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2QH�RI�WKH�LQWHUHVWLQJ�IHDWXUHV�RI�KRVSLWDOV�LV�WKHLU�PXOWLSURGXFW�FDSDELOLW\���,Q

DGGLWLRQ�WR�SURYLGLQJ�YDULRXV�W\SHV�RI�GLUHFW�SDWLHQW�FDUH��VRPH�KRVSLWDOV�DOVR�RIIHU

WUDLQLQJ�RSSRUWXQLWLHV�IRU�PHGLFDO�VWXGHQWV�DQG�SK\VLFLDQV�LQ�WUDLQLQJ��L�H���UHVLGHQWV���

2QH�FRQVHTXHQFH�RI�WKHVH�DGGLWLRQDO�UHVSRQVLELOLWLHV�LV�WKDW�FRVWV�W\SLFDOO\�DUH�KLJKHU�LQ

WHDFKLQJ�KRVSLWDOV�WKDQ�LQ�WKHLU�QRQ�WHDFKLQJ�FRXQWHUSDUWV�

7KH�JRDO�RI�WKLV�SDSHU�LV�WR�GHWHUPLQH�WKH�LPSDFW�WHDFKLQJ�SURJUDPV�KDYH�RQ

KRVSLWDO�SURGXFWLYLW\���7KH�WHFKQLTXH�ZH�XVH�LV�D�QRQSDUDPHWULF�IURQWLHU�DSSURDFK��DOVR

NQRZQ�DV�'($����GDWD�HQYHORSPHQW�DQDO\VLV����2QH�DGYDQWDJH�RI�WKLV�DSSURDFK�RYHU

RWKHU�HPSLULFDO�VWXGLHV�LQ�WKLV�DUHD�LV�WKDW�ZH�LQIHU�WKH�UHDO�UHVRXUFH�FRVWV�RI�UHVLGHQWV

IURP�WKH�XQGHUO\LQJ�SURGXFWLRQ�WHFKQRORJ\��LQ�FRQWUDVW�WR�WKH�DFFRXQWLQJ�DSSURDFKHV

WKDW�KDYH�EHHQ�XVHG�HOVHZKHUH�

,Q�RUGHU�WR�DVVHVV�UHODWLYH�SURGXFWLYLW\��D�UHIHUHQFH�WHFKQRORJ\�RU��EHVW�SUDFWLFH

IURQWLHU��LV�FRQVWUXFWHG�IURP�WKH�REVHUYDWLRQV�LQ�RXU�VDPSOH�XQGHU�DVVXPSWLRQV�RI�ERWK

VWURQJ�DQG�ZHDN�GLVSRVDELOLW\�RI�LQSXWV���%\�DQDO\]LQJ�PHGLFDO�UHVLGHQWV�DV�ZHDNO\

GLVSRVDEOH�LQSXWV��ZH�FDQ�HVWLPDWH�WKHLU�RSSRUWXQLW\�FRVW�LQ�WHUPV�RI�IRUHJRQH�PHGLFDO

VHUYLFHV��RU�UHGXFHG�KRVSLWDO�SURGXFWLYLW\���,Q�WKH�QH[W�VHFWLRQ��ZH�GLVFXVV�WKH�SUHYLRXV

HPSLULFDO�ZRUN�DQDO\]LQJ�WHDFKLQJ�FRVWV�RQ�KRVSLWDOV���,Q�VHFWLRQ�,,,�ZH�GHVFULEH�RXU

PHWKRGRORJ\���7KH�IRXUWK�VHFWLRQ�FRQWDLQV�WKH�GDWD�DQG�UHVXOWV���6HFWLRQ�,9�FRQFOXGHV

WKH�SDSHU�
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7KH�DXWKRUV�DUH�OLVWHG�DOSKDEHWLFDOO\�
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(DUO\�DQDO\VLV�RI�WKH�HIIHFW�RI�WHDFKLQJ�RQ�KRVSLWDO�FRVW�IRFXVHG�RQ�KRZ�UHVLGHQWV

DIIHFWHG�VHUYLFH�OHYHOV���)RU�H[DPSOH��6ORDQ�HW�DO���������DUJXHG�WKDW�VLPSO\�GHWHUPLQLQJ

RYHUDOO�FRVW�GLIIHUHQWLDOV�ZDV�QRW�KHOSIXO�IRU�SROLF\�SXUSRVHV��UDWKHU��WKH�LPSDFW�WKDW

WHDFKLQJ�KDG�RQ�RWKHU�KRVSLWDO�VHUYLFHV��IRU�H[DPSOH�QXUVLQJ�VHUYLFHV��ZDV�UHOHYDQW��

)XUWKHU��WKHVH�DXWKRUV�DUJXHG�WKDW�LW�ZDV�FUXFLDO�WKDW�ZH�XQGHUVWDQG�WKH�WUXH�QDWXUH�RI

WKH�FRVWV�RI�WHDFKLQJ��ERWK�GLUHFW�DQG�LQGLUHFW��HVSHFLDOO\�ZKHQ�UHLPEXUVHPHQWV�DUH

KLJKHU�IRU�WHDFKLQJ�KRVSLWDOV���/HH�DQG�+DGOH\��������IROORZHG�WKLV�JHQHUDO�OLQH�RI

LQTXLU\�DQG�DQDO\]HG�WKH�LPSDFW�RI�UHVLGHQWV��VSHFLILFDOO\�DV�LQSXWV��RQ�WKH�SURYLVLRQ�RI

KRVSLWDO�VHUYLFHV���7KH\�SRLQW�RXW�WKDW�LI�UHVLGHQWV�DUH��LQIHULRU��IDFWRUV�RI�SURGXFWLRQ��D

UHGXFWLRQ�LQ�WKH�GHPDQG�IRU�KRVSLWDO�VHUYLFHV�ZLOO�OHDG�WR�DQ�LQFUHDVH�LQ�GHPDQG�IRU

WKHVH�LQSXWV���2Q�WKH�RWKHU�KDQG��LI�SULFH�FRPSHWLWLRQ�LQFUHDVHV�LQ�WKH�KRVSLWDO�VHFWRU�

WKH�GHPDQG�IRU�UHVLGHQWV�ZLOO�DOVR�EH�UHGXFHG�EHFDXVH�RI�D�UHGXFHG�GHPDQG�IRU�WKH

PRUH�FRVWO\�WHDFKLQJ�KRVSLWDOV�

� &DPHURQ��������DOVR�DVVHVVHG�WKH�GLUHFW�DQG�LQGLUHFW�FRVWV�RI�WHDFKLQJ���+LJKHU

LQGLUHFW�FRVWV�ZHUH�LGHQWLILHG�DV�LQFUHDVHG�XVH�RI�DQFLOODU\�VHUYLFHV�DQG�RU�LQFUHDVHG

OHQJWKV�RI�VWD\�DV�ZHOO�DV�WKH�RYHUKHDG�DOORFDWHG�WR�WKH�PHGLFDO�HGXFDWLRQ�FRVW�FHQWHU��

'LUHFW�FRVWV�LQFOXGH�VDODULHV�DQG�IULQJH�EHQHILWV�RI�WKH�UHVLGHQWV�SOXV�WKH�FRVWV�DWWULEXWHG

WR�WHDFKLQJ�DFWLYLWLHV�VXFK�DV�VXSHUYLVRU\�WLPH���'HWHUPLQLQJ�WKH�FRVW�RI�PHGLFDO

HGXFDWLRQ�LV�FRQIRXQGHG�LQ�WKDW�PHGLFDO�HGXFDWLRQ�LV�FDUULHG�RQ�LQ�FRQMXQFWLRQ�ZLWK

SDWLHQW�FDUH���,Q�RWKHU�ZRUGV��PHGLFDO�HGXFDWLRQ�DQG�SDWLHQW�FDUH�DUH�MRLQWO\�SURGXFHG

�&DPHURQ����������%\�DVVHVVLQJ�FKDUDFWHULVWLFV�WKDW�DOVR�DIIHFW�KRVSLWDO�FRVWV�VXFK�DV
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SDWLHQW�FDVH�PL[�DQG�KROGLQJ�WKHVH�IDFWRUV�FRQVWDQW��&DPHURQ�IRXQG�WKDW�XQLYHUVLW\

WHDFKLQJ�KRVSLWDOV�ZHUH�����PRUH�FRVWO\�WKDQ�QRQ�WHDFKLQJ�KRVSLWDOV���0DMRU�WHDFKLQJ

KRVSLWDOV�DQG�PLQRU�WHDFKLQJ�KRVSLWDOV�ZHUH�����DQG����PRUH�FRVWO\�UHODWLYH�WR�QRQ�

WHDFKLQJ�KRVSLWDOV��UHVSHFWLYHO\���7KHVH�ILQGLQJV�LQGLFDWH�WKDW�WHDFKLQJ�DGGV�FRVWV�WR

KRVSLWDO�FDUH�WKDW�DUH�RYHU�DQG�DERYH�WKH�VHYHULW\�RI�WKHLU�SDWLHQW�ORDG���7KLV�UHVXOW�ZDV

YHULILHG�E\�5LFK�HW�DO���������ZKR�IRXQG�WKDW�WHDFKLQJ�KRVSLWDOV�FRVW����WR�����PRUH

WKDQ�QRQ�WHDFKLQJ�KRVSLWDOV�DQG�DWWULEXWHG�WKH�FRVW�GLIIHUHQWLDO�WR�LQFUHDVHG�YROXPH�RI

VHUYLFHV�SHU�SDWLHQW���7KH�LQFUHDVHG�VHUYLFHV�ZHUH�DWWULEXWHG�WR�LQH[SHULHQFHG�UHVLGHQWV

ZKR�WHQG�WR�RYHUSUHVFULEH�WHVWLQJ�

7KH�UHODWLRQ�EHWZHHQ�H[SHULHQFH�DQG�KRVSLWDO�FKDUJHV�ZDV�GLUHFWO\�DGGUHVVHG�E\

5LFK�HW�DO������������D�VWDWLVWLFDOO\�QHJDWLYH�UHODWLRQVKLS�ZDV�IRXQG�WR�H[LVW�EHWZHHQ

UHVLGHQW�H[SHULHQFH�DQG�KRVSLWDO�FKDUJHV���+HQFH�FRVW�GLIIHUHQWLDOV�PD\�YDU\�GHSHQGLQJ

RQ�WKH�PHGLDQ�H[SHULHQFH�RI�WKH�UHVLGHQW�VWDII���7KLV�LQIRUPDWLRQ�FRXOG�SURYH�XVHIXO�LQ

GHVLJQLQJ�SURVSHFWLYH�SD\PHQW�V\VWHPV��336��ZLWK�EXLOW�LQ�DOORZDQFHV�IRU�WHDFKLQJ�

7KH�WHDFKLQJ�DVSHFWV�RI�KRVSLWDO�FDUH�DUH�DOVR�HYLGHQW�E\�FRPSDULQJ�WKH

WUHDWPHQW�SODQV�RI�UHVLGHQW�SK\VLFLDQV�YLV���YLV�DWWHQGLQJ�SK\VLFLDQV��SK\VLFLDQV�ZKR

KDYH�ILQLVKHG�WKHLU�SRVW�JUDGXDWH�WUDLQLQJ����0RUH�H[SHULHQFHG�SK\VLFLDQV�GLUHFWO\

FDULQJ�IRU�WKHLU�RZQ�SULYDWH�SDWLHQWV�LQ�QRQ�WHDFKLQJ�FRPPXQLW\�KRVSLWDOV�DUH�W\SLFDOO\

PRUH�DZDUH�RI�WKHLU�SDWLHQWV
�FRQGLWLRQV�DQG�WKLV�PD\�EH�UHIOHFWHG�E\�PRUH�HIILFLHQW

FDUH��L�H���IHZHU�GLDJQRVWLF�WHVWV���7KLV�G\QDPLF�PD\�LQ�SDUW�H[SODLQ�ZK\�RSHUDWLQJ�FRVWV

LQ�WHDFKLQJ�KRVSLWDOV�DUH�KLJKHU��L�H���LQH[SHULHQFHG�UHVLGHQWV�PD\�LQHIILFLHQWO\�XVH

KRVSLWDO�UHVRXUFHV��)HLQJODVV�HW�DO�����������+RZHYHU��LW�ZDV�DOVR�IRXQG�WKDW�SK\VLFLDQV
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ZKR�JDYH�UHVLGHQWV�DXWRQRP\�ZHUH�DOVR�ORZHU�FRVW�SURYLGHUV�WKHPVHOYHV��LQGLFDWLQJ�WKDW

WUDGHRIIV�EHWZHHQ�WKHVH�WZR�SK\VLFLDQ�W\SHV�H[LVW�DQG�WKHUH�PD\�EH�HIILFLHQFLHV�JDLQHG

E\�XVLQJ�WKH�ORZHU�SULFHG�UHVLGHQW�SK\VLFLDQ��)HLQJODVV��������

,Q�RWKHU�ZRUGV��LW�PD\�EH�DUJXHG�WKDW�VLQFH�UHVLGHQWV�PD\�EH�XWLOL]HG�DV

VXEVWLWXWHV�IRU�SK\VLFLDQV��DW�OHDVW�D�SRUWLRQ�RI�WHDFKLQJ�FRVWV�PD\�EH�RIIVHW�E\�ORZHU

SK\VLFLDQ�LQSXW�FRVWV��&DPSEHOO��HW�DO�����������7KH�H[WHQW�RI�WKLV�VXEVWLWXWLRQ��KRZHYHU�

ZRXOG�GHSHQG�RQ�WKH�GHJUHH�WR�ZKLFK�VWDII�SK\VLFLDQV�DUH�SDLG�IRU�GLUHFWO\�E\�WKH

KRVSLWDO���&DPSEHOO��HW�DO���������VWXGLHG�WHDFKLQJ�YHUVXV�QRQ�WHDFKLQJ�KRVSLWDOV�LQ�WKH

9HWHUDQ
V�$GPLQLVWUDWLRQ��9$��V\VWHP��DQG�IRXQG�WKDW�WKH�ILQDQFLDO�SHUIRUPDQFH�ZDV

LQGLVWLQJXLVKDEOH�EHWZHHQ�WKH�WZR�KRVSLWDO�W\SHV�

5RJRZVNL�DQG�1HZKRXVH��������H[SDQGHG�RQ�SUHYLRXV�ZRUN�WR�LQFRUSRUDWH�WKH

PXOWL�GLPHQVLRQDOLW\�RI�KRVSLWDO�RXWSXWV�DQG�WKH�KRVSLWDOV
�FRPPLWPHQWV�WR�WHDFKLQJ�E\

XVLQJ�D�VSOLQH�IXQFWLRQ�ZKHUH�WKH�VSOLQH�ZDV�GXPP\�FRGHG�DV�WHDFKLQJ�LQWHQVLW\���%DVHG

RQ�WKLV�DSSURDFK��WKHVH�DXWKRUV�ZHUH�DEOH�WR�DVFHUWDLQ�ZKHWKHU�WHDFKLQJ�SURJUDPV�ZHUH

EHLQJ�XQGHU�RU�RYHUSDLG���,Q�WKH�SUH�336�SHULRG��0HGLFDUH�UHLPEXUVHG�KRVSLWDOV�IRU

WKHLU�WHDFKLQJ�FRPPLWPHQW�RQ�WKH�EDVLV�RI�DOORZDEOH�FRVWV�ZKLFK�LQFOXGHG�WKH�GLUHFW

FRVWV�DV�ZHOO�DV�WKH�LQGLUHFW�FRVWV�GHILQHG�DERYH��5RVVPDQ�DQG�0DUFXV����������6LQFH�WKH

LQWURGXFWLRQ�RI�336��SD\PHQW�KDV�EHHQ�DOWHUHG�WR�UHLPEXUVH�RQ�DQ�DYHUDJH�FRVW�EDVLV���

,Q�DVVHVVLQJ�WKLV�QHZ�UHLPEXUVHPHQW�PHWKRG��5RJRZVNL�DQG�1HZKRXVH��������IRXQG

                                                          

�����7KLV�LV�GRQH�E\�FDOFXODWLQJ�DQ�DQQXDO�LQFUHDVH�RQ�D�EDVH�\HDU
V�FRVWV�ZKLFK�LV
FRPSXWHG�DV�WKH�DOORZDEOH�EDVH�\HDU�JUDGXDWH�PHGLFDO�HGXFDWLRQ�FRVWV�GLYLGHG�E\�WKH
DYHUDJH�QXPEHU�RI�IXOO�WLPH�HTXLYDOHQW�UHVLGHQWV�HPSOR\HG�LQ�DOO�DUHDV�RI�WKH�KRVSLWDO
�5RVVPDQ�DQG�0DUFXV��������
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WKDW�VPDOOHU�DQG�ODUJHU�WHDFKLQJ�SURJUDPV�ZHUH�EHLQJ�RYHUSDLG�E\�0HGLFDUH

UHLPEXUVHPHQW�IRU�WHDFKLQJ�FRVWV�ZKHUHDV�PHGLXP�VL]HG�WHDFKLQJ�SURJUDPV�ZHUH�EHLQJ

XQGHUSDLG���7KHLU�UHVXOWV�VXJJHVW�WKDW�XVLQJ�D�336�DSSURDFK�EDVHG�RQ�DFFRXQWLQJ�GDWD

PD\�ELDV�WKH�SD\PHQW�IRU�UHVLGHQWV�

:LWK�WKH�H[FHSWLRQ�RI�UHVXOWV�IRU�9$�KRVSLWDOV��WKH�JHQHUDO�FRQVHQVXV�LV�WKDW

WHDFKLQJ�DFWLYLWLHV�DGG�WR�KRVSLWDO�FRVWV���+RZHYHU��JLYHQ�WKH�GLIILFXOWLHV�RI�VLQJOLQJ�RXW

WHDFKLQJ�IURP�RWKHU�KRVSLWDO�VHUYLFHV�EDVHG�RQ�DFFRXQWLQJ�GDWD��ZH�VXJJHVW�DQ

DOWHUQDWLYH�DSSURDFK�WR�GHWHUPLQLQJ�WKH�LPSDFW�RI�UHVLGHQW�RQ�KRVSLWDO�FRVWV���7KLV

DSSURDFK�LV�GHVFULEHG�EHORZ�
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7KH�DSSURDFK�XVHG�LQ�WKLV�SDSHU�ZDV�LQWURGXFHG�E\�)DUUHOO��������DQG�H[SDQGHG

