWXUH���RI���D���VWRU\����%DPEHUJ������������WRRN���D���OLQJXLVWLF���DSSURDFK���
IRFXVLQJ���SDUWLFXODUO\���RQ���WKH���UROH���RI���ODQJXDJH���DQG���LWV���XVH���WR���GLVWLQJXLVK���EHWZHHQ���ZKDW���KH���EHOLHYHV��
WR���EH���WZR���LPSRUWDQW���GLPHQVLRQV���RI���FKLOGUHQ¶V���QDUUDWLYHV����YLHZSRLQW���DQG���DJHQF\���>��@����6LPLODUO\���
/DERY������������WRRN���D���VRFLROLQJXLVWLF���DSSURDFK����VWDWLQJ���WKDW���RUDO���SHUVRQDO���QDUUDWLYHV���KDG���D��
EHJLQQLQJ����PLGGOH����DQG���HQG����:LWKLQ���WKRVH���QDUUDWLYH���VSHHFK���DFWV���WKHUH���ZHUH���VL[���PDLQ���IHDWXUHV����QRW��
DOO���KDYLQJ���WR���RFFXU���LQ���RQH���VWRU\����DEVWUDFW����VXPPDU\���RI���HYHQWV���WR���VSDUN���LQWHUHVW�����RULHQWDWLRQ��
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�VHWWLQJ���RI���WKH���VWRU\�����FRPSOLFDWLQJ���DFWLRQ����HYHQWV���RI���WKH���VWRU\���RYHU���WLPH�����HYDOXDWLRQ����LPSOLFLW���RU��
H[SOLFLW���UHIHUHQFH���WR���WKH���SRLQW���RI���ZK\���WKH���VWRU\���LV���EHLQJ���WROG�����UHVROXWLRQ����WKH���FRQFOXVLRQ�����DQG��
FRGD����WKH���UHOHYDQFH���RI���WKH���VWRU\���WR���HYHU\�GD\���OLIH����>��@����,Q���WKLV���DSSURDFK����WKH���LPSRUWDQFH���RI��
WHPSRUDO���VHTXHQFLQJ���LQ���VWRULHV����ZKHUH���WLPH���LV���UHSUHVHQWHG���OLQJXLVWLFDOO\����LV���HPSKDVL]HG���DV���D��
FUXFLDO���IHDWXUH���RI���QDUUDWLYH���DQDO\VLV���>��@����/DERY¶V���PRUH���QXDQFHG���DSSURDFK���ZDV���WKH���ILUVW���WLPH���WKDW��
XQHGLWHG����RUDO���SHUVRQDO���QDUUDWLYHV���RI���HYHU\GD\���SHRSOH���ZHUH���VWXGLHG����ZKLFK���FKDQJHG���KRZ��
UHVHDUFKHUV���VWXGLHG���QDUUDWLYH���E\���VKLIWLQJ���WKH���IRFXV���WRZDUGV���QDUUDWLYH���IHDWXUHV���WKDW���ZHUH���SUHVHQW���LQ��
SHRSOH¶V���XQILOWHUHG���VWRULHV���>�������@����7KH���DFW���RI���WHOOLQJ���D���QDUUDWLYH���UHTXLUHV���FRPSOH[���PHWD�FRJQLWLYH��
DQG���OLQJXLVWLF���DELOLWLHV���E\���XVLQJ���ODQJXDJH���WR���FRQYH\���PHDQLQJ���WKURXJK���FRQWH[W���VHWWLQJ���>��@����)RU��
FKLOGUHQ¶V���VWRULHV����VSHFLILFDOO\����(QJHO������������VWDWHV���WKDW����³WKH���PRVW���LPSRUWDQW���WKLQJ���DERXW���D���VWRU\���LV��
WKDW���E\���UHODWLQJ���SHRSOH����DFWLRQV����REMHFWV����SODFH����DQG���WLPH����WKH���VWRU\WHOOHU���FRQYH\V���D���PHDQLQJ«���,Q��
FKLOGUHQ¶V���VWRULHV���SDUWLFXODUO\����ZKHUH���VHTXHQFH���DQG���SORW���DUH���QRW���DOZD\V���FOHDUO\���GHYHORSHG����WKH���NH\��
WR���XQGHUVWDQGLQJ����DSSUHFLDWLQJ����DQG���UHVSRQGLQJ���WR���WKH���VWRU\���RIWHQ���OLHV���LQ���XQGHUVWDQGLQJ���WKH��
PHDQLQJ����WKH���SHUVSHFWLYH���RI���WKH���QDUUDWRU�´����S���������>�@����7KHUHIRUH����LQ���FRQVLGHULQJ���WKH���IHDWXUHV���RI��
QDUUDWLYHV����LW���LV���LPSRUWDQW���WR���WDNH���WKH���FKLOG¶V���SHUVSHFWLYH���DQG���QRW���MXGJH���D���VWRU\���VROHO\���RQ���LWV��
UHSUHVHQWDWLRQ���RI���VWUXFWXUDO���DQG���OLQJXLVWLF���IHDWXUHV���

2WKHU���UHVHDUFKHUV���DUH���PRUH���WKHRUHWLFDO���LQ���WKHLU���XQGHUVWDQGLQJ���RI���QDUUDWLYH���IHDWXUHV����-HURPH��
%UXQHU������������SURSRVHG���WKDW���QDUUDWLYH���LV���RQH���RI���WZR���PRGHV���RI���WKRXJKW���IRU���FRQVWUXFWLQJ���UHDOLW\��
>��@����,Q���KLV���HVVD\����%UXQHU������������GHVFULEHG���WHQ���IHDWXUHV���RI���QDUUDWLYHV���DV���LQVWUXPHQWV���IRU��
FRQVWUXFWLQJ���UHDOLW\���������QDUUDWLYH���GLDFKURQLFLW\���������SDUWLFXODULW\���������LQWHQWLRQDO���VWDWH���HQWDLOPHQW��������
KHUPHQHXWLF���FRPSRVDELOLW\���������FDQRQLFDOLW\���DQG���EUHDFK���������UHIHUHQWLDOLW\���������JHQHULFQHVV��������
QRUPDWLYHQHVV���������FRQWH[W���VHQVLWLYLW\���DQG���QHJRWLDELOLW\����DQG���������QDUUDWLYH���DFFUXDO���>��@����6WRULHV��
KDYH���QDUUDWLYH���GLDFKURQLFLW\���LQ���WKDW���WKH\���FRQWDLQ���HYHQWV���WKDW���KDSSHQ���RYHU���WLPH����+RZHYHU����XQOLNH��
/DERY¶V������������OLQJXLVWLF���UHSUHVHQWDWLRQ���RI���WHPSRUDO���VHTXHQFLQJ����%UXQHU������������VWDWHG���WKDW���WLPH��
LV���UHODWHG���QRW���FKURQRORJLFDOO\���RU���E\���PRPHQW�WR�PRPHQW���VLJQLILFDQFH����EXW���UDWKHU����WLPH���LV���UHODWLYH��
WR���WKH���PHDQLQJ���WKURXJK���ZKLFK���WKH���DXWKRU���SHUFHLYHV���LW����DQG���WKH���VHTXHQFH���RI���WLPH���PD\���EH��
UHSUHVHQWHG���LQ���QRQ�OLQJXLVWLF���ZD\V����H�J�����IODVKEDFNV����SUHPRQLWLRQV����GUHDPV����>��������@����$FFRUGLQJ��
WR���%UXQHU�������������RXU���PHQWDO���PRGHOV���XQGHUOLH���WKH���XQLTXH���SDWWHUQV���RI���UHSUHVHQWLQJ���HYHQWV���RYHU��
WLPH���WKURXJK���QDUUDWLYH����DQG���WKLV���LV���RQH���HOHPHQW���WKDW���PDNHV���QDUUDWLYH���VR���VSHFLDO���DQG���XQLTXH���RYHU��
RWKHU���IRUPV���RI���GLVFRXUVH���>��@����

7KH���SDUWLFXODUV���RI���D���QDUUDWLYH���DUH���WKH���GHWDLOV���HPEHGGHG���LQ���WKH���VWRU\���WKDW���DFW���DV���WKH���YHKLFOH��
WKURXJK���ZKLFK���D���JHQHULF���RU���SUHGLFWDEOH���SORW���LV���FDUULHG���RXW����:KLOH���WKH���SDUWLFXODU���FRXOG���EH���DQ\��
QXPEHU���RI���WKLQJV����LW���GRHV���QRW���FKDQJH���WKH���RYHUDOO���SUHGLFWLYHQHVV���RI���WKH���SORW���>��@����,QWHQWLRQDO���VWDWH��
HQWDLOPHQW���VXJJHVWV���WKDW���DOO���FKDUDFWHUV���DUH���SHUVRQLILHG���EHFDXVH���WKH\���KDYH���LQWHQWLRQDO���VWDWHV����H�J����
EHOLHIV����WKHRULHV����YDOXHV����PRUDOV����GHVLUHV����HPRWLRQV�����DQG���WKH���HYHQWV���WKDW���EHIDOO���D���FKDUDFWHU���PXVW���EH��
UHOHYDQW���WR���WKH���FKDUDFWHU¶V���LQWHQWLRQDO���VWDWHV����7KHVH���VWDWHV���LQGLFDWH���WKH���FKDUDFWHU¶V���IHHOLQJV����QRW��
WKHLU���DFWLRQV����EHFDXVH���WKH���FKDUDFWHUV���KDYH���DJHQF\����H�J�����IUHHGRP���RI���FKRLFH�����7KHUHIRUH����UDWKHU���WKDQ��
H[SOLFLW���FDXVDO���OLQNDJHV���LQ���QDUUDWLYHV����PRVW���UHDVRQV���IRU���FKDUDFWHU���DFWLRQV���PXVW���EH���LQWHUSUHWHG���E\��
WKH���UHDGHU���>��@���

$W���WKH���FRUH���RI���%UXQHU¶V������������WKHRU\���ZDV���WKH���KHUPHQHXWLF���FRPSRVDELOLW\���IHDWXUH����:KLOH��
FRPSOHWHO\���LQDFFHVVLEOH���ZLWKRXW���D���GLFWLRQDU\����WKH���LGHD���LV���UHDOO\���TXLWH���VLPSOH����%DVLFDOO\����VLQFH���WKHUH��
LV���QHLWKHU���D���UDWLRQDO���PHWKRG���IRU���XQFRYHULQJ����QRU���DQ���HPSLULFDO���PHWKRG���IRU���YHULI\LQJ���WUXWK���LQ��
QDUUDWLYHV����QDUUDWLYHV���GHDO���LQ���³YHULVLPLOLWXGH´���²���WKH���DSSHDUDQFH���RI���WUXWK�����WKH���RQO\���ZD\���WR��
XQGHUVWDQG���D���QDUUDWLYH���LV���WR���LQWHUSUHW���WKH���PHDQLQJ���RI���WKH���WH[W���>��@����7KLV���UHOLDQFH���RQ���LQWHUSUHWDWLRQ���
%UXQHU������������DUJXHG����MXVWLILHV���WKH���QHHG���IRU���D���KXPDQ���WR���EH���LQYROYHG���LQ���WKH���QDUUDWLYH���DQDO\VLV��
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SURFHVV����7ZR���LPSRUWDQW���HOHPHQWV���FHQWUDO���WR���LQWHUSUHWDWLRQ����IRU���ZKLFK���KXPDQV���DUH���PRUH���HTXLSSHG��
WKDQ���PDFKLQHV����DUH���������XQGHUVWDQGLQJ���LQWHQWLRQ����DQG��������XQGHUVWDQGLQJ���DQG���OLQNLQJ���WR���EDFNJURXQG��
RU���FRQWH[WXDO���NQRZOHGJH���>��@����7KHVH���WZR���HOHPHQWV���RI���LQWHUSUHWDWLRQ���PDNH���XS���DQRWKHU���IHDWXUH���RI��
QDUUDWLYH����ZKLFK���%UXQHU������������FDOOHG���FRQWH[W���VHQVLWLYLW\���DQG���QHJRWLDELOLW\���>��@����7KH���KHUPHQHXWLF��
FRPSRVDELOLW\���IHDWXUH���RI���QDUUDWLYH���LV���SHUKDSV���RQH���RI���WKH���ELJJHVW���FRQWULEXWLQJ���IDFWRUV���WR���ZKDW��
PDNHV���QDUUDWLYHV���VR���GLIILFXOW���WR���VWXG\���LQ���D���FRPSUHKHQVLYH����V\VWHPDWLF���ZD\����7KLV���LV���EHFDXVH��
PHDQLQJ���FDQ���RQO\���EH���LQWHUSUHWHG���E\���WKH���UHDGHU����DQG���WKHUH���DUH���PDQ\���FRQWH[WXDO���IDFWRUV���WKDW���WKH��
UHDGHU���PD\���QRW���KDYH���DFFHVV���WR���WKDW���LPSDFW���WKH���ZULWHU¶V���LQWHQWLRQ���DQG���FRQWULEXWH���WR���WKH���PHDQLQJ���
7KLV���IHDWXUH���DOVR���FRQWULEXWHV���WR���WKH���FKDOOHQJHV���RI���XVLQJ���PDFKLQH���OHDUQLQJ���DQG���RWKHU���DXWRPDWHG��
QDUUDWLYH���DQDO\VLV���PHWKRGRORJLHV����,Q���PDQ\���ZD\V����WKLV���IHDWXUH���UHODWHV���WR���0DWHDV���DQG���6HQJHU¶V��
���������GHVFULSWLRQ���RI���WKH���SDUDGR[LFDO���QDWXUH���RI���QDUUDWLYH���UHVHDUFK����DV���LW���LV���WRR���FRPSOH[���DQG��
DPELJXRXV���WR���EH���D���ILHOG���RI���VWXG\���ZLWK���PHDVXUDEOH���IHDWXUHV���>��@���

$���PRUH���IDPLOLDU���IHDWXUH���RI���QDUUDWLYH���LV���FDQRQLFDOLW\���DQG���EUHDFK����1DUUDWLYHV���KDYH���EUHDFKHV��
RI���FDQRQLFDO���VFULSWV����WKHUH���LV���DQ���HOHPHQW���RI���GLVUXSWLRQ���RI���WKH���SUHGLFWDEOH���SDWK���ZKHUH���VRPHWKLQJ��
KDSSHQV���WKDW���LV���RXW���RI���WKH���RUGLQDU\����XQSUHGLFWDEOH����DQG���FUHDWHV���XQFHUWDLQW\���>��@����7KLV���IHDWXUH���LV��
PRUH���FRPPRQO\���UHIHUUHG���WR���DV���WKH���SUREOHP���LQ���WKH���VWRU\����WKH���KLJK���SRLQW����RU���WKH���SUHFLSLWDWLQJ���HYHQW���
:KLOH���WKH���EUHDFK���LWVHOI���GRHV���QRW���KDYH���WR���EH���XQLTXH����VRPH���RI���WKH���EHVW���ZULWHUV���DUH���DEOH���WR���SUHVHQW��
WKLV���IHDWXUH���LQ���DQ���LQYHQWLYH���ZD\���WKDW���KHOSV���WKH���UHDGHU���VHH���D���QHZ���VLGH���RU���SHUVSHFWLYH���LQ���WKH���RUGLQDU\��
>��@����,Q���RUGHU���IRU���WKH���EUHDFK���WR���RFFXU����WKHUH���KDV���WR���EH���VRPH���HVWDEOLVKHG���QRUP����RU���QRUPDWLYHQHVV��
WKDW���WKH���QDUUDWLYH���IROORZV����ZKLFK���LV���DQRWKHU���IHDWXUH���RI���QDUUDWLYH���>��@����7KH���IHDWXUH���RI���UHIHUHQWLDOLW\��
UHIHUV���WR���WKH���FRQFHSW���WKDW���QDUUDWLYHV����HYHQ���ILFWLRQ���ZLWK���HQWLUHO\���QHZ���ZRUOGV����PXVW���KDYH���VRPH��
JURXQGLQJ���RU���UHIHUHQFH���WR���D���VKDUHG���UHDOLW\���LQ���RUGHU���WR���EH���LQWHUSUHWHG���DQG���XQGHUVWRRG���E\���WKH���UHDGHU��
>��@����7KH���IHDWXUH���RI���JHQHULFQHVV���UHIHUV���WR���WKH���JHQUH���RI���WKH���VWRU\����ZKLFK���KDV���DQ���LPSDFW���RQ���ERWK���WKH��
ZULWHU���DQG���WKH���UHDGHU����6SHFLI\LQJ���D���JHQUH���FDQ���KHOS���FDWHJRUL]H���VWRULHV���ZLWK���FRPPRQ���ODQJXDJH���
VW\OHV����WKHPHV����DQG���JRDOV����)RU���WKH���ZULWHU����WKLV���FDQ���EH���KHOSIXO���LQ���IRUPXODWLQJ���WKH���VWRU\����DQG���IRU���WKH��
UHDGHU����LW���FDQ���EH���KHOSIXO���LQ���XQGHUVWDQGLQJ���KRZ���WR���LQWHUSUHW���WKH���VWRU\���>��@���

)LQDOO\����WKH���WHQWK���IHDWXUH���RI���QDUUDWLYHV���LV���QDUUDWLYH���DFFUXDO����1DUUDWLYHV���DFFXPXODWH���LQWR���D��
ZKROH����LQ���ZKLFK���KLVWRULHV����WUDGLWLRQV����DQG���HYHQ���FXOWXUHV���DUH���ERUQ����:H���XVH���QDUUDWLYH���DFFUXDO���WR��
FUHDWH���RXU���DXWRELRJUDSKLHV���DQG���GHYHORS���RXU���QRWLRQ���RI���VHOI����:H���DOVR���XVH���QDUUDWLYH���DFFUXDO���WR���WHOO��
WKH���KLVWRU\���RI���RXU���IDPLO\����WR���EXLOG���RXU���VWRU\���DV���D���FRPSDQ\���RU���EXVLQHVV����DQG���WR���GHYHORS���WUDGLWLRQV��
DV���D���FXOWXUH���>��@����,Q���VKRUW����LW���LV���LPSRUWDQW���WR���ORRN���DW���DQ���LQGLYLGXDO���QDUUDWLYH����EXW���LW���LV���DOVR��
LPSRUWDQW���WR���ORRN���DW���WKH���DFFXPXODWLRQ���RI���QDUUDWLYHV����RU���DFURVV���PXOWLSOH���QDUUDWLYHV����WR���XQGHUVWDQG��
KRZ���ZH���GHYHORS���DQG���FRPPXQLFDWH���FRQVWUXFWV���RI���RXUVHOYHV����RXU���EHOLHIV����DQG���RXU���FXOWXUHV����7KHVH��
IHDWXUHV���DUH���LPSRUWDQW���WR���NHHS���LQ���PLQG���EHFDXVH����ZKLOH���WKH\���DUH���QRW���DOO���HDVLO\���WHVWDEOH���RU��
PHDVXUDEOH����WKH\���UHODWH���WR���WKH���IXQFWLRQ���RI���ZK\���ZH���WHOO���QDUUDWLYHV����DQG���ZH���PXVW���GHYHORS���DQDO\VHV��
WKDW���HQFRPSDVV���WKHVH���LPSRUWDQW���IHDWXUHV���DQG���IXQFWLRQV���ZLWKLQ���DQG���DFURVV���FKLOGUHQ¶V���QDUUDWLYHV���
�
��������)XQFWLRQV���RI���1DUUDWLYHV���

5HVHDUFK���KLJKOLJKWV���WZR���IXQFWLRQV���RI���QDUUDWLYHV����WKH���PDWKHWLF����FRJQLWLYH����IXQFWLRQ����WHOOLQJ��
VWRULHV���WR���PDNH���PHDQLQJ���DQG���XQGHUVWDQG���WKH���ZRUOG����DQG���WKH���FRPPXQLFDWLYH����VRFLDO����IXQFWLRQ���
WHOOLQJ���VWRULHV���WR���FRPPXQLFDWH���ZLWK���RWKHUV���>�@����7KH���PDWKHWLF���IXQFWLRQ���IRU���VWRU\WHOOLQJ���DOLJQV���ZLWK��
WKH���FRQVWUXFWLYLVW���SKLORVRSK\���RI���OHDUQLQJ����ZKHUH���FKLOGUHQ���EXLOG���VWRULHV���WR���UH�LQYHQW���WKHLU���ZRUOG��
>�@����%\���WHOOLQJ���VWRULHV����FKLOGUHQ���ERWK���H[SHULHQFH���WKH���IHHOLQJV���DQG���WKRXJKW���SURFHVVHV���RI���RWKHUV����DQG��
GLVWDQFH���WKHPVHOYHV���IURP���WKHLU���RZQ���H[SHULHQFHV���LQ���RUGHU���WR���EHWWHU���SURFHVV���DQG���XQGHUVWDQG���WKHP��
>�������������@����7KH���WHOOLQJ���DQG���UHSHDWLQJ���RI���VWRULHV���ERWK���VKDSHV���FKLOGUHQ¶V���FRPPXQLFDWLYH���VNLOOV���DQG��
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IRUPV���D���SLFWXUH���RI���WKHPVHOYHV���WR���RWKHUV����ZKLOH���LQWHUQDOL]LQJ���DQG���JDLQLQJ���D���VHQVH���RI���PDVWHU\���DQG��
LGHQWLW\���ZLWK���HDFK���VWRU\���>�������������@����

,Q���WXUQ����WKH���DFW���RI���OLVWHQLQJ���WR���DQG���GLJHVWLQJ���D���QDUUDWLYH���DOVR���VHUYHV���VLPLODU���PDWKHWLF���DQG��
FRPPXQLFDWLYH���IXQFWLRQV���WKURXJK���ZKDW���0DUVKDOO���*DQ]������������FDOOV���D���³WHDFKLQJ���RI���RXU���KHDUWV´��
>��@����:KHQ���ZH���KHDU���D���VWRU\����ZH���HPSDWKL]H���ZLWK���FKDUDFWHUV���DQG���LQWHUQDOL]H����DQG���VRPHWLPHV��
HPERG\����WKHLU���HPRWLRQV����7KURXJK���WKLV���HPRWLRQDO���H[SHULHQFH����ZH���FRPH���WR���XQGHUVWDQG���WKH��
PDWHULDO����QRW���MXVW���DV���D���FRJQLWLYH���FRQFHSW����EXW���DV���D���OHVVRQ���RI���WKH���KHDUW���>��@����7KLV���DOLJQV���ZLWK���WKH��
UHVHDUFK����ZKHUH���WKH���EHQHILWV���RI���FKLOGUHQ¶V���DFWLYH���LQYROYHPHQW���LQ���QDUUDWLYH���DFWLYLWLHV���RQ���HPRWLRQDO��
H[SUHVVLRQ���DQG���HPRWLRQDO���UHJXODWLRQ���DUH���ZHOO���GRFXPHQWHG���>��������������������@����,W���LV���LQ���WKLV���HPRWLRQDO��
IXQFWLRQ����*DQ]������������DUJXHV����WKDW���WKH���SRZHU���RI���QDUUDWLYH���OLHV���>���@����7KURXJK���WKHVH���HPRWLRQDO��
OHVVRQV���ZH���OHDUQ���QRW���RQO\���DERXW���RXU���ZRUOG����RXUVHOYHV����DQG���KRZ���WR���FRPPXQLFDWH����EXW���DOVR���LQ��
PDNLQJ���VHQVH���RI���WKH���ZRUOG���ZH���OHDUQ���D���JUHDWHU���VNLOO����ZH���OHDUQ���KRZ���WR���GHDO���ZLWK���XQFHUWDLQW\���
([SRVXUH���WR���QDUUDWLYHV���VHUYHV���DQ���LPSRUWDQW���IXQFWLRQ���LQ���KHOSLQJ���XV���GHDO���ZLWK���XQFHUWDLQW\���>���@���
%UXQHU������������DUJXHG���WKDW���WKH���EUHDFK���RU���GLVUXSWLRQ���RI���WKH���SUHGLFWDEOH���SDWK���LQWR���XQFHUWDLQW\���LV��
ZKDW���PDNHV���VWRULHV���VR���DSSHDOLQJ���>��@����VR���LW���VWDQGV���WR���UHDVRQ���WKDW���WKURXJK���WKLV���GLVUXSWLRQ���DQG���WKH��
UHDFWLRQV���DQG���RXWFRPHV���RI���WKH���FKDUDFWHUV����ZH���OHDUQ����ERWK���FRJQLWLYHO\���DQG���HPRWLRQDOO\����KRZ���WR��
FRSH���LQ���WKH���IDFH���RI���XQFHUWDLQW\����7KURXJK���WKH���FKRLFHV����DFWLRQV����HPRWLRQV����DQG���H[SHULHQFHV���RI��
FKDUDFWHUV���LQ���QDUUDWLYHV���ZH���OHDUQ���WR���ERWK���EHFRPH���FKRLFHIXO���KXPDQ���EHLQJV����DQG���WR���FRPPXQLFDWH��
RXU���FKRLFHV����VKDSLQJ���ZKR���ZH���DUH���>�������������@���

:KLOH���VRPH���GHILQLWLRQV���DFFRXQW���IRU���WKH���IXQFWLRQV���RI���QDUUDWLYHV����PDQ\���GR���QRW���LQFOXGH���WKH��
VRFLDO����FRJQLWLYH����DQG���HPRWLRQDO���IXQFWLRQV���WKDW���QDUUDWLYHV���VHUYH����6LPLODUO\����DSSURDFKHV���IRU��
XQGHUVWDQGLQJ���DQG���VWXG\LQJ���FKLOGUHQ¶V���QDUUDWLYHV���RIWHQ���QHJOHFW���WKH���PDWKHWLF���DQG���FRPPXQLFDWLYH��
IXQFWLRQV���IRU���ZK\���ZH���FUHDWH���QDUUDWLYHV����,QVWHDG����PRVW���DSSURDFKHV���IRFXV���RQ���WKH���OLQJXLVWLF���RU��
VWUXFWXUDO���PHFKDQLFV���ZLWKLQ���FKLOGUHQ¶V���QDUUDWLYHV����DV���WKHVH���DUH���HDVLHU���WR���LGHQWLI\���DQG���PHDVXUH���>��@���
8QIRUWXQDWHO\����WKHVH���HDVLO\���PHDVXUDEOH���FRPSRQHQWV���RI���QDUUDWLYHV���GRQ¶W���WHOO���WKH���ZKROH���VWRU\���
0RUHRYHU����VWUXFWXUDOLVW���DSSURDFKHV���RIWHQ���IDLO���WR���DFFXUDWHO\���FDSWXUH���WKH���FKLOG¶V���SURJUHVV���DQG��
PLVUHSUHVHQW���GLJUHVVLRQ���ZKHQ���FKLOGUHQ���H[SORUH���QHZ���QDUUDWLYH���VWUDWHJLHV���LQ���WKHLU���VWRULHV����FRPH��
IURP���D���FXOWXUH���WKDW���YDOXHV���GLIIHUHQW���DVSHFWV���RI���QDUUDWLYHV���WKDQ���WKH���(XURSHDQ�$PHULFDQ���FXOWXUH����RU��
XVH���DGYDQFHG���QDUUDWLYH���VWUDWHJLHV���ZKHUH���WKHLU���JRDOV���DUH���LPSOLFLW���DQG���UHTXLUH���KXPDQ���LQWHUSUHWDWLRQ��
WR���LGHQWLI\���>���������������@����7KHUHIRUH����,���SODQ���WR���FUHDWH���D���EURDG���GHILQLWLRQ���RI���QDUUDWLYH����RQH���WKDW��
HQFRPSDVVHV���WKH���IXQFWLRQV���RI���FKLOGUHQ¶V���QDUUDWLYHV����LQ���RUGHU���WR���GHYHORS���D���PRUH���KROLVWLF���WKHRUHWLFDO��
IUDPHZRUN���
�
������/LWHUDWXUH���5HYLHZ���RI���'HYHORSPHQWDO���7UHQGV���DQG���([LVWLQJ���7KHRUHWLFDO��
$SSURDFKHV���WR���6WXG\LQJ���&KLOGUHQ¶V���1DUUDWLYHV��
��������7UHQGV���LQ���&KLOGUHQ¶V���1DUUDWLYH���'HYHORSPHQW��

5HVHDUFKHUV����OLQJXLVWV����DQG���SV\FKRORJLVWV���KDYH���KLJKOLJKWHG���PXOWLSOH���WUHQGV���LQ���QDUUDWLYH��
GHYHORSPHQW����$FFRUGLQJ���WR���VRPH���OLQJXLVWV����WKH���GHYHORSPHQW���RI���QDUUDWLYHV���VWDUWV���DURXQG���WZR���\HDUV��
ROG���ZLWK����SURWR�QDUUDWLYHV�����7KHVH���PXOWLSO\���DQG���WUDQVIRUP���EHWZHHQ���WKH���DJHV���RI���WZR���DQG���WKUHH���DQG���D��
KDOI���\HDUV���DQG���DUH���XVXDOO\���PDGH���XS���RI���SDVW���H[SHULHQFHV���WKDW���FRQWDLQ���HYDOXDWLYH���LQIRUPDWLRQ��
ZLWKRXW���D���SDUWLFXODU���VHTXHQFH���>��@����$V���FKLOGUHQ���UHDFK���IRXU���DQG���ILYH����WKHLU���QDUUDWLYHV���WUDQVLWLRQ��
IURP���DOPRVW���QR���VWRU\OLQH����SORW����RU���FDXVH���DQG���HIIHFW����LQWR���QDUUDWLYHV���WKDW���UHIOHFW���WKH���GHYHORSPHQW���RI��
D���PRUH���VRSKLVWLFDWHG���NQRZOHGJH���RI���HYHQW���VHTXHQFHV����OLQJXLVWLF���DQG���FRJQLWLYH���VNLOOV����DQG���PHQWDO��
VWDWHV����L�H�����HPRWLRQV����GLVSRVLWLRQV����WKRXJKWV����LQWHQWLRQV����>��@����7KH���GHYHORSPHQW���RI���WKHVH���HDUO\��
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QDUUDWLYHV���DUH���SDUW���RI���ODWHU���ODQJXDJH���GHYHORSPHQW���EHFDXVH���WKH\���IRUP���PXFK���RI���WKH���FRQWHQW���RI��
FRQYHUVDWLRQV���LQ���ROGHU���FKLOGKRRG���DQG���DGXOWKRRG���>��������@���

2WKHU���GHYHORSPHQWDO���SV\FKRORJLVWV���KLJKOLJKW���WKH���VRFLDO���LQIOXHQFH���RQ���FKLOGUHQ¶V���QDUUDWLYH��
GHYHORSPHQW����&KLOGUHQ���VWDUW���E\���WHOOLQJ���JHUPV���RI���VWRULHV����DQG���VWRU\WHOOLQJ���EHJLQV���ODUJHO\���DV��
FRQYHUVDWLRQV���ZLWK���SDUHQWV���RU���RWKHU���DGXOWV���>���������������@����7R���VWXG\���WKH���LQIOXHQFH���RI���WKH���FKLOG¶V��
VRFLDO���LQWHUDFWLRQV���RQ���WKHLU���HDUOLHVW���VWRULHV����UHVHDUFKHUV���PHDVXUH���WKH���VXEWOH���\HW���V\VWHPDWLF���FKDQJHV��
LQ���DGXOWV¶���FRQYHUVDWLRQDO���EHKDYLRUV���ZLWK���\RXQJ���FKLOGUHQ���DV���D���IXQFWLRQ���RI���WKH���FKLOG¶V���DJH���>���@���
7KH���LQWHUDFWLRQV���DQG���IRFXV���RI���FDUHJLYHUV���GXULQJ���HDUO\���WHOOLQJV���RI���VWRULHV���WKURXJK���FRQYHUVDWLRQDO��
QDUUDWLYHV���VKDSH���PDQ\���DVSHFWV���RI���FKLOGUHQ¶V���ODWHU���QDUUDWLYH���VNLOOV����SDUWLFXODUO\���DORQJ���WKH��
GLPHQVLRQV���RI���SORW����RULHQWDWLRQ����FDXVDOLW\����DQG���UHSRUWHG���VSHHFK���>���@����%\���DURXQG���WKUHH���\HDUV���RI��
DJH����FKLOGUHQ¶V���VWRULHV���WHQG���WR���EH���PRUH���DERXW���QRYHO���H[SHULHQFHV����WROG���ZLWK���D���FOHDU���EHJLQQLQJ���
PLGGOH����DQG���HQG����&KLOGUHQ���FDQ���GHVFULEH���HYHQWV���LQ���VWRU\���IRUP����XVXDOO\���IRU���DQG���ZLWK���WKHLU���SHHUV���
7KH\���DOVR���VWDUW���WR���LQFOXGH���PRUH���GHWDLOV���DERXW���RWKHUV���>�@����%HWZHHQ���WKH���DJHV���RI���IRXU���WR���VHYHQ���\HDUV��
ROG����VWRU\WHOOLQJ���LV���DQ���LPSRUWDQW���IRUP���RI���VRFLDO����V\PEROLF���SOD\���>�@����%\���ILYH���\HDUV���RI���DJH����FKLOGUHQ��
GHYHORS���PRUH���GLVWLQFWLYH���VWRU\���VW\OHV����WKH\���NQRZ���WKH���HOHPHQWV���WKDW���FRPSULVH���D���JRRG���VWRU\����DQG��
WKH\���LQWHJUDWH���RU���DGRSW���FRPPXQLW\���FXVWRPV���LQWR���WKHLU���VWRU\WHOOLQJ���VW\OH���>�@����1XPHURXV���UHVHDUFK��
VWXGLHV���KDYH���UHSRUWHG���WKH���LQIOXHQFH���RI���SHHUV���LQ���WKH���FRQWHQW���RI���FKLOGUHQ¶V���VWRULHV���>��������������������������
�@����:KHQ���FKLOGUHQ���HQJDJH���LQ���QDUUDWLYH���DFWLYLWLHV����VXFK���DV���VWRU\WHOOLQJ���DQG���VWRU\���DFWLQJ����WKH\���FUHDWH��
D���VRUW���RI���FODVVURRP���PLQLFXOWXUH���>�������������@���ERWK���E\���EXLOGLQJ���XSRQ���HDFK���RWKHU¶V���WKHPHV����DV���ZHOO���DV��
E\���FUHDWLQJ���FKDUDFWHUV���DQG���FKDUDFWHU���DFWLRQV���WR���LQFOXGH���WKHLU���SHHUV���LQ���WKH���VWRU\���DFWLQJ���SURFHVV���>����
������@����:KLOH���FDUHJLYHUV���DQG���SHHUV���SOD\���D���PDMRU���UROH���LQ���VKDSLQJ���FKLOGUHQ¶V���QDUUDWLYH���VNLOOV���DQG��
LQIOXHQFLQJ���VWRU\���FRQWHQW����WKHUH���DUH���VWLOO���PDQ\���DVSHFWV���RI���QDUUDWLYHV���WKDW���FKLOGUHQ���KDYH���IXOO���DJHQF\��
RYHU����H�J�����WKH���VHOHFWLRQ���RI���FRQWHQW���FKRVHQ����WKH���DPRXQW���RI���SUHYLRXVO\���UHSRUWHG���GHWDLOV����WKHLU��
UHIOHFWLRQ���DQG���HYDOXDWLRQ���RI���WKH���VWRU\����WKH���VKDULQJ���RI���SHUVRQDO���LGHQWLW\���DQG���SUHVHQWDWLRQ���RI���WKHLU��
UROH���LQ���WKH���VWRU\����>���@���

1DUUDWLYHV���KDYH���EHHQ���GHVFULEHG���DV���D���YHKLFOH���IRU���LGHQWLW\���IRUPDWLRQ���>��@����7KURXJK���WKH��
UHSUHVHQWDWLRQ���RI���WLPH����WKH���PHDQLQJIXO���RUGHU���RI���HYHQWV����DQG���VSDFH����WKH���SRVLWLRQ���WKURXJK���ZKLFK���WKH��
VWRU\���LV���WROG����LQ���QDUUDWLYHV����D���FRPSOH[���FRQFHSW���RI���VHOI���HPHUJHV���>��@����3VHXGRGLDORJXHV����WKH��
SUHFXUVRU���WR���FRQYHUVDWLRQDO���QDUUDWLYHV����EHWZHHQ���LQIDQWV���DQG���FDUHJLYHUV���DUH���WKH���ILUVW���LQGLFDWLRQ���WR��
WKH���FKLOG���WKDW���WKHUH���LV���D���VHOI���VHSDUDWH���IURP���DQRWKHU����:H���XVH���WKHVH���UHODWLRQVKLSV����WR���KHOS���RUJDQL]H��
DQG���VKDSH���KXPDQ���H[SHULHQFH����ZKLFK���LQIOXHQFH���RXU���SHUFHSWLRQV���DQG���UHSUHVHQWDWLRQV���RI���VHOI��
WKURXJK���QDUUDWLYH����>��@����$V���FKLOGUHQ¶V���QDUUDWLYH���VNLOOV���SURJUHVV����WKH\���WHQG���WR���LQWHJUDWH���PRUH��
SHUVRQDO���LGHQWLW\����FKDUDFWHU���PHQWDO���VWDWHV����DQG���SORW���GHYHORSPHQW���LQWR���WKHLU���VWRULHV����$URXQG���VL[��
\HDUV���RI���DJH�����FKLOGUHQ���PRYH���IURP����IRFXVHG���FKDLQV�����³DQG���WKHQ«´���VWDWHPHQWV����WRZDUGV����WUXH��
QDUUDWLYHV�����7KHVH���VWRULHV���DUH���IRFXVHG���DURXQG���DQ���LQFLGHQW����KDYH���D���FOHDU���SORW����FKDUDFWHU��
GHYHORSPHQW����DQG���VHTXHQFH���RI���HYHQWV���WKDW���DUH���WHPSRUDOO\����FDXVDOO\����RU���UHIHUHQWLDOO\���UHODWHG����RIWHQ��
RFFXUULQJ���LQ���WKH���SK\VLFDO���ZRUOG���>����������@����&KLOGUHQ���VWDUW���WR���DGG���D���GLPHQVLRQ���RI���WKHLU���SHUVRQDO��
LGHQWLWLHV���LQWR���WKHLU���VWRULHV����WDNLQJ���RQ���PXOWLSOH���SHUVSHFWLYHV����LQFRUSRUDWLQJ���SDVW���H[SHULHQFHV����DQG��
VKDULQJ���IXWXUH���LPDJLQLQJV���WKDW���H[WHQG���WKH���VHOI���LQWR���WKHLU���FKDUDFWHUV���RU���VWRU\���>��������������@����$W���ILUVW���
FKLOGUHQ¶V���FKDUDFWHUV���PD\���VHHP���VLPSOH���DQG���SUHGLFWDEOH���EHFDXVH���WKH\���DUH���SHUVRQLI\LQJ���FDQRQLFDO��
H[DPSOHV���RI���VHOI�LPDJHV���LQ���RUGHU���WR���LQWHUDFW���ZLWK���DQG���XQGHUVWDQG���WKHLU���ZRUOG���DQG���WKH���SHRSOH���LQ���LW��
>��@����$V���WKH\���JHW���ROGHU����DURXQG���VHYHQ���\HDUV���RI���DJH����FKLOGUHQ¶V���VWRULHV���LQFOXGH���H[SOLFLW���RU���LPSOLFLW��
UHIHUHQFHV���WR���WKH���PHQWDO���VWDWHV���RI���WKH���FKDUDFWHUV����DQG���GHVFULEH���WKH���FKDUDFWHU¶V���PRWLYDWLRQV���LQ���D��
PRUH���QXDQFHG���ZD\���>���@����$URXQG���WKLV���DJH����FKLOGUHQ���VWDUW���WR���GLVWLQJXLVK���EHWZHHQ���IDFW����WKH���HYHQWV���
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DQG���WKHLU���RZQ���SHUVSHFWLYH����7KHLU���QDUUDWLYHV���WHQG���WR���EH���PRUH���GLUHFW���DQG���OHVV���G\QDPLF���RU��
GHVFULSWLYH���>�@���

'HVSLWH���LWV���FOHDU���SUHVHQFH���LQ���FKLOGUHQ¶V���QDUUDWLYHV���DQG���LWV���UROH���LQ���WKH���IXQFWLRQ���RI���ZK\���ZH��
WHOO���VWRULHV����LGHQWLW\���IRUPDWLRQ���LV���DQ���XQGHUVWXGLHG���GLPHQVLRQ���RI���FKLOGUHQ¶V���QDUUDWLYHV����9DOXDWLRQ��
WKHRU\���XVHV���WKH���PHWKRGV���RI���VHOI�UHIOHFWLRQ����VHOI�FRQIURQWDWLRQ����DQG���WKH���DQDO\VLV���RI���,�SRVLWLRQV���LQ��
QDUUDWLYHV���WR���UHYHDO���D���SHUVRQ¶V���IHHOLQJV����SHUVSHFWLYHV����EHOLHIV����DQG���SRWHQWLDOO\���XQGHUO\LQJ��
PRWLYDWLRQV���>��@����+RZHYHU����ZKLOH���WKLV���PHWKRGRORJ\���KDV���EHHQ���DGDSWHG���IRU���\RXQJHU���FKLOGUHQ����LW���LV��
QRW���UHFRPPHQGHG���IRU���FKLOGUHQ���XQGHU���ILIWHHQ���\HDUV���RI���DJH���>��@���

�
��������7KHRUHWLFDO���$SSURDFKHV����6WDJHV���DQG���/HYHOV���RI���1DUUDWLYH���'HYHORSPHQW��

5HVHDUFKHUV���KDYH���IRUPDOL]HG���VRPH���RI���WKHVH���WUHQGV���LQWR���IUDPHZRUNV���WKDW���FDWHJRUL]H���WKH��
VWDJHV����OHYHOV����DQG���W\SHV���RI���QDUUDWLYHV���LQ���RUGHU���WR���EHWWHU���VWXG\���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���
2QH���RI���WKH���PRVW���LQIOXHQWLDO���UHVHDUFKHUV���WR���DQDO\]H���FKLOGUHQ¶V���VWRULHV���E\���IRFXVLQJ���RQ���WKH��
GHYHORSPHQW���RI���VWUXFWXUH���ZDV���$SSOHEHH�������������+H���UHDQDO\]HG���DQ���H[WHQVLYH���FRUSXV���RI���VWRULHV��
IURP���WZR���WR���ILYH�\HDU�ROGV����ORRNLQJ���VSHFLILFDOO\���DW���VWUXFWXUH���DQG���SORW���FRPSOH[LW\���WKURXJK��
FHQWHULQJ���RQ���D���WRSLF���DQG���FKDLQLQJ���HYHQWV���WRJHWKHU���LQ���D���VHTXHQFH����)URP���KLV���DQDO\VLV����$SSOHEHH��
���������FDWHJRUL]HG���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���LQWR���VL[���VWDJHV���

�� +HDSV� ��� �WZR� �\HDU� �ROGV� �FRQWULEXWH� �XQUHODWHG� �VWDWHPHQWV� �RU� �RQH�ZRUG�� � � � � � � � � �
GHVFULSWLRQV����

�� 6HTXHQFHV� ��� �FKLOGUHQ� �EHWZHHQ� �WZR� �DQG� �WKUHH� �\HDUV� �ROG� �WHOO� �VWDWHPHQWV�� � � � � � � � � � �
UHODWHG���WR���D���FHQWUDO���WRSLF����

�� 3ULPLWLYH� �1DUUDWLYHV� ��� �FKLOGUHQ� �EHWZHHQ� �WKUHH� �DQG� �IRXU� �\HDUV� �ROG� �FUHDWH�� � � � � � � � � � �
VWRU\���VHTXHQFHV���WKDW���DUH���SHUFHSWXDOO\���EXW���QRW���WHPSRUDOO\���OLQNHG����

�� 8QIRFXVHG� �&KDLQV� ��� �IRXU� �\HDU� �ROGV� �WHOO� �VWRULHV� �ZLWK� �WHPSRUDOO\� �OLQNHG�� � � � � � � � � � �
HYHQWV����EXW���WKHUH���LV���QR���FHQWUDO���WRSLF����

�� )RFXVHG� �&KDLQV� ��� �FKLOGUHQ¶V� �VWRULHV� �EHWZHHQ� �IRXU� �DQG� �ILYH� �\HDUV� �ROG� �DUH�� � � � � � � � � � � �
WHPSRUDOO\���UHODWHG���DURXQG���D���FHQWUDO���WRSLF����DQG���

�� 7UXH� �1DUUDWLYHV� ��� �FKLOGUHQ� �EHWZHHQ� �WKH� �DJHV� �RI� �ILYH� �DQG� �VHYHQ� �\HDUV� �ROG�� � � � � � � � � � � � �
FDQ� �WHOO� �WHPSRUDOO\� �UHODWHG� �VWRULHV� �FHQWHUHG� �RQ� �D� �WRSLF� �ZLWK� �D� �WKHPH� �RU�� � � � � � � � � � � � �
PRUDO���>���������@����

,Q���VXSSRUW���RI���$SSOHEHH¶V���VL[WK���VWDJH����$NVX�.Ro���DQG���$NWDQ�(UFL\HV������������GHVFULEHG���LQ���WKHLU��
H[WHQVLYH���OLWHUDWXUH���UHYLHZ���WKDW���EHWZHHQ���WKH���DJHV���RI���ILYH���WR���VHYHQ���\HDUV����FKLOGUHQ���VWDUW���WR���LQWHJUDWH��
PXOWLSOH���VNLOOV����H�J�����FRJQLWLYH����OLQJXLVWLF����WKHRU\���RI���PLQG����UHTXLUHG���IRU���FRKHUHQFH����FRKHVLRQ����DQG��
SUDJPDWLF���DGHTXDF\����DOORZLQJ���WKHP���WR���VWDUW���SURGXFLQJ���HSLVRGLFDOO\���FRPSRVHG���QDUUDWLYHV���WKDW��
FRQWDLQ���PHDQLQJIXO���LQWHQWLRQDO���VWUXFWXUH���UHODWHG���WR���WKH���RUJDQL]DWLRQ���RI���HYHQWV���DQG���WR���D���JOREDO��
WKHPH���>���@����,Q���RWKHU���ZRUGV����E\���WKH���DJHV���RI���ILYH���WR���VHYHQ���\HDUV����FKLOGUHQ���DUH���VWDUWLQJ���WR���GHYHORS��
DQG���XVH���WKH���VNLOOV���QHFHVVDU\���WR���WHOO���D���WUDGLWLRQDOO\���FRKHVLYH���DQG���FRKHUHQW���QDUUDWLYH����$SSOHEHH¶V���VL[��
VWDJHV���VKLIWHG���WKH���ILHOG¶V���IRFXV���IURP���DQDO\]LQJ���WKH���V\PEROLF���FRQWHQW���RI���VWRULHV���WRZDUGV���DQDO\]LQJ��
WKH���REMHFWLYH���VWUXFWXUH���RI���FKLOGUHQ¶V���VWRULHV���LQ���RUGHU���WR���XQGHUVWDQG���FKLOGUHQ¶V���QDUUDWLYH��
GHYHORSPHQW���

)XUWKHU���WUDQVLWLRQLQJ���WKH���ILHOG���RI���QDUUDWLYH���DQDO\VLV���WRZDUGV���WKH���VWXG\���RI���QDUUDWLYH��
VWUXFWXUH����6WHLQ���DQG���*OHQQ������������GHYHORSHG���WKH���WKHRU\���RI���VWRU\���JUDPPDU����ZKLFK���LGHQWLILHG���WKH��
PDLQ���HOHPHQWV���RI���D���VWRU\����VXFK���DV���FKDUDFWHU����SUREOHP����DQG���DFWLRQV�DWWHPSWV���>��@����([WHQGLQJ��
$SSOHEHH¶V������������VWDJHV����*OHQQ���DQG���6WHLQ������������FUHDWHG���WKHLU���QDUUDWLYH���OHYHOV���DQDO\VLV����ZKLFK��
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RXWOLQHG���VL[���GHYHORSPHQWDO���OHYHOV���RI���VWRU\���JUDPPDU���WR���DOLJQ���ZLWK���WKHLU���GHILQLWLRQ���RI���D���³JRRG´��
VWRU\����7KHVH���OHYHOV���DUH����

�� ,VRODWHG� �'HVFULSWLRQV� ����XQUHODWHG��GHVFULSWLRQV��RI��D��FKDUDFWHU���VXUURXQGLQJ��� � � � � � � � �
RU���DFWLRQ���ZLWKRXW���FDXVDO���RU���WHPSRUDO���OLQNV����

�� 'HVFULSWLYH���6HTXHQFHV�������PXOWLSOH���GHVFULSWLRQV���ZLWK���VRPH���UHODWHG���HOHPHQWV����
�� $FWLRQ� �6HTXHQFHV� ��� �UHODWHG� �GHVFULSWLRQV� �WKDW� �KDYH� �D� �FKURQRORJLFDO� �RUGHU�� � � � � � � � � �

EXW���DUH���QRW���FDXVDOO\���OLQNHG����
�� 5HDFWLYH� �6HTXHQFHV� ����DFWLRQV��WKDW��DUH��WHPSRUDOO\��DQG��FDXVDOO\��OLQNHG���EXW�� � � � � � � � � � �

QR���REYLRXV���JRDO�GLUHFWHG���EHKDYLRU����
�� $EEUHYLDWHG��(SLVRGHV�����EXLOW��RQ��UHDFWLYH��VHTXHQFHV��E\��LQFOXGLQJ��FKDUDFWHU�� � � � � � � � � �

JRDOV�� �LQWHQWLRQV�� �DQG� �VRPH� �OHYHO� �RI� �FDXVDOLW\�� �EXW� �ZKLOH� �WKH� �EHKDYLRU� �LV�� � � � � � � � � � � �
SUHPHGLWDWHG����WKH���LQWHUQDO���UHVSRQVH���LV���OHVV���H[SOLFLW���RU���REYLRXV����DQG���

�� &RPSOHWH� �(SLVRGHV� ��� �HSLVRGHV� �WKDW� �FRQWDLQ� �ERWK� �DQ� �HQWLUH� �JRDO�RULHQWHG�� � � � � � � � � �
EHKDYLRU� �VHTXHQFH� �DQG� �D� �WKHPH� �RU� �PRUDO�� �VLPLODU� �WR� �WUXH� �QDUUDWLYHV��>��@��� � � � � � � � � � � �
*OHQQ��DQG��6WHLQ����������HODERUDWHG��RQ��FRPSOHWH��HSLVRGHV���VHSDUDWLQJ��WKHP�� � � � � � � � � �
IXUWKHU� �LQWR� �HLWKHU� �FRPSOH[� �HSLVRGHV� ��ZKHUH� �PXOWLSOH�� �RIWHQ� �LQFRPSOHWH�� � � � � � � � �
HSLVRGHV� �PD\� �EH� �HPEHGGHG� �ZLWKLQ� �D� �FRPSOHWH� �HSLVRGH�� �RU� �LQWHUDFWLYH�� � � � � � � � � �
HSLVRGHV���ZKHUH��WZR��FKDUDFWHUV��KDYH��JRDOV��DQG��DFWLRQV��WKDW��LQIOXHQFH��HDFK�� � � � � � � � � � �
RWKHU����>���@����

,Q���DOLJQLQJ���ZLWK���WKHLU���GHILQLWLRQ���RI���D���³JRRG´���VWRU\����*OHQQ���DQG���6WHLQ¶V������������PDLQ���IRFXV���ZDV���RQ��
WKH���SURWDJRQLVW¶V���JRDO���DWWDLQPHQW����8QOLNH���$SSOHEHH¶V���VWDJHV����*OHQQ���DQG���6WHLQ¶V���OHYHOV���GLG���QRW��
VSHFLI\���DJH���UDQJHV����EXW���IRFXVHG���PRUH���RQ���WKH���VWUXFWXUDO���SURSHUWLHV���RI���WKH���VWRULHV����6WDGOHU���DQG���:DUG��
���������IRXQG���WKDW���ZKLOH���*OHQQ���DQG���6WHLQ¶V���OHYHOV���ZHUH���VXFFHVVLYH����FKLOGUHQ¶V���VWRU\���OHYHOV���DQG��
WKHLU���DJH���ZHUH���QRW���VWURQJO\���FRUUHODWHG���>��@����7KHUH���ZHUH���DOVR���PHWKRGRORJLFDO���GLIIHUHQFHV���EHWZHHQ��
$SSOHEHH¶V���DSSURDFK���DQG���WKH���DSSURDFK���RI���*OHQQ���DQG���6WHLQ����)LUVW����*OHQQ���DQG���6WHLQ���IRFXVHG���RQ��
VOLJKWO\���ROGHU���FKLOGUHQ����DURXQG���HOHPHQWDU\���VFKRRO���DJH����6HFRQG����WKH���HOLFLWDWLRQ���RI���VWRULHV���GLIIHUHG���
ZKHUH���*OHQQ���DQG���6WHLQ���UHOLHG���PRUH���RQ���UHWHOOLQJV���DQG���VWRU\���VWHPV����+RZHYHU����ERWK���ZHUH���ILFWLRQDO��
VWRULHV����UDWKHU���WKDQ���HOLFLWLQJ���SHUVRQDO���QDUUDWLYHV����7KH���ILHOG���RI���QDUUDWLYH���DQDO\VLV���KDV���EHHQ���KHDYLO\��
LQIOXHQFHG���E\���6WHLQ���DQG���*OHQQ¶V���VWRU\���JUDPPDU����DQG���PDQ\���RI���WKH���VWXGLHV���FRQGXFWHG���VLQFH���KDYH��
XVHG���WKH���VDPH���HOLFLWDWLRQ���PHWKRGV���RI���SURPSWLQJ���DQG���UHWHOOLQJ���VWRULHV���

&RPELQLQJ���HOHPHQWV���RI���ERWK���$SSOHEHH¶V���VWDJHV���DQG���*OHQQ���DQG���6WHLQ¶V���OHYHOV����6WDGOHU���DQG��
:DUG������������GHYHORSHG���WKHLU���RZQ���ILYH���OHYHOV���RI���QDUUDWLYH���GHYHORSPHQW����ZKLFK���DUH����

�� /DEHOLQJ� ��� �VWRULHV� �ZLWK� �QRPLQDO� �ODEHOV� �DQG� �UHSHWLWLYH� �V\QWD[� �ZKLFK�� � � � � � � � � �
GHVFULEH���WKH���FRPELQDWLRQ���RI���YDULRXV���DQG���XQUHODWHG���WKRXJKWV���

�� /LVWLQJ� ��� �VWRULHV� �ZLWK� �OLVWV� �FHQWHUHG� �DURXQG��WRSLFV��RU��SHUFHSWXDO��DWWULEXWHV�� � � � � � � � � � �
RU��HYHQ��VWULQJV��RI��FKDUDFWHU��DFWLRQV��ZLWK��QR��WHPSRUDO��RU��FDXVDO��UHODWLRQVKLS�� � � � � � � � � � � �
EHWZHHQ���OLVW���LWHPV����

�� &RQQHFWLQJ� ��� �VWRULHV� �ZLWK� �D��FHQWUDO��WRSLF��LQFOXGLQJ��FKDUDFWHUV��DQG��DFWLRQV�� � � � � � � � � � �
WKDW� �OLQN� �FKDUDFWHUV� �RU� �HYHQWV� �DQG� �PLJKW� �HYHQ��XVH��SURQRXQV���EXW��PD\��QRW�� � � � � � � � � � � � �
FRQWDLQ���D���WHPSRUDO���OLQN����

�� 6HTXHQFLQJ� ��� �VWRULHV� �WKDW� �DQVZHU� �ZKHQ� �DQG� �ZK\�� �DQG� �XVH� �DGYDQFHG�� � � � � � � � � � �
ODQJXDJH� �VXFK� �DV� �³EXW´� �DQG� �³EHFDXVH´� �LQ� �RUGHU� �WR� �FUHDWH� �FRQVLVWHQWO\�� � � � � � � � � � �
FRUUHFW���WHPSRUDO���VHTXHQFHV���DQG���FDXVH���DQG���HIIHFW����DQG���
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�� 1DUUDWLQJ� ��� �VWRULHV� �WKDW� �LQFOXGH� �FRQQHFWLQJ� �DQG� �VHTXHQFLQJ� �DQG� �DUH�� � � � � � � � � �
FHQWHUHG� �DURXQG� �D� �GHYHORSHG� �SORW� �ZLWK� �HYLGHQFH� �RI� �SODQQLQJ�� �JRDOV�� �DQG�� � � � � � � � � � �
FKDUDFWHU���PHQWDO���VWDWHV���>��@����

6LPLODU���WR���*OHQQ���DQG���6WHLQ¶V���OHYHOV����6WDGOHU���DQG���:DUG������������GR���QRW���KDYH���DJH���UDQJHV����DQG���IRXQG��
WKDW���FKLOGUHQ���DUH���FDSDEOH���RI���SURGXFLQJ���VWRULHV���WKDW���IDOO���ZLWKLQ���GLIIHUHQW���OHYHOV����,Q���IDFW����FRQWUDU\���WR��
WKHLU���K\SRWKHVLV����WKH\���IRXQG���WKDW���FKLOGUHQ���ZKR���ZHUH���\RXQJHU����WKUHH���\HDU���ROGV����ZHUH���FDSDEOH���RI��
WHOOLQJ���PRUH���VRSKLVWLFDWHG���VWRULHV����LQ���RQH���FDVH���D���QDUUDWLQJ���OHYHO���VWRU\����ZKHQ���WKH\���ZHUH���UHWHOOLQJ��
IDPLOLDU���VWRULHV����VXFK���DV���D���NQRZQ���IDLU\WDOH���>��@����7KLV���VXJJHVWV���WKDW���FKLOGUHQ¶V���VWRU\���OHYHOV���DUH���QRW��
FRUUHODWHG���ZLWK���WKHLU���DJH����EXW���D���FKLOG¶V���DELOLW\���WR���SURGXFH���D���VWRU\���DW���D���FHUWDLQ���OHYHO���PD\���EH��
LQIOXHQFHG���E\���WKH���FRQWHQW���RI���WKH���VWRU\���

7KH���DERYH���DSSURDFKHV���UDGLFDOO\���LQIOXHQFHG����WKH���ILHOG���RI���QDUUDWLYH���VWXG\���DQG���KDYH��
FRQWLQXHG���WR���SHUPHDWH���WKH���UHVHDUFK���SDSHUV���DQG���WKHRUHWLFDO���IUDPHZRUNV���RI���UHVHDUFKHUV���WRGD\����2QH��
RI���WKH���UHDVRQV���IRU���WKHLU���SURPLQHQFH���LV���WKDW���WKH\���KDYH���PDQDJHG���WR���LGHQWLI\���REMHFWLYHO\���PHDVXUDEOH��
FRPSRQHQWV���RI���FKLOGUHQ¶V���QDUUDWLYHV���DQG���RUJDQL]H���WKHP���LQ���D���FRPSHOOLQJ���IUDPHZRUN���WKDW���DOLJQV��
ZLWK���WKH���IHDWXUHV���RI���QDUUDWLYHV����,Q���IDFW����E\���DSSO\LQJ���WKHVH���DSSURDFKHV���WR���WKH���6WRU\%ORFNV���VWRULHV���
VXFK���DV���'DQD¶V���VWRULHV���LQ���ILJXUH����������LQ���WKH���SUHYLRXV���VHFWLRQ����ZH���FDQ���VHH���H[DPSOHV���RI���IRFXVHG���DQG��
XQIRFXVHG���FKDLQV����UHDFWLYH���VHTXHQFHV����DQG���OLVWLQJ����,Q���WKLV���ZD\����WKHVH���DSSURDFKHV���ZLOO���VHUYH���DV���WKH��
IRXQGDWLRQ���IRU���KRZ���ZH���FDQ���DQDO\]H���WKH���VWUXFWXUDO���HOHPHQWV���RI���FKLOGUHQ¶V���QDUUDWLYHV���E\���KHOSLQJ���XV��
LGHQWLI\���VSHFLILF���GLPHQVLRQV���RI���QDUUDWLYHV����+RZHYHU����WKHVH���DSSURDFKHV���KDYH���OLPLWDWLRQV����)LUVW���
ZKLOH���WKHVH���DSSURDFKHV���PD\���KHOS���LGHQWLI\���IHDWXUHV���RI���QDUUDWLYHV����WKH\���GR���QRW���DGGUHVV���WKH���IXQFWLRQ��
RI���FKLOGUHQ¶V���QDUUDWLYHV����6HFRQG����WKH���HOLFLWDWLRQ���PHWKRG���UHVHDUFKHUV���XVHG���LQIOXHQFHG���WKH���W\SH���RI��
QDUUDWLYHV���FKLOGUHQ���WROG����PDNLQJ���WKHVH���DSSURDFKHV���GLIILFXOW���WR���FRPSDUH���EHFDXVH���WKH\���DQDO\]HG��
GLIIHUHQW���FRUSXVHV���RI���GDWD���

7KH���HOLFLWDWLRQ���PHWKRGV���RI���WKH���UHVHDUFKHUV���LPSDFWHG���WKH���GLIIHUHQW���QDUUDWLYH���JHQUHV���WKDW��
FKLOGUHQ���ZHUH���DVNHG���WR���FUHDWH����7KH���DERYH���DSSURDFKHV���IRFXVHG���PRUH���RQ���ILFWLRQDO���VWHPV���RU��
UHWHOOLQJV���RI���ILFWLRQDO���FKLOGUHQ¶V���VWRULHV����6WDUWLQJ���ZLWK���/DERY���DQG���:DOHW]N\�������������UHVHDUFKHUV��
VWDUWHG���WR���HOLFLW���VWRULHV���RI���FKLOGUHQ¶V���SHUVRQDO���DFFRXQWV���>�@����7KLV���FKDQJHG���WKH���FRUSXV���RI���VWRULHV��
FKLOGUHQ���FUHDWHG����DQG���VSXUUHG���D���QHZ���IRFXV���LQWR���WKH���VWUXFWXUDO���GHYHORSPHQW���RI���FKLOGUHQ¶V���SHUVRQDO��
VWRULHV����,W���DOVR���VWDUWHG���WR���EULQJ���LQWR���TXHVWLRQ���WKH���VRFLRFXOWXUDO���FRQWH[W���RI���WKH���FKLOGUHQ����DQG���ZKHWKHU��
WKDW���LPSDFWHG���WKH���QDUUDWLYHV���WKH\���WHOO����)RU���H[DPSOH����0F&DEH������������LGHQWLILHG���IRXU���VWDJHV���RI��
FKLOGUHQ¶V���GHYHORSPHQW���RI���RUDO����SHUVRQDO���QDUUDWLYHV���E\���DJH���IRU���ZKLWH����PLGGOH�FODVV��
$PHULFDQ�(XURSHDQ���FKLOGUHQ���>���@����+HU���IRXU���VWDJHV���DUH���

�� 2QH� �(YHQW� �1DUUDWLYHV� ��� �DURXQG� �WZR� �\HDUV� �ROG� �FKLOGUHQ� �SURGXFH� �RUDO�� � � � � � � � � � �
QDUUDWLYHV���ZLWK���RQH���HYHQW���

�� 7ZR� �(YHQW� �1DUUDWLYHV� ��� �DURXQG� �WKUHH� �\HDUV� �WR� �WKUHH� �DQG� �D� �KDOI� �\HDUV� �ROG�� � � � � � � � � � � � � �
FKLOGUHQ¶V��VWRULHV��FRQWDLQ��WZR��SURSRVLWLRQV��DERXW��RQH��HYHQW��RU��WZR��UHODWHG�� � � � � � � � � � �
HYHQWV���

�� /HDSIURJ� �1DUUDWLYHV� ��� �DURXQG� �IRXU� �\HDUV� �RI��DJH��FKLOGUHQ¶V��VWRULHV��FRQWDLQ�� � � � � � � � � � �
PRUH��WKDQ��WZR��HYHQWV���EXW��WKH\��DUH��HLWKHU��WROG��RXW��RI��VHTXHQFH��RU��RPLW��NH\�� � � � � � � � � � � � � � �
LQIRUPDWLRQ����HVSHFLDOO\���ZKHQ���UHODWHG���WR���QHJDWLYH���DFWLRQV���

�� (QG�DW�WKH�+LJK�3RLQW� �1DUUDWLYHV� ��� �DURXQG� �ILYH� �\HDUV� �RI� �DJH�� �FKLOGUHQ¶V�� � � � � � � � �
VWRULHV� �WHQG� �WR� �EH� �LQ� �VHTXHQWLDO� �RUGHU�� �EXW� �WKHLU� �HQGLQJV� �GR� �QRW� �SURSHUO\�� � � � � � � � � � � � �
UHVROYH���WKH���LVVXH���LQ���WKH���VWRU\����DQG��

�� &ODVVLF� �1DUUDWLYHV� ��� �E\� �DURXQG� �DJH� �VL[� �FKLOGUHQ¶V� �VWRULHV� �IROORZ� �D�� � � � � � � � � � �
WUDGLWLRQDO��QDUUDWLYH��DUF��FHQWHUHG��DURXQG��D��KLJK�SRLQW��ZLWK��PXOWLSOH��HYHQWV�� � � � � � � � � �
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DQG� �D� �UHVROXWLRQ�� �6RPHWLPHV� �FKLOGUHQ� �SDXVH��DQG��UHIOHFW��RQ��WKH��KLJK�SRLQW�� � � � � � � � � � �
RI���WKHLU���VWRU\����EULQJLQJ���WKH���VWRU\���EDFN���WR���WKH���SUHVHQW���WHQVH���>���@���

0F&DEH���DOVR���QRWHG���WKDW���FKLOGUHQ���EHWZHHQ���WKH���DJHV���RI���VL[���WR���QLQH���\HDUV���ROG���WHQG���WR���WHOO���ORQJHU��
SHUVRQDO���QDUUDWLYHV���DV���WKH\���DJH���DQG���LQFOXGH���FRPPHQWDU\���WR���RULHQW���WKH���OLVWHQHU���WKURXJK���WKHLU���VWRU\��
>���@����0F&DEH¶V���FODVVLILFDWLRQ���RI���FKLOGUHQ¶V���SHUVRQDO����RUDO���QDUUDWLYHV���EULQJV���LQWR���TXHVWLRQ���KRZ��
WKH���FRQWHQW���RI���WKH���VWRU\���LPSDFWV���WKH���VWUXFWXUH���

7KH���VWRU\���W\SH���RU���FRQWHQW���GHWHUPLQHV���WKH���ZD\���WKH���FKLOG���WHOOV���WKH���VWRU\����SUHVHQWDWLRQ����DQG��
ZKLFK���QDUUDWLYH���VNLOOV���DUH���UHSUHVHQWHG���LQ���WKDW���VWRU\����:KHQ���WHOOLQJ���PRUH���VRFLDO���SUREOHP���VWRULHV���
FKLOGUHQ���WHQG���WR���EH���EULHI����GLUHFW����ODFN���PXFK���GHWDLO����RU���UHFROOHFW���XQUHODWHG���GHWDLOV����+RZHYHU����ZKHQ��
FKLOGUHQ���DUH���VKDULQJ���VWRULHV���DERXW���PDLQWDLQLQJ���IULHQGVKLSV����WKHLU���VWRULHV���DUH���OHQJWKLHU����PRUH��
HPEHOOLVKHG����DQG���WHQG���WR���EH���WROG���LQ���D���PRUH���FROODERUDWLYH���VW\OH���>�@�����7KH���VWRU\���IRUP���DOVR���YDULHV���IRU��
WKH���W\SH���RI���HPRWLRQDO���FRQWHQW����+DSS\���VWRULHV���IRFXV���RQ���UH�FUHDWLQJ���WKH���PRPHQW����DQG���DUH���OHVV��
G\QDPLF���RU���DFWLRQ�RULHQWHG����ZKHUHDV���VWRULHV���ZLWK���DQJHU���RU���IHDU���DUH���PRUH���FRQYHQWLRQDO���DQG���FRQWDLQ��
D���KLJK���SRLQW���RU���FRQIOLFW���LQ���WKH���PLGGOH���RI���WKH���VWRU\���>�@�����&KLOGUHQ¶V���XVH���RI���JHQUH���RU���VWRU\���W\SH���FDQ��
YDU\���E\���DJH����3HUVRQDO���QDUUDWLYHV���WHQG���WR���GHYHORS���HDUOLHU���WKDQ���ILFWLRQDO���RQHV���IRU���\RXQJ���FKLOGUHQ���
DQG���WKHVH���WZR���JHQUHV���SURJUHVV���LQ���GLIIHUHQW���ZD\V���DW���GLIIHUHQW���WLPHV���LQ���GHYHORSPHQW���>���@���
+RZHYHU����E\���IRXU���\HDUV���RI���DJH����PRVW���FKLOGUHQ����ZKHQ���WHOOLQJ���VSRQWDQHRXV���VWRULHV���WR���DGXOWV����WHQG���WR��
WHOO���ILFWLRQDO���VWRULHV���RYHU���VWRULHV���RI���SHUVRQDO���H[SHULHQFH���>��@���

,Q���D���GLIIHUHQW���YHLQ���IURP���WKH���DERYH���DSSURDFKHV����+HGEHUJ���DQG���:HVWE\������������IRFXVHG���RQ��
WKH���RUJDQL]DWLRQ���RI���FKLOGUHQ¶V���VWRULHV���EDVHG���RQ���FRQWHQW���E\���IRUPDOL]LQJ���ILYH���W\SHV���RI���QDUUDWLYHV��
FKLOGUHQ���WHOO���LQ���UHODWLRQVKLS���WR���WKHLU���GHYHORSPHQW����>���@�����7KH���ILYH���W\SHV���RI���QDUUDWLYHV���DUH����

�� 6FULSWV� ��� �ZKHQ� �FKLOGUHQ� �XVH� �WKH� �VHFRQG� �SHUVRQ� �SRLQW��RI��YLHZ��DQG��SUHVHQW�� � � � � � � � � � � � �
WHQVH���WR���H[SUHVV���NQRZOHGJH���RI���D���IDPLOLDU����UHFXUULQJ���HYHQW���

�� 5HFRXQWV�����ZKHQ��FKLOGUHQ��XVH��WKH��SDVW��WHQVH��WR��WHOO��D��SHUVRQDO��H[SHULHQFH��LQ�� � � � � � � � � � � � � �
UHVSRQVH���WR���D���SURPSW���

�� $FFRXQWV� ��� �ZKHQ� �FKLOGUHQ� �H[SODLQ�� �XQSURPSWHG�� �D� �SHUVRQDO� �H[SHULHQFH��� � � � � � � � �
XVXDOO\���WR���D���OLVWHQHU���ZKR���ZDVQ¶W���SUHVHQW���IRU���WKH���HYHQW���

�� (YHQW��&DVWV�����ZKHQ��D��FKLOG��H[SODLQV��D��FXUUHQW��RU��RQJRLQJ��DFWLYLW\���D��IDFWXDO�� � � � � � � � � � � � � �
VFHQH����RU���H[SODLQV���D���IXWXUH���SODQ����DQG��

�� )LFWLRQDO� �6WRULHV�����ZKHQ��D��FKLOG��UHODWHV��SDVW���SUHVHQW���RU��IXWXUH��HYHQWV��WKDW�� � � � � � � � � � � � �
DUHQ¶W� �UHDO� �EXW� �VWLOO� �FHQWHU� �DURXQG� �VRPHRQH� �RU� �VRPHWKLQJ� �DWWHPSWLQJ� �WR�� � � � � � � � � � �
DWWDLQ���D���JRDO���>�����@���

+HGEHUJ���DQG���:HVWE\���VWDUWHG���WR���FDWHJRUL]H���WKH���GLIIHUHQW���JHQUHV���RI���FKLOGUHQ¶V���VWRULHV����ZKLFK���%UXQHU��
KDV���H[SUHVVHG���LV���DQ���LPSRUWDQW���IHDWXUH���RI���QDUUDWLYH����7KHUHIRUH����,���ZLOO���ZDQW���WR���LQFRUSRUDWH���WKLV��
FDWHJRUL]DWLRQ���LQWR���P\���WKHRUHWLFDO���IUDPHZRUN���ZKHQ���ORRNLQJ���DW���WKH���VWUXFWXUH���RI���FKLOGUHQ¶V���VWRULHV��
DQG���KRZ���LW���LQIOXHQFHV���WKHLU���WHOOLQJ����

%XLOGLQJ���RQ���+HGEHUJ���DQG���:HVWE\¶V���ILYH���W\SHV���RI���QDUUDWLYHV����0RIIHWW���DQG���0F(OKHQ\��
���������GHYHORSHG���DQ���DSSURDFK���WR���DQDO\]H���WKUHH���DVSHFWV���RI���ODQJXDJH���WKDW���UHSUHVHQW���KRZ���WKH���FKLOG¶V��
YLHZSRLQW���LQIOXHQFHV���WKH���JHQUH����RU���W\SH���RI���QDUUDWLYH���FKLOGUHQ���WHOO����7KH���WKUHH���DVSHFWV���RI���ODQJXDJH��
WKDW���WKH\���ORRNHG���DW���ZHUH���

�� 7LPH���DQG���WHQVH����
�� 6HOI���DQG�RU���RWKHU���LQYROYHPHQW����DQG��
�� ,QYROYHPHQW���YHUVXV���GHWDFKPHQW���>��@����

,W���LV���LPSRUWDQW���WR���FRQVLGHU���WKH���FRQWHQW����JHQUH����RU���W\SH���RI���QDUUDWLYH���D���FKLOG���LV���H[SUHVVLQJ���VLQFH��
GLIIHUHQW���W\SHV���RI���QDUUDWLYHV���XVH���GLIIHUHQW���QDUUDWLYH���VWUDWHJLHV���RU���GHPRQVWUDWH���YDULRXV���PHFKDQLFV��
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�H�J�����ODQJXDJH�����)XUWKHUPRUH����LGHQWLI\LQJ���WKH���QDUUDWLYH���VWUDWHJLHV���FKLOGUHQ���GHPRQVWUDWH���WKURXJK��
WKHLU���VWRU\���LV���D���PHWKRGRORJ\���PDQ\���UHVHDUFKHUV���XVH���WR���XQGHUVWDQG����WUDFN����DQG���GRFXPHQW���FKLOGUHQ¶V��
QDUUDWLYH���GHYHORSPHQW���

:KLOH���VWLOO���IRFXVLQJ���RQ���WKH���VWUXFWXUH���RI���FKLOGUHQ¶V���QDUUDWLYHV����0RIIHWW���DQG���0F(OKHQ\¶V��
DSSURDFK���LV���GLIIHUHQW���IURP���WKH���DERYH���IRUPDOLVW���DSSURDFKHV���EHFDXVH���LW���ORRNV���DW���VRPHWKLQJ��
REMHFWLYHO\���PHDVXUDEOH����L�H�����WKH���VWUXFWXUH���RI���ODQJXDJH����WR���KHOS���LQWHUSUHW���PRUH���DEVWUDFW���FRQFHSWV��
�H�J�����FKLOG¶V���DFWLYH���LQYROYHPHQW���LQ���WKH���VWRU\���DQG���LGHQWLILFDWLRQ���ZLWK���WKH���VWRU\�����&RQVLGHULQJ���WKH��
FKLOG¶V���DFWLYH���UROH���LQ���WKH���VWRU\���VKH���WHOOV���PD\���KHOS���WKH���UHDGHU���EHWWHU���LQWHUSUHW���WKH���FKLOG¶V���GHHSHU��
DWWDFKPHQW���WR���WKH���VWRU\���DQG���FRUUHODWH���ZLWK���WKH���GHHSHU���PHDQLQJ���RI���WKH���VWRU\����7KLV���DSSURDFK���LV��
LQIOXHQWLDO���WR���P\���WKHRUHWLFDO���IUDPHZRUN���EHFDXVH���LW���LV���DQ���H[DPSOH���RI���WKH���SRVVLELOLW\���RI���WDNLQJ��
REMHFWLYH���RU���VWUXFWXUDO���DVSHFWV���RI���D���FKLOG¶V���QDUUDWLYH����VXFK���DV���ODQJXDJH����WR���KHOS���LQIRUP���VXEMHFWLYH��
LQWHUSUHWDWLRQV���RI���WKH���IXQFWLRQ���RI���WKH���VWRU\����7KLV���LV���P\���XOWLPDWH���JRDO���IRU���FUHDWLQJ���D���KROLVWLF��
WKHRUHWLFDO���IUDPHZRUN����XVLQJ���REVHUYDEOH���GDWD���IURP���FKLOGUHQ¶V���VWRULHV���WR���KHOS���XQGHUVWDQG���WKH��
XQGHUO\LQJ���PHDQLQJ���DQG���GRFXPHQW���PXOWLSOH���DVSHFWV���RI���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���

�
��������1LFRORSRXORX¶V���,QWHUSUHWLYH����6RFLRFXOWXUDO���$SSURDFK��

:KLOH���WKH���DERYH���DSSURDFKHV���DUH���KHOSIXO���LQ���WKLQNLQJ���DERXW���KRZ���WR���FDWHJRUL]H���QDUUDWLYHV���LQ��
RUGHU���WR���EHWWHU���XQGHUVWDQG���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW����WKH\���DUH���IRUPDOLVWLF���LQ���WKHLU���VFRSH���
RQO\���DQDO\]LQJ���WKH���VWUXFWXUDO���RU���OLQJXLVWLF���HOHPHQWV���RI���FKLOGUHQ¶V���VWRULHV����DQG���QRW���FRQVLGHULQJ���WKH��
FULWLFDO���PDWKHWLF���DQG���FRPPXQLFDWLYH���IXQFWLRQV���RI���FKLOGUHQ¶V���VWRULHV����7KDW���LV���ZK\���1LFRORSRXORX��
���������FDOOV���IRU���D���PRUH���LQWHUSUHWLYH����VRFLRFXOWXUDO���DSSURDFK���>���@����(FKRHG���LQ���P\���REVHUYDWLRQV���LQ��
WKH���LQWURGXFWLRQ����1LFRORSRXORX���KLJKOLJKWV���VHYHUDO���OLPLWDWLRQV���ZLWK���WKHVH���IRUPDOLVW���DSSURDFKHV���
)LUVW����WKH\���DUH���LQFRPSOHWH���EHFDXVH���WKH\���LJQRUH���D���NH\���GLPHQVLRQ���RI���QDUUDWLYHV����WKH���PHDQLQJ���
6HFRQG����WKH\���GR���QRW���FRQVLGHU���WKH���FUXFLDO���GLPHQVLRQ���RI���QDUUDWLYH���DV���D���IRUP���RI���VRFLDO���V\PEROLF��
DFWLRQ����ZKLFK���UHTXLUHV���LQWHUSUHWDWLRQ���RI���LGHQWLW\���IRUPDWLRQ���DQG���FXOWXUDO���LQIOXHQFHV����7KLUG����LI���WKH\��
FRQVLGHU���WKH���VRFLDO���GLPHQVLRQ���RI���QDUUDWLYHV����WKH\���GR���QRW���JURXQG���WKH���PHDQLQJ���LQWR���WKH���ODUJHU��
FXOWXUDO���FRQWH[W���RI���WKH���FKLOG����$QG���IRXUWK����VLQFH���PDQ\���RI���WKHVH���DSSURDFKHV���ZHUH���GHYHORSHG���IURP��
WKH���VWRULHV���RI���ROGHU���FKLOGUHQ���DQG���DGXOWV����ZKHQ���WKH\���DUH���XVHG���WR���DQDO\]H���\RXQJ���FKLOGUHQ¶V���VWRULHV���
WKH\���SUHVHQW���DQ���LQDFFXUDWH���SLFWXUH���RI���GHILFLHQF\���UDWKHU���WKDQ���DQDO\]LQJ���WKH���FKLOG¶V���VWRU\���IRU���LWV���RZQ��
VDNH���>���@���

,Q���RUGHU���WR���PRYH���WRZDUGV���DQ���LQWHUSUHWLYH����VRFLRFXOWXUDO���DSSURDFK����1LFRORSRXORX�����������
EXLOGV���RQ���%UXQHU���DQG���)HOGPDQ¶V������������QDUUDWLYH���JHQUHV���DQG���FRJQLWLYH���PRGHV����9\JRWVN\¶V�����������
VRFLRFXOWXUDO���SV\FKRORJ\���DQG���VRFLDO���V\PEROLF���SOD\����DQG���*HHUW]¶V������������WKHRUHWLFDO���DSSURDFK���WR��
KLJKOLJKW���ILYH���NH\���OHVVRQV���>������������������������@����

�� &RQVLGHU���KRZ���LQGLYLGXDO���DQG���FXOWXUDO���H[SHULHQFHV���LQIRUP���DQG���RUJDQL]H���QDUUDWLYHV��
ZKHQ���LQWHUSUHWLQJ���WKHP���

�� &RQVLGHU���WKH���IXQFWLRQ���RI���QDUUDWLYHV���DV���D���IRUP���RI���V\PEROLF���DFWLRQ���WR���PDNH���VHQVH���RI��
WKH���ZRUOG����LQFOXGLQJ���RXU���VRFLDO���ZRUOG���

�� &RQVLGHU���WKH���UROH���RI���QDUUDWLYH���DV���D���YHKLFOH���IRU���IRUPLQJ���LQGLYLGXDO���DQG���JURXS��
LGHQWLW\����

�� &RQVLGHU���KRZ���QDUUDWLYHV���H[SUHVV���HPRWLRQV���DQG���HPERG\���WKH���LQWHUSOD\���EHWZHHQ��
FRJQLWLRQ���DQG���HPRWLRQ����DQG��

�� 5HPHPEHU���WKDW���QDUUDWLYHV���XVH���HPRWLRQ���WR���PDNH���FRJQLWLYH���OHVVRQV���VDOLHQW����VLPLODU��
WR���*DQ]¶V���GHVFULSWLRQ���>���@���WKDW���QDUUDWLYHV���DUH���D���WHDFKLQJ���RI���RXU���KHDUWV����>���@����
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1LFRORSRXORX���WKHQ���SXWV���WKHVH���NH\���OHVVRQV���LQWR���SUDFWLFH���E\���DQDO\]LQJ���WKH���JHQGHUHG���WUHQGV��
LQ���WKH���WKHPHV���DQG���RUGHU���RI���SUHVFKRRO���FKLOGUHQ¶V���VWRULHV���>���@���

�
��������$GGUHVVLQJ���WKH���/LPLWDWLRQV���RI���3UH�H[LVWLQJ���7KHRUHWLFDO���$SSURDFKHV��

&OHDUO\���WKHUH���LV���D���ODFN���RI���FRKHVLRQ���DPRQJ���WKH���ILHOGV���WKDW���VWXG\���QDUUDWLYH���>��@����/LQJXLVWV��
DQG���GHYHORSPHQWDO���SV\FKRORJLVWV���WHQG���WR���IRFXV���PRUH���RQ���WKH���VWUXFWXUH���RI���FKLOGUHQ¶V���QDUUDWLYHV���
DQDO\]LQJ���WKH���PHFKDQLFV���RI���VWRU\���JUDPPDU���DQG���OLQJXLVWLF���FRKHVLRQ����ZKHUHDV���FOLQLFDO��
SV\FKRORJLVWV���WHQG���WR���IRFXV���PRUH���RQ���WKH���PHDQLQJ����DQDO\]LQJ���WKH���FRQWHQW���IRU���QDUUDWLYH���FRKHUHQFH��
>�@����'HVSLWH���WKH���VWURQJ���DSSHDO���RI���1LFRORSRXORX¶V���DUJXPHQW���IRU���DQ���LQWHUSUHWLYH����VRFLRFXOWXUDO��
DSSURDFK����YHU\���IHZ���DSSURDFKHV���KDYH���EHHQ���GHYHORSHG���LQ���WKH���SDVW��������\HDUV���WKDW���HQFRPSDVV���WKHVH��
VRFLDO���DQG���LQWHUSUHWLYH���GLPHQVLRQV����,QVWHDG����ZKLOH���PDQ\���WKHRULHV���DQG���UHSRUWHG���WUHQGV���KLJKOLJKW��
WKH���LPSRUWDQFH���RI���WKHVH���WZR���GLPHQVLRQV����WKHUH���VWLOO���UHPDLQ���JDSV���LQ���WUDQVODWLQJ���WKHVH���WKHRULHV���LQWR��
SUDFWLFDO���DSSURDFKHV����)XUWKHUPRUH����RI���WKH���IHZ���LQWHUSUHWLYH���DSSURDFKHV���WKDW���H[LVW����H�J�����+HUPDQ¶V��
YDOXDWLRQ���WKHRU\�����WKH\���DUH���RIWHQ���QRW���JHQHUDOL]DEOH���WR���\RXQJ���FKLOGUHQ���RU���RWKHU���QDUUDWLYH���FRQWH[WV����

&RQWULEXWLQJ���WR���WKH���DEVHQFH���RI���D���FRKHVLYH����FRPSUHKHQVLYH���DSSURDFK���WR���XQGHUVWDQGLQJ���DQG��
VWXG\LQJ���FKLOGUHQ¶V���QDUUDWLYHV���LV���WKH���ODFN���RI���FRQJUXHQFH���DPRQJ���WKH���PHWKRGRORJLHV���UHVHDUFKHUV��
XVH���DQG���WKH���W\SHV���RI���QDUUDWLYHV���WKH\���VWXG\����6RPH���UHVHDUFKHUV���DQDO\]H���RUDO���DFFRXQWV���RI���VWRULHV���
ZKLOH���RWKHUV���DQDO\]H���ZULWWHQ���QDUUDWLYHV����7KH���PHWKRGV���IRU���HOLFLWLQJ���VWRULHV���DOVR���YDULHV����6RPH��
UHVHDUFKHUV���XVH���UHVRXUFHV���WR���SURPSW���WKH���UHWHOOLQJ���RI���VWRULHV����VXFK���DV���ZRUGOHVV���SLFWXUHV����NQRZQ��
FKDUDFWHUV����RU���IDPLOLDU���FKLOGUHQ¶V���VWRULHV����2WKHU���UHVHDUFKHUV���HQFRXUDJH���WKH���FUHDWLRQ���RI���XQLTXH��
VWRULHV���WKURXJK���FRQYHUVDWLRQV���DERXW���SDVW���SHUVRQDO���H[SHULHQFHV����PRGHOLQJ���VWRULHV����VWRU\���VWHPV����RU��
LQWURGXFLQJ���SLFWXUHV����)HZHU���UHVHDUFKHUV���VFULEHG���FKLOGUHQ¶V���VSRQWDQHRXV���VWRULHV����ZKLFK���ZHUH���QRW��
HOLFLWHG���E\���DQ\���SURPSWLQJ����,Q���OLJKW���RI���WKH���GLVSDUDWH���PHWKRGRORJLHV����WKH���GRFXPHQWDWLRQ���SURFHVV���RI��
FKLOGUHQ¶V���VWRULHV���DOVR���YDULHG����H�J�����VFULEHG����DXGLR���UHFRUGHG����YLGHR���UHFRUGHG����ZULWWHQ���E\���WKH���FKLOG����
7KHVH���YDULDWLRQV���PDNH���LW���H[WUHPHO\���GLIILFXOW���WR���GUDZ���FRQQHFWLRQV���EHWZHHQ���WKH���GLIIHUHQW��
DSSURDFKHV����$���V\VWHPDWLF���DSSURDFK���IRU���GRFXPHQWLQJ���FKLOGUHQ¶V���QDUUDWLYHV���LV���QHHGHG���LQ���RUGHU���WR��
RYHUFRPH���WKHVH���OLPLWDWLRQV���

7KH���DERYH���WKHRULHV����WUHQGV����DQG���DSSURDFKHV���KDYH���LQVSLUHG���WKH���GHYHORSPHQW���RI���P\��
WKHRUHWLFDO���IUDPHZRUN���IRU���XQGHUVWDQGLQJ���DQG���VWXG\LQJ���FKLOGUHQ¶V���QDUUDWLYHV����,Q���UHVSRQVH���WR���WKH��
OLPLWDWLRQV���RI���WKH���SUHYLRXV���DSSURDFKHV����,���DLP���WR���H[SDQG���XSRQ���1LFRORSRXORX¶V���LQWHUSUHWLYH���
VRFLRFXOWXUDO���DSSURDFK���LQ���RUGHU���WR���GHYHORS���D���KROLVWLF���WKHRUHWLFDO���IUDPHZRUN���
�
������7KH���7ZR�/HQV���$SSURDFK����/HDUQLQJ���/RRSV¶���7KHRUHWLFDO���)UDPHZRUN��
��������3XUSRVH���RI���7KHRUHWLFDO���)UDPHZRUN��

7KH���SXUSRVH���RI���WKLV���IUDPHZRUN���LV���WR���FUHDWH���D���SURFHVV���WR���XQGHUVWDQG���FKLOGUHQ¶V���QDUUDWLYHV��
DQG���GHYHORS���PRUH���FRPSUHKHQVLYH���PHWKRGRORJLHV���WR���VWXG\���WKHP����,Q���DQ���HIIRUW���WR���GHYHORS���D���KROLVWLF��
DSSURDFK���WR���VWXG\LQJ���FKLOGUHQ¶V���QDUUDWLYHV����,���PXVW���XVH���WKH���OLWHUDWXUH���DQG���H[DPLQDWLRQV���RI���SULRU��
DSSURDFKHV���LQ���P\���MXVWLILFDWLRQ���IRU����ZK\����LW���LV���LPSRUWDQW���WR���FUHDWH���VXFK���DQ���DSSURDFK����DQG���H[SDQG��
XSRQ���WKH���OLWHUDWXUH���E\���GHYHORSLQJ���H[SOLFLW����FRQFUHWH���JXLGHOLQHV���IRU����KRZ����ZH���FDQ���XQGHUVWDQG���DQG��
VWXG\���FKLOGUHQ¶V���QDUUDWLYHV���LQ���D���V\VWHPDWLF���DQG���PRUH���FRPSUHKHQVLYH���ZD\����0DQ\���UHVHDUFKHUV��
EHIRUH���PH���KDYH���GHYHORSHG���DSSURDFKHV���WKDW���PDNH���VWURQJ���DUJXPHQWV���IRU����ZK\�����\HW���WKHVH���KROLVWLF��
WKHRULHV���DQG���DSSURDFKHV���UDUHO\���GHWDLO���FRQFUHWH���VWHSV���IRU����KRZ�����7KHUHIRUH����P\���JRDO���LQ���WKLV���VHFWLRQ���LV��
WR���FUHDWH���D���KROLVWLF���WKHRUHWLFDO���IUDPHZRUN���IRU���XQGHUVWDQGLQJ���FKLOGUHQ¶V���QDUUDWLYHV���WKDW���H[SDQGV��
XSRQ���WKH���OLWHUDWXUH���DERYH����HVSHFLDOO\���1LFRORSRXORX¶V���LQWHUSUHWLYH����VRFLRFXOWXUDO���DSSURDFK����E\��
LQFOXGLQJ���FRQFUHWH���JXLGHOLQHV���WKDW���SURSRVH����KRZ����WR���VWXG\���FKLOGUHQ¶V���QDUUDWLYHV���LQ���D���FRPSUHKHQVLYH��
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ZD\����,Q���WKH���UHVW���RI���WKLV���GLVVHUWDWLRQ����,���ZLOO���SXW���WKLV���IUDPHZRUN���LQWR���SUDFWLFH���E\���DSSO\LQJ���LW���WR���RXU��
FXUUHQW���/HDUQLQJ���/RRSV���V\VWHP���WR���ERWK���XQGHUVWDQG���WKH���OLPLWDWLRQV���RI���RXU���V\VWHP���DQG���LQIRUP���WKH��
QH[W���LWHUDWLRQ���RI���WKH���/HDUQLQJ���/RRSV���DQDO\WLFV���V\VWHP����

%HIRUH���GLYLQJ���LQWR���WKH���IUDPHZRUN����,���ZDQW���WR���VSHFLI\���RQH���LPSRUWDQW���QRWH���RQ���KRZ���WR���XVH���LW���
:KLOH���,���DP���XVLQJ���WKLV���IUDPHZRUN���WR���DSSO\���LW���WR���RXU���/HDUQLQJ���/RRSV���V\VWHP����,���KDYH���GRQH���P\���EHVW��
WR���LQWHQWLRQDOO\���NHHS���WKLV���IUDPHZRUN���EURDG���HQRXJK���IRU���RWKHUV���WR���DSSO\���LW���WR���WKHLU���RZQ���UHVHDUFK��
FRQWH[WV����KLJKOLJKWLQJ���ZKDW���WKLQJV���PLJKW���RU���PLJKW���QRW���EH���SRVVLEOH���GHSHQGLQJ���RQ���WKH���QDUUDWLYH��
FRQWH[W���RU���HQYLURQPHQW���RQH���LV���RSHUDWLQJ���XQGHU����%\���VSHFLI\LQJ���JXLGHOLQHV����P\���KRSH���LV���WR���FUHDWH���D��
IUDPHZRUN���WKDW���LV���FRQFUHWH���HQRXJK���WR���EH���XVHIXO����\HW���IOH[LEOH���HQRXJK���WR���EH���DGDSWHG���WR���YDULRXV��
HQYLURQPHQWV����7KHUHIRUH����SOHDVH���XVH���WKLV���IUDPHZRUN���KRZHYHU���\RX���VHH���ILW����DQG���,���KRSH���WKDW���LW���ZLOO��
SURYLGH���D���XVHIXO���WRRO���IRU���IXWXUH���UHVHDUFK���
�
��������/HDUQLQJ���/RRSV���'HILQLWLRQ���RI���³1DUUDWLYH´��

,QVSLUHG���E\���ERWK���WKH���EURDG���GHILQLWLRQV���RI���QDUUDWLYH���>��������������@���DQG���WKH���IXQFWLRQV���RI��
QDUUDWLYH���>�������������@����,���GHILQH���QDUUDWLYH���DV�����WKH���FXOPLQDWLRQ���RI���FRJQLWLRQ����HPRWLRQ����DQG���FXOWXUH��
SUHVHQWHG���LQ���YDULRXV���VWRU\���PHGLXPV����H�J�����ZULWWHQ����RUDO����SK\VLFDO����PHQWDO����WR���H[SUHVV���LGHDV���
H[SHULHQFHV����HYHQWV����RU���LPDJLQLQJV���IRU���WKH���SXUSRVHV���RI���FRPPXQLFDWLQJ����VHQVH�PDNLQJ����DQG��
LGHQWLW\���IRUPDWLRQ���

1DUUDWLYHV���FRQWDLQ���PDQ\���IHDWXUHV����DQG���HVSHFLDOO\���IRU���FKLOGUHQ¶V���QDUUDWLYHV����ZH���UHFRJQL]H��
WKDW���DOO���RI���WKHVH���IHDWXUHV���PD\���QRW���EH���SUHVHQW����PD\���EH���LPSOLFLW����RU���PD\���QRW���EH���LGHQWLILDEOH���ZLWKLQ���D��
VLQJOH���QDUUDWLYH����:KLOH���ZH���HQFRXUDJH���FKLOGUHQ���WR���PDNH���DQ\���W\SH���RI���QDUUDWLYH���WKH\���ZRXOG���OLNH��
ZLWKLQ���RXU���/HDUQLQJ���/RRSV���V\VWHP����,���LGHQWLI\���D���PLQLPXP���VHW���RI���IHDWXUHV���WKDW���PXVW���EH���SUHVHQW���LQ��
RUGHU���WR���EH���FRQVLGHUHG���DQ���³DQDO\]DEOH´���QDUUDWLYH����7KH���PLQLPXP���IHDWXUHV���DQ���DQDO\]DEOH���QDUUDWLYH��
FRQWDLQV���DUH�����FKDUDFWHUV���DQG���DW���OHDVW���RQH���FRPSOHWH���HYHQW���RU���DFWLRQ���UHSUHVHQWHG���WKURXJK���ODQJXDJH���
FRPSRVLWLRQ����RU���LPDJHU\���WKDW���FDQ���EH���VXPPDUL]HG���LQWR���D���SORW����

7KH���WZR���VWRULHV���EHORZ���GHSLFW���WKH���GLVWLQFWLRQ���EHWZHHQ���DQ���DQDO\]DEOH���QDUUDWLYH���DQG���D��
QRQ�DQDO\]DEOH���QDUUDWLYH����,Q���VWRU\���$����WKH���DXWKRU���LV���WKH���FKDUDFWHU����DQG���WKH���DFWLRQ���LV���WULSSLQJ���RQ���D��
FUDFN���DQG���EUHDNLQJ���WKH���PRWKHU¶V���EDFN����WKH���PRWKHU���LV���DQRWKHU���FKDUDFWHU�����:KLOH���LQ���6WRU\���%����WKH��
EXJV���PD\���EH���FKDUDFWHUV����EXW���WKHUH���LV���QR���DFWLRQ���RU���HYHQW���KDSSHQLQJ���

6WRU\��$��³2QH��WLPH��,��ZHQW��ZDONLQJ��DQG��,��WULSSHG��RQ��D��FUDFN��DQG��EURNH��P\�� � � � � � � � � � � � � � � �
PRWKHU¶V���EDFN�´��
6WRU\��%��³%XJV���EXJV���DQG��PRUH��EXJV���)OLHV���DQWV���DQG��JUDVVKRSSHUV���-XVW��D�� � � � � � � � � � � � �
ELJ���EXJ���VRXS�´��

6LPLODUO\����ILJXUH���������VKRZV���WZR���6WRU\%ORFNV���VWRULHV����6WRU\���$���PHHWV���WKH���PLQLPXP���FULWHULD���RI���DQ��
DQDO\]DEOH���VWRU\���ZLWK���WZR���FKDUDFWHUV����WKH���PRP���ZLWK���EDE\���DQG���WKH���NLG����%LOO\����DQG���WZR���DFWLRQV��
�PRP���WHOOV���%LOO\���WR���JR���RXWVLGH����%LOO\���UHVSRQGV���WKDW���KH���ZDQWV���WR���EH���OHIW���DORQH���EHFDXVH���KH���ZRQ���KLV��
YLGHR���JDPH�����6WRU\���%���GRHV���QRW���PHHW���WKH���PLQLPXP���FULWHULD���EHFDXVH���WKHUH���LV���RQO\���D���GHVFULSWLRQ���RI��
WKH���ILVK����EXW���QR���DFWLRQ���RU���HYHQW���DERXW���ZKDW���WKH���ILYH���WKRXVDQG���ILVK���DUH���GRLQJ���LQ���WKH���VHD���
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%� �
)LJXUH���������7ZR���6WRU\%ORFNV���VWRULHV����6WRU\���$���PHHWV���WKH���PLQLPXP���FULWHULD���RI���DQ���DQDO\]DEOH���VWRU\����6WRU\���%���GRHV���QRW���

�
:LWK���RXU���EURDG���GHILQLWLRQ���DQG���PLQLPXP���FULWHULD���IRU���ZKDW���ZH���FRQVLGHU���DQ���DQDO\]DEOH��

QDUUDWLYH����ZH���ZLOO���EH���DEOH���WR���FUHDWH���D���V\VWHP���WKDW���GLVWLQJXLVKHV���EHWZHHQ���VWRULHV���WKDW���VKRXOG���EH��
DQDO\]HG���E\���D���FRDFK����DQG���WKRVH���WKDW���FKLOGUHQ���FDQ���PDNH����EXW���GR���QRW���QHHG���WR���EH���DQDO\]HG���E\���D��
FRDFK����)RU���WKH���DQDO\]DEOH���QDUUDWLYHV���WKDW���FKLOGUHQ���FUHDWH����WKHUH���DUH���PDQ\���RWKHU���QDUUDWLYH���IHDWXUHV��
WKDW���,���ZDQW���WR���LQYHVWLJDWH����7KHVH���IHDWXUHV����ZKLFK���,���FDOO���QDUUDWLYH���GLPHQVLRQV����ZLOO���EH���GHVFULEHG���LQ��
JUHDWHU���GHWDLO���EHORZ���
�
��������7KH���7ZR�/HQV���$SSURDFK����2XU���3URSRVHG���7KHRUHWLFDO���)UDPHZRUN��

�
)LJXUH���������'LDJUDP���RI���WKH���7ZR�/HQV���$SSURDFK��
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�
0\���WKHRUHWLFDO���IUDPHZRUN���LV���WLWOHG����7KH���7ZR�/HQV���$SSURDFK����EHFDXVH���LW���XVHV���WZR���OHQVHV��

WKURXJK���ZKLFK���WR���DQDO\]H���WKH���VSHFLILHG���GLPHQVLRQV���RI���FKLOGUHQ¶V���QDUUDWLYHV����D���IRUPDOLVW���OHQV���DQG��
DQ���LQWHUSUHWLYH���OHQV����7KH���IORZ���RI���WKH���7ZR�/HQV���$SSURDFK���LV���DV���IROORZV����

�� 7KHUH���DUH���FHUWDLQ����FRQWH[WXDO���IDFWRUV����WKDW���LQIOXHQFH���WKH���QDUUDWLYH���WKH���FKLOG���FUHDWHV���
�� 7KH���FKLOG���FUHDWHV���D���QDUUDWLYH����ZKLFK���KDV���VSHFLILF����QDUUDWLYH���GLPHQVLRQV�����:KLOH���D���VWRU\��

GRHV���QRW���QHHG���WR���KDYH���DOO���RI���WKHVH���GLPHQVLRQV���SUHVHQW���LQ���RQH���VWRU\����DW���OHDVW���VRPH���RI���WKHVH��
GLPHQVLRQV���PXVW���EH���SUHVHQW���LQ���RUGHU���WR���EH���FRQVLGHUHG���D���QDUUDWLYH����7KHVH���GLPHQVLRQV���DUH��
RUJDQL]HG���LQWR���WZR���FDWHJRULHV�����REMHFWLYH���GLPHQVLRQV�����ZKLFK���FRPSULVH���WKH���VWUXFWXUDO��
HOHPHQWV���RI���D���VWRU\����DQG����VXEMHFWLYH���GLPHQVLRQV�����ZKLFK���FRPSULVH���WKH���LQWHUSUHWLYH��
HOHPHQWV���RI���D���VWRU\����7KHVH���GLPHQVLRQV���DUH���H[DPLQHG���WKURXJK���WKH���WZR���OHQVHV���

�� 7KH���WZR���OHQVHV���DUH���WKHQ���XVHG���WR���LGHQWLI\���DQG���XQGHUVWDQG���WKH���QDUUDWLYH���GLPHQVLRQV���DQG���WKH��
UHODWLRQVKLSV���EHWZHHQ���WKHP���

D� )LUVW����WKH���REMHFWLYH����)RUPDOLVW���/HQV����LV���XVHG���WR���YLHZ���WKH���VWUXFWXUH���DQG���PHFKDQLFV���RI��
D���QDUUDWLYH����,W���DVNV����³'RHV���WKH���REMHFWLYH���GLPHQVLRQ���H[LVW"���,I���VR����KRZ���LV���LW��
FRQVWLWXWHG"´���)RU���H[DPSOH����FKDUDFWHU���LV���DQ���REMHFWLYH���GLPHQVLRQ����DQG���XVLQJ���WKH��
H[DPSOH���IURP���6WRU\���$����L�H����³2QH���WLPH���,���ZHQW���ZDONLQJ���DQG���,���WULSSHG���RQ���D���FUDFN���DQG��
EURNH���P\���PRWKHU¶V���EDFN�´�����WKH���IRUPDOLVW���OHQV���ZRXOG���LGHQWLI\���WKDW���FKDUDFWHUV���DUH��
SUHVHQW���LQ���WKH���VWRU\���DQG���WKH\���DUH���UHSUHVHQWHG���E\���WKH���DXWKRU���DQG���WKH���PRWKHU���

E� 1H[W����WKH���FRQWH[WXDOO\���JURXQGHG����,QWHUSUHWLYH���/HQV����LV���D���SURGXFW���RI���FRPELQLQJ���WKH��
LQIRUPDWLRQ���IURP���WKH���IRUPDOLVW���OHQV���DQG���WKH���FRQWH[WXDO���IDFWRUV���WR���LQWHUSUHW���WKH��
VXEMHFWLYH���GLPHQVLRQV���RI���D���QDUUDWLYH����7KH���FRQWH[WXDO���IDFWRUV���DUH���XVHG���WR���FRQVLGHU��
WKH���LPSDFW���RI���WKH���FKLOG¶V���FRQWH[W���DQG���H[SHULHQFHV���RQ���KHU���VWRU\����DOORZLQJ���WKH���UHDGHU��
WR���PRUH���DFFXUDWHO\���LQWHUSUHW���WKH���FKLOG¶V���VWRU\����7KH���LQWHUSUHWLYH���OHQV���DVNV����³:KDW���LV��
WKH���JUHDWHU���PHDQLQJ���EHKLQG���WKH���VXEMHFWLYH���GLPHQVLRQV���WKDW���WKH���FKLOG���LV���H[SUHVVLQJ��
DQG���KRZ���PLJKW���WKH���FKLOG¶V���FRQWH[WXDO���IDFWRUV���LQIOXHQFH���WKHVH���GLPHQVLRQV"´���)RU��
H[DPSOH����XVLQJ���WKH���VXEMHFWLYH���GLPHQVLRQ���RI���VWRU\���SXUSRVH����LI���ZH���NQHZ���WKDW���WKH��
DXWKRU���RI���6WRU\���$���ZDV���D���IRXU���\HDU���ROG���LQ���DQ���$PHULFDQ���SUHVFKRRO���FODVVURRP����ZH��
PLJKW���LQWHUSUHW���WKDW���KHU���VWRU\���ZDV���LQIOXHQFHG���E\���WKH���FRPPRQ���QXUVHU\���UK\PH����DQG��
VR���KHU���VWRU\���RI���WULSSLQJ���RQ���D���FUDFN���LV���KHU���ZD\���RI���LQWHUQDOL]LQJ���DQG���FRJQLWL]LQJ���WKH��
UK\PH����&RQWH[W���LV���H[WUHPHO\���LPSRUWDQW���KHUH����EHFDXVH���ZH���ZRXOG���LQWHUSUHW���WKH��
VXEMHFWLYH���GLPHQVLRQV���YHU\���GLIIHUHQWO\���LI���ZH���NQHZ���WKDW���WKLV���VWRU\���ZDV���FUHDWHG���E\���D��
�����\HDU���ROG���KLJK���VFKRRO���VWXGHQW����7ZR���LPSRUWDQW���QRWHV���RQ���WKH���LQWHUSUHWLYH���OHQV���
L� 7KH���LQWHQWLRQV����H[SHULHQFH����DQG���VRFLRFXOWXUDO���FRQWH[W���RI���WKH���UHDGHU���LV���JRLQJ��

WR���LQIOXHQFH���KRZ���V�KH���LQWHUSUHWV���WKH���FKLOG¶V���VWRU\���
LL� 7KH���LQWHUSUHWLYH���OHQV���LV���PRVW���DFFXUDWH���LI���LQIRUPHG���E\���ERWK���WKH���IRUPDOLVW��

OHQV���DQG���WKH���FKLOG¶V���FRQWH[WXDO���IDFWRUV����DV���H[SUHVVHG���LQ���%UXQHU¶V���FRQWH[W��
VHQVLWLYLW\���DQG���QHJRWLDELOLW\���IHDWXUH���>��@����+RZHYHU����LI���WKH���FRQWH[WXDO��
IDFWRUV���DUH���LQDFFHVVLEOH���WR���WKH���UHDGHU����WKH���UHDGHU���FDQ���VWLOO���LQWHUSUHW���WKH���VWRU\��
LQIRUPHG���E\���WKH���IRUPDOLVW���OHQV���DORQH����EXW���WKH���LQWHUSUHWDWLRQ���PD\���EH���PRUH��
GLIILFXOW����DQG���SRWHQWLDOO\���OHVV���DFFXUDWH����

7R���XQGHUVWDQG���WKLV���WKHRUHWLFDO���IUDPHZRUN���PRUH���FOHDUO\����,���ZLOO���JR���LQWR���HDFK���SDUW���RI���WKH��
IUDPHZRUN����WKH���FRQWH[WXDO���IDFWRUV����WKH���GLPHQVLRQV����DQG���WKH���WZR���OHQVHV����,���ZLOO���WKHQ���XVH���P\���RZQ��
FKLOGKRRG���VWRU\���WKDW���,���ZURWH���LQ���ILUVW���JUDGH����VL[���\HDUV���ROG�����WR���H[HPSOLI\���KRZ���D���VWRU\���FDQ���EH��
DQDO\]HG���WKURXJK���WKLV���IUDPHZRUN����)LQDOO\����LQ���WKH���UHPDLQLQJ���VHFWLRQV���RI���WKLV���GLVVHUWDWLRQ����,���ZLOO��
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DSSO\���WKLV���IUDPHZRUN���WR���RXU���ODUJHU���/HDUQLQJ���/RRSV���V\VWHP���WR���LQIRUP���RXU���V\VWHP¶V���GHVLJQ���DQG��
DELOLW\���WR���GRFXPHQW���DQG���VXSSRUW���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���
�
��������&KLOG¶V���&RQWH[WXDO���)DFWRUV��

�
)LJXUH���������7KH���&KLOG¶V���&RQWH[WXDO���)DFWRUV���RI���WKH���7KUHH�/HQV���$SSURDFK��

�
7KH���OLWHUDWXUH���DERYH���KLJKOLJKWV���WKH���LQIOXHQFHV���WKDW���FKLOGUHQ¶V���LQWHQGHG���VWRU\���JRDOV���

SHUVRQDO���H[SHULHQFHV����DQG���VRFLRFXOWXUDO���FRQWH[W���KDYH���RQ���WKHLU���QDUUDWLYHV����7KHVH���WKUHH���LQIOXHQFHV��
PDNH���XS���ZKDW���,���FDOO���WKH���FKLOG¶V���FRQWH[WXDO���IDFWRUV����,Q���WKLV���IUDPHZRUN����,���KDYH���VSHFLILHG���VL[���IDFWRUV��
WKDW���VKRXOG���EH���FRQVLGHUHG���ZKHQ���DQDO\]LQJ���FKLOGUHQ¶V���QDUUDWLYHV���

�� &KLOG¶V� �,QWHQGHG� �*RDO� ��� �7KH� �JRDO�� �JHQUH�� �VWRU\� �W\SH�� �RU� �OHVVRQ� �WKDW� �WKH� �FKLOG� �LV�� � � � � � � � � � � � � � �
LQWHQGLQJ� �WR� �DFKLHYH� �WKURXJK� �KHU� �VWRU\� �FDQ� �LQIOXHQFH� �WKH� �FRQWHQW� �DQG� �QDUUDWLYH�� � � � � � � � � � � �
VWUDWHJLHV��XVHG���)RU��H[DPSOH���D��FKLOG��ZKR��ZULWHV��D��VWRU\��DV��D��MRXUQDO��HQWU\��ZKHUH��VKH�� � � � � � � � � � � � � � � �
UHFRXQWV��WKH��HYHQWV��LQ��KHU��GD\��PLJKW��XVH��GLIIHUHQW��QDUUDWLYH��VWUDWHJLHV��WKDQ��ZKHQ��VKH��LV�� � � � � � � � � � � � � � �
WU\LQJ���WR���ZULWH���D���FRPHG\���VWRU\���DERXW���D���GRJ���VXSHUKHUR����

�� &KLOG¶V� �,QWHQGHG� �$XGLHQFH� ��� �7KH� �DXGLHQFH� �WKH� �FKLOG� �LV� �ZULWLQJ� �KHU� �VWRU\� �IRU�� �RU�� � � � � � � � � � � � � �
LQWHQGLQJ��WR��FRPPXQLFDWH��KHU��VWRU\��ZLWK��LQIOXHQFHV��KRZ��VKH��PLJKW��WHOO��KHU��VWRU\���)RU�� � � � � � � � � � � � � �
H[DPSOH���D��FKLOG��PD\��XVH��GLIIHUHQW��QDUUDWLYH��VWUDWHJLHV��RU��KLJKOLJKW��GLIIHUHQW��SDUWV��RI��D�� � � � � � � � � � � � � �
VWRU\���ZKHQ���VKH���LV���FRPPXQLFDWLQJ���LW���WR���KHU���IULHQGV���YHUVXV���KHU���SDUHQWV���

�� &KLOG¶V� �3HUVRQDO� �([SHULHQFH� ��� �7KH��LQGLYLGXDO��H[SHULHQFHV��DQG��GLUHFW��LQWHUDFWLRQV��D�� � � � � � � � � � �
FKLOG� �KDV� �ZLOO� �LQIOXHQFH� �WKH� �VWRULHV� �VKH� �FUHDWHV�� �7KHUH� �DUH� �PDQ\� �ZD\V� �LQ� �ZKLFK� �WKH�� � � � � � � � � � � � � � �
FKLOG¶V� �SHUVRQDO� �H[SHULHQFHV� �FDQ� �LQIOXHQFH� �WKH� �W\SHV� �RI� �VWRULHV� �DQG� �WKH� �QDUUDWLYH�� � � � � � � � � � � �
VWUDWHJLHV� �FKLOGUHQ� �XVH� �WR� �WHOO��WKHLU��VWRULHV���)RU��H[DPSOH���D��FKLOG��ZKR��ORYHV��IDLU\WDOHV�� � � � � � � � � � � � � �
DQG��LV��RIWHQ��H[SRVHG��WR��WKHP��LV��OLNHO\��WR��LQFRUSRUDWH��IDQWDVWLFDO��WKHPHV��DQG��ODQJXDJH�� � � � � � � � � � � � � �
LQWR��KHU��VWRULHV���,I��D��FKLOG��LV��IHHOLQJ��OHIW��RXW��DW��VFKRRO���KHU��VWRULHV��PLJKW��FHQWHU��DURXQG�� � � � � � � � � � � � � � � � �
WKH��WKHPH��RI��IHHOLQJV��RI��EHORQJLQJ���,I��D��FKLOG��LV��H[SORULQJ��PRUDO��GHYHORSPHQW��WKURXJK�� � � � � � � � � � � � � �
WKH��PRUDO��DFWLRQV��RI��FKDUDFWHUV���VKH��PD\��KDYH��D��KDUG��WLPH��FUHDWLQJ��D��VWRU\��ZKHUH��WKH�� � � � � � � � � � � � � � � �
ELJ���EDG���ZROI���EORZV���GRZQ���WKH���SLJ¶V���KRXVH���

�� &KLOG¶V� �$JH� ��� �7KH� �DJH� �RI� �WKH� �FKLOG�� �LQFOXGLQJ� �KHU� �VXEMHFWLYH� �DJH� �>���� ���@� �FDQ�� � � � � � � � � � � � � � �
LQIOXHQFH� �WKH� �QDUUDWLYH� �VWUDWHJLHV� �VKH� �HPSOR\V� �DQG� �WKH� �SHUVSHFWLYHV� �VKH� �WDNHV�� �)RU�� � � � � � � � � � � �
H[DPSOH�� �D� �ILYH� �\HDU� �ROG� �FKLOG� �PLJKW��ZULWH��D��YHU\��GLIIHUHQW��VWRU\��WKDQ��D��WHQ��\HDU��ROG�� � � � � � � � � � � � � � � � �
FKLOG� �EHFDXVH� �WKH\� �KDYH� �GLIIHUHQW� �H[SHULHQFHV� �DQG� �DUH� �FRPLQJ� �IURP� �GLIIHUHQW�� � � � � � � � � � �
GHYHORSPHQWDO���VWDJHV���

�� &KLOG¶V� �1DUUDWLYH� �6NLOOV� ��� �7KH� �QDUUDWLYH� �VWUDWHJLHV� �DQG� �VNLOOV� �D� �FKLOG� �SRVVHVVHV��FDQ�� � � � � � � � � � � � �
LPSDFW� �KRZ� �VKH� �WHOOV� �KHU��VWRU\��DQG��WKH��ZD\V��LQ��ZKLFK��VKH��GHFLGHV��WR��UHSUHVHQW��WKHVH�� � � � � � � � � � � � � � � �
VNLOOV���+RZHYHU���LW��LV��FUXFLDO��WR��UHPHPEHU��WKDW��D��FKLOG��PD\��KDYH��FHUWDLQ��QDUUDWLYH��VNLOOV�� � � � � � � � � � � � � � �
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WKDW��VKH��GRHV��QRW��UHSUHVHQW��LQ��KHU��VWRULHV���:KLOH��FRQVLGHULQJ��D��FKLOG¶V��QDUUDWLYH��VNLOOV�� � � � � � � � � � � � � �
LQ� �RUGHU� �WR� �XQGHUVWDQG� �KHU� �QDUUDWLYH� �VNLOOV� �VHHPV� �OLNH� �D� �F\FOLFDO� �FRQXQGUXP�� �LW� �LV�� � � � � � � � � � � � � �
LPSRUWDQW��WR��KDYH��D��EDVLF��XQGHUVWDQGLQJ��RI��WKH��FKLOG¶V��QDUUDWLYH��VNLOOV��DW��WKH��EHJLQQLQJ�� � � � � � � � � � � � � �
WR���NQRZ���KRZ���WR���VXSSRUW���KHU���JURZWK���DQG���WKH���GHYHORSPHQW���RI���QHZ���VNLOOV���

�� &KLOG¶V� �6RFLRFXOWXUDO� �&RQWH[W� ��� �6LQFH� �QDUUDWLYHV�� �OLNH� �ODQJXDJH�� �GR� �QRW� �H[LVW� �LQ�� � � � � � � � � � � �
LVRODWLRQ� �EXW� �DUH� �FORVHO\� �FRQQHFWHG� �ZLWK� �WKH� �FXOWXUH� �DQG� �VRFLHW\� �LQ� �ZKLFK� �WKH\� �DUH�� � � � � � � � � � � � � �
FUHDWHG� �DQG��VKDUHG���LW��LV��LPSRUWDQW��WR��FRQVLGHU��WKH��FKLOG¶V��VRFLRFXOWXUDO��FRQWH[W��ZKHQ�� � � � � � � � � � � � �
DQDO\]LQJ� �QDUUDWLYHV�� �7KH� �UHODWLRQVKLSV�� �FXOWXUHV�� �LGHRORJLHV�� �VRFLHWDO� �QRUPV�� �VRFLDO�� � � � � � � � �
LQWHUDFWLRQV��DQG��H[SHULHQFHV���JURXS��LGHQWLWLHV���DQG��LQVWLWXWLRQDO��V\VWHPV��WKDW��WKH��FKLOG�� � � � � � � � � � �
LV� �SDUW� �RI��DUH��DOO��DVSHFWV��RI��WKH��FKLOG¶V��VRFLRFXOWXUDO��FRQWH[W���7KHVH��DVSHFWV��LQIOXHQFH�� � � � � � � � � � � � � �
FKLOGUHQ¶V� �VWRULHV� �LQ� �YDULRXV� �ZD\V�� �)RU� �H[DPSOH�� �FKLOGUHQ� �ZKR� �DUH� �SDUW� �RI� �D� �FHUWDLQ�� � � � � � � � � � � � � �
IDLWK� �DUH� �H[SRVHG� �WR� �FHUWDLQ� �UHOLJLRXV� �VWRULHV�� �ZKLFK� �PD\� �VKDSH� �WKHLU� �RZQ� �VWRULHV��� � � � � � � � � � � � �
&XOWXUHV� �KDYH� �GLIIHUHQW� �QDUUDWLYH� �QRUPV� ��H�J��� �(XURSHDQ�$PHULFDQ� �FXOWXUHV� �WHQG� �WR�� � � � � � � � � �
YDOXH��VWRULHV��ZLWK��GHWDLOHG��SORWV���+LVSDQLF��FXOWXUHV��WHQG��WR��YDOXH��VWRULHV��ZLWK��GHWDLOHG�� � � � � � � � � � � � �
LQWHUSHUVRQDO� �DQG� �IDPLOLDO� �FKDUDFWHU� �GHVFULSWLRQV� �>����� ����@��� �DQG� �WKHVH� �QDUUDWLYH�� � � � � � � � � �
QRUPV� �FDQ� �VKDSH� �WKH� �QDUUDWLYH� �VWUDWHJLHV� �WKDW� �FKLOGUHQ� �HPSOR\� �LQ� �WKHLU� �VWRULHV��� � � � � � � � � � � �
6LPLODUO\�� �FKLOGUHQ¶V� �UHODWLRQVKLSV� �SOD\� �D� �PDVVLYHO\� �LQIOXHQWLDO� �UROH��LQ��QRW��RQO\��ZKDW�� � � � � � � � � � � �
WKH\� �YDOXH� �LQ� �VWRULHV�� �EXW� �DOVR� �LQ� �KRZ� �WKH\� �WHOO� �VWRULHV�� �DV� �FKLOGUHQ� �WHQG� �WR� �PLPLF�� � � � � � � � � � � � � � � �
QDUUDWLYH��ODQJXDJH���H[SUHVVLRQV���DQG��VWUDWHJLHV��WKDW��WKH\��KHDU��IURP��IDPLO\���SHHUV���DQG�� � � � � � � � � � � �
IDPLOLDU���QRYHOV���>�������@���

7KHVH���VL[���IDFWRUV���DUH���QRW���PHDQW���WR���EH���D���FRPSOHWH���OLVW����QRU���DUH���WKH\���PHDQW���WR���EH���WUHDWHG���DV��
GHWHUPLQDQWV����,QVWHDG����,���EHOLHYH���WKDW���LGHQWLI\LQJ���WKHVH���VL[���IDFWRUV���LV���D���ILUVW���VWHS���LQ���WKH���ULJKW��
GLUHFWLRQ���WRZDUGV���GHYHORSLQJ���D���PRUH���KROLVWLF����VRFLRFXOWXUDO���DSSURDFK���

2QH���ZD\���RI���XQGHUVWDQGLQJ���WKH���UHODWLRQVKLS���EHWZHHQ���D���FKLOG¶V���GHYHORSPHQW���DQG���KLV�KHU��
FRQWH[WXDO���HQYLURQPHQW���LV���WKH���HFRORJLFDO���V\VWHPV���PRGHO���>��@����7KLV���PRGHO���KDV���LQVSLUHG���P\��
SHUVSHFWLYH���RQ���WKH���UHODWLRQVKLSV���EHWZHHQ���WKH���FKLOG¶V���LQWHQWLRQV����H[SHULHQFHV����VRFLRFXOWXUDO��
FRQWH[W����DQG���QDUUDWLYHV����7KH���(FRORJLFDO���6\VWHPV���0RGHO���KDV���VHYHUDO���OD\HUV���ZKLFK���UDGLDWH���RXW���IURP��
WKH���FHQWHU���LQ���RUGHU���WR���XVH���SUR[LPLW\���WR���GHVFULEH���WKH���V\VWHPV���WKDW���ERWK���GLUHFWO\���DQG���LQGLUHFWO\��
LPSDFW���WKH���FKLOG¶V���GHYHORSPHQW����$W���WKH���FHQWHU���RI���WKH���PRGHO���LV���WKH���LQGLYLGXDO���FKLOG���ZLWK���LQGLYLGXDO��
IDFWRUV����H�J�����DJH����KHDOWK����VNLOOV�����7KH���QH[W���OD\HU���LV���WKH���PLFURV\VWHP����WKH���SHRSOH���DQG���HQYLURQPHQWV��
LQ���ZKLFK���WKH���FKLOG���KDV���GLUHFW���FRQWDFW���RU���H[SHULHQFH���ZLWK����H�J�����IDPLO\����SHHUV����VFKRRO�����7KH��
PHVRV\VWHP���FRQQHFWV���WKH���PLFURV\VWHP���ZLWK���WKH���H[RV\VWHP����ZKLFK���LV���WKH���HQYLURQPHQWV���DQG���VRFLDO��
FLUFOHV���WKDW���WKH���FKLOG���LQGLUHFWO\���LQWHUDFWV���ZLWK����H�J�����QHLJKERUV����SROLWLFV����PHGLD����LQGXVWU\�����)LQDOO\���
WKH���PDFURV\VWHP���LV���WKH���RXWHU���OD\HU����ZKLFK���LQFOXGHV���WKH���ODUJHU���QRUPV����DWWLWXGHV����LGHRORJLHV����DQG��
FXOWXUHV���WKDW���WKH���FKLOG���LV���D���SDUW���RI���>��@����:H���FDQ���DSSO\���RXU���FRQWH[WXDO���IDFWRUV���WR���D���VLPSOLILHG��
YHUVLRQ���RI���WKLV���PRGHO����ZKHUH���WKH���FKLOG¶V���LQWHQWLRQV���DUH���WKH���LQGLYLGXDO���OD\HU����WKH���FKLOG¶V���GLUHFW��
H[SHULHQFHV���DUH���SDUW���RI���WKH���PLFURV\VWHP����DQG���WKH���FKLOG¶V���VRFLRFXOWXUDO���FRQWH[W���LV���SDUW���RI���WKH��
PDFURV\VWHP����
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)LJXUH���������$����%URQIURQEUHQQHU¶V���(FRORJLFDO���6\VWHPV���0RGHO���>��@��
�����������������%����$OLJQLQJ���WKH���&RQWH[WXDO���)DFWRUV���WR���WKH���(FRORJLFDO���6\VWHPV���0RGHO��

�
:KHWKHU���FKLOGUHQ���DUH���FRQVFLRXVO\���DZDUH���RI���WKHVH���FRQWH[WXDO���IDFWRUV���RU���QRW����WKH\���DOO���SOD\���D��

NH\���UROH���LQ���VKDSLQJ���WKH���FKLOG¶V���VWRU\����7KH���ILUVW���WZR���IDFWRUV²���FKLOG¶V���LQWHQGHG���JRDO���DQG���DXGLHQFH²��
DUH���FRQVFLRXV���LQWHQWLRQV���RI���WKH���FKLOG����6LWWLQJ���PRUH���LQ���WKH���VXEFRQVFLRXV���DUH���WKH���FKLOG¶V���SHUVRQDO��
H[SHULHQFHV����LQ���ZKLFK���FKLOGUHQ���KDYH���GLUHFW���LQWHUDFWLRQV���DQG���H[SHULHQFHV���WKDW���VKDSH���WKHLU���VWRULHV���
EXW���WKH\���PD\���RU���PD\���QRW���EH���FRQVFLRXVO\���DZDUH���RI���WKH���DPRXQW���WR���ZKLFK���WKHVH���IDFWRUV���DUH��
LQIOXHQFLQJ���WKHLU���VWRULHV����7KH���FKLOG¶V���VRFLRFXOWXUDO���FRQWH[W���SOD\V���D���ELJ���SDUW����ERWK���FRQVFLRXVO\���DQG��
XQFRQVFLRXVO\���LQ���VKDSLQJ���D���FKLOG¶V���QDUUDWLYH����$���FKLOG���PD\���ZULWH���D���VWRU\���DERXW���VRPHWKLQJ���WKDW��
KDSSHQHG���WR���KHU���IULHQG����RU���VKH���PLJKW���SXUSRVHO\���ZULWH���D���VWRU\���DERXW���D���VSHFLILF���UHOLJLRXV���WKHPH��
GXULQJ���D���KROLGD\���VKH���SUDFWLFHV����+RZHYHU����FKLOGUHQ���PD\���DOVR���EH���XQFRQVFLRXVO\���LQIOXHQFHG���E\���WKH��
FXOWXUDO���QRUPV���WKH\���IROORZ����VXFK���DV���LQFOXGLQJ���GHVFULSWLRQV���RI���D���FKDUDFWHU¶V���IDPLOLDO���UHODWLRQVKLSV��
WR���DOLJQ���ZLWK���WKHLU���FXOWXUDO���YDOXHV����,Q���WKLV���ZD\����WKH���HFRORJLFDO���V\VWHPV���PRGHO���VHUYHV���DV���D���JRRG��
IUDPHZRUN���WR���YLHZ���WKH���OHYHO���RI���LQWHQWLRQDOLW\���DQG���SUR[LPDO���LQWHUDFWLRQV���WKDW���WKHVH���FRQWH[WXDO��
IDFWRUV���KDYH���

,Q���WKH���7ZR�/HQV���$SSURDFK����WKHVH���FRQWH[WXDO���IDFWRUV���WDNH���WZR���SDWKV����7KH���ILUVW���LV���WR��
LQIOXHQFH���WKH���FKLOG¶V���QDUUDWLYH����ZKLFK���LV���H[SODLQHG���DERYH����6HFRQG����LI���WKH���UHDGHU���KDV���DFFHVV���WR��
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WKHVH���FRQWH[WXDO���IDFWRUV����LV���WR���LQIRUP���WKH���LQWHUSUHWLYH���OHQV���E\���GLUHFWLQJ���WKH���UHDGHU���WR���FRQVLGHU���WKH��
LPSDFW���WKHVH���IDFWRUV���KDYH���RQ���WKH���FKLOG¶V���VWRU\����7KLV���ZLOO���EH���H[SODLQHG���LQ���PRUH���GHWDLO���EHORZ���LQ���WKH��
LQWHUSUHWLYH���OHQV���VHFWLRQ���
�
��������6WRU\¶V���1DUUDWLYH���'LPHQVLRQV��

�
),JXUH���������7KH���1DUUDWLYH���'LPHQVLRQV���RI���7KH���7ZR�/HQV���$SSURDFK��

�
,Q���DOLJQLQJ���ZLWK���RXU���GHILQLWLRQ���RI���QDUUDWLYH���DQG���LQVSLUHG���E\���WKH���OLWHUDWXUH����,���KDYH���LGHQWLILHG��

IRXUWHHQ���QDUUDWLYH���GLPHQVLRQV���WKDW���FDQ���EH���SUHVHQW���LQ���FKLOGUHQ¶V���VWRULHV����)URP���P\���OLWHUDWXUH���UHYLHZ��
RQ���WKH���IHDWXUHV���RI���QDUUDWLYHV����ZH���OHDUQHG���WKDW���QDUUDWLYHV���FRQWDLQ����FKDUDFWHUV����ZKR���GR����DFWLRQV����WKDW��
DUH���VLWXDWHG���ZLWKLQ���D���FHUWDLQ����FRQWH[W�����7KHVH���HYHQWV���DUH����RUJDQL]HG���VSDWLDOO\�����FRPSRVLWLRQ����DQG��
WHPSRUDOO\�����RYHU�����WLPH����WR���FRQYH\���WKH����SORW����RU���KDSSHQLQJ���RI���WKH���VWRU\����7KH���DXWKRU���RIWHQ���XVHV��
ODQJXDJH�����WROG���IURP���D���SDUWLFXODU����YLHZSRLQW�����SHUVSHFWLYH����WR���FRPPXQLFDWH���WKH����SXUSRVH����RI���WKH���VWRU\���
7KLV���VWRU\���DV���D���ZKROH���FDQ���EH���FDWHJRUL]HG���LQWR���D���VSHFLILF����JHQUH����ZLWK���VHOHFWHG����WKHPHV����WKDW���KHOS���WKH��
UHDGHU���XQGHUVWDQG���KRZ���WR���LQWHUSUHW���WKH���JUHDWHU����PHDQLQJ�����7KHVH���VHW���WKH���EDVLV���IRU���WKH���QDUUDWLYH��
GLPHQVLRQV����+RZHYHU����WKHVH���QDUUDWLYH���GLPHQVLRQV���IRFXV���RQ���RQH���RI���WZR���GLIIHUHQW���DVSHFWV���RI��
QDUUDWLYH����VWUXFWXUH���RU���IXQFWLRQ����7KHUHIRUH����,���FUHDWHG���WZR���FDWHJRULHV���RI���QDUUDWLYH���GLPHQVLRQV���
REMHFWLYH���GLPHQVLRQV���DQG���VXEMHFWLYH���GLPHQVLRQV����ZKLFK���DUH���H[DPLQHG���VHSDUDWHO\���E\���WKHLU��
FRUUHVSRQGLQJ���OHQV����,QVSLUHG���E\���WKH���IRUPDOLVW���DSSURDFKHV���VXPPDUL]HG���LQ���WKH���OLWHUDWXUH���UHYLHZ����WKH��
REMHFWLYH���GLPHQVLRQV���FRQVWLWXWH���WKH���VWUXFWXUDO���DVSHFWV���RI���D���QDUUDWLYH���DQG���FDQ���EH���REMHFWLYHO\��
PHDVXUHG����HLWKHU���WKH���GLPHQVLRQ���LV���SUHVHQW���LQ���WKH���VWRU\����RU���LW���LV���QRW����7KH���QLQH���REMHFWLYH���GLPHQVLRQV��
,���VSHFLI\���DUH���

�� &KDUDFWHUV��������7KH���DJHQWV���RI���DFWLRQ���DQG���HPRWLRQ���LQ���WKH���VWRU\���
�� (YHQWV�$FWLRQV�����7KH��DFW��WKDW��LV��WDNHQ��E\��D��FKDUDFWHU��LQ��WKH��VWRU\��WR��GR��VRPHWKLQJ��RU�� � � � � � � � � � � � � � � � �

PDNH��VRPHWKLQJ��KDSSHQ���H�J����FKDUDFWHU��ODXQFKHV��D��WR\��URFNHW��WKH\��EXLOW��LQWR��WKH��DLU���� � � � � � � � � � � � � �
RU��WKH��DFWLRQ��WKDW��KDSSHQV��WR��D��FKDUDFWHU���H�J����VSDFHVKLS��FUDVKHV��LQWR��HDUWK��DQG��KLWV��WKH�� � � � � � � � � � � � � � � �
FKDUDFWHU�����7KHVH���DUH���RIWHQ���WKH���VXE�HOHPHQWV���RI���WKH���SORW���

�� 6HWWLQJ�&RQWH[W��������7KH���EDFNJURXQG����VFHQH����RU���HQYLURQPHQW���WKDW���WKH���VWRU\���LV���VLWXDWHG���LQ���
�� 6SDWLDO� �2UJDQL]DWLRQ� ��� �7KH� �FRPSRVLWLRQ� �RI� �HOHPHQWV� �LQ� �WKH� �VWRU\� ��H�J��� �LPDJHV��� � � � � � � � � � � �

FKDUDFWHUV�� �EDFNJURXQGV�� �WKDW� �DUH� �VLWXDWHG� �LQ� �VSDFH��DQG��RULHQWHG��WR��FRQYH\��PHDQLQJ��� � � � � � � � � � � �
HYHQWV�DFWLRQV�� �H[SUHVVLRQV�� �DQG� �UHODWLRQVKLSV�� �7KLV� �LV� �HVSHFLDOO\� �UHOHYDQW� �IRU� �YLVXDO�� � � � � � � � � �
VWRU\���PHGLXPV����VXFK���DV���6WRU\%ORFNV���

�� 7HPSRUDO��2UJDQL]DWLRQ�����7KH��OLQJXLVWLF��DQG��YLVXDO��VHTXHQFH��RI��HYHQWV�DFWLRQV��LQ��WKH�� � � � � � � � � � � �
VWRU\��WR��UHSUHVHQW��RUGHU��DQG��VLWXDWH��WKH��VWRU\��DFURVV��D��VSHFLILF��WLPH���7LPH��LV��QRW��DOZD\V�� � � � � � � � � � � � � � � �
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RUGHUHG��OLQHDUO\���DQG��WKHUH��DUH��VHYHUDO��OHYHOV��RI��RUJDQL]DWLRQ���H�J����XQUHODWHG���IRFXVHG�� � � � � � � � � � � �
FKDLQV����FRKHUHQW���VHTXHQFH����

�� 3ORW� ��� �7KH� �PDLQ� �KDSSHQLQJ� �RI� �WKH� �VWRU\�� �ZKDW� �WKH��VWRU\��LV��DERXW���7KH��SORW��LV��RIWHQ��D�� � � � � � � � � � � � � � � � � �
VXPPDU\� �RI� �WKH� �VWULQJ� �RI� �HYHQWV�DFWLRQV�� �7KHUH� �DUH� �GLIIHUHQW� �W\SHV� �RI� �SORWV�� �)RU�� � � � � � � � � � � � �
H[DPSOH� �D� �GLVUXSWLYH� �SORW� ��RU� �WUDGLWLRQDO� �SORW�� �FRQWDLQV� �D� �SUREOHP� �WKDW� �GLVUXSWV� �WKH�� � � � � � � � � � � � �
SUHGLFWDEOH� �SDWK� �RI� �WKH� �VWRU\�� �WKHUHE\� �³WKLFNHQLQJ´� �WKH� �SORW�� �$� �GHVFULSWLYH� �SORW�� � � � � � � � � � � �
HODERUDWHV� �XSRQ� �D��VSHFLILF��VLWXDWLRQ���FKDUDFWHU���RU��HQYLURQPHQW��ZLWKRXW��SUHVHQWLQJ��DQ�� � � � � � � � � � �
H[SOLFLW���SUREOHP���

�� /DQJXDJH� ��� �WKH� �PHWKRG� �RI� �FRPPXQLFDWLRQ� �XVHG� �WR� �FRQYH\� �WKH� �VWRU\�� �RIWHQ� �WKURXJK�� � � � � � � � � � � � �
FKDUDFWHU� �GLDORJXH�� �FKDUDFWHU� �WKRXJKW�� �RU� �WKH� �DXWKRU
V� �H[WHUQDO� �QDUUDWLRQ�� �7KLV�� � � � � � � � � �
GLPHQVLRQ� �LV� �PDGH� �XS� �RI� �PDQ\� �GLIIHUHQW� �ODQJXDJH� �GHYLFHV� ��H�J��� �HPRWLRQDO�� � � � � � � � � � �
YRFDEXODU\����WHPSRUDO���PDUNHUV����YHUE���WHQVHV����SRVLWLRQ���VWDWHPHQWV����

�� 9LHZSRLQW�3HUVSHFWLYH� ��� �WKH� �QDUUDWRU¶V� �SRVLWLRQ� �LQ� �UHODWLRQ� �WR� �WKH� �VWRU\� �EHLQJ� �WROG�� � � � � � � � � � � �
�H�J�����ILUVW�SHUVRQ����WKLUG�SHUVRQ����

�� 7KHPH�*HQUH�����VWRULHV��PD\��KDYH��UHFXUULQJ��DVSHFWV��RU��VLPLODU��VXEMHFW��PDWWHU���WKHPHV���� � � � � � � � � � � �
6WRULHV� �FDQ� �EH� �FDWHJRUL]HG� �LQWR� �JHQUHV� ��H�J��� �IDQWDV\�� �SHUVRQDO� �DFFRXQW�� �EDVHG� �RQ�� � � � � � � � � � � �
VLPLODULWLHV���LQ���WKHPH����IRUP����DQG���VW\OH���

5DWKHU���WKDQ���UHFUHDWLQJ���WKH���ZKHHO����WKH���REMHFWLYH���GLPHQVLRQV���DUH���GLUHFWO\���SXOOHG���IURP���WKH���IRUPDOLVW��
DSSURDFKHV����$SSOHEHH¶V���VL[���VWDJHV���IRFXVLQJ���RQ���FHQWHULQJ���DQG���FKDLQLQJ���LQVSLUHG���WKH���GLPHQVLRQV���RI��
SORW����HYHQWV�DFWLRQV����DQG���WHPSRUDO���RUJDQL]DWLRQ����6WHLQ���DQG���*OHQQ¶V���VWRU\���JUDPPDU���LQVSLUHG���WKH��
GLPHQVLRQV���RI���FKDUDFWHUV����VHWWLQJ�FRQWH[W����HYHQW�DFWLRQ����SORW����DQG���VSDWLDO���RUJDQL]DWLRQ����/DERY���DQG��
:DOHW]N\¶V���VRFLROLQJXLVWLF���IRFXV���RI���FKLOGUHQ¶V���SHUVRQDO���QDUUDWLYHV���LQVSLUHG���WKH���GLPHQVLRQV���RI��
ODQJXDJH���DQG���WHPSRUDO���RUJDQL]DWLRQ����)LQDOO\����ERWK���+HGEHUJ���DQG���:HVWE\¶V���FDWHJRUL]DWLRQ���RI��
QDUUDWLYH���W\SHV���DQG���0RIIHWW���DQG���0F(OKHQ\¶V���WKUHH���DVSHFWV���RI���ODQJXDJH���LQVSLUHG���WKH���GLPHQVLRQV���RI��
JHQUH�WKHPH���DQG���SHUVSHFWLYH�YLHZSRLQW����7KHVH���REMHFWLYH���GLPHQVLRQV���DUH���H[DPLQHG���WKURXJK���WKH��
IRUPDOLVW���OHQV����ZKLFK���LV���H[SODLQHG���LQ���PRUH���GHWDLO���EHORZ���

0RYLQJ���EH\RQG���WKH���VFRSH���RI���WKH���IRUPDOLVW���DSSURDFKHV����,���LGHQWLILHG���ILYH���QDUUDWLYH��
GLPHQVLRQV���WKDW���FRQVWLWXWH���WKH���IXQFWLRQDO���DVSHFWV���RI���QDUUDWLYHV����VXFK���DV���PHDQLQJ�PDNLQJ���DQG��
UHSUHVHQWDWLRQ���RI���LGHQWLW\����,���WHUPHG���WKHVH���WKH���VXEMHFWLYH���GLPHQVLRQV���EHFDXVH���WKH\���DUH���WKH���DVSHFWV��
RI���QDUUDWLYHV���WKDW���H[LVW���LQ���YHULVLPLOLWXGH����RU���WKH���DSSHDUDQFH���RI���WUXWK����EXW���FDQ���QHYHU���EH���REMHFWLYHO\��
PHDVXUHG����RQO\���LQWHUSUHWHG���>��@����7R���DLG���LQ���WKH���LQWHUSUHWDWLRQ���RI���WKHVH���GLPHQVLRQV����WKH���LQWHUSUHWLYH��
OHQV���DVNV���WKH���UHDGHU���WR���FRQVLGHU���WKH���FKLOG¶V���FRQWH[WXDO���IDFWRUV���DQG���WKHLU���SRWHQWLDO���LQIOXHQFH���RQ���WKH��
UHSUHVHQWDWLRQ���RI���WKH���REMHFWLYH���GLPHQVLRQV����:KLOH���FHUWDLQO\���QRW���DQ���H[KDXVWLYH���OLVW����WKH���VXEMHFWLYH��
GLPHQVLRQV���,���VSHFLI\���DUH���

�� 0HDQLQJ��������WKH���VLJQLILFDQFH���EHKLQG���WKH���FKLOG¶V���VWRU\����RU���FHUWDLQ���HOHPHQWV���RI���WKH���VWRU\���
&KLOGUHQ���PD\���FRPPXQLFDWH���WKHLU���EHOLHIV����LGHDV����YDOXHV����UHIOHFWLRQV����OHVVRQV���OHDUQHG����RU��
SHUFHSWLRQV���DERXW���WKH���ZRUOG���WKURXJK���RWKHU���GLPHQVLRQV���LQ���WKHLU���VWRULHV����H�J�����SORW���
RUJDQL]DWLRQ����YLHZSRLQW����ODQJXDJH�����)RU���H[DPSOH����D���FKLOG¶V���VWRU\���DERXW���D���PRQVWHU���XQGHU��
WKH���EHG���FRXOG���KDYH���D���GHHSHU���PHDQLQJ���DERXW���KHU���IHDU���RI���WKH���XQNQRZQ���

�� 3XUSRVH�0RWLYDWLRQ��������WKH���XQGHUO\LQJ���UHDVRQ���RU���PRWLYDWLRQ���IRU���WKH���FKLOG¶V���VWRU\���DQG���ZK\��
WKH\���DUH���FRPPXQLFDWLQJ���LW����7KLV���GLPHQVLRQ���LV���KHDYLO\���LQIOXHQFHG���E\���WKH���FKLOG¶V���SHUVRQDO��
H[SHULHQFH����)RU���H[DPSOH����WKH���SXUSRVH���RI���D���FKLOG¶V���DQHFGRWDO���VWRU\���DW���WKH���GLQQHU���WDEOH����VXFK��
DV����³7RGD\����DW���OXQFK����ZH���KDG���MHOO�R�´���FRXOG���EH���WR���FRPPXQLFDWH���DQ���XQH[SHFWHG���HYHQW���WKDW��
KDSSHQHG���WR���WKH���FKLOG���WKDW���VKH���ZDV���H[FLWHG���DERXW���EHFDXVH���VKH���ORYHV���MHOO�R���
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�� 9DOXHV�0RUDOV��������WKH���XQGHUO\LQJ���YDOXHV���DQG���PRUDOV���EHLQJ���H[SORUHG���DQG���FRPPXQLFDWHG��
WKURXJK���D���FKLOG¶V���VWRU\����7KH���PRUDO���RI���WKH���VWRU\���LV���RIWHQ���UHSUHVHQWHG���WKURXJK���RWKHU��
GLPHQVLRQV����VXFK���DV���YLHZSRLQW����DFWLRQ����DQG���SORW����7KHVH���YDOXHV���DQG���PRUDOV���PD\���EH���KHDYLO\��
LQIOXHQFHG���E\���WKH���FKLOG¶V���FXOWXUDO���FRQWH[W����)RU���H[DPSOH����WKH���FKLOG¶V���VWRU\���DERXW���WKH���ER\��
ZKR���FULHG���ZROI���FRPPXQLFDWHV���WKH���XQGHUO\LQJ���PRUDO���WKDW���LW¶V���LPSRUWDQW���QRW���WR���OLH���RU��
RYHUUHDFW����

�� ,GHQWLW\��������UHSUHVHQWDWLRQV���RI���VHOI���RU���LGHQWLW\���WKURXJK���WKH���FKDUDFWHUV¶���LQWHUQDO���VWDWHV���
HPRWLRQV����DFWLRQV����DQG���ODQJXDJH���LQ���WKH���FKLOG¶V���VWRU\����7KLV���UHSUHVHQWDWLRQ���FDQ���EH���DERXW��
SHUVRQDO���LGHQWLW\���RU���JURXS���LGHQWLW\����)RU���H[DPSOH����D���FKLOG¶V���VWRU\���DERXW���WKHLU���UHDFWLRQ���WR��
KDYLQJ���WR���PRYH���WR���D���QHZ���KRXVH���PD\���FRPPXQLFDWH���WKHLU���IHHOLQJV���LQ���WKH���IDFH���RI���FKDQJH���DQG��
WKH\���PD\���SUHVHQW���WKHPVHOYHV���DV���DGDSWDEOH���WKURXJK���WKHLU���DFWLRQV���

�� (PSDWK\��������WKH���UHSUHVHQWDWLRQ���RI���HPSDWK\���WKURXJK���WKH���HPRWLRQDO���H[SUHVVLRQV���DQG��
UHDFWLRQV���RI���WKH���FKDUDFWHUV���WKDW���VLJQLI\���HPRWLRQDO���XQGHUVWDQGLQJ����&KLOGUHQ���PD\���XVH���PDQ\��
GLPHQVLRQV���WR���FRPPXQLFDWH���HPSDWK\����VXFK���DV���IDFLDO���H[SUHVVLRQV����VHWWLQJ�FRQWH[W���
ODQJXDJH����DQG���YLHZSRLQW����)RU���H[DPSOH����LQ���,QJULG¶V����%DG���GD\���SW���������ILJXUH����������LQ���VHFWLRQ�������
VKH���H[SUHVVHV���HPSDWK\���WKURXJK���KHU���GHSLFWLRQ���RI���%RR���JHWWLQJ���QHUYRXV���DQG���HPEDUUDVVHG���RQ��
VWDJH���
,W���LV���LPSRUWDQW���WR���QRWH���WKDW���WKHVH���QDUUDWLYH���GLPHQVLRQV���DUH���WKH���HOHPHQWV���ZLWKLQ���D���QDUUDWLYH��

WKDW���DUH����PRVW���OLNHO\����SUHVHQW���LQ���D���FKLOG¶V���VWRU\����7KHUHIRUH����,���GR���QRW���H[SHFW���DOO���RI���WKHVH���GLPHQVLRQV���WR��
EH���SUHVHQW���LQ���D���VLQJOH���VWRU\����)XUWKHUPRUH����WKHVH���GLPHQVLRQV���PD\���EH���UHSUHVHQWHG���GLIIHUHQWO\��
GHSHQGLQJ���RQ���WKH���PHGLXP���RI���WKH���VWRU\����H�J�����ZULWWHQ����RUDO����GLJLWDO����RU���WKH���ZD\���WKH���VWRU\���LV���HOLFLWHG��
�H�J�����SURPSWHG����VSRQWDQHRXV����UHWHOOLQJ�����,Q���WKLV���ZD\����WKLV���LV���QRW���PHDQW���WR���EH���D���FRPSOHWH���OLVW���RI��
QDUUDWLYH���GLPHQVLRQV����DQG���,���KRSH���UHVHDUFKHUV���ZLOO���DGDSW���WKHVH���GLPHQVLRQV���E\���DGGLQJ����UHPRYLQJ���
RU���VXEVWLWXWLQJ���QDUUDWLYH���GLPHQVLRQV���WR���DOLJQ���ZLWK���WKHLU���RZQ���UHVHDUFK���SXUSRVHV���

7KHVH���IRXUWHHQ���GLPHQVLRQV���FDQ���EH���WKRXJKW���RI���DV���GHSHQGHQW���YDULDEOHV���ZLWKLQ���QDUUDWLYHV���
ZKLFK���DUH���LQIOXHQFHG���E\���WKH���VL[���FRQWH[WXDO���IDFWRUV����RU���WKH���LQGHSHQGHQW���YDULDEOHV����,���KDYH��
GHYHORSHG���7KH���7ZR�/HQV���$SSURDFK���WR���DQDO\]H���WKHVH���YDULDEOHV���DQG���XQGHUVWDQG���WKH���UHODWLRQVKLSV��
EHWZHHQ���WKHP����,Q���WKLV���ZD\����,���H[DPLQH���WKHVH���QDUUDWLYH���GLPHQVLRQV���WKURXJK���WZR���OHQVHV²���IRUPDOLVW��
DQG���LQWHUSUHWLYH²���LQ���RUGHU���WR���WDNH���D���KROLVWLF���DSSURDFK���WR���XQGHUVWDQGLQJ���DQG���DQDO\]LQJ���FKLOGUHQ¶V��
QDUUDWLYHV����
�
��������7KH���5HDGHU¶V���7ZR���/HQVHV����)RUPDOLVW���DQG���,QWHUSUHWLYH���

�
)LJXUH���������7KH���5HDGHU¶V���7ZR���/HQVHV��

�
$V���WKH���QDPH���RI���P\���WKHRUHWLFDO���IUDPHZRUN���VXJJHVWV����WKH���UHDGHU���XVHV���WZR���OHQVHV���WR��

XQGHUVWDQG���DQG���DQDO\]H���WKH���GLPHQVLRQV���RI���FKLOGUHQ¶V���QDUUDWLYHV����7KH���ILUVW���OHQV���LV���D���IRUPDOLVW���OHQV���
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ZKLFK���DLPV���WR���DQDO\]H���WKH���VWUXFWXUH���DQG���PHFKDQLFV���RI���WKH���VWRU\���WKURXJK���WKH���REMHFWLYH���GLPHQVLRQV���
7KLV���LV���WKH���FRPPRQ���PHWKRG���WKDW���PRVW���DSSURDFKHV���RXWOLQHG���DERYH���WDNH���ZKHQ���DQDO\]LQJ���FKLOGUHQ¶V��
QDUUDWLYHV����+RZHYHU����,���JR���EH\RQG���WKH���SUH�H[LVWLQJ���DSSURDFKHV���E\���ORRNLQJ���WKURXJK���WKH���VHFRQG��
OHQV����WKH���LQWHUSUHWLYH���OHQV����ZKLFK���DLPV���WR���FRQVLGHU���WKH���FKLOG¶V���FRQWH[WXDO���IDFWRUV���WR���XQGHUVWDQG��
KRZ���WKH\���PD\���KDYH���LQIOXHQFHG���WKH���FKLOG¶V���QDUUDWLYH���LQ���RUGHU���WR���LQWHUSUHW���WKH���VXEMHFWLYH��
GLPHQVLRQV����VXFK���DV���WKH���ODUJHU���PHDQLQJ���DQG���SXUSRVH���EHKLQG���WKH���FKLOG¶V���VWRU\����7KURXJK���WKHVH���WZR��
OHQVHV����WKLV���IUDPHZRUN���DQVZHUV���1LFRORSRXORX¶V���FDOO���IRU���DQ���LQWHUSUHWLYH����VRFLRFXOWXUDO���DSSURDFK���E\��
VHWWLQJ���XS���D���FRQFUHWH���PHWKRG���IRU���KROLVWLFDOO\���XQGHUVWDQGLQJ���DQG���DQDO\]LQJ���FKLOGUHQ¶V���QDUUDWLYHV����

,Q���RUGHU���WR���VKLIW���WKH���UHDGHU¶V���SHUVSHFWLYH����HDFK���RI���WKHVH���OHQVHV���DVNV���D���GLIIHUHQW���TXHVWLRQ��
ZKHQ���DSSURDFKLQJ���WKHLU���UHVSHFWLYH���QDUUDWLYH���GLPHQVLRQV����,Q���WKLV���ZD\����HDFK���OHQV���KDV���D���VOLJKWO\��
GLIIHUHQW���JRDO����DQDO\]LQJ���WKH���VWUXFWXUH���RU���IXQFWLRQ���RI���QDUUDWLYH����7KHUHIRUH����IRU���HDFK���OHQV���,���ZLOO��
RXWOLQH���WKH���TXHVWLRQ����JRDO����DIIRUGDQFHV����FKDOOHQJHV����DQG���HQG���ZLWK���KRZ���WKH���OHQV���ZRXOG���YLHZ���WKH��
H[DPSOH���VWRU\����SUHVHQWHG���EHORZ���

�
([DPSOH��6WRU\��IURP�����\HDU��ROG���³2QH��WLPH�'DGG\��WRRN�PH��ILVKLQJ��� � � � � � � � � � � �
$QG��FDXJKW�PH�D��JUHDW�EDUUDFXGD����$QG��WKHQ��KH��UHDOL]HG��KH��FRXOGQ¶W�� � � � � � � � � � � �
SXW��KLV��WKXPE��LQ��LWV��PRXWK��EHFDXVH��LW��KDG��VXSHU��VKDUS��WHHWK���<HDK��� � � � � � � � � � � � �
$QG� �WKHQ� �KH� �FRRNHG� �LW� �IRU� �GLQQHU� �DQG� �WKHQ�ZH�KDG� �LW�� �$QG� �WKHQ�� � � � � � � � � � � � � �
WKDW¶V���DOO�´��
�

�� )RUPDOLVW���/HQV���
D� 4XHVWLRQ�����'RHV���WKH���REMHFWLYH���GLPHQVLRQ���H[LVW���LQ���WKH���QDUUDWLYH"���,I���VR����KRZ���LV���LW��

SUHVHQWHG"��
E� *RDO�����7KH���SXUSRVH���RI���XVLQJ���WKLV���OHQV���LV���WR���LGHQWLI\���DQG���DQDO\]H���WKH���VWUXFWXUDO��

HOHPHQWV���RI���FKLOGUHQ¶V���QDUUDWLYHV���
F� $IIRUGDQFHV�����7KH���GDWD���IURP���WKLV���OHQV���LV���PRUH���HDVLO\���LGHQWLILDEOH����PHDVXUDEOH����DQG��

�RIWHQ����DXWRPDWDEOH���
G� &KDOOHQJHV�����7KH���GDWD���IURP���WKLV���OHQV���GRHV���QRW���VKRZ���WKH���ZKROH���SLFWXUH���EHFDXVH���LW��

GRHV���QRW���DFFRXQW���IRU���WKH���LQWHUSUHWLYH���RU���VRFLDO���HOHPHQWV���RI���WKH���FKLOG¶V���VWRU\����LW���FDQ��
QHLWKHU���LGHQWLI\���QRU���DQDO\]H���WKH���QRQ�VWUXFWXUDO���HOHPHQWV���RI���D���QDUUDWLYH���

H� ([DPSOH�����7KH���IRUPDOLVW���OHQV���ZRXOG���DQDO\]H���WKH���IRXU���\HDU���ROG¶V���VWRU\���E\��
LGHQWLI\LQJ���WKH���REMHFWLYH���GLPHQVLRQV����
L� 7KHUH���DUH���WKUHH���FKDUDFWHUV���LQ���WKLV���VWRU\����WKH���GDG����WKH���DXWKRU����IRXU�\HDU�ROG��

ER\�����DQG���WKH���ILVK����JUHDW���EDUUDFXGD����
LL� 7KH���VHWWLQJ�FRQWH[W���RI���WKH���VWRU\���LV���QRW���H[SOLFLW����EXW���FDQ���EH���LPSOLHG���WKDW���LW���LV��

VRPH���WLPH���LQ���WKH���SDVW���RXWVLGH���E\���D���ERG\���RI���ZDWHU���
LLL� 7KH���HYHQW���LV���D���ILVKLQJ���WULS����ZLWK���VHYHUDO���DFWLRQV����JRLQJ���ILVKLQJ����FDWFKLQJ���D��

JUHDW���EDUUDFXGD����SXWWLQJ���D���WKXPE���LQ���LWV���PRXWK����DQG���FRRNLQJ���DQG���HDWLQJ���LW��
IRU���GLQQHU���

LY� 6SDWLDO���RUJDQL]DWLRQ���LV���QRW���DSSOLFDEOH���WR���WKLV���VWRU\���EHFDXVH���LW���LV���DQ���RUDO��
VWRU\���DQG���WKH���VFHQHV���DUH���QRW���GHVFULEHG���LQ���GHWDLO���

Y� 7HPSRUDO���RUJDQL]DWLRQ���LV���D���IRFXVHG���FKDLQ����ZLWK���D���ORJLFDO���VHTXHQFH���RI��
HYHQWV���FHQWHUHG���DURXQG���D���WRSLF����WKH\���JR���ILVKLQJ����FDWFK���D���ILVK����WKH���GDG���FDQ¶W��
SXW���D���ILQJHU���LQ���WKH���ILVK¶V���PRXWK���EHFDXVH���VKDUS���WHHWK����FDXVDO���OLQN�����FRRNHG���LW��
IRU���GLQQHU����DWH���LW���

�����



�

YL� 7KH���SORW���RI���WKLV���VWRU\���LV���DERXW���WKH���DXWKRU���DQG���KLV���GDG���JRLQJ���RQ���D���ILVKLQJ��
WULS���DQG���FDWFKLQJ���D���JUHDW���EDUUDFXGD���ZLWK���VKDUS���WHHWK���

YLL� :H���FDQ���ORRN���DW���PDQ\���GLIIHUHQW���OLQJXLVWLF���IHDWXUHV���WKH���FKLOG���GHPRQVWUDWHV���
VXFK���DV���WUDQVLWLRQV���ZLWK���WHPSRUDO���PDUNHUV����L�H�����RQH���WLPH����DQG���WKHQ�����FDXVDO��
PDUNHUV����L�H�����EHFDXVH�����UHIOHFWLYH���ODQJXDJH����L�H�����UHDOL]HG�����+H���WHOOV���WKLV��
VWRU\���LQ���WKH���SDVW���WHQVH����XVLQJ���SDVW���WHQVH���YHUEV����H�J�����WRRN����FDXJKW����UHDOL]HG���
KDG����FRRNHG����KDG����

YLLL� 7KLV���VWRU\���LV���WROG���LQ���WKH���ILUVW�SHUVRQ���IURP���WKH���FKLOG¶V���SHUVSHFWLYH���E\���WKH���XVH��
RI���SRVLWLRQ���VWDWHPHQWV����H�J�����³PH´����

L[� 7KH���JHQUH���RI���WKLV���VWRU\���LV���UHDO���OLIH����RU���QRQILFWLRQ����,W���LV���D���UHFRXQW����D���SHUVRQDO��
DFFRXQW���WROG���WR���DQ���DXGLHQFH���ZKR���GLG���QRW���VKDUH���LQ���WKH���H[SHULHQFH���

�� ,QWHUSUHWLYH���/HQV��
D� 4XHVWLRQV�����7KH���LQWHUSUHWLYH���OHQV���DVNV���WZR���PDLQ���TXHVWLRQV����������+RZ���GR���WKH���FKLOG¶V��

FRQWH[WXDO���IDFWRUV����L�H�����DJH����VNLOO����LQWHQWLRQ����LQWHQGHG���DXGLHQFH����H[SHULHQFH���
VRFLRFXOWXUDO���FRQWH[W����LQIOXHQFH���WKH���UHSUHVHQWDWLRQ���RI���WKH���QDUUDWLYH���GLPHQVLRQV"��
������&RQVLGHULQJ���WKH���FRQWH[WXDO���IDFWRUV���DQG���VWUXFWXUH���RI���WKH���VWRU\����ZKDW���LV���WKH��
JUHDWHU���PHDQLQJ���EHKLQG���WKH���VXEMHFWLYH���GLPHQVLRQV���WKDW���WKH���FKLOG���LV���WU\LQJ���WR��
H[SUHVV���WKURXJK���KLV�KHU���VWRU\"���

E� *RDOV�����7KHUH���DUH���WZR���PDLQ���SXUSRVHV���RI���WKH���LQWHUSUHWLYH���OHQV����������WR���DFFRXQW���IRU���WKH��
IXQFWLRQ���RI���FKLOGUHQ¶V���VWRULHV���E\���LQWHUSUHWLQJ���WKH���VXEMHFWLYH���GLPHQVLRQV����VXFK���DV��
SXUSRVH���DQG���PHDQLQJ���RI���WKH���VWRU\����LQIRUPHG���E\���D���FRPELQDWLRQ���RI���WKH���QDUUDWLYH¶V��
VWUXFWXUDO���IHDWXUHV���DQG���WKH���FKLOG¶V���FRQWH[WXDO���IDFWRUV����DQG���������WR���DFFRXQW���IRU���WKH��
LQGLYLGXDO���DQG���VRFLDO���FRPSRQHQWV���RI���FKLOGUHQ¶V���OHDUQLQJ���E\���FRQVLGHULQJ���WKH��
FRQWH[WXDO���IDFWRUV���WKDW���LQIOXHQFH���FKLOGUHQ¶V���QDUUDWLYHV���

F� $IIRUGDQFHV�����7KH���GDWD���IURP���WKLV���OHQV���KHOSV���LGHQWLI\���DQG���DQDO\]H���WKH���LQWHUSUHWLYH��
HOHPHQWV���RI���D���VWRU\����VXFK���DV���FKLOGUHQ¶V���UHSUHVHQWDWLRQ���RI���VHOI���WKURXJK���FKDUDFWHUV���
7KLV���OHQV���LV���LPSHUDWLYH���IRU���JHWWLQJ���D���KROLVWLF���YLHZ���RI���D���FKLOG¶V���QDUUDWLYH���E\��
VXSSOHPHQWLQJ���WKH���VWUXFWXUDO���HOHPHQWV���RI���D���QDUUDWLYH���ZLWK���WKH���SXUSRVH���
)XUWKHUPRUH����WKH���GDWD���IURP���WKLV���OHQV���DLPV���WR���LGHQWLI\���WKH���VRFLDO���LQIOXHQFHV���DQG��
FRPPXQLFDWLYH���IXQFWLRQ���RI���QDUUDWLYHV����7KURXJK���FRQVLGHULQJ���FRQWH[WXDO���IDFWRUV��
VXFK���DV���VRFLRFXOWXUDO���FRQWH[W����WKH���GDWD���IURP���WKLV���OHQV���LV���OHVV���VXVFHSWLEOH���WR��
FXOWXUDOO\���ELDVHG���PHWKRGRORJLHV���IRU���DQDO\]LQJ���VWRULHV����

G� &KDOOHQJHV�����7KH���GDWD���IURP���WKLV���OHQV���LV���QRW���HDVLO\���LGHQWLILDEOH����PHDVXUDEOH����RU��
DXWRPDWDEOH����DV���D���KXPDQ���LV���QHHGHG���WR���PDNH���LQWHUSUHWDWLRQV����1DUUDWLYHV���H[LVW���LQ��
YHULVLPLOLWXGH����L�H�����WKH���DSSHDUDQFH���RI���WUXWK�����DQG���DFFRUGLQJ���WR���WKH���KHUPHQHXWLF��
F\FOH����ZH���FDQ���QHYHU���SURYH���ZKHWKHU���DQ���LQWHUSUHWDWLRQ���LV���FRUUHFW����)RU���PRUH���DFFXUDWH��
LQWHUSUHWDWLRQV����DFFHVV���WR���FRQWH[WXDO���NQRZOHGJH���DERXW���WKH���FKLOG���LV���KHOSIXO����EXW���QRW��
DOZD\V���NQRZQ���RU���DFFHVVLEOH����PDNLQJ���LQWHUSUHWDWLRQ���RI���WKH���GLPHQVLRQV���KDUGHU���DQG��
PRUH���VXVFHSWLEOH���WR���PLVLQWHUSUHWDWLRQ����,I���FRQWH[WXDO���LQIRUPDWLRQ���LV���LQDFFHVVLEOH���
WKH���LQWHUSUHWDWLRQ���KDV���WR���EH���EDVHG���RQ���WKH���LQIRUPDWLRQ���IURP���WKH���IRUPDOLVW���OHQV���RQO\���

H� ([DPSOH�����7KH���LQWHUSUHWLYH���OHQV���ZRXOG���DQDO\]H���WKH���IRXU���\HDU���ROG¶V���VWRU\���E\���ILUVW��
FRQVLGHULQJ���WKH���FKLOG¶V���FRQWH[WXDO���IDFWRUV���DQG���WKHQ���XVLQJ���WKHP���WR���LQWHUSUHW���WKH��
VXEMHFWLYH���GLPHQVLRQV���
L� 7KH���NQRZQ���FRQWH[WXDO���IDFWRUV���IRU���WKLV���FKLOG���DUH���SUHVHQWHG���LQ���WKH���IROORZLQJ��

SURILOH����7KH���DXWKRU���LV���D���IRXU���\HDU���ROG���ER\���ZLWK���DERYH���DYHUDJH���UHDGLQJ���DQG��
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OLWHUDF\���VNLOOV���DQG���DWWHQGV���D���SULYDWH���SUHVFKRRO����+H���LV���SDUW���RI���D��
&KLQHVH�$PHULFDQ���IDPLO\���OLYLQJ���LQ���DQ���DIIOXHQW���QHLJKERUKRRG���LQ���WKH��
*UHDWHU���%RVWRQ���$UHD���ZLWK���KLV���SDUHQWV����WZLQ���EURWKHU����DQG���ROGHU���VLVWHU����+H���LV��
TXLHWHU���WKDQ���KLV���WZLQ���EURWKHU���DQG���DGRUHV���KLV���ROGHU���VLVWHU����+H���ORYHV���UHDGLQJ���
VKDUNV����WUDQVSRUWDWLRQ����H�J�����WUDLQV����FDUV����EXVHV�����ILVKLQJ����DQG���VSHQGLQJ���WLPH��
ZLWK���KLV���SDUHQWV����+LV���IDPLO\���LV���YHU\���DFWLYH���LQ���WKH���FRPPXQLW\���DQG���RIWHQ��
KRVWV���FRPPXQLW\���HYHQWV���LQ���WKHLU���KRXVH����7KLV���VWRU\���ZDV���WROG���WR���D���EDE\VLWWHU��
ZKR���KDG���DVNHG���IRU���WKH���FKLOG���WR���WHOO���D���VWRU\���DERXW���DQ\WKLQJ���KH���ZDQWHG���

LL� 7KH���PRWLYDWLRQ���RU���SXUSRVH���RI���WHOOLQJ���WKLV���VWRU\���ZDV���LQ���UHVSRQVH���WR���WKH��
EDE\VLWWHU���DVNLQJ���IRU���D���VWRU\���DERXW���DQ\WKLQJ����7KH���FKLOG���FKRVH���WKLV���VWRU\��
EHFDXVH���LW���ZDV���D���KDSS\���PHPRU\���DERXW���KLP���DQG���KLV���GDG���ILVKLQJ���

LLL� 7KH���YDOXH���H[SUHVVHG���LQ���WKLV���VWRU\���LV���VSHQGLQJ���WLPH���ZLWK���IDPLO\���DQG���ORYHG��
RQHV����

LY� 7KH���FKLOG���UHSUHVHQWV���KLV���LGHQWLW\���LQ���WKH���VWRU\���ERWK���DV���DQ���DFWLYH���FKDUDFWHU��
�H�J�����ZH���KDG���LW����DQG���DV���DQ���REVHUYHU����H�J�����ZDWFKLQJ���KLV���GDG���FDWFK����WRXFK���
DQG���FRRN���WKH���ILVK����

Y� 7KHUH���LV���QRW���D���ORW���RI���HPRWLRQDO���H[SUHVVLRQ���RU���UHSUHVHQWDWLRQ���RI���HPSDWK\���LQ��
WKLV���VWRU\����7KH���FKLOG���VWDUWV���WR���GHVFULEH���WKH���LQWHUQDO���PHQWDO���VWDWH���RI���KLV���GDG��
�H�J�����KH���UHDOL]HG�����EXW���WKLV���VWRU\���LV���PRUH���GHVFULSWLYH���RI���WKH���DFWLRQV���WKDW��
RFFXUUHG���WKDQ���FRPPXQLFDWLQJ���WKH���HPRWLRQV���H[SHULHQFHG���

YL� 7KH���PHDQLQJ���EHKLQG���WKLV���VWRU\���PLJKW���EH���WKDW���WKH���FKLOG���UHPHPEHUV���D��
ZRQGHUIXO���H[SHULHQFH���ZLWK���KLV���GDG���ZKHUH���WKH\���ZHQW���ILVKLQJ���DQG���FDXJKW��
WKHLU���RZQ���IRRG����7KH���IDFW���WKDW���KLV���VLEOLQJV���DUHQ¶W���PHQWLRQHG���LQ���WKH���VWRU\��
PLJKW���LQGLFDWH���WKDW���LW���ZDV���D���VSHFLDO���PRPHQW���EHWZHHQ���KLP���DQG���KLV���IDWKHU���
+H���H[SODLQV���WKDW���WKH���GDG���FDXJKW���WKH���ILVK���IRU���KLP����7KH���VXUSULVH���WKDW���WKH���ILVK��
KDG���WHHWK���ZDV���H[KLODUDWLQJ���LQ���LWV���GDQJHU����DQG���WKH���GDG���FDWFKLQJ���DQG���FRRNLQJ��
LW���FRXOG���GHSLFW���KLV���GDG���DV���D���KHUR����

�
7KH���FRQWH[WXDO���IDFWRUV���DUH���LPSRUWDQW���LQ���JURXQGLQJ���WKH���LQWHUSUHWLYH���OHQV����)RU���H[DPSOH����LQ��

ORRNLQJ���DW���WKH���H[DPSOH���VWRU\���DERYH����\RXU���LQWHUSUHWDWLRQ���RI���WKH���VWRU\���PLJKW���EH���GLIIHUHQW���LI���\RX��
NQHZ���LW���ZDV���ZULWWHQ���E\���D��������\HDU���ROG���LQVWHDG���RI���D���IRXU���\HDU���ROG����-XVW���DV���ZH���PXVW���FRQVLGHU���WKH��
FKLOG¶V���FRQWH[W���DQG���H[SHULHQFHV���LQ���LQWHUSUHWLQJ���WKH���VWRU\����ZH���FDQQRW���LJQRUH���WKH���LPSDFW���WKDW���WKH��
UHDGHU¶V���H[SHULHQFH���ZLOO���KDYH���RQ���WKH���LQWHUSUHWDWLRQ���RI���WKH���FKLOG¶V���VWRU\����7KHUHIRUH����VLPLODU���WR���WKH��
FKLOG¶V���FRQWH[WXDO���IDFWRUV����ZH���FDQ���XVH���D���VLPSOLILHG���YHUVLRQ���RI���WKH���HFRORJLFDO���V\VWHPV���PRGHO���WR��
GHVFULEH���WKH���UHDGHU¶V���FRQWH[WXDO���IDFWRUV���DQG���KRZ���WKH\���LQIOXHQFH���KLV�KHU���LQWHUSUHWDWLRQ���RI���WKH��
FKLOG¶V���QDUUDWLYH���

�
)LJXUH���������$OLJQLQJ���WKH���UHDGHU¶V���H[SHULHQFH���WR���WKH���(FRORJLFDO���6\VWHPV���0RGHO��
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�
7KH���LQWHUSUHWLYH���OHQV���SURYLGHV���LPPHQVH���YDOXH���LQ���VHYHUDO���ZD\V����)LUVW����DV���,���KDYH���PHQWLRQHG��

SUHYLRXVO\����LW���LQFRUSRUDWHV���WKH���PDWKHWLF���DQG���FRPPXQLFDWLYH���IXQFWLRQV���RI���FKLOGUHQ¶V���QDUUDWLYHV��
WKURXJK���WKH���FRQWH[WXDO���IDFWRUV���DQG���WKH���VXEMHFWLYH���GLPHQVLRQV����6HFRQG����E\���XQGHUVWDQGLQJ���WKH��
PHDQLQJ���DQG���SXUSRVH���RI���FKLOGUHQ¶V���VWRULHV����WKH���UHDGHU���LV���DEOH���WR���UHVSRQG���PHDQLQJIXOO\���WR���WKH��
FKLOG¶V���VWRU\����7KHVH���PHDQLQJIXO���EDFN�DQG�IRUWK���LQWHUDFWLRQV���EHWZHHQ���UHDGHU���DQG���ZULWHU���LV���WKH���EDVLV��
IRU���IRUPLQJ���D���UHODWLRQVKLS����ZKLFK���LQ���WXUQ���KHOSV���WKH���UHDGHU���OHDUQ���PRUH���DERXW���WKH���FKLOG���DQG���EHWWHU��
LQWHUSUHW���WKHLU���ODWHU���VWRULHV����7KLUG����WKH���YDOXH���RI���WKH���LQWHUSUHWLYH���DQDO\VLV���LV���HYHQ���PRUH���SRZHUIXO��
ZKHQ���H[WHQGHG���LQWR���WKH���VRFLDO���VSDFH����ZKHUH���WKH���UHDGHU���FDQ���JHW���DQ���XQGHUVWDQGLQJ���RI���FKLOGUHQ¶V��
UHODWLRQVKLSV���ZLWK���RWKHUV����VHH���WKHLU���G\QDPLFV���DW���SOD\���WKDW���LQIOXHQFH���WKHLU���VWRULHV����DQG���OHDUQ���DERXW��
FKLOGUHQ¶V���PRWLYDWLRQV����7KH���LQWHUSUHWLYH���OHQV���KHOSV���WKH���UHDGHU���EHJLQ���WR���H[SORUH���WKH���UHODWLRQDO��
VSDFH���RI���FKLOGUHQ¶V���QDUUDWLYHV����ZKLFK���LQ���WXUQ���EXLOGV���WUXVW���EHWZHHQ���WKH���UHDGHU���DQG���ZULWHU����DQG���WKH��
ZULWHU���LV���DEOH���WR���EHWWHU���XQGHUVWDQG���DQG���VXSSRUW���WKH���QDUUDWLYH���JRDOV���RI���WKH���FKLOG���

7KHVH���WKUHH���SDUWV����FRQWH[WXDO���IDFWRUV����QDUUDWLYH���GLPHQVLRQV����DQG���WKH���WZR���OHQVHV����PDNH���XS��
WKH���7ZR�/HQV���$SSURDFK����1RZ���,���ZLOO���H[SORUH���KRZ���WKLV���DSSURDFK���ZRUNV���LQ���DFWLRQ���
�
������7KH���7ZR�/HQV���$SSURDFK���,Q�$FWLRQ����&DVH���6WXG\���ZLWK���0\���)LUVW���*UDGH��
6WRU\��

7KH���SXUSRVH���RI���UXQQLQJ���WKLV���VWRU\���WKURXJK���P\���IUDPHZRUN���LV���WR���VHH���KRZ���LW���ZRUNV���LQ���DFWLRQ���
DQG���PDNH���VXUH���WKDW���LW���FDQ���EH���DSSOLHG���WR���RWKHU���VWRULHV���DQG���FRQWH[WV���RXWVLGH���RI���WKH���/HDUQLQJ���/RRSV��
V\VWHP����,Q���WKLV���VHFWLRQ���,���ZLOO���VKDUH���D���VWRU\���,���ZURWH���DERXW���P\���FRXVLQ���ZKHQ���,���ZDV���VL[���\HDUV���ROG����,��
ZLOO���WKHQ���SURYLGH���D���SURILOH���RI���P\���VL[���\HDU���ROG���VHOI���DQG���XVH���WKH���WZR���OHQVHV���WR���H[DPLQH���WKH��
VWUXFWXUDO���DQG���LQWHUSUHWLYH���DVSHFWV���RI���P\���FKLOGKRRG���VWRU\���
�
$ERXW���0\���&RXVLQ����E\���$QQHOL���+HUVKPDQ����$JH������

������ ����� �

%\���$QQHOL���+HUVKPDQ���DERXW��
P\���FRXVLQ��

0\���FRXVLQ���LV���ZLOG����+H���OLNHV���WR��
SOD\���ZLWK���KLV���VLWHU���>�VLVWHU�@���

+H���JUDEV���WKLQJV���IURP���SHRS�H��
>�SHRSOH�@���

�

�����
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+H���OLNHV���WR���ZUHVWOH���DORW���>�D��
ORW�@����³:RZ´���³1R´��

+H���OLNV���>�OLNHV�@���WR���PDNH��
GUDJRQV���

+H���QHYHU���XVHV���D���UXOHU���

�
3URILOH���RI���.LG���$QQHOL����UHODWHV���WR���FRQWH[WXDO���IDFWRUV����

Ɣ $JH�����VL[�\HDU�ROG���JLUO��
Ɣ 6FKRRO������VW���JUDGHU���DW���:HVWZRRG���(OHPHQWDU\����SXEOLF����LQ���WKH���VXEXUEV���RI���&OHYHODQG����2+��
Ɣ )DPLO\�����-DNH����EURWKHU����WHQ���\HDUV���ROG�����0DULH����PRWKHU�����&OLII����IDWKHU�����-RUGDQ����FRXVLQ����DJH��

ILYH�����+DOH\����FRXVLQ����WHQ���PRQWKV����
Ɣ ,QWHUHVWV�����6SLFH���*LUOV����DFWLQJ����VLQJLQJ����UROOHU���VNDWLQJ����VWRU\WHOOLQJ����DQLPDOV����GUDZLQJ���

KRUVHEDFN���ULGLQJ����VRFFHU����VNLLQJ����SOD\LQJ���ZLWK���IULHQGV���DQG���IDPLO\���
Ɣ 5RXWLQHV�����:HHNO\���GLQQHU���ZLWK���H[WHQGHG���IDPLO\����FRXVLQV����DXQWV����XQFOHV����JUDQGSDUHQWV����
Ɣ 5HFHQW���([SHULHQFHV�����-XVW���PRYHG���WR���D���QHZ���KRPH���DQG���VZLWFKHG���VFKRRO���V\VWHPV����IURP��

0RQWHVVRUL���WR���3XEOLF���6FKRRO�����MXVW���UHFHLYHG���WKH���OHDG���UROH���LQ���VFKRRO���SOD\����PDNLQJ���QHZ��
IULHQGV����MRLQHG���D���QHZ���VRFFHU���WHDP����OHDUQLQJ���KRZ���WR���MXPS���KRUVHV����QHZ���EDE\���FRXVLQ���ZDV��
ERUQ���WHQ���PRQWKV���DJR���

Ɣ 3HUVRQDOLW\�����IULHQGO\����HQHUJHWLF����KHOSIXO����SDWLHQW����VWURQJ�PLQGHG����LPDJLQDWLYH����REVHUYDQW���
Ɣ 1DUUDWLYH���6NLOOV�����VWURQJ���RUDO���QDUUDWLYH���VNLOOV����GLIILFXOW\���ZLWK���UHDGLQJ����ZULWLQJ����DQG���VSHOOLQJ��

�GLDJQRVLV���RI���G\VOH[LD���DW���������XQGLDJQRVHG���DW��������
Ɣ &XOWXUH�����$PHULFDQ�(XURSHDQ����FHOHEUDWHV���-HZLVK���DQG���)UHQFK���KHULWDJH��
Ɣ 6WRU\���&RQWH[W�����ZULWWHQ���DW���KRPH����ZLWK���KHOS���IURP���IDWKHU�����LQWHQGHG���IRU���$XQW���ZKR���OLYHV���LQ��

%RVWRQ���DQG���LV���DQ���DXWKRU����6WRU\���LV���VSRQWDQHRXV���DQG���ZDV���QRW���SURPSWHG���E\���DQ���DGXOW���
�
)RUPDOLVW���/HQV����ZKLFK���REMHFWLYH���GLPHQVLRQV���H[LVW���DQG���KRZ���DUH���WKH\���SUHVHQWHG"���

Ɣ &KDUDFWHUV�����-RUGDQ����FRXVLQ�����+DOH\����FRXVLQ¶V���\RXQJHU���VLVWHU�����$GXOWV����XQFOH���DQG���DXQW����
$QQHOL����QDUUDWRU����

Ɣ (YHQWV�$FWLRQV����������7LWOH���3DJH���������-RUGDQ���SOD\V���ZLWK���KLV���VLVWHU����DQG���PDNHV���KHU���FU\����������KH��
JUDEV���WKLQJV���IURP���SHRSOH���������KH���ZUHVWOHV���������KH���GUDZV���SLFWXUHV���RI���GUDJRQV���������KH���GRHVQ¶W��
XVH���D���UXOHU����

Ɣ &RQWH[W�6HWWLQJ�����-RUGDQ¶V���KRXVH����OLYLQJ���URRP����EHGURRP���
Ɣ 6SDWLDO���2UJDQL]DWLRQ�����FRPSRVLWLRQ���E\���VFHQH����������)ODJ���RI���(QJODQG����KHDUWV����DQG���D���VPLOH\��

IDFH���������-RUGDQ���UXQQLQJ���LQ���DQG���VFUHDPLQJ���ZKLOH���+DOH\���FULHV���������-RUGDQ���VPLOLQJ���ZLWK���REMHFW��
LQ���KDQG���ZKLOH���+DOH\���FULHV����XQFOH���\HOOV���DQG���SRLQWV���DQG���DXQW���VPLOHV���������-RUGDQ���MXPSV��
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WKURXJK���DLU���WR���ZUHVWOH���RQ���WKH���EHG���ZKLOH���XQFOH���RQ���WKH���EHG���FDWFKHV���KLP���DQG���VD\V���³QR´��������
-RUGDQ���KDSSLO\���VKRZLQJ���D���SLFWXUH����GUDZLQJ����RI���D���GUDJRQ����-RUGDQ����WHHWK���VKRZLQJ����HLWKHU��
UHDFKLQJ���IRU���RU���WKURZLQJ���DZD\���D���UXOHU���

Ɣ 7HPSRUDO���2UJDQL]DWLRQ�����5HODWHG���OLVW����WKH���VFHQHV���DUH���RUGHUHG���RQO\���E\���WKH���QXPEHUV���RQ���WKH��
ERWWRP���RI���WKH���SDJH����EXW���DUH���QRW���WROG���RYHU���D���VSHFLILF���WLPH���RU���OLQNHG���WRJHWKHU���E\���FDXVDOLW\���
+RZHYHU����WKH���ILYH���VHSDUDWH���DFWLRQV�VFHQHV���DUH���DOO���UHODWHG���E\���WKH���FRQWHQW���DERXW���WKH���ZLOG��
FRXVLQ����-RUGDQ���

Ɣ 3ORW�����7KLV���VWRU\���LV���DERXW���D���ZLOG���FRXVLQ���ZKR���OLNHV���WR���SOD\���URXJK����LVQ¶W���DOZD\V���DZDUH���RI���KLV��
VXUURXQGLQJV����DQG���GRHVQ¶W���DOZD\V���IROORZ���WKH���UXOHV����RU���XVH���D���UXOHU����

Ɣ /DQJXDJH�����7KH���NLQGV���RI���ODQJXDJH���XVHG���LQ���WKLV���VWRU\���DUH���GLDORJXH����³ZRZ´���DQG���³QR´����DQG��
QDUUDWLRQ����5HVHDUFKHUV���PD\���ORRN���DW���PDQ\���GLIIHUHQW���DVSHFWV���RI���ODQJXDJH���RU���OLQJXLVWLF��
IHDWXUHV����IRU���WKH���SXUSRVHV���RI���WKLV���H[DPSOH����ZH���ZLOO���ORRN���DW���WKH���IROORZLQJ���DVSHFWV���RI��
ODQJXDJH���

ż (PRWLRQDO���9RFDEXODU\�������ZLOG����OLNHV����ZRZ��
ż 2QRPDWRSRHLD�������Q�D��
ż 9HUE���7HQVH�������SUHVHQW��
ż 3URQRXQV�������KH����KLV��
ż 7HPSRUDO���0DUNHUV�������Q�D��
ż &DXVDO���0DUNHUV�������Q�D��
ż /LQJXLVWLF���&RKHVLRQ�������QR���SDUWLFXODU���RUGHU���RU���OLQJXLVWLF���FRQQHFWLRQ���RI���VHQWHQFHV���
ż 6HQWHQFH���6WUXFWXUH�������FRPSOHWH����VLPSOH���VHQWHQFHV��

Ɣ 9LHZSRLQW�3HUVSHFWLYH�����WKLUG�SHUVRQ����WROG���IURP���WKH���QDUUDWRU¶V����$QQHOL¶V����SRLQW���RI���YLHZ���
Ɣ 7KHPH�*HQUH�����7KLV���VWRU\���LV���FDWHJRUL]HG���DV���DQ���DFFRXQW����,W���LV���DQ���XQSURPSWHG���H[SODQDWLRQ��

DERXW���UHDO���HYHQWV���WKDW���WKH���DXWKRU���H[SHULHQFHG���RU���ZLWQHVVHG����2QH���FOHDU���WKHPH���LQ���WKLV���VWRU\��
LV���IDPLO\���

�
,QWHUSUHWLYH���/HQV����KRZ���GR���WKH���FRQWH[WXDO���IDFWRUV���LQIOXHQFH���WKH���VWRU\���DQG���ZKDW���LV���WKH���ODUJHU��
PHDQLQJ���EHKLQG���WKH���GLPHQVLRQV���LQ���WKH���VWRU\"���

/RRNLQJ���DW���WKH���SURILOH���RI���.LG���$QQHOL����ZH���FDQ���JHW���D���VHQVH���RI���KRZ���VRPH���RI���WKH���FRQWH[WXDO��
IDFWRUV���PD\���KDYH���LQIOXHQFHG���KHU���VWRU\����7R���GR���WKLV����ZH���ILUVW���ORRN���DW���WKH���FRQWH[WXDO���IDFWRUV���WKDW���ZH��
NQRZ����DQG���WKHQ���FRQVLGHU���KRZ���WKH\���PLJKW���LQIRUP���RXU���LQWHUSUHWDWLRQ���RI���WKH���PHDQLQJ���RI���WKH���VWRU\���
7KH���IROORZLQJ���DUH���D���FRXSOH���H[DPSOHV���RI���ZD\V���WKDW���$QQHOL¶V���NQRZQ���FRQWH[WXDO���IDFWRUV���FDQ���EH��
OLQNHG���ZLWK���KHU���VWRU\����)LUVW����$QQHOL���LV���VL[���\HDUV���ROG���DQG���LQWHUHVWHG���LQ���KHU���FRXVLQ����-RUGDQ����ZKR���LV��
RQH���\HDU���\RXQJHU���WKDQ���KHU����+HU���LQIDWXDWLRQ���ZLWK���KHU���FRXVLQ���DQG���WKH���IDFW���WKDW���KH���LV���D���UHJXODU��
LQIOXHQFH���LQ���KHU���OLIH����WKH\���PHHW���ZHHNO\���DW���IDPLO\���GLQQHUV����PD\���KDYH���LQVSLUHG���WKH���FRQWHQW���RI���KHU��
VWRU\����6HFRQG����$QQHOL���ZURWH���WKLV���VWRU\���IRU���KHU���DXQW����ZKR���LV���DQ���DXWKRU���EHFDXVH���VKH���ZDV���LQVSLUHG���WR��
ZULWH���D���ERRN���MXVW���OLNH���KHU���DXQW����7KLV���FRXOG���KDYH���LQIOXHQFHG���ERWK���WKH���FRQWHQW���RI���KHU���VWRU\����ZULWLQJ��
DERXW���D���IDPLO\���PHPEHU���WKH\���ERWK���NQRZ����DV���ZHOO���DV���WKH���VW\OH���DQG���VWUXFWXUH���RI���KHU���VWRU\����ZULWLQJ���LW��
LQ���D���FKDLQ���RI���HYHQWV���IRUPDW���ZLWK���FRPSOHWH���VHQWHQFHV�����7KLUG����$QQHOL¶V���IDWKHU���ZDV���KHOSLQJ���KHU����VKH��
FRXOG���QRW���KDYH���VSHOOHG���WKH���ZRUG���³ZUHVWOH´���RQ���KHU���RZQ�����DQG���VKH���WROG���KHU���VWRU\���XVLQJ���D���ZULWWHQ��
PHGLXP����ZKLFK���PD\���KDYH���DOVR���LQIOXHQFHG���WKH���OLVW�OLNH���VWUXFWXUH���RI���WKH���VWRU\���UDWKHU���WKDQ���WKH��
WHPSRUDO���DQG���FDXVDO���OLQNDJHV���WKDW���VKH���FRXOG���SURGXFH���LQ���KHU���RUDO���QDUUDWLYHV����)RXUWK����$QQHOL���MXVW��
PRYHG���IURP���D���0RQWHVVRUL���VFKRRO���WR���D���SXEOLF���VFKRRO����ZKHUH���WKH���UXOHV���DQG���OHYHO���RI���DXWRQRP\���JLYHQ��
WR���WKH���VWXGHQWV���ZDV���YHU\���GLIIHUHQW����7KLV���H[SHULHQFH���FRXOG���KDYH���LQIOXHQFHG���WKH���YDOXHV���H[SUHVVHG���LQ��
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KHU���VWRU\����)LIWK����WKH���EULWLVK���IODJ���RQ���WKH���WLWOH���SDJH����ZKLOH���XQUHODWHG���WR���WKH���VWRU\����PD\���KDYH���EHHQ��
LQIOXHQFHG���E\���$QQHOL¶V���REVHVVLRQ���ZLWK���6SLFH���*LUOV���DW���WKH���WLPH���

%\���FRPELQLQJ���WKH���DQDO\VHV���IURP���WKH���IRUPDOLVW���OHQV���DQG���.LG���$QQHOL¶V���FRQWH[WXDO���IDFWRUV���
ZH���FDQ���LQWHUSUHW���VRPH���RI���WKH���VXEMHFWLYH���GLPHQVLRQV���RI���KHU���VWRU\����)LUVW����WKH���UHSUHVHQWDWLRQ���RI��
HPRWLRQV���WKURXJKRXW���WKH���VWRU\���YDULHG����-RUGDQ¶V���H[SUHVVLRQ���LV���\HOOLQJ����KDSS\����H[FLWHG����KDSS\����DQG��
PLVFKLHYRXV����+DOH\¶V���H[SUHVVLRQ���LV���FU\LQJ���LQ���ERWK���VFHQHV����8QFOH¶V���H[SUHVVLRQ���LV���VFROGLQJ���DQG��
VFDUHG����DQG���$XQW¶V���H[SUHVVLRQ���LV���KDSS\����$OO���H[SUHVVLRQV���H[FHSW���IRU���WKH���DXQW¶V���DUH���FRQVLVWHQW���ZLWK��
WKH���VWRU\����:KHQ���+DOH\���FULHV����LW���LV���LQFRQJUXHQW���ZLWK���WKH���HPRWLRQDO���WRQH���RI���WKH���QDUUDWLRQ���LQ���VFHQH��
RQH����SOD\LQJ���ZLWK���KLV���VLVWHU�����LPSO\LQJ���WKDW���KH���OLNHV���WR���SOD\���EXW���KLV���VLVWHU���GRHV���QRW���DQG���KH���PLJKW��
SOD\���WRR���URXJK���ZLWK���KHU����7KLV���LQFRQJUXHQFH���LV���VLPLODU���WR���WKH���XQFOH¶V���H[SUHVVLRQ���LQ���VFHQH���WKUHH��
GXULQJ���WKH���ZUHVWOLQJ����6HFRQG����WKH���YDOXHV���H[SUHVVHG���LQ���WKLV���VWRU\���DUH���WKH���LPSRUWDQFH���RI���IROORZLQJ��
UXOHV���DQG���XQGHUVWDQGLQJ���KRZ���\RXU���DFWLRQV���LPSDFW���WKRVH���DURXQG���\RX����7KLUG����WKH���QDUUDWRU����$QQHOL���
LV���WDONLQJ���DERXW���KHU���FRXVLQ����ZKR���LV���D���VHSDUDWH���FKDUDFWHU����+HU���LGHQWLW\���LV���QRW���UHSUHVHQWHG���LQ���WKLV��
VWRU\����DV���VKH���LV���GLVWDQFLQJ���KHUVHOI���IURP���WKH���FKDUDFWHU���RI���KHU���ZLOG���FRXVLQ���

*LYHQ���DOO���RI���WKH���QDUUDWLYH���GLPHQVLRQV����REMHFWLYH���DQG���VXEMHFWLYH����DQG���FRQWH[WXDO��
NQRZOHGJH����P\���LQWHUSUHWDWLRQ���RI���WKH���ODUJHU���PHDQLQJ���EHKLQG���WKLV���VWRU\���LV���WKDW���$QQHOL���LV���IDVFLQDWHG��
E\���KHU���FRXVLQ���DQG���KLV���DELOLW\���WR���GLVUHJDUG���WKH���UXOHV���DQG���EH���VR���ZLOG���DV���WR���QRW���UHFRJQL]H���KRZ���KLV��
DFWLRQV���LPSDFW���WKRVH���DURXQG���KLP����+HU���IRFXV���RQ���KLV���ODFN���RI���UXOHU���XVH���LQ���VFHQH���ILYH���LV���SDUWLFXODUO\��
LQWHUHVWLQJ����DQG���PD\���EH���LQWHUSUHWHG���DV���KHU���H[SUHVVLQJ���KHU���FRQIXVLRQ���RI���PRYLQJ���WR���D���QHZ���VFKRRO��
DQG���HQYLURQPHQW���LQ���ZKLFK���VKH���LV���DVNHG���WR���IROORZ���PRUH���UXOHV����6KH���LV���LQWULJXHG���E\���VRPHRQH���ZKR��
GRHVQ¶W���VHHP���WR���KDYH���DQ\���UHJDUG���IRU���WKH���UXOHV����%\���ZULWLQJ���LQ���WKH���WKLUG���SHUVRQ���DERXW���KHU���FRXVLQ���
$QQHOL���VHHPV���WR���EH���GLVWDQFLQJ���KHUVHOI���IURP���WKH���ZLOG���DFWLRQV���RI���KLV���FKDUDFWHU����,Q���KHU���GHSLFWLRQ���RI��
-RUGDQ���SOD\LQJ���LQ���VFHQH���RQH���ZKLOH���KLV���VLVWHU����+DOH\����FULHV����$QQHOL���PD\���EH���LGHQWLI\LQJ���ZLWK���+DOH\¶V��
FKDUDFWHU����DV���VKH���LV���DOVR���D���\RXQJHU���VLVWHU���DQG���PD\���KDYH���H[SHULHQFHG���EHLQJ���XQLQWHQWLRQDOO\���KXUW��
ZKLOH���SOD\LQJ���ZLWK���KHU���ROGHU���EURWKHU����:LWKRXW���XVLQJ���ODQJXDJH���RU���RWKHU���H[SOLFLW���VWUXFWXUDO��
HOHPHQWV����$QQHOL���GLVSOD\V���FRQVHTXHQFHV���ZLWKLQ���VFHQHV���RQH���DQG���WKUHH���WKURXJK���WKH���LQFRQJUXHQFH���RI��
WKH���QDUUDWLRQ���DQG���WKH���VHFRQG���FKDUDFWHU¶V���HPRWLRQDO���H[SUHVVLRQ����H�J�����+DOH\���FU\LQJ����8QFOH¶V���IHDU����
7KLV���LPSRUWDQW���QXDQFH���ZRXOG���QRW���EH���GHWHFWHG���LI���ZH���ZHUH���RQO\���DQDO\]LQJ���WKH���VWUXFWXUDO���HOHPHQWV��
�H�J�����VWRU\���JUDPPDU����RI���WKLV���VWRU\����<HW���ZLWKLQ���WKHVH���WZR���VFHQHV����D���ORW���LV���EHLQJ���FRPPXQLFDWHG��
DERXW���$QQHOL¶V���SHUFHSWLRQ���RI���KHU���FRXVLQ¶V���ODFN���RI���DZDUHQHVV���IRU���KRZ���KLV���ZLOG���DFWLRQV���LPSDFW��
WKRVH���DURXQG���KLP����,Q���WKH���HQG����WKLV���VWRU\���LV���VRPHZKDW���VDWLULFDO���LQ���LWV���SRUWUD\DO���RI���ZLOG���FRXVLQ��
-RUGDQ���

�
������)XWXUH���&RQVLGHUDWLRQV���RI���WKH���7ZR�/HQV���$SSURDFK��

8SRQ���FUHDWLQJ���DQG���DSSO\LQJ���WKH���7ZR�/HQV���$SSURDFK����WZR���LPSRUWDQW���FRQVLGHUDWLRQV��
EHFDPH���FOHDU���WKDW���QHHG���WR���EH���DGGUHVVHG����)LUVW����WKH���PHGLXP���RI���WKH���VWRU\���JUHDWO\���LPSDFWV���WKH��
QDUUDWLYH���GLPHQVLRQV����HVSHFLDOO\���WKH���REMHFWLYH���GLPHQVLRQV���H[DPLQHG���WKURXJK���WKH���IRUPDOLVW���OHQV���
)RU���H[DPSOH����\RXQJ���FKLOGUHQ���WHQG���WR���LQVHUW���GLDORJXH���DQG���GHVFULEH���WKH���VHWWLQJ���RI���WKH���VWRU\���ODWHU���LQ��
WKHLU���RUDO���QDUUDWLYH���GHYHORSPHQW���>��@����+RZHYHU����WKH���GLJLWDO���PHGLXP���RI���6WRU\%ORFNV���HQFRXUDJHV��
FKLOGUHQ���WR���LQVHUW���GLDORJXH���DQG���LPPHGLDWHO\���VHW���WKH���EDFNJURXQGV����VR���\RXQJ���FKLOGUHQ¶V��
6WRU\%ORFNV���VWRULHV���DUH���PRUH���OLNHO\���WR���HQFRPSDVV���WKRVH���QDUUDWLYH���GLPHQVLRQV���WKDQ���FKLOGUHQ¶V���RUDO��
VWRULHV����6LPLODUO\����6WRU\%ORFNV���LV���YHU\���YLVXDO����VR���WKH���VSDWLDO���RUJDQL]DWLRQ���RU���YLVXDO���FRPSRVLWLRQ���RI��
D���VFHQH���LV���PRUH���LPSRUWDQW���IRU���VRPHWKLQJ���OLNH���6WRU\%ORFNV����EXW���ZRXOG���QRW���QHFHVVDULO\���EH���D��
UHOHYDQW���GLPHQVLRQ���IRU���RUDO���VWRULHV����7KHUHIRUH����D���PDMRU���FRQVLGHUDWLRQ���IRU���WKH���7ZR�/HQV���$SSURDFK��
LV���WR���UHFRJQL]H���ZKLFK���GLPHQVLRQV���DUH���UHOHYDQW���IRU���FHUWDLQ���VWRU\WHOOLQJ���PHGLXPV����,Q���WKLV���ZD\����WKH��
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QDUUDWLYH���PHGLXP���VHUYHV���D���VLPLODU���IXQFWLRQ���IRU���WKH���IRUPDOLVW���OHQV���DV���WKH���FKLOG¶V���FRQWH[WXDO���IDFWRUV��
VHUYH���IRU���WKH���LQWHUSUHWLYH���OHQV����)XWXUH���LWHUDWLRQV���RI���WKH���7ZR�/HQV���$SSURDFK���VKRXOG���LQFRUSRUDWH��
WKH���LQIOXHQFH���RI���WKH���VWRU\���PHGLXP���RQ���WKH���IRUPDOLVW���OHQV���

7KH���VHFRQG���LPSRUWDQW���FRQVLGHUDWLRQ���WKDW���ZDV���KLJKOLJKWHG���E\���DSSO\LQJ���WKH���7ZR�/HQV��
$SSURDFK���LV���WKH���IUHTXHQF\���ZLWK���ZKLFK���WKH���LQWHUSUHWLYH���OHQV���VKRXOG���EH���DSSOLHG���WR���VWRULHV����$V��
SUHYLRXVO\���PHQWLRQHG����WKH���LQWHUSUHWLYH���OHQV���LV���PRUH���SRZHUIXO���ZKHQ���H[DPLQLQJ���JURXS���LQWHUDFWLRQV��
DQG���G\QDPLFV����,Q���D���VLPLODU���ZD\����WKH���LQWHUSUHWLYH���OHQV���LV���DOVR���PRUH���SRZHUIXO���ZKHQ���H[DPLQLQJ���WKH��
PHDQLQJ���DQG���YRLFH���WKH���FKLOG���XVHV���DFURVV���D���VHW���RI���VWRULHV����0\���LQWHUSUHWDWLRQ���RI���P\���RZQ���VL[���\HDU��
ROG���VWRU\����DERYH����LV���YHU\���LQGLYLGXDO����ERUGHULQJ���RQ���WKH���OLQH���RI���SV\FKRDQDO\]LQJ���P\���VL[���\HDU���ROG���VHOI��
IURP���P\���VWRU\����:KLOH���WKHUH���LV���VWLOO���VRPH���PHULW���WR���H[DPLQLQJ���WKH���VXEMHFWLYH���GLPHQVLRQV���RI���D���VLQJOH��
VWRU\����WKH���UHDGHU���LV���OLNHO\���WR���ILQG���PRUH���VXFFHVV���LQ���LQWHUSUHWLQJ���WKH���VXEMHFWLYH���GLPHQVLRQV���IURP��
PXOWLSOH���VWRULHV����ZKLFK���SURYLGH���QXPHURXV���FXHV���WKDW���FRPELQH���WR���IRUP���WKH���ODUJHU���SLFWXUH���RI���WKH��
PHDQLQJ���H[SUHVVHG���DFURVV���VHYHUDO���VWRULHV����UDWKHU���WKDQ���MXVW���RQH���FXH����:LWK���HDFK���DGGLWLRQDO���VWRU\����WKH��
UHDGHU¶V���LQWHUSUHWDWLRQ���EHFRPHV���DOPRVW���OHVV���VXEMHFWLYH����EHFDXVH���WKHUH���LV���PRUH���HYLGHQFH���WR���VXSSRUW��
WKHLU���LQWHUSUHWDWLRQ����)RU���H[DPSOH����LI���,���KDG���D���FROOHFWLRQ���RI���P\���VL[�\HDU�ROG���VWRULHV����,���ZRXOG���EH���DEOH��
WR���ORRN���IRU���VLPLODU���UHSUHVHQWDWLRQV���RI���P\���IDVFLQDWLRQ���ZLWK���UXOH�EUHDNHUV���DQG���FKDRV����,I���,���IRXQG��
PRUH���HYLGHQFH���RI���WKDW���LQ���RWKHU���VWRULHV����LW���ZRXOG���VWUHQJWKHQ���P\���LQWHUSUHWDWLRQ����)RU���WKH���/HDUQLQJ��
/RRSV���V\VWHP���ZKHUH���FKLOGUHQ���ZLOO���EH���FUHDWLQJ���PXOWLSOH���VWRULHV���RYHU���WLPH����LQWHUSUHWLQJ���D���VHW���RI��
VWRULHV���ZLOO���KHOS���FRDFKHV���EHWWHU���VHH���ERWK���WKH���SURJUHVVLRQ���RI���WUHQGV����DQG���WKH���LQIOXHQFH���RI���WKH��
PHGLXP����7KHUHIRUH����IXWXUH���LPSOHPHQWDWLRQV���RI���WKH���7ZR�/HQV���$SSURDFK���VKRXOG���FRQVLGHU���ZKLFK��
VXEMHFWLYH���GLPHQVLRQV���DUH���DQDO\]HG���IRU���HDFK���LQGLYLGXDO���VWRU\���YHUVXV���DFURVV���D���VHW���RU���JURXS���RI��
VWRULHV���WR���DLG���LQWHUSUHWDWLRQ����,Q���WKH���UHVW���RI���WKLV���GLVVHUWDWLRQ����ZKLOH���,���EHOLHYH���WKH���LQWHUSUHWLYH���OHQV��
VKRXOG���H[DPLQH���D���JURXS���RI���VWRULHV����,���UXQ���LQGLYLGXDO���VWRULHV���WKURXJK���WKH���7ZR�/HQV���$SSURDFK���LQ��
RUGHU���WR���VKRZ���KRZ���WKLV���DSSURDFK���ZRUNV���IRU���HDFK���VWRU\����+RZHYHU����XSRQ���FRPSOHWLRQ���RI���WKLV��
GLVVHUWDWLRQ����,���LQWHQG���WR���H[DPLQH���FKLOGUHQ¶V���VHWV���RI���VWRULHV���XVLQJ���WKH���LQWHUSUHWLYH���OHQV���
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������5HWURVSHFWLYHO\���$SSO\LQJ���WKH���7ZR�/HQV���$SSURDFK���WR��
/HDUQLQJ���/RRSV��
�
������8VLQJ���WKH���7ZR�/HQV���$SSURDFK���WR���$QDO\]H���6WRU\%ORFNV���6WRULHV��

7KH���SXUSRVH���RI���WKLV���VHFWLRQ���LV���WR���SXW���P\���SURSRVHG���7ZR�/HQV���$SSURDFK���LQWR���DFWLRQ���E\���ILUVW��
DSSO\LQJ���LW���WR���DQDO\]H���VHYHUDO���6WRU\%ORFNV���VWRULHV����DQG���WKHQ���PDSSLQJ���LW���WR���WKH���FXUUHQW���/HDUQLQJ��
/RRSV���V\VWHP���WR���DVVHVV���DOLJQPHQW���DQG���LQIRUP���PRGLILFDWLRQV����)LUVW����VLPLODU���WR���KRZ���,���DQDO\]HG���.LG��
$QQHOL¶V���VWRU\���LQ���WKH���ODVW���VHFWLRQ����,���ZLOO���XVH���WKH���7ZR�/HQV���$SSURDFK���WR���DQDO\]H���WZR���GLIIHUHQW��
6WRU\%ORFNV���VWRULHV����RQH���ORQJ���VWRU\���DQG���RQH���VKRUW���VWRU\����DQG���LGHQWLI\���ZKHWKHU���WKH���WZR���OHQVHV���RI��
P\���SURSRVHG���DSSURDFK���KROG���XS����)LJXUH����������EHORZ����UHYLVLWV���'DQD¶V���VWRU\�����$���GD\���QHYHU���HQGV�����
�

�
)LJXUH���������6HYHQ�\HDU�ROG���'DQD¶V���6WRU\%ORFNV���6WRU\�����$���GD\���QHYHU���HQGV�����$QDO\]HG���E\���WKH���7ZR�/HQV���$SSURDFK��

�����



�

�
3URILOH���RI���'DQD����UHODWHV���WR���FRQWH[WXDO���IDFWRUV����

Ɣ $JH�����6HYHQ�\HDU�ROG���JLUO��
Ɣ 6FKRRO������VW���JUDGHU���DW���3XEOLF���6FKRRO���LQ���WKH���5R[EXU\���DUHD���RI���%RVWRQ����0$���
Ɣ )DPLO\�����0RWKHU���DQG���)DWKHU����QR���VLEOLQJV���
Ɣ ,QWHUHVWV�����$UW����GUDZLQJ����SDLQWLQJ�����UHDGLQJ����DQLPDOV���
Ɣ 5HFHQW���([SHULHQFHV�����UHFHQWO\���KDG���D���ELUWKGD\����KHU���GUDZLQJ���ZDV���VHOHFWHG���IRU���WKH���FRYHU���RI��

KHU���VFKRRO���ERRN���
Ɣ 3HUVRQDOLW\�����VK\����TXLHW����IULHQGO\����REVHUYDQW����JHQHURXV���
Ɣ 1DUUDWLYH���6NLOOV�����$YHUDJH���QDUUDWLYH���ODQJXDJH���VNLOOV����DV���WHVWHG���E\���WKH���71/�������GLIILFXOW\��

ZLWK���VSHOOLQJ���
Ɣ &XOWXUH�����/DWLQ[����$PHULFDQ��
Ɣ 6WRU\���&RQWH[W�����ZULWWHQ���DW���KRPH���DIWHU���VFKRRO���RQ���6WRU\%ORFNV���GHYLFH����XQSURPSWHG���
Ɣ ,QWHQWLRQ�*RDO���RI���6WRU\�����8QNQRZQ���
Ɣ ,QWHQGHG���$XGLHQFH�����8QNQRZQ���

�
)RUPDOLVW���/HQV����ZKLFK���REMHFWLYH���GLPHQVLRQV���H[LVW���DQG���KRZ���DUH���WKH\���SUHVHQWHG"���

Ɣ &KDUDFWHUV�����'RJ���DQG���&DW���
Ɣ (YHQWV�$FWLRQV�����������%HJLQQLQJ�����'RJ���DQG���&DW���JR���RXW���RQ���D���VQRZ\���GD\���DQG���PHHW���DW���WKH��

FURVVURDGV���DQG���EHFRPH���IULHQGV���������7KH\���SOD\���EDOO���DW���QLJKW����URXWLQH����������7KH\���ZHQW���RXW���DW��
QLJKW���DQG���DWH���FDQG\���������7KH\���ZHQW���DURXQG���WKH���ZRUOG���DQG���ZHQW���RQ���D���GXFN���WRXU���LQ���WKH���FLW\���
�����7KH\���SOD\���LQ���WKH���SDUN����URXWLQH�����������3UREOHP�����WKH���&DW���IRXQG���D���ERQH���WKDW���ZDV���WRR���ELJ���WR��
FDUU\���KRPH���VR���KH���DVNHG���WKH���'RJ���IRU���KHOS�����6ROXWLRQ�����WKH���'RJ���FDPH���WR���KHOS���������7KH\���KLNHG��
DQG���FDPSHG���DW���QLJKW����URXWLQH����������7KH\���ZHQW���WR���WKH���EHDFK���RQ���D���QLFH���GD\���������7KH\���ZHQW��
EDFN���KRPH���DIWHU���WKH���EHDFK�����������(QGLQJ�����WKH\���ZHQW���KRPH���WR���VOHHS���RQ���WKHLU���EHDFK���EHGV���

Ɣ &RQWH[W�6HWWLQJ�����2XWVLGH����VQRZ\���GD\����\DUG���DW���QLJKW����SDUN���DW���QLJKW����FLW\���GXULQJ���DQRWKHU���GD\���
SDUN���GXULQJ���WKH���GD\����SDUN���GXULQJ���WKH���QLJKW����VXQQ\���EHDFK���GD\����VXQVHW���LQ���WKH���GHVHUW����DQG��
EHDFK���QLJKW�KRPH����

Ɣ 6SDWLDO���2UJDQL]DWLRQ�����FRPSRVLWLRQ���E\���VFHQH����������'RJ���DQG���&DW���RQ���VQRZ\���URDG���������'RJ���DQG��
&DW���LQ���\DUG���DW���QLJKW���ZLWK���EDOO���������'RJ���DQG���&DW���LQ���WKH���SDUN���DW���QLJKW���ZLWK���FDQG\���DQG���D���ODUJH��
ERQH���������'RJ���DQG���&DW���LQ���D���FLW\���RQ���WKH���URDG���ZLWK���D���FDU���������'RJ���DQG���&DW���DW���SDUN���GXULQJ���WKH��
GD\����VSULQJ���IORZHU����ZLWK���WR\���GXFNLHV���������'RJ���DQG���&DW���LQ���WKH���SDUN���DW���QLJKW���ZLWK���D���ELJ���ERQH���
�����'RJ���DQG���&DW���LQ���WKH���SDUN���DW���QLJKW���ZLWK���D���WHQW���������'RJ���DQG���&DW���DW���WKH���EHDFK���ZLWK���WRZHOV��
DQG���VXQVFUHHQ���������'RJ���DQG���&DW���ZDONLQJ���KRPH���DW���VXQVHW���LQ���WKH���GHVHUW���ZLWK���FDUV����������'RJ��
DQG���&DW���RQ���WKHLU���EHGV���DW���QLJKW���RQ���WKH���EHDFK���

Ɣ 7HPSRUDO���2UJDQL]DWLRQ�����7KLV���VWRU\���LV���D���IRFXVHG���FKDLQ���RI���HYHQWV���WKDW���IROORZ���D���ORJLFDO��
VHTXHQWLDO���RUGHU���ZLWK���VRPH���WHPSRUDO���PDUNHUV���DQG���FDXVDO���OLQNV���ZLWKLQ���DQG���EHWZHHQ���WKH��
VFHQHV����H�J�����³WKH���GD\���ZDV���QLFH����VR����WKH\���KDG���WR���JR���WR���WKH���EHDFK´����³WKH\���ZHUH���JRLQJ���EDFN��
KRPH���IRU���WKH���UHVW���RI���WKH���QLJKW´�����6RPH���RI���WKH���VFHQHV���DOVR���VHW���WKH���FRQWH[W���IRU���WKH���IULHQGVKLS��
RI���WKH���&DW���DQG���'RJ���E\���OLVWLQJ���URXWLQHV���WKH\���KDYH����L�H�����³WKH\���DOZD\V���OLNH���WR���SOD\���DOO��
WRJHWKHU���DW���QLJKW���WLPH´����³WKH\���DOZD\V���SOD\´����

Ɣ 3ORW�����7KLV���VWRU\���LV���DERXW���D���'RJ���DQG���D���&DW���ZKR���EHFRPH���EHVW���IULHQGV���DQG���SOD\���WRJHWKHU����2QH��
QLJKW���WKH���FDW���ILQGV���D���ELJ���ERQH���WKDW���KH���FDQQRW���FDUU\���DQG���WKH���'RJ���KHOSV���KLP����WKHQ���WKH\���JR��
FDPSLQJ���DQG���WKH���QH[W���PRUQLQJ���WKH\���JR���WR���WKH���EHDFK���DQG���UHWLUH���KRPH���DW���WKH���HQG���RI���WKH���GD\���
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Ɣ /DQJXDJH�����7KH���NLQGV���RI���ODQJXDJH���XVHG���LQ���WKLV���VWRU\���DUH���IURP���WKH���QDUUDWLRQ����LQ���WKH���WH[W��
ER[HV����DQG���WKH���GLDORJXH���IURP���WKH���&DW���DQG���'RJ���LQ���VFHQH���VL[����)RU���WKH���SXUSRVHV���RI���WKLV��
H[DPSOH����ZH���ZLOO���ORRN���DW���WKH���IROORZLQJ���DVSHFWV���RI���ODQJXDJH���

ż (PRWLRQDO���9RFDEXODU\�������OLNH��
ż 2QRPDWRSRHLD�������Q�D��
ż 9HUE���7HQVH�������SDVW ������H�J�����ZHQW����PHW����EHFDPH����IRXQG�����SUHVHQW ������H�J�����SOD\����HDW���

DP�����LQILQLWLYH �����H�J�����DP���FRPLQJ���
ż 3URQRXQV�������WKH\����KH����KHV���>KLV@����P\��
ż 7HPSRUDO���0DUNHUV�������DOZD\V����DV��
ż &DXVDO���0DUNHUV�������VR��
ż /LQJXLVWLF���&RKHVLRQ�������8VHV���³DQG´���WR���FRQQHFW���WKH���QDUUDWLRQ���IURP���GLIIHUHQW���VFHQHV���
ż 6HQWHQFH���6WUXFWXUH�������FRPSOHWH����VLPSOH���VHQWHQFHV����VRPH���UXQ�RQ���VHQWHQFHV���

Ɣ 9LHZSRLQW�3HUVSHFWLYH�����WKLUG�SHUVRQ����WROG���IURP���WKH���QDUUDWRU¶V���SRLQW���RI���YLHZ���
Ɣ 7KHPH�*HQUH�����7KLV���VWRU\���LV���FDWHJRUL]HG���DV���D���ILFWLRQDO���DFFRXQW����,W���LV���DQ���XQSURPSWHG��

H[SODQDWLRQ���DERXW���HYHQWV���WKDW���WKH���DXWKRU���FUHDWHG���DERXW���D���SHUVRQLILHG���GRJ���DQG���FDW����7ZR��
FOHDU���WKHPHV���LQ���WKLV���VWRU\���DUH���DQLPDOV���DQG���IULHQGVKLS���

�
,QWHUSUHWLYH���/HQV����KRZ���GR���WKH���FRQWH[WXDO���IDFWRUV���LQIOXHQFH���WKH���VWRU\���DQG���ZKDW���LV���WKH���ODUJHU��
PHDQLQJ���EHKLQG���WKH���VXEMHFWLYH���GLPHQVLRQV���LQ���WKH���VWRU\"���

/RRNLQJ���DW���WKH���SURILOH���RI���'DQD����ZH���FDQ���JHW���D���VHQVH���RI���KRZ���VRPH���RI���WKH���FRQWH[WXDO���IDFWRUV��
PD\���KDYH���LQIOXHQFHG���KHU���VWRU\����7R���GR���WKLV����,���ILUVW���ORRN���DW���WKH���FRQWH[WXDO���IDFWRUV���WKDW���ZH���NQRZ����DQG��
WKHQ���FRQVLGHU���KRZ���WKH\���PLJKW���LQIRUP���RXU���LQWHUSUHWDWLRQ���RI���WKH���PHDQLQJ���RI���KHU���VWRU\����7KH��
IROORZLQJ���DUH���D���FRXSOH���H[DPSOHV���RI���ZD\V���WKDW���'DQD¶V���NQRZQ���FRQWH[WXDO���IDFWRUV���FDQ���EH���OLQNHG��
ZLWK���KHU���VWRU\����)LUVW����'DQD���LV���VHYHQ���\HDUV���RI���DJH���DQG���OLNHV���DQLPDOV����ZKLFK���PD\���KDYH���LQIOXHQFHG��
WKH���WKHPHV����L�H�����DQLPDOV���DQG���IULHQGVKLS����DQG���JHQUH����L�H�����ILFWLRQDO���DFFRXQW����RI���KHU���VWRU\����7KLV��
DOLJQV���ZLWK���WKH���WUHQGV���LQ���UHVHDUFK���WKDW���FKLOGUHQ���DURXQG���VHYHQ���\HDUV���RI���DJH���WHQG���WR���WHOO���PRUH��
ILFWLRQDO���VWRULHV���DERXW���IULHQGVKLS���DQG���SHHUV���>�������@����'DQD���XVHV���ODQJXDJH���WKDW���LV���UHOHYDQW���WR���KHU��
VWRU\WHOOLQJ���VNLOOV���DQG���DJH����DQG���KHU���VSHOOLQJ���PLVWDNHV���DUH���FRPPRQ���IRU���KHU���DJH����H�J�����DOOZD\V��
>DOZD\V@����FURRV���>FURVV@����DURQG���>DURXQG@�����'DQD���LV���TXLHW����VK\����IULHQGO\���DQG���JHQHURXV����DQG���WKDW���FRXOG��
EH���OLQNHG���WR���KHU���IRFXV���RQ���WKH���URXWLQHV���RI���IULHQGVKLS���EHWZHHQ���WKH���&DW���DQG���'RJ����DQG���WKH���'RJ¶V��
LPPHGLDWH���UHDFWLRQ���WR���FRPH���WR���WKH���&DW¶V���DLG����/DVWO\����'DQD¶V���VRFLRFXOWXUDO���FRQWH[W���PD\���KDYH��
LQIOXHQFHG���WKH���QDWXUH���RI���KHU���VWRU\����)RU���H[DPSOH����UHVHDUFK���VKRZV���WKDW���FKLOGUHQ���IURP��
+LVSDQLF�$PHULFDQ���FXOWXUHV���WHQG���WR���IRFXV���PRUH���RQ���FKDUDFWHU���DQG���IDPLOLDO���UHODWLRQVKLSV���LQ���WKHLU��
VWRULHV���UDWKHU���WKDQ���IRFXVLQJ���RQ���D���SORW���FHQWHUHG���DURXQG���D���SUREOHP���>����������@����7KHUHIRUH����'DQD¶V��
VRFLRFXOWXUDO���FRQWH[W���PD\���KDYH���LQVSLUHG���KHU���WR���IRFXV���KHU���VWRU\���PRUH���RQ���WKH���UHODWLRQVKLS���DQG��
URXWLQHV���RI���WKH���'RJ���DQG���&DW����UDWKHU���WKDQ���D���WHPSRUDOO\���FRKHUHQW���SORW���FHQWHUHG���DURXQG���D���SUREOHP����

%\���FRPELQLQJ���WKH���REMHFWLYH���GLPHQVLRQV���IURP���WKH���IRUPDOLVW���OHQV���DQG���'DQD¶V���FRQWH[WXDO��
IDFWRUV����ZH���FDQ���LQWHUSUHW���VRPH���RI���WKH���VXEMHFWLYH���GLPHQVLRQV���RI���KHU���VWRU\����

Ɣ 3XUSRVH�0RWLYDWLRQ�����7KLV���LV���XQFOHDU����,W���FRXOG���EH���WKDW���VKH���WROG���WKLV���VWRU\���EHFDXVH���VKH���ORYHV��
DQLPDOV���DQG���ZDQWHG���WR���WHOO���D���VWRU\���DERXW���IULHQGVKLS���

Ɣ 9DOXHV�0RUDOV�����7KHUH���DUH���VHYHUDO���YDOXHV���WKDW���XQGHUOLH���'DQD¶V���VWRU\����)LUVW����LV���WKH���YDOXH���RI��
IULHQGVKLS����DQG���ZKDW���LW���PHDQV���WR���EH���D���JRRG���IULHQG����H�J�����DOZD\V���SOD\LQJ���WRJHWKHU����WUDYHOLQJ��
WRJHWKHU����KHOSLQJ���HDFK���RWKHU�����DQG���WKDW���IULHQGV���KDYH���KLVWRU\����H�J�����GHPRQVWUDWLQJ���URXWLQHV��
WR���VKRZ���WKH���VWUHQJWK���RI���WKHLU���IULHQGVKLS�����6HFRQG����LV���WKH���YDOXH���RI���WLPH���DQG���URXWLQH����0DQ\��
RI���'DQD¶V���VWRULHV���IROORZ���D���URXWLQH���RYHU���WKH���FRXUVH���RI���D���GD\���RU���D���FRXSOH���RI���GD\V����DQG���WKLV��
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VWRU\���LV���QR���H[FHSWLRQ����+HU���VFHQHV���GHSLFW���GLIIHUHQW���WLPHV���RI���GD\���DQG���GLIIHUHQW���VHDVRQV���
ZKLFK���LQGLFDWH���WKDW���WKH���VWRU\���LV���KDSSHQLQJ���RYHU���PXOWLSOH���VHDVRQV����DQG���WKH���URXWLQHV��
GHVFULEHG���LQ���IUDPHV���WZR���DQG���ILYH���IXUWKHU���LQGLFDWH���WKH���SDVVDJH���RI���WLPH����%XW���WKHQ���WKH���ODVW��
VFHQH���LQGLFDWHV���WKDW���LW���ZDV���D���VLQJOH���GD\���WKDW���KDG���WR���HQG����UHIOHFWLQJ���WKH���VWRU\¶V���WLWOH����
7KHUHIRUH����'DQD���LV���VKRZLQJ���WKDW���VKH���YDOXHV���URXWLQHV����WKH���SDVVDJH���RI���WLPH����DQG���WKH���WLPH��
WKDW���IULHQGVKLSV���WDNH���WR���GHYHORS����EXW���WKDW���KHU���FRQFHSW���RI���WLPH���LV���QRW���QHFHVVDULO\���JURXQGHG��
LQ���UHDOLW\���

Ɣ ,GHQWLW\�����7KH���LGHQWLWLHV���RI���WKH���&DW���DQG���'RJ���FRQWLQXH���WR���EH���GHYHORSHG���WKURXJKRXW���WKH���VWRU\��
E\���HODERUDWLQJ���RQ���WKHLU���OLNHV���DQG���WKHLU���LQWHUDFWLRQV���ZLWK���KHOSLQJ���HDFK���RWKHU����'DQD���LV���D���YHU\��
JHQHURXV���DQG���IULHQGO\���JLUO���ZKR���LV���VPDOO����DQG���VKH���PD\���LGHQWLI\���ZLWK���ERWK���FKDUDFWHUV���LQ��
IUDPH���VL[����ZKHUH���WKH���&DW���LV���VPDOO���DQG���QHHGV���KHOS���FDUU\LQJ���VRPHWKLQJ���ELJ����DQG���WKH���'RJ���LV���D��
JRRG���IULHQG���DQG���FRPHV���WR���WKH���UHVFXH���ULJKW���DZD\���

Ɣ (PSDWK\�����6LQFH���WKH���FKDUDFWHUV���VKH���XVHG���ZHUH���LWHPV����'DQD���ZDV���QRW���DEOH���WR���FKDQJH���WKHLU��
IDFLDO���H[SUHVVLRQV����QRU���GLG���VKH���XVH���PXFK���HPRWLRQDO���ODQJXDJH���WR���UHSUHVHQW���HPRWLRQDO��
H[SUHVVLRQ���RU���HPSDWK\���LQ���WKH���VWRU\����)XUWKHUPRUH����WKH���VWRU\���ZDV���WROG���DV���D���OLVW�OLNH���DFFRXQW��
RI���URXWLQHV���DQG���HYHQWV����ZKLFK���UHVHDUFK���VXJJHVWV���WHQGV���WR���KDYH���OHVV���HPRWLRQDO���GHWDLO���>�@����

Ɣ 0HDQLQJ�����0\���LQWHUSUHWDWLRQ���RI���WKH���JUHDWHU���PHDQLQJ���RI���'DQD¶V���VWRU\���LV���WKDW���LW
V���D���UHIOHFWLRQ��
RI���KHU���ORYH���IRU���DQLPDOV���DQG���WKURXJK���WKRVH���DQLPDOV���VKH���LV���FRPPXQLFDWLQJ���ZKDW���VKH��
EHOLHYHV���EXLOGV���D���UHODWLRQVKLS���DQG���PDNHV���D���JRRG���IULHQG����)ULHQGV���PHHW����EXLOG���URXWLQHV���DQG��
KLVWRU\���E\���GRLQJ���DFWLYLWLHV���WKH\���ERWK���HQMR\���RYHU���WLPH����DQG���WKH\���KHOS���HDFK���RWKHU���RXW���ZKHQ��
LQ���QHHG����:KHQ���\RX���VSHQG���WLPH���ZLWK���D���JRRG���IULHQG����\RX���FDQ���JR���RQ���PDQ\���DGYHQWXUHV����EXW���LW��
LV���DOVR���OLNH���WLPH���VWRSV���DQG���LW���VHHPV���OLNH���RQO\���RQH���GD\���KDV���SDVVHG����'DQD���GHPRQVWUDWHV���WKH��
EHQGLQJ���RI���WLPH���LQ���KHU���VWRU\���WKURXJK���WKH���LQFRQJUXHQFH���RI���WKH���URXWLQHV����FKDQJHV���LQ���VHDVRQV���
DQG���FKDQJHV���LQ���WLPHV���RI���GD\����7KURXJK���WKLV���VWRU\����'DQD���DOVR���FRPPXQLFDWHV���KHU���ZRUOGYLHZ��
LQ���VFHQH���IRXU���E\���VD\LQJ���WKDW���WKH���FDW���DQG���GRJ���ZHQW���DURXQG���WKH���ZRUOG���RQ���D���GXFN���WRXU����'XFN��
WRXUV���DUH���XQLTXH���WR���%RVWRQ����DQG���ZKLOH���\RX���FDQ���WUDYHO���IDU���DQG���ZLGH���RQ���D���GXFN���WRXU����\RX��
WHQG���WR���VWD\���ZLWKLQ���WKH���FLW\���OLPLWV����7KURXJK���WKLV���VFHQH����'DQD���LV���QRW���RQO\���UHSUHVHQWLQJ���KHU��
FRQFHSW���RI���WLPH����EXW���DOVR���RI���VSDFH����,Q���WKH���HQG����VSHQGLQJ���WLPH���ZLWK���EHVW���IULHQGV���FDQ���IHHO��
OLNH���WUDQVFHQGLQJ���WLPH���DQG���VSDFH���

�
1RW���DOO���6WRU\%ORFNV���VWRULHV���FRQWDLQ���PXOWLSOH���HYHQWV����VRPH���DUH���PRUH���VWRU\���IUDJPHQWV���RU��

LQGLYLGXDO���VFHQHV���WKDW���UHSUHVHQW���D���VLQJOH���HYHQW����)RU���H[DPSOH����ILJXUH���������VKRZV���D���VLQJOH�IUDPH��
VWRU\���IURP���WHQ�\HDU�ROG���.HYLQ����,���ZLOO���DSSO\���WKH���7ZR�/HQV���$SSURDFK���WR���.HYLQ¶V���VWRU\���WR��
GHPRQVWUDWH���KRZ���WKH���WZR���OHQVHV���KROG���XS���ZKHQ���DQDO\]LQJ���VKRUW���VWRULHV���ZLWK���IHZHU���QDUUDWLYH��
GLPHQVLRQV���
�
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�
)LJXUH���������7HQ�\HDU�ROG���.HYLQ¶V���6WRU\%ORFNV���6WRU\�����7UDIILF���EH���OLNH�����$QDO\]HG���E\���WKH���7ZR�/HQV���$SSURDFK���

�
3URILOH���RI���.HYLQ����UHODWHV���WR���FRQWH[WXDO���IDFWRUV����

Ɣ $JH�����7HQ�\HDU�ROG���ER\��
Ɣ 6FKRRO������WK���JUDGHU���DW���3XEOLF���6FKRRO���LQ���WKH���5R[EXU\���DUHD���RI���%RVWRQ����0$���
Ɣ )DPLO\�����PRWKHU����IDWKHU����DQG���\RXQJHU���VLVWHU����DJH���HLJKW����
Ɣ ,QWHUHVWV�����0XVLF����MRNHV����JDPHV����WHFKQRORJ\���
Ɣ 5HFHQW���([SHULHQFHV�����8QNQRZQ���
Ɣ 3HUVRQDOLW\�����JRRI\����IULHQGO\����FXULRXV����REVHUYDQW���
Ɣ 1DUUDWLYH���6NLOOV�����$YHUDJH���QDUUDWLYH���ODQJXDJH���VNLOOV����DV���WHVWHG���E\���WKH���71/������
Ɣ &XOWXUH�����6RPDOL�$PHULFDQ��
Ɣ 6WRU\���&RQWH[W�����ZULWWHQ���DW���KRPH���DIWHU���VFKRRO���RQ���6WRU\%ORFNV���GHYLFH����XQSURPSWHG���
Ɣ ,QWHQWLRQ�*RDO���RI���6WRU\�����8QNQRZQ���
Ɣ ,QWHQGHG���$XGLHQFH�����8QNQRZQ���

�
)RUPDOLVW���/HQV����ZKLFK���REMHFWLYH���GLPHQVLRQV���H[LVW���DQG���KRZ���DUH���WKH\���SUHVHQWHG"���

Ɣ &KDUDFWHUV�����+LGGHQ���SHRSOH���LQ���FDUV����DW���OHDVW���WKUHH���SHRSOH����RQH���IRU���HDFK���FDU����
Ɣ (YHQWV�$FWLRQV����������&DU���7KUHH���UDPV���LQWR���&DU���7ZR���EHFDXVH���RI���URDG���UDJH���DW���WUDIILF����&DU���7ZR��

GRHVQ¶W���XQGHUVWDQG���ZK\���&DU���7KUHH���LV���LPSDWLHQW����DQG���&DU���2QH���LV���FRQIXVHG���E\���WKH��
FRPPRWLRQ���

Ɣ &RQWH[W�6HWWLQJ�����RQ���D���FLW\���VWUHHW���LQ���WUDIILF���
Ɣ 6SDWLDO���2UJDQL]DWLRQ�����FRPSRVLWLRQ���E\���VFHQH�����WKUHH���FDUV���LQ���D���URZ���RQ���D���VWUHHW���LQ���WKH���FLW\��

ZLWK���ILUH���DQG���VSDUNV���UHSUHVHQWLQJ���D���FUDVK���DQG���VSHHFK���EXEEOHV���WR���UHSUHVHQW���\HOOLQJ���DQG��
WKRXJKW���EXEEOHV���WR���UHSUHVHQW���WKH���PHQWDO���VWDWHV���RI���WKH���SHRSOH���LQ���&DUV���2QH���DQG���7ZR���

Ɣ 7HPSRUDO���2UJDQL]DWLRQ�����7KLV���LV���D���RQH�SRLQW�LQ�WLPH���HYHQW����+RZHYHU����WKHUH���LV���D���WHPSRUDO��
RUGHU���ZLWKLQ���WKH���VFHQH���ZKHUH���&DU���7KUHH���KDV���WR���FUDVK���LQWR���&DU���7ZR���EHIRUH���&DU���2QH��
ZRQGHUV���ZKDW¶V���ZURQJ���
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Ɣ 3ORW�����7KLV���VWRU\���LV���DERXW���D���SHUVRQ���LQ���D���FDU���ZLWK���URDG���UDJH���GXULQJ���WUDIILF���WLPH���DQG���WKH��
SHUVRQ���WDNHV���PDWWHUV���LQWR���KLV�KHU���RZQ���KDQGV���E\���UDPPLQJ���WKH���FDU���LQ���IURQW���RI���LW����FDXVLQJ��
FRPPRWLRQ���DQG���FRQIXVLRQ���

Ɣ /DQJXDJH�����7KH���NLQGV���RI���ODQJXDJH���XVHG���LQ���WKLV���VWRU\���DUH���IURP���WKH���WH[W���LQ���WKH���GLDORJXH��
EXEEOHV���IRU���WKH���KLGGHQ���SHRSOH���LQ���HDFK���FDU����)RU���WKH���SXUSRVHV���RI���WKLV���H[DPSOH����ZH���ZLOO���ORRN��
DW���WKH���IROORZLQJ���DVSHFWV���RI���ODQJXDJH���

ż (PRWLRQDO���9RFDEXODU\�������FRQIXVHG��
ż 2QRPDWRSRHLD�������%((3��
ż 9HUE���7HQVH�������SDVW �����SUHVHQW �����LQILQLWLYH ���
ż 3URQRXQV�������\RX����KH����,��
ż 7HPSRUDO���0DUNHUV�������Q�D��
ż &DXVDO���0DUNHUV�������Q�D��
ż /LQJXLVWLF���&RKHVLRQ�������VHQWHQFHV���VWULQJ���WRJHWKHU���IURP���OHIW���WR���ULJKW���
ż 6HQWHQFH���6WUXFWXUH�������FRPSOHWH����VLPSOH���VHQWHQFHV���

Ɣ 9LHZSRLQW�3HUVSHFWLYH�����7KLV���VWRU\���LV���WROG���LQ���ILUVW�SHUVRQ���E\���HDFK���RI���WKH���FKDUDFWHUV����7KH��
WLWOH���VLJQDOV���D���WKLUG�SHUVRQ¶V���ELUG¶V�H\H�YLHZ���FRPPHQW���RI���WKH���VWRU\���

Ɣ 7KHPH�*HQUH�����7KLV���VWRU\���LV���DQ���HYHQW���FDVW����WKDW���FRXOG���EH���EDVHG���RQ���UHDO���OLIH���RU���ILFWLRQDO����,W���LV��
PRUH���OLNH���D���FRPPHQWDU\���RQ���D���VLWXDWLRQ����7KH���WKHPHV���DUH���WUDIILF���DQG���URDG���UDJH���

�
,QWHUSUHWLYH���/HQV����KRZ���GR���WKH���FRQWH[WXDO���IDFWRUV���LQIOXHQFH���WKH���VWRU\���DQG���ZKDW���LV���WKH���ODUJHU��
PHDQLQJ���EHKLQG���WKH���VXEMHFWLYH���GLPHQVLRQV���LQ���WKH���VWRU\"���

/RRNLQJ���DW���WKH���SURILOH���RI���.HYLQ����ZH���FDQ���JHW���D���VHQVH���RI���KRZ���VRPH���RI���WKH���FRQWH[WXDO���IDFWRUV��
PD\���KDYH���LQIOXHQFHG���KLV���VWRU\����+H���LV���D���VPDUW���DQG���FXULRXV���FKLOG���ZKR���OLNHV���WR���PDNH���MRNHV���DQG���OLYHV��
LQ���DQ���XUEDQ���DUHD���RI���%RVWRQ����,W���LV���YHU\���OLNHO\���WKDW���KH���KDV���HQFRXQWHUHG���WUDIILF���DQG���URDG���UDJH����DQG��
ZDQWHG���WR���PDNH���D���FRPPHQW���RQ���LW���ZLWK���D���KXPRURXV���WLWOH���

%\���FRPELQLQJ���WKH���REMHFWLYH���GLPHQVLRQV���IURP���WKH���IRUPDOLVW���OHQV���DQG���.HYLQ¶V���FRQWH[WXDO��
IDFWRUV����ZH���FDQ���LQWHUSUHW���VRPH���RI���WKH���VXEMHFWLYH���GLPHQVLRQV���SUHVHQW���LQ���KLV���VWRU\����

Ɣ 3XUSRVH�0RWLYDWLRQ�����6LQFH���.HYLQ���OLYHV���LQ���DQ���XUEDQ���DUHD���RI���%RVWRQ����LW���LV���SRVVLEOH���WKDW���KH��
H[SHULHQFHV���D���VLWXDWLRQ���ZLWK���WUDIILF���DQG���XVHG���WKLV���VWRU\���WR���UHSUHVHQW���LW���RU���FRPPHQW���RQ���URDG��
UDJH���WKDW���KH���VDZ���

Ɣ 9DOXHV�0RUDOV�����7KURXJK���WKH���WKRXJKWV���RI���WKH���SHUVRQ���LQ���&DU���7ZR����.HYLQ���GHSLFWV���WKH���UDJLQJ��
GULYHU���RI���&DU���7KUHH���DV���VLOO\���RU���FKLOGLVK����VKRZLQJ���WKDW���KH���YDOXHV���SDWLHQFH���LQ���D���VLWXDWLRQ��
ZKHUH���QR���RQH���KDV���FRQWURO����H�J�����WUDIILF�����6LPLODUO\����WKH���FRQIXVLRQ���RI���&DU���2QH���DOVR��
GHPRQVWUDWHV���WKH���IXWLOHQHVV���RI���&DU���7KUHH¶V���DQJHU���DQG���UDVK���GHFLVLRQ����

Ɣ ,GHQWLW\�����:KLOH���WKH���FKDUDFWHUV���DUH���QRW���YLVXDOO\���SUHVHQW���LQ���WKH���VWRU\����WKHLU���LGHQWLWLHV���DUH��
UHYHDOHG���E\���WKHLU���FRPPHQWDU\���DQG���DFWLRQV����6HSDUDWHO\����.HYLQ���GLVWDQFHV���KLPVHOI���IURP���DOO��
RI���WKH���FKDUDFWHUV���WKURXJK���KLV���WLWOH����JLYLQJ���WKH���LPSUHVVLRQ���WKDW���KH���LV���FRPPHQWLQJ���RQ���WKH��
VLWXDWLRQ���DV���D���E\VWDQGHU����UDWKHU���WKDQ���LGHQWLI\LQJ���ZLWK���D���VSHFLILF���FKDUDFWHU���

Ɣ (PSDWK\�����:LWKRXW���PXFK���HPRWLRQDO���ODQJXDJH���RU���DQ\���HPRWLRQDO���H[SUHVVLRQV����.HYLQ��
PDQDJHV���WR���FRQYH\���D���VWURQJ���VHQVH���RI���HPRWLRQ���WKURXJK���&DU���7KUHH¶V���URDG���UDJH����&DU���7ZR¶V��
H[DVSHUDWHG���WKRXJKWV����DQG���&DU���2QH¶V���FRQIXVLRQ����6LPXOWDQHRXVO\����.HYLQ¶V���WLWOH����³7UDIILF���EH��
OLNH�´���VHWV���XS���WKH���UHDGHU���WR���FRQVLGHU���WKH���VWDWHV���RI���HDFK���RI���WKH���FKDUDFWHUV���LQ���WUDIILF���
HQFRXUDJLQJ���HPSDWK\���IURP���WKH���UHDGHU���E\���UHODWLQJ���D���IDPLOLDU���VLWXDWLRQ���

Ɣ 0HDQLQJ�����7KH���JUHDWHU���PHDQLQJ���RI���WKLV���VWRU\���FDQ���EH���LQWHUSUHWHG���DV���UHSUHVHQWLQJ���WKH��
XVHOHVVQHVV���RI���DQJHU���DQG���HPRWLRQ���LQ���D���VLWXDWLRQ���ZKHUH���WKHUH���LV���QR���FRQWURO����VXFK���DV���WUDIILF���
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:KLOH���LW���LV���FRPPRQ���WR���JHW���DQJU\���LQ���WUDIILF���DQG���ZDQW���WR���UHOHDVH���\RXU���LQKLELWLRQV���E\��
VFUHDPLQJ���RU���UDPPLQJ���WKH���RWKHU���FDU����.HYLQ���SDLQWV���WKH���VLWXDWLRQ���LQ���D���VOLJKWO\���KXPRURXV��
OLJKW���WR���VKRZ���KRZ���SRLQWOHVV���LW���LV���EHFDXVH���LW���GRHVQ¶W���OHVVHQ���WKH���WUDIILF����+LV���WLWOH���VXJJHVWV��
WKDW���KH���LV���PDNLQJ���D���FRPPHQW���RQ���WUDIILF����VKRZLQJ���KRZ���KH���H[SHULHQFHV���WUDIILF���LQ���KLV���FLW\���

�
,W���LV���LPSRUWDQW���WR���UHFRJQL]H���WKDW���,���NQRZ���VLJQLILFDQWO\���OHVV���FRQWH[WXDO���LQIRUPDWLRQ���DERXW��

'DQD���DQG���.HYLQ���WKDQ���,���GLG���DERXW���.LG���$QQHOL����LQ���VHFWLRQ���IRXU�����DQG���WKLV���ZLOO���LQIOXHQFH���KRZ���PXFK���,��
FDQ���LQWHUSUHW���WKH���VXEMHFWLYH���GLPHQVLRQV���RI���'DQD¶V���DQG���.HYLQ¶V���VWRULHV����7KLV���SUHVHQWV���D���JRRG��
H[DPSOH���RI���KRZ���LPSRUWDQW���WKH���FRQWH[WXDO���IDFWRUV���DUH���IRU���WKH���LQWHUSUHWLYH���OHQV����:LWK���WKH���PDMRULW\��
RI���WKH���/HDUQLQJ���/RRSV���V\VWHP���RFFXUULQJ���UHPRWHO\����ZH���PD\���QRW���KDYH���DFFHVV���WR���DOO���WKH���FRQWH[WXDO��
IDFWRUV���WKDW���LQIOXHQFH���WKH���FKLOG¶V���VWRU\����DQG���WKHUHIRUH����LQKHUHQW���LQ���RXU���GHVLJQ����ZH���QHHG���WR��
UHFRJQL]H���WKDW���VRPH���RI���WKHVH���IDFWRUV���FDQ���EH���VKDUHG���WKURXJK���LQWHUDFWLRQV���ZLWK���FDUHJLYHUV���DQG��
FKLOGUHQ����DQG���ZH���PXVW���WR���EH���DEOH���WR���FDSWXUH���WKHVH���G\QDPLF���IDFWRUV���DQG���PDNH���WKHP���H[SOLFLWO\��
DYDLODEOH���IRU���FRDFKHV���WR���LQIRUP���WKHLU���LQWHUSUHWDWLRQV����6LPLODUO\����ZH���PXVW���UHFRJQL]H���WKDW���RXU��
LQWHUSUHWDWLRQV���RI���WKHVH���VWRULHV���VNHZ���WRZDUGV���WKH���LQGLYLGXDO����7KRXJK���RXWVLGH���WKH���VFRSH���RI���WKLV��
GLVVHUWDWLRQ����EHLQJ���DEOH���WR���DSSO\���WKH���7ZR�/HQV���$SSURDFK���WR���D���VHW���RI���VWRULHV���WROG���E\���D���FKLOG���WR��
LQWHUSUHW���WKH���VXEMHFWLYH���GLPHQVLRQV���DFURVV���PXOWLSOH���VWRULHV���ZRXOG���PDNH���RXU���LQWHUSUHWLYH���OHQV���PRUH��
SRZHUIXO���
�
������$SSO\LQJ���WKH���7ZR�/HQV���$SSURDFK���WR���WKH���&XUUHQW���/HDUQLQJ���/RRSV���6\VWHP� �

,Q���WKH���UHVW���RI���WKLV���VHFWLRQ���,���ZLOO���PDS���P\���7ZR�/HQV���$SSURDFK���WR���WKH���FXUUHQW���/HDUQLQJ��
/RRSV���V\VWHP���LQ���RUGHU���WR���KLJKOLJKW���WKH���VXFFHVVHV���DQG���OLPLWDWLRQV���RI���DOLJQPHQW����7R���GR���WKLV����,���ZLOO��
WDNH���D���KLJK�OHYHO���YLHZ���RI���RXU���FXUUHQW���V\VWHP���

�

�
)LJXUH���������$SSO\LQJ���WKH���7ZR�/HQV���$SSURDFK���WR���WKH���/HDUQLQJ���/RRS��

�

�����
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,Q���WKH���FXUUHQW���/HDUQLQJ���/RRSV���V\VWHP����D���FKLOG���SOD\V���ZLWK���6WRU\%ORFNV���WR���FUHDWH���WKHLU���RZQ��
SHUVRQDOO\���JHQHUDWHG���VWRULHV����7KH���DSS���IRUPDW���GHWHUPLQHV���WKH���VWRU\���PHGLXP����H�J�����ZULWWHQ�����WKH��
W\SH���RI���GDWD���FDSWXUHG����H�J�����ZULWWHQ���ODQJXDJH����VFHQH���FRPSRVLWLRQ�����DQG���WKH���LGHQWLILFDWLRQ���DQG��
DQDO\VLV���RI���WKH���QDUUDWLYH���GLPHQVLRQV����7R���UHFDS���WKH���IHDWXUHV���RI���6WRU\%ORFNV����WKH���FXUUHQW���GHVLJQ��
DOORZV���FKLOGUHQ���WR���ZULWH���VWRULHV���DERXW���DEVROXWHO\���DQ\WKLQJ���WKH\���ZRXOG���OLNH����XVLQJ���ZULWWHQ���WH[W���LQ��
WKH���IRUP���RI���GLDORJXH���DQG���QDUUDWLRQ����7KH���DXGLR���UHFRUGLQJ���IHDWXUH���DOVR���DOORZV���FKLOGUHQ���WR���WHOO��
VWRULHV���RUDOO\����QDUUDWLQJ���HDFK���VFHQH����&KLOGUHQ���XVH���LPDJHV���WR���VHW���WKH���EDFNJURXQG����XVH���FKDUDFWHUV��
�ZLWK���HPRWLRQDO���H[SUHVVLRQV�����DQG���W\SH���QRXQV���WR���EULQJ���LQ���LWHPV���DQG���FRPSRVLWLRQDOO\���UHSUHVHQW���WKH��
HYHQWV���RI���WKHLU���VFHQHV����7KH\���FDQ���XVH���XS���WR���WHQ���VFHQHV���WR���RUJDQL]H���WKH���HYHQWV���LQWR���D���PHDQLQJIXO��
VWRU\����7KH���RXWSXW���RI���6WRU\%ORFNV���LV���D���FKLOG
V���SHUVRQDOO\���JHQHUDWHG���GLJLWDO���VWRU\����&KLOGUHQ���FDQ��
PDNH���DQ���XQOLPLWHG���QXPEHU���RI���VWRULHV����DOORZLQJ���WKH���V\VWHP���WR���FDSWXUH���GDWD���ZLWKLQ���LQGLYLGXDO��
VWRULHV���DV���ZHOO���DV���DFURVV���PXOWLSOH���VWRULHV���
�
��������,GHQWLI\LQJ���1DUUDWLYH���'LPHQVLRQV���LQ���&KLOGUHQ¶V���6WRU\%ORFNV���6WRULHV���

�
)LJXUH���������0DSSLQJ���6WRU\%ORFNV���)HDWXUHV���WR���WKH��������1DUUDWLYH���'LPHQVLRQV���

�
7KH���QDUUDWLYH���GLPHQVLRQV���DUH���LGHQWLILHG���IURP���WKH���XVH���RI���WKH���GLIIHUHQW���6WRU\%ORFNV���IHDWXUHV��

DQG���WKH���GDWD���FDSWXUHG���IURP���FKLOGUHQ¶V���VWRULHV����6RPH���REMHFWLYH���GLPHQVLRQV���DUH���PRUH���FRPSOH[���DQG��

�����
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DUH���FRQVWLWXWHG���E\���D���FRPELQDWLRQ���RI���VHYHUDO���IHDWXUHV����)RU���H[DPSOH����DFWLRQV�HYHQWV���DUH���LGHQWLILHG��
E\���WKH���VFHQHV����IUDPHV�����ZKLFK���DUH���FRPSRVHG���E\���WKH���FKDUDFWHUV����WH[W����DQG���LWHPV���LQ���D���SDUWLFXODU��
VFHQH����VSDWLDO���RUJDQL]DWLRQ�����7KH���WHPSRUDO���RUJDQL]DWLRQ���LV���UHSUHVHQWHG���E\���WKH���RUGHULQJ���RI���WKH��
IUDPHV����VFHQHV�����DORQJ���ZLWK���DQ\���WHPSRUDO���PDUNHUV���LGHQWLILHG���LQ���WKH���ZULWWHQ���WH[W���RU���RUDO��
UHFRUGLQJV����2WKHU���REMHFWLYH���GLPHQVLRQV���DUH���PRUH���GLUHFW����VXFK���DV���WKH���VHWWLQJ�FRQWH[W����GHWHUPLQHG��
E\���VHOHFWLQJ���D���EDFNJURXQG���LPDJH����DQG���WKH���FKDUDFWHUV����GHWHUPLQHG���E\���VHOHFWLQJ���D���FKDUDFWHU�����$OO��
VXEMHFWLYH���GLPHQVLRQV���FDQ���EH���LGHQWLILHG���E\���D���FRPELQDWLRQ���RI���DQ\���RI���WKH���6WRU\%ORFNV���IHDWXUHV����DV��
ZHOO���DV���WKH���HGLWV���WKH���FKLOG���PDNHV���LQ���UHVSRQVH���WR���WKH���FRDFK¶V���IHHGEDFN���LQ���WKH���6WRU\���6WLFN\����
�

�
)LJXUH���������7KH���VWRU\�����6SDFH�����FUHDWHG���E\���VHYHQ�\HDU�ROG���5DFKHO���DQG���DQDO\]HG���IRU���1DUUDWLYH���'LPHQVLRQV��

�

�����
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,Q���ILJXUH����������,���UHYLVLW���VHYHQ�\HDU�ROG���5DFKHO¶V���6WRU\%ORFNV���VWRU\���WLWOHG����6SDFH�����WR���ORRN���IRU��
WKH���SUHVHQFH���RI���WKH���QDUUDWLYH���GLPHQVLRQV����5DFKHO¶V���VWRU\���XVHV���WKH���IHDWXUHV���RI���6WRU\%ORFNV���WR��
UHSUHVHQW���DOO���RI���WKH���REMHFWLYH���GLPHQVLRQV���

Ɣ &KDUDFWHUV��������$VWURQDXW���/HP����FKDUDFWHU�����6SDFH���0RQVWHU����LWHP�����DQG���6FLHQWLVW���%RR��
�FKDUDFWHU���

Ɣ (YHQWV�$FWLRQV��������������%HJLQQLQJ�����URFNHW����LWHP����RQ���ODQG����EDFNJURXQG�����EODVWLQJ���LQWR���VSDFH��
�ILUH���LWHP���DQG���GLDORJXH���EXEEOH����������5RFNHW����LWHP����IORDWLQJ���LQ���VSDFH����EDFNJURXQG���DQG��
GLDORJXH���EXEEOH�����������,QLWLDWLQJ���(YHQW�����$VWURQDXW���/HP����FKDUDFWHU����ILQGV���D���6SDFH���0RQVWHU��
�LWHP����LQ���RXWHU���VSDFH����EDFNJURXQG���DQG���GLDORJXH���EXEEOHV�����������&KDUDFWHU��
5HDFWLRQ�'HFLVLRQ�����$VWURQDXW���/HP����FKDUDFWHU����WHOOV���FRPPDQG����LWHPV���DQG���VSHHFK���EXEEOH���
WKDW���KH���ZLOO���EULQJ���WKH���6SDFH���0RQVWHU����LWHP����EDFN����������0LGGOH���6FHQH���7UDQVLWLRQ�����5RFNHW��
�LWHP����WUDYHOV���EDFN���WR���(DUWK����EDFNJURXQG����������2Q���(DUWK����EDFNJURXQG����6FLHQWLVW���%RR��
�FKDUDFWHU����HPRWLRQV����DQG���LWHPV����DQDO\]H����LWHPV���DQG���VSHHFK���EXEEOH����WKH���6SDFH���0RQVWHU��
�LWHP����������6FLHQWLVW���%RR����FKDUDFWHU����VKDUHV���WKH���UHVXOWV����LWHPV���DQG���VSHHFK���EXEEOHV����ZLWK��
$VWURQDXW���/HP����FKDUDFWHU����������6FLHQWLVW���%RR����FKDUDFWHU����VKRZV���$VWURQDXW���/HP����FKDUDFWHU���
WKH���'1$����LWHPV���DQG���VSHHFK���EXEEOHV�����������3UREOHP�����WKH���'1$����LWHP����H[SORGHV���RQ���$VWURQDXW��
/HP����FKDUDFWHU����ZKR���VFUHDPV����VSHHFK���EXEEOH���DQG���HPRWLRQ������������6ROXWLRQ�����6FLHQWLVW���%RR��
�FKDUDFWHU����VDYHV���$VWURQDXW���/HP����FKDUDFWHU����E\���YDFXXPLQJ���XS���WKH���'1$����LWHPV���DQG��
VSHHFK���DQG���GLDORJXH���EXEEOHV����

Ɣ 6HWWLQJ�&RQWH[W��������2XWGRRU���SDUN���VFHQH���ZLWK���EOXH���VN\���ĺ���6SDFH���ĺ���2XWGRRU����RQ���(DUWK����SDUN��
VFHQH���ZLWK���JUD\���VN\���

Ɣ 6SDWLDO���2UJDQL]DWLRQ��������6KH���XVHG���LWHPV���WR���UHSUHVHQW���WKH���FKDUDFWHUV¶���MREV���DQG���DFWLRQV����H�J����
/HP���ZHDULQJ���D���VSDFH���KHOPHW����%RR���ZRUNLQJ���LQ���D���VFLHQFH���ODE����DQG���EDFNJURXQGV���WR���UHSUHVHQW��
WKH���GLIIHUHQW���ORFDWLRQV���RI���WKH���VFHQHV���DQG���VHW���WKH���FRQWH[W����H�J�����RQ���(DUWK����LQ���VSDFH����DQG���EDFN��
RQ���(DUWK���ZLWK���D���GLIIHUHQW���FRORUHG���VN\���WR���GLVWLQJXLVK���WKH���WLPH����

Ɣ 7HPSRUDO���2UJDQL]DWLRQ��������/RRNLQJ���DW���WKH���VFHQHV���DQG���WKH���DFWLRQV�HYHQWV���RI���HDFK���VFHQH����WKH��
VFHQHV���DUH���RUGHUHG���LQ���D���ORJLFDO���VHTXHQFH���ZLWK���WKH���HYHQWV���EHLQJ���FRQGHQVHG���LQWR���D���VLQJOH��
IUDPH���DQG���IORZLQJ���ORJLFDOO\���LQ���WLPH���IURP���RQH���VFHQH���WR���WKH���QH[W����:KLOH���WKHUH���DUH���QR��
WHPSRUDO���PDUNHUV���RU���FDXVDO���PDUNHUV���LQ���WKH���GLDORJXH����WKH���GLDORJXH���LQ���WKH���VFHQHV���KHOS���RULHQW��
WKH���HYHQW���DQG���JLYH���LW���PRUH���FRQWH[W����H�J�����³WKH���VSDFH���VKLS���LV���IORDWLQJ�´����³WKH���HQG«´����

Ɣ 3ORW��������7R���VXPPDUL]H���WKH���SORW����\RX���FDQ���ORRN���DW���WKH���HQWLUH���VWRU\����PDGH���XS���E\���HDFK���IHDWXUH���
$VWURQDXW���/HP���JRHV���LQWR���RXWHU���VSDFH���DQG���ILQGV���D���P\VWHULRXV���VSDFH���PRQVWHU���WKDW���KH���EULQJV��
EDFN���WR���(DUWK����:KHQ���6FLHQWLVW���%RR���DQDO\]HV���LWV���'1$����VRPHWKLQJ���VXUSULVLQJ���KDSSHQV���

Ɣ /DQJXDJH��������/RRNLQJ���DW���WKH���GLDORJXH���DQG���VSHHFK���EXEEOHV����WKHUH���DUH���QHLWKHU���WHPSRUDO��
PDUNHUV���QRU���FDXVDO���PDUNHUV����7KH���QDUUDWLRQV���DUH���LQ���SUHVHQW���WHQVH����H�J�����³/HP���LV���LQ���RXWHU��
VSDFH´����DQG���PRVW���RI���WKH���VSHHFK���EXEEOHV���DUH���LQ���SUHVHQW���WHQVH����H�J����³,¶P���RN���,���WKLQN���WKHUH���LV���D��
PRQVWHU���RU���VRPHWKLQJ´����ZLWK���WKH���H[FHSWLRQV���WKDW���/HP���VWDWHV���KLV���LQWHQWLRQV���LQ���WKH���IXWXUH��
WHQVH����H�J�����³,¶P���JRQQD���>JUDE@���WKH���PRQVWHU���DQG���FRPH���EDFN´����DQG���%RR���UHIHUHQFHV���/HP¶V��
WULS���LQ���WKH���SDVW���WHQVH����L�H�����³:RZ���/HP���\RX���IRXQG���VRPHWKLQJ���EUDQG���QHZ´�����9HU\���IHZ��
SXQFWXDWLRQ���ZDV���XVHG���H[FHSW���WR���UHSUHVHQW���H[FODPDWLRQV����H�J�����³:2:��´�����6RXQG���HIIHFWV���LQ��
WKH���IRUP���RI���RQRPDWRSRHLDV���ZHUH���XVHG����L�H�����³%OHHS���%ORRS´����³YURRRRRRRP´�����6RPH��
LQYHQWHG���VSHOOLQJ���ZDV���XVHG����H�J�����³UH]DOWV´���IRU���³UHVXOWV´�����1R���HPRWLRQDO���ODQJXDJH���ZDV��
XVHG����EXW���H[FODPDWLRQV���RI���HPRWLRQDO���UHDFWLRQ���FDQ���EH���LGHQWLILHG���LQ���WKH���FKDUDFWHUV¶���VSHHFKHV��
�H�J�����³ZRDK´����³ZRZ´����
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Ɣ 9LHZSRLQW�3HUVSHFWLYH��������/RRNLQJ���DW���WKH���GLDORJXH���DQG���VSHHFK���EXEEOHV����5DFKHO���XVHV���ERWK��
WKH���ILUVW���SHUVRQ���DQG���WKLUG���SHUVRQ����7KH���QDUUDWRU���H[SODLQV���WKH���VFHQHV����H�J�����ZKHQ���WKH���VSDFH��
VKLS���LV���IORDWLQJ����WR���UHSUHVHQW���WKLUG�SHUVRQ����DQG���$VWURQDXW���/HP���XVHV���,�VWDWHPHQWV���WR��
LQGLFDWH���WKH���ILUVW�SHUVRQ����H�J����³,¶P���JRQQD���JUDE«´���� �

Ɣ 7KHPH�*HQUH��������5HYLHZLQJ���DOO���WKH���IHDWXUHV���WKDW���PDNH���XS���WKLV���VWRU\����WKH���JHQUH���LV���VFLHQFH��
ILFWLRQ����DQG���WKH���WKHPHV���DUH���VSDFH����DOLHQV����VFLHQFH����WHFKQRORJ\���

�
,GHQWLI\LQJ���WKH���VXEMHFWLYH���GLPHQVLRQV���RI���WKH���VWRU\����6SDFH����UHTXLUHV���ORRNLQJ���DW���HDFK���RI���WKH��

6WRU\%ORFNV���IHDWXUHV���WKDW���5DFKHO���XVHG���DQG���FRPELQLQJ���WKHP���WRJHWKHU����PXFK���OLNH���KRZ���ZH���ORRNHG���DW��
WKH���SORW����7KHVH���VXEMHFWLYH���GLPHQVLRQV���LQ���5DFKHO¶V���VWRU\���FDQ���EH���LQWHUSUHWHG���LQ���PDQ\���GLIIHUHQW��
ZD\V����,���ZLOO���SUHVHQW���DQ���H[DPSOH���RI���RQH���LQWHUSUHWDWLRQ���

Ɣ 3XUSRVH�0RWLYDWLRQ��������XQNQRZQ��
Ɣ 9DOXHV�0RUDOV��������8QNQRZQ���
Ɣ ,GHQWLW\��������7KURXJK���WKH���,�VWDWHPHQWV���E\���$VWURQDXW���/HP����/HP���VHHPV���OLNH���WKH���PDLQ���FKDUDFWHU��

WKDW���5DFKHO���LGHQWLILHV���ZLWK���
Ɣ (PSDWK\��������5DFKHO���XVHG���VRPH���HPRWLRQ���WR���FRQYH\���WKH���H[SUHVVLRQV���RI���WKH���FKDUDFWHUV����H�J���

%RR¶V���VXUSULVHG���H[SUHVVLRQ���LQ���IUDPH���VL[���DQG���/HP¶V���VXUSULVH�IHDU���LQ���IUDPH���QLQH�����/HP���LV���D��
EUDYH���FKDUDFWHU���ZKR���JRHV���WR���VSDFH���DQG���VHHPV���WR���KDYH���D���VHQVH���RI���ZRQGHU���DQG���FXULRVLW\��
WKURXJK���KLV���DFWLRQV����JRLQJ���WR���VSDFH���DQG���EULQJLQJ���WKH���DOLHQ���EDFN����DQG���KLV���GLDORJXH��
�H[FODLPLQJ���³:RZ´�����6FLHQWLVW���%RR���VHHPV���WR���EH���UHODWLYHO\���XQHPRWLRQDO����QHXWUDO��
H[SUHVVLRQV���EHVLGHV���WKH���VXUSULVH���LQ���VFHQH���VL[����DQG���EH���PRUH���RI���DQ���DQDO\WLFDO���VFLHQWLVW��
�SUHVHQWLQJ���WKH���UHVXOWV���QHXWUDOO\�����HYHQ���TXLFNO\���UHDFWLQJ���WR���WKH���SUREOHP���E\���YDFXXPLQJ���WKH��
'1$���ZLWKRXW���DQ���H[SUHVVLRQ����:KLOH���WKHUH���DUH���VRPH���HPRWLRQDO���UHDFWLRQV���ZLWKLQ���WKLV���VWRU\���
LW���LV���PRUH���IRFXVHG���RQ���WKH���DOLHQ���DQG���WKH���VFLHQFH���

Ɣ 0HDQLQJ��������8QNQRZQ���
:KLOH���,���WULHG���WR���LQWHUSUHW���VRPH���RI���WKH���VXEMHFWLYH���GLPHQVLRQV���EDVHG���RQ���WKH���6WRU\%ORFNV���IHDWXUHV���
DORQH����,���FRXOG���QRW���LQWHUSUHW���DOO���RI���WKHP���EHFDXVH���WKH���LGHQWLILFDWLRQ���RI���WKH���VXEMHFWLYH���GLPHQVLRQV��
ZDV���GLIILFXOW���ZLWKRXW���NQRZLQJ���5DFKHO¶V���FRQWH[WXDO���IDFWRUV����7KH���RQO\���FRQWH[W���ZH���FXUUHQWO\���KDG���IRU��
5DFKHO���ZDV���WKDW���VKH���LV���D���VHYHQ�\HDU�ROG���JLUO����7KHUHIRUH����ZKLOH���,���FDQ���LGHQWLI\���WKH���REMHFWLYH��
GLPHQVLRQV���ZLWKLQ���D���VWRU\���VROHO\���E\���WKH���XVH���RI���WKH���6WRU\%ORFNV���IHDWXUHV����LW���LV���FKDOOHQJLQJ���WR���GR��
WKH���VDPH���IRU���WKH���VXEMHFWLYH���GLPHQVLRQV����PRUH���FRQWH[WXDO���LQIRUPDWLRQ���LV���QHHGHG���WR���LQWHUSUHW���WKH��
VXEMHFWLYH���GLPHQVLRQV���
�
��������5HSUHVHQWLQJ���WKH���&RQWH[WXDO���)DFWRUV���DQG���7ZR���/HQVHV���LQ���WKH���&RQVROH��

7KHVH���QDUUDWLYH���GLPHQVLRQV���DORQJ���ZLWK���WKH���DFWXDO���VWRU\���DQG���WKH���FKLOG¶V���SURFHVV���RI���FUHDWLQJ��
WKH���VWRU\���DUH���V\QWKHVL]HG���DQG���SUHVHQWHG���WR���WKH���FRDFK���YLD���WKH���&RQVROH����7KH���FRDFK���WKHQ���XVHV���WKH��
&RQVROH���WR���YLHZ���WKH���VWRU\���DQG���DQDO\]H���WKH���QDUUDWLYH���GLPHQVLRQV���EDVHG���RQ���D���FRPELQDWLRQ���RI���WKH��
WZR���OHQVHV����7KH���6WRU\%ORFNV���GDWD���FDQ���EH���YLHZHG���WKURXJK���D���IRUPDOLVW���OHQV���E\���ORRNLQJ���DW���WKH��
REMHFWLYH���GLPHQVLRQV����UHSUHVHQWHG���E\���WKH���6WRU\���6WDWV���DQG���VRPH���6WRU\���$QQRWDWLRQV����&KLOGUHQ¶V��
SURILOH���GDWD���FRPELQHG���ZLWK���WKH���UHVSRQVHV���RI���FDUHJLYHUV���DQG���FKLOGUHQ���HQFRXUDJH���FRDFKHV���WR��
FRQVLGHU���WKH���FRQWH[WXDO���IDFWRUV���ZKHQ���DQDO\]LQJ���D���VWRU\����IXUWKHU���LQIRUPLQJ���WKH���LQWHUSUHWLYH���OHQV���
)LQDOO\����WKH���LQWHUSUHWLYH���OHQV���LV���UHSUHVHQWHG���E\���WKH���WZR���PRGHV���RI���YLHZLQJ���D���VWRU\����L�H�����SOD\���PRGH��
DQG���SURFHVV���PRGH�����VRPH���RI���WKH���ORQJ�IRUP���WH[W���UHVSRQVHV���LQ���WKH���6WRU\���$QQRWDWLRQV����WKH���SURFHVV���RI��
ZULWLQJ���IHHGEDFN���LQ���WKH���6WRU\���6WLFNLHV����DQG���WKH���SURFHVV���RI���FRPSRVLQJ���FDUHJLYHU���XSGDWHV����
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�
)LJXUH���������0DSSLQJ���WKH���7ZR���/HQVHV���WR���WKH���$QDO\WLFV���)HDWXUHV���RI���WKH���&RDFK���&RQVROH��

�
7KH���IRUPDOLVW���OHQV���LV���WKH���PRVW���SUHYDOHQW���RI���WKH���WZR���OHQVHV���ZLWKLQ���WKH���FXUUHQW���&RQVROH��

EHFDXVH���LW���LV���WKH���HDVLHVW���OHQV���WR���DXWRPDWH����7KH���6WRU\���6WDWV���DXWRPDWLFDOO\���LGHQWLI\���PDQ\���RI���WKH��
VWUXFWXUDO���HOHPHQWV���RI���WKH���VWRU\���DQG���SUHVHQW���WKHP���LQ���D���OLVW�OLNH���IDVKLRQ����0DQ\���RI���WKHVH���VWDWV��
DGGUHVV���WKH���IRUPDOLVW���OHQV¶���TXHVWLRQ���RI���ZKHWKHU���DQG���KRZ���WKH���REMHFWLYH���GLPHQVLRQV���DUH���SUHVHQW���LQ��
WKH���VWRU\����)RU���H[DPSOH����WKH���6WRU\���6WDWV���LGHQWLI\���WKH���FKDUDFWHUV���XVHG���LQ���WKH���VWRU\����WKH���HPRWLRQDO��
ODQJXDJH���W\SHG���LQ���WKH���GLDORJXH����DQG���WKH���LWHPV���XVHG���LQ���WKH���VWRU\����)RU���WKH���OHVV���HDVLO\���DXWRPDWDEOH��
REMHFWLYH���GLPHQVLRQV����H�J�����SORW����WKHPH����SHUVSHFWLYH����FRDFKHV���PDQXDOO\���LGHQWLI\���WKHP���WKURXJK���WKH��
6WRU\���$QQRWDWLRQV����)RU���H[DPSOH����FRDFKHV���LGHQWLI\���ZKHWKHU���WKH���VWRU\���IROORZV���D���FRKHUHQW���VHTXHQFH��
RU���QRW����ZKHWKHU���WKHUH���ZDV���D���SUREOHP���RU���DFWLRQ���LQ���WKH���VWRU\����DQG���FDWHJRUL]H���WKH���VWRU\���LQWR���WKHPHV��
DQG���JHQUHV����7KHVH���6WRU\���6WDWV���DQG���6WRU\���$QQRWDWLRQV���DUH���UHFRUGHG���IRU���HDFK���VWRU\���ZLWKLQ���WKH��
DQDO\VLV���WDE����DQG���DUH���DOVR���DJJUHJDWHG���DQG���SUHVHQWHG���DFURVV���PXOWLSOH���VWRULHV���LQ���WKH���RYHUYLHZ���WDE���

7KH���&RQVROH���H[SOLFLWO\���UHSUHVHQWV���VRPH���FRQWH[WXDO���IDFWRUV���WKDW���FRDFKHV���FDQ���XVH���WR���LQIRUP��
WKHLU���LQWHUSUHWDWLRQV���RI���WKH���VWRU\����:KLOH���DQDO\]LQJ���WKH���FKLOG¶V���VWRU\����WKH���FRDFK���KDV���D���SHUVLVWHQW��
YLHZ���RI���D���FRXSOH���RI���WKH���FKLOG¶V���FRQWH[WXDO���IDFWRUV���IURP���WKHLU���SURILOH����L�H�����DJH����VNLOO���OHYHO����IDPLO\��
PHPEHUV�����7KH���FRDFK���FDQ���DOVR���DFFHVV���WKH���QRWHV���SDQHO���RQ���WKH���ULJKW���VLGH���RI���WKHLU���VFUHHQ���WR���YLHZ���DQ\��
QRWHV���WKH\���WRRN���DERXW���WKH���FKLOG¶V���LQWHUHVWV����H[SHULHQFHV����RU���RWKHU���REVHUYDWLRQV����+RZHYHU����WKLV��
IHDWXUH���ZDV���YHU\���UDUHO\���XVHG����7KH���PDMRULW\���RI���WKH���FRQWH[WXDO���LQIRUPDWLRQ���WKDW���FRDFKHV���XVHG���ZKLOH��
DQDO\]LQJ���VWRULHV���ZDV���WKH���IHHGEDFN���IURP���FDUHJLYHUV���DQG���FKLOGUHQ����&RDFKHV���FRXOG���VHQG���6WLFNLHV���WR��
WKH���FKLOGUHQ¶V���GHYLFH���WR���JLYH���IHHGEDFN����SUDLVH����RU���DVN���TXHVWLRQV����2Q���PDQ\���RFFDVLRQV����ZKHQ��
FRDFKHV���DVNHG���FODULI\LQJ���TXHVWLRQV���RQ���FKLOGUHQ¶V���VWRULHV����FKLOGUHQ���UHVSRQGHG���WR���WKH���6WLFNLHV��
WKURXJK���HGLWLQJ���WKHLU���VWRU\����JLYLQJ���WKH���FRDFK���PRUH���FRQWH[W���DERXW���WKHLU���LQWHQWLRQV����IRU���H[DPSOHV���
VHH���ILJXUHV��������������������������DQG����������LQ���VHFWLRQ���WKUHH�����&DUHJLYHUV���ZHUH���HTXDOO\���DV���OLNHO\���DV��
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FKLOGUHQ���WR���SURYLGH���FRQWH[WXDO���LQIRUPDWLRQ���LQ���WKHLU���UHVSRQVHV���WR���FRDFKHV���DIWHU���FDUHJLYHU���XSGDWHV��
ZHUH���VHQW����)RU���H[DPSOH����DIWHU���UHFHLYLQJ���DQ���XSGDWH���RQH���PRWKHU���UHVSRQGHG���WR���KHU���FRDFK���WR���OHW���KHU��
NQRZ���WKDW���WKH���FKLOG���ZDV���FROODERUDWLQJ���ZLWK���KHU���\RXQJHU���EURWKHU���RQ���D���VWRU\���DERXW���D���ER\���ZKR��
GRHVQ¶W���ZDQW���WR���FOHDQ���XS���WR\V����7KH���FRDFK���ZDV���WKHQ���DEOH���WR���DFFRXQW���IRU���WKH���FROODERUDWLRQ���ZKHQ��
DQDO\]LQJ���WKDW���VWRU\����$QRWKHU���SDUHQW���UHVSRQGHG���WR���KHU���FRDFK¶V���XSGDWH���E\���SURYLGLQJ���FRQWH[W���DERXW��
WKH���SHUVLVWHQW���WKHPHV���LQ���WKH���FKLOG¶V���VWRULHV����H[SODLQLQJ���WKDW���WKH\���JR���GRZQWRZQ���D���ORW���DQG���VRFFHU���LV��
DOZD\V���RQ���WKH���79���LQ���WKHLU���KRPH���EHFDXVH���DQ���ROGHU���EURWKHU���LV���REVHVVHG����&KLOGUHQ���DQG���FDUHJLYHUV��
FDQ���KHOS���JLYH���FRDFKHV���D���ZLQGRZ���LQWR���WKH���LQWHQWLRQV����H[SHULHQFHV����DQG���HQYLURQPHQWV���WKDW���LQIOXHQFH��
FKLOGUHQ¶V���VWRULHV���

�
)LJXUH���������7KH���)ORZ���RI���&RQWH[WXDO���,QIRUPDWLRQ���%HWZHHQ���&RDFK����&DUHJLYHU����DQG���&KLOG��

�
8QOLNH���WKH���IRUPDWLYH���OHQV����WKH���LQWHUSUHWLYH���OHQV���UHTXLUHV���PRUH���DFWLYH���SDUWLFLSDWLRQ���E\���D��

FRDFK���EHFDXVH���LW���FDQQRW���EH���DXWRPDWHG����7R���KHOS���LQIRUP���WKH���FRDFK¶V���LQWHUSUHWDWLRQ����WKH���&RQVROH��
GLVSOD\V���WKH���FKLOG¶V���VWRU\���WKURXJK���WZR���PRGHV����7KH���ILUVW���LV���WKH���SOD\���PRGH����ZKLFK���LV���D��
IUDPH�E\�IUDPH���ZDON�WKURXJK���RI���WKH���VWDWLF���VFHQHV���LQ���WKH���FKLOG¶V���VWRU\����7KH���VHFRQG���LV���WKH���SURFHVV��
PRGH����ZKLFK���LV���D���VHTXHQFH���RI���VFUHHQVKRWV���FRQGHQVHG���LQWR���D���VKRUW���DQLPDWLRQ���YLGHR���WKDW���VKRZV���WKH��
FKLOG¶V���VWRU\���FUHDWLRQ���SURFHVV����7KH���FRDFK���XVHV���WKH���FKLOG¶V���VWRU\����WKH���6WRU\���6WDWV����DQG���DQ\��
FRQWH[WXDO���LQIRUPDWLRQ���WKH\���KDYH���WR���FRPSOHWH���WKH���6WRU\���$QQRWDWLRQV����:KLOH���VRPH���RI���WKH���LWHPV��
WKDW���FRPSULVH���WKH���6WRU\���$QQRWDWLRQV���DUH���PRUH���VWUXFWXUDO����H�J�����SUREOHP����DFWLRQ�����VHYHUDO���RI���WKH��
LWHPV���DUH���PRUH���LQWHUSUHWLYH����H�J�����PHDQLQJ�SORW���VXPPDU\����LQFRPSOHWH���VWRU\����LQFRKHUHQW���VWRU\�����)RU��
WKH���ODWWHU���LWHPV����FRDFKHV���FDQ���ZULWH���WKHLU���LQWHUSUHWDWLRQV���RI���WKH���VWRU\���DQG�RU���LWV���PHDQLQJ����DQG���XVH��
WKHLU���LQWHUSUHWDWLRQV���WR���LQIRUP���WKHLU���FDUHJLYHU���XSGDWHV���DQG���6WRU\���6WLFNLHV����)RU���H[DPSOH����RQH��
FRDFK¶V���LQWHUSUHWDWLRQ���RI���WKH���SORW���RI���DQ���HLJKW�IUDPH���VWRU\���ZDV���³%RR���PHHWV���2RE���DQG���ILQGV���RXW���WKH\��
DUH���ORQJ���ORVW���WZLQV�´���,Q���WKH���FRDFK¶V���FDUHJLYHU���XSGDWH����WKH���FRDFK���H[SDQGV���KHU���LQWHUSUHWDWLRQ���E\��
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WHOOLQJ���WKH���FDUHJLYHU���DERXW���WKH���FKLOG¶V���H[SUHVVLRQ���RI���HPRWLRQ���WKURXJK���WKH���FKDUDFWHUV���DQG���DVNLQJ��
ZKHWKHU���WKH���FKLOG���KDV���H[SHULHQFHG���VLPLODU���IHHOLQJV���RI���IHDU���DQG���FRQIXVLRQ���ZLWK���KLV���VLEOLQJV���
7KURXJK���WKH���DQDO\]H���DQG���XSGDWH���SURFHVV����WKH���&RQVROH���HQFRXUDJHV���FRDFKHV���WR���XVH���DQ���LQWHUSUHWLYH��
OHQV���ZKHQ���UHYLHZLQJ���FKLOGUHQ¶V���QDUUDWLYHV���
�
������$SSO\LQJ���WKH���7ZR�/HQV���$SSURDFK���WR���5HDVVHVV���2XU���6\VWHP¶V���$ELOLW\���WR��
'RFXPHQW���DQG���6XSSRUW���1DUUDWLYH���3URJUHVVLRQ��

%\���DSSO\LQJ���WKH���7ZR�/HQV���$SSURDFK���WR���WKH���HQWLUH���/HDUQLQJ���/RRSV���V\VWHP����,���FDQ���UHDVVHVV��
RXU���V\VWHP¶V���DELOLW\���WR���GRFXPHQW���DQG���VXSSRUW���FKLOGUHQ¶V���QDUUDWLYH���SURJUHVVLRQ����)LUVW����LQ���UHYLHZLQJ��
P\���GHILQLWLRQ���RI���QDUUDWLYH���²���L�H�����WKH���FXOPLQDWLRQ���RI���FRJQLWLRQ����HPRWLRQ����DQG���FXOWXUH���SUHVHQWHG���LQ��
YDULRXV���VWRU\���PHGLXPV����H�J�����ZULWWHQ����RUDO����SK\VLFDO����PHQWDO����WR���H[SUHVV���LGHDV����H[SHULHQFHV���
HYHQWV����RU���LPDJLQLQJV���IRU���WKH���SXUSRVHV���RI���FRPPXQLFDWLQJ����VHQVH�PDNLQJ����DQG���LGHQWLW\���IRUPDWLRQ��
²���,���FDQ���GHGXFH���WKDW���P\���GHILQLWLRQ���RI���QDUUDWLYH���SURJUHVVLRQ���PXVW���EH���PRUH���KROLVWLF����$OLJQLQJ���ZLWK��
WKH���WZR���OHQVHV���LQ���P\���DSSURDFK����P\���GHILQLWLRQ���RI���SURJUHVVLRQ���PXVW���LQFOXGH���ERWK���WKH���LPSURYHPHQW��
RI���WKH���VWUXFWXUDO���DQG���OLQJXLVWLF���QDUUDWLYH���VNLOOV���DV���ZHOO���DV���LQFUHDVHV���DORQJ���WKH���LQWHUSUHWLYH���QDUUDWLYH��
VNLOOV����H�J�����VHQVH�PDNLQJ����LGHQWLW\�����,Q���UHYLHZLQJ���RXU���V\VWHP����RXU���DQDO\WLFV���WRRO���GLG���QRW��
QHFHVVDULO\���VXSSRUW���FRDFKHV���LQ���VHHLQJ���PHDQLQJIXO���FKDQJHV���LQ���WKH���REMHFWLYH���GLPHQVLRQV���RI��
FKLOGUHQ¶V���VWRULHV���RYHU���WLPH����QRU���GLG���LW���SDUWLFXODUO\���GLUHFW���FRDFKHV
���DWWHQWLRQV���WR���WKH���VXEMHFWLYH��
GLPHQVLRQV���ZLWKLQ���LQGLYLGXDO���VWRULHV���RU���DFURVV���VWRULHV���EHVLGHV���WKH���PHDQLQJ���RI���WKH���SORW���DQG��
HPRWLRQV���RI���WKH���FKDUDFWHUV����'HVSLWH���WKLV����FRDFKHV���VWLOO���PDQDJHG���WR���GRFXPHQW���FKLOGUHQ¶V���KROLVWLF��
SURJUHVVLRQ���DPRQJ���IRXU���FDWHJRULHV����L�H�����FRPSOHWHQHVV����FRKHUHQFH����H[SUHVVLRQ����FRPSOH[LW\���
WKURXJK���WKHLU���FDUHJLYHU���XSGDWHV����DQG���GLUHFWO\���VXSSRUW���FKLOGUHQ¶V���KROLVWLF���QDUUDWLYH���SURJUHVV��
WKURXJK���6WRU\���6WLFNLHV���

(YHQ���WKRXJK���WKH���&RQVROH���SUHVHQWHG���PRUH���RI���WKH���IRUPDOLVW���OHQV²���L�H�����GLUHFWLQJ���WKH��
FRDFKHV���WRZDUGV���DQDO\]LQJ���REMHFWLYH���GLPHQVLRQV���VXFK���DV���ODQJXDJH���IHDWXUHV���DQG���SUREOHP��
VWRULHV²���WKH���FRDFKHV���VWLOO���VHHPHG���WR���IRFXV���HTXDOO\���RQ���FRPPXQLFDWLQJ���SURJUHVV���RI���WKH���VWUXFWXUDO��
HOHPHQWV����H�J�����VWRU\���FRPSOHWHQHVV����VWRU\���FRKHUHQFH����FRPSOH[LW\���RI���VWRU\���GHWDLO����DV���SURJUHVV���RQ��
WKH���LQWHUSUHWLYH���HOHPHQWV����H�J�����HPRWLRQDO���H[SUHVVLRQ����HODERUDWLQJ���RQ���PHDQLQJ����FRPSOH[LW\���RI��
SORW����RI���FKLOGUHQ¶V���VWRULHV����)RU���H[DPSOH����ILJXUH���������VKRZV���QLQH���VHOHFWHG���FDUHJLYHU���XSGDWHV���IURP��
&RDFK���1DWDOLH���DERXW���5RJHU¶V���SURJUHVV���RYHU���WKH���HLJKW���ZHHN���SLORW���RUJDQL]HG���DORQJ���D���FRQWLQXXP���
7KH���XSGDWHV���LQ���EOXH���UHSUHVHQW���SURJUHVVLRQ���RI���WKH���PRUH���IRUPDOLVW���DVSHFWV���RI���QDUUDWLYH���DQG���SXUSOH��
UHSUHVHQW���SURJUHVVLRQ���WKDW���LV���PRUH���LQWHUSUHWLYH���LQ���VFRSH���
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�
)LJXUH���������6HOHFWHG���&DUHJLYHU���8SGDWHV���E\���&RDFK���1DWDOLH���$ERXW���5RJHU¶V���)RUPDOLVW����EOXH����DQG���,QWHUSUHWLYH����SXUSOH���

1DUUDWLYH���3URJUHVV���
�

7R���VXSSRUW���FKLOGUHQ¶V���QDUUDWLYH���SURJUHVVLRQ����FRDFKHV���XVHG���6WRU\���6WLFNLHV���WR���KHOS���FKLOGUHQ��
GHYHORS���ERWK���VWUXFWXUDO���DQG���LQWHUSUHWLYH���HOHPHQWV���RI���WKHLU���VWRULHV����)RU���H[DPSOH����ILJXUH���������UHYLVLWV��
0DF\¶V���VWRU\���DQG���&RDFK���0HODQLH¶V���6WRU\���6WLFN\����ZKLFK���DVNV���0DF\���WR���HGLW���WKH���VWUXFWXUH���RI���KHU��
VWRU\���E\���DVNLQJ����³ZKDW���KDSSHQV���QH[W"´���&RDFKHV���DOVR���DVNHG���FKLOGUHQ���SURPSWLQJ���TXHVWLRQV���WR���KHOS��
FKLOGUHQ���HODERUDWH���DQG���FRPPXQLFDWH���PHDQLQJ����FRQWH[W����DQG���SXUSRVH���WKURXJK���WKHLU���VWRULHV����)RU��
H[DPSOH����ILJXUH���������UHYLVLWV���'DQD¶V���VWRU\���DQG���&RDFK���6DUDK¶V���6WRU\���6WLFNLHV����:KLOH���&RDFK���6DUDK¶V��
6WLFNLHV���DOVR���DVN���'DQD���WR���HODERUDWH���RQ���VRPH���RI���WKH���VWUXFWXUDO���HOHPHQWV���RI���KHU���VWRU\����VKH���XVHV��
SURPSWLQJ���TXHVWLRQV���DQG���UHIOHFWLYH���VWUDWHJLHV���WR���IRFXV���'DQD¶V���DWWHQWLRQ���RQ���PRUH���LQWHUSUHWLYH��
GLPHQVLRQV���RI���WKH���VWRU\����VXFK���DV���VHWWLQJ���WKH���FRQWH[W���IRU���WKH���VFHQH���DQG���HODERUDWLQJ���RQ���WKH���ZLWFK¶V��
IHHOLQJV���DQG���UHDFWLRQV����&RDFK���6DUDK���FRXOG���KDYH���HDVLO\���IRFXVHG���KHU���IHHGEDFN���RQ���IRUPDOLVW��
GLPHQVLRQV����VXFK���DV���FRUUHFWLQJ���VSHOOLQJ���HUURUV���ZLWKLQ���'DQD¶V���VWRU\����H�J�����ZHWFK�����EXW���LQVWHDG���
&RDFK���6DUDK���JHQWO\���VFDIIROGV���VSHOOLQJ���E\���PRGHOLQJ���WKH���ZRUGV����H�J�����ZLWFK����LQ���KHU���6WLFN\���ZKLOH��
JLYLQJ���GLUHFW���SUDLVH���DERXW���WKH���QDUUDWLYH���VWUDWHJLHV���WKDW���'DQD���XVHG���VXFFHVVIXOO\����L�H�����PDNLQJ���WKH��
ZLWFK���FKDUDFWHU���OLNH���D���UHDO���ZLWFK���ZKR���GRHVQ¶W���ZDQW���WR���EH���DURXQG���SHRSOH�����3URYLGLQJ���WKHVH���W\SHV���RI��
IHHGEDFN���WR���FKLOGUHQ���DOLJQV���ZLWK���RXU���SHGDJRJLHV���RI���VFDIIROGLQJ���DQG���FRQVWUXFWLRQLVW���OHDUQLQJ���WKDW��
LV���FKLOG�GULYHQ����,���EHOLHYH���WKDW���VKLIWLQJ���WKH���IRFXV���WR���LQFOXGH���WKH���LQWHUSUHWLYH���OHQV���HQFRXUDJHV��
FKLOGUHQ���WR���IHHO���VXSSRUWHG���E\���WKHLU���FRDFKHV���LQ���PDNLQJ���WKHLU���RZQ���VWRULHV���WKDW���DOLJQ���ZLWK���WKHLU���JRDOV��
DQG���LQWHQWLRQV����UDWKHU���WKDQ���IHHOLQJ���OLNH���WKHLU���VWRULHV���KDYH���WR���ILW���D���VSHFLILF���PROG���DQG���GHFUHDVLQJ��
WKHLU���PRWLYDWLRQ���WR���XVH���6WRU\%ORFNV���WR���PDNH���WKHLU���RZQ���SHUVRQDOO\�JHQHUDWHG���VWRULHV����7KLV���LV���DQ��
H[WUHPHO\���LPSRUWDQW���SDUW���RI���RXU���PRGHO����DQG���WKH���WRROV���RI���RXU���V\VWHP���PXVW���UHIOHFW���WKLV���E\���GLUHFWO\��
VXSSRUWLQJ���FRDFKHV���LQ���SURYLGLQJ���UHOHYDQW����LQWHUSUHWLYH���IHHGEDFN���WR���FKLOGUHQ���
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)LJXUH���������6WRU\%ORFNV���6WRU\���E\���0DF\���DQG���&RDFK���0HODQLH¶V���6WRU\���6WLFN\���WR���,QIOXHQFH���WKH���6WUXFWXUH���RI���WKH���6WRU\���
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�
)LJXUH���������6WRU\%ORFNV���6WRU\���E\���'DQD���DQG���&RDFK���6DUDK¶V���6WRU\���6WLFNLHV���$VNLQJ���4XHVWLRQV���WKDW���(QFRXUDJH��

5HIOHFWLRQ���DQG���,QVSLUH���(ODERUDWLRQ���RI���&KDUDFWHUV¶���(PRWLRQV���
�
7KHUHIRUH����ZH���QHHG���WR���UHGHVLJQ���WKH���&RQVROH���DQG���DQDO\WLFV���WR���KHOS���FRDFKHV���ILUVW���VHH���WKH��

VXEMHFWLYH���GLPHQVLRQV���RI���QDUUDWLYH���DQG���WKHQ���EHWWHU���FRPPXQLFDWH���WKHP���WR���FDUHJLYHUV���DQG���GLUHFWO\��
VXSSRUW���WKHP���WKURXJK���6WLFNLHV����)XUWKHUPRUH����RXU���&RQVROH���DQG���DQDO\WLFV���PXVW���LQWHJUDWH���WKH���IRXU��
FDWHJRULHV���RI���SURJUHVVLRQ����HVSHFLDOO\���WKRVH���WKDW���DUH���OHVV���VWUXFWXUDO����L�H�����FRKHUHQFH����FRPSOH[LW\���
H[SUHVVLRQ����DQG���XVH���WKH���GDWD���IURP���WKH���IRUPDOLVW���OHQV���DQG���FRQWH[WXDO���IDFWRUV���WR���GLUHFW���WKH���FRDFK¶V��
DWWHQWLRQ���WRZDUGV���WKH���PRUH���LQWHUSUHWLYH���DVSHFWV���RI���FKLOGUHQ¶V���QDUUDWLYHV���DV���WKH\���VXSSRUW���QDUUDWLYH��
SURJUHVVLRQ���KROLVWLFDOO\���DQG���V\VWHPDWLFDOO\����,Q���RUGHU���WR���GR���WKLV����,���PXVW���XVH���WKH���7ZR�/HQV��
$SSURDFK���WR���LGHQWLI\���WKH���OLPLWDWLRQV���RI���RXU���FXUUHQW���V\VWHP���DQG���XVH���WKHVH���OLPLWDWLRQV���WR���LQIRUP���WKH��
QH[W���LWHUDWLRQ���RI���RXU���DQDO\WLFV���V\VWHP���DQG���&RQVROH���GHVLJQ���
�
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������/LPLWDWLRQV���RI���WKH���&XUUHQW���/HDUQLQJ���/RRSV���6\VWHP���,QIRUPHG���E\���WKH��
$SSOLFDWLRQ���RI���WKH���7ZR�/HQV���$SSURDFK���DQG���)XWXUH���,PSOLFDWLRQV��

$SSO\LQJ���WKH���7ZR�/HQV���$SSURDFK���WR���WKH���FXUUHQW���/HDUQLQJ���/RRSV���V\VWHP���KLJKOLJKWV��
VHYHUDO���OLPLWDWLRQV���RI���ERWK���WKH���6WRU\%ORFNV���DSS���DQG���WKH���DQDO\VLV���WRROV���ZLWKLQ���WKH���&RQVROH����7KHUH��
DUH���IRXU���PDLQ���OLPLWDWLRQV���IRU���6WRU\%ORFNV����7KH���ILUVW���WZR���OLPLWDWLRQV���ZHUH���LOOXPLQDWHG���E\���WKH��
FRQWH[WXDO���IDFWRUV����)LUVW����FKLOGUHQ���GR���QRW���LGHQWLI\���WKH���WKHPHV���RU���JHQUH���RI���WKHLU���VWRU\���ZLWKLQ��
6WRU\%ORFNV����6HWWLQJ���WKH���JHQUH���RU���LGHQWLI\LQJ���WKHPHV���FDQ���KHOS���WKH���FKLOG���LQ���GUDIWLQJ���WKHLU���VWRU\���
DQG���ZLOO���KHOS���JLYH���WKH���FRDFK���PRUH���FRQWH[W���ZKLOH���WKH\���DUH���DQDO\]LQJ���WKH���VWRU\���>��@����6HFRQG����WKH��
FXUUHQW���YHUVLRQ���RI���6WRU\%ORFNV���GRHV���QRW���FDSWXUH���WKH���FKLOG¶V���LQWHQGHG���DXGLHQFH���IRU���WKHLU���VWRU\���
7KHUH���DUH���WZR���IHDWXUHV���ZH���KRSH���WR���EXLOG���LQWR���6WRU\%ORFNV���LQ���WKH���QH[W���LWHUDWLRQ���WR���DFFRXQW���IRU���WKLV���
:H���DLP���WR���FUHDWH���D���VRFLDO���VKDULQJ���IHDWXUH����ZKHUH���FKLOGUHQ���FDQ���VHOHFW���WKHLU���DXGLHQFH���DQG���VKDUH���WKHLU��
VWRU\���GLJLWDOO\���ZLWK���WKH���/HDUQLQJ���/RRSV���FRPPXQLW\����:H���DOVR���DLP���WR���FUHDWH���DQ���H[SRUW���IHDWXUH��
ZKHUH���FKLOGUHQ���FDQ���H[SRUW���WKHLU���VWRULHV���WR���3')���DQG���VHQG���WKHP���WR���ZKRPHYHU���WKH\���ZRXOG���OLNH����H�J����
JUDQGPRWKHU�����7KH���WKLUG���6WRU\%ORFNV���OLPLWDWLRQ���LV���WKDW���WKH���FRPLF�VW\OH���VWRU\���GHVLJQ���GRHV���QRW��
DOORZ���IRU���ORQJ���QDUUDWLRQ����ZKLFK���PD\���EH���PLVUHSUHVHQWLQJ���FKLOGUHQ¶V���ODQJXDJH���DQG���QDUUDWLYH���VNLOOV��
WKURXJK���ELDVLQJ���WKH���PHGLXP���WKH\���XVH����)RU���WKH���QH[W���LWHUDWLRQ���RI���6WRU\%ORFNV����ZH���PXVW���FRQVLGHU��
KRZ���WR���SURYLGH���PRUH���RSSRUWXQLWLHV���IRU���WH[W����/DVWO\����6WRU\%ORFNV���ZDV���GHVLJQHG���VR���WKDW���FKLOGUHQ��
FRXOG���DOZD\V���HGLW���WKHLU���VWRULHV����DQG���EHFDXVH���RI���WKLV����WKHUH���ZDV���QR���GLVWLQFWLRQ���EHWZHHQ���D���FRPSOHWHG��
VWRU\���DQG���DQ���LQ�SURFHVV���VWRU\����LQ���RWKHU���ZRUGV����WKHUH���ZDV���QR���ZD\���IRU���D���FKLOG���WR���LQGLFDWH���ZKHQ���D��
VWRU\���ZDV���FRPSOHWH����7KLV���OLPLWDWLRQ���KLQGHUHG���ERWK���WKH���&RQVROH¶V���DELOLW\���WR���DQDO\]H���DQG���WKH��
FRDFK¶V���DELOLW\���WR���LQWHUSUHW���WKH���FKLOG¶V���VWRU\���EHFDXVH���LW���PD\���KDYH���EHHQ���LQFRPSOHWH����7KH���QH[W��
LWHUDWLRQ���RI���6WRU\%ORFNV���PXVW���DGGUHVV���WKLV���OLPLWDWLRQ���E\���LQFOXGLQJ���WKH���DELOLW\���IRU���FKLOGUHQ���WR��
LQGLFDWH���ZKHQ���D���VWRU\���LV���FRPSOHWH���DQG���UHDG\���IRU���DQDO\VLV���

6HYHUDO���OLPLWDWLRQV���ZHUH���GLVFRYHUHG���E\���DSSO\LQJ���WKH���WZR���OHQVHV���WR���WKH���FXUUHQW���DQDO\WLFV��
V\VWHP���ZLWKLQ���WKH���&RQVROH����)LUVW����ZKLOH���WKH���LQWHQWLRQ���ZDV���WR���FUHDWH���D���KROLVWLF���DQDO\WLFV���V\VWHP����WKH��
FXUUHQW���DQDO\WLFV���PDLQO\���UHSUHVHQWV���WKH���IRUPDOLVW���OHQV����LGHQWLI\LQJ���WKH���VWUXFWXUDO���HOHPHQWV���RI���D��
VWRU\���WKURXJK���WKH���6WRU\���6WDWV���DQG���VRPH���RI���WKH���6WRU\���$QQRWDWLRQV����7KH���6WDWV���DUH���PDLQO\���GLVSOD\HG��
DV���FRXQWV���RU���OLVWV���ZKLFK���GR���QRW���H[SOLFLWO\���UHIHUHQFH���WKHLU���VLJQLILFDQW���OLQN���WR���FKLOGUHQ¶V���QDUUDWLYH��
GHYHORSPHQW����7KHUHIRUH����WKH���IRUPDOLVW���OHQV���EHFRPHV���OHVV���XVHIXO���LQ���LQIRUPLQJ���WKH���FRDFK¶V��
LQWHUSUHWDWLRQ���RI���WKH���VWRU\����,Q���D���VLPLODU���YHLQ����ZKLOH���WKH���FXUUHQW���DQDO\WLFV���V\VWHP���XQLTXHO\���DFFRXQWV��
IRU���WKH���LQWHUSUHWLYH���OHQV����WKH���6WRU\���$QQRWDWLRQV���IRFXV���PRUH���RQ���VXSSOHPHQWLQJ���WKH���IRUPDOLVW���OHQV��
E\���LGHQWLI\LQJ���WKH���OHVV���HDVLO\���DXWRPDWHG���VWUXFWXUDO���HOHPHQWV���RI���D���VWRU\����UDWKHU���WKDQ���GLUHFWLQJ���WKH��
FRDFK���WRZDUGV���WDNLQJ���D���PRUH���LQWHUSUHWLYH���SHUVSHFWLYH���EH\RQG���WKH���VWUXFWXUH���RI���WKH���VWRU\����7R��
DFFRXQW���IRU���WKHVH���OLPLWDWLRQV����WKH���QH[W���LWHUDWLRQ���RI���WKH���DQDO\WLFV���V\VWHP���PXVW���PDNH���WKH���6WRU\���6WDWV��
DQG���WKH���6WRU\���$QQRWDWLRQV���VDOLHQW���WR���KRZ���WKH\���UHSUHVHQW���FKLOGUHQ¶V���QDUUDWLYH���SURJUHVV����DQG���SUHVHQW��
LW���WR���WKH���FRDFKHV���LQ���D���PHDQLQJIXO���ZD\���WR���KHOS���LQIRUP���WKHLU���LQWHUSUHWDWLRQV���DQG���PDNH���WKHP���PRUH��
DFFXUDWH����)LQDOO\����WKH���G\QDPLF���FRQWH[WXDO���IDFWRUV���VKRXOG���EH���PDGH���PRUH���DFFHVVLEOH���WR���WKH���FRDFK���RQ��
WKH���&RQVROH����7KH���FXUUHQW���FRQWH[WXDO���IDFWRUV���DUH���VWDWLFDOO\���UHSUHVHQWHG���E\���WKH���FKLOG¶V���SURILOH��
LQIRUPDWLRQ���DQG���WKH���VSRUDGLF���FRQWH[W���JLYHQ���E\���WKH���VWRU\���HGLWV���RI���FKLOGUHQ���DQG���UHVSRQVHV���RI���WKH��
FDUHJLYHU���PHVVDJHV����7KH���QH[W���LWHUDWLRQ���RI���WKH���&RQVROH���VKRXOG���SURYLGH���PRUH���FRQWH[WXDO��
LQIRUPDWLRQ���DQG���LQFRUSRUDWH���WKH���VXSSOHPHQWDO���FRQWH[W���WKH���FDUHJLYHUV���VKDUH���LQWR���WKH���DQDO\]H��
VFUHHQ���LQ���RUGHU���WR���RYHUFRPH���WKLV���OLPLWDWLRQ���

,Q���FRQFOXVLRQ����E\���DSSO\LQJ���WKH���7ZR�/HQV���$SSURDFK���WR���WKH���FXUUHQW���/HDUQLQJ���/RRSV���V\VWHP��
,���ZDV���DEOH���WR���LGHQWLI\���VXFFHVVHV���DQG���OLPLWDWLRQV���RI���DOLJQPHQW����7KH���FXUUHQW���/HDUQLQJ���/RRSV���V\VWHP��
VXFFHVVIXOO\���WDNHV���D���KROLVWLF���DSSURDFK���E\���KHOSLQJ���FRDFKHV���YLHZ���DQG���DQDO\]H���PRUH���WKDQ���MXVW���WKH��
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�

VWUXFWXUDO���GLPHQVLRQV���RI���FKLOGUHQ¶V���VWRULHV����+RZHYHU����WKH���OLPLWDWLRQV���RI���WKH���FXUUHQW���V\VWHP���VKHG��
OLJKW���RQ���ZD\V���ZH���FDQ���LPSURYH���WKH���6WRU\%ORFNV���DSS���DQG���DQDO\WLFV���V\VWHP����,Q���WKH���UHPDLQGHU���RI���WKLV��
GLVVHUWDWLRQ����,���ZLOO���DGGUHVV���WKH���OLPLWDWLRQV���H[SUHVVHG���DERYH���E\���XVLQJ���WKH���7ZR�/HQV���$SSURDFK���WR��
LQIRUP���WKH���QH[W���LWHUDWLRQ���RI���ERWK���WKH���/HDUQLQJ���/RRSV���SODWIRUP���IRU���QDUUDWLYH���H[SUHVVLRQ���DQG���WKH��
DQDO\WLFV���V\VWHP����LQ���RUGHU���WR���LPSURYH���/HDUQLQJ���/RRSV¶���DELOLW\���WR���GRFXPHQW���DQG���VXSSRUW���FKLOGUHQ¶V��
QDUUDWLYH���FDSDFLW\���LQ���D���PRUH���UREXVW����KROLVWLF����DQG���V\VWHPDWLF���ZD\���
�

�����



�

����'HVLJQ���'RFXPHQW����3URVSHFWLYHO\���$SSO\LQJ���WKH���7ZR�/HQV��
$SSURDFK���WR���'HVLJQ���WKH���1H[W���,WHUDWLRQ���RI���/HDUQLQJ���/RRSV��

�
7KLV���GHVLJQ���GRFXPHQW���GHWDLOV���GHVLJQ���PRGLILFDWLRQV���IRU���WKUHH���LQWHJUDO���SDUWV���RI���WKH���V\VWHP���

������6WRU\%ORFNV����������3OD\���$QDO\WLFV����DQG���������WKH���&RDFK���&RQVROH����(DFK���RI���WKHVH���SDUWV���RI���WKH���V\VWHP��
DUH���LQWHUFRQQHFWHG����DQG���WKHLU���GHVLJQV���ZLOO���LPSDFW���HDFK���RWKHU����7KH���UHGHVLJQ���RI���6WRU\%ORFNV���ZLOO��
LQIRUP���QRW���MXVW���FKLOGUHQ¶V���LQWHUDFWLRQV���ZLWK���WKH���W\SHV���RI���VWRULHV���WKH\���FDQ���WHOO����EXW���DOVR���WKH���GHVLJQ��
RI���RXU���DQDO\WLFV���V\VWHP���DQG���WKH���W\SH���RI���GDWD���ZH���FDQ���GRFXPHQW���DQG���DQDO\]H����2XU���3OD\���$QDO\WLFV��
V\VWHP���ZLOO���GHWHUPLQH���WKH���SURFHVV���E\���ZKLFK���ZH���GRFXPHQW���FKLOGUHQ¶V���VWRU\���GDWD���DQG���DQDO\]H���LW���WR��
ERWK���UHSUHVHQW���FKLOGUHQ¶V���QDUUDWLYH���VNLOOV���DQG���XQGHUVWDQG���WKHLU���QDUUDWLYH���SURJUHVV����7KH���&RQVROH��
ZLOO���LPSDFW���WKH���SURFHVV���E\���ZKLFK���ZH���SUHVHQW���FKLOGUHQ¶V���VWRU\���GDWD���WR���FRDFKHV���WR���KHOS���WKHP���YLHZ��
DQG���FRPPXQLFDWH���OHDUQLQJ���PRPHQWV����LQIOXHQFLQJ���FRDFK���LQWHUDFWLRQV���ZLWK���FKLOGUHQ���DQG���IDPLOLHV���

�
������6WRU\%ORFNV���UHGHVLJQ���IHDWXUHV��

%DVHG���RQ���WKH���OHDUQLQJV���IURP���RXU���/HDUQLQJ���/RRSV���6SULQJ����������SLORW���DQG���WKH���OLPLWDWLRQV��
JOHDQHG���IURP���DSSO\LQJ���WKH���7ZR�/HQV���$SSURDFK����WKHUH���DUH���VHYHUDO���NH\���PRGLILFDWLRQV���WKDW���QHHG���WR��
EH���PDGH���WR���WKH���6WRU\%ORFNV���GHVLJQ����)LUVW����6WRU\%ORFNV���VKRXOG���LQFOXGH���PRUH���RSSRUWXQLWLHV���IRU��
WH[W����DOORZLQJ���FKLOGUHQ���WR���FUHDWH���GLIIHUHQW���W\SHV���RI���VWRULHV���EH\RQG���MXVW���FRPLFV����6HFRQG����FKLOGUHQ��
VKRXOG���EH���DEOH���WR���LQGLFDWH���ZKHQ���D���VWRU\���GUDIW���LV���FRPSOHWH���DQG���UHDG\���IRU���DQDO\VLV����7KLUG����FKLOGUHQ��
VKRXOG���EH���DEOH���WR���VSHFLI\���WKH���JHQUH����WKHPHV����DQG���LQWHQGHG���DXGLHQFH���RI���WKHLU���VWRULHV����)RXUWK���
6WRU\%ORFNV���VKRXOG���HQFRXUDJH���RSSRUWXQLWLHV���IRU���VRFLDO���LQWHUDFWLRQV���DQG���VWRU\���VKDULQJ���DPRQJ��
FRDFKHV����SHHUV����DQG���IDPLOLHV���LQ���WKH���/HDUQLQJ���/RRSV���FRPPXQLW\����(DFK���PRGLILFDWLRQ���LV���H[SODLQHG���LQ��
PRUH���GHWDLO����EHORZ����DORQJ���ZLWK���D���SUHOLPLQDU\���PRFN�XS���IRU���KRZ���WKH���IHDWXUH���FRXOG���EH���GHVLJQHG����
�
��������,QFUHDVLQJ���2SSRUWXQLWLHV���IRU���7H[W��

,Q���RUGHU���WR���VXSSRUW���FKLOGUHQ¶V���IXOO���QDUUDWLYH���H[SUHVVLRQ����WKH���GHVLJQ���RI���6WRU\%ORFNV���QHHGV��
WR���LQFUHDVH���RSSRUWXQLWLHV���IRU���WH[W���VR���WKDW���FKLOGUHQ���FDQ���FUHDWH���GLIIHUHQW���W\SHV���RI���VWRULHV���XVLQJ��
PXOWLSOH���PRGDOLWLHV����H�J�����YLVXDO���LPDJHV����ZULWWHQ���WH[W����VSRNHQ���GLDORJXH�����,Q���WKH���FXUUHQW���GHVLJQ���RI��
6WRU\%ORFNV����FKLOGUHQ���FDQ���XVH���DOO���RI���WKHVH���PHGLXPV����\HW���WKH\���DUH���OLPLWHG���E\���WKH���VL]H���RI���WKH���VSHHFK��
EXEEOH���DQG���VL]H���RI���WKH���VFUHHQ���DQG���IUDPH����,Q���WKLV���ZD\����WKH���FXUUHQW���GHVLJQ���PD\���EH���ELDVLQJ���FKLOGUHQ¶V��
VWRULHV���WR���LQFOXGH���OHVV���ZULWWHQ���QDUUDWLRQ���DQG���PRUH���FKDUDFWHU���GLDORJXH����6LPLODUO\����ZH���PD\���EH��
XQLQWHQWLRQDOO\���PLVUHSUHVHQWLQJ���FKLOGUHQ¶V���ZULWWHQ���QDUUDWLYH���VNLOOV���EHFDXVH���WKHUH���LV���D���EDUULHU���WR��
LQVHUWLQJ���ORQJHU���QDUUDWLRQV���RU���ZULWWHQ���GHWDLO����7KHUHIRUH����ZH���SODQ���WR���LQFUHDVH���RSSRUWXQLWLHV���IRU���WH[W��
LQWR���WKH���6WRU\%ORFNV���GHVLJQ���WR���DOORZ���IRU���FKLOGUHQ���WR���FUHDWH���DQ\���W\SH���RI���VWRU\���WKH\���ZRXOG���OLNH����QRW��
MXVW���FRPLF�VW\OH���VWRULHV����,Q���PDNLQJ���WKLV���PRGLILFDWLRQ����ZH���ZDQW���WR���PDNH���VXUH���WKDW���ZH���GR���QRW��
REVFXUH���WKH���LPSRUWDQW���UROH���WKDW���LWHPV����EDFNJURXQGV����DQG���RWKHU���YLVXDO���HOHPHQWV���SOD\���LQ���FKLOGUHQ¶V��
FRQVWUXFWLRQV���RI���VWRULHV����7KHUHIRUH����ZH���ZDQW���WR���JLYH���FKLOGUHQ���WKH���RSWLRQ���WR���FUHDWH���ERWK���SLFWXUH��
ERRN�VW\OH���VWRULHV���DQG���FRPLF���ERRN�VW\OH���VWRULHV����)LJXUH���������GHPRQVWUDWHV���D���PRFN�XS���RI���WKH��
SRWHQWLDO���GHVLJQ���DQG���LQWHUDFWLRQ���RI���LQFUHDVLQJ���RSSRUWXQLWLHV���IRU���WH[W���
�
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�
)LJXUH���������,QLWLDO���0RFN�8S���WR���,QFUHDVH���2SSRUWXQLWLHV���IRU���7H[W���LQ���6WRU\%ORFNV��

�
,Q���WKLV���QHZ���GHVLJQ����FKLOGUHQ���FDQ���ILUVW���FKRRVH���ZKLFK���W\SH���RI���VWRU\���WKH\���ZRXOG���OLNH���WR���PDNH���

7KHQ����WKH\���FDQ���FOLFN���RQ���WKH���SDJH���DW���WKH���ERWWRP���RI���WKH���VFUHHQ���WR���ZULWH���GRZQ����LQ���D���ORQJ�IRUP��
WH[WER[����WKH���GHWDLOV���RI���WKHLU���VWRU\����7KLV���WUDQVIRUPV���D���FKLOG¶V���VWRU\���IURP���D���FRPLF���ERRN���WR���D���SLFWXUH��
ERRN���ZLWKRXW���FKDQJLQJ���XS���WRR���PDQ\���HOHPHQWV���RI���WKH���GHVLJQ���RU���WDNLQJ���WKH���IRFXV���DZD\���IURP���WKH��
YLVXDO���HOHPHQWV���RI���WKH���VWRU\����&KLOGUHQ���FDQ���WKHQ���XVH���WKH���NH\ERDUG���WR���W\SH���WKH���WH[W���RI���WKHLU���VWRU\���
:KHQ���WKH\���DUH���ILQLVKHG����WKH\���FDQ���WDS���WKH���DUURZ���EXWWRQ���DW���WKH���WRS���ULJKW���WR���UHWXUQ���WR���WKH���YLVXDO���VFHQH��
RI���WKH���IUDPH����7KH\���FDQ���GR���WKLV���IRU���HDFK���IUDPH���LQ���WKHLU���VWRU\���
�
��������,QGLFDWLQJ���&RPSOHWLRQ���RI���6WRU\���'UDIWV��

2QH���RI���WKH���PDMRU���OLPLWDWLRQV���RI���WKH���FXUUHQW���6WRU\%ORFNV���DSS���ZDV���WKH���IDFW���WKDW���FKLOGUHQ¶V��
VWRULHV���ZHUH���DOZD\V���HGLWDEOH���DQG���WKHUH���ZDV���QR���ZD\���WR���LQGLFDWH���FRPSOHWLRQ���RI���D���VWRU\���GUDIW����7KLV��
FDXVHG���FRPSOLFDWLRQV���IRU���WKH���HQWLUH���/HDUQLQJ���/RRSV���V\VWHP���EHFDXVH���VLQFH���VWRULHV���ZHUH���DOZD\V��
HGLWDEOH����WKHUH���ZDV���QR���LGHDO���WLPH���WR���DQDO\]H���DQG���DQQRWDWH���WKHP����ZKLFK���OHG���WR���WKH���FUHDWLRQ���RI��
DUWLILFLDO���VWRU\���VHVVLRQV����EUHDNLQJ���XS���VWRULHV���LQRUJDQLFDOO\���DQG���FDXVLQJ���FRQIXVLRQ���IRU���FRDFKHV����7KH��
ODFN���RI���LQGLFDWLRQ���IRU���FRPSOHWHG���VWRU\���GUDIWV���LPSDFWHG���RXU���DQDO\WLFV���E\���QRW���EHLQJ���DEOH���WR���YLHZ��
VWRU\���GDWD���DW���WKH���VWRU\���OHYHO����RQO\���DW���WKH���VWRU\���VHVVLRQ���OHYHO����IRUFLQJ���FRDFKHV���WR���VRPHWLPHV��
DQQRWDWH���D���VLQJOH���VWRU\���PXOWLSOH���WLPHV���DQG���LQWHUIHULQJ���ZLWK���WKH���&RQVROH¶V���DELOLW\���WR���GLVSOD\��
FKLOGUHQ¶V���VWRU\���GDWD���DFURVV���PXOWLSOH���VWRULHV���RYHU���WLPH����)RU���WKH���FKLOG¶V���H[SHULHQFH����QRW���EHLQJ���DEOH��
WR���LQGLFDWH���ZKHQ���D���VWRU\���ZDV���FRPSOHWH���PHDQW���WKDW���VRPHWLPHV���WKH\���JRW���IHHGEDFN���RQ���WKHLU���VWRULHV��
ZKHQ���WKH\���ZHUHQ¶W���UHDG\����RU���WKH\���ZDQWHG���WR���SOD\���WKURXJK���D���VWRU\���DQG���VKRZ���LW���WR���VRPHRQH���EXW���KDG��
WR���JR���WR���WKHLU���VWRU\���DQG���FOLFN���WKURXJK���HDFK���IUDPH����DFFLGHQWDOO\���PHVVLQJ���XS���WKHLU���VWRU\���ZKHQ���WKH\��
KDG���QRW���LQWHQGHG���WR���HGLW���LW����7KHUHIRUH����ZH���SODQ���WR���LQWHJUDWH���D���IHDWXUH���ZKHUH���FKLOGUHQ���FDQ���LQGLFDWH��
ZKHQ���WKH\���DUH���ILQLVKHG���ZLWK���D���GUDIW���RI���WKHLU���VWRU\���DQG���UHDG\���IRU���LW���WR���EH���DQDO\]HG���RU���UHYLHZHG���E\���D��
FRDFK����7KHUH���DUH���VHYHUDO���ZD\V���ZH���FRXOG���GR���WKLV����UDQJLQJ���IURP���LPSOLFLW���WR���PRUH���H[SOLFLW��
LQGLFDWLRQV����)LJXUH���������VKRZV���WKUHH���GHVLJQV���WKDW���ZH���FRXOG���XVH���WR���KHOS���FKLOGUHQ���LQGLFDWH���ZKHQ���WKHLU��
GUDIW���LV���FRPSOHWH���
�
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�
)LJXUH���������7KUHH���3RVVLEOH���'HVLJQV���IRU���&KLOGUHQ���WR���,QGLFDWH���&RPSOHWLRQ���RI���6WRU\���'UDIWV��

�
7KH���ILUVW���GHVLJQ���SUHVHQWV���D���PRUH���LQWXLWLYH����OHVV���H[SOLFLW���ZD\���WR���LQGLFDWH���FRPSOHWLRQ����E\��

GUDJJLQJ���D���³WKH���HQG´���RU���³WR���EH���FRQWLQXHG´���VWLFNHU���RQWR���WKH���ODVW���IUDPH���RI���WKH���VWRU\����0DQ\���FKLOGUHQ��
GLG���WKLV���LQ���WKHLU���VWRULHV���QDWXUDOO\����DQG���LW���VHUYHG���DV���D���KHOSIXO���VLJQDO���WR���WKH���FRDFK���WKDW���WKH���FKLOG���IHOW��
WKDW���WKHLU���VWRU\���ZDV���FRPSOHWH����+RZHYHU����QRW���DOO���FKLOGUHQ���PD\���XVH���WKLV���IHDWXUH����DQG���VR���PRUH��
H[SOLFLW���SURPSWV���PD\���QHHG���WR���EH���LQWURGXFHG���WR���HQFRXUDJH���WKH���FKLOG���WR���LQGLFDWH���ZKHWKHU���WKHLU���VWRU\��
LV���FRPSOHWH���RU���QRW����,Q���WKH���VHFRQG���GHVLJQ���ZKHQ���WKH���FKLOG���WDSV���WKH���KRPH���EXWWRQ���WR���UHWXUQ���WR���WKHLU��
KRPH���SDJH����D���SRS�XS���FRXOG���DSSHDU���WKDW���DVNV���WKH���FKLOG���ZKHWKHU���WKHLU���VWRU\���LV���FRPSOHWH���RU���QRW���
$OWHUQDWLYHO\����ZH���FRXOG���SURYLGH���D���VHFRQG���EXWWRQ���QH[W���WR���WKH���KRPH���EXWWRQ���LQ���WKH���QDYLJDWLRQ���EDU��
WKDW���WKH���FKLOG���FOLFNV���WR���LQGLFDWH���D���FRPSOHWH���VWRU\����(LWKHU���RI���WKHVH���FRXOG���EH���FRPELQHG���ZLWK���WKH���ILUVW��
GHVLJQ���DV���D���IDLO�VDIH���WR���LQGLFDWH���VWRU\���FRPSOHWLRQ����/DVWO\����ZH���FRXOG���GHVLJQ���6WRU\%ORFNV���WR���PDNH��
WKH���SURFHVV���RI���LQGLFDWLQJ���FRPSOHWLRQ���D���PRUH���DFWLYH���SURFHVV���IRU���WKH���FKLOG����$V���DQ���H[DPSOH����WKH���ODVW��
GHVLJQ���VKRZV���D���UHGHVLJQ���RI���WKH���KRPH���VFUHHQ���ZKHUH���FKLOGUHQ���KDYH���WR���GUDJ���WKHLU���VWRU\���WR���WKH��
³SXEOLVK´���ERRNVKHOI���WR���LQGLFDWH���WKDW���LW���LV���UHDG\���IRU���UHYLHZ����+RZHYHU����FKLOGUHQ���PD\���QRW���DOZD\V���GR��
WKLV���RQ���WKHLU���RZQ����VR���ZH���ZRXOG���ZDQW���WR���VHW���XS���SDUDPHWHUV����VXFK���DV���SURPSWLQJ���D���FKLOG���WR���GUDJ���WKHLU��
ERRN���WR���WKH���ERRNVKHOI���LI���WKH\���KDYH���QRW���ZRUNHG���RQ���LW���LQ���D���FRXSOH���GD\V����

,W���LV���LPSRUWDQW���WR���FRQVLGHU���WKH���LPSDFW���WKLV���IHDWXUH���ZLOO���KDYH���RQ���WKH���FRDFKLQJ���SURFHVV���RI��
DQDO\VLV���DQG���WKH���SURFHVVLQJ���RI���WKH���FKLOG¶V���VWRU\���GDWD����7KHUHIRUH����WKH���GHVLJQ���RI���WKLV���IHDWXUH���VKRXOG��
EH���GRQH���LQ���FRQMXQFWLRQ���ZLWK���WKH���GHVLJQ���RI���WKH���&RQVROH���DQG���UHIOHFW���WKH���FRDFK¶V���UHVSRQVLELOLWLHV���DQG��
LQWHUDFWLRQV����$QRWKHU���FRQVLGHUDWLRQ���LQ���GHVLJQLQJ���WKH���VWRU\���GUDIW���FRPSOHWLRQ���LQGLFDWRU���LV���WKDW��
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FKLOGUHQ���ZLOO���QHHG���D���GLIIHUHQW���PRGH���EHWZHHQ���DQ���HGLWDEOH���VWRU\���DQG���D���SXEOLVKHG���VWRU\����7KLV���LQVSLUHV��
WKH���QHHG���IRU���D���SOD\�WKURXJK���PRGH���RI���D���VWRU\����VHH���DQ���H[DPSOH���GHVLJQ���LQ���ILJXUH�����������+DYLQJ���D��
SXEOLVKHG���RU���SOD\�WKURXJK���PRGH���ZLOO���DOVR���DOORZ���FKLOGUHQ���WR���VKDUH���WKHLU���VWRULHV���ZLWK���RWKHUV����ZKLFK��
ZLOO���EH���H[SODLQHG���LQ���IXUWKHU���GHWDLO���EHORZ���
�

�
)LJXUH���������([DPSOH���'HVLJQ���RI���D���3OD\�7KURXJK���0RGH����$����&RPLF���%RRN���6WRU\����%����3LFWXUH���%RRN���6WRU\���

�
��������6SHFLI\LQJ���*HQUHV����7KHPHV����DQG���,QWHQGHG���$XGLHQFH��

$FFRUGLQJ���WR���%UXQHU������������LGHQWLI\LQJ���WKH���JHQUH���RI���WKH���VWRU\���LPSDFWV���ERWK���WKH���ZULWHU����E\��
KHOSLQJ���WR���IRUPXODWH���WKH���VWRU\¶V���ODQJXDJH����VW\OH����WKHPHV����DQG���JRDOV����DQG���WKH���UHDGHU����E\���KHOSLQJ��
XQGHUVWDQG���KRZ���WR���LQWHUSUHW���WKH���VWRU\���>��@����,Q���WKH���FXUUHQW���GHVLJQ���RI���6WRU\%ORFNV����FKLOGUHQ���GR���QRW��
LQGLFDWH���WKHLU���VWRU\¶V���JHQUH���RU���WKHPHV����,QVWHDG����LW���LV���XS���WR���WKH���FRDFK���WR���LQWHUSUHW���ZKDW���WKH���JHQUH��
DQG���WKHPHV���DUH����.QRZLQJ���WKH���FKLOG¶V���LQWHQGHG���JHQUH���DQG���WKHPHV���ZLOO���KHOS���WKH���FRDFK���XQGHUVWDQG��
WKH���FKLOG¶V���LQWHQWLRQ���DQG���LQIRUP���WKH���FRDFK¶V���LQWHUSUHWDWLRQ����7KLV���LV���DQ���LPSRUWDQW���FRQWH[WXDO���IDFWRU��
WKDW���LV���FXUUHQWO\���XQNQRZQ����EXW���ZRXOG���EH���HDV\���WR���LQFRUSRUDWH���LQWR���WKH���GHVLJQ���RI���6WRU\%ORFNV����7KH��
TXHVWLRQ���EHFRPHV���ZKHWKHU���FKLOGUHQ���VKRXOG���LQGLFDWH���WKHLU���VWRU\���JHQUH���DQG���WKHPHV���DW���WKH���EHJLQQLQJ��
DQG�RU���HQG���RI���WKH���VWRU\����5HWXUQLQJ���WR���%UXQHU¶V���H[SODQDWLRQ���DERXW���WKH���GRXEOH���LPSDFW���RI���LGHQWLI\LQJ��
WKH���VWRU\���JHQUH���VXJJHVWV���WKDW���LGHQWLI\LQJ���WKH���JHQUH���DW���WKH���EHJLQQLQJ���RI���WKH���FUHDWLRQ���SURFHVV���FRXOG��
KHOS���WKH���FKLOG���IRUPXODWH���WKHLU���6WRU\%ORFNV���VWRU\����+RZHYHU����VRPH���FKLOGUHQ���FUHDWH���VWRULHV���ZLWK���D��
PRUH���IOXLG���SURFHVV����PDNLQJ���LW���XS���DV���WKH\���JR���DORQJ���RU���H[SORULQJ���PDQ\���IHDWXUHV���LQ���D���VFHQH���XQWLO��
WKH\���ODQG���RQ���VRPHWKLQJ���WKDW���VHWV���WKHP���RII���RQ���FUHDWLQJ���D���QHZ���VWRU\����7KHUHIRUH����IRU���FKLOGUHQ���ZKR��
GRQ¶W���IROORZ���D���OLQHDU���VWRU\���SURFHVV����LW���PLJKW���EH���PRUH���KHOSIXO���WR���LGHQWLI\���WKH���JHQUH���DIWHU���WKH\���KDYH��
FUHDWHG���WKH���VWRU\����DOPRVW���OLNH���D���VXPPDUL]DWLRQ���VWUDWHJ\����7R���DSSHDO���WR���D���ZLGH���DUUD\���RI���XVHUV����WKH��
GHVLJQ���RI���WKLV���IHDWXUH���VKRXOG���UHVHPEOH���WKH���IHDWXUH���IRU���VHWWLQJ���D���WLWOH����ZKHUH���FKLOGUHQ���FDQ���GR���WKLV���DW��
DQ\���SRLQW���LQ���WKH���VWRU\���FUHDWLRQ���SURFHVV����)LJXUH���������VKRZV���WZR���GHVLJQV���RI���WKH���SRWHQWLDO���IHDWXUH���IRU��
LGHQWLI\LQJ���WKH���JHQUHV���DQG���WKHPHV���ZLWKLQ���6WRU\%ORFNV����
�
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�
)LJXUH���������7ZR���0RFNXSV���RI���3RWHQWLDO���)HDWXUH���IRU���,GHQWLI\LQJ���*HQUHV����7KHPHV����DQG���$XGLHQFH���LQ���6WRU\%ORFNV���

�
$QRWKHU���FRQWH[WXDO���IDFWRU���WKDW���WKH���FXUUHQW���6WRU\%ORFNV���GHVLJQ���GRHV���QRW���\HW���FDSWXUH���LV���WKH��

FKLOG¶V���LQWHQGHG���DXGLHQFH����6LPLODU���WR���JHQUH����WKLV���IDFWRU���ZLOO���DOVR���KDYH���LPSDFW���E\���KHOSLQJ���FRDFKHV��
LQWHUSUHW���WKH���VWRU\���EHFDXVH���WKH\���ZLOO���NQRZ���ZKR���WKH���VWRU\���LV���LQWHQGHG���IRU����7KH���FXUUHQW���V\VWHP��
GHIDXOWV���WR���WKH���DXGLHQFH���EHLQJ���WKH���FRDFK����EXW���WKH���FKLOG���KDV���QR���FKRLFH���LQ���VKDULQJ���ZLWK���WKH���FRDFK���
DQG���LW���LV���XQFOHDU���ZKHWKHU���WKH���FKLOG���LV���PDQXDOO\���VKRZLQJ���WKHLU���VWRU\���WR���RWKHUV���LQ���WKHLU���HQYLURQPHQW���
&KLOGUHQ���WHQG���WR���XVH���GLIIHUHQW���QDUUDWLYH���VWUDWHJLHV���DQG���VW\OHV���GHSHQGLQJ���RQ���WKHLU���DXGLHQFH����)RU��
H[DPSOH����DV���,���ZULWH���WKLV���GLVVHUWDWLRQ����,���DP���XVLQJ���ODQJXDJH���DQG���VW\OH���WR���DSSHDO���WR���D���PRUH���DFDGHPLF��
DXGLHQFH����+RZHYHU����LI���,���ZHUH���ZULWLQJ���D���VXPPDU\���RI���P\���GLVVHUWDWLRQ���ZRUN���WR���D���SDUWLFLSDWLQJ��
IDPLO\���LQ���WKH���/HDUQLQJ���/RRSV���SURJUDP����,���ZRXOG���QRW���LQFOXGH���ZRUGV���OLNH���³YHULVLPLOLWXGH´����DQG��
LQVWHDG���,���ZRXOG���IRFXV���RQ���RQH���RU���WZR���H[DPSOHV���WR���GHVFULEH���WKH���ZKROH���V\VWHP����VKRUWHQ���WKH���ILQGLQJV���
DQG���XVH���PRUH���DQHFGRWHV���WKDQ���VWDWLVWLFV���DQG���QXPEHUV����/LNHZLVH����WKH���VWRULHV���WKDW���FKLOGUHQ���FUHDWH���IRU��
WKHLU���SHHUV����IDPLO\���PHPEHUV����WHDFKHUV����DQG���RWKHU���DGXOWV���YDU\���LQ���WKHLU���IRUP���DQG���FRQWHQW����
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�

7KH���GHVLJQV���LQ���ILJXUH���������LQFRUSRUDWH���WKH���LQWHQGHG���DXGLHQFH���IHDWXUH����ZLWK���WKH���VHFRQG��
GHVLJQ���EXLOGLQJ���RQ���WKH���DELOLW\���WR���PDUN���D���VWRU\���GUDIW���DV���FRPSOHWH����2QFH���WKH���FKLOG���LQGLFDWHV���D���VWRU\��
GUDIW���LV���FRPSOHWH����D���SRS�XS���SURPSWV���WKHP���WR���LQGLFDWH���ZKR���WKLV���VWRU\���LV���PHDQW���IRU���E\���VHOHFWLQJ��
IURP���WKH���LFRQ���RSWLRQV���LQ���WKH���GURSGRZQ���PHQX����H�J�����FRDFK�RQO\����/HDUQLQJ���/RRSV���FRPPXQLW\���
VSHFLILF���SHHU�V��������FRDFK����IDPLO\���PHPEHUV�������FRDFK�����:LWK���WKH���IHDWXUH���RI���VHOHFWLQJ���DQ���LQWHQGHG��
DXGLHQFH����ZH���DOVR���ZDQW���WR���EXLOG���VRFLDO���VKDULQJ���FDSDELOLWLHV���WR���VHQG���FRPSOHWHG����SOD\�WKURXJK��
PRGHV���RI���VWRULHV���VSHFLILFDOO\���WR���WKH���FKLOG¶V���LQWHQGHG���DXGLHQFH����7KHUHIRUH����RXU���QH[W���PRGLILFDWLRQ���LV��
WR���GHVLJQ���PRUH���RSSRUWXQLWLHV���IRU���VRFLDO���LQWHUDFWLRQV���DQG���VRFLDO���VKDULQJ���LQ���6WRU\%ORFNV���
�
��������&UHDWLQJ���2SSRUWXQLWLHV���IRU���6RFLDO���,QWHUDFWLRQV���DQG���6RFLDO���6KDULQJ��

2QH���RI���WKH���PDLQ���IXQFWLRQV���RI���VWRU\WHOOLQJ���LV���FRPPXQLFDWLYH����DQG���ZKLOH���RXU���FXUUHQW���V\VWHP��
DFFRPPRGDWHV���WKLV���VRFLDO���IXQFWLRQ���E\���VKDULQJ���VWRULHV���ZLWK���FRDFKHV���ZKR���ORRS���WKH���FDUHJLYHUV���LQWR��
WKH���FKLOG¶V���VWRU\WHOOLQJ���SURFHVV����ZH���DOVR���ZDQW���WR���GHVLJQ���RSSRUWXQLWLHV���IRU���FKLOGUHQ���WR���KDYH���DJHQF\��
RYHU���ZKDW���WKH\���VKDUH���DQG���ZKR���WKH\���VKDUH���ZLWK����2QFH���FKLOGUHQ���VHOHFW���WKHLU���LQWHQGHG���DXGLHQFH���
WKHUH���DUH���WZR���PRGHV���RI���VKDULQJ���WKHLU���VWRU\����)LUVW����LI���FKLOGUHQ���GHFLGH���WR���VKDUH���WKHLU���VWRULHV���HLWKHU��
ZLWK���WKH���ZLGHU���/HDUQLQJ���/RRSV���FRPPXQLW\���RU���VSHFLILF���SHHUV���ZLWKLQ���WKHLU���/HDUQLQJ���/RRSV��
QHWZRUN����D���³SXEOLVKHG´���YHUVLRQ����L�H�����SOD\�WKURXJK���PRGH����RI���WKHLU���VWRULHV���ZLOO���EH���VHQW���GLUHFWO\���WR��
WKH���UHFLSLHQWV¶���6WRU\%ORFNV���DFFRXQWV���DIWHU���WKH\���DUH���DQDO\]HG���E\���D���FRDFK����6HFRQG����LI���FKLOGUHQ���ZDQW��
WR���VKDUH���WKHLU���VWRULHV���ZLWK���VRPHRQH���RXWVLGH���RI���WKH���/HDUQLQJ���/RRSV���FRPPXQLW\����H�J�����IDPLO\��
PHPEHUV�����WKHQ���WKH\���FDQ���H[SRUW���DQG���VDYH���WKHLU���VWRULHV���WR���3')���YHUVLRQV���DQG���WKRVH���DUH���VHQW���GLUHFWO\��
WR���WKH���GHVLUHG���UHFLSLHQW����H�J�����VHQW���WR���JUDQGPD���YLD���HPDLO�����7KH���KRPH���VFUHHQV���RI���ILJXUHV���������DQG��������
LQFOXGH���D���VKDULQJ���EXWWRQ����ORFDWHG���EHORZ���WKH���HGLW���EXWWRQ����WKDW���FKLOGUHQ���FDQ���VHOHFW���WR���VKDUH���WKHLU��
VSHFLILF���VWRULHV����&KLOGUHQ���FDQ���DOVR���VKDUH���WKHLU���VWRULHV���E\���VHOHFWLQJ���WKHLU���LQWHQGHG���DXGLHQFH���RQFH��
WKH\���PDUN���WKHLU���VWRU\���DV���FRPSOHWH���

%H\RQG���VWRU\���VKDULQJ����ZH���DOVR���ZDQW���WR���LQFUHDVH���VRFLDO���LQWHUDFWLRQV���EHWZHHQ���FKLOGUHQ���DQG��
FRDFKHV����DQG���FKLOGUHQ���DQG���SHHUV����,QVSLUHG���ERWK���E\���WKH���IHHGEDFN���IURP���RXU���FRDFKHV���DQG���E\��
LQFUHDVLQJ���DFFHVV���WR���WKH���FRQWH[WXDO���IDFWRUV���WR���LQIRUP���WKH���LQWHUSUHWLYH���OHQV����ZH���SODQ���WR���PRGLI\���WKH��
6WRU\���6WLFNLHV���IHDWXUH���E\���DOORZLQJ���FKLOGUHQ���WR���UHVSRQG���GLUHFWO\���WR���WKHLU���FRDFKHV����,Q���WKH���FXUUHQW��
GHVLJQ����FKLOGUHQ���FRXOG���QRW���UHVSRQG���GLUHFWO\���WR���WKH���FRDFK
V���6WRU\���6WLFNLHV����DQG���FRXOG���RQO\���UHVSRQG��
LQGLUHFWO\���E\���HGLWLQJ���WKHLU���VWRU\���WR���UHIOHFW���WKH���FRDFK¶V���IHHGEDFN����:KHQ���FRDFKHV���DVNHG���TXHVWLRQV���WR��
KHOS���ZLWK���LQWHUSUHWLQJ���WKH���FKLOG¶V���VWRU\����H�J�����UHIOHFWLYH���TXHVWLRQV�����FKLOGUHQ���ZHUH���QRW���DEOH���WR��
UHVSRQG���DQG���FRDFKHV���KDG���QR���ZD\���RI���NQRZLQJ���ZKHWKHU���WKH���FKLOGUHQ���VDZ���WKHLU���TXHVWLRQV���RU���SUDLVH��
DQG���LJQRUHG���WKHP����RU���ZKHWKHU���WKH\���LPSDFWHG���WKH���FKLOG����0RGLI\LQJ���WKH���GHVLJQ���RI���WKH���6WRU\��
6WLFNLHV����UHSUHVHQWHG���LQ���ILJXUH����������ZLOO���LQFUHDVH���EDFN�DQG�IRUWK���LQWHUDFWLRQV���EHWZHHQ���FKLOGUHQ���DQG��
FRDFKHV���WKDW���FDQ���SURYLGH���PRUH���FRQWH[W���IRU���LQWHUSUHWLQJ���FKLOGUHQ¶V���VWRULHV���DQG���KHOS���FRDFKHV���JDXJH��
ZKLFK���IHHGEDFN���VWUDWHJLHV���KDYH���LPSDFW���RQ���WKH���FKLOG¶V���OHDUQLQJ����6LPLODU���WR���KRZ���WKH���GHVLJQ���RI���6WRU\��
6WLFNLHV���DFFRPPRGDWHV���UHDGHUV���ZLWK���YDU\LQJ���VNLOOV����WKLV���PRGLILHG���IHDWXUH���ZLOO���DFFRPPRGDWH���WKH��
YDULHW\���RI���RXU���XVHUV¶���W\SLQJ���VNLOOV���E\���DOORZLQJ���FKLOGUHQ���WR���UHVSRQG���WKURXJK���W\SLQJ���WH[W���RU��
UHFRUGLQJ���DXGLR����
�
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�
)LJXUH���������0RFNXS���RI���0RGLILHG���6WRU\���6WLFNLHV���'HVLJQ���WR���,QFOXGH���&KLOGUHQ¶V���5HVSRQVHV���

�
7KH���VHFRQG���ZD\���ZH���SODQ���WR���LQFUHDVH���RSSRUWXQLWLHV���IRU���VRFLDO���LQWHUDFWLRQ���EHWZHHQ���ERWK��

FKLOGUHQ���DQG���FRDFKHV���DQG���FKLOGUHQ���DQG���SHHUV���LV���WKURXJK���WKH���FR�FUHDWLRQ���RI���VWRULHV���YLD���6WRU\��
6WDUWHUV����6WRU\���6WDUWHUV���DUH���ZKHQ���FRDFKHV���FDQ���FUHDWH���WKH���ILUVW���IHZ���IUDPHV���RI���D���6WRU\%ORFNV���VWRU\��
ZLWKLQ���WKH���&RQVROH���DQG���VHQG���LW���WR���WKH���FKLOG¶V���GHYLFH����ZKHUH���WKH\���FDQ���RSHQ���LW���DV���DQ���HGLWDEOH��
6WRU\%ORFNV���VWRU\���WKDW���WKH\���FDQ���FKDQJH���DQG���ILQLVK����7KHUH���DUH���PDQ\���GLIIHUHQW���VWUDWHJLHV���WR���SURYLGH��
VFDIIROGLQJ���IRU���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW����DQG���UHVHDUFK���VKRZV���WKDW���ZKHQ���DGXOWV���DQG���SHHUV��
HQJDJH���LQ���WKH���VWRU\WHOOLQJ���SURFHVV����FKLOGUHQ���DUH���PRUH���PRWLYDWHG���DQG���PDNH���JUHDWHU���VNLOO���JDLQV���>����
������������������@����6WRU\���6WDUWHUV���DOVR���VHUYH���DV���D���PHDQV���WR���LQFUHDVH���FKLOGUHQ¶V���H[SRVXUH���WR���GLIIHUHQW��
VWRU\���PHGLXPV����JHQUHV����DQG���VWUDWHJLHV����DV���ZHOO���DV���PRGHO���WHFKQLTXHV���DQG���UHPRYH���FKLOGUHQ¶V���IHDU���RI��
WKH���EODQN���SDJH����:H���KDYH���DOUHDG\���GHVLJQHG���DQG���GHYHORSHG���WKH���6WRU\���6WDUWHUV���IHDWXUH���IRU���FRDFKHV��
DQG���FKLOGUHQ����EXW���KDYH���QRW���WHVWHG���WKLV���IHDWXUH���\HW����:H���ZRXOG���OLNH���WR���H[WHQG���WKLV���IHDWXUH���VR���WKDW��
FKLOGUHQ���LQ���WKH���VDPH���/HDUQLQJ���/RRSV���QHWZRUN���FDQ���VHQG���6WRU\���6WDUWHUV���WR���HDFK���RWKHU���DQG���FR�FUHDWH��
VWRULHV���WRJHWKHU���DV���D���ZD\���RI���LQWHUDFWLQJ����)LJXUH���������VKRZV���WZR���ZLUHIUDPHV���RI���WKH���FXUUHQW���6WRU\��
6WDUWHUV���IHDWXUH����WKH���ILUVW���LV���KRZ���WKH���FRDFK���FUHDWHV���D���6WDUWHU���ZLWKLQ���WKH���&RQVROH���DQG���WKH���VHFRQG���LV��
KRZ���WKH���FKLOG���UHFHLYHV���WKH���6WDUWHU���ZLWKLQ���6WRU\%ORFNV���
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�
)LJXUH���������7KH���&XUUHQW���6WRU\���6WDUWHUV���)HDWXUH����$����&RDFK���&UHDWHV���6WDUWHU���LQ���WKH���&RQVROH����%����&KLOG���5HFHLYHV���6WDUWHU��

DQG���(GLWV���6WRU\���LQ���6WRU\%ORFNV���
�

7R���PRGLI\���WKH���6WRU\���6WDUWHUV���IHDWXUH���WR���LQFOXGH���LQWHUDFWLRQV���EHWZHHQ���FKLOGUHQ���DQG���SHHUV���
FKLOGUHQ���FRXOG���DFFHVV���WKH���6WDUWHUV���E\���VHOHFWLQJ���³&UHDWH���6WRU\���6WDUWHU´���RQ���WKHLU���KRPH���VFUHHQ���LQ��
6WRU\%ORFNV����QH[W���WR���WKH���³&UHDWH���1HZ���6WRU\´���EXWWRQ����VHH���KRPH���VFUHHQV���LQ���ILJXUHV���������DQG����������
&KLOGUHQ���FRXOG���WKHQ���FUHDWH���RQH���RU���WZR���IUDPHV���XVLQJ���WKH���UHJXODU���IHDWXUHV���RI���6WRU\%ORFNV����DQG���WKHQ��
VHQG���LW���WR���ZKRPHYHU���WKH\���FKRRVH���UDWKHU���WKDQ���LQGLFDWLQJ���LW���DV���FRPSOHWH����,PSOHPHQWLQJ���WKHVH��
PRGLILFDWLRQV���ZLOO���LQFUHDVH���WKH���VRFLDO���LQWHUDFWLRQV���EHWZHHQ���FKLOGUHQ����FRDFKHV����DQG���SHHUV����ZKLFK��
ZLOO���LQFUHDVH���WKH���/HDUQLQJ���/RRSV���V\VWHP¶V���DELOLW\���WR���VXSSRUW���WKH���VRFLDO���IXQFWLRQ���RI���FKLOGUHQ¶V��
QDUUDWLYHV����
�
��������6WRU\%ORFNV���5RDGPDS����7RZDUGV���D���6FDODELOLW\���DQG���6XVWDLQDELOLW\��

)LQDOO\����WKHUH���DUH���VHYHUDO���PRGLILFDWLRQV���ZH���SODQ���WR���PDNH���WR���6WRU\%ORFNV���LQ���RUGHU���WR��
WUDQVLWLRQ���IURP���SURWRW\SH���WR���SURGXFW���DQG���RSWLPL]H���LWV���GHVLJQ���IRU���VFDOH���DQG���VXVWDLQDELOLW\���EH\RQG��
DQ���HLJKW�ZHHN���SLORW����:H���KDYH���EHHQ���GHYHORSLQJ���D���SURGXFW���URDG���PDS���IRU���D���QHZ���YHUVLRQ���RI��
6WRU\%ORFNV���WKDW���LGHQWLILHV���WKUHH���PRGHV���RI���LQWHUDFWLRQ���ZLWKLQ���DQ���DQLPDWHG���VWRU\���ZRUOG��
HQYLURQPHQW����7KH���WKUHH���PRGHV���DUH���������&UHDWH���������&KDOOHQJH����DQG��������6RFLDO����7KH���&UHDWH���PRGH���LV��
PRVW���DOLJQHG���ZLWK���WKH���FXUUHQW���IXQFWLRQDOLW\���RI���6WRU\%ORFNV����ZKLFK���LQFRUSRUDWHV���WKH���PRGLILFDWLRQV��
GHWDLOHG���DERYH���DQG���ZKHUH���FKLOGUHQ���FDQ���IUHHO\���FUHDWH���DQ\���NLQG���RI���VWRU\���WKH\���ZRXOG���OLNH����,Q��
&KDOOHQJH���PRGH����FKLOGUHQ���FDQ���HQWHU���LQWR���GLIIHUHQW���PLQLJDPH���FKDOOHQJHV����FHQWHUHG���DURXQG��
HOHPHQWV���RI���VWRU\WHOOLQJ����2QH���H[DPSOH���RI���D���FKDOOHQJH���FRXOG���EH���WKDW���FKLOGUHQ���KDYH���WR���ZULWH���D���VWRU\��
DERXW���KRZ���WR���VROYH���D���FXUUHQW���HYHQW����H�J�����FOLPDWH���FKDQJH����DQG���WKHQ���FKLOGUHQ���FDQ���YRWH���RQ���WKH��
ZLQQLQJ���VROXWLRQ����$QRWKHU���FKDOOHQJH���H[DPSOH���FRXOG���EH���ZULWLQJ���GHWDLOV���RI���D���VWRU\���RU���UHPHPEHULQJ��
FOXHV���WR���VROYH���D���PXUGHU���P\VWHU\����7KHVH���FKDOOHQJHV���ZLOO���UDQJH���LQ���LQWHQVLW\���DQG���VNLOO���OHYHO����IURP��
SHUVRQDO���WLPHG���FKDOOHQJHV���WR���IXOO���VWRU\���FUHDWLRQ����)LQDOO\����WKH���6RFLDO���PRGH���ZLOO���EH���WKH���FRPPXQLW\��
IRU���WKH���QHZ���VRFLDO���VKDULQJ���IHDWXUHV����UHVHPEOLQJ���D���SHHU���VWRU\���VKDULQJ���QHWZRUN����&KLOGUHQ���LQ���WKH��
VDPH���/HDUQLQJ���/RRSV���FRPPXQLW\���ZLOO���EH���DEOH���WR���VKDUH���VWRULHV���ZLWK���RQH���DQRWKHU����FR�FUHDWH���VWRULHV��
WRJHWKHU����DQG���DFFHVV���D���OLEUDU\���RI���VWRULHV²���DOO���PRGHUDWHG���E\���D���WUXVWHG���FRDFK���RU���FRRUGLQDWRU����:KLOH��
WKH���GHVLJQ���DQG���LPSOHPHQWDWLRQ���RI���WKHVH���WKUHH���PRGHV���DUH���RXWVLGH���RI���WKH���VFRSH���RI���WKLV���GLVVHUWDWLRQ����,��
UHFRJQL]H���WKDW���LPSOHPHQWLQJ���WKH���IHDWXUH���PRGLILFDWLRQV���RI���6WRU\%ORFNV���H[SODLQHG���DERYH���LV���WKH��
ILUVW���VWHS���WRZDUGV���RXU���SURGXFW���URDGPDS����FUHDWLQJ���D���SURGXFWL]HG����VXVWDLQDEOH����DQG���VFDODEOH��
VWRU\WHOOLQJ���DSS���WKDW���FDQ���GRFXPHQW���FKLOGUHQ¶V���GLJLWDO���QDUUDWLYHV���

,Q���FRQFOXVLRQ����E\���LPSOHPHQWLQJ���WKHVH���PRGLILFDWLRQV����,���DP���DEOH���WR���DGGUHVV���RQH���RI���P\��
UHVHDUFK���TXHVWLRQV���SUHVHQWHG���DW���WKH���RXWVHW���RI���WKLV���GLVVHUWDWLRQ����L�H�����EDVHG���RQ���RXU���WKHRUHWLFDO��
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IUDPHZRUN����KRZ���GR���ZH���GHVLJQ���WKH���EHVW���SODWIRUP���IRU���FKLOGUHQ¶V���QDUUDWLYH���H[SUHVVLRQ"�����2XU��
ILQGLQJV���IURP���WKH���/HDUQLQJ���/RRSV���6SULQJ����������SLORW���VXJJHVWHG���WKDW���WKH���FXUUHQW���6WRU\%ORFNV���DSS��
SURYHG���WR���EH���D���JRRG���SODWIRUP���IRU���VXSSRUWLQJ���FKLOGUHQ¶V���QDUUDWLYH���H[SUHVVLRQ����%\���LPSOHPHQWLQJ��
WKH���PRGLILFDWLRQV���LQIRUPHG���E\���WKH���7ZR�/HQV���$SSURDFK²���L�H�����RSSRUWXQLWLHV���IRU���WH[W����FRPSOHWH��
VWRU\���GUDIWV����LGHQWLILFDWLRQ���RI���JHQUH�WKHPH�DXGLHQFH����DQG���VRFLDO���LQWHUDFWLRQV�VWRU\���VKDULQJ²��
6WRU\%ORFNV���ZLOO���EH���D���VWURQJHU���RSHQ�HQGHG���SODWIRUP���IRU���FKLOGUHQ¶V���QDUUDWLYH���H[SUHVVLRQ���
�
������1HZ���3OD\���$QDO\WLFV���5HGHVLJQ���DQG���&RPSXWDWLRQDO���$SSURDFK��

7KH���OHDUQLQJV���IURP���WKH���VSULQJ���SLORW���DQG���WKH���7ZR�/HQV���$SSURDFK���KLJKOLJKWHG���VHYHUDO��
OLPLWDWLRQV���RI���WKH���DQDO\WLFV���V\VWHP����VSHFLILFDOO\���������WKH���RYHUHPSKDVLV���RQ���DQDO\]LQJ���WKH���IRUPDOLVW��
HOHPHQWV���RI���FKLOGUHQ¶V���QDUUDWLYHV���������WKH���GLVFRQQHFW���EHWZHHQ���WKH���6WRU\���6WDWV���DQG���6WRU\��
$QQRWDWLRQV���������WKH���GLVFRQQHFW���EHWZHHQ���WKH���FRQWH[WXDO���IDFWRUV���DQG���WKH���6WRU\���$QQRWDWLRQV����DQG�������
WKH���ODFN���RI���FOHDU���GHILQLWLRQ���DQG���GHPRQVWUDWLRQ���RI���QDUUDWLYH���WUHQGV���DQG���SURJUHVVLRQ���ZLWKLQ���DQG��
DFURVV���FKLOGUHQ¶V���VWRULHV����,Q���UHVSRQVH����WKH���7ZR�/HQV���$SSURDFK���LQVSLUHG���ILYH���VWHSV���WKDW���,���ZLOO���WDNH��
LQ���RUGHU���WR���UHGHVLJQ���RXU���DQDO\WLFV���V\VWHP����)LUVW����,���ZLOO���UHGHILQH���RXU���PHWULFV���RI���DQDO\VLV���WR���DOLJQ��
ZLWK���P\���GHILQLWLRQ���RI���QDUUDWLYH����FUHDWLQJ���EHQFKPDUNV���WKDW���DGGUHVV���ERWK���WKH���IRUPDOLVW���DQG��
LQWHUSUHWLYH���HOHPHQWV���RI���FKLOGUHQ¶V���QDUUDWLYHV����6HFRQG����LQ���RUGHU���WR���GR���WKLV����,���ZLOO���UHVWUXFWXUH���RXU��
6WRU\���6WDWV���DQG���WKH���REMHFWLYH���6WRU\���$QQRWDWLRQV���E\���GLUHFWO\���OLQNLQJ���WKH���DXWRPDWHG���GDWD���ZLWK���WKH��
DQQRWDWLRQV���WR���LGHQWLI\���WKH���REMHFWLYH���GLPHQVLRQV����7KLUG����,���ZLOO���V\VWHPDWLFDOO\���FDSWXUH���DQ\���NQRZQ��
FRQWH[WXDO���IDFWRUV���DQG���PDNH���WKHP���H[SOLFLWO\���DFFHVVLEOH����)RXUWK����,���ZLOO���FRPELQH���WKH���DYDLODEOH��
REMHFWLYH���GLPHQVLRQV���DQG���FRQWH[WXDO���IDFWRUV����,���ZLOO���OLQN���WKLV���VWRU\���GDWD���WR���WKH���DQQRWDWLRQV���WR��
LQIRUP���WKH���FRDFK���LQWHUSUHWDWLRQV���RI���WKH���VXEMHFWLYH���GLPHQVLRQV���WKDW���DOLJQ���ZLWK���RXU���LQWHUSUHWLYH��
PHWULFV����)LQDOO\����,���ZLOO���UHRUJDQL]H���WKH���GDWD���WR���GRFXPHQW���SURJUHVVLRQ���RI���WKH���VWUXFWXUDO���PHWULFV���DQG��
KLJKOLJKW���WUHQGV���RI���WKH���LQWHUSUHWLYH���PHWULFV���DFURVV���FKLOGUHQ¶V���VWRULHV����JXLGHG���E\���WKH���IRXU���FDWHJRULHV��
RI���SURJUHVVLRQ���LGHQWLILHG���E\���WKH���FRDFKHV���LQ���WKH���SLORW����L�H�����FRPSOHWHQHVV����FRKHUHQFH����H[SUHVVLRQ���
FRPSOH[LW\�����7KLV���ILYH�VWHS���SURFHVV���FXOPLQDWHV���LQ���WKH���SURSRVHG���RXWOLQH���RI���WKH���QH[W���LWHUDWLRQ���RI���D��
KROLVWLF���DQDO\WLFV���V\VWHP���IRU���/HDUQLQJ���/RRSV���DQG���VXJJHVWLRQV���IRU���DQ���LPSURYHG���FRPSXWDWLRQDO��
DSSURDFK����SUHVHQWHG���EHORZ����

�
��������1H[W���,WHUDWLRQ���RI���WKH���$QDO\WLFV���6\VWHP��

,Q���OLJKW���RI���P\���EURDG����KROLVWLF���GHILQLWLRQ���RI���QDUUDWLYH����,���KDYH���UHVWUXFWXUHG���WKH���JRDOV���RI���RXU��
DQDO\WLFV���V\VWHP���ERWK���IRU���DQ���LQGLYLGXDO���6WRU\%ORFNV���VWRU\���DQG���DFURVV���PXOWLSOH���6WRU\%ORFNV��
VWRULHV����7KH���JRDOV���RI���WKH���DQDO\WLFV���IRU���DQ���LQGLYLGXDO���VWRU\���DUH���WR���������GRFXPHQW���QDUUDWLYH���VNLOOV��
GHPRQVWUDWHG���LQ���WKH���VWRU\¶V���FUHDWLRQ���������LQIRUP���WKH���FRDFK¶V���LQWHUSUHWDWLRQ���RI���WKH���VWRU\¶V���JUHDWHU��
PHDQLQJ���DQG���SXUSRVH���������VXUIDFH���OHDUQLQJ���PRPHQWV²���L�H�����KLJKOLJKW���QHZ���RU���OHDUQHG���VNLOOV���RU��
FRQWHQW���WKDW���KDV���QRW���EHHQ���SUHVHQW���RU���VKRZQ���LQ���WKH���FUHDWLRQ���RI���SUHYLRXV���VWRULHV���������GRFXPHQW���WRWDO��
WLPH����LQ���PLQXWHV����VSHQW���RQ���FUHDWLQJ���VWRU\����DQG��������GLVSOD\���VWRU\���GUDIWV���DQG���VWRU\���HGLWV���PDGH���LQ��
UHVSRQVH���WR���FRDFK¶V���IHHGEDFN����7KH���JRDOV���RI���WKH���DQDO\WLFV���DFURVV���PXOWLSOH���VWRULHV���DUH���WR��������
GHPRQVWUDWH���WUHQGV���DFURVV���VWRU\���FRQWHQW���DQG���VXEMHFWLYH���GLPHQVLRQV����H�J�����JHQUHV����WKHPHV����JOREDO��
PHDQLQJ����H[SUHVVLRQ����LGHQWLW\����������GRFXPHQW���DQG���GLVSOD\���QDUUDWLYH���SURJUHVVLRQ���DPRQJ���VSHFLILF��
VNLOOV���DQG���REMHFWLYH���GLPHQVLRQV����H�J�����FRPSOHWHQHVV����FRPSOH[LW\����FRKHUHQFH����ODQJXDJH���VNLOOV���������
FRQQHFW���FKDQJHV���LQ���FKLOGUHQ¶V���VWRU\���WUHQGV���DQG���VNLOOV���WR���WKHLU���VLJQLILFDQFH���LQ���FKLOGUHQ¶V���QDUUDWLYH��
GHYHORSPHQW���������GRFXPHQW���UHOHYDQW���FRQWH[WXDO���LQIRUPDWLRQ���DQG���HYHQWV����H�J�����LQWHUHVWV����ELUWKGD\V���
DQG���DOLJQ���LW���WR���FKLOG¶V���VWRU\���SOD\���WR���LGHQWLI\���SRWHQWLDO���LPSDFW����DQG��������GRFXPHQW���WUHQGV���LQ���SOD\���WLPH��
DQG���KLVWRU\���RI���SOD\���
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7KH���QHZ���DQDO\WLFV���DUH���RUJDQL]HG���LQWR���ILYH���VHFWLRQV���LQ���RUGHU���WR���PRUH���FOHDUO\���LGHQWLI\��
FRQWHQW���DQG���VNLOOV����LQWHUSUHW���WKH���PHDQLQJ���ZLWKLQ���LQGLYLGXDO���VWRULHV���DQG���DFURVV���PXOWLSOH���VWRULHV����DQG��
VXUIDFH���VNLOOV���SURJUHVVLRQ���DQG���VWRU\���WUHQGV����7KH���ILUVW���VHFWLRQ���LV���DQ���RXWOLQH���RI���WKH���IHDWXUHV���SUHVHQW��
LQ���WKH���VWRU\���YLHZ����7KH���UHPDLQLQJ���IRXU���VHFWLRQV���RI���WKH���QHZ���DQDO\WLFV����L�H�����VWRU\���FRQWHQW���DQG���VNLOOV���
VNLOOV���SURJUHVVLRQ����VWRU\���PHDQLQJ����JOREDO���VWRU\���WUHQGV����DUH���IXUWKHU���EURNHQ���GRZQ���LQWR���EHQFKPDUNV���
ZKLFK���KDYH���PHWULFV²���RU���QDUUDWLYH���GLPHQVLRQV���FRQVWLWXWHG���E\���UHOHYDQW���VWRU\���GDWD����)RU���H[DPSOH���
ZLWKLQ���WKH���VWRU\���FRQWHQW���DQG���VNLOOV���VHFWLRQ����WKH���IRXU���EHQFKPDUNV���DUH���VWRU\���FRPSOHWHQHVV����VWRU\��
FRKHUHQFH����H[SUHVVLRQ����DQG���FRPSOH[LW\����7KH���EHQFKPDUN���IRU���VWRU\���FRPSOHWHQHVV���FRQVLVWV���RI��
VHYHUDO���PHWULFV����RQH���RI���WKHP���EHLQJ���DFWLRQV�HYHQWV����ZKLFK���LV���LQIRUPHG���E\���WKH���IUDPHV����7KH���FRDFK��
XVHV���WKH���GDWD���IURP���WKH���PHWULFV���WR���DQQRWDWH���WKH���EHQFKPDUNV����7KURXJK���WKLV���SURFHVV����WKLV���QHZ��
DQDO\WLFV���V\VWHP���LQWHJUDWHV���WKH���VWRU\���GDWD���PRUH���HIILFLHQWO\���WR���LQIRUP���WKH���FRDFK���DQQRWDWLRQV���DQG��
LQWHUSUHWDWLRQV����

$���ILUVW���GUDIW���RI���WKH���QHZ���DQDO\WLFV���VHFWLRQV����EHQFKPDUNV����DQG���PHWULFV���DUH���SUHVHQWHG���LQ���WKH��
IROORZLQJ���RXWOLQH����

�� 6WRU\���9LHZV�����WKH���SHUVLVWHQW���YLHZ���RI���WKH���FKLOG¶V���VWRU\���DORQJ���ZLWK���D���YLHZ���RI���WKH���FKLOG¶V��
VWRU\WHOOLQJ���SURFHVV����&RDFKHV���XVH���WKH���VWRU\���YLHZV���WR���UHDG����XQGHUVWDQG����DQQRWDWH����DQG��
LQWHUSUHW����:KHQ���WKH\���DQQRWDWH���SDUWV���RI���VWRULHV����WKH���UHOHYDQW���VWRU\���GDWD���ZLOO���EH���KLJKOLJKWHG��
ZLWKLQ���WKH���VWRU\���YLHZ����GLUHFWLQJ���WKH���FRDFK
V���DWWHQWLRQ���WR���WKH���VDOLHQW���WUHQGV����7KH���VWRU\���YLHZV��
SUHVHQW���WKH���ZKR����ZKDW����ZKHUH����ZKHQ����DQG���KRZ���RI���WKH���VWRU\����ZKLFK���LV���IXUWKHU���EURNHQ���GRZQ��
E\���WKH���FRQWHQW���DQG���VNLOOV����7KH���³ZK\´���RI���WKH���VWRU\���LV���LQWHUSUHWHG���E\���WKH���FRDFK����7KH���IHDWXUHV��
SUHVHQW���LQ���WKH���VWRU\���YLHZ���DUH���

D� 6WRU\���0RGH��������WKH���YLVXDO���UHSUHVHQWDWLRQ���RI���WKH���FKLOG¶V���VWRU\����GLVSOD\HG���DV���D��
IUDPH�E\�IUDPH���SOD\�WKURXJK���ZLWK���D���VKRUW���VQDSVKRW���RYHUYLHZ���RI���UHOHYDQW���VWRU\��
GDWD���EHORZ���WKH���LPDJHV����5HOHYDQW���VHFWLRQV���IURP���WKH���VWRU\���YLVXDO���DQG���VWRU\���GDWD���DUH��
KLJKOLJKWHG���WR���LQIRUP���DQQRWDWLRQV����7KH���UHOHYDQW���VWRU\���GDWD���GLVSOD\HG���DUH���
L� 6WRU\���WLWOH�� �
LL� 3OD\���WLPH���DQG���VWDUW�HQG���GDWH���
LLL� *HQUH���DQG���WKHPHV���
LY� ,QWHQGHG���DXGLHQFH�� �
Y� 3ORW���VXPPDU\��

E� 'UDIWV���0RGH��������WKH���SHUVLVWHQW���YLHZ���RI���WKH���FKLOG¶V���VWRU\���SURFHVV���DQG���GUDIW���HGLWV���
&RDFKHV���FDQ���WRJJOH���WR���WKH���SURFHVV���PRGH���WR���YLHZ���WKH���GUDIWV���D���FKLOG���PDGH����FRPSOHWH��
ZLWK���WKH���FRDFK���6WLFNLHV���DQG���WKH���HGLWV���FKLOGUHQ���PDGH���LQ���UHVSRQVH���WR���FRDFK��
IHHGEDFN����&RDFKHV���FDQ���DOVR���VHH���DQ���DQLPDWLRQ���RI���WKH���FKLOG¶V���HQWLUH���VWRU\���FUHDWLRQ��
SURFHVV���

F� &KLOG���3URILOH��������WKH���SHUVLVWHQW���YLHZ���RI���WKH���FKLOG¶V���FRQWH[WXDO���IDFWRUV���WKDW���KHOS��
LQIRUP���FRDFK���LQWHUSUHWDWLRQV����7KLV���SURILOH���LV���DOZD\V���HGLWDEOH����VR���FRDFKHV���FDQ���DGG��
RU���FKDQJH���LQIRUPDWLRQ���DV���WKH\���JHW���WR���NQRZ���WKH���FKLOG����7KH���FKLOG¶V���SURILOH���PD\��
LQFOXGH���
L� &KLOG���QDPH��
LL� )DPLO\���PHPEHUV��
LLL� *URXS���PHPEHUVKLSV��
LY� %LUWKGD\���DQG���DJH��
Y� 1DUUDWLYH���VNLOO���OHYHO��
YL� 3HUVRQDOLW\���WUDLWV��
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YLL� /LNHV���DQG���LQWHUHVWV��
YLLL� 5HOHYDQW�XSFRPLQJ���HYHQWV��
L[� &RDFK���QRWHV����H�J�����FRSLHG���IURP���WKH���PHVVDJHV���RU���VWLFNLHV����

�� 1DUUDWLYH���6NLOOV�����FKLOGUHQ���GHPRQVWUDWH���QDUUDWLYH���VNLOOV���WKURXJK���WKH���VWUXFWXUH���DQG���FRQWHQW��
RI���WKHLU���VWRULHV����7KHUHIRUH����WKLV���VHFWLRQ���XVHV���D���PRVWO\���IRUPDOLVW���OHQV���WR���DQDO\]H���WKH��
VWUXFWXUH���DQG���PHFKDQLFV���ZLWKLQ���D���VLQJOH���VWRU\����KLJKOLJKWLQJ���WKH���FKLOG¶V���QDUUDWLYH���VNLOOV���E\��
LGHQWLI\LQJ���WKH���SUHVHQFH���RI���WKH���REMHFWLYH���GLPHQVLRQV����:H���DQDO\]H���WKH���QDUUDWLYH���VNLOOV��
ZLWKLQ���D���VLQJOH���VWRU\���E\���ORRNLQJ���DW���IRXU���EHQFKPDUNV���

D� 6WRU\���&RPSOHWHQHVV��������WKH���GHJUHH���WR���ZKLFK���WKH���VWUXFWXUH���DQG���FRQWHQW���RI���WKH���VWRU\��
IHHOV���FRPSOHWH����UDQJLQJ���IURP���DQ���LQFRPSOHWH���VWRU\���IUDJPHQW���WR���D���FRPSOHWH���VWRU\��
ZLWK���D���FOHDU���EHJLQQLQJ����PLGGOH����DQG���HQG����7R���DQQRWDWH���WKLV���EHQFKPDUN����FRDFKHV��
DQVZHU���WKH���TXHVWLRQ����³KRZ���FRPSOHWH���LV���WKLV���VWRU\"´���E\���VXSSOHPHQWLQJ���DQG��
UHYLHZLQJ���WKH���IROORZLQJ���PHWULFV���
L� &RQWH[W�6HWWLQJ��������LGHQWLILFDWLRQ���RI���ZKHUH���WKH���VWRU\���WDNHV���SODFH���DQG���ZKHQ��

WKH���VWRU\���WDNHV���SODFH����DFURVV���ZKDW���SHULRG���RI���WLPH�����7KH���RXWSXW���RI���WKLV��
PHWULF���LV���PDFKLQH�JHQHUDWHG���FODVVLILFDWLRQ���RI���WKH���VHWWLQJ����H�J�����QLJKW���VN\��
EDFNJURXQG���ZLWK���VWDUV���DQG���VSDFHVKLS���FODVVLILHG���DV���³VSDFH´�����7KH���DXWRPDWHG��
VWRU\���GDWD���KLJKOLJKWHG���LQ���WKLV���VHFWLRQ���DUH���

�� %DFNJURXQG���VHWWLQJ���IRU���HDFK���IUDPH���>0@��
�� 6WULQJ���RI���WLPH���IRU���EDFNJURXQG���VHWWLQJ����H�J�����GD\���WR���QLJKW����>0@��
�� &RPSRVLWLRQ����H�J�����LWHPV���XVHG���LQ���WKH���EDFNJURXQG����>0@��

LL� 6WRU\���/HQJWK���������LGHQWLILFDWLRQ���RI���WKH���OHQJWK���RI���WKH���VWRU\����LQ���QXPEHU���RI��
IUDPHV����DQG���WKH���WLPH���WKH���FKLOG���VSHQW���RQ���FUHDWLQJ���WKLV���VWRU\����PLQXWHV���SOD\HG��
SHU���VWRU\�����7KH���RXWSXW���RI���WKLV���PHWULF���LV���WKH���PDFKLQH�JHQHUDWHG���FRXQW���RI���WKH��
OHQJWK���RI���VWRU\���DQG���GXUDWLRQ���RI���VWRU\���FUHDWLRQ����7KH���DXWRPDWHG���VWRU\���GDWD��
KLJKOLJKWHG���LQ���WKLV���VHFWLRQ���DUH���

�� )UDPH���FRXQW���>0@��
�� 3OD\���GXUDWLRQ���LQ���PLQXWHV���>0@��

LLL� $FWLRQV�(YHQWV��������LGHQWLILFDWLRQ���RI���WKH���DFWLRQ�HYHQWV���ZLWKLQ���WKH���VWRU\����7KH��
RXWSXW���RI���WKLV���PHWULF���LV���D���PDFKLQH�JHQHUDWHG���FRXQW���RI���WKH���QXPEHU���RI��
DFWLRQV����YDOLGDWHG���E\���WKH���FRDFK����7KH���DXWRPDWHG���VWRU\���GDWD���KLJKOLJKWHG���IRU��
WKLV���PHWULF���DUH���

�� )UDPHV����ZLWK���FRPSRVLWLRQ����EDFNJURXQG����FKDUDFWHUV����LWHPV���
HPRWLRQV����GLDORJXH����>0�&@���

LY� %HJLQQLQJ����0LGGOH����DQG���(QG��������WKH���LGHQWLILFDWLRQ���RI���WKH���EHJLQQLQJ����FRQWH[W��
VHWWLQJ����PLGGOH����SUHFLSLWDWLQJ���HYHQW����DQG���HQG����UHVROXWLRQ����RI���D���VWRU\���ZKHUH��
VRPHWKLQJ���KDSSHQV���RYHU���WLPH����7KH���RXWSXW���RI���WKLV���PHWULF���LV���FRDFK���VHOHFWLQJ��
ZKHUH���WKH���EHJLQQLQJ����PLGGOH����DQG���HQG���RI���WKH���VWRU\���DUH����E\���IUDPH���QXPEHU���
>&@���

Y� 3UREOHP���DQG���6ROXWLRQ���������WKH���LGHQWLILFDWLRQ���RI���DQ\���SUREOHPV���DQG���SURSRVHG��
VROXWLRQV���ZLWKLQ���D���VWRU\����7KH���RXWSXW���RI���WKLV���PHWULF���LV���WKH���FRDFK���VHOHFWLRQ���RI��
WKH���IUDPHV���WKDW���FRQWDLQ���WKH���SUREOHP�V����DQG���VROXWLRQ�V����>&@���

YL� 3ORW��������WKH���LGHQWLILFDWLRQ���RI���WKH���PDLQ���KDSSHQLQJ���RI���WKH���VWRU\����XVXDOO\���D��
VXPPDU\���RI���WKH���DFWLRQV����HYHQWV����RU���SUREOHPV���RI���WKH���VWRU\����7KH���RXWSXW���RI��
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WKLV���PHWULF���LV���WKH���FRDFK�JHQHUDWHG���RQH�VHQWHQFH���VXPPDU\���RI���WKH���SORW����7KH��
DXWRPDWHG���VWRU\���GDWD���KLJKOLJKWHG���IRU���WKLV���PHWULF���DUH���

�� &KLOG���LQGLFDWHG���WKHPHV���>0@���
�� 0DFKLQH�SUHGLFWHG���WKHPHV����EDVHG���RQ���EDFNJURXQG���DQG���LWHPV����>0@���
�� &KLOG���LQGLFDWHG���JHQUHV���>0@���
�� +LJKOLJKW���DQ\���IUDPHV���WKDW���KDYH���EHHQ���DQQRWDWHG���IRU���EHJLQQLQJ���

PLGGOH����HQG����RU���SUREOHP�VROXWLRQ���>0�&@���
YLL� &RPSOHWHQHVV���/HYHO��������%DVHG���RQ���WKH���DERYH���GDWD���DQG���VXSSOHPHQWDO���FRDFK��

LQSXW����WKH���PDFKLQH���VHOHFWV���WKH���OHYHO���RI���FRPSOHWHQHVV���RI���WKH���FKLOG¶V���VWRU\���RQ��
WKH���FRPSOHWHQHVV���UXEULF����DQG���WKH���FRDFK���YDOLGDWHV���LW���RU���FDQ���FKDQJH���LW��
PDQXDOO\���

E� 6WRU\���&RKHUHQFH��������WKH���VWUXFWXUH���DQG���FRQWHQW���RI���WKH���VWRU\���WKDW���FRPHV���WRJHWKHU���WR��
PDNH���VHQVH����7R���DQQRWDWH���WKLV���EHQFKPDUN����FRDFKHV���DQVZHU���WKH���TXHVWLRQ����³KRZ��
FRKHUHQW���LV���WKLV���VWRU\"´���E\���VXSSOHPHQWLQJ���DQG���UHYLHZLQJ���WKH���IROORZLQJ���PHWULFV���
L� 6DOLHQFH���RI���$FWLRQV��������RI���WKH���QXPEHU���RI���DFWLRQV����WKH���LGHQWLILFDWLRQ���RI���UHODWHG��

HYHQWV���RU���WKH���UHOHYDQFH���RI���WKH���DFWLRQV����7KH���RXWSXW���RI���WKLV���PHWULF���LV���WKH��
PDFKLQH�JHQHUDWHG���SUHGLFWLRQ���RI���WKH���UHOHYDQFH���RI���DFWLRQV���E\���DQDO\]LQJ���WKH��
VLPLODULWLHV���EHWZHHQ���HDFK���IUDPH���DQG���WKH���FRDFK¶V���YDOLGDWLRQ���RI���WKH��
UHODWHGQHVV���>0�&9@���

LL� /RJLFDO���6HTXHQFH���RI���(YHQWV�6WULQJ���RI���$FWLRQV��������LGHQWLILFDWLRQ���RI���WKH��
WHPSRUDO���RUJDQL]DWLRQ���GLPHQVLRQ���DQG���YDOLGDWLRQ���RI���VHTXHQFH���RI��
DFWLRQV�HYHQWV����7KH���RXWSXW���RI���WKLV���PHWULF���LV���WKH���PDFKLQH���SUHGLFWLRQ���RI���WKH��
DFFXUDF\���RI���WKH���ORJLF���RI���DFWLRQV���EDVHG���RQ���WKH���VWRU\���GDWD����DQG���WKH���FRDFK��
YDOLGDWLRQ���RI���WKDW���SUHGLFWLRQ����7KH���DXWRPDWHG���VWRU\���GDWD���KLJKOLJKWHG���IRU���WKLV��
PHWULF���DUH���

�� )UDPH���RUGHU���>0@��
�� &RQVLVWHQF\���RI���WLPH���LQ���EDFNJURXQGV����H�J�����GD\����GXVN����>0@��
�� &RQVLVWHQF\���RI���HPRWLRQDO���YRFDEXODU\���DQG���HPRWLRQ���VWDWH���>0@��

LLL� /LQJXLVWLF���&RKHVLRQ��������LGHQWLILFDWLRQ���RI���WKH���ODQJXDJH���GLPHQVLRQ���IRU��
XQGHUVWDQGLQJ���DQG���WKH���YDOLGDWLRQ���RI���WHPSRUDO���DQG���FDXVDO���RUGHULQJ����7KH��
RXWSXW���RI���WKLV���PHWULF���LV���WR���GUDZ���WKH���FRDFK
V���DWWHQWLRQ���WR���WKH���FRKHVLYH��
ODQJXDJH���XVHG���LQ���WKH���FKLOG¶V���VWRU\����7KH���DXWRPDWHG���VWRU\���GDWD���KLJKOLJKWHG��
ZLWKLQ���WKH���VWRU\���IRU���WKLV���PHWULF���DUH���

�� 7HPSRUDO���PDUNHUV����H�J�����ILUVW����WKHQ����>0@��
�� &DXVDO���PDUNHUV����H�J�����VR����EHFDXVH����>0@��
�� 0DQXDOO\���LQSXW���RWKHU���FRKHVLYH���ODQJXDJH���>&@���

LY� $QDO\VLV���RI���3ORW��������DQDO\]LQJ���WKH���SORW���LV���LPSRUWDQW���WR���FRQVLGHULQJ���WKH��
FRKHUHQFH���RI���D���VWRU\����7KH���RXWSXW���RI���WKLV���PHWULF���LV���WR���SRSXODWH���WKH���FRDFK¶V��
SUHYLRXV���VXPPDU\���RI���WKH���SORW���VR���WKDW���WKH\���FDQ���FRQVLGHU���LW���ZKHQ���DQDO\]LQJ��
WKH���VWRU\¶V���FRKHUHQFH����7KH���DXWRPDWHG���VWRU\���GDWD���DQG���UHSXUSRVHG���FRDFK��
DQQRWDWLRQV���KLJKOLJKWHG���IRU���WKLV���PHWULF���DUH���

�� ,GHQWLILHG���VWRU\���JHQUH���>0@��
�� ,GHQWLILHG���VWRU\���WKHPHV���>0@��
�� &RDFK�JHQHUDWHG���SORW���VXPPDU\���>0�&@���
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Y� 6WRU\���7\SH���������LGHQWLILFDWLRQ���RI���VWRU\���VWUXFWXUH���DV���D���VROLWDU\���DFWLRQ����XQUHODWHG��
OLVW����IRFXVHG���FKDLQ����RU���WUXH���QDUUDWLYH����7KH���RXWSXW���RI���WKLV���PHWULF���LV���D��
FRDFK�VHOHFWHG���FDWHJRU\���RI���WKH���VWRU\���W\SH���IURP���D���FKHFNOLVW���>&@���

YL� &RKHUHQFH���/HYHO���������%DVHG���RQ���WKH���DERYH���GDWD���DQG���VXSSOHPHQWDO���FRDFK���LQSXW���
WKH���PDFKLQH���VHOHFWV���WKH���OHYHO���RI���FRKHUHQFH���RI���WKH���FKLOG¶V���VWRU\���RQ���WKH��
FRKHUHQFH���UXEULF����DQG���WKH���FRDFK���YDOLGDWHV���LW���RU���FDQ���FKDQJH���LW���PDQXDOO\���

F� ([SUHVVLRQ���DQG���&KDUDFWHU���'HYHORSPHQW��������WKH���UHSUHVHQWDWLRQV���RI���H[SUHVVLRQ���DQG��
GHYHORSPHQW���RI���FKDUDFWHUV���WKURXJK���SUHVHQWLQJ���LQWHUQDO���PHQWDO���VWDWH���DQG���FKDUDFWHU��
UHDFWLRQV����8QOLNH���WKH���SUHYLRXV���EHQFKPDUNV���WKDW���DUH���PRUH���VWUXFWXUDO���LQ���WKHLU���IRFXV���
WKLV���EHQFKPDUN���IRFXVHV���PRUH���RQ���FRQWHQW���E\���DQDO\]LQJ���ERWK���WKH���REMHFWLYH���DQG��
VXEMHFWLYH���GLPHQVLRQV���RI���FKLOGUHQ¶V���QDUUDWLYHV����7R���DQQRWDWH���WKLV���EHQFKPDUN���
FRDFKHV���DQVZHU���WKH���TXHVWLRQ����³KRZ���H[SUHVVLYH���DQG���GHYHORSHG���DUH���WKH���FKDUDFWHUV���LQ��
WKH���VWRU\"´���E\���VXSSOHPHQWLQJ���DQG���UHYLHZLQJ���WKH���IROORZLQJ���PHWULFV���
L� &KDUDFWHUV��������LGHQWLILFDWLRQ���RI���WKH���PDLQ���FKDUDFWHUV���LQ���WKH���VWRU\���>0@����7KH��

RXWSXW���RI���WKLV���PHWULF���LV���D���OLVW���RI���VWRU\���FKDUDFWHUV���DQG���FRDFK���YDOLGDWLRQ���RI���WKH��
PDLQ���FKDUDFWHUV����7KH���DXWRPDWHG���VWRU\���GDWD���KLJKOLJKWHG���IRU���WKLV���PHWULF���DUH���

�� &KDUDFWHUV���>0@��
LL� (PRWLRQDO���([SUHVVLRQ���������WKH���LGHQWLILFDWLRQ���RI���WKH���HPRWLRQDO���H[SUHVVLRQV���DQG��

HPRWLRQDO���ODQJXDJH���XVHG���LQ���WKH���VWRU\���WR���UHSUHVHQW���WKH���FKDUDFWHUV¶��
HPRWLRQDO���UHDFWLRQV����7KH���RXWSXW���RI���WKLV���PHWULF���LV���D���PDFKLQH�JHQHUDWHG���OLVW��
RI���WKH���HPRWLRQDO���H[SUHVVLRQV���DQG���HPRWLRQDO���ODQJXDJH���XVHG����7KH���VWRU\���GDWD��
KLJKOLJKWHG���IRU���WKLV���PHWULF���DUH���

�� (PRWLRQ���VWDWH���RI���WKH���FKDUDFWHU���>0@��
�� (PRWLRQDO���ODQJXDJH���XVHG���IRU���HDFK���FKDUDFWHU���>0@��
�� 7KH���FRQJUXHQFH���RU���LQFRQJUXHQFH���RI���DQ\���HPRWLRQ���VWDWHV���OLQNHG���WR��

HPRWLRQDO���ODQJXDJH���>0@���
LLL� (PRWLRQDO���$UF��������LGHQWLILFDWLRQ���RI���WKH���FDGHQFH���RI���HPRWLRQ���WKURXJKRXW���WKH��

VWRU\���UHSUHVHQWHG���E\���WKH���FKDUDFWHUV����7KH���RXWSXW���RI���WKLV���PHWULF���LV���D��
PDFKLQH�JHQHUDWHG���SUHGLFWLRQ���RI���WKH���HPRWLRQDO���DUF����7KH���VWRU\���GDWD��
KLJKOLJKWHG���WR���LQIRUP���WKLV���PHWULF���DUH���

�� (PRWLRQ���VWDWHV���DQG���HPRWLRQDO���ODQJXDJH���IRU���HDFK���VFHQH���FODVVLILHG��
LQWR���DQ���HPRWLRQDO���QDUUDWLYH���DUFKHW\SH���>0@����

LY� (PRWLRQDO���5HVSRQVH��������LGHQWLILFDWLRQ���RI���DQ\���VDOLHQW���HPRWLRQDO���UHVSRQVHV���RU��
UHDFWLRQV���WR���DQ���HYHQW���RU���RWKHU���FKDUDFWHUV����7KH���RXWSXW���RI���WKLV���PHWULF���LV���WKH��
FRDFK���GLUHFWLQJ���WKHLU���DWWHQWLRQ���WR���DQ\���VDOLHQW���HPRWLRQDO���UHDFWLRQV���

Y� &KDUDFWHU���'HYHORSPHQW���������LGHQWLILFDWLRQ���RI���FKDUDFWHU���SHUVRQDOLW\���DQG��
FKDUDFWHU���GHYHORSPHQW���WKURXJKRXW���WKH���VWRU\����7KH���RXWSXW���RI���WKLV���PHWULF���LV���D��
FRDFK���LQWHUSUHWLYH���GHVFULSWLRQ���RI���DQ\���UHOHYDQW���FKDUDFWHU���WUDLWV����FKDUDFWHU��
PHQWDO���VWDWHV����RU���FKDUDFWHU���GHYHORSPHQW����7KH���VWRU\���GDWD���KLJKOLJKWHG���WR��
LQIRUP���WKLV���PHWULF���DUH���

�� &KDUDFWHUV���DQG���HPRWLRQ���VWDWHV���>0@��
�� &KDUDFWHU¶V���VSHHFK���EXEEOHV���DQG���WKRXJKW���EXEEOHV���WR���UHSUHVHQW��

PHQWDO���VWDWH���>0@��
�� 3HUVSHFWLYH���/DQJXDJH����H�J�����,�VWDWHPHQWV����>0@��
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YL� &KDUDFWHU���(PSDWK\��������LGHQWLILFDWLRQ���RI���WKH���HPSDWK\���GLVSOD\HG���E\���WKH��
FKDUDFWHUV����7KH���RXWSXW���RI���WKLV���PHWULF���LV���D���PDFKLQH�JHQHUDWHG���SUHGLFWLRQ���RI��
ZKHWKHU���WKH���FKDUDFWHU�V����GLVSOD\HG���HPSDWK\����7KH���VWRU\���GDWD���KLJKOLJKWHG���WR��
LQIRUP���WKLV���PHWULF���DUH���

�� &RQJUXHQFH���RI���FKDUDFWHU���HPRWLRQ���VWDWH���DQG���HPRWLRQDO���ODQJXDJH��
DVVRFLDWHG���ZLWK���HPSDWK\���>0@���

YLL� ([SUHVVLRQ���/HYHO��������%DVHG���RQ���WKH���DERYH���GDWD���DQG���VXSSOHPHQWDO���FRDFK���LQSXW���
WKH���PDFKLQH���VHOHFWV���WKH���OHYHO���RI���H[SUHVVLRQ���RI���WKH���FKLOG¶V���VWRU\���RQ���WKH��
H[SUHVVLRQ���UXEULF����DQG���WKH���FRDFK���YDOLGDWHV���LW���RU���FDQ���FKDQJH���LW���PDQXDOO\���

G� 6WRU\���&RPSOH[LW\��������WKH���VWUXFWXUDO����H�J�����YLVXDO����OLQJXLVWLF����GHWDLOV���DQG���FRQWHQW���WKDW��
FRPELQH���WR���FRPPXQLFDWH���WKH���LQWULFDFLHV���RI���D���VLWXDWLRQ���RU���LGHD���WKURXJK���VWRU\����7KLV��
EHQFKPDUN���LV���HVSHFLDOO\���WLHG���WR���WKH���FRQWH[WXDO���IDFWRUV���RI���D���FKLOG
V���DJH���DQG���VNLOO��
OHYHO����7R���DQQRWDWH���WKLV���EHQFKPDUN����FRDFKHV���ORRN���DW���YDULRXV���W\SHV���RI���FRPSOH[LW\���
VXFK���DV���FRPSOH[LW\���RI���WKRXJKW����H�J�����SORW���FRPSOH[LW\����FUHDWLYLW\�����YLVXDO��
FRPSOH[LW\����H�J�����FRPSRVLWLRQ����OHYHO���RI���GHWDLO�����DQG���OLQJXLVWLF���FRPSOH[LW\����H�J����
ODQJXDJH���OHYHO����SHUVSHFWLYH����WR���DQVZHU���WKH���TXHVWLRQ����³KRZ���FRPSOH[���LV���WKH���FKLOG¶V��
VWRU\"´���E\���VXSSOHPHQWLQJ���DQG���UHYLHZLQJ���WKH���IROORZLQJ���PHWULFV���
L� /HYHO���RI���'HWDLO���������LGHQWLILFDWLRQ���RI���WKH���OHYHO���RI���GHWDLO���WKH���FKLOG���XVHG���LQ��

FUHDWLQJ���WKH���VWRU\���DV���LQGLFDWHG���E\���WKH���DPRXQW���RI���IHDWXUHV����H�J�����LWHPV���
GLDORJXH����XVHG����7KH���RXWSXW���RI���WKLV���PHWULF���LV���D���PDFKLQH�JHQHUDWHG��
SUHGLFWLRQ���RI���WKH���OHYHO���RI���GHWDLO���WUDLQHG���E\���RXU���OHYHO���RI���GHWDLO���UXEULF����7KH��
VWRU\���GDWD���KLJKOLJKWHG���WR���LQIRUP���WKLV���PHWULF���DUH���

�� /HYHO���RI���GHWDLO���UXEULF����LQIRUPHG���E\���LWHPV����FKDUDFWHUV����GLDORJXH���
QDUUDWLRQ����EDFNJURXQG���VHWWLQJ���>0@��

LL� &RPSRVLWLRQ��������LGHQWLILFDWLRQ���RI���WKH���VSDWLDO���RUJDQL]DWLRQ���RI���WKH���IUDPHV���DQG��
KRZ���WKDW���FRPPXQLFDWHV���PHDQLQJ���DQG���DFWLRQ���LQ���WKH���VWRU\����7KHUH���LV���QR��
RXWSXW���RI���WKLV���PHWULF����LW���H[LVWV���WR���GLUHFW���WKH���FRDFK¶V���IRFXV���WRZDUGV���WKH��
FRPSRVLWLRQ���RI���WKH���VFHQHV���E\���KLJKOLJKWLQJ���WKH���IROORZLQJ���VWRU\���GDWD���

�� ,WHPV���XVHG���>0@��
�� %DFNJURXQG���VHWWLQJ���>0@��

LLL� /DQJXDJH���/HYHO���������LGHQWLILFDWLRQ���RI���WKH���OLQJXLVWLF���FRQYHQWLRQV���RI���WKH���ZULWWHQ��
WH[W���LQ���WKH���VWRU\����H�J�����WKH���GLDORJXH���EXEEOHV����WH[W���ER[���QDUUDWLRQ����DQG���WKH���RUDO��
ODQJXDJH���XVHG���LQ���WKH���VWRU\����7KH���RXWSXW���RI���WKLV���PHWULF���LV���D��
PDFKLQH�JHQHUDWHG���SUHGLFWLRQ���RI���WKH���ODQJXDJH���OHYHO���XVHG���IRU���WKH���ZULWWHQ��
WH[W���RI���WKH���VWRU\����FRPELQHG���ZLWK���DQ\���FRDFK���DQQRWDWLRQV���DERXW���WKH���RUDO��
FRQYHQWLRQV���XVHG���LQ���WKH���VWRU\���WR���YDOLGDWH���WKH���SUHGLFWLRQ����7KH���VWRU\���GDWD��
KLJKOLJKWHG���WR���LQIRUP���WKLV���PHWULF���DUH���

�� *UDGH�OHYHO���UHDGDELOLW\���VFRUH���>0@��
�� 6LJKW�DJH�UHODWHG���YRFDE���ZRUGV���>0@��
�� 9HUE�WHQVH���>0@��
�� 3XQFWXDWLRQ���DQG���JUDPPDU���>0@��
�� 7HPSRUDO���DQG���&DXVDO���PDUNHUV���>0@��
�� 3HUVSHFWLYH����H�J�����,�VWDWHPHQWV����YHUE���WHQVH����>0@��
�� 2UDO���QDUUDWLRQ���>&@���
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LY� 3HUVSHFWLYH�����������LGHQWLILFDWLRQ���RI���WKH���SHUVSHFWLYH���WDNHQ���WR���WHOO���WKH���VWRU\����H�J����
ILUVW�SHUVRQ����WKLUG�SHUVRQ����DQG���DQ\���VKLIWV���LQ���SHUVSHFWLYH���WKURXJKRXW���WKH��
VWRU\����7KH���RXWSXW���RI���WKLV���PHWULF���LV���D���PDFKLQH�JHQHUDWHG���SUHGLFWLRQ���RI���WKH��
SHUVSHFWLYH�V����WKLV���VWRU\���LV���WROG���IURP����DQG���WKH���FRDFK���FDQ���YDOLGDWH���WKH��
SUHGLFWLRQ����7KH���VWRU\���GDWD���KLJKOLJKWHG���WR���LQIRUP���WKLV���PHWULF���DUH���

�� 7H[W���ODQJXDJH����H�J�����,�VWDWHPHQWV����YHUE�WHQVH����>0@��
�� 2UDO���/DQJXDJH����H�J�����VSRNHQ���QDUUDWLRQ����>&@���

Y� 3ORW���&RPSOH[LW\��������LGHQWLILFDWLRQ���RI���WKH���LQWULFDWH���GHWDLOV���WKDW���FUHDWH���D��
VRSKLVWLFDWHG���SORW����7KH���RXWSXW���RI���WKLV���PHWULF���LV���WKH���FRDFK�VHOHFWHG���OHYHO���RI��
SORW���FRPSOH[LW\����7KH���VWRU\���GDWD���KLJKOLJKWHG���WR���LQIRUP���WKLV���PHWULF���DUH���

�� 3ORW���VXPPDU\���SRSXODWHG���IURP���VWRU\���FRKHUHQFH���VHFWLRQ���>0�&@��
�� 6WRU\���W\SH���SRSXODWHG���IURP���WKH���VWRU\���FRKHUHQFH���VHFWLRQ���>0�&@��

YL� &UHDWLYLW\���������WKH���LGHQWLILFDWLRQ���RI���SDUWLFXODUO\���FUHDWLYH����QRYHO����RU���XQLTXH��
HOHPHQWV���WKDW���WKH���FRDFK���EHOLHYHV���DUH���RI�QRWH���DQG���ZDUUDQW���DWWHQWLRQ����7KH��
RXWSXW���RI���WKLV���PHWULF���LV���WKH���FRDFK¶V���LQWHUSUHWLYH���VXPPDU\���RI���WKH���FKLOG¶V��
UHSUHVHQWDWLRQ���RI���FUHDWLYLW\����7KHVH���FUHDWLYH���HOHPHQWV���PD\���QRW���EH���FDSWXUHG��
E\���DQ\���RWKHU���PHWULFV���RU���EHQFKPDUNV���>&@����

YLL� &RPSOH[LW\���/HYHO��������%DVHG���RQ���WKH���DERYH���GDWD���DQG���VXSSOHPHQWDO���FRDFK���LQSXW���
WKH���PDFKLQH���VHOHFWV���WKH���OHYHO���RI���FRPSOH[LW\���RI���WKH���FKLOG¶V���VWRU\���RQ���WKH��
FRPSOH[LW\���UXEULF����DQG���WKH���FRDFK���YDOLGDWHV���LW���RU���FDQ���FKDQJH���LW���PDQXDOO\���

�� 6NLOOV���3URJUHVVLRQ�����VNLOOV���SURJUHVVLRQ���ORRNV���DW���WKH���FKDQJHV���LQ���FKLOGUHQ¶V���QDUUDWLYH���VNLOOV��
DFURVV���DOO���VWRULHV����7R���GRFXPHQW���FKLOGUHQ¶V���QDUUDWLYH���VNLOOV���SURJUHVVLRQ����ZH���VLWXDWH���HDFK��
VWRU\���ZLWKLQ���WKH���ODQGVFDSH���RI���DOO���WKH���FKLOG¶V���VWRULHV���DQG���UXQ���DQ���DQDO\VLV���WR���VHH���DQ\��
LQVWDQFHV���RI���FKDQJH���RU���QHZ���RFFXUUHQFHV���RI���DQ\���RI���WKH���VNLOOV���UHSUHVHQWHG���LQ���WKLV���VWRU\��
FRPSDUHG���WR���DOO���SDVW���VWRULHV����5DWKHU���WKDQ���VKRZLQJ���FKDUWV���RI���DOO���WKH���GDWD����RXU���DQDO\WLFV���WRRO��
RQO\���SUHVHQWV���D���KLJK�OHYHO���YLHZ���RI���WKHVH���FKDQJHV���UHSUHVHQWHG���E\���WKH���EHQFKPDUNV����&RDFKHV��
FDQ���FOLFN���RQ���WKH���EHQFKPDUNV���WR���VHH���ZKLFK���PHWULFV���FRQWULEXWH���WR���WKH���FKDQJHV���DORQJ���ZLWK��
DQ\���UHOHYDQW���VWRU\���GDWD����)RU���DQ\���VNLOOV���WKDW���VKRZ���SURJUHVVLRQ����D���EULHI���H[SODQDWLRQ���RI���LWV��
VLJQLILFDQFH���IRU���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���ZLOO���EH���SURYLGHG����7KH���EHQFKPDUNV���DQG��
PHWULFV���WKDW���PD\���GHPRQVWUDWH���VNLOOV���SURJUHVVLRQ���DUH����

D� 3URJUHVVLRQ���RI���6WRU\���&RPSOHWHQHVV���
L� 3URJUHVVLRQ���RI���RYHUDOO���FRPSOHWHQHVV����E\���UXEULF���
LL� 3URJUHVVLRQ���RI���VSHFLILF���PHWULFV���UHODWHG���WR���FRPSOHWHQHVV��

�� 6WRU\���OHQJWK��
�� 1XPEHU���RI���DFWLRQV��
�� 3UREOHPV����SUREOHPV���DQG���VROXWLRQV���

E� 3URJUHVVLRQ���RI���6WRU\���&RKHUHQFH���
L� 3URJUHVVLRQ���RI���RYHUDOO���FRKHUHQFH����E\���UXEULF���
LL� 3URJUHVVLRQ���RI���VSHFLILF���PHWULFV���UHODWHG���WR���FRKHUHQFH��

�� /RJLFDO���VHTXHQFH��
�� /LQJXLVWLF���&RKHVLRQ��
�� 6WRU\���7\SH��

F� 3URJUHVVLRQ���RI���([SUHVVLRQ���
L� 3URJUHVVLRQ���RI���RYHUDOO���H[SUHVVLRQ����E\���UXEULF���
LL� 3URJUHVVLRQ���RI���VSHFLILF���PHWULFV���UHODWHG���WR���H[SUHVVLRQ��
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�� (PRWLRQDO���([SUHVVLRQ��
�� (PRWLRQDO���$UF��
�� &KDUDFWHU���'HYHORSPHQW��
�� &KDUDFWHU���(PSDWK\��

G� 3URJUHVVLRQ���RI���6WRU\���&RPSOH[LW\���
L� 3URJUHVVLRQ���RI���RYHUDOO���FRPSOH[LW\����E\���UXEULF���
LL� 3URJUHVVLRQ���RI���VSHFLILF���PHWULFV���UHODWHG���WR���FRPSOH[LW\��

�� /HYHO���RI���'HWDLO��
�� /DQJXDJH���/HYHO��
�� 1HZ���3HUVSHFWLYH��
�� 3ORW���&RPSOH[LW\��
�� &UHDWLYLW\���/HYHO��

�� 6WRU\���0HDQLQJ�����FKLOGUHQ���WHOO���VWRULHV���WR���PDNH���VHQVH���RI���WKHLU���ZRUOG���DQG���FRPPXQLFDWH���WKHLU��
EHOLHIV���DERXW���WKHPVHOYHV���DQG���WKH���ZRUOG���DURXQG���WKHP����8QGHUVWDQGLQJ���WKH���PHDQLQJ���D���FKLOG��
LV���FRPPXQLFDWLQJ���WKURXJK���WKHLU���VWRU\���LV���HVVHQWLDO���WR���GRFXPHQWLQJ���WKH���WUHQGV����LQWHUHVWV����DQG��
YDOXHV���RI���D���FKLOG���DQG���VXSSRUWLQJ���WKHP���DV���VWRU\WHOOHUV����7KLV���VHFWLRQ���XVHV���PRVWO\���WKH��
LQWHUSUHWLYH���OHQV���WR���DQDO\]H���WKH���VXEMHFWLYH���GLPHQVLRQV���RI���WKH���FKLOG¶V���VWRU\����LQIRUPHG���E\���D��
FRPELQDWLRQ���RI���WKH���FKLOG¶V���NQRZQ���FRQWH[WXDO���IDFWRUV���DQG���WKH���SUHYLRXVO\���LGHQWLILHG��
REMHFWLYH���GLPHQVLRQV����:KLOH���WKH���FRDFK¶V���LQWHUSUHWDWLRQ���PD\���QHYHU���EH���SURYHQ���DFFXUDWH���
NQRZLQJ���WKH���EDFNJURXQG���DQG���FRQWH[WXDO���GDWD���KHOSV���LQFUHDVH���DFFXUDF\����&RDFKHV���LQWHUSUHW��
WKH���PHDQLQJ���RI���WKH���FKLOG¶V���VWRU\���E\���DQQRWDWLQJ���WKH���IROORZLQJ���VXEMHFWLYH���EHQFKPDUNV���

D� &KLOG¶V���3XUSRVH��������&RDFKHV���DQVZHU����³:KDW���ZDV���WKH���FKLOG¶V���PRWLYDWLRQ���IRU���WHOOLQJ��
WKLV���VWRU\"���:K\���DUH���WKH\���WHOOLQJ���WKLV���VWRU\"���)RU���ZKDW���SXUSRVH"´���7KH���GDWD��
KLJKOLJKWHG���WR���LQIRUP���WKLV���EHQFKPDUN���DUH���
L� 6WRU\���'DWD�������SORW���VXPPDU\����WKHPHV����JHQUH���>0@��
LL� &RQWH[WXDO���'DWD�������FKLOG¶V���LQWHUHVWV����UHOHYDQW�XSFRPLQJ���HYHQWV����FRDFK���QRWHV��

>0@��
E� &KLOG¶V���9DOXHV�%HOLHIV��������&RDFKHV���DQVZHU����³$UH���WKHUH���DQ\���XQGHUO\LQJ���YDOXHV���RU��

EHOLHIV���WKDW���WKH���FKLOG���LV���FRPPXQLFDWLQJ���WKURXJK���WKHLU���VWRU\"´���7KH���GDWD���KLJKOLJKWHG��
WR���LQIRUP���WKLV���EHQFKPDUN���DUH���
L� 6WRU\���'DWD�������SORW���VXPPDU\����WKHPHV����JHQUH����HPRWLRQDO���H[SUHVVLRQ���

SUREOHP�VROXWLRQ���>0@��
LL� &RQWH[WXDO���'DWD�������DJH����IDPLO\����JURXSV����SHUVRQDOLW\���WUDLWV����OLNHV���DQG��

LQWHUHVWV����FRDFK���QRWHV���>0@���
F� 5HSUHVHQWDWLRQ���RI���,GHQWLW\�(PHUJHQFH���RI���6HOI��������&RDFKHV���DQVZHU����³GRHV���WKH���FKLOG��

UHSUHVHQW���WKHPVHOYHV���RU���WKHLU���YRLFH���WKURXJK���WKHLU���FKDUDFWHUV����RU���LGHQWLI\���ZLWK���D��
VSHFLILF���FKDUDFWHU���RU���YLHZSRLQW���LQ���WKH���VWRU\"´���7KH���GDWD���KLJKOLJKWHG���WR���LQIRUP���WKLV��
EHQFKPDUN���DUH���
L� 6WRU\���'DWD�������FKDUDFWHU���GHYHORSPHQW����SHUVSHFWLYH����HPRWLRQDO���UHVSRQVH���

DXGLR���QDUUDWLRQ����,�VWDWHPHQWV���>0@��
LL� &RQWH[WXDO���'DWD�������SHUVRQDOLW\���WUDLWV����DJH����IDPLO\����JURXS����OLNHV���DQG���LQWHUHVWV���

FRDFK���QRWHV���>0@���
G� (PSDWK\���������&RDFKHV���DQVZHU����³'R���FKLOGUHQ���XVH���FKDUDFWHUV���DQG���VLWXDWLRQV���WR��

UHSUHVHQW���HPSDWK\���LQ���WKHLU���VWRULHV"´���7KH���GDWD���KLJKOLJKWHG���WR���LQIRUP���WKLV��
EHQFKPDUN���DUH���
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L� 6WRU\���'DWD�������HPRWLRQDO���H[SUHVVLRQ����HPRWLRQDO���DUF����HPRWLRQDO���UHVSRQVH���
FKDUDFWHU���GHYHORSPHQW����FKDUDFWHU���HPSDWK\����FRPSRVLWLRQ����HPRWLRQDO��
ODQJXDJH���>0@��

LL� &RQWH[WXDO���'DWD�������SHUVRQDOLW\���WUDLWV����UHOHYDQW���HYHQWV����FRDFK���QRWHV���>0@���
H� *OREDO���0HDQLQJ���RI���6WRU\��������&RDFKHV���DQVZHU����³:KDW���LV���WKH���JUHDWHU���PHDQLQJ���WKDW���WKH��

FKLOG���LV���FRPPXQLFDWLQJ���WKURXJK���WKHLU���VWRU\���RU���ZKDW���DUH���WKH���JOREDO���WKHPHV���WKDW���WKH��
FKLOG���LV���H[SORULQJ���WKURXJK���WKHLU���VWRU\"´���7KH���GDWD���KLJKOLJKWHG���WR���LQIRUP���WKLV��
EHQFKPDUN���DUH���
L� 6WRU\���'DWD�������SORW���VXPPDU\����WKHPHV����JHQUH����DOO���SUHYLRXV���VXEMHFWLYH��

GLPHQVLRQV���>0@��
LL� &RQWH[WXDO���'DWD�������DOO���FKLOG¶V���FRQWH[WXDO���IDFWRUV���>0@���

�� 6WRU\���7UHQGV�����,Q���RUGHU���WR���JHW���D���KROLVWLF���SLFWXUH���RI���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW����ZH��
QHHG���WR���GRFXPHQW���WKH���WUHQGV���ZLWKLQ���FKLOGUHQ¶V���QDUUDWLYHV���RYHU���WLPH����$QDO\]LQJ���WUHQGV���LQ��
FKLOGUHQ¶V���QDUUDWLYHV���FDQ���KHOS���XV���OHDUQ���PRUH���DERXW���WKH���FKLOG���DQG���WKHLU���GHYHORSPHQW��
WKURXJK���WKHLU���VWRULHV����8QOLNH���WKH���VWUXFWXUDO���IRFXV���RI���GRFXPHQWLQJ���WKH���SURJUHVVLRQ���RI��
FKLOGUHQ¶V���QDUUDWLYH���VNLOOV����GRFXPHQWLQJ���WKH���WUHQGV���LQ���FKLOGUHQ¶V���VWRULHV���IRFXVHV���RQ���WKH��
FRQWHQW����SURFHVV����DQG���PHDQLQJ���RI���FKLOGUHQ¶V���VWRULHV����7R���GRFXPHQW���WKH���WUHQGV���LQ���FKLOGUHQ¶V��
QDUUDWLYHV����ZH���VLWXDWH���WKH���FRQWHQW���DQG���PHDQLQJ���RI���D���VLQJOH���VWRU\���ZLWKLQ���WKH���ODQGVFDSH���RI��
DOO���RI���WKH���FKLOG¶V���VWRULHV���RYHU���WLPH���WR���ORRN���IRU���SDWWHUQV���DQG���WKH���HPHUJHQFH���RI���QHZ���WUHQGV���
6LPLODU���WR���WKH���SURJUHVVLRQ���VHFWLRQ����WUHQGV���WKDW���DUH���UHOHYDQW���RU���QHZO\���HPHUJLQJ���ZLOO���EH��
GLVSOD\HG����DQG���D���GHVFULSWLRQ���RI���WKHLU���VLJQLILFDQFH���WR���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���ZLOO��
EH���SURYLGHG����7KH���EHQFKPDUNV���DQG���PHWULFV���WKDW���PD\���GHPRQVWUDWH���VWRU\���WUHQGV���DUH���

D� 7UHQGV���LQ���6WRU\���*HQUH���
E� 7UHQGV���LQ���6WRU\���7KHPHV���

L� 0DLQ���7KHPHV��
LL� (PRWLRQDO���7KHPHV�$UFV���
LLL� 7KHPHV���DQG���,WHPV���RI���,QWHUHVW��

F� 7UHQGV���LQ���(GLWLQJ���3URFHVV���
L� 5HVSRQVH���WR���&RDFK���)HHGEDFN�6WLFNLHV���>0@��
LL� 5HVSRQVH���WR���6WRU\���6WDUWHU�����>0@��

G� 7UHQGV���LQ���*OREDO���7KHPHV��
H� 7UHQGV���LQ���(PHUJHQFH���RI���6HOI��
I� 7UHQGV���LQ���5HSUHVHQWDWLRQ���RI���(PSDWK\��
J� 7UHQGV���LQ���9DOXHV�%HOLHIV���([SUHVVHG��

�
�
��������1H[W���,WHUDWLRQ���RI���WKH���&RPSXWDWLRQDO���$SSURDFK��

$���FRUH���WHQDQW���RI���RXU���DSSURDFK���LV���WR���HPSRZHU���KXPDQ���DJHQF\����PDNLQJ���VXUH���WKDW���WKH��
DOJRULWKPV���DQG���V\VWHPV���ZH���FUHDWH���DOZD\V���SXW���WKH���ILQDO���GHFLVLRQ���SRZHU���LQWR���WKH���KXPDQ¶V���KDQGV���
QRW���WKH���PDFKLQH¶V����7KH���QHHG���IRU���UHLQVHUWLQJ���KXPDQ���DJHQF\���LQWR���WHFKQRORJ\�EDVHG���HGXFDWLRQDO��
V\VWHPV���IRU���FRPSOH[���ILHOGV���VXFK���DV���QDUUDWLYH���DQG���ZULWLQJ���LV���HVSHFLDOO\���LPSRUWDQW����,Q���D���UHFHQW��
LQWHUYLHZ����SUROLILF���DXWKRU���DQG���SKLODQWKURSLVW����'DYH���(JJHUV����H[SODLQHG���WKLV���LPSRUWDQFH���ZKHQ���KH��
VWDWHG����

³,W¶V��QRW��WKH��MRE��RI��D��PDFKLQH��WR��MXGJH��D�����\HDU�ROG¶V��ZULWLQJ��DELOLW\���DQG��LW��QHYHU�� � � � � � � � � � � � � � � �
ZLOO� �EH�� �$QG� �LW� �VKRZV� �VR� �OLWWOH� �UHJDUG� �IRU� �WKDW� �VWXGHQW¶V� �ZRUN�� �WKDW� �VWXGHQW¶V�� � � � � � � � � � � � � �
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HGXFDWLRQ�� �WKHLU��VRXO���WKHLU��DUWLVWU\���ZKDW¶V��LQVLGH��WKHP���,I��ZH¶UH��ZLOOLQJ��WR��JLYH��LW�� � � � � � � � � � � � � �
WR��D��PDFKLQH��WR��MXGJH���LW��LV��WKURZLQJ��WKDW��SHUVRQ¶V��HGXFDWLRQ��DZD\���:H��KDYH��JRW��WR�� � � � � � � � � � � � � � � �
KDYH� �UHVSHFW� �IRU� �RXUVHOYHV� �DV� �D� �VSHFLHV�� �WR� �VD\� �KXPDQ� �ZULWLQJ� �LV� �ZRUWK� �KDYLQJ�� � � � � � � � � � � � � �
KXPDQV��MXGJH��LW���$QG��WKHUH��ZLOO��QHYHU��EH��D��PDFKLQH��WKDW��FDQ��UHDG��WKH��ZD\��WKDW��ZH�� � � � � � � � � � � � � � � � �
FDQ���UHDG���DQG���WR���NQRZ���PHDQLQJ���WKH���ZD\���WKDW���ZH���NQRZ���PHDQLQJ�´���>���@��

7R���VXSSRUW���KXPDQ���DJHQF\���LQ���DQDO\]LQJ���FKLOGUHQ¶V���QDUUDWLYHV���ZH���XVH���DXWRPDWHG���GDWD���WR���DXJPHQW��
KXPDQ���DELOLWLHV���IRU���FRPSOH[���WDVNV����VXFK���DV���PDNLQJ���LQIHUHQFHV���RU���LQWHUSUHWLQJ���PHDQLQJ����UDWKHU��
WKDQ���UHSODFLQJ���WKHP���

2XU���QHZ���FRPSXWDWLRQDO���DSSURDFK���XVHV���WKUHH���PDLQ���PHWKRGV���RI���DQDO\VLV���������KXPDQ��������
PDFKLQH����DQG��������EOHQGHG����PDFKLQH�SUHGLFWHG���DQG���KXPDQ�YDOLGDWHG�����:LWKLQ���WKH���DQDO\WLFV���RXWOLQH��
DERYH����HDFK���PHWULF���LV���FDWHJRUL]HG���E\���KRZ���LW���LV���PHDVXUHG���²���L�H�����FRDFK����EOXH�����PDFKLQH����UHG����
EOHQGHG�SUHGLFWHG�YDOLGDWHG����SXUSOH�����0RVW���RI���WKH���PHWULFV���DUH���LQIRUPHG���E\���WKH���KLJKOLJKWHG���VWRU\��
GDWD����7KH���PDMRULW\���RI���WKH���VWRU\���GDWD���LV���DXWRPDWHG����GHQRWHG���ZLWK���>0@���IRU���PDFKLQH����EXW���WKH���GDWD���WKDW��
FDQQRW���EH���DXWRPDWHG���LV���VXSSOHPHQWHG���E\���WKH���KXPDQ���FRDFK����GHQRWHG���E\���>&@���IRU���FRDFK����7KH���VWRU\��
GDWD���WKDW���LV���VXSSOHPHQWHG���E\���D���FRDFK���DQG���UHSXUSRVHG���E\���WKH���PDFKLQH���WR���LQIRUP���DQRWKHU���PHWULF���LV��
GHQRWHG���E\���>0�&@����ZKLFK���VWDQGV���IRU���PDFKLQH���SOXV���FRDFK����)LJXUH����������EHORZ����SUHVHQWV���D���9HQQ��
GLDJUDP���RI���WKH���PHWULFV���IRU���QDUUDWLYH���VNLOOV���FDWHJRUL]HG���LQWR���WKH���WKUHH���PHWKRGV���RI���RXU��
FRPSXWDWLRQDO���DSSURDFK���

�

�
)LJXUH���������9HQQ���'LDJUDP���RI���WKH���0HWULFV���$ORQJ���2XU���7KUHH���0HWKRGV���RI���2XU���&RPSXWDWLRQDO���$SSURDFK���

�
��,Q���RXU���SUHYLRXV���FRPSXWDWLRQDO���DSSURDFK���IRU���WKH���ILUVW���YHUVLRQ���RI���3OD\���$QDO\WLFV����WKH���WZR��

PDLQ���PHWKRGV���RI���DQDO\VLV���ZHUH���PDFKLQH����L�H�����DXWRPDWHG���6WRU\���6WDWV����DQG���KXPDQ����L�H�����FRDFK��
6WRU\���$QQRWDWLRQV�����ZLWK���QR���VDOLHQW���OLQNV���EHWZHHQ���WKH���6WRU\���6WDWV���DQG���WKH���6WRU\���$QQRWDWLRQV����,Q��
RUGHU���WR���PDNH���WKH���DQDO\WLFV���SURFHVV���PRUH���HIILFLHQW���IRU���FRDFKHV����,���SURSRVH���ZH���LWHUDWH���RQ���RXU��
FRPSXWDWLRQDO���DSSURDFK���E\���H[SDQGLQJ���WKH���XVH���RI���WKH���DXWRPDWHG���VWRU\���GDWD���WR���FUHDWH��
PDFKLQH�JHQHUDWHG���SUHGLFWLRQV���WKDW���FRDFKHV���FDQ���YDOLGDWH���DQG���WKDW���FDQ���PRUH���V\VWHPDWLFDOO\���LQIRUP��
FRDFK���LQWHUSUHWDWLRQV����,Q���WKLV���ZD\����ZH���ZLOO���UHO\���PRUH���RQ���WKH���UROH���RI���WHFKQRORJ\���E\���GHYHORSLQJ��
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PRUH���VRSKLVWLFDWHG���DOJRULWKPV���WR���DXWRPDWH���VWRU\���GDWD���DQG���WUDLQ���PRGHOV���WR���PDNH���SUHGLFWLRQV���
+RZHYHU����WKH���UROH���RI���WKH���KXPDQ���FRDFK���ZLOO���DOVR���H[SDQG���E\���XVLQJ���WKHLU���DQDO\VLV���VNLOOV���WR���YDOLGDWH��
WKH���PDFKLQH���SUHGLFWLRQV����WKHUHE\���IXUWKHU���WUDLQLQJ���RXU���PRGHOV���DQG���UHGLUHFWLQJ���WKHLU���FUHDWLYH���HQHUJ\��
WRZDUGV���LQWHUSUHWLQJ���WKH���PHDQLQJ���RI���FKLOGUHQ¶V���VWRULHV����UDWKHU���WKDQ���MXVW���DQQRWDWLQJ���FKLOGUHQ¶V��
VWRULHV���IRU���VWUXFWXUH����

7R���VHH���WKHVH���WKUHH���PHWKRGV���LQ���DFWLRQ����,���ZLOO���XVH���WKH���VWRU\���FRKHUHQFH���EHQFKPDUN����7ZR���RI��
WKH���PHWULFV���²���L�H�����OLQJXLVWLF���FRKHVLRQ���DQG���DQDO\VLV���RI���SORW²���DUH���PHDVXUHG���RQO\���E\���WKH���PDFKLQH���
)RU���H[DPSOH����WR���DQDO\]H���OLQJXLVWLF���FRKHVLRQ����ZH���GHYHORSHG���DOJRULWKPV���WR���LGHQWLI\���DQ\���ZULWWHQ��
ZRUGV���WKDW���DUH���OLVWHG���DV���WHPSRUDO���RU���FDXVDO���PDUNHUV����2QO\���WKH���VWRU\���W\SH���PHWULF���LV���JHQHUDWHG���E\��
WKH���FRDFK����:KLOH���WKH���PDFKLQH���KLJKOLJKWV���UHOHYDQW���VWRU\���GDWD���WR���IRFXV���D���FRDFK¶V���DWWHQWLRQ���WRZDUGV��
LGHQWLI\LQJ���WKH���VWRU\���W\SH����WKH���FRDFK���LV���DEOH���WR���SURFHVV���WKDW���GDWD���DQG���PDNH���LQIHUHQFHV���DERXW���WKH��
PHDQLQJ���RI���WKH���VWRU\���WR���PDQXDOO\���FDWHJRUL]H���WKH���VWRU\���W\SH���LQ���D���ZD\���WKDW���PDFKLQHV���FDQQRW��
DFFXUDWHO\���GR���EHFDXVH���WKH\���FDQQRW���LQIHU���PHDQLQJ����7KH���UHPDLQLQJ���WKUHH���PHWULFV���WKDW���FRQWULEXWH���WR��
VWRU\���FRKHVLRQ���DUH���VDOLHQW���DFWLRQV����ORJLFDO���VHTXHQFH���RI���HYHQWV�VWULQJ���RI���DFWLRQV����DQG���FRKHUHQFH��
OHYHO����7KHVH���PHWULFV���DUH���DOO���H[DPSOHV���RI���RXU���EOHQGHG���PDFKLQH�SUHGLFWHG���DQG���FRDFK�YDOLGDWHG��
DSSURDFK����)RU���H[DPSOH����WR���DQDO\]H���VDOLHQW���DFWLRQV����ZH���FDQ���GHYHORS���DQ���DOJRULWKP���WKDW���ORRNV���DW���WKH��
FRPSRVLWLRQDO���PDNH�XS���RI���HDFK���IUDPH���LQ���D���VWRU\����H�J�����LWHPV����FKDUDFWHUV����EDFNJURXQGV����WR���ORRN���IRU��
VLPLODULWLHV���RU���FRQJUXHQFH���RI���WKH���FRQWHQW���DPRQJ���HDFK���IUDPH����:H���FDQ���WKHQ���FUHDWH���D���PRGHO���WKDW��
SUHGLFWV���WKH���VDOLHQFH���RU���UHOHYDQFH���RI���WKH���DFWLRQV���LQ���WKH���VWRU\���EDVHG���RQ���WKH���VLPLODULWLHV���GHWHFWHG���
7KH���RXWSXW���RI���WKLV���LV���D���PDFKLQH�JHQHUDWHG���SUHGLFWLRQ���RI���WKH���VDOLHQFH���RI���WKH���DFWLRQV���LQ���WKH���VWRU\���
+RZHYHU����WKLV���SUHGLFWLRQ���LV���EDVHG���RQ���FHUWDLQ���DVVXPSWLRQV���²���H�J�����HDFK���IUDPH���UHSUHVHQWV���DQ��
DFWLRQ����WKH���FKLOG���XVHG���WKH���VDPH���FRQWHQW���WR���GHSLFW���WKHLU���VWRU\���LQ���HDFK���IUDPH����$���PDFKLQH����DORQH���
FDQQRW���XQGHUVWDQG���WKH���VDOLHQFH���RI���WKH���DFWLRQV���EHFDXVH���LW���FDQQRW���LQWHUSUHW���WKH���PHDQLQJ���EHKLQG���HDFK��
DFWLRQ����QRU���FDQ���LW���HYHQ���GHWHFW���WKH���SUHVHQFH���RI���DQ���DFWLRQ���XQOHVV���LW���LV���GHSLFWHG���LQ���D���YHU\���VSHFLILF��
ZD\����7KHUHIRUH����WKH���FRDFK���ORRNV���DW���WKH���PDFKLQH¶V���SUHGLFWLRQ���DQG���UHYLHZV���WKH���FKLOG¶V���VWRU\���WR��
HLWKHU���YDOLGDWH���WKH���PDFKLQH¶V���SUHGLFWLRQ���RI���VDOLHQFH����RU���FRUUHFW���LW����,Q���GRLQJ���WKLV����WKH���FRDFK���ERWK��
WUDLQV���RXU���PRGHOV���DQG���JHWV���D���YLHZ���LQWR���WKH���GDWD���WKDW���LQIRUPV���WKLV���PHWULF����)XUWKHUPRUH����WKLV��
EOHQGHG���PHWKRG���QRW���RQO\���FUHDWHV���D���OLQN���EHWZHHQ���WKH���DXWRPDWHG���VWRU\���GDWD���DQG���WKH���FRDFK��
LQWHUSUHWDWLRQV����EXW���LW���DOVR���FRQQHFWV���WKH���VWRU\���GDWD���WR���WKH���VLJQLILFDQFH���RI���KRZ���HDFK���PHWULF���UHODWHV��
WR���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW����PDNLQJ���WKH���VWRU\���GDWD���PRUH���XVHIXO���DQG���WKH���SURFHVV���RI��
V\VWHPDWLFDOO\���DQDO\]LQJ���FKLOGUHQ¶V���VWRULHV���PRUH���HIILFLHQW���

�
��������&RQVLGHUDWLRQV���DQG���&RQFOXVLRQV��

:KLOH���WKH���SURSRVHG���UHGHVLJQ���RI���WKH���DQDO\WLFV���V\VWHP���LV���PRUH���KROLVWLF���LQ���VFRSH����WKHUH���DUH��
VWLOO���VRPH���DUHDV���WKDW���WKLV���SURSRVDO���GRHV���QRW���DGGUHVV����EXW���WKDW���VKRXOG���EH���FRQVLGHUHG���LQ���IXWXUH��
LWHUDWLRQV���RI���WKH���V\VWHP����)LUVW����WKHUH���LV���ULFK���RUDO���QDUUDWLRQ���GDWD���IURP���WKH���FKLOG¶V���DXGLR���UHFRUGLQJV��
WKDW���DUH���QRW���EHLQJ���DQDO\]HG���LQ���D���V\VWHPDWLF���ZD\����:KLOH���WKH���DQDO\WLFV���HQFRXUDJHV���FRDFKHV���WR��
FRQVLGHU���WKH���FKLOG¶V���RUDO���VWRU\WHOOLQJ���VNLOOV����WKH���DXWRPDWHG���WHFKQLTXHV���IRU���SDUVLQJ���FKLOGUHQ¶V��
VSHHFK����WUDQVFULELQJ���LW����DQG���DQDO\]LQJ���LW���LV���QRW���DGYDQFHG���HQRXJK���\HW���WR���LQFOXGH���LQ���D���PHDQLQJIXO��
ZD\����2QFH���ZH���DUH���DEOH���WR���RYHUFRPH���WKLV���OLPLWDWLRQ����LW���ZLOO���EH���LPSRUWDQW���WR���UXQ���D���IXOO���DQDO\VLV���RQ��
WKH���FKLOG¶V���RUDO���QDUUDWLRQ���WR���FRPSDUH���WKHLU���ZULWWHQ���DQG���RUDO���QDUUDWLYH���VNLOOV����(DUO\���ZD\V���WR���VWDUW��
GRFXPHQWLQJ���DQG���SDUVLQJ���FKLOGUHQ¶V���RUDO���QDUUDWLRQ���VKRXOG���EH���FRQVLGHUHG���LQ���WKLV���QH[W���GHVLJQ����$��
VHFRQG���FRQVLGHUDWLRQ���LV���WR���LQWHJUDWH���DQDO\WLFV���WKDW���GRFXPHQW���DQG���HQFRXUDJH���WKH���XVH���RI���QDUUDWLYH��
PRPHQWV���LQ���FKLOGUHQ¶V���VWRULHV����,Q���VWRU\WHOOLQJ����QDUUDWLYH���PRPHQWV���DUH���WKH���ULFK���GHVFULSWLRQV���WKDW��
FDSWLYDWH���WKH���DXGLHQFH���DQG���EULQJ���WKHP���LQWR���WKH���VWRU\���E\���FRQQHFWLQJ���WKURXJK���HPRWLRQV���DQG��
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H[SHULHQFHV���>���@����7KHVH���PRPHQWV���QRW���RQO\���FDSWXUH���WKH���DXGLHQFH¶V���DWWHQWLRQ����EXW���DOVR���HOLFLW���WKH��
UHDGHU¶V���HPSDWK\����7KLV���LV���D���UHDOO\���LPSRUWDQW���VNLOO���LQ���WHOOLQJ���D���JRRG���QDUUDWLYH����DQG���LW���LV���VRPHWKLQJ��
WKDW���ZH���VKRXOG���FRQVLGHU���PHDVXULQJ���DQG���VXSSRUWLQJ���LQ���FKLOGUHQ¶V���6WRU\%ORFNV���VWRULHV����$���WKLUG��
FRQVLGHUDWLRQ���LV���FDSWXULQJ���DQG���VXSSRUWLQJ���WKH���XVH���RI���KXPRU���LQ���VWRULHV����:KLOH���FKLOGUHQ���FDQ��
FDWHJRUL]H���WKHLU���VWRULHV���DV���D���FRPHG\���DQG���FRDFKHV���FDQ���FRPPHQW���RQ���WKH���XVH���RI���KXPRU���LQ���WKH��
FUHDWLYLW\���PHWULF����ZH���KDYH���QR���ZD\���WR���V\VWHPDWLFDOO\���GRFXPHQW���KXPRU����QRU���GR���WKH���DQDO\WLFV��
HQFRXUDJH���FRDFKHV���WR���VXSSRUW���FKLOGUHQ¶V���XVH���RI���KXPRU���LQ���DQ���DFWLYH���ZD\����<HW����KXPRU���LV���D���MR\IXO��
HOHPHQW���RI���VWRU\WHOOLQJ���WKDW���FDQ���VXEWO\���FRPPXQLFDWH���SRLJQDQW���LQIRUPDWLRQ����DQG���VKRXOG���EH���DFWLYHO\��
HQFRXUDJHG���LQ���6WRU\%ORFNV����$GGLWLRQDOO\����WKH���6WRU\%ORFNV���PHGLXP���DOORZV���IRU���FKLOGUHQ���WR��
FRPPXQLFDWH���PHDQLQJ���WKURXJK���ULFK���YLVXDO���GLVSOD\V���ZLWKLQ���WKHLU���VFHQHV����\HW���RXU���DQDO\WLFV���V\VWHP��
GRHV���OLWWOH���FRPSOH[���YLVXDO���SURFHVVLQJ���WR���SDUVH���WKH���PHDQLQJ���IURP���WKHVH���VFHQHV����$V���LPDJH��
SURFHVVLQJ���WHFKQLTXHV���FRQWLQXH���WR���LPSURYH����ZH���VKRXOG���FRQVLGHU���KRZ���WKHVH���WHFKQLTXHV���PLJKW���DGG��
WR���RXU���DQDO\WLFDO���DELOLWLHV����)LQDOO\����ZH���PXVW���FRQVLGHU���WKH���LQIOXHQFH���RI���WKH���PHGLXP���RQ���WKH���IRUPDOLVW��
OHQV���DQG���VWUXFWXUH���WKH���LQWHUSUHWLYH���OHQV���WR���H[DPLQH���D���VHW���RI���VWRULHV����UDWKHU���WKDQ���HDFK���LQGLYLGXDO��
VWRU\���

7KURXJK���WKH���UHGHVLJQ���RI���WKH���DQDO\WLFV���DQG���FRPSXWDWLRQDO���DSSURDFK���SURSRVHG���LQ���WKH���DERYH��
RXWOLQH����,���DP���DEOH���WR���DSSO\���WKH���7ZR�/HQV���$SSURDFK���WR���LQIRUP���RXU���DQDO\WLFV����WKHUHE\���DGGUHVVLQJ��
P\���UHVHDUFK���TXHVWLRQ���RI���KRZ���ZH���GRFXPHQW���DQG���WUDFN���FKLOGUHQ¶V���QDUUDWLYH���SURJUHVV���IURP���WKHLU��
VWRULHV����%\���UHVWUXFWXULQJ���RXU���DQDO\WLFV���WR���FRQQHFW���WKH���DXWRPDWHG���VWRU\���GDWD���WR���LQIRUP���FRDFK��
LQWHUSUHWDWLRQV����KLJKOLJKW���ERWK���QDUUDWLYH���VNLOOV���DQG���WKH���XQGHUO\LQJ���PHDQLQJ���RI���VWRULHV����DQG��
GHPRQVWUDWH���SURJUHVV���DQG���WUHQGV���E\���VLWXDWLQJ���HDFK���VWRU\���ZLWKLQ���WKH���FKLOG¶V���FRUSXV���RI���VWRULHV����WKLV��
UHGHVLJQ���RI���WKH���DQDO\WLFV���V\VWHP���ZLOO���KHOS���FRDFKHV���EHWWHU���GRFXPHQW����DQDO\]H����DQG���YLHZ��
SURJUHVVLRQ���RI���FKLOGUHQ¶V���QDUUDWLYHV���
�
������&RDFK���&RQVROH���0RFN�8SV��

7KH���JRDOV���IRU���WKH���QH[W���LWHUDWLRQ���RI���WKH���&RQVROH���DUH���WR���SUHVHQW���FKLOGUHQ
V���VWRU\���GDWD���WR���KHOS��
FRDFKHV���V\VWHPDWLFDOO\���DQDO\]H���DQG���HIILFLHQWO\���LQWHUSUHW���FKLOGUHQ¶V���VWRULHV����YLHZ���QDUUDWLYH���WUHQGV��
DQG���VNLOOV���SURJUHVVLRQ����FRPPXQLFDWH���OHDUQLQJ���SURFHVVHV���ZLWK���FDUHJLYHUV����DQG���VXSSRUW���FKLOGUHQ¶V��
QDUUDWLYH���JURZWK���E\���SURYLGLQJ���IHHGEDFN���DQG���FR�FUHDWLQJ���VWRULHV���ZLWK���FKLOGUHQ����*LYHQ���WKH���QHZ��
DQDO\WLFV���V\VWHP���LQVSLUHG���E\���WKH���7ZR�/HQV���$SSURDFK���DQG���WKH���OLPLWDWLRQV���RI���WKH���FXUUHQW���&RQVROH��
JOHDQHG���IURP���WKH���FRDFK���IHHGEDFN����WKHUH���DUH���VHYHUDO���NH\���GHVLJQ���PRGLILFDWLRQV���WKDW���QHHG���WR���EH��
PDGH���WR���WKH���&RQVROH���LQ���RUGHU���WR���DFKLHYH���WKHVH���JRDOV����)LUVW����WR���UHGXFH���WLPH���DQG���DPELJXLW\����ZH��
VKRXOG���HOLPLQDWH���WKH���WDEV���IURP���WKH���&RQVROH����L�H�����RYHUYLHZ����DQDO\]H����LQWHUDFW����XSGDWH����ILQLVK����DQG��
GHVLJQ���VHSDUDWH���WDVNV���IRU���SURYLGLQJ���IHHGEDFN���WR���FKLOGUHQ¶V���LQ�SURFHVV���VWRULHV���DQG���DQDO\]LQJ��
FKLOGUHQ¶V���FRPSOHWHG���VWRULHV����$OO���RWKHU���PRGLILFDWLRQV���UHO\���RQ���WKLV���VHSDUDWLRQ����6HFRQG����WR���VLPSOLI\��
WKH���SURFHVV���PRGH���GXULQJ���DQDO\VLV����WKH���&RQVROH���VKRXOG���FOHDUO\���GLVSOD\���FKLOGUHQ¶V���VWRU\���HGLWV���DQG��
GUDIWV���LQ���UHVSRQVH���WR���WKH���FRDFK¶V���IHHGEDFN����7KLUG����WR���LQFUHDVH���WKH���HIILFLHQF\���RI���WKH���DXWRPDWHG��
VWRU\���GDWD����WKH���&RQVROH���VKRXOG���HOLPLQDWH���OLVWHG���GDWD����L�H�����6WRU\���6WDWV�����DQG���LQVWHDG����LQWHJUDWH���WKH��
DXWRPDWHG���VWRU\���GDWD���LQWR���WKH���DQQRWDWLRQV���WR���LQIRUP���FRDFK���DQDO\VLV���DQG���LQWHUSUHWDWLRQ����)RXUWK����WR��
IXUWKHU���LQIRUP���FRDFK���LQWHUSUHWDWLRQ���RI���WKH���PHDQLQJ����WKH���&RQVROH���VKRXOG���FDSWXUH���WKH���G\QDPLF��
FRQWH[WXDO���LQIRUPDWLRQ���DQG���SUHVHQW���LW���LQ���D���SHUVLVWHQW���YLHZ����)LIWK����WR���EHWWHU���GLVSOD\���FKLOGUHQ¶V��
QDUUDWLYH���WUHQGV���DQG���SURJUHVVLRQ���RI���VNLOOV����WKH���&RQVROH���VKRXOG���VLWXDWH���HDFK���LQGLYLGXDO���VWRU\���DFURVV��
DOO���WKH���FKLOG¶V���VWRULHV���GXULQJ���WKH���DQDO\VLV���SURFHVV����6L[WK����WR���UHGXFH���GDWD���FOXWWHU���DQG���KLJKOLJKW���WKH��
VLJQLILFDQFH���RI���SURJUHVVLRQ����WKH���&RQVROH���VKRXOG���RQO\���GLVSOD\���UHOHYDQW���RU���SHUWLQHQW���GDWD����DQG���DQ\��
FKDQJHV���LQ���VNLOOV���RU���HPHUJHQW���WUHQGV���ZLOO���EH���OLQNHG���WR���LWV���VLJQLILFDQFH���IRU���FKLOGUHQ¶V���QDUUDWLYH��
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GHYHORSPHQW����)LQDOO\����WR���LQFUHDVH���WKH���XVHIXOQHVV���RI���WKH���DQDO\VLV���SURFHVV���LQ���LQIRUPLQJ���WKH��
&DUHJLYHU���8SGDWHV����WKH���XSGDWHV���VKRXOG���EH���WKH���RXWSXW���RI���DQDO\]LQJ���D���VWRU\���

7KH���IROORZLQJ���VHFWLRQ���GHWDLOV���HDFK���PRGLILFDWLRQ���E\���ZDONLQJ���WKURXJK���DQ���H[DPSOH���RI���D��
UHGHVLJQHG���&RDFK���&RQVROH����,W���LV���LPSRUWDQW���WR���QRWH���WKDW���WKHVH���GHVLJQV���DUH���SUHOLPLQDU\���PRFNXSV���
DQG���ZLOO���FKDQJH���LQ���DFFRUGDQFH���ZLWK���WKH���GHVLJQV���DQG���LPSOHPHQWDWLRQV���RI���WKH���6WRU\%ORFNV���DSS���DQG��
WKH���DQDO\WLFV���V\VWHP���

�
��������:DON�7KURXJK���RI���&RDFK���&RQVROH���5HGHVLJQ���([DPSOH��

:KHQ���WKH���FRDFK���ORJV���RQWR���WKH���&RQVROH����WKH\���HQWHU���WKH���KRPH���VFUHHQ���DQG���FDQ���YLHZ���DOO���WKH��
FKLOGUHQ���WKH\���FRDFK����WKH���FDUHJLYHU���PHVVDJHV����DQG���WKHLU���RZQ���SURILOH���LQIRUPDWLRQ����VHH���ILJXUH����������
7KH���&RQVROH���XVHV���QRWLILFDWLRQV���WR���LQGLFDWH���WR���WKH���FRDFK���ZKLFK���WDVNV���WKH\���QHHG���WR���FRPSOHWH���IRU��
HDFK���FKLOG���EDVHG���RQ���WKH���FKLOG¶V���SOD\����,I���D���FKLOG���LV���LQ���WKH���SURFHVV���RI���FUHDWLQJ���D���VWRU\����WKH���&RQVROH��
ZLOO���SURPSW���WKH���FRDFK���WR���VHQG���D���6WRU\���6WLFN\����,I���WKH���FKLOG���KDV���FRPSOHWHG���D���VWRU\����WKH���&RQVROH���ZLOO��
SURPSW���WKH���FRDFK���WR���DQDO\]H���WKH���VWRU\���DQG���VHQG���D���FDUHJLYHU���XSGDWH����,I���WKH���FKLOG���KDV���QRW���SOD\HG���LQ��
DZKLOH����WKH���&RQVROH���ZLOO���SURPSW���WKH���FRDFK���WR���VHQG���WKH���FKLOG���D���6WRU\���6WDUWHU���
�

�
)LJXUH���������0RFNXS���RI���1HZ���&RDFK���&RQVROH���+RPH���6FUHHQ��

�
%\���FOLFNLQJ���RQ���WKH���³,QWHUDFW´���EXWWRQ���IRU���D���JLYHQ���FKLOG����WKH���FRDFK���LV���QDYLJDWHG���WR���WKH��

LQWHUDFW���VFUHHQ����ZKHUH���WKH\���FDQ���HLWKHU���VHQG���D���QHZ���6WRU\���6WDUWHU���RU���SURYLGH���IHHGEDFN���RQ���D���VWRU\��
LQ�SURFHVV���E\���VHQGLQJ���D���6WRU\���6WLFN\����VHH���ILJXUH�����������7KLV���VFUHHQ���UHVHPEOHV���WKH���LQWHUDFW���VFUHHQ���LQ��
WKH���RULJLQDO���&RQVROH����ZLWK���WKH���DGGLWLRQ���RI���DFFHVVLQJ���WKH���VWRU\���RYHUYLHZ���LQIRUPDWLRQ���WR���LQIRUP���WKH��
FRDFK¶V���IHHGEDFN���
�
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�
)LJXUH���������0RFNXS���RI���1HZ���&RDFK���&RQVROH���,QWHUDFW���6FUHHQ��

�
)URP���WKH���KRPH���VFUHHQ����WKH���FRDFK���FDQ���FOLFN���RQ���WKH���³$QDO\]H´���EXWWRQ���WR���YLHZ���DQG���DQDO\]H��

FKLOGUHQ¶V���FRPSOHWHG���VWRULHV����7KLV���VFUHHQ���SURYLGHV���D���SHUVLVWHQW���YLHZ���RI���WKH���FKLOG¶V���SURILOH����ZKLFK��
LQFOXGHV���WKH���FKLOG¶V���NQRZQ���FRQWH[WXDO���IDFWRUV����DQG���D���SHUVLVWHQW���VWRU\���YLHZ����VHH���ILJXUH�����������7KH��
FKLOG¶V���SURILOH���YLHZ���LV���HGLWDEOH���VR���WKDW���FRDFKHV���FDQ���FRQWLQXDOO\���XSGDWH���WKH���SURILOH���ZLWK���UHOHYDQW��
LQIRUPDWLRQ����7R���FDSWXUH���WKH���FRQWH[WXDO���LQIRUPDWLRQ���VKDUHG���E\���WKH���FDUHJLYHUV���LQ���WKH���FDUHJLYHU��
PHVVDJHV����FRDFKHV���FDQ���HDVLO\���FRS\���DQG���SDVWH���DQ\���WH[W���IURP���WKH���PHVVDJHV���LQWR���WKH���FKLOG¶V��
SHUVLVWHQW���SURILOH���YLHZ���VR���WKDW���WKH\���FDQ���DFFHVV���WKHVH���QRWHV���ZKLOH���DQDO\]LQJ���DQG���LQWHUSUHWLQJ��
VWRULHV����,Q���WKH���VWRU\���YLHZ����FRDFKHV���FDQ���WRJJOH���EHWZHHQ���6WRU\���0RGH����ZKLFK���GLVSOD\V���WKH���SXEOLVKHG��
GUDIW���RI���WKH���VWRU\���IUDPH�E\�IUDPH����DQG���WKH���'UDIWV���0RGH����ZKLFK���VKRZV���SUHYLRXV���GUDIWV���DQG��
KLJKOLJKWV���HGLWV���FKLOGUHQ���PDGH���LQ���UHVSRQVH���WR���FRDFK���IHHGEDFN���DQG���WKH���FRUUHVSRQGLQJ���6WLFNLHV���
%HORZ���WKH���YLVXDO���IUDPHV���LV���UHOHYDQW���VWRU\���GDWD����VXFK���DV���WKH���WLWOH����FKLOG�VHOHFWHG���WKHPHV����JHQUH���
LQWHQGHG���DXGLHQFH����DQG���PLQXWHV���SOD\HG����&RDFKHV���FDQ���DOVR���LQSXW���D���EULHI���VXPPDU\���RI���WKH���SORW���
ZKLFK���ZLOO���EH���UHSXUSRVHG���LQ���WKH���DQDO\WLFV���ODWHU����
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�
)LJXUH���������0RFNXS���RI���3HUVLVWHQW���3URILOH���DQG���6WRU\���9LHZ���LQ���$QDO\VLV���6FUHHQ��

�
2QFH���FRDFKHV���UHDG���WKH���VWRU\����WKH\���FDQ���UHYLHZ���DQG���VXSSOHPHQW���WKH���DQDO\WLFV����7KH���DQDO\WLFV��

DUH���SUHVHQWHG���LQ���D���IRUP�OLNH���VWUXFWXUH����VHSDUDWHG���LQWR���WZR���PDLQ���VHFWLRQV����7KH���ILUVW���LV���QDUUDWLYH��
VNLOOV���DQG���VNLOO���SURJUHVVLRQ����VHH���ILJXUH������������&RDFKHV���JR���WKURXJK���HDFK���EHQFKPDUN����UHYLHZLQJ���
YDOLGDWLQJ����RU���VXSSOHPHQWLQJ���HDFK���PHWULF���DQG���XVLQJ���WKH���KLJKOLJKWHG���VWRU\���GDWD���WR���LQIRUP���WKHLU��
DQDO\VLV����%\���VFUROOLQJ���GRZQ����FRDFKHV���FDQ���VHH���WKH���VNLOOV���GHPRQVWUDWHG���LQ���WKDW���SDUWLFXODU���VWRU\��
UHODWHG���WR���WKH���FKLOG¶V���SDVW���VWRULHV����7KLV���JLYHV���WKH���FRDFK���D���YLHZ���RI���FKLOGUHQ¶V���VNLOOV���SURJUHVVLRQ���
5DWKHU���WKDQ���SUHVHQWLQJ���DOO���RI���WKH���DYDLODEOH���GDWD����WKH���&RQVROH���RQO\���VKRZV���UHOHYDQW���RU���SHUWLQHQW���GDWD��
�H�J�����WKH���HPHUJHQFH���RI���D���QHZ���VNLOO�����DQG���H[SODLQV���WKH���VLJQLILFDQFH���RI���WKH���PHWULF���IRU���FKLOGUHQ¶V��
QDUUDWLYH���GHYHORSPHQW����)RU���H[DPSOH����LI���D���FKLOG���XVHG���IRXU���WHPSRUDO���PDUNHUV���LQ���WKHLU���VWRU\����WKHQ���WKH��
EHQFKPDUN���RI���FRKHUHQFH���ZRXOG���VKRZ���DQ���LQFUHDVH����DQG���WKH���PHWULF���RI���OLQJXLVWLF���FRKHVLRQ���ZRXOG��
KLJKOLJKW���WKH���IRXU���WHPSRUDO���PDUNHUV����,Q���WKH���VNLOOV���SURJUHVVLRQ���VHFWLRQ����LI���WKLV���VWRU\���FRQWDLQV���WKH��
PRVW���WHPSRUDO���PDUNHUV���WKH���FKLOG���KDV���XVHG���WR���GDWH����WKH���&RQVROH���PLJKW���VD\���VRPHWKLQJ���OLNH����³-DPLH��
VKRZHG���SURJUHVV���LQ���OLQJXLVWLF���FRKHVLRQ���E\���XVLQJ���ODQJXDJH��������WHPSRUDO���PDUNHUV����WR���UHSUHVHQW���WKH��
VHTXHQFH���RI���WLPH���DQG���WHOO���D���PRUH���FRKHUHQW���VWRU\�´��
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�
)LJXUH����������0RFNXS���RI���1DUUDWLYH���6NLOOV���DQG���6NLOOV���3URJUHVVLRQ���LQ���$QDO\VLV���6FUHHQ��

�
7KH���VHFRQG���VHFWLRQ���RI���WKH���DQDO\WLFV���LV���PHDQLQJ���DQG���VWRU\���WUHQGV����VHH���ILJXUH������������$IWHU��

DQDO\]LQJ���WKH���QDUUDWLYH���VNLOOV����WKH���FRDFK���FOLFNV���³QH[W´���DQG���IROORZV���D���VLPLODU���SURFHVV���WR���LQWHUSUHW��
WKH���PHDQLQJ���RI���WKH���FKLOG¶V���VWRU\����$V���WKH\���DQVZHU���TXHVWLRQV���DERXW���WKH���VWRU\¶V���PHDQLQJ����WKH��
&RQVROH���KLJKOLJKWV���UHOHYDQW���VWRU\���GDWD���DQG���FRQWH[WXDO���GDWD����IURP���WKH���FKLOG¶V���SURILOH����WKDW���FDQ���KHOS��
LQIRUP���WKH���FRDFK¶V���LQWHUSUHWDWLRQ����%\���VFUROOLQJ���GRZQ����WKH���FRDFK���VHHV���WKH���FXUUHQW���VWRU\���VLWXDWHG��
DPRQJ���WKH���FKLOG¶V���SDVW���VWRULHV���WR���YLHZ���WKH���UHOHYDQW���WUHQGV���LQ���WKH���FKLOGUHQ¶V���VWRULHV����2QFH���WKH���FRDFK��
LV���ILQLVKHG���ZLWK���WKHLU���DQDO\VLV����WKH\���FDQ���FOLFN���³QH[W´���WR���JR���WR���WKH���XSGDWH���DQG���UHYLHZ���SDJH����VHH��
ILJXUH������������7KH���XSGDWH���DQG���UHYLHZ���SDJH���LV���WKH���ILQDO���SDUW���RI���WKH���DQDO\VLV���SURFHVV����2Q���WKLV���SDJH���
FRDFKHV���FDQ���VHH���WKH���VWRU\����WKH���FKLOG¶V���SURILOH���GDWD����DQG���D���VXPPDU\���RI���WKH���DQDO\VLV���DV���WKH\���FRPSRVH��
D���VKRUW���&DUHJLYHU���8SGDWH����%HORZ���WKH���XSGDWH���LV���D���ILHOG���ZKHUH���FRDFKHV���FDQ���SURYLGH���DQ\���FRPPHQWV��
WR���WKH���FKLOG���DERXW���WKHLU���VWRU\����H�J�����SUDLVH����TXHVWLRQV�����$W���WKH���ERWWRP���RI���WKH���SDJH���WKH���FRDFK���VHOHFWV��
³6HQG´���WR���VXEPLW���WKHLU���DQDO\VLV���DQG���VHQG���WKHLU���FDUHJLYHU���XSGDWH���DQG���RSWLRQDO���VWRU\���UHYLHZ���
�
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�
)LJXUH����������0RFNXS���RI���,QWHUSUHWLQJ���0HDQLQJ���DQG���5HYLHZLQJ���6WRU\���7UHQGV���LQ���$QDO\VLV���6FUHHQ��

�

�
)LJXUH����������0RFNXS���RI���&DUHJLYHU���8SGDWH���DQG���6WRU\���5HYLHZ���LQ���$QDO\VLV���6FUHHQ��
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�
��������&RQVLGHUDWLRQV���DQG���&RQFOXVLRQV��

7KHUH���DUH���VHYHUDO���FRQVLGHUDWLRQV���WKDW���DUH���QRW���DGGUHVVHG���LQ���WKH���SURSRVHG���UHGHVLJQ���RI���WKH��
&RQVROH����)LUVW����LQ���VLPSOLI\LQJ���WKH���SURFHVV���PRGH����ZH���ORVH���VRPH���ULFK���GDWD���DERXW���WKH���SURFHVV���RI���KRZ��
WKH���FKLOG���FUHDWHG���WKH���VWRU\����:KLOH���WKLV���IHDWXUH���ZDV���QRW���DOZD\V���XVHG���E\���FRDFKHV���GXH���WR���LWV��
WLPH�FRQVXPLQJ���QDWXUH����ZH���PD\���ZDQW���WR���FRQVLGHU���PRUH���HIILFLHQW���IRUPDWV���WR���PDLQWDLQ���WKH���SURFHVV��
YLHZ���LQ���WKH���&RQVROH����,Q���D���VLPLODU���YHLQ����WKH���VHFRQG���FRQVLGHUDWLRQ���LV���GHFUHDVLQJ���WKH���FRDFK¶V���WLPH��
VSHQW���RQ���WKH���&RQVROH����2QH���PDLQ���JRDO���RI���WKLV���WRRO���LV���WR���HIILFLHQWO\���DQDO\]H���FKLOGUHQ¶V���QDUUDWLYHV��
DQG���VXSSRUW���WKHLU���GHYHORSPHQW����DQG���,���EHOLHYH���WKDW���WKH���GLJLWDO���VFDIIROGV���ZLWKLQ���WKH���&RQVROH���KHOS��
FRDFKHV���GR���WKLV���PRUH���V\VWHPDWLFDOO\���DQG���TXLFNHU���WKDQ���WKH\���FRXOG���GR���RQ���WKHLU���RZQ����+RZHYHU���
JLYHQ���WKH���KROLVWLF���QDWXUH���RI���WKH���DQDO\VLV���DQG���WKH���QDVFHQFH���RI���WKH���WHFKQRORJ\����WKH���SURFHVV���RI��
DQDO\]LQJ���D���VWRU\���LV���VWLOO���PRUH���WLPH���FRQVXPLQJ���WKDQ���GHVLUHG����,Q���RUGHU���WR���GHFUHDVH���WKH���WLPH���FRDFKHV��
VSHQG���RQ���WKH���&RQVROH����ZH���ZLOO���QHHG���WR���FRQWLQXH���WR���LWHUDWH���RQ���RXU���WRROV����LGHQWLI\LQJ���WKH���PHWULFV��
WKDW���DUH���QRW���XVHIXO���DQG���FRQVWDQWO\���LQWHJUDWLQJ���QHZ���DQDO\VLV���WHFKQLTXHV���WR���LQFUHDVH���HIILFLHQF\���
)LQDOO\����DV���WKH���GHVLJQ���DQG���IHDWXUHV���RI���6WRU\%ORFNV���FRQWLQXH���WR���EH���GHYHORSHG����WKH���&RQVROH���ZLOO��
QHHG���WR���DFFRPPRGDWH���WKRVH���FKDQJHV����)RU���H[DPSOH����LI���FKLOGUHQ���FDQ���FR�FUHDWH���VWRULHV���WRJHWKHU����KRZ��
GR���FRDFKHV���DQDO\]H���WKRVH���VWRULHV"���7KHVH���FRQVLGHUDWLRQV���DUH���RXWVLGH���WKH���VFRSH���RI���WKLV���GLVVHUWDWLRQ���
EXW���ZLOO���QHHG���WR���EH���FRQVLGHUHG���IRU���WKH���IXWXUH���LPSOHPHQWDWLRQ���RI���WKH���/HDUQLQJ���/RRSV���SURJUDP���

,Q���FRQFOXVLRQ����WKH���SURSRVHG���UHGHVLJQ���RI���WKH���&RQVROH���WDNHV���VWHSV���WR���DFFRPPRGDWH���WKH��
JRDOV���RI���ERWK���WKH���DQDO\WLFV���DQG���WKH���&RQVROH����DV���ZHOO���DV���WKH���FRDFK¶V���IHHGEDFN���IURP���WKH���SLORW���
6HSDUDWLQJ���WKH���WDVNV���RI���LQWHUDFWLQJ���DQG���DQDO\]LQJ���DQG���UHO\LQJ���RQ���WKH���&RQVROH���WR���LQIRUP���WKH���FRDFK��
ZKLFK���WDVNV���QHHG���WR���EH���GRQH���EDVHG���RQ���WKH���FKLOG¶V���SOD\���UHPRYHV���WKH���DPELJXLW\���IRU���FRDFKHV���DQG��
HQVXUHV���WKDW���WKH���FRUUHFW���WDVNV���JHW���FRPSOHWHG����6LPSOLI\LQJ���WKH���SURFHVV���YLHZ���LQWR���VWRU\���GUDIWV���KHOSV��
FRDFKHV���VHH���FKLOGUHQ¶V���HGLWLQJ���SURFHVV���LQ���UHVSRQVH���WR���WKHLU���6WRU\���6WLFNLHV����(OLPLQDWLQJ���WKH���6WRU\��
6WDWV���DQG���$QQRWDWLRQV����UHVWUXFWXULQJ���WKH���DQDO\WLFV���VR���DXWRPDWHG���GDWD���FDQ���LQIRUP���FRDFK��
LQWHUSUHWDWLRQV����LQWHJUDWLQJ���WKH���RYHUYLHZ���LQWR���WKH���DQDO\VLV����DQG���H[SOLFLWO\���OLQNLQJ���UHOHYDQW���GDWD���WR��
FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���LPSURYHV���WKH���FRDFK¶V���DELOLW\���WR���XVH���GDWD���WR���ERWK���YLHZ���QDUUDWLYH��
SURJUHVV���DQG���VXSSRUW���FKLOGUHQ¶V���QDUUDWLYH���JURZWK����7KHVH���LPSURYHPHQWV���DGGUHVV���P\���ILQDO���UHVHDUFK��
TXHVWLRQ���E\���UHVWUXFWXULQJ���WKH���&RQVROH���WR���PRUH���HIIHFWLYHO\���XVH���FKLOGUHQ¶V���VWRU\���GDWD���WR���VXSSRUW��
FKLOGUHQ¶V���QDUUDWLYH���FDSDFLW\����7KLV���GHVLJQ���GRFXPHQW���ZLOO���EH���LQWHJUDWHG���LQWR���WKH���QH[W���LWHUDWLRQ���RI��
WKH���/HDUQLQJ���/RRSV���V\VWHP���LQ���RUGHU���WR���LQIRUP���KRZ���WKH���SURJUDP���GHILQHV����DQDO\]HV����DQG���VXSSRUWV��
FKLOGUHQ¶V���QDUUDWLYH���FDSDFLW\���
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�

������&RQFOXVLRQV��
�
,Q���VXPPDU\����WKLV���GLVVHUWDWLRQ���SUHVHQWHG���/HDUQLQJ���/RRSV���DV���D���QRYHO����GLJLWDOO\�PHGLDWHG��

IDPLO\���OHDUQLQJ���V\VWHP���IRU���FKLOGUHQ¶V���QDUUDWLYHV���DQG���H[DPLQHG���WKH���V\VWHP¶V���DELOLW\���WR���GRFXPHQW��
DQG���VXSSRUW���FKLOGUHQ¶V���VWRULHV���E\���DQDO\]LQJ���WKH���6SULQJ����������SLORW���VWXG\����)LQGLQJV���IURP���WKH���SLORW��
VXJJHVWHG���WKH���QHHG���IRU���D���IRXQGDWLRQDO���WKHRUHWLFDO���IUDPHZRUN���WR���LQIRUP���WKH���GHVLJQ���RI���WKH���/HDUQLQJ��
/RRSV���V\VWHP����7KLV���GLVVHUWDWLRQ���SURSRVHG���WKH���7ZR�/HQV���$SSURDFK����D���KROLVWLF���IUDPHZRUN���IRU��
XQGHUVWDQGLQJ���WKH���VWUXFWXUH���DQG���PHDQLQJ���RI���FKLOGUHQ¶V���QDUUDWLYHV����%\���DSSO\LQJ���WKH���7ZR�/HQV��
$SSURDFK���WR���WKH���/HDUQLQJ���/RRSV���V\VWHP����WKLV���ZRUN���DGGUHVVHG���WKH���PDLQ���UHVHDUFK���TXHVWLRQV��
GHWDLOHG���DW���WKH���RXWVHW���RI���WKLV���GLVVHUWDWLRQ����$���GHVLJQ�EDVHG���UHVHDUFK���DSSURDFK���ZDV���XVHG���WR���LPSURYH��
WKH���SURJUDP¶V���DELOLW\���WR���GRFXPHQW���FKLOGUHQ¶V���XQLTXH���GLJLWDO���QDUUDWLYHV����V\VWHPDWLFDOO\���DQDO\]H��
FKLOGUHQ¶V���QDUUDWLYH���WUHQGV���DQG���SURJUHVVLRQ����DQG���EXLOG���D���GLJLWDOO\�PHGLDWHG���V\VWHP���WKDW���FRQQHFWV��
FKLOGUHQ¶V���OHDUQLQJ���FRPPXQLWLHV���LQ���RUGHU���WR���VXSSRUW���WKHLU���QDUUDWLYH���FDSDFLW\���

7KH���/HDUQLQJ���/RRSV���V\VWHP���ZDV���GHYHORSHG���LQ���UHVSRQVH���WR���WKH���JDSV���LQ���WKH���OLWHUDWXUH���RQ��
UHVHDUFK���DQG���LQWHUYHQWLRQV���WKDW���GRFXPHQW����FRPSUHKHQVLYHO\���DQDO\]H����DQG���VRFLDOO\���VXSSRUW���WKH��
FRPSOH[���VSDFH���RI���FKLOGUHQ¶V���QDUUDWLYHV����,Q���RUGHU���WR���DGGUHVV���WKHVH���JDSV����WKH���/HDUQLQJ���/RRSV��
V\VWHP���XVHG���D���EOHQGHG���DSSURDFK���WR���FROOHFW���D���FRUSXV���RI���FKLOGUHQ¶V���SHUVRQDOO\�JHQHUDWHG���GLJLWDO��
VWRULHV����FRPELQHG���KXPDQ���DQG���PDFKLQH���WHFKQLTXHV���WR���KROLVWLFDOO\���DQDO\]H���WKHP����DQG���LQFRUSRUDWHG��
KXPDQ���VRFLDO���VXSSRUW���DLGHG���E\���GDWD�GULYHQ���GLJLWDO���WRROV���WR���HQFRXUDJH���FKLOGUHQ���DQG���IDPLOLHV����7KH��
WZR���FRUH���WHFKQRORJLHV���RI���WKH���/HDUQLQJ���/RRSV���V\VWHP���ZHUH���6WRU\%ORFNV����WKH���RSHQ�HQGHG��
FRPLF�VW\OH���VWRU\WHOOLQJ���DSS���IRU���FKLOGUHQ���DJHV���VL[���WR���WHQ���\HDUV���ROG����DQG���WKH���&RQVROH����WKH��
FXVWRP�EXLOW���DQDO\WLFV���WRRO���IRU���FRDFKHV���WR���DQDO\]H���VWRULHV����VXSSRUW���FKLOGUHQ����DQG���FRPPXQLFDWH��
ZLWK���IDPLOLHV���

,���H[DPLQHG���WKH���/HDUQLQJ���/RRSV���V\VWHP¶V���DELOLW\���WR���GRFXPHQW���DQG���VXSSRUW���FKLOGUHQ¶V��
QDUUDWLYH���GHYHORSPHQW���E\���DQDO\]LQJ���WKH���6SULQJ����������SLORW����)LQGLQJV���UHYHDOHG���WKDW���FKLOGUHQ���ZHUH��
KLJKO\���HQJDJHG���ZLWK���WKH���DSS���DQG���FXVWRPL]DEOH���IHDWXUHV����H�J�����LWHP���VHDUFK�����WKH���PDMRULW\���RI���VWRULHV��
ZHUH���FDWHJRUL]HG���DV���UHDO�OLIH���VWRULHV����DQG���WKH���PRVW���FRPPRQ���WKHPHV���DPRQJ���VWRULHV���ZHUH���IDPLO\��
DQG���IULHQGVKLS����)LQGLQJV���IURP���WKH���SLORW���VXJJHVWHG���WKDW���WKURXJK���WKH���6WRU\%ORFNV���VWRULHV���
DXWRPDWHG���GDWD����VXSSOHPHQWDO���FRDFK���DQDO\VLV����DQG���FRDFK���6WLFNLHV���DQG���XSGDWHV����WKH���V\VWHP���ZDV��
DEOH���WR���GRFXPHQW���DQG���DQDO\]H���FKLOGUHQ¶V���GLJLWDO���QDUUDWLYHV����VKRZ���VRPH���HYLGHQFH���RI���QDUUDWLYH��
SURJUHVVLRQ����DQG���VKRZ���VRPH���HYLGHQFH���RI���FRDFK���VXSSRUW���RQ���FKLOGUHQ¶V���QDUUDWLYH���JURZWK����+RZHYHU���
FRDFK���IHHGEDFN���LQGLFDWHG���WKDW���WKH���&RQVROH���GLG���QRW���DGHTXDWHO\���SUHVHQW���WKLV���GDWD���EDFN���WR���FRDFKHV���
REIXVFDWLQJ���WKHLU���YLHZ���RI���FKLOGUHQ
V���QDUUDWLYH���SURJUHVV���DV���ZHOO���DV���WKHLU���LPSDFW���RQ���FKLOGUHQ¶V��
GHYHORSPHQW����7KHVH���ILQGLQJV���SURSHOOHG���WKH���QHHG���IRU���D���WKHRUHWLFDO���IUDPHZRUN���ZLWK���D���FOHDU��
GHILQLWLRQ���RI���QDUUDWLYH���LQ���RUGHU���WR���LPSURYH���WKH���V\VWHP¶V���DELOLW\���WR���GRFXPHQW���SURJUHVV���DQG���VXSSRUW��
GHYHORSPHQW���

,Q���DQ���HIIRUW���WR���V\QWKHVL]H���WKH���OLWHUDWXUH���RQ���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW����,���GHYHORSHG��
WKH���7ZR�/HQV���$SSURDFK����D���WKHRUHWLFDO���IUDPHZRUN���IRU���XQGHUVWDQGLQJ���DQG���VWXG\LQJ���WKH���IRUP���
FRQWHQW����DQG���FRQWH[W���RI���FKLOGUHQ¶V���QDUUDWLYHV����,���ILUVW���GHILQHG���QDUUDWLYH���DV����WKH���FXOPLQDWLRQ���RI��
FRJQLWLRQ����HPRWLRQ����DQG���FXOWXUH���SUHVHQWHG���LQ���YDULRXV���VWRU\���PHGLXPV����H�J�����ZULWWHQ����RUDO����SK\VLFDO���
PHQWDO����WR���H[SUHVV���LGHDV����H[SHULHQFHV����HYHQWV����RU���LPDJLQLQJV���IRU���WKH���SXUSRVHV���RI���FRPPXQLFDWLQJ���
VHQVH�PDNLQJ����DQG���LGHQWLW\���IRUPDWLRQ�����,���WKHQ���GHYHORSHG���D���PLQLPXP���VHW���RI���FULWHULD���WR���GHWHUPLQH��
ZKHWKHU���D���VWRU\���LV���DQDO\]DEOH����VWDWLQJ���WKDW���VWRULHV���PXVW���FRQWDLQ����FKDUDFWHUV���DQG���DW���OHDVW���RQH��
FRPSOHWH���HYHQW���RU���DFWLRQ���UHSUHVHQWHG���WKURXJK���ODQJXDJH����FRPSRVLWLRQ����RU���LPDJHU\���WKDW���FDQ���EH��
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WR���PRUH���KROLVWLFDOO\���DQDO\]H���FKLOGUHQ¶V���QDUUDWLYHV���WKURXJK���ERWK���D���IRUPDOLVW���OHQV���²���EXLOGLQJ���RQ��
SUHYLRXV���DSSURDFKHV���WR���ORRN���DW���WKH���VWUXFWXUH���DQG���PHFKDQLFV���RI���FKLOGUHQ¶V���VWRULHV���²���DQG���DQ��
LQWHUSUHWLYH���OHQV���²���XVLQJ���WKH���VRFLRFXOWXUDO���FRQWH[W���WR���ORRN���DW���WKH���PHDQLQJ���DQG���HPRWLRQ���RI��
FKLOGUHQ¶V���VWRULHV����,Q���WKH���7ZR�/HQV���$SSURDFK���,���LGHQWLILHG���VL[���FRQWH[WXDO���IDFWRUV����L�H�����LQWHQGHG��
JRDO����LQWHQGHG���DXGLHQFH����SHUVRQDO���H[SHULHQFH����DJH����QDUUDWLYH���VNLOOV����VRFLRFXOWXUDO���FRQWH[W����DQG�������
QDUUDWLYH���GLPHQVLRQV����7KHVH���QDUUDWLYH���GLPHQVLRQV���ZHUH���VSOLW���LQWR���WZR���FDWHJRULHV����REMHFWLYH��
GLPHQVLRQV����L�H�����FKDUDFWHUV����HYHQWV�DFWLRQV����VHWWLQJ�FRQWH[W����VSDWLDO���RUJDQL]DWLRQ����WHPSRUDO��
RUJDQL]DWLRQ����SORW����ODQJXDJH����YLHZSRLQW�SHUVSHFWLYH����WKHPH�JHQUH����DQG���VXEMHFWLYH���GLPHQVLRQV��
�L�H�����PHDQLQJ����SXUSRVH�PRWLYDWLRQ����YDOXHV�PRUDOV����LGHQWLW\����HPSDWK\�����7KH���IRUPDOLVW���OHQV��
DQDO\]HG���WKH���REMHFWLYH���GLPHQVLRQV���E\���DQVZHULQJ���WKH���TXHVWLRQV����³'RHV���WKH���REMHFWLYH���GLPHQVLRQ��
H[LVW���LQ���WKH���QDUUDWLYH"���,I���VR����KRZ���LV���LW���SUHVHQWHG"´���7KH���LQWHUSUHWLYH���OHQV���XVHG���WKH���FRQWH[WXDO��
IDFWRUV���WR���FRQVLGHU���WKH���VXEMHFWLYH���GLPHQVLRQV���E\���DQVZHULQJ����³+RZ���GR���WKH���FKLOG¶V���FRQWH[WXDO��
IDFWRUV���LQIOXHQFH���WKH���UHSUHVHQWDWLRQ���RI���WKH���QDUUDWLYH���GLPHQVLRQV"���&RQVLGHULQJ���WKH���FRQWH[WXDO��
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6WRU\%ORFNV����DQG���GHWHUPLQHG���WKDW���LW���SURYLGHG���D���EOXHSULQW���WR���KROLVWLFDOO\���DQG���V\VWHPDWLFDOO\��
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LQIRUP���WKH���QH[W���LWHUDWLRQ���RI���WKH���SURJUDP¶V���GHVLJQ����7KLV���GLVVHUWDWLRQ���FXOPLQDWHG���LQ���D���GHVLJQ��
GRFXPHQW���WKDW���XVHG���RXU���SLORW���OHDUQLQJV���DQG���WKH���WZR���OHQVHV���RI���P\���WKHRUHWLFDO���IUDPHZRUN���WR���DGGUHVV��
P\���WKUHH���UHVHDUFK���TXHVWLRQV����������KRZ���GR���ZH���EHVW���GHVLJQ���D���SODWIRUP���IRU���FKLOGUHQ¶V���QDUUDWLYH��
H[SUHVVLRQ����������KRZ���GR���ZH���UHGHVLJQ���WKH���DQDO\WLFV���WR���EHVW���GRFXPHQW���FKLOGUHQ¶V���QDUUDWLYH���SURJUHVV��
IURP���WKHLU���VWRULHV����DQG���������KRZ���FDQ���ZH���EHVW���XVH���FKLOGUHQ¶V���VWRU\���GDWD���WR���VXSSRUW���WKHLU���QDUUDWLYH��
FDSDFLW\"���7KH���GHVLJQ���GRFXPHQW���VXJJHVWHG���PRGLILFDWLRQV���IRU���6WRU\%ORFNV����L�H�����RSSRUWXQLWLHV���IRU��
WH[W����FRPSOHWH���VWRU\���GUDIWV����LGHQWLI\���JHQUH�WKHPH�DXGLHQFH����DQG���VRFLDO���LQWHUDFWLRQV�VWRU\���VKDULQJ����
WKH���3OD\���$QDO\WLFV���V\VWHP����L�H�����UHVWUXFWXUH���EHQFKPDUNV���DQG���PHWULFV����H[DPLQH���REMHFWLYH���DQG��
VXEMHFWLYH���GLPHQVLRQV����FRQQHFW���DXWRPDWHG���VWRU\���GDWD���WR���LQIRUP���FRDFK���LQWHUSUHWDWLRQV����GRFXPHQW��
SURJUHVVLRQ���RI���IRXU���FDWHJRULHV���DQG���PHDQLQJIXO���WUHQGV���DFURVV���VWRULHV�����DQG���WKH���&RQVROH����L�H����
VHSDUDWH���IHHGEDFN���DQG���DQDO\VLV���WDVNV����VLPSOLI\���SURFHVV���YLHZ����KLJKOLJKW���VWRU\���GDWD���ZLWKLQ���VWRU\��
YLHZ����LQWHJUDWH���RYHUYLHZ���LQWR���DQDO\VLV����H[SOLFLWO\���OLQN���VLJQLILFDQFH���RI���GDWD���WR���FKLOG¶V���GHYHORSPHQW���
LQ���RUGHU���WR����LPSURYH���/HDUQLQJ���/RRSV¶���DELOLW\���WR���GRFXPHQW���DQG���VXSSRUW���FKLOGUHQ¶V���QDUUDWLYH��
FDSDFLW\���LQ���D���PRUH���UREXVW����KROLVWLF����DQG���V\VWHPDWLF���ZD\���

7KH���FRQWULEXWLRQV���RI���WKLV���ZRUN���DUH���PDQ\����)LUVW����WKLV���ZRUN���FRQWULEXWHV���WR���WKH���ILHOG���RI��
QDUUDWLYH���DQDO\VLV���E\���V\QWKHVL]LQJ���WKH���OLWHUDWXUH���RQ���FKLOGUHQ¶V���QDUUDWLYH���GHYHORSPHQW���DQG��
SURSRVLQJ���D���KROLVWLF���WKHRUHWLFDO���IUDPHZRUN���IRU���VWXG\LQJ���FKLOGUHQ¶V���QDUUDWLYHV����7KH���7ZR�/HQV��
$SSURDFK���LV���QRW���RQO\���WKHRUHWLFDOO\�JURXQGHG����EXW���DOVR���HDVLO\���DSSOLFDEOH����5HVHDUFKHUV���
SUDFWLWLRQHUV����DQG���HGXFDWRUV���FDQ���DGDSW���WKLV���DSSURDFK���WR���WKHLU���RZQ���PHWKRGV���DQG���VWRU\WHOOLQJ��
V\VWHPV���LQ���RUGHU���WR���KROLVWLFDOO\���DQG���V\VWHPDWLFDOO\���VWXG\���FKLOGUHQ¶V���QDUUDWLYHV����%\���DGRSWLQJ���WKLV��
IUDPHZRUN���IRU���VWXG\LQJ���FKLOGUHQ¶V���QDUUDWLYHV����UHVHDUFKHUV���FDQ���WDNH���VWHSV���WRZDUGV���EULGJLQJ���WKH��
JDSV���LQ���WKH���OLWHUDWXUH���DQG���FUHDWLQJ���FRPSUHKHQVLYH���VWDQGDUGV���IRU���WKH���ILHOG���RI���QDUUDWLYH���DQDO\VLV����

6HFRQG����WKLV���ZRUN���SUHVHQWV���WKH���GHVLJQ���DQG���GHYHORSPHQW���RI���D���QRYHO����GLJLWDOO\���PHGLDWHG��
V\VWHP���IRU���GRFXPHQWLQJ����DQDO\]LQJ����DQG���VXSSRUWLQJ���FKLOGUHQ¶V���OHDUQLQJ���LQ���FRPSOH[���FRQWHQW���DUHDV���
$V���FKLOGUHQ���OHDUQ���DQG���JURZ���LQ���DQ���LQFUHDVLQJO\���LQWHUFRQQHFWHG���ZRUOG����ZH���ZLOO���QHHG���PRUH���V\VWHPV��
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WKDW���FDQ���KDUQHVV���WKH���SRZHU���RI���WHFKQRORJ\���WR���EXLOG���VRFLDO���OHDUQLQJ���FRPPXQLWLHV���WKDW���WUDFN���JURZWK��
DQG���VXSSRUW���WKH���GHYHORSPHQW���RI���LPSRUWDQW�����VW���FHQWXU\���VNLOOV����VXFK���DV���FRPPXQLFDWLRQ����FULWLFDO��
WKLQNLQJ����DQG���FUHDWLYLW\����7KLV���GLVVHUWDWLRQ���FRQWULEXWHV���WR���WKH���ILHOG���RI���HGXFDWLRQDO���WHFKQRORJ\��
GHVLJQ���E\���GHWDLOLQJ���HDFK���FRPSRQHQW���RI���D���EOHQGHG���V\VWHP���WKDW���VXFFHVVIXOO\���QDYLJDWHG���WKH���FRPSOH[��
VSDFH���RI���FKLOGUHQ¶V���QDUUDWLYHV����7KLV���ZRUN���VKRXOG���EH���XVHG���DV���D���EOXHSULQW���IRU���RWKHU���UHVHDUFKHUV���DQG��
SURJUDPV���ORRNLQJ���WR���XVH���WHFKQRORJ\���WR���VXSSRUW���FKLOGUHQ¶V���OHDUQLQJ���LQ���SOD\IXO���ZD\V����

7KLV���EHQHILW���RI���WKLV���ZRUN���KDV���EHFRPH���VKDUSO\���FOHDU���LQ���WKH���ODVW���VHYHUDO���PRQWKV���DV���WKH���ZRUOG��
KDV���EHHQ���IRUFHG���WR���VRFLDOO\���GLVWDQFH���GXH���WR���WKH���VSUHDG���RI���WKH���FRURQDYLUXV����&29,'�������,�Q���WKLV���WLPH��
RI���SDQGHPLF����VHTXHVWHUHG���YLUWXDO���HGXFDWLRQ���LV���FULWLFDOO\���LPSRUWDQW�����2XU���EOHQGHG����WHFK�EDVHG��
FRDFKLQJ���DSSURDFK���IRU���FKLOG�GULYHQ���FRQWHQW���LV���SDUWLFXODUO\���ILWWLQJ���IRU���LQFUHDVLQJ���VRFLDOO\��
FRQQHFWHG���OHDUQLQJ���ZKLOH���PDLQWDLQLQJ���VRFLDO���GLVWDQFH����:H���DUH���FXUUHQWO\���VKLIWLQJ���RXU���/HDUQLQJ��
/RRSV���ZRUN���WR���EH���UHVSRQVLYH���WR���WKH���SDQGHPLF���E\���DGDSWLQJ���RXU���FRDFKLQJ���PRGHO���WR���VHUYH���WKH��
LPPHGLDWH���QHHGV���RI���FKLOGUHQ���DQG���IDPLOLHV���

)LQDOO\����WKLV���ZRUN���KDV���LPSOLFDWLRQV���IRU���WKH���IXWXUH���RI���WKH���/HDUQLQJ���/RRSV���SURJUDP����7KH��
ZRUN���SUHVHQWHG���LQ���WKLV���GRFXPHQW���VHW���WKH���IRXQGDWLRQ���IRU���WKH���/HDUQLQJ���/RRSV���V\VWHP����DQG���ZLOO��
FRQWLQXH���WR���LQIRUP���WKH���GHVLJQ���DQG���DSSURDFK���RI���WKH���SURJUDP����7KH���GHVLJQ���PRGLILFDWLRQV���VXJJHVWHG��
LQ���WKLV���GRFXPHQW���ZLOO���EH���LPSOHPHQWHG���LQ���RUGHU���WR���RSWLPL]H���WKH���SURJUDP���IRU���IXWXUH���GHSOR\PHQWV���
VFDOH����DQG���VXVWDLQDELOLW\����)XUWKHUPRUH����WKLV���GLVVHUWDWLRQ���VHUYHV���DV���DQ���LQWHUQDO���FRQVWLWXWLRQ���IRU���KRZ��
WKH���SURJUDP���ZLOO���GHILQH����GRFXPHQW����DQG���VXSSRUW���QDUUDWLYH���GHYHORSPHQW���DV���/HDUQLQJ���/RRSV��
WUDQVLWLRQV���LQWR���D���QRQSURILW���
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SV\FKRWKHUDS\����3UDFWLFH����WKHRU\����DQG���UHVHDUFK������������

>��@����%HUODQG����0�����%DNHU����5����6�����	���%OLNVWHLQ����3��������������(GXFDWLRQDO���GDWD���PLQLQJ���DQG���OHDUQLQJ��
DQDO\WLFV����$SSOLFDWLRQV���WR���FRQVWUXFWLRQLVW���UHVHDUFK�����7HFKQRORJ\����.QRZOHGJH���DQG���/HDUQLQJ����
����������������������

>��@����(OLDV����7��������������/HDUQLQJ���DQDO\WLFV����7KH���GHILQLWLRQV����WKH���SURFHVVHV����DQG���WKH���SRWHQWLDO���

>��@����&KDQJ����$�����&KL����3����<�����0RQWIRUW����1�����%UHD]HDO����&�����	���/LHEHUPDQ����+�������������-XQH�����/HVVRQV��
/HDUQHG���IURP���'HVLJQLQJ���&KLOGUHQ¶V���,QWHUDFWLYH���1DUUDWLYHV����,Q����7KH���,QWHUQDWLRQDO���FRQIHUHQFH���	��
IHVWLYDO���RI���WKH���(OHFWURQLF���OLWHUDWXUH���RUJDQL]DWLRQ����([WUDtGR���HO��9RO����������

>��@����1RUWRQ����-�����%DOOLQJHU����6�����	���$VK����-��������������0DVVDFKXVHWWV���(QJOLVK���/DQJXDJH���$UWV�/LWHUDF\��
DQG���0DWKHPDWLFV���&XUULFXOXP���)UDPHZRUNV���5HYLHZ����)LQDO���5HSRUW�����$EW���$VVRFLDWHV����

>��@���������%RVWRQ�������������:ULWLQJ���7UDLO���*XLGH����5HVRXUFHV���WR���WXWRUV����$YDLODEOH���DW���
KWWSV������ERVWRQ�RUJ�ZDWHULQJKROH�WUDLQLQJ���

>��@����1LFRORSRXORX����$��������������7KH���HOHPHQWDU\���IRUPV���RI���QDUUDWLYH���FRKHUHQFH���LQ���\RXQJ���FKLOGUHQ¶V��
VWRU\WHOOLQJ����1DUUDWLYH���,QTXLU\�����������������������

>��@����0F&DEH����$�����	���3HWHUVRQ����&�����(GV�����������������'HYHORSLQJ���QDUUDWLYH���VWUXFWXUH�����3V\FKRORJ\��
3UHVV���

>��@���%DPEHUJ����0����*�����(G�����������������1DUUDWLYH���GHYHORSPHQW����6L[���DSSURDFKHV�����3V\FKRORJ\���3UHVV���

�����



�

>��@���6WHLQ����1����	���*OHQQ����&���������������$Q���$QDO\VLV���RI���6WRU\���&RPSUHKHQVLRQ���LQ���(OHPHQWDU\���6FKRRO��
&KLOGUHQ����1HZ���'LUHFWLRQV���LQ���'LVFRXUVH���3URFHVVLQJ��������

>��@���6WHLQ����1�����	���$OEUR����(��������������%XLOGLQJ���FRPSOH[LW\���DQG���FRKHUHQFH����&KLOGUHQ¶V���XVH���RI��
JRDO�VWUXFWXUHG���NQRZOHGJH���LQ���WHOOLQJ���VWRULHV����,Q����0����%DPEHUJ����(G������1DUUDWLYH���GHYHORSPHQW����6L[��
DSSURDFKHV����SS������������

>��@���6WDGOHU����0����$�����	���:DUG����*����&��������������6XSSRUWLQJ���WKH���QDUUDWLYH���GHYHORSPHQW���RI���\RXQJ��
FKLOGUHQ����(DUO\���&KLOGKRRG���(GXFDWLRQ���-RXUQDO���������������������

>��@���/DERY����:��������������/LQJXLVWLFV���DQG���VRFLROLQJXLVWLFV����,Q���6RFLROLQJXLVWLFV����SS�������������
3DOJUDYH����/RQGRQ���

>��@���%UXQHU����-��������������7ZR���PRGHV���RI���WKRXJKW����$FWXDO���PLQGV����SRVVLEOH���ZRUOGV������������

>��@���%UXQHU����-��������������7KH���QDUUDWLYH���FRQVWUXFWLRQ���RI���UHDOLW\�����1DUUDWLYH���LQWHOOLJHQFH������������������

>��@���+HUPDQV����+����-��������������6HOI�QDUUDWLYH���LQ���WKH���OLIH���FRXUVH����$���FRQWH[WXDO���DSSURDFK����1DUUDWLYH��
GHYHORSPHQW����6L[���DSSURDFKHV��������������

>��@���*DQ]����0��������������:K\���VWRULHV���PDWWHU����6RMRXUQHUV���PDJD]LQH������������������

>���@���6X����0��������������3OD\���DQG���VHOI�UHJXODWLRQ���GHSLFWHG���LQ���SLFWXUH���ERRNV�����'LVVHUWDWLRQ����

>���@���*DQ]����0����/��������������:KDW���,V���3XEOLF���1DUUDWLYH����6HOI����8V���	���1RZ���

>���@���4XDVWKRII����8����0��������������$Q���LQWHUDFWLYH���DSSURDFK���WR���QDUUDWLYH���GHYHORSPHQW����,Q���1DUUDWLYH��
GHYHORSPHQW����SS��������������5RXWOHGJH���

>���@���0F&DEH����$��������������'HYHORSPHQWDO���DQG���FURVV�FXOWXUDO���DVSHFWV���RI���FKLOGUHQ
V���QDUUDWLRQ���

>���@���%UXQHU����-�����	���)HOGPDQ����&����)��������������*URXS���QDUUDWLYH���DV���D���FXOWXUDO���FRQWH[W���RI��
DXWRELRJUDSK\���

>���@���$PDUR����$����&�����0RUHLUD����$�����	���3HUHLUD����/����$��������������'R���FKLOGUHQ���WHOO���SURSHU���VWRULHV"�������
,QIRUPLQJ���WKH���GHVLJQ���RI���D���WHFKQRORJLFDO���WRRO���WR���VXSSRUW���VWRU\WHOOLQJ����,Q���('8/($51����
3URFHHGLQJV����SS������������������,$7('���

>���@���0F.HRXJK����$����1����1����(��������������$���GHYHORSPHQWDO���DSSURDFK���WR���WHDFKLQJ���QDUUDWLYH��
FRPSRVLWLRQ����%HVW���SUDFWLFHV���LQ���ZULWLQJ���LQVWUXFWLRQ�������������

>���@���%HUV����0����8��������������'HVLJQLQJ���QDUUDWLYH���HQYLURQPHQWV���IRU���FKLOGUHQ����1DUUDWLYH���LQWHOOLJHQFH���
������������

>���@���$SSOHEHH����$����1��������������7KH���FKLOG
V���FRQFHSW���RI���VWRU\����$JHV���WZR���WR���VHYHQWHHQ���

>���@���$NVX�.Ro����$�����	���$NWDQ�(UFL\HV����$�������������������1DUUDWLYH���'LVFRXUVH����'HYHORSPHQWDO��
3HUVSHFWLYHV����+DQGERRN���RI���&RPPXQLFDWLRQ���'LVRUGHUV����7KHRUHWLFDO����(PSLULFDO����DQG���$SSOLHG��
/LQJXLVWLF���3HUVSHFWLYHV����������������

>���@���*OHQQ����&����*�����	���6WHLQ����1��������������6\QWDFWLF���VWUXFWXUHV���DQG���UHDO���ZRUOG���WKHPHV���LQ���VWRULHV��
JHQHUDWHG���E\���FKLOGUHQ����8UEDQD����,/����8QLYHUVLW\���RI���,OOLQRLV���&HQWHU���IRU���WKH���6WXG\���RI���5HDGLQJ���

>���@���+HGEHUJ����1����/�����	���:HVWE\����&����(��������������$QDO\]LQJ���VWRU\WHOOLQJ���VNLOOV����7KHRU\���WR���SUDFWLFH���
&RPPXQLFDWLRQ���6NLOO���%XLOGHUV���

�����



�

>���@���1LFRORSRXORX����$��������������&KLOGUHQ���DQG���QDUUDWLYHV����7RZDUG���DQ���LQWHUSUHWLYH���DQG���VRFLRFXOWXUDO��
DSSURDFK���

>���@���9\JRWVN\����/����6��������������6RFLR�FXOWXUDO���WKHRU\����0LQG���LQ���VRFLHW\���

>���@���*HHUW]����&��������������7KH���LQWHUSUHWDWLRQ���RI���FXOWXUHV����9RO�������������%DVLF���ERRNV���

>���@���:DQ����7��������������'DYH���(JJHUV���RQ���)LQGLQJ���&UHDWLYH���5HIXJH���)URP���WKH���µ/XQDF\¶���RI��
7HFKQRORJ\�����(G6XUJH�����KWWSV���ZZZ�HGVXUJH�FRP�QHZV������������GDYH�HJJHUV�RQ�ILQGLQJ���
FUHDWLYH�UHIXJH�IURP�WKH�OXQDF\�RI�WHFKQRORJ\���

�

�����



�

$SSHQGL[���$����+LVWRU\���RI���WKH���6WRU\%ORFNV���'HVLJQ��
�

7KH���LGHD���IRU���6WRU\%ORFNV���ZDV���ILUVW���FRQFHLYHG���LQ����������DIWHU���ZRUNLQJ���ZLWK���P\���FROOHDJXH���
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VWRULHV����PXFK���OLNH���WKH���SUDFWLFHV���,���XVHG���LQ���WKH���SUHVFKRRO���FODVVURRP���DQG���DV���D���UHDGLQJ���LQVWUXFWRU��
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FRQVWUXFW���WKHLU���RZQ���VROXWLRQV����DQG���SUHVHQWHG���DOWHUQDWLYH���VROXWLRQV���WR���HQJDJH���FKLOGUHQ���LQ���FULWLFDO��
WKLQNLQJ���DQG���UHIOHFWLRQ����7R���FRPSOHWH���WKHLU���VWRULHV����FKLOGUHQ���GUDJJHG���FKDUDFWHUV���RQWR���WKH���VFUHHQ���
FKDQJHG���WKH���FKDUDFWHUV¶���HPRWLRQV����LQVHUWHG���LWHPV���LQWR���WKHLU���VWRU\����DQG���XVHG���VSHHFK���EXEEOHV���DQG��
WH[W���ER[HV���WR���LQVHUW���WH[W����:KHQ���WKH\���GUDJJHG���D���VSHHFK���EXEEOH���RQWR���WKH���VFUHHQ���DQG���FOLFNHG���RQ���LW����D��
NH\ERDUG���DSSHDUHG���IRU���WKHP���WR���HQWHU���LQ���DQ\���WH[W���WKH\���ZRXOG���OLNH����7KH���WH[W���FRXOG���EH���UHDG���LQ���HLWKHU��
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WKH���ILUVW���WZR���IUDPHV���RI���6WRU\%ORFNV���ZHUH���SUH�SRSXODWHG���WR���UHIOHFW���WKH���FKLOGUHQ¶V���VWRU\���ERRN����DQG��
WKHQ���WKH���FKLOGUHQ���XVHG���WKH���ODVW���WZR���IUDPHV���DQG���VKDUHG���WKHLU���VROXWLRQV���ZLWK���HDFK���RWKHU����)RU��

����5DPVH\����3�����:LOOLDPV����/����5�����	���9ROG����(���������������0XOWLFXOWXUDO���HGXFDWLRQ����$���VRXUFH���ERRN�����5RXWOHGJH���
����+RZH����-���������������+RUDFH���DQG���0RUULV���EXW���PRVWO\���'RORUHV�����6LPRQ���DQG���6FKXVWHU���

�����
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UHIOHFWLRQ���DQG���GLVFXVVLRQ����WKH���UHVHDUFKHU���RU���OLEUDULDQ���IDFLOLWDWHG���UHIOHFWLRQ����VKDUHG���WKH���HQGLQJ���RI��
WKH���VWRU\���IURP���WKH���ERRN����DQG���WKHQ���JXLGHG���D���GLVFXVVLRQ���DERXW���WKH���VROXWLRQV���

7KH���SK\VLFDO���ERRN�GLJLWDO���DSS���K\EULG���PHWKRGRORJ\���SURYHG���WR���EH���PRUH���HQJDJLQJ���WKDQ��
ZKHQ���ZH���KDG���FKLOGUHQ���ZDWFK���WKH���DQLPDWLRQ����DQG���LW���DOORZHG���XV���WR���FKDQJH���XS���WKH���VWRU\���ZLWKRXW��
KDYLQJ���WR���ZULWH���D���ZKROH���QHZ���VFULSW���DQG���HQJDJH���LQ���OHQJWK\���DQLPDWLRQ���SURGXFWLRQ����+RZHYHU����WKHUH��
ZHUH���VWLOO���VRPH���OLPLWDWLRQV���WR���WKH���FXUUHQW���YHUVLRQ���RI���6WRU\%ORFNV����$OWKRXJK���LQFRUSRUDWLQJ���WKH��
FKLOGUHQ¶V���ERRN���VWRULHV���DOORZHG���XV���WR���EH���PRUH���YHUVDWLOH����LW���ZDV���VWLOO���D���KHDY\���OLIW���WR���FKDQJH���WKH���ILUVW��
WZR���VFUHHQV���DQG���GHVLJQ���LWHPV���WKDW���ILW���ZLWK���WKH���VWRU\����VXFK���DV���WKH���FKHHVH���IODJ���LQ����+RUDFH���DQG��
0RUULV���EXW���0RVWO\���'RORUHV������$QRWKHU���ELJ���OLPLWDWLRQ���LQ���WKH���GHVLJQ���RI���6WRU\%ORFNV���ZDV���PDGH���FOHDU��
WR���PH���ZKLOH���UHDGLQJ���DQ���DUWLFOH���E\���$JHOLNL����1LFRORSRXORX���R�Q���GHVLJQLQJ���DQ���LQWHUSUHWLYH���DQG���

VRFLRFXOWXUDO���DSSURDFK���WR���XQGHUVWDQGLQJ���FKLOGUHQ¶V���VWRU\WHOOLQJ����+HU���G\QDPLF����LQWHJUDWLYH��
IUDPHZRUN���VHHPHG���WR���UHTXLUH���PXOWLSOH���GDWD���SRLQWV����PXOWLSOH���VWRULHV����7KH���VHFRQG���YHUVLRQ���RI��
6WRU\%ORFNV���UHTXLUHG���D���ORW���RI���DGXOW���VFDIIROGLQJ���WR���LPSOHPHQW����DQG���ZKLOH���WKDW���ZDV���QRW���DQ���LVVXH���IRU��
WKH���RQH�RII���ZRUNVKRSV���DQG���FODVVURRP���YLVLWV����LW���ZRXOG���QRW���KDYH���EHHQ���VXIILFLHQW���WR���HQJDJH���FKLOGUHQ��
ORQJ���HQRXJK���IRU���VXVWDLQHG���SOD\���RYHU���PXOWLSOH���VHVVLRQV����:LWKRXW���D���ORQJLWXGLQDO���YLHZ����ZH���ZRXOG��
QRW���KDYH���EHHQ���DEOH���WR���FROOHFW���HQRXJK���GDWD���WR���UHDOO\���VHH���WKH���GHYHORSPHQW���RI���FKLOGUHQ¶V���QDUUDWLYHV���
/DVWO\����ZKLOH���WKH���3UREOHP���6WRULHV���SUDFWLFH���IROORZHG���D���FRQVWUXFWLRQLVW���IUDPHZRUN����WKHUH���ZHUH���D���ORW��
RI���DVSHFWV���WR���FKLOGUHQ¶V���QDUUDWLYHV���WKDW���ZHUH���ORVW���E\���DOORZLQJ���WKHP���WR���RQO\���FRPSOHWH���WKH���VWRU\����QRW��
WHOO���WKHLU���RZQ���VWRU\����$OWKRXJK���RSHQLQJ���XS���WKH���IXQFWLRQDOLW\���RI���6WRU\%ORFNV���WR���IROORZ���PRUH���RI���D��
FKLOG�GLUHFWHG���SURFHVV���ZRXOG���FUHDWH���PRUH���FRPSOH[LW\���LQ���WKH���DQDO\VLV���RI���VWRULHV����LW���ZRXOG���DOVR��
SURYLGH���PRUH���LQVLJKW���LQWR���FKLOGUHQ¶V���PLQGV����YRLFH����DQG���PHDQLQJV����:KDW���VWRULHV���GLG���FKLOGUHQ���ZDQW��
WR���WHOO"���

7KHUH���ZHUH���PDQ\���FKDQJHV���WKDW���QHHGHG���WR���EH���PDGH���WR���WKH���6WRU\%ORFNV���GHVLJQ���LQ���RUGHU���WR��
PDNH���LW���PRUH���HQJDJLQJ����DOORZ���IRU���PRUH���GLYHUVLW\���RI���VWRULHV���DQG���FKLOG���DJHQF\����DQG���PDNH���LW���PRUH��
VHOI�VXVWDLQLQJ���LQ���D���KRPH���HQYLURQPHQW����7KH���WKLUG���YHUVLRQ���RI���6WRU\%ORFNV���ZDV���LQVSLUHG���E\���9LYLDQ��
3DOH\¶V���6WRU\WHOOLQJ���DQG���6WRU\���$FWLQJ���&XUULFXOX�P������3DOH\¶V���VWRU\WHOOLQJ���DQG���SOD\���SUDFWLFH���

GRFXPHQWV���WKH���GHYHOR�SPHQW���RI���FKLOGUHQ¶V���QDUUDWLYHV����SODFHV���DQ���DSSURSULDWH���DPRXQW���RI��
UHVSRQVLELOLW\���RQ���DQ���DGXOW����DOORZV���IRU���DQ���LQFUHGLEOH���DPRXQW���RI���FKLOG���DJHQF\���DQG���YRLFH����VXSSRUWV��
WKH���GHYHORSPHQW���RI���D���FRPPXQLW\���RI���SHHUV����LV���H[WUHPHO\���PRWLYDWLQJ���DQG���IXQ���IRU���FKLOGUHQ����DQG���KDV��
FOHDU���LPSOLFDWLRQV���IRU���FKLOGUHQ¶V���OHDUQLQJ���DQG���GHYHORS�PHQW� ����$V���PHQWLRQHG���SUHYLRXVO\����,���KDYH��������

DOZD\V���ZDQWHG���WR���LQFRUSRUDWH���PRUH���RI���WKH���RSHQ���IRUPDW���RI���6WRU\WHOOLQJ���DQG���6WRU\���$FWLQJ��
&XUULFXOXP����,���EHOLHYH���WKDW���EHLQJ���DEOH���WR���KDYH���ERWK���IXOO\���FKLOG�JHQHUDWHG���VWRULHV���DV���ZHOO���DV��
VHPL�VWUXFWXUHG���VWRULHV���FRXOG���EH���UHDOO\���KHOSIXO���IRU���FUHDWLQJ���VXVWDLQHG���HQJDJHPHQW���DV���ZHOO���DV��
JXLGLQJ���VXSSRUW����7KH���JRDO���RI���6WRU\%ORFNV���KDV���DOZD\V���EHHQ���WR���LQWHJUDWH���LW���LQWR���RXU���&RDFKLQJ��
6\VWHP����IRU���WKH���SXUSRVH���RI���VXSSRUWLQJ���IDPLO\���LQYROYHPHQW���LQ���SOD\IXO���OHDUQLQJ���DFWLYLWLHV����DQG���VR���LW��
ZDV���FOHDU���WKDW���6WRU\%ORFNV���ZRXOG���QHHG���D���ELJ���PDNHRYHU���LQ���RUGHU���WR���PDNH���LW���VXVWDLQDEOH���QRW���MXVW���IRU��

����1LFRORSRXORX����$��������������&KLOGUHQ¶V���VWRU\WHOOLQJ����7RZDUG���DQ���LQWHUSUHWLYH���DQG���VRFLRFXOWXUDO���DSSURDFK���
6WRU\ZRUOGV����$���-RXUQDO���RI���1DUUDWLYH���6WXGLHV������������������
����3DOH\����9����*��������������2Q���OLVWHQLQJ���WR���ZKDW���WKH���FKLOGUHQ���VD\�����+DUYDUG���HGXFDWLRQDO���UHYLHZ��������������������������
����6X����0��������������3OD\���DQG���VHOI�UHJXODWLRQ���GHSLFWHG���LQ���SLFWXUH���ERRNV�����'RFWRUDO���'LVVHUWDWLRQ����
����1LFRORSRXORX����$�����%DUERVD���GH���6D����$�����,OJD]����+�����	���%URFNPH\HU����&��������������8VLQJ���WKH���WUDQVIRUPDWLYH��
SRZHU���RI���SOD\���WR���HGXFDWH���KHDUWV���DQG���PLQGV����)URP���9\JRWVN\���WR���9LYLDQ���3DOH\���DQG���EH\RQG����0LQG����&XOWXUH���
DQG���$FWLYLW\���������������������
�����&UHPLQ����7�����)OHZLWW����5�����	���0DUGHOO����%�����(GV�����������������6WRU\WHOOLQJ���LQ���(DUO\���&KLOGKRRG����(QULFKLQJ���/DQJXDJH���
/LWHUDF\���DQG���&ODVVURRP���&XOWXUH�����7D\ORU���	���)UDQFLV���
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FKLOGUHQ����EXW���IRU���FRDFKHV���DQG���SDUHQWV���WR���NQRZ���KRZ���WR���VXSSRUW���FKLOGUHQ¶V���VWRULHV���DQG���FR�HQJDJH��
ZLWK���WKHP���

7KH���PDMRU���FKDOOHQJH���WR���RSHQLQJ���XS���6WRU\%ORFNV���EHFDPH���KRZ���WR���SURYLGH���HQRXJK���YLVXDO��
HOHPHQWV����H�J�����EDFNJURXQGV����FKDUDFWHUV����LWHPV����WR���FKLOGUHQ���LQ���RUGHU���WR���VXSSRUW���WKHLU���FUHDWLRQ���RI��
DQ\���NLQG���RI���VWRU\����0RUH���VSHFLILFDOO\����KRZ���FRXOG���ZH���KHOS���FKLOGUHQ���H[HUFLVH���WKHLU���QDUUDWLYH���IUHHGRP��
ZLWKRXW���HQJDJLQJ���LQ���HQGOHVV���VFUROOLQJ���WR���ILQG���FHUWDLQ���LWHPV���RU���EDFNJURXQGV"���7KH���DQVZHU���FDPH��
IURP���ZRUN���E\���P\���FROOHDJXH����6QHKD���0DNLQL����ZKR���GHYHORSHG���DQG���WHVWHG���WKH���DSS���3LFWXUH%ORFNV� �����

2QH���RI���WKH���PDLQ���LQWHUDFWLRQV���RI���3LFWXUH%ORFNV���ZDV���WUDQVLWLRQLQJ���D���FKLOG¶V���W\SHG���ZRUG���WKDW���WKH\��
VSHOOHG���LQWR���LWV���FRUUHVSRQGLQJ���LPDJH���VR���WKDW���FKLOGUHQ���FRXOG���EULQJ���WKDW���LPDJH���LQWR���WKHLU���FDQYDV���WR��
FUHDWH���IXOO���SLFWXUHV����6QHKD���FR�GHVLJQHG���DQG���GHYHORSHG���WKH���YHUVLRQ���RI���WKH���6WRU\%ORFNV���DSS���WKDW��
ZDV���XVHG���IRU���WKH���/HDUQLQJ���/RRSV���SLORW����7KLV���LQFOXGHG���UHXVLQJ���KHU���ZRUN���RQ���3LFWXUH%ORFNV���WR���EXLOG��
PDQ\���RI���WKH���IHDWXUHV���RI���6WRU\%ORFNV����VXFK���DV���WKH���EHORYHG���VHDUFK���IHDWXUH���ZKLFK���PDGH���WKH���DSS��
PRUH���RSHQ�HQGHG����7KH���LQWHJUDWLRQ���RI���3LFWXUH%ORFNV���LQWR���WKH���6WRU\%ORFNV���DSS���QRW���RQO\���EURDGHQHG��
WKH���SRVVLELOLWLHV���RI���FKLOGUHQ¶V���VWRULHV����EXW���LW���DOVR���HQFRXUDJHG���FKLOGUHQ���WR���XVH���OLWHUDF\���DQG���ZULWLQJ���LQ��
RUGHU���WR���LQFRUSRUDWH���YLVXDO���HOHPHQWV����7KH���VHDUFK���IHDWXUH���IXQGDPHQWDOO\���FKDQJHG���WKH���GHVLJQ���RI��
6WRU\%ORFNV���VR���WKDW���LW���FRXOG���VXSSRUW���FKLOGUHQ¶V���SHUVRQDOO\�JHQHUDWHG���VWRULHV���
�

�����0DNLQL����6����3��������������3LFWXUH%ORFNV����FRQVWUXFWLQJ���DQG���GHFRQVWUXFWLQJ���SLFWXUH�GULYHQ���OLWHUDF\���GHYHORSPHQW��
�0DVWHU
V���7KHVLV����0DVVDFKXVHWWV���,QVWLWXWH���RI���7HFKQRORJ\����
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$SSHQGL[���%����([FHUSWV���IURP���WKH���&RDFK���+DQGERRN��
�

7KH���&RDFK���+DQGERRN���IRU���WKH���/HDUQLQJ���/RRSV���6SULQJ����������SLORW���ZDV���RYHU���������SDJHV���
7KHUHIRUH����WKLV���DSSHQGL[���RQO\���SURYLGHV���D���SUHYLHZ���RI���WKH���&RDFK���+DQGERRN���WKURXJK���VHOHFWHG��
H[FHUSWV����7KLV���KDQGERRN���ZDV���ZULWWHQ���E\���P\VHOI���DQG���HGLWHG���E\���6DUDK���%DOOLQJHU���
�
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$SSHQGL[���&�����6WRU\%ORFNV���7DOHV����([FHUSWV��
�

6WRU\%ORFNV���7DOHV����ZDV���D���ERRN���FUHDWHG���DW���WKH���HQG���RI���WKH���/HDUQLQJ���/RRSV���VSULQJ����������SLORW��
VWXG\���WKDW���IHDWXUHG���RQH���VWRU\���DXWKRUHG���DQG���VHOHFWHG���E\���HDFK���RI���WKH���SDUWLFLSDWLQJ���FKLOGUHQ����&RDFKHV��
FRQWULEXWHG���E\���ZULWLQJ���D���SURILOH���DERXW���HDFK���FKLOG����DQG���FKLOGUHQ���ZHUH���JLYHQ���WKH���ERRN���DW���WKH���HQG���RI��
WKH���SLORW���FHOHEUDWLRQ���WR���WDNH���KRPH���ZLWK���WKHP����7KH���IROORZLQJ���H[FHUSWV���ZHUH���FKRVHQ���IURP���D���FKDSWHU��
RI����6WRU\%ORFNV���7DOHV�����7KH���FRDFK���SLFWXUH���ZDV���DOWHUHG���DQG���DOO���QDPHV���ZHUH���FKDQJHG���WR���SURWHFW���WKH��
SULYDF\���RI���RXU���SDUWLFLSDQWV���
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