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0HDQ� 8VLQJ� 1RQSDUDPHWULF� 5HJUHVVLRQ�� &RPSXWDWLRQDO� 6WDWLVWLFV� ���������
KWWSV���GRL�RUJ���������V���������������[

6LOYHUPDQ�� %�� �������� �'HQVW\� (VWLPDWLRQ� IRU� 6WDWLVWLFV� DQG� 'DWD� $QDO\VLV���
0RQRJUDSKV�RQ�6WDWLVWLFV�DQG�$SSOLHG�3UREDELOLW\��&KDSPDQ�DQG�+DOO��/RQGRQ�

6WRQH��&����������&RQVLVWHQW�1RQSDUDPHWULF�5HJUHVVLRQ��$QQDOV�RI�6WDWLVWLFV���������
����

:DWVRQ��*����������6PRRWK�5HJUHVVLRQ�$QDO\VLV��6DQNK\D�6HULHV�$��������������

=KHQJ��+�� DQG�/LWWOH��5�-�� �������� ´3HQDOL]HG�6SOLQH�0RGHO�%DVHG�(VWLPDWLRQ�RI� WKH�
)LQLWH� 3RSXODWLRQ� 7RWDO� IURP� 3UREDELOLW\�3URSRUWLRQDO�7R�6L]H� 6DPSOHV�µ� -RXUQDO� RI�
2IILFLDO�6WDWLVWLFV ������²����
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6FKRRO�RI�(GXFDWLRQ

0RXQW�.HQ\D�8QLYHUVLW\
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7KLV�VWXG\�H[DPLQHG�WKH�HIIHFWV�RI�SUREOHP�² VROYLQJ�WR�WHDFKLQJ�RI�0DWKHPDWLFV�RQ�
VWXGHQWV·� DFKLHYHPHQWV� LQ� VHFRQGDU\� VFKRROV� LQ�0XUDQJ·D� &RXQW\�� 7KH� VWXG\� ZDV�
JXLGHG�E\�WKH�IROORZLQJ�IRXU�REMHFWLYHV�WR��HVWDEOLVK�WKH�SUHIHUHQFH�IRU�FRQYHQWLRQDO�
VWUDWHJLHV� LQ� WHDFKLQJ�0DWKHPDWLFV� RYHU� SUREOHP� ² VROYLQJ� VWUDWHJLHV� LQ� WHDFKLQJ�
VHFRQGDU\�VFKRRO��FRPSDUH�VWXGHQWV·�SHUIRUPDQFH� LQ�0DWKHPDWLFV� IRU� WKRVH� WDXJKW�
XVLQJ�SUREOHP�� VROYLQJ� VWUDWHJLHV�ZLWK� WKRVH� WDXJKW�XVLQJ�FRQYHQWLRQDO� VWUDWHJLHV��
DVVHVV� WKH� VWXGHQWV� FKDQJH� LQ� DWWLWXGH� WRZDUGV�0DWKHPDWLFV�ZKHQ� WDXJKW� WKURXJK�
SUREOHP�� VROYLQJ�VWUDWHJLHV�DQG�GHYHORS�D�SURWRW\SH�OHVVRQ�SODQ�IRU�SUREOHP�² VROYLQJ�
LQ�WHDFKLQJ�RI�0DWKHPDWLFV�LQ�VHFRQGDU\�VFKRROV�LQ�0XUDQJ·D�&RXQW\��

0DWKHPDWLFV��(GXFDWLRQ�6WXGHQWV��([DPLQDWLRQV��7HDFKHUV

0DWKHPDWLFV�WHDFKLQJ�LQYROYHV�WKH�OHDUQHU�� WHDFKHU�DQG�WKH�VRFLHW\��7R�DFKLHYH�WKH�
LQWHQGHG�DLPV�DQG�JRDOV��WKH�WKUHH�PXVW�EH�LQYROYHG��/HVK�	�=DZDMHZNL���������7KLV�
VWXG\�LQYROYHG�OHDUQHUV�DQG�WHDFKHUV�WKURXJK�SUREOHP�² VROYLQJ�WR�REWDLQ�PHDQLQJIXO�
VROXWLRQV�WR�PDWKHPDWLFDO�SUREOHPV��7KH�OHDUQHU�ZDV�LQYROYHG�GLUHFWO\�LQ�VROYLQJ�UHDO�
OLIH�SUREOHPV��7KLV�ZDV�GRQH�XVLQJ�SUREOHP�� VROYLQJ�VWUDWHJLHV�LQ�VSHFLILHG�OHDUQLQJ�
FRQGLWLRQV�LQ�VFKRROV��7KHVH�FRQGLWLRQV�SURYLGHG�GLIIHUHQW�OHDUQLQJ�VLWXDWLRQV�XQGHU�
FRQWUROOHG�FODVVURRPV��,Q�3ODWR·V�GLYLVLRQ�RI�WKH�OLEHUDO�DUWV�WULYLXP�ZKLFK�LQFOXGHG�
0DWKHPDWLFV��/LWHUDWXUH�DQG�*\PQDVLXP��7KLV�KLVWRULFDO�SHUVSHFWLYH�KDV�VKRZQ�WKDW�
PDWKHPDWLFDO�NQRZOHGJH�RFFXSLHV�WKH�KLJKHVW�VWDWXV�LQ�IRUP�RI�FRJQLWLYH�NQRZOHGJH��
7KHVH�HDUO\�IDWKHUV�RI�0DWKHPDWLFV�FRQVLGHUHG�LW�WR�EH�PRVW�HVVHQWLDO�VXEMHFW�EHFDXVH�
LW�WHDFKHV�VWXGHQWV�KRZ�WR�WKLQN��KRZ�WR�EH�FUHDWLYH�DQG�UHVRXUFHIXO�E\�SURYLGLQJ�WKHP�
ZLWK�WRROV�WR�XVH��0LFURVRIW�(QFDUWD���������$FFRUGLQJ�WR�WKHVH�HDUO\�3KLORVRSKHUV��
0DWKHPDWLFV� LV� WKH� VXEMHFW� WKDW� WDNHV� D� VLJQLILFDQW� SRVLWLRQ� LQ� GHYHORSLQJ� WKH�
LQGLYLGXDO�ORJLFDO�UHDVRQLQJ�DQG�SOD\V�D�VLJQLILFDQW�UROH�LQ�HQKDQFLQJ�WKH�FRXQWU\·V�
VRFLR�HFRQRPLF�GHYHORSPHQW��7KLV�PHDQV�WKDW�VRFLDO�IXQFWLRQV�LQ�RXU�GDLO\�DFWLYLWLHV�
LQYROYH� 0DWKHPDWLFV�� 7KHVH� VRFLDO� IXQFWLRQV� LQFOXGH� PHUFKDQWV�� HFRQRPLFV��
WHFKQRORJ\��HQJLQHHULQJ�DQG�ELRORJLFDO�VFLHQFHV��8FKHFKL���������

7KH�FRUH�WDUJHW�RI�KLJK�TXDOLW\�0DWKHPDWLFV�HGXFDWLRQ�LV�GHYHORSPHQW�RI�SUREOHP��
VROYLQJ�DELOLWLHV��+XOO��%DOND�	�0LOHV���������0DWKHPDWLFV�VNLOOV�FRXOG�EH�HIIHFWLYHO\�
SDVVHG� WKURXJK� FRQFHQWUDWHG�0DWKHPDWLFV� LQVWUXFWLRQDO� WHDFKLQJ� VWUDWHJLHV�ZKLFK�
SURPRWH� OHDUQHUV� UHWHQWLRQ� DQG� XQGHUVWDQGLQJ�� 7KHUHIRUH�� LQ� WKLV� VWXG\�� WKH�
UHVHDUFKHU� IRFXVHG� RQ� WHDFKLQJ�0DWKHPDWLFV� WKURXJK� SUREOHP�VROYLQJ� VWUDWHJ\� WR�
VWXGHQWV�LQ�.HQ\D��7KH�VWXG\�IRXQG�WKDW�0DWKHPDWLFV�DFKLHYHPHQW�ZDV�LPSURYHG�LQ�
VHFRQGDU\�VFKRROV� LQ�0XUDQJ·D�&RXQW\� WKURXJK� LQWHUYHQWLRQ� LQ�SUREOHP�� VROYLQJ��
7KLV� VWXG\� ZHLJKHG� WKH� LPSRUWDQFH� RQ� WHDFKLQJ�0DWKHPDWLFV� WKURXJK� SUREOHP� �
VROYLQJ�LQ�FRQWH[W�DQG�HQTXLU\�� RULHQWHG HQYLURQPHQWV�LQ�ZKLFK�ZDV�FKDUDFWHUL]HG�
E\�WHDFKHU�´KHOSLQJ�VWXGHQWV�WR�FRQVWUXFW�PDWKHPDWLFDO�LGHDV�ZKLOH�JLYHQ�SURIRXQG�
RSSRUWXQLW\�LQ�OHDUQLQJ�SURFHVVµ��/HVWHU��0DVLQJLOD��0DX��	�5D\PRQG��������

7KHUH� LV�D�JHQHUDO� IHHOLQJ� WKDW� WR� OLYH�QRUPDO� OLIH� LQ�PDQ\�SDUWV�RI� WKH�ZRUOG��\RX�
UHTXLUH� HYHU\GD\�XVH�RI�0DWKHPDWLFV�RI� VRPH�NLQG�� ,W� LV� DOVR�EHOLHYHG� WKDW�JUHDWHU�
DGYDQFHPHQW�RI�WHFKQRORJ\�KDV�DQ�HVVHQWLDO�EDFNJURXQG�LQ�0DWKHPDWLFV��7KHUHIRUH��
0DWKHPDWLFV�LV�FRQVLGHUHG�DV�´VHUYDQWµ�DQG�´TXHHQµ�RI�DOO�VFLHQFHV��6LQFH�DOO�VXEMHFWV�
GHSHQG�RQ�0DWKHPDWLFV��WKHUH�LV�QHHG�WR�VWXG\�LW��+RZHYHU��0DWKHPDWLFV�LV�SDUW�RI�
HGXFDWLRQ� RI� OLIH�ORQJ� OHDUQLQJ� SURFHVV� ZKLFK� LV� QHFHVVDULO\� HVVHQWLDO� LQ� OLIH�
�&RFNFURIW���������:KDW�VWXGHQWV�OHDUQ�LQ�VFKRRO�LV�QRW�HQRXJK�WR�PDNH�SUDFWLFDO�OLYH�
LQ�0DWKHPDWLFV��7KH\�DUH�DEOH�WR�OHDUQ�KRZ�WR�DUUDQJH�ZRUNLQJ��XQGHUVWDQGLQJ�DQG�
DSSO\�0DWKHPDWLFV�NQRZOHGJH�WKH\�DFTXLUH�LQ�RUGHU�WR�GHDO�ZLWK�FRPSOH[�DQG�GLYHUVH�
TXHVWLRQV�LQ�WKHLU�GDLO\�OLIH��6LQJHU�	�9RLFD���������7KH�OHDUQHUV�VKRXOG�KDYH�DELOLW\�



���

WR�GLVWLQJXLVK�KRZ�WR�XVH�ZKDW�WKH\�KDYH�OHDUQHG�DQG�FRQWLQXH�WR�OHDUQ�DQG�FUHDWH�
´QHZ�LQIRUPDWLRQµ�WR�VROYH�SUREOHPV�WKH\�PHHW�ZKHQ�WKH\�OHDYH�VFKRROV��7KDW�LV�ZK\�
LW�LV�LPSRUWDQW�WR�XVH�SUREOHP�VROYLQJ�VWUDWHJ\�WR�WHDFK�0DWKHPDWLFV�

7KH� VWXG\� RI� 0DWKHPDWLFV� OHDGV� WR� JRRG� WKLQNLQJ�� FRUUHFWQHVV� RI� UHDVRQLQJ� DQG�
RULJLQDOLW\��0DWKHPDWLFV� EHFRPHV� QHFHVVDU\� WRRO� LQ� WKH� LQYHVWLJDWLRQ� RI� WKH�ZRUOG�
DURXQG�XV��,W�LV�FLWHG�DV�WKH�VFLHQFH�RI�XQGHUVWDQGLQJ�PRGHOV�WKDW�H[LVW�ZLWKLQ�XV�DQG�
VROYLQJ� SUREOHPV� LQ� RXU� GDLO\� OLIH� �$JZX�� ������� 1&70� ������� SURSRVHG� WKDW�
VWXGHQWV� DW� VHFRQGDU\� VFKRRO� OHYHO� RI� HGXFDWLRQ� QHHG� WR� OHDUQ�0DWKHPDWLFV� WR� GR�
H[WUHPHO\�ZHOO�DW�KLJKHU�OHYHOV��7KLV�ZRXOG�SURYLGH�WKH�SURVSHFW�WR�PDQ\�FRXQWULHV�RI�
WKH� ZRUOG� WR� UHPDLQ� FRPSHWLWLYH� LQ� WHUPV� RI� HFRQRP\� WKDW� LV� QHHGHG� IRU� VRFLDO��
VFLHQWLILF� DQG� WHFKQRORJLFDO� GHYHORSPHQW�� 1DWLRQDO� &RXQFLO� RI� 7HDFKHUV� RI�
0DWKHPDWLFV��1&70��������PDLQWDLQHG�WKDW�HYHU\�VWXGHQW�VKRXOG�KDYH�HTXLWDEOH�DQG�
RSWLPDO� RSSRUWXQLWLHV� WR� OHDUQ�0DWKHPDWLFV� IUHH� IURP� GHOLEHUDWH� RU� XQLQWHQWLRQDO�
EDVHG�RQ�UDFH��JHQGHU��VRFLR�HFRQRPLF�VWDWXV��RU�ODQJXDJH���7R�FORVH�WKH�DFKLHYHPHQW�
JDS��DOO�VWXGHQWV�QHHG�WKH�RSSRUWXQLW\�WR�OHDUQ�FKDOOHQJLQJ�0DWKHPDWLFV�IURP�D�ZHOO�
TXDOLILHG� WHDFKHU� ZKR� ZRXOG� PDNH� FRQQHFWLRQV� WR� WKHLU� EDFNJURXQG� QHHGV�� DQG�
FXOWXUHV�RI�DOO�OHDUQHUV��1&70��������

7HDFKLQJ�0DWKHPDWLFV�WKURXJK�SUREOHP²VROYLQJ�DOORZV�WKH�OHDUQHUV�HQMR\�WR�OHDUQLQJ�
0DWKHPDWLFV�DPXVLQJO\� WKDQ�ZKHQ� LW� LV� VHOI�JHQHUDWHG�DQG�HQIRUFHG�E\� WHDFKHU�RU�
WH[WERRN��/DQJ�	�(YDQV�������� 7KLV�VWXG\�ZDV�FDUULHG�RXW�XVLQJ�SUREOHP�² VROYLQJ�
E\�VWXGHQWV�LQ�WHDFKLQJ�DQG�OHDUQLQJ�0DWKHPDWLFV�LQ�VHFRQGDU\�VFKRROV�LQ�0XUDQJ·D�
&RXQW\��,W�DOVR�SURYLGHG�OHDUQHUV�DQ�RSSRUWXQLW\�WR�FUHDWH��LQYHVWLJDWH�DQG�H[SORUH�WKH�
VROXWLRQV� WR� XQIDPLOLDU� SUREOHPV�� 7KH� OHDUQHUV ZRUNHG� LQ� FROODERUDWLRQ� LQ� VPDOO�
JURXSV�OHDUQLQJ�WKURXJK�SOHQW\�RI�GLVFXVVLRQ��VROYLQJ�SUREOHPV�LQ�XQWULHG�VLWXDWLRQV�
ZKLFK�ZHUH�HQFRXUDJHG�WKURXJK�SUREOHP�� VROYLQJ�LQVWUXFWLRQDO�VWUDWHJ\��7KLV�VWXG\�
ZLOO�HQDEOH�VWXGHQWV�WR�EHFRPH�UHVRXUFHIXO�DOLJQHG�ZLWK�WKH�&RXQWU\·V�1DWLRQDO�*RDOV�
RI�(GXFDWLRQ�WKDW�OHDUQHUV�VKRXOG�FRPSHWHQWO\�VROYH�SUREOHPV��7KH�LQWHQWLRQ�ZDV�WR�
PDNH�.HQ\D�PLGGOH�HDUQLQJ�HFRQRP\�ZLWK�WHFKQRORJLFDO�LQQRYDWLRQV �.HQ\D�9LVLRQ�
����� �������+RZHYHU�� GHVSLWH� WKLV�� WKHUH�ZDV� D� FRQFHUQ� WKRVH�0XUDQJ·D�&RXQW\�
VHFRQGDU\� VFKRRO� VWXGHQWV� 0DWKHPDWLFV� DFKLHYHPHQWV� KDYH� EHHQ� RQ� SOXPPHWLQJ��
%UXFH� ������� ZKR� VWXGLHG� ZD\V� WR� JHW� EHWWHU� DFKLHYLQJ� VWXGHQWV� VXJJHVWHG� WKDW�
HGXFDWLRQ�H[SHULHQFHV�LQ�0DWKHPDWLFV�ZRXOG�H[SODLQ�WKDW�GLDORJXH�LQ�0DWKHPDWLFV�
FODVVURRPV� LV� YHU\� VLJQLILFDQW� LQ� VWXGHQW·V� DFKLHYHPHQWV�� 6WXGHQWV� LQ�0DWKHPDWLFV�
FODVVURRP� IHHO� OLNH� D� FRPPXQLW\� ZKHUH� FRQVWUXFWLYH� LGHDV� FRXOG� EH� GLVFXVVHG��
GHYHORSHG��TXHVWLRQHG�DQG�XQGHUVWRRG��%UXFH����������

$FFRUGLQJ� WR� 6LQJHU� DQG� 9RLFD� �������� LQ� RUGLQDU\ OLIH�� SHRSOH� QDWXUDOO\� VROYH�
SUREOHPV� LQ� RUGHU� WR� VDWLVI\� WKHLU� YDULRXV� QHHGV�� 3UREOHP� VROYLQJ� LV� D� ORQJ�² OLIH�
SURFHVV�ZKLFK� LV� SUDFWLVHG� LQ� DQG� RXW� RI� VFKRRO�� 7KH�PDLQ� REMHFWLYH� RI� VHFRQGDU\�
VFKRRO�HGXFDWLRQ�LV�WR�HTXLS�VWXGHQWV�ZLWK�VNLOOV�IRU�VROYLQJ SUREOHPV�WR�D�SHUWDLQLQJ�
YDULHW\�RI�DUHDV��&KULVW\�DQG�/LPD���������SUREOHP�� VROYLQJ�LQYROYHV�KLJKHU�FRJQLWLYH�
VNLOOV�RUJDQLVHG�LQ�D�V\VWHPDWLF�RUGHU�DSSO\LQJ�DQ�DSSURDFK�RI�FROOHFWLQJ�LQIRUPDWLRQ�
LQ�RUGHU�WR�PDNH�D�V\QWKHVL]HG�HGXFDWHG�GHFLVLRQ��$�VXSSRUWLYH�WHDFKHU�ZKR�HQJDJHV�
VWXGHQWV�LQ�D�FODVVURRP�HQYLURQPHQW�LV�LPSRUWDQW�WR�KHOS�LQ�GHYHORSLQJ�VWXGHQWV·�VHOI�
FRQILGHQFH�LQ�XQGHUVWDQGLQJ�PDWKHPDWLFDO�FRQFHSWV��&KULVW\�	�/LPD��������

'XULQJ�WKH�SDVW�IRXU�\HDUV�.&6(�UHVXOWV�LQ�0XUDQJ·D�&RXQW\�KDYH�H[SRVHG�WKDW�PRUH�
WKDQ�����RI�VWXGHQWV�VXFFHHGHG�WR�REWDLQ�JUDGHV�'��'� DQG�(��ZKLFK�DUH�ZHDN�JUDGHV�
DV� DVVHVVHG� E\� .1(&�� 7KLV� DFKLHYHPHQW� KDV� EHHQ� VLPLODU� WR�1DWLRQDO�0DWKHPDWLFV�
SHUIRUPDQFH� DFFRUGLQJ� WR� .1(&� UHVXOWV� DQDO\VLV�� $FFRUGLQJ� WR� .HQ\D� (GXFDWLRQDO�
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V\VWHP��0DWKHPDWLFV� OHDUQHG�LQ�IRUP�RQH�DQG�IRUP�WZR�KDYH�DGHTXDWH�FRQWHQW�IRU�
VWXGHQWV� WR�JDLQ�D�GHVLUHG�JUDGH�&�RU�EHWWHU�VLQFH� IRUP�RQH�DQG�IRUP�WZR�V\OODEXV�
FRYHUV�SDSHU�RQH�DQG�SDSHUV�WZR�DERXW�����RI�QDWLRQDO�H[DPLQDWLRQ��7KH�UHVXOWV�RI�
0XUDQJ·D�&RXQW\�KDYH�EHHQ�RQ�GHFOLQH��DOWKRXJK�IRUP�RQH�DQG�WZR�ZRUN�LV�VXIILFLHQW�
IRU�VRPHRQH�WR�SHUIRUP�EHWWHU�WKDQ�JUDGH�&��7KH�QXPEHUV�RI�VHFRQGDU\�VFKRROV� LQ�
0XUDQJ·D�&RXQW\�ZHUH�FDWHJRUL]HG�DV�$��%��&��DQG�'��7KHVH�FDWHJRULHV�RI�VFKRROV�ZHUH�
EDVHG�RQ�WKH�SDVW�IRXU�\HDUV�LQ�.&6(�H[DPLQDWLRQV�0DWKHPDWLFV�SHUIRUPDQFH�SULRU�WR�
WKH�WLPH�RI�WKLV�VWXG\��7DEOH�����VKRZV�WKH�QXPEHU�RI�VWXGHQWV·�0DWKHPDWLFV�.&6(�
HQWU\�LQ�HDFK�FDWHJRU\�LQ�VHFRQGDU\�VFKRROV�LQ�0XUDQJ·D�&RXQW\�GXULQJ�WKH�SHULRG�RI�
�����WR�������7DEOH�����VKRZV�UHVXOWV�RI�HDFK�FDWHJRU\��7KH�PHDQ�VFRUH�VKRZQ�LQ�WKH�
WDEOH�UHIOHFW�WKDW�IHZ�VHFRQGDU\�VFKRROV�SHUIRUP�H[WUHPHO\�ZHOO�ZKHUHDV�PDMRULW\�RI�
WKH�VFKRROV�REWDLQ�EHORZ�DYHUDJH�JUDGHV�
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7RWDOV ��� ����� ��� ����� ��� ����� ��� �����

6RXUFH��0XUDQJ·D�&RXQW\�(GXFDWLRQ�2IILFH������

7KH�WDEOH�����VKRZV�WKDW�PRVW�VHFRQGDU\�VFKRROV�LQ�0XUDQJ·D�&RXQW\�REWDLQ�PHDQ�
JUDGH�EHORZ���ZKLFK�SURYHV�WKDW�PDMRULW\�RI�VWXGHQWV�DFKLHYH�JUDGH�'��7KH�SDVW�.&6(�
UHVXOWV�KDYH�VKRZQ�WKDW�PRUH�WKDQ�����RI�VWXGHQWV�DWWDLQ�JUDGHV�'���'��'� DQG�(�LQ�
0DWKHPDWLFV� HDFK� \HDU�� 7KH� QDWLRQDO� SHUIRUPDQFH� RI� 0DWKHPDWLFV� LQ� VHFRQGDU\�
VFKRROV� LQ� 0XUDQJ·D� &RXQW\� LQ� WKH� \HDUV� ������ ������ ����� DQG� ����� ZHUH� DQ�
H[SHFWHG�� 7KLV� QDWLRQDO� H[DPLQDWLRQ� SHUIRUPDQFH� FRXOG� EH� LPSURYHG� WKURXJK�
VWXG\LQJ� 0DWKHPDWLFV� SUREOHP� VROYLQJ� XVLQJ� VLWXDWLRQV� KDSSHQLQJ� LQ� VHFRQGDU\�
VFKRROV� LQ�0XUDQJ·D� &RXQW\�� ZKRVH�0DWKHPDWLFV� VWXGHQWV·� SHUIRUPDQFH� LQ� .&6(�
ZHUH�LQGLFDWHG�WKDW�UHVXOWV�GXULQJ������� �����DV�VKRZQ�LQ�7DEOH�����KDG�VDPH�WUHQG��
7KH�PDLQ�UHVXOWV�UHYHDOHG� WKDW�PRVW�PLVWDNHV�PDGH�E\�VWXGHQWV�DUH�PLVFRQFHSWLRQ��
PLVXQGHUVWDQGLQJ�DQG�ODQJXDJH�LQWHUSUHWDWLRQ��7KHVH�PLVWDNHV�SRLQWHG�PRUH�WR�WKH�
SHGDJRJLFDO�DSSURDFK�RI�WHDFKLQJ�DQG�OHDUQLQJ�0DWKHPDWLFV��$OWKRXJK�PRVW�WHDFKHUV�
LQ�0XUDQJ·D�&RXQW\�ZHUH�WUDLQHG�LQ�'LSORPD�DQG�%DFKHORU�RI�(GXFDWLRQ�JUDGXDWHV��
WKH�VWUDWHJLHV�WKH\�XVH�KDG�FRQWULEXWHG�WR�WKHVH�GHFOLQLQJ�UHVXOWV�

7DEOH������6WXGHQWV·�3HUIRUPDQFH�LQ�0DWKHPDWLFV�LQ�.&6(�EHWZHHQ������DQG������
SHU�FDWHJRU\
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LQ�VHFRQGDU\�VFKRROV�LQ�0XUDQJ·D�&RXQW\�
*UDGHV�PHDQ�VFRUHV 0HDQ����� 0HDQ����� 0HDQ����� 0HDQ�����
$�����;������ ����� ����� ����� �����
%�����;���� ����� ����� ����� �����
&�����;������ ���� ���� ����� �����
'����;���� ����� ����� ����� ������
7RWDOV ����� ����� ����� �����

6RXUFH��0XUDQJ·D�&RXQW\�(GXFDWLRQ�2IILFH������

7KH\�KDYH�D�JRRG�FRPPDQG�RI�FRQWHQW�DV�ZHOO�DV�WHDFKLQJ�VWUDWHJLHV��7KH\�KDYH�DOVR�
SDUWLFLSDWHG�LQ�SURMHFW�DQG�VHPLQDUV�LQ�VWUHQJWKHQLQJ�0DWKHPDWLFV�DQG�VFLHQFHV�LQ�
VHFRQGDU\� VFKRROV� �60$66(��� 7KLV� ZDV� DQ� LQGLFDWLRQ� WKDW� WKH� FDXVH� RI� ORZ�
DFKLHYHPHQW� ZDV� GXH� WR� PHWKRGRORJLHV� HPSOR\HG� E\� WHDFKHUV�� � 6LQFH� PDMRULW\� RI�
VFKRROV�SHUIRUPDQFH�LV�EHORZ�DYHUDJH��WKH�UHVHDUFKHU�LQYHVWLJDWHG�ZKHWKHU�SUREOHP�
² VROYLQJ�DSSURDFK�ZRXOG�DOOHYLDWH�WKHLU�0DWKHPDWLFV�DFKLHYHPHQW��,Q�WKH�WDEOH������
LW�PHDQV�WKDW�VWXGHQW·V�SHUIRUPDQFH�LV�DIIHFWHG�E\�WKH�H[WUHPH�YDOXHV�VKRZQ�E\�WKH�
TXDOLW\�JUDGHV�$�� &��LQ�0DWKHPDWLFV�������ZKLFK�LV�WKH�HQWU\�JUDGHV�IRU�8QLYHUVLW\�
DGPLVVLRQ�� 7KHVH� HQWU\� JUDGHV� DUH� LPSRUWDQW� SDUWLFXODUO\� LQ� VWXG\LQJ� 6FLHQFH� �
RULHQWHG� VXEMHFWV� LQFOXGLQJ� %XVLQHVV� DQG (FRQRPLFV�� �.HQ\D� 8QLYHUVLW\� 	� &ROOHJH�
&HQWUDO�3ODFHPHQW�6HUYLFH��.8&&36����������

0LKHVR�2·&RQQRU��������QRWHG� WKDW�VWXGHQWV� LQ�.HQ\D�DUH�HQJDJHG� LQ�DFWLYLWLHV�RI�
GHPRQVWUDWHG�DOJRULWKP�E\�WKHLU�WHDFKHUV�LQ�D�SURFHGXUDO�OHYHO�ZKLFK�GRHV�QRW�DVVLVW�
VWXGHQWV�GHYHORS�FRQFHSWXDO�XQGHUVWDQGLQJ��+RZHYHU��WKLV�VWXG\�LQYROYHG�OHDUQHUV�LQ�
RUJDQL]HG� JURXSV� WR� IDFH� WKH� FKDOOHQJHV� RI� OHDUQLQJ� 0DWKHPDWLFV� LQ� VHFRQGDU\�
VFKRROV�� 6WXGHQWV�ZKR�ZHUH�ZHDN� IRXQG� LW� VLJQLILFDQWO\� GLIILFXOW�� DOWKRXJK�QRUPDO�
UDWLRQDOL]DWLRQ�LV�XVXDOO\�DVVRFLDWHG�ZLWK�SRRU�0DWKHPDWLFV�DELOLWLHV��7KHLU�GLIILFXOWLHV�
LQFOXGHG�EDVLF�0DWKHPDWLFV�IDFWV��UHDGLQJ�DQG�LQWHUSUHWLQJ�SUREOHPV��7KLV�UHVHDUFK�
WKURXJK�TXDVL�� H[SHULPHQW�RQ�HIIHFW�RI�XVLQJ�SUREOHP�� VROYLQJ�VWUDWHJLHV�DGGUHVVHG�
WKH�JDS�LQ�WKH�DFKLHYHPHQW�WKURXJK�OHDUQHUV·�LQYROYHPHQW�WR�FRQVWUXFW�0DWKHPDWLFV��
DELOLW\� WR� XVH� 0DWKHPDWLFV� WRROV� DQG� FKDQJH� RI� DWWLWXGH� WRZDUGV� IRUPDWLRQ� RI�
0DWKHPDWLFV�FXOWXUH��$FFRUGLQJ� WR�3RO\D���������SUREOHP�� VROYLQJ�QHHGV�SUDFWLFH�
ZKHQ�GHFLGLQJ�RQ�PHWKRGV�UHTXLUHG�WR�EH�XVHG�WR�VROYH�SUREOHPV��7KH�ILUVW�WKLQJ�WR�
GR�LV�WR�ORRN�IRU�KLQWV�WKURXJK�JXHVVLQJ�DQG�H[SHULHQFHV�RI�VLPLODU�SUREOHPV��+LQWV�
DUH� WKH� PRVW� LPSRUWDQW� VNLOOV� LQ� VROYLQJ� SUREOHPV� �3RO\D�� ������� 7KLV� VWXG\�
LQYHVWLJDWHG� KRZ� WHDFKLQJ� 0DWKHPDWLFV� WKURXJK SUREOHP� ²VROYLQJ� LQ� VHFRQGDU\�
VFKRROV� LQ� 0XUDQJ·D� &RXQW\� LPSURYHV� VWXGHQWV·� DFKLHYHPHQW�� 8FKHFKL� �������
VXEPLWWHG� WKDW� WKH� VWXGHQWV·� SRRU� SHUIRUPDQFH� LQ�0DWKHPDWLFV� LQ�1LJHULDQ� 3XEOLF�
H[DPLQDWLRQV�LQ�VHFRQGDU\�VFKRROV�LV�WUDFHDEOH�WR�ODFN�RI�FRQWHQW�FRYHUDJH�DQG�SRRU�
WHDFKLQJ�PHWKRGV�E\�WHDFKHUV��7KLV�LV�VLPLODU�WR�.HQ\DQ�VLWXDWLRQV��7DEOH�����VKRZV�
WKH�JUDGHV�RI�0DWKHPDWLFV�LQ�QXPEHU�RI�VHFRQGDU\�VFKRROV�LQ�GLIIHUHQW�FDWHJRULHV�LQ�
�����DV�D�VDPSOH�RI�JUDGHV�REWDLQHG�LQ�7DEOH�����

7DEOH� ����� 6WXGHQWV·� 3HUIRUPDQFH� LQ� 0DWKHPDWLFV� LQ� .&6(� LQ� ����� LQ� 0XUDQJ·D�
&RXQW\
&DWHJRU\� (QWU\ $ % & ' (
$ ���� ��� ��� ��� ��� ��
% ���� �� ��� ��� ���� ���
& ���� �� ��� ��� ���� ���
' ����� �� ��� ��� ���� ����
7RWDO� ����� ��� ���� ���� ����� ����
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6RXUFH��0XUDQJ·D�&RXQW\�(GXFDWLRQ�2IILFH�0DWKHPDWLFV�5HVXOW�$QDO\VLV�������

7DEOH�����VKRZV�0XUDQJ·D�&RXQW\�0DWKHPDWLFV�SHUIRUPDQFH�DFFRUGLQJ�WR�UDQNLQJ��
WKH�WRS����VFKRROV�VHHP�WR�KDYH�UHDVRQDEO\�TXDOLW\�JUDGHV�SDUWLFXODUO\�WKH�¶$·�JUDGHV�
ZLWKLQ� WKH�&RXQW\�� ,Q� WKHVH�VFKRROV��DERXW�������JUDGHV�$�ZKHUHDV� WKH�UHPDLQLQJ�
������WR�EH�VKDUHG�E\�����VFKRROV�LQ�������7KH�LQVWUXFWLRQDO�VWUDWHJLHV�XVHG�E\�WKHVH�
VFKRROV�ZHUH�LQYHVWLJDWHG�DQG�FRPSDUHG�ZLWK�WKH�RQHV�XVHG�E\�WKH�ORZHU�����VFKRROV��
7KH�ZHDN�SHUIRUPLQJ�VFKRROV�KDYH�������JUDGHV�'�DQG�(� LQ� VHFRQGDU\�VFKRROV� LQ�
0XUDQJ·D�&RXQW\��7KH� WDEOHV�DOVR�JLYH�HPSKDVLV�RI� WKRVH�VHFRQGDU\�VFKRROV�ZKRVH�
SHUIRUPDQFH�LQ�PRUH�WKDQ�����VFKRROV�FXUULFXOXP�RXWFRPH�LQ�VHFRQGDU\�VFKRROV�LQ�
0XUDQJ·D�&RXQW\�LV�EHORZ�FRPPXQLW\�H[SHFWDWLRQV��7KH�PRVW�LPSRUWDQW�IDFWRUV�IRU�
LPSURYLQJ� 0DWKHPDWLFV� SHUIRUPDQFH� DUH� VWXGHQWV·� LQYROYHPHQW� LQ� FUHDWLQJ� DQG�
WKLQNLQJ� WKURXJK� WKH�SUREOHP��3RO\D���������%\� LQYROYHPHQW�� LW�PHDQV�KRZ�PXFK�
WLPH��HQHUJ\�DQG�HIIRUW�VWXGHQWV�GHGLFDWH�WR�WKH�OHDUQLQJ�SURFHVV�WKURXJK�SUREOHP�²
VROYLQJ�ZKLFK�WKLV�VWXG\�SURSRVH�WR�LQYHVWLJDWH��7KH�PDLQ�SXUSRVH�RI�WKLV�VWXG\�LQ�WKH�
0XUDQJ·D�&RXQW\�ZDV� WR� LQVSLUH� OHDUQHUV� WR�GLVFRYHU��FXOWLYDWH� DQG�DSSO\� UHOHYDQW�
0DWKHPDWLFV�FRQFHSWV�DIWHU�XQGHUVWDQGLQJ�WKURXJK�SUREOHP�² VROYLQJ��6WXGHQWV�ZHUH�
GLUHFWHG� DOO� WKH� ZD\� WKURXJK� WKH� GHYHORSPHQW� RI� LQTXLU\� DQG� SUREOHP� ² VROYLQJ�
SURFHVVHV��%DUEHDX�	�7D\ORU����������

,Q�0DOD\VLD��VWXGHQWV·�SHUIRUPDQFHV�DW�VHFRQGDU\�VFKRRO�OHYHO�RI�HGXFDWLRQ�UHPDLQHG�
YHU\�ORZ�DQG�FRQWLQXHG�WR�GHFUHDVH��0DWKHPDWLFV�DFKLHYHPHQW�WHVW�LQ�7,066�LQ������
FOHDUO\�LQGLFDWHV�KRZ�ZHOO�VWXGHQWV�LQ�6LQJDSRUH�KDYH�GRQH��7KH�SRRU�0DWKHPDWLFV�
SHUIRUPDQFH�RI�WKH�VWXGHQWV�EHFRPHV�D�PDMRU�FRQFHUQ�DPRQJ�0DOD\VLDQ�HGXFDWLRQDO�
VWDNHKROGHUV��7KLV�EULQJV�DERXW�WKH�QHHG�IRU�WKH�JRYHUQPHQW�WR�ORRN�DW�WKH�SROLF\�IRU�
WHDFKLQJ�PDWKHPDWLFV��7KLV�SROLF\�ZDV�WKHQ�FRPPHQFHG�DQG�WDNHV�XS�SURSHUO\�DIWHU�
D� SHULRG� RI� ILYH� \HDUV� LQ� WKH� OHYHO� RI� HGXFDWLRQ�� � ,Q�1LJHULD�� JRRG� SHUIRUPDQFH� LQ�
0DWKHPDWLFV�LV�RQH�RI�WKH�EDVLF�UHTXLUHPHQWV�IRU�DGPLVVLRQ�LQWR�WHUWLDU\�LQVWLWXWLRQV�
�$GH\HPL���������&DQGLGDWHV�ZLWK�GLVWLQFWLRQ�DQG�JRRG�FUHGLW�JUDGHV�LQ�ILYH�VXEMHFWV�
LQFOXGLQJ� 0DWKHPDWLFV� DQG� (QJOLVK� ODQJXDJH� SRVVHVV� WKH� UHTXLUHG� JUDGHV� IRU�
DGPLVVLRQV�LQWR�1LJHULDQ�XQLYHUVLWLHV��(PDLNZX��������LQ�KLV�UHVHDUFK ¶(IIHFWLYHQHVV�
RI� WKUHH� WHDFKLQJ� PHWKRGV� LQ� WKH� PHDVXUHPHQW� RI� VWXGHQWV� SHUIRUPDQFH� LQ�
0DWKHPDWLFV� LQ� 1LJHULDQ� VHFRQGDU\� VFKRROV·� WKHUH� KDV� EHHQ� GUDVWLF� GURS� LQ� WKH�
DFKLHYHPHQW�OHYHO�RI�OHDUQHUV�LQ�0DWKHPDWLFV�IRU�WKH�SDVW�GHFDGHV��8FKHFKL��������
SURSRVHG WKDW� VWXGHQWV·� SRRU� SHUIRUPDQFH� LQ� 0DWKHPDWLFV� LQ� 1LJHULDQ� SXEOLF�
H[DPLQDWLRQV�LV�WUDFHDEOH�WR�ODFN�RI�FRQWHQW�FRYHUDJH�DQG�SRRU�WHDFKLQJ�PHWKRGV�E\�
WHDFKHUV��

,Q� .HQ\D�� WKH� ODQJXDJH� LQVWUXFWLRQ� LQ� OHDUQLQJ�0DWKHPDWLFV� DW� VHFRQGDU\� VFKRROV�
FRQWULEXWHG�WR�ORZ�RXWFRPH�LQ�0DWKHPDWLFV�FXUULFXOXP��7KH�VWXGHQWV�QHHG�WR�OHDUQ�
PDWKHPDWLFDO�ODQJXDJH�WR�EH�PHDQLQJIXOO\�DEOH�WR�LQWHUSUHW�0DWKHPDWLFV�SUREOHPV�
�%HQVRQ�	�2·&RQQRU���������7KLV�FRXOG�EH�SURYLGHG E\�H[SRVLQJ�OHDUQHUV�WR�SUREOHP�
VROYLQJ�� 7KH� UHVXOWDQW� HIIHFW� LV� WKH� SRRU� SHUIRUPDQFH� DQG� ORZ� UHWHQWLRQ� OHYHO� LQ�
OHDUQHUV·�DFKLHYHPHQW�DW�WKH�QDWLRQDO�H[DPLQDWLRQV��,Q�YLHZ�RI�WKLV�REVHUYDWLRQ��WKHUH�
LV� D� VHULRXV� DQG� JUHDW� FRQFHUQ� DPRQJ� WKH� HGXFDWLRQDO� VWDNHKROGHUV� DQG� SDUHQWV��
0DWKHPDWLFV� LV� FRPSXOVRU\� LQ� .HQ\D� VHFRQGDU\� VFKRROV� FXUULFXOXP� GHVSLWH� WKH�
GLIILFXOWLHV� LQ� WKH� WHDFKLQJ� DQG� OHDUQLQJ�� 7KH� SRRU� FXUULFXOXP� RXWFRPH� LQ�
0DWKHPDWLFV�PD\�DIIHFW�LQGLYLGXDO�IXWXUH�FDUHHU�GHYHORSPHQW��0LQLVWU\�RI�(GXFDWLRQ��
0R(�� ������� /RZ� SHUIRUPDQFH� LQ�0DWKHPDWLFV� LQ�0XUDQJ·D� &RXQW\�ZRXOG� DIIHFW�
IXWXUH�JHQHUDWLRQ�RQ�FDUHHU�FKRLFHV��7KHUHIRUH��EHFDXVH�LQFUHDVLQJ�ZHDN�SHUIRUPDQFH�
LQ�PRVW�VHFRQGDU\�VFKRROV� LQ�0DWKHPDWLFV� LQ�0XUDQJ·D�&RXQW\�� WKHUH�ZDV�QHHG� WR�
VWXG\�WKH�LQVWUXFWLRQDO�VWUDWHJLHV�SUHIHUUHG�E\�SUDFWLVLQJ�WHDFKHUV�DQG�WKH�SURPLQHQFH�
RI� SUREOHP� �VROYLQJ� WHDFKLQJ� VWUDWHJ\� WR� LPSURYH� VWXGHQWV·� DFKLHYHPHQW� LQ�
0DWKHPDWLFV����6HFRQGDU\�VFKRROV�VWXGHQWV�EHLQJ�XQVXFFHVVIXO�LQ�0DWKHPDWLFV�PLJKW�



���

KDYH�FDXVHG�E\�PLVXVH�RI�LQVWUXFWLRQDO�VWUDWHJLHV�LQ�ZKLFK�SUREOHP�VROYLQJ�VWUDWHJ\�
ZDV�QRW� FRUUHFWO\�DSSOLHG��7KURXJK� UHDVRQDEOH�DUJXPHQW� WKH�TXHVWLRQ� LV� ´:K\�GR�
LQFRPSHWHQW�WHDFKHUV�HQJDJH�OHDUQHUV�LQ�SUREOHP�VROYLQJ"µ0RVW�WHDFKHUV�DUJXH�WKDW�
WKH\� GR� QRW� XQGHUVWDQG� WKH� EUHDGWK� RI� SUREOHP�VROYLQJ� DFWLYLWLHV� ZHOO� HQRXJK� WR�
FRQQHFW�DQG�VXSSRUW� OHDUQHUV� LQ�WKHP��3UREOHP�VROYLQJ�KDV�QHYHU�EHHQ�VXIILFLHQWO\�
DUWLFXODWHG�LQ�WKH�LQVWUXFWLRQDO�VWUDWHJLHV��0DUWLQ����������7KH�EHKDYLRULVW�SUDFWLFHV�
DUH� HPSKDVL]HG� LQ� WUDQVPLVVLRQ� RI� NQRZOHGJH� DQG� VWUHVV� WKH� SHGDJRJLFDO� YDOXH� RI�
IRUPXODH��SURFHGXUHV�GULOO�DQG�SURGXFW�UDWKHU�WKDQ�SURFHVVHV�

7KH� VWXG\� HPSOR\HG� TXDQWLWDWLYH� TXDVL� ² H[SHULPHQWDO� GHVLJQ�� 7KH� 6RORPRQ� )RXU�
*URXS�GHVLJQ�LQ�ZKLFK����VFKRROV�ZHUH�VDPSOHG�DFFRUGLQJ�WR�WKH�FDWHJRU\�LQ�WKHLU�
SUHYLRXV�IRXU�\HDUV�.&6(�SHUIRUPDQFH��7KH�WDUJHW SRSXODWLRQ�ZDV��������VWXGHQWV�
DQG������0DWKHPDWLFV�WHDFKHUV�LQ�����VHFRQGDU\�VFKRROV�LQ�0XUDQJ·D�&RXQW\��)RUP�
WKUHH� VWXGHQWV� FRPSULVLQJ� �������ZHUH� VDPSOHG�� )RXU� VFKRROV� UDQGRPO\� VDPSOHG�
UHSUHVHQWHG� HDFK� FDWHJRU\�ZKHUH� WZR� VFKRROV�ZHUH� H[SHULPHQWDO� DQG� WZR� VFKRROV�
ZHUH�FRQWURO�FRPSULVLQJ�D�VDPSOH�VL]H�RI�����VWXGHQWV�DQG����WHDFKHUV��(LJKW�VFKRROV�
SDUWLFLSDWHG� LQ� SUH�WHVW� DQG� DOO� ��� VFKRROV� UHFHLYHG� SRVW� WHVW� 0DWKHPDWLFV�
DFKLHYHPHQWV�WHVWV�DIWHU�LQWHUYHQWLRQ��'HOSKL�TXHVWLRQQDLUH�ZDV�XVHG�WR�FROOHFW�GDWD
RQ�0DWKHPDWLFV�WHDFKHUV·�SUHIHUUHG�FRQYHQWLRQDO�PHWKRGV�RI�WHDFKLQJ�0DWKHPDWLFV��
6WXGHQWV·�0DWKHPDWLFV� DWWLWXGH�TXHVWLRQQDLUH�ZDV�XVHG� WR� FROOHFW�GDWD�RQ� VWXGHQWV·�
DWWLWXGH�WRZDUGV�0DWKHPDWLFV� LQ�ERWK�FRQWURO�DQG�H[SHULPHQWDO�JURXSV� 'DWD�IURP�
WKH�UHVHDUFK�LQVWUXPHQWV�ZHUH�FRGHG�DQG�DQDO\VHG�XVLQJ�6WDWLVWLFDO�3DFNDJH�IRU�6RFLDO�
6FLHQFHV��6366��YHUVLRQ�����$QDO\VLV�RI�9DULDQFH��$129$��ZDV�XVHG�WHVW�K\SRWKHVHV�
ZKHUH�PRUH�WKDQ�WKUHH�RU�PRUH��LQGHSHQGHQW�W�WHVW�ZDV�XVHG�WR�WHVW�K\SRWKHVHV�DW������
OHYHO�RI�VLJQLILFDQFH�ZKHUH�WZR�YDULDEOHV�ZHUH�LQYROYHG��.HQGDO�²WDX�IRU�FRPSDULVRQ�
RI�XVHG�RQ�SUHIHUUHG�VWUDWHJLHV�DQG�&RKHQ·V�G��ZDV�WR�GHWHUPLQH�WKH�HIIHFW�RI�SRZHU�
WHVW� $QDO\VLV� RI� GDWD� JHQHUDWHG� IURP� VWXGHQWV� SUH�WHVW� UHYHDOHG� WKDW�� WKH� HIIHFW� RI�
SUREOHP�� VROYLQJ�SHUIRUPDQFH�ZDV�LQVLJQLILFDQW��W������� ��������&RKHQ·V�G� ������
ZKLFK�LV�VPDOO��S�!��������
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7KH� VHFRQG� REMHFWLYH� RI� WKH� VWXG\� ZDV� WR� FRPSDUH� SHUIRUPDQFH� RI� VWXGHQWV� LQ�
0DWKHPDWLFV IRU� WKRVH� WDXJKW�XVLQJ�SUREOHP�� VROYLQJ�VWUDWHJLHV�ZLWK� WKRVH� WDXJKW�
XVLQJ� FRQYHQWLRQDO� PHWKRG� LQ� VHFRQGDU\� VFKRROV� LQ� 0XUDQJ·D� &RXQW\�� 7KHVH� DUH�
FRQVLGHUHG� DV� EHLQJ� FRQFHSWXDO� DQG� FRJQLWLYH� JURZWKV� ZHUH� GHWHUPLQHG� E\� WKH�
DFKLHYHPHQW� WHVW� XVLQJ� SUH�WHVW� DQG� SRVW�WHVW� TXHVWLRQQDLUHV�� 7KH� VWXGHQWV·� ZHUH�
H[SHFWHG� WR� OHDUQ� 0DWKHPDWLFV� WKURXJK� SUREOHP� � VROYLQJ� VWUDWHJ\� RU� RWKHU�
FRQYHQWLRQDO� VWUDWHJLHV�� 7KLV� VWXG\� VXJJHVWHG� WKDW� WKH� VWXGHQWV·� FRQFHSWXDO�
XQGHUVWDQGLQJ�ZDV� GHYHORSHG� EHWWHU� XVLQJ� SUREOHP� ² VROYLQJ� WKDQ� RQ� SURFHGXUDO�
NQRZOHGJH�XVLQJ�FRQYHQWLRQDO�PHWKRGV�LQ�VHFRQGDU\�VFKRROV�LQ�0XUDQJ·D�&RXQW\�

7KH�YDULRXV�FRPELQDWLRQV�RI�WHVWHG�DQG�XQWHVWHG�JURXSV�ZLWK�WUHDWPHQW�DQG�FRQWURO�
JURXSV� DOORZHG� WKH� UHVHDUFKHU� DQG� H[WUDQHRXV� IDFWRUV� WR� KDYH� QRW� LQIOXHQFHG� WKH�
UHVXOWV��(���&���(���DQG�&��DUH�H[DFWO\�WKH�VDPH�LQ�DOO�IRXU�FDWHJRULHV�DFFRUGLQJ�WR�
WKHLU�SUHYLRXV�QDWLRQDO�H[DPLQDWLRQ��7KH\�ZHUH�GUDZQ�IRXU�VLPLODU�VFKRROV�ZLWK�WKH�
VDPH�VWDQGDUGV��7KH�ILUVW�K\SRWKHVLV�ZDV�WKDW�WKHUH�ZDV�QR�GLIIHUHQFH�LQ�SHUIRUPDQFH�
WR�0DWKHPDWLFV�DFKLHYHPHQW��SHUIRUPDQFH��WHVW�EHWZHHQ�WKH�H[SHULPHQWDO�JURXS�DQG�
WKH�FRQWURO�JURXS��7KH�SUH�WHVW�LQYROYHG�H[SHULPHQWDO��(��DQG�FRQWURO��&��JURXSV��7KH�
UHVXOWV�DUH�VKRZQ�LQ�WDEOH�����

([SHULPHQWDO &RQWURO
&DWHJRU\ 1R� RI�

UHVSRQGHQWV
0HDQ 6WDQGDUG�

GHYLDWLRQ
1R� RI�
UHVSRQGHQWV

0HDQ 6WDQGDUG�
GHYLDWLRQ

$ �� ����� ���� �� ����� ����
% �� ����� ����� �� ����� �����
& �� ����� ����� �� ����� ����
' �� ����� ����� �� ����� ����
&RPELQHG ��� ����� ����� ��� ����� �����

6RXUFH��)LHOG�VWXG\������

7DEOH�����VKRZV�WKDW�WKHUH�LV�QR�GLIIHUHQFH�EHWZHHQ�JURXSV��H[FHSW�IURP�WKH�FDWHJRULHV�
ZKLFK� DUH� � GXH� WR� HQWU\� SRLQW� DW� VHFRQGDU\� VFKRRO� IURP� SULPDU\� VFKRROV� ZKHUH��
FDWHJRU\� $� DUH� WKRVH� LQ� QDWLRQDO� DQG� H[WUD� � &RXQW\� VFKRROV�� 7KH� RWKHU� WKUHH�
FDWHJRULHV� DUH� IURP� FRXQW\� DQG� VXE� ² FRXQW\� VHFRQGDU\� VFKRROV�� ,� WHVWHG� WKLV�
K\SRWKHVLV�E\�FDUU\LQJ�RXW�D�WZR�² VDPSOH�W�²WHVW�RQ�WKH�PHDQ�VFRUHV�RI�WKH�SUH�²WHVW�
EHWZHHQ�WKH�FRPELQHG�H[SHULPHQWDO�JURXS�DQG�WKH�FRQWURO�JURXS�DQG�WKH�UHVXOWV�DV�
VKRZQ�LQ�WDEOH�������

7KH� VWXG\� HPSOR\HG� WKH� 6RORPRQ� )RXU� � *URXS� GHVLJQ�� 7KHVH� KDG� HQDEOHG� WKH�
UHVHDUFKHU�WR�KDYH�WZR�JURXSV�LQ�HDFK�FDWHJRU\�WR�VLW�IRU�SUH� WHVWV�DV�UHFRPPHQGHG�
E\�%RUJ�DQG�*DOO�������� 7KH�WZR�JURXSV�ZHUH�([SHULPHQWDO�JURXS��(���DQG�&RQWURO�
JURXS� �&���� $� SUH�WHVW� ZDV� FRQGXFWHG� EHIRUH� FRPPHQFHPHQW� RI� WKH� WUHDWPHQW�



���

WKHUHIRUH��LW�ZDV�DGPLQLVWHUHG�WR�VFKRROV�LQYROYHG�LQ�JURXSV�(��DQG�&��SULRU�WR�WKH�
H[SHULPHQW�� 7KH� SUH�WHVW� FRQWDLQHG� ��� LWHPV� WKDW� VRXJKW� WR� WHVW� VWXGHQWV�
XQGHUVWDQGLQJ�RI�QXPEHUV��QXPEHU�SDWWHUQV��EDVLF�DOJHEUD��JHRPHWU\��PHDVXUHPHQW�
DQG�DULWKPHWLF�ZKLFK�ZHUH� WKH� IRFXV�RI� WKLV� VWXG\��7KH�PHDQ� VFRUHV�DQG�VWDQGDUG�
GHYLDWLRQ�RI�WKH�WZR�JURXSV��(��DQG�&���ZHUH�FRPSXWHG���7KH�UHVXOWV�ZHUH�UHFRUGHG�
LQ�WDEOH�����

7DEOH������3UH�² WHVW�SHUIRUPDQFH�SHU�JURXS
&RPELQHG�
JURXS

180%(5 0($1 9$5 67'(9 6WDQGDUG�
HUURU

����
&RQILGHQFH

7²
YDOXH

(� ��� ����� ������ ����� ����� ������ � �
�����

����

&� ��� ����� ������ ����� ����� ������ �
�����

&RPELQHG� ��� ����� ������ ����� ����� ������ �
�����

'LIIHUHQFH� ����

3U��7�!�W�� �����

6RXUFH��)LHOG�VWXG\������

9$5��9DULDQFH�

67'(9��6WDQGDUG�'HYLDWLRQ

7DEOH�����VKRZV�WKDW�VWXGHQWV�IURP�H[SHULPHQWDO�JURXS�(��SHUIRUPHG�VOLJKWO\�EHWWHU�
WKDQ�VWXGHQWV�IURP�FRQWURO�JURXSV�&��LQ�WKH�SUH�WHVW�0DWKHPDWLFV�SHUIRUPDQFH��7KLV�
ZDV�DIIHFWHG�E\�WKH�PHDQ�VFRUH�RI�VFKRROV�LQ�FDWHJRU\�'��VLQFH�PHDQ�LV�XVXDOO\�DIIHFWHG�
E\ H[WUHPH�YDOXHV��7R� WHVW�ZKHWKHU� WKHUH�ZDV�D� VLJQLILFDQW� GLIIHUHQFH�RQ�HIIHFW�RQ�
VWXGHQWV·�SHUIRUPDQFH�EHWZHHQ�H[SHULPHQWDO�JURXS�(��DQG�FRQWURO�JURXS�&��LQ�WKH�
SUH�WHVW��D�W�WHVW�ZDV�FRPSXWHG��,Q�WDEOH�����WKH�LQGHSHQGHQW�W�WHVW�UHYHDO�D�VWDWLVWLFDOO\�
LQVLJQLILFDQW�GLIIHUHQFH�LQ�WKH�PHDQ�VFRUHV�RI�SUH�� WHVW�IRU�WKH�H[SHULPHQWDO��(���DQG�
FRQWURO�JURXSV��&���DW�W������� �������S� ��������DW�Ƚ  ������ZKHUH�S�!�������7KLV�
FOHDUO\�LQGLFDWHG�WKDW�VWXGHQWV·�SHUIRUPDQFH�LQ� WKH�SUH�� WHVW�ZDV�VLPLODU�DQG�WKHLU�
OHYHO�RI�XQGHUVWDQGLQJ�LQ�SUREOHP�� VROYLQJ�LV�WKH�VDPH� 7DEOH������DOVR�VKRZV�WKDW�
WKHUH�ZDV�QR�PHDQV�GLIIHUHQFH�EHWZHHQ�JURXSV��7KH�VOLJKW�PHDQ�GLIIHUHQFH�ZDV�QRW�
VWDWLVWLFDOO\�VLJQLILFDQW�DW�Ƚ  ������DV�W� ������ZLWK�D�VPDOO�HIIHFW�VL]H�RI�GV  ������
IURP�&RKHQ·V�SRZHU�WHVW�LQWHUSUHWDWLRQ��7KLV�VKRZV�WKDW�WKH�JURXSV�ZHUH�RI�WKH�VDPH�
VWUHQJWK� LQ� WHUPV� RI� SHUIRUPDQFH� RI� 0DWKHPDWLFV� DFKLHYHPHQW� WHVW� EHIRUH�
LQWHUYHQWLRQ�ZDV�LQLWLDWHG�

7KXV�� WKH�K\SRWKHVLV�ZKLFK� VWDWHG� WKDW�� WKHUH�ZDV�QR� VLJQLILFDQW� GLIIHUHQFH� RQ WKH�
HIIHFWV�LQ�VWXGHQWV·�SHUIRUPDQFH�IRU�WKRVH�WDXJKW�XVLQJ�SUREOHP�� VROYLQJ�DSSURDFK�
DQG�RWKHUV�WDXJKW�XVLQJ�FRQYHQWLRQ�PHWKRG�ZDV�UHWDLQHG��7KLV�ILQGLQJ�DJUHHV�ZLWK�
1MRURJH� 	� *LWKXD� ������� ZKR� LQ� WKHLU� VWXG\� IRXQG� WKDW� WKHUH� ZDV� QR� VWDWLVWLFDO�
VLJQLILFDQFH�EHWZHHQ�H[SHULPHQWDO�DQG�FRQWURO�JURXSV·�GLIIHUHQFH� LQ� WKH�SUH� � WHVW�
0DWKHPDWLFV� $FKLHYHPHQW� 7HVW� EHIRUH� FRPPHQFHPHQW� RI� WKH� LQWHUYHQWLRQ� RQ�
&RRSHUDWLYH� OHDUQLQJ� VWUDWHJ\�� 7KH� VWXG\� ZDV� DOVR� LQWHUHVWHG� LQ� GHWHUPLQLQJ� WKH�
DWWLWXGH� RI� VWXGHQWV� WDXJKW� XVLQJ� SUREOHP� � VROYLQJ� DSSURDFK� KDG� QR� VLJQLILFDQW�
GLIIHUHQFH� LQ� VWXGHQWV·� DWWLWXGH� EHIRUH� FRPPHQFHPHQW� RI� WKH� WUHDWPHQW� XVLQJ�RQO\�
H[SHULPHQWDO�JURXSV�(��DQG�(��



���

7KH� UHVHDUFKHU� HPSOR\HG� WKH� 6RORPRQ� )RXU� *URXS� GHVLJQV� ZKHUH� DOO� JURXSV�
H[SHULHQFHG�WKH�SRVW�� WHVW��7KH�FRPSDULVRQ�EHWZHHQ�WKH�SRVW²WHVW�UHVXOWV�RI�JURXSV�
(�� DQG� &��� DOORZV� WKH� UHVHDUFKHU� WR� GHWHUPLQH� LI� WKH� DFWXDO� DFW� RI� SUH� ² WHVWLQJ�
LQIOXHQFHG� WKH� UHVXOWV�� 7R� IXUWKHU� LQYHVWLJDWH� WKH� VWDWHG� REMHFWLYH QXPEHU� RQH� DQG�
K\SRWKHVLV�RQH��7KH�SRVW�� WHVW�ZDV�DGPLQLVWHUHG�WR�WKH�VDPH�FDWHJRULHV�RI�VWXGHQWV�LQ�
WKHLU�VFKRROV��7KH�SRVW�WHVW�FRQWDLQHG����LWHPV�ZKLFK�ZHUH�EDVHG�RQ�WRSLFV�VHW�LQ�WKH�
SUH��WHVW��7KH�WRSLFV�GLVFXVVHG�GXULQJ�LQWHUYHQWLRQ�ZHUH�VLPLODU�WR ERWK�SUH� WHVW�DQG�
SRVW��WHVW� 7KH�SRVW�² WHVW�WRSLFV�LQFOXGHG�WKH�VLPLODU�WRSLFV�WKDW�ZHUH�XVHG�GXULQJ�WKH�
LQWHUYHQWLRQ� SHULRG� DQG� IXUWKHU� SUDFWLFH� JLYHQ� XVLQJ� WH[WERRNV�� 7KH� LQWHUYHQWLRQ�
WRSLFV�LQFOXGHG�QDWXUDO�QXPEHUV��QXPEHU�SDWWHUQV��$OJHEUD��JHRPHWU\��IUDFWLRQV�DQG�
LQWHJHUV�ZKLFK�SURYRNH�OHDUQHUV·�FUHDWLYLW\�

$QDO\VLV�RI�WKH�SRVW�� WHVW�UHVXOWV�DUH�WDEXODWHG�LQ�WDEOH������WDEOH�����DQG�WDEOH������
ZKLFK�JLYHV�WKH�PHDQ�VFRUH�RI���VWXGHQWV·�SHUIRUPDQFH�LQ�WKH�SRVW�WHVW�RI�JURXSV�(���
&���(��DQG�&���7R�ILQG�RXW�ZKHWKHU�WKHUH�LV�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�SHUIRUPDQFH�

7DEOH����� 3UHWHVW�(��	�&��DQG��3RVW�² WHVW�&��SHUIRUPDQFH�SHU�JURXS

&RPELQHG�
JURXS

180%(5 0($1 67'(9 6WDQGDUG�
HUURU

����&��, 7� ²
YDOXH

(��SUH�WHVW ��� ����� ����� ����� ������
�����

&��SUH� WHVW ��� ����� ����� ����� ������ ²
�����

&��SRVW�� WHVW ��� ����� ����� ����� ������
�����

&RPELQHG ��� ����� �����

6RXUFH��)LHOG�VWXG\�����

7DEOH�����VKRZV�WKDW�VWXGHQWV�RI�H[SHULPHQWDO�JURXS�(��DQG�FRQWURO�&��SUH�� WHVW�KDYH�
VDPH�SHUIRUPDQFH�DV�FRQWURO�JURXS�&��LQ�WKH�SRVW��WHVW��7KH�FODLP�WKDW�&��FRQWURO�
JURXS�KDV� WKH�VDPH�PHDQ�DW�SRVW� � WHVW�DV� LW�ZDV�ZLWK�H[SHULPHQWDO�JURXS�(��DQG�
FRQWURO�&��JURXS�SUH�� WHVW��7R�WHVW�WKLV��K\SRWKHVLV�,�XVHG�$129$��7KH�QXOO�K\SRWKHVLV�
WR�WHVW�WKH�GLIIHUHQFHV LQ�PRUH�WKDQ�WZR�QRUPDOO\�GLVWULEXWHG�SRSXODWLRQV��6�% PHDQV�
YDULDWLRQV�EHWZHHQ�WKH�PHDQV�ZKLFK�LPSOLHV�YDULDWLRQV�RI�WKH�JURXS�PHDQV�DERXW�WKH�
RYHUDOO�PHDQ��*0��6�: WKH�YDULDWLRQV�ZLWKLQ�JURXS�YDULDWLRQV��7KLV�LV�ZKHUH�YDULDWLRQV�
RI�WKH�LQGLYLGXDO�YDOXHV�DERXW�WKH�JURXS�PHDQV��7DEOH�����VKRZV�WKH�$129$�WDEOH�WR�
VKRZ�WKDW�WKH�JURXSV�LQ�WKH�VWXG\�KDYH�D�FRPPRQ�HQWU\�SRLQW�DW�DQ\�ILUVW�WHVW�

7DEOH����� $129$�3UH�² WHVW�(��DQG�&��DQG�3RVW�² WHVW�&��SHUIRUPDQFH�RQ�WKUHH�JURXSV
9DULDWLRQ 'I 0HDQ�

VTXDUH )� 
�

�

:

%

6

6 3��YDOXH

%HWZHHQ�JURXSV ������ � ���� ������
:LWKLQ�JURXSV ������ ��� �����
7RWDO� ������

6RXUFH��)LHOG�VWXG\�����



���

,�DFFHSWHG� WKH�QXOO�K\SRWKHVHV� VLQFH� WKHUH� LV�HQRXJK�HYLGHQFH� WKDW� WKH� WKUHH�PHDQ�
VFRUHV�KDG�QR�GLIIHUHQFH�EHWZHHQ�WKH�JURXSV�EHIRUH�DQ\�WUHDWPHQW�LV�GRQH��7KH�FULWLFDO�
YDOXH�DW�)����������LV��������ZKHUHDV�WKH�WDEXODWHG�)� ������������������������7KH�
QXOO K\SRWKHVLV�LV�DFFHSWHG�WKDW�PHDQV�DUH�WKH�VDPH�IRU�ERWK�H[SHULPHQWDO�DQG�FRQWURO�
JURXSV� EHIRUH� LQWHUYHQWLRQ�� � ,W� DOVR� UHYHDOHG� WKDW� FRQWURO� JURXS� (�� KDV� EHWWHU�
SHUIRUPDQFH�WKDQ�&��DV�VKRZQ�LQ�WDEOH������RI�WKH�SRVW�WHVW��7KLV�LV�D�FOHDU�LQGLFDWLRQ�
WKDW�WKH�SUH�WHVW�KDV�KDG�VRPH�HIIHFW�XSRQ�WKH�UHVXOW�RI�SRVW�� WHVW��7DEOH������VKRZV�
WKDW�LI�WKHUH�LV�HIIHFW�LQ�DFKLHYHPHQW�DIWHU�WUHDWPHQW�RI�H[SHULPHQWDO�JURXS�(��DQG�
FRQWURO�&��ERWK�JURXSV�UHFHLYHG�SUH�� WHVW�EHIRUH�LQWHUYHQWLRQ�ZDV�FRPPHQFHG��7KH�
WZR�JURXSV DOVR�UHFHLYHG�SRVW�� WHVW�LPPHGLDWHO\�DIWHU�LQWHUYHQWLRQ��7KH�FODLP�LV�WKDW�
WKHUH�LV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�0DWKHPDWLFV�EHWZHHQ�VWXGHQWV�0DWKHPDWLFV�XVLQJ�
SUREOHP� �VROYLQJ� DSSURDFK� DQG� WKRVH� WDXJKW� XVLQJ� FRQYHQWLRQDO� VWUDWHJLHV� LQ�
VHFRQGDU\�VFKRROV�LQ�0XUDQJ·D�&RXQW\��

9DULDEOH� 0HDQ 6WDQGDUG�
GHYLDWLRQ

6WDQGDUG�
HUURU

����FRQILGHQFH�
LQWHUYDO

W 'HJUHH�RI�
IUHHGRP

/RZHU 8SSHU
3RVWWHVW(� ����� ����� ����� ����� ����� ����� ���
3RVWWHVW&� ����� ����� ����� ����� �����
&RPELQHG� ����� ����� �����
'LIIHUHQFH� �����

3U��_7_�!�W�� �����

6RXUFH��)LHOG�VWXG\�����

$FFRUGLQJ� WR� WDEOH������� LW� FDQ�EH� VHHQ� WKDW� WKHUH� LV� D� VLJQLILFDQW� LPSURYHPHQW� LQ�
VWXGHQWV·�SUREOHP�² VROYLQJ�SHUIRUPDQFH�DIWHU�WKH�LQWHUYHQWLRQ�SHULRG��,W�LV�REYLRXV�
WKDW� SUREOHP� � VROYLQJ� FDQ� HQKDQFH� VWXGHQWV·� SUREOHP� ² VROYLQJ� SHUIRUPDQFH� LQ�
0DWKHPDWLFV�� 7KH� UHVXOW� IURP� REVHUYDWLRQ� UDWLQJ� VFDOHV� RI� SUREOHP� ² VROYLQJ� DQG�
VWXGHQWV�VKRZHG�WKH�FKDQJHV�RI�VWXGHQWV·�EHKDYLRXU��2EVHUYDWLRQ�UHVXOWV�VKRZHG�DQ�
DYHUDJH� DELOLW\� RI� VWXGHQWV�ZKR� FRXOG� UHDG� WKH� SUREOHP� FDUHIXOO\� WKURXJKRXW� WKH�
LQWHUYHQWLRQ�SHULRG��%XW�VKH?KH�XVHG�GLIIHUHQW�VWUDWHJLHV�WR�SHUVHYHUH�ZLWK�SUREOHPV�
DQG�QHYHU�FKHFNHG�VROXWLRQV��'XULQJ�LQWHUYHQWLRQ�SHULRG��WKH�OHDUQHU�WULHG�SUREOHP�
EHWWHU� DQG� EHWWHU� JHWWLQJ� FORVHU� WR� VROXWLRQ� ZKLOH� SHHU� SDUWQHUV� JDYH� KHU�KLP�
RSSRUWXQLWLHV� WR� VHH� WKH� GLIIHUHQW� ZD\V� WR� DSSURDFK� PDWKHPDWLFDO� SUREOHPV� 7KH�
K\SRWKHVLV�LV�UHMHFWHG�WKDW�WKH�PHDQ�VFRUHV�RI�SRVW�� WHVW�IRU�ERWK�H[SHULPHQWDO�JURXS�
(��DQG�FRQWURO�JURXS�&��DUH�WKH�VDPH��7KHUH�ZDV�D�VLJQLILFDQW�GLIIHUHQFH��VLQFH�������
!� ������� 7KH� PHDQ� RI� H[SHULPHQWDO� JURXS� ZDV� VLJQLILFDQWO\� KLJKHU� WKDQ� WKDW� RI�
FRQWURO�JURXS�DW�SRVW�� WHVW��7KH�&RKHQ·V�G�LV������ZKLFK�VKRZV�WKDW�WKHUH�LV�PRGHUDWH�
SRVLWLYH�HIIHFW�VL]H�RI�WKH�PHDQV�GLIIHUHQFH�

7DEOH� ����� VKRZV� WKH� SRVW� � WHVW� RI� H[SHULPHQWDO� JURXS� (�� DQG� FRQWURO� &��� 7KH�
K\SRWKHVLV�WKDW�SUREOHP�VROYLQJ�VWUDWHJLHV�LQ WHDFKLQJ�DQG�OHDUQLQJ�0DWKHPDWLFV�KDYH�
QR�VLJQLILFDQW�HIIHFW�RQ�WKH�VWXGHQWV·�SHUIRUPDQFH�LQ�VHFRQGDU\�VFKRROV�LQ�0XUDQJ·D�
&RXQW\�



���

7DEOH�������6WDWLVWLFV�IRU�0DWKHPDWLFV�DFKLHYHPHQW�DVVHVVPHQW�SDLUHG�GLIIHUHQFHV�SRVW�
WHVW

([SHULPHQWDO�JURXS�(��DQG�FRQWURO�JURXS�&��
9DULDEOH� 0HDQ 6WDQGDUG�

GHYLDWLRQ
6WDQGDUG�
HUURU

����FRQILGHQFH�
LQWHUYDO

W 'HJUHH� RI�
IUHHGRP

/RZHU 8SSHU
3RVWWHVW(� ����� ����� ����� ����� ����� 7�  �

�����
3RVWWHVW&� ����� ����� ����� ����� �����
&RPELQHG� ����� �����
'LIIHUHQFH� �����

3U��_7_�!�W�� �����

6RXUFH��)LHOG�VWXG\�����

7KH�DQDO\VHV�RI�WKH�SRVW�² WHVW�UHVXOWV�DUH�VKRZQ�LQ�WDEOH�����7KH�WDEOH�VKRZV�WKHUH�
ZDV�VWDWLVWLFDO�GLIIHUHQFH�LQ�WKH�PHDQ�VFRUHV�EHWZHHQ�WKH�WZR�JURXSV�DV�S�!������DQG�
W� ��������7KLV�VKRZV�WKDW�������!�������UHMHFW�WKH�QXOO�K\SRWKHVLV�RQ�WKH�EDVLV�WKDW�
GLIIHUHQFHV� DUH� VLJQLILFDQW� WKDW� WKHUH� HYLGHQFH� WKDW� WKH� PHDQV� DUH� QRW� HTXDO�� 7KH�
&RKHQ·V�G�RI������ZKLFK�VKRZV�WKDW�WKHUH�LV� ODUJH�SRVLWLYH�HIIHFW�VL]H�RI�WKH�PHDQV�
GLIIHUHQFH�ZKLFK�VKRZV�WKDW�WKH�SUH�� WHVW�KDV�VOLJKW�HIIHFW�FRPSDUHG�ZLWK�WDEOH������
ZKHUH�&��KDG�UHFHLYHG�SUH�� WHVW�

7DEOH�������6WDWLVWLFV�IRU�0DWKHPDWLFV�$FKLHYHPHQW�DVVHVVPHQW�SDLUHG�GLIIHUHQFHV�SRVW�
² WHVW

H[SHULPHQWDO�JURXS�(��DQG�H[SHULPHQWDO�JURXS�(��
9DULDEOH� 0HDQ 67'(9 6WDQGDUG�

HUURU
���� FRQILGHQFH�
LQWHUYDO

W 'HJUHH� RI�
IUHHGRP

/RZHU 8SSHU
3RVWWHVW�
(�

����� ����� ����� ����� ����� ���

3RVWWHVW(� ����� ����� ����� ����� ����� ���
FRPELQHG ����� ����� ����� ����� ����� 7 �

����
���

GLIIHUHQFH ����

3U��_7_�!�W�� �������

6RXUFH��)LHOG�VWXG\�����

7DEOH������VKRZV�WKH�WZR�H[SHULPHQWDO�JURXSV�(��DQG�(���7KH�JURXSV·�FRPPHQFHG�
WUHDWPHQW�DW�WKH�VDPH�WLPH��EXW�(��GLG�QRW�UHFHLYH�SUH�� WHVW��7KH�K\SRWKHVLV�LV�WKDW�
WKHUH�LV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�PHDQV�RI�WKH�VWXGHQWV·�0DWKHPDWLFV�DFKLHYHPHQW�
DIWHU�WKH�SRVW�� WHVW�ZKHQ�WKH�WZR�JURXSV�XQGHUZHQW�WUHDWPHQW��7KH�FULWLFDO�YDOXH�W�DW�
����FRQILGHQFH�OLPLW�LQ�GHJUHH�RI�IUHHGRP�')� �����LV�������E\�LQWHUSRODWLRQ��:KHQ�
W� �����������������������WKH�K\SRWKHVLV�LV�DFFHSWHG�DQG�WKHUH�LV�HQRXJK�HYLGHQFH�
WKDW�WKH�PHDQV�GR�QRW�KDYH�DQ\�GLIIHUHQFH��7KH�&RKHQ·V�G�RI������ZKLFK�VKRZV�WKDW�
WKHUH�LV�VPDOO�HIIHFW�VL]H�RI�WKH�PHDQV�GLIIHUHQFH�ZKLFK�PLJKW�KDYH�DIIHFWHG�E\�WKH�SUH�
� WHVW�



���

7DEOH� ����� VKRZV� WKH� SRVW� � WHVW� RI� FRQWURO� JURXS�&�� DQG� FRQWURO� JURXS�&��� 7KH�
K\SRWKHVLV� WKDW� WKHUH� LV�QR�GLIIHUHQFH�EHWZHHQ�PHDQ�RI�&�DQG�PHDQ�RI�&��RQ� WKH�
VWXGHQWV·�SHUIRUPDQFH�LQ�VHFRQGDU\�VFKRROV�LQ�0XUDQJ·D�&RXQW\�

7DEOH������ 6WDWLVWLFV�IRU�0DWKHPDWLFV�$FKLHYHPHQW�DVVHVVPHQW�SDLUHG�GLIIHUHQFHV�SRVW�
� WHVW�

FRQWURO�JURXS�&��DQG�FRQWURO��JURXS�&�
9DULDEOH� 0HDQ 6WDQGDUG�

GHYLDWLRQ
6WDQGDUG�
HUURU

����FRQILGHQFH�
LQWHUYDO

W 'HJUHH�RI�
IUHHGRP

/RZHU 8SSHU
3RVWWHVW&� ����� ����� ����� ����� ����� ����� ���
3RVWWHVW&� ����� ����� ����� ����� �����
&RPELQHG� ����� ����� ����� ����� �����
'LIIHUHQFH� ����

3U��_7_�!�W�� �������

6RXUFH��)LHOG�VWXG\�����

7DEOH������KDV� VKRZQ� WKDW� WKH� WZR�SRVW� � WHVW� IRU� FRQWURO�JURXSV�&��DQG�&���7KH�
JURXSV�GLG�QRW�UHFHLYH�DQ\�WUHDWPHQW�DW�WKH�VDPH�WLPH��DQG�&��GLG�QRW�UHFHLYH�SUH��
WHVW��7KH�K\SRWKHVLV�LV�WKDW�WKHUH�LV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�PHDQV�RI�WKH�VWXGHQWV·�
0DWKHPDWLFV�DFKLHYHPHQW�DIWHU�WKH�SRVW�� WHVW�ZKHQ�WKH�WZR�JURXSV�GLG�QRW�XQGHUJR�
WUHDWPHQW��7KH�FULWLFDO�YDOXH�W�DW�����FRQILGHQFH OLPLW�LQ�GHJUHH�RI�IUHHGRP�')� �����
LV�������E\�LQWHUSRODWLRQ��:KHQ�W� ������������������������WKH�K\SRWKHVLV�LV�DFFHSWHG�
DQG�WKHUH�LV�HQRXJK�HYLGHQFH�WKDW�WKH�PHDQV�GR�QRW�KDYH�DQ\�GLIIHUHQFH��7KH�&RKHQ·V�
G�RI������ZKLFK�VKRZV�WKDW�WKHUH�LV�VPDOO�HIIHFW�VL]H�RI�WKH�PHDQV�GLIIHUHQFH�ZKLFK�
PLJKW�KDYH�DIIHFWHG�E\�WKH�SUH�� WHVW�

7DEOH������VKRZV�DFKLHYHPHQW�RI�SRVW�� WHVW�IRU�FRPELQHG�H[SHULPHQWDO�JURXSV�DQG�
FRPELQHG�FRQWURO�JURXSV��7DEOH������DQG�WDEOH������KDYH�DOUHDG\�VKRZQ�WKDW�WKHUH�
DUH�QR�VLJQLILFDQW�GLIIHUHQFHV�LQ�PHDQV�RI�(��DQG�(��RU�PHDQV�RI�&��DQG�&��

7DEOH� ����� 0DWKHPDWLFV� DFKLHYHPHQW� SRVW²WHVW� IRU� FRPELQHG� H[SHULPHQWDO� DQG�
FRQWURO�JURXSV
9DULDEOHV� 1R� RI�

UHVSRQGHQWV
0HDQ�
VFRUH

6WDQGDUG�
GHYLDWLRQ

6WDQGDUG�
HUURU

����FRQILGHQFH�
LQWHUYDO
/RZHU 8SSHU

3RVW�² WHVW�(� ��� ����� ����� ����� ����� �����
3RVW�² WHVW�(� ��� ����� ����� ����� ����� �����
&RPELQHG� ��� ����� ����� ����� ����� �����
'LIIHUHQFH� ���� ����� ����
3RVW�² WHVW�&� ��� ����� ����� ����� ����� �����
3RVW�² WHVW�&� ��� ����� ����� ����� ����� �����
&RPELQHG� ��� ����� ����� ����� ����� �����
'LIIHUHQFH� ���� ����� ����

3U��7�!�_W_�� ��������

7KH�FRQWURO�JURXSV�&��DQG�&��KDYH�W�YDOXH�������ZKLFK�LV�OHVV�WKDQ�FULWLFDO������DW�
����FRQILGHQFH�LQWHUYDO��$V�W�² VFRUH�LV�ZLWKLQ�WKLV�YDOXH��WKHUH�LV�QRWKLQJ�WR�VXJJHVW�
WKDW�WKHUH�LV�DQ\�GLIIHUHQFH�EHWZHHQ�WKH�WZR�PHDQV�DQG�WKH�K\SRWKHVLV�LV�DFFHSWHG��



���

7DEOH� ����� VKRZV� WKDW� VWXGHQWV� RI� H[SHULPHQWDO� JURXSV� (�� DQG� (�� KDYH� EHWWHU�
SHUIRUPDQFH� WKDQ� FRQWURO� JURXSV� &�� DQG� &�� LQ� WKH� SRVW� � WHVW�� :KHQ� WKLV� WZR�
H[SHULPHQWDO� (�� DQG� (�� FRPELQHG� DQG� WZR� FRQWURO� &�� DQG�&�� FRPELQHG� \LHOGHG�
&RKHQ·V�G������ZKLFK�KDG�PRGHUDWH�SRVLWLYH�HIIHFW��,W�DOVR�UHYHDOHG�WKDW�H[SHULPHQWDO�
JURXS�&��KDG�EHWWHU�SHUIRUPDQFH�LQ�WKH�SRVW�� WHVW�WKDQ�&��EHFDXVH�RI�SUH�� WHVW�EHIRUH�
SRVW�� WHVW��7KLV�HVWDEOLVKHG�WKDW�WKHUH�DUH�VRPH�H[WHUQDO�IDFWRUV�ZKLFK�KDYH�FDXVHG�
PLQLPXP�WHPSRUDO� LQFUHPHQW� 7KH�VOLJKW�GLIIHUHQFH�EHWZHHQ�(��SRVW�� WHVW�DQG�(��
SRVW�� WHVW�VKRZV�WKH�HIIHFW�WKDW�SUH�� WHVW�KDV�KDG�XSRQ�WUHDWPHQW��)XUWKHU��LW�VKRZV�
WKHUH�ZDV�VWDWLVWLFDO�GLIIHUHQFH�LQ�WKH�PHDQ�VFRUHV�EHWZHHQ�WKH�H[SHULPHQWDO�JURXS�(��
DQG�FRQWURO�JURXSV�&��DQG�&��� 7KH�GLIIHUHQFH�DOVR�H[LVWHG�EHWZHHQ�H[SHULPHQWDO�
JURXS�(��DQG�FRQWURO�JURXSV��7KLV�LV�D�FOHDU�LQGLFDWLRQ�WKDW�H[SHULPHQWDO�JURXSV�(��
DQG� (�� ZKR� ZHUH� H[SRVHG� WR� SUREOHP� VROYLQJ� DSSURDFK� KDYH� VKRZQ� D� EHWWHU�
SHUIRUPDQFH�WKDQ�WKH�FRQWURO�JURXSV�&��DQG�&��UHVSHFWLYHO\��7KH�LPSOLFDWLRQ�KHUH�LV�
WKDW� ZKHQ� OHDUQLQJ� 0DWKHPDWLFV� WKURXJK� SUREOHP� � VROYLQJ� VWUDWHJLHV�� VWXGHQWV·�
SHUIRUPDQFH� LQFUHDVHG�� 7KLV� ZDV� VXSSRUWHG� E\� UHVXOWV� RI� /HVK� DQG� =DZRMHZVNL��
������� REVHUYDWLRQ� WKDW� HQJDJLQJ� VWXGHQWV� LQ� PDWKHPDWLFDO� SUREOHP� � VROYLQJ�
DFWLYLWLHV�ZRXOG�KHOS�WKHP�GLVFRYHU�PDWKHPDWLFDO�LGHDV��+HQFH�VWXGHQWV·�DFKLHYHPHQW�
LV� HQKDQFHG�� 7DEOH� ����� VKRZV� SRVW� � WHVW� SHUIRUPDQFH� SHU� JURXS� DQG� $129$�
K\SRWKHVLV�WHVWLQJ�LV�DSSOLHG��,W�DOVR�VKRZV�WKH�WDEXODWHG�YDOXHV�IRU�$129$�

7DEOH������ 3RVW�² WHVW�SHUIRUPDQFH�SHU�JURXS
&RPELQHG�
JURXS

1XPEHU 0HDQ 6WDQGDUG�
GHYLDWLRQ

6WDQGDUG�
HUURU

����&��, 7� ²
YDOXH�

(�� ��� ����� ����� ����� ������
�����

&�� ��� ����� ����� ����� ������
�����

(� ��� ����� ����� ����� ������
�����

&�� ��� ����� ����� ����� ������ �
�����

7RWDO� ���

6RXUFH��)LHOG�VWXG\�����

7DEOH� ����� VKRZV� WKDW� WKHUH� DUH� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� WKH� SRVW� � WHVW�
H[SHULPHQWDO�JURXSV�PHDQ�VFRUHV�DQG�WKH�SRVW�� WHVW�FRQWURO�JURXSV�PHDQ�VFRUHV��ZLWK�
�W� �������DQG��W� ������DQG VPDOO�HIIHFW�VL]H�RI�I� ��������7KH�SRVW�� WHVW�LWHPV�GHYHORS�
RQ� KLJKHU� RUGHU� WKLQNLQJ� VNLOOV� WKDW� UHTXLUHG� VWXGHQWV� WR� UHDVRQ� EHIRUH� DSSO\LQJ�
SURFHGXUH� IRU�JHWWLQJ�VROXWLRQV��7KH�DVVHVVPHQW� LQYROYLQJ� V\QWKHVLV�DQG�HYDOXDWLRQ�
OHYHOV�DV�DFFRUGLQJ�WR�%ORRPV �������WD[RQRP\�RI�FRJQLWLYH�REMHFWLYHV�FDWHJRUL]DWLRQ��
7KLV�VKRZV�WKDW�D�SUREOHP�² VROYLQJ�VWUDWHJLHV�WR�WHDFKLQJ�DQG�OHDUQLQJ�0DWKHPDWLFV�
FDQ�DVVLVW�VWXGHQWV�WR�UHDVRQ��DQG�KHOS�WKHP�WR�GHYHORS�FUHDWLYH�DQG�FULWLFDO�WKLQNLQJ�
ZKLFK� LPSURYHV� WKHLU� XQGHUVWDQGLQJ� RI� 0DWKHPDWLFV� FRQFHSWV� DQG� KHQFH�
LPSURYHPHQW� LQ� SHUIRUPDQFH�� 6WXGHQWV·� DFKLHYHPHQWV� DQG� XQGHUVWDQGLQJ� DUH�
VLJQLILFDQWO\�LPSURYHG�ZKHQ�WHDFKHUV�DUH�DZDUH�RI�KRZ�VWXGHQWV�FRQVWUXFW�NQRZOHGJH�
IDPLOLDU� ZLWK� WKH� LQWXLWLYH� VROXWLRQ� PHWKRGV� WKDW� VWXGHQWV� XVH� ZKHQ� WKH\� VROYH�
SUREOHPV�����7HDFKHUV�VKRXOG�XWLOL]H�WKLV�NQRZOHGJH�ZKHQ�SODQQLQJ�DQG�FRQGXFWLQJ�
LQVWUXFWLRQ�LQ�0DWKHPDWLFV�DOORZLQJ�VWXGHQWV·�FROODERUDWLYH�LQWHUDFWLRQV�

7R�WHVW�K\SRWKHVLV�RQH��+���ZKLFK�VWDWHV�WKDW��WKHUH�LV�QR�VWDWLVWLFDOO\�VLJQLILFDQW�PHDQV�
GLIIHUHQFH�LQ�WKH�HIIHFW�RI�SUREOHP�DSSURDFK�VROYLQJ�RQ�VHFRQGDU\�VFKRROV��VWXGHQWV�
SHUIRUPDQFH� RQ� � WKRVH� WDXJKW� XVLQJ� FRQYHQWLRQDO� VWUDWHJLHV�� � $QDO\VLV� RI� YDULDQFH�



���

�$129$��ZDV� FDUULHG� RXW� RQ� SRVW� � WHVW� VFRUHV�� 7DEOH� ����� JLYHV� WKH� UHVXOW� RI� WKH�
$129$�RI�WKH�GLIIHUHQFH�LQ�WKH�SRVW�WHVW�VFRUHV�

7DEOH������ $129$�3RVW�² WHVW�SHUIRUPDQFH�RQ�IRXU�JURXS
1XPEHU 0HDQ 9DULDQFH %HWZHHQ�

JURXSV
:LWKLQ�
JURXSV

(�� ��� ����� ������ ������ ������

&� ��� ����� ������
(�� ��� ����� ������
&� ��� ����� ������
&RPELQHG� ��� �����

6RXUFH��)LHOG�VWXG\�����

�
%6 ���������7KH�EHWZHHQ�JURXS�9DULDWLRQV

�
:6 ���������7KH�:LWKLQ�JURXS�9DULDWLRQV

7DEOH� ����� VKRZV� WKDW� WKHUH� ZDV� D� VLJQLILFDQW� PHDQ� GLIIHUHQFH� LQ� WKH� VWXGHQW�
SHUIRUPDQFH�LQ�WKH�SRVW�� WHVW�EHWZHHQ�WKH���JURXSV��)������� ��������S� �������Ƚ  �
�����ZKHUH�S���������7KH�VWXG\�FRQFOXGHG�WKDW�XVLQJ�SUREOHP�� VROYLQJ�LQ�WHDFKLQJ�
DQG� OHDUQLQJ� LQFUHDVHV� VWXGHQWV� DFKLHYHPHQW� �SHUIRUPDQFH�� LQ� 0DWKHPDWLFV��
7KHUHIRUH��WKH�K\SRWKHVLV��+���ZKLFK�VWDWHV�WKDW��WKHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�
LQ�VWXGHQWV·�SHUIRUPDQFH�LQ�0DWKHPDWLFV�WDXJKW�XVLQJ�SUREOHP�� VROYLQJ�DSSURDFK�
DQG�WKRVH�WDXJKW�XVLQJ�FRQYHQWLRQDO�VWUDWHJLHV�LQ�SUH�� WHVW�DQG�SRVW�� WHVW�LQ�VHFRQGDU\�
VFKRROV�LQ�0XUDQJ·D�&RXQW\�ZDV�UHMHFWHG��6LQFH�WKLV�UHVXOW�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW��
WKH� DFFHSWDQFH� RI� WKDW� WHDFKLQJ� WKURXJK� SUREOHP� ² VROYLQJ� LPSURYHV� WKH� VWXGHQW�
0DWKHPDWLF� DFKLHYHPHQW� DJUHHG� ZLWK� .LUWLNDU� �������� .LUWLNDU� UHDFWHG� RQ� WKH�
FULWLFLVP�WKDW�FRQYHQWLRQDO�WHDFKLQJ�GLG�QRW�WULJJHU�FULWLFDO� WKLQNLQJ��7KH�FRJQLWLYH�
VNLOOV�DQG�KROLVWLF�OHDUQLQJ�HQYLURQPHQW�IRU�VWXGHQWV�WKURXJK�SUREOHP�² VROYLQJ��7KLV�
VWXG\�KDG�VKRZQ�WKDW�WHDFKLQJ�WKURXJK�SUREOHP�� VROYLQJ�WKH�VWXGHQWV�LPSURYHG�WKH�
0DWKHPDWLFV�DFKLHYHPHQW���7KH�WDEOHV������DQG�WDEOH������KDG�VKRZQ�WKDW�LW�H[LVWHG�
LQ�WKH�FDWHJRULHV�DQG�ZLWK�RU�ZLWKRXW�SUH�� WHVW�UHVSHFWLYHO\�

7DEOH������ 3RVW�² WHVW�SHUIRUPDQFH�SHU�FDWHJRU\
([SHULPHQWDO (�� DQG� (��
FRPELQHG

&RQWURO�&��DQG�&��FRPELQHG

&DWHJRU\ 12� 0HDQ 67'(9 &�,� 12� 0HDQ 67'(9 &�,
$ �� ����� ���� ������ �

������
�� ����� ���� ������ �

�����
% �� ����� ���� ������ �

�����
�� ����� ���� ������ ²

�����
& �� ����� ���� ������ �

�����
�� ����� ����� ������ ²

������
' �� ����� ����� ������ �

�����
�� ����� ����� ������ �

�������
&RPELQHG ��� ����� ����� ������ �

�����
��� ����� ����� ������ ²

�����

6RXUFH��)LHOG�VWXG\�����



���

)LJXUH����� H[SHULPHQWDO�(��	�(��DQG�FFRQWURO�&��	�&�

Ϭ

ϭϬ

ϮϬ

ϯϬ

ϰϬ

ϱϬ

ϲϬ

ϳϬ

DĞĂŶ� DĞĂŶ�

�

�

�

�

([SHULPHQWDO�(��	�(���&RQWURO�&��	�&�

7DEOH������KDV�VKRZQ�WKDW�VWXGHQWV·�ZKR�ZHUH�SUHVXPHG�WR�EH�RI�ORZ�DELOLW\��WKH�VWXG\�
VKRZV�WKDW�WKHUH�VLJQLILFDQW�JDLQV�LQ�0DWKHPDWLFV�DFKLHYHPHQW�DIWHU�LQWHUYHQWLRQ�RI�
(��	�(���7KH�FRQWURO�JURXSV�&��	�&��GLG�QRW�LPSURYH�WKH�0DWKHPDWLFV�DFKLHYHPHQW��
7KH�HIIHFW�VL]H�LV�&RKHQ·V�G�LV������ZKLFK�LV�D�PRGHUDWH�SRVLWLYH�HIIHFW�LQ�WKH�FRPELQHG�
JURXSV��7KHUHIRUH��WKH�HYLGHQFH�LV�HQRXJK�WR�DFFHSW�WKH�QXOO�K\SRWKHVLV�WKDW�WKH�PHDQ�
VFRUHV�EHWZHHQ�FRQWURO�JURXSV�DQG�H[SHULPHQWDO�JURXSV�DUH�VLJQLILFDQW�

)LJXUH������UHYHDOV�WKDW�HDFK�FDWHJRU\�LPSURYHG�DIWHU�LQWHUYHQWLRQ�GHVSLWH�WKH�DELOLW\�
RI�VWXGHQWV��7KH�EDU�JUDSK�VKRZV�DOPRVW�D�VLPLODU�LQFUHPHQWV�VSUHDG�WKURXJKRXW�WKH
FDWHJRULHV��7KHVH�VKRZV�WKDW�WHDFKLQJ�0DWKHPDWLFV�WKURXJK�SUREOHP�² VROYLQJ�KDV�D�
SRVLWLYH�LPSDFW�RQ�WKH�VWXGHQW�DFKLHYHPHQW��7KH�UHVSRQGHQWV�RI�FRQWURO�JURXSV�VFRUHG�
OHVV� PHDQ� VFRUH� FRPSDUHG� ZLWK� H[SHULPHQWDO� JURXSV�� 7KH� LPSRUWDQFH� RI� WKHVH�
VWDWLVWLFV�LV WR�VKRZ�SLFWRULDO�SHUVSHFWLYH�RI�HDFK�FDWHJRU\����

7DEOH������ 6RORPRQ�)RXU�*URXS�3UH�� WHVW�DQG�3RVW�� WHVW�FRPSDULVRQ�SHUIRUPDQFH
1XPEHU 0HDQ

3UH�WHVW�H[SHULPHQWDO�(�� ��� �����

3RVW�WHVW�H[SHULPHQWDO�(� ��� �����
3UH�² WHVW�FRQWURO�&� ��� �����
3RVW�² WHVW�FRQWURO�&� ��� �����
3RVW�² WHVW�H[SHULPHQWDO�(�� ��� �����
3RVW�² WHVW�FRQWURO�&� ��� �����

6RXUFH��)LHOG�VWXG\�����

7KHUH� ZDV� QR� VLJQLILFDQW� GLIIHUHQFH� LQ� SHUIRUPDQFH� EHWZHHQ� WKH� H[SHULPHQWDO�
FDWHJRU\�JURXSV��6LPLODUO\��ZDV�QR� VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�FDWHJRU\�FRQWURO�
JURXSV��7KH�VWXG\�IRXQG�WKDW�FODVVURRPV�FRPPXQLW\�DQG�FXOWXUH�SURPRWH�VWXGHQWV�
0DWKHPDWLFV�DFKLHYHPHQW�LQ�DOO�W\SHV�RI�VFKRROV��7KH�ILQGLQJV�FRQFOXGH�WKDW�WKHUH�LV�
VLJQLILFDQW� LPSURYHPHQW� LQ�0DWKHPDWLFV�DFKLHYHPHQW�EHWZHHQ� WKRVH� VWXGHQWV�ZKR�
XVHG�SUREOHP�� VROYLQJ�DQG�WKRVH�VWXGHQWV�ZKR�XVHG�FRQYHQWLRQDO�VWUDWHJLHV�

)LJXUH����� ([SHULPHQWDO�(��	�(��SUH�²WHVW�DQG�SRVW�� WHVWV�DQG



���

&RQWURO�&��	�&��SUH�WHVW�DQG��SRVW��WHVWV

)LJXUH�����SUHVHQWV�ILQGLQJV�RQ�WKH�DYDLODELOLW\�RI�SK\VLFDO�IDFLOLWLHV�WKDW�KDG�DIIHFWHG�
WHDFKLQJ� DQG� OHDUQLQJ� RI� 0DWKHPDWLFV� LQ� VHFRQGDU\� VFKRROV� WKURXJK� FUHDWLQJ�
HQYLURQPHQW� IRU� SUREOHP� � VROYLQJ�� 7KH� FDWHJRU\� FRPSDULVRQ� FRQILUPV� WKDW�
LPSURYHPHQW� RI�0DWKHPDWLFV� DFKLHYHPHQW�ZDV� DOPRVW� WKH� VDPH� LQ� UHVSHFW� RI� WKH�
VFKRROV��

7KH� WKLUG� REMHFWLYH� RI� WKH� VWXG\�ZDV� WR� DVVHVV� VWXGHQWV� FKDQJH� LQ� DWWLWXGH� WRZDUGV�
0DWKHPDWLFV�ZKHQ� WDXJKW� WKURXJK�SUREOHP�² VROYLQJ�DSSURDFK�ZLWK� WKRVH� WDXJKW�
XVLQJ�FRQYHQWLRQDO�PHWKRGV��7KLV�VWXG\�FRPSDUHG�WKH�DWWLWXGHV�WRZDUG�0DWKHPDWLFV�
EHWZHHQ�WKH�WZR JURXSV��H[SHULPHQWDO�DQG�FRQWURO��DW�ERWK�SUH�� WHVW�DQG�SRVW�² WHVW�
OHYHOV��7DEOH������VKRZV�WKH�VXPPDU\�RI�WKH�PHDQ�VFRUHV�DQG�VWDQGDUG�GHYLDWLRQ�IRU�
SUH�² WHVW�UHVXOWV��7DEOH�������KDV�VKRZQ�WKDW�WKHUH�LV�QR�VWDWLVWLFDO�GLIIHUHQFH�EHWZHHQ�
WKH�SUH�² WHVW�H[SHULPHQWDO�JURXS��(���PHDQ�VFRUH�DQG�SUH�² WHVW�FRQWURO�JURXS��&���
PHDQ�VFRUH���ZLWK�W� �������DW�Ƚ  �������7KLV�VKRZV�WKDW�WKH�DWWLWXGH�RI�WKH�VWXGHQWV�
ZHUH�DW�WKH�VDPH�OHYHO���

Ϭ

ϱ

ϭϬ

ϭϱ

ϮϬ
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ϯϬ

ϯϱ

ϰϬ

ϰϱ

ϱϬ

D��E^

ƉƌĞͲƚĞƐƚ�ĞǆƉĞƌŝŵĞŶƚ
�ϭ

WŽƐƚƚĞƐƚ�ĞǆƉĞƌŝŵĞŶƚ
�ϭ

ƉƌĞͲ�ƚĞƐƚ�ĐŽŶƚƌŽů���ϭ

WŽƐƚ�ʹ ƚĞƐƚ�ĐŽŶƚƌŽů��ϭ

WŽƐƚƚĞƐƚ�ĞǆƉĞƌŝŵĞŶƚ
�Ϯ

WŽƐƚ�Ͳ�ƚĞƐƚ�ĐŽŶƚƌŽů��Ϯ



���

7DEOH������ 7ZR�² VDPSOH�W�²WHVW�ZLWK�HTXDO�YDULDQFHV�RQ�WKH�PHDQ�VFRUHV�RI�WKH�SUH�
²WHVW�IRU

([SHULPHQWDO�(��DQG�FRQWURO�JURXS�&��
9DULDEOH� 1R� RI�

UHVSRQGHQW
0HDQ�
VFRUH

6WDQGDUG�
GHYLDWLRQ

6WDQGDUG�
HUURU

���� FRQILGHQFH�
LQWHUYDO
8SSHU /RZHU

3UH� ² WHVW�
(�

��� ���� ���� ���� ������ �����

3UH� ² WHVW�
&�

��� ����� ���� ���� ����� �����

&RPELQHG� ��� ����� ���� ���� ����� �����
'LIIHUHQFH� ���� ���� ����

3�!�����������3��_7_�!�_W�_�� ���������������������������W� �����

7KH�DWWLWXGH�TXHVWLRQV�ZHUH�GLVWULEXWHG�LQWR�WKUHH�VXE� VFDOHV��7KHVH�VFDOHV�ZHUH�IRU�
PRQLWRULQJ� VWXGHQWV·� DWWLWXGH� WR� OHDUQLQJ�0DWKHPDWLFV� WKURXJK�SUREOHP� ² VROYLQJ��
7KHVH�VXEVFDOHV�LQFOXGH�0DWKHPDWLFV�EHKDYLRXU��0%���0DWKHPDWLFV�FRQILGHQFH��0&��
DQG� 0DWKHPDWLFV� (QJDJHPHQW� �0(��� 7KH� HODERUDWLYH� IHHGEDFN� RQ� WUHDWPHQW� RI�
H[SHULPHQWDO� DQG� FRQWURO� JURXSV� ZDV� JLYHQ� E\� FRPSXWLQJ� H[SHULHQFHV� VHSDUDWHO\�
LQVWHDG�RI�JLYLQJ�WRWDO�VFRUH��7KH�SRVW�� WHVW�DWWLWXGH�FRXOG�EH�UHSRUWHG�DV�LQGLYLGXDO�
LWHP�UDWKHU�WKDQ�DJJUHJDWH�UHVXOWV��5RVV�	�0RUULVRQ���������7DEOH������VKRZV�SRVW��
WHVW�UHVXOWV�DFFRUGLQJ�WR�LQGLYLGXDO�LWHPV�0%��0&�DQG�0(�LQ�SHUFHQWDJH�VFRUHV��7KH�
VWXGHQWV� LQWHUDFWHG� DQG� GLVFXVVHG� GXULQJ� LQWHUYHQWLRQ� VR� WKH\� JDLQHG� FRQILGHQFH��
FKDQJHG�EHKDYLRXU�DQG�WKH\�ZHUH�HQJDJHG�LQ�0DWKHPDWLFV�

7DEOH�������3RVWWHVW�FRPSDULVRQ�DWWLWXGH�RI�H[SHULPHQWDO�JURXSV�(�	(��DQG�FRQWURO&��
	&�

1XPEHU 3HUFHQWDJH�
([SHULPHQWDO�0%� ��� �����

([SHULPHQWDO�0& ��� �����
([SHULPHQWDO�0( ��� �����
&RQWURO��0% ��� �����
&RQWURO��0& ��� ���
&RQWURO��0( ��� ���

6RXUFH��)LHOG�VWXG\�����

7KHUH�ZDV�VLJQLILFDQW� LPSURYHPHQW� LQ�DWWLWXGHV� WRZDUGV�0DWKHPDWLFV�DQG�VWXGHQWV�
DFKLHYHPHQW�ZKHQ�WDXJKW� WKURXJK�SUREOHP�� VROYLQJ��7KLV�ZDV� LQ�DJUHHPHQW�ZLWK�
'XWWRQ�ZKR�FODLPHG�WKDW�PRVW�VWDQGDUGL]HG�DFKLHYHPHQW�WHVWV�LQ�0DWKHPDWLFV�ZHUH�
REWDLQHG�LQ�VXEWHVWV�LQ�DWWLWXGH�RQ�SUREOHP�� VROYLQJ��7KH�VWXG\�VKRZQ�RQ�WDEOH����
UHYHDOHG� WKDW� 0DWKHPDWLFDO� DWWLWXGHV� ZDV� SURPRWHG� WKURXJK� SUREOHP� � VROYLQJ��
$WWLWXGH� DVVHVVPHQW� WRZDUGV�0DWKHPDWLFV� UHYHDOHG� WKDW� H[SHULPHQWDO� JURXSV� DIWHU�
SRVW�� WHVW�DW�������DJDLQVW�FRQWURO�JURXSV�������



���

)LJXUH�����

7KH�FKDUW�VKRZV�WKDW�H[SHULPHQWDO�FRPSRQHQWV�ZHUH�DOO�EHWWHU�WKDQ�LQ�FRQWURO�JURXSV�
DIWHU� LQWHUYHQWLRQ�� 0DWKHPDWLFV� EHKDYLRXU� LQFOXGHG� WKH� VWXGHQWV·� UHDFWLRQ� RQ� WKH�
VXEMHFW�ZKLOH�0DWKHPDWLFV�FRQILGHQFH�LQFUHDVHG��7KH�DFWLYLWLHV�GXULQJ�LQWHUYHQWLRQ�
LPSURYHG�OHDUQHUV·�HQJDJHPHQW�

7KH�IRXUWK�REMHFWLYH�RI�WKH�VWXG\�ZDV�WR�GHYHORS�D�SURWRW\SH�OHVVRQ�SODQ�IRU�SUREOHP�
²VROYLQJ�LQ�WHDFKLQJ�0DWKHPDWLFV�LQ VHFRQGDU\�VFKRROV�LQ�0XUDQJ·D�&RXQW\��3UREOHP�
² VROYLQJ�PRGHO�OHVVRQ�SODQ�FRQVLVW�RI�D�VWUXFWXUDO�V\VWHPDWLF�DSSURDFK��7KLV�LV�ILUVW�WR�
HQVXUH�WKDW�WKHUH�LV�FRQVLVWHQF\�LQ�VWXGHQWV�SDUWLFLSDWLRQ��7KH�WHDFKHUV�DQG�VWXGHQWV�
DUH� UHTXLUHG� WR� NQRZ� ZKDW� SURFHVV RWKHUV� DUH� XVLQJ� WR� NHHS� WKH� SURFHVV� PRUH�
VFLHQWLILF�� 6HFRQG�� WKH� PRGHO� SURYLGH� D� IRFXV� IRU� WKH� JURXS� DFWLYLWLHV� ZKHUH� WKH�
LQGLYLGXDO�FRQWULEXWLRQ�LQ�PDNLQJ�² GHFLVLRQ�WR�DUULYH�DW�FRQVHQVXV��7KH�JURXS�KDYLQJ�
FRQVLGHUHG�DUH�SRVVLEOH�FDXVHV�RI�D�SUREOHP�DQG�DOO�SRVVLEOH�VROXWLRQV��7KH�PRGHO�XVHV�
D�VHULHV�RI�ORJLFDO�VWHSV�WR�KHOS�D�JURXS�LGHQWLI\�WKH�PRVW�LPSRUWDQW�FDXVHV�RI�WKH�EHVW�
VROXWLRQV�

7KLUG��WKH�PRGHO�ZLOO�SURYLGH�DYHQXHV�WR�WHVW�DOO�WKH�VWHSV�DQG�HOLPLQDWH�WKRVH�ZKLFK�
FDQ�ZRUN�LQ�D�JLYHQ�VLWXDWLRQ��7KLV�PRGHO�SUHVHQWV�SURFHVV�LPSURYHPHQW�DFWLYLWLHV�WR�
DUULYH�DW�D�EHWWHU�VROXWLRQ��7KH�PRGHO�LV�GHYHORSHG�XVLQJ�%ORRP·V�FRJQLWLYH�WD[RQRP\�
GRPDLQ��7KH�VWHSV�DUH�DV�IROORZV�

6WHS� RQH�� 7KH� OHDUQHU� KDV� DFTXLUHG� NQRZOHGJH� WR� HQDEOH� KHU�KLP� WR� GHILQH� WKH�
SUREOHP��7KH�SUREOHP�LV�GLDJQRVHG�DQG�UHGHILQHG�DFFRUGLQJ�WR�VWXGHQW�H[SHULHQFHV��
,I�WKH�FRQFHSW�LV�QRW�IDPLOLDU�WKH�WHDFKHU�JXLGHV�WKH�VWXGHQWV�

6WHS�WZR��7KH�VWXGHQW�GHWHUPLQHV�WKH�URRW�FDXVHV�RI�WKH�SUREOHP�UHODWHG�FRQFHSWV��7KH�
VWXGHQW�PXVW�V\QWKHVL]H�ZKDW KH?VKH�KDV�OHDUQHG�DQG�DSSO\�LW�WR�D�QHZ�VLWXDWLRQ�

Ϭ͘ϬϬй

ϱ͘ϬϬй

ϭϬ͘ϬϬй

ϭϱ͘ϬϬй

ϮϬ͘ϬϬй

Ϯϱ͘ϬϬй

ϯϬ͘ϬϬй

ϯϱ͘ϬϬй

WĞƌĐĞŶƚĂŐĞ

�ǆƉĞƌŝŵĞŶƚĂů
D�

�ǆƉĞƌŝŵĞŶƚĂů
D�

�ǆƉĞƌŝŵĞŶƚĂů
D�

�ŽŶƚƌŽů��D�

�ŽŶƚƌŽů��D�

�ŽŶƚƌŽů��D�



���

6WHS�WKUHH��7KH�VWXGHQW�JHQHUDWH�WKH�VROXWLRQV�ZKLFK�DUH�UHODWHG�WR�WKH�FRQFHSW��7KH�
VWXGHQW�FDQ�GHYHORS�DOWHUQDWLYH�VROXWLRQV�DQG�DWWHPSW�WR�ZRUN�WKH�SUREOHP�EDFNZDUG��
7KH�DOJRULWKP�IROORZHG�DQG�GHYLVHG SODQ�FDQ�EH�H[SORUHG�IXUWKHU�WKURXJK�VWXGHQWV·�
LQWHUDFWLRQV�

6WHS�IRXU��7KH� VWXGHQW�VHOHFW�D�VROXWLRQ�ZKLFK� LV�DFFHSWDEOH��7KH�KHXULVWLFV�SODQ�RI�
FDUU\LQJ�RXW�SUREOHP�²VROYLQJ�E\�VHOHFWLQJ�VXLWDEOH�VWUDWHJLHV�

7KH�VWXG\�KDV�VKRZQ�WKDW�D�JHQHUDO�SUREOHP�� VROYLQJ�VWUDWHJ\�KDV�EHHQ�VXFFHVVIXO�LQ�
VFKRRO� SUDFWLFH� HYHQ� LQ� WKH� ORZHU� FDWHJRU\� �'��� 7KLV� ZDV� FRQILUPHG� E\� /HVK� DQG�
=DZRMHZVNL��������ZKR�VXJJHVWHG�WKDW�WKHUH�LV�QHHG�WR�WHDFK�PRUH�VSHFLILF�SUREOHP�
� VROYLQJ�VWUDWHJLHV�WR�OHW�VWXGHQWV�HIIHFWLYHO\�GHSOR\�WKHLU�SUREOHP�² VROYLQJ�VWUDWHJLHV�
DQG� FRQWHQW� NQRZOHGJH�� 3HHU� SDUWQHUV� DQG� VPDOO� SUREOHP� � VROYLQJ� JURXSV� JDYH�
OHDUQHUV� RSSRUWXQLWLHV� WR� VHH� WKH� GLIIHUHQW�ZD\V� LQFOXGLQJ� WHDPPDWHV� DSSURDFK� WR�
PDWKHPDWLFDO�SUREOHPV��)LUVW��WKH�VWXG\�FRQFOXGHG�WKDW�D�ZHOO�GHYHORSHG��SODQQHG�DQG�
H[HFXWHG� SUREOHP� �VROYLQJ� LQVWUXFWLRQ� FDQ� VLJQLILFDQWO\� LPSURYH� VWXGHQWV·�
DFKLHYHPHQW�LQ�0DWKHPDWLFV���

6HFRQG��DQ�HIIHFWLYH�PDWKHPDWLFDO�SUREOHP�� VROYLQJ�VWUDWHJ\�FDQ�EH�XVHG�WR�SURPRWH�
6WXGHQWV·� LQWHUHVW� LQ�0DWKHPDWLFV�� 7KH� WHDFKHU�ZRXOG� EH� IXOO\� SUHSDUHG� VLQFH� WKH�
VWUDWHJ\�LV�PRUH�RI�VWXGHQW�� FHQWUHG�UDWKHU�WKDQ�WHDFKHU�� FHQWUHG�

7KLUG�� SUREOHP� � VROYLQJ� DV� WKH� VWUDWHJ\� HQKDQFHV� VWXGHQWV� SHUIRUPDQFH� LQ�
0DWKHPDWLFV�VLQFH�WKHUH�ZLOO�EH�EHWWHU�LPSURYHG�XQGHUVWDQGLQJ�RI�WKH�SUREOHP�DQG�
HYHQ�FRPSXWH�0DWKHPDWLFV�LQ�FODVVURRP�FRPPXQLW\��7KH�IRXUWK�FRQFOXVLRQ�ZDV�WKDW�
SUREOHP� VROYLQJ� LQVWUXFWLRQ� VKRXOG� EH� GHYHORSHG� DQG� XVHG� WR� HQKDQFH� GHHSHU�
XQGHUVWDQGLQJ�DQG�DFKLHYHPHQW�RQ�VWXGHQWV·�

$GH\HPL��7����������$�FRPSDUDWLYH�VWXG\�RI�VWXGHQWV
�DFDGHPLF�SHUIRUPDQFH�LQ�SXEOLF�
H[DPLQDWLRQV�LQ�VHFRQGDU\�VFKRROV�LQ�2QGR�DQG�(NLWL�6WDWHV��1LJHULD��&XUUHQW�5HVHDUFK�
-RXUQDO�RI�(FRQRPLF�7KHRU\ 9RO�������SS����� ��

$QGHUVRQ�� -��� 	� :KLWH�� 3��� �������� 3UREOHP� VROYLQJ� LQ� OHDUQLQJ� DQG� WHDFKLQJ�
0DWKHPDWLFV��,Q�%�5HVHDUFK�LQ�0DWKHPDWLFV�HGXFDWLRQ�LQ�$XVWUDODVLD�������² �����

$UW]W�� $��� $UPRXU� ²7KRPDV�� (��� 	� &XUFLR�� )�� �������� %HFRPLQJ� D� 5HIOHFWLYH�
0DWKHPDWLFV�7HDFKHU� 1HZ�<RUN�/DZUHQFH�(UOEDXP�$VVRFLDWHV

%HQVRQ�� :�� 	� 2�&RQQRU�� 0�� �������� (IIHFWV� RI� 0DWKHPDWLFDO� 9RFDEXODU\�
,QVWUXFWLRQ�RQ�6WXGHQWV·�$FKLHYHPHQW�LQ�0DWKHPDWLFV�LQ�6HFRQGDU\�6FKRROV�RI�

0XUDQJ·D�&RXQW\��.HQ\D��-RXUQDO�RI�(GXFDWLRQ�DQG�3UDFWLFH 9RO���������

%ORRP�� %��� ������� 7D[RQRP\� RI� (GXFDWLRQDO� 2EMHFWLYHV 1<�� /RQJPDQV�� *UHHQ���
�,QWHUQHW�VRXUFH��1RYHPEHU�������

%UDKLHU�� '�� ������� 7HDFKLQJ� 6HFRQGDU\� DQG�0LGGOH� 6FKRRO�0DWKHPDWLFV� 3HDUVRQ�
(GXFDWLRQ��,QF�S������



���

'HZH\�� -�� �������� ([SHULHQFHV�DQG�(GXFDWLRQ��D�7RXFKVWRQH�%RRN��.DSSD�'HOWD�3V��
1HZ�<RUN�'RZQORDGHG�ZZZ�DVFG�RUJ�SXEOLFDWLRQ����UG 0D\������

'XUVXQ��6���	�'HGH��<����������7KH�IDFWRUV�$IIHFWLQJ�6WXGHQWV�6XFFHVV�LQ�0DWKHPDWLFV��
0DWKHPDWLFV�7HDFKHUV 3HUVSHFWLYHV��-RXUQDO�RI�*D]L�(GXFDWLRQDO�)DFXOW\

(OOHQ��$�����������9DOLGLW\�DQG�5HOLDELOLW\�LQ�6RFLDO�6FLHQFH��5HVHDUFK�LQ�(GXFDWLRQ�DQG�
5HVHDUFK�

3HUVSHFWLYHV��9RO������� ��������

)RQVQRW��&����������0RGHOV�RI�,QWHUYHQWLRQ�LQ�0DWKHPDWLFV�5HZHDYLQJ�WKH�7DSHVWU\��
86$��1DWLRQDO�&RXQFLO�RI�7HDFKHUV�RI�0DWKHPDWLFV��3HDUVRQ�

*DNLQ\D�� .�� �������� ,QVWUXFWLRQDO� 6WUDWHJLHV� 8VHG� LQ� 7HDFKLQJ� 6HFRQGDU\� 6FKRRO�
0DWKHPDWLFV��0�(G��7KHVLV�LQ�.HQ\DWWD�8QLYHUVLW\�

*ROGVWHLQ��(����������&RJQLWLYH�3V\FKRORJ\��FRQQHFWLQJ�PLQG�UHVHDUFK�DQG�HYHU\�GD\�
H[SHULHQFH ��UG HG����$XVWUDOLD�:DGVZULWK�&DQJDJH�OHDUQLQJ

+HDVRQ�� .�� �������� &RQVWUXFWLYLVW� WHDFKLQJ� VWUDWHJLHV� IRU� GLYHUVH� 0LGGOH� ²OHYHO�
FODVVURRPV %RVWRQ��3HDUVRQ�(GXFDWLRQ��

.HQ\D� ,QVWLWXWH� RI�&XUULFXOXP�'HYHORSPHQW�� ������� 6HFRQGDU\� HGXFDWLRQ� V\OODEXV�
9ROXPH�WZR��1DLUREL��.HQ\D��.,&'��0R(��

.HQ\D� 1DWLRQDO� ([DPLQDWLRQ� &RXQFLO�� .1(&�� �������7KH� \HDU� ����� .&6(�
H[DPLQDWLRQ� UHSRUW :LWK� TXHVWLRQ� SDSHUV� DQG� PDUNLQJ� VFKHPHV�� 9ROXPH� ���
0DWKHPDWLFV�	�6FLHQFH��WKH�WH[W�'HYHORSPHQW�GHSDUWPHQW�.1(&��1DLUREL�.HQ\D�

/DZVRQ�� $�� �������� 7KH 0DWKHPDWLFDO� 7HUULWRU\� EHWZHHQ� 'LUHFW� 0RGHOLQJ� 	�
3URILFLHQF\�6WXGHQW�$FKLHYHPHQW��'RZQORDGHG�KWWS�ZZZ�HGX�JRY�FD�HQJ

0DU]DQR��5���)URQWLHU��7��	�/LYLQJVWRQH��'����������(IIHFWLYH�6XSHUYLVLRQ��VXSSRUWLQJ�
WKH�DUW�$QG�VFLHQFHV�RI�WHDFKLQJ $OH[DQGULD��9$��$6&'�

0EXJXD��=���0XQJLUL��0���	�5HFKH��1�����������)DFWRUV�&RQWULEXWLQJ�WR�6WXGHQWV·�3RRU�
3HUIRUPDQFH�LQ�0DWKHPDWLFV�DW�.HQ\D�&HUWLILFDWH�RI�6HFRQGDU\�(GXFDWLRQ� LQ��
%DULQJR�&RXQW\��.HQ\D��$PHULFDQ�,QWHUQDWLRQDO�-RXUQDO�RI�&RQWHPSRUDU\�5HVHDUFK��
9RO������� ������

1DWLRQDO� &RXQFLO� RI� 7HDFKHUV� RI� 0DWKHPDWLFV�� �1&70�� ������� &ORVLQJ� WKH�
2SSRUWXQLW\�*DS�LQ�0DWKHPDWLFV�(GXFDWLRQ

1DWLRQDO� &HQWUH� IRU� (GXFDWLRQDO� $FKLHYHPHQW�� �������� %HVW� 3UDFWLFH� )UDPHZRUN��
$FFHVVHG� RQOLQH� DW� KWWS���ZZZ�MXVW�NLGV�RUJ�HQ�WH[DV�EHVW�
SUDFWLFHV�IUDPHZRUN�FIP��-DQXDU\���������



���

1MRURJH��1���	�*LWKXD��1������������(IIHFWV�RI�&RRSHUDWLYH�/HDUQLQJ��7HDFKLQJ�6WUDWHJ\�
RQ�/HDUQHUVC�0DWKHPDWLFV�$FKLHYHPHQW�E\�*HQGHU��$VLDQ�-RXUQDO�6RFLDO�6FLHQFHV�	�
+XPDQLWLHV� 9RO��������SS���������

2GLQGR��)�����������7HDFKLQJ�DQG�/HDUQLQJ�0DWKHPDWLFV�WKURXJK�3UREOHP�� 6ROYLQJ�
$FWLYLWLHV�LQ�.HQ\D�6HFRQGDU\�6FKRROV� /DPEHUW�SXEOLVKHUV�

3RO\D��*�����������2Q�VROYLQJ�0DWKHPDWLFV�3UREOHPV LQ�+LJK�6FKRRO��,Q�6��.UXOLN��(G����
3UREOHP� 6ROYLQJ�LQ�6FKRRO�0DWKHPDWLFV��5HVWRQ��9LUJLQLD��1&70�

3URWKHURH�� 1�� �������� ´:KDW� 'RHV� *RRG� 0DWKHPDWLFV� ,QVWUXFWLRQ� /RRN� OLNH"µ
3ULQFLSDOV�DQG�(GXFDWLRQ�5HVHDUFK�VHUYLFH

6DHHG��0���6KDKYDUDQL��$��	�%HK]DGL��+�����������7KH�UROH�RI�SUREOHP�VROYLQJ�PHWKRG�
RQ�WKH�,PSURYHPHQW�RI�PDWKHPDWLFDO�OHDUQLQJ��0DWKHPDWLFDO�(GXFDWLRQ�7UHQGV�DQG�
5HVHDUFK�

6LQJHU��0��	�9RLFD��&�����������$�3UREOHP�² VROYLQJ�&RQFHSWXDO�)UDPHZRUN�$QG�LW·V�
,PSOLFDWLRQV�LQ�'HVLJQLQJ�3UREOHP�SRVLQJ WDVNV��(GXFDWLRQDO�6WXGLHV�LQ�0DWKHPDWLFV�

6ODYLQ��5�����������(GXFDWLRQDO�UHVHDUFK�LQ�DQ�DJH�RI�DFFRXQWDELOLW\��%RVWRQ�3HDUVRQ�
(GXFDWLRQ�

6PLWK��0�� 	� .D\��0��� �������� 3UDFWLFHV� IRU� RUFKHVWUDWLQJ� SURGXFWLYH�0DWKHPDWLFV�
GLVFXVVLRQ���1DWLRQDO�&RXQFLO�RI�7HDFKHUV�RI�0DWKHPDWLFV�

8FKHFKL�� )��� �������� (QKDQFLQJ� 0DWKHPDWLFV� $FKLHYHPHQW� RI� 6HFRQGDU\� 6FKRRO�
6WXGHQWV�XVLQJ��0DVWHU\�OHDUQLQJ�$SSURDFK��-RXUQDO�RI�(QJLQHHULQJ�7UHQGV� LQ�
(GXFDWLRQDO�DQG�3ROLF\��6WXGLHV���������SS����������

8PDPHK��0����������6XUYH\�RI�VWXGHQWV·�SRRU�SHUIRUPDQFH�LQ�0DWKHPDWLFV�%ULVWRO���
8QLYHUVLW\�RI�%ULVWRO��

8PD\�� $�� �������� (VNL$UNDGDVLPL]2NXO0DWHPDWLJLQLQ<HQL<X]X�� $\GDQ� :HE�
7HVLVOHUL���$QNDUD�

9RLFD��&���	�6LQJHU��)���������� 3UREOHP�PRGLILFDWLRQ�DV�D�WRRO�IRU�GHWHFWLQJ�FRJQLWLYH�
)OH[LELOLW\�LQ�VFKRRO�FKLOGUHQ�='0�������

9RLFD�� &��� 	� 6LQJHU�� )��� �������� 3UREOHP� SRVLQJ�� $� SDWKZD\� WR� LGHQWLI\LQJ� JLIWHG�
VWXGHQWV��,Q�0&*��3URFHHGLQJV��SS�����²������8QLY��RI�'HQYHU��&RORUDGR��86$�

9XOD�� (�� 	� %HUG\QDM�� /�� �������� &ROODERUDWLYH� DFWLRQ� UHVHDUFK�� 7HDFKLQJ� RI�
PXOWLSOLFDWLRQ�DQG�'LYLVLRQ� LQ� WKH� VHFRQG�JUDGH�RI�SULPDU\� VFKRRO��7XUNLVK�RQOLQH�
-RXUQDO�RI�4XDOLWDWLYH��,QTXLU\�������������

:DONHU��-��	�/RIWRQ��DQG�6���������(IIHFW�RI�3UREOHP�EDVHG�/HDUQLQJ�&XUULFXOXP�RQ�
6WXGHQWV·� 3HUFHSWLRQV� RI� 6HOI � GLUHFWHG� /HDUQLQJ�� ,VVXHV� LQ� (GXFDWLRQDO� 5HVHDUFK��
8QLYHUVLW\�RI��0LVVLVVLSSL�0HGLFDO�&HQWUH�



���

$OH[DQGUD�)DIDOL�.XGMDZX

'HSDUWPHQW�RI�)LQDQFH��8QLYHUVLW\�RI�*KDQD�%XVLQHVV�6FKRRO��8QLYHUVLW\�RI�*KDQD�
/HJRQ��$FFUD��*KDQD��(PDLO��DINXGMDZX���#VW�XJ�HGX�JK

&KDUOHV�$QGRK


'HSDUWPHQW�RI�)LQDQFH��8QLYHUVLW\�RI�*KDQD�%XVLQHVV�6FKRRO��8QLYHUVLW\�RI�*KDQD��
/HJRQ��$FFUD��*KDQD��(PDLO��FDQGRK#XJ�HGX�JK

6DLQW�.XWWX

'HSDUWPHQW�RI�)LQDQFH��8QLYHUVLW\�RI�*KDQD�%XVLQHVV�6FKRRO��8QLYHUVLW\�RI�*KDQD��
/HJRQ�$FFUD��*KDQD��(PDLO��VNXWWX#XJ�HGX�JK

7KLV� SDSHU� VRXJKW� WR� GHWHUPLQH� LI� WKH� *KDQDLDQ� HTXLW\� PDUNHW� LV� D� VHPL�VWURQJ�
HIILFLHQW�PDUNHW�E\�LQYHVWLJDWLQJ�ZKHWKHU�RU�QRW�WKH�KROLGD\�HIIHFW�H[LVWV�E\�DGRSWLQJ�
DQ�$50$;��������� *$5&+��������PRGHO�ZLWKܮܩ�� LQQRYDWLRQ��7KH�UHVXOWV�VKRZ�WKDW�
WKHUH�DUH�VLJQLILFDQW�SRVLWLYH�SUH�KROLGD\�DQG�SRVW�KROLGD\�HIIHFWV�ZKLFK�PD\�QRW�EH�
DV�D�UHVXOW�RI�EHDULQJ�KLJKHU�OHYHOV�RI�ULVN��7KLV�ILQGLQJ�LV�LPSRUWDQW�WR�LQYHVWRUV�WR�
DVVLVW�VWUDWHJLVH�EHWWHU�LQ�RUGHU�WR�WDNH�DGYDQWDJH�RI�WKLV�FDOHQGDU�DQRPDO\�GLVFRYHUHG�
RQ�WKH�*KDQDLDQ�HTXLW\�PDUNHW��

� $50$;�� FDOHQGDU� DQRPDOLHV�� HIILFLHQW�PDUNHW� K\SRWKHVLV�� �ܮܩ��+&$5*
LQQRYDWLRQ��KROLGD\�HIIHFW�

��&�� (���*��

,QWURGXFWLRQ�

(IILFLHQF\�RI�WKH�VWRFN�PDUNHW�LV�RQH�RI�WKH�IXQGDPHQWDO�FRQFHSWV�LQ�ILQDQFH�WKDW�LV�
XVHG� WR� H[SODLQ� DQG� XQGHUVWDQG� KRZ� WKH� VWRFN� PDUNHW� IXQFWLRQV�� ,Q� KLV� HIIRUW� WR�
H[SODLQ� WKH� FRQFHSW� RI� HIILFLHQF\�� )DPD� ������� SURSRVHG� WKH� (IILFLHQW� 0DUNHW�
+\SRWKHVLV��KHUHDIWHU��(0+����,W�UHIHUV�WR�WKH�QRWLRQ�WKDW�FDSLWDO�PDUNHWV�DUH�HIILFLHQW�
DQG�WKDW�WKHVH�HIILFLHQW�PDUNHWV�IROORZ�WKH�UDQGRP�ZDON�WKHRU\��DQG�SDVW�LQIRUPDWLRQ�
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