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/HVVRQ� VWXG\� LV� LQFUHDVLQJO\� XVHG� WKURXJKRXW� WKH�ZRUOG� DV� D�PRGHO� RI� FROODERUDWLYH� SURIHVVLRQDO�
OHDUQLQJ��,Q�WKLV�DUWLFOH�ZH�GHVFULEH�WKH�WKHRUHWLFDO�IRXQGDWLRQV�RI�DQ�RQJRLQJ�VWXG\�ZKLFK�VHHNV�WR�
H[SORUH�KRZ�ZH�PLJKW�LQIRUP�FROODERUDWLYH�OHDUQLQJ�ZLWK�D�IRFXV�RQ�WKH�GHYHORSPHQW�RI�FXUULFXOXP�
FRKHUHQFH��7KH�VWXG\�LQYROYHV�FROODERUDWLRQ�EHWZHHQ�WHDFKHUV�DQG�UHVHDUFKHUV�LQ�ERWK�WKH�8QLWHG�
.LQJGRP�DQG�-DSDQ��:H�GUDZ�RQ� WKH� WKHRU\�RI� H[SDQVLYH� OHDUQLQJ�DV�D�GHYHORSPHQW�RI�&XOWXUDO�
+LVWRULFDO�$FWLYLW\�7KHRU\�DQG�JLYH�LQVLJKW�LQWR�WKH�SRWHQWLDO�WKLV�KDV�WR�LQIRUP�RXU�ZRUN�ZLWK�D�UDQJH�
RI�GLGDFWLFDO�GHYLFHV�RU�DUWHIDFWV�WKDW�SURYLGH�FRQQHFWLRQV�DFURVV�WRSLFV�RI�FRQFHSWXDO�XQGHUVWDQGLQJ�
RI� PDWKHPDWLFV� DQG� GHYHORSPHQW� RYHU� WLPH�� ([SDQVLYH� OHDUQLQJ� DV� D� WKHRUHWLFDO� OHQV� KHOSV� XV�
XQGHUVWDQG� RXU� H[SORUDWRU\� ZRUN� LQ� WKLV� DUHD� DQG� SURYLGHV� LQVLJKWV� LQWR� KRZ� WKLV�PD\� EH� WDNHQ�
IRUZDUG�RYHU�WKH�FRXUVH�RI�WKH�VWXG\��

,QWURGXFWLRQ�DQG�&RQWH[W�RI�WKH�6WXG\�

/HVVRQ� VWXG\� LV� D� ORQJ�HVWDEOLVKHG�PRGHO� IRU� WHDFKHU� SURIHVVLRQDO� GHYHORSPHQW� WKDW� RULJLQDWHG� LQ�
-DSDQ�DQG� LQYROYHV�D�SURFHVV�RI� LGHQWLI\LQJ�D�SURIHVVLRQDO� UHVHDUFK�TXHVWLRQ��FROODERUDWLYH� OHVVRQ�
SODQQLQJ��REVHUYLQJ�WKH�OHVVRQ��DQDO\]LQJ�ZKDW�WDNHV�SODFH��DQG�UHIOHFWLQJ�RQ�RXWFRPHV�LQ�UHODWLRQ�WR�
WKLV�TXHVWLRQ�LQ�D�³UHVHDUFK�OHVVRQ´��/HZLV��3HUU\��	�0XUDWD��������/HZLV�	�+XUG���������7KXV�OHVVRQ�
VWXG\�SURYLGHV� IRU�FROODERUDWLYH�SURIHVVLRQDO�GHYHORSPHQW� WKDW�³WLHV�ERWK� WKHRUHWLFDO�DQG�SUDFWLFDO�
OHDUQLQJ�WRJHWKHU�LQ�D�PRVW�DXWKHQWLF�ZD\�±�WKURXJK�WHDFKLQJ´��3RWKHQ�	�0XUDWD��������S���������

7KLV�DUWLFOH�RULJLQDWHV�IURP�WKH�ZRUN�RI�DQ�RQJRLQJ�VWXG\�WKDW�EULQJV�WRJHWKHU�WHDFKHUV�DQG�UHVHDUFKHUV�
LQ�WKH�8QLWHG�.LQJGRP�DQG�-DSDQ�VHHNLQJ�WR�XQGHUVWDQG�KRZ�LQ�FROODERUDWLRQ��RI�WHDFKHUV�LQ�HDFK�
FRXQWU\�VHSDUDWHO\�DQG�RI�UHVHDUFKHUV�EHWZHHQ�FRXQWULHV��DQG�ZRUNLQJ�ZLWKLQ�D�OHVVRQ�VWXG\�SDUDGLJP�
WKH\�PLJKW�EHWWHU�XQGHUVWDQG�KRZ�WR�GHYHORS�FXUULFXOXP�FRKHUHQFH��3XW�VLPSO\��ZH�ZLVK�WR�HVWDEOLVK�
KRZ�ZH�PLJKW�JDLQ�LQVLJKW�LQWR�KRZ�WR�RUJDQLVH�WHDFKLQJ�WR�SURYLGH�VWXGHQWV�ZLWK�D�PRUH�FRQQHFWHG�
H[SHULHQFH� RI� OHDUQLQJ� PDWKHPDWLFV�� 7KH� FXUUHQW� IRFXV� KDV� EHHQ� LQIRUPHG� E\� REVHUYDWLRQV� DQG�
GLVFXVVLRQV�RI�WKH�FDUHIXOO\�GHVLJQHG�WH[WERRNV�XVHG�E\�WHDFKHUV�LQ�OHVVRQ�VWXG\�DFWLYLW\�LQ�-DSDQ��

,Q� WKLV�DUWLFOH�ZH�SURYLGH�LQVLJKW� LQWR� WKH�WKHRUHWLFDO�XQGHUSLQQLQJV�RI� WKH�VWXG\��,Q�SDUWLFXODU��ZH�
GUDZ�RQ�WKH�WKHRU\�RI�H[SDQVLYH�OHDUQLQJ��(QJHVWU|P��������������WR�SURYLGH�LQVLJKW�LQWR�KRZ�ZH�
KDYH�FRQVLGHUHG� WKH�ZRUN� WR�GDWH� DQG�KRZ� WKLV� LV� LQIRUPLQJ� WKH�GHVLJQ�RI� IXWXUH� DSSURDFKHV� WKDW�
VXSSRUW�RXU�DLP�WR�GHYHORS�SURIHVVLRQDO�OHDUQLQJ�IRU�FXUULFXOXP�FRKHUHQFH��7KH�WKHRU\�RI�H[SDQVLYH�
OHDUQLQJ�EXLOGV�RQ�WKH�PRUH�JHQHUDO�FXOWXUDO�KLVWRULFDO�DFWLYLW\�WKHRU\��&+$7���ZKLFK�LV�ILUPO\�URRWHG�
LQ�WKH�5XVVLDQ�VFKRRO�RI�VRFLDO�SV\FKRORJ\�RULJLQDOO\�GHYHORSHG�E\�9\JRWVN\��/HRQW¶HY��,O¶HQNRY��
DQG�'DY\GRY��,Q�WKH�QH[W�DQG�IROORZLQJ�VHFWLRQV��ZH�H[SOLFDWH�WKH�LGHDV�DSSURSULDWH�WR�WKH�VWXG\�WKDW�
UHODWH�WR�&+$7�DQG�WKH�WKHRU\�RI�H[SDQVLYH�OHDUQLQJ��:H�SURYLGH�D�EULHI�LOOXVWUDWLYH�FDVH�VKRZLQJ�
KRZ�WKHVH�WKHRUHWLFDO�LGHDV�PLJKW�EH�KDUQHVVHG�WR�EHWWHU�XQGHUVWDQG�KRZ�ZH�PLJKW�XVH�OHVVRQ�VWXG\�
WR�GHYHORS�FRKHUHQFH�LQ�FXUULFXOXP�LPSOHPHQWDWLRQ�LQ�PDWKHPDWLFV��
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&XOWXUDO�+LVWRULFDO�$FWLYLW\�7KHRU\��%RXQGDULHV�DQG�WKH�3RWHQWLDO�RI�WKH�5ROH�RI�'LGDFWLFDO�
'HYLFHV�

&XOWXUDO�+LVWRULFDO�$FWLYLW\�7KHRU\�

&XOWXUDO�+LVWRULFDO�$FWLYLW\�7KHRU\��&+$7��KDV�EHHQ�LQFUHDVLQJO\�XVHG�WR�PDNH�VHQVH�RI�WKH�FRPSOH[�
DFWLYLWLHV�WKDW�DUH�LQYROYHG�ZKHQ�JURXSV�RI�LQGLYLGXDOV�FRPH�WRJHWKHU�LQ�D�JURXS�WR�ZRUN�ZLWK�FRPPRQ�
SXUSRVH�WR�DFKLHYH�VRPH�SDUWLFXODU�RXWFRPH�V���7KH�WKHRU\�SURYLGHV�D�XVHIXO�OHQV�WKURXJK�ZKLFK�WR�
YLHZ�KRZ�ERWK�WKH�DFWLRQV�RI�LQGLYLGXDOV�DQG�WKH�MRLQW�DFWLYLW\�RI�WKH�JURXS�DUH�PHGLDWHG�E\�D�UDQJH�
RI�IDFWRUV�LQ�SXUVXLW�RI�LQGLYLGXDO�DQG�MRLQWO\�VKDUHG�JRDOV��3DUWLFXODUO\�KHOSIXO�LQ�WKH�FDVH�RI�WKH�VWXG\�
UHSRUWHG�KHUH� LV� WKLUG�JHQHUDWLRQ�&+$7��ZKLFK�SURYLGHV� LQVLJKW� LQWR� LQWHUDFWLRQV�EHWZHHQ� WZR�RU�
PRUH�V\VWHPV��&RQVHTXHQWO\�� LGHDV�RI�ERXQGDULHV��ERXQGDU\�FURVVLQJ��DQG�ERXQGDU\�REMHFWV�SURYH�
XVHIXO��:DNH��)RVWHU�	�6ZDQ���������

)XQGDPHQWDO�WR�&+$7�LV�WKH�9\JRWVNLDQ�QRWLRQ�RI�JRDO�GLUHFWHG�DFWLRQV�RI�WKH�LQGLYLGXDO��9\JRWVN\��
�������7KLV�FRQVLGHUV�KRZ�WKH�DFWLRQV�RI�LQGLYLGXDOV�DUH�PHGLDWHG�E\�LQVWUXPHQWV��,W�LV�LPSRUWDQW�WR�
RXU� ODWHU� DQDO\VLV� WKDW� ZH� GLVWLQJXLVK� FDUHIXOO\� DW� WKLV� SRLQW� EHWZHHQ� WKH� WHUPV� DUWHIDFWV� DQG�
LQVWUXPHQWV��7KH�ZRUG�WRRO�LV�RIWHQ�XVHG�LQVWHDG�RI�LQVWUXPHQW��DQG�WKLV�ZH�ILQG�XQSUREOHPDWLF��EXW�LW�
LV� LPSRUWDQW� WR� GUDZ� D� GLVWLQFWLRQ� EHWZHHQ� WKH� XVH� RI� DUWHIDFW� DQG� LQVWUXPHQW�WRRO��$UWHIDFWV� DUH�
GHYLFHV�WKDW�DUH�JHQHUDOO\�DYDLODEOH�ZLWK�PXOWLSOH�SRWHQWLDO�XVHV��ZKHUHDV�LQVWUXPHQWV�WRROV�DUH�EHLQJ�
XVHG�IRU�D�VSHFLILF�SXUSRVH��'DQLHOV���������)RU�H[DPSOH��WKH�SHGDJRJLF�VWUDWHJ\�RI�WKLQN�SDLU�VKDUH�
LV�XVHG�E\�WHDFKHUV�LQ�FODVVURRPV�DURXQG�WKH�ZRUOG�WR�IDFLOLWDWH�FRQVWUXFWLYLVW��GLDORJLF�DSSURDFKHV�WR�
WHDFKLQJ��+RZHYHU�� WKH� WHDFKHU¶V� GHFLVLRQ� WR� XVH� VXFK� D� GHYLFH� VKLIWV� LW� IURP� EHLQJ� DQ� DYDLODEOH�
DUWHIDFW�WR�EHLQJ�DQ�LQVWUXPHQW�DQG�ZH�FRQVLGHU�WKLV�DV�DQ�DUWHIDFW�EHLQJ�PDGH�LQVWUXPHQWDO�LQ�LWV�XVH���

$�ZLGH�UDQJH�RI�DUWHIDFWV�LV�DYDLODEOH�WR�WHDFKHUV�LQ�FODVVURRPV��LQFOXGLQJ��IRU�H[DPSOH��GLDJUDPPDWLF�
UHSUHVHQWDWLRQV�� WH[WV�� SUHVHQWDWLRQ� VOLGHV�� PDQLSXODWLYHV�� DQG� QRQ�PDWHULDO� REMHFWV� VXFK� DV�
GLVFRXUVH�ODQJXDJH�LQ�WKH�VHQVH�RI�:HUVWFK���������2XU�VWXG\�LGHQWLILHV�WKUHH�LPSRUWDQW�FODVVHV�RI�
DUWHIDFWV�DYDLODEOH�WR�WKH�PDWKHPDWLFV�WHDFKHU��JHQHUDO�SHGDJRJLHV��PDWKHPDWLFV�VSHFLILF�SHGDJRJLHV�
�L�H���GLGDFWLFV��DQG�ZKDW�ZH�KDYH�WHUPHG�GLGDFWLFDO�GHYLFHV��$V�H[SODLQHG�DERYH��ZH�VHH�VRPHWKLQJ�
OLNH�WKLQN�SDLU�VKDUH�DV�DQ�H[DPSOH�RI�D�JHQHUDO�SHGDJRJ\��$Q�H[DPSOH�RI�D�PDWKHPDWLFV�VSHFLILF�
SHGDJRJ\�ZRXOG�EH�WKH�VWUDWHJ\�RI�VHHNLQJ�WR�GUDZ�OHDUQHUV¶�DWWHQWLRQ�WR�PDWKHPDWLFDO�VWUXFWXUH�E\�
DVNLQJ�VWXGHQWV�LQ�WKHLU�OHVVRQV�WR�JLYH�DQ�H[DPSOH�WKDW�GHPRQVWUDWHV�XQGHUVWDQGLQJ�RI�D�SDUWLFXODU�
FRQFHSW�DQG�WKHQ�DVNLQJ�IRU�³DQRWKHU´��³�DQG�DQRWKHU´��³DQG�DQRWKHU´��:DWVRQ�	�0DVRQ���������7KLV�
SDUWLFXODU�SHGDJRJLF�VWUDWHJ\�KDV�JHQHUDOLW\�RI�XVH�LQ�PDWKHPDWLFV�WHDFKLQJ��EXW�PD\�EH�RI�SHUKDSV�
OHVVHU�YDOXH�LQ�WKH�WHDFKLQJ�DQG�OHDUQLQJ�RI�RWKHU�VXEMHFWV��,Q�WKLV�VWXG\�ZH�DUH�FRQFHUQHG�ZLWK�WKH�
FRQVWUXFW� RI� GLGDFWLFDO� GHYLFHV� ZKLFK� DUH� PRUH� FORVHO\� FRQQHFWHG� ZLWK� VSHFLILF� DVSHFWV� RI�
PDWKHPDWLFDO�NQRZOHGJH�DQG�LWV�VWUXFWXULQJ��:H�ZLOO�SURYLGH�H[DPSOHV�RI�VXFK�GHYLFHV�ODWHU�LQ�WKLV�
DUWLFOH��,W�LV�RXU�HPHUJLQJ�EHOLHI�WKDW�WKLV�ODWWHU�FDWHJRU\�RI�DUWHIDFW�KDV�WKH�SRWHQWLDO�WR�SURYLGH�DQ�
LPSRUWDQW� VHW� RI� GHYLFHV� WKDW� FDQ� IDFLOLWDWH� WHDFKHU� OHDUQLQJ� LQ� UHODWLRQ� WR� WHDFKLQJ� IRU� FXUULFXOXP�
FRKHUHQFH��,PSRUWDQWO\��KHUH�ZH�FRQVLGHU�WKH�OHDUQLQJ�RI�ERWK�LQGLYLGXDO�WHDFKHUV�DQG�UHVHDUFKHUV�DV�
ZHOO�DV�WKDW�RI�WKH�FROODERUDWLYH�FROOHFWLYH�OHVVRQ�VWXG\�UHVHDUFK�JURXS��

7KH�QRWLRQ�RI�WKH�JRDO�GLUHFWHG�DFWLRQ�RI�LQGLYLGXDOV��XSSHU�WULDQJOH�LQ�)LJXUH����ZDV�H[SDQGHG�E\�
/HRQW¶HY��������LQ�VHFRQG�JHQHUDWLRQ�DFWLYLW\�WKHRU\�WR�LQFOXGH�WKH�FRPPXQLW\�LQ�ZKLFK�LQGLYLGXDO�
DFWLRQV� DUH� DJJUHJDWHG� LQ� SXUVXLW� RI� MRLQW� DFWLYLW\�� 7KH� ORZHU� WULDQJOHV� KLJKOLJKW� WKH� DGGLWLRQDO�
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PHGLDWLQJ�QRGHV�FRQVLGHUHG�E\�/HRQW¶HY��LQGLFDWLQJ�KRZ�LGHDV�RI�FRPPXQLW\��GLYLVLRQ�RI�ODERXU�DQG�
UXOHV�PHGLDWH�WKH�DFWLRQV�RI�WKH�VXEMHFW�DV�DQ�LQGLYLGXDO�LQ�UHODWLRQ�WR�WKH�REMHFW�RI�DFWLYLW\�RI�WKH�
FROOHFWLYH���
�
�

�
�
�
�
�
�
�
�

�
)LJXUH����(QJVWU|P¶V�&XOWXUDO�+LVWRULFDO�$FWLYLW\�7KHRU\�PRGHO�WKDW�LQWURGXFHV�

PHGLDWLQJ�IDFWRUV�RI�WKH�DFWLYLW\�V\VWHP�SURSRVHG�E\�/HRQW¶HY�WKDW�EULQJV�WRJHWKHU�LQGLYLGXDOV�
LQ�SXUVXLW�RI�D�MRLQW�HQWHUSULVH���

�

7KHUH� DUH� PDQ\� UXOHV�� ERWK� H[SOLFLW� DQG� LPSOLFLW�� WKDW� UHJXODWH� WKH� EHKDYLRXU� RI� LQGLYLGXDOV� LQ�
FROODERUDWLYH� � HQWHUSULVH�� ,PSRUWDQW� WR� RXU� VWXG\� LV� WKH� MRLQW� HQWHUSULVH� RI� OHVVRQ� VWXG\� DQG� WKH�
FRPPXQLW\�RI�WHDFKHUV�DQG�UHVHDUFKHUV�WKDW�DUH�EURXJKW�WRJHWKHU�LQ�WKH�OHVVRQ�VWXG\�JURXS��,Q�WKLV�
FDVH��WKH�JURXS�GHYHORSV�ZD\V�RI�ZRUNLQJ�WKDW�RYHU�WLPH�OHDG�WR�H[SHFWDWLRQV�DQG�UXOHV�LQ�UHODWLRQ�WR�
DOO�VWDJHV�RI�WKH�OHVVRQ�VWXG\�F\FOH��LGHQWLI\LQJ�LVVXHV��GHYHORSLQJ�D�UHVHDUFK�TXHVWLRQ��SODQQLQJ�WKH�
UHVHDUFK�OHVVRQ��WHDFKLQJ�DQG�REVHUYLQJ�WKH�UHVHDUFK�OHVVRQ��SRVW�OHVVRQ�UHIOHFWLRQV�DQG�GLVFXVVLRQ�
DQG�SODQQLQJ�IXWXUH�DFWLYLW\��/HRQW¶HY���������LQ�KLV�FRQVLGHUDWLRQ�RI�WKH�DFWLYLW\�RI�WKH�FROOHFWLYH��
DOVR�GUHZ�DWWHQWLRQ�WR�WKH�GLYLVLRQ�RI�ODERXU�EHWZHHQ�SDUWLFLSDQWV��DQG�KRZ�D�VHQVH�RI�FRPPXQLW\�
EHJLQV�WR�GHWHUPLQH�ZKR�KDV�DJHQF\�DQG�FRQWURO�RYHU�GHFLGLQJ�WKH�GLUHFWLRQ�RI�WKH�DFWLYLW\��$OWKRXJK�
LQ�OHVVRQ�VWXG\�DV�D�FROODERUDWLYH�SURIHVVLRQDO�DFWLYLW\�ZH�VHHN�WR�SURYLGH�D�VDIH�VSDFH�LQ�ZKLFK�WKH�
YLHZV�RI�DOO�DUH�UHVSHFWHG��LW�LV�LPSRUWDQW�WKDW�VRPH�UHVSRQVLELOLW\�IRU�JURXS�OHDGHUVKLS�LV�LQYHVWHG�LQ�
FHUWDLQ�LQGLYLGXDOV�DQG�WKDW�WKH\�IRVWHU�D�VWURQJ�VHQVH�RI�FRPPXQLW\��

%RXQGDULHV�

$V�LQGLYLGXDOV��ZH�DUH�DOO�LQYROYHG�LQ�PXOWLSOH�$FWLYLW\�6\VWHPV��&ODVVURRP�WHDFKHUV�RI�PDWKHPDWLFV��
IRU�H[DPSOH��LQ�VHFRQGDU\�HGXFDWLRQ�PD\�EH�RUJDQLVHG�WR�ZRUN�FROOHFWLYHO\�LQ�D�GLVWLQFW�PDWKHPDWLFV�
VXEMHFW�GHSDUWPHQW��$Q�LQGLYLGXDO�WHDFKHU�LQ�WKLV�DFWLYLW\�V\VWHP�LV�LQYROYHG�LQ�GLIIHUHQW�DFWLRQV�IURP�
WKRVH�WKDW�WKH\�FDUU\�RXW�LQ�RWKHU�DFWLYLW\�V\VWHPV��VXFK�DV�FODVVURRPV��)RU�H[DPSOH��DV�D�PHPEHU�RI�
D�PDWKHPDWLFV�GHSDUWPHQW�LQ�D�VFKRRO�D�WHDFKHU�PD\�KDYH�D�UROH�LQ�GHYHORSLQJ�D�VFKHPH�RI�ZRUN�WKDW�
RUJDQLVHV�WKH�FXUULFXOXP�IRU�WKH�JURXS�RI�WHDFKHUV�ZLWK�ZKRP�WKH\�ZRUN��ZKHUHDV�LQ�WKH�FODVVURRP�
WKH\�PLJKW�GLUHFWO\�LQWHUDFW�ZLWK�VWXGHQWV��

7KLUG�JHQHUDWLRQ� $FWLYLW\� 7KHRU\� �(QJHVWU|P�� ������ PRGHOV� UHODWLRQVKLSV� EHWZHHQ� WKH� PXOWLSOH�
DFWLYLW\�V\VWHPV�ZKLFK�LQGLYLGXDOV�LQKDELW�DV�WKH\�ZRUN�WRZDUGV�WKH�GLIIHUHQW�JRDOV�WKDW�UHVXOW�IURP�
WKH�GLIIHUHQW�RYHUDOO� REMHFWV�RI� DFWLYLW\�RI� WKH�GLIIHUHQW� FROOHFWLYHV� �IRU� IXUWKHU�GLVFXVVLRQ� VHH�� IRU�
H[DPSOH��:DNH��6ZDQ�	�)RVWHU���������,Q�&+$7��WKLV�VLPXOWDQHRXV�PHPEHUVKLS�RI��DQG�SDUWLFLSDWLRQ�
LQ��PXOWLSOH�DFWLYLW\�V\VWHPV�OHDGV�WR�ERXQGDU\�FURVVLQJ�³DV�D�VRFLR�FXOWXUDO�GLIIHUHQFH�OHDGLQJ�WR�D�
GLVFRQWLQXLW\�LQ�DFWLRQ�RU�LQWHUDFWLRQ´��$NNHUPDQ�	�%DNNHU��������S��������

Subject�

Community� Division of labour�Rules�

Instruments�

Object�
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%RXQGDU\� FURVVLQJ� LV� RIWHQ� IDFLOLWDWHG� E\�ERXQGDU\� REMHFWV� �6WDU�	�*ULHVHPHU�� �������ZKLFK� DUH�
DUWHIDFWV� WKDW� KDYH� GLIIHUHQW� PHDQLQJ� DQG� XVH� LQ� WZR� RU� PRUH� GLIIHUHQW� $FWLYLW\� 6\VWHPV�� ZKLOH�
UHWDLQLQJ� D� FRPPRQ� HVVHQFH� DFURVV� V\VWHPV�� 'LGDFWLFDO� GHYLFHV� DUH� H[DPSOHV� RI� VXFK� ERXQGDU\�
REMHFWV��LQ�WKH�FODVVURRP�WKH\�VXSSRUW�WKH�WHDFKHU
V�ZRUN�RI�GLGDFWLFDO�WUDQVSRVLWLRQ��%URXVVHDX��������
DV� WKH\� IDFLOLWDWH� EXLOGLQJ� RQ� VWXGHQWV¶� FXUUHQW� XQGHUVWDQGLQJ� WR� GHYHORS� QHZ� FRQFHSWXDO�
XQGHUVWDQGLQJ��ZKLOVW�LQ�WKH�OHVVRQ�VWXG\�JURXS�WKH\�SURYLGH�WHDFKHUV�ZLWK�GHYLFHV�WKDW�DVVLVW�WKHLU�
FRQVLGHUDWLRQ�RI�HSLVWHPRORJLFDO�LVVXHV��
�
�

�

�

�

�

)LJXUH����,QWHUDFWLQJ�DFWLYLW\�V\VWHPV�RI�FODVVURRP�DQG�OHVVRQ�VWXG\�JURXS�
�

7KH�SRWHQWLDO�RI�WKH�UROH�RI�GLGDFWLFDO�GHYLFHV�

7KH� QRWLRQ� RI� WKH� WUDQVSRVLWLRQ� RI� µHYHU\GD\¶� NQRZOHGJH� RI� PDWKHPDWLFV� LQWR� PDWKHPDWLFDO�
NQRZOHGJH�IRU�WHDFKLQJ�KDV�EHHQ�DFNQRZOHGJHG�DV�DQ�LPSRUWDQW��DQG�RIWHQ�SUREOHPDWLF��LVVXH�DQG�
H[SORUHG��SULPDULO\�LQ�:HVWHUQ�HGXFDWLRQ�UHVHDUFK��IRU�D�QXPEHU�RI�GHFDGHV��IRU�H[DPSOH��&KHYDOODUG�
���������7KH�PRVW�FRQFLVH�DQG�ORJLFDO�ZD\�WR�SUHVHQW�D�FXUULFXOXP�VSHFLILFDWLRQ��RIWHQ�UHIHUUHG�WR�DV�
WKH� LQWHQGHG� FXUULFXOXP� �6FKPLGW� HW� DO��� ������� DV� RSSRVHG� WR� WKH� FXUULFXOXP� DV� HQDFWHG� LQ� WKH�
FODVVURRP��LV�RIWHQ�IDU�UHPRYHG�IURP�KRZ�LW�PLJKW�EHVW�EH�VHTXHQFHG�DQG�WDXJKW��,Q�SDUWLFXODU��WKH�
GLGDFWLF�GHYLFHV�WKDW�XQGHUSLQ�VSHFLDOLVW�FRQWHQW�NQRZOHGJH�IRU�WHDFKLQJ��%DOO�HW�DO���������DUH�UDUHO\�
H[SOLFLW�LQ�FXUULFXOXP�VSHFLILFDWLRQV��,Q�WKH�8.��FXUUHQW�FXUULFXOXP�VSHFLILFDWLRQV�DUH�SULPDULO\�OLVWV�
RI�FRQWHQW��7KHVH�DUH�FRPPRQO\�RUJDQL]HG��DV�LQ�PDQ\�QDWLRQV��LQWR�JHQHUDOO\�DFFHSWHG�VXE�GRPDLQV�
RI� PDWKHPDWLFV�� QXPEHU� DQG� PHDVXUH�� DOJHEUD�� JHRPHWU\�� SUREDELOLW\� DQG� VWDWLVWLFV�� ZLWK� PDQ\�
FRXQWULHV�GUDZLQJ�RQ�WKH�2UJDQLVDWLRQ�IRU�(FRQRPLF�&R�RSHUDWLRQ�DQG�'HYHORSPHQW¶V�IUDPHZRUN�
WKDW�VSHFLILHV�PDWKHPDWLFV�DV�D�GRPDLQ�RI�VWXG\���������7KH�ZRUN�RI�WHDFKHUV�WKHQ�LQYROYHV�D�SURFHVV�
RI� GLGDFWLF� WUDQVSRVLWLRQ� �%URXVVHDX�� ������� ZKHUHE\� NQRZOHGJH� DV� SUHVHQWHG� LQ� FXUULFXOXP�
GRFXPHQWV�LV�DGDSWHG�LQ�ZD\V�WKDW�PDNH�LW�VXLWDEOH�DQG�VHTXHQFHG�DV�OHDUQLQJ�REMHFWV��

,W�LV�FOHDU��DOWKRXJK�QRW�H[SOLFLWO\�HPSKDVLVHG�LQ�WKH�-DSDQHVH�WH[WV��LQFOXGLQJ�VWXGHQW�WH[W�ERRNV�DQG�
WHDFKLQJ�JXLGHV��WKDW�ERXQGDU\�REMHFWV�WKDW�VXSSRUW�GLGDFWLF�WUDQVSRVLWLRQ�DUH�LQWURGXFHG��ZKDW�KHUH�
ZH� DUH� FDOOLQJ� GLGDFWLFDO� GHYLFHV��� )RU� H[DPSOH�� WKH� QXPEHU� OLQH� DV� D� UHSUHVHQWDWLRQ� LV� XVHG� LQ�
LQFUHDVLQJO\� VRSKLVWLFDWHG� PDQLIHVWDWLRQV� DJDLQ� DQG� DJDLQ� DFURVV� WKH� FXUULFXOXP� WR� SURYLGH� D�
FRKHUHQFH�LQ�DSSURDFK�WR�VXSSRUW�VWXGHQWV�GHYHORS�FRPPRQ�ZD\V�RI�VHHLQJ�FRQFHSWV�ZLWK�ZKLFK�WKH\�
DUH�IDPLOLDU�DQG�WR�KHOS�VXSSRUW�LQVLJKW�LQWR�QHZ�FRQFHSWV�WKDW�DUH�LQWURGXFHG�DV�REMHFWV�RI�OHDUQLQJ��
)RU�H[DPSOH�� WKH�GHYHORSPHQW�RI� WKH�QXPEHU� OLQH�DV� WKH�GRXEOH�QXPEHU� OLQH�FDQ�EH�XVHG�E\�ERWK�
WHDFKHUV�DQG�OHDUQHUV�WR�JDLQ�LQVLJKW�LQWR�WKHLU�GLIIHUHQW�FRQFHSWXDOLVDWLRQV�RI�SURSRUWLRQDOLW\�DQG�LWV�
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HIIHFWLYH�DSSOLFDWLRQ�LQ�D�UDQJH�RI�FRQWH[WXDO�SUREOHPV��,Q�RWKHU�ZRUN��WKH�8.�JURXS�KDV�H[SORUHG�
KRZ�WKH�GRXEOH�QXPEHU�OLQH�XVHG�LQ�WKLV�ZD\�DV�D�GLGDFWLFDO�GHYLFH�FDQ�EH�GHYHORSHG�DV�D�ERXQGDU\�
REMHFW� WR� VXSSRUW� WHDFKHU� OHDUQLQJ� LQ� D�PRGLILHG� YHUVLRQ� RI� OHVVRQ� VWXG\��:H�KDYH� IRXQG� WKDW�� LQ�
'ULMYHUV�	�7URXFKH¶V�WHUPV���������VXFK�D�GLGDFWLFDO�GHYLFH�EHFRPHV�DQ�LQVWUXPHQW�WKDW�ERWK�VKDSHV�
WKH�WKLQNLQJ�RI�WKH�XVHU��LQ�WKLV�FDVH�WKH�WHDFKHU��WKH�LQVWUXPHQWDWLRQ�SURFHVV���DQG�LV�LQ�LWVHOI�VKDSHG�
E\�WKH�XVHU��WKH�LQVWUXPHQWDOLVDWLRQ�SURFHVV���)URP�WKLV�WKHRUHWLFDO�SHUVSHFWLYH��ZH�DUH�FRQVLGHULQJ�
KRZ�GLGDFWLFDO�GHYLFHV�PLJKW� LQIRUP�WKH�SURFHVV�RI�FXUULFXOXP�GHVLJQ�IRU�FRKHUHQFH� LQ�ZD\V� WKDW�
DOORZ�IRU�WHDFKHUV�WR�HQJDJH�LQ�FR�FRQVWUXFWLRQ�RI�NQRZOHGJH�DQG�GRFXPHQWDU\�ZRUN�DV�WKH\�HQJDJH�
LQ�WKH�SURFHVV�RI�GLGDFWLFDO�WUDQVSRVLWLRQ�IRU�HIIHFWLYH�OHDUQLQJ��

([SDQVLYH�/HDUQLQJ��DQ�LOOXVWUDWLYH�FDVH�

,Q�DQ�DWWHPSW� WR�FDSWXUH� WKH�PXOWLGLPHQVLRQDO�DQG�FRPSOH[�QDWXUH�RI� OHDUQLQJ��(QJHVWURP��������
GUDZV�RQ�WKH�WKHRU\�RI�H[SDQVLYH�OHDUQLQJ�ZKLFK�³SXWV�WKH�SULPDF\�RQ�FRPPXQLWLHV�DV�OHDUQHUV��RQ�
WUDQVIRUPDWLRQ� DQG� FUHDWLRQ� RI� FXOWXUH�� RQ� KRUL]RQWDO� PRYHPHQW� DQG� K\EULGL]DWLRQ� DQG� RQ� WKH�
IRUPDWLRQ�RI�WKHRUHWLFDO�FRQFHSWV��)XQGDPHQWDO� WR�WKLV� LV�FRQVLGHUDWLRQ�WKDW�WKURXJK�FROODERUDWLLRQ�
SDUWLFLSDQWV�FRQVWUXFW�D�QHZ�REMHFW�DQG�FRQFHSW�IRU�WKHLU�FROOHFWLYH�DFWLYLW\�DQG�LPSOHPHQW�WKLV�LQ�WKHLU�
SUDFWLFH��(QJHVWURP�DQG�6DQLQR���������SRLQW�WR�D�YDULHW\�RI�LQWHUYHQWLRQV�VWXGLHV�WKDW�KDYH�GUDZQ�RQ�
WKH�WKHRU\�RI�H[SDQVLYH�OHDUQLQJ��VXFK�DV�WKRVH�E\�)LW]6LPRQV��������WKDW�FRQVLGHUHG�DGXOWV�OHDUQLQJ�
PDWKHPDWLFV�LQ�ZRUNSODFHV�DQG�OHDUQLQJ�DV�ERXQGDU\�FURVVLQJ�LQ�D�VFKRRO�XQYHUVLW\�SDUWQHUVKLS��7VXL�
DQG�/DZ���������,PSRUWDQW�WR�WKH�WKHRU\�LV�WKDW�WKH�VXEMHFW�RI�OHDUQLQJ�LV�WUDQVIRUPHG�IURP�WKH�OHDUQLQJ�
RI�WKH�LQGLYLGXDO�WR�WKH�OHDUQLQJ�RI�WKH�FROOHFWLYH�LQ�ZD\V�WKDW�OHDGV�WR�UHGHILQLWLRQ�RI�WKH�REMHFW�RI�
DFWLYLW\�RI�WKH�FROOHFWLYH��7KLV�LV�SHUKDSV�EHVW�H[SODLQHG�E\�UHIHUHQFH�WR�D�VSHFLILF�H[DPSOH�DULVLQJ�
IURP�WKH�ZRUN�RI�WKH�VWXG\�WR�GDWH��

)ROORZLQJ�DQ�LQWLDO�DQDO\VLV�RI�WKH�VHULHV�RI�-DSDQHVH�WH[W�ERRNV��GHYHORSHG�RYHU�PDQ\�\HDUV�E\�WKH�
-DSDQHVH� UHVHDUFK� WHDP�� DQG� GLVFXVVLRQV� EHWZHHQ� ERWK� UHVHDUFK� WHDPV�� WKUHH� H[SHULPHQWDO� OHVVRQ�
VWXGLHV�ZHUH�KHOG�LQ�WKH�8.�LQ������DQG�DWWHQGHG�E\�ERWK�UHVHDUFK�WHDPV�ZRUNLQJ�FROODERUDWLYHO\�
ZLWK� WKH�8.� WHDFKHUV��7KH� IRFXV�RI� WKH� OHVVRQV�ZDV� WKH�SRWHQWLDO�RI� WKH�FRQVWUXFW�RI�YHFWRUV�DV�D�
GLGDFWLFDO�GHYLFH�WR�VXSSRUW�WKH�GHYHORSPHQW�RI�PDWKHPDWLFDO�NQRZOHGJH�DFURVV�D�UDQJH�RI�OHVVRQV�LQ�
GLIIHUHQW� WRSLFV� LQ�PDWKHPDWLFV��+HUH��ZH�EULHIO\� LOOXVWUDWH� WKH� XVH� RI� WKH� QRWLRQ�RI� ³YHFWRU´� DV� D�
GLGDFWLFDO�GHYLFH�LQ�UHODWLRQ�WR�D�OHVVRQ�RQ�WKH�DGGLWLRQ�RI�GLUHFWHG�QXPEHUV��SRVLWLYH�DQG�QHJDWLYH�
QXPEHUV�� IRU� VWXGHQWV� DJHG�������� ,PSRUWDQW�KHUH� LV�KRZ� WKH� LQWURGXFWLRQ�RI� WKH�FRQVWUXFW�RI� WKH�
GLGDFWLFDO�GHYLFH��D�GHYLFH�WKDW�LV�IXQGDPHQWDOO\�FRQFHUQHG�ZLWK�SURYLGLQJ�DQ�XQGHUO\LQJ�IRFXV�RQ�
PDWKHPDWLFDO� NQRZOHGJH� DQG� PDWKHPDWLFDO� NQRZOHGJH� IRU� WHDFKLQJ�� H[SDQGHG� WKH� REMHFW� RI� WKH�
FROODERUDWLYH�DFWLYLW\�RI�WKH�SODQQLQJ�WHDP��LQ�WKLV�FDVH�WZR�WHDFKHUV�IURP�RQH�VFKRRO�DQG�WKH�ILUVW�
DXWKRU�DV�UHVHDUFKHU��,Q�OHVVRQ�VWXG\��WKH�REMHFW�RI�DFWLYLW\�RI�WKH�SODQQLQJ�WHDP�LV�XVXDOO\�D�SODQ�IRU�
D�VLQJOH�OHVVRQ�WKDW�VHHNV�WR�DQVZHU�D�SDUWLFXODU�UHVHDUFK�TXHVWLRQ�E\�SURPSWLQJ�VWXGHQW�DQG�WHDFKHU�
DFWLYLW\�ZKHQ�WKH�OHVVRQ�LV�WDXJKW�DQG�REVHUYHG�E\�WKH�ZLGHU�OHVVRQ�VWXG\�JURXS��
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�
)LJXUH����'LVFXVVLRQ�RI�YHFWRUV�LQ�JHQHUDO�WHUPV�IURP�WKH�WHDFKHUV¶�UHVHDUFK�OHVVRQ�SODQ�

IRU�D�OHVVRQ�RQ�DGGLQJ�DQG�VXEWUDFWLQJ�SRVLWLYH�DQG�QHJDWLYH�QXPEHUV�
�

7KH�DFWLYLW\�RI�WKH�OHVVRQ�SODQQLQJ�JURXS��ZKLOVW�DOVR�IRFXVLQJ�RQ�WKH�UHVHDUFK�OHVVRQ�LQ�WKH�VWXG\�
UHSRUWHG�KHUH��ZDV�DOVR�LQIRUPHG�E\�WKH�QHZ�FRQVWUXFW�RI�WKH�GLGDFWLFDO�GHYLFH�LQ�JHQHUDO��DQG�PRUH�
VSHFLILFDOO\�WKH�FRQVWUXFW�RI�³YHFWRUV´�LQ�WKLV�SDUWLFXODU�FDVH��7KLV�UHVXOWHG�LQ�D�QHZ�H[SDQGHG�REMHFW�
RI�DFWLYLW\�WKDW�IRFXVHG�PRUH�WKDQ�SUHYLRXVO\�RQ�FXUULFXOXP�FRKHUHQFH�LQ�WHUPV�RI�KRZ�XQGHUVWDQGLQJ�
RI� WKH� XQGHUO\LQJ� PDWKHPDWLFDO� VWUXFWXUH� RI� D� YHFWRU� PLJKW� EH� XVHG� WR� LQIRUP� WKLV� DUHD� RI� WKH�
FXUULFXOXP��DGGLQJ�DQG�VXEWUDFWLQJ�GLUHFWHG�QXPEHUV���:KLOVW�WKH�LQWHQWLRQ�LV�QRW�WR�VWXG\�YHFWRUV�DV�
PDWKHPDWLFDO�REMHFWV�LQ�WKLV�SKDVH�WKH�LQWURGXFWLRQ�RI�WKHLU�XQGHUO\LQJ�SURSHUWLHV�LV�IRXQG�WR�KDYH�
SRWHQWLDO�YDOXH�DV�SUHSDUDWLRQ�IRU�WKH�IXWXUH�ZRUN�RI�VWXGHQWV�VXFK�DV�ZKHQ�GHFRPSRVLQJ�YHFWRUV�LQWR�
KRUL]RQWDO�DQG�YHUWLFDO�FRPSRQHQWV�LQ�WKH�FXUULFXOXP��VRPH�WZR�\HDUV�GRZQ�WKH�OLQH��DQG�WKH�VXEMHFW�
RI�DQRWKHU�OHVVRQ�VWXG\�LQ�WKH�VHTXHQFH�RI�WKUHH���)LJXUHV���DQG���VKRZ�KRZ�WKH�WHDFKHUV¶�WKLQNLQJ�LQ�
UHODWLRQ�WR�³YHFWRU´�DV�D�GLGDFWLFDO�GHYLFH�ZDV�SUHVHQWHG�LQ�WKH�OHVVRQ�SODQ�IRU�DGGLQJ�SRVLWLYH�DQG�
QHJDWLYH�QXPEHUV��)LJXUH���LOOXVWUDWHV�KRZ�WKH�WHDFKHUV�UDWLRQDOLVHG�WKH\�ZRXOG�ZRUN�ZLWK�YHFWRUV�
ODWHU�LQ�WKH�FXUULFXOXP��DQG�)LJXUH���SURYLGHV�LQVLJKW�LQWR�KRZ�WKHLU�PRUH�JHQHUDO�WKLQNLQJ�DERXW�WKH�
XVH� RI� ³YHFWRU´� WKLQNLQJ� ZDV� WUDQVIRUPHG� WR� WKHLU� SODQ� IRU� DGGLQJ� DQG� VXEWUDFWLQJ� SRVLWLYH� DQG�
QHJDWLYH�QXPEHUV��

�
)LJXUH����.H\�SRLQWV�RI�WKH�WHDFKHUV¶�UHVHDUFK�OHVVRQ�SODQ�

�

)LJXUH� �� VKRZ� VRPH� RI� WKH� ZRUN� WKDW� VWXGHQWV� XQGHUWRRN� H[SORULQJ� ³YHFWRU� VW\OH´� MRXUQH\V� LQ�
SUHSDUDWLRQ�IRU�LQLWLDO�ZRUN�LQ�DGGLQJ�DQG�VXEWUDFWLQJ�SRVLWLYH�DQG�QHJDWLYH�QXPEHUV��
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� � �
)LJXUH����6WXGHQW�ZRUN�XVLQJ�YHFWRU�WKLQNLQJ�LQ�WKH�HDUO\�VWDJHV�RI�GHYHORSLQJ�

FRQFHSWXDO�XQGHUVWDQGLQJ�RI�DGGLQJ�DQG�VXEWUDFWLQJ�SRVLWLYH�DQG�QHJDWLYH�QXPEHUV��
�

'LVFXVVLRQ�

+HUH�ZH� KDYH� H[HPSOLILHG� NH\� DVSHFWV� RI� WKHRUHWLFDO� LGHDV� UHODWLQJ� WR� KRZ� WKH�ZRUN� RI� WHDFKHUV�
FROODERUDWLQJ�WKURXJK�OHVVRQ�VWXG\�PLJKW�EH�FRQVLGHUHG�IURP�D�&+$7�SHUVSHFWLYH��,Q�SDUWLFXODU��ZH�
KDYH�XVHG�WKH�WKHRU\�RI�H[SDQVLYH�OHDUQLQJ��ZKHUHE\�WKH�PXOWLIDFHWHG�GLPHQVLRQV�RI�OHDUQLQJ�RI�ERWK�
LQGLYLGXDOV�DQG�WKH�FROOHFWLYH�PLJKW�EH�FRQVLGHUHG�DV�H[SDQGLQJ�WKH�REMHFW�RI�WKHLU�DFWLYLW\��LQ�RUGHU�
WR� EHWWHU� XQGHUVWDQG� KRZ� ZH� WKHLU� WHDFKLQJ� PD\� EHWWHU� HQVXUH� VWXGHQW� H[SHULHQFH� RI� FRQFHSWXDO�
FRQQHFWHGQHVV��2XU�FODLP�LV�WKDW�WKH�LQWURGXFWLRQ�RI�WKH�FRQVWUXFW�RI�GLGDFWLFDO�GHYLFH�DV�D�ERXQGDU\�
REMHFW�ZLWK�PHDQLQJ� LQ�ERWK�FODVVURRP�DQG� OHVVRQ�VWXG\�JURXS�KDV� WKH�SRWHQWLDO� WR� IDFLOLWDWH�VXFK�
H[SDQVLYH�OHDUQLQJ�LQ�WHUPV�RI�GHYHORSLQJ�WHDFKHU�NQRZOHGJH�RI�FXUULFXOXP�FRKHUHQFH��)XUWKHU��LW�LV�
RXU�FRQWHQWLRQ�WKDW�VRFLDOO\�GLVWULEXWHG�WHDFKHU�NQRZOHGJH�RI�WKLV�W\SH�KDV�WKH�SRWHQWLDO�WR�LPSURYH�
VWXGHQW� OHDUQLQJ�RXWFRPHV�DV�RYHU� WLPH� WKH\�H[SHULHQFH�PDWKHPDWLFV�DV�D�FRQFHSWXDOO\�FRQQHFWHG�
NQRZOHGJH� GRPDLQ�� )RU� H[DPSOH�� LQ� WKH� EULHI� LOOXVWUDWLRQ� JLYHQ� KHUH� ZH� VHH� VWXGHQWV� LQIRUPDOO\�
ZRUNLQJ�ZLWK�XQGHUO\LQJ�LGHDV�RI�YHFWRUV� WKDW�ZLOO�HYHQWXDOO\�VXSSRUW� WKHLU�IXWXUH�ZRUN�ZKHUH�WKH�
IRFXV�ZLOO�EH�RQ�XVLQJ�YHFWRUV�ERWK�H[SOLFLWO\�DQG�PRUH�IRUPDOO\��

2XU� LQWURGXFWLRQ� RI� WKH� GLGDFWLFDO� GHYLFH� LQWR� WKH� DFWLYLW\� V\VWHP� RI� WKH� OHVVRQ� VWXG\� JURXS� ZH�
FRQVLGHU�DV�HVVHQWLDO� LQ� UHIRFXVLQJ� WKH�ZRUN�RI� WKH�JURXS�VR� WKDW� WKH�REMHFW�RI�VWXG\� LV�GHYHORSHG�
EH\RQG�WKH�FRQVLGHUDWLRQ�RI�D�VLQJOH�OHVVRQ�IRFXVHG�RQ�WHDFKLQJ�D�SDUWLFXODU�PDWKHPDWLFDO�FRQFHSW�DW�
D� SDUWLFXODU� WLPH�� 7KH� GLGDFWLFDO� GHYLFH� LWVHOI� VHHNV� WR� SURYLGH� D� SRWHQWLDO� WRRO� IRU� WHDFKLQJ� �DQG�
OHDUQLQJ��ERWK�DFURVV�WUDGLWLRQDO�WRSLF�ERXQGDULHV�DQG�WR�VXSSRUW�GHYHORSPHQW��RYHU�WLPH��+HUH��ZH�
KDYH�GUDZQ��EULHIO\��RQ�WZR�VXFK�GHYLFHV��WKH�QXPEHU�OLQH�DQG�YHFWRUV��$OWKRXJK�WKH�ODWWHU�RI�WKHVH�DW�
D�ODWHU�VWDJH�EHFRPHV�DQ�REMHFW�RI�VWXG\�LQ�LWV�RZQ�ULJKW��KHUH�ZH�IRFXV�RQ�LWV�SRWHQWLDO�WR�SURYLGH�DQ�
XQGHUO\LQJ�VWUXFWXUH�DQG�ZD\�RI� WKLQNLQJ�WKDW�FDQ�XQGHUSLQ�RWKHU�DUHDV�RI� WKH�FXUULFXOXP��VXFK�DV�
H[HPSOLILHG�KHUH��WKH�DGGLQJ�DQG�VXEWUDFWLQJ�RI�SRVLWLYH�DQG�QHJDWLYH�QXPEHUV��2XU�ZRUN�LQ�WKLV�DUHD�
LV�D�ZRUN�LQ�SURJUHVV��DOWKRXJK�ZH�KDYH�LGHQWLILHG�D�QXPEHU�RI�SRWHQWLDO�RWKHU�GHYLFHV��VXFK�DV�WKH�
XVH�RI�XQLWV��WKH�FLUFOH�DV�D�ORFXV�RI�D�VHW�RI�SRLQWV��WKH�LGHD�RI�WKH�XQLW��RQH�QHVV���

,Q�DFWLYLW\�WKHRU\�WHUPV��WKH�LQWURGXFWLRQ�RI�WKH�GLGDFWLFDO�GHYLFH�SURYLGHV�D�VHFRQGDU\�FRQWUDGLFWLRQ��
DV�DQ�ROG�DUWHIDFW�LQVWUXPHQW�PHHWV�D�QHZ�REMHFW��LQ�WKH�H[DPSOH�KHUH��WKH�ROG�DUWHIDFW�RI�YHFWRU��QRZ�
FRQVLGHUHG� DV� D� GLGDFWLFDO� GHYLFH�� XQGHUSLQV� WKH� QHZ� REMHFW� RI� WKH� JURXS� DV� LW� ZRUNV� WR� EHWWHU�
XQGHUVWDQG�FXUULFXOXP�FRKHUHQFH��&RQWUDGLFWLRQV�RI�WKLV�W\SH�DUH�QHFHVVDU\�EXW�QRW�VXIILFLHQW�GULYHUV�
IRU�H[SDQVLYH�OHDUQLQJ��(QJHVWURP���������2XU�WKHRUHWLFDO�DQDO\VLV�RI�RXU�ZRUN�WR�GDWH�VXJJHVWV�WKDW�
WKHUH�LV�PXFK�SRWHQWLDO�IRU�FRQWLQXHG�FROODERUDWLYH��DQG�H[SDQVLYH��OHDUQLQJ�IDFLOLWDWHG�E\�IRFXVVLQJ�
RQ�IXUWKHU�GLGDFWLFDO�GHYLFHV��2XU�DQDO\VLV�KLJKOLJKWV�WKH�LPSRUWDQFH�RI�WKH�LQWURGXFWLRQ�RI�WKH�QHZ�
FRQVWUXFW�DV�EHLQJ�FHQWUDO�WR�VXSSRUWLQJ�OHDUQLQJ�RI�ERWK�LQGLYLGXDOV�DQG�FROOHFWLYH�DV�D�ZKROH��
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5HIHUHQFHV��
$NNHUPDQ��6��)���	�%DNNHU��$����������%RXQGDU\�FURVVLQJ�DQG�ERXQGDU\�REMHFWV��5HYLHZ�RI�(GXFDWLRQDO�5HVHDUFK������

���������
%DOO��'��/���+RRYHU�7KDPHV��0���	�3KHOSV��*����������&RQWHQW�.QRZOHGJH�IRU�7HDFKLQJ��:KDW�0DNHV�,W�6SHFLDO"�-RXUQDO�

RI�7HDFKHU�(GXFDWLRQ������������������
%URXVVHDX��*����������7KHRU\�RI�GLGDFWLFDO�VLWXDWLRQV�LQ�PDWKHPDWLFV��'RUGUHFKW��.OXZHU��
&KHYDOODUG�<� �������� /D� 7UDQVSRVLWLRQ�'LGDFWLTXH�� 'X� VDYRLU� VDYDQW� DX� VDYRLU� HQVHLJQp�� �QG� HGQ� ������ /D� 3HQVpH�

VDXYDJH��*UHQREOH� >6SDQLVK� WUDQVODWLRQ��&KHYDOODUG�<��������/D� WUDQVSRVLFLyQ�GLGiFWLFD��'HO�VDEHU�VDELR�DO� VDEHU�
HQVHxDGR��$,48(��%XHQRV�$LUHV@�

'DQLHOV��+����������9\JRWVN\�DQG�3HGDJRJ\��$ELQJGRQ��8.��5RXWOHGJH)DOPHU��
'ULMYHUV��3��	�7URXFKH��/����������)URP�DUWLIDFWV�WR�LQVWUXPHQWV��$�WKHRUHWLFDO�IUDPHZRUN�EHKLQG�WKH�RUFKHVWUD�PHWDSKRU��

,Q�*��:��%OXPH�	�0��.��+HLG��(GV����5HVHDUFK�RQ�WHFKQRORJ\�DQG�WKH�WHDFKLQJ�DQG�OHDUQLQJ�RI�PDWKHPDWLFV���&DVHV�
DQG�SHUVSHFWLYHV��9RO�����SS�����±������&KDUORWWH��,QIRUPDWLRQ�$JH��

)LW]6LPRQV��*��(����������8VLQJ�(QJHVWU|P¶V�H[SDQVLYH�OHDUQLQJ�IUDPHZRUN�WR�DQDO\VH�D�FDVH�VWXG\�LQ�DGXOW�PDWKHPDWLFV�
HGXFDWLRQ��/LWHUDF\�	�1XPHUDF\�6WXGLHV�����������±����

(QJHVWU|P��<�� ��������/HDUQLQJ�E\�H[SDQGLQJ��$Q�DFWLYLW\�WKHRUHWLFDO�DSSURDFK� WR�GHYHORSPHQWDO� UHVHDUFK��+HOVLQNL��
)LQODQG��2ULHQWD�.RQVXOWLW��
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