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$EVWUDFW

7KLQNLQJ�DQG�OHDUQLQJ�DUH�LQKHUHQWO\�WLHG�WR�RXU�SHUFHSWXDO�SURFHVVHV�DQG�SK\VLFDO�H[SHULHQFHV�LQ

WKH�ZRUOG��\HW�WKLV�FRQQHFWLRQ�LV�W\SLFDOO\�XQGHUXWLOL]HG�LQ�HGXFDWLRQ�DQG�HGXFDWLRQDO�WRROV��$V

HGXFDWLRQDO�WHFKQRORJLHV�DUH�GHYHORSHG�WR�VXSSRUW�VWXGHQW�OHDUQLQJ��WKHLU�GHVLJQ�VKRXOG�EH

LQIRUPHG�E\�WKHRU\�DQG�HYLGHQFH�WR�RSWLPL]H�WKH�LQVWUXFWLRQDO�VXSSRUW�WKDW�VWXGHQWV�UHFHLYH��7KH

SXUSRVH�RI�WKLV�ZRUN�LV�WR�DGYDQFH�FRJQLWLYH�WKHRULHV�RI�OHDUQLQJ�DQG�SURYLGH�UHFRPPHQGDWLRQV

IRU�UHVHDUFKHUV��WHDFKHUV��DQG�FRQWHQW�GHYHORSHUV�WR�OHYHUDJH�VWXGHQWV¶�SHUFHSWXDO�SURFHVVHV�DQG

ERG\�EDVHG�UHVRXUFHV�LQ�RQOLQH�LQVWUXFWLRQDO�PDWHULDOV�IRU�PDWK�HGXFDWLRQ��6SHFLILFDOO\��WKLV

GLVVHUWDWLRQ�LQFOXGHV�WKUHH�VWXGLHV�WKDW�GHPRQVWUDWH�KRZ�VXEWOH�SHUFHSWXDO�DQG�HPERGLHG�IHDWXUHV

PD\�EH�IHDVLEO\�LPSOHPHQWHG�LQ�RQOLQH�LQVWUXFWLRQDO�PDWHULDOV�DQG�KRZ�WKRVH�IHDWXUHV�LPSDFW

VWXGHQWV¶�UHDVRQLQJ��SHUIRUPDQFH��DQG�OHDUQLQJ�LQ�DULWKPHWLF�DQG�DOJHEUD��)LUVW��WKLV�GLVVHUWDWLRQ

GHVFULEHV�WKH�HIIHFWV�RI�VSDWLDO�SUR[LPLW\�EHWZHHQ�RSHUDQGV�LQ�RUGHU�RI�RSHUDWLRQ�SUREOHPV�RQ

VWXGHQW�SHUIRUPDQFH��6HFRQG��WKLV�GLVVHUWDWLRQ�H[SORUHV�WKH�UHODWLRQ�EHWZHHQ�VSDWLDO�SUR[LPLW\�LQ

QRWDWLRQ��VWXGHQWV¶�LQKLELWRU\�FRQWURO��DQG�SUREOHP�VROYLQJ�SHUIRUPDQFH��)LQDOO\��WKLV�GLVVHUWDWLRQ

GHVFULEHV�KRZ�ZRUNHG�H[DPSOHV�ZLWK�GLIIHUHQW�GHJUHHV�RI�VWXGHQW�LQWHUDFWLRQ�LPSDFW�OHDUQLQJ�LQ

RQOLQH�VHWWLQJV��7RJHWKHU��WKLV�ERG\�RI�ZRUN�SURYLGHV�LQVLJKWV�DV�WR�KRZ�FRJQLWLYH�WKHRULHV�PD\

EH�OHYHUDJHG�LQ�RQOLQH�OHDUQLQJ�HQYLURQPHQWV�E\�GHVLJQLQJ�SHUFHSWXDO�VFDIIROGV�DQG�HPERGLHG

IHDWXUHV�LQ�LQVWUXFWLRQDO�PDWHULDOV�IRU�PDWK�HGXFDWLRQ�

�



$FNQRZOHGJPHQWV

7KLV�GLVVHUWDWLRQ�LV�D�SURGXFW�RI�P\�ILYH�\HDUV�DW�:RUFHVWHU�3RO\WHFKQLF�,QVWLWXWH��:3,��

LQFOXGLQJ�WKH�VNLOOV�DFTXLUHG�DQG�LQVLJKWV�OHDUQHG�DV�,�HDUQHG�P\�0DVWHU¶V�GHJUHH��SXUVXHG�P\

3K�'���DQG�JDLQHG�H[SHULHQFHV�WR�VXSSRUW�P\�FDUHHU�JRDOV��,�DP�VR�JUDWHIXO�IRU�WKH�LQGLYLGXDOV

OLVWHG�EHORZ�DV�ZHOO�DV�HYHU\RQH�,�KDYH�EHHQ�IRUWXQDWH�HQRXJK�WR�OHDUQ�IURP��ZRUN�ZLWK��DQG

ODXJK�ZLWK�RYHU�WKH�SDVW�ILYH�\HDUV�LQ�WKH�:3,�FRPPXQLW\�DQG�WKURXJK�H[WHUQDO�FROODERUDWLRQV�

7KDQN�\RX�WR�P\�FRPPLWWHH�PHPEHUV��(ULQ�2WWPDU��1HLO�+HIIHUQDQ��-DFRE�:KLWHKLOO��DQG

0LWFKHOO�1DWKDQ��<RXU�PHQWRUVKLS��VXSSRUW��DQG�DGYRFDF\�KDYH�EHHQ�LQVWUXPHQWDO�LQ�P\�WUDLQLQJ�

7KDQN�\RX�WR�P\�PHQWRU�DQG�FROODERUDWRU��-HQQ\�&KDQ��7KDQN�\RX�IRU�\RXU�PHQWRUVKLS

DQG�NLQGQHVV�DQG�IRU�VKDULQJ�\RXU�SURMHFW�PDQDJHPHQW�DQG�ZULWLQJ�SUDFWLFHV�ZLWK�PH�

7KDQN�\RX�WR�P\�ODE�PHPEHUV��FROODERUDWRUV��DQG�PHQWRUV�DFURVV�WKH�/HDUQLQJ�6FLHQFHV

	�7HFKQRORJLHV�FRPPXQLW\��,Q�SDUWLFXODU��WKDQN�\RX�WR�$QWKRQ\�%RWHOKR��+DQQDK�6PLWK��7D\O\Q

+XOVH��'DQ�0DQ]R��-RKQ�(ULFNVRQ��9\�1JR��DQG�/XLVD�3HUH]�/DFHUD�

7KDQN�\RX�WR�WKH�WHDFKHUV�DQG�VWXGHQWV�WKDW�PDGH�WKLV�UHVHDUFK�SRVVLEOH��$OWKRXJK�WKH

SDVW�FRXSOH�RI�\HDUV�KDYH�EHHQ�SDUWLFXODUO\�GLIILFXOW��\RX�IRXQG�D�ZD\�WR�SDUWLFLSDWH�LQ�WKHVH

VWXGLHV��7KDQN�\RX�IRU�\RXU�FRPPLWPHQW�WR�DGYDQFLQJ�HGXFDWLRQDO�SUDFWLFHV�

7KDQN�\RX�WR�P\�IDPLO\�PHPEHUV�DQG�IULHQGV�IRU�\RXU�ORYH��VXSSRUW��DQG�LQWHUHVW�LQ�P\

ZRUN��7KH�VXSSRUW�V\VWHP�\RX�SURYLGH�LV�WKH�NH\�WR�DQ\�VXFFHVV�,�KDYH�DQG�ORWV�RI�P\�KDSSLQHVV�

0RVW�LPSRUWDQWO\��WKDQN�\RX�WR�P\�ZRQGHUIXO�KXVEDQG��&ROH��IRU�\RXU�ORYH��VXSSRUW��DQG

XQG\LQJ�SDWLHQFH��$V�SURXG�DV�,�DP�RI�WKH�UHVHDUFK�SUHVHQWHG�KHUH��,�DP�RYHUZKHOPHG�ZLWK�MR\

E\�WKH�PLOHVWRQHV�WKDW�ZH�KDYH�UHDFKHG�WRJHWKHU�GXULQJ�WKH�SDVW�ILYH�\HDUV�RXWVLGH�RI�ZRUN�

7KDQN�\RX�IRU�PDUU\LQJ�PH��PRYLQJ�WR�QHZ�VWDWHV��UDLVLQJ�D�SXSS\��DQG�PDNLQJ�OLIH�DV�VZHHW�DV

SRVVLEOH��7R�RXU�QH[W�DGYHQWXUH�

�



)XQGLQJ

7KH�UHVHDUFK�SUHVHQWHG�LQ�WKLV�GLVVHUWDWLRQ�KDV�EHHQ�ILQDQFLDOO\�VXSSRUWHG�E\�GLIIHUHQW

IXQGLQJ�DYHQXHV��,�ZDV�DZDUGHG�D�0DULHWWD�$QGHUVRQ�*UDGXDWH�)HOORZVKLS�E\�:RUFHVWHU

3RO\WHFKQLF�,QVWLWXWH��:3,��WR�FRYHU�P\�WXLWLRQ�DQG�UHVHDUFK�VWLSHQG�IRU�WKH�����������VFKRRO

\HDU��,�ZDV�VXSSRUWHG�E\�WKH�*UDGXDWH�$VVLVWDQFH�LQ�$UHDV�RI�1DWLRQDO�1HHG�LQ�����������XQGHU

IHOORZVKLSV��3���$�������DQG��3$���$�������DZDUGHG�WR�:3,��)ROORZLQJ�WKDW��,�ZDV

DZDUGHG�D�1DWLRQDO�6FLHQFH�)RXQGDWLRQ�*UDGXDWH�5HVHDUFK�)HOORZVKLS������������WR�FRYHU�P\

WXLWLRQ�DQG�UHVHDUFK�VWLSHQG�IURP������������$Q\�RSLQLRQV��ILQGLQJV��DQG�FRQFOXVLRQV�RU

UHFRPPHQGDWLRQV�H[SUHVVHG�LQ�WKLV�PDWHULDO�DUH�WKRVH�RI�WKH�DXWKRU�DQG�GR�QRW�QHFHVVDULO\�UHIOHFW

WKH�YLHZV�RI�WKH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ��$GGLWLRQDOO\��,�ZDV�DZDUGHG�D�3VL�&KL��7KH

,QWHUQDWLRQDO�+RQRU�6RFLHW\�LQ�3V\FKRORJ\��*UDGXDWH�5HVHDUFK�*UDQW�IRU�����������WR�VXSSRUW

WKH�SURMHFW�SUHVHQWHG�LQ�&KDSWHU����$Q\�IXQGLQJ�WKDW�KDV�VXSSRUWHG�WKH�HGXFDWLRQDO�WHFKQRORJ\

SODWIRUPV�XVHG�IRU�WKLV�UHVHDUFK�LV�DFNQRZOHGJHG�ZLWKLQ�WKH�UHOHYDQW�FKDSWHU�

�



7DEOH�RI�&RQWHQWV

$EVWUDFW �

$FNQRZOHGJPHQWV �

)XQGLQJ �

7DEOH�RI�&RQWHQWV �

&KDSWHU����,QWURGXFWLRQ �
6WXG\����7KH�(IIHFW�RI�6SDFLQJ�LQ�0DWK�([SUHVVLRQV�RQ�6WXGHQW�3HUIRUPDQFH ��
6WXG\����7KH�5HODWLRQ�%HWZHHQ�6SDFLQJ��,QKLELWLRQ�6NLOOV��DQG�0DWK�3HUIRUPDQFH ��
6WXG\����7KH�,PSDFW�RI�$FWLRQ�DQG�6HOI�([SODQDWLRQ�LQ�:RUNHG�([DPSOHV�RQ�/HDUQLQJ ��
5HIHUHQFHV ��

&KDSWHU����6SDFLQJ�2XW��0DQLSXODWLQJ�6SDWLDO�)HDWXUHV�LQ�0DWKHPDWLFDO�([SUHVVLRQV
$IIHFWV�3HUIRUPDQFH ��

$EVWUDFW ��
6SDFLQJ�2XW��0DQLSXODWLQJ�6SDWLDO�)HDWXUHV�LQ�0DWKHPDWLFDO�([SUHVVLRQV�$IIHFWV
3HUIRUPDQFH ��
7KH�3UHVHQW�6WXG\ ��
0HWKRGV ��

6WXG\�&RQWH[W ��
3DUWLFLSDQWV ��
([SHULPHQWDO�&RQGLWLRQV�DQG�3URFHGXUH ��
0HDVXUHV ��

3ULRU�0DWKHPDWLFV�3HUIRUPDQFH ��
*UDGH�/HYHO ��

$SSURDFK�WR�$QDO\VLV ��
5HVXOWV ��

'HVFULSWLYH�6WDWLVWLFV ��
+LHUDUFKLFDO�/LQHDU�0RGHOV�([DPLQLQJ�WKH�,PSDFW�RI�6SDFLQJ�&RQGLWLRQ�RQ�0DVWHU\
6SHHG ��

0RGHO����5HVHDUFK�4XHVWLRQ����'RHV�6SDFLQJ�,QIOXHQFH�$VVLJQPHQW�0DVWHU\�6SHHG"
��
0RGHO����5HVHDUFK�4XHVWLRQ����'RHV�3ULRU�3HUIRUPDQFH�0RGHUDWH�WKH�(IIHFW�RI
&RQGLWLRQ�RQ�$VVLJQPHQW�0DVWHU\�6SHHG" ��
0RGHO����5HVHDUFK�4XHVWLRQ����'RHV�*UDGH�0RGHUDWH�WKH�(IIHFW�RI�&RQGLWLRQ�RQ
$VVLJQPHQW�0DVWHU\�6SHHG" ��

'LVFXVVLRQ ��

�



3K\VLFDO�6SDFLQJ�LQ�0DWK�([SUHVVLRQV�$IIHFWV�6WXGHQW�3HUIRUPDQFH ��
3ULRU�0DWK�3HUIRUPDQFH��*UDGH�/HYHO��DQG�6SDFLQJ�&RQGLWLRQV ��
,PSOLFDWLRQV�IRU�7HDFKLQJ�DQG�/HDUQLQJ ��
/LPLWDWLRQV ��
)XWXUH�'LUHFWLRQV ��

&RQFOXVLRQ ��
)XQGLQJ ��
&RPSHWLQJ�,QWHUHVWV ��
$FNQRZOHGJHPHQWV ��
5HIHUHQFHV ��

&KDSWHU����5HVLVWLQJ�WKH�8UJH�WR�&DOFXODWH��7KH�5HODWLRQ�%HWZHHQ�,QKLELWLRQ�6NLOOV�DQG
3HUFHSWXDO�&XHV�LQ�$ULWKPHWLF�3HUIRUPDQFH ��

$EVWUDFW ��
5HVLVWLQJ�WKH�8UJH�WR�&DOFXODWH��7KH�5HODWLRQ�%HWZHHQ�,QKLELWRU\�&RQWURO�DQG�3HUFHSWXDO
&XHV�LQ�$ULWKPHWLF�3HUIRUPDQFH ��

3HUFHSWXDO�/HDUQLQJ��7KHRU\�DQG�0HFKDQLVPV ��
6SDFLQJ�DV�D�3HUFHSWXDO�*URXSLQJ�0HFKDQLVP ��
,QKLELWLRQ�DQG�0DWKHPDWLFV ��
&XUUHQW�6WXG\ ��

0HWKRGV ��
3DUWLFLSDQWV ��
6WXG\�'HVLJQ�DQG�3URFHGXUH ��
0DWHULDOV ��

2UGHU�RI�2SHUDWLRQV�3UREOHPV ��
6WURRS�7DVN ��
0HDVXUHV ��
$SSURDFK�WR�$QDO\VLV ��

5HVXOWV ��
3UHOLPLQDU\�$QDO\VLV ��
(IIHFWV�RI�3K\VLFDO�6SDFLQJ�RQ�&RQJUXHQW�DQG�,QFRQJUXHQW�3UREOHP�6ROYLQJ ��

3UH�UHJLVWHUHG�$QDO\VLV��(IIHFW�RI�3HUFHSWXDO�&XHV�&RQWUROOLQJ�IRU�%DVHOLQH�$FFXUDF\
��
([SORUDWRU\�$QDO\VLV��(IIHFW�RI�3HUFHSWXDO�&XHV�E\�%DVHOLQH�3HUIRUPDQFH ��

(IIHFWV�RI�,QKLELWRU\�&RQWURO�RQ�2UGHU�RI�2SHUDWLRQV�3UREOHPV ��
3UH�UHJLVWHUHG�$QDO\VLV��(IIHFWV�RI�,QKLELWRU\�&RQWURO�ZLWK�WKH�%DVHOLQH�&RYDULDWH ��
([SORUDWRU\�$QDO\VLV��(IIHFWV�RI�3HUFHSWXDO�&XHV�E\�,QKLELWRU\�&RQWURO ��

'LVFXVVLRQ ��
(IIHFW�RI�3K\VLFDO�6SDFLQJ�RQ�3HUIRUPDQFH ��

�



/LPLWDWLRQV�DQG�)XWXUH�'LUHFWLRQV ��
&RQFOXVLRQV ��

5HIHUHQFHV ��

&KDSWHU����9LHZLQJ�YV��0LUURULQJ��7KH�(IIHFWV�RI�$FWLRQ�DQG�6HOI�([SODQDWLRQ�LQ�:RUNHG
([DPSOHV�RQ�$OJHEUD�/HDUQLQJ ��

$EVWUDFW ��
9LHZLQJ�YV��0LUURULQJ��7KH�(IIHFWV�RI�$FWLRQ�DQG�6HOI�([SODQDWLRQ�LQ�:RUNHG�([DPSOHV�RQ
$OJHEUD�/HDUQLQJ ��

7KHRUHWLFDO�%DFNJURXQG ��
&RJQLWLYH�/RDG�7KHRU\ ��
(PERGLHG�&RJQLWLRQ�DQG�'HVLJQ ��
7HVWLQJ�DQG�,QWHJUDWLQJ�&RJQLWLYH�7KHRULHV�WR�'HVLJQ�:RUNHG�([DPSOHV ��

7KH�&XUUHQW�6WXG\ ��
0HWKRGV ���

3DUWLFLSDQWV ���
6WXG\�3URFHGXUH ���
'D\�2QH��3UHWHVW ���

$OJHEUD�.QRZOHGJH�$VVHVVPHQWV ���
'D\�7ZR��,QWHUYHQWLRQ ���

7XWRULDOV ���
:RUNHG�([DPSOHV�DQG�3DLUHG�3UDFWLFH�3UREOHPV ���
&RQGLWLRQV ���
&RJQLWLYH�/RDG�0HDVXUH ���

'D\�7KUHH��3RVWWHVW ���
$SSURDFK�WR�$QDO\VLV ���
5HVXOWV ���

3UHOLPLQDU\�$QDO\VHV ���
3ULPDU\�$QDO\VLV ���

(IIHFWV�RI�:RUNHG�([DPSOH�&RQGLWLRQ�RQ�&RJQLWLYH�/RDG ���
'LVFXVVLRQ ���

7KH�:RUNHG�([DPSOH�(IIHFW ���
9LHZLQJ�YV��0LUURULQJ�:RUNHG�([DPSOHV ���
7KH�,PSDFW�RI�6HOI�([SODQDWLRQ�3URPSWV ���
7KH�,PSDFW�RI�:RUNHG�([DPSOHV�RQ�&RJQLWLYH�/RDG ���
/LPLWDWLRQV�DQG�)XWXUH�'LUHFWLRQV ���
,PSOLFDWLRQV�DQG�&RQFOXVLRQV ���

5HIHUHQFHV ���

&KDSWHU����'LVFXVVLRQ ���

�



6XPPDU\�DQG�,QWHUSUHWDWLRQV�RI�)LQGLQJV ���
&XUUHQW�/LPLWDWLRQV�,QYLWH�)XWXUH�'LUHFWLRQV ���

(PEUDFLQJ�&RPSOH[LW\�ZLWK�:RUNHG�([DPSOHV�DQG�,QVWUXFWLRQDO�0DWHULDOV ���
,PSOHPHQWLQJ�/RQJ�7HUP�,QVWUXFWLRQDO�6XSSRUW�LQ�2QOLQH�3ODWIRUPV ���
$GYDQFLQJ�0HWKRGRORJLFDO�3UDFWLFHV�LQ�WKH�/HDUQLQJ�6FLHQFHV ���

&RQFOXVLRQ ���
5HIHUHQFHV ���

�



&KDSWHU����,QWURGXFWLRQ

6WXGHQWV¶�PDWKHPDWLFV�VNLOOV��HGXFDWLRQ��DQG�DFKLHYHPHQW�DUH�UHODWHG�WR�PXOWLSOH

RXWFRPHV�WKURXJKRXW�WKHLU�OLIHVSDQ��)RU�LQVWDQFH��FKLOGKRRG�SHUIRUPDQFH�LQ�PDWKHPDWLFV�DV�HDUO\

DV�NLQGHUJDUWHQ�LV�D�SUHGLFWRU�RI�ODWHU�DFKLHYHPHQW��&ODHVVHQV�	�(QJHO���������)XUWKHU�

PDWKHPDWLFV�HGXFDWLRQ�DQG�DFKLHYHPHQW�DUH�UHODWHG�WR�QHXURSODVWLFLW\�DQG�EUDLQ�GHYHORSPHQW

GXULQJ�DGROHVFHQFH��=DFKDURSRXORV�HW�DO����������DQG�HPSOR\PHQW�GXULQJ�DGXOWKRRG��3DUVRQV�	

%\QQHU���������,PSRUWDQWO\��DOJHEUD�LV�FRPPRQO\�FRQVLGHUHG D�JDWHZD\�WR�KLJKHU�OHYHO

PDWKHPDWLFV�IRU�VWXGHQWV�LQ�KLJK�VFKRRO�DQG�EH\RQG��0DWWKHZV�	�)DUPHU���������,Q�SDUWLFXODU�

VWXGHQWV�ZKR�SURJUHVV�EH\RQG�$OJHEUD���DUH�PRUH�OLNHO\�WR�RXWSHUIRUP�WKHLU�SHHUV�RQ�QDWLRQDO

DVVHVVPHQWV��.HQD�HW�DO����������+RZHYHU� PDQ\�VWXGHQWV VWUXJJOH�WR�JUDVS�EDVLF�DOJHEUDLF

FRQFHSWV��EDUULQJ�PRVW�VWXGHQWV�IURP�SXUVXLQJ�IXUWKHU�PDWKHPDWLFV �.HQD�HW�DO����������7KLV

VWUXJJOH�PD\�EH�SDUWLDOO\�DWWULEXWHG�WR�WKH�FKDOOHQJH�WKDW�VWXGHQWV�IDFH�LQ�OHDUQLQJ�SURFHGXUDO

UXOHV�DV�ZHOO�DV�WKH�FRQFHSWXDO�NQRZOHGJH�WR�DSSURSULDWHO\�DSSO\�WKRVH�UXOHV�LQ�SUDFWLFH�

7KHUHIRUH��LW�LV�FULWLFDO�WR�SURYLGH�HIIHFWLYH�LQVWUXFWLRQDO VXSSRUW�IRU�VWXGHQWV�WR�DFTXLUH

SURFHGXUDO�VNLOOV�DQG�FRQFHSWXDO�NQRZOHGJH�QHFHVVDU\�IRU�VXFFHVV�LQ�DOJHEUD�

,�SRVLW�WKDW�E\�KDUQHVVLQJ�WKH�NQRZOHGJH�WKDW�FRJQLWLRQ�LV�VKDSHG�E\�RXU�SK\VLFDO

H[SHULHQFHV��OHDUQLQJ�WHFKQRORJLHV�DQG�WRROV�FDQ�GHVLJQ�PRUH�HIIHFWLYH�LQVWUXFWLRQDO�VXSSRUW��H�J��

WKURXJK�SHUFHSWXDO�VFDIIROGLQJ�DQG�ZRUNHG�H[DPSOHV��WR�KHOS�VWXGHQWV�SURJUHVV�EH\RQG�HDUO\

DOJHEUD��0\�WKHRUHWLFDO�IUDPHZRUN�LV�ODUJHO\�LQIRUPHG�E\�WKHRULHV�RI�SHUFHSWXDO�OHDUQLQJ��H�J��

&ORVVHU�HW�DO���XQGHU�UHYLHZ��*ROGVWRQH�������*ROGVWRQH�HW�DO���������DQG�HPERGLHG�FRJQLWLRQ

DQG�OHDUQLQJ��H�J���1DWKDQ���������������7RJHWKHU��WKHVH�WKHRUHWLFDO�SHUVSHFWLYHV�DUJXH�WKDW

WKLQNLQJ�DQG�OHDUQLQJ�DUH�UHIOHFWHG�LQ��DQG�DW�OHDVW�SDUWLDOO\�LPSDFWHG�E\��D�F\FOLFDO�UHODWLRQVKLS

EHWZHHQ��D��RXU�SHUFHSWXDO�SURFHVVHV�ZKLFK�LQWHUSUHW LQFRPLQJ LQIRUPDWLRQ�IURP�WKH

�



HQYLURQPHQW��DQG�E��RXU�SK\VLFDO�DFWLRQV�ZKLFK�SURYLGH RXWJRLQJ GLVSOD\V�RI�FRJQLWLRQ�DQG

JDUQHU�IHHGEDFN�IURP�RXU�HQYLURQPHQWV��,Q�WHUPV�RI�PDWK�HGXFDWLRQ��XQGHUVWDQGLQJ�KRZ

VWXGHQWV¶�SHUFHSWXDO�SURFHVVHV�DQG�ERG\�EDVHG�UHVRXUFHV��H�J���DFWLRQV��PRYHPHQW��VSHHFK�

JHVWXUHV��LQIOXHQFH�UHDVRQLQJ�DQG�OHDUQLQJ�PD\�SUHVHQW�QHZ�RSSRUWXQLWLHV�LQ�LQVWUXFWLRQDO

SUDFWLFH�DQG�FRQWHQW�GHVLJQ�LQ�HGXFDWLRQDO�WHFKQRORJLHV�WR�VXSSRUW�VWXGHQW�WKLQNLQJ�DQG�OHDUQLQJ

LQ�PDWK�

7KLV�GLVVHUWDWLRQ�DLPV�WR�GHPRQVWUDWH��D��KRZ�SHUFHSWXDO�VFDIIROGV�DQG�HPERGLHG�IHDWXUHV

PD\�EH�IHDVLEO\�LPSOHPHQWHG�LQ�RQOLQH�DFWLYLWLHV�DFURVV�WZR�OHDUQLQJ�HQYLURQPHQWV��DQG�E��KRZ

WKHVH�VXEWOH�IHDWXUHV�LPSDFW�VWXGHQWV¶�SHUIRUPDQFH�DQG�OHDUQLQJ�LQ�DOJHEUD��,PSRUWDQWO\��WKLV

UHVHDUFK�LV�QRW�WHVWLQJ�WKH�HIILFDF\�RI�DQ\�OHDUQLQJ�WHFKQRORJLHV��,QVWHDG��PXOWLSOH�OHDUQLQJ

WHFKQRORJLHV�KDYH�EHHQ�XVHG�DV�UHVHDUFK�SODWIRUPV�WR�WHDVH�DSDUW�KRZ�PXOWLSOH�FRJQLWLYH

PHFKDQLVPV�PD\�ZRUN�WRJHWKHU�WR�LQIOXHQFH�OHDUQLQJ��7KURXJK�WKLV�OLQH�RI�UHVHDUFK��,�DLP�WR

LQIRUP�FRJQLWLYH�WKHRULHV�RI�OHDUQLQJ�DV�ZHOO�DV�LPSURYH�RQOLQH�DQG�WHFKQRORJ\�DXJPHQWHG

OHDUQLQJ�HQYLURQPHQWV�E\�SURYLGLQJ�UHFRPPHQGDWLRQV�IRU�UHVHDUFKHUV��WHDFKHUV��DQG�FRQWHQW

GHYHORSHUV�WKDW�OHYHUDJH�RXU�ERG\�EDVHG�UHVRXUFHV�IRU�OHDUQLQJ��7R�UHIOHFW�WKLV�ZRUN��,�SUHVHQW

WKUHH�SURMHFWV�WKDW�GHPRQVWUDWH�KRZ�SHUFHSWXDO�DQG�HPERGLHG�VFDIIROGV�PD\�EH�LPSOHPHQWHG�LQ

RQOLQH�OHDUQLQJ�V\VWHPV�DQG�LQYHVWLJDWH�KRZ�WKHVH�VXEWOH�IHDWXUHV�LQ�RQOLQH�LQVWUXFWLRQDO�PDWHULDOV

PD\�VKDSH�VWXGHQWV¶�UHDVRQLQJ��OHDUQLQJ��DQG�SHUIRUPDQFH�LQ�PDWK��7KLV�UHVHDUFK�ZDV�FRQGXFWHG

DFURVV�WZR�RQOLQH�OHDUQLQJ�SODWIRUPV��L�H���$66,67PHQWV�DQG�*UDVSDEOH�0DWK��DV�ZHOO�DV�WKURXJK

WZR�DGGLWLRQDO�UHVHDUFK�SODWIRUPV��L�H���4XDOWULFV�DQG�3V\FKRS\���)LUVW��,�LQFOXGH�D�SXEOLVKHG

PDQXVFULSW�GHWDLOLQJ�WKH�HIIHFWV�RI�VSDWLDO�SUR[LPLW\�EHWZHHQ�RSHUDQGV�LQ�RUGHU�RI�RSHUDWLRQ

SUREOHPV�RQ�VWXGHQW�SHUIRUPDQFH��+DUULVRQ�HW�DO����������6HFRQG��,�LQFOXGH�DQ�LQ�SUHSDUDWLRQ

PDQXVFULSW�WKDW�H[WHQGV�WKLV�ZRUN�E\�H[SORULQJ�WKH�UHODWLRQ�EHWZHHQ�VSDWLDO�SUR[LPLW\�LQ

�



QRWDWLRQ��VWXGHQWV¶�LQKLELWRU\�FRQWURO��DQG�SUREOHP�VROYLQJ�SHUIRUPDQFH��)LQDOO\��,�SUHVHQW

SUHOLPLQDU\�UHVXOWV�IURP�P\�SURSRVHG�VWXG\��FRPSDULQJ�KRZ�ZRUNHG�H[DPSOHV�LPSDFW�VWXGHQW

OHDUQLQJ�LQ�RQOLQH�VHWWLQJV�ZKHQ�WKH\�DUH�GHVLJQHG�IURP�SULQFLSOHV�RI�FRJQLWLYH�ORDG�WKHRU\�DQG

HPERGLHG�FRJQLWLRQ��6SHFLILFDOO\��WKHVH�VWXGLHV�DGGUHVV�

�� +RZ�GR�SHUFHSWXDO�FXHV��L�H���VSDFLQJ��LQ�DULWKPHWLF�SUREOHPV�LPSDFW�VWXGHQWV¶

SHUIRUPDQFH"

�� +RZ�GR�SHUFHSWXDO�FXHV��L�H���VSDFLQJ��LQ�DULWKPHWLF�SUREOHPV�LQWHUDFW�ZLWK�VWXGHQWV¶

LQKLELWLRQ�VNLOOV�WR�LPSDFW�SHUIRUPDQFH"

�� +RZ�GR�IHDWXUHV�RI�ZRUNHG�H[DPSOHV�WKDW�OHYHUDJH�VWXGHQW�LQWHUDFWLRQ�LPSDFW�OHDUQLQJ�LQ

DOJHEUD"

,�FORVH�WKH�GLVVHUWDWLRQ�ZLWK�D�³'LVFXVVLRQ´�LQ�ZKLFK�,�GHVFULEH�NH\�WDNHDZD\V�DQG

LQVLJKWV��DGGUHVV�OLPLWDWLRQV��DQG�VKDUH�IXWXUH�DYHQXHV�IRU�DGYDQFLQJ�FRJQLWLYH�WKHRULHV�RI

OHDUQLQJ��LQIRUPLQJ�LQVWUXFWLRQDO�SUDFWLFH��DQG�SURYLGLQJ�UHFRPPHQGDWLRQV�IRU�HGXFDWLRQDO

WHFKQRORJ\�GHVLJQ��$�V\QRSVLV�RI�HDFK�SURMHFW�LV�SUHVHQWHG�EHORZ�

6WXG\����7KH�(IIHFW�RI�6SDFLQJ�LQ�0DWK�([SUHVVLRQV�RQ�6WXGHQW�3HUIRUPDQFH

,Q�&KDSWHU����,�SUHVHQW�WKH�PDQXVFULSW��³6SDFLQJ�2XW� 0DQLSXODWLQJ�6SDWLDO�)HDWXUHV�LQ

0DWKHPDWLFDO�([SUHVVLRQV�$IIHFWV�3HUIRUPDQFH´��+DUULVRQ HW�DO����������ZKLFK�ZDV�SXEOLVKHG�LQ

WKH -RXUQDO�RI�1XPHULFDO�&RJQLWLRQ� 7KLV�H[SHULPHQW SURYLGHV�FRQILUPDWRU\�HYLGHQFH�RI�WKH

HIIHFW�RI�VSDFLQJ�EHWZHHQ�V\PEROV�ZLWKLQ�PDWKHPDWLFDO�H[SUHVVLRQV�RQ�VWXGHQW�SHUIRUPDQFH�

6SHFLILFDOO\��ZH�LQYHVWLJDWHG�KRZ�WKH�SUHVHQWDWLRQ�RI�H[SUHVVLRQV�LPSDFWHG�VWXGHQWV¶�DGKHUHQFH

WR�WKH�RUGHU�RI�RSHUDWLRQV��H�J���SHUIRUPLQJ�FDOFXODWLRQV�ZLWKLQ�SDUHQWKHVHV�ILUVW��FRPSOHWLQJ

PXOWLSOLFDWLRQ�DQG�GLYLVLRQ�FDOFXODWLRQV�EHIRUH�DGGLWLRQ�DQG�VXEWUDFWLRQ���$�WRWDO�RI������

VWXGHQWV�LQ�ILIWK�WKURXJK�WZHOIWK�JUDGH�ZHUH�UDQGRPO\�DVVLJQHG�WR�RQH�RI�IRXU�FRQGLWLRQV�ZLWKLQ

��



DQ�RQOLQH�SUREOHP�VHW��ZLWK�V\PEROV�LQ�WKH�DOJHEUDLF�H[SUHVVLRQV�VSDFHG��� QHXWUDOO\��ZLWK�QR

VSDFHV�LQ�WKH�H[SUHVVLRQ��H�J����
�������� FRQJUXHQW ZLWK�WKH�RUGHU�RI�RSHUDWLRQV�WKURXJK

JURXSLQJ�WHUPV��H�J����
������������ LQFRQJUXHQW ZLWK WKH�RUGHU�RI�RSHUDWLRQV��H�J������
��������RU

�� PL[HG��D�FRPELQDWLRQ�RI�WKH�SUHYLRXV�FRQGLWLRQV� :H�IRXQG�WKDW�VWXGHQWV�ZKR�YLHZHG

SUREOHPV�ZLWK�LQFRQJUXHQW�VSDFLQJ�PDGH�PRUH�HUURUV�DQG�KDG�WR�VROYH�PRUH�SUREOHPV�WR

FRPSOHWH�WKH�DVVLJQPHQW�WKDQ�WKRVH�ZKR�YLHZHG�FRQJUXHQW�RU�QHXWUDOO\�VSDFHG�SUREOHPV�

$GGLWLRQDOO\��VWXGHQWV�ZKR�YLHZHG�SUREOHPV�ZLWK�PL[HG�VSDFLQJ�KDG�WR�VROYH�PRUH�SUREOHPV�WR

FRPSOHWH�WKH�DVVLJQPHQW�WKDQ�VWXGHQWV�ZKR�YLHZHG�FRQJUXHQW�SUREOHPV��:H�FRQFOXGHG�WKDW

YLHZLQJ�H[SUHVVLRQV�ZLWK�VSDFLQJ�WKDW�LV�LQFRQJUXHQW�ZLWK�WKH�RUGHU�RI�RSHUDWLRQV�SUHVHQWV

FKDOOHQJHV�IRU�VWXGHQWV��2YHUDOO��WKHVH�UHVXOWV�UHSOLFDWHG�SULRU�UHVHDUFK�RQ�SHUFHSWXDO�OHDUQLQJ

�H�J���/DQG\�	�*ROGVWRQH��������LQ�DQ�RQOLQH�KRPHZRUN�HQYLURQPHQW�DQG�VXSSRUW�WKH�FODLP�WKDW

VSDFLQJ�EHWZHHQ�V\PEROV�LQIOXHQFHV�VWXGHQW�SHUIRUPDQFH�RQ�RUGHU�RI�RSHUDWLRQV�SUREOHPV��)URP

WKHVH�ILQGLQJV��ZH�FRQWHQG�WKDW�RQOLQH�SODWIRUPV�FRXOG�OHYHUDJH�VSDFLQJ�WR�KHOS�VWXGHQWV�OHDUQ

DQG�DWWHQG�WR�WKH�RUGHU�RI�RSHUDWLRQV�WKHQ�IDGH�SHUFHSWXDO�VXSSRUW�RYHU�WLPH�

6WXG\����7KH�5HODWLRQ�%HWZHHQ�6SDFLQJ��,QKLELWLRQ�6NLOOV��DQG�0DWK�3HUIRUPDQFH

7KH�SUHYLRXV�VWXG\��+DUULVRQ�HW�DO���������GHPRQVWUDWHV�KRZ�UREXVW�WKH�LPSDFW�RI

SHUFHSWXDO�FXHV�RQ�VWXGHQWV¶�SUREOHP�VROYLQJ�SHUIRUPDQFH�FDQ�EH��H[WHQGLQJ�DFURVV�JUDGH�OHYHOV

DQG�SULRU�NQRZOHGJH��+RZHYHU��RWKHU�FRJQLWLYH�VNLOOV�PD\�LQWHUDFW�ZLWK�SHUFHSWXDO�FXHV�WR�LPSDFW

VWXGHQWV¶�SUREOHP�VROYLQJ�SHUIRUPDQFH��3ULRU�ZRUN�KDV�VKRZQ�WKH�UHODWLRQ�EHWZHHQ�H[HFXWLYH

IXQFWLRQ�DQG�PDWKHPDWLFV�SHUIRUPDQFH�DQG�VSHFLILFDOO\��EHWZHHQ�LQKLELWLRQ�VNLOOV��L�H���WKH�DELOLW\

WR�VXSSUHVV�SUHSRWHQW�UHVSRQVHV��DQG�SUREOHP�VROYLQJ��&DVVRWWL�HW�DO���������&UDJJ�	�*LOPRUH�

�������,Q�&KDSWHU����,�SUHVHQW�DQ�RQOLQH�H[SHULPHQW�LQ�ZKLFK�FROOHJH�VWXGHQWV�FRPSOHWHG�D

PRGLILHG�YHUVLRQ�RI�WKH�6WURRS�WDVN�IROORZHG�E\�RUGHU�RI�RSHUDWLRQV�SUREOHPV�SUHVHQWHG�ZLWK

��



QHXWUDO��FRQJUXHQW��DQG�LQFRQJUXHQW�VSDFLQJ��,�SUHGLFWHG�WKDW�VWXGHQWV�ZLWK�VWURQJHU�LQKLELWLRQ

VNLOOV�PD\�EH�EHWWHU�DEOH�WR�VXSSUHVV�WKH�XUJH�WR�FDOFXODWH�LQYDOLG�VROXWLRQV�SULPHG�E\

LQFRQJUXHQW�VSDFLQJ��5HVXOWV�VKRZHG�WKDW��FRQWUROOLQJ�IRU�VWXGHQWV¶�EDVHOLQH�DFFXUDF\�RQ�QHXWUDO

SUREOHPV��WKHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�LQ�VWXGHQWV¶�DFFXUDF\�ZKHQ�VROYLQJ�FRQJUXHQW�YV�

LQFRQJUXHQW�RUGHU�RI�RSHUDWLRQV�SUREOHPV��+RZHYHU��VWXGHQWV�KDG�VLJQLILFDQWO\�ORQJHU�UHVSRQVH

WLPHV�RQ�FRQJUXHQW�DV�RSSRVHG�WR�LQFRQJUXHQW�SUREOHPV��7KHUH�ZHUH�QR�PDLQ�HIIHFWV�RI

LQKLELWRU\�FRQWURO�RQ�SUREOHP�VROYLQJ�SHUIRUPDQFH��7KHVH�UHVXOWV�DGYDQFH�SHUFHSWXDO�OHDUQLQJ

WKHRU\�E\�H[SORULQJ�WKH�LPSDFW�RI�VSDWLDO�SUR[LPLW\�RQ�VWXGHQWV¶�SHUIRUPDQFH�ZKHQ�DFFRXQWLQJ

IRU�EDVHOLQH�SHUIRUPDQFH�DQG�DGG�WR�WKH�JURZLQJ�GHEDWH�RI�ZKHWKHU�DQG�KRZ�LQKLELWRU\�FRQWURO

PD\�EH�DVVRFLDWHG�ZLWK�PDWKHPDWLFV�VNLOOV�DQG�SHUIRUPDQFH�

6WXG\����7KH�,PSDFW�RI $FWLRQ�DQG�6HOI�([SODQDWLRQ LQ�:RUNHG�([DPSOHV�RQ�/HDUQLQJ

:KLOH�WKH�SUHYLRXV�VWXGLHV�LQYHVWLJDWHG�WKH�LQIOXHQFH�RI�SHUFHSWXDO�FXHV�RQ�VWXGHQWV¶

SHUIRUPDQFH GXULQJ DQ�DVVLJQPHQW��WKLV�SURMHFW�H[DPLQHV KRZ�WKHRULHV�RI�HPERGLHG�FRJQLWLRQ

PD\�LQIRUP�WKH�GHVLJQ�RI�ZRUNHG�H[DPSOHV�IRU�RQOLQH�SODWIRUPV�WR�VXSSRUW�VWXGHQWV�DV�WKH\�DUH

OHDUQLQJ�QHZ�FRQFHSWV�DQG�SURFHGXUDO�UXOHV SULRU WR SUREOHP�VROYLQJ�SUDFWLFH��,Q�&KDSWHU����,

SUHVHQW�P\�UHVHDUFK�LQYHVWLJDWLQJ�KRZ�HIIHFWLYHO\�VWXGHQWV�OHDUQ�IURP�ZRUNHG�H[DPSOHV�WKDW�YDU\

LQ�GHJUHH�RI�LQWHUDFWLRQ��L�H���ZLWK�YV��ZLWKRXW�VHOI�H[SODQDWLRQV��DQG�HPERGLPHQW��L�H���YLHZLQJ

RU�PLUURULQJ�ZRUNHG�H[DPSOHV�RQ�VFUHHQ���:KLOH�ZRUNHG�H[DPSOHV�KDYH�ODUJHO\�EHHQ�GHVLJQHG

IURP�FRJQLWLYH�ORDG�WKHRU\�WR�RIIORDG�VWUDLQV�RQ�VWXGHQWV¶�FRJQLWLYH�FDSDFLWLHV�DQG�IUHH�XS

ZRUNLQJ�PHPRU\�WR�VXSSRUW�OHDUQLQJ��&KDQGOHU�	�6ZHOOHU���������OLPLWHG�ZRUN�KDV�H[SORUHG

KRZ�WR�OHYHUDJH�RWKHU�WKHRULHV�LQ�WKH�GHVLJQ�RI�RQOLQH�ZRUNHG�H[DPSOHV��'UDZLQJ�IURP�WKHRULHV

RI�HPERGLHG�OHDUQLQJ�DQG�GHVLJQ��H�J���$EUDKDPVRQ�HW�DO���������1DWKDQ�������� ,�OHYHUDJHG�WKH

DIIRUGDQFHV�RI�D�G\QDPLF�DOJHEUD�QRWDWLRQ�WRRO��*UDVSDEOH�0DWK��WR�WHVW�KRZ�VWXGHQW�DFWLRQV�DQG

��



VHOI�H[SODQDWLRQV�LPSDFW�OHDUQLQJ�IURP�GLIIHUHQW�ZRUNHG�H[DPSOH�IRUPDWV�

, SUHGLFWHG�WKDW�DOJHEUD�VWXGHQWV�PD\�OHDUQ�PRUH�ZKHQ WKH\�G\QDPLFDOO\ PLUURU ZRUNHG

H[DPSOHV�RQ�VFUHHQ��UDWKHU�WKDQ�VLPSO\ YLHZ ZRUNHG H[DPSOHV��7R�WHVW�WKLV�K\SRWKHVLV��,

GHVLJQHG�DQG�LPSOHPHQWHG�DQ�RQOLQH�5&7�WR�FRPSDUH�WKH�HIIHFWV�RI�YLHZLQJ�YHUVXV�PLUURULQJ

ZRUNHG�H[DPSOHV�RQ�OHDUQLQJ��$�WRWDO�RI����QLQWK�JUDGH�$OJHEUD�,�VWXGHQWV�FRPSOHWHG�DQ�RQOLQH�

WKUHH�GD\�VWXG\�LQ�ZKLFK�WKH\�ZHUH�UDQGRPO\�DVVLJQHG�WR��D� YLHZ� E� YLHZ�DQG�H[SODLQ��F�

PLUURU��RU�G� PLUURU�DQG�H[SODLQ ZRUNHG�H[DPSOHV�DQG FRPSOHWH�SDLUHG�SUDFWLFH�SUREOHPV�

&KDSWHU���SUHVHQWV�WKH�SUHOLPLQDU\�UHVXOWV�IURP�WKLV�VWXG\��1DPHO\��DOO�VWXGHQWV�LPSURYHG�IURP

SUHWHVW�WR�SRVWWHVW�ZLWK�QR�VLJQLILFDQW�GLIIHUHQFHV�LQ�VWXGHQWV¶�OHDUQLQJ�JDLQV�EHWZHHQ�WKRVH�ZKR

YLHZHG�YV��PLUURUHG�ZRUNHG�H[DPSOHV��+RZHYHU��VWXGHQWV�ZKR�UHFHLYHG�VHOI�H[SODQDWLRQ

SURPSWV�ZLWK�WKHLU�ZRUNHG�H[DPSOHV�GLG�OHDUQ�PRUH��7KHVH�SUHOLPLQDU\�UHVXOWV�VXSSRUW�SULRU

UHVHDUFK�RQ�WKH�ZRUNHG�H[DPSOH�HIIHFW�DV�ZHOO�DV�WKH�YDOXH�RI�VHOI�H[SODQDWLRQ�SURPSWV�IRU

VWXGHQW�OHDUQLQJ��:LWK�D�IXOO�VDPSOH��WKH�ILQGLQJV�IURP�WKLV�VWXG\�VKRXOG�DGYDQFH�FRJQLWLYH

WKHRULHV�DQG�SURYLGH�UHFRPPHQGDWLRQV�IRU�KRZ�ZRUNHG�H[DPSOHV�FDQ�DQG�VKRXOG�EH�HIIHFWLYHO\

GHVLJQHG�IRU�RQOLQH�OHDUQLQJ�HQYLURQPHQWV�

��
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$OLEDOL��0��:���������$XJXVW���7KH�IXWXUH�RI�HPERGLHG�GHVLJQ�IRU�PDWKHPDWLFV�WHDFKLQJ

DQG�OHDUQLQJ��,Q )URQWLHUV�LQ�(GXFDWLRQ �9RO�����S� ������)URQWLHUV�

%RRWK��-��/���/DQJH��.��(���.RHGLQJHU��.��5���	�1HZWRQ��.��-����������8VLQJ�H[DPSOH�SUREOHPV

WR�LPSURYH�VWXGHQW�OHDUQLQJ�LQ�DOJHEUD��'LIIHUHQWLDWLQJ�EHWZHHQ�FRUUHFW�DQG�LQFRUUHFW

H[DPSOHV� /HDUQLQJ�DQG�,QVWUXFWLRQ� ����������

&KDQGOHU��3���	�6ZHOOHU��-����������&RJQLWLYH�ORDG�WKHRU\�DQG�WKH�IRUPDW�RI�LQVWUXFWLRQ� &RJQLWLRQ
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&ORVVHU��$��+���&KDQ��-��<��&���6PLWK��+���	�2WWPDU��(���XQGHU�UHYLHZ�� 3HUFHSWXDO�OHDUQLQJ�LQ

PDWK��,PSOLFDWLRQV�IRU�HGXFDWLRQDO�UHVHDUFK��SUDFWLFH��DQG�WHFKQRORJ\� 5DSLG�&RPPXQLW\

5HSRUW�6HULHV��'LJLWDO�3URPLVH�DQG�WKH�,QWHUQDWLRQDO�6RFLHW\�RI�WKH�/HDUQLQJ�6FLHQFHV�

*ROGVWRQH��5��/���0DUJKHWLV��7���:HLWQDXHU��(���2WWPDU��(��5���	�/DQG\��'����������$GDSWLQJ

SHUFHSWLRQ��DFWLRQ��DQG�WHFKQRORJ\�IRU�PDWKHPDWLFDO�UHDVRQLQJ� &XUUHQW�'LUHFWLRQV�LQ

3V\FKRORJLFDO�6FLHQFH� ���������������

+DUULVRQ��$�� 6PLWK��+���+XOVH��7���	�2WWPDU��(��������� 6SDFLQJ�RXW���0DQLSXODWLQJ�VSDWLDO

IHDWXUHV�LQ�PDWKHPDWLFDO�H[SUHVVLRQV�DIIHFWV�SHUIRUPDQFH� -RXUQDO�RI�1XPHULFDO

&RJQLWLRQ���������������� KWWSV���GRL�RUJ���������MQF�Y�L�����

.HQD��*���0XVX�*LOOHWWH��/���5RELQVRQ��-���:DQJ��;���5DWKEXQ��$���=KDQJ��-�������	�9HOH]��(��'��9�

��������7KH�&RQGLWLRQ�RI�(GXFDWLRQ�������1&(6���������� 1DWLRQDO�&HQWHU�IRU

(GXFDWLRQ�6WDWLVWLFV�

��



/DQG\��'���	�*ROGVWRQH��5��/����������3UR[LPLW\�DQG�SUHFHGHQFH�LQ�DULWKPHWLF� 7KH�4XDUWHUO\

-RXUQDO�RI�([SHULPHQWDO�3V\FKRORJ\� ������������������

0DWWKHZV��0��6���	�)DUPHU��-��/����������)DFWRUV�DIIHFWLQJ�WKH�DOJHEUD�,�DFKLHYHPHQW�RI

DFDGHPLFDOO\�WDOHQWHG�OHDUQHUV� -RXUQDO�RI�$GYDQFHG $FDGHPLFV� ���������������

1DWKDQ��0��-����������*URXQGHG�PDWKHPDWLFDO�UHDVRQLQJ��,Q�/��6KDSLUR��(G��� 7KH�5RXWOHGJH

KDQGERRN�RI�HPERGLHG�FRJQLWLRQ �SS������������$OELQJGRQ� 8.��5RXWOHGJH�

1DWKDQ��0��-��������� )RXQGDWLRQV�RI�HPERGLHG�OHDUQLQJ� $�SDUDGLJP�IRU�HGXFDWLRQ��5RXWOHGJH�

3DUVRQV��6���	�%\QQHU��-��������� 'RHV�QXPHUDF\�PDWWHU PRUH" /RQGRQ��1DWLRQDO�5HVHDUFK�DQG

'HYHORSPHQW�&HQWUH�IRU�$GXOW�/LWHUDF\�DQG�1XPHUDF\�

=DFKDURSRXORV��*���6HOOD��)���	�.DGRVK��5��&����������7KH�LPSDFW�RI�D�ODFN�RI�PDWKHPDWLFDO

HGXFDWLRQ�RQ�EUDLQ�GHYHORSPHQW�DQG�IXWXUH�DWWDLQPHQW� 3URFHHGLQJV�RI�WKH�1DWLRQDO

$FDGHP\�RI�6FLHQFHV� ��������

��



&KDSWHU����6SDFLQJ�2XW��0DQLSXODWLQJ�6SDWLDO�)HDWXUHV�LQ
0DWKHPDWLFDO�([SUHVVLRQV�$IIHFWV�3HUIRUPDQFH

7KLV�FKDSWHU�SUHVHQWV�WKH�SUH�SULQW�YHUVLRQ�RI�WKH�IROORZLQJ�PDQXVFULSW�

+DUULVRQ��$�� 6PLWK��+���+XOVH��7���	�2WWPDU��(��������� 6SDFLQJ�RXW���0DQLSXODWLQJ�VSDWLDO

IHDWXUHV�LQ�PDWKHPDWLFDO�H[SUHVVLRQV�DIIHFWV�SHUIRUPDQFH� -RXUQDO�RI�1XPHULFDO

&RJQLWLRQ���������������� KWWSV���GRL�RUJ���������MQF�Y�L�����

��



$EVWUDFW

7KH�FXUUHQW�VWXG\�H[SORUHV�WKH�HIIHFWV�RI�SK\VLFDO�VSDFLQJ�ZLWKLQ�PDWKHPDWLFDO

H[SUHVVLRQV�RQ�VWXGHQW�SHUIRUPDQFH��$�WRWDO�RI�������VWXGHQWV�LQ��WK���WK�JUDGH�ZHUH�UDQGRPO\

DVVLJQHG�WR�RQH�RI�IRXU�FRQGLWLRQV�ZLWKLQ�DQ�RQOLQH�SUREOHP�VHW��ZLWK�WHUPV�LQ�DOJHEUDLF

H[SUHVVLRQV�VSDFHG��� QHXWUDOO\� ZLWK�QR�VSDFHV�LQ WKH�H[SUHVVLRQ���� FRQJUXHQW ZLWK�WKH�RUGHU�RI

SUHFHGHQFH�WKURXJK�JURXSLQJ�WHUPV���� LQFRQJUXHQW ZLWK�WKH�RUGHU�RI�SUHFHGHQFH��RU��� PL[HG��D

FRPELQDWLRQ�RI�WKH�SUHYLRXV�FRQGLWLRQV��5HVXOWV�VKRZ�WKDW�VWXGHQWV�ZKR�YLHZHG�LQFRQJUXHQW

SUREOHPV�PDGH�PRUH�HUURUV�DQG�KDG�WR�VROYH�PRUH�SUREOHPV�WR�FRPSOHWH�WKH�DVVLJQPHQW�WKDQ

WKRVH�ZKR�YLHZHG�FRQJUXHQW�RU�QHXWUDOO\�VSDFHG�SUREOHPV��$GGLWLRQDOO\��VWXGHQWV�ZKR�YLHZHG

SUREOHPV�ZLWK�PL[HG�VSDFLQJ�KDG�WR�VROYH�PRUH�SUREOHPV�WR�FRPSOHWH�WKH�DVVLJQPHQW�WKDQ

VWXGHQWV�ZKR�YLHZHG�FRQJUXHQW�SUREOHPV��7KHVH�ILQGLQJV�VXJJHVW�WKDW�YLHZLQJ�H[SUHVVLRQV�ZLWK

VSDFLQJ�WKDW�LV�LQFRQJUXHQW�ZLWK�WKH�RUGHU�RI�SUHFHGHQFH�SUHVHQWV�FKDOOHQJHV�IRU�VWXGHQWV�

2YHUDOO��WKHVH�UHVXOWV�UHSOLFDWH�SULRU�UHVHDUFK�LQ�SHUFHSWXDO�OHDUQLQJ�LQ�D�QDWXUDO�KRPHZRUN

HQYLURQPHQW�DQG�VXSSRUW�WKH�FODLP�WKDW�SK\VLFDO�VSDFLQJ�EHWZHHQ�WHUPV�GRHV�LQIOXHQFH�VWXGHQW

SHUIRUPDQFH�RQ�RUGHU�RI�SUHFHGHQFH�SUREOHPV�

.H\ZRUGV��SHUFHSWXDO�OHDUQLQJ��VSDWLDO�SUR[LPLW\� PDWKHPDWLFDO�FRJQLWLRQ��PDWKHPDWLFDO

RSHUDWLRQV

��



6SDFLQJ�2XW��0DQLSXODWLQJ�6SDWLDO�)HDWXUHV�LQ�0DWKHPDWLFDO�([SUHVVLRQV�$IIHFWV

3HUIRUPDQFH

)RUPDO�PDWKHPDWLFV�LV�D�FRPPRQO\�XVHG�H[DPSOH�RI�KRZ�KXPDQV�PDNH�VHQVH�RI�DEVWUDFW

V\PEROLF�UHDVRQLQJ��$QGHUVRQ��������*ROGVWRQH�HW�DO����������+RZHYHU��OHDUQLQJ�PDWKHPDWLFV�LV

GLIILFXOW�IRU�PDQ\�VWXGHQWV��LQ�SDUW�EHFDXVH�RI�WKH�UHTXLUHPHQW�WR�OHDUQ�DQG�H[HFXWH�DEVWUDFW�UXOHV

DV�WKH\�DSSO\�WR�PDWKHPDWLFDO�QRWDWLRQ��%HLQJ�DEOH�WR�LQWHUSUHW�V\PEROLF�QRWDWLRQ�DQG�FRPSXWH

VLPSOH�FDOFXODWLRQV�HIILFLHQWO\�DQG�DFFXUDWHO\�LV�FULWLFDO�IRU�VROYLQJ�PRUH�FRPSOH[�PDWKHPDWLFV

SUREOHPV��QRWDEO\�DOJHEUD��)RU�H[DPSOH��WKH�RUGHU�RI�SUHFHGHQFH�VWLSXODWHV�KRZ�WR�VLPSOLI\�DQ

H[SUHVVLRQ�RU�HTXDWLRQ��LQFOXGLQJ�WKH�RUGHU�LQ�ZKLFK�FRPSXWDWLRQV�FDQ�EH�FDUULHG�RXW��6XFK

DEVWUDFW�UXOHV�UHTXLUH�VWXGHQWV�WR�OHDUQ�VHHPLQJO\�DUELWUDU\�FRQFHSWXDO�SURFHVVHV�DQG

DSSURSULDWHO\�DSSO\�WKRVH�UXOHV�ZKHQ�UHDVRQLQJ�DERXW�PDWKHPDWLFV�

%H\RQG�EHLQJ�DEVWUDFW�DQG�UHTXLULQJ�FRQFHSWXDO�NQRZOHGJH��UHDVRQLQJ�DERXW�PDWKHPDWLFV

LV�DOVR�LQKHUHQWO\�SHUFHSWXDO��0DUJKHWLV�HW�DO���������ZLWK�DPSOH�HYLGHQFH�VXJJHVWLQJ�WKDW

PDWKHPDWLFDO�SURFHVVLQJ�DQG�XQGHUVWDQGLQJ�LV�LQIOXHQFHG�E\�WKH�YLVXDO�SUHVHQWDWLRQ�RI

PDWKHPDWLFDO�QRWDWLRQ��0F1HLO�	�$OLEDOL���������������3HUFHSWXDO�OHDUQLQJ�KDV�EHHQ�VXJJHVWHG

WR�EH�D�PHFKDQLVP�WKDW�DGDSWV�SHUFHSWLRQ�DQG�GLUHFWV�DWWHQWLRQ�WR�UHOHYDQW�LQIRUPDWLRQ�LQ�WKH

HQYLURQPHQW��*LEVRQ���������VXSSRUWLQJ�KLJK�OHYHO�FRJQLWLRQ��)RU�LQVWDQFH��VSDWLDO�SUR[LPLW\��D

*HVWDOW�ODZ�WKDW�SRVLWV�WKDW�LQGLYLGXDOV�SHUFHLYH�REMHFWV�LQ�FORVH�SUR[LPLW\�WR�EH�D�JURXS��KDV

EHHQ�VKRZQ�WR�ELDV�PDWKHPDWLFDO�UHDVRQLQJ� 7KLV�SKHQRPHQD LQ�PDWKHPDWLFV�VXSSRUWV�WKH�QRWLRQ

WKDW�SHRSOH�UHO\�RQ�SHUFHSWXDO�FXHV�WR�SURFHVV�V\PEROLF�QRWDWLRQV�DQG�DUH�KHDYLO\�LQIOXHQFHG�E\

VSDWLDO�SURSHUWLHV�RI�QRWDWLRQ��*ROGVWRQH�HW�DO���������:DJHPDQV�HW�DO����������5HJDUGOHVV�RI

FRQFHSWXDO�NQRZOHGJH��WKH�WHQGHQF\�WR�XVH�SHUFHSWXDO�FXHV�DQG�JURXSLQJV�LQ�PDWKHPDWLFV

��



QRWDWLRQ�LV�VRPHZKDW�DXWRPDWLF�DQG�KDV�LPSOLFDWLRQV�IRU�WKH�ZD\V�LQ�ZKLFK�LQGLYLGXDOV�LQWHUSUHW�

FRPSXWH��DQG�SURGXFH�PDWKHPDWLFV�QRWDWLRQ�

$OWKRXJK�VXEWOH�YLVXDO�PDQLSXODWLRQV�DUH�LUUHOHYDQW�WR�WKH�PDWKHPDWLFDO�PHDQLQJ�RI

QRWDWLRQ��YLVXDO�PDQLSXODWLRQV�RI�QRWDWLRQ�FDQ�OHDG�WR�DWWHQWLRQDO�ELDVHV�DQG�FUHDWH�SHUFHSWXDO

JURXSLQJV�DPRQJ�WHUPV�DQG�RSHUDQGV��)RU�LQVWDQFH��WHUPV�DQG�RSHUDQGV�VSDFHG�LQ�FORVH

SUR[LPLW\�ZLWKLQ�D�PDWKHPDWLFDO�QRWDWLRQ�WHQG�WR�EH�VHHQ�DV�D�JURXS��VXFK�DV�YLHZLQJ�³��[����´

DQG�ZURQJO\�JURXSLQJ�³���´�WRJHWKHU�EDVHG�RQ�WKH�VSDWLDO�SUR[LPLW\�RI�WKRVH�WHUPV��-LDQJ�

&RRSHU��	�$OLEDOL��������.LUVKQHU��������/DQG\�	�*ROGVWRQH������E���������$GGLWLRQDOO\��ZKLOH

QRYLFH�OHDUQHUV�RIWHQ�VROYH�RUGHU�RI�SUHFHGHQFH�SUREOHPV�EDVHG�RQ�PHPRUL]HG�UXOHV��H[SHUWV

KDYH�EHHQ�VKRZQ�WR�UHO\�RQ�SHUFHSWXDO�FXHV�ZKHQ�VROYLQJ�FRPSOH[�HTXDWLRQV��%UDLWKZDLWH�HW�DO��

������5XPHOKDUW�HW�DO����������SURYLGLQJ�HYLGHQFH�WKDW�WKHUH�PD\�EH�D�VKLIW�DW�VRPH�SRLQW�LQ

H[SHULHQFH�RU�SURFHGXUDO�IOXHQF\�IURP�DWWHQGLQJ�WR�DEVWUDFW�UXOHV�RI�IRUPDO�PDWKHPDWLFV�WR

DWWHQGLQJ�WR�SHUFHSWXDO�FXHV�LQ�IRUPDO�PDWKHPDWLFDO�QRWDWLRQ�

$�ODUJH�ERG\�RI�UHVHDUFK�KDV�GHPRQVWUDWHG�WKDW�WKH�SK\VLFDO�VSDFLQJ�EHWZHHQ�WHUPV�DQG

RSHUDQGV�ZLWKLQ�HTXDWLRQV�DQG�H[SUHVVLRQV�FRQWULEXWHV�WR�VWXGHQWV¶�SHUFHSWLRQV�RI KRZ WKH\�DUH

DEOH��ZLWKLQ�WKH�UXOHV�RI�PDWKHPDWLFV��WR�LQWHUSUHW�PHDQLQJ�DQG�SHUIRUP�FRPSXWDWLRQV��H�J���-LDQJ

HW�DO���������/DQG\�	�*ROGVWRQH������D������E��������5LYHUD�	�*DUULJDQ���������&RQVHTXHQWO\�

VSDFLQJ�LQ�PDWKHPDWLFDO�H[SUHVVLRQV�KDV�EHHQ�IRXQG�WR�LPSDFW�SHUIRUPDQFH�RQ�HTXDWLRQ�VROYLQJ�

)RU�LQVWDQFH��/DQG\�DQG�*ROGVWRQH������E��������PDQLSXODWHG�ZKHWKHU�WKH�VSDFLQJ�RI�WHUPV�LQ

H[SUHVVLRQV�ZDV�FRQJUXHQW��PXOWLSOLFDWLRQV�VSDFHG�FORVHU�WKDQ�DGGLWLRQV��RU�LQFRQJUXHQW

�DGGLWLRQV�VSDFHG�FORVHU�WKDQ�PXOWLSOLFDWLRQV��ZLWK�WKH�RUGHU�RI�SUHFHGHQFH��7KH\�IRXQG�WKDW

SDUWLFLSDQWV�PDGH�PRUH�HUURUV�DQG�ZHUH�PRUH�OLNHO\�WR�SHUIRUP�DGGLWLRQ�EHIRUH�PXOWLSOLFDWLRQ�LQ

WKH�LQFRQJUXHQW�VSDFLQJ�FRQGLWLRQ��)RU�H[DPSOH��LQ�WKH�FDVH�RI������
����SHRSOH�RIWHQ�ILUVW

��



FRPELQH�WKH�����WR�PDNH���DQG�WKHQ�PXOWLSO\�E\���WR�JHW�����LQVWHDG�RI�SURSHUO\�PXOWLSO\LQJ���E\

��DQG�WKHQ�DGGLQJ����7KHVH�UHVXOWV�VXJJHVW�WKDW�PDWKHPDWLFDO�UHDVRQLQJ�LV�DW�OHDVW�VRPHZKDW

SHUFHSWXDOO\�GULYHQ�WKURXJK�ORZ�OHYHO�YLVXDO�DQG�DWWHQWLRQDO�IDFWRUV��/DQG\�DQG�*ROGVWRQH

�����E��������SRVLW�WKDW�WKLV�HIIHFW�RFFXUV�EHFDXVH�VSDFLQJ�FXHV�ELDV�LQGLYLGXDOV�WR�SHUIRUP

VSHFLILF�RSHUDWLRQV��HYHQ�LI�WKRVH�FXHV�DUH�PDWKHPDWLFDOO\�LQYDOLG�

6LPLODUO\��-LDQJ�DQG�FROOHDJXHV��������IRXQG�WKDW�ZKHQ�SDUWLFLSDQWV�YLHZHG�RSHUDQG

VSDFLQJ�LQ�H[SUHVVLRQV�ZKLFK�FUHDWHG�SHUFHSWXDO�JURXSLQJV�LQFRQJUXHQW�ZLWK�WKH�RUGHU�RI

SUHFHGHQFH��SDUWLFLSDQWV�WHQGHG�WR�PDNH�WDUJHW�HUURUV�UHIOHFWLYH�RI�LQFRUUHFWO\�JURXSLQJ�D�VHW�RI

WHUPV� 5LYHUD�	�*DUULJDQ��������H[WHQGHG�WKLV�ZRUN E\�UHSOLFDWLQJ�WKH�HIIHFW�RI�LQFRQJUXHQW

VSDFLQJ RQ�RUGHU�RI�SUHFHGHQFH�HUURUV�IRXQG E\�/DQG\ DQG�*ROGVWRQH���������SURYLGLQJ�IXUWKHU

VXSSRUW�IRU�WKH�HIIHFWV�RI�SHUFHSWXDO�JURXSLQJ�RQ�PHQWDO�DULWKPHWLF��HYHQ�LQ�WKH�FDVH�RI

HYDOXDWLQJ�VLPSOH�H[SUHVVLRQV��7KLV�ZRUN�SURYLGHV�HYLGHQFH�WKDW�ZKHQ�SHUFHSWXDO�JURXSLQJ�LV

LQFRQJUXHQW�ZLWK�RSHUDWRU�SUHFHGHQFH��WKH�OLNHOLKRRG�RI�RUGHU�RI�SUHFHGHQFH�HUURUV�LQ�PHQWDO

DULWKPHWLF�LQFUHDVHV��0RUH�EURDGO\��WKLV�UHVHDUFK�VKRZV�WKDW�LQGLYLGXDOV�XVH�SHUFHSWXDO�VSDFLQJ�WR

LQWHUSUHW�DQG�UHDVRQ�DERXW�PDWKHPDWLFV�DQG�PD\�KDYH�D�GLIILFXOW�WLPH�LJQRULQJ�SHUFHSWXDO�FXHV

HYHQ�LI�WKH\�DUH�LQFRQJUXHQW�ZLWK�PDWKHPDWLFDO�UXOHV�

*yPH]��%HQDYLGHV�9DUHOD��3LFFLDQR��6HPHQ]D��DQG�'DUWQHOO �������H[WHQGHG�WKLV�ZRUN

ZLWK�D�VDPSOH�RI��WK��WK JUDGH�&KLOHDQ�DQG�,WDOLDQ VWXGHQWV�DQG IRXQG WKDW�WKH�VSDFLQJ�HIIHFWV

VHHP�WR�HPHUJH�LQ�\RXQJHU�VWXGHQWV�DV�ZHOO��%UDLWKZDLWH�HW�DO���������DOVR�H[SORUHG�WKH�HIIHFW�RI

SK\VLFDO�VSDFLQJ�RXWVLGH�RI�D�ODERUDWRU\�VHWWLQJ�DPRQJ�HYHQ�\RXQJHU�SULPDU\�VFKRRO�FKLOGUHQ

�HTXLYDOHQW�WR�8�6��JUDGH�OHYHOV������LQ�WKH�1HWKHUODQGV�DQG�IRXQG�KLJKHU�HUURU�UDWHV�IRU

LQGLYLGXDOV�ZKR�YLHZHG�SUREOHPV�ZKLFK�KDG�VSDFLQJ�LQFRQJUXHQW�ZLWK�WKH�RUGHU�RI�SUHFHGHQFH�

7KH\�DOVR�IRXQG�WKDW�WKLV�HIIHFW�RI�VSDFLQJ�LQFUHDVHG�ZLWK�JUDGH�OHYHO��IXUWKHU�VXJJHVWLQJ�WKDW

��



WKHUH�LV�DQ�LQFUHDVHG�UHOLDQFH�RQ�SHUFHSWXDO�JURXSLQJ�ZLWK�DJH�DQG�H[SHULHQFH�ZLWK�DULWKPHWLF�

+RZHYHU��DVLGH�IURP�WKH�ZRUN�RI�*yPH]�HW�DO�������� DQG�%UDLWKZDLWH�HW�DO����������OHVV�LV

NQRZQ�DERXW�ZKHWKHU�RU�KRZ�SHUFHSWXDO�JURXSLQJ��LQIOXHQFHG�E\�SK\VLFDO�VSDFLQJ�ZLWKLQ

PDWKHPDWLFDO�H[SUHVVLRQV��LPSDFWV�VWXGHQW�EHKDYLRU�LQ�W\SLFDO�VFKRRO�VHWWLQJV�DQG�YDULHV�DFURVV

JUDGH�OHYHOV�

2YHUDOO��WKLV�ERG\�RI�OLWHUDWXUH�VKRZV�WKDW�WKH�SHUFHSWXDO�JURXSLQJ�RI�PDWKHPDWLFDO�WHUPV

LQ�DQ�H[SUHVVLRQ�RU�HTXDWLRQ�LQIOXHQFHV�ERWK�QRYLFHV�DQG�H[SHUWV�GXULQJ�SUREOHP�VROYLQJ�

6SHFLILFDOO\��ZKHQ�WHUPV�DUH�VSDWLDOO\�RUJDQL]HG�LQ�JURXSV�WKDW�PLUURU�WKH�RUGHU�RI�SUHFHGHQFH�

VWXGHQWV�DUH�PRUH�OLNHO\�WR�KDYH�KLJKHU�SHUIRUPDQFH��/DQG\�	�*ROGVWRQH������D��DQG�PRUH

DFFXUDWH�LQWHUSUHWDWLRQV��-LDQJ�HW�DO���������/DQG\�	�*ROGVWRQH���������&RQYHUVHO\��ZKHQ�WHUPV

DUH�JURXSHG�LQ�ZD\V�WKDW�DUH�LQFRQJUXHQW�ZLWK�WKH�RUGHU�RI�SUHFHGHQFH��VWXGHQWV�DUH�PRUH�OLNHO\

WR�WDNH�PRUH�WLPH�WR�VROYH��*yPH]��%RVVL��	�'DUWQHOO� ������DQG�PDNH�PRUH�HUURUV��-LDQJ�HW�DO��

������/DQG\�	�*ROGVWRQH��������������5LYHUD�	�*DUULJDQ���������6XFK�UHVHDUFK�SURYLGHV

HYLGHQFH�RI�WKH�LQIOXHQFH�RI�SHUFHSWXDO�OHDUQLQJ�RQ�PDWKHPDWLFDO�SUREOHP�VROYLQJ��ZKLFK�FRXOG

SOD\�D�NH\�UROH�LQ�VWXGHQW�OHDUQLQJ��7R�IXUWKHU�WKLV�DUHD�RI�UHVHDUFK��WKH�FXUUHQW�VWXG\�DLPV�WR

UHSOLFDWH�DQG�H[WHQG�SULRU�UHVHDUFK�E\�H[SORULQJ�WKH�HIIHFWV�RI�VSDFLQJ�RQ�VWXGHQW�SHUIRUPDQFH�RQ

RUGHU�RI�RSHUDWLRQV�SUREOHPV�ZLWK�XSSHU�HOHPHQWDU\�WKURXJK�KLJK�VFKRRO�DOJHEUD�OHDUQHUV�LQ�D

QDWXUDO�KRPHZRUN�VHWWLQJ�

7KH�SUHVHQW�VWXG\�DVNHG�����WK�JUDGH�VWXGHQWV�WR�VLPSOLI\�RUGHU�RI�SUHFHGHQFH

H[SUHVVLRQV�LQ�$66,67PHQWV��DQ�RQOLQH�WXWRULQJ�V\VWHP��+HIIHUQDQ�	�+HIIHUQDQ��������

6WXGHQWV�ZHUH�UDQGRPL]HG�LQWR�RQH�RI�IRXU�H[SHULPHQWDO�FRQGLWLRQV��ZKLFK�PDQLSXODWHG�WKH

SK\VLFDO�VSDFLQJ�EHWZHHQ�QXPEHUV�DQG�WHUPV�ZLWKLQ�PDWKHPDWLFDO�H[SUHVVLRQV�WR�EH�HLWKHU

QHXWUDO� FRQJUXHQW RU LQFRQJUXHQW ZLWK�WKH�RUGHU�RI SUHFHGHQFH��RU�D PL[HG FRPELQDWLRQ�RI

��



VSDFLQJ�DFURVV�SUREOHPV��:H�WKHQ�H[DPLQHG�ZKHWKHU�WKHUH�ZHUH�GLIIHUHQFHV�LQ�FRQWHQW�PDVWHU\

VSHHGV��WKH�WRWDO�QXPEHU�RI�SUREOHPV�WKDW�VWXGHQWV�KDG�DWWHPSWHG�E\�WKH�WLPH�WKDW�WKH\�FRUUHFWO\

DQVZHUHG�WKUHH�SUREOHPV�LQ�D�URZ��EDVHG�RQ�VSDFLQJ�FRQGLWLRQV�

7KLV�VWXG\�H[WHQGV�SULRU�UHVHDUFK�RQ�SHUFHSWXDO�OHDUQLQJ�LQ�IRXU�NH\�ZD\V��)LUVW��WKH

PDMRULW\�RI�VWXGLHV�H[DPLQLQJ�WKH�HIIHFWV�RI�SK\VLFDO�VSDFLQJ�EHWZHHQ�PDWKHPDWLFDO�WHUPV�KDYH

EHHQ�FRQGXFWHG�ZLWK�XQGHUJUDGXDWH�VWXGHQWV�LQ�FRQWUROOHG�ODERUDWRU\�VHWWLQJV�UDWKHU�WKDQ�ZLWK

VFKRRO�DJHG�FKLOGUHQ�LQ�DXWKHQWLF�FODVVURRP�DQG�OHDUQLQJ�FRQWH[WV��6HFRQG��WKH�VWXG\�LV

FRQGXFWHG�WKURXJK�DQ�RQOLQH�KRPHZRUN�DVVLJQPHQW�DVVLJQHG�WR�VWXGHQWV�E\�WKHLU�WHDFKHUV�XVLQJ

WKH�$66,67PHQWV�SODWIRUP��+HIIHUQDQ�	�+HIIHUQDQ���������UDWKHU�WKDQ�DGPLQLVWHUHG�E\�D

UHVHDUFKHU�LQ�D�ODERUDWRU\�VHWWLQJ��7KLUG��WKLV�VWXG\�H[DPLQHV�WKH�HIIHFW�RI�D�PL[HG�FRQGLWLRQ�

ZKHUH�VWXGHQWV�DUH�H[SRVHG�WR�HDFK�RI�WKH�H[SHULPHQWDO�VSDFLQJ�FRQGLWLRQV��/DVWO\��ZKLOH�PDQ\

VWXGLHV�RQ�SHUFHSWXDO�OHDUQLQJ�KDYH�XVHG�HUURU�UDWHV�DV�WKH�OHDUQLQJ�RXWFRPH��WKH�FXUUHQW�VWXG\

XVHV�PDVWHU\�VSHHGV��D�PHDVXUH�RI�WKH�QXPEHU�RI�SUREOHPV�DWWHPSWHG�WR�PDVWHU�WKH�PDWHULDO

SUHVHQWHG�LQ�WKH�DVVLJQPHQW�DV�WKH�GHSHQGHQW�PHDVXUHV��)URP�WKLV�H[WHQVLRQ�RI�UHODWHG�UHVHDUFK�

WKLV�SURMHFW�DLPV�WR�FRQWULEXWH�D�ULFKHU�XQGHUVWDQGLQJ�RI�KRZ�SHUFHSWXDO�JURXSLQJ��IURP�SK\VLFDO

VSDFLQJ�LQ�PDWKHPDWLFDO�H[SUHVVLRQV��DIIHFWV�VWXGHQWV¶�EHKDYLRU�LQ�DXWKHQWLF�OHDUQLQJ�FRQWH[WV�

7KH�3UHVHQW�6WXG\

7R�H[WHQG�SULRU�UHVHDUFK�RQ�SHUFHSWXDO�OHDUQLQJ�DV�LW�SHUWDLQV�WR�PDWKHPDWLFV

SHUIRUPDQFH��ZH�SUHVHQW�D�UDQGRPL]HG�FRQWUROOHG�WULDO�ZLWK�XSSHU�HOHPHQWDU\��PLGGOH��DQG�KLJK

VFKRRO�VWXGHQWV�LQ�$66,67PHQWV��DQ�RQOLQH�WXWRULQJ�V\VWHP��7KLV�VWXG\�LV�GHVLJQHG�WR�H[SORUH�WKH

LPSDFW�RI�SK\VLFDO�VSDFLQJ�EHWZHHQ�WHUPV�RQ�VWXGHQWV¶�PDVWHU\�VSHHGV�ZKHQ�VROYLQJ�D�VHULHV�RI

RUGHU�RI�RSHUDWLRQV�SUREOHPV��6SHFLILFDOO\��:H�SRVHG�WKH�IROORZLQJ�TXHVWLRQV�

��



�� 'RHV�VSDFLQJ�LPSDFW�DVVLJQPHQW�PDVWHU\�VSHHG":H�K\SRWKHVL]H�WKDW�VWXGHQWV�ZKR�YLHZ

FRQJUXHQW�RU�QHXWUDOO\�VSDFHG�SUREOHPV�ZLOO�KDYH�TXLFNHU�PDVWHU\�VSHHGV��DWWHPSWLQJ

IHZHU�SUREOHPV�EHIRUH�FRUUHFWO\�DQVZHULQJ�WKUHH�SUREOHPV�LQ�D�URZ��FRPSDUHG�WR

VWXGHQWV�ZKR�YLHZ�LQFRQJUXHQW�VSDFLQJ�RU�PL[HG�VSDFLQJ�SUREOHPV�

�� ,I�WKHUH�DUH�GLIIHUHQFHV�LQ�DVVLJQPHQW�PDVWHU\�VSHHG�EDVHG�RQ�FRQGLWLRQ� GRHV�VWXGHQW

SULRU�SHUIRUPDQFH�PRGHUDWH�WKH�UHODWLRQVKLS�EHWZHHQ�FRQGLWLRQ�DQG�PDVWHU\�VSHHG":H

H[SORUH�SRVVLEOH�LQWHUDFWLRQV�EHWZHHQ�FRQGLWLRQ�DQG�SULRU�SHUIRUPDQFH�WR�VHH�LI�GLIIHUHQW

OHYHOV�RI�SULRU�SHUIRUPDQFH�KHLJKWHQ�RU�PLWLJDWH�WKH�HIIHFW�RI�DQ\�VSDFLQJ�FRQGLWLRQ�V��RQ

PDVWHU\�VSHHGV�

�� ,I�WKHUH�DUH�GLIIHUHQFHV�LQ�DVVLJQPHQW�PDVWHU\�VSHHG�EDVHG�RQ�FRQGLWLRQ� GRHV�JUDGH�OHYHO

PRGHUDWH�WKH�UHODWLRQVKLS�EHWZHHQ�FRQGLWLRQ�DQG�PDVWHU\�VSHHG":H�H[SORUH�SRVVLEOH

LQWHUDFWLRQV�EHWZHHQ�FRQGLWLRQ�DQG�JUDGH�WR�VHH�LI�WKH�HIIHFW�RI�DQ\�VSDFLQJ�FRQGLWLRQ�V�

RQ�PDVWHU\�VSHHG�YDULHV�E\�JUDGH�OHYHO�

0HWKRGV

6WXG\�&RQWH[W

'DWD�IRU�WKLV�VWXG\�ZDV�FROOHFWHG�IURP�����������LQ�$66,67PHQWV��DQ�RQOLQH�WXWRULQJ

V\VWHP�WKDW�IHDWXUHV�IUHH�FRQWHQW�IRU�.����VWXGHQWV�ZLWK�D�SULPDU\�IRFXV�RQ�PDWKHPDWLFV

�+HIIHUQDQ�	�+HIIHUQDQ���������,Q�DGGLWLRQ�WR�SURYLGLQJ�D�WHFKQRORJ\�WRRO�IRU�WHDFKHUV�WR�DVVLJQ

FRQWHQW�DQG�KRPHZRUN�WR�VWXGHQWV��$66,67PHQWV�DOVR�SURYLGHV�UHVHDUFKHUV�ZLWK�DQ�H[SHULPHQWDO

SODWIRUP�ZKHUH�LQGHSHQGHQW�UHVHDUFKHUV�FDQ�FUHDWH�WKHLU�RZQ�UDQGRPL]HG�FRQWUROOHG�WULDOV�WR�EH

XVHG�E\�WHDFKHUV�DQG�VWXGHQWV��7KH�GH�LGHQWLILHG�GDWD�XVHG�LQ�WKLV�DQDO\VLV�LV�DYDLODEOH�RQ�2SHQ

��



6FLHQFH�)UDPHZRUN�����������26)�,2�%$(8-���$GGLWLRQDOO\��WKH�RULJLQDO�GDWD�UHSRUW�IURP

$66,67PHQWV�LV�DYDLODEOH�DW�WLQ\�FF�VSDFLQJGDWD�IRU�IXUWKHU�UHIHUHQFH�

7KLV�UDQGRPL]HG�FRQWUROOHG�WULDO�ZDV�FUHDWHG�E\�WKH�DXWKRUV�DQG�GHSOR\HG�DV�DQ�DYDLODEOH

6NLOO�%XLOGHU�SUREOHP�VHW�FRYHULQJ�RUGHU�RI�RSHUDWLRQV�FRQWHQW��WDUJHWLQJ��WK�JUDGH��ZLWKLQ

$66,67PHQWV��³6NLOO�%XLOGHUV´�DUH�RSWLRQDO�SUREOHP�VHWV�WKDW�WHDFKHUV�FDQ�DVVLJQ�WR�SURYLGH

VWXGHQWV�ZLWK�IOXHQF\�SUDFWLFH�RQ�WRSLFV�FRPPRQO\�IHDWXUHG�RQ�VWDQGDUGL]HG�PDWKHPDWLFV�WHVWV�

6NLOO�%XLOGHUV�PDS�RQWR�FRQWHQW�DUHDV�IURP�WKH�&RPPRQ�&RUH�6WDWH�6WDQGDUGV�DQG�SUHVHQW

SUREOHPV�IURP�D�JLYHQ�FRQWHQW�DUHD�LQ�D�UDQGRPL]HG�RUGHU��7KHVH�SUREOHP�VHWV�DUH�GHVLJQHG�WR

FKDOOHQJH�D�VWXGHQW�LQ�D�PDWKHPDWLFV�WRSLF�XQWLO�WKDW�VWXGHQW�DFKLHYHV�FRQWHQW�PDVWHU\�

8QGHU�GHIDXOW�VHWWLQJV��VWXGHQWV�PXVW�FRQVHFXWLYHO\�DQVZHU�WKUHH�SUREOHPV�LQ�D�URZ

FRUUHFWO\�WR�DFKLHYH�PDVWHU\�VWDWXV�IRU�WKH�6NLOO�%XLOGHU�DVVLJQPHQW��,I�D�VWXGHQW�DQVZHUV�D

SUREOHP�LQFRUUHFWO\��WKH�SUREOHP�FRXQW�UHVWDUWV�DQG�WKH\�FRQWLQXH�WR�UHFHLYH�SUREOHPV�XQWLO�WKH\

FRUUHFWO\�DQVZHU�WKUHH�SUREOHPV�LQ�D�URZ��7KHUHIRUH��LQ�WKLV�FRQWH[W��D�VORZHU�PDVWHU\�VSHHG

�VROYLQJ�PRUH�SUREOHPV�LQ�RUGHU�WR�JHW�WKUHH�SUREOHPV�FRUUHFW�LQ�D�URZ��LV�DQ�LQGLFDWRU�RI�KLJKHU

HUURU�DQG�ORZHU�PDWKHPDWLFV�SHUIRUPDQFH�RQ�D�6NLOO�%XLOGHU�DVVLJQPHQW��0DVWHU\�VSHHG�KDV�EHHQ

XVHG�DV�DQ�RXWFRPH�PHDVXUH�RI�VWXGHQW�SHUIRUPDQFH�LQ�SUHYLRXV�$66,67PHQWV�VWXGLHV��H�J��

%RWHOKR�HW�DO���������

3DUWLFLSDQWV

7KH�ILQDO�VDPSOH�LQFOXGHG�LQ�WKH�DQDO\VHV�ZHUH�������VWXGHQWV��������PDOH�������

IHPDOH��������XQNQRZQ� ZKR�FRPSOHWHG�PRUH�WKDQ�WKUHH SUREOHPV�LQ�WKH�6NLOO�%XLOGHU�SUREOHP

VHW�DQG�FRPSOHWHG�WKH�DVVLJQPHQW�E\�DFKLHYLQJ�PDVWHU\� 3DUWLFLSDQWV�ZHUH��WK���WK�JUDGH

VWXGHQWV�DVVLJQHG�WR�FRPSOHWH�WKH�JLYHQ�SUREOHP�VHW�E\�WKHLU�FODVVURRP�WHDFKHU��7KH������

VWXGHQWV�LQFOXGHG�LQ�WKH�ILQDO�VDPSOH�IURP�WKLV�VWXG\�FDPH�IURP�����FODVVHV�WDXJKW�E\����

��



WHDFKHUV�IURP����VFKRROV�LQ����GLVWULFWV�IURP����VWDWHV��7KH�VWXGHQWV�ZHUH�GLVWULEXWHG�DFURVV

VHYHUDO�JUDGH�OHYHOV��ZLWK�D�PDMRULW\�RI�VWXGHQWV�LQ�PLGGOH�VFKRRO�FODVVURRPV������ILIWK�������

VL[WK��������VHYHQWK�������HLJKWK��������QLQWK�����WHQWK������HOHYHQWK��DQG������RI�UHSRUWHG

FDVHV�LQ�WZHOIWK�JUDGH��ZLWK�WKH�UHPDLQLQJ�������RI�FDVHV�PLVVLQJ�JUDGH�OHYHO�LQIRUPDWLRQ��

0DQ\�PRUH�VWXGHQWV�LQLWLDOO\�RSHQHG�WKH�SUREOHP�VHW�EXW�ZHUH�GURSSHG�IURP�WKLV�VWXG\�IRU

WKH�IROORZLQJ�UHDVRQV��$�WRWDO�RI�������VWXGHQWV�RSHQHG�WKH�SUREOHP�VHW��KRZHYHU� ������VWXGHQWV

ZHUH�H[FOXGHG�GXH�WR�DVVLJQPHQW�FRPSOHWLRQ�ZLWKLQ�WKUHH�SUREOHPV�RU�VWRSSLQJ�WKH�DVVLJQPHQW

ZLWKLQ�WKH�ILUVW�WKUHH�SUREOHPV��WKXV�QHYHU�VHHLQJ�DQ�H[SHULPHQWDO�FRQGLWLRQ��$GGLWLRQDOO\��D

VPDOO�VXEVHW�RI�SDUWLFLSDQWV�ZDV�DOVR�H[FOXGHG�GXH�WR�KDYLQJ�DQ�XQNQRZQ�PDVWHU\�VWDWXV�IRU�WKH

SUREOHP�VHW��Q  �����

)LJXUH��

3UREOHP�ZLWK�1HXWUDO�6SDFLQJ�DV�6KRZQ�LQ�)LUVW�7KUHH�$VVLJQPHQW�3UREOHPV

([SHULPHQWDO�&RQGLWLRQV�DQG�3URFHGXUH

:KHQ�VWXGHQWV�RSHQHG�WKH�SUREOHP�VHW��WKH\�ZHUH�ILUVW�H[SRVHG�WR�WKUHH�QHXWUDOO\�VSDFHG

H[SUHVVLRQV�WR�VROYH��)LJXUH�����$IWHU�FRPSOHWLQJ�WKH�WKUHH�QHXWUDOO\�VSDFHG�SUREOHPV��VWXGHQWV

ZHUH�UDQGRPO\�DVVLJQHG�WR�RQH�RI�IRXU�VSDFLQJ�FRQGLWLRQV���� QHXWUDO �Q  �������ZLWK�QR�VSDFHV

LQ�WKH�H[SUHVVLRQ���� FRQJUXHQW �Q  �������ZLWK�VSDFLQJ ZKLFK�IROORZV�WKH�RUGHU�RI�SUHFHGHQFH����

��



LQFRQJUXHQW �Q  ������VHH�)LJXUH�����ZLWK�VSDFLQJ�ZKLFK�GRHV�QRW�IROORZ�WKH�RUGHU�RI�SUHFHGHQFH�

RU��� PL[HG �Q  �������D�FRPELQDWLRQ�RI�WKH�SUHYLRXV FRQGLWLRQV��2QFH�DVVLJQHG�WR�D�FRQGLWLRQ�

VWXGHQWV�ZHUH�SUHVHQWHG�ZLWK�DGGLWLRQDO�SUREOHPV�WR�VROYH��7KH�SUREOHPV�LQ�HDFK�FRQGLWLRQ�ZHUH

LGHQWLFDO�LQ�VWUXFWXUH�EXW�YDULHG�LQ�WKH�SK\VLFDO�VSDFLQJ�RI�WHUPV�ZLWKLQ�HDFK�H[SUHVVLRQ��7KH�ILUVW

VHYHUDO�SUREOHPV�IRU�HDFK�FRQGLWLRQ�DUH�VKRZQ�LQ�7DEOH���

7DEOH��

7KH�)LUVW�(LJKW�3UREOHPV�$VVLJQHG�E\�&RQGLWLRQ

7XWRULDO��$OO�3DUWLFLSDQWV

�� �
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�� ����
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�����
�

1HXWUDO &RQJUXHQW ,QFRQJUXHQW 0L[HG

�� ���
� �����
� ����
�� �����
�

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

�� �
��� �
����� ��
���� �
���

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

�� ���
� �����
� ����
�� ����
��

0RVW�VWXGHQWV�FRQWLQXHG�WR�VROYH�SUREOHPV�XQWLO�WKH\�DFKLHYHG�PDVWHU\��DQVZHULQJ�WKUHH

FRQVHFXWLYH�SUREOHPV�FRUUHFWO\�RQ�WKH�ILUVW�WU\���+RZHYHU��LI�D�VWXGHQW�DQVZHUHG�D�SUREOHP

LQFRUUHFWO\��WKH\�FRXOG�QRW�PRYH�RQ�WR�WKH�QH[W�SUREOHP�XQWLO�W\SLQJ�LQ�WKH�FRUUHFW�DQVZHU��7R

VXSSRUW�VWXGHQWV�DV�WKH\�PRYHG�WKURXJK�WKH�DVVLJQPHQW��RQH�KLQW�UHVWDWLQJ�WKH�RUGHU�RI�RSHUDWLRQV

ZDV�DYDLODEOH�WR�FOLFN�RQ�DW�WKH�EHJLQQLQJ�RI�HDFK�SUREOHP��)LJXUH�����,I�VWXGHQWV�HOHFWHG�WR�VHH

WKH�KLQW��WKH\�ZHUH�WKHQ�LPPHGLDWHO\�DEOH�WR�FOLFN�³6KRZ�$QVZHU´�ZKLFK�ZRXOG�GLVSOD\�WKH

FRUUHFW�DQVZHU�WR�W\SH�DV�WKH�VROXWLRQ��,PSRUWDQWO\��LI�VWXGHQWV�RSWHG�WR�YLHZ�WKH�KLQW��WKH�SUREOHP

��



ZDV�PDUNHG�DV�LQFRUUHFW�DQG�GLG�QRW�FRXQW�WRZDUGV�WKH�WKUHH�PDVWHU\�SUREOHPV�UHTXLUHG�WR

FRPSOHWH�WKH�DVVLJQPHQW��$GGLWLRQDOO\��VWXGHQWV�FRXOG�RSW�WR�VWRS�WKH�DVVLJQPHQW�DW�DQ\�WLPH

ZLWKRXW�FRPSOHWLRQ��+RZHYHU��IRU�VWXGHQWV�WKDW�GLG�DFKLHYH�PDVWHU\�VWDWXV��$66,67PHQWV

DXWRPDWLFDOO\�FORVHG�WKH�DVVLJQPHQW�DQG�PDUNHG�WKH�VWDWXV�DV�FRPSOHWHG�

)LJXUH��

([DPSOH�$VVLJQPHQW�6FUHHQ�IRU�D�3DUWLFLSDQW�LQ�WKH�,QFRQJUXHQW�6SDFLQJ�&RQGLWLRQ

7KH�VWXG\�UHPDLQHG�RSHQ�DV�DQ�DFWLYH�6NLOO�%XLOGHU�IRU�WKH�RUGHU�RI�RSHUDWLRQV�VWDQGDUG

ZLWKRXW�H[SRQHQWV��&RPPRQ�&RUH�6WDQGDUG ��16�$��� (;��WKDW�WHDFKHUV�FRXOG�HDVLO\�DVVLJQ�WR

WKHLU�VWXGHQWV�DW�DQ\�WLPH�IRU�WKUHH�\HDUV��$W�WKH�HQG�RI�WKH�WKUHH�\HDUV��WKH�GDWD�IURP�WKH�VWXG\

ZDV�DJJUHJDWHG�XVLQJ�WKH�$66,67PHQWV�$VVHVVPHQW�RI�/HDUQLQJ�,QIUDVWUXFWXUH��$/,��UHSRUW�WKDW

ZDV�DXWRPDWLFDOO\�JHQHUDWHG�E\�WKH�$66,67PHQWV�WHDP�IRU�H[WHUQDO�UHVHDUFKHUV�DQG�SURYLGHV

DJJUHJDWHG�GDWD�ILOHV�DW�YDULRXV�OHYHOV�RI�JUDQXODULW\�VXFK�DV�VWXGHQW�OHYHO�DQG�SUREOHP�OHYHO

�2VWURZ�HW�DO����������$OO�YDULDEOHV�RI�LQWHUHVW�LQ�WKLV�VWXG\�ZHUH�H[WUDFWHG�IURP�WKLV�UHSRUW�DQG

DUH�GHVFULEHG�LQ�PRUH�GHWDLO�EHORZ�

)LJXUH��

��



+LQW�$YDLODEOH�WR�3DUWLFLSDQWV�RQ�(DFK�3UREOHP�LQ�WKH�$VVLJQPHQW

0HDVXUHV

3ULRU�WR�GDWD�DQDO\VLV��WKH�IROORZLQJ�PHDVXUHV�IRU�DQDO\VHV�ZHUH�GHILQHG�DQG�H[WUDFWHG

IURP�WKH�$66,67PHQWV�UHSRUW�DV�QHFHVVDU\�IRU�DQDO\VLV�

3ULRU�0DWKHPDWLFV�3HUIRUPDQFH

$V�DQ�HVWLPDWHG�PHDVXUH�RI�SULRU�PDWKHPDWLFV�SHUIRUPDQFH��$66,67PHQWV�FDOFXODWHV�D

SULRU�SURSRUWLRQ�FRUUHFW�YDOXH��IURP�������7KLV�YDOXH�UHSUHVHQWV�WKH�SURSRUWLRQ�RI�DOO�SUHYLRXV

$66,67PHQWV�SUREOHPV�FRPSOHWHG�IURP�RWKHU�DVVLJQPHQWV�WKDW�HDFK�VWXGHQW�DQVZHUHG�FRUUHFWO\

SULRU�WR�WKH�FXUUHQW�H[SHULPHQW��+RZHYHU��WKH�W\SH�RI�FRQWHQW�PD\�KDYH�YDULHG�DQG�VRPH

SDUWLFLSDQWV�PD\�KDYH�KDG�H[WHQVLYH�H[SHULHQFH�ZLWK�$66,67PHQWV�RYHU�\HDUV�ZKHUHDV�RWKHUV

PLJKW�KDYH�EHHQ�ILUVW��RU�VHFRQG�WLPH�XVHUV��$OWKRXJK�SDUWLFLSDQWV�YDULHG�LQ�SUHYLRXV�H[SRVXUH

DQG�SUDFWLFH�ZLWK�$66,67PHQWV��WKLV�YDOXH�VHUYHV�DV�D�SUR[\�IRU�SULRU�PDWKHPDWLFV�SHUIRUPDQFH

DQG�KDV�EHHQ�XVHG�LQ�VWXGLHV�WKDW�ZHUH�GHSOR\HG�XVLQJ�WKH�$66,67PHQWV�SODWIRUP��H�J��

:DONLQJWRQ�HW�DO����������7KH�GLVWULEXWLRQ�RI�SULRU�SHUIRUPDQFH�VFRUHV�ZDV�ELPRGDO�RQO\�GXH�WR�D

VPDOO�VXEVHW��������RI�VWXGHQWV�ZKR�KDG�GHPRQVWUDWHG�SHUIHFW�SULRU�SHUIRUPDQFH�LQ

$66,67PHQWV��7KLV�YDOXH�ZDV�XVHG�DV�D�FRQWLQXRXV�FRYDULDWH�IRU�SULRU�SHUIRUPDQFH�LQ�DQDO\VHV�

��



*UDGH�/HYHO

7KH�$66,67PHQWV�$/,�UHSRUW�DOVR�SURYLGHG�DQ�RUGLQDO�YDOXH�UHSUHVHQWLQJ�WKH�UHSRUWHG

JUDGH�OHYHO�RI�HDFK�SDUWLFLSDQW�E\�WKH�FODVVURRP�WHDFKHU��:LWK�YDOXHV�UDQJLQJ�IURP�������JUDGH

OHYHO�ZDV�WUHDWHG�DV�D�FRQWLQXRXV�YDULDEOH�LQ�DOO�DQDO\VHV�

$SSURDFK�WR�$QDO\VLV

$IWHU�SUHSURFHVVLQJ�WKH�GDWD��GHVFULSWLYH�VWDWLVWLFV�ZHUH�FDOFXODWHG�LQ�6366�WR�GHWHUPLQH

PHDQV�DQG�YDULDELOLW\�IRU�HDFK�YDULDEOH�DQG�UHODWLRQV�EHWZHHQ�HDFK�FRQVWUXFW��1H[W��ZH

FRQGXFWHG�D�RQH�ZD\�DQDO\VLV�RI�YDULDQFH��$129$��ZLWK�FRQGLWLRQ��QHXWUDO��FRQJUXHQW�

LQFRQJUXHQW��DQG�PL[HG��DV�WKH�LQGHSHQGHQW�YDULDEOH�DQG�PDVWHU\�VSHHG�DV�WKH�GHSHQGHQW

PHDVXUH��:H�DOVR�FRQGXFWHG�SRVW�KRF�WHVWV�ZLWK�%RQIHUURQL�FRUUHFWLRQ�WR�H[DPLQH�ZKHUH�WKHUH

ZHUH�VLJQLILFDQW�GLIIHUHQFHV�LQ�DYHUDJH�PDVWHU\�VSHHG�EHWZHHQ�FRQGLWLRQV�

,Q�DGGLWLRQ�WR�WKH�$129$��ZH�H[DPLQHG�WKH�LPSDFW�RI�FRQGLWLRQ��DERYH�DQG�EH\RQG�SULRU

SHUIRUPDQFH�DQG�JUDGH�OHYHO��7R�GHWHUPLQH�ZKHWKHU RU�QRW�PXOWLOHYHO�DQDO\VLV�ZRXOG�EH

DSSURSULDWH��ZH�FDOFXODWHG�WKH LQWUDFODVV�FRUUHODWLRQ FRHIILFLHQW��,&&��IURP�DQ�XQFRQGLWLRQDO

��OHYHO�KLHUDUFKLFDO�OLQHDU�PRGHO��+/0��0RGHO�����$Q�XQFRQGLWLRQDO�+/0�PRGHO�SUHGLFWLQJ

PDVWHU\�VSHHG�VXJJHVWHG�WKDW�DSSUR[LPDWHO\�����RI�WKH�YDULDQFH�LQ�PDVWHU\�VSHHG�ZDV

DWWULEXWDEOH�WR�GLIIHUHQFHV�DW�WKH�FODVV�OHYHO��$V�WKLV�YDOXH�H[FHHGV�WKH����YDULDQFH�WKUHVKROG�WR

VXJJHVW�WKDW�XVLQJ�+/0�ZRXOG�EH�DSSURSULDWH��/HH��������1LHKDXV�HW�DO����������ZH�FKRVH�WR�XVH

+/0�IRU�DOO�DQDO\VHV�WR�DFFRXQW�IRU�WKH�QHVWLQJ�RI�VWXGHQWV�LQ�FODVVHV�

1H[W��IRXU�WZR�OHYHO�+/0V�ZHUH�FRQGXFWHG�WR�H[SORUH�RXU�UHVHDUFK�TXHVWLRQV��0RGHO��

HVWLPDWHV�KRZ�WKH�FRYDULDWHV��JUDGH�OHYHO�DQG�SULRU�SHUIRUPDQFH��LPSDFW�SDUWLFLSDQWV¶�DVVLJQPHQW

PDVWHU\�VSHHG�ZKLOH�DFFRXQWLQJ�IRU�DQ\�QHVWHG�HIIHFWV�EHWZHHQ�WKH�VWXGHQW�DQG�FODVV�OHYHOV�

0RGHO���LQFOXGHV�WKH�WKUHH�FRQGLWLRQ�YDULDEOHV��QHXWUDO��FRQJUXHQW��DQG�PL[HG��ZLWK�LQFRQJUXHQW

��



DV�WKH�UHIHUHQFH�JURXS��DQG�HVWLPDWHV�KRZ�WKH�SK\VLFDO�VSDFLQJ�EHWZHHQ�WHUPV�LPSDFWV

SDUWLFLSDQWV¶�DVVLJQPHQW�PDVWHU\�VSHHG��FRPSDUHG�WR�WKH�LQFRQJUXHQW�FRQGLWLRQ��ZKLOH

DFFRXQWLQJ�IRU�DQ\�QHVWHG�HIIHFWV�EHWZHHQ�WKH�VWXGHQW�DQG�FODVV�OHYHOV�

0RGHO���LQ�+/0�KDV�WKH�IROORZLQJ�IRUP�

ZKHUH L LV�VWXGHQWV���WKURXJK�Q��DQG M LV�FODVV�� WKURXJK�Q�

,QWHUDFWLRQ�WHUPV�ZHUH�FUHDWHG�DQG�DGGHG�WR�WKH�KLHUDUFKLFDO�OLQHDU�PRGHO�WR�H[DPLQH

LQWHUDFWLRQV�EHWZHHQ SULRU�SHUIRUPDQFH�DQG�FRQGLWLRQ DV�ZHOO�DV JUDGH�OHYHO�DQG�FRQGLWLRQ DV

SUHGLFWRUV�RI�PDVWHU\�VSHHG��FRQWUROOLQJ�IRU�SULRU�SHUIRUPDQFH�DQG�JUDGH�OHYHO�DV�FRYDULDWHV�

0RGHO���SUHVHQWV�UHVXOWV�IRU�WKH�VHFRQG�UHVHDUFK�TXHVWLRQ��H[SORULQJ�ZKHWKHU�DQ�LQWHUDFWLRQ

EHWZHHQ�SULRU�SHUIRUPDQFH�DQG�VSDFLQJ�FRQGLWLRQ�SUHGLFWHG�PDVWHU\�VSHHG��/DVWO\��0RGHO��

SUHVHQWV�UHVXOWV�IRU�WKH�WKLUG�UHVHDUFK�TXHVWLRQ��ZKLFK�H[SORUHV�ZKHWKHU�DQ�LQWHUDFWLRQ�EHWZHHQ

JUDGH�OHYHO�DQG�VSDFLQJ�FRQGLWLRQ�SUHGLFWHG�PDVWHU\�VSHHG�

5HVXOWV

'HVFULSWLYH�6WDWLVWLFV

2YHUDOO��DOO�VWXGHQWV�FRPSOHWHG�WKH�DVVLJQPHQW�E\�HYHQWXDOO\�DFKLHYLQJ�PDVWHU\�VWDWXV

�DQVZHULQJ�WKUHH�SUREOHPV�FRUUHFWO\�LQ�D�URZ��DW�VRPH�SRLQW�LQ�WKH�DVVLJQPHQW��0 ����

SUREOHPV� 6' �����SUREOHPV���:KLOH�ZRUNLQJ�RQ�WKH SUREOHP�VHW��������RI�SDUWLFLSDQWV�XVHG�WKH

DYDLODEOH�KLQW�DW�OHDVW�RQFH��6HH�7DEOH����EHORZ��IRU�GHWDLOV�RQ�VWXGHQWV¶�SULRU�SHUIRUPDQFH�DQG

DYHUDJH�PDVWHU\�VSHHG�E\�JUDGH�OHYHO��3ULRU�SHUIRUPDQFH�VFRUHV�LQGLFDWHG�WKDW��RQ�DYHUDJH�

��



VWXGHQWV�KDG�FRUUHFWO\�DQVZHUHG�����RI�SUHYLRXVO\�DWWHPSWHG�SUREOHPV�LQ�$66,67PHQWV�SULRU�WR

WKH�EHJLQQLQJ�RI�WKLV�VWXG\��0  ����� 6'  ������

7DEOH��

'HVFULSWLYH�6WDWLVWLFV�RQ�6WXGHQW�3HUIRUPDQFH�E\�*UDGH�/HYHO

3RSXODWLRQ Q $YHUDJH�3ULRU
3HUIRUPDQFH��6'�

$YHUDJH�0DVWHU\�6SHHG��6'�

2YHUDOO ����� ��������� �����������

�WK�*UDGH �� ��������� �����������

�WK�*UDGH ��� ��������� �����������

�WK�*UDGH ��� ��������� �����������

�WK�*UDGH ��� ��������� �����������

�WK�*UDGH ��� ��������� �����������

��WK�*UDGH �� ��������� �����������

��WK�*UDGH � ��������� ����������

��WK�*UDGH �� ��������� �����������

1RWH��*UDGH�OHYHO�ZDV�QRW�UHSRUWHG�IRU Q ����SDUWLFLSDQWV�

1H[W��ZH�FRQGXFWHG�D�SUHOLPLQDU\�RQH�ZD\�$129$�WR�H[DPLQH�GLIIHUHQFHV�LQ�DYHUDJH

PDVWHU\�VSHHGV�E\�FRQGLWLRQ��5HVXOWV�LQGLFDWH�WKDW�WKHUH�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW�RYHUDOO

GLIIHUHQFHV�EHWZHHQ�JURXSV�LQ�PDVWHU\�VSHHG��) ��������  ������� S ���������3RVW�KRF�WHVWV�XVLQJ

%RQIHUURQL�FRUUHFWLRQ�WR�DFFRXQW�IRU�PXOWLSOH�FRPSDULVRQV�UHYHDOHG�WKDW��RQ�DYHUDJH��VWXGHQWV�LQ

WKH�FRQJUXHQW�FRQGLWLRQ��0  ������SUREOHPV� 6'  ����� SUREOHPV��PDVWHUHG�WKH�DVVLJQPHQW�LQ

VLJQLILFDQWO\�IHZHU�SUREOHPV�WKDQ�LQ�WKH�LQFRQJUXHQW�FRQGLWLRQ��0  ������SUREOHPV� 6'  �����

SUREOHPV��&RKHQ¶V G  �������DQG�WKH�PL[HG�FRQGLWLRQ �0  ������SUREOHPV� 6'  ������SUREOHPV�

��



&RKHQ¶V G  ��������VHH�)LJXUH����6WXGHQWV�LQ�WKH�QHXWUDO�FRQGLWLRQ��0  ������SUREOHPV� 6'  �����

SUREOHPV��DOVR�FRPSOHWHG�WKH�SUREOHP�VHW�LQ�VLJQLILFDQWO\�IHZHU�SUREOHPV�WKDQ�VWXGHQWV�LQ�WKH

LQFRQJUXHQW�FRQGLWLRQ��&RKHQ¶V G  ��������7KHUH�ZHUH QR�GLIIHUHQFHV�LQ�PDVWHU\�VSHHG�EHWZHHQ

WKH�PL[HG�DQG�LQFRQJUXHQW�FRQGLWLRQ��S !��������7KHVH UHVXOWV�SURPSWHG�IXUWKHU�H[SORUDWLRQ�LQWR

H[DPLQLQJ�WKH�LPSDFW�RI�VSDFLQJ�FRQGLWLRQ�RQ�DVVLJQPHQW�PDVWHU\�VSHHGV��DFFRXQWLQJ�IRU�JUDGH

OHYHO��SULRU�SHUIRUPDQFH��DQG�WKH�QHVWLQJ�RI�VWXGHQWV�LQ�FODVVURRPV�

)LJXUH��

0HDQ�1XPEHU�RI�7ULDOV�5HTXLUHG�IRU�0DVWHU\�DV�D�)XQFWLRQ�RI�6SDFLQJ�&RQGLWLRQ�ZLWK�(UURU

%DUV�5HSRUWLQJ�2QH�6WDQGDUG�(UURU�RI�WKH�0HDQ�RQ�(DFK�6LGH

+LHUDUFKLFDO�/LQHDU�0RGHOV�([DPLQLQJ�WKH�,PSDFW�RI�6SDFLQJ�&RQGLWLRQ�RQ�0DVWHU\�6SHHG

7DEOH����EHORZ��GLVSOD\V�WKH�UHVXOWV�RI�WKH�IRXU�WZR�OHYHO�KLHUDUFKLFDO�OLQHDU�PRGHOV�IRU

WKHVH�DQDO\VHV��7KH�XQFRQGLWLRQDO�PRGHO��0RGHO����SUHGLFWLQJ�PDVWHU\�VSHHG�KDG�DQ�,&&�RI

�������LQGLFDWLQJ�WKDW������RI�WKH�YDULDQFH�LQ�DVVLJQPHQW�PDVWHU\�VSHHG�LV�GXH�WR�FODVV�OHYHO

��



GLIIHUHQFHV��7KH�SHUFHQWDJH�RI�YDULDQFH�H[SODLQHG�IRU�HDFK�PRGHO�LV�GHULYHG�IURP�WKH�YDULDQFH

FRPSRQHQWV�RI�WKH�PRGHO�GLUHFWO\�SUHFHGLQJ�LW��H[SODLQLQJ�WKH�YDULDQFH�DFFRXQWHG�IRU�DERYH�DQG

EH\RQG�WKH�SUHYLRXV�PRGHO�

0RGHO���VKRZV�WKH�LQIOXHQFH�RI�VWXGHQWV¶�JUDGH�OHYHO�DQG�SULRU�SHUIRUPDQFH�LQ

$66,67PHQWV�RQ�DVVLJQPHQW�PDVWHU\�VSHHG��3ULRU�SHUIRUPDQFH�ZDV�D�VLJQLILFDQW�SUHGLFWRU�RI

PDVWHU\�VSHHG��ZKHUH�VWXGHQWV�ZLWK�KLJKHU�SULRU�SHUIRUPDQFH�RQ�$66,67PHQWV�SUREOHP�VHWV�KDG

ORZHU�PDVWHU\�VSHHGV��ȕ� ������� S ���������*UDGH OHYHO�GLG�QRW�VLJQLILFDQWO\�SUHGLFW�PDVWHU\

VSHHG��S !��������7KH�DGGLWLRQ�RI�WKHVH�WZR�YDULDEOHV H[SODLQHG����RI�WKH�FKLOG�OHYHO�YDULDQFH

DQG�����RI�WKH�FODVV�OHYHO�YDULDQFH�LQ�PDVWHU\�VSHHG�

0RGHO����5HVHDUFK�4XHVWLRQ����'RHV�6SDFLQJ�,QIOXHQFH�$VVLJQPHQW�0DVWHU\�6SHHG"

$���OHYHO�+/0�PRGHO��0RGHO����ZDV�FRQGXFWHG�WR�H[DPLQH�WKH�LPSDFW�RI�FRQGLWLRQ�RQ

PDVWHU\�VSHHG��FRQWUROOLQJ�IRU�JUDGH�DQG�SULRU�SHUIRUPDQFH��7KH�LQFRQJUXHQW�VSDFLQJ�FRQGLWLRQ

ZDV�WUHDWHG�DV�WKH�UHIHUHQFH�JURXS�IRU�WKH�KLHUDUFKLFDO�OLQHDU�PRGHOV�VLQFH�WKH�$129$�LQGLFDWHG

WKDW�WKHUH�ZHUH�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�LQFRQJUXHQW�VSDFLQJ�FRQGLWLRQ�DQG�WZR�RWKHU

JURXSV��5HVXOWV�ZHUH�FRQVLVWHQW�ZLWK�WKH�$129$��WKHUH�ZDV�D�VLJQLILFDQW�HIIHFW�RI�WZR

FRQGLWLRQV�RQ�DVVLJQPHQW�PDVWHU\�VSHHGV��7KH�DQDO\VLV�UHYHDOHG�WKDW�VWXGHQWV�LQ�WKH�FRQJUXHQW

FRQGLWLRQ��ȕ� ������� S ��������DQG�WKH�QHXWUDO�FRQGLWLRQ �ȕ� ������� S ��������PDVWHUHG�WKH

DVVLJQPHQW�LQ�VLJQLILFDQWO\�IHZHU�SUREOHPV�WKDQ�LQ�WKH�LQFRQJUXHQW�FRQGLWLRQ��6SHFLILFDOO\�

VWXGHQWV�LQ�WKH�FRQJUXHQW�FRQGLWLRQ�FRPSOHWHG�WKH�DVVLJQPHQW��RQ�DYHUDJH��LQ�����SUREOHPV�IDVWHU

WKDQ�VWXGHQWV�LQ�WKH�LQFRQJUXHQW�FRQGLWLRQ��6LPLODUO\��VWXGHQWV�LQ�WKH�QHXWUDO�FRQGLWLRQ�FRPSOHWHG

WKH�DVVLJQPHQW��RQ�DYHUDJH��LQ�����SUREOHPV�TXLFNHU�WKDQ�VWXGHQWV�LQ�WKH�LQFRQJUXHQW�FRQGLWLRQ�

:KLOH�ERWK�FRQJUXHQW�DQG�QHXWUDO�VSDFLQJ�FRQGLWLRQV�VLJQLILFDQWO\�SUHGLFW�DVVLJQPHQW�PDVWHU\

VSHHG��WKH�HIIHFW�LV�ODUJHU�IRU�WKH�FRQJUXHQW�VSDFLQJ�FRQGLWLRQ�WKDQ�WKH�QHXWUDO�VSDFLQJ�FRQGLWLRQ�

��



$OWKRXJK�WKHUH�ZDV�D�WUHQG��WKHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�PL[HG�FRQGLWLRQ

DQG�WKH�LQFRQJUXHQW�FRQGLWLRQ��ȕ� ������� S �������� +LJKHU�SULRU�SHUIRUPDQFH�ZDV�UHODWHG�WR

IDVWHU�PDVWHU\�VSHHGV��ȕ� ������� S ���������*UDGH OHYHO�ZDV�QRW�VLJQLILFDQW�LQ�SUHGLFWLQJ�PDVWHU\

VSHHG�

7DEOH��

+LHUDUFKLFDO�/LQHDU�0RGHOV�6KRZ�WKH�(IIHFW�RI�&RQGLWLRQ��3ULRU�3HUIRUPDQFH��DQG�*UDGH�RQ

0DVWHU\�6SHHG��1RWH��䈳�S��������
�S��������

�S�������

3DUDPHWHU 0RGHO�� 0RGHO�� 0RGHO�� 0RGHO�� 0RGHO��

,QWHUFHSW ����������

 �����������

 �����������

 �����������

 �����������



/HYHO����6WXGHQW�

*UDGH�/HYHO ������������ ������������ ������������ ������������

3ULRU�3HUIRUPDQFH ������������

 ������������

 ������������
 ������������



1HXWUDO ������������

 ������������ ������������


&RQJUXHQW ������������

 ������������
 ������������

0L[HG �������������䈳 ������������ ������������

1HXWUDO�[�3ULRU�3HUIRUPDQFH �����������

&RQJUXHQW�[�3ULRU�3HUIRUPDQFH �����������

0L[HG�[�3ULRU�3HUIRUPDQFH �����������

1HXWUDO�[�*UDGH �����������䈳

&RQJUXHQW�[�*UDGH �����������

0L[HG�[�*UDGH �����������

/HYHO����7HDFKHU�

9DULDQFH�&RPSRQHQWV

6WXGHQW�/HYHO ���� ���� ���� ���� ����

7HDFKHU�/HYHO ���� ���� ���� ���� ����

7RWDO�9DULDQFH �����

/HYHO�� �����

,&&�/HYHO�� �����

��H[SODLQHG�DW�VWXGHQW�OHYHO ���� ���� ���� ����

��H[SODLQHG�DW�FODVVURRP�OHYHO ���� ���� ����� ����

0RGHO����5HVHDUFK�4XHVWLRQ����'RHV�3ULRU�3HUIRUPDQFH�0RGHUDWH�WKH�(IIHFW�RI�&RQGLWLRQ�RQ

$VVLJQPHQW�0DVWHU\�6SHHG"

��



1H[W��ZH�WHVWHG�ZKHWKHU�WKHUH�ZDV�DQ�LQWHUDFWLRQ�HIIHFW�EHWZHHQ�VWXGHQWV¶�SULRU

SHUIRUPDQFH�DQG�FRQGLWLRQ�WR�XQGHUVWDQG�LI�WKH�HIIHFW�RI�VSDFLQJ�FRQGLWLRQ�ZDV�PRGHUDWHG�E\

SULRU�SHUIRUPDQFH��0RGHO���SUHVHQWV�DOO�/HYHO���YDULDEOHV�LQ�DGGLWLRQ�WR�WKH�SULRU�SHUIRUPDQFH

LQWHUDFWLRQ�WHUPV�ZLWKLQ�/HYHO����7KH�LQWHUDFWLRQV�EHWZHHQ�SULRU�SHUIRUPDQFH�DQG�HDFK�VSDFLQJ

FRQGLWLRQ��QHXWUDO��FRQJUXHQW��PL[HG��ZHUH�QRW�VLJQLILFDQW�SUHGLFWRUV�RI�DVVLJQPHQW�PDVWHU\

VSHHG��ȕ� ������ S  �������ȕ� ������ S  �������ȕ� ����� S  ��������ZKLFK�PHDQV�RQO\�WKH�PDLQ

HIIHFWV�RI�SULRU�SHUIRUPDQFH�DQG�VSDFLQJ�FRQGLWLRQ�VKRXOG�EH�LQWHUSUHWHG��7KLV�UHVXOW�VXJJHVWV

WKDW�VWXGHQWV¶�SULRU�SHUIRUPDQFH�LQ�$66,67PHQWV�GRHV�QRW�PRGHUDWH�WKH�UHODWLRQVKLS�EHWZHHQ

VSDFLQJ�FRQGLWLRQ�DQG�DVVLJQPHQW�PDVWHU\�VSHHG�

0RGHO����5HVHDUFK�4XHVWLRQ����'RHV�*UDGH�0RGHUDWH�WKH�(IIHFW�RI�&RQGLWLRQ�RQ�$VVLJQPHQW

0DVWHU\�6SHHG"

/DVWO\��ZH�WHVWHG�ZKHWKHU�WKHUH�ZHUH�LQWHUDFWLRQ�HIIHFWV�RI�JUDGH�OHYHO�î�FRQGLWLRQ�RQ

DVVLJQPHQW�PDVWHU\�VSHHG��0RGHO���SUHVHQWV�DOO�/HYHO���YDULDEOHV�LQ�DGGLWLRQ�WR�WKH�JUDGH�OHYHO

LQWHUDFWLRQ�WHUPV�ZLWKLQ�/HYHO����7KH�LQWHUDFWLRQ�EHWZHHQ�JUDGH�OHYHO�DQG�WKH�QHXWUDO�VSDFLQJ

FRQGLWLRQ�ZDV�QRW�VLJQLILFDQW�EXW�ZDV�WUHQGLQJ�WRZDUGV�VLJQLILFDQFH��ȕ� ������ S  ��������7KH

RWKHU�LQWHUDFWLRQV�EHWZHHQ�JUDGH�OHYHO�DQG�HDFK�VSDFLQJ�FRQGLWLRQ��FRQJUXHQW��PL[HG��ZHUH�QRW

VLJQLILFDQW�SUHGLFWRUV�RI�DVVLJQPHQW�PDVWHU\�VSHHG��ȕ� ������ S  �������ȕ� ������ S  ��������7KLV

ILQGLQJ�VXJJHVWV�WKDW�VWXGHQWV¶�JUDGH�OHYHO�GRHV�QRW�PRGHUDWH�WKH�UHODWLRQVKLS�EHWZHHQ�VSDFLQJ

FRQGLWLRQ�DQG�DVVLJQPHQW�PDVWHU\�VSHHG�

'LVFXVVLRQ

7KH�JRDO�RI�WKLV�VWXG\�ZDV�WR�H[SORUH�ZKHWKHU�PDQLSXODWLQJ�WKH�SK\VLFDO�VSDFLQJ�EHWZHHQ

PDWKHPDWLFDO�V\PEROV�ZRXOG�LPSDFW�VWXGHQWV¶�DVVLJQPHQW�PDVWHU\�VSHHG�RQ�RUGHU�RI�RSHUDWLRQV

SUREOHPV� ,Q�DGGLWLRQ�WR UHSOLFDWLQJ�WKH�GLIILFXOW\ WKDW�DOJHEUD�OHDUQHUV�H[SHULHQFH�ZLWK

��



LQFRQJUXHQW�VSDFLQJ�LQ�RUGHU�RI�RSHUDWLRQV�SUREOHPV��ZH�ZHUH�SDUWLFXODUO\�LQWHUHVWHG�LQ

H[DPLQLQJ�ZKHWKHU VSDFLQJ�HIIHFWV�H[LVW�LQ�ERWK�\RXQJHU DQG�ROGHU�VWXGHQWV�LQ�DXWKHQWLF

KRPHZRUN�HQYLURQPHQWV�VXFK�DV�DQ�RQOLQH�WXWRULQJ�V\VWHP� 7ZR�PDLQ�ILQGLQJV�HPHUJHG�IURP

WKLV�VWXG\�����VWXGHQWV�LQ�WKH�LQFRQJUXHQW�FRQGLWLRQ�KDG�VORZHU�PDVWHU\�VSHHGV��VROYLQJ�PRUH

SUREOHPV�WR�DFKLHYH�PDVWHU\��WKDQ�VWXGHQWV�LQ�WKH�FRQJUXHQW�RU�QHXWUDO�FRQGLWLRQV��DQG����WKHUH

ZHUH�QR�VLJQLILFDQW�LQWHUDFWLRQV�EHWZHHQ�JUDGH�OHYHO�DQG�FRQGLWLRQ��RU�SULRU�SHUIRUPDQFH�DQG

FRQGLWLRQ��RQ�PDVWHU\�VSHHGV��7RJHWKHU��WKHVH�UHVXOWV�VXJJHVW�WKDW�YLHZLQJ�LQFRQJUXHQW�VSDFLQJ

ZLWKLQ�PDWKHPDWLFDO�H[SUHVVLRQV�OHG�WR�PRUH�HUURUV�DQG�ORZHU�SHUIRUPDQFH�IRU�PRVW�VWXGHQWV�

UHJDUGOHVV�RI�DJH�RU�SULRU�SHUIRUPDQFH��FRPSDUHG�WR�WKRVH�ZKR�YLHZHG�SUREOHPV�ZLWK�FRQJUXHQW

RU�QHXWUDO�VSDFLQJ�EHWZHHQ�WHUPV�

3K\VLFDO�6SDFLQJ�LQ�0DWK�([SUHVVLRQV�$IIHFWV�6WXGHQW�3HUIRUPDQFH

:H�SUHGLFWHG�WKDW�YLHZLQJ�FRQJUXHQW�RU�QHXWUDO�VSDFLQJ�ZLWKLQ�SUREOHPV�ZRXOG�OHDG�WR

IDVWHU�PDVWHU\�VSHHGV�FRPSDUHG�WR�YLHZLQJ�SUREOHPV�ZLWK�LQFRQJUXHQW�RU�PL[HG�VSDFLQJ��7KH

UHVXOWV�PRVWO\�VXSSRUWHG�WKLV�K\SRWKHVLV��VWXGHQWV�ZKR�YLHZHG�SUREOHPV�ZLWK�FRQJUXHQW�RU

QHXWUDO�VSDFLQJ�WHQGHG�WR�PDVWHU�WKH�DVVLJQPHQW�LQ�VLJQLILFDQWO\�IHZHU�SUREOHPV�WKDQ�VWXGHQWV

ZKR�YLHZHG�SUREOHPV�ZLWK�VSDFLQJ�WKDW�ZDV�LQFRQJUXHQW�ZLWK�WKH�RUGHU�RI�SUHFHGHQFH��+RZHYHU�

WKHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�LQ�PDVWHU\�VSHHG�EHWZHHQ�WKH�QHXWUDO�DQG�PL[HG�FRQGLWLRQ�

2QH�H[SODQDWLRQ�IRU�ZK\�FRQJUXHQW�VSDFLQJ�PD\�OHDG�WR�JUHDWHU�SHUIRUPDQFH�RYHU

LQFRQJUXHQW�VSDFLQJ�LV�WKDW�YLVXDOO\�PRGLI\LQJ�WKH�SK\VLFDO�VSDFLQJ�RI�WHUPV�PD\�ELDV�SHRSOH�WR

QDWXUDOO\�JURXS�SUR[LPDO�WHUPV�LQWR�JURXSHG�REMHFWV��:HUWKHLPHU���������%XLOGLQJ�RQ�WKLV�YLVXDO

VSDFLQJ�ELDV��RQH�FRXOG�DUJXH�WKDW�SHUFHSWXDOO\�JURXSLQJ�WHUPV�WR�EH�FRQJUXHQW�ZLWK�WKH�RUGHU�RI

SUHFHGHQFH�FRXOG�EH�PRUH�DGYDQWDJHRXV�IRU�VWXGHQWV�E\�SURYLGLQJ�SHUFHSWXDO�FXHV�WKDW�GLUHFW

DWWHQWLRQ�WRZDUGV�KLJKHU�SUHFHGHQFH�RSHUDWLRQV�LQ�H[SUHVVLRQV��DV�LI�SURYLGLQJ�YLVXDO�VFDIIROGLQJ

��



IRU�WKH�RUGHU�RI�SUHFHGHQFH�ZLWKLQ�H[SUHVVLRQV��,I�WKLV�LV�WKH�FDVH��WKHQ�LW�FRXOG�EH�K\SRWKHVL]HG

WKDW�VWXGHQWV�ZKR�VDZ�WKH�FRQJUXHQW�JURXSLQJ�VKRXOG�DOVR�EH�PRUH�OLNHO\�WR�KDYH�IDVWHU�PDVWHU\

VSHHGV�WKDQ�VWXGHQWV�LQ�WKH�QHXWUDO�VSDFLQJ�FRQGLWLRQ��+RZHYHU��WKHUH�ZHUH�QR�FOHDU�DGYDQWDJHV

RI�XVLQJ�FRQJUXHQW�DV�RSSRVHG�WR�QHXWUDO�VSDFLQJ��7KLV�ILQGLQJ�ZDV�DOLJQHG�ZLWK�WKRVH�RI�/DQG\

DQG�*ROGVWRQH��������ZKR�DOVR�IRXQG�WKDW�RSHUDWLRQ�HUURU�UDWHV�GLG�QRW�GLIIHU�EHWZHHQ�FRQJUXHQW

DQG�QHXWUDO�VSDFLQJ�FRQGLWLRQV�

7KH�ILQGLQJ�WKDW�YLHZLQJ�FRQJUXHQW�DQG�QHXWUDO�VSDFLQJ�OHG�WR�KLJKHU�SHUIRUPDQFH�WKDQ

LQFRQJUXHQW�VSDFLQJ�LV�FRQVLVWHQW�ZLWK�SULRU�VWXGLHV��H�J�� *yPH]�HW�DO���������-LDQJ�HW�DO��������

������/DQG\�	�*ROGVWRQH������� 5LYHUD�	�*DUULJDQ� �������$Q�LQWHUSUHWDWLRQ�RI�WKHVH�UHVXOWV�LV

WKDW�ZKLOH�WKH�YLVXDO�VWUXFWXUH�RI�PDWKHPDWLFDO�QRWDWLRQ�FUHDWHV�SHUFHSWXDO�JURXSLQJV�WKDW�FXH

LQWHUSUHWDWLRQ�DQG�FRPSXWDWLRQ�ELDVHV��WKLV�HIIHFW�LV�VWURQJHU�ZKHQ�WKRVH�JURXSLQJV�DUH

LQFRQJUXHQW�ZLWK�PDWKHPDWLFDO�UXOHV��NQRZOHGJH��DQG�WKH�RUGHU�RI�SUHFHGHQFH��,W�LV�SRVVLEOH�WKDW

WKH�GLIIHUHQFH�LQ�PDVWHU\�VSHHG�E\�FRQGLWLRQ�LV�GXH�WR�D�UHOLDQFH�RQ�PXOWLSOH�SHUFHSWXDO�FXHV�WKDW

LQGLYLGXDOV�XVH�ZKHQ�VROYLQJ�RUGHU�RI�RSHUDWLRQV�SUREOHPV��)XUWKHU��WKHVH�FXHV�PD\�ZRUN�LQ�D

KLHUDUFKLFDO�VWUXFWXUH�ZKHUH�SK\VLFDO�VSDFLQJ�DFWV�DV�D�ILUVW�RUGHU�SHUFHSWXDO�FXH�DQG�RSHUDQGV�DFW

DV�VHFRQG�RUGHU�FXHV�WR�LQWHUSUHW�DQG�DFW�RQ�PDWKHPDWLFDO�QRWDWLRQ��$V�D�UHVXOW��ZKHQ�SUHVHQWHG

ZLWK�LQFRQJUXHQW�VSDFLQJ��VWXGHQWV�PD\��LQFRUUHFWO\��DWWHQG�WR�DQG�UHO\�PRUH�RQ�SHUFHSWXDO

JURXSV�ZKHQ�VLPSOLI\LQJ�DQ�H[SUHVVLRQ�WKDQ�ZKHQ�SUHVHQWHG�ZLWK�FRQJUXHQW�RU�QHXWUDO�VSDFLQJ�

2WKHU�ZRUN�KDV�VXJJHVWHG�WKDW�VSDFLQJ�LV�XVHG�DV�DQ�DFWLRQ�JXLGLQJ�FXH��LQFRQJUXHQW

VSDFLQJ�HOLFLWV�HUURUV�ZKLOH�FRQJUXHQW�DQG�QHXWUDO�VSDFLQJ�LQ�PDWKHPDWLFDO�QRWDWLRQ�KHOSV

IDFLOLWDWH�LPSURYHG�SHUIRUPDQFH��&RQVHTXHQWO\��YLHZLQJ�FRQJUXHQW�VSDFLQJ�LQ�H[SUHVVLRQV�PD\

QRW�EH�VLJQLILFDQWO\�PRUH�KHOSIXO�WKDQ�YLHZLQJ�QHXWUDO�VSDFLQJ�EHFDXVH�WKH�SHUFHSWXDO�FXHV�IURP

SK\VLFDO�VSDFLQJ�ZRXOG�EH�UHGXQGDQW�WR�FXHV�IURP�RSHUDQGV��7KLV�QRWLRQ�LV�VXSSRUWHG�E\�ILQGLQJV

��



WKDW�LQGLYLGXDOV�DWWHQG�WR�PXOWLSOLFDWLRQ�RSHUDQGV�TXLFNHU�WKDQ�DGGLWLRQ�RSHUDQGV�DQG�WUHDW

QDUURZ�VSDFLQJ�EHWZHHQ�WHUPV�VLPLODUO\�WR�PXOWLSOLFDWLRQ�RSHUDQGV��/DQG\�HW�DO����������)RU

LQVWDQFH��LQ�WKH�H[SUHVVLRQ�³���
�´��WKH�PXOWLSOLFDWLRQ�RSHUDQG�DFWV�DV�D�FXH�WR�JURXS�WKH�³�´�DQG

³�´�ZKHQ�WKH�SK\VLFDO�VSDFLQJ�LV�QHXWUDO��,I�WKH�H[SUHVVLRQ�ZDV�SUHVHQWHG�ZLWK�SK\VLFDO�VSDFLQJ

FRQJUXHQW�ZLWK�WKH�RUGHU�RI�SUHFHGHQFH��³�����
�´��WKH�SK\VLFDO�VSDFLQJ�ZRXOG�RQO\�UHLQIRUFH�WKH

JURXSLQJ�EHWZHHQ�WKH�³�´�DQG�³�´�EXW�LV�QRW�QHFHVVDU\��&RQYHUVHO\��SK\VLFDO�VSDFLQJ�ZRXOG�EH

PRUH�RI�D�SHUFHSWXDO�FXH�LI�WKH�H[SUHVVLRQ�ZDV�SUHVHQWHG�DV�³����
��´��%DVHG�RQ�WKH�UHVXOWV�IURP

WKLV�VWXG\�DQG�H[DPSOHV�IURP�WKH�ERG\�RI�OLWHUDWXUH�RQ�WKLV�ZRUN�GHPRQVWUDWLQJ�WKH�LQIOXHQFH�RI

YLVXDO�SURSHUWLHV�RQ�SHUIRUPDQFH�ZLWK�PDWKHPDWLFV�QRWDWLRQ��SHUKDSV�WKH�SK\VLFDO VSDFLQJ�ZLWKLQ

PDWKHPDWLFDO�QRWDWLRQ�LV�D�KLJKHU�RUGHU�SHUFHSWXDO�FXH�WKDQ�RSHUDQGV�ZKLFK�LV�ZK\�YLHZLQJ

LQFRQJUXHQW�VSDFLQJ�PD\�EH�PXFK�PRUH�FKDOOHQJLQJ�IRU�VWXGHQWV�

3ULRU�0DWK�3HUIRUPDQFH��*UDGH�/HYHO��DQG�6SDFLQJ�&RQGLWLRQV

7KHUH�LV�D�FRPPRQ�YLHZ�WKDW�VWXGHQWV¶�FRPSXWDWLRQDO�HUURUV�DUH�DQ�LQGLFDWLRQ�RI�WKHLU

FRQFHSWXDO�PLVXQGHUVWDQGLQJV�DERXW�PDWKHPDWLFV��&RQVLVWHQW�ZLWK�WKLV�LGHD��VWXGHQWV¶�SULRU

SHUIRUPDQFH�LQ�$66,67PHQWV�VLJQLILFDQWO\�SUHGLFWHG�WKHLU�PDVWHU\�VSHHG��VXJJHVWLQJ�WKDW��RQ

DYHUDJH��VWXGHQWV�ZLWK�KLJKHU�SULRU�SHUIRUPDQFH�PDGH�IHZHU�HUURUV�ZKHQ�VROYLQJ�RUGHU�RI

RSHUDWLRQV�SUREOHPV��+RZHYHU��HYHQ�ZKHQ�FRQWUROOLQJ�IRU�SULRU�SHUIRUPDQFH��LQFRQJUXHQW

VSDFLQJ�VWLOO�DIIHFWHG�VWXGHQW�SHUIRUPDQFH�RQ�WKH�SUREOHP�VHW��$GGLWLRQDOO\��ZKLOH�SUHYLRXV

ILQGLQJV�KDYH�ODUJHO\�IRFXVHG�RQ�FROOHJH�DJHG�SDUWLFLSDQWV�LQ�ODERUDWRU\�VHWWLQJV��H�J���*yPH]�HW

DO���������-LDQJ�HW�DO���������/DQG\�	�*ROGVWRQH������D������E���������WKH�FXUUHQW�ILQGLQJV

UHYHDO�WKDW�WKH�HIIHFWV�RI�SK\VLFDO�VSDFLQJ�DOVR�RFFXU�LQ�\RXQJHU�VWXGHQWV�ZKR�DUH�LQ�WKH�SURFHVV

RI�OHDUQLQJ�WKH�UXOHV�RI�RSHUDWLRQ�SUHFHGHQFH�DQG�DSSO\LQJ�WKDW�NQRZOHGJH�LQ�DXWKHQWLF

KRPHZRUN�VHWWLQJV��5HJDUGOHVV�RI�DJH�RU�SULRU�SHUIRUPDQFH�LQ�WKH�WXWRULQJ�V\VWHP��YLHZLQJ

��



H[SUHVVLRQV�ZLWK�VSDFLQJ�WKDW�LV�LQFRQJUXHQW�ZLWK�WKH�RUGHU�RI�SUHFHGHQFH�VHHPV�WR�EH�PRUH

GLIILFXOW�IRU�VWXGHQWV�UDQJLQJ�IURP�WKH��WK�WR���WK�JUDGH�

7DNHQ�WRJHWKHU��WKHVH�ILQGLQJV�UHLQIRUFH�SUHYLRXV�HYLGHQFH�WKDW�VXEWOH�FKDQJHV�LQ�SK\VLFDO

VSDFLQJ�FDQ�LPSDFW�VWXGHQWV¶�SHUIRUPDQFH�RQ�FRPSXWLQJ�RUGHU�RI�RSHUDWLRQV�SUREOHPV�UHJDUGOHVV

RI�WKH�VWXGHQW¶V�DJH�RU�NQRZOHGJH�OHYHO��,W�VHHPV�WKDW�SHUFHSWXDO�JURXSLQJ��WKURXJK�VSDFLQJ��PD\

EH�DFWLQJ�DV�DQ�LUUHOHYDQW�EXW�VXEVWDQWLDO�OXUH�WKDW�LV�KDUG�IRU�VWXGHQWV�WR�LJQRUH��0RUH�EURDGO\��WKH

GLIIHUHQFHV�LQ�SHUIRUPDQFH�DFURVV�FRQGLWLRQV�VXSSRUWV�WKH�QRWLRQ�WKDW�SHRSOH�XVH�VSDFH�DV�D

SHUFHSWXDO�FXH�ZKHQ�LQWHUSUHWLQJ�DQG�DFWLQJ�RQ�PDWKHPDWLFDO�V\PEROV��$V�VXFK��WKHVH�UHVXOWV

SURYLGH�IXUWKHU�HYLGHQFH�WKDW�YLVXDO�DQG�SHUFHSWXDO�SURFHVVHV�FDQ�GULYH�UHDVRQLQJ�DERXW

PDWKHPDWLFV�FRPSXWDWLRQV��/DQG\�	�*ROGVWRQH������D������E��DQG�KLJKOLJKW�WKH�FRQIOLFWV

EHWZHHQ�UHOHYDQW��UXOH�RUGHUHG��DQG�LUUHOHYDQW��VSDFLQJ��IHDWXUHV�LQ�WKH�SUHVHQWDWLRQ�RI

PDWKHPDWLFV�

,PSOLFDWLRQV�IRU�7HDFKLQJ�DQG�/HDUQLQJ

7KH�FXUUHQW�VWXG\�VXJJHVWV�WKDW�PLQRU�DQG�UHODWLYHO\�PHDQLQJOHVV�FKDQJHV�WR�WKH�YLVXDO

SUHVHQWDWLRQ�RI�PDWKHPDWLFDO�QRWDWLRQ�KDYH�LPSOLFDWLRQV�IRU�KRZ�VWXGHQWV�LQWHUSUHW�DQG�XVH

V\PEROLF�QRWDWLRQ�WR�SHUIRUP�FRPSXWDWLRQV��$OWKRXJK�SHUFHSWXDO�FXHV�LQIOXHQFH�PDWKHPDWLFDO

UHDVRQLQJ��IHZ�LQVWUXFWLRQDO�DSSURDFKHV�RU�LQWHUYHQWLRQV�PDNH�XVH�RI�WKH�SRZHU�RI�SHUFHSWLRQ�

)XWXUH�OHDUQLQJ�LQWHUYHQWLRQV�IRU�DOJHEUD�OHDUQHUV�FRXOG�LQFOXGH�SXUSRVHIXO�PDQLSXODWLRQV�WR�WKH

SUHVHQWDWLRQ�RI�PDWKHPDWLFDO�H[SUHVVLRQV�DQG�HTXDWLRQV�ZKLFK�FRXOG�DIIHFW�VWXGHQWV¶�DELOLWLHV�WR

OHDUQ�DQG�DSSO\�DUELWUDU\�PDWKHPDWLFDO�UXOHV�VXFK�DV�WKH�RUGHU�RI�SUHFHGHQFH� 0RUH�EURDGO\��WKH

SUHYDOHQFH�RI�D�VSDFLQJ�HIIHFW�RQ�PDWKHPDWLFV�SHUIRUPDQFH�DFURVV�XSSHU�HOHPHQWDU\�WKURXJK

KLJK�VFKRRO�DJH�JURXSV�SRVHV�LQWHUHVWLQJ�TXHVWLRQV�DQG�PD\�KDYH�WKHRUHWLFDO�LPSOLFDWLRQV�DERXW

ZKHQ�SHUFHSWXDO�FXHV�EHJLQ�WR�GULYH�FRJQLWLYH�SURFHVVHV�LQ�OHDUQLQJ�DQG�GHYHORSPHQW��)XWXUH

��



ZRUN�FRXOG�LQYHVWLJDWH�KRZ�HDUO\�VSDFLQJ�HIIHFWV�HPHUJH�LQ�\RXQJ�OHDUQHUV�DQG�KRZ�VSDWLDO

PDQLSXODWLRQV�PD\�GULYH�VWXGHQWV¶�FRJQLWLYH�SURFHVVHV�DQG�DFWLRQV�DW�\RXQJHU�DJHV�

/LPLWDWLRQV

7KHUH�DUH�VHYHUDO�OLPLWDWLRQV�WR�WKH�GDWDVHW�DV�ZHOO�DV�WKH�PHWKRGV�XVHG�LQ�WKHVH�DQDO\VHV�

)RU�LQVWDQFH��WKH�6NLOO�%XLOGHU�VWUXFWXUH��ZKHUH�VWXGHQWV�PXVW�FRUUHFWO\�DQVZHU�WKUHH�SUREOHPV�LQ

D�URZ��LV�QRW�D�FRPPRQ�DSSURDFK�XVHG�LQ�FODVVURRP�LQVWUXFWLRQ�DQG�GRHV�QRW�HDVLO\�OHQG�LWVHOI�WR

D�SUHWHVW�SRVWWHVW�GHVLJQ��7KH�6NLOO�%XLOGHU�VWUXFWXUH�DOVR�DOORZV�VWXGHQWV�WR�VWRS�ZRUNLQJ�DIWHU

WKH\�DFKLHYH�PDVWHU\�VWDWXV�LQ�DQ�DVVLJQPHQW�E\�FRUUHFWO\�DQVZHULQJ�WKUHH�SUREOHPV�LQ�D�URZ��$V

D�UHVXOW��SDUWLFLSDQWV�RQO\�DQVZHUHG�DQ�DYHUDJH�RI�VL[�SUREOHPV�LQ�WKH�DVVLJQPHQW��$GGLWLRQDOO\�

VLQFH�WKH�ILQDO�GDWDVHW�H[FOXGHG�VWXGHQWV�ZKR�DQVZHUHG�WKH�ILUVW�WKUHH�SUREOHPV�FRUUHFWO\��WKLV

VDPSOH�GRHV�QRW�WDNH�LQWR�DFFRXQW�WKH�EHKDYLRU�RI�WKH�KLJKHVW�SHUIRUPLQJ�PDWKHPDWLFV�VWXGHQWV

RQ�WKLV�SDUWLFXODU�SUREOHP�VHW�

$QRWKHU�OLPLWDWLRQ�RI�WKH�VWXG\�LV�WKDW�WKHUH�ZDV�OLPLWHG�GHPRJUDSKLF�GDWD�DYDLODEOH�RQ

WKH�VWXGHQWV��6LQFH�$66,67PHQWV�SUREOHP�VHWV�ZHUH�DVVLJQHG�E\�WHDFKHUV�DURXQG�WKH�FRXQWU\

ZKR�XVH�WKH�SODWIRUP�IRU�KRPHZRUN��ZH�DUH�XQDEOH�WR�FROOHFW�VSHFLILF�GDWD�DERXW�FKLOGUHQ�

WHDFKHUV��RU�WKH�FODVVURRP�FRQWH[W��:KLOH�WKLV�LV�FHUWDLQO\�D�OLPLWDWLRQ��WKH�IDFW�WKDW�$66,67PHQWV

6NLOO�%XLOGHUV�DUH�XVHG�DQG�DVVLJQHG�ZLGHO\�E\�WHDFKHUV�DOORZHG�IRU�PRUH�HFRORJLFDO�YDOLGLW\�DQG

D�PXFK�ODUJHU�VDPSOH�VL]H�WKDQ�ZRXOG�KDYH�EHHQ�FROOHFWHG�LI�WKLV�VWXG\�ZDV�FRQGXFWHG�E\

UHVHDUFKHUV�ZLWK�UHFUXLWHG�WHDFKHUV�LQ�ORFDO�FODVVURRPV��$GGLWLRQDOO\��HIIHFWV�RI�VSDFLQJ�ZHUH

IRXQG�HYHQ�ZKLOH�FRQWUROOLQJ�IRU�SULRU�SHUIRUPDQFH�DQG�JUDGH�OHYHO�

)XWXUH�'LUHFWLRQV

��



:KLOH�WKH�FXUUHQW�SURMHFW�IRFXVHG�VROHO\�RQ�DVVLJQPHQW�PDVWHU\��VXEWOH�VSDFLQJ

PDQLSXODWLRQV�KDYH�EHHQ�IRXQG�WR�LQIOXHQFH�VWXGHQW�SUREOHP�VROYLQJ�EHKDYLRU�DW�WKH�DFWLRQ�OHYHO

�-LDQJ�HW�DO����������%DVHG�RQ�ZRUN�VXFK�DV�WKDW�RI�-LDQJ�DQG�FROOHDJXHV�������������� H[DPLQLQJ

RWKHU�DVSHFWV�RI�EHKDYLRU�ZKLOH�VWXGHQWV�DUH�SUREOHP�VROYLQJ�PD\�EH�IUXLWIXO�OLQHV�RI�UHVHDUFK�

-LDQJ�DQG�FROOHDJXHV��������PDQLSXODWHG�SHUFHSWXDO�JURXSLQJ�LQ�D�VLPLODU�VWXG\�XVLQJ�WKH�PLQXV

VLJQ��³�´��DV�WKH�RSHUDQG�RI�LQWHUHVW�WKHQ�DQDO\]HG�UDWHV�RI�³WDUJHW�HUURUV´�WKDW�ZRXOG�EH�WKH�UHVXOW

RI�UHO\LQJ�RQ�SHUFHSWXDO�JURXSLQJ�UDWKHU�WKDQ�DULWKPHWLF�SUHFHGHQFH��L�H��VXEWUDFWLQJ����IURP�³��

��������´���-LDQJ�HW�DO���������IRXQG�WKDW�SK\VLFDO�VSDFLQJ�PDQLSXODWLRQV�GLG��LQ�IDFW��OHDG�WR

KLJKHU�UDWHV�RI�WDUJHW�HUURUV��,QYHVWLJDWLQJ�WKH�NLQGV�RI�PLVWDNHV�WKDW�DUH�PDGH�RQ�LQFRUUHFW

SUREOHPV�FRXOG�SURYLGH�QHZ�LQVLJKWV�DERXW�WKH�UROH�RI�VSDFLQJ�LQ�H[SUHVVLRQV�DQG�KRZ�SHUFHSWXDO

JURXSLQJV�GULYH�VWXGHQW�DFWLRQV�ZKLOH�SUREOHP�VROYLQJ�

2QH�GLIIHUHQFH�LQ�RXU�VWXG\�IURP�SULRU�ZRUN�LV�WKDW�ZH�LQFOXGHG�D�PL[HG�VSDFLQJ

FRQGLWLRQ��:KLOH�ILQGLQJV�VXJJHVW�WKDW�WKH�PL[HG�VSDFLQJ�FRQGLWLRQ�ZDV�PRUH�GLIILFXOW�IRU

VWXGHQWV�FRPSDUHG�WR�VWXGHQWV�LQ�WKH�FRQJUXHQW�VSDFLQJ�FRQGLWLRQ��LQWHUHVWLQJO\��WKHUH�ZHUH�QR

GLIIHUHQFHV�LQ�PDVWHU\�VSHHG�EHWZHHQ�WKH�PL[HG�FRQGLWLRQ�DQG�WKH�QHXWUDO�FRQGLWLRQ��RU�WKH�PL[HG

DQG�LQFRQJUXHQW�VSDFLQJ�FRQGLWLRQV��*LYHQ�WKHVH�PL[HG�ILQGLQJV��IXWXUH�H[SHULPHQWDO�ZRUN

VKRXOG�IXUWKHU�H[DPLQH�WKH�HIIHFWV�RI�PL[HG�VSDFLQJ�DQG�WHVW�SODXVLEOH�PHFKDQLVPV�IRU�WKH

LPSDFW�RI�SHUFHSWXDO�VSDFLQJ�

,W�LV�DOVR�LPSRUWDQW�WR�QRWH�WKDW��DFURVV�FRQGLWLRQV��VWXGHQWV�ZHUH�SURYLGHG�ZLWK�DQ

RSWLRQDO�KLQW�RQ�HDFK�SUREOHP�WR�UHPLQG�WKHP�RI�WKH�UXOHV�RI�SUHFHGHQFH��5RXJKO\�D�WKLUG�RI

SDUWLFLSDQWV�YLHZHG�WKH�KLQW�DW�OHDVW�RQFH�ZKLOH�ZRUNLQJ�RQ�WKH�DVVLJQPHQW� 7KDW�VDLG��OLWWOH�WR�QR

ZRUN�KDV�VWXGLHG�KRZ�FRQFHSWXDO�NQRZOHGJH�UHPLQGHUV�DERXW�WKH�RUGHU�RI�SUHFHGHQFH�PD\

PLWLJDWH�WKH�HIIHFW�RI�SK\VLFDO�VSDFLQJ�RQ�PDWKHPDWLFV�SHUIRUPDQFH� 7R�GHYHORS�D�ULFKHU

��



XQGHUVWDQGLQJ�RI�KRZ�SHUFHSWXDO�JURXSLQJ�PD\�DIIHFW�VWXGHQW�EHKDYLRU��RXU�WHDP�LV�FXUUHQWO\

H[SORULQJ�SDWWHUQV�RI�VWXGHQW�EHKDYLRU�ZLWKLQ�SUREOHPV��VXFK�DV�UHVSRQVH�WLPHV��KHOS�VHHNLQJ

EHKDYLRU��DQG�HUURU�W\SHV��WR�VHH�KRZ�HIIHFWV�RI�VSDFLQJ�PDQLSXODWLRQV�H[WHQG�WR�D�EURDGHU

SRSXODWLRQ�RI�VWXGHQWV��0RUH�WKRURXJK�HUURU�DQDO\VHV�DW�WKH�DFWLRQ�OHYHO��ZLWKLQ�SUREOHPV��FRXOG

SURYLGH�LQVLJKW�DERXW�ZKHWKHU�VWXGHQWV�ZKR�DUH�SUHVHQWHG�ZLWK�LQFRQJUXHQW�VSDFLQJ�WHQG�WR�PDNH

SUHGLFWDEOH�HUURUV�EDVHG�RQ�KRZ�WKH�V\PEROV�ZHUH�YLVXDOO\�JURXSHG� :H�DOVR�SODQ�WR�H[SORUH

VWXGHQWV¶�DFWLRQV�DIWHU�YLHZLQJ�WKH�DYDLODEOH�KLQW�WR�H[DPLQH�ZKHWKHU�RUGHU�RI�SUHFHGHQFH�HUURUV

FRQWLQXH�WR�RFFXU�DIWHU�D�YLVXDO�UHPLQGHU�RI�WKH�RUGHU�RI�SUHFHGHQFH�

&RQFOXVLRQ

7KLV�ZRUN�GHPRQVWUDWHV�WKDW�LUUHOHYDQW��EXW�VDOLHQW�YLVXDO�LQIRUPDWLRQ�LQ�QRWDWLRQ��VXFK�DV

VSDFLQJ��FDQ�LQIOXHQFH�VWXGHQWV¶�UHDVRQLQJ�RI�PDWKHPDWLFV��6SHFLILFDOO\��SHUFHSWXDO�FXHV��HYHQ

WKRVH�WKDW�DUH�PDWKHPDWLFDOO\�PLVOHDGLQJ�VXFK�DV�LQFRQJUXHQW�VSDFLQJ��DUH�GLIILFXOW�WR�LJQRUH�

7KLV�VWXG\�H[WHQGV�SULRU�ZRUN�LQ�WKH�IROORZLQJ�ZD\V��)LUVW��WR�RXU�NQRZOHGJH��WKLV�LV�RQH�RI�WKH

ILUVW�UDQGRPL]HG�FRQWUROOHG�WULDOV�FRQGXFWHG�RQ�SK\VLFDO�VSDFLQJ�LQ�WKH�FRQWH[W�RI�DQ�RQOLQH

OHDUQLQJ�SODWIRUP�ZLWK�VFKRRO�DJHG�FKLOGUHQ��VKRZLQJ�WKDW�SHUFHSWXDO�JURXSLQJ�RFFXUV�LQ

DXWKHQWLF�OHDUQLQJ�HQYLURQPHQWV�LQ�DGGLWLRQ�WR�ODERUDWRU\�VHWWLQJV��6HFRQG��WKHVH�UHVXOWV�UHYHDO

WKDW�LQFRQJUXHQW�VSDFLQJ�EHWZHHQ�WHUPV�GRHV�LPSDFW��WK�WR���WK�JUDGH�VWXGHQWV¶�SHUIRUPDQFH�RQ

PDWKHPDWLFV�DVVLJQPHQWV��UHVXOWLQJ�LQ�VORZHU�PDVWHU\�VSHHGV��HYHQ�ZKHQ�D�UHPLQGHU�DERXW�WKH

RUGHU�RI�SUHFHGHQFH�LV�DYDLODEOH�DV�D�KLQW�RQ�HDFK�SUREOHP��&RQYHUVHO\��WHUPV�LQ�PDWKHPDWLFDO

H[SUHVVLRQV�WKDW�DUH�QHXWUDOO\�VSDFHG�RU�JURXSHG�WRJHWKHU�WR�EH�FRQJUXHQW�ZLWK�WKH�RUGHU�RI

SUHFHGHQFH�LQFUHDVH�DVVLJQPHQW�PDVWHU\�VSHHGV��7KHVH�ILQGLQJV�IXUWKHU�VXSSRUW�WKH�QRWLRQ�WKDW

VXEWOH�SHUFHSWXDO�FXHV��VXFK�DV�SK\VLFDO�VSDFLQJ��GR�QRW�EHDU�DQ\�SUDFWLFDO�LPSOLFDWLRQV�LQ

PDWKHPDWLFV�\HW�KDYH�HIIHFWV�RQ�PDWKHPDWLFDO�FRJQLWLRQ�DQG�SHUIRUPDQFH�IRU�VWXGHQWV�LQ�XSSHU

��



HOHPHQWDU\�WKURXJK�KLJK�VFKRRO��/HDUQHUV�DQG�H[SHUWV�DOLNH�XWLOL]H�SHUFHSWXDO�VWUDWHJLHV�ZKHQ

UHDVRQLQJ�DERXW�PDWKHPDWLFV�

)XQGLQJ

7KLV�PDWHULDO�LV�EDVHG�XSRQ�ZRUN�VXSSRUWHG�E\�WKH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ�*UDGXDWH

5HVHDUFK�)HOORZVKLS�3URJUDP�XQGHU�*UDQW�1R�����������$Q\�RSLQLRQV��ILQGLQJV��DQG

FRQFOXVLRQV�RU�UHFRPPHQGDWLRQV�H[SUHVVHG�LQ�WKLV�PDWHULDO�DUH�WKRVH�RI�WKH�DXWKRU�V��DQG�GR�QRW

QHFHVVDULO\�UHIOHFW�WKH�YLHZV�RI�WKH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ��$GGLWLRQDOO\��ZH�DUH�JUDWHIXO

IRU�WKH�VXSSRUW�RI�WKH�*UDGXDWH�$VVLVWDQFH�LQ�$UHDV�RI�1DWLRQDO�1HHG�IHOORZVKLSV

�3���$�������DQG��3���$�������

&RPSHWLQJ�,QWHUHVWV

:H�KDYH�QR�FRPSHWLQJ�LQWHUHVWV�WR�GLVFORVH�

$FNQRZOHGJHPHQWV

:H�WKDQN�'DYLG�/DQG\�IRU�KLV�FRQVXOWDWLRQ�RQ�WKLV�SURMHFW��DV�ZHOO�DV�-DQLFH�.RRNHQ�DQG

$QWKRQ\�%RWHOKR�IRU�WKHLU�FRQWULEXWLRQV�WR�GDWD�DQDO\VLV��:H�DOVR�WKDQN�WKH�$66,67PHQWV�WHDP

IRU�DFFHVV�WR�WKHLU�UHVHDUFK�WHVWEHG�

��



5HIHUHQFHV

$QGHUVRQ��-��5��������� +RZ�FDQ�WKH�KXPDQ�PLQG�RFFXU LQ�WKH�SK\VLFDO�XQLYHUVH" 1HZ�<RUN�

1<��2[IRUG�8QLYHUVLW\�3UHVV�

%RWHOKR��$���:DQ��+���	�+HIIHUQDQ��1���������0DUFK���7KH�SUHGLFWLRQ�RI�VWXGHQW�ILUVW�UHVSRQVH

XVLQJ�SUHUHTXLVLWH�VNLOOV� ,Q 3URFHHGLQJV�RI�WKH�6HFRQG �������$&0�&RQIHUHQFH�RQ

/HDUQLQJ�#�6FDOH���������$&0�

%UDLWKZDLWH��'��:���*ROGVWRQH��5��/���YDQ�GHU�0DDV��+��/��-���	�/DQG\��'��+����������1RQ�IRUPDO

PHFKDQLVPV�LQ�PDWKHPDWLFDO�FRJQLWLYH�GHYHORSPHQW��7KH�FDVH�RI�DULWKPHWLF� &RJQLWLRQ�

���� ��±���

*LEVRQ��(��-��������� 3ULQFLSOHV�RI�SHUFHSWXDO�OHDUQLQJ DQG�GHYHORSPHQW��(DVW�1RUZDON��&7�

$SSOHWRQ�&HQWXU\�&URIWV�

*ROGVWRQH��5��/���0DUJKHWLV��7���:HLWQDXHU��(���2WWPDU��(��5���	�/DQG\��'����������$GDSWLQJ

SHUFHSWLRQ��DFWLRQ��DQG�WHFKQRORJ\�IRU�PDWKHPDWLFDO�UHDVRQLQJ� &XUUHQW�'LUHFWLRQV�LQ

3V\FKRORJLFDO�6FLHQFH� ���������������

*yPH]��'��0���%HQDYLGHV�9DUHOD��6���3LFFLDQR��&���6HPHQ]D��&���	�'DUWQHOO��3����������6\PERO

VSDFLQJ�DQG�LWV�LQIOXHQFH�LQ�VFKRRO�FKLOGUHQ¶V�FDOFXODWLRQ�RI�PL[HG�RSHUDWLRQ�DULWKPHWLF

H[SUHVVLRQV��,Q�2HVWHUOH��6���1LFRO��&���/LOMHGDKO��3���	�$OODQ��'���(GV��� 3URFHHGLQJV�RI

WKH�-RLQW�0HHWLQJ�RI�30(����DQG�30(�1$�����9RO���� SS�������9DQFRXYHU��&DQDGD��30(�

*yPH]��'��0���%RVVL��%���	�'DUWQHOO��3����������6SDFLQJ�SDWWHUQV�DIIHFW�VWXGHQWV¶�DSSOLFDWLRQ�RI

DULWKPHWLF�SUHFHGHQFH���,Q�2HVWHUOH��6���1LFRO��&���/LOMHGDKO��3���	�$OODQ��'���(GV���

3URFHHGLQJV�RI�WKH�-RLQW�0HHWLQJ�RI�30(����DQG�30(�1$�����9RO�����SS������

9DQFRXYHU��&DQDGD��30(�

*XQQDUVVRQ��5���+HUQHOO��%���	�6|QQHUKHG��:��:����������8VHOHVV�EUDFNHWV�LQ�DULWKPHWLF

H[SUHVVLRQV�ZLWK�PL[HG�RSHUDWLRQV��,Q 30(����WKH���WK &RQIHUHQFH�RI�WKH�,QWHUQDWLRQDO

��



*URXS�IRU�WKH�3V\FKRORJ\�RI�0DWKHPDWLFV�(GXFDWLRQ��7DLSHL��-XO\������������ �SS�

��������7KH�,QWHUQDWLRQDO�*URXS�IRU�WKH�3V\FKRORJ\�RI�0DWKHPDWLFV�(GXFDWLRQ�

+HIIHUQDQ��1��7���	�+HIIHUQDQ��&��/����������7KH�$66,67PHQWV�HFRV\VWHP��%XLOGLQJ�D�SODWIRUP

WKDW�EULQJV�VFLHQWLVWV�DQG�WHDFKHUV�WRJHWKHU�IRU�PLQLPDOO\�LQYDVLYH�UHVHDUFK�RQ�KXPDQ

OHDUQLQJ�DQG�WHDFKLQJ� ,QWHUQDWLRQDO�-RXUQDO�RI�$UWLILFLDO ,QWHOOLJHQFH�LQ�(GXFDWLRQ�����

��������

+RFK��0���	�'UH\IXV��7����������6WUXFWXUH�VHQVH�LQ�KLJK�VFKRRO�DOJHEUD��WKH�HIIHFW�RI�EUDFNHWV��,Q

0�-��+¡LQHV�	�$�%��)XJOHVWDG��(GV��� 3URF����WK�&RQI� RI�WKH�,QW��*URXS�IRU�WKH

3V\FKRORJ\�RI�0DWKHPDWLFV�(GXFDWLRQ �9RO�����SS��������� %HUJHQ��1RUZD\��30(�

-LDQJ��0��-���&RRSHU��-��/���	�$OLEDOL��0��:����������9LVXDOO\�JURXSLQJ�RSHUDQGV��3HUFHSWXDO

IDFWRUV�LQIOXHQFH�DULWKPHWLF�SHUIRUPDQFH��,Q�0DUWLQH]��0��	�&DVWUR�6XSHUILQH��$���(GV���

3URFHHGLQJV�RI�WKH���WK�DQQXDO�PHHWLQJ�RI�WKH�1RUWK�$PHULFDQ�&KDSWHU�RI�WKH

,QWHUQDWLRQDO�*URXS�IRU�WKH�3V\FKRORJ\�RI�0DWKHPDWLFV�(GXFDWLRQ��&KLFDJR��,/�

8QLYHUVLW\�RI�,OOLQRLV�

-LDQJ��0��-���&RRSHU��-��/���	�$OLEDOL��0��:����������6SDWLDO�IDFWRUV�LQIOXHQFH�DULWKPHWLF

SHUIRUPDQFH��7KH�FDVH�RI�WKH�PLQXV�VLJQ� 7KH�4XDUWHUO\ -RXUQDO�RI�([SHULPHQWDO

3V\FKRORJ\�������������������

.LUVKQHU��'����������7KH�YLVXDO�V\QWD[�RI�DOJHEUD� -RXUQDO�IRU�5HVHDUFK�LQ�0DWKHPDWLFV

(GXFDWLRQ����� ���±�����GRL� ��������������

/DQG\��'��+���-RQHV��0��1���	�*ROGVWRQH��5��/����������+RZ�WKH�DSSHDUDQFH�RI�DQ�RSHUDWRU

DIIHFWV�LWV�IRUPDO�SUHFHGHQFH� 3URFHHGLQJV�RI�WKH 7KLUWLHWK�$QQXDO�&RQIHUHQFH�RI�WKH

&RJQLWLYH�6FLHQFH�6RFLHW\��SS�����±������:DVKLQJWRQ� '&��&RJQLWLYH�6FLHQFH�6RFLHW\�

��



/DQG\��'���	�*ROGVWRQH��5��/�������D���+RZ�DEVWUDFW�LV�V\PEROLF�WKRXJKW" -��([S��3V\FKRO�

/HDUQ��0HP��&RJQ���������±�����GRL����������������������������

/DQG\��'���	�*ROGVWRQH��5��/�������E���)RUPDO�QRWDWLRQV�DUH�GLDJUDPV��(YLGHQFH�IURP�D

SURGXFWLRQ�WDVN� 0HPRU\�	�&RJQLWLRQ� �����������������

/DQG\��'���	�*ROGVWRQH��5��/����������3UR[LPLW\�DQG�SUHFHGHQFH�LQ�DULWKPHWLF� 7KH�4XDUWHUO\

-RXUQDO�RI�([SHULPHQWDO�3V\FKRORJ\� ������������������

/HH��9��(����������8VLQJ�KLHUDUFKLFDO�OLQHDU�PRGHOLQJ�WR�VWXG\�VRFLDO�FRQWH[WV��7KH�FDVH�RI�VFKRRO

HIIHFWV� (GXFDWLRQDO�3V\FKRORJLVW�����������������

/LQFKHYVNL��/���	�/LYQHK��'����������6WUXFWXUH�VHQVH��7KH�UHODWLRQVKLS�EHWZHHQ�DOJHEUDLF�DQG

QXPHULFDO�FRQWH[WV� (GXFDWLRQDO�6WXGLHV�LQ�0DWKHPDWLFV� ���������������

0DUFKLQL��&��	�3DSDGRSRXORV��,����������$UH�XVHOHVV�EUDFNHWV�XVHIXO�WRROV�IRU�WHDFKLQJ"�,Q�%�

8EXV��(G��� 3URF����WK�&RQI��RI�WKH�,QW��*URXS�IRU WKH�3V\FKRORJ\�RI�0DWKHPDWLFV

(GXFDWLRQ �9RO�����SS������������$QNDUD��7XUNH\��30(�

0DUJKHWLV��7���/DQG\��'���	�*ROGVWRQH��5��/����������0DVWHULQJ�DOJHEUD�UHWUDLQV�WKH�YLVXDO

V\VWHP�WR�SHUFHLYH�KLHUDUFKLFDO�VWUXFWXUH�LQ�HTXDWLRQV� &RJQLWLYH�5HVHDUFK��3ULQFLSOHV

DQG�,PSOLFDWLRQV� ���������

0F1HLO��1��0���	�$OLEDOL��0��:����������<RX¶OO�VHH�ZKDW�\RX�PHDQ��6WXGHQWV�HQFRGH�HTXDWLRQV

EDVHG�RQ�WKHLU�NQRZOHGJH�RI�DULWKPHWLF� &RJQLWLYH 6FLHQFH����� ��������

0F1HLO��1��0���	�$OLEDOL��0��:����������:K\�ZRQ¶W�\RX�FKDQJH�\RXU�PLQG"�.QRZOHGJH�RI

RSHUDWLRQDO�SDWWHUQV�KLQGHUV�OHDUQLQJ�DQG�SHUIRUPDQFH�RQ�HTXDWLRQV� &KLOG�'HYHORSPHQW�

��������

��



1LHKDXV��(���&DPSEHOO��&��0���	�,QNHODV��.��.����������+/0�EHKLQG�WKH�FXUWDLQ��8QYHLOLQJ

GHFLVLRQV�EHKLQG�WKH�XVH�DQG�LQWHUSUHWDWLRQ�RI�+/0�LQ�KLJKHU�HGXFDWLRQ�UHVHDUFK�

5HVHDUFK�LQ�+LJKHU�(GXFDWLRQ��������������

2VWURZ��.��6���6HOHQW��'���:DQJ��<���9DQ,QZHJHQ��(��*���+HIIHUQDQ��1��7��	�:LOOLDPV��-��-�

������� 7KH�DVVHVVPHQW�RI�OHDUQLQJ�LQIUDVWUXFWXUH �$/,���7KH�WKHRU\��SUDFWLFH�DQG

VFDODELOLW\�RI�DXWRPDWHG�DVVHVVPHQW� ,Q�WKH 3URFHHGLQJV RI�WKH�6L[WK�,QWHUQDWLRQDO

&RQIHUHQFH�RQ�/HDUQLQJ�$QDO\WLFV�	�.QRZOHGJH��SS� ��������

5LYHUD��-���	�*DUULJDQ��3����������3HUVLVWHQW�SHUFHSWXDO�JURXSLQJ�HIIHFWV�LQ�WKH�HYDOXDWLRQ�RI

VLPSOH�DULWKPHWLF�H[SUHVVLRQV� 0HPRU\�	�&RJQLWLRQ� ���������������

5XPHOKDUW��'���6PROHQVN\��3���0F&OHOODQG��'���	�+LQWRQ��*����������6FKHPDWD�DQG�VHTXHQWLDO

WKRXJKW�SURFHVVHV�LQ�SGS�PRGHOV��,Q 3DUDOOHO�GLVWULEXWHG SURFHVVLQJ��([SORUDWLRQV�LQ�WKH

PLFURVWUXFWXUH�RI�FRJQLWLRQ �9RO�����SS���±�����&DPEULGJH� 0,7�3UHVV�

:DJHPDQV��-���(OGHU��-��+���.XERY\��0���3DOPHU��6��(���3HWHUVRQ��0��$���6LQJK��0���	�YRQ�GHU

+H\GW��5����������$�FHQWXU\�RI�*HVWDOW�SV\FKRORJ\�LQ�YLVXDO�SHUFHSWLRQ��,��3HUFHSWXDO

JURXSLQJ�DQG�ILJXUH�JURXQG�RUJDQL]DWLRQ� 3V\FKRORJLFDO %XOOHWLQ�����������±�����

:DONLQJWRQ��&���&OLQWRQ��9���	�6SDUNV��$����������7KH�HIIHFW�RI�ODQJXDJH�PRGLILFDWLRQ�RI

PDWKHPDWLFV�VWRU\�SUREOHPV�RQ�SUREOHP�VROYLQJ�LQ�RQOLQH�KRPHZRUN� ,QVWUXFWLRQDO

6FLHQFH�������

:HUWKHLPHU��0����������*HVWDOW�WKHRU\��,Q�:��'��(OOLV��(G��� $�VRXUFHERRN�RI�*HVWDOW�SV\FKRORJ\

�SS���±�����1HZ�<RUN��1<��+XPDQLWLHV�3UHVV�

��



&KDSWHU����5HVLVWLQJ�WKH�8UJH�WR�&DOFXODWH��7KH�5HODWLRQ
%HWZHHQ�,QKLELWLRQ�6NLOOV�DQG�3HUFHSWXDO�&XHV�LQ

$ULWKPHWLF�3HUIRUPDQFH

&KDSWHU���SUHVHQWV�DQ�LQ�SUHSDUDWLRQ�PDQXVFULSW�WKDW�LV�EHLQJ�SUHSDUHG�LQ�FROODERUDWLRQ

ZLWK�-HQQ\�<XQ�&KHQ�&KDQ�DQG�(ULQ�2WWPDU��7KLV�SURMHFW�ZDV�SURPSWHG�E\�WKH�K\SRWKHVLV�WKDW

VWXGHQWV¶�LQKLELWRU\�FRQWURO�PD\�SOD\�D�ODUJH�UROH�LQ�KRZ�VWXGHQWV�SHUFHLYH�DQG�UHDFW�WR

SHUFHSWXDO�FXHV�HPEHGGHG�LQ�PDWK�LQVWUXFWLRQDO�PDWHULDOV��:KHUHDV�SULRU�ZRUN�KDV�GHPRQVWUDWHG

JHQHUDO�HIIHFWV�RI�SHUFHSWXDO�FXHV�RQ�VWXGHQWV¶�SHUIRUPDQFH�LQ�PDWK��H�J���+DUULVRQ�HW�DO���������

OHVV�LV�NQRZQ�DERXW�KRZ�GLIIHUHQW�JURXSV�RI�VWXGHQWV�PD\�EH�LPSDFWHG�GLIIHUHQWLDOO\�E\�YLHZLQJ

SUREOHPV�ZLWK�SHUFHSWXDO�FXHV�OLNH�VSDWLDO�SUR[LPLW\��$�ODUJH�ERG\�RI�UHVHDUFK�KDV�GHPRQVWUDWHG

WKH�SRZHU�RI�LQKLELWRU\�FRQWURO�RQ�FUHDWLYH�SUREOHP�VROYLQJ��H�J���&DVVRWWL�HW�DO���������DQG�WKH

VDPH�SUHPLVH�DSSOLHV�WR�ILQGLQJV�LQ�PDWK�DQG�SHUFHSWXDO�OHDUQLQJ�UHVHDUFK��)RU�LQVWDQFH��LI

SULPHG��VWXGHQWV�DUH�OLNHO\�WR�DWWHPSW�DSSO\LQJ�LQDSSURSULDWH�SURFHGXUDO�UXOHV�WR�D�SUREOHP�UDWKHU

WKDQ�ILUVW�DWWHPSWLQJ�DQ\�VHQVH�PDNLQJ��/DZVRQ�HW�DO����������6LPLODUO\��LQ�D�SURMHFW�,�KDYH

FROODERUDWHG�RQ��&KDQ�HW�DO����������ZH�IRXQG�WKDW�VWXGHQWV�ZHUH�PRUH�OLNHO\�WR�VROYH�SUREOHPV

RQ�WKHLU�ILUVW�DWWHPSW�ZKHQ�WKH�SUREOHP�ZDV�SUHVHQWHG�ZLWK�QXPEHUV�UDWKHU�WKDQ�V\PEROV�ZLWKRXW

YDU\LQJ�LQ�GLIILFXOW\��)LQGLQJV�OLNH�WKHVH�VXJJHVW�WKDW�VWXGHQWV�PD\�UHO\�RQ�DSSO\LQJ�SURFHGXUDO

UXOHV�E\�URWH�UDWKHU�WKDQ�SDXVLQJ�WR�FRQVLGHU�FRQFHSWXDO�SURSHUWLHV�DQG�UXOHV�WKDW�PD\�LQIOXHQFH

WKHLU�DSSURDFK�WR�SUREOHP�VROYLQJ��7KHVH�ILQGLQJV�FRXOG�SRVVLEO\�EH�H[SODLQHG�E\�D�UHODWLRQ

EHWZHHQ�VWXGHQWV¶�EHKDYLRU�DQG�LQKLELWRU\�FRQWURO�DV�WKHLU�DELOLW\�WR�UHVLVW�DSSO\LQJ�SURFHGXUDO

UXOHV�EOLQGO\��PRWLYDWLQJ�WKH�VWXG\�SUHVHQWHG�LQ�WKLV�FKDSWHU�

��



$EVWUDFW

6XEWOH�YLVXDO�PDQLSXODWLRQV�WR�WKH�SUHVHQWDWLRQ�RI�PDWKHPDWLFDO�QRWDWLRQ�LQIOXHQFH�WKH�ZD\�WKDW

VWXGHQWV�SHUFHLYH�DQG�VROYH�SUREOHPV��:KLOH�WKHUH�LV�D�UREXVW�LPSDFW�RI�SHUFHSWXDO�FXHV�RQ

VWXGHQWV¶�SUREOHP�VROYLQJ��RWKHU�FRJQLWLYH�VNLOOV�VXFK�DV�IDFHWV�RI�H[HFXWLYH�IXQFWLRQLQJ�PD\

LQWHUDFW�ZLWK�SHUFHSWXDO�FXHV�WR�LPSDFW�VWXGHQWV¶�DULWKPHWLF�SUREOHP�VROYLQJ�SHUIRUPDQFH�

&XUUHQWO\��ZH�SUHVHQW�DQ�RQOLQH�UDQGRPL]HG�FRQWUROOHG�WULDO�LQ�ZKLFK�FROOHJH�VWXGHQWV�FRPSOHWHG

D�YHUVLRQ�RI�WKH�6WURRS�WDVN�IROORZHG�E\�DULWKPHWLF�SUREOHPV�SUHVHQWHG�ZLWK�QHXWUDO��FRQJUXHQW�

DQG�LQFRQJUXHQW�VSDFLQJ��:H�IRXQG�WKDW�VWXGHQWV�ZHUH�FRPSDUDEO\�DFFXUDWH�DFURVV�SUREOHP�W\SHV

EXW�VSHQW�ORQJHU�UHVSRQGLQJ�WR�SUREOHPV�ZLWK�FRQJUXHQW�VSDFLQJ��)XUWKHU��LQKLELWRU\�FRQWURO�ZDV

QRW�D�VLJQLILFDQW�SUHGLFWRU�RI�SHUIRUPDQFH��7KHVH�UHVXOWV�DGYDQFH�SHUFHSWXDO�OHDUQLQJ�WKHRU\�DQG

SURYLGH�FRQVLGHUDWLRQV�IRU�GHVLJQLQJ�LQVWUXFWLRQDO�PDWHULDOV�E\�GHPRQVWUDWLQJ�KRZ�VWXGHQWV�DUH

LPSDFWHG�E\�SHUFHSWXDO�VXSSRUW�LQ�RQOLQH�VHWWLQJV�

.H\ZRUGV��SHUFHSWXDO�OHDUQLQJ��LQKLELWRU\�FRQWURO� DULWKPHWLF

��



5HVLVWLQJ�WKH�8UJH�WR�&DOFXODWH��7KH�5HODWLRQ�%HWZHHQ�,QKLELWRU\�&RQWURO�DQG�3HUFHSWXDO

&XHV�LQ�$ULWKPHWLF�3HUIRUPDQFH

6WXGHQWV¶�PDWKHPDWLFDO�VNLOOV�DQG�DFKLHYHPHQW�DUH�UHODWHG�WR�RXWFRPHV�ODWHU�LQ�OLIH�VXFK

DV�WKHLU�DFDGHPLF�GHJUHH�DWWDLQPHQW�DQG�HPSOR\PHQW�VWDWXV��$GNLQV�	�1R\HV��������3DUVRQV�	

%\QQHU���������+RZHYHU��PDQ\�VWXGHQWV�VWUXJJOH�WR SURJUHVV�EH\RQG�EDVLF�DOJHEUD��.HQD�HW�DO��

�������7KLV�VWUXJJOH�PD\�EH�SDUWLDOO\�GXH�WR�WKH�WZRIROG�FKDOOHQJH�WKDW�VWXGHQWV�IDFH��DFTXLULQJ

FRQFHSWXDO�NQRZOHGJH�RI�PDWKHPDWLFV�SULQFLSOHV�DQG�SDLULQJ�WKDW�NQRZOHGJH�ZLWK�D�VHW�RI

SURFHGXUDO�UXOHV�WR�VROYH�SUREOHPV��$OWKRXJK�SUREOHP�VROYLQJ�DFFXUDF\�DQG�HIILFLHQF\�DUH

SULPDU\�JRDOV�LQ�PDWKHPDWLFV�HGXFDWLRQ��&RPPRQ�&RUH�6WDWH�6WDQGDUGV���������PDQ\�VWXGHQWV

VWUXJJOH�WR�DFTXLUH�VWUXFWXUH�VHQVH�²�WKH�DELOLW\�WR�GHWHFW�SDWWHUQV�DQG�GHULYH�PHDQLQJIXO

LQWHUSUHWDWLRQV�IURP�PDWKHPDWLFDO�QRWDWLRQ�LQ�RUGHU�WR�HIILFLHQWO\�DFW�RQ�LW��+RFK�	�'UH\IXV�

����� /LYQHK�	�/LQFKHYVNL��������-XSUL�HW�DO��������� 7KHUHIRUH� LQVWUXFWLRQDO�VXSSRUW�IRU�DOJHEUD

VKRXOG�GLUHFW�VWXGHQWV¶�DWWHQWLRQ�WR�LPSRUWDQW�VWUXFWXUDO�SLHFHV�RI�QRWDWLRQ�VR�WKDW�VWXGHQWV

SHUFHLYH�VWUXFWXUDO�SDWWHUQV�WKDW�ZLOO�KHOS�WKHP�PDQLSXODWH�HTXDWLRQV�HIILFLHQWO\�

2QH�VWUDWHJ\�WR�KHOS�VWXGHQWV�OHDUQ�WR�QRWLFH�DQG�DWWHQG�WR�LPSRUWDQW�VWUXFWXUHV�DQG

SDWWHUQV�ZLWKLQ�PDWKHPDWLFDO�QRWDWLRQ�LV�WR�OHYHUDJH�SHUFHSWXDO�VFDIIROGV��3HUFHSWXDO�VFDIIROGV

DUH�VXEWOH�YLVXDO�IHDWXUHV�RI�LQVWUXFWLRQDO�PDWHULDOV�WKDW�LQWHQWLRQDOO\�FXH�VWXGHQWV¶�DWWHQWLRQ

WRZDUGV�SLHFHV�RI�LQIRUPDWLRQ�WR�DLG�ZLWK�DFFXUDWH�DQG�HIILFLHQW�SUREOHP�VROYLQJ��H�J���VWUDWHJLF

FRORULQJ��VSDFLQJ��VL]LQJ��DQG�SRVLWLRQLQJ�RI�V\PEROV��&ORVVHU�HW�DO���XQGHU�UHYLHZ��*ROGVWRQH�HW

DO����������������,Q�SDUWLFXODU��VWXGHQWV�VLPSOLI\�H[SUHVVLRQV�ZLWK�JUHDWHU�DFFXUDF\�ZKHQ�YLHZLQJ

SUREOHPV�ZLWK�OHVV�VSDFH�EHWZHHQ�KLJKHU�RUGHU�RSHUDQGV��GHPRQVWUDWLQJ�WKDW�SHUFHSWXDO�IHDWXUHV

LPSDFW�PDWKHPDWLFDO�UHDVRQLQJ�ZKHQ�VROYLQJ�SUREOHPV��+DUULVRQ�HW�DO����������$ORQJVLGH

H[SRVXUH�WR�SHUFHSWXDO�VXSSRUW�GXULQJ�SUREOHP�VROYLQJ�SUDFWLFH��H[WHQVLYH�HYLGHQFH�KDV�VKRZQ

��



WKDW�LQGLYLGXDO�GLIIHUHQFHV�LQ�H[HFXWLYH�IXQFWLRQ�VNLOOV��L�H���EUDLQ�IXQFWLRQV�WKDW�FRQWURO�ZRUNLQJ

PHPRU\��IOH[LELOLW\��DQG�LQKLELWLRQ��DUH�UHODWHG�WR��DQG�SUHGLFWRUV�RI��FUHDWLYH�SUREOHP�VROYLQJ

�&DVVRWWL�HW�DO���������DQG�SHUIRUPDQFH�LQ�PDWKHPDWLFV��&UDJJ�	�*LOPRUH���������:H�SURSRVH�WR

H[WHQG�WKLV�UHVHDUFK�E\�LQYHVWLJDWLQJ�WKH�UROH�WKDW�LQKLELWRU\�FRQWURO�SOD\V�LQ�OHDUQLQJ�IURP

LQVWUXFWLRQDO�PDWHULDOV�WKDW�FRQWDLQ�SHUFHSWXDO�FXHV�

,Q�WKLV�VWXG\��ZH�LQYHVWLJDWH�KRZ�VXEWOH�YDULDWLRQV�LQ�SHUFHSWXDO�IHDWXUHV�LPSDFW�VWXGHQWV¶

SUREOHP�VROYLQJ�SHUIRUPDQFH�DQG�KRZ�WKDW�HIIHFW�PD\�YDU\�IRU�VWXGHQWV�ZLWK�GLIIHUHQW�OHYHOV�RI

LQKLELWRU\�FRQWURO��&ROOHJH�VWXGHQWV�SDUWLFLSDWHG�LQ�DQ�RQOLQH�H[SHULPHQW�ZKHUH�WKH\�FRPSOHWHG�D

YHUVLRQ�RI�WKH�6WURRS�WDVN��WR�PHDVXUH�LQKLELWRU\�FRQWURO��IROORZHG�E\�EORFNV�RI

RUGHU�RI�RSHUDWLRQ�SUREOHPV�WKDW�SUHVHQWHG�V\PEROV�ZLWK�VSDFLQJV�FRQJUXHQW��QHXWUDO��DQG

LQFRQJUXHQW�WR�WKH�RUGHU�RI�RSHUDWLRQV��UHVSHFWLYHO\��7KURXJK�WKLV�VWXG\��ZH�DLP�WR�FRQFHSWXDOO\

UHSOLFDWH�DQG�H[WHQG�SULRU�ZRUN�RQ�WKH�HIIHFWV�RI�SHUFHSWXDO�FXHV�LQ�RQOLQH�PDWKHPDWLFV�PDWHULDOV

E\�����WHVWLQJ�IRU�DQ�HIIHFW�RI�VSDFLQJ�RQ�VWXGHQWV¶�SUREOHP�VROYLQJ�DFFXUDF\�DQG�UHVSRQVH�WLPH�

DQG����LQYHVWLJDWLQJ�ZKHWKHU�DQG�KRZ�WKDW�HIIHFW�PD\�EH�PRGHUDWHG�E\�LQGLYLGXDO�GLIIHUHQFHV�LQ

VWXGHQWV¶�LQKLELWRU\�FRQWURO�

3HUFHSWXDO�/HDUQLQJ��7KHRU\�DQG�0HFKDQLVPV

:KLOH�VHHPLQJO\�DEVWUDFW��PDWK²DQG�WKH�ZD\V�ZH�OHDUQ�DQG�UHDVRQ�DERXW�LW²DUH

LQIOXHQFHG�E\�RXU�SHUFHSWXDO�SURFHVVHV��*ROGVWRQH�HW�DO���������.HOOPDQ�HW�DO���������0DUJKHWLV

HW�DO����������$FFRUGLQJ�WR�WKHRULHV�RI�SHUFHSWXDO�OHDUQLQJ��VWXGHQWV�FKDQJH�KRZ�WKH\�SHUFHLYH

LQFRPLQJ�LQIRUPDWLRQ�RYHU�WLPH��GLUHFWLQJ�WKHLU�DWWHQWLRQ�WRZDUGV�PRUH�UHOHYDQW�LQIRUPDWLRQ�LQ

WKHLU�HQYLURQPHQW�WR�VXSSRUW�KLJK�OHYHO�FRJQLWLRQ��*LEVRQ������� *ROGVWRQH���������9LVXDO

IHDWXUHV�RI�LQVWUXFWLRQDO�PDWHULDOV�FDQ�LQIOXHQFH�WKLV�SURFHVV�WR�LPSDFW�VWXGHQWV¶�PDWKHPDWLFDO

UHDVRQLQJ�DQG�OHDUQLQJ�

��



$OWKRXJK�SHUFHSWXDO�IHDWXUHV�GR�QRW�DOWHU�WKH�PDWKHPDWLFDO�PHDQLQJ�RI�QRWDWLRQ��VXEWOH

YLVXDO�PDQLSXODWLRQV�WR�LQVWUXFWLRQDO�PDWHULDOV�GR�LPSDFW�WKH�ZD\�WKDW�VWXGHQWV�ERWK SURFHVV

LQFRPLQJ�LQIRUPDWLRQ�DQG DFW RQ�LW��-LDQJ�HW�DO�� �������5LYHUD�DQG�*DUULJDQ��������IRXQG�WKDW

SHUFHSWXDO�JURXSLQJ�HIIHFWV�LPSDFW�WKH�ZD\�WKDW�XQGHUJUDGXDWH�VWXGHQWV�SURFHVV�H[SUHVVLRQV�

HYHQ�YHUEDOL]LQJ�DULWKPHWLF�H[SUHVVLRQV�DIWHU�EULHIO\�YLHZLQJ�WKHP�GRHV�QRW�QHJDWH�WKH�HIIHFW�RI

SHUFHSWXDO�JURXSLQJ�FXHV��%\�FKDQJLQJ�KRZ�VWXGHQWV�SURFHVV�PDWKHPDWLFDO�QRWDWLRQ��SHUFHSWXDO

IHDWXUHV�DOVR�LPSDFW�KRZ�VWXGHQWV�DFW�RQ�QRWDWLRQ�WR�SHUIRUP�WUDQVIRUPDWLRQV��*ROGVWRQH�HW�DO��

�������)RU�H[DPSOH��XQLTXHO\�FRORULQJ�LPSRUWDQW�SLHFHV�RI�QRWDWLRQ�FDQ�EH�XVHG�DV�D�SHUFHSWXDO

JURXSLQJ�PHFKDQLVP�WR�FRQQHFW�GLIIHUHQW�UHSUHVHQWDWLRQV��LPSURYH�VWXGHQWV¶�DELOLW\�WR�JHQHUDWH

SUREOHP�VROYLQJ�VWUDWHJLHV��DQG�VXSSRUW�OHDUQLQJ��$OLEDOL�HW�DO���������&KDQ�HW�DO���������

2WKHU�FRPPRQ�SHUFHSWXDO�FXHV�LQ�PDWKHPDWLFV�HGXFDWLRQ�UHVHDUFK�VHHP�WR�OHYHUDJH

*HVWDOW�SULQFLSOHV�RI�JURXSLQJ�E\�FUHDWLQJ�D�FRPPRQ�YLVXDO�UHJLRQ�VR�WKDW�LQGLYLGXDOV�SHUFHLYH�D

JURXS�UDWKHU�WKDQ�LQGLYLGXDO�REMHFWV��/DQG\�	�*ROGVWRQH��������:DJHPDQV���������)RU�LQVWDQFH�

PLGGOH�VFKRRO�VWXGHQWV�DUH�PRUH�OLNHO\�WR�FRPELQH�SDLUV�RI�QXPEHUV�WKDW�PDWFK�WKH

SUREOHP�VROYLQJ�JRDO�ZKHQ�WKH�QXPEHUV�DUH�DGMDFHQW��H�J���WUDQVIRUP������������LQWR���������YV�

QRQ�DGMDFHQW�WR�HDFK�RWKHU��H�J���WUDQVIRUP������������LQWR���������/HH�HW�DO����������$�PRUH

H[SOLFLW�H[DPSOH�LV�WKH�XVH�RI�VXSHUIOXRXV�SDUHQWKHVHV��SDUHQWKHVHV�ZKLFK�FUHDWH�D�SHUFHSWXDO

JURXS�RI�WHUPV�ZLWKRXW�DOWHULQJ�WKH�PDWKHPDWLFDO�PHDQLQJ�RI�QRWDWLRQ��H�J�������
��í����9LHZLQJ

VXSHUIOXRXV�SDUHQWKHVHV�KDV�LQFUHDVHG�VWXGHQWV¶�SUREOHP�VROYLQJ�SHUIRUPDQFH�DQG�WKHLU

XQGHUVWDQGLQJ�RI�QRWDWLRQDO�VWUXFWXUH��+RFK�	�'UH\IXV��������3DSDGRSRXORV�	�*XQQDUVVRQ�

�������7KHVH�H[DPSOHV�GHPRQVWUDWH�KRZ�SHUFHSWXDO�FXHV�FDQ�LQIOXHQFH�WKH�ZD\V�WKDW�VWXGHQWV

LQWHUSUHW�LQFRPLQJ�LQIRUPDWLRQ�DQG�LPSDFW�VWXGHQWV¶�PDWKHPDWLFV�SHUIRUPDQFH�LQ�PXOWLSOH�ZD\V�

)XUWKHU��UHVHDUFK�KDV�VKRZQ�WKDW�HYHQ�H[SHUWV�WHQG�WR�UHO\�RQ�SHUFHSWXDO�FXHV�ZKHQ�VROYLQJ

��



FRPSOH[�HTXDWLRQV��VXJJHVWLQJ�WKDW�UHOLDQFH�RQ�SHUFHSWXDO�FXHV�PD\�LQFUHDVH�ZLWK�SURILFLHQF\�DV

ZHOO�DV�ZLWK�LQFUHDVHG�FRJQLWLYH�GHPDQGV�WR�VROYH�FRPSOH[�SUREOHPV��%UDLWKZDLWH�HW�DO��������

5XPHOKDUW�HW�DO���������

6SDFLQJ�DV�D�3HUFHSWXDO�*URXSLQJ�0HFKDQLVP

+HUH��ZH�IRFXV�RQ�SK\VLFDO�VSDFLQJ�DURXQG�RSHUDQGV�DV�D�SHUFHSWXDO�JURXSLQJ

PHFKDQLVP��$�ODUJH�ERG\�RI�UHVHDUFK�KDV�GHPRQVWUDWHG�WKDW�VWXGHQWV�DUH�LPSDFWHG�E\�WKH

SK\VLFDO�GLVWDQFH�EHWZHHQ�WHUPV�DQG�RSHUDQGV�LQ�PDWKHPDWLFV�H[SUHVVLRQV��VSHFLILFDOO\��ZKHQ

WHUPV�DQG�RSHUDQGV�DUH�FORVHU�WRJHWKHU�WKH\�DUH�YLHZHG�DV�D�JURXS��H�J��������ZKHUHDV�ZKHQ�WKH\

DUH�VSDFHG�IDUWKHU�DSDUW�WKH\�DUH�YLHZHG�DV�LQGLYLGXDO�REMHFWV��H�J�����������,Q�RUGHU�RI�RSHUDWLRQV

SUREOHPV�ZLWK�PXOWLSOH�RSHUDWRUV��SK\VLFDO�VSDFLQJ�FDQ�EH�OHYHUDJHG�WR�GUDZ�VWXGHQWV¶�DWWHQWLRQ

WRZDUGV�WKH�SHUFHLYHG�JURXSV�RI�REMHFWV�DQG�LQIOXHQFH�WKHLU�SUREOHP�VROYLQJ�SHUIRUPDQFH�

6SHFLILFDOO\��VWXGHQWV�GHPRQVWUDWH�KLJKHU�SUREOHP�VROYLQJ�SHUIRUPDQFH�ZKHQ�WKH\�YLHZ

SUREOHPV�ZLWK�VSDFLQJ�WKDW�LV�FRQJUXHQW�ZLWK�WKH�RUGHU�RI�RSHUDWLRQV��H�J����������î���DQG�ORZHU

SHUIRUPDQFH�ZKHQ�YLHZLQJ�SUREOHPV�WKDW�DUH�SUHVHQWHG�ZLWK�VSDFLQJ�WKDW�LV�LQFRQJUXHQW�ZLWK�WKH

RUGHU�RI�RSHUDWLRQV��H�J��������î�����%UDLWKZDLWH�HW�DO���������*RPH]�HW�DO���������+DUULVRQ�HW�DO��

������/DQG\�	�*ROGVWRQH���������7KLV�SKHQRPHQRQ�SHUVLVWV�DFURVV�ODE�VHWWLQJV�ZLWK

XQGHUJUDGXDWHV��H�J���/DQG\�	�*ROGVWRQH��������DV�ZHOO�DV�LQ�DXWKHQWLF�OHDUQLQJ�HQYLURQPHQWV

ZLWK�.����VWXGHQWV��H�J���%UDLWKZDLWH�HW�DO���������*RPH]�HW�DO����������3UHYLRXVO\��RXU�WHDP�DOVR

H[WHQGHG�WKLV�OLQH�RI�UHVHDUFK�E\�VKRZLQJ�WKDW�UHJDUGOHVV�RI�JUDGH�DQG�SULRU�NQRZOHGJH�

VHFRQGDU\�VWXGHQWV�ZKR�YLHZHG�H[SUHVVLRQV�ZLWK�QHXWUDO��H�J������î���RU�FRQJUXHQW�VSDFLQJ�ZHUH

PRUH�DFFXUDWH�RQ�VROYLQJ�DULWKPHWLF�SUREOHPV�LQ�DQ�RQOLQH�KRPHZRUN�DVVLJQPHQW�WKDQ�WKHLU

SHHUV�ZKR�YLHZHG�H[SUHVVLRQV�ZLWK�LQFRQJUXHQW�VSDFLQJ��+DUULVRQ�HW�DO����������7KHVH�ILQGLQJV

��



GHPRQVWUDWH�WKDW�VSDFLQJ�FDQ�EH�D�SRZHUIXO�IRUP�RI�SHUFHSWXDO�VFDIIROGLQJ�WKDW�LV�LQYDULDEO\

GLIILFXOW�WR�LJQRUH�

,Q�WKH�FXUUHQW�VWXG\��ZH�ILUVW�DLP�WR�FRQFHSWXDOO\�UHSOLFDWH�SUHYLRXV�ILQGLQJV�RQ�SHUFHSWXDO

OHDUQLQJ�E\�WHVWLQJ�LI�DQG�KRZ�VSDFLQJ�LPSDFWV�FROOHJH�VWXGHQWV�DV�WKH\�VROYH�RUGHU�RI�RSHUDWLRQV

SUREOHPV��6HFRQG��ZH�SODQ�WR�FRPSDUH�GLIIHUHQFHV�LQ�VWXGHQWV¶�SUREOHP�VROYLQJ�DFFXUDF\�DV�ZHOO

DV�UHVSRQVH�WLPHV�WR�FRQVLGHU�KRZ�SHUFHSWXDO�FXHV�LPSDFW�ERWK�SHUIRUPDQFH�DQG�HIILFLHQF\�

/DQG\�DQG�*ROGVWRQH��������GLG�FRPSDUH�VWXGHQWV¶�UHVSRQVH�WLPHV�RQ�SUREOHPV�WKDW�GLIIHUHG�LQ

WKH�SK\VLFDO�VSDFLQJ�RI�WKH�V\PEROV�EXW�WKH\�GLG�QRW�ILQG�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKHVH

SUREOHPV��7KHLU�UHVXOWV�PRWLYDWH�RXU�WKLUG�JRDO��WR�PRYH�EH\RQG�GHWHFWLQJ�JHQHUDO�HIIHFWV�RI

VSDFLQJ�E\�LQYHVWLJDWLQJ�KRZ�LQGLYLGXDO�GLIIHUHQFHV�LQ�LQKLELWRU\�FRQWURO�LPSDFWV�WKH�HIIHFW�RI

VSDFLQJ�RQ�VWXGHQWV¶�SUREOHP�VROYLQJ�SHUIRUPDQFH�

,QKLELWLRQ�DQG�0DWKHPDWLFV

,QKLELWLRQ LV�GHILQHG�DV�WKH�VNLOO�WR�VXSSUHVV�KDELWXDO UHVSRQVHV�RU�LJQRUH�GLVWUDFWLQJ

LQIRUPDWLRQ��,W�LV�DQ�LPSRUWDQW�VNLOO�WKDW�HQDEOHV�VWXGHQWV�WR�LJQRUH�LUUHOHYDQW�IDFWV�RU�VXSSUHVV�D

KDELWXDO�SURFHGXUH��*LOPRUH�HW�DO���������/HH�	�/HH���������&UDJJ�DQG�*LOPRUH��������SRVLW�WKDW

LQKLELWLRQ�PD\�SOD\�DQ�LPSRUWDQW�UROH�HDUO\�LQ�PDWKHPDWLFV�HGXFDWLRQ�DV�FKLOGUHQ�OHDUQ�WR

VXSSUHVV�OHVV�VRSKLVWLFDWHG�SUREOHP�VROYLQJ�VWUDWHJLHV��H�J���FRXQWLQJ�DOO�WKH�QXPEHUV��LQ�RUGHU�WR

DGDSW�PRUH�VRSKLVWLFDWHG�VWUDWHJLHV��H�J���FRXQWLQJ�IURP�WKH�ODUJHU�DGGHQG���6WXGHQWV�PD\�DOVR

XVH�LQKLELWLRQ�DV�WKH\�OHDUQ�DERXW�UHODWHG�EXW�GLIIHUHQW�QXPEHU�IDFWV�DQG�FRQFHSWV��H�J���LQKLELWLQJ

������ ���ZKHQ�DVNHG���î��� �BB���)XUWKHU��/HH�DQG�/HH��������VXJJHVW�WKDW�VWXGHQWV�PD\�FDOO�RQ

WKHLU�LQKLELWRU\�FRQWURO�WR���D��LJQRUH�GLVWUDFWLRQV�LQ�WKH�FODVVURRP��WH[WERRN��RU�SUREOHPV���E�

VXSSUHVV�PLVFRQFHSWLRQV��H�J���³ ´�PHDQV�WRWDO��ZKLOH�SULRULWL]LQJ�FRUUHFW�EXW�QRW�ZHOO�OHDUQHG

LQIRUPDWLRQ��H�J���³ ´�PHDQV�ERWK�VLGHV�KDYH�WKH�VDPH�YDOXH���DQG��F��LQKLELW�ZHOO�OHDUQHG

��



SURFHGXUHV��H�J���ZKROH�QXPEHU�DGGLWLRQ��ZKLOH�GUDZLQJ�RQ�DSSURSULDWH�NQRZOHGJH��H�J���IUDFWLRQ

RSHUDWLRQV��

'HVSLWH�WKH�FRQFHSWXDO�FRQQHFWLRQV�EHWZHHQ�LQKLELWLRQ�DQG�PDWKHPDWLFDO�SHUIRUPDQFH�

WKH�ILQGLQJV�RQ�WKLV�DVVRFLDWLRQ�DUH�LQFRQVLVWHQW��VHH�%XOO�	�/HH��������DQG�KDYH�OHG�WR�FDOOV�IRU

XQGHUVWDQGLQJ�KRZ�PXOWLSOH�FRJQLWLYH�PHFKDQLVPV�LQWHUDFW�WR�LPSDFW�VWXGHQWV¶�PDWKHPDWLFV

VNLOOV��:LONH\�HW�DO����������3DUW�RI�WKH�LVVXH�PD\�EH�WKDW�LQKLELWLRQ�VNLOO�LV�RIWHQ�PHDVXUHG�ZLWK

ODERUDWRU\�WDVNV��H�J���VWRS�VLJQDO�WDVN��GD\�QLJKW�WDVN��KHDG�WRHV�NQHHV�DQG�VKRXOGHUV�WDVN��6WURRS

WDVN��WKDW�PD\�QRW�DFFXUDWHO\�UHSUHVHQW�RU�UHIOHFW�KRZ�LQKLELWRU\�FRQWURO�LV�LQYROYHG�LQ

PDWKHPDWLFV�SUREOHP�VROYLQJ��/HH�	�/HH���������)XUWKHU��GHSHQGLQJ�RQ�WKH�W\SHV�RI�VWLPXOL�XVHG

LQ�WDVNV��H�J���QXPHULFDO�YV��QRQ�QXPHULFDO���WKH�UHODWLRQ�EHWZHHQ�LQKLELWRU\�FRQWURO�DQG

PDWKHPDWLFV�SHUIRUPDQFH�DOVR�YDULHV��%XOO�	�6FHULI��������:LONH\��HW�DO����������VXJJHVWLQJ�WKDW

WKLV�UHODWLRQ�PD\�GHSHQG�RQ�WKH�W\SHV�RI�WDVNV�DV�ZHOO�DV�WKH�VWLPXOL�ZLWKLQ�WKH�WDVN�XVHG�WR

PHDVXUH�LQKLELWRU\�FRQWURO�

)LQGLQJV�RQ�YDULRXV�YHUVLRQV�RI�WKH�6WURRS�WDVN�SURYLGH�PL[HG�LQVLJKWV�LQWR�WKH

DVVRFLDWLRQ�EHWZHHQ�DVSHFWV�RI�VWXGHQWV¶�LQKLELWRU\�FRQWURO�DQG�WKHLU�PDWKHPDWLFV�SHUIRUPDQFH�

)RU�LQVWDQFH��%XOO�DQG�6FHULI��������IRXQG�WKDW�LQKLELWLRQ�VNLOO��DV�PHDVXUHG�E\�WKH

QXPEHU�TXDQWLW\�6WURRS�WDVN��L�H���SDUWLFLSDQWV�ZHUH�LQVWUXFWHG�WR�VD\�WKH�QDPH�RU�WKH�QXPEHU�RI

QXPHUDOV�VXFK�DV�³���´���ZDV�FRUUHODWHG�ZLWK�VL[��WR�HLJKW�\HDU�ROGV¶�PDWKHPDWLFV�SHUIRUPDQFH�

KRZHYHU��WKLV�DVVRFLDWLRQ�ZDV�QRW�VLJQLILFDQW�ZKHQ�FKLOGUHQ¶V�LQKLELWLRQ�VNLOO�ZDV�PHDVXUHG�E\

WKH�FRORU�ZRUG�6WURRS�WDVN��L�H���SDUWLFLSDQWV�ZHUH�LQVWUXFWHG�WR�VD\�WKH�FRORU�RI�WKH�ZRUGV�LQVWHDG

RI�UHDGLQJ�WKH�ZRUG���)XUWKHU��.URHVEHUJHQ�DQG�FROOHDJXHV��������-3($��IRXQG�WKDW�ILYH��WR

VHYHQ�\HDU�ROGV¶�LQKLELWLRQ�VNLOO��DV�PHDVXUHG�E\�WKH�DQLPDO�VL]H�6WURRS�WDVN��L�H���VHOHFW�WKH

DQLPDO�WKDW�LV�ODUJHU�LQ�UHDO�OLIH�ZKHQ�WKH�DQLPDO�LPDJHV�YDU\�LQ�VL]H�RQ�VFUHHQ���SUHGLFWV�WKHLU

��



HDUO\�PDWKHPDWLFDO�FRPSHWHQFH�DERYH�DQG�EH\RQG�ODQJXDJH��XSGDWLQJ��DQG�SODQQLQJ�VNLOOV�

+RZHYHU��%HOORQ�DQG�FROOHDJXHV��������IRXQG�WKDW�HLJKW��DQG�QLQH�\HDU�ROGV¶�SHUIRUPDQFH�RQ

QXPEHU�TXDQWLW\�6WURRS�WDVN�DQG�WKH�FRORU�ZRUG�6WURRS�WDVN�GLG�QRW�FRUUHODWH�ZLWK�RU�SUHGLFW

WKHLU�PDWKHPDWLFDO�SHUIRUPDQFH�RQ�DULWKPHWLF�IDFW�UHWULHYDO��7KHVH�ILQGLQJV�GHPRQVWUDWH�WKDW

ZKLOH�LQKLELWRU\�FRQWURO�PD\�EH�UHODWHG�WR�PDWKHPDWLFDO�SHUIRUPDQFH��WKLV�UHODWLRQ�PD\�GHSHQG

RQ�WKH�W\SHV�RI�LQKLELWLRQ�WDVNV��WKH�VWLPXOL�XVHG�LQ�WKHVH�WDVNV��DQG�WKHLU�DOLJQPHQW�ZLWK�WKH

PDWKHPDWLFDO�VNLOO�RI�LQWHUHVW�

,Q�WKH�FXUUHQW�VWXG\��ZH�H[DPLQH�WKH�UHODWLRQ�EHWZHHQ�VWXGHQWV¶�SHUIRUPDQFH�RQ

RUGHU�RI�RSHUDWLRQ�SUREOHPV�DQG�WKHLU�LQKLELWRU\�FRQWURO�DV�PHDVXUHG�E\�WKH�DQLPDO�VL]H�6WURRS

WDVN��:H�FKRVH�WKH�DQLPDO�VL]H�6WURRS�WDVN�EHFDXVH�LW�LV��D��D�QRQ�QXPHULFDO�PHDVXUH�DQG��E�

UHODWHG�WR�SHUFHSWLRQ�RI�VSDWLDO�UHODWLRQV��6SHFLILFDOO\��LI�ZH�ILQG�D�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ

VWXGHQWV¶�SHUIRUPDQFH�RQ�WKH�DQLPDO�VL]H�6WURRS�WDVN�DQG�WKH�RUGHU�RI�RSHUDWLRQ�SUREOHPV��WKH

ILQGLQJ�PD\�UHIOHFW�D�JHQXLQH�DVVRFLDWLRQ�DV�ZH�FDQQRW�DWWULEXWH�WKLV�DVVRFLDWLRQ�WR�WKH�QXPHULFDO

VWLPXOL��)XUWKHU��WKH�DQLPDO�VL]H�6WURRS�WDVN�LQYROYHV�SHUFHLYLQJ�WKH�VSDWLDO�UHODWLRQV�EHWZHHQ

VWLPXOL��DOLJQLQJ�ZLWK�WKH�SHUFHSWLRQ�RI�VSDFLQJ�LQ�WKH�RUGHU�RI�RSHUDWLRQ�SUREOHPV�

&XUUHQW�6WXG\

7R�H[WHQG�SULRU�UHVHDUFK�RQ�SHUFHSWXDO�JURXSLQJ�PHFKDQLVPV�DQG�IXUWKHU�LQYHVWLJDWH�WKH

SRWHQWLDO�UHODWLRQV�EHWZHHQ�LQKLELWLRQ�DQG�PDWKHPDWLFV�SHUIRUPDQFH��ZH�FRQGXFWHG�DQ�RQOLQH

ZLWKLQ�VXEMHFWV�H[SHULPHQW��&ROOHJH�VWXGHQWV�DW�D�SULYDWH�XQLYHUVLW\�FRPSOHWHG�D�YHUVLRQ�RI�WKH

DQLPDO�VL]H�6WURRS�WDVN��DV�D�PHDVXUH�RI�WKHLU�LQKLELWRU\�FRQWURO��IROORZHG�E\�D�VHULHV�RI

RUGHU�RI�RSHUDWLRQV�SUREOHPV�SUHVHQWHG�ZLWK�QHXWUDO��FRQJUXHQW��DQG�LQFRQJUXHQW�VSDFLQJ��2XU

UHVHDUFK�TXHVWLRQV�DUH�DV�IROORZV�

��



�� +RZ�GRHV�VWXGHQWV¶�SHUIRUPDQFH��L�H���DFFXUDF\��UHVSRQVH�WLPH��RQ�RUGHU�RI�RSHUDWLRQ

SUREOHPV�YDU\�EHWZHHQ�SUREOHPV�ZLWK�FRQJUXHQW��H�J����
�������DQG�LQFRQJUXHQW��H�J����


������VSDFLQJ��FRQWUROOLQJ�IRU�SHUIRUPDQFH�RQ�QHXWUDOO\�VSDFHG��H�J����
�����SUREOHPV"

%DVHG�RQ�SULRU�UHVHDUFK��ZH�K\SRWKHVL]H�WKDW�VWXGHQWV�ZRXOG�EH�PRUH�DFFXUDWH�DQG

TXLFNHU�RQ�WKH�SUREOHPV�ZLWK�FRQJUXHQW�VSDFLQJ�DV�RSSRVHG�WR�LQFRQJUXHQW�VSDFLQJ�

�� +RZ�GR�VWXGHQWV¶�SUREOHP�VROYLQJ�SHUIRUPDQFH��L�H���DFFXUDF\��UHVSRQVH�WLPH��YDU\�E\

WKHLU�LQKLELWRU\�FRQWURO" %DVHG�RQ�SULRU�UHVHDUFK� ZH�K\SRWKHVL]H�WKDW�VWXGHQWV�ZLWK

KLJKHU�LQKLELWRU\�FRQWURO�ZRXOG�EH�PRUH�DFFXUDWH�DQG�TXLFNHU�RQ�DOO�RI�WKH

RUGHU�RI�RSHUDWLRQ�SUREOHPV�

�� ,V�WKHUH�DQ�LQWHUDFWLRQ�EHWZHHQ�VWXGHQWV¶�LQKLELWRU\�FRQWURO�DQG�SHUIRUPDQFH�RQ

RUGHU�RI�RSHUDWLRQ�SUREOHPV�SUHVHQWHG�ZLWK�FRQJUXHQW�YV��LQFRQJUXHQW�VSDFLQJ":H�SODQ

WR�H[SORUH�WKLV�UHODWLRQ�DQG�GR�QRW�KDYH�DQ�D�SULRUL�GLUHFWLRQDO�K\SRWKHVLV�

0HWKRGV

7KH�SODQ�IRU�WKLV�VWXG\�ZDV�SUH�UHJLVWHUHG�RQ�2SHQ�6FLHQFH�)UDPHZRUN�SULRU�WR�GDWD

FROOHFWLRQ��KWWSV���RVI�LR�EK�N[��DQG�UHFHLYHG�DSSURYDO IURP�RXU�XQLYHUVLW\¶V�,QVWLWXWLRQDO�5HYLHZ

%RDUG�

3DUWLFLSDQWV

$Q�D�SULRUL�SRZHU�DQDO\VLV�FRQGXFWHG�LQ�*
3RZHU GHWHUPLQHG�WKDW�D�VDPSOH�VL]H�RI����

VWXGHQWV�ZRXOG�SURYLGH�VXIILFLHQW�SRZHU�������DQG�FRQILGHQFH��S ������WR�GHWHFW�D�VPDOO�WR

PHGLXP�HIIHFW�VL]H�RI I  ������FRPSDUDEOH�WR�WKH�VL]H RI�SHUFHSWXDO�HIIHFW�UHSRUWHG�LQ�SULRU

UHVHDUFK��+DUULVRQ�HW�DO����������7R�PHHW�WKH�VDPSOH�VL]H��ZH�UHFUXLWHG D�WRWDO�RI�����VWXGHQWV

WDNLQJ�XQGHUJUDGXDWH�FRXUVHV�DW�D�SULYDWH�XQLYHUVLW\�LQ�WKH�QRUWKHDVWHUQ�8�6��WKURXJK�WKH�RQOLQH

��



SDUWLFLSDQW�SRRO�IRU�SV\FKRORJ\�VWXGHQWV��6WXGHQWV�ZHUH�FRPSHQVDWHG�IRU�WKHLU�WLPH�ZLWK�SDUWLDO

FRXUVH�FUHGLW��2I�WKH�����VWXGHQWV�ZKR�VWDUWHG�WKH�H[SHULPHQW������FRPSOHWHG�WKH�6WURRS�WDVN�

EDVHOLQH�LWHPV��DQG�DW�OHDVW�PXOWLSOH�SUREOHPV�LQ�ERWK�H[SHULPHQWDO�FRQGLWLRQV��2I�WKRVH�VWXGHQWV�

VL[�VWXGHQWV�ZHUH�H[FOXGHG�GXH�WR�D�GDWD�ORJJLQJ�HUURU�DQG����ZHUH�H[FOXGHG�IRU�RXWOLHU

SHUIRUPDQFH��OHDYLQJ�����VWXGHQWV�LQFOXGHG�LQ�WKH�DQDO\WLF�VDPSOH��$�SRVW�KRF�SRZHU�DQDO\VLV�LQ

*
3RZHU�GHWHUPLQHG�WKDW�WKLV�DQDO\WLF�VDPSOH�VL]H�ZRXOG�VWLOO�DOORZ�XV�WR�GHWHFW�D�VPDOO�WR

PHGLXP�HIIHFW�VL]H�RI I  �����ZLWK�VXIILFLHQW�SRZHU ������DQG�FRQILGHQFH��S ������

2I�WKH�����VWXGHQWV��ZH�UHFHLYHG�LQIRUPDWLRQ�RQ�DJH�IURP�����VWXGHQWV��������\HDUV�ROG�

0  �������\HDUV� 6'  ������\HDUV��DQG�\HDU�LQ�VFKRRO IURP�����VWXGHQWV��2I�WKH�����VWXGHQWV����

������VWXGHQWV�UHSRUWHG�EHLQJ�LQ�WKHLU�ILUVW�\HDU�DW�WKH�XQLYHUVLW\�����������LQ�WKHLU�VHFRQG�\HDU�

���������LQ�WKHLU�WKLUG�\HDU�����������LQ�WKHLU�IRXUWK�\HDU��DQG�WZR������VWXGHQWV�LQ�WKHLU�ILIWK

\HDU��$GGLWLRQDOO\��RQH�VWXGHQW�UHSRUWHG�EHLQJ�LQ�KLJK�VFKRRO�DQG�WKUHH�VWXGHQWV�UHSRUWHG�³RWKHU´�

:H�DOVR�UHFHLYHG�VHOI�UHSRUWHG�JHQGHU�LQIRUPDWLRQ�IURP�����VWXGHQWV�����������IHPDOHV����

������PDOHV��VHYHQ������QRQ�ELQDU\��DQG�RQH�DJHQGHU�SDUWLFLSDQW�

6WXG\�'HVLJQ�DQG�3URFHGXUH

3DUWLFLSDWLQJ�VWXGHQWV�FOLFNHG�D�85/�OLQN�WR�FRPSOHWH WKH�RQOLQH�VWXG\�LQ�D�ZHE�EURZVHU

RQ�WKHLU�SHUVRQDO�GHYLFHV��$V�VWXGHQWV�RSHQHG�WKH�VWXG\��WKH\�ILUVW�FRPSOHWHG�D�YHUVLRQ�RI�WKH

6WURRS�WDVN�GHVLJQHG�WR�DVVHVV�LQKLELWLRQ�VNLOO�OHYHOV��)ROORZLQJ�WKH�6WURRS�WDVN��VWXGHQWV

FRPSOHWHG�WKUHH�EORFNV�RI����RUGHU�RI�RSHUDWLRQV�SUREOHPV��)LUVW��VWXGHQWV�FRPSOHWHG�SUREOHPV

SUHVHQWHG�ZLWK�QHXWUDO�VSDFLQJ��FRQWURO��H�J�����î���í������1H[W��VWXGHQWV�FRPSOHWHG�SUREOHPV

SUHVHQWHG�ZLWK�FRQJUXHQW�VSDFLQJ��H[SHULPHQWDO��H�J����î����í������RU�LQFRQJUXHQW�VSDFLQJ

�H[SHULPHQWDO��H�J������î���í�����:H�XVHG�D�ZLWKLQ�VXEMHFWV�GHVLJQ�WKDW�UDQGRPO\�FRXQWHUEDODQFHG

WKH�RUGHU�RI�H[SHULPHQWDO�FRQGLWLRQV�EHWZHHQ�VWXGHQWV��VSHFLILFDOO\��VWXGHQWV�HLWKHU�FRPSOHWHG�WKH

��



FRQJUXHQW�SUREOHPV�IROORZHG�E\�LQFRQJUXHQW�SUREOHPV�RU�YLFH�YHUVD��)LQDOO\��VWXGHQWV�ZHUH

DVNHG�WR�UHSRUW�WKHLU�DJH��JHQGHU��DQG�UDFH�DW�WKH�HQG�RI�WKH�VHVVLRQ�

$OO�WDVNV�ZHUH�SURJUDPPHG�XVLQJ�3V\FKRSK\��DQ�RSHQ�VRXUFH�VRIWZDUH�IRU�EHKDYLRUDO

H[SHULPHQWV��DQG�DGPLQLVWHUHG�WKURXJK�3DYORYLD��DQ�RQOLQH�SODWIRUP�IRU�EHKDYLRUDO�GDWD

FROOHFWLRQ�

0DWHULDOV

2UGHU�RI�2SHUDWLRQV�3UREOHPV

:H�V\VWHPDWLFDOO\�FUHDWHG�WKUHH�EORFNV�RI����RUGHU�RI�RSHUDWLRQV SUREOHPV��(DFK�SUREOHP

LQFOXGHG�WZR�RSHUDQGV��PXOWLSOLFDWLRQ�DQG�HLWKHU�DGGLWLRQ�RU�VXEWUDFWLRQ��2Q�KDOI�RI�WKH�SUREOHPV

ZLWKLQ�HDFK�EORFN��WKH�PXOWLSOLFDWLRQ�RSHUDQG�ZDV�SRVLWLRQHG�RQ�WKH�OHIW�VLGH�RI�WKH�H[SUHVVLRQ�

DQG�DGGLWLRQ��H�J����î�����IRXU�SUREOHPV��RU�VXEWUDFWLRQ��H�J����î�í���IRXU�SUREOHPV��ZDV

SRVLWLRQHG�RQ�WKH�ULJKW�VLGH�RI�WKH�H[SUHVVLRQ��2Q�WKH�RWKHU�KDOI�RI�WKH�SUREOHPV��PXOWLSOLFDWLRQ

ZDV�SRVLWLRQHG�RQ�WKH�ULJKW�VLGH�RI�WKH�H[SUHVVLRQ��DQG�DGGLWLRQ��H�J������î���IRXU�SUREOHPV��RU

VXEWUDFWLRQ��H�J����í�î���IRXU�SUREOHPV��RQ�WKH�OHIW�VLGH�RI�WKH�H[SUHVVLRQ��7KH�QXPEHUV�LQ�HDFK

SUREOHP�LQFOXGH�RQH�VPDOO��������RU�����PHGLXP��������RU����DQG�ODUJH��������RU����YDOXH�WKDW�ZHUH

V\VWHPDWLFDOO\�YDULHG�LQ�WKHLU�SRVLWLRQ�IURP�OHIW�WR�ULJKW��H�J����î������7KH�FRUUHFW�DQVZHU�RQ�DOO

SUREOHPV�ZHUH�LQWHJHUV�UDQJLQJ�IURP�í���WR����

$FURVV�WKH�WKUHH�EORFNV��WKH�SUREOHPV�IROORZHG�WKH�VDPH�UXOHV�DQG�PDWFKHG�RQ�WKH

VWUXFWXUH�DQG�PDJQLWXGH��+RZHYHU��QRQH�RI�WKH�SUREOHPV�ZHUH�LGHQWLFDO�VR�VWXGHQWV�ZRXOG�QRW�EH

DEOH�WR�UHFDOO�DQ�DQVZHU�IURP�D�SUHYLRXV�SUREOHP�ZLWKLQ�WKH�VWXG\��$FURVV�WKH�WKUHH�EORFNV��WKH

VSDFLQJ�EHWZHHQ�WKH�QXPEHUV�DQG�WKH�RSHUDWRUV�YDULHG�EHWZHHQ�QHXWUDO��H�J�����î���í�����

FRQJUXHQW��H�J����î�����������RU�LQFRQJUXHQW����î���í����WR�WKH�RUGHU�RI�RSHUDWLRQV��7KH�QHXWUDO

VSDFLQJ�EORFN�VHUYHG�DV�D�PHDVXUH�RI�VWXGHQWV¶�SULRU�NQRZOHGJH��DOORZLQJ�XV�WR�H[DPLQH�WKH

��



LQIOXHQFH�RI�VWXGHQWV¶�LQKLELWRU\�FRQWURO��LQGHSHQGHQW�RI�WKHLU�SULRU�NQRZOHGJH��RQ�WKHLU

SHUIRUPDQFH�RQ�WKH�FRQJUXHQW�DQG�LQFRQJUXHQW�EORFNV�

6WURRS�7DVN

6WXGHQWV�FRPSOHWHG�D�YHUVLRQ�RI�WKH�6WURRS�WDVN�FUHDWHG�EDVHG�RQ�6]XFV�HW�DO���������WR

DVVHVV�WKHLU�OHYHOV�RI�LQKLELWRU\�FRQWURO��7KH�6WURRS�WDVN�ZDV�DGPLQLVWHUHG�ZLWK�IRXU�SUDFWLFH

WULDOV�IROORZHG�E\����WHVW�WULDOV�

)LUVW��VWXGHQWV�FRPSOHWHG�IRXU�SUDFWLFH�WULDOV�ZLWKRXW�UHFHLYLQJ�DQ\�IHHGEDFN��6WXGHQWV

UHFHLYHG�WKH�IROORZLQJ�LQVWUXFWLRQV��³,Q�WKLV�WDVN� \RX�ZLOO�VHH�VRPH�DQLPDO�SLFWXUHV�RQ�WZR�VLGHV

RI�WKH�VFUHHQ��8VH�\RXU�PRXVH�WR�VHOHFW�WKH�DQLPDO�WKDW�LV�ELJJHU�LQ�UHDO�OLIH�´��2Q�HDFK�SUDFWLFH

WULDO��VWXGHQWV�ILUVW�VDZ�D�IL[DWLRQ�³�´�LQ�WKH�PLGGOH�RI�WKH�VFUHHQ�IRU�����PLOOLVHFRQGV�IROORZHG

E\�WZR�DQLPDO�LPDJHV�RQ�WKH�VFUHHQ��6WXGHQWV�VDZ�D�VPDOO�DQLPDO��L�H���EXWWHUIO\��RQ�RQH�VLGH�RI

WKH�VFUHHQ�DQG�D�ELJ�DQLPDO��L�H���UKLQRFHURV��RQ�WKH�RWKHU�VLGH��6LQFH�VWXGHQWV�ZHUH�LQVWUXFWHG�WR

VHOHFW�WKH�DQLPDO�WKDW�LV�ODUJHU�LQ�UHDO�OLIH��WKH�UKLQR�ZDV�WKH�FRUUHFW�DQVZHU�LQ�DOO�IRXU�RI�WKH

SUDFWLFH�WULDOV��H�J���ERWK�)LJXUH��D�DQG��E���2Q�HDFK�WULDO��WKH�LPDJH�VL]H�RI�WKH�WZR�DQLPDOV

YDULHG�V\VWHPDWLFDOO\�VR�WKDW�RQH�RI�WKH�LPDJHV�ZDV�ILYH�WLPHV�ELJJHU�WKDQ�WKH�RWKHU��2Q�KDOI�RI

WKH�WULDOV��WKH�LPDJH�VL]HV�ZHUH�FRQJUXHQW�ZLWK�WKH�DQLPDO�VL]HV��RQ�WKH�RWKHU�KDOI�RI�WKH�WULDOV��WKH

LPDJH�VL]HV�ZHUH�LQFRQJUXHQW�ZLWK�WKH�DQLPDO�VL]HV��6SHFLILFDOO\��RQ�WKH�FRQJUXHQW�WULDOV��WKH

UKLQRFHURV�ZDV�SUHVHQWHG�DV�D�ELJJHU�LPDJH�RQ�VFUHHQ��)LJXUH��D���RQ�WKH�LQFRQJUXHQW�WULDOV��WKH

UKLQRFHURV�ZDV�SUHVHQWHG�DV�D�VPDOOHU�LPDJH�RQ�VFUHHQ��)LJXUH��E���7KH�ORFDWLRQ��OHIW�RU�ULJKW��LQ

ZKLFK�WKH�FRUUHFW�DQVZHU�DSSHDUHG�ZDV�FRXQWHUEDODQFHG�DFURVV�WULDOV�

$IWHU�IRXU�SUDFWLFH�WULDOV��VWXGHQWV�UHFHLYHG�D�UHPLQGHU�WR�³VHOHFW�WKH�DQLPDO�WKDW�LV�ELJJHU

LQ�UHDO�OLIH´�DV�TXLFNO\�DQG�DFFXUDWHO\�DV�SRVVLEOH� WKHQ�SURFHHGHG�WR�FRPSOHWH����WHVW�WULDOV��2Q

HDFK�WHVW�WULDO��VWXGHQWV�ILUVW�VDZ�WKH�IL[DWLRQ�FURVV�LQ�WKH�PLGGOH�RI�WKH�VFUHHQ�IRU����

��



PLOOLVHFRQGV�IROORZHG�E\�DQ�LPDJH�RI�D�VPDOO�DQLPDO��L�H���PRXVH��IURJ��ELUG��RU�UDEELW��RQ�RQH

VLGH�RI�WKH�VFUHHQ�DQG�DQ�LPDJH�RI�D�ELJ�DQLPDO��L�H���HOHSKDQW��KRUVH��FRZ��RU�OLRQ��RQ�WKH�RWKHU

VLGH��6LPLODU�WR�WKH�SUDFWLFH�WULDOV��WKH�LPDJH�VL]HV�ZHUH�FRQJUXHQW�ZLWK�WKH�DQLPDO�VL]HV�RQ�KDOI

RI�WKH�WHVW�WULDOV�DQG�LQFRQJUXHQW�RQ�WKH�RWKHU�KDOI�RI�WKH�WHVW�WULDOV��$OO�VWXGHQWV�VDZ�WKH�VDPH���

WULDOV��WKH�ORFDWLRQ�RI�WKH�FRUUHFW�DQVZHU�ZDV�FRXQWHUEDODQFHG�DFURVV�WULDOV��DQG�WKH�RUGHU�LQ�ZKLFK

WKH�VWXGHQWV�UHFHLYHG�HDFK�WULDO�ZDV�UDQGRPL]HG��%DVHG�RQ�SULRU�OLWHUDWXUH��WKH�FRQJUXHQW�WULDOV

VKRXOG�EH�HDVLHU�IRU�VWXGHQWV�EHFDXVH�WKH�DQLPDO�WKDW�LV�ODUJHU�LQ�UHDO�OLIH�LV�DOVR�ODUJHU�RQ�VFUHHQ�

WKH�LQFRQJUXHQW�WULDOV�UHTXLUH�VWXGHQWV�WR�H[HUFLVH�LQKLELWRU\�FRQWURO�WR�LJQRUH�WKH�LPDJH�VL]HV

RQ�VFUHHQ�DQG�UHVSRQG�EDVHG�RQ�DQLPDO�VL]HV�LQ�UHDO�OLIH��6]XFV�HW�DO���������

)LJXUH��

6DPSOH�6WURRS�7DVN�3UDFWLFH�7ULDOV

D� E�

1RWH��VWXGHQWV�PXVW�VHOHFW�WKH�DQLPDO�WKDW�LV�ODUJHU LQ�UHDO�OLIH��,Q�WULDO�D��WKH�LPDJH�VL]H�LV

FRQJUXHQW�ZLWK�WKH�DQLPDO�VL]H�LQ�UHDO�OLIH��,Q�WULDO�E��WKH�LPDJH�VL]H�LV�LQFRQJUXHQW�ZLWK�WKH

DQLPDO�VL]H�LQ�UHDO�OLIH�

0HDVXUHV

3HUIRUPDQFH�E\�3UREOHP�7\SH��&RQJUXHQW�DQG�,QFRQJUXHQW�3UREOHPV� 6WXGHQWV¶

SHUIRUPDQFH�RQ�RUGHU�RI�RSHUDWLRQ�SUREOHPV�LQ�WKH�FRQJUXHQW�DQG�LQFRQJUXHQW�VSDFLQJ�EORFNV

��



ZDV�XVHG�DV�WKH�GHSHQGHQW�PHDVXUHV�LQ�RXU�SULPDU\�DQDO\VHV��3HUIRUPDQFH�RQ�WKH�FRQJUXHQW

SUREOHPV�ZDV�PHDVXUHG�E\�D��DFFXUDF\�DQG�E��PHGLDQ�UHVSRQVH�WLPH�RQ�FRUUHFWO\�DQVZHUHG

FRQJUXHQW�SUREOHPV��/DQG\�	�*ROGVWRQH���������$FFXUDF\�UHSUHVHQWHG�WKH�SHUFHQWDJH�RI

SUREOHPV�DQVZHUHG�FRUUHFWO\�RXW�RI�WKH����FRQJUXHQWO\�VSDFHG�SUREOHPV�WKDW�VWXGHQWV�FRPSOHWHG�

5HVSRQVH�WLPH�ZDV�PHDVXUHG�LQ�VHFRQGV�IURP�WKH�PRPHQW�WKDW�HDFK�FRQJUXHQW�SUREOHP�DSSHDUHG

RQ�VFUHHQ�XQWLO�WKH�VWXGHQW�HQWHUHG�DQ�DQVZHU�DQG�FOLFNHG�³QH[W´�RQ�WKH�VFUHHQ��6LPLODUO\��ZH

PHDVXUHG�VWXGHQWV¶�DFFXUDF\�RQ�LQFRQJUXHQW�SUREOHPV�DQG�PHGLDQ�UHVSRQVH�WLPH�RQ�WKHLU�FRUUHFW

UHVSRQVHV��DQG�XVHG�WKHVH�WZR�PHDVXUHV�DV�LQGLFDWRUV�RI�WKHLU�SHUIRUPDQFH�RQ�LQFRQJUXHQW

SUREOHPV�

%DVHOLQH�3HUIRUPDQFH� 6WXGHQWV¶�D��DFFXUDF\�DQG�E� PHGLDQ�UHVSRQVH�WLPH�RQ�FRUUHFWO\

DQVZHUHG�QHXWUDOO\�VSDFHG�SUREOHPV�ZHUH�XVHG�DV�D�SUR[\�PHDVXUH�RI�WKHLU�EDVHOLQH�SHUIRUPDQFH

RQ�RUGHU�RI�RSHUDWLRQV�SUREOHPV��%DVHOLQH�DFFXUDF\�UHSUHVHQWHG�WKH�SHUFHQWDJH�RI�SUREOHPV

DQVZHUHG�FRUUHFWO\�RXW�RI�WKH����QHXWUDOO\�VSDFHG�SUREOHPV�WKDW�VWXGHQWV�FRPSOHWHG��%DVHOLQH

UHVSRQVH�WLPH�ZDV�PHDVXUHG�LQ�VHFRQGV�IURP�WKH�PRPHQW�WKDW�HDFK�SUREOHP�DSSHDUHG�RQ�VFUHHQ

XQWLO�WKH�VWXGHQW�VHOHFWHG�DQ�DQVZHU�DQG�FOLFNHG�³QH[W´�RQ�WKH�VFUHHQ��7KH�DYHUDJH�DFFXUDF\�RQ

WKH�QHXWUDOO\�VSDFHG�SUREOHPV�ZDV�LQFOXGHG�DV�D�FRYDULDWH�LQ�WKH�DQDO\VHV�FRPSDULQJ�VWXGHQWV¶

DFFXUDF\�RQ�FRQJUXHQW�YV��LQFRQJUXHQW�SUREOHPV��6LPLODUO\��WKH�PHGLDQ�UHVSRQVH�WLPH�RQ

FRUUHFWO\�UHVSRQGHG�QHXWUDO�SUREOHPV�ZDV�LQFOXGHG�DV�D�FRYDULDWH�LQ�WKH�DQDO\VHV�RQ�UHVSRQVH

WLPH�

,QKLELWRU\�&RQWURO� 6WXGHQWV¶�SHUIRUPDQFH�RQ�WKH�6WURRS WDVN�ZDV�XVHG�DV�D�PHDVXUH�RI

WKHLU�LQKLELWRU\�FRQWURO��3HU�*LOPRUH�DQG�FROOHDJXHV¶�FRPSXWDWLRQ�IRU�WKH�LQKLELWLRQ�VFRUH��������

ZH�LGHQWLILHG�WKH�PHGLDQ�UHVSRQVH�WLPH�IRU�FRUUHFWO\�DQVZHUHG�FRQJUXHQW�DQG�LQFRQJUXHQW�WULDOV�

WKHQ�WRRN�WKH�GLIIHUHQFH�LQ�WKH�PHGLDQ�UHVSRQVH�WLPH�RQ�WKH�WZR�W\SHV�RI�WULDOV��L�H���57LQFRQJUXHQW í

��



57FRQJUXHQW ���7KLV�GLIIHUHQFH�VFRUH�ZDV�XVHG�DV�DQ�LQGLFDWRU�RI�VWXGHQWV¶�LQKLELWLRQ�VNLOO�

VSHFLILFDOO\��D�ODUJHU�GLIIHUHQFH�LQGLFDWHG�D�ORZHU�OHYHO�RI�LQKLELWRU\�FRQWURO�

$SSURDFK�WR�$QDO\VLV

6WXGHQWV�ZKR�FRPSOHWHG�WKH�6WURRS�WDVN�DV�ZHOO�DV�DOO�RUGHU�RI�RSHUDWLRQV�SUREOHPV�ZHUH

LQFOXGHG�LQ�DQDO\VHV��3ULRU�WR�SULPDU\�DQDO\VHV��ZH�FRQGXFWHG�GHVFULSWLYH�DQG�FRUUHODWLRQ

DQDO\VHV�WR�H[DPLQH�WKH�GLVWULEXWLRQ�RI��DQG�UHODWLRQV�EHWZHHQ��HDFK�PHDVXUH�DV�ZHOO�DV�WR�LQIRUP

WKH�SULPDU\�DQDO\VHV��$�WRWDO�RI����VWXGHQWV�GHPRQVWUDWHG�RXWOLHU�SHUIRUPDQFH��L�H���WKUHH

VWDQGDUG�GHYLDWLRQV�DERYH�RU�EHORZ�WKH�PHDQ��RQ�RQH�RU�PRUH�RXWFRPH�YDULDEOHV��L�H���DFFXUDF\

RQ�FRQJUXHQW��DQG�LQFRQJUXHQW�VSDFHG�SUREOHPV��UHVSRQVH�WLPH�RQ�FRQJUXHQW��DQG

LQFRQJUXHQW�VSDFHG�SUREOHPV���DQG�ZHUH�H[FOXGHG�IURP�WKH�DQDO\WLF�VDPSOH��$GGLWLRQDOO\��RQH

VWXGHQW�ZDV�H[FOXGHG�IURP�WKH�DQDO\WLF�VDPSOH�GXH�WR�RXWOLHU�SHUIRUPDQFH�RQ�WKH�6WURRS�WDVN�

7R�DQVZHU�RXU�UHVHDUFK�TXHVWLRQV��ZH�FRQGXFWHG�WZR�UHSHDWHG�PHDVXUHV�$1&29$V�XVLQJ

-$63�VRIWZDUH��-$63�7HDP���������7KH�$1&29$V�WUHDWHG�FRQGLWLRQ��L�H���LQFRQJUXHQW�VSDFLQJ�

FRQJUXHQW�VSDFLQJ��DV�D�ZLWKLQ�VXEMHFWV�LQGHSHQGHQW�YDULDEOH��LQKLELWRU\�FRQWURO�DV�D�FRQWLQXRXV

EHWZHHQ�VXEMHFWV�LQGHSHQGHQW�YDULDEOH��DQG�SHUIRUPDQFH�RQ�QHXWUDO�VSDFHG�SUREOHPV�DV�D

FRYDULDWH��L�H���DFFXUDF\�RU�DYHUDJH�UHVSRQVH�WLPH��UHVSHFWLYHO\���6SHFLILFDOO\��ZH�FRQGXFWHG�DQ

$1&29$�FRPSDULQJ�VWXGHQWV¶�DYHUDJH�DFFXUDF\�EHWZHHQ�FRQJUXHQW�DQG�LQFRQJUXHQW�SUREOHPV

DQG�DQ�$1&29$�FRPSDULQJ�VWXGHQWV¶�PHGLDQ�UHVSRQVH�WLPH�EHWZHHQ�FRQJUXHQW�DQG�LQFRQJUXHQW

SUREOHPV��)LUVW��ZH�WHVWHG�WKH�PDLQ�HIIHFW�RI�FRQGLWLRQ�LQ�ERWK�$1&29$V�WR�DQVZHU�ZKHWKHU

VWXGHQWV¶�SHUIRUPDQFH�RQ�SUREOHPV�YDULHV�EHWZHHQ�YLHZLQJ�SUREOHPV�ZLWK�FRQJUXHQW�DQG

LQFRQJUXHQW�VSDFLQJ��6HFRQG��ZH�WHVWHG�WKH�PDLQ�HIIHFW�RI�LQKLELWLRQ�LQ�ERWK�$1&29$V�WR

GHPRQVWUDWH�ZKHWKHU�VWXGHQWV¶�SHUIRUPDQFH�RQ�RUGHU�RI�RSHUDWLRQV�SUREOHPV�YDULHV�EHWZHHQ

VWXGHQWV�ZLWK�KLJKHU�RU�ORZHU�LQKLELWRU\�FRQWURO��7KLUG��ZH�H[DPLQHG�ZKHWKHU�DQ�LQWHUDFWLRQ

��



H[LVWHG�EHWZHHQ�VWXGHQWV¶�LQKLELWRU\�FRQWURO�DQG�SHUIRUPDQFH�LQ�HDFK�$1&29$�WR�REVHUYH

ZKHWKHU�VWXGHQWV¶�LQKLELWRU\�FRQWURO�VHHPV�WR�PRGHUDWH�WKH�HIIHFW�RI�VSDFLQJ�LQ

RUGHU�RI�RSHUDWLRQV�SUREOHPV�RQ�VWXGHQWV¶�SHUIRUPDQFH�

:H�DOVR�XVHG�-$63�VRIWZDUH�WR�FRQGXFW�WKHVH�DQDO\VHV�XVLQJ�%D\HVLDQ�VWDWLVWLFV�LQ�RUGHU

WR�SURYLGH�ERWK�IUHTXHQWLVW�DQG�%D\HVLDQ�LQWHUSUHWDWLRQV�RI�WKH�UHVXOWV��:KHUHDV�D�IUHTXHQWLVW

DQDO\VLV�RI�YDULDQFH�WHVWV�DQ�DOWHUQDWLYH�K\SRWKHVLV��D�%D\HVLDQ�DQDO\VLV�RI�YDULDQFH�DOVR�GLUHFWO\

WHVWV�WKH�QXOO�K\SRWKHVLV� +HUH��ZH�XVHG�WKH�GHIDXOW� QRQ�LQIRUPDWLYH�SULRU�VSHFLILFDWLRQV�LQ�-$63

DV�UHFRPPHQGHG��)DXONHQEHUU\�HW�DO���������YDQ�GH�6FKRRW�	�'HSDROL���������7KH�GHIDXOW

VSHFLILFDWLRQ�XVHV�D�-=6��PXOWLYDULDWH�&DXFK\��SULRU�RQ�WKH�HIIHFW�VFDOHV�ZLWK�D�GHIDXOW�VFDOH�RI

�����:H�LQWHUSUHWHG�WKH�%D\HV�)DFWRU��%)䈺䈹��EDVHG�RQ�FRPPRQ�WKUHVKROGV��6FK|QEURGW�	

:DJHQPDNHUV���������6SHFLILFDOO\��D�%)䈺䈹�YDOXH�VPDOOHU WKDQ���������RU������UHVSHFWLYHO\�SURYLGHV

DQHFGRWDO��PRGHUDWH��RU�VWURQJ�HYLGHQFH�IRU�WKH�QXOO�K\SRWKHVLV��6LPLODUO\��D�%)䈺䈹�YDOXH�JUHDWHU

WKDQ�������RU����UHVSHFWLYHO\�SURYLGHV�DQHFGRWDO��PRGHUDWH��RU�VWURQJ�HYLGHQFH�IRU�WKH�DOWHUQDWLYH

K\SRWKHVLV�

$IWHU�FRQGXFWLQJ�RXU�SUH�UHJLVWHUHG�DQDO\VHV��ZH�FRQGXFWHG�H[SORUDWRU\�DQDO\VHV�LQ�RUGHU

WR�EHWWHU�H[SODLQ�WKH�UHSRUWHG�UHVXOWV��)LUVW��ZH�XVHG�D�PHGLDQ�VSOLW�WR�GLYLGH�SDUWLFLSDQWV�LQWR

KLJKHU��L�H���SHUIHFW��DQG�ORZHU�EDVHOLQH�DFFXUDF\�JURXSV�WKHQ�FRQGXFWHG����3UREOHP�7\SH�

&RQJUXHQW�RU�,QFRQJUXHQW��[����%DVHOLQH�$FFXUDF\��+LJKHU�RU�/RZHU��UHSHDWHG�PHDVXUHV

$129$V�WR�H[SORUH�KRZ�VWXGHQWV�ZLWK�GLIIHUHQW�GHJUHHV�RI�SULRU�NQRZOHGJH�PD\�EH

GLIIHUHQWLDOO\�LPSDFWHG�E\�WKH�SHUFHSWXDO�FXHV�RQ�D��DFFXUDF\�DQG�E��UHVSRQVH�WLPH�RQ

RUGHU�RI�RSHUDWLRQV�SUREOHPV��1H[W��ZH�XVHG�D�PHGLDQ�VSOLW�WR�JURXS�VWXGHQWV�ZLWK�KLJKHU�DQG

ORZHU�OHYHOV�RI�LQKLELWRU\�FRQWURO��:H�FRQGXFWHG����3UREOHP�7\SH��&RQJUXHQW�RU�,QFRQJUXHQW��[

���,QKLELWRU\�&RQWURO��+LJKHU�RU�/RZHU��UHSHDWHG�PHDVXUHV�$129$V�WR�H[SORUH�KRZ�VWXGHQWV

��



ZLWK�GLIIHUHQW�GHJUHHV�RI�LQKLELWRU\�FRQWURO�PD\�EH�GLIIHUHQWLDOO\�LPSDFWHG�E\�WKH�SHUFHSWXDO�FXHV

RQ�D��DFFXUDF\�DQG�E��UHVSRQVH�WLPH�RQ�RUGHU�RI�RSHUDWLRQV�SUREOHPV�ZLWKLQ�RXU�KLJK�SHUIRUPLQJ

VDPSOH�

5HVXOWV

3UHOLPLQDU\�$QDO\VLV

7DEOHV���DQG���UHVSHFWLYHO\�SUHVHQW�WKH�GHVFULSWLYH�VWDWLVWLFV�RI��DQG�FRUUHODWLRQV��EHWZHHQ

HDFK�RI�RXU�IRFDO�YDULDEOHV��$V�VHHQ�LQ�7DEOH����XQGHUJUDGXDWH�VWXGHQWV�GLVSOD\HG�KLJK

SHUIRUPDQFH�DFURVV�EDVHOLQH��QHXWUDO�VSDFHG�SUREOHPV���FRQJUXHQW��DQG�LQFRQJUXHQW

RUGHU�RI�RSHUDWLRQV�SUREOHPV��FRQILUPLQJ�WKDW�WKH\�ZHUH�DEOH�WR�VROYH�WKHVH�RUGHU�RI�RSHUDWLRQV

SUREOHPV�TXLFNO\�DQG�DFFXUDWHO\��$V�H[SHFWHG��VWXGHQWV�GHPRQVWUDWHG�YHU\�KLJK�DFFXUDF\�RQ�WKH

RYHUDOO�$QLPDO�6WURRS�WDVN��0  ����� 6'  ������DV ZHOO�DV�RQ�WKH�FRQJUXHQW��0  ������ 6'  

������DQG�LQFRQJUXHQW�WDVNV�UHVSHFWLYHO\��0  ����� 6'  �������WKHUHIRUH��ZH�XVHG�D�SUHYLRXVO\

HVWDEOLVKHG�FRPSXWDWLRQ�RI�SHUIRUPDQFH�E\�WDNLQJ�WKH�GLIIHUHQFH�RI�VWXGHQWV¶�PHGLDQ�UHVSRQVH

WLPHV�RQ�HDFK�LWHP�W\SH�DV�RXU�PHDVXUH�RI�LQKLELWRU\�FRQWURO��*LOPRUH�HW�DO����������$V�VHHQ�LQ

7DEOH����WKLV�PHDVXUH�RI�LQKLELWRU\�FRQWURO�ZDV�SRVLWLYH��VXJJHVWLQJ�WKDW�VWXGHQWV��RQ�DYHUDJH�

ZHUH�VORZHU�DW�PDNLQJ�D�FRUUHFW�UHVSRQVH�ZKHQ�WKH�DQLPDO�VL]H�ZDV�LQFRQJUXHQW�YV��FRQJUXHQW�WR

WKH�LPDJH�VL]H�

7DEOH��

'HVFULSWLYH�VWDWLVWLFV�RI�HDFK�YDULDEOH��1� �����

0HDQ 6' 0LQ±0D[ 6NHZQHVV .XUWRVLV

,QKLELWRU\�&RQWURO��V� ���� ���� ��������� ����� ����

%DVHOLQH�$FFXUDF\ ���� ���� ������� ����� ����

&RQJUXHQW�3UREOHPV��$FFXUDF\ ���� ���� �������� ����� ����

��



,QFRQJUXHQW�3UREOHPV��$FFXUDF\ ���� ���� ������ ���� ����

%DVHOLQH�5HVSRQVH�7LPH��V� ���� ���� ���������� ���� ����

&RQJUXHQW�3UREOHPV��5HVSRQVH�7LPH��V� ���� ���� ��������� ���� �����

,QFRQJUXHQW�3UREOHPV��5HVSRQVH�7LPH��V� ���� ���� ��������� ���� ����

1RWH��$EEUHYLDWLRQ���V�� �VHFRQGV��6'� �VWDQGDUG�GHYLDWLRQ��0LQ� �PLQLPXP��0D[� 
PD[LPXP�

S����� 

S�����


S������

7ZR�ILQGLQJV�ZHUH�ZRUWK�QRWLQJ�LQ�WKH�FRUUHODWLRQ�DQDO\VHV��7DEOH�����)LUVW��DV�H[SHFWHG�

VWXGHQWV¶�DFFXUDF\�RQ�WKH�WKUHH�W\SHV�RI�SUREOHPV�ZHUH�SRVLWLYHO\�FRUUHODWHG��VXJJHVWLQJ�WKH

SRWHQWLDO�QHHG�WR�FRQWURO�IRU�VWXGHQWV¶�EDVHOLQH�SHUIRUPDQFH�ZKHQ�WHVWLQJ�WKH�XQLTXH�HIIHFWV�RI

VSDFLQJ�DQG�LQKLELWRU\�FRQWURO��6HFRQG� VWXGHQWV�ZLWK KLJKHU�EDVHOLQH�DFFXUDF\�DOVR�WHQGHG�WR

PDNH�FRUUHFW�UHVSRQVHV�IDVWHU��VXJJHVWLQJ�WKDW�DFFXUDF\�DQG�UHVSRQVH�WLPH�PD\�FDSWXUH�UHODWHG

EXW�GLVWLQFW�DVSHFWV�RI�SHUIRUPDQFH��VXSSRUWLQJ�RXU�SODQ�WR�H[DPLQH�ERWK�LQ�WKLV�SDSHU�

��
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(IIHFWV�RI�3K\VLFDO�6SDFLQJ�RQ�&RQJUXHQW�DQG�,QFRQJUXHQW�3UREOHP�6ROYLQJ

3UH�UHJLVWHUHG�$QDO\VLV��(IIHFW�RI�3HUFHSWXDO�&XHV�&RQWUROOLQJ�IRU�%DVHOLQH�$FFXUDF\

7R�DQVZHU�RXU�ILUVW�UHVHDUFK�TXHVWLRQ�UHJDUGLQJ�WKH�HIIHFWV�RI�SUREOHP�W\SH��L�H��

FRQJUXHQW�YV��LQFRQJUXHQW�VSDFLQJ��RQ�SUREOHP�VROYLQJ�SHUIRUPDQFH��ZH�FRQGXFWHG�WZR�VHWV�RI

UHSHDWHG�PHDVXUHV�$1&29$V�RQ�VWXGHQWV¶�DFFXUDF\�DQG�UHVSRQVH�WLPH��UHVSHFWLYHO\ �)LJXUH����

)LJXUH��

/HIW� $FFXUDF\�E\�3UREOHP�7\SH��5LJKW��5HVSRQVH�7LPH %\�3UREOHP�7\SH�LQ�6HFRQGV�

$�UHSHDWHG�PHDVXUHV�$1&29$�FRQWUROOLQJ�IRU�VWXGHQWV¶�EDVHOLQH�DFFXUDF\�VKRZHG�WKDW

WKH�HIIHFW�RI�SUREOHP�W\SH�RQ�SUREOHP�VROYLQJ�DFFXUDF\ ZDV�QRW�VLJQLILFDQW���)>������@� �������

S  ��������Ș�  ���������VXJJHVWLQJ�WKDW�VWXGHQWV�ZHUH FRPSDUDEO\�DFFXUDWH�RQ�FRQJUXHQW�DQG

LQFRQJUXHQW�SUREOHPV��)LJXUH����/HIW���6WXGHQWV¶�EDVHOLQH�DFFXUDF\�ZDV�D�VLJQLILFDQW�FRYDULDWH�

LQGLFDWLQJ�WKDW�KLJKHU�EDVHOLQH�DFFXUDF\�ZDV�DVVRFLDWHG�ZLWK�KLJKHU�DFFXUDF\�RQ�FRQJUXHQW�DQG

LQFRQJUXHQW�SUREOHPV��)>������@� �������� S �������� $�%D\HVLDQ�$1&29$�FRQILUPHG�WKH

��



UHVXOWV�ZLWK�PRGHUDWH�HYLGHQFH�WKDW�SUREOHP�W\SH�KDG�QR�HIIHFW�RQ�SUREOHP�VROYLQJ�DFFXUDF\

�%)��  ��������DQG�VWURQJ�HYLGHQFH�WKDW�EDVHOLQH�DFFXUDF\ KDG�DQ�HIIHFW��%)��  ������������

$�UHSHDWHG�PHDVXUHV�$1&29$�RQ�VWXGHQWV¶�PHGLDQ�UHVSRQVH�WLPH�UHYHDOHG�D�PDUJLQDO

GLIIHUHQFH�EHWZHHQ�WKH�WZR SUREOHP�W\SHV��)>�����@  ������� S  ��������Ș�  ���������6WXGHQWV

WRRN�ORQJHU�WR�VROYH�FRQJUXHQW�SUREOHPV��0  ����� VHFRQGV� 6'  �������WKDQ�LQFRQJUXHQW

SUREOHPV��0  ������VHFRQGV� 6'  �������)LJXUH����5LJKW�� 7KH�%D\HVLDQ�$1&29$�SURYLGHG

VWURQJ�HYLGHQFH�LQ�IDYRU�RI�WKH�HIIHFW�RI�SUREOHP W\SH��%)��  ����������7KHUH�ZDV�DOVR�D

VLJQLILFDQW�HIIHFW�RI�EDVHOLQH�UHVSRQVH�WLPH��)>�� ���@� ��������� S ���������ZLWK�VWURQJ�HYLGHQFH

VXSSRUWLQJ�WKLV�ILQGLQJ��%)��  ������
�������)XUWKHU� WKHUH�ZDV�D�3UREOHP�7\SH�î�%DVHOLQH

5HVSRQVH�7LPH�LQWHUDFWLRQ��)>�����@� ������� S  ������� Ș�  ���������ZLWK�VWURQJ�HYLGHQFH

VXSSRUWLQJ�WKLV�ILQGLQJ��%)��  ������
������

([SORUDWRU\�$QDO\VLV��(IIHFW�RI�3HUFHSWXDO�&XHV�E\�%DVHOLQH�3HUIRUPDQFH

7KH�SUH�UHJLVWHUHG�DQDO\VHV�GHPRQVWUDWH�WKDW�WKLV�VDPSOH�LV�KLJK�SHUIRUPLQJ�ZLWKRXW

PXFK�YDULDQFH�LQ�VWXGHQWV¶�DFFXUDF\�RQ�WKH�RUGHU�RI�RSHUDWLRQV�SUREOHPV��)XUWKHU��WKH

SUH�UHJLVWHUHG�DQDO\VHV�ERWK�VKRZHG�WKDW�VWXGHQWV¶�EDVHOLQH�DFFXUDF\�ZDV�D�VLJQLILFDQW�SUHGLFWRU

RI�DFFXUDF\�DQG�UHVSRQVH� 7R�GHOYH�IXUWKHU�LQWR�KRZ EDVHOLQH�DFFXUDF\�PLJKW�LPSDFW�VWXGHQWV¶

UHDFWLRQV�WR�SHUFHSWXDO�FXHV�LQ�RUGHU�RI�RSHUDWLRQV�SUREOHPV��ZH�FRQGXFWHG�D�PHGLDQ�VSOLW�RQ

EDVHOLQH�DFFXUDF\��0GQ  �������WR�FRPSDUH�VWXGHQWV ZLWK ORZHU�DFFXUDF\��Q ����DQG�KLJKHU

DFFXUDF\��Q  ����� 7KLV�DSSURDFK�DOORZHG�XV�WR�H[SORUH KRZ�VWXGHQWV�ZLWK�GLIIHUHQW�OHYHOV�RI

H[SHUWLVH�RQ�RUGHU�RI�RSHUDWLRQV�SUREOHPV�DUH�LPSDFWHG�E\�SHUFHSWXDO�FXHV�RQ�ERWK�DFFXUDF\�DQG

UHVSRQVH�WLPH�

)LJXUH��

/HIW��$FFXUDF\�E\�%DVHOLQH�$FFXUDF\��5LJKW��5HVSRQVH�7LPH�E\�%DVHOLQH�$FFXUDF\�

��



)LUVW��D����3UREOHP�7\SH��î����%DVHOLQH�$FFXUDF\��KLJKHU��YV��ORZHU�SHUIRUPLQJ��UHSHDWHG

PHDVXUHV�$129$�RQ�VWXGHQWV¶�SUREOHP�VROYLQJ�DFFXUDF\�UHYHDOHG�WKDW��D��VWXGHQWV�ZHUH

FRPSDUDEO\�DFFXUDWH�RQ�FRQJUXHQW�YV��LQFRQJUXHQW�SUREOHPV �)>�����@� ������� S  ��������Ș�  

�����
�������DQG�E��VWXGHQWV�ZLWK�KLJKHU�YV��ORZHU EDVHOLQH�DFFXUDF\�ZHUH�PRUH�DFFXUDWH�RQ�ERWK

W\SHV�RI�SUREOHPV��)>�����@� �������� S ���������Ș�  ���������)XUWKHU��WKH�3UREOHP�7\SH�î

%DVHOLQH�$FFXUDF\�LQWHUDFWLRQ�ZDV�PDUJLQDOO\�VLJQLILFDQW��)>�����@� ������� S  ��������Ș�  

������ )LJXUH����/HIW���3RVW�KRF�FRPSDULVRQV�ZLWK %RQIHUURQL�FRUUHFWLRQV�VKRZHG�WKDW�VWXGHQWV

ZLWK�ORZHU�EDVHOLQH�DFFXUDF\�ZHUH�VLJQLILFDQWO\�OHVV�DFFXUDWH�RQ�FRQJUXHQW�SUREOHPV��0  �����

6'  ������WKDQ�VWXGHQWV�ZLWK�KLJKHU�EDVHOLQH�DFFXUDF\ RQ�ERWK�FRQJUXHQW��0  ����� 6'  ������DQG

LQFRQJUXHQW�SUREOHPV 0  ����� 6'  ����� SV�������� $GGLWLRQDOO\��KLJKHU�DFFXUDF\�VWXGHQWV�ZHUH

VLJQLILFDQWO\�PRUH�DFFXUDWH�RQ�FRQJUXHQW�SUREOHPV�WKDQ�ORZHU�DFFXUDF\�VWXGHQWV�ZHUH�RQ

LQFRQJUXHQW�SUREOHPV��0  ����� 6'  ����� S  ������� $�UHSHDWHG�PHDVXUHV�%D\HVLDQ�$129$

UHYHDOHG�PRGHUDWH�HYLGHQFH�LQ�VXSSRUW�RI�WKH�QXOO�HIIHFW�RI�SUREOHP�W\SH��%)��  ���������VWURQJ

HYLGHQFH�LQ�VXSSRUW�RI�WKH�HIIHFW�RI�EDVHOLQH�DFFXUDF\��%)��  ����������DQG�WKH�PRGHO�LQFOXGLQJ

WKH�3UREOHP�7\SH�î�%DVHOLQH�$FFXUDF\�LQWHUDFWLRQ��%)��  ���������

��



1H[W��D����3UREOHP�7\SH��î����%DVHOLQH�$FFXUDF\��UHSHDWHG�PHDVXUHV�$129$�RQ

VWXGHQWV¶�UHVSRQVH�WLPHV�UHYHDOHG�WKDW��D��VWXGHQWV�ZHUH�VLJQLILFDQWO\�VORZHU�WR�DQVZHU�FRQJUXHQW

SUREOHPV�WKDQ�LQFRQJUXHQW�SUREOHPV �)>�����@� �������� S  ��������Ș�  ���������DQG�E��WKHUH�ZDV

D�VLJQLILFDQW�HIIHFW�RI�EDVHOLQH�DFFXUDF\�RQ�UHVSRQVH�WLPH��)>�����@� ������� S  ������� )LJXUH���

5LJKW���7KHUH�ZDV�QR�VLJQLILFDQW�3UREOHP�7\SH î�%DVHOLQH $FFXUDF\ LQWHUDFWLRQ��)>�����@� 

������ S  ���������3RVW�KRF�FRPSDULVRQV�ZLWK�%RQIHUURQL FRUUHFWLRQV�FRQILUPHG�WKDW�VWXGHQWV¶

VSHQW�ORQJHU�RQ�FRQJUXHQW��0  ������ 6'  �������WKDQ LQFRQJUXHQW�SUREOHPV��0  ������ 6'  

����� S  ��������)XUWKHU��VWXGHQWV�ZLWK�KLJKHU�EDVHOLQH DFFXUDF\�GHPRQVWUDWHG�TXLFNHU�UHVSRQVH

WLPHV�RQ�ERWK�SUREOHP�W\SHV�WKDQ�VWXGHQWV�ZLWK�ORZHU�EDVHOLQH�DFFXUDF\��S  ��������)XUWKHU�

VWXGHQWV�ZKR�ZLWK�ORZHU�EDVHOLQH�DFFXUDF\�KDG�VLJQLILFDQWO\�ORQJHU�UHVSRQVH�WLPHV�RQ�FRQJUXHQW

�0  ������ 6'  ������ WKDQ�LQFRQJUXHQW�SUREOHPV��0  ������ 6'  ������ S  �������DQG

VLJQLILFDQWO\�ORQJHU�UHVSRQVH�WLPHV�WKDQ�VWXGHQWV�ZLWK�KLJKHU�EDVHOLQH�DFFXUDF\�RQ�ERWK

FRQJUXHQW��0  ������ 6'  ������ S  �������DQG�LQFRQJUXHQW WULDOV��0  ������ 6'  ������ S  

�������$�UHSHDWHG�PHDVXUHV�%D\HVLDQ�$129$�UHYHDOHG�VWURQJ�HYLGHQFH�LQ�VXSSRUW�RI�WKH�HIIHFW

RI�SUREOHP�W\SH��%)��  ���������DQG�VWURQJ�HYLGHQFH LQ�VXSSRUW�RI�WKH�HIIHFW�RI�EDVHOLQH�DFFXUDF\

�%)��  ���������

(IIHFWV�RI�,QKLELWRU\�&RQWURO�RQ�2UGHU�RI�2SHUDWLRQV�3UREOHPV

3UH�UHJLVWHUHG�$QDO\VLV��(IIHFWV�RI�,QKLELWRU\�&RQWURO�ZLWK�WKH�%DVHOLQH�&RYDULDWH

7R�DQVZHU�RXU�VHFRQG�UHVHDUFK�TXHVWLRQ��ZH�DGGHG�VWXGHQWV¶�LQKLELWRU\�FRQWURO

SHUIRUPDQFH�DV�D�FRQWLQXRXV�YDULDEOH�WR�WKH�$1&29$�PRGHOV��$OLJQHG�ZLWK�WKH�SUHYLRXV

UHVXOWV��WKHUH�ZDV�QR�HIIHFW�RI�SUREOHP�W\SH��)>�����@  ������� S  ���������EXW�WKH�HIIHFW�RI

EDVHOLQH�DFFXUDF\�ZDV�VLJQLILFDQW��)>�����@� �������� S ��������ZLWK�VWURQJ�HYLGHQFH��%)��  

������������7KH�HIIHFW�RI�LQKLELWRU\�FRQWURO�RQ�VWXGHQWV¶�SUREOHP�VROYLQJ�DFFXUDF\�ZDV�QRW

��



VLJQLILFDQW��)>������@� ������� S  ���������ZLWK�PRGHUDWH�HYLGHQFH�VXSSRUWLQJ�WKLV�QXOO�ILQGLQJ

�%)��  ���������7KHUH�ZDV�QR�LQWHUDFWLRQ�EHWZHHQ�SUREOHP W\SH�DQG�LQKLELWRU\�FRQWURO��)>������@

 ������� S  ���������

:H�UHSHDWHG�WKH�DQDO\VHV�ZLWK�UHVSRQVH�WLPH��DQG�VWLOO�IRXQG�WKH�VLJQLILFDQW�HIIHFW�RI

SUREOHP�W\SH�VXFK�WKDW�VWXGHQWV�KDG�VORZHU�UHVSRQVHV�RQ�FRQJUXHQW�WKDQ�LQFRQJUXHQW�SUREOHPV

�)>�����@� �������� S  ��������Ș�  ��������ZLWK�VWURQJ HYLGHQFH�VXSSRUWLQJ�WKLV�ILQGLQJ��%)��  

���������7KH�HIIHFW�RI�EDVHOLQH�UHVSRQVH�WLPH�ZDV�DOVR�VLJQLILFDQW��)>�����@� ��������� S �������

ZLWK�VWURQJ�HYLGHQFH�LQ�VXSSRUW�RI�WKLV�ILQGLQJ��%)��  ������
�������7KH�PDLQ�HIIHFW�RI�LQKLELWRU\

FRQWURO�RQ�VWXGHQWV¶�SUREOHP�VROYLQJ�UHVSRQVH�WLPH�ZDV�QRW�VLJQLILFDQW��)>������@� ������� S  

��������ZLWK�OLWWOH�HYLGHQFH�VXSSRUWLQJ�WKLV�UHVXOW��%)��  ���������)XUWKHU��WKHUH�ZDV�DQ�LQWHUDFWLRQ

EHWZHHQ�SUREOHP�W\SH�DQG�EDVHOLQH�UHVSRQVH�WLPH��)>�� ���@� ������� S  ��������Ș�  ��������

([SORUDWRU\�$QDO\VLV��(IIHFWV�RI�3HUFHSWXDO�&XHV�E\�,QKLELWRU\�&RQWURO

)URP�WKH�SUH�UHJLVWHUHG�DQDO\VHV��ZH�VHH�WKDW�WKLV�VDPSOH�LV�KLJK�SHUIRUPLQJ�ZLWKRXW

PXFK�YDULDQFH�LQ�VWXGHQWV¶�LQKLELWRU\�FRQWURO��)XUWKHU��VLQFH�LQKLELWRU\�FRQWURO�ZDV�WUHDWHG�DV�D

FRQWLQXRXV�YDULDEOH��LW�ZDV�LQFOXGHG�LQ�RXU�SUH�UHJLVWHUHG�DQDO\VHV�DV�D�FRYDULDWH�UDWKHU�WKDQ�D

EHWZHHQ�VXEMHFWV�IDFWRU��7KHUHIRUH��WR�H[SORUH�ZKHWKHU�VWXGHQWV�ZLWK�GLIIHUHQW�OHYHOV�RI�LQKLELWRU\

FRQWURO�LQ�RXU�KLJK�SHUIRUPLQJ�VDPSOH�PD\�EH�LPSDFWHG�GLIIHUHQWO\�E\�SHUFHSWXDO�FXHV��ZH

FRQGXFWHG�D�PHGLDQ�VSOLW��0GQ  ������WR�FRPSDUH�VWXGHQWV ZLWK�KLJKHU�LQKLELWRU\�FRQWURO��Q ���

WR�VWXGHQWV�ZLWK�ORZHU�LQKLELWRU\�FRQWURO��Q ���� 7KLV�DSSURDFK�DOORZHG�XV�WR�H[SORUH�KRZ

VWXGHQWV�ZLWK�GLIIHUHQW�GHJUHHV�RI�LQKLELWRU\�FRQWURO�DUH LPSDFWHG�E\�SHUFHSWXDO�FXHV�LQ

RUGHU�RI�RSHUDWLRQV�SUREOHPV�RQ�ERWK�DFFXUDF\�DQG�UHVSRQVH�WLPH�ZLWKLQ�RXU�KLJK�SHUIRUPLQJ

VDPSOH�

� %\�WUHDWLQJ�LQKLELWRU\�FRQWURO�DV�D�FRQWLQXRXV�FRYDULDWH�ZLWKLQ�$129$�PRGHOV��ZH�ZHUH�XQDEOH�WR�WHVW�IRU
LQWHUDFWLRQ�HIIHFWV�LQ�WKHVH�PRGHOV�XVLQJ�D�%D\HVLDQ�$129$�WKDW�ZRXOG�EH�FRPSDUDEOH�WR�WKRVH�SUHVHQWHG�

��



$����3UREOHP�7\SH��î����,QKLELWRU\�&RQWURO��+LJKHU�RU�/RZHU��UHSHDWHG�PHDVXUHV

$129$�FRPSDULQJ�RFFXUULQJ�VWXGHQWV¶�DFFXUDF\�RQ�RUGHU�RI�RSHUDWLRQV�SUREOHPV�UHYHDOHG�QR

VLJQLILFDQW�HIIHFW�RI�SUREOHP�W\SH��)>�����@� ������� S  ��������LQKLELWRU\�FRQWURO��)>�����@� 

������ S  �������RU�3UREOHP�7\SH�î�,QKLELWRU\�&RQWURO LQWHUDFWLRQ��)>�����@� ������� S  �������

VXJJHVWLQJ�WKDW�VWXGHQWV�ZHUH�FRPSDUDEO\�DFFXUDWH�RQ�DOO�SUREOHPV��$�%D\HVLDQ�UHSHDWHG

PHDVXUHV�$129$�UHYHDOHG�PRGHUDWH�HYLGHQFH�LQ�VXSSRUW�RI�WKH�QXOO�HIIHFWV�RI�SUREOHP�W\SH

�%)��  ��������DQG�LQKLELWRU\�FRQWURO��%)��  ��������

1H[W��D����3UREOHP�7\SH��î����,QKLELWRU\�&RQWURO��UHSHDWHG�PHDVXUHV�$129$�FRPSDULQJ

VWXGHQWV¶�UHVSRQVH�WLPHV�RQ�RUGHU�RI�RSHUDWLRQV�SUREOHPV�UHYHDOHG�D�VLJQLILFDQW�HIIHFW�RI�SUREOHP

W\SH��)>�����@� �������� S  ������ Ș�  ���������FRQILUPLQJ WKDW�VWXGHQWV�KDG�VORZHU�UHVSRQVH

WLPHV�RQ�FRQJUXHQW�WKDQ�LQFRQJUXHQW�SUREOHPV��,W�DOVR�UHYHDOHG�D�PDUJLQDOO\�VLJQLILFDQW�HIIHFW�RI

,QKLELWRU\�&RQWURO��)>�����@� ������� S  ������ Ș�  ��������ZLWK�QR�3UREOHP�7\SH��î�,QKLELWRU\

&RQWURO�LQWHUDFWLRQ��)>�����@� ������� S  ������� VXJJHVWLQJ�WKDW�VWXGHQWV�ZLWK�ORZHU�LQKLELWRU\

FRQWURO�KDG�VORZHU�UHVSRQVH�WLPHV�WKDQ�VWXGHQWV�ZLWK�KLJKHU�LQKLELWRU\�FRQWURO��)LJXUH�����$

%D\HVLDQ�UHSHDWHG�PHDVXUHV�$129$�UHYHDOHG�VWURQJ�HYLGHQFH�LQ�VXSSRUW�RI�WKH�HIIHFWV�RI

SUREOHP�W\SH��%)��  ���������DQG�DQHFGRWDO�HYLGHQFH LQ�VXSSRUW�RI�WKH�HIIHFW�RI�LQKLELWRU\

FRQWURO��%)��  ���������3RVW�KRF�FRPSDULVRQV�ZLWK %RQIHUURQL�FRUUHFWLRQV�UHYHDOHG�WKDW�VWXGHQWV

ZLWK�ORZHU�LQKLELWRU\�FRQWURO�KDG�VLJQLILFDQWO\�VORZHU�UHVSRQVH�WLPHV��0  ������ 6'  �������RQ

FRQJUXHQW�SUREOHPV�WKDQ�LQFRQJUXHQW�SUREOHPV��0  ����� 6'  ������ S  ��������)XUWKHU�VWXGHQWV

ZLWK�ORZHU�LQKLELWRU\�FRQWURO�KDG�VLJQLILFDQWO\�VORZHU�UHVSRQVH�WLPHV�RQ�FRQJUXHQW�SUREOHPV

WKDQ�VWXGHQWV�ZLWK�KLJKHU�LQKLELWRU\�FRQWURO�RQ�LQFRQJUXHQW�SUREOHPV��0  ������ 6'  ������ S  

������

)LJXUH��

��



5HVSRQVH�7LPHV�RQ�&RQJUXHQW�DQG�,QFRQJUXHQW�3UREOHPV�E\�,QKLELWRU\�&RQWURO

'LVFXVVLRQ

,Q�WKH�FXUUHQW�VWXG\��ZH�WHVWHG�WKH�LPSDFW�RI�SHUFHSWXDO FXHV�DQG�LQKLELWRU\�FRQWURO�RQ

FROOHJH�VWXGHQWV¶�SHUIRUPDQFH�VROYLQJ�RUGHU�RI�RSHUDWLRQV�SUREOHPV��7KH�UHVXOWV�LQGLFDWHG�WKUHH

PDLQ�ILQGLQJV��)LUVW��VWXGHQWV�GHPRQVWUDWHG�FRPSDUDEOH�DFFXUDF\�RQ�FRQJUXHQW�DQG�LQFRQJUXHQW

RUGHU�RI�RSHUDWLRQV�SUREOHPV��6HFRQG��VWXGHQWV�GHPRQVWUDWHG�ORQJHU�UHVSRQVH�WLPHV�RQ

FRQJUXHQW�SUREOHPV�WKDQ�LQFRQJUXHQW�SUREOHPV��([SORUDWRU\�DQDO\VHV�VXJJHVW�WKDW�WKLV�HIIHFW

PD\�EH�GULYHQ�E\�VWXGHQWV�ZLWK�ORZHU�EDVHOLQH�SHUIRUPDQFH�ZKR�KDG�WKH�VORZHVW�UHVSRQVH�WLPHV

RQ�FRQJUXHQW�SUREOHPV��7KLUG��RQ�DYHUDJH��VWXGHQWV¶�LQKLELWRU\�FRQWURO�GLG�QRW�LPSDFW�WKHLU

SHUIRUPDQFH�RQ�RUGHU�RI�RSHUDWLRQV�SUREOHPV��+RZHYHU��H[SORUDWRU\�UHVXOWV�UHYHDOHG�WKDW

VWXGHQWV�ZLWK�ORZHU�LQKLELWRU\�FRQWURO�GHPRQVWUDWHG�VLJQLILFDQWO\�ORQJHU�UHVSRQVH�WLPHV�RQ

FRQJUXHQW�SUREOHPV�WKDQ�KLJKHU�LQKLELWRU\�FRQWURO�VWXGHQWV�RQ�LQFRQJUXHQW�SUREOHPV��,Q�WKH

IROORZLQJ�VHFWLRQV��ZH�GLVFXVV�RXU�LQWHUSUHWDWLRQV�RI�HDFK�UHVXOW�WR�SURYLGH�LPSOLFDWLRQV�IRU

UHVHDUFKHUV�DQG�HGXFDWRUV�

��



(IIHFW�RI�3K\VLFDO�6SDFLQJ�RQ�3HUIRUPDQFH

7KURXJK�WKLV�VWXG\��ZH�DLPHG�WR�FRQFHSWXDOO\�UHSOLFDWH�SULRU�ILQGLQJV�RQ�WKH�HIIHFWV�RI

SK\VLFDO�VSDFLQJ�RQ�FROOHJH�VWXGHQWV¶�SHUIRUPDQFH�VLPSOLI\LQJ�DULWKPHWLF�H[SUHVVLRQV��3ULRU

ZRUN�KDV�GHPRQVWUDWHG�WKDW�FROOHJH�VWXGHQWV�VKRZ�KLJKHU�DFFXUDF\�VLPSOLI\LQJ�DULWKPHWLF

H[SUHVVLRQV�ZLWK�FRQJUXHQW�DQG�QHXWUDO�VSDFLQJ�WKDQ�H[SUHVVLRQV�ZLWK�LQFRQJUXHQW�VSDFLQJ�DQG

FRPSDUDEOH�UHVSRQVH�WLPHV�RQ�ERWK�SUREOHP�W\SHV��H�J���/DQG\�	�*ROGVWRQH���������+HUH��ZH

IRXQG�WZR�GLIIHUHQW�UHVXOWV��VWXGHQWV�ZHUH�FRPSDUDEO\�DFFXUDWH�DFURVV�SUREOHP�W\SHV�EXW�WKH\

ZHUH�VORZHU�WR�DQVZHU�FRQJUXHQW�SUREOHPV�DV�RSSRVHG�WR�LQFRQJUXHQW�SUREOHPV��:H�UHDVRQ�WKDW

WKHVH�ILQGLQJV�PD\�EH�GXH�WR�RQH�RU�PRUH�RI�WKH�IROORZLQJ�IDFWRUV��D��WKH�KLJK�SHUIRUPLQJ

VDPSOH��E��WKH�VWXG\�GHVLJQ��DQG�F��D�KLHUDUFK\�RI�DWWHQWLRQDO�FXHV�

)LUVW��WKH�VWXG\�VDPSOH�PD\�EH�GULYLQJ�WKH�QXOO�HIIHFW�RI�SUREOHP�W\SH�RQ�VWXGHQWV¶

DFFXUDF\��$OWKRXJK�UHVHDUFK�KDV�VKRZQ�WKDW�ERWK�FKLOGUHQ�DQG�DGXOWV�DUH�VXVFHSWLEOH�WR

SHUFHSWXDO�FXHV�DQG�UHO\�RQ�SHUFHSWXDO�PRWRU�VNLOOV��H�J���%UDLWKZDLWH�HW�DO���������*RPH]�HW�DO��

������/DQG\�	�*ROGVWRQH���������LW�LV�SRVVLEOH�WKDW�WKH�FRQWHQW�XVHG�LQ�WKH�VWXG\�VWLPXOL��L�H��

DULWKPHWLF�H[SUHVVLRQV�ZLWK�WKUHH�QXPEHUV�DQG�WZR�RSHUDQGV��ZHUH�WRR�VLPSOH�IRU�RXU�VDPSOH�RI

FROOHJH�VWXGHQWV��6WXGHQWV�ZHUH�YHU\�KLJK�SHUIRUPLQJ�DFURVV�WKH�ERDUG�VR�SHUKDSV�WKHUH�ZDV�QRW

HQRXJK�YDULDQFH�LQ�WKH�VDPSOH�WR�VHH�DQ\�HIIHFWV�RI�SK\VLFDO�VSDFLQJ�LQ�SUREOHPV�RQ�VWXGHQWV¶

DFFXUDF\��1RWDEO\��ZH�GLG�FKHFN�WKH�DFFXUDF\�UDWHV�RQ�HDFK�SUREOHP�DQG�IRXQG�WKDW�VWXGHQWV�ZHUH

FRPSDUDEO\�DFFXUDWH�RQ�SUREOHPV�DFURVV�SUREOHP�W\SH��VXJJHVWLQJ�WKDW�WKH�GLIILFXOW\�RI�SUREOHPV

ZDV�HYHQO\�VSUHDG�DFURVV�SUREOHP�W\SHV�DQG�WKDW�WKLV�UHVXOW�LV�QRW�D�UHIOHFWLRQ�RI�WKH�VWXG\

VWLPXOL�

6HFRQG��D�VLPLODU�H[SODQDWLRQ�PD\�DOVR�H[SODLQ�ZK\�VWXGHQWV�KDG�VORZHU�UHVSRQVH�WLPHV

RQ�FRQJUXHQW�WKDQ�LQFRQJUXHQW�SUREOHPV��6LQFH�UHVHDUFK�KDV�VKRZQ�WKDW�UHOLDQFH�RQ�SHUFHSWXDO

��



FXHV�LQFUHDVHV�ZLWK�H[SHULHQFH�DQG�H[SHUWLVH��%UDLWKZDLWH�HW�DO���������5XPHOKDUW���������ZH

SRVLW�WKDW�VWXGHQWV�LQ�RXU�KLJK�SHUIRUPLQJ�VDPSOH�ZHUH�OLNHO\�WR�UHO\�RQ�SHUFHSWXDO�FXHV��IXUWKHU�

WKH�VWXG\�GHVLJQ��L�H���LQWHUOHDYLQJ�FRQJUXHQW�DQG�LQFRQJUXHQW�SUREOHPV��PD\�KDYH�SULPHG

VWXGHQWV�LQDGYHUWHQWO\�WR�H[HUFLVH�LQKLELWRU\�FRQWURO�ZKLOH�SUREOHP�VROYLQJ��,I�VWXGHQWV�ZHUH

DWWHQGLQJ�WR�SHUFHSWXDO�FXHV�WKURXJKRXW�WKH�H[SHULPHQWDO�SUREOHP�EORFN��DQG�UHDOL]HG�WKDW�VRPH

SUREOHPV�FRQWDLQHG�LQFRQJUXHQW�VSDFLQJ��WKH\�PD\�KDYH�HQJDJHG�LQ�D�RQH��RU�WZR�VWHS�SURFHVV�WR

LQKLELW�WKHLU�LPSXOVH�WR�FDOFXODWH�EHIRUH�FRUUHFWO\�VLPSOLI\LQJ�WKH�H[SUHVVLRQ��)RU�H[DPSOH��LI

VWXGHQWV�ZHUH�DWWHQGLQJ�WR�WKH�SHUFHSWXDO�FXHV�LQ�DQ�LQFRQJUXHQW�SUREOHP��WKH\�ZRXOG�MXVW�QHHG

WR�VXSSUHVV�WKHLU�LQLWLDO�LQVWLQFW�WR�WKHQ�VROYH�WKH�SUREOHP��,I�WKH\�QH[W�YLHZHG�D�FRQJUXHQW

SUREOHP�QH[W��WKH\�PD\�KDYH�EHHQ�SULPHG�WR�VXSSUHVV�WKHLU�LQLWLDO�LPSXOVH�WR�FDOFXODWH�IROORZHG

E\�D�UHDOL]DWLRQ�WKDW�WKHLU�LQLWLDO�LPSXOVH�ZDV�FRUUHFW��SRWHQWLDOO\�WDNLQJ�ORQJHU�WR�VROYH�WKH

SUREOHP��7KLV�UDWLRQDOH�LV�ZHOO�DOLJQHG�ZLWK�WKH�QHJDWLYH�SULPLQJ�SDUDGLJP�ZKLFK�SRVLWV�WKDW�LI

DQ�LQGLYLGXDO�YLHZV�D�VWLPXOXV�WKDW�LV�WR�EH�LJQRUHG��IROORZHG�E\�D�VWLPXOXV�WKDW�LV�QRW�WR�EH

LJQRUHG��WKHLU�DFFXUDF\�DQG�UHVSRQVH�WLPH�PD\�VXIIHU�RQ�WKH�ODWWHU�WDVN��1HLO������� )ULQJV�HW�DO��

�������,PSRUWDQWO\��PDQ\�SULRU�VWXGLHV�WKDW�KDYH�IRXQG DQ�HIIHFW�RI�SK\VLFDO�VSDFLQJ�RQ�VWXGHQWV¶

SHUIRUPDQFH�LQ�DULWKPHWLF�KDV�DSSOLHG�D�EHWZHHQ�VXEMHFWV�GHVLJQ�RU�EORFNHG�H[SHULPHQWDO

SUREOHPV�E\�VSDFLQJ�W\SH��H�J���%UDLWKZDLWH�HW�DO���������+DUULVRQ�HW�DO����������,QWHUHVWLQJO\��LQ

WKHLU�³([SHULPHQW��´��/DQG\�DQG�*ROGVWRQH��������DOVR�LQWHUOHDYHG�SUREOHPV�DW�UDQGRP�DQG�GLG

QRW�ILQG�DQ�HIIHFW�RI�VSDFLQJ�RQ�FROOHJH�VWXGHQWV¶�DFFXUDF\�VR�WKLV�ILQGLQJ�FRQFHSWXDOO\�UHSOLFDWHV

WKHLU�UHVHDUFK�DQG�VXJJHVWV�WKDW�LQWHUOHDYLQJ�SUREOHPV�ZLWK�GLIIHUHQW�SHUFHSWXDO�FXHV�PD\�LPSDFWV

VWXGHQWV¶�SHUIRUPDQFH�GLIIHUHQWO\�WKDQ�EORFNLQJ�SUREOHPV�

7KLUG��ZH�SRVLW�WKDW�WKH�HIIHFW�RI�SK\VLFDO�VSDFLQJ�RQ�VWXGHQWV¶�UHVSRQVH�WLPHV�PD\�EH

SRWHQWLDOO\�H[SODLQHG�E\�DQ�LPSOLFLW�KLHUDUFK\�RI�KRZ�ZH�DWWHQG�WR�SHUFHSWXDO�FXHV��6SHFLILFDOO\�

��



ZH�FRQVLGHU�WKDW�VWXGHQWV�PD\�KDYH�GHPRQVWUDWHG�TXLFNHU�UHVSRQVH�WLPHV�RQ�LQFRQJUXHQW

SUREOHPV�EHFDXVH�WKH�SK\VLFDO�VSDFLQJ�LQ�LQFRQJUXHQW�SUREOHPV�LV�PRUH�VDOLHQW�WKDQ�WKH�SK\VLFDO

VSDFLQJ�LQ�FRQJUXHQW�SUREOHPV��PDNLQJ�WKHP�HDVLHU�WR�SHUFHLYH�DQG�SURFHVV��,QGLYLGXDOV

QDWXUDOO\�DWWHQG�WR�PXOWLSOLFDWLRQ�RSHUDQGV�TXLFNHU�WKDQ�DGGLWLRQ�RSHUDQGV��/DQG\�HW�DO��������

VR��DV�GLVFXVVHG�LQ�+DUULVRQ�HW�DO����������FRQJUXHQW�VSDFLQJ�EHWZHHQ�QXPEHUV�DQG�RSHUDQGV�PD\

SURYLGH�SHUFHSWXDO�FXHV�WKDW�DUH�UHGXQGDQW�WR�WKH�QRWDWLRQ�DOUHDG\�SURYLGHG��UHQGHULQJ�WKHP�OHVV

QRWLFHDEOH��,I�WKDW�LV�WKH�FDVH��VWXGHQWV�PD\�KDYH�EHHQ�TXLFNHU�WR�SURFHVV�LQFRQJUXHQW�SUREOHPV

WKDQ�FRQJUXHQW�SUREOHPV��OHDGLQJ�WR�WKH�GLIIHUHQFH�LQ�UHVSRQVH�WLPHV�

,QKLELWRU\�&RQWURO��3K\VLFDO�6SDFLQJ��DQG�0DWKHPDWLFV�3HUIRUPDQFH

,Q�WKH�FXUUHQW�VWXG\��ZH�IRXQG�PLQLPDO�HYLGHQFH�WR�VXJJHVW�D�UHODWLRQ�EHWZHHQ�VWXGHQWV¶

LQKLELWRU\�FRQWURO�DQG�SHUIRUPDQFH�RQ�RUGHU�RI�RSHUDWLRQV�SUREOHPV��,Q�WKH�SUH�UHJLVWHUHG

DQDO\VHV��ZH�IRXQG�QR�HIIHFW�RI�LQKLELWRU\�FRQWURO�RQ�VWXGHQWV¶�DFFXUDF\�RU�UHVSRQVH�WLPH�ZKHQ

DOVR�FRQWUROOLQJ�IRU�WKHLU�EDVHOLQH�SHUIRUPDQFH��,Q�WKH�H[SORUDWRU\�DQDO\VHV��ZH�IRXQG�WKDW

VWXGHQWV�ZLWK�ORZHU�LQKLELWRU\�FRQWURO�GHPRQVWUDWHG�VLJQLILFDQWO\�ORQJHU�UHVSRQVH�WLPHV�RQ

FRQJUXHQW�SUREOHPV�WKDQ�KLJKHU�LQKLELWRU\�FRQWURO�VWXGHQWV�RQ�LQFRQJUXHQW�SUREOHPV��$OLJQHG

ZLWK�WKH�H[SODQDWLRQV�SUHVHQWHG�DERYH��ZH�LQWHUSUHW�WKLV�ILQGLQJ�WR�PHDQ�WKDW�VWXGHQWV�ZLWK�ORZHU

LQKLELWRU\�FRQWURO��L�H���ORZHU�UHODWLYH�WR�WKLV�KLJK�LQKLELWRU\�FRQWURO�VDPSOH��PD\�VWUXJJOH�ZLWK

WKH�WZR�VWHS�SURFHVV�WR�D��LQLWLDOO\�VXSSUHVV�WKH�XUJH�WR�FDOFXODWH�FRQJUXHQW�SUREOHPV�DQG�WKHQ�E�

SURFHVV�WKH�SUREOHP�WR�FRUUHFWO\�SHUIRUP�FDOFXODWLRQV��UHVXOWLQJ�LQ�ORQJHU�UHVSRQVH�WLPHV��7KHVH

ILQGLQJV�FRQWULEXWH�WR�WKH�ERG\�RI�PL[HG�UHVXOWV�RQ�WKH�UHODWLRQ�EHWZHHQ�LQKLELWRU\�FRQWURO�DQG

PDWKHPDWLFV�SHUIRUPDQFH��%XOO�	�/HH��������E\�SURYLGLQJ�ILQGLQJV�IURP�D�FROOHJH�DJHG�VDPSOH

XVLQJ�WKH�$QLPDO�6WURRS�WDVN�DQG�QRYHOO\�LQYHVWLJDWLQJ�WKH�UHODWLRQ�EHWZHHQ�LQKLELWRU\�FRQWURO

DQG�SK\VLFDO�VSDFLQJ�LQ�PDWKHPDWLFV�SUREOHPV�
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/LPLWDWLRQV�DQG�)XWXUH�'LUHFWLRQV

:H�DFNQRZOHGJH�WKDW�WKLV�VWXG\�FRQWDLQHG�PXOWLSOH OLPLWDWLRQV��)LUVW��RXU�VDPSOH

GLVSOD\HG�KLJK�SHUIRUPDQFH�RQ�ERWK�WKH�LQKLELWRU\�FRQWURO�WDVN�DQG�WKH�RUGHU�RI�RSHUDWLRQV

SUREOHPV��7KH�PDWK�FRQWHQW�XVHG�LQ�WKH�VWXG\�VWLPXOL�ZRXOG�EH�PRUH�DSSURSULDWH�IRU�\RXQJHU

VWXGHQWV�LQ�SUH�DOJHEUD�RU�HDUO\�DOJHEUD�FRXUVHV��6LPLODUO\��ZH�ZRXOG�H[SHFW�WR�VHH�PRUH�YDULDQFH
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GHYHORSV�ZLWK�FRJQLWLYH�GHYHORSPHQW�

6HFRQG��WKH�VWXG\�GHVLJQ�PD\�KDYH�LPSDFWHG�UHVXOWV��,Q�SDUWLFXODU��VWXGHQWV¶�UHVSRQVH

WLPH�ZDV�PHDVXUHG�IURP�WKH�WLPH�WKDW�HDFK�SUREOHP�ZDV�GLVSOD\HG�RQ�VFUHHQ�XQWLO�VWXGHQWV

HQWHUHG�WKHLU�DQVZHUV�WR�WKH�RUGHU�RI�RSHUDWLRQV�SUREOHPV�RQ�WKHLU�NH\ERDUG DQG FOLFNHG�WKH

³1H[W´�EXWWRQ�RQ�VFUHHQ�WR�DGYDQFH��7KLV�WZR�VWHS�SURFHVV�PD\�KDYH�DGGHG�YDULDQFH�WR�UHVSRQVH

WLPHV�UDWKHU�WKDQ�VHOHFWLQJ�D�PXOWLSOH�FKRLFH�DQVZHU�RU�SUHVVLQJ�³UHWXUQ´�DIWHU�W\SLQJ�UHVSRQVHV�

$V�GLVFXVVHG�DERYH��LQWHUOHDYLQJ�WKH�H[SHULPHQWDO�SUREOHPV�UDWKHU�WKDQ�EORFNLQJ�WKHP�PD\�KDYH

DOVR�LQIOXHQFHG�VWXGHQWV¶�SHUIRUPDQFH�RQ�WKH�WDVN�E\�VZLWFKLQJ�EHWZHHQ�YLHZLQJ�FRQJUXHQW�DQG

LQFRQJUXHQW�SUREOHPV�DW�UDQGRP��$GGLWLRQDOO\��SUHVHQWLQJ�WKH�6WURRS�WDVN�SULRU�WR�WKH�DULWKPHWLF

SUREOHPV�PD\�KDYH�LQDGYHUWHQWO\�SULPHG�VWXGHQWV�WR�VXSSUHVV�LQLWLDO�LPSXOVHV�ZKLOH

SUREOHP�VROYLQJ��)XWXUH�UHVHDUFK�PD\�FRQVLGHU�SUHVHQWLQJ�H[SHULPHQWDO�SUREOHPV�LQ�EORFNV�DQG
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\RXQJHU�VWXGHQWV�PD\�EH�LPSDFWHG�GLIIHUHQWO\�E\�ERWK�SHUFHSWXDO�FXHV�DQG�LQKLELWRU\�FRQWURO�

$GGLWLRQDOO\��IXWXUH�UHVHDUFK�PD\�FRQVLGHU�XVLQJ�RWKHU�PHDVXUHV�RI�LQKLELWRU\�FRQWURO�WR�VHH
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:H�IRXQG�WKDW�DOO�FROOHJH�VWXGHQWV�ZHUH�KLJK�SHUIRUPLQJ�RQ�ERWK�WKH�LQKLELWRU\�FRQWURO�PHDVXUH

DV�ZHOO�DV�WKH�RUGHU�RI�RSHUDWLRQV�SUREOHPV��6WXGHQWV�ZHUH�FRPSDUDEO\�DFFXUDWH�RQ�FRQJUXHQW

DQG�LQFRQJUXHQW�SUREOHPV�DOWKRXJK�WKH\�ZHUH�TXLFNHU�WR�DQVZHU�LQFRQJUXHQW�SUREOHPV��7KHUH

ZDV�QR�PDLQ�HIIHFW�RI�LQKLELWRU\�FRQWURO�RQ�SHUIRUPDQFH��%\�WHVWLQJ�WKH�DVVRFLDWLRQ�EHWZHHQ

VWXGHQWV¶�SHUIRUPDQFH�RQ�WKH�DQLPDO�VL]H�6WURRS�WDVN�DQG�WKH�RUGHU�RI�RSHUDWLRQV�SUREOHPV��WKHVH

ILQGLQJV�DGYDQFH�RXU�XQGHUVWDQGLQJ�RI�WKH�UHODWLRQ�EHWZHHQ�LQKLELWRU\�FRQWURO�DQG�PDWKHPDWLFDO

SHUIRUPDQFH��7RJHWKHU��WKHVH�UHVXOWV�EULGJH�WKHRU\�RQ�SHUFHSWXDO�OHDUQLQJ�DQG�FRJQLWLYH

GHYHORSPHQWDO�ZRUN�E\�H[SORULQJ�KRZ�GLIIHUHQW�VWXGHQWV�DUH�LPSDFWHG�E\�SHUFHSWXDO�FXHV�LQ

RQOLQH�PDWKHPDWLFV�DFWLYLWLHV�
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+H\GW��5����������$�FHQWXU\�RI�*HVWDOW�SV\FKRORJ\�LQ�YLVXDO�SHUFHSWLRQ��,��3HUFHSWXDO

JURXSLQJ�DQG�ILJXUH�JURXQG�RUJDQL]DWLRQ� 3V\FKRORJLFDO %XOOHWLQ�����������±�����

:LONH\��(��'���3ROODFN��&���	�3ULFH��*��5����������'\VFDOFXOLD�DQG�W\SLFDO�PDWK�DFKLHYHPHQW�DUH

DVVRFLDWHG�ZLWK�LQGLYLGXDO�GLIIHUHQFHV�LQ�QXPEHU�VSHFLILF�H[HFXWLYH�IXQFWLRQ� &KLOG

'HYHORSPHQW������������±���� KWWSV���GRL�RUJ���������FGHY������

��



&KDSWHU����9LHZLQJ�YV��0LUURULQJ��7KH�(IIHFWV�RI�$FWLRQ
DQG�6HOI�([SODQDWLRQ�LQ�:RUNHG�([DPSOHV�RQ�$OJHEUD

/HDUQLQJ

:KHUHDV�WKH�SUHYLRXV�WZR�VWXGLHV�GHPRQVWUDWH�KRZ�VWXGHQWV�DUH�LPSDFWHG�E\�SHUFHSWXDO

FXHV GXULQJ SUREOHP�VROYLQJ�DFWLYLWLHV�LQ�PDWK��WKH FXUUHQW�FKDSWHU�H[SORUHV�KRZ�SHUFHSWXDO�DQG

HPERGLHG�VXSSRUWV�PD\�EH�LQWHJUDWHG�HDUOLHU�LQ�LQVWUXFWLRQDO�DFWLYLWLHV�WR�VXSSRUW�VWXGHQWV�DV�WKH\

OHDUQ�QHZ�FRQFHSWV�DQG�SURFHGXUDO�UXOHV��7R�WKDW�HQG��WKLV�VWXG\�LQYHVWLJDWHV�KRZ�VWXGHQWV�OHDUQ

IURP�VWXG\LQJ�GLIIHUHQW�W\SHV�RI�ZRUNHG�H[DPSOHV�GHVLJQHG�ZLWK�DQ�RQOLQH�G\QDPLF�QRWDWLRQ

WRRO�

7KLV�VWXG\�ZDV�SODQQHG�DQG�FRQGXFWHG�LQ�FROODERUDWLRQ�ZLWK�+DQQDK�6PLWK��-HQQ\

<XQ�&KHQ�&KDQ��DQG�(ULQ�2WWPDU�RYHU�WKH�SDVW�FRXSOH�RI�\HDUV��,�GHYHORSHG�DQG�UHILQHG�WKLV

SURMHFW�SODQ�WKURXJK�PXOWLSOH�LWHUDWLRQV�RI�SUHVHQWDWLRQV�DQG�VPDOO�VWXGHQW�UHVHDUFK�JUDQW

DSSOLFDWLRQV�EHWZHHQ������������XOWLPDWHO\��,�ZDV�VXFFHVVIXOO\�DZDUGHG�D�3VL�&KL�*UDGXDWH

5HVHDUFK�*UDQW�WR�SURYLGH�SDUWLFLSDQW�FRPSHQVDWLRQ��,Q�OLJKW�RI�WKH�FKDOOHQJHV�IDFHG�GXULQJ�WKH

&29,'����SDQGHPLF��UHFUXLWPHQW�SURYHG�WR�EH�LQFUHGLEO\�GLIILFXOW��:LWK�WKDW�LQ�PLQG��WKLV

FKDSWHU�SUHVHQWV�SUHOLPLQDU\�UHVXOWV�IURP�WKLV�VWXG\�DQG�GLVFXVVHV�IXWXUH�GLUHFWLRQV�DQG

LPSOLFDWLRQV�RI�WKLV�UHVHDUFK�

��



$EVWUDFW

:RUNHG�H[DPSOHV�DUH�HIIHFWLYH�LQVWUXFWLRQDO�VXSSRUW�IRU�DOJHEUD�OHDUQLQJ��LQFOXGLQJ�ZKHQ�WKH\

DUH�SDLUHG�ZLWK�VHOI�H[SODQDWLRQ�SURPSWV��%RRWK��HW�DO���������5HQNO���������7KHLU�HIIHFWLYHQHVV�LV

SUHGRPLQDQWO\�H[SODLQHG�E\�FRJQLWLYH�ORDG�WKHRU\��VSHFLILFDOO\��ZRUNHG�H[DPSOHV�RIIORDG�VWUDLQV

RQ�VWXGHQWV¶�FRJQLWLYH�FDSDFLWLHV�DQG�IUHH�XS�ZRUNLQJ�PHPRU\�WR�VXSSRUW�OHDUQLQJ��$OWHUQDWLYHO\�

,�SURSRVH�WKDW�LQFRUSRUDWLQJ�SULQFLSOHV�RI�HPERGLHG�FRJQLWLRQ�LQWR�ZRUNHG�H[DPSOHV�PD\

SRVLWLYHO\�LPSDFW�OHDUQLQJ�HYHQ�LI�WKH�ZRUNHG�H[DPSOHV�GR�QRW�UHGXFH�VWXGHQWV¶�FRJQLWLYH�ORDG�

%XLOGLQJ�RQ�WKHVH�WKHRULHV��WKLV�VWXG\�LQYHVWLJDWHV�KRZ�WR�PRVW�HIIHFWLYHO\�SUHVHQW�ZRUNHG

H[DPSOHV�LQ�RQOLQH�OHDUQLQJ�HQYLURQPHQWV��,�OHYHUDJHG�WKH�DIIRUGDQFHV�RI�D�G\QDPLF�DOJHEUD

QRWDWLRQ�WRRO�WR�WHVW�KRZ�VWXGHQW�DFWLRQV�DQG�VHOI�H[SODQDWLRQV�LPSDFW�OHDUQLQJ�LQ�GLIIHUHQW

ZRUNHG�H[DPSOH�IRUPDWV��, SUHGLFWHG�WKDW�DOJHEUD�VWXGHQWV PD\�OHDUQ�PRUH�ZKHQ�WKH\

G\QDPLFDOO\ PLUURU ZRUNHG�H[DPSOHV�RQ�VFUHHQ��UDWKHU WKDQ�VLPSO\ YLHZ ZRUNHG�H[DPSOHV��$

WRWDO�RI����QLQWK�JUDGH�$OJHEUD�,�VWXGHQWV�FRPSOHWHG�D�WKUHH�GD\�RQOLQH�VWXG\�WKDW�LQFOXGHG�DQ

LQWHUYHQWLRQ�LQ�ZKLFK�VWXGHQWV�ZHUH�UDQGRPO\�DVVLJQHG�WR��D� YLHZ� E� YLHZ�DQG�H[SODLQ��F�

PLUURU��RU�G� PLUURU�DQG�H[SODLQ ZRUNHG�H[DPSOHV�DQG FRPSOHWH�SDLUHG�SUDFWLFH�SUREOHPV�

5HVXOWV�IURP�WKLV�VDPSOH�VXJJHVW�WKDW��RQ�DYHUDJH��DOO�VWXGHQWV�H[SHULHQFHG�OHDUQLQJ�JDLQV�DIWHU

SDUWLFLSDWLQJ�LQ�WKH�LQWHUYHQWLRQ��)XUWKHU��VWXGHQWV�ZKR�UHFHLYHG�VHOI�H[SODQDWLRQ�SURPSWV�ZLWK

ZRUNHG�H[DPSOHV�H[SHULHQFHG�ODUJHU�JDLQV�WKDQ�WKHLU�SHHUV��7KHVH�ILQGLQJV�SURYLGH�SUHOLPLQDU\

HYLGHQFH�LQ�VXSSRUW�RI�SULRU�UHVHDUFK�RQ�WKH�ZRUNHG�H[DPSOH�HIIHFW�DQG�VXJJHVW�WKDW�UHVHDUFKHUV�

WHDFKHUV��DQG�FRQWHQW�GHYHORSHUV�PD\�FRQVLGHU�XVLQJ�DOWHUQDWLYH�ZRUNHG�H[DPSOH�IRUPDWV�LQ

RQOLQH�OHDUQLQJ�HQYLURQPHQWV�IRU�DOJHEUD�

.H\ZRUGV� ZRUNHG�H[DPSOHV��DOJHEUD��HGXFDWLRQDO�WHFKQRORJLHV� FRJQLWLYH�ORDG�WKHRU\�

HPERGLHG�FRJQLWLRQ

��



9LHZLQJ�YV��0LUURULQJ��7KH�(IIHFWV�RI�$FWLRQ�DQG�6HOI�([SODQDWLRQ�LQ�:RUNHG�([DPSOHV�RQ
$OJHEUD�/HDUQLQJ

0DWKHPDWLFV�VNLOOV�DQG�DFKLHYHPHQW�DUH�UHODWHG�WR�VLJQLILFDQW�RXWFRPHV�ODWHU�LQ�OLIH�VXFK

DV�DFDGHPLF�DFKLHYHPHQW�DQG�HPSOR\PHQW��$GNLQV�	�1R\HV� ������/HH��������3DUVRQV�	

%\QQHU��������9DQ'HU+H\GHQ�	�%XUQV���������KRZHYHU� PDQ\�VWXGHQWV�VWUXJJOH�WR�SURJUHVV

EH\RQG�$OJHEUD�,��.HQD�HW�DO����������7R�VXSSRUW�VWXGHQW�UHDVRQLQJ�DQG�OHDUQLQJ�LQ�DOJHEUD�

FRJQLWLYH�WKHRULHV�FDQ�EH�OHYHUDJHG�WR�GHVLJQ�HIIHFWLYH��HYLGHQFH�EDVHG�LQVWUXFWLRQDO�VXSSRUW�IRU

VWXGHQWV��:RUNHG�H[DPSOHV��ZKLFK�SURYLGH�VWXGHQWV�ZLWK�D�VWHS�E\�VWHS�VROXWLRQ�WR�D�JLYHQ

SUREOHP��DUH�DQ�HIIHFWLYH�LQVWUXFWLRQDO�VXSSRUW�WKDW�KDYH�EHHQ�ZLGHO\�XVHG�DFURVV�VXEMHFWV��H�J��

FKHPLVWU\��0F/DUHQ�HW�DO���������FRPSXWHU�VFLHQFH��=KL�HW�DO���������SK\VLFV��&KL�HW�DO���������

LQFOXGLQJ�DOJHEUD��%RRWK�HW�DO���������%RRWK�HW�DO���������&DUUROO��������)RVWHU�HW�DO���������

6WXG\LQJ�ZRUNHG�H[DPSOHV�LQ�DOJHEUD�OHDGV�WR�PRUH�HIILFLHQW�VWXGHQW�OHDUQLQJ�DQG�KLJKHU�OHDUQLQJ

UDWHV�WKDQ�VROHO\�ZRUNLQJ�WKURXJK�SUREOHPV�ZLWKRXW�JXLGHG�VXSSRUW��H�J���%DUELHUL�	�%RRWK�

����� %RRWK�HW�DO���������&DUUROO���������7KLV�SKHQRPHQRQ LV NQRZQ�DV�WKH�ZRUNHG�H[DPSOH

HIIHFW��6ZHOOHU��������

$OWKRXJK�H[WHQVLYH�UHVHDUFK�KDV�VKRZQ�WKDW�VWXG\LQJ�ZRUNHG�H[DPSOHV�SRVLWLYHO\

LPSDFWV�OHDUQLQJ�LQ�DOJHEUD��%DUELHUL�	�%RRWK��������%RRWK�HW�DO���������%RRWK�HW�DO�������

&DUUROO��������)RVWHU�HW�DO����������WKH IHDWXUHV RI�ZRUNHG�H[DPSOHV�WKDW�PDNH�WKHP�HIIHFWLYH�DUH

VWLOO�ODUJHO\�XQNQRZQ��:KLOH�VRPH�UHVHDUFKHUV�KDYH�H[DPLQHG�ZRUNHG�H[DPSOHV�WKURXJK

FRJQLWLYH�ORDG�WKHRU\��H�J���&KDQGOHU�	�6ZHOOHU��������6ZHOOHU���������������UHVHDUFKHUV�KDYH

H[DPLQHG�ZRUNHG�H[DPSOH�WKURXJK�RWKHU�WKHRUHWLFDO�SHUVSHFWLYHV�DV�ZHOO��5HQNO���������VXFK�DV

DQDORJLFDO�UHDVRQLQJ��H�J���1RNHV�0DODFK�HW�DO����������VRFLDO�FRJQLWLRQ��H�J���YDQ�*RJ�	

5XPPHO���������DQG�REVHUYDWLRQDO�OHDUQLQJ��%DQGXUD��������=LPPHUPDQ�	�.LWVDQWDV��������

+HUH��,�FRQWULEXWH�WR�WKH�ODUJHU�OLWHUDWXUH�RQ�H[DPSOH�EDVHG�OHDUQLQJ�E\�H[DPLQLQJ�WKH�LPSDFWV�RI

��



ZRUNHG�H[DPSOHV�LQ�OHDUQLQJ�RI�DOJHEUDLF�HTXDWLRQ�VROYLQJ�WKURXJK�WKH�FRJQLWLYH�ORDG�WKHRU\�DV

ZHOO�DV�SHUFHSWXDO�OHDUQLQJ�WKHRU\�DQG�VHOI�UHJXODWHG�OHDUQLQJ��7KLV�ZRUN�PD\�DGYDQFH�RXU

XQGHUVWDQGLQJ�RI�ZKHQ�DQG�ZK\�ZRUNHG�H[DPSOHV�VXSSRUW�OHDUQLQJ��DQG�KRZ�WKH�GHVLJQ�RI

ZRUNHG�H[DPSOHV�FRXOG�EH�LQIRUPHG�DQG�LPSURYHG�XSRQ�E\�XVLQJ�PXOWLSOH�WKHRUHWLFDO

SHUVSHFWLYHV�

$GGLWLRQDOO\��VWXG\LQJ�ZRUNHG�H[DPSOHV�RQOLQH�GHFUHDVHV�LQVWUXFWLRQDO�WLPH�DQG�LQFUHDVHV

VWXGHQW�OHDUQLQJ��6DOGHQ�HW�DO����������DQG�VRPH�VWXGLHV�KDYH�H[DPLQHG�WKH�HIIHFWLYHQHVV�RI

LQWHJUDWLQJ�ZRUNHG�H[DPSOHV�LQ�&RJQLWLYH�7XWRU��5HHG�HW�DO���������RU�HPEHGGLQJ�YLGHRV�LQ�DQ

RQOLQH�OHDUQLQJ�HQYLURQPHQW��+RRJHUKHLGH�HW�DO���������YDQ�*RJ�HW�DO����������$OWKRXJK�ZRUNHG

H[DPSOHV�RI�PDWKHPDWLFDO�SUREOHPV�KDYH�EHHQ�VWXGLHG�LQ�RQOLQH�HQYLURQPHQWV��WKH\�DUH�VWLOO

W\SLFDOO\�GLVSOD\HG�DV�VWDWLF�WH[WV�DQG�LPDJHV�RU�DV�YLGHRV�RI�D�SHUVRQ�PRGHOLQJ�DQG�UHZULWLQJ

GHULYDWLRQV��:LWK�WKH�DGYDQFHPHQW�RI�HGXFDWLRQDO�WHFKQRORJLHV��RQOLQH�ZRUNHG�H[DPSOHV�FDQ�EH

SUHVHQWHG�LQ�PRUH�G\QDPLF�ZD\V�GHPRQVWUDWLQJ�WKH�SUREOHP�VROYLQJ�SURFHVVHV�WKURXJK�IOXLG

WUDQVIRUPDWLRQV�RI�HTXDWLRQV��)XUWKHU��G\QDPLF�WHFKQRORJLHV�FDQ�DOVR�SURYLGH�RSSRUWXQLWLHV�IRU

VWXGHQWV�WR�LQWHUDFW�ZLWK�ZRUNHG�H[DPSOHV�DQG�H[SHULHQFH�WKH�SUREOHP�VROYLQJ�SURFHVV�

$V�.����HGXFDWLRQ�FRQWLQXHV�WR�VKLIW�WRZDUGV�XVLQJ�RQOLQH�UHVRXUFHV��LW�LV�HVVHQWLDO�WR

FRQVLGHU�KRZ�ZH�FDQ�OHYHUDJH�GLIIHUHQW�FRJQLWLYH�WKHRULHV�WR�GHVLJQ�ZRUNHG�H[DPSOHV�WKDW

VXSSRUW�VWXGHQWV�DV�WKH\�FRPSOHWH�DVVLJQPHQWV�RQOLQH� 3ULRU�UHVHDUFK�KDV�VKRZQ�WKH�HIIHFWLYHQHVV

RI�SURYLGLQJ�ZRUNHG�H[DPSOHV�ZLWK�VHOI�H[SODQDWLRQ�SURPSWV�RQ�LPSURYLQJ�VWXGHQW�OHDUQLQJ�LQ

DOJHEUD��5HQNO��������������DQG�GHPRQVWUDWHG�WKDW�GLIIHUHQW�SUHVHQWDWLRQV�RI�ZRUNHG�H[DPSOHV

LPSDFW�VWXGHQW�OHDUQLQJ�RXWFRPHV��6FKDON�HW�DO����������+RZHYHU��OLPLWHG�ZRUN�KDV�DSSOLHG

WKHRULHV�RI�HPERGLHG�FRJQLWLRQ�WR�WKH�GHVLJQ�RI�ZRUNHG�H[DPSOHV�LQ�DOJHEUD�RU�FRQVLGHUHG�KRZ

VHOI�H[SODQDWLRQV�PD\�LPSDFW�OHDUQLQJ�ZKHQ�XVHG�ZLWK�ZRUNHG�H[DPSOHV�WKDW�LQYROYH�VWXGHQW

��



DFWLRQ�LQ�DQ�LQWHUDFWLYH�RQOLQH�VHWWLQJ��+HUH��,�FRQGXFW�DQG�DQDO\]H�D�UDQGRPL]HG�FRQWUROOHG�WULDO

WR�WHVW�KRZ�SULQFLSOHV�RI�FRJQLWLYH�ORDG�WKHRU\�DQG�HPERGLHG�FRJQLWLRQ�H[WHQG�WR�ZRUNHG

H[DPSOHV�ZLWK�DQG�ZLWKRXW�VHOI�H[SODQDWLRQ�SURPSWV�LQ�RUGHU�WR�LGHQWLI\�HIIHFWLYH�ZD\V�WR�SUHVHQW

DOJHEUDLF�ZRUNHG�H[DPSOHV�LQ�G\QDPLF�RQOLQH�OHDUQLQJ�HQYLURQPHQWV�

7KHRUHWLFDO�%DFNJURXQG

&RJQLWLYH�/RDG�7KHRU\

:RUNHG�H[DPSOHV�KDYH�EHHQ�H[WHQVLYHO\�VWXGLHG�WKURXJK�WKH�OHQV�RI�FRJQLWLYH�ORDG�WKHRU\

DQG�WKH�UHODWLRQVKLSV�EHWZHHQ�WKH�W\SHV�RI�FRJQLWLYH�ORDG��LQWULQVLF�ORDG��L�H���FRJQLWLYH�GHPDQGV

EDVHG�RQ�WKH�FRPSOH[LW\�RI�WKH�LQIRUPDWLRQ�EHLQJ�SURFHVVHG�DQG�WKH�OHDUQHU¶V�SULRU�NQRZOHGJH��

H[WUDQHRXV�ORDG��L�H���XQQHFHVVDU\�ZRUNLQJ�PHPRU\�UHVRXUFHV�UHTXLUHG�IRU�OHDUQLQJ�EDVHG�RQ

LQVWUXFWLRQDO�DSSURDFKHV���DQG�JHUPDQH�ORDG��L�H���ZRUNLQJ�PHPRU\�UHVRXUFHV�HVVHQWLDO�WR

OHDUQLQJ��&KDQGOHU�	�6ZHOOHU��������6ZHOOHU��������������������6ZHOOHU�HW�DO����������)URP�WKLV

SHUVSHFWLYH��ZKHQ�VWXGHQWV�VWXG\�ZRUNHG�H[DPSOHV�WKDW�ORZHU�LQWULQVLF�DQG�H[WUDQHRXV�ORDG��WKH\

KDYH�PRUH�FRJQLWLYH�UHVRXUFHV�WR�GUDZ�XSRQ�LQ�RUGHU�WR�HQJDJH�LQ�VHQVH�PDNLQJ�DFWLYLWLHV�WKDW

VXSSRUW�JHUPDQH�ORDG��OLNH�VHOI�H[SODQDWLRQV��ZKLFK�OHDG�WR�ORQJ�WHUP�OHDUQLQJ��/HSSLQN�HW�DO��

�������5HVHDUFK�RQ�WKH�ZRUNHG�H[DPSOH�HIIHFW�KDV�VKRZQ�WKDW�VWXG\LQJ�ZRUNHG�H[DPSOHV

UHGXFHV�VWXGHQWV¶�H[WUDQHRXV�FRJQLWLYH�ORDG��OHDGLQJ�WR�LPSURYHPHQW�LQ�DOJHEUD�OHDUQLQJ�PRUH

WKDQ�VROHO\�SUDFWLFLQJ�SUREOHPV��%RRWK�HW�DO���������&DUUROO��������)RVWHU�HW�DO����������%DVHG�RQ

WKLV�WKHRU\��ZRUNHG�H[DPSOHV�DUH�FRQVLGHUHG�WR�EH�DQ�HIIHFWLYH�WRRO�IRU�OHDUQLQJ�EHFDXVH�VWXGHQWV

FDQ�YLHZ�D�VWHS�E\�VWHS�H[DPSOH�UDWKHU�WKDQ�KROGLQJ�WKH�SLHFHV�RI�LQIRUPDWLRQ�LQ�WKHLU�ZRUNLQJ

PHPRU\��%\�RIIORDGLQJ�VRPH�RI�WKH�FRJQLWLYH�GHPDQGV�RI�SUREOHP�VROYLQJ�RQWR�ZRUNHG

H[DPSOHV��VWXGHQWV�KDYH�PRUH�FRJQLWLYH�UHVRXUFHV�WR�GUDZ�FRQQHFWLRQV��QRWLFH�WKH�SURFHGXUDO

UXOHV�EHLQJ�DSSOLHG��DQG�FRQVWUXFW�VFKHPDV�WR�VXSSRUW�OHDUQLQJ�DQG�WUDQVIHU��5HQNO��������

��



7KDW�VDLG��WKH�SUHVHQWDWLRQ�RI�ZRUNHG�H[DPSOHV�KDV�EHHQ�VKRZQ�WR�LPSDFW�WKH�HIIHFW�RI

ZRUNHG�H[DPSOHV�RQ�OHDUQLQJ��)RU�H[DPSOH� WKH�SUHVHQWDWLRQ RI�ZRUNHG�H[DPSOHV�PD\�LPSDFW

ZKHWKHU�VWXGHQWV�H[SHULHQFH�KLJKHU�JDLQV�LQ�SURFHGXUDO�RU�FRQFHSWXDO�NQRZOHGJH��6FKDON�HW�DO��

�������$GGLWLRQDOO\��GLIIHUHQW�YLVXDO�IHDWXUHV�PD\�HLWKHU�LQFUHDVH�RU�GHFUHDVH�OHDUQHUV¶�H[WUDQHRXV

DQG�JHUPDQH�FRJQLWLYH�ORDGV�WKDW�LQ�WXUQ��LPSDFW�OHDUQLQJ��6SHFLILFDOO\��&KDQGOHU�DQG�6ZHOOHU

�������GHPRQVWUDWHG�WKDW�ZRUNHG�H[DPSOHV�ZLWK�LQIRUPDWLRQ�LQ�PXOWLSOH�SODFHV�VSOLWV�OHDUQHUV¶

DWWHQWLRQ��GHPDQGLQJ�PRUH�FRJQLWLYH�FDSDFLW\�DQG�FRQVHTXHQWO\�EHLQJ�OHVV�HIIHFWLYH�IRU�OHDUQLQJ

WKDQ�ZRUNHG�H[DPSOHV�ZKLFK�LQWHJUDWH�VRXUFHV�RI�LQIRUPDWLRQ�VXFK�DV�WH[W�DQG�SLFWRULDO

LQVWUXFWLRQ��)XUWKHU��6ZHOOHU�DQG�FROOHDJXHV��������VXJJHVWHG�WKDW�LW�LV�EHWWHU�WR�ZDWFK�DQLPDWLRQV

UDWKHU�WKDQ�VWDWLF�SUHVHQWDWLRQV�WR�WHDFK�FRJQLWLYH�WDVNV�ZKLFK�LQYROYH�KXPDQ�PRYHPHQW��$VNLQJ

OHDUQHUV�WR�REVHUYH�PRYHPHQW�GRHV�QRW�SODFH�DGGLWLRQDO�H[WUDQHRXV�FRJQLWLYH�ORDG�RQ�WKH�OHDUQHU�

7KHUHIRUH��FRJQLWLYH�ORDG�WKHRU\�SRVLWV�WKDW�VWXGHQWV YLHZLQJ ZRUNHG�H[DPSOHV�WKDW�PLQLPL]H

H[WUDQHRXV�FRJQLWLYH�ORDG�E\�LQWHJUDWLQJ�LQVWUXFWLRQ�DQG�PRYHPHQW�LQ�RQH�SODFH�DQG�H[FOXGLQJ

XQQHFHVVDU\�LQIRUPDWLRQ�LV�OLNHO\�WR�EH�PRVW�EHQHILFLDO�IRU�OHDUQLQJ�

(PERGLHG�&RJQLWLRQ�DQG�'HVLJQ

)URP�DQRWKHU�SHUVSHFWLYH��HPERGLHG�FRJQLWLRQ�WKHRULVWV�PD\�DUJXH�WKDW�VWXGHQWV

LQWHUDFWLQJ ZLWK�ZRUNHG�H[DPSOHV�LQ�DQ�DFWLYLW\�WKDW OHYHUDJHV�SHUFHSWLRQ�DQG�DFWLRQ�PD\�EH

EHWWHU�IRU�OHDUQLQJ��DOWKRXJK��OLPLWHG�UHVHDUFK�KDV�FRQVLGHUHG�KRZ�ZRUNHG�H[DPSOHV�PD\�EH

GHVLJQHG�EDVHG�RQ�WKHRULHV�RI�HPERGLHG�FRJQLWLRQ��7KHRULHV�RI�HPERGLHG�FRJQLWLRQ�SRVLW�WKDW

WKLQNLQJ�GRHV�QRW�RFFXU�HQWLUHO\�LQWHUQDOO\��LQGHSHQGHQW�RI�WKH�H[WHUQDO�HQYLURQPHQW��UDWKHU�

VWXGHQWV¶�SK\VLFDO�H[SHULHQFHV�DQG�LQWHUDFWLRQV�ZLWK�WKHLU�HQYLURQPHQWV�LQIOXHQFH�WKHLU�FRJQLWLYH

SURFHVVHV��LQFOXGLQJ�PDWKHPDWLFDO�WKLQNLQJ��UHDVRQLQJ��DQG�OHDUQLQJ��%DUVDORX��������)RJOLD�	

:LOVRQ��������/DYH��������1DWKDQ��������������:LOVRQ���������6XEVWDQWLDO�UHVHDUFK�KDV�VKRZQ

��



WKH�EHQHILWV�RI�VWXGHQWV�JURXQGLQJ�WKHLU�NQRZOHGJH�RI�PDWKHPDWLFV�FRQFHSWV�LQ�HPERGLHG

OHDUQLQJ�DFWLYLWLHV��VHH�$EUDKDPVRQ�HW�DO��������IRU�D�UHYLHZ���)RU�LQVWDQFH��VWXGHQWV�OHDUQ�PRUH

DQG�UHWDLQ�PRUH�NQRZOHGJH�IURP�D�PDWKHPDWLFV�OHVVRQ�ZKHQ�WKH\�DUH�LQVWUXFWHG�RU�HQFRXUDJHG�WR

XVH�SXUSRVHIXO�JHVWXUHV�GXULQJ�WKH�OHVVRQ��%URDGHUV�HW�DO���������&RRN�HW�DO����������$GGLWLRQDOO\�

UHVHDUFK�KDV�VXJJHVWHG�WKDW�HYHQ�KDYLQJ�VWXGHQWV�REVHUYH�PRYHPHQWV�FDQ�EH�EHQHILFLDO�IRU

OHDUQLQJ��NQRZQ�DV�WKH�KXPDQ�PRYHPHQW�HIIHFW��6ZHOOHU�HW�DO���������

6XEVWDQWLDO�UHVHDUFK�KDV�VKRZQ�HYLGHQFH�RI�HPERGLHG�FRJQLWLRQ��DQG�WKH�EHQHILWV�RI

VWXGHQWV�JURXQGLQJ�WKHLU�NQRZOHGJH�RI�PDWKHPDWLFV�FRQFHSWV�LQ�SK\VLFDO�H[SHULHQFHV��H�J��

$EUDKDPVRQ�HW�DO����������+RZHYHU��OLPLWHG�ZRUN�KDV�DSSOLHG�WKHRULHV�RI�HPERGLHG�FRJQLWLRQ�WR

WKH�GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�LQVWUXFWLRQDO�VXSSRUW�LQ�DOJHEUD��LQFOXGLQJ�ZRUNHG�H[DPSOHV�RI

HTXDWLRQ�VROYLQJ��GHVSLWH�D�FDOO�IURP�FRJQLWLYH�ORDG�WKHRULVWV�WR�LQWHJUDWH�HYROXWLRQDULO\�EDVHG

VNLOOV��H�J���IDFLDO�UHFRJQLWLRQ��VSHDNLQJ��JHVWXUH��LQ�LQVWUXFWLRQ�WR�OHVVHQ�FRJQLWLYH�GHPDQGV��3DDV

	�6ZHOOHU���������1RWDEO\��*LQQV�DQG�FROOHDJXHV��������������GHPRQVWUDWHG�WKLV�SRWHQWLDO

V\QHUJ\�EHWZHHQ�FRJQLWLYH�ORDG�WKHRU\�DQG�HPERGLHG�FRJQLWLRQ�E\�XWLOL]LQJ�JHVWXUHV�LQ�ZRUNHG

H[DPSOHV�RQ�DQJOH�WKHRUHPV��7KH\�IRXQG�WKDW�VWXGHQWV�ZKR�WUDFHG�ZRUNHG�H[DPSOHV�RQ�VFUHHQ

VFRUHG�KLJKHU�RQ�D�WUDQVIHU�WHVW�WKDQ�WKHLU�SHHUV�ZKR�VROHO\�YLHZHG�ZRUNHG�H[DPSOHV��UHSOLFDWLQJ

SUHYLRXV�ZRUN�LQ�IDYRU�RI�WUDFLQJ�ZRUNHG�H[DPSOHV��+X�HW�DO����������)XUWKHU��<HR�DQG�7]HQJ

�������UHSOLFDWHG�WKHVH�ILQGLQJV�ZKHQ�VWXGHQWV�WUDFHG�ZRUNHG�H[DPSOHV�DERXW�DQJOH�UHODWLRQVKLSV

ZLWK�SDUDOOHO�OLQHV�EXW�QRW�ZKHQ�VWXGHQWV�WUDFHG�ZRUNHG�H[DPSOHV�DERXW�ODZV�RI�H[SRQHQWV�

VXJJHVWLQJ�WKDW�WKH�HIIHFWLYHQHVV�RI�XVLQJ�HPERGLHG�WHFKQLTXHV�LQ�ZRUNHG�H[DPSOHV�PD\�EH

GHSHQGHQW�RQ�WKH�YLVXRVSDWLDO�QDWXUH�RI�WKH�PDWKHPDWLFDO�FRQWHQW��6LQFH�LQGLYLGXDOV�WHQG�WR�WUHDW

PDWKHPDWLFDO�V\PEROV�DV�REMHFWV �H�J�� '|UIOHU������� /DQG\�	�*ROGVWRQH���������,�SUHGLFW�WKDW

SULQFLSOHV�RI�HPERGLHG�FRJQLWLRQ�PD\�DSSO\�WR�LQVWUXFWLRQDO�VXSSRUW�LQ�DOJHEUD��%\�XVLQJ

��



G\QDPLF�WHFKQRORJLHV��VWXGHQWV�FDQ�LQWHUDFW�ZLWK�PDWKHPDWLFDO�V\PEROV�DV�REMHFWV�WKURXJK

PDWKHPDWLFDOO\�JURXQGHG�JHVWXUH�DFWLRQV��6SHFLILFDOO\��ZRUNHG�H[DPSOHV�PD\�EH�HIIHFWLYH�IRU

OHDUQLQJ�ZKHQ�VWXGHQWV�GUDJ�DQG�FRPELQH�V\PEROV�WR�PDQLSXODWH�H[SUHVVLRQV�RQ�VFUHHQ�WR

UHSURGXFH�ZRUNHG�H[DPSOHV�UDWKHU�WKDQ�VLPSO\�YLHZLQJ�WUDGLWLRQDO�ZRUNHG�H[DPSOHV�RQ�VFUHHQ�

'\QDPLF�OHDUQLQJ�WHFKQRORJLHV�DOORZ�XVHUV�WR�PDQLSXODWH�OLQHDU�HTXDWLRQV��JUDSKV��DQG

H[SUHVVLRQV�DQG�VHH�WKH�RXWFRPHV�RI�WKHLU�DFWLRQV�LQ�UHDO�WLPH�RQ�WKHLU�FRPSXWHU�VFUHHQV� 7KHVH

WHFKQRORJLHV�DOVR�HQDEOH�WHDFKHUV�WR�SUHVHQW�ZRUNHG�H[DPSOHV�WKDW�PRYH�EH\RQG�WUDGLWLRQDO�

VWDWLF�LPDJHV�E\�SURYLGLQJ�G\QDPLF�YLVXDO�IHDWXUHV�WKDW�ZRXOG�QRW�EH�SRVVLEOH�WR�SUHVHQW�LQ

WH[WERRNV� 7KH�FXUUHQW�VWXG\�XWLOL]HV�*UDVSDEOH�0DWK �*0� :HLWQDXHU�HW�DO����������DQ�LQWHUDFWLYH

DOJHEUD�QRWDWLRQ�WRRO��WR�H[SORUH�WKH�EHQHILWV�RI�ZRUNHG�H[DPSOHV�SUHVHQWHG�ZLWK�WKH�RSSRUWXQLW\

WR�XVH�G\QDPLF�JHVWXUH�DFWLRQV� *0�ZDV�GHYHORSHG�IURP WKHRULHV�RI�SHUFHSWXDO�OHDUQLQJ�DQG

HPERGLHG�FRJQLWLRQ�WR�DOORZ�XVHUV�WR�SK\VLFDOO\�PDQLSXODWH�PDWKHPDWLFDO�QRWDWLRQ�WKURXJK

JHVWXUH�DFWLRQV�WKDW�HPXODWH�PDWKHPDWLFDO�SURSHUWLHV�LQ�D�SK\VLFDO�WR�YLUWXDO�HPERGLHG

H[SHULHQFH�ZLWK�PDWKHPDWLFDO�WHUPV��$V�DQ�H[DPSOH��WR�GLVWULEXWH���LQWR����[���XVHUV�FDQ�WRXFK

DQG�GUDJ�WKH���LQWR�WKH�SDUHQWKHVHV��DXWRPDWLFDOO\�WULJJHULQJ�D�YLVXDOL]DWLRQ�ZKHUH���LV�GLVWULEXWHG

WR���DQG [��WUDQVIRUPLQJ�WKH�H[SUHVVLRQ�LQWR����[� 7KURXJK�G\QDPLF�JHVWXUHV��XVHUV�FDQ�DOVR

FRPELQH�WHUPV��DSSO\�RSHUDWLRQV�WR�ERWK�VLGHV�RI�DQ�HTXDWLRQ��DQG�UHDUUDQJH�WHUPV�WKURXJK

FRPPXWDWLYH��DVVRFLDWLYH��DQG�GLVWULEXWLYH�SURSHUWLHV��)LJXUH�����)RU�D�UHYLHZ�RI�*0�DQG�WKH

ZD\V�WKDW�LWV�LQWHUDFWLYLW\�VXSSRUWV�LQWXLWLYH��HPERGLHG��DQG�WUDLQHG�SHUFHSWXDO�DFWLRQ�SURFHVVHV�

VHH�*ROGVWRQH�DQG�FROOHDJXHV��������DQG�$EUDKDPVRQ�DQG�FROOHDJXHV��������

)LJXUH��

([DPSOH�RI�D�'\QDPLF�7UDQVIRUPDWLRQ�8VLQJ�*UDVSDEOH�0DWK

��



1RWH� 8VHUV�FDQ�G\QDPLFDOO\�WUDQVIRUP�HTXDWLRQV��H�J�� �[�� �����D��E\�GUDJJLQJ�DQG�GURSSLQJ

WHUPV��H�J���³�´���E���F��WR�FUHDWH�HTXLYDOHQW�IRUPV��H�J����[ �������G��

3ULRU�ZRUN�KDV�GHPRQVWUDWHG�WKH�HIILFDF\�RI�*0�DQG�LWV�SRVLWLYH�HIIHFW�RQ�VWXGHQW

OHDUQLQJ��&KDQ�HW�DO���������+XOVH�HW�DO���������2WWPDU�HW�DO����������+RZHYHU��QR�SULRU�UHVHDUFK

KDV�FRQVLGHUHG�XVLQJ�WKH�WRRO�DV�D�PHDQV�IRU�VWXGHQWV�WR�LQWHUDFW�ZLWK�ZRUNHG�H[DPSOHV�GXULQJ

DOJHEUD�SUDFWLFH�DQG�SRWHQWLDOO\�EHQHILW�IURP�WKH�DXWRPDWLF�FDOFXODWLRQV��IOXLG�YLVXDOL]DWLRQV��DQG

IHHGEDFN�SURYLGHG�E\�WKH�V\VWHP��&XUUHQWO\��,�H[WHQG�WKH�KXPDQ�PRYHPHQW�HIIHFW��6ZHOOHU�HW�DO��

������WR�H[SORUH�ZKHWKHU�SURPSWLQJ�LQWHUDFWLRQV�ZLWK�ZRUNHG�H[DPSOHV�LQ�*0�WKURXJK�JURXQGHG

JHVWXUH�DFWLRQV�ZLOO�LQFUHDVH�VWXGHQWV¶�OHDUQLQJ�EH\RQG�MXVW�ZDWFKLQJ�WKH�G\QDPLF

SUREOHP�VROYLQJ�SURFHVV�RI�ZRUNHG�H[DPSOHV�LQ�WKH�*0�V\VWHP��,�VXJJHVW�WKDW�WKHVH�PRYHPHQWV

ZLOO�QRW�LQFUHDVH�VWXGHQWV¶�H[WUDQHRXV�FRJQLWLYH�ORDG�EXW�PD\�LQFUHDVH�JHUPDQH�FRJQLWLYH�ORDG

DQG�SURYLGH�DGGLWLRQDO�FXHV�WR�KHOS�WKHP�SURFHVV�WKH�FRQWHQW�LQ�WKH�ZRUNHG�H[DPSOHV�DV�ZHOO�DV

��



JHQHUDOL]H�FRQWHQW�E\�IRFXVLQJ�RQ�WKH�VWHS�E\�VWHS�VXEJRDOV�RI�ZRUNHG�H[DPSOHV�GXULQJ�WKH

PLUURULQJ�SURFHVV��LQ�OLQH�ZLWK�SULRU�ZRUN�RQ�VXE�JRDO�OHDUQLQJ��0DUJXOLHX[�HW�DO����������,�SRVLW

WKDW�VWXGHQWV�PD\�JURXQG�WKHLU�NQRZOHGJH�RI�VLPSOLI\LQJ�HTXDWLRQV�LQ�WKH�DFW�RI�PDQLSXODWLQJ

V\PEROV�RQ�VFUHHQ�DV�SDUW�RI�VWXG\LQJ�ZRUNHG�H[DPSOHV�DQG�PD\�GHYHORS�SHUFHSWXDO�DQG

SURFHGXUDO�IOXHQF\�E\�SDUWLFLSDWLQJ�LQ�WKLV�DGGLWLRQDO�JXLGHG�SUDFWLFH�

:RUNHG�([DPSOHV�ZLWK�6HOI�([SODQDWLRQV

6LQFH�ZRUNHG�H[DPSOHV�SURYLGH�HIIHFWLYH�LQVWUXFWLRQDO�VXSSRUW�IRU�VWXGHQWV��UHVHDUFK�RYHU

WKH�ODVW�VHYHUDO�GHFDGHV�KDV�LQYHVWLJDWHG�KRZ�WR�EHVW�GHVLJQ�DQG�LPSOHPHQW�ZRUNHG�H[DPSOHV�LQ

LQVWUXFWLRQ�WR�LPSURYH�OHDUQLQJ��IRU�D�UHFHQW�FRPPHQWDU\��VHH�0D\HU���������6WHPPLQJ�IURP�WKH

VHOI�UHJXODWHG�OHDUQLQJ�SHUVSHFWLYH��WZR�UHFRPPHQGDWLRQV�KDYH�HPHUJHG��LQFRUSRUDWLQJ�SDLUHG

SUDFWLFH�SUREOHPV�ZLWK�D�ZRUNHG�H[DPSOH��)RVWHU�HW DO�������� 6ZHOOHU�	�&RRSHU��������6ZHOOHU�

������YDQ�*RJ�HW�DO���������DQG�SURPSWLQJ�VWXGHQWV�WR�H[SODLQ�WKH�VWHSV�FRPSOHWHG�LQ�D�ZRUNHG

H[DPSOH��H�J���$OHYHQ�	�.RHGLQJHU��������5HQNO��������������

)LUVW��LW�KDV�EHHQ�VKRZQ�WKDW�ZRUNHG�H[DPSOHV�DUH�HIIHFWLYH�LQVWUXFWLRQDO�VXSSRUW�ZKHQ

VWXGHQWV�KDYH�DQ�RSSRUWXQLW\�WR�SUDFWLFH�DSSO\LQJ�WKHLU�NQRZOHGJH��$V�SUDFWLFH��VWXGHQWV�W\SLFDOO\

FRPSOHWH�SUREOHPV�WKDW�DUH�VLPLODU�LQ�VWUXFWXUH�WR�WKH�ZRUNHG�H[DPSOHV��DQG�WKH\�UHDFK�WKH

VROXWLRQ�RQ�WKHLU�RZQ��ZLWKRXW�VFDIIROGHG�VXSSRUW��6WXGHQWV�VWXG\LQJ�ZRUNHG�H[DPSOHV�IROORZHG

E\�SUREOHP�VROYLQJ�KDV�EHHQ�UHIHUUHG�WR�DV�D�:RUNHG�([DPSOHV�WKHQ�3UREOHP�6ROYLQJ�VFKHGXOH�

7KLV�VFKHGXOH�LV�FRQVLGHUHG�WR�EH�HIIHFWLYH�EHFDXVH�VWXG\LQJ�D�ZRUNHG�H[DPSOH�ORZHUV�VWXGHQWV¶

H[WUDQHRXV�ORDG�ZKLOH�LQFUHDVLQJ�JHUPDQH�ORDG�WR�DOORZ�IRU�VFKHPD�DFTXLVLWLRQ�DQG�NQRZOHGJH

WKDW�FDQ�WKHQ�EH�DSSOLHG�WR�WKH�IROORZLQJ�SUDFWLFH�SUREOHP��:RUNHG�H[DPSOHV�IROORZHG�E\

SUREOHP�VROYLQJ�KDV�EHHQ�VKRZQ�WR�LPSURYH�VWXGHQW�OHDUQLQJ�DQG�WUDQVIHU�EH\RQG�SUREOHP

VROYLQJ�DORQH��&DUUROO��������&RRSHU�	�6ZHOOHU������� 5HWQRZDWL�HW�DO�� ������5RXUNH�	�6ZHOOHU�

��



������YDQ�+DUVHO��HW�DO���������:DUG�	�6ZHOOHU���������5HFHQW�UHVHDUFK�KDV�DOVR�UHYHDOHG�WKDW

SURYLGLQJ�SUDFWLFH�SUREOHPV�IROORZHG�E\�ZRUNHG�H[DPSOHV�PD\�EH�MXVW�DV�HIIHFWLYH�IRU�OHDUQLQJ

DV�VWXG\LQJ�ZRUNHG�H[DPSOHV�IROORZHG�E\�SUREOHP�VROYLQJ��YDQ�+DUVHO�HW�DO���������������

)XUWKHU��ZKHQ�VWXGHQWV�KDYH�WKH�DXWRQRP\�WR�UHJXODWH�WKHLU�RZQ�OHDUQLQJ��WKH\�WHQG�WR�DOWHUQDWH

EHWZHHQ�SUDFWLFH�SUREOHPV�DQG�ZRUNHG�H[DPSOHV�VR�WKH\�FDQ�XQGHUVWDQG�WKH�OLPLW�RI�WKHLU

NQRZOHGJH��WKHQ�HIIHFWLYHO\�OHDUQ�IURP�WKH�H[DPSOHV��)RVWHU�HW�DO����������,Q�VXP��SULRU�UHVHDUFK

KDV�OHG�WR�H[WHQVLYH�HYLGHQFH�LQ�IDYRU�RI�XVLQJ�SDLUHG�ZRUNHG�H[DPSOHV�DQG�SUDFWLFH�SUREOHPV�LQ

LQVWUXFWLRQDO�DFWLYLWLHV�DQG�IRU�WKDW�UHDVRQ��,�LQFOXGH�SDLUHG�SUDFWLFH�SUREOHPV�ZLWK�WKH�ZRUNHG

H[DPSOHV�LQ�RXU�FXUUHQW�UHVHDUFK�

6HFRQG��VWXG\LQJ�ZRUNHG�H[DPSOHV�ZLWK�VHOI�H[SODQDWLRQ�SURPSWV�LQFUHDVHV�OHDUQLQJ

DERYH�DQG�EH\RQG�VWXG\LQJ�ZRUNHG�H[DPSOHV�DORQH��H�J���$OHYHQ�	�.RHGLQJHU��������%HUWKROG

HW�DO���������1RNHV�0DODFK�HW�DO���������5HQNO���������������$V�VWXGHQWV�H[SODLQ�ZRUNHG

H[DPSOHV��WKH\�PD\�HQJDJH�LQ�GHGXFWLYH�SURFHVVHV��JHQHUDOL]DWLRQ��DQG�PDNLQJ�WKH�LPSOLFLW

NQRZOHGJH�H[SOLFLW��&KL�	�9DQ/HKQ��������DQG�WKH�SURFHVV�RI�VHOI�H[SODQDWLRQ�KHOSV�VWXGHQWV

PRQLWRU�WKHLU�XQGHUVWDQGLQJ�DQG�UHJXODWH�WKHLU�OHDUQLQJ��9DQ/HKQ�HW�DO���������VHH�5HQNO�	�(LWHO�

������IRU�D�UHYLHZ���5HVHDUFK�KDV�VKRZQ�WKDW�HOLFLWLQJ�VHOI�H[SODQDWLRQV�LV�PRGHUDWHO\�HIIHFWLYH

IRU�OHDUQLQJ��SDUWLFXODUO\�LQ�GRPDLQV�ZLWK�JHQHUDO�SULQFLSOHV�WKDW�JXLGH�SUREOHP�VROYLQJ

�5LWWOH�-RKQVRQ�	�/RHKU���������DQG�HYHQ�UHFRPPHQGHG�VHOI�H[SODQDWLRQ�IRU�LQVWUXFWLRQDO

SUDFWLFH��H�J���&KL�HW�DO���������&KL�HW�DO���������VHH�'XQORVN\�HW�DO��������IRU�D�EULHI�UHYLHZ��

6HOI�H[SODQDWLRQ�SURPSWV�LQ�ZRUNHG�H[DPSOHV�OHYHUDJH�WKLV�HIIHFW�E\�FKDOOHQJLQJ�VWXGHQWV�WR

UHIOHFW�RQ��PDNH�PHDQLQJ�RI��DQG�DUWLFXODWH�WKH�FRQWHQW�WKH\�VWXG\�LQ�D�ZRUNHG�H[DPSOH�

3URPSWLQJ�VHOI�H[SODQDWLRQV�W\SLFDOO\�LQFUHDVHV�VWXGHQWV¶�FRJQLWLYH�ORDG�E\�SUHVHQWLQJ�DQ

DGGLWLRQDO�FKDOOHQJH�WR�UHIOHFW�RQ�LQVWUXFWLRQDO�FRQWHQW��H�J���+LOEHUW�	�5HQNO��������VR�LQ�RUGHU

��



IRU�VHOI�H[SODQDWLRQV�WR�EH�HIIHFWLYH�IRU�OHDUQLQJ�ZKHQ�SDLUHG�ZLWK�ZRUNHG�H[DPSOHV��WKH\�VKRXOG

EH�LPSOHPHQWHG�WR�PLQLPL]H�H[WUDQHRXV�ORDG��5HQNO�	�(LWHO���������,Q�SDUWLFXODU�

SULQFLSOH�EDVHG�VHOI�H[SODQDWLRQV�SURPSW�VWXGHQWV�WR�FRQQHFW�FRQFHSWXDO�NQRZOHGJH�WR

SURFHGXUDO�UXOHV�DQG�SUDFWLFHV�LQ�RUGHU�WR�KHOS�ZLWK�IXWXUH�SUREOHP�VROYLQJ��SRWHQWLDOO\�WKURXJK

DQDORJLFDO�UHDVRQLQJ�DQG�QRWLFLQJ�VLPLODULWLHV�EHWZHHQ�SUREOHP�VWUXFWXUHV��5HQNO��������5HQNO�	

(LWHO��������

+RZHYHU��OLPLWHG�ZRUN�KDV�H[DPLQHG�KRZ�WKH�SUHVHQWDWLRQ�RI�ZRUNHG�H[DPSOHV�ZLWK

VHOI�H[SODQDWLRQV�PD\�LPSDFW�OHDUQLQJ�LQ�LQWHUDFWLYH�RQOLQH�VHWWLQJV��2Q�WKH�RQH�KDQG�

VHOI�H[SODQDWLRQV�PD\�SODFH�DGGLWLRQDO�FRJQLWLYH�GHPDQGV�RQ�VWXGHQWV�ZKLFK�FRXOG�GHWUDFW�IURP

WKH�HIIHFWLYHQHVV�RI�D�ZRUNHG�H[DPSOH��6LPLODUO\��5HQNO��������SRVLWHG�WKDW�VHOI�H[SODQDWLRQ

SURPSWV�DUH�QRW�EHQHILFLDO�EH\RQG�VWXG\LQJ�ZRUNHG�H[DPSOHV�ZKHQ�VWXGHQWV�DUH�IDFHG�ZLWK

FRPSOH[�OHDUQLQJ�WDVNV�WKDW�LQGXFH�D�ORW�RI�FRJQLWLYH�ORDG��VXFK�DV�SUREOHPV�ZLWK�KLJK�HOHPHQW

LQWHUDFWLYLW\��WKH�QXPEHU�RI�HOHPHQWV�WKDW�PXVW�EH�KHOG�LQ�ZRUNLQJ�PHPRU\�IRU�D�JLYHQ�SUREOHP�

&KDQGOHU�	�6ZHOOHU���������2Q�WKH�RWKHU�KDQG��VHOI�H[SODQDWLRQV�KDYH�EHHQ�VKRZQ�WR�DGG�YDOXH

WR�ZRUNHG�H[DPSOHV�IRU�ERWK�FRUUHFW�DQG�LQFRUUHFW�ZRUNHG�H[DPSOHV��VXJJHVWLQJ�WKDW�WKH

VHOI�H[SODQDWLRQ�HIIHFW�LV�VRPHZKDW�UREXVW��H�J���$OHYHQ�	�.RHGLQJHU��������%DUELHUL�	�%RRWK�

������������+LOEHUW�HW�DO����������0RUH�UHVHDUFK�LV�QHHGHG�WR�GHWHUPLQH�ZKHWKHU�DQG�KRZ�WKH

SUHVHQWDWLRQ�RI�ZRUNHG�H[DPSOHV�LPSDFWV�WKH�HIIHFW�RI�VHOI�H[SODQDWLRQV�RQ�OHDUQLQJ�

,�SRVLW�WKDW�WKH�LPSDFW�RI�VHOI�H[SODQDWLRQ�SURPSWV�LQ�ZRUNHG�H[DPSOHV�PD\�EH�FRQWLQJHQW

RQ�WKH�SUHVHQWDWLRQ�RI�WKH�ZRUNHG�H[DPSOH�LWVHOI�DQG�WKH�WKHRULHV�ZKLFK�LQIRUP�WKH�GHVLJQ�RI�WKH

ZRUNHG�H[DPSOH��6SHFLILFDOO\��ZRUNHG�H[DPSOHV�GHVLJQHG�IURP�FRJQLWLYH�ORDG�WKHRU\

LQWHQWLRQDOO\�PLQLPL]H�H[WUDQHRXV�LQIRUPDWLRQ�DQG�LQWHJUDWH�YLVXDO�IHDWXUHV�WR�UHGXFH�VWXGHQWV¶

FRJQLWLYH�ORDG�ZKLOH�YLHZLQJ�WKH�ZRUNHG�H[DPSOH��IUHHLQJ�XS�FRJQLWLYH�FDSDFLW\�WR�PDNH

��



FRQQHFWLRQV�DQG�SURYLGH�VHOI�H[SODQDWLRQV�WKDW�OHDG�WR�OHDUQLQJ�EH\RQG�VLPSO\�VWXG\LQJ�ZRUNHG

H[DPSOHV��)URP�WKLV�YLHZSRLQW��LI�ZRUNHG�H[DPSOHV�DUH�GHVLJQHG�IURP�DQRWKHU�WKHRU\�VXFK�DV

HPERGLHG�FRJQLWLRQ��WKDW�UHTXLUH�DFWLYHO\�PLUURULQJ�ZRUNHG�H[DPSOHV�DQG�FRQVHTXHQWO\�PD\

LQYROYH�D�KLJKHU�OHYHO�RI�HOHPHQW�LQWHUDFWLYLW\�SHU�H[DPSOH��VWXGHQWV�PD\�H[SHULHQFH�FRJQLWLYH

RYHUORDG�ZKHQ�DVNHG�WR�DOVR�SURYLGH�VHOI�H[SODQDWLRQV��5HQNO���������&RQYHUVHO\��VXFK�ZRUNHG

H[DPSOHV�PD\�EHQHILW�IURP�KDYLQJ�VHOI�H[SODQDWLRQ�SURPSWV�VR�WKDW�VWXGHQWV�UHIOHFW�RQ�WKH

SXUSRVH�RI��DQG�PDWKHPDWLFDO�SULQFLSOHV�EHKLQG��HDFK�VWHS�UDWKHU�WKDQ�VLPSO\�IROORZLQJ�WKH�VWHSV

LQ�WKH�ZRUNHG�H[DPSOHV�LQVWUXFWLRQV��6LQFH�VHOI�H[SODQDWLRQ�SURPSWV�KDYH�EHHQ�HIIHFWLYH�IRU

OHDUQLQJ�IURP�YLHZLQJ�ZRUNHG�H[DPSOHV��$OHYHQ�	�.RHGLQJHU��������%DUELHUL�	�%RRWK�������

������+LOEHUW�HW�DO����������,�SRVLW�WKDW�WKLV�HIIHFW�PD\�H[WHQG�WR�ZRUNHG�H[DPSOHV�WKDW�LQYROYH

VWXGHQW�DFWLRQ�DQG�VHHN�WR�UHSOLFDWH�SUHYLRXV�UHVHDUFK�RQ�WKH�DGGHG�LPSDFW�RI�VHOI�H[SODQDWLRQV�LQ

ZRUNHG�H[DPSOHV�

7HVWLQJ�DQG�,QWHJUDWLQJ�&RJQLWLYH�7KHRULHV�WR�'HVLJQ�:RUNHG�([DPSOHV

:KLOH�FRJQLWLYH�ORDG�WKHRU\�VXSSRUWV�WKH�XVH�RI�ZRUNHG�H[DPSOHV�WKDW�PLQLPL]H

H[WUDQHRXV�ORDG��SHUFHSWLRQ�DQG�DFWLRQ�PD\�DOVR�SOD\�DQ�LPSRUWDQW�UROH�LQ�OHDUQLQJ�WKURXJK

ZRUNHG�H[DPSOHV� 1RWDEO\��SULRU�ZRUN�KDV�VKRZQ�WKDW LQFRUSRUDWLQJ�VWXGHQW�DFWLRQV��VXFK�DV

WUDFLQJ��ZKLOH�VWXG\LQJ�ZRUNHG�H[DPSOHV�RQ�JHRPHWU\�OHDGV�WR�GHFUHDVHG�H[WUDQHRXV�ORDG�DQG

KLJKHU�SHUIRUPDQFH�RQ�UHFDOO�DQG�WUDQVIHU�WHVWV�WKDQ�SHHUV�ZKR�VLPSO\�YLHZHG�ZRUNHG�H[DPSOHV

�*LQQV�HW�DO���������������7DQJ�HW�DO���������<HR�	�7]HQJ���������&XUUHQWO\��,�VHHN�WR�H[WHQG�WKLV

OLQH�RI�LQTXLU\�WR�H[SORUH�KRZ�LQWHUDFWLYH�ZRUNHG�H[DPSOHV�SUHVHQWHG�LQ�D�G\QDPLF�RQOLQH

HQYLURQPHQW�LQIOXHQFH�VWXGHQW�OHDUQLQJ�DQG�FRJQLWLYH�ORDG�LQ�WKH�FRQWH[W�RI�DOJHEUD�

%DVHG�RQ�WKH�ERGLHV�RI�OLWHUDWXUH�VXUURXQGLQJ�ZRUNHG�H[DPSOHV��HPERGLHG�FRJQLWLRQ��DQG

VHOI�H[SODQDWLRQV�LQ�LQVWUXFWLRQDO�PDWHULDOV��,�SUHGLFW�WKDW�ZRUNHG�H[DPSOHV�PD\�EH�PRUH

��



HIIHFWLYH�IRU�OHDUQLQJ�ZKHQ�VWXGHQWV�DUH�DFWLYH�SDUWLFLSDQWV�DQG�JURXQG�WKHLU�NQRZOHGJH�LQ

HPERGLHG�H[SHULHQFHV��VXFK�DV�XVLQJ�PRYHPHQW�IRU�SUREOHP�VROYLQJ��6SHFLILFDOO\��WKH�EHQHILW�RI

PLUURULQJ�VWHSV�RI�D�ZRUNHG�H[DPSOH�WKURXJK�G\QDPLFDOO\�WUDQVIRUPLQJ�H[SUHVVLRQV�RQ�VFUHHQ

PD\�RXWZHLJK�WKH�ULVNV�RI�SUHVHQWLQJ�SRWHQWLDOO\�H[WUDQHRXV�LQIRUPDWLRQ�DQG�GHPDQGLQJ

DGGLWLRQDO�DFWLRQV��)RU�H[DPSOH��5HHG�DQG�FROOHDJXHV��������IRXQG�WKDW�VWXGHQWV�ZKR�VWXGLHG

ZRUNHG�H[DPSOHV�ZLWK�LQWHUDFWLYH�JUDSKLFV�RXWSHUIRUPHG�WKHLU�SHHUV�ZKR�VWXGLHG�VWDWLF�WDEOH�DQG

VWDWLF�JUDSKLF�ZRUNHG�H[DPSOHV��%DVHG�RQ�WKHLU�ILQGLQJV��5HHG�DQG�FROOHDJXHV��������VXJJHVWHG

WKDW�VWXGHQWV�ZKR�VWXGLHG�LQWHUDFWLYH�ZRUNHG�H[DPSOHV�PLJKW�KDYH�EHQHILWWHG�PRUH�LI�WKRVH

H[DPSOHV�DOVR�LQFOXGHG�VHOI�H[SODQDWLRQ�SURPSWV�WR�FKDOOHQJH�VWXGHQWV�WR�PDNH�FRQQHFWLRQV

EHWZHHQ�WKHLU�DFWLRQV�DQG�WKH�PDWKHPDWLFDO�FRQFHSWV��7KHUHIRUH��,�SUHGLFW�WKDW�LQWHUDFWLYH�ZRUNHG

H[DPSOHV��VXFK�DV�PLUURULQJ�VWHSV�WR�VROYH�DQ�HTXDWLRQ�RQ�VFUHHQ��ZRXOG�EH�PRUH�HIIHFWLYH�IRU

OHDUQLQJ�ZKHQ�SDLUHG�ZLWK�VHOI�H[SODQDWLRQV��$GGLWLRQDOO\��ZKLOH LQWHUDFWLYH�ZRUNHG�H[DPSOHV

PD\�EH�HTXDOO\�RU�PRUH�HIIHFWLYH�IRU�OHDUQLQJ�WKDQ�VLPSO\�YLHZLQJ�ZRUNHG�H[DPSOHV��,�DQWLFLSDWH

WKDW�PHDVXULQJ�VWXGHQWV¶�OHYHOV�RI�FRJQLWLYH�ORDG�ZLOO�SURYLGH�IXUWKHU�LQVLJKWV�LQWR�WKH�UHODWLRQ

EHWZHHQ�WKH�GLIIHUHQW�SUHVHQWDWLRQV�RI�ZRUNHG�H[DPSOHV�DQG�VWXGHQW�OHDUQLQJ�

7KH�&XUUHQW�6WXG\

6LQFH�H[WHQVLYH�HYLGHQFH�GHPRQVWUDWHV�WKH�HIILFDF\�RI�VWXG\LQJ�ZRUNHG�H[DPSOHV�RYHU

SUDFWLFLQJ�SUREOHP�VROYLQJ�DORQH�IRU�VNLOO�DFTXLVLWLRQ��H�J���%DUELHUL�	�%RRWK������� %RRWK�HW�DO��

������&DUUROO��������5HQNO���������������WKH�FXUUHQW�VWXG\�DLPV�WR�H[WHQG�WKLV�UHVHDUFK�E\

LQYHVWLJDWLQJ�KRZ�VWXGHQW�DFWLRQ�DQG�VHOI�H[SODQDWLRQV�LPSDFW�OHDUQLQJ�WKURXJK�ZRUNHG�H[DPSOHV

LQ�D�G\QDPLF�RQOLQH�OHDUQLQJ�HQYLURQPHQW��,�GHVLJQHG�DQG�GHSOR\HG�D�UDQGRPL]HG�FRQWUROOHG�WULDO

IRU�$OJHEUD�,�VWXGHQWV��8VLQJ�D����3UHVHQWDWLRQ��YLHZLQJ�YV��PLUURULQJ��î����6HOI�([SODQDWLRQ�

VHOI�H[SODQDWLRQ�SURPSWV�YV��QR�VHOI�H[SODQDWLRQ�SURPSWV��EHWZHHQ�VXEMHFWV�GHVLJQ��,�H[DPLQHG
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WKH�HIIHFWV�RI�PLUURULQJ�WKH�VWHSV�ZLWKLQ�ZRUNHG�H[DPSOHV��H[SODLQLQJ�WKRVH�VWHSV��DQG�WKHLU

LQWHUDFWLRQ�RQ�VWXGHQW�OHDUQLQJ��6SHFLILFDOO\��VWXGHQWV�FRPSOHWHG�DQ�RQOLQH�DOJHEUD�DFWLYLW\�LQ

ZKLFK�WKH\�ZHUH�DVVLJQHG�WR�HLWKHU��D� YLHZ� E� YLHZ�DQG�H[SODLQ� F� PLUURU��RU�G�

PLUURU�DQG�H[SODLQ ZRUNHG�H[DPSOHV�DQG�FRPSOHWH�SDLUHG SUDFWLFH�SUREOHPV��,PPHGLDWHO\�DIWHU

FRPSOHWLQJ�WKH�LQWHUYHQWLRQ��VWXGHQWV�DOVR�FRPSOHWHG�D�PHDVXUH�RI�FRJQLWLYH�ORDG��DGDSWHG�IURP

/HSSLQN�HW�DO���������WKDW�LGHQWLILHV�VHOI�UHSRUWHG�OHYHOV�RI�LQWULQVLF��H[WUDQHRXV�DQG�JHUPDQH

FRJQLWLYH�ORDG��,Q�DGGLWLRQ�WR�REVHUYLQJ�GLIIHUHQFHV�LQ�OHDUQLQJ�E\�FRQGLWLRQ��WKLV�PHDVXUH�DOORZV

XV�WR�WHDVH�DSDUW�WKH�HIIHFW�RI�HDFK�ZRUNHG�H[DPSOH�FRQGLWLRQ�RQ�HDFK�IDFHW�RI�VWXGHQWV¶�FRJQLWLYH

ORDG��,�SRVH�WKH�IROORZLQJ�TXHVWLRQV�

�� 'R�VWXGHQWV�OHDUQ�PRUH�IURP�YLHZLQJ�RU�PLUURULQJ�JXLGHG�ZRUNHG�H[DPSOHV�LQ�DQ�RQOLQH

OHDUQLQJ�HQYLURQPHQW��UHJDUGOHVV�RI�VHOI�H[SODQDWLRQ�SURPSWV"

�� 'R�VWXGHQWV�OHDUQ�PRUH�IURP�VWXG\LQJ�ZRUNHG�H[DPSOHV�ZLWK�RU�ZLWKRXW�VHOI�H[SODQDWLRQ

SURPSWV��UHJDUGOHVV�RI�ZKHWKHU�WKH\�YLHZ�RU�PLUURU�ZRUNHG�H[DPSOHV"

�� ,V�WKHUH�DQ�LQWHUDFWLRQ�EHWZHHQ�ZRUNHG�H[DPSOH�SUHVHQWDWLRQ�DQG�VHOI�H[SODQDWLRQ

SURPSWV"��L�H���LV�PLUURULQJ�PRVW�HIIHFWLYH�ZKHQ�SDLUHG�ZLWK�VHOI�H[SODQDWLRQ�SURPSWV"�

�� 'R�VWXGHQWV�UHSRUW�GLIIHUHQW�OHYHOV�RI�FRJQLWLYH�ORDG�DIWHU�VWXG\LQJ�GLIIHUHQW�W\SHV�RI

ZRUNHG�H[DPSOHV"

)LUVW��,�K\SRWKHVL]H�WKDW�DOJHEUD�VWXGHQWV�PD\�OHDUQ�PRUH�E\ PLUURULQJ ZRUNHG�H[DPSOHV

DV�WKH\�PDQLSXODWH�WHUPV�RQ�VFUHHQ�WR�UHSURGXFH�VWHSV�RI�ZRUNHG�H[DPSOHV�ZLWK�*0�UDWKHU�WKDQ

VLPSO\ YLHZLQJ ZRUNHG�H[DPSOHV�RQ�VFUHHQ��6SHFLILFDOO\� PLUURULQJ�WKH�ZRUNHG�H[DPSOHV�PD\

KHOS�VWXGHQWV�WDNH�WKH�WLPH�DQG�DFWLRQV�WR�PDNH�FRQQHFWLRQV�WKDW�DUH�QRW�DSSDUHQW�MXVW�E\�YLHZLQJ

ZRUNHG�H[DPSOHV��,QVWHDG��DV�VWXGHQWV�H[SHULHQFH�WKH�SUREOHP�VROYLQJ�SURFHVV�WKHPVHOYHV��WKH\

PD\�JDLQ�DQ�XQGHUVWDQGLQJ�RI�KRZ�WKHLU�DFWLRQV�OHDG�WR�PDWKHPDWLFDO�UHVXOWV��6HFRQG��,
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K\SRWKHVL]H�WKDW�,�ZLOO�UHSOLFDWH�SULRU�ILQGLQJV�WKDW�VWXGHQWV�OHDUQ�PRUH�IURP�VWXG\LQJ�ZRUNHG

H[DPSOHV�ZLWK�YHUVXV�ZLWKRXW�VHOI�H[SODQDWLRQ�SURPSWV��&RQVHTXHQWO\��,�DOVR�K\SRWKHVL]H�WKDW

VHOI�H[SODQDWLRQV�SURYLGH�DQ�DGGHG�EHQHILW�EH\RQG�PLUURULQJ�ZRUNHG�H[DPSOHV�VXFK�WKDW

PLUURULQJ�ZRUNHG�H[DPSOHV�PD\�EH�PRVW�HIIHFWLYH�IRU�OHDUQLQJ�ZKHQ�VWXGHQWV�DUH�SURPSWHG�IRU

VHOI�H[SODQDWLRQV��/DVW��DQDO\]LQJ�VWXGHQWV¶�VHOI�UHSRUWHG�OHYHOV�RI�FRJQLWLYH�ORDG�PD\�UHYHDO�KRZ

VWXG\LQJ�WKH�IRXU�GLIIHUHQW�ZRUNHG�H[DPSOH�W\SHV�DUH�UHODWHG�WR�OHYHOV�RI�LQWULQVLF��H[WUDQHRXV�

DQG�JHUPDQH�ORDG�WR�WHDVH�DSDUW�WKH�PHFKDQLVPV�WKURXJK�ZKLFK�ZRUNHG�H[DPSOHV�LQIOXHQFH

OHDUQLQJ��,�K\SRWKHVL]H�WKDW�VWXGHQWV�LQ�WKH�PLUURU�FRQGLWLRQV�PD\�UHSRUW�KLJKHU�OHYHOV�RI�JHUPDQH

ORDG�

0HWKRGV

3DUWLFLSDQWV

)XOO�GDWD�FROOHFWLRQ�RFFXUUHG�IURP�6HSWHPEHU������)HEUXDU\�������,�UHFUXLWHG�VHYHQWK��WR

QLQWK�JUDGH�$OJHEUD�,�VWXGHQWV�WKURXJK�DQ�H[LVWLQJ�SRRO�RI�WHDFKHUV�ZKR�DOUHDG\�XVH�*0�DV�ZHOO

DV�WKURXJK�VRFLDO�PHGLD�RXWOHWV��ORFDO�WHDFKLQJ�FRPPXQLWLHV��DQG�UHDFKLQJ�RXW�WR�ORFDO�VFKRRO

GLVWULFWV� 7R�WKDQN�SDUWLFLSDWLQJ�FODVVHV� WHDFKHUV UHFHLYHG�D�����JLIW�FDUG�IRU�FODVVURRP�VXSSOLHV�

7KUHH�WHDFKHUV�DVVLJQHG�WKH�VWXG\�WR�WKHLU�VWXGHQWV� KRZHYHU��VWXGHQWV�IURP�RQH�RI�WKH

WHDFKHUV�ZHUH�H[FOXGHG�GXH�WR�RQO\�FRPSOHWLQJ�RQH�RI�WKH�WKUHH�GD\V�RI�WKH�VWXG\�DW�UDQGRP

UDWKHU�WKDQ�FRPSOHWLQJ�HDFK�RI�WKH�WKUHH�GD\V�LQ�VXFFHVVLRQ��$V�D�UHVXOW�����VWXGHQWV�IURP�WZR

WHDFKHUV�ZHUH�LQFOXGHG�LQ�RXU�FXUUHQW�DQDO\WLF�VDPSOH� 7KHVH�VWXGHQWV�ZHUH�LQFOXGHG�LQ�WKH

DQDO\WLF�VDPSOH�EHFDXVH�WKH\�FRPSOHWHG�DW�OHDVW�IRXU�RI�WKH�HLJKW�SUREOHPV�RQ�WKH�SUHWHVW�RQ�'D\

2QH��SDUWLFLSDWHG�LQ�WKH�LQWHUYHQWLRQ�IRU�RYHU����PLQXWHV�RQ�'D\�7ZR��L�H���VXJJHVWLQJ�WKDW�WKH\

FRPSOHWHG�WKH�EULHI�WXWRULDO�DQG�VWXGLHG�DW�OHDVW�RQH�ZRUNHG�H[DPSOH�� DQG ILQLVKHG�DW�OHDVW�IRXU
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RI�WKH�HLJKW�SUREOHPV�RQ�WKH�SRVWWHVW�RQ�'D\�7KUHH��,�GHFLGHG�WR�LQFOXGH�VWXGHQWV�ZKR�FRPSOHWHG

DW�OHDVW�KDOI�RI�WKH�SUHWHVW�DQG�SRVWWHVW�EHFDXVH�WKH�DVVHVVPHQWV�FRQWDLQHG�IRXU�QHDU�WUDQVIHU�DQG

IRXU�IDU�WUDQVIHU�LWHPV��WKLV�DOORZHG�XV�WR�UHWDLQ�D�GHFHQW�VDPSOH�VL]H�ZKLOH�EHLQJ�DEOH�WR

DSSUR[LPDWH�VWXGHQWV¶�SHUIRUPDQFH�RQ�WKH�DVVHVVPHQWV�

$OO����VWXGHQWV�ZHUH�LQ�QLQWK�JUDGH��$OJHEUD�,�FRXUVHV�UDQJLQJ�IURP�������\HDUV�ROG��0  

������\HDUV� 6'  �������2XU�VDPSOH�LQFOXGHG���������� IHPDOH�����������PDOH��DQG�WZR�����

QRQ�ELQDU\�VWXGHQWV��ZLWK�RQH�VWXGHQW�HOHFWLQJ�WR�QRW�UHSRUW�JHQGHU��)XUWKHU��VWXGHQWV�SURYLGHG

ZKHWKHU�WKH\�KDG�DQ\�SULRU�H[SHULHQFH�ZLWK�*0�����������RI�VWXGHQWV�UHVSRQGHG�³1R´����

������UHVSRQGHG�³<HV´��DQG���������VWXGHQWV�ZHUH�XQVXUH�ZKHWKHU�WKH\�KDG�DQ\�SULRU

H[SHULHQFH�XVLQJ�*0�

6WXG\�3URFHGXUH

7KLV�VWXG\�SURFHGXUH�UHFHLYHG�DSSURYDO�E\�RXU�LQVWLWXWLRQDO�UHYLHZ�ERDUG�SULRU�WR�GDWD

FROOHFWLRQ��7KH�VWXG\�ZDV�FRQGXFWHG�RQOLQH�LQ�VWXGHQWV¶�ZHE�EURZVHUV�WKURXJK�4XDOWULFV�DQG

*UDVSDEOH�0DWK�$FWLYLWLHV� DQ�H[WHQVLRQ�RI�*0�WKDW DOORZV�WHDFKHUV�WR�FUHDWH�DQG�DVVLJQ

DFWLYLWLHV�IRU�VWXGHQWV��KWWSV���DFWLYLWLHV�JUDVSDEOHPDWK�FRP�� 7HDFKHUV�DVVLJQHG�WKH�VWXG\�DV�DQ

LQ�FODVV�DFWLYLW\�IRU�VWXGHQWV�WR�FRPSOHWH�LQ�WKUHH�����WR����PLQXWH�VHVVLRQV�LQ�WKUHH�FRQVHFXWLYH

FODVV�SHULRGV��6WXGHQWV�ZHUH�LQVWUXFWHG�WR�ZRUN�LQGLYLGXDOO\�RQ�WKHLU�RZQ�GHYLFHV�DW�WKHLU�RZQ

SDFH�WR�FRPSOHWH�WKH�VWXG\��6WXGHQWV�ZHUH�DOORZHG�WR�XVH�ZULWLQJ�XWHQVLOV�DQG�VFUDS�SDSHU�EXW�QR

FDOFXODWRUV�DV�WKH\�FRPSOHWHG�WKH�VWXG\��:KLOH�WHDFKHUV�DVVLJQHG�WKH�DFWLYLW\�WR�WKHLU�VWXGHQWV�DQG

SURYLGHG�D�OLQN�WR�WKH�VWXG\��DOO�RWKHU�GLUHFWLRQV�IRU�VWXGHQWV�ZHUH�ZLWKLQ�WKH�RQOLQH�DVVLJQPHQWV

WR�PLQLPL]H�WKH�YDULDELOLW\�LQ�WKH�ILGHOLW\�RI�LPSOHPHQWDWLRQ�E\�WHDFKHUV�

2Q�'D\�2QH��VWXGHQWV�ZHUH�GLUHFWHG�WR�4XDOWULFV�WR�FRPSOHWH�DQ�HLJKW�LWHP�SUHWHVW�RQ

HTXDWLRQ�VROYLQJ�WR�PHDVXUH�WKHLU�DOJHEUD�NQRZOHGJH��2Q�'D\�7ZR��VWXGHQWV�RSHQHG�D�4XDOWULFV

���



VXUYH\�WKDW�UDQGRPL]HG�HDFK�VWXGHQW�LQWR�RQH�RI�IRXU�FRQGLWLRQV�DQG�DXWRPDWLFDOO\�UHGLUHFWHG�WKH

VWXGHQW�WR�*UDVSDEOH�0DWK�$FWLYLWLHV�ZLWKLQ�WKHLU�DVVLJQHG�FRQGLWLRQ��,Q�*UDVSDEOH�0DWK

$FWLYLWLHV��DOO�VWXGHQWV�FRPSOHWHG�D�EULHI��DSSUR[LPDWHO\�ILYH�PLQXWH��WUDLQLQJ�WXWRULDO��2QFH

VWXGHQWV�FRPSOHWHG�WKH�WXWRULDO��WKH\�FRPSOHWHG�IRXU�SDLUV�RI�ZRUNHG�H[DPSOHV�DQG�SUDFWLFH

SUREOHPV��7KH�ZRUNHG�H[DPSOH�IRUPDWV�DQG�LQVWUXFWLRQV YDULHG�DFURVV�FRQGLWLRQV� 7KH�ZRUNHG

H[DPSOHV�DQG�SDLUHG�SUDFWLFH�SUREOHPV�ZHUH�SUHVHQWHG�LQ�WKH�VDPH�RUGHU�DFURVV�WKH�IRXU

FRQGLWLRQV��DOWHUQDWLQJ�EHWZHHQ�D�ZRUNHG�H[DPSOH�IROORZHG�E\�D�SDLUHG�SUDFWLFH�SUREOHP�

,PPHGLDWHO\�DIWHU�FRPSOHWLQJ�WKH�IRXU�SDLUV�RI�ZRUNHG�H[DPSOHV�DQG�SUDFWLFH�SUREOHPV��VWXGHQWV

FRPSOHWHG�D�WHQ�LWHP�VXUYH\�WR�PHDVXUH�WKHLU�FRJQLWLYH�ORDG��2Q�'D\�7KUHH��VWXGHQWV�FRPSOHWHG

DQ�HLJKW�LWHP�SRVWWHVW�IROORZHG�E\�D�EULHI�GHPRJUDSKLFV�VXUYH\�DGPLQLVWHUHG�LQ�4XDOWULFV��7KH

PDWHULDOV�DQG�PHDVXUHV�IRU�HDFK�GD\�DUH�GHVFULEHG�EHORZ�

'D\�2QH��3UHWHVW

$OJHEUD�.QRZOHGJH�$VVHVVPHQWV

$Q�HLJKW�LWHP�SUHWHVW�PHDVXUHG�VWXGHQWV¶�DOJHEUD�NQRZOHGJH�DW�EDVHOLQH��7KH�SUHWHVW

FRQWDLQHG�VL[�RSHQ�VRXUFH�SUREOHPV��DGDSWHG�IURP�(QJDJH�1<�DQG�3URMHFW�8WDK�FXUULFXOD��DQG

WZR�LWHPV�ZLWK�VLPLODU�HTXDWLRQ�VWUXFWXUHV�WKDW�ZHUH�GHVLJQHG�E\�RXU�SURMHFW�WHDP��$SSHQGL[�$��

)RXU�RI�WKH�LWHPV�PDWFK�WKH�HTXDWLRQ�VWUXFWXUHV�XVHG�LQ�WKH�ZRUNHG�H[DPSOHV��LWHPV������������

DQG�WKH�RWKHU�IRXU�LWHPV�DUH�WUDQVIHU�SUREOHPV��LWHPV��������������)RU�HDFK�SUREOHP��VWXGHQWV�ZHUH

LQVWUXFWHG�WR��³6ROYH�WKH�IROORZLQJ�HTXDWLRQ��(QWHU WKH�YDOXH�RI�[�EHORZ�DV�D�ZKROH�QXPEHU�RU

IUDFWLRQ�´

7KHVH�DVVHVVPHQWV�ZHUH�XVHG�LQ�D�SUHYLRXV�VWXG\�ZLWK�D�VLPLODU�SRSXODWLRQ��6PLWK�HW�DO��

�������WKH�UHOLDELOLW\�FRHIILFLHQW�RI�WKHVH�HLJKW�LWHPV�ZDV�.5���� ������DW�SUHWHVW�DQG�.5���� 

�����DW�SRVWWHVW��VKRZLQJ�KLJK�LQWHUQDO�FRQVLVWHQF\�DFURVV�LWHPV��6WXGHQW�SHUIRUPDQFH�ZDV�QRW�DW

���



IORRU�RU�FHLOLQJ�IRU�DQ\�RI�WKH�LWHPV�LQ�WKH�SUHYLRXV�VWXG\��VXJJHVWLQJ�WKDW�WKH�DVVHVVPHQWV�ZRXOG

EH�DSSURSULDWH�PHDVXUHV�RI�DOJHEUD�NQRZOHGJH�IRU�WKLV�VWXG\��:LWK�WKH�FXUUHQW�VDPSOH��WKH

UHOLDELOLW\�FRHIILFLHQW�ZDV�.5���� �����DW�SUHWHVW�DQG�.5���� �����DW�SRVWWHVW��7KH�ORZHU

UHOLDELOLW\�FRHIILFLHQWV�LQ�WKH�FXUUHQW�VWXG\�PD\�EH�H[SODLQHG�E\�WKH�VPDOOHU�VDPSOH�VL]H�VLQFH�WKH

VDPSOHV�ZHUH�IURP�FRPSDUDEOH�SRSXODWLRQV��KRZHYHU��WKH�UHOLDELOLW\�RQ�SRVWWHVW�LWHPV�VWLOO

LQGLFDWHV�D�SRVLWLYH�FRUUHODWLRQ�DPRQJ�WKH�WHVW�LWHPV�

'D\�7ZR��,QWHUYHQWLRQ

7XWRULDOV

2Q�'D\�7ZR� VWXGHQWV�ZHUH�UDQGRPO\�DVVLJQHG�WR�RQH RI�WKH�IRXU�FRQGLWLRQV�DV�WKH\

RSHQHG�WKH�DVVLJQPHQW�OLQN� %DVHG�RQ�WKHLU�DVVLJQHG FRQGLWLRQ��VWXGHQWV�FRPSOHWHG�RQH�RI�WZR

WXWRULDO�WUDLQLQJV�SULRU�WR�VWDUWLQJ�WKH�LQWHUYHQWLRQ��6SHFLILFDOO\��VWXGHQWV�LQ�WKH PLUURU DQG

PLUURU�DQG�H[SODLQ FRQGLWLRQV�YLHZHG�VL[�ORRSLQJ�YLGHRV �RQH�DW�D�WLPH��GHPRQVWUDWLQJ�WKH

JHVWXUH�DFWLRQV�LQ�*0�IRU�����DULWKPHWLF�RSHUDWLRQV��H�J����䏙�䏙�䏙��������FRPPXWLQJ�D�WHUP��H�J��

PRYLQJ���IURP�WKH�OHIW�WR�ULJKW�VLGH�RI�WKH�H[SUHVVLRQ��H�J���WUDQVIRUPLQJ�����LQWR����������

FRPPXWLQJ�D�YDULDEOH�ZLWK�D�FRHIILFLHQW��H�J����[�� ����GLVWULEXWLQJ�D�QXPEHU�LQWR�SDUHQWKHVHV

�H�J���WUDQVIRUPLQJ������[��LQWR����[�������SHUIRUPLQJ LQYHUVH�RSHUDWLRQV�VXFK�DV�PRYLQJ�D

QXPEHU�IURP�RQH�VLGH�RI�WKH�HTXDOV�VLJQ�WR�WKH�RWKHU��DQG����SHUIRUPLQJ�LQYHUVH�RSHUDWLRQV�ZLWK

PXOWLSOLFDWLRQ�DQG�GLYLVLRQ�RQ�ERWK�VLGHV�RI�DQ�HTXDWLRQ��)RU�H[DPSOH��WR�SHUIRUP�PXOWLSOLFDWLRQ

LQ��䏙�䏙�䏙���WKH�YLGHR�GHPRQVWUDWHG�WDSSLQJ�WKH�PXOWLSOLFDWLRQ�GRW�EHWZHHQ���DQG���WR�WUDQVIRUP

WKH�H[SUHVVLRQ�LQWR��䏙�䏙���7KH�YLGHR�WKHQ�VKRZHG�VWXGHQWV�WKDW�WKH\�FDQ�DOVR�GUDJ���RQ�WRS�RI��

WR�PXOWLSO\�WKH�QXPEHUV�DQG�WUDQVIRUP�WKH�H[SUHVVLRQ�LQWR��䏙����1H[W�WR�HDFK�GHPRQVWUDWLRQ

YLGHR��VWXGHQWV�ZHUH�SURYLGHG�ZLWK�D�VWUXFWXUDOO\�VLPLODU�H[SUHVVLRQ��H�J������í�����WR�SUDFWLFH

HDFK�DFWLRQ�XVLQJ�*0��VLPLODU�WR�ZKDW�WKH\�ZHUH�LQVWUXFWHG�WR�GR�LQ�WKH�LQWHUYHQWLRQ �)LJXUH��D��

���



$W�WKH�HQG�RI�WKH�WXWRULDO��VWXGHQWV�VDZ�DQ�LQWHUDFWLYH�HTXDWLRQ���[��� ����DQG�XVHG�WKH�OHDUQHG

JHVWXUH�DFWLRQV�WR�VROYH�IRU [�

6WXGHQWV�LQ�WKH YLHZ DQG YLHZ�DQG�H[SODLQ FRQGLWLRQV FRPSOHWHG�D�VLPLODU�WXWRULDO��EXW

WKH\�GLG�QRW�XVH�*0�WR�SHUIRUP�DFWLRQV�RQ�WKH�SUDFWLFH�H[SUHVVLRQ��,QVWHDG��HDFK�SUDFWLFH

H[SUHVVLRQ�ZDV�UHSODFHG�ZLWK�D�GHPRQVWUDWLRQ�YLGHR��VR�VWXGHQWV�LQ�WKH�YLHZLQJ�FRQGLWLRQV�VDZ

WKH�VDPH�WUDQVIRUPDWLRQV�WKDW�VWXGHQWV�LQ�WKH�PLUURULQJ�FRQGLWLRQV�VDZ�EXW�GLG�QRW�KDYH�WKH

RSSRUWXQLW\�WR�LQWHUDFW�ZLWK�WKH�H[SUHVVLRQV��)LJXUH �E���6SHFLILFDOO\��VWXGHQWV�VDZ�WZR�YLGHRV

GHPRQVWUDWLQJ�HDFK�DFWLRQ��$W�WKH�HQG�RI�WKH�WXWRULDO��WKH\�YLHZHG�D�YLGHR�RI�WKH�HTXDWLRQ�VROYLQJ

SURFHVV�IRU���[��� ���DQG�ZHUH�DVNHG�WR�HQWHU�WKH VROXWLRQ�

)LJXUH��

7XWRULDO�H[DPSOH�LQ�WKH��D��PLUURULQJ�FRQGLWLRQV�DQG��E��YLHZLQJ�FRQGLWLRQV�

D E

:RUNHG�([DPSOHV�DQG�3DLUHG�3UDFWLFH�3UREOHPV

$IWHU�WKH�WXWRULDO�WUDLQLQJ��DOO�VWXGHQWV�FRPSOHWHG�IRXU�SDLUV�RI�ZRUNHG�H[DPSOHV�DQG

SUDFWLFH�SUREOHPV��7KH�ZRUNHG�H[DPSOHV�DQG�SUDFWLFH�SUREOHPV�ZHUH�XVHG�LQ�D�SUHYLRXV�VWXG\�RQ

ZRUNHG�H[DPSOHV��6PLWK�HW�DO����������DQG�ZHUH�WKH�VDPH�DFURVV�WKH�IRXU�FRQGLWLRQV��7KH�IRXU

FRQGLWLRQV�YDULHG�LQ�����ZKHWKHU�VWXGHQWV�YLHZHG�RU�PLUURUHG�WKH�ZRUNHG�H[DPSOHV��DQG����

ZKHWKHU�VWXGHQWV�SURYLGHG�VHOI�H[SODQDWLRQ�RI�WKH�ZRUNHG�H[DPSOHV��)RU�HDFK�ZRUNHG�H[DPSOH

���



DQG�SUDFWLFH�SUREOHP�SDLU��VWXGHQWV�ILUVW�VWXGLHG�WKH�ZRUNHG�H[DPSOH�DV�GLUHFWHG�E\�WKH

LQVWUXFWLRQV�GLVSOD\HG�IRU�WKHLU�FRQGLWLRQ��(YHQ�ZKLOH�NHHSLQJ�WKH�GRPDLQ�FRQWHQW�WKH�VDPH�

GLIIHUHQW�LPSOHPHQWDWLRQV�RI�ZRUNHG�H[DPSOHV�LQ�LQVWUXFWLRQDO�DFWLYLWLHV�FDQ�OHDG�WR�GLIIHUHQFHV

LQ�WLPH�RQ�WDVN�DPRQJ�VWXGHQWV��=KRX�HW�DO����������,Q�WKLV�FDVH��WKH�WLPH�VSHQW�RQ�VWXG\LQJ

ZRUNHG�H[DPSOHV�PD\�YDU\�V\VWHPDWLFDOO\�E\�FRQGLWLRQ��L�H���VWXGHQWV�LQ�PLUURU�DQG�H[SODLQ

FRQGLWLRQ�PD\�QDWXUDOO\�VSHQG�PRUH�WLPH�RQ�HDFK�ZRUNHG�H[DPSOH�FRPSDUHG�WR�VWXGHQWV�LQ�YLHZ

FRQGLWLRQ�GXH�WR�WKH�GLIIHUHQW�GHPDQGV�ZLWKLQ�HDFK�FRQGLWLRQ��VR ,�XVHG�D�WLPHU�LQ�WKH�*0�V\VWHP

WR�HQVXUH�WKDW�DOO�VWXGHQWV�LQ�DOO�FRQGLWLRQV�VSHQW�D�PLQLPXP�RI�WZR�PLQXWHV�RQ�HDFK�ZRUNHG

H[DPSOH�WR�PLQLPL]H�GLIIHUHQFHV�LQ�WLPH�RQ�H[DPSOH�EHWZHHQ�FRQGLWLRQV��VLPLODU�WR�SULRU�ZRUN

RQ�H[DPSOH�EDVHG�OHDUQLQJ��*LQQV�HW�DO���������

$IWHU�VWXG\LQJ�WKH�ZRUNHG�H[DPSOH��VWXGHQWV�VROYHG�WKH�SDLUHG�SUDFWLFH�SUREOHP�RQ�WKH

QH[W�VFUHHQ��(DFK�SUDFWLFH�SUREOHP�GLVSOD\HG�D�VLPLODU�HTXDWLRQ�VWUXFWXUH�DV�WKH�ZRUNHG�H[DPSOH

SULRU�EXW�ZLWKRXW�D�ZRUNHG�H[DPSOH�LQ�YLHZ�WR�UHIHUHQFH��7KH�HTXDWLRQV�DQG�GHULYDWLRQV�XVHG�IRU

WKH ZRUNHG�H[DPSOHV�ZHUH�GHYHORSHG�E\�5LWWOH�-RKQVRQ DQG�6WDU���������DQG�XVHG�LQ�WKHLU

SUHYLRXV�ZRUN�RQ�ZRUNHG�H[DPSOHV��$SSHQGL[�%���,�FUHDWHG�WKH�IRXU�SDLUHG�SUDFWLFH�SUREOHPV�WR

PDWFK�WKH�VWUXFWXUH�RI�HDFK�ZRUNHG�H[DPSOH��)RU�HDFK�SUDFWLFH�SUREOHP��VWXGHQWV�VROYHG�IRU�WKH

YDULDEOH�LQ�WKH�HTXDWLRQ�DQG�HQWHUHG�WKHLU�DQVZHU�DV�D�QXPEHU�

$GGLWLRQDOO\��LQ�WKH�H[SODLQ�FRQGLWLRQV��L�H���YLHZ�DQG�H[SODLQ��PLUURU�DQG�H[SODLQ���,

SUHVHQWHG�ORZO\�VWUXFWXUHG��SULQFLSOH�EDVHG�VHOI�H[SODQDWLRQ�SURPSWV��5HQNO�	�(LWHO��������WKDW

HQFRXUDJHG�VWXGHQWV�WR�FRQQHFW�WKH�REVHUYHG�SURFHGXUHV�LQ�WKH�ZRUNHG�H[DPSOHV�ZLWK�WKH

XQGHUO\LQJ�PDWKHPDWLFDO�SULQFLSOHV�WKDW�DUH�EHKLQG�HDFK�GHULYDWLRQ�VWHS��7KHVH�RSHQ�HQGHG

SURPSWV�SURYLGHG�VWXGHQWV�RSSRUWXQLWLHV�WR�PDNH�LPSOLFLW�NQRZOHGJH�H[SOLFLW�ZKLOH�NHHSLQJ�WKH

H[SHULPHQWDO�VHVVLRQ�ZLWKLQ����PLQXWHV��IHDVLEOH�IRU�LQ�FODVV�GDWD�FROOHFWLRQ��$OWKRXJK�WKH�W\SLFDO

���



SUDFWLFH�LV�WR�SURYLGH�VWXGHQWV�ZLWK�FRUUHFW�H[SODQDWLRQV�SULRU�WR�VHOI�H[SODQDWLRQV�SURPSWV��H�J��

5LWWOH�-RKQVRQ�	�/RHKU��������5HQNO�	�(LWHO���������,�GHFLGHG�WR�RQO\�SURYLGH�WKH

VHOI�H[SODQDWLRQ�SURPSWV�LQ�RUGHU�WR�PDLQWDLQ�WKH�IHDVLELOLW\�RI�WKH�VWXG\��%HFDXVH�VWXGHQWV�LQ�WKH

PLUURU�DQG�H[SODLQ�FRQGLWLRQ�ZHUH�DOUHDG\�VWXG\LQJ�WKH�ZRUNHG�H[DPSOHV��UHSURGXFLQJ�WKHP

XVLQJ�*0��DQG�H[SODLQLQJ�WKHLU�VWHSV��,�ZDQWHG�WR�DYRLG�RYHUZKHOPLQJ�WKHP�ZLWK�VWXG\LQJ

FRUUHFW�H[SODQDWLRQV��DQG�SRWHQWLDOO\�OHQJWKHQLQJ�6HVVLRQ���EH\RQG����PLQXWHV��3URPSWLQJ

VWXGHQWV�WR�H[SODLQ�WKH�VWHSV�ZLWKLQ�HDFK�ZRUNHG�H[DPSOH�LV�DOVR�DOLJQHG�ZLWK�SULRU�ZRUN�WKDW

GHPRQVWUDWHV�WKH�EHQHILWV�RI�KDYLQJ�VWXGHQWV�VHOI�H[SODLQ�VXEJRDOV�ZLWKLQ�SUREOHPV��0DUJXOLHX[

HW�DO���������

&RQGLWLRQV

7KLV�VWXG\�XVHG�D����3UHVHQWDWLRQ��YLHZ�RU�PLUURU�䘡 ���6HOI�H[SODQDWLRQ��SURPSW�RU�QR

SURPSW��EHWZHHQ�VXEMHFWV�GHVLJQ�WR�H[DPLQH�WKH�HIIHFW�RI�IRXU�H[SHULPHQWDO�FRQGLWLRQV�RQ

VWXGHQW�OHDUQLQJ��6WXGHQWV�ZHUH�UDQGRPO\�DVVLJQHG�WR�RQH�RI�WKH�IRXU�FRQGLWLRQV�LQ�ZKLFK�WKH\

ZRXOG���� YLHZ ZRUNHG�H[DPSOHV� �� YLHZ�DQG�H[SODLQ ZRUNHG�H[DPSOHV���� PLUURU ZRUNHG

H[DPSOHV��RU��� PLUURU�DQG�H[SODLQ ZRUNHG�H[DPSOHV DV�WKH\�FRPSOHWHG�WKH�DVVLJQPHQW��)LJXUH

���

9LHZ�&RQGLWLRQ� )RU�HDFK�ZRUNHG�H[DPSOH��VWXGHQWV LQ�WKH YLHZ FRQGLWLRQ�VDZ�WZR

SUHVHQWDWLRQV�RI�D�ZRUNHG�H[DPSOH�RQ�VFUHHQ��)LUVW��WKH�ZRUNHG�H[DPSOH�LPDJH�RQ�WKH�OHIW�VLGH�RI

WKH�VFUHHQ�GLVSOD\HG�WKH�PDMRU�GHULYDWLRQV�RI�HDFK�SUREOHP�LQ�D�VWDWLF�LPDJH��PRGHOHG�IURP

GHULYDWLRQV�XVHG�LQ�SULRU�UHVHDUFK��5LWWOH�-RKQVRQ�	�6WDU���������6HFRQG��WKH�ZRUNHG�H[DPSOH�RQ

WKH�ULJKW�VLGH�RI�WKH�VFUHHQ�GLVSOD\HG�D�ORRSLQJ�YLGHR�RI�WKH�SUREOHP�EHLQJ�WUDQVIRUPHG�LQ�*0��,

LQFOXGHG�WKH�ORRSLQJ�YLGHR�VR�WKDW�VWXGHQWV�LQ�WKH�YLHZ�DQG�PLUURU�FRQGLWLRQV�ERWK�VDZ�WKH

G\QDPLF�SUREOHP�VROYLQJ�SURFHVV��WKH�RQO\�GLIIHUHQFH�LV�WKDW�VWXGHQWV�LQ�WKH�PLUURU�FRQGLWLRQV

���



JHQHUDWHG�WKH�SUREOHP�VROYLQJ�SURFHVV�WKHPVHOYHV�WKURXJK�JHVWXUH�DFWLRQV��,Q�WKH�YLHZ

FRQGLWLRQ��VWXGHQWV�ZHUH�SURPSWHG�WR�³6WXG\�WKH�ZRUNHG H[DPSOH��2QFH�\RX�IHHO�FRPIRUWDEOH

ZLWK�WKH�VWHSV�WDNHQ�WR�VROYH�IRU�WKH�YDULDEOH��VHOHFW�WKH�VROXWLRQ�EHORZ�DV�\RXU�DQVZHU�´��)LJXUH

�D���,�LQFOXGHG�WKH�PXOWLSOH�FKRLFH�TXHVWLRQ�DVNLQJ�VWXGHQWV�WR�VHOHFW�WKH�VROXWLRQ�RI�WKH�HTXDWLRQ

LQ�RUGHU�WR�HQVXUH�WKDW�WKH�VWXGHQWV�LQ�WKH�YLHZ�FRQGLWLRQ�VWXGLHG�WKH�ZRUNHG�H[DPSOHV�

9LHZ�DQG�([SODLQ�&RQGLWLRQ� 6WXGHQWV�LQ�WKH YLHZ�DQG�H[SODLQ FRQGLWLRQ�ZHUH�SURPSWHG

WR�VWXG\�WKH�VDPH�ZRUNHG�H[DPSOHV�SUHVHQWHG�LQ�WKH�YLHZ�FRQGLWLRQ��$GGLWLRQDOO\��WKH\�ZHUH

SURPSWHG�WR�SURYLGH�D�W\SHG�H[SODQDWLRQ�IRU�HDFK�VWHS�RI�WKH�ZRUNHG�H[DPSOH��6SHFLILFDOO\�

VWXGHQWV�ZHUH�SURPSWHG�WR�³6WXG\�WKH�ZRUNHG�H[DPSOH� 8VH�WKH�ER[�EHORZ�WR�H[SODLQ�HDFK�VWHS�LQ

WKH�ZRUNHG�H[DPSOH��2QFH�\RX�KDYH�H[SODLQHG�WKH�VWHSV��VHOHFW�WKH�VROXWLRQ�WR�WKH�HTXDWLRQ�´

%HQHDWK�WKH�ZRUNHG�H[DPSOH��VWXGHQWV�DOVR�VDZ�D�IUHH�UHVSRQVH�ER[�DQG�WKH�IROORZLQJ

LQVWUXFWLRQV��³([SODLQ�WKH�VWHSV�WR�WKH�ZRUNHG�H[DPSOH KHUH�´��)LJXUH��E���/LNH�WKH�YLHZ

FRQGLWLRQ��,�LQFOXGHG�WKH�PXOWLSOH�FKRLFH�TXHVWLRQ�WR�HQVXUH�WKDW�WKH�VWXGHQWV�VWXGLHG�WKH�ZRUNHG

H[DPSOHV�

0LUURU�&RQGLWLRQ� )RU�HDFK�ZRUNHG�H[DPSOH�SUREOHP� VWXGHQWV�LQ�WKH PLUURU FRQGLWLRQ

VDZ�D�VWDWLF�LPDJH�RI�D�ZRUNHG�H[DPSOH�GLVSOD\HG�DW�WKH�WRS�RI�WKH�VFUHHQ��DQG�DQ�LQWHUDFWLYH

SUREOHP�HTXDWLRQ�SUHVHQWHG�LQ�WKH�PLGGOH�RI�WKH�VFUHHQ��7KH\�ZHUH�LQVWUXFWHG�WR�PDQLSXODWH�WKH

HTXDWLRQ�XVLQJ�*0�LQ�RUGHU�WR�PDWFK�WKHLU�VROXWLRQ�VWHSV�ZLWK�WKH�ZRUNHG�H[DPSOH�LPDJH�

6SHFLILFDOO\��VWXGHQWV�VDZ�WKH�IROORZLQJ�SURPSW��³8VH WKH�ZRUNHG�H[DPSOH�DV�D�JXLGH�WR

FRPSOHWH�WKH�SUREOHP�EHORZ�XVLQJ�WKH�*UDVSDEOH�0DWK�ZRUNVSDFH��<RX�PD\�UHVHW�WKH�SUREOHP�DV

QHHGHG�´��)LJXUH��F��

0LUURU�DQG�([SODLQ�&RQGLWLRQ� ,Q�DGGLWLRQ�WR�PLUURULQJ ZRUNHG�H[DPSOHV��VWXGHQWV�LQ

WKH PLUURU�DQG�H[SODLQ FRQGLWLRQ�ZHUH�DOVR�SURPSWHG WR�SURYLGH�D�VHOI�H[SODQDWLRQ�RI�HDFK�VWHS

���



WDNHQ��6SHFLILFDOO\��VWXGHQWV�VDZ�WKH�IROORZLQJ�SURPSW��³8VH�WKH�ZRUNHG�H[DPSOH�DV�D�JXLGH�WR

FRPSOHWH�WKH�SUREOHP�EHORZ�XVLQJ�WKH�*UDVSDEOH�0DWK�ZRUNVSDFH��<RX�PD\�UHVHW�WKH�SUREOHP�DV

QHHGHG��$IWHU��XVH�WKH�ER[�EHORZ�WR�H[SODLQ�HDFK�VWHS�LQ�WKH�ZRUNHG�H[DPSOH�´�%HQHDWK�WKH

ZRUNHG�H[DPSOH�DQG�ZRUNVSDFH��VWXGHQWV�VDZ�D�WH[W�ER[�LQVWUXFWLQJ��³([SODLQ�WKH�VWHSV�WR�WKH

ZRUNHG�H[DPSOH�KHUH�´��)LJXUH��G��

���
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&RJQLWLYH�/RDG�0HDVXUH

7R�PHDVXUH�VWXGHQWV¶�FRJQLWLYH�ORDG�LPPHGLDWHO\�DIWHU�FRPSOHWLQJ�WKH�LQWHUYHQWLRQ��,

PDGH�PLQRU�PRGLILFDWLRQV�WR�DQ�LQVWUXPHQW�FUHDWHG�DQG�YDOLGDWHG�E\�/HSSLQN�DQG�FROOHDJXHV

�������LQ�D�VHULHV�RI�VWXGLHV��1RWDEO\��ZKHUHDV�PRVW�SULRU�LQVWUXPHQWV�KDYH�QRW�DWWHPSWHG�WR

GLVWLQJXLVK�EHWZHHQ�GLIIHUHQW�W\SHV�RI�FRJQLWLYH�ORDG��6ZHOOHU�HW�DO����������WKLV����LWHP

LQVWUXPHQW�FDSWXUHV�OHYHOV�RI�LQWULQVLF�ORDG��LWHPV����������Į�!�����DFURVV�VWXGLHV���H[WUDQHRXV�ORDG

�LWHPV����������Į�������DFURVV�VWXGLHV���DQG�JHUPDQH�ORDG��LWHPV��������������Į�!�����DFURVV

VWXGLHV���7KLV�PHDVXUH�RI�FRJQLWLYH�ORDG�KDV�VLQFH�EHHQ�XVHG�E\�/HSSLQN�DQG�FROOHDJXHV�������

DV�ZHOO�DV�PRUH�UHFHQWO\�E\�7DQJ�DQG�FROOHDJXHV��������LQ�D�VWXG\�RQ�WKH�HIIHFWV�RI�SK\VLFDO

WUDFLQJ�GXULQJ�ZRUNHG�H[DPSOH�SUDFWLFH�RQ�OHDUQLQJ��+HUH��,�VOLJKWO\�PRGLILHG�WKH�ODQJXDJH�XVHG

LQ�HDFK�LWHP�WR�PDWFK�WKH�VFRSH�RI�WKH�FXUUHQW�VWXG\�ZKLOH�NHHSLQJ�WKH����SRLQW�/LNHUW�VFDOH

FRQVLVWHQW�ZLWK�SUHYLRXV�ZRUN��$SSHQGL[�&���6WXGHQWV¶�FRJQLWLYH�ORDG�VFRUH�ZDV�FDOFXODWHG�DV

WKH�DYHUDJH�RI�WKH����LWHPV��6WXGHQWV¶�LQWULQVLF��H[WUDQHRXV��DQG�JHUPDQH�ORDG�ZHUH�UHVSHFWLYHO\

FDOFXODWHG�DV�WKH�DYHUDJH�DFURVV�WKH�LWHPV�SHUWDLQLQJ�WR�WKDW�FRQVWUXFW�

'D\�7KUHH��3RVWWHVW

$Q�HLJKW�LWHP�SRVWWHVW�ZLWK�LWHPV�WKDW�PLUURU�WKH�SUHWHVW�LQ�HTXDWLRQ�VWUXFWXUH�DVVHVVHG

VWXGHQWV¶�NQRZOHGJH�DIWHU�WKH�LQWHUYHQWLRQ��$SSHQGL[�$���/LNH�WKH�SUHWHVW��VWXGHQWV�ZHUH

LQVWUXFWHG�WR�VROYH�IRU�WKH�YDULDEOH�LQ�HDFK�HTXDWLRQ��$GGLWLRQDOO\��VWXGHQWV�FRPSOHWHG�D�EULHI

GHPRJUDSKLFV�VXUYH\�WR�VSHFLI\�WKHLU�JHQGHU��DJH��JUDGH�OHYHO��DQG�SULRU�H[SHULHQFH�ZLWK�*0�

���



$SSURDFK�WR�$QDO\VLV

6WXGHQWV¶�SUHWHVW��SRVWWHVW��DQG�GHPRJUDSKLF�GDWD�ZHUH�SXOOHG�IURP�4XDOWULFV�DQG

VWXGHQWV¶�EHKDYLRU�DQG�SUREOHP�VROYLQJ�GDWD�ZHUH�SXOOHG�IURP�*0�ORJ�ILOHV��7KHVH�GDWD�ZHUH

FRPELQHG�DQG�DJJUHJDWHG�DW�WKH�VWXGHQW�OHYHO��L�H���RQH�URZ�SHU�VWXGHQW��IRU�DQDO\VHV��)LUVW��,

FRQGXFWHG�GHVFULSWLYH�VWDWLVWLFV�WR�FXOO�FDVHV�OLVWZLVH�DV�QHHGHG��1H[W��IRU�SULPDU\�DQDO\VHV��,

WHVWHG�RXU�ILUVW�WKUHH�K\SRWKHVHV�XVLQJ�-$63�VRIWZDUH��-$63�7HDP��������:DJHQPDNHUV�HW�DO��

������WR�FRQGXFW�D����7LPH��3UHWHVW�DQG�3RVWWHVW�䘡 ���3UHVHQWDWLRQ��9LHZ�YV�0LUURU�䘡 �

�6HOI�([SODQDWLRQ��3URPSW�RU�1R�3URPSW��UHSHDWHG�PHDVXUHV�$129$��,�FRQGXFWHG�WKH�$129$

XVLQJ�ERWK�IUHTXHQWLVW�DQG�%D\HVLDQ�PHWKRGV��,Q�DGGLWLRQ�WR�UHSRUWLQJ�WKH�IUHTXHQWLVW�VWDWLVWLFV�

WKH�%D\HVLDQ�UHVXOWV�SURYLGH�PXOWLSOH�DIIRUGDQFHV�RYHU�IUHTXHQWLVW�DQDO\VHV�VXFK�DV�WHVWLQJ�WKH

QXOO�K\SRWKHVLV�GLUHFWO\�DQG�SURYLGLQJ�DQRWKHU�LQWHUSUHWDWLRQ�RI�WKH�UHVXOWV��YDQ�GH�6FKRRW�	

'HSDROL���������)RU�WKH�%D\HVLDQ�$129$� ,�XVHG�WKH GHIDXOW��QRQ�LQIRUPDWLYH�SULRU

VSHFLILFDWLRQV�LQ�-$63�DV�UHFRPPHQGHG�EHFDXVH�,�GLG�QRW�KDYH�VXIILFLHQW�LQIRUPDWLRQ�WR�XVH�DQ

LQIRUPHG�SULRU��7KH�GHIDXOW�VSHFLILFDWLRQ�XVHV�D�-=6 �PXOWLYDULDWH�&DXFK\��SULRU�RQ�WKH�HIIHFW

VFDOHV�ZLWK�D�GHIDXOW�VFDOH�RI�����

,�LQWHUSUHWHG�WKH�%D\HV�)DFWRU��%)䈺䈹��EDVHG�RQ�FRPPRQ�WKUHVKROGV��6FK|QEURGW�	

:DJHQPDNHUV���������6SHFLILFDOO\��D�YDOXH�VPDOOHU WKDQ���������DQG������SURYLGHV�DQHFGRWDO�

PRGHUDWH��DQG�VWURQJ�HYLGHQFH�IRU�WKH�QXOO�K\SRWKHVLV��UHVSHFWLYHO\��6LPLODUO\��D�YDOXH�JUHDWHU

WKDQ�������DQG����SURYLGHV�DQHFGRWDO��PRGHUDWH��DQG�VWURQJ�HYLGHQFH�IRU�WKH�DOWHUQDWLYH

K\SRWKHVLV��UHVSHFWLYHO\��7KLV�DQDO\VLV�SODQ�DOORZHG�XV�WR�GHWHFW�HYLGHQFH�LQ�IDYRU�RI�WKH

H[SHULPHQWDO�RU�QXOO�K\SRWKHVLV�IRU�HDFK�RI�RXU�UHVHDUFK�TXHVWLRQV�DV�IROORZV�

�� 7KH�7LPH䘡 3UHVHQWDWLRQ�HIIHFW�GHWHFWHG�ZKHWKHU�VWXGHQWV OHDUQ�PRUH�IURP�YLHZLQJ�RU

PLUURULQJ�ZRUNHG�H[DPSOHV�WR�DQVZHU�RXU�ILUVW�UHVHDUFK�TXHVWLRQ�

���



�� 7KH�7LPH䘡 6HOI�([SODQDWLRQ�HIIHFW�GHWHFWHG�ZKHWKHU�VWXGHQWV�OHDUQ�PRUH�IURP�ZRUNHG

H[DPSOHV�ZLWK�RU�ZLWKRXW�VHOI�H[SODQDWLRQ�SURPSWV�WR�DQVZHU�RXU�VHFRQG�UHVHDUFK

TXHVWLRQ�

�� /DVW��WKH�7LPH 䘡 3UHVHQWDWLRQ 䘡 6HOI�([SODQDWLRQ�HIIHFW LQGLFDWHG�ZKHWKHU WKHUH�ZDV�DQ

LQWHUDFWLRQ�EHWZHHQ�ZRUNHG�H[DPSOH�SUHVHQWDWLRQV�DQG�VHOI�H[SODQDWLRQ�SURPSWV�RQ

OHDUQLQJ�LQ�RUGHU�WR�DQVZHU�RXU�WKLUG�UHVHDUFK�TXHVWLRQ�

)LQDOO\��WR�H[SORUH�WKH�LPSDFW�RI�HDFK�ZRUNHG�H[DPSOH�FRQGLWLRQ�RQ�VWXGHQWV¶�FRJQLWLYH

ORDG�OHYHOV��,�FRQGXFWHG�D�VHULHV�RI����3UHVHQWDWLRQ��䘡����6HOI�([SODQDWLRQ��$129$V�FRPSDULQJ

VWXGHQWV¶�VHOI�UHSRUWHG�FRJQLWLYH�ORDG�OHYHOV�E\�FRQGLWLRQ��)LUVW��VWXGHQWV¶�DYHUDJH�FRJQLWLYH�ORDG

VFRUH�ZDV�WKH�RXWFRPH�YDULDEOH��IROORZHG�E\�VWXGHQWV¶�DYHUDJH�VFRUHV�IRU�LQWULQVLF�ORDG��LWHPV���

�������H[WUDQHRXV�ORDG��LWHPV����������DQG�JHUPDQH�ORDG����������������7KHVH�DQDO\VHV�ZHUH

LQWHUSUHWHG�EDVHG�RQ�WKH�VDPH�JXLGHOLQHV�UHSRUWHG�DERYH�

5HVXOWV

3UHOLPLQDU\�$QDO\VHV

7DEOH��

'HVFULSWLYH�6WDWLVWLFV�RI�(DFK�9DULDEOH��1 ���

0HDQ 6' 0LQ±0D[ 6NHZQHVV .XUWRVLV

3UHWHVW�6FRUH ��� ��� ����� ���� �����

3RVWWHVW�6FRUH ��� ��� ��� ��� ����

&RJQLWLYH�/RDG�6FRUH ���� ���� ����� ��� ����

,QWULQVLF�/RDG ���� ���� ���� ��� ���

([WUDQHRXV�/RDG ���� ���� ��� ��� ����

*HUPDQH�/RDG ���� ���� ���� ��� �����

���



7DEOH���SUHVHQWV�GHVFULSWLYH�VWDWLVWLFV��LQFOXGLQJ�WKH�UDQJH�DQG�GLVWULEXWLRQ��RI�IRFDO

YDULDEOHV�IRU�WKH�IXOO�VDPSOH��$OO�YDULDEOHV�UHIOHFW�FORVH�WR�QRUPDO�GLVWULEXWLRQV��,PSRUWDQWO\��QR

VWXGHQWV�VFRUHG�DW�FHLOLQJ�RQ�WKH�SUHWHVW��:KLOH����������VWXGHQWV�VFRUHG�DW�IORRU�RQ�WKH�SUHWHVW

DQG�WZR������VWXGHQWV�VFRUHG�DW�IORRU�RQ�WKH�SRVWWHVW��VWXGHQWV¶�VFRUHV�VXJJHVW�WKDW�WKHVH�LWHPV

ZHUH�GLIILFXOW�EXW�DSSURSULDWH�IRU�SDUWLFLSDQWV�LQ�WKH�VDPSOH��OHDYLQJ�URRP�IRU�LPSURYHPHQW�IURP

SUHWHVW�WR�SRVWWHVW��7KHVH�VWXGHQWV�ZHUH�LQFOXGHG�LQ�DQDO\VHV�GXH�WR�WKH�VPDOO�VDPSOH�VL]H�DQG

SUHOLPLQDU\�QDWXUH�RI�WKHVH�UHVXOWV��$GGLWLRQDOO\��D�RQH�ZD\�$129$�GLG�QRW�GHWHFW�DQ\

VLJQLILFDQW�GLIIHUHQFHV�LQ�SUHWHVW�VFRUH�E\�FRQGLWLRQ��)>����@ ������� S  �������ᶙ�  �������

7DEOH��

$YHUDJH��6'��RI�)RFDO�9DULDEOHV�E\�&RQGLWLRQ

9LHZ
�Q  ����

9LHZ�DQG�([SODLQ
�Q  ����

0LUURU
�Q  ����

0LUURU�DQG�([SODLQ
�Q  ����

3UHWHVW�6FRUH ��������� ��������� ��������� ���������

3RVWWHVW�6FRUH ��������� ��������� ��������� ���������

&RJQLWLYH�/RDG ����������� ����������� ����������� �����������

,QWULQVLF�/RDG ����������� ����������� ����������� �����������

([WUDQHRXV�/RDG ����������� ����������� ����������� �����������

*HUPDQH�/RDG ����������� ����������� ����������� �����������

1RWH��6'� �VWDQGDUG�GHYLDWLRQ��PLQV� �PLQXWHV

%HORZ��7DEOH���SUHVHQWV�WKH�FRUUHODWLRQV�EHWZHHQ�HDFK�IRFDO�YDULDEOH��$V�H[SHFWHG�

VWXGHQWV¶�SUHWHVW�DQG�SRVWWHVW�VFRUHV�ZHUH�SRVLWLYHO\�FRUUHODWHG�ZLWK�RQH�DQRWKHU��$OVR�DV

H[SHFWHG��VWXGHQWV¶�RYHUDOO�FRJQLWLYH�ORDG�ZDV�SRVLWLYHO\�FRUUHODWHG�ZLWK�HDFK�FRQVWUXFW�ZLWKLQ

WKH�VFDOH��L�H���LQWULQVLF��H[WUDQHRXV��DQG�JHUPDQH�ORDG���+RZHYHU��WKH�VXEVFDOHV�ZHUH

ORZ�WR�PRGHUDWHO\�FRUUHODWHG�ZLWK�RQH�DQRWKHU��PRWLYDWLQJ�WKH�QHHG�WR�DQDO\]H�WKH�VXEVFDOHV

LQGLYLGXDOO\�LQ�DGGLWLRQ�WR�VWXGHQWV¶�DJJUHJDWH�FRJQLWLYH�ORDG�VFRUH�

���



7DEOH��

&RUUHODWLRQV�EHWZHHQ�HDFK�YDULDEOH

3UHWHVW
6FRUH

3RVWWHVW
6FRUH

&RJQLWLYH
/RDG�6FRUH

,QWULQVLF
/RDG

([WUDQHRXV
/RDG

*HUPDQH
/RDG

3UHWHVW�6FRUH ±

3RVWWHVW�6FRUH ����


 ±

&RJQLWLYH�/RDG
6FRUH

����� ����� ±

,QWULQVLF�/RDG ����� ����� ����


 ±

([WUDQHRXV�/RDG ����� ������
���� ����


 ����

 ±

*HUPDQH�/RDG ����� ����� ����


 ����
 ���� ±

1RWH��9DOXHV�UHSUHVHQW�3HDUVRQ¶V�U�IRU�WKH�FRUUHODWLRQ FRHIILFLHQW�

S ������ 

S ������


S �������

3ULPDU\�$QDO\VLV

$ ���7LPH��3UHWHVW�YV�3RVWWHVW��䘡����3UHVHQWDWLRQ� 9LHZ�YV�0LUURU��䘡��

�6HOI�([SODQDWLRQ��3URPSW�RU�1R�3URPSW��UHSHDWHG�PHDVXUHV�$129$�UHYHDOHG�D�PDLQ�HIIHFW�RI

WLPH��)>����@ ������� S ��������ȘS�  �������VKRZLQJ WKDW��LQ�JHQHUDO��VWXGHQWV�LPSURYHG�IURP

SUHWHVW��0  ����� 6'  ������WR�SRVWWHVW��0  ����� 6'  �������7KH�%D\HVLDQ�$129$�SURYLGHG

VWURQJ�HYLGHQFH�LQ�VXSSRUW�RI�WKH�PDLQ�HIIHFW�RI�WLPH��%)��  ������
������7KHUH�ZDV�QR�PDLQ

HIIHFW�RI�PLUURULQJ�YV��YLHZLQJ�ZRUNHG�H[DPSOHV��)>����@ ����� S  ������ȘS�  ��������ZLWK

DQHFGRWDO�HYLGHQFH�LQ�VXSSRUW�RI�WKLV�QXOO�HIIHFW��%)��  ��������7KHUH�ZDV�D�PDUJLQDO�HIIHFW�RI

VHOI�H[SODQDWLRQ�SURPSWV��)>����@ ������ S  ����� ƾ�  �������EXW�WKH�%D\HVLDQ�$129$�SURYLGHG

DQHFGRWDO�HYLGHQFH�LQ�VXSSRUW�RI�WKH�QXOO�K\SRWKHVLV��L�H���VXJJHVWLQJ�QR�HIIHFW�RI�VHOI�H[SODQDWLRQ

SURPSWV��%)��  ��������7KHUH�ZDV�DOVR�D�PDUJLQDO�7LPH 䘡�6HOI�H[SODQDWLRQ�SURPSW�LQWHUDFWLRQ

���



�)>����@ ������ S  ������ȘS�  ��������ZLWK�VWURQJ�HYLGHQFH�LQ�VXSSRUW�RI�WKLV�LQWHUDFWLRQ��%)��  

�����
������3RVW�KRF�FRPSDULVRQV�ZLWK�%RQIHUURQL�FRUUHFWLRQV UHYHDOHG�WKDW�DOO�VWXGHQWV

SHUIRUPHG�FRPSDUDEO\�DW�SUHWHVW�DQG�VLJQLILFDQWO\�LPSURYHG�IURP�SUHWHVW�WR�SRVWWHVW��S ��������

KRZHYHU��WKLV�HIIHFW�ZDV�ODUJHU�IRU�VWXGHQWV�LQ�WKH�VHOI�H[SODQDWLRQ�SURPSW�FRQGLWLRQV�

6SHFLILFDOO\��VWXGHQWV�ZKR�UHFHLYHG�VHOI�H[SODQDWLRQ�SURPSWV�GHPRQVWUDWHG�ODUJHU�JURZWK

�SUHWHVW� 0  ����� 6'  ������SRVWWHVW�0  ����� 6'  ����� S ��������ZKR�GLG�QRW�UHFHLYH

VHOI�H[SODQDWLRQ�SURPSWV��SUHWHVW� 0  ����� 6'  ����� SRVWWHVW�0  ����� 6'  ���� S  �������)LJXUH

���

)LJXUH��

7LPH�䘡�6HOI�([SODQDWLRQ�3URPSW�(IIHFW�RQ�6WXGHQW�/HDUQLQJ�7KURXJK�:RUNHG�([DPSOHV

(IIHFWV�RI�:RUNHG�([DPSOH�&RQGLWLRQ�RQ�&RJQLWLYH�/RDG

7R�DQVZHU�RXU�IRXUWK�UHVHDUFK�TXHVWLRQ�LQYHVWLJDWLQJ�ZKHWKHU�VWXGHQWV�UHSRUWHG�GLIIHUHQW

OHYHOV�RI�FRJQLWLYH�ORDG�E\�FRQGLWLRQ��,�UDQ�D�VHULHV�RI����3UHVHQWDWLRQ��䘡����6HOI�([SODQDWLRQ�

$129$V�DQG�UHSHDWHG�WKHP�DV�%D\HVLDQ�$129$V��)LUVW��DQ�$129$�UHYHDOHG�QR�PDLQ�HIIHFW�RI

SUHVHQWDWLRQ��)>����@ ������� S  �������ȘS�  ������ RU�VHOI�H[SODQDWLRQ�SURPSWV�RQ�VWXGHQWV¶

RYHUDOO�FRJQLWLYH�ORDG��)>����@ ������� S  ������ ȘS�  ��������ZLWK�DQHFGRWDO�WR�PRGHUDWH

���



HYLGHQFH�LQ�VXSSRUW�RI�WKHVH�QXOO�ILQGLQJV��%)��  ������DQG�%)��  ��������1H[W��DQ�$129$

UHYHDOHG�QR�PDLQ�HIIHFW�RI�SUHVHQWDWLRQ��)>����@ ������ S  �������ȘS�  �������RU�VHOI�H[SODQDWLRQ

SURPSWV�RQ�VWXGHQWV¶�H[WUDQHRXV�FRJQLWLYH�ORDG��)>����@ ������ S  �������ȘS�  ��������ZLWK

PRGHUDWH�HYLGHQFH�LQ�VXSSRUW�RI�WKHVH�QXOO�ILQGLQJV��%)��  ������DQG�%)��  ��������6LPLODUO\�

WKHUH�ZDV�QR�PDLQ�HIIHFW�RI�SUHVHQWDWLRQ��)>����@ ������ S  �������ȘS�  �������RU

VHOI�H[SODQDWLRQ�SURPSWV�RQ�VWXGHQWV¶�JHUPDQH�ORDG��)>����@ ������� S  �������ȘS�  ��������ZLWK

PRGHUDWH�HYLGHQFH�LQ�VXSSRUW�RI�WKHVH�QXOO�ILQGLQJV��%)��  ������DQG�%)��  �������

+RZHYHU��DQ�$129$�GLG�GHWHFW�D�PDUJLQDOO\�VLJQLILFDQW�HIIHFW�RI�SUHVHQWDWLRQ��)>����@ 

������ S  �������ȘS�  �������RQ�VWXGHQWV¶�LQWULQVLF ORDG��ZLWK�DQHFGRWDO�WR�QR�HYLGHQFH�VXSSRUWLQJ

WKLV�UHVXOW��%)��  ���������7KHUH�ZDV�QR�PDLQ�HIIHFW RI�VHOI�H[SODQDWLRQ�SURPSWV�RQ�VWXGHQWV¶

LQWULQVLF�ORDG��)>����@ ������� S  �������ȘS� �������� ZLWK�PRGHUDWH�HYLGHQFH�VXSSRUWLQJ�WKLV�QXOO

UHVXOW��%)��  ���������)XUWKHU��WKHUH�ZDV�D�3UHVHQWDWLRQ 䘡�6HOI�([SODQDWLRQ�LQWHUDFWLRQ��)>����@ 

������ S  �������ȘS�  ��������ZLWK�WKH�%D\HVLDQ�$129$ GHWHFWLQJ�DQHFGRWDO�HYLGHQFH�WR�VXSSRUW

WKLV�PRGHO��%)��  ���������3RVW�KRF�FRPSDULVRQV�ZLWK %RQIHUURQL�FRUUHFWLRQV�VKRZHG�WKDW

VWXGHQWV�LQ�WKH�PLUURU�DQG�H[SODLQ�FRQGLWLRQ�UHSRUWHG�VLJQLILFDQWO\�KLJKHU�OHYHOV�RI�LQWULQVLF�ORDG

�0  ������ 6'  �������WKDQ�VWXGHQWV�LQ�WKH�YLHZ�DQG�H[SODLQ FRQGLWLRQ��0  ������ 6'  ������ S  

�������1R�RWKHU�SDLUZLVH�FRPSDULVRQV�ZHUH�VLJQLILFDQW��SV�!������)LJXUH����

)LJXUH��

6WXGHQWV¶�6HOI�5HSRUWHG�,QWULQVLF�&RJQLWLYH�/RDG�E\�&RQGLWLRQ

���



'LVFXVVLRQ

7KLV�VWXG\�LQYHVWLJDWHV�KRZ�GLIIHUHQW�IHDWXUHV�RI�ZRUNHG�H[DPSOHV�LPSDFW�VWXGHQW

OHDUQLQJ�IURP�D�EULHI�LQWHUYHQWLRQ��)URP�WKH�SUHOLPLQDU\�UHVXOWV�UHSRUWHG��IRXU�QRWDEOH

SUHOLPLQDU\�ILQGLQJV�KDYH�HPHUJHG��)LUVW��DOO�VWXGHQWV��RQ�DYHUDJH��LPSURYHG�IURP�SUHWHVW�WR

SRVWWHVW��GHPRQVWUDWLQJ�OHDUQLQJ�JDLQV�DFURVV�WKH�FRQGLWLRQV��6HFRQG��WKHUH�ZDV�QR�HYLGHQFH�WR

VXJJHVW�WKDW�YLHZLQJ�RU�PLUURULQJ�ZRUNHG�H[DPSOHV�ZDV�PRUH�HIIHFWLYH�IRU�OHDUQLQJ��7KLUG�

SUHOLPLQDU\�HYLGHQFH�VXJJHVWV�WKDW�VWXGHQWV�OHDUQHG�PRUH�IURP�VWXG\LQJ�ZRUNHG�H[DPSOHV�ZLWK

VHOI�H[SODQDWLRQ�SURPSWV�WKDQ�ZLWKRXW�VHOI�H[SODQDWLRQ�SURPSWV��$QG�IRXUWK��VWXGHQWV�LQ�WKH

PLUURU�DQG�H[SODLQ�FRQGLWLRQ�UHSRUWHG�KLJKHU�OHYHOV�RI�LQWULQVLF�ORDG�WKDQ�VWXGHQWV�LQ�WKH

YLHZ�DQG�H[SODLQ�FRQGLWLRQ��,�H[SDQG�RQ�HDFK�RI�WKHVH�ILQGLQJV�DQG�GLVFXVV�LQWHUSUHWDWLRQV�LQ�WKH

IROORZLQJ�VHFWLRQV�

7KH�:RUNHG�([DPSOH�(IIHFW

7KH�SUHOLPLQDU\�HYLGHQFH�UHYHDOHG�WKDW��RQ�DYHUDJH��VWXGHQWV�DFURVV�HDFK�RI�WKH�IRXU

���



FRQGLWLRQV�LPSURYHG�DSSUR[LPDWHO\�����IURP�SUHWHVW�WR�SRVWWHVW�DIWHU�SDUWLFLSDWLQJ�LQ�WKH

LQWHUYHQWLRQ�ZLWK�ZRUNHG�H[DPSOHV��7KLV�ILQGLQJ�LV�DOLJQHG�ZLWK�SULRU�UHVHDUFK�RQ�WKH�ZRUNHG

H[DPSOH�HIIHFW�VKRZLQJ�WKDW�ZRUNHG�H[DPSOH�SUDFWLFH�LQFUHDVHV�OHDUQLQJ�EH\RQG�VROYLQJ�SUDFWLFH

SUREOHPV�DORQH��%RRWK�HW�DO���������&DUUROO��������)RVWHU�HW�DO����������6LQFH�WKH�ZRUNHG�H[DPSOH

HIIHFW�LV�ZHOO�VXSSRUWHG�WR�GDWH��,�GLG�QRW�LQFOXGH�D�FRQWURO�FRQGLWLRQ�ZLWKRXW�ZRUNHG�H[DPSOHV�

,QVWHDG��WKHVH�SUHOLPLQDU\�ILQGLQJV�VXJJHVW�WKDW�WKH�ZRUNHG�H[DPSOH�HIIHFW�PD\�EH�YHU\�UREXVW�

6SHFLILFDOO\��SHUKDSV�WKH�IRUPDW�RI�ZRUNHG�H[DPSOHV�GRHV�QRW�PDWWHU�DV�PXFK�DV�WKH�DFW�RI

HQJDJLQJ�LQ�ZRUNHG�H[DPSOH�SUDFWLFH�LWVHOI��)LQGLQJ�XELTXLWRXV�OHDUQLQJ�JDLQV�LV�DOVR�DOLJQHG

ZLWK�RXU�SUHYLRXV�ZRUN��6PLWK�HW�DO���������LQ�ZKLFK�ZH�IRXQG�WKDW�VWXGHQWV�H[SHULHQFHG�OHDUQLQJ

JDLQV�DFURVV�FRQGLWLRQV�DIWHU�VWXG\LQJ�RQH�RI�VL[�GLIIHUHQW�SUHVHQWDWLRQV�RI�ZRUNHG�H[DPSOHV�

)LQGLQJ�SUHOLPLQDU\�HYLGHQFH�RI�OHDUQLQJ�JDLQV�DFURVV�DOO�SDUWLFLSDQWV�LV�D�YDOXDEOH

FRQWULEXWLRQ�WR�WKH�OLWHUDWXUH��6LQFH�OLPLWHG�UHVHDUFK�KDV�WHVWHG�WKH�HIIHFWV�RI�LQWHUDFWLYH�ZRUNHG

H[DPSOH�IRUPDWV�LQ�RQOLQH�VHWWLQJV�IRU�DOJHEUD��WKHVH�SUHOLPLQDU\�UHVXOWV�DGG�WR�WKH�OLWHUDWXUH�E\

LQGLFDWLQJ�WKDW�D�YDULHW\�RI�ZRUNHG�H[DPSOH�IRUPDWV�PD\�EH�HIIHFWLYH�IRU�VXSSRUWLQJ�OHDUQLQJ�LQ

RQOLQH�VHWWLQJV��,Q�SDUWLFXODU��WKH�XELTXLWRXV�OHDUQLQJ�JDLQV�VXJJHVW�WKDW�ZRUNHG�H[DPSOHV�DUH�DQ

HIIHFWLYH�LQVWUXFWLRQDO�VXSSRUW��DQG�WKDW�WKH�YDULDWLRQ�LQ�WKH�GHVLJQ�DQG�SUHVHQWDWLRQ�RI�ZRUNHG

H[DPSOHV�PD\�QRW�VLJQLILFDQWO\�LPSDFW�OHDUQLQJ�LQ�RQOLQH�FRQWH[WV��SURYLGLQJ�LPSOLFDWLRQV�IRU

UHVHDUFKHUV��HGXFDWRUV��DQG�FRQWHQW�GHYHORSHUV�ZKR�GHVLJQ�ZRUNHG�H[DPSOHV�IRU�RQOLQH�FRQWH[WV�

,Q�DGGLWLRQ�WR�PRWLYDWLQJ�IXOO�GDWD�FROOHFWLRQ�IRU�WKH�FXUUHQW�VWXG\��WKHVH�SUHOLPLQDU\�ILQGLQJV

LQYLWH�IXWXUH�UHVHDUFK�WR�H[SORUH�KRZ�SHUYDVLYH�WKH�HIIHFWV�RI�GLIIHUHQW�ZRUNHG�H[DPSOH�IRUPDWV

DUH�LQ�RQOLQH�VHWWLQJV�

���



9LHZLQJ�YV��0LUURULQJ�:RUNHG�([DPSOHV

,Q�WHVWLQJ�ZKHWKHU�PLUURULQJ�ZRUNHG�H[DPSOHV�PD\�EH�PRUH�HIIHFWLYH�WKDQ�VLPSO\

YLHZLQJ�WKHP��WKLV�SURMHFW�LV�WLPHO\��FRJQLWLYH�ORDG�WKHRU\�KDV�EHHQ�WKH�SUHGRPLQDQW�H[SODQDWLRQ

IRU�WKH�HIIHFWLYHQHVV�RI�ZRUNHG�H[DPSOHV�IRU�WKLUW\�\HDUV��H�J���6ZHOOHU��������&KDQGOHU�	

6ZHOOHU��������ZKLOH�PRUH�UHFHQWO\��WKHRULHV�RI�HPERGLHG�FRJQLWLRQ�KDYH�EHHQ�JDLQLQJ�WUDFWLRQ

DFURVV�PXOWLSOH�DUHDV�RI�SV\FKRORJLFDO�VFLHQFH��H�J���$EUDKDPVRQ�HW�DO���������1DWKDQ��������

7KH�SUHOLPLQDU\�ILQGLQJV�VXJJHVW�WKDW�VWXGHQWV�GHPRQVWUDWHG�FRPSDUDEOH�OHDUQLQJ�JDLQV

UHJDUGOHVV�RI�ZKHWKHU�WKH\�YLHZHG�RU�PLUURUHG�ZRUNHG�H[DPSOHV��VXJJHVWLQJ�WKDW�HDFK�IRUPDW

PD\�KDYH�LWV�DGYDQWDJHV�IRU�OHDUQLQJ��)XUWKHU��SUHOLPLQDU\�UHVXOWV�IRXQG�GLIIHUHQFHV�LQ�VWXGHQWV¶

VHOI�UHSRUWHG�OHYHOV�RI�LQWULQVLF�ORDG�EHWZHHQ�WKRVH�ZKR�YLHZHG�DQG�H[SODLQHG�ZRUNHG�H[DPSOHV

DQG�WKRVH�ZKR�PLUURUHG�DQG�H[SODLQHG�ZRUNHG�H[DPSOHV��7KHVH�ILQGLQJV�VXJJHVW�WKDW�HYHQ�LI

GLIIHUHQFHV�LQ�ZRUNHG�H[DPSOH�SUHVHQWDWLRQ�GR�QRW�LPSDFW�VWXGHQWV¶�RYHUDOO�OHDUQLQJ��GLIIHUHQW

ZRUNHG�H[DPSOH�SUHVHQWDWLRQV�PD\�VWLOO�DIIHFW�VWXGHQWV¶�FRJQLWLYH�SURFHVVHV�DW�D�PRUH�JUDQXODU

OHYHO�

/RRNLQJ�DKHDG��ILQGLQJV�IURP�D�ODUJHU�VDPSOH�RQ�YLHZLQJ�YV��PLUURULQJ�ZRUNHG�H[DPSOHV

ZLOO�FRQWULEXWH�WR�RXU�XQGHUVWDQGLQJ�RI�FRJQLWLRQ�E\�VXJJHVWLQJ�KRZ�SULQFLSOHV�RI�FRJQLWLYH�ORDG

WKHRU\�DQG�HPERGLHG�FRJQLWLRQ�LQIOXHQFH�OHDUQLQJ��)RU�LQVWDQFH��LI�YLHZLQJ�ZRUNHG�H[DPSOHV

OHDGV�WR�KLJKHU�OHDUQLQJ�JDLQV��WKHVH�ILQGLQJV�ZLOO�SURYLGH�IXUWKHU�VXSSRUW�IRU�XVLQJ�FRJQLWLYH�ORDG

WKHRU\�WR�H[SODLQ�XQGHUO\LQJ�SURFHVVHV�RI�OHDUQLQJ��+RZHYHU��LI�VWXGHQWV�ZKR�PLUURU�ZRUNHG

H[DPSOHV�H[SHULHQFH�KLJKHU�OHDUQLQJ�JDLQV��WKHVH�ILQGLQJV�ZLOO�VXJJHVW�WKDW�WKHRULHV�RI�HPERGLHG

FRJQLWLRQ�PD\�DOVR�EH�LQYROYHG�LQ�WKH�SURFHVV�RI�OHDUQLQJ��,I�WKH�ODWWHU��WKHVH�ILQGLQJV�ZLOO�SURPSW

IXUWKHU�UHVHDUFK�WR�WHDVH�DSDUW�WKH�LQIOXHQFH�RI�FRJQLWLYH�ORDG�DQG�WKH�LQIOXHQFH�RI�HPERGLHG

���



H[SHULHQFHV�RQ�OHDUQLQJ�WR�UHVSHFWLYHO\�DGYDQFH�RXU�XQGHUVWDQGLQJ�RI�WKHVH�WZR�FRJQLWLYH

WKHRULHV�DQG�KRZ�DVSHFWV�RI�HDFK�WKHRU\�PD\�EH�DSSOLHG�WRJHWKHU�WR�VXSSRUW�OHDUQLQJ�

$GGLWLRQDOO\��WKLV�VWXG\�SURYLGHV�MXVW�RQH�H[DPSOH�RI�KRZ�VWXGHQW�LQWHUDFWLRQ�DQG

HPERGLPHQW�PD\�EH�LQFRUSRUDWHG�LQ�RQOLQH�ZRUNHG�H[DPSOHV��0XOWLSOH�HGXFDWLRQDO�SODWIRUPV

DQG�WHFKQRORJLHV�OHYHUDJH�VWXGHQWV¶�SHUFHSWXDO�SURFHVVHV�DQG�DFWLRQV�WR�GHYHORS�PDWKHPDWLFDO

UHDVRQLQJ��H�J���7KH�+LGGHQ�9LOODJH� 1DWKDQ�	�:DONLQJWRQ� ������WKH�0DWKHPDWLFDO�,PDJHU\

7UDLQHU� $EUDKDPVRQ�	�7UQLQLF��������*HRJHEUD���7KHVH SODWIRUPV�DQG�WHFKQRORJLHV�FRXOG

FRQVLGHU�GHVLJQLQJ�GLIIHUHQW�IRUPDWV�RI�HPERGLHG�ZRUNHG�H[DPSOHV�VSHFLILF�WR�WKH�DIIRUGDQFHV�RI

WKHLU�RZQ�GHVLJQ��)RU�LQVWDQFH��7KH�+LGGHQ�9LOODJH�PD\�OHYHUDJH�WKHLU�$5�WHFKQRORJ\�WR�VWXG\

KRZ�VWXGHQWV�GHYHORS�PDWKHPDWLFDO�UHDVRQLQJ�IURP�ZRUNHG�H[DPSOHV�WKDW�LQYROYH�QR�PRYHPHQW�

SDUWLDO�PRYHPHQW��RU�IXOO�ERG\�PRYHPHQW�ZLWK�SURYLGH�SHUFHSWXDO�IHHGEDFN�IURP�WKH�V\VWHP��$V

HGXFDWLRQDO�WHFKQRORJLHV�FRQWLQXH�WR�GHYHORS��VR�GR�WKH�SRVVLELOLWLHV�IRU�LQFRUSRUDWLQJ�SULQFLSOHV

RI�HPERGLHG�GHVLJQ�LQWR�LQVWUXFWLRQDO�VXSSRUW�OLNH�ZRUNHG�H[DPSOHV�

7KH�,PSDFW�RI�6HOI�([SODQDWLRQ�3URPSWV

7KLV�VWXG\��DQG�WKH�SUHOLPLQDU\�HYLGHQFH��VXSSRUWV SULRU�UHVHDUFK�RQ�WKH�XVH�RI

VHOI�H[SODQDWLRQV�IRU�OHDUQLQJ�LQ�ZRUNHG�H[DPSOHV��,�SUHGLFWHG�WKDW�VWXGHQWV�ZKR�UHFHLYHG

VHOI�H[SODQDWLRQ�SURPSWV�LQ�WKHLU�ZRUNHG�H[DPSOHV�ZRXOG�LPSURYH�PRUH�IURP�SUHWHVW�WR�SRVWWHVW

WKDQ�WKHLU�FRXQWHUSDUWV�DQG�WKH�SUHOLPLQDU\�HYLGHQFH�LQGLFDWHV�HPHUJLQJ�ILQGLQJV�LQ�WKDW

GLUHFWLRQ��7KHVH�SUHOLPLQDU\�UHVXOWV�FRQFHSWXDOO\�UHSOLFDWH�SULRU�ZRUN�VKRZLQJ�WKDW�ZRUNHG

H[DPSOHV�ZLWK�VHOI�H[SODQDWLRQ�SURPSWV�DUH�PRUH�HIIHFWLYH�IRU�OHDUQLQJ�WKDQ�ZRUNHG�H[DPSOHV

DORQH��SURYLGLQJ�PRUH�HYLGHQFH�WR�VXSSRUW�WKHRU\�RQ�WKH�UROH�RI�VHOI�H[SODQDWLRQV�LQ�OHDUQLQJ

IURP�ZRUNHG�H[DPSOHV��$OHYHQ�	�.RHGLQJHU��������%HUWKROG�HW�DO���������&KL�HW�DO��������

1RNHV�0DODFK�HW�DO���������5HQNO��������������

���



)XUWKHU��SULRU�WR�WKLV�VWXG\��QR�SULRU�UHVHDUFK�KDG�LQYHVWLJDWHG�KRZ�VHOI�H[SODQDWLRQV

LQWHUDFWHG�ZLWK�GLIIHUHQW�ZRUNHG�H[DPSOH�IRUPDWV��SDUWLFXODUO\�WKRVH�WKDW�LQYROYH�G\QDPLFDOO\

LQWHUDFWLQJ�ZLWK�ZRUNHG�H[DPSOHV�RQ�VFUHHQ��7KH�SUHOLPLQDU\�ILQGLQJV�IURP�WKLV�VWXG\�VXJJHVW

WKDW�VHOI�H[SODQDWLRQV�DUH�D�UREXVW�DQG�SRZHUIXO�DLG�LQ�OHDUQLQJ�IURP�ZRUNHG�H[DPSOHV�

UHJDUGOHVV�RI�WKH�ZRUNHG�H[DPSOH�IRUPDW��/RRNLQJ�DKHDG��ILQGLQJV�IURP�D�ODUJHU�VDPSOH�ZLOO

SURYLGH�SUDFWLFDO�LPSOLFDWLRQV�IRU�GHVLJQLQJ�ZRUNHG�H[DPSOHV�IRU�RQOLQH�VHWWLQJV�E\�LGHQWLI\LQJ

ZKHQ�ZRUNHG�H[DPSOHV�ZLWK�VHOI�H[SODQDWLRQV�DUH�HIIHFWLYH�

7KH�,PSDFW�RI�:RUNHG�([DPSOHV�RQ�&RJQLWLYH�/RDG

%H\RQG�FRPSDULQJ�OHDUQLQJ�DFURVV�FRQGLWLRQV��,�DQDO\]HG�VWXGHQWV¶�VHOI�UHSRUWHG�OHYHOV�RI

FRJQLWLYH�ORDG�WR�GHOLQHDWH�KRZ�VWXG\LQJ�GLIIHUHQW�ZRUNHG�H[DPSOH�IRUPDWV�PD\�LPSDFW�VWXGHQW

OHDUQLQJ�DW�D�PRUH�JUDQXODU�OHYHO��,�SUHGLFWHG�WKDW�WKH�PLUURULQJ�SUHVHQWDWLRQV�RI�ZRUNHG

H[DPSOHV�ZRXOG�QRW�LQFUHDVH�VWXGHQWV¶�H[WUDQHRXV�FRJQLWLYH�ORDG�EXW�PD\�LQFUHDVH�JHUPDQH

FRJQLWLYH�ORDG�E\�SURYLGLQJ�DGGLWLRQDO�FXHV�LQ�WKH�ZRUNHG�H[DPSOHV��:LWK�WKH�FXUUHQW�VDPSOH��,

IRXQG�QR�GLIIHUHQFHV�LQ�VWXGHQWV¶�RYHUDOO�VHOI�UHSRUWHG�FRJQLWLYH�ORDG�E\�FRQGLWLRQ��/RRNLQJ�LQWR

WKH�WKUHH�W\SHV�RI�FRJQLWLYH�ORDG��,�IRXQG�QR�GLIIHUHQFHV�LQ�VWXGHQWV¶�VHOI�UHSRUWHG�OHYHOV�RI

H[WUDQHRXV�RU�JHUPDQH�ORDG��+RZHYHU��FRQWUDU\�WR�P\�SUHGLFWLRQV�,�IRXQG�WKDW�VWXGHQWV�LQ�WKH

PLUURU�DQG�H[SODLQ�FRQGLWLRQ�UHSRUWHG�VLJQLILFDQWO\�KLJKHU�OHYHOV�RI�LQWULQVLF�ORDG�WKDQ�VWXGHQWV�LQ

WKH�YLHZ�DQG�H[SODLQ�FRQGLWLRQ�

$W�ILUVW�JODQFH��WKLV�ILQGLQJ�PLJKW�VXJJHVW�WKDW�WKH�WDVN�GHPDQGV�RI�PLUURULQJ�DQG

H[SODLQLQJ�ZRUNHG�H[DPSOHV�LQFUHDVHV�FRJQLWLYH�ORDG�PRUH�WKDQ�MXVW�YLHZLQJ�DQG�H[SODLQLQJ

ZRUNHG�H[DPSOHV��+RZHYHU��WKH�LQWULQVLF�ORDG�LWHPV�RQ�WKH�VXUYH\�DGDSWHG�IURP�/HSSLQN�DQG

FROOHDJXHV��������DGGUHVV�WKH�FRPSOH[LW\�RI�WKH�VXEMHFW�PDWWHU�LWVHOI��L�H���DOJHEUDLF�HTXDWLRQV�

UDWKHU�WKDQ�WKH�FRPSOH[LW\�RI�WKH�ZRUNHG�H[DPSOHV��H[WUDQHRXV�ORDG��RU�WKH�RYHUDOO�DFWLYLW\

���



�JHUPDQH�ORDG���7KLV�ILQGLQJ�LQGLFDWHV�WKDW�VWXGHQWV�GLIIHUHG�LQ�WKHLU�SHUFHLYHG�FRPSOH[LW\�RI�WKH

VXEMHFW�PDWWHU�UDWKHU�WKDQ�WKH�FRJQLWLYH�VWUDLQ�H[SHULHQFHG�E\�VWXG\LQJ�WKH�ZRUNHG�H[DPSOHV�RU

SDUWLFLSDWLQJ�LQ�WKH�RYHUDOO�LQVWUXFWLRQDO�DFWLYLW\��*LYHQ�WKDW�,�GLG�QRW�H[SHFW�WR�ILQG�GLIIHUHQFHV�LQ

VWXGHQWV¶�LQWULQVLF�ORDG�E\�FRQGLWLRQ��WKLV�UHVXOW�UDLVHV�VSHFXODWLRQ��2Q�WKH�RQH�KDQG��VWXGHQWV¶

SUHWHVW�VFRUHV�ZHUH�QRW�VLJQLILFDQWO\�FRUUHODWHG�ZLWK�LQWULQVLF�ORDG��,W�LV�SRVVLEOH�WKDW�RWKHU

YDULDEOHV�QRW�LQFOXGHG�LQ�WKLV�VWXG\�PD\�H[SODLQ�WKLV�ILQGLQJ�RU�SHUKDSV�WKH�GHPDQGV�RI�PLUURULQJ

DQG�H[SODLQLQJ�ZRUNHG�H[DPSOHV�LQFUHDVHV�WKH�SHUFHLYHG�FRPSOH[LW\�RI�VLPSOLI\LQJ�HTXDWLRQV�

2Q�WKH�RWKHU�KDQG��WKLV�VDPSOH�ZDV�VPDOO�HQRXJK�WKDW�QR�VLJQLILFDQW�GLIIHUHQFHV�ZHUH�GHWHFWHG�LQ

SUHWHVW�SHUIRUPDQFH�DFURVV�FRQGLWLRQV�DOWKRXJK�DQHFGRWDOO\��VWXGHQWV�LQ�WKH�PLUURU�DQG�H[SODLQ

FRQGLWLRQ�GLG�DYHUDJH�DSSUR[LPDWHO\����ORZHU�RQ�SUHWHVW�WKDQ�VWXGHQWV�LQ�WKH�YLHZ�DQG�H[SODLQ

FRQGLWLRQ��7KLV�SUDFWLFDO�GLIIHUHQFH�LQ�SUHWHVW�SHUIRUPDQFH�VXJJHVWV�WKDW�WKH�GLIIHUHQFH�LQ

UHSRUWHG�LQWULQVLF�ORDG�PD\�EH�DWWULEXWHG�WR�GLIIHUHQFHV�LQ�VWXGHQWV¶�SULRU�NQRZOHGJH�E\�FRQGLWLRQ

UDWKHU�WKDQ�D�UHIOHFWLRQ�RI�WKH�ZRUNHG�H[DPSOH�GHVLJQV�

,�DQWLFLSDWH�WKDW�GDWD�DQDO\VLV�ZLWK�D�IXOO�VDPSOH�PD\�UHYHDO�GLIIHUHQFHV�LQ�FRJQLWLYH�ORDG

DFURVV�FRQGLWLRQV��WKHUHE\��WHDVLQJ�DSDUW�VRPH�RI�WKH�PHFKDQLVPV�WKURXJK�ZKLFK�ZRUNHG

H[DPSOHV�LQIOXHQFH�OHDUQLQJ��)RU�H[DPSOH��,�DQWLFLSDWH�WKDW�VWXGHQWV�ZLWK�QR�SULRU�H[SHULHQFH

XVLQJ�*0�PD\�UHSRUW�KLJKHU�OHYHOV�RI�H[WUDQHRXV�DQG�JHUPDQH�ORDG�DV�WKH\�PDQDJH�FRJQLWLYH

GHPDQGV�DVVRFLDWHG�ZLWK�XVLQJ��DQG�OHDUQLQJ�IURP��D�QHZ�WHFKQRORJ\�WRRO��5HVXOWV�IURP�WKH�IXOO

VDPSOH�ZLOO�VKHG�OLJKW�RQ�KRZ�ZRUNHG�H[DPSOHV�ZLWK�GLIIHUHQW�IHDWXUHV�PD\�LPSDFW�VWXGHQWV¶

FRJQLWLYH�SURFHVVHV�WR�LQIRUP�WKH�GHVLJQ�RI�ZRUNHG�H[DPSOHV�IRU�RQOLQH�HQYLURQPHQWV�

/LPLWDWLRQV�DQG�)XWXUH�'LUHFWLRQV

7KH�VWXG\�DQG�UHSRUWHG�UHVXOWV�KDYH�PXOWLSOH�OLPLWDWLRQV�WKDW�LQYLWH�IXWXUH�GLUHFWLRQV�

1DPHO\��WKH�SUHOLPLQDU\�UHVXOWV�UHSRUWHG�DUH�IURP�D�VPDOO�VDPSOH��UHQGHULQJ�WKH�UHVXOWV�ODUJHO\

���



LQFRQFOXVLYH��,Q�UHVSRQVH�WR�WKH�VPDOO�VDPSOH�VL]H��,�RSWHG�WR�FRQGXFW�GDWD�DQDO\VLV�ZLWKRXW

DFFRXQWLQJ�IRU�LQGLYLGXDO�GLIIHUHQFHV�WKDW�PD\�KDYH�LPSDFWHG�WUHDWPHQW�HIIHFWV�VXFK�DV�VWXGHQWV¶

SULRU�NQRZOHGJH��SULRU�H[SHULHQFH�ZLWK�*0��RU�WLPH�VSHQW�RQ�WKH�ZRUNHG�H[DPSOHV�WR�FRQWURO�IRU

SRWHQWLDO�GLIIHUHQFHV�IURP�FRQGLWLRQ�WR�FRQGLWLRQ��H�J�� =KRX�HW�DO���������

/RRNLQJ�DKHDG��,�SODQ�WR�FRQGXFW�D�IXOO�URXQG�RI�GDWD�FROOHFWLRQ�DQG�FRQGXFW�GDWD�DQDO\VLV

WKDW�ZLOO�PRUH�DFFXUDWHO\�HVWLPDWH�WUHDWPHQW�HIIHFWV�E\�FRQWUROOLQJ�IRU�H[WUDQHRXV�IDFWRUV��)RU

H[DPSOH��LQ�WKH�FXUUHQW�DQDO\VHV��,�GLG�QRW�FRQWURO�IRU�VWXGHQWV¶�WLPH�VSHQW�RQ�ZRUNHG�H[DPSOHV

GXH�WR�WKH�VPDOO�VDPSOH�VL]H��:LWK�WKH�IXOO�VDPSOH��,�ZLOO�LQFOXGH�VWXGHQWV¶�DYHUDJH�WLPH�VSHQW�RQ

WKH�IRXU�ZRUNHG�H[DPSOH�SUREOHPV�DV�D�FRYDULDWH�LQ�WKH�VWDWLVWLFDO�PRGHOV�WR�FRQWURO�IRU�DQ\

UHPDLQLQJ�GLIIHUHQFHV�EHWZHHQ�FRQGLWLRQV��,QFOXGLQJ�DYHUDJH�WLPH�VSHQW�RQ�ZRUNHG�H[DPSOHV�DV

D�FRYDULDWH�ZLOO�HQVXUH�WKDW�WKH�HVWLPDWHG�FRQGLWLRQ�HIIHFWV�DUH�LQGHSHQGHQW�RI�WLPH�VSHQW�RQ

ZRUNHG�H[DPSOHV��6LPLODUO\��,�ZLOO�LQFOXGH�VWXGHQWV¶�SHUIRUPDQFH�DW�SUHWHVW�DV�D�FRYDULDWH�LQ�WKH

ILQDO�DQDO\VHV�WR�DFFRXQW�IRU�DQ\�SRWHQWLDO�HIIHFWV�RI�VWXGHQWV¶�SULRU�NQRZOHGJH�RI�VLPSOLI\LQJ

HTXDWLRQV�DQG�HVWLPDWH�WKH�FRQGLWLRQ�HIIHFWV�LQGHSHQGHQW�RI�SULRU�NQRZOHGJH��$GGLWLRQDOO\��VLQFH

SULRU�H[SHULHQFH�XVLQJ�*0�PD\�SULPH�VWXGHQWV�WR�SHUFHLYH�PDWKHPDWLFDO�V\PEROV�DV�WDQJLEOH

REMHFWV��LW�PLJKW�VXEVHTXHQWO\�LPSDFW�KRZ�VWXGHQWV�EHKDYH�DQG�SHUIRUP�LQ�WKLV�VWXG\��7KHUHIRUH�

,�ZLOO�DOVR�LQFOXGH�SULRU�H[SHULHQFH�ZLWK�*0�DV�D�ELQDU\�FRYDULDWH�LQ�RXU�DQDO\VHV�ZLWK�WKH�IXOO

VDPSOH�WR�HVWLPDWH�WKH�FRQGLWLRQ�HIIHFWV�LQGHSHQGHQW�RI�VWXGHQWV¶�SULRU�H[SHULHQFH�XVLQJ�*0�

$QRWKHU�SURPLQHQW�OLPLWDWLRQ�LV�WKH�DELOLW\�WR�LVRODWH�WKH�HIIHFW�RI�VWXGHQWV¶�DFWLRQV��L�H��

LQWHUDFWLQJ�ZLWK�*0�WR�PLUURU�ZRUNHG�H[DPSOHV��RQ�OHDUQLQJ�DQG�FRJQLWLYH�ORDG��)RU�H[DPSOH�

VWXGHQWV�LQ�WKH�YLHZLQJ�FRQGLWLRQ�PD\�KDYH�FRSLHG�ZRUNHG�H[DPSOHV�RQ�SDSHU�ZKLOH�FRPSOHWLQJ

WKH�LQWHUYHQWLRQ��,I�WKDW�KDSSHQHG��WKRVH�VWXGHQWV�PD\�KDYH�EHQHILWHG�IURP�³PLUURULQJ´�WKH

ZRUNHG�H[DPSOHV�RQ�SDSHU�VLPLODU�WR�WKH�VWXGHQWV�ZKR�PLUURUHG�WKH�ZRUNHG�H[DPSOHV�RQ�VFUHHQ�

���



&RQYHUVHO\��ZH�GLG�QRW�HQIRUFH�VWDQGDUGV�IRU�WKH�VHOI�H[SODQDWLRQV�VR�VRPH�VWXGHQWV�PD\�KDYH

SURYLGHG�EULHI�H[SODQDWLRQV�ZLWK�OLWWOH�WR�QR�UDWLRQDOH��)XWXUH�ZRUN�VKRXOG�VHHN�WR�LVRODWH�WKH

HIIHFWV�RI�YLHZLQJ�YV�PLUURULQJ�DQG�VHOI�H[SODQDWLRQ�SURPSWV�WR�GUDZ�FDXVDO�LQIOXHQFH�DERXW�KRZ

VWXGHQWV¶�LQWHUDFWLRQV�ZLWK�ZRUNHG�H[DPSOHV�LPSDFWV�OHDUQLQJ�

)XUWKHU��WKLV�VWXG\�LQYLWHV�PXOWLSOH�DYHQXHV�RI�IXWXUH�UHVHDUFK�WKDW�FRLQFLGH�ZLWK�OHDUQLQJ

DQDO\WLFV�DQG�WKH�JURZLQJ�V\QHUJ\�EHWZHHQ�OHDUQLQJ�DQDO\WLFV�DQG�HPERGLHG�GHVLJQ

�$EUDKDPVRQ�HW�DO����������)LUVW��LW�PD\�EH�ZRUWKZKLOH�WR�DQDO\]H�VWXGHQWV¶�ORJ�GDWD�IURP�*0

GXULQJ�WKH�LQWHUYHQWLRQ�WR�WHVW�ZKHWKHU�VWXGHQWV¶�EHKDYLRU�GXULQJ�WKH�LQWHUYHQWLRQ�YDULHV

GHSHQGLQJ�RQ�WKH�ZRUNHG�H[DPSOHV�WKH\�VWXG\��6LPLODUO\��,�GLG�QRW�DQDO\]H�VWXGHQWV¶

VHOI�H[SODQDWLRQV�LQ�WKLV�PDQXVFULSW��/RRNLQJ�DKHDG��,�SODQ�WR�OHYHUDJH�QDWXUDO�ODQJXDJH

SURFHVVLQJ�WHFKQLTXHV�WR�H[SORUH�SDWWHUQV�RI�VSHHFK�GHWHFWHG�LQ�VWXGHQWV¶�VHOI�H[SODQDWLRQV�RYHU

WLPH�DQG�DFURVV�FRQGLWLRQV��)RU�LQVWDQFH��XQGHU�WKH�DVVXPSWLRQ�WKDW�PLUURULQJ�ZRUNHG�H[DPSOHV

LQ�*0�DOORZV�VWXGHQWV�WR�WUHDW�PDWK�V\PEROV�DV�REMHFWV²PRYLQJ�DQG�PDQLSXODWLQJ�WKHP

RQ�VFUHHQ²,�ZRXOG�SUHGLFW�WKDW�VWXGHQWV�LQ�WKH�PLUURU�DQG�H[SODLQ�FRQGLWLRQ�ZRXOG�XVH�PRUH

G\QDPLF�ODQJXDJH�WR�GHVFULEH�WKH�ZRUNHG�H[DPSOHV�WKDQ�WKHLU�FRXQWHUSDUWV�LQ�WKH

YLHZ�DQG�H[SODLQ�FRQGLWLRQ��$GGLWLRQDOO\��UDWKHU�WKDQ�DQ�RQOLQH�H[SHULPHQW��ZH�PD\�VHH�PRUH

PHFKDQLVPV�RI�VWXGHQWV¶�OHDUQLQJ�SURFHVVHV�E\�FRQGXFWLQJ�WKLV�VWXG\�LQ�D�RQH�RQ�RQH�LQWHUYLHZ

IRUPDW�WR�UHFRUG�VWXGHQWV¶�VSHHFK�DQG�JHVWXUHV��,�ZRXOG�SUHGLFW�WKDW�LI�VWXGHQWV�ZHUH�DVNHG�WR

YHUEDOO\�H[SODLQ�WKH�VWHSV�WDNHQ�LQ�WKH�ZRUNHG�H[DPSOHV�WR�D�UHVHDUFKHU��ZH�ZRXOG�VHH�GLIIHUHQW

SDWWHUQV�RI�VSHHFK�DV�ZHOO�DV�JHVWXUHV�EHWZHHQ�VWXGHQWV�LQ�WKH�PLUURU�DQG�H[SODLQ�DQG

YLHZ�DQG�H[SODLQ�FRQGLWLRQV��7RJHWKHU��WKHVH�DYHQXHV�RI�IXWXUH�ZRUN�GHPRQVWUDWH�WKH�FRPSOH[LW\

RI�H[DPSOH�EDVHG�OHDUQLQJ�DQG�WKH�EHQHILWV�RI�DSSO\LQJ�DQ�LQWHUGLVFLSOLQDU\�DSSURDFK�WR�WKH�VWXG\

RI�H[DPSOH�EDVHG�OHDUQLQJ�
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$66,67PHQWV��+HIIHUQDQ�	�+HIIHUQDQ��������&RJQLWLYH�7XWRU��5LWWHU�HW�DO����������QRYHO
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WKHVH�OHDUQLQJ�HQYLURQPHQWV��7R�WKDW�HQG��WKLV�VWXG\�SURYLGHV�DQ�DYHQXH�WR�LQYHVWLJDWH�KRZ

ZRUNHG�H[DPSOHV�PD\�EH�GHVLJQHG�WR�EDODQFH�FRJQLWLYH�GHPDQG�DQG�VXSSRUW�LQ�RQOLQH�OHDUQLQJ
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HQYLURQPHQWV� %H\RQG�WKH�LQWHUSUHWDWLRQV�SURYLGHG�IRU�WKH�SUHOLPLQDU\�UHVXOWV�UHSRUWHG�KHUH��,

DQWLFLSDWH�WKDW�ILQGLQJV�IURP�D�ODUJHU�VDPSOH�ZLOO�SURYLGH WKHRUHWLFDO�FRQWULEXWLRQV�DV�ZHOO�DV

LPSOLFDWLRQV�IRU�IXWXUH�UHVHDUFK��WHFKQRORJ\�GHVLJQ��DQG�HGXFDWLRQDO�SUDFWLFH�
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1DWKDQ��0��-��������� )RXQGDWLRQV�RI�HPERGLHG�OHDUQLQJ� $�SDUDGLJP�IRU�HGXFDWLRQ��5RXWOHGJH�

1DWKDQ��0��-���DQG�:DONLQJWRQ��&����������*URXQGHG�DQG�HPERGLHG�PDWKHPDWLFDO�FRJQLWLRQ�

SURPRWLQJ�PDWKHPDWLFDO�LQVLJKW�DQG�SURRI�XVLQJ�DFWLRQ�DQG�ODQJXDJH� &RJQ��5HV�

3ULQFLSOHV�,PSOLFDW� ����

1RNHV�0DODFK��7��-���9DQ/HKQ��.���%HOHQN\��'��0���/LFKWHQVWHLQ��0���	�&R[��*���������

&RRUGLQDWLQJ�SULQFLSOHV�DQG�H[DPSOHV�WKURXJK�DQDORJ\�DQG�VHOI�H[SODQDWLRQ� (XURSHDQ

-RXUQDO�RI�3V\FKRORJ\�RI�(GXFDWLRQ� �����������������

2WWPDU��(��5���/DQG\��'���:HLWQDXHU��(���	�*ROGVWRQH��5����������³*UDVSDEOH�PDWKHPDWLFV��XVLQJ

SHUFHSWXDO�OHDUQLQJ�WHFKQRORJ\�WR�GLVFRYHU�DOJHEUDLF�QRWDWLRQ�´�LQ ,QWHJUDWLQJ

7RXFK�HQDEOHG�DQG�0RELOH�'HYLFHV�LQWR�&RQWHPSRUDU\�0DWKHPDWLFV�(GXFDWLRQ�

3DDV��)���	�6ZHOOHU��-����������$Q�HYROXWLRQDU\�XSJUDGH�RI�FRJQLWLYH�ORDG�WKHRU\��8VLQJ�WKH

KXPDQ�PRWRU�V\VWHP�DQG�FROODERUDWLRQ�WR�VXSSRUW�WKH�OHDUQLQJ�RI�FRPSOH[�FRJQLWLYH

���



WDVNV� (GXFDWLRQDO�3V\FKRORJ\�5HYLHZ��������±���

KWWSV���GRL�RUJ���������V����������������

3DUVRQV��6���	�%\QQHU��-��������� 'RHV�QXPHUDF\�PDWWHU PRUH" /RQGRQ��1DWLRQDO�5HVHDUFK�DQG

'HYHORSPHQW�&HQWUH�IRU�$GXOW�/LWHUDF\�DQG�1XPHUDF\�

5HHG��6��.���&RUEHWW��$���+RIIPDQ��%���:DJQHU��$���	�0F/DUHQ��%����������(IIHFW�RI�ZRUNHG

H[DPSOHV�DQG�&RJQLWLYH�7XWRU�WUDLQLQJ�RQ�FRQVWUXFWLQJ�HTXDWLRQV� ,QVWUXFWLRQDO�6FLHQFH�

������������

5HQNO��$����������:RUNHG�RXW�H[DPSOHV��,QVWUXFWLRQDO�H[SODQDWLRQV�VXSSRUW�OHDUQLQJ�E\

VHOI�H[SODQDWLRQV� /HDUQLQJ�DQG�,QVWUXFWLRQ� ������ ��������

5HQNO��$����������7RZDUG�DQ�LQVWUXFWLRQDOO\�RULHQWHG�WKHRU\�RI�H[DPSOH䇲EDVHG�OHDUQLQJ�

&RJQLWLYH�6FLHQFH� ������������

5HQNO��$����������,QVWUXFWLRQ�EDVHG�RQ�H[DPSOHV��,Q�5��(��0D\HU�	�3��$��$OH[DQGHU��(GV���

+DQGERRN�RI�UHVHDUFK�RQ�OHDUQLQJ�DQG�LQVWUXFWLRQ ��QG HGQ���SS�����±������1HZ�<RUN�

1<��5RXWOHGJH�

5HQNO��$���	�(LWHO��$����������6HOI�H[SODLQLQJ��/HDUQLQJ�DERXW�SULQFLSOHV�DQG�WKHLU�DSSOLFDWLRQ�

&DPEULGJH�KDQGERRN�RI�FRJQLWLRQ�DQG�HGXFDWLRQ����������

5HWQRZDWL��(���$\UHV��3���	�6ZHOOHU��-����������:RUNHG�H[DPSOH�HIIHFWV�LQ�LQGLYLGXDO�DQG�JURXS

ZRUN�VHWWLQJV� (GXFDWLRQDO�3V\FKRORJ\� ���������������

5LWWOH�-RKQVRQ��%���	�/RHKU��$��0����������(OLFLWLQJ�H[SODQDWLRQV��&RQVWUDLQWV�RQ�ZKHQ

VHOI�H[SODQDWLRQ�DLGV�OHDUQLQJ� 3V\FKRQRPLF�%XOOHWLQ 	�5HYLHZ� �����������������

5LWWOH�-RKQVRQ��%���	�6WDU��-��5����������'RHV�FRPSDULQJ�VROXWLRQ�PHWKRGV�IDFLOLWDWH�FRQFHSWXDO

DQG�SURFHGXUDO�NQRZOHGJH"�$Q�H[SHULPHQWDO�VWXG\�RQ�OHDUQLQJ�WR�VROYH�HTXDWLRQV�

-RXUQDO�RI�(GXFDWLRQDO�3V\FKRORJ\�������������

���



5RXUNH��$���	�6ZHOOHU��-����������7KH�ZRUNHG�H[DPSOH�HIIHFW�XVLQJ�LOO�GHILQHG�SUREOHPV�

/HDUQLQJ�WR�UHFRJQLVH�GHVLJQHUV
�VW\OHV� /HDUQLQJ DQG�,QVWUXFWLRQ� ���������������

�6DOGHQ��5��-���.RHGLQJHU��.��5���5HQNO��$���$OHYHQ��9���	�0F/DUHQ��%��0����������$FFRXQWLQJ

IRU�EHQHILFLDO�HIIHFWV�RI�ZRUNHG�H[DPSOHV�LQ�WXWRUHG�SUREOHP�VROYLQJ� (GXFDWLRQDO

3V\FKRORJ\�5HYLHZ� ���������������

6FKDON��/���5RHOOH��-���6DDOEDFK��+���%HUWKROG��.���6WHUQ��(���	�5HQNO��$����������3URYLGLQJ

ZRUNHG�H[DPSOHV�IRU�OHDUQLQJ�PXOWLSOH�SULQFLSOHV� $SSOLHG�&RJQLWLYH�3V\FKRORJ\� ������

��������

6FK|QEURGW��)��'���	�:DJHQPDNHUV��(��-����������%D\HV�IDFWRU�GHVLJQ�DQDO\VLV��3ODQQLQJ�IRU

FRPSHOOLQJ�HYLGHQFH��3V\FKRQRPLF�%XOOHWLQ�	�5HYLHZ�������� ��������

6PLWK��+���&ORVVHU��$��+���2WWPDU��(��5���	�&KDQ��-��<��&��������� 7KH�LPSDFW�RI�DOJHEUD�ZRUNHG

H[DPSOH�SUHVHQWDWLRQV�RQ�VWXGHQW�OHDUQLQJ� $SSOLHG &RJQLWLYH�3V\FKRORJ\� �����

KWWSV���GRL�RUJ���������DFS�����

6ZHOOHU��-����������&RJQLWLYH�ORDG�GXULQJ�SUREOHP�VROYLQJ��(IIHFWV�RQ�OHDUQLQJ� &RJQLWLYH

6FLHQFH��������������

6ZHOOHU��-����������&RJQLWLYH�WHFKQRORJ\��6RPH�SURFHGXUHV�IRU�IDFLOLWDWLQJ�OHDUQLQJ�DQG�SUREOHP

VROYLQJ�LQ�PDWKHPDWLFV�DQG�VFLHQFH� -RXUQDO�RI�(GXFDWLRQDO 3V\FKRORJ\��������������

6ZHOOHU��-����������&RJQLWLYH�ORDG�WKHRU\��OHDUQLQJ�GLIILFXOW\��DQG�LQVWUXFWLRQDO�GHVLJQ� /HDUQLQJ

DQG�,QVWUXFWLRQ� ��������������

6ZHOOHU��-����������7KH�ZRUNHG�H[DPSOH�HIIHFW�DQG�KXPDQ�FRJQLWLRQ� /HDUQLQJ�DQG�,QVWUXFWLRQ�

6ZHOOHU��-��	�&RRSHU��*�$����������7KH�XVH�RI�ZRUNHG�H[DPSOHV�DV�D�VXEVWLWXWH�IRU�SUREOHP

VROYLQJ�LQ�OHDUQLQJ�DOJHEUD� &RJQLWLRQ�DQG�,QVWUXFWLRQ� ��

���



6ZHOOHU��-���YDQ�0HUULsQERHU��-��-���	�3DDV��)����������&RJQLWLYH�DUFKLWHFWXUH�DQG�LQVWUXFWLRQDO

GHVLJQ�����\HDUV�ODWHU� (GXFDWLRQDO�3V\FKRORJ\�5HYLHZ� ���������������

7DQJ��0���*LQQV��3���	�-DFREVRQ��0��-����������7UDFLQJ�HQKDQFHV�UHFDOO�DQG�WUDQVIHU�RI

NQRZOHGJH�RI�WKH�ZDWHU�F\FOH� (GXFDWLRQDO�3V\FKRORJ\ 5HYLHZ� ���������������

9DQ'HU+H\GHQ��$��0���	�%XUQV��0��.����������3HUIRUPDQFH�LQGLFDWRUV�LQ�PDWK��,PSOLFDWLRQV�IRU

EULHI�H[SHULPHQWDO�DQDO\VLV�RI�DFDGHPLF�SHUIRUPDQFH� -RXUQDO�RI�%HKDYLRUDO�(GXFDWLRQ�

������������� KWWSV���GRL�RUJ���������V���������������[

9DQ/HKQ��.���-RQHV��5��0���	�&KL��0��7����������$�PRGHO�RI�WKH�VHOI�H[SODQDWLRQ�HIIHFW� 7KH

MRXUQDO�RI�WKH�/HDUQLQJ�6FLHQFHV� ����������

YDQ�*RJ��7���+RRJHUKHLGH��9���	�YDQ�+DUVHO��0����������7KH�UROH�RI�PHQWDO�HIIRUW�LQ�IRVWHULQJ

VHOI�UHJXODWHG�OHDUQLQJ�ZLWK�SUREOHP�VROYLQJ�WDVNV� (GXFDWLRQDO�3V\FKRORJ\�5HYLHZ�

�����

YDQ�*RJ��7���.HVWHU��/���	�3DDV��)����������(IIHFWV�RI�ZRUNHG�H[DPSOHV��H[DPSOH�SUREOHP��DQG

SUREOHP�H[DPSOH�SDLUV�RQ�QRYLFHV¶�OHDUQLQJ� &RQWHPSRUDU\ (GXFDWLRQDO�3V\FKRORJ\�����

���±����

YDQ�*RJ��7���	�5XPPHO��1����������([DPSOH�EDVHG�OHDUQLQJ��,QWHJUDWLQJ�FRJQLWLYH�DQG

VRFLDO�FRJQLWLYH�UHVHDUFK�SHUVSHFWLYHV� (GXFDWLRQDO 3V\FKRORJ\�5HYLHZ� ���������������

YDQ�+DUVHO��0���+RRJHUKHLGH��9���9HUNRHLMHQ��3���	�YDQ�*RJ��7����������(IIHFWV�RI�GLIIHUHQW

VHTXHQFHV�RI�H[DPSOHV�DQG�SUREOHPV�RQ�PRWLYDWLRQ�DQG�OHDUQLQJ� &RQWHPSRUDU\

(GXFDWLRQDO�3V\FKRORJ\��������������

YDQ�+DUVHO��0���+RRJHUKHLGH��9���9HUNRHLMHQ��3���	�YDQ�*RJ��7����������([DPSOHV��SUDFWLFH

SUREOHPV��RU�ERWK"�(IIHFWV�RQ�PRWLYDWLRQ�DQG�OHDUQLQJ�LQ�VKRUWHU�DQG�ORQJHU�VHTXHQFHV�

$SSOLHG�&RJQLWLYH�3V\FKRORJ\����� ���±���� KWWSV���GRL�RUJ���������DFS�����

���



YDQ�GH�6FKRRW��5���	�'HSDROL��6����������%D\HVLDQ�DQDO\VHV��:KHUH�WR�VWDUW�DQG�ZKDW�WR�UHSRUW�

7KH�(XURSHDQ�+HDOWK�3V\FKRORJLVW� �������������

:DJHQPDNHUV��(��-���/RYH��-���0DUVPDQ��0���-DPLO��7���/\��$���9HUKDJHQ��-�������	�0RUH\��5��'�

��������%D\HVLDQ�LQIHUHQFH�IRU�SV\FKRORJ\��3DUW�,,��([DPSOH�DSSOLFDWLRQV�ZLWK�-$63�

3V\FKRQRPLF�%XOOHWLQ�	�5HYLHZ� �������������

:DUG��0���	�6ZHOOHU��-����������6WUXFWXULQJ�HIIHFWLYH�ZRUNHG�H[DPSOHV� &RJQLWLRQ�DQG

,QVWUXFWLRQ���� �±���

:HLWQDXHU��(���/DQG\��'���	�2WWPDU��(���������'HFHPEHU���*UDVSDEOH�PDWK��7RZDUGV�G\QDPLF

DOJHEUD�QRWDWLRQV�WKDW�VXSSRUW�OHDUQHUV�EHWWHU�WKDQ�SDSHU��,Q �����)XWXUH�7HFKQRORJLHV

&RQIHUHQFH��)7&� �SS������������,(((�

:LOVRQ��0����������6L[�YLHZV�RI�HPERGLHG�FRJQLWLRQ� 3V\FKRQRPLF�%XOOHWLQ�	�5HYLHZ�������

���±����

<HR��/��0���	�7]HQJ��<��7����������&RJQLWLYH�HIIHFW�RI�WUDFLQJ�JHVWXUH�LQ�WKH�OHDUQLQJ�IURP

PDWKHPDWLFV�ZRUNHG�H[DPSOHV� ,QWHUQDWLRQDO�-RXUQDO RI�6FLHQFH�DQG�0DWKHPDWLFV

(GXFDWLRQ� ���������������

=KL��5���3ULFH��7��:���0DUZDQ��6���0LOOLNHQ��$���%DUQHV��7���	�&KL��0���������)HEUXDU\��

([SORULQJ�WKH�LPSDFW�RI�ZRUNHG�H[DPSOHV�LQ�D�QRYLFH�SURJUDPPLQJ�HQYLURQPHQW��,Q

3URFHHGLQJV�RI�WKH���WK�$&0�7HFKQLFDO�6\PSRVLXP�RQ�&RPSXWHU�6FLHQFH�(GXFDWLRQ �SS�

��������

=LPPHUPDQ��%��-���	�.LWVDQWDV��$����������$FTXLULQJ�ZULWLQJ�UHYLVLRQ�DQG�VHOI�UHJXODWRU\�VNLOO

WKURXJK�REVHUYDWLRQ�DQG�HPXODWLRQ� -RXUQDO�RI�(GXFDWLRQDO 3V\FKRORJ\���������±����

���



=KRX��*���3ULFH��7��:���/\QFK��&��)���%DUQHV��7���	�&KL��0����������7KH�,PSDFW�RI�*UDQXODULW\�RQ

:RUNHG�([DPSOHV�DQG�3UREOHP�6ROYLQJ��,Q 3URFHHGLQJV RI�WKH���WK�$QQXDO�0HHWLQJ�RI

WKH�&RJQLWLYH�6FLHQFH�6RFLHW\��&RJ6FL�������3DVDGHQD� &DOLIRUQLD��86$��SS������������

���



$SSHQGL[�$� 3UHWHVW�DQG�3RVWWHVW�,WHPV�

3UHWHVW�,WHPV 6RXUFH 3RVWWHVW�,WHPV 6RXUFH

���ᬕ������ ��� (QJDJH�1< ���ᬕ������� ���� (QJDJH�1<

í�ᬕ�í��������í�ᬕ� �� 3URMHFW�8WDK í��ᬕ�í���������í��ᬕ� �� $XWKRU

E͙ͣͥ͑׺͑ͦ E͚ͤ͑͑ͦ͑͜׺  ��� 3URMHFW�8WDK ͤ͡ í ͙ͥE í ͚ͦ͑͑͜͢E  ��� $XWKRU

��� ���ᬕ�í����í����ᬕ�í��� 3URMHFW�8WDK ��� ����ᬕí�� í ���ᬕí�� $XWKRU

���ᬕ�í������ᬕ� ���í��í�ᬕ�í�� (QJDJH�1< ���ᬕí�������ᬕ� ��� í �í��ᬕ í
���

$XWKRU

í�ᬕ�í����ᬕ������ �í�í�ᬕ�í��� (QJDJH�1< í�[í���[���� í�í�[í�� $XWKRU

��\ ±����� ���\ ±��������� $XWKRU ��\ ±���� ��\ ±������� $XWKRU

��K ���������K ����� ��� $XWKRU ��K ���������K ����� ��� $XWKRU

1RWH� (QJDJH�1<�DQG�3URMHFW�8WDK�DUH�RSHQ�VRXUFH�FXUULFXOD� 3UREOHPV�FUHDWHG�E\�WKH�DXWKRU

ZHUH�DGDSWHG�IURP�RSHQ�VRXUFH�FRQWHQW�WR�PDWFK�HTXDWLRQ�VWUXFWXUHV�EHWZHHQ�WKH�SUHWHVW�DQG

SRVWWHVW�LWHPV��,WHPV����������DQG���DUH�WUDQVIHU�LWHPV�

���



$SSHQGL[�%� $OJHEUDLF�HTXDWLRQV�XVHG�LQ�ZRUNHG�H[DPSOHV DFURVV�DOO�FRQGLWLRQV�DQG�WKH�SDLUHG

SUREOHP�FRPSOHWHG�E\�VWXGHQWV�DIWHU�HDFK�ZRUNHG�H[DPSOH�

:RUNHG�([DPSOHV 3DLUHG�3UDFWLFH�3UREOHP
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1RWH� 7KH�ZRUNHG�H[DPSOH�GHULYDWLRQV�DUH�WKRVH�XVHG E\�5LWWOH�-RKQVRQ�DQG�6WDU��������

���



$SSHQGL[�&� &RJQLWLYH�ORDG�LQVWUXPHQW�DGDSWHG�IURP /HSSLQN�DQG�FROOHDJXHV��������IRU�WKH

PHDVXUHPHQW�RI�LQWULQVLF�ORDG��LWHPV�����������H[WUDQHRXV�ORDG��LWHPV�����������DQG�JHUPDQH�ORDG

�LWHPV��������������

,QVWUXFWLRQV��$OO�RI�WKH�IROORZLQJ�TXHVWLRQV�UHIHU WR�WKH�DFWLYLW\�WKDW�MXVW�ILQLVKHG��3OHDVH�UHVSRQG

WR�HDFK�RI�WKH�TXHVWLRQV�RQ�WKH�IROORZLQJ�VFDOH����PHDQLQJ QRW�DW�DOO�WKH�FDVH DQG����PHDQLQJ

FRPSOHWHO\�WKH�FDVH��

� >�@�7KH�WRSLF�FRYHUHG�LQ�WKH�DFWLYLW\�ZDV�YHU\�FRPSOH[�

� >�@�7KH�DFWLYLW\�FRYHUHG�HTXDWLRQV�WKDW�,�SHUFHLYHG�DV�YHU\�FRPSOH[�

� >�@�7KH�DFWLYLW\�FRYHUHG�FRQFHSWV�WKDW�,�SHUFHLYHG�DV�YHU\�FRPSOH[�

� >�@�7KH�ZRUNHG�H[DPSOHV�GXULQJ�WKH�DFWLYLW\�ZHUH�YHU\�XQFOHDU�

� >�@�7KH�ZRUNHG�H[DPSOHV�ZHUH��LQ�WHUPV�RI�OHDUQLQJ��YHU\�LQHIIHFWLYH�

� >�@�7KH�ZRUNHG�H[DPSOHV�ZHUH�IXOO�RI�XQFOHDU�ODQJXDJH�

� >�@�7KH�DFWLYLW\�UHDOO\�HQKDQFHG�P\�XQGHUVWDQGLQJ�RI�WKH�WRSLF�V��FRYHUHG�

� >�@�7KH�DFWLYLW\�UHDOO\�HQKDQFHG�P\�NQRZOHGJH�DQG�XQGHUVWDQGLQJ�RI�VROYLQJ�HTXDWLRQV�

� >�@�7KH�DFWLYLW\�UHDOO\�HQKDQFHG�P\�XQGHUVWDQGLQJ�RI�WKH�HTXDWLRQ�VROYLQJ�VWUDWHJLHV

FRYHUHG�

� >��@�7KH�DFWLYLW\�UHDOO\�HQKDQFHG�P\�XQGHUVWDQGLQJ�RI�HTXDWLRQ�VROYLQJ�

���



&KDSWHU����'LVFXVVLRQ

7KLV�FKDSWHU�VXPPDUL]HV�NH\�WDNHDZD\V�IURP�WKH�UHVHDUFK�VWXGLHV�SUHVHQWHG�LQ�WKLV

GLVVHUWDWLRQ�DV�ZHOO�DV�LQWHUSUHWDWLRQV�GUDZQ�IURP�WKH�FXPXODWLYH�ILQGLQJV��,�DGGUHVV�SURPLQHQW

OLPLWDWLRQV�DQG�FORVH�ZLWK�D�VXPPDU\�RI�UHODWHG�RQJRLQJ�DQG�IXWXUH�ZRUN�WR�FRQWLQXH�WKLV

UHVHDUFK�SURJUDP�

6XPPDU\�DQG�,QWHUSUHWDWLRQV�RI�)LQGLQJV

7KH�VWXGLHV�SUHVHQWHG�GHVFULEH�����KRZ�SHUFHSWXDO�FXHV�LPSDFW�VWXGHQWV¶�SHUIRUPDQFH�RQ

VLPSOLI\LQJ�DULWKPHWLF�SUREOHPV�LQ�DQ�RQOLQH�WXWRULQJ�V\VWHP��&KDSWHU��������WKH�UHODWLRQ�EHWZHHQ

VWXGHQWV¶�SULRU�NQRZOHGJH��LQKLELWRU\�FRQWURO��DQG�SHUFHSWXDO�FXHV��&KDSWHU�����DQG����KRZ

HPERGLHG�IHDWXUHV�PD\�EH�LQWHJUDWHG�LQWR�RQOLQH�ZRUNHG�H[DPSOHV�DQG�LPSDFW�VWXGHQWV¶�OHDUQLQJ

ZLWK�D�G\QDPLF�QRWDWLRQ�WRRO��&KDSWHU�����)LUVW��WKH�UHVXOWV�SUHVHQWHG�LQ�&KDSWHU���FRQFHSWXDOO\

UHSOLFDWH�SULRU�UHVHDUFK�RQ�SHUFHSWXDO�OHDUQLQJ�LQ�DQ�DXWKHQWLF�OHDUQLQJ�HQYLURQPHQW�E\

GHPRQVWUDWLQJ�WKDW�SK\VLFDO�VSDFLQJ�LQ�DULWKPHWLF�H[SUHVVLRQV�LPSDFWV�VWXGHQWV¶�SHUIRUPDQFH�LQ

DQ�RQOLQH�OHDUQLQJ�HQYLURQPHQW��6HFRQG��WKH�VWXG\�SUHVHQWHG�LQ�&KDSWHU���H[WHQGV�WKLV�ZRUN�E\

EULGJLQJ�FRJQLWLYH�DQG�GHYHORSPHQWDO�WKHRULHV��7KH�UHVXOWV�VKRZHG�WKDW�VSDFLQJ�LQ�DULWKPHWLF

SUREOHPV�DOVR�LPSDFWV�FROOHJH�VWXGHQWV��DQG�PD\�EH�PRGHUDWHG�E\�VWXGHQWV¶�SULRU�NQRZOHGJH�

DOWKRXJK�WKLV�HIIHFW�GRHV�QRW�VHHP�WR�EH�LPSDFWHG�E\�VWXGHQWV¶�LQKLELWRU\�FRQWURO��7KLUG��ZKLOH

WKH�UHVXOWV�LQ�&KDSWHU���ZHUH�LQFRQFOXVLYH��SUHOLPLQDU\�HYLGHQFH�FRQWULEXWHV�WR�WKH�OLWHUDWXUH�RQ

WKH�ZRUNHG�H[DPSOH�HIIHFW�E\�WKHRUL]LQJ�KRZ�PXOWLSOH�FRJQLWLYH�WKHRULHV��L�H���FRJQLWLYH�ORDG�DQG

HPERGLPHQW��PD\�ZRUN�WRJHWKHU�WR�LQIOXHQFH�H[DPSOH�EDVHG�OHDUQLQJ��7RJHWKHU��WKHVH�VWXGLHV

GHPRQVWUDWH�WKDW�SHUFHSWXDO�DQG�HPERGLHG�FXHV�PD\�EH�LQWHJUDWHG�LQ�GLIIHUHQW�ZD\V�LQ�RQOLQH
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OHDUQLQJ�SODWIRUPV�DQG�WKDW�E\�GRLQJ�VR��WKH\�PD\�LPSDFW�VWXGHQWV¶�SHUIRUPDQFH�DQG�OHDUQLQJ�LQ

GLIIHUHQW�ZD\V��7DEOH����

7DEOH��

6XPPDU\�RI�6WXGLHV�E\�3ODWIRUP��3HUFHSWXDO�RU�(PERGLHG�&XH��DQG�(IIHFW

3ODWIRUP 6WXG\
3RSXODWLRQ

&RQWHQW 3HUFHSWXDO�RU
(PERGLHG�&XH

(IIHFW

6WXG\�� $66,67PHQWV ����WK�JUDGH
VWXGHQWV

2UGHU�RI
RSHUDWLRQV

6SDWLDO
SUR[LPLW\

3HUIRUPDQFH�
$FFXUDF\

6WXG\�� 3V\FKRS\ &ROOHJH
VWXGHQWV

2UGHU�RI
RSHUDWLRQV

6SDWLDO
SUR[LPLW\

3HUIRUPDQFH�
5HVSRQVH�WLPH

6WXG\�� *UDVSDEOH
0DWK
$FWLYLWLHV

�WK�JUDGH
VWXGHQWV

6LPSOLI\LQJ
HTXDWLRQV

0LUURULQJ
ZRUNHG
H[DPSOHV

/HDUQLQJ�
,QFRQFOXVLYH

$OWKRXJK�WKHVH�UHVHDUFK�SURMHFWV�LQYROYH�VKRUW�H[SHULPHQWDO�VWXGLHV�ZLWK�VXEWOH

PDQLSXODWLRQV��WKHVH�ILQGLQJV�VXSSRUW�WKH�OLWHUDWXUH�RQ�SHUFHSWXDO�DQG�HPERGLHG�OHDUQLQJ�

1DPHO\��HYHQ�WKH�VPDOOHVW�GHWDLOV�RI�VWXGHQWV¶�HQYLURQPHQWV�FDQ�SRWHQWLDOO\�PDNH�D�GLIIHUHQFH�E\

OHYHUDJLQJ�SHUFHSWXDO�VXSSRUWV�DQG�VWXGHQWV¶�ERG\�EDVHG�UHVRXUFHV�WR�PDNH�OHDUQLQJ�DOJHEUD�DQG

SUH�DOJHEUDLF�FRQFHSWV�HDVLHU��:KDW¶V�PRUH��SHUFHSWXDO�VFDIIROGV�DQG�HPERGLHG�IHDWXUHV�FDQ�EH

HDVLO\�LPSOHPHQWHG�LQ�LQVWUXFWLRQDO�SUDFWLFHV�DQG�PDWK�FRQWHQW�RQ�RQOLQH�SODWIRUPV��%\�H[SORULQJ

KRZ�ZH�FDQ�LQWHJUDWH�WKHVH�VXSSRUWV�LQWR�RQOLQH�LQVWUXFWLRQDO�PDWHULDO��ZH�FDQ�SURYLGH�IHDVLEOH�

FRVW�HIIHFWLYH�UHFRPPHQGDWLRQV�IRU�UHVHDUFKHUV��WHDFKHUV��DQG�FRQWHQW�GHYHORSHUV�WKDW�PD\

JHQHUDOL]H�DFURVV�GLIIHUHQW�RQOLQH�OHDUQLQJ�SODWIRUPV�
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&XUUHQW�/LPLWDWLRQV�,QYLWH�)XWXUH�'LUHFWLRQV

%H\RQG�IDFLQJ�UHFUXLWPHQW�GLIILFXOWLHV�GXH�WR�WKH�&29,'����SDQGHPLF��WKLV�GLVVHUWDWLRQ

UHVHDUFK�LV�OLPLWHG�LQ�LWV�VFRSH�DQG�FRQVHTXHQWO\��LPSOLFDWLRQV�IRU�WKHRU\�DQG�SUDFWLFH��1RWDEO\�

DOWKRXJK�FRQGXFWLQJ�RQOLQH�H[SHULPHQWV�SURYLGHG�FOHDQ�H[SHULPHQWDO�GHVLJQV��WKH�SUHVHQWHG

UHVXOWV�QHJOHFW�WKH�SRVVLELOLW\�RI�XQFRYHULQJ�PRUH�FRPSOH[�RXWFRPHV�WKDW�PD\�KDYH�EHHQ

DFKLHYHG�ZLWK�D�PRUH�TXDOLWDWLYH�DSSURDFK��VXFK�DV�REVHUYLQJ�VWXGHQWV¶�VSHHFK�DQG�JHVWXUHV�LQ

DGGLWLRQ�WR�WKHLU�SHUIRUPDQFH�RQ�DULWKPHWLF�DQG�DOJHEUD�WDVNV��/DUJHO\��P\�UHVHDUFK�WR�GDWH�KDV

IRFXVHG�RQ�JHQHUDO�HIIHFWV�RI�SHUIRUPDQFH�DQG�OHDUQLQJ�IRXQG�DFURVV�VDPSOHV�RI�SDUWLFLSDQWV

ZLWKRXW�FRQVLGHULQJ�EHKDYLRUDO�SURFHVVHV�WKDW�FRXOG�LQIOXHQFH�WKH�LPSDFW�RI�SHUFHSWXDO�RU

HPERGLHG�IHDWXUHV�RI�LQVWUXFWLRQDO�PDWHULDOV�RQ�SHUIRUPDQFH�RU�OHDUQLQJ��6LPLODUO\��WKHVH

H[SHULPHQWV�DUH�EULHI��WDNLQJ�SODFH�RYHU�WKH�FRXUVH�RI�URXJKO\�RQH�KRXU��1RQH�RI�WKLV�UHVHDUFK

FRQVLGHUV�WKH�LPSDFW�RI�LQVWUXFWLRQDO�VXSSRUW�ZLWK�SHUFHSWXDO�DQG�HPERGLHG�VXSSRUW�RYHU�ORQJHU

SHULRGV�RI�WLPH�

/RRNLQJ�DKHDG��,�DLP�WR�DGYDQFH�FRJQLWLYH�WKHRU\�DQG�PHWKRGRORJLFDO�SUDFWLFH�LQ�WKH

OHDUQLQJ�VFLHQFHV�DQG�WR�SURYLGH�UHFRPPHQGDWLRQV�IRU�WHFKQRORJ\�GHVLJQ�DQG�LQVWUXFWLRQDO

VXSSRUW�LQ�RQOLQH�OHDUQLQJ�HQYLURQPHQWV��,�LQWHQG�WR�FRQWLQXH�GHYHORSLQJ�DQG�VFDOLQJ�P\�UHVHDUFK

SURJUDP�WR�LQYHVWLJDWH�KRZ�ZH�FDQ�OHYHUDJH�SHUFHSWXDO�VXSSRUW�DQG�HPERGLHG�H[SHULHQFHV�LQ

PDWKHPDWLFV�HGXFDWLRQ��)LUVW��,�LQWHQG�WR�FRQWLQXH�H[SORULQJ�KRZ�LQGLYLGXDO�GLIIHUHQFHV��VXFK�DV

LQKLELWRU\�FRQWURO��PD\�LQIOXHQFH�WKH�UHODWLRQVKLS�EHWZHHQ�SHUFHSWXDO�DQG�HPERGLHG�IHDWXUHV�RI

LQVWUXFWLRQDO�PDWHULDOV�DQG�OHDUQLQJ�LQ�DOJHEUD��6HFRQG��,�LQWHQG�WR�H[SORUH�KRZ�LQVWUXFWLRQDO

VXSSRUW�VKRXOG�EH�LPSOHPHQWHG�LQ�RQOLQH�SODWIRUPV�WR�HIIHFWLYHO\�KHOS�VWXGHQWV�ORQJ�WHUP��7KLUG�

,�SODQ�WR�GHYHORS�D�VHFRQG�OLQH�RI�H[SORUDWRU\�UHVHDUFK�GHGLFDWHG�WR�TXHVWLRQLQJ�ZKHQ�DQG�KRZ
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PHWKRGRORJLHV�DFURVV�WKH�OHDUQLQJ�VFLHQFHV�VKRXOG�EH�XVHG�LQ�GLIIHUHQW�FRQWH[WV��(DFK�RI�WKHVH

IXWXUH�GLUHFWLRQV�DUH�GLVFXVVHG�LQ�PRUH�GHWDLO�LQ�WKH�IROORZLQJ�VHFWLRQV�

(PEUDFLQJ�&RPSOH[LW\�ZLWK�:RUNHG�([DPSOHV�DQG�,QVWUXFWLRQDO�0DWHULDOV

6FKHLWHU��������UHFHQWO\�FRPPHQWHG�WKDW�WKH�VWXG\�RI�H[DPSOH�EDVHG�OHDUQLQJ�KDV

DGYDQFHG�LQ�WKH�SDVW�WZHQW\�\HDUV�PRVW�QRWLFHDEO\�E\�³HPEUDFLQJ�FRPSOH[LW\´��6FKHLWHU�������

UHDVRQHG�WKDW�EH\RQG�VWXG\LQJ�ZKHQ�DQG�ZK\�ZRUNHG�H[DPSOHV�DUH�EHQHILFLDO��ZH�DOVR�QHHG�WR

FRQVLGHU�KRZ�LQGLYLGXDO�GLIIHUHQFHV�PD\�LPSDFW�WKH�UHODWLRQ�EHWZHHQ�ZRUNHG�H[DPSOHV�DQG

OHDUQLQJ��,�DJUHH�ZLWK�WKLV�FDOO�WR�DFWLRQ�DQG�ZLOO�JR�IXUWKHU�WR�VD\�WKDW�LW�DOVR�VHHPV�DSSOLFDEOH�IRU

ZRUNHG�H[DPSOHV�DQG�LQVWUXFWLRQDO�PDWHULDOV�WKDW�WU\�WR�LQWHJUDWH�SHUFHSWXDO�DQG�HPERGLHG

IHDWXUHV�WR�VXSSRUW�OHDUQLQJ�

,�EHOLHYH�WKDW�WKH�VWXG\�SUHVHQWHG�LQ�&KDSWHU���EHJLQV�WR�HPEUDFH�FRPSOH[LW\�E\

LQYHVWLJDWLQJ�QRW�MXVW�KRZ�VWXGHQWV¶�SHUIRUPDQFH�DQG�OHDUQLQJ�DUH�LPSDFWHG�E\�H[SRVXUH�WR

LQVWUXFWLRQDO�PDWHULDOV�EXW�DOVR�WKH�XQGHUO\LQJ�PHFKDQLVPV�OLNH�FRJQLWLYH�ORDG��,Q�DGGLWLRQ�WR�WKLV

ZRUN��,�KDYH�DOVR�FRQGXFWHG�WZR�VPDOO�VWXGLHV�REVHUYLQJ�KRZ�DOJHEUD�VWXGHQWV��&ORVVHU�HW�DO��

����D��DQG�FROOHJH�VWXGHQWV��&ORVVHU�HW�DO�������E��SHUFHLYH�WKH�KHOSIXOQHVV�RI�GLIIHUHQW�ZRUNHG

H[DPSOH�IRUPDWV�DQG�ZK\��7KHVH�VWXGLHV�EXLOG�RII�WKH�ZRUN�SUHVHQWHG�LQ�6PLWK��&ORVVHU��2WWPDU�

DQG�&KDQ��������ZKLFK�IRXQG�WKDW�DOJHEUD�VWXGHQWV�H[SHULHQFHG�OHDUQLQJ�JDLQV�DIWHU�H[SRVXUH�WR

DQ\�RQH�RI�VL[�SHUFHSWXDOO\�GLIIHUHQW�ZRUNHG�H[DPSOHV�LQ�LQVWUXFWLRQDO�SUDFWLFH��%\�REVHUYLQJ

VWXGHQWV¶�UHDFWLRQV�WR�WKH�ZRUNHG�H[DPSOHV��,�FRQVLGHU�WKHVH�IROORZ�XS�VWXGLHV�WR�EH�IRXQGDWLRQDO

VWHSV�LQ�HPEUDFLQJ�FRPSOH[LW\�LQ�ZRUNHG�H[DPSOHV�E\�DQDO\]LQJ�ZKLFK�IHDWXUHV�VWXGHQWV�DWWHQG

WR�DQG�KRZ�WKDW�LQIRUPDWLRQ�PD\�LQIRUP�IXWXUH�GHVLJQ�FKRLFHV�LQ�ZRUNHG�H[DPSOHV�IRU�DOJHEUD�

0RUH�EURDGO\��WKH�HIIHFWLYHQHVV�RI�LQVWUXFWLRQDO�PDWHULDOV�LQ�PDWK�DUH�DOVR�LPSDFWHG�E\

VWXGHQWV¶�LQGLYLGXDO�GLIIHUHQFHV��3HUKDSV�PRVW�FRPPRQO\��SULRU�ZRUN�KDV�GHPRQVWUDWHG�WKDW
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VWXGHQWV¶�SULRU�NQRZOHGJH�LPSDFWV�WKH�HIIHFWLYHQHVV�RI�LQWHUYHQWLRQV�ZLWK�ZRUNHG�H[DPSOHV��H�J��

.DO\XJD�HW�DO����������%XW�EH\RQG�SULRU�NQRZOHGJH��ZKDW�RWKHU�LQGLYLGXDO�GLIIHUHQFHV�PLJKW

LPSDFW�KRZ�VWXGHQWV�OHDUQ�IURP�ZRUNHG�H[DPSOHV�ZLWK�SHUFHSWXDO�VXSSRUW"�5HFHQWO\��7HPSHODDU

DQG�FROOHDJXHV��������GHPRQVWUDWHG�WKDW�H[DPSOH�EDVHG�OHDUQLQJ�UHVHDUFK�PD\�EH�GRLQJ�WKH�ILHOG

D�GLVVHUYLFH�E\�VHDUFKLQJ�IRU�RYHUDOO�HIIHFWV�UDWKHU�WKDQ�DFFRXQWLQJ�IRU�GLIIHUHQW�OHDUQLQJ

GLVSRVLWLRQV�DQG�EHKDYLRUDO�SURILOHV�DPRQJ�VWXGHQWV��6LPLODUO\��6FKZDLJKRIHU�DQG�FROOHDJXHV

�������IRXQG�WKDW�FRPSRQHQWV�RI�H[HFXWLYH�IXQFWLRQ�PRGHUDWHG�WKH�ZRUNHG�H[DPSOH�HIIHFW

ZKHUHDV�SULRU�NQRZOHGJH�GLG�QRW��7RJHWKHU��WKHVH�VWXGLHV�VXJJHVW�WKDW�WKHUH�PD\�EH�RWKHU

XQGHUO\LQJ�PHFKDQLVPV�EHKLQG�H[DPSOH�EDVHG�OHDUQLQJ�WKDW�FRXOG�KDYH�LPSOLFDWLRQV�IRU�WKH

GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�LQVWUXFWLRQDO�VXSSRUW��$GGLWLRQDOO\��WR�WKH�EHVW�RI�P\�NQRZOHGJH�

IHZ�VWXGLHV�KDYH�LQYHVWLJDWHG�WKH�UROH�RI�SULRU�NQRZOHGJH�DQG�LQGLYLGXDO�GLIIHUHQFHV�LQ�OHDUQLQJ

IURP�ZRUNHG�H[DPSOHV�WKDW�OHYHUDJH�SHUFHSWXDO�IHDWXUHV��,�EHOLHYH�WKDW�WKH�VWXG\�SUHVHQWHG�LQ

&KDSWHU���SURYLGHV�D�IRXQGDWLRQ�IRU�XQFRYHULQJ�WKH�UROH�WKDW�LQGLYLGXDO�GLIIHUHQFHV��VXFK�DV

LQKLELWRU\�FRQWURO��SOD\�LQ�KRZ�VWXGHQWV�OHDUQ�IURP�YDULRXV�LQVWUXFWLRQDO�PDWHULDOV��/RRNLQJ

DKHDG��,�SODQ�WR�LQWHJUDWH�WKHRUHWLFDO�SHUVSHFWLYHV�WR�EHWWHU�XQGHUVWDQG�IDFWRUV��VXFK�DV�LQGLYLGXDO

GLIIHUHQFHV��WKDW�SRVVLEO\�LQIOXHQFH�WKH�HIIHFWLYHQHVV�RI�ZRUNHG�H[DPSOHV�DQG�RWKHU�LQVWUXFWLRQDO

PDWHULDOV�

,PSOHPHQWLQJ�/RQJ�7HUP�,QVWUXFWLRQDO�6XSSRUW�LQ�2QOLQH�3ODWIRUPV

%H\RQG�FRQVLGHULQJ�KRZ�LQGLYLGXDO�GLIIHUHQFHV�PD\�LPSDFW�WKH�ZD\�VWXGHQWV�OHDUQ�IURP

LQVWUXFWLRQDO�PDWHULDOV�ZLWK�SHUFHSWXDO�VXSSRUW��,�DOVR�SODQ�WR�H[SORUH�KRZ�LQVWUXFWLRQDO�VXSSRUW

VKRXOG�EH�LPSOHPHQWHG�ORQJ�WHUP�LQ�RQOLQH�SODWIRUPV�WR�LQFUHDVH�WKH�HFRORJLFDO�YDOLGLW\�RI�P\

ZRUN�DQG�SURYLGH�PRUH�VXEVWDQWLDWHG�UHFRPPHQGDWLRQV�IRU�RQOLQH�SODWIRUPV��7KH�UHVHDUFK

SUHVHQWHG�LQ�WKLV�GLVVHUWDWLRQ�VROHO\�LQFOXGHV�EULHI�VWXGLHV�LQYROYLQJ�RQH�WR�WKUHH�VHVVLRQV�
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SUHYHQWLQJ�PH�IURP�EHLQJ�DEOH�WR�GUDZ�DQ\�FRQFOXVLRQV�DERXW�KRZ�VWXGHQWV�PD\�OHDUQ�IURP�WKHVH

LQVWUXFWLRQDO�VXSSRUWV�RYHU�WLPH��)RU�LQVWDQFH��HYLGHQFH�VXJJHVWV�WKDW�XVLQJ�D�FRQFUHWHQHVV�IDGLQJ

DSSURDFK�IRU�LQVWUXFWLRQDO�VXSSRUW�EHVW�LPSURYHV�VWXGHQW�OHDUQLQJ�RYHU�WLPH��H�J���VHH�)\IH�HW�DO��

�����IRU�D�UHYLHZ��)\IH�	�1DWKDQ��������2WWPDU�	�/DQG\���������LQFOXGLQJ�IDGLQJ�RI�ZRUNHG

H[DPSOHV��0LOOHU�&RWWR�	�$X[WHU��������

7R�DGYDQFH�WKLV�DUHD�RI�UHVHDUFK��,�LQWHQG�WR�H[DPLQH�WKH�HIIHFWV�RI�FRQFUHWHQHVV�IDGLQJ

ZLWK�SHUFHSWXDO�DQG�HPERGLHG�VFDIIROGV�LQ�RQOLQH�OHDUQLQJ�HQYLURQPHQWV��,�ZRQGHU� KRZ�VKRXOG

SHUFHSWXDO�VFDIIROGV�EH�LPSOHPHQWHG�LQ�RQOLQH�OHDUQLQJ�V\VWHPV�WR�RSWLPL]H�OHDUQLQJ�RYHU�WKH

FRXUVH�RI�D�VHPHVWHU"�6SHFLILFDOO\��GR�VWXGHQWV�OHDUQ PRUH�LI�WKH\�VWDUW�SUDFWLFLQJ�HDUO\�DOJHEUD

FRQFHSWV�LQ�SUREOHP�VHWV�WKDW�XWLOL]H�VFDIIROGV��H�J���WKURXJK�WKH�XVH�RI�FRQJUXHQW�VSDFLQJ��FRORU�

G\QDPLF�ZRUNHG�H[DPSOHV��WR�GLUHFW�WKHLU�DWWHQWLRQ�WRZDUG�WKH�VWUXFWXUHV�RI�PDWK�QRWDWLRQ�DQG

WKHQ�VORZO\�UHPRYH�WKRVH�VXSSRUWV�RYHU�WLPH��H�J���E\�GHFUHDVLQJ�VSDFLQJ��UHPRYLQJ�FRORU�

UHPRYLQJ�G\QDPLF�IHDWXUHV�"�,�LQWHQG�WR�FRPSDUH�WKH�LPSDFW�RI�WKH�FRQFUHWHQHVV�IDGLQJ�DSSURDFK

RQ�VWXGHQW�OHDUQLQJ�JDLQV�WR�WKHLU�SHHUV�ZKR�UHFHLYH�QR�SHUFHSWXDO�VXSSRUW�RU�FRQVLVWHQW

SHUFHSWXDO�VXSSRUW�RYHU�WLPH��7R�GR�VR��,�ZLOO�XVH�D�UDQJH�RI�GDWD�DQG�PL[HG�PHWKRGV�WR�VWXG\

VWXGHQW�OHDUQLQJ�JDLQV�RYHU�VHYHUDO�ZHHNV�DV�ZHOO�DV�WKHLU�EHKDYLRUV�ZLWKLQ�D�SUREOHP�VHW�

8OWLPDWHO\��WKLV�UHVHDUFK�ZLOO�FRQWULEXWH�WR�RXU�XQGHUVWDQGLQJ�RI�KRZ�SHUFHSWXDO�IHDWXUHV�LPSDFW

VWXGHQW�OHDUQLQJ�DQG�SURYLGH�UHFRPPHQGDWLRQV�IRU�RQOLQH�OHDUQLQJ�SODWIRUPV�

$GYDQFLQJ�0HWKRGRORJLFDO�3UDFWLFHV�LQ�WKH�/HDUQLQJ�6FLHQFHV

,Q�DGGLWLRQ�WR�P\�SULPDU\�OLQH�RI�UHVHDUFK��,�DOVR�DLP�WR�DGYDQFH�WKH�ILHOG¶V�XQGHUVWDQGLQJ

RI�KRZ�PHWKRGRORJLHV�IURP�VXEGLVFLSOLQHV�RI�WKH�OHDUQLQJ�VFLHQFHV�PD\�EH�DSSURSULDWHO\�XVHG

DFURVV�SURMHFWV�DQG�FRQWH[WV�WR�SURYLGH�QHZ�LQVLJKWV�RQ�OHDUQLQJ��,Q�WKLV�GLVVHUWDWLRQ�UHVHDUFK��,

SULPDULO\�DSSOLHG�IUHTXHQWLVW�DQDO\VLV�PHWKRGV��LQFOXGLQJ�DQDO\VLV�RI�YDULDQFH�DQG�KLHUDUFKLFDO
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OLQHDU�PRGHOV��DV�ZHOO�DV�%D\HVLDQ�DQDO\VLV�PHWKRGV�WR�RIIHU�PXOWLSOH�LQWHUSUHWDWLRQV�RI�WKH

UHVXOWV��7KDW�VDLG��P\�UHVHDUFK�KDV�VSDUNHG�GLVFXVVLRQV�RQ�WKH�YDULRXV�PHWKRGRORJLHV�XVHG�LQ

OHDUQLQJ�VFLHQFH�UHVHDUFK�DQG�KDV�SURPSWHG�H[SORUDWRU\�ZRUN�RQ�WKH�DSSOLFDWLRQV�RI�TXDOLWDWLYH�

TXDQWLWDWLYH��DQG�FRPSXWDWLRQDO�PHWKRGV�LQ�HGXFDWLRQDO�UHVHDUFK��/RRNLQJ�DKHDG��,�SODQ�WR�SXUVXH

D�VHFRQG�OLQH�RI�UHVHDUFK�IRFXVLQJ�RQ�WKH�DSSOLFDWLRQ�RI�TXDQWLWDWLYH�DQG�FRPSXWDWLRQDO�PHWKRGV

RI�GDWD�DQDO\VLV�LQ�WKH�OHDUQLQJ�VFLHQFHV�

0\�FROOHDJXHV�DQG�,�KDYH�DOUHDG\�PDGH�VWULGHV�LQ�H[SORULQJ�KRZ�GLIIHUHQW�PHWKRGV�IURP

HGXFDWLRQDO�GDWD�PLQLQJ�DQG�OHDUQLQJ�DQDO\WLFV�FDQ�EH�DSSOLHG�WR�ULFK�GDWDVHWV�IURP�GLIIHUHQW

FRQWH[WV�LQ�WKH�OHDUQLQJ�VFLHQFHV�EH\RQG�ODUJH�VFDOH�ORJ�ILOHV��)RU�LQVWDQFH��ZH�XVHG�FOXVWHULQJ

DQDO\VHV�WR�LGHQWLI\�SURILOHV�RI�VWXGHQW�EHKDYLRU�GXULQJ�PHDVXUHPHQW�WDVNV��+DUULVRQ��6PLWK�

%RWHOKR��2WWPDU��	�$UUR\R��������WKHQ�H[SDQGHG�WKLV�ZRUN�WR�VKRZ�KRZ�PDFKLQH�OHDUQLQJ�FDQ

EH�DSSOLHG�WR�UHODWLYHO\�VPDOO��PXOWLPRGDO�GDWDVHWV�IURP�LQ�SHUVRQ�VWXGLHV�DQG�DIIRUG�PRUH

UHJXODUL]DWLRQ�LQ�PRGHOV��&ORVVHU�HW�DO����������7KLV�ZRUN�GHPRQVWUDWHV�WKH�V\QHUJ\�EHWZHHQ

OHDUQLQJ�DQDO\WLFV�DQG�HPERGLHG�GHVLJQ��$EUDKDPVRQ�HW�DO����������VKRZLQJ�WKDW

FURVV�GLVFLSOLQDU\�DSSOLFDWLRQV�RI�TXDQWLWDWLYH�DQG�FRPSXWDWLRQDO�PHWKRGV�PD\�EH�EHQHILFLDO�IRU

DGYDQFLQJ�WKH�ILHOG¶V�XQGHUVWDQGLQJ�RI�KRZ�VWXGHQWV�OHDUQ�WKURXJK�PXOWLPRGDO�WDVNV��2XU

ILQGLQJV�DUH�GLUHFWO\�DSSOLFDEOH�WR�SRVVLEOH�H[WHQVLRQV�RI�WKH�UHVHDUFK�SUHVHQWHG�LQ�WKLV

GLVVHUWDWLRQ��IRU�LQVWDQFH��PDFKLQH�OHDUQLQJ�WHFKQLTXHV�PD\�EH�DSSOLHG��DV�LQIRUPHG�E\�FRJQLWLYH

WKHRULHV��WR�IXUWKHU�DQDO\]H�ORJ�GDWD��H�J���VWXGHQWV¶�EHKDYLRUV�DQG�SHUIRUPDQFH�RQ�WKH�SDLUHG

SUDFWLFH�SUREOHPV��IURP�WKH�VWXG\�SUHVHQWHG�LQ�&KDSWHU����$V�PRUH�HGXFDWLRQDO�UHVHDUFK�LV

FRQGXFWHG�LQ�RQOLQH�SODWIRUPV��LW�LV�FULWLFDO�WR�FRQVLGHU�KRZ�ZH�FDQ�DSSURSULDWHO\�DQDO\]H�D

YDULHW\�RI�GDWD�IURP�GLIIHUHQW�VRXUFHV�

���



6LPLODUO\��,�KDYH�DVNHG�ZKHWKHU�ZH�FDQ�DGYDQFH�RXU�ILHOG�E\�UHILQLQJ�WKH�TXDQWLWDWLYH

PHWKRGV�XVHG�WR�GUDZ�FDXVDO�LQIHUHQFHV�DERXW�OHDUQLQJ��0\�FROOHDJXHV�DQG�,�KDYH�UXQ�VLPXODWHG

H[SHULPHQWV�WR�GHWHUPLQH�ZKLFK�DQG�ZKHQ�GLIIHUHQW�PRGHOLQJ�DSSURDFKHV�DUH�DSSURSULDWH�IRU

DQDO\]LQJ�GDWD�IURP�RQOLQH�H[SHULPHQWV�ZLWK�VWXGHQW�OHYHO�UDQGRPL]DWLRQ�WR�DFFRXQW�IRU�WKH

QDWXUDOO\�QHVWHG�VWUXFWXUH�RI�VWXGHQWV�LQ�FODVVURRPV��&ORVVHU�HW�DO���LQ�SUHSDUDWLRQ���2Q�WKH�RQH

KDQG��XVLQJ�VWXGHQW�OHYHO�UDQGRPL]DWLRQ�LQ�H[SHULPHQWV�VKRXOG�DOOHYLDWH�DQ\�JURXS�OHYHO

GLIIHUHQFHV��2Q�WKH�RWKHU�KDQG��P\�SULRU�ZRUN��&KDSWHU����+DUULVRQ��6PLWK��+XOVH��	�2WWPDU�

������VXJJHVWV�WKDW�VWXGHQW�OHYHO�UDQGRPL]DWLRQ�PD\�QRW�FRPSOHWHO\�RIIVHW�FODVV��RU�VFKRRO�OHYHO

GLIIHUHQFHV�LQ�VDPSOHV��7KLV�GLVFUHSDQF\��DORQJ�ZLWK�UHFHQW�ZRUN�GHEDWLQJ�WKH�YDOXH�RI�PXOWLOHYHO

PRGHOLQJ��H�J���0F1HLVK�HW�DO���������VXJJHVWHG�WKDW�LW�PD\�EH�ZRUWKZKLOH��DV�D�ILHOG��WR

UHFRQVLGHU�ZKHQ�DQG�KRZ�WR�DSSURSULDWHO\�DQDO\]H�GDWD�IURP�RQOLQH�H[SHULPHQWV�LQ�HGXFDWLRQDO

UHVHDUFK�LQ�RUGHU�WR�DFFXUDWHO\�HVWLPDWH�WUHDWPHQW�HIIHFWV��7KURXJK�WKLV�EXGGLQJ�OLQH�RI�UHVHDUFK�

,�DP�PRWLYDWHG�WR�OHYHUDJH�WKH�VWUHQJWKV��DQG�PLQLPL]H�WKH�OLPLWDWLRQV��RI�PHWKRGRORJLHV�XVHG�LQ

WKH�OHDUQLQJ�VFLHQFHV�WR�DGYDQFH�UHVHDUFK�DQG�SURYLGH�QHZ�LQVLJKWV�LQWR�OHDUQLQJ�

&RQFOXVLRQ

7KH�WKUHH�SURMHFWV�SUHVHQWHG�LQ�WKLV�GLVVHUWDWLRQ�SURYLGH�D�IRXQGDWLRQDO�DSSURDFK�WR

LQYHVWLJDWLQJ�KRZ�SHUFHSWXDO�VFDIIROGV�DQG�HPERGLHG�IHDWXUHV�ZLWKLQ�LQVWUXFWLRQDO�PDWHULDOV

LPSDFW�VWXGHQWV¶�SHUIRUPDQFH�DQG�OHDUQLQJ�LQ�RQOLQH�VHWWLQJV��,�KDYH�EHHQ�H[FLWHG�E\�WKLV�OLQH�RI

UHVHDUFK�DQG�DP�HDJHU�WR�FRQWLQXH�SXUVXLQJ�LW�EHFDXVH�,�EHOLHYH�WKDW�LQYHVWLJDWLQJ�KRZ�SHUFHSWXDO

DQG�HPERGLHG�OHDUQLQJ�RFFXU�LQ�RQOLQH�VHWWLQJV�IRRWV�WKH�ELOO�IRU�UHVHDUFK�LQ�3DVWHXU¶V�TXDGUDQW�E\

EDODQFLQJ�SULQFLSOHV�RI�EDVLF�DQG�DSSOLHG�UHVHDUFK��6WRNHV���������2Q�WKH�RQH�KDQG��WKLV�UHVHDUFK

FRQWULEXWHV�WR�RXU�WKHRUHWLFDO�XQGHUVWDQGLQJ�RI�KRZ�FRJQLWLYH�SURFHVVHV�RFFXU�DQG�DUH�LQIOXHQFHG

E\�SHUFHSWLRQ�DQG�HPERGLHG�H[SHULHQFHV��)XUWKHU��LW�SUHVHQWV�RSSRUWXQLWLHV�WR�FRQVLGHU�KRZ

���



GLIIHUHQW�WKHRUHWLFDO�SHUVSHFWLYHV�PD\�RYHUODS�DQG�KDYH�LPSOLFDWLRQV�IRU�FRJQLWLYH�DQG�OHDUQLQJ

SURFHVVHV�LQ�PDWK��2Q�WKH�RWKHU�KDQG��HDFK�RI�WKHVH�SURMHFWV�SURYLGH�SUDFWLFDO�LPSOLFDWLRQV�IRU

LQVWUXFWRUV�DQG�FRQWHQW�GHYHORSHUV�IRU�RQOLQH�SODWIRUPV�E\�GHPRQVWUDWLQJ�D��KRZ�SHUFHSWXDO�DQG

HPERGLHG�VFDIIROGV�PD\�EH�IHDVLEO\�LPSOHPHQWHG�LQ�RQOLQH�OHDUQLQJ�HQYLURQPHQWV�DQG�E��KRZ

VWXGHQWV¶�EHKDYLRU��SHUIRUPDQFH��DQG�OHDUQLQJ�RXWFRPHV�PD\�EH�LPSDFWHG�E\�WKHVH�IHDWXUHV�

,GHDOO\��WKLV�OLQH�RI�UHVHDUFK�ZLOO�DGYDQFH�WKHRU\�ZKLOH�DOVR�OHDGLQJ�WR�WKH�FUHDWLRQ�RI�JXLGHOLQHV

IRU�VPDOO��SRVLWLYH�FKDQJHV�LQ�WKH�ZD\V�WKDW�PDWK�LQVWUXFWLRQDO�PDWHULDOV�DUH�SUHVHQWHG�WR�VWXGHQWV

LQ�RQOLQH�VHWWLQJV�WR�VXSSRUW�PDWK�OHDUQLQJ�

���



5HIHUHQFHV

$EUDKDPVRQ��'���:RUVOH\��0���3DUGRV��=��$���	�2X��/����������/HDUQLQJ�DQDO\WLFV�RI�HPERGLHG

GHVLJQ��(QKDQFLQJ�V\QHUJ\� ,QWHUQDWLRQDO�-RXUQDO�RI &KLOG�&RPSXWHU�,QWHUDFWLRQ�

�������

$WNLQVRQ��5��.���'HUU\��6��-���5HQNO��$���	�:RUWKDP��'����������/HDUQLQJ�IURP�H[DPSOHV�

,QVWUXFWLRQDO�SULQFLSOHV�IURP�WKH�ZRUNHG�H[DPSOHV�UHVHDUFK� 5HYLHZ�RI�(GXFDWLRQDO

5HVHDUFK� ���������������

&DVVRWWL��0���$JRJXH��0���&DPDUGD��$���+RXGH��2���	�%RUVW��*����������,QKLELWRU\�FRQWURO�DV�D

FRUH�SURFHVV�RI�FUHDWLYH�SUREOHP�VROYLQJ�DQG�LGHD�JHQHUDWLRQ�IURP�FKLOGKRRG�WR

DGXOWKRRG��,Q�%��%DUERW��(G����3HUVSHFWLYHV�RQ�FUHDWLYLW\�GHYHORSPHQW� 1HZ�'LUHFWLRQV

IRU�&KLOG�DQG�$GROHVFHQW�'HYHORSPHQW������ ��±���

&ORVVHU��$��+���(ULFNVRQ��-��$���6PLWK��+���9DUDWKDUDM��$���	�%RWHOKR��$��)���������LQ�SUHVV��

%OHQGLQJ�/HDUQLQJ�$QDO\WLFV�DQG�(PERGLHG�'HVLJQ�WR�0RGHO�6WXGHQWV¶�&RPSUHKHQVLRQ

RI�0HDVXUHPHQW�8VLQJ�7KHLU�$FWLRQV��6SHHFK��DQG�*HVWXUHV��7R�DSSHDU�LQ�$EUDKDPVRQ�

'���:RUVOH\��0���3DUGRV��=���2X��/���(GV�� ,QWHUQDWLRQDO -RXUQDO�RI�&KLOG�&RPSXWHU

,QWHUDFWLRQ��,-&&,��6SHFLDO�,VVXH�RQ�/HDUQLQJ�$QDO\WLFV�RI�(PERGLHG�'HVLJQ��(QKDQFLQJ

6\QHUJ\� KWWSV���GRL�RUJ���������M�LMFFL������������

&ORVVHU��$��+���6DOHV��$���	�%RWHOKR��$��)���LQ�SUHSDUDWLRQ���6KRXOG�ZH�DFFRXQW�IRU�FODVVURRPV"

$QDO\]LQJ�RQOLQH�H[SHULPHQWDO�GDWD�ZLWK�VWXGHQW�OHYHO�UDQGRPL]DWLRQ��0DQXVFULSW�LQ

SUHSDUDWLRQ�

&ORVVHU��$��+���6PLWK��+���	�&KDQ��-��<��&���������1RYHPEHU�� 6WXGHQWV¶�,PSUHVVLRQV�RI

(TXDWLRQ�6ROYLQJ�:RUNHG�([DPSOHV�LQ�DQ�2QOLQH�(QYLURQPHQW� %ULHI�UHVHDUFK�UHSRUW�WR

���



EH�LQFOXGHG�LQ�WKH 3URFHHGLQJV�RI�WKH���WK0HHWLQJ�RI�WKH�1RUWK�$PHULFDQ�&KDSWHU�RI�WKH

,QWHUQDWLRQDO�*URXS�IRU�WKH�3V\FKRORJ\�RI�0DWKHPDWLFV�(GXFDWLRQ��1DVKYLOOH��71�

&ORVVHU��$��+���&KDQ��-��<��&��6PLWK��+���	�2WWPDU��(���������1RYHPEHU�� &ROOHJH�6WXGHQWV¶

,QSXW�RQ�7KH�'HVLJQ�RI�:RUNHG�([DPSOHV�IRU�2QOLQH�(QYLURQPHQWV��5HVHDUFK�UHSRUW�WR�EH

LQFOXGHG�LQ�WKH 3URFHHGLQJV�RI�WKH���WK0HHWLQJ�RI WKH�1RUWK�$PHULFDQ�&KDSWHU�RI�WKH

,QWHUQDWLRQDO�*URXS�IRU�WKH�3V\FKRORJ\�RI�0DWKHPDWLFV�(GXFDWLRQ��1DVKYLOOH��71�

)\IH��(��5���0F1HLO��1��0���6RQ��-��<���	�*ROGVWRQH��5��/����������&RQFUHWHQHVV�IDGLQJ�LQ

PDWKHPDWLFV�DQG�VFLHQFH�LQVWUXFWLRQ��$�V\VWHPDWLF�UHYLHZ� (GXFDWLRQDO�SV\FKRORJ\

UHYLHZ� ������������

)\IH��(��5���	�1DWKDQ��0��-����������0DNLQJ�³FRQFUHWHQHVV�IDGLQJ´�PRUH�FRQFUHWH�DV�D�WKHRU\�RI

LQVWUXFWLRQ�IRU�SURPRWLQJ�WUDQVIHU� (GXFDWLRQDO�5HYLHZ� ������������

GRL������������������������������

+DUULVRQ��$���6PLWK��+���%RWHOKR��$���2WWPDU��(���	�$UUR\R��,���-XQH�������� )RU�JRRG�PHDVXUH�

,GHQWLI\LQJ�VWXGHQW�PHDVXUHPHQW�HVWLPDWLRQ�VWUDWHJLHV�WKURXJK�DFWLRQV��ODQJXDJH��DQG

JHVWXUH��,Q�WKH�,QWHUQDWLRQDO�&RQIHUHQFH�RI�WKH�/HDUQLQJ 6FLHQFHV��,&/6������

3URFHHGLQJV��SS���������� KWWSV���SDU�QVI�JRY�VHUYOHWV�SXUO���������

+DUULVRQ��$���6PLWK��+���+XOVH��7���	�2WWPDU��(��5����������6SDFLQJ�2XW��0DQLSXODWLQJ�6SDWLDO

)HDWXUHV�LQ�0DWKHPDWLFDO�([SUHVVLRQV�$IIHFWV�3HUIRUPDQFH� -RXUQDO�RI�1XPHULFDO

&RJQLWLRQ� ��������������

.DO\XJD��6���&KDQGOHU��3���7XRYLQHQ��-���	�6ZHOOHU��-����������:KHQ�SUREOHP�VROYLQJ�LV�VXSHULRU

WR�VWXG\LQJ�ZRUNHG�H[DPSOHV� -RXUQDO�RI�(GXFDWLRQDO 3V\FKRORJ\���������±����

KWWSV���GRL�RUJ����������������������������

���



0F1HLVK��'���6WDSOHWRQ��/��0���	�6LOYHUPDQ��5��'����������2Q�WKH�XQQHFHVVDU\�XELTXLW\�RI

KLHUDUFKLFDO�OLQHDU�PRGHOLQJ� 3V\FKRORJLFDO�0HWKRGV� ����������

0LOOHU�&RWWR��'���	�$X[WHU��$��(����������7HVWLQJ�WKH�HFRORJLFDO�YDOLGLW\�RI�IDGHG�ZRUNHG

H[DPSOHV�LQ�DOJHEUD� (GXFDWLRQDO�3V\FKRORJ\�������

2WWPDU��(���	�/DQG\��'����������&RQFUHWHQHVV�IDGLQJ�RI�DOJHEUDLF�LQVWUXFWLRQ��(IIHFWV�RQ

OHDUQLQJ� -RXUQDO�RI�WKH�/HDUQLQJ�6FLHQFHV� ������ ������

6FKHLWHU��.����������(PEUDFLQJ�FRPSOH[LW\�LQ�UHVHDUFK�RQ�OHDUQLQJ�IURP�H[DPSOHV�DQG�IURP

SUREOHP�VROYLQJ� $SSOLHG�&RJQLWLYH�3V\FKRORJ\� ������ ��������

6FKZDLJKRIHU��0���%�KQHU��0���	�)LVFKHU��)����������([HFXWLYH�IXQFWLRQV�DV�PRGHUDWRUV�RI�WKH

ZRUNHG�H[DPSOH�HIIHFW��:KHQ�VKLIWLQJ�LV�PRUH�LPSRUWDQW�WKDQ�ZRUNLQJ�PHPRU\�FDSDFLW\�

-RXUQDO�RI�(GXFDWLRQDO�3V\FKRORJ\����������±����� KWWSV���GRL�RUJ���������HGX�������

6PLWK��+�� &ORVVHU��$��+���2WWPDU��(��5���	�&KDQ� -��<��&��������� 7KH�LPSDFW�RI�DOJHEUD�ZRUNHG

H[DPSOH�SUHVHQWDWLRQV�RQ�VWXGHQW�OHDUQLQJ� $SSOLHG &RJQLWLYH�3V\FKRORJ\� �����

KWWSV���GRL�RUJ���������DFS�����

6WRNHV��'��(��������� 3DVWHXU
V�TXDGUDQW��%DVLF�VFLHQFH DQG�WHFKQRORJLFDO�LQQRYDWLRQ��%URRNLQJV

,QVWLWXWLRQ�3UHVV�

7HPSHODDU��'��7���5LHQWLHV��%���	�1JX\HQ��4����������,QGLYLGXDO�GLIIHUHQFHV�LQ�WKH�SUHIHUHQFH�IRU

ZRUNHG�H[DPSOHV��/HVVRQV�IURP�DQ�DSSOLFDWLRQ�RI�GLVSRVLWLRQDO�OHDUQLQJ�DQDO\WLFV�

$SSOLHG�&RJQLWLYH�3V\FKRORJ\� ���������������

���


