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FROODERUDWLYH�DFWLYLW\�EHWZHHQ�WKH�1DWLRQDO�&HQWUH�IRU�9RFDWLRQDO�(GXFDWLRQDO�5HVHDUFK
�1&9(5��DQG�WKH�0RQDVK�8QLYHUVLW\±$&(5�&HQWUH�IRU�WKH�(FRQRPLFV�RI�(GXFDWLRQ
DQG�7UDLQLQJ��&((7���:H�ZLVK�WR�WKDQN�RXU�FROOHDJXHV�IURP�1&9(5�DQG�&((7�IRU
WKHLU�DVVLVWDQFH�DQG�DGYLFH��,Q�DGGLWLRQ��ZH�ZLVK�WR�DFNQRZOHGJH�WKH�KHOSIXO�GLVFXVVLRQV
ZH�KDYH�KDG�RQ�VHYHUDO�LVVXHV�UDLVHG�LQ�WKLV�SURMHFW�ZLWK�RIILFLDOV�RI�7HFKQLFDO�DQG
)XUWKHU�(GXFDWLRQ��7$)(��DXWKRULWLHV�LQ�YDULRXV�6WDWHV�DQG�7HUULWRULHV��$Q�15(&
UHYLHZHU�SURYLGHG�KHOSIXO�IHHGEDFN�RQ�HDUOLHU�GUDIWV�RI�WKH�UHSRUW�

-RKQ�)R\VWHU�DQG�+RQ�.RN�)DL�ZHUH�UHVSRQVLEOH�IRU�H[WUDFWLQJ�DQG�YDOLGDWLQJ�GDWD�LQ�D
IRUP�VXLWDEOH�IRU�HVWLPDWLQJ�WKH�PRGHOV��&KDQGUD�6KDK�GHYHORSHG�DQG�HVWLPDWHG�WKH
PRGHOV��6KDK�DQG�)R\VWHU�GLG�WKH�DQDO\VLV�DQG�LQWHUSUHWDWLRQ�RI�WKH�UHVXOWV��)R\VWHU
SUHSDUHG�WKH�ILUVW�GUDIW�RI�WKH�UHSRUW��DQG�6KDK�SURGXFHG�WKH�VXEVHTXHQW�GUDIWV�DQG�WKH
ILQDO�UHSRUW�
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([HFXWLYH�VXPPDU\

7KH�$XVWUDOLDQ�1DWLRQDO�7UDLQLQJ�$XWKRULW\¶V��$17$��$QQXDO�1DWLRQDO�5HSRUW�����
UHSRUWV�WKH�DYHUDJH�SDVV�UDWH�IRU�PRGXOHV�WDNHQ�LQ�YRFDWLRQDO�HGXFDWLRQ�DQG�WUDLQLQJ
�9(7��LQ�$XVWUDOLD�LQ������WR�EH�DERXW����SHU�FHQW��7KLV�FXUUHQW�VWXG\�DLPV�WR
VXSSOHPHQW�VXFK�FRUH�GDWD�RQ�RXWFRPHV�ZLWK�HVWLPDWHV�RI�YDULRXV�W\SHV�RI�HQUROPHQW
RXWFRPH��7KH�HVWLPDWHV�LQGLFDWH�WKDW�RYHU�WKUHH�TXDUWHUV�RI�FRXUVH�HQUROPHQWV�UHVXOW�LQ
RXWFRPHV�WKDW�FDQ�EH�FRQVLGHUHG�VXFFHVVIXO�

7KH�UHSRUW�GHYHORSV�DQG�DSSOLHV�D�PHWKRGRORJ\�WR�DQDO\VH�WKH�IORZV�RI�VWXGHQWV�WKURXJK
7$)(�FRXUVHV�DW�WKH�QDWLRQDO�OHYHO�

$Q�LPSRUWDQW�FRQVLGHUDWLRQ�LQ�VWXG\LQJ�IORZV�RI�VWXGHQWV�WKURXJK�7$)(�FRXUVHV�LV�WKDW
QRW�DOO�WKRVH�ZKR�HQURO�LQ�RQH�LQWHQG�WR�FRPSOHWH�LW��8QOLNH�LQ�WKH�KLJKHU�HGXFDWLRQ
VHFWRU�ZKHUH�PRVW�VWXGHQWV�HQURO�LQ�D�FRXUVH�ZLWK�WKH�LQWHQWLRQ�RI�REWDLQLQJ�D
TXDOLILFDWLRQ��LQ�WKH�9(7�VHFWRU�PDQ\�VWXGHQWV�LQWHQG�WR�RQO\�FRPSOHWH�VRPH�PRGXOHV�RI
WKH�FRXUVH��7KHVH�VWXGHQWV�DUH�SULPDULO\�LQWHUHVWHG�LQ�DFTXLULQJ�VSHFLILF�VNLOOV��+RZHYHU�
WKH\�DUH�HQUROOHG�LQ�WKH�ZKROH�FRXUVH�DV�D�PDWWHU�RI�DGPLQLVWUDWLYH�FRQYHQLHQFH�E\�WKH
9(7�V\VWHP��7KH�QXPEHU�RI�VWXGHQWV�ZKR�IDOO�ZLWKLQ�WKLV�JURXS�LV�GLIILFXOW�WR�TXDQWLI\
ZLWKRXW�IXUWKHU�UHVHDUFK�LQWR�VWXGHQW�PRWLYDWLRQ�

,W�LV�WKHUHIRUH�LQDSSURSULDWH�WR�FRQVLGHU�RQO\�WKRVH�ZKR�FRPSOHWH�WKH�ZKROH�FRXUVH�DV
KDYLQJ�DFKLHYHG�D�VXFFHVVIXO�RXWFRPH��,W�LV�VLPLODUO\�LQDSSURSULDWH�WR�FRQVLGHU�DV�DQ
LQGLFDWRU�RI�WKH�VXFFHVV�UDWH�RI�D�FRXUVH��WKH�SURSRUWLRQ�RI�FRPPHQFHUV�ZKR�FRPSOHWH
WKH�ZKROH�FRXUVH��0DQ\�RI�WKH�FRPPHQFHUV²WKH�GHQRPLQDWRU�LQ�WKH�FDOFXODWLRQ�RI�WKH
UDWH²PD\�KDYH�KDG�QR�LQWHQWLRQ�RI�FRPSOHWLQJ�WKH�ZKROH�FRXUVH�

7KHUH�LV�QR�ZD\�WR�GLVWLQJXLVK�VWXGHQWV�ZKR�HQUROOHG�LQ�RUGHU�WR�FRPSOHWH�WKH�ZKROH
FRXUVH�IURP�WKRVH�ZKR�HQUROOHG�RQO\�WR�FRPSOHWH�VRPH�PRGXOHV��)XUWKHU�UHVHDUFK�RQ
VWXGHQW�LQWHQWLRQV�LV�UHTXLUHG��,W�LV�WKHUHIRUH�QHFHVVDU\�DW�WKLV�VWDJH�WR�FRQVLGHU�ERWK
WKRVH�ZKR�FRPSOHWH�WKH�ZKROH�FRXUVH�DQG�WKRVH�ZKR�FRPSOHWH�VRPH�PRGXOHV�EXW�QRW
FRPSOHWH�WKH�ZKROH�FRXUVH�DV�KDYLQJ�REWDLQHG�D�VXFFHVVIXO�RXWFRPH�

+HQFH�WKH�UHSRUW�DQDO\VHV�WKUHH�SRVVLEOH�RXWFRPHV�IRU�D�VWXGHQW�HQUROOLQJ�LQ�D�FRXUVH�
�� FRPSOHWLRQ�RI�WKH�ZKROH�FRXUVH�
�� SDUWLDO�FRPSOHWLRQ��VXFFHVVIXO�FRPSOHWLRQ�RI�DOO�PRGXOHV�HQUROOHG�LQ��DQG

ZLWKGUDZLQJ�IURP�WKH�FRXUVH��RU
�� QRQ�FRPSOHWLRQ��IDLOLQJ�VRPH�SDUW�RI�WKH�FRXUVH�DQG�ZLWKGUDZLQJ��
�
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�7KLV�UHSRUW�LV�EDVHG�RQ�DQ�DQDO\VLV�RI�DOO�VWXGHQWV�ZKR�HQUROOHG�LQ�7$)(�FRXUVHV�LQ�����
H[FOXGLQJ�WKRVH�ZKR�HQUROOHG�LQ�FRXUVHV�WKDW�LQYROYHG�RQO\�RQH�PRGXOH��7KH�FRXUVH
HQUROPHQWV�DQDO\VHG�LQFOXGH�WKRVH�OHDGLQJ�WR�D�UHFRJQLVHG�TXDOLILFDWLRQ�DQG�DOVR�WKRVH
OHDGLQJ�WR�QRQ�UHFRJQLVHG�TXDOLILFDWLRQV�VXFK�DV�D�&HUWLILFDWH�RI�3URILFLHQF\�RU�D
6WDWHPHQW�RI�$WWDLQPHQW��0DQ\�VWXGHQWV�GR�QRW�HQURO�LQ�UHFRJQLVHG�FRXUVHV��

�
�&RQFHSWV�DQG�GHILQLWLRQV
�

�$�7$)(�FRXUVH�LV�GHILQHG�DV�D�VWUXFWXUHG�YRFDWLRQDO�HGXFDWLRQ�DQG�WUDLQLQJ�VHTXHQFH�
QRUPDOO\�PDGH�XS�RI�9(7�PRGXOHV��WKDW�OHDGV�WR�WKH�DFTXLVLWLRQ�RI�LGHQWLILHG
FRPSHWHQFLHV�DQG��LI�VXEPLWWHG�IRU�DFFUHGLWDWLRQ��PD\�OHDG�WR�D�TXDOLILFDWLRQ��$�PRGXOH
LV�D�XQLW�RI�WUDLQLQJ�LQ�ZKLFK�D�VWXGHQW�PD\�HQURO�DQG�EH�IRUPDOO\�DVVHVVHG��,W�KDV�D
QXPEHU�RI�VSHFLILHG�FXUULFXOXP�KRXUV�DWWDFKHG�WR�LW��$�FRXUVH��WRR��KDV�D�PLQLPXP
QXPEHU�RI�FXUULFXOXP�KRXUV�VSHFLILHG�IRU�LWV�FRPSOHWLRQ��,Q�JHQHUDO��VWXGHQWV�HQURO�IRU�D
FRXUVH��ZKHWKHU�RU�QRW�WKH\�LQWHQG�WR�DWWHPSW�DOO�WKH�PRGXOHV�UHTXLUHG�IRU�FRPSOHWLQJ
WKDW�FRXUVH��,I�WKH\�VXFFHVVIXOO\�FRPSOHWH�WKH�UHTXLUHG�PRGXOHV�IRU�WKH�FRXUVH��WKHQ�WKH\
DUH�GHHPHG�WR�KDYH�VDWLVILHG�WKH�UHTXLUHPHQWV�IRU�ILQLVKLQJ�WKH�FRXUVH�
�

�2IILFLDO�9(7�VWDWLVWLFV�LQFOXGH�GDWD�RQ�PRGXOH�HQUROPHQWV��PRGXOH�RXWFRPHV�DQG�FRXUVH
HQUROPHQWV��&RXUVH�FRPSOHWLRQ�GDWD��HYHQ�WKRXJK�WKH\�DUH�FRPSLOHG�LQ�VRPH�6WDWH
MXULVGLFWLRQV��DUH�QRW�UHSRUWHG�LQ�WKH�RIILFLDO�9(7�VWDWLVWLFV��7KH�$XVWUDOLDQ�9RFDWLRQDO
(GXFDWLRQ�DQG�7UDLQLQJ�0DQDJHPHQW�,QIRUPDWLRQ�6WDWLVWLFDO�6WDQGDUG��$9(70,66�
GDWD�HOHPHQWV�LQFOXGH�DVVLJQHG�TXDQWD�RI�WLPH�IRU�FRXUVHV�DQG�PRGXOHV�WKDW�DUH�UHIHUUHG
WR�LQ�WKLV�UHSRUW�DV�FXUULFXOXP�KRXUV��&XUULFXOXP�KRXUV�DUH�KRXUV�RI�VXSHUYLVHG�OHDUQLQJ
RU�WUDLQLQJ�GHHPHG�QHFHVVDU\�LQ�RUGHU�WR�DGHTXDWHO\�SUHVHQW�WKH�HGXFDWLRQDO�PDWHULDO
FRQWDLQHG�LQ�WKH�FRXUVH�RU�PRGXOH�
�

�,Q�WKLV�UHSRUW��GHILQLWLRQV�RI�FRXUVH�FRPSOHWLRQ��SDUWLDO�FRPSOHWLRQ�DQG�QRQ�FRPSOHWLRQ
DUH�EDVHG�RQ�WKH�DJJUHJDWHG�FXUULFXOXP�KRXUV�DQG�UHVXOWV�RI�PRGXOHV�WKDW�PDNH�XS�WKH
FRXUVH�
�

�6WXGHQWV�DUH�GHHPHG�WR�KDYH�
�� FRPSOHWHG�D�FRXUVH�LI�WKH�VXP�RI�WKH�VSHFLILHG�FXUULFXOXP�KRXUV�IRU�DOO�PRGXOHV�WKH\

VXFFHVVIXOO\�FRPSOHWHG�LV�HTXDO�WR��RU�JUHDWHU�WKDQ��WKH�VSHFLILHG�FXUULFXOXP�KRXUV
IRU�WKDW�FRXUVH�

�� SDUWLDOO\�FRPSOHWHG�D�FRXUVH�LI��EHIRUH�OHDYLQJ�WKH�FRXUVH��WKH\�GLG�QRW�FRPSOHWH�WKH
FRXUVH�DV�GHILQHG�DERYH�EXW�VXFFHVVIXOO\�FRPSOHWHG��DW�WKH�ILUVW�DWWHPSW��DW�OHDVW�RQH
PRGXOH�WKH\�HQUROOHG�IRU�DQG�GLG�QRW�IDLO�DQ\�RWKHU�PRGXOHV��DQG

�� QRW�FRPSOHWHG�D�FRXUVH�LI�WKH\�GR�QRW�IDOO�LQWR�RQH�RI�WKH�WZR�DERYH�FDWHJRULHV�
�

�7KH�DERYH�GHILQLWLRQ�RI�FRXUVH�FRPSOHWLRQ�LQFOXGHV�DOO�VWXGHQWV�ZKR�DUH�HOLJLEOH��LQ
WHUPV�RI�FXUULFXOXP�KRXUV��IRU�ZKDWHYHU�FHUWLILFDWLRQ�LV�DVVRFLDWHG�ZLWK�D�FRPSOHWHG
FRXUVH�
�

�7KHUH�DUH�QR�RIILFLDO�VWDWLVWLFV�RQ�WKH�OHQJWK�RI�WLPH�LQ�\HDUV�WDNHQ�E\�VWXGHQWV�WR
FRPSOHWH�FRXUVHV��2XU�LQLWLDO�DQDO\VLV�RI�GDWD�VKRZHG�ZLGH�YDULDWLRQ�LQ�VWXGHQW�SURJUHVV

������������������������������������������������
����,Q����������SHU�FHQW�RI�DOO�FRXUVH�HQUROPHQWV�ZHUH�IRU�SURJUDPV�QRW�OHDGLQJ�WR�D�UHFRJQLVHG
TXDOLILFDWLRQ�
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WKURXJK�FRXUVHV�WKDW�ZHUH�DOPRVW�LGHQWLFDO�LQ�WHUPV�RI�WKH�FXUULFXOXP�KRXUV�VSHFLILHG�IRU
WKHLU�FRPSOHWLRQ��)RU�WKLV�UHDVRQ�D�FRXUVH�ZDV�FDWHJRULVHG�LQ�WHUPV�RI�WKH�PRGDO�SHULRG
RI�WLPH�LW�WRRN�VWXGHQWV�WR�FRPSOHWH�LW��%\�FODVVLI\LQJ�FRXUVHV�LQ�WKH�PDQQHU�VXJJHVWHG
KHUH��GLIIHUHQW�EHKDYLRXU�SDWWHUQV�IRU�FDWHJRULHV�RI�FRXUVHV�PD\�EHFRPH�HYLGHQW�
SDWWHUQV�ZKLFK�PLJKW�RWKHUZLVH�EH�DYHUDJHG�RXW�
�6LQFH�7$)(�GDWD�DUH�RQO\�FRPSLOHG�RQ�DQ�DQQXDO�EDVLV��WKH�DFWXDO�SHULRG�RI�HQUROPHQW
FDQ�RQO\�EH�LQGLFDWHG�RQ�D�ZKROH�\HDU�EDVLV��WKRXJK�LW�LV�DFNQRZOHGJHG�WKDW�VWXGHQWV
PD\�FRPSOHWH�D�FRXUVH�LQ�VRPH�IUDFWLRQ�RI�D�\HDU�RU�\HDUV��7KH�WKUHH�FDWHJRULHV�ZHUH
QHYHUWKHOHVV�GHILQHG�DV�RQH���WZR��DQG�WKUHH�\HDU�FRXUVHV��)RU�H[DPSOH��LI�LQ�D�JLYHQ
FRXUVH�PRVW�VWXGHQWV�ZKR�FRPSOHWHG�LW�GLG�VR�LQ�RQH�\HDU��RU�OHVV���WKHQ�WKLV�FRXUVH�ZDV
FODVVLILHG�DV�D�RQH�\HDU�FRXUVH��$QDO\VLQJ�FRXUVH�HQUROPHQWV�RQ�WKLV�EDVLV�LQGLFDWHG�WKDW
���SHU�FHQW�RI�FRXUVHV�FRXOG�EH�FRQVLGHUHG�DV�RQH�\HDU�
�

�0DQ\�RI�WKH�FRXUVHV��ZKLFK�DUH�FODVVLILHG�DV�RQH�\HDU�LQ�WKLV�UHSRUW��ZRXOG�EH�FRXUVHV
IRU�ZKLFK�WKH�VSHFLILHG�PRGXOH�KRXUV�DUH�OHVV�WKDQ�����KRXUV��6XFK�FRXUVHV�PDGH�XS���
SHU�FHQW�RI�DOO�FRXUVH�HQUROPHQWV�EXW�RQO\����SHU�FHQW�RI�FRQWDFW�KRXUV�LQ�������,W�LV
LPSRUWDQW�WR�UHPHPEHU�WKDW�VRPH�DUH�YHU\�VKRUW�FRXUVHV��DOWKRXJK�FRXUVHV�RI�MXVW�RQH
PRGXOH�LQ�OHQJWK�DUH�QRW�LQFOXGHG�LQ�WKH�DQDO\VLV�LQ�WKLV�UHSRUW��
�

�7KH�QXPEHU�RI�KRXUV�VWXGHQWV�HQURO�IRU�LQ�D�VLQJOH�FDOHQGDU�\HDU�FDQ�UDQJH�IURP�XQGHU
���KRXUV�WR�RYHU�����KRXUV��7KH�DFWXDO�WLPH�WDNHQ�E\�VWXGHQWV�WR�FRPSOHWH�D�FRXUVH�FDQ
YDU\�EHFDXVH�RI�WKH�PRGH�RI�HQUROPHQW�RU�PRGH�RI�GHOLYHU\��$�YHU\�ODUJH�SURSRUWLRQ�RI
HQUROPHQW�LV�RQ�D�SDUW�WLPH�EDVLV��WKDW�LV��OHVV�WKDQ�����VSHFLILHG�FXUULFXOXP�KRXUV�SHU
\HDU��
�

�7KH�PRGHO
�

�7KH�PRGHO�XVHG�LQ�WKLV�UHSRUW�WR�DQDO\VH�VWXGHQW�IORZV�LV�EDVHG�RQ�WUDFLQJ�WKH
SURSRUWLRQV�RI�VWXGHQWV�ZKR�PRYH�WKURXJK�YDULRXV�VWDJHV�RI�D�FRXUVH��$�VWDJH�LV�GHILQHG
E\�UHIHUHQFH�WR�WKH�FRPSOHWLRQ�RI�D�FHUWDLQ�SURSRUWLRQ�RI�FRXUVH�KRXUV��7KH�PRGHO
LQFOXGHV�WKUHH�RXWFRPHV�IRU�VWXGHQWV�HQUROOLQJ�LQ�D�FRXUVH²FRXUVH�FRPSOHWLRQ��SDUWLDO
FRPSOHWLRQ�DQG�QRQ�FRPSOHWLRQ�DV�GHILQHG�HDUOLHU��2Q�WKH�EDVLV�RI�SDVW�GDWD�RQ�VWXGHQW
IORZV�WKURXJK�YDULRXV�VWDJHV�RI�D�FRXUVH��WKH�PRGHO�HVWLPDWHV�WKH�SUREDELOLWLHV�RI
DFKLHYLQJ�WKH�WKUHH�RXWFRPHV�IRU�YDULRXV�FDWHJRULHV�RI�VWXGHQWV��7KH�PRGHO�LV�GLIIHUHQW
IURP�WKRVH�XVHG�LQ�DQDO\VLQJ�VWXGHQW�IORZV�WKURXJK�WKH�KLJKHU�HGXFDWLRQ�VHFWRU�ZKHUH
XVXDOO\�RQO\�WZR�RXWFRPHV�RI�FRXUVH�HQUROPHQW�DUH�FRQVLGHUHG²FRPSOHWLRQ�DQG
GURSRXW�
�

�6FRSH�RI�WKH�VWXG\
�

�7KH�PRGHO�ZDV�HVWLPDWHG�ZLWK�QDWLRQDO�9(7�GDWD�FROOHFWHG�IRU�WKH�SHULRG������WR������
7KHVH�GDWD�DUH�KHOG�E\�1&9(5��:H�RQO\�FRQVLGHU�WKH�SURJUHVV�RI�7$)(�LQVWLWXWH�EDVHG
VWXGHQWV��DJHG����DQG�RYHU��ZKR�FRPPHQFHG�D�FRXUVH�LQ�������(QUROPHQWV�LQ
UHFUHDWLRQDO�DQG�OHLVXUH�FRXUVHV��VWUHDP�������DQG�VLQJOH�PRGXOH�FRXUVHV�DUH�H[FOXGHG
IURP�WKH�DQDO\VHV��)XUWKHUPRUH��WKH�VWXG\�H[FOXGHV�DQ\�HQUROPHQW�WKDW�UHOLHG�XSRQ
UHFRJQLWLRQ�RI�SULRU�OHDUQLQJ��53/��RU�FUHGLW�WUDQVIHU��$IWHU�WKHVH�H[FOXVLRQV��DERXW
��������FRPPHQFLQJ�FRXUVH�HQUROPHQWV�LQ������IHOO�ZLWKLQ�WKH�VFRSH�RI�WKLV�VWXG\��$
VWXGHQW�PD\�EH�DVVRFLDWHG�ZLWK�PRUH�WKDQ�RQH�FRXUVH�HQUROPHQW�
�
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�,W�FDQ�EH�QRWHG�WKDW�VRPH�RI�WKRVH�ZKR�GR�QRW�FRPSOHWH�D�FRXUVH�PD\�UHFRPPHQFH�WKH
VDPH�RU�D�GLIIHUHQW�FRXUVH�DW�D�ODWHU�GDWH��5H�FRPPHQFHPHQWV�DUH�QRW�FRQVLGHUHG�LQ�WKLV
VWXG\�
�

�.H\�UHVXOWV
�

�7KH�PRGHO�SURYLGHV��IRU�WKH�ILUVW�WLPH��QDWLRQDO�HVWLPDWHV�RI�WKH�SUREDELOLWLHV�RI
FRPSOHWLRQ��SDUWLDO�FRPSOHWLRQ�DQG�QRQ�FRPSOHWLRQ�RI�D�7$)(�FRXUVH��$OWKRXJK�WKH�UDWH
RI�VXFFHVVIXO�RXWFRPHV�LV�KLJK�IRU�FRXUVHV�DV�D�ZKROH��WKH�UHVXOWV�VKRZ�FRQVLGHUDEOH
YDULDWLRQ�E\�DJH�DQG�VH[�RI�VWXGHQWV��ILHOGV�RI�VWXG\�DQG�VWUHDPV�RI�VWXG\�
�

�0RVW�VWXGHQWV�OHDYH�ZLWK�D�SRVLWLYH�RXWFRPH
�&RPSOHWLRQ�DQG�SDUWLDO�FRPSOHWLRQ�RI�D�FRXUVH��WKH�WZR�VDWLVIDFWRU\�RXWFRPHV�IURP�PRVW
VWXGHQWV¶�SHUVSHFWLYH��DUH�IRXQG�WR�EH�WKH�PRVW�OLNHO\�UHVXOWV��2YHU����SHU�FHQW�RI
HQUROPHQWV�DUH�H[SHFWHG�WR�UHVXOW�LQ�WKHVH�WZR�RXWFRPHV��ZLWK����SHU�FHQW�LQ�SDUWLDO
FRPSOHWLRQV�DQG����SHU�FHQW�LQ�IXOO�FRXUVH�FRPSOHWLRQV��7KH�YHU\�KLJK�UDWH�RI�SDUWLDO
FRPSOHWLRQ�PHDQV�WKDW�WKH�WUXH�VNLOO�OHYHO�RI�WKH�$XVWUDOLDQ�ZRUNIRUFH�FRXOG�EH�KLJKHU
WKDQ�WKH�OHYHO�VXJJHVWHG�E\�TXDOLILFDWLRQV�GDWD�DORQH��6WXGHQW�VXFFHVV�UDWHV��DV�RSSRVHG
WR�WKH�FRXUVH�VXFFHVV�UDWHV�UHSRUWHG�KHUH��DUH�OLNHO\�WR�EH�KLJKHU�HVSHFLDOO\�LI�UH�
FRPPHQFHUV�DUH�LQFOXGHG�LQ�WKH�FDOFXODWLRQ�
�

�7KH�VLJQLILFDQFH�RI�VXFFHVVIXO�PRGXOH�FRPSOHWLRQ
�7KH�UHVXOWV�LQGLFDWH�SDUWLDO�FRPSOHWLRQ�WR�EH�D�YHU\�VLJQLILFDQW�RXWFRPH�RI�D�7$)(
FRXUVH�HQUROPHQW��$OPRVW�KDOI�RI�DOO�FRXUVH�HQUROPHQWV�DUH�H[SHFWHG�WR�UHVXOW�LQ�SDUWLDO
FRPSOHWLRQ��ZKLFK�LV�WZLFH�WKH�SURSRUWLRQ�RI�FRPSOHWLRQV��7KLV�VXJJHVWV�D�VLJQLILFDQW
GHJUHH�RI�IOH[LELOLW\�LQ�WKH�7$)(�V\VWHP�WR�DFFRPPRGDWH�WKRVH�VWXGHQWV�ZKR�ZLVK�WR
DFTXLUH�VNLOOV�RU�FRPSHWHQFLHV�DV�WKH\�QHHG�WKHP��UDWKHU�WKDQ�TXDOLILFDWLRQV��)RU
H[DPSOH��LQ�WKH�UDSLGO\�FKDQJLQJ�LQIRUPDWLRQ�WHFKQRORJ\�DUHD��WKH�VKHOI�OLIH�RI�D�VNLOO
FRXOG�EH�TXLWH�VKRUW��DQG�VWXGHQWV�PD\�ZLVK�WR�XSGDWH�RQO\�WKRVH�VSHFLILF�VNLOOV�RI
LPPHGLDWH�DSSOLFDWLRQ��,JQRULQJ�RU�QRW�PHDVXULQJ�SDUWLDO�FRPSOHWLRQV�RI�FRXUVHV�ZRXOG
EH�D�JURVV�XQGHUHVWLPDWLRQ�RI�WKH�WUXH�RXWSXW�RI�WKH�7$)(�V\VWHP�
�

�7KH�SDWWHUQ�RI�VXFFHVV�YDULHV�E\�OHQJWK�RI�FRXUVH
�7KH�SUREDELOLW\�RI�FRPSOHWLRQ�RU�SDUWLDO�FRPSOHWLRQ�DUH�VXEVWDQWLDOO\�KLJKHU�IRU�RQH��DQG
WKUHH�\HDU�FRXUVHV�������DQG�������WKDQ�WKH\�DUH�IRU�WZR�\HDU�FRXUVHV���������3HUKDSV�QRW
VXUSULVLQJO\��ORQJHU�FRXUVHV�KDYH�KLJKHU�SUREDELOLWLHV�RI�SDUWLDO�FRPSOHWLRQ�DQG�ORZHU
SUREDELOLWLHV�RI�FRXUVH�FRPSOHWLRQ�WKDQ�GR�VKRUWHU�FRXUVHV��2I�WKH�VXFFHVVIXO�RXWFRPHV
LQ�RQH���WZR��DQG�WKUHH�\HDU�FRXUVHV���������DQG����SHU�FHQW��UHVSHFWLYHO\��DUH�SDUWLDO
FRPSOHWLRQV�
�

�2YHUDOO�WKHUH�DUH�YHU\�VPDOO�JHQGHU�GLIIHUHQFHV�LQ�VXFFHVV�UDWHV
�2Q�DYHUDJH��WKHUH�DUH�OLWWOH�GLIIHUHQFHV�EHWZHHQ�WKH�UDWHV�DW�ZKLFK�PDOHV�DQG�IHPDOHV
FRPSOHWH��RU�SDUWLDOO\�FRPSOHWH��D�FRXUVH��WKRXJK�PDOHV�KDYH�D�VOLJKWO\�KLJKHU�FKDQFH�RI
FRPSOHWLQJ�D�FRXUVH�DQG�IHPDOHV�D�VOLJKWO\�KLJKHU�FKDQFH�RI�SDUWLDOO\�FRPSOHWLQJ�D
FRXUVH�
�

�$JH�PDNHV�D�GLIIHUHQFH��EXW�WKH�SDWWHUQ�LV�FRPSOH[
�7KH�YDULDWLRQ�LQ�WKH�UHVXOWV�E\�WKH�DJH�RI�VWXGHQWV�ZDV�IRXQG�WR�EH�PRUH�VXEVWDQWLDO��7KH
SUREDELOLW\�RI�FRPSOHWLRQ�HLWKHU�LQFUHDVHV�ZLWK�DJH�RU�GHFUHDVHV�GHSHQGLQJ�RQ�ZKHWKHU�LW
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LV�D�RQH���WZR��RU�WKUHH�\HDU�FRXUVH��$OWKRXJK�WKH�YDULDWLRQ�LQ�WKH�SUREDELOLWLHV�IRU�RWKHU
FRXUVH�RXWFRPHV��SDUWLDO�FRPSOHWLRQ�DQG�QRQ�FRPSOHWLRQ�LV�DOVR�VXEVWDQWLDO��WKH�SDWWHUQV
LQ�WKHVH�FDVHV�DUH�PRUH�FRPSOH[�
�

�6XFFHVV�UDWHV�YDU\�VXEVWDQWLDOO\�E\�VWUHDPV�RI�VWXG\
�7KHUH�LV�D�ODUJH�YDULDWLRQ�LQ�VXFFHVV�UDWHV�DFURVV�VWUHDPV�RI�VWXG\��6WXGHQWV�WDNLQJ
&RXUVHV�VXEVHTXHQW�WR�DQ�LQLWLDO�YRFDWLRQDO�FRXUVH²DW�D�VNLOOHG�OHYHO��VWUHDP������
KDYH�D������SUREDELOLW\�RI�VXFFHVV��WZR�WKLUGV�RI�ZKLFK�LV�LQ�WKH�IRUP�RI�IXOO�FRXUVH
FRPSOHWLRQ���WKH�KLJKHVW�IRU�DQ\�VWUHDP��,Q�FRQWUDVW��WKRVH�WDNLQJ�3DUD�SURIHVVLRQDO�
WHFKQLFLDQ�FRXUVHV��VWUHDP�������KDYH������SUREDELOLW\�RI�VXFFHVV��DOPRVW�QLQH�WHQWKV�RI
ZKLFK�LV�LQ�WKH�IRUP�RI�SDUWLDO�FRPSOHWLRQ��
�

�6XFFHVV�UDWHV�YDU\�VXEVWDQWLDOO\�E\�ILHOGV�RI�VWXG\
�7KH�YDULDELOLW\�RI�SUREDELOLW\�RI�VXFFHVV�DFURVV�ILHOGV�RI�VWXG\�LV�OHVV�WKDQ�WKDW�DFURVV
VWUHDPV�RI�VWXG\��,W�YDULHV�IURP�������RI�ZKLFK�VHYHQ�WHQWKV�LV�SDUWLDO�FRPSOHWLRQ��IRU
/DZ�DQG�OHJDO�VWXGLHV��ILHOG�����XS�WR�������RI�ZKLFK�MXVW�XQGHU�WZR�WKLUGV�LV�SDUWLDO
FRPSOHWLRQ��IRU�7$)(�PXOWL�ILHOG�HGXFDWLRQ�
�

�)XUWKHU�UHVHDUFK�DQG�GHYHORSPHQW
�

�7KH�PRGHO�GHYHORSHG�LQ�WKLV�UHSRUW�KDV�SURYLGHG�IRU�WKH�ILUVW�WLPH�GHWDLOHG�HVWLPDWHV�IRU
WKH�IORZ�RI�VWXGHQWV�WKURXJK�7$)(�FRXUVHV�LQ�$XVWUDOLD��,W�IRFXVHG�RQ�QDWLRQDO�GDWD��EXW
FDQ�EH�UHDGLO\�DGDSWHG�WR�DQDO\VH�GDWD�DW�WKH�6WDWH�OHYHO��$OWKRXJK�WKH�UHGXFHG�DPRXQW�RI
GDWD�DYDLODEOH�DW�WKH�6WDWH�OHYHO�PD\�SUHYHQW�HVWLPDWLRQ�RI�PRGHOV�IRU�DOO�WKH�JURXSV�RI
FRXUVHV�LGHQWLILHG�LQ�WKLV�UHSRUW��XVHIXO�LQIRUPDWLRQ�FRXOG�QHYHUWKHOHVV�EH�REWDLQHG�
�

�7KH�UHVXOWV�VXJJHVW�WKDW�SDUWLDO�FRPSOHWLRQ�LV�D�YHU\�VLJQLILFDQW�FRXUVH�HQUROPHQW
RXWFRPH�LQ�7$)(��)RU�VWXGHQWV��IXOO�FRXUVH�FRPSOHWLRQ�FHUWDLQO\�DSSHDUV�WR�EH�RI�OHVV
VLJQLILFDQFH�WKDQ�WKH�FRPSOHWLRQ�RI�VRPH�PRGXOHV��+RZHYHU��LQ�RUGHU�WR�GHYHORS�VRXQG
SROLF\�RQ�WKLV�LVVXH��WKH�UHDVRQV�IRU�SDUWLDO�FRPSOHWLRQ�RI�FRXUVHV�QHHG�WR�EH�GHWHUPLQHG�
)XUWKHU�UHVHDUFK�FRXOG�DOVR�GLVDJJUHJDWH�SDUWLDO�FRPSOHWLRQV�LQWR�GLIIHUHQW�W\SHV��,W
ZRXOG�DOVR�EH�LQWHUHVWLQJ�WR�GHWHUPLQH�LI�FHUWDLQ�W\SHV�RI�PRGXOHV�RI�D�FRXUVH�DUH�PRUH
FRPPRQ�IRU�SDUWLDO�FRPSOHWHUV�WR�HQURO�LQ�WKDQ�RWKHU�W\SHV��6XUYH\V�RI�VWXGHQWV�ZKR
SDUWLDOO\�FRPSOHWH�FRXUVHV�PD\�KHOS�WR�VKHG�IXUWKHU�OLJKW�RQ�WKHVH�LPSRUWDQW�LVVXHV�
�

�*LYHQ�WKH�VLJQLILFDQFH�RI�SDUWLDO�FRXUVH�FRPSOHWLRQ�LQ�7$)(�DV�GHPRQVWUDWHG�LQ�WKLV
UHSRUW��RQH�FRXOG�DUJXH�WKDW�FRPSOHWHG�TXDOLILFDWLRQV�XQGHUHVWLPDWH�WKH�VWRFN�RI�VNLOOV�LQ
WKH�ZRUNIRUFH�
�

�5HVHDUFK�RQ�WKH�ODERXU�PDUNHW�FRQVHTXHQFHV�RI�SDUWLDOO\�FRPSOHWLQJ�D�FRXUVH�LV�DQRWKHU
LPSRUWDQW�DUHD�WKDW�UHTXLUHV�IXUWKHU�LQYHVWLJDWLRQ��,W�LV�SRVVLEOH�WKDW�WKH�VWXGHQWV�ZKR
SDUWLDOO\�FRPSOHWH�FRXUVHV�DUH�UHIOHFWLQJ�WKH�LPSHUDWLYHV�RI�WKH�ODERXU�PDUNHW��6RPH
VNLOOV�WHQG�WR�EHFRPH�REVROHWH�LQ�D�UHODWLYHO\�VKRUW�WLPH�GXH�WR�UDSLG�WHFKQRORJLFDO�DQG
RUJDQLVDWLRQDO�FKDQJH��6XFK�VNLOOV�QHHG�WR�EH�FRQVWDQWO\�XSJUDGHG��EXW�ZLWK�D�PLQLPXP
RI�GLVUXSWLRQ�WR�SURGXFWLRQ��7KHUHIRUH��VWXGHQWV��DQG�SHUKDSV�WKHLU�HPSOR\HUV��PD\�IRFXV
RQ�DFTXLULQJ�VNLOOV�DV�WKH\�DUH�QHHGHG��UDWKHU�WKDQ�RQ�LQYHVWLQJ�UHVRXUFHV�LQ�FRPSOHWH
FRXUVHV��SDUWV�RI�ZKLFK�PD\�KDYH�OLWWOH�UHOHYDQFH�WR�WKHLU�LPPHGLDWH�QHHGV�
�
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�7KH�FDXVHV�RI�WKH�VXEVWDQWLDO�YDULDWLRQ�LQ�WKH�UHVXOWV�DFURVV�VWUHDPV��RU�ILHOGV��RI�VWXG\
DQG�DJH�RI�VWXGHQWV�QHHG�IXUWKHU�LQYHVWLJDWLRQ��&RXOG�GLIIHUHQFHV�LQ�VWDQGDUGV�RI
DVVHVVPHQW��TXDOLW\�RI�WHDFKLQJ�RU�VWXGHQW�DSWLWXGH�DQG�PRWLYDWLRQ�EH�VRPH�RI�WKH�IDFWRUV
WKDW�H[SODLQ�WKH�YDULDWLRQ"�7KH�DQVZHU�WR�WKLV�TXHVWLRQ�QHHGV�IXUWKHU�UHVHDUFK�XVLQJ
DOWHUQDWLYH�GDWD�VRXUFHV�
�

�7KH�UHVHDUFK�UHSRUWHG�KHUH�KDV�UDLVHG�D�QXPEHU�RI�TXHVWLRQV�DERXW�RXWFRPHV�RI�D
VWXGHQW¶V�HQUROPHQW�LQ�D�7$)(�FRXUVH��,W�KDV�SURYLGHG�VWDWLVWLFDO�EDFNLQJ�WR�VRPH
JHQHUDOO\�KHOG�YLHZV�UHJDUGLQJ�WKH�LPSRUWDQFH�RI�SDUWLDO�FRPSOHWLRQ�DV�D�FRXUVH�RXWFRPH
LQ�WKH�7$)(�V\VWHP��7KH�UHVXOWV�IURP�WKLV�VWXG\�FDQ�DVVLVW�SROLF\�GHYHORSPHQW�LQ
LPSRUWDQW�DUHDV�VXFK�DV�UHVRXUFH�DOORFDWLRQ��TXDOLW\�DVVXUDQFH��VWXGHQW�VXSSRUW�VHUYLFHV�
DQG�WKH�GHYHORSPHQW�RI�DSSURSULDWH�RXWSXW�PHDVXUHV�WR�XVH�LQ�WKH�7$)(�V\VWHP�
�



���

�

� ,QWURGXFWLRQ
�

�

�

�7KLV�UHSRUW�GHYHORSV�D�PHWKRGRORJ\�IRU�DQDO\VLQJ�WKH�IORZ�RI�VWXGHQWV�WKURXJK�WKH
7HFKQLFDO�DQG�)XUWKHU�(GXFDWLRQ��7$)(��V\VWHP�LQ�$XVWUDOLD�DQG�UHSRUWV�RQ�LWV
DSSOLFDWLRQ�WR�GDWD�RQ�VWXGHQWV�ZKR�HQUROOHG�LQ�D�FRXUVH�IRU�WKH�ILUVW�WLPH�LQ�������7KH
IXQGLQJ�IRU�WKH�SURMHFW�ZDV�REWDLQHG�IURP�WKH�1DWLRQDO�5HVHDUFK�DQG�(YDOXDWLRQ
&RPPLWWHH��15(&���7KH�UHVHDUFK�RQ�ZKLFK�WKLV�UHSRUW�LV�EDVHG�ZDV�XQGHUWDNHQ�MRLQWO\
DW�WKH�1DWLRQDO�&HQWUH�IRU�9RFDWLRQDO�(GXFDWLRQ�5HVHDUFK��1&9(5��DQG�WKH�0RQDVK
8QLYHUVLW\±$&(5�&HQWUH�IRU�WKH�(FRQRPLFV�RI�(GXFDWLRQ�DQG�7UDLQLQJ��&((7��
�

�7KH�VWXGHQW�IORZ�UDWHV�WKURXJK�DQ�HGXFDWLRQ�V\VWHP�DUH�LPSRUWDQW�LQGLFDWRUV�RI�LWV
HIILFLHQF\��7KH�QXPEHU�RI�VWXGHQWV�JUDGXDWLQJ�GHSHQGV�RQ�WKH�QXPEHU�FRPPHQFLQJ��WKH
SUREDELOLW\�RI�FRXUVH�FRPSOHWLRQ�DQG�WKH�DYHUDJH�WLPH�WR�FRXUVH�FRPSOHWLRQ��%RRWK�DQG
6DWFKHOO��������FDQYDVV�WKH�XVH�RI�WKLV�W\SH�RI�LQGLFDWRU�LQ�DVVHVVLQJ�HIILFLHQF\�LQ�WKH
KLJKHU�HGXFDWLRQ�VHFWRU��7KH�PHDVXUHV�DUH�DOVR�LPSRUWDQW�DQG�UHOHYDQW�IRU�PRGHOOLQJ�WKH
VXSSO\�RI�TXDOLILHG�SHUVRQV�IRU�WKH�ODERXU�IRUFH�
�

�7KHUH�KDV�EHHQ�OLWWOH�UHVHDUFK�RQ�VWXGHQW�IORZV�WKURXJK�7$)(�FRXUVHV�LQ�$XVWUDOLD��2QH
RI�WKH�HDUOLHVW�VWXGLHV�LV�1D\ORU�DQG�1D\ORU���������LQ�ZKLFK�DWWULWLRQ�IURP�D�VHOHFWHG
QXPEHU�RI�FRXUVHV�LV�H[SODLQHG�E\�FKDUDFWHULVWLFV�RI�WKH�VWXGHQWV��2WKHU�VWXGLHV�RQ
DWWULWLRQ�DUH�3DUNLQVRQ�HW�DO���������DQG�'XEDOO�DQG�%DNHU���������*XWKULH�DQG�/RYHGHU
�������FDUULHG�RXW�D�VWXG\�RI�PXOWLSOH�HQWU\�DQG�H[LW�SRLQWV�IRU�VRPH�DVVRFLDWH�GLSORPD
FRXUVHV�LQ�6RXWK�$XVWUDOLD��DQG�LQFOXGHG�VRPH�VWXGHQW�IORZ�VWDWLVWLFV�LQ�WKHLU�UHSRUW�
0DFGRQDOG��������UHFRPPHQGHG�D�QDWLRQZLGH�VWXG\�EXW�QRWHG�WKH�QHHG�WR�RYHUFRPH
GDWD�SUREOHPV�EHIRUH�WKLV�FRXOG�EH�FDUULHG�RXW�
�

�0RUH�UHFHQWO\�5REHUWVRQ��������VWXGLHG�WKH�IORZ�RI�VWXGHQWV�WKURXJK�YHWHULQDU\�QXUVLQJ
FRXUVHV�LQ�9LFWRULD��7KLV�VWXG\�ZDV�TXLWH�EULHI��RQO\�FRYHUHG�VWXGHQWV�GRLQJ�WKH�FRXUVH
LQ�GLVWDQFH�PRGH�DQG�ZDV�PDLQO\�FRQFHUQHG�ZLWK�SDUWLFXODU�VWXGHQW�FKDUDFWHULVWLFV
DVVRFLDWHG�ZLWK�DWWULWLRQ�
�

�7UDLQHHVKLSV�ZHUH�LQWURGXFHG�LQ�$XVWUDOLD�LQ�������7KH\�SURYLGH�D�FRPELQDWLRQ�RI
HPSOR\PHQW�DQG�DSSURYHG�WUDLQLQJ�OHDGLQJ�WR�DQ�HQWU\�OHYHO�TXDOLILFDWLRQ��7KHLU
FRPSOHWLRQ�UDWHV�DUH�UHSRUWHG�LQ�*UH\�HW�DO����������D�UHSRUW�SUHSDUHG�IRU�WKH�5HVHDUFK
DQG�(YDOXDWLRQ�%UDQFK�RI�WKH�'HSDUWPHQW�RI�(GXFDWLRQ��7UDLQLQJ�DQG�<RXWK�$IIDLUV
�'(7<$���7KH�UHSRUW�FRQFOXGHV�WKDW�WKH�SURSRUWLRQ�RI�WUDLQHHV�QRW�FRPSOHWLQJ�WKHLU
WUDLQHHVKLSV�DYHUDJHG����SHU�FHQW�EHWZHHQ������DQG�������ZLWK�WKH�SURSRUWLRQ�ULVLQJ�WR
���SHU�FHQW�LQ�������7UDLQHHVKLSV�DUH�RQO\�D�VPDOO�SURSRUWLRQ�RI�WRWDO�YRFDWLRQDO
HGXFDWLRQ�DQG�WUDLQLQJ��9(7��HQUROPHQWV�LQ�9(7�DQG�HQWUDQWV�DUH�SUHGRPLQDQWO\�\RXQJ�
�
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�,Q�D�SDUDOOHO�SURMHFW��5D\�HW�DO���������ORRNHG�DW�DSSUHQWLFHVKLSV�WKDW�ZHUH�FRPPHQFHG
EHWZHHQ�-XO\������DQG�-XQH�������8QOLNH�WKH�VWXG\�RQ�WUDLQHHVKLSV�WKDW�ORRNHG�DW
�FRPSOHWLRQV��WKLV�VWXG\�FRQVLGHUHG�DWWULWLRQ��$WWULWLRQ�ZDV�GHHPHG�WR�KDYH�RFFXUUHG
ZKHQ�DQ�DSSUHQWLFH�ZLWKGUHZ�IURP�DQ�DSSUHQWLFHVKLS�FRQWUDFW�SULRU�WR�FRPSOHWLRQ�DQG
GLG�QRW�UHFRPPHQFH�ZLWKLQ�D�WZR�\HDU�SHULRG�LQ�WKH�VDPH�RFFXSDWLRQ��$OWKRXJK�IRU
VRPH�SXUSRVHV�VXFK�D�GHILQLWLRQ�PD\�EH�DSSURSULDWH��LW�PD\�QRW�EH�VR�ZKHQ�RQH�ZDQWV�WR
ORRN�DW�HIILFLHQF\��)RU�H[DPSOH��LW�GRHV�QRW�DFFRXQW�IRU�WKH�LQHIILFLHQF\�WKDW�PD\�RFFXU
DV�D�UHVXOW�RI�D�PLVPDWFK�RI�DQ�LQGLYLGXDO�WR�WKH�ZRUNSODFH�ZKHUH�WUDLQLQJ�LV�WR�RFFXU�
4XLWH�KLJK�VHW�XS�FRVWV�DUH�LQYROYHG�LI�PLVPDWFKHV�RFFXU��DSDUW�IURP�WKH�H[WUD�WLPH�IRU
WKH�FRPSOHWLRQ�RI�WKH�DSSUHQWLFHVKLS�LWVHOI��7KH�UHSRUW�HVWLPDWHV�DQ�DWWULWLRQ�UDWH�RI���
SHU�FHQW�IRXU�\HDUV�DIWHU�FRPPHQFHPHQW�RI�DQ�DSSUHQWLFHVKLS��7KH�DXWKRUV��KRZHYHU�
VWUHVV�WKDW�WKHLU�HVWLPDWHV�DUH�RQO\�SUHOLPLQDU\�EHFDXVH�RI�WLPH�ODJV�LQYROYHG�LQ�GDWD
FROOHFWLRQ��7KH\�FRQFOXGH�WKDW�ILQDO�GDWD�RQ�WKRVH�ZKR�FRPPHQFHG�LQ�����±���ZLOO�QRW
EH�NQRZQ�XQWLO�WKH�HQG�RI�������$�VKRUWFRPLQJ�RI�WKH�VWXG\�LV�WKH�ODFN�RI�LQIRUPDWLRQ
RQ�DFWXDO�FRPSOHWLRQV�
�

�7KH�1&9(5�DQQXDO�SXEOLFDWLRQ��$XVWUDOLDQ�9RFDWLRQDO�(GXFDWLRQ�DQG�7UDLQLQJ
6WDWLVWLFV��UHSRUWV�RQ��DPRQJ�RWKHU�WKLQJV��UHVXOWV�RI�PRGXOH�HQUROPHQWV�LQ�WKH�7$)(
V\VWHP��$�VHTXHQFH�RI�PRGXOHV�PDNHV�XS�D�FRXUVH��)RU�H[DPSOH��1&9(5�������
UHSRUWV����SHU�FHQW�RI�DOO�PRGXOH�HQUROPHQWV�UHVXOWHG�LQ�D�VXFFHVVIXO�FRPSOHWLRQ�LQ
������)RU�YDULRXV�UHDVRQV��FRXUVH�FRPSOHWLRQ�GDWD�DUH�DV�\HW�XQDYDLODEOH�IRU�LQFOXVLRQ�LQ
WKHVH�SXEOLFDWLRQV��HYHQ�WKRXJK�FRXUVH�HQUROPHQW�GDWD�DUH�UHSRUWHG��%DOO��������ORRNHG
DW�VWXGHQW�GHPRJUDSKLF�IDFWRUV�DIIHFWLQJ�PRGXOH�FRPSOHWLRQ��&RXUVH�FRPSOHWLRQ�ZDV
QRW�FRQVLGHUHG�LQ�KHU�VWXG\�
�

�7KH�PRGXOH�UHVXOWV�IRUP�WKH�EDVLV�RI�D�NH\�SHUIRUPDQFH�PHDVXUH�RI�WKH�HIIHFWLYHQHVV�RI
WKH�WUDLQLQJ�V\VWHP��(DFK�6WDWH�DQG�7HUULWRU\�XVHV�WKH�0RGXOH�/RDG�&RPSOHWLRQ�5DWH
�0/&5��PHDVXUH�WR�UHSRUW�RXWSXW�RI�WKHLU�WUDLQLQJ�V\VWHP��,W�LV�EDVLFDOO\�D�ZHLJKWHG
PRGXOH�FRPSOHWLRQ�UDWH�ZKHUH�WKH�ZHLJKWV�DUH�WKH�FXUULFXOXP�KRXUV�IRU�WKH�PRGXOH��7KH
RYHUDOO�9LFWRULDQ�0/&5�LQ������ZDV����SHU�FHQW��27)(��������ZKLOH�WKDW�IRU�16:�LQ
�����ZDV����SHU�FHQW��16:%9(7��������+RZHYHU��WKHUH�ZDV�D�GHDO�RI�YDULDELOLW\�LQ�WKH
PHDVXUH�DFURVV�ILHOGV�RI�VWXG\�DQG�GHPRJUDSKLF�JURXSV��)RU�������WKH�QDWLRQDO�DYHUDJH
0/&5�ZDV����SHU�FHQW��ZLWK�ORZHVW�UDWH�RI����SHU�FHQW�LQ�WKH�1RUWKHUQ�7HUULWRU\�DQG�WKH
KLJKHVW�UDWH�RI����SHU�FHQW�LQ�7DVPDQLD��EXW�WKH�UDWH�IRU�1HZ�6RXWK�:DOHV�DQG�9LFWRULD
QHDU�WKH�QDWLRQDO�DYHUDJH��$17$�������
�

�0RGXOH�FRPSOHWLRQ�UDWHV�DQG�0/&5��WKRXJK�LPSRUWDQW��GR�QRW�SURYLGH�D�FRPSOHWH
SLFWXUH�RI�VWXGHQW�IORZV�WKURXJK�7$)(�FRXUVHV��7R�REWDLQ�D�PRUH�FRPSOHWH�YLHZ�LW�LV
LPSRUWDQW�WR�VXSSOHPHQW�VXFK�FRUH�GDWD�RQ�RXWFRPHV�ZLWK�DGGLWLRQDO�GDWD�RQ�RWKHU
HQUROPHQW�RXWFRPHV��$IWHU�DOO��RQO\�VXFFHVVIXO�FRPSOHWLRQ�RI�D�FRXUVH�PD\�OHDG�WR�WKH
DZDUG�RI�D�UHFRJQLVHG�TXDOLILFDWLRQ�
�

�7KH�UHYLHZ�RI�WKH�OLWHUDWXUH�VKRZV�OLWWOH�UHVHDUFK�KDG�EHHQ�GRQH�WR�VWXG\�DQG�TXDQWLI\
WKH�H[WHQW�DQG�QDWXUH�RI�VWXGHQW�IORZV�WKURXJK�7$)(�LQ�$XVWUDOLD��7KH�ZRUN�WKDW�KDV
EHHQ�GRQH�LV�SDWFK\��VRPH�LV�GDWHG�DQG�WKH�PRUH�UHFHQW�ZRUN�IRFXVHV�RQO\�RQ�SDUWLFXODU
VXE�JURXSV��1R�VWXG\�WR�GDWH�KDV�WDNHQ�D�FRPSUHKHQVLYH�ORRN�DW�WKH�V\VWHP�DV�D�ZKROH�
7KHUH�DUH�WZR�PDLQ�UHDVRQV�IRU�WKH�ODFN�RI�VXFK�D�VWXG\�
�
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�)LUVW��XQWLO�UHFHQWO\��IHZ�GDWD�RQ�VWXGHQW�SURJUHVV�WKURXJK�7$)(�FRXUVHV�ZHUH�FROOHFWHG�
7KH�GDWD�FROOHFWHG�ZHUH�QRQ�VWDQGDUG�DQG�YDULHG�LQ�TXDOLW\�DQG�H[WHQW�DFURVV�6WDWH�DQG
7HUULWRU\�MXULVGLFWLRQV��7KLV�LV�OHVV�WUXH�VLQFH�������ZKHQ�&RPPRQZHDOWK�DQG�6WDWH
0LQLVWHUV�GHFLGHG�WR�DGRSW�D�FRPPRQ�GDWD�VWDQGDUG��WKH�$XVWUDOLDQ�9RFDWLRQDO
(GXFDWLRQ�DQG�7UDLQLQJ�0DQDJHPHQW�,QIRUPDWLRQ�6WDWLVWLFDO�6WDQGDUG��$9(70,66��IRU
WKH�QDWLRQDO�UHSRUWLQJ��7KLV�VWDQGDUG�ZDV�LQWHQGHG�WR�LPSURYH�WKH�FRQVLVWHQF\�DQG
TXDOLW\�RI�9(7�GDWD��DQG��DOWKRXJK�WKHUH�DUH�VWLOO�VRPH�SUREOHPV�WR�RYHUFRPH��LQFOXGLQJ
ZLGHU�DFFHVV�WR�WKHP�IRU�SXEOLF�UHVHDUFK��WKH�GDWD�FROOHFWHG�VLQFH������DUH
FRPSUHKHQVLYH�DQG�ULFK�LQ�LQIRUPDWLRQ�
�

�6HFRQG��D�PDMRU�FRPSOLFDWLQJ�IDFWRU�LQ�VWXG\LQJ�IORZV�RI�VWXGHQWV�WKURXJK�7$)(�LV�WKDW
QRW�DOO�VWXGHQWV�ZKR�HQURO�LQ�D�FRXUVH�LQWHQG�WR�FRPSOHWH�WKDW�FRXUVH��8QOLNH�WKH�KLJKHU
HGXFDWLRQ�VHFWRU��LQ�ZKLFK�PRVW�VWXGHQWV�HQURO�LQ�D�FRXUVH�ZLWK�WKH�LQWHQWLRQ�RI
REWDLQLQJ�D�TXDOLILFDWLRQ��LQ�WKH�9(7�VHFWRU�PDQ\�VWXGHQWV�LQWHQG�WR�FRPSOHWH�RQO\�VRPH
PRGXOHV�RI�WKH�FRXUVH��7KHVH�VWXGHQWV�DUH�SULPDULO\�LQWHUHVWHG�LQ�DFTXLULQJ�VSHFLILF
VNLOOV��+RZHYHU��WKH\�DUH�HQUROOHG�LQ�WKH�ZKROH�FRXUVH�DV�D�PDWWHU�RI�DGPLQLVWUDWLYH
FRQYHQLHQFH�E\�WKH�7$)(�FROOHJHV��7KH�VWXGHQWV�ZKR�IDOO�ZLWKLQ�WKLV�JURXS�DUH�QRW
LGHQWLILHG�LQ�VWXGHQW�GDWD�FROOHFWLRQV��DQG��KHQFH��LW�LV�GLIILFXOW�WR�TXDQWLI\�WKHLU�QXPEHUV
ZLWKRXW�IXUWKHU�UHVHDUFK�LQWR�VWXGHQW�PRWLYDWLRQ�
�

�,W�LV�LQDSSURSULDWH��WKHUHIRUH��WR�FRQVLGHU�RQO\�WKRVH�VWXGHQWV�ZKR�FRPSOHWH�WKH�ZKROH
FRXUVH�DV�KDYLQJ�DFKLHYHG�D�VXFFHVVIXO�RXWFRPH��,W�LV�VLPLODUO\�LQDSSURSULDWH�WR�FRQVLGHU
DV�DQ�LQGLFDWRU�RI�WKH�VXFFHVV�UDWH�RI�D�FRXUVH�WKH�SURSRUWLRQ�RI�FRPPHQFHUV�ZKR
FRPSOHWH�WKH�ZKROH�FRXUVH��0DQ\�RI�WKH�FRPPHQFHUV²WKH�GHQRPLQDWRU�LQ�WKH
FDOFXODWLRQ�RI�WKH�UDWH²PD\�KDYH�KDG�QR�LQWHQWLRQ�RI�FRPSOHWLQJ�WKH�ZKROH�FRXUVH�
�

�7KHUH�LV�QR�GLUHFW�ZD\�WR�GLVWLQJXLVK�VWXGHQWV�ZKR�LQWHQGHG�WR�FRPSOHWH�WKH�ZKROH
FRXUVH�IURP�WKRVH�ZKR�LQWHQGHG�RQO\�WR�FRPSOHWH�VRPH�PRGXOHV��6RPH�VLPSOLI\LQJ
DVVXPSWLRQV�DUH�UHTXLUHG��,Q�WKLV�VWXG\��LI�D�VWXGHQW�VXFFHVVIXOO\�FRPSOHWHV�WKH�PRGXOHV
LQ�ZKLFK�WKH\�HQUROOHG�DQG�WKHQ�ZLWKGUDZV�IURP�WKH�FRXUVH��QRW�KDYLQJ�FRPSOHWHG�LW��
WKHQ�WKH�VWXGHQW�LV�GHHPHG�WR�KDYH�SDUWLDOO\�VXFFHHGHG��3ULRU�LQWHQWLRQ�WR�XQGHUWDNH�RQO\
VRPH�PRGXOHV�LV�RQH�SRVVLEOH�UHDVRQ�IRU�ZLWKGUDZDO�IURP�WKH�FRXUVH��7KXV��VXFFHVVIXO
RXWFRPHV�LQFOXGH�ERWK�ZKROH�FRXUVH�FRPSOHWLRQ�DQG�SDUWLDO�FRXUVH�FRPSOHWLRQ��PRGXOH
FRPSOHWLRQ��
�

�+HQFH�WKH�UHSRUW�DQDO\VHV�WKUHH�SRVVLEOH�RXWFRPHV�IRU�D�VWXGHQW�HQUROOLQJ�LQ�D�FRXUVH�
�� FRPSOHWLRQ�RI�WKH�ZKROH�FRXUVH�
�� SDUWLDO�FRPSOHWLRQ��VXFFHVVIXO�FRPSOHWLRQ�RI�DOO�PRGXOHV�HQUROOHG�LQ��DQG

ZLWKGUDZLQJ�IURP�WKH�FRXUVH��DQG
�� QRQ�FRPSOHWLRQ��IDLOLQJ�VRPH�SDUW�RI�WKH�FRXUVH�DQG�ZLWKGUDZLQJ��

$�0DUNRY�FKDLQ�PRGHO�LV�GHYHORSHG�FRQFHQWUDWLQJ�RQ�WKH�DERYH�WKUHH�RXWFRPHV��7KH
PRGHO�WUDFHV�WKH�SURSRUWLRQV�RI�VWXGHQWV�ZKR�PRYH�WKURXJK�YDULRXV�VWDJHV�RI�D�FRXUVH�
$�VWDJH�LV�GHILQHG�E\�UHIHUHQFH�WR�WKH�FRPSOHWLRQ�RI�D�FHUWDLQ�SURSRUWLRQ�RI�FRXUVH�KRXUV�
2Q�WKH�EDVLV�RI�SDVW�GDWD�RQ�VWXGHQW�IORZV�WKURXJK�YDULRXV�VWDJHV�RI�D�FRXUVH��WKH�PRGHO
HVWLPDWHV�WKH�SUREDELOLWLHV�RI�DFKLHYLQJ�WKH�WKUHH�RXWFRPHV�IRU�YDULRXV�FDWHJRULHV�RI
VWXGHQWV��7KH�PRGHO�LV�GLIIHUHQW�IURP�WKRVH�XVHG�LQ�DQDO\VLQJ�VWXGHQW�IORZV�WKURXJK�WKH
KLJKHU�HGXFDWLRQ�VHFWRU�ZKHUH�XVXDOO\�RQO\�WZR�RXWFRPHV�RI�FRXUVH�HQUROPHQW�DUH
FRQVLGHUHG²FRPSOHWLRQ�DQG�GURSRXW��6KDK�	�%XUNH�������



���

1DWLRQDO�9(7�GDWD��FROOHFWHG�IRU�WKH�SHULRG������WR�������DUH�XVHG�WR�HVWLPDWH�WKH
PRGHO��:H�RQO\�FRQVLGHU�WKH�SURJUHVV�RI�7$)(�LQVWLWXWH�EDVHG�VWXGHQWV��DJHG����DQG
RYHU��ZKR�FRPPHQFHG�D�FRXUVH�LQ�������(QUROPHQWV�LQ�UHFUHDWLRQDO�DQG�OHLVXUH�FRXUVHV
�VWUHDP�������DQG�VLQJOH�PRGXOH�FRXUVHV�DUH�H[FOXGHG�IURP�WKH�DQDO\VHV��)XUWKHUPRUH�
WKH�VWXG\�H[FOXGHV�DQ\�HQUROPHQW�WKDW�UHOLHG�XSRQ�UHFRJQLWLRQ�RI�SULRU�OHDUQLQJ��53/��RU
FUHGLW�WUDQVIHU��$IWHU�WKHVH�H[FOXVLRQV��DERXW���������FRPPHQFLQJ�FRXUVH�HQUROPHQWV�LQ
�����IHOO�ZLWKLQ�WKH�VFRSH�RI�WKLV�VWXG\��$�VWXGHQW�PD\�EH�DVVRFLDWHG�ZLWK�PRUH�WKDQ�RQH
FRXUVH�HQUROPHQW�

7KH�DQDO\VHV�ZH�UHSRUW�DUH�FRPSUHKHQVLYH��7KH\�FRYHU�WKH�ZKROH�UDQJH�RI�FRXUVHV�DQG
GHPRJUDSKLF�JURXSV��,W�LV�H[SHFWHG�WKDW�WKH\�ZLOO�SURYLGH�DQRWKHU��EXW�YHU\�LPSRUWDQW�
GLPHQVLRQ�IRU�DVVHVVLQJ�RXWFRPHV�LQ�9(7�DQG�ILOO�D�YRLG�LQ�WKH�NQRZOHGJH�LQ�WKLV�DUHD�
8VLQJ�WKLV�PRGHO�DQDO\VHV�DW�WKH�6WDWH�7HUULWRU\�RU�LQVWLWXWLRQ�OHYHO�DUH�SRVVLEOH�
DOWKRXJK�LQ�WKLV�ILUVW�VWXG\�WKH�IRFXV�LV�QDWLRQDO�

7KH�UHPDLQGHU�RI�WKH�UHSRUW�GLVFXVVHV�
�� FRQFHSWV�DQG�GHILQLWLRQV�QHFHVVDU\�WR�PRGHO�VWXGHQW�IORZV�WKURXJK�7$)(�FRXUVHV

�&KDSWHU����
�� WKH�0DUNRY�FKDLQ�PRGHO�XVHG�WR�DQDO\VH�WKH�VWXGHQW�IORZV�WKURXJK�WKHVH�FRXUVHV

�&KDSWHU����
�� LQLWLDO�GDWD�DQDO\VHV�DQG�FRQVWUXFWLRQ�RI�DSSURSULDWH�GDWD�PDWULFHV�WR�HVWLPDWH�WKH

0DUNRY�FKDLQ�PRGHO��&KDSWHU����
�� WKH�UHVXOWV�RI�HVWLPDWLQJ�WKH�PRGHO�XVLQJ�GDWD�RQ�FRXUVH�HQUROPHQWV�WKDW�FRPPHQFHG

LQ�������&KDSWHU�����DQG
�� WKH�FRQFOXVLRQV�WKDW�IROORZ�IURP�GRLQJ�WKLV�UHVHDUFK��&KDSWHU����

7KH�DSSHQGLFHV�FRQWDLQ�WDEOHV�ZLWK�PRUH�GHWDLOHG�UHVXOWV�



���

� 'DWD�LVVXHV��FRQFHSWV
DQG�GHILQLWLRQV

��� ,QWURGXFWLRQ

,Q�WKLV�UHSRUW�ZH�LQWURGXFH�D�QXPEHU�RI�QHZ�FRQFHSWV�LQ�RUGHU�WR�GHYHORS�D�PRGHO�WR
VWXG\�WKH�IORZ�RI�VWXGHQWV�WKURXJK�7$)(�LQ�$XVWUDOLD��1HZ�FRQFHSWV�DUH�QHFHVVDU\�IRU
WZR�UHDVRQV��)LUVW��9(7�RIILFLDO�DGPLQLVWUDWLYH�UHFRUGV�GR�QRW�GHDO�DGHTXDWHO\�ZLWK
LVVXHV�RI�FRXUVH�FRPSOHWLRQV��6HFRQG��D�7$)(�FRXUVH�HQUROPHQW�FDQ�UHVXOW�LQ�VXFFHVVIXO
RXWFRPHV�RWKHU�WKDQ�FRPSOHWLRQ�RI�WKH�ZKROH�FRXUVH��7KLV�UHVXOWV�LQ�DQ�XQFRQYHQWLRQDO
FRQFHSW�RI�QRQ�FRPSOHWLRQ�RI�D�FRXUVH��:H�GHILQH�WKHVH�FRQFHSWV�LQ�WHUPV�RI�WKH�W\SH�RI
GDWD�DYDLODEOH�LQ�RUGHU�WR�HVWLPDWH�SDUDPHWHUV�IRU�WKH�PRGHOV�RI�VWXGHQW�IORZV�

7KH�GDWD�XSRQ�ZKLFK�WKLV�VWXG\�LV�EDVHG�DUH�WKH�DGPLQLVWUDWLYH�GDWD�FROOHFWHG�E\�9(7
LQVWLWXWLRQV�WKURXJKRXW�$XVWUDOLD�DQG�VXEPLWWHG�WR�1&9(5��'DWD�VXEPLWWHG�WR�1&9(5
PXVW�FRQIRUP�WR�$9(70,66��DQG�5HOHDVH������1RYHPEHU�������LV�WKH�RSHUDWLRQDO
YHUVLRQ�IRU�WKLV�VWXG\��ZKLFK�LQFOXGHV�GDWD�UHODWHG�WR�HQUROPHQWV�LQ������������DQG
������7KH�GDWD�LQFOXGH�VWXGHQWV¶�GHPRJUDSKLF�FKDUDFWHULVWLFV�DQG�WKHLU�DFDGHPLF
SURJUHVV�LQ�7$)(�LQVWLWXWHV�

)XOO�VSHFLILFDWLRQV�RI�WKH�GDWD�LWHPV�LQFOXGHG�LQ�WKH�VWXG\�DUH�WKHUHIRUH�WR�EH�IRXQG�LQ�WKH
$9(70,66�UHIHUHQFH�YROXPHV��8VH�RI�GDWD�LQ�WKLV�VWXG\�GHSHQGV�XSRQ�LQWHUSUHWDWLRQ�RI
WKH�VSHFLILFDWLRQV��$V�VWDWHG�DERYH��GDWD�VXEPLWWHG�WR�1&9(5�XQGHU�$9(70,66�DUH
FROOHFWHG�IRU�DGPLQLVWUDWLYH�SXUSRVHV��UDWKHU�WKDQ�UHVHDUFK�SXUSRVHV��DQG��DFFRUGLQJO\�
UHVHDUFKHUV�DUH�QRW�DOZD\V�DEOH�WR�GUDZ�RXW�LQIRUPDWLRQ�ZKLFK�ZRXOG�VXLW�WKHLU�QHHGV�
7KH�UHVHDUFK�FRQGXFWHG�KHUH�KDV�EHHQ�GHILQHG�WR�RSHUDWH�ZLWKLQ�WKH�OLPLWDWLRQV�RI�WKH
GDWD�DYDLODEOH�WKURXJK�$9(70,66�

,Q�WKH�QH[W�VHFWLRQ�ZH�GLVFXVV�VRPH�OLPLWDWLRQV�LQ�WKH�GDWD��7KHVH�OLPLWDWLRQV�KDYH�WR�EH
VSHOOHG�RXW�EHFDXVH�WKH\�KDYH�DQ�LPSDFW�RQ�WKH�VWXG\��7KH�VHFWLRQV�WKDW�IROORZ�FRQWDLQ�D
GLVFXVVLRQ�RI�WKH�FRQFHSWV�RI�FRXUVH�RXWFRPHV�LQ�7$)(�DQG�ULJRURXV�GHILQLWLRQ�RI�WKHVH
XVLQJ�H[LVWLQJ�$9(70,66�GDWD�LWHPV�

��� /LPLWDWLRQV�LQ�WKH�GDWD

/RFDO�GDWD�DUH�FROOHFWHG�E\�9(7�LQVWLWXWLRQV�RU�JURXSV�RI�LQVWLWXWLRQV��LQ�$9(70,66
UHIHUUHG�WR�DV�µWUDLQLQJ�RUJDQLVDWLRQ¶��DQG�RUJDQLVHG�LQWR�GDWDEDVHV�DFFRUGLQJ�WR
VSHFLILFDWLRQV�GHYHORSHG�EHIRUH�$9(70,66�DQG�HYROYLQJ�DFFRUGLQJ�WR�ORFDO�QHHGV��)RU
WKHVH�KLVWRULFDO�UHDVRQV�WKHUH�LV�QR�H[DFW�PDWFK��LQ�PDQ\�FDVHV��EHWZHHQ�WKH�GDWD
VSHFLILFDWLRQV�XVHG�DW�WKH�ORFDO�OHYHO�DQG�WKH�GDWD�VSHFLILFDWLRQV�LQ�$9(70,66�



���

$V�D�UHVXOW�WKH�GDWD�KHOG�E\�WUDLQLQJ�RUJDQLVDWLRQV�UHTXLUH�WUDQVODWLRQ�WR�WKH�$9(70,66
VSHFLILFDWLRQV��7KLV�LV�GRQH�E\�WKH�WUDLQLQJ�RUJDQLVDWLRQV�RQ�WKH�EDVLV�RI�WKHLU
XQGHUVWDQGLQJV�RI�WKH�$9(70,66�VSHFLILFDWLRQV��6LQFH�PRVW�RI�WKH�WUDLQLQJ
RUJDQLVDWLRQV�ZHUH�LQYROYHG�LQ�WKH�HVWDEOLVKPHQW�RI�$9(70,66��LW�FDQ�EH�DVVXPHG�WKDW
WKHVH�XQGHUVWDQGLQJV�ZLOO�SURGXFH�KLJK�TXDOLW\�WUDQVODWLRQV�EHWZHHQ�WKH�ORFDO�GDWD
VSHFLILFDWLRQV�DQG�WKH�$9(70,66�VSHFLILFDWLRQV��+RZHYHU��LW�FDQ�QRW�EH�DVVXPHG�WKDW
DOO�WUDQVODWLRQV�DUH�ZLWKRXW�SUREOHPV��,W�PXVW�WKHUHIRUH�EH�XQGHUVWRRG�WKDW�YDULDWLRQV�LQ
WUDQVODWLRQ�ZLOO�KDYH�RFFXUUHG��OHDGLQJ�WR�WKH�ILOHV�VXEPLWWHG�XQGHU�WKH�$9(70,66
VSHFLILFDWLRQV�QRW�QHFHVVDULO\�EHLQJ�HQWLUHO\�FRQVLVWHQW�EHWZHHQ�WUDLQLQJ�RUJDQLVDWLRQV�

7KH�IROORZLQJ�OLPLWDWLRQV�PXVW�EH�FRQVLGHUHG�ZKHQ�ZRUNLQJ�ZLWK�$9(70,66�GDWD�DV
WKH\�DIIHFW�UHVHDUFK�KHUH�
�� 7KH�$9(70,66�VSHFLILFDWLRQV�GR�QRW�LQFOXGH�QDPHV�RU�DGGUHVVHV�RI�LQGLYLGXDOV�

EXW�UDWKHU�DOWHUQDWLYH�IRUPV�RI�LGHQWLILFDWLRQ�DUH�XVHG�WR�OLQN�GLIIHUHQW�DFWLYLWLHV�RI�D
VLQJOH�LQGLYLGXDO�WRJHWKHU��$Q\�UHVHDUFK�VWXG\�PXVW�EH�DEOH�WR�DFFRPPRGDWH�WKHVH
DOWHUQDWLYH�IRUPV�

�� 7KH�$9(70,66�VSHFLILFDWLRQV�DSSO\�IRU�D�VLQJOH�FROOHFWLRQ��LH�XVXDOO\�D�VLQJOH
FDOHQGDU�\HDU���$V�D�UHVXOW��D�WUDLQLQJ�RUJDQLVDWLRQ�WKDW�LV�LPSURYLQJ�LWV�GDWD
FROOHFWLRQ�PD\�XVH�GLIIHUHQW�V\VWHPV��LQFOXGLQJ�GLIIHUHQW�WUDQVODWLRQV�WR�$9(70,66�
LQ�GLIIHUHQW�\HDUV��$FFRUGLQJO\��DQ\�VWXG\�FRYHULQJ�D�QXPEHU�RI�\HDUV�FDQQRW�UHO\
XSRQ�WKH�RSHUDWLRQ�RI�D�VLQJOH�FRQVLVWHQW�VHW�RI�UXOHV�RYHU�WLPH�

�� $OWKRXJK�FRXUVH�FRPSOHWLRQ�GDWD�DUH�LQFOXGHG�LQ�WKH�$9(70,66�VSHFLILFDWLRQV��LW�LV
ZLGHO\�XQGHUVWRRG�WKDW�WKH\�DUH�LQFRPSOHWH��DQG��WKHUHIRUH��LQ�VRPH�FDVHV�LW�PD\�QRW
EH�SRVVLEOH�WR�WUDFH�DQ�LQGLYLGXDO¶V�KLVWRU\�GLUHFWO\�

$V�D�FRQVHTXHQFH�RI�WKH�DERYH�OLPLWDWLRQV��D�JLYHQ�LQGLYLGXDO�PD\�EH�LGHQWLILHG�LQ
GLIIHUHQW�ZD\V�LQ�GLIIHUHQW�\HDUV��7KHVH�OLPLWDWLRQV�LPSO\�WKDW�GDWD�FROOHFWHG�XQGHU�WKH
$9(70,66�VSHFLILFDWLRQV�QHHG�WR�EH�XVHG�DQG�LQWHUSUHWHG�ZLWK�FDXWLRQ��7KH�SURFHGXUHV
IROORZHG�PD\�JHQHUDWH�DUWHIDFWV�WKDW�FRXOG�PLVWDNHQO\�EH�WKRXJKW�WR�EH�UHDO�ZRUOG
SKHQRPHQD��&DUHIXO�HGLWLQJ�RI�WKH�GDWD�ILOHV�ZDV�WKHUHIRUH�QHHGHG�EHIRUH�DQ\�DQDO\VLV�

��� &RQFHSWV�RI�FRXUVH�HQUROPHQW�RXWFRPHV�LQ�7$)(

$V�LQGLFDWHG�LQ�&KDSWHU����WKH�SRVVLEOH�RXWFRPHV�RI�DQ�HQUROPHQW�LQ�D�7$)(�FRXUVH�DUH
PRUH�FRPSOH[�WKDQ�WKH�RXWFRPHV�IURP�D�KLJKHU�HGXFDWLRQ�HQUROPHQW��7KH�$9(70,66
VWDQGDUG�GHILQHG�RXWFRPHV�IRU�PRGXOHV��EXW�WKHUH�LV�QR�H[LVWLQJ�V\VWHP�IRU�GHILQLQJ
RXWFRPHV�IRU�FRXUVHV��SHUKDSV�EHFDXVH�LW�LV�JHQHUDOO\�EHOLHYHG�WKDW�QR�VXFK�FODVVLILFDWLRQ
V\VWHP�LV�QHHGHG��)RU�WKH�SXUSRVH�RI�WKLV�UHVHDUFK�VWXG\��D�FODVVLILFDWLRQ�V\VWHP�ZDV
QHYHUWKHOHVV�UHTXLUHG

1RW�DOO�VWXGHQWV�ZKR�HQURO�LQ�D�7$)(�FRXUVH�LQWHQG�WR�FRPSOHWH�LW��7KH�7$)(�VHFWRU
GLIIHUV�IURP�ERWK�WKH�VFKRROV�DQG�XQLYHUVLW\�VHFWRUV�LQ�WKDW�VWXGHQWV�HQUROOLQJ�LQ�D�7$)(
FRXUVH�DUH�PXFK�OHVV�OLNHO\�WR�ZLVK�WR�VWXG\�DOO�WKH�HOHPHQWV�RI�WKDW�FRXUVH��7KH�H[WHQW�WR
ZKLFK�WKLV�LV�WUXH�KDV�QRW�SUHYLRXVO\�EHHQ�LQYHVWLJDWHG��EXW�RQH�RXWFRPH�RI�WKH�SUHVHQW
UHVHDUFK�VWXG\�LV�DQ�HVWLPDWH�RI�WKH�H[WHQW�WR�ZKLFK�VWXGHQWV�EHKDYH�LQ�WKLV�ZD\��7KXV
ZKLOH�LW�LV�SRVVLEOH�WR�GHVFULEH�VRPH�VWXGHQWV�DV�µFRPSOHWLQJ¶�D�7$)(�FRXUVH��LW�LV
XQVDIH�WR�FODVVLI\�DOO�RI�WKRVH�ZKR�IDLO�WR�FRPSOHWH�DOO�FRXUVH�UHTXLUHPHQWV�LQWR�RQH
FDWHJRU\�



���

7R�UHIOHFW�FRXUVH�RXWFRPHV�LQ�D�PRUH�UHDOLVWLF�ZD\�ZH�WKHUHIRUH�SURSRVH�WKH�XVH�RI�WKH
IROORZLQJ�WKUHH�FDWHJRULHV�
�� FRXUVH�FRPSOHWLRQ�
�� SDUWLDO�FRXUVH�FRPSOHWLRQ��DQG
�� QRQ�FRPSOHWLRQ�RI�FRXUVH�

&RXUVH�FRPSOHWLRQ

$�7$)(�FRXUVH�LV�GHILQHG�DV�D�VWUXFWXUHG�YRFDWLRQDO�HGXFDWLRQ�DQG�WUDLQLQJ�VHTXHQFH�
QRUPDOO\�PDGH�XS�RI�9(7�PRGXOHV��WKDW�OHDGV�WR�WKH�DFTXLVLWLRQ�RI�LGHQWLILHG
FRPSHWHQFLHV�DQG��LI�VXEPLWWHG�IRU�DFFUHGLWDWLRQ��PD\�OHDG�WR�D�TXDOLILFDWLRQ��$�PRGXOH
LV�D�XQLW�RI�WUDLQLQJ�LQ�ZKLFK�D�VWXGHQW�PD\�HQURO�DQG�EH�IRUPDOO\�DVVHVVHG��,W�KDV�D
QXPEHU�RI�VSHFLILHG�FXUULFXOXP�KRXUV�DWWDFKHG�WR�LW��&XUULFXOXP�KRXUV�DUH�KRXUV�RI
VXSHUYLVHG�OHDUQLQJ�RU�WUDLQLQJ�GHHPHG�QHFHVVDU\�LQ�RUGHU�WR�DGHTXDWHO\�SUHVHQW�WKH
HGXFDWLRQDO�PDWHULDO�FRQWDLQHG�LQ�WKH�FRXUVH�RU�PRGXOH��$�FRXUVH��WRR��KDV�D�PLQLPXP
QXPEHU�RI�FXUULFXOXP�KRXUV�VSHFLILHG�IRU�LWV�FRPSOHWLRQ��,I�VWXGHQWV�VXFFHVVIXOO\
FRPSOHWH�WKH�UHTXLUHG�PRGXOHV�IRU�WKH�FRXUVH��WKHQ�WKH\�DUH�GHHPHG�WR�KDYH�VDWLVILHG�WKH
UHTXLUHPHQWV�IRU�ILQLVKLQJ�WKH�FRXUVH�

3DUWLDO�FRXUVH�FRPSOHWLRQ

,Q�WKH�9(7�VHFWRU��PDQ\�VWXGHQWV�ZKR�HQURO�LQ�D�FRXUVH�LQWHQG�WR�FRPSOHWH�RQO\�VRPH
PRGXOHV�RI�WKDW�FRXUVH��7KHVH�VWXGHQWV�DUH�SULPDULO\�LQWHUHVWHG�LQ�DFTXLULQJ�VSHFLILF
VNLOOV�

6WXGHQWV¶�UHDVRQV�IRU�RQO\�SDUWLDOO\�FRPSOHWLQJ�D�FRXUVH�LQ�7$)(�FRXOG�EH�YDULHG��)RU
VRPH�VWXGHQWV�RQO\�FHUWDLQ�PRGXOHV�RI�WKH�FRXUVH�PD\�EH�UHODWHG�WR�WKHLU�FXUUHQW
HPSOR\PHQW��2WKHUV�PD\�KDYH�DOUHDG\�FRPSOHWHG�D�FRXUVH�EXW�QRZ�ZLVK�WR�XSGDWH�WKHLU
VNLOOV�DQG�NQRZOHGJH�LQ�DQ�DUHD�WKDW�LV�JRLQJ�WKURXJK�UDSLG�WHFKQLFDO�FKDQJH��7KLV�FDQ�EH
DFKLHYHG�PRVW�H[SHGLWLRXVO\�E\�GRLQJ�RQO\�WKH�UHOHYDQW�PRGXOHV�LQVWHDG�RI�WKH�ZKROH
FRXUVH�

2WKHU�VWXGHQWV�PD\�QRW�ILQLVK�WKHLU�FRXUVH�EHFDXVH�RI�SHUVRQDO�GLIILFXOWLHV�VXFK�DV
LOOQHVV��1HYHUWKHOHVV��WKH\�PD\�KDYH�SDVVHG�DOO�WKH�PRGXOHV�LQ�ZKLFK�WKH\�HQUROOHG��6WLOO
RWKHU�VWXGHQWV�PD\�RQO\�SDUWLDOO\�FRPSOHWH�EHFDXVH�WKH\�GHFLGH�WKDW�WKH�FRXUVH�ZDV�QRW
ZKDW�WKH\�H[SHFWHG�

,GHDOO\��RQH�ZRXOG�OLNH�WR�EH�DEOH�WR�GLVWLQJXLVK�EHWZHHQ�WKH�YDULRXV�W\SHV�RI�SDUWLDO
FRPSOHWLRQ��EXW�WKLV�LV�LPSRVVLEOH�ZLWK�WKH�LQIRUPDWLRQ�FXUUHQWO\�DYDLODEOH��7KHUHIRUH��LQ
WKLV�VWXG\��SDUWLDO�FRPSOHWHUV�DUH�VWXGHQWV�ZKR�VXFFHVVIXOO\�FRPSOHWHG�DOO�WKH�PRGXOHV�LQ
ZKLFK�WKH\�HQUROOHG�EXW�GLG�QRW�FRPSOHWH�WKH�ZKROH�FRXUVH��3DUWLDO�FRPSOHWLRQ�LV
FRQVLGHUHG�DV�D�VHFRQG�RXWFRPH�RI�D�FRXUVH�HQUROPHQW�

&RXUVH�QRQ�FRPSOHWLRQ

$OO�RWKHU�FRXUVH�RXWFRPHV��H[FOXGLQJ�ZKROH�DQG�SDUWLDO�FRXUVH�FRPSOHWLRQV��DUH
FRQVLGHUHG�QRQ�FRPSOHWLRQV�



���

��� 'HILQLQJ�RXWFRPHV�RI�FRXUVH�HQUROPHQW

&RXUVH�RXWFRPHV�KDYH�WR�EH�RSHUDWLRQDOO\�GHILQHG�VR�WKDW�WKH�GDWD�FROOHFWHG�XQGHU�WKH
$9(70,66�VSHFLILFDWLRQ�FDQ�EH�XWLOLVHG�IRU�DQDO\VHV��7R�VLPSOLI\�DQDO\VHV��IRU�WKH
SXUSRVHV�RI�WKLV�SUHOLPLQDU\�VWXG\��VWXGHQWV�ZKR�UHFHLYH�FUHGLW�WKURXJK�HLWKHU�53/�RU
FUHGLW�WUDQVIHU�DUH�H[FOXGHG��7KH�GHILQLWLRQV�DUH�LQ�WKH�FRQWH[W�RI�GDWD�FROOHFWHG�LQ�WKH
����±���SHULRG�RQ�VWXGHQWV�ZKR�FRPPHQFHG�WKHLU�FRXUVH�LQ�������2QO\�GDWD�IRU�WKHVH
WKUHH�\HDUV�ZHUH�DYDLODEOH�DW�WKH�FRPPHQFHPHQW�RI�WKLV�VWXG\�

7KH�GHILQLWLRQV�RI�WKH�WKUHH�FRXUVH�RXWFRPHV�DUH�EDVHG�RQ�DJJUHJDWHG�FXUULFXOXP�KRXUV
DQG�UHVXOWV�RI�PRGXOHV�WKDW�PDNH�XS�WKH�FRXUVH��%HIRUH�WKH\�DUH�GHILQHG�LQ�WHUPV�RI
FXUUHQW�$9(70,66�GDWD�LWHPV��ZH�EULHIO\�GHVFULEH�VRPH�RI�WKH�LWHPV�WKDW�ZLOO�EH�XVHG
IRU�WKLV�SXUSRVH�

8QGHU�WKH�$9(70,66�DJUHHPHQW��HDFK�\HDU��GDWD�DUH�FROOHFWHG�RQ�VWXGHQW
GHPRJUDSKLFV�DQG�FRXUVH�DQG�PRGXOH�HQUROPHQW�DQG�FRPSOHWLRQ��7KH\�LQFOXGH�GDWD�RQ
PRGXOH�HQUROPHQWV��PRGXOH�RXWFRPHV�DQG�FRXUVH�HQUROPHQWV��)RU�DGPLQLVWUDWLYH
FRQYHQLHQFH�DOO�VWXGHQWV�DUH�HQUROOHG�LQ�FRXUVHV��HYHQ�WKRXJK�VRPH�RI�WKHP�GR�QRW
LQWHQG�WR�FRPSOHWH�WKH�ZKROH�FRXUVH��&RXUVH�FRPSOHWLRQ�GDWD��HYHQ�WKRXJK�WKH\�DUH
FROOHFWHG�LQ�VRPH�6WDWHV�DQG�7HUULWRULHV��DUH�QRW�UHSRUWHG�LQ�WKH�RIILFLDO�9(7�VWDWLVWLFV
EHFDXVH�WKH�$9(70,66�VWDQGDUG�GRHV�QRW�KDYH�D�V\VWHP�IRU�GHILQLQJ�RXWFRPHV�IRU
FRXUVHV��7KH�PDLQ�DFFRXQWLQJ�XQLW�RI�VWXGHQW�DFWLYLW\��DQG�WKH�RQH�WKDW�LV�PRVW�UHOLDEOH
DQG�FRQVLVWHQW�DFURVV�GLIIHUHQW�MXULVGLFWLRQV��LV�WKDW�RI�D�PRGXOH�

7KH�IROORZLQJ�LV�SDUW�RI�WKH�OLVW�RI�LWHPV�FROOHFWHG�LQ�UHVSHFW�RI�HDFK�PRGXOH�D�VWXGHQW
HQUROV�IRU�
�� FXUULFXOXP�KRXUV�
�� DVVRFLDWHG�FRXUVH�LGHQWLILHU��DQG
�� PRGXOH�RXWFRPH�

7KH�PRGXOH�RXWFRPH�LV�UHFRUGHG�DV�RQH�RI�WKH�IROORZLQJ�
�� SDVVHG������
�� IDLOHG������
�� UHVXOW�ZLWKKHOG������
�� VDWLVIDFWRU\�FRPSOHWLRQ�RI�FODVV�KRXUV������
�� VWXGLHV�QRW�\HW�FRPSOHWHG������
�� FUHGLW�JUDQWHG�WKURXJK�53/������
�� FUHGLW�JUDQWHG�WKURXJK�FUHGLW�WUDQVIHU������
�� ZLWKGUHZ�±�ZLWKRXW�IDLOXUH������
�� ZLWKGUHZ�±�IDLOHG������
�� ZLWKGUHZ�±�WUDQVIHUUHG�������DQG
�� QRW�VWDWHG������

7KH�FRXUVH�GHWDLOV�WKDW�DUH�FROOHFWHG�DUH�
�� FRXUVH�LGHQWLILHU��DQG
�� VSHFLILHG�FXUULFXOXP�KRXUV�



���

'HILQLWLRQ�RI�FRXUVH�FRPSOHWLRQ

*LYHQ�WKDW�GDWD�RQ�FRXUVH�FRPSOHWLRQ�DUH�QRW�FROOHFWHG��ZH�LQIHU�FRXUVH�FRPSOHWLRQ�E\
UHIHUHQFH�WR�WKH�DJJUHJDWH�KRXUV�RI�WKH�PRGXOHV�WKDW�KDYH�EHHQ�VXFFHVVIXOO\�FRPSOHWHG�
0RUH�SUHFLVHO\��D�VWXGHQW�LV�GHHPHG�WR�KDYH�FRPSOHWHG�D�FRXUVH�LI�WKH�DJJUHJDWH�RI�WKH
VSHFLILHG�FXUULFXOXP�KRXUV�RI�WKH�PRGXOHV�WKH�VWXGHQW�KDV�VXFFHVVIXOO\�FRPSOHWHG
�PRGXOH�RXWFRPHV�µ��¶�RU�µ��¶��LV�HTXDO�WR�RU�H[FHHGV�WKH�VSHFLILHG�FRXUVH�FXUULFXOXP
KRXUV��7KH�GHILQLWLRQ�DOORZV�PRGXOH�IDLOXUH��EXW�WKH�KRXUV�IRU�VXFK�PRGXOHV�DUH�QRW
FRXQWHG�LQ�WKH�DJJUHJDWH��,W�VKRXOG�EH�QRWHG�WKDW�WKH�DFWXDO�KRXUV�D�VWXGHQW�WDNHV�WR
FRPSOHWH�D�FRXUVH�PLJKW�QRW�EH�WKH�VDPH�DV�WKH�VSHFLILHG�FXUULFXOXP�KRXUV�

'HILQLWLRQ�RI�SDUWLDO�FRXUVH�FRPSOHWLRQ

$�VWXGHQW�LV�FRQVLGHUHG�WR�KDYH�SDUWLDOO\�FRPSOHWHG�D�FRXUVH�LI�KH�RU�VKH�KDV�QRW
FRPSOHWHG�WKH�FRXUVH�LQ�WKH�PDQQHU�GHVFULEHG�DERYH��EXW�KDV�PHW�DOO�RI�WKH�IROORZLQJ
FULWHULD�
�� KDV�DFKLHYHG�D�SDVV�UHVXOW��PRGXOH�RXWFRPH�µ��¶��LQ�DW�OHDVW�RQH�PRGXOH�
�� KDV�QRW�IDLOHG��PRGXOH�RXWFRPHV�µ��¶�RU�µ��¶�RU�µ��¶��DQ\�PRGXOHV��DQG
�� KDV�GLVFRQWLQXHG�IURP�WKH�FRXUVH�

7KH�DERYH�GHILQLWLRQ�LV�TXLWH�VWULFW�DQG�QDUURZ�LQ�LWV�DSSOLFDWLRQ��2QO\�VWXGHQWV�ZKR
KDYH�DQ�XQEOHPLVKHG�DFDGHPLF�UHFRUG�DUH�LQFOXGHG�DV�SDUWLDO�FRPSOHWHUV��,Q�FRQWUDVW��D
VWXGHQW�FDQ�FRPSOHWH�D�FRXUVH�LQ�VSLWH�RI�KDYLQJ�IDLOHG�RQH�RU�PRUH�PRGXOHV�DV�ORQJ�DV
KH�VKH�VDWLVILHV�WKH�FRXUVH�FRPSOHWLRQ�UHTXLUHPHQWV�GHILQHG�DERYH�

'HILQLWLRQ�RI�QRQ�FRPSOHWLRQ�RI�D�FRXUVH

2XWFRPHV�WKDW�DUH�QRW�ZKROH�RU�SDUWLDO�FRXUVH�FRPSOHWLRQV�DUH�QRQ�FRPSOHWLRQV��7KLV
HQVXUHV�WKDW�D�FRXUVH�HQUROPHQW�UHVXOWV�LQ�MXVW�RQH��DQG�RQO\�RQH��RI�WKH�WKUHH�FRXUVH
RXWFRPHV�

��� *URXSLQJ�FRXUVHV�E\�FRPSOHWLRQ�WLPH

7KHUH�DUH�QR�RIILFLDO�VWDWLVWLFV�RQ�WKH�OHQJWK�RI�WLPH��LQ�\HDUV��WDNHQ�E\�VWXGHQWV�WR
FRPSOHWH�FRXUVHV��$Q�LQLWLDO�DQDO\VLV�RI�WLPH�WR�FRPSOHWH�D�FRXUVH�ZDV�FDUULHG�RXW�IRU�D
PRGHVW�VHW�RI�GHPRJUDSKLF�YDULDEOHV��VH[�DQG�DJH��DQG�DOVR�E\�FRXUVH�W\SH��)RU�����
GDWD�XVLQJ�WKH�$9(70,66�VSHFLILFDWLRQV�WKLV�PHDQW�LGHQWLI\LQJ�FRXUVHV�E\�ILHOG�RI
VWXG\�DQG�VWUHDP�RI�VWXG\��ZKHUH�VWUHDP�RI�VWXG\�FRQYH\V�VRPH�LGHD�RI�µOHYHO¶��

7KLV�LQLWLDO�DQDO\VLV�VKRZHG�ZLGH�YDULDWLRQ�LQ�VWXGHQW�SURJUHVV�WKURXJK�FRXUVHV�WKDW�ZHUH
DOPRVW�LGHQWLFDO�LQ�WHUPV�RI�WKH�FXUULFXOXP�KRXUV�VSHFLILHG�IRU�WKHLU�FRPSOHWLRQ�
7KHUHIRUH��FXUULFXOXP�KRXUV�DUH�QRW�D�JRRG�LQGLFDWRU�RI�WKH�DFWXDO�WLPH�IRU�FRXUVH
FRPSOHWLRQ�

6HYHUDO�DOWHUQDWLYH�DSSURDFKHV�ZHUH�LQYHVWLJDWHG�DQG�WKH�DGYLFH�RI�6WDWH�7HUULWRU\
H[SHUWV�ZDV�VRXJKW��&DWHJRULVDWLRQ�LQ�WHUPV�RI�SDUWLFXODU�YDOXHV��HJ�����KRXUV��ZDV
FRQVLGHUHG�DQG�VRPH�WULDO�UXQV�FDUULHG�RXW��+RZHYHU��LQ�WKH�HQG��D�GLIIHUHQW�VWUDWHJ\�KDG



����

WR�EH�IROORZHG�EHFDXVH�RI�YDULDWLRQV�EHWZHHQ�WKH�6WDWHV�DQG�7HUULWRULHV�DQG�YDULDWLRQV�LQ
VWXGHQW�EHKDYLRXU�

:KDW�ZDV�WKHUHIRUH�XVHG�ZDV�D�QRUPDWLYH�VWUDWHJ\��EDVHG�RQ�VWXGHQW�EHKDYLRXU��LQ�ZKLFK
FRXUVHV�ZHUH�FDWHJRULVHG�RQ�WKH�EDVLV�RI�WKH�PRVW�IUHTXHQW�HODSVHG�WLPH�LW�WRRN�DQ\
VWXGHQW�WR�PHHW�DOO�WKH�UHTXLUHPHQWV�RI�WKH�FRXUVH��PHDVXUHG�LQ�\HDUV���8VLQJ�WKH
GHILQLWLRQ�RI�FRXUVH�FRPSOHWLRQ�GHILQHG�LQ�VHFWLRQ������D�FRXUVH�ZDV�FDWHJRULVHG�LQ�WHUPV
RI�WKH�PRGDO�SHULRG�RI�WLPH�LW�WRRN�VWXGHQWV�WR�FRPSOHWH�LW��&RXUVHV�ZHUH�FODVVLILHG�DV
RQH�\HDU��WZR�\HDU�RU�WKUHH�\HDU�RQ�WKH�EDVLV�RI�WKLV�DQDO\VLV��7KLV�PHDQV�WKDW�LI���
VWXGHQWV�FRPSOHWHG�D�FRXUVH�LQ�RQH�\HDU�����FRPSOHWHG�LW�LQ�WZR�\HDUV��DQG����FRPSOHWHG
LW�LQ�WKUHH�\HDUV��WKHQ�WKH�FRXUVH�ZDV�FODVVLILHG�DV�D�WZR�\HDU�FRXUVH��,I�WKH�FRXUVH�LV�VXFK
WKDW�QR�VWXGHQW�FRPSOHWHG�LW�E\�WKH�HQG�RI�������LW�ZDV�H[FOXGHG�IURP�WKH�VWXG\��%\
FODVVLI\LQJ�FRXUVHV�LQ�WKH�PDQQHU�VXJJHVWHG�KHUH�GLVWLQFW�EHKDYLRXU�SDWWHUQV�PD\
EHFRPH�HYLGHQW��SDWWHUQV�ZKLFK�PLJKW�RWKHUZLVH�EH�DYHUDJHG�RXW��6LQFH�7$)(�GDWD�DUH
RQO\�FRPSLOHG�RQ�DQ�DQQXDO�EDVLV��WKH�DFWXDO�SHULRG�RI�HQUROPHQW�FDQ�RQO\�EH�LQGLFDWHG
RQ�D�ZKROH�\HDU�EDVLV��,W�LV�DFNQRZOHGJHG��WKRXJK��WKDW�VWXGHQWV�PD\�FRPSOHWH�D�FRXUVH
LQ�VRPH�IUDFWLRQ�RI�D�\HDU�RU�\HDUV�

(YHQ�WKRXJK�FDWHJRULVLQJ�FRXUVHV�E\�WKH�PRGDO�WLPH�WDNHQ�IRU�WKHLU�FRPSOHWLRQ�PD\�EH�D
EHWWHU�LQGLFDWRU�RI�WKH�DFWXDO�WLPH�WDNHQ�IRU�WKHLU�FRPSOHWLRQ�WKDQ�VSHFLILHG�FXUULFXOXP
KRXUV��WKH�PHWKRG�LV�VWLOO�IUDXJKW�ZLWK�GLIILFXOWLHV�EHFDXVH�RI�ODFN�RI�DFFXUDWH�GDWD�WR
GHWHUPLQH�WKH�DFWXDO�WLPH��,Q�SDUWLFXODU��WKH�UHVXOWV�LQ�UHODWLRQ�WR�WLPH�WR�FRPSOHWLRQ
VKRXOG�EH�LQWHUSUHWHG�ZLWK�H[WUHPH�FDXWLRQ�



����

� 0HWKRGRORJ\

��� ,QWURGXFWLRQ

$�0DUNRY�FKDLQ�PRGHO�WUDFHV�WKH�SURSRUWLRQ�RI�PHPEHUV�RI�D�SRSXODWLRQ�ZKR�PRYH
WKURXJK�YDULRXV�VWDWHV�RI�D�V\VWHP��2Q�WKH�EDVLV�RI�SDVW�GDWD�RQ�IORZV�WKURXJK�WKH
V\VWHP��WKH�PRGHO�SURGXFHV�HVWLPDWHV�RI�WKH�SUREDELOLWLHV�RI�UHDFKLQJ�WKH�YDULRXV�VWDWHV
RI�WKH�V\VWHP�DQG�WKH�DYHUDJH�WLPH�WDNHQ�WR�UHDFK�WKRVH�VWDWHV�

0RVW�RI�WKH�OLWHUDWXUH�RQ�WKH�DSSOLFDWLRQ�RI�0DUNRY�FKDLQ�PRGHOV�LQ�HGXFDWLRQ�DQG
KHDOWK�HFRQRPLFV�DSSHDUHG�IRU�WKH�ILUVW�WLPH�LQ�WKH�����V�DQG�����V��6WRQH�������������
*DQL��������XVHG�WKLV�W\SH�RI�PRGHO�WR�SURMHFW�HQUROPHQWV�DQG�%DFKHORU�GHJUHH
FRPSOHWLRQV�LQ�$XVWUDOLDQ�XQLYHUVLWLHV��%RWK�-RKQVWRQH�DQG�3KLOS��������DQG�1LFKROOV
�������PRGHOOHG�6WDWH�VFKRRO�HGXFDWLRQ�V\VWHPV�XVLQJ�0DUNRY�FKDLQV��7KH�PRGHO�KDV
DOVR�EHHQ�XVHG�WR�VWXG\�WKH�VXSSO\�RI�VHFRQGDU\�VFKRRO�WHDFKHUV��%XUNH��������,Q�D�PRUH
UHFHQW�DSSOLFDWLRQ�RI�0DUNRY�FKDLQ�PRGHOV��6KDK�DQG�%XUNH��������XQGHUWRRN�D
FRPSUHKHQVLYH�VWXG\�RI�VWXGHQW�IORZV�LQ�WKH�KLJKHU�HGXFDWLRQ�VHFWRU�LQ�$XVWUDOLD��6KDK
DQG�%XUNH�SURYLGH�HVWLPDWHV�RI�WKH�SUREDELOLW\�RI�FRPSOHWLRQ�DQG�WKH�WLPH�WR�FRPSOHWLRQ
IRU�XQGHUJUDGXDWH�FRXUVHV�E\�WKH�DJH�DQG�JHQGHU�RI�VWXGHQWV�DQG�E\�EURDG�ILHOGV�RI
VWXG\��%DUWKRORPHZ�HW�DO���������SURYLGH�D�WKHRUHWLFDO�WUHDWPHQW�WRJHWKHU�ZLWK�QXPHURXV
DSSOLFDWLRQV�RI�0DUNRY�FKDLQ�PRGHOV�

,Q�WKH�QH[W�VHFWLRQ��ZH�GHILQH�WKH�VWDWHV�RI�WKH�0DUNRY�FKDLQ�WKDW�FDQ�EH�XVHG�WR�VWXG\
VWXGHQW�IORZV�WKURXJK�7$)(�FRXUVHV��:H�WKHQ�SURYLGH�D�PDWKHPDWLFDO�IRUPXODWLRQ�RI
WKH�PRGHO��,W�LV�SRVVLEOH�IRU�D�UHDGHU�WR�VNLS�WKH�PDWKHPDWLFDO�IRUPXODWLRQ�DQG�VWLOO
XQGHUVWDQG�WKH�ODVW�VHFWLRQ�WKDW�FRQWDLQV�D�VW\OLVHG��LOOXVWUDWLYH�H[DPSOH�RI�DQ�DSSOLFDWLRQ
RI�WKH�PHWKRGRORJ\�

��� 6WDWHV�RI�WKH�0DUNRY�FKDLQ

,Q�JHQHUDO��D�0DUNRY�FKDLQ�KDV�WZR�W\SHV�RI�VWDWHV��$�VWDWH�LV�HLWKHU�WUDQVLHQW�RU
DEVRUELQJ�GHSHQGLQJ�RQ�ZKHWKHU�PRYHPHQW�RXW�RI�WKH�VWDWH�LV�SRVVLEOH�RU�QRW�
2EYLRXVO\��RQFH�DQ�DEVRUELQJ�VWDWH�LV�HQWHUHG�PRYHPHQW�WHUPLQDWHV�

,Q�WKH�FRQWH[W�RI�WKH�DSSOLFDWLRQ�LQ�WKLV�VWXG\��WKH�VWDWHV�DUH�WKH�YDULRXV�VWDJHV�RI�D�7$)(
FRXUVH�D�VWXGHQW�JRHV�WKURXJK�IURP�RQH�\HDU�WR�WKH�QH[W��2QH�\HDU�KDV�EHHQ�FKRVHQ�DV
WKH�XQLW�RI�WLPH�IRU�D�WUDQVLWLRQ�WR�RFFXU�IURP�RQH�VWDWH�RI�WKH�V\VWHP�WR�DQRWKHU�EHFDXVH
FXUUHQW�GDWD�RQO\�SURYLGH�LQIRUPDWLRQ�RQ�VWXGHQW�SURJUHVV�WKURXJK�D�FRXUVH�RQFH�D�\HDU�
,Q�WKLV�UHVSHFW�WKH�PRGHO�HVWLPDWHV�RI�WKH�DYHUDJH�WLPH�WR�FRPSOHWLRQ�ZLOO�EH�LQGLFDWLYH�
7R�REWDLQ�PRUH�SUHFLVH�HVWLPDWHV�ZRXOG�UHTXLUH�GDWD�FROOHFWLRQ�DW�PRUH�IUHTXHQW
LQWHUYDOV��RU�WKH�UHFRUGLQJ�RI�WKH�GDWH�ZKHQ�HDFK�VWXGHQW�FRPSOHWHV�HDFK�VWDJH�RI�D
FRXUVH�



����

)RU�WKH�PRGHO�GHYHORSHG�KHUH��WKH�IROORZLQJ�IRXU�WUDQVLHQW�VWDWHV�DUH�GHILQHG�
��� ��SHU�FHQW�RI�WKH�FRXUVH�FRPSOHWHG��FRPPHQFLQJ�RU�VWDJH����
��� EHWZHHQ���DQG����SHU�FHQW�RI�WKH�FRXUVH�FRPSOHWHG��VWDJH����
��� EHWZHHQ����DQG����SHU�FHQW�RI�WKH�FRXUVH�FRPSOHWHG��VWDJH�����DQG
��� EHWZHHQ����DQG�����SHU�FHQW�RI�WKH�FRXUVH�FRPSOHWHG��VWDJH����

)XUWKHUPRUH��WKH�IROORZLQJ�WKUHH�DEVRUELQJ�VWDWHV�DUH�GHILQHG�
��� FRXUVH�FRPSOHWLRQ�
��� SDUWLDO�FRXUVH�FRPSOHWLRQ��DQG
��� QRQ�FRPSOHWLRQ�RI�FRXUVH�

6WDJH���LV�WKH�LQLWLDO�VWDWH�WKDW�DOO�VWXGHQWV�HQWHU�RQ�HQUROPHQW�LQ�D�FRXUVH��)URP�WKLV
LQLWLDO�VWDWH��LQ�WKH�IROORZLQJ�\HDU�D�VWXGHQW�PD\�PRYH�WR�DQ\�RI�WKH�RWKHU�WUDQVLHQW�VWDWHV�
LQFOXGLQJ�UHPDLQLQJ�LQ�WKH�LQLWLDO�VWDWH��RU�PRYH�WR�RQH�RI�WKH�DEVRUELQJ�VWDWHV��6LPLODUO\�
PRYHPHQWV�DUH�SRVVLEOH�IURP�RWKHU�WUDQVLHQW�VWDWHV��H[FHSW�WKDW�RQH�FDQQRW�PRYH�EDFN
LQWR�D�VWDWH�WKDW�KDV�DOUHDG\�EHHQ�YLVLWHG�EHIRUH��DQG�WKHUH�LV�QR�PRYHPHQW�RXW�RI�DQ
DEVRUELQJ�VWDWH��,W�VKRXOG�EH�QRWHG�WKDW�VWDJH���LV�D�WUDQVLHQW�VWDWH�EHFDXVH�OHVV�WKDQ����
SHU�FHQW�RI�WKH�FRXUVH�KDV�EHHQ�FRPSOHWHG��7KH�GHILQLWLRQ�RI�WKH�WKUHH�DEVRUELQJ�VWDWHV
DUH�DV�JLYHQ�LQ�WKH�SUHYLRXV�FKDSWHU�

��� 0DWKHPDWLFDO�IRUPXODWLRQ

7KLV�VHFWLRQ�FRQWDLQV�GHYHORSPHQW�RI�RXWSXW�IURP�D�0DUNRY�FKDLQ�PRGHO�LQ�PDWUL[
QRWDWLRQ��,WV�XQGHUVWDQGLQJ�LV�XQQHFHVVDU\�IRU�WKH�XQGHUVWDQGLQJ�RI�WKH�UHVW�RI�WKH
FKDSWHU�

7KH�XVXDO�0DUNRY�FKDLQ�PRGHO�FDQ�EH�UHSUHVHQWHG�LQ�PDWUL[�QRWDWLRQ�DV�
Q = � ' �� � � � � �W W W= + � ���

ZKHUH�Q� �W �LV�D�N�GLPHQVLRQDO�FROXPQ�YHFWRU�ZKRVH� WKL HOHPHQW�UHSUHVHQWV�WKH�QXPEHU

RI�VWXGHQWV�LQ�VWDWH�L�DW�WLPH�W��=� �W �LV�D�� N N� ��VTXDUH�PDWUL[�ZKRVH� WKLM �HOHPHQW
UHSUHVHQWV�WKH�QXPEHU�RI�VWXGHQWV�ZKR�ZHUH�LQ�VWDWH�L�DW�WLPH�W�EXW�DUH�LQ�VWDWH�M�DW�WLPH
W����'� �W �LV�D�� ��k ��PDWUL[�ZKRVH� WKLM HOHPHQW�UHSUHVHQWV�WKH�QXPEHU�RI�VWXGHQWV

OHDYLQJ�WKH� WKL �WUDQVLHQW�VWDWH�LQWR�WKH� WKM �DEVRUELQJ�VWDWH����LV�D�YHFWRU�RI�RQHV��DQG�N�LV
WKH�QXPEHU�RI�WUDQVLHQW�VWDWHV�LQ�WKH�PRGHO��(TXDWLRQ�����WHOOV�XV�WKDW�WKH�QXPEHU�RI
VWXGHQWV�DW�WKH�EHJLQQLQJ�RI�D�\HDU�LV�PDGH�XS�RI�WKRVH�ZKR�ZLOO�VXUYLYH�DQG�VWD\�LQ�WKH
V\VWHP�WKH�IROORZLQJ�\HDU�SOXV�WKRVH�ZKR�ZLOO�OHDYH�WKH�V\VWHP�GXULQJ�WKH�\HDU�

)URP�����WKH�PDWUL[�RI�WUDQVLWLRQ�SUREDELOLWLHV�FDQ�EH�FDOFXODWHG�DV�
4 Q =� � a � � � �W W W= -1 � ���

ZKHUH�4�W��LV�D�� N N� ��PDWUL[�ZKRVH� WKLM �HOHPHQW�UHSUHVHQWV�WKH�SUREDELOLW\�RI�D�VWXGHQW
PDNLQJ�D�WUDQVLWLRQ�IURP�VWDWH�L�DW�WLPH�W�WR�VWDWH�M�DW�WLPH�W���DQG� ��a WQ �LV�D�GLDJRQDO
PDWUL[�ZKRVH�GLDJRQDO�HOHPHQWV�DUH�WKH�HOHPHQWV�RI�Q� �W ��7KH�PDWUL[�RI�DEVRUSWLRQ
SUREDELOLWLHV�LV�JLYHQ�E\
5 Q '� � a � � � �W W W= -1 � ���

ZKHUH�5�W��LV�D�� ��k ��PDWUL[�ZKRVH� WKLM �HOHPHQW�UHSUHVHQWV�WKH�SUREDELOLW\�RI�D�VWXGHQW
ZKR�LV�LQ�VWDWH�L�DW�WLPH�W�GHSDUWLQJ�LQWR�DQ�DEVRUELQJ�VWDWH�M�DW�WLPH�W���



����

,I�LW�FDQ�EH�DVVXPHG�WKDW�4�DQG�5�DUH�FRQVWDQW�LQ�WLPH�WKHQ�WKH�PDWUL[
1 , 4= - -( ) 1 � ���

JLYHV�WKH�PHDQ�WLPHV�WR�SURJUHVV�IURP�RQH�VWDWH�WR�DQRWKHU��,Q�����,�LV�WKH�LGHQWLW\�PDWUL[�
7KH� LM WK �HOHPHQW�RI�1�UHSUHVHQWV�WKH�PHDQ�WLPH��LQ�\HDUV��WKDW�D�VWXGHQW��VWDUWLQJ�LQ�VWDWH
L��LV�LQ�VWDWH�M�EHIRUH�GHSDUWLQJ�WKH�V\VWHP��+HQFH�WKH�PHDQ�WLPH�WR�SURJUHVV�IURP�D
WUDQVLHQW�VWDWH�L�LQWR�RQH�RI�WKH�DEVRUELQJ�VWDWHV²WKDW�LV��GHSDUW�IURP�WKH�V\VWHP²LV
JLYHQ�E\�WKH� WKL HOHPHQW�RI�WKH�PDWUL[
7 1�= � ���

7KH�SUREDELOLW\�RI�D�VWXGHQW�PRYLQJ�LQWR�DQ�DEVRUELQJ�VWDWH�M��JLYHQ�WKDW�WKH\�VWDUWHG�LQ
WKH�WUDQVLHQW�VWDWH�L��LV�JLYHQ�E\�WKH� WKLM �HOHPHQW�RI�WKH�PDWUL[
% 15= � ���

)LQDOO\��WKH�PHDQ�WLPH�WR�SURJUHVV�WR�D�VSHFLILF�DEVRUSWLRQ�VWDWH�FDQ�EH�REWDLQHG�E\
FRQVLGHULQJ�WKH�UHGXFHG�IRUP�RI�WKH�V\VWHP��7KH�UHGXFHG�V\VWHP�LV�IRUPHG�E\�UHSODFLQJ
'�W��LQ�WKH�DERYH�IRUPXODWLRQ�E\�' � �W �DQG�Q � �W ��' � �W �FRQVLVWV�RI�MXVW�RQH�FROXPQ�
DQG�WKH�HOHPHQWV�WKDW�PDNH�XS�WKH�FROXPQ�DUH�WKH�VDPH�DV�WKRVH�LQ�WKH�FROXPQ
UHSUHVHQWLQJ�WKH�VSHFLILF�DEVRUSWLRQ�VWDWH�LQ�'�W���7KH� L WK �HOHPHQW�RI�Q � �W �HOHPHQW�LV
FRQVWUXFWHG�DV�IROORZV�

å
?

-=
OM

LMLL GQQ � ���

ZKHUH�
L

Q �LV�WKH� L �HOHPHQW�RI�Q�W��DQG�
LM

G �WKH� LM �HOHPHQW�RI�'�W���$�QHZ�4�DQG�1�FDQ

QRZ�EH�FDOFXODWHG��7KHQ�XVLQJ�����WKH�PDWUL[�RI�WKH�H[SHFWHG�WLPHV�WR�DEVRUSWLRQ�LQ�WKH
VSHFLILF�DEVRUSWLRQ�VWDWH�FDQ�EH�FDOFXODWHG�

7KH�DERYH�IRUPXODWLRQ�DVVXPHV�WKH�PDWUL[�RI�WUDQVLWLRQ�SUREDELOLWLHV�LV�UHJXODU��$
UHJXODU�0DUNRY�FKDLQ�LV�RQH�LQ�ZKLFK�LW�LV�SRVVLEOH�WR�EH�LQ�DQ\�VWDWH�DIWHU�VRPH�IL[HG
QXPEHU�RI�\HDUV�

��� $Q�LOOXVWUDWLYH�H[DPSOH

,Q�WKLV�VHFWLRQ��ZH�SUHVHQW�DQ�H[DPSOH�WR�LOOXVWUDWH�WKH�FRQVWUXFWLRQ�RI�D�PDWUL[�RI
VWXGHQW�IORZV�WKURXJK�D�K\SRWKHWLFDO�FRXUVH�DQG�WKH�HVWLPDWLRQ�RI�D�0DUNRY�FKDLQ�PRGHO
IRU�LW��2QO\�HVWLPDWHV�RI�SUREDELOLWLHV�WR�GLIIHUHQW�DEVRUSWLRQ�VWDWHV�DUH�SUHVHQWHG�

7DEOH�����VKRZV�WKH�GHYHORSPHQW�RI�D�PDWUL[�RI�DJJUHJDWH�VWXGHQW�IORZV�IURP�HQUROPHQW
GDWD�FROOHFWHG�LQ�WKH�SHULRG�����±���RI�VWXGHQWV�ZKR�FRPPHQFHG�WKH�FRXUVH�LQ������
7KH�ILUVW�VHFWLRQ�RI�WKH�WDEOH�LV�FRQVWUXFWHG�IURP�VWXGHQW�HQUROPHQW�ILOHV�IRU������DQG
������)RU�H[DPSOH��LW�VKRZV�WKDW�E\�WKH�HQG�RI�������RI�WKH�����FRPPHQFLQJ�VWXGHQWV�
���KDG�FRPSOHWHG�XS�WR����SHU�FHQW�RI�WKH�VSHFLILHG�FXUULFXOXP�KRXUV�IRU�WKH�FRXUVH����
KDG�FRPSOHWHG����WR����SHU�FHQW�RI�WKH�KRXUV��DQG���KDG�FRPSOHWHG����WR�����SHU�FHQW�RI
WKH�KRXUV��)RUW\�VWXGHQWV�OHIW�WKH�V\VWHP�E\�WKH�HQG�RI�WKH�\HDU��WKDW�LV��WKH\�GLG�QRW�UH�
HQURO�LQ�������2I�WKHVH��ILYH�KDG�FRPSOHWHG�WKH�FRXUVH�����KDG�SDUWLDOO\�FRPSOHWHG�DQG
WKUHH�KDG�QRW�FRPSOHWHG�

7KH�VHFRQG�VHFWLRQ�RI�WKH�WDEOH�LV�FRQVWUXFWHG�IURP�WKH������DQG������HQUROPHQW�ILOHV
DQG�FKDUWV�WKH�SURJUHVV�RI�WKH����VWXGHQWV�ZKR�FRQWLQXHG�WKH�FRXUVH�LQ�������)RU



����

H[DPSOH��LW�VKRZV�WKDW�RI�WKH����VWXGHQWV��ZKR�KDG�FRPSOHWHG�EHWZHHQ����DQG����SHU
FHQW�RI�FRXUVH�KRXUV�LQ�������WKUHH�UHPDLQHG�LQ�WKH�VDPH�VWDWH�DW�WKH�HQG�RI�������ILYH
ILQLVKHG�EHWZHHQ����DQG�����SHU�FHQW�RI�FRXUVH�KRXUV��DQG�VHYHQ�GHSDUWHG�WKH�V\VWHP�
7ZR�RI�WKH�VHYHQ�ZKR�OHIW�WKH�V\VWHP�GLG�VR�EHFDXVH�WKH\�KDG�FRPSOHWHG�WKH�FRXUVH
KRXUV��IRXU�GLG�VR�EHFDXVH�WKH\�KDG�SDUWLDOO\�FRPSOHWHG�DQG�RQH�OHIW�ZLWKRXW�FRPSOHWLQJ�

7KH�WKLUG�VHFWLRQ�RI�WKH�WDEOH�LV�FRQVWUXFWHG�IURP�WKH������HQUROPHQW�ILOH�DQG�LQFOXGHV
WKH�SURJUHVV�RI����VWXGHQWV�ZKR�FRQWLQXHG�WKH�FRXUVH�LQ�������6LQFH������GDWD�ZHUH
XQDYDLODEOH��LW�ZDV�QRW�SRVVLEOH�WR�GHWHUPLQH�LI�D�VWXGHQW�ZKR�KDG�QRW�FRPSOHWHG�WKH
FRXUVH�LQ������ZDV�JRLQJ�WR�UH�HQURO�LQ������RU�QRW��)RU�WKH�SXUSRVHV�RI�WKLV�VWXG\��ZH
DVVXPHG�DOO�VXFK�VWXGHQWV�UH�HQUROOHG�

7DEOH���� &RQVWUXFWLRQ�RI�PDWUL[�RI�VWXGHQW�IORZV�WKURXJK�D�FRXUVH��$Q
LOOXVWUDWLYH�H[DPSOH

6WDJHV�RI�FRXUVH�FRPSOHWLRQ��HQG�RI�\HDU�
6WDJHV�RI�FRXUVH
FRPSOHWLRQ

�
��

�
�����

�
������

�
������� &RPSOHWLRQ

3DUWLDO
FRPSOHWLRQ

1RQ�
FRPSOHWLRQ 7RWDO

�EHJLQQLQJ�RI
\HDU� 6WXGHQW�IORZV�LQ�������LQIHUUHG�IURP������DQG������GDWD�
��� �� �� ��� ��� �� �� ��� �� ����
��� ����� �� �� �� �� �� �� �� ��
��� ������ �� �� �� �� �� �� �� ��
��� ������� � � � � � � � �
7RWDO � �� �� � � �� � ���

6WXGHQW�IORZV�LQ�������LQIHUUHG�IURP������DQG������GDWD�
��� �� �� �� �� �� �� �� �� ��
��� ����� �� �� ��� �� �� �� �� ���
��� ������ �� �� �� �� �� �� �� ���
��� ������� � � � � � � � �
7RWDO � � �� � � � � ��

6WXGHQW�IORZV�LQ�������LQIHUUHG�IURP������GDWD�
��� �� �� �� �� �� �� �� �� ��
��� ����� �� �� �� �� �� �� �� ��
��� ������ �� �� �� ��� �� �� �� ���
��� ������� � � � � � � � �
7RWDO � � � �� � � � ��

7DEOH�����VKRZV�WKH�DJJUHJDWLRQ�RI�VWXGHQW�IORZV�EHWZHHQ������DQG�������)RU�H[DPSOH�
LW�VKRZV�WKDW�DOWRJHWKHU����VWXGHQW�PDGH�WKH�WUDQVLWLRQ�IURP�VWDJH������±���
FRPSOHWLRQ��WR�VWDJH������±�����FRPSOHWLRQ��
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7DEOH���� $JJUHJDWH�VWXGHQW�IORZV�WKURXJK�D�FRXUVH��$Q�LOOXVWUDWLYH�H[DPSOH

6WDJHV�RI�FRXUVH�FRPSOHWLRQ��HQG�RI�\HDU�
6WDJHV�RI�FRXUVH
FRPSOHWLRQ

�
��

�
�����

�
������

�
������� &RPSOHWLRQ

3DUWLDO
FRPSOHWLRQ

1RQ�
FRPSOHWLRQ 7RWDO

�EHJLQQLQJ�RI
\HDU� $OO�VWXGHQW�IORZV�EHWZHHQ������DQG�����
��� �� �� ��� ��� �� �� ��� �� ����
��� ����� �� �� ��� �� �� �� �� ���
��� ������ �� �� �� ��� �� �� �� ���
��� ������� � � � � � � � ��
7RWDO � �� �� �� �� �� � ���

)URP�WKH�DJJUHJDWHG�VWXGHQW�IORZV��WKH�PDWUL[�RI�WUDQVLWLRQ�SURSRUWLRQV�LV�FDOFXODWHG
XVLQJ�HTXDWLRQ������7KLV�LV�JLYHQ�LQ�7DEOH������,W�VKRZV��IRU�H[DPSOH�����SHU�FHQW�RI
VWXGHQWV�FRPSOHWHG�XS�WR����SHU�FHQW�RI�WKH�FRXUVH�LQ�WKH�\HDU�DIWHU�FRPPHQFHPHQW�

7DEOH���� 0DWUL[�RI�WUDQVLWLRQ�SURSRUWLRQV��$Q�LOOXVWUDWLYH�H[DPSOH

6WDJHV�RI�FRXUVH�FRPSOHWLRQ��HQG�RI�\HDU�
6WDJHV�RI�FRXUVH
FRPSOHWLRQ
�EHJLQQLQJ�RI�\HDU�

��� �� ��� ����� ��� ������ ��� ������� )XOO 3DUWLDO 1RQ�
FRPSOHWLRQ

��� �� ����� ����� ����� ����� ����� ����� �����
��� ����� ����� ����� ����� ����� ����� ����� �����
��� ������ ����� ����� ����� ����� ����� ����� �����
��� ������� ���� ���� ���� ���� ���� ���� ����
1RWH��5RZ�VXPV�PD\�QRW�DGG�WR�RQH�GXH�WR�URXQGLQJ�HUURUV

(TXDWLRQ�����FDQ�QRZ�EH�XVHG�WR�HVWLPDWH�WKH�SUREDELOLW\�RI�SURJUHVVLQJ�WR�DQ\�RI�WKH
WKUHH�DEVRUSWLRQ�VWDWHV��7KHVH�SUREDELOLWLHV�DUH�JLYHQ�LQ�7DEOH������)RU�H[DPSOH��WKH
HVWLPDWHG�SUREDELOLW\�RI�FRPSOHWLQJ�WKH�FRXUVH�E\�D�VWXGHQW�ZKR�LV�DERXW�WR�FRPPHQFH
LV����SHU�FHQW��,I�D�VWXGHQW�KDV�DOUHDG\�FRPSOHWHG�EHWZHHQ����DQG����SHU�FHQW�RI�WKH
FRXUVH��WKHQ�WKHLU�FKDQFHV�RI�FRPSOHWLRQ�LQFUHDVHV�WR����SHU�FHQW�

7DEOH���� (VWLPDWHG�SUREDELOLWLHV�RI�SURJUHVVLQJ�WR�DEVRUSWLRQ�VWDWHV�IURP
GLIIHUHQW�WUDQVLWLRQ�VWDWHV��$Q�LOOXVWUDWLYH�H[DPSOH

(VWLPDWHG�SUREDELOLW\�RI
6WDJHV�RI�FRXUVH�FRPSOHWLRQ &RPSOHWLRQ 3DUWLDO�FRPSOHWLRQ 1RQ�FRPSOHWLRQ
��� �� ����� ����� �����
��� ����� ����� ����� �����
��� ������ ����� ����� �����
��� ������� ���� ���� ����
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� ,QLWLDO�GDWD�DQDO\VLV�DQG
FRQVWUXFWLRQ�RI�VWXGHQW

IORZ�PDWULFHV

��� ,QWURGXFWLRQ

7KH�HGXFDWLRQ�OLWHUDWXUH�VXJJHVWV�WKDW�WKH�SURJUHVV�RI�D�VWXGHQW�WKURXJK�DQ�HGXFDWLRQ�RU
WUDLQLQJ�FRXUVH�LV�OLNHO\�WR�YDU\�ZLWK�WKH�VWXGHQW¶V�DJH�DQG�VH[��DQG�WKH�ILHOG�RI�VWXG\�
6KDK�DQG�%XUNH��������SURYLGH�HYLGHQFH�RI�WKLV�W\SH�RI�YDULDWLRQ�LQ�WKH�KLJKHU�HGXFDWLRQ
VHFWRU��3URJUHVV�PD\�DOVR�GHSHQG�RQ�ZKHWKHU�WKH�HQUROPHQW�LV�IXOO��RU�SDUW�WLPH�

7KLV�FKDSWHU�GHVFULEHV�WKH�FRQVWUXFWLRQ�RI�VWXGHQW�IORZ�PDWULFHV�IRU�GLIIHUHQW�VXE�JURXSV
RI�WKH�SRSXODWLRQ��7KH�VXE�JURXSV�DUH�ILUVWO\�FKDUDFWHULVHG�E\�WKH�DJH�DQG�VH[�RI�WKH
VWXGHQWV�DQG�VHFRQGO\�E\�WKH�QDWXUH�RI�WKH�FRXUVH��ZKLFK�FDQ�EH�E\�LWV�OHQJWK��DV�GHILQHG
LQ�&KDSWHU����DQG�WKH�VWUHDP�RU�ILHOG�RI�VWXG\��:H�FRXOG�QRW�GLIIHUHQWLDWH�EHWZHHQ�IXOO�
DQG�SDUW�WLPH�HQUROPHQW�VWDWXV�EHFDXVH�WKH�UHTXLVLWH�GDWD�ZHUH�XQDYDLODEOH�
1RWZLWKVWDQGLQJ�WKH�GDWD�SUREOHP��D�IDU�PRUH�FRPSOH[�PRGHO�ZRXOG�EH�UHTXLUHG
EHFDXVH�VWXGHQWV�RIWHQ�FKDQJH�WKHLU�HQUROPHQW�VWDWXV�ZKLOH�GRLQJ�WKH�VDPH�FRXUVH�

��� &RQVWUXFWLRQ�RI�VWXGHQW�IORZ�PDWULFHV

6FRSH�RI�WKH�VWXG\

7KH�PRGHO�ZDV�HVWLPDWHG�ZLWK�QDWLRQDO�9(7�GDWD�FROOHFWHG�IRU�WKH�SHULRG������WR������
:H�RQO\�FRQVLGHU�WKH�SURJUHVV�RI�7$)(�LQVWLWXWH�EDVHG�VWXGHQWV��DJHG����DQG�RYHU��ZKR
FRPPHQFHG�D�FRXUVH�LQ�������(QUROPHQWV�LQ�UHFUHDWLRQDO�DQG�OHLVXUH�FRXUVHV��VWUHDP
������DQG�VLQJOH�PRGXOH�FRXUVHV�DUH�H[FOXGHG�IURP�WKH�DQDO\VHV�DQG�VR�DUH�FRXUVHV�WKDW
KDG�PRUH�WKDQ�������VSHFLILHG�FXUULFXOXP�KRXUV��)XUWKHUPRUH��RXU�VWXG\�H[FOXGHV
HQUROPHQWV�EDVHG�RQ�53/�RU�FUHGLW�WUDQVIHU��6WXGHQW�UHFRUGV�ZLWK�PLVVLQJ�GDWD�ZHUH�DOVR
H[FOXGHG��$ERXW���������FRPPHQFLQJ�FRXUVH�HQUROPHQWV�LQ������IHOO�ZLWKLQ�WKH�VFRSH
RI�WKLV�VWXG\��$�VWXGHQW�PD\�EH�DVVRFLDWHG�ZLWK�PRUH�WKDQ�RQH�FRXUVH�HQUROPHQW�

6RPH�RI�WKRVH�ZKR�GR�QRW�FRPSOHWH�D�FRXUVH�PD\�UHFRPPHQFH�WKH�VDPH�RU�D�GLIIHUHQW
FRXUVH�DW�D�ODWHU�GDWH��7KH�GDWD�GLG�QRW�SHUPLW�UH�FRPPHQFHPHQWV�WR�EH�FRQVLGHUHG�LQ
WKLV�VWXG\�

6WXGHQW�SURJUHVV�WKURXJK�D�FRXUVH�������WR�����

0DSSLQJ�VWXGHQW�SURJUHVV�WKURXJK�D�FRXUVH�UHTXLUHV�WKDW�WKH�VDPH�VWXGHQW¶V�UHFRUG�FDQ
EH�LGHQWLILHG�LQ�WKH�GDWD�ILOH�IRU�HDFK�\HDU�WKH\�DUH�HQUROOHG�LQ�WKH�FRXUVH��(LWKHU�WKH
LGHQWLILFDWLRQ�QXPEHU�RI�WKH�VWXGHQW�RU�WKHLU�HQFU\SWHG�QDPH�WKDW�LV�DWWDFKHG�WR�WKHLU
HQUROPHQW�UHFRUG�FDQ�EH�XVHG�DV�WKH�OLQN�IRU�WKLV�SXUSRVH��8QIRUWXQDWHO\��VWXGHQW
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LGHQWLILFDWLRQ�QXPEHUV�ZHUH�QRW�DOZD\V�FRQVLVWHQW�IURP�RQH�\HDU�WR�WKH�QH[W��6LPLODUO\�
VWXGHQW�QDPHV�DUH�QRW�QHFHVVDULO\�D�XQLTXH�LGHQWLILHU�ZLWKLQ�D�JLYHQ�7$)(�LQVWLWXWH�

+HQFH�LGHQWLILFDWLRQ�QXPEHUV�DQG�WKH�HQFU\SWHG�QDPH�PD\�QRW�EH�VXIILFLHQW�WR�LGHQWLI\
WKH�VDPH�VWXGHQW�IURP�RQH�\HDU�WR�WKH�QH[W��:H�WKHUHIRUH�XVHG�WKH�IROORZLQJ�YDULDEOHV�WR
OLQN�VWXGHQW�UHFRUGV�IURP�RQH�\HDU�WR�WKH�QH[W�
�� VH[�
�� GDWH�RI�ELUWK�
�� KRPH�SRVWFRGH�
�� FRXUVH��DQG
�� HLWKHU�WKHLU�LGHQWLILFDWLRQ�QXPEHU�RU�HQFU\SWHG�QDPH�

7KH�OLQNHG�UHFRUGV�ZHUH�WKHQ�XVHG�WR�GHWHUPLQH�WKH�DQQXDO�SURJUHVV�RI�HDFK�VWXGHQW
WKURXJK�WKH�FRXUVH��3URJUHVV�ZDV�PHDVXUHG�LQ�WHUPV�RI�WKH�SURSRUWLRQ�RI�WRWDO�VSHFLILHG
FRXUVH�KRXUV�FRPSOHWHG�LQ�HDFK�\HDU�RI�HQUROPHQW�

��� ,QLWLDO�GDWD�DQDO\VLV

$ERXW���������FRXUVH�HQUROPHQWV�FRPPHQFHG�LQ������IHOO�ZLWKLQ�WKH�VFRSH�RI�WKLV
VWXG\��)LIW\�IRXU�SHU�FHQW�RI�WKHVH�ZHUH�PDOH�HQUROPHQWV��7DEOH�����VKRZV�WKDW����SHU
FHQW�RI�WKH�HQUROPHQWV�ZHUH�LQ�RQH�\HDU�FRXUVHV�DQG�WKDW�RQO\���SHU�FHQW�ZHUH�LQ�WKUHH�
\HDU�FRXUVHV��7KH�SURSRUWLRQ�RI�PDOH�HQUROPHQWV�LQFUHDVHV�ZLWK�WKH�OHQJWK�RI�WKH�FRXUVH�
1HDUO\�IRXU�RXW�RI�HYHU\�ILYH�WKUHH�\HDU�FRXUVH�HQUROPHQWV�ZHUH�E\�PDOHV�

7DEOH���� &RXUVH�HQUROPHQWV�FRPPHQFHG�LQ������E\�VH[�DQG�OHQJWK�RI�FRXUVH

/HQJWK�RI�FRXUVH 0DOH )HPDOH 7RWDO
2QH�\HDU ������������� ������������� ��������������
7ZR�\HDU ������������ ������������ ��������������
7KUHH�\HDU ������������ ����������� �������������
$OO�FRXUVHV ������������� ������������� ��������������

7KH�DJH�SURILOHV�RI�VWXGHQWV�HQUROOHG�LQ�RQH���WZR��DQG�WKUHH�\HDU�FRXUVHV�DUH�VKRZQ�LQ
)LJXUHV�����WR������7KH�ILJXUHV�VKRZ�YHU\�FOHDU�GLIIHUHQFHV�LQ�WKH�DJH�SURILOHV�LQ�WKH�WKUHH
W\SHV�RI�FRXUVHV��,Q�WKH�RQH�\HDU�FRXUVHV��WKH�DJH�GLVWULEXWLRQV�RI�PDOHV�DQG�IHPDOHV�DUH
DOPRVW�WKH�VDPH��H[FHSW�IRU�D�VOLJKWO\�KLJKHU�UHSUHVHQWDWLRQ�RI�WKH�ROGHU�DJH�VWXGHQWV����
DQG�RYHU��LQ�WKH�IHPDOH�GLVWULEXWLRQ�EXW�D�ORZHU�UHSUHVHQWDWLRQ�LQ�WKH�FDVH�RI�WKH�PDOH
GLVWULEXWLRQ��$ERXW�KDOI�WKH�VWXGHQWV�DUH�XQGHU����\HDUV�ROG��ZLWK�VWXGHQWV�RI�DJHV����WR
���LQ�URXJKO\�HYHQ�SURSRUWLRQV�

7KH�DJH�GLVWULEXWLRQV�RI�PDOHV�DQG�IHPDOHV�DUH�VLPLODU�LQ�WZR�\HDU�FRXUVHV�DV�ZHOO�
LQFOXGLQJ�WKH�VOLJKWO\�KLJKHU�UHSUHVHQWDWLRQ�RI�ROGHU�DJH�VWXGHQWV�DPRQJ�IHPDOHV��7KH
GLVWULEXWLRQV�DUH��KRZHYHU��PRUH�V\PPHWULFDO�

,Q�FRQWUDVW��WKH�DJH�GLVWULEXWLRQV�RI�PDOHV�DQG�IHPDOHV�LQ�WKUHH�\HDU�FRXUVHV�DUH�TXLWH
GLVWLQFW��:KLOVW�WKH�PDOH�GLVWULEXWLRQ�LV�UHDVRQDEO\�V\PPHWULFDO��WKH�IHPDOH�GLVWULEXWLRQ
LV�VNHZHG��ZLWK�D�KLJK�SURSRUWLRQ�RI�ROGHU�DJH�VWXGHQWV��1HDUO\�KDOI�WKH�IHPDOH�VWXGHQWV
DUH����\HDUV�RI�DJH�RU�ROGHU�FRPSDUHG�WR�MXVW����SHU�FHQW�RI�PDOH�VWXGHQWV�
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)LJXUH���� $JH�GLVWULEXWLRQ�RI�FRPPHQFLQJ�VWXGHQWV�LQ�RQH�\HDU�FRXUVHV�E\
VH[������

)LJXUH���� $JH�GLVWULEXWLRQ�RI�FRPPHQFLQJ�VWXGHQWV�LQ�WZR�\HDU�FRXUVHV�E\
VH[������
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)LJXUH���� $JH�GLVWULEXWLRQ�RI�FRPPHQFLQJ�VWXGHQWV�LQ�WKUHH�\HDU�FRXUVHV
E\�VH[������

7DEOH�����VKRZV�WKH�GLVWULEXWLRQV�RI�HQUROPHQW�E\�OHQJWK�RI�FRXUVH�LQ�HDFK�VWUHDP�RI
VWXG\��)RU�H[DPSOH��DERXW����SHU�FHQW�RI�DOO�VWXGHQWV�HQUROOHG�LQ�,QLWLDO�YRFDWLRQDO
FRXUVHV��VWUHDP��������RI�ZKRP����SHU�FHQW�ZHUH�LQ�RQH�\HDU�FRXUVHV�DQG�WKH�UHVW�LQ
WZR�\HDU�FRXUVHV��2YHU����SHU�FHQW�RI�HQUROPHQWV�ZHUH�LQ�OHVV�WKDQ�KDOI�WKH�VWUHDPV��7KH
IROORZLQJ�IRXU�VWUHDPV�KDG����SHU�FHQW�RI�DOO�HQUROPHQWV�
�� %DVLF�HGXFDWLRQ�DQG�HPSOR\PHQW�VNLOOV��������±����SHU�FHQW�
�� ,QLWLDO�YRFDWLRQDO�FRXUVHV²RSHUDWLYHV��������±����SHU�FHQW�
�� &RPSOHWH�WUDGH�FRXUVHV��������±����SHU�FHQW��DQG
�� 3DUD�SURIHVVLRQDO�KLJKHU�WHFKQLFLDQ��������±����SHU�FHQW�
�

�$OWKRXJK�LQ�PRVW�VWUHDPV�HQUROPHQWV�ZHUH�SUHGRPLQDQWO\�LQ�RQH�\HDU�FRXUVHV��WKH
IROORZLQJ�KDYH�D�VXEVWDQWLDO�SURSRUWLRQ�RI�HQUROPHQWV�LQ�WZR�\HDU�FRXUVHV�
�� &RPSOHWH�WUDGH�FRXUVHV��������±����SHU�FHQW�
�� 3DUD�SURIHVVLRQDO�WHFKQLFLDQ��������±����SHU�FHQW�
�� 3DUD�SURIHVVLRQDO�KLJKHU�WHFKQLFLDQ��������±����SHU�FHQW��DQG
�� 3URIHVVLRQDO��������±����SHU�FHQW�

7KH�RQO\�VWUHDP�ZLWK�D�VXEVWDQWLDO�SURSRUWLRQ�RI�HQUROPHQWV�LQ�WKUHH�\HDU�FRXUVHV�LV
3DUD�SURIHVVLRQDO�WHFKQLFLDQ��������±����SHU�FHQW�

3HU
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7DEOH���� 'LVWULEXWLRQ�RI�FRPPHQFLQJ�VWXGHQW�HQUROPHQWV�E\�OHQJWK�RI�FRXUVH
DQG�VH[�LQ�HDFK�VWUHDP�RI�VWXG\������

3HU�FHQW�RI�HQUROPHQWV
2QH�\HDU
FRXUVHV

7ZR�\HDU
FRXUVHV

7KUHH�\HDU
FRXUVHV 3HU�FHQW�RI

6WUHDP�RI�VWXG\ 0DOH )HPDOH 0DOH )HPDOH 0DOH )HPDOH 7RWDO HQUROPHQWV
%DVLF�HGXFDWLRQ�DQG�HPSOR\PHQW
VNLOOV�������

�� �� � � � � ��� ����

(GXFDWLRQ�SUHSDUDWLRQ������� �� �� � � � � ��� ���
,QLWLDO�YRFDWLRQDO�FRXUVHV²
RSHUDWLYHV������

�� �� � � � � ��� ����

&RXUVHV�ZKLFK�JUDQW�SDUWLDO
H[HPSWLRQ�WR�UHFRJQLVHG�WUDGH
FRXUVHV�������

�� �� � � � � ��� ���

&RPSOHWH�WUDGH�FRXUVHV������� �� � �� � �� � ��� ����
&RXUVHV�ZKLFK�JUDQW�SDUWLDO
H[HPSWLRQ�WR�RWKHU�VNLOOV�FRXUVHV
������

�� �� � � � � ��� ���

&RPSOHWH�RWKHU�VNLOOV�FRXUVHV
������

�� �� � � � � ��� ���

7UDGH�WHFKQLFLDQ�WUDGH�VXSHUYLVRU\
������

�� �� �� � � � ��� ���

3DUD�SURIHVVLRQDO�WHFKQLFLDQ
������

� � �� �� �� �� ��� ���

3DUD�SURIHVVLRQDO�KLJKHU
WHFKQLFLDQ�������

� � �� �� � � ��� ����

3URIHVVLRQDO������� �� � �� �� � � ��� ���
&RXUVHV�VXEVHTXHQW�WR�DQ�LQLWLDO
YRFDWLRQDO�FRXUVH²DW�RSHUDWLYH
OHYHO�������

�� �� � � � � ��� ���

&RXUVHV�VXEVHTXHQW�WR�DQ�LQLWLDO
YRFDWLRQDO�FRXUVH²DW�D�VNLOOHG
OHYHO�������

�� �� � � � � ��� ���

&RXUVHV�VXEVHTXHQW�WR�DQ�LQLWLDO
YRFDWLRQDO�FRXUVH²DW�D�WUDGH�OHYHO
������

�� �� � � � � ��� ���

&RXUVHV�VXEVHTXHQW�WR�DQ�LQLWLDO
YRFDWLRQDO�FRXUVH²DW�D�SDUD�
SURIHVVLRQDO�WHFKQLFDO�OHYHO�������

�� � � � � � ��� ���

&RXUVHV�VXEVHTXHQW�WR�DQ�LQLWLDO
YRFDWLRQDO�FRXUVH²DW�D�SDUD�
SURIHVVLRQDO�KLJKHU�WHFKQLFLDQ
OHYHO�������

�� �� � � � � ��� ���

7RWDO �� �� �� �� � � ��� �����

7KH�GLVWULEXWLRQV�RI�HQUROPHQW�E\�OHQJWK�RI�FRXUVH�LQ�HDFK�ILHOG�RI�VWXG\�DUH�JLYHQ�LQ
7DEOH������(QUROPHQWV�LQ�MXVW�ILYH�ILHOGV�PDNH�XS����SHU�FHQW�RI�WKH�WRWDO��7KH�WKUHH�PRVW
SRSXODU�ILHOGV�ZLWK�DJJUHJDWH�HQUROPHQW�RI����SHU�FHQW�DUH�
�� %XVLQHVV��DGPLQLVWUDWLRQ�DQG�HFRQRPLFV������±����SHU�FHQW�
�� (QJLQHHULQJ�DQG�VXUYH\LQJ������±����SHU�FHQW��DQG
�� 7$)(�PXOWL�ILHOG�HGXFDWLRQ������±����SHU�FHQW�

7KHUH�DUH�RQO\�WZR�ILHOGV��(GXFDWLRQ������DQG�9HWHULQDU\�VFLHQFH�DQG�DQLPDO�FDUH�����
WKDW�KDYH�OHVV�WKDQ�KDOI�WKH�HQUROPHQWV�LQ�RQH�\HDU�FRXUVHV��:KLOH�$UFKLWHFWXUH�DQG



����

EXLOGLQJ������DQG�(QJLQHHULQJ�DQG�VXUYH\LQJ������KDYH�SUHGRPLQDQWO\�PDOH�HQUROPHQWV�
(GXFDWLRQ�������+HDOWK�DQG�FRPPXQLW\�VHUYLFHV������DQG�9HWHULQDU\�VFLHQFH�DQG�DQLPDO
FDUH������KDYH�SUHGRPLQDQWO\�IHPDOH�HQUROPHQWV�

7DEOH���� 'LVWULEXWLRQ�RI�FRPPHQFLQJ�VWXGHQW�HQUROPHQWV�E\�OHQJWK�RI�FRXUVH
DQG�VH[�LQ�HDFK�ILHOG�RI�VWXG\������

3HU�FHQW�RI�HQUROPHQWV
2QH�\HDU
FRXUVHV

7ZR�\HDU
FRXUVHV

7KUHH�\HDU
FRXUVHV 3HU�FHQW�RI

)LHOG�RI�VWXG\ 0DOH )HPDOH 0DOH )HPDOH 0DOH )HPDOH 7RWDO HQUROPHQWV
/DQG�DQG�PDULQH�UHVRXUFHV��DQLPDO
KXVEDQGU\�����

�� �� � � � � ��� ���

$UFKLWHFWXUH��EXLOGLQJ����� �� � �� � �� � ��� ���
$UWV��KXPDQLWLHV�DQG�VRFLDO
VFLHQFHV�����

�� �� � �� � � ��� ���

%XVLQHVV��DGPLQLVWUDWLRQ�
HFRQRPLFV�����

�� �� �� �� � � ��� ����

(GXFDWLRQ����� �� �� � �� � � ��� ���
(QJLQHHULQJ��VXUYH\LQJ����� �� � �� � � � ��� ����
+HDOWK��FRPPXQLW\�VHUYLFHV����� �� �� � �� � � ��� ���
/DZ��OHJDO�VWXGLHV����� �� �� � �� � � ��� ���
6FLHQFH����� �� �� �� � � � ��� ���
9HWHULQDU\�VFLHQFH��DQLPDO�FDUH
����

� �� � �� � �� ��� ���

6HUYLFHV��KRVSLWDOLW\�
WUDQVSRUWDWLRQ�����

�� �� � �� � � ��� ����

7$)(�PXOWL�ILHOG�HGXFDWLRQ����� �� �� � � � � ��� ����
7RWDO �� �� �� �� � � ��� �����

)LQDOO\��7DEOH�����VKRZV�WKH�FRXUVH�HQUROPHQW�RXWFRPHV�WKDW�FRXOG�EH�GHWHUPLQHG�IURP
WKH�GDWD�IRU�����±����2QO\����SHU�FHQW�RI�HQUROPHQWV�LQ������UHVXOWHG�LQ�D�FRXUVH
FRPSOHWLRQ�E\�WKH�HQG�RI����������SHU�FHQW�UHVXOWHG�LQ�SDUWLDO�FRPSOHWLRQ�DQG����SHU
FHQW�LQ�QRQ�FRPSOHWLRQ��7KH�UHVW�����SHU�FHQW��DUH�DVVXPHG�WR�UH�HQURO�LQ������LQ�RUGHU
WR�FRQWLQXH�ZLWK�WKH�FRXUVH��$V�H[SHFWHG��WKHUH�DUH�PRUH�FRQWLQXLQJ�HQUROPHQWV�LQ�WZR�
DQG�WKUHH�\HDU�FRXUVHV�WKDQ�RQH��+RZHYHU��WKH�SURSRUWLRQ�RI�WZR��DQG�WKUHH�\HDU�FRXUVH
HQUROPHQWV�UHVXOWLQJ�LQ�FRPSOHWLRQV�LV�YHU\�ORZ�

7DEOH���� &RXUVH�HQUROPHQW�RXWFRPHV�DV�DW�HQG�RI������IRU�VWXGHQWV�ZKR
FRPPHQFHG�LQ������E\�OHQJWK�RI�FRXUVH

&RXUVH�RXWFRPH�DV�DW�HQG�RI�����

&RXUVH�OHQJWK &RPSOHWLRQ
3DUWLDO

FRPSOHWLRQ 1RQ�FRPSOHWLRQ

$VVXPHG
FRQWLQXLQJ�LQ

���� 7RWDO
2QH�\HDU ������������� ������������� ������������ ������������� ��������������
7ZR�\HDU ������������ ������������ ������������ ������������ ��������������
7KUHH�\HDU ������������ ������������ ����������� ������������ �������������
$OO ������������� ������������� ������������� ������������� ��������������



����

� 5HVXOWV

��� ,QWURGXFWLRQ

,Q�WKLV�FKDSWHU�ZH�SURYLGH�QDWLRQDO�HVWLPDWHV�RI�WKH�SUREDELOLWLHV�RI�FRPSOHWLRQ��SDUWLDO
FRPSOHWLRQ�DQG�QRQ�FRPSOHWLRQ�RI�7$)(�FRXUVHV��$OWKRXJK�WKH�RYHUDOO�UDWH�RI
VXFFHVVIXO�RXWFRPHV�LV�KLJK��WKH�UHVXOWV�VKRZ�FRQVLGHUDEOH�YDULDWLRQ�E\�WKH�DJH�DQG�VH[
RI�VWXGHQWV�DQG�WKH�ILHOG�DQG�VWUHDP�RI�VWXG\�RI�WKHLU�FRXUVHV��)RU�VRPH�VPDOO�VXE�JURXSV
WKHUH�ZHUH�LQVXIILFLHQW�GDWD�WR�HVWLPDWH�WKH�SUREDELOLWLHV�RI�WKH�GLIIHUHQW�RXWFRPHV��$V�D
JHQHUDO�UXOH��FDXWLRQ�VKRXOG�EH�H[HUFLVHG�LQ�LQWHUSUHWLQJ�UHVXOWV�IURP�PRGHOV�HVWLPDWHG
ZLWK�GDWD�RQ�IHZHU�WKDQ����HQUROPHQWV�

:H�DOVR�SURYLGH�QDWLRQDO�HVWLPDWHV�RI�WKH�PHDQ�WLPH�WR�UHDFK�HDFK�RXWFRPH��$V�DOUHDG\
GLVFXVVHG�LQ�&KDSWHU����EHFDXVH�GDWD�RQ�VWXGHQW�SURJUHVV�DUH�FROOHFWHG�RQO\�DQQXDOO\�
DQG�DFWXDO�WLPHV�DUH�QRW�UHFRUGHG��ZH�DVVXPH�WKDW�WKH�WLPH�IRU�PRYHPHQW�EHWZHHQ�DQ\
WZR�VWDWHV�RI�WKH�PRGHO�LV�D�\HDU��$V�WKLV�PD\�EH�DQ�RYHUHVWLPDWH�RI�WKH�DFWXDO�WLPH��RXU
HVWLPDWHV�RI�WKH�DYHUDJH�WLPH�WR�UHDFKLQJ�WKH�WKUHH�FRXUVH�RXWFRPHV�DUH�OLNHO\�WR�EH
ELDVHG�XSZDUGV��6LQFH�WKH�H[WHQW�RI�WKH�ELDV�LV�XQNQRZQ��RQH�QHHGV�WR�WDNH�FDUH�LQ
LQWHUSUHWLQJ�DQ\�UHVXOWV�IRU�WKH�DYHUDJH�WLPHV��7KHUHIRUH��DOWKRXJK�WKH�HVWLPDWHV�IRU
DYHUDJH�WLPHV�DUH�LQFOXGHG�LQ�WKH�WDEOHV�LQ�WKH�DSSHQGLFHV��WKH\�DUH�QRW�GLVFXVVHG�LQ�WKLV
FKDSWHU��7KLV�GHILFLHQF\�LQ�WKH�GDWD��KRZHYHU��GRHV�QRW�DIIHFW�RXU�HVWLPDWHV�RI�WKH
SUREDELOLWLHV�RI�FRXUVH�RXWFRPHV�

,Q�WKH�QH[W�VHFWLRQ��ZH�SUHVHQW�DJJUHJDWH�UHVXOWV�E\�OHQJWK�RI�FRXUVH��6XPPDU\�UHVXOWV�E\
VWUHDPV�DQG�ILHOGV�RI�VWXG\�DUH�JLYHQ�LQ�VXEVHTXHQW�VHFWLRQV��'HWDLOHG�UHVXOWV�IRU�HDFK
DUH�LQFOXGHG�LQ�WKH�DSSHQGLFHV��,Q�DOO�WDEOHV�D�EODQN�HQWU\�LQGLFDWHV�WKH�HVWLPDWH�LV
XQDYDLODEOH�EHFDXVH�RI�ODFN�RI�GDWD��,Q�WKH�IROORZLQJ�GLVFXVVLRQ��ERWK�FRPSOHWLRQ�DQG
SDUWLDO�FRPSOHWLRQ�DUH�WUHDWHG�DV�D�VXFFHVVIXO�RXWFRPH�RI�D�FRXUVH��,Q�VRPH�LQVWDQFHV�
DJJUHJDWH�UHVXOWV�ZHUH�REWDLQHG�E\�WDNLQJ�D�ZHLJKWHG�DYHUDJH�RI�FRPSRQHQWV�ZKHUH�WKH
ZHLJKWV�DUH�WKH�QXPEHU�RI�HQUROPHQWV�

��� $JJUHJDWH�UHVXOWV�E\�OHQJWK�RI�FRXUVH

)LJXUH�����VKRZV�WKDW�FRPSOHWLRQ�DQG�SDUWLDO�FRPSOHWLRQ�RI�D�FRXUVH��WKH�WZR
VDWLVIDFWRU\�RXWFRPHV�IURP�PRVW�VWXGHQWV¶�SHUVSHFWLYH��DUH�WKH�PRVW�OLNHO\�UHVXOWV��2YHU
���SHU�FHQW�RI�HQUROPHQWV�DUH�H[SHFWHG�WR�UHVXOW�LQ�WKHVH�WZR�RXWFRPHV��ZLWK����SHU�FHQW
LQ�SDUWLDO�FRPSOHWLRQV�DQG����SHU�FHQW�LQ�IXOO�FRXUVH�FRPSOHWLRQV��7KH�YHU\�KLJK�UDWH�RI
SDUWLDO�FRPSOHWLRQ�PHDQV�WKDW�WKH�WUXH�VNLOO�OHYHO�RI�WKH�$XVWUDOLDQ�ZRUNIRUFH�FRXOG�EH
PXFK�KLJKHU�WKDQ�WKH�OHYHO�VXJJHVWHG�E\�TXDOLILFDWLRQV�GDWD�DORQH�



����

7KH�UHVXOWV�LQGLFDWH�SDUWLDO�FRPSOHWLRQ�WR�EH�D�YHU\�VLJQLILFDQW�RXWFRPH�RI�D�7$)(
FRXUVH�HQUROPHQW��$OPRVW�KDOI�RI�DOO�FRXUVH�HQUROPHQWV�DUH�H[SHFWHG�WR�UHVXOW�LQ�SDUWLDO
FRPSOHWLRQ��ZKLFK�LV�WZLFH�WKH�SURSRUWLRQ�RI�FRXUVH�FRPSOHWLRQV��7KH�7$)(�V\VWHP
WKHUHIRUH�H[KLELWV�D�GHJUHH�RI�IOH[LELOLW\�WKDW�DFFRPPRGDWHV�WKRVH�VWXGHQWV�ZKR�ZLVK�WR
DFTXLUH�VSHFLILF�VNLOOV�RU�FRPSHWHQFLHV��UDWKHU�WKDQ�FRPSOHWH�TXDOLILFDWLRQV��)RU
H[DPSOH��LQ�WKH�UDSLGO\�FKDQJLQJ�LQIRUPDWLRQ�WHFKQRORJ\�DUHD��WKH�VKHOI�OLIH�RI�D�VNLOO
FRXOG�EH�TXLWH�VKRUW��DQG�VWXGHQWV�PD\�ZLVK�WR�XSGDWH�RQO\�WKRVH�VSHFLILF�VNLOOV�RI
LPPHGLDWH�DSSOLFDWLRQ��,JQRULQJ�RU�QRW�PHDVXULQJ�SDUWLDO�FRPSOHWLRQV�RI�FRXUVHV�ZRXOG
EH�D�JURVV�XQGHUHVWLPDWLRQ�RI�WKH�WUXH�RXWSXW�RI�WKH�7$)(�V\VWHP�

7KH�SUREDELOLWLHV�RI�FRPSOHWLRQ�RU�SDUWLDO�FRPSOHWLRQ�DUH�VXEVWDQWLDOO\�KLJKHU�IRU�RQH�
DQG�WKUHH�\HDU�FRXUVHV�������DQG�������WKDQ�WKH\�DUH�IRU�WZR�\HDU�FRXUVHV���������3HUKDSV
QRW�VXUSULVLQJO\��ORQJHU�FRXUVHV�KDYH�KLJKHU�SUREDELOLWLHV�RI�SDUWLDO�FRPSOHWLRQ��DQG
ORZHU�SUREDELOLWLHV�RI�FRXUVH�FRPSOHWLRQ�WKDQ�GR�VKRUWHU�FRXUVHV��2I�WKH�VXFFHVVIXO
RXWFRPHV�LQ�RQH���WZR��DQG�WKUHH�\HDU�FRXUVHV���������DQG����SHU�FHQW��UHVSHFWLYHO\��DUH
SDUWLDO�FRPSOHWLRQV�

2Q�DYHUDJH��WKHUH�LV�OLWWOH�GLIIHUHQFH�EHWZHHQ�WKH�UDWHV�DW�ZKLFK�PDOHV�DQG�IHPDOHV
FRPSOHWH�RU�SDUWLDOO\�FRPSOHWH�D�FRXUVH��WKRXJK�PDOHV�KDYH�D�VOLJKWO\�KLJKHU�FKDQFH�RI
FRPSOHWLQJ�D�FRXUVH�DQG�IHPDOHV�D�VOLJKWO\�KLJKHU�FKDQFH�RI�SDUWLDOO\�FRPSOHWLQJ�LW�

)LJXUH���� 3UREDELOLWLHV�RI�FRPSOHWLRQ��SDUWLDO�FRPSOHWLRQ�DQG�QRQ�FRPSOHWLRQ
LQ�RQH���WZR��DQG�WKUHH�\HDU�FRXUVHV

$OO�SUREDELOLWLHV�DUH�ZHLJKWHG�DYHUDJHV�

2QH�\HDU�FRXUVHV

,Q�JHQHUDO��UHVXOWV�IRU�RQH�\HDU�FRXUVHV�DUH�PRUH�UREXVW�WKDQ�IRU�WZR��DQG�WKUHH�\HDU
FRXUVHV��7KLV�LV�EHFDXVH�HVWLPDWHV�IRU�RQH�\HDU�FRXUVHV�DUH�EDVHG�RQ�D�ODUJHU�VDPSOH�DQG
RXWFRPHV�IRU����SHU�FHQW�RI�HQUROPHQWV�ZHUH�DOUHDG\�NQRZQ�

����
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����

2QH�\HDU 7ZR�\HDU 7KUHH�\HDU $OO

&RXUVH�W\SH
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1RQ�FRPSOHWLRQ

3DUWLDO�FRPSOHWLRQ

&RPSOHWLRQ
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7DEOH�����VKRZV�WKH�RXWFRPHV�RI�RQH�\HDU�FRXUVHV�IRU�VWXGHQWV�RI�GLIIHUHQW�DJHV�DQG�VH[�
)LJXUHV�����DQG�����VKRZLQJ�WKH�VDPH�UHVXOWV�IRU�PDOHV�DQG�IHPDOHV�VHSDUDWHO\�PDNHV�LW
HDVLHU�WR�DVVHVV�WKH�SUREDELOLW\�RI�D�VXFFHVVIXO�RXWFRPH�E\�DJH��)LUVW��PDOHV�DQG�IHPDOHV
RI�WKH�VDPH�DJH�KDYH�DOPRVW�WKH�VDPH�FKDQFH�RI�D�VXFFHVVIXO�RXWFRPH��EXW�PDOHV�KDYH�D
VOLJKWO\�KLJKHU�FKDQFH�RI�FRXUVH�FRPSOHWLRQ��6HFRQG��WKH�SUREDELOLW\�RI�D�VXFFHVVIXO
RXWFRPH��DQG�FRPSOHWLRQ��LQFUHDVHV�ZLWK�WKH�DJH�RI�WKH�VWXGHQW��7KRVH����\HDUV�RI�DJH
DQG�RYHU�KDYH�QHDUO\�WZLFH�WKH�SUREDELOLW\�RI�FRPSOHWLQJ�D�FRXUVH�FRPSDUHG�WR����\HDU�
ROGV�

7DEOH���� (VWLPDWHG�SUREDELOLWLHV�RI�FRPSOHWLRQ��SDUWLDO�FRPSOHWLRQ�DQG�QRQ�
FRPSOHWLRQ�LQ�RQH�\HDU�FRXUVHV�E\�DJH�DQG�VH[

3UREDELOLW\�RI�FRXUVH�RXWFRPH

6H[ $JH &RPSOHWLRQ
3DUWLDO

FRPSOHWLRQ 1RQ�FRPSOHWLRQ
)HPDOH �� ��� ��� ���

�� ��� ��� ���
�� ��� ��� ���
�� ��� ��� ���
����� ��� ��� ���
����� ��� ��� ���
����� ��� ��� ���
��� ��� ��� ���

0DOH �� ��� ��� ���
�� ��� ��� ���
�� ��� ��� ���
�� ��� ��� ���
����� ��� ��� ���
����� ��� ��� ���
����� ��� ��� ���
��� ��� ��� ���

)LJXUH���� 3UREDELOLWLHV�RI�FRPSOHWLRQ��SDUWLDO�FRPSOHWLRQ�DQG�QRQ�FRPSOHWLRQ
IRU�PDOH�VWXGHQWV�LQ�RQH�\HDU�FRXUVHV�E\�DJH
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)LJXUH���� 3UREDELOLWLHV�RI�FRPSOHWLRQ��SDUWLDO�FRPSOHWLRQ�DQG�QRQ�FRPSOHWLRQ
IRU�IHPDOH�VWXGHQWV�LQ�RQH�\HDU�FRXUVHV�E\�DJH

7ZR�\HDU�FRXUVHV

7KH�FRUUHVSRQGLQJ�UHVXOWV�IRU�WZR�\HDU�FRXUVHV�DUH�VKRZQ�LQ�7DEOH�����DQG�)LJXUHV����
DQG������7KHUH�LV�FOHDUO\�D�GLIIHUHQW�SDWWHUQ�RI�FRXUVH�FRPSOHWLRQ�DQG�SDUWLDO�FRPSOHWLRQ
IRU�VWXGHQWV�LQ�RQH��DQG�WZR�\HDU�FRXUVHV��)RU�ERWK�PDOHV�DQG�IHPDOHV��WKH�GLVWULEXWLRQ
E\�DJH�RI�WKH�SUREDELOLW\�RI�D�VXFFHVVIXO�RXWFRPH�IURP�HQUROPHQW�LQ�D�WZR�\HDU�FRXUVH�LV
8�VKDSHG��ZLWK�WKRVH�DJHG����KDYLQJ�WKH�ORZHVW�FKDQFH�RI�D�VXFFHVVIXO�RXWFRPH��)RU
PDOHV��WKH�SUREDELOLW\�RI�D�VXFFHVVIXO�RXWFRPH�YDULHV�IURP����WR����SHU�FHQW��FRPSDUHG
WR�D�UDQJH�RI����WR����SHU�FHQW�IRU�IHPDOHV�

$�PDOH¶V�FKDQFH�RI�FRPSOHWLQJ�D�FRXUVH�GHFOLQHV�ZLWK�DJH��ZKLOH�D�IHPDOH¶V�FKDQFH
LQFUHDVHV�XQWLO�DJH����DQG�WKHQ�GHFOLQHV��<RXQJHU�PDOHV��OHVV�WKDQ����\HDUV�RI�DJH��KDYH
D�KLJKHU�UDWH�RI�FRPSOHWLRQ�WKDQ�IHPDOHV�RI�WKH�VDPH�DJH�
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7DEOH���� (VWLPDWHG�SUREDELOLWLHV�RI�FRPSOHWLRQ��SDUWLDO�FRPSOHWLRQ�DQG
QRQ�FRPSOHWLRQ�LQ�WZR�\HDU�FRXUVHV�E\�DJH�DQG�VH[

3UREDELOLW\�RI�FRXUVH�RXWFRPH

6H[ $JH &RPSOHWLRQ
3DUWLDO

FRPSOHWLRQ 1RQ�FRPSOHWLRQ
)HPDOH �� ��� ��� ���

�� ��� ��� ���
�� ��� ��� ���
�� ��� ��� ���
����� ��� ��� ���
����� ��� ��� ���
����� ��� ��� ���
��� ��� ��� ���

0DOH �� ��� ��� ���
�� ��� ��� ���
�� ��� ��� ���
�� ��� ��� ���
����� ��� ��� ���
����� ��� ��� ���
����� ��� ��� ���
��� ��� ��� ���

)LJXUH���� 3UREDELOLWLHV�RI�FRPSOHWLRQ��SDUWLDO�FRPSOHWLRQ�DQG�QRQ�FRPSOHWLRQ
IRU�PDOH�VWXGHQWV�LQ�WZR�\HDU�FRXUVHV�E\�DJH
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)LJXUH���� 3UREDELOLWLHV�RI�FRPSOHWLRQ��SDUWLDO�FRPSOHWLRQ�DQG�QRQ�FRPSOHWLRQ
IRU�IHPDOH�VWXGHQWV�LQ�WZR�\HDU�FRXUVHV�E\�DJH

7KUHH�\HDU�FRXUVHV

7DEOH�����DQG�)LJXUHV�����DQG�����GLVSOD\�WKH�HVWLPDWHV�IRU�WKUHH�\HDU�FRXUVHV��7KH
GLVWULEXWLRQ�RI�WKH�SUREDELOLW\�RI�D�VXFFHVVIXO�RXWFRPH�E\�DJH�IRU�IHPDOHV�LV�RQFH�DJDLQ
8�VKDSHG��EXW�IRU�PDOHV�WKHUH�LV�OLWWOH�YDULDWLRQ�E\�DJH��,Q�JHQHUDO��\RXQJHU�PDOHV�DUH
PRUH�OLNHO\�WR�FRPSOHWH�WKUHH�\HDU�FRXUVHV�WKDQ�IHPDOHV�RI�WKH�VDPH�DJH�

7DEOH���� (VWLPDWHG�SUREDELOLWLHV�RI�FRPSOHWLRQ��SDUWLDO�FRPSOHWLRQ�DQG�QRQ�
FRPSOHWLRQ�LQ�WKUHH�\HDU�FRXUVHV�E\�DJH�DQG�VH[

3UREDELOLW\�RI�FRXUVH�RXWFRPH

6H[ $JH &RPSOHWLRQ
3DUWLDO

FRPSOHWLRQ 1RQ�FRPSOHWLRQ
)HPDOH �� ��� ��� ���

�� ��� ��� ���
�� ��� ��� ���
�� ��� ��� ���
����� ��� ��� ���
����� ��� ��� ���
����� ��� ��� ���
��� ��� ��� ���

0DOH �� ��� ��� ���
�� ��� ��� ���
�� ��� ��� ���
�� ��� ��� ���
����� ��� ��� ���
����� ��� ��� ���
����� ��� ��� ���
��� ��� ��� ���
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)LJXUH���� 3UREDELOLWLHV�RI�FRPSOHWLRQ��SDUWLDO�FRPSOHWLRQ�DQG�QRQ�FRPSOHWLRQ
IRU�PDOH�VWXGHQWV�LQ�WKUHH�\HDU�FRXUVHV�E\�DJH

)LJXUH���� 3UREDELOLWLHV�RI�FRPSOHWLRQ��SDUWLDO�FRPSOHWLRQ�DQG�QRQ�FRPSOHWLRQ
IRU�IHPDOH�VWXGHQWV�LQ�WKUHH�\HDU�FRXUVHV�E\�DJH

��� 5HVXOWV�E\�VWUHDPV�RI�VWXG\

,Q�WKLV�VHFWLRQ��ZH�SURYLGH�QDWLRQDO�HVWLPDWHV�RI�WKH�SUREDELOLWLHV�RI�FRPSOHWLRQ��SDUWLDO
FRPSOHWLRQ�DQG�QRQ�FRPSOHWLRQ�RI�7$)(�FRXUVHV�E\�WKH�VWUHDP�RI�VWXG\�DQG�JHQGHU�
0RUH�GHWDLOHG�WDEOHV�WKDW�GLVSOD\�WKHVH�HVWLPDWHV�VHSDUDWHO\�IRU�FRXUVHV�RI�GLIIHUHQW
OHQJWK�DUH�LQFOXGHG�LQ�$SSHQGL[�$�

7DEOH�����VKRZV�WKH�SUREDELOLWLHV�RI�FRXUVH�HQUROPHQW�RXWFRPHV�LQ�GLIIHUHQW�VWUHDPV�RI
VWXG\�IRU�ERWK�PDOHV�DQG�IHPDOHV��'LIIHUHQFHV�LQ�WKH�VXFFHVV�UDWHV�EHWZHHQ�PDOHV�DQG
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IHPDOHV��LQ�JHQHUDO��DUH�VPDOO�LQ�PRVW�VWUHDPV�RI�VWXG\��0RVW�GLIIHUHQFHV�DUH�OHVV�WKDQ
��SHUFHQWDJH�SRLQWV��ZLWK�WKH�KLJKHVW�GLIIHUHQFH�RI����SHUFHQWDJH�SRLQWV�IRU�WKH�VWUHDP
FRQWDLQLQJ�&RXUVHV�VXEVHTXHQW�WR�DQ�LQLWLDO�YRFDWLRQDO�FRXUVH�DW�WKH�RSHUDWLYH�OHYHO
�VWUHDP��������7KH�FRPSOHWLRQ�UDWH�GLIIHUHQFHV��KRZHYHU��DUH�ODUJHU��,Q�SDUWLFXODU�
IHPDOHV�KDYH�D�KLJKHU�SUREDELOLW\�RI�FRPSOHWLQJ�&RXUVHV�VXEVHTXHQW�WR�DQ�LQLWLDO
YRFDWLRQDO�FRXUVH��VWUHDPV������������DQG��������ZLWK�D�GLIIHUHQFH�RI����SHUFHQWDJH
SRLQWV�IRU�VWUHDPV������DQG������

7DEOH���� 3UREDELOLWLHV�RI�FRPSOHWLRQ��SDUWLDO�FRPSOHWLRQ�DQG�QRQ�FRPSOHWLRQ
RI�D�FRXUVH�E\�VH[�RI�VWXGHQW�DQG�VWUHDP�RI�VWXG\

3UREDELOLW\�RI�FRXUVH�RXWFRPH
&RPSOHWLRQ 3DUWLDO�FRPSOHWLRQ 1RQ�FRPSOHWLRQ

6WUHDP�RI�VWXG\ 0DOH )HPDOH $OO 0DOH )HPDOH $OO 0DOH )HPDOH $OO
%DVLF�HGXFDWLRQ�DQG�HPSOR\PHQW
VNLOOV�������

��� ��� ��� ��� ��� ��� ��� ��� ���

(GXFDWLRQ�SUHSDUDWLRQ������� ��� ��� ��� ��� ��� ��� ��� ��� ���
,QLWLDO�YRFDWLRQDO�FRXUVHV²
RSHUDWLYHV������

��� ��� ��� ��� ��� ��� ��� ��� ���

&RXUVHV�ZKLFK�JUDQW�SDUWLDO
H[HPSWLRQ�WR�UHFRJQLVHG�WUDGH
FRXUVHV�������

��� ��� ��� ��� ��� ��� ��� ��� ���

&RPSOHWH�WUDGH�FRXUVHV������� ��� ��� ��� ��� ��� ��� ��� ��� ���
&RXUVHV�ZKLFK�JUDQW�SDUWLDO
H[HPSWLRQ�WR�RWKHU�VNLOOV�FRXUVHV
������

��� ��� ��� ��� ��� ��� ��� ��� ���

&RPSOHWH�RWKHU�VNLOOV�FRXUVHV
������

��� ��� ��� ��� ��� ��� ��� ��� ���

7UDGH�WHFKQLFLDQ�WUDGH�VXSHUYLVRU\
������

��� ��� ��� ��� ��� ��� ��� ��� ���

3DUD�SURIHVVLRQDO�WHFKQLFLDQ
������

��� ��� ��� ��� ��� ��� ��� ��� ���

3DUD�SURIHVVLRQDO�KLJKHU
WHFKQLFLDQ�������

��� ��� ��� ��� ��� ��� ��� ��� ���

3URIHVVLRQDO������� ��� ��� ��� ��� ��� ��� ��� ��� ���
&RXUVHV�VXEVHTXHQW�WR�DQ�LQLWLDO
YRFDWLRQDO�FRXUVH²DW�RSHUDWLYH
OHYHO�������

��� ��� ��� ��� ��� ��� ��� ��� ���

&RXUVHV�VXEVHTXHQW�WR�DQ�LQLWLDO
YRFDWLRQDO�FRXUVH²DW�D�VNLOOHG
OHYHO�������

��� ��� ��� ��� ��� ��� ��� ��� ���

&RXUVHV�VXEVHTXHQW�WR�DQ�LQLWLDO
YRFDWLRQDO�FRXUVH²DW�D�WUDGH�OHYHO
������

��� ��� ��� ��� ��� ��� ��� ��� ���

$OO ��� ��� ��� ��� ��� ��� ��� ��� ���
7KHUH�ZHUH�LQVXIILFLHQW�GDWD�WR�HVWLPDWH�PRGHOV�IRU�FRXUVHV�LQ�VWUHDPV������DQG������
$OO�SUREDELOLWLHV�DUH�ZHLJKWHG�DYHUDJHV�

1H[W��ZH�FRPSDUH�WKH�RYHUDOO�UHVXOWV�REWDLQHG�E\�DJJUHJDWLQJ�RYHU�JHQGHU�JURXSV�
)LJXUH�����VKRZV�WKH�SUREDELOLWLHV�IRU�WKH�WKUHH�FRXUVH�RXWFRPHV�LQ�D�VWDFNHG�EDU�JUDSK
ZLWK�VWUHDPV�RUGHUHG�E\�LQFUHDVLQJ�VXFFHVV�UDWHV��6XFFHVV�UDWHV�IRU�VWUHDPV�FRQWDLQLQJ
&RXUVHV�VXEVHTXHQW�WR�DQ�LQLWLDO�YRFDWLRQDO�FRXUVH��VWUHDPV������������DQG�������DUH
VRPH�RI�WKH�KLJKHVW��ERWK�VWUHDPV������DQG������KDYH�VXFFHVV�UDWHV�RI�RYHU����SHU
FHQW���2Q�WKH�RWKHU�KDQG��WKH�VXFFHVV�UDWH�IRU�WKH�VWUHDP�FRQWDLQLQJ�3DUD�
SURIHVVLRQDO�WHFKQLFLDQ�FRXUVHV��VWUHDP�������LV�EDUHO\����SHU�FHQW�



����

'HVSLWH�WKH�IDFW�WKDW�WKH�WKUHH�VWUHDPV������������DQG������KDYH�VXFFHVV�UDWHV�WKDW�DUH
YHU\�FORVH�WR�HDFK�RWKHU��WKH�FRXUVH�FRPSOHWLRQ�UDWHV�IRU�WKHP�DUH�YHU\�GLIIHUHQW��,Q
VWUHDP�������FRQWDLQLQJ�VNLOOHG�OHYHO�FRXUVHV���WKH�SUREDELOLW\�RI�FRPSOHWLRQ�LV����SHU
FHQW��ZKLOH�LQ�VWUHDPV�������FRQWDLQLQJ�WUDGH�OHYHO�FRXUVHV��DQG�������FRQWDLQLQJ
RSHUDWLYH�OHYHO�FRXUVHV��LW�LV����DQG���SHU�FHQW��UHVSHFWLYHO\��7KRVH�VWUHDPV�FRQWDLQLQJ
&RXUVHV�ZKLFK�JUDQW�SDUWLDO�H[HPSWLRQ�WR�UHFRJQLVHG�WUDGH�FRXUVHV��VWUHDP�������DQG
,QLWLDO�YRFDWLRQDO�FRXUVHV�IRU�RSHUDWLYHV��VWUHDP�������DOVR�KDYH�DERYH�DYHUDJH
FRPSOHWLRQ�UDWHV�

)LJXUH���� 3UREDELOLWLHV�RI�FRPSOHWLRQ��SDUWLDO�FRPSOHWLRQ�DQG�QRQ�FRPSOHWLRQ
LQ�FRXUVHV�VRUWHG�E\�VWUHDPV�RI�VWXG\

$OO�SUREDELOLWLHV�DUH�ZHLJKWHG�DYHUDJHV�

��� 5HVXOWV�IRU�ILHOGV�RI�VWXG\

7KLV�VHFWLRQ�SUHVHQWV�HVWLPDWHV�RI�WKH�SUREDELOLWLHV�RI�FRPSOHWLRQ��SDUWLDO�FRPSOHWLRQ
DQG�QRQ�FRPSOHWLRQ�E\�ILHOG�RI�VWXG\�DQG�JHQGHU��5HVXOWV�E\�FRXUVH�OHQJWK�DUH�LQFOXGHG
LQ�$SSHQGL[�%��7DEOH�����FRQWDLQV�SUREDELOLWLHV�RI�FRXUVH�HQUROPHQW�RXWFRPHV�LQ
GLIIHUHQW�ILHOGV�RI�VWXG\�IRU�ERWK�PDOHV�DQG�IHPDOHV��8QOLNH�WKH�UHVXOWV�IRU�VWUHDPV�RI
VWXG\��WKH�GLIIHUHQFHV�LQ�VXFFHVV�UDWHV�IRU�PDOHV�DQG�IHPDOHV�LQ�WKH�VDPH�ILHOG�RI�VWXG\
DUH�RIWHQ�TXLWH�ODUJH��7KH�DYHUDJH�GLIIHUHQFH�DFURVV�ILHOGV�LV���SHUFHQWDJH�SRLQWV��0DOHV
KDYH�VXEVWDQWLDOO\�KLJKHU�VXFFHVV�UDWHV��DW�OHDVW����SHUFHQWDJH�SRLQWV�KLJKHU��LQ
$UFKLWHFWXUH�DQG�EXLOGLQJ��ILHOG�����DQG�(GXFDWLRQ��ILHOG������ZKLOH�IHPDOHV�KROG�DQ
DGYDQWDJH�LQ�$UWV��KXPDQLWLHV�DQG�VRFLDO�VFLHQFHV��ILHOG������6FLHQFH��ILHOG�����DQG
9HWHULQDU\�VFLHQFH�DQG�DQLPDO�FDUH��ILHOG�����

7KH�FRXUVH�FRPSOHWLRQ�UDWH�GLIIHUHQFHV�EHWZHHQ�PDOHV�DQG�IHPDOHV��KRZHYHU��DUH�PRUH
PRGHVW��H[FHSW�LQ�(GXFDWLRQ��ILHOG�����ZKHUH�PDOHV�KDYH�DQ����SHU�FHQW�FKDQFH�RI
FRPSOHWLQJ�FRPSDUHG�WR�RQO\����SHU�FHQW�IRU�IHPDOHV��$�FORVH�H[DPLQDWLRQ�RI�WKH�UHVXOWV
IRU�WKLV�ILHOG��VHH�7DEOHV�%��DQG�%���LQ�$SSHQGL[�%��VKRZV��ILUVWO\��WKH�HVWLPDWHV�DUH
RQO\�DYDLODEOH�IRU�RQH��DQG�WZR�\HDU�FRXUVHV��DQG�VHFRQGO\��FRPSOHWLRQ�SUREDELOLWLHV�IRU
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WKH�IRUPHU�DUH�D�ORW�KLJKHU�WKDQ�IRU�WKH�ODWWHU��6LQFH�PRUH�IHPDOH�VWXGHQWV�HQUROOHG�LQ
WZR�\HDU�FRXUVHV�WKDQ�RQH�\HDU�FRXUVHV��WKH�ZHLJKWHG�DYHUDJH�RI�WKH�SUREDELOLWLHV�RI
FRPSOHWLRQ�LV�ELDVHG�WRZDUGV�WKH�FRPSOHWLRQ�SUREDELOLW\�IRU�WZR�\HDU�FRXUVHV��2Q�WKH
RWKHU�KDQG��LQ�WKH�FDVH�RI�PDOHV��WKH�ELDV�LV�WRZDUGV�WKH�FRPSOHWLRQ�SUREDELOLW\�IRU�RQH�
\HDU�FRXUVHV�EHFDXVH�PRUH�PDOH�VWXGHQWV�HQUROOHG�LQ�RQH�\HDU�FRXUVHV�WKDQ�LQ�WZR�\HDU
FRXUVHV�

7KH�UHVXOWV�IRU�GDWD�DJJUHJDWHG�DFURVV�JHQGHU�JURXSV�VKRZ�WKH�SUREDELOLW\�RI�VXFFHVV
YDULHV�IURP����SHU�FHQW�LQ�/DZ�DQG�OHJDO�VWXGLHV��ILHOG�����WR����SHU�FHQW�LQ�7$)(�PXOWL�
ILHOG�HGXFDWLRQ��ILHOG������VHH�)LJXUH������7KH�KLJKHVW�SUREDELOLW\�RI�FRXUVH�FRPSOHWLRQ
����SHU�FHQW��LV�LQ�6FLHQFH��ILHOG�����

7DEOH���� 3UREDELOLWLHV�RI�FRPSOHWLRQ��SDUWLDO�FRPSOHWLRQ�DQG�QRQ�FRPSOHWLRQ
RI�D�FRXUVH�E\�VH[�RI�VWXGHQW�DQG�ILHOG�RI�VWXG\

3UREDELOLW\�RI�FRXUVH�RXWFRPH
&RPSOHWLRQ 3DUWLDO�FRPSOHWLRQ 1RQ�FRPSOHWLRQ

)LHOG�RI�VWXG\ 0DOH )HPDOH $OO 0DOH )HPDOH $OO 0DOH )HPDOH $OO
/DQG�DQG�PDULQH�UHVRXUFHV��DQLPDO
KXVEDQGU\�����

��� ��� ��� ��� ��� ��� ��� ��� ���

$UFKLWHFWXUH��EXLOGLQJ����� ��� ��� ��� ��� ��� ��� ��� ��� ���
$UWV��KXPDQLWLHV�DQG�VRFLDO
VFLHQFHV�����

��� ��� ��� ��� ��� ��� ��� ��� ���

%XVLQHVV��DGPLQLVWUDWLRQ�
HFRQRPLFV�����

��� ��� ��� ��� ��� ��� ��� ��� ���

(GXFDWLRQ����� ��� ��� ��� ��� ��� ��� ��� ��� ���
(QJLQHHULQJ��VXUYH\LQJ����� ��� ��� ��� ��� ��� ��� ��� ��� ���
+HDOWK��FRPPXQLW\�VHUYLFHV����� ��� ��� ��� ��� ��� ��� ��� ��� ���
/DZ��OHJDO�VWXGLHV����� ��� ��� ��� ��� ��� ��� ��� ��� ���
6FLHQFH����� ��� ��� ��� ��� ��� ��� ��� ��� ���
9HWHULQDU\�VFLHQFH��DQLPDO�FDUH
����

��� ��� ��� ��� ��� ��� ��� ��� ���

6HUYLFHV��KRVSLWDOLW\�
WUDQVSRUWDWLRQ�����

��� ��� ��� ��� ��� ��� ��� ��� ���

7$)(�PXOWL�ILHOG�HGXFDWLRQ����� ��� ��� ��� ��� ��� ��� ��� ��� ���
$OO ��� ��� ��� ��� ��� ��� ��� ��� ���

$OO�SUREDELOLWLHV�DUH�ZHLJKWHG�DYHUDJHV�
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)LJXUH���� 3UREDELOLWLHV�RI�FRPSOHWLRQ��SDUWLDO�FRPSOHWLRQ�DQG�QRQ�FRPSOHWLRQ
LQ�FRXUVHV�VRUWHG�E\�ILHOGV�RI�VWXG\

$OO�SUREDELOLWLHV�DUH�ZHLJKWHG�DYHUDJHV�

��� &RQFOXGLQJ�FRPPHQWV

7KH�UHVXOWV�VXJJHVW�WKDW�SDUWLDO�FRPSOHWLRQ�LV�D�YHU\�VLJQLILFDQW�RXWFRPH�RI�HQUROPHQW�LQ
D�7$)(�FRXUVH��$OPRVW�KDOI�RI�DOO�FRXUVH�HQUROPHQWV�DUH�H[SHFWHG�WR�UHVXOW�LQ�SDUWLDO
FRPSOHWLRQ��ZKLFK�LV�WZLFH�WKH�SURSRUWLRQ�RI�FRPSOHWLRQV��)RU�VWXGHQWV��IXOO�FRXUVH
FRPSOHWLRQ�FHUWDLQO\�DSSHDUV�WR�EH�RI�OHVV�VLJQLILFDQFH�WKDQ�WKH�FRPSOHWLRQ�RI�VRPH
PRGXOHV�

7KH�VXFFHVV�UDWHV�YDU\�FRQVLGHUDEO\�E\�OHQJWK�RI�FRXUVH��DJH��VWUHDP�RI�VWXG\�DQG�ILHOG
RI�VWXG\��$OWKRXJK��DW�WKH�DJJUHJDWH�OHYHO�GLIIHUHQFHV�EHWZHHQ�PDOHV�DQG�IHPDOHV�DUH
RIWHQ�VPDOO��WKHUH�FDQ�EH�VXEVWDQWLDO�GLIIHUHQFHV�EHWZHHQ�PDOHV�DQG�IHPDOHV�ZKHQ�RWKHU
IDFWRUV�VXFK�DV�DJH�DUH�WDNHQ�LQWR�DFFRXQW�
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)LHOG�RI�VWXG\
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&RPSOHWLRQ 3DUWLDO�FRPSOHWLRQ 1RQ�FRPSOHWLRQ
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� &RQFOXVLRQV

7KH�PRGHO�GHYHORSHG�LQ�WKLV�UHSRUW�KDV�SURYLGHG�IRU�WKH�ILUVW�WLPH�GHWDLOHG�HVWLPDWHV�IRU
WKH�IORZ�RI�VWXGHQWV�WKURXJK�7$)(�FRXUVHV�LQ�$XVWUDOLD��,W�IRFXVHG�RQ�QDWLRQDO�GDWD��EXW
FDQ�EH�UHDGLO\�DGDSWHG�WR�DQDO\VH�GDWD�DW�WKH�6WDWH�OHYHO��$OWKRXJK�WKH�UHGXFHG�DPRXQW�RI
GDWD�DYDLODEOH�DW�WKH�6WDWH�OHYHO�PD\�SUHYHQW�HVWLPDWLRQ�RI�PRGHOV�IRU�DOO�WKH�JURXSV�RI
FRXUVHV�LGHQWLILHG�LQ�WKLV�UHSRUW��XVHIXO�LQIRUPDWLRQ�FRXOG�QHYHUWKHOHVV�EH�REWDLQHG�

1DWLRQDO�9(7�GDWD��FROOHFWHG�IRU�WKH�SHULRG������WR�������ZHUH�XVHG�WR�HVWLPDWH�WKH
PRGHO��0RUH�DFFXUDWH�UHVXOWV��HVSHFLDOO\�IRU�WZR��DQG�WKUHH�\HDU�FRXUVHV��FDQ�QR�GRXEW
EH�REWDLQHG�ZLWK�WKH�LQFOXVLRQ�RI�GDWD�IRU�ODWHU�SHULRGV�

7KH�UHVXOWV�VXJJHVW�WKDW�SDUWLDO�FRPSOHWLRQ�LV�D�YHU\�VLJQLILFDQW�FRXUVH�HQUROPHQW
RXWFRPH�LQ�7$)(��)RU�VWXGHQWV��IXOO�FRXUVH�FRPSOHWLRQ�FHUWDLQO\�DSSHDUV�WR�EH�RI�OHVV
VLJQLILFDQFH�WKDQ�WKH�FRPSOHWLRQ�RI�VRPH�PRGXOHV��+RZHYHU��LQ�RUGHU�WR�GHYHORS�VRXQG
SROLF\�RQ�WKLV�LVVXH��WKH�UHDVRQV�IRU�SDUWLDO�FRPSOHWLRQ�RI�FRXUVHV�QHHG�WR�EH�GHWHUPLQHG�
)XUWKHU�UHVHDUFK�FRXOG�DOVR�GLVDJJUHJDWH�SDUWLDO�FRPSOHWLRQV�LQWR�GLIIHUHQW�W\SHV��,W
ZRXOG�DOVR�EH�LQWHUHVWLQJ�WR�GHWHUPLQH�LI�SDUWLDO�FRPSOHWHUV�PRUH�FRPPRQO\�HQUROOHG�LQ
VRPH�W\SHV�RI�PRGXOHV�UDWKHU�WKDQ�LQ�RWKHU�W\SHV��6XUYH\V�RI�VWXGHQWV�ZKR�SDUWLDOO\
FRPSOHWH�FRXUVHV�PD\�KHOS�WR�VKHG�IXUWKHU�OLJKW�RQ�WKHVH�LPSRUWDQW�LVVXHV�

*LYHQ�WKH�VLJQLILFDQFH�RI�SDUWLDO�FRXUVH�FRPSOHWLRQ�LQ�7$)(�DV�GHPRQVWUDWHG�LQ�WKLV
UHSRUW��RQH�FRXOG�DUJXH�WKDW�FRPSOHWHG�TXDOLILFDWLRQV�XQGHUHVWLPDWH�WKH�VWRFN�RI�VNLOOV�LQ
WKH�ZRUNIRUFH�

5HVHDUFK�RQ�WKH�ODERXU�PDUNHW�FRQVHTXHQFHV�RI�SDUWLDOO\�FRPSOHWLQJ�D�FRXUVH�LV�DQRWKHU
LPSRUWDQW�DUHD�WKDW�UHTXLUHV�IXUWKHU�LQYHVWLJDWLRQ��,W�LV�SRVVLEOH�WKDW�WKH�VWXGHQWV�ZKR
SDUWLDOO\�FRPSOHWH�FRXUVHV�DUH�UHIOHFWLQJ�WKH�LPSHUDWLYHV�RI�WKH�ODERXU�PDUNHW��6RPH
VNLOOV�WHQG�WR�EHFRPH�REVROHWH�LQ�D�UHODWLYHO\�VKRUW�WLPH�GXH�WR�UDSLG�WHFKQRORJLFDO�DQG
RUJDQLVDWLRQDO�FKDQJH��6XFK�VNLOOV�QHHG�WR�EH�FRQVWDQWO\�XSJUDGHG��EXW�ZLWK�D�PLQLPXP
RI�GLVUXSWLRQ�WR�SURGXFWLRQ��7KHUHIRUH�VWXGHQWV��DQG�SHUKDSV�WKHLU�HPSOR\HUV��PD\�IRFXV
RQ�DFTXLULQJ�VNLOOV�DV�WKH\�DUH�QHHGHG��UDWKHU�WKDQ�RQ�LQYHVWLQJ�UHVRXUFHV�LQ�FRPSOHWH
FRXUVHV��SDUWV�RI�ZKLFK�PD\�KDYH�OLWWOH�UHOHYDQFH�WR�WKHLU�LPPHGLDWH�QHHGV�

7KH�FDXVHV�RI�WKH�VXEVWDQWLDO�YDULDWLRQ�LQ�WKH�UHVXOWV�DFURVV�VWUHDPV��DQG�ILHOGV��RI�VWXG\
DQG�WKH�DJH�RI�VWXGHQWV�QHHG�IXUWKHU�LQYHVWLJDWLRQ��&RXOG�GLIIHUHQFHV�LQ�VWDQGDUGV�RI
DVVHVVPHQW��TXDOLW\�RI�WHDFKLQJ�RU�VWXGHQW�DSWLWXGH�DQG�PRWLYDWLRQ�EH�VRPH�RI�WKH�IDFWRUV
WKDW�H[SODLQ�WKH�YDULDWLRQ��RU�DUH�WKHUH�RWKHU�FDXVHV"�7KH�DQVZHU�WR�WKLV�TXHVWLRQ�QHHGV
IXUWKHU�UHVHDUFK�XVLQJ�DOWHUQDWLYH�GDWD�VRXUFHV�



����

7KH�UHVHDUFK�UHSRUWHG�KHUH�KDV�UDLVHG�D�QXPEHU�RI�TXHVWLRQV�DERXW�RXWFRPHV�RI�D
VWXGHQW¶V�HQUROPHQW�LQ�D�7$)(�FRXUVH��,W�KDV�SURYLGHG�VWDWLVWLFDO�EDFNLQJ�WR�VRPH
JHQHUDOO\�KHOG�YLHZV�UHJDUGLQJ�WKH�LPSRUWDQFH�RI�SDUWLDO�FRPSOHWLRQ�DV�D�FRXUVH�RXWFRPH
LQ�WKH�7$)(�V\VWHP��7KH�UHVXOWV�IURP�WKLV�VWXG\�FDQ�DVVLVW�SROLF\�GHYHORSPHQW�LQ
LPSRUWDQW�DUHDV�VXFK�DV�UHVRXUFH�DOORFDWLRQ��TXDOLW\�DVVXUDQFH��VWXGHQW�VXSSRUW�VHUYLFHV�
DQG�WKH�GHYHORSPHQW�RI�DSSURSULDWH�RXWSXW�PHDVXUHV�WR�XVH�LQ�WKH�7$)(�V\VWHP�



����

5HIHUHQFHV

$17$�������$QQXDO�1DWLRQDO�5HSRUW�������9ROXPH����9RFDWLRQDO�(GXFDWLRQ�DQG�7UDLQLQJ�3HUIRUPDQFH�
$XVWUDOLDQ�1DWLRQDO�7UDLQLQJ�$XWKRULW\��%ULVEDQH�

%DOO��.��������µ'HPRJUDSKLF�IDFWRUV�LQIOXHQFLQJ�WKH�OLNHOLKRRG�RI�VXFFHVV�LQ�YRFDWLRQDO�HGXFDWLRQ¶�
SUHVHQWHG�DW�WKH�FRQIHUHQFH�RI�WKH�$XVWUDOLDQ�9RFDWLRQDO�(GXFDWLRQ�DQG�7UDLQLQJ�5HVHDUFK
$VVRFLDWLRQ��8QLYHUVLW\�RI�7HFKQRORJ\��6\GQH\�

%DUWKRORPHZ��'��-���$��)��)RUEHV�	�6��,��0F&OHDQ�������6WDWLVWLFDO�7HFKQLTXHV�IRU�0DQSRZHU�3ODQQLQJ�
�QG�(GLWLRQ��-RKQ�:LOH\��&KLFKHVWHU�

%RRWK��$��	�6��6DWFKHOO�������µ%ULWLVK�3K'�FRPSOHWLRQ�UDWHV��VRPH�HYLGHQFH�IURP�WKH�����V¶��+LJKHU
(GXFDWLRQ�5HYLHZ������������

%XUNH��*��������µ'HPRJUDSKLF�DFFRXQWLQJ�DQG�PRGHOOLQJ��$Q�DSSOLFDWLRQ�WR�WUDLQHH�VHFRQGDU\�WHDFKHUV�LQ
9LFWRULD¶��$XVWUDOLDQ�(FRQRPLF�3DSHUV��������������

'XEDOO��%��	�5��%DNHU�������µ$WWULWLRQ�LQ�7$)(��7KH�LQIOXHQFHV�RI�LQVWLWXWLRQDO�YDULDEOHV¶��$XVWUDOLDQ
-RXUQDO�RI�7$)(�5HVHDUFK�DQG�'HYHORSPHQW�����������

*DQL��-��������µ)RUPXODH�IRU�SURMHFWLQJ�HQUROPHQWV�DQG�GHJUHHV�DZDUGHG�LQ�XQLYHUVLWLHV¶��-RXUQDO�RI�WKH
5R\DO�6WDWLVWLFDO�6RFLHW\��6HULHV�$���������������

*UH\��.���:��%HVZLFN�	�&��2¶%ULHQ�������7UDLQHHVKLS�QRQ�FRPSOHWLRQ��5(%�5HSRUW�������'HSDUWPHQW�RI
(GXFDWLRQ��7UDLQLQJ�DQG�<RXWK�$IIDLUV��'(7<$���&DQEHUUD�

*XWKULH��+��	�3��/RYHGHU�������$SSURDFKHV�WR�0XOWLSOH�HQWU\�DQG�([LW�3RLQWV�IRU�WKH�$VVRFLDWH�'LSORPD�
7$)(�1DWLRQDO�&HQWUH�IRU�5HVHDUFK�DQG�'HYHORSPHQW�/WG���$GHODLGH�

-RKQVWRQH��-��1��	�+��3KLOS�������µ7KH�DSSOLFDWLRQ�RI�D�0DUNRY�FKDLQ�LQ�HGXFDWLRQ�SODQQLQJ¶��6RFLR�(FRQ�
3ODQ��6FL��������������

0DFGRQDOG��&��������6WXGHQW�$WWULWLRQ�LQ�7$)(�&HUWLILFDWH�&RXUVHV��7$)(�1DWLRQDO�&HQWUH�IRU�5HVHDUFK
DQG�'HYHORSPHQW�/WG���$GHODLGH�

1D\ORU��*��-��	�0��0��1D\ORU�������6XUYH\�RI�6WXGHQW�$WWULWLRQ�LQ�7HFKQLFDO�DQG�)XUWKHU�(GXFDWLRQ
)LQDO�5HSRUW��&RPPRQZHDOWK�7$)(�&RXQFLO��6\GQH\�

1&9(5�������$XVWUDOLDQ�9RFDWLRQDO�(GXFDWLRQ�DQG�7UDLQLQJ�6WDWLVWLFV�������LQ�GHWDLO��1&9(5�
$GHODLGH�

1LFKROOV��0��������µ6KRUW�WHUP�SUHGLFWLRQ�RI�VWXGHQW�QXPEHUV�LQ�WKH�9LFWRULDQ�VHFRQGDU\�HGXFDWLRQ
V\VWHP¶��$XVWUDOLDQ�-RXUQDO�RI�6WDWLVWLFV��������������

16:%9(7�������8QGHUVWDQGLQJ�FRPSOHWLRQ�UDWHV�LQ�16:�YRFDWLRQDO�HGXFDWLRQ�DQG�WUDLQLQJ��16:
%RDUG�RI�9RFDWLRQDO�(GXFDWLRQ�DQG�7UDLQLQJ��6\GQH\�

27)(��2IILFH�RI�7UDLQLQJ�DQG�)XUWKHU�(GXFDWLRQ��������3DWWHUQV�LQ�PRGXOH�FRPSOHWLRQV�������9LFWRULDQ
7$)(�,QVWLWXWHV���6WDWH�7UDLQLQJ�%RDUG�RI�9LFWRULD��0HOERXUQH�

3DUNLQVRQ��.��-���*��+D\WRQ�	�)��6WUDFKDQ�������$WWULWLRQ�RI�3DUW�WLPH�7$)(�&HUWLILFDWH�6WXGHQWV��7$)(
1DWLRQDO�&HQWUH�IRU�5HVHDUFK�DQG�'HYHORSPHQW�/WG���$GHODLGH�

5D\��'���:��%HVZLFN��&��/DZVRQ��&��2¶%ULHQ�	�6��0DGLJDQ�������$WWULWLRQ�LQ�DSSUHQWLFHVKLSV��$Q
DQDO\VLV�RI�DSSUHQWLFHV�FRPPHQFLQJ�EHWZHHQ�-XO\������DQG�-XQH�������5(%�5HSRUW������
'HSDUWPHQW�RI�(GXFDWLRQ��7UDLQLQJ�DQG�<RXWK�$IIDLUV��'(7<$���&DQEHUUD�

5REHUWVRQ�������$Q�HPSLULFDO�DQDO\VLV�RI�WKH�LQIOXHQFH�RI�VWXGHQW�FKDUDFWHULVWLFV�RQ�SURJUHVV�LQ�GLVWDQFH
WUDLQLQJ�IRU�YHWHULQDU\�QXUVHV��$QLPDO�6WXGLHV�'HSDUWPHQW��%R[�+LOO�&ROOHJH�RI�7$)(�
0HOERXUQH�

6KDK��&��	�*��%XUNH�������µ$Q�XQGHUJUDGXDWH�VWXGHQW�IORZ�PRGHO��$XVWUDOLDQ�KLJKHU�HGXFDWLRQ¶��+LJKHU
(GXFDWLRQ��������������

6WRQH��5��������'HPRJUDSKLF�$FFRXQWLQJ�DQG�0RGHOOLQJ��2(&'��3DULV�
6WRQH��5��������µ$�0DUNRYLDQ�HGXFDWLRQ�PRGHO�DQG�RWKHU�H[DPSOHV�OLQNLQJ�VRFLDO�EHKDYLRXU�WR�WKH

HFRQRP\¶��-RXUQDO�RI�WKH�5R\DO�6WDWLVWLFDO�6RFLHW\��6HULHV�$���������������



�
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$SSHQGL[�$²6WUHDPV�RI�VWXG\

7KLV�DSSHQGL[�FRQWDLQV�UHVXOWV�RI�PRGHOOLQJ�VWXGHQW�IORZV�WKURXJK�7$)(�FRXUVHV
RUJDQLVHG�E\�VWUHDPV�RI�VWXG\��$�EODQN�FHOO�LQGLFDWHV�WKH�HVWLPDWH�FRXOG�QRW�EH�REWDLQHG
EHFDXVH�RI�GHILFLHQF\�LQ��RU�QRQ�H[LVWHQFH�RI��DSSURSULDWH�GDWD��$Q�DVWHULVN����QH[W�WR
WKH�DJH�ODEHO�LQGLFDWHV�WKH�UHVXOWV�IRU�WKDW�DJH�JURXS�VKRXOG�EH�LQWHUSUHWHG�ZLWK�FDXWLRQ
EHFDXVH�WKH�PRGHO�IURP�ZKLFK�WKH�UHVXOWV�ZHUH�REWDLQHG�ZDV�HVWLPDWHG�ZLWK�GDWD�IRU�OHVV
WKDQ����VWXGHQWV�

$�� 2QH�\HDU�FRXUVHV

5HVXOWV�IRU�WKH�IROORZLQJ�VWUHDPV�DUH�XQDYDLODEOH�

�� 3DUD�SURIHVVLRQDO�WHFKQLFLDQ�FRXUVHV��VWUHDP�������
�� &RXUVHV�VXEVHTXHQW�WR�DQ�LQLWLDO�YRFDWLRQDO�FRXUVH²DW�RSHUDWLYH�OHYHO��VWUHDP

�������DQG
�� &RXUVHV�VXEVHTXHQW�WR�DQ�LQLWLDO�YRFDWLRQDO�FRXUVH²DW�D�SDUD�SURIHVVLRQDO�KLJKHU

WHFKQLFLDQ�OHYHO��VWUHDP�������

7DEOH�$� 5HVXOWV�RI�RQH�\HDU�FRXUVHV�LQ�%DVLF�HGXFDWLRQ�DQG�HPSOR\PHQW�VNLOOV
�VWUHDP�������E\�DJH�DQG�VH[

3UREDELOLW\�RI�FRXUVH�RXWFRPH 0HDQ�WLPH�WR�FRXUVH�RXWFRPH

6H[ $JH &RPSOHWLRQ
3DUWLDO

&RPSOHWLRQ 1RQ�FRPSOHWLRQ &RPSOHWLRQ
3DUWLDO

&RPSOHWLRQ
0DOH �� ��� ��� ��� ��� ���

�� ��� ��� ��� ���
�� ��� ��� ��� ��� ���
�� ��� ��� ��� ��� ���
����� ��� ��� ��� ��� ���
����� ��� ��� ��� ��� ���
����� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ���

)HPDOH �� ��� ��� ��� ��� ���
�� ��� ��� ��� ��� ���
�� ��� ��� ��� ��� ���
�� ��� ��� ��� ���
����� ��� ��� ��� ��� ���
����� ��� ��� ��� ��� ���
����� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ���
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7DEOH�$� 5HVXOWV�RI�RQH�\HDU�FRXUVHV�LQ�(GXFDWLRQ�SUHSDUDWLRQ��VWUHDP������
E\�DJH�DQG�VH[

3UREDELOLW\�RI�FRXUVH�RXWFRPH 0HDQ�WLPH�WR�FRXUVH�RXWFRPH

6H[ $JH &RPSOHWLRQ
3DUWLDO

&RPSOHWLRQ 1RQ�FRPSOHWLRQ &RPSOHWLRQ
3DUWLDO

&RPSOHWLRQ
0DOH �� ��� ��� ��� ���

�� ��� ��� ��� ��� ���
�� ��� ��� ��� ��� ���
�� ��� ��� ��� ��� ���
����� ��� ��� ��� ��� ���
����� ��� ��� ��� ���
����� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ���

)HPDOH �� ��� ��� ��� ��� ���
�� ��� ��� ��� ��� ���
�� ��� ��� ��� ���
�� ��� ��� ��� ��� ���
����� ��� ��� ��� ��� ���
����� ��� ��� ��� ��� ���
����� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ���

7DEOH�$� 5HVXOWV�RI�RQH�\HDU�,QLWLDO�YRFDWLRQDO�FRXUVHV²RSHUDWLYHV
�VWUHDP�������E\�DJH�DQG�VH[

3UREDELOLW\�RI�FRXUVH�RXWFRPH 0HDQ�WLPH�WR�FRXUVH�RXWFRPH

6H[ $JH &RPSOHWLRQ
3DUWLDO

&RPSOHWLRQ 1RQ�FRPSOHWLRQ &RPSOHWLRQ
3DUWLDO

&RPSOHWLRQ
0DOH �� ��� ��� ��� ��� ���

�� ��� ��� ��� ��� ���
�� ��� ��� ��� ��� ���
�� ��� ��� ��� ���
����� ��� ��� ��� ��� ���
����� ��� ��� ��� ��� ���
����� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ���

)HPDOH �� ��� ��� ��� ���
�� ��� ��� ��� ��� ���
�� ��� ��� ��� ��� ���
�� ��� ��� ��� ��� ���
����� ��� ��� ��� ���
����� ��� ��� ��� ���
����� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ���
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7DEOH�$� 5HVXOWV�RI�RQH�\HDU�&RXUVHV�ZKLFK�JUDQW�SDUWLDO�H[HPSWLRQ�WR
UHFRJQLVHG�WUDGH�FRXUVHV��VWUHDP�������E\�DJH�DQG�VH[

3UREDELOLW\�RI�FRXUVH�RXWFRPH 0HDQ�WLPH�WR�FRXUVH�RXWFRPH

6H[ $JH &RPSOHWLRQ
3DUWLDO

&RPSOHWLRQ 1RQ�FRPSOHWLRQ &RPSOHWLRQ
3DUWLDO

&RPSOHWLRQ
0DOH �� ��� ��� ��� ��� ���

�� ��� ��� ��� ��� ���
�� ��� ��� ��� ��� ���
�� ��� ��� ��� ��� ���
����� ��� ��� ��� ���
����� ��� ��� ��� ���
����� ��� ��� ���
���

)HPDOH ��
��
�� ��� ��� ��� ��� ���
��
�����
�����
�����
���

7DEOH�$� 5HVXOWV�RI�RQH�\HDU�&RPSOHWH�WUDGH�FRXUVHV��VWUHDP�������E\�DJH
DQG�VH[

3UREDELOLW\�RI�FRXUVH�RXWFRPH 0HDQ�WLPH�WR�FRXUVH�RXWFRPH

6H[ $JH &RPSOHWLRQ
3DUWLDO

&RPSOHWLRQ 1RQ�FRPSOHWLRQ &RPSOHWLRQ
3DUWLDO

&RPSOHWLRQ
0DOH �� ��� ��� ��� ��� ����

�� ��� ��� ��� ��� ����
�� ��� ��� ��� ��� ���
�� ��� ��� ��� ��� ���
����� ��� ��� ��� ��� ���
����� ��� ��� ��� ��� ���
����� ��� ��� ��� ��� ���
��� ��� ��� ��� ���

)HPDOH �� ��� ��� ��� ���
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7DEOH�$�� 5HVXOWV�RI�WKUHH�\HDU�7UDGH�WHFKQLFLDQ�WUDGH�VXSHUYLVRU\�FRXUVHV
�VWUHDP�������E\�DJH�DQG�VH[

3UREDELOLW\�RI�FRXUVH�RXWFRPH 0HDQ�WLPH�WR�FRXUVH�RXWFRPH
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7DEOH�$�� 5HVXOWV�RI�WKUHH�\HDU�3DUD�SURIHVVLRQDO�WHFKQLFLDQ�FRXUVHV
�VWUHDP�������E\�DJH�DQG�VH[

3UREDELOLW\�RI�FRXUVH�RXWFRPH 0HDQ�WLPH�WR�FRXUVH�RXWFRPH
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7DEOH�$�� 5HVXOWV�RI�WKUHH�\HDU�3DUD�SURIHVVLRQDO�KLJKHU�WHFKQLFLDQ�FRXUVHV
�VWUHDP�������E\�DJH�DQG�VH[

3UREDELOLW\�RI�FRXUVH�RXWFRPH 0HDQ�WLPH�WR�FRXUVH�RXWFRPH

6H[ $JH &RPSOHWLRQ
3DUWLDO
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7DEOH�$�� 5HVXOWV�RI�WKUHH�\HDU�3URIHVVLRQDO�FRXUVHV��VWUHDP�������E\�DJH
DQG�VH[

3UREDELOLW\�RI�FRXUVH�RXWFRPH 0HDQ�WLPH�WR�FRXUVH�RXWFRPH

6H[ $JH &RPSOHWLRQ
3DUWLDO

&RPSOHWLRQ 1RQ�FRPSOHWLRQ &RPSOHWLRQ
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7DEOH�$�� 5HVXOWV�RI�WKUHH�\HDU�&RXUVHV�VXEVHTXHQW�WR�DQ�LQLWLDO�YRFDWLRQDO
FRXUVH²DW�D�VNLOOHG�OHYHO��VWUHDP�������E\�DJH�DQG�VH[

3UREDELOLW\�RI�FRXUVH�RXWFRPH 0HDQ�WLPH�WR�FRXUVH�RXWFRPH

6H[ $JH &RPSOHWLRQ
3DUWLDO

&RPSOHWLRQ 1RQ�FRPSOHWLRQ &RPSOHWLRQ
3DUWLDO

&RPSOHWLRQ
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7DEOH�$�� 5HVXOWV�RI�WKUHH�\HDU�&RXUVHV�VXEVHTXHQW�WR�DQ�LQLWLDO�YRFDWLRQDO
FRXUVH²DW�D�WUDGH�OHYHO��VWUHDP�������E\�DJH�DQG�VH[

3UREDELOLW\�RI�FRXUVH�RXWFRPH 0HDQ�WLPH�WR�FRXUVH�RXWFRPH

6H[ $JH &RPSOHWLRQ
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$SSHQGL[�%²)LHOGV�RI�VWXG\

7KLV�DSSHQGL[�FRQWDLQV�UHVXOWV�RI�PRGHOOLQJ�VWXGHQW�IORZV�WKURXJK�7$)(�FRXUVHV
RUJDQLVHG�E\�ILHOGV�RI�VWXG\��$�EODQN�FHOO�LQGLFDWHV�WKH�HVWLPDWH�FRXOG�QRW�EH�REWDLQHG
EHFDXVH�RI�GHILFLHQF\�LQ��RU�QRQ�H[LVWHQFH�RI��DSSURSULDWH�GDWD��$Q�DVWHULVN����QH[W�WR
WKH�DJH�ODEHO�LQGLFDWHV�WKH�UHVXOWV�IRU�WKDW�DJH�JURXS�VKRXOG�EH�LQWHUSUHWHG�ZLWK�FDXWLRQ
EHFDXVH�WKH�PRGHO�IURP�ZKLFK�WKH�UHVXOWV�ZHUH�REWDLQHG�ZDV�HVWLPDWHG�ZLWK�GDWD�IRU�OHVV
WKDQ����VWXGHQWV�

%�� 2QH�\HDU�FRXUVHV

5HVXOWV�IRU�9HWHULQDU\�VFLHQFH�DQG�DQLPDO�FDUH��ILHOG�����DUH�XQDYDLODEOH�

7DEOH�%� 5HVXOWV�RI�RQH�\HDU�FRXUVHV�LQ�/DQG�DQG�PDULQH�UHVRXUFHV�DQG
DQLPDO�KXVEDQGU\��ILHOG�����E\�DJH�DQG�VH[

3UREDELOLW\�RI�FRXUVH�RXWFRPH 0HDQ�WLPH�WR�FRXUVH�RXWFRPH
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7DEOH�%� 5HVXOWV�RI�RQH�\HDU�FRXUVHV�LQ�$UFKLWHFWXUH�DQG�EXLOGLQJ��ILHOG�����E\
DJH�DQG�VH[

3UREDELOLW\�RI�FRXUVH�RXWFRPH 0HDQ�WLPH�WR�FRXUVH�RXWFRPH

6H[ $JH &RPSOHWLRQ
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7DEOH�%� 5HVXOWV�RI�RQH�\HDU�FRXUVHV�LQ�$UWV��KXPDQLWLHV�DQG�VRFLDO�VFLHQFHV
�ILHOG�����E\�DJH�DQG�VH[

3UREDELOLW\�RI�FRXUVH�RXWFRPH 0HDQ�WLPH�WR�FRXUVH�RXWFRPH

6H[ $JH &RPSOHWLRQ
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7DEOH�%� 5HVXOWV�RI�RQH�\HDU�FRXUVHV�LQ�%XVLQHVV��DGPLQLVWUDWLRQ�DQG
HFRQRPLFV�E\�DJH�DQG�VH[��ILHOG�����E\�DJH�DQG�VH[

3UREDELOLW\�RI�FRXUVH�RXWFRPH 0HDQ�WLPH�WR�FRXUVH�RXWFRPH

6H[ $JH &RPSOHWLRQ
3DUWLDO
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3UREDELOLW\�RI�FRXUVH�RXWFRPH 0HDQ�WLPH�WR�FRXUVH�RXWFRPH

6H[ $JH &RPSOHWLRQ
3DUWLDO

&RPSOHWLRQ 1RQ�FRPSOHWLRQ &RPSOHWLRQ
3DUWLDO

&RPSOHWLRQ
0DOH ��

��
��
��
�����
�����
����� ��� ��� ��� ���
��� ��� ��� ��� ���

)HPDOH ��
��
��
��
����� ��� ��� ���
����� ��� ��� ��� ���
����� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ���



��

7DEOH�%� 5HVXOWV�RI�RQH�\HDU�FRXUVHV�LQ�(QJLQHHULQJ�DQG�VXUYH\LQJ��ILHOG����
E\�DJH�DQG�VH[

3UREDELOLW\�RI�FRXUVH�RXWFRPH 0HDQ�WLPH�WR�FRXUVH�RXWFRPH
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7DEOH�%�� 5HVXOWV�RI�RQH�\HDU�FRXUVHV�LQ�6HUYLFHV��KRVSLWDOLW\�DQG
WUDQVSRUWDWLRQ��ILHOG�����E\�DJH�DQG�VH[

�
3UREDELOLW\�RI�FRXUVH�RXWFRPH 0HDQ�WLPH�WR�FRXUVH�RXWFRPH
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%�� 7ZR�\HDU�FRXUVHV

7DEOH�%�� 5HVXOWV�RI�WZR�\HDU�FRXUVHV�LQ�/DQG�DQG�PDULQH�UHVRXUFHV�DQG
DQLPDO�KXVEDQGU\��ILHOG�����E\�DJH�DQG�VH[

3UREDELOLW\�RI�FRXUVH�RXWFRPH 0HDQ�WLPH�WR�FRXUVH�RXWFRPH
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DJH�DQG�VH[

3UREDELOLW\�RI�FRXUVH�RXWFRPH 0HDQ�WLPH�WR�FRXUVH�RXWFRPH
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7DEOH�%�� 5HVXOWV�RI�WZR�\HDU�FRXUVHV�LQ�$UWV��KXPDQLWLHV�DQG�VRFLDO�VFLHQFHV
�ILHOG�����E\�DJH�DQG�VH[

3UREDELOLW\�RI�FRXUVH�RXWFRPH 0HDQ�WLPH�WR�FRXUVH�RXWFRPH
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$SSHQGL[�&²7KH�GDWDVHW

&���/LPLWLQJ�WKH�VFRSH�RI�WKH�VWXG\
,Q�RUGHU�WR�VLPSOLI\�ZKDW�FRXOG�HDVLO\�EHFRPH�DQ�XQQHFHVVDULO\�FRPSOH[�SURFHVV��WKH
UHVHDUFKHUV�KDYH�OLPLWHG�WKHLU�DQDO\VLV�WR�D�VXEVHW�RI�WKH�DYDLODEOH�GDWD�
)LUVW��RQO\�GDWD�IURP�RQH�PDMRU�9(7�SURYLGHU�LQ�HDFK�6WDWH�RU�7HUULWRU\�KDV�EHHQ�LQFOXGHG�LQ
WKH�DQDO\VLV��7KHVH�DUH�ZKDW�DUH�JHQHUDOO\�WKRXJKW�RI�DV�7$)(�SURYLGHUV��7KH�UHDVRQ�IRU�GRLQJ
WKLV�LV�WR�PLQLPLVH�GLIIHUHQFHV�LQ�WUHDWPHQW�VR�DV�WR�EH�DEOH�WR�IRFXV�RQ�WKH�NH\�YDULDEOHV�
6HFRQG��GDWD�UHODWLQJ�WR�µVWUHDP�����¶²GHVFULEHG�LQ�WKH�$9(70,66�V\VWHP�DV�µ5HFUHDWLRQDO
DQG�OHLVXUH�FRXUVHV¶²KDYH�QRW�EHHQ�LQFOXGHG�LQ�WKH�DQDO\VLV��0RVW�RI�WKHVH�FRXUVHV�DUH�VLQJOH�
PRGXOH�FRXUVHV��DQG�SURJUHVV�WKURXJK�D�FRXUVH�LV�WKHUH�UHSODFHG�E\�WKH�QRWLRQ�RI�SURJUHVV
WKURXJK�D�VLQJOH�PRGXOH�
7KLUG��RWKHU�EURDG�H[FOXVLRQV�KDYH�EHHQ�FDUULHG�RXW�DV�GRFXPHQWHG�LQ�WKH�QH[W�VHFWLRQ�

&���'DWD�ZLQQRZLQJ�SURFHGXUHV
7KH�IROORZLQJ�GHVFULEHV�LQ�GHWDLO�WKH�GDWD�HGLWLQJ�WKDW�WRRN�SODFH�LQ�SUHSDUDWLRQ�IRU�WKH�FRQGXFW
RI�WKLV�UHVHDUFK��7KH�VWHSV�GHVFULEHG�DUH�DSSOLHG�WR�WKH�ZKROH�GDWDVHW�IRU�WKH�HLJKW�PDMRU�9(7
SURYLGHUV�LQ�$XVWUDOLD��$V�D�UHVXOW��VRPH�VWXGHQWV�DQG�WKHLU�SHUIRUPDQFHV�DUH�H[FOXGHG�IURP�WKH
VWXG\��ZKLOH�WKH�UHDVRQV�IRU�H[FOXVLRQ�DUH�UHODWHG�WR�WKH�LQWHJULW\�RI�WKH�VWXG\��LW�VKRXOG�EH�QRWHG
WKDW�ZKLOH�PRVW�H[FOXVLRQV�ZLOO�EH�XQELDVHG��VRPH�PD\�LQWURGXFH�ELDV��$W�WKH�HQG�RI�WKH�VHFWLRQ
GHVFULELQJ�SKDVH����WKH�LPSOLHG�H[FOXVLRQV�DQG�WKHLU�SRVVLEOH�LPSDFW�DUH�GLVFXVVHG�

3KDVH���� 5HGXFLQJ�WKH�GDWDVHW
5HGXFH�WKH�GDWDVHW�IRU������WR�WKRVH�DFWLYLWLHV�LQ�ZKLFK�D�VWXGHQW�FRPPHQFHG�D�FRXUVH�LQ�WKDW
\HDU���

5HGXFH�WKH�GDWDVHW�IRU������IXUWKHU�E\�H[FOXGLQJ�DOO�FDVHV�LQ�ZKLFK�WKH�VH[�RI�WKH�VWXGHQW�LV�QRW
UHFRUGHG�XQDPELJXRXVO\��H�J��E\�EHLQJ�RPLWWHG��
5HGXFH�WKH�GDWDVHW�IRU������IXUWKHU�E\�H[FOXGLQJ�DOO�FDVHV�LQ�ZKLFK�WKH�VWXGHQW¶V�ELUWKGDWH�LV
QRW�UHFRUGHG�XQDPELJXRXVO\��H[SOLFLWO\��WKLV�PHDQV��IRU�H[DPSOH��H[FOXGLQJ�WKRVH�FDVHV�LQ
ZKLFK�WKH�VWXGHQW�UHFRUGHG�WKH�FXUUHQW�\HDU�DV�WKH�\HDU�RI�ELUWK��
5HGXFH�WKH�GDWDVHW�IRU������IXUWKHU�E\�H[FOXGLQJ�DOO�FDVHV�LQ�ZKLFK�WKH�VWXGHQW¶V�FRXUVH�FDQQRW
EH�XQDPELJXRXVO\�LGHQWLILHG�
5HGXFH�WKH�GDWDVHW�IRU������E\�UHPRYLQJ�DOO�DFWLYLW\�DVVRFLDWHG�ZLWK�VWUHDP�����
5HGXFH�WKH�GDWDVHW�IRU������E\�UHPRYLQJ�DOO�DFWLYLW\�DVVRFLDWHG�ZLWK�FRXUVHV�ZKRVH�OHQJWK�LV
JLYHQ�DV���KRXUV�RU���KRXU��

������������������������������������������������
���1RW�DOO�VWXGHQWV�FRPPHQFLQJ�D�FRXUVH�LQ������ZLOO�EH�LGHQWLILHG�LQ�WKLV�ZD\�EHFDXVH�RI�KXPDQ�HUURU�LQ
WKH�WUDLQLQJ�RUJDQLVDWLRQV��RU�HOVHZKHUH��LQ�UHFRJQLVLQJ�WKDW�D�VWXGHQW�KDV�FRPPHQFHG�D�FRXUVH�
���$�FRXUVH�ZLOO�EH�JLYHQ�WKHVH�OHQJWKV�E\�D�WUDLQLQJ�RUJDQLVDWLRQ�RQO\�DV�D�GXPP\�YDOXH�XQWLO�DQ�DSSURYHG
OHQJWK�LV�REWDLQHG��6RPHWLPHV�WKHVH�GXPP\�YDOXHV�ILQG�WKHLU�ZD\�LQWR�$9(70,66�ILOHV�



��

5HGXFH�WKH�GDWDVHW�IRU������E\�UHPRYLQJ�DOO�DFWLYLW\�DVVRFLDWHG�ZLWK�FRXUVHV�ZKRVH�OHQJWK�LV
JLYHQ�DV�PRUH�WKDQ������KRXUV���

5HGXFH�WKH�GDWDVHW�IRU������E\�UHPRYLQJ�DOO�DFWLYLW\�DVVRFLDWHG�ZLWK�VLQJOH�PRGXOH�FRXUVHV�
5HGXFH�WKH�GDWDVHW�IRU������E\�UHPRYLQJ�FRXUVHV�IRU�ZKLFK�WKHUH�LV�QR�HQUROPHQW�
5HGXFH�WKH�GDWDVHW�IRU������E\�UHPRYLQJ�FRXUVHV�IRU�ZKLFK�WKH�DYHUDJH�HQUROOHG�KRXUV�LV�PRUH
WKDQ�GRXEOH�WKH�DYHUDJH�FRXUVH�OHQJWK���

)RU������DQG�������HQVXUH�WKDW�FRXUVHV�FRQWLQXH�WR�RSHUDWH�DV�LQ������E\�UHVWULFWLQJ�FRXUVH
KRXUV�WR�WKRVH�RSHUDWLQJ�LQ������
5HPRYH�DOO�DFWLYLW\�E\�VWXGHQWV�\RXQJHU�WKDQ����LQ������

6XPPDU\�RI�LQFOXVLRQV�DIWHU�WKH�DERYH�UHGXFWLRQV
$FWLYLW\�LV�LQFOXGHG�RQO\�IRU�

VWXGHQWV�ZKR
ZHUH�LGHQWLILHG�DV�KDYLQJ�FRPPHQFHG�D�FRXUVH�LQ������
ZHUH�RYHU����DQG
FRQVLVWHQWO\�DQG�FRPSOHWHO\�UHSRUWHG�GDWH�RI�ELUWK�DQG�VH[�

DQG�IRU�FRXUVHV�ZKLFK
ZHUH�QRW�VWUHDP������
KDG�D�UHSRUWHG�OHQJWK�JUHDWHU�WKDQ���KRXU�EXW�QRW�PRUH�WKDQ������KRXUV�
ZHUH�HQUROOHG�LQ�E\�VWXGHQWV�IRU�QR�PRUH�WKDQ�GRXEOH�WKH�FODLPHG�OHQJWK�LQ�KRXUV��DQG
FRQVLVWHG�RI�PRUH�WKDQ�RQH�PRGXOH�

2WKHU�H[FOXVLRQV
7KH�PHWKRGRORJ\�XVHG�DERYH��DQG�IXUWKHU�HGLWLQJ�EHORZ��HQWDLOV�H[FOXVLRQV�ZKLFK�PD\�QRW�EH
LPPHGLDWHO\�REYLRXV��7KHVH�DUH�
:KHQ�WKH�PHWKRGRORJ\�H[FOXGHV�µDOO�FDVHV�LQ�ZKLFK�WKH�VH[�RI�WKH�VWXGHQW�LV�QRW�UHFRUGHG
XQDPELJXRXVO\��H�J��E\�EHLQJ�RPLWWHG�¶�RU�µDOO�FDVHV�LQ�ZKLFK�WKH�VWXGHQW¶V�ELUWKGDWH�LV�QRW
UHFRUGHG�XQDPELJXRXVO\¶�LW�PD\�H[FOXGH�VWXGHQWV�ZKRVH�SHUIRUPDQFH�LV�EHORZ�DYHUDJH��WKH
DYDLODEOH�DQHFGRWDO�HYLGHQFH�LV�WKDW�VWXGHQWV�ZKR�IDLO�WR�SURYLGH�GDWD�DUH�OHVV�VXFFHVVIXO�
:KHQ�WKH�PHWKRGRORJ\�H[FOXGHV�µDOO�FDVHV�LQ�ZKLFK�WKH�VWXGHQW¶V�FRXUVH�FDQQRW�EH
XQDPELJXRXVO\�LGHQWLILHG¶�LW�PD\�LQWURGXFH�D�ELDV�DJDLQVW�VXFFHVVIXO�VWXGHQWV�ZKR�WUDQVIHU
EHWZHHQ�FRXUVHV�DQG�UHFHLYHG�FUHGLW�IRU�WKHLU�HDUOLHU�VWXGLHV��%XW�WKH�PHWKRGRORJ\�H[FOXGHV
UHFRJQLWLRQ�RI�SULRU�OHDUQLQJ�LQ�DQ\�FDVH��
:KHQ�WKH�PHWKRGRORJ\�EHORZ�H[FOXGHV�FDVHV�LQ�ZKLFK�DQ�DSSDUHQW�LQGLYLGXDO�KDV�GLIIHUHQW
SRVWFRGHV�LQ�GLIIHUHQW�\HDUV�LW�PD\�OHDG�WR�DQ�RYHUHVWLPDWLRQ�RI�VXFFHVV�UDWHV�E\�H[FOXGLQJ
SHUVRQV�ZKR�GURS�RXW�RI�FRXUVHV�DV�D�UHVXOW�RI�FKDQJHV�RI�KRPH�DGGUHVV�

3KDVH��� /LQN�VWXGHQW�KLVWRULHV
7KH�SHUIRUPDQFH�RI�VWXGHQWV�LGHQWLILHG�DV�FRPPHQFLQJ�D�FRXUVH�LQ������PXVW�EH�OLQNHG�WR�WKH
SHUIRUPDQFHV��LI�DQ\��RI�WKH�VDPH�VWXGHQWV�LQ�WKH�VDPH�FRXUVHV�LQ������DQG�������$V�LQGLFDWHG
HDUOLHU��WKH�GDWD�UHFRUGV�GR�QRW�LQFOXGH�ZKROO\�FRQVLVWHQW�LGHQWLILFDWLRQV�RI�VWXGHQWV�
7KH�$9(70,66�ILOHV�LQFOXGH�WZR�GDWD�LWHPV�LQWHQGHG�WR�SURYLGH�VRPH�ZD\�RI�LGHQWLI\LQJ�D
VWXGHQW��LQ�WKH�VWDWLVWLFDO�VHQVH�RI�EHLQJ�DEOH�WR�LGHQWLI\�WZR�RU�PRUH�HYHQWV�DV�KDSSHQLQJ�WR�WKH
VDPH�SHUVRQ�ZLWKRXW�DQ\�VSHFLILF�LGHQWLILFDWLRQ�RI�WKH�SHUVRQ���D�µFOLHQW�,'¶�DQG�DQ�µHQFU\SWHG
,'¶�

������������������������������������������������
���&RXUVHV�DUH�DOVR�VRPHWLPHV�JLYHQ�OHQJWKV�WKDW�VHHP�XQUHDVRQDEO\�ODUJH��7KLV�UHGXFWLRQ�LV�WKH�ILUVW
ZLQQRZLQJ�RQO\�
���:KLOH�LW�LV�SRVVLEOH�IRU�VWXGHQWV�WR�HQURO�LQ�PRUH�WKDQ�WKH�QXPEHU�RI�VXEMHFWV�UHTXLUHG�WR�FRPSOHWH�WKH
KRXUV��LW�LV�GHVLUDEOH�WR�UHPRYH�FDVHV�WKDW�UDLVH�VHULRXV�TXHVWLRQV�DERXW�WKH�DFFXUDF\�RI�WKH�UHSRUWHG�FRXUVH
OHQJWK��7KLV�UXOH�UHPRYHV�RQO\�WKH�H[WUHPH�FDVHV��KRZHYHU�



��

7KH�µFOLHQW�,'¶�LV�DQ�,'��FRQVLVWLQJ�RI�D�PL[WXUH�RI�WKH�DOSKDEHW�DQG�WKH�GLJLWV��±���ZKLFK�D
WUDLQLQJ�RUJDQLVDWLRQ�XVHV�IRU�LQWHUQDO�DGPLQLVWUDWLYH�SXUSRVHV��D�VWXGHQW�FOLHQW�ZLOO�XVXDOO\��EXW
QRW�DOZD\V��KDYH�WKH�VDPH�FOLHQW�,'�DW�OHDVW�ZKLOH�VWXG\LQJ�D�SDUWLFXODU�FRXUVH���

7KH�µHQFU\SWHG�,'¶�LV�DQ�HQFU\SWLRQ�RI�WKH�VWXGHQW¶V�QDPH��6WXGHQWV�ZLWK�WKH�VDPH�QDPH�ZLOO�
RI�FRXUVH��KDYH�WKH�VDPH�HQFU\SWLRQ��VR�QRW�DOO�UHFRUGV�ZLWK�WKH�VDPH�HQFU\SWHG�,'�FDQ�EH
UHJDUGHG�DV�EHORQJLQJ�WR�WKH�VDPH�VWXGHQW��PRUH�HYLGHQFH�DERXW�LGHQWLW\�LV�QHHGHG�

$�FRQVHUYDWLYH�DSSURDFK²RQH�WKDW�KDV�EHHQ�IROORZHG�LQ�WKLV�UHVHDUFK²UHTXLUHV�VWULFWHU�UXOHV
WR�HVWDEOLVK�D�VHW�RI�UHFRUGV�DV�EHORQJLQJ�WR�D�VLQJOH�LQGLYLGXDO��)RU�WKH�SUHVHQW�UHVHDUFK��WKH
IROORZLQJ�UXOHV�IRU�LGHQWLILFDWLRQ�RI�LQGLYLGXDOV�KDYH�EHHQ�IROORZHG�

WZR�UHFRUGV�FDQ�EH�OLQNHG�LI�DQG�RQO\�LI
FOLHQW�VH[�LV�WKH�VDPH
FOLHQW�GDWH�RI�ELUWK�LV�WKH�VDPH
FOLHQW�KRPH�SRVWFRGH�LV�WKH�VDPH��DQG
HLWKHU�FOLHQW�,'��IRXU�WUDLQLQJ�RUJDQLVDWLRQV��RU�HQFU\SWHG�,'��IRXU�WUDLQLQJ�RUJDQLVDWLRQV��DUH
WKH�VDPH�

,Q�DGGLWLRQ��IRU�WKLV�VWXG\��WKH�FRXUVH�QHHGV�WR�EH�WKH�VDPH�DFURVV�DOO�UHFRUGV�
7KH�ILUVW�WZR�FRQGLWLRQV�DUH�EDVLF�UHTXLUHPHQWV�IRU�DQ\�LGHQWLILFDWLRQ��ZKLOH�WKH�WKLUG�LV�DGGHG
WR�FRQILUP�WKH�ILUVW�WZR��7KH�ILQDO�GRW�SRLQW�FRQGLWLRQ�UHIOHFWV�WKH�GLIILFXOWLHV�RI�UHVHDUFK�LQ�WKLV
DUHD��QHLWKHU�FOLHQW�,'�QRU�HQFU\SWHG�,'�PD\�VDIHO\�EH�XVHG�DFURVV�DOO�HLJKW�RI�WKH�PDMRU�9(7
WUDLQLQJ�RUJDQLVDWLRQV��µ&OLHQW�,'¶�ZDV�WKH�SUHIHUUHG�PDWFKLQJ�GDWD�LWHP�IRU�WKLV�UHVHDUFK��EXW�LW
ZDV�QRW�SRVVLEOH�WR�XVH�WKLV�IRU�DOO�WUDLQLQJ�RUJDQLVDWLRQV��7KH�$9(70,66�VSHFLILFDWLRQ�GRHV
QRW�UHTXLUH�FRQVLVWHQW�XVH�RI�LGHQWLILFDWLRQ�DFURVV�\HDUV��7KH�UHVXOW�RI�H[WHQVLYH�FRQVLGHUDWLRQV
LV�VKRZQ�H[KLELWHG�DERYH��GLIIHUHQW�DSSURDFKHV�ZHUH�QHHGHG�IRU�GLIIHUHQW�6WDWH�7HUULWRULHV���

$W�WKH�FRQFOXVLRQ�RI�WKLV�SURFHVV�D�VHULHV�RI�ILOHV�KDG�EHHQ�SUHSDUHG�ZLWK�ILUP�OLQNV�EHWZHHQ
LQGLYLGXDO�VWXGHQWV�IRU������������DQG������

3KDVH��� )LQDO�ILOH�SUHSDUDWLRQ
)XUWKHU�VWHSV�ZHUH�QHHGHG�EHIRUH�DQDO\VLV�FRXOG�FRPPHQFH��7KLV�ZDV�WR�HQVXUH�WKDW�WKH
SURSRVHG�ILQDO�DQDO\VLV�FRXOG�EH�FDUULHG�RXW�LQ�WKH�GHWDLO�DQG�WR�WKH�OHYHO�UHTXLUHG��DQG�LQYROYHG
EULQJLQJ�WKH������DQG������ILOHV�WR�WKH�VWDQGDUG�DQG�V\VWHP�RI�H[FOXVLRQV�DQG�LQFOXVLRQV�ODLG
RXW�IRU������ILOHV�
$QDO\VLV�RI�SURJUHVV�ZDV�SODQQHG�WR�EH�FDUULHG�RXW�IRU�D�PRGHVW�VHW�RI�GHPRJUDSKLF�YDULDEOHV
�VH[�DQG�DJH��EXW�DOVR�E\�FRXUVH�W\SH��)RU������GDWD�XVLQJ�WKH�$9(70,66�VSHFLILFDWLRQV��WKLV
PHDQW�LGHQWLI\LQJ�FRXUVHV�E\�ILHOG�RI�VWXG\�DQG�VWUHDP�RI�VWXG\��ZKHUH�VWUHDP�RI�VWXG\�FRQYH\V
VRPH�LGHD�RI�µOHYHO¶²IXOO�GHWDLOV�DUH�JLYHQ�LQ�WKH�$9(70,66�VSHFLILFDWLRQV��
$�SUHOLPLQDU\�DQDO\VLV�ZDV�FRQGXFWHG�RQ�WKLV�EDVLV��,W�EHFDPH�FOHDU�LQ�WKH�DQDO\VLV�WKDW�PRUH
SUHFLVLRQ�ZDV�QHHGHG��DV�WKH�YDULDWLRQV�LQ�FRXUVH�OHQJWK�ZLWKLQ�D�VWUHDP�ZHUH�JUHDW��DQG
HVWLPDWLRQ�RI�WKH�WLPH�WR�FRPSOHWLRQ�WKHUHIRUH�KDG�WR�UDQJH�DFURVV�WRR�PXFK�YDULDWLRQ�
7KH�YLHZV�RI�6WDWH�7HUULWRU\�H[SHUWV�ZHUH�VRXJKW�RQ�D�ZD\�IRUZDUG��,W�ZDV�VXJJHVWHG�WKDW
FRXUVHV�FRXOG�EH�FDWHJRULVHG�E\�OHQJWK�DQG�SURJUHVV�DQDO\VHG�VHSDUDWHO\�IRU�HDFK�FDWHJRU\�
&DWHJRULVDWLRQ�LQ�WHUPV�RI�SDUWLFXODU�YDOXHV��H�J������KRXUV��ZDV�LQLWLDOO\�FRQVLGHUHG��EXW�LQ�WKH
HQG�D�GLIIHUHQW�VWUDWHJ\�KDG�WR�EH�IROORZHG�EHFDXVH�RI�YDULDWLRQV�EHWZHHQ�WKH�6WDWHV�DQG
7HUULWRULHV��7KLV�ZDV�D�QRUPDWLYH�VWUDWHJ\��LQ�ZKLFK�FRXUVHV�ZHUH�FDWHJRULVHG�RQ�WKH�EDVLV�RI
WKH�PRVW�DSSURSULDWH�HODSVHG�WLPH�LW�WRRN�DQ\�VWXGHQW�WR�PHHW�DOO�WKH�UHTXLUHPHQWV�RI�WKH�FRXUVH
�PHDVXUHG�LQ�\HDUV���7KH�PHWKRG�IROORZHG�LV�GHVFULEHG�LQ�D�VHULHV�RI�WZR�VWHSV�

������������������������������������������������
���,W�LV�WKH�ZRUG�µXVXDOO\¶�ZKLFK�FUHDWHV�SUREOHPV�IRU�WKH�UHVHDUFKHU��7KH�H[FHSWLRQDO�FDVHV��ZKLFK�FRXOG
EH�TXLWH�QXPHURXV��UHTXLUH�DWWHQWLRQ�
���,Q�VHHNLQJ�WR�HVWDEOLVK�WKH�EHVW�,'�GDWD�LWHP�ZH�GLG�GLVFRYHU�D�VLQJOH�LQGLYLGXDO�ZKR�KDG�EHHQ�JLYHQ
IRXU�GLIIHUHQW�FOLHQW�,'V�LQ�WKH�WKUHH�\HDUV�����±������,W�LV�SRVVLEOH�WKDW�RWKHU�LQGLYLGXDOV�DFTXLUHG�HYHQ
PRUH�
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6WHS����&RQVLGHU�������������DQG������UHVXOWV�IRU�VWXGHQWV�DQG�UHPRYH��ODWHU��GXSOLFDWH
VXFFHVVIXO�RXWFRPHV��$V�D�UHVXOW��D�VWXGHQW�PD\�KDYH�RQO\�RQH�VXFFHVVIXO�RXWFRPH�LQ�D�PRGXOH�
GLIIHUHQW�VXFFHVVIXO�RXWFRPHV�DUH�UDQNHG�VR�WKDW�D�µSDVV¶�LV�SUHIHUUHG�WR�RWKHU�VXFFHVVIXO
RXWFRPHV�
6WHS����)RU�HDFK�FRXUVH��LGHQWLI\�WKH�OHQJWK�RI�WLPH�LW�WDNHV�VWXGHQWV�WR�FRPSOHWH�WKH�FRXUVH�
UHO\LQJ�XSRQ�WKH�WZR�UHVXOWV�µSDVV¶�DQG�µVDWLVIDFWRU\�FRPSOHWLRQ�RI�KRXUV¶��ZKHUH�FRPSOHWLRQ�LV
GHILQHG�DV�µWKH�VXP�RI�WKH�KRXUV�DVVRFLDWHG�ZLWK�WKH�PRGXOHV�IRU�ZKLFK�WKH�RXWFRPHV�ZHUH
³SDVV´�RU�³VDWLVIDFWRU\�FRPSOHWLRQ�RI�KRXUV´�LV�HTXDO�WR�RU�JUHDWHU�WKDQ�WKH�VWDWHG�OHQJWK�RI�WKH
FRXUVH�LQ�KRXUV¶��1RZ�FDWHJRULVH�HDFK�FRXUVH�DV�µRQH�\HDU¶��µWZR�\HDU¶�RU�µWKUHH�\HDU¶�RQ�WKH
EDVLV�RI�WKLV�DQDO\VLV��XVLQJ�WKH�PRGDO�FDWHJRU\�WR�GHILQH�WKH�FRXUVH�OHQJWK��LI�WKH�FRXUVH�LV�VXFK
WKDW�QR�VWXGHQW�FRPSOHWHG�LW�LQ�WKUHH�RU�IHZHU�\HDUV��GLVFDUG�WKH�FRXUVH�IURP�WKH�UHVHDUFK�VWXG\�


