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(YDOXDWLQJ�WKH�(IILFLHQF\�RI�+XPDQ�&DSLWDO�IRUPDWLRQLQ�WKH�,WDOLDQ�8QLYHUVLW\��(YLGHQFH�IURP�)ORUHQFH
*XLGR�)HUUDUL���������������������������������������������������'LSDUWLPHQWR�GL�6WDWLVWLFD8QLYHUVLWj�GL�)LUHQ]HIHUUDUL#GV�XQLIL�LW
7L]LDQD�/DXUHWL�'LSDUWLPHQWR�GL�VWXGL�D]LHQGDOL��WHFQRORJLFL�H�TXDQWLWDWLYL8QLYHUVLWj�GHOOD�7XVFLD�� 9LWHUERODXUHWL#XQLWXV�LW
6HSWHPEHU ����

$EVWUDFW
7KH� SXUSRVH� RI� WKLV� SDSHU� LV� WR� DSSO\� D� JHQHUDOL]HG� YHUVLRQ� RI� WKH� )DUUHOO�PHDVXUH�RI�WHFKQLFDO�HIILFLHQF\�WR�HVWLPDWH�RXWSXW�HIILFLHQF\ RI�WKH�KXPDQ�FDSLWDO�IRUPDWLRQ� LQ� WKH� 8QLYHUVLW\� RI� )ORUHQFH� WKURXJK� WKH� XWLOL]DWLRQ� RI� WKH� 'DWD�(QYHORSPHQW�$QDO\VLV��'($��RQ�D�VHOHFWHG�VHW�RI�LQSXWV DQG�RXWSXWV��:H�XVH�WKH�3URJUDP�(YDOXDWLRQ� SURFHGXUH� DV�ZHOO�� LQ� DQ� DWWHPSW�RI� VKDULQJ� WKH�YDULDWLRQ� LQ�HIILFLHQF\� WR� IDFWRUV� WKDW� DUH� RXW� RI� WKH� FRQWURO� DQG� WR� IDFWRUV� WKDW� DUH�XQGHU WKH�FRQWURO�RI�WKH�JUDGXDWHV�
.H\ZRUGV� 'DWD� (QYHORSPHQW� $QDO\VLV �'($��� LQSXW�� RXWSXW�� WHFKQLFDO�HIILFLHQF\��IURQWLHU��'HFLVLRQ�0DNLQJ�8QLWV��'08���RXWSXW�HIILFLHQF\��EDG�RXWSXW��3URJUDP�(YDOXDWLRQ�

� ,QWURGXFWLRQ
2YHU� WKH� ODVW� ������ \HDUV�� VLJQLILFDQW� FKDQJHV� KDYH� RFFXUUHG� LQ� WKH� ,WDOLDQ�3XEOLF�$GPLQLVWUDWLRQ��3$���ZKHUH��LQ�RUGHU�WR�LPSURYH�WKH�PDQDJHPHQW�DQG�WKH�RYHUDOO�DFWLYLW\��WKH�FRQFHSWV�RI�HIILFLHQF\��HIIHFWLYHQHVV�DQG�TXDOLW\�RI�WKH�SXEOLF�VHUYLFHV�KDYH�EHHQ�LQWURGXFHG�DQG�PDGH�RSHUDWLRQDO�7KH� ,WDOLDQ� XQLYHUVLW\� V\VWHP� LV� D� SDUW� RI� WKH� 3$� DQG� UHFHQWO\� LW� KDV� EHHQ�LQYROYHG�LQ�DQ�RYHUDOO�UHIRUP��ZKLFK�LV�QRZ�EHFRPLQJ�HIIHFWLYH�7KLV� UHIRUP�� EHVLGHV� LQWURGXFLQJ� RUJDQLVDWLRQDO�� ILQDQFLDO� DQG� HFRQRPLF�VWDWXWRU\�DXWRQRP\��ZLOO�EH�FRPSOHWHG�E\�HPSRZHULQJ�WKH�XQLYHUVLW\�V\VWHP�LWVHOI�WR�PDQDJH� LWV� RZQ� FXUULFXOD� DFFRUGLQJ� WR� WKH� JHQHUDO� FULWHULD� HVWDEOLVKHG� E\� WKH�0LQLVWU\�RI�8QLYHUVLW\�DQG�6FLHQWLILF�DQG�7HFKQRORJLFDO�5HVHDUFK��0,85��
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,W�DLPV�DW�DFKLHYLQJ�D�QXPEHU�RI�UHVXOWV��WKH�UHGXFWLRQ�LQ�GURS�RXW UDWHV��WKH�LQFUHDVH� LQ� WKH� QXPEHU� RI� JUDGXDWHV�� WKH� LPSURYHPHQW� LQ� FRQGLWLRQV� DQG� ZRUN�RSSRUWXQLWLHV�IRU�\RXQJ�SHRSOH�ZLWK�D�GHJUHH�DUH�DPRQJ�WKH�PRVW�UHOHYDQW�,Q� RWKHU� ZRUGV�� WKH� DERYH� UHIRUP� WULHV� WR� LQFUHDVH� WKH� HIILFLHQF\� DQG� WKH�HIIHFWLYHQHVV�RI�WKH XQLYHUVLW\�V\VWHP�DV�ZHOO�DV�WKH�TXDOLW\�RI�JUDGXDWHV�,Q�IDFW��LW�LV�VRPHZKDW�FRPPRQO\�EHOLHYHG�WKDW�WKH�,WDOLDQ�XQLYHUVLW\�V\VWHP�LV�QRW�DV�HIILFLHQW�DQG�HIIHFWLYH�DV�LW�ZRXOG�EH�DQG�WKDW�WKH�TXDOLW\�RI�WKH�JUDGXDWHV�LV�LQ�VRPH�FDVHV�XQGXO\�SRRU�7KHUHIRUH��LW�LV�LPSRUWDQW�WR�DQDO\VH�WKH�SUHVHQW�VLWXDWLRQ��LQ�RUGHU�WR�EH�DEOH�WR� EHWWHU� NQRZ� WKH� DFWXDO� FRQGLWLRQ� RI� VWXGLHV�� ERWK� DV� VXFK� DQG� IRU� WKH� VDNH� RI�FRPSDULQJ� LW� WR� WKH�RQH�ZKLFK�ZLOO�EH�REWDLQHG�DIWHU� WKH�DERYH�UHIRUP�ZLOO�KDYH�SURGXFHG�LWV�ILUVW�HIIHFWV�$V�WKHUH�LV�D�QXPEHU�RI�FRPPLWPHQWV�WKH�XQLYHUVLW\�VKRXOG�IXOILO��ERWK�IURP�WKH�DFDGHPLF�DQG�IURP�WKH�VFLHQWLILF�SRLQWV�RI�YLHZ�� UDQJLQJ�IURP�WKH�LQFUHDVH�RI�WKH� RYHUDOO� QDWLRQDO� NQRZOHGJH� WR� WKH� IRUPDWLRQ� RI� VNLOOHG� ZRUNHUV� DQG� WR� WKH�SURPRWLRQ�DQG�LPSURYHPHQW�RI�WKH�VFLHQWLILF�UHVHDUFK�� LQ�WKLV�SDSHU�ZH�ZLOO�IRFXV�RQ� HIILFLHQF\� RQO\�� L�� H��� RQ� WKH�ZD\� LQ�ZKLFK� WKH� JUDGXDWHV� DUH� ³SURGXFHG´� DQG�ZLOO�UHIHU�WR�WKH�VSHFLILF�VLWXDWLRQ�RI�WKH�8QLYHUVLW\�RI�)ORUHQFH�7KH�SDSHU�LV�RUJDQL]HG�DV�IROORZV��,Q�VHFWLRQ����WKH�SURFHVV�RI�SURGXFWLRQ�RI�D�JUDGXDWH��RU�� LQ�RWKHU�ZRUGV��RI�SURGXFWLRQ�RI�KXPDQ�FDSLWDO��ZLOO�EH�GLVFXVVHG�DQG�PRGHOOHG��,Q�VHFWLRQ����WKH�FRQFHSW�RI�'DWD�(QYHORSPHQW�$QDO\VLV��'($��LQ�WKH� XQLYHUVLW\� V\VWHP� LV� RXWOLQHG�� ,Q� VHFWLRQ� ��� WKH� GDWD� XVHG� LQ� WKLV� SDSHU� LV�GLVFXVVHG�� ,Q� VHFWLRQ� ��� WKH� UHVXOWV� IURP� WKH� HIILFLHQF\� HVWLPDWLRQ� DQG� IURP� WKH�3URJUDP� (YDOXDWLRQ� �3(�� DUH� SUHVHQWHG�� ,Q� VHFWLRQ� ��� VRPH� REVHUYDWLRQV� DQG�FRQFOXGLQJ�UHPDUNV�DUH�JLYHQ�
� 7KH�SURFHVV�RI�SURGXFWLRQ�RI�WKH�KXPDQ�FDSLWDO�LQ�WKH�XQLYHUVLW\�V\VWHP

7KH�IRUPDWLRQ�RI�D�JUDGXDWH�LQ�WKH�XQLYHUVLW\�LV�D�YHU\�FRPSOH[�SURFHVV��DV�LW�LQYROYHV� FXOWXUDO� DQG� LQWHOOHFWXDO� HOHPHQWV�� OLNH� OHFWXUHV�� WXWRULDOV�� GLVFXVVLRQ��VHPLQDUV� DV�ZHOO� DV�PDWHULDO� DQG�QRQ�PDWHULDO�JRRGV�� OLNH� OLEUDULHV�� FODVV� URRPV��FRPSXWHUV�DQG�VHUYLFHV�RI�DVVLVWDQFH�WR�VWXGHQWV��VHFUHWDU\�RIILFHV��WXWRUVKLS�$OO�WKLV�DFWLYLW\�LV�FDUULHG�RXW�ZLWK�WKH�DLP�RI�IRUPLQJ�JUDGXDWHV�$V�VXFK��LW�FDQ�EH�YLHZHG�DV�D�SURFHVV�RI�SURGXFWLRQ�LQ�ZKLFK�D�\RXQJ�PDQ�ZKR�HQWHUV�WKH�XQLYHUVLW\�ZLWK�D�JLYHQ�FXOWXUDO�DQG�NQRZOHGJH�EDFNJURXQG�DQG�D�VHW� RI� HGXFDWLRQDO� WUDLQLQJ� LV� WUDQVIRUPHG�� DIWHU� D� JLYHQ� QXPEHU� RI� \HDUV� GXULQJ�ZKLFK� KH� LV� VXEPLWWHG� WR� D� ³FXOWXUDO� WUDQVIRUPDWLRQ´� SURFHVV�� LQWR� D� \RXQJ�PDQ�ZLWK�D�KLJKHU�OHYHO�RI�HGXFDWLRQDO�WUDLQLQJ�,Q�RWKHU�ZRUGV�� WKH�XQLYHUVLW\��WKURXJK�WKH�WUDLQLQJ�LW�GHOLYHUV�� WUDQVIRUPV�D�FXOWXUDO� ³UDZ´� PDWHULDO� LQWR� D� FXOWXUDO� ³UHILQHG´� PDWHULDO� �RXWSXW��� WKURXJK� WKH�DSSOLFDWLRQ�RQ�LW�RI�D�FHUWDLQ�QXPEHU�RI�LQSXWV��VXFK�DV�WHDFKHUV��WH[WERRNV��FODVV�URRPV�� HWF�� 7KH� VWXGHQW� KLPVHOI�ZKR� LV� VXEPLWWHG� WR� WKH� FXOWXUDO� WUDQVIRUPDWLRQ�SURFHVV�FDQ�EH�YLHZHG�DV�DQ�LQSXW�7KHUHIRUH��WKH�DQDO\VLV�RI�VXFK�D�WUDQVIRUPDWLRQ�SURFHVV�FDQ�EH�SHUIRUPHG�LQ�WKH�QHRFODVVLFDO�DQDO\VLV�RI�SURGXFWLRQ�IUDPHZRUN�
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1HYHUWKHOHVV�� LW� LV� HYLGHQW� WKDW� WKH� SURFHVV� ZKLFK� HQGV� XS� E\� IRUPLQJ� D�JUDGXDWH� LV�D�SURFHVV�RI�SURGXFWLRQ�RI�D�YHU\�SHFXOLDU�NLQG��ZKLFK� LV�EH\RQG�WKH�WUDGLWLRQDO�VFKHPHV�RI�WKH�QHRFODVVLFDO�DSSURDFK��SURSRVHG�DQG�HODERUDWHG�IRU�WKH�DQDO\VLV�RI�WKH�³FODVVLFDO´�SURGXFWLYH�SURFHVVHV��WKDW�LV��WKRVH�SURFHVVHV�LQ�ZKLFK�D�VHW� RI� PDWHULDO� DQG�RU� QRQ�PDWHULDO� LQSXWV� DUH� WUDQVIRUPHG� LQWR� RQH� RU� PRUH�PDWHULDO�DQG�RU�QRQ�PDWHULDO�RXWSXWV�+HUH�ILUVW�RI�DOO��EHVLGHV�WKH�IDFWRUV�RI�SURGXFWLRQ�RI�WKH�³WUDGLWLRQDO´�NLQG�±H��J�� WKH�KXPDQ�DQG�ILQDQFLDO�UHVRXUFHV��WKH�VWUXFWXUHV�DQG�WKH�RUJDQLVDWLRQ�RI�WKH�LQVWLWXWLRQV� VHW� XS� WR� FDUU\�RXW� WKH�QHFHVVDU\� VHUYLFHV� � WKHUH� LV� WKH� UDZ�PDWHULDO�UHSUHVHQWHG�E\�WKH�VWXGHQWV�ZKR�FRPH�IURP�WKH�KLJK�VFKRRO��WKH\�GLIIHU�IURP�HDFK�RWKHUV� DV� IDU� DV� VH[�� DJH�� VFKRRO� OHDYLQJ� FHUWLILFDWHV� DQG� DERYH� DOO�� LQGLYLGXDO�SV\FKRORJLFDO��KXPDQ��KRXVHKROG�FKDUDFWHULVWLFV�DUH�FRQFHUQHG�,QGHHG�� WKH� ODWWHU� LV� WKH� YHU\� SHFXOLDU� IHDWXUH� ZKLFK� FKDUDFWHULVHV� WKLV�SURGXFWLYH� SURFHVV�� RXW� RI� WKH� VHW� RI� LQSXWV�� WKHUH LV� RQH�ZKLFK�� IDU� IURP� EHLQJ�DOZD\V�WKH�VDPH��WDNHV�VSHFLILF�FKDUDFWHULVWLFV�LQ�HDFK�UHDOLVDWLRQ�RI�WKH�SURGXFWLYH�SURFHVV�0RUHRYHU�� WKH� VWXGHQW� LV� QRW� ³SDVVLYH´�� EXW� DFWLYHO\� SDUWLFLSDWHV� LQ� WKH�SURFHVV�DQG�DIIHFWV�WKH�UHVXOWV�7KH� ILQDO� RXWSXW� WRR� LV� QRW� D� FRQYHQWLRQDO� RQH�� DV� LW� LV� UHSUHVHQWHG� E\� D�JUDGXDWH� ZLWK� D� JLYHQ� DPRXQW� RI� NQRZOHGJH�� ZKDW� LV� GLIILFXOW� WR� HYDOXDWH� DQG�PHDVXUH�)XUWKHUPRUH�� LQ� QHRFODVVLFDO� DSSURDFK� LW� LV� LPSOLFLWO\� SRVWXODWHG� WKDW� WKH�SURGXFWLRQ�SURFHVV�LV�QRW�DIIHFWHG�E\�WKH�³H[WHUQDO´�FRQGLWLRQV�UHSUHVHQWHG�E\�WKH�FKDUDFWHULVWLFV�RI�WKH�DUHD�ZKHUH�WKH�SURFHVV�WDNHV�SODFH��2I�FRXUVH��LW�LV�DIIHFWHG�E\� H[WHUQDO� LQIUD�VWUXFWXUHV� OLNH� URDGV��SRUWV��PHDQV�RI� WUDQVSRUWDWLRQ�� HWF��RI� WKH�DUHD��EXW�WKH�RXWSXW�ZLOO�RQO\�GHSHQG�RQ�WKH�VSHFLILF�FRQGLWLRQV�RI�WKH�SURFHVV�2Q�WKH�FRQWUDU\��WKH�UHVXOW�RI�WKH�HGXFDWLRQDO�SURFHVV�LV�KHDYLO\�DIIHFWHG�E\�FRQGLWLRQV� RWKHU� WKDQ� WKH� LQWULQVLF� RQHV�� OLNH� WKH� DFWLYLW\� RI� UHVHDUFK� FDUULHG� RXW�DQG� WKH� JHQHUDO� OLYLQJ� DQG� VWXG\LQJ� DWPRVSKHUH� LQ� WKH�XQLYHUVLW\��DV�ZHOO� DV� WKH�VRFLR�HFRQRPLF�FRQWH[W�RI�WKH�DUHD�LQ�ZKLFK�WKH�XQLYHUVLW\�LV�VLWXDWHG�$V�D�FRQVHTXHQFH�� WKH�DERYH�FRQGLWLRQ�WKDW� WKH�SURFHVV�LV�FDUULHG�RXW� LQ�DQ�LVRODWHG�ZD\�LV�YLRODWHG�$GGLWLRQDO� GLIILFXOWLHV� DUH� UDLVHG� E\� WKH� IDFW� WKDW� VRPH� IDFWRUV� FDQQRW� EH�REVHUYHG� DQG� TXDQWLILHG��&RQVHTXHQWO\�� WKH\� FDQQRW� EH� LQVHUWHG� DV� LQSXWV� LQ� WKH�SURFHVV�7KXV�� RQH� LV� IDFLQJ� D� SURGXFWLRQ� SURFHVV� LQ� ZKLFK� LW� LV� KDUG� WR� LGHQWLI\��TXDQWLI\�DQG�PHDVXUH�DOO�WKH�LQSXWV�DV�ZHOO�DV�WR�GHILQH�DQG�PHDVXUH�WKH�RXWSXW�1HYHUWKHOHVV��LW�LV�SRVVLEOH��DV�ZH�VKDOO�VKRZ�EHORZ��WR�LGHQWLI\�D�UHDVRQDEOH�VHW�RI�LQSXWV�WKURXJK�ZKLFK�WR�SURGXFH�D�JUDGXDWH�,Q� WKH� QHRFODVVLFDO� DSSURDFK� WR� SURGXFWLRQ�� WKHUH� LV� WKH� QHHG� IRU� SUHFLVHO\�LGHQWLI\LQJ�WKH�XQLW�RI�SURGXFWLRQ�ZKLFK��E\�XVLQJ D�JLYHQ�VHW�RI�LQSXWV��REWDLQV�D�JLYHQ�VHW�RI�RXWSXWV�7KH� HIILFLHQF\� RI� WKH� SURFHVV� LV�PHDVXUHG� E\� UHIHUULQJ� WR� D� JURXS� RI� XQLWV�ZKLFK�SURGXFH�WKH�VDPH�RXWSXWV�E\�XVLQJ�WKH�VDPH�LQSXWV�LQ�WKH�VDPH�SURGXFWLYH�FRQGLWLRQV�DQG�E\�XVLQJ�WKH�VDPH�WHFKQRORJ\�
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7KLV�VHW�LV�XVXDOO\�GHILQHG�DV�D�SURGXFWLRQ�VHW�LQ�ZKLFK�WKH�SURGXFWLRQ�XQLWV�DUH� UHSUHVHQWHG� JHRPHWULFDOO\� LQ� D� LQSXW�RXWSXW� VSDFH� ZKHUH� HYHU\� SRLQW� LV� D�SURGXFWLRQ�XQLW�7KURXJK�WKH�FRPSDULVRQ�RI� WKH�SURGXFWLRQ�XQLWV��RQH�JHWV�D�PHDVXUH�RI� WKH�HIILFLHQF\� ZKLFK�� DV� LW� LV�ZHOO�NQRZQ�� FDQ�EH� DEVROXWH�RU� UHODWLYH��7KH�PHDVXUH�WKDW�LV�XVHG�VLQFH�ORQJ�WLPH�LV�WKDW�RI�UHODWLYH�HIILFLHQF\�RU��WKH�IURQWLHU�HIILFLHQF\�,Q�WKLV�SDSHU�ZH�DUH�LQWHUHVWHG�LQ�WKH�PHDVXUHPHQW�RI�WKH�IURQWLHU�HIILFLHQF\�RI� WKH�XQLYHUVLW\�SURFHVV�RI�SURGXFWLRQ� LQ� ,WDO\��7KHQ��RXU�SUREOHP�LV� WR� LGHQWLI\�WKH�SURGXFWLRQ�XQLW�ZKLFK��E\�XVLQJ� WKH�DERYH�PHQWLRQHG�LQSXWV��GRHV�SURGXFH�D�JUDGXDWH� WKDW� FRXOG� EH� FRPSDUHG� WR� RWKHU� SURGXFWLRQ� XQLWV� ZKLFK� FDUU\� RXW� WKH�VDPH�DFWLYLW\�2QH�ZD\�RI�SURFHHGLQJ�ZRXOG�EH� WR�FRQVLGHU� WKH� IDFXOW\� DV� WKH�SURGXFWLRQ�XQLW�� DV� LW� VHHPV� UHDVRQDEOH�DW� DOO� WR� WKLQN�RI�D� IDFXOW\� WKDW��E\�XVLQJ� LQSXWV� OLNH�WHDFKHUV�� FODVV�URRPV�� OLEUDULHV� HWF��� LV� DEOH� WR� SURGXFH� JUDGXDWHV�� %XW�� VLQFH�ZH�KDG�WR�UHVWULFW�WKH�DQDO\VLV�WR�WKH 8QLYHUVLW\�RI�)ORUHQFH�RQO\�LQ�RUGHU�WR�HOLPLQDWH�DV�PXFK�DV�SRVVLEOH�WKH�LQIOXHQFH�RI�HQYLURQPHQWDO�IDFWRUV��DQG�VLQFH�WKH�IDFXOWLHV�RI� WKH�8QLYHUVLW\�RI�)ORUHQFH�DFFRXQW� IRU�HOHYHQ�� WKH�SURGXFWLRQ�VSDFH�ZRXOG�EH�WRR�UHGXFHG�WR�REWDLQ�VLJQLILFDQW�UHVXOWV�,Q�RUGHU�WR�LQFUHDVH�WKH�QXPEHU�RI�XQLWV�LQ�WKH�SURGXFWLRQ�VSDFH��WKH�GHJUHH�FRXUVHV� FRXOG� EH� FRQVLGHUHG� DV�SURGXFWLRQ�XQLWV��ZKRVH�QXPEHU� LV� UDWKHU�KLJKHU�WKDQ�WKDW�RI�IDFXOWLHV��DFFRXQWLQJ�IRU�DERXW�����8QIRUWXQDWHO\��WKH�GHJUHHV�FRXUVHV�UHYHDO�PDQ\�SUREOHPV�DQG�LQFRQVLVWHQFLHV��PDLQO\�GXH�WR�WKH�VWURQJ�KHWHURJHQHLW\��HYHQ�VWURQJHU�WKDQ�WKDW�RI�WKH�IDFXOWLHV��WKDW�FKDUDFWHULVHV�WKHP�7R� VROYH� WKH� SUREOHP� RI� PRGHOOLQJ� WKH� DERYH� YHU\� SHFXOLDU� DQG� XQXVXDO�SURGXFWLRQ�SURFHVV�DQG�RI�LGHQWLI\LQJ�WKH�PRVW�SURSHU�SURGXFWLRQ�XQLW��ZH�VWDUWHG�IURP� DQ� LQWHUHVWLQJ� SURSRVDO� E\� &DWDODQR� � 6LOYHVWUL� ������� ZKR� UHSUHVHQW� WKH�SURGXFWLRQ� SURFHVV� RI� WKH� XQLYHUVLW\� HGXFDWLRQ� OLNH� RQH� LQ� ZKLFK� WKH� XQLYHUVLW\�LQVWLWXWLRQV�VXSSO\�VHUYLFHV�XVHG�E\� WKH�VWXGHQWV� WR�FDUU\�RXW�SURGXFWLRQ�DFWLYLW\��,Q� RWKHU� ZRUGV�� WKH� VWXGHQW� LV� UHJDUGHG� DV� D� SURGXFWLRQ� XQLW�� DV� LI� KH� ZDV� DQ�HQWUHSUHQHXU�LQ�WKH�EXVLQHVV�ZRUOG�:H�KDYH�H[WHQGHG�WKLV�UHSUHVHQWDWLRQ�WR�WKH�FDVH�LQ�ZKLFK�D�SURGXFWLRQ�XQLW�SURGXFHV� LWVHOI�� ,QGHHG�� WKLV� LV� D� YHU\� SDUWLFXODU� UHSUHVHQWDWLRQ�� DV� LQ� WKH�QHRFODVVLFDO� WKHRU\� RI� SURGXFWLRQ� IUDPHZRUN� WKHUH� LV� QR� H[DPSOH� RI� VXFK� D�SURGXFWLRQ�SURFHVV�,Q� WKH� FDVH� RI� XQLYHUVLW\� HGXFDWLRQ��ZKHUH� WKH� VWXGHQW� LV� DW� WKH� VDPH� WLPH�LQSXW��OHDGLQJ�SDUW�DQG�EHQHILFLDU\�RI�WKH�SURGXFWLRQ�DFWLYLW\��LW�VHHPV�UHDVRQDEOH�WR�SLFWXUH� VXFK�D� UHSUHVHQWDWLRQ� DQG� WR�FRQVLGHU� WKH� VWXGHQW�DV�D�SURGXFWLRQ�XQLW�ZKR�� E\� XVLQJ� GLGDFWLF� UHVRXUFHV� DQG� HTXLSPHQW� RIIHUHG� E\� WKH� IDFXOWLHV� KH�VKH�DWWHQGV�DV�LQSXWV��SURGXFHV�KLP�KHUVHOI�DV�D�JUDGXDWH�7KXV�ZH�KDYH�PRGHOOHG�WKH�SURGXFWLRQ�VSDFH�DV�DQ�LQSXW�RXWSXW�RQH�ZKHUH�WKH�SRLQWV�DUH�UHSUHVHQWHG�E\�VWXGHQWV�7KLV� PHDQV� WKDW� WKH� SURGXFWLRQ� SURFHVV� URWDWHV� DURXQG� WKH� VWXGHQW�� ZKR�EHFRPHV�DQ�DW\SLFDO�SURGXFWLRQ�XQLW��DV�KH�LV�QRW�DQ�HQWHUSULVH�ZKLFK�LV�RUJDQLVHG�DQG�VWUXFWXUHG�IRU�WKH�SURGXFWLRQ�DFWLYLW\��7KH�SURFHVV�LWVHOI�LV�D�SHFXOLDU�RQH��DV�LW�LV� LI�� WR� UHIHU� WR� WKH� VWDQGDUG� SURFHVV� PRGHOOHG� LQ� WKH� QHRFODVVLFDO� WKHRU\�IUDPHZRUN��D�SURGXFWLRQ�XQLW�� LQVWHDG�RI�SURGXFLQJ�ZKDWHYHU�DQ�RXWSXW��GLG�VHOI�



�

SURGXFH� LWVHOI�� 1HYHUWKHOHVV�� LQ� WKH� DFWLYLW\� RI� SURGXFWLRQ� RI� NQRZOHGJH�XQGHUWDNHQ� LQ� WKH� XQLYHUVLW\� V\VWHP�� WKLV� LV� D� UHDVRQDEOH� DQG� VXVWDLQDEOH�PRGHOOLQJ��DV� LW�DOORZV� WR�FDWFK� WKH�SHFXOLDU�FKDUDFWHULVWLFV�RI� WKH�SURFHVV�DQG�WR�GHVFULEH� WKH� LQWULQVLF�PHDQLQJ�RI� WKH�XQLYHUVLW\� WUDLQLQJ� DFWLYLW\��ZKLOH� IXOILOOLQJ�DOO�WKH�EDVLF�FRQGLWLRQV�RI�WKH�QHRFODVVLFDO�WKHRU\�2I�FRXUVH�� WKHUH�DUH�VRPH�TXHVWLRQV�WKDW�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW��7KH�PRVW� UHOHYDQW� RQH� LV� WKH� LGHQWLILFDWLRQ� RI� WKH� RXWSXW� RI� WKH� SURFHVV�� ZKLFK� QR�ORQJHU FDQ�EH�UHSUHVHQWHG�E\�WKH�³QXPEHU�RI�JUDGXDWHV´��DV�LW�ZDV�LI�ZH�KDG�WDNHQ�DV� SURGXFWLRQ� XQLW� WKH� IDFXOWLHV� RU� WKH� GHJUHH� FRXUVHV�� 1RZ�� WKH� RXWSXWV� GR� QRW�DSSHDU�DV�PXFK�FOHDU�DQG�HDV\�WR�EH�LGHQWLILHG��ERWK�EHFDXVH�PDQ\�RI�WKHP�DUH�RI�D� TXDOLWDWLYH� W\SH� DQG� EHFDXVH� RI� WKH� FKDUDFWHULVWLFV� WKHPVHOYHV� RI� WKH� SURFHVV�ZKLFK� PDNH� LW� PRUH� GLIILFXOW� WR� LGHQWLI\� WKHP�� WKH\� PLJKW� EH� YDULDEOHV� ZKLFK�FKDUDFWHULVHV� WKH�JUDGXDWH�� OLNH� IRU� LQVWDQFH�� WKH� ILQDO�VFRUH�� WKH�DYHUDJH�VFRUH�RI�KLV�XQLYHUVLW\�FDUHHU�DQG�WKH�OLNH�7KHUH�LV��KHUH��D�GLIILFXOW\�LQ�WKH�LQWHUSUHWDWLRQ�RI�WKH�RXWOHW�RI�WKH�SURFHVV��DV�WKHUH� LV� D�PL[WXUH� RI� HIILFLHQF\� DQG� HIIHFWLYHQHVV� LQERUQ� LQWR� WKH� SURFHVV� LWVHOI��GLIILFXOW� WR� EH� GLVHQWDQJOHG�� ,Q� IDFW�� WKH� JUDGXDWH� FDQ� EH� FRQIXVHG� ZLWK� WKH�JUDGXDWH ZKR� ILQGV� D� MRE�� VR� WKDW� RQH� FDQ� WDNH� DV� WKH� RXWSXW� WKH� JUDGXDWH� ZKR�IRXQG�D�MRE�± ZKDW�PD\�EH�YLHZHG�DV�WKH�ILQDO�VWHS�RI�WKH�SURFHVV�± FDVH�LQ�ZKLFK��KRZHYHU�� WKH�HIILFLHQF\��L�� H��� WKH�ZD\� LQ�ZKLFK� WKH�JUDGXDWH�KDV�EHHQ�SURGXFHG��PL[HV�ZLWK�WKH�HIIHFWLYHQHVV��L��H���ZKHWKHU�WKH�JUDGXDWH�KDV�IRXQG�D�MRE��0RUHRYHU��LW�LV�QRW�DOZD\V�HDV\�WR�VHOHFW�WKH�LQSXWV�RI�WKH�SURFHVV��QRW�RQO\�GXH�WR�WKH�TXDOLWDWLYH�QDWXUH�RI�VRPH�RI�WKHP��EXW�DOVR�EHFDXVH�RI�WKH�FRPSOH[LW\�DQG�SHFXOLDULW\�RI�WKH�SURFHVV�6LQFH� WKH� VWXGHQWV� ZKR� SURGXFH� WKHPVHOYHV� DV� JUDGXDWHV� DUH� FDUU\LQJ� RXW�WKHLU� SURGXFWLRQ� DFWLYLW\� LQVLGH� WKH� XQLYHUVLW\� DQG� VLQFH� WKH� ,WDOLDQ� XQLYHUVLW\� LV�PRVWO\� SXEOLF� �URXJKO\� PRUH� WKDQ� ���� RI� XQLYHUVLWLHV� DUH� SXEOLF��� ZH� SXW� RXU�DQDO\VLV�LQ�WKH�WHFKQLFDO�DSSURDFK�IUDPHZRUN��WKHUHE\�FRQVLGHULQJ�WKH�VWXGHQWV�DV�SXEOLF�HQWHUSULVHV�3XEOLF�HQWHUSULVHV��XQOLNH�WKH�SULYDWH�RQHV�ZKLFK�KDYH�WKH�RQO\�REMHFWLYH�RI�SURILW� PD[LPL]DWLRQ�� SXUVXH� D� PXOWLSOLFLW\� RI� JRDOV� ZKLFK� DUH� ERWK� GLIILFXOW� WR�TXDQWLI\�DQG��LQ�SDUW��LQFRQVLVWHQW�HDFK�RWKHU��7HFKQLFDO�HIILFLHQF\�FRQVWLWXWHV�WKH�RQO\� REMHFWLYH� WKDW� FDQ� EH� DWWDLQHG� ZLWKRXW� SUHMXGLFLQJ� WKH� RWKHUV� �3HVWLHDX�7XONHQV�� ������� &RQVHTXHQWO\�� WKH� DQDO\VLV� ZLOO� EH� FRQGXFWHG� LQ� WKH� WHFKQLFDO�IURQWLHU�HIILFLHQF\�IUDPHZRUN�$PRQJ� WKH�SRVVLEOH�DSSURDFKHV� WR�FRQVWUXFW� WHFKQLFDO�SURGXFWLRQ�IURQWLHUV��'DWD� (QYHORSPHQW� $QDO\VLV� �'($��� DV� D� QRQ� SDUDPHWULF� DSSURDFK�� KDV� VHYHUDO�IHDWXUHV�WKDW�PDNH�LW�YHU\�DSSHDOLQJ��,Q� FRQWUDVW� ZLWK� WKH� SDUDPHWULF� DSSURDFK� ZKLFK� FODLPV� IRU� D� VSHFLILF�IXQFWLRQDO� IRUP�� '($� FDOFXODWHV� D� PD[LPDO� SHUIRUPDQFH� PHDVXUH� IRU� HDFK�SURGXFWLRQ�XQLW��RU�IURP�QRZ�RQ�³'HFLVLRQ�0DNLQJ�8QLW´��'08���UHODWLYH�WR�DOO�
� ,W�PD\�KDSSHQ�WKDW�D�JUDGXDWH�SURGXFHG�ZLWK�WKH�PD[LPXP�RI�HIILFLHQF\�GRHV�QRW�ILQG�D�SODFLQJ�LQ�WKH�ODERXU�PDUNHW�DQG��YLFH YHUVD� WKDW�D�JUDGXDWH�SURGXFHG�PXFK�OHVV�HIILFLHQWO\�ILQGV�D�MRE�DQG�D�JRRG�VDODU\� 7KLV�ZLOO�KDUGO\�GHSHQG�XSRQ WKH�ODERXU�PDUNHW�FRQGLWLRQV�DQG�RQ�WKH�GHPDQG�IRU�VSHFLILF�W\SHV�RI�JUDGXDWHV�



�

WKH� RWKHU�'08V� LQ� WKH�REVHUYHG�SRSXODWLRQ�ZLWK� WKH� VROH� UHTXLUHPHQW� WKDW� HDFK�'08�OLHV�RQ�RU�EHORZ�WKH�IURQWLHU�)RU� WKH� HIILFLHQF\� WR� EH� HYDOXDWHG� LQ� WKH�'($� IUDPHZRUN�� LW� LV� HQRXJK� WR�FKRRVH� VXLWDEOH� LQSXWV� DQG� RXWSXWV� DQG� WR� PDNH� VRPH� DVVXPSWLRQV� DERXW� WKH�WHFKQRORJLFDO�VWUXFWXUH�FRQFHUQLQJ�FRQYH[LW\��GLVSRVDELOLW\�DQG�UHWXUQV�WR�VFDOH�7KH� IOH[LELOLW\� RI� WKH� PHWKRG� PDNHV� LW� SRVVLEOH� WR� PRGHO� D� SURGXFWLRQ�SURFHVV� LQFRUSRUDWLQJ� WKH� VSHFLILF� FKDUDFWHULVWLFV� DVVRFLDWHG� ZLWK� HGXFDWLRQ�GLVFXVVHG�DERYH�
� '($�IURQWLHU�HIILFLHQF\�LQ�WKH�XQLYHUVLW\�V\VWHP�

7KH� XWLOL]DWLRQ� RI� WKH� '($� DSSURDFK� IRU� WKH� PHDVXUHPHQW� RI� IURQWLHU�HIILFLHQF\� KDV� UHFHLYHG� D� JUHDW� GHDO� RI� DWWHQWLRQ� VLQFH� WKH� LQWURGXFWLRQ� RI� WKH�FRQFHSW�RI�QRQ�SDUDPHWULF�DSSURDFK�6XJJHVWHG�ILUVW�LQ������E\�&KDUQHV�&RRSHU�5KRGHV��'($�KDV�SURYHG�LWVHOI�D�SRZHUIXO� WRRO� IRU� WKH� PHDVXUHPHQW� RI� IURQWLHU� HIILFLHQF\�� DV� LW� LV� SDUWLFXODUO\�VXLWDEOH�LQ�FDVHV�ZKHUH�WKH�QRQ�SDUDPHWULF�DSSURDFK�LV�QHHGHG��OLNH�LQ�HQJLQHHULQJ�SUREOHPV��RU�DOORZHG�� OLNH� LQ�FDVHV�ZKHUH� WKH�DQDO\VLV�FDQ�EH�FRQGXFWHG�ZLWKRXW�WDNLQJ�DFFRXQW�RI�SULFHV�,Q� WKH� XQLYHUVLW\� SURGXFWLRQ� RI� JUDGXDWHV�� '($� KDV� EHHQ XVHG� E\� %UHX� �5DDE� �������� ZKR� KDYH� PHDVXUHG� WKH� UHODWLYH� HIILFLHQF\� RI� WKH� ³EHVW´� ��� 8�6��1HZV� DQG� :RUOG� 5HSRUW�UDQNHG� XQLYHUVLWLHV� IURP� DYDLODEOH� ³SHUIRUPDQFH�LQGLFDWRUV´�� 7KH\� VHOHFWHG� ILYH� SHUIRUPDQFH� LQGLFDWRUV� DV� LQSXW� DQG� WZR� VWXGHQW�VDWLVIDFWLRQ�SHUIRUPDQFH� LQGLFDWRUV� DV� RXWSXW� IRU� HDFK� RI� WKH� ��� XQLYHUVLWLHV�FRQVLGHUHG� LQ� WKH� DQDO\VLV� DQG� DSSOLHG� DQ� RXWSXW� RULHQWHG� '($� PRGHO� ZLWK�FRQVWDQW�UHWXUQV�WR�VFDOH��'($�KDV�EHHQ�XVHG�E\�WKHP�RQO\�WR�REWDLQ�DQ�HIILFLHQF\�³VWXGHQW�VDWLVIDFWLRQ´� UDQNLQJ� WR�EH FRPSDUHG� WR� WKH�8�6��1HZV�TXDOLW\�UDQNLQJV�RI�WKH�EHVW�XQLYHUVLWLHV�%HDVOH\� ������� ������ KDV� XVHG� '($� WR� FRPSDUH� XQLYHUVLW\� GHSDUWPHQWV�HIILFLHQF\� LQ� WKH� 8QLWHG� .LQJGRP�� +H� FRQVLGHUHG� WKH� WKHRUHWLFDO� LQSXWV� DQG�RXWSXWV� IRU� D� XQLYHUVLW\� GHSDUWPHQW� SURGXFWLRQ� DV� RSSRVHG� WR� WKRVH� DFWXDOO\�DYDLODEOH��7KXV��KH�VSHFLILHG��IRU�HDFK�GHSDUWPHQW��WKUHH�LQSXW�PHDVXUHV�DQG�HLJKW�RXWSXW�PHDVXUHV� +H LPSURYHG�WKH�EDVLF�'($�PRGHO�E\�DGGLQJ�VRPH�FRQWUDVWV�RQ�WKH�LQSXW�RXWSXW�ZHLJKWV�WR�EHWWHU�UHSUHVHQW�WKH�UHODWLYH�LPSRUWDQFH�RI�LQSXW�RXWSXW�PHDVXUHV� ,Q� DGGLWLRQ�� KH GHYHORSHG D� '($� EDVHG� PRGHO� IRU� WKH� VLPXOWDQHRXV�GHWHUPLQDWLRQ�RI�WKH�WHDFKLQJ�DQG�UHVHDUFK�HIILFLHQFLHV�RI XQLYHUVLW\�GHSDUWPHQWV�6DUULFR±+RJDQ±'\VRQ±$WKDQDVVRSRXORV� ������� XVHG� '($� DV� D�SHUIRUPDQFH� PHDVXUHPHQW� WRRO� IRU� XQLYHUVLW\� VHOHFWLRQ�� E\� FRQVLGHULQJ� WKH�SHUVSHFWLYH�RI�WKH�DSSOLFDQW�RU�SRWHQWLDO�VWXGHQW�ZKR�LV�LQ�WKH�SURFHVV�RI�FKRRVLQJ�D� XQLYHUVLW\�� )LUVW�� WKH\� FDWHJRULVHG� HDFK� IDFWRU�SHUIRUPDQFH� LQGLFDWRU� DV� HLWKHU�LQSXW�RU�RXWSXW�� DQG� WKHQ�FRQYHUWHG WKH� DSSOLFDQWV¶� SULRULWLHV� LQWR� UHVWULFWLRQV� RQ�WKH�ZHLJKWV�RI HDFK�IDFWRU��%DVLFDOO\��'($�SURYHG�WR�EH�D�XVHIXO�WHFKQLTXH�IRU�WKH�DJJUHJDWLRQ�RI�D�LQGLVWLQFW PDVV�RI�LQIRUPDWLRQ�1RQH�RI�WKH�DERYH�SDSHUV�GHDOW�ZLWK�WKH�IURQWLHU�HIILFLHQF\�RI�WKH�XQLYHUVLW\�HGXFDWLRQ�V\VWHP�



�

,Q� WKLV� FDVH�� '($� PHWKRGRORJ\� FDQ� EH� XVHG� WR� PRGHO� WKH� FRPSOH[�LQWHUDFWLRQ� H[LVWLQJ� DPRQJ� WKH� GLIIHUHQW� IDFWRUV� WKDW� DUH� LQYROYHG� LQ� XQLYHUVLW\�HGXFDWLRQ�SURGXFWLRQ�SURFHVV��DV�GLVFXVVHG�LQ�SDUDJUDSK���7R� WKLV� DLP�� RQH� PXVW� VHDUFK� IRU D� IOH[LEOH� WRRO� LQ� WKH� QRQ�SDUDPHWULF�IURQWLHU� OLWHUDWXUH� WKDW� DOORZV� WR�SURSHUO\ PHDVXUH� WKH� WHFKQLFDO� HIILFLHQF\�RI� WKH�JUDGXDWHV� DQG� WKDW� DW� WKH� VDPH� WLPH� DOORZV� WKH� FKDUDFWHULVWLFV� RI� WKH� HGXFDWLRQ�SURFHVV�WR�HPHUJH�GXULQJ�WKH�DQDO\VLV�,W� PXVW� EH� VWUHVVHG� WKDW� LQ� WKH� XQLYHUVLW\� V\VWHP� SURGXFWLRQ� SURFHVV�� DQ�LQFUHDVH�LQ�WKH�XVDJH�RI�D�SURSHU�VXEVHW�RI�LQSXWV��NHHSLQJ�FRQVWDQW�WKH�XVDJH�RI�DOO�WKH� UHPDLQLQJ� LQSXWV��PD\� UHVXOW� LQ� D� UHGXFWLRQ�RI� WKH�RXWSXW��7KLV� VLWXDWLRQ�KDV�EHHQ� GHILQHG� E\�)lUH�*URVVNRSI� /RYHOO ������� DV� ³FRQJHVWLRQ´�� )RU� LQVWDQFH�� D�SRVVLEOH� VRXUFH� RI� FRQJHVWLRQ� FRXOG� EH� WKH� DFWXDO� OHQJWK� RI� VWXG\� WLPH� WKDW� ZH�FRQVLGHU�DV�DQ�LQSXW�LQ�RXU�PRGHO��,Q�IDFW��D�SUHOLPLQDU\�DQDO\VLV�RI WKH�DYDLODEOH�GDWDEDVH�KDV�VKRZQ�WKDW�DV�WKH�VWXG\�WLPH�LQFUHDVHV��WKH�DYHUDJH�JUDGH�RI�WKH�ILQDO�H[DPV�GHFUHDVHV��WKH�FRUUHODWLRQ�FRHIILFLHQW�LV�VLJQLILFDQW�DQG�HTXDO�WR��������,W�LV�UHDVRQDEOH�WR�SUHVXPH�WKDW�WKH�VWXGHQW�ORVHV�PRWLYDWLRQ�LI�WKH�OHQJWK�RI�VWXG\�WLPH�H[FHHGV�LWV�QRUPDO�WHUP�E\�PRUH�WKDQ�RQH�RU�WZR�\HDUV�&RQJHVWLRQ�FDQ�EH�PRGHOOHG�DQG�PHDVXUHG�E\�DVVXPLQJ�ZHDN�GLVSRVDELOLW\�RI� LQSXWV� �%\UQHV�)lUH�*URVVNRSI�� ������� ZKLFK� VWDWHV� WKDW� LI� DOO� LQSXWV� DUH�LQFUHDVHG�SURSRUWLRQDOO\��RXWSXW�GRHV�QRW�GHFUHDVH��� LQ�D�SURGXFWLRQ�VSDFH�ZKHUH�WKH�WHFKQRORJ\�H[KLELWV�FRQVWDQW�UHWXUQV�WR�VFDOH�$�PHDVXUH�RI�FRQJHVWLRQ�FDQ�EH�FRPSXWHG�E\�WDNLQJ�WKH�UDWLR�EHWZHHQ�WZR�)DUUHOO� PHDVXUHV� RI� HIILFLHQF\��� WKH� ILUVW� RQH� REWDLQHG� E\� DVVXPLQJ� VWURQJ�GLVSRVDELOLW\� RI� LQSXW� DQG� WKH� VHFRQG� RQH� FDOFXODWHG� E\� DVVXPLQJ� ZHDN�GLVSRVDELOLW\ RI� LQSXW�� DV�)lUH�*URVVNRSI�/RYHOO� ������� VXJJHVWHG��7KLV�PHDVXUH�HYDOXDWHV�ORVW�RXWSXW�EHFDXVH�RI D�ODFN�RI�VWURQJ�GLVSRVDELOLW\�RI�LQSXW�7KH�DFWXDO�OHQJWK�RI�VWXG\�WLPH�FRXOG�EH�FRQVLGHUHG�DV�D�³EDG�RXWSXW´���DV�DQ�DOWHUQDWLYH� RI� GHILQLQJ� LW� DV DQ� LQSXW�� ZKLFK� LQ� WXUQ� LPSOLHV� WR� PRGHO� WKH�SURGXFWLRQ�VSDFH�DFFRUGLQJ� WR� WKH� WHFKQRORJ\�VDWLVI\LQJ�FRQVWDQW� UHWXUQV� WR�VFDOH�DQG�ZHDN�GLVSRVDELOLW\�RI�LQSXWV�7KH� ³EDG� RXWSXW´� LV� XQGHVLUDEOH� DQG� WKHUHIRUH� LWV� TXDQWLW\� VKRXOG� EH�PLQLPLVHG� LQVWHDG� RI� EHLQJ� PD[LPLVHG� ,QGHHG�� WKH� FODVVLFDO� WKHRU\� K\SRWKHVLV�WKDW� LQSXWV� KDYH� WR� EH� PLQLPL]HG� DQG� RXWSXWV� KDYH� WR� EH� PD[LPL]HG� FDQ� EH�UHOHDVHG DQG�RQH�FDQ�PRGHO�D WKH�SURFHVV�LQ�ZKLFK�DQ�RXWSXW�KDV�WR�EH�PLQLPL]HG�
� )RUPDOO\��D WHFKQRORJ\�H[KLELWV�ZHDN�GLVSRVDELOLW\��LI�[� /�\� WKHQ�O[� /�\���Ot���ZKHUH�/�\��WKH�LQSXW�UHTXLUHPHQW�VHW��GHQRWHV�DOO�LQSXW�YHFWRUV�\LHOGLQJ�DW�OHDVW�RXWSXW�UDWH�\�DQG�OHW�[�5V� EH�DQ�LQSXW�YHFWRU� &RQYHUVHO\��DFFRUGLQJ�WR�)DUUHOO���������D�WHFKQRORJ\�LV�VWURQJO\�GLVSRVDEOH �IUHH�GLVSRVDO�RI�LQSXWV��ZKHQ�DQ\�LQSXW�LQFUHDVHV��RXWSXW�GRHV�QRW�GHFUHDVH�� LI�[tX� /�\�o [� /�\��� 7KH� )DUUHOO� PHDVXUH� RI� WHFKQLFDO� HIILFLHQF\� LV� GHILQHG� DV� RQH� PLQXV� WKH� PD[LPXP�HTXLSURSRUWLRQDWH�UHGXFWLRQ�LQ�DOO�LQSXWV�WKDW�VWLOO�DOORZV�FRQWLQXHG�SURGXFWLRQ�RI�JLYHQ�RXWSXWV��$�VFRUH�RI�XQLW\�LQGLFDWHV�WHFKQLFDO�HIILFLHQF\�EHFDXVH�QR�HTXLSURSRUWLRQDWH�UHGXFWLRQ�LV�IHDVLEOH��DQG�D�VFRUH�OHVV�WKDQ�XQLW\�LQGLFDWHV�WKH�VHYHULW\�RI�WHFKQLFDO�LQHIILFLHQF\��7KH�FRQYHUVLRQ�RI�WKH�)DUUHOO�PHDVXUH�WR�HTXLSURSRUWLRQDWH�RXWSXW�H[SDQVLRQ�ZLWK�JLYHQ�LQSXWV�LV�VWUDLJKWIRUZDUG�� .RRSPDQV��������DOUHDG\�PHQWLRQHG� WKDW� WKH�SURGXFWLRQ�SURFHVV�PD\�DOVR�JHQHUDWH�XQGHVLUDEOH�RU�EDG�RXWSXWV�� OLNH�VPRNH�SROOXWLRQ�RU�ZDVWH��2I�FRXUVH��XQGHVLUDEOH�RXWSXWV�PD\�DOVR�DSSHDU� LQ�QRQ�HFRORJLFDO�DSSOLFDWLRQV�OLNH�KHDOWK�FDUH��DV�FRPSOLFDWLRQV�RI�PHGLFDO�RSHUDWLRQV��6PLWK�������



�

,QGHHG�� LW� LV� UHDVRQDEOH� DW� DOO� WR� DVVXPH� WKDW� WKH� VWXGHQW� ZKR� SURGXFHV�KLPVHOI�KHUVHOI� DV� D� JUDGXDWH� ZDQWV� WR� ILQLVK� KLV�KHU� XQLYHUVLW\� VWXGLHV� DQG� JHW�KLV�KHU�GHJUHH� LQ� WKH� LQVWLWXWLRQDO� WLPH�HVWDEOLVKHG�IRU� WKH�FRXUVH�SURJUDP�KH�VKH�DWWHQGV��2Q�WKH�RWKHU�KDQGV�± DFFRUGLQJ�WR�WKH�RUJDQL]DWLRQ�RI�XQLYHUVLW\�VWXG\�LQ�,WDO\�± WKH�DFWXDO�OHQJWK�RI�VWXG\�WLPH�RIWHQ�H[FHHGV�WKH�LQVWLWXWLRQDO�RQH�7KXV�� WKH� RXWSXW� RI� WKH� SURFHVV� ZKLFK� SURGXFHV WKH� JUDGXDWH FDQ� EH�LGHQWLILHG� WKRXJK WZR�YDULDEOHV��7KH� ILUVW� RQH� LV� WKH�DYHUDJH�JUDGH�RI� WKH�H[DPV�WKDW�WKH�JUDGXDWH�KDG�WR�RYHUFRPH GXULQJ�KLV�XQLYHUVLW\�FDUHHU�$PRQJ�WKH�PDQ\�DSSURDFKHV�SURSRVHG�LQ�OLWHUDWXUH�IRU�LQVHUWLQJ�XQGHVLUDEOH�RXWSXWV� LQ�'($��ZH� KDYH� VHOHFWHG� WKH� LQGLUHFW� DSSURDFK�� ZKLFK� WUDQVIRUPV� WKH�EDG�RXWSXWV�YDOXHV�E\�D�PRQRWRQH�GHFUHDVLQJ�IXQFWLRQ�I VXFK�WKDW�WKH�WUDQVIRUPHG�GDWD� FDQ� EH� LQFOXGHG� DV� ³JRRG´� RU� GHVLUDEOH� RXWSXWV� LQ� WKH� SURGXFWLRQ VHW��� 6R��DIWHU� UH�WUDQVIRUPDWLRQ�� DQ\� LQFUHDVLQJ� LQ� WKHVH� YDOXHV� PXVW� EH� YLHZHG� DV D�GHFUHDVLQJ�LQ WKH�XQGHVLUDEOH�RXWSXWV�,Q� RUGHU� WR� PDNH� WKH� WUDQVIRUPHG� GDWD� VLJQLILFDQW�� OHW¶V� LQFRUSRUDWH� LQ� WKH�PRGHO�WKH�DFWXDO�OHQJWK�RI�VWXG\�WLPH�8 E\�PHDQV�RI�WKH�WUDQVIRUPDWLRQ�NQRZQ�DV�PXOWLSOLFDWLYH� LQYHUVH� �/RYHOO� HW� DO�� ������$WKDQDVVRSRXORV�7KDQDVVRXOLV�� ������H[SUHVVHG�E\�I�8� ���8�,W� PXVW� EH� XQGHUOLQHG WKDW�ZKHQ PHDVXULQJ� WKH� WHFKQLFDO� HIILFLHQF\� RI� WKH�JUDGXDWHV�DFFRUGLQJ� WR�D� WHFKQRORJ\�VDWLVI\LQJ�FRQVWDQW� UHWXUQ� WR�VFDOH�DQG�ZHDN�GLVSRVDELOLW\�RI�LQSXWV� DQ�H[FHVVLYH�QXPEHU�RI�XQLWV�ZRXOG�EH�GHILQHG�DV�)DUUHOO�HIILFLHQW��7KHUHIRUH��LQ�RUGHU�WR�HYDOXDWH�WKH�HIILFLHQF\�RI�WKH�HGXFDWLRQ�SURFHVV�DW�WKH�8QLYHUVLW\� RI� )ORUHQFH�� ZH� KDYH� VHOHFWHG� D� FRQVWDQW� UHWXUQ� WR� VFDOH� DQG� VWURQJ�
� 2Q� WKH�FRQWUDU\��WKH�GLUHFW�DSSURDFK�XVHV� WKH�RULJLQDO�GDWD�EXW�PRGLILHV�WKH�DVVXPSWLRQV�RQ�WKH�SURGXFWLRQ� WHFKQRORJ\� LQ� RUGHU� WR� WUHDW� WKH� XQGHVLUDEOH� RXWSXWV�DSSURSULDWHO\�� ,Q� SDUWLFXODU�� WKH�GLUHFW� DSSURDFK�� VXJJHVWHG� E\� )lUH� HW� DO�� �������� UHSODFHV� VWURQJ� GLVSRVDELOLW\� RI� RXWSXWV� E\� WKH�DVVXPSWLRQ� WKDW� RXWSXWV� DUH�ZHDNO\�GLVSRVDEOH�ZKLOH� RQO\� WKH� VXE� YHFWRU�RI�GHVLUDEOH�RXWSXWV� LV�VWURQJO\�GLVSRVDEOH��5HFDOO WKDW�RXWSXWV DUH VWURQJO\�GLVSRVDEOH�LI��[��\��3 LPSOLHV�WKDW��[��\¶���3��� \¶d \� DQG�ZHDNO\�GLVSRVDEOH�LI��[��\��3 LPSOLHV�WKDW��[��S\���3 IRU��dSd��� 7KH�SURGXFWLRQ�SRVVLELOLW\�VHW�RU�WHFKQRORJ\�VHW��GHQRWHG�E\�3��LV�WKH�VHW�RI�IHDVLEOH�DFWLYLWLHV��,WFDQ�LQ�JHQHUDO�EH�ZULWWHQ�� �^ `[\\[ E\��SURGXFHGEHFDQ�� 3ZKHUH�\ LV�WKH�YHFWRU�RI�P RXWSXWV�DG�[ D�YHFWRU�RI�V LQSXWV�� :H�FRXOG�DOVR�LQVHUW�WKH�DFWXDO�OHQJWK�RI�VWXG\�WLPH�8 DV�D�GHVLUDEOH�RXWSXW�E\�XVLQJ�WKH�DGGLWLYH�LQYHUVH��VXJJHVWHG�E\�.RRSPDQV��������DQG DSSOLHG�E\�%HUJ�HW�DO����������ZKHUH�I�8�� ��8��VR�WR�JHQHUDWH�WKH�VDPH�WHFKQRORJ\�DV�E\�LQVHUWLQJ�XQGHVLUDEOH�RXWSXWV�DV�LQSXWV� ,W�VKRXOG�EH�QRWHG�WKDW�LQ� WKH� XQLYHUVLW\� HGXFDWLRQ� SURGXFWLRQ� SURFHVV� WKH� GLUHFW� DSSURDFK� FDQQRW� EH� XVHG� DV� WKH�DVVXPSWLRQ� WKDW� FKDUDFWHUL]HV� WKH�GLUHFW� DSSURDFK�� L�H�� WKDW� LW� LV� LPSRVVLEOH� WR� UHGXFH�XQGHVLUDEOH�RXWSXWV�ZLWKRXW�DW� WKH� VDPH� WLPH�UHGXFLQJ�GHVLUDEOH�RXWSXWV� WLPH�FDQQRW�EH�VDWLVILHG�� ,Q� IDFW�� WKH�VWXGHQW�FDQ�LQFUHDVH�WKH�DYHUDJH�JUDGH�RI�H[DPV�DQG�GHFUHDVH�WKH�WLPH�RI�VWXG\�DW�WKH�VDPH�WLPH��,Q�WKH�HIILFLHQF\�HVWLPDWLRQ�DVVXPLQJ ZHDN�GLVSRVDELOLW\�RI�LQSXW�DQG�FRQVLGHULQJ ���LQSXW�DQG���RXWSXW� DERXW�����RI� WKH�JUDGXDWHV�ZRXOG�EH�GHILQHG� DV�HIILFLHQW� 3UREDEO\�� WKLV� LV� EHFDXVH�ZLWK�PDQ\� LQSXW�DQG�RXWSXW�GLPHQVLRQV D�XQLW�PD\�KDYH�D�QXPEHU�RI� LQSXWV�DQG�RU�RXWSXWV�WKDW�GLIIHU�IURP�RWKHU�XQLWV�DQG�ZH�PLJKW�QRW�ILQG�DQRWKHU�XQLW�WR�FRPSDUH�LW�ZLWK��6XFK�D�XQLW�ZLOO�EH�GHILQHG�DV� HIILFLHQW� �EXW� ZLWK� QR� RWKHU� UHIHUHQFHV� WKDQ� LWVHOI�� QRW� QHFHVVDULO\� EHFDXVH� LW� LV� EHWWHU� WKDQ�DQRWKHU��EXW�EHFDXVH�LW�LV�GLIIHUHQW��$�SRVVLEOH�VROXWLRQ�WR�WKLV�SUREOHP�ZRXOG�EH�WKH�XVH�RI�VXSHU�HIILFLHQF\�PRGHO��$QGHUVHQ�DQG�3HWHUVHQ��������IRU�UDQNLQJ�HIILFLHQW�XQLWV�
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GLVSRVDELOLW\� RI� LQSXWV� PRGHO�� ,Q� VR� GRLQJ� ZH� FDQ� LQWURGXFH� ERWK� PDQ\ PRUHLQSXWV�LQ�WKH�PRGHO�WKDQ�LQ�WKH�SUHYLRXV�FDVH�DQG�FRQVLGHU�WKH�UHDO�WLPH�RI�VWXG\�DV�D�EDG�RXWSXW��)XUWKHUPRUH��VLQFH�VRPH�LQSXWV�DUH�QRW�XQGHU�GLUHFW�FRQWURO�RI�WKH�LQGLYLGXDO�JUDGXDWH� ZH�KDYH�FKRVHQ�DQ�RXWSXW�RULHQWHG PRGHO�7KXV�� LQ� VKRUW�� WKH� VWXGHQW� E\� XVLQJ� KXPDQ� UHVRXUFHV �SURIHVVRUV DQG�UHVHDUFKHUV�� FDSLWDO� UHVRXUFHV� �OHFWXUH� KDOOV�� XQLYHUVLW\� IXUQLWXUH� DQG� HTXLSPHQW��ERRNV�DQG� MRXUQDOV� IURP� WKH� OLEUDU\��DQG� LQGLYLGXDO� LQSXWV �WKH� ILQDO�KLJK�VFKRRO�PDUN�WKDW�UHIOHFWV�WKH�NQRZOHGJH�DFTXLUHG�LQ�KLJK�VFKRROV�� SURGXFHV�KLP�KHUVHOI�DV�D�JUDGXDWH�DIWHU�D�FHUWDLQ�QXPEHU�RI�\HDUV�ZLWK�DQ�DYHUDJH�JUDGH�RI�H[DPV�/HW� LN[ DQG� MN\ GHQRWH UHVSHFWLYHO\ WKH� OHYHOV RI� WKH� LWK� LQSXW�XVHG DQG RI�WKH� MWK�RXWSXW�\LHOGHG E\�WKH�JUDGXDWH�N��+HQFH��LQWURGXFLQJ�D�VHW�RI�Q JUDGXDWHV��FKDUDFWHUL]HG� E\� WKH� SDLU� RI� YHFWRUV� �[�� \��� WKH� WHFKQRORJ\� VHW� 3 WKDW� VDWLVILHV�FRQVWDQW�UHWXUQ�WR�VFDOH� LV�HVWLPDWHG�DV�D�SLHFHZLVH�OLQHDU�VHW�E\�
� � � � � � � �°¿°¾½°̄°®  t d t ¦¦   QMPU\\VL[[3 MUMUNLMLN ������������������� Q
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ZKHUH�OM LV� WKH�ZHLJKW�RI REVHUYDWLRQ� M ZKHQ�GHILQLQJ�WKH�UHIHUHQFH�SRLQW�RQ�WKH�IURQWLHU����7KH�HVWLPDWLRQ�RI WKH�RXWSXW�HIILFLHQF\�PHDVXUH�RI�HDFK�JUDGXDWH�LV�D�OLQHDU�SURJUDPPLQJ� SUREOHP ZLWK� P�V FRQVWUDLQWV� ZKLFK� FDQ� EH� VROYHG� IRU� HDFK�SURGXFWLRQ XQLW LQ�D�VWDQGDUG�ZD\����)RUPDOO\���
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� &RQVWDQW� UHWXUQV WR� VFDOH� PHDQV� WKDW� WKH� VHW� 3� WKDW� VDWLVILHV� WKH� UHVWULFWLRQV� RI� WKH� WHFKQRORJ\�IRUPV� D� FRQH�� LI� �[�� \�� EHORQJV� WR� WKH� WHFKQRORJ\�� WKHQ� VR� GRHV� �K[�� K\�� LI� Kt��� 6R� HTXL�SURSRUWLRQDWH�FRQWUDFWLRQV�DQG�H[SDQVLRQV�RI�IHDVLEOH��[��\��UHPDLQ�IHDVLEOH��� ,W�LV�DVVXPHG�WKDW�WKH�HQYHORSPHQW�VXUIDFH�RU�IURQWLHU�RI�WKH GDWD�LV�GRQH�DV�WLJKW�DV�SRVVLEOH��WKDW�LV�PLQLPXP�H[WUDSRODWLRQ�DQG�LQFOXVLRQ�RI�DOO�REVHUYDWLRQV�LV�DVVXPHG��� 7R� FRPSXWH� WKH� RXWSXW� HIILFLHQF\�PHDVXUH��ZH� KDYH� XVHG�$03/� $�0RGHOOLQJ /DQJXDJH� IRU�0DWKHPDWLFDO�SURJUDPPLQJ��� (VVHQWLDOO\�� WKH�'($� SUREOHP LQ� HTXDWLRQ� >�@� WDNHV� WKH�N�WK '08�DQG� WKHQ� VHHNV� WR� UDGLDOO\�H[SDQG� WKH� RXWSXW� YHFWRU��\N�� DV�PXFK� DV� SRVVLEOH�� VWLOO� UHPDLQLQJ�ZLWKLQ� WKH� IHDVLEOH� VHW�3��7KH�UDGLDO� H[SDQVLRQ�RI� WKH�RXWSXW�YHFWRU�SURGXFHV�D�SURMHFWHG�SRLQW���O[��O\���RQ� WKH�VXUIDFH�RI� WKLV�WHFKQRORJ\��7KLV�SURMHFWHG�SRLQW�� FDOOHG�UHIHUHQFH�SRLQW�� LV� D� OLQHDU� FRPELQDWLRQ�RI� WKH�REVHUYHG�GDWD� SRLQWV��7KH� HIILFLHQW� XQLWV� ZKHQ� FDOFXODWLQJ� WKH� HIILFLHQF\� VFRUH� IRU� DQ� LQHIILFLHQW� XQLW� DUH�WHUPHG�UHIHUHQFLQJ�XQLWV��RU�SHHUV�
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ZKHUH�It���DQG�IN�� LV�WKH�SURSRUWLRQDO�LQFUHDVH�LQ�RXWSXWV�WKDW�FRXOG�EH�DFKLHYHG�E\� WKH� JUDGXDWH NWK NHHSLQJ� LQSXWV� IL[HG�� 7KH� )DUUHOO� RXWSXW� RULHQWHG� WHFKQLFDO�HIILFLHQF\�PHDVXUH�IRU�JUDGXDWH�N LV�GHILQHG�DV�TN ��IN� 7KHUHIRUH� WKH�JUDGXDWH�NWK�LV�HIILFLHQW�LI�TN ��DQG�LQHIILFLHQW�RWKHUZLVH�+RZHYHU��LW�VKRXOG EH�QRWHG�WKDW�WKH�)DUUHOO�PHDVXUH�LV�QRW�HTXLYDOHQW�WR�WKH�.RRSPDQV¶�GHILQLWLRQ�RI WHFKQLFDO�HIILFLHQF\��� &RQVHTXHQWO\��D�SURGXFWLRQ XQLW�LVIXOO\� WHFKQLFDO� HIILFLHQW� LI�TN � DQG� DOO� VODFNV���� L�H�� WKH� LQSXW� H[FHVVHV� DQG� WKH�RXWSXW�VKRUWIDOOV��DUH�]HUR�7KH� FRPSDULVRQ� RI JUDGXDWHV¶� HIILFLHQF\� FDQ� EH� PLVOHDGLQJ� DV� HIILFLHQF\PD\�EH�GXH�WR�WKH�GLIIHUHQW�HTXLSPHQW�DQG�PL[�RI�VXEMHFWV�SUHVHQW�LQ�WKH�GLIIHUHQW�IDFXOWLHV�6LQFH�WKH�FDSDELOLW\ RI�GLVWLQJXLVKLQJ�EHWZHHQ�LQGLYLGXDO�DQG�SURJUDPPH RU�IDFXOW\�LQHIILFLHQFLHV�LV�DQ�LPSRUWDQW�DVSHFW�LQ�WKH�FRQWH[W�RI�HYDOXDWLQJ�WHFKQLFDO�HIILFLHQF\�LQ�WKH�XQLYHUVLW\�SURFHVV�RI�HGXFDWLRQ��ZH�ZLOO�WU\�WR�LVRODWH�WKH VKDUH�RISHUIRUPDQFH�WKDW�FDQ�EH�GXH�WR�WKH�EHORQJLQJ�WR�WKH IDFXOW\�,QGHHG�� ZH� FDQ� FRQVLGHU� WKH� IDFXOWLHV� DV� DQ� LQWHUPHGLDWH� OHYHO� DERYH� WKH�SURGXFWLRQ XQLWV� OHYHO� ZKLFK� UHSUHVHQWV� D� JURXS� RI� JUDGXDWHV�ZKR� VKDUH� FHUWDLQ�MRLQW�FKDUDFWHULVWLFV�VXFK�DV��VWXG\ VXEMHFWV��HTXLSPHQW��FODVVURRPV�DQG�VR�RQ��7KXV��LQ�RUGHU�WR�LGHQWLI\�WKH�HIILFLHQF\�RI�WKH IDFXOWLHV��VHSDUDWHO\�IURP�WKH�SRWHQWLDO� HIILFLHQF\� RI� WKH� LQGLYLGXDO� JUDGXDWHV�� ZH� ZLOO� DSSO\� WKH� 3URJUDP�(YDOXDWLRQ��3(��SURFHGXUH����,Q�SDUWLFXODU��VWDUWLQJ�IURP�%URFNHWW�*RODQ\��������ZH� ZLOO� XVH� WKH� .UXVNDO�:DOOLV�� QRQSDUDPHWULF� UDQN� VWDWLVWLFV WR� HYDOXDWH� WKH�VWDWLVWLFDO�VLJQLILFDQFH�RI�WKH�REVHUYHG�GLIIHUHQFHV�DPRQJ�SURJUDPPHV�RU�IDFXOWLHV�DIWHU�DGMXVWLQJ�IRU GLIIHUHQFHV�LQ�LQGLYLGXDO�HIILFLHQF\�ZLWKLQ�WKH�IDFXOWLHV�
�� .RRSPDQV� ������ SURYLGHG� WKH� IROORZLQJ� GHILQLWLRQ� RI� WHFKQLFDO� HIILFLHQF\�� D� SURGXFHU� LV�WHFKQLFDOO\� HIILFLHQW� LI�� DQG� RQO\� LI�� LW� LV� LPSRVVLEOH� WR� SURGXFH� PRUH� RI� DQ\� RXWSXW� ZLWKRXW�SURGXFLQJ�OHVV�RI�VRPH�RWKHU�RXWSXW�RU�XVLQJ�PRUH�RI�VRPH�LQSXW��� 7R�GLVFRYHU� WKH�SRVVLEOH� LQSXW� H[FHVVHV� DQG� WKH�RXWSXW�VKRUWIDOOV�ZH�PXVW� VROYH� WKH� IROORZLQJ�OLQHDU�SURJUDPPLQJ�SUREOHP�E\�XVLQJ�RXU�NQRZOHGJH�RI��IN�
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�� 7KH�QDPH�³3URJUDP�(YDOXDWLRQ´�ZDV�ILUVW�LQWURGXFHG�LQ�&KDUQHV��&RRSHU�DQG�5KRGHV���������� 7KH�PDLQ UHDVRQ� WKDW�PRWLYDWHV� WKH�XVH�RI� UDQN�VWDWLVWLFV� LQ� WKLV� FRQWH[W�� LQVWHDG�RI�SDUDPHWULF�VWDWLVWLFDO�SURFHGXUHV�EDVHG�RQ�WKH�HIILFLHQF\�UDWLQJV��LV�WKDW�WKH�QRQSDUDPHWULF�VWDWLVWLFDO�WHFKQLTXH�IRU� LQIHUHQFH� LV� PRUH� FRQVLVWHQW� ZLWK� WKH� FKDUDFWHULVWLFV� DQG JRDOV� RI� '($� WKDQ QRQSDUDPHWULF�DQDO\VLV��)XUWKHUPRUH�� WKH�VWDWLVWLFDO�GLVWULEXWLRQ�RI�HIILFLHQF\�VFRUHV� LV�JHQHUDOO\�QRW NQRZQ��7KH�WUDQVIRUPDWLRQ� RI WKH� HIILFLHQF\� PHDVXUHV� LQWR� WKH� FRUUHVSRQGLQJ� UDQNV� DOORZV� WKH� XVH� RI QRQ�SDUDPHWULF�UREXVW�WHVW�VWDWLVWLFV��ZLWK�NQRZQ�DV\PSWRWLF�VWDWLVWLFDO�GLVWULEXWLRQV�
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6\QWKHWLFDOO\��DIWHU�VSOLWWLQJ�WKH�JURXS�RI�DOO�JUDGXDWHV�LQWR�HOHYHQ�IDFXOWLHV��OHW¶V PDNH�WKH�'($�PRGHO�>�@ WR�UXQ�VHSDUDWHO\�IRU�WKH�HOHYHQ�JURXSV� WR�HYDOXDWH�WKH� JUDGXDWHV¶� HIILFLHQF\�PHDVXUH�� 7KHQ�� OHW¶V� DGMXVW� LQHIILFLHQW� JUDGXDWHV XS� WR�WKHLU� RZQ� IDFXOW\� IURQWLHU LQ� RUGHU� WR� HOLPLQDWH� WKHLU� LQHIILFLHQF\� :H ZLOO� WKXV�REWDLQ� DQ� LQWHU�IDFXOW\� HQYHORSH� ZLWK� WKH� HVWLPDWHG� LQGLYLGXDO� LQHIILFLHQF\�HOLPLQDWHG� )LQDOO\�� OHW¶V� DSSO\� WKH� .UXVNDO� ±:DOOLV� UDQN� WHVW� VWDWLVWLF� WR� WKLV�SRROHG� '($ VHW�� LQ� RUGHU� WR� YHULI\� ZKHWKHU� WKH� HOHYHQ� JURXSV� VKDUH WKH� VDPH�GLVWULEXWLRQ�RI�HIILFLHQF\�PHDVXUHV�%HVLGHV� DOORZLQJ WR� FDWFK� VLJQLILFDQW� GLIIHUHQFHV�RI�SURJUDPPHV HIILFLHQF\�DFURVV� IDFXOWLHV�� WKH� 3( SURFHGXUH� SURYLGHV XV� ZLWK� D� EDVLF WRRO� IRU� WKH�LGHQWLILFDWLRQ�RI WKH�FUXFLDO�IDFWRUV�LQ�WKH DFKLHYHPHQW�RI�D JLYHQ�HIILFLHQF\�OHYHO�,Q�IDFW��WKH�WRWDO�WHFKQLFDO�HIILFLHQF\�PHDVXUH FDQ�EH�GHFRPSRVHG�DFFRUGLQJ�WR� WKH� DERYH� SURFHGXUH� $V�ZH�ZLOO� KHXULVWLFDOO\� VKRZ� LQ� SDUDJUDSK� ��� WKH WRWDO�PHDVXUH�LV�HTXDO�WR WKH�SURGXFW�RI�D�³ZLWKLQ´�PHDVXUH�REWDLQHG�ZKHQ�FRQVLGHULQJ�WKH�JUDGXDWHV�RI�HDFK�IDFXOW\�VHSDUDWHO\��DQG�D�³EHWZHHQ´�PHDVXUH�REWDLQHG�IURP�D�SRROHG�'($�2EYLRXVO\� WKH� ³ZLWKLQ´� PHDVXUH� LV� RI� D� JUHDW� UHOHYDQFH� DV� LW� VKRZV WKH�LPSRUWDQFH�RI� WKH� LQGLYLGXDO�FKDUDFWHULVWLFV�RI�HYHU\ VWXGHQW��2Q� WKH�RWKHU�KDQG��WKH�³EHWZHHQ´�PHDVXUH�LV�YHU\�VLJQLILFDQW�EHFDXVH�LW�DOORZV WR�HVWLPDWH�WKH�ZHLJKW�RI�WKH�VWUXFWXUDO�IDFWRUV�
� 7KH�GDWD�DQG�WKH�PRGHO

$V�ZH�KDYH�DOUHDG\�XQGHUOLQHG��VHYHUDO�YDULDEOHV�LQYROYHG�LQ�WKH�XQLYHUVLW\�SURFHVV� RI� HGXFDWLRQ� DUH� QRW� HDV\� WR� EH� XVHG�� ERWK� EHFDXVH� PDQ\� RI� WKHP� DUH�UHODWLYH� WR� WKH� VWXGHQW¶V� FDSDELOLWLHV�� DQG� EHFDXVH� RI� WKH� GLIILFXOW\� LQ� FROOHFWLQJ�GDWD�UHJDUGLQJ�WKH�IDFXOWLHV�7KH� DLP� RI� LQVHUWLQJ� LQ� WKH� '($� SURFHGXUH� DOO� WKH� LQSXWV� DQG� RXWSXWV�LGHQWLILHG�DQG�VHOHFWHG�IRU�WKH�XQLYHUVLW\�V\VWHP�HGXFDWLRQ�SURGXFWLRQ�PRGHO�PXVW�RIWHQ�FDOO�WKH�GDWD�DFWXDOO\�DYDLODEOH�WR�DFFRXQW�7KH�GDWD�XVHG�LQ� WKH�DQDO\VLV� LV WDNHQ�IURP�WKH�VXUYH\�RQ�MRE�RSSRUWXQLWLHV�RI� WKH������JUDGXDWHV� IURP�)ORUHQFH�8QLYHUVLW\� FRQGXFWHG�RYHU ������JUDGXDWHVE\�WKH�'HSDUWPHQW�RI�6WDWLVWLFV ³*��3DUHQWL´�LQ�������)HEUXDU\�DQG�0D\��DQG�IURP�WKH�)ORUHQFH�8QLYHUVLW\�DGPLQLVWUDWLYH�DUFKLYHV�$IWHU� FRQVLGHULQJ RQO\� WKH� JUDGXDWHV� ZKR GLG� QRW� PRYH� IURP� RQH� FRXUVH�SURJUDP� WR� DQRWKHU� GXULQJ� WKHLU� XQLYHUVLW\� FDUHHU DQG� FKHFNLQJ DQ\� SRVVLEOH�RXWOLHUV�� WKH� IROORZLQJ� LQSXWV��JURXSHG�E\�NLQG�UHVRXUFHV� KDYH�EHHQ�VHOHFWHG� IRU�HDFK RI�WKH�UHVXOWLQJ������ JUDGXDWHV�
+XPDQ�UHVRXUFHV��� DYHUDJH�QXPEHU�RI�IXOO�DQG�DVVRFLDWH�SURIHVVRUV�SHU�JUDGXDWH��$1)$3���� DYHUDJH�QXPEHU�RI�UHVHDUFKHUV�SHU�JUDGXDWH��$15��&DSLWDO�UHVRXUFHV��� DYHUDJH�QXPEHU�RI�VLWV LQ�WKH�OHFWXUHV�KDOOV�SHU�VWXGHQW��$16���� DYHUDJH�QXPEHU�RI�OHFWXUHV�KDOO�SHU�VWXGHQW��$1+��



��

�� DYHUDJH�QXPEHU�RI�ERRNV�LQ�WKH�OLEUDU\�SHU�VWXGHQW��$1%���� DYHUDJH�QXPEHU�RI�MRXUQDO�DQG�UHYLHZV�LQ�WKH�OLEUDU\�SHU�VWXGHQW��$1-���� DYHUDJH�QXPEHU�RI�XQLYHUVLW\�IXUQLWXUH�SHU�VWXGHQW��$1)����� DYHUDJH�QXPEHU�RI�XQLYHUVLW\�HTXLSPHQW��$1(��,QGLYLGXDO�LQSXW��� ILQDO�KLJK�VFKRRO�PDUN��+60��
$V�WKH�RXWSXW�RI WKH�HGXFDWLRQDO�SURGXFWLRQ�SURFHVV�� ZH�KDYH ILUVW�VSHFLILHG�WKH� DYHUDJH� JUDGH� RI� WKH� H[DPV� �$*��� 7R� LQWURGXFH� WKH� EDG� RXWSXW� DV� D� JRRG�RXWSXW� LQ� WKH�PRGHO�ZH� KDYH� DSSOLHG� WKH�PXOWLSOLFDWLYH� LQYHUVH� RQ� WKH� HIIHFWLYH�OHQJWK� RI� VWXG\�� FRPSDUHG� WR WKH� REOLJDWRU\� OHQJWK� I�8� � ��XM� 6R�� WKH�WUDQVIRUPHG� GDWD� UHSUHVHQWV WKH� LQVWLWXWLRQDO� WLPH� RI� VWXG\LQJ� UHODWLQJ� WR� WKH�HIIHFWLYH�RQH �/6��6RPH�GHVFULSWLYH VWDWLVWLFV�RI�WKH�LQSXW�DQG�RXWSXW�YDULDEOHV�UHTXLUHG�IRU�WKH�HIILFLHQF\�DQDO\VLV�DUH�VKRZQ LQ�7DEOH���

7DEOH����± 6XPPDU\�VWDWLVWLFV�IRU�WKH�LQSXW�DQG�RXWSXW�GDWD9DULDEOH 0HDQ 0LQLPXP 0D[LPXP 6W��GHYLDWLRQ$1)$3 ������ ������ ������ ������$15 ������ ������ ������ ������$16 ������ ������ ������ ������$1+ ������ ������ ������ ������$1% ������� ������ �������� �������$1- ������ ������ ������ ������$1) ������ ������ ������ ������$1( ������ ������ ������ ������+60 ������� �� �� ������$* ������� ����� ����� ������/6 ������ ������ ������ ������
,Q� RUGHU� WR� SURYLGH� PRUH� LQIRUPDWLRQ� RQ� WKH� YDULDEOHV� LQYROYHG� LQ� WKH�DQDO\VLV��OHW¶V�GHVFULEH�EULHIO\ WKH�SURFHGXUHV�XVHG�WR�GHWHUPLQH�WKH�SUHYLRXV�LQSXWPHDVXUHV�,W� VKRXOG�EH�QRWHG� WKDW� WKH�GDWD�RQ KXPDQ�UHVRXUFHV� �WKDW� LV� WKH�SURIHVVRUV�DQG�UHVHDUFKHUV��DQG�UHVRXUFHV�RI�FDSLWDO��VXFK�DV�FODVVURRPV��HTXLSPHQW� ERRNV��LQ�VRPH�FDVHV�DUH� UHIHUUHG WR�WKH�IDFXOW\�DQG�LQ�RWKHUV�WR� WKH�DGPLQLVWUDWLYH�XQLW��OLNH GHSDUWPHQWV�DQG�OLEUDULHV�7KXV�� LQ� RUGHU� WR� UHIHU� WKHP� WR� WKH� JUDGXDWHV�� LW� KDV� EHHQ� QHFHVVDU\� WR�VXEGLYLGH� WKHP��7KH VXEGLYLVLRQ�DQG� WKH�VXEVHTXHQW�DWWULEXWLRQ�WR�HDFK�JUDGXDWH�

�� ,W� VKRXOG� EH� QRWHG� WKDW� WKH� ILQDO� VFRUH��ZLWK� D� KLJKO\� VNHZHG� GLVWULEXWLRQ�� VHHPV�QRW� WR� EH� DQ�DSSURSULDWH�LQGLFDWRU�RI�DFDGHPLF�DELOLW\��� :H� KDYH�PRGLILHG� WKH� DFWXDO� VWXG\� WLPH� LQ� RUGHU� WR� FRQVLGHU�PDOHV� LQ�PLOLWDU\� VHUYLFH�ZKLOH�DWWHQGLQJ�XQLYHUVLW\�



��

DFFRUGLQJ WR� KLV�KHU DFWXDO� VWXG\� WLPH KDYH� EHHQ�PDGH� RQ� WKH� EDVLV RI� VSHFLILF�K\SRWKHVLV�,Q� JHQHUDO�� LQ� RUGHU� WR� REWDLQ� WKH� LQIRUPDWLRQ� DERXW DQ� LQGLYLGXDO� OHYHO�UHJDUGLQJ�D�VHOHFWHG�SHULRG�RI�WLPH�IURP������������WKH�UHVRXUFHV�RIIHUHG�E\�HDFK�IDFXOW\� KDYH� ILUVW� EHHQ� FRPSDUHG� WR� WKH� QXPEHU� RI� VWXGHQWV� HQUROOHG� LQ� WKH�FRUUHVSRQGLQJ�\HDUV DQG�WKHQ�VXPPDUL]HG�E\�FRPSXWLQJ�DQ�DULWKPHWLF�PHDQ���)XUWKHUPRUH�� DV� IDU� DV� KXPDQ� UHVRXUFHV DUH� FRQFHUQHG�� WKH� RUGLQDU\�SURIHVVRUV�KDYH�EHHQ�FRQVLGHUHG�WRJHWKHU�ZLWK�WKH�DVVRFLDWHG�SURIHVVRUV� EDVHG�RQ�WKH�DVVXPSWLRQ WKDW�WKHUH�LV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�TXDOLW\�RI�WKH�WHDFKLQJ�GHOLYHUHG WR� WKH� VWXGHQWV�� 2Q� WKH� RWKHU� KDQG� WKH� UHVHDUFKHUV� KDYH� EHHQ� WDNHQ�VHSDUDWHO\� DV� WKHLU� WHDFKLQJ� TXDOLW\� KDV� EHHQ� FRQVLGHUHG� GLIIHUHQW� IURP� WKH�SUHYLRXV�RQH��GXH�WR�WKH�VKRUWHU�FDUHHU�WHDFKLQJ�WLPH�,Q� RUGHU� WR� GHWHUPLQH� WKH� DPRXQW� RI� WKH� IDFXOW\¶V� IDFLOLWLHV� RIIHUHG� WR� WKH�VWXGHQW��WKH�GDWD�UHODWLYH�WR�WKH�QXPEHU�RI�OHFWXUH�KDOOV�DQG�WKH�QXPEHU�RI�VLWV�� LQ�D� OHFWXUH�KDOO � DYDLODEOH� LQ� WKH�GLIIHUHQW� IDFXOWLHV�RI� WKH�XQLYHUVLW\� LQ�����������DQG����� � KDYH�ILUVW�EHHQ�FRPSXWHG�E\�DVVXPLQJ DQ�LQFUHDVH�IDOO�RI�WKH�QXPEHU�H[SUHVVHG�E\�WKH�DYHUDJH�DQQXDO�UDWH�RI�YDULDWLRQ�$V�WKH�GDWD�FRQFHUQLQJ WKH�ELEOLRJUDSKLF�HTXLSPHQW��VXFK�DV�WKH�QXPEHU�RI�LQYHQWRULHG�ERRNV��DQG�WKH�QXPEHU�RI�SHULRGLFDOV����DUH�DYDLODEOH�IRU�HDFK�OLEUDU\�RI�WKH�8QLYHUVLW\�RI�)ORUHQFH��LW�ZDV�GHFLGHG WR�DWWULEXWH�WKH�GLIIHUHQW�OLEUDULHV�WR�HDFK�IDFXOW\�DFFRUGLQJ�WR�WKH�VFKHPH�LQ�7DEOH���
7DEOH��� ± $VVXPHG�FRUUHVSRQGHQFH�OLEUDU\�IDFXOW\)DFXOW\ /LEUDU\$JULFXOWXUDO�6FLHQFHV $JULFXOWXUDO�6FLHQFHV��7HFKQRORJLFDO�VFLHQFHV�/LEUDU\�$UFKLWHFWXUH $UFKLWHFWXUH���7HFKQRORJLFDO�VFLHQFHV�/LEUDU\�(QJLQHHULQJ (QJLQHHULQJ���7HFKQRORJLFDO�VFLHQFHV�/LEUDU\�(FRQRPLFV (FRQRPLFV��6WDWLVWLFV��6RFLDO�6FLHQFHV�/LEUDU\�/DZ /DZ��6RFLDO�6FLHQFHV�/LEUDU\�3ROLWLFDO�6FLHQFHV 3ROLWLFDO�6FLHQFHV��QHZVSDSHU�OLEUDU\��6RFLDO�6FLHQFHV�/LEUDU\�+XPDQLWLHV /LWHUDWXUH��*HRJUDSK\��$PHULFDQ��+XPDQLWLHV�/LEUDU\�6FLHQFHV�RI�(GXFDWLRQ 6FLHQFHV�RI�(GXFDWLRQ��+XPDQLWLHV�/LEUDU\�0HGLFLQH�DQG�6XUJHU\ 0HGLFLQH��%LRPHGLFDO�/LEUDU\�3KDUPDFRORJ\ 3KDUPDFRORJ\��%LRPHGLFDO�/LEUDU\�%LRORJ\�DQG�0DWKHPDWLFV $QWKURSRORJ\��$QLPDO�%LRORJ\��%RWDQ\��&KHPLVWU\��3K\VLFV��*HR�� PLQHUDORJ\��0DWKHPDWLFV���%LRPHGLFDO�/LEUDU\�

�� :H�KDYH�FRQVLGHUHG�WKH�DFWXDO�WLPH�RI�DWWHQGDQFH�RQO\��� ,Q� SDUWLFXODU�� WKH� QXPEHU� RI� VLWV�� HYHQ� LI� REYLRXVO\� FRUUHODWHG� WR� WKH� QXPEHU� RI� OHFWXUH� KDOOV�SURYLGHV VRPH� LQIRUPDWLRQ� UHJDUGLQJ� WKH� H[WHQVLRQ� RI� WKH� DUHD� DYDLODEOH� WR� WKH� VWXGHQWV� DQG� WKH�FRQGLWLRQV�LQ�ZKLFK�WKH�OHFWXUHV DUH�GHOLYHUHG��� 7KH�PLVVLQJ�GDWD�RI�WKH�VHULHV�RI�SHULRGLFDO�SXEOLFDWLRQV�UHJDUGLQJ������������������KDYH�EHHQ�UHFRQVWUXFWHG�E\�XVLQJ�WKH�DYHUDJH�DQQXDO�UDWH�RI�YDULDWLRQ



��

0RUHRYHU�� WKH� DYHUDJH� QXPEHU� RI� IXUQLWXUH� SHU� VWXGHQW� DQG� WKH� DYHUDJH�QXPEHU�RI�HTXLSPHQW�SHU� VWXGHQW�KDYH�EHHQ�FDOFXODWHG E\�XVLQJ� WKH� LQIRUPDWLRQWDNHQ�IURP�WKH�LQYHQWRU\�RI�WKH�JRRGV�� RI�WKH�8QLYHUVLW\�RI�)ORUHQFH�7KXV�� DIWHU� VHOHFWLQJ WKH� PRVW� LPSRUWDQW� FRPPRGLW\� FDWHJRULHV�� IRU� WKH�DQDO\VLV��ZH�KDYH�SURFHHGHG�WR�PDNH�VHULHV�RI�DYDLODEOH�JRRGV�IRU�HDFK�IDFXOW\�LQ�WKH�SHULRG�����������6LQFH� HYHU\ GHSDUWPHQW� RU� LQVWLWXWH� LV� XVXDOO\� IRUPHG� E\� OHFWXUHUV� IURP�GLIIHUHQW IDFXOWLHV��LQ�RUGHU�WR�GHFRPSRVH WKH�DYDLODEOH�GDWD��ZH�KDYH�SDUFHOHG WKH�JRRGV� RXW� LQ� SURSRUWLRQ� WR� WKH� QXPEHU� RI� WKH� WHDFKHUV�ZKR� DUH� LQ� WKH� IDFXOW\¶V�GHSDUWPHQW���/DVWO\��DV�WKH�NQRZOHGJH�DFTXLUHG�E\�VWXGHQWV�LQ�KLJK�VFKRROV�FDQ�IDFLOLWDWH�WKHLU� XQLYHUVLW\� FDUHHU�� E\� LPSURYLQJ� WKHLU� ILQDO� OHYHO� RI� HIILFLHQF\�� ZH� KDYH�FRQVLGHUHG�WKH�GLSORPD�PDUN�DV�DQ�LQSXW� ,Q�IDFW�� WKH�GLSORPD�PDUN�DQG�WKH�NLQG�RI�GLSORPD�DUH�WKH�RQO\�DYDLODEOH�LQIRUPDWLRQ�RQ�WKH�JUDGXDWH¶V�FDSDELOLWLHV�DV�IRU�WKH�IDFXOWLHV�KH�KDG�FKRVHQ��WKH�IDFXOWLHV GR�QRW�VHOHFW�VWXGHQWV�DFFRUGLQJ�WR�WKHLU�TXDOLILFDWLRQ��
� 7KH�UHVXOWV

7KH�PHDVXUHV RI�LQSXW�HIILFLHQF\�IRU�HDFK�RI�WKH�������JUDGXDWHV KDYH�EHHQ�REWDLQHG�E\�XVLQJ�WKH�;35(66�6ROYHU�� WR�FDUU\�RXW�OLQHDU�SURJUDPPHV�DFFRUGLQJ�WR�WKH�'($ PRGHO�>�@�7KH�GLVWULEXWLRQ�RI�WKH�)DUUHOO�RXWSXW�HIILFLHQF\�PHDVXUHV�RI�WKH�JUDGXDWHV�LV�SUHVHQWHG�LQ�7DEOH���,W VKRZV�WKDW�������JUDGXDWHV�� UHSUHVHQWLQJ�DERXW�����RI� WKH�WRWDO��KDYH�DQHIILFLHQF\�DERYH�����,W� VKRXOG� EH� QRWHG� WKDW� ���� JUDGXDWHV�� RXW� RI ������� DUH� LGHQWLILHG��ZLWK� D�VFRUH� RI� ����� DV� EHLQJ� IXOO\� HIILFLHQW�� $OO� LQ� DOO�� WKH� ZKROH� JURXS VKRZV DQ�HIILFLHQF\�DERYH�����7KH� GDWD� VKRZV VOLJKW� YDULDELOLW\� LQ� WKH� SDWWHUQV� RI� HIILFLHQF\� DPRQJ� WKH�JUDGXDWHV��WKRXJK�WKH GLVWULEXWLRQ�LV�VNHZHG WR WKH�ULJKW��DV�FDQ�EH�VHHQ�LQ�)LJXUH����7KH�UDQJH�RI�VFRUHV�ZRUNV�RXW�WR�EH�������

�� ,Q� SDUWLFXODU�� IRU� DOO� VRUW� RI� � IXUQLWXUH�� ZH� NQHZ� WKH� \HDU� RI� WKHLU� ORDGLQJ� DQG� WKDW� RI� WKHLU�XQORDGLQJ�� WKH� FRPPRGLW\� FDWHJRU\� DQG� WKH� DGPLQLVWUDWLYH� XQLW� RI� GHVWLQDWLRQ�� WKDW� LV� WR� VD\�GHSDUWPHQWV��LQVWLWXWHV��'HDQ¶V�RIILFHV�DQG�/LEUDULHV���� 6LQFH�ZH�ZDQW� RQO\� WR� FRQVLGHU� WKH� JRRGV� SXUFKDVHG� E\� WKH� DGPLQLVWUDWLYH� XQLWV� IRU� WHDFKLQJ�SXUSRVHV��ZH�KDYH�OHIW RXW�HYHU\WKLQJ�VHW�DVLGH�IRU�UHVHDUFK��FRPPHUFLDO�DQG�ZHOIDUH�DFWLYLW\���:H�FRXOG�PDNH�WKLV�NLQG�RI�DOORFDWLRQV�RI�FRVWV�SHU�DGPLQLVWUDWLYH�XQLW�E\�UHIHUULQJ�WR�WKH�LQIRUPDWLRQ�WDNHQ�IURP�WKH�EXGJHW�DQG�FRQWURO�VHFWRU��� 7KH�JRRGV�SXUFKDVHG�E\�WKH�'HDQ¶V�2IILFHV�KDYH�EHHQ�ZKROO\ DWWULEXWHG WR�WKH�IDFXOWLHV��DV�IRU�WKH�OLEUDULHV��RQ�WKH�FRQWUDU\��ZH�KDYH�IROORZHG�WKH�DWWULEXWLRQ�VFKHPH�VKRZQ LQ�7DEOH����� 7R�GHILQH�WKH�RSWLPLVDWLRQ�SUREOHP�>�@��$03/�KDV�EHHQ�XVHG�



��

7DEOH ���� )UHTXHQF\�GLVWULEXWLRQ�RI�WKH�WHFKQLFDO�HIILFLHQF\�PHDVXUHV(IILFLHQF\�VFRUH )UHTXHQF\
LQ 3HUFHQW�IUHTXHQF\

LS &XPXODWLYHSHUFHQW�IUHTXHQF\
L3��������� �� ��� ������������ �� ��� ������������ �� ��� ������������ ��� ��� ������������� ��� ��� ������������� ��� ���� ������������� ��� ���� ������������� ��� ���� ������������� ��� ���� ������������� ��� ���� �����7RWDO ���� �����

��� ��� ��� ��� ��� ���

�
�

�
�

�
�

)LJXUH������'LVWULEXWLRQ�RI�WKH�JUDGXDWHV
�WHFKQLFDO�HIILFLHQF\�PHDVXUH

,W�VKRXOG�EH QRWHG�WKDW�XQGHU�WKH�RXWSXW�DXJPHQWLQJ�RULHQWDWLRQ��ZKHUH�JLYHQ�LQSXWV DQG RXWSXWV�DUH�VRXJKW� WR�EH�PD[LPL]HG�� WKH�DYHUDJH�VFRUH�LV�������ZKLOH�WKH�PHGLDQ�VFRUH�LV��������DV�UHSRUWHG�LQ�7DEOH�� EHORZ��7KLV�PHDQV� WKDW�RQ� DYHUDJH� LQHIILFLHQW� JUDGXDWH� VKRXOG�EH� DEOH� WR� LQFUHDVH�RXWSXWV�E\�������ZLWKRXW�KDYLQJ�WR�LQFUHDVH�LQSXWV��,Q�RWKHU�ZRUGV��WKH JUDGXDWHV�EHORZ� WKH� HQYHORSH�� WKDW� LV�� ZLWK� HIILFLHQF\� VFRUHV� OHVV� WKDQ� �� FDQ� DFKLHYH� D�KLJKHU�DYHUDJH�JUDGH�RI�H[DPV�ZLWK�WKH�VDPH�OHYHO�RI�LQSXW�LQGLFDWRUV�,Q�RUGHU�WR�YHULI\�LI�WKH�����JUDGXDWHV�LGHQWLILHG�DV�)DUUHOO�HIILFLHQW�DUH�DOVR�.RRSPDQV� HIILFLHQW� ZH� KDYH� H[DPLQHG� WKH� LQSXW� H[FHVVHV� DQG� WKH� RXWSXW�VKRUWIDOOV��3RVLWLYH�VODFNV�� KDYH�EHHQ�IRXQG�LQ�IRXU�FDVHV RQO\�
�� ,W� VKRXOG�EH�QRWHG� WKDW� WKHVH� IRXU� FDVHV� VKRZ�DQ�HIILFLHQF\�PHDVXUH�HTXDO� WR���������ZH�KDYH�DSSUR[LPDWHG�WR�����



��

6R�� WKH� RYHUDOO� SLFWXUH� WKDW� FRPHV� IURP� WKH� VKDSH� RI� WKH� GLVWULEXWLRQ� RI�HIILFLHQF\�PHDVXUHV�LV�QRW�DQ�XQIDYRXUDEOH�RQH�$V� ZH� KDYH� XQGHUOLQHG LQ� WKH� SUHYLRXV� VHFWLRQV�� WKH� FKDUDFWHULVWLFV� RI� WKH�VWXGHQWV��VXFK�DV�FDSDELOLWLHV��VRFLR�HFRQRPLF�VWDWXV��VH[��HGXFDWLRQDO�H[SHULHQFH�JDLQHG�DW�KLJK�VFKRRO�DQG�VR�RQ��FDQ�VWURQJO\�DIIHFW WKH�UHVXOWV�)RU� WKLV� UHDVRQ� LW� LV� LQWHUHVWLQJ� WR�DQDO\VH� WKH�JUDGXDWHV�ZKR�DUH� UHODWLYHO\�PRUH� HIILFLHQW� E\� FRPSDULQJ� JURXSV� RI� JUDGXDWHV� RQ� WKH� EDVLV� RI� WKHLU� JHQHUDO�FKDUDFWHULVWLFV�DQG�FHQWUDO�WHQGHQF\��DV�PHDVXUHG�E\�WKH�PHDQ�$Q\ZD\�� LW� LV� ZRUWK� UHPDUNLQJ WKDW� WKH� GLIIHUHQFHV� DPRQJ� WKH� PHDQ�WHFKQLFDO� HIILFLHQF\� FDOFXODWHG E\�JURXSLQJ� WKH�XQLWV� VKRXOG�EH� UHJDUGHG EHDULQJ�LQ�PLQG� WKH�DSSDUHQWO\�YHU\�KLJK�JHQHUDO�HIILFLHQF\� OHYHO�RI� WKH�JUDGXDWHV�RI� WKH�8QLYHUVLW\�RI�)ORUHQFH�7KH�ILUVW�FKDUDFWHULVWLF�ZH�KDYH�FRQVLGHUHG�LV�WKH�NLQG�RI�GLSORPD��VHH�7DEOH���� $OWKRXJK� WKHUH� LV� UHODWLYHO\� OLWWOH� YDULDWLRQ� LQ� WKH� DYHUDJH� VFRUHV� RI WKH�GLIIHUHQW�W\SHV�RI�GLSORPD��WKH�JUDGXDWHV�FRPLQJ�IURP�³/LFHR�OLQJXLVWLFR´��³/LFHR�FODVVLFR´� DQG� ³/LFHR� VFLHQWLILFR´ KDYH� D� UHODWLYHO\� KLJKHU� HIILFLHQF\� VFRUH��7KHUHIRUH�� LW� VHHPV� WKDW� WKH\� DUH� PRUH VXLWDEOH IRU� XQLYHUVLW\� VWXGLHV�� 2Q� WKH�FRQWUDU\� WKH� OHVV� HIILFLHQW� JUDGXDWHV� DUH� WKRVH� FRPLQJ� IURP� WHFKQLFDO� KLJK�VFKRROV�
7DEOH����� 6XPPDU\�VWDWLVWLFV�RI�WKH�HIILFLHQF\�PHDVXUH�RI�WKH�JUDGXDWHV E\ NLQG�RI�GLSORPD 0HDQ 0HGLDQ 0LQ 0D[ ��WK3HUFHQWLOH ��WK3HUFHQWLOH 6WDQGDUG�GHYLDWLRQ &RHII�� RI�YDULDWLRQ³/LFHR�VFLHQWLILFR´ ����� ����� ����� ����� ����� ����� ����� �����³/LFHR�FODVVLFR´ ����� ����� ����� ����� ����� ����� ����� �����³/LFHR�OLQJXLVWLFR´ ����� ����� ����� ����� ����� ����� ����� �����7HDFKHU¶V�7UDLQLQJ�LQVWLWXWH ����� ����� ����� ����� ����� ����� ����� �����6FKRRO�RI�&RPPHUFH ����� ����� ����� ����� ����� ����� ����� �����,QVWLWXWH IRU�*HRPHWHU� ����� ����� ����� ����� ����� ����� ����� �����7HFKQLFDO�&ROOHJH ����� ����� ����� ����� ����� ����� ����� �����$UW ����� ����� ����� ����� ����� ����� ����� �����9RFDWLRQDO�,QVWLWXWH ����� ����� ����� ����� ����� ����� ����� �����7RWDO ����� ����� ����� ����� ����� ����� ����� �����

)URP�WKH�DQDO\VLV�RI WKH�HIIHFW�RI�JHQGHU�RQ�WKH�HIILFLHQF\�PHDVXUH��LW�VHHPV�WKDW�IHPDOHV KDYH��RQ�DYHUDJH��D�EHWWHU�SHUIRUPDQFH�WKDQ�PDOHV��,Q�IDFW��DV�RQH FDQ�VHH� LQ�7DEOH���� WKH� IHPDOH�DYHUDJH�HIILFLHQF\�VFRUH� LV��������ZKHUHDV IRU�PDOH�LW�GHFUHDVHV�WR �������7DEOH� �� VKRZV� WKH� PHDQ� HIILFLHQF\� RI� WKH� JUDGXDWHV� DFFRUGLQJ� WR� WKHLU�ZRUNLQJ VWDWXV�ZKLOH�DWWHQGLQJ�XQLYHUVLW\�



��

7DEOH����� 6XPPDU\�VWDWLVWLFV�RI�WKH�HIILFLHQF\�PHDVXUH�E\ JHQGHU0DOH )HPDOH 7RWDO0HDQ ����� ����� �����0HGLDQ ����� ����� �����0LQ ����� ����� �����0D[ ����� ����� �������WK 3HUFHQWLOH ����� ����� �������WK 3HUFHQWLOH ����� ����� �����6WDQGDUG�GHYLDWLRQ ����� ����� �����&RHIILFLHQW RI�YDULDWLRQ ����� ����� �����
,W�FDQ�EH�REVHUYHG�WKDW�WKH�PHDQ�HIILFLHQF\�IRU�WKH�JUDGXDWHV�ZKR�KDYH�EHHQ�ZRUNLQJ GXULQJ� WKHLU� XQLYHUVLW\� VWXGLHV� LV� OLJKWO\� DERYH�DYHUDJH�� 7KXV�� LW� VHHPV�WKDW� LI� WKH� VWXGHQW� ZRUNV�� SDUW WLPH� RU� IXOO� WLPH�� KH�VKH� FDQ� UHDFK� D� KLJKHU�SHUIRUPDQFH� 7KLV� FKDUDFWHULVWLF� LV� OLNHO\� WR� EH� PRUH� HYLGHQW� LI� ZH� KDG� IXUWKHU�LQIRUPDWLRQ�UHJDUGLQJ�WKH�DPRXQW�RI�WLPH�VSHQW�RQ�ZRUN�DQG�VWXG\�

7DEOH��� � 6XPPDU\�VWDWLVWLFV�RI�WKH�HIILFLHQF\�PHDVXUH�E\ ZRUNLQJ VWDWXV GXULQJ�XQLYHUVLW\�DWWHQGDQFH:RUNLQJ 1RW�ZRUNLQJ 7RWDO0HDQ ����� ����� �����0HGLDQ ����� ����� �����0LQ ����� ����� �����0D[ ����� ����� �������WK 3HUFHQWLOH ����� ����� �������WK 3HUFHQWLOH ����� ����� �����6WDQGDUG�GHYLDWLRQ ����� ����� �����&RHIILFLHQW RI�YDULDWLRQ ����� ����� �����
/DVWO\��E\� H[DPLQLQJ� 7DEOH� �� ZH� FDQ� VHH� WKDW� WKH� JUDGXDWHV� FRPLQJ� IURP�1RUWKHUQ�DQG�&HQWUDO�,WDO\�DUH�PRUH�WHFKQLFDO�HIILFLHQW�WKDQ�WKH�RWKHUV�

7DEOH� ��� � 6XPPDU\� VWDWLVWLFV� RI� WKH� HIILFLHQF\� PHDVXUH� RI� WKH� JUDGXDWHV E\UHVLGHQFH
*HRJUDSKLFDO�DUHD 0HDQ 0HGLDQ 0LQ 0D[ ��WK3HUFHQWLOH ��WK3HUFHQWLOH 6WDQGDUGGHYLDWLRQ &RHIILFLHQWRI�YDULDWLRQ)ORUHQFH� ����� ����� ����� ����� ����� ����� ����� �����7XVFDQ\ ����� ����� ����� ����� ����� ����� ����� �����1RUWK�DQG�&HQWUH ����� ����� ����� ����� ����� ����� ����� �����6RXWK�DQG�,VODQGV ����� ����� ����� ����� ����� ����� ����� �����5HVW�RI�WKH�ZRUOG ����� ����� ����� ����� ����� ����� ����� �����7RWDO ����� ����� ����� ����� ����� ����� ����� �����
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