E\�&KDUQHV��&RRSHU��DQG�5KRGHV��������DQG�)#UH��*URVVNRSI��DQG�/RYHOO�������������

DQG�LV�FRPPRQO\�UHIHUUHG�WR�DV�GDWD�HQYHORSPHQW�DQDO\VLV��'($����7KLV�PHWKRG�LV�ERWK

QRQ�SDUDPHWULF�DQG�GHWHUPLQLVWLF���7KH�EHVW�SUDFWLFH�IURQWLHU�LV�GHULYHG�IURP�DOO�WKH

REVHUYDWLRQV�LQ�WKH�VDPSOH�DQG�LV�FRQVWUXFWHG�IURP�WKH�REVHUYHG�LQSXWV�DQG�RXWSXWV�E\

OLQHDU�SURJUDPPLQJ�WHFKQLTXHV���7KH�HIILFLHQF\�RI�HDFK�REVHUYDWLRQ�LV�GHWHUPLQHG

UHODWLYH�WR�WKH�EHVW�SUDFWLFH�IURQWLHU��SURYLGLQJ�D�UHODWLYH�PHDVXUH�RI�HIILFLHQF\�UDWKHU

WKDQ�DQ�DEVROXWH�PHDVXUH�RI�HIILFLHQF\�

7KH�QRQSDUDPHWULF�DSSURDFK�ZH�HPSOR\�SURYLGHV�D�JUHDW�GHDO�RI�IOH[LELOLW\�LQ

PRGHOLQJ�WHFKQRORJ\���2WKHU�DGYDQWDJHV�LQFOXGH�WKH�IDFW�WKDW�LW�GRHV�QRW�UHTXLUH

VSHFLILFDWLRQ�RI�D�IXQFWLRQDO�IRUP��LW�UHDGLO\�PRGHOV�MRLQW�RXWSXWV��DQG�LW�GRHV�QRW

UHTXLUH�GDWD�RQ�LQSXW�SULFHV�RU�FRVWV�

7KH�IOH[LELOLW\�LQ�WHUPV�RI�PRGHOLQJ�WKH�XQGHUO\LQJ�WHFKQRORJ\�LV�ZKDW�ZH�H[SORLW

WR�GHWHUPLQH�SRVVLEOH�RSSRUWXQLW\�FRVWV�RI�UHVLGHQWV�LQ�WHDFKLQJ�KRVSLWDOV���,Q�SDUWLFXODU�

ZH�DOORZ�IRU�WKH�SRVVLELOLW\�WKDW�DIWHU�VRPH�SRLQW��DGGLWLRQDO�UHVLGHQWV�PD\�QRW�UHVXOW�LQ

LQFUHDVHG�KRVSLWDO��QRQWHDFKLQJ��RXWSXWV���7KLV�LV�DFKLHYHG�E\�DOORZLQJ�IRU�WKH

SRVVLELOLW\�RI��FRQJHVWLRQ��E\�UHVLGHQWV���:H�GR�WKLV�E\�YDU\LQJ�WKH�LQSXW�GLVSRVDELOLW\

UHVWULFWLRQV�LQ�WKH�UHIHUHQFH�WHFKQRORJ\�

7KH�UHIHUHQFH�WHFKQRORJ\�LV�VSHFLILHG�DV�D�VHULHV�RI�LQHTXDOLWLHV�ZKLFK�FRQVWUXFW

WKH��EHVW�SUDFWLFH��IURQWLHU�RI�WHFKQRORJ\�DV�SLHFHZLVH�OLQHDU�VHJPHQWV�IRUPHG�IURP�WKH

GDWD���6XSSRVH�ZH�KDYH�N� �������.�REVHUYDWLRQV�RQ�KRVSLWDOV�LQ�RXU�VDPSOH���7KHVH
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L(y_S)  =  {x:  
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k = 1

 z y   y ,  m =  1,...,Mk km m∑ ≥

k

k = 1

 z  x   x ,  n =  1,..., Nk kn n∑ ≤

kz   0,  k =  1,..., K}.≥

7KH�WHFKQRORJ\�LV�FRQVWUXFWHG�DV�FRQYH[�FRPELQDWLRQV�RI�WKH�GDWD��WKH�]
V��WKH

LQWHQVLW\�YDULDEOHV��VHUYH�WKLV�SXUSRVH���)RU�D�PRUH�GHWDLOHG�GLVFXVVLRQ�RI�KRZ�WKH

UHIHUHQFH�WHFKQRORJ\�LV�FRQVWUXFWHG��VHH��IRU�H[DPSOH��*URVVNRSI��������RU�)#UH�

*URVVNRSI�DQG�/RYHOO��������

7KH�WHFKQRORJ\��/�\�6���E\�FRQVWUXFWLRQ��GRHV�QRW�DOORZ�IRU�FRQJHVWLQJ�HIIHFWV�RI
UHVLGHQWV��VLQFH�VWURQJ�GLVSRVDELOLW\�RI�LQSXWV�LV�LPSRVHG�WKURXJK�WKH�LQHTXDOLW\�LQ�WKH
LQSXW�FRQVWUDLQWV���7R�FRQVWUXFW�D�WHFKQRORJ\�ZKLFK�DOORZV�IRU�FRQJHVWLRQ�HIIHFWV�RI
UHVLGHQWV��ZH�QHHG�WR�DOORZ�IRU�ZHDN�GLVSRVDELOLW\�RI�VRPH�LQSXWV����7KLV�PHDQV�WKDW
LQFUHDVHV�LQ�WKH�WKHVH�LQSXWV�PD\�DFWXDOO\�GHFUHDVH�RXWSXW��L�H���WKH\�FRQJHVW�SURGXFWLRQ�

                                                          
�����6WURQJ�GLVSRVDELOLW\�RI�LQSXWV�LV�GHILQHG�DV�IROORZV���LQSXWV�DUH�VWURQJO\�GLVSRVDEOH�LI
IRU�[1�!�[���/�\���WKHQ�[1���/�\��

�����:HDN�GLVSRVDELOLW\�LV�GHILQHG�DV�IROORZV���,QSXWV�DUH�ZHDNO\�GLVSRVDEOH�LI�[���/�\�
PHDQV�WKDW���[���/�\���������
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�7KLV�WHFKQRORJ\�/�\�Z��LV

��� L(y_ W)  =  {x:

k

k = 1

 z  y   y ,  m =  1,...,Mk km m∑ ≥

K

k = 1

 z  x   x ,  n’ =  1,...,  N-1k kn’ n’∑ ≤

K

k = 1
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kz   0,  k =  1,..., K}.≥

7KH�WHFKQRORJ\�LQ�����DOORZV�IRU�VWURQJ�GLVSRVDELOLW\�RI�DOO�LQSXWV�H[FHSW�WKH�ODVW�LQSXW

�1����,QSXW�1��UHVLGHQWV�LQ�RXU�FDVH��LV�ZHDNO\�GLVSRVDEOH��ZKLFK�LV�LPSRVHG�WKURXJK�WKH

VWULFW�HTXDOLW\�LQ�WKH�1WK�LQSXW�FRQVWUDLQW�

7KHVH�WZR�WHFKQRORJLHV�DUH�LOOXVWUDWHG�LQ�)LJXUH���

)LJXUH����� L(y|W)  and  L(y|S)

7KH�LVRTXDQW�88�LV�WKH�EHVW�SUDFWLFH�IURQWLHU�IRU�ILUPV�$��%��&��DQG�'���1RWH�WKDW�ERWK

ILUPV�$�DQG�%�OLH�RQ�WKH�LVRTXDQW�DQG�WKHUHIRUH�WKH\�DUH�FRQVLGHUHG��HIILFLHQW����)LUP�&
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OLHV�LQWHULRU�WR�WKH�LVRTXDQW�DQG�LV�FRQVLGHUHG�LQHIILFLHQW�E\�WKH�DPRXQW�2%�2&���)LUP�'

OLHV�RQ�WKH�LVRTXDQW�EXW�RQ�WKH�EDFNZDUG�EHQGLQJ�SRUWLRQ��ZKHUH�PDUJLQDO�SURGXFW�LV

QHJDWLYH���7KLV�LPSOLHV�WKDW�LQSXW�[��LV�FRQJHVWLQJ�RXWSXW�LQ�)LUP�'
V�SURGXFWLRQ

SURFHVV�DQG�WKDW�GHFUHDVLQJ�WKH�DPRXQW�RI�[��WKDW�)LUP�'�XVHV�ZRXOG�DFWXDOO\�LQFUHDVH

RXWSXW�

:H�FRPSXWH�WKH�HIILFLHQF\�RI�HDFK�KRVSLWDO�E\�VROYLQJ�WKH�IROORZLQJ�OLQHDU

SURJUDPPLQJ�SUREOHPV�

��� )
L
�\�[�6�� �PLQ�^������[���/�\�6�`

��� )
L
�\�[�:�� �PLQ�^�����[���/�\�:�`�

,Q�HDFK�FDVH��ZH�XVH�WKH�SLHFHZLVH�OLQHDU�WHFKQRORJLHV�VSHFLILHG�LQ�����DQG�����DV�WKH

FRQVWUDLQWV�LQ�WKH�SUREOHP���7KH�VROXWLRQV�WR�WKHVH�SUREOHPV�WHOO�XV�WKH�IDFWRU�E\�ZKLFK

LQSXWV�ZRXOG�KDYH�WR�EH�UDGLDOO\�FRQWUDFWHG�WR�EULQJ�WKHP�WR�WKH�IURQWLHU�RI�WHFKQRORJ\�

WKXV�WKHVH�YDOXHV�DUH�OHVV�WKDQ�RU�HTXDO�WR�RQH��ZLWK�D�YDOXH�RI�RQH�VLJQDOLQJ�HIILFLHQF\��

,I�ZH�VXEWUDFW�WKLV�YDOXH�IURP�RQH�ZH�KDYH�WKH�SHUFHQW�E\�ZKLFK�LQSXWV�FRXOG�EH�UHGXFHG

DQG�VWLOO�SURGXFH�WKHLU�FXUUHQW�OHYHO�RI�RXWSXWV�

,I�ZH�WDNH�WKH�UDWLR�RI�WKHVH�WZR�YDOXHV��ZH�KDYH�D�PHDVXUH�RI�WKH�GHJUHH�WR�ZKLFK
UHVLGHQWV�FRQJHVW�RXWSXW�

��� i i iC (y, x)  =  F (y, x|S)  /  F (y, x|W).

:H�DSSO\�WKLV�DSSURDFK�WR�D�VDPSOH�RI�KRVSLWDOV�RSHUDWLQJ�LQ�WKH�8�6��LQ�RUGHU�WR

GHWHUPLQH�ZKHWKHU�UHVLGHQWV�FRQJHVW�WKH�SURGXFWLRQ�SURFHVV�RI�SDWLHQW�FDUH���$

GHVFULSWLRQ�RI�WKH�GDWD�DQG�UHVXOWV�DUH�JLYHQ�LQ�WKH�QH[W�VHFWLRQ�
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,9� 'DWD�DQG�5HVXOWV

