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2QHRI WKHPDLQUHTXLUHPHQWVRI OLIH LQSUHVHQW�GD\VRFLHW\ LV WKDW WKHV\VWHPRIHGXFDWLRQ
DQG JURZLQJ FKLOGUHQ VKRXOG EH IRFXVHG RQ GHYHORSLQJ LQQHU SXSLO¶V DELOLWLHV EDVHG RQ
WKHLU RZQ PHWKRGV RI PDVWHULQJ HGXFDWLRQDO VXEMHFWV� ,QWURGXFLQJ QHZ HGXFDWLRQDO
WHFKQRORJLHV�DLP�WR�SURYLGH�TXLFNHU�UHVXOWV�LQ�WHDFKLQJ��,Q�WKLV�UHJDUG��WKH�GHYHORSPHQWDO�
WHDFKLQJ� WHFKQRORJ\� ZKLFK� LQFOXGHV� WHDFKLQJ� D� VWXGHQW� PHWKRGV� RI� OHDUQLQJ�
LQWHUQDO VWUXFWXUH DQG H[WHUQDO V\VWHP RI KLV QDWLYH ODQJXDJH SOD\V VLJQL¿FDQW UROH�
3XUSRVH��%\ GH¿QLQJ WKHRUHWLFDO EDVHV RI WKH GHYHORSPHQWDO WHDFKLQJ RI .D]DNK
ODQJXDJH� SDUWV� RI� VSHHFK� DW� SULPDU\� VFKRRO� WR� SUHVHQW� HIIHFWLYH� GHYHORSPHQWDO�
WHDFKLQJ PHWKRGRORJ\ EDVHG RQ WKH UHVXOWV RI SUDFWLFDO LPSOHPHQWDWLRQ RI WKH
HIIHFWLYH�GHYHORSPHQWDO�WHDFKLQJ�PHWKRGV�IRU�VWXG\LQJ�WKH�SDUWV�RI�VSHHFK�
0HWKRGV� %\ WDNLQJ LQWR DFFRXQW UHVHDUFK PHWKRGV RI VXFK VFLHQWLVWV�PHWKRGLVWV LQ
.D]DNKVWDQ DV 6�5� 5DNKPHWRYD� )�6K�2UD]EDHYD� .� .DGDVKHYD� 1�.XUPDQRYD�
=K�6XOHLPHQRYD� *�8DLVRYD� $�(�=KXPDED\HYD� ZKR KDYH EURDGO\ VWXGLHG WKH
PHWKRGRORJ\� RI� .D]DNK� ODQJXDJH� WHDFKLQJ�� IRU� WKH� UHDVHUDFK� UHSRUWHG� LQ� WKH�
DUWLFOH WKH IROORZLQJ UHVHDUFK PHWKRGV KDYH EHHQ XVHG� V\QWKHVLV� FRPSDULVRQ�
FRQQHFWLRQ� SHGDJRJLFDO H[SHULPHQW� TXDQWLWDWLYH DQG TXDOLWDWLYH DQDO\VLV� WHVW DQG
WKH�GHYHORSPHQWDO�WHDFKLQJ�
&RQFOXVLRQV��'XULQJ�WKH�GHYHORSPHQWDO�WHDFKLQJ�RI�WKH�JUDPPDWLFDO�FRQFHSWV�WR�
SXSLOV RI SULPDU\ VFKRRO� GHYHORSPHQW RI WKH SXSLOV¶ DELOLW\ WR PDNH FRQVROLGDWHG
JUDPPDWLFDO FRQFHSWV KDV EHHQ WDNHQ DV WKH PDLQ JRDO RI WKH GHYHORSPHQWDO
WHDFKLQJ� 7R DFKLHYH WKLV JRDO LQ SUDFWLFDO LPSOHPHQWDWLRQ RI WKH PHWKRGRORJ\ LW LV
WKH�QHFHVVDU\�WKDW�WKH�FRQWHQW�RI�WHDFKLQJ�JUDPPDU�ZDV�V\VWHPL]HG�

7KHRUHWLFDO�%DVHV�RI�WKH�'HYHORSPHQWDO�
7HDFKLQJ�RI�WKH�.D]DNK�/DQJXDJH�3DUWV�
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.H\ZRUGV��JUDPPDWLFDO��PRUSKRORJLFDO� FRQFHSWV�� GHYHORSPHQW�� GHYHORSPHQWDO�
WHDFKLQJ��PHWKRGRORJ\�

,QWURGXFWLRQ
6WDUWLQJ IURP 9�6��9\JRWVN\ �9\JRWVN\� ������ RQ WKH YHUJH RI GHYHORS�

PHQW��WKH�WKHRU\�RI�GHYHORSPHQWDO�WKHRU\�DQG�1�-� .XUPDQRYD��.XUPDQRYD��
������ GHYHORSHG E\ '�%�� (ONRQLQ DQG 9�9�� 'DY\GRY �(OFRQLQ� 'DY\GRY�
����� VWXG\LQJ WKH VFLHQWL¿F DQG PHWKRGRORJLFDO IRXQGDWLRQV RI WKH XVH RI WKH
DGYDQFHG�WHDFKLQJ�WHFKQRORJ\�LQ�WKH�.D]DNK�ODQJXDJH�DW�WKH�.D]DNK�VFKRRO��
KDV EHHQ JXLGHG E\ WKH VFLHQWL¿F DQG SUDFWLFDO DVSHFWV RI RXU UHVHDUFK ZRUN�

3XUSRVH� RI� WKH� UHVHDUFK��'H¿QLQJ WKH WKHRUHWLFDO DQG PHWKRGRORJLFDO
EDVHV RI WKH GHYHORSPHQWDO WHDFKLQJ RI .D]DNK ODQJXDJH SDUWV RI VSHHFK LQ
SULPDU\�VFKRRO��ZLWK�WKH�KHOS�RI�HIIHFWLYH�PHWKRGV�RI�GHYHORSPHQWDO�WHDFKLQJ�
RI�SDUWV�RI�VSHHFK��WR�LQWURGXFH�WKH�GHYHORSPHQWDO�WHDFKLQJ�PHWKRGRORJ\�

2EMHFWLYHV RI WKH UHVHDUFK ZRUN�
WR HVWDEOLVK WKH VFLHQWL¿F EDVHV RI WKH GHYHORSPHQWDO WHDFKLQJ RI WKH
.D]DNK ODQJXDJHCV SDUWV RI VSHHFK LQ SULPDU\ VFKRRO�
LGHQWLI\� GHVLJQ� DQG GHVFULEH HIIHFWLYH W\SHV RI SHGDJRJLFDO WHFKQRORJLHV
IRU SULPDU\ VFKRRO�
WR GHVFULEH WKH VWDJHV RI WKH GHYHORSPHQWDO WHDFKLQJ WHFKQRORJ\ DQG
VKRZ LWV HIIHFWLYHQHVV�
LQWURGXFH� WKH� HIIHFWLYH�PHWKRG� RI� GHYHORSPHQWDO� WHDFKLQJ� RI�.D]DNK�
ODQJXDJHCV�SDUWV�RI�VSHHFK�LQ�SULPDU\�VFKRRO�

0HWKRGV�RI�UHHDUFK� 'XULQJ WKH UHVHDUFK� 5XVVLDQ VFLHQWLVWV /�6��9\JRWVN\�
/�9�� =DQNRY� '�%�� (ONRQLQ� 9�9�� 'DY\GRY ZKR KDYH EHHQ WKH VFLHQWL¿F
IRXQGHUV RI WKH GHYHORSPHQWDO WHDFKLQJ DQG LQ .D]DNKVWDQ ZKR KDYH EURDGO\
VWXGLHG� WKH� PHWKRGRORJ\� RI� .D]DNK� ODQJXDJH� WHDFKLQJ� 6�5� 5DNKPHWRYD�
�5DNKPHWRYD� ������$�(��=KXPDED\HYD �=KXPDED\HYD� ������)�6K��2UD]EDHYD
�2UD]EDHYD� ������ $�6�� .\G\UVKD\HY �.\G\UVKDHY� ����� 1�� .XUPDQRYD
�.XUPDQRYD� ������ $��=KDSEDURY �=KDSEDURY� ������ E\ WDNLQJ WR JXLGH WKH
PHWKRGV RI UHVHDUFK RI WKHVH VFLHQWLVWV�PHWKRGLVWV ZHUH XVHG WKH PHWKRGV RI
DQDO\VLV�V\QWKHVLV�FRPSDULVRQ�FRQQHFWLRQ�SHGDJRJLFDOH[SHULPHQW�TXDQWLWDWLYH
DQG�TXDOLWDWLYH�DQDO\VLV��WHVW�DQG�WKH�GHYHORSPHQWDO�WHDFKLQJ�
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7KHRUHWLFDO�EDVHV�RI�WHDFKLQJ�WKH�.D]DNK�ODQJXDJH�
LQ�SULPDU\�VFKRROV�

)RU WKH PRGHUQ GHYHORSPHQW RI WKH QDWLRQDO WKLQNLQJ DQG ODQJXDJH DWWLWXGH
RI� WKH� IXWXUH�JHQHUDWLRQ�RI� WKH� LQGHSHQGHQW� VWDWH��ZH�QHHG� WR� VWXG\� WKH� ODWHVW�
DFKLHYHPHQWV�RI�OLQJXLVWLFV�DQG�LQWURGXFH�WKHP�WR�VFKRRO�1RZ�WKH�SKLORVRSK\�RI�
WKH ;;, FHQWXU\ SHGDJRJ\ UHTXLUHV D FRPSOHWHO\ GLIIHUHQW SDUDGLJP��+HUH� WKH
REMHFW RI WKH HGXFDWLRQDO SURFHVV LV QRW MXVW HGXFDWLRQ� L�H� HGXFDWLRQ PDWHULDO�
7KH HGXFDWLRQDO SURFHVV� ¿UVW RI DOO� VKRXOG IRFXV RQ WKH LQGLYLGXDO DQG FUHDWH
WKH IROORZLQJ WDVNV� WKH GHYHORSPHQW RI WKH SXSLO¶V LQWHOOHFWXDO� FRJQLWLYH�
SV\FKRORJLFDO� EXVLQHVV TXDOLWLHV� WKH DELOLW\ WR VHOI�OHDUQ� VRFLDO VNLOOV� VRFLDO
DGDSWDELOLW\� DHVWKHWLF� VSLULWXDO�PRUDO� HFRORJLFDO� HWF� (GXFDWLRQDO PDWHULDOV
WKDW IRUP WKH FRQWHQW RI HGXFDWLRQ VKRXOG EH GHVLJQHG VR WKDW WKLV SHUVRQ FDQ
GLUHFWO\�VHUYH�WKH�GHYHORSPHQW�RI�WKH�LQWHUHVW��2QO\�WKHQ�FDQ�WKH�FRQWHQW�RI�
FRQWHPSRUDU\ GHYHORSPHQW DQG HGXFDWLRQ EH EDODQFHG�

.D]DNK� ODQJXDJH� LV� D� PRWKHU� WRQJXH� RI� .D]DNK� FKLOGUHQ� VWXG\LQJ� LQ�
.D]DNK VFKRROV� 7KHUH DUH WZR PDMRU JRDOV LQ WHDFKLQJ WKH .D]DNK ODQJXDJH�
RQH LV WR FRQVLGHU WKH QDWLYH ODQJXDJH DV D VFLHQFH REMHFW� ZKLFK LV IUHHO\ XVHG
E\ WKH SXSLO LQ HYHU\GD\ OLIH� WR PDVWHU WKH V\VWHPDWLF DQG VWUXFWXUDO QDWXUH
RI WKH ODQJXDJH QRW LQ VLPSOH ZD\� EXW VFLHQWL¿FDOO\ PDVWHU WKH PHWKRGV RI
OHDUQLQJ �DQDO\VLV� V\QWKHVLV� LQGXFWLRQ� GHGXFWLRQ� PRGHO� H[SHULPHQW�
FRPSDULVRQ� FRQWURO�� WKH VHFRQG LV WR PDVWHU WKH ODQJXDJH VSHDNLQJ WKURXJK
PDVWHULQJ VFLHQWL¿F ODZV�

.D]DNK� LV� WKH� PRWKHU� WRQJXH� RI� SULPDU\� VFKRRO� SXSLOV�� 3URIHVVRU�
%��+DVDQRY LQ KLV ERRN ³0RWKHU WRQJXH LV D SDWHUQDO KHULWDJH´ZULWHV� ³0RWKHU
WRQJXH LV D ODQJXDJH WKDW LV FKDUDFWHUL]HG E\ WKH LQQHU�FRQVWUXFWLRQ IHDWXUHV
RI WKH ZKROH ODQJXDJH� ZLWK D VSHFL¿F SHRSOH LQ D UHDOLVWLF KLVWRULFDO VSDFH�
DQG�FRQWLQXLQJ�IURP�JHQHUDWLRQ�WR�JHQHUDWLRQ�ZLWK�LWV�RULJLQDO�FXOWXUH��DQG�
IRU WKDW QDWLRQ SHRSOH �UHJDUGOHVV RI DJH� JHQGHU� EHOLHI� RFFXSDWLRQ RU VRFLDO
VWDWXV�� � IXOO\� DQG� FRPSUHKHQVLYHO\� VHUYHV� DV� D�PHDQV� RI� FRPPXQLFDWLRQ�
ZLWKLQ WKH QDWLRQ´ �+DVDQXO\� ������ 7KHUHIRUH� WKH .D]DNK ODQJXDJH VKRXOG
EH D PXOWLIDFHWHG� XQLTXH VXEMHFW IRU SULPDU\ VFKRRO SXSLOV� 7KH SUREOHP LV
QRW WR OHDUQ E\ KHDUW WKH EDVLF FRQFHSWV RI .D]DNK JUDPPDU� EXW WR H[SODLQ
LW�ZLVHO\�
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$� %DLWXUV\QRY�DIWHU�WHDFKLQJ�WKH�OHWWHUV�WR�SULPDU\�VFKRRO�SXSLOV�FUHDWHG�
WKH PHWKRGV RI OHDUQLQJ WKH .D]DNK ODQJXDJH� 7KLV LVVXH KDV EHHQ ZLGHO\
GLVFXVVHG� LQ� WKH� VWXG\� RI�$��.\G\UVKD\HY��ZKR� KDV� VWXGLHG� WKH�PHWKRGLFDO�
KHULWDJH�RI�$� %DLWXUV\QXO\�

$��%DLWXUV\QXO\ JLYHV VRPH H[SODQDWLRQ WR PDNH WKH WH[WERRN NQRZQ DV
³/DQJXDJH ± ,QVWUXPHQW´ WR EH IDPLOLDU WR WKH FRXQWU\� WKH QDPH ³/DQJXDJH
± ,QVWUXPHQW´ VHHPV DOLHQ� DV LWV FRQWHQW DOVR VHHPV DOLHQ� EHFDXVH LW LV
QHZ� ZKLFK KDV QHYHU EHHQ EHIRUH LQ .D]DNK ODQJXDJH��� :KHQ ³/DQJXDJH
± ,QVWUXPHQW´ LV GLYLGHG LQWR WKUHH \HDUV� ZH KDYH GHFLGHG WR WHDFK LQ WKH ¿UVW
\HDU� VSHHFK DQG VHQWHQFH VHSDUDWLRQ� ZRUG DQG ZRUG V\OODEOH VHSDUDWLRQ�
.D]DNK ODQJXDJH VRXQGV DQG WKHLU OHWWHUV� UXOHV RQ OHWWHUV WR WKH .D]DNK ZRUG�
IRUPV RI ZRUGV LQ WKH .D]DNK ODQJXDJH� 7KLV ZLOO EH HQRXJK IRU WKH ¿UVW \HDU
WUDLQLQJ� EHFDXVH WKLQJV RQ WKH ³/DQJXDJH ± ,QVWUXPHQW´ DUH WDXJKW DIWHU WKH
FKLOGUHQ KDYH OHDUQHG WKH .D]DNK DQG$UDELF DOSKDEHWV� 7HDFKLQJ FKLOGUHQ D ORW
RI WKLQJV TXLFNO\ DQG KLW RU PLVV� DW OHDVW LW LV EHWWHU WR WHDFK KDUG� (VSHFLDOO\ IRU
WKH ¿UVW \HDU� WKH ³/DQJXDJH ± ,QVWUXPHQW´ LV WKH EDVLV RI OLQJXLVWLF HGXFDWLRQ�
ZKLFK UHTXLUHV D VWURQJ WUDLQLQJ �%DLWXUV\QXO\� ������

+HUH� WKH� ZRUG� ³UHTXLUHV� D� VWURQJ� WUDLQLQJ´� LV� WKH� SXUSRVH� RI� JUDPPDU�
HGXFDWLRQ� 7KDW LV� WKH JUDPPDU VKRXOG EH WUDLQHG VWULFWO\ WR KHOS WKH OHDUQHU
WR EH ÀXHQW LQ KLV RU KHU QDWLYH ODQJXDJH� WR EH DEOH WR UHDG DQG ZULWH� %XW
HYHQ� WKRXJK�WKHUH�DUH�PDQ\�ZD\V� WR� WHDFK� WKDW�ZD\��ZK\�GR�QRW� WKH� LVVXHV�
RI�WKHRUHWLFDO�HGXFDWLRQ�DQG�WKH�GHYHORSPHQW�RI�SUDFWLFDO�VNLOOV�RI�WKH�SXSLOV�
FRPH WR WKH FRQWUDU\"

%HFDXVH WKH WKHRUHWLFDO NQRZOHGJH EHFRPHV D UHOLDEOH WRRO LQ SUDFWLFDO DS�
SOLFDWLRQ DQG LW LV SRVVLEOH ZLWK WKH KHOS RI KDELWV DFTXLUHG RQO\ GXULQJ VSHFLDO
WUDLQLQJ�

5HDGLQJ�DOVR�DSSOLHV�WR�WKLV��$OWKRXJK�WKHRUHWLFDO�NQRZOHGJH�LV�GHHS��WKH�
IDLOXUH WR SUDFWLFH LW LQ OLIH LV RIWHQ WKH FDVH� 7KH UHDVRQ IRU WKLV LV WKDW LQ RUGHU
WR� WUDQVIRUP�WKH� WKHRUHWLFDO�NQRZOHGJH� LQWR�D�SUDFWLFDO� WRRO�� LW�QHHGV�VSHFLDO�
PDVWHULQJ� GHYHORSLQJ KDELWV� JHWWLQJ VNLOOV�

,W LV SRVVLEOH WR VHH $��%DLWXUV\QXO\CV LQWHQWLRQ WR WHDFK WKH JUDPPDU DQG
JUDPPDU FRQFHSWV LQ WKH WKHRUHWLFDO OHYHO LQ WKH DQDO\VLV RI 1��.XUPDQRYD¶V
UHVHDUFK �.XUPDQRYD� ������
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,VVXHV UHODWHG WR WKH GHYHORSPHQW RI SXSLOV¶ WKLQNLQJ VNLOOV LQ SULPDU\ VFKRRO
DQG� SULPDU\� HGXFDWLRQ� UHODWHG� WR� JUDPPDU�� LQFOXGLQJ� SULPDU\� PRUSKRORJ\��
KDYH DOZD\V EHHQ DGGUHVVHG LQ DUWLFOHV DQG SXEOLFDWLRQV IRU WKH SXUSRVH RI
GLVVHPLQDWLQJ DQG VKDULQJ WKH H[SHULHQFHV RI VFLHQWLVWV� PHWKRGRORJLVWV
DQG VFKRRO WHDFKHUV� 3DUWLFXODUO\� WKH WHDFKLQJ RI JUDPPDU SUREOHPV ZHUH
GLVFXVVHG�LQ�DUWLFOHV�DQG�ZRUNV�RI�$� ,VNDNRY��,VNDNRY���������6� 5DNKPHWRYD�
�5DNKPHWRYD� ������ $�� $OGDPXUDWRY �$OGDPXUDWRY� ������ .�� $FKDQRY
������� %�� .DWHQEDHYD �.DWHQEDHYD� 1XUJDOLHYD� ������ 5�� .XWNKR]KLQD
�.XWNKR]KLQD� ������$��,VDEDHY �,VDEDHY��������=K��1XU]KDQRYD �1XU]KDQRYD�
������ 1��.XUPDQRYD �.XUPDQRYD� ������

'HYHORSPHQWDO� WHDFKLQJ� WHFKQRORJ\�� RQH� RI� WKH� QHZ� SHGDJRJLFDO�
WHFKQRORJLHV IRFXVHG RQ WRGD\¶V TXDOLW\ HGXFDWLRQ� LV D WHDFKLQJ V\VWHP RULHQWHG
RQ GHYHORSPHQW RI SXSLOV¶ PLQGV XVLQJ WKHRUHWLFDO PHWKRGV� $Q HIIHFWLYH ZD\
WR�GHYHORS�D�JUDPPDWLFDO�FRQFHSW�WKDW�LV�UHDG�LQ�DFFRUGDQFH�ZLWK�WKH�SURJUDP�
RI WKH .D]DNK ODQJXDJH PRUSKRORJ\ LV WR GHYHORS WKH DELOLW\ RI WKH VWXGHQW WR
HQJDJH LQ VHOI�PRWLYDWLRQ DQG VHOI�FHQVRUVKLS� 7KH LPSRUWDQW UROH RI OHDUQLQJ WKH
PRUSKRORJ\�RI�WKH�.D]DNK�ODQJXDJH�WKURXJK�WKH�XVH�RI�DGYDQFHG�WHFKQRORJ\�LV�
WKDW QRW RQO\ WKH VWXGHQW ZKR FRUUHFWO\ VROYHV WKH SUREOHP� EXW DOVR WKH QH[W WLPH�
ZLOO EH DEOH WR OHDUQ WKH EHVW ZD\ WR VROYH WKH SUREOHP ZLWK RSWLPDO TXDOLW\�

'LGDFWLF�EDVHV�RI�GHYHORSPHQWDO�WHDFKLQJ�
RI�PRUSKRORJ\��SDUWV�RI�VSHHFK��LQ�SULPDU\�VFKRRO

,Q RUGHU WR UHFRJQL]H GLGDFWLF IRXQGDWLRQV EDVHG RQ QHZ SHGDJRJLFDO WHFK�
QRORJ\�RI�GHYHORSPHQWDO� WHDFKLQJ�RI�PRUSKRORJ\� LQ�SULPDU\� VFKRRO�� LQ�RXU�
RSLQLRQ��LW�LV�QHFHVVDU\�WR�FRQVLGHU�WKH�HIIHFWLYH�W\SHV�RI�SHGDJRJLFDO�WHFKQROR�
JLHV�IRU�SULPDU\�VFKRRO�

3HGDJRJLFDO� WHFKQRORJ\�LV� WKH�SURFHVV�RI�RUJDQL]LQJ�WKH�OHDUQLQJ�SURFHVV�
LWVHOI DV D V\VWHP DQG HVWDEOLVKLQJ GLDJQRVWLF JRDOV IRU PDQDJLQJ DQG HIIHF�
WLYHO\ PDQDJLQJ LW� 7KH SHFXOLDULW\ RI WKLV FRXUVH LV WKDW LW LV EDVHG RQ WKH LGHD
WKDW WKHUH LV D JHQHUDO IUDPHZRUN RI WKH OHDUQLQJ SURFHVV� ZKLFK LV EDVHG RQ WKH
LGHD WKDW LW VKRXOG EH EDVHG RQ D SDUWLFXODU V\VWHP DQG WKDW LW VKRXOG EH DGDSWHG
WR D SDUWLFXODU OHDUQLQJ REMHFWLYH� 7KH ERRN RI *�.��6HOHYNR GHVFULEHV DERXW
�� HGXFDWLRQDO WHFKQRORJLHV �6HOHYNR� ������
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/HW¶V WDON DERXW WKH PRVW REYLRXV W\SHV RI GHYHORSPHQWDO WHDFKLQJ LGHDV�
$��=DQNRY¶V V\VWHP RI GHYHORSPQWDO WHDFKLQJ��=DQNRYCV LGHD RI GHYHORS�

PHQWDO WHDFKLQJ V\VWHP LV WKDW NQRZOHGJH LWVHOI GRHV QRW GHYHORS DQ\ERG\ DQG
WKH�SXSLO�VKRXOG�XQGHUVWDQG�WKH�RXWVLGH�NQRZOHGJH�WKURXJK�LQWHUQDO�]HDO�DQG�
DVSLUDWLRQ �=DQNRY� ������

'�%� (OFRQLQ� ±� 9�9� 'DY\GRYCV� GHYHORSPHQWDO� WHDFKLQJ� WHFKQRORJ\��
$FKLHYLQJ�WKH�LQWHQGHG�JRDOV�RI�9�9� 'DY\GRY�GHYHORSPHQWDO�WHDFKLQJ�V\VWHP�
GHSHQGV RQO\ RQ WKH FKLOG¶V DFWLYLW\ �'DY\GRY� ������

'HYHORSPHQWDO� WHDFKLQJ� WHFKQRORJ\� LV�D� WHDFKLQJ�V\VWHP�WKDW� IRFXVHV�RQ�
XVLQJ�WKHRUHWLFDO�PHWKRGV�WR�WKH�PHQWDO�GHYHORSPHQW�RI�D�SXSLO��$Q�HIIHFWLYH�
ZD\ WR GHYHORS D VWXGHQW¶V JUDPPDWLFDO FRQFHSW� ZKLFK LV UHDG LQ DFFRUGDQFH
ZLWK WKH SURJUDP RI WKH .D]DNK PRUSKRORJ\� LV WR PDVWHU WKH DELOLW\ WR DFWLYHO\
HQJDJH LQ VHOI�VHHNLQJ DQG VHOI�UHDOL]DWLRQ� 7KH LPSRUWDQW UROH RI OHDUQLQJ WKH
PRUSKRORJ\�RI�WKH�.D]DNK�ODQJXDJH�WKURXJK�WKH�XVH�RI�DGYDQFHG�WHFKQRORJ\�
LV WKDW QRW RQO\ WKH VWXGHQW ZKR FRUUHFWO\ VROYHV WKH SUREOHP� EXW DOVR WKH QH[W
WLPH� ZLOO EH DEOH WR OHDUQ WKH EHVW ZD\ WR VROYH WKH SUREOHP ZLWK RSWLPDO
TXDOLW\� $FFRUGLQJ WR '�%�� %RJR\YOHQVN\ �%RJR\YOHQVN\� ������ VXFK
D�FDSDFLW\�LV�FDOOHG�FUHDWLYLW\�

,Q WKH SULPDU\ VFKRRO ��WK�JUDGH��WKH�IROORZLQJ�SRLQWV�DUH�WDNHQ�DV�WKH�PDLQ�
SULQFLSOHV RI WKH GHYHORSPHQWDO WHDFKLQJ RI SDUWV RI VSHHFK�

WKH SULQFLSOH RI SUHSDULQJ .D]DNK ODQJXDJH OHVVRQV DV D SUREOHP OHHVVRQ�
WKH SULQFLSOH RI GHYHORSLQJ TXDOLWDWLYHO\ WKHRUHWLFDO WKLQNLQJ E\ XVLQJ
GLIIHUHQW LGHDV DQG WKRXJKWV OLNH YLVXDO�VSHFL¿F� SUDFWLFDO� YLVXDO�
¿JXUDWLYH� DEVWUDFW� WKHRUHWLFDO LQ DFWLYDWLQJ WKLQNLQJ DFWLYLW\ RI SXSLOV�
WKH� SULQFLSOH� RI� WDNLQJ� LQWR� DFFRXQW� WKH� LQGLYLGXDO� DQG� GLIIHUHQWLDOO\�
WHDFKLQJ UHTXLUHPHQWV LQ WHDFKLQJ WR SDUWV RI VSHHFK�
WKH SULQFLSOH RI IRUPDWLRQ VWHS�E\�VWHS� DOJRULWKPLF� KHXULVWLF� SUREOHP�
DWLF��FUHDWLYH�DFWLYLWLHV�RI�SXSLOVC�WKLQNLQJ�DFWLYLWLHV�LQ�WKH�VWXG\�RI�ODQ�
JXDJH SKHQRPHQRQ�
WKH� SULQFLSOH� RI� KLVWRULFLW\� RI� WKH� GHYHORSPHQWDO� WHDFKLQJ� WR� SDUWV� RI�
VSHHFK�
WKH�SULQFLSOH�RI�VFLHQWLVPDQG�V\VWHPDWLFRI� WKH�GHYHORSPHQWDO� WHDFKLQJ�
WR�SDUWV�RI�VSHHFK�
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%DVHG�RQ�WKHVH�SULQFLSOHV��WKH�PHWKRGV�DQG�WRROV�RI�GHYHORSPHQWDO�WHDFKLQJ�
WR SDUWV RI VSHHFK DQG WKH VWUXFWXUH RI OHVVRQV DQG RXW�RI�FODVV ZRUNV WKH PDLQ
IRUPV RI WHDFKLQJ� DLPHG DW GHYHORSLQJ WKH UHVHDUFK VNLOOV RI �WK�JUDGH�SXSLOV�
RWKHU W\SHV RI ZRUN KDYH EHHQ LGHQWL¿HG�

7KH GHYHORSPHQWDO WHDFKLQJ WKHRU\ FRPHV IURP ZRUNV RI ,�*��3HVWDORWV]L
�3HVWDORFFL� ������ $��'LVWHUYHJ �'LVWHUYHJ� ������ .�'��8VKLQVN\ �8VKLQVN\�
������� <��$OW\QVDULQ �$OW\QVDULQ� ������ $QG D VFLHQWL¿F VXEVWDQWLDWLRQ RI
WKH� GHYHORSPHQWDO� WHDFKLQJ�SURFHVV� LV� FORVHO\� FRQQHFWHG�ZLWK� WKH� QDPHV�RI�
/�6��9\JRWVN\� /�9��=DQNRY� '�%��(ONRQLQ� 9�9��'DY\GRY�

'HYHORSPHQWDOWHDFKLQJLVDSURFHVVWKDWWDNHVDVWKHEDVLVWKHODZVRIGHYHORSPHQW
RI EHLQJ DQG UHDO OLIH� 'HYHORSPHQW LV DQ HWHUQDO� KRO\ PRYHPHQW� D FKDQJH LQ
WLPH �3KLORVRSKLFDO 'LFWLRQDU\� ������ 7KH JRDOV RI GHYHORSPHQWDO WHDFKLQJ�

SXSLO LV D VXEMHFW WKDW FDQ GHYHORS� LPSURYH� DQG HGXFDWH KLPHOI�
SURPRWHV WKH GHYHORSPHQW RI WKH FKLOG¶V DELOLW\ DQG WDOHQW�
NQRZOHGJH LV QRW UHDGLO\ DYDLODEOH� FKLOG LV D SDVVLYH OLVWHQHU� WKH WHDFKHU
LV�QRW�D�SURYLGHU�RI�LQIRUPDWLRQ��RQ�WKH�FRQWUDU\��FKLOG�LV�D�UHVHDUFKHU�DQG�
H[SORUHU� DQG WHDFKHU LV DQ RUJDQL]HU RI WKH HGXFDWLRQDO DQG FRJQLWLYH
DFWLYLW\ RI WKH SXSLO� JLYLQJ WKH ULJKW JXLGH WR KLV UHVHDUFK ZRUN�
WKH�PDLQ� DFWLYLW\� LQ�GHYHORSPHQWDO� WHDFKLQJ� LV� D�GLDORJXH�� DQ�RSLQLRQ�
H[FKDQJH� D GLVSXWDWLRQ� ZKHUH WKH WHDFKHU¶V IXQFWLRQ LV WKH RUJDQL]HU
RI WKH GLDORJXH� WKH JXLGH IRU FKLOGUHQ¶V DFWLRQ DQG FRRSHUDWLRQ LQ RQH
GLUHFWLRQ�DQG�RQH�JRDO�

3ULPDU\ VFKRRO SXSLOV DUH JXLGHG PDLQO\ E\ GHYHORSPHQWDO WHDFKLQJ
WHFKQRORJ\� %HFDXVH WKH FXUUHQW WH[WERRNV DUH EDVHG RQ WKH GHYHORSPHQWDO
WHDFKLQJ WHFKQRORJ\� 7KDW LV ZK\ HDFK SULPDU\ VFKRRO WHDFKHU VKRXOG EH
DEOH WR IXOO\ PDVWHU WKH VWUXFWXUH RI WKH WHDFKLQJ WHFKQRORJ\� PHWKRGRORJLFDO
IRXQGDWLRQV� DQG EH FUHDWLYH LQ KLV SUDFWLFH�

7KH VWUXFWXUH RI GHYHORSPHQWDO WHDFKLQJ WHFKQRORJ\ OHVVRQ KDV D ORW RI
IHDWXUHV�FRPSDUHG�WR�WKH�WUDGLWLRQDOO\�VWUXFWXUHG�OHVVRQ�,Q�IDFW��WKH�VWUXFWXUH�RI�
GHYHORSPHQWDO�WHDFKLQJ�WHFKQRORJ\�OHVVRQ�LV�GLYLGHG�LQWR�WKUHH�PDMRU�VWDJHV�

��FKDUW ± 7KH VWUXFWXUH RI OHVVRQ RI GHYHORSPHQWDO WHDFKLQJ WHFKQRORJ\
�$XWKRU¶V PHWKRG��
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ȱ VWDJH� 2ULHQWDWLRQ�PRWLYDWLRQDO ��� PLQXWHV�

ȱȱ VWDJH� 2SHUDWLRQDO�SHUIRUPDQFH ��� PLQXWHV�

ȱȱȱ VWDJH� 5HÀHFWLYH�HYDOXDWLRQ ��� PLQXWHV�

+RPHZRUN����PLQXWHV�

$V GHVFULEHG DERYH� WKH PRUSKRORJ\ GHYHORSPHQWDO WHDFKLQJ OHVVRQCV
VWUXFWXUH KDV WKH IROORZLQJ VWDJHV�

ȱ� 2ULHQWDWLRQ�PRWLYDWLRQDO VWDJH�
ȱȱ� 2SHUDWLRQDO�SHUIRUPDQFH VWDJH�
ȱȱȱ� 5HÀHFWLYH�HYDOXDWLRQ VWDJH�
+RPHZRUN�
2ULHQWDWLRQ�PRWLYDWLRQDO VWDJH ± WKH VWDJH RI WKH VWXG\ DVVLJQPHQW� ,QVWHDG

RI D WUDGLWLRQDO SHGDJRJLFDO KRPHZRUN DVVLJQ ,Q RUGHU WR EULQJ DOO WKH SXSLOV
WR�WKH�VDPH�OHYHO��WKH�WHDFKHU�SUHSDUHV�WKH�TXHVWLRQV�DQG�WDVNV�WKDW�ZLOO�UHPLQG��
VXSSOHPHQW DQG ¿QLVK WKH SXSLOV� 'HWHUPLQDWLRQ RI HGXFDWLRQDO REMHFWLYHV�
7KURXJK WKH FRQWHQW RI D VHULHV RI TXHVWLRQV WKDW DUH UHDGLO\ DYDLODEOH WR
OHDUQHUV� WKH WHDFKHU JXLGHV WKH SXSLOV WR LGHQWLI\ WKHLU OHDUQLQJ REMHFWLYHV�
2Q WKH EDVLV RI WKLV� SXSLOV DUH HQFRXUDJHG WR IRFXV RQ WKH QHZ WRSLF� DQG
WKH\ ZDQW WR PRWLYDWH QHZ VXEMHFWV� ,Q SULQFLSOH� WKURXJK WKHVH WZR VWUXFWXUHV
��� WDVNV DUH SHUIRUPHG LQ � VWDJH�,Q WKH ODWWHU FDVH� WKH SXSLO LV DVNHG TXHVWLRQV
RU H[SHULHQFHV�:K\ LV WKH SXSLO VXUSULVHG"$IWHU DOO� WKH SXSLO LV QRW FRPSOHWHO\
IDPLOLDU�ZLWK�WKH�ODVW�WDVN�,Q�IDFW��WKLV�TXHVWLRQ�KDV�FRPH�IURP�WKH�SDVW��$QG�
WKH WHDFKHU LV FUHDWLQJ D SUREOHPDWLF VLWXDWLRQ IRU SXSLOV E\ OLQNLQJ SDVW DQG
LQFRPSOHWH OHDUQLQJ PDWHULDOV� 6LQFH WKH SUREOHPDWLF VLWXDWLRQ LV WKH PRVW
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GLI¿FXOW SDUW RI WKH OHVVRQ� LW LV LPSRUWDQW WR IRFXV RQ WKH REYLRXV PRPHQW�
%HFDXVH WKH PDLQ PHFKDQLVP LV FUHDWLQJ WKLV SUREOHPDWLF VLWXDWLRQ� 6XFFHVVIXO
OHDUQLQJ RI WKH QHZ WRSLF GLUHFWO\ GHSHQGV RQ KRZ DQG LQ ZKDW FRQWH[W WKH
SUREOHPDWLF VLWXDWLRQ LV� :H ZRXOG OLNH WR WHOO WKH WHDFKHU WKH IROORZLQJ ZD\�
7KH WHDFKHU VKRXOG IHHO WKH SXSLOV DV D ZKROH SOD\ ZKHQ FUHDWLQJ D SUREOHPDWLF
VLWXDWLRQ�� ZKLFK� LV� JUDGXDOO\� GHHSHQLQJ� WKURXJK� OHDGLQJ� TXHVWLRQV� DQG�
WDVNV� EDVHG RQ WKH NQRZOHGJH RI SXSLOV� 3XSLOV¶ SHUFHSWLRQ RI WKLV VWDJH LV
UHFRJQL]HG E\ WKHLU DGPLUDWLRQ IRU WKH WHDFKHU� ZKR KDV QRW EHHQ DEOH WR VROYH
DQ\ SUREOHP� ,Q FUHDWLQJ VXFK DQ H[FHSWLRQDO RSSRUWXQLW\� D SULPDU\ VFKRRO
WHDFKHU VKRXOG EH DEOH WR ¿QG RXW WKH LQQHU ODZ RI WKDW GLVFLSOLQH� DQG WKH
WHDFKHU PXVW VXFFHVVIXOO\ FRPELQH KLV HPRWLRQDOLW\� $ SUREOHPDWLF VLWXDWLRQ
LV D VWURQJ LQFHQWLYH IRU SXSLOV WR ¿QG RXW ZKDW FDXVHV WKLV� $QG WKH WHDFKHU¶V
VHQVXDO VSHHFK DQG H[SODQDWLRQ VHUYH DV D SRZHUIXO IDFWRU LQ DZDNHQLQJ DQG
PRWLYDWLQJ SXSLOV¶ FRJQLWLYH� FUHDWLYH DELOLWLHV� /HDUQLQJ REMHFWLYHV RI WKLV
SURFHVV DUH GH¿QHG DQG SXW RQ WKH DJHQGD�

%HIRUH HQWHULQJ D ZRUNRXW�EDVHG WUDLQLQJ SURJUDP� WKH WHDFKHU VKRXOG
WKLQN� FDUHIXOO\�� ZKLFK� PHDQV� WKDW� WKH� PDLQ� SDUW� RI� WKH� OHDUQLQJ� WLPH� FDQ�
EH UHGXFHG WR WKH RUJDQL]DWLRQ RI WKH SXSLO¶V VHDUFK DQG UHVHDUFK DFWLYLWLHV�
RWKHUZLVH WKH QXPEHU RI H[HUFLVHV WKDW DUH SHUIRUPHG DW WKH OHVVRQ ZLOO EH
UDSLGO\�FRPSOHWHG�

,Q RUGHU WR FRPSUHKHQG QHZ PDWHULDO� \RX ¿UVW QHHG WR NQRZ KRZ PXFK WKH
SXSLOV DUH SUHSDUHG DQG KRZ PXFK NQRZOHGJH WKH\ KDYH LQ WKH SDVW� 7HDFKLQJ
LV EDVHG RQ WKH JHQHUDO SV\FKRORJLFDO IHDWXUHV RI WKH FKLOGUHQ RI WKLV JURXS�

3ODQQLQJ�IRU�WKH�IRXU�OHYHOV�RI�OHDUQLQJ�RXWFRPHV�DW�HDFK�OHYHO�RI�NQRZOHGJH�
DFTXLVLWLRQ DOORZV WR GHWHUPLQH WKH UHDGLQHVV OHYHOV RI WKH SXSLOV� 7KH DELOLW\ WR
DSSO\�WKH�NQRZOHGJH�JDLQHG�IURP�WKHRU\�LQ�SUDFWLFH�LV�JUDGXDOO\�IRUPHG�

7KH PDLQ SHFXOLDULW\ RI WKH GHYHORSPHQWDO WHDFKLQJ WHFKQRORJ\ LV WKH OHYHO
RI� NQRZOHGJH� DFTXLVLWLRQ� IURP� WKH� DQDO\VLV�LQ� WKH� GLUHFWLRQ� RI� V\QWKHVLV�� LH�
FUHDWLQJ D IDYRUDEOH HQYLURQPHQW IRU WKH VWXGHQW WR UHDFK WKH FUHDWLYH VWDJH
IURP WKH ¿UVW VWDJH�

&RQFOXVLRQ
%\ WKH RSLQLRQ RI WKH VFLHQWLVWV� ZKR ODLG WKH EDVHV RI WKH GHYHORSPHQWDO

WHDFKLQJ WHFKQRORJ\� WKH GHGXFWLRQ EDVHG RQ FRQWHQW FODVVL¿FDWLRQV LQ WKH
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GLGDFWLF� VWUXFWXUH� RI� GHYHORSPHQWDO� WHDFKLQJ� WHFKQRORJ\� WDNHV� DQ� LPSRUWDQW�
SODFH� &RQWH[WXDO FODVVL¿FDWLRQV� DORQJ ZLWK D GHGXFWLRQ� DUH RI SDUDPRXQW
LPSRUWDQFH LQ WKH GHYHORSPHQWDO WHDFKLQJ SURFHVV ± FRQWH[WXDO UHÀHFWLRQ�

7KH GLGDFWLF UHODWLRQVKLS EHWZHHQ WKH WHDFKHU DQG WKH SXSLO LV FUXFLDO
GXULQJ�GHYHORSPHQWDO�WHDFKLQJ�JUDPPDU�FRQFHSWV�IRU�SULPDU\�VFKRRO�SXSLOV��
&RQVLGHULQJ WKH UHODWLRQVKLS EHWZHHQ WKH SULPDU\ VFKRRO WHDFKHU DQG WKH
SULPDU\�VFKRROPDWH��RQH�FDQ�XQGHUOLQH�WKH�LPSRUWDQFH�RI�WKHRUHWLFDO�FRQFHSWV�
LQ�WKH�SURFHVV�RI�PDVWHULQJ�DQG�OHDUQLQJ��,Q�WKH�ZRUNV�RI�'�%� (OHNRQLQ�DQG�
9�9� 'DYLGRY��ZKR�VWXG\�WKH�WKHRUHWLFDO�FRQFHSWV�RI�SULPDU\�VFKRROFKLOGUHQ��
WKH\ VD\ WKDW SXSLOV KDYH WKH RSSRUWXQLW\ WR IRUP WKHLU VFLHQWL¿F WKLQNLQJ IURP
WKH YHU\ EHJLQQLQJ�7KH SHFXOLDULWLHV RI WKH FRPPXQLFDWLYH SURFHVV LQ WKH WKHRU\
RI�WKH�FRPPXQLFDWLRQ�LQ�WKH�PRGHUQ�ZRUOG�DUH�ZHOO�NQRZQ�LQ�FRQQHFWLRQ�ZLWK�
WKH�RUJDQL]DWLRQ�RI�HGXFDWLRQDO�DFWLYLWLHV�

7KH DELOLW\ RI WKH SULPDU\ VFKRRO SXSLOV WR PDNH WKH JURXSHG JUDPPDU
FRQFHSWV�LV�WKH�PDLQ�JRDO�RI�WKH�GHYHORSPHQWDO�WHDFKLQJ�DQG�WR�DFKLHYH�LW�WKH�
QHHGHG JUDPPDU FRQWHQW RI HGXFDWLRQ KDV EHHQ V\VWHPDWL]HG� $FFRUGLQJ WR
WKH SXUSRVH� WKH PHWKRGV RI HGXFDWLRQ DQG WUDLQLQJ KDYH EHHQ LQWHJUDWHG LQWR
D VLQJOH V\VWHP�,Q WKLV UHJDUG�WKH VWDJHV RI OHDUQLQJ SURFHVV RI JURXSHG VFLHQWL¿F
FRQFHSW�WR�WKH�SXSLO�LQ�WKH�GHYHORSPHQWDO�WHDFKLQJ�JUDPPDU�DQG�PRUSKRORJLFDO�
FRQFHSWV WR WKH SULPDU\ VFKROOFKLOGUHQ� 7KH WHDFKHU¶V JRDOV IRU WKH WKHRUHWLFDO
WHDFKLQJ RI WKH FRQFHSW RI PRUSKRORJ\ KDYH EHHQ GH¿QHG�

:H FDQ VD\ WKDW WKH SHGDJRJLFDO H[SHULPHQW KDV VKRZQ WKH HIIHFWLYHQHVV RI
WKH PHWKRGRORJ\ RIIHUHG E\ XV DQG WKDW LW KDV IRXQG ZD\V WR FRPSOHPHQW WKH
HGXFDWLRQDO�PHWKRGRORJLFDO FRPSOH[ �7RLED]DURYD� ������

,Q� VXPPDU\�� WKH� IROORZLQJ� FRQFOXVLRQV�ZHUH�PDGH��0HWKRGRORJ\� RI� WKH�
GHYHORSPHQWDO WHDFKLQJ RI PRUSKRORJ\ IRU WKH �WK JUDGH LV FRQVLGHUHG IRU
WKH ¿UVW WLPH� 0HWKRGV RI GHYHORSPHQWDO WHDFKLQJ RI PRUSKRORJ\ SURYHQ LQ
SUDFWLFDO DQG TXDOLWDWLYH WHUPV �7RLED]DURYD� ������

7KHRUHWLFDO IRXQGDWLRQV RI WKH �WK JUDGH SXSLOV FDQ EH WKH EDVLV IRU WKH
IRUPDWLRQ�RI�PRUSKRORJLFDO�FRQFHSW�
7KH PRUSKRORJLFDO FRQFHSW RI SXSLOV RI WKH �WK JUDGH FDQ EH GHYHORSHG
RQ WKH EDVLV RI VSHFLDOO\ VHOHFWHG FRQWHQW RI HGXFDWLRQ DQG VSHFLDO WUDLQLQJ
V\VWHP�
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7KH KXPDQLVWLF REMHFWLYH RI HGXFDWLRQ LV UHDOL]HG RQO\ ZKHQ LQ WKH
GHYHORSPHQWDO WHDFKLQJ RI PRUSKRORJ\ WKH ³VXEMHFW�VXEMHFW´ V\VWHP RI
UHODWLRQV LV PDLQWDLQHG LQ WKH �WK JUDGH�
,Q WKH GHYHORSPHQWDO WHDFKLQJ RI PRUSKRORJ\ IRU WKH �WK JUDGH SXSLOV
WKH�IUDPHZRUN�RI�WKH�HGXFDWLRQDO�IRXQGDWLRQ�±�WKH�PRUDO�LGHD�VKRXOG�QRW�
EH GLVPLVVHG IRU D PRPHQW� 2QO\ WKHQ FRXOG $EDL EH DEOH WR VD\ WKDW KH
ZDV D ³IXOO KXPDQ´� D SXSLO¶V SHUVRQDOLW\�
WKHUH VKRXOG QRW EH DQ\ LQFOLQDWLRQ LQ WKH GHYHORSPHQWDO WHDFKLQJ V\VWHP�
,Q� WKH� WUDGLWLRQDO� V\VWHP�RI� WHDFKLQJ�� DOO�PHWKRGRORJLFDO� WRROV� DUH� IRU�
WKH WHDFKHU� DQG LQ PRVW FDVHV WKH LPDJH RI WKH SXSLO LV EHLQJ WDNHQ�
,Q�SULQFLSOH��RQO\�D�PHWKRGRORJ\� WKDW�HQVXUHV� WKDW� WKH� WHDFKHU�DQG� WKH�
VWXGHQW¶V DFWLYLWLHV LQ WKH HGXFDWLRQDO DQG FRJQLWLYH DFWLYLW\ DUH DGHTXDWH
LQ WKH GHYHORSPHQWDO HGXFDWLRQ V\VWHP EDVHG RQ ³VXEMHFW�VXEMHFW´
FRPPXQLFDWLRQ FDQ EH YLDEOH�

:H KDYH DOUHDG\ VHHQ WKH DELOLW\ WR PDVWHU WKH HDUO\ JUDPPDU OHDUQLQJ WKUR�
XJK WKH .D]DNK JUDPPDU HGXFDWLRQ V\VWHP E\ DQDO\]LQJ WKH EHVW SUDFWLFHV
WKDW FDQ EH D FUXFLDO� EDVLF PHWKRG IRU WKH TXDOLW\ RI WKH V\VWHPDWLF WKHRUHWLFDO
WUDLQLQJ�RI�FKLOGUHQ��$OVR��WKH�QHZ�GLPHQVLRQ�LV�WR�VD\�WKDW�WKH�GLGDFWLF�UHOD�
WLRQVKLSV EHWZHHQ WKH WHDFKHU DQG WKH SXSLO GLVFRYHUHG QHZ SRVVLELOLWLHV IRU
WKH FUHDWLRQ RI DQ HGXFDWLRQDO SURFHVV LQ WKH KXPDQLVW VSKHUH� LQ WKH VXEMHFW�
VXEMHFW UHODWLRQVKLS WKDW UHTXLUHV PXWXDO FR�RSHUDWLRQ DQG UHVSHFW�

,Q� WKH� ZRUNV� RI� '�%� (OFRQLQ� DQG�9�9� 'DY\GRY�� ZKR� DUH� VWXG\LQJ� WKH�
PHFKDQLVPV�RI�WHDFKLQJ�WKHRUHWLFDO�FRQFHSWV�WR�SULPDU\�VFKRRO�SXSLOV��SXSLOV�
VD\ WKDW WKHUH LV D JUHDW SRWHQWLDO IRU VFLHQWL¿F WKLQNLQJ� &RQVLGHULQJ WKH WRSLF
FORVHO\� UHODWHG� WR� WKLV� LVVXH��ZH�UHFRPPHQG� WKDW� WKHSULPDU\�VFKRRO�VWXGHQWV�
VKRXOG EH JXLGHG E\ WKH SULQFLSOH WKDW GLGDFWLF FRPPXQLFDWLRQ EHWZHHQ WKH
WHDFKHU�DQG�WKH�SXSLO�VHW�RXW�FRUUHFWO\�IURP�WKH�SHGDJRJLFDO�DQG�SV\FKRORJLFDO�
SRLQW RI YLHZ RI WKHRUHWLFDO FRQFHSWV LV FUXFLDO �7RLED]DURYD� ������
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5HIHUHQFHV
Ä%ɿOɿP� W\¶UDO\´�4D]DTVWDQ� 5HVS\¶EOL¶NDV\Q\Q¶� =DQ¶\�� >7KH� /DZ� RI� WKH� 5HSXEOLF� RI�
.D]DNKVWDQ�³2Q�(GXFDWLRQ´@��$VWDQD� ����� �,Q .D]DNK��

$KDQRY .�� ���� NODVV� Ä4D]DT� WɿOɿ´� RT\¶O\J¶\QD� PHWRGL¶NDO\T� QXVTD\¶� >0HWKRGLFDO�
LQVWUXFWLRQ� IRU� ���WK� JUDGH� WH[WERRN� ³.D]DNK� ODQJXDJH´@� $OPDW\� ����� �,Q
.D]DNK��

$OGDPXUDWRY$���2T\¶V¶\ODUG\Q¶�JUDPPDWL¶NDO\T�XJ¶\PGDUG\�PHQ¶JHU\¶�SVL¶KRORJL¶L¶DV\�
>3V\FKRORJ\�RI�JUDPPDWLFDO�FRQFHSWV�RI�SXSLOV@�$OPDW\� ����� �,Q .D]DNK��

$OW\QVDULQ� <� 1DFKDO¶QRH UXNRYRGVWYR N REXFKHQL\X NLUJL]RY UXVVNRPX \D]\NX
>7KH LQLWLDO JXLGH WR WHDFKLQJ .\UJ\] WR WKH 5XVVLDQ ODQJXDJH@� ,Q� $�� 6LWGLNRY
<� $OW\QVDUL¶QQɿQ¶� SHGDJRJL¶NDO\T� L¶GHL¶DODU\� PHQ� DJ¶DUW\¶V¶\O\T� T\]PHWɿ�
>3HGDJRJLFDO�LGHDV�DQG�HGXFDWLRQDO�DFWLYLWLHV�RI�<� $OW\QVDULQ@�$OPDW\� ����� ����S�
�,Q�5XVVLDQ��.D]DNK��

%DL¶WXUV\QXO\� $� 7ɿO� WDJ¶\O\P\�� >/DQJXDJH� WHDFKLQJ@� $OPDW\� $QD WLOL� �����
�������S� �,Q .D]DNK��

%RJR\DYOHQVN\ '�%�� .� NKDUDFWHULVWLNH� SURFHVVRY� DEVWUDNFL\� L� REREVKFKHQL\D� SUL�
XVYRHQLL�>7R�WKH�FKDUDFWHULVWLFV�RI�WKH�SURFHVVHV�RI�DEVWUDFWLRQ�DQG�JHQHUDOL]DWLRQ�
LQ�WKH�SURFHVV�RI�DVVLPLODWLRQ@� �,Q 5XVVLDQ�� �����

'DY\GRY 9�9��3UREOHP\� UD]YLYD\XVKFKHJR�REXFKHQL\D� >3UREOHPV�RI�GHYHORSPHQWDO�
WHDFKLQJ@� 0RVFRZ� ����� SS�������� �,Q 5XVVLDQ��

'DY\GRY 9�9��7HRUL\D� UD]YLYD\XVKFKHJR� REXFKHQL\D� >7KH� WKHRU\� RI� GHYHORSPHQWDO�
WHDFKLQJ@� 0RVFRZ� ����� S���� �,Q 5XVVLDQ��

'LVWHUYHJ $�� ,]EUDQQ\H� SHGDJRJLFKHVNLH� VRFKLQHQL\D� >6HOHFWHG� SHGDJRJLFDO�
FRPSRVLWLRQV@� 0RVFRZ� 8FKSHGJL]� ����� ����S� �,Q 5XVVLDQ��

(ONRQLQ '�%��9YHGHQL\H�Y�SVLNKRORJL\X�UD]YLWL\D��>,QWURGXFWLRQ�WR�WKH�SV\FKRORJ\�RI�
GHYHORSPHQW@� 0RVFRZ� ����� S�������� �,Q 5XVVLDQ��

(ONRQLQ '�9��'DY\GRY 9�9��3URJUDPPD�UD]YLYD\XVKFKHJR�REXFKHQL\D�SR�UXVVNRPX�
\D]\NX� Y� ���� NODVVDK�� >7KH� SURJUDP� RI� GHYHORSPHQWDO� WHDFKLQJ� LQ� WKH� 5XVVLDQ�
ODQJXDJH�LQ�JUDGHV����@� ɆRVFRZ� (GXFDWLRQ� ����� �,Q 5XVVLDQ��

)L¶ORVR¿¶L¶DO\T�VR¶]GɿN��>3KLORVRSK\�YRFDEXODU\@�$OPDW\� ����� ����S� �,Q .D]DNK��

+DVDQXO\ %��$QD�WɿOɿ�±�DWD�PXUD��>0RWKHU�WRQJXH�LV�D�KHULWDJH@�$OPDW\� ����� ����S�
�,Q .D]DNK��

,JHQEDHYD�%�.� $QD�WɿOɿ�VDEDJ¶\QGD�MHNH�WXOJ¶DQ\Q¶�U\¶KDQL¶�DGDPJHUV¶ɿOɿJɿQ�GDP\WD�
RT\W\¶� D¶GɿVWHPHVɿ� ����� V\Q\S��� >0HWKRGV� RI� WHDFKLQJ� WKH� VSLULWXDO� DQG� PRUDO�
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GHYHORSPHQW�RI�DQ�LQGLYLGXDO�LQ�WKH�QDWLYH�ODQJXDJH�������JUDGHV�@� �3K' 7KHVLV��
$OPDW\� ����� �,Q .D]DNK��

,VDEDHY�$� 4D]DT WɿOɿ PHWRGL¶NDV\Q\Q¶ WHRUL¶L¶DO\T PD¶VHOHOHUɿ� >7KHRUHWLFDO SUREOHPV
RI WKH .D]DNK ODQJXDJH PHWKRGRORJ\@� 4D]DT�¿¶ORORJL¶L¶DV\Q\Q¶�NHL¶EɿU�PD¶VHOHOHUɿ�
>6RPH�SUREOHPV�RI�.D]DNK�SKLORORJ\@� 7DVKNHQW� ����� �,Q .D]DNK��

,VNDNRY $��4D]ɿUJɿ�TD]DT�WɿOɿ��>0RGHUQ�.D]DNK�ODQJXDJH@� $OPDW\� 0RWKHU WRQJXH�
����� ����S� �,Q .D]DNK��

.DWHQEDHYD� %�� 1XUJDOLHYD� 0RUIRORJL¶L¶DQ\� RT\W\¶G\Q¶� PHWRGL¶NDV\� >0HWKRGV� RI�
WHDFKLQJ�PRUSKRORJ\@��$OPDW\� ����� �,Q .D]DNK��

.XUPDQRYD�1�=K� 7RLED]DURY�1� 0RUIRORJL¶L¶DQ\� GDP\WD� RT\W\¶GD�RT\¶V¶\ODUG\Q¶�
WHRUL¶L¶DO\T� RL¶OD\¶\Q� GDP\W\¶J¶D� DUQDOJ¶DQ� GL¶GDNWL¶NDO\T� NDUWL¶QDODU� �����
V\Q\SWDU� X¶V¶ɿQ�� >'LGDFWLF� SDLQWLQJV� GHVLJQHG� WR� GHYHORS� SXSLOV¶� WKHRUHWLFDO�
WKLQNLQJ�LQ�PRUSKRORJ\�GHYHORSPHQWDO�WHDFKLQJ��IRU�����JUDGHV�@� $NWREH� �����
�� S���,Q�.D]DNK��

.XUPDQRYD� 1�=K� 4D]DT� PHNWHEɿQGH� VR¶]� WɿUNHVɿ� VL¶QWDNVL¶VɿQ� GDP\WD� RT\W\¶�
WHKQRORJL¶L¶DV\��>7HFKQRORJ\�RI�ZRUG�V\QWD[�GHYHORSPHQW�LQ�.D]DNK�VFKRRO@�$NWREH�
����� ����S� �,Q .D]DNK��

.XWNR]KLQD5��3D¶QDUDO\T�EDL¶ODQ\V�>,QWHUGLVFLSOLQDU\�FRPPXQLFDWLRQ@��4D]DT�WɿOɿ�PHQ�
D¶GHEL¶HWɿQ�RT\W\¶�PD¶VHOHOHUɿ��0HWRGL¶NDO\T�ML¶QDT���>3UREOHPV�RI�WHDFKLQJ�.D]DNK�
ODQJXDJH�DQG�OLWHUDWXUH��0HWKRGLFDO�&ROOHFWLRQ�@�$OPDW\� ����� �,Q�.D]DNK��

.\G\UVKDHY $�6��6¶HV¶HQGɿN�WDQ\¶G\Q¶�J¶\O\PL¶�D¶GɿVWHPHOɿN�QHJɿ]GHUɿ��>6FLHQWL¿F�DQG�
PHWKRGRORJLFDO� EDVHV� RI� RUDO� VSHHFK� UHFRJQLWLRQ@� �3K' 7KHVLV�� $OPDW\� �����
���S� �,Q .D]DNK��

0HLMHU�+� ������� /LIHORQJ OHDUQLQJ VWDUWV LQ SUH�VFKRRO ± D %ULWLVK DSSURDFK� -RXUQDO�
RI�0RGHUQ�6FLHQFH�9RO������������ SS�����±���� 3XEOLFDWLRQ ����������� 5HWULHYHG
������������ IURP� KWWS���ZZZ�MRPVZVJH�FRP������������KWPO

1XU]KDQRYD�=K� 4D]DT�WɿOɿQ�WL¶ɿPGɿ�RT\W\¶�MROGDU\�$¶GɿVWHPHOɿN�TXUDO�>(IIHFWLYH�ZD\V�
RI� WHDFKLQJ� WKH�.D]DNK� ODQJXDJH��0HWKRGRORJLFDO� WRRO@� $OPDW\� 6FLHQFH� �����
����S� �,Q .D]DNK��

2UD]EDHYD�)� 7ɿOGɿN�TDW\QDV��WHRUL¶L¶DV\�MD¶QH�D¶GɿVWHPHVɿ��>/DQJXDJH�&RPPXQLFDWLRQ��
7KHRU\�DQG�0HWKRGRORJ\@��$OPDW\� ����� ����S� �,Q .D]DNK��

3HVWRORFFL ,�*�� ,]EUDQQ\H� SHGDJRJLFKHVNLH� VRFKLQHQL\D� >6HOHFWHG� SHGDJRJLFDO�
FRPSRVLWLRQV@� ɆRVFRZ� 3HGDJRJLFV ����� 9RO���� ����S� �,Q 5XVVLDQ��
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4DEDWDL¶�%�7� $QD�WɿOɿ�VDEDTWDU\QGD�RT\¶V¶\ODUG\�V¶\J¶DUPDV¶\O\TTD�ED\¶O\¶�D¶GɿVWHPHVɿ��
>7HFKQLTXH�RI�SXSLOV¶�FUHDWLYLW\� LQ�QDWLYH� ODQJXDJH� OHVVRQV@� �3K' 7KHVLV�� $OPDW\�
����� ���S� �,Q .D]DNK��

4D]DTVWDQ�5HVS\¶EOL¶NDV\QGD�EɿOɿP�EHU\¶Gɿ�GDP\W\¶G\Q¶�����������M\OGDUJ¶D�DUQDOJ¶DQ�
PHPOHNHWWɿN�EDJ¶GDUODPDV\�>6WDWH�SURJUDP�RI�HGXFDWLRQ�GHYHORSPHQW�LQ�WKH�5HSXEOLF�
RI�.D]DNKVWDQ�IRU����������@�$VWDQD� ����� �,Q .D]DNK��

5DKPHWRYD 6�5�� %DVWD\¶\V¶� NODVWDUGD� TD]DT� WɿOɿQ� RT\W\¶� PHWRGL¶NDV\�� >0HWKRGV� RI�
WHDFKLQJ�.D]DNK�ODQJXDJH�LQ�SULPDU\�FODVVHV@�$OPDW\� 0HNWHS� ����� �,Q .D]DNK��

6HOHYNR *�.�� 6RYUHPHQQ\H� REUD]RYDWHO¶Q\H� WHNKQRORJLL�� >0RGHUQ� HGXFDWLRQDO�
WHFKQRORJLHV@�0RVFRZ� Ä3XEOLF HGXFDWLRQ´� ����� ����S� �,Q 5XVVLDQ��

7RLED]DURYD� 1�$� %DVWD\¶\V¶� V\Q\SWD� PRUIRORJL¶L¶DQ\� GDP\WD� RT\W\¶� WHRUL¶L¶DV\� PHQ�
SUDNWL¶NDV\�� >7KH� WKHRU\� DQG� SUDFWLFH� RI� PRUSKRORJ\� GHYHORSPHQWDO� WHDFKLQJ� LQ�
SULPDU\�VFKRRO@�$NWREH� ����� ����S� �,Q .D]DNK��

7RLED]DURYD�1�$� %DVWD\¶\V¶� V\Q\SWDUGD� TD]DT� WɿOɿQ� GDP\WD� RT\W\¶�� WHRUL¶L¶DV\� MD¶QH�
SUDNWL¶NDV\�� >7HDFKLQJ� .D]DNK� ODQJXDJH� LQ� SULPDU\� VFKRRO�� WKHRU\� DQG� SUDFWLFH@�
$NWREH� ����� ����S� �,Q .D]DNK��

8VKLQVNL\ .�'�� 3HGDJRJLFKHVNLH� VRFKLQHQL\D�� >3HGDJRJLFDO� FRPSRVLWLRQV@�� 9RO� ���
ɆRVFRZ� ����� ����S� �,Q 5XVVLDQ��

9\JRWVN\� /�6� ,]EUDQQ\H� SVLNKRORJLFKHVNLH� LVVOHGRYDQL\D� SVLNKRORJLL� >6HOHFWHG�
SV\FKRORJLFDO� VWXGLHV� RI� SV\FKRORJ\@� 0RVFRZ� 6W�� 3HWHUVEXUJ� 3LWHU������ ���� S�
�,Q 5XVVLDQ��

=DQNRY�/�9� 'LGDNWLND� L� ]KL]Q¶� >'LGDFWLFV�DQG� OLIH@� ɆRVFRZ� 3URVYHVKFKHQLH� �����
����S� �,Q�5XVVLDQ��

=DQNRY� /�9� ,]EUDQQ\H� WUXG\� >6HOHFWHG� ZRUNV@� ɆRVFRZ� 3HGDJRJLFV� ����� ���� S�
�,Q 5XVVLDQ��

=KDSEDURY�$� 4D]DT�WɿOɿQ�RT\W\¶�DUT\O\�WɿO�GDP\W\¶G\Q¶�D¶GɿVQDPDO\T�MD¶QH�D¶GɿVWHPHOɿN�
QHJɿ]GHUɿ� ����V\Q\SWDU��� >0HWKRGRORJLFDO� EDVHV� RI� ODQJXDJH� GHYHORSPHQW� WKURXJK�
WHDFKLQJ�.D]DNK�ODQJXDJH������JUDGHV�@� �3K' 7KHVLV�� $OPDW\� ����� �,Q .D]DNK��

=KXPDEDHYD�$�(� %DVWD\¶\V¶�PHNWHSWHJɿ�VD\¶DW�DV¶\¶�NH]HQ¶ɿQGH�MX¶UJɿ]ɿOHWɿQ�WɿO�GDP\W\¶�
MXP\VWDU\Q\Q¶� D¶GɿVWHPHVɿ�� >0HWKRGRORJ\� RI� ODQJXDJH� GHYHORSPHQW� ZRUN� DW� WKH�
SULPDU\�VFKRRO¶V�OLWHUDF\�SHULRG@� �3K' 7KHVLV�� $OPDW\� ����� �,Q .D]DNK��

5HFHLYHG������������
$FFHSWHG������������


