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�

�
,OOLQRLV�,QVWLWXWH�RI�7HFKQRORJ\�

&KLFDJR��,/�������
\NLP#LLW�HGX�
HYHQV#LLW�HGX�

'HSDUWPHQW�RI�3K\VLRORJ\�
5XVK�0HGLFDO�&ROOHJH�

&KLFDJR��,/�������
MPLFKDHO#UXVK�HGX�

�

7UDFH�&RQVXOWLQJ
�

�
�����/DNH�5RDG�

/DNH�)RUHVW��,/�������
'7UDFH����#DRO�FRP�

$EVWUDFW�

:H� KDYH� GHYHORSHG� D� VXLWH� RI� WXWRULDO� SURJUDPV� LQ�
SK\VLRORJ\� EDVHG� RQ� FDXVDO� FRQFHSW� PDSV�� $� FDXVDO�
FRQFHSW�PDS�UHSUHVHQWV�D�VHW�RI�FDXVDO�UHODWLRQVKLSV�LQ�
D� GLUHFWHG� JUDSK�� 2XU�SDFNDJH� FRQVLVWV�RI� WKUHH� PDMRU�
SDUWV��D�WXWRULDO�RQ�FDXVDO�UHODWLRQVKLSV�DQG�DQ�H[HUFLVH�
LQ� FRQFHSW� PDS� EXLOGLQJ�� D� &,5&6,0� FRQFHSW� PDS�
WXWRULDO�� DQG� D� *$63� FRQFHSW� PDS� WXWRULDO�� 6WXGHQWV�
EXLOG� FRQFHSW� PDSV� WKDW� UHSUHVHQW� WKH� FDXVDO�
UHODWLRQVKLSV� EHWZHHQ� LPSRUWDQW� SDUDPHWHUV� LQ�
SK\VLRORJ\�� 7KH� SURJUDP� JXLGHV� WKH� VWXGHQWV� E\�
SURYLGLQJ� WKHP� ZLWK� KLQWV� ZKLOH� WKH\� DUH� FRQVWUXFWLQJ�
WKH� FRQFHSW� PDSV�� &RQFHSW� PDSSLQJ� LV� NQRZQ� WR�
IDFLOLWDWH� WKH� OHDUQLQJ� SURFHVV� LQ� PDQ\� HGXFDWLRQDO�
HQYLURQPHQWV��

,QWURGXFWLRQ�

2QH�RI� WKH�FRUH�SUREOHPV� LQ� PHGLFDO�HGXFDWLRQ� LV�
KRZ�WR�WHDFK�D�YDVW�DPRXQW�RI�LQIRUPDWLRQ�HIIHFWLYHO\�
ZLWKLQ� WKH� OLPLWHG� DPRXQW� RI� WLPH� DQG� VSDFH� WKDW�
PHGLFDO� VFKRROV� FDQ� ILQG� URRP� IRU� LQ� WKHLU� FXUULFXOD�� �
:H� KDYH� EXLOW� D� &DXVDO� &RQFHSW� 0DSSHU� SDFNDJH� LQ�
RUGHU� WR� KHOS� ERWK� IDFXOW\� DQG� VWXGHQWV� GHDO� ZLWK� WKLV�
SUREOHP�� 7KH� &DXVDO� &RQFHSW� 0DSSHU� LV� D� VHULHV� RI�
FRQFHSW� PDSSLQJ� WXWRULDOV� LQ� ZKLFK� VWXGHQWV� EXLOG�
FRQFHSW�PDSV�WR�KHOS�WKHP�JDLQ�PDVWHU\�RI�WKH�VXEMHFW�
PDWWHU� DQG� XQGHUVWDQG� WKH� UHODWLRQVKLSV� EHWZHHQ�
FRQFHSWV�� :H� KDYH� DOVR� GHYHORSHG� FRQFHSW� PDSSLQJ�
WRROV�IRU�WKH�H[SHUW�WR�VXSSRUW�FXUULFXOXP�GHYHORSPHQW�
DQG� WR� KHOS� IDFXOW\� PHPEHUV� EXLOG� QHZ� FRQFHSW�
PDSSLQJ�WXWRULDOV�IRU�WKHLU�VWXGHQWV�PRUH�HDVLO\��

2XU� JRDO� LQ� WKH� EXLOGLQJ� RI� VWXGHQW� WXWRULDOV� LV� WR�
XVH�FRQFHSW�PDSV�WR�KHOS�VWXGHQWV�RUJDQL]H�DQG�PDVWHU�
D� KXJH� TXDQWLW\� RI� LQIRUPDWLRQ� IURP� PDQ\� GLIIHUHQW�
VRXUFHV� DQG� XQGHUVWDQG� WKH� UHODWLRQVKLSV� EHWZHHQ�
GLIIHUHQW� VFLHQFHV�� ERWK� EDVLF� DQG� FOLQLFDO�� &RQFHSW�
PDSV�FDQ�EH�XVHG�WR�FDWHJRUL]H�DQG�RUJDQL]H�WKH�PDMRU�
FRQFHSWV�LQ�D�UHDGLO\�DFFHVVLEOH�IRUP��:KHQ�D�VWXGHQW�
OHDUQV�D�FRQFHSW��LW�LV�DFFRPSOLVKHG�E\�FRQQHFWLQJ�WKH�
QHZ� SLHFH� RI� LQIRUPDWLRQ� WR� WKH� NQRZOHGJH� DOUHDG\�
DFTXLUHG� LQ� WKH� SDVW� �1RYDN�� ������� ,Q� D� VWXGHQW¶V�
NQRZOHGJH� VSDFH�� WKH� DFTXLUHG� FRQFHSWV� DUH� UHODWHG�
HDFK�WR�RWKHU�E\�WKH�PHDQLQJV�RI�WKH�ZRUGV�GHVFULELQJ�

WKH� FRQFHSWV�� &RQFHSW� PDSV� KHOS� WKLV� SURFHVV� RI�
OHDUQLQJ� E\� LQWURGXFLQJ� D� JUDSKLFDO� UHSUHVHQWDWLRQ� RI�
FRQFHSWV� DQG� WKHLU� UHODWLRQVKLSV�� $� FRQFHSW� PDS� LV�
EDVLFDOO\�D�FRQQHFWHG�JUDSK�RI�FRQFHSW� ODEHOV�DQG� WKH�
UHODWLRQVKLSV� EHWZHHQ� WKHP�� 7KHVH� PDSV� DUH� XVHG� WR�
WHDFK� LPSRUWDQW� FRQFHSWV� DQG� WR� KHOS� VWXGHQWV�
XQGHUVWDQG� WKHP� E\� SUHVHQWLQJ� WKH� UHODWLRQVKLSV�
EHWZHHQ� WKRVH� FRQFHSWV� LQ� D� YLVXDO� ZD\�� &RQFHSW�
PDSSLQJ� WHFKQLTXHV� KDYH� EHHQ� ZLGHO\� XVHG� LQ� PDQ\�
ILHOGV�� VXFK� DV� HGXFDWLRQ�� SV\FKRORJ\�� VRFLRORJ\��
SROLWLFV�� HFRQRP\�� DQG� FRPSXWHU� VFLHQFH�� &RQFHSW�
PDSV�KDYH�EHHQ�SURYHG� WR�EH�HVSHFLDOO\� XVHIXO� LQ� WKH�
DVVHVVPHQW�RI�VWXGHQWV¶�OHDUQLQJ�LQ�VFKRROV��

&DXVDO�&RQFHSW�0DSV�

7XWRULDOV�8VLQJ�&DXVDO�&RQFHSW�0DSSLQJ�

)LJXUH� �� DQG� )LJXUH� �� LOOXVWUDWH� WKH� WXWRULDOV� WKDW� ZH�
KDYH�EXLOW�IRU�PHGLFDO�VWXGHQWV�EDVHG�RQ�FRQFHSW�PDSV�
LQ� WZR� DUHDV� RI� SK\VLRORJ\�� 7KHVH� WXWRULDOV� DUH�
GHVLJQHG� WR� WHDFK� WRSLFV� OLNH� WKH� EDURUHFHSWRU� UHIOH[�
V\VWHP� DQG� WKH� WZR� LQWHUORFNLQJ� QHJDWLYH� UHIOH[�
UHJXODWRU\� V\VWHPV� � IRU� UHVSLUDWLRQ�� 7KHVH� WXWRULDOV�
DUH�GHVLJQHG�WR�KHOS�WKH�VWXGHQWV�XQGHUVWDQG�WKH�
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)LJXUH����&,5&6,0�&RQFHSW�0DS�7XWRULDO��
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)LJXUH����*$63�&RQFHSW�0DS�7XWRULDO��
�
PDWHULDOV� EHWWHU� E\� H[SHULPHQWLQJ� ZLWK� WKH� FRQFHSW�
PDSV�� :H� DUH� XVLQJ� FDXVDO� FRQFHSW� PDSV� WR� VXSSRUW�
TXDOLWDWLYH�FDXVDO�UHDVRQLQJ�SURFHVVHV�LQ�SK\VLRORJ\��

7KH�ILUVW�SURJUDP�LQ�RXU�WXWRULDO�VHULHV�H[SODLQV�WKH�
SURFHVV� RI� FDXVDO� UHDVRQLQJ� WR� KHOS� VWXGHQWV� EHWWHU�
XQGHUVWDQG�WKH�ZD\V�RI�GHILQLQJ�UHODWLRQVKLSV�EHWZHHQ�
WKH� SDUDPHWHUV�� )LJXUH� �� LV� DQ� H[DPSOH� VKRZLQJ� WKH�
FDXVDO�UHODWLRQVKLSV�DPRQJ�WKUHH�GLIIHUHQW�SDUDPHWHUV��
7KH� DUURZ� EHWZHHQ� WKH� SDUDPHWHUV� LQGLFDWHV� WKH�
GLUHFWLRQ�RI�WKH�FDXVDO�HIIHFW��DQG�WKH�VLJQ�RQ�WKH�DUURZ�
VSHFLILHV� WKH� FDXVDO� UHODWLRQVKLS� EHWZHHQ� WKH�
SDUDPHWHUV�±�GLUHFW�RU� LQYHUVH��$Q�H[HUFLVH� IROORZLQJ�
WKH�WXWRULDO�DOORZV�VWXGHQWV�EXLOG�D�VLPSOH�FRQFHSW�PDS��
XVLQJ� DQ� H[DPSOH� RI� &$55276�5$%%,76�)2;(6�
SRSXODWLRQ� FKDQJH�� 7KH� WXWRULDO� UHDFWV� LQWHOOLJHQWO\� WR�
VWXGHQWV� E\� SURYLGLQJ� DSSURSULDWH� KLQWV� ZKHQ� WKH\�
FUHDWH� D� ZURQJ� FRQQHFWLRQ� RU� LQGLFDWH� D� ZURQJ�
UHODWLRQVKLS��

�
�
�
�
�
� )LJXUH����&DXVDO�5HODWLRQVKLSV��

�
)RU�H[DPSOH��ZKHQ�DQ�LQFRUUHFW�VLJQ�LV�VHOHFWHG�IRU�

DQ� LQYHUVH� UHODWLRQVKLS� EHWZHHQ� $ %�� WKH� WXWRULDO�

GLVSOD\V�D�KLQW�PHVVDJH�VD\LQJ�³,I�$�FKDQJHV��%�WHQGV�
WR�FKDQJH�LQ�WKH�RSSRVLWH�GLUHFWLRQ�´�

�

&,5&6,0�&RQFHSW�0DS�7XWRULDO�

7KH� VHFRQG� VHFWLRQ� LV� D� FRQFHSW� PDS� WXWRULDO� IRU�
WKH� WRS� OHYHO� RI� WKH� &,5&6,0� NQRZOHGJH� EDVH��
&,5&6,0�7XWRU� �.LP� HW� DO��� ������ .KXZDMD� HW� DO���
������ LV� DQ� LQWHOOLJHQW� WXWRULQJ� V\VWHP� WR� WHDFK� ILUVW�
\HDU� PHGLFDO� VWXGHQWV� DERXW� WKH� HIIHFWV� RI�

SHUWXUEDWLRQV� WR� WKH� FDUGLRYDVFXODU� V\VWHP�� ,Q� WKH�
FDUGLRYDVFXODU� V\VWHP�� D� QHJDWLYH� IHHGEDFN�
PHFKDQLVP� UHDFWV� WR� WKH� SHUWXUEDWLRQV� DQG� VWDELOL]HV�
EORRG�SUHVVXUH��7KH�EDURUHFHSWRUV�LQ�WKH�QHFN�PRQLWRU�
WKH� EORRG� SUHVVXUH� DQG� UHSRUW� WKH� FKDQJHV� WR� WKH�
FHQWUDO� QHUYRXV� V\VWHP�� � &,5&6,0�7XWRU� WHDFKHV�
VWXGHQWV� KRZ� WKLV� QHJDWLYH� UHIOH[� PHFKDQLVP� ZRUNV�
DQG�KRZ�WR�XVH�FDXVDO�UHDVRQLQJ�DERXW�WKH�SDUDPHWHUV�
LQ� VROYLQJ� SUREOHPV�� 7KURXJK� RXU� WXWRULDO�� VWXGHQWV�
FRPH� WR�XQGHUVWDQG� WKH�FDXVH�DQG�HIIHFW� UHODWLRQVKLSV�
LQYROYLQJ� HDFK� LQGLYLGXDO�� EXW� PXWXDOO\� LQWHUDFWLQJ��
FRPSRQHQW�RI�WKH�FDUGLRYDVFXODU�V\VWHP��

7KH�NQRZOHGJH�EDVH�PRGHOV�RI� WKH�FDUGLRYDVFXODU�
V\VWHP� DUH� TXDOLWDWLYH� FDXVDO� PRGHOV� FRQVLVWLQJ� RI�
WKUHH� OHYHOV� �� WRS� OHYHO�� LQWHUPHGLDWH� OHYHO� DQG� GHHS�
OHYHO��7KH�WRS�OHYHO�RI�WKH�NQRZOHGJH�EDVH�FRUUHVSRQGV�
WR�D�FRQFHSW�PDS�UHSUHVHQWLQJ�WKH�EDURUHFHSWRU�UHIOH[���
FHQWUDO� QHUYRXV� V\VWHP� DQG� WKH� VHYHQ� SDUDPHWHUV�
ZKRVH�EHKDYLRU� WKH� VWXGHQWV� DUH�DVNHG� WR�SUHGLFW� LQ�D�
TXDOLWDWLYH�IDVKLRQ��

7KH�&,5&6,0�&RQFHSW�0DS�7XWRULDO��)LJXUH����LV�
DQ�XSGDWHG�YHUVLRQ�RI�WKH�SUHYLRXV�ZRUN��-HRQJ�HW�DO���
������-HRQJ����������7KH�FRQFHSW�PDS�IRU�WKH�WRS�OHYHO�
&,5&6,0� NQRZOHGJH� EDVH� FRQWDLQV� QLQH� SDUDPHWHUV�
DQG�WKLUWHHQ�UHODWLRQVKLSV�� � 6WXGHQWV�EXLOG�WKH�FRQFHSW�
PDS� E\� LQVHUWLQJ� SDUDPHWHU� QRGHV� DQG� WKHQ� OLQNLQJ�
WKHP� E\� DSSURSULDWH� UHODWLRQVKLSV�� (DFK� VWHS� LV�
PRQLWRUHG� WR� FKHFN� WKH� FRUUHFWQHVV� DQG� WR� SURYLGH� D�
KHOSIXO� PHVVDJH� GHSHQGLQJ� RQ� WKH� VWXGHQW¶V� DFWLRQ��
6WXGHQWV� FDQ� FKHFN� WKHLU� SURJUHVV� E\� ORRNLQJ� DW� WKH�
QXPEHU� RI� QRGHV� DQG� UHODWLRQVKLSV� UHPDLQLQJ� ZKLOH�
EXLOGLQJ�WKH�FRQFHSW�PDS��$W�WKH�HQG�RI�WKH�WXWRULDO��D�
UHFRUG� LV� PDGH� RI� WKH� WRWDO� VFRUH� IRU� WKH� XVH� RI� WKH�
LQVWUXFWRU��

6RPH� H[DPSOHV� RI� WKH� PHVVDJHV� JLYHQ� LQ� WKH�
WXWRULDO�DUH��

�
,I� 69� FKDQJHV�� &2� WHQGV� WR� FKDQJH� LQ� WKH� VDPH�
GLUHFWLRQ�VLQFH�&2� �69�[�+5��

��

7KH�UDWH�DW�ZKLFK�WKH�EDURUHFHSWRUV�ILUH�GHWHUPLQH�

WKH� OHYHO�RI� VWLPXODWLRQ�RI� WKH�&9�FRQWURO�FHQWHUV�

LQ� WKH� PHGXOOD�� ,QFUHDVHG� EDURUHFHSWRU� ILULQJ�
LQFUHDVHV�WKH�VWLPXODWLRQ�RI�WKH�&9�FHQWHUV��

�

,QFUHDVHG� VWLPXODWLRQ� RI� WKH� 16� �ZKLFK� UHVXOWV�

IURP� LQFUHDVHG� 0$3�� FDXVHV� WKH� DXWRQRPLF�

QHUYRXV�V\VWHP�WR�GHFUHDVH�735��

�
&KDQJLQJ�&93�GLUHFWO\� FKDQJHV� WKH� ILOOLQJ�RI� WKH�

YHQWULFOHV� DQG� WKXV� FDXVHV� 69� WR� FKDQJH� LQ� WKH�

VDPH�GLUHFWLRQ��

�
0HVVDJHV�RI�WKLV�NLQG�DUH�SRSSHG�XS�ZKHQHYHU�WKH�

VWXGHQWV�PDNH�HUURUV�WR�HQFRXUDJH�WKHP�WR�FRUUHFW�DQ\�
PLVXQGHUVWDQGLQJV� DERXW� WKH� UHODWLRQVKLSV� E\�
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SURYLGLQJ� WKH� UHTXLUHG�EDFNJURXQG�NQRZOHGJH�� :KLOH�
WKH� YLVXDO� DUUDQJHPHQW� RI� WKH� SDUDPHWHUV� DQG� WKHLU�
UHODWLRQVKLSV�JLYH�VWXGHQWV�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�
PDWHULDOV�� WKH� PHVVDJLQJ� V\VWHP� SURYLGHV�
VXSSOHPHQWDO� UHPLQGHUV� DERXW� WKH� XQGHUO\LQJ�
NQRZOHGJH��

&RQFHSW�0DS�%XLOGHU�

:H�DOVR�GHYHORSHG�SURJUDPV� IRU�EXLOGLQJ�FRQFHSW�
PDSV�IRU�XVH�LQ�FXUULFXOXP�GHYHORSPHQW��7KH�VWDUWLQJ�
VFUHHQ�RI�WKH�H[SHUW�YHUVLRQ�RI�WKH�FRQFHSW�PDS�EXLOGHU�
�)LJXUH����DOORZV� WKH�XVHU� WR�GHILQH�QHZ�UHODWLRQVKLSV�
DV� ZHOO� DV� QHZ� QRGHV� EDVHG� RQ� WKH� VXEMHFW� FRQWHQW�
PDWWHU��
� � � 7KH�FRQFHSW�PDS�EXLOGHU�VXSSRUWV�VHYHUDO�GLIIHUHQW�
PRGHV� RI� UHODWLRQVKLSV�� LQFOXGLQJ� WKH� FDXVDO��
DQDWRPLFDO�� DQG� JHQHUDO� PRGHV�� 7KH� FDXVDO� PRGH�
UHSUHVHQWV�WKH�GLUHFW�DQG�LQYHUVH�UHODWLRQVKLSV�EHWZHHQ�
FRQFHSWV� XVHG� LQ� FDXVDO� UHDVRQLQJ�� � 7KH� DQDWRPLFDO�
PRGH� LQFOXGHV� µLVD¶�� SDUW�ZKROH�� DQG� VSDWLDO�
UHODWLRQVKLSV� EHWZHHQ� DQDWRPLFDO� REMHFWV�� ,Q� WKH�
JHQHUDO� PRGH�� ZH� FDQ� GHILQH� YDULRXV� NLQGV� RI�
UHODWLRQVKLSV�IRU�FRQFHSW�PDSV��

:DWVRQ��������GLVFXVVHV�ZD\V�WR�LQWHJUDWH�FRQFHSW�
PDSV� LQWR� WKH� FXUULFXOXP�� (GPRQGVRQ� ������� XVHV�
FRQFHSW� PDSV� LQ� WKH� GHYHORSPHQW� RI� SUREOHP�EDVHG�
OHDUQLQJ� PRGXOHV�� ([DPSOHV� FDQ� EH� IRXQG� DW� WKH�
'HSDUWPHQW�RI�$JULFXOWXUH�ZHEVLWH��7KH�H[SHUW�YHUVLRQ�
RI� WKH� FRQFHSW� PDSSLQJ� SURJUDP� FDQ� DOVR� EH� XVHG� DV�
WKH� EDVLV� IRU� EXLOGLQJ� D� QHZ� VWXGHQW� WXWRULDO�� 7KH�
DXWKRULQJ� WRRO� IRU� EXLOGLQJ� FRQFHSW� PDS� WXWRULDOV� LV�
VWLOO�LQ�SURJUHVV��
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)LJXUH����&RQFHSW�0DS�%XLOGHU��-HRQJ���������
�

*$63�&RQFHSW�0DS�7XWRULDO�

7KH� WKLUG� VHFWLRQ� LQFOXGHV� D� FRQFHSW� PDS� WXWRULDO�
IRU�WKH�WRS�OHYHO�RI�WKH�*$63�NQRZOHGJH�EDVH��5RYLFN�

DQG� 0LFKDHO�� ������� 7KH� WZR� SDUDPHWHUV� LQ� WKH�
UHVSLUDWRU\�V\VWHP��DUWHULDO�32��DQG�2���DUH�UHJXODWHG�
E\� DOYHRODU� YHQWLODWLRQ�� WKDW� LV�� E\� WLGDO� YROXPH� DQG�
EUHDWKLQJ� IUHTXHQF\�� � 7KHUH� DUH� ODUJH� QXPEHU� RI�
FDXVDOO\� UHODWHG� SDUDPHWHUV� LQ� WKH� V\VWHP�� DQG� WZR�
UHFLSURFDOO\� UHVSRQGLQJ� QHJDWLYH� IHHGEDFN�
PHFKDQLVPV� SOD\� DQ� LPSRUWDQW� UROH�� ,Q� DGGLWLRQ��
VWXGHQWV�RIWHQ�ILQG�WKH�FKHPLFDO�FRPSRQHQWV�LQYROYHG�
TXLWH� FRQIXVLQJ�� $V� ZLWK� WKH� EDURUHFHSWRU� UHIOH[�
V\VWHP� LQ� &,5&6,0�� VWXGHQWV� FDQ� OHDUQ� WR� PDNH�
TXDOLWDWLYH� SUHGLFWLRQV� DERXW� WKH� UHVSRQVHV� RI� WKH�
UHVSLUDWRU\�V\VWHP�WR�WKH�SHUWXUEDWLRQV��
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)LJXUH����$Q�([DPSOH�RI�D�'LYLGHG�&RQFHSW�0DS�LQ�
WKH�*$63�&RQFHSW�0DS�7XWRULDO��
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)LJXUH� ��� 'HILQLQJ� D� &DXVDO� 5HODWLRQVKLS� LQ� WKH�
*$63�&RQFHSW�0DS�7XWRULDO���

�
�
7KH� *$63� &RQFHSW� 0DS� 7XWRULDO� FRQVLVWV� RI� VL[�

VWDJHV�UHIOHFWLQJ� WKH�GLIIHUHQW�VWHSV�FRRUGLQDWHG� LQ� WKH�
UHVSLUDWRU\�V\VWHP��
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��� 9HQWLODWLRQ��*UHHQ��
��� %ORRG�*DVHV��<HOORZ��
��� &RQWURO�RI�9HQWLODWLRQ��3XUSOH��
��� 2[\JHQ�7UDQVSRUW��&\DQ��
��� &DUERQ�'LR[LGH�7UDQVSRUW��*UD\��
��� +DOGDQH�DQG�%RKU�(IIHFWV��7H[W�/DEHOV��

�
7KH�SDUDPHWHUV�LQ�HDFK�VWDJH�DUH�FRORU�ODEHOHG�WR�KHOS�
VWXGHQWV� GLVWLQJXLVK� WKH� GLIIHUHQW� VWDJHV� �)LJXUH� ����
7KLV� LQFUHPHQWDO� DSSURDFK� WR� EXLOGLQJ� FRQFHSW� PDSV�
KHOSV�VWXGHQWV�OHDUQ�FRPSOH[�SK\VLRORJLFDO�V\VWHP��$W�
HDFK� VWDJH�� VWXGHQWV� DUH� DOVR� SURYLGHG� ZLWK� XVHIXO�
PHVVDJHV�ZKHQ�WKH\�PDNH�DQ\�HUURUV��
� � � $V� LQ� WKH� &,5&6,0� &RQFHSW� 0DS� 7XWRULDO��
VWXGHQWV� OHDUQ�D�SK\VLRORJ\� WRSLF�E\�EXLOGLQJ�FRQFHSW�
PDSV��EXW�LQ�VHSDUDWH�VWHSV��)LJXUH�����(YHU\�DFWLRQ�LQ�
WKH�FRQVWUXFWLRQ�SURFHVV�LV�PRQLWRUHG��DQG�WKHUH�LV�DOVR�
D�KHOS�PHVVDJH�V\VWHP�WKDW�UHDFWV�WR�DQ\�VWXGHQW�HUURU�
LQ�VHOHFWLQJ�SDUDPHWHUV�RU�LQ�GHILQLQJ�WKH�UHODWLRQVKLSV�
�)LJXUH�����6WXGHQWV�FDQ�DFFHVV�KLQWV�RQ�WKH�UHPDLQLQJ�
QXPEHU�RI�QRGHV�DQG�UHODWLRQVKLSV�DW�DQ\�WLPH��
� � � 7KH�PHVVDJHV�GLVSOD\HG�GXULQJ�WKH�WXWRULDO�VHVVLRQ�
DUH� FRPSUHKHQVLYH� HQRXJK� WR� LQFOXGH� DOPRVW� HYHU\�
SRVVLEOH� PLVWDNH� VWXGHQWV� FDQ� PDNH� LQ� EXLOGLQJ� WKH�
FRQFHSW� PDSV�� :H� DUH� LQ� WKH� SURFHVV� RI� DGGLQJ� PRUH�
PHVVDJHV�WR�WKH�*$63�&RQFHSW�0DS�7XWRULDO��

&RQFOXVLRQ�

:H� KDYH� EXLOW� WXWRULDO� SURJUDPV� IRU� PHGLFDO�
VWXGHQWV�OHDUQLQJ�SK\VLRORJ\��7KHVH�WXWRULDOV�DUH�EDVHG�
RQ� FDXVDO� FRQFHSW� PDSV�� 7KH� FRQFHSW� PDSV� XVH�
PXOWLSOH� VWDJHV� ZLWK� PXOWLSOH� FRORUV� ZKLFK� PD\�
IDFLOLWDWH�VWXGHQWV�OHDUQLQJ��7KH�HIIHFWLYHQHVV�RI�XVLQJ�
WKHVH� WHFKQLTXHV� VWLOO� QHHGV� WR� EH� SURYHQ� LQ� D� UHDO�
HQYLURQPHQW��

7KH� FRQFHSW� PDS� EXLOGHU� LQ� SURJUHVV� SURPLVHV� DQ�
LQWHOOLJHQW�DXWKRULQJ�WRRO�IRU�PDNLQJ�WXWRULDOV�EDVHG�RQ�
FRQFHSW�PDSV��:H�ZLOO�EH�DEOH�WR�LQFOXGH�WKH�PHVVDJHV�
ZLWK�FRQGLWLRQV�LQ�FRQFHSW�PDSV�IRU�WXWRULQJ�VWXGHQWV��
7KLV� PHDQV� ZH� FDQ� EXLOG� D� FRQFHSW� PDS� ZLWK�
FRPPHQWV� RU� PHVVDJHV� HPEHGGHG� LQ� HDFK� QRGH� RU�
UHODWLRQVKLS� DQG� WKHQ� XVH� WKH� PDS� DV� D� EDVLV� IRU� DQ�
LQWHOOLJHQW�WXWRU��

7KH� SUREOHPV� RI� PHGLFDO� HGXFDWLRQ� DUH�
FRPSOLFDWHG� E\� FRQVWDQW� FKDQJHV� LQ� WKLV� YDVW� ERG\� RI�
NQRZOHGJH� DV� QHZ� GLVFRYHULHV� LQ� ERWK� EDVLF� DQG�
FOLQLFDO� VFLHQFHV� PDNH� WKHLU� ZD\� LQWR� WKH� PHGLFDO�
FXUULFXOXP�� :H�KDYH� WULHG� WR� PHHW� WKHVH�SUREOHPV�E\�
H[SORULQJ� DSSURDFKHV� WR� EXLOGLQJ� FRQFHSW� PDSV�
DXWRPDWLFDOO\�IURP�WKH�LQGH[�RI�PHGLFDO�WH[WERRNV��

8VLQJ� FRQFHSW� PDSSLQJ� WHFKQLTXHV�� LW� LV� SRVVLEOH�
WR� FRQVWUXFW� FRQFHSW� PDSV� IURP� PHGLFDO� WH[WERRNV�
XVLQJ� LQGH[� WHUPV� DV� PDMRU� FRPSRQHQWV� RI� FRQFHSWV��
7KH�UHVXOWLQJ�FRQFHSW�PDSV�ZLOO�VHUYH�DV�JXLGHV�WR�WKH�
LQVWUXFWRUV� LQ� FXUULFXOXP� GHVLJQ� DV� ZHOO� DV� WRROV� IRU�

OHDUQLQJ� WR� WKH� VWXGHQWV�� :H� KDYH� H[WUDFWHG� WKH� LQGH[�
WHUPV�IURP�+DUULVRQ¶V�3ULQFLSOHV�RI�,QWHUQDO�0HGLFLQH�
�,VVHOEDFKHU�HW�DO����������DQG�DUH�H[SHULPHQWLQJ�ZLWK�
RUJDQL]LQJ� WKH� WHUPV� LQ� D� QXPEHU� RI� GLIIHUHQW� ZD\V�
�.LP�HW�DO����������

5HIHUHQFHV�

'HSDUWPHQW� RI� $JULFXOWXUH�� ������ 'LVFRYHU\� 6\VWHP�
3URMHFW�� 8QLYHUVLW\� RI� ,OOLQRLV�� 8UEDQD�&KDPSDLJQ��
KWWS���Z��DFHV�XLXF�HGX�$,0�'LVFRYHU\�0LQG�FRQFH
SW�KWPO�

(GPRQGVRQ�� .�� ������ &RQFHSW� 0DSV� DQG� WKH�
'HYHORSPHQW�RI�&DVHV�IRU�3UREOHP�EDVHG�/HDUQLQJ��
$FDGHPLF�0HGLFLQH������������������

,VVHOEDFKHU��.���%UDXQZDOG��(���:LOVRQ��-���0DUWLQ��-���
)DXFL�� $��� DQG� .DVSHU�� '�� ������ +DUULVRQ¶V�
3ULQFLSOHV� RI� ,QWHUQDO� 0HGLFLQH�� 1HZ� <RUN�� 1<��
0F*UDZ�+LOO��,QF��

-HRQJ�� ,�� ������ &RQFHSW� 0DSV�� 7KHLU� 8VHV� IRU�
.QRZOHGJH� $FTXLVLWLRQ� DQG� &RPSXWHU�EDVHG�

/HDUQLQJ�� 3K�� '�� 7KHVLV�� &RPSXWHU� 6FLHQFH�
'HSDUWPHQW�� ,OOLQRLV� ,QVWLWXWH� RI� 7HFKQRORJ\��
&KLFDJR��,/��

-HRQJ�� ,��� (YHQV�� 0��� DQG� .LP�� <�� ������ 7RROV� IRU�
%XLOGLQJ� &RQFHSW� 0DSV�� .RUHD� 7HOHFRP� -RXUQDO��
������������

.KXZDMD�� 5��� (YHQV�� 0��� 5RYLFN�� $��� DQG� 0LFKDHO�� -��
������ .QRZOHGJH� 5HSUHVHQWDWLRQ� IRU� DQ� ,QWHOOLJHQW�
7XWRULQJ� 6\VWHP� %DVHG� RQ� D� 0XOWLOHYHO� &DXVDO�
0RGHO�� 3URFHHGLQJV� RI� WKH� �

���
� ,QWHUQDWLRQDO�

&RQIHUHQFH��,76�¶����0RQWUHDO��&DQDGD�����������
.LP��1���(YHQV��0���0LFKDHO��-���DQG�5RYLFN��$��������

&,5&6,0�7XWRU�� $Q� ,QWHOOLJHQW� 7XWRULQJ� 6\VWHP�
IRU� 3K\VLRORJ\�� ,Q� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�&RPSXWHU�$VVLVWHG�/HDULQLQJ��'DOODV��
7;�����������

.LP�� <��� (YHQV�� 0��� DQG� 7UDFH�� '�� ������ %XLOGLQJ� D�
&RQFHSW� 0DS� IURP� 0HGLFDO� ,QGH[� 7HUPV��
3URFHHGLQJV� RI� WKH� ��

� �

� 0LGZHVW� $UWLILFLDO�

,QWHOOLJHQFH� DQG� &RJQLWLYH� 6FLHQFH� &RQIHUHQFH��
2[IRUG��2+���������

1RYDN�� -�� ������ /HDUQLQJ�� &UHDWLQJ�� DQG� 8VLQJ�
.QRZOHGJH��&RQFHSW�0DSV�DV�)DFLOLWDWLYH� 7RROV� LQ�

6FKRROV� DQG� &RUSRUDWLRQV�� S�� ���� 0DKZDK�� 1-��
/DZUHQFH�(UOEDXP�$VVRFLDWHV��

5RYLFN��$���DQG�0LFKDHO��-��������*$63��$�&RPSXWHU�
3URJUDP� IRU� 7HDFKLQJ� WKH� &KHPLFDO� &RQWURO� RI�
9HQWLODWLRQ�� ,Q� ;;;,� ,QWHUQDWLRQDO� &RQJUHVV� RI�
3K\VLRORJLFDO�6FLHQFHV��+HOVLQNL��)LQODQG��

:DWVRQ�� *�� ������ :KDW� LV� «� &RQFHSW� 0DSSLQJ"�
0HGLFDO�7HDFKHU��������������������
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