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$EVWUDFW�� 7KH� SXUSRVH� RI� WKLV� SDSHU� LV� WR� UHYLVLW� WKH� LQIOXHQFH� RI� GHOD\HG�
IHHGEDFN�RQ�OHDUQLQJ��SHUIRUPDQFH�DQG�VWUDWHJ\�VHDUFK��7ZR�PDLQ�ZRUNLQJ�
K\SRWKHVHV� KDYH� EHHQ� XVHG� DV� D� JXLGHOLQH� RI� WKH� VWXG\�� )LUVW� K\SRWKHVLV�
FODLPHG�WKDW�ZKHQ�OHDUQLQJ�HQYLURQPHQW�LV�³OHQLHQW´��HUURUV�DUH�QRW�KHDYLO\�
SXQLVKHG�� DV� D� FRQVHTXHQFH� RI� ZKLFK� JHQHUDOO\� SRVLWLYH� IHHGEDFN� LV�
REVHUYHG���SRVWSRQHG�IHHGEDFN�DLGV�OHDUQLQJ�SURFHVV��WR�WKH�GHWULPHQW�RI�WKH�
SHUIRUPDQFH� �� DW� OHDVW� LQ� WKH� VKRUW� UXQ��� 6HFRQG� K\SRWKHVLV� DVVHUWHG� WKDW�
ZKHQ�OHDUQLQJ�HQYLURQPHQW� LV�³H[DFWLQJ´� �SHQDOWLHV� LPSRVHG�IRU�HUURUV�DUH�
VHYHUH�� WKHUHIRUH� JHQHUDOO\� QHJDWLYH� IHHGEDFN� LV� REVHUYHG��� SRVWSRQHG�
IHHGEDFN� DGYHUVHO\� DIIHFWV� OHDUQLQJ� SURFHVV� DQG� SHUIRUPDQFH�� $Q�
H[SHULPHQW� KDV� EHHQ�GHVLJQHG� DQG� FRQGXFWHG� LQ�RUGHU� WR� WHVW� DERYH� VWDWHG�
SURSRVLWLRQV��:KLOH�WKH�GDWD�IURP�WKH�H[SHULPHQW�GLVFRQILUPHG�ERWK�WKHVHV��
LW� VKRZHG� DQ� LQWHUHVWLQJ� SKHQRPHQRQ�� ZKLFK� KDV� QRW� EHHQ� FRQMHFWXUHG�
EHIRUH�� 6XEMHFWV� LQ� WKH� OHQLHQW� OHDUQLQJ� HQYLURQPHQW��ZKLOH� SUHVHQWHG�ZLWK�
GHOD\HG� IHHGEDFN�� WHQGHG� WR� UH�UHSUHVHQW� WKH� WDVN� PRUH� RIWHQ�� WKHUHIRUH�
FKDQJLQJ� WKH� VWUDWHJ\� WKH\� ZHUH� DSSO\LQJ� PRUH� RIWHQ� WKDQ� WKH� VXEMHFWV�
UHFHLYLQJ� LPPHGLDWH� IHHGEDFN�� 2Q� UHYHUVH�� GHOD\LQJ� WKH� IHHGEDFN� LQ� WKH�
H[DFWLQJ� HQYLURQPHQW�� PDGH� WKH� VXEMHFWV� WR� EH� PRUH� FRQVLVWHQW� LQ� WKH�
DSSOLFDWLRQ�RI�WKHLU�VWUDWHJ\��
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7KH�OLWHUDWXUH�GHDOLQJ�ZLWK�WKH�WLPLQJ�RI�IHHGEDFN
V� LPSRUWDQFH�SUHVHQWV�D�UDWKHU�
PLVW\� SLFWXUH�� 2QH� FDQ� ILQG� HYLGHQFH� WKDW� GHOD\HG� IHHGEDFN� FDQ� EH� GHWULPHQWDO� WR� WKH�
OHDUQHU�� FDQ� KHOS� WKH� OHDUQHU� RU� GRHV� QRW� DIIHFW� WKH� OHDUQHU� DW� DOO�� %XW� ZKDW� GRHV� WKH�
GHOD\HG�IHHGEDFN�UHDOO\�LQIOXHQFH"�

,Q�D�W\SLFDO�GHFLVLRQ�PDNLQJ�WDVN�WLPLQJ�RI�IHHGEDFN�FDQ�PRVW�LPSRUWDQWO\�DIIHFW��
VWRFN�RI�NQRZOHGJH�DFTXLUHG��SHUIRUPDQFH��VWUDWHJ\�VHDUFK��WLPH�RI�GHFLVLRQ�PDNLQJ�DQG�
VXEMHFWLYHO\� SHUFHLYHG�PRRG� RI� WKH� GHFLVLRQ�PDNHU�� $V� ,� GHPRQVWUDWH� LQ� PRUH� FDUHIXO�
OLWHUDWXUH�DQDO\VLV�ODWHU�RQ�LQ�WKLV�SDSHU��WKH�LPSDFW�RI�GHOD\HG�IHHGEDFN�RQ�OHDUQLQJ�DQG�
�������������������������������������������������
��$JUDGH]FR�OD�D\XGD�HFRQyPLFD�SURSRUFLRQDGD�SRU�HO�0LQLVWHULR�GH�&LHQFLD�\�7HFQRORJtD�D�WUDYpV�GHO�
SUR\HFWR�6(&�����������
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SHUIRUPDQFH� LV� VWLOO�GLVSXWDEOH�� ,Q� WHUPV�RI� VWUDWHJ\�VHDUFK�� LW� LV�JHQHUDOO\�DFFHSWHG� WKDW�
WKH�SRVLWLYH�IHHGEDFN�UHLQIRUFHV�PDLQWDLQLQJ�DQG�LPSURYLQJ�FXUUHQW�VWUDWHJ\�DQG�QHJDWLYH�
IHHGEDFN�XUJHV�WR�VHDUFK�IRU�QHZ�VWUDWHJLHV��6FKZDUW]�>��@��+RJDUWK�HW�DO��>��@���EXW�OLWWOH�
ZRUN� KDV� EHHQ� GRQH� RQ� LQYHVWLJDWLQJ� WKH� LPSDFW� RI� GHOD\HG� IHHGEDFN� RQ� WKH� VWUDWHJ\�
VHDUFK��,Q�WHUPV�RI�WLPH�FRQVXPSWLRQ�RI�GHFLVLRQ�PDNLQJ��6FKRROHU�DQG�$QGHUVRQ�>��@���
IRU� H[DPSOH�� UHSRUW� WKDW� VWXGHQWV� OHDUQLQJ� /,63� UHFHLYLQJ� LPPHGLDWH� IHHGEDFN� PRYHG�
WKURXJK�WKH�WUDLQLQJ�PDWHULDO�LQ�����OHVV�WLPH�WKDQ�WKRVH�UHFHLYLQJ�GHOD\HG�IHHGEDFN��\HW�
ZLWKRXW�GHWULPHQWDO�HIIHFWV�RQ�OHDUQLQJ��,Q�WKH�VHFRQG�H[SHULPHQW��GXULQJ�WKH�VDPH�VWXG\��
XVLQJ�LPSURYHG�/,63�HGLWRU��VXEMHFWV�UHFHLYLQJ�LPPHGLDWH�IHHGEDFN�ZHUH�VWLOO�����IDVWHU��
EXW� WKH\�ZHUH� VORZHU� RQ� WKH� WHVW� SUREOHPV� DQG� FRPPLWWHG� WZLFH� DV�PDQ\� HUURUV� DV� WKH�
VWXGHQWV� UHFHLYLQJ� GHOD\HG� IHHGEDFN�� )LQDOO\�� LQ� WHUPV� RI� WKH� LQIOXHQFH� RI� WLPLQJ� RI�
IHHGEDFN�RQ�HPRWLRQDO�VWDWHV��OHW�PH�MXVW�FLWH�DIWHU�-HQVHQ����VWXGLHV�UHYHDO�WKDW�IRU�KLJK�
ULVN� RU� IRU� KLJKO\� VWUHVVHG� VWXGHQWV�� WKH� PRVW� EHQHILFLDO� IRUP� RI� IHHGEDFN� LV� GHOD\HG�
IHHGEDFN��,W�KHOSV�PHGLDWH�LPSXOVLYLW\���
�

7KH�SXUSRVH�RI� WKLV�SDSHU� LV� WR� UHYLVLW� WKH� LQIOXHQFH�RI� WKH�GHOD\HG� IHHGEDFN�RQ�
OHDUQLQJ��SHUIRUPDQFH�DQG�VWUDWHJ\�VHDUFK��7KH�H[SHULPHQW�FRQGXFWHG�E\�+RJDUWK�HW�DO��
>��@��LQYHVWLJDWLQJ�WKH�LQIOXHQFH�RI�H[DFWLQJQHVV�RI�HQYLURQPHQWV�DQG�ILQDQFLDO�LQFHQWLYHV�
RQ�OHDUQLQJ�DQG�SHUIRUPDQFH��KDV�EHHQ�DGDSWHG�LQ�RUGHU�WR�VWXG\�WKH�LQIOXHQFH�RI�GHOD\HG�
IHHGEDFN� RQ� OHDUQLQJ� DQG� SHUIRUPDQFH� XQGHU� HQYLURQPHQWV� SHQDOL]LQJ� WKH� HUURUV� RI�
GHFLVLRQ�PDNHUV�ZLWK�GLIIHUHQW�VHYHULW\��7ZR�PDLQ�ZRUNLQJ�K\SRWKHVHV�KDYH�EHHQ�XVHG�DV�
D�JXLGHOLQH�RI�WKH�VWXG\��QDPHO\��WKDW�ZKHQ�OHDUQLQJ�HQYLURQPHQW�LV�³OHQLHQW´��HUURUV�DUH�
QRW� KHDYLO\� SXQLVKHG�� DV� D� FRQVHTXHQFH� RI� ZKLFK� JHQHUDOO\� SRVLWLYH� IHHGEDFN� LV�
REVHUYHG���SRVWSRQHG�IHHGEDFN�DLGV�OHDUQLQJ�SURFHVV��WR�WKH�GHWULPHQW�RI�WKH�SHUIRUPDQFH�
��DW�OHDVW�LQ�WKH�VKRUW�UXQ���:KHQ�OHDUQLQJ�HQYLURQPHQW�LV�³H[DFWLQJ´��SHQDOWLHV�LPSRVHG�
IRU� HUURUV� DUH� VHYHUH�� WKHUHIRUH� JHQHUDOO\� QHJDWLYH� IHHGEDFN� LV� REVHUYHG��� SRVWSRQHG�
IHHGEDFN� DGYHUVHO\� DIIHFWV� OHDUQLQJ� SURFHVV� DQG� SHUIRUPDQFH��:KLOH� WKH� GDWD� IURP� WKH�
H[SHULPHQW� GLVFRQILUPHG�ERWK� WKHVHV�� LW� VKRZHG� DQ� LQWHUHVWLQJ� SKHQRPHQRQ��ZKLFK� KDV�
QRW�EHHQ�FRQMHFWXUHG�EHIRUH��QDPHO\�WKDW� WKH� WLPLQJ�RI� IHHGEDFN�FDQ�LQIOXHQFH�VXEMHFWV
�
TXHVW�IRU�VWUDWHJ\�RI�SUREOHP�VROYLQJ��GHSHQGLQJ�RQ�WKH�H[DFWLQJQHVV�RI�WKH�HQYLURQPHQW�
� 7KH� UHVW�RI� WKLV�SDSHU� LV�RUJDQL]HG�DV� IROORZV��)LUVW�� ,�GLVFXVV� WKH� LPSRUWDQFH�RI�
VWXG\LQJ�WKH�WLPLQJ�RI�IHHGEDFN�DQG�WKH�FRQWURYHUV\�DURXVHG�DURXQG�WKLV�LVVXH��6HFRQG��,�
UHSRUW� WKH� UHVXOWV� RI� WKH� H[SHULPHQW� LQYHVWLJDWLQJ� WKH� LQIOXHQFH� RI� GHOD\HG� IHHGEDFN� RQ�
OHDUQLQJ��SHUIRUPDQFH�DQG�VWUDWHJ\�VHDUFK��(YHQWXDOO\�,�FRQFOXGH�WKH�ZKROH�ZLWK�D�ILQDO�
GLVFXVVLRQ��SRVVLEOH�FULWLFLVP�DQG�VRPH�H[DPSOHV�RI�DSSOLFDWLRQV�RI�P\�ILQGLQJV��
�
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��� �� �� DQ\� WKHRU\� WKDW� GHSLFWV� OHDUQLQJ� DV� D� SURFHVV� RI� PXWXDO� LQIOXHQFH�
EHWZHHQ�OHDUQHUV�DQG�WKHLU�HQYLURQPHQWV�PXVW�LQYROYH�IHHGEDFN�LPSOLFLWO\�RU�
H[SOLFLWO\� EHFDXVH�� ZLWKRXW� IHHGEDFN�� PXWXDO� LQIOXHQFH� LV� E\� GHILQLWLRQ�
LPSRVVLEOH��

%DQJHUW�'URZQV�HW�DO��>���S�����@�
�������������������������������������������������
�7KH�LQWHUQDWLRQDO�$VVRFLDWLRQ�RI�6XSHUYLVLRQ�DQG�&XUULFXOXP�'HYHORSPHQW��'RZQORDGHG�RQ�-XQH�����
�����IURP��KWWS���ZZZ�FDVFG�RUJ�VSRWMHQVHQ�VKWPO��
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7KH� UHVHDUFK� RQ� IHHGEDFN� GDWHV� EDFN� WR� WKH� HDUO\� GD\V� RI� SV\FKRORJ\� �IRU�

H[FHOOHQW�UHYLHZ�RI�IHHGEDFN�VWXGLHV�FKHFN��0RU\�>��@�RU�%ULQNR�>�@��DQG�IURP�WKH�YHU\�
HDUO\� RQ�� IHHGEDFN� KDV� EHHQ� FRQVLGHUHG� D� PDLQ� FRQWULEXWLQJ� IDFWRU� WR� NQRZOHGJH�
DFTXLVLWLRQ�� 2QH� RI� WKH� PRVW� LPSRUWDQW� SULQFLSOHV� LQ� DOO� OHDUQLQJ� WKHRU\� �� ODZ� RI�
UHLQIRUFHPHQW��RU�ODZ�RI�HIIHFW����ODLG�D�VFLHQWLILF�EDVH�IRU�IXWXUH�IHHGEDFN�VWXGLHV��,Q�WKLV�
UXOH�IRU�VKDSLQJ�EHKDYLRU�E\�WKH�XVH�RI�UHZDUGV��UHLQIRUFHUV���6NLQQHU��+LOJDUG�DQG�%RZHU�
>���� S�� ���@� DIWHU� 6NLQQHU�� GHILQHV� SULPDU\� SRVLWLYH� �QHJDWLYH�� UHLQIRUFHU� DV� D� VWLPXOXV�
ZKLFK�� ZKHQ� DSSOLHG� �UHPRYHG�� IROORZLQJ� DQ� RSHUDQW� UHVSRQVH�� VWUHQJWKHQV� WKH�
SUREDELOLW\� RI� WKDW� UHVSRQVH��+H� QDPHV� IRRG��ZDWHU� DQG� VH[XDO� FRQWDFW� DV� H[DPSOHV� RI�
SRVLWLYH�UHLQIRUFHUV�DQG�YHU\�EULJKW�OLJKW��ORXG�QRLVH�RU�H[WUHPH�KHDW�RU�FROG�DV�H[DPSOHV�
RI�QHJDWLYH�UHLQIRUFHUV��+LOJDUG��+LOJDUG�DQG�%RZHU�>����S�����@�DIWHU�+LOJDUG��PHQWLRQV�
DOVR� OHDUQHG� �VHFRQGDU\�� UHLQIRUFHUV�� OLNH�� PRQH\�� SUDLVH�� VRFLDO� DSSURYDO�� DWWHQWLRQ��
GRPLQDQFH��HWF��
,W�LV�JHQHUDOO\�DJUHHG�WKDW�D�OHDUQDEOH�UHVSRQVH�IROORZHG�E\�D�UHLQIRUFLQJ�HYHQW��VWLPXOXV��
VWDWH�RI�DIIDLUV��HWF���ZLOO�UHFHLYH�DQ�LQFUHPHQW�LQ�LWV�VWUHQJWK�RU�SUREDELOLW\�RI�RFFXUUHQFH��
%XW�IHHGEDFN�DV�LW�LV�GHILQHG�LQ�WKLV�SDSHU�PLJKW�GLIIHU�IURP�D�UHLQIRUFHU��$V�UHLQIRUFHUV�
XVHG�IRU�FRQGLWLRQLQJ�DUH�XVXDOO\�ELQDU\��\HV�QR��UHZDUG�SXQLVKPHQW��HWF����IHHGEDFN�LQ�D�
GHFLVLRQ�PDNLQJ� WDVN� FDQ� DGGLWLRQDOO\� FRQYH\� DQ� H[WHQGHG� ³HYDOXDWLYH´� FRPSRQHQW��
PDNLQJ�XVH�RI�WKH�ZKROH�VFDOH�EHWZHHQ�H[WUHPH�YDOXHV��+RZHYHU��WKH�YLUWXH�RI�IHHGEDFN�
LQ� GHFLVLRQ�PDNLQJ� FRQYHUWV� LQ� LWV� PDLQ� YLFH�� 7KH� QDWXUDO� DPELJXLW\� RI� IHHGEDFN�
FRQWLQXDOO\�FRQIRXQGV�WKH�LQIHUHQWLDO�DQG�WKH�HYDOXDWLYH�UROH�RI�WKH�LQIRUPDWLRQ�EHLQJ�IHG�
EDFN�WR�WKH�GHFLVLRQ�PDNHU��/HW�XV�XVH�DQ�H[DPSOH�IURP�+RJDUWK�HW�DO��>��@��RI�D�VWXGHQW�
ZULWLQJ�D�ILQDO�SDSHU�IRU�KLV�DFDGHPLF�FRXUVH��$IWHU�UHFHLYLQJ�KHU�JUDGH��WKH�VWXGHQW�FDQ�
HDVLO\�JHW� FRQIRXQGHG�ZLWK�³KRZ�PXFK´� RI� WKH�JUDGH� VKRXOG� VKH� DWWULEXWH� WR�KHU�SDSHU�
ZULWLQJ�VNLOOV�DQG�³KRZ�PXFK´�WR�WKH�HYDOXDWLRQ�SROLF\�RI�KHU�WHDFKHU��

,W�LV�WKHQ�QRW�TXHVWLRQDEOH�WKDW�LQ�DOPRVW�DOO�KXPDQ�OHDUQLQJ�VLWXDWLRQV��WKH�UROH�RI�
IHHGEDFN� LV� WR� FRQYH\� LQIRUPDWLRQ� DERXW� WKH� FRUUHFWQHVV� RI� JLYHQ� UHVSRQVH�� 7KLV�
IHHGEDFN��PRVW� SUREDEO\�� KDV� LWV� URRWV� LQ� ORQJ� KLVWRU\� RI� FXOWXUDO� WUDLQLQJ��ZKHQ� EHLQJ�
�FRUUHFW��LV�DVVRFLDWHG�ZLWK�SDUHQWDO�SUDLVH�DQG�DSSURYDO��:KDWHYHU�RXU�RSLQLRQ�DERXW�WKH�
SURFHVV�RI�OHDUQLQJ�LV��ZKHWKHU�ZH�WHQG�WR�V\PSDWKL]H�ZLWK��OHDUQLQJ�E\�GRLQJ��DSSURDFK�
RU�ZLWK�VRFLDO�OHDUQLQJ�DSSURDFK��D�ODUJH�DPRXQW�RI�KXPDQ�OHDUQLQJ�LV�GRQH�YLFDULRXVO\��
WKURXJK� REVHUYLQJ� DQRWKHU� SHUVRQ� PDNLQJ� WKH� VNLOOHG� UHVSRQVHV� DQG� WKHQ� WU\LQJ� WR�
LPLWDWH���WKH�LPSRUWDQFH�RI�IHHGEDFN�LV�XQGHQLDEOH��

2YHU�WLPH��GLIIHUHQW�LQYHVWLJDWLRQV�KDYH�EHHQ�SHUIRUPHG�DQG�D�ORW�KDV�EHHQ�ZULWWHQ�
DERXW�WKH�DSSURSULDWH�WLPLQJ�RI�IHHGEDFN��%XW�VWLOO�GDQJHURXV�P\WKV�FR�H[LVW�ZLWK�SURYHQ�
IDFWV�� 2QH� RI� WKHP� LV� WKDW� OHDUQLQJ� HIILFLHQF\� LV� DOZD\V� LQFUHDVHG� WKURXJK� WKH� XVH� RI�
LPPHGLDWH�IHHGEDFN��)RU�WKH�SXUSRVH�RI�P\�DQDO\VLV�,�ZLOO�GLYLGH�OHDUQLQJ�VLWXDWLRQV��DV�LW�
LV� FRPPRQ� LQ� OHDUQLQJ� OLWHUDWXUH�� VHH� &KDU� >�@�� LQWR� WZR� EURDG� JURXSV�� �ORZHU� RUGHU�
OHDUQLQJ�� �WDVNV� UHTXLULQJ� NQRZOHGJH� DQG� LWV� DSSOLFDWLRQ�� �DQG� KLJKHU� RUGHU� OHDUQLQJ��
�WDVNV�UHTXLULQJ�DQDO\VLV��V\QWKHVLV�DQG�HYDOXDWLRQ���)RU�WKH�IRUPHU��6NLQQHULDQ�DSSURDFK���
WUHDWLQJ�WKH�IHHGEDFN�DV�UHLQIRUFHPHQW��VHHPHG�ODWHU�WR�EH�FRQILUPHG�E\�RWKHU�UHVHDUFKHUV�
�IRU�H[DPSOH��%DQJHUW�'URZQV�HW�DO��>�@��%HUTXLVW�DQG�3KLOLSV�>�@���ZKR�UHDFKHG�D�JHQHUDO�
FRQFOXVLRQ� WKDW� LQ� W\SLFDO� FODVVURRP� VHWWLQJV� WKH� LPPHGLDWH� IHHGEDFN� KDV� EHHQ� PRUH�
HIIHFWLYH�� 7KH� VDPH� KDV� EHHQ� IRXQG� LQ� RQ�OLQH� OHDUQLQJ� �2JLOYLH���� $OVR� +RJDUWK� >��@�
�������������������������������������������������
��2JLOYLH��KWWSV���ZHEFW�DLW�LDVWDWH�HGX�,68WRROV�ZHEKWPO�GHVLJQHU�FRPPXQLW\�RJLOYLH�SGI�
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EDVLQJ�RQ�=DMRQF
V�DVVXPSWLRQ�WKDW�LW�LV�PRUH�LPSRUWDQW�WR�OHDUQ�ZKHQ�VRPHWKLQJ�QHZ�LV�
SRWHQWLDOO\� KDUPIXO� RU� GDQJHURXV� WKDQ� ZKHQ� LW� LV� QRW�� SUHVHQWV� D� PDWUL[� RI� OHDUQLQJ�
VWUXFWXUH�WDNLQJ�DV�GLPHQVLRQV�WKH�FRQVHTXHQFH�RI�HUURU�DQG�WKH�TXDOLW\�RI�IHHGEDFN��+H�
FODLPV� WKDW�� �ZLWK� VSHHG\� DQG� DFFXUDWH� IHHGEDFN�� ZH� FDQ� OHDUQ� ERWK� HDVLO\� DQG�
DFFXUDWHO\��+RZHYHU��ZKHQ� IHHGEDFN� LV� QRLV\�� GHOD\HG�RU� FKDUDFWHUL]HG�E\�XQFHUWDLQW\��
WKH�SURFHVV�RI�OHDUQLQJ�E\�FRQQHFWLRQV�DQG�UHLQIRUFHPHQW�FDQ�EUHDN�GRZQ��L�H���ZKDW�ZH�
OHDUQ�PD\�QRW�EH�YDOLG����

:KLOH� SUDLVLQJ� WKH� VHDUFK� IRU� LPPHGLDWH� DQG� UHOLDEOH� IHHGEDFN� LV� REYLRXVO\�
FRUUHFW�DQG�YDOXDEOH��,�ZRXOG�OLNH�WR�FRQWUDVW�LW�ZLWK�VRPH�RWKHU�HYLGHQFH��0RUULVRQ�HW�DO��
>��@� IRXQG� WKDW� GHOD\HG� DQG� NQRZOHGJH�RI�FRUUHFW�UHVSRQVH� IHHGEDFN� PD\� EH� PRUH�
EHQHILFLDO� WKDQ� DQVZHU�XQWLO�FRUUHFW� RU� QR�IHHGEDFN� IRU� ORZHU� OHYHO� OHDUQLQJ�� EXW� WKDW�
IHHGEDFN�HIIHFWV�EHFRPH�ZHDNHU�ZKHQ�KLJKHU�RUGHU�XQGHUVWDQGLQJ� LV�HYDOXDWHG��6LPLODU�
UHVXOWV� KDYH� EHHQ� REWDLQHG� E\� &ODULDQD� >�@� �IHHGEDFN� HIIHFWV� ZHDNHU� IRU� KLJKHU� RUGHU�
OHDUQLQJ���.XOKDY\�>��@�UHSRUWV�VWXGLHV�VKRZLQJ�WKDW�GHOD\LQJ�WKH�IHHGEDFN�IRU�D�GD\�RU�
PRUH�UHVXOWV�LQ�VLJQLILFDQW�LQFUHDVHV�LQ�VWXGHQWV
�NQRZOHGJH�UHWHQWLRQ�RQ�SRVW�WHVW�VFRUHV�
��'HOD\���5HWHQWLRQ�(IIHFW����7KLV�SKHQRPHQRQ�ZDV�REVHUYHG�PRVWO\�LQ�PXOWLSOH�FKRLFHV�
WHVWLQJ�DQG� LWV� H[SODQDWLRQ�KDV�EHHQ�DWWULEXWHG� WR� VR�FDOOHG��LQWHUIHUHQFH�SHUVHYHUDWLRQ��
K\SRWKHVLV� E\� .XOKDY\� DQG� $QGHUVRQ� >��@�� 7KH� DXWKRUV� IRXQG� RXW� WKDW� LI� IHHGEDFN� LV�
GHOD\HG�� WKH� LQLWLDO� HUURUV� WHQG� WR� EH� IRUJRWWHQ� DQG� GR� QRW� LQWHUIHUH� ZLWK� OHDUQLQJ� WKH�
FRUUHFW�IHHGEDFN�UHVSRQVHV���

)RU�WKH��KLJKHU�RUGHU�OHDUQLQJ��VLWXDWLRQV��VXSHULRULW\�RI�WKH�LPPHGLDWH�IHHGEDFN�
RYHU� WKH� GHOD\HG� IHHGEDFN� LV� DOVR� QRW� XQDQLPRXVO\� DJUHHG�� 0DGGR[� HW� DO�� >��@� ZKLOH�
LQYHVWLJDWLQJ� WKH� GHOD\HG� IHHGEDFN� HIIHFWV� RQ� UXOH�EDVHG� DQG� LQIRUPDWLRQ�LQWHJUDWLRQ�
FDWHJRU\�OHDUQLQJ�VWDWH���OHDUQLQJ�LQ�UXOH�EDVHG�WDVNV�LV�GRPLQDWHG�E\�DQ�H[SOLFLW�V\VWHP�
WKDW�XVHV�ZRUNLQJ�PHPRU\�DQG�H[HFXWLYH�DWWHQWLRQ��7KLV�V\VWHP�DSSHDUV�WR�OHDUQ�WKURXJK�
D� FRQVFLRXV� SURFHVV� RI� K\SRWKHVLV� JHQHUDWLRQ� DQG� WHVWLQJ�� *LYHQ� WKLV� K\SRWKHVLV��
PDQLSXODWLRQV�RI� WKH� WLPLQJ�DQG�SODFHPHQW�RI�FRUUHFWLYH� IHHGEDFN�VKRXOG��DQG�GR��KDYH�
OLWWOH�HIIHFW�RQ�UXOH�EDVHG�OHDUQLQJ��,Q�IDFW��DV�VXJJHVWHG�E\�$VKE\�HW�DO�
V��������UHVXOWV��
SHRSOH�FDQ�OHDUQ�VRPH�UXOH�EDVHG�FDWHJRULHV�ZLWK�QR�IHHGEDFN�RI�DQ\�NLQG���*D\QRU�>�@�
DQG�5RSHU� >��@� KDV� LQGLFDWHG� WKDW� ORZ� DFKLHYLQJ� VWXGHQWV�PD\�EH� DEOH� WR� EHQHILW�PRUH�
IURP� LPPHGLDWH� IHHGEDFN�� ZKHUHDV� KLJK� DFKLHYLQJ� VWXGHQWV� WHQG� WR� PDNH� D� EHWWHU� XVH�
IURP� GHOD\HG� IHHGEDFN�� 7KLV� IDFW� ZDV� FRQWULEXWHG� WR� WKH� DELOLW\� RI� KLJK� SHUIRUPLQJ�
VWXGHQWV� WR�DQDO\]H�FXPXODWHG� LQIRUPDWLRQ��DQG�KDYLQJ� WLPH��� UHWKLQN� WKH� LQFRUUHFW�RQH��
0DVRQ� DQG� %UXQLQJ� >��@� �� DIWHU� WKRURXJKO\� DQDO\]LQJ� WKH� OLWHUDWXUH� GHDOLQJ� ZLWK�
IHHGEDFN
V� WLPLQJ�� VWDWH� WKDW� IRU� WKH� LQVWUXFWLRQ�DLPLQJ�DW�GHYHORSLQJ�KLJKHU�RUGHU�VNLOOV�
�VXFK� DV� FRPSUHKHQVLRQ�� DSSOLFDWLRQ�� RU� DEVWUDFW� UHDVRQLQJ��� WKH�PRVW� HIIHFWLYH� NLQG� RI�
IHHGEDFN�VHHP�WR�EH�WKH�GHOD\HG�RU�HQG�RI�VHVVLRQ�RQH��)LQDOO\��)DUTXKDU�>�@�FRQGXFWLQJ�
H[SHULPHQWV� RQ� GHFLVLRQ�PDNLQJ� LQ� KLV�PLFUR�ZRUOG� ��/2$'(5� �� ILQGV� RXW� WKDW� �� �� �� ��
ZKHQ� FRUUHFWLYH� IHHGEDFN� ZDV� JLYHQ�� WKH� GHOD\� RI� IHHGEDFN� IRU� QRQ�FULWLFDO� HUURUV�
UHVXOWHG�LQ�LPSURYHG�SHUIRUPDQFH�RYHU�WKH�XVH�RI�LPPHGLDWH�IHHGEDFN�IRU�DOO�HUURUV��

,Q�WHUPV�RI�LQIOXHQFH�RI�IHHGEDFN
V�WLPLQJ�RQ�VWUDWHJ\�VHDUFK��QRW�PXFK�ZRUN�KDV�
EHHQ� GRQH�� %XFKZDOG� �+LOJDUG� DQG� %RZHU� >���� S�� ��@� DIWHU� %XFKZDOG�� SURSRVHV� KLV�
GHOD\HG�LQIRUPDWLRQ�H[SHULPHQW�EHLQJ�D�UHVSRQVH�WR�WKH�7KRUQGLNHDQ�>��@�H[SODQDWLRQ�RI�
WKH� �VSUHDG� RI� HIIHFW��� 7KRUQGLNH� VHW� XS� WKH� IROORZLQJ� H[SHULPHQW�� D� OLVW� RI� QRXQV�ZDV�
SUHVHQWHG�WR�WKH�VXEMHFWV�ZKR�PXVW�KDYH�JXHVVHG�D�GLJLW�IURP���WR����DVVRFLDWHG�ZLWK�HDFK�
QRXQ��7KH�H[SHULPHQWHU�NHSW�VD\LQJ�DUELWUDU\��ZURQJ�� WR�DOO�RI� WKH�DWWHPSWV�H[FHSW� �OHW�
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VD\��WKH�ILIWK�LWHP��)ROORZLQJ�WKH�ILUVW�F\FOH��D�VHFRQG���LGHQWLFDO���F\FOH�ZDV�FRQGXFWHG��
,Q� WKH� LOOXVWUDWLRQ� �7DEOH� ��� ZH� FDQ� VHH� D� UHSHWLWLRQ� RI� UHZDUGHG� SDLU� �SHQFLO� �� ����
,QWHUHVWLQJO\��ZH�DOVR�VHH�DQ�H[DFW�UHSHWLWLRQ�RI�UHVSRQVHV�JLYHQ�LQ�WKH�ILUVW�WULDO�RQ�WKH��UG�
DQG� �WK� SRVLWLRQ� �EHIRUH� WKH� UHZDUGHG� SDLU�� DQG� RQ� WKH� �WK� DQG� �WK� SRVLWLRQ� �DIWHU� WKH�
UHZDUGHG�SDLU���7KLV�SKHQRPHQRQ�ZDV�FDOOHG�WKH��VSUHDG�RI�HIIHFW���
�
7DEOH����,OOXVWUDWLYH�HYHQWV�RQ�WZR�WULDOV�RI�D�7KRUQGLNHDQ�DQG�%XFKZDOG¶V�DVVRFLDWLYH�OHDUQLQJ�WDVN�
�

�����������7KRUQGLNH�������������������������������������������������������������������������%XFKZDOG��
�������������������������������������������������7ULDO��������������������7ULDO��������������������7ULDO���
6HULDO�3RVLWLRQ��&XH�:RUG��6¶V�*XHVV��(¶V�)HHGEDFN��6¶V�*XHVV�����������������6¶V�*XHVV�
�
� � ��� FXS� �� ZURQJ� �� ��
�� ��� VFLVVRUV� �� ZURQJ� �� ��
�� ��� SODWH� �� ZURQJ� �� ��
�� ��� VN\� �� ZURQJ� �� ��
�� ���� SHQFLO� �� 5,*+7� �� ��
�� ���� ERRN� �� ZURQJ� �� ��
�� ���� KRXVH� �� ZURQJ� �� ��
�� ���� FKDLU� �� ZURQJ� �� ��
�
�
�

,Q�FRQWUDVW��%XFKZDOG� UXQ� WKH� VDPH�NLQG�RI�H[SHULPHQW��ZLWK�RQO\�GLIIHUHQFH�RI�
ZLWKKROGLQJ� VXEMHFWV
� IHHGEDFN� GXULQJ� WKH� ILUVW� WULDO� DQG� UHYHDOLQJ� LW� VKRUWO\� EHIRUH� WKH�
VHFRQG� WULDO� GHFLVLRQV� ZHUH� WR� EH� WDNHQ�� ,Q� WKLV� FDVH� RQO\� WKH� UHZDUGHG� SDLU� KDV� EHHQ�
UHSHDWHG�� 7KRUQGLNHDQ� SUHGLFWLRQ� WKDW� VXEMHFWV� UHFHLYLQJ� LPPHGLDWH� IHHGEDFN� VKRXOG�
VKRZ� ODUJHU� WHQGHQF\� WR� YDU\� WKHLU� UHVSRQVHV� KDSSHQHG� WR� EH� IDOVH� VLQFH� LW� ZDV�
%XFKZDOG
V� VXEMHFWV� ZLWK� GHOD\HG� IHHGEDFN� ZKR� VKRZHG� PRUH� YDULDELOLW\� LQ� DQVZHUV��
%XFKZDOG¶V� H[SODQDWLRQ� RI� WKH� �VSUHDG� RI� HIIHFW�� SKHQRPHQRQ� LV� WKH� IROORZLQJ��:KLOH�
7KRUQGLNHDQ�VXEMHFWV�KDG�WR�UHPHPEHU�DOO�FRPELQDWLRQV�RI�6WLPXOL���5HVSRQVH���2XWFRPH�
IURP� WKH� ILUVW� WULDO� �6WLPXOL� �� 5HVSRQVH�� 5HVSRQVH� ��2XWFRPH� DQG� 6WLPXOL� ��2XWFRPH���
%XFKZDOG
V�VXEMHFWV�KDG�WR�UHPHPEHU�RQO\�WKH�6WLPXOL���5HVSRQVH�DVVRFLDWLRQ��

5HFHQWO\�� WKH� HPHUJHQFH� RI� LQIRUPDWLRQ�SURFHVVLQJ� WKHRU\� RSHQHG� QHZ�
RSSRUWXQLWLHV� IRU� IHHGEDFN
V� WLPLQJ� VWXGLHV�� EXW� PRVWO\� LQ� WKH� GLUHFWLRQ� RI� WKH� NLQG� RI�
IHHGEDFN��WKH�PRVW�VLPSOH�GLIIHUHQWLDWLRQ��FRUUHFWLYH�YV��QRQ�FRUUHFWLYH��VHH�IRU�H[DPSOH�
LQ�.XOKDY\�DQG�6WRFN�>��@��DQG�WLPLQJ�RI�WKH�IHHGEDFN�DV�D�IXQFWLRQ�RI�HUURU
V�FULWLFDOLW\�
�VHH� IRU� H[DPSOH� LQ�)DUTXKDU� >�@���7DNLQJ� LQWR�DFFRXQW� WKLV� IHHGEDFN
V�GHOLYHU\�RSWLRQV�
LQFUHDVH��VRPH�UHVHDUFKHUV��'HPSVH\�HW�DO��>�@��FDOO�IRU�UHYLHZLQJ�WKH�WKHRU\�H[SODLQLQJ�
ZKHQ�GHOD\HG�IHHGEDFN�FDQ�KHOS�OHDUQHUV��7KH�H[SHULPHQW�UHSRUWHG�EHORZ�LV�VXSSRVHG�WR�
VKHG�PRUH�OLJKW�RQ�WKH�GLVFXVVHG�LVVXHV���
�
�
�
�
�
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�
�����7KHRUHWLFDO�EDFNJURXQG��7KH�PRGHO�XVHG�E\�+RJDUWK�HW�DO��>��@�KDV�EHHQ�DGDSWHG�WR�
WKH� QHHG� RI� WKLV� VWXG\�� 7KHUHIRUH�� WKHRUHWLFDOO\�� WKH� H[SHULPHQW� FRQVLVWHG� RI� WZR�PDLQ�
PDQLSXODWLRQV�� )LUVW� RI� DOO� �� DV� LQ� +RJDUWK� HW� DO�� >��@� �� WKH� H[DFWLQJQHVV� RI� OHDUQLQJ�
HQYLURQPHQW�KDV�EHHQ�YDULHG��([DFWLQJQHVV�FDQ�KDYH�ERWK�SRVLWLYH�DQG�QHJDWLYH�LQIOXHQFH�
RQ�OHDUQLQJ��SHUIRUPDQFH�DQG�VWUDWHJ\�VHDUFK��,I�WKH�OHDUQLQJ�HQYLURQPHQW�LV�YHU\�OHQLHQW���
GHFLVLRQ�PDNHU�UHFHLYLQJ�SRVLWLYH�IHHGEDFN�UHJDUGOHVV�RI�WKH�DFWLRQ�KH�KDV�MXVW�WDNHQ��DV�D�
FRQVHTXHQFH� RI� QRW� EHLQJ� SHQDOL]HG� IRU� HUURUV� FRPPLWWHG�� �� OHDUQLQJ� LV� SUDFWLFDOO\�
LPSRVVLEOH�DQG�WKH�VHDUFK�IRU�DOWHUQDWLYH�VWUDWHJLHV�PLQLPL]HG��2Q�WKH�RWKHU�KDQG��ZKHQ�
WKH�OHDUQLQJ�HQYLURQPHQW�LV�H[DFWLQJ���GHFLVLRQ�PDNHU�UHFHLYLQJ�QHJDWLYH�IHHGEDFN�PRVW�
RI� WKH� WLPHV� �VWHPPLQJ� IURP�HDFK�HUURU�EHLQJ�VHYHUHO\�SHQDOL]HG�� �� OHDUQLQJ� LV�ERRVWHG�
WKURXJK�DOWHUQDWLYH�VWUDWHJ\�VHDUFK��DW�WKH�VDPH�WLPH�DIIHFWLQJ�WKH�SHUIRUPDQFH�QHJDWLYHO\�
�DW�OHDVW�LQ�VKRUW�WHUP����
6HFRQG�RI�DOO��WKH�YDULDEOH�XVHG�E\�+RJDUWK�HW�DO��>��@�±�³LQFHQWLYHV´�±�KDV�EHHQ�UHSODFHG�
ZLWK�IHHGEDFN¶V�WLPLQJ��([DFWO\�KDOI�RI�WKH�VXEMHFWV�UHFHLYHG�WKHLU�IHHGEDFN�LPPHGLDWHO\�
DIWHU�PDNLQJ�HDFK�GHFLVLRQ��WKH�RWKHU�KDOI�VDZ�WKHLU�IHHGEDFN�ZLWK�D�GHOD\��

7KH�WDVN�XVHG� LQ� WKH�H[SHULPHQW�UHVHPEOHG�PDQ\�VLWXDWLRQV�IURP�HYHU\�GD\�OLIH��
ZKHQ�VXEMHFWV�PXVW�OHDUQ�IURP�RXWFRPH�IHHGEDFN��2YHU�D�VHULHV�RI�SHULRGV��VXEMHFWV�ZHUH�
JLYHQ�D� VLJQDOLQJ�YDULDEOH� �:���RQ� WKH�EDVLV�RI�ZKLFK�� WKH\�ZHUH� VXSSRVHG� WR�SUHGLFW� D�
FULWHULRQ�� ZKLFK� ZDV� SUREDELOLVWLFDOO\� FRQQHFWHG� WR� WKH� VLJQDO�� $IWHU� WKHLU� GHFLVLRQ��
VXEMHFWV� KDYH� EHHQ� LQIRUPHG� DERXW� WKHLU� SHUIRUPDQFH�� KRZHYHU� QRW� YLD� REVHUYLQJ� WKH�
FRUUHFW� YDOXH� RI� WKH� GHFLVLRQ� YDULDEOH�� EXW� WKURXJK� REVHUYLQJ� DQRWKHU� YDULDEOH� ��
3HUIRUPDQFH�(YDOXDWLRQ�0HDVXUH� �3(0���7KH� VFDOH� DQG� WKH� XSSHU� DQG� ORZHU� ERXQG� RI�
3(0�ZHUH�QRW�NQRZQ�WR�WKH�VXEMHFWV��WKHUH�ZHUH�RQO\�LQIRUPHG�WKDW�WKH�ELJJHU�LW� LV�WKH�
EHWWHU�WKH\�KDYH�SHUIRUPHG��

7KH�H[SHULPHQW�KDV�EHHQ�EDVHG�RQ�WKH�IROORZLQJ�SUHGLFWLRQV��
+\SRWKHVLV� ��� ZKHQ� OHDUQLQJ� HQYLURQPHQW� LV� ³OHQLHQW´� �HUURUV� DUH� QRW�
KHDYLO\�SXQLVKHG��DV�D�FRQVHTXHQFH�RI�ZKLFK�JHQHUDOO\�SRVLWLYH�IHHGEDFN�LV�
REVHUYHG���SRVWSRQHG�IHHGEDFN�DLGV�OHDUQLQJ�SURFHVV��WR�WKH�GHWULPHQW�RI�WKH�
SHUIRUPDQFH���DW�OHDVW�LQ�WKH�VKRUW�UXQ���

�
7KH� ILUVW�K\SRWKHVLV� LV�GHULYHG� IURP�WKH� IDFW� WKDW�JHQHUDOO\�SRVLWLYH� IHHGEDFN�UHLQIRUFHV�
PDLQWDLQLQJ�RI�H[LVWLQJ�VWUDWHJ\��,I�VR��WKHUH�LV�D�ULVN�WKDW�QR�OHDUQLQJ�SURFHVV�RFFXUV��RQH�
PLJKW�JHW�VWXFN�LQ�D�ORFDO�RSWLPXP���3RVWSRQLQJ�RI�WKH�IHHGEDFN�LQ�WKHVH�FLUFXPVWDQFHV�
FRXOG�IRUFH�WKH�VXEMHFW�WR�UHQGHU�KLJKHU�LQWHOOHFWXDO�HIIRUW��XVH�WKH�DYDLODEOH�LQIRUPDWLRQ�
WR�D�KLJKHU�H[WHQW�DQG���JUDGXDOO\�DV�WKH�WDVN�GHYHORSV��� LQFUHDVH� WKH�DELOLW\�RI� WKLQNLQJ�
DERXW�KHU�DQVZHUV�DQG�VHOI�FRUUHFW�PLVFRQFHSWLRQV�SULRU�WR�UHFHLYLQJ�IHHGEDFN��
�

+\SRWKHVLV����:KHQ�OHDUQLQJ�HQYLURQPHQW�LV�³H[DFWLQJ´��SHQDOWLHV�LPSRVHG�
IRU� HUURUV� DUH� VHYHUH�� WKHUHIRUH� JHQHUDOO\� QHJDWLYH� IHHGEDFN� LV� REVHUYHG���
SRVWSRQHG�IHHGEDFN�DGYHUVHO\�DIIHFWV�OHDUQLQJ�SURFHVV�DQG�SHUIRUPDQFH�

�
7KH� VHFRQG�K\SRWKHVLV� LV� EDVHG� RQ� WKH� LGHD� WKDW� ERWK� �� YHU\� H[DFWLQJ� HQYLURQPHQW� DQG�
GHOD\HG� IHHGEDFN� ��ZRXOG� WXUQ� WKH� OHDUQLQJ�HQYLURQPHQW� LQWR�D�YHU\�ZLFNHG�RQH��6LQFH�
JLYHQ�JHQHUDOO\�QHJDWLYH�IHHGEDFN�VXEMHFWV�WHQG�WR�VHHN�IRU�DOWHUQDWLYH�VWUDWHJLHV�DOUHDG\��
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WKH�GHOD\�LQ�IHHGEDFN�LQIRUPDWLRQ�FDQ�RQO\�FRQIRXQG�WKH�LQIHUHQWLDO�DQG�HYDOXDWLYH�UROH�RI�
IHHGEDFN��WKHUHIRUH�GHFUHPHQWLQJ�WKH�OHDUQLQJ�SURFHVV�DQG�SHUIRUPDQFH��

$GGLWLRQDOO\��WKH�IROORZLQJ�ZRUNLQJ�K\SRWKHVHV�KDYH�EHHQ�GUDZQ��
����$V�LQ�+RJDUWK�HW�DO��>��@��LW�ZDV�FRQMHFWXUHG�WKDW�WKH�SHUIRUPDQFH�LV�D�VLQJOH�SHDNHG�
�LQYHUWHG�8�VKDSHG��IXQFWLRQ�RI�H[DFWLQJQHVV��
����%DVLQJ�RQ�.XOKDY\�DQG�$QGHUVRQ�>��@�ILQGLQJV�WKDW�VXEMHFWV�JLYHQ�GHOD\HG�IHHGEDFN�
VSHQG�PRUH�WLPH�VWXG\LQJ�WKH�IHHGEDFN��WKH�VDPH�ZDV�VXSSRVHG��
���� 7KH� VXEMHFWV� ZHUH� H[SHFWHG� WR� GHFODUH� ZRUVH� PRRG� ZLWK� LQFUHDVLQJ� OHYHOV� RI�
H[DFWLQJQHVV��$W� WKH� VDPH� WLPH�� VXEMHFWV�ZHUH� VXSSRVHG� WR� GHFODUH� �RQ� DYHUDJH��ZRUVH�
PRRG�IRU�GHOD\HG�IHHGEDFN�WKDQ�IRU�LPPHGLDWH�IHHGEDFN�FRQGLWLRQ��
�
�
�����'HWDLOHG�GHVLJQ��6XEMHFWV��7KH�VXEMHFWV�ZHUH�DOO�JUDGXDWH�VWXGHQWV�IURP�WKH�0DVWHU�
DQG�'RFWRUDO� SURJUDP� LQ�(FRQRPLFV�� )LQDQFH� DQG�%XVLQHVV� DW� WKH�8QLYHULVWDW� 3RPSHX�
)DEUD��� $OO� WRJHWKHU� ��� VXEMHFWV� ZHUH� UHFUXLWHG� YLD� DQ� HPDLO� PHVVDJH�� LQIRUPLQJ� DOO�
VWXGHQWV�RI�WKH�GHSDUWPHQW�RI�(FRQRPLFV�DQG�%XVLQHVV�DERXW�D�SRVVLELOLW\�RI�SDUWLFLSDWLRQ�
LQ� D� UHPXQHUDWHG� H[SHULPHQW� RQ� GHFLVLRQ�PDNLQJ���0HDQ� DJH� RI� WKH� VXEMHFWV� ZDV� �����
\HDUV��7KHUH�ZHUH����PDOHV�DQG���IHPDOHV�LQ�WKH�VDPSOH��6XEMHFWV�ZHUH�UHPXQHUDWHG�ZLWK�
��HXURV�IRU�WKHLU�SDUWLFLSDWLRQ��EXW�QRW�IRU�SHUIRUPDQFH��
�
3URFHGXUH��$W�WKH�EHJLQQLQJ�VXEMHFWV�ZHUH�LQVWUXFWHG�WKDW�WKH�H[SHULPHQW�FRQVLVWHG�RI���
URXQGV� DQG� WKDW� LQ� HDFK� URXQG� WKH\� KDG� WR� PDNH� ��� GHFLVLRQV�� 7KH\� ZHUH� DVNHG� WR�
FRPSOHWH� D�TXHVWLRQQDLUH� DIWHU� HDFK� URXQG��7KH\�ZHUH� LQIRUPHG� WKDW� WKHUH�ZDV�QR� WLPH�
FRQVWUDLQW� WR� ILQLVK� WKH� WDVN� EXW� WKDW� WLPH� ZDV� JRLQJ� WR� EH� PHDVXUHG�� 6XEMHFWV� ZHUH�
DOORZHG� WR� WDNH� QRWHV� �HYHQ� WKRXJK� WKH� VRIWZDUH� NHSW� WUDFN� RI� WKHLU� GHFLVLRQV� LQ� HDFK�
URXQG�DQG�WKH�VXEMHFWV�FRXOG�EURZVH�WKHLU�SUHYLRXV�DQVZHUV�ZLWKRXW�DQ\�UHVWULFWLRQV���$OO�
VXEMHFWV�ZHUH�DVNHG�WR�UHDG�FDUHIXOO\�WKH�IROORZLQJ�LQVWUXFWLRQ��
�

�,W�LV�VXPPHU�������
<RX�DUH�DQ�LFH�FUHDP�SURGXFHU���WKH�RQO\�RQH�LQ�\RXU�VPDOO�WRZQ�LQ�,RZD��
(YHU\� GD\� \RX� KDYH� WR� PDNH� D� GHFLVLRQ� DERXW� KRZ� PXFK� LFH� FUHDP� WR�
SURGXFH�� 7KH� FDSDFLW\� RI� \RXU� SURGXFWLRQ� OLQH� UHVWULFWV� \RX� WR� FKRRVH� D�
YDOXH�RI�SURGXFWLRQ�EHWZHHQ���DQG����� OLWHUV�D�GD\��7R�KHOS�\RX�� WKH�RQO\�
LQIRUPDWLRQ�\RX�FDQ�REVHUYH�IUHHO\�LV�WKH�ZHDWKHU�IRUHFDVW�IRU�WKH�QH[W�GD\��
HVSHFLDOO\�WKH�IRUHVHHQ�WHPSHUDWXUH��)DKUHQKHLW�VFDOH���
<RXU� IULHQG� LV� D� VWXGHQW� RI� WKH� ,RZD�8QLYHUVLW\� DQG� IRU� KHU� WHVLQD� VKH� LV�
FRQGXFWLQJ� D� VWXG\� RI� KRZ� ZHOO� SURGXFHUV� DUH� DEOH� WR� SUHGLFW� WKH� IXWXUH�
GHPDQG� EDVLQJ� RQ� WKH� ZHDWKHU� IRUHFDVW�� ,Q� RUGHU� WR� KDYH� D� FRPSDULVRQ�
EHWZHHQ� DOO� QDWLRQDO� SURGXFHUV�� VKH� GHYHORSHG� D� PHDVXUH� IRU� HYDOXDWLQJ�
SHUIRUPDQFH� EDVHG� RQ� WKH� GLVFUHSDQF\� EHWZHHQ� WKH� DFWXDO� GHPDQG� �VKH�
FDOFXODWHV� LW� FDOOLQJ� DOO� SRWHQWLDO� FOLHQWV�� DQG� WKH� GHFLVLRQV� WDNHQ� E\� WKH�
SURGXFHUV��<RX�DUH�QRW�H[DFWO\�VXUH�KRZ�WKLV�PHDVXUH�LV�FDOFXODWHG��EXW�\RXU�
LQWXLWLRQ�XUJHV�\RX� WR� IRFXV�RQ�PD[LPL]LQJ� LW�VLQFH� LW�FDSWXUHV� LQIRUPDWLRQ�

�������������������������������������������������
��:LWK�H[FHSWLRQ�RI�WZR�VWXGHQWV�ZKR�ZHUH�DOVR�SRVW�JUDGXDWH�VWXGHQWV�IURP�RWKHU�XQLYHUVLWLHV��
�$OO�WRJHWKHU����VWXGHQWV�KDG�EHHQ�UHFUXLWHG��+RZHYHU��WZR�ZHUH�XVHG�DV�D�SLORW��WR�EHWWHU�FDOLEUDWH�PRGHOV
�
SDUDPHWHUV��DQG�RQH�KDG�WR�EH�H[FOXGHG�VLQFH�KH�FOHDUO\�PLVXQGHUVWRRG�WKH�WDVN��
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WKDW�RWKHUZLVH�ZRXOG�QHYHU�EH�DYDLODEOH� WR�\RX��L�H�� WKH�DFWXDO�GHPDQG�IRU�
HDFK�GD\���<RXU�IULHQG���WKH�,RZD�8QLYHUVLW\�VWXGHQW���DGGLWLRQDOO\�RIIHUHG�WR�
KHOS� \RX� WR� XQGHUVWDQG� WKH� V\VWHP� RI� WKH� HYDOXDWLRQ� PHDVXUH�� WKURXJK�
VXSSO\LQJ�\RX�ZLWK� WZR�DX[LOLDU\�YDULDEOHV�$�DQG�%��6LQFH�KHU� UHVHDUFK� LV�
ILQDQFHG�YLD�D�JRYHUQPHQWDO�JUDQW�� VKH�KDV� WR�PDLQWDLQ�KHU�QHXWUDOLW\�DQG�
FDQQRW�IDYRU�\RX�LQ�DQ\�RWKHU�ZD\��6KH�LQVLVWHG�KRZHYHU�WKDW�WKH�YDULDEOHV�$�
DQG�%�FRQYH\�LQIRUPDWLRQ�WKDW�ZLOO�KHOS�\RX�WR�XQGHUVWDQG�WKH�V\VWHP��

�
6XEMHFWV� LQ� WKH� �GHOD\HG� IHHGEDFN�� FRQGLWLRQ� DGGLWLRQDOO\� UHFHLYHG� WKH� IROORZLQJ�

H[SOLFDWLRQ��
�

8QIRUWXQDWHO\��FDOFXODWLQJ�WKH�WRWDO�GHPDQG�RI�WKH�PDUNHW�WDNHV�\RXU�IULHQG�
D�ZKLOH��VR�\RX�DUH�RQO\�DEOH�WR�VHH�\RXU�HYDOXDWLRQ��DQG�YDULDEOHV�$�DQG�%��
ZLWK� D� ��� KRXUV� GHOD\�� L�H�� WKH� HYDOXDWLRQ� IURP� WKH� GD\� �� LV� JRLQJ� WR� EH�
DYDLODEOH�WR�\RX�DIWHU�WDNLQJ�WKH�GHFLVLRQ�RQ�WKH�SURGXFWLRQ�OHYHO�LQ�GD\����

�
7DVN�� 7KH� WDVN�� LQGLYLGXDOO\� DGPLQLVWHUHG� E\� PLFURFRPSXWHU�� LQYROYHG� D� VHULHV� RI�
GHFLVLRQV� ���� LQ� HDFK� RI� WKH� WZR� URXQGV��� 7KH� H[SHULPHQW� ZDV� SURJUDPPHG� DQG�
FRQGXFWHG�ZLWK�WKH�VRIWZDUH�]�7UHH��)LVFKEDFKHU�>�@����6XEMHFWV�ZHUH�UDQGRPO\�DVVLJQHG�
WR�RQH�RI�WKH�VL[�JURXSV�FUHDWHG�E\�FURVVLQJ�WZR�YDULDEOHV��RQH�ZLWK�WKUHH�OHYHOV��H[DFWLQJ�
YV�� LQWHUPHGLDWH�YV�� OHQLHQW�HQYLURQPHQW��DQG� WKH�RWKHU�RQH�ZLWK� WZR� OHYHOV� �LPPHGLDWH�
YV��GHOD\HG�IHHGEDFN���

$W� WKH� EHJLQQLQJ� RI� HDFK� SHULRG� D� VLJQDO�:� �ZHDWKHU� IRUHFDVW� �� WHPSHUDWXUH� LQ�
&HOVLXV�GHJUHHV��ZDV�UDQGRPO\�FKRVHQ�HDFK�WLPH�IURP�D�QRUPDO�GLVWULEXWLRQ�ZLWK�PHDQ�
���DQG�VWDQGDUG�GHYLDWLRQ����7KH�WHPSHUDWXUH�ZDV�WKDQ�WUDQVODWHG�LQWR�)DKUHQKHLW�GHJUHHV�
DQG�SUHVHQWHG�WR�WKH�VXEMHFW���,PPHGLDWHO\�DIWHU�REVHUYLQJ�WKH�VLJQDO�VXEMHFWV�KDG�WR�WDNH�
D� SURGXFWLRQ� GHFLVLRQ� �YDOXHV� UHVWULFWHG� WR� WKH� QDWXUDO� LQWHUYDO� ������!��� 6XEMHFWV�
IROORZLQJ� WKH� �LPPHGLDWH� IHHGEDFN�� FRQGLWLRQ� UHFHLYHG� WKHLU� 3(0�� DQG� DX[LOLDU\�
YDULDEOHV� LPPHGLDWHO\�� 6XEMHFWV� IROORZLQJ� WKH� �GHOD\HG� IHHGEDFN�� FRQGLWLRQ� UHFHLYHG�
WKHLU�SHUIRUPDQFH�HYDOXDWLRQ�PHDVXUH�ZLWK�D�GHOD\�RI�WZR�SHULRGV��Q�������
�
%DVHG� RQ� ³(YDOXDWLRQ� SRLQWV´� IURP� +RJDUWK� HW� DO�� >��@�� WKH� 3HUIRUPDQFH� (YDOXDWLRQ�
0HDVXUH��3(0��ZDV�FDOFXODWHG�XVLQJ�WKH�IRUPXOD��
�
�
�������������������������������������������������
��'XH�WR�D�VSHFLILF��LQGLYLGXDO��DSSOLFDWLRQ�RI�WKH�VRIWZDUH��VXEMHFWV�ZHUH�DOVR�LQIRUPHG�WKDW�GXULQJ�WKH�WLPH�
WKH\�ILOO�LQ�WKH�ILUVW�TXHVWLRQQDLUH��WKH�H[SHULPHQWHU�ZRXOG�PDQXDOO\�UHVWDUW�WKH��JDPH��IRU�WKHP��
��7KLV�PDQLSXODWLRQ�KDV�EHHQ�GRQH�LQ�RUGHU�WR�PDNH�WKH�WDVN�VRPHZKDW�PRUH�GLIIFXOW��7KH�FRQMHFWXUH�ZDV�
WKDW�PRVW�RI�WKH�VXEMHFWV�ZHUH�QRW�JRLQJ�WR�NQRZ�WKH�)DKUHQKHLW�VFDOH��VR�LPPHGLDWH��RSWLPDO�VFDOLQJ��RI�
WKH�WDVN�ZRXOG�EH�LPSRVVLEOH��,Q�SUDFWLFH�RQO\����RXW�RI����VXEMHFWV�NQHZ�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�
)DKUHQKHLW�DQG�&HOVLXV�VFDOH��0RUH�VWULFW�VWDWLVWLFDO�DQDO\VLV�ZDV�QRW�SRVVLEOH��EXW�WKH�DXWKRU�KDG�QRW�IRXQG�
VLJQV�RI�VXEMHFWV�NQRZLQJ�WKH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�VFDOHV��FRQVLVWHQWO\�RXWSHUIRUPLQJ�WKH�VXEMHFWV�
ZKR�GLG�QRW�NQRZ�LW��
��,Q�WKH�ILUVW�WZR�SHULRGV�VXEMHFWV�ZHUH�LQIRUPHG���1R�SHUIRUPDQFH�HYDOXDWLRQ�DYDLODEOH�\HW���6WDUWLQJ�IURP�
SHULRG���WKH�IROORZLQJ�PHVVDJH�ZDV�GLVSOD\HG���<RXU�SHUIRUPDQFH��WZR�SHULRGV�DJR��UHFHLYHG�D�VFRUH�RI��
;;;��7KH�YDULDEOH�$�KDG�D�YDOXH�RI��<<<��7KH�YDULDEOH�%�KDG�D�YDOXH�RI��===���,Q�WKH�ODVW�SHULRG�RI�HDFK�
URXQG��VXEMHFWV�ZHUH�JLYHQ�IHHGEDFN�IURP���SHULRGV�DW�RQFH���WZR�SHULRGV�DJR����RQH�SHULRG�DJR��DQG�
�FXUUHQW�SHULRG�����
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����3(0� �������α
�4�±�'���
�

:KHUH�� α� LV� WKH� H[DFWLQJQHVV� SDUDPHWHU� �UHVSHFWLYHO\� ������ ����� �� IRU� OHQLHQW��
LQWHUPHGLDWH�DQG�H[DFWLQJ�HQYLURQPHQW��
��������������4�LV�VXEMHFW
V�UHVSRQVH��DQG�
��������������'�LV�FRUUHFW�YDOXH�RI�WKH�FULWHULRQ�
�
$V�FDQ�EH�VHHQ��3(0�IXQFWLRQ�LV�D�QHJDWLYH�IXQFWLRQ�RI�VTXDUHG�GLVFUHSDQF\�EHWZHHQ�WKH�
VXEMHFW
V� DQVZHU� DQG� WKH� FRUUHFW� DQVZHU�� 7KH� SDUDPHWHU�α�ZDV� XVHG� WR�PDQLSXODWH� WKH�
H[DFWLQJQHVV� RI� WKH� OHDUQLQJ� HQYLURQPHQW� �LQFUHDVLQJ� α� LQFUHDVHV� WKH� SHQDOW\� IRU�
HUURQHRXV�UHVSRQVH���
�

'�KDG�D�VWURQJ�FRUUHODWLRQ�ZLWK�WKH�ZHDWKHU�VLJQDO�:�DQG�ZDV�GHVFULEHG�DV�D�OLQHDU�
IXQFWLRQ��
�

����'� ���
:�±������HUURU�WHUP�
�
:KHUH��HUURU�WHUP�LV�D�VPDOO�QRLVH�ZLWK�PHDQ�RI�]HUR��
�

7R� FRPSDUH� SHUIRUPDQFH� �3�� DFURVV� GLIIHUHQW� OHYHOV� RI� H[DFWLQJQHVV� WKH� REVHUYHG�
SHUIRUPDQFH�LQ�D�JLYHQ�WULDO�L�ZDV�PHDVXUHG�E\��
�

����3L� �������_4L�±�'L_��
�

ZLWK�PHDQ�SHUIRUPDQFH��π���RYHU�Q�WULDOV��FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�IRUPXOD��
�

����π� ����Q��Σ�3L�
�

6LQFH� π� LV� D� PHDQ� SHUIRUPDQFH� RI� MXVW� RQH� VXEMHFW��Π� �� PHDQ� SHUIRUPDQFH� LQ� D�
JURXS���ZDV�FDOFXODWHG��RYHU�P�VXEMHFWV�LQ�HDFK�JURXS���
�

����Π ���P��Σ�π�
�

$GGLWLRQDOO\��DX[LOLDU\�YDULDEOHV�$�DQG�%�ZHUH�FDOFXODWHG�LQ�WKH�IROORZLQJ�ZD\��
�

����,I�4���'��WKHQ�$� �4�DQG�%� ���
����������������������,I�4�! �'��WKHQ�$� �'�DQG�%� �4�±�'�

�
9DULDEOHV�$�DQG�%�KDYH�EHHQ�LQWURGXFHG�LQ�RUGHU�WR�SURYLGH�XVHIXO�SLHFH�RI�LQIRUPDWLRQ�
IRU�VXEMHFWV�ZLWK�KLJK�XQGHUVWDQGLQJ�RI�WKH��V\VWHP���
�
3RVW�H[SHULPHQWDO�SURFHGXUH��$IWHU�HDFK�URXQG�RI�WKH�H[SHULPHQW�VXEMHFWV�ZHUH�DVNHG�WR�
FRPSOHWH� D� VKRUW� TXHVWLRQQDLUH�� 7KLV� TXHVWLRQQDLUH�ZDV� GHVLJQHG� LQ� RUGHU� WR� FKHFN� WKH�
�GHVLJQHU�NQRZOHGJH��WKDW�VXEMHFWV�DFTXLUHG�GXULQJ�WKH�H[SHULPHQW�
�
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4XHVWLRQV���DIWHU�ILUVW�URXQG���
����$JH��6H[��
����3OHDVH� LQGLFDWH�RQ� WKH�VFDOH�EHORZ��/LNHUW� VFDOH� IURP�����ZKHUH��� LV� WRWDOO\� UHOD[HG�
DQG���LV�YHU\�VWUHVVHG��KRZ�\RX�IHOW�GXULQJ�WKLV�URXQG�RI�WKH�H[SHULPHQW"�
�
�DIWHU�VHFRQG�URXQG��
����3OHDVH�LQGLFDWH�RQ�WKH�VFDOH�EHORZ��/LNHUW�VFDOH�IURP������ZKHUH���LV�WRWDOO\�UHOD[HG�
DQG���LV�YHU\�VWUHVVHG��KRZ�\RX�IHOW�GXULQJ�WKLV�URXQG�RI�WKH�H[SHULPHQW"�
����7U\�WR�H[SODLQ���LQ�JHQHUDO�WHUPV����KRZ�GRHV�WKH�JDPH�ZRUN"��)RFXV�VSHFLDOO\�RQ�WKH�
UROHV� SOD\HG� E\� GLIIHUHQW� YDULDEOHV� ��7HPSHUDWXUH��� �$FWXDO� GHPDQG�� DQG� �3URGXFWLRQ�
OHYHO���DQG�WKHLU�LQWHUUHODWLRQV��
����:KDW�KDYH�\RX�OHDUQHG�DERXW�DX[LOLDU\�YDULDEOHV�$�DQG�%"�
����&DQ�\RX�WKLQN�RI�DQ\�VSHFLILF��WLSV��\RX�ZRXOG�JLYH�WR�DQRWKHU�SHUVRQ�LQ�RUGHU�WR�KHOS�
KHU�WR�DFKLHYH�KLJK�SHUIRUPDQFH�HYDOXDWLRQ�PHDVXUH"�
���� %HIRUH� WKH� H[SHULPHQW�� GLG� \RX� NQRZ� WKH� UHODWLRQ� EHWZHHQ�&HOVLXV� DQG� )DKUHQKHLW�
GHJUHHV"��<HV��1R��
�
�

���5(68/76�
�

$V�LQGLFDWHG�DERYH��WKH�PDQLSXODWLRQ�RI�WKH�H[DFWLQJQHVV�RI�OHDUQLQJ�HQYLURQPHQWV�
KDV� EHHQ� FUXFLDO� WR� WKH� VWXG\�� $V� D� FKHFN� ZKHWKHU� WKH� VXEMHFWV� REVHUYHG� QHJDWLYH�
IHHGEDFN�WR�GLIIHUHQW�H[WHQW��,�UHSRUW�WKH�SHUFHQW�RI�QHJDWLYH�3(0��RQ�DYHUDJH����IRU�HDFK�
HQYLURQPHQW��7KDW� LV� �� LQ� OHQLHQW� HQYLURQPHQW� VXEMHFWV�REVHUYHG�QHJDWLYH�3(0�����RI�
WKH� WLPHV�� LQ�PHGLXP�H[DFWLQJ�HQYLURQPHQW� ������DQG� LQ�H[DFWLQJ�HQYLURQPHQW� �������
7DEOH���DQG�)LJXUHV���DQG���SURYLGH�DQ�RYHUYLHZ�RI�WKH�UHVXOWV��)RU�DOO�WKH�H[SHULPHQWDO�
FRQGLWLRQV�� LQ� WKH� XSSHU� SDUW�� 7DEOH� �� UHSRUWV�PHDQV� DQG� VWDQGDUG� GHYLDWLRQV� UHJDUGLQJ�
SHUIRUPDQFH��Π��IRU�HDFK�URXQG��)LJXUH���VKRZV�WKH�PHDQ�SHUIRUPDQFH��Π��RI�VXEMHFWV�LQ�
HDFK� HQYLURQPHQW� SHU� URXQG�� $V� LW� FDQ� EH� VHHQ�� LQ� WKH� ILUVW� URXQG�� VXEMHFWV� LQ� OHQLHQW�
HQYLURQPHQW� ZHUH� RQ� DYHUDJH� VOLJKWO\� EHWWHU� WKDQ� VXEMHFWV� IURP� RWKHU� JURXSV�� ,Q� WKH�
VHFRQG� URXQG�KRZHYHU�� VXEMHFWV� IURP�PHGLXP�DQG� H[DFWLQJ� OHDUQLQJ� HQYLURQPHQWV� KDG�
RXWSHUIRUPHG� �OHQLHQW�� VXEMHFWV��2YHUDOO�� DV�SUHGLFWHG�� VXEMHFWV� LQ� WKH�PHGLXP� OHDUQLQJ�
HQYLURQPHQW�SHUIRUPHG�EHVW��
)LJXUH� �� VKRZV�PHDQ�SHUIRUPDQFH� �Π�� DGGLWLRQDOO\� DYHUDJHG� RYHU� URXQGV��:H� FDQ� VHH�
WKDW� XQGHU� LPPHGLDWH� IHHGEDFN�� SHUIRUPDQFH� GHFUHDVHV� ZLWK� LQFUHDVLQJ� HQYLURQPHQW
V�
H[DFWLQJQHVV��7KH�UHYHUVH�FDQ�EH�REVHUYHG�IRU�GHOD\HG�IHHGEDFN��
�
�
�
�
�
�������������������������������������������������
��4XHVWLRQQDLUHV��RQ�WZR�VKHHWV�RI�SDSHU��VWDSOHG�WRJHWKHU��
���7KH�SHUFHQWDJHV�DUH�JLYHQ�IRU�HDFK�HQYLURQPHQW�DV�DQ�DYHUDJH�EHWZHHQ�WZR�JURXSV�RI�GLIIHUHQW�IHHGEDFN�
FRQGLWLRQV��$�ELJ�GLVSURSRUWLRQ�PXVW�EH�QRWHG�LQ�WKH�OHQLHQW�HQYLURQPHQW��ZKHUH�VXEMHFWV�LQ�WKH�LPPHGLDWH�
IHHGEDFN�FRQGLWLRQ�REVHUYHG�QHJDWLYH�IHHGEDFN�RQO\����RI�WKH�WLPHV��EXW�LQ�WKH�GHOD\HG�IHHGEDFN�JURXS���
����RI�WKH�WLPHV��
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7DEOH����3HUIRUPDQFH��Π��DQG�LQFRQVLVWHQF\�LQ�OHQLHQW��PHGLXP�DQG�H[DFWLQJ�HQYLURQPHQW��
�
� ,PPHGLDWH�IHHGEDFN� � 'HOD\HG�IHHGEDFN� �
5RXQG� /HQLHQW� 0HGLXP� ([DFWLQJ� /HQLHQW� 0HGLXP� ([DFWLQJ�
3HUIRUPDQFH��Π�� � � � � � �
�� � � � � � �
���0� ���� ���� ���� ���� ���� ����
���6'� ��� ��� ��� ��� ��� ���
�� � � � � � �
���0� ���� ���� ���� ���� ���� ����
���6'� �� ��� ��� ��� ��� ���
$YHUDJH�� ������ ���� ���� ������ ���� ������
� � � � � � �
,QFRQVLVWHQF\�
���5�VTXDUH��

� � � � � �
�� ���� ���� ���� ���� ���� ����
�� ���� ���� ���� ���� ���� ����
$YHUDJH�� ���� ���� ���� ���� ���� ����
�
�

�
�
�

)LJXUH����0HDQ�SHUIRUPDQFH��Π��E\�W\SHV�RI�HQYLURQPHQWV�DQG�URXQG�

���
���
���
���
���
���
���

� �
5RXQGV

0H
DQ

�SH
UIR

UP
DQ

FH

/HQLHQW
0HGLXP
([DFWLQJ

��
�

,Q� WHUPV� RI� PRUH� VWUXFWXUHG� VWDWLVWLFDO� DQDO\VLV�� LQLWLDO� $129$� UHSRUWHG� WKDW� WKH�
RQO\� VLJQLILFDQW� HIIHFW� LV� WKH� LQWHUDFWLRQ� EHWZHHQ� YDULDEOHV� �)HHGEDFN�� DQG� �/HDUQLQJ�
HQYLURQPHQW��� +RZHYHU�� WKH� WHVWV� IRU� KRPRJHQHLW\� RI� YDULDQFH� IRU� PHDQV� VKRZHG�
VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� WKH� YDULDQFHV� �ERWK� %DUWOHWW
V� DQG� /HYHQH
V�
WHVWV� VLJQLILFDQW� DW� α�  � ������� 7KHUHIRUH� WKLV� UHVXOW� PLJKW� EH� TXHVWLRQDEOH�� 6LQFH� WKH�
KRPRJHQHLW\�RI�YDULDQFH� WHVW� VKRZHG� WKDW�YDULDQFHV�GLIIHU�SUHGRPLQDQWO\� LQ� WKH� OHQLHQW�
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HQYLURQPHQW��EHWZHHQ�LPPHGLDWH�DQG�GHOD\HG�IHHGEDFN�FRQGLWLRQV�DQG�QRW�PXFK�LQ�RWKHU�
HQYLURQPHQWV��,�SHUIRUP�$129$�ZLWK�URXQGV�DV�D�UHSHDWHG�IDFWRU�RQO\�IRU�PHGLXP�DQG�
H[DFWLQJ� OHDUQLQJ�HQYLURQPHQW��)RU�PHGLXP�HQYLURQPHQW��$129$�VKRZV�D� VLJQLILFDQW�
GLIIHUHQFH�EHWZHHQ�PHDQV�RI�URXQGV��)�������� �������06H� ������S���������)RU�H[DFWLQJ�
HQYLURQPHQW��WKH�HIIHFW�IRU�URXQGV�LV�VLJQLILFDQW��)�������� �������06H� ������S���������
)RU�GLIIHUHQFHV�EHWZHHQ�WKH�WLPLQJ�RI�IHHGEDFN��WKH�QXOO�K\SRWKHVLV�RI�PHDQV�EHLQJ�IURP�
WKH�VDPH�GLVWULEXWLRQ�LV�MXVW�DW�WKH�UHMHFWLRQ�UHJLRQ��)�������� ������06H� ������S� �������
�

�
)LJXUH����0HDQ�SHUIRUPDQFH��Π��IRU�URXQGV���DQG���E\�H[SHULPHQWDO�FRQGLWLRQV��

OHQLHQW �PHGLXP �H[DFWLQJ
LPPHGLDWH

GHOD\HG���
���
���
���
���
���
���

0HDQ�
SHUIRUPDQFH

/HDUQLQJ�HQYLURQPHQW

)HHGEDFN

��
�

6LQFH� VWDQGDUG� GHYLDWLRQV� UHSRUWHG� LQ� 7DEOH� �� DUH� MXVW� LQGLFDWRUV� RI� JURXSV
�
KRPRJHQHLW\��ZH�QHHG�DQRWKHU�PHDVXUH�RI�VXEMHFWV
�TXHVW�IRU�VWUDWHJ\��/HW�XV�LPDJLQH�D�
PRGHO��ZKHUH�DOO� DQVZHUV�JLYHQ�E\�HDFK� VXEMHFWV� DUH� UHJUHVVHG�RQ� WKH� VLJQDO� WKH\�KDYH�
REVHUYHG��WKDW�LV��
�

����4� �β����β�:���]�
�
5�VTXDUHG�REWDLQHG�WKURXJK�WKLV�UHJUHVVLRQ�FDQ�WHOO�XV�KRZ�PXFK�RI�WKH�YDULDELOLW\�RI�WKH�
UHVSRQVHV�FDQ�EH�H[SODLQHG�E\�WKH�PRGHO�� L�H��KRZ�ZHOO� WKH� WDVN� LV�XQGHUVWRRG�DQG�KRZ�
FRQVLVWHQW�WKH�VXEMHFWV�DUH�ZLWK�H[HFXWLQJ�WKHLU�FXUUHQW�VWUDWHJLHV��7KHUHIRUH���5�VTXDUHG�
JLYHV�XV�D�PHDVXUH�RI�LQFRQVLVWHQF\��L�H��KRZ�PXFK�VXEMHFWV�GHYLDWH�IURP�HDUOLHU�FKRVHQ�
VWUDWHJ\����,�UHSRUW�WKLV�PHDVXUH��DYHUDJHG�RYHU�DOO�VXEMHFWV�LQ�HDFK�H[SHULPHQWDO�JURXS��
DV��,QFRQVLVWHQF\��LQ�7DEOH����

8QGHU�LPPHGLDWH�IHHGEDFN��DV�SUHGLFWHG��ZH�FDQ�VHH�WKDW�LQFRQVLVWHQF\�LQFUHDVHV�
ZLWK� LQFUHDVLQJ� H[DFWLQJQHVV�� 7KLV� LV� KRZHYHU� QRW� WKH� FDVH� IRU� GHOD\HG� IHHGEDFN�� 7KH�
GLIIHUHQFH� LQ� WHUPV� RI� LQFRQVLVWHQF\� EHWZHHQ� GHOD\HG� DQG� LPPHGLDWH� IHHGEDFN� LQ� WKH�
PHGLXP�H[DFWLQJ�HQYLURQPHQW�LV�QRW�ELJ��H[FHSW�RI�WKH�ILUVW�URXQG�±�EXW�WKLV�LV�LQWXLWLYHO\�
�������������������������������������������������
���5�VTXDUHG�IURP�UHJUHVVLRQ�PRGHOV�KDV�EHHQ�ZLGHO\�XVHG�LQ�WKH�MXGJPHQW�UHVHDUFK�DQG�OHQV�PRGHO��VHH�IRU�
H[DPSOH�6WHZDUW�>��@�
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HDV\�WR�H[SODLQ���6XEMHFWV�LQ�WKH�GHOD\HG�IHHGEDFN�JURXS�KDG�UHODWLYHO\�OHVV�LQIRUPDWLRQ�LQ�
WKH�ILUVW�URXQG��VR�WKH\��IRXQG�RXW��WKHLU�VWUDWHJ\��ODWHU�� WKDQ�VXEMHFWV�LQ�WKH�LPPHGLDWH�
IHHGEDFN� JURXS�� %\� WKH� VHFRQG� URXQG�� �GHOD\HG�� VXEMHFWV� DOUHDG\� RXWSHUIRUPHG� WKH�
�LPPHGLDWH��JURXS�� ,Q� WHUPV� RI�PRUH� VWULFW� VWDWLVWLFDO� DQDO\VLV�� WZR�ZD\�$129$�ZLWK�
URXQGV� DV� UHSHDWHG� IDFWRU� VKRZHG� WKDW� WKH�RQO\� VLJQLILFDQW� HIIHFW� LV� WKH�RQH� IRU� URXQGV��
)�������� ��������0VH� ����S����������

7KH� LQWHUHVWLQJ� FDVH� LV� WKH� RQH� RI� OHQLHQW� DQG� H[DFWLQJ� HQYLURQPHQW�� ,Q� WKH�
H[DFWLQJ� HQYLURQPHQW�� VXEMHFWV� UHFHLYLQJ� GHOD\HG� IHHGEDFN� IURP� WKH� EHJLQQLQJ� VKRZHG�
OHVV�LQFRQVLVWHQF\�DQG�RXWSHUIRUPHG�VXEMHFWV�UHFHLYLQJ�LPPHGLDWH�IHHGEDFN�VLJQLILFDQWO\�
�$129$� UHYHDOHG� WKDW� ERWK� HIIHFWV� DUH� VWDWLVWLFDOO\� VLJQLILFDQW�� IRU� URXQGV�� )���� ����  �
������0VH� �������S��������DQG�IRU�FROXPQV�)�������� �������0VH� �������S� ��������,Q�WKH�
OHQLHQW� HQYLURQPHQW�� VXEMHFWV� UHFHLYLQJ� GHOD\HG� IHHGEDFN�� IURP� WKH� EHJLQQLQJ� VWDUWHG�
SHUIRUPLQJ� EDGO\� DQG� E\� WKH� VHFRQG� URXQG�� QRW� RQO\� GLG� QRW� LPSURYH�� EXW� DOVR� ZHUH�
LQFUHDVLQJO\� LQFRQVLVWHQW� LQ� WKHLU� UHVSRQVHV� �$129$� VKRZHG� VLJQLILFDQFH� RI� WKH�
IHHGEDFN¶V� WLPLQJ�FKDQJH�±�)�������� �������0VH� �������S� �������EXW�QRW�IRU�UHSHDWHG�
URXQGV���
�
����� $GGLWLRQDO� UHVXOWV�� 7LPH�� 7KH� WLPH� RI� HDFK� GHFLVLRQ� KDV� EHHQ� PHDVXUHG�� 7KH�
DYHUDJHG�WLPH�IRU�H[SHULPHQWDO�JURXSV�SHU�URXQG�DUH�UHSRUWHG�LQ�7DEOH����,W�FDQ�EH�VHHQ�
WKDW� RQ� DYHUDJH�� VXEMHFWV� UHFHLYLQJ� GHOD\HG� IHHGEDFN� WRRN�PRUH� WLPH� LQ� RUGHU� WR�PDNH�
GHFLVLRQV� �$129$�ZLWK� URXQGV� DV� D� UHSHDWHG� IDFWRU� UHYHDOHG� VLJQLILFDQFH� IRU� H[DFWLQJ�
HQYLURQPHQW��)�������� ������06H� ������S� ������DQG�IRU�PHGLXP�OHDUQLQJ�HQYLURQPHQW�
�)�������� ������06H� ������S� ��������EXW�QRW�IRU�OHQLHQW�HQYLURQPHQW���
�

7DEOH����7LPH�RI�GHFLVLRQ�PDNLQJ�E\�URXQG�LQ�DOO�H[SHULPHQWDO�FRQGLWLRQV��
�
� ,PPHGLDWH�IHHGEDFN� � 'HOD\HG�IHHGEDFN� �
5RXQG� /HQLHQW� 0HGLXP� ([DFWLQJ� /HQLHQW� 0HGLXP� ([DFWLQJ�
�� � � � � � �
���7LPH� ��� ��� ��� ��� ��� ���
���6'� ��� ��� ��� ��� ��� ���
�� � � � � � �
���7LPH� ��� ��� ��� ��� ��� ���
���6'� ��� ��� �� ��� ��� ��
$YHUDJH� ����� ��� ����� ��� ��� �����
�
�

�
�
6WUHVV��2QH�RI�WKH�TXHVWLRQV�DVNHG�LQ�WKH�TXHVWLRQQDLUHV��DIWHU�HDFK�URXQG��ZDV���3OHDVH�
LQGLFDWH�RQ�WKH�VFDOH�EHORZ��/LNHUW�VFDOH�IURP������ZKHUH���LV�WRWDOO\�UHOD[HG�DQG���LV�YHU\�
VWUHVVHG�� KRZ� \RX� IHOW� GXULQJ� WKLV� URXQG� RI� WKH� H[SHULPHQW"�� 7DEOH� �� UHSRUWV� PHDQ�
DQVZHUV�SHU�JURXS�DQG�WKH�HYROXWLRQ�RYHU�WKH�URXQGV��
�

�
�
�
�
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7DEOH����$XWR�HYDOXDWLRQ�RI�VWUHVV�RYHU�URXQGV�LQ�DOO�H[SHULPHQWDO�FRQGLWLRQV��
�
� ,PPHGLDWH�IHHGEDFN� � 'HOD\HG�IHHGEDFN� �
5RXQG� /HQLHQW� 0HGLXP� ([DFWLQJ� /HQLHQW� 0HGLXP� ([DFWLQJ�
� � � � � � �
�� ���� ���� ���� ���� ���� ����
� � � � � � �
�� ���� ���� ���� ���� ���� ����
� � � � � � �
�
�

$V�FDQ�EH�VHHQ��WKHUH�DUH�QR�ELJ�GLIIHUHQFHV�EHWZHHQ�WKH�JURXSV�UHFHLYLQJ�LPPHGLDWH�DQG�
GHOD\HG�IHHGEDFN��H[FHSW�RI�PHGLXP�H[DFWLQJ�OHDUQLQJ�HQYLURQPHQW���
�
'HVLJQHU
V� NQRZOHGJH�� 7KH� UHVW� RI� WKH� TXHVWLRQV� LQ� WKH� TXHVWLRQQDLUH�ZDV� VXSSRVHG� WR�
JDXJH� VXEMHFWV
� �GHVLJQHU� NQRZOHGJH��RI� WKH� WDVN� DIWHU� KDYLQJ� WDNHQ� ��� GHFLVLRQV�� 7KH�
TXHVWLRQV� KDG� EHHQ� HYDOXDWHG� DQG� D� SRLQW� KDG� EHHQ� JLYHQ� IRU� HDFK� YDOXDEOH� SLHFH� RI�
LQIRUPDWLRQ� UHSRUWHG� E\� D� VXEMHFW�� )RU� TXHVWLRQ� �� ±� JHQHUDO� NQRZOHGJH� �� SRLQWV�PLJKW�
KDYH� EHHQ� DFKLHYHG� E\� VWDWLQJ� WKH� VLJQ� DQG� WKH� VORSH� RI� WKH� UHODWLRQ� EHWZHHQ�:� DQG�
GHFLVLRQ�YDULDEOH��EHLQJ�DZDUH�RI�WZR�W\SHV�RI�HUURUV��RYHU�HVWLPDWLQJ�RU�XQGHU�HVWLPDWLQJ�
WKH� SURGXFWLRQ� OHYHO��� H[SUHVVLQJ� WKH� XSSHU� OLPLW� RI� WKH� SHUIRUPDQFH�PHDVXUH�� HWF�� )RU�
TXHVWLRQ�����NQRZOHGJH�DERXW�YDULDEOHV�$�DQG�%���SRLQWV�ZHUH�JLYHQ�IRU�VWDWLQJ�WKDW��$���
%� � GHFLVLRQ� YDULDEOH��� LQGLFDWLQJ� WKDW� YDULDEOHV�$� DQG�%� GHSHQG� RQ� WKH� WZR� W\SHV� RI�
HUURU��HWF��)LQDOO\��IRU�TXHVWLRQ�����VSHFLILF�WLSV���SRLQWV�ZHUH�JLYHQ�IRU�DQ\�YDOLG�DGYLFH��
OLNH�IRU�H[DPSOH��WKDW�LW�LV�DOZD\V�EHWWHU�WR�RYHUHVWLPDWH�WKH�JXHVV��DQG�VR�RQ��7KH�PHDQ�
VFRUHV�REWDLQHG�E\�WKH�VXEMHFWV�LQ�HDFK�H[SHULPHQWDO�JURXS�DUH�UHSRUWHG�LQ�7DEOH����

�
7DEOH����³'HVLJQHU¶V�NQRZOHGJH´�VFRUHV�LQ�DOO�H[SHULPHQWDO�FRQGLWLRQV��

�
� /HDUQLQJ�HQYLURQPHQW�

� /HQLHQW� 0HGLXP� ([DFWLQJ�
� � � �
,PPHGLDWH�IHHGEDFN� ���� ���� ����
� � � �
'HOD\HG�IHHGEDFN� ���� ���� ����
� � � �
�
�

+HUH��DJDLQ�GDWD�VKRZV�VLPLODU�OHYHO�RI�XQGHUVWDQGLQJ�RI�WKH�WDVN��ZLWK�DQ�H[FHSWLRQ�RI�D�
FOHDU�LQGLFDWLRQ�RI�WKH�GLIIHUHQFH�EHWZHHQ�SRRUO\�SHUIRUPLQJ��GHOD\HG�IHHGEDFN���OHQLHQW�
HQYLURQPHQW�� JURXS� DQG� EHVW� SHUIRUPLQJ� �GHOD\HG� IHHGEDFN� �� PHGLXP� HQYLURQPHQW��
JURXS��
�
�

���',6&866,21�
�

7KH� WZR� PDLQ� K\SRWKHVHV� KDYH� QRW� EHHQ� FRQILUPHG� E\� WKH� H[SHULPHQWDO� GDWD��
'HOD\LQJ�IHHGEDFN�LQ�WKH�OHQLHQW�HQYLURQPHQW�GLG�QRW�KHOS�WKH�GHFLVLRQ�PDNHUV��ZKHUHDV�



�

�

��

�

GHOD\LQJ� IHHGEDFN� XQGHU� H[DFWLQJ� HQYLURQPHQW� GLG�� ,Q� WHUPV� RI� DGGLWLRQDO� ZRUNLQJ�
K\SRWKHVHV�� SHUIRUPDQFH� ZDV� D� VLQJOH�SHDNHG� �LQYHUWHG�8�VKDSHG�� IXQFWLRQ� RI�
H[DFWLQJQHVV��6XEMHFWV�JLYHQ�GHOD\HG�IHHGEDFN�VSHQW�PRUH�WLPH�RQ�WKH�GHFLVLRQ�PDNLQJ��
EXW� WKH\� GLG� QRW� UHSRUW� VLJQLILFDQWO\� PRUH� VWUHVV� WKDQ� VXEMHFWV� REVHUYLQJ� LPPHGLDWH�
IHHGEDFN�� 7KH� PRRG� RI� VXEMHFWV� ZDV� DOVR� UREXVW� WR� LQFUHDVHV� RI� WKH� H[DFWLQJQHVV� RI�
OHDUQLQJ�HQYLURQPHQWV��

7KHUH�DUH� WKUHH�GLIIHUHQW�ZD\V�RI�DUJXLQJ� LI� OHDUQLQJ�SURFHVV�RFFXUUHG��7KH� ILUVW�
RQH� LV� MXVW� YLD� REVHUYLQJ� WKH� SHUIRUPDQFH�� LQGLFDWHG� LQ� )LJXUH� �� E\� FOHDUO\� LQFUHDVLQJ�
FXUYHV�� 8QGHU� WKLV� DSSURDFK�� GHOD\LQJ� IHHGEDFN� LQ� OHQLHQW� HQYLURQPHQW� LQVWHDG� RI�
ERRVWLQJ� OHDUQLQJ� SURFHVV�� LPSDFWHG� LW� QHJDWLYHO\�� 7KH� VHFRQG� ZD\� LV� WR� WDNH� LQWR�
FRQVLGHUDWLRQ�WKH�GDWD�FROOHFWHG�LQ�TXHVWLRQQDLUHV��7KH�HYDOXDWLRQ�RI�WKLV�GDWD�LV�KRZHYHU�
VXEMHFWLYH� DQG� LW� GRHV� QRW� KHOS� WR� UHDFK� DQ\� FRQVLVWHQW� VWDQGSRLQW�� 7KH� WKLUG�ZD\� LV� WR�
VHDUFK� IRU� VLJQV� RI� �GHVLJQHU
V� NQRZOHGJH�� LQ� VXEMHFWV
� UHVSRQVHV�� 2QFH� D� VXEMHFW�
XQGHUVWRRG� WKDW� ZKHQHYHU� KLV� SURGXFWLRQ� LV� RYHUHVWLPDWHG�� YDULDEOH� $� JLYHV� KLP� WKH�
FRUUHFW�DQVZHU�IRU�FXUUHQW�WHPSHUDWXUH��DQG�JLYHQ�WKDW�WKH�WHPSHUDWXUHV�WHQG�WR�UHSHDW��VKH�
VKRXOG�XVH�WKH�FRUUHFW�DQVZHU�HYHU\�WLPH�SUHVHQWHG�ZLWK�WKH�VDPH�VLJQDO��$OO����DQVZHUV�
RI� HDFK�RQH�RI� ��� VXEMHFWV�KDG�EHHQ� DQDO\]HG� VHDUFKLQJ� IRU� WKLV� SDWWHUQ��8QIRUWXQDWHO\�
WKLV� PHWKRG� SUHVHQWHG� QR� GLVFULPLQDWLYH� SRZHU�� VLQFH� DQ� DYHUDJH� RI� WZR� VXEMHFWV� SHU�
JURXS�IROORZLQJ�WKLV�UXOH�KDYH�EHHQ�IRXQG��

,Q�WHUPV�RI�VWUDWHJ\�VHDUFK�LQWHUHVWLQJ�SKHQRPHQD�RFFXUUHG��)LUVW�RI�DOO��VXEMHFWV�
LQ�WKH�OHQLHQW�OHDUQLQJ�HQYLURQPHQW��ZKLOH�SUHVHQWHG�ZLWK�GHOD\HG�IHHGEDFN��WHQGHG�WR�UH�
UHSUHVHQW� WKH� WDVN�PRUH�RIWHQ� WKDQ�WKH�VXEMHFWV� UHFHLYLQJ�LPPHGLDWH� IHHGEDFN�� WKHUHIRUH�
FKDQJLQJ�WKH�VWUDWHJ\�WKH\�ZHUH�DSSO\LQJ�PRUH�RIWHQ��2Q�UHYHUVH��GHOD\LQJ�WKH�IHHGEDFN�
LQ�WKH�H[DFWLQJ�HQYLURQPHQW��PDGH�WKH�VXEMHFWV�WR�EH�PRUH�FRQVLVWHQW�LQ�WKH�DSSOLFDWLRQ�RI�
WKHLU� VWUDWHJ\�� ,� RIIHU� WZR� ZD\V� RI� H[SODLQLQJ� WKHVH� ILQGLQJV�� 2QH� SRVVLEOH� ZD\� RI�
UHDVRQLQJ�LV�WKDW�LQ�WKH�OHQLHQW�HQYLURQPHQW��VXEMHFWV�VHDUFKHG�IRU�LPSURYLQJ�WKH�TXDOLW\�
RI� GHOD\HG� IHHGEDFN� WKURXJK� H[FHVV� YDULDELOLW\�� 6XEMHFWV�� DIWHU� KDYLQJ� WDNHQ� ILUVW�
GHFLVLRQV�ZLWKRXW�DQ\�NQRZOHGJH�DERXW�WKH�WDVN��KDG�D�ORW�RI�FKDQFHV�WR�UHFHLYH�D�SRVLWLYH�
RU� VOLJKWO\� QHJDWLYH� IHHGEDFN�� )URP� WKH�PRPHQW� D� UHSUHVHQWDWLRQ� RI� WKH� WDVN� KDV� EHHQ�
PDGH�� WKH�GHOD\�RI�3(0�UHTXLUHG� WKH�VXEMHFWV� WR� WHVW� WKHLU�VWUDWHJLHV� LQ�D�PRUH�H[WUHPH�
ZD\�� LQ� D� VHQVH� RYHUUHDFWLQJ� WR� WKH� VLJQDO�� LQ� RUGHU� WR� FKHFN� WKHLU� YDOLGLW\�� 6LQFH� WKH�
IHHGEDFN�SHU�VH�ZDV�RI�D�SUHWW\�EDG�TXDOLW\��L�H��WR�D�JUHDW�H[WHQW�HYHU\�DFWLRQ�UHFHLYHG�D�
SRVLWLYH�IHHGEDFN��GHOD\LQJ�LWV�YLVXDOL]DWLRQ�IRUFHG�VXEMHFWV�WR�LQFUHDVH�WKH�YDULDELOLW\�RI�
DQVZHUV��WKHUHIRUH�LPSURYLQJ�WKH�LQIHUHQWLDO�FRPSRQHQW�RI�WKH�LQIRUPDWLRQ�EHLQJ�IHG�EDFN�
WR�WKHP��
,Q�WKH�H[DFWLQJ�HQYLURQPHQW��VLQFH�HDFK�VPDOO�GHYLDWLRQ�IURP�WKH�FRUUHFW�DQVZHU�UHVXOWHG�
LQ�D�YHU\�SHQDOL]HG�3(0�� WKLV�PHFKDQLVP�ZDV�QRW�QHHGHG��(YHQ�GHOD\HG�� WKH� IHHGEDFN�
KDG�HQRXJK�TXDOLW\�WR�JXLGH�WKH�VXEMHFWV�WRZDUGV�D�FRUUHFW�VWUDWHJ\���

$QRWKHU�� UHODWHG�� H[SOLFDWLRQ� PLJKW� WDNH� LQWR� FRQVLGHUDWLRQ� DVSLUDWLRQ� OHYHOV��
6XEMHFWV�ZHUH�PRWLYDWHG�WR�IRFXV�RQ�PD[LPL]LQJ�WKHLU�SHUIRUPDQFH��EXW� WKH�RQHV� LQ� WKH�
OHQLHQW�HQYLURQPHQW��WKURXJK�REVHUYLQJ�PDLQO\�SRVLWLYH�3(0�PLJKW�KDYH�FRQIRUPHG�ZLWK�
LW�PRUH�HDVLO\�WKDQ�VXEMHFWV�IURP�WKH�H[DFWLQJ�HQYLURQPHQW����7KH�ODWWHU�VXEMHFWV�LQ�WXUQ��
�������������������������������������������������
���7KLV�ZD\�RI�UHDVRQLQJ�LV�EDVHG�PDLQO\�RQ�WKH�LQWHUYLHZ�ZLWK�RQH�RI�WKH�VXEMHFWV�LQ�WKH��OHQLHQW�
HQYLURQPHQW���GHOD\HG�IHHGEDFN��JURXS��ZKR�ZDV�FRS\LQJ�WKH�VLJQDO�:�LQWR�WKH�SURGXFWLRQ�GHFLVLRQ�
FRQVLVWHQWO\�RYHU�D�FRQVLGHUDEOH�QXPEHU�RI�SHULRGV��:KHQ�DVNHG�ZKHWKHU�VKH�XQGHUVWRRG�WKH�WDVN��WKH�
VXEMHFW�DQVZHUHG��\HV��DQG�WKDW�WKLV�KHXULVWLF�VWUDWHJ\��VHHPHG�WR�ZRUN�IRU�VRPH�WLPH���
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IURP�WKH�EHJLQQLQJ�ZHUH�PXFK�PRUH�LQFOLQHG�WR�VHH�ELJ�QHJDWLYH�QXPEHUV��WKHUHIRUH�RQFH�
WKH\�REVHUYHG�D�SRVLWLYH�3(0��WKH\�ZHUH�PXFK�PRUH�PRWLYDWHG�WR�IRFXV�RQ�PDLQWDLQLQJ�
WKH�SURVSHFWLYH�3(0V�SRVLWLYH��7KLV�ZD\�RI�WKLQNLQJ�LV�VRPHZKDW�UHODWHG�WR�WKH�WKHRU\�RI�
+LJJLQV��>��@��>��@��VWDWLQJ�WKDW���7KH�RXWFRPH�RI�ORVV�DQG�IDLOXUH�LV�FRQJUXHQW�ZLWK�WKH�
VWUDWHJ\�RI�DYRLGLQJ�ORVV�LQ�SUHYHQWLRQ�IRFXV��ZKHUHDV�WKH�RXWFRPH�RI�JDLQ�DQG�VXFFHVV�LV�
FRQJUXHQW�ZLWK�WKH�VWUDWHJ\�RI�DSSURDFKLQJ�UHZDUGV���,I�ZH�DFFHSW�WKH�IDFW�WKDW�GHOD\HG�
IHHGEDFN� LQ� WKH� H[DFWLQJ� HQYLURQPHQW� LQFUHDVHG� WKH� QHJDWLYH� IUDPLQJ� RI� WKH� WDVN��
GHFUHDVHG�YDULDELOLW\�LQ�UHVSRQVHV�PLJKW�EH�H[SODLQHG�WKURXJK�WKH�IXUWKHU�ORVV�SUHYHQWLRQ�
DSSURDFK�� ,I� RQ� WKH� RWKHU� KDQG� ZH� DFFHSW� WKDW� GHOD\HG� IHHGEDFN� LQ� WKH� OHQLHQW�
HQYLURQPHQW�LQFUHDVHG�WKH�IHHOLQJ�RI�VXFFHVV��WKURXJK�LQFUHDVLQJ�WKH�VDOLHQF\�RI�SRVLWLYH�
3(0V���LQFUHDVHG�YDULDELOLW\�RI�UHVSRQVHV�FRXOG�EH�H[SODLQHG���

6RPH�FRPPHQWV�DUH�LQ�RUGHU�KHUH��)LUVW�RI�DOO��WKURXJKRXW�WKH�VWXG\�LW�LV�DVVXPHG�
WKDW�DOO� WKH�VXEMHFWV�DUH�ZHOO�PRWLYDWHG�DQG�WKHLU�FKRLFHV�DUH�LQ�OLQH�ZLWK�VRPH�ORQJ�UXQ�
GHVLUH� WR�SHUIRUP�ZHOO��$V�,�KDYH�QR�UHDVRQV� WR� WKLQN�WKH�FRQWUDU\��PDUJLQDO�QXPEHU�RI�
VXEMHFWV�UHSRUWHG�WKDW�WKH\�KDYH�FRPPLWWHG�GDWD�LQWURGXFWLRQ�HUURUV��I��H[��LQWURGXFLQJ����
LQVWHDG�RI������6HFRQG�RI�DOO�� LW� LV�ZRUWK�VWUHVVLQJ�� WKDW�WKH�NLQG�RI�WDVN�DQDO\]HG�LQ�WKH�
H[SHULPHQW� LV� GLIIHUHQW� WR� WKH� VWDQGDUG� WDVNV� XVHG� WR� DQDO\]H� WKH� LQIOXHQFH� RI� GHOD\HG�
IHHGEDFN��7KH��LFH�FUHDP��H[SHULPHQW� LV�QRW�D�G\QDPLF�GHFLVLRQ�PDNLQJ�SURFHVV�LQ�WKH�
XVXDO�VHQVH��WKHUH�LV�QR��FDUU\RYHU��HIIHFW�IURP�RQH�SHULRG�WR�WKH�QH[W���KRZHYHU�VXEMHFWV�
DUH� VXSSRVHG� WR� PDNH� GHFLVLRQV� ZLWKRXW� NQRZLQJ� WKH� RXWFRPH� IHHGEDFN� IURP� WKH�
SUHYLRXV� SHULRGV� �HYHQ� GHOD\HG��� 7KHUHIRUH� VWDQGDUG� WHUPLQRORJ\� RI� �GHOD\HG�� RU�
�SRVWSRQHG��IHHGEDFN�VKRXOG�EH�XVHG�ZLWK�FDUH��,�SURSRVH�WR�PHUJH�WKRVH�WHUPV�LQ�RQH��
�XOWUD���GHOD\HG��IHHGEDFN���WKDW�PHDQV�WKDW�WKH�IHHGEDFN�LV�GHOD\HG�ZLWK�UHVSHFW�WR�WKH�
ZKROH�WDVN��EXW�SRVWSRQHG�ZLWK�UHVSHFW�WR�WKH�JLYHQ�WULDO���
�
�����3RVVLEOH� FULWLFLVP��7KHUH� LV� D� QXPEHU�RI� SRVVLEOH� FULWLFLVPV� WR� WKH� UHSRUWHG� VWXG\��
)LUVW�RI�DOO��WKH�VDPSOH�VL]H�RI����VXEMHFWV�PDNHV�DOO�WKH�ILQGLQJV�VWDWLVWLFDOO\�TXHVWLRQDEOH��
6HFRQG�RI� DOO�� WKH� OLQHDU� UHODWLRQVKLS� EHWZHHQ� WKH� VLJQDO�:�DQG� WKH� FRUUHFW� FULWHULRQ�'�
VKRXOG�EH�UHYLVLWHG��7R�D�JUHDW�H[WHQW��VXEMHFWV���HYHQ�ZKHQ�VHDUFKLQJ���DUH�VHDUFKLQJ�LQ�
YDLQ�� VLQFH� WKHUH� LV� QR� ORFDO� RSWLPXP� WR� HVFDSH� IURP��$� QRQ�PRQRWRQLF� IXQFWLRQ�ZLWK�
ORFDO�DQG�JOREDO�RSWLPXP�ZRXOG�SUREDEO\� LQFUHDVH� WKH�H[SODQDWRU\�SRZHU�RI� WKH� VWXG\��
)LQDOO\��D�FOHDU��FHLOLQJ�HIIHFW��FDQ�EH� IRXQG�� UHVWULFWLQJ�RSWLRQV� IRU� IXUWKHU� OHDUQLQJ�� ,Q�
WKLV�VHQVH��VXEMHFWV�DUH�DW�ULVN�RI�VXIIHULQJ�IURP�WKH��YLGHR�JDPH�HIIHFW���GHULYHG�IURP�DQ�
REVHUYDWLRQ� WKDW� FKLOGUHQ� FDQ� RIWHQ� REWDLQ� YHU\� KLJK� VFRUHV� SOD\LQJ� YLGHR�JDPHV�� EXW�
DVNHG�KRZ�GLG�WKH\�GR�LW��RU�ZKDW�RQH�KDV�WR�GR�LQ�RUGHU�WR�SOD\�ZHOO���KDYH�GLIILFXOWLHV�WR�
DQVZHU��
�
����� 3UDFWLFDO� LPSOHPHQWDWLRQ�� $V� H[SHFWHG�� LW� KDV� EHHQ� VKRZQ� WKDW� XQGHU� LPPHGLDWH�
IHHGEDFN�� LQFUHDVLQJ� WKH�H[DFWLQJQHVV�RI� OHDUQLQJ�HQYLURQPHQWV� LQGXFHV�VWUDWHJ\�VHDUFK��
%XW�WKH�FXUUHQW�VWXG\�JRHV�RQH�VWHS�IXUWKHU��$QRWKHU�YDULDEOH�LQGXFLQJ�VWUDWHJ\�VHDUFK�KDV�
EHHQ�LGHQWLILHG���QDPHO\�WKH�IHHGEDFN
V�WLPLQJ��,I�LW�LV�WUXH�WKDW�GHOD\LQJ�WKH�IHHGEDFN�LQ�
WKH�H[DFWLQJ�HQYLURQPHQW�FRXOG�PDLQWDLQ�VXEMHFWV��DGGLWLRQDOO\��IRFXVHG�RQ�PD[LPL]LQJ�
WKHLU�SHUIRUPDQFH�DW� VPDOOHVW�SRVVLEOH�GHYLDWLRQV� IURP�FXUUHQWO\�XVHG� VWUDWHJ\��DQG� WKDW�
GHOD\LQJ� WKH� IHHGEDFN� LQ� WKH� OHQLHQW� HQYLURQPHQW� PDGH� VXEMHFWV� IRFXV� HVSHFLDOO\� RQ�
ZLQQLQJ�VWUDWHJ\�VHDUFK��WKRVH�IDFWV�FDQ�KDYH�D�WUHPHQGRXV�SUDFWLFDO�LPSOHPHQWDWLRQV��
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/HW�XV�LPDJLQH�D�IROORZLQJ�LOOXVWUDWLYH�VHWXS��D�)LQDQFLDO�$GYLVRU��)$��LV�KHOSLQJ�
VHYHUDO�FOLHQWV�WR�PDQDJH�WKHLU�ORQJ�WHUP�LQYHVWPHQWV�LQ�VWRFNV��,I�WKH�)$���DV�DQ�H[SHUW�±�
EHOLHYHV� WKDW� WKH� ILQDQFLDO�PDUNHWV� DUH� SDVVLQJ� WKURXJK� D� WHPSRUDO� GRZQWXUQ�� WKHUHIRUH�
ZKDWHYHU�DFWLRQ�D�FOLHQW�WDNHV��HYHQ�D�FRUUHFW�RQH��ZLOO�EULQJ�SHQDOL]LQJ�HIIHFWV��H[DFWLQJ�
HQYLURQPHQW��� LW� VKRXOG� EH� MXVWLILHG� WKDW� VKH� �WKH� )$�� GHOD\V� IHHGEDFN� DERXW� FOLHQWV�
SRUWIROLR
V� DQG� VWRFN�PDUNHW
V� SHUIRUPDQFH�� ,Q� WKLV�PDQQHU� FOLHQWV� EHDU� VPDOOHU� ULVN� RI�
�RYHU�UHDFWLQJ��� L�H�� VHOOLQJ� JRRG� VKDUHV� DQG� EX\LQJ� DQRWKHU�� ZKLFK� VHHP� WR� EH�
WHPSRUDULO\� OHVV� DIIHFWHG� E\� WKH� RYHUDOO� VOXPS�� EXW� DUH� SULFHG� DERYH� WKHLU� IXQGDPHQWDO�
YDOXH��

2Q� WKH� RWKHU� KDQG� OHW� XV� WKLQN� RI� D� ³FUHDWLYH´� DGYHUWLVLQJ� FDPSDLJQ� EHLQJ�
GHYHORSHG�IRU�SURGXFW�³=´��6LQFH�WKH�SURGXFW�LV�QHZ�WR�WKH�PDUNHW�DQG�WKH�SULRU�PDUNHW�
VWXGLHV�VKRZHG�WKDW�LW�ZRXOG�VHOO�ZHOO��ZH�PLJKW�VD\�WKDW�WKHUH�H[LVWV�D�ELJ�SUREDELOLW\�WKDW�
WKH�SHQDOW\�LQ�WHUPV�RI�VDOHV�IRU�QRW�DGYHUWLVLQJ�WKH�SURGXFW�LQ�WKH�³RSWLPDO´�PDQQHU�LV�
JRLQJ�WR�EH�VPDOO��OHQLHQW�HQYLURQPHQW���7KHUHIRUH��LW�LV�LQ�WKH�LQWHUHVW�RI�WKH�SURGXFHU�RI�
SURGXFW�³=´��WR�GHOD\�WKH�IHHGEDFN�LQ�WHUPV�RI�NQRZOHGJH�RI�VDOHV�UDWH�WR�WKH�PDUNHWLQJ�
DJHQF\��VR�WR�DYRLG�EHLQJ�³VWXFN´�LQ�WKH�VXE�RSWLPDO�DGYHUWLVLQJ�FDPSDLJQ���
�
�

���(1'�:25'�
�
7KH�VWXG\�WKDW�KDV�EHHQ�GHVFULEHG�LQ�WKLV�SDSHU�PDNHV�WZR�LPSRUWDQW�FRQWULEXWLRQV��)LUVW�
RI�DOO��LW�DGGV�WR�DOUHDG\�H[LVWLQJ�HYLGHQFH�DERXW�WKH�LPSRUWDQW�UROH�RI�GHOD\HG�IHHGEDFN��,W�
GHPRQVWUDWHV� WKDW� VRPH� RI� WKH� SUHYLRXV� EHOLHIV� DERXW� IHHGEDFN� EHLQJ� XVHIXO� RQO\�
LPPHGLDWHO\� DIWHU� WKH� GHFLVLRQ� VKRXOG� EH� UHYLVLWHG�� 6HFRQGO\�� WKLV� SDSHU� RSHQV� D� QHZ��
LPSRUWDQW� DUHD� IRU� UHVHDUFK�� )HHGEDFN
V� WLPLQJ� KDV� VR� IDU� QRW� EHHQ� WDNHQ� LQWR�
FRQVLGHUDWLRQ�DV�D�YDULDEOH�LQGXFLQJ�RU�SUHVHUYLQJ�IURP�WKH�VWUDWHJ\�FKDQJH��7KH�HYLGHQFH�
FROOHFWHG�LQ�WKLV�VWXG\�VXJJHVWV�WKDW�WKLV�PDWWHU�VKRXOG�EH�LQYHVWLJDWHG�IXUWKHU��
�
�
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5HIHUHQFHV�
�

��� 5�� /�� %DQJHUW�'URZQV�� &�� &�� .XOLN�� -�� $�� .XOLN�� DQG� 0�� 0RUJDQ�� 7KH�
LQVWUXFWLRQDO� HIIHFW� RI� IHHGEDFN� LQ� WHVW�OLNH� HYHQWV�� 5HYLHZ� RI� (GXFDWLRQDO�
5HVHDUFK������������������������

��� :��+��%HUTXLVW� DQG� 6�� 5�� 3KLOLSV��$� KDQGERRN� IRU� IDFXOW\� GHYHORSPHQW�� YRO�� ���
'DQVYLOOH��1<���&RXQFLO�IRU�WKH�DGYDQFHPHQW�RI�VPDOO�FROOHJHV��������

��� .�� 7�� %ULQNR�� 7KH� SUDFWLFH� RI� JLYLQJ� IHHGEDFN� WR� LPSURYH� WHDFKLQJ�� :KDW� LV�
HIIHFWLYH"��7KH�-RXUQDO�RI�+LJKHU�(GXFDWLRQ������������QR��������������

��� 5��2��&KDU��7KH�HIIHFW�RI�GHOD\�RI�LQIRUPDWLYH�IHHGEDFN�RQ�WKH�UHWHQWLRQ�RI�YHUEDO�
LQIRUPDWLRQ�DQG�KLJKHU�RUGHU�OHDUQLQJ��IRU�FROOHJH�VWXGHQWV��'LVVHUWDWLRQ�DEVWUDFWV�
LQWHUQDWLRQDO�������D��)ORULGD�6WDWH�8QLYHUVLW\��������

��� 5��%��&ODULDQD��HG����7KH�HIIHFWV�RI�GLIIHUHQW� IHHGEDFN�VWUDWHJLHV�XVLQJ�FRPSXWHU�
DGPLQLVWHUHG� PXOWLSOH�FKRLFH� TXHVWLRQV� DV� LQVWUXFWLRQ�� (5,&� 'RFXPHQW�
5HSURGXFWLRQ� 6HUYLFH� 1R�� ('� ���� ����� 3URFHHGLQJV� RI� 6HOHFWHG� 5HVHDUFK� DQG�
'HYHORSPHQW�3UHVHQWDWLRQV�DW�WKH�&RQYHQWLRQ�RI�WKH�$VVRFLDWLRQ�IRU�(GXFDWLRQDO�
&RPPXQLFDWLRQV�DQG�7HFKQRORJ\��������

��� -�� 9�� 'HPSVH\�� 0�� 3�� 'ULVFROO�� DQG� /�� .�� 6ZLQGHOO�� 7H[W�EDVHG� IHHGEDFN�� FK��
,QWHUDFWLYH� LQVWUXFWLRQ� DQG� IHHGEDFN�� SS�� ������� (QJOHZRRG� &OLIIV�� 1-��
(GXFDWLRQDO�7HFKQRORJ\���������

��� -��'��)DUTXKDU��$�VXPPDU\�RI�UHVHDUFK�ZLWK�WKH�FRQVROH�RSHUDWLRQV�WXWRU��/RDGHU��
>2QOLQH@�$YDLODEOH�KWWS���ZZZ�JVX�HGX��ZZZLWU�UHVHDUFK�IDUTXKDU��������������

��� 8�� )LVFKEDFKHU�� ]�WUHH� �� ]XULFK� WRROER[� IRU� UHDG\PDGH� HFRQRPLF� H[SHULPHQWV� ��
H[SHULPHQWHU
V�PDQXDO��,QVWLWXWH�IRU�(PSLULFDO�5HVHDUFK�LQ�(FRQRPLFV��8QLYHUVLW\�
RI�=XULFK��ZRUNLQJ�SDSHU�QU�����HG���������

��� 3�� *D\QRU�� 7KH� HIIHFW� RI� IHHGEDFN� GHOD\� RQ� UHWHQWLRQ� RI� FRPSXWHU�EDVHG�
PDWKHPDWLFDO�PDWHULDO�� -RXUQDO� RI�&RPSXWHU�%DVHG� ,QVWUXFWLRQ� ����� �������� ���
����

����(��7��+LJJLQV��%H\RQG�SOHDVXUH�DQG�SDLQ��$PHULFDQ�3V\FKRORJLVW���������QR������
�����������

����(�� 7�� +LJJLQV�� $GYDQFHV� LQ� H[SHULPHQWDO� VRFLDO� SV\FKRORJ\�� YRO�� ���� FK��
3URPRWLRQ�DQG�SUHYHQWLRQ��5HJXODWRU\�IRFXV�DV�D�PRWLYDWLRQDO�SULQFLSOH��SS��������
1HZ�<RUN��$FDGHPLF�3UHVV��������

����(��5��+LOJDUG�DQG�*��+��%RZHU��7KHRULHV�RI�OHDUQLQJ��&HQWXU\�3V\FKRORJ\�6HULHV��
������

����5��0��+RJDUWK��(GXFDWLQJ�LQWXLWLRQ��7KH�8QLYHUVLW\�RI�&KLFDJR�3UHVV��������
����5��0��+RJDUWK��%��-��*LEEV��&��5��0F.HQ]LH��DQG�0��$��0DUTXLV��/HDUQLQJ�IURP�

IHHGEDFN�� ([DFWLQJQHVV� DQG� LQFHQWLYHV�� -RXUQDO� RI� ([SHULPHQWDO� 3V\FKRORJ\��
/HDUQLQJ��0HPRU\�DQG�&RJQLWLRQ������������������������

����5��:��.XOKDY\��)HHGEDFN�LQ�ZULWWHQ�LQVWUXFWLRQ��5HYLHZ�RI�(GXFDWLRQDO�5HVHDUFK�
����������������������

����5��:��.XOKDY\�DQG�5��&��$QGHUVRQ��'HOD\�UHWHQWLRQ�HIIHFW�ZLWK�PXOWLSOH�FKRLFH�
WHVWV��-RXUQDO�RI�(GXFDWLRQDO�3V\FKRORJ\���������������������

����5��:��.XOKDY\�DQG�:��$��6WRFN��)HHGEDFN� LQ�ZULWWHQ� LQVWUXFWLRQ��7KH�SODFH�RI�
UHVSRQVH�FHUWLWXGH��(GXFDWLRQDO�3V\FKRORJ\�5HYLHZ�����������������������
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����:��7��0DGGR[��)��*��$VKE\��DQG�&��-��%RKLO��'HOD\HG� IHHGEDFN�HIIHFWV�RQ�UXOH�
EDVHG� DQG� LQIRUPDWLRQ�LQWHJUDWLRQ� FDWHJRU\� OHDUQLQJ�� >2QOLQH@� $YDLODEOH�
KWWS���ORYH�SV\�XWH[DV�HGX��ORYH�FRQFHSWV�0DGGR[HWDO�����SGI���������

����%��-��0DVRQ�DQG�5��%UXQLQJ��3URYLGLQJ�IHHGEDFN�LQ�FRPSXWHU�EDVHG�LQVWUXFWLRQ��
:KDW� WKH� UHVHDUFK� WHOOV� XV�� >2QOLQH@� $YDLODEOH�
KWWS���GZE�XQO�HGX�(GLW�0%�0DVRQ%UXQLQJ�KWPO��

����*�� 5�� 0RUULVRQ�� 6�� 0�� 5RVV�� 0�� *RSDODNULVKQDQ�� DQG� -�� &DVH\�� 7KH� HIIHFWV� RI�
IHHGEDFN� DQG� LQFHQWLYHV� RQ� DFKLHYHPHQW� LQ� FRPSXWHU�EDVHG� LQVWUXFWLRQ��
&RQWHPSRUDU\�(GXFDWLRQDO�3V\FKRORJ\���������QR�������������

����(�� +�� 0RU\�� 7KH� KDQGERRN� RI� UHVHDUFK� IRU� HGXFDWLRQDO� FRPPXQLFDWLRQV� DQG�
WHFKQRORJ\��FK��)HHGEDFN�5HVHDUFK��SS�����������1HZ�<RUN��0DFPLOODQ��������

����:�� -��5RSHU��)HHGEDFN� LQ� FRPSXWHU� DVVLVWHG� LQVWUXFWLRQ�� 3URJUDPPHG�/HDUQLQJ�
DQG�(GXFDWLRQDO�7HFKQRORJ\����������������������

����/��-��6FKRROHU�DQG�-��5��$QGHUVRQ��7KH�GLVUXSWLYH�SRWHQWLDO�RI�LPPHGLDWH�IHHGEDFN��
3URFHHGLQJV�RI� WKH�7ZHOWK�$QQXDO�&RQIHUHQFH�RI� WKH�&RJQLWLYH�6FLHQFH�6RFLHW\�
�����������������&DPEULGJH��0$��

����%�� 6FKZDUW]�� 5HLQIRUFHPHQW�LQGXFHG� EHKDYLRUDO� VWHUHRW\S\�� +RZ� QRW� WR� WHDFK�
SHRSOH� WR� GLVFRYHU� UXOHV�� -RXUQDO� RI� ([SHULPHQWDO� 3V\FKRORJ\�� *HQHUDO� ����
���������������

����7��5��6WHZDUW��,PSURYLQJ�UHOLDELOLW\�RI�MXGJPHQW�IRUHFDVW�,Q�-��6��$UPVWURQJ��(G����
3ULQFLSOHV�RI�)RUHFDVWLQJ��$�+DQGERRN�IRU�5HVDHDUFKHUV�DQG�3UDFWLWLRQHUV��SS�����
±�������.OXZHU�$FDGHPLF�3XEOLVKHUV��������

����(��/��7KRUQGLNH��(GXFDWLRQDO�SV\FKRORJ\��YROXPH����7KH�RULJLQDO�QDWXUH�RI�PDQ��
1HZ�<RUN��&ROXPELD�8QLYHUVLW\��7HDFKHUV�&ROOHJH��������

�
�
�
8QLYHUVLWDW�3RPSHX�)DEUD�
(�PDLO�DGGUHVV��SLRWU�JROHF#XSI�HGX�
�


