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&UHDWLYLW\�LV�EDVHG�RQ�WKH�DELOLW\�WKDW�UHIOHFWV�
WKH� LQGLYLGXDO¶V� FDSDELOLWLHV� WR� FUHDWH� QHZ� FRQ�
FHSWV�DQG�IRUP�QHZ�VNLOOV��L�H��DELOLW\�WR�EH�FUHD�
WLYH�� 7KLV� FRQFHSW� LV� VWXGLHG� LQH[WULFDEO\� IURP�
WKH� LQWHOOHFW� DQG� LV� DVVRFLDWHG�ZLWK� WKH� FUHDWLYH�
DFKLHYHPHQWV�RI�WKH�LQGLYLGXDO��

&UHDWLYLW\� LV� FRQVLGHUHG� D� XQLTXH� SKHQROPH�
QRQ�� WKH� LQWHOOHFWXDO�KHXULVWLF�TXDOLW\�RI� WKH�SHU�
VRQDOLW\�DQG�WKH�SURFHVV�DQG�FRPSOH[�RI�LQWHOOHF�
WXDO�DQG�SHUVRQDO�FKDUDFWHULVWLFV�RI�WKH�LQGLYLGX�
DO��PDQLIHVWHG�LQ�SURGXFWLYH�DFWLYLWLHV��&UHDWLYLW\�
LQ� WKH� FRQWH[W� RI� GHYHORSPHQW� PDQDJHPHQW� LV�
SURYLGHG�E\�D�SULPH�PRWLYDWLRQ��D�FRQVFLRXV�DQG�

VKRZQ� LQWHUHVW�� DQ� DFWLYH�DQG� LQGHSHQGHQW�SRVL�
WLRQ�� KHDOWK\� ULYDOU\�� KDUG� ZRUN�� DQG� SHUVHYHU�
DQFH�� ,W� FRQVLGHUV� PRELOL]DWLRQ�� LQIRUPDWLRQDO��
GHYHORSLQJ��RULHQWDWLRQDO�VNLOOV��WKH�DELOLW\�WR�JH�
QHUDWH�LGHDV��WHFKQLFDO�LQJHQXLW\��

%XLOGLQJ�FUHDWLYH�SRWHQWLDO� LV�DVVRFLDWHG�ZLWK�
IRUPLQJ� D� VHDUFK� DSSDUDWXV� DQG�FUHDWLQJ� DQ�RE�
MHFW�WR�VDWLVI\�WKH�JHQHUDO�KXPDQ�QHHG��$V�D�FRP�
SRQHQW�� FUHDWLYLW\� LV� SDUW� RI� LWV� VHOI�UHJXODWLRQ�
V\VWHP��,Q�WKLV�UHJDUG��KXPDQ�FUHDWLYLW\�LV�XQGHU�
VWRRG�DV�VXFK�DQ�LQWHJUDO�SURSHUW\�RI�D�SHUVRQDOL�
W\�WKDW�DULVHV�DV�DQ�LQWHUQDO�SUHPLVH�RI�LWV�FUHDWLYH�
DFWLYLW\��&UHDWLYLW\�FDQ�EH�LQWHUSUHWHG�DV�D�V\QR�
Q\P� IRU� LQQRYDWLRQ�� WKDW� LV�� LW� FDQ� EH�GHVFULEHG�
E\�D�FRQFHSW�WKDW�GHWHUPLQHV�D�SHUVRQ¶V�DELOLW\�WR�
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FUHDWH� QHZ�� VSLULWXDO� DQG� PDWHULDO�� HOHPHQWV� RI�
HFRQRPLF� GHYHORSPHQW�� DQ� LPSRUWDQW� IDFWRU� LQ�
FUHDWLQJ� D� NQRZOHGJH� VRFLHW\�� DQG� WKHUHIRUH� DQ�
HVVHQWLDO� DWWULEXWH� RI� SURIHVVLRQDO� FRPSHWHQFH��
7KH� GHYHORSPHQW� RI� SURIHVVLRQDO� FUHDWLYLW\� RI�
VWXGHQWV� LQYROYHV� D� PD[LPXP� RULHQWDWLRQ� WR�
ZDUGV�FUHDWLYLW\�LQ�HGXFDWLRQDO�DFWLYLWLHV��WKH�GH�
YHORSPHQW�RI�WKHLU�RZQ�FUHDWLYH�H[SHULHQFH��6WX�
GHQWV�QHHG�WR�GHYHORS�WKH�DELOLW\�WR�FOHDUO\�UHDO�
L]H� WKH�JRDOV� DQG�REMHFWLYHV�RI� WKHLU�SURIHVVLRQ��
XQGHUVWDQG�WKH�HVVHQFH�RI�SURIHVVLRQDO�IXQFWLRQV��
LGHQWLI\� LPSRUWDQW� SHUVRQDO� TXDOLWLHV� DQG� WKH�
ZD\V�RI�WKHLU�IRUPDWLRQ��GLDJQRVH�WKHLU�DELOLW\�WR�
VWXG\� DQG� SURIHVVLRQDO� DFWLYLWLHV�� DQG� FKRRVH�
VHOI�LPSURYHPHQW�VWUDWHJLHV��

)URP�WKLV��LW�LV�FOHDU�WKDW�FUHDWLYLW\�LQ�WKH�SUR�
IHVVLRQ�LV�DQ�LQWHJUDO�FRPSRQHQW�RI�SURIHVVLRQDO�
DFWLYLW\�� ZKLFK� FKDUDFWHUL]HV� DV� WKH� DELOLW\� RI� D�
SURIHVVLRQDO�WR�WUDQVIRUP�WKH�H[SHULHQFH�RI�HGX�
FDWLRQDO� DQG�SURIHVVLRQDO� DFWLYLW\�� GXULQJ�ZKLFK�
KH�PDVWHUV�WKH�DELOLW\�WR�UHSURGXFH�DQG�FUHDWLYHO\�
FKDQJH�WKH�SURGXFWV�RI�ODERXU��EHFRPLQJ�DQ�DF�
WLYH�VXEMHFW��UHVSRQVLEOH�SHUVRQ��DQG�FUHDWLYH�SHU�
VRQDOLW\��

$W�WKH�SUHVHQW�VWDJH�RI�KXPDQ�GHYHORSPHQW��
KLJKO\�SURIHVVLRQDO�FUHDWLYH�VSHFLDOLVWV�DUH�QHHG�
HG�EHFDXVH�RI�UDSLG�FKDQJHV�LQ�WKH�VRFLR�HFRQR�
PLF� VSKHUH� RI� WKH� FRXQWU\¶V� SXEOLF� OLIH�� 7KH�
TXHVWLRQ�DULVHV�RI�D� IXQGDPHQWDO�FKDQJH� LQ� WKH�
V\VWHP� RI� WUDLQLQJ� IXWXUH� SURIHVVLRQDOV�� ZKLFK�
VKRXOG�IRFXV�RQ�WKH�FKDOOHQJHV�RI�HYHU\GD\�OLIH�
DQG�SURYLGH�IRU�WKHLU�SURGXFWLYH�VROXWLRQ�LQ�WKH�
IXWXUH�� 7KH� SUREOHP� RI� RUJDQL]LQJ� HGXFDWLRQDO�
DFWLYLWLHV� RI� VWXGHQWV� LV� YHU\� XUJHQW� VLQFH� WKH�
OHDGLQJ� JRDO� RI� WKH� PRGHUQ� V\VWHP� RI� KLJKHU�
HGXFDWLRQ�LV�WKH�IRUPDWLRQ�RI�D�KLJKO\�TXDOLILHG��
FRPSHWLWLYH� VSHFLDOLVW� ZKR� FDQ� PD[LPL]H� WKH�
EHQHILWV�RI�VRFLHW\�WR�UHDOL]H�KLV�FUHDWLYH�SRWHQ�
WLDO��HIIHFWLYHO\�DQG�KXPDQHO\�VROYH�GLYHUVH�OLIH�
SUREOHPV� WKDW� DUH� EHFRPLQJ� LQFUHDVLQJO\� FRP�
SOH[�DQG�XQSUHGLFWDEOH�LQ�WKH�FRQWH[W�RI�WKH�SKL�
ORVRSK\�RI�HGXFDWLRQ��

7KLV� FRQFHUQV� WKH� VRFLDO� DQG� KXPDQLWDULDQ�
VSHFLDOLVWV�ZKR�DUH�UHVSRQVLEOH�IRU�WKH�IDYRXUDEOH�
SV\FKRORJLFDO� FOLPDWH� LQ� VRFLHW\�� $W� WKH� VDPH�

WLPH��SV\FKRORJLVWV�ZLOO�FHUWDLQO\�EH�LQYROYHG�LQ�
VROYLQJ�SUHFLVHO\�WKHVH�FRPSOH[�SUREOHPV�WR�SUR�
YLGH� DSSURSULDWH� DVVLVWDQFH� WR� YDULRXV� VHJPHQWV�
RI�WKH�SRSXODWLRQ�DQG�WLPHO\�SUHYHQW�WKH�SUHGLFW�
HG�GHYLDWLRQV�LQ�WKH�SV\FKRVRFLDO�GHYHORSPHQW�RI�
SHRSOH� RI� GLIIHUHQW� VH[� DQG� DJH�� 3V\FKRORJLFDO�
VSHFLDOLVWV� KDYH� VLJQLILFDQWO\� LQFUHDVHG� UHTXLUH�
PHQWV� IRU� WKHLU� SUHSDUHGQHVV� IRU� SURIHVVLRQDO�
SUDFWLFH�LQ�WKH�QHZ�FRQGLWLRQV�DQG�WKH�DELOLW\�IRU�
SURIHVVLRQDO�FUHDWLYH�SHUIRUPDQFH��

7KH�SURJUHVVLYHQHVV�RI�VRFLDO�GHYHORSPHQW�LQ�
PDQ\�UHVSHFWV�GHSHQGV�RQ�WKH�DELOLW\�RI�WKH�HGX�
FDWLRQDO�VSKHUH� WR� UHSURGXFH� WKH� LQWHOOHFWXDO�SR�
WHQWLDO�� KLJK�TXDOLW\� ODERXU� IRUFH�� 7KH� PRGHUQ�
KLJKHU�HGXFDWLRQ�V\VWHP�FRYHUV�D�VLJQLILFDQW�VHJ�
PHQW�RI�VRFLHW\��ODUJH�KXPDQ��ILQDQFLDO�DQG�PD�
WHULDO�DQG�WHFKQLFDO�UHVRXUFHV�DUH�LQYROYHG�LQ�LWV�
VSKHUH��

7KLV� V\VWHP� WRGD\� LV� DQ� HFRQRPLF� FRPSOH[��
7KH�DFWLYLWLHV�DQG�GHYHORSPHQW�RI� WKHVH� UHTXLUH�
WKH�ZLGHVSUHDG�XVH�RI� VFLHQWLILF�NQRZOHGJH�� WKH�
LQWURGXFWLRQ� RI� VFLHQWLILFDOO\� JURXQGHG�PDQDJH�
PHQW�PHWKRGV��WKH�DWWUDFWLRQ�RI�VLJQLILFDQW�ILQDQ�
FLDO�DQG�PDWHULDO�UHVRXUFHV��DQG�WKH�DFWLYDWLRQ�RI�
KXPDQ�FDSLWDO��7KH�UHOHYDQFH�RI�WKH�SUREOHP�RI�
FUHDWLYH� GHYHORSPHQW� RI� D� VWXGHQW¶V� SHUVRQDOLW\�
DW�WKH�VWDJH�RI�HGXFDWLRQ�LQ�KLJKHU�HGXFDWLRQ�LQ�
VWLWXWLRQV� LV� QRZ� UHFRJQL]HG� VR� PXFK� WKDW� LW� LV�
SUHYDLOLQJ� LQ� DOO� VWDWH� GRFXPHQWV� RQ� HGXFDWLRQ��
VSHHFKHV� RI� SHUVRQV�ZKR� DUH� GLUHFWO\� UHODWHG� WR�
WKH� GHYHORSPHQW� RI� WKH� QDWLRQDO� HGXFDWLRQ� V\V�
WHP�� %XW� WKHUH� DUH�PDQ\� GLIILFXOWLHV� LQ� VROYLQJ�
WKLV�SUREOHP���

)LUVW� RI� DOO�� WKLV� FRQFHUQV� WKH� ODFN� RI� D� FOHDU�
XQGHUVWDQGLQJ�DW�WKH�OHYHO�RI�DQ�LQGLYLGXDO�HGXFD�
WLRQDO� LQVWLWXWLRQ� DERXW� WKH� PHWKRGRORJ\� RI� WKH�
GHYHORSHG� FUHDWLYH� SRWHQWLDO� RI� WKH� SV\FKRORJ\�
VWXGHQW�� 7KLV� LV� EHFDXVH� WKH� EDVLF� FRQFHSWV� RI�
FUHDWLYLW\�DUH�SUHVHQWHG�DV�YDJXH�WKHRUHWLFDO�GRJ�
PDV�� ZKLFK� LQ� WKHLU� HVVHQFH� FRPSULVH� SRSXOLVW�
VWDWHPHQWV��D�VHW�RI�EDQDO�DQG�LQHIIHFWLYH�SV\FKR�
ORJLFDO� DGYLFH� �VRXUFH�QHHGHG���7KRVH� LQGLYLGX�
DOV�ZKRVH�WDVN�LV�WR�LQFUHDVH�WKH�SURIHVVLRQDO�DQG�
SHUVRQDO�SRWHQWLDO�RI�WKH�SV\FKRORJ\�VWXGHQW��SDU�
WLFXODUO\�FUHDWLYH��GR�QRW�KDYH�WKH�SUHFLVH�VWHSV�WR�
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LPSURYH�LW�LQ�WKHLU�DUVHQDO��
6WXGHQWV¶�FUHDWLYH�DFWLYLW\�LV�RQH�RI�WKH�PDLQ�

IDFWRUV� LQ� WKH� HIIHFWLYHQHVV� RI� WKH� HGXFDWLRQDO�
SURFHVV�� ZKLFK� LV� DLPHG� DW� WUDLQLQJ� VSHFLDOLVWV��
WKH�IRUPDWLRQ�DQG�GHYHORSPHQW�RI�D�SURIHVVLRQDO�
SHUVRQDOLW\� LQ� WKH� FRQWH[W� RI� GHYHORSPHQW� PD�
QDJHPHQW��7KH� WUDGLWLRQDO�KLJKHU�HGXFDWLRQ�V\V�
WHP�LV�IRFXVHG�RQ�WKH�GHYHORSPHQW�RI�FRQYHUJHQW�
WKLQNLQJ��WKDW�LV��RQ�WKH�IRUPDWLRQ�RI�RQO\�RQH�SR�
VLWLRQ� LQ� WKH� DVVHVVPHQW�RI�SKHQRPHQD�RU� IDFWV��
ZKLOH�PRGHUQ�VRFLHW\�UHTXLUHV�D�UDGLFDO�UHYLVLRQ�
RI� WKH� HGXFDWLRQDO�PRGHO� RI� WKH� H[LVWLQJ� KLJKHU�
HGXFDWLRQ� V\VWHP��7KDW� LV�ZK\� WUDLQLQJ� VSHFLDO�
LVWV¶�SULPDU\� WDVN� LV� WR�GHYHORS� WKH�SURIHVVLRQDO�
FUHDWLYH�DELOLWLHV�RI�SV\FKRORJ\�VWXGHQWV�RQ�QHZ�
FRQFHSWXDO�IRXQGDWLRQV��

)RU�WKH�GHYHORSPHQW�RI�FUHDWLYLW\�RI�VWXGHQWV��
DQ�XQUHJXODWHG�HQYLURQPHQW�ZLWK�GHPRFUDWLF�UH�
ODWLRQV�DQG�LPLWDWLRQ�RI�D�FUHDWLYH�SHUVRQDOLW\�DUH�
QHHGHG��6XFK�GHYHORSPHQW�WDNHV�SODFH�XQGHU�WKH�
LQIOXHQFH�RI�WKH�PLFURHQYLURQPHQW�E\�IRUPLQJ�D�
V\VWHP�RI�PRWLYHV�DQG�SHUVRQDO�SURSHUWLHV��LQGH�
SHQGHQFH��PRWLYDWLRQ�IRU�VHOI�DFWXDOL]DWLRQ���

,Q� WKLV� UHJDUG�� D� IXQGDPHQWDO� WUDQVIRUPDWLRQ�
LV�UHTXLUHG�E\�WKH�WUDLQLQJ�V\VWHP�RI�SURIHVVLRQDO�
SV\FKRORJLVWV��,W�SURYLGHV�WKH�ZLGHVSUHDG�XVH�RI�
LQQRYDWLYH�� SURGXFWLYH� IRUPV�� PHWKRGV�� DQG�
PHDQV� RI� GHYHORSLQJ� WKHLU� SURIHVVLRQDO� FUHDWLYH�
DELOLWLHV� IRU� UHDOL]LQJ� FUHDWLYH� SRWHQWLDO� ERWK� LQ�
WKH�VWXG\�DQG�IXUWKHU�ZRUNLQJ�OLIH��

,QFUHDVLQJ� WKH� FUHDWLYLW\� RI� SV\FKRORJ\� VWX�
GHQWV�KDV�EHHQ�FRQVLGHUHG�IRU�PDQ\�\HDUV�DV�SDUW�
RI�D�JHQHUDO�VFLHQWLILF�VHDUFK�IRU�ZD\V�WR�LQFUHDVH�
WKH� FUHDWLYLW\� RI� VWXGHQWV� RI� KLJKHU� HGXFDWLRQDO�
LQVWLWXWLRQV� LQ� WKH� FRQWH[W� RI� WKH� SKLORVRSK\� RI�
HGXFDWLRQ��

�
$QDO\VLV�RI�5HFHQW�6WXGLHV��

DQG�3XEOLFDWLRQV�
�

7KH� SUREOHPV� RI� FUHDWLYLW\� DQG� ZD\V� WR� LQ�
FUHDVH�LWV�OHYHO�DPRQJ�VWXGHQWV�EHJDQ�WR�EH�FRQ�
VLGHUHG� IRU� D� ORQJ� WLPH�� ,Q�SDUWLFXODU��:HLVEHUJ�
��������LQ�KLV�ZRUN��UHYHDOHG�WKH�EDVLF�SULQFLSOHV�
DQG�SDUDGLJPV�RI�FUHDWLYLW\�LQ�SHRSOH��LQFOXGLQJ�

WKRVH� ZKR� VWXG\� DW� KLJKHU� HGXFDWLRQDO� LQVWLWX�
WLRQV�� 7KXV�� KLV� ZRUN� SDYHG� WKH� ZD\� IRU� RWKHU�
VFLHQWLVWV�WR�FRQVLGHU�PHWKRGV�WR�LQFUHDVH�WKH�OH�
YHO�RI�WKLV�LQGLFDWRU��$V�D�VXFFHVVIXO�PHWKRG�IRU�
LPSURYLQJ� FUHDWLYLW\� DPRQJ� FKLOGUHQ� LQ� VFKRROV�
DQG�VWXGHQWV�DW�XQLYHUVLWLHV��5HQ]XOOL��������SUR�
SRVHG� D�PHWKRGRORJ\� IRU� VWLPXODWLQJ� FUHDWLYLW\��
DFFRUGLQJ� WR� ZKLFK� D� VWXGHQW� FDQ� VXFFHVVIXOO\�
DQG�SHULRGLFDOO\�LQFUHDVH�WKHLU�OHYHO�RI�FUHDWLYLW\�
LI� FHUWDLQ� LQFHQWLYHV� DQG� SUH�UHTXLVLWHV� IRU� VXF�
FHVV�DFW�RQ�LW��%DUDE�	�5RWK���������

'LFNKXW��������DQG�*RRGPDQ��������IDFLOLWD�
WHG�WKH�ZD\V�DQG�PHWKRGV�RI�HQKDQFLQJ�VWXGHQWV¶�
FUHDWLYH� DELOLWLHV� E\� LQWURGXFLQJ� WKH� JDPH� DQG�
FRJQLWLYH�VHPDQWLF� WHFKQLTXHV� LQ� WKH� OHDUQLQJ�
SURFHVV��

,Q� WKHLU� ZRUN�� =KDQJ� DQG� 6WHUQEHUJ� �������
H[DPLQHG� WKH�PDMRU�ZD\V� DQG� VW\OHV� RI� HQKDQ�
FLQJ�VWXGHQWV¶�FUHDWLYLW\�WKURXJK�WKH�XVH�RI�FRQ�
VWDQW�SDUDGLJPV��WKH�SURFHVV�RI�LQFUHDVLQJ�FUHDWL�
YLW\��WKH�NH\�SDUWLFLSDQWV�RI�ZKLFK�ZHUH�WHDFKHUV�
DQG�VWXGHQWV��7KH�WHDFKHU�ZDV�DVVLJQHG�WKH�FHQ�
WUDO� UROH� RI� WKH� FDWDO\VW� IRU� WKH� FUHDWLYLW\� RI� WKH�
VWXGHQW��

1HYHUWKHOHVV��RYHU�WLPH��WKLV�GLUHFWLRQ�EHFDPH�
VR�YDVW�WKDW�VFLHQWLVWV�FRQFOXGHG�WKDW�ZD\V�WR�LQ�
FUHDVH�FUHDWLYLW\� VKRXOG�EH�H[SORUHG� LQ� WKH�FRQ�
WH[W�RI� WDNLQJ� LQWR�DFFRXQW�WKH�FKDUDFWHULVWLFV�RI�
WKH�IXWXUH�SURIHVVLRQ��

)RU� H[DPSOH�� 6KDQGUXN� ������� H[DPLQHG�
ZD\V� WR� LQFUHDVH� FUHDWLYLW\�� VSHFLILFDOO\� DPRQJ�
VWXGHQWV�LQ�WKH�SV\FKRORJLFDO�VSKHUH�� ,Q�SDUWLFX�
ODU�� KLV� ZRUN� SUHVHQWV� LPSURYHG� WHFKQLTXHV� IRU�
HQKDQFLQJ�FUHDWLYLW\�IRU�VWXGHQWV�RI�JHQHUDO�SUR�
ILOH��

$� VXSSRUWHU� RI� WKH� FRPSHWHQF\�EDVHG� DS�
SURDFK�WR�HQKDQFLQJ�FUHDWLYLW\�DPRQJ�VWXGHQWV�RI�
D� SV\FKRORJLFDO� SURILOH� VKRXOG� EH� FRQVLGHUHG�
%HUPXV��������DQG�0DOH\��3HDFKH\���������7R�
GD\��WKHLU�ZRUNV�DUH�XVHG�DV�D�PHWKRGRORJLFDO�ED�
VLV�RQ�WKH�WHUULWRU\�RI�KLJKHU�HGXFDWLRQDO�LQVWLWX�
WLRQV�LQ�(DVWHUQ�(XURSH��

,Q� WKHLU� UHVHDUFK�� 3DQRN� ������� DQG� 6KHY�
FKHQNR��������FUHDWHG�D�PHWKRGRORJ\�IRU�HQKDQ�
FLQJ�WKH�FUHDWLYLW\�RI�SV\FKRORJ\�VWXGHQWV��EDVLQJ�
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RQ� SULQFLSOHV� DQG� SDUDGLJPV� RQ� WKH� XSFRPLQJ�
IHDWXUHV� RI� WKHLU� SURIHVVLRQ�� SDUWLFXODUO\� LQ� WKH�
ILHOG� RI� SV\FKRORJLFDO� DQDO\VLV� DQG� FRXQVHOOLQJ��
6XFK�D�VSHFLILFDWLRQ�EURXJKW�WKHLU�ZRUN�WR�D�QHZ�
OHYHO� EHFDXVH� XVLQJ� PHWKRGV�� ZKLFK� VWXGHQWV�
FRXOG� WUDLQ� WKHLU� RZQ� FUHDWLYLW\� DQG� SUHSDUH�
WKHPVHOYHV�IRU�IXWXUH�ZRUN��

&KHSHOHYD� ������� DQG� %DUQHWW� �������� DQG�
.RQGDNRY��������LQYHVWLJDWHG�WKH�UROH�RI�IDFXOW\�
LQ� HQKDQFLQJ� WKH� FUHDWLYLW\� RI� SV\FKRORJ\� VWX�
GHQWV��$FFRUGLQJ� WR� WKHLU�ZRUNV�� WKLV�HOHPHQW� LV�
FUXFLDO�LQ�DFKLHYLQJ�VXFFHVV�LQ�WKLV�SURFHVV��

*LYHQ�DOO�WKH�SUHYLRXVO\�SUHVHQWHG�ZRUN��WR�
GD\��WKH�LVVXH�RI�HQKDQFLQJ�WKH�FUHDWLYLW\�RI�SV\�
FKRORJ\� VWXGHQWV� LV� FRQVLGHUHG� LQ�PDQ\� VFLHQ�
WLILF�FLUFOHV��+RZHYHU��GHVSLWH�VXFK�D�ODUJH�QXP�
EHU�RI�VFLHQWLILF�DFKLHYHPHQWV��LQ�HDFK�RI�WKHP��
LQ�RXU�RSLQLRQ��WKHUH�DUH�VWLOO�JDSV�LQ�WKH�ILHOG�RI�
VSHFLILFDWLRQ� RI� D� PHWKRGRORJ\� IRU� HQKDQFLQJ�
FUHDWLYLW\� DPRQJ�SV\FKRORJ\� VWXGHQWV��7KXV�� LW�
ZRXOG�EH�H[SHGLHQW�WR�UHILQH�DQG�PDNH�WKH�PH�
WKRGRORJ\� RI� LQFUHDVLQJ� FUHDWLYLW\� DPRQJ� SV\�
FKRORJ\�VWXGHQWV��

7KH�SXUSRVH�RI�WKH�DUWLFOH�LV�WR�V\VWHPDWLVH�WKH�
SURFHVV�RI�LQFUHDVLQJ�WKH�FUHDWLYLW\�RI�SV\FKROR�
J\�VWXGHQWV�ZLWK�WKH�KHOS�RI�PHFKDQLVPV�DQG�HOH�
PHQWV� RI� WKH� IXQFWLRQDO�PRGHO� RI� ,'()�� LQ� WKH�
FRQWH[W�RI�WKH�SKLORVRSK\�RI�HGXFDWLRQ��JLYHV�XV�
WKH�RSSRUWXQLW\�WR�LPSURYH�WKH�SURFHVV�RI�GHYHO�
RSLQJ�VWXGHQWV¶�FUHDWLYLW\��

�
0HWKRGRORJ\�

�
7KH� IRUPDWLRQ� RI� SURIHVVLRQDO� FUHDWLYLW\�

DPRQJ�IXWXUH�VSHFLDOLVWV�LV�DQ�H[WUHPHO\�LPSRU�
WDQW� FRPSRQHQW� RI� WKH� SURFHVV� RI� EHFRPLQJ� D�
KROLVWLF�SHUVRQDOLW\��UHDG\�IRU�SURIHVVLRQDO�FUHD�
WLYH� DFWLYLW\�� &UHDWLYLW\� FKDUDFWHUL]HV� WKH� XQLW\�
RI� SHUFHSWLRQ�� H[SHULHQFHV� DQG� DFWLRQV� WKDW� DUH�
DFFRPSOLVKHG� LQ� DQ� RULJLQDO� ZD\�� DULVH� DV� DQ�
LQWHJUDO�DELOLW\�WR�ILQG�QHZ�FRQQHFWLRQV�DQG�EH�
FRPH�DZDUH�RI�QHZ�UHODWLRQVKLSV��D�WHQGHQF\�WR�
ZRUN�DQG�OHDUQ�DERXW�LQQRYDWLRQV��OHDGV�WR�QHZ�
LQVLJKWV�� WR� WKH� WUDQVIRUPDWLRQ� RI� H[SHULHQFH�
LQWR�QHZ�IRUPV�DQG�WR�WKH�H[SUHVVLRQ�RI�XQSUHF�

HGHQWHG�PHDQLQJV��&RQVLGHULQJ�ZKDW� KDV� EHHQ�
VDLG�� WKH� FRPPRQ�GHQRPLQDWRU� RU� GHWHUPLQLQJ�
SULQFLSOH�RI�WUXH�SURIHVVLRQDO�VNLOO�RI�D�VSHFLDOLVW�
LQ� WKH� SV\FKRORJLFDO� SURILOH� LV� D� IXOO�IOHGJHG��
FUHDWLYHO\�VWDUWHG��VRFLDO�DFWLYLW\�WKDW�PDNHV�SUR�
IHVVLRQDO� GHYHORSPHQW� GLIIHUHQWO\� DQG� LV� EDVHG�
RQ�WKH�FRPSOHPHQWDULW\�RI�WKH�IRXU�FRPSRQHQWV��
x� IXQGDPHQWDO� NQRZOHGJH� RI� XQLYHUVLW\� JUDGX�

DWHV�LQ�WKH�ILHOG�RI�WKHRUHWLFDO�DQG�DSSOLHG�VR�
FLRORJ\�� JHQHUDO�� VRFLDO� DQG� DJH� SV\FKRORJ\��
WKHRU\��PHWKRGRORJ\�DQG� WHFKQRORJLHV�RI�VR�
FLDO�ZRUN��WKH�IRXQGDWLRQV�RI�EXLOGLQJ�D�FLYLO�
VRFLHW\�DQG�D�GHPRFUDWLF�VWDWH��

x� ZHOO�GHYHORSHG�SHUVRQDOLW\�VWDQGDUGV��IRUPHG�
VNLOOV� RI� SURIHVVLRQDO� DFWLYLW\�� PHWKRGLFDOO\�
FKDUDFWHUL]H� LW� DV� D� FRPSHWHQW� VSHFLDOLVW� LQ� D�
VSHFLILF� GLUHFWLRQ� RI� VRFLDO� SURIHVVLRQDOLVP��
ZKLFK�FDQQRW�HIIHFWLYHO\�VROYH�HYHU\GD\�WDVNV�
RI� WKH�EXVLQHVV�HQYLURQPHQW��EXW�DOVR�WR�ILQG�
RSWLPDO� VROXWLRQV� WR� SUDFWLFDO� SUREOHP� VLWXD�
WLRQV�DQG�SHUVRQDO�SUREOHPV��

x� DFTXLUHG�YDOXHV�DQG�SV\FKR�VSLULWXDO�IRUPV�RU�
H[LVWHQWLDO�HPERGLPHQW�RI�D�VSLULWXDOL]HG�KX�
PDQ�OLIH��KROLQHVV��IUHHGRP��IDLWK��KRSH��ORYH��
FUHDWLYLW\�� UHVSRQVLELOLW\�� FRQVFLHQFH�� YLUWXH��
WUXWKIXOQHVV��WROHUDQFH��HPSDWK\��HWF����
$� SUHUHTXLVLWH� IRU� FUHDWLQJ� SV\FKR�GLGDFWLF�

FRQGLWLRQV� IRU� WKH� GHYHORSPHQW� RI� SURIHVVLRQDO�
FUHDWLYH�DELOLWLHV�RI�IXWXUH�SUDFWLFDO�SV\FKRORJLVWV�
LV� WKH�GHYHORSPHQW�RI� VXFK�D�PRGHO� WKDW�ZRXOG�
UHIOHFW�WKH�V\VWHP�IRUPLQJ�VHW�RI�FDXVHV�DQG�FLU�
FXPVWDQFHV�LQ�FUHDWLYH�NQRZOHGJH�DQG�WKXV�IRUP�
WKH�SHUVRQDOLW\�RI�D�SV\FKRORJLVW��

0RUHRYHU��PRGHOOLQJ��LQ�RXU�FDVH��WKH�SURFHVV�
RI�LQFUHDVLQJ�FUHDWLYLW\��LV�QHFHVVDU\�LQ�RUGHU�WR��
x� XQGHUVWDQG� KRZ� D� VSHFLILF� REMHFW� LV� EXLOW� ��

ZKDW�LV�LWV�VWUXFWXUH��EDVLF�SURSHUWLHV��ODZV�RI�
GHYHORSPHQW� DQG� LQWHUDFWLRQ� ZLWK� WKH� HQYL�
URQPHQW��

x� OHDUQ� KRZ� WR� PDQDJH� WKH� GHYHORSPHQW� RI� D�
SURFHVV�DQG�LGHQWLI\�WKH�EHVW�ZD\V�WR�PDQDJH�
LW�XQGHU�JLYHQ�FRQGLWLRQV�DQG�FRQGLWLRQV��RS�
WLPL]DWLRQ���

x� WR�SUHGLFW�WKH�GLUHFW�DQG�LQGLUHFW�FRQVHTXHQFHV�
RI� LPSOHPHQWLQJ� WKH� JLYHQ� PHWKRGV� DQG�
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IRUPV�RI�LQWHUDFWLRQ�RQ�WKH�REMHFW�RU�SURFHVV��
x� PDNH�FKDQJHV�DQG�WUDFN�WKH�UHVXOWV��

7R� VSHFLI\� WKH� PHWKRGRORJ\� IRU� LQFUHDVLQJ�
FUHDWLYLW\�DPRQJ�SV\FKRORJ\�VWXGHQWV��ZH�KDYH�
FKRVHQ� WKH� PHWKRGRORJ\� RI� IXQFWLRQDO� PRGHO�
OLQJ� DQG� D� JUDSKLFDO� GHVFULSWLRQ� RI� SURFHVVHV�
�,'()���� 7KH� UHDVRQ� IRU� FKRRVLQJ� WKLV� PRGHO�
ZDV� WKDW� GXULQJ� LWV� FRQVWUXFWLRQ�� DQ� HPSKDVLV�
ZDV�SODFHG�RQ�WKH�VWHS�E\�VWHS�PRGHO�HOHPHQWV��
,Q� RXU�RSLQLRQ�� MXVW� VXFK�D�PRGHO� FDQ�EHFRPH�
WKH�EHVW�YLVXDO�UHIOHFWLRQ�RI�WKH�PHWKRGRORJ\�RI�
LQFUHDVLQJ�WKH�FUHDWLYLW\�RI�SV\FKRORJ\�VWXGHQWV��

7KH�EDVLF�VWUXFWXUH�RI� WKH� ,'()��PRGHO� LV� D�
GDWDVHW��ZKLFK�FRPSULVHV�WKH�IROORZLQJ�HOHPHQWV�
�.U\VKWDQRY\FK�� .U\VKWDQRY\FK�� 6WHFKNHY\FK��
,YDQ\WVND��	�+X]LL���������
���7KH�PDMRU�JRDO�RI�PRGHOLQJ���WR�IRUP�D�IXQF�

WLRQDO�PRGHO�,'()��IRU�YLVXDO�PRGHOLQJ�DQG�
DOJRULWKPL]DWLRQ�RI�WKH�SURFHVV�RI�LQFUHDVLQJ�
WKH�FUHDWLYLW\�RI�SV\FKRORJ\�VWXGHQWV��

��� 7KH�WDUJHW�DXGLHQFH�RI�WKH�PRGHO���SV\FKROR�
J\�VWXGHQWV��WHDFKHUV��DQG�VWDII�RI�D�KLJKHU�HG�
XFDWLRQDO�LQVWLWXWLRQ�WKDW�LV�LQYROYHG�LQ�WKH�HG�
XFDWLRQDO�SURFHVV��

��� &RQWH[W� RI� WKH� IXQFWLRQDO� PRGHO� �� D� OLVW� RI�
IXQFWLRQV� DQG� GLDJUDP� REMHFWV� RI� WKH� IXQF�
WLRQDO�PRGHO�,'()���

���0RGHOLQJ�WHFKQRORJ\���PHWKRGRORJ\�RI�IXQF�
WLRQDO�PRGHOOLQJ�,'()���

��� 7HFKQRORJLFDO�VXSSRUW�RI�VLPXODWLRQ�SURJUDP�
IRU�WKH�IRUPDWLRQ�RI�YHFWRU�GLDJUDPV��
,PSOHPHQWLQJ�WKH�PHWKRGRORJ\�RI�HQKDQFLQJ�

WKH� FUHDWLYLW\� RI� SV\FKRORJ\� VWXGHQWV�ZLOO� FRP�
SULVH�D�FHUWDLQ�VHW�RI�VWDJHV��7KHVH�VWHSV�ZLOO�EH�
IXUWKHU�VXEGLYLGHG�LQWR�VXESURFHVVHV�WKDW�ZLOO�EH�
JXLGHG�E\�VSHFLILF�GLUHFWLYHV�WKDW�DUH�IRUPHG�DF�
FRUGLQJ� WR� WKH� VWDWHG� SXUSRVH� �� WR� LQFUHDVH� WKH�
FUHDWLYLW\�RI�SV\FKRORJ\�VWXGHQWV��

7R�EHJLQ�ZLWK��IRU�WKH�VDNH�RI�LQLWLDO�GHWDLOLQJ�
RI� WKLV� JRDO��ZH�QHHG� WR� IRUP� D� IXQFWLRQDO� GLD�
JUDP� RI� WKH� KLJKHVW� OHYHO� $���� ZKLFK� ZLOO� EH�
SULPDU\�LQ�WKH�SURFHVV�RI�EXLOGLQJ�WKH�IXQFWLRQDO�
PRGHO�,'()���7KXV�LQ�Figure 1��ZH�KDYH�V\VWH�
PDWL]HG�WKH�PDLQ�DQG�XSSHUPRVW�FRPSRQHQWV�RI�
WKH� V\VWHP� IRU� LQFUHDVLQJ� WKH� FUHDWLYLW\� RI� SV\�
FKRORJ\�VWXGHQWV�LQ�WKH�FRQWH[W�RI�WKH�SKLORVRSK\�
RI�HGXFDWLRQ��

�

,QFUHDVH WKH FUHDWLYLW\ RI SV\FKRORJ\ VWXGHQWV
Ⱥ�

Ⱥ�

Ⱥ�

Ⱥ�
&UHDWLQJ WKH FRQGLWLRQV QHFHVVDU\ WR HQKDQFH FUHDWLYLW\�

$FWLYDWLRQ RI FUHDWLYH SRWHQWLDO ZLWK WKH KHOS RI
VSHFLDOO\ VHOHFWHG WHFKQRORJLHV RI FUHDWLYH VHOI�

UHVHDUFK DQG VHOI�H[SUHVVLRQ�

$QDO\VLV RI WKH SUREOHPV� OLPLWDWLRQV DQG ORFNV
WKDW DULVH LQ WKH SURFHVV RI FUHDWLYLW\� ZLWK WKHLU

VXEVHTXHQW GHYHORSPHQW�

&RQVROLGDWLRQ RI WKH VNLOOV DFTXLUHG DW WKH
SUHYLRXV VWDJHV DQG WKH XVH RI WKHVH VNLOOV LQ

IXUWKHU SURIHVVLRQDO DFWLYLWLHV�

Ⱥ�

�
Figure 1.�0DLQ�DQG�XSSHUPRVW�FRPSRQHQWV�RI�WKH�V\VWHP�IRU�LQFUHDVLQJ�WKH�FUHDWLYLW\�RI�SV\FKRO�
RJ\�VWXGHQWV�LQ�WKH�FRQWH[W�RI�WKH�SKLORVRSK\�RI�HGXFDWLRQ��development by authors���

�
7KH�VFKHPH�WKDW�ZH�KDYH�GHYHORSHG�PDNHV�

LW�SRVVLEOH�WR�VHH�D�OLVW�RI�WKH�SULPDU\�VWDJHV�LQ�
LQFUHDVLQJ� WKH� FUHDWLYLW\� RI� SV\FKRORJ\� VWX�
GHQWV�� 6XFK� D� VLPSOLILHG�PRGHO�� XVLQJ� ,'()��

IXQFWLRQDO�PHFKDQLVPV��ZLOO�EH�IXUWKHU�H[SDQ�
GHG� DQG�GHWDLOHG� WR� XQGHUVWDQG� WKH�SURFHVV�RI�
LQFUHDVLQJ�SV\FKRORJ\�VWXGHQWV¶�FUHDWLYLW\� IXO�
O\��

WISDOM 3(19), 2021143

M o d e l l i n g  o f  I n f o r m a t i o n  S u p p o r t  f o r  t h e  D e v e l o p m e n t  o f  C r e a t i v e  A b i l i t i e s  o f  S t u d e n t s  i n 
t h e  C o n t e x t  o f  P h i l o s o p h y  o f  E d u c a t i o n



 

144 

5HVXOWV�DQG�$QDO\VLV�
�

,W� LV�ZRUWK�QRWLQJ� WKDW�D� IHDWXUH�RI� WKH�VWUXF�
WXUDO� EORFNV� RI� WKH� ,'()�� PRGHO� LV� WKDW� HDFK�
EORFN� LPSOHPHQWV� WKH� SURFHVV� RI� FRQYHUWLQJ� LQ�
SXWV� WR� RXWSXWV� XVLQJ� FHUWDLQ� PHFKDQLVPV� DQG�
UHVRXUFHV��7KXV�� KDYLQJ� GHSLFWHG� WKH�PDLQ� JRDO�
RI�RXU� UHVHDUFK� LQ� WKH� IRUP�RI�$��� LW�ZRXOG� EH�
DGYLVDEOH�WR�GHSLFW�WKH�PDLQ�LQLWLDO�HOHPHQWV�WKDW�
DUH�QHFHVVDU\� WR�DFKLHYH�WKH�JRDO� LQ�WKH�FRQWH[W�
RI�GHYHORSPHQW�PDQDJHPHQW��Figure 2���

8QOLNH�D�JRDO�WUHH�RU�RWKHU�IXQFWLRQDO�PRGHO�

OLQJ� PHWKRGRORJLHV�� RXU� FKRVHQ� PHWKRGRORJ\�
,'()�� EHWWHU� GHPRQVWUDWHV� KRZ� WR� DFKLHYH� WKH�
JRDO� VHW� DQG� ZKDW� UHVXOW� LW� ZLOO� OHDG�� 7KLV� LV�
DFKLHYHG� E\� UHIOHFWLQJ� WKH� XQGHUO\LQJ� LQSXWV��
PHFKDQLVPV�DQG�PRGHOV�WKDW�GULYH�WKH�RXWFRPH��
6XFK�YLVXDOL]DWLRQ�LV�QRW�WKH�RQO\�DGYDQWDJH��DQG�
DQRWKHU� DGYDQWDJH� LV� WKDW� LW� DOORZV� YLVXDOL]LQJ�
HDFK�VWDJH�RI�DFKLHYLQJ�WKH�WDVN��$���DQG�GHWDLO�
WKHVH� VWDJHV�� 7KHUHIRUH�� ZH� GHFLGHG� WR� XVH� WKH�
,'()��PRGHO��HYHQ�WKRXJK�LW� LV�XVHG�OHVV�RIWHQ�
WKDQ� RWKHU� VFLHQWLILF� UHVHDUFK� PRGHOV�� LW� KDV� D�
VLJQLILFDQW�OLVW�RI�DGYDQWDJHV��

�

,QFUHDVH WKH FUHDWLYLW\ RI SV\FKRORJ\ VWXGHQWV

ɋ�

Ɇ�

ȱ�

5HVHDUFK
OLWHUDWXUH

,QIRUPDWLRQ IURP
SURIHVVLRQDOO\
WUDLQHG SHUVRQV

3URSRVDOV IRU WKH LPSOHPHQWDWLRQ RI PHDVXUHV WR
LQFUHDVH WKH OHYHO RI FUHDWLYLW\ RI SV\FKRORJ\

VWXGHQWV

7HDFKHUV RI D KLJKHU
HGXFDWLRQDO LQVWLWXWLRQ

0DQDJHPHQW GHSDUWPHQW RI D
KLJKHU HGXFDWLRQDO LQVWLWXWLRQ

Ⱥ�

ɋ�

Ɇ�

6WXGHQWV RI D KLJKHU
HGXFDWLRQDO LQVWLWXWLRQ

�LQWHUFHGHG�

Ɉ�

Ɉ�

,QIRUPDWLRQ DERXW WKH HVVHQFH RI VHOI�UHDOL]DWLRQ RI
VWXGHQW SV\FKRORJLVWV LQ WKH FRQWH[W RI FUHDWLYLW\

�
Figure 2.�+LHUDUFKLFDO�VWUXFWXUH�RI�IXQFWLRQDO�PRGHO�,'()��RI�LQFUHDVLQJ�WKH�FUHDWLYLW\�RI�SV\FKRORJ\�
VWXGHQWV�LQ�WKH�FRQWH[W�RI�WKH�SKLORVRSK\�RI�HGXFDWLRQ��developed by authors��

�
)RU� D� EHWWHU� XQGHUVWDQGLQJ� RI� WKH� PRGHO�� LW�

ZRXOG� EH� GHVLUDEOH� WR� FODULI\� DOO� WKH� DERYH� HOH�
PHQWV�RI�WKH�,'()��PRGHO�ZH�EXLOW�LQ�PRUH�GH�
WDLO��

³,QSXW´�HOHPHQWV�DUH�PDUNHG�ZLWK�WKH�V\PERO�
³,´�DQG��LQ�RXU�FDVH��DUH�VXPPDUL]HG�DV�LQYHQWRU\�
DQG� ORJLVWLFV�PDQDJHPHQW��ZKLFK� LV�XVHG� LQ� WKH�
LPSOHPHQWDWLRQ�RI� WKH�SURFHVV�RI� LQFUHDVLQJ� WKH�
FUHDWLYLW\� RI� SV\FKRORJ\� VWXGHQWV�� 7KLV� JURXS�
LQFOXGHV�ERWK�WKRVH�UHVRXUFHV�WKDW�H[LVW�LQ�D�KLJK�
HU� HGXFDWLRQDO� LQVWLWXWLRQ� SHUPDQHQWO\� DQG� WKH�
QHZ�LQYHQWRU\�DQG�ORJLVWLFV�PDQDJHPHQW�QHFHV�
VDU\�IRU�WKH�LPSOHPHQWDWLRQ�RI�LQQRYDWLYH�DFWLYL�
WLHV��

³&RQWURO´�REMHFWV�ZHUH�GHVLJQDWHG�E\�XV�ZLWK�
WKH�V\PERO�³&´��
¾�&����UHVHDUFK�OLWHUDWXUH��7KLV�FRQWURO�HOHPHQW�

IRUPV� WKH� WRWDOLW\� RI� LQIRUPDWLRQ� WKDW� FDQ�EH�
XVHG�LQ�WKH�LPSOHPHQWDWLRQ�RI� WKH�SURFHVV�RI�
LQFUHDVLQJ� WKH� FUHDWLYLW\� RI� SV\FKRORJ\� VWX�
GHQWV��

¾�&���� LQIRUPDWLRQ� IURP�SURIHVVLRQDOO\� WUDLQHG�
SHUVRQV� FDQ� LQFOXGH� LQIRUPDWLRQ� WKDW� LV� SUR�
YLGHG�IURP�SHUVRQV�ZKR�KDYH�XQGHUJRQH�FHU�
WLILHG� WUDLQLQJ�� 7KH� LQIRUPDWLRQ� VXEPLWWHG�
IURP�WKHP�GLIIHUV�IURP�WKH�UHVHDUFK�OLWHUDWXUH�
LQ�WKDW�LW�LV�SUHVHQWHG�LQ�WKH�PRVW�VWUDLJKWIRU�
ZDUG�DQG�XQGHUVWDQGDEOH�IRUP�IRU�UHFLSLHQWV��
³0HFKDQLVP´�REMHFWV�ZHUH�GHVLJQDWHG�E\�XV�

ZLWK�WKH�V\PERO�³0´��
¾�0����WHDFKHUV�RI�D�KLJKHU�HGXFDWLRQDO�LQVWLWX�

WLRQ��7KHVH�SHUVRQV�DUH�RQH�RI� WKH�PDLQ�SDU�
WLFLSDQWV� LQ�WKH�HGXFDWLRQDO�SURFHVV��DQG�WKH\�
DUH�HQWUXVWHG�ZLWK�WKH�UROH�RI�ERWK�WKHRUHWLFDO�
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DQG�SHUVRQDO�GHYHORSPHQW�RI�VWXGHQWV��
¾�Ɇ��±�VWXGHQWV�RI�D�KLJKHU�HGXFDWLRQDO�LQVWLWX�

WLRQ�� 6LQFH� FUHDWLYLW\� LV� D� UHIOHFWLRQ� RI� WKH�
FRPSUHKHQVLYH�GHYHORSPHQW�RI� WKH� LQGLYLGX�
DO��WKH�DELOLW\�WR�IRUP�WKH�SRZHUIXO�DQG�PXWX�
DOO\�EHQHILFLDO�LQWHUFRQQHFWLRQ�EHWZHHQ�GLUHFW�
SDUWLFLSDQWV�DQG�FROOHDJXHV�LV�DQ�HVVHQWLDO�HO�
HPHQW�� *LYHQ� WKLV�� WKH� LQGLUHFW� LQIOXHQFH� RI�
VWXGHQWV�RQ�WKHLU�FROOHDJXHV�LV�D�SRZHUIXO�PH�
FKDQLVP�IRU�LQFUHDVLQJ�FUHDWLYLW\��
7KH�ILQDO�HOHPHQWV�DUH�WKH�VHW�RI�RXWSXWV�WKDW�

DUH�DFKLHYHG�ZLWK�WKH�FRUUHFW�LPSOHPHQWDWLRQ�RI�
DOO� WKH� DERYH� HOHPHQWV� RI� WKH� IXQFWLRQDO�PRGHO�
,'()��DQG�DUH�LQGLFDWHG�E\�WKH�V\PERO�³2´��
¾�2��±� LQIRUPDWLRQ� DERXW� WKH� HVVHQFH� RI� VHOI�

UHDOL]DWLRQ� RI� VWXGHQW� SV\FKRORJLVWV� LQ� WKH�
FRQWH[W�RI�FUHDWLYLW\��7KLV�LQIRUPDWLRQ�LV�JHQ�

HUDWHG� DIWHU� DOO� WKH� SURSRVHG� PHDVXUHV� KDYH�
EHHQ� LPSOHPHQWHG� DQG� WKH� RSSRUWXQLW\� LV�
IRUPHG�WR�HYDOXDWH�WKH�UHVXOWV��

¾�2�� ±� SURSRVDOV� IRU� WKH� LPSOHPHQWDWLRQ� RI�
PHDVXUHV�WR�LQFUHDVH�WKH�OHYHO�RI�FUHDWLYLW\�RI�
VWXGHQW�SV\FKRORJLVWV�� ,Q� WKH�HQG��ZH�JHW� WKH�
PRVW�RSWLPDO�VROXWLRQ�DFFRUGLQJ�WR�WKH�PHWKR�
GRORJ\�RI�LPSOHPHQWLQJ�WKH�SURFHVV�RI�LQFUHD�
VLQJ�WKH�FUHDWLYLW\�RI�SV\FKRORJ\�VWXGHQWV��
+DYLQJ� SUHVHQWHG� DOO� WKH� HOHPHQWV� RI� WKH�

,'()��PRGHO�ZH�KDYH�FRQVWUXFWHG�� LW�ZRXOG�EH�
GHVLUDEOH�WR�JR�RYHU�WKH�VSHFLILFDWLRQV�DQG�GHWDLOV�
RI�WKH�FKRVHQ�VWDJHV��7R�GR�WKLV��ZH�EXLOW�GHFRP�
SRVLWLRQV� RI� WKH� ILUVW� OHYHO� RI� WKH� SURFHVV� RI� LQ�
FUHDVLQJ�WKH�FUHDWLYLW\�RI�SV\FKRORJ\�VWXGHQWV�LQ�
WKH�FRQWH[W�RI�WKH�SKLORVRSK\�RI�HGXFDWLRQ��Fig-
ure 3���
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Figure 3.�'HFRPSRVLWLRQV�RI�WKH�ILUVW�OHYHO�RI�IXQFWLRQDO�PRGHO�,'()��RI�LQFUHDVLQJ�WKH�FUHDWLYLW\�RI�
SV\FKRORJ\�VWXGHQWV�LQ�WKH�FRQWH[W�RI�SKLORVRSK\�RI�HGXFDWLRQ��developed by authors��

�
&RQVLGHULQJ� WKH� GHFRPSRVLWLRQ� SUHVHQWHG�

DERYH��LW�ZRXOG�EH�DGYLVDEOH�WR�H[SODLQ�LQ�PRUH�
GHWDLO�WKH�FRQWHQWV�RI�HDFK�RI�WKH�VWDJHV��
¾�Ⱥ����&UHDWLQJ�WKH�FRQGLWLRQV�QHFHVVDU\�WR�HQ�

KDQFH�FUHDWLYLW\��7KH�FUHDWLRQ�RI�WKHVH�FRQGL�
WLRQV� LPSOLHV� WKH� SUHVHQFH� RI� DQ� DWPRVSKHUH�

RI�DFFHSWDQFH�DQG�WUXVW�LQ�WKH�WUDLQLQJ�JURXS��
,Q�WKH�DEVHQFH�RI�VXFK�DQ�DWPRVSKHUH��LW�LV�QH�
FHVVDU\� WR� FUHDWH� FRQGLWLRQV� FRQGXFLYH� WR� LWV�
RFFXUUHQFH��$W�WKLV�VWDJH��WKH�XVH�RI�WHFKQROR�
JLHV�DLPHG�DW�JURXS�LQWHUDFWLRQ�LV�UHFRPPHQ�
GHG�� ,W� VKRXOG�EH�QRWHG� WKDW� LW� LV�QRW� WKH�HQG�
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UHVXOW� RU� WKH� SURGXFW� RI� FUHDWLYH� H[SUHVVLRQ�
WKDW�LV�RI�SDUWLFXODU�YDOXH�EXW�WKH�VSHFWUXP�RI�
HPRWLRQV� WKDW� DFFRPSDQLHG� WKH� FUHDWLRQ� RI�
WKLV� SURGXFW� LQ� WKH� SURFHVV� RI� FRPSOHWLQJ� D�
WDVN�RU�H[HUFLVH���

¾�Ⱥ��±�$FWLYDWLRQ�RI�FUHDWLYH�SRWHQWLDO�ZLWK�WKH�
KHOS�RI�VSHFLDOO\�VHOHFWHG�WHFKQRORJLHV�RI�FUH�
DWLYH�VHOI�UHVHDUFK�DQG�VHOI�H[SUHVVLRQ��:RUN�
DW� WKLV� VWDJH� UHTXLUHV� D� FHUWDLQ� OHYHO�RI�EDVLF�
PXWXDO� WUXVW� DPRQJ� WKH� JURXS�PHPEHUV� DQG�
EHWZHHQ�WKH�JURXS�DQG�WKH�OHDGHU��,I�WKH�SUH�
YLRXV� VWDJH� RI� WKH�ZRUN�ZDV� VXFFHVVIXO�� WKH�
OHYHO�RI� WUXVW� LV�JHQHUDWHG�DXWRPDWLFDOO\��7KH�
FRPSRQHQW�RI�FUHDWLYH�H[SUHVVLRQ�LQ�WKH�OHDU�
QLQJ�SURFHVV�LV�DVVRFLDWHG�ZLWK�WKH�XQLTXHQHVV�
DQG� RULJLQDOLW\� RI� HDFK� VWXGHQW� DW� DQ\� JLYHQ�
WLPH��9LHZHG�LQ�WKLV�DVSHFW��WKH�FUHDWLYH�FRP�
SRQHQW�EHFRPHV�D�GHYHORSPHQW�SDWK�ZLWKRXW�
IHDU�RI�PDNLQJ�D�PLVWDNH� LQ�DQ\�QHZ�DFWLRQ��
7KH�SURFHVV�RI�FUHDWLYLW\�DOVR�EHFRPHV�D�ZD\�
RI� VHOI�NQRZOHGJH� DQG� H[SDQGLQJ� FRQWDFW�
ZLWK� RWKHUV� DQG� RQHVHOI��ZKLFK� UHVXOWV� LQ� DQ�
LQFUHDVH�LQ�WKH�VWXGHQW¶V�SHUVRQDOLW\� UHVRXUFH�
DQG�D�JUDGXDO�H[SDQVLRQ�RI�WKH�GHJUHH�RI�IUHH�
GRP�RI�DSSOLFDWLRQ�RI�SUDFWLFDO�VNLOOV�DFTXLUHG�
LQ�WKH�FODVVURRP��

¾�Ⱥ�� ±� $QDO\VLV� RI� WKH� SUREOHPV�� OLPLWDWLRQV�
DQG�ORFNV�WKDW�DULVH�LQ�WKH�SURFHVV�RI�FUHDWLYL�
W\�� ZLWK� WKHLU� VXEVHTXHQW� GHYHORSPHQW�� 7KLV�
VWDJH� LV� FDUULHG� RXW� XVLQJ� WHFKQRORJLHV� DQG�
WHFKQLTXHV�RI� UROH�PRGHOOLQJ��7KHVH� WHFKQRO�
RJLHV�DOORZ�ZRUNLQJ�ZLWK�VWXGHQWV�VRIWO\�DQG�
XQREWUXVLYHO\��0RVW� RI� WKH� ORFNV� DUH� XVXDOO\�
DVVRFLDWHG� ZLWK� WRSLFV� WKDW� DUH� UHOHYDQW� DW� D�
JLYHQ� WLPH�� ,Q�PRVW�FDVHV�� WKH�RFFXUUHQFH�RI�
ORFNV�FDQ�EH�DYRLGHG� LQ� VLWXDWLRQV�ZKHUH� WKH�
JURXS�KDV�DQ�DWPRVSKHUH�RI�UHOLDELOLW\�DQG�VH�
FXULW\�� ,W� LV�ZRUWK�QRWLQJ� WR� WKH� VWXGHQWV� WKDW�
WKH\�GHWHUPLQH�WKH�FRQWHQW�RI� WKH�ZRUNVKRSV�
DQG�� WKHUHIRUH�� GHSHQGV� RQ� WKH� FRPSOHWHQHVV�
RI�WKH�H[SUHVVLRQ�RI�WKHLU�UHTXHVWV��

¾�$����&RQVROLGDWLRQ�RI�WKH�VNLOOV�JDLQHG�DW�WKH�
SUHYLRXV�VWDJHV�DQG�WKH�XVH�RI� WKHVH�VNLOOV� LQ�
IXUWKHU� SURIHVVLRQDO� DFWLYLWLHV�� ,W� LV� DGYLVDEOH

�WR�FDUU\�RXW�WKLV�ZRUN�XVLQJ�YLVXDOL]DWLRQ�DQG�
PRGHOOLQJ�WHFKQLTXHV��7KHVH�WHFKQLTXHV�DOORZ�
\RX�WR�GHVLJQ�WKH�VNLOOV�JDLQHG�LQ�WKH�OHDUQLQJ�
SURFHVV��ZLWK� WKH� DLP�RI� WKHLU� IUXLWIXO� XVH� LQ�
WKH�IXWXUH��7KLV�VWDJH�IRUPV�D�UDWLRQDO�LGHD�IRU�
WKH�WHDFKHU�DERXW� WKH�G\QDPLFV�RI� LQFUHDVLQJ�
FUHDWLYLW\�LQ�WKH�JURXS�DQG�DOORZV�PDNLQJ�WKH�
QHFHVVDU\�FKDQJHV���
6HSDUDWHO\��LW�LV�QHFHVVDU\�WR�H[SODLQ�WKH�LQWHU�

PHGLDWH� LQSXWV�� RXWSXWV�� FRQWURO� PHFKDQLVPV��
ZKLFK�DUH�GHSLFWHG�LQ�WKH�IRUP�RI�DUURZV�RQ�WKH�
FRQVWUXFWHG�IXQFWLRQDO�PRGHO�,'()���,QWHUPHGL�
DWH�LQSXWV��FRQWURO��DQG�RXWSXWV�FRPSULVH�WKH�IRO�
ORZLQJ�HOHPHQWV��
x� GLUHFWLYHV� IRU� SURFHVV� PDQDJHPHQW� $��� $���

$����WKHVH�UHVXOW�IURP�GHFLVLRQ�PDNLQJ�E\�WKH�
HQWLWLHV� UHVSRQVLEOH� IRU� PRQLWRULQJ� DQG� FRQ�
WURO�RI�WKLV�SURFHVV��

x� WKH�RXWSXW�³,QIRUPDWLRQ�RQ�WKH�SURJUHVV�RI�WKH�
SURFHVV�$���$���$�´���WKLV�LV�WKH�LQIRUPDWLRQ�
WKDW� WKH� VXEMHFWV� UHVSRQVLEOH� IRU� PRQLWRULQJ�
DQG� FRQWURO� UHFHLYH� IURP� HDFK� VXESURFHVVHV�
DQ� LQFUHDVH� LQ� WKH� FUHDWLYLW\� RI� SV\FKRORJ\�
VWXGHQWV��%DVHG�RQ�WKLV�LQIRUPDWLRQ��GHFLVLRQV�
DUH�PDGH�RQ�FRPSOHWLQJ�WKH�VXESURFHVVHV�DQG�
WKH�WUDQVLWLRQ�WR�WKH�QH[W��
)RU� WKH� IROORZLQJ� VSHFLILFDWLRQ� DQG� D�PRUH�

YLVXDO� H[SODQDWLRQ�RI� WKH� SURFHVV�RI� LQFUHDVLQJ�
FUHDWLYLW\�DPRQJ�VWXGHQW�SV\FKRORJLVWV��ZH�EXLOW�
D�VHFRQG�OHYHO�GHFRPSRVLWLRQ�RI� WKH� IXQFWLRQDO�
PRGHO� ,'()�� �Figure 4��� 7KLV� GHFRPSRVLWLRQ�
H[SODLQV�WKH�SURFHVV�RI�LPSOHPHQWLQJ�RQH�RI�WKH�
VWDJHV� RI� WKH� JHQHUDO� SURFHVV� RI� LQFUHDVLQJ� WKH�
FUHDWLYLW\� RI� SV\FKRORJ\� VWXGHQWV�� )RU� EUHYLW\��
ZH�KDYH�GHVFULEHG�VWDJH�$���$FWLYDWLRQ�RI�FUHD�
WLYH�SRWHQWLDO�ZLWK�WKH�KHOS�RI�VSHFLDOO\�VHOHFWHG�
WHFKQRORJLHV� RI� FUHDWLYH� VHOI�UHVHDUFK� DQG� VHOI�
H[SUHVVLRQ���EXW� LW� LV�ZRUWK�QRWLQJ� WKDW� WKLV�GH�
FRPSRVLWLRQ�RI�WKH�VHFRQG�OHYHO�RI�WKH�IXQFWLRQ�
DO�PRGHO�,'()��FDQ�DSSO\�WR�DQ\�RI�WKH�VWDJHV��
7KH�VSHFLILFLW\�RI� WKH� IXQFWLRQDO�PRGHO� ,'()��
LV�WKDW�LW�LV�DOZD\V�SRVVLEOH�WR�IRUP�GHFRPSRVL�
WLRQV�RI�WKH�IROORZLQJ�OHYHOV��ZKLFK�ZLOO�PDNH�LW�
SRVVLEOH� WR� H[SODLQ� LQ� PRUH� GHWDLO� WKH� LPSOH�
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PHQWWDWLRQ�RI�WKH�SURFHVV�RI�LQFUHDVLQJ�WKH�FUHD�
WLYLW\� RI� SV\FKRORJ\� VWXGHQWV� LQ� WKH� FRQWH[W� RI�

WKH�SKLORVRSK\�RI�HGXFDWLRQ��

�

�
Figure 4.�'HFRPSRVLWLRQV�RI�WKH�VHFRQG�OHYHO�RI�IXQFWLRQDO�PRGHO�,'()��RI�LQFUHDVLQJ�WKH�FUHDWLYLW\�RI�
SV\FKRORJ\�VWXGHQWV�LQ�WKH�FRQWH[W�RI�WKH�SKLORVRSK\�RI�HGXFDWLRQ��developed by authors��

�
+HUH��WKH�HOHPHQWV�RI�WKH�GHFRPSRVLWLRQ�ZLOO�

EH�LQWHUSUHWHG�DV�IROORZV��
¾�Ⱥ�����'HWHUPLQLQJ�WKH�OHYHO�RI�WUXVW�EHWZHHQ�

WHDFKHUV�DQG�SV\FKRORJ\�VWXGHQWV��7UXVW�LV�DQ�
LPSRUWDQW� DQG� GHWHUPLQLQJ� HOHPHQW� LQ� WKH�
IRUPDWLRQ� RI� D� IDYRXUDEOH� OHDUQLQJ� HQYLURQ�
PHQW� DPRQJ� SV\FKRORJ\� VWXGHQWV�� 2QO\� LI�
WKHUH� LV� D� FHUWDLQ� OHYHO� RI� WUXVW� EHWZHHQ� WKH�
VWXGHQW�DQG�WKH�WHDFKHU��LW�EHFRPHV�SRVVLEOH�WR�
LQFUHDVH� WKH� FUHDWLYLW\� RI� VWXGHQW� SV\FKROR�
JLVWV��

¾�Ⱥ�����$QDO\VLV�RI�WKH�OHYHO�RI�FUHDWLYH�LPSOH�
PHQWDWLRQ�RI�SV\FKRORJ\�VWXGHQWV��7KH�DQDO\�
VLV�RI�WKH�LQLWLDO�DQG�LQWHUPHGLDWH�OHYHO�RI�FUH�
DWLYLW\�LV�FDUULHG�RXW�XVLQJ�VSHFLILF�WHFKQLTXHV�
RI�FRPPXQLFDWLRQ��PRGHOOLQJ�DQG�RWKHU�WHFK�
QRORJLHV��7KLV�ZLOO�DOORZ�FRUUHFWO\�DQG�FOHDUO\�
SODQQLQJ�WKH�IROORZLQJ�VWUDWHJ\�DQG�WDFWLFV��

¾�Ⱥ�����6HOHFWLRQ�RI�DSSURSULDWH�WHFKQRORJ\�WR�
HQKDQFH�WKH�FUHDWLYLW\�RI�SV\FKRORJ\�VWXGHQWV��
7DNLQJ� LQWR� DFFRXQW� WKH� VWDJHV� DQG� KDYLQJ�
SDVVHG� WKH� DSSURSULDWH� GLUHFWLYHV� IRU� FRQWURO�
DQG�PRQLWRULQJ��WHDFKHUV�KDYH�WKH�RSSRUWXQLW\�
WR�FKRRVH� WKH�PRVW�RSWLPDO�PHWKRGRORJ\� IRU�
LQFUHDVLQJ� WKH� FUHDWLYLW\� RI� SV\FKRORJ\� VWX�
GHQWV��

�
'LVFXVVLRQV�

�
7KH�RULJLQDOLW\�RI�RXU�UHVHDUFK�OLHV�LQ�WKH�IDFW�

WKDW�ZH�XVHG� WKH�PRGHOOLQJ�PHWKRGRORJ\� XVLQJ�
,'()�� WR� GHYHORS� WKH� FUHDWLYLW\� RI� XQLYHUVLW\�
VWXGHQWV��7KXV��XVLQJ�WKH�,'()��IXQFWLRQDO�PRG�
HO�� ZH� KDYH� FOHDUO\� GHPRQVWUDWHG� DOO� WKH� IXQF�
WLRQDO� OHYHOV� DQG� VWUXFWXUDO�HOHPHQWV�RI� WKH�SUR�
FHVV� RI� HQKDQFLQJ� WKH� FUHDWLYLW\� RI� SV\FKRORJ\�
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VWXGHQWV�LQ�WKH�FRQWH[W�RI�WKH�SKLORVRSK\�RI�HGX�
FDWLRQ��

,Q�PRGHUQ�VFLHQWLILF�UHVHDUFK��RQH�FDQ�ILQG�D�
ODUJH�QXPEHU�RI�ZRUNV�GHYRWHG�WR�WKH�SUREOHPV�
RI�FUHDWLYLW\�IRU�VWXGHQWV��/DQJHEDHN��7DQJDDUG��
7ROI��	�%HUHQGW���������)RU�H[DPSOH��(QWULDOJR�
DQG�,JOHVLDV��������H[DPLQHG�KRZ�YLWDO�WKH�UROH�
RI� FUHDWLYLW\� LV� IRU� HQWUHSUHQHXUVKLS� DPRQJ� VWX�
GHQWV��/LQJ�DQG�/RK��������H[DPLQHG�KRZ�FUHD�
WLYLW\� DQG� FULWLFDO� WKLQNLQJ�ZRUN� IRU� VWXGHQWV� LQ�
SULYDWH�VFKRROV�LQ�D�SDUWLFXODU�FRXQWU\��

:HLVEHUJ� ������� GHYRWHG� D� VLJQLILFDQW� DPR�
XQW�RI�KLV�ZRUN�WR�VROYH�WKH�SUREOHPV�RI�GHYHORS�
LQJ�VWXGHQWV¶� FUHDWLYLW\��KRZHYHU��RQ� D�GLIIHUHQW�
EDVLV�IURP�KLV�UHVHDUFK��ZH�SURSRVH�WR�YLVXDOL]H�
RXU�DSSURDFK��

0D\HU��������VWURYH�WR�GHYHORS�VWXGHQWV¶�FUH�
DWLYLW\�DQG�VROYH�WKLV�SUREOHP�WKURXJK�WKH�XVH�RI�
VXEMHFW�NQRZOHGJH��+RZHYHU��ZH�EHOLHYH�WKDW�IRU�
WKH� GHYHORSPHQW� RI� FUHDWLYLW\�� RQO\� VXEMHFW�
NQRZOHGJH� VKRXOG� EH� XVHG�� DQG� HDFK� VWDJH� FDQ�
GLVWLQJXLVK�DQG�LQFOXGH�LQLWLDO�NQRZOHGJH�WKDW�LV�
LQGLYLGXDO�LQ�QDWXUH��

6LQFH�� IRU� DQ� LOOXVWUDWLYH� SUDFWLFDO� H[DPSOH��
ZH�KDYH�VHOHFWHG�SV\FKRORJ\�VWXGHQWV�RI�KLJKHU�
HGXFDWLRQDO�LQVWLWXWLRQV�IRU�VWDJQDWLQJ�RXU�PRGHO�
OLQJ�PHWKRGRORJ\��ZH�QRWH�WKDW�WKH�GHYHORSPHQW�
RI�FUHDWLYLW\�LQ�SV\FKRORJLVWV�LV�RQH�RI�WKH�SULRUL�
W\�WDVNV��6R��3DQRN��������DSSOLHG�D�FRQFHSWXDO�
DSSURDFK� WR� WKLV� SUREOHP�� EXW� ZH� EHOLHYH� ZH�
VKRXOG�WU\�WR�DSSO\�D�YLVXDO�IXQFWLRQDO�DSSURDFK�
DQG�HPSKDVLVH�RULJLQDOLW\�LQ�RXU�VWXG\��

)XQFWLRQ�0RGHOLQJ�LV�D�IXQFWLRQDO�PRGHOOLQJ�
PHWKRGRORJ\��:LWK�WKH�KHOS�RI�WKH�YLVXDO�JUDSKLF�
ODQJXDJH�,'()���WKH�V\VWHP�XQGHU�VWXG\�DSSHDUV�
WR�GHYHORSHUV�DQG�DQDO\VWV�LQ�WKH�IRUP�RI�D�VHW�RI�
LQWHUUHODWHG� IXQFWLRQV� �IXQFWLRQDO� EORFNV� �� LQ�
WHUPV�RI�,'()����7\SLFDOO\��,'()��PRGHOOLQJ�LV�
WKH� ILUVW� VWHS� LQ� OHDUQLQJ� DERXW� DQ\� V\VWHP��)RU�
RXU� V\VWHP�RI�GHYHORSPHQW�RI� FUHDWLYLW\�RI� VWX�
GHQWV�RI�KLJKHU�HGXFDWLRQDO�LQVWLWXWLRQV��LW�LV�ZHOO�
VXLWHG��7KLV�LV�ZK\�ZH�DUH�FRPSDUHG�WR�RWKHU�VL�
PLODU�VWXGLHV��

:H�EHOLHYH�WKDW�WKH�YHU\�SURFHVV�RI�GHYHORS�
LQJ� FUHDWLYLW\� DPRQJ� VWXGHQWV� RI� KLJKHU� HGXFD�

WLRQDO� LQVWLWXWLRQV� VKRXOG� LQFOXGH� VXFK� D� VHW� RI�
VWDJHV�WKDW�ZLOO�GLUHFWO\�WUDQVIRUP�DOO�LQSXW�PDWH�
ULDO� DQG� LQIRUPDWLRQ� IORZV� LQWR� IORZV� WKDW� ZLOO�
KDYH� FRPSOHWHO\� GLIIHUHQW� SURSHUWLHV� DW� WKH� RXW�
SXW��6R�WKH�SURFHVV�RI�GHYHORSLQJ�VWXGHQWV¶�FUHD�
WLYLW\�ZLOO� RFFXU� DFFRUGLQJ� WR� WKH� GLUHFWLYHV� IRU�
PDQDJLQJ� LWV� VXESURFHVVHV�� 6XFK� GLUHFWLYHV� DUH�
IRUPHG�RQ�WKH�EDVLV�RI�WKH�PDLQ�JRDO�RI�HGXFDWLR�
QDO� LQVWLWXWLRQV�� 7R� LPSOHPHQW� VXFK� D� WDVN��ZH��
GLIIHUHQW� IURP�RWKHU�VWXGLHV� LQ�RXU� UHVHDUFK��XVH�
WKH� PHWKRGRORJ\� RI� IXQFWLRQDO� PRGHOOLQJ� DQG�
JUDSKLFDO� GHVFULSWLRQ� RI� SURFHVVHV� �,'()���� ,WV�
IHDWXUH��DPRQJ�RWKHU�PRGHOV��LV�WKH�HPSKDVLV�RQ�
REMHFWV��ZKLFK�PDNHV�LW�SRVVLEO\�EHWWHU�WR�XQGHU�
VWDQG� WKH� REMHFWLYLW\� RI� WKH� ILHOG� RI� VWXG\�� ,W�
VKRXOG� EH� QRWHG� WKDW� WKH� REMHFWV� RI� IXQFWLRQDO�
PRGHOOLQJ� DQG� VWUXFWXUDO� DQDO\VLV� DFFRUGLQJ� WR�
WKH� ,'()��PHWKRGRORJ\� DUH� MXVW� RUJDQL]DWLRQDO�
DQG�SHGDJRJLFDO�V\VWHPV��

7KDQNV� WR�WKH�GHFRPSRVLWLRQ�RI� WKH�ILUVW�DQG�
VHFRQG�OHYHOV�RI�WKH�IXQFWLRQDO�PRGHO� ,'()��RI�
LQFUHDVLQJ� WKH� FUHDWLYLW\�RI�SV\FKRORJ\� VWXGHQWV�
LQ�WKH�FRQWH[W�RI�GHYHORSPHQW�PDQDJHPHQW��ZH�
DFKLHYHG�RXU�JRDO�DQG�ZHUH�DEOH� WR� UHIOHFW�KRZ�
WKH� SURFHVV� RI� GHYHORSLQJ� WKH� FUHDWLYLW\� RI� VWX�
GHQWV� RI� KLJKHU� HGXFDWLRQDO� LQVWLWXWLRQV� FDQ� EH�
GHYHORSHG�XVLQJ�WKH�H[DPSOH�RI�IXWXUH�SV\FKROR�
J\� VWXGHQWV�� 7KLV�ZLOO� RQO\�PDNH� LW� SRVVLEOH� WR�
VWUHQJWKHQ� WKH� DOUHDG\� H[LVWLQJ� UHVHDUFK� EDVH� LQ�
WKH�ILHOG�RI�VROYLQJ�WKH�SUREOHP�RI�XQORFNLQJ�WKH�
VWXGHQW¶V� SRWHQWLDO�� KLV� LQQRYDWLYH� DELOLWLHV� DQG�
FUHDWLYLW\��LQ�SDUWLFXODU�LQ�WKH�FRQWH[W�RI�WKH�SKL�
ORVRSK\�RI�HGXFDWLRQ��

�
&RQFOXVLRQ�

�
&UHDWLYLW\� DV� D�YDOXH�SHUVRQDO� FDWHJRU\� LV� DQ�

HVVHQWLDO�UHVHUYH�RI�VHOI�DFWXDOL]DWLRQ�RI� WKH�SHU�
VRQDOLW\��DQG�WRGD\��WR�D�ODUJH�H[WHQW��LW�DFWV�DV�D�
NLQG� RI� PHFKDQLVP� IRU� DGDSWLQJ� WKH� VWXGHQW¶V�
SHUVRQDOLW\� WR� VRFLDO� FKDQJHV�� ,Q� RUGHU� WR� LQWHU�
QDOO\� FRUUHVSRQG� WR�PRGHUQ� UHDOLW\�� D� VSHFLDOLVW�
SV\FKRORJLVW�PXVW�QRW�RQO\�DGDSW�WR�D�QHZ�VLWXD�
WLRQ�EXW�DOVR�EH�DEOH�WR�FKDQJH�LW��FKDQJLQJ�DQG�
GHYHORSLQJ�DW�WKH�VDPH�WLPH���
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7KH� FUHDWLYLW\� RI� SV\FKRORJ\� VWXGHQWV� LV� D�
PDQGDWRU\�FKDUDFWHULVWLF�RI�D�KROLVWLF�SHUVRQDOLW\�
GXH� WR� WKH� DSSURSULDWH� SV\FKRORJLFDO� DQG� SHGD�
JRJLFDO� FRQGLWLRQV� DQG� WKH� KLJK� OHYHO� RI� IRU�
PDWLRQ�RI�KLV�SURIHVVLRQDO�DQG�SHUVRQDO�TXDOLWLHV��
:H�KDYH�GHWHUPLQHG� WKDW� WRGD\� WKHUH�DUH�D�YDVW�
QXPEHU� RI� VFLHQWLILF�ZRUNV� UHODWLQJ� WR� ERWK� WKH�
SURFHVV� RI� LQFUHDVLQJ� FUHDWLYLW\� LQ� JHQHUDO� VWX�
GHQWV� DQG� H[FOXVLYHO\� DPRQJ� SV\FKRORJ\� VWX�
GHQWV��1HYHUWKHOHVV��GHVSLWH�WKH� WUHPHQGRXV�VFL�
HQWLILF�DFKLHYHPHQWV��WKHUH�LV�QR�FOHDU�PHWKRGRO�
RJ\� IRU� LQWURGXFLQJ�PHDVXUHV� WR� LQFUHDVH� FUHD�
WLYLW\� DPRQJ� SV\FKRORJ\� VWXGHQWV� WRGD\��*LYHQ�
WKLV��ZH�SURSRVHG�XVLQJ�D�IXQFWLRQDO�PRGHO�DV�D�
SHUPDQHQW� PHWKRGRORJ\�� FOHDUO\� GHPRQVWUDWLQJ�
DOO� WKH� HOHPHQWV� RI� WKLV� SURFHVV�� WKH� LQWHUDFWLRQ�
EHWZHHQ� WKHP� DQG� WKH� PRVW� RSWLPDO� ZD\� WR�
DFKLHYH� WKH� ILQDO� UHVXOW�� 7KH� DGYDQWDJHV� RI� WKLV�
PRGHO�DUH�WKH�IDFW�WKDW�DW�WKH�SODQQLQJ�VWDJH��WKH�
H[HFXWLYH�VWUXFWXUH�FDQ�FOHDUO\�IRUP�DQG�HYDOXDWH�
WKH�UHVRXUFHV�DQG�PHFKDQLVPV�QHFHVVDU\�WR�IXOILO�
WKH�JRDO�� ,Q�RXU�FDVH��LW�ZLOO�EH�GHILQHG�DV�PHD�
VXUHV� WR� LQFUHDVH� WKH� FUHDWLYLW\� RI� SV\FKRORJ\�
VWXGHQWV��

)RU�EHWWHU�GHWDLOLQJ�DQG�YLVXDOL]DWLRQ�DQG�WKH�
SURFHVV�RI�LQFUHDVLQJ�WKH�FUHDWLYLW\�RI�VWXGHQWV�RI�
SV\FKRORJLVWV�� ZH� XVHG� WKH� ,'()�� IXQFWLRQDO�
PRGHO��ZLWK�ZKLFK� LW�EHFDPH�SRVVLEOH� WR�GHSLFW�
DOO�WKH�VWUXFWXUDO�DQG�IXQFWLRQDO�HOHPHQWV�RI�WKLV�
SURFHVV��$OVR��WKH�SHFXOLDULW\�RI�XVLQJ�WKLV�PRGHO�
LV�WKH�DELOLW\�WR�EXLOG�GHFRPSRVLWLRQV�RI�YDULRXV�
OHYHOV��ZKLFK�GHWDLO�D�VHSDUDWH�SHULRG�RI�WKH�SUR�
FHVV� RI� LQFUHDVLQJ� WKH� FUHDWLYLW\� RI� SV\FKRORJ\�
VWXGHQWV��

2XU�DUWLFOH�DOORZV�XV� WR� LPSURYH� WKH�SURFHVV�
RI�GHYHORSLQJ�VWXGHQWV¶�FUHDWLYLW\�GXH�WR�WKH�XVH�
RI�WKH�PRGHUQ�PDQDJHPHQW�PRGHO�,'()���ZKLFK�
LV�XQLTXH�DQG�H[FLWLQJ��

7KH� DUWLFOH� LV� QRW�ZLWKRXW� OLPLWDWLRQV�� DQG� LW�
VKRXOG�EH�QRWHG�WKDW�WKH�DUWLFOH�FRQVLGHUV�WKH�VSH�
FLILFV� RI� VWXGHQWV� RI� KLJKHU� HGXFDWLRQDO� LQVWLWX�
WLRQV� DQG� SV\FKRORJLVWV� LQ� SDUWLFXODU�� ,Q� WKH� IX�
WXUH��WKH�,'()��PRGHO�VKRXOG�DSSO\�WR�RWKHU�VWX�
GHQWV�ZLWKLQ�WKH�SKLORVRSK\�RI�HGXFDWLRQ��
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