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&KDSWHU��� 3K\VLFV�(GXFDWLRQ��WKH�3K\VLFV�RI�(GXFDWLRQ�LQ�(GXFDWLRQ

RI�3K\VLFV

,QWURGXFWLRQ

3K\VLFV�(GXFDWLRQ�5HVHDUFK��3(5��KDV�EHHQ�JURZLQJ�UDSLGO\�IRU�WKH�SDVW�WZR�GHFDGHV

DQG�LV�EHFRPLQJ�D�PDMRU�ILHOG�RI�UHVHDUFK�LQ�SK\VLFV���7KH�UHVXOWV�IURP�WKLV�UHVHDUFK�KDYH

DOUHDG\�PDGH�D�VWURQJ�LPSDFW�RQ�WKH�ZD\V�WKDW�PDQ\�LQVWUXFWRUV�WHDFK�SK\VLFV���7KH�PDMRU

REMHFWLYH�RI�3(5�LV�WR�XQGHUVWDQG�WKH�GLIILFXOWLHV�WKDW�VWXGHQWV�RIWHQ�HQFRXQWHU�LQ�OHDUQLQJ

SK\VLFV�DQG�WKHQ�ILQG�ZD\V�WR�KHOS�WKH�VWXGHQWV���$V�D�V\VWHPDWLF�UHVHDUFK��3(5�RIWHQ

LQYROYHV�WKH�IROORZLQJ�HOHPHQWV�

x WKHRUHWLFDO�GHYHORSPHQW�RQ�WKHRULHV�WR�PRGHO�WKH�OHDUQLQJ�SURFHVV�HVSHFLDOO\�WKH

FRQFHSWXDO�OHDUQLQJ�WKDW�WDNHV�SODFH�LQ�WKH�FRQWH[W�RI�OHDUQLQJ�SK\VLFV�

x GHWDLOHG�LQYHVWLJDWLRQV�RI�VWXGHQW�GLIILFXOWLHV�LQ�OHDUQLQJ�VSHFLILF�WRSLFV�RI�SK\VLFV�

x WKH�GHYHORSPHQW�RI�SURELQJ�LQVWUXPHQWV�WKDW�FDQ�SURYLGH�UHOLDEOH�DQG�HIIHFWLYH

PHDVXUHPHQW�RQ�WKH�YDULRXV�DVSHFWV�RI�VWXGHQW�XQGHUVWDQGLQJ�RI�SK\VLFV�

x WKH�GHYHORSPHQW�DQG�LPSOHPHQWDWLRQ�RI�QHZ�LQVWUXFWLRQDO�VWUDWHJLHV�WKDW�FDQ

SURYLGH�VWXGHQWV�ZLWK�D�PRUH�HIIHFW�OHDUQLQJ�HQYLURQPHQW�

x WKH�GHYHORSPHQW�RI�HYDOXDWLRQ�WRROV�DQG�PHWKRGV�WKDW�FDQ�GR�HIIHFWLYH�SURFHVVLQJ

RI�WKH�GDWD�WR�SURYLGH�DFFXUDWH�DQG�FRPSUHKHQVLYH�DVVHVVPHQWV�RI�VWXGHQW

XQGHUVWDQGLQJV�

&XUUHQWO\�LQ�3(5��D�ORW�RI�UHVHDUFK�KDV�EHHQ�GRQH�RQ�WKH�LQYHVWLJDWLRQ�RI�VSHFLILF

VWXGHQW�GLIILFXOWLHV�LQ�YDULRXV�FRQWH[WV�DQG�RQ�WKH�GHYHORSPHQW�RI�QHZ�LQVWUXFWLRQV�WR�KHOS

VWXGHQWV�ZLWK�WKHVH�GLIILFXOWLHV���2Q�WKH�RWKHU�KDQG��WKHUH�KDVQ©W�EHHQ�PXFK�UHVHDUFK�RQ

GHYHORSLQJ�D�FRQVLVWHQW�WKHRU\�DQG�PHWKRGRORJ\�WKDW�FDQ�EH�XVHG�WR�PRGHO�WKH�VWXGHQW

OHDUQLQJ�SURFHVVHV�LQ�D�YDULHW\�FRQWH[WV�RI�SK\VLFV���:LWKRXW�WKH�JXLGDQFH�RI�D�FRKHUHQW

WKHRUHWLFDO�IUDPHZRUN��LQGLYLGXDO�UHVHDUFKHUV�RIWHQ�FDUU\�RXW�WKHLU�VWXGLHV�ZLWK�WKHLU�RZQ

XQLTXH�ZD\V�PDNLQJ�WKH�UHVXOWV�KLJKO\�FRQWH[W�GHSHQGHQW���$OWKRXJK�WKLV�VLWXDWLRQ�FDQ

RIWHQ�EULQJ�WKH�FRPPXQLW\�PDQ\�QHZ�LQWHUHVWLQJ�LGHDV��EXW�LW�FDQ�RIWHQ�UHVXOW�LQ�FHUWDLQ

GLIILFXOWLHV�IRU�SHRSOH�WR�FRPSDUH�UHVXOWV�IURP�GLIIHUHQW�H[SHULPHQWV�DQG�WR�XQGHUVWDQG

HDFK�RWKHU©V�UHVHDUFK���7KH�SUREOHP�LV�SDUWLDOO\�HDVHG�ZKHQ�D�IHZ�VWDQGDUGL]HG�SURELQJ

LQVWUXPHQWV�EHFRPH�DYDLODEOH��H�J���WKH�)RUFH�&RQFHSW�,QYHQWRU\��)&,��DQG�WKH�)RUFH

0RWLRQ�&RQFHSW�(YDOXDWLRQ��)0&(��
�� �
��$�ORW�RI�UHVHDUFK�KDV�EHHQ�FRQGXFWHG�EDVHG�RQ�WKH

WZR�WHVWV�

$V�PRUH�PXOWLSOH�FKRLFH�LQVWUXPHQWV�DUH�EHLQJ�GHYHORSHG�DQG�LPSOHPHQWHG��WKH

OLPLWDWLRQV�RI�WKLV�W\SH�RI�LQVWUXPHQW�DUH�JHWWLQJ�PRUH�FRQFHUQHG���7KDW�LV��WKH�WUDGLWLRQDO

ZD\V�RI�HYDOXDWLQJ�WKH�GDWD�RI�PXOWLSOH�FKRLFH�WHVWV��LQ�WKH�IRUP�RI�VFRUHV��RIWHQ�IDLO�WR

SURYLGH�WKH�LQIRUPDWLRQ�RQ�VWXGHQW�DFWXDO�XQGHUVWDQGLQJV�RI�WKH�UHODWHG�WRSLFV���6RPHWLPHV�

D�VFRUH�FDQ�HYHQ�JLYH�PLVOHDGLQJ�UHVXOWV���)RU�H[DPSOH��LQ�FHUWDLQ�VLWXDWLRQV��VWXGHQWV�ZLWK



�

DOO�VRUWV�RI�LQFRUUHFW�XQGHUVWDQGLQJV�RI�WKH�FRQFHSW�RI�1HZWRQ©V�7KLUG�/DZ�FDQ�FRPH�XS

ZLWK�WKH�VDPH�FRUUHFW�DQVZHU�WR�D�TXHVWLRQ��VHH�FKDSWHU���IRU�GHWDLOV��

7KHUHIRUH��LW�LV�XUJHQW�DQG�LPSRUWDQW�WR�GHYHORS�D�JHQHUDO�WKHRU\�DQG�PHWKRGRORJ\�WR

PRGHO�VWXGHQWV©�XQGHUVWDQGLQJ�RI�SK\VLFV�DQG�WR�GHYHORS�HIIHFWLYH�QXPHULFDO�PHWKRGV�WR

GR�TXDQWLWDWLYH�HYDOXDWLRQ�RI�GHWDLOHG�SURJUHVV�RI�VWXGHQW�OHDUQLQJ���:LWK�WKH�WKHRUHWLFDO

JXLGDQFH�DQG�PDWKHPDWLFDO�WRROV��ZH�FDQ�GHYHORS�PRUH�HIIHFWLYH�DVVHVVPHQW�LQVWUXPHQWV�WR

IDFLOLWDWH�RXU�UHVHDUFK�DQG�LQVWUXFWLRQ�

2YHUYLHZ�RI�WKH�'LVVHUWDWLRQ

7KLV�GLVVHUWDWLRQ�LV�DERXW�WKH�UHVHDUFK�RQ�GHYHORSLQJ�D�WKHRUHWLFDO�DQG�PDWKHPDWLFDO

IUDPHZRUN�WR�PRGHO�WKH�VWXGHQW�OHDUQLQJ�SURFHVV�DQG�WR�GR�TXDQWLWDWLYH�HYDOXDWLRQV�RI

VWXGHQW�XQGHUVWDQGLQJV�RI�SK\VLFV���7KH�GLVVHUWDWLRQ�KDV�WZR�SDUWV���3DUW�,��FKDSWHUV�����

JLYHV�D�GHWDLOHG�GLVFXVVLRQ�RI�WKH�QHZ�WKHRU\�DQG�PDWKHPDWLFDO�WRROV�WR�VWXG\�WKH�VWXGHQW

OHDUQLQJ���3DUW�,,��FKDSWHUV������JLYHV�DQ�H[DPSOH�RI�D�V\VWHPDWLF�LQYHVWLJDWLRQ�RQ�VWXGHQW

GLIILFXOWLHV�LQ�OHDUQLQJ�TXDQWXP�PHFKDQLFV�EDVHG�RQ�WKH�PHWKRGV�GHYHORSHG�LQ�3DUW�,���7KH

IROORZLQJ�LV�D�EULHI�LQWURGXFWLRQ�RI�DOO�WKH�FKDSWHUV�

,Q�FKDSWHU����,�JLYH�DQ�LQWURGXFWLRQ�RQ�WKH�WKHRUHWLFDO�HOHPHQWV��H�J���WKH�GHILQLWLRQ�RI

¦VWXGHQW�PRGHO§�DQG�¦PRGHO�VSDFH§��ZKLFK�DUH�XVHG�WR�UHSUHVHQW�DQG�VWXG\�WKH�G\QDPLFV�RI

VWXGHQW�PRGHOLQJ���,�ZLOO�DOVR�LQWURGXFH�D�PDWKHPDWLFDO�UHSUHVHQWDWLRQ��ZKLFK�LV�XVHG�IRU

GHYHORSLQJ�PDWKHPDWLFDO�DOJRULWKPV�WR�GR�TXDQWLWDWLYH�DQDO\VLV�RI�VWXGHQW�PRGHOV�

,Q�FKDSWHUV���DQG����,�GLVFXVV�WKH�GHWDLOV�RI�WZR�DOJRULWKPV�GHYHORSHG�WR�GR�TXDQWLWDWLYH

HYDOXDWLRQV�RI�VWXGHQW�PRGHOV�ZLWK�GDWD�IURP�PXOWLSOH�FKRLFH�TXHVWLRQV���7KHVH�WZR

DOJRULWKPV�IRUP�WKH�EDVLV�RI�WKH�PRGHO�EDVHG�DQDO\VLV�PHWKRG��ZKLFK�LV�FDOOHG�0RGHO

$QDO\VLV���7KH�ILUVW�DOJRULWKP�LV�WKH�FRQFHQWUDWLRQ�IDFWRU��ZKLFK�SURGXFHV�D�QXPHULFDO

PHDVXUH�¤�WKH�FRQFHQWUDWLRQ�IDFWRU���,W��RQ�RQH�KDQG��FDQ�SURYLGH�XVHIXO�LQIRUPDWLRQ�RQ

VWXGHQW�PRGHO�FRQGLWLRQ�DQG�FDQ�EH�XVHG�DV�D�WRRO�WR�LGHQWLI\�RU�YHULI\�SRVVLEOH�FRPPRQ

VWXGHQW�PRGHOV�IURP�WKH�GDWD���2Q�WKH�RWKHU�KDQG��WKH�FRQFHQWUDWLRQ�IDFWRU�DOVR�WHOOV�DERXW

WKH�TXDOLW\�RI�WKH�WHVW�TXHVWLRQV��VHH�FKDSWHU���IRU�GHWDLOV����7KH�VHFRQG�DOJRULWKP�LV�WKH

PRGHO�VWDWH�HYDOXDWLRQ��ZKLFK�DQDO\]HV�WKH�UHODWLRQ�RI�VWXGHQW�UHVSRQVHV�DQG�H[WUDFWV�WKH

GHWDLOHG�VWUXFWXUDO�LQIRUPDWLRQ�RI�VWXGHQW�PRGHOV���,Q�ERWK�DOJRULWKPV��WKH�FRPSOHWH�VWXGHQW

UHVSRQVHV�RQ�D�PXOWLSOH�FKRLFH�WHVW�DUH�XVHG��QRW�MXVW�WKH�VFRUHV����:LWK�SURSHUO\�GHVLJQHG

LQVWUXPHQWV��WKH�UHVXOWV�FDQ�WHOO�DERXW�QRW�RQO\�ZKDW�WKH�VWXGHQW�GLIILFXOWLHV�DUH�EXW�DOVR�WKH

SRVVLEOH�FDXVHV�RI�WKHLU�SUREOHPV�

,Q�FKDSWHU����,�GLVFXVV�DGGLWLRQDO�DOJRULWKPV�WR�GHDO�ZLWK�PXOWLSOH�FKRLFH�PXOWLSOH�

UHVSRQVH�TXHVWLRQV�DQG�TXHVWLRQV�ZLWK�¦FRXSOHG§�UHVSRQVHV��L�H���RQH�UHVSRQVH�FDQ�EH�WKH

UHVXOWV�RI�D�VWXGHQW�DSSO\LQJ�WZR�RU�PRUH�GLIIHUHQW�PRGHOV���$�QXPEHU�RI�QHZ

PHDVXUHPHQWV�RQ�WKH�GLIIHUHQW�IHDWXUHV�RI�SURELQJ�LQVWUXPHQWV�DUH�DOVR�LQWURGXFHG�

6SHFLILF�H[DPSOHV�ZLWK�:DYH�7HVW�DQG�)0&(�WHVW�ZLOO�EH�GLVFXVVHG�LQ�GHWDLO�
�
��,Q�DGGLWLRQ�

,�ZLOO�DOVR�LQWURGXFH�D�QHZ�GHYHORSPHQW�RQ�PRGHOLQJ�VWXGHQW�PRGHO�VWUXFWXUHV�DQG�PRGHO

HYROXWLRQ�SURFHVVHV�ZLWK�SK\VLFDO�IHDWXUHV�RI�WKH�FRQWH[WV���7KLV�FKDSWHU�DOVR�LQFOXGHV�D

VXPPDU\�RI�LPSOLFDWLRQV�RQ�PRGHO�EDVHG�LQVWUXPHQW�GHVLJQ�



�

&KDSWHU���VWDUWV�WKH�VHFRQG�SDUW�RI�WKH�GLVVHUWDWLRQ���,W�JLYHV�DQ�LQWURGXFWLRQ�WR�WKH

UHVHDUFK�RQ�VWXGHQW�GLIILFXOWLHV�LQ�OHDUQLQJ�TXDQWXP�PHFKDQLFV���7KLV�UHVHDUFK�LV�FRQGXFWHG

EDVHG�RQ�WKH�WKHRU\�GHYHORSHG�LQ�3DUW�,���7KHUHIRUH��HPSKDVLV�LV�PDGH�RQ�WKH�VWXG\�RI�WKH

LQFRUUHFW�VWXGHQW�PRGHOV�XQGHUO\LQJ�WKH�PDQ\�W\SHV�RI�VWXGHQW�GLIILFXOWLHV���7KH�PDMRU

REMHFWLYH�IRU�WKLV�UHVHDUFK�LV�WR�LGHQWLI\�WKH�YDULRXV�VWXGHQW�PRGHOV��ZKLFK�ZLOO�EH�XVH�LQ

RXU�IXUWKHU�GHYHORSPHQW�RI�LQVWUXPHQWV�DSSURSULDWH�WR�XVH�ZLWK�0RGHO�$QDO\VLV�DOJRULWKPV

DQG�QHZ�LQVWUXFWLRQV�WR�KHOS�VWXGHQWV�

,Q�FKDSWHU����,�JLYH�D�GHWDLOHG�GLVFXVVLRQ�RQ�WKH�UHVHDUFK�RQ�VWXGHQW�GLIILFXOWLHV�ZLWK

FODVVLFDO�LVVXHV�WKDW�DUH�SUH�UHTXLVLWHV�RI�TXDQWXP�PHFKDQLFV���7ZR�VSHFLILF�WRSLFV�DUH

VWXGLHG�LQ�GHWDLO��VWXGHQW�XQGHUVWDQGLQJ�RI�SRWHQWLDO�HQHUJ\�GLDJUDP�DQG�VWXGHQW

XQGHUVWDQGLQJ�RI�FODVVLFDO�SUREDELOLW\���&RPPRQ�LQFRUUHFW�VWXGHQW�PRGHOV�DUH�LGHQWLILHG

DQG�QHZ�LQVWUXFWLRQV�DUH�GHYHORSHG�WR�KHOS�VWXGHQWV�ZLWK�WKHLU�GLIILFXOWLHV���7KH�HIIHFWV�RI

WKH�QHZ�LQVWUXFWLRQV�DUH�DOVR�GLVFXVVHG�

&KDSWHU���GLVFXVVHV�WKH�VWXG\�RI�VWXGHQW�PRGHOV�RI�UHDO�TXDQWXP�FRQFHSWV�VXFK�DV

ZDYHIXQFWLRQ�DQG�TXDQWXP�SUREDELOLW\���%DVHG�RQ�WKH�UHVXOWV�IURP�UHVHDUFK��D�PXOWLSOH�

FKRLFH�LQVWUXPHQW�LV�DOVR�GHYHORSHG���7KH�TXHVWLRQV�DUH�XVHG�LQ�WKH�ILQDO�H[DP�LQ�DQ�XSSHU

GLYLVLRQ�TXDQWXP�FODVV�DW�8QLYHUVLW\�RI�0DU\ODQG��80G����6WXGHQW�PRGHOV�RQ�ERWK�WKH

TXDQWXP�EDUULHU�DQG�TXDQWXP�SUREDELOLW\�DUH�HYDOXDWHG�DQG�GLVFXVVHG���,�ZLOO�DOVR

LQWURGXFH�WKH�QHZ�LQVWUXFWLRQ�GHYHORSHG�WR�KHOS�VWXGHQWV�XQGHUVWDQG�WKHVH�GLIILFXOW

TXDQWXP�FRQFHSWV�

7KH�GLVVHUWDWLRQ�FRQFOXGHV�ZLWK�FKDSWHU����ZKLFK�JLYHV�D�EULHI�VXPPDU\�RI�WKH�0RGHO

$QDO\VLV�WRRO�DQG�VSHFXODWLRQV�RQ�PHWKRGV�IRU�HYDOXDWLRQ�RI�VWXGHQW�PRGHOV�

5HVHDUFK�&RQWH[W

,Q�WKH�ILUVW�SDUW�RI�WKH�GLVVHUWDWLRQ��H[DPSOHV�ZLWK�VWXGHQW�GDWD�RQ�)&,�DQG�)0&(�WHVW

DUH�VWXGLHG���7KH�GDWD�ZDV�FROOHFWHG�IURP�WKUHH�VFKRROV��8QLYHUVLW\�RI�0DU\ODQG��80G��

3ULQFH�*HRUJH�&RPPXQLW\�&ROOHJH��3*&&�DW�0DU\ODQG�� DQG�&DOLIRUQLD�3RO\WHFKQRORJ\

,QVWLWXWH��&DO3��
�� �

�$OO�FODVVHV�DUH�ILUVW�\HDU�FDOFXOXV�EDVHG�LQWURGXFWRU\�SK\VLFV�FODVVHV

�PHFKDQLFV��

7KHUH�DUH�WKUHH�GLIIHUHQW�W\SHV�RI�LQVWUXFWLRQV�LQFOXGLQJ�WUDGLWLRQDO�OHFWXUHV��8QLYHUVLW\

RI�:DVKLQJWRQ��8:��VW\OH�7XWRULDOV��DQG�5HDO�7LPH�3K\VLFV��573��
�� �

�&ODVVHV�LQ�80G�DQG

3*&&�DUH�XVLQJ�HLWKHU�WUDGLWLRQDO�OHFWXUHV�RU�WXWRULDOV���&ODVVHV�LQ�&DO3�DUH�XVLQJ�HLWKHU

WUDGLWLRQDO�OHFWXUHV�RU�573�
�

7KH�WUDGLWLRQDO�LQVWUXFWLRQ�KDV�WKUHH�RQH�KRXU�OHFWXUHV�DQG�D�RQH�KRXU�UHFLWDWLRQ�VHVVLRQ

HDFK�ZHHN���7KH�WXWRULDO�EDVHG�LQVWUXFWLRQ�LV�VHPL�WUDGLWLRQDO���,W�DOVR�KDV�WKUHH�RQH�KRXU

OHFWXUHV�HDFK�ZHHN���+RZHYHU��LQVWHDG�RI�GRLQJ�WKH�UHFLWDWLRQ�VHVVLRQ��D�RQH�KRXU�WXWRULDO�LV

XVHG�HDFK�ZHHN��7KH�WXWRULDOV�DUH�LQWHUDFWLYH�JURXS�OHDUQLQJ�VHVVLRQV�XVXDOO\�ZLWK�KDQGV�RQ

ODEV�DQG�FRPSXWHU�EDVHG�WRROV���,Q�WKH�WXWRULDO�VHVVLRQV��VWXGHQWV�ZRUN�LQ�JURXSV�RI�WKUHH�RU

IRXU�VWXGHQWV��DQG�DQVZHU�TXHVWLRQV�RQ�D�ZRUNVKHHW�WKDW�JXLGHV�WKHP�WR�EXLOG�FRUUHFW

TXDOLWDWLYH�UHDVRQLQJ�RQ�D�SK\VLFV�FRQFHSW���7HDFKLQJ�DVVLVWDQWV�VHUYH�DV�IDFLOLWDWRUV��DVNLQJ

OHDGLQJ�TXHVWLRQV�WR�KHOS�WKH�VWXGHQWV�FRQVWUXFW�XQGHUVWDQGLQJV�ZLWK�WKHLU�RZQ�UHDVRQLQJ�



�

5HDO7LPH�3K\VLFV�FRQVLVWV�RI�FRKHUHQW�VHULHV�RI�ODERUDWRU\�PRGXOHV�EDVHG�RQ�7RROV�IRU

6FLHQWLILF�7KLQNLQJ�DQG�:RUNVKRS�3K\VLFV���7KHVH�PRGXOHV�DUH�FRQFHSWXDO�KDQGV�RQ

ODERUDWRU\�DFWLYLWLHV�DQG�PLFURFRPSXWHU�EDVHG�ODERUDWRULHV��0%/����7KH�FRXUVH�LV�DFWLYLW\�

EDVHG�ZKHUH�OHFWXUHV�DUH�UHSODFHG�E\�DFWLYLWLHV�HQDEOHG�E\�0%/�DQG�RWKHU�FRPSXWHU

WRROV�
����

7KH�VHFRQG�SDUW�RI�WKH�GLVVHUWDWLRQ�GLVFXVVHV�WKH�UHVHDUFK�RQ�VWXGHQW�XQGHUVWDQGLQJ�RI

TXDQWXP�PHFKDQLFV���)RU�WKLV�SDUW�RI�UHVHDUFK��WZR�80G�FODVVHV�DUH�VWXGLHG��3K\V����DQG

3K\V������3K\V����LV�WKH�WKLUG��ODVW��FRXUVH�RI�WKH�FDOFXOXV�EDVHG�LQWURGXFWRU\�SK\VLFV

VHULHV�DW�80G���,Q�WKH�FODVVHV�VWXGLHG��ZH�VSHQW�IRXU�ZHHNV�WR�PDNH�DQ�LQWURGXFWRU\�WR

TXDQWXP�PHFKDQLFV���7KH�LQVWUXFWLRQ�ZDV�EDVHG�RQ�TXDQWXP�WXWRULDOV�

7KH�3K\V����LV�DQ�XSSHU�GLYLVLRQ�XQGHUJUDGXDWH�TXDQWXP�PHFKDQLFV�FODVV�GHVLJQHG�IRU

HQJLQHHULQJ�PDMRUV���7KH�VWXGHQWV�DUH�PRVWO\�VHQLRUV�DQG�DERXW�����RI�WKHP�DUH�HOHFWULFDO

HQJLQHHULQJ��((��PDMRUV���,�KDYH�GRQH�GHWDLOHG�VWXG\�RI�FODVVHV�ZLWK�WZR�GLIIHUHQW

HQYLURQPHQWV���7KH�WZR�FODVVHV�LQ�IDOO����DQG�IDOO����DUH�WUDGLWLRQDO�VW\OH�ZLWK�WKUHH�KRXUV

RI�OHFWXUHV�SHU�ZHHN���7KH�VSULQJ����DQG�VSULQJ����FODVVHV�XVH�WXWRULDO�EDVHG�FXUULFXOXP

ZLWK�WZR�KRXUV�RI�OHFWXUHV�DQG�RQH�KRXU�RI�WXWRULDO�HDFK�ZHHN�



�

5HIHUHQFHV�DQG�(QGQRWHV�

������������������������������������������������
�
�'��+HVWHQHV��0��:HOOV��DQG�*��6ZDFNKDPPHU��¦)RUFH�&RQFHSW�,QYHQWRU\§��7KH�3K\VLFV

7HDFKHU��9RO���������������������

�
��'HYHORSHG�E\�5�.��7KRUQWRQ�DQG�'��6RNRORII���5HODWHG�UHIHUHQFH��5��.��7KRUQWRQ�

¦&RQFHSWXDO�'\QDPLFV��&KDQJLQJ�6WXGHQW�9LHZV�RI�)RUFH�DQG�0RWLRQ�§�3URFHHGLQJV�RI

WKH�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�7KLQNLQJ�6FLHQFH�IRU�7HDFKLQJ��WKH�&DVH�RI�3K\VLFV�

5RPH��6HSW������

�
��7KH�:DYH�7HVW�ZDV�GHYHORSHG�E\�0LFKDHO�:LWWPDQQ�DW�WKH�8QLYHUVLW\�RI�0DU\ODQG���)RU

GHWDLOV�SOHDVH�VHH�FKDSWHU����5HIHUHQFH��0��:LWWPDQQ��¦0DNLQJ�VHQVH�RI�KRZ�VWXGHQWV

FRPH�WR�DQ�XQGHUVWDQGLQJ�RI�SK\VLFV��$Q�H[DPSOH�IURP�PHFKDQLFDO�ZDYHV§��3K�'�

GLVVHUWDWLRQ��8QLYHUVLW\�RI�0DU\ODQG�������

�
��'DWD�FROOHFWHG�E\�'U��-HII�6DXO�DW�WKH�8QLYHUVLW\�RI�0DU\ODQG��80G��DQG�WKH�3ULQFH

*HRUJH�&RPPXQLW\�&ROOHJH��3*&&��

�
��&DO3�VWXGHQW�GDWD�LV�FROOHFWHG�E\�+DGOH\�/DZOHU��D�IRUPHU�3(5�JUDGXDWH�VWXGHQW�DW�80G�

�
�/��&��0F'HUPRWW��3�6��6KDWWHU��7XWRULDOV�LQ�,QWURGXFWRU\�3K\VLFV��3UHQWLFH�+DOO��1HZ

<RUN�������

�
��6HH�UHIHUHQFH���

�
��5��.��7KRUQWRQ��¦&RQFHSWXDO�'\QDPLFV��&KDQJLQJ�6WXGHQW�9LHZV�RI�)RUFH�DQG�0RWLRQ�§
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