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7KDW�ROG�VWXG\�PHWKRG�VWLOO�ZRUNV��UHVHDUFKHUV�VD\��6R�ZK\�GRQØW�SURIHVVRUV�SUHDFK�LW"

7KH�VFHQH��$�ULJRURXV�LQWUR�OHYHO�VXUYH\�FRXUVH�LQ�ELRORJ\��KLVWRU\��RU�HFRQRPLFV�

<RXØUH�WKH�LQVWUXFWRU��DQG�VWXGHQWV�DUH�FURZGLQJ�WKH�OHFWHUQ��SOHDGLQJ�IRU�VWXG\�DGYLFH

IRU�WKH�PLGWHUP�

,I�\RXØUH�OLNH�PDQ\�SURIHVVRUV��\RXØOO�WHOO�WKHP�VRPHWKLQJ�OLNH�WKLV��5HDG�FDUHIXOO\�

:ULWH�GRZQ�XQIDPLOLDU�WHUPV�DQG�ORRN�XS�WKHLU�PHDQLQJV��0DNH�DQ�RXWOLQH��5HUHDG

HDFK�FKDSWHU�

7KDWØV�QRW�WHUULEOH�DGYLFH��%XW�VRPH�VFLHQWLVWV�ZRXOG�VD\�WKDW�\RXØYH�OHIW�RXW�WKH�PRVW

LPSRUWDQW�VWHS��3XW�WKH�ERRN�DVLGH�DQG�KLGH�\RXU�QRWHV��7KHQ�UHFDOO�HYHU\WKLQJ�\RX

FDQ��:ULWH�LW�GRZQ��RU��LI�\RXØUH�XQLQKLELWHG��VD\�LW�RXW�ORXG�

7ZR�SV\FKRORJ\�MRXUQDOV�KDYH�UHFHQWO\�SXEOLVKHG�SDSHUV�VKRZLQJ�WKDW�WKLV�VWUDWHJ\

ZRUNV��WKH�ODWHVW�åQGLQJV�IURP�D�GHFDGHV�ROG�ERG\�RI�UHVHDUFK��:KHQ�VWXGHQWV�VWXG\

RQ�WKHLU�RZQ��ÚDFWLYH�UHFDOOÛ�Ö�UHFLWDWLRQ��IRU�LQVWDQFH��RU�æDVKFDUGV�DQG�RWKHU�VHOI�

TXL]]LQJ�Ö�LV�WKH�PRVW�HIIHFWLYH�ZD\�WR�LQVFULEH�VRPHWKLQJ�LQ�ORQJ�WHUP�PHPRU\�

<HW�PDQ\�FROOHJH�LQVWUXFWRUV�DUH�RQO\�GLPO\�IDPLOLDU�ZLWK�WKDW�UHVHDUFK��$QG�LQ�0DUFK�

ZKHQ�0DUN�$��0F'DQLHO��D�SURIHVVRU�RI�SV\FKRORJ\�DW�:DVKLQJWRQ�8QLYHUVLW\�LQ�6W�

/RXLV�DQG�RQH�DXWKRU�RI�WKH�QHZ�VWXGLHV��JDYH�D�WDON�DW�D�FRQIHUHQFH�RI�WKH�1DWLRQDO

&HQWHU�IRU�$FDGHPLF�7UDQVIRUPDWLRQ��SHRSOH�IUHWWHG�WKDW�WKH�DSSURDFK�ZDV�RULHQWHG

WRZDUG�URERWLF�PHPRUL]DWLRQ��QRW�WUXH�OHDUQLQJ�

'RQØW�5HUHDG

$�FHQWUDO�LGHD�RI�0U��0F'DQLHOØV�ZRUN��ZKLFK�DSSHDUV�LQ�WKH�$SULO�LVVXH�RI

3V\FKRORJLFDO�6FLHQFH�DQG�WKH�-DQXDU\�LVVXH�RI�&RQWHPSRUDU\�(GXFDWLRQDO

3V\FKRORJ\��LV�WKDW�LW�LV�JHQHUDOO\�D�PLVWDNH�WR�UHDG�DQG�UHUHDG�D�WH[WERRN�SDVVDJH��7KDW
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VWUDWHJ\�IHHOV�LQWXLWLYHO\�ULJKW�WR�PDQ\�VWXGHQWV�Ö�EXW�LWØV�PXFK�OHVV�HIIHFWLYH�WKDQ

DFWLYH�UHFDOO��DQG�LW�FDQ�JLYH�ULVH�WR�D�IDOVH�VHQVH�RI�FRQåGHQFH�

Ú:KHQ�\RXØYH�JRW�\RXU�FKHPLV�WU\�ERRN�LQ�IURQW�RI�\RX��HYHU\WKLQJØV�ULJKW�WKHUH�RQ�WKH

SDJH��LWØV�DOO�YHU\�IDPLOLDU�DQG�æXHQW�Û�VD\V�-HIIUH\�'��.DUSLFNH��DQ�DVVLVWDQW�SURIHVVRU

RI�SV\FKRORJ\�DW�3XUGXH�8QLYHUVLW\�DQG�OHDG�DXWKRU�RI�D�SDSHU�LQ�WKH�0D\�LVVXH�RI

0HPRU\�DERXW�VWXGHQWVØ�IDXOW\�LQWXLWLRQV�DERXW�HIIHFWLYH�VWXG\�KDELWV�

Ú6R�\RX�FRXOG�VD\�WR�\RXUVHOI��×<HDK��,�NQRZ�WKLV��6XUH��WKLV�LV�DOO�YHU\�IDPLOLDU�ØÛ�0U�

.DUSLFNH�FRQWLQXHV��Ú%XW�RI�FRXUVH��ZKHQ�\RX�JR�LQ�WR�WDNH�D�FODVVURRP�WHVW��RU�LQ�UHDO

OLIH�ZKHQ�\RX�QHHG�WR�UHFRQVWUXFW�\RXU�NQRZOHGJH��WKH�ERRNØV�QRW�WKHUH��,Q�RXU

H[SHULPHQWV��ZKHQ�VWXGHQWV�UHSHDWHGO\�UHDG�VRPHWKLQJ��LW�IDOVHO\�LQæDWHV�WKHLU�VHQVH

RI�WKHLU�RZQ�OHDUQLQJ�Û

7KHVH�åQGLQJV�DERXW�DFWLYH�UHFDOO�DUH�QRW�QHZ�RU�IDGGLVK�RU�SDURFKLDO��7KH�UHVHDUFK

KDV�EHHQ�GHHSHQHG�DQG�V\VWHPDWL]HG�UHFHQWO\�E\�VFKRODUV�DW�WKH�8QLYHUVLW\�RI

&DOLIRUQLD�DW�/RV�$QJHOHV�DQG�:DVKLQJWRQ�8QLYHUVLW\�LQ�6W��/RXLV��ZKHUH�0U��.DUSLFNH

HDUQHG�KLV�GRFWRUDWH�LQ��������%XW�WKH�EDVLF�LQVLJKW�JRHV�EDFN�GHFDGHV��2QH�RI�WKH�QHZ

SDSHUV�WLSV�LWV�KDW�WR�D�UHFLWDWLRQ�EDVHG�PHWKRG�NQRZQ�DV�Ú64�5�Û�ZKLFK�ZDV

SRSXODUL]HG�LQ�(IIHFWLYH�6WXG\��D������ERRN�E\�)UDQFLV�3��5RELQVRQ�

6R�LI�WKLV�ZLVGRP�LV�VR�ZHOO�HVWDEOLVKHG�Ö�DW�OHDVW�DPRQJ�SV\FKRORJLVWV�Ö�VKRXOG

FROOHJHV�H[SOLFLWO\�WU\�WR�FRD[�VWXGHQWV�WR�XVH�WKHVH�VWXG\�WHFKQLTXHV"�$QG�LI�VR��KRZ"

7KDW�LV�WKH�TXHVWLRQ�WKDW�WKH�DXWKRUV�RI�WKHVH�SDSHUV�DUH�QRZ�SRQGHULQJ�

Ú,�WKLQN�LWØV�D�PLVWDNH�IRU�XV�WR�WKLQN�WKDW�MXVW�SXEOLVKLQJ�WKLV�ZRUN�LQ�D�IHZ�MRXUQDOV�LV

JRLQJ�WR�KDYH�D�KXJH�LPSDFW�LQ�WKH�FODVVURRP�Û�VD\V�0U��0F'DQLHO�

$IWHU�D�GHFDGH�RI�ZRUNLQJ�LQ�WKLV�DUHD��0U��0F'DQLHO�IHHOV�HQRXJK�FRQåGHQFH�LQ�KLV

åQGLQJV�WKDW�KH�LV�ZLOOLQJ�WR�SURVHO\WL]H�DERXW�WKHP��+H�DQG�KLV�FROOHDJXHV�KDYH�DOVR

=SY�LEZI��ÁJVII�EVXMGPI�PIJX��7YFWGVMFIÁ�JSVÁYRPMQMXIHÁEGGIWW�



��������������30 &ORVH�WKH�%RRN��5HFDOO��:ULWH�,W�'RZQ�

KWWSV���ZZZ�FKURQLFOH�FRP�DUWLFOH�FORVH�WKH�ERRN�UHFDOO�ZULWH�LW�GRZQ�"FLG� JHQBORJLQBUHIUHVK	FLG JHQBVLJQBLQ ���

EHHQ�SURPRWLQJ�WKH�LGHD�RI�IUHTXHQW�ORZ�VWDNHV�FODVVURRP�TXL]]HV��7KH�&KURQLFOH�

-XQH����������

$PRQJ�RWKHU�WKLQJV��0U��0F'DQLHO�KDV�UHFHQWO\�FROODERUDWHG�ZLWK�D�QHWZRUN�RI�ELRORJ\

LQVWUXFWRUV�ZKR�ZRXOG�OLNH�WR�LPSURYH�WKH�SDVV�UDWHV�LQ�WKHLU�LQWURGXFWRU\�FRXUVHV�

2QH�RI�WKRVH�VFKRODUV�LV�.LUN�%DUWKRORPHZ��DQ�DVVLVWDQW�SURIHVVRU�RI�ELRORJ\�DW�6DFUHG

+HDUW�8QLYHUVLW\��+H�åUVW�FURVVHG�SDWKV�ZLWK�0U��0F'DQLHO�DW�D�FRQIHUHQFH�VSRQVRUHG

E\�D�WH[WERRN�SXEOLVKHU�

Ú+H�EDVLFDOO\�FRQåUPHG�P\�LGHDV�Ö�WKDW�DIWHU�\RXØYH�UHDG�VRPHWKLQJ�RQFH��\RXØYH

JRWWHQ�ZKDW�\RXØUH�JRLQJ�WR�JHW�RXW�RI�LW��DQG�WKHQ�\RX�QHHG�WR�JR�RXW�DQG�VWDUW

DSSO\LQJ�WKH�LQIRUPDWLRQ�Û�0U��%DUWKRORPHZ�VD\V�

7KH�WZR�VFKRODUV�FROODERUDWHG�RQ�D�:HE�LQWHUIDFH�WKDW�HQFRXUDJHG�VWXGHQWV�WR�WU\

GLIIHUHQW�VWXG\�WHFKQLTXHV��7KH�åUVW�URXQG�RI�UHVHDUFK�GLG�QRW�WXUQ�XS�DQ\�GUDPDWLF

SDWWHUQV��0U��%DUWKRORPHZ�VD\V�Ö�RWKHU�WKDQ�WKH�XQVXUSULVLQJ�IDFW�WKDW�KLV�VWXGHQWV

GLG�EHWWHU�LI�WKH\�VSHQW�PRUH�WLPH�VWXG\LQJ��%XW�KH�VD\V�WKDW�KH�ORRNV�IRUZDUG�WR

UHåQLQJ�WKH�V\VWHP�

5RWH�OHDUQLQJ"

,Q�0DUFK��KRZHYHU��ZKHQ�0U��0F'DQLHO�WRRN�KLV�PHVVDJH�WR�WKH�1DWLRQDO�&HQWHU�IRU

$FDGHPLF�7UDQVIRUPDWLRQ�PHHWLQJ��KLV�WDON�ZDV�QRW�HQWLUHO\�ZHOO�UHFHLYHG�

6HYHUDO�GD\V�DIWHU�KLV�DSSHDUDQFH��KH�JRW�D�QRWH�IURP�&DURO�$��7ZLJJ��WKH�FHQWHUØV�FKLHI

H[HFXWLYH��Ú6KH�VDLG��×:H�UHDOO\�ORYHG�KDYLQJ�\RX��EXW�\RX�FUHDWHG�VRPH�FRQWURYHUV\

KHUH�ØÛ�0U��0F'DQLHO�VD\V��$FFRUGLQJ�WR�0V��7ZLJJØV�QRWH��VRPH�SHRSOH�ZRUULHG�WKDW

0U��0F'DQLHOØV�WHFKQLTXHV�PLJKW�JHQHUDWH�URWH�PHPRUL]DWLRQ�DW�WKH�H[SHQVH�RI

GHHSHU�NLQGV�RI�OHDUQLQJ�
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0LFKDHO�5��5HGHU��GLUHFWRU�RI�&RQQHFWLFXW�&ROOHJHØV�&HQWHU�IRU�7HDFKLQJ�DQG�/HDUQLQJ�

KDG�D�VLPLODU�UHDFWLRQ�WR�RQH�RI�0U��0F'DQLHOØV�QHZ�SDSHUV�RQ�VWXG\LQJ�

7KH�SDSHU�VHHPV�SHUIHFWO\�YDOLG�RQ�LWV�RZQ�WHUPV�DQG�PLJKW�RIIHU�D�ÚXVHIXO�WRRO�Û�0U�

5HGHU�VD\V��%XW�LQ�KLV�YLHZ��WKH�SDSHU�DOVR�ÚVXJJHVWV�DQ�ROG�PRGHO�RI�OHDUQLQJ��<RX

NQRZ��,ØP�JRLQJ�WR�JLYH�LQIRUPDWLRQ�WR�WKH�VWXGHQWV��DQG�WKH�VWXGHQWV�WKHQ�PHPRUL]H

WKDW�LQIRUPDWLRQ�DQG�WKHQ�VSLW�LW�EDFN�Û

0U��0F'DQLHO�åQGV�VXFK�UHDFWLRQV�IUXVWUDWLQJ��2QH�H[SHULPHQW�LQ�KLV�QHZ�SDSHU

VXJJHVWV�WKDW�D�ZHHN�DIWHU�UHDGLQJ�D�FRPSOH[�SDVVDJH��SHRSOH�ZKR�UHFLWHG�WKH�PDWHULDO

DIWHU�UHDGLQJ�LW�GLG�PXFK�EHWWHU�DW�VROYLQJ�SUREOHPV�WKDW�LQYROYHG�DQDO\]LQJ�DQG

GUDZLQJ�LQIHUHQFHV�IURP�WKH�PDWHULDO�WKDQ�GLG�SHRSOH�ZKR�VLPSO\�UHDG�WKH�SDVVDJH

WZLFH�

Ú,�GRQØW�WKLQN�WKHVH�WHFKQLTXHV�ZLOO�QHFHVVDULO\�UHVXOW�LQ�URWH�PHPRUL]DWLRQ�Û�0U�

0F'DQLHO�VD\V��Ú,I�\RX�DVN�SHRSOH�WR�IUHH�UHFDOO��\RX�FDQ�JHQHUDWH�D�EHWWHU�PHQWDO

PRGHO�RI�D�VXEMHFW�DUHD��DQG�LQ�WXUQ�WKDW�FDQ�OHDG�WR�EHWWHU�SUREOHP�VROYLQJ�Û

$QG�LQ�VRPH�FROOHJH�FRXUVHV��KH�FRQWLQXHV��D�FHUWDLQ�DPRXQW�RI�PHPRUL]DWLRQ�LV

LPSRVVLEOH�WR�HVFDSH�Ö�VR�LW�PLJKW�DV�ZHOO�EH�GRQH�HIIHFWLYHO\�

,Q�%LRORJ\������IRU�H[DPSOH��Ú\RXØYH�JRW�D�KHDYLO\�IDFW�ODGHQ�FRXUVH��:KHQ�,�WDON�WR

ELRORJ\�LQVWUXFWRUV�DW�%LJ�7HQ�XQLYHUVLWLHV��WKH\ØUH�ZRUNLQJ�UHDOO\�KDUG�WR�FUHDWH

LQWHUHVWLQJ��LQWHUDFWLYH�FRXUVHV�ZKHUH�WKH\ØYH�JRW�����RU�����NLGV�LQ�D�OHFWXUH�FODVV��%XW

QR�PDWWHU�KRZ�HQJDJLQJ�\RX�PDNH�WKH�FRXUVH��WKH�VWXGHQWV�QHHG�WR�KDYH�WKH

NQRZOHGJH�EDVH�WR�GR�WKH�LQTXLU\�EDVHG�SUREOHP�VROYLQJ�DFWLYLWLHV�WKDW�\RXØYH

GHVLJQHG�Û

)URP�/DE�WR�&ODVVURRP
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0U��0F'DQLHO�DQG�VHYHUDO�RWKHU�VFKRODUV�UHFHQWO\�ZURWH�DQ�HVVD\�DERXW�DSSO\LQJ�EDVLF

UHVHDUFK�DERXW�OHDUQLQJ�LQ�UHDO�ZRUOG�FODVVURRPV��ZKLFK�ZLOO�DSSHDU�LQ�D�IRUWKFRPLQJ

HGLWHG�YROXPH�RQ�WKH�WHDFKLQJ�RI�SV\FKRORJ\�

2QH�RI�KLV�FR�DXWKRUV�VD\V�WKDW�KH�LV�D�ELW�PRUH�FDXWLRXV�WKDQ�0U��0F'DQLHO�DERXW

WU\LQJ�WR�EULQJ�QHZ�åQGLQJV�IURP�WKH�ODE�LQWR�WKH�UHDO�ZRUOG��Ú<RX�QHHG�WR�EH�FDUHIXO

ZKHQ�\RX�PRYH�IURP�D�UHODWLYHO\�VLPSOH�HQYLURQPHQW�OLNH�WKH�ODERUDWRU\�WR�D�FRPSOH[

FODVVURRP�HQYLURQPHQW�ZKHUH�SHRSOH�KDYH�GLIIHUHQW�PRWLYDWLRQV��GLIIHUHQW

EDFNJURXQG�NQRZOHGJH��DOO�WKRVH�VRUWV�RI�WKLQJV�Û�VD\V�'DYLG�%��'DQLHO��DQ�DVVRFLDWH

SURIHVVRU�RI�SV\FKRORJ\�DW�-DPHV�0DGLVRQ�8QLYHUVLW\�

0U��'DQLHO�SRLQWV�WR�D�GLVKHDUWHQLQJ������VWXG\�WKDW�IRXQG�WKDW�VRPH�IHDWXUHV�RI

FRQWHPSRUDU\�WH[WERRNV�Ö�SURPLQHQW�VXEMHFW�KHDGLQJV��TXHVWLRQV�DQG�RXWOLQHV�DW�WKH

EHJLQQLQJ�RI�FKDSWHUV��DQG�VR�RQ�Ö�DFWXDOO\�VHHP�WR�KLQGHU�VRPH�VWXGHQWVØ�OHDUQLQJ�

EHFDXVH�VWXGHQWV�UHDG�RQO\�WKH�EHOOV�DQG�ZKLVWOHV�DQG�VNLS�WKH�PDLQ�WH[W��0DQ\�RI

WKRVH�WH[WERRN�IHDWXUHV�ZHUH�EDVHG�RQ�VFLHQWLåF�VWXGLHV�RI�OHDUQLQJ�Ö�EXW�SXWWLQJ

WKHP�LQWR�UHDO�ZRUOG�SUDFWLFH�PD\�KDYH�EDFNåUHG��DW�OHDVW�IRU�VRPH�VWXGHQWV�

0U��.DUSLFNH��RI�3XUGXH��DJUHHV�WKDW�VFKRODUV�VKRXOG�EH�VHQVLWLYH�WR�UHDO�ZRUOG

FRPSOH[LWLHV��2QH�ZD\�WR�HQVXUH�WKDW�VHQVLWLYLW\��KH�VD\V��ZRXOG�EH�IRU�FROOHJH

ÚWHDFKLQJ�FHQWHUVÛ�WR�IRVWHU�FRQYHUVDWLRQV�EHWZHHQ�UHVHDUFK�SV\FKRORJLVWV�DQG

FODVVURRP�LQVWUXFWRUV�IURP�YDULRXV�GLVFLSOLQHV��7KDW�LV�KDSSHQLQJ�DW�3XUGXH��DW�OHDVW

WR�D�OLPLWHG�H[WHQW��0U��.DUSLFNH�VD\V��DQG�PRUH�FROOHJHV�VKRXOG�GR�WKH�VDPH�

Ú,�WKLQN�WKDWØV�WKH�ZDYH�RI�WKH�IXWXUH�LQ�HGXFDWLRQ�UHVHDUFK�Û�KH�VD\V��Ú:H�QHHG�WR�EH

JHWWLQJ�WHDPV�RI�SHRSOH�WRJHWKHU��3HRSOH�ZKR�DUH�XVHIXO�Ö�DW�OHDVW�,ØG�OLNH�WR�WKLQN�WKDW

,ØP�XVHIXO��DV�VRPHRQH�ZKR�NQRZV�WKH�FRJQLWLYH�VFLHQFH�EHKLQG�OHDUQLQJ��$QG�SHRSOH

OLNH�PH�QHHG�WR�WDON�WR�SHRSOH�ZKR�DUH�GRLQJ�UHVHDUFK�LQ�DFWXDO�FODVVURRPV��DQG�WKHQ

SHRSOH�ZKR�NQRZ�WKH�FRXUVH�FRQWHQW��<RXØYH�JRW�WR�KDYH�WKRVH�WKUHH�FRPSRQHQWV�Û
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KWWS���FKURQLFOH�FRP�6HFWLRQ��7KH�)DFXOW\�9ROXPH�����,VVXH�����3DJH�$�

:H�ZHOFRPH�\RXU�WKRXJKWV�DQG�TXHVWLRQV�DERXW�WKLV�DUWLFOH��3OHDVH�HPDLO�WKH�HGLWRUV

RU�VXEPLW�D�OHWWHU�IRU�SXEOLFDWLRQ�

*%'908=�0-*) ;6-8-2+ 7)6:-')�%2(�3986)%',

'DYLG�*OHQQ

'DYLG�*OHQQ�MRLQHG�7KH�&KURQLFOH�RI�+LJKHU�(GXFDWLRQ�LQ�������+LV�ZRUN

H[SORUHG�KRZ�IDFXOW\�PHPEHUV�DUH�WUDLQHG��HQFRXUDJHG��DQG�HYDOXDWHG�DV

WHDFKHUV��KRZ�FROOHJH�FRXUVHV�DQG�FXUULFXOD�DUH�GHYHORSHG��DQG�WKH

LQVWLWXWLRQDO�LQFHQWLYHV�WKDW�VRPHWLPHV�GLVFRXUDJH�IDFXOW\�PHPEHUV�IURP

LQYHVWLQJ�WKHLU�HQHUJ\�LQ�WHDFKLQJ�

-2�8,)�',632-'0)�7836)

8SHE]�W�1MWWMSR�'VMXMGEP
'EQTYW�.SFW

8LI�*YXYVI�SJ�XLI�(IKVII
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