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7HWRYR��5HSXEOLF�RI�0DFHGRQLD

� )DFXOW\�RI�1DWXUDO�6FLHQFHV�DQG�0DWKHPDWLFV��6V��&\ULO�DQG�0HWKRGLXV�8QLYHUVLW\�
$UKLPHGRYD���������6NRSMH��5HSXEOLF�RI�0DFHGRQLD

VKHPVHGLQ�DEGXOL#XQLWH�HGX�PN

$EVWUDFW

7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�HIIHFWV�RQ�VWXGHQW¶V�DFKLHYHPHQW�DQG�PLVFRQFHSWLRQV�RI�
QHZ�WHDFKLQJ�PHWKRG�GHYHORSHG�IRU�WKH�XQLW�+\GURO\VLV��7KH�QHZ�PDWHULDO�LQFOXGHG�ZRUNVKHHWV�EDVHG�RQ�WKH�
FRQFHSWXDO� FRQIOLFW� VWUDWHJ\�� 7KH� VDPSOH� FRQVLVWHG� RI� ���� VWXGHQWV�� 7KH� UHVHDUFK� ZDV� FDUULHG� RXW� ZLWK� DQ�
H[SHULPHQWDO�FRQWURO�JURXS�GHVLJQ��DQG� ODVWHG� IRU� IRXU�ZHHNV��7KH�&RQFHSW�$FKLHYHPHQW�7HVW�ZDV�XVHG� WR�
FROOHFW�GDWD�EHIRUH�DQG�DIWHU�WKH�VWXG\�DV�SUH�WHVWV�DQG�SRVW�WHVWV��7KH�UHVXOWV�IURP�WKH�SRVW�WHVWV�LQGLFDWHG�WKDW�
WKH� VWXGHQWV� LQ� WKH� H[SHULPHQWDO� JURXS�� WDXJKW�ZLWK� WKH�QHZ� WHDFKLQJ�PHWKRG�� VKRZHG� VLJQLILFDQWO\�JUHDWHU�
DFKLHYHPHQW� LQ� WKH� XQLW� WKDQ� GLG� WKH� VWXGHQWV� LQ� WKH� FRQWURO� JURXS��7KLV� VKRZV� WKDW� WKH�PLVFRQFHSWLRQV� LQ�
H[SHULPHQWDO�JURXS�ZHUH�OHVV�WKDQ�WKH�FRQWURO�JURXS��

,QWURGXFWLRQ

,Q� WKH� OLWHUDWXUH� WKHUH� DUH� YDULRXV�GLIIHUHQW� SDSHUV�ZLWK� HGXFDWLRQDO� FKDUDFWHU� DV� UHJDUGV� WKH� WRSLF�RQ�
+\GURO\VLV��,W�DWWUDFWV�WKH�DWWHQWLRQ�RI�UHVHDUFKHUV�RI�FKHPLVWU\�HGXFDWLRQ�EHFDXVH�LW�KDV�EHHQ�SURYHG�DV�RQH�RI�WKH�
PRVW�GLIILFXOW�FRQFHSWV�IRU�VWXGHQWV�DVVRFLDWHG�ZLWK�D�ODUJH�QXPEHU�RI�PLVFRQFHSWLRQV��,Q�WKLV�UHVSHFW��DFFRUGLQJ�
WR�.D\�DQG <LLQ�.D\�	�<LLQ���������WKHUH�DUH�PDQ\�UHDVRQV�IRU�WKLV��DQG�WKH�PRVW�LPSRUWDQW�LV�WKH�LQVXIILFLHQW�
SUH�NQRZOHGJH� RI� WKH� FRQFHSWV� QHFHVVDU\� WR� XQGHUVWDQG� K\GURO\VLV�� DV�ZHOO� DV� WKH� H[WUHPH� VLPSOLILFDWLRQ� DQG�
VXSHUILFLDO�WUHDWPHQW�RI�WKLV�FRQFHSW�LQ�HGXFDWLRQ��7KLV�ZDV�QRWLFHG�E\�%DQHUMHH��%DQHUMHH��������VHYHUDO�\HDUV�
DJR��DFFRUGLQJ�WR�ZKRP�WKH�LQVXIILFLHQW�FRJQLWLRQ�DQG�FRPSUHKHQVLRQ�RI�WKH�WRSLF�RQ�K\GURO\VLV�RI�VDOWV�LV�GXH�WR�
WKH�PLVFRQFHSWLRQV�UHODWHG�WR�WKH�QRWLRQ�RI�FKHPLFDO�HTXLOLEULXP��DQG�DV�D�FRQVHTXHQFH��RI�DFLGV�DQG�EDVHV�WRR��LQ�
ERWK�VWXGHQWV�DQG�WHDFKHUV��7KHUHIRUH��WKHUH�KDYH�EHHQ�PDQ\�DWWHPSWV�LQ�OLWHUDWXUH�WR�RYHUFRPH�WKHVH�SUREOHPV��
,Q�WKLV�UHVSHFW��*KLUDUGL�HW�DO���*KLUDUGL�HW�DO���������GHVLJQHG�WKH�VR�FDOOHG�GLGDFWLFDO�VHTXHQFHV�IRU�DFWLYH�OHDUQLQJ�
RI�WKH�QRWLRQ�RI�FKHPLFDO�HTXLOLEULXP��ZLWK�ZKLFK��WKH�VWXGHQWV�ZLOO�QRW�RQO\�OHDUQ�WKH�FRQWHQWV��EXW�ZLOO�DOVR�OHDUQ�
KRZ�WR�OHDUQ�EHVW��6RPH�DXWKRUV�KDYH�SUHVHQWHG�WKH�DSSOLFDWLRQ�RI�WH[WV�ZLWK�DQDORJLHV�IRU�FKDQJLQJ�WKH�FRQFHSW�
�dHWLQJ�O�	�*HEDQ������� IRU�EHWWHU�XQGHUVWDQGLQJ�WKH�QRWLRQ�RI�DFLGV�DQG�EDVHV��DV�ZHOO�DV�K\GURO\VLV��2WKHUV��
RQ� WKH� RWKHU� KDQG�� �6HoNHQ�	�$OúDQ�� ����� DSSOLHG� D� FRQVWUXFWLYLVW� DSSURDFK� IRU� EHWWHU� XQGHUVWDQGLQJ� RI� WKH�
FRQFHSW�RI�K\GURO\VLV��2I�FRXUVH�� WKHUH�DUH�D�QXPEHU�RI�SDSHUV� WKDW�GHDO�ZLWK� WKH�DSSOLFDWLRQ�RI�PRUH�PRGHUQ�
WHFKQLTXHV��7DWOL��	�$\DV���������VXFK�DV�YLUWXDO�H[SHULPHQWV��IRU�VXFFHVVIXO�PDVWHULQJ�RI�WKLV�FRQFHSW��2YHU�WKH�
ODVW�WKUHH�GHFDGHV�RU�VR��YDULRXV�WHDFKLQJ�PRGHOV�KDYH�EHHQ�GHYHORSHG�WR�FKDQJH�OHDUQHUV¶�PLVFRQFHSWLRQV�LQWR�
VFLHQWLILF�FRQFHSWLRQV��7KLV�W\SH�RI�VWXGLHV�KDV�EHHQ�SKUDVHG�DV�FRQFHSWXDO�FKDQJH�PRGHOV��3RVQHU�HW�DO����������
,Q�JHQHUDO��FRQFHSWXDO�FKDQJH�KDV�EHHQ�GHVFULEHG�DV�SDUW�RI�D�OHDUQLQJ�PHFKDQLVP�WKDW�UHTXLUHV�WKH�OHDUQHUV�WR�
FKDQJH� WKHLU� FRQFHSWLRQV� DERXW� D� SKHQRPHQRQ� RU� SULQFLSOH� HLWKHU� WKURXJK� UHVWUXFWXULQJ� RU� LQWHJUDWLQJ� QHZ�
LQIRUPDWLRQ�LQWR�WKHLU�H[LVWLQJ�VFKHPDWD��+HZVRQ���������7KH�EHVW�NQRZQ�FRQFHSWXDO�FKDQJH�PRGHO�KDV�EHHQ�WKDW�
RI�3RVQHU��6WULNH��+HZVRQ�� DQG�*HUW]RJ� ��������ZKLFK�GHVFULEHV� WKH� FRQGLWLRQV�RI� FRQFHSWXDO� FKDQJH�� ,Q� WKLV�
PRGHO�� WKHUH�DUH� IRXU�VWHSV�� ���� OHDUQHUV�PXVW�EHFRPH�GLVVDWLVILHG�ZLWK� WKHLU�H[LVWLQJ�FRQFHSWLRQV�� ���� WKH�QHZ�
FRQFHSWLRQ�PXVW�EH�LQWHOOLJLEOH������WKH�QHZ�FRQFHSWLRQ�PXVW�EH�SODXVLEOH��DQG�����WKH�QHZ�FRQFHSWLRQ�PXVW�EH�
IUXLWIXO��$IWHU�WKHVH�FRQGLWLRQV�KDYH�EHHQ�PHW��VWXGHQWV�FDQ�H[SHULHQFH�FRQFHSWXDO�FKDQJH��,W LV�LPSRUWDQW�WR�FUHDWH�
D�OHDUQLQJ�HQYLURQPHQW�LQ�WKH�FODVVURRP�ZKHUH�VWXGHQWV�FDQ�PDNH�VHQVH�RI�VFLHQFH�DQG�XVH�VFLHQFH�WR�PDNH�VHQVH�
RI�WKH�ZRUOG��7KH�PHWKRGV�DQG�VWUDWHJLHV�XVHG�LQ�VXFK�DQ�HQYLURQPHQW�VKRXOG�JXLGH�VWXGHQWV�WRZDUG�VFLHQFH��%DVHG�
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RQ�FRQFHSWXDO�FKDQJH�WKHRU\��FRJQLWLYH�FRQIOLFW�LV�NQRZQ�DV�DQ�LPSRUWDQW�IDFWRU�LQ�FRQFHSWXDO�FKDQJH��3RVQHU�HW�
DO���������+HZVRQ�HW�DO���������+HZVRQ�HW�DO���������1LD]���������HYHQ�WKRXJK�WKHUH�DUH�VWLOO�TXHVWLRQV�DERXW�LWV�
SRVLWLYH�DQG�QHJDWLYH�HIIHFWV�RQ�VFLHQFH��6HYHUDO� UHVHDUFKHUV�KDYH�VKRZQ�WKDW� LQVWUXFWLRQ�EDVHG�RQ�FRQFHSWXDO�
FKDQJH� FDQ� EH� HIIHFWLYH� DW� FKDQJLQJ� VWXGHQWV¶� FKHPLVWU\� FRQFHSWLRQV� �%DVLOL� HW� DO��� ������ (EHQH]HU� HW� DO���
������+HZVRQ�DQG�+HZVRQ� �������HPSOR\HG�D�FRQFHSWXDO�FKDQJH�DSSURDFK� WR�SURPRWH�FRQFHSWXDO�FKDQJH� LQ�
VWXGHQWV�UHJDUGLQJ�GHQVLW\��PDVV�DQG�YROXPH�FRQFHSWV��7KLV�VWXG\�VKRZHG�WKDW�WKH�XVH�RI�LQVWUXFWLRQDO�VWUDWHJLHV�
FRQVLGHULQJ�VWXGHQWV¶�PLVFRQFHSWLRQV UHVXOWV�LQ�EHWWHU�DFTXLVLWLRQ�RI�VFLHQWLILF�FRQFHSWLRQV��%DVLOL�DQG�6DQGIRUG�
��������KRZHYHU��KDYH� IRXQG� WKDW�PRVW� VWXGHQWV� UHWDLQ� WKHLU�PLVFRQFHSWLRQV��DQG� WHDFKHUV�PD\�KDYH�GLIILFXOW\�
WHDFKLQJ�IRU�FRQFHSWXDO�FKDQJH��0RUHRYHU��PDQ\�VWUDWHJLHV�KDYH�EHHQ�VXJJHVWHG�IRU�IDFLOLWDWLQJ�FRQFHSWXDO�FKDQJH�
LQ�WKH�OLWHUDWXUH��'ULYHU��������'\NVWUD�HW�DO���������*X]]HWWL�HW�DO���������6PLWK�HW�DO���������

7KH�HGXFDWLRQDO�SUD[LV�KDYH�VKRZHG�WKDW�WKH�FRQFHSW�RI�K\GURO\VLV�LV�TXLWH�SUREOHPDWLF�IRU�RXU�VWXGHQWV��
7KH\�OHDUQ�LW�VXSHUILFLDOO\��ZLWKRXW�XQGHUVWDQGLQJ�LW�IXOO\��EHFDXVH�LQ�RUGHU�WR�GR�WKDW��WKH\�VKRXOG�KDYH�SUHYLRXVO\�
OHDUQW�DERXW�WKH�EDVLF�SURSHUWLHV�RI�DFLGV�DQG�EDVHV�DQG�WKH�UXOHV�RQ�FKDQJLQJ�WKH�VWUHQJWK�RI�DFLGV��%URQVWHG�DQG�
/RZU\¶V�WKHRU\�RQ�DFLGV�DQG�EDVHV��DV�ZHOO�DV�WKH�FRQFHSW�RI�FKHPLFDO�HTXLOLEULXP�LQ�VROXWLRQV�DQG�HOHFWURO\WHV��
7KLV�LV�ZK\�WKH�ILQDO�SDUW�RI�RXU�UHVHDUFK�ZKLFK�GHDOV�ZLWK�K\GURO\VLV�KDV�EHHQ�HODERUDWHG�LQ�GLIIHUHQW�DVSHFWV��
ZKHUHDV�WKH�UHVXOWV�IURP�WKLV�UHVHDUFK�KDYH�EHHQ�JLYHQ�EHORZ�

0HWKRGV�DQG�VDPSOH

�����5HVHDUFK PHWKRGRORJ\

,Q�WKLV�UHVHDUFK��ZH�DSSOLHG�D�VOLJKWO\�PRGLILHG�UHVHDUFK�PHWKRGRORJ\��1DPHO\��KDYLQJ�LQ�FRQVLGHUDWLRQ�
WKDW�WKLV�WRSLF�UHTXLUHV�D�YHU\�JRRG�NQRZOHGJH�RI�SUHYLRXV�LWHPV��DV�ZHOO�DV�WKH�UHVXOWV�RI�SUHYLRXV�UHVHDUFKHV��ZH�
GHFLGHG�WR�SD\�PRUH�DWWHQWLRQ�WR�WKLV�WRSLF�ZKLOH�DSSO\LQJ�DQ�LQWHJUDWHG�DSSURDFK�LQ�WHDFKLQJ��6R��ZH�GHFLGHG�WR�
LPSOHPHQW� UHDO� H[SHULPHQWV�� YLUWXDO� H[SHULPHQWV� �VLPXODWLRQV�� DQG� DQLPDWLRQV� LQ� WKH� H[SHULPHQWDO� JURXS�� ,Q�
DGGLWLRQ��WKH�JRDOV�VHW�IRU�WKLV�WRSLF��ZKLFK�ZHUH�H[SHFWHG�WR�EH�PHW�LQ�WKH�UHVXOWV�YHULILHG�WKURXJK�D�FRQFHSWXDO�
WHVW��EHORQJHG�WR�D�KLJKHU�OHYHO�RI�%ORRP¶V�WD[RQRP\��7KH�FRQFOXVLRQV�RQ�WKH�DFKLHYHG�UHVXOWV�ZHUH�GUDZQ�EDVHG�
XSRQ�WKH�SUH�WHVW�DQG�SRV�WHVW�UHVXOWV��

�����6DPSOH

7KLV�UHVHDUFK�ZDV�FDUULHG�RXW�LQ�J\PQDVLXP�VHFRQGDU\�VFKRROV�LQ�WKUHH�FLWLHV�LQ�0DFHGRQLD��L�H��7HWRYR��
'HEDU�DQG�.LFHYR���+RZHYHU��XQOLNH�WKH�SUHYLRXV�VWXGLHV��WKLV�RQH�LQFOXGHG�WZR�FODVVHV��ZKLFK�ZHUH�DOVR�SDUW�RI�
WKH�UHVHDUFK�RQ�S+�DQG�LQGLFDWRUV�± WKH�ILUVW� LV� WKH�FODVV�WDXJKW�WKURXJK�WUDGLWLRQDO�PHWKRGV��&*���ZKHUHDV�WKH�
RWKHU LV�WKH�FODVV�WKDW�GLG�UHDO�H[SHULPHQWV��(*�������VWXGHQWV�WRRN�SDUW�LQ�WKLV�VWXG\��

�����2UJDQL]DWLRQ�RI�WHDFKLQJ�DQG�VWXGHQW�DFWLYLWLHV�

)URP�WKH�YHU\�EHJLQQLQJ�RI�WKH�UHDOL]DWLRQ�RI�WKLV�XQLW��WKH�VWXGHQWV�IURP�ERWK�JURXSV�KDG�WR�UHVSRQG�WR�
TXHVWLRQV� IURP� D� TXHVWLRQQDLUH�� ZKLFK� FRQVLVWHG� RI� WKUHH� TXHVWLRQV�� ZKRVH� DLP� ZDV� WR� DVVHUW� KRZ�PXFK� WKH�
SUHYLRXVO\�DFTXLUHG�NQRZOHGJH�RQ�WRSLFV�UHODWHG�WR�WKH�QHZ�XQLW�RQ�K\GURO\VLV�DQG�VRPH�UHDO�OLIH�H[SHULHQFHV��
ZRXOG�KHOS�VWXGHQWV�PDVWHU�WKLV�FRQFHSW��7KLV�KHOSHG�XV�WR�GHFLGH�ZKDW�WR�SD\�DWWHQWLRQ�WR�ZKLOH�LQWURGXFLQJ�DQG�
GHYHORSLQJ�WKH�QHZ�XQLW��DV�ZHOO�DV�ZKDW�W\SHV�RI�TXHVWLRQV�VKRXOG�EH�LQFOXGHG�LQ�WKH�WHVW�DQG�ZKDW�DFWLYLWLHV�WR�
EH�VHOHFWHG�IRU�WKH�H[SHULPHQWDO�JURXS��,Q�WKH�FRQWUROOLQJ�JURXSV��WKH�WHDFKLQJ�XQLW�ZDV�UHDOL]HG�LQ�D�WUDGLWLRQDO�
IRUP��WKURXJK�IURQWDO�WHDFKLQJ��ERWK�EHIRUH�DQG�DIWHU�WKH�SUH�WHVW��$IWHU�WKH�UHDOL]DWLRQ�RI�WKH�SUH�WHVW��WKH�WHDFKHU�
RUJDQL]HG�UHYLVLRQ�DQG�FRQILUPDWLRQ�RI�WKH�PDWHULDO��EXW�DJDLQ�WKURXJK�D�WUDGLWLRQDO�DSSURDFK��2Q�WKH�RWKHU�KDQG��
LQ�WKH�H[SHULPHQWDO�JURXSV��WKH�WHDFKLQJ�EHIRUH�WKH�SUH�WHVW�ZDV�GRQH�WUDGLWLRQDOO\��ZKHUHDV�DIWHU�WKH�SUH�WHVW��WKH�
WHDFKLQJ�ZDV�RUJDQL]HG� LQ�EORFN�FODVVHV�ZKHUH� VWXGHQWV�GLG�UHDO�H[SHULPHQWV�DQG�XVHG� WKH�FKHPLVWU\� VRIWZDUH�
SDFNDJH� � �9ODE��.D\� &�� &�� DQG� <LLQ� +�� .��� ������� WKURXJK� ZKLFK� WKH\� UHDOL]HG� VLPXODWLRQV� DQG� REVHUYHG�
DQLPDWLRQV��

7KH�VWXGHQWV�IURP�WKH�(*�ZHUH�GLYLGHG�LQ�ILYH�JURXSV��DQG�HDFK�RI�WKHP�FRQVLVWHG�RI�ILYH�WR�VL[�VWXGHQWV��
(YHU\� JURXS� UHFHLYHG� D� WHDFKLQJ� VKHHW� ZLWK� LQVWUXFWLRQV� RQ� KRZ� WR� SHUIRUP� WKH� DFWLYLWLHV�� 6WXGHQWV� GLG� UHDO�
H[SHULPHQWV�DQG�DQVZHUHG�WR�WKH�UHTXHVWV�DQG�TXHVWLRQV�IURP�WKH�VKHHW��ZKLOH�SHUIRUPLQJ�VLPXODWLRQ�H[SHULPHQWV�
RQ�WKH�FRPSXWHU�LQ�RUGHU�WR�VXSSOHPHQW�UHDO�H[SHULPHQWV��DQG�WKH\�DOVR�REVHUYHG�DQLPDWLRQV�ZKLFK�KHOSHG�WKHP�
JHW�D�FOHDUHU�SLFWXUH�DERXW�SURFHVVHV�DW�D�PROHFXODU�OHYHO��7KHQ��WKH\�ZHUH�VXSSRVHG�WR�SUHVHQW�WKHLU�UHVXOWV��GLVFXVV�
DQG�H[SODLQ�DQG�GUDZ�FRQFOXVLRQV��7ZR�ZHHNV�ODWHU��ERWK�JURXSV�GLG�D�SRVW�WHVW��
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�����2Q�WKH�WHVW

7KH�FRPSDULVRQ�RI�DFTXLUHG�DQG�LPSOHPHQWHG�NQRZOHGJH�ZDV�DVVHVVHG�WKURXJK�D�FRQFHSWXDO�WHVW�DIWHU�
WKH�DFFRPSOLVKPHQW�RI�DFWLYLWLHV��7KH�WHVW��SUH�WHVW�DQG�SRVW�WHVW��RQ�+\GURO\VLV�FRQVLVWHG�RI�WHQ�TXHVWLRQV��:H�
GHFLGHG�WR�JLYH�WHQ�SRLQWV�WR�HYHU\�FRUUHFWO\�DQVZHUHG�TXHVWLRQ��UHJDUGOHVV�RI�WKHLU�OHYHO��VR�WKDW�WKH�UHVXOWV�IURP�
HYHU\� TXHVWLRQ� ZRXOG� EH� PRUH� HDVLO\� FRPSDUDEOH�� 7KH� WHVW� TXHVWLRQV�� LQ� RXU� RSLQLRQ�� FRQVLVWHG� RI� KLJKHU�
UHTXLUHPHQWV�DQG�WKH�VWXGHQWV�KDG�WR�UHODWH�WKLV�WRSLF�ZLWK� WKH�SUHYLRXV�RQHV��,Q�WKLV�WHVW�� WKHUH�ZHUH�RQO\� WZR�
PXOWLSOH�FKRLFH�TXHVWLRQV��DQRWKHU�RQH�ZLWK�ILOOLQJ�LQ�D�FKDUW��L�H��FODVVLILFDWLRQ�RI�WKH�IRXU�SURYLGHG�RSWLRQV�LQ�
WKUHH�FDWHJRULHV��DQG�WKH�UHPDLQLQJ�VHYHQ�TXHVWLRQV�ZHUH�RSHQ�HQGHG�TXHVWLRQV��RI�ZKLFK�VL[�EHORQJHG�WR�KLJKHU�
OHYHOV�RI�%ORRP¶V�WD[RQRP\��

5HVXOWV�DQG�GLVFXVVLRQ

$V� ZH� PHQWLRQHG� DERYH�� DW� WKH� EHJLQQLQJ� RI� WKH� VWXG\� RI� +\GURO\VLV�� WKH� VWXGHQWV� ZHUH� JLYHQ� D�
TXHVWLRQQDLUH��ZKLFK�FRQVLVWHG�RI�WKH�IROORZLQJ�TXHVWLRQV�

�� :KDW�GR�\RX�H[SHFW�WKH�S+�RI�WKH�VDOW�VROXWLRQV�WR�EH"�

�� <RX�KDYH�OHDUQW�WKDW�QHXWUDOL]DWLRQ�LV�D�UHDFWLRQ�EHWZHHQ�DQ�DFLG�DQG�D�EDVH�ZKHUHXSRQ�VDOW�DQG�ZDWHU�LV�
REWDLQHG��'R�\RX�WKLQN�WKDW�DIWHU�WKH�FRPSOHWLRQ�RI�VXFK�UHDFWLRQV��WKH�HQYLURQPHQW�LV�QHXWUDO��S+� ���"�
<HV 1R

�� 3HRSOH��ZKR�KDYH�D�VXUSOXV�RI�VWRPDFK�DFLGV��WDNH�EDNLQJ�VRGD��:ULWH�WKH�IRUPXOD�RI�WKLV�NLQG�RI�VDOW��
:KDW�GR�\RX�WKLQN��ZK\�GRHV�WKLV�VXEVWDQFH�KHOS�SHRSOH�ZLWK�WKHVH�NLQGV�RI�SUREOHPV"�

2XW�RI�����UHVSRQGHQWV������DQVZHUHG�WKDW�LW�ZLOO�EH�QHXWUDO��VRPH�ZURWH�S+� �����ZKHUHDV�RI�WKH�RWKHU�
������ZURWH�WKDW�WKH\�GLG�QRW�NQRZ��DQG�VL[�VDLG�WKDW�LW�GHSHQGV�RQ�ZKHWKHU�LW�LV�D�QHXWUDO�RU�K\GURJHQ�VDOW´��7KLV�
VKRZV�WKDW�HYHQ�WKRXJK�VWXGHQWV�ZHUH�DEOH�WR�DQVZHU�FRUUHFWO\�WKH�TXHVWLRQ�DERXW�WKH�FRQMXJDWHG�EDVH�RI�D�VWURQJ�
DFLG�LQ�WKH�WHVW�RQ�SURWRO\WKV��WKH\�FDQQRW�UHODWH�WKDW�WR�WKH�VROXWLRQ�RI�VDOWV��

7KH�VHFRQG�TXHVWLRQ�ZDV�SRVLWLYHO\�DQVZHUHG�E\�����VWXGHQWV��VRPH�KDG�ZULWWHQ�GRZQ�WKDW�QHXWUDOL]DWLRQ�
LV�D�UHDFWLRQ�EHWZHHQ�DQ�DFLG�DQG�D�EDVH�ZKHUHXSRQ�VDOW�DQG�ZDWHU�LV�REWDLQHG���ZKHUHDV�WKH�UHPDLQLQJ����DQVZHUHG�
QHJDWLYHO\��ZLWK�VRPH�RI�WKHP�VD\LQJ�WKDW�LI�WKH\�DUH�QRW�RI�WKH�VDPH�VWUHQJWK��WKHQ�LW�FRXOG�QRW�EH�QHXWUDO��7KLV�
TXHVWLRQ�VKRZHG�WKDW�PRUH�DWWHQWLRQ�VKRXOG�EH�SDLG�WR�WKH�QRWLRQ�RI�QHXWUDOL]DWLRQ��UHODWLQJ�LW�WR� WKH�FRQWH[W�RI�
K\GURO\VLV�RI�VDOWV��,Q�DGGLWLRQ��WKLV�VKRZV�WKDW�VWXGHQWV�KDYH�D�ZURQJ�LGHD�DERXW�WKH�QRWLRQ�RI�QHXWUDOL]DWLRQ��

7KH�IRUPXOD�RI�VRGLXP�ELFDUERQDWH��VRGLXP�K\GURJHQ�FDUERQDWH��ZDV�FRUUHFWO\�ZULWWHQ�E\����VWXGHQWV��
:LWK�UHJDUG�WR�WKH�TXHVWLRQ�����VWXGHQWV�DQVZHUHG�ZLWK�³,�GRQ¶W�NQRZ´�����VDLG�³FDUERQ�GLR[LGH�LV�UHOHDVHG�DQG�LW�
LV�EHOFKHG´�����VWXGHQWV�VDLG�³EHFDXVH�LW�LV�D�K\GURJHQ�VDOW´��DQG����VDLG�WKDW�³WKHUH�KDV�WR�EH�VRPHWKLQJ�EDVH�
UHODWHG�LQ�RUGHU�WR�QHXWUDOL]H�WKH�DFLG´��7KLV�VKRZV�WKDW GXULQJ�WKH�OHFWXUHV��WKH�SURFHVV�RI�K\GURO\VLV�RI�VDOWV�VKRXOG�
EH�UHODWHG�WR�HYHU\GD\�VLWXDWLRQV��

$IWHU�KDYLQJ�WKH�LQWURGXFWRU\�FODVV�DQG�UHDOL]LQJ�WKH�SODQQHG�DFWLYLWLHV��WKH�UHVXOWV�RI�WKH�WHVW�ZHUH�WKH�
IROORZLQJ�

,Q�DOO�JURXSV��FRQWUROOLQJ�DQG�H[SHULPHQWDO��WKH�DYHUDJH�VXFFHVV�LQ�WKH�SRVW�WHVW�ZDV�KLJKHU�WKDQ�LQ�WKH�
SUH�WHVW��7KH�UHVXOWV�IURP�WKH�VWDWLVWLFDO�DQDO\VLV�KDYH�EHHQ�JLYHQ�LQ�FKDUWV��± ��

&KDUW����&RPSDULVRQ�RI�UHVXOWV�RI�WKH�SUH�WHVW�DQG�SRVW�WHVW�IRU�WKH�FRQWUROOLQJ�JURXS�

�&*��DQG�H[SHULPHQWDO�JURXS��(*��LQ�7HWRYR�1LV�WKH�QXPEHU�RI�VWXGHQWV�� [ LV�WKH�

DYHUDJH�UHVXOW��VLV�VWDQGDUG�GHYLDWLRQ�� [' LV�WKH�GLIIHUHQFH�LQ�WKH�SUH�WHVW�DQG�SRVW�
WHVW�UHVXOWV��WWKH�UHVXOW�IURP�WKH�WHVW�VWDWLVWLFV��WFU\W�LV�WKH�FULWLFDO�YDOXH��GI�QXPEHU�RI�
GHJUHHV�RI�IUHHGRP��DQGS�LV�WKH�SUREDELOLW\�LQWHUYDO�

6WDWLVWLFDO�
SDUDPHWHU

&* (*
3UH�WHVW 3RVW�WHVW 3UH�WHVW 3RVW�WHVW

1 �� �� �� ��

[ �� ����� ����� ����� �����
6 ����� ����� ����� �����

[' �� ���� �����
7 ���� ����
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WFU\W� ���� ����
3 ������ ������

7KH�FRQWUROOLQJ�JURXS�IURP�7HWRYR�PDGH�VRPH�SURJUHVV�LQ�WKH�SRVW�WHVW�IRU�DERXW�����,Q�WKH�H[SHULPHQWDO�
JURXS��WKH�GLIIHUHQFH�RI�WKH�DYHUDJH�VXFFHVV�EHWZHHQ�WKH�SUH�WHVW�DQG�SRVW�WHVW LV�DERXW������KRZHYHU��ZKDW�LV�
LPSRUWDQW�LV�WKDW�WKLV�GLIIHUHQFH�LV�VWDWLVWLFDOO\�VLJQLILFDQW��W�!Wɤɪɢɬ�� W  ��������

7KH� VLWXDWLRQ� LV� VLPLODU� LQ� FRQWUROOLQJ� DQG� H[SHULPHQWDO� JURXSV� LQ� RWKHU� FLWLHV� WRR�� 1DPHO\�� LQ� WKH�
FRQWUROOLQJ�JURXSV��WKHUH�LV�SURJUHVV�LQ�WKH�SRVW�WHVW��WKRXJK�LW�LV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�DQG�WKH�VWXGHQWV�KDYH�
JLYHQ�DOPRVW�WKH�VDPH�DQVZHUV�DQ\ZKHUH��$V�UHJDUGV�WKH�TXHVWLRQV�DQG�WKHLU�UHVSRQVHV��ZH�ZLOO�WDON�DERXW�WKHP�
ODWHU��ZKLFK�ZLOO�KHOS�XV�XQGHUVWDQG�ZK\�WKH�UHVXOWV�DUH�VR�FORVH��2Q�WKH�RWKHU�KDQG��LQ�DOO�WKUHH�JURXSV�WKHUH�ZDV�
D�VWDWLVWLFDOO\�VLJQLILFDQW�SURJUHVV�LQ�WKH�SRVW�WHVW��7KH�JUHDWHVW�SURJUHVV�ZDV�QRWLFHG�LQ�WKH�H[SHULPHQWDO�JURXS�
IURP�.LFHYR ������ ���

&KDUW���&RPSDULVRQ�RI�UHVXOWV�RI�WKH�SUH�WHVW�DQG�SRVW�WHVW�IRU WKH�FRQWUROOLQJ�JURXS��&*��
DQG�H[SHULPHQWDO�JURXS��(*��LQ�'HEDU�7KH�OHJHQG�IURP�&KDUW���DSSOLHV�

6WDWLVWLFDO�
SDUDPHWHU

&* (*
3UH�WHVW 3RVW�WHVW 3UH�WHVW 3RVW�WHVW

1 �� �� �� ��

[ �� ����� ����� ����� �����
6 ����� ����� ����� �����

[' �� ���� �����

7 ���� ����
WFU\W� ���� ����
3 ������ ������

&KDUW ���&RPSDULVRQ�RI� UHVXOWV�RI� WKH�SUH�WHVW�DQG�SRVW�WHVW� IRU� WKH�FRQWUROOLQJ�JURXS�
�&*��DQG�H[SHULPHQWDO�JURXS��(*��LQ�.LFHYR�7KH�OHJHQG�IURP�&KDUW���DSSOLHV�

6WDWLVWLFDO�
SDUDPHWHU

&* (*
3UH�WHVW 3RVW�WHVW 3UH�WHVW 3RVW�WHVW

1 �� �� �� ��

[ �� ����� ����� ����� �����

6 ����� ����� ����� �����

[' �� ���� �����

7 ���� ����

WFU\W� ���� ����

3 ������ ������

$V�LQ�RWKHU�FDVHV��ZH�DQDO\]HG�WKH�TXHVWLRQV�DQG�WULHG�WR�H[SODLQ�ZK\�ZH�REWDLQHG�VLPLODU�UHVXOWV�LQ�DOO�
WKUHH�FLWLHV��)LUVW��ZH�KDYH�WR�SRLQW�RXW�WKDW�WKH�W\SH�RI�TXHVWLRQV�ZDV�YHU\�LPSRUWDQW�LQ�WKLV�FDVH��DV�ZHOO�DV�WKHLU�
OHYHO��1DPHO\��ZLWK�UHJDUG�WR�RSHQ�HQGHG�TXHVWLRQV�ZKLFK�ZHUH�WKH�PDMRULW\�LQ�WKLV�FDVH��WKH�VWXGHQWV�DYRLGHG�
JLYLQJ�H[SODQDWLRQV�HYHQ�LI�WKH\�FRUUHFWO\�DQVZHUHG�WKH�TXHVWLRQV��7KHVH�DQVZHUV�ZHUH�QRW�JUDGHG��7KH�DYHUDJH�
VXFFHVV�IRU�HDFK�RI�WKH�TXHVWLRQV�LQ�WKH�SUH�WHVW�DQG�SRVW�WHVW��IRU�WKH�FRQWUROOLQJ�DQG�H[SHULPHQWDO�JURXS�LQ�DOO�
WKUHH�FLWLHV��KDV�EHHQ�JLYHQ�LQ�&KDUWV�������

,Q�DOO�WKH�WKUHH�FRQWUROOLQJ�JURXSV��WKH�EHVW�DQVZHUHG�TXHVWLRQV�LQ�WKH�SUH�WHVW�ZDV�TXHVWLRQ����DQG�WKH�
ZRUVW�DQVZHUHG��LQ�ERWK�FRQWUROOLQJ�DQG�H[SHULPHQWDO�JURXSV��ZDV�WKH�WHQWK�TXHVWLRQ��ZKLFK�ZDV�LQ�IDFW�RI�WKH�
KLJKHVW�FDWHJRU\��
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&KDUW�����$YHUDJH�VXFFHVV��LQ����IRU�HDFK�RI�WKH�TXHVWLRQV�LQ�WKH�SUH�WHVW�DQG�SRVW�WHVW�DQG�WKHLU�GLIIHUHQFH�IRU�
HDFK�RI�WKH�JURXSV�LQ�7HWRYR�

4XHVWLRQV
&* ȿ*

3UH�WHVW 3RVW�WHVW

' \ ��

3UH�WHVW 3RVW�WHVW

' \ ���\ �� \
���

\ � \
���

�� ����� ����� ���� ����� ����� ����

�� ����� ����� ���� ����� ����� �����

�� ����� ����� ���� ����� ����� ����

�� ����� ����� ���� ����� ����� ����

�� ����� ����� ���� ����� ����� ����

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

�� ����� ����� ���� ����� ����� ����

�� ����� ����� ���� ����� ���� �����

�� ����� ����� ���� ����� ����� �����

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

7KH�UHVXOWV�IURP�WKH�SRVW�WHVW�VKRZ�WKDW�WKH�JUHDWHVW�LPSURYHPHQW�LQ�WKH�FRQWUROOLQJ�JURXS�IURP�7HWRYR�
ZDV�DFKLHYHG�LQ�TXHVWLRQ����ZKHUHDV�IRU�WKH�UHVW�RI�WKH�TXHVWLRQV�MXVW�VRPH�VOLJKW�LPSURYHPHQW�ZDV�QRWLFHG��,Q�WKH�
H[SHULPHQWDO�JURXS��WKH�JUHDWHVW�GLIIHUHQFH�EHWZHHQ�WKH�FRUUHFW�DQVZHUV�LQ�WKH�SUH�WHVW�DQG�SRVW�WHVW�ZDV�QRWLFHG�
LQ�TXHVWLRQ����DQG�WKH�VPDOOHVW�LQ�TXHVWLRQV���DQG����

,Q�WKH�FRQWUROOLQJ�JURXS�LQ�'HEDU��WKH�ELJJHVW�GLIIHUHQFH�EHWZHHQ�WKH�FRUUHFW DQVZHUV�LQ�WKH�SUH�WHVW�DQG�
SRVW�WHVW�ZDV�QRWLFHG�LQ�TXHVWLRQ����ZKHUHDV�WKH�VPDOOHVW�LQ�TXHVWLRQ����ZKHUH�WKHUH�LV�QR�GLIIHUHQFH�DW�DOO�EHWZHHQ�
WKH�SUH�WHVW� DQG�SRVW�WHVW� UHVXOWV�� ,Q� WKH� H[SHULPHQWDO� JURXS�� WKH�JUHDWHVW� GLIIHUHQFH� ���������EHWZHHQ� FRUUHFW�
DQVZHUV�LQ�WKH�SUH�WHVW�DQG�SRVW�WHVW�ZDV�QRWLFHG�LQ�TXHVWLRQ�����7KH�VPDOOHVW�FKDQJH�LQ�WKH�DYHUDJH�UHVXOWV�ZDV�
QRWLFHG�LQ�TXHVWLRQV���DQG����

&KDUW �� $YHUDJH�VXFFHVV��LQ����IRU�HDFK�RI�WKH�TXHVWLRQV�LQ�WKH�SUH�WHVW�DQG�SRVW�WHVW�DQG�WKHLU�GLIIHUHQFH�IRU�
HDFK�RI�WKH�JURXSV�LQ�'HEDU�

4XHVWLRQV
&* ȿ*

3UH�WHVW 3RVW�WHVW

' \ ��

3UH�WHVW 3RVW�WHVW

' \ ���\ �� \
���

\ � \
���

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

$V�UHJDUGV�WKH�UHVXOWV�RI�WKH�JURXSV�IURP�.LFHYR��ZH�FDQ�VD\�WKDW�LQ�WKH�FRQWUROOLQJ�JURXS�WKH�JUHDWHVW�
LPSURYHPHQW�LQ�WKH�SRVW�WHVW��ZDV�DFKLHYHG�LQ�TXHVWLRQ����DQG�QR�LPSURYHPHQW�DW�DOO�LQ�TXHVWLRQV���DQG����,Q�WKH�
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H[SHULPHQWDO�JURXS��WKH�ELJJHVW�GLIIHUHQFH�EHWZHHQ�WKH�DYHUDJH�VXFFHVV�LQ�WKH�SUH�WHVW�DQG�SRVW�WHVW�ZDV�QRWLFHG�
LQ�TXHVWLRQ�����ZKHUHDV�WKHUH�ZDV�QR�FKDQJH�ZLWK�UHJDUG�WR�TXHVWLRQ����
&KDUW ����$YHUDJH�VXFFHVV��LQ����IRU�HDFK�RI�WKH�TXHVWLRQV�LQ�WKH�SUH�WHVW�DQG�SRVW�WHVW�DQG�WKHLU�GLIIHUHQFH�IRU�

HDFK�RI�WKH�JURXSV�LQ�.LFHYR�

4XHVWLRQV
&* ȿ*

3UH�WHVW 3RVW�WHVW

' \ ��

3UH�WHVW 3RVW�WHVW

' \ ���\ �� \
���

\ � \
���

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

,I�D�VLPLODU�DQDO\VLV�LV�FDUULHG�RXW�IRU�WKH�WRWDO�QXPEHU�RI�VWXGHQWV�LQ�ERWK�WKH�FRQWUROOLQJ�DQG�H[SHULPHQWDO�
JURXSV��ZH�ZLOO�JHW�DQ�HYHQ�FOHDUHU�SLFWXUH�LQ�UHODWLRQ�WR�WKH�DQVZHUV�JLYHQ�WR�WKH�TXHVWLRQV�LQ�WKH�SUH�WHVW�DQG�
SRVW�WHVW��,Q�SLFWXUH����WKH�UHVXOWV�IURP�WKH�FRPSDULVRQ�RI�WKH�DFKLHYHG�VXFFHVV�IRU�HDFK�TXHVWLRQ�LQ�WKH�SRVW�WHVW�
DQG�SUH�WHVW�IRU�WKH�WRWDO�QXPEHU�RI�VWXGHQWV�LQ�WKH�FRQWUROOLQJ�JURXSV�KDYH�EHHQ�JLYHQ��,W�LV�REYLRXV�WKDW�WKH�ILUVW�
IRXU�TXHVWLRQV��ZKLFK�DUH�VLPSOHU��KDYH�EHHQ�DQVZHUHG�FRUUHFWO\�E\�D�ODUJH�SRUWLRQ�RI�VWXGHQWV��ZKHUHDV�WKH�RWKHU�
TXHVWLRQV�UHTXLUH�KLJKHU� OHYHO�NQRZOHGJH�DQG�DV�VXFK�ZHUH�PRUH�SRRUO\�DQVZHUHG��HVSHFLDOO\� WKH�VHYHQWK�� WKH�
HLJKWK��DQG�WKH�QLQWK�TXHVWLRQ��+RZHYHU��LQ�WKH�SRVW�WHVW�WKHUH�LV�DQ�RYHUDOO�LPSURYHPHQW�LQ�WKH�FRUUHFWO\�JLYHQ�
DQVZHUV�WR�WKH�TXHVWLRQV��

)LJ�����&RPSDULVRQ�RI�WKH�DFKLHYHG�VXFFHVV�LQ�HDFK�RI�WKH�TXHVWLRQV��LQ����LQ�WKH�SUH�WHVW�DQG�WKH�SRVW�
WHVW�IRU�WKH�WRWDO�QXPEHU�RI�VWXGHQWV�LQ�FRQWUROOLQJ�JURXSV�IURP�WKH�WKUHH�FLWLHV��

$V�UHJDUGV�WR�WKLV�NLQG�RI�DQDO\VLV�LQ�WKH�H[SHULPHQWDO�JURXSV��ZH�FDQ�VD\�WKDW�WKHUH�ZDV�DQ�DOPRVW�LGHQWLFDO�
WUHQG�LQ�WKH�SUH�WHVW��KRZHYHU�� LQ�WKH�SRVW�WHVW�WKHUH�ZDV�VLJQLILFDQW�LPSURYHPHQW�RI�UHVXOWV��HVSHFLDOO\�LQ�
WKRVH�TXHVWLRQV�ZKHUH�KLJKHU�OHYHO�NQRZOHGJH�LV�UHTXLUHG�
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)LJ�����&RPSDULVRQ�RI�WKH�DFKLHYHG�VXFFHVV�LQ�HDFK�RI�WKH�TXHVWLRQV��LQ����LQ�WKH�SUH�WHVW�DQG�WKH�SRVW�WHVW�
IRU�WKH�WRWDO�QXPEHU�RI�VWXGHQWV�LQ�H[SHULPHQWDO�JURXSV�IURP�WKH�WKUHH�FLWLHV�

,W� LV� YHU\� LPSRUWDQW� WR�PDNH� D� WKRURXJK�DQDO\VLV� RI� WKH�TXHVWLRQV� LQ� WKLV� UHVHDUFK��7KH� ILUVW� TXHVWLRQ�
FRQVLVWV�RI�WZR�SDUWV��HDFK�JUDGHG�ZLWK�ILYH�SRLQWV��7KH�ILUVW�SDUW�UHTXLUHV�WKH�DQVZHU�RI�ZKDW�NLQG�RI�D�SURFHVV�LV�
K\GURO\VLV�DQG�DOPRVW�DOO�VWXGHQWV�DQVZHUHG�LW��EHFDXVH�GXULQJ�WKHLU�OHFWXUHV�LW�KDV�DOZD\V�EHHQ�SRLQWHG�RXW�WKDW�LW�
LV� D� SURWRO\WKLF�SURFHVV�� ,Q� WKH� VHFRQG�SDUW�� WKH� VWXGHQWV� DUH� DVNHG� WR�ZULWH�GRZQ� WKH� K\GURO\VLV� HTXDWLRQ� IRU�
1+�12��7KLV�TXHVWLRQ�FDQ�EH�VDLG�WR�EHORQJ�WR�WKH�DSSOLFDWLRQ VHFWLRQ�DFFRUGLQJ�WR�%ORRP¶V�WD[RQRP\��EHFDXVH�
IRUPXODWLQJ�WKH�HTXDWLRQ�RI�WKH�K\GURO\VLV�RI�1+�12� PHDQV�DSSO\LQJ�RQH¶V�DFTXLUHG�NQRZOHGJH��1RW�DOO�VWXGHQWV�
DQVZHUHG� WKLV� SDUW� RI� WKH�TXHVWLRQ�� KRZHYHU��PRUH� WKDQ� D� KDOI� KDG�ZULWWHQ�GRZQ� WKH� HTXDWLRQ��PRVW� SUREDEO\�
EHFDXVH�WKH�HTXDWLRQ�RI�WKH�SURWRO\WKLF�SURFHVV�RI�DPPRQLXP�LRQV�ZDV�ZULWWHQ�GRZQ�DQG�H[SODLQHG�VHYHUDO�WLPHV��
7KH�VDPH�FRXOG�EH�DSSOLHG�LQ�WKLV�FDVH��7KLV�TXHVWLRQ�ZDV�DQVZHUHG�LQ�KLJK�SHUFHQWDJH�LQ�DOO�JURXSV�HYHQ�LQ�WKH�
SUH�WHVW��WKRXJK�WKHUH�LV�LPSURYHPHQW�LQ�WKH�SRVW�WHVW�DV�ZHOO��GXH�WR�WKH�ODUJH�QXPEHU�RI�ZULWWHQ�HTXDWLRQV�RI�WKH�
K\GURO\VLV�RI�GLIIHUHQW�VDOWV�GXULQJ�WKH�FODVVHV�ZLWK�FRQWUROOLQJ�JURXSV��DV�ZHOO�DV�ZLWK�WKH�H[SHULPHQWDO�JURXSV��
EDVHG�RQ�WKH�LQVWUXFWLRQV�DQG�UHTXLUHPHQWV�IURP�WKH�WHDFKLQJ�VKHHWV��

7KH�VHFRQG�TXHVWLRQ�EHORQJV�WR�WKH�FRPSUHKHQVLRQ FDWHJRU\��,W�UHTXLUHV�WR�FRQQHFW�WKH�PLGGOH�RI�VDOW�
VROXWLRQV�GHSHQGLQJ�RQ�ZKDW�W\SH�RI�DFLG�DQG�EDVH�LW�LV�FRPSRVHG�RI��6LQFH�WKHUH�IRXU�RSWLRQV��HYHU\�FRUUHFW�DQVZHU
ZDV�JUDGHG�ZLWK�����SRLQWV��7KLV�TXHVWLRQ�ZDV��LQ�IDFW��DQVZHUHG�WKH�EHVW��HYHQ�WKRXJK�WKHUH�ZHUH�PDQ\�FDVHV�RI�
LQFRPSOHWH�DQVZHUV��7KH�PRVW�PLVWDNHV�ZHUH�PDGH�LQ�WKH�TXHVWLRQ�RI�ZKDW�ZRXOG�WKH�HQYLURQPHQW�EH�LQ�D�VROXWLRQ�
RI�D�ZHDN�DFLG�DQG�D�ZHDN�EDVH��ZKHUHXSRQ�VWXGHQWV�VDLG�LW�ZDV�QHXWUDO�RU�GLG�QRW�UHVSRQG�DW�DOO��$QG�WKH�FRUUHFW�
DQVZHU�ZDV�WKDW�LW�FDQQRW�EH�WROG�IRU�VXUH��,Q�VRPH�FDVHV��VWXGHQWV�UHSODFHG�VDOWV�WKDW�K\GURO\]H�EDVHO\�ZLWK�WKRVH�
WKDW�K\GURO\]H�DFLGO\��,Q�WKH�SRVW�WHVW�LQ�WKH�H[SHULPHQWDO�JURXS��WKLV�TXHVWLRQ�ZDV�DQVZHUHG�E\�DOO�VWXGHQWV��&KDUW�
����

7KH�WKLUG�TXHVWLRQ�ZDV�D�FORVH�HQGHG�TXHVWLRQ�DQG�UHTXLUHG�IURP�VWXGHQWV�WR�GHWHFW�ZKLFK�RI�WKH�JLYHQ�
HTXDWLRQV� UHSUHVHQWHG� D� SURFHVV� RI� K\GURO\VLV�� 7KLV� TXHVWLRQ� EHORQJHG� WR� WKH� ORZHVW� FDWHJRU\� RI� %ORRP¶V�
WD[RQRP\��EHFDXVH�LW�RQO\�DVNV�IRU�UHFRJQLWLRQ��7KLV�LV�ZK\�LW�ZDV�DQVZHUHG�E\�D�KLJK�SHUFHQWDJH�RI�VWXGHQWV�LQ�
ERWK�WKH�SUH�WHVW�DQG�SRVW�WHVW��

$V�ZH�FDQ�VHH�IURP�&KDUWV���DQG����WKLV�TXHVWLRQ�LQ�VRPH�RI�WKH�JURXSV�ZDV�DQVZHUHG�E\�DOO�VWXGHQWV�LQ�
WKH�SRVW�WHVW�

7KH�IRXUWK�TXHVWLRQ�ZDV�DOVR�FORVH�HQGHG��,W�UHTXLUHG�IURP�VWXGHQWV�WR�GHFLGH�LQ�ZKLFK�VROXWLRQV�S+�����
7KH�IROORZLQJ�RSWLRQV�ZHUH�JLYHQ��

,���1+���62�

,,��Ʉ12�

,,,��1D�&2�

,9��+�6�
9��&V%U��

DQG� WKHQ� LQ� WKH� SURYLGHG� DQVZHUV� WKHUH� ZHUH� ILYH� FRPELQDWLRQV� RI� WKHVH� VDOWV�� 7KLV� TXHVWLRQ�ZDV� FRQVLGHUHG�
DFRPSUHKHQVLRQ�TXHVWLRQ�DQG�WKDW�LW�ZDV�HDV\�WR�DQVZHU��VR�ZH�H[SHFWHG�D�KLJK�SHUFHQWDJH�RI�VWXGHQWV�WR�DQVZHU�
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FRUUHFWO\��,W�DSSHDUHG�WKDW�VWXGHQW¶V�EHVW�DQVZHUHG�LW IURP�7HWRYR�DQG�.LFHYR�EXW�QRW�IURP�'HEDU��ZKLFK�VXUSULVHG�
XV�TXLWH��7KH�JUHDWHVW�SDUW�RI�PLVWDNHV�KDG�WR�GR�ZLWK�WKH�VHOHFWLRQ�RI�WKH�GLVWUDFWHU�G��,��,9�DQG 9��VLQFH��DV�ZH�
FRXOG�FRQFOXGH��SDUW�RI�VWXGHQWV�GR�QRW�NQRZ�WKDW�&V2+ LV�D�VWURQJ�EDVH��DQG�FRQVLGHULQJ�WKDW�+%U�LV D�VWURQJ�
DFLG��WKH\�WKRXJKW�LW�K\GURO\]HV�DFLGO\��

7KH�UHPDLQLQJ�TXHVWLRQV��IURP�WKH�ILIWK�WR�WKH�WHQWK�ZHUH�RSHQ�HQGHG�DQG�DOO�RI�WKHP�EHORQJHG�WR�KLJKHU�
OHYHOV�RI�%ORRP¶V�WD[RQRP\��7KHUHIRUH��WKH�ILIWK�TXHVWLRQ�ZDV�DV�IROORZV��³,Q�D�VDOW�VROXWLRQ�LW�KDV�EHHQ�DVVHUWHG�
WKDW�S+�!�� �DERXW�����:KDW�NLQG�RI�SURWRO\WKLV�WKH�VDOW�DQLRQ��VWURQJ�RU�ZHDN�"�:KDW�DFLG�GRHV�LW�GHULYH�IURP�
�VWURQJ�RU�ZHDN�"�([SODLQ�\RXU�DQVZHU��7KLV�TXHVWLRQ�LV�DQDO\WLFDO DQG�HYHQ�HYDOXDWLYHEHFDXVH�EDVHG�RQ�DQDO\VLV�
WKH�VWXGHQW�KDV�WR�GHFLGH�RQ�WKH�FRUUHFW�DQVZHUV�WR�WKH�TXHVWLRQ��,W�ZDV�D�TXLWH�GLIILFXOW�TXHVWLRQ�DQG�WKHUHIRUH�HYHQ�
LQ� WKH� SRVW�WHVW�� WKH� UHVXOWV� ZHUH� E\� ���� EHWWHU�� 7KH� LPSURYHPHQW� RI� UHVXOWV� LQ� ERWK� WKH� FRQWUROOLQJ� DQG�
H[SHULPHQWDO�JURXSV�LV�EHFDXVH WKHUH�ZDV�GLVFXVVLRQ�DQG�WKH�WHDFKHU�DQVZHUHG�WKH�TXHVWLRQV GXULQJ�WKH�OHFWXUHV��
DV�SODQQHG�LQ�WKH�WHDFKLQJ�OLVW��DFWLYLWLHV���DQG������

7KH�VL[WK�TXHVWLRQ�UHTXLUHG�IURP�VWXGHQWV� WR�ZULWH�GRZQ�WKH� H[SUHVVLRQV� IRU� WKH�FRQVWDQW�YDOXHV�RI�D�
FKHPLFDO�HTXLOLEULXP�IRU�WZR�K\GURO\VLV�HTXDWLRQV��7KLV�ZDV�SXW�LQ�WKH�WHVW�LQ�RUGHU�WR�LQGLFDWH�WR�WKH�VWXGHQWV�WKDW�
WKH� K\GURO\VLV� SURFHVVHV� DUH� HTXLOLEULXP� SURFHVVHV�� VLPLODU� WR� RWKHU� SURWHRO\VLVSURFHVVHV� DQG� WKH\� KDG� WR�
LPSOHPHQW� WKHLU� SUHYLRXV� NQRZOHGJH� RQ� FKHPLFDO� HTXLOLEULXP� LQ� WKHVH� FDVHV�� 7KH� UHVXOWV� ZHUH� EHORZ� RXU�
H[SHFWDWLRQV��ZKDW�LV�PRUH��WKHUH�ZHUH�KXJH�GLIIHUHQFHV�DPRQJ�VWXGHQWV�IURP�WKH�WKUHH�FLWLHV��7KLV�FDQ�RQO\�EH�
LQWHUSUHWHG�WKURXJK�WKH�IDFW�WKDW�WKH�WHDFKLQJ�XQLW�RQ�FKHPLFDO�HTXLOLEULXPZKHUH�WKH�IRUPXODWLRQ�RI�H[SUHVVLRQV�
IRU�FKHPLFDO�HTXLOLEULXP�FRQVWDQWV� LV� LQFOXGHG�� LV� WDXJKW�E\�GLIIHUHQW� WHDFKHUV�DQG�DV� VXFK�� LW� LV�SDLG�GLIIHUHQW�
DWWHQWLRQ��

7KH�VHYHQWK�TXHVWLRQ�DSSHDUHG�WR�EH�DV�RQH�RI�WKH�PRVW�GLIILFXOW�RQHV��ZLWK�D�YHU\�ORZ�SHUFHQWDJH�RI�
FRUUHFW� VFRUHV� �DERXW� ������ ,W� UHTXLUHV� WKH� DSSOLFDWLRQ� RI� /H� &KDWHOLHU� DQG� %UDXQ¶V� SULQFLSOH� RQ� K\GURO\VLV�
SURFHVVHV��0RUH�FRQFUHWHO\��LW�LV�UHTXLUHG�WR�GHFLGH�ZKDW�KDV�WR�EH�DGGHG��DFLG�RU�EDVH��LQ�D�VROXWLRQ�RI�D�VDOW�WKDW�
K\GURO\]HV�DFLGO\�� LQ�RUGHU�WR�LQFLWH�K\GURO\VLV��7KLV�TXHVWLRQ�FRXOG�EH�HDVLO\�DQVZHUHG�EDVHG�RQ�WKH�SUHYLRXV�
NQRZOHGJH��EXW�LW�DSSHDUHG�WKDW�VWXGHQWV�ZHUH�QRW�DEOH�WR�FRQQHFW�LGHDV�DQG�DSSO\�WKHLU�SUHYLRXV�NQRZOHGJH�RQ�
WKH�QHZ�LWHPV�� ,Q�PRVW�FDVHV�� WKH�TXHVWLRQ�ZDV�QRW�DQVZHUHG�DW�DOO��RU� LW�ZDV�EULHIO\�DQVZHUHG�ZLWKRXW�JLYLQJ�
IXUWKHU�H[SODQDWLRQV��7KH� LPSURYHPHQW�RI� UHVXOWV� LQ� WKH�SRVW�WHVW� LV�GXH� WR� WKH� UHDOL]HG�H[SHULPHQWV�DQG�RWKHU�
UHODWHG�DFWLYLWLHV��

7KH�HLJKWK�TXHVWLRQ�ZDV�DOVR EDGO\�DQVZHUHG�LQ�WKH�SUH�WHVW�LQ�DOO�JURXSV��7KH�TXHVWLRQ�ZDV�DV�IROORZV��
³7KH�6RGLXP�6XOILGH�VROXWLRQ�UHDFWV�EDVHO\��'R�\RX�H[SHFW�D�FKDQJH�RI�WKH�HQYLURQPHQW�S+��LQFUHDVH�RU�GHFUHDVH��
LI� WKH� VROXWLRQ� LV� ERLOHG"� ([SODLQ� \RXU� DQVZHUV�´�7KLV� TXHVWLRQ�ZDV� WDNHQ� IURP� WKH� VHFRQG� \HDU� J\PQDVLXP�
FKHPLVWU\�ERRN��DQG�DV�VXFK��ZH�H[SHFWHG�JRRG�UHVXOWV��KRZHYHU��MXVW�D�VPDOO�QXPEHU�RI�VWXGHQWV�KDG�DQVZHUHG�
FRUUHFWO\��7KRVH�ZKR�GLG�VR��NQHZ�WKDW�K\GURJHQ�VXOILGH�LV�D�JDV��ZKLFK�ZKHQ�KHDWHG�FDQ�UHOHDVH�WKH�VROXWLRQ��
2WKHU� VWXGHQWV�GLG�QRW�DQVZHU� WKLV�TXHVWLRQ�� ,Q� WKH�SRVW�WHVW� LQ� WKH�H[SHULPHQWDO� JURXSV�� WKH� UHVXOWV� LPSURYHG�
VLJQLILFDQWO\��1DPHO\��RQH�RI�WKH�UHDOL]HG�H[SHULPHQWV�ZDV�WR�FRPSDUH�WKH�DFLGLW\�RI�D�VROXWLRQ�IURP�DPPRQLXP�
FKORULGH�ZLWK�DQRWKHU�VROXWLRQ��ZKLFK�ZDV�PLOGO\�KHDWHG��

7KH� QLQWK� TXHVWLRQ�ZDV� DWWHPSWHG� WR� EH� UHODWHG� WR� UHDO� OLIH� VLWXDWLRQV�� HVSHFLDOO\� KDYLQJ� LQ�PLQG� WKH�
TXHVWLRQQDLUH� DW� WKH� EHJLQQLQJ� RI� WKLV� WHDFKLQJ� XQLW�� 7KH� TXHVWLRQ� FRQVLVWV� RI� HTXDWLRQV� RQ� WKH� K\GURO\VLV� RI�
K\GURJHQ�FDUERQDWH� LRQV�ZKHQ� WKH\�DFW�DV�ERWK�DFLGV�DQG�EDVHV��7KH�TXHVWLRQ�ZDV� WR�DVVHVV�ZKLFK�RI� WKH� WZR�
HTXDWLRQV�GHYHORSHG�PRUHKDYLQJ� LQ�PLQG� WKDW�ELFDUERQDWH� VRGLXP� LV�XVHG�DV�DQWDFLG��2QFH�PRUH�� WKH�SUH�WHVW�
UHVXOWV�ZHUH�ZHDN��EXW�JRW� LPSURYHG� LQ� WKH�SRVW�WHVW� LQ� WKH�H[SHULPHQWDO�JURXS��GXH� WR� WKH�H[SHULPHQW��ZKLFK�
H[SODLQV�YHU\�WKRURXJKO\�WKH�ZKROH�VLWXDWLRQ�

)LQDOO\��WKH�WHQWK�TXHVWLRQ�ZDV�DLPHG�DW�RYHUFRPLQJ�WKH�PLVFRQFHSWLRQV�RQ�QHXWUDOL]DWLRQ��7KLV�TXHVWLRQ�
KDG�WKH�ORZHVW�VFRUH�RI�FRUUHFW�DQVZHUV�LQ�WKH�SUH�WHVW��EXW�ZLWK�PXFK�EHWWHU�UHVXOWV�LQ�WKH�SRVW�WHVW��7KLV�LV�EHFDXVH�
RI�WKH�H[SHULPHQW�RQ�WKH�QHXWUDOL]DWLRQ�RI�WKH�DFHWLF�DFLG�ZLWK�VRGLXP�K\GUR[LGH�DQG�WKH�PHDVXUHPHQW�RI�S+�RI�
WKH�ILQDO�VROXWLRQ��2I�FRXUVH��WKHUH�ZHUH�DOVR�VRPH�TXHVWLRQV�WR�EH�DQVZHUHG�DQG�GLVFXVVHG�LQ�WKH�VKHHW��:H�KRSH�
WKDW� WKURXJK� WKLV�DFWLYLW\�DQG�ZLWK� WKH�UHDOL]DWLRQ�RI� UHDO�H[SHULPHQWV�DQG�VLPXODWLRQV�DQG�DQLPDWLRQV��D� ODUJH�
SRUWLRQ�RI�XQFOHDU�LGHDV�UHODWHG�WR�QHXWUDOL]DWLRQ�ZHUH�H[SODLQHG�DQG�FODULILHG�

&RQFOXVLRQ

7KH�VWXG\�VKRZHG�WKDW�DOO�JURXSV�KDG�EHWWHU�DFKLHYHPHQWV�LQ�WKH�SRVW�WHVW��7KLV�LV�GXH�WR�WKHDGGLWLRQDO�
DFWLYLWLHV�LQ�DOO�JURXSV��KRZHYHU��WKH�WHDFKLQJ�PHWKRGV�WKDW�ZHUH�XVHG�LQ�WKH�H[SHULPHQWDO�JURXSV�ZLWKWKH�DLP�RI�
HOLPLQDWLQJ� JDSV� DQG� PLVFRQFHSWLRQV�� VKRZHG� EHWWHU� UHVXOWV� LQ FRPSDULVRQ� WR� WKH� ROG� WUDGLWLRQDOWHDFKLQJ�
DSSURDFKHV�LQ�WKH�FRQWURO�JURXS��7KH�EHVW�UHVXOWV�ZHUH�DFKLHYHG�LQ�WKH�JURXS��ZKLFK�XQGHUWRRN�UHDOH[SHULPHQWV��
7KH�DQDO\VLV�RI�FRUUHFW�DQVZHUV�WR�WKH�TXHVWLRQV�VKRZV�WKDW�XQGHUVWDQGLQJ�WKH�SURFHVVHV�DW�DPROHFXODU�OHYHO�FDQ�
EH� VLJQLILFDQWO\� LPSURYHG� E\� LPSOHPHQWLQJ� DSSURSULDWH� FRPSXWHU� SURJUDPV� DQGDSSOLFDWLRQV�� ,Q� IDFW�� ERWK�
FRPSXWHU�EDVHG� DFWLYLWLHV� DQG� UHDO� H[SHULPHQWV� ZRXOG� UHVXOW� LQ� IUXLWIXO� RXWFRPHV� LIWKH\� DUH� IROORZHG� E\�
UHTXLUHPHQW�VWXGHQWV�WR�GUDZ�FRQFOXVLRQV�E\�WKHPVHOYHV�DQG�WKHQ�FKHFN�WKHLUXQGHUVWDQGLQJV�LQ�D�JHQHUDO�FODVV�
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GLVFXVVLRQ�VHVVLRQ��ZKHUHXSRQ�ILQDO�FRQFOXVLRQV�ZLOO�EH�PDGH��7KHLQVXIILFLHQWO\�XQGHUVWRRG�QRWLRQV�DQG�FRQFHSWV�
ZHUH�DOVR�H[SODLQHG�LQ�WKH�FRQWURO�JURXSV��EXW�WKH�FODVV�ZDVPDLQO\�FRQWUROOHG�E\�WKH�WHDFKHU�KLPVHOI�DQG�MXVW�D�
IHZ�VWXGHQWV�DFWLYHO\�SDUWLFLSDWHG�LQ�FODVV��:H�VKRXOG�DOVRDGG�WKDW�VWXGHQWV�LQ�H[SHULPHQWDO�JURXSV�ZHUH�PRUH�
PRWLYDWHG�DQG�LQWHUHVWHG��MXVW�EHFDXVH�WKH\�ZHUH�PRUHDFWLYHO\�HQJDJHG�LQ�WKH�OHDUQLQJ�SURFHVV��:H�KDYH�WR�SRLQW�
RXW�WKDW�WKH�RUJDQL]DWLRQ�RI�WKH�FODVV�ZLWK�DFWLYHSDUWLFLSDWLRQ�RI�VWXGHQWV�DQG�LQVWUXFWLRQV�IRU�DFWLYLWLHV�SODQQHG�LQ�
DGYDQFH�LQ�WKH�IRUP�RI�D�ZRUNVKHHW�FDQSURGXFH�EDG�UHVXOWV�WRR��XQOHVV�DOO�WKH�DFWLYLWLHV�DQG�TXHVWLRQV�IURP�WKH�
ZRUNVKHHW�DUH�GLVFXVVHG�DW�WKH�HQG��EHFDXVH�VWXGHQWV�WKHPVHOYHV�PD\�GUDZ�LQFRUUHFW�FRQFOXVLRQV�WRR��-XVW�EHFDXVH�
RI�WKLV��ZH�VKRXOG�QRW�JR�WKURXJKOHVVRQV�RQO\�IRUPDOO\�DQG�VXSHUILFLDOO\��EXW�UDWKHU��DV�PRGHUQ�HGXFDWLRQ�VWDQGDUGV�
UHTXLUH��DGDSW�DQG�FRPSO\�ZLWK�WKH�QHHGV�DQG�DFKLHYHPHQWV�RI�WKH�VWXGHQWV�
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