7KH�GDWD�XVHG�IRU�WKLV�VWXG\�LV�IURP�WKH������$PHULFDQ�+RVSLWDO�$VVRFLDWLRQ

�$+$��6XUYH\�RI�+RVSLWDOV���2XU�VDPSOH�FRQVLVWV�RI�����WHDFKLQJ�KRVSLWDOV�ZKLFK

LQFOXGHG�KRVSLWDOV�WKDW�KDG�QRQ�]HUR�YDOXHV�IRU�DOO�LQSXWV�DQG�RXWSXWV�DQG�WUDLQHG�IXOO

WLPH�HTXLYDOHQW��)7(��PHGLFDO�UHVLGHQWV�LQWHUQV���$V�VWDWHG�HDUOLHU��WKH�'($�DSSURDFK

DOORZV�XV�WR�XVH�PXOWLSOH�LQSXWV�DQG�RXWSXWV�LQ�GHWHUPLQLQJ�WKH�EHVW�SUDFWLFH�SURGXFWLRQ

IURQWLHU���,Q�WKLV�DQDO\VLV�ZH�XVH�WKH�IROORZLQJ�RXWSXWV�DQG�LQSXWV���2XWSXWV�DUH�GHILQHG

DV�WKH�WRWDO�QXPEHU�RI�DFXWH�FDUH�SDWLHQW�GD\V��$FXWH���WRWDO�QXPEHU�RI�LQWHQVLYH�FDUH

LQSDWLHQW�GD\V��,&8���WRWDO�QXPEHU�RI�VXEDFXWH�FDUH�GD\V��6XE�DFXWH���WRWDO�QXPEHU�RI

VXUJHULHV��685*����WRWDO�QXPEHU�RI�RXWSDWLHQW�DQG�HPHUJHQF\�URRP�YLVLWV��2XWSDW���DQG

WRWDO�QXPEHU�RI�GLVFKDUJHV��'LVFKDUJHV����:H�LQFOXGH�ERWK�GLVFKDUJHV�DQG�SDWLHQW�GD\V

DV�RXWSXWV�LQ�RUGHU�WR�DFFRXQW�IRU�ERWK��KRWHO��DQG�PHGLFDO�RXWSXWV�%�OD�*UDQQHPDQ�HW

DO���������

,QSXWV�DUH�GHILQHG�DV�QXPEHU�RI�SK\VLFLDQV�ZLWK�VWDIILQJ�SULYLOHJHV��0HGVWDII��

QXPEHU�RI�)7(�PHGLFDO�UHVLGHQWV�LQWHUQV��0HGUHV���QXPEHU�RI�)7(�UHJLVWHUHG�QXUVHV

�51V���QXPEHU�RI�)7(�OLFHQVHG�YRFDWLRQDO�QXUVHV��/31V���QXPEHU�RI�)7(�RWKHU�KRVSLWDO

SHUVRQQHO��)7(RWKHU���DQG�QXPEHU�RI�OLFHQVHG�DQG�VWDIIHG�EHGV��%('V����%\�GLUHFWO\

DGGLQJ�SK\VLFLDQV�ZLWK�VWDII�SULYLOHJHV�ZH�RYHUFRPH�VRPH�RI�WKH�VKRUWFRPLQJ�RI

RPLWWLQJ�SK\VLFLDQV�ZKLFK�KDYH�WURXEOHG�RWKHU�VWXGLHV��&DPSEHOO��HW�DO����������

'HVFULSWLYH�VWDWLVWLFV�RI�RXWSXWV�DQG�LQSXWV�DUH�JLYHQ�LQ�7DEOH�����,W�VKRXOG�DOVR�EH�QRWHG

                                                          

�����7KHVH�LQFOXGH�ERWK�LQSDWLHQW�DQG�RXWSDWLHQW�VXUJHULHV�
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WKDW�LQ�WKH�OLWHUDWXUH��PHGLFDO�UHVLGHQWV�KDYH�EHHQ�WUHDWHG�DV�ERWK�LQSXWV�DQG�RXWSXWV�LQ

WKH�MRLQW�SURGXFWLRQ�RI�KRVSLWDO�JRRGV�DQG�VHUYLFHV�LQ�WKH�WHDFKLQJ�KRVSLWDO���,Q�WKLV

SDSHU��ZH�WUHDW�PHGLFDO�UHVLGHQWV�VROHO\�DV�LQSXWV���6LQFH�RXU�RXWSXWV�DUH�UHVWULFWHG�WR

PHGLFDO�FDUH��DQG�GRQ
W�H[SOLFLWO\�LQFOXGH�D�PHDVXUH�RI�WHDFKLQJ�RXWSXW���RXU�PHDVXUHV

RI�FRQJHVWLRQ�FDSWXUH�WKH�HIIHFWV�RI�UHVLGHQWV�RQ�PHGLFDO�FDUH�RQO\�

2XU�HIILFLHQF\�UHVXOWV�DUH�JLYHQ�LQ�7DEOH�����2Q�DYHUDJH��WKH�WHDFKLQJ�KRVSLWDOV�LQ

RXU�VDPSOH�KDG�DQ�HIILFLHQF\�VFRUH�RI�����XQGHU�WKH�DVVXPSWLRQ�RI�VWURQJ�GLVSRVDELOLW\

RI�LQSXWV�DQG�DQ�HIILFLHQF\�VFRUH�RI�����XQGHU�WKH�DVVXPSWLRQ�RI�ZHDN�GLVSRVDELOLW\�RI

LQSXWV���%DVHG�RQ�D�VLPSOH�W�WHVW��ZH�FDQQRW�UHMHFW�WKH�K\SRWKHVLV�WKDW�WKH�PHDQV�DUH

HTXDO��W� ��������S�YDOXH� ������IRU�D�WZR�VLGHG�WHVW����)RU�WKH�RQH�VLGHG�WHVW��+
R
��)

L
�\�

[�6����)
L
�\��[�:���WKH�S�YDOXH�LV�������L�H���ZH�DFFHSW�DW����EXW�UHMHFW�DW�������8VLQJ�D

QRQ�SDUDPHWULF�0DQQ�:KLWQH\�WHVW�IRU�GLIIHUHQFHV�LQ�PHGLDQV��WKH�S�YDOXH� �������IRU

WKH�RQH�VLGHG�WHVW��L�H���ZH�PDUJLQDOO\�UHMHFW�WKH�QXOO�RI�HTXDO�PHGLDQV�HYHQ�DW�WKH���

OHYHO�
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7DEOH�����'HVFULSWLYH�6WDWLVWLFV
����������������������������������������������������������������������������������������

��6WG�
2XWSXWV�����������������0HDQ�������������'HYLDWLRQ����������0LQ���������������0D[����
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6XEDFXWH �������� ��������� ��������� ���������
685* �������� ���������� �������� ����������
2XW3DW �������� ��������� ������� ���������
'LVFKDUJHV �������� ���������� ������� ����������

,QSXWV

0HGVWDII �������� �������� ������� ���������
0HG5HV ��������� �������� �������� ����������
5QV �������� �������� ������� ���������
/31V ��������� ��������� �������� ����������
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7DEOH�����(IILFLHQF\�5HVXOWV
���������������������������������������������������������������������������������������������

6WG�
(IILFLHQF\�6FRUH���������������������������0HDQ���������������'HY��������������0LQ����������0D[

)
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)
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0HDQV S� �����
�W�WHVW�

0HGLDQ S� ������
�0DQQ�:KLWQH\�

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

7DEOH�����6HOHFWLYH�6WDWLVWLFV�RQ�7HDFKLQJ�+RVSLWDOV�ZLWK�DQG�ZLWKRXW�&RQJHVWLRQ
�����������������������������������������������������������������������������������������������������������

9DULDEOH������������1�����������������������0HGLDQ�����������������0HDQ��������������������������6WG��'HY�

&
L
�\�[�� �� ��� ����� ����� �����

&
L
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5HVEHGV� ��� ����� ����� �����
5HVEHGV� ��� ����� ����� �����
5HVGRFV� ��� ����� ����� �����
5HVGRFV� ��� ����� ����� �����
&

L
�\�[� ��� ����� ����� �����

5HVEHGV ��� ����� ����� �����
5HVGRFV ��� ����� ����� �����

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

:H�DOVR�ZDQWHG�WR�DVFHUWDLQ�LI�DQ\�GLIIHUHQFHV�H[LVW�EHWZHHQ�WHDFKLQJ�KRVSLWDOV�WKDW

H[KLELW�FRQJHVWLRQ�IURP�WKRVH�KRVSLWDOV�WKDW�GR�QRW�H[KLELW�FRQJHVWLRQ���,Q�7DEOH����ZH

SUHVHQW�VHOHFWLYH�VWDWLVWLFV�IRU�DOO�KRVSLWDOV�LQ�RXU�VDPSOH�DQG�EHWZHHQ�WHDFKLQJ�KRVSLWDOV

WKDW�KDYH�FRQJHVWLQJ�IDFWRUV�YHUVXV�KRVSLWDOV�WKDW�GR�QRW�KDYH�FRQJHVWLQJ�IDFWRUV���7KHVH

YDULDEOHV�LQFOXGH�D�UDWLR�RI�VWURQJO\�GLVSRVDEOH�HIILFLHQF\�WR�ZHDNO\�GLVSRVDEOH�HIILFLHQF\�

&
L
�\�[���WKH�UDWLR�RI�UHVLGHQWV�WR�QXPEHU�RI�EHGV��5HVEHGV��DQG�WKH�UDWLR�RI�UHVLGHQWV�WR

SK\VLFLDQV��5HVGRFV���:H�XVH�WKH�5HVEHGV�YDULDEOH�WR�GHWHUPLQH�GLIIHUHQFHV�LQ�WHDFKLQJ

LQWHQVLW\��DQG�WKH�5HVGRFV�YDULDEOH�WR�GHWHUPLQH�SK\VLFLDQ�GHGLFDWLRQ�WR�WHDFKLQJ

UHVLGHQWV��&DPSEHOO�HW�DO����������9DULDEOHV�ZLWK�D�����DUH�WKRVH�IRU�XQFRQJHVWHG

KRVSLWDOV�DQG�WKRVH�ZLWK�����DUH�FRQJHVWHG�
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7KHUH�LV�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�&L�\�[���WKH�UDWLR�RI�VWURQJO\

GLVSRVDEOH�HIILFLHQF\�WR�ZHDNO\�GLVSRVDEOH�HIILFLHQF\��IRU�KRVSLWDOV�ZLWK�DQG�ZLWKRXW

FRQJHVWLRQ��EDVHG�RQ�VHYHUDO�WHVWV��VHH�7DEOH�����:H�DOVR�IRXQG�D�VWDWLVWLFDOO\�VLJQLILFDQW

GLIIHUHQFH�EHWZHHQ�WKH�KRVSLWDOV�ZLWKRXW�FRQJHVWLRQ�DQG�KRVSLWDOV�ZLWK�FRQJHVWLRQ�RQ

PHDVXUHV�RI�5HVLGHQWV�SHU�EHG�DQG�5HVLGHQWV�SHU�SK\VLFLDQ��5HVGRFV��IRU�KRVSLWDOV

ZLWKRXW�FRQJHVWLRQ�DQG�5HVGRFV��IRU�KRVSLWDOV�ZLWKRXW�FRQJHVWLRQ����:H�DOVR�QRWH�WKDW

KRVSLWDOV�ZLWK�FRQJHVWLRQ�DOVR�KDG�PRUH�UHVLGHQWV�SHU�EHG�DQG�UHVLGHQWV�SHU�SK\VLFLDQ

WKDQ�KRVSLWDOV�ZLWKRXW�FRQJHVWLRQ��VXJJHVWLQJ�D�GLUHFW�UHODWLRQVKLS�EHWZHHQ�WKH�GHJUHH

RI�FRQJHVWLRQ�DQG�WHDFKLQJ�LQWHQVLW\���7KLV�UHVXOW�LV�VXSSRUWHG�E\�ILQGLQJV�HOVHZKHUH�LQ

WKH�OLWHUDWXUH�WKDW�VXJJHVWV�UHVLGHQWV�KDYH�D�QHJDWLYH�LPSDFW�RQ�WKH�SURGXFWLYLW\�RI�RWKHU

KRVSLWDO�VWDII��-HQVHQ�DQG�0RUULVH\��������

7DEOH��
2QH�VLGHG�7HVWV�IRU�'LIIHUHQFH�%HWZHHQ
+RVSLWDOV�ZLWK�&L�\�[�� ���DQG�&L�\�[�����
�+R���PHDQ�RU�PHGLDQ�RI�YDULDEOHV�LV�HTXDO�

��������������������������������������������������������������������������������������������������������
W�WHVW 0RRG�0HGLDQ�;� .UXVNDO�:DOOLV�+

9DULDEOHV��������������������S�YDOXH�������������������S�YDOXH�����������������������������S�YDOXH���������

&L�\�[� ����� ��� ���
������� ������� �������

5HVEHGV ������ ������ ������
������� �������� ��������

5HVGRFV ����� ������ ������
������� �������� ��������

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

:H�DOVR�WHVWHG�IRU�GLIIHUHQFHV�E\�RZQHUVKLS�IRUP�RI�WKH�WHDFKLQJ�KRVSLWDOV�DQG

FRQJHVWLRQ���7DEOH���LQGLFDWHV�WKH�IUHTXHQF\�GLVWULEXWLRQ�EHWZHHQ�RZQHUVKLS�DQG

KRVSLWDO�FRQJHVWLRQ���:H�IRXQG�D�VWDWLVWLFDOO\�VLJQLILFDQW�&KL�6TXDUH�RI��������ZKLFK
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LQGLFDWHV�WKDW�D�UHODWLRQVKLS�EHWZHHQ�RZQHUVKLS�DQG�FRQJHVWLRQ�H[LVWV�

7DEOH�����2ZQHUVKLS�DQG�+RVSLWDO�&RQJHVWLRQ
�����������������������������������������������������������������������������������������������������������������
2ZQHUVKLS����������������+RVSLWDOV�:LWKRXW�&RQJHVWLRQ��������������������+RVSLWDOV�:LWK
&RQJHVWLRQ

3XEOLF ��� ���
1RW�)RU�3URILW ��� ���
)RU�3URILW ��� ���
�����������������������������������������������������������������������������������������������������������������

7KH�VPDOO�QXPEHU�RI�)RU�SURILW�KRVSLWDOV�LQ�WKH�VDPSOH�PD\�EH�LQGLFDWLYH�RI�WKH

IDFW�WKDW�IRU�SURILW�KRVSLWDOV�GLG�QRW�KDYH�D�VWURQJ�WHDFKLQJ�FRPPLWPHQW�LQ�WKH�ODWH

����V�DV�FRPSDUHG�WR�QRW�IRU�SURILW�KRVSLWDOV�DQG�SXEOLF�KRVSLWDOV���,Q�RUGHU�WR

GHWHUPLQH�LI�WKHUH�ZDV�DQ\�GLIIHUHQFH�LQ�FRQJHVWLRQ�E\�RZQHUVKLS�W\SH�ZH�H[DPLQHG�WKH

PHDQ�VFRUHV�E\�RZQHUVKLS���7KHVH�UHVXOWV�DUH�JLYHQ�LQ�7DEOH���

7DEOH�����2ZQHUVKLS�DQG�+RVSLWDO�&RQJHVWLRQ����'HVFULSWLYH�6WDWLVWLFV
������������������������������������������������������������������������������������������������������

2ZQHUVKLS��������������������������1������������0HDQ�&RQJHVWLRQ�6FRUH�����������6WG��'HY�

3XEOLF ��� ����� �����
1RW�IRU�3URILW ��� ����� �����
)RU�3URILW ��� ������ ������

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

3XEOLF�KRVSLWDOV�H[KLELWHG�WKH�PRVW�FRQJHVWLRQ�RQ�DYHUDJH�DQG�IRU�SURILW�KRVSLWDOV

H[KLELWHG�SUDFWLFDOO\�QR�FRQJHVWLRQ���%DVHG�RQ�DQ�)�WHVW�IRU�WKH�HTXDOLW\�RI�WKHVH�WKUHH

PHDQV��ZH�UHMHFW�WKH�QXOO��)� ��������S�YDOXH� ����������:H�ZHUH�QRW�DEOH�WR�UHMHFW

HTXDOLW\�RI�PHDQV�EHWZHHQ�QRW�IRU�SURILW�DQG�IRU�SURILW��KRZHYHU�

+RZHYHU��VLQFH�ZH�IRXQG�WKDW�FRQJHVWLRQ�ZDV�UHODWHG�WR�WHDFKLQJ�LQWHQVLW\�IRU�WKH

VDPSOH�DV�D�ZKROH��ZH�ZHUH�DOVR�LQWHUHVWHG�LQ�WKH�UHODWLRQVKLS�EHWZHHQ�WHDFKLQJ

LQWHQVLW\��LQ�WHUPV�RI�UHVGRFV��DQG�RZQHUVKLS���7KHVH�UHVXOWV�DUH�JLYHQ�LQ�7DEOH���
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7DEOH�����2ZQHUVKLS�DQG�7HDFKLQJ�,QWHQVLW\��5HVGRFV�
���������������������������������������������������������������������������������������������������

2ZQHUVKLS���������������������������1�����������������������0HDQ���������������������������6WG��'HY�

3XEOLF ��� ���� ����
1RW�IRU�3URILW ��� ���� ����
)RU�3URILW ��� ���� ����

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

'LIIHUHQFHV�DPRQJ�WKH�WKUHH�RZQHUVKLS�IRUPV�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW�LQ�WHUPV

RI�WHDFKLQJ�LQWHQVLW\���7KH�)�WHVW�IRU�HTXDOLW\�RI�PHDQV�RI�UHVGRFV�DFURVV�WKH�WKUHH

RZQHUVKLS�FDWHJRULHV�ZDV�)� ���������S�YDOXH� ���������7KH�0RRG�DQG�.UXVNDO�:DOOLV

WHVWV�IRU�HTXDOLW\�RI�WKH�PHGLDQ�FRQILUPHG�WKLV�UHVXOW���,Q�RXU�VDPSOH�SXEOLF�KRVSLWDOV

KDG�WKH�JUHDWHVW�WHDFKLQJ�LQWHQVLW\�DQG�IRU�SURILW�KRVSLWDOV�KDG�WKH�OHDVW��ZKLFK�PD\�LQ

SDUW�H[SODLQ�WKH�ORZ�OHYHOV�RI�FRQJHVWLRQ�LQ�WKH�IRU�SURILW�VHFWRU�

,Q�VXPPDU\��ZH�IRXQG�WKDW�PHGLFDO�UHVLGHQWV�GLG�LQGHHG�!FRQJHVW �WKH�SURGXFWLRQ

RI�PHGLFDO�VHUYLFHV�LQ�VRPH�WHDFKLQJ�KRVSLWDOV�DQG�GLIIHUHQFHV�H[LVWV�DPRQJ�WHDFKLQJ

KRVSLWDOV�WKDW�ZRXOG�OHDG�WR�WKLV�UHVXOW���,Q�IXWXUH�UHVHDUFK��ZH�SODQ�WR�FRPSDUH�WKH

IURQWLHUV�RI�WHDFKLQJ�DQG�QRQ�WHDFKLQJ�KRVSLWDOV�VR�WKDW�ZH�SURYLGH�IXUWKHU�LQIRUPDWLRQ

UHJDUGLQJ�WKH�UHVRXUFH�FRVWV�IRU�WUDLQLQJ�PHGLFDO�SHUVRQQHO�
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)DUH�5���6��*URVVNRSI��DQG�&�$�.��/RYHOO��������7KH�0HDVXUHPHQW�RI�(IILFLHQF\�RI���������

3URGXFWLRQ��%RVWRQ��.OXZHU�1LJKRII�3XEOLVKLQJ�
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V�5HVRXUFHV�
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*UDQQHPDQQ��7���5��%URZQ��DQG�0��3DXO\����������(VWLPDWLQJ�+RVSLWDOV�&RVWV���$
0XOWLSOH�2XWSXW�$QDO\VLV��-RXUQDO�RI�+HDOWK�(FRQRPLFV�����SSV����������
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(IILFLHQF\#�(FRQRPLF�-RXUQDO�����-XQH���SSV���������

/HH��5��DQG�-��+DGOH\����������7KH�'HPDQG�IRU�5HVLGHQWV��-RXUQDO�RI�+HDOWK�(FRQRPLFV
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0HGLFDO�(GXFDWLRQ�&RVWV��+HDOWKVSDQ��������SSV�������
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6WHLQZDFKV��'����5HGHVLJQ�RI�'HOLYHU\�6\VWHPV�WR�(QKDQFH�3URGXFWLYLW\��������
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