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7KLV� UHSRUW� UHVWV� RQ� D� FRQVLGHUDEOH� YROXPH� RI�ZRUN� GRQH� E\� RWKHU� SHRSOH�� ,W� RZHV
PXFK��QRW�RQO\�WR�WKH�ERG\�RI�NQRZOHGJH�DQG�WHFKQLFDO�GHYHORSPHQW�WKDW�XQGHUSLQV
DOPRVW�HYHU\�SLHFH�RI�UHVHDUFK��EXW�DOVR�WR�WKH�GHWDLOHG�ZRUN�WKDW�KDV�UHVXOWHG�LQ�WKH
GDWD�RQ�ZKLFK�WKHVH�DQDO\VHV�ZHUH�EDVHG��7KLV�LQFOXGHV�WKH�QDWLRQDO�VWXGLHV�RI�OLWHUDF\
DQG�QXPHUDF\�IURP������DQG������DQG� WKH� ODWHU�$XVWUDOLDQ�<RXWK�6XUYH\��<RXWK� LQ
7UDQVLWLRQ��DQG�/RQJLWXGLQDO�6XUYH\V�RI�$XVWUDOLDQ�<RXWK�SURMHFWV�

7KH� VXFFHVV� RI� WKHVH� VWXGLHV� ZDV� YHU\� PXFK� GHSHQGHQW� RQ� WKH� VFKRRO� SULQFLSDOV�
WHDFKHUV� DQG� VWXGHQWV� LQ� VFKRROV�� RIILFLDOV� LQ� 6WDWH� DQG� &RPPRQZHDOWK� HGXFDWLRQ
DXWKRULWLHV�� DQG� WKH� UHVHDUFK� DQG� VXSSRUW� VWDII�ZKR�ZRUNHG�RQ� WKH� VWXGLHV�� 6SHFLILF
WKDQNV� DUH� GXH� WR� VWDWH� DQG� WHUULWRU\� HGXFDWLRQ�0LQLVWHUV� DQG� WKH� HGXFDWLRQ� V\VWHP
&KLHI� ([HFXWLYH� 2IILFHUV� IRU� WKHLU� DVVLVWDQFH�� 7KH� FRRSHUDWLRQ� RI� WKH� JRYHUQLQJ
ERGLHV� DQG� GLUHFWRUV� RI� &DWKROLF� DQG� LQGHSHQGHQW� 6FKRROV� LV� DOVR� JUDWHIXOO\
DFNQRZOHGJHG��7KH�&RPPRQZHDOWK�'HSDUWPHQW�RI�(PSOR\PHQW��(GXFDWLRQ��7UDLQLQJ
DQG�<RXWK�$IIDLUV�KDV�VXSSRUWHG� WKHVH�SURJUDPV� LQ�ERWK�D�FRQFHSWXDO�DQG� ILQDQFLDO
VHQVH�

6HYHUDO� LQGLYLGXDOV�GHVHUYH�VSHFLILF�DFNQRZOHGJPHQW��6LG�%RXUNH�DQG�-RKQ�.HHYHV
GLUHFWHG�WKH������DQG������VWXGLHV��7KH\�DQG�WKH�VWDII�IURP�WKRVH�SURMHFWV�SURYLGHG
WKH�EDVLV�RQ�ZKLFK�VXEVHTXHQW�VWXGLHV�ZHUH�EXLOW��7UHYRU�:LOOLDPV�LQLWLDWHG�WKH�LGHD
RI� D� ORQJLWXGLQDO� VXUYH\�RI� WUDQVLWLRQV�EHWZHHQ� VFKRRO�� IXUWKHU� HGXFDWLRQ� DQG�ZRUN�
EDVHG� RQ� WKH� RULJLQDO� QDWLRQDO� WHVWLQJ� SURJUDP��+H� DQG�0LFKDHO� /RQJ� HQVXUHG� WKDW
WKRVH� VXUYH\V� FRQWLQXHG� DQG� WKDW� QHZ� FRKRUWV� ZHUH� DGGHG� DW� DSSURSULDWH� LQWHUYDOV
�LQFOXGLQJ�WKH�XVH�RI�WHVWV�RI�DFKLHYHPHQW�VLPLODU�WR�WKRVH�IURP��������/\Q�5RELQVRQ
KDV� SOD\HG� DQ� LPSRUWDQW� DQG� LQYDOXDEOH� UROH� LQ� PDQ\� DVSHFWV� RI� WKH� <RXWK� LQ
7UDQVLWLRQ�DQG�/RQJLWXGLQDO�6XUYH\V�RI�$XVWUDOLDQ�<RXWK�SURMHFWV��DQG�KHOSHG�LQ�WKH
SUHSDUDWLRQ�RI�WKLV�UHSRUW��*HRII�3DUNLQVRQ�FRQWULEXWHG�WKURXJK�KLV�SLYRWDO�UROH�LQ�WKH
$XVWUDOLDQ� <RXWK� 6XUYH\�� DV� DQ� LPSRUWDQW� VRXUFH� RI� NQRZOHGJH� RQ� WKH� SUDFWLFH� RI
ORQJLWXGLQDO� VXUYH\V�� DQG� LQ� KLV� DGPLQLVWUDWLYH� UROH� ZLWK� UHVSHFW� WR� WKH� SUHVHQW
SURJUDP� RI� ORQJLWXGLQDO� VXUYH\V�� 5D\� $GDPV� DQG� 0DUJDUHW� :X� FRQWULEXWHG� WKHLU
H[SHUWLVH� LQ� 5DVFK� PRGHOOLQJ� LQ� WKH� FRQVWUXFWLRQ� RI� FRPPRQ� VFDOHV� WKDW� DOORZHG
FRPSDULVRQV�RYHU�WLPH�

(DFK�RQH�RI� WKHVH�SHRSOH�KDG�D�YLWDO�UROH�WR�SOD\�LQ�WKH�GHYHORSPHQW�RI� WKH�GDWD�RQ
ZKLFK�WKLV�UHSRUW� LV�EDVHG�DQG�WKHUH�DUH�PDQ\�PRUH�EXW�VSDFH�SUHFOXGHV�PHQWLRQLQJ
HDFK� E\� QDPH�� +RZHYHU�� WKRVH� ZKR� FRQWULEXWHG� DUH� LQ� QR�ZD\� UHVSRQVLEOH� IRU� WKH
DQDO\VHV�DQG�LQWHUSUHWDWLRQV�FRQWDLQHG�LQ�WKLV�UHSRUW�
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7KLV� UHSRUW� H[DPLQHV� WKH� SHUIRUPDQFH�� DQG� OHYHOV� RI� PDVWHU\�� RQ� WHVWV� RI� UHDGLQJ
FRPSUHKHQVLRQ� DQG� QXPHUDF\� RI� $XVWUDOLDQ� VWXGHQWV� LQ� MXQLRU� VHFRQGDU\� VFKRRO
EHWZHHQ������DQG�������'DWD�IRU�WKH�DQDO\VHV�UHSRUWHG�ZHUH�GUDZQ�IURP�WZR�QDWLRQDO
PRQLWRULQJ� VWXGLHV� DQG� RWKHU� VWXGLHV� RI� UHSUHVHQWDWLYH� VDPSOHV� RI� MXQLRU� VHFRQGDU\
VFKRRO�VWXGHQWV�GHVLJQHG�WR�PRQLWRU�WKH�SURJUHVV�RI�\RXQJ�SHRSOH�WKURXJK�VFKRRO�LQWR
IXUWKHU�HGXFDWLRQ��WUDLQLQJ�DQG�ZRUN��,Q�HDFK�RI�WKH�VWXGLHV�VWXGHQWV�FRPSOHWHG�WHVWV
WKDW�DUH�VLPLODU�WR�WKRVH�FRQGXFWHG�LQ�WKH�$XVWUDOLDQ�VWDWHV�DQG�WHUULWRULHV�DQG�RYHUVHDV
WR�PRQLWRU�VWXGHQW�SHUIRUPDQFH��7KH�WHVWV�IRFXVVHG�RQ�UHDGLQJ�VNLOOV��ZKLFK�FRUUHODWH
KLJKO\�ZLWK�RWKHU�DVSHFWV�RI�OLWHUDF\��DQG�QXPHUDF\�

$OWKRXJK� ERWK� WKH� UHDGLQJ� DQG� QXPHUDF\� WHVWV� ZHUH� QRW� LGHQWLFDO� RYHU� WLPH� WKH\
LQFOXGHG� D� VXEVWDQWLDO� QXPEHU� RI� FRPPRQ� LWHPV�� 7KH� H[LVWHQFH� RI� FRPPRQ� LWHPV
DOORZHG�WKH�FRQVWUXFWLRQ�RI�VLQJOH�PHDVXUHV�RI�DFKLHYHPHQW�LQ�UHDGLQJ�DQG�QXPHUDF\�
,Q� DGGLWLRQ� WR� UHSRUWLQJ� DYHUDJH� OHYHOV� RI� DFKLHYHPHQW� RQ� WKHVH� WZR� VFDOHV�� WKH
FRQFHSW�RI�PDVWHU\�GHYHORSHG�IRU�WKH������VWXG\�ZDV�DSSOLHG�DW�ODWHU�SRLQWV�LQ�WLPH�
0DVWHU\� ZDV� GHILQHG� DV� FRPSHWHQFH� LQ� WKH� EDVLF� VNLOOV� QHFHVVDU\� IRU� DFWLYH
SDUWLFLSDWLRQ� LQ� VRFLHW\�� 1RQ�PDVWHU\� RQ� WKH� UHDGLQJ� WHVWV� GRHV� QRW� FRUUHVSRQG� WR
µLOOLWHUDF\¶�LQ�WKH�FRQYHQWLRQDO�PHDQLQJ�RI�WKH�WHUP�

7KH� DQDO\VHV� UHSRUWHG� LQFOXGH�� FRPSDULVRQV� RI� WKH� SHUFHQWDJH� RI� VWXGHQWV� FRUUHFWO\
DQVZHULQJ�FRPPRQ�LWHPV��WKH�PHDQ�OHYHOV�RI�DFKLHYHPHQW�DQG�SHUFHQWDJH�RI�VWXGHQWV
DWWDLQLQJ�PDVWHU\�DW�GLIIHUHQW�WLPHV��DQG�FRPSDULVRQV�RYHU�WLPH�RI�DFKLHYHPHQW�DQG�LQ
VRPH�LQVWDQFHV�PDVWHU\��E\�JHQGHU��HWKQLFLW\��DQG�VRFLDO�EDFNJURXQG��,Q�DGGLWLRQ��WKH
UHSRUW� GLVFXVVHV� WKH� UHVXOWV� REWDLQHG� IURP�PXOWLOHYHO� PXOWLYDULDWH� DQDO\VHV� RI� ERWK
VFKRRO�OHYHO�DQG�LQGLYLGXDO�OHYHO�IDFWRUV�

2YHU� WKH� SHULRG� IURP� ����� WR� ����� WKHUH� ZDV� OLWWOH� V\VWHPDWLF� FKDQJH� LQ� WKH
SHUIRUPDQFH�RQ�WKH�FRPPRQ�LWHPV�LQ�WKH�UHDGLQJ�WHVWV��7KHUH�ZHUH�WZR�FRXQWHUDFWLQJ
WHQGHQFLHV��3HUIRUPDQFH�RQ�LWHPV�UHIHUULQJ�WR�QHZVSDSHUV�DUWLFOHV�LPSURYHG�VOLJKWO\�
EXW� GHFOLQHG� RQ� LWHPV� GHDOLQJ� ZLWK� PRUH� GLIILFXOW� WH[WXDO� SDVVDJHV�� :LWK� WKH
QXPHUDF\� WHVWV� WKHUH� ZHUH� DOVR� FRXQWHUDFWLQJ� WHQGHQFLHV�� SHUIRUPDQFH� GHFOLQHG
PDUJLQDOO\�RQ�FRPSXWDWLRQDO�LWHPV�EXW�LPSURYHG�RQ�FRQFHSWXDO�LWHPV��$QDO\VLV�RI�WKH
FRPPRQ�DFKLHYHPHQW�VFDOHV�VKRZHG�QR�FKDQJH�LQ�WKH�PHDQ�OHYHOV�RI�HLWKHU�UHDGLQJ
FRPSUHKHQVLRQ�RU�QXPHUDF\��7KHUH�ZDV�QR�VXEVWDQWLDO�FKDQJH�LQ�WKH�SURSRUWLRQ�RI���
\HDU�ROG� VWXGHQWV� DFKLHYLQJ� PDVWHU\� LQ� UHDGLQJ� VLQFH� ����� EXW� WKH� SHUFHQWDJH
DWWDLQLQJ�PDVWHU\�LQ�QXPHUDF\�DSSHDUV�WR�KDYH�LQFUHDVHG�

$VVRFLDWLRQV�EHWZHHQ�DFKLHYHPHQW�DQG�VRFLDO�DQG�HGXFDWLRQDO�IDFWRUV�DUH�GHWDLOHG�LQ
WKH�UHSRUW��6RPH�RI�WKH�ILQGLQJV�LQFOXGH��D�GHFOLQH�LQ�WKH�SURSRUWLRQ�RI�ER\V�DWWDLQLQJ
PDVWHU\� LQ� UHDGLQJ�� D� GHFOLQH� LQ� GLIIHUHQFHV� LQ� DFKLHYHPHQW� UHODWLQJ� WR� SDUHQWDO
RFFXSDWLRQ� IRU�ERWK� UHDGLQJ� DQG� QXPHUDF\�� OLWWOH� QHW� FKDQJH� LQ� WKH� SHUIRUPDQFH� RI
VWXGHQWV� ZKRVH� KRPH� ODQJXDJH� LV� QRW� (QJOLVK�� DQG� DQ� LPSURYHPHQW� LQ� WKH
SHUIRUPDQFH�RI�$ERULJLQDO�DQG�7RUUHV�6WUDLW�,VODQGHU�VWXGHQWV�LQ�QXPHUDF\�
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,Q������ WKH�DXWKRUV�RI�D� UHSRUW� RQ� WKH� ILUVW� QDWLRQDO� VWXG\�RI� OLWHUDF\� DQG�QXPHUDF\
QRWHG� WKDW� WKHUH� ZDV� FRPPXQLW\� FRQFHUQ� DERXW� GHFOLQLQJ� HGXFDWLRQDO� VWDQGDUGV
�%RXUNH�	�.HHYHV�����������.HHYHV�HW�DO����������6LPLODU�FRQFHUQV�ZHUH�QRWHG�LQ�WKH
UHSRUW� IURP� WKH� VHFRQG�QDWLRQDO� VWXG\� FRQGXFWHG� ILYH� \HDUV� ODWHU� DQG� DJDLQ� LQ� ����
ZLWK� WKH� UHOHDVH� RI� D� UHSRUW� RQ� OLWHUDF\� DQG� QXPHUDF\� DPRQJ� 9LFWRULDQ� 6WXGHQWV
�%RXUNH� HW� DO��� ������ ��� 0F*DZ� HW� DO��� ������ ���� ,Q� ����� WKDW� FRQFHUQ� KDV� QRW
GLVDSSHDUHG�DQG�LW�LV�QRW�XQFRPPRQ�WR�UHDG�RU�KHDU�FRPPHQWV�E\�SDUHQWV��HPSOR\HUV
DQG� WHDFKHUV�� DERXW� WKH�SRRU�ZRUG� DQG�QXPEHU� VNLOOV� RI� \RXQJ�SHRSOH�� ,I�ZRUG� DQG
QXPEHU� VNLOOV� KDYH� GHFOLQHG�� WKLV� ZRXOG� UHSUHVHQW� D� VHULRXV� SUREOHP�� JLYHQ� WKH
FRQWH[W� RI� GHFUHDVLQJ� GHPDQG� IRU� XQVNLOOHG� ODERXU� DQG� WKH� HPHUJHQFH� RI� D� SRVW�
LQGXVWULDO�LQIRUPDWLRQ�EDVHG�VRFLHW\�

$OWKRXJK� WKHUH� LV� D� QXPEHU� RI� VWDWH�EDVHG� SURJUDPV� LQ� $XVWUDOLD� IRU� PRQLWRULQJ
DFKLHYHPHQW��HVSHFLDOO\�LQ�WKH�SULPDU\�VFKRRO�\HDUV���WKHUH�LV�QRWKLQJ�WKDW�FDQ�SURYLGH
DQ� LQWHJUDWHG� QDWLRQDO� SHUVSHFWLYH� �/RNDQ�	�)RUG�� ������� ,Q� DGGLWLRQ�� WKHUH� LV� YHU\
OLWWOH� LQIRUPDWLRQ� RQ� SDWWHUQV� LQ� DFKLHYHPHQW� IRU� MXQLRU� VHFRQGDU\� VFKRRO� VWXGHQWV
HYHQ� DW� VWDWH� OHYHO�� 7KHLU� SHUIRUPDQFH� DW� WKLV� VWDJH� LQ� WKHLU� VFKRRO� FDUHHUV� KDV� DQ
LPSRUWDQW�EHDULQJ�RQ�WKHLU�SDWKZD\V�WKURXJK�VHQLRU�VFKRRO��SRVW�VHFRQGDU\�HGXFDWLRQ�
DQG� WKH�ZRUOG�RI�ZRUN�� �$V� D�QDWLRQ�ZH�GR�QRW�NQRZ� WKH�SURSRUWLRQ�RI� VWXGHQWV� LQ
MXQLRU�KLJK�VFKRRO�ZKR�KDYH�QRW�PDVWHUHG�WKH�µEDVLF�VNLOOV¶�ZKLFK�HQDEOH�FLWL]HQV�WR
HIIHFWLYHO\�IXQFWLRQ�LQ�PRGHUQ�VRFLHW\��7KLV�SDSHU�DWWHPSWV�WR�ILOO�WKHVH�JDSV�E\�XVLQJ
H[LVWLQJ�GDWD�WR�UHSRUW�RQ�WKH�OHYHOV�RI�DFKLHYHPHQW�LQ�UHDGLQJ�DQG�QXPHUDF\�LQ�WKH���
\HDUV�VLQFH�WKH�ILUVW�QDWLRQDO�VWXG\�RI�VFKRRO�SHUIRUPDQFH�

,Q�DGGLWLRQ�WR�H[DPLQLQJ�DFKLHYHPHQW�DQG�PDVWHU\�RYHU� WLPH� WKLV�SDSHU�DOVR�UHSRUWV
RQ�WKH�VRFLDO�DQG�HGXFDWLRQDO�FRUUHODWHV�RI�DFKLHYHPHQW�LQ�UHDGLQJ�DQG�QXPEHU�ZRUN�
7KHUH�KDV�EHHQ�D�ORQJVWDQGLQJ�LQWHUHVW�LQ�WKH�H[WHQW�WR�ZKLFK�DFKLHYHPHQW�DW�VFKRRO�LV
DVVRFLDWHG� ZLWK� VRFLDO� EDFNJURXQG�� JHQGHU� DQG� HWKQLFLW\�� 0RUH� UHFHQWO\�� WKHUH� LV� D
UHQHZHG� LQWHUHVW� LQ� WKH� UROHV� RI� VFKRRO� V\VWHPV� DQG� VFKRROV� LQ� VKDSLQJ� SDWWHUQV� RI
DFKLHYHPHQW��,I�LW�LV�NQRZQ�ZKLFK�VWXGHQWV�LQ�ZKDW�W\SH�RI�VFKRROV�DUH�QRW�DFKLHYLQJ
PDVWHU\��WKHQ�LW�KHOSV�LQ�VHHNLQJ�H[SODQDWLRQV�DV�WR�ZK\��'HWDLOHG�LQIRUPDWLRQ�DW�ERWK
WKH� LQGLYLGXDO� DQG� RUJDQLVDWLRQDO� OHYHOV� LV� QHHGHG� WR� GHWHUPLQH�ZK\� VRPH� VWXGHQWV
KDYH�ORZHU�DFKLHYHPHQW�OHYHOV��$�VWURQJ�HPSLULFDO�IRXQGDWLRQ�LV�HVVHQWLDO�WR�GHYHORS
DSSURSULDWH�SROLFLHV�IRU�LPSURYLQJ�VWDQGDUGV�LQ�UHDGLQJ�DQG�QXPHUDF\�

'$7$�$1'�$1$/<6(6

$V� WKH� LQYHVWLJDWLRQ� ZDV� EDVHG� RQ� GDWD� IURP� VHYHUDO� VWXGLHV�� SURFHGXUHV� ZHUH
GHVLJQHG� WR� HVWDEOLVK� WKH� EHVW� SRVVLEOH� EDVLV� IRU� FRPSDULVRQV�� 7KLV� VHFWLRQ� EULHIO\
GHVFULEHV� WKH� GDWD� WKDW� ZHUH� XVHG�� WKH� DFKLHYHPHQW� WHVWV�� WKH� FRPPRQ� VFDOHV
FRQVWUXFWHG�WR�OLQN�WKH�GLIIHUHQW�WHVWV��DQG�WKH�DQDO\VHV�WKDW�ZHUH�FRQGXFWHG��$SSHQGL[
��SURYLGHV�PRUH�LQIRUPDWLRQ�DERXW�WKHVH�LVVXHV�DQG�WKH�JHQHUDO�UHVHDUFK�GHVLJQ�
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6DPSOHV�DQG�'DWD

7KH�DQDO\VHV�PDGH�XVH�RI�HLJKW�GDWD�VHWV� VSDQQLQJ�D����\HDU�SHULRG��7KH� IRXU�PDLQ
GDWD�VHWV�ZHUH�EDVHG�RQ�ODUJH�UHSUHVHQWDWLYH�VDPSOHV�RI�VWXGHQWV�ZKR�FRPSOHWHG�WHVWV
LQ�������$XVWUDOLDQ�6WXGLHV�LQ�6FKRRO�3HUIRUPDQFH�$663���������$XVWUDOLDQ�6WXGLHV
LQ� 6WXGHQW� 3HUIRUPDQFH�$663��� ����� �<RXWK� LQ� 7UDQVLWLRQ�<,7�� DQG� ����
�/RQJLWXGLQDO�6XUYH\V�RI�$XVWUDOLDQ�<RXWK�/6$<���)RXU�VPDOOHU�GDWD�VHWV�IURP������
�����������DQG�������$XVWUDOLDQ�<RXWK�6XUYH\�$<6��ZHUH�XVHG�LQ�VRPH�SDUWV�RI�WKH
DQDO\VHV��$Q�RXWOLQH�RI�WKH�VL]H�DQG�VWUXFWXUH�RI�WKH�GDWD�VHWV�LV�FRQWDLQHG�LQ�$SSHQGL[
��� *HQHUDOO\�� WKHVH� VWXGLHV� ZHUH� EDVHG� RQ� VDPSOHV� RI� ��� \HDU�ROGV�� EXW� WKH� ����
/6$<�VDPSOH�ZDV�RI�\HDU���VWXGHQWV�DQG�WKH�$<6�VDPSOHV�LQFOXGHG�VRPH����DQG���
\HDU�ROG� VWXGHQWV�� )RU� WKLV� UHDVRQ� WKUHH� OLQHV� RI� GDWD� DUH� SUHVHQWHG� LQ�PDQ\� RI� WKH
WDEOHV�LQ�WKH�UHSRUW��DOO�VWXGHQWV�WHVWHG��DOO����\HDU�ROGV�WHVWHG�DQG����\HDU�ROGV�LQ�\HDU
���$OWKRXJK�WKH�SDWWHUQV�IRU�WKH�PHDQV�DUH�VLPLODU�ZKLFKHYHU�JURXS�LV�FRPSDUHG��WKH
SULPH�UHIHUHQFH�LV����\HDU�ROG�VWXGHQWV�

$Q\�HVWLPDWH�EDVHG�RQ�D�VDPSOH�ZLOO�KDYH�D�VDPSOLQJ�HUURU�DVVRFLDWHG�ZLWK� LW��$V�D
JXLGH�WR�WKH�DFFXUDF\�RI�WKHVH�VDPSOHV��.HHYHV�DQG�%RXUNH��������HVWLPDWHG�WKDW�WKH
��� SHU� FHQW� FRQILGHQFH� LQWHUYDO� IRU� D� SHUFHQWDJH� RI� ��� ZDV� SOXV� RU� PLQXV� ���
SHUFHQWDJH�SRLQWV�RQ�WKH�UHDGLQJ�DQG�QXPHUDF\�WHVWV�LQ�WKH������VDPSOH��7KLV�PHDQV
WKDW� D� GLIIHUHQFH� RI� XS� WR� ���� SHUFHQWDJH� SRLQWV� FRXOG� EH� DWWULEXWHG� WR� VDPSOLQJ
YDULDWLRQ��)RU�VPDOOHU�JURXSV��VXFK�DV�WKH�VDPSOHV�IURP�VPDOOHU�VWDWHV�DQG�WHUULWRULHV�
WKH�VDPSOLQJ�HUURUV�DQG�FRQILGHQFH�LQWHUYDOV�ZRXOG�EH�ODUJHU�WKDQ�WKLV�

7KH�$FKLHYHPHQW�7HVWV�DQG�WKH�&RPPRQ�6FDOHV

7KH� UHDGLQJ� FRPSUHKHQVLRQ� WHVWV� DQG� QXPHUDF\� FRPSULVHG� ��� WR� ��� LWHPV�� PRUH
FRPPRQO\� PXOWLSOH� FKRLFH� TXHVWLRQV� EXW� DOVR� VKRUW� DQVZHU� TXHVWLRQV�� 7KH� WHVWV
LQFOXGH�D�VXEVWDQWLDO�QXPEHU�RI�LWHPV�FRPPRQ�WR�WZR�RU�PRUH�WHVWV��7KH�UHDGLQJ�DQG
QXPHUDF\� WHVWV� LQ� WKH� ����� $663� VWXG\� ZHUH� LQWHQGHG� WR� DVVHVV� PLQLPXP
FRPSHWHQF\�EXW�ODWHU�WHVWV�ZHUH�GHVLJQHG�WR�SURYLGH�LQIRUPDWLRQ�DERXW�D�ZLGHU�UDQJH
RI� VWXGHQW� SHUIRUPDQFH� DQG� WKXV� LQFRUSRUDWHG� PRUH� GLIILFXOW� LWHPV�� ,Q� WKLV� UHSRUW
VWXGHQW� SHUIRUPDQFH� RQ� LQGLYLGXDO� FRPPRQ� LWHPV� LV� FRPSDUHG� EXW� LW� LV� HVSHFLDOO\
DGYDQWDJHRXV�WR�XVH�LQIRUPDWLRQ�RQ�VWXGHQW�SHUIRUPDQFH�IURP�DOO�LWHPV��7R�WKDW�HQG
FRPPRQ� VFDOHV� IRU� UHDGLQJ� DQG� QXPHUDF\� EDVHG� RQ� DOO� LWHPV�ZHUH� FRQVWUXFWHG� DQG
XVHG� LQ� UHSRUWLQJ� UHVXOWV�� 7KH� SURFHGXUH� IRU� HVWDEOLVKLQJ� WKHVH� VFDOHV� LV� RXWOLQHG� LQ
$SSHQGL[����(YHQ�WKRXJK�WKH�VFDOHV�ZHUH�FDOLEUDWHG�WR�UDQJH�IURP���WR������WKH�VFDOH
LV�DUELWUDU\�DQG�GRHV�QRW�FRUUHVSRQG�WR�WKH�SHUFHQWDJH�RI�LWHPV�FRUUHFW�

$FKLHYHPHQW�DQG�0DVWHU\

$FKLHYHPHQW�LV�UHSUHVHQWHG�E\�SHUIRUPDQFH�RQ�WKH�UHDGLQJ�DQG�QXPHUDF\�WHVWV�DQG�LV
PHDVXUHG� RQ� WKH� FRPPRQ� VFDOHV�� ,Q� WKLV� UHSRUW� RYHUDOO� OHYHOV� RI� DFKLHYHPHQW� LQ
UHDGLQJ�DQG�QXPHUDF\�DW�HDFK�WLPH�DUH�VXPPDULVHG�E\�WKH�PHDQ��DYHUDJH��VFRUH��7KLV
VWDWLVWLF�SURYLGHV�WKH�PRVW�VWDEOH�LQGLFDWLRQ�RI�DFKLHYHPHQW�IRU�D�SDUWLFXODU�FRKRUW�RU
JURXS�� 0DVWHU\� UHIHUV� WR� VDWLVI\LQJ� WKH� FULWHULD� GHILQHG� LQ� ����� DV� QHFHVVDU\� WR
IXQFWLRQ� LQ� DGXOW� VRFLHW\�� )RU� ODWHU� VWXGLHV� LW�ZDV�PHDVXUHG� E\� DSSO\LQJ� WKH� FXWWLQJ
VFRUH�RQ�WKH�FRPPRQ�VFDOH� WKDW�GLIIHUHQWLDWHG�PDVWHU\� IURP�QRQ�PDVWHU\� LQ������ WR
WKH� SDUWLFXODU� WHVW� FRPSOHWHG� E\� WKH� VWXGHQW�� 7KLV� SDSHU� UHSRUWV� WKH� SHUFHQWDJHV� RI
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VWXGHQWV�ZKR� DWWDLQHG�PDVWHU\�� 7KHVH� SHUFHQWDJHV� WHQG� WR� EH� OHVV� VWDEOH� WKDQ�PHDQ
OHYHOV�RI�DFKLHYHPHQW�VLQFH�WKH\�DUH�EDVHG�RQ�FXW�RIIV�DQG�WKHUHIRUH�DUH�VHQVLWLYH�WR
VPDOO�FKDQJHV�LQ�GLVWULEXWLRQV��7KLV� LV�HVSHFLDOO\�WKH�FDVH� IRU�VPDOO�VDPSOHV�VXFK�DV
WKH�$XVWUDOLDQ�<RXWK�6XUYH\�VDPSOHV�DQG�WKH�VRFLDO�JURXSV�ZLWKLQ�WKH�ODUJHU�VWXGLHV�

$QDO\VHV

,Q� WKH� UHSRUW�� DQDO\VHV� RI� UHDGLQJ� FRPSUHKHQVLRQ� DQG� QXPHUDF\� DUH� SUHVHQWHG
VHSDUDWHO\�EXW�ZLWKLQ�D�VLPLODU�VWUXFWXUH��)LUVW��LWHP�IDFLOLWLHV��WKH�SHUFHQWDJH�FRUUHFW�
IRU�LWHPV�FRPPRQ�WR�WZR�RU�PRUH�WHVWV�DUH�SUHVHQWHG�DQG�GLVFXVVHG��7KHVH�GDWD�FDQ
SURYLGH�DQ�LQGLFDWLRQ�RI�FKDQJHV�LQ�DFKLHYHPHQW�LQ�SDUWLFXODU�DUHDV��GHWDLO�WKDW�LV�ORVW
ZKHQ�RYHUDOO�VFDOHV�DUH�FRPSDUHG��6HFRQGO\��FKDQJHV�RYHU� WLPH� LQ�DFKLHYHPHQW�DQG
PDVWHU\� DUH� UHSRUWHG�� ,Q� WKLV�� DQG� LQ� IROORZLQJ� DQDO\VHV�� WKH� FRPPRQ� DFKLHYHPHQW
VFDOHV�DUH�HPSOR\HG��7KLUGO\��WKH�UHSRUW�H[DPLQHV�WKH�DVVRFLDWLRQ�RI�DFKLHYHPHQW�ZLWK
JHQGHU�� VRFLDO� EDFNJURXQG�� DQG� VWDWH� RU� WHUULWRU\�� 7KHVH� LQYHVWLJDWLRQV� XVH� VLPSOH
PHDVXUHV�RI�DVVRFLDWLRQ�DV�ZHOO�DV�PXOWLYDULDWH�DQG�PXOWLOHYHO�DQDO\VHV�

0XOWLYDULDWH� SURFHGXUHV� DUH� UHTXLUHG� EHFDXVH� WKHUH� DUH� PXOWLSOH� LQIOXHQFHV� RQ
DFKLHYHPHQW� DQG� WKHVH� LQIOXHQFHV� DUH� LQWHU�UHODWHG�� 0XOWLOHYHO� �RU� KLHUDUFKLFDO�
DQDO\VHV�DUH�QHFHVVDU\�VLQFH�VWXGHQWV�DUH�FOXVWHUHG�ZLWKLQ� VFKRROV�DQG� WKHUH�PD\�EH
FRQWH[WXDO� LQIOXHQFHV� IURP� VFKRROV�� 7KH� PXOWLYDULDWH� DQG� PXOWLOHYHO� VWDWLVWLFV� DQG
WHVWV� RI� VLJQLILFDQFH� DUH� GHULYHG� IURP� DQDO\VHV� RI� DFKLHYHPHQW� LQ� UHDGLQJ� DQG
QXPHUDF\� WKDW� LQFRUSRUDWH� DOO� SUHGLFWRU�YDULDEOHV� LQ� D�PRGHO�RI� DFKLHYHPHQW��7KHVH
DQDO\VHV�XQFRYHU�WKH�QHW�HIIHFWV�RI�SUHGLFWRU�YDULDEOHV��WKDW�LV�WKH�HIIHFW�RI�D�SUHGLFWRU
YDULDEOH�FRQWUROOLQJ�IRU�RWKHU�LQIOXHQFHV��VSHFLILHG�LQ�WKH�PRGHO���7KHVH�UHODWLRQVKLSV
DUH� UHSRUWHG� IRU� GLIIHUHQW� WLPHV� �ZKHQ� WKH� GDWD� DUH� FRPSDUDEOH�� WKXV� HQDEOLQJ� WKH
LGHQWLILFDWLRQ�RI� WUHQGV��7KH�PXOWLYDULDWH�PXOWLOHYHO�SURFHGXUHV�GHWHUPLQH�ZKHWKHU�D
FKDQJH� LQ� WKH� SHUIRUPDQFH� RI� SDUWLFXODU� VRFLDO� JURXS� LV� EHFDXVH� RI� FKDQJHV� LQ� WKH
VRFLDO� FKDUDFWHULVWLFV� RI� WKDW� JURXS� �IRU� H[DPSOH� FKDQJHV� LQ� LWV� VRFLRHFRQRPLF
FRPSRVLWLRQ��RU�UHSUHVHQWV�D�UHDO�FKDQJH�

$&+,(9(0(17�,1�5($',1*�&2035(+(16,21

7KLV� VHFWLRQ�SUHVHQWV� WKH� UHVXOWV�RI� VRPH�RI� WKH� DQDO\VHV�RI� DFKLHYHPHQW� LQ� UHDGLQJ
FRPSUHKHQVLRQ�� 7KH� ILUVW� SDUW� IRFXVHV� RQ� LQGLYLGXDO� LWHPV�� WKH� VHFRQG� FRQVLGHUV
JHQHUDO�WUHQGV�LQ�DFKLHYHPHQW�DQG�PDVWHU\�RYHU����\HDUV�DQG�WKH�ILQDO�SDUW�H[SORUHV
SDWWHUQV�RI�DVVRFLDWLRQ�ZLWK�GHPRJUDSKLF�IDFWRUV�

&KDQJHV�LQ�WKH�3HUIRUPDQFH�RQ�,QGLYLGXDO�,WHPV

7DEOH���SUHVHQWV�WKH�SHUFHQWDJH�RI�VWXGHQWV�FRUUHFWO\�DQVZHULQJ�FRPPRQ�LWHPV�RQ�WKH
UHDGLQJ�WHVWV��,WHPV�FRPPRQ�WR�RQO\�WKH������DQG������$663�DUH�QRW�LQFOXGHG�LQ�WKLV
WDEOH�DQG�KDYH�EHHQ�GLVFXVVHG�HOVHZKHUH��%RXUNH�HW�DO���������

7DEOH�� 3HUFHQWDJH� RI� ��� \HDU�ROG� 6WXGHQWV� &RUUHFWO\� $QVZHULQJ� &RPPRQ
5HDGLQJ�&RPSUHKHQVLRQ�,WHPV

,WHP $OO ����
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1HZVSDSHU�$UWLFOHV

�+RZ�GLG�2LO�JHW�WKHUH �� �� �� �� �� � � � �
�:KR�6KRW�WKH�%LUGV �� �� �� �� �� � � � �
�7LJHU�$UWLFOH �� �� �� �� �� � � � �
�3D\�*UDE�0HDQV �� �� � �� �� �� �� �� ��
�2Q�6WULNH �� � �� �� �� �� �� �� ��
�+HDYH�+R�%DWWOH�0HDQV �� � �� �� �� �� �� �� ��
�9DORXU�$ZDUG�7HOOV�RI �� � �� �� �� �� �� �� ��
�$FQH�2FFXUV�ZKHQ �� � � � � �� � �� �
�$FQH�%HFRPHV�6HYHUH�LI �� � � � � �� � �� �
�'RQ
W�6TXHH]H�3LPSOHV �� � � � � �� � �� �
�)ORDWLQJ�%HVW�'HVFULEHG�DV �� � � � � � �� �� ��
�)ORDWLQJ�'HSHQGV�RQ �� � � � � � �� �� �
�%HH�/LQH�LV �� � � � � � �� � ��

&RPSUHKHQVLRQ�RI�7H[W

�3DUDFXWLQ�1DPH�RI�:KDW �� �� � �� �� � � � ��
�3DUDFXWLQ�'HVWUR\HG�LQ�(UXSWLRQ �� �� � �� �� � � � ��
�3DUDFXWLQ�$VOHHS�0HDQV �� �� � �� �� � � � ��
�3DUDFXWLQ��LV�1RZ �� �� � �� �� � � � �
�3DUDFXWLQ�/RFDWLRQ�RI�9ROFDQR �� �� � �� �� � � � �
�3DUDFXWLQ�/HDUQ�DERXW�9ROFDQRHV �� �� � �� �� � � � �

�7UDLQ�$IIHFW�RI�%DG�:HDWKHU �� � � � � �� � �� ��
�7UDLQ�0DQ�GLGQ
W�*R�LQWR�1LFKH �� � � � � �� � �� ��
�7UDLQ�6LJQ�RI�6HFRQG�7UDLQ �� � � � � �� � �� �
�7UDLQ�7ZR�7UDLQV�LQ�7XQQHO �� � � � � �� � �� ��
�7UDLQ�0LVWDNHQ�DERXW�'LVWDQFH �� � � � � �� � �� ��
�7UDLQ�*RRG�/RUG�ZLWK�0H �� � � � � �� � �� ��

�1XFOHDU�:DU�5ROH�RI�6FLHQWLVWV �� � � �� �� �� �� �� �
�1XFOHDU�:DU�$WWLWXGH�WR�%RPE �� � � � � �� �� �� �
�1XFOHDU�:DU�:RUNLQJ�2Q�%RPE �� � � � � �� �� �� �
�1XFOHDU�:DU�'XW\ �� � � �� �� � � � �
�1XFOHDU�:DU�(YLGHQFH �� � � �� �� � � � �
�1XFOHDU�:DU�(QG�+XPDQV �� � � �� �� � � � �

2WKHU�,WHPV
�&URVVZRUG�&OXH�$QJHU �� � � �� �� �� �� �� �
�/HWWHUV�3DJH �� � �� �� �� �� �� �� ��
�3HUWK
V�0D[LPXP�7HPSHUDWXUH �� � �� �� �� �� �� � �

%HIRUH� FRQVLGHULQJ� WUHQGV�� LW� LV� ZRUWK� QRWLQJ� WKDW� WKH� UHVXOWV� IRU� WKH� WZR� VWXGLHV
FRQGXFWHG� LQ� ����� DUH� FRQVLVWHQW� RQ� PRVW� LWHPV� ZLWK� WKH� SHUFHQWDJH� RI� VWXGHQWV
DQVZHULQJ� FRUUHFWO\� GLIIHULQJ� E\� RQO\� D� IHZ� SHUFHQWDJH� SRLQWV�� 7KLV� UHVXOW� VXJJHVWV
WKDW�WKH�WHVWV�DUH�UHOLDEOH��7KH\�DUH�QRW�VXEMHFW�WR�ZLGH�DQG�XQDFFRXQWDEOH�FKDQJHV�

2YHUDOO��WZR�FRXQWHUDFWLQJ�FKDQJHV�KDYH�RFFXUUHG��3HUIRUPDQFH�RQ�WKH�LWHPV�UHODWLQJ
WR� VKRUW� QHZVSDSHU� VWRULHV� KDYH� LPSURYHG� RU� VWD\HG� WKH� VDPH� ZKLOH� WKDW� RQ� LWHPV
UHODWLQJ�WR�ORQJHU�WH[WXDO�SDVVDJHV�KDV�JHQHUDOO\�GHFOLQHG�
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2I� WKH� LWHPV� UHODWLQJ� WR� QHZVSDSHU� DUWLFOHV�� SHUIRUPDQFH� KDV� LPSURYHG� RQ� WKH� µSD\
JUDE¶�� µYDORXU� DZDUG¶�� µIORDWLQJ� GHVFULEHG� DV¶� DQG� µEHH�OLQH¶� LWHPV�� ,Q� FRQWUDVW
SHUIRUPDQFH�RQ�WKH�µRQ�VWULNH¶�LWHP�GHFOLQHG��2Q�WKH�RWKHU�LWHPV��WKH�SHUFHQWDJHV�ZKR
DQVZHUHG�FRUUHFWO\�DUH�UHPDUNDEO\�FRQVWDQW�

2Q� WKH� PRUH� GLIILFXOW� SDVVDJHV�� WKH� LWHP� IDFLOLWLHV� KDYH� GHFOLQHG� �LH�� D� VPDOOHU
SHUFHQWDJH� RI� VWXGHQWV� ZHUH� FRUUHFW��� 6HYHUDO� TXHVWLRQV� SHUWDLQLQJ� WR� WKH� 0H[LFDQ
YROFDQR��3DUDFXWLQ��VKRZ�D�GHFOLQH��ERWK�EHWZHHQ������DQG������DQG�EHWZHHQ�����
DQG�������6LPLODUO\��PRVW�TXHVWLRQV�DERXW�WKH�H[SUHVV�WUDLQ�SDVVDJH��VKRZ�D�GHFOLQH
EHWZHHQ������DQG�������7KH� LWHP� IDFLOLWLHV� IRU� WKH� ILUVW� TXHVWLRQ�RQ� WKH�0DQKDWWDQ
SURMHFW�DOVR�VXJJHVW�D�GHFOLQH��6LQFH�WKHVH�GHFOLQHV�FDQQRW�EH�DWWULEXWHG�WR�FKDQJHV�LQ
WKH�IRUPDW�RI�WKH�TXHVWLRQV�RU�WKHLU�SRVLWLRQ�LQ�WKH�WHVW��WKH\�DUH�PRVW�SUREDEO\�UHDO�

7UHQGV�LQ�5HDGLQJ�&RPSUHKHQVLRQ

7DEOH��� UHFRUGV� WKH�PHDQ� VFRUHV� IRU� UHDGLQJ� DFKLHYHPHQW�RQ� WKH� FRPPRQ� VFDOH� IRU
HDFK� RI� WKH� VWXGLHV�� 6LQFH� ����� WKH� OHYHO� RI� UHDGLQJ� DFKLHYHPHQW� KDV� HLWKHU� VWD\HG
DERXW� WKH� VDPH�RU�GHFOLQHG� VOLJKWO\��:LWK����\HDU�ROG� VWXGHQWV�� RU�ZLWK� DOO� VWXGHQWV
WHVWHG�� WKH� GHFOLQH� LV� DURXQG� RQH� RU� WZR� VFDOH� SRLQWV�� ZHOO� ZLWKLQ� VDPSOLQJ� HUURU�
:KHQ� WKH� DQDO\VLV� LV� UHVWULFWHG� WR� ��� \HDU�ROGV� LQ� \HDU� ��� D� JUHDWHU� GHFOLQH� LV
GLVFHUQLEOH�EXW�DJDLQ�WKH�YDULDWLRQV�DUH�ZLWKLQ��WKH�ODUJHU��VDPSOLQJ�YDULDWLRQ��2YHUDOO�
WKH�FRQFOXVLRQ�IURP�WKHVH�GDWD�LV�WKDW�WKHUH�LV�QR�VXEVWDQWLDO�FKDQJH�LQ�SHUIRUPDQFH�LQ
UHDGLQJ�FRPSUHKHQVLRQ�RYHU�WKH�ODVW�WZR�GHFDGHV�

7DEOH�� 7UHQGV�LQ�5HDGLQJ�&RPSUHKHQVLRQ�IURP������WR�����

$OO ����
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0HDQ�6FRUHV�RQ�&RPPRQ�6FDOH

�$OO�6WXGHQWV �� �� �� �� �� �� �� �� ��
����\HDU�ROG�6WXGHQWV �� �� �� �� �� �� �� �� ��
����\HDU�ROGV�LQ�<U�� �� �� �� �� �� �� �� �� ��

3HUFHQWDJH�RI�6WXGHQWV�$FKLHYLQJ�0DVWHU\

�$OO�6WXGHQWV �� �� �� �� �� �� �� �� ��
����\HDU�ROG�6WXGHQWV �� �� �� �� �� �� �� �� ��
����\HDU�ROGV�LQ�<U�� �� �� �� �� �� �� �� �� ��

$QRWKHU�SHUVSHFWLYH�RQ� ORRNLQJ� DW� FKDQJHV� LQ�SHUIRUPDQFH�RYHU� WLPH� LV� WR� H[DPLQH
WKH�SHUFHQWDJH�RI�VWXGHQWV�ZKR�DWWDLQHG�PDVWHU\�LQ�UHDGLQJ��7DEOH���DOVR�SUHVHQWV�WKH
SHUFHQWDJH�RI�VWXGHQWV�LQ�HDFK�VWXG\�ZKR�DFKLHYHG�PDVWHU\�IRU�$XVWUDOLD�DV�D�ZKROH�
�7KH�ILJXUHV�IRU�WKH������GDWD�FRUUHVSRQG�WR�WKH����SHU�FHQW�ZKR�DFKLHYHG�PDVWHU\�DV
UHSRUWHG�E\�%RXUNH�DQG�.HHYHV�������������2YHUDOO��WKHUH�KDV�EHHQ�QR�FKDQJH�LQ�WKH
SURSRUWLRQV�RI�VWXGHQWV�ZKR�KDYH�DWWDLQHG�PDVWHU\�RI� WKHVH�OLWHUDF\�VNLOOV�RI�UHDGLQJ
FRPSUHKHQVLRQ�� 7KH� FKDQJHV� REVHUYHG� DUH� ZLWKLQ� VDPSOLQJ� YDULDWLRQ�� 7KHUH� ZDV� D
ODUJHU� GLIIHUHQFH� ZKHQ� FRPSDULQJ� MXVW� ��� \HDU�ROGV� LQ� \HDU� ��� 7KLV� LV� IOXFWXDWLRQ
UDWKHU�WKDQ�GHFOLQH�DQG�GXH�WR�WKH�LQVWDELOLW\�RI�FXW�RIIV�LQ�VHYHUHO\�UHVWULFWHG�VDPSOHV�
7KH�GDWD�IRU�PHDQV�LQ�WKH�IXOO����\HDU�ROG�VDPSOH�VKRZ�PXFK�JUHDWHU�VWDELOLW\�
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3DWWHUQV�RI�$FKLHYHPHQW�LQ�5HDGLQJ�&RPSUHKHQVLRQ

,Q� WKLV� VHFWLRQ� UHODWLRQVKLSV� EHWZHHQ� DFKLHYHPHQW� LQ� UHDGLQJ� FRPSUHKHQVLRQ� DQG
JHQGHU�� HWKQLFLW\�� SDUHQWDO� RFFXSDWLRQDO� EDFNJURXQG� �D� PHDVXUH� RI� VRFLRHFRQRPLF
VWDWXV�� DQG� VWDWH� RU� WHUULWRU\� DUH� LQYHVWLJDWHG� XVLQJ� ERWK� ELYDULDWH� DQG� PXOWLYDULDWH
PHWKRGV�RI�DQDO\VLV�

'LIIHUHQFHV�%HWZHHQ�0DOH�DQG�)HPDOH�6WXGHQWV

7DEOH���VKRZV�WKH�DYHUDJH�OHYHOV�RI�DFKLHYHPHQW�LQ�UHDGLQJ�FRPSUHKHQVLRQ�IRU�ER\V
DQG�JLUOV��&RQVLVWHQW�ZLWK� UHVXOWV� UHSRUWHG� LQ� WKH� UHVHDUFK� OLWHUDWXUH�� DFKLHYHPHQW� LQ
UHDGLQJ� LV� VOLJKWO\� KLJKHU� DPRQJ� JLUOV� WKDQ� ER\V�� 0RUHRYHU� WKHVH� GDWD� VXJJHVW� D
WHQGHQF\�WRZDUGV�D�ZLGHQLQJ�RI�WKH�JDS�EHWZHHQ�PDOHV�DQG�IHPDOHV�GXULQJ�WKH�����V�
$QDO\VHV� RI� WKH� VPDOOHU� GDWD� VHWV� IURP� WKH� $XVWUDOLDQ� <RXWK� 6XUYH\� VXSSRUW� WKLV
LQWHUSUHWDWLRQ�� 7KLV� ZLGHQLQJ� JDS� EHWZHHQ� PDOHV� DQG� IHPDOHV� RYHU� WKH� ����V� LV
FRQVLVWHQW� ZLWK� WUHQGV� LQ� RWKHU� RXWFRPHV� VXFK� DV� SHUIRUPDQFH� RQ� ILQDO� VHFRQGDU\
VFKRRO�DVVHVVPHQWV��0F&DQQ��������0F*DZ�HW�DO���������

7DEOH�� 3HUIRUPDQFH�RQ�5HDGLQJ�&RPSUHKHQVLRQ�IRU�0DOHV�DQG�)HPDOHV

���� ���� ���� ����

0DOH )HPDOH 0DOH )HPDOH 0DOH )HPDOH 0DOH )HPDOH

0HDQ�6FRUHV�RQ�&RPPRQ�6FDOH
$OO�6WXGHQWV �� �� �� �� �� �� �� ��
���\HDU�ROG�6WXGHQWV �� �� �� �� �� �� �� ��
���\HDU�ROGV�LQ�<U�� �� �� �� �� �� �� �� ��

3HUFHQWDJH�RI�6WXGHQWV�$FKLHYLQJ�0DVWHU\
$OO�6WXGHQWV �� �� �� �� �� �� �� ��
���\HDU�ROG�6WXGHQWV �� �� �� �� �� �� �� ��
���\HDU�ROGV�LQ�<U�� �� �� �� �� �� �� �� ��

7DEOH� �� DOVR� VKRZV� WKH� VDPH� WUHQG� IURP� D� GLIIHUHQW� SHUVSHFWLYH�� ,W� UHFRUGV� WKH
SHUFHQWDJHV�RI�PDOHV�DQG�IHPDOHV�ZKR�GHPRQVWUDWH�PDVWHU\�RQ�WKHVH�UHDGLQJ�WHVWV��,Q
���������SHU�FHQW�RI����\HDU�ROG�PDOH�VWXGHQWV��FRPSDUHG�WR����SHU�FHQW�RI�IHPDOHV
DWWDLQHG�PDVWHU\��ZKHUHDV�LQ������WKH�SHUFHQWDJHV�ZHUH����SHU�FHQW�DQG����SHU�FHQW
UHVSHFWLYHO\��7KH�GLYHUJHQFH� LQ�PDVWHU\� OHYHOV�EHWZHHQ�ER\V�DQG�JLUOV� LV� VXEVWDQWLDO
DQG�VXJJHVWV�WKDW�IXUWKHU�LQYHVWLJDWLRQ�LV�ZDUUDQWHG�

0XOWLYDULDWH� DQDO\VHV� FRQILUP� WKDW� WKH� JDS� EHWZHHQ� ER\V� DQG� JLUOV� LQ� UHDGLQJ
FRPSUHKHQVLRQ�LQFUHDVHG�RYHU�WLPH��,Q������ER\V�VFRUHG�WZR�VFDOH�SRLQWV�ORZHU�WKDQ
JLUOV��,Q�WKH������DQG������VWXGLHV��WKH�GLIIHUHQFHV�ZHUH�VPDOOHU�DQG�QRW�VWDWLVWLFDOO\
VLJQLILFDQW�
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'LIIHUHQFHV�$VVRFLDWHG�ZLWK�/DQJXDJH�%DFNJURXQG

,Q� WKUHH� RI� WKH� GDWD� VHWV� LW� ZDV� SRVVLEOH� WR� H[DPLQH� WKH� GLIIHUHQFH� LQ� DFKLHYHPHQW
EHWZHHQ� VWXGHQWV�ZKRVH� KRPH� ODQJXDJH�ZDV� (QJOLVK� DQG� WKRVH� ZKRVH� ODQJXDJH� DW
KRPH�ZDV�DQRWKHU�ODQJXDJH��7KH�UHVXOWV�DUH�UHFRUGHG�LQ�7DEOH���

7DEOH�� 0HDQ�6FRUHV� DQG� 0DVWHU\� RI� 5HDGLQJ�&RPSUHKHQVLRQ� E\�/DQJXDJH
6SRNHQ�DW�+RPH

���� ���� ����
/DQJXDJH�DW�+RPH /DQJXDJH�DW�+RPH /DQJXDJH�DW�+RPH
(QJOLVK 2WKHU (QJOLVK 2WKHU (QJOLVK 2WKHU

0HDQ�6FRUHV�RQ�&RPPRQ�6FDOH

$OO�6WXGHQWV �� �� �� �� �� ��
���\HDU�ROG�6WXGHQWV �� �� �� �� �� ��
���\HDU�ROGV�LQ�<HDU�� �� �� �� �� �� ��

3HUFHQWDJH�RI�6WXGHQWV�$FKLHYLQJ�0DVWHU\

���\HDU�ROG�6WXGHQWV �� �� �� �� �� ��

1RW� VXUSULVLQJO\�� VWXGHQWV� ZKR� VSRNH� D� ODQJXDJH� RWKHU� WKDQ� (QJOLVK� DW� KRPH
SHUIRUPHG�VXEVWDQWLDOO\�OHVV�ZHOO�WKDQ�WKHLU�SHHUV��7KHUH�GLG�DSSHDU�WR�EH�D�FORVLQJ�RI
WKH� JDS� RYHU� WKH� SHULRG� IURP� ����� WR� ����� DQG� WKLV� ZDV� LQYHVWLJDWHG� IXUWKHU� ZLWK
PXOWLYDULDWH�DQDO\VHV�

0XOWLYDULDWH�DQDO\VHV� VKRZHG� WKDW� WKH�HIIHFW�RI� ODQJXDJH�DW�KRPH�ZDV�SDUWO\�GXH� WR
VRFLRHFRQRPLF�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�ODQJXDJH�JURXSV��$IWHU�DQ�DOORZDQFH�ZDV
PDGH� IRU� VRFLRHFRQRPLF� EDFNJURXQG� WKH� GLIIHUHQFH� EHWZHHQ� WKH� JURXSV� EHFDPH
VPDOOHU�DQG�ZDV�DSSUR[LPDWHO\�VL[�VFDOH�SRLQWV�LQ�ERWK������DQG������

7KHVH� ILQGLQJV� VXJJHVW� WKDW� WKH� DSSDUHQW� UHGXFWLRQ� RI� WKH� JDS� EHWZHHQ� WKH� WZR
ODQJXDJH�JURXSV�RYHU� WKH� SHULRG� LV� GXH� WR� KLJKHU� OHYHOV� RI� VRFLRHFRQRPLF� VWDWXV� RI
VWXGHQWV�ZKRVH�ODQJXDJH�DW�KRPH�LV�QRW�(QJOLVK�LQ������FRPSDUHG�WR�������,Q�RWKHU
ZRUGV�WKHUH�ZDV�QR�LPSURYHPHQW�LQ�UHDGLQJ�SHUIRUPDQFH�IRU�VWXGHQWV�RI�FRPSDUDEOH
VRFLRHFRQRPLF�EDFNJURXQG�

7KHUH� LV�DQ� LQFUHDVH� LQ�PDVWHU\�RI� UHDGLQJ�DPRQJ�VWXGHQWV�ZKRVH�PDLQ� ODQJXDJH�DW
KRPH� ZDV� QRW� (QJOLVK�� ,Q� ����� ��� SHU� FHQW� RI� WKHVH� VWXGHQWV� DWWDLQHG� PDVWHU\
FRPSDUHG�WR����SHU�FHQW�LQ�������VWLOO�WUDLOLQJ�WKH�(QJOLVK�DW�KRPH�JURXS�E\�QHDUO\���
SHUFHQWDJH�SRLQWV��7KLV�LV�PXFK�ODUJHU�WKDQ�GLIIHUHQFHV�LQ�PHDQ�VFRUHV��$V�GLVFXVVHG
DERYH�� WKH� QDUURZLQJ� RI� WKH� JDS� LQ� PDVWHU\� LV� PDLQO\� GXH� WR� FKDQJHV� LQ� WKH
VRFLRHFRQRPLF�SURILOH�RI�QRQ�(QJOLVK�ODQJXDJH�JURXSV�

'LIIHUHQFHV�$VVRFLDWHG�ZLWK�3DUHQWV¶�2FFXSDWLRQDO�*URXS

7DEOH���SUHVHQWV�WKH�PHDQ�VFRUHV�RQ�WKH�FRPPRQ�UHDGLQJ�VFDOH�DFFRUGLQJ�WR�SDUHQWDO
RFFXSDWLRQDO�JURXS��3DUHQWV¶�RFFXSDWLRQV�ZHUH�FDWHJRULVHG�LQWR�IRXU�EURDG�JURXSV�WKDW
DOORZ� FRQVLVWHQW� FDWHJRULVDWLRQ� RYHU� WLPH�� 7KHVH� GDWD� VKRZ� WKDW� WKH� GLIIHUHQFH
EHWZHHQ� WKH� SURIHVVLRQDO�PDQDJHULDO� JURXS� DQG� WKH� XQVNLOOHG�VHPLVNLOOHG� JURXS� KDV
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QDUURZHG� RYHU� WKH� SDVW� ��� \HDUV�� ,Q� ����� WKH� JDS� ZDV� DSSUR[LPDWHO\� HLJKW� VFDOH
SRLQWV��ZKHUHDV�LQ������LW�ZDV�ILYH�RU�VL[�VFDOH�SRLQWV��7KLV�DSSDUHQW�HTXDOLVDWLRQ�PD\
EH�GXH�WR�JUHDWHU�KHWHURJHQHLW\�LQ�WKH�SURIHVVLRQDO�PDQDJHULDO�JURXS�RU�LW�PD\�UHIOHFW
D�UHDO�GHFOLQH�LQ�WKLV�DVSHFW�RI�VRFLDO�LQHTXDOLW\�

7DEOH�� 0HDQ�6FRUHV�DQG�0DVWHU\�RI�5HDGLQJ�&RPSUHKHQVLRQ�E\�2FFXSDWLRQDO
%DFNJURXQG

���� ���� ����
2FFXSDWLRQDO�*URXS 2FFXSDWLRQDO�*URXS 2FFXSDWLRQDO�*URXS
, ,, ,,, ,9 , ,, ,,, ,9 , ,, ,,, ,9

0HDQ�6FRUHV�RQ�&RPPRQ�6FDOH

$OO�6WXGHQWV �� �� �� �� �� �� �� �� �� �� �� ��
���\HDU�ROG�6WXGHQWV �� �� �� �� �� �� �� �� �� �� �� ��
���\HDU�ROGV�LQ�<U�� �� �� �� �� �� �� �� �� �� �� �� ��

3HUFHQWDJH�RI�6WXGHQWV�$FKLHYLQJ�0DVWHU\

���\HDU�ROG�6WXGHQWV �� �� �� �� �� �� �� �� �� �� �� ��

1RWH� *URXS�,�FRPSULVHG�3URIHVVLRQDOV��3DUD�3URIHVVLRQDOV��0DQDJHUV�DQG�$GPLQLVWUDWRUV
*URXS�,,�FRPSULVHG�&OHULFDO��6DOHV�DQG�6HUYLFH�:RUNHUV
*URXS�,,,�FRPSULVHG�7UDGHV�3HUVRQV
*URXS�,9�FRPSULVHG�3URFHVV�:RUNHUV�DQG�/DERXUHUV��XQVNLOOHG�VHPLVNLOOHG�

0XOWLYDULDWH� DQDO\VHV� FRQILUP� WKDW� WKH� LPSDFW� RI� RFFXSDWLRQDO� EDFNJURXQG� KDV
GHFOLQHG� RYHU� ��� \HDUV�� )RU� H[DPSOH�� LQ� ����� WKH� QHW� GLIIHUHQFH� EHWZHHQ� VWXGHQWV
IURP� SURIHVVLRQDO�PDQDJHULDO� DQG� XQVNLOOHG� EDFNJURXQGV� ZDV� DURXQG� WKUHH� SRLQWV
FRPSDUHG�WR�ILYH�SRLQWV�LQ������DQG������

7KH�PXOWLYDULDWH�DQDO\VHV�DOVR�LQGLFDWH�WKDW�SDUW�RI�WKH�GLIIHUHQFH�REVHUYHG�LQ�7DEOH��
FRXOG�EH� DVVRFLDWHG�ZLWK� VFKRRO� HIIHFWV� VXFK� DV�GLIIHUHQFHV� EHWZHHQ� VFKRRO� VHFWRUV�
7KH� QHW� GLIIHUHQFH� LQ� UHDGLQJ� DFKLHYHPHQW� EHWZHHQ� VWXGHQWV� IURP� SURIHVVLRQDO�
PDQDJHULDO� DQG� XQVNLOOHG� EDFNJURXQGV� ZDV� DURXQG� ILYH� SRLQWV� LQ� ����� DQG� �����
FRPSDUHG�WR�WKH�HLJKW�SRLQWV�VKRZQ�LQ�7DEOH����7KHUHIRUH�DSSUR[LPDWHO\�WKUHH�SRLQWV
FRXOG�EH�DWWULEXWHG�WR�DVVRFLDWHG�IDFWRUV�LQFOXGLQJ�VFKRRO�VHFWRU�

7KHUH�DUH�PRUH�VXEVWDQWLDO�VRFLRHFRQRPLF�GLIIHUHQFHV�ZLWK�PDVWHU\�WKDQ�ZLWK�RYHUDOO
SHUIRUPDQFH� �DYHUDJHV��� ,Q� ����� DQG� ����� ��� SHU� FHQW� PRUH� VWXGHQWV� IURP
SURIHVVLRQDO�DQG�PDQDJHULDO�EDFNJURXQGV�DWWDLQHG�PDVWHU\�FRPSDUHG�WR�VWXGHQWV�IURP
XQVNLOOHG�DQG�VHPL�VNLOOHG�EDFNJURXQGV��7KLV�JDS�KDG�QDUURZHG�WR�DERXW����SHU�FHQW
LQ� ������ 7KHUH� ZDV� D� GHFOLQH� LQ� WKH� PDVWHU\� OHYHOV� RI� UHDGLQJ� FRPSUHKHQVLRQ� IRU
VWXGHQWV�IURP�D�WUDGHV�RU�VNLOOHG�ZRUNHU�EDFNJURXQG�EHWZHHQ������DQG������

'LIIHUHQFHV�$VVRFLDWHG�ZLWK�$ERULJLQDO�DQG�7RUUHV�6WUDLW�,VODQGHU�%DFNJURXQG

7ZR�RI�WKH�ODUJH�VWXGLHV�������DQG�������GLVWLQJXLVKHG�$ERULJLQDO�DQG�7RUUHV�6WUDLW
,VODQGHU� VWXGHQWV�� ,Q� ����� $ERULJLQDO� DQG� 7RUUHV� 6WUDLW� ,VODQGHU� VWXGHQWV� ZHUH
LGHQWLILHG� E\� WKH� WHDFKHU�� ZKHUHDV� LQ� ����� WKLV� LQIRUPDWLRQ� ZDV� SURYLGHG� E\� WKH
VWXGHQW��7KH������VWXG\�DOVR�LQFOXGHG�D�VL]HDEOH�SURSRUWLRQ�RI�VWXGHQWV�LQ�$ERULJLQDO



5HDGLQJ�&RPSUHKHQVLRQ�DQG�1XPHUDF\ �

VFKRROV�� 7DEOH� �� VKRZV� WKDW� LQ� ����� WKH� UHDGLQJ� DFKLHYHPHQW� RI� $ERULJLQDO� DQG
7RUUHV� 6WUDLW� ,VODQGHU� VWXGHQWV� ZDV� VRPH� ��� VFDOH� SRLQWV� ORZHU� WKDQ� WKDW� IRU� RWKHU
VWXGHQWV�� 0XOWLYDULDWH� DQDO\VHV� VXJJHVW� WKDW� PXFK� RI� WKLV� GLIIHUHQFH� ZDV� GXH� WR
VRFLRHFRQRPLF�� ODQJXDJH� DQG� VFKRRO� GLIIHUHQFHV� VLQFH� WKH� QHW� GLIIHUHQFH� ZDV� RQO\
HLJKW�VFDOH�SRLQWV�

7DEOH�� 0HDQ�6FRUHV�DQG�0DVWHU\�RI�5HDGLQJ�&RPSUHKHQVLRQ�IRU�$ERULJLQDO
DQG�7RUUHV�6WUDLW�,VODQGHU�6WXGHQWV

���� ����

$ERULJLQDO 1RQ�$ERULJLQDO $ERULJLQDO 1RQ�$ERULJLQDO

0HDQ�6FRUHV�RQ�&RPPRQ�6FDOH

$OO�6WXGHQWV �� �� �� ��
���\HDU�ROG�6WXGHQWV �� �� �� ��
���\HDU�ROGV�LQ�<HDU�� �� �� �� ��

3HUFHQWDJH�RI�6WXGHQWV�$FKLHYLQJ�0DVWHU\

���\HDU�ROG�6WXGHQWV �� �� �� ��

%\������WKH�JURVV�GLIIHUHQFH�LQ�DFKLHYHPHQW�EHWZHHQ�WKH�WZR�JURXSV�KDG�GHFOLQHG�WR
DSSUR[LPDWHO\� ��� VFDOH� SRLQWV�� 0XOWLYDULDWH� DQDO\VHV� VXJJHVW� WKLV� UHGXFWLRQ� LV
SUREDEO\� GXH� WR� VRFLRHFRQRPLF� DQG� RWKHU� GLIIHUHQFHV� EHWZHHQ� WKH� $ERULJLQDO� DQG
7RUUHV� 6WUDLW� ,VODQGHU� VDPSOHV�� UDWKHU� WKDQ� D� UHDO� LPSURYHPHQW� LQ� UHDGLQJ
FRPSUHKHQVLRQ� DPRQJ� LQGLJHQRXV� $XVWUDOLDQV�� $IWHU� DGMXVWLQJ� IRU� WKH� HIIHFWV� RI
VRFLDO�EDFNJURXQG�DQG�VFKRROV�� WKH�JDS�ZDV�HLJKW�VFDOH�SRLQWV� LQ������DQG�VHYHQ� LQ
������ 7KHUHIRUH� PXFK� RI� WKH� LPSURYHPHQW� VXJJHVWHG� E\� WKH� GDWD� LQ� 7DEOH� �� LV
DSSDUHQW�UDWKHU�WKDQ�UHDO�

'LIIHUHQFHV�EHWZHHQ�WKH�VWXGLHV�LQ�WKH�VFKRROLQJ��KRPH�ODQJXDJH�DQG�VRFLRHFRQRPLF
FKDUDFWHULVWLFV�RI�$ERULJLQDO�VWXGHQWV�DUH�DOVR�UHIOHFWHG�E\�WKH�VXEVWDQWLDO�LQFUHDVH�LQ
WKH� OHYHO� RI�PDVWHU\�� ULVLQJ� IURP� ��� SHU� FHQW� LQ� ����� WR� ��� SHU� FHQW� LQ� ������ 7KLV
GLIIHUHQFH�LQ�PDVWHU\�OHYHOV�DSSHDUV�ODUJHU�WKDQ�WKH�FRUUHVSRQGLQJ�GLIIHUHQFHV�LQ�PHDQ
VFRUHV�� $OWKRXJK� WKLV� UHSUHVHQWV� D� VXEVWDQWLDO� LPSURYHPHQW�� PDVWHU\� OHYHOV� DPRQJ
$ERULJLQDO�DQG�7RUUHV�6WUDLW�,VODQGHU�VWXGHQWV�UHPDLQ�WKH�ORZHVW�RI�WKH�VRFLDO�JURXSV
GLVFXVVHG�LQ�WKLV�UHSRUW�

6XPPDU\

)URP�DQDO\VHV�RI�SHUIRUPDQFH�LQ�UHDGLQJ�FRPSUHKHQVLRQ�RI� MXQLRU�VHFRQGDU\�VFKRRO
VWXGHQWV�WKH�IROORZLQJ�FRQFOXVLRQV�FDQ�EH�GUDZQ�

�� 7KHUH� KDV� EHHQ� OLWWOH� RYHUDOO� FKDQJH� LQ� DYHUDJH� OHYHOV� RI� DFKLHYHPHQW� RU� LQ� WKH
SHUFHQWDJH�RI����\HDU�ROG�VWXGHQWV�DWWDLQLQJ�PDVWHU\�

�� 'LIIHUHQFHV�EHWZHHQ�VRFLDO�JURXSV�LQ�PDVWHU\�RI�UHDGLQJ�FRPSUHKHQVLRQ�DUH�PRVW
RIWHQ�JUHDWHU�WKDQ�PHDQ�GLIIHUHQFHV�LQ�SHUIRUPDQFH�
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�� 7KHUH�KDV�EHHQ�D�GHFOLQH�LQ�WKH�SHUFHQWDJH�RI����\HDU�ROG�ER\V�DWWDLQLQJ�PDVWHU\
LQ�UHDGLQJ�DQG�D�ZLGHQLQJ�RI�WKH�JDS�EHWZHHQ�ER\V�DQG�JLUOV�

�� 7HVW�VFRUHV�RQ�UHDGLQJ�FRPSUHKHQVLRQ�DUH� ORZHU� IRU�VWXGHQWV�ZKRVH� ODQJXDJH�DW
KRPH�LV�QRW�(QJOLVK�DQG�WKH�JDS�EHWZHHQ�WKHVH�DQG�RWKHU�VWXGHQWV�RI�FRPSDUDEOH
VRFLRHFRQRPLF�EDFNJURXQG�KDV�QRW�FKDQJHG��7KH� OHYHO�RI�PDVWHU\� IRU� WKH�KRPH
ODQJXDJH� RWKHU� WKDQ� (QJOLVK� JURXS� KDV� LPSURYHG� RYHU� WLPH� EXW� VWLOO� LV
FRQVLGHUDEO\�ORZHU�WKDQ�IRU�WKH�(QJOLVK�DW�KRPH�JURXS�

�� +LJKHU�DFKLHYHPHQW�LQ�UHDGLQJ�LV�DVVRFLDWHG�ZLWK�KLJKHU�VRFLRHFRQRPLF�VWDWXV�EXW
WKH� VL]H� RI� WKH� HIIHFW� DSSHDUV� WR� KDYH� GLPLQLVKHG� RYHU� WLPH�� 7KHUH� DUH� ODUJHU
VRFLRHFRQRPLF� GLIIHUHQFHV� LQ� UHJDUG� WR� PDVWHU\� FRPSDUHG� WR� PHDQ� OHYHO� RI
DFKLHYHPHQW�

�� 7HVW� VFRUHV� DQG�PDVWHU\� IRU� UHDGLQJ� DUH� ORZHU� IRU� $ERULJLQDO� DQG� 7RUUHV� 6WUDLW
,VODQGHU�VWXGHQWV�DQG� WKH�QHW�GLIIHUHQFH� LQ�SHUIRUPDQFH�EHWZHHQ� WKHVH�DQG�RWKHU
VWXGHQWV�KDV�QRW�DOWHUHG�

$&+,(9(0(17�,1�180(5$&<

7KLV�VHFWLRQ�GLVFXVVHV�WKH�UHVXOWV�RI�WKH�DQDO\VHV�RI�QXPHUDF\�LQ�D�VLPLODU�PDQQHU�WR
WKH� SUHYLRXV� VHFWLRQ� RQ� UHDGLQJ�� ,W� LQFOXGHV� DQ� H[DPLQDWLRQ� RI� WKH� LQGLYLGXDO� LWHP
IDFLOLWLHV�� DQ� H[DPLQDWLRQ� RI� WUHQGV� RYHU� WLPH� DQG� DQ� H[SORUDWLRQ� RI� DVVRFLDWLRQV
EHWZHHQ� QXPHUDF\� DQG� VRFLDO� IDFWRUV��:KHUH� UHOHYDQW� WKH� UHVXOWV� IRU� QXPHUDF\� DUH
FRPSDUHG�ZLWK�FRUUHVSRQGLQJ�UHVXOWV�IRU�UHDGLQJ�FRPSUHKHQVLRQ�

&KDQJHV�LQ�WKH�3HUIRUPDQFH�RI�,QGLYLGXDO�1XPHUDF\�,WHPV

7DEOH���SUHVHQWV�WKH�SHUFHQWDJHV�RI�VWXGHQWV�FRUUHFWO\�DQVZHULQJ�FRPPRQ�LWHPV�LQ�WKH
QXPHUDF\�WHVW��,W�H[FOXGHV�WKH�YHU\�VLPSOH�LWHPV�FRPPRQ�WR�RQO\�WKH������DQG�����
$663� VWXGLHV�� )RU� FRQYHQLHQFH� RI� SUHVHQWDWLRQ�� LWHPV� LQ� WKH� WDEOH� DUH� FODVVLILHG
VRPHZKDW�DUELWUDULO\�LQWR�WKUHH�JURXSV��FRPSXWDWLRQDO��SUDFWLFDO�DQG�FRQFHSWXDO��7KH
GDWD�LQGLFDWH�WKDW�SHUIRUPDQFH�RQ�WKH������$663�LV�RIWHQ��EXW�QRW�DOZD\V��EHWWHU�WKDQ
SHUIRUPDQFH�RQ� WKH������$663��D�SRLQW�QRWHG�ERWK� LQ� WKH� UHSRUW�RQ� WKH������VWXG\
DQG�WKH�WKUHH�ZDYH�FRPSDULVRQ�RI� WKH�SHUIRUPDQFH�RI�9LFWRULDQ�VWXGHQWV��%RXUNH�HW
DO��� �������������� 0F*DZ� HW� DO��� ������ ������ 7KH� ����� VDPSOH� SUREDEO\� KDYH
XQGHUVDPSOHG�ORZ�DFKLHYHUV�LQ�QXPHUDF\�LQ�9LFWRULD��$V�ZDV�REVHUYHG�LQ�WKH�FDVH�RI
UHDGLQJ��PRVW� RI� WKH� LWHP� IDFLOLWLHV� IRU� WKH� WZR� WHVWV� SHUIRUPHG� LQ� �����ZHUH� YHU\
VLPLODU�� VXJJHVWLQJ� WKDW� WKH� VDPSOLQJ� DQG� WHVWLQJ� SURFHGXUHV� SURYLGH� DFFXUDWH
HVWLPDWHV�

7DEOH�� 3HUFHQWDJH� RI� ��� \HDU�ROG� 6WXGHQWV� &RUUHFWO\� $QVZHULQJ� &RPPRQ
,WHPV�LQ�1XPHUDF\
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&RPSXWDWLRQDO

�0XOWLSO\����E\�� ����� ���� ���� ���� ���� ��� ��� ��� ���
�'LYLVLRQ������ ����� ���� ���� ��� ��� ��� ��� ��� ���
�(VWLPDWH�/RQJ�'LYLVLRQ�������� ����� ���� ���� ���� ���� ��� ��� ��� ����
�)UDFWLRQ�&ORVHVW�WR����� ����� ���� ���� ���� ���� ��� ��� ��� ����
�:KLFK�)UDFWLRQ�&RUUHFW ����� ��� ��� ���� ���� ��� ��� ��� ���
�:KLFK�(TXDWLRQ�LV�:URQJ ����� ��� ��� ���� ���� ��� ��� ��� ���
�9DOXH�RI����[����LV ����� ��� ��� ���� ���� ��� ��� ��� ����
�6TXDUH�5RRW�RI����[����LV ����� ��� ��� ���� ���� ��� ��� ��� ���

3UDFWLFDO

�&KHPLVW��+RXUV�2SHQ�HDFK�'D\ ����� ���� ���� ���� ���� ���� ���� ���� ����
�,QWHUHVW�RQ������DW���� ����� ���� ���� ���� ���� ��� ��� ��� ���
�0LFKDHODQJHOR¶V�3L]]D�)UDFWLRQV ����� ��� ��� ��� ��� ���� ���� ���� ���
�+RZ�)DU�FDQ�6QDLO�7UDYHO ����� ��� ��� ���� ���� ���� ���� ���� ����
�3ULFH�RI�7HH�6KLUW�%HIRUH�6DOH ����� ��� ��� ��� ��� ��� ���� ���� ����
�$YHUDJH�5DLQIDOO�'XULQJ�3HULRG ����� ��� ��� ���� ���� ���� ���� ���� ����
�'LVWDQFH�%ULWH�7R�'DOWRQ ����� ���� ���� ��� ��� ��� ��� ��� ����
�*UDSK��$SSOHV�0U�*UHHQ�3LFNHG ����� ���� ���� ���� ���� ��� ��� ��� ���
�7RZQ�ZLWK�+LJKHVW���5LYHU�)HYHU ����� ��� ��� ���� ���� ���� ���� ���� ���

&RQFHSWXDO

�3HULPHWHU�RI�5HFWDQJOH ����� ��� ��� ��� ��� ���� ��� ���� ����
�(QG�3RLQW�RI�&URVV�&RXQWU\�5XQ ����� ��� ��� ��� ��� ���� ���� ���� ����
�:KLFK�6WDWHPHQW�PXVW�EH�7UXH ����� ��� ��� ���� ���� ��� ��� ��� ���
�:KLFK�)LJXUH�&RPSOHWHV�3DWWHUQ ����� ��� ��� ���� ���� ���� ���� ���� ����
�$[LV��6KRZV�&RPSOHWH�)LJXUH ����� ��� ��� ���� ���� ���� ���� ���� ����
�'LVWDQFH�&DU�$�$KHDG�LQ���+RXUV ����� ��� ��� ��� ��� ���� ��� ���� ����
�:KHQ�7UDLQV�ZLOO�3DVV�HDFK�2WKHU ����� ��� ��� ��� ��� ���� ���� ���� ����
�:KR�LV�7DOOHU�WKDQ�6SLUR ����� ��� ��� ��� ��� ���� ��� ���� ����
�7RWDO�0HPEHUVKLS�RI�6SRUWV�&OXE ����� ��� ��� ���� ���� ���� ���� ���� ����
�/HQJWK�RI�9LGHRWDSH�1HHGHG ����� ��� ��� ��� ��� ���� ���� ���� ���
�6\PEROV�RQ�=\SORQ ����� ��� ��� ��� ��� ��� ���� ���� ���
�'RQXWV�/HIW�2YHU ����� ��� ��� ��� ��� ��� ���� ���� ���
�1R��RI�%ORFNV�WR�0DNH�6WDFN ����� ��� ��� ��� ��� ���� ���� ���� ����
�:HLJKW�RI�6SRQJH ����� ��� ��� ��� ��� ��� ���� ���� ����
�-DQH�1HHGV�WR�7XUQ�[�'HJUHHV ����� ��� ��� ���� ���� ���� ���� ���� ����
�6XP�RI�'RWV�RQ�7ZR�)DFHV�RI�'LFH ����� ��� ��� ��� ��� ���� ��� ��� ����
�+RZ�0DQ\�%ORFNV�)LW�LQWR�%R[ ����� ���� ���� ���� ���� ��� ��� ��� ���
�&KHDSHVW�0DUPDODGH ����� ��� ��� ���� ���� ��� ��� ��� ���

2Q�PRVW�FRPPRQ�LWHPV�OLWWOH�FKDQJH�KDV�RFFXUUHG�VXJJHVWLQJ�WKDW�WKHUH�KDV�EHHQ�QR
RYHUDOO�FKDQJH�LQ�QXPHUDF\�EHWZHHQ������DQG�������7KHUH�ZDV�D�VPDOO�GHFOLQH�RQ�WKH
FRPSXWDWLRQDO� LWHPV�� QR� FRQVLVWHQW� FKDQJH� RQ� WKH� SUDFWLFDO� LWHPV� DQG� D� VOLJKW
LPSURYHPHQW�RQ�WKH�FRQFHSWXDO�LWHPV�

$PRQJ�WKH�FRPSXWDWLRQDO�LWHPV�RQ�ZKLFK�SHUIRUPDQFH�GHFOLQHG�ZDV�WKH�LWHP�DVNLQJ
VWXGHQWV�WR�FDOFXODWH�WKH�SURGXFW�RI����DQG����2Q�WKLV�LWHP�WKH�SHUFHQWDJH�RI�VWXGHQWV
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DQVZHULQJ�FRUUHFWO\�GHFOLQHG�IURP����SHU�FHQW�LQ������WR�DURXQG����SHU�FHQW�LQ������
6LPLODUO\�SHUIRUPDQFH�RQ�WKH�LWHP�DVNLQJ�VWXGHQWV�WR�HVWLPDWH�ORQJ�GLYLVLRQ�GHFOLQHG
IURP� ��� SHU� FHQW� LQ� ����� WR� DERXW� ��� SHU� FHQW� LQ� ������ $Q� LWHP� UHTXLULQJ
XQGHUVWDQGLQJ�RI�IUDFWLRQV�DOVR�VKRZHG�D�GHFOLQH�IURP�D�IDFLOLW\�RI����SHU�FHQW�LQ�����
WR�DERXW����SHU�FHQW� LQ�������DOWKRXJK� WKH� UHVXOWV� LQ� WKH� LQWHUYHQLQJ�VWXGLHV�DUH�QRW
FRQVLVWHQW�

7KHVH�GHFOLQHV�FRXOG�EH�DWWULEXWHG�WR�D�GHFUHDVLQJ�HPSKDVLV�RQ�WKHVH�PRUH�WUDGLWLRQDO
DVSHFWV�RI�SULPDU\�DQG�MXQLRU�VHFRQGDU\�VFKRRO�PDWKHPDWLFV��,W�LV�RI�LQWHUHVW� WR�QRWH
WKDW�RQ� WKH�7KLUG� ,QWHUQDWLRQDO�0DWKHPDWLFV�DQG�6FLHQFH�6WXG\��$XVWUDOLDQ����\HDU�
ROG� VWXGHQWV� SHUIRUPHG� UHODWLYHO\� SRRUO\� RQ� FRPSXWDWLRQDO� LWHPV� �PXOWLSOLFDWLRQ�
GLYLVLRQ�� FRPELQLQJ� IUDFWLRQV�� DQG� UHODWLYHO\� ZHOO� RQ� LWHPV� FRQFHUQHG� ZLWK
FRQFHSWXDOLVDWLRQ�DQG�LQWHUSUHWDWLRQ��/RNDQ�HW�DO���������������

*HQHUDOO\��SHUIRUPDQFH�RQ� WKH�SUDFWLFDO� LWHPV�GLG�QRW�FKDQJH��+RZHYHU�� WKHUH�DUH�D
IHZ�H[FHSWLRQV�RQ�ZKLFK�SHUIRUPDQFH�GLG�FKDQJH��7KHVH�LQFOXGH�WKH�VLPSOH�LWHP�RQ
DVNLQJ�VWXGHQWV�KRZ�PDQ\�KRXUV�D�FKHPLVW�LV�RSHQ��LI�LW�RSHQV�DW���DP�DQG�FORVHV�DW
���SP��2Q�WKDW�LWHP�WKHUH�ZDV�DQ�LPSURYHPHQW�IURP����SHU�FHQW�FRUUHFW�LQ������WR���
SHU� FHQW� LQ� ������ 7KH� LWHP� WHVWLQJ� JUDSK� UHDGLQJ� VNLOOV� VKRZHG� D� GHFOLQH� IURP� D
IDFLOLW\�RI����SHU�FHQW�LQ������WR����SHU�FHQW�LQ������

3HUIRUPDQFH�RQ� WKH�FRQFHSWXDO� LWHPV�DSSHDUV� WR�KDYH� LPSURYHG��%HWZHHQ������DQG
�����RQ�DW�OHDVW�VHYHQ�RI�WKH����LWHPV��WKH�IDFLOLWLHV�LQ������ZHUH�KLJKHU�WKDQ�DW�HDUOLHU
WLPHV��7KLV�LV�QRW�GXH�WR�GLIIHUHQFHV�EHWZHHQ�VDPSOLQJ�SURFHGXUHV�VLQFH�SHUIRUPDQFHV
RQ�WKH�FRPSXWDWLRQDO�DQG�SUDFWLFDO�LWHPV�GR�QRW�VKRZ�WKLV�LPSURYHPHQW�

7UHQGV�LQ�1XPHUDF\

,Q�WHUPV�RI�PHDQ�VFRUHV�RQ�QXPHUDF\�VFDOH��7DEOH���VKRZV�WKDW�DPRQJ����\HDU�ROGV
WKHUH�KDV�EHHQ�QR�FKDQJH�LQ�SHUIRUPDQFH�RQ�QXPHUDF\�EHWZHHQ������DQG�������7KH
VOLJKW�GHFOLQH�DPRQJ����\HDU�ROGV�LQ�\HDU���PD\�VLPSO\�UHIOHFW�VDPSOLQJ�YDULDWLRQV�RU
SRVVLEO\�FKDQJHV�LQ�WKH�\HDU�OHYHOV�LQ�ZKLFK�DVSHFWV�RI�QXPHUDF\�DUH�WDXJKW�

7DEOH�� 7UHQGV�LQ�1XPHUDF\�IURP������WR�����

<HDU��6WXG\ $OO ����
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0HDQ�6FRUHV�RQ�&RPPRQ�6FDOH
�$OO�6WXGHQWV �� �� �� �� �� �� �� �� ��
����\HDU�ROG�6WXGHQWV �� �� �� �� �� �� �� �� ��
����\HDU�ROGV�LQ�<U�� �� �� �� �� �� �� �� �� ��

3HUFHQWDJH�RI�6WXGHQWV�$FKLHYLQJ�0DVWHU\
�$OO�6WXGHQWV �� �� �� �� �� �� �� �� ��
����\HDU�ROG�6WXGHQWV �� �� �� �� �� �� �� �� ��
����\HDU�ROGV�LQ�<U�� �� �� �� �� �� �� �� �� ��
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7DEOH���DOVR�LQGLFDWHV�WKDW� WKHUH�KDV�EHHQ�D�VPDOO� LPSURYHPHQW�LQ�WKH�SHUFHQWDJH�RI
VWXGHQWV� DWWDLQLQJ� PDVWHU\� LQ� QXPHUDF\�� $V� VXJJHVWHG� HDUOLHU�� WKH� ����� UHVXOW� LV
SUREDEO\�GXH�WR�XQGHU�VDPSOLQJ�RI�ORZ�DFKLHYHUV�UDWKHU� WKDQ�D�WHPSRUDU\�ULVH�LQ�WKH
SURSRUWLRQ�RI�VWXGHQWV�DWWDLQLQJ�PDVWHU\��$JDLQVW�WKH������UHIHUHQFH�SRLQW��WKH�UHVXOWV
IRU������VXJJHVW�D�VXEVWDQWLDO� LPSURYHPHQW�EXW�DOORZDQFH�QHHGV�WR�EH�PDGH�IRU� WKH
IDFW�WKDW�WKH�ODWHU�VDPSOH�RQO\�LQFOXGHG����\HDU�ROGV�LQ�\HDU����:KHQ�FRPSDULVRQV�DUH
PDGH�ZLWK�D�VLPLODUO\�UHVWULFWHG�VDPSOH��WKH�PRVW�UHDVRQDEOH�FRQFOXVLRQ�LV�WKDW�WKHUH
KDV� EHHQ� DQ� LPSURYHPHQW� LQ� WKH� SHUFHQWDJH� RI� VWXGHQWV� DWWDLQLQJ� PDVWHU\� IRU
QXPHUDF\��7KH�LQFUHDVH�LQ�WKH�SHUFHQWDJH�ZLWK�PDVWHU\�LQ�QXPHUDF\�LQ�WKH�FRQWH[W�RI
VWDEOH�PHDQ�OHYHOV�VXJJHVWV�WKDW�UHPHGLDO�HGXFDWLRQ�LQ�PDWKHPDWLFV�LV�VXFFHHGLQJ�

3DWWHUQV�RI�$FKLHYHPHQW�LQ�1XPHUDF\

,Q� WKLV� VHFWLRQ� WKH� GLIIHUHQFHV� LQ� QXPHUDF\� EHWZHHQ� ER\V� DQG� JLUOV�� VHYHUDO� VRFLDO
JURXSV� DQG� WKH� VWDWHV� DQG� WHUULWRULHV� DUH� H[DPLQHG� WKURXJK� ERWK� ELYDULDWH� DQG
PXOWLYDULDWH�DQDO\VHV�

'LIIHUHQFHV�%HWZHHQ�0DOH�DQG�)HPDOH�6WXGHQWV

7DEOH���VKRZV�WKH�DYHUDJH�OHYHOV�RI�DFKLHYHPHQW�RQ�WKH�QXPHUDF\�VFDOH�IRU�PDOHV�DQG
IHPDOHV�DW�IRXU�SRLQWV�LQ�WLPH��&RQVLVWHQW�ZLWK�WKH�UHVHDUFK�OLWHUDWXUH��DFKLHYHPHQW�LQ
QXPHUDF\� LV� PDUJLQDOO\� KLJKHU� IRU� PDOHV� WKDQ� IHPDOHV�� WKH� GLIIHUHQFH� EHLQJ
DSSUR[LPDWHO\� WZR� VFDOH� SRLQWV��7KLV� GLIIHUHQFHV� LV� VLPLODU� LQ�PDJQLWXGH� EXW� LQ� WKH
RSSRVLWH�GLUHFWLRQ�RI�WKDW�IRU�UHDGLQJ��2YHU�WLPH�WKHUH�GRHV�QRW�DSSHDU� WR�KDYH�EHHQ
DQ\�FKDQJH�LQ�WKH�PDJQLWXGH�RI�WKH�GLIIHUHQFH�

7DEOH� �� DOVR� UHFRUGV� WKH� SHUFHQWDJHV� RI� PDOHV� DQG� IHPDOHV� DFKLHYLQJ� PDVWHU\� LQ
QXPHUDF\�� 7KH� GLIIHUHQFH� EHWZHHQ� PDOHV� DQG� IHPDOHV� ZDV� RQH� RU� WZR� SHUFHQWDJH
SRLQWV�LQ�WKUHH�RI�WKH�IRXU�VWXGLHV��7KH�ODUJH�GLIIHUHQFH�LQ������ZDV�QRW�UHSOLFDWHG�LQ
WKH�RWKHU�VWXGLHV�

7DEOH�� 3HUIRUPDQFH�RQ�1XPHUDF\�IRU�0DOHV�DQG�)HPDOHV

�����$663 �����$663 �����<,7 �����/6$<
0DOH )HPDOH 0DOH )HPDOH 0DOH )HPDOH 0DOH )HPDOH

0HDQ�6FRUHV�RQ�&RPPRQ�6FDOH

$OO�6WXGHQWV �� �� �� �� �� �� �� ��
���\U�ROG�6WXGHQWV �� �� �� �� �� �� �� ��
���\HDU�ROGV�LQ�<U�� �� �� �� �� �� �� �� ��

3HUFHQWDJH�RI�6WXGHQWV�$FKLHYLQJ�0DVWHU\
$OO�6WXGHQWV �� �� �� �� �� �� �� ��
���\U�ROG�6WXGHQWV �� �� �� �� �� �� �� ��
���\HDU�ROGV�LQ�<U�� �� �� �� �� �� �� �� ��

0XOWLYDULDWH� DQDO\VHV� VKRZHG� WKDW� WKH� JHQGHU� JDS� LQ� QXPHUDF\� ZDV� VWDWLVWLFDOO\
VLJQLILFDQW�LQ�WKH�WKUHH�VWXGLHV�H[DPLQHG��VRFLDO�EDFNJURXQG�GDWD�ZHUH�QRW�DYDLODEOH
IRU� ������� ,W� VKRXOG� EH� NHSW� LQ�PLQG� WKDW� WKH� JHQGHU� GLIIHUHQFH� LQ� PHDQV� IRU� ERWK



5HDGLQJ�&RPSUHKHQVLRQ�DQG�1XPHUDF\ ��

UHDGLQJ� DQG� QXPHUDF\� LV� RI� WKH� RUGHU� RI� WZR� VFDOH� SRLQWV�� VPDOOHU� WKDQ�PRVW� RWKHU
VLJQLILFDQW�GLIIHUHQFHV�QRWHG�LQ�WKHVH�DQDO\VHV�

'LIIHUHQFHV�$VVRFLDWHG�ZLWK�/DQJXDJH�%DFNJURXQG

7DEOH����SUHVHQWV� WKH�PHDQ�QXPHUDF\�OHYHOV�RI�VWXGHQWV�E\�KRPH�ODQJXDJH��(QJOLVK
RU�DQRWKHU�ODQJXDJH��,W�LQGLFDWHV�D�GLPLQLVKLQJ�JDS�EHWZHHQ�WKH�WZR�JURXSV�RYHU�WKH
SHULRG� IURP������DQG� ������$V�PLJKW� EH� H[SHFWHG�� WKH� HIIHFW� RI� KRPH� ODQJXDJH� LV
PXFK�OHVV�IRU�QXPHUDF\�WKDQ�IRU�UHDGLQJ�

7DEOH��� 0HDQ� 6FRUHV� DQG� 0DVWHU\� RI� 1XPHUDF\� E\� /DQJXDJH� 6SRNHQ� DW
+RPH

���� ���� ����

/DQJXDJH�DW�+RPH /DQJXDJH�DW�+RPH /DQJXDJH�DW�+RPH
(QJOLVK 2WKHU (QJOLVK 2WKHU (QJOLVK 2WKHU

0HDQ�6FRUHV�RQ�&RPPRQ�6FDOH

$OO�6WXGHQWV �� �� �� �� �� ��
���\HDU�ROG�6WXGHQWV �� �� �� �� �� ��
���\HDU�ROGV�LQ�<HDU�� �� �� �� �� �� ��

3HUFHQWDJH�RI�6WXGHQWV�$FKLHYLQJ�0DVWHU\

���\HDU�ROG�6WXGHQWV �� �� �� �� �� ��

0XOWLYDULDWH� DQDO\VLV� VKRZHG� WKDW� IRU� WKH� ����� VWXG\�� WKH� GLIIHUHQFHV� LQ� QXPHUDF\
EHWZHHQ� KRPH� ODQJXDJH� JURXSV�ZDV� ODUJHO\� GXH� WR� VRFLRHFRQRPLF� GLIIHUHQFHV�� 7KH
QLQH� SRLQW� GLIIHUHQFH� REVHUYHG� LQ� 7DEOH� ��� LV� UHGXFHG� WR� RQO\� WKUHH� SRLQWV� ZKHQ
DOORZDQFH� LV�PDGH� IRU� VRFLRHFRQRPLF�EDFNJURXQG��6RFLRHFRQRPLF�GLIIHUHQFHV�ZHUH
OHVV� LPSRUWDQW� LQ� ������+DOI� RI� WKH� IRXU� SRLQW� GLIIHUHQFH� EHWZHHQ� ODQJXDJH� JURXSV
REVHUYHG� LQ� 7DEOH� ��� IRU� ����� ZDV� DWWULEXWDEOH� GLUHFWO\� WR� ODQJXDJH� DW� KRPH�
7KHUHIRUH� WKHVH� LQYHVWLJDWLRQV� VKRZ� WKDW� GLIIHUHQFHV� LQ� SHUIRUPDQFH� GLUHFWO\
DWWULEXWDEOH� WR� ODQJXDJH� EDFNJURXQG� GHFOLQHG� RQO\� D� OLWWOH�� IURP� WKUHH� WR� WZR� VFDOH
SRLQWV��RYHU�WKH����\HDU�SHULRG�

$V�ZDV� WKH� FDVH� IRU� UHDGLQJ�� WKHUH� DUH� JUHDWHU� GLIIHUHQFHV� EHWZHHQ� KRPH� ODQJXDJH
JURXSV�IRU�PDVWHU\�WKDQ�IRU�RYHUDOO��PHDQ��SHUIRUPDQFH��7KHUH�ZDV�D�UHGXFWLRQ�LQ�WKH
PDVWHU\� JDS� IURP� ��� SHUFHQWDJH� SRLQWV� LQ� ����� WR� �� SHUFHQWDJH� SRLQWV� LQ� �����
+RZHYHU�� DV� VXJJHVWHG� DERYH�� WKLV� UHGXFWLRQ� LV� GXH� PDLQO\� WR� WKH� FKDQJLQJ
VRFLRHFRQRPLF�SURILOHV�RI�QRQ�(QJOLVK�ODQJXDJH�JURXSV�

'LIIHUHQFHV�$VVRFLDWHG�ZLWK�3DUHQWV¶�2FFXSDWLRQDO�*URXS

0HDQ� VFRUHV� RQ� WKH� FRPPRQ� QXPHUDF\� VFDOH� E\� SDUHQWDO� RFFXSDWLRQDO� JURXS� DUH
SUHVHQWHG�LQ�7DEOH�����6WXGHQWV�IURP�DGYDQWDJHG�EDFNJURXQGV�VFRUH�KLJKHU�WKDQ�RWKHU
VWXGHQWV� HYHQ� WKRXJK� WKH� GLIIHUHQFHV� DUH� QRW� ODUJH�� 6WXGHQWV� IURP� SURIHVVLRQDO�
PDQDJHULDO� EDFNJURXQGV� VFRUHG� KLJKHU� RQ� WKH� QXPHUDF\� WHVWV� WKDQ� VWXGHQWV� IURP
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ORZHU�ZKLWH�FROODU�EDFNJURXQGV�ZKR�LQ�WXUQ�VFRUHG�KLJKHU�WKDQ�WKRVH�IURP�WUDGHV�DQG
XQVNLOOHG�RU�VHPLVNLOOHG�EDFNJURXQGV�

,Q�PXOWLYDULDWH�DQDO\VHV�WKH�GLIIHUHQFHV�REVHUYHG�DUH�VPDOOHU��)RU�WKH������VWXG\�WKH
DYHUDJH� VFRUHV� RI� VWXGHQWV� IURP� SURIHVVLRQDO�PDQDJHULDO� DQG� XQVNLOOHG�VHPLVNLOOHG
EDFNJURXQGV� GLIIHUHG� E\� VL[� SRLQWV�� FRPSDUHG� WR� QLQH� SRLQWV� LQ� WKH� XQDGMXVWHG
DQDO\VHV�� 7KH� GLIIHUHQFH� FRXOG� EH� SDUWO\� GXH� WR� WKH� DVVRFLDWHG� LQIOXHQFH� RI� VFKRRO
VHFWRU�ZKLFK�DOVR�KDV�DQ�HIIHFW�RQ�DFKLHYHPHQW�

7DEOH��� 0HDQ�6FRUHV�DQG�0DVWHU\�RI�1XPHUDF\�E\�2FFXSDWLRQDO�%DFNJURXQG

���� ���� ����

2FFXSDWLRQDO�*URXS 2FFXSDWLRQDO�*URXS 2FFXSDWLRQDO�*URXS

, ,, ,,, ,9 , ,, ,,, ,9 , ,, ,,, ,9

0HDQ�6FRUHV�RQ�&RPPRQ�6FDOH

$OO�6WXGHQWV �� �� �� �� �� �� �� �� �� �� �� ��
���\HDU�ROG�6WXGHQWV �� �� �� �� �� �� �� �� �� �� �� ��
���\HDU�ROGV�LQ�<U�� �� �� �� �� �� �� �� �� �� �� �� ��

3HUFHQWDJH�RI�6WXGHQWV�$FKLHYLQJ�0DVWHU\

���\HDU�ROG�6WXGHQWV �� �� �� �� �� �� �� �� �� �� �� ��

1RWH� *URXS�,�FRPSULVHG�3URIHVVLRQDOV��3DUD�3URIHVVLRQDOV��0DQDJHUV�	�$GPLQLVWUDWRUV
*URXS�,,�FRPSULVHG�&OHULFDO��6DOHV�DQG�6HUYLFH�:RUNHUV
*URXS�,,,�FRPSULVHG�7UDGHV�3HUVRQV
*URXS�,9�FRPSULVHG�3URFHVV�:RUNHUV�DQG�/DERXUHUV��XQVNLOOHG�VHPLVNLOOHG�

7DEOH� ��� VKRZV� D� GHFOLQH� LQ� GLIIHUHQFHV� LQ� DFKLHYHPHQW� DFFRUGLQJ� WR� RFFXSDWLRQDO
EDFNJURXQG�� ,Q� ����� WKHUH� ZDV� D� GLIIHUHQFH� EHWZHHQ� WKH� KLJKHVW� DQG� ORZHVW� VWDWXV
JURXSV� RI� HLJKW� WR� QLQH� VFDOH� SRLQWV� EXW� LQ� ����� LW� KDG� GHFOLQHG� WR� DERXW� VL[� VFDOH
SRLQWV��7KLV�FKDQJH�LV�VLPLODU�LQ�PDJQLWXGH�WR�WKDW�IRXQG�IRU�UHDGLQJ�

7KH� PXOWLYDULDWH� DQDO\VHV� FRQILUP� WKH� GHFOLQH� LQ� WKH� UHODWLRQVKLS� EHWZHHQ
DFKLHYHPHQW� DQG� RFFXSDWLRQDO� EDFNJURXQG�� ,Q� ����� DQG� ����� WKH� QHW� GLIIHUHQFH� LQ
SHUIRUPDQFH� RI� VWXGHQWV� IURP� SURIHVVLRQDO�PDQDJHULDO� DQG� XQVNLOOHG�VHPLVNLOOHG
EDFNJURXQGV�ZDV�VL[�SRLQWV��EXW�KDG�GHFOLQHG�WR�IRXU�SRLQWV�LQ������

6RFLRHFRQRPLF� EDFNJURXQG� KDV� D� VWURQJHU� LQIOXHQFH� RQ� PDVWHU\� WKDQ� RQ� PHDQ
DFKLHYHPHQW��7KLV�UHVXOW�ZDV�DOVR�IRXQG�IRU�UHDGLQJ��,Q������DQG������UHVSHFWLYHO\�
��� DQG� ��� SHU� FHQW� PRUH� VWXGHQWV� IURP� SURIHVVLRQDO� DQG� PDQDJHULDO� EDFNJURXQGV
DWWDLQHG�PDVWHU\�LQ�QXPHUDF\�WKDQ�VWXGHQWV�IURP�XQVNLOOHG�EDFNJURXQGV��,Q������WKLV
GLIIHUHQFH�KDG�GHFOLQHG�WR����SHU�FHQW�

'LIIHUHQFHV�$VVRFLDWHG�ZLWK�$ERULJLQDO�DQG�7RUUHV�6WUDLW�,VODQGHU�%DFNJURXQG

7DEOH����VKRZV�WKDW�GLIIHUHQFHV�EHWZHHQ�$ERULJLQDO�DQG�QRQ�$ERULJLQDO�VWXGHQWV� LQ
QXPHUDF\�KDYH�GLPLQLVKHG�FRQVLGHUDEO\��$PRQJ����\HDU�ROGV� WKH�JDS�ZDV���� VFDOH
SRLQWV� LQ� ����� EXW� LW� KDG� FRQWUDFWHG� WR� QLQH� SRLQWV� LQ� ������ 7KH� GHFOLQH� LQ� WKH
SHUIRUPDQFH�JDS�ZDV�PRUH�GUDPDWLF� IRU�PDVWHU\��7KH�SHUFHQWDJH�RI�$ERULJLQDO�DQG
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7RUUHV�6WUDLW�,VODQGHU�VWXGHQWV�DWWDLQLQJ�PDVWHU\�LQFUHDVHG�IURP����SHU�FHQW�LQ������WR
���SHU�FHQW�LQ������

)XUWKHU�DQDO\VHV�H[DPLQHG�WKH�H[WHQW�WR�ZKLFK�WKLV�FKDQJH�LQ�PHDQ�OHYHOV�ZDV�D�UHDO
LPSURYHPHQW� RU� UHIOHFWHG� GLIIHUHQFHV� LQ� WKH� $ERULJLQDO� DQG� 7RUUHV� 6WUDLW� ,VODQGHU
VDPSOHV��0XOWLYDULDWH�DQDO\VHV�FRQILUPHG�WKDW� WKHUH�KDG�EHHQ�D�UHDO� LPSURYHPHQW�LQ
QXPHUDF\�DPRQJ�$ERULJLQDO�DQG�7RUUHV�6WUDLW�,VODQGHU�VWXGHQWV��DOWKRXJK�RI�VPDOOHU
PDJQLWXGH�WKDQ�WKDW�VXJJHVWHG�E\�WKH�GDWD�LQ�7DEOH������7KH�GLIIHUHQFH�LQ�QXPHUDF\
EHWZHHQ�LQGLJHQRXV�DQG�QRQ�LQGLJHQRXV�$XVWUDOLDQV�GHFOLQHG�IURP�WHQ�WR�VL[�SRLQWV�

7DEOH��� 0HDQ� 6FRUHV� DQG�0DVWHU\� RI� 1XPHUDF\� IRU� $ERULJLQDO� DQG� 7RUUHV
6WUDLW�,VODQGHU�6WXGHQWV

���� ����

$ERULJLQDO 1RQ�$ERULJLQDO $ERULJLQDO 1RQ�$ERULJLQDO

0HDQ�6FRUHV�RQ�&RPPRQ�6FDOH

$OO�6WXGHQWV �� �� �� ��
���\HDU�ROG�6WXGHQWV �� �� �� ��
���\HDU�ROGV�LQ�<HDU�� �� �� �� ��

3HUFHQWDJH�RI�6WXGHQWV�$FKLHYLQJ�0DVWHU\

���\HDU�ROG�6WXGHQWV �� �� �� ��

6XPPDU\

$QDO\VHV�RI�SHUIRUPDQFH�E\����\HDU�ROG�VFKRRO�VWXGHQWV�RQ�WHVWV�RI�QXPHUDF\�RYHU�WKH
ODVW����\HDUV�KDV�OHG�WR�WKH�IROORZLQJ�FRQFOXVLRQV�

�� 7KHUH�KDV�EHHQ�OLWWOH�RYHUDOO�FKDQJH�LQ�DYHUDJH�OHYHOV�RI�DFKLHYHPHQW�LQ�QXPHUDF\
EXW�WKHUH�KDV�EHHQ�D�VPDOO�LPSURYHPHQW�LQ�WKH�SHUFHQWDJH�RI����\HDU�ROG�VWXGHQWV
DWWDLQLQJ�PDVWHU\�

�� $V� IRU� UHDGLQJ�� VRFLDO� GLIIHUHQFHV� LQ� PDVWHU\� DUH� JUHDWHU� WKDQ� IRU� DOO� RYHUDOO
SHUIRUPDQFH�

�� 7KHUH�KDV�EHHQ�OLWWOH�FKDQJH�LQ�WKH�UHODWLYH�SHUIRUPDQFH�RI�ER\V�DQG�JLUOV�RQ�WKHVH
WHVWV�ZLWK�ER\V�FRQWLQXLQJ�WR�GR�VOLJKWO\�EHWWHU�WKDQ�JLUOV�

�� 3HUIRUPDQFH� LQ� QXPHUDF\� LV� ORZHU� IRU� VWXGHQWV�ZKRVH� ODQJXDJH� DW� KRPH� LV� QRW
(QJOLVK�EXW�WKH�JDS�LV�OHVV�WKDQ�IRU�UHDGLQJ��7KH�DSSDUHQW�LPSURYHPHQW�LV�GXH�WR
FKDQJHV� LQ� VRFLRHFRQRPLF� FRPSRVLWLRQ� RI� QRQ�(QJOLVK� VSHDNLQJ� VWXGHQWV�� 7KH
OHYHO�RI�PDVWHU\�LQ�QXPHUDF\�RI�VWXGHQWV�IURP�QRQ�(QJOLVK�VSHDNLQJ�EDFNJURXQGV
KDV�LQFUHDVHG�FRQVLGHUDEO\�

�� $FKLHYHPHQW� LQ� QXPHUDF\� LV� DVVRFLDWHG� ZLWK� VRFLRHFRQRPLF� VWDWXV� EXW�� DV� IRU
UHDGLQJ��LWV�LQIOXHQFH�KDV�GHFOLQHG��7KHUH�DUH�VWURQJHU�VRFLRHFRQRPLF�GLIIHUHQFHV
IRU�PDVWHU\�
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�� $FKLHYHPHQW� LQ� QXPHUDF\� LV� ORZHU� IRU� $ERULJLQDO� DQG� 7RUUHV� 6WUDLW� ,VODQGHU
VWXGHQWV�WKDQ�IRU�RWKHU�VWXGHQWV�EXW�WKH�JDS�KDV�GLPLQLVKHG�VRPHZKDW�RYHU�WLPH�
7KH�OHYHOV�RI�PDVWHU\�IRU�WKLV�JURXS�KDYH�LQFUHDVHG�GUDPDWLFDOO\�

',6&866,21

7KH� PDMRU� FRQFOXVLRQ� RI� WKLV� LQYHVWLJDWLRQ� LV� WKDW� WKHUH� KDV� EHHQ� OLWWOH� FKDQJH� LQ
DYHUDJH�VWDQGDUGV�RI�UHDGLQJ�RU�QXPHUDF\�RYHU�WKH�SDVW����\HDUV��7KLV�FRQFOXVLRQ�LV
EDVHG� RQ� WUHQGV� LQ� WKH� PHDQ� VFRUHV� RQ� WKH� FRPPRQ� VFDOH� HVWDEOLVKHG� WR� OLQN� WKH
YDULRXV�VWXGLHV��,W�LV�DOVR�LQGLFDWHG�E\�IDFLOLWLHV�RQ�WKH�FRPPRQ�LWHPV��,Q�WKH�FDVH�RI
QXPHUDF\� WKHUH�ZDV� DQ� LQFUHDVH� LQ� WKH� SHUFHQWDJH� RI� VWXGHQWV�ZKR�KDG� UHDFKHG� WKH
OHYHO�GHILQHG�DV� UHSUHVHQWLQJ�PDVWHU\�� ,Q� UHDGLQJ� WKHUH�ZDV�QR�GHWHFWDEOH� FKDQJH� LQ
WKLV� SHUFHQWDJH�� :KHWKHU� WKHVH� ILQGLQJV� DUH� LQWHUSUHWHG� DV� µQR� GHFOLQH¶� RU� µQR
LPSURYHPHQW¶�LV�D�TXHVWLRQ�RI�SHUVSHFWLYH�

,QIOXHQFHV�2XWVLGH�RI�6FKRRO

,W� LV� LPSRUWDQW� WKDW� WUHQGV� LQ� DFKLHYHPHQW� EH� LQWHUSUHWHG� LQ� WHUPV� RI� D� UDQJH� RI
SRVVLEOH� KRPH� DQG� VRFLDO� LQIOXHQFHV� DV� ZHOO� DV� VFKRRO� IDFWRUV�� )RU� H[DPSOH�� DQ
LPSRUWDQW� IDFWRU� LQ� WKH�GHYHORSPHQW�RI� UHDGLQJ�VNLOOV� LV� WKH�H[WHQW� WR�ZKLFK�SDUHQWV
UHDG� WR�� DQG� HQJDJH� LQ�RWKHU� ODQJXDJH� LQWHUDFWLRQV�ZLWK�� FKLOGUHQ� IURP� DQ� HDUO\� DJH
�5RZH�� ������� 7KHUHIRUH�� FKDQJHV� LQ� WKH� H[WHQW� WR� ZKLFK� SDUHQWV� UHDG� ZLWK� WKHLU
FKLOGUHQ�ZRXOG� EH� H[SHFWHG� WR� LPSDFW� RQ� WKH� VWDQGDUGV� RI� UHDGLQJ� FRPSUHKHQVLRQ�
6LPLODUO\�� FKDQJHV� LQ� WKH� FRPSRVLWLRQ� RI� WKH� VFKRRO� DJH� SRSXODWLRQ� LQ� WHUPV� RI� WKH
H[WHQW�WR�ZKLFK�D�ODQJXDJH�RWKHU�WKDQ�(QJOLVK�ZDV�VSRNHQ�DW�KRPH�ZRXOG�EH�H[SHFWHG
WR�LQIOXHQFH�VFRUHV�RQ�WHVWV�RI�UHDGLQJ�FRPSUHKHQVLRQ��7KLV�LV�QRW�WR�GHQ\�WKH�QHHG�WR
LQYHVWLJDWH� WKH� HIIHFWV� RI� FKDQJHV� LQ� VFKRRO� SUDFWLFHV� DQG� DSSURDFKHV� WR� WHDFKLQJ
UHDGLQJ�

5HDGLQJ

7KH�UHVXOWV�SUHVHQWHG� LQ� WKLV�SDSHU� LQGLFDWH� WKDW� WKHUH� UHPDLQV�D�QXPEHU�RI� VWXGHQWV
�DSSUR[LPDWHO\����SHU�FHQW��ZKR�KDYH�QRW�DWWDLQHG�PDVWHU\� LQ� WKH� LPSRUWDQW�DUHD�RI
UHDGLQJ��$OWKRXJK�WKLV�GRHV�QRW�PHDQ�WKDW� WKHVH�VWXGHQWV�DUH� µLOOLWHUDWH¶�� LQ� WKH�PRVW
FRPPRQ�XVDJH�RI�WKDW�WHUP��LW�GRHV�LQGLFDWH�WKDW�WKH\�FDQQRW�FRPSUHKHQG�WKH�ZULWWHQ
ZRUG�DW�DQ�DSSURSULDWH�OHYHO��7KH�OHYHO�VHW�IRU�PDVWHU\�LV�QRW�EH\RQG�GLVSXWH�EXW�LW�LV
DUJXDEOH� LQ� WHUPV� RI�ZKDW�ZDV� GHILQHG� LQ� ������'HYHORSLQJ� KLJK� OHYHOV� RI� UHDGLQJ
FRPSUHKHQVLRQ�LV�D�SULPDU\�SXUSRVH�RI�VFKRROLQJ��DQG�WUDGLWLRQDOO\�D�SXUSRVH�WKDW�KDV
EHHQ�SUH�HPLQHQW�IRU�SULPDU\�VFKRROV�

,Q� WKH� OLWHUDWXUH� WKHUH� LV� VXSSRUW� IRU� WKH� YLHZ� WKDW� LPSURYHPHQWV� LQ� WKLV� DVSHFW� RI
OLWHUDF\� DUH� PRUH� OLNHO\� WR� EH� VXFFHVVIXO� LI� WKH\� DUH� IRFXVHG� RQ� ZKDW� KDSSHQV� LQ
SULPDU\�VFKRRO�UDWKHU�WKDQ�EHLQJ�DWWHPSWHG�DV�UHPHGLDO�SURJUDPV�DW�D�ODWHU�VWDJH��7KH
ZRUN�RI�5RZH�	�+LOO� ������� VKRZV�D�SURJUHVVLYH�ZLGHQLQJ�RI�SHUIRUPDQFH� DPRQJ
VWXGHQWV�ZLWK�WKH�ORZHVW����SHU�FHQW��DQG�WR�VRPH�H[WHQW�WKH�ORZHVW�TXDUWHU��PDNLQJ
UDWKHU� OHVV�SURJUHVV�EH\RQG�<HDU��� WKDQ� WKHLU� SHHUV��7KLV� UHVXOW� LV� FRQVLVWHQW�ZLWK� D
VWXG\� LQ� WKH�8QLWHG� 6WDWHV�ZKLFK� VXJJHVWHG� WKDW� VWXGHQWV� IURP� SRRUHU� EDFNJURXQGV
DFKLHYHG�DV�ZHOO�DV�WKH�JHQHUDO�SRSXODWLRQ�XS�WR�<HDU���EXW�IHOO�EHKLQG�IURP�<HDU��
RQZDUGV��&KDOO��-DFREV�	�%DOGZLQ��������
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7KH�GDWD�LQ�WKLV�SDSHU�DOVR�LQGLFDWH�WKDW�ODFN�RI�PDVWHU\�LQ�UHDGLQJ�LV�JUHDWHU�DPRQJ
ER\V�WKDQ�JLUOV�DQG�WKDW�WKH�JDS�EHWZHHQ�JLUOV�DQG�ER\V�KDV�ZLGHQHG�LQ�UHFHQW�\HDUV��DV
LW� KDV� IRU�RWKHU� DVSHFWV�RI�SHUIRUPDQFH� LQ� VFKRRO��7KLV� UHVXOW� SRLQWV� WR� DQ� DUHD� WKDW
GHVHUYHV�FORVHU�VFUXWLQ\�DQG� WKRXJKWIXO�DFWLRQ�� ,Q�RWKHU� VWXGLHV� LW� LV�JHQHUDOO\� IRXQG
WKDW� JLUOV� KDYH� PRUH� IDYRXUDEOH� DWWLWXGHV� WR� VFKRRO� LQ� WKH� ODWH� SULPDU\� DQG� LQ� WKH
VHFRQGDU\�\HDUV�WKDQ�ER\V��$LQOH\��������EXW�LW�LV�QRW�FOHDU�ZK\�WKLV�VKRXOG�EH�VR�DQG
ZKHWKHU�JLUOV� DUH�PRUH� DFWLYHO\� HQJDJHG�ZLWK� DW� OHDVW� VRPH�RI� WKH� OHDUQLQJ� WDVNV� DW
VFKRRO��5RZH�	�+LOO��������VXJJHVW�WKDW�WKH�JDS�LQ�SHUIRUPDQFH�LQ�UHDGLQJ�EHWZHHQ
ER\V�DQG�JLUOV�ZLGHQV�DIWHU�DERXW�<HDU���LQ�SULPDU\�VFKRRO�

1XPHUDF\

,Q�WHUPV�RI�QXPHUDF\��LW�DSSHDUV�WKDW��HYHQ�WKRXJK�DYHUDJH�OHYHOV�RI�DFKLHYHPHQW�KDYH
QRW� FKDQJHG�RYHU����\HDUV�� WKHUH�KDV�EHHQ� D� UHGXFWLRQ� LQ� WKH�SHUFHQWDJH� RI� ���\HDU
ROGV�ZKR� GLG� QRW� DFKLHYH�PDVWHU\��2Q� WKH� EDVLV� RI� WKH� DQDO\VHV� LQ� WKLV� SDSHU�� LW� LV
HVWLPDWHG�WKDW�EHWZHHQ����DQG����SHU�FHQW�RI����\HDU�ROGV�IDLOHG�WR�GHPRQVWUDWH�WKLV
OHYHO�RI�PDVWHU\�� ,Q�QXPHUDF\��ER\V�SHUIRUPHG�D� OLWWOH�EHWWHU� WKDQ�JLUOV��D�GLIIHUHQFH
WKDW�KDG�QRW�FKDQJHG�RYHU�WKH�SHULRG�LQYHVWLJDWHG�

0RQLWRULQJ�$FKLHYHPHQW�LQ�2WKHU�&RXQWULHV

,Q� D� KLJK� SHUFHQWDJH� RI� PHPEHU� FRXQWULHV� RI� WKH� 2UJDQLVDWLRQ� IRU� (FRQRPLF
&RRSHUDWLRQ�DQG�'HYHORSPHQW��QDWLRQDO�SURJUDPV� IRU�PRQLWRULQJ� DFKLHYHPHQW�KDYH
EHHQ�LPSOHPHQWHG�VLQFH�WKH�PLG�����V��1XWWDOO���������7KH�FRXQWULHV�ZLWK�LGHQWLILHG
QDWLRQDO� V\VWHPV� IRU� PRQLWRULQJ� DFKLHYHPHQW� LQFOXGH� %ULWDLQ�� )UDQFH�� )LQODQG�� WKH
1HWKHUODQGV�� 6SDLQ�� 6ZHGHQ� DQG� WKH� 8QLWHG� 6WDWHV�� 7KHVH� FRXQWULHV� KDYH� GLYHUVH
HGXFDWLRQDO��SROLWLFDO�DQG�FXOWXUDO�WUDGLWLRQV�EXW�WKHLU�QDWLRQDO�PRQLWRULQJ�V\VWHPV�DUH
TXLWH� VLPLODU�� 7\SLFDOO\� WKHVH� QDWLRQDO� PRQLWRULQJ� V\VWHPV� WHVW� D� OLPLWHG� UDQJH� RI
VNLOOV� DQG� FRQWHQW� �UHDGLQJ� DQG� ODQJXDJH�� PDWKV� DQG� VFLHQFH�� DQG� SURFHHG� WKURXJK
WKHP� LQ� D� F\FOH��0RVW� FRPPRQO\� WKH\� DUH� EDVHG� RQ� GDWD� JDWKHUHG� IURP� VDPSOHV� RI
VFKRROV� DQG� VWXGHQWV�� 7KH�1DWLRQDO�$VVHVVPHQW� RI� (GXFDWLRQDO� 3URJUHVV� VXUYH\V� LQ
WKH� 8QLWHG� 6WDWHV� DUH� QRWDEOH� IRU� WKH� UDQJH� RI� VWXGHQW� EDFNJURXQG� GDWD� ZKLFK� DUH
FROOHFWHG��DQG�IRU�WKH�UHSRUWLQJ�RI�WKH�SHUIRUPDQFH�RI�GLIIHUHQW�JURXSV�RI�VWXGHQWV�

7KLV�LQYHVWLJDWLRQ�ZDV�FRQGXFWHG�XVLQJ�GDWD�IURP�D�QXPEHU�RI�GLIIHUHQW�VWXGLHV��RQO\
WZR�RI�ZKLFK�ZHUH�GHVLJQHG�WR�PRQLWRU�DFKLHYHPHQW�RQ�D�QDWLRQDO�EDVLV��,W�LQGLFDWHV
VRPHWKLQJ�RI�ZKDW�PLJKW�EH�SRVVLEOH�WKURXJK�UHJXODU�PRQLWRULQJ�SURJUDPV�EDVHG�RQ
OLJKW�VDPSOLQJ�SURFHGXUHV��$XVWUDOLD�EHJDQ�D�QDWLRQDO�PRQLWRULQJ�SURJUDP�LQ�WKH�PLG
����V�EXW�GLG�QRW�FRQWLQXH�ZLWK� LW��6LQFH� WKH�PLG�����V�PRVW�$XVWUDOLDQ�VWDWHV�DQG
WHUULWRULHV�KDYH�LPSOHPHQWHG��GLIIHULQJ�PRQLWRULQJ�SURJUDPV�DW�SULPDU\�VFKRRO� OHYHO
�0DVWHUV�HW�DO���������7LWPDQLV�HW�DO����������1RZ�LW�ZRXOG�DSSHDU�WR�EH�DQ�RSSRUWXQH
WLPH�WR�FRQVLGHU�D�QDWLRQDO�PRQLWRULQJ�SURJUDP�WKDW�DOVR�LQFOXGHG�VHFRQGDU\�VFKRROV�

7KH�VWXG\�LV�LQ�QR�VHQVH�DQ�HYDOXDWLRQ�RI�WKH�HIIHFWLYHQHVV�RI�$XVWUDOLDQ�VFKRROV��7KH
GHYHORSPHQW�RI�VNLOOV�LQ�UHDGLQJ�DQG�QXPHUDF\�LV�D�FHQWUDO�FRQFHUQ�RI�VFKRROV�EXW�E\
QR� PHDQV� WKH� RQO\� RQH�� :LWK� WKH� JHQHUDO� SLFWXUH� VKRZLQJ� OLWWOH� RYHUDOO� FKDQJH� LQ
SHUIRUPDQFH�� WKH� DQDO\VHV� SURYLGH� PL[HG� PHVVDJHV� DERXW� FKDQJHV� RQ� SDUWLFXODU
JURXSV�RI�LWHPV�DQG�YDULDWLRQV�LQ�SHUIRUPDQFH�DPRQJ�JURXSV�RI�VWXGHQWV��7KH�GHWDLO
LQ� WKRVH� UHVXOWV� VLJQDO� DUHDV�ZKHUH� IXUWKHU� LQTXLU\�PLJKW� EH�ZDUUDQWHG�� 7KHVH�PRUH
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GHWDLOHG� LQYHVWLJDWLRQV� FRXOG� WKHQ� SURYLGH� WKH� EDVLV� IRU� WKRXJKWIXO� DFWLRQ�� ,W� LV
XQOLNHO\� WKDW� WKHUH� ZLOO� EH� VLPSOH� XQLYHUVDO� VROXWLRQV�� +RZHYHU�� LI� UHDGLQJ� DQG
QXPHUDF\�DUH�FRQVLGHUHG�HVVHQWLDO�VNLOOV�LQ�RXU�VRFLHW\��WKHUH�LV�D�PRUDO�LPSHUDWLYH�WR
UHGXFH�WKH�SURSRUWLRQV�RI�\RXQJ�SHRSOH�ZKR�GR�QRW�DFKLHYH�PDVWHU\�RI�WKRVH�VNLOOV�
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5()(5(1&(6

$LQOH\��-��������6WXGHQWV¶�SHUFHSWLRQV�RI�WKHLU�VFKRROV��8QLFRUQ���������������

%RXUNH��6��)��0LOOV��-��0���6WDQ\RQ��-��	�+RO]HU��)��������3HUIRUPDQFH� LQ�/LWHUDF\
DQG� 1XPHUDF\�� ������ $� 5HSRUW� WR� WKH� $XVWUDOLDQ� (GXFDWLRQDO� &RXQFLO� RQ� WKH
$XVWUDOLDQ�6WXGLHV�LQ�6WXGHQW�3HUIRUPDQFH�3URMHFW��&DQEHUUD��$*36�

%RXUNH��6��)��	�.HHYHV�� -��3��������7KH�0DVWHU\�RI�/LWHUDF\�DQG�1XPHUDF\��)LQDO
5HSRUW��$XVWUDOLDQ�6WXGLHV�LQ�6FKRRO�3HUIRUPDQFH��9ROXPH�,,,��(5'&�5HSRUW�QR�����
&DQEHUUD��$*36�

&KDOO��-��6���-DFREV��9��	�%DOGZLQ��/��������7KH�5HDGLQJ�&ULVLV��:K\�3RRU�&KLOGUHQ
)DOO�%HKLQG��&DPEULGJH��0DVV���+DUYDUG�8QLYHUVLW\�3UHVV�

.HHYHV�-��3��	�%RXUNH��6��)��������/LWHUDF\�DQG�1XPHUDF\�LQ�$XVWUDOLDQ�6FKRROV��$
)LUVW�5HSRUW��$XVWUDOLDQ�6WXGLHV�LQ�6FKRRO�3HUIRUPDQFH�9ROXPH�,��(5'&�5HSRUW�QR�
���&DQEHUUD��$*36�

.HHYHV�� -�� 3��� 0DWKHZV�� -�� .�� 	� %RXUNH�� 6�� )�� ������ (GXFDWLQJ� IRU� /LWHUDF\� DQG
1XPHUDF\�LQ�$XVWUDOLDQ�6FKRROV���$XVWUDOLDQ�(GXFDWLRQ�5HYLHZ�1R�������0HOERXUQH�
$&(5�

/RNDQ�� -��	�)RUG��3�� ������0DSSLQJ� 6WDWH�7HVWLQJ�3URJUDPV��0HOERXUQH��1DWLRQDO
,QGXVWU\�(GXFDWLRQ�)RUXP�

/RNDQ�� -��� )RUG�� 3�� 	� *UHHQZRRG�� /�� ������ 0DWKV� DQG� 6FLHQFH� RQ� WKH� /LQH�
$XVWUDOLDQ� -XQLRU� 6HFRQGDU\� 6WXGHQWV¶� 3HUIRUPDQFH� LQ� WKH� 7KLUG� ,QWHUQDWLRQDO
0DWKHPDWLFV�DQG�6FLHQFH�6WXG\��0HOERXUQH��$&(5�

0DVWHUV��*���/RNDQ��-���'RLJ��%���.KRR��6��.���/LQGVH\��-���5RELQVRQ��/��	�=DPPLW��6�
������3URILOHV�RI�/HDUQLQJ��7KH�%DVLF�6NLOOV�7HVWLQJ�3URJUDP� LQ�1HZ�6RXWK�:DOHV�
+DZWKRUQ��$XVWUDOLDQ�&RXQFLO�IRU�(GXFDWLRQDO�5HVHDUFK�

0F&DQQ�� 5�� ������ 6H[� GLIIHUHQFHV� LQ� SDUWLFLSDWLRQ� DQG� SHUIRUPDQFH� DW� WKH� 16:
+LJKHU� 6FKRRO� &HUWLILFDWH�� $� PHWKRG� ZKLFK� DGMXVWV� IRU� WKH� HIIHFW� RI� GLIIHUHQWLDO
VHOHFWLRQ��$XVWUDOLDQ�-RXUQDO�RI�(GXFDWLRQ������������������

0F*DZ��%���/RQJ��0��*���0RUJDQ��*��	�5RVLHU��0��-��������/LWHUDF\�DQG�1XPHUDF\
LQ� 9LFWRULDQ� 6FKRROV�� ������ $&(5� 5HVHDUFK� 0RQRJUDSK� 1R������ +DZWKRUQ�
$XVWUDOLDQ�&RXQFLO�IRU�(GXFDWLRQDO�5HVHDUFK�

1XWWDOO��'��������0RQLWRULQJ�QDWLRQDO�VWDQGDUGV��8QLWHG�.LQJGRP��,Q�7��+XVHQ�	�1�
3RVWOHWKZDLWH� �(GV�� ,QWHUQDWLRQDO� (QF\FORSHGLD� RI� (GXFDWLRQDO� 5HVHDUFK�� /RQGRQ�
3HUJDPRQ�

5RVLHU��0��������&KDQJHV�LQ�6HFRQGDU\�6FKRRO�0DWKHPDWLFV�LQ�$XVWUDOLD�����������
0HOERXUQH��$&(5�
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5RZH��.�� -�� ������7KH� LQIOXHQFH� RI� UHDGLQJ� DFWLYLW\� DW� KRPH� RQ� VWXGHQWV¶� DWWLWXGHV
WRZDUGV�UHDGLQJ��FODVVURRP�DWWHQWLYHQHVV�DQG�UHDGLQJ�DFKLHYHPHQW��DQ�DSSOLFDWLRQ�RI
VWUXFWXUDO�HTXDWLRQ�PRGHOOLQJ��%ULWLVK�-RXUQDO�RI�(GXFDWLRQDO�3V\FKRORJ\������������

5RZH�� .�� -�� 	� +LOO�� 3�� :�� ������ $VVHVVLQJ�� UHFRUGLQJ� DQG� UHSRUWLQJ� VWXGHQWV¶
HGXFDWLRQDO�SURJUHVV�� WKH�FDVH� IRU� µVXEMHFW�SURILOHV¶�$VVHVVPHQW� LQ�(GXFDWLRQ���� ����
��������

7LWPDQLV��3���0XUSK\��)���&RRN��-���%UDG\��.��	�%URZQ��0��������3URILOHV�RI�6WXGHQW
$FKLHYHPHQW��(QJOLVK�DQG�0DWKHPDWLFV� LQ�:HVWHUQ�$XVWUDOLDQ�*RYHUQPHQW� 6FKRROV
������3HUWK��0LQLVWU\�RI�(GXFDWLRQ�
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$33(1',;�����'$7$�$1'�0(7+2'6�2)�$1$/<6,6

7KLV� $SSHQGL[� RXWOLQHV� D� QXPEHU� RI� WHFKQLFDO� GHWDLOV� RI� WKH� UHVHDUFK�� $Q
XQGHUVWDQGLQJ�RI�WKHVH�IHDWXUHV�LV�HVVHQWLDO�WR�DQ�DSSUHFLDWLRQ�RI�WKH�GDWD�SUHVHQWHG�LQ
WKH� UHSRUW�� 7KH� UHSRUW� PDNHV� XVH� RI� GDWD� WKDW� ZHUH� GHULYHG� IURP� VHYHUDO� VRXUFHV
LQFRUSRUDWLQJ� VLPLODU� EXW� QRQ�LGHQWLFDO� WHVWV�� ,W�ZDV� WKHUHIRUH� LPSRUWDQW� WR� HVWDEOLVK
WKH�EHVW�SRVVLEOH�EDVLV�IRU�DQDO\VLV�DQG�FRPSDULVRQ��7KH�$SSHQGL[�GHVFULEHV�WKH�GDWD
WKDW�ZHUH�XVHG�DQG�WKH�QDWXUH�RI�WKH�DFKLHYHPHQW�WHVWV��GHILQHV�WKH�WHUPV�DFKLHYHPHQW
DQG�PDVWHU\��DQG�RXWOLQHV�WKH�SURFHGXUH�IRU�WKH�GHYHORSPHQW�RI�WKH�FRPPRQ�VFDOHV�RI
OLWHUDF\�DQG�QXPHUDF\�DQG�WKH�PHDVXUH�RI�PDVWHU\�

6RXUFHV�RI�'DWD

$� WRWDO� RI� HLJKW� GDWD� VHWV� VSDQQLQJ� D� ��� \HDU� SHULRG� IURP� �����ZHUH� XVHG� LQ� WKHVH
DQDO\VHV��7KH�IRXU�PDLQ�GDWD�VHWV�ZHUH�DV�IROORZV�

�� 7KH� VDPSOH� RI� ������ ��� \HDU�ROG� VWXGHQWV� IURP� WKH� �����$XVWUDOLDQ� 6WXGLHV� LQ
6FKRRO� 3HUIRUPDQFH� �$663�� WKDW� EHFDPH� WKH� ILUVW� FRKRUW� RI� WKH� <RXWK� LQ
7UDQVLWLRQ�SURMHFW�LQ������

�� 7KH� VDPSOH� RI� ������ ��� \HDU�ROG� VWXGHQWV� IURP� WKH� �����$XVWUDOLDQ� 6WXGLHV� LQ
6WXGHQW�3HUIRUPDQFH��$663��

�� 7KH�VDPSOH�RI����������\HDU�ROGV�IURP�WKH������<RXWK�LQ�7UDQVLWLRQ��<,7��VWXG\�
DQG

�� 7KH�VDPSOH�RI��������\HDU����WKH�PRGDO�\HDU�OHYHO�IRU����\HDU�ROGV��VWXGHQWV�IURP
WKH������/RQJLWXGLQDO�6XUYH\�RI�$XVWUDOLDQ�<RXWK��/6$<��

,Q�DGGLWLRQ��GDWD�IURP�VPDOOHU�VDPSOHV�RI�IRXU�RI�WKH�FRKRUWV�IRU�WKH�$XVWUDOLDQ�<RXWK
6XUYH\� �$<6�� ZHUH� XVHG� LQ� WKH� FDOLEUDWLRQ� RI� WKH� FRPPRQ� VFDOHV� DQG� LQ� VRPH
LQVWDQFHV�WR�FRQILUP�QDWLRQDO�WUHQGV�EHWZHHQ������WR�������7KHVH�VWXGHQWV�FRPSOHWHG
DFKLHYHPHQW� WHVWV� LQ� WKH� \HDUV� IURP� ����� WR� ������ 7KH� $<6� VDPSOHV� FRPSULVHG
VWXGHQWV�ZKR�ZHUH�PRVWO\�DJHG����\HDUV��EXW�ZLWK�YDU\LQJ�DJHV�DQG�DFURVV�\HDUV�����
DQG� ����� /DWHU�� ZKHQ� WKH\� ZHUH� ��� \HDUV� ROG�� PRVW� ZHUH� DGGHG� WR� WKH� RQJRLQJ
$XVWUDOLDQ�<RXWK�6XUYH\�

,Q�JHQHUDO�� WKHVH� VDPSOHV�ZHUH� WZR�VWDJH�FOXVWHU� VDPSOHV��ZLWK� UDQGRP�VHOHFWLRQ�RI
VFKRROV�LQ�WKH�ILUVW�VWDJH�DQG�UDQGRP�VHOHFWLRQ�RI�VWXGHQWV�LQ�WKH�VHFRQG�VWDJH��,Q�WKH
$663�� <,7� DQG� /6$<� VWXGLHV�� VWDWHV� ZHUH� GLVSURSRUWLRQDWHO\� VDPSOHG� VR� WKDW
VXIILFLHQW� QXPEHUV� RI� VWXGHQWV� ZHUH� REWDLQHG� WR� SURYLGH� DFFXUDWH� SRSXODWLRQ
HVWLPDWHV�� )RU� VRPH� VWXGLHV�� WKH� VDPSOHV� ZHUH� DOVR� VWUDWLILHG� E\� VFKRRO� VHFWRU�
:HLJKWV� DSSURSULDWH� WR� WKH� VDPSOH� GHVLJQ� ZHUH� FDOFXODWHG� WR� SURYLGH� SRSXODWLRQ
HVWLPDWHV�RI�PHDQV�DQG�SURSRUWLRQV�

&RPSDULVRQV�FRXOG�EH�PDGH�EHWZHHQ�DOO�VWXGHQWV�WHVWHG�����\HDU�ROG�VWXGHQWV��RU�MXVW
��� \HDU�ROG� VWXGHQWV� LQ� \HDU� ��� (YHQ� WKRXJK� WKH� GDWD� IRU� DOO� VWXGHQWV� SURYLGH� WKH
JUHDWHVW�DPRXQW�RI�LQIRUPDWLRQ��GLIIHUHQFHV�LQ�WKH�DJH�VWUXFWXUH�RI�WKH�VDPSOHV�QHHG�WR
EH�WDNHQ�LQWR�DFFRXQW��7KH�VXE�VDPSOH�RI����\HDU�ROGV�LV�WKH�PRVW�LPSRUWDQW�EHFDXVH
LW�DOORZV�VLPSOH�GLUHFW�FRPSDULVRQV�EHWZHHQ�WKH�$663��<,7��DQG�$<6�VDPSOHV�DQG
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WKH�PDMRULW\�RI� WKH�VWXGHQWV� LQ�WKH�/6$<�VDPSOH��7KLV� LV� WKH�SULPH�UHIHUHQFH� LQ� WKH
WHVW�DQG�LQ�WKH�DQDO\VHV�DQG�LV�VKRZQ�DV�WKH�PLGGOH�OLQH�LQ�WKH�WDEOHV��7KH�VXE�VDPSOH
RI����\HDU�ROGV�LQ�\HDU���DOORZV�GLUHFW�FRPSDULVRQV�RI�WKH�GDWD�IURP�WKHVH�VWXGLHV�ZLWK
WKH� /6$<� VDPSOH� EXW� WKH� HVWLPDWHV� DUH� OHVV� DFFXUDWH� DQG� VXEMHFW� WR� WKH� HIIHFWV� RI
FKDQJLQJ�SROLFLHV�DIIHFWLQJ�WKH�DJH�JUDGH�GLVWULEXWLRQV�RI�VWXGHQWV�

$FKLHYHPHQW�DQG�0DVWHU\

$FKLHYHPHQW�LV�W\SLFDOO\�GHILQHG�DV�WKH�GHJUHH�WR�ZKLFK�D�SHUVRQ�KDV�DFTXLUHG�VNLOOV
RU� NQRZOHGJH� LQ� D� JLYHQ� ILHOG�� ,W� LV� WKHUHIRUH� D� FRQWLQXRXV� TXDQWLW\� WKDW� FDQ� EH
DVVHVVHG�E\�WHVWLQJ�DV�ZHOO�DV�E\�RWKHU�PHWKRGV��(YHQ�WKRXJK�WKH������QDWLRQDO�VWXG\
RI� OLWHUDF\� DQG�QXPHUDF\� IRFXVHG� RQ�PLQLPXP�FRPSHWHQFH�� LW� GLG� QRW� SUHFOXGH� WKH
FRQVWUXFWLRQ�RI�D�JUDGHG�VFDOH��7KH�VHFRQG�QDWLRQDO�VXUYH\�LQ�������DQG�WKH�ODWHU�WHVWV
XVHG�LQ�WKLV�UHSRUW�DLPHG�WR�DVVHVV�D�ZLGHU�UDQJH�RI�SHUIRUPDQFH�E\�LQFOXGLQJ�PRUH
GLIILFXOW�LWHPV�

0DVWHU\�UHIHUV�WR�UHDFKLQJ�D�GHILQHG�VWDQGDUG�ZLWK�UHVSHFW�WR�VNLOOV�RU�NQRZOHGJH�LQ�D
JLYHQ�ILHOG�DQG�LV�XVXDOO\�D�GLFKRWRPRXV�FRQFHSW��,W�LV�RIWHQ�XVHG�LQ�DVVRFLDWLRQ�ZLWK
WKH�VNLOOV�UHTXLUHG�WR�IXQFWLRQ�HIIHFWLYHO\�LQ�VRFLHW\��RU�WR�HIIHFWLYHO\�SHUIRUP�D�JLYHQ
WDVN��7KH�FRQFHSW�RI�PDVWHU\�HPSOR\HG�LQ�WKLV�SDSHU�LV�WKH�VDPH�DV�WKDW�GHYHORSHG�LQ
WKH������$XVWUDOLDQ�6WXGLHV�RI�6FKRRO�3HUIRUPDQFH�VWXG\��$�PDMRU�DLP�RI�WKDW�VWXG\
ZDV� WR� HVWLPDWH� WKH� QXPEHU� RI� VWXGHQWV� IDLOLQJ� WR� DWWDLQ� EDVLF� VNLOOV� OLWHUDF\� DQG
QXPHUDF\� XVLQJ� D� VSHFLILHG� FULWHULRQ�� ,Q� WKH� UHSRUW� WKH� PHDVXUHV� UHSRUWHG� DUH� WKH
SHUFHQWDJHV�RI�VWXGHQWV�DWWDLQLQJ�PDVWHU\�LQ�UHDGLQJ�RU�QXPHUDF\�

7KH�$FKLHYHPHQW�7HVWV

7KH� UHDGLQJ� DQG� QXPHUDF\� WHVWV� XVHG� LQ� WKH� LQLWLDO� ����� $663� VWXG\� DLPHG� DW
DVVHVVLQJ�µEDVLF�VNLOOV¶�DQG�LQFRUSRUDWHG�LWHPV�FRPPRQ�WR�WHVWV�IRU�WKH�DFFRPSDQ\LQJ
VDPSOH�RI����\HDU�ROGV��7R�DQ�RXWVLGHU�WKHVH�WHVWV�DUH�HDV\��7KH�OLWHUDF\�WHVW�LQFOXGHG
TXHVWLRQV�DV�VLPSOH�DV�DVNLQJ�VWXGHQWV� WR�FRPSOHWH�WKH�DOSKDEHW�� LGHQWLI\�WKH�SLFWXUH
WKDW�FRUUHVSRQGHG�WR�VHQWHQFHV�VXFK�DV�µ+H�LV�WDOOHU�WKDQ�KLV�VLVWHU¶��LQVHUW�WKH�FRUUHFW
IRUP�RI�YHUEV��DUWLFOHV��SUHSRVLWLRQV��DQG�RWKHU�ZRUG�IRUPV�LQ�HYHU\GD\�VHQWHQFHV��DQG
WR� ORFDWH� LQIRUPDWLRQ� LQ�QHZVSDSHUV�� ,QFOXGHG�ZHUH� LWHPV�DVNLQJ�VWXGHQWV� WR� ILQG� LQ
QHZVSDSHUV��WKH�OHWWHUV�SDJH��D�WHOHSKRQH�QXPEHU��D�UHFLSH��DQG�D�WRS����DOEXP��0RVW
RI�WKH�PRUH�GLIILFXOW�LWHPV�ZHUH�FRQFHUQHG�ZLWK�FRPSUHKHQVLRQ�RI�HLWKHU�QHZVSDSHU
DUWLFOHV�RU�WH[WXDO�SDVVDJHV�

7KH�ODWHU�UHDGLQJ�WHVWV�LQFOXGHG�SURJUHVVLYHO\�IHZHU�LWHPV�RQ�ORFDWLQJ�DQG�UHWULHYLQJ
LQIRUPDWLRQ��7KH������$663�LQFOXGHG�H[HUFLVHV�LQ�XVLQJ�DQ�HQF\FORSHGLD��D�WDEOH�RI
FRQWHQWV�� DQG� DQ� LQGH[�� ,Q� WKH� ODWHU� VWXGLHV� WKH� ORFDWLQJ� LQIRUPDWLRQ� WDVNV� ZHUH
UHVWULFWHG� WR� ILQGLQJ� LQ� D� QHZVSDSHU� WKH� OHWWHUV� SDJH�� DQG� 3HUWK¶V� PD[LPXP
WHPSHUDWXUH�

$V�IRU�WKH������$663��WKH�FRPSUHKHQVLRQ�LWHPV�LQ�WKH�ODWHU�UHDGLQJ�WHVWV�ZHUH�EDVHG
RQ� QHZVSDSHU� DUWLFOHV� RU� WH[WXDO� SDVVDJHV� FRYHULQJ� D� GLYHUVH� UDQJH� RI� WRSLFV�� 7KH
PDWHULDO� IURP�QHZVSDSHUV� LQFOXGHV� VWRULHV�RQ�D�PDQ� UHVFXHG� IURP�D� WLJHU�DWWDFN��DQ
DUPHG�UREEHU\��ELUGV�WUDSSHG�E\�GXPSHG�RLO��D�WXJ�RI�ZDU�ZLWK�D�FDPHO��D�KDQJ�JOLGLQJ
IOLJKW��VFLHQWLILF�H[SODQDWLRQV�RI�IORDWLQJ�DQG�DFQH��D�VWULNH�LQ�ZKLFK�ZRUNHUV�FRQWLQXH
WR�ZRUN��DQG�WKH�IOLJKW�RI�EHHV��7KH�WH[WXDO�SDVVDJHV�ZHUH�RQ�VXFK�GLYHUVH�WRSLFV�DV�
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WKH�LQYHQWLRQ�RI�SULQWLQJ�� WKH�ELUWK�RI�D�YROFDQR��D�GLVSXWH�EHWZHHQ� WZR�PRWRULVWV��D
UDLOZD\�ZRUNHU¶V�QHDU�IDWDO�H[SHULHQFH�ZLWK�DQ�H[SUHVV�WUDLQ��DQ�DWWDFN�E\�ORFXVWV��DQG
WKH�0DQKDWWDQ�SURMHFW��6RPH�RI�WKHVH�DUWLFOHV�DQG�SDVVDJHV�ZHUH�DOVR�LQFOXGHG�LQ�WKH
RULJLQDO������$663�VWXG\�

$V�ZDV�WKH�FDVH�IRU�LWV�UHDGLQJ�FRXQWHUSDUW��WKH������QXPHUDF\�WHVW�ZDV�HDV\�IRU���
\HDU�ROGV�� 4XHVWLRQV� LQFOXGHG� PDWKHPDWLFDO� RSHUDWLRQV� ZLWK� RQH� DQG� WZR� GLJLW
QXPEHUV�� WKH� UHDGLQJ� RI�� VFDOHV�� PDSV�� JUDSKV�� DQG� DQ� DQDORJXH� ZDWFK�� DQG
SHUIRUPLQJ�UHODWLYHO\�VLPSOH�FDOFXODWLRQV�LQYROYLQJ�PRQH\��7KH�PRUH�GLIILFXOW� LWHPV
LQFOXGHG� IUDFWLRQV�� HVWLPDWLQJ� ORQJ� GLYLVLRQ�� DQG� FDOFXODWLRQV� LQYROYLQJ� YROXPHV�
6HYHUDO� RI� WKHVH� LWHPV�� LQFOXGLQJ� WKH� VLPSOH� FRPSXWDWLRQDO� LWHPV��ZHUH� LQFOXGHG� LQ
WKH������QXPHUDF\� WHVW��7KH�VLPSOHVW�FRPSXWDWLRQDO� LWHPV�ZHUH�QRW� LQFOXGHG� LQ� WKH
ODWHU�WHVWV�

,Q�JHQHUDO� WKH�QXPHUDF\� LWHPV�FDQ�EH� FRQVLGHUHG� DV� WKUHH�JURXSV�� ,WHPV� LQ� WKH� ILUVW
JURXS� GHDO� ZLWK� PDWKHPDWLFDO� RSHUDWLRQV� �PDLQO\� FRPSXWDWLRQV�� ZLWK� OLWWOH� RU� QR
SUDFWLFDO� FRPSRQHQW�� 7KHVH� LQFOXGH� VLPSOH� RSHUDWLRQV� VXFK� DV� DGGLWLRQ� DQG
VXEWUDFWLRQ�� DQG�PRUH� FRPSOH[�RSHUDWLRQV� VXFK� DV� ORQJ� GLYLVLRQ�� IUDFWLRQV�� VTXDUHV�
FXEHV��DQG�VTXDUH�URRWV��7KRVH�LQ�WKH�VHFRQG�JURXS�DUH�LWHPV�RQ�SUDFWLFDO�DSSOLFDWLRQV
RI� QXPHULFDO� VNLOOV�� ([DPSOHV� DUH� TXHVWLRQV� DERXW� EX\LQJ� WKLQJV�� UHDGLQJ� VFDOHV�
WDEOHV�� DQG� JUDSKV�� DQG� FDOFXODWLQJ� LQWHUHVW�� 7KH� WKLUG� JURXS� FRQVLVWV� RI� LWHPV� WKDW
UHTXLUH� WKH� DSSOLFDWLRQ� RI� DEVWUDFW�PDWKHPDWLFDO� FRQFHSWV�� 7KHVH� DUH�PDLQO\� ORJLFDO
DQG� VSDWLDO� SUREOHPV�� 7KLV� FDWHJRULVDWLRQ� LV� E\� QR�PHDQV� DEVROXWH� EXW� VHUYHV� DV� D
XVHIXO�JXLGH�WR�WKH�W\SHV�RI�TXHVWLRQV�DVNHG�

0RVW� LWHPV� RQ� HDFK� WHVW� ZHUH� GHYHORSHG� DW� WKH� $XVWUDOLDQ� &RXQFLO� RI� (GXFDWLRQDO
5HVHDUFK�DQG��EHIRUH�DQ� LWHP�ZDV� LQFRUSRUDWHG� LQWR� D� WHVW�� LW� KDG�XQGHUJRQH� D� ILHOG
WULDO�RU�KDG�EHHQ�XVHG�LQ�DQRWKHU�VWXG\��2QFH� LQFOXGHG� LQ�D� WHVW�� WKH�SHUIRUPDQFH�RI
WKH� LWHPV� ZDV� PRQLWRUHG� LQ� WHUPV� RI� GLIILFXOW\� DQG� FRUUHODWLRQV� ZLWK� JHQHUDO
SHUIRUPDQFH�RQ�WKH�RYHUDOO�WHVW�

(VWDEOLVKLQJ�D�&RPPRQ�6FDOH

$OWKRXJK� VWXGHQW� SHUIRUPDQFH� RQ� FRPPRQ� LWHPV� FDQ� EH� FRPSDUHG�� LW� LV� HVSHFLDOO\
DGYDQWDJHRXV� WR� XVH� WKH� LQIRUPDWLRQ� RQ� SHUIRUPDQFH� IURP� DOO� WKH� LWHPV�� &RPPRQ
VFDOHV� LQYROYLQJ� DOO� LWHPV� ZHUH� FRQVWUXFWHG� XVLQJ� D� SRZHUIXO� VWDWLVWLFDO� SURFHGXUH
EDVHG�RQ� WKH� FRPPRQ� LWHPV�� ,W� KDV� VHYHUDO� QDPHV� LQFOXGLQJ�5DVFK�PRGHOOLQJ�� LWHP
UHVSRQVH� WKHRU\�� DQG� ODWHQW� WUDLW� DQDO\VLV�� 7KH� SURFHGXUH� DVVXPHV� WKDW� D� VWXGHQW¶V
SHUIRUPDQFH� RQ� DQ� LWHP� KDV� WZR� FRPSRQHQWV�� WKH� VWXGHQW¶V� DELOLW\� DQG� WKH� UHODWLYH
GLIILFXOW\�RI�WKH�LWHP��,W�LV�EDVHG�RQ�WKH�SULQFLSOH�WKDW�LWHPV�FDQ�EH�UDQNHG�LQ�WHUPV�RI
GLIILFXOW\� DQG� WKLV� UHODWLYH� UDQNLQJ� LV� FRQVWDQW� EHWZHHQ� WHVWV�� ,QIRUPDWLRQ� RQ� KRZ
VWXGHQWV� SHUIRUPHG� RQ� ERWK� WKH� FRPPRQ� DQG� XQLTXH� LWHPV�� DQG� WKH� UHODWLRQVKLSV
EHWZHHQ�WKH�WZR��DOORZ�WKH�FRQVWUXFWLRQ�RI�D�FRPPRQ�PHDVXUH��7KH�UHOLDELOLWLHV�RI�WKH
FRPPRQ�VFDOHV�IRU�UHDGLQJ�FRPSUHKHQVLRQ�DQG�IRU�QXPHUDF\�ZHUH�KLJK�DQG�WKH�WRWDO
VFRUHV��D�VLPSOH�DGGLWLYH�WRWDO��RQ�HDFK�RI�WKH�WHVWV�FRUUHODWHG�KLJKO\�ZLWK�WKH�UHOHYDQW
FRPPRQ�VFDOH��LQ�H[FHVV�RI��������,W�LV�DOVR�RI�LQWHUHVW�WKDW�WKH�FRUUHODWLRQ�FRHIILFLHQW
EHWZHHQ�UHDGLQJ�FRPSUHKHQVLRQ�DQG�QXPHUDF\�ZDV������ZKLFK�LQGLFDWHV�WKDW�WKH�WZR
PHDVXUHV�DUH�FRQFHSWXDOO\�GLVWLQFW�
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$� FRPPRQ� VFDOH� HVWDEOLVKHG� WKURXJK� WKLV�PHWKRG� KDV� QR� DEVROXWH� VWDUWLQJ� DQG� HQG
SRLQWV��7R�SURGXFH� D� VFDOH� WKDW� FRXOG�EH� UHDGLO\� LQWHUSUHWHG�� D� OLQHDU� WUDQVIRUPDWLRQ
ZDV� DSSOLHG� VR� WKDW� WKH� ORZHVW� VFRUH�ZDV� DVVLJQHG� D� YDOXH� RI� ]HUR� DQG� WKH� KLJKHVW
VFRUH�ZDV�DVVLJQHG�D�YDOXH�RI�RQH�KXQGUHG�

'LVWLQJXLVKLQJ�0DVWHU\�IURP�1RQ�0DVWHU\

7KH� ����� VWXG\� SURGXFHG� D� PHDVXUH� GLVWLQJXLVKLQJ� PDVWHUV� IURP� QRQ�PDVWHUV�� ,WV
GHYHORSPHQW� LQYROYHG�HVWDEOLVKLQJ�DJUHHG�XSRQ�FULWHULD�� WKH�FRQVWUXFWLRQ�RI� VSHFLILF
WHVW� LWHPV�ZKLFK�VDWLVILHG� WKHVH�FULWHULD�� DQG� ILQDOO\� WKH�FDOFXODWLRQ�RI�FXW�RII� VFRUHV
GLVWLQJXLVKLQJ� PDVWHUV� IURP� QRQ�PDVWHUV�� )ROORZLQJ� WKH� ZRUN� RI� RWKHUV� WKH
LQYHVWLJDWRUV�GHFLGHG�WR�VHW� WKH�UHTXLUHG�OHYHO�RI�SHUIRUPDQFH�DV�µFRUUHFW�DQVZHUV� WR
���SHU�FHQW�RI�WKH�SRSXODWLRQ�RI�DOO�SRVVLEOH�LWHPV�DVVRFLDWHG�ZLWK�D�SDUWLFXODU�WDVN�RU
REMHFWLYH¶�

7KLV� UHSRUW� HPSOR\V� WKLV� FRQFHSW� RI� PDVWHU\� DV� GHYHORSHG� LQ� WKH� ����� VWXG\� DV� D
EDVHOLQH�WR�DVVHVV�PDVWHU\�OHYHOV�DW�ODWHU�WLPH�SRLQWV��6LQFH�WKH�VXEVHTXHQW�WHVWV�ZHUH
PRUH�GLIILFXOW��WKH�SHUFHQWDJH�RI�FRUUHFW�LWHPV�WKDW�UHSUHVHQWHG�PDVWHU\�ZDV�OHVV�WKDQ
��� SHU� FHQW�� 7KH� KLJKHVW� VFRUH� RQ� WKH� FRPPRQ� VFDOH� IRU� QRQ�PDVWHUV� LQ� WKH� ����
$663�VWXG\�ZDV�XVHG�DV�WKH�FXW�RII�VFRUH�WR�GLVWLQJXLVK�µQRQ�PDVWHUV¶�IURP�µPDVWHUV¶
LQ�WKH�ODWHU�VWXGLHV�

7KH� VFRUHV� IRU� WKH� LQGLYLGXDO� LWHPV� REWDLQHG� E\� 5DVFK�PRGHOOLQJ� DUH� RQ� WKH� VDPH
VFDOH�DV�WKH�VFRUHV�IRU�LQGLYLGXDO�VWXGHQWV��:KHQ�D�VWXGHQW¶V�VFRUH�LV�WKH�VDPH�DV�WKH
GLIILFXOW\�IRU�DQ�LWHP��LW�PHDQV�WKDW�WKH�VWXGHQW�KDV�D����SHU�FHQW�FKDQFH�RI�FRUUHFWO\
DQVZHULQJ�WKDW�LWHP��)RU�PRUH�GLIILFXOW�LWHPV��WKH�VWXGHQW�KDV�D�OHVV�WKDQ����SHU�FHQW
SUREDELOLW\�RI�FRUUHFWO\�DQVZHULQJ�WKH�LWHP��DQG�IRU�OHVV�GLIILFXOW�LWHPV��D�JUHDWHU�WKDQ
���SHU�FHQW�SUREDELOLW\�

0DVWHU\� LQ� UHDGLQJ�FRUUHVSRQGV� WR� D����SHU� FHQW�SUREDELOLW\�RI� FRUUHFWO\� LGHQWLI\LQJ
WKH� RULJLQ� RI� WKH� QDPH� RI� WKH� YROFDQR� µ3DUDFXWLQ¶�� ORFDWLQJ� WKH� OHWWHUV� SDJH� LQ� D
QHZVSDSHU�� DQG� LGHQWLI\LQJ� WKH� HIIHFW� RI� EDG�ZHDWKHU� LQ� WKH� VWRU\� DERXW� DQ� H[SUHVV
WUDLQ�

7KH�FXW�RII�IRU�PDVWHU\�LQ�QXPHUDF\�FRUUHVSRQGV�ZLWK�DERXW�D����SHU�FHQW�SUREDELOLW\
RI� FRUUHFWO\� HVWLPDWLQJ� WKH� UHVXOW� RI� ����� GLYLGHG� E\� ���� DQG� FRQYHUWLQJ� WKH� WLPH
GLIIHUHQFH�EHWZHHQ�������KRXUV�DQG������KRXUV�LQWR�PLQXWHV�


