
5HoHFWLRQV RQ .UDQW]
V ?+RZ WR 7HDFK 0DWKHPDWLFV��

$ 'LmHUHQW 9LHZ

(G 'XELQVN\

*HRUJLD 6WDWH 8QLYHUVLW\

� ,QWURGXFWLRQ

:KHQ 6WHYH .UDQW] DVNHG PH WR ZULWH� IRU WKH DSSHQGL[ RI WKLV ERRN� DQ HVVD\ H[�

SUHVVLQJ P\ YLHZV RI WHDFKLQJ� , WKRXJKW LW ZRXOG EH XVHIXO WR GR WKLV LQ UHODWLRQ WR

WKH ERRN LWVHOI� UDWKHU WKDQ MXVW JLYH P\ YLHZV LQ LVRODWLRQ� 6R P\ nUVW VWHS ZDV WR

nJXUH RXW ZKDW WKH ERRN ZDV DOO DERXW� , EHJDQ� QDWXUDOO\ HQRXJK� E\ UHDGLQJ LW�

$QG , GLVFXVVHG D ORW RI WKLQJV ZLWK 6WHYH� $QG , WKRXJKW DERXW LW� +HUH LV ZKDW ,

WKLQN WKH ERRN LV�

.UDQW] KDV SURGXFHG D VHULRXV UHoHFWLRQ RQ D WUDGLWLRQDO DSSURDFK WR WHDFKLQJ

DQG OHDUQLQJ� +H DFNQRZOHGJHV WKH H[LVWHQFH RI YLHZV RWKHU WKDQ KLV� EXW DOWKRXJK

WKH ERRN JRHV IDU EH\RQG D PHUH UHIHUHQFH WR WKHVH DOWHUQDWLYHV� LW LV FRQVLGHUDEO\

OHVV WKDQ D EDODQFHG SUHVHQWDWLRQ RI D YDULHW\ RI GLmHUHQW DSSURDFKHV WR FROOHJLDWH

PDWKHPDWLFV HGXFDWLRQ� (YHQ ZLWK WKHVH DSSHQGL[ HVVD\V� WKH ERRN UHWDLQV LWV VWURQJ

UHoHFWLRQ RI WKH YHU\ SHUVRQDO YLHZV RI WKH DXWKRU� EDVHG PDLQO\ RQ KLV PDQ\ \HDUV

RI H[SHULHQFH LQ WKH FODVVURRP WRJHWKHU ZLWK VRPH� QRW RYHUO\ H[WHQVLYH� DZDUHQHVV RI

SDVW� SUHVHQW� DQG IXWXUH LQYHVWLJDWLRQV LQWR WKH WHDFKLQJ DQG OHDUQLQJ HQWHUSULVH�

:H JHW WZR WKLQJV IURP ZKDW .UDQW] KDV ZULWWHQ DQG ERWK DUH ZHOFRPH� )LUVW� WKH

WH[W� WRJHWKHU ZLWK WKH DSSHQGLFHV �VRPH RI ZKLFK , KDYH VHHQ DV RI WKLV ZULWLQJ� FRQ�

WULEXWH WR PRYLQJ RXU FRQVLGHUDWLRQV RI WHDFKLQJ DQG OHDUQLQJ FROOHJLDWH PDWKHPDWLFV

IURP DQ DUJXPHQW LQ ZKLFK ZH DUH DOO nJKWLQJ WR GHIHQG RXU SRVLWLRQV DQG DWWDFN

WKRVH ZLWK ZKRP ZH GLVDJUHH� WR D VHW RI UHDVRQHG GLVFXVVLRQV LQ ZKLFK ZH FODULI\

SRLQWV RI DJUHHPHQW DQG GLVDJUHHPHQW� SURYLGH MXVWLnFDWLRQV IRU ERWK� DQG XOWLPDWHO\

VHDUFK WRJHWKHU IRU WKH V\QWKHVHV WKDW DORQH FDQ PDNH VLJQLnFDQW LPSURYHPHQW LQ WKH
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EUHDGWK DQG GHSWK RI ZKDW PDWKHPDWLFV RXU VWXGHQWV OHDUQ�

6HFRQG� ZH OHDUQ IURP WKLV ERRN WKDW DOWKRXJK WKHUH UHDOO\ DUH LGHQWLnDEOH FDWH�

JRULHV RI YLHZSRLQWV VXFK DV WUDGLWLRQDOLVWV DQG UHIRUPHUV� LW LV QRW WKH FDVH WKDW D

PHPEHU RI D FDWHJRU\ GLmHUV LQ DOO RI KHU RU KLV LGHDV IURP DQ\ PHPEHU RI D GLmHU�

HQW FDWHJRU\� QRU GR DOO PHPEHUV RI D FDWHJRU\ DJUHH ZLWK HDFK RWKHU RQ HYHU\ LVVXH�

:KDW WKLV UHDOL]DWLRQ KHOSV XV ZLWK LV WKH QHHG WR IRFXV RQ LGHDV DQG QRW RQ WKRVH

ZKR KROG WKHP� :KHQ ZH GR WKLV� ZH nQG PDQ\ SRLQWV RI XQH[SHFWHG DJUHHPHQWV

DQG GLVDJUHHPHQWV YDU\LQJ ZLWK WKH LVVXH DQG WKH LQGLYLGXDO� , nQG WKDW WKH PRVW

LPSRUWDQW SUHFRQGLWLRQ IRU PH� LQ WKH ZRUGV RI 6HFUHWDU\ 5LOH\� WR VWRS nJKWLQJ DQG

JHW RQ ZLWK WKH MRE RI LPSURYLQJ HGXFDWLRQ� LV WR XQGHUVWDQG WKDW $QGUHZV� $VNH\�

+XJKHV�+DOOHWW� .UDQW]� 8KO DQG HYHU\RQH HOVH PLJKW� RQ DQ\ JLYHQ LVVXH� DJUHH RU

GLVDJUHH ZLWK PH�

6R� LQ WKH VSLULW RI WKLV ODWWHU SRLQW DQG LQ KRSHV RI FRQWULEXWLQJ WR WKH IRUPHU�

, ZLOO WU\ LQ WKLV HVVD\ WR UHoHFW RQ D QXPEHU RI LVVXHV WKDW DURVH IRU PH LQ UHDGLQJ

.UDQW]
V ERRN� 0\ JRDO LV� LQ HDFK FDVH� WR H[SODLQ DQG SHUKDSV MXVWLI\ P\ SRVLWLRQ�

WR H[SUHVV P\ DJUHHPHQW RU FODULI\ DQG SRVVLEO\ MXVWLI\ P\ GLVDJUHHPHQW� 7KH WRSLFV ,

ZLOO FRQVLGHU DUH� EHOLHIV DQG WKHRULHV DERXW WKH QDWXUH RI OHDUQLQJ� WHDFKLQJ PHWKRG�

RORJLHV� WKH XVH RI WHFKQRORJ\ LQ PDWKHPDWLFV HGXFDWLRQ� DSSOLFDWLRQV DQG SHGDJRJ\�

DQG VRPH VSHFLnF SHGDJRJLFDO LVVXHV�

� %HOLHIV DQG WKHRULHV DERXW WKH QDWXUH RI OHDUQLQJ

,Q WKLV VHFWLRQ , ZRXOG OLNH WR WDON DERXW WUDGLWLRQDO YV� UHIRUP DSSURDFKHV WR PDWK�

HPDWLFV HGXFDWLRQ� WKH SDUWLFXODU DSSURDFK FDOOHG FRQVWUXFWLYLVP DQG LWV UHODWLRQ WR

GLVFRYHU\ OHDUQLQJ� WKH UHODWLRQ EHWZHHQ NQRZLQJ KRZ WR FDOFXODWH DQG XQGHUVWDQGLQJ

FRQFHSWV� WKH LQWULQVLF GLpFXOW\ RI XQGHUJUDGXDWH PDWKHPDWLFV WRSLFV� DQG KRZ ZH

FDQ WU\ WR GHFLGH ZKDW DUH WKH HmHFWV RI D SDUWLFXODU SHGDJRJLFDO PHWKRG�
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��� <RX #�e�"� e e WUDGLWLRQDOLVW�

.UDQW] EHOLHYHV WKDW PDWKHPDWLFDO NQRZOHGJH LV VRPHWKLQJ� LQ VRPH VHQVH RU RWKHU�

YHU\ GHnQLWH DQG FRQFUHWH� WKDW H[LVWV LQ WKH PLQGV RI VRPH SHRSOH �XVXDOO\ FDOOHG

PDWKHPDWLFLDQV� DQG WKDW LW LV SRVVLEOH WR WDNH WKLV HQWLW\ DQG WUDQVIHU LW WR WKH

PLQGV RI RWKHU SHRSOH �XVXDOO\ FDOOHG VWXGHQWV� XVLQJ PHGLD OLNH VSHDNLQJ� RU ZULWLQJ�

RU VKRZLQJ SLFWXUHV� , EHOLHYH� RQ WKH RWKHU KDQG� WKDW PDWKHPDWLFDO NQRZOHGJH

LV PXFK PRUH HOXVLYH� EHLQJ D FKDUDFWHULVWLF RI WKH EHKDYLRU DQG WKRXJKW� H[WHUQDO

DQG LQWHUQDO� DFWLYH DQG UHoHFWLYH� RI DOO SHRSOH� LQ YDU\LQJ GHJUHHV RI TXDOLW\ DQG

VRSKLVWLFDWLRQ� DQG WKDW LW LV EXLOW E\ LQGLYLGXDOV� DFWLQJ LQ VRFLDO FRQWH[WV DV WKH\ WU\

WR PDNH VHQVH RI FHUWDLQ VLWXDWLRQV LQ ZKLFK WKH\ nQG WKHPVHOYHV�

6RPHWKLQJ OLNH .UDQW]
V EHOLHIV KDYH EHHQ KHOG E\ D ODUJH QXPEHU RI SHRSOH IRU

D YHU\ ORQJ WLPH� 0\ SRVLWLRQ LV UHODWLYHO\ QHZ DQG DOWKRXJK LW KDV D QDPH WKDW LV

EHFRPLQJ� XQIRUWXQDWHO\� D EX]]ZRUG �FRQVWUXFWLYLVP _ WKHUH , VDLG LW� , HYHQ FDUU\

D FDUG��� LW LV QRW D SRVLWLRQ UHDOO\ KHOG E\ YHU\ PDQ\ SHRSOH� ,W LV LQ WKLV VHQVH WKDW ,

VD\ .UDQW] LV D WUDGLWLRQDOLVW DQG , DP D UHIRUPLVW� ,W RQO\ PHDQV WKDW KH LV WU\LQJ WR

KROG RQ WR ZKDW LV EHVW DERXW D JRLQJ FRQFHUQ� DQG , DP WU\LQJ WR EUHDN VRPH VKHOOV

DQG PDNH D QHZ RPHOHW�

1RZ \RX PLJKW WKLQN LW WKH HSLWRPH RI DUURJDQFH IRU PH WR VD\ ZKDW .UDQW] WKLQNV�

,QGHHG� GRLQJ WKLV FRQWUDGLFWV RQH RI P\ PRVW GHHSO\ KHOG EHOLHIV �H�J�� WKDW RQH SHUVRQ

FDQ QHYHU UHDOO\ NQRZ ZKDW LV LQ WKH PLQG RI DQRWKHU SHUVRQ�� %XW , RQO\ SXW LW WKDW

ZD\ WR FDWFK \RXU DWWHQWLRQ� :KDW , UHDOO\ PHDQ LV WKDW ZKDW , MXVW ZURWH LV RQH ZD\

WKDW RQH PLJKW LQWHUSUHW PDQ\ VWDWHPHQWV� VXFK DV WKH IROORZLQJ� E\ .UDQW] LQ WKLV

ERRN �WKH FRPPHQWV LQ VTXDUH EUDFNHWV DUH PLQH��

?���\RX >WKH WHDFKHU@ PXVW EH FRQVFLRXV���RI ZKDW DUH WKH NH\ LGHDV \RX DUH

WU\LQJ WR FRPPXQLFDWH WR WKH VWXGHQWV����

?,I \RX >VHYHUDO EDG WKLQJV VRPH WHDFKHUV GR VRPHWLPHV@ WKHQ \RX ZLOO QRW

VXFFHVVIXOO\ FRQYH\ WKH LQIRUPDWLRQ��
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?���WKH WHDFKHU ZKR >VHYHUDO JRRG WKLQJV VRPH WHDFKHUV GR VRPHWLPHV@ GHOLY�

HUV D JRRG FODVV��

?5HPHPEHU WKDW \RX DUH GHOLYHULQJ D SURGXFW��

,I ZH ZHUH WR VFKHPDWL]H WKH VLWXDWLRQ VXJJHVWHG E\ VXFK FRPPHQWV� LW LV WKDW RI

DQ DFWLYH WHDFKHU WU\LQJ WR GR VRPHWKLQJ WR SDVVLYH VWXGHQWV�

��� , DGPLW LW� ,
P D FRQVWUXFWLYLVW�

, DP FRQYLQFHG WKDW OHDUQLQJ GRHV QRW KDSSHQ LQ WKH ZD\ VXJJHVWHG E\ .UDQW]
V

FRPPHQWV� , EHOLHYH WKDW D SHUVRQ OHDUQV E\ DFWLYHO\ WU\LQJ WR GR VRPHWKLQJ� RU PDNH

VHQVH RI VRPHWKLQJ DQG PXVW� DOPRVW FRQVFLRXVO\� PDNH IXQGDPHQWDO FKDQJHV LQ WKH

PDNH�XS RI WKDW YDJXH HQWLW\ FDOOHG KHU RU KLV PLQG� ,W LV PDNLQJ PHQWDO FKDQJHV

WKDW , FDOO FRQVWUXFWLQJ DQG LW LV P\ EHOLHI WKDW WKH WHDFKHU FDQ RQO\ DFW LQGLUHFWO\ WR

JHW WKH VWXGHQWV WR FRQVWUXFW WKHVH FKDQJHV� 7KDW PDNHV PH D FRQVWUXFWLYLVW LQ P\

DSSURDFK WR PDWKHPDWLFV HGXFDWLRQ�

6R ZKDW GRHV D FRQVWUXFWLYLVW GR E\ ZD\ RI UHVHDUFK LQ WHDFKLQJ DQG OHDUQLQJ

WRJHWKHU ZLWK FXUULFXOXP GHYHORSPHQW" 7KHUH DUH PDQ\ SHRSOH HQJDJHG LQ WKLV HQ�

WHUSULVH DQG WKH\ KDYH PDQ\ GLmHUHQW DQVZHUV WR WKHVH WZR TXHVWLRQV� 2QH SDLU RI

DQVZHUV WKDW D QXPEHU RI SHRSOH KDYH DGRSWHG LQ WKHLU ZRUN LV WKLV� 5HVHDUFK PHDQV

WKHRUHWLFDO DQG HPSLULFDO VWXGLHV WR XQGHUVWDQG WKH QDWXUH RI WKH VSHFLnF PHQWDO FRQ�

VWUXFWLRQV WKDW D SHUVRQ PLJKW PDNH LQ RUGHU WR XQGHUVWDQG D SDUWLFXODU PDWKHPDWLFDO

FRQFHSW� 7KHVH VWXGLHV VKRXOG SRLQW WR SHGDJRJLFDO VWUDWHJLHV WKDW PLJKW KHOS VWX�

GHQWV PDNH WKH PHQWDO FRQVWUXFWLRQV WKDW DUH SURSRVHG DV D UHVXOW RI WKLV UHVHDUFK�

7KHQ� RI FRXUVH� FXUULFXOXP GHYHORSPHQW LQYROYHV WKH GHVLJQ DQG LPSOHPHQWDWLRQ RI

FRXUVHV LQ ZKLFK WKLV SHGDJRJ\ WDNHV SODFH� 7KH LQVWUXFWLRQDO WUHDWPHQWV VKRXOG IRFXV

RQ JHWWLQJ VWXGHQWV WR PDNH WKH VSHFLnF FRQVWUXFWLRQV DQG LW VKRXOG DOVR� JXLGHG E\

ZKDW ZH FDQ OHDUQ IURP UHVHDUFK� PDNH XVH RI LQQRYDWLYH SHGDJRJLFDO DSSURDFKHV VXFK

DV FRRSHUDWLYH OHDUQLQJ DQG ZULWLQJ FRPSXWHU SURJUDPV DV D ZD\ RI PDNLQJ PHQWDO

FRQVWUXFWLRQV�
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&RQVLGHU� IRU H[DPSOH� PDWKHPDWLFDO LQGXFWLRQ� ,Q VRPH UHVHDUFK WKDW ZDV GRQH

RYHU D GHFDGH DJR� DQ LPSRUWDQW GLmHUHQFH EHWZHHQ VWXGHQWV ZKR ZHUH VXFFHVVIXO

DQG WKRVH ZKR ZHUH QRW ZLWK PDNLQJ SURRIV E\ PDWKHPDWLFDO LQGXFWLRQ DSSHDUHG WR

HPHUJH� ,W VHHPHG WKDW WKH VXFFHVVIXO VWXGHQWV ZHUH FRQVWUXFWLQJ D PHQWDO SURFHVV

_ RU IXQFWLRQ _ WKDW WRRN D SRVLWLYH LQWHJHU DQG UHWXUQHG D YDOXH RI WUXH RU IDOVH

GHSHQGLQJ RQ VRPH RSHUDWLRQ� )RU LQVWDQFH� LI WKH SUREOHP ZDV WR VKRZ WKDW IRU Q

VXpFLHQWO\ ODUJH� D FDVLQR ZLWK RQO\ �� DQG �� FKLSV FRXOG DFFRPPRGDWH DQ\ QXPEHU

Q RI GROODUV� WKHQ VXFFHVVIXO VWXGHQWV VHHPHG WR EH WKLQNLQJ RI D IXQFWLRQ WKDW DFWHG

RQ D SRVLWLYH LQWHJHU Q DQG UHWXUQHG WKH WUXWK YDOXH RI WKH SURSRVLWLRQ� WKHUH H[LVWV

SRVLWLYH LQWHJHUV N� M VXFK WKDW Q  �N � �M�

)RU PDQ\ VWXGHQWV WKLV SURFHVV FRQFHSWLRQ UHSUHVHQWHG VHULRXV SURJUHVV IURP EHLQJ

UHVWULFWHG WR WKLQNLQJ DERXW D IXQFWLRQ LQ WHUPV RI SOXJJLQJ QXPEHUV LQWR DOJHEUDLF

H[SUHVVLRQ� ZKLFK ZH ZRXOG FDOO DQ DFWLRQ� ,W ZDV HYHQ KDUGHU IRU VWXGHQWV WR EH FRQ�

VFLRXV RI DQ RSHUDWLRQ RQ D IXQFWLRQ ZKLFK FRQYHUWHG VXFK D ERROHDQ YDOXHG IXQFWLRQ

3 RI WKH SRVLWLYH LQWHJHUV LQWR DQRWKHU VXFK� VD\ 4� LQ ZKLFK 4�Q� LV WKH WUXWK YDOXH

RI WKH LPSOLFDWLRQ 3 �Q�  � 3 �Q � ��� 7KLV UHTXLUHV WKLQNLQJ RI D IXQFWLRQ DV DQ

REMHFW WR ZKLFK KLJKHU OHYHO DFWLRQV FDQ EH SHUIRUPHG�

$ VRPHZKDW PRUH GHWDLOHG DQG H[WHQVLYH YHUVLRQ RI WKHVH FRPPHQWV FDPH RXW RI

D UHVHDUFK VWXG\ WKDW FRPELQHG WKHRUHWLFDO DQDO\VLV ZLWK HPSLULFDO UHVXOWV WR REWDLQ

ZKDW ZDV FDOOHG D ?JHQHWLF GHFRPSRVLWLRQ� RU ?FRJQLWLYH PRGHO� RI WKH FRQFHSW RI

PDWKHPDWLFDO LQGXFWLRQ� 7KH QH[W VWDJH RI WKH VWXG\ ZDV WR GHYHORS DQG LPSOHPHQW

DQ LQVWUXFWLRQDO WUHDWPHQW WKDW KHOSV VWXGHQWV PDNH VXFK FRQVWUXFWLRQV� )RU H[DPSOH�

WR FRQVWUXFW WKH DERYH IXQFWLRQ 3 � ZH KDG WKHP ZULWH DQG XVH WKH IROORZLQJ FRPSXWHU

SURJUDP�

3 � IXQF�Q��

UHWXUQ H[LVWV N�M LQ >���Q@ _ Q  �N � �M�

HQG�

)RU FRQYHUWLQJ WKH LPSOLFDWLRQ ZH nUVW KDG WKHP EXLOG D ?PDFKLQH� IRU GRLQJ WKLV

LQ JHQHUDO�
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FRQYHUW � IXQF�)��

UHWXUQ IXQF�Q��

UHWXUQ )�Q� LPSO )�Q����

HQG�

HQG�

$QG WKHQ WKH\ FRXOG MXVW GR

4 � FRQYHUW�3��

7KLV FRGH LV ZULWWHQ LQ WKH FRPSXWHU ODQJXDJH ,6(7/� ZKLFK LV ZKDW ZH FDOO D

PDWKHPDWLFDO SURJUDPPLQJ ODQJXDJH� ,W
V V\QWD[ LV YHU\ VLPLODU WR VWDQGDUG PDWKH�

PDWLFDO QRWDWLRQ DQG LW FDQ H[SUHVV DOPRVW HYHU\ nQLWH PDWKHPDWLFDO FRQVWUXFW �VXFK

DV TXDQWLnFDWLRQV� IXQFWLRQV DV VHWV RI RUGHUHG SDLUV� VHWV DQG VXEVHWV GHnQHG E\ FRQ�

GLWLRQV� nQLWH VHTXHQFHV� HWF�� LQ WKH ODQJXDJH RI PDWKHPDWLFV� 7KH LGHD LV WKDW E\

PDNLQJ PDWKHPDWLFDO FRQVWUXFWLRQV RQ WKH FRPSXWHU WKH VWXGHQW WHQGV WR PDNH FRU�

UHVSRQGLQJ FRQVWUXFWLRQV LQ KHU RU KLV PLQG� 6HH >�@ IRU D GLVFXVVLRQ RI ,6(7/ DQG

LWV XVH LQ PDWKHPDWLFV HGXFDWLRQ�

7KH VWXG\ IRXQG WKDW XVLQJ VXFK DQ LGHD _ WRJHWKHU ZLWK VRPH RWKHU SHGDJRJLFDO

VWUDWHJLHV� VWXGHQWV GHYHORSHG ZKDW DSSHDUHG WR D VXUSULVLQJO\ GHHS XQGHUVWDQGLQJ RI

PDNLQJ SURRIV E\ PDWKHPDWLFDO LQGXFWLRQ _ DQG WKH\ FRXOG PDNH VXFK SURRIV� HYHQ

ZKHQ WKH SUREOHPV ZHUH VRPHZKDW GLmHUHQW IURP ZKDW WKH\ KDG EHHQ SUDFWLFLQJ RQ�

<RX FDQ VHH WKH GHWDLOV RI WKLV VWXG\ LQ >�� �@

7KLV NLQG RI DSSURDFK KDV EHHQ DSSOLHG WR D IDLUO\ ODUJH QXPEHU RI FRQFHSWV LQ

XQGHUJUDGXDWH PDWKHPDWLFV DQG FRXUVHV �LQFOXGLQJ WH[WERRNV� OHVVRQ SODQV� VDPSOH

H[DPV� HWF�� KDYH EHHQ GHYHORSHG LQ GLVFUHWH PDWKHPDWLFV� SUHFDOFXOXV� FDOFXOXV DQG

DEVWUDFW DOJHEUD� ,W LV D JHQHUDO UHVHDUFK SURJUDP WKDW ,� WRJHWKHU ZLWK VHYHUDO RWKHUV�

DUH WU\LQJ WR LPSOHPHQW� $Q RYHUDOO GHVFULSWLRQ RI WKH UHVHDUFK ZH DUH GRLQJ FDQ EH

IRXQG LQ >�@ DQG \RX FDQ nQG OLQNV WR VSHFLnF SXEOLVKHG UHVHDUFK UHSRUWV DQG WH[WERRNV

DW WKH IROORZLQJ :(% DGGUHVVHV�

KWWS���UXPHF�FV�JVX�HGX�

KWWS���ZZZ�FV�JVX�HGX� PDWMEN[�HGG�P\SDSHUV�KWPO
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)LQDOO\� VLQFH , DP WDONLQJ DERXW FRQVWUXFWLYLVP� , WKLQN , QHHG WR VD\ VRPHWKLQJ

DERXW GLVFRYHU\ OHDUQLQJ� 7KHUH VHHPV WR EH VRPH FRQIXVLRQ KHUH DERXW ZKDW LV EHLQJ

DGYRFDWHG� .UDQW] VD\V WKDW WKH ?UHIRUP VFKRRO RI WKRXJKW� IDYRUV GLVFRYHU\ DQG

WKDW RQH RI WKH ?KDOOPDUNV RI WKH QHZ PHWKRGRORJ\� LV WKDW VWXGHQWV VKRXOG GLVFRYHU

PDWKHPDWLFDO IDFWV IRU WKHPVHOYHV��

1RW H[DFWO\� 2QH GRHV QRW KDYH WR EH DQ HGXFDWLRQDO WUDGLWLRQDOLVW WR UHDOL]H WKDW

ZKDW WRRN KXQGUHGV� LI QRW WKRXVDQGV RI \HDUV IRU PDWKHPDWLFLDQV WR GLVFRYHU LV QRW

OLNHO\ WR EH nJXUHG RXW E\ YHU\ PDQ\ VWXGHQWV _ HYHQ LI WKH\ GR KDYH ORW
V RI JLDQW

VKRXOGHUV WR VWDQG RQ� SRZHUIXO FRPSXWHUV WR ZRUN IRU WKHP� DQG LQWHOOLJHQW� VHQVLWLYH

WHDFKHUV �DOO XS WR VSHHG RQ H[LVWLQJ UHVHDUFK� WR JXLGH WKHP� ,W LV DOPRVW LQVXOWLQJ WR

KHDU VR PDQ\ SHRSOH VXJJHVW WKDW UHIRUPHUV DUH VR PLVJXLGHG DV WR QRW UHDOL]H WKLV� ,I

ZH VHW EHIRUH RXU VWXGHQWV PDWKHPDWLFDO WDVN WR SHUIRUP EHIRUH WKH\ KDYH OHDUQHG WKH

PDWKHPDWLFV WKHQ WKH\ DUH QRW OLNHO\ WR LQYHQW D SURRI RI WKH IXQGDPHQWDO WKHRUHP

RI FDOFXOXV�

6R ZK\ GR ZH GR LW" :K\ GR ZH WU\ WR JHW VWXGHQWV WR ZRUN RQ PDWKHPDWLFDO

SUREOHP VLWXDWLRQV WKDW XVH PDWKHPDWLFDO FRQFHSWV DQG PHWKRGV WKH\ KDYH QRW \HW

OHDUQHG� ,W LV QRW WKDW� JLYHQ WKH DSSURSULDWH VLWXDWLRQV� WKH\ DUH OLNHO\ WR UHDOL]H RQ

WKHLU RZQ WKDW WKHUH LV VRPH NLQG RI LQYHUVH UHODWLRQVKLS EHWZHHQ YHORFLW\ DQG DUHD�

EHWZHHQ GHULYDWLYHV DQG OLPLWV RI 5LHPDQQ VXPV� RU WKDW WKH\ FDQ �DQG , FDQ WHOO

\RX WKDW PDQ\ GR� LQYHQW WKH FKDLQ UXOH DIWHU UHoHFWLQJ RQ VRPH DW nUVW P\VWHULRXV

H[DPSOHV� $OO RI WKHVH WKLQJV KDSSHQ LQ PDQ\ UHIRUP FRXUVHV DQG WKH\ KDSSHQ ZLWK

UHODWLYHO\ VPDOO ORVV RI ?FRYHUDJH�� %XW WKH\ DUH QRW WKH PRVW LPSRUWDQW UHDVRQ IRU

JLYLQJ VWXGHQWV DQ RSSRUWXQLW\ WR GLVFRYHU YDULRXV WKLQJV LQ PDWKHPDWLFV�

7KH UHDO UHDVRQ LV WKH ZRUG , MXVW XVHG _ RSSRUWXQLW\ _ DQG LW LV DQ LGHD WKDW

JRHV EDFN WR 3LDJHW� ,I \RX JLYH \RXU VWXGHQWV WKH RSSRUWXQLW\ WR GLVFRYHU VRPH ELW RI

PDWKHPDWLFV� WKHQ ZKHWKHU WKH\ VXFFHHG RU QRW� LW VHHPV WR EH D SV\FKRORJLFDO IDFW

WKDW PXFK RI WKH DWWHQWLRQ DQG PHQWDO HQHUJ\ WKH\ SXW LQWR nJXULQJ VRPHWKLQJ RXW LV
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GLUHFWO\ WUDQVIHUUHG WR XQGHUVWDQGLQJ WKH H[SODQDWLRQ ZKHQ LW LV JLYHQ E\ D PHPEHU RI

WKH VWXGHQW
V JURXS� RU DQRWKHU JURXS� RU WKH WHDFKHU� $QG VLQFH \RX DUH QRW SODQQLQJ

RQ ZDLWLQJ XQWLO HYHU\RQH �DQ\RQH"� KDV PDGH WKH GLVFRYHU\� \RX FDQ FXW LW Rm DQG

PRYH RQ ZKHQHYHU \RX GHFLGH� WKHUHE\ FRQWUROOLQJ WKH DPRXQW RI WLPH VSHQW RQ WU\LQJ

WR GLVFRYHU VRPHWKLQJ�

��� $ PDWKHPDWLFLDQ" <RX PXVW EH DEOH WR DGG XS UHDOO\ ORQJ OLVWV RI

QXPEHUV�

:H DOO NQRZ ZKDW KDSSHQV DW FRFNWDLO SDUWLHV ZKHQ ZH RZQ XS WR EHLQJ PDWKHPDWL�

FLDQV� 3HRSOH WKLQN WKDW DOO ZH GR LV DULWKPHWLF RSHUDWLRQV ZLWK QXPEHUV _ ORW
V RI

QXPEHUV DQG ELJ RQHV� WRR� 7UDGLWLRQDOLVWV DFFXVH UHIRUPHUV RI LJQRULQJ FDOFXODWLRQV

DQG UHIRUPHUV FRQIXVH WUDGLWLRQDOLVWV ZLWK PLQGOHVV JXHVWV DW D SDUW\� %RWK DUH ZURQJ�

2Q RQH OHYHO� , DP VRPHZKDW EHPXVHG WKDW WKHUH LV DQ DUJXPHQW KHUH� +RZ FDQ

DQ\RQH LQ WKH PDWKHPDWLFV HQWHUSULVH� IURP KLJK VFKRRO WHDFKHU� WR LQGXVWULDO XVHU� WR

UHVHDUFKHU� HYHQ FRQFHLYH RI PDWKHPDWLFV ZLWKRXW ORW
V RI KHDY\ FRPSXWDWLRQV" 2Q

WKH RWKHU KDQG� KRZ FDQ DQ\RQH ZKR DFWXDOO\ XQGHUVWDQGV PDWKHPDWLFV WKLQN WKDW

FDOFXODWLRQ LV WKH ZKROH VWRU\� 7R EH KRQHVW� , GRQ
W WKLQN , NQRZ DQ\ WUDGLWLRQDOLVWV RU

UHIRUPHUV ZKR KROG WR HLWKHU RI WKHVH YLHZV� , WKLQN ZH DOO EHOLHYH WKDW XQGHUVWDQGLQJ

PDWKHPDWLFV PHDQV WKDW \RX DUH DEOH WR SHUIRUP FDOFXODWLRQV DQG WKDW \RX KDYH VRPH

XQGHUVWDQGLQJ RI ZKDW WKRVH FDOFXODWLRQV DUH DERXW�

<RX GRQ
W KDYH WR EH D ZKL] DW FDOFXODWLRQV� EXW \RX GR KDYH WR EH DEOH WR GR

WKHP� KRZHYHU VORZO\ DQG KRZHYHU PDQ\ WLPHV \RX KDYH WR UHSHDW WKHP WR DYRLG

HUURUV� 7HFKQRORJLFDO WRROV FDQ DQG VKRXOG EH XVHG _ EXW DV DLGV� QRW WR UHSODFH WKH

DELOLW\ RI WKH SHUVRQ ZKR XVHV WKHP� 7R EH VSHFLnF� \RX KDYH WR EH DEOH WR WDNH WKH

GHULYDWLYH RI DQ\ FRPSRVLWLRQ RI HOHPHQWDU\ IXQFWLRQV� HYHQ WKRXJK \RX PD\ RIWHQ

FKRRVH WR XVH D FRPSXWHU DOJHEUD V\VWHP WR GR WKH MRE� RU WR FKHFN \RXU ZRUN�

$V WR XQGHUVWDQGLQJ� \RX KDYH WR KDYH WKH SURYHUELDO ?IHHO� IRU FDOFXODWLRQV VR DV

WR KDYH D URXJK LGHD RI KRZ WKH\ DUH JRLQJ WR FRPH RXW ZLWKRXW QHFHVVDULO\ GRLQJ

�



WKHP� \RX KDYH WR EH FRQVFLRXV RI SDWWHUQV� \RX KDYH WR NQRZ ZKDW WKH FDOFXODWLRQV

DUH XVHIXO IRU DQG KRZ WKH\ UHODWH WR RWKHU VLWXDWLRQV� PDWKHPDWLFDO DQG RWKHUZLVH�

DQG \RX KDYH WR NQRZ ZK\ SDUWLFXODU FDOFXODWLRQV DUH PDGH LQ SDUWLFXODU ZD\V�

7KH IDFW LV WKDW ERWK FDOFXODWLRQV DQG FRQFHSWXDO XQGHUVWDQGLQJ DUH HVVHQWLDO SDUWV

RI PDWKHPDWLFV DQG WKH\ DUH FRPSOHWHO\ GHSHQGHQW RQ HDFK RWKHU� 'LmHUHQWLDWLRQ

LV DQ LQFUHGLEO\ XVHIXO WRRO IRU VROYLQJ D PXOWLWXGH RI SUREOHPV IURP WKH HYHU\GD\

ZRUOG� ,W LV DOVR DQ RSHUDWRU RQ FHUWDLQ IXQFWLRQ DOJHEUDV WKDW LV OLQHDU EXW QRW

H[DFWO\ PXOWLSOLFDWLYH _ DQG LW WUDQVIRUPV FRPSRVLWLRQ WR PXOWLSOLFDWLRQ� , WKLQN LW

LV LPSRUWDQW WR XQGHUVWDQG WKHVH DEVWUDFW SURSHUWLHV RI GLmHUHQWLDWLRQ� EXW , FDQ
W

LPDJLQH D YHU\ GHHS YHUVLRQ RI VXFK XQGHUVWDQGLQJ WKDW LV QRW EDVHG RQ D WKRURXJK

NQRZOHGJH RI WKH UXOHV IRU FDOFXODWLQJ GHULYDWLYHV�

6XUHO\ HYHU\RQH DJUHHV ZLWK ZKDW , KDYH MXVW ZULWWHQ� 6R ZK\ LV WKHUH D FRQWUR�

YHUV\" 7KH FRQWURYHUV\ FRPHV EHFDXVH WKHUH LV D YHU\ ODUJH QXPEHU RI VWXGHQWV ZKR

KDYH GLpFXOW\ ZLWK HLWKHU FDOFXODWLRQV RU FRQFHSWXDO XQGHUVWDQGLQJ RU ERWK� 2XU

GLmHUHQFHV KHUH DUH DERXW KRZ WR GHDO ZLWK WKLV� , WKLQN LW ZDV D ZRQGHUIXO LGHD WKDW

PD\EH� LI \RX FRXOG XVH D FRPSXWHU WR GR WKH FDOFXODWLRQV� WKH VWXGHQW ZRXOG EH IUHHG

WR VSHQG PRUH WLPH DQG HQHUJ\ XQGHUVWDQGLQJ WKH FRQFHSWV� (LWKHU WKDW ZRXOG EH

HQRXJK RU LW PLJKW WXUQ RXW WKDW JRLQJ EDFN ODWHU� WKH VWXGHQW FRXOG EHWWHU OHDUQ KRZ

WR FDOFXODWH� 6R PD\EH ZH VKRXOG VWRS LQVLVWLQJ WKH VWXGHQWV OHDUQ WKH FDOFXODWLRQV�

OHW WKHP XVH WKH WHFKQRORJ\ DQG ZH FDQ JHW RQ ZLWK WKH FRQFHSWV

8QIRUWXQDWHO\� LW VHHPV IