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&KDSWHU��� 6WXGHQW�0RGHOV�RI�4XDQWXP�0HFKDQLFV

,QWURGXFWLRQ

&KDSWHU���LV�DERXW�WKH�UHVHDUFK�RQ�VWXGHQW�GLIILFXOWLHV�ZLWK�FODVVLFDO�SUH�UHTXLVLWHV���,Q

WKLV�FKDSWHU��,�GLVFXVV�WKH�UHVHDUFK�RQ�VWXGHQW�GLIILFXOWLHV�ZLWK�TXDQWXP�FRQFHSWV�DQG

DQDO\]H�WKH�SRVVLEOH�VWXGHQW�PRGHOV�XQGHUO\LQJ�WKHVH�GLIILFXOWLHV���)RU�WKLV�UHVHDUFK��RXU

LQYHVWLJDWLRQV�DUH�FRQGXFWHG�DURXQG�WZR�LVVXHV��WKH�TXDQWXP�ZDYHIXQFWLRQ�DQG�TXDQWXP

SUREDELOLW\���$V�GLVFXVVHG�LQ�FKDSWHU����D�FRUUHFW�LQWHUSUHWDWLRQ�RI�WKH�TXDQWXP

ZDYHIXQFWLRQ�LV�FUXFLDO�IRU�WKH�FRQVWUXFWLRQ�RI�D�JRRG�XQGHUVWDQGLQJ�RI�TXDQWXP

PHFKDQLFV���,Q�WKLV�SDUW�RI�WKH�UHVHDUFK��,�IRFXV�RQ�D�QXPEHU�RI�LVVXHV�UHODWHG�WR�WKH

ZDYHIXQFWLRQ��ZKLFK�LQFOXGH

�� VWXGHQW�XQGHUVWDQGLQJ�RI�WKH�UHODWLRQ�EHWZHHQ�WKH�VKDSH�RI�ZDYHIXQFWLRQ�DQG�WKH

ORFDO�NLQHWLF�HQHUJ\�

�� VWXGHQW�XQGHUVWDQGLQJ�RI�WKH�SUREDELOLVWLF�LQWHUSUHWDWLRQ�RI�ZDYHIXQFWLRQ��DQG

�� VWXGHQW�VSRQWDQHRXV�UHDVRQLQJ�LQ�WKLQNLQJ�RI�VSHFLILF�TXDQWXP�SUREOHPV�

3URELQJ�6WXGHQW�8QGHUVWDQGLQJ�RQ�4XDQWXP�&RQFHSWV

7KH�&RQWH[WV

)RU�WKLV�SDUW�RI�WKH�UHVHDUFK��RXU�VWXGHQWV�DUH�IURP�WKH�3K\VLFV�����FODVVHV�DW�80G�

7KLV�LV�DQ�XSSHU�GLYLVLRQ�XQGHUJUDGXDWH�TXDQWXP�FRXUVH�GHVLJQHG�IRU�VFLHQFH�DQG

HQJLQHHULQJ�PDMRUV���2XU�GDWD�DUH�FROOHFWHG�IURP�IRXU�FODVVHV��IDOO��������WUDGLWLRQDO��DQG

VSULQJ��������WXWRULDO�EDVHG����7KH�WXWRULDOV�XVHG�LQ�RXU�LQVWUXFWLRQ�DUH�VWLOO�LQ�D�VWDJH�RI

GHYHORSPHQW���,Q�WKH�VSULQJ����FODVV��ZH�LPSOHPHQWHG���WXWRULDOV���)RU�WKH�VSULQJ����FODVV�

ZH�LPSOHPHQWHG�D�PRUH�FRPSOHWH�VHW�RI����WXWRULDOV���:H�DOVR�XVHG�VSHFLDOO\�GHVLJQHG

H[DP�TXHVWLRQV�LQ�DOO�IRXU�FODVVHV���:LWK�WKUHH�FODVVHV��,�FRQGXFWHG����LQWHUYLHZV����LQ�IDOO

������LQ�VSULQJ�����DQG���LQ�IDOO����

7KH�,QVWUXPHQWV

7R�VWXG\�VWXGHQW�GLIILFXOWLHV�RQ�TXDQWXP�FRQFHSWV��,�GHYHORSHG�D�VHULHV�RI�TXHVWLRQV�WR

XVH�LQ�H[DPV�DQG�LQWHUYLHZV���7KHVH�TXHVWLRQV�DUH�GHVLJQHG�WR�SURYLGH�WKH�VWXGHQWV�ZLWK

GLIIHUHQW�SK\VLFDO�FRQWH[WV�WKDW�PLJKW�WULJJHU�WKH�YDULRXV�VWXGHQW�PRGHOV�ZH�REVHUYHG�LQ

RXU�VWXGLHV���%\�DQDO\]LQJ�VWXGHQW�UHVSRQVHV�RQ�WKHVH�TXHVWLRQV��ZH�FDQ�VWXG\�WKH�W\SHV�RI

PRGHOV�WKH�VWXGHQWV�KDYH�DQG�KRZ�WKH\�DSSO\�WKHVH�PRGHOV���7KH�LVVXHV�ZH�ZDQW�WR�SUREH

LQFOXGH�WKH�IROORZLQJ�WRSLFV�

x VWXGHQW�LQWXLWLYH�PRGHOV�LQ�WKLQNLQJ�DERXW�D�TXDQWXP�SUREOHP

x VWXGHQW�XQGHUVWDQGLQJV�RI�WKH�TXDQWXP�ZDYHIXQFWLRQ

x VWXGHQW�PRGHOLQJ�VLWXDWLRQV��PL[HG�RU�FRQVLVWHQW�
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7KH�IROORZLQJ�LV�D�GHWDLOHG�GHVFULSWLRQ�RI�WKH�WKUHH�TXHVWLRQV�WKDW�KDYH�EHHQ�XVHG

H[WHQVLYHO\�LQ�WKLV�UHVHDUFK�

4XHVWLRQ����TXDQWXP�UHIOHFWLRQ�DW�SRWHQWLDO�VWHSV

,Q�WKLV�TXHVWLRQ��VWXGHQWV�ZHUH�JLYHQ�WZR�SRWHQWLDO�VWHSV���6HH�FDVH�$�DQG�%�LQ�)LJXUH

�������,Q�ERWK�FDVHV��D�EHDP�RI�HOHFWURQV�ZLWK�WKH�VDPH�HQHUJ\�(��(!���LV�LQFLGHQW�RQ�WKH

SRWHQWLDO�VWHS�IURP�WKH�OHIW���7KH�VWXGHQWV�ZHUH�DVNHG�WR�GHVFULEH�ZKHWKHU�WKHUH�LV�D

UHIOHFWLRQ�LQ�HDFK�FDVH�DQG�WR�FRPSDUH�WKH�WZR�UHIOHFWLRQ�FRHIILFLHQWV�LI�UHIOHFWLRQV�H[LVW�

7KHQ�WKH\�ZHUH�DVNHG�WR�FRQVLGHU�ZKDW�WKH�DQVZHUV�ZLOO�EH�LI�WKH�VWHSV�DUH�PDGH�GHHSHU

�VHH�FDVH�&�DQG�'���DQG�WR�FRPSDUH�WKH�UHIOHFWLRQ�FRHIILFLHQWV�IRU�DOO�IRXU�FDVHV���,Q�WKH

H[DP��RQO\�WKH�ILUVW�SDUW�ZDV�JLYHQ�DQG�WKH�VWXGHQWV�UHVSRQGHG�LQ�VKRUW�DQVZHUV�ZLWK�EULHI

H[SODQDWLRQV����,Q�WKH�LQWHUYLHZV��VWXGHQWV�DQVZHUHG�WKH�ZKROH�TXHVWLRQ�DQG�JDYH�H[WHQVLYH

H[SODQDWLRQV�

�7KH�FRUUHFW�DQVZHU�WR�WKLV�TXHVWLRQ�LV�WKDW�WKH�UHIOHFWLRQ�FRHIILFLHQWV�IRU�$�DQG�%�ZLOO�EH

HTXDO���)RU�WKH�GHHSHU�VWHSV��WKH�UHIOHFWLRQV�LQ�&�DQG�'�ZLOO�VWLOO�EH�HTXDO�EXW�JUHDWHU�WKDQ

WKRVH�LQ�$�DQG�%��
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$ EHDP RI HOHFWURQV ZLWK WRWDO HQHUJ\ ( LV LQFLGHQW RQ WKH SRWHQWLDO VWHSV
IURP WKH OHIW�
�� :LOO WKH EHDP EH UHIOHFWHG LQ FDVH $" :LOO WKH EHDP EH UHIOHFWHG LQ

FDVH %" ([SODLQ�
�� /HW 5$ DQG 5% GHQRWH WKH UHIOHFWLRQ FRHIILFLHQW LQ $ DQG %� ,V 5$

JUHDWHU� VPDOOHU� RU HTXDO WR 5%" ([SODLQ� �/HW 5 EH ]HUR LI \RX WKLQN
WKHUH LV QR UHIOHFWLRQ��

)LJXUH������4XDQWXP�UHIOHFWLRQ�RQ�SRWHQWLDO�VWHSV�¤�TXDQWXP

H[DP�LQWHUYLHZ�TXHVWLRQ�XVHG�LQ�3K\VLFV����
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7KLV�TXHVWLRQ�LV�XVHG�WR�SUREH�ZKDW�NLQG�RI�PRGHOV�WKH�VWXGHQWV�DUH�XVLQJ�LQ�WKLQNLQJ

DERXW�D�VLPSOH�TXDQWXP�SUREOHP���7KLV�SUREOHP�UHSUHVHQWV�D�YHU\�VLPSOH�TXDQWXP�V\VWHP�

DQG�WKH�VWXGHQWV�KDYH�EHHQ�VKRZQ�KRZ�WR�VROYH�LW�PDWKHPDWLFDOO\�VHYHUDO�WLPHV�LQ�FODVVHV�

7KH\�DOVR�KDG�FKDQFHV�WR�SUDFWLFH�LW�LQ�ERWK�KRPHZRUN�DQG�H[DP���7KHUHIRUH�ZH�ZRXOG

JHQHUDOO\�DVVXPH�WKDW�WKH�VWXGHQWV�ZRXOG�JLYH�FRUUHFW�DQVZHUV���+RZHYHU��WKH�UHVXOWV�VKRZ

WKDW�WKH�QDWXUDO�UHVSRQVHV�RI�PDQ\�VWXGHQWV�DUH�VWLOO�WKHLU�SHUVLVWHQW�FODVVLFDO�LQWXLWLYH�LGHDV�

)URP�WKH�UHVHDUFK��LW�LV�IRXQG�WKDW�HYHQ�WKRXJK�PDQ\�RI�WKH�VWXGHQWV�FDQ�PDWKHPDWLFDOO\

VROYH�TXDQWXP�SUREOHPV�DQG�JHW�FRUUHFW�DQVZHUV�TXDQWXP�PHFKDQLFDO�FRQFHSWV�VWLOO�GRQ©W

EHFRPH�VSRQWDQHRXV�WR�VWXGHQWV�E\�WKHPVHOYHV�

4XHVWLRQ����WXQQHOLQJ�LQ�D�SRWHQWLDO�EDUULHU

,Q�WKLV�TXHVWLRQ��WKH�VWXGHQWV�DUH�JLYHQ�D�SRWHQWLDO�EDUULHU�DV�VKRZQ�LQ�)LJXUH��������7ZR

EHDPV�RI�HOHFWURQV��$�DQG�%�ZLWK�WRWDO�HQHUJ\�(�DQG��(�UHVSHFWLYHO\��DUH�LQFLGHQW�RQ�WKH

EDUULHU�IURP�WKH�OHIW���7KH�VWXGHQWV�ZHUH�DVNHG�WR�FRPSDUH�WKH�NLQHWLF�HQHUJLHV�IRU�HDFK

EHDP�LQ�DOO�WKUHH�UHJLRQV�DQG�GHVFULEH�TXDOLWDWLYHO\�WKH�VKDSH�RI�WKH�ZDYHIXQFWLRQ�

6WXGHQWV�KDYH�EHHQ�VKRZQ�D�VLPLODU�H[DPSOH�ZLWK�D�V\PPHWULF�SRWHQWLDO�EDUULHU�LQ�FODVV

DQG�WKH\�KDYH�DOVR�VROYHG�LW�LQ�KRPHZRUN���7KH�GLIIHUHQFH�LV�WKDW�LQ�KRPHZRUN�WKH�VWXGHQWV

ZHUH�DVNHG�WR�REWDLQ�D�QXPHULFDO�VROXWLRQ�IRU�WKH�WXQQHOLQJ�HIIHFW�DQG�QR�TXDOLWDWLYH

SK\VLFDO�UHDVRQLQJ�ZDV�DVNHG����6WLOO��PRVW�RI�WKH�VWXGHQWV�ZHUH�TXLWH�IDPLOLDU�ZLWK�WKLV

SK\VLFDO�FRQWH[W�

�7KH�FRUUHFW�DQVZHU�IRU�WKLV�TXHVWLRQ�LV�WKDW�WKH�NLQHWLF�HQHUJ\�RI�ERWK�EHDPV�ZLOO�EH

ODUJHVW�LQ�UHJLRQ�,,,���)RU�EHDP�%�WKH�ZDYHIXQFWLRQ�ZLOO�DOZD\V�EH�VLQXVRLGDO�EXW�ZLWK

GLIIHUHQW�ZDYH�QXPEHUV�LQ�GLIIHUHQW�UHJLRQV��DQG�IRU�EHDP�$�WKH�ZDYHIXQFWLRQ�ZLOO�EH

VLQXVRLGDO�LQ�UHJLRQ�,�DQG�,,,�DQG�GHFD\LQJ�LQ�UHJLRQ�,,��
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7ZR EHDPV RI HOHFWURQV� $ DQG %� ZLWK WRWDO HQHUJ\ RI ( DQG �( UHVSHFWLYHO\� DUH

LQFLGHQW RQ WKH SRWHQWLDO EDUULHU IURP WKH OHIW� 6HH WKH ILJXUH EHORZ� �(�8�� �(�

�� 6NHWFK WR VKRZ TXDOLWDWLYHO\ WKH ZDYHIXQFWLRQ RI WKH WZR EHDPV LQ DOO WKUHH

UHJLRQV� �6WXGHQWV ZLOO EH JXLGHG WR H[SODLQ LQ DOO WKUHH UHJLRQV� KRZ LV WKH
ZDYH IXQFWLRQ RI WKH LQFLGHQW EHDP $ VLPLODU WR WKH ZDYH IXQFWLRQ RI EHDP %"

+RZ LV LW GLIIHUHQW"�

�� 6XSSRVH WKH OHQJWK RI WKH EDUULHU LV LQFUHDVHG WR �/� +RZ ZLOO \RXU DQVZHUV

EH FKDQJHG" �+RZ LV WKH ZDYH IXQFWLRQ RI EHDP $ LQ UHJLRQ ,,, VLPLODU WR WKH

ZDYH IXQFWLRQ RI EHDP $ LQ UHJLRQ ,,, ZKHQ WKH OHQJWK RI WKH EDUULHU LV VWLOO /"

+RZ LV LW GLIIHUHQW" $QG KRZ DERXW EHDP %" ([SODLQ \RXU UHDVRQLQJ� �

)LJXUH������7XQQHOLQJ�WKH�EDUULHU�¤�TXDQWXP�H[DP�LQWHUYLHZ�TXHVWLRQ�XVHG�LQ�3K\VLFV����
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7R�DQVZHU�WKLV�TXHVWLRQ�FRUUHFWO\��WKH�VWXGHQWV�QHHG�WR�XQGHUVWDQG�SRWHQWLDO�HQHUJ\

GLDJUDPV�LQ�RUGHU�WR�ZRUN�RXW�WKH�FRUUHFW�NLQHWLF�HQHUJ\���7KH\�DOVR�QHHG�WR�NQRZ�WKH

FRUUHFW�UHODWLRQV�EHWZHHQ�WKH�HQHUJ\�DQG�WKH�JHQHUDO�VKDSH�RI�WKH�ZDYHIXQFWLRQ���7KLV

SUREOHP�FDQ�DOVR�SURYLGH�LQIRUPDWLRQ�RQ�ZKDW�NLQG�RI�PRGHOV�WKH�VWXGHQWV�DUH�XVLQJ�LQ

WKLQNLQJ�DERXW�TXDQWXP�WXQQHOLQJ���7KH�PRGHOLQJ�LVVXH�LV�RXU�PDMRU�IRFXV�KHUH�EHFDXVH�LW

FDQ�UHYHDO�PRUH�LQIRUPDWLRQ�RQ�WKH�XQGHUO\LQJ�PHFKDQLVP�RI�WKH�ZD\�WKH�VWXGHQWV�WKLQN�

ZKLFK�FRXOG�OHDG�WR�WKH�H[SODQDWLRQ�DQG�D�SRVVLEOH�FRPPRQ�RULJLQ�RI�PDQ\�VWXGHQW

GLIILFXOWLHV�LQ�GLIIHUHQW�FRQWH[WV�

4XHVWLRQ����ZDYHIXQFWLRQ�LQ�D�SRWHQWLDO�ZHOO

7KLV�TXHVWLRQ�LV�RQO\�XVHG�LQ�RXU�LQWHUYLHZV���$V�VKRZQ�LQ�)LJXUH������WKH�VWXGHQWV

ZHUH�JLYHQ�DQ�DV\PPHWULF�SRWHQWLDO�ZHOO���7KH�HQHUJ\�OHYHO�(��LV�JLYHQ�DV�WKH�ILUVW�H[FLWHG

VWDWH�DQG�(��LV�D�IUHH�VWDWH���7KH�VWXGHQWV�ZHUH�DVNHG�WR�TXDOLWDWLYHO\�VNHWFK�WKH�VKDSH�RI�WKH

ZDYHIXQFWLRQ�IRU�HDFK�HQHUJ\�OHYHO�DQG�GHVFULEH�ZKHUH�WKH�SDUWLFOH�ZLOO�PRVW�OLNHO\�EH

IRXQG�

��7KH�FRUUHFW�DQVZHU�IRU�WKLV�TXHVWLRQ�LV�WKDW�WKH�ZDYHIXQFWLRQ�IRU�(��ZLOO�EH�GHFD\LQJ

RXWVLGH�WKH�ZHOO�DQG�VLQXVRLGDO�LQVLGH�WKH�ZHOO�ZLWK�RQH�QRGH�DQG�D�SDUWLFOH�LQ�VWDWH�RI�(�

ZLOO�EH�PRVW�OLNHO\�IRXQG�LQ�UHJLRQ�,,,�DFFRUGLQJ�WR�WKH�ZDYHIXQFWLRQ���)RU�(��WKH

ZDYHIXQFWLRQ�ZLOO�DOZD\V�EH�VLQXVRLGDO�DQG�LW�LV�QRW�D�ERXQG�VWDWH���7KH�SDUWLFOH�LQ�WKLV

VWDWH�FRXOG�EH�IRXQG�DQ\ZKHUH��
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&RQVLGHU DQ HOHFWURQ LQ WKH SRWHQWLDO ZHOO VKRZQ RQ WKH ULJKW�
(� LV WKH ILUVW H[FLWHG VWDWH HQHUJ\�
�� 6NHWFK WKH ILUVW H[FLWHG VWDWH ZDYH IXQFWLRQ� ([SODLQ

\RXU UHDVRQLQJ�
�� 6NHWFK WKH ZDYH IXQFWLRQ FRUUHVSRQGLQJ WR (�� ([SODLQ

\RXU UHDVRQLQJ�
�� ,Q ERWK FDVHV� ZKHUH ZLOO WKH HOHFWURQ EH PRVW OLNHO\

IRXQG" ,Q HDFK FDVH� DUH WKHUH DQ\ UHJLRQV WKDW WKH

HOHFWURQ ZLOO QHYHU EH IRXQG" ([SODLQ \RXU UHDVRQLQJ

)LJXUH������:DYHIXQFWLRQ�LQ�D�SRWHQWLDO�ZHOO�¤�TXDQWXP�LQWHUYLHZ

TXHVWLRQ�XVHG�LQ�3K\VLFV����



���

7R�DQVZHU�WKLV�TXHVWLRQ�FRUUHFWO\��WKH�VWXGHQWV�DJDLQ�QHHG�WR�KDYH�D�JRRG

XQGHUVWDQGLQJ�RI�WKH�UHODWLRQ�EHWZHHQ�WKH�ORFDO�NLQHWLF�HQHUJ\�DQG�WKH�VKDSH�RI�WKH

ZDYHIXQFWLRQ�DV�ZHOO�DV�WKH�PHDQLQJ�RI�WKH�ERXQG�VWDWH���:H�DOVR�ZDQW�WR�VHH�LI�WKH

VWXGHQWV�FDQ�PDNH�FRUUHFW�OLQNV�EHWZHHQ�WKH�ZDYHIXQFWLRQ�DQG�LWV�SUREDELOLVWLF

LQWHUSUHWDWLRQ��L�H���LI�WKH�VWXGHQW�KDYH�D�JRRG�SK\VLFDO�XQGHUVWDQGLQJ�RI�WKH�PHDQLQJ�WKDW

WKH�DPSOLWXGH�VTXDUH�RI�WKH�ZDYHIXQFWLRQ�UHSUHVHQWV�WKH�SUREDELOLW\�GHQVLW\�RI�WKH�ILQGLQJ

WKH�SDUWLFOH�DQG�DOVR�EH�DEOH�WR�DSSO\�LW�LQ�DSSURSULDWH�FRQWH[WV�

7KH�5HVXOWV

2YHUYLHZ�RI�6WXGHQW�'LIILFXOWLHV

7KH�SRWHQWLDO�VWHS�TXHVWLRQ�DQG�WKH�WXQQHOLQJ�TXHVWLRQ�ZHUH�JLYHQ�DV�H[DP�TXHVWLRQV�LQ

WKH�IDOO����DQG�VSULQJ����FODVVHV���$�PRGLILHG�YHUVLRQ�RI�WKH�WZR�TXHVWLRQV�ZDV�JLYHQ�WR�WKH

IDOO����FODVV���$�WRWDO�RI����LQWHUYLHZV�ZHUH�FRQGXFWHG�

7KH�VSULQJ����FODVV�KDG�WZR�OHFWXUHV�DQG�RQH�WXWRULDO�HDFK�ZHHN�DQG�WKH�RWKHU�WZR

FODVVHV�KDG�RQO\�OHFWXUHV��WKUHH�OHFWXUHV�HDFK�ZHHN����6LQFH�WKH�TXDQWXP�WXWRULDOV�DUH�RXU

ILUVW�DWWHPSW�DQG�WKH�WRSLFV�FRYHUHG�DUH�OLPLWHG��WKH�UHVXOWV�IURP�WKLV�VWXG\�DUH�YLHZHG�DV

JHQHUDO�GLIILFXOWLHV�WKDW�WKH�VWXGHQWV�ZLOO�HQFRXQWHU�LQ�OHDUQLQJ�TXDQWXP�PHFKDQLFV�

7KH�WKUHH�TXHVWLRQV�,�KDYH�MXVW�GLVFXVVHG�DUH�TXLWH�VWUDLJKWIRUZDUG���6RPH�LQVWUXFWRUV

PLJKW�HYHQ�FRQVLGHU�WKHP�WRR�HDV\�IRU�VWXGHQWV���7KH�PDWKHPDWLFV�LQYROYHG�LV�VLPSOH

HQRXJK�IRU�PRVW�VWXGHQWV�WR�ZRUN�ZLWK�DQG�DOO�WKH�SK\VLFV�FRQFHSWV�LQYROYHG�DUH�DOVR�WKH

IXQGDPHQWDOV�ZH�DUH�H[SHFWLQJ�RXU�VWXGHQWV�WR�NQRZ���7KH�WXQQHOLQJ�TXHVWLRQ�KDG�DOVR

EHHQ�GHPRQVWUDWHG�LQ�FODVV�DQG�DVVLJQHG�IRU�KRPHZRUN���$OWKRXJK�WKH�DV\PPHWULF

SRWHQWLDO�ZHOO�ZDVQ©W�LQWURGXFHG�LQ�FODVV��VWXGHQWV�ZHUH�JLYHQ�PDQ\�SUDFWLFHV�RQ�TXDQWXP

SRWHQWLDO�ZHOO�SUREOHPV���'HVSLWH�WKH�IDFW�WKDW�WKH�VWXGHQWV�KDYH�VHHQ�PRVW�RI�WKH�TXHVWLRQV

EHIRUH�DQG�KDYH�HYHQ�ZRUNHG�RXW�WKH�H[DP�SUREOHPV��WKH\�VWLOO�KDYH�D�ORW�RI�GLIILFXOWLHV�LQ

XQGHUVWDQGLQJ�PDQ\�IXQGDPHQWDO�TXDQWXP�FRQFHSWV�UHODWHG�WR�WKHVH�TXHVWLRQV���7KH

IROORZLQJ�LV�D�JHQHUDO�RYHUYLHZ�RI�WKHVH�VWXGHQW�GLIILFXOWLHV�

x 'LIILFXOWLHV�ZLWK�SRWHQWLDO�HQHUJ\�GLDJUDP

7KH�TXDQWXP�WXQQHOLQJ�SUREOHP��VHH�ILJXUH������ZDV�JLYHQ�WR�WKUHH�FODVVHV��IDOO����

VSULQJ�����DQG�IDOO�����DV�DQ�H[DP�TXHVWLRQ���,W�LV�DOVR�XVHG�LQ�DOO�LQWHUYLHZV���)URP�VWXGHQW

UHVSRQVHV�LQ�H[DPV�DQG�LQWHUYLHZV��ZH�IRXQG�PDQ\�VWXGHQWV�IDLOHG�WR�ILQG�WKH�FRUUHFW

NLQHWLF�HQHUJ\�LQ�GLIIHUHQW�UHJLRQV�RI�WKH�SRWHQWLDO�HQHUJ\�GLDJUDP�

)RU�WKH�ILYH�VWXGHQWV�LQWHUYLHZHG�LQ�VSULQJ�������RI�WKHP�JDYH�WKH�FRUUHFW�NLQHWLF

HQHUJ\���2QH�VWXGHQW��%LOO��FRGH�QDPH��
�
�UHVSRQGHG�WKDW�HQHUJ\�ZRXOG�GHFD\�LQ�WKH�EDUULHU�

¦3DUWLFOH�$���'HSHQGLQJ�RQ�/��7KHUH�LV�FHUWDLQ�GHFD\�KHUH��IRU�WKH�HQHUJ\���,I�LW�JRHV�WR

]HUR��LI�/�LV�QRW�WRR�VPDOO�WKH�HOHFWURQV�ZLOO�PDNH�LW�WKURXJK��,I�8��LV�VPDOO�LW�ZLOO�VWLOO

JDLQ�HQHUJ\�§

:KHQ�KH�ZDV�DVNHG�VSHFLILFDOO\�DVNHG�DERXW�WKH�NLQHWLF�HQHUJ\�LQ�UHJLRQ�,,,��KH

FRQWLQXHG�ZLWK�



���

¦,W�LV�GHFD\LQJ�DQG�KHUH�WKHUH�LV�WKLV�PXFK�HQHUJ\�QRZ��VKRZLQJ�D�VPDOOHU�DPRXQW��§

)RU�WKH�ILYH�VWXGHQWV�LQWHUYLHZHG�LQ�IDOO�������RI�WKHP�KDG�LQFRUUHFW�UHVSRQVHV�YHU\

VLPLODU�WR�ZKDW�%LOO�KDV���,Q�ERWK�VHPHVWHUV��WKH�VWXGHQWV�ZKR�SDUWLFLSDWHG�LQ�WKH�LQWHUYLHZV

ZHUH�DOO�YROXQWHHUV�DQG�JRRG�VWXGHQWV��ZLWK�JUDGHV�DERYH�DYHUDJH��LQ�WKHLU�FODVVHV���)RU�D

ZKROH�FODVV��ZH�H[SHFW�D�ODUJHU�SRSXODWLRQ�RI�VWXGHQWV�PD\�KDYH�SUREOHPV�RQ�SRWHQWLDO

HQHUJ\�GLDJUDPV�

)URP�WKH�UHVXOWV�RI�WKH�H[DP�TXHVWLRQV�VKRZQ�LQ�WDEOH������ZH�FDQ�VHH�WKDW�D�VLJQLILFDQW

QXPEHU��a�����RI�WKH�VWXGHQWV�LQ�IDOO����DQG�IDOO����FODVVHV�KDG�GLIILFXOWLHV�ILQGLQJ�WKH

FRUUHFW�NLQHWLF�HQHUJ\�IURP�D�JLYHQ�SRWHQWLDO�HQHUJ\�GLDJUDP���,Q�WKH�VSULQJ����FODVV��WKH

SRSXODWLRQ�XQDEOH�WR�GR�WKLV�SUREOHP�GURSV�WR�������$OPRVW�DOO�WKH�VWXGHQWV�ZKR�JDYH

LQFRUUHFW�UHVSRQVH�KDG�WKH�UHDVRQLQJ�WKDW�WKH�HQHUJ\�RI�WKH�SDUWLFOH�ZDV�ORVW�LQ�WKH�EDUULHU�

0RVW�RI�WKHVH�VWXGHQWV�UHVSRQGHG�H[SOLFLWO\�ZLWK�VXFK�UHDVRQLQJ�ZKHQ�WKH\�ZHUH�DVNHG�WR

FRPSDUH�WKH�ZLGHU�EDUULHU�ZLWK�WKH�VKRUW�RQH��SDUW���RI�WKH�TXHVWLRQ�VKRZQ�LQ�ILJXUH������

,Q�WKH�VSULQJ����FODVV��ZH�LPSOHPHQWHG�D�WXWRULDO�RQ�3RWHQWLDO�(QHUJ\�'LDJUDP��WKLV

WXWRULDO�LV�D�UHYLVHG�YHUVLRQ�RI�WKH�WXWRULDO�GLVFXVVHG�LQ�FKDSWHU������$V�LQGLFDWHG�IURP�WKH

GDWD��VWXGHQWV�LQ�WKH�WXWRULDO�FODVV�KDG�D�EHWWHU�SHUIRUPDQFH�RQ�LVVXHV�UHODWHG�WR�SRWHQWLDO

HQHUJ\�GLDJUDP�WKDQ�WKH�VWXGHQWV�LQ�FODVVHV�ZLWKRXW�WXWRULDOV�

x 'LIILFXOWLHV�ZLWK�WKH�VKDSH�RI�ZDYHIXQFWLRQ

,Q�WKH�LQWHUYLHZV��VWXGHQWV�ZHUH�DVNHG�WR�TXDOLWDWLYHO\�VNHWFK�WKH�ZDYHIXQFWLRQ�IRU�WKH

TXDQWXP�WXQQHOLQJ�DQG�SRWHQWLDO�ZHOO�SUREOHPV���)URP�VWXGHQWV�UHVSRQVHV��LW�LV�DSSDUHQW

WKDW�VRPH�RI�WKHP�GLGQ©W�XQGHUVWDQG�WKH�UHODWLRQ�EHWZHHQ�WKH�VKDSH�RI�WKH�ZDYHIXQFWLRQ

DQG�WKH�ORFDO�NLQHWLF�HQHUJ\���)RU�H[DPSOH��7RP��D�VWXGHQW�LQWHUYLHZHG�LQ�WKH�IDOO�����JDYH

KLV�VNHWFK�RI�ZDYHIXQFWLRQ�LQ��WKH�TXDQWXP�WXQQHOLQJ�SUREOHP�DV�LQ�ILJXUH�������+H�DOVR

ZURWH�GRZQ�WKH�VROXWLRQV�IRU�WKH�ZDYHIXQFWLRQ�

7KH�VNHWFK�RI�WKH�ZDYHIXQFWLRQ�ORRNV�TXLWH�VWUDQJH���:KHQ�,�DVNHG�KLP�DERXW�KRZ�KH

ILJXUHG�RXW�WKH�VNHWFK��KH�UHSOLHG�WKDW�LW�ZDV�ZKDW�KH�UHPHPEHUHG���7KH�VROXWLRQ�KH�ZURWH

GRZQ�VHHPV�ILQH�IRU�EHDP�$��VHH�ILJXUH�����IRU�WKH�LQWHUYLHZ�TXHVWLRQ���EXW�QRW�IRU�EHDP

%���6R�,�FRQWLQXHG�WR�DVN�KLP�LI�WKHUH�LV�DQ\�GLIIHUHQFH�EHWZHHQ�WKH�VROXWLRQV�IRU�$�DQG�%�

+H�UHSOLHG�ZLWK�

¦��7KLV�LV�ZKDW�,�UHPHPEHU���WKH�FRHIILFLHQWV�ZLOO�EH�GLIIHUHQW��\RX�ZLOO�KDYH�VPDOOHU

DPSOLWXGH�IRU�EHDP�%��§

7DEOH������5HVXOWV�RI�H[DP�TXHVWLRQV�RQ�TXDQWXP�WXQQHOLQJ�IRU�SURELQJ

XQGHUVWDQGLQJ�RI�HQHUJ\�GLDJUDP

&ODVVHV
6WXGHQWV�JDYH�FRUUHFW

NLQHWLF�HQHUJ\

6SULQJ�����7XW� ������������

)DOO�����7UG� �����������

)DOO�����7UG� ����������
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+H�WKHQ�GUHZ�EHDP�%�ZLWK�D�OLWWOH�VPDOOHU�DPSOLWXGH���$SSDUHQWO\��KH�WULHG�WR�PHPRUL]H

WKH�VROXWLRQ��ZKLFK�ZDV�SDUWLDOO\�VXFFHVVIXO��EXW�KH�GLGQ©W�NQRZ�ZKDW�WKH�VROXWLRQV

�ZDYHIXQFWLRQV��UHSUHVHQW�DQG�ZKHQ�KRZ�WR�DSSO\�WKHP���1HLWKHU�GLG�KH�NQRZ�WKH�FRUUHFW

VKDSH�RI�WKH�ZDYHIXQFWLRQ�FRUUHVSRQGLQJ�WR�WKH�VROXWLRQ�KH�PHPRUL]HG�

)RU�WKH�ILYH�VWXGHQWV�LQWHUYLHZHG�LQ�IDOO�����WKUHH�RI�WKHP�KDG�GLIILFXOWLHV�RQ�WKLV�LVVXH

�LQFOXGLQJ�7RP����$OO�ILYH�VWXGHQWV�LQWHUYLHZHG�LQ�VSULQJ����JDYH�TXDOLWDWLYHO\�FRUUHFW

VNHWFKHV�IRU�WKH�ZDYHIXQFWLRQ�

x 0LVLQWHUSUHWLQJ�WKH�DPSOLWXGH�RI�WKH�ZDYHIXQFWLRQ

$OWKRXJK�PRVW�VWXGHQWV���������FDQ�PHPRUL]H�WKH�VHQWHQFH�WKDW�WKH�DPSOLWXGH�VTXDUH

RI�WKH�ZDYHIXQFWLRQ�UHSUHVHQWV�WKH�SUREDELOLW\�GHQVLW\��RQO\�D�IHZ�RI�WKHP�DFWXDOO\

XQGHUVWDQG�WKH�PHDQLQJ�RI�WKH�ZRUGV���:KHQ�ORJLFDO�UHDVRQLQJ�LV�LQYROYHG��PDQ\�VWXGHQWV

ZLOO�JR�EDFN�WR�VHDUFK�IRU�D�FODVVLFDO�LQWHUSUHWDWLRQ�RI�WKH�ZDYHIXQFWLRQ�WKLQNLQJ�WKDW�WKH

ZDYHIXQFWLRQ�UHSUHVHQWV�WKH�WUDMHFWRU\�RU�WKH�HQHUJ\�RI�WKH�REMHFW���$�YHU\�FRPPRQ

PLVLQWHUSUHWDWLRQ�LV�WKDW�WKH�DPSOLWXGH�RI�WKH�ZDYHIXQFWLRQ�LV�GLUHFWO\�DVVRFLDWHG�ZLWK�WKH

NLQHWLF�HQHUJ\�RI�WKH�SDUWLFOH���(LJKW�RXW�RI�WKH�WRWDO����VWXGHQWV�LQWHUYLHZHG�KDG�WKLV

LQFRUUHFW�YLHZ���)RU�H[DPSOH��%LNH��D�VWXGHQW�LQWHUYLHZHG�LQ�VSULQJ�����JDYH�D�FRUUHFW

VNHWFK�RI�WKH�ZDYHIXQFWLRQ�IRU�WKH�EHDP�%�LQ�WKH�WXQQHOLQJ�SUREOHP��VHH�ILJXUH������

+RZHYHU��KLV�H[SODQDWLRQ�IRU�WKH�GHFD\�LQ�WKH�EDUULHU�LV�

¦��OHVV�HQHUJ\�VR�WKH�DPSOLWXGH�ZLOO�EH�UHGXFHG����$PSOLWXGH�LV�UHGXFHG�EHFDXVH

HQHUJ\�LV�ORVW�LQ�WKH�SDVVDJH��§

)LJXUH������7RP©V�VNHWFK�RI�ZDYHIXQFWLRQ�IRU

WKH�WXQQHOLQJ�SUREOHP
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0DQ\�VWXGHQWV�JDYH�VLPLODU�FRPPHQWV�LQ�LQWHUYLHZV���,Q�ODWHU�VHFWLRQV��WKH�XQGHUO\LQJ

VWXGHQW�PRGHOV�ZLOO�EH�GLVFXVVHG���,Q�JHQHUDO��VWXGHQWV�FDQ�RIWHQ�PHPRUL]H�WKH�¦ZRUGV§�EXW

WKH\�GLGQ©W�XQGHUVWDQG�WKH�PHDQLQJ�VR�WKH\�FRXOGQ©W�DSSO\�LW�SURSHUO\�LQ�QHZ�FRQWH[WV�

x 'LIILFXOW\�XQGHUVWDQGLQJ�ERXQG�VWDWH

7KLV�GLIILFXOW\�LV�DVVRFLDWHG�ZLWK�WKH�VWXGHQW�XQGHUVWDQGLQJ�RI�WKH�VKDSH�RI�WKH

ZDYHIXQFWLRQ�DQG�SRWHQWLDO�HQHUJ\�GLDJUDPV���6WXGHQWV�ZKR�GRQ©W�XQGHUVWDQG�WKH�FRUUHFW

UHODWLRQ�EHWZHHQ�WKH�VKDSH�RI�WKH�ZDYHIXQFWLRQ�DQG�WKH�ORFDO�NLQHWLF�HQHUJ\�DUH�RIWHQ

FRQIXVHG�RQ�WKH�GLIIHUHQFH�EHWZHHQ�D�ERXQG�VWDWH�DQG�D�IUHH�VWDWH����)RU�H[DPSOH��ZKHQ�,

DVNHG�WKH�VWXGHQWV�WR�VNHWFK�WKH�ZDYHIXQFWLRQ�IRU�WKH�DV\PPHWULF�ZHOO��VHH�ILJXUH������

-HUU\���IURP�IDOO����FODVV��JDYH�KLV�VNHWFK�DV�VKRZQ�LQ�ILJXUH�����

:KHQ�,�DVNHG�KLP�WKH�UHDVRQLQJ�IRU�KLV�GLDJUDP��KH�FODLPHG�

¦��LW��ZDYHIXQFWLRQ��GHFD\V�LQ�WKH�ZHOO�DQG�RVFLOODWHV�RXWVLGH���0D\EH�,�KDG�LW

RSSRVLWH���,�GRQ©W�UHPHPEHU�§

,�WKHQ�FRQWLQXHG�WR�DVN�DERXW�WKH�PHDQLQJ�IRU�KDYLQJ�D�GHFD\LQJ�RVFLOODWLQJ

ZDYHIXQFWLRQ�DQG�WKH�PHDQLQJ�IRU�WKH�ZRUG�¦ERXQG�VWDWH§���+H�FRXOGQ©W�FRPH�XS�ZLWK

DQ\WKLQJ�

$�IHZ�PRUH�VWXGHQWV����LQ�WRWDO��DOO�IURP�IDOO�����KDG�GLIILFXOWLHV�RQ�WKLV�LVVXH����7KH

EHKDYLRU�RI�WKH�LQGLYLGXDO�VWXGHQW�FDQ�EH�GLIIHUHQW��H�J��RQH�VWXGHQW�DOZD\V�XVHG�WKH

VROXWLRQ�RI�D�V\PPHWULF�LQILQLWH�ZHOO�IRU�DOO�VLWXDWLRQV����%XW�WKHUH�LV�D�FRPPRQDOLW\�WKDW

QRQH�RI�WKHP�XQGHUVWDQGV�WKH�PHDQLQJ�RI�WKH�WHUP�¦ERXQG�VWDWH§���,Q�SUREOHP�VROYLQJ

VLWXDWLRQV��WKHVH�VWXGHQWV�XVXDOO\�UHO\�RQ�VLPSOH�SDWWHUQ�PDWFKLQJ�DQG�WKH\�KDUGO\�KDYH�DQ\

XQGHUVWDQGLQJ�RI�WKH�SK\VLFDO�PHDQLQJ�RI�WKH�VROXWLRQ�

x ,QDSSURSULDWH�XVH�RI�FODVVLFDO�PRGHOV�IRU�TXDQWXP�V\VWHPV

$V�REVHUYHG�LQ�WKH�LQWHUYLHZV��LW�ZDV�TXLWH�FRPPRQ�IRU�VWXGHQWV�WR�XVH�FODVVLFDO�LGHDV

LQ�WKLQNLQJ�RI�TXDQWXP�SUREOHPV���2QH�H[DPSOH�LV�WKH�SRWHQWLDO�VWHS�SUREOHP�ZKHUH

VWXGHQWV�ZHUH�DVNHG�WR�GHVFULEH�WKH�UHIOHFWLRQV�RQ�WZR�SRWHQWLDO�VWHSV��VHH�ILJXUH������

6HYHQ�IURP�WKH�WRWDO����VWXGHQWV�LQWHUYLHZHG�WKRXJKW�WKDW�WKH�SRWHQWLDO�VWHS�ZLWK�D�VWHS�XS

)LJXUH������-HUU\©V�VNHWFK�RI�WKH�ZDYHIXQFWLRQ�LQ�WKH

DV\PPHWULF�ZHOO
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VKDSH�ZLOO�KDYH�D�ODUJHU�UHIOHFWLRQ�WKDQ�WKH�SRWHQWLDO�VWHS�ZLWK�D�VWHS�GRZQ�VKDSH���%LOO\

JDYH�WKH�FRUUHFW�DQVZHU�WKDW�WKH�UHIOHFWLRQ�LV�HTXDO��EXW�KLV�FRPPHQW�UHYHDOV�PDQ\

LQWHUHVWLQJ�SRLQWV���+H�VDLG�

¦,�JRW�LW�ZURQJ�RQ�WKH�H[DP����7KH�UHIOHFWLRQ�ZLOO�EH�WKH�VDPH�EHFDXVH�WKH�SRWHQWLDO�LV

WKH�VDPH���,Q�$��\RX�ZLOO�WKLQN�QRQH�RI�WKHP�ZLOO�EH�UHIOHFWHG�EHFDXVH�FODVVLFDOO\�WKH\

DUH�JDLQLQJ�HQHUJ\���6DPH�WKLQJ�DV�%�EHFDXVH�WKH\�DUH�ORVLQJ�HQHUJ\�VR�VRPH�WKLQJ�ZLOO

EH�UHIOHFWHG�EDFN���4XDQWXP�PHFKDQLFDOO\��WKHUH�ZLOO�EH�HTXDO�UHIOHFWLRQV�LQ�WKLV�DQG

WKLV��SRLQWLQJ�WR�$�DQG�%����,�DP�VWLOO�YHU\�FRQIXVHG��,�FDQ�VHH�IURP�WKH�HTXDWLRQV�EXW

VWLOO�FRQIXVLQJ�ZK\�LW�ZRXOG�EH�WKH�FDVH�§

0DQ\�VWXGHQWV�GLGQ©W�JHW�IDU�HQRXJK�WR�EH�H[SOLFLWO\�DZDUH�RI�WKLV�LQWXLWLYH�FRQIOLFW�DQG

MXVW�XVHG�WKHLU�FODVVLFDO�LGHDV�IRU�WKH�UHDVRQLQJ���$V�REVHUYHG�LQ�LQWHUYLHZV��VWXGHQWV�FDQ

FRPH�XS�ZLWK�DOO�NLQGV�RI�FODVVLFDO�LGHDV�IRU�GLIIHUHQW�TXDQWXP�VHWWLQJV�����,�ZLOO�GLVFXVV

WKHVH�FODVVLFDO�PRGHOV�LQ�WKH�IROORZLQJ�VHFWLRQV�

,GHQWLI\LQJ�6WXGHQW�0RGHOV�RI�4XDQWXP�0HFKDQLFV

,Q�WKH�SUHYLRXV�VHFWLRQ��,�KDYH�GLVFXVVHG�VRPH�VWXGHQW�GLIILFXOWLHV�RQ�YDULRXV�LVVXHV�RI

TXDQWXP�PHFKDQLFV���1RZ�,�ZLOO�DQDO\]H�WKHVH�VWXGHQW�GLIILFXOWLHV�WR�LGHQWLI\�SRVVLEOH

VWXGHQW�PRGHOV�

x &ODVVLFDO�LQWXLWLYH�PRGHO

7KLV�PRGHO�LV�EURDGO\�GHILQHG�WR�PHDQ�WKDW�WKH�VWXGHQW�UHDVRQLQJ�LV�EDVHG�RQ�WKHLU

FODVVLFDO�FRQFHSWV�DQG�LQWXLWLRQV���6RPH�RI�WKHVH�LQWXLWLYH�LGHDV�PD\�KDYH�FRPH�IURP�WKH

VWXGHQWV©�NQRZOHGJH�RI�1HZWRQLDQ�PHFKDQLFV�OHDUQHG�LQ�WKHLU�LQWURGXFWRU\�SK\VLFV�FODVVHV�

2WKHU�QDwYH�WKRXJKWV��RIWHQ�LQFRUUHFW��PD\�FRPH�GLUHFWO\�IURP�WKH�VWXGHQWV�SHUVRQDO

H[SHULHQFHV�WKDW�DUH�OHIW�XQFKDQJHG�E\�WKHLU�LQWURGXFWRU\�SK\VLFV�FODVVHV���7KH�IROORZLQJ

WZR�H[DPSOHV�VKRZ�KRZ�VWXGHQWV�XVH�WKH�FODVVLFDO�LQWXLWLYH�PRGHOV�LQ�WKHLU�UHDVRQLQJ�IRU

GLIIHUHQW�TXDQWXP�V\VWHPV�

,Q�WKH�SUHYLRXV�VHFWLRQ��,�KDYH�GLVFXVVHG�WKH�XVH�RI�FODVVLFDO�PRGHOV�ZLWK�WKH�SRWHQWLDO

VWHS�H[DPSOH���+HUH�,�IROORZ�XS�ZLWK�PRUH�GHWDLOV�RQ�WKLV�H[DPSOH���7KH�WZR�SRWHQWLDO�VWHSV

LQ�ILJXUH�����ZHUH�JLYHQ�DV�WZR�VHSDUDWH�KRPHZRUN�TXHVWLRQV�LQ�WKH�VSULQJ����VHPHVWHU�DQG

PRVW�RI�WKH�VWXGHQWV�GLG�ZHOO�DQG�JDYH�FRUUHFW�DQVZHUV�LQ�WKHLU�KRPHZRUN���%XW�ZKHQ�WKH

WZR�FDVHV�ZHUH�SXW�WRJHWKHU�LQ�RQH�TXHVWLRQ�LQ�WKH�PLG�WHUP�H[DP�RI�VSULQJ���������RI�WKH

VWXGHQWV�UHSOLHG�WKDW�WKH�UHIOHFWLRQ�RQ�WKH�VWHS�GRZQ�SRWHQWLDO�LV�]HUR�RU�OHVV�WKDQ�WKDW�RQ�WKH

VWHS�XS�SRWHQWLDO���$V�SRLQWHG�RXW�LQ�WKH�SUHYLRXV�VHFWLRQ��LQ�WKH�WRWDO����LQWHUYLHZV��DERXW

�����������RI�WKH�VWXGHQWV�UHVSRQGHG�ZLWK�VLPLODU�LGHDV���7KH�SK\VLFDO�UHDVRQLQJV�RI�WKHVH

VWXGHQWV�ZHUH�PRVWO\�FODVVLFDO���-LP©V�VWRU\�ZDV�

¦7KHUH�DUH�UHIOHFWLRQV�LQ�ERWK�FDVH���7KH�UHIOHFWLRQ�LQ�FDVH�$�ZLOO�EH�OHVV�WKDQ�LQ�FDVH

%���6WHS�GRZQ�LV�OHVV�WKDQ�VWHS�XS�����7KH�UHDVRQ�WKH�UHIOHFWDQFH�LV�JUHDWHU�LQ�%�LV�GXH

WR�WKH�IDFW�WKDW�LW�LV�NLQG�RI�UXQQLQJ�LQWR�D�ZDOO�LQ�ZKLFK�\RX�KDYH�PRUH�UHIOHFWDQFH�

FDVH�$�FRXOG�EH�PRGHOHG�DV�D�EDOO�JRLQJ�GRZQ�DQG�VXGGHQO\�JHW�ZKROH�ORW�RI�HQHUJ\

DQG�LW�ZLOO�VSHHG�XS�DQG�WKH�WUDQVPLWWDQFH�LV�JHWWLQJ�ODUJHU�§
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,W�LV�REYLRXV�WKDW�WKLV�VWXGHQW�ZDV�XVLQJ�FODVVLFDO�UHDVRQLQJ��LQFRUUHFW��WR�DFFRXQW�IRU

WKH�TXDQWXP�UHIOHFWLRQ�RQ�D�SRWHQWLDO�VWHS���6RPH�VWXGHQWV�HYHQ�WKRXJKW�WKDW�WKHUH�VKRXOG

EH�QR�UHIOHFWLRQ�LQ�DOO�IRXU�FDVHV�EHFDXVH�WKH�WRWDO�HQHUJ\�LV�JUHDWHU�WKDQ�WKH�SRWHQWLDO�

6LQFH�WKLV�LV�D�YHU\�IDPLOLDU�TXHVWLRQ��VRPH�RI�WKH�VWXGHQWV�VWLOO�UHPHPEHUHG�WKH�VROXWLRQ�DV

%LNH�VDLG�

¦7KLV�RQH��$��KDV�WULSSHG�PH�IRU�WKH�ZKROH�VHPHVWHU���,�DP�QRW�VXUH�LI�,�FDQ�WHOO�ZK\�

7KHUH�LV�D�UHIOHFWLRQ�LQ�$�RQO\�EHFDXVH�,�NQRZ�WKH�DQVZHU���,�KDYHQ©W�EHHQ�DEOH�WR�FRPH

XS�ZLWK�ZK\�\HW�§

(YHQ�WKRXJK�KH�EHOLHYHG�WKH�RSSRVLWH�DFFRUGLQJ�KLV�UHDVRQLQJ�WKDW

¦7KH�SDUWLFOH�VKRXOG�EH�DWWUDFWHG�PRUH�WR�WKH�ORZHU�SRWHQWLDO�LQ�$�§

,W�LV�SRVVLEOH�WKDW�LQ�D�VLPSOH�WHVW�VLWXDWLRQ��WKLV�VWXGHQW�PLJKW�JLYH�D�FRUUHFW�DQVZHU�E\

PHPRUL]LQJ�WKH�VROXWLRQ���:LWK�WKH�KHOS�RI�WKH�LQWHUYLHZV��ZH�QRZ�FDQ�VHH�WKH�LQFRUUHFW

PRGHOV�LQ�KLV�UHDVRQLQJ�

)RU�WKH�GHHSHU�VWHS�GRZQ�FDVH��&�DQG�'�LQ�ILJXUH�������PDQ\�VWXGHQWV�WKLQN�WKDW�LW�ZLOO

JHW�OHVV�RU�]HUR�UHIOHFWLRQ���$OWKRXJK�FRQIXVHG�E\�WKH�UHVXOWV��%LOO\�GLG�JLYH�D�FRUUHFW

DQVZHU�WR�WKH�ILUVW�WZR�FDVHV��$�DQG�%�LQ�ILJXUH������VHH�SUHYLRXV�VHFWLRQ�IRU�%LOO\©V

UHVSRQVH����%XW�ZLWK�D�GHHSHU�SRWHQWLDO�VWHS�LQ�FDVH�&�RI�WKH�TXHVWLRQ��KH�KDG�D�YHU\�VWURQJ

FODVVLFDO�YLHZ���+H�VDLG�

¦<RX�KDYH�D�KXJH�QHJDWLYH�SRWHQWLDO�KHUH�DQG�\RX�KDYH�VRPH�WKLQJ�FRPLQJ�KHUH���,

WKLQN�LW�ZLOO�EH�DWWUDFWHG�LQVDQHO\�WR�WKLV���$QG�LW�ZRXOGQ©W�JR�EDFN���,QWXLWLYHO\��,�ZRXOG

WKLQN�LW�ZLOO�JR�VWUDLJKW�IRU�WKDW��7KH�SRWHQWLDO�LV�OLNH�D�EODFN�KROH�§

+HUH�ZH�VHH�WKDW�DOWKRXJK�WKH�VWXGHQWV�KDYH�EHHQ�VKRZQ�VSHFLILFDOO\�WKH�GHWDLOHG

SURFHGXUHV�RI�VROYLQJ�WKHVH�WZR�TXHVWLRQV�GXULQJ�WKH�FODVV�DQG�KDYH�DOVR�SUDFWLFHG�LQ

KRPHZRUN��WKH\�DUH�VWLOO�QRW�DEOH�WR�¦PDNH�VHQVH§�RI�WKH�SK\VLFDO�PHDQLQJ�LQ�D�TXDQWXP

VHQVH���7KHUHIRUH�ZKHQ�WKH\�ZHUH�DVNHG�WR�H[SODLQ�WKH�SKHQRPHQRQ��PDQ\�VWXGHQWV�VWLOO

UHOLHG�RQ�WKHLU�ROG�LQWXLWLYH�LGHDV�

2XU�VHFRQG�H[DPSOH�LV�WKH�WXQQHOLQJ�SUREOHP���)URP�WKH�VWXGHQW�UHVSRQVHV�WR�WKLV

TXHVWLRQ��ZH�IRXQG�WKDW�WKH\�KDG�DQ�LQWHUHVWLQJ�FODVVLFDO�LQWHUSUHWDWLRQ�RI�WKLV�TXDQWXP

V\VWHP���0DQ\��������RI�WKH�VWXGHQWV�LQWHUYLHZHG�WKRXJKW�WKDW�WKH�HQHUJ\�RI�WKH�SDUWLFOH

ZDV�ORVW�LQ�WXQQHOLQJ�WKURXJK�WKH�EDUULHU�

5HGVNLQ��WKH�VWXGHQW�LQWHUYLHZHG�LQ�IDOO�����ZDV�DFWXDOO\�D�OLWWOH�XQKDSS\�ZLWK�WKDW�ZH

NHHS�WURXEOLQJ�KLP�ZLWK�VXFK�D�VLPSOH�TXHVWLRQ���+H�VDLG�

¦6LQFH�LW�KDV�WXQQHOHG�WKURXJK�WKH�EDUULHU��LW©V�JRW�WR�ORVH�VRPH�HQHUJ\�§

(YHQ�ZKHQ�D�VWXGHQW�FDQ�JLYH�D�FRUUHFW�GHVFULSWLRQ�RQ�SDUW�RI�WKH�ZDYHIXQFWLRQ��KH�VKH

FDQ�VWLOO�KROG�DQ�LQFRUUHFW�YLHZ�RQ�RWKHU�DVSHFWV�RI�WKH�ZDYHIXQFWLRQ���)RU�H[DPSOH��7UHN

JDYH�D�YHU\�LQWHUHVWLQJ�FRPPHQW�RQ�WKH�WXQQHOLQJ�SUREOHP���:KLOH�KH�ZDV�VNHWFKLQJ�WKH

ZDYHIXQFWLRQ��KH�VDLG�
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¦��,W��WKH�ZDYHIXQFWLRQ��LV�VLQXVRLGDO�EXW�GLIIHUHQW�IUHTXHQF\�EHFDXVH�WKH�.(�LV

YDU\LQJ����,�DOVR�EHOLHYH�WKH�DPSOLWXGH�ZLOO�GHFUHDVH�DV�\RX�ZHQW�WKURXJK�WKH�EDUULHU

HYHQ�ZLWK�%���)RU�$��VLQFH�WKH�HQHUJ\�LV�EHORZ�WKH�SRWHQWLDO�\RX�JRW�D�GHFD\���$OVR�WKH

DPSOLWXGH�LV�GLPLQLVKLQJ���%HFDXVH�\RX�DUH�ORVLQJ�HQHUJ\�§

$V�LQGLFDWHG�IURP�7UHN©V�FRPPHQW��VRPH�VWXGHQWV�DOVR�WKRXJKW�WKDW�EHDP�$�ZLOO�ORVH

PRUH�HQHUJ\�WKDQ�EHDP�%�EHFDXVH�EHDP�%�KDV�PRUH�LQLWLDO�HQHUJ\�VR�LW�ZLOO�EH�HDVLHU�IRU�LW

WR�JHW�WKURXJK��GLIILFXOW�WR�VORZ�GRZQ����6R�WKH�EDUULHU�LV�OLNH�D�¦UHVLVWLYH�DUHD§��DV

FRPPHQWHG�E\�5HGVNLQ��WKDW�FDXVHV�WKH�SDUWLFOH�WR�VORZ�GRZQ�DQG�LI�VRPH�SDUWLFOH�LV�QRW

HQHUJHWLF�HQRXJK��LW�ZLOO�QRW�SDVV�WKURXJK�WKH�EDUULHU���7KXV��LQ�VRPH�VWXGHQWV©�PLQGV��WKH

SKHQRPHQRQ�RI�TXDQWXP�WXQQHOLQJ�ZDV�JLYHQ�FODVVLFDO�PHDQLQJV�ZLWK�HQHUJ\�VXEVWLWXWLQJ

IRU�SUREDELOLW\���2QH�PRUH�WKLQJ�ZRUWK�PHQWLRQLQJ�LV�WKDW�ZKHQ�VWXGHQWV�WDON�DERXW�HQHUJ\�

PRVW�RI�WKH�WLPH�ZKDW�WKH\�PHDQ�LV�NLQHWLF�HQHUJ\�QRW�WRWDO�HQHUJ\���6WXGHQWV�RIWHQ�KDYH

PRUH�GLIILFXOWLHV�GHDOLQJ�ZLWK�SRWHQWLDO�HQHUJ\�WKDQ�NLQHWLF�HQHUJ\���7KLV�SUREOHP�LV�DOVR

REVHUYHG�LQ�RXU�VWXG\�RI�VWXGHQW�GLIILFXOWLHV�ZLWK�SRWHQWLDO�HQHUJ\�GLDJUDPV�

x +\EULG�PRGHO�RQ�WKH�UHODWLRQ�EHWZHHQ�WKH�NLQHWLF�HQHUJ\�DQG�WKH�VKDSH�RI�WKH

ZDYHIXQFWLRQ

$V�GLVFXVVHG�LQ�FKDSWHU����D�JRRG�XQGHUVWDQGLQJ�RI�WKH�FRUUHFW�UHODWLRQ�EHWZHHQ�WKH

NLQHWLF�HQHUJ\�DQG�WKH�VKDSH�RI�WKH�ZDYHIXQFWLRQ�LV�YHU\�LPSRUWDQW�IRU�WKH�VWXGHQWV�WR

GHYHORS�D�JRRG�RYHUDOO�XQGHUVWDQGLQJ�RI�TXDQWXP�PHFKDQLFV���,Q�DOO�WKUHH�TXHVWLRQV

�ILJXUHV�����WR�������WKH�VWXGHQWV�ZHUH�DVNHG�WR�TXDOLWDWLYHO\�VNHWFK�WKH�VKDSH�RI�WKH

ZDYHIXQFWLRQ�DQG�WR�H[SODLQ�WKH�UHDVRQLQJ�IRU�WKHLU�GLDJUDPV���7KH�UHVXOWV�VKRZ�WKDW�DIWHU

RXU�PRGLILHG�LQVWUXFWLRQ��PRVW�VWXGHQWV�DUH�DEOH�WR�JLYH�FRUUHFW�DQVZHUV�WR�WKH�UHODWLRQ

EHWZHHQ�WKH�JHQHUDO�VROXWLRQ�DQG�WKH�VLJQ�RI�WKH�NLQHWLF�HQHUJ\���$OO�ILYH�VWXGHQWV

LQWHUYLHZHG�LQ�VSULQJ�����WDXJKW�ZLWK�WXWRULDOV��DQVZHUHG�FRUUHFWO\�DV�WR�ZKHUH�LQ�WKH

SRWHQWLDO�WKH�SUREDELOLW\�ZDV�ODUJHVW�DQG�ZK\�WKH�ZDYHIXQFWLRQ�VKRXOG�EH�VLQXVRLGDO�RU

GHFD\LQJ���+DOI�RI�WKH�VWXGHQWV��IDOO����DQG�IDOO�����LQWHUYLHZHG�IURP�WKH�WUDGLWLRQDO�FODVVHV

IDLOHG�WR�SURYLGH�FRUUHFW�DQVZHUV�DOWKRXJK�RQH�RI�WKHP��IDOO�����JRW�WKH�VHFRQG�KLJKHVW

VFRUH��WRWDO�JUDGH��LQ�KLV�FODVV�

6WXGHQW�XQGHUVWDQGLQJ�RQ�RWKHU�DVSHFWV�RI�WKH�ZDYHIXQFWLRQ�LV�IDU�OHVV�VXFFHVVIXO�

$PRQJ�WKH�WRWDO����VWXGHQWV�LQWHUYLHZHG��RQO\���RI�WKHP�JLYH�WKH�FRUUHFW�UHODWLRQ�EHWZHHQ

WKH�NLQHWLF�HQHUJ\�DQG�WKH�ZDYH�QXPEHU�RI�WKH�ZDYHIXQFWLRQ���0HDQZKLOH�PDQ\�VWXGHQWV���

IRU�VSULQJ�������IRU�IDOO�������IRU�IDOO�����WKRXJKW�WKDW�WKH�DPSOLWXGH�RI�WKH�ZDYHIXQFWLRQ�LV

SURSRUWLRQDO�WR�WKH�PDJQLWXGH�RI�WKH�HQHUJ\�RU�NLQHWLF�HQHUJ\���6RPH�W\SLFDO�VWXGHQW

UHVSRQVHV�DUH�

¦�LW�KDV�D�VLQXVRLGDO�ZLWK�ODUJHU�DPSOLWXGH�EHFDXVH�RI�ODUJHU�.(�§�DQG�¦7KH

DPSOLWXGH�LV�UHGXFHG�EHFDXVH�HQHUJ\�LV�ORVW�LQ�WKH�SDVVDJH�§

)LJXUH������D��DQG��E��VKRZ�VFDQQHG�SLFWXUHV�RI�WZR�VWXGHQW�VNHWFKHV�RI�WKH

ZDYHIXQFWLRQ�IRU�EHDP�$�LQ�WKH�WXQQHOLQJ�SUREOHP��ILJXUH��������)RU�WKH�JUDSK�VKRZQ�LQ

)LJXUH�����D���-LP�DFWXDOO\�KDG�WKH�NLQHWLF�HQHUJ\�ZRUNHG�RXW�FRUUHFWO\��WKDW�LV��LW�LV�DW�WKH

ODUJHVW�LQ�UHJLRQ�,,,��EXW�KH�WKHQ�GLUHFWO\�UHODWHG�WKH�DPSOLWXGH�WR�WKH�PDJQLWXGH�RI�WKH

NLQHWLF�HQHUJ\���+H�H[SODLQHG�
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¦$�VLQXVRLGDO�LQ�UHJLRQ�,���DQG�ZKHQ�LW�KLW�WKH�EDUULHU��LW�FXUYHV�GRZQ�DQG�WKHQ�FXUYHV

XS�DQG�KDV�D�VLQXVRLGDO�ZLWK�ODUJHU�DPSOLWXGH�DW�VWDJH�,,,�EHFDXVH�\RX�KDYH�ODUJHU

.(�§

0RUH�VWXGHQWV��DERXW�KDOI��PDGH�WKHLU�VNHWFKHV�VLPLODU�WR�)LJXUH���E���ZKLFK�ORRNV�WKH

VDPH�DV�WKH�FRUUHFW�DQVZHU���%XW�WKHLU�UHDVRQLQJ�UHYHDOV�WKHLU�LQFRUUHFW�XQGHUVWDQGLQJ�

%LNH��WKH�VWXGHQW�ZKR�VNHWFKHG�WKH�GLDJUDP�LQ�)LJXUH���E��H[SODLQHG�

¦)RU�EHDP�$�LQ�WKH�EDUULHU��VLQFH�WKH�HQHUJ\�LV�EHORZ�WKH�SRWHQWLDO��\RX�JRW�D�GHFD\�

$OVR�WKH�DPSOLWXGH�LV�GLPLQLVKLQJ���%HFDXVH�\RX�DUH�ORVLQJ�HQHUJ\�§

7KHUH�DUH�PDQ\�IDFWRUV�WKDW�PD\�FRQWULEXWH�WR�WKLV�UHVXOW���2QH�LPSRUWDQW�IDFW�LV�WKDW�WKH

VWXGHQWV�GLGQ©W�VHH�DQ\�FRQIOLFWV�LQ�VD\LQJ�WKDW�WKH�DPSOLWXGH�RI�WKH�ZDYHIXQFWLRQ�LV

SURSRUWLRQDO�WR�WKH�HQHUJ\���$FWXDOO\�LQ�PDQ\�FODVVLFDO�FDVHV��WKH�DPSOLWXGH�RI�WKH�ZDYH

GRHV�JLYH�WKH�PHDVXUHV�RI�HQHUJ\��VXFK�DV�LQ�WKH�VLWXDWLRQV�IRU�PHFKDQLFDO�ZDYH�ZKHUH

VWXGHQWV�RIWHQ�KDYH�WKH�H[SHULHQFH�RI�FUHDWLQJ�D�SXOVH�RU�ZDYH�RQ�D�VWULQJ�E\�PRYLQJ�WKHLU

KDQGV���7R�FUHDWH�D�ODUJHU�SXOVH��WKH\�KDYH�WR�ZDYH�WKHLU�KDQG�PRUH�ZLGHO\�DQG�PDQ\

VWXGHQWV�WKLQN�WKDW�E\�GRLQJ�VR�LW�ZLOO�LQFUHDVH�WKH�HQHUJ\�RI�WKH�SXOVH�DQG�PDNH�LW�PRYH

IDVWHU�
�
��$JDLQ�IRU�WKH�FDVH�RI�HOHFWUR�PDJQHWLF�ZDYHV��WKH�DPSOLWXGH�VTXDUH�RI�WKH�ZDYH

GRHV�JLYH�WKH�PHDVXUH�RI�HQHUJ\���6XFK�H[SHULHQFH�DQG�NQRZOHGJH�ZLWK�FODVVLFDO�ZDYHV�DUH

DOUHDG\�EXLOW�LQ�WKH�VWXGHQW�NQRZOHGJH�VWUXFWXUH�EHIRUH�WKH\�JHW�LQWR�WKH�TXDQWXP�FODVV�

:KHQ�WKH�VWXGHQWV�DUH�WULJJHUHG�WR�XVH�WKHLU�FODVVLFDO�LGHDV�LQ�UHDVRQLQJ��LW�LV�TXLWH�SRVVLEOH

WKDW�WKH\�PD\�UHO\�RQ�FRQFHSWV�RI�FODVVLFDO�ZDYHV�WR�H[SODLQ�WKH�ZDYHIXQFWLRQ�LQ�TXDQWXP

PHFKDQLFV�

$QRWKHU�LPSRUWDQW�IDFW�LV�WKDW�PDQ\�VWXGHQWV�PLVLQWHUSUHWHG�WKH�VROXWLRQ�RI�WKH

TXDQWXP�WXQQHOLQJ�SUREOHP���0RUH�VWXGHQWV�PDGH�H[SOLFLW�FRPPHQWV�RQ�WKLV�LQFRUUHFW

¦DPSOLWXGH���HQHUJ\§�UHODWLRQ�ZKHQ�WKH\�DUH�LQ�WKH�FRQWH[W�RI�WKH�WXQQHOLQJ�SUREOHP�WKDQ

LQ�RWKHU�TXHVWLRQV���:KHQ�DVNHG�WR�H[SODLQ�ZK\�WKH\�WKRXJKW�WKH�NLQHWLF�HQHUJ\�LV�JHWWLQJ

VPDOOHU�LQ�WXQQHOLQJ�WKURXJK�WKH�EDUULHU��VRPH�RI�WKH�VWXGHQWV�XVH�WKH�ZDYHIXQFWLRQ�DV�WKH

UHDVRQ�

¦%HFDXVH�WKHUH�LV�D�GHFD\�LQ�WKH�EDUULHU��VR�WKH�HQHUJ\�LV�JHWWLQJ�VPDOOHU��§

,W�LV�HYLGHQW�IURP�WKHVH�VWXGHQW�UHVSRQVHV�WKDW�WKH\�FDQ�UHPHPEHU�ZKDW�WKH�VROXWLRQ

ORRNV�OLNH�EXW�GRQ©W�NQRZ�WKH�FRUUHFW�UHODWLRQV�EHWZHHQ�WKH�HOHPHQWV�LQVLGH�WKH�VROXWLRQ�

$V�%LNH�VDLG�

�E��D�

)LJXUH������6WXGHQW�VNHWFKHV�RI�ZDYHIXQFWLRQ�LQ�WXQQHOLQJ�TXHVWLRQ
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¦6LQXVRLGDO�DQG�GHFUHDVLQJ�DQG�KLWV�WKH�RWKHU�RQH��ELJJHU�.(�ZLOO�EH�ELJJHU�IUHTXHQF\�

%XW�OHVV�HQHUJ\�VR�WKH�DPSOLWXGH�ZLOO�EH�UHGXFHG�EXW�WKH�IUHTXHQF\�LV�LQFUHDVHG�

$PSOLWXGH�LV�UHGXFHG�EHFDXVH�HQHUJ\�LV�ORVW�LQ�WKH�SDVVDJH��

(QHUJ\�GHWHUPLQHV�WKH�IUHTXHQF\�EXW�,�DP�QRW�VXUH��,�NQRZ�WKH�DQVZHU�§

7R�WKHVH�VWXGHQWV��WKH�VKDSH�RI�WKH�VROXWLRQ�LQ�WKH�WXQQHOLQJ�KDV�EHHQ�VKRZQ�WR�WKHP

PDQ\�WLPHV�LQ�FODVV�DQG�LQ�WH[WERRNV���6R�WKH\�DUH�YHU\�IDPLOLDU�ZLWK�LW�DQG�PDQ\�RI�WKHP

FDQ�PHPRUL]H�LW�YHU\�ZHOO���7KLV�LV�HYLGHQW�IURP�%LNH©V�FRPPHQW�DQG�WKH�IDFW�WKDW�LQ�WKH

LQWHUYLHZV����RI�WKH����VWXGHQWV�JDYH�VNHWFKHV�HVVHQWLDOO\�LGHQWLFDO�WR�WKH�FRUUHFW�VROXWLRQ�

%XW�PHPRUL]DWLRQ�GRHVQ©W�PHDQ�XQGHUVWDQGLQJ���:KHQ�LW�FRPHV�WR�LQWHUSUHWLQJ�WKH

PHDQLQJ�RI�WKH�VROXWLRQ��VWXGHQWV�RIWHQ�KDYH�GLIILFXOWLHV�DQG�VRPH�RI�WKHP�VHHP�WR�JR�EDFN

WR�WKH�IDPLOLDU�FODVVLFDO�VWRU\�RI�D�SDUWLFOH�SDVVLQJ�WKURXJK�D�UHVLVWLYH�EDUULHU�ZKLFK

FODVVLFDOO\�ZLOO�ORVH�LWV�HQHUJ\�DORQJ�WKH�ZD\���7KHQ�LW�PDWFKHV�SHUIHFWO\�ZLWK�WKH�GHFD\LQJ

LQ�WKH�EDUULHU�DQG�DOO�WKH�DUJXPHQWV�RQ�WKH�DPSOLWXGH�DQG�HQHUJ\�FDQ�PDNH�VHQVH�LQ�WKLV

PRGHO���7KLV�K\EULG�PRGHO��KRZHYHU�LQFRUUHFW��FDQ�DFWXDOO\�SURYLGH�WKH�VWXGHQWV�VRPH

VHQVLEOH�H[SODQDWLRQV�IRU�WKH�SK\VLFDO�V\VWHP�WKH\�ZHUH�GHDOLQJ�ZLWK�

7R�KHOS�WKH�VWXGHQWV��RQH�ZD\�LV�WR�GHVLJQ�QHZ�LQVWUXFWLRQV�WKDW�LQFOXGH�H[DPSOHV�WR

PDNH�WKH�FRQWUDGLFWLRQV�REYLRXV���:H�DOVR�QHHG�WR�SURYLGH�QHFHVVDU\�JXLGDQFH�WR�WKH

VWXGHQWV�LQ�WKHLU�PRGHO�FKDQJLQJ�SURFHVV���,Q�WKLV�FLUFXPVWDQFH��WXWRULDOV�FDQ�EH�RI�PRUH

KHOS�WR�WKH�VWXGHQWV�VLQFH�ZH�FDQ�PRQLWRU�WKHLU�PRGHO�FKDQJH�DQG�DVVLVW�WKHP�WRZDUG�WKH

FRUUHFW�GLUHFWLRQ�

x 0L[HG�PRGHO�VWDWH�¤�GLIIHUHQW�PRGHOV�DW�WKH�VDPH�WLPH

)URP�WKH�SUHYLRXV�VHFWLRQV��ZH�KDYH�VHHQ�KRZ�VWXGHQWV�XVH�WKHLU�FODVVLFDO�LQWXLWLYH

PRGHOV�LQDSSURSULDWHO\�LQ�WKH�FRQWH[W�RI�TXDQWXP�PHFKDQLFV���:LWK�WKLV�VWXGHQW�PRGHO

SHUVSHFWLYH��VWXGHQW�PLVXQGHUVWDQGLQJV�DERXW�WKH�WXQQHOLQJ�DQG�WKH�SRWHQWLDO�VWHS�FDQ�EH

FRQVLGHUHG�DV�QDWXUDO�UHVXOWV�IURP�WKH�VWXGHQWV©�XVLQJ�WKLV�PRGHO�LQ�WZR�GLIIHUHQW�FRQWH[WV

UDWKHU�WKDQ�WZR�VHSDUDWH�LVVXHV�

,Q�WKLV�VHFWLRQ��,�GLVFXVV�DQ�LQWHUHVWLQJ�VWDJH�LQ�WKH�OHDUQLQJ�SURFHVV�ZKHUH�WKH�VWXGHQWV

VLPXOWDQHRXVO\�KROG�PXOWLSOH�PRGHOV�DERXW�RQH�SK\VLFDO�FRQFHSW�GRPDLQ�ZLWKRXW�NQRZLQJ

WKH�SURSHU�UHODWLRQV�DPRQJ�WKHVH�PRGHOV���:KHQ�D�TXHVWLRQ�LV�SUHVHQWHG��ZKLFK�PRGHOV�DUH

WULJJHUHG�LV�PRGHOHG�ZLWK�D�FRQGLWLRQHG�UDQGRP�SURFHVV���6HH�FKDSWHU���IRU�GHWDLOV�RQ�WKH

PRGHO�WULJJHULQJ�SURFHVV��

,Q�WKH�OHDUQLQJ�SURFHVV�VWXGHQW�PRGHOV�ZLOO�HYROYH�DV�QHZ�PDWHULDOV�DUH�HQFRXQWHUHG�

7KHUHIRUH��EHVLGHV�WKH�LQIRUPDWLRQ�DERXW�ZKDW�NLQG�RI�PRGHOV�WKH�VWXGHQWV�KDYH��WKH

NQRZOHGJH�DV�WR�ZKDW�VWDJHV�WKHLU�PRGHOV�KDYH�HYROYHG�LQWR�LQ�WKH�SURFHVV�RI�RXU

LQVWUXFWLRQ�LV�DOVR�YHU\�LPSRUWDQW���,Q�WKH�IROORZLQJ�VHFWLRQV��,�ZLOO�GLVFXVV�VHYHUDO

H[DPSOHV�DERXW�WKH�GLIIHUHQW�VWXGHQW�PRGHO�VLWXDWLRQV�DQG�WKH�IDFWRUV�DIIHFWLQJ�WKH�VWXGHQW

DELOLWLHV�WR�XVH�WKHLU�PRGHOV�LQ�UHDVRQLQJ�

)URP�WKH�VWXGHQW�UHVSRQVHV�LQ�LQWHUYLHZV��LW�LV�RIWHQ�REVHUYHG�WKDW�LQ�WKLQNLQJ�RI�D

TXDQWXP�SUREOHP�PDQ\�VWXGHQWV�FDQ�KROG�VHYHUDO�GLIIHUHQW�PRGHOV�DW�WKH�VDPH�WLPH���0DQ\

H[DPSOHV�KDYH�EHHQ�IRXQG�LQ�WKH�SRWHQWLDO�ZHOO�SUREOHP�VKRZQ�LQ�ILJXUH������ZKHUH�,
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DVNHG�WKH�VWXGHQWV�WR�ILQG�RXW�ZKHUH�PRVW�OLNHO\�WKH�SDUWLFOH�ZLOO�EH�IRXQG�DIWHU�WKH\�KDYH

VNHWFKHG�RXW�WKH�ZDYHIXQFWLRQ���7KLV�VHHPV�WR�EH�D�IDLUO\�VLPSOH�TXHVWLRQ��VLQFH�LI�DVNHG

GLUHFWO\�DERXW�WKH�PHDQLQJ�RI�WKH�ZDYHIXQFWLRQ��PRVW�RI�WKH�VWXGHQWV�LQWHUYLHZHG��������

ZRXOG�UHSO\�ORXG�DQG�FOHDU�WKDW�WKH�DPSOLWXGH�VTXDUH�RI�WKH�ZDYHIXQFWLRQ�UHSUHVHQWV�WKH

SUREDELOLW\�GHQVLW\���1RWLFH�WKDW�LQ�RWKHU�FRQWH[WV��PDQ\�RI�WKHP�DOVR�WKRXJKW�WKH

DPSOLWXGH�RI�WKH�ZDYHIXQFWLRQ�LV�SURSRUWLRQDO�WR�NLQHWLF�HQHUJ\����%XW�RQ�WKH�TXDQWXP�ZHOO

TXHVWLRQ��DERXW������������RI�WKH�VWXGHQWV�LQWHUYLHZHG�UHSOLHG�ZLWK�VHYHUDO�LGHDV�DW�WKH

VDPH�WLPH���)LJXUH�����VKRZV�%LNH©V�UHVSRQVHV�ZLWK�KLV�VNHWFK�RI�WKH�ZDYHIXQFWLRQ���$V�ZH

FDQ�VHH�KH�DFWXDOO\�KDG�DOO�WKUHH�PRGHOV�WRJHWKHU�DW�WKH�VDPH�WLPH�DQG�FRXOGQ©W�GHFLGH

ZKLFK�RQH�LV�DSSURSULDWH�WR�XVH�LQ�WKH�SUREOHP�

$QRWKHU�H[DPSOH�IRU�WKLV�PXOWLSOH�PRGHO�VLWXDWLRQ�LV�WKDW�KDOI�RI�WKH�LQWHUYLHZHG

VWXGHQWV�ZHUH�DEOH�WR�JLYH�WKH�FRUUHFW�UHODWLRQ�EHWZHHQ�WKH�NLQHWLF�HQHUJ\�DQG�WKH

ZDYHQXPEHU��N���%XW�LQ�WKH�PHDQWLPH��DERXW�����RI�WKH�VWXGHQWV�JLYLQJ�FRUUHFW�DQVZHUV

DOVR�WKLQN�WKDW�WKH�DPSOLWXGH�RI�WKH�ZDYHIXQFWLRQ�LV�SURSRUWLRQDO�WR�WKH�NLQHWLF�HQHUJ\���$V

VKRZQ�LQ�FDVH��E��RI�ILJXUH������%LNH�VNHWFKHG�WKH�ZDYHIXQFWLRQ�LQ�WKH�WXQQHOLQJ�SUREOHP

ZLWK�VPDOOHU�DPSOLWXGH�DQG�ODUJHU�N���+H�H[SODLQHG�

¦�%XW�OHVV�HQHUJ\�VR�WKH�DPSOLWXGH�ZLOO�EH�UHGXFHG�EXW�WKH�IUHTXHQF\�LV�LQFUHDVHG�

$PSOLWXGH�LV�UHGXFHG�EHFDXVH�HQHUJ\�LV�ORVW�LQ�WKH�SDVVDJH������(QHUJ\�GHWHUPLQHV

WKH�IUHTXHQF\�EXW�,�DP�QRW�VXUH��§��WKLV�VWXGHQW�TXRWH�LV�DOVR�XVHG�LQ�WKH�SUHYLRXV

VHFWLRQ�

6R�ERWK�FRQFHSWV��RQH�EDVHG�RQ�KLV�FODVVLFDO�LQWXLWLYH�PRGHO�DQG�WKH�RWKHU�IURP�WKH

QHZO\�WDXJKW�TXDQWXP�PHFKDQLFV��ZHUH�WULJJHUHG�E\�WKLV�VDPH�TXHVWLRQ�DQG�KH�ZDV�VWDUWLQJ

WR�VHH�WKH�FRQWUDGLFWLRQ�EXW�XQDEOH�WR�ILQG�D�VROXWLRQ�IRU�LW�
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:DYHIXQFWLRQ IRU (
�

¦)RU WKH ILUVW H[FLWHG VWDWHV�� WKHUH

DUH WZR SRVVLELOLWLHV� RQH LV WKDW
UHJLRQ ,,, LV ZKHUH WKH JUHDWHVW

SRWHQWLDO DQG VR LW LV WKH PRVW
DWWUDFWLYH SRLQW IRU WKH HOHFWURQ�

%XW , DOVR ZDQW WR VD\ WKDW UHJLRQ ,,
LV ZKHUH WKH VSHHG RI WKH HOHFWURQ LV

DW WKH OHDVW� ,W VSHQGV PRVW WLPH
WKHUH ���� , DP QRW VXUH �� 2.� <RXU

SUREDELOLW\ LV WKH DPSOLWXGH VTXDUH
RI WKH ZDYHIXQFWLRQ VR ZLOO EH

JUHDWHVW LQ ,,,�§ VDLG E\ %LNH� D

VWXGHQW ZH LQWHUYLHZHG LQ VSULQJ ��

)LJXUH������([DPSOH�RQ�VWXGHQW�KROGLQJ�PXOWLSOH�PRGHOV�DW�WKH�VDPH�WLPH
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6XPPDU\�RI�6WXGHQW�0RGHOV�RI�4XDQWXP�0HFKDQLFV

6WXGHQWV�FDPH�LQWR�WKH�FODVV�ZLWK�WKHLU�FODVVLFDO�PRGHOV�RI�SK\VLFV���7KHUHIRUH��WKH\

RIWHQ�UHO\�RQ�FODVVLFDO�LGHDV�IRU�WKH�UHDVRQLQJ�RI�D�TXDQWXP�SK\VLFDO�V\VWHP���([DPSOHV�FDQ

EH�IRXQG�LQ�WKH�VWXGHQW�XQGHUVWDQGLQJ�RI�WKH�SRWHQWLDO�VWHSV�DQG�WKHLU�H[SODQDWLRQ�IRU

TXDQWXP�WXQQHOLQJ�

$V�DGYDQFHG�WRSLFV�RI�TXDQWXP�PHFKDQLFV�DUH�WDXJKW�LQ�WKH�FODVV��PDQ\�VWXGHQWV�ZHUH

QRW�DEOH�WR�JLYH�XS�WKHLU�H[LVWLQJ�FODVVLFDO�PRGHOV�DQG�DGRSW�WKH�FRUUHFW�TXDQWXP�RQHV�

,QVWHDG��WKHVH�VWXGHQWV�FDPH�XS�ZLWK�D�K\EULG�PRGHO�WR�LQFRUSRUDWH�VRPH�RI�WKH�QHZO\

WDXJKW�TXDQWXP�FRQFHSWV�ZKLOH�VWLOO�NHHSLQJ�WKHLU�ROG�FODVVLFDO�RQHV���6XFK�K\EULG�PRGHOV

FDQ�RIWHQ�SURYLGH�VRPHZKDW�FRQVLVWHQW�H[SODQDWLRQV�RI�WKH�SK\VLFDO�SKHQRPHQRQ�LQ�FHUWDLQ

SK\VLFV�FRQWH[WV�DQG�WR�FRQVWUXFW�WKHVH�PRGHOV��VWXGHQWV�GRQ©W�KDYH�WR�JLYH�XS�RU�PRGLI\

DQ\�RI�WKHLU�H[LVWLQJ�FODVVLFDO�PRGHOV���$Q�H[DPSOH�RI�D�K\EULG�PRGHO�FDQ�EH�IRXQG�LQ�WKH

VWXGHQW�XQGHUVWDQGLQJ�RI�WKH�UHODWLRQ�EHWZHHQ�WKH�VKDSH�RI�WKH�ZDYHIXQFWLRQ�DQG�WKH�ORFDO

NLQHWLF�HQHUJ\�

$IWHU�LQVWUXFWLRQ��PDQ\�VWXGHQWV�DUH�IRXQG�WR�EH�LQ�D�VWDJH�WKDW�PXOWLSOH�PRGHOV�FRH[LVW

LQ�GHDOLQJ�ZLWK�FRPSOLFDWHG�TXDQWXP�V\VWHPV���0RVW�VWXGHQWV�GLGQ©W�DSSHDU�WR�KDYH�D�FOHDU

XQGHUVWDQGLQJ�RI�WKH�SURSHU�UHODWLRQV�EHWZHHQ�WKRVH�PRGHOV���2IWHQ�RQH�SK\VLFV�VHWWLQJ�FDQ

WULJJHU�WKH�VWXGHQWV�WR�D�QXPEHU�RI�GLIIHUHQW�FRQWUDGLFWRU\�PRGHOV�DW�WKH�VDPH�WLPH���,Q�RXU

GDWD�IURP�WKH�VWXGHQW�XQGHUVWDQGLQJ�RQ�LQWHUSUHWLQJ�WKH�TXDQWXP�ZDYHIXQFWLRQ��VWXGHQWV

DSSHDU�WR�EH�LQ�D�PL[HG�PRGHO�VWDWH�ZLWK�VHYHUDO�PRGHOV�DW�WKH�VDPH�WLPH�

6LQFH�WKH�WULJJHULQJ�RI�GLIIHUHQW�VWXGHQW�PHQWDO�PRGHOV�KDYH�FHUWDLQ�UDQGRPQHVV��WR�JHW

D�PRUH�SUHFLVH�HYDOXDWLRQ�RI�VWXGHQW�PRGHO�VWDWH��LW�LV�QHFHVVDU\�WR�XVH�WKH�PRGHO�DQDO\VLV

WRROV�GHYHORSHG�LQ�3DUW�,�RI�WKLV�GLVVHUWDWLRQ�

4XDQWXP�&RQFHSW�7HVW

,Q�WKH�SUHYLRXV�VHFWLRQV��,�KDYH�GLVFXVVHG�WKH�VWXGHQW�GLIILFXOWLHV�LQ�OHDUQLQJ�TXDQWXP

PHFKDQLFV���2QH�RI�WKH�JRDOV�RI�WKLV�UHVHDUFK�LV�WR�LGHQWLI\�WKH�VWXGHQW�LQFRUUHFW�PRGHOV�DQG

GHYHORS�DSSURSULDWH�PXOWLSOH�FKRLFH�TXHVWLRQV�WKDW�FDQ�EH�XVHG�WR�PHDVXUH�WKHVH�VWXGHQW

PRGHOV�ZLWK�PRGHO�DQDO\VLV�DOJRULWKPV���,Q�WKLV�VHFWLRQ��,�LQWURGXFH�RXU�ILUVW�DWWHPSW�LQ

GHVLJQLQJ�VXFK�TXHVWLRQV���7KH�WRSLFV�ZH�VHOHFWHG�DUH�WKH�VWXGHQW�FRQFHSW�RI�TXDQWXP

SUREDELOLW\�DQG�TXDQWXP�UHIOHFWLRQ�DW�SRWHQWLDO�EDUULHUV�

0RGHOV�RQ�4XDQWXP�3UREDELOLW\�DQG�%DUULHU

2Q�WKH�WRSLF�RI�SUREDELOLW\��WZR�VHWV�RI�PRGHOV�DUH�IRXQG�FRPPRQ�LQ�VWXGHQWV���2QH�LV

FRUUHFW��DQG�LV�EDVHG�RQ�FRUUHFW�SUREDELOLVWLF�LQWHUSUHWDWLRQ�RI�WKH�TXDQWXP�ZDYHIXQFWLRQ�

7KH�RWKHU�RQH�LV�LQFRUUHFW�DQG�LV�EDVHG�RQ�FODVVLFDO�LGHDV���,Q�FDVHV�ZKHQ�WKH�LQFRUUHFW

PRGHO��VWXGHQWV�RIWHQ�XVH�FODVVLFDO�LQWHUSUHWDWLRQV�RI�WKH�V\VWHP��VXFK�DV�WKH�YHORFLW\�RI�WKH

SDUWLFOH��WKH�DWWUDFWLYHQHVV�RI�WKH�SRWHQWLDO��HWF���WR�ILJXUH�RXW�WKH�SUREDELOLVWLF�IHDWXUHV�RI�D

TXDQWXP�V\VWHP��HYHQ�LI�WKH\�DUH�DOUHDG\�JLYHQ�WKH�LQIRUPDWLRQ�RI�WKH�TXDQWXP

ZDYHIXQFWLRQ���%DVHG�RQ�WKHVH�UHVXOWV��ZH�FDQ�VHW�XS�D���'�PRGHO�VSDFH�IRU�WKH�SUREDELOLW\
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FRQFHSW�GRPDLQ�ZLWK�TXHVWLRQV�RQ�TXDQWXP�ZDYHIXQFWLRQ��VLPLODU�WR�TXHVWLRQV�VKRZQ�LQ

ILJXUH������ILJXUH������DQG�ILJXUH������

0RGHO�3�� &RUUHFW�TXDQWXP�PRGHO�EDVHG�RQ�WKH�SUREDELOLVWLF�LQWHUSUHWDWLRQ�RI�WKH

TXDQWXP�ZDYHIXQFWLRQ�

0RGHO�3�� &ODVVLFDO�W\SH�RI�PRGHOV�LQFOXGLQJ�UHDVRQLQJ�EDVHG�RQ�WKH�YHORFLW\�RI�WKH

SDUWLFOH��HWF�

0RGHO�3�� 2WKHU�XQUHODWHG�LGHDV�

)RU�WKH�FRQFHSW�GRPDLQ�UHODWHG�WR�TXDQWXP�WXQQHOLQJ��H�J��ILJXUH�������WKHUH�DUH�DOVR

WKUHH�SK\VLFDO�PRGHOV�GHILQHG�DV�

0RGHO�%���&RUUHFW�TXDQWXP�PRGHO�EDVHG�RQ�WKH�VROXWLRQ�RI�D�TXDQWXP�SRWHQWLDO�VWHS�

0RGHO�%���&ODVVLFDO�W\SH�RI�UHDVRQLQJ�DQDORJRXV�WR�D�EDOO�JRLQJ�WKURXJK�D�FODVVLFDO

VWHS�

0RGHO�%�� �2WKHU�XQUHODWHG�LGHDV�

7KH�6WXGHQW�0RGHO�6WDWHV

%DVHG�RQ�WKLV�PRGHO�VSDFH��ZH�GHVLJQHG�VL[�PXOWLSOH�FKRLFH�TXHVWLRQV�IRU�WKH

SUREDELOLW\�DQG�WKUHH�TXHVWLRQV�IRU�WKH�TXDQWXP�EDUULHU���7KHVH�TXHVWLRQV�ZHUH�JLYHQ�WR�WKH

VWXGHQWV�LQ�3K\VLFV�����RQ�WKHLU�ILQDO�H[DP��LQ�VSULQJ�����ZLWK�WXWRULDOV����,Q�WKLV�FODVV��ZH

XVHG����QHZO\�GHYHORSHG�TXDQWXP�WXWRULDOV�LQ�RXU�LQVWUXFWLRQ���7KLV�LQYHVWLJDWLRQ�LV�DOVR

SDUW�RI�WKH�HYDOXDWLRQ�SURFHVV�IRU�RXU�GHYHORSPHQW�RI�WKRVH�WXWRULDOV�

7KH�TXHVWLRQV�DUH�LQFOXGHG�LQ�$SSHQGL[�'���)RU�WKH�SUREDELOLW\�JURXS��WKH�ILUVW�WKUHH

TXHVWLRQV�DUH�GHVLJQHG�WR�FXH�VWXGHQWV�LQWR�WKLQNLQJ�RI�WKH�TXDQWXP�ZDYHIXQFWLRQ�RI�WKH

V\VWHP���$IWHU�WXWRULDO�LQVWUXFWLRQ��PRVW�RI�WKH�VWXGHQWV�GLG�ZHOO�RQ�WKHVH�TXHVWLRQV���:H

H[SHFW�WKDW�ZKHQ�WKH�VWXGHQWV�ZRUN�ZLWK�WKH�WKUHH�UHPDLQLQJ�TXHVWLRQV��WKH\�VKRXOG�VWLOO

KDYH�WKH�LPSUHVVLRQ�RI�WKH�ZDYHIXQFWLRQ�IRU�WKDW�TXDQWXP�V\VWHP�

7KH�VWXGHQW�UHVSRQVHV�RQ�WKH�SUREDELOLW\�TXHVWLRQV�FDQ�EH�PRGHOHG�ZLWK�WDEOH�����DQG

WKH�PRGHO�VFKHPH�IRU�WKH�VWXGHQW�UHVSRQVHV�RQ�WKH�EDUULHU�TXHVWLRQV�LV�OLVWHG�LQ�WDEOH�����

1RWLFH�WKDW�WKHVH�TXHVWLRQV�DUH�DOVR�PXOWLSOH�FKRLFH�PXOWLSOH�UHVSRQVH�TXHVWLRQV���7KHUHIRUH

ZH�ZLOO�XVH�WKH�SURFHGXUH�VLPLODU�WR�WKH�RQH�XVHG�IRU�WKH�:DYH�7HVW�LQ�FKDSWHU���

7DEOH������0RGHO�VFKHPH�IRU�TXDQWXP�SUREDELOLW\

4XHVWLRQV 0RGHO�3� 0RGHO�3� 0RGHO�3�

� F D�E�G H�I

� F D�E�G H�I

� F D�E�G H�I
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7KH�VWXGHQW�PRGHO�VWDWHV�DUH�FDOFXODWHG�DQG�SORWWHG�LQ�ILJXUH�������6LQFH�IRU�ERWK

FRQFHSW�JURXSV��¦0RGHO��§�LV�DOZD\V�GHVLJQHG�DV�WKH�LQFRUUHFW�FODVVLFDO�W\SH�RI�PRGHO�DQG

¦0RGHO��§�LV�DOZD\V�WKH�FRUUHFW�TXDQWXP�PRGHO��ZH�FDQ�SXW�WKH�PRGHO�VWDWHV�IRU�ERWK

FRQFHSW�JURXS�RQ�D�VDPH�SORW���7KH�UHVXOW�LPSOLHV�WKDW�LQ�XQGHUVWDQGLQJ�SUREDELOLW\��PDQ\

VWXGHQWV�KDYH�D�YHU\�PL[HG�PRGHO�VWDWH�ZLWK�SUHIHUHQFH�WR�WKH�FODVVLFDO�LGHD���2Q�WKH�RWKHU

KDQG��PRVW�VWXGHQWV�KDYH�D�FRQVLVWHQW�FRUUHFW�TXDQWXP�PRGHO�RI�TXDQWXP�UHIOHFWLRQV�RQ

SRWHQWLDO�EDUULHUV�

7KLV�UHVXOW�LQGLFDWHV�WKDW�PRUH�ZRUN�LV�QHHGHG�WR�LPSURYH�RXU�LQVWUXFWLRQ�UHODWHG�WR

TXDQWXP�SUREDELOLW\���:H�DUH�FXUUHQWO\�GHYHORSLQJ�D�QHZ�WXWRULDO�RQ�TXDQWXP�SUREDELOLW\�

ZKLFK�ZLOO�EH�LPSOHPHQWHG�LQ�IXWXUH�FODVVHV�

2XU�IXWXUH�SODQV�IRU�WKLV�UHVHDUFK�LQFOXGH�WKH�IROORZLQJ�LVVXHV�

x ,PSURYH�RXU�FXUUHQW�VHWV�RI�TXHVWLRQV�DQG�GHYHORS�QHZ�TXHVWLRQV�WR�VWXG\�RWKHU

TXDQWXP�PHFKDQLFV�FRQFHSWV�

7DEOH������0RGHO�VFKHPH�IRU�TXDQWXP�EDUULHU

4XHVWLRQV 0RGHO�%� 0RGHO�%� 0RGHO�%�

� E D� F

� F��E G D

� E D��G

,QFRUUHFW

0RGHO

4XDQWXP�3UREDELOLW\

�

���

���

���

���

�

� ��� �

3UREDELOLW\

%DUULHU

40�3UREDELOLW\�DQG�%DUULHU&RUUHFW

0RGHO

)LJXUH�������6WXGHQW�PRGHO�VWDWHV�RQ�TXDQWXP�SUREDELOLW\�DQG�TXDQWXP�EDUULHU
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x &RQGXFW�H[WHQVLYH�UHVHDUFK�WR�HYDOXDWLRQ�RQ�WKH�HIIHFWLYHQHVV�DQG�DFFXUDF\�RI�WKHVH

TXHVWLRQV��DQG�XVH�WKHVH�TXHVWLRQV�WR�VWXG\�WKH�HIIHFWV�RI�GLIIHUHQW�W\SHV�RI

LQVWUXFWLRQV��H�J��WUDGLWLRQDO�FODVVHV�DQG�WXWRULDO�FODVVHV�

x 8VH�WKHVH�UHVXOWV�DV�JXLGDQFH�IRU�RXU�FXUULFXOXP�GHYHORSPHQW�

7KH�4XDQWXP�7XWRULDOV

7KLV�UHVHDUFK�ZDV�SDUW�RI�D�SURMHFW�RI�WKH�0DU\ODQG�3(5�JURXS�WR�GHYHORS�HIIHFWLYH

LQVWUXFWLRQV�WR�KHOS�VWXGHQW�OHDUQ�TXDQWXP�PHFKDQLFV���8S�WR�WKH�VSULQJ�VHPHVWHU�RI������

ZH�GHYHORSHG�D�VHW�RI����WXWRULDOV�DQG�XVHG�WKHP�LQ�RXU�XSSHU�GLYLVLRQ�TXDQWXP�FODVV�

7KHVH�WXWRULDOV�PD\�EH�JURXSHG�LQ�IRXU�PDMRU�FDWHJRULHV��WKH�FODVVLFDO�SUH�UHTXLVLWHV�

TXDQWXP�SKHQRPHQD��WKH�TXDQWXP�ZDYHIXQFWLRQ��DQG�DGYDQFHG�WRSLFV���7KH�WRSLFV�RI�WKHVH

WXWRULDOV�DUH�OLVWHG�LQ�WDEOH�����

,Q�WKH�IROORZLQJ�VHFWLRQV��,�ZLOO�GLVFXVV�WZR�H[DPSOHV��&ODVVLFDO�3UREDELOLW\�DQG

(QHUJ\�%DQG��ZKLFK�,�KDYH�SOD\HG�D�PDMRU�UROH�LQ�WKH�GHYHORSPHW��WR�LOOXVWUDWH�KRZ�WKHVH

WXWRULDOV�DUH�GHVLJQHG�DQG�KRZ�WKH\�ILW�LQWR�RXU�UHVHDUFK���7KH�IXOO�FRSLHV�RI�WKH�WZR

H[DPSOHV�DUH�LQFOXGHG�LQ�$SSHQGL[�(���)RU�IXUWKHU�LQIRUPDWLRQ�RQ�RWKHU�WXWRULDOV��UHDGHUV

DUH�HQFRXUDJHG�WR�FRQWDFW�WKH�3(5*�DW�80G�

&ODVVLFDO�3UREDELOLW\

,Q�FKDSWHU����,�KDYH�GLVFXVVHG�RXU�DWWHPSW�RQ�KHOSLQJ�VWXGHQWV�ZLWK�WKLV�WRSLF�ZKHUH�ZH

VWDUWHG�WKH�VWXGHQW�WR�WKLQN�DERXW�D�¦UDQGRP�SLFWXUH§�PHWDSKRU�ZLWK�D�FODVVLFDO�KDUPRQLF

RVFLOODWRU�LQ�WKH�WXWRULDO�RI�SRWHQWLDO�HQHUJ\�GLDJUDP���)RU�WKH�3K\VLFV�����FODVV��ZH

GHVLJQHG�D�QHZ�WXWRULDO�VROHO\�RQ�FODVVLFDO�SUREDELOLW\���,Q�WKH�QHZ�WXWRULDO��ZH�DOVR�XVH�WKH

¦UDQGRP�SLFWXUH§�PHWDSKRU���6LQFH�LW�LV�QRZ�LQ�D�PRUH�DGYDQFHG�FODVV��ZH�PDGH�PRUH

HPSKDVLV�RQ�WKH�FRQFHSWXDO�XQGHUVWDQGLQJ�DV�ZHOO�DV�PDWKHPDWLFDO�IRUPXODWLRQ�RI

SUREDELOLW\�GHQVLW\�

7DEOH�������4XDQWXP�WXWRULDOV

$UHDV 7XWRULDOV

&ODVVLFDO�3UH�

UHTXLVLWHV

3RWHQWLDO�:HOO

&ODVVLFDO�3UREDELOLW\

4XDQWXP�3KHQRPHQD
3KRWR�HOHFWULF�(IIHFW

:DYH�3DUWLFOH

4XDQWXP

:DYHIXQFWLRQ

6KDSH�RI�:DYHIXQFWLRQ

4XDQWXP�6WDWHV

4XDQWXP�7XQQHOLQJ

4XDQWXP�3UREDELOLW\��LQ�SUHSDUDWLRQ�

$GYDQFHG�7RSLFV

)RXULHU�7UDQVIRUPDWLRQ

/('

&RQGXFWLYLW\�,�	�,,

/DVHU��LQ�SUHSDUDWLRQ�
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,Q�WKH�WXWRULDO��ZH�VWDUW�ZLWK�D�VWHS�WUDFN�H[SHULPHQW�
�
��$V�VKRZQ�LQ�ILJXUH������D�WZR�

VWHS�WUDFN�ZLWK�VWHSV�RI�HTXDO�OHQJWKV�LV�EXLOW���$�VHW�RI�EDOOV�ZLWK�HTXDO�VHSDUDWLRQV�DUH

UROOLQJ�WRZDUGV�WKH�ULJKW�ZLWK�D�YHU\�VPDOO�YHORFLW\��Y����7KH�VHSDUDWLRQ�G�EHWZHHQ�WKH�EDOOV

LV�VHW�WR�VDWLVI\�WKH�FRQGLWLRQ�WKDW�ZKHQ�D�EDOO�IDOOV�RII�WKH�ULJKW�HGJH�RI�WKH�WUDFN��WKH�QH[W

EDOO�VWDUWV�WR�IDOO�RQWR�WKH�WUDFN�HQVXULQJ�RQO\�RQH�EDOO�RQ�WKH�WUDFN�DW�DQ\�WLPH��7KLV�FUHDWHV

D�SVHXGR�SHULRGLF�PRWLRQ�RQ�WKH�WZR�ORZHU�VHJPHQWV�RI�WKH�WUDFN�DQG�WKH�SHULRG�RI�WKH

PRWLRQ�LV�WKH�WLPH�WKDW�WKH�EDOO�WDNHV�WR�UROO�RYHU�WKH�WZR�ORZHU�VWHSV��6LQFH�Y��LV�VPDOO��ZH

FDQ�LJQRUH�WKH�NLQHWLF�HQHUJ\�LQFXUUHG�ZLWK�WKLV�LQLWLDO�YHORFLW\�PDNLQJ�WKH�FDOFXODWLRQ

HDVLHU�

'XULQJ�WKH�WXWRULDO��VWXGHQWV�SOD\�ZLWK�WKH�UHDO�VHWXS�WR�JHW�D�SHUVRQDO�H[SHULHQFH�RI�WKH

H[SHULPHQW���7KH�WZR�HTXDO�VWHSV�RI�WKH�WUDFN�SURYLGH�D�VWUDLJKWIRUZDUG�H[DPSOH�IRU�WKH

VWXGHQWV�WR�DQDO\]H�WKH�UHODWLRQ�EHWZHHQ�SUREDELOLW\�DQG�WZR�GLIIHUHQW�FRQVWDQW�YHORFLWLHV�

,Q�WKLV�VWDJH��VWXGHQWV�DUH�JXLGHG�WR�FRQVWUXFW�WKH�EDVLF�XQGHUVWDQGLQJ�RQ�SUREDELOLW\

GHQVLW\�LQ�D�FODVVLFDO�V\VWHP�

)ROORZLQJ�WKLV�H[SHULPHQW��ZH�DVN�WKH�VWXGHQWV�WR�UHYLHZ�WKH�KDUPRQLF�RVFLOODWRU

H[SHULPHQW�WKH\�GLG�LQ�WKH�SRWHQWLDO�HQHUJ\�GLDJUDP�WXWRULDO����7KLV�WLPH�LW�LV�XVHG�DV�DQ

H[DPSOH�RI�D�FODVVLFDO�V\VWHP�ZLWK�FKDQJLQJ�YHORFLW\�WR�DOORZ�VWXGHQWV�DSSO\�ZKDW�WKH\

KDYH�OHDUQHG�IURP�WKH�V\VWHP�ZLWK�FRQVWDQW�YHORFLW\�

(QHUJ\�%DQG

$V�DQ�H[WHQGHG�SDUW�RI�WKLV�UHVHDUFK��ZH�VWXGLHG�VWXGHQW�GLIILFXOWLHV�RQ�LPSRUWDQW

DSSOLFDWLRQV�RI�TXDQWXP�PHFKDQLFV���$Q�LPSRUWDQW�WRSLF��HVSHFLDOO\�IRU�HOHFWULFDO�HQJLQHHUV

�����RI�WKH�VWXGHQWV�LQ�RXU�FODVV�DUH�((�PDMRUV���LV�HOHFWULFDO�FRQGXFWLYLW\���7R�KDYH�D�JRRG

XQGHUVWDQGLQJ�RI�WKLV�LVVXH��DW�D�OHYHO�EH\RQG�2KP©V�ODZ���VWXGHQWV�QHHG�JRRG�PRGHOV�RQ

LPSRUWDQW�FRQFHSWV�UHODWHG�WR�WKH�VWUXFWXUH�DQG�SURSHUWLHV�RI�PDWHULDOV�VXFK�DV�FRQGXFWRUV�

VHPLFRQGXFWRUV��DQG�LQVXODWRUV���$PRQJ�RXU�VWURQJHVW�FRQFHUQV�DUH�WKH�LGHD�RI�DQ�HQHUJ\

EDQG�DQG�KRZ�LW�FDQ�DIIHFW�WKH�HOHFWULFDO�FKDUDFWHULVWLFV�RI�WKH�PDWHULDO�

/ /

K�  �FP

GG Y�

OHYHO �

OHYHO �

� [

&DPHUD

K�  �FP

)LJXUH�������6WHSSHG�WUDFN�H[SHULPHQW�IRU�FODVVLFDO�SUREDELOLW\
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7KH�FRQFHSW�RI�EDQG�VWUXFWXUH�LV�DEVWUDFW�DQG�WKHUH�DUH�QR�UHDO�ZRUOG�H[DPSOHV�NQRZQ

WR�WKH�VWXGHQWV���6WXGHQWV�XVXDOO\�GRQ©W�KDYH�DQ\�SUHYLRXV�H[SHULHQFH�DQG�RIWHQ�JHW

GLVRULHQWHG�ZKHQ�WKH\�ILUVW�HQFRXQWHU�WKH�LQVWUXFWLRQ�RQ�WKLV�WRSLF���7R�VWXG\�WKH�VWXGHQW

XQGHUVWDQGLQJ�RI�FRQGXFWLYLW\��,�FRQGXFWHG����LQWHUYLHZV����UHWXUQLQJ�VWXGHQW�ZLWK�D�%�6�

LQ�HOHFWULFDO�HQJLQHHULQJ�DQG�WKH����VWXGHQWV�LQWHUYLHZHG�IRU�TXDQWXP�PHFKDQLFV����(LJKW�RI

WKH�VWXGHQWV�,�LQWHUYLHZHG�KDYH�EDFNJURXQG�LQ�HOHFWULFDO�HQJLQHHULQJ�DQG�KDYH�WDNHQ�D

VHULHV�RI�VHPLFRQGXFWRU�DQG�GHYLFH�FRXUVHV�LQ�WKH�((�GHSDUWPHQW����RI�WKH�HLJKW�VWXGHQWV

DUH�LQ�RXU�WXWRULDO�EDVHG�3K\VLFV�����FODVVHV�DQG�WKH�UHPDLQLQJ���VWXGHQWV�ZHUH�LQ�WKH

WUDGLWLRQDOO\�WDXJKW�3K\VLFV�����FODVVHV����,Q�LQWHUYLHZV��WKH�ILYH�VWXGHQWV�ZLWKRXW�WXWRULDOV

IDLOHG�WR�FRQVWUXFW�DQ�FRUUHFW�XQGHUVWDQGLQJ�RQ�HYHQ�WKH�PRVW�IXQGDPHQWDO�FRQFHSWV�RI

HQHUJ\�EDQG�VWUXFWXUH���:KHQ�,�DVNHG�WKHP�RQ�WKLV�WRSLF��WKH\�RIWHQ�UHSOLHG�ZLWK�¦,�KDYH

KHDUG�RI�LW�����,�GRQ©W�UHPHPEHU�§��1RQH�RI�WKH�VWXGHQWV�FRXOG�XVH�WKH�FRQFHSW�RI�EDQG

VWUXFWXUH�LQ�WKHLU�UHDVRQLQJ�

7R�KHOS�WKH�VWXGHQW��ZH�GHYHORSHG�D�WXWRULDO�ZLWK�YDULRXV�KDQGV�RQ�H[SHULPHQWV�XVLQJ

/('©V���7KLV�WXWRULDO�LV�JLYHQ�WR�WKH�VWXGHQWV�EHIRUH�WKH�OHFWXUH�RQ�WKH�HQHUJ\�EDQG

VWUXFWXUH���7KH�PDLQ�JRDO�RI�WKH�WXWRULDO�LV�WR�HQJDJH�WKH�VWXGHQWV�ZLWK�D�UHOHYDQW�FRQWH[W

DQG�SURYLGH�WKHP�ZLWK�VRPH�UHDO�H[DPSOHV�VR�WKDW�LQ�ODWHU�LQVWUXFWLRQ�WKH\�FDQ�JR�EDFN�WR

WKLQN�DERXW�WKHVH�H[DPSOHV�DJDLQ�

,Q�WKH�WXWRULDO��ZH�VWDUW�ZLWK�WKH�VLPSOH�H[SHULPHQWV�RI�HPLVVLRQ�RI�/('©V�ZLWK

GLIIHUHQW�FRORUV�DV�LOOXVWUDWHG�LQ�ILJXUH�������:H�JLYH�VWXGHQWV�IRXU�W\SHV�RI�/('©V��,5��UHG�

\HOORZ�DQG�JUHHQ���7KH�FHQWHU�ZDYHOHQJWKV�RI�WKH�OLJKW�HPLWWHG�E\�WKH�LQGLYLGXDO�/('©V�DUH

DOVR�JLYHQ���6WXGHQWV�DUH�DVNHG�WR�PHDVXUH�WKH�IRUZDUG�ELDV�YROWDJH�DQG�¦GLVFRYHU§�WKH

UHODWLRQV�EHWZHHQ�WKLV�YROWDJH�DQG�WKH�ZDYHOHQJWK�RI�WKH�HPLWWHG�OLJKW���6LQFH�WKH�VWXGHQWV

NQRZ�WKDW�SKRWRQV�DUH�HPLWWHG�E\�HOHFWURQV�FKDQJLQJ�VWDWHV�ZLWK�GLVFUHWH�HQHUJ\�OHYHOV��WKLV

H[SHULPHQW�RIWHQ�EULQJV�WKHP�WR�WKH�LGHD�WKDW�WKHUH�PXVW�H[LVWV�WZR�HQHUJ\�OHYHOV�EDQGV

ZLWK�GHILQLWH�HQHUJ\�GLIIHUHQFH�LQ�WKH�/('©V���%XW�FDQ�HQHUJ\�OHYHOV�H[LVWV�EHWZHHQ�WKHVH

WZR�EDQGV�RU�LV�WKHUH�D�JDS�LQ�EHWZHHQ"��:H�XVHG�WKH�IROORZLQJ�H[SHULPHQW�WR�KHOS�WKH

VWXGHQWV�DQVZHU�WKLV�TXHVWLRQ�

:LWK�WKH�VDPH�/('©V��VWXGHQWV�DUH�DVNHG�WR�XVH�WKHP�WR�GHWHFW�OLJKW��VHH�ILJXUH�������

$V�WKH\�GLVFRYHUHG�WKDW�WKH�UHG�/('�FDQ�GHWHFW�DQ�LQIUDUHG��,5��/('�EXW�FDQ©W�GHWHFW�D

JUHHQ�RU�\HOORZ�RQH��WKH\�VWDUW�WR�UHDOL]H�WKH�LGHD�WKDW�WKHUH�FRXOG�EH�DQ�HQHUJ\�JDS�WKDW�LV

¦IRUELGGHQ§�WR�HQHUJ\�OHYHOV�

���:

)LJXUH��������(QHUJ\�EDQG�WXWRULDO��SKRWRQ�HPLVVLRQ�E\�/('©V



���

,Q�WKLV�WXWRULDO��ZH�DOVR�HQFRXUDJH�VWXGHQWV�WR�UHYLHZ�ZKDW�WKH\�KDYH�OHDUQHG�IURP�WKH

SUHYLRXV�WXWRULDOV�RQ�UHOHYDQW�WRSLFV�VXFK�DV�3KRWRHOHFWULF�(IIHFW� ,Q�WKH�OHFWXUHV

IROORZLQJ�WKLV�WXWRULDO�ZKHQ�WKH�FRQFHSW�RI�HQHUJ\�EDQG�VWUXFWXUH�LV�LQWURGXFHG��ZH

REVHUYHG�PDQ\�VWXGHQWV�FDQ�DFWLYHO\�XVH�WKH�/('�H[DPSOHV�DQG�WKH�LGHDV�GHYHORSHG

GXULQJ�WKH�WXWRULDOV�LQ�WKHLU�OHDUQLQJ���,Q�RXU�LQWHUYLHZV�DIWHU�LQVWUXFWLRQ��ZH�IRXQG�VWXGHQWV

ZLWK�WKH�QHZ�LQVWUXFWLRQ�RIWHQ�XVH�WKH�EDQG�VWUXFWXUH�DV�WKH�ILUVW�WKLQJ�LQ�WKHLU�UHDVRQLQJ�IRU

FRQGXFWLYLW\�RI�D�PDWHULDO���$OWKRXJK�VRPH�RI�WKHP�VWLOO�KDYH�SUREOHPV�ZLWK�WKH�FHUWDLQ

GHWDLOV�RI�WKH�EDQG�GLDJUDP��PRVW�RI�WKH�VWXGHQWV�FDQ�FRPH�XS�ZLWK�D�TXDOLWDWLYHO\�FRUUHFW

EDQG�GLDJUDP�IRU�FRQGXFWRUV�DQG�VHPLFRQGXFWRUV�

,Q�WKLV�VHFWLRQ��,�KDYH�LQWURGXFHG�WKH�TXDQWXP�WXWRULDOV���$W�WKLV�VWDJH��RXU�UHVHDUFK�LV

PDLQO\�IRFXVHG�RQ�LGHQWLI\LQJ�WKH�VWXGHQW�GLIILFXOWLHV�PRGHOV�DQG�GHYHORSLQJ�QHZ

LQVWUXFWLRQ���([WHQVLYH�HYDOXDWLRQ�RQ�WKHVH�QHZ�PDWHULDOV�ZLOO�EH�LQFOXGHG�LQ�RXU�QH[W

URXQG�RI�UHVHDUFK�

6XPPDU\

� ,Q�WKLV�FKDSWHU��,�KDYH�LQWURGXFHG�WKH�UHVHDUFK�RQ�VWXGHQW�PRGHOV�RI�TXDQWXP

PHFKDQLFV���%DVHG�RQ�GHWDLOHG�VWXGHQW�LQWHUYLHZV��,�KDYH�LGHQWLILHG�VHYHUDO�FRPPRQ

VWXGHQW�PRGHOV�DQG�GHYHORSHG�QHZ�LQVWUXFWLRQV�WR�KHOS�VWXGHQWV�ZLWK�WKHVH�GLIILFXOWLHV���$

PXOWLSOH�FKRLFH�WHVW�LV�DOVR�GHYHORSHG�IRU�DQDO\]LQJ�VWXGHQW�PRGHOV�ZLWK�PRGHO�DQDO\VLV

PHWKRGV���%DVHG�RQ�WKH�UHVHDUFK�GHVFULEHG�LQ�HDUO\�SDUW�RI�WKLV�FKDSWHU��WZR�VHWV�RI�0&05

TXHVWLRQV�ZHUH�GHVLJQHG�WDUJHWLQJ�WZR�FRQFHSWV���7KHVH�TXHVWLRQV�ZHUH�XVHG�LQ�WKH�ILQDO

H[DP�LQ�WKH�VSULQJ����FODVV���6WXGHQW�PRGHOV�RQ�ERWK�WKH�TXDQWXP�EDUULHU�DQG�TXDQWXP

SUREDELOLW\�DUH�HYDOXDWHG���7KH�UHVXOWV�RI�WKH�PRGHO�DQDO\VLV�ZLWK�WKHVH�PXOWLSOH�FKRLFH

TXHVWLRQV�VKRZ�VLPLODU�EHKDYLRU�DV�LQGLFDWHG�E\�RXU�LQWHUYLHZV���7KH�UHVXOWV�DOVR�LPSO\�WKDW

IXUWKHU�LPSURYHPHQW�LV�QHHGHG�RQ�LQVWUXFWLRQV�RI�WKH�TXDQWXP�SUREDELOLW\�

%DVHG�RQ�RXU�UHVHDUFK�UHVXOWV��WKH�3(5�JURXS�GHYHORSHG�D�VHW�RI����WXWRULDOV�DQG

LPSOHPHQWHG�WKHP�LQ�DQ�XSSHU�GLYLVLRQ�TXDQWXP�FRXUVH���)XUWKHU�LQYHVWLJDWLRQV�KDYH

VKRZQ�HQFRXUDJLQJ�UHVXOWV�IURP�WKHVH�QHZ�LQVWUXFWLRQV���,Q�RXU�IXWXUH�UHVHDUFK��ZH�ZLOO

HYDOXDWH�WKH�QHZ�LQVWUXFWLRQV�DQG�0&05�TXHVWLRQV�DQG�FRQWLQXH�WR�GHYHORS�WKHVH

LQVWUXPHQWV�

)LJXUH�������(QHUJ\�EDQG�WXWRULDO��SKRWRQ�GHWHFWLRQ�E\�/('©V
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5HIHUHQFH�DQG�(QGQRWHV�
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�
�$OO�QDPHV�DUH�FRGH�QDPHV�VHOHFWHG�E\�WKH�VWXGHQWV�DQG�FRUUHFWO\�UHSUHVHQW�WKH�VWXGHQW©V

JHQGHU�

�
�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�������

�
�/��%DR�DQG�(��)��5HGLVK��¦6WXG\�&ODVVLFDO�3UREDELOLW\�ZLWK�9LGHR�§�$$37�$QQRXQFHU���

����������$XJ���������D�SDSHU�LV�DOVR�LQ�SUHSDUDWLRQ�


