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8WLOL]LQJ�DQ�LQQRYDWLYH�DQG�WKHRUHWLFDOO\�JURXQGHG�DSSURDFK��ZH�H[WHQG�WKH�ZRUN�RI�FRJQLWLYH�
VFLHQWLVWV�DQG�PDWKHPDWLFV�HGXFDWRUV�ZKR�KDYH�SUHYLRXVO\�GRFXPHQWHG�WKH�LPSDFW�RI�FRPSDULVRQ�
RQ�VWXGHQWV¶�OHDUQLQJ�LQ�DOJHEUD�ZLWK�WKH�JRDO�RI�WUDQVIRUPLQJ�WKH�OHDUQLQJ�WKDW�RFFXUV�LQ�HLJKWK�
JUDGH�JHRPHWU\�FODVVURRPV��7KH�SXUSRVH�RI�WKLV�SDSHU�LV�WR�H[DPLQH�WKH�W\SHV�RI�FRPSDULVRQV�
SDUWLFLSDQWV�PDGH�GXULQJ�WKLQN�DORXG�LQWHUYLHZV�ZKHQ�HQJDJLQJ�ZLWK�FXUULFXODU�PDWHULDOV�WKDW�
KDYH�WKHP�H[DPLQH�PXOWLSOH�VROXWLRQ�VWUDWHJLHV��7KLV�UHVHDUFK�VHHNV�WR�H[WHQG�WKH�ZRUN�RI�XVLQJ�
FRPSDULVRQV�LQ�DOJHEUD�WR�GHWHUPLQH�LI�XVLQJ�FRPSDULVRQV�LQ�JHRPHWU\�ZLOO�KHOS�LPSURYH�
VWXGHQWV¶�PDWKHPDWLFDO�XQGHUVWDQGLQJ��

.H\ZRUGV��&XUULFXOXP��*HRPHWU\�DQG�6SDWLDO�5HDVRQLQJ��0LGGOH�6FKRRO�(GXFDWLRQ�

,QWURGXFWLRQ�
'LVVRQDQFH�LV�GHILQHG��LQ�SDUW��DV�³DQ�LQVWDQFH�RI�VXFK�LQFRQVLVWHQF\�RU�GLVDJUHHPHQW´�

�0HUULDP�:HEVWHU���������7KHUH�LV�PXFK�WR�EH�OHDUQHG�WKURXJK�WKHVH�LQFRQVLVWHQFLHV��HVSHFLDOO\�
LQ�UHJDUGV�WR�OHDUQLQJ�PDWKHPDWLFV��IRU�LW�LV�WKURXJK�WKLV�GLVVRQDQFH�WKDW�VWXGHQWV�ZRUN�WR�PDNH�
VHQVH�RI�WKH�LQFRQVLVWHQFLHV�DQG�GHYHORS�VWURQJHU�PDWKHPDWLFDO�DUJXPHQWV��%\�VLPSO\�FRPSDULQJ�
GLIIHUHQW�VROXWLRQ�VWUDWHJLHV�WR�D�PDWKHPDWLFV�SUREOHP��VWXGHQWV�FDQ�GUDZ�RXW�LQFRQVLVWHQFLHV�WR�
GHHSHQ�WKHLU�PDWKHPDWLFDO�WKLQNLQJ���

8WLOL]LQJ�DQ�LQQRYDWLYH�DQG�WKHRUHWLFDOO\�JURXQGHG�DSSURDFK��ZH�H[WHQG�WKH�ZRUN�RI�
FRJQLWLYH�VFLHQWLVWV�DQG�PDWKHPDWLFV�HGXFDWRUV�ZKR�KDYH�SUHYLRXVO\�GRFXPHQWHG�WKH�LPSDFW�RI�
FRPSDULVRQ�RQ�VWXGHQWV¶�OHDUQLQJ�LQ�DOJHEUD��6WDU��3ROODFN��HW�DO����������ZLWK�WKH�JRDO�RI�
WUDQVIRUPLQJ�WKH�OHDUQLQJ�WKDW�RFFXUV�LQ�PLGGOH�JUDGH�JHRPHWU\�FODVVURRPV��&RPSDULQJ�DQG�
FRQWUDVWLQJ�REMHFWV�LV�D�SRZHUIXO�OHDUQLQJ�WRRO�ZLWK�GHHS�URRWV�LQ�FRJQLWLYH�VFLHQFH�OLWHUDWXUH���
*ROGVWRQH��'D\��DQG�6RQ��������VWDWHG��³UHVHDUFK�KDV�GHPRQVWUDWHG�WKDW�WKH�VLPSOH�DFW�RI�
FRPSDULQJ�WZR�WKLQJV�FDQ�SURGXFH�LPSRUWDQW�FKDQJHV�LQ�RXU�NQRZOHGJH´��S��������7KHUH�LV�
HPSLULFDO�VXSSRUW�IURP�FRJQLWLYH�VFLHQWLVW�OLWHUDWXUH�IRU�WKH�XVH�RI�FRPSDULQJ�FRQWUDVWLQJ�
H[DPSOHV�IRU�OHDUQLQJ�DERXW�EXVLQHVV�QHJRWLDWLRQV��*HQWQHU�HW�DO����������KHDW�IORZ�LQ�VFLHQFH�
�.XUW]�HW�DO����������FKLOGUHQ¶V�OHDUQLQJ��/RHZHQVWHLQ�	�*HQWQHU��������1DP\�	�*HQWQHU���������
DQG�LQ�VWXGLHV�RI�LQIDQWV���WR���PRQWKV�ROG��2DNHV�	�5LEDU���������,Q�PDWKHPDWLFV�HGXFDWLRQ��
UHVHDUFK�RQ�FRPSDULQJ�KDV�SURYHQ�HIIHFWLYH�LQ�OHDUQLQJ��HVWLPDWLRQ��6WDU�	�5LWWOH�-RKQVRQ��������
0DUFK���������WKH�FRQFHSW�RI�DQ�DOWLWXGH�IRU�D�WULDQJOH��*XR�	�3DQJ���������DQG�HTXDWLRQ�VROYLQJ�
�5LWWOH�-RKQVRQ�	�6WDU��������������5LWWOHͲ-RKQVRQ��6WDU��	�'XUNLQ���������

7KHRUHWLFDO�)UDPHZRUN�
&RPSDULVRQV�DUH�D�SRZHUIXO�ZD\�WR�LPSURYH�OHDUQLQJ�DFURVV�GLVFLSOLQHV��KDYLQJ�VWXGHQWV�

FRPSDUH�DQG�FRQWUDVW�GLIIHUHQW�VWUDWHJLHV�KDV�SURGXFHG�JDLQV�LQ�VWXGHQWV¶�NQRZOHGJH�RI�DOJHEUD�
�/\QFK�	�6WDU��������6WDU��1HZWRQ��HW�DO���������6WDU��3ROODFN��HW�DO����������)XUWKHUPRUH��
FRPSDULVRQ�RI�PXOWLSOH�VWUDWHJLHV�DOVR�SOD\V�D�SURPLQHQW�UROH�LQ�SROLF\�GRFXPHQWV��,Q�SDUWLFXODU��
RQH�RI�WKH�ILYH�UHFRPPHQGDWLRQV�IRU�LPSURYLQJ�PDWKHPDWLFDO�SUREOHP�VROYLQJ�IRU�PLGGOH�JUDGH�
VWXGHQWV�QRWHG�LQ�WKH�UHOHDVHG�3UDFWLFH�*XLGH�IURP�WKH�8�6��'HSDUWPHQW�RI�(GXFDWLRQ�

/LVFKND��$��(���'\HU��(��%���-RQHV��5��6���/RYHWW��-��1���6WUD\HU��-���	�'URZQ��6����������3URFHHGLQJV�RI�WKH�IRUW\�IRXUWK�DQQXDO�PHHWLQJ�
RI�WKH�1RUWK�$PHULFDQ�&KDSWHU�RI�WKH�,QWHUQDWLRQDO�*URXS�IRU�WKH�3V\FKRORJ\�RI�0DWKHPDWLFV�(GXFDWLRQ��0LGGOH�7HQQHVVHH�
6WDWH�8QLYHUVLW\���

���



�:RRGZDUG�HW�DO���������ZDV�WR�KDYH�VWXGHQWV�H[DPLQH�PXOWLSOH�SUREOHP�VROYLQJ�VWUDWHJLHV��
6LPLODUO\��RQH�RI�WKH�&RPPRQ�&RUH�6WDWH�6WDQGDUGV�IRU�0DWKHPDWLFV��1*$��������PDWKHPDWLFDO�
SUDFWLFH�VWDQGDUGV�LV�IRU�VWXGHQWV�WR�EH�DEOH�WR�FRQVWUXFW�YLDEOH�DUJXPHQWV�DQG�FULWLTXH�WKH�
UHDVRQLQJ�RI�RWKHUV��VSHFLILFDOO\�WKDW��³0DWKHPDWLFDOO\�SURILFLHQW�VWXGHQWV�DUH�DOVR�DEOH�WR�
FRPSDUH�WKH�HIIHFWLYHQHVV�RI�WZR�SODXVLEOH�DUJXPHQWV´��S��������:KHQ�VWXGHQWV�VKDUH�WKHLU�LGHDV�
DQG�HYDOXDWH�WKH�WKLQNLQJ�RI�RWKHUV�LQ�FODVV�GLVFXVVLRQV��WKH\�GHYHORS�WKH�DELOLW\�WR�FRQVWUXFW�
PDWKHPDWLFDO�DUJXPHQWV��WKH�SUDFWLFH�RI�FULWLTXLQJ�SHHUV�LV�WKRXJKW�WR�HQKDQFH�PDWKHPDWLFDO�
XQGHUVWDQGLQJ��/DPSHUW��������6LOYHU��*KRXVVHLQL��*RVHQ��&KDUDODPERXV��	�6WUDZKXQ����������

5HVHDUFKHUV�KDYH�GHYHORSHG�FRQWUDVWLQJ�FDVH�PDWHULDOV�WR�DGGUHVV�W\SLFDO�$OJHEUD�,�FRQWHQW�
WKDW�VWXGHQWV�VWUXJJOH�ZLWK�RU�WKDW�HOLFLW�VWXGHQW�PLVFRQFHSWLRQV��VHH�6WDU��3ROODFN��HW�DO���������
6WDU��5LWWOH�-RKQVRQ��	�'XUNLQ���������6WDU�DQG�FROOHDJXHV¶�$OJHEUD�,�FXUULFXOXP�LV�IRFXVHG�
DURXQG�ZRUNHG�H[DPSOH�SDLUV��:(3V���ZKHUH�HDFK�:(3�VKRZV�WZR�ILFWLWLRXV�VWXGHQWV�VROYLQJ�
RQH�RU�PRUH�DOJHEUD�SUREOHPV��7KH�LQWHQW�RI�HDFK�:(3�LV�IRU�VWXGHQWV�WR�GLUHFWO\�FRPSDUH�DQG�
FRQWUDVW��OLQH�E\�OLQH��WKH�PHWKRGV�WKDW�WKH�WZR�ILFWLWLRXV�VWXGHQWV�XVH�LQ�VROYLQJ�HDFK�SUREOHP���
6WDU�DQG�FROOHDJXHV��������KDYH�GHPRQVWUDWHG�WKDW�WHDFKHUV¶�LPSOHPHQWDWLRQ�RI�WKH�FRQWUDVWLQJ�
FDVHV�PDWHULDOV��LQFOXGLQJ�ZKROH�FODVV�DQG�VPDOO�JURXS�GLVFXVVLRQV�DURXQG�WKH�:(3V��FDQ�OHDG�WR�
LQFUHDVHG�SURFHGXUDO�NQRZOHGJH��SURFHGXUDO�IOH[LELOLW\��DQG�FRQFHSWXDO�NQRZOHGJH�RI�$OJHEUD�,�
WRSLFV����

7KH�UHVHDUFK�LQ�WKLV�SURSRVDO�VHHNV�WR�H[WHQG�WKLV�ZRUN�WR�JHRPHWU\�FRQWHQW�DQG�WR�IXUWKHU�
HQKDQFH�WKH�HIIHFWLYHQHVV�RI�WKLV�DSSURDFK�IRU�JHRPHWU\�E\�FUHDWLQJ�GLJLWDO�PDWHULDOV�ZLWK�
DQLPDWLRQV��%HFDXVH�D�PDMRU�JRDO�RI�WKH�SURMHFW�LV�WR�HVWDEOLVK�D�VFLHQWLILF�IRXQGDWLRQ�IRU�
DQLPDWHG�FRQWUDVWLQJ�FDVHV�DV�D�EDVLV�IRU�WKH�OHDUQLQJ�RI�JHRPHWU\��WKLV�SDSHU�VHHNV�WR�DQVZHU�DQ�
LQLWLDO�TXHVWLRQ��:KDW�W\SHV�RI�FRPSDULVRQV�EHWZHHQ�PDWKHPDWLFDO�VWUDWHJLHV�GR�VWXGHQWV�PDNH"�

'HVLJQ�RI�0DWHULDOV�
2XU�GLJLWDO�FXUULFXODU�PDWHULDOV�FHQWHU�WZR�ILFWLWLRXV�VWXGHQWV¶�YRLFHV�DW�WKH�FHQWHU�RI�

PDWKHPDWLFV�OHDUQLQJ��DQG�HDFK�OHVVRQ�LQFOXGHV�ILYH�XQLTXH�IHDWXUHV��D�SDJH�IRU�WKH�ILUVW�ILFWLWLRXV�
VWXGHQW¶V�VROXWLRQ�VWUDWHJ\�RQ�D�JLYHQ�JHRPHWU\�WDVN��D�SDJH�IRU�WKH�VHFRQG�ILFWLWLRXV�VWXGHQW¶V�
VROXWLRQ�WR�D�JHRPHWU\�WDVN��ZKLFK�FRXOG�EH�WKH�VDPH�RU�GLIIHUHQW�WDVN�VKRZQ�RQ�ILUVW�VWXGHQW¶V�
SDJH���D�SDJH�ZLWK�ERWK�VWXGHQWV¶�VWUDWHJLHV�VLGH�E\�VLGH��D�GLVFXVVLRQ�VKHHW�ZLWK�IRXU�TXHVWLRQV�
IRU�WKH�VWXGHQWV�WR�DQVZHU��DQG�D�WKRXJKW�EXEEOH�SDJH�VXPPDUL]LQJ�WKH�NH\�PDWKHPDWLFDO�
FRQFHSWV�LQ�WKH�SUREOHP��7KH�GLVFXVVLRQ�VKHHW�DQG�WKRXJKW�EXEEOH�SDJH�DUH�GHVLJQHG�WR�PDNH�WKH�
LQVWUXFWLRQDO�JRDO�RI�HDFK�:(3�PRUH�H[SOLFLW�DQG�IRU�VWXGHQWV�WR�VXPPDUL]H�WKHLU�ZRUN�IURP�WKH�
:(3V��6WDU��3ROODFN��HW�DO����������

7KHUH�DUH�IRXU�XQLWV��HDFK�FRQWDLQLQJ�HLWKHU�ILYH�RU�VL[�:(3V��WKDW�FRYHU�WKH�JHRPHWU\�FRQWHQW�
LQ�WKH��WK�JUDGH�&&660��1*$���������(DFK�XQLW�LQWURGXFHV�WZR�QHZ�FKDUDFWHUV��IRU�WKLV�SDSHU�
ZH�ZLOO�UHIHU�WR�WKH�FKDUDFWHUV�DV�-D[RQ�DQG�0D[LQH��$V�ZH�FUHDWHG�WKH�PDWHULDOV��ZH�FRQVLGHUHG�
VHYHUDO�GHVLJQ�IHDWXUHV��DQLPDWLRQV�DQG�FRORUV�WR�GUDZ�VWXGHQW¶V�DWWHQWLRQ�WR�WKH�JHRPHWULF�
FRQWHQW�LQ�PHDQLQJIXO�ZD\V��FKDUDFWHUV¶�PHWKRGV�SXUSRVHIXOO\�VHOHFWHG�WR�VSDUN�FRPSDULVRQV��
JHRPHWULF�WKLQNLQJ�RI�WKH�:(3�FKDUDFWHUV��DQG�GLYHUVLW\�RI�FKDUDFWHUV�WKURXJKRXW�WKH�XQLWV��

0HWKRGV�
$IWHU�IXOO\�GHYHORSLQJ�WKH��WK�JUDGH�JHRPHWU\�PDWHULDOV��DQG�GXH�WR�VKLIWV�LQ�FODVVURRP�EDVHG�

UHVHDUFK�GXH�WR�&29,'��ZH�FRQGXFWHG����KRXU�ORQJ�RSHQ�HQGHG�VHPL�VWUXFWXUHG�FOLQLFDO�
LQWHUYLHZV��3LDJHW��������2SSHU���������LQ�WKH�IRUP�RI�WKLQN�DORXGV��ZLWK�LQGLYLGXDO�SDUWLFLSDQWV�
�݊ ൌ Ͷʹ���2XU�JRDO�ZDV�WR�HOLFLW�VWXGHQW�WKLQNLQJ�DV�SDUWLFLSDQWV�HQJDJHG�ZLWK�WKH�PDWHULDOV�DQG�
GLVFXVVLRQ�TXHVWLRQV��QRW�WR�JHW�WKHP�WR�D�³FRUUHFW´�UHVSRQVH��2SSHU���������&RQVLVWHQW�ZLWK�
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2SSHU¶V�GHVFULSWLRQ�RI�WKH�FOLQLFDO�PHWKRG��ZH�XVHG�WKH�VWXGHQWV¶�ODQJXDJH��SDFHG�WKH�LQWHUYLHZ�
WR�HDFK�VWXGHQW¶V�VSHHG��DQG�HQFRXUDJHG�VWXGHQWV�WR�HODERUDWH�RQ�WKHLU�WKLQNLQJ��,Q�RUGHU�WR�
HQJDJH�SDUWLFLSDQWV�LQ�HDFK�SKDVH�RI�WKH�:(3�GXULQJ�WKH�LQWHUYLHZV��ZH�IROORZHG�D�GHWDLOHG�
SURWRFRO��H[DPLQH�-D[RQ¶V�PHWKRG��H[DPLQH�0D[LQH¶V�PHWKRG��KRUL]RQWDOO\�FRPSDUH�-D[RQ�DQG�
0D[LQH¶V�PHWKRGV��VROYH�WKH�SUREOHPV�RQ�WKH�GLVFXVVLRQ�SDJH��DQG�UHDG�WKH�WKRXJKW�EXEEOH�DW�WKH�
HQG��,I�QHHGHG��ZH�KDG�TXHVWLRQV�IRU�HDFK�SKDVH�RI�WKH�SURWRFRO�WR�SUREH�VWXGHQW�WKLQNLQJ��$W�WKH�
HQG��ZH�DVNHG�LI�WKH\�KDG�DQ\�TXHVWLRQV�IRU�XV�RU�DQ\�ILQDO�WKRXJKWV�RQ�WKH�PDWHULDOV���

:H�WUDQVFULEHG�HDFK�LQWHUYLHZ�DQG�EHJDQ�D�SULRUL��6DOGDxD��������FRGLQJ�EDVHG�RQ�RXU�NH\�
GHVLJQ�IHDWXUHV��$QLPDWLRQV��&RORUV��&RPSDULVRQ�%HWZHHQ�&KDUDFWHUV��'LYHUVLW\�RI�&KDUDFWHUV��
*HRPHWULF�7KLQNLQJ�RI�:(3�&KDUDFWHUV���:H�WKHQ�DGGHG�HPHUJHQW��6DOGDxD��������/HYHO���
FRGHV�IRU�WKH�VWXGHQWV¶�JHRPHWULF�WKLQNLQJ�DQG�FXUULFXODU�IRUP�DQG�/HYHO�������DQG���FRGHV�DV�
DSSURSULDWH��:H�PHW�WR�GHYHORS�WKH�FRGHERRN�DQG�WKHQ�HDFK�FRGHG�VHYHUDO�LQWHUYLHZV�
LQGLYLGXDOO\��:H�WKHQ�PHW�WR�GLVFXVV�DQ\�GLVFUHSDQFLHV�DQG�FDPH�WR�DJUHHPHQW�RQ�DOO�FRGHV��
2QFH�ZH�KDG�ILQDOL]HG�RXU�FRGHERRN��WZR�FRGHUV�LQGHSHQGHQWO\�FRGHG�HDFK�WUDQVFULSW�DQG�WKH�
WKLUG�UHVHDUFKHU�UHVROYHG�DOO�GLVDJUHHPHQWV��7KH�DYHUDJH�LQLWLDO�DJUHHPHQW�EHWZHHQ�WKH�SDLUV�RI�
FRGHUV�ZDV���������IRU�/HYHO���FRGHV��������IRU�/HYHO�����������IRU�/HYHO����DQG��������IRU�
/HYHO����7KLV�SDSHU�VSHFLILFDOO\�DQDO\]HV�WKH�/HYHO���&RPSDULVRQ�%HWZHHQ�&KDUDFWHUV�FRGHV�WR�
GHWHUPLQH�ZKDW�W\SHV�RI�FRPSDULVRQV�WKH�SDUWLFLSDQWV�PDGH�UHJDUGLQJ�-D[RQ�DQG�0D[LQH¶V�
VROXWLRQV�VWUDWHJLHV��%HORZ��ZH�UHSRUW�RQ�WKH�W\SHV�RI�FRPSDULVRQV�WKH\�PDGH�DQG�JLYH�H[DPSOHV�
RI�HDFK�W\SH���������

)LQGLQJV�
&RPSDULVRQV�%HWZHHQ�&KDUDFWHUV�

:H�REVHUYHG�������������RI�DOO�/HYHO���FRGHV��LQVWDQFHV�ZKHUH�VWXGHQWV�ZHUH�PDNLQJ�
FRPSDULVRQV�EHWZHHQ�WKH�:(3�FKDUDFWHUV��7DEOH�����0RVW�RIWHQ�WKH\�ZHUH�GLVFXVVLQJ�GLIIHUHQFHV�
EHWZHHQ�WKH�FKDUDFWHUV��݊ ൌ ͶͺͶ���EXW�WKH\�DOVR�QRWHG�VLPLODULWLHV��݊ ൌ ʹ͸͹��DQG�XVHG�ERWK�:(3�
FKDUDFWHUV¶�VWUDWHJLHV�WR�YHULI\�D�PDWKHPDWLFDO�LGHD��݊ ൌ ͷ���/RRNLQJ�DW�WKH�/HYHO���FRGHV��
UHJDUGOHVV�LI�VWXGHQWV�ZHUH�SRLQWLQJ�RXW�D�VLPLODULW\�RU�GLIIHUHQFH�LQ�-D[RQ�DQG�0D[LQH¶V�
VWUDWHJLHV��SDUWLFLSDQWV�RIWHQ�UHIHUUHG�GLUHFWO\�WR�WKH�PHWKRG�WKH\�ZHUH�XVLQJ�WR�VROYH�D�SUREOHP��

6SHFLILFDOO\��ZKHQ�SRLQWLQJ�RXW�GLIIHUHQFHV��VWXGHQWV�PRVW�RIWHQ�GHVFULEHG�GLIIHUHQFHV�LQ�WKH�
PHWKRGV�WKH�FKDUDFWHUV�XVHG�WR�VROYH�D�SUREOHP��݊ ൌ ͵ͺͲ���)RU�H[DPSOH��ZKHQ�DQDO\]LQJ�
VWUDWHJLHV�UHODWHG�WR�WUDQVODWLQJ�D�ILJXUH��RQH�VWXGHQW�VWDWHG��³-DFNVRQ�LV�PRUH�SORWWLQJ�LW�RXW��ZKLOH�
0D[LQH�LV�VXEWUDFWLQJ�WKH�YDOXHV�WR�JR�OHIW�RU�GRZQ��7KH\�ERWK�KDG�LW�LQ�WKH�VDPH�VSRW��ZKLFK�LV�
JRRG��,�WKLQN�WKDW
V�WKH�LGHD�´�7KLV�VWXGHQW�UHDOL]HG�-DFNVRQ�LV�XVLQJ�D�YLVXDO�JHRPHWULF�PHWKRG��
ZKLOH�0D[LQH�LV�XVLQJ�DQ�DOJHEUDLF�DSSURDFK��\HW�WKH\�DUULYH�DW�WKH�VDPH�DQVZHU��7KLV�VWXGHQW�
ZDV�DWWHQGLQJ�WR�WKH�YLVXDO�DOJHEUDLF�DVSHFWV�RI�-D[RQ�DQG�0D[LQH¶V�DSSURDFKHV��6WXGHQWV�QRWHG�
GLIIHUHQFHV�LQ�WKH�VWXGHQWV¶�PHWKRGV�UHJDUGLQJ�:(3�VSHFLILF�FRQWHQW��)RU�H[DPSOH��LQ�D�:(3�
GHVLJQHG�WR�KDYH�VWXGHQWV�XQGHUVWDQG�ZK\�WKH�LQWHULRU�DQJOH�VXP�LQ�D�WULDQJOH�LV�����GHJUHHV��RQH�
VWXGHQW�VDLG��³$OH[�OLNH�ULSSHG�KLV�WULDQJOH�DSDUW�DQG«�ZKDW�GLG�0RUJDQ�GR"�$QG�0RUJDQ��MXVW�
GUHZ�WKH�OLQH�DQG�MXVW�XVHG�OLNH�WKH�SDUDOOHO�FXW�E\�WUDQVYHUVDO�VWXII�WR�ILJXUH�HYHU\WKLQJ�RXW��7R�
ILJXUH�RXW�WKDW�LW�ZDV�����GHJUHHV�´�+HUH�WKH�VWXGHQW�LV�DWWHQGLQJ�WR�VSHFLILF�PDWKHPDWLFV�FRQWHQW�
LQ�WKH�:(3���

6WXGHQWV�QRWHG�VLPLODULWLHV�EDVHG�RQ�WKH�PHWKRG�VWXGHQWV�ZHUH�XWLOL]LQJ�LQ�WKH�:(3��,Q�D�
:(3�IRFXVHG�RQ�YHULI\LQJ�VLPLODULW\�XVLQJ�WUDQVIRUPDWLRQV��RQH�VWXGHQW�QRWHG��³WKH\�ERWK�VKRZ�
WKDW�WKH�WULDQJOH�LV�VLPLODU��,�JXHVV��7KH\�ERWK�GLG�VKRZ�WKDW�WKH�VLGH�OHQJWKV�DUH�SURSRUWLRQDO��$V�
\RX�FDQ�VHH�´��$QRWKHU�VWXGHQW��ZRUNLQJ�LQ�D�:(3�IRFXVHG�RQ�UHIOHFWLRQV��VWDWHG��³7KH\
UH�ERWK��
WKH\
UH�ERWK�IOLSSHG�WR�WKH�RWKHU�VLGH��GHSHQGLQJ�RQ�LI�LW
V�WKH�[�RU�\�D[LV��WKH\
UH�ERWK�EHLQJ�
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IOLSSHG�´�+HUH�WKH�VWXGHQW�QRWLFHG�WKDW�-D[RQ�UHIOHFWHG�KLV�WULDQJOH�RYHU�WKH�[�D[LV��ZKHUHDV�
0D[LQH�UHIOHFWHG�KHUV�RYHU�WKH�\�D[LV��7KLV�VWXGHQW�ZDV�ODWHU�DEOH�WR�PDNH�D�JHQHUDOL]DWLRQ�DERXW�
ZKDW�KDSSHQV�WR�WKH�FRRUGLQDWHV�RI�D�ILJXUH�ZKHQ�LW�LV�UHIOHFWHG�RYHU�WKH�[�D[LV�DQG�\�D[LV��7KHVH�
FRPSDULVRQV�KHOSHG�VWXGHQWV�DQDO\]H�EHQHILWV�DQG�GUDZEDFNV�RI�WKH�:(3�FKDUDFWHUV¶�PHWKRGV�
DQG�PDNH�LQIRUPHG�GHFLVLRQV�DERXW�WKHLU�SUHIHUUHG�VWUDWHJ\�IRU�VROYLQJ�VLPLODU�SUREOHPV��

�
7DEOH����1XPEHU�&RGHV�DW�(DFK�/HYHO�

/HYHO��� Q� /HYHO��� Q� /HYHO��� Q� /HYHO��� Q�

&RPSDULVRQ�
%HWZHHQ�
&KDUDFWHUV�

����

6LPLODULWLHV� ����
$QVZHU� ��� � �
0HWKRG� ���� � �
3UREOHP� ��� � �

'LIIHUHQFHV� ����

$QVZHU� ��� � �

0HWKRG� ����

/LNHG�%HWWHU� ���
6DPH�5HVXOW� ���
:D\�,�:RXOG�'R�,W� ���
(DVLHU� ���
8QVXUH� ��
9LVXDO�$OJHEUDLF� ���
:(3�&RQWHQW�6SHFLILF� ����

3UREOHP� ��� � �

/HG�WR�
8QGHUVWDQGLQJ� �� � � � �

&RQFOXVLRQV�DQG�,PSOLFDWLRQV�IRU�)XWXUH�:RUN�
:H�KDYH�EHJXQ�WR�GRFXPHQW�WKH�W\SHV�RI�FRPSDULVRQV�VWXGHQWV�PDGH�GXULQJ�WKLQN�DORXG�

LQWHUYLHZV�UHJDUGLQJ�ILFWLWLRXV�VWXGHQW�PHWKRGV�WR�PDWKHPDWLFV�SUREOHPV��7KLV�UHVHDUFK�VKRZV�D�
YLDEOH�VFLHQWLILF�EDVLV�IRU�XVLQJ�FRPSDULVRQV�WR�H[SORUH�PXOWLSOH�VROXWLRQ�VWUDWHJLHV�RI�VWXGHQWV��
DV�VWXGHQWV�ZHUH�DEOH�WR�QRWH�VLPLODULWLHV�DQG�GLIIHUHQFHV�LQ�WKH�VWUDWHJLHV��*LYHQ�FULWLTXLQJ�
UHDVRQLQJ�LV�LPSRUWDQW�WR�GHHSHQLQJ�PDWKHPDWLFDO�XQGHUVWDQGLQJ��/DPSHUW��������6LOYHU��
*KRXVVHLQL��*RVHQ��&KDUDODPERXV��	�6WUDZKXQ���������WKHVH�ILQGLQJV�DUH�D�VWHS�WRZDUGV�
GRFXPHQWLQJ�WKH�ZD\V�LQ�ZKLFK�FRQWUDVWLQJ�FDVHV�FDQ�EH�XVHG�LQ�JHRPHWU\��)XWXUH�UHVHDUFK�ZLOO�
DQDO\]H�LI�WKHVH�FRPSDULVRQV�RI�WKH�ILFWLWLRXV�VWXGHQWV¶�VROXWLRQ�VWUDWHJLHV�DGYDQFH�VWXGHQWV¶�
NQRZOHGJH�RI�JHRPHWU\�FRQWHQW��SURYLGH�WKHP�ZLWK�PRUH�IOH[LEOH�VROXWLRQ�VWUDWHJLHV��DQG�HTXLS�
WKHP�WR�EHWWHU�FULWLTXH�WKH�UHDVRQLQJ�RI�WKHLU�SHHUV���

$FNQRZOHGJPHQWV�
7KLV�PDWHULDO�LV�EDVHG�XSRQ�ZRUN�VXSSRUWHG�E\�WKH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ�DJHQF\�

XQGHU�*UDQW�1R��'5/����������$Q\�RSLQLRQV��ILQGLQJV��DQG�FRQFOXVLRQV�RU�UHFRPPHQGDWLRQV�
H[SUHVVHG�LQ�WKLV�PDWHULDO�DUH�WKRVH�RI�WKH�DXWKRU�V��DQG�GR�QRW�QHFHVVDULO\�UHIOHFW�WKH�YLHZV�RI�
WKH�16)�DJHQF\��
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5HIHUHQFHV�
*HQWQHU��'���/RHZHQVWHLQ��-���	�7KRPSVRQ��/����������/HDUQLQJ�DQG�WUDQVIHU��$�JHQHUDO�UROH�IRU�DQDORJLFDO�

HQFRGLQJ��-RXUQDO�RI�(GXFDWLRQDO�3V\FKRORJ\���������������
*ROGVWRQH��5��/���'D\��6���	�6RQ��-��<����������&RPSDULVRQ��,Q�7RZDUGV�D�WKHRU\�RI�WKLQNLQJ��SS������������

6SULQJHU��
*XR��-��S���	�3DQJ��0��)����������/HDUQLQJ�D�PDWKHPDWLFDO�FRQFHSW�IURP�FRPSDULQJ�H[DPSOHV��7KH�LPSRUWDQFH�RI�

YDULDWLRQ�DQG�SULRU�NQRZOHGJH��(XURSHDQ�-RXUQDO�RI�3V\FKRORJ\�RI�(GXFDWLRQ�������������������
.XUW]��.��-���0LDR��&��+���	�*HQWQHU��'����������/HDUQLQJ�E\�DQDORJLFDO�ERRWVWUDSSLQJ��7KH�-RXUQDO�RI�WKH�/HDUQLQJ�

6FLHQFHV�������������������
/DPSHUW��0����������:KHQ�WKH�SUREOHP�LV�QRW�WKH�TXHVWLRQ�DQG�WKH�VROXWLRQ�LV�QRW�WKH�DQVZHU��0DWKHPDWLFDO�

NQRZLQJ�DQG�WHDFKLQJ��$PHULFDQ�(GXFDWLRQDO�5HVHDUFK�-RXUQDO�����������������
/RHZHQVWHLQ��-���	�*HQWQHU��'����������6SDWLDO�PDSSLQJ�LQ�SUHVFKRROHUV��&ORVH�FRPSDULVRQV�IDFLOLWDWH�IDU�PDSSLQJV��

-RXUQDO�RI�&RJQLWLRQ�DQG�'HYHORSPHQW������������������
/\QFK��.���	�6WDU��-��5����������9LHZV�RI�VWUXJJOLQJ�VWXGHQWV�RQ�LQVWUXFWLRQ�LQFRUSRUDWLQJ�PXOWLSOH�VWUDWHJLHV�LQ�

$OJHEUD�,��$Q�H[SORUDWRU\�VWXG\��-RXUQDO�IRU�5HVHDUFK�LQ�0DWKHPDWLFV�(GXFDWLRQ����������������
0HUULDP�:HEVWHU���Q�G����'LVVRQDQFH��,Q�0HUULDP�:HEVWHU�FRP�GLFWLRQDU\��5HWULHYHG�)HEUXDU\�����������IURP�

KWWSV���ZZZ�PHUULDP�ZHEVWHU�FRP�GLFWLRQDU\�GLVVRQDQFH�
1DP\��/���	�*HQWQHU��'����������0DNLQJ�D�VLON�SXUVH�RXW�RI�WZR�VRZ
V�HDUV��<RXQJ�FKLOGUHQ
V�XVH�RI�FRPSDULVRQ�LQ�

FDWHJRU\�OHDUQLQJ��-RXUQDO�RI�([SHULPHQWDO�3V\FKRORJ\��*HQHUDO��������������
1DWLRQDO�*RYHUQRUV�$VVRFLDWLRQ�&HQWHU�IRU�%HVW�3UDFWLFHV��	�&RXQFLO�RI�&KLHI�6WDWH�6FKRRO�2IILFHUV��1*$�����������

&RPPRQ�&RUH�6WDWH�6WDQGDUGV�IRU�PDWKHPDWLFV��:DVKLQJWRQ��'&��$XWKRUV��
2DNHV��/��0���	�5LEDU��5��-����������$�FRPSDULVRQ�RI�LQIDQWV
�FDWHJRUL]DWLRQ�LQ�SDLUHG�DQG�VXFFHVVLYH�SUHVHQWDWLRQ�

IDPLOLDUL]DWLRQ�WDVNV��,QIDQF\����������������
2SSHU��6����������3LDJHWµV�FOLQLFDO�PHWKRG��-RXUQDO�RI�FKLOGUHQ¶V�0DWKHPDWLFDO�%HKDYLRU�������������
3LDJHW��-����������7KH�FKLOG¶V�FRQFHSWLRQ�RI�WKH�ZRUOG��-��7RPOLQVRQ�DQG�$��7RPOLQVRQ��7UDQV����/LWWOHILHOG��$GDPV�	�

&R����������
5H\V��%��-���'RXJKHUW\��%��-���2OVRQ��7���	�7KRPDV��$����������&RPPRQ�&RUH�6WDWH�6WDQGDUGV�IRU�0LGGOH�*UDGHV�

0DWKHPDWLFV��,PSOLFDWLRQV�IRU�&XUULFXOXP�DQG�,QVWUXFWLRQ��,Q�&��5��+LUVFK��*��/DSSDQ��	�%��-��5H\V��(GV����
&XUULFXOXP�,VVXHV�LQ�DQ�(UD�RI�&RPPRQ�&RUH�6WDWH�6WDQGDUGV�IRU�0DWKHPDWLFV��5HVWRQ��9LUJLQD��1&70��

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\���������
������

5LWWOH�-RKQVRQ��%���	�6WDU��-��5����������&RPSDUHG�ZLWK�ZKDW"�7KH�HIIHFWV�RI�GLIIHUHQW�FRPSDULVRQV�RQ�FRQFHSWXDO�
NQRZOHGJH�DQG�SURFHGXUDO�IOH[LELOLW\�IRU�HTXDWLRQ�VROYLQJ��-RXUQDO�RI�(GXFDWLRQDO�3V\FKRORJ\����������������

5LWWOHဨ-RKQVRQ��%���6WDU��-��5���	�'XUNLQ��.����������'HYHORSLQJ�SURFHGXUDO�IOH[LELOLW\��$UH�QRYLFHV�SUHSDUHG�WR�OHDUQ�
IURP�FRPSDULQJ�SURFHGXUHV"�%ULWLVK�-RXUQDO�RI�(GXFDWLRQDO�3V\FKRORJ\�������������������

6DOGDxD��-����������7KH�&RGLQJ�0DQXDO�IRU�4XDOLWDWLYH�5HVHDUFKHUV���QG�HG����7KRXVDQG�2DNV��6DJH��
6LOYHU��(��$���*KRXVVHLQL��+���*RVHQ��'���&KDUDODPERXV��&���	�6WUDZKXQ��%��7��)����������0RYLQJ�IURP�UKHWRULF�WR�

SUD[LV��,VVXHV�IDFHG�E\�WHDFKHUV�LQ�KDYLQJ�VWXGHQWV�FRQVLGHU�PXOWLSOH�VROXWLRQV�IRU�SUREOHPV�LQ�WKH�PDWKHPDWLFV�
FODVVURRP��7KH�-RXUQDO�RI�0DWKHPDWLFDO�%HKDYLRU�������������������

6WDU��-��5���1HZWRQ��.���3ROODFN��&���.RNND��.���5LWWOH�-RKQVRQ��%���	�'XUNLQ��.����������6WXGHQW��WHDFKHU��DQG�
LQVWUXFWLRQDO�FKDUDFWHULVWLFV�UHODWHG�WR�VWXGHQWV
�JDLQV�LQ�IOH[LELOLW\��&RQWHPSRUDU\�(GXFDWLRQDO�3V\FKRORJ\������
����������

6WDU��-��5���3ROODFN��&���'XUNLQ��.���5LWWOH�-RKQVRQ��%���/\QFK��.���1HZWRQ��.���	�*RJROHQ��&����������/HDUQLQJ�IURP�
FRPSDULVRQ�LQ�DOJHEUD��&RQWHPSRUDU\�(GXFDWLRQDO�3V\FKRORJ\��������������

6WDU��-��5���	�5LWWOH�-RKQVRQ��%���������0DUFK���7KH�UROH�RI�FRPSDULVRQ�LQ�WKH�GHYHORSPHQW�RI�IOH[LEOH�NQRZOHGJH�RI�
FRPSXWDWLRQDO�HVWLPDWLRQ��3DSHU�SUHVHQWHG�DW�WKH�$QQXDO�0HHWLQJ�RI�WKH�$PHULFDQ�(GXFDWLRQDO�5HVHDUFK�
$VVRFLDWLRQ��1HZ�<RUN��

6WDU��-��5���	�5LWWOH�-RKQVRQ��%����������,W�SD\V�WR�FRPSDUH��$Q�H[SHULPHQWDO�VWXG\�RQ�FRPSXWDWLRQDO�HVWLPDWLRQ��
-RXUQDO�RI�H[SHULPHQWDO�FKLOG�SV\FKRORJ\��������������������

:RRGZDUG��-���%HFNPDQQ��6���'ULVFROO��0���)UDQNH��0���+HU]LJ��3���-LWHQGUD��$���������2JEXHKL��3����������,PSURYLQJ�
0DWKHPDWLFDO�3UREOHP�6ROYLQJ�LQ�*UDGHV���WKURXJK����,(6�3UDFWLFH�*XLGH��1&((������������:KDW�:RUNV�
&OHDULQJKRXVH���

�
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