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&KDSWHU��� 6WXGHQW�'LIILFXOWLHV�ZLWK�&ODVVLFDO�3UH�UHTXLVLWHV

,QWURGXFWLRQ

6WXGHQW�LQLWLDO�VWDWHV�DUH�DOZD\V�LPSRUWDQW�IDFWRUV�DIIHFWLQJ�WKHLU�OHDUQLQJ�RI�QHZ

PDWHULDO���7KH�VWXGHQWV�WKDW�FRPH�LQWR�RXU�FODVVHV�DUH�QRW�EODQN�VODWHV���7KH\�EULQJ�LQ�ZLWK

WKHP�WKHLU�XQGHUVWDQGLQJV�RI�WKH�SK\VLFDO�ZRUOG���$�JRRG�XQGHUVWDQGLQJ�RI�VWXGHQW�LQLWLDO

VWDWHV�LV�WKH�VWDUWLQJ�SRLQW�IRU�JRRG�XQGHUVWDQGLQJ�RI�VWXGHQW�GLIILFXOWLHV�DQG�IRU�WKH

GHYHORSPHQW�RI�HIIHFWLYH�LQVWUXFWLRQV�

$OWKRXJK�TXDQWXP�PHFKDQLFV�LV�GLIIHUHQW�IURP�FODVVLFDO�SK\VLFV��D�JRRG�XQGHUVWDQGLQJ

RI�FODVVLFDO�FRQFHSWV�LV�RIWHQ�FUXFLDO�WR�WKH�OHDUQLQJ�RI�TXDQWXP���$�TXDQWXP�V\VWHP�LV

XVXDOO\�FRQVWUXFWHG�ZLWK�YDULRXV�HOHPHQWV�IURP�FODVVLFDO�SK\VLFV���7KHUHIRUH��IRU�VWXGHQWV

FRPLQJ�LQWR�D�TXDQWXP�FODVV��WKHLU�XQGHUVWDQGLQJ�RQ�WKHVH�FODVVLFDO�FRQFHSWV�LV�DQ

LPSRUWDQW�LQLWLDO�VWDWH�WKDW�QHHG�WR�EH�FDUHIXOO\�VWXGLHG�

6WXGHQW�'LIILFXOWLHV�,QGLFDWHG�IURP�*HQHUDO�2EVHUYDWLRQV

6LQFH�PRVW�TXDQWXP�V\VWHPV�DUH�UHSUHVHQWHG�ZLWK�D�SRWHQWLDO�HQHUJ\�GLDJUDP��D�FRUUHFW

LQWHUSUHWDWLRQ�RI�WKH�HQHUJ\�GLDJUDP�LV�FUXFLDO�WR�XQGHUVWDQG�WKH�SK\VLFDO�V\VWHP�

$FFRUGLQJ�WR�RXU�REVHUYDWLRQV��VWXGHQWV©�GLIILFXOWLHV�LQ�XQGHUVWDQGLQJ�TXDQWXP�V\VWHPV�DUH

RIWHQ�WKH�UHVXOWV�RI�WKHLU�IDLOXUH�WR�XQGHUVWDQG�WKH�SRWHQWLDO�HQHUJ\�GLDJUDP���(YHQ�IRU

FODVVLFDO�H[DPSOHV��PDQ\�VWXGHQWV�DUH�QRW�DEOH�WR�PDNH�D�FRUUHFW�FRQQHFWLRQ�EHWZHHQ�D

SRWHQWLDO�HQHUJ\�GLDJUDP�DQG�WKH�SK\VLFDO�V\VWHP�LW�UHSUHVHQWV���7KHUHIRUH��LQ�RUGHU�WR�KHOS

WKH�VWXGHQWV�ZLWK�WKHLU�GLIILFXOWLHV�LQ�XQGHUVWDQGLQJ�TXDQWXP�V\VWHPV��ZH�QHHG�WR�FDUHIXOO\

VWXG\�WKH�VWXGHQWV©�XQGHUVWDQGLQJV�RI�SRWHQWLDO�HQHUJ\�GLDJUDP�DQG�ILQG�ZD\V�WR�KHOS�WKHP�

$QRWKHU�FRPPRQ�GLIILFXOW\�LV�WKDW�VWXGHQWV�DUH�RIWHQ�XQDEOH�WR�XQGHUVWDQG�WKH�SK\VLFDO

PHDQLQJ�RI�HOHPHQWV�LQ�WKH�VROXWLRQ�REWDLQHG�IURP�D�TXDQWXP�SUREOHP���6RPH�VWXGHQWV�FDQ

ZRUN�WKURXJK�WKH�PDWKHPDWLFV�DQG�JHW�D�UHVXOW���%XW�LW�LV�IDU�PRUH�GLIILFXOW�IRU�WKHP�WR

XQGHUVWDQG�WKH�PHDQLQJ�RI�WKH�SK\VLFDO�HOHPHQWV�LQ�WKH�UHVXOW�VXFK�DV�TXDQWXP

ZDYHIXQFWLRQ����,I�WKHUH�LV�D�FODVVLFDO�FRXQWHUSDUW�IRU�D�TXDQWXP�YDULDEOH��VWXGHQWV�RIWHQ

VWLFN�ZLWK�WKH�FODVVLFDO�LQWHUSUHWDWLRQV���2Q�WKH�RWKHU�KDQG��LI�WKHUH�DUHQ©W�DQ\�VLPLODU

FODVVLFDO�FRQFHSWV��VWXGHQWV�XVXDOO\�GRQ©W�DWWHPSW�WR�EXLOG�D�SK\VLFDO�XQGHUVWDQGLQJ�RI�WKH

FRQFHSW�EH\RQG�PDWKHPDWLFV���:KHQ�LQTXLUHG��VRPH�RI�WKH�VWXGHQWV�FDQ�HYHQ�FUHDWLYHO\�XVH

FHUWDLQ�FODVVLFDO�LGHDV�WKDW�WKH\�DOUHDG\�KDYH�WR�FRQVWUXFW�D�FODVVLFDO�LQWHUSUHWDWLRQ�IRU

TXDQWXP�FRQFHSWV���6LQFH�DOO�TXDQWXP�SKHQRPHQD�QHHG�WR�EH�LQWHUSUHWHG�LQ�D�SUREDELOLVWLF

PDQQHU��WKH�XQGHUVWDQGLQJ�RI�SUREDELOLW\�FDQ�VLJQLILFDQWO\�DIIHFW�WKH�VWXGHQW�XQGHUVWDQGLQJ

RI�TXDQWXP�FRQFHSWV���$V�REVHUYHG�LQ�UHVHDUFK�DQG�WHDFKLQJ��PDQ\�VWXGHQWV�DUH�IRXQG�WR

KDYH�SRRU�EDFNJURXQG�RQ�LVVXHV�UHODWHG�WR�SUREDELOLW\���7R�KHOS�VWXGHQWV�XQGHUVWDQG

TXDQWXP�FRQFHSWV��ZH�QHHG�WR�LPSURYH�WKHLU�XQGHUVWDQGLQJ�RI�SUREDELOLW\�

7KHUHIRUH��LQ�WKLV�UHVHDUFK��ZH�EHJLQ�ZLWK�LQYHVWLJDWLRQV�RQ�WZR�FODVVLFDO�LVVXHV�

3RWHQWLDO�(QHUJ\�'LDJUDP�DQG�3UREDELOLW\�
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3URELQJ�6WXGHQW�'LIILFXOWLHV

5HVHDUFK�&RQWH[W

)RU�WKLV�SDUW�RI�UHVHDUFK��ZH�VWXGLHG�WKH�VWXGHQWV�IURP�3K\VLFV�����FODVVHV���7KLV�LV�WKH

ODVW�FRXUVH�LQ�WKH�LQWURGXFWRU\�SK\VLFV�VHULHV�IRU�VFLHQFH�DQG�HQJLQHHULQJ�PDMRUV��:H

FRQGXFWHG�UHVHDUFK�LQ�WZR�FODVVHV�DW�WKH�8QLYHUVLW\�RI�0DU\ODQG�LQ�WKH�IDOO�RI������DQG�WKH

VSULQJ�RI��������7KH�FODVV�RI�IDOO������ZDV�WUDGLWLRQDOO\�OHFWXUHG���,Q�WKH�VSULQJ������FODVV�

ZH�LPSOHPHQWHG�WKUHH�TXDQWXP�WXWRULDOV���7ZR�RI�WKH�WXWRULDOV�ZHUH�GHYHORSHG�EDVHG�RQ

RXU�UHVHDUFK�UHVXOWV�RQ�VWXGHQW�GLIILFXOWLHV�ZLWK�WKH�FODVVLFDO�SUH�UHTXLVLWHV�REWDLQHG�IURP

VLPSOH�FRQFHSW�WHVWV�DQG�FODVVURRP�REVHUYDWLRQV�

5HVHDUFK�,QVWUXPHQWV

,Q�UHVHDUFK��ZH�XVHG�WKUHH�W\SHV�RI�SURELQJ�LQVWUXPHQWV�LQFOXGLQJ�FRQFHSWXDO�TXL]]HV�

H[DP�TXHVWLRQV��DQG�SUREOHP�VROYLQJ�LQWHUYLHZV���7KH�IROORZLQJ�LV�D�GHWDLOHG�GLVFXVVLRQ�RI

WKH�LQGLYLGXDO�WRROV�

x &RQFHSWXDO�4XL]]HV

7KH�FRQFHSWXDO�TXL]�LV�GHVLJQHG�WR�EH�D����PLQXWH�WHVW�FRQWDLQLQJ�����VLPSOH

FRQFHSWXDO�TXHVWLRQV�DQG�LV�JLYHQ�LQ�WKH�EHJLQQLQJ�RI�D�OHFWXUH���)LJXUH�����VKRZV�D

TXHVWLRQ�WKDW�ZDV�XVHG�LQ�D�TXL]�LQ�3K\VLFV�������7KLV�TXHVWLRQ�LV�GHVLJQHG�WR�SUREH�D

QXPEHU�RI�LVVXHV���)LUVW�LW�WHVWV�ZKHWKHU�WKH�VWXGHQWV�XQGHUVWDQG�WKH�GLIIHUHQW�VKDSHV�RI

ZDYHIXQFWLRQ�IRU�ERXQG�VWDWHV���7KH�VHFRQG�LVVXH�LV�WR�VHH�LI�WKH�VWXGHQWV�FDQ�PDNH�WKH�OLQN

EHWZHHQ�WKH�DPSOLWXGH�RI�WKH�ZDYHIXQFWLRQ�DQG�WKH�SUREDELOLW\�GHQVLW\�RI�D�SDUWLFOH�EHLQJ

LQ�FHUWDLQ�UHJLRQ���,W�DOVR�JLYHV�WKH�LQIRUPDWLRQ�RQ�VWXGHQW�XQGHUVWDQGLQJV�RI�WKH�SRWHQWLDO

ZHOO�

x +RPHZRUN�DQG�([DP�4XHVWLRQV

)LJXUH�����VKRZV�DQ�H[DP�TXHVWLRQ�XVHG�LQ�WKH�ILQDO�H[DP�RI�WKH�3K\VLFV�����FODVV�LQ

IDOO��������7KLV�TXHVWLRQ�LV�GHVLJQHG�WR�SUREH�VWXGHQW�XQGHUVWDQGLQJ�RI�SUREDELOLW\�ERWK

FODVVLFDOO\�DQG�TXDQWXP�PHFKDQLFDOO\�

,Q�WKH�VSULQJ����FODVV��ZH�GHYHORSHG�DQG�GHOLYHUHG�D�QHZ�WXWRULDO�RQ�WKH�SRWHQWLDO

HQHUJ\�GLDJUDP���$IWHU�WXWRULDO��D�KRPHZRUN�TXHVWLRQ�ZDV�JLYHQ�WR�VWXGHQWV�WR�WHVW�WKHLU

DELOLW\�LQ�FRQVWUXFWLQJ�SRWHQWLDO�HQHUJ\�GLDJUDPV�EDVHG�RQ�GHVFULSWLRQV�RI�YDULRXV�SK\VLFDO

V\VWHPV��VHH�$SSHQGL[�(�IRU�GHWDLOV�RI�WKH�WXWRULDOV�DQG�$SSHQGL[�'�IRU�WKH�KRPHZRUN

TXHVWLRQV��
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D� 7KH ZDYH IXQFWLRQV VKRZQ DUH DVVRFLDWHG ZLWK WZR RI WKH HQHUJ\ OHYHOV� :KLFK

RQHV GR \RX WKLQN WKH\ DUH DVVRFLDWHG ZLWK" ([SODLQ \RXU UHDVRQLQJ�

E� )RU WKHVH WZR VWDWHV� DSSUR[LPDWHO\ ZKHUH LQ WKH ZHOO ZRXOG WKH HOHFWURQ PRVW

OLNHO\ EH IRXQG" ([SODLQ \RXU UHDVRQLQJ�

)LJXUH�������&RQFHSWXDO�TXL]�TXHVWLRQ�RQ�SRWHQWLDO�ZHOO�JLYHQ�LQ�3K\VLFV�����FODVV

DW�80G�LQ�IDOO������DQG�VSULQJ�����
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7KH SRWHQWLDO HQHUJ\ 8>[@ LV GHILQHG VR WKDW LW KDV IRXU YDOXHV LQ ILYH UHJLRQV RI WKH [ D[LV�

5HJLRQ ,� [ � �� 8>[@  �

5HJLRQ ,,� �� � [ � ���� 8>[@  ���

5HJLRQ ,,,� ���� � [ � ���� 8>[@  ���

5HJLRQ ,9� ���� � [ � �� 8>[@  ��

5HJLRQ 9� � � [ 8>[@  �

��� ,I WKH SDUWLFOH ZHUH PRYLQJ FODVVLFDOO\ �L�H�� LWV PRWLRQ ZHUH GHVFULEHG E\ 1HZWRQ
V ODZV� LQ WKH SRWHQWLDO

8>[@� DQG LW KDG DQ HQHUJ\ (� ZKLFK RI WKH IROORZLQJ VWDWHPHQWV ZRXOG EH WUXH" /LVW DOO WKDW DSSO\�

�D� ,W ZRXOG PRYH WKH IDVWHVW ZKHQ LW ZDV LQ UHJLRQ ,,�

�E� ,W ZRXOG PRYH WKH IDVWHVW ZKHQ LW ZDV LQ UHJLRQ ,,,�

�F� ,I ZH WRRN D SKRWRJUDSK RI WKH SDUWLFOH DW D UDQGRP WLPH� ZH ZRXOG QHYHU ILQG LW LQ UHJLRQ ,9�

�G� ,I ZH WRRN D SKRWRJUDSK RI WKH SDUWLFOH DW D UDQGRP WLPH� ZH ZRXOG EH PRVW OLNHO\ WR ILQG LW LQ UHJLRQ ,,�

�H� ,I ZH WRRN D SKRWRJUDSK RI WKH SDUWLFOH DW D UDQGRP WLPH� ZH ZRXOG EH PRVW OLNHO\ WR ILQG LW LQ UHJLRQ ,,,�

��� ,I WKH SDUWLFOH ZHUH PRYLQJ TXDQWXP PHFKDQLFDOO\ �L�H�� LWV PRWLRQ ZHUH GHVFULEHG E\ WKH 6FKU|GLQJHU

HTXDWLRQ� LQ WKH SRWHQWLDO 8>[@� DQG LW KDG DQ HQHUJ\ (� ZKLFK RI WKH IROORZLQJ VWDWHPHQWV ZRXOG EH WUXH"

/LVW DOO WKDW DSSO\�

�D� ,I ZH PHDVXUHG WKH SRVLWLRQ RI WKH SDUWLFOH DW D UDQGRP WLPH� ZH ZRXOG QHYHU ILQG LW LQ UHJLRQ ,�

�E� ,I ZH PHDVXUHG WKH SRVLWLRQ RI WKH SDUWLFOH DW D UDQGRP WLPH� ZH ZRXOG QHYHU ILQG LW LQ UHJLRQ ,9�

�F� ,I ZH PHDVXUHG WKH SRVLWLRQ RI WKH SDUWLFOH DW D UDQGRP WLPH� ZH ZRXOG PRVW OLNHO\ ILQG LW LQ UHJLRQ ,,�

�G� ,I ZH PHDVXUHG WKH SRVLWLRQ RI WKH SDUWLFOH DW D UDQGRP WLPH� ZH ZRXOG PRVW OLNHO\ ILQG LW LQ UHJLRQ ,,,�

�H� 7KH VWDWH VKRZQ UHSUHVHQWV WKH ORZHVW HQHUJ\ VWDWH WKDW FDQ EH IRXQG LQ WKLV ZHOO�

,Q WKH ILJXUH EHORZ LV VKRZQ D SORW RI D RQH�GLPHQVLRQDO SRWHQWLDO HQHUJ\ IXQFWLRQ 8>[@ �ORZHU

SORW� DQG WKH ZDYHIXQFWLRQ �XSSHU SORW� RI DQ HLJHQVWDWH IRU DQ HOHFWURQ LQ WKH LQIOXHQFH RI WKDW

SRWHQWLDO� 7KH HQHUJ\� (� DVVRFLDWHG ZLWK WKDW VWDWH LV DOVR VKRZQ RQ WKH HQHUJ\ SORW� 'LVWDQFHV DUH

PHDVXUHG LQ QDQRPHWHUV DQG HQHUJLHV LQ H9�

)LJXUH������([DP�TXHVWLRQ�RQ�TXDQWXP�ZDYHIXQFWLRQ�JLYHQ�LQ�3K\VLFV�����FODVV�DW

80G�LQ�IDOO�����
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x ,QWHUYLHZV

)XUWKHU�LQVLJKW�LQWR�VWXGHQW�WKLQNLQJ�DQG�WKHLU�GLIILFXOWLHV�DUH�REWDLQHG�WKURXJK

SUREOHP�VROYLQJ�LQWHUYLHZV�ZLWK�LQGLYLGXDO�VWXGHQWV���:H�LQWHUYLHZHG�VL[�VWXGHQWV�IURP

3K\VLFV������80G��RI�IDOO������XVLQJ�WKH�SUREOHP�VKRZQ�LQ�ILJXUH�����

0RVW�VWXGHQWV�FDQ�FRPH�XS�ZLWK�D�SRWHQWLDO�HQHUJ\�GLDJUDP�VLPLODU�WR�WKH�RQH�VKRZQ�LQ

WKH�ILJXUH�DQG�DGGLWLRQDO�TXHVWLRQV�DUH�WKHQ�DVNHG�WR�SUREH�WKHLU�XQGHUVWDQGLQJV�RQ�RWKHU

DVSHFWV�RI�WKH�SRWHQWLDO�ZHOO���$V�ZH�DVNHG�VWXGHQWV�WR�FRQVWUXFW�WKH�SRWHQWLDO�GLDJUDP�

DGGLWLRQDO�LVVXHV�VXFK�DV�WKH�XQGHUVWDQGLQJ�RI�WKH�SRVLWLYH�QHJDWLYH�WRWDO�HQHUJ\�ZHUH�DOVR

VWXGLHG�

5HVXOWV

7KH�LQWHUYLHZV�ZHUH�FRQGXFWHG�ZKHQ�WKH�FRXUVH�LV�ILQLVKHG���7KH�GDWD�UHYHDOV�VXEWOH

LQVLJKWV�RQ�VWXGHQW�XQGHUVWDQGLQJV�RI�SRWHQWLDO�HQHUJ\�GLDJUDP�DQG�SUREDELOLW\�

7HQGHQF\�WR�,QWHUSUHW���'�3RWHQWLDO�:HOO�DV���'�*UDYLWDWLRQDO�:HOO

:KHQ�SUHVHQWHG�ZLWK�D�VTXDUH�ZHOO�SRWHQWLDO�GLDJUDP��PRVW�RI�WKH�VWXGHQWV�FDQQRW

DVVRFLDWH�DQ�DSSURSULDWH�SK\VLFDO�V\VWHP�ZLWK�LW���0DQ\�JR�E\�WKHLU�LQWXLWLRQ�RI�D

JUDYLWDWLRQDO�ZHOO�DQG�LQWHUSUHW�WKH�JUDSK�DV�D�SLFWXUH�RI�D���'�V\VWHP���)RU�WKH�FODVV

�3K\VLFV������LQ�IDOO�����ZH�JDYH�WKH�VWXGHQWV�WKH�TXL]�TXHVWLRQ��VKRZQ�LQ�ILJXUH������DIWHU

7KH�SRWHQWLDO�HQHUJ\�8>[@�LV�GHILQHG�VR�WKDW�LW�KDV�IRXU�YDOXHV�LQ�ILYH�UHJLRQV

RI�WKH�[�D[LV�

5HJLRQ�,��� [����� 8>[@� �� H9
5HJLRQ�,,��� �����[���� 8>[@� ����� H9

5HJLRQ�,,,� ����[������� 8>[@� ���� H9
5HJLRQ�,9� �������[����� 8>[@� ���� H9

5HJLRQ�9� ����[� 8>[@� �� H9

'UDZ�8>[@�LQ�WKH�VSDFH�EHORZ�

[

8�[�

$GGLWLRQDO�TXHVWLRQV�

:KDW�GRHV�WKH�GLDJUDP�UHSUHVHQW"

:KDW�DUH�WKH�SRVVLEOH�HQHUJ\�VWDWHV"

,I�D�SDUWLFOH�LV�ERXQGHG�LQ�WKH�ZHOO�

ZKHUH�ZLOO�LW�EH�PRVW�OLNHO\�IRXQG"

���HWF�

)LJXUH������,QWHUYLHZ�TXHVWLRQ�WR�VWXGHQWV�LQ�3K\VLFV������80G��RI�IDOO�����
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WZR�ZHHNV�RI�LQVWUXFWLRQ�RQ�TXDQWXP�PHFKDQLFV���$W�WKH�WLPH�RI�WKH�TXL]��WKH�VWXGHQWV�KDG

EHHQ�JLYHQ�OHFWXUHV�RQ�VROYLQJ�SUREOHPV�XVLQJ�TXDQWXP�SRWHQWLDO�ZHOOV�

7KH�VWXGHQW�UHVSRQVHV�UHYHDO�GLIILFXOWLHV�LQ�XQGHUVWDQGLQJ�HQHUJ\�GLDJUDPV�DQG

SUREDELOLW\���2QO\�RQH�RXW�RI�D�WRWDO�RI����VWXGHQWV�DQVZHUHG�FRUUHFWO\���$ERXW�KDOI�RI�WKH

VWXGHQWV�WULHG�WR�GHVFULEH�WKH�SRVLWLRQ�RI�WKH�HOHFWURQ�XVLQJ�WKH�HQHUJ\�OHYHOV�VKRZQ�LQ�WKH

JUDSK���6RPH�W\SLFDO�VWXGHQW�UHVSRQVHV�DUH�

¦7KH�HOHFWURQ�ZLOO�PRVW�OLNHO\�EH�IRXQG�DW�OHYHO���§

¦�,W�ZLOO�EH�PRVW�OLNHO\�IRXQG�LQ�WKH�GDVKHG�OLQHV�§

¦�,W�ZLOO�EH�PRVW�OLNHO\�DW�ERWWRP�RI�WKH�ZHOO�§

:KHQ�ZH�GLVFXVVHG�WKLV�LVVXH�ZLWK�VWXGHQWV�GXULQJ�RIILFH�KRXUV�DQG�DIWHU�OHFWXUHV��VRPH

VWXGHQWV�H[SOLFLWO\�VDLG�WKDW�WKH�HOHFWURQ�LV�¦EXPSLQJ�EDFN�DQG�IRUWK�LQ�WKH�ZHOO�DQG�ZLOO

FOLPE�XS�WKH�ZDOO�DW�WKH�HQG�RI�WKH�ZHOO§�

7KHVH�VWXGHQW�UHVSRQVHV�LPSO\�WKDW�WKHVH�VWXGHQWV�DUH�WDNLQJ�WKH�SRWHQWLDO�HQHUJ\

GLDJUDP�DV�D�SLFWXUH�RI�D���'�V\VWHP���6LQFH�PRVW�VWXGHQWV�DUH�IDPLOLDU�ZLWK�D�UHDO

JUDYLWDWLRQDO�ZHOO�ZKHUH�WKH�\�D[LV�LQ�WKH�YHUWLFDO�GLUHFWLRQ�GHVFULEHV�WKH�SRVLWLRQ�DQG�LV

DOVR�DVVRFLDWHG�ZLWK�SRWHQWLDO�HQHUJ\��LW�LV�QDWXUDO�IRU�VWXGHQWV�WR�PDWFK�WKLV���'

JUDYLWDWLRQDO�ZHOO�ZLWK�WKH�SRWHQWLDO�HQHUJ\�GLDJUDP�

7KLV�UHVXOW�LV�DOVR�UHIOHFWHG�LQ�VWXGHQW�UHVSRQVHV�RQ�LQWHUYLHZV���,Q�WKH�LQWHUYLHZ��ZH

DVNHG�WKH�VWXGHQWV�WR�FRQVWUXFW�D�SRWHQWLDO�HQHUJ\�GLDJUDP�DQG�PDQ\�VWXGHQWV�ZHUH�DEOH�WR

GR�LW�VXFFHVVIXOO\��DV�VKRZQ�LQ�ILJXUH��������:H�WKHQ�DVNHG�WKH�VWXGHQWV�WR�H[SODLQ�WKHLU

JUDSK���0DQ\�RI�WKHP�XVHG�WKH�WHUP�¦ERUGHU§�WR�GHVFULEH�WKH�YHUWLFDO�OLQHV�LQ�WKH�SRWHQWLDO

HQHUJ\�GLDJUDP���6LQFH�WKH�ERUGHU�LV�D�FRQFHSW�IRU�D�SK\VLFDO�ERXQGDU\��ZH�VXVSHFWHG�WKDW

WKH�VWXGHQWV�ZHUH�LQWHUSUHWLQJ�WKH�GLDJUDP�DV�D�WZR�GLPHQVLRQDO�SK\VLFDO�V\VWHP���7R

SUREH�PRUH�GHWDLOV��ZH�DVNHG�WKH�VWXGHQWV�WR�WHOO�WKH�VWRU\�DERXW�WKH�JUDSK���$�VWXGHQW�

1HZW��FRGH�QDPH���JDYH�D�W\SLFDO�UHVSRQVH�

¦:HOO���,I�ZH�PRYH�DORQJ�WKH�[�D[LV�ZH�IDOO�LQWR�DQ�HQHUJ\�ZHOO��LW�MXVW�PHDQV�ZH�KDYH

IDOOHQ�LQWR�WKH�ZHOO���6RPHWKLQJ�KDSSHQHG�DW�[� ����WKDW�PDGH�XV�IDOO�LQWR

LQVWDQWDQHRXVO\��LQWR�D�ORZHU�SRWHQWLDO�HQHUJ\���$QG�VRPHWKLQJ�KDSSHQV�DJDLQ�DW�[ �

SXOOV�XV�EDFN�DOO�WKH�ZD\�XS�WR�]HUR�§

:H�VDZ�D�ORW�RI�VLPLODU�VWRULHV�ZKHUH�WKH�WHUPV�OLNH�¦�IDOO�LQWR§�DQG�¦FOLPE�XS§�DUH

IUHTXHQWO\�XVHG���7KHVH�WHUPV�KDYH�FOHDU�PHDQLQJ�RI�PRWLRQ�LQ�WKH�YHUWLFDO�GLUHFWLRQ���:H

WKLQN�WKH�VWXGHQWV�ZHUH�LQ�D�YHU\�FRQIXVLQJ�VWDJH�RU�DW�D�WUDQVLWLRQ�SRLQW�LQ�D�OHDUQLQJ

SURFHVV�WRZDUGV�WKH�FRUUHFW�XQGHUVWDQGLQJ���$OWKRXJK�WKH\�GLGQ©W�H[SOLFLWO\�VSHOO�RXW�D

SK\VLFDO�WZR�GLPHQVLRQDO�ZHOO��ZKLFK�LV�HQFRXUDJLQJ��DOO�RI�WKH�WKHP�ZHUH�XQFHUWDLQ�DERXW

ZKDW�¦IDOO�LQWR§�PHDQW�DQG�SHUVLVWHG�LQ�XVLQJ�WKH�WHUP�¦IDOO�LQWR§��ZKLFK�LPSOLHV�WKDW�DW

OHDVW�WKH\�ZHUH�VWLOO�XVLQJ�WKH�LQWXLWLRQ�RU�PHWDSKRU�RI�YHUWLFDO�PRWLRQ�



���

,QVXIILFLHQW�EDFNJURXQG�NQRZOHGJH�DERXW�SUREDELOLW\

)RU�WKH�FODVV�RI�IDOO�����3K\VLFV�������ZKHQ�WKH�VWXGHQWV�HQFRXQWHUHG�WKH�TXHVWLRQ�LQ

WKH�FRQFHSWXDO�TXL]�RI�ZKHUH�LQ�WKH�ZHOO�ZLOO�WKH�HOHFWURQ�EH�PRVW�OLNHO\�IRXQG��PRVW�RI

WKHP�VHHPHG�WR�KDYH�DOPRVW�QR�LGHD�RQ�KRZ�WR�DQVZHU�LW��GHVSLWH�WKH�IDFW�WKDW�WKH�TXL]�ZDV

JLYHQ�DIWHU�LQVWUXFWLRQ���1HDUO\�KDOI�RI�WKH�VWXGHQWV�OHIW�LW�EODQN���$ERXW�����XVHG�DQ

LQFRUUHFW�GLPHQVLRQ�IRU�SRVLWLRQ���2QO\�RQH�VWXGHQW�FDPH�XS�ZLWK�D�VRPHZKDW�FRUUHFW

DQVZHU���)RU�DOO�WKH�VWXGHQWV��RQO\�����RI�WKHP�SURYLGHG�VRPH�NLQG�RI�UHDVRQLQJ�

:H�DOVR�GLVFXVVHG�WKLV�LVVXH�ZLWK�VWXGHQWV�LQ�RIILFH�KRXUV�DQG�OHFWXUHV���:KHQ�ZH�DVNHG

WKHP�LI�WKH\�KDG�DQ\�SUHYLRXV�NQRZOHGJH�DERXW�SUREDELOLW\��PRVW�RI�WKHP�DQVZHUHG�¦QR§�

(YHQ�IRU�WKH�IHZ�VWXGHQWV�ZKR�DQVZHUHG�¦\HV§��WKH\�RQO\�KDG�WKH�LPSUHVVLRQ�RI�GRLQJ

VRPH�PDWK�LQ�D�PDWK�FODVV�DQG�GLG�QRW�UHPHPEHU�DQ\�GHWDLOV�RI�WKH�PDWKHPDWLFV���1RQH�RI

WKHP�UHFDOOHG�DQ\�H[SHULHQFH�LQ�XVLQJ�SUREDELOLW\�WR�GHVFULEH�D�SK\VLFDO�HYHQW�

7KHVH�UHVXOWV�FOHDUO\�LQGLFDWH�WKDW�IRU�PRVW�VWXGHQWV�LQ�RXU�LQWURGXFWRU\�SK\VLFV�FODVVHV�

WKH�FRQFHSW�RI�SUREDELOLVWLF�LQWHUSUHWDWLRQ�RI�D�SK\VLFDO�V\VWHP�LV�ZHDN�RU�PLVVLQJ�

1HZ�,QVWUXFWLRQV�WR�+HOS�6WXGHQWV�RQ�&ODVVLFDO�3UH�UHTXLVLWHV

7KH�UHVXOWV�IURP�RXU�LQYHVWLJDWLRQV�UHYHDO�WKDW�WKH�VWXGHQW�XQGHUVWDQGLQJ�RQ�WKH�WZR

FODVVLFDO�SUH�UHTXLVLWHV�LV�YHU\�SRRU���6LQFH�ERWK�LVVXHV�DUH�FUXFLDO�HOHPHQWV�IRU�GHYHORSLQJ

D�JRRG�XQGHUVWDQGLQJ�RI�TXDQWXP�PHFKDQLFV��DQG�VLQFH�WUDGLWLRQDO�LQVWUXFWLRQ�GRHV�QRW

SURYLGH�HIIHFWLYH�DVVLVWDQFH�RQ�OHDUQLQJ�WKHVH�FRQFHSWV��ZH�GHYHORSHG�D�WXWRULDO�DQG�XVHG�LW

LQ�WKH�VSULQJ����FODVV��VHH�$SSHQGL[�'�IRU�WKH�WXWRULDO��
�

3RWHQWLDO�(QHUJ\�'LDJUDPV

7KH�SRWHQWLDO�HQHUJ\�GLDJUDP�WXWRULDO�LV�GHVLJQHG�WR�KHOS�VWXGHQW�XQGHUVWDQG�SRWHQWLDO

HQHUJ\�GLDJUDPV�DQG�FODVVLFDO�SUREDELOLW\���:H�SURYLGH�VWXGHQWV�DQ�H[DPSOH�RI�D�RQH�

GLPHQVLRQDO�FODVVLFDO�V\VWHP�ZLWK�D�FDUW�PRYLQJ�DORQJ�D�WUDFN�FRQVWUDLQHG�E\�VSULQJV�RU

ERXQFLQJ�RII�VSULQJ\�EORFNV�DW�WKH�HQG�RI�WKH�WUDFN�
�
��7KH�PRWLRQ�LV�UHFRUGHG�LQ�UHDO�WLPH

XVLQJ�D�FRPSXWHU�LQWHUIDFH��8/,��DQG�DQ�XOWUDVRQLF�PRWLRQ�GHWHFWRU���7KH�PHFKDQLFDO�IRUFH

H[SHULHQFHG�E\�WKH�FDUW�LV�PHDVXUHG�VLPXOWDQHRXVO\�ZLWK�D�IRUFH�SUREH�PRXQWHG�RQ�WKH

FDUW�
�
��6WXGHQWV�XVH�WKH�FRPSXWHU�WR�JUDSK�WKH�IRUFH�DV�D�IXQFWLRQ�RI�SRVLWLRQ�RI�WKH�FDUW�DQG

XVH�WKLV�GDWD�WR�FRQVWUXFW�WKH�SRWHQWLDO�HQHUJ\�GLDJUDP�E\�LQWHJUDWLRQ���,Q�WKH�WXWRULDO�

EHIRUH�VWXGHQWV�GR�DQ\�H[SHULPHQW��WKH\�DUH�DOZD\V�DVNHG�WR�PDNH�SUHGLFWLRQV�EDVHG�RQ

WKHLU�FXUUHQW�NQRZOHGJH�DQG�WR�GLVFXVV�WKHLU�SUHGLFWLRQV�ZLWK�WKH�JURXS���7KLV�HQYLURQPHQW

FDQ�JLYH�VWXGHQWV�RSSRUWXQLWLHV�WR�FRPSDUH�WKHLU�YDULRXV�LGHDV�DQG�DOVR�HQFRXUDJHV�WKHP�WR

GR�TXDOLWDWLYH�UHDVRQLQJ���)LJXUH�����LV�D�VFKHPDWLF�GLDJUDP�IRU�WKH�VHWXS�RI�WKH

H[SHULPHQW�
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,Q�WKH�H[SHULPHQW��VWXGHQWV�FRQVWUXFW�WZR�SRWHQWLDO�ZHOOV�

��� +DUPRQLF�:HOO��7KH�FDUW�FRQVWUDLQHG�E\�WZR�VSULQJV��)LJXUH������LV�VHW�RVFLOODWLQJ�RQ

WKH�WUDFN�DQG�WKH�IRUFH�LV�UHFRUGHG�DV�D�IXQFWLRQ�RI�GLVSODFHPHQW��7KH�SRWHQWLDO�HQHUJ\

LV�WKHQ�FRPSXWHG�DV�WKH�DUHD�XQGHU�WKH�JUDSK�DQG�SORWWHG�DV�D�IXQFWLRQ�RI�GLVSODFHPHQW

WR�FRQVWUXFW�WKH�KDUPRQLF�ZHOO�

��� 6TXDUH�:HOO��7KH�FDUW�LV�VHW�UROOLQJ�IUHHO\�DORQJ�WKH�WUDFN�ERXQFLQJ�RII�VSULQJ\�EORFNV

IL[HG�DW�WKH�WZR�HQGV�RI�WKH�WUDFN���7KH�IRUFH�LV�UHFRUGHG�DV�D�IXQFWLRQ�RI�SRVLWLRQ�DQG

WKH�VWXGHQWV�DJDLQ�XVH�WKLV�JUDSK�WR�SORW�WKH�FRUUHVSRQGLQJ�SRWHQWLDO�HQHUJ\�GLDJUDP�

,Q�HDFK�FDVH��WKH�VWXGHQWV�TXDOLWDWLYHO\�GHVFULEH�WKH�PRWLRQ�WR�LQGLFDWH�ZKHUH�WKH�FDUW�LV

PRYLQJ�UHODWLYHO\�IDVW��UHODWLYHO\�VORZO\�DQG�ZKHUH��LI�DQ\�SODFH��WKH�YHORFLW\�LV�]HUR���7KH\

DUH�DOVR�DVNHG�WR�GLVFXVV�WKH�IRUFHV�WKDW�DUH�DFWLQJ�RQ�WKH�FDUW��GUDZ�IUHH�ERG\�GLDJUDPV�

VNHWFK�WKH�NLQHWLF��SRWHQWLDO�DQG�WRWDO�HQHUJ\�DORQJ�WKH�SDWK��SUHGLFW�WKH�)�[�DQG�8>[@�[

JUDSKV�EHIRUH�WKH\�DFWXDOO\�SURFHHG�WR�GR�WKH�H[SHULPHQW���7KLV�DOORZV�WKH�VWXGHQWV�WR

DFWXDOO\�WKLQN�DERXW�WKH�SUREOHP�E\�WKHPVHOYHV�DQG�WHVW�WKHLU�K\SRWKHVLV���7KLV�WXWRULDO�LV�WR

SURYLGH�WKH�VWXGHQWV�DQ�RSSRUWXQLW\�WR�SHUVRQDOO\�FRQVWUXFW�D�SRWHQWLDO�GLDJUDP�ZLWK�D�UHDO

KDQGV�RQ�SK\VLFDO�H[SHULPHQW���:H�EHOLHYH�WKDW�VWXGHQWV�DUH�PRUH�DFWLYHO\�HQJDJHG�LQ�VXFK

LQVWUXFWLRQDO�VHWWLQJV�DQG�FDQ�RIWHQ�FRQVWUXFW�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�FRQFHSW�

3UREDELOLW\�)XQFWLRQ

6LQFH�PRVW�VWXGHQWV�GRQ©W�KDYH�SUHYLRXV�H[SHULHQFH�ZLWK�SUREDELOLW\��ZH�QHHG�H[WUD

HIIRUW�WR�KHOS�VWXGHQWV�VWDUW�RQ�WKLV�LVVXH���)LUVW�ZH�GHVLJQHG�D�PHWDSKRU��WKH�UDQGRP

SLFWXUH�PRGHO��WR�LQWURGXFH�WKH�SUREDELOLW\�E\�DVNLQJ�WKH�VWXGHQWV�WR�LPDJLQH�WDNLQJ�D�VHULHV

RI�IODVK�SKRWRJUDSKV�RI�D�FODVVLFDOO\�PRYLQJ�REMHFW�DW�UDQGRP�WLPHV�DQG�WR�SUHGLFW�ZKHUH

WKH�REMHFW�LV�PRVW�OLNHO\�WR�EH�IRXQG�

+DUPRQLF :HOO

6TXDUH :HOO

0RWLRQ

'HWHFWRU

)RUFH 3UREH
6SULQJ

%XPSHU

)LJXUH������([SHULPHQW�VHWXS�IRU�WKH�WXWRULDO�RI

SRWHQWLDO�HQHUJ\�GLDJUDP
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%DVHG�RQ�WKLV�QRWLRQ��ZH�GHVLJQHG�DGGLWLRQDO�TXHVWLRQV�LQ�WKH�WXWRULDO�DVNLQJ�WKH

VWXGHQWV�WR�XVH�WKH�UDQGRP�SLFWXUH�PHWDSKRU�RQ�WKH�FDUW�DQG�WR�SUHGLFW�LQ�ZKLFK�VHJPHQW�RI

WKH�SDWK�ZLOO�WKH�FDUW�PRUH�OLNHO\�EH�IRXQG���7KLV�LV�IROORZHG�E\�OHDGLQJ�TXHVWLRQV�DERXW

ZKHUH�WKH�FDUW�VSHQGV�UHODWLYHO\�PRUH�WLPH�DQG�OHVV�WLPH�RQ�WKH�WUDFN���7KH�VWXGHQWV�WKHQ

ZULWH�DQ�H[SUHVVLRQ�IRU�WKH�WLPH�'W�VSHQW�LQ�D�VHJPHQW�'[�FHQWHUHG�DURXQG�WKH�SRVLWLRQ�[
DQG�UHODWH�WKLV�WR�WKH�SUREDELOLW\�RI�ORFDWLQJ�WKH�FDUW�LQ�WKDW�SDUWLFXODU�VHJPHQW���7KH

PDWKHPDWLFV�FDQ�EH�VKRZQ�DV�WKH�IROORZLQJV�

)RU�SHULRGLF�PRWLRQV�
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(YDOXDWLRQV�RI�WKH�1HZ�,QVWUXFWLRQ

,PSURYHPHQW�RQ�8QGHUVWDQGLQJ�RI�3RWHQWLDO�:HOO�DQG�&ODVVLFDO�3UREDELOLW\

7R�FRPSDUH�ZLWK�WKH�UHVXOWV�RI�WKH�FRQFHSWXDO�TXL]�JLYHQ�WR�WKH�IDOO����FODVV��JLYHQ

DIWHU�LQVWUXFWLRQ���WKH�VDPH�TXL]�ZDV�JLYHQ�WR�WKH�VSULQJ����FODVV�DIWHU�WKH�VWXGHQWV�KDYH

GRQH�WKH�QHZ�WXWRULDO���7KH�UHVXOWV�DUH�HQFRXUDJLQJ��WKRXJK�QRW�DV�JRRG�DV�ZKDW�ZH�ZRXOG

KRSH���7DEOH�����LV�WKH�FRPSDULVRQ�RI�UHVSRQVHV�RI�VWXGHQWV�IURP�FODVVHV�RI�IDOO����DQG

VSULQJ������)URP�WKH�GDWD��ZH�FDQ�VHH�WKDW�DIWHU�WKH�WXWRULDO��DERXW�����RI�WKH�VWXGHQWV�VWDUW

WR�XVH�¦[§�WR�UHSUHVHQW�SRVLWLRQ�FRPSDUHG�WR�RQO\����LQ�WKH�FODVV�ZLWKRXW�WXWRULDO���7KLV�FDQ

EH�DQ�LQGLFDWLRQ�RI�D�EHWWHU�XQGHUVWDQGLQJ�RI�SRWHQWLDO�GLDJUDP�

7KH�GDWD�DOVR�VKRZV�WKDW�D�VLJQLILFDQW�IUDFWLRQ�������RI�WKH�VWXGHQWV�FDQ�UHODWH�WKH

SUREDELOLW\�RI�ILQGLQJ�WKH�HOHFWURQ�LQ�FHUWDLQ�UHJLRQV�ZLWK�WKH�YHORFLW\�RI�WKH�HOHFWURQ�

$OWKRXJK�LW�LV�VWLOO�D�FODVVLFDO�DUJXPHQW��FRPSDUHG�WR�WKH�VLWXDWLRQ�RI�IDOO����ZKHUH�QRERG\



���

FRXOG�FRPH�XS�ZLWK�DQ\�UHDVRQLQJ�RQ�SUREDELOLW\��WKH�UHVXOWV�LQ�VSULQJ����LV�HQFRXUDJLQJ�

$�VLJQLILFDQW�IUDFWLRQ�RI�VWXGHQWV�VHHP�WR�KDYH�EHHQ�DIIHFWHG�E\�WKH�WXWRULDO�

:H�DOVR�ILQG�����RI�WKH�VWXGHQWV�LQ�WKH�VSULQJ����FODVV�DWWHPSWHG�WR�H[SODLQ�WKHLU

UHDVRQLQJ�DQG�PRVW�RI�WKHP�XVHG�YHORFLW\�DQG�HQHUJ\���,Q�WKH�IDOO�����RQO\�����RI�WKH

VWXGHQWV�DWWHPSWHG�DQ\�NLQG�RI�UHDVRQLQJ�DQG�IHZ�RI�WKRVH�PDGH�DQ\�SK\VLFDO�VHQVH���7KLV

PD\�LPSO\�WKDW�WKH�WXWRULDO�FDQ�HQFRXUDJH�VWXGHQWV�WR�GR�TXDOLWDWLYH�UHDVRQLQJ�

2Q�WKH�ILQDO�H[DP�RI�VSULQJ�����ZH�JDYH�VWXGHQWV�WKH�PXOWLSOH�FKRLFH�PXOWLSOH�UHVSRQVH

TXHVWLRQ�VKRZQ�LQ�ILJXUH�������6WXGHQW�UHVSRQVHV�RQ�WKLV�TXHVWLRQ��WDEOH������VKRZ

HQFRXUDJLQJ�UHVXOWV���$V�ZH�FDQ�VHH��PRUH�WKDQ�KDOI�RI�WKH�VWXGHQWV�FDQ�DQVZHU�HLWKHU�WKH

TXDQWXP�RU�WKH�FODVVLFDO�SDUW�RI�WKH�TXHVWLRQV�ZLWK�DOO�FRUUHFW�FKRLFHV��LW�LV�D�0&05

TXHVWLRQ����1HDUO\�KDOI�RI�WKH�VWXGHQWV�FDQ�DQVZHU�ERWK�SDUWV�ZLWK�DOO�FRUUHFW�FKRLFHV���6LQFH

LW�LV�D�0&05�TXHVWLRQ��WKH�QXPEHU�RI�VWXGHQWV�JLYLQJ�SDUWLDOO\�FRUUHFW�DQVZHUV�DUH�TXLWH

KLJK�¤�DURXQG�������8QIRUWXQDWHO\��ZH�GRQ©W�KDYH�GDWD�IURP�WKH�IDOO����FODVV��VR�ZH�FDQQRW

PDNH�FRPSDULVRQV���+RZHYHU��WKH�VWXGHQWV�SHUIRUPDQFH�RQ�WKLV�TXHVWLRQV�FDQ�EH

FRQVLGHUHG�YHU\�SRVLWLYH�FRQVLGHULQJ�WKH�UHVSRQVH�RI�WKH�FRQWURO�FODVV��IDOO�����RQ�WKH�RWKHU

TXHVWLRQV�

7DEOH������&RPSDULVRQ�RI�VWXGHQW�UHVSRQVHV�RQ�FRQFHSWXDO�TXL]]HV

6WXGHQW�5HVSRQVHV )DOO��� 6SULQJ���

8VH�HQHUJ\�OHYHOV��VWDWHV��YHUWLFDO�GLPHQVLRQ��WR�GHVFULEH�WKH

SRVLWLRQ�RI�DQ�HOHFWURQ�LQ�D�SRWHQWLDO�ZHOO��ZURQJ�
��� ���

8VH�[��KRUL]RQWDO�GLPHQVLRQ��WR�GHVFULEH�WKH�SRVLWLRQ�RI�DQ

HOHFWURQ�LQ�D�SRWHQWLDO�ZHOO��FRUUHFW�
�� ���

2WKHUV ��� ���

%ODQN ��� ���

6WXGHQW�5HDVRQLQJ )DOO��� 6SULQJ���

8VH�YHORFLW\�IRU�UHDVRQLQJ�RI�SUREDELOLW\ �� ���

+DYH�UHDVRQLQJ


��� ���


7KH�UHDVRQLQJ�RI�IDOO����VWXGHQWV�LV�PRVWO\�EDVHG�RQ�LUUHOHYDQW�LVVXHV���7KH�UHDVRQLQJ

RI�WKH�VSULQJ����VWXGHQWV�LV�EDVHG�RQ�HQHUJ\�DQG�YHORFLW\�LQ�D�FODVVLFDO�VHQVH�

7DEOH������6WXGHQW�UHVSRQVHV�RQ�WKH�TXHVWLRQ�LQ�ILQDO�H[DP�RI�SK\VLFV

����LQ�VSULQJ�����

&ODVVLFDO�3DUW 4XDQWXP�3DUW

6WXGHQWV�SLFNHG�DOO�FRUUHFW

FKRLFHV
��� ���

6WXGHQWV�SLFNHG�FRUUHFW�FKRLFHV

DQG�DOVR�VRPH�LQFRUUHFW�FKRLFHV
��� ���

6WXGHQWV�DQVZHU�ERWK�SDUWV�ZLWK

DOO�FRUUHFW�DQVZHUV
���
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7KH�GDWD�IURP�WKH�KRPHZRUN�JLYHQ�WR�WKH�VSULQJ����FODVV�DOVR�UHYHDOV�D�VLPLODU

VLWXDWLRQ���$ERXW�����RI�WKH�VWXGHQWV�JDYH�FRUUHFW�DQVZHUV���7KHVH�UHVXOWV�VXJJHVW�WKDW�WKH

WXWRULDO�KDV�PDGH�VRPH�SRVLWLYH�HIIHFW�RQ�VWXGHQW�OHDUQLQJ�RI�SRWHQWLDO�HQHUJ\�GLDJUDPV�DQG

SUREDELOLW\�

&RQWLQXLQJ�'LIILFXOWLHV

7R�FRQILUP�WKHVH�WHVW�UHVXOWV�DQG�WR�ORRN�IRU�IXUWKHU�GHWDLOV�RI�VWXGHQW�GLIILFXOWLHV��ZH

FRQGXFWHG���LQWHUYLHZV�DIWHU�WKH�ILQDO�H[DP�LQ�WKH�VSULQJ�RI�����$OO�RI�WKHVH�VWXGHQWV�HDUQHG

$©V�LQ�WKH�FODVV����7KH�VWXGHQWV�LQ�RXU�LQWHUYLHZ�VKRZHG�GLIILFXOWLHV�VLPLODU�WR�ZKDW�KDYH

EHHQ�IRXQG�IURP�WKH�WHVW�UHVXOWV���+RZHYHU��ZLWK�GHWDLOHG�GLVFXVVLRQ��VWXGHQW�GLIILFXOWLHV�RQ

PRUH�VXEWOH�LVVXHV�ZHUH�GLVFRYHUHG���7KH�LVVXHV�GLVFXVVHG�LQ�WKH�IROORZLQJ�VHFWLRQV�KDYH

QRW�\HW�EHHQ�FRPSOHWHO\�YDOLGDWHG�WKURXJK�V\VWHPDWLF�UHVHDUFK���+RZHYHU��WKH�UHVXOWV�FDQ

SURYLGH�YDOXDEOH�FOXHV�IRU�IXUWKHU�VWXG\�

x 'LIILFXOWLHV�LQ�8QGHUVWDQGLQJ�1HJDWLYH�7RWDO�(QHUJ\

6XUSULVLQJO\��DOPRVW�DOO�WKH�VWXGHQWV�LQWHUYLHZHG�KDG�FRQVLGHUDEOH�GLIILFXOWLHV�LQ

XQGHUVWDQGLQJ�ZKDW�YDOXHV�WKH�WRWDO�HQHUJ\�FDQ�KDYH�LQ�FODVVLFDO�FDVH���:KHQ�DVNHG�WKDW�LI�D

SDUWLFOH�FDQ�KDYH�QHJDWLYH�WRWDO�HQHUJ\��VRPH�VWXGHQW�UHVSRQVHV�ZHUH�

¦,Q�D�FODVVLFDO�V\VWHP��ZH�FDQ�QRW�KDYH�QHJDWLYH�HQHUJLHV�VR�\RX�FDQ�KDYH�DQ\WKLQJ

JUHDWHU�WKDQ�RU�HTXDO�WR�]HUR��EXW�QRW�DQ\WKLQJ�OHVV���&ODVVLFDOO\�§

¦1HJDWLYH�WRWDO�HQHUJ\"�1R�LW�GRHV�QRW�PDNH�VHQVH���-XVW�OLNH�WKHUH�LV�QR�QHJDWLYH

WLPH���%\�GHILQLWLRQ��HQHUJ\�LV�KRZ�PXFK�ZRUN�FDQ�EH�GRQH���1RZ�LI�\RX�KDYH�QHJDWLYH

VRPHWKLQJ��ZKDW�GRHV�WKDW�PHDQ���LW�GRHV�QRW�KDYH�D���FODVVLFDOO\�WKDW�GRHV�QRW�PHDQ

DQ\WKLQJ�§

2QO\�RQH�VWXGHQW��1HZW��VKRZHG�VRPH�FRUUHFW�XQGHUVWDQGLQJ�LQ�GLIIHUHQWLDWLQJ�WKH�WRWDO

HQHUJ\�DQG�NLQHWLF�HQHUJ\�

¦.LQHWLF�HQHUJ\����\RX�FRXOG�QRW�KDYH�FHUWDLQ�WKLQJV�IRU�WKH�FODVVLFDO�V\VWHP���,Q�D

FODVVLFDO�V\VWHP�QHJDWLYH�NLQHWLF�HQHUJ\�PHDQV�QRWKLQJ���5LJKW��EHFDXVH�LW�FDQ�QRW�KDYH

QHJDWLYH�PDVV��YHORFLW\�FDQ©W�EH�QHJDWLYH���LW�LV�VTXDUHG�VR�LW�LV�ZHLUG���1HJDWLYH�NLQHWLF

HQHUJ\�PHDQV�QRWKLQJ���%XW�HQHUJ\����\HDK��,�WKRXJKW�HQHUJ\�\RX�FRXOG�KDYH�DQ\

WKLQJ���([FHSW�LQILQLWH���,W�KDV�WR�EH�ILQLWH�§

7KLV�VWDWHPHQW�SURYLGHG�XV�D�OHDG�WR�VWXG\�WKLV�GLIILFXOW\���+H�NQHZ�WKDW�WKH�WRWDO�HQHUJ\

LV�WKH�VXP�RI�WKH�SRWHQWLDO�DQG�NLQHWLF�HQHUJLHV���:H�DVNHG�LI�WKH�UHTXLUHPHQW�WKDW�NLQHWLF

HQHUJ\�FDQQRW�EH�QHJDWLYH�SXWV�DQ\�OLPLWV�RQ�WKH�WRWDO�HQHUJ\���1HZW�WULHG�WR�ILJXUH�WKDW�

¦6R�LI�NLQHWLF�HQHUJ\�FDQ�QRW�EH�QHJDWLYH��DUH�\RX�VXJJHVWLQJ�WKDW���RK��\HDK���,

JXHVV�HQHUJ\�FDQ©W�EH�EHORZ�WKH�SRWHQWLDO�HQHUJ\���,Q�D�FODVVLFDO�V\VWHP��RXWVLGH�WKH

ZHOO��ZH�FDQ©W�KDYH�HQHUJ\�EHLQJ�OHVV�WKDQ�]HUR�EHFDXVH�WKDW�ZRXOG�PHDQ�WKDW�WKH

NLQHWLF�HQHUJ\�ZRXOG�KDYH�WR�EH�QHJDWLYH�LQ�RUGHU�WR�JLYH�XV�D�SRWHQWLDO�HQHUJ\�

$Q\ZKHUH���2.���$Q\ZKHUH��WKH�HQHUJ\�FDQ©W�EH�OHVV�WKDQ�WKH�SRWHQWLDO�HQHUJ\���7KDW�LV

D�FRQVWUDLQW�RQ�WKH�HQHUJ\�§



���

$OO�WKH�RWKHU�VWXGHQWV�KDG�GLIILFXOWLHV�VHHLQJ�WKH�FRQWUDGLFWLRQ�DQG�RIWHQ�UHSUHVHQWHG�WKH

JLYHQ�QHJDWLYH�YDOXH�RI�WRWDO�HQHUJ\�FRUUHFWO\�RQ�WKH�SRWHQWLDO�HQHUJ\�GLDJUDP�HYHQ�DV�WKH\

UHVROXWHO\�FODLPHG�

¦��WRWDO�HQHUJ\�LV�JRLQJ�WR�EH���KDV�WR�EH�SRVLWLYH��§�

$W�WKH�RXWVHW��ZH�KDG�QRW�H[SHFWHG�WKLV�PHQWDO�EORFN�DJDLQVW�D�QHJDWLYH�YDOXH�RI�WRWDO

HQHUJ\���$�SODXVLEOH�UHDVRQ�IRU�WKH�LQFRQVLVWHQW�WKLQNLQJ�FRXOG�EH�WKDW�WKH�VWXGHQWV�VHH

HQHUJ\�DV�D�GLUHFWO\�PHDVXUDEOH�SK\VLFDO�TXDQWLW\�OLNH�PDVV�RU�WHPSHUDWXUH�DQG�H[SHFW�DOO

WKHVH�WR�KDYH�DQ�DEVROXWH�DQG�SRVLWLYH�YDOXH���$FWXDOO\��LQ�HYHU\GD\�OLIH��ZH�RIWHQ�XVH�WKH

WHUP�RI�HQHUJ\�GLIIHUHQWO\�IURP�ZKDW�LV�PHDQW�LQ�SK\VLFV���0DQ\�UHDO�OLIH�H[DPSOH�FDQ�OHDG

SHRSOH�WR�WKLQN�HQHUJ\�DV�D�GLUHFWO\�PHDVXUDEOH�QRQ�QHJDWLYH�WKLQJ��H�J���WKH�NLORZDWW�RI

HOHFWULFLW\�XVHG�LQ�D�KRXVH��WKH�FDORULH�FRQWDLQHG�LQ�IRRG��RU�HYHQ�JDOORQV�RI�JDV�WKDW�PRYH

RXU�FDUV����3HRSOH�XVXDOO\�GR�QRW�VHH�HQHUJ\�DV�D�GHULYHG�TXDQWLW\�UHSUHVHQWLQJ�DQ�DEVWUDFW

DWWULEXWH�WKDW�GHSHQGV�XSRQ�KRZ�ZH�GHILQH�WKH�]HUR�RI�SRWHQWLDO�HQHUJ\�

$QRWKHU�SRVVLELOLW\�LV�WKDW�PDQ\�RI�WKHP�DUH�FRQIXVHG�ZLWK�WKH�GLIIHUHQFH�EHWZHHQ�WKH

WRWDO�HQHUJ\�DQG�WKH�NLQHWLF�HQHUJ\�DQG�GR�QRW�UHDOL]H�WKDW�WKH�WRWDO�HQHUJ\�LV�WKH�VXP�RI�.(

DQG�3(���7KLV�LV�LPSOLHG�E\�0LFKDHO©V�UHVSRQVH���:KHQ�ZH�DVNHG�KLP�WR�FRQVLGHU�WKH�WRS�RI

WKH�WDEOH�WR�EH�DW�]HUR�JUDYLWDWLRQDO�HQHUJ\�DQG�VHW�XS�D�UDPS�UHDFKLQJ�WKH�IORRU��KH�TXLFNO\

LQWHUUXSWHG�XV�ZLWK�

¦$OO�ULJKW���<HDK���,�JXHVV�\RX�FRXOG�KDYH�QHJDWLYH�WRWDO�HQHUJ\���,�VHH�ZKDW�\RX�DUH

VD\LQJ���<RX�GHILQH���LW�GHSHQGV�RQ�ZKDW�\RX�GHILQH�WR�EH��,�JXHVV��\RXU�]HUR���,I�ZH

UROO�VRPHWKLQJ�RII�WKH�WDEOH�WR�WKH�IORRU��WKHQ�EHFDXVH�LW�LV�FORVHU�WR�WKH�HDUWK��LW©V

SRWHQWLDO�HQHUJ\�KDV�GHFUHDVHG���6R�LW�KDV�QHJDWLYH�SRWHQWLDO�HQHUJ\���6R�LQ�WKLV��FDVH�

\RX�FRXOG�SUHWHQG�WKDW�WKLV�LV�WKH�SRWHQWLDO�HQHUJ\�RI�WKH�SHQ��SODFHV�WKH�SHQ�RQ�WKH

WDEOH��DQG�,�EULQJ�LW�GRZQ�KHUH��WR�GRZQ�KHUH��ILQDOO\�VHW�RQ�WKH�IORRU�DQG�EDFN�XS�VR��

§�

,W�WRRN�VRPH�PRUH�SURGGLQJ�EHIRUH�KH�FRQFOXGHG�

¦:HOO�WKLV�LV�WKH�IORRU��SRLQWV�WR�WKH�ERWWRP�RI�WKH�SRWHQWLDO�HQHUJ\�GLDJUDP����,Q

WKDW�DQDORJ\���6R�\RX�FRXOG�QRW�JR�EHORZ�QHJDWLYH����H9�§

x 3RVVLEOH�YDOXHV�RI�WRWDO�HQHUJ\�LQ�TXDQWXP�FDVH

6WXGHQWV�DOVR�KDYH�PDQ\�GLIILFXOWLHV�XQGHUVWDQGLQJ�WKH�WRWDO�HQHUJ\�LQ�TXDQWXP�FDVHV�

0RVW�RI�WKH�VWXGHQWV�WRWDOO\�LJQRUHG�WKH�TXDQWL]DWLRQ�RI�HQHUJ\�DQG�WKRXJKW�WKDW�RQO\

QHJDWLYH�WRWDO�HQHUJ\�LV�DOORZHG�LQ�TXDQWXP�VLWXDWLRQV���:KHQ�ZH�DVNHG�WKHP�ZKDW�WKH

SRVVLEOH�DOORZHG�YDOXHV�RI�WRWDO�HQHUJ\�FRXOG�WKH�SDUWLFOH�KDYH�LQ�D�ILQLWH�VTXDUH�ZHOO��RQO\

%RE�HYHU�PHQWLRQHG�DERXW�GLVFUHWH�HQHUJ\�OHYHOV�

¦<HV��WKHUH�DUH�RQO\�FHUWDLQ���OHW�PH�UHFDOO�LW���GLVWLQFW�OHYHOV�WKDW�LW�FDQ�RFFXS\

LQVLGH�WKLV�OLWWOH�ZHOO���<HDK���/LNH�,�VDLG��WKH�WRWDO�HQHUJ\���LW�FRXOG�EH�D�VHW�RI�GLVFUHWH

YDOXHV���,QVLGH�WKH�ZHOO���/HW�PH�WKLQN�IRU�D�VHFRQG���LW�ZLOO�KDYH�GLVFUHWH�HQHUJ\�OHYHOV

LI�WKH�WRWDO�HQHUJ\�LV�EHORZ��LV�QHJDWLYH�§



���

7KH�UHPDLQLQJ�ILYH�VWXGHQWV�DOO�KDG�VLPLODU�UHVSRQVHV�VXFK�DV�

¦1R��WKHUH�LV�QR�OLPLWDWLRQ���7KH�OLPLWDWLRQ�DJDLQ�KDV�WR�EH�WKH�IORRU���6HH�\RX�FDQ©W

JR�EHORZ�WKH�IORRU���<HDK��ZKLFK�ZRXOG�PHDQ�\RX�FDQ©W�JR�EHORZ�������6R�WKH�VDPH

OLPLWDWLRQ�DV�LQ�WKH�FODVVLFDO�FDVH�§

¦,W�FDQ�KDYH���QHJDWLYH�RU�SRVLWLYH���ZHOO�LW�FDQ��DQ\�ZKHUH�EHWZHHQ�]HUR�DQG

QHJDWLYH�WKLUW\���%XW�LW�FRXOGQ©W�KDYH�D�SRVLWLYH�YDOXH�§

1HZW�KDG�D�PRUH�H[SOLFLW�H[SODQDWLRQ�

¦,Q�WKH�TXDQWXP�PHFKDQLFDO�V\VWHP��ZH�FDQ�KDYH�QHJDWLYH�NLQHWLF�HQHUJ\���6R

ZKDWHYHU�SRWHQWLDO�HQHUJ\�LV���VR��\HV��ZH�FDQ�KDYH�DQ\�YDOXH�RI�WKH�HQHUJ\§

:KHQ�ZH�DVNHG�KLP�ZKDW�PDGH�KLP�WKLQN�VR��KH�YDFLOODWHG�

¦,�UHDG�LQ�D�ERRN���1R��,�ZDV�WROG�WKDW���1R���,�GRQ©W�UHPHPEHU�EHLQJ�WROG�WKDW

NLQHWLF�HQHUJ\�FDQ�EH�QHJDWLYH���,�UHPHPEHU�EHLQJ�WROG�WKDW�ZKHUH�WKH�NLQHWLF�HQHUJ\�LV

QHJDWLYH��\RX�FDQ�KDYH�D��SUREDELOLW\��RI�WKH�SDUWLFOH�EHLQJ�WKHUH�§

7KLV�VWDWHPHQW�SURYLGHV�YDOXDEOH�LQGLFDWLRQV���&ODVVURRP�LQVWUXFWLRQ�DQG�WH[WV�PDNH

VHHPLQJO\�LQQRFXRXV�VWDWHPHQWV�VXFK�DV�¦��WKHUH�LV�D�VRPH�VPDOO�SUREDELOLW\�RI�ILQGLQJ

WKH�SDUWLFOH�LQ�WKH�UHJLRQ�LQ�ZKLFK�LWV�WRWDO�HQHUJ\�(�LV�OHVV�WKDQ�LWV�SRWHQWLDO�HQHUJ\�8��

7KLV�UHJLRQ�LV�FDOOHG�WKH�FODVVLFDOO\�IRUELGGHQ�UHJLRQ�EHFDXVH�WKH�NLQHWLF�HQHUJ\��ZKLFK�LV

(�8���ZRXOG�EH�QHJDWLYH�ZKHQ�8�!(�§�DQG�¦��QHJDWLYH�NLQHWLF�HQHUJ\�KDV�QR�PHDQLQJ�LQ

FODVVLFDO�SK\VLFV�§�
�
��7KLV�UHYROXWLRQDU\�FRQFOXVLRQ�FDQ�PDNH�D�GUDPDWLF�LPSDFW�RQ�WKH

VWXGHQWV�DQG�WKH�WZR�IUDJPHQWV�RI�LQIRUPDWLRQ��QHJDWLYH�NLQHWLF�HQHUJ\�DQG�FODVVLFDOO\

IRUELGGHQ��LQ�RWKHU�ZRUGV��TXDQWXP�PHFKDQLFDOO\�DFFHSWDEOH��DUH�DSSHDU�WR�EH�PHPRUL]HG

E\�VWXGHQWV�DQG�XVHG�LQDSSURSULDWHO\�WKHLU�UHDVRQLQJ�

7R�WKHVH�VWXGHQWV��WKH�FRQFHSW�RI�TXDQWL]DWLRQ�RI�HQHUJ\�OHYHOV�RIWHQ�IDLOHG�WR�PDNH�D

VLJQLILFDQW�LPSDFW���:H�DVNHG�WKHP�ZKDW�ZRXOG�KDSSHQ�LI�ZH�FKDQJHG�WKH�HQHUJ\�WR��VD\���

��H9���:LWKRXW�WKH�VOLJKWHVW�KHVLWDWLRQ��WKH�VWXGHQWV�GUHZ�D�QHZ�KRUL]RQWDO�OLQH�WR�UHSUHVHQW

WKH�QHZ�YDOXH�RI�WKH�WRWDO�HQHUJ\�

¦6R�P\�HQHUJ\�OLQH�ZRXOG�PRYH�XS���0\�NLQHWLF�HQHUJ\�ZRXOG�LQFUHDVH���,QVLGH�WKH

ZHOO�§

7KLV�LQGLFDWHV�WKDW�WKH\�KDYHQ©W�EHHQ�DEOH�WR�EXLOG�XS�WKH�EDVLF�LQWXLWLRQ�DERXW�TXDQWXP

PHFKDQLFV�DQG�VWLOO�FRQVLGHU�TXDQWXP�VLWXDWLRQV�LQ�D�FODVVLFDO�VHQVH�

x &RQIXVLRQ�RQ�WKH�3UHGLFWDELOLW\�DQG�WKH�,QGHWHUPLQLVWLF�1DWXUH�RI�3UREDELOLW\

)ROORZLQJ�RXU�LQVWUXFWLRQ�LQ�ZKLFK�ZH�KDG�LQWURGXFHG�D�QXPEHU�RI�QHZ�FRQFHSWV�OLNH

¦UDQGRP�SLFWXUH§��¦SUREDELOLW\�RI�ILQGLQJ�DQ�REMHFW�LQ�FHUWDLQ�UHJLRQ§��HWF���ZH�ZHUH

LQWHUHVWHG�LQ�ILQGLQJ�RXW�KRZ�VWXGHQWV�XVH�WKH�WHUPV�¦UDQGRP§��¦SUREDELOLW\§�DQG�¦FKDQFH§�



���

6RPH�VWXGHQWV�GHYHORSHG�D�UHDVRQDEO\�JRRG�XQGHUVWDQGLQJ�RQ�WKLV�UDQGRP�SLFWXUH

PRGHO���%RE©V�GHVFULSWLRQ�RI�ZKDW�LW�PHDQV�WR�WDNH�D�SKRWRJUDSK�RI�WKH�SDUWLFOH�DW�D�UDQGRP

WLPH�JLYHV�D�JRRG�H[DPSOH�

¦:KDW�GRHV�LW�PHDQ"�-XVW�NLQG�RI�OLNH�LGHQWLI\�LW©V�ORFDWLRQ�����%XW�LW©V�OLNH��WDNLQJ

WKH�SLFWXUH�LV�OLNH�VWRSSLQJ�WLPH�DQG�VD\LQJ�2236��,�IRXQG�WKH�SDUWLFOH�KHUH���$QG

WKDW©V�ZKDW�,�WKLQN�RI�LW�§

¦$QG�WKH�UDQGRP�SDUW"�,�NLQG�RI�VHH�LW�DV�EHLQJ�EOLQG�IROGHG��MXVW�OHDQLQJ�EDFN�DQG

OLNH�VQDSSLQJ�WKH�SLFWXUH�§

7KH�IROORZLQJ�LV�ZKDW�KH�VDLG�DERXW�HVWLPDWLQJ�WKH�SUREDELOLW\�

¦+RZ�GR�,�HVWLPDWH"�2.���,�HVWLPDWH�WKH�SUREDELOLW\�E\�WKH�SHUFHQWDJH�RI�WRWDO�WLPH

LW�VSHQGV�LQ�HDFK�UHJLRQ���,�VRUW�RI�ORRN�DW�WKH�UDWLR�RI�WKH�WLPH�VSHQW�LQ�D�UHJLRQ�RYHU

WKH�WRWDO�WLPH�DV�WKH�SUREDELOLW\§

,Q�WKH�LQWHUYLHZV�ZH�DOVR�IRXQG�WKDW�WKH�VWXGHQWV�KROG�D�GHWHUPLQLVWLF�HPSLULFDO

LQWXLWLRQ�WRZDUG�SUREDELOLW\���7KH�GHVFULSWLRQ�LV�VRPHZKDW�NLQHPDWLF��DQG�VRPH�UHVSRQVHV

VKRZHG�DQ�LQFRUUHFW�LQWXLWLRQ�RQ�XQGHUVWDQGLQJ�WKH�GLIIHUHQFH�EHWZHHQ�WKH�LQGHWHUPLQLVWLF

QDWXUH�RI�DQ\�VLQJOH�REVHUYDWLRQ�DQG�WKH�VRPHZKDW�GHWHUPLQHG�SUREDEOH�GLVWULEXWLRQ�RI�WKH

UHVXOWV�RI�REVHUYDWLRQV�RQ�ODUJH�QXPEHU�RI�VDPSOHV�

7KLV�LV�KRZ�WKH�VWXGHQWV�FRQFHLYH�WKH�PHDQLQJ�RI�DQ�HPSLULFDO�SUREDELOLW\�GLVWULEXWLRQ�

¦��ZKHQ�\RX�XQGHUWDNH�DQ�HYHQW��WKH�OLNHOLKRRG�WKDW�ZKDW�\RX�ZDQW�ZLOO�RFFXU�§

7KHVH�VWXGHQWV�EULQJ�ZLWK�WKHP�WKH�EHOLHI�WKDW�D�VPDOO�VDPSOH�ZLOO�UHSOLFDWH�WKH

SUREDELOLVWLF�WUHQGV�H[SHFWHG�IURP�D�YHU\�ODUJH�QXPEHU�RI�WULDOV�DQG�WKDW�LW�LV�SRVVLEOH�WR

SUHGLFW�WKH�VSHFLILF�UHVXOW�RI�DQ\�VLQJOH�PHDVXUHPHQW�RQ�WKH�EDVLV�RI�WKH�SUHYLRXV�VHTXHQFH

RI�RXWFRPHV���:LWK�FXUUHQW�LQWHUYLHZ�SURWRFRO��ZH�RQO\�KDYH�OLPLWHG�GDWD�RQ�VWXGHQW

XQGHUVWDQGLQJ�RQ�WKLV�LVVXH���$V�D�IROORZ�XS�VWXG\��ZH�JLYH�D�SUHWHVW�WR�VWXGHQWV�LQ�DQ

DGYDQFHG�FODVV��3K\V������LQ�IDOO������2QH�RI�WKH�TXHVWLRQV�LV�RQ�SUREDELOLW\�ZLWK�D�FRLQ�

IOLSSLQJ�H[SHULPHQW��VHH�$SSHQGL[�'�IRU�WKH�TXHVWLRQ����7KH�GDWD�DQDO\VLV�VKRZV�WKDW�DERXW

������������RI�WKH�VWXGHQWV�WKLQN�WKDW�WKH�UHVXOW�RI�D�VLQJOH�FRLQ�IOLSSLQJ�HYHQW�LV

GHSHQGHQW�RQ�WKH�UHVXOWV�LQ�SUHYLRXV�FRLQ�IOLSSLQJ�UHVXOWV���,Q�DGGLWLRQ��DERXW�����RI�WKH

VWXGHQWV�WKLQN�WKDW�LI�WKH�FRLQ�LV�IOLSSHG�IRU�����WLPHV��WKHUH�ZLOO�EH�DQ�H[DFW������

GLVWULEXWLRQ�IRU�KHDGV�DQG�ERWWRPV���7KHVH�UHVXOWV�LQGLFDWH�WKDW�GLIILFXOWLHV�RQ�WKH

LQGHWHUPLQLVWLF�QDWXUH�RI�SUREDELOLW\�DUH�TXLWH�FRPPRQ�WR�VWXGHQWV�HYHQ�IRU�DGYDQFHG�OHYHO

XQGHUJUDGXDWHV�

x 'LIILFXOWLHV�RQ�8VLQJ�$SSURSULDWH�&RQFHSWV

,Q�WKH�LQWHUYLHZV��ZH�LQFOXGHG�D�TXHVWLRQ�VLPLODU�WR�WKH�ILQDO�H[DP�TXHVWLRQ�VKRZQ�LQ

ILJXUH�������2EVHUYDWLRQV�LQ�WKH�LQWHUYLHZV�VKRZHG�WKDW�VRPH�VWXGHQWV�ZHUH�QRW�DEOH�WR

GLIIHUHQWLDWH�WKH�GLIIHUHQFH�EHWZHHQ�TXDQWXP�DQG�FODVVLFDO�VLWXDWLRQV�DQG�ZHUH�QRW�VXUH

ZKHQ�LW�LV�DSSURSULDWH�WR�DSSO\�WKH�QHZ�TXDQWXP�FRQFHSWV���$V�D�UHVXOW��WKHUH�ZDV�D

WHQGHQF\�IRU�WKHVH�VWXGHQWV�WR�DSSO\�WKH�TXDQWXP�FRQFHSWV�WR�FODVVLFDO�VLWXDWLRQV�DQG�FUHDWH
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DGGLWLRQDO�GLIILFXOWLHV���)RU�H[DPSOH��ZKHQ�FRQVLGHULQJ�WKH�FODVVLFDO�V\VWHP��VRPH�VWXGHQWV

WULHG�XVH�WKH�ZDYHIXQFWLRQ�WR�GHVFULEH�D�FODVVLFDO�SDUWLFOH���6LQFH�WKH�ZDYHIXQFWLRQ��JLYHQ

LQ�ERWK�WKH�H[DP�DQG�LQWHUYLHZ�SURWRFRO��VWUHWFKHG�IDU�DZD\�LQWR�r�[�GLUHFWLRQ��DV�D�UHVXOW�

PDQ\�VWXGHQWV�FDPH�XS�ZLWK�WKH�LGHD�WKDW�WKH�SDUWLFOH�FDQ�H[LVW�RXWVLGH�WKH�ZHOO�LQ�D

FODVVLFDO�FDVH�

6XPPDU\�RI�6WXGHQW�'LIILFXOWLHV�RQ�,PSRUWDQW�&ODVVLFDO�&RQFHSWV

:H�KDYH�IRXQG�WKDW�PDQ\�VWXGHQWV�IDLO�WR�FRUUHFWO\�LQWHUSUHW�WKH�SRWHQWLDO�HQHUJ\

GLDJUDP���7KH\�RIWHQ�LQWHUSUHW�WKH�SRWHQWLDO�ZHOO�WKDW�UHSUHVHQWV�D���'�SK\VLFDO�V\VWHP�DV�D

��'�JUDYLWDWLRQDO�OLNH�ZHOO���:KHQ�SUHVHQWHG�ZLWK�D�VTXDUH�ZHOO�SRWHQWLDO�GLDJUDP��VWXGHQWV

ZHUH�XQDEOH�WR�DVVRFLDWH�DQ�DSSURSULDWH�SK\VLFDO�V\VWHP�ZLWK�LW���0DQ\�XVHG�WKHLU�VLPSOH

LQWXLWLRQ�RI�D�JUDYLWDWLRQDO�W\SH�RI�ZHOO�DQG�WUHDWHG�WKH�JUDSK�DV�WKH���'�VNHWFK�RI�WKH�UHDO

V\VWHP�

6WXGHQWV�DOVR�KDYH�GLIILFXOWLHV�ZLWK�WRWDO�HQHUJ\���$OPRVW�DOO�WKH�VWXGHQWV�LQWHUYLHZHG

KDG�FRQVLGHUDEOH�GLIILFXOWLHV�LQ�XQGHUVWDQGLQJ�ZKDW�YDOXHV�WKH�WRWDO�HQHUJ\�FDQ�KDYH�LQ�WKH

FODVVLFDO�FDVH���(YLGHQFH�IURP�RXU�LQWHUYLHZV�LQGLFDWH�WKDW�D�SRVVLEOH�UHDVRQ�FRXOG�EH�WKDW

WKH�VWXGHQWV�VHH�HQHUJ\�DV�D�GLUHFWO\�PHDVXUDEOH�SK\VLFDO�TXDQWLW\�DQG�H[SHFW�WKHVH�WR�KDYH

DQ�DEVROXWH�DQG�SRVLWLYH�YDOXH���7KH\�GR�QRW�VHH�HQHUJ\�DV�D�GHULYHG�TXDQWLW\�UHSUHVHQWLQJ

DQ�DEVWUDFW�DWWULEXWH�WKDW�GHSHQGV�XSRQ�KRZ�ZH�GHILQH�WKH�]HUR�RI�SRWHQWLDO�HQHUJ\���,W�LV

DOVR�OLNHO\�WKDW�PDQ\�RI�WKHP�FRQIXVHG�WKH�WRWDO�HQHUJ\�ZLWK�WKH�NLQHWLF�HQHUJ\���:KHQ�WKH

VWXGHQWV�WDON�DERXW�HQHUJ\�RU�WRWDO�HQHUJ\��LW�VHHPV�ZKDW�WKH\�UHDOO\�PHDQ�LV�WKH�NLQHWLF

HQHUJ\�

�)RU�WKH�SUREDELOLW\�LVVXHV��PRVW�VWXGHQWV�KDG�YHU\�OLWWOH�SUHYLRXV�H[SRVXUH�WR�LW��DQG

DOPRVW�QRQH�RI�WKHP�KDG�HYHU�XVHG�LW�WR�GHVFULEH�D�SK\VLFDO�V\VWHP���7KH�VWXGHQWV©

EDFNJURXQG�RQ�SUREDELOLW\�ZDV�YHU\�ZHDN�

:H�DOVR�GHYHORSHG�WXWRULDOV�WR�KHOS�WKH�VWXGHQWV�ZLWK�WKHLU�GLIILFXOWLHV�DQG

LPSURYHPHQW�KDV�EHHQ�IRXQG�LQ�WKH�VWXGHQW�XQGHUVWDQGLQJ�RI�WKHVH�LVVXHV�DIWHU�WKH

PRGLILHG�LQVWUXFWLRQ���+RZHYHU��HYHQ�ZLWK�PRGLILHG�LQVWUXFWLRQ�WKHVH�WZR�WRSLFV�UHPDLQ�WR

EH�GLIILFXOW�IRU�PDQ\�VWXGHQWV�

�
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5HIHUHQFH�DQG�(QGQRWHV�

������������������������������������������������
�
�7KLV�WXWRULDO��WKH�RULJLQDO�YHUVLRQ��LV�D�GHYHORSHG�E\�3��-ROO\�DQG�/��%DR���)XUWKHU

UHYLVLRQV�ZHUH�PDGH�E\�/��%DR�DQG�WKH�3(5*�DW�80G�

�
�3��-ROO\�HW�DO���¦9LVXDOL]LQJ�PRWLRQ�LQ�SRWHQWLDO�ZHOOV�§�$P��-��3K\V������������������������

�
�7KH�GDWD�DFTXLVLWLRQ�LV�XVLQJ�WKH�8/,�LQWHUIDFH�DQG�SURJUDP�027,21�DYDLODEOH�IURP

9HUQLHU���7KH�WUDQVGXFHUV�DUH�WKH�8OWUVRQLF�PRWLRQ�GHWHFWRU���9HUQLHU�SDUW�QXPEHU���DQG

WKH�6WXGHQWV�)RUFH�3UREH��9HUQLHU��SDUW�QXPEHU��

�
�3��$��7LSOHU��3K\VLFV�IRU�6FLHQWLVWV�DQG�(QJLQHHUV��9ROXPH����:RUWK�3XEOLVKHUV�������

S�����


