
0HWDFRJQLWLYH�6WUDWHJLHV�LQ�)RUHLJQ�/DQJXDJH�
/HDUQLQJ�

*DOLQD�$EURVLPRYD�

$EVWUDFW

7KH� VLJQLILFDQFH� RI� WKH� H[DPLQHG� SUREOHPV� LV� FDXVHG� E\� WKH� QHHG� WR� LPSURYH� WKH�
IXQFWLRQDO� DSSURDFK� WR� XQGHUVWDQGLQJ� WKH� OLQN� EHWZHHQ� PHWDFRJQLWLYH� VWUDWHJLHV�
DFTXLVLWLRQ� DQG� WKHLU� YDOXH� DQG� LPSDFW� RQ� IRUHLJQ� ODQJXDJH� OHDUQLQJ�� 7KH� ZRUN�
FRQWDLQV�WKH�FRPSDULVRQ�RI�DSSURDFKHV�RI�5XVVLDQ�VFLHQWLVWV�DQG�IRUHLJQ�UHVHDUFKHUV�
RQ� WKLV� SUREOHP�� $OVR� LW� FRPSULVHV� LQIRUPDWLRQ� DERXW� GLIIHUHQW� UHTXLUHPHQWV� WKDW�
DXWKRUV� SXW� IRUZDUG� DFFRUGLQJ� WR� PHWDFRJQLWLYH� VWUDWHJLHV�� WKHLU� FKRLFH� DQG�
DSSOLFDWLRQ��WKH�FODVVLILFDWLRQ�RI�OHDUQLQJ�VWUDWHJLHV�DQG�SDUWLFXODUO\�FODVVLILFDWLRQ�RI�
PHWDFRJQLWLYH� VWUDWHJLHV�� DQG� UHVHDUFK� DSSURDFKHV� UHODWHG� WR� WKH� PHWDFRJQLWLYH�
VWUDWHJ\�GHYHORSPHQW��7KH�OHDGLQJ�JRDO�VHW�E\�WKH�DXWKRUV�ZDV�WR�FUHDWH�D�PRGHO�RI�
PHWDFRJQLWLYH�VWUDWHJ\�GHYHORSPHQW�GXULQJ�IRUHLJQ�ODQJXDJH�OHDUQLQJ��WR�LGHQWLI\�LWV�
SULQFLSOHV�� PHWKRGV�� DSSURDFKHV� WR� LWV� SURSHU� IXQFWLRQLQJ�� FULWHULD� DQG� LQGLFDWRUV�
ZKLFK�DUH�DEOH�WR�HIIHFWLYHO\�DVVHVV�WKH�OHYHO�RI�PHWDFRJQLWLYH�VWUDWHJ\�GHYHORSPHQW�
DQG�XVH�IRUHLJQ�ODQJXDJH�DV�D�EDVLV�WR�IXOILO�FUHDWHG�PRGHO��$UWLFOH�VXEPLVVLRQV�PD\�
EH� XVHIXO� LQ� OHFWXUH� FRXUVHV� RQ� ODQJXDJH� WHDFKLQJ�� GHYHORSLQJ� D� FXUULFXOXP� RQ�
WHDFKLQJ� D� IRUHLJQ� ODQJXDJH� DV�ZHOO� DV� WR� DSSO\� WR� ODQJXDJH� OHVVRQV� HLWKHU� GXULQJ�
WHDFKLQJ�RU�OHDUQLQJ�LW�

.H\ZRUGV� )RUHLJQ� /DQJXDJH�� /DQJXDJH�/HDUQLQJ� 6WUDWHJLHV�� 0HWDFRJQLWLYH�
6WUDWHJLHV�

���,QWURGXFWLRQ

)RUHLJQ�ODQJXDJH�OHDUQLQJ�LV�RQH�RI�WKH�NH\�FRPSRQHQWV�RI�WKH�HGXFDWLRQ�RI�
D� PRGHUQ� LQGLYLGXDO�� ,Q� WKH� WLPH� RI� XQLYHUVDO� JOREDOL]DWLRQ� DQG� PRELOLW\� IRUHLJQ�
ODQJXDJH�LV�WKH�NH\�WKDW�RSHQV�HYHU\�GRRU��

,W�LV�NQRZQ�WKDW�OHDUQLQJ�D�ODQJXDJH�UHTXLUHV�D�ORW�RI�HIIRUW�HVSHFLDOO\�LW�LV�
GLIILFXOW�IRU�DGXOWV��'HVSLWH�WKH�IDFW�WKDW�QRZ�GXH�WR�WR�PRGHUQ�WHFKQRORJLHV�DQG�WKH�
GHYHORSPHQW�RI� WKH�,QWHUQHW�� WKH�SRVVLELOLWLHV� IRU� ODQJXDJH� OHDUQLQJ�KDYH� LQFUHDVHG�
JUHDWO\��IRUHLJQ�ODQJXDJH�VNLOOV�LQ�RXU�FRXQWU\�LV VWLOO�DW�D�UHODWLYHO\�ORZ�OHYHO��,I�ZH�
WDNH�D�ORRN�DW�WKH������()�(QJOLVK�3URILFLHQF\�,QGH[�UDWLQJ��5XVVLD�WDNHV�RQO\���QG

� 3OHDVH�FLWH�WKLV�SDSHU�DV�IROORZV�

$EURVLPRYD��*�� ��������0HWDFRJQLWLYH� VWUDWHJLHV� LQ� IRUHLJQ� ODQJXDJH� OHDUQLQJ� -RXUQDO� RI�
5HVHDUFK�LQ�$SSOLHG�/LQJXLVWLFV�����63�� ��������

� .D]DQ�)HGHUDO�8QLYHUVLW\��.D]DQ��5XVVLD��DEURVLPRZDJDOLQD#\DQGH[�UX�
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SODFH� DPRQJ���� FRXQWULHV� WKURXJKRXW� WKH�ZRUOG�� DQG� LI�ZH� FRPSDUH� WKH�(XURSHDQ�
FRXQWULHV�����SUHVHQWHG�LQ�WKLV�UDWLQJ��5XVVLD�LV�RQO\ RQ�WKH���WK SODFH��,W�VKRXOG�EH�
HPSKDVL]HG�WKDW�WKLV�UDWLQJ�LQFOXGHV�RQO\�NQRZOHGJH�RI�(QJOLVK��ZKLFK�LV�FRQVLGHUHG�
WKH�PRVW�SRSXODU�ODQJXDJH�DPRQJ�WKH�IRUHLJQ�ODQJXDJHV�VWXGLHG�LQ�RXU�FRXQWU\��()�
(3,�8URYHQ
�YODGHQLLD�DQJOLLVNLP�LD]\NRP��������$EURVLPRYD�	�.RQGUDWHYD��������

���0HWKRGRORJ\�DQG�PDWHULDOV

5HVHDUFK�PHWKRGV�XVHG� LQ� WKLV�ZRUN� LQFOXGH�XVLQJ� WKHRUHWLFDO�PHWKRGV�RI�
UHVHDUFK�VXFK�DV�FRPSDUDWLYH�DQDO\VLV��FRPSLODWLRQ�DQG�V\VWHPDWL]DWLRQ�RI�ZRUNV�RI�
5XVVLDQ�DQG�IRUHLJQ�UHVHDUFKHUV�ZKR�DUH�ZHUH�VWXG\LQJ�WKH�TXHVWLRQV�RI�GHYHORSPHQW�
RI�PHWDFRJQLWLYH�VWUDWHJLHV�DQG�XVLQJ�IRUHLJQ�ODQJXDJH�DV�D�EDVLV�IRU�WKLV�SURFHVV�DV�
ZHOO�� 7KH� DUWLFOH� DOVR� SUHVHQWV� D� GHVLJQHG� PRGHO� RI� GHYHORSLQJ� PHWDFRJQLWLYH�
VWUDWHJLHV�RI�VWXGHQWV�GXULQJ�IRUHLJQ�ODQJXDJH�OHDUQLQJ�

���0HWDFRJQLWLRQ

7KH� SUREOHP� RI� D� OHDUQLQJ� RI� IRUHLJQ� ODQJXDJH� LQ� RXU� FRXQWU\� UHPDLQV�
UHOHYDQW�PDQ\�\HDUV��%DODQFHG�DQG�HIILFLHQW�QHZ�ZD\V�DQG�PHWKRGV�WR�WHDFK�IRUHLJQ�
ODQJXDJH� DUH� FUXFLDO� �$EGXOOLQD� HW� DO��� ������� (QWUHQFKHG� WUDGLWLRQDO� PHWKRGV� RI�
WHDFKLQJ�)/�PD\�EH�OLVWHG�DV�RQH�WKH�QXPHURXV�UHDVRQV�RI�LW�DOWKRXJK�WKH\�ZHUH�RQFH�
TXLWH� HIIHFWLYH�� QRZ� SDUWLDOO\� RXWGDWHG� DQG� FDQQRW� SURYLGH� WKH� QHFHVVDU\� OHYHO� RI�
ODQJXDJH�OHDUQLQJ�TXLFNO\�DQG�HIIHFWLYHO\��6FLHQWLVWV��WXWRUV�DQG�WHDFKHUV�DOO�RYHU�WKH�
ZRUOG�DV ZHOO�DV�LQ�RXU�FRXQWU\�DUH�ZRUNLQJ�RQ�WKH�GHYHORSLQJ�RI�QHZ��PRGHUQ�DQG�
LQFUHDVLQJO\�HIIHFWLYH�ZD\V�RI�PDVWHULQJ�)/�VNLOOV��2QH�RI�WKHP�LV�WKH�GHYHORSPHQW�
RI�PHWDFRJQLWLYH�VNLOOV�RI�VWXGHQWV�

7KH�WHUP�PHWDFRJQLWLRQ�ZDV�ILUVW�XVHG�E\�)ODYHOO��������DV�D�NQRZOHGJH�RI�
D�SHUVRQ��HQFRPSDVVLQJ�VWXGHQWV
�RZQ�FRJQLWLYH�SURFHVVHV�DQG� WKHLU� UHVXOWV��ZKLFK�
DFWLYHO\� FRQWURO�� UHJXODWH� DQG� RUJDQL]H� WKH� FRJQLWLYH� FRPSRQHQW� RI� WKH� OHDUQLQJ�
SURFHVV�WR�DFKLHYH�D�VSHFLILF�JRDO��,Q�RWKHU�ZRUGV��LW�LV�WKH�DELOLW\�WR�LQGHSHQGHQWO\�
XVH�DQG�PDQDJH�WKHLU�RZQ�FRJQLWLYH�DQG�PHQWDO�FDSDELOLWLHV�WR�VROYH�JLYHQ�SUREOHPV��
ERWK�LQ�WKH�SURFHVV�RI�VWXG\LQJ�DQG�ODWHU�LQ�IXWXUH�OLIH��LQ�SURIHVVLRQDO�FDVHV��)ODYHOO��
�������,W�VKRXOG�EH�QRWHG�WKDW�EHLQJ�PHWDFRJQLWLYH�PHDQV�D�KLJKHU�OHYHO�RI�FRJQLWLRQ��
ZKLFK� LQFOXGHV� WKH� DELOLW\� IRU� VHOI�DQDO\VLV� DQG� VHOI�FRQWURO� RI� FRJQLWLRQ� DQG�
SHUFHSWLRQ�RI�LQIRUPDWLRQ��DQG�WKH�LQFOXVLRQ�RI�PHWDFRJQLWLYH�WHDFKLQJ�PHWKRGV�LQWR�
FXUULFXOXP�GHYHORSV�PHQWDO�DELOLWLHV�DQG�HQKDQFHV�UHIOHFWLRQ�LQ�HGXFDWLRQDO�DFWLYLWLHV��
DQG� DOORZV� WKH� GHYHORSPHQW� RI� PHWDFRJQLWLYH� DELOLWLHV�� %HLQJ� PHWDFRJQLWLYH� DOVR�
LPSOLHV� WKDW� VWXGHQWV� WKHPVHOYHV�ZLOO� LQGHSHQGHQWO\� LPSURYH� WKHLU� NQRZOHGJH� DQG�
VNLOOV�WKURXJK�VHOI�SODQQLQJ�DQG�DFWLYH�LPSOHPHQWDWLRQ�RI�KLV�FRJQLWLYH�DFWLYLW\��7KH�
OHYHO�RI�PHWDFRJQLWLYH�DELOLWLHV�LV�DVVHVVHG�E\�ZKHWKHU�VWXGHQWV�DUH�DEOH�WR�UHDVRQDEO\�
DVVHVV�WKHLU�RZQ�OHYHO�RI�NQRZOHGJH�DQG�OHYHO�WR�EH�DFKLHYHG��DV�ZHOO�DV�WR�DQWLFLSDWH�
WKH�HIIHFWLYHQHVV�RI�DFTXLUHG�NQRZOHGJH�DQG�SODQ�WKH�DPRXQW�RI�NQRZOHGJH�WKDW�QHHGV�
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WR�EH�DFTXLUHG��ZKLOH�FRUUHFWO\�DOORFDWLQJ�WLPH�DQG�UHVRXUFHV��&RQWUROOLQJ�\RXU�HIIRUWV�
WR�DFKLHYH� WKH�DLP�DQG� WDVNV� LV�DOVR�D�PHWDFRJQLWLYH�SURFHVV�� ,Q�5XVVLDQ� OLWHUDWXUH�
WKHUH�DUH�WKH�IROORZLQJ�VWDJHV�RI�PHWDFRJQLWLYH�VNLOOV�IRUPDWLRQ�

x VHWWLQJ�D�JRDO�

x GHILQLQJ�WKH�FRQGLWLRQV�DQG�IRUPV�RI�ZRUN�DQG�SODQQLQJ�

x PRQLWRULQJ� WKH� UHVXOWV� RI� RZQ� DFWLYLWLHV� DQG� LI� QHFHVVDU\�� WKHLU�
FRUUHFWLRQ��1LNLIRURYD�	�6RNRORYD��������

0HWDFRJQLWLRQ�PDNHV�SRVVLEOH� WKH� LQFUHDVLQJ�RI�DXWRQRP\�RI� WKH�VWXGHQWV�
DQG� DW� WKH� VDPH� WLPH� LQFUHDVHV� PRWLYDWLRQ� WR� DFKLHYH� WKH� JRDO�� +HUH� ZH� FDQ�
HPSKDVL]H�WKH�H[WHUQDO�DQG�LQWHUQDO�PRWLYDWLRQ��,QWHUQDO�PRWLYHV�DUH�DVVRFLDWHG�ZLWK�
WKH�VWXGHQWV¶�PRWLYDWLRQ��WKHLU�FRJQLWLYH�DFWLYLWLHV��ZKLFK�LQFOXGH�

x LQWHOOHFWXDO�PRWLYH��VWXGHQW�OLNHV�WKH�)/�DV�DQ RSSRUWXQLW\�WR�VKRZ�
WKHLU�OHYHO�RI�PHQWDO�FDSDELOLWLHV��

x GHVLUH� WR� VHOI�GHYHORSPHQW� �WKH� GHVLUH� WR� LPSURYH� WKHPVHOYHV�� )/�
FDQ�VHUYH�DV�D�WRRO�WR�EURDGHQ�ZRUOG�YLHZ��

x SURVRFLDO�PRWLYH��VWXGHQW�UHDOL]HV�WKH�VLJQLILFDQFH�RI�WKH�)/�LQ�WKH�
ZRUOG�DQG�WKHUHIRUH�VWXGLHV�LW��

([WHUQDO�PRWLYHV�LQFOXGH�WKH�IROORZLQJ�

x DFKLHYLQJ� WKH� JRDO� �FDXVHG� E\� WKH� GHVLUH� RI� D� SHUVRQ� WR� DFKLHYH�
VXFFHVV� DOZD\V� DQG� HYHU\ZKHUH�� IRU� H[DPSOH�� DOZD\V� JHW� JRRG�
JUDGHV��JHW�D�GLSORPD��JHW�D�PRUH�SUHVWLJLRXV�MRE��HWF���

x VHOI�DIILUPDWLRQ��WKH GHVLUH�WR�PDVWHU�WKH�)/�WR�REWDLQ�D�FHUWDLQ�VWDWXV�
LQ�VRFLHW\��WKH�DSSURYDO�RI�RWKHU�SHRSOH��HWF���

x WKH�GHVLUH�WR�EH�OLNH�RWKHUV��WR�EH�OLNH�LGROV��RU�WR�EH�FORVHU�WR�WKHP��
IRU�LQVWDQFH�� WR�XQGHUVWDQG�WKH�ZRUGV�RI�VRQJV�RI� IDYRULWH�VLQJHUV��
EDQGV��HWF���

x LQFUHDVLQJ� WKH� OHYHO� RI� NQRZOHGJH� RI� WKH� )/� LV� D� SUHUHTXLVLWH�
FRQGLWLRQ� WR� EH� DEOH� WR� FRPPXQLFDWH� ZLWK� IRUHLJQ� IULHQGV�
�1LNLIRURYD�	�6RNRORYD��������

����/HDUQHU�DQG�0HWDFRJQLWLYH�6WUDWHJLHV

/DQJXDJH�OHDUQLQJ�LV�D�FRPSOH[�FRJQLWLYH�VNLOO�DQG�FRQVLVWV�RI�V\VWHPDWLF�
VWHSV��VWDUWLQJ�ZLWK�WKH�LQLWLDO�DFTXDLQWDQFH�ZLWK�WKH�ODQJXDJH��%RE\UHYD�	�/DW\SRY��
�������7KLV�SURFHVV�LQHYLWDEO\�LQYROYHV�OHDUQLQJ�VWUDWHJLHV�XVH��HLWKHU�FRQVFLRXVO\�RU�
QRW��7KH�PLVVLRQ�RI�WKH�WHDFKHU�LV�WR�HGXFDWH�VWXGHQWV�ZLWK�DOO�FDWHJRULHV RI�OHDUQLQJ�
VWUDWHJLHV� DQG� PDNH� WKHLU� XVH� DV� FRQVFLRXV� DV� SRVVLEOH�� 'LIIHUHQW� VFLHQWLVWV� JLYH�
GLIIHUHQW�FODVVLILFDWLRQ�RI�WKHVH�VWUDWHJLHV��

$PRQJ� 5XVVLDQ� VFLHQWLVWV� ZH� FDQ� KLJKOLJKW� WKH� FODVVLILFDWLRQ� E\�
.RU\DNRYWVHYD���������,W�KDV�WKH�IROORZLQJ�FDWHJRULHV�
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x VWUDWHJLHV� IRU� JHQHUDO� HGXFDWLRQ�� WKLV� FDWHJRU\� LQFOXGHV� FRJQLWLYH��
LQIRUPDWLRQDO�� HGXFDWLRQDO� DQG� LQIRUPDWLRQDO� VWUDWHJLHV� DQG�
VWUDWHJLHV�IRU�DFDGHPLF�FROODERUDWLRQ�

x VSHFLDO�VWUDWHJLHV��WKHVH�DUH�FRYHU�VWUDWHJLHV��XVLQJ�NQRZQ�OLQJXLVWLF�
PHDQV� LQVWHDG WR� FRPSHQVDWH� NQRZOHGJH� JDSV�� DOVR� VWUDWHJLHV� IRU�
VHDUFK�DQG�VRFLDO�LQWHUDFWLRQ�

x OLQJXRGLGDFWLF� VWUDWHJLHV�� PD\� EH� GLYLGHG� LQWR� VHPDQWLF� DQG�
OLQJXRVHPDQWLF�

x VWUDWHJLHV� IRU� VSHFLILF� SUDFWLFH�� WKLV� LV� D� FDWHJRU\� RI� VWUDWHJLHV� IRU�
VHOI�DFTXDLQWDQFH� ZLWK� ODQJXDJH� PHDQV�� OHDUQLQJ�� PHPRUL]LQJ��
FRQWH[WXDOL]LQJ� WKHP�� VWUDWHJLHV� IRU� XVLQJ� ODQJXDJH� PHDQV��
DXWRQRPRXV�SUDFWLFH��VHOI�� FRQWURO�DQG�VHOI�FRUUHFWLRQ�RI�ODQJXDJH�
DQG�VSHDNLQJ�VNLOOV�DQG�UHVRXUFH�VWUDWHJLHV��.RU\DNRYWVHYD���������

7KRXJK� WKH� PRVW� FRPPRQO\� XVHG� VWUDWHJ\� FODVVLILFDWLRQ� LV� RQH� JLYHQ� E\�
&KDPRW� 	� 2¶0DOOH\�� 7KH\� GHILQH� FRJQLWLYH�� PHWDFRJQLWLYH�� VRFLDO� DQG� DIIHFWLYH�
VWUDWHJLHV�

x FRJQLWLYH� VWUDWHJLHV� VWLSXODWH� ZRUNLQJ� ZLWK� QHZ� LQIRUPDWLRQ�� IRU�
H[DPSOH��UHSHDWLQJ�RU�JURXSLQJ�QHZ�ZRUGV��PHPRUL]LQJ�WKHP� HWF��
,W�LV�FRQVLGHUHG�WKDW�WKLV�FDWHJRU\�RI�VWUDWHJLHV�LV�WKH�PRVW�FRPPRQO\�
XVHG�DW�WKH�LQLWLDO�VWDJH�RI�ODQJXDJH�OHDUQLQJ�

x VRFLDO� VWUDWHJLHV� DUH� QHFHVVDU\� WR� LQWHUDFW� ZLWK� RWKHU� VWXGHQWV� DQG�
ZLWK�QDWLYH�VSHDNHUV�

x DIIHFWLYH�VWUDWHJLHV�DUH�WDUJHWHG�WR�UHJXODWLQJ�HPRWLRQV��PRWLYDWLRQ��
IRU� H[DPSOH�� VWUDWHJLHV� DLPHG� DW� UHGXFLQJ� DQ[LHW\� ZKHQ�
FRPPXQLFDWLQJ� LQ� WKH� WDUJHWHG� ODQJXDJH� �ZKLFK� LV� DOZD\V� D� ELJ�
VWUHVV��HVSHFLDOO\�LQ�WKH�LQLWLDO�VWDJHV�RI�OHDUQLQJ��

x PHWDFRJQLWLYH�VWUDWHJLHV�DUH�EDVHG�RQ�PHWDFRJQLWLYH�SURFHVVHV�DQG�
DUH� DLPHG� DW� XQGHUVWDQGLQJ� ZKDW� WR� OHDUQ�� KRZ� WR� VWXG\�� DQG�
SODQQLQJ�� FRQWUROOLQJ�� UHJXODWLQJ� DQG� HYDOXDWLQJ� WKH� OHDUQLQJ�
SURFHVV��,W�VKRXOG�EH�QRWHG�WKDW�PHWDFRJQLWLYH�VWUDWHJLHV�GLIIHU�IURP�
FRJQLWLYH�VWUDWHJLHV�PRVWO\�ZLWK�WKHLU�IXQFWLRQV��&RJQLWLYH�VWUDWHJLHV�
DUH�DLPHG�DW�OHDUQLQJ�QHZ�PDWHULDO�ZKHUHDV�PHWDFRJQLWLYH�VWUDWHJLHV�
DUH� UHJXODWRU\� VWUDWHJLHV� WDUJHWHG� DW� FRJQLWLYH� SURFHVVHV� DQG�
VWUDWHJLHV�DV�ZHOO�

,Q�WKLV�ZRUN�ZH�ZLOO�UHO\�RQ�WKH�DERYHPHQWLRQHG�FODVVLILFDWLRQ��
/HW�XV� WR� WDNH�D�FORVHU ORRN�DW�PHWDFRJQLWLYH� VWUDWHJLHV��$V� LW�KDV�DOUHDG\�

EHHQ�QRWHG��PHWDFRJQLWLYH�VWUDWHJLHV�LQFUHDVH�VWXGHQWV¶�OHDUQLQJ�DELOLW\�DQG�KHOS�WR�
FRSH�ZLWK�WKH�SUREOHP�RI�LQDELOLW\�WR�OHDUQ��ZKLFK�LV�W\SLFDO�IRU�D�ODUJH�SHUFHQWDJH�RI�
VWXGHQWV��

,W� LV�ZRUWK� WR�PHQWLRQ� WKDW� WKH� XVH� RI�PHWDFRJQLWLYH� VWUDWHJLHV� FDQQRW� EH�
FDUULHG�RXW�ZLWKRXW� ILUVW�PDVWHULQJ�D� ODUJH�QXPEHU�RI�FRJQLWLYH� VWUDWHJLHV��EHFDXVH�
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PHWDFRJQLWLYH�VWUDWHJLHV�DUH�DLPHG�DW�WKH�DELOLW\�WR�IOH[LEO\�FRPELQH�DOO�WKH�VWXGHQW¶V�
VWUDWHJLHV��VNLOOV�DQG�DELOLWLHV�WR�OHDUQ�WKH�)/�

0HWDFRJQLWLYH�VWUDWHJLHV�PLJKW�EH�GLYLGHG�LQWR�WKH�IROORZLQJ�FDWHJRULHV�

x SODQQLQJ�RI�PHQWDO�DFWLYLW\��VHWWLQJ�JRDOV�DQG�WDVNV��GHWHUPLQLQJ�WKH�
PHDQV�WR�DFKLHYH�WKHP��V\VWHPDWL]LQJ�IXWXUH�DFWLRQV�

x SUHGLFWLQJ�WKH�RXWFRPHV�RI�GHFLVLRQV�

x FRQVFLRXV�UHJXODWLRQ�RI�PHQWDO�DFWLYLWLHV��DQ�LPSDUWLDO�DVVHVVPHQW�RI�
RZQ�NQRZOHGJH�DQG�VNLOOV�DQG�WKHLU�TXDOLW\��DV�ZHOO�DV�WKH�TXDOLW\�RI�
LQGLYLGXDO�DFWLRQV�

x DQDO\VLV�RI�WKH�WKRXJKW�SURFHVVHV��WKH�DUJXPHQWDWLRQ�RI�WDNHQ�PHQWDO�
DFWLRQV�� PRWLYDWLRQ� DQG� VHWWLQJ� \RXUVHOI� WR� ZRUN�� �(YGRNLPRYD��
�����

���5HVXOWV�DQG�'LVFXVVLRQV
7KH� LVVXH� RI� KRZ� WR� GHYHORS� PHWDFRJQLWLYH� VWUDWHJLHV� EHWWHU� LV� QRW� IXOO\�

XQGHUVWRRG�� %XW� VFLHQWLVWV� DJUHH� WKDW� WKHLU� GHYHORSPHQW� LV� H[WUHPHO\� LPSRUWDQW��
EHFDXVH�WKHVH�VWUDWHJLHV�DOORZ VWXGHQWV�WR�VWUXFWXUH�DQG�HQULFK�WKHLU�NQRZOHGJH��,Q�WKH�
IXWXUH��WKH\�ZLOO�OHW�VWXGHQW�EHWWHU�QDYLJDWH�LQ�WKRVH�OLIH�VLWXDWLRQV�ZKHQ�H[LVWLQJ�LQ�
LQGLYLGXDO�H[SHULHQFH�VROXWLRQV�WR�SUREOHPV�DQG�WDVNV�ZLOO�EH�LQHIIHFWLYH��

'LUNHV�SXW�IRUZDUG�WKH�IROORZLQJ�UHTXLUHPHQWV�IRU�WHDFKLQJ�PHWDFRJQLWLYH�
VWUDWHJLHV�

x FOHDUO\� LGHQWLI\� WKH�ERXQGDULHV�RI� WKH�NQRZQ�DQG� WKH�XQNQRZQ� LQ�
SUREOHP� VLWXDWLRQV�� L�H�� GLYLGH� WKH� LQIRUPDWLRQ� LQWR� WKH� DOUHDG\�
IDPLOLDU�DQG�WKH�RQH�WKDW�LV�QHFHVVDU\�WR�REWDLQ�LQ�RUGHU�WR�VROYH�WKH�
SUREOHP�DQG�WDVN�

x WR�WKLQN�RXW�ORXG�ZKHQ�VROYLQJ�YDULRXV�SUREOHPV��WR�VSHDN�WKURXJK�
HDFK�VWDJH��GLIILFXOWLHV�DQG�RXWFRPHV�

x UHIOHFWLRQ�� LW� LV� QHFHVVDU\� WR� SUHVFULEH� UHDVRQLQJV� DQG� WKRXJKWV��
GLIILFXOWLHV� HQFRXQWHUHG� GXULQJ� WKH� SUREOHP� VROYLQJ�� ZD\V� WR�
RYHUFRPH�WKHP��HWF���

x WR�IRUPXODWH�VWUDWHJLHV�DQG�ZD\V�RI�WKLQNLQJ�

x SODQ� IXWXUH�DFWLRQV�DFFXUDWHO\�DQG�VSHFLILFDOO\� LQ�RUGHU� WR�DFKLHYH�
JRDOV�DQG�VROYH�SUREOHPV�

x WR�HYDOXDWH�VHOI�� HIIHFWLYHQHVV��LQ�WKLV�FDVH��WKH�HYDOXDWLRQ�FULWHULD�
PXVW�EH�HVWDEOLVKHG�LQ�DGYDQFH���%HOHQNRYD�������

&DPSLRQH� SURSRVHG� WKH� IROORZLQJ� VWHSV� IRU� WKH� GHYHORSPHQW� RI� WKH�
PHWDFRJQLWLYH�VWUDWHJLHV�

x H[SOLFDWLRQ�RI�VWUDWHJLHV�

x FODULILFDWLRQ�RI�WKH�FRQGLWLRQV�LQ�ZKLFK�LW�LV�PRVW�HIIHFWLYH�

x WUDLQLQJ� PHWKRGV� DQG� RSWLRQV� IRU� LPSOHPHQWLQJ� WKLV� VWUDWHJ\� LQ�
YDULRXV�FRJQLWLYH�DQG�SUREOHP�VROYLQJ�VLWXDWLRQV���$QWLSHQNR�������
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3DZOXN�VXJJHVWHG�WKH�IROORZLQJ�VFKHPH�
� 6WDJH����WKH�WHDFKHU�PRGHOV�WKH�VWUDWHJ\��H[SODLQV�LWV�LPSRUWDQFH�DQG�

KRZ�LW�LV�XVHG�
� 6WDJH� ��� WKH� VWXGHQW� SUDFWLFHV� WKH� XVH� RI� WKLV� VWUDWHJ\� XQGHU� WKH�

VXSHUYLVLRQ�RI�D�WHDFKHU�
� 6WHS����7KH�WHDFKHU�KHOSV�VWXGHQWV�WR�OHDUQ�WR�LGHQWLI\�WKH�VWUDWHJ\�

JLYHQ�DQG�GHFLGH�ZKHUH�DQG�KRZ�WR�XVH�LW�
� 6WDJH����WKH�VWXGHQW�XVHV�VWUDWHJLHV�DXWRQRPRXVO\���3DZOXN�������

$QWLSHQNR��������JLYHV�WKH�PRGHO��ZKLFK�KDV WKUHH�VWDJHV�
7KH�ILUVW�VWDJH�LQFOXGHV�GHVLUH�IRU�NQRZOHGJH�DQG�XQGHUVWDQGLQJ��WKH�DELOLW\�

IRU� ORQJ�WHUP� FRQFHQWUDWLRQ� RI� DWWHQWLRQ� DQG� PHPRUL]DWLRQ� RI� D� ODUJH� DPRXQW� RI�
PDWHULDO��WKH�VHFRQG�VWDJH�LQYROYHV�WKLQNLQJ�RYHU�HYHU\�GHWDLO�RI�\RXU�SODQ��WKLQNLQJ
DERXW�\RXU�RZQ�³WKLQNLQJ�SURFHVV´�� LQYROYLQJ� FUHDWLYH� LPDJLQDWLRQ��PRGHOLQJ� DQG�
GHPRQVWUDWLQJ� WKH� HOHPHQWV� RI� OHDUQLQJ�� DQG� ILQDOO\�� WKH� WKLUG� VWDJH� FRQVLVWV� RI�
PRYHPHQW�IURP�FDXVHV�WR�HIIHFWV�DQG�IURP�HIIHFWV�WR�FDXVHV��WKH�DSSOLFDWLRQ�RI�WKH�
PHWKRG�RI�DQDORJLHV�DQG�MX[WDSRVLWLRQ��V\VWHPLF�WKLQNLQJ��$QWLSHQNR��������

%DVHG�RQ�WKHVH�UHTXLUHPHQWV�DQG�VFKHPHV��ZH�KDYH�GHYHORSHG�D�PRGHO�IRU�
WKH� GHYHORSPHQW� RI� PHWDFRJQLWLYH� VWUDWHJLHV� DPRQJ� VWXGHQWV� LQ� WKH� SURFHVV� RI�
OHDUQLQJ�D�IRUHLJQ�ODQJXDJH�

0RGHO�RI� WKH�GHYHORSPHQW�RI�PHWDFRJQLWLYH�VWUDWHJLHV� LQ� WKH�SURFHVV�RI� OHDUQLQJ�D�
IRUHLJQ�ODQJXDJH�

$LP� WKH�GHYHORSPHQW�RI�PHWDFRJQLWLYH�VWUDWHJLHV�LQ�WKH�SURFHVV�RI�OHDUQLQJ�D�IRUHLJQ�
ODQJXDJH�

7DVNV��
�� ,GHQWLILFDWLRQ� RI� WKH� SULQFLSOHV�� FRQGLWLRQV� DQG� FRQWHQW� RI� WKH� PRGHO� RI�
PHWDFRJQLWLYH�VWUDWHJLHV�GHYHORSPHQW�LQ�WKH�SURFHVV�RI�IRUHLJQ�ODQJXDJH�OHDUQLQJ�

��&UHDWLRQ�RI�WHFKQRORJ\�IRU�GHYHORSPHQW�RI�PHWDFRJQLWLYH�VWUDWHJLHV�LQ�WKH�SURFHVV�
RI�OHDUQLQJ�D�IRUHLJQ�ODQJXDJH�

��2EWDLQLQJ�QHZ�NQRZOHGJHV�DQG�VNLOOV�DERXW�WKH�PHWKRGV�DQG�WHFKQLTXHV�HPSOR\HG�
LQ�OHDUQLQJ�SURFHVV�

��'HYHORSPHQW�RI�FRJQLWLYH�DELOLWLHV�DQG�FRJQLWLYH�WKLQNLQJ��DQG�WKH�DELOLW\�WR�OHDUQ�
LQGHSHQGHQWO\� DQG� DXWRQRPRXVO\�� WKH� GHYHORSPHQW� RI� VWXGHQW�PRWLYDWLRQ� DQG� D�
FRQVFLRXV�DWWLWXGH�WR�WKH�VWXGLHG�)/�

��'HYHORSPHQW�RI�VHOI�GLVFLSOLQH�DQG�VHOI�RUJDQL]DWLRQ��DQG�RI�WKH�DELOLW\�WR�PDQDJH�
RQH¶V�RZQ�OHDUQLQJ�DFWLYLWLHV�

�� )LQG�RXW�KRZ�WR�DSSO\�WKH�REWDLQHG�NQRZOHGJHV�DQG�VNLOOV�LQ�SUDFWLFH�
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3ULQFLSOHV� IRFXV�DLPHG��YDULDELOLW\�RI�FRQWHQW�EXLOGLQJ��UHJXODULW\�DQG�FRQVLVWHQF\��
SUDFWLFDOLW\�� KDYLQJ� VWUXFWXUH�� PXOWLSOLFLW\�� KDYLQJ� FRQWH[W�� UHOHYDQFH�� DZDUHQHVV��
HOHFWLYLW\��LQGLYLGXDOLW\��MRLQW�DFWLYLW\��UHOLDQFH�RQ�SHUVRQDO�H[SHULHQFH��

&RQGLWLRQV��
��0RWLYDWLQJ�VWXGHQWV�WR�GHYHORS�PHWDFRJQLWLYH�VWUDWHJLHV�
��&UHDWLQJ� D� SURGXFWLYH� HGXFDWLRQDO� HQYLURQPHQW� WKDW� VWLPXODWHV� WKH� VHDUFK��
VHOHFWLRQ��SUDFWLFH�DQG�GHYHORSPHQW�RI�WKH�QHFHVVDU\�VWUDWHJLHV�

$SSURDFKHV� V\VWHPLF��VLWXDWLRQDO��DSSOLHG��UHIOH[LYH��SODQQHG��SHUVRQDO�DFWLYH�DQG�
HYDOXDWLYH�

&RQWHQW�

��2UJDQL]DWLRQ�RI�PHWKRGRORJLFDO�VXSSRUW�RI�WKH�SURFHVV�RI�PDVWHULQJ�PHWDFRJQLWLYH�
SURFHVVHV�

��$VVHVVLQJ�VWXGHQWV
�EDVLF�NQRZOHGJH�RI�VWUDWHJLHV�DQG�WKHLU�LPSOHPHQWDWLRQ�
��$FTXDLQWLQJ�ZLWK�PHWDFRJQLWLYH�VWUDWHJLHV�
�� 3ODQQLQJ�ZRUN� RQ� FUHDWLQJ� VLWXDWLRQV� IRU� VROXWLRQ� RI�ZKLFK� LW LV� UHTXLUHG� WR� XVH�
PHWDFRJQLWLYH�VWUDWHJLHV�

��0RWLYDWLQJ�VWXGHQWV�WR�XVH�PHWDFRJQLWLYH�VWUDWHJLHV�
��$VVHVVPHQW�RI�WKH�HIIHFWLYHQHVV�RI�WKH�GHYHORSPHQW�RI�PHWDFRJQLWLYH�VWUDWHJLHV�
7HFKQRORJ\�
���IRUPV�DQG�PHDQV�
� SUDFWLFDO�VNLOOV�WUDLQLQJ��WKH�DELOLW\�WR�VHW�WKH�JRDO�RI�WKH�DFWLYLW\��SODQ�DFWLYLWLHV�WR�
DFKLHYH� WKH� JRDO�� UHIOH[�� DQDO\]H�� JHQHUDOL]H�� V\VWHPDWL]H� WKH� QHFHVVDU\� OHDUQLQJ�
PDWHULDO��VWDUW��PDLQWDLQ��DQG�FRPSOHWH�WKH�FRPPXQLFDWLRQ��ILQG��VHOHFW��WUDQVIHU�WKH�
QHFHVVDU\�LQIRUPDWLRQ��ZRUN�LQ�D�WHDP�DQG�LQGLYLGXDOO\�
� FRJQLWLYH�± DQDO\WLF�WUDLQLQJ��WKH�DELOLW\�WR�VHDUFK�IRU�DQG�VHOHFW�UHOHYDQW�LQIRUPDWLRQ��
WR�DQDO\]H��WR�PDWFK��WR�FRPSDUH��WR�FODVVLI\��WR�JURXS��WR�RUJDQL]H�LQIRUPDWLRQ��WR�
VXPPDUL]H�DQG�WR�DVVHVV�WKH�LQIRUPDWLRQ�UHFHLYHG��WR�LGHQWLI\�WKH�PDLQ�FRQWHQW��WR�
VWDWH�WKH�PDLQ�LGHD��PDNH�D�SODQ�RI�WKH�LQIRUPDWLRQ�UHFHLYHG��
� VHOI�GHWHUPLQDWLRQ�WUDLQLQJ��OHDUQLQJ�WKH�QHZ�PDWHULDO��DZDUHQHVV�DQG�DVVHVVPHQW�RI�
VHOI� DWWLWXGH�DQG�YLHZ�WR�WKH�WDVNV�DQG�SUREOHPV�SUHVHQWHG�
���PHWKRGV�
� GLDJQRVWLF��KHXULVWLF��REVHUYDWLRQ��TXHVWLRQLQJ��FRQYHUVDWLRQ���H[SHUW�HYDOXDWLRQ�
� VDPSOLQJ��LQWHUDFWLYH��SURMHFW��SUREOHP��FRPPXQLFDWLYH�

&ULWHULD�DQG�LQGLFDWRUV�RI�PHWDFRJQLWLYH�VWUDWHJLHV�GHYHORSPHQW�LQ�WKH�SURFHVV�
RI�IRUHLJQ�ODQJXDJH�OHDUQLQJ�

7R�EH�DEOH�WR�
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�� ,QGHSHQGHQWO\�LGHQWLI\�DQG�IRUPXODWH�D�FRJQLWLYH�JRDO�
�� 6HDUFK�DQG�KLJKOLJKW�WKH�QHFHVVDU\�LQIRUPDWLRQ�XVLQJ�VHDUFK�PHWKRGV��LQFOXGLQJ�

LQWHUDFWLYH�PHWKRGV�
�� 6WUXFWXUH�NQRZOHGJH�
�� &KRRVH� WKH�PRVW� HIIHFWLYH�ZD\V� WR� VROYH� SUREOHPV� GHSHQGLQJ� RQ� WKH� VSHFLILF�

FRQGLWLRQV�
�� )LQG�DQG�HVWDEOLVK�FRQQHFWLRQV�DQG�UHODWLRQVKLSV�LQ�DQ\�ILHOG�RI�NQRZOHGJH�
�� 3HUIRUP�ORJLFDO�RSHUDWLRQV��DQDO\VLV��V\QWKHVLV��FRPSDULVRQ��DQG�JHQHUDOL]DWLRQ�

HWF�
�� 6LPXODWH�D�VLWXDWLRQ�RU�SUREOHP�
�� 3ODQ�SHUVRQDO�OHDUQLQJ�DFWLYLWLHV�
�� ,GHQWLI\�WKH�SUREOHP��ORRN�IRU�DQG�HYDOXDWH�DOWHUQDWLYH�ZD\V�WR�VROYH�WKHP�
��� 0DNH�GHFLVLRQV�DQG�LPSOHPHQW�WKHP�
��� :RUN�ERWK�LQGLYLGXDOO\�DQG�LQ�D�WHDP��H[WUDFWLQJ�WKH�PD[LPXP�EHQHILW�WR�DFKLHYH�

WKH�JRDO�
��� $GHTXDWHO\�DVVHVV�WKH�WDVN���SUREOHP�DQG�SHUVRQDO�FDSDELOLWLHV�WR�VROYH�WKHP�
��� ([SDQG�SHUVRQDO�KRUL]RQV�
��� 'LVWULEXWH�DQG�FRQFHQWUDWH�DWWHQWLRQ�
��� $FKLHYH�WKH�JRDO�
��� 0DQDJH�RZQ�EHKDYLRU�
��� 0RYH�IURP�WKLQNLQJ�WR�DFWLYLW\�DQG�YLFH�YHUVD�
��� 3UHGLFW�
��� 7KLQN�FULWLFDOO\�
��� 6HOI�LPSURYH�
��� 2UJDQL]H�DQG�GLUHFW�SHUVRQDO�DFWLYLWLHV�
��� 4XLFNO\�DVVHVV�FKDQJHG�FRQGLWLRQV�ZLWK�UHVWUXFWXULQJ�EHKDYLRU�WRZDUGV�LW�
7R�EH�

��� 2UJDQL]HG�
��� +DUGZRUNLQJ�
��� ,QLWLDWLYH�
��� &UHDWLYH�
��� 5HVSRQVLEOH�
��� 6HOI�FULWLFDO�
��� 7ROHUDQW�
��� 7DUJHWHG�
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���&RQFOXVLRQ

,W�LV�YHU\�LPSRUWDQW�WR�GHYHORS�DQG�LPSURYH�PHWDFRJQLWLYH�DELOLWLHV�GXULQJ�
XQLYHUVLW\� WUDLQLQJ�� VLQFH� WKH\� KHOS� WR� RYHUFRPH� WKH� GLIILFXOWLHV� RI� WKHLU� SHUVRQDO�
GHYHORSPHQW��.QRZOHGJH�RI�WKH�IDFWRUV�IRU�VHOI�LPSURYHPHQW�VKRXOG�EH�SDUW�RI�WKH�
SURIHVVLRQDO�WUDLQLQJ�RI�D�VSHFLDOLVW�LQ�DQ\�ILHOG��7KLV�ZLOO�KHOS�WR�FRUUHFW�WKRVH�EHOLHIV
WKDW�ZHUH�WKH�UHVXOW�RI�LQDGHTXDWH�WUDLQLQJ�DQG�HGXFDWLRQ��ZKLFK�VXEVHTXHQWO\�LPSHGH�
WKH�SURFHVV�RI�VHOI�UHDOL]DWLRQ�RI�WKH�LQGLYLGXDO��6R�PHWDFRJQLWLYH�VWUDWHJLHV�EHFRPH�
D� FRQGLWLRQ� IRU� VHOI�GHYHORSPHQW� RI� WKH� SHUVRQDOLW\�� WKH� PDLQ� EHQHILW� RI� WKH�
GHYHORSPHQW� RI� PHWDFRJQLWLYH� DELOLWLHV� LV� WKH� GHYHORSPHQW� RI� WKH� DELOLW\� WR� OHDUQ�
LQGHSHQGHQWO\� DQG� WKH� DELOLW\� IRU� FRQWLQXRXV� VHOI�HGXFDWLRQ�� L�H�� GHYHORSPHQW� RI�
OHDUQHU�DXWRQRP\�

$FNQRZOHGJHPHQWV

7KH�ZRUN�LV�SHUIRUPHG�DFFRUGLQJ�WR�WKH�5XVVLDQ�*RYHUQPHQW�3URJUDP�RI�
&RPSHWLWLYH�*URZWK�RI�.D]DQ�)HGHUDO�8QLYHUVLW\�

5HIHUHQFHV

$EGXOOLQD��/��5���$JHHYD��$��9���	�*DEGUHHYD��1��9�� ��������8VLQJ� WKH� ³)OLSSHG�
FODVVURRP´� PRGHO� LQ� WKH� WHDFKLQJ� RI� WKH� WKHRUHWLFDO� GLVFLSOLQHV� �)UHQFK�
ODQJXDJH�� DW� WKH� XQLYHUVLW\�� ;/LQJXDH�� ����;/���
'2,� ���������[O�����������[O���

$EURVLPRYD�� *�� $��� 	� .RQGUDWHYD�� ,�� *�� �������� 6WUDWHJLHV� IRU� HIIHFWLYH� IRUHLJQ�
ODQJXDJH�SHUFHSWLRQ��.D]DQ�/LQJXLVWLF�-RXUQDO�������������±���

$QWLSHQNR�� 2�� �������� 0HWDFRJQLWLYH� VWUDWHJLHV� DV� D� SUHGLFWRU� RI� TXDOLW\� RI�
SURIHVVLRQDO� WUDLQLQJ�RI�VWXGHQWV��6FLHQWLILF�:RUNV�RI� WKH�5HSXEOLF� ,QVWLWXWH�RI�
+LJKHU�6FKRRO��������������

%HOHQNRYD�� <�� 6�� �������� 0HWDFRJQLWLYH� VWUDWHJLHV� IRUPDWLRQ� LQ� WKH� SURFHVV� RI�
OHDUQLQJ� D� IRUHLJQ� ODQJXDJH�� 9HVWQLN� RI� 6DPDUD� VWDWH� WHFKQLFDO� XQLYHUVLW\��
3V\FKRORJLFDO�DQG�3HGDJRJLFDO�6FLHQFHV���������������

%RE\UHYD��1��1���	�/DW\SRY��1��5����������6SHFLDO�SXUSRVH�ODQJXDJHV�DV�D�WRRO�RI�
PRGHUQ� OLQJXLVWLF� HGXFDWLRQ�� -RXUQDO�RI�/DQJXDJH�DQG�/LWHUDWXUH�� ������ ����
����

()�(3,�8URYHQ
�YODGHQLLD�DQJOLLVNLP�LD]\NRP����������85/��KWWSV���ZZZ�HI�UX�HSL��
�DFFHVVHG��������������

(YGRNLPRYD�� 0�� *�� �������� 0HWKRGV� RI� ODQJXDJH� VWUDWHJ\� WUDLQLQJ� IRU� VHFRQG�
ODQJXDJH� OHDUQHUV�� 9HVWQLN� RI� 0RVFRZ� VWDWH� XQLYHUVLW\�� (GXFDWLRQ� DQG�
3HGDJRJLFDO�6WXGLHV������������������
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)ODYHOO�� -��+�� ��������0HWDFRJQLWLYH� DVSHFWV� RI� SUREOHP� VROYLQJ�� ,Q�/��%��5HVQLFN�
�(G���� 7KH� QDWXUH� RI� LQWHOOLJHQFH �SS�� ���������� +LOOVGDOH�� 1-�� /DZUHQFH�
(UOEDXP�

.RU\DNRYWVHYD��1��)����������7HRUHWLFDO�EDVLV�RI�RUJDQL]DWLRQ�RI�IRUHLJQ�ODQJXDJH�
OHDUQLQJ� GXULQJ� WKH� GHYHORSPHQW� RI� SURGXFWLYH� VWXG\LQJ� SURFHVV� �6HFRQGDU\�
VFKRRO���'RFWRU¶V�GLVVHUWDWLRQ�LQ�3HGDJRJ\�6FLHQFHV��0RVFRZ�

1LNLIRURYD�� 2�� 9��� 	� 6RNRORYD�� (�� ,�� �������� 0HWDFRJQLWLYH� VWUDWHJLHV� DV� D�
GHYHORSPHQW� WRRO� IRU� VNLOOV� RI� FRQWLQXRXV� HGXFDWLRQ� IRU� XQLYHUVLW\� VWXGHQWV�
�7HDFKLQJ�D� IRUHLJQ� ODQJXDJH� WR�PDWKHPDWLFLDQV�DQG�SURJUDPPHUV��3HWUVX���
&RQWLQXRXV� (GXFDWLRQ� 7KH� ([SHULHQFH� RI� 3HWUR]DYRGVN� 6WDWH� 8QLYHUVLW\� $�
&ROOHFWLRQ�RI�6FLHQWLILF�$UWLFOHV�

3DZOXN��&����������6WXG\�VNLOOV��0HWDFRJQLWLYH�VWUDWHJ\�LQVWUXFWLRQ� $OEHUWD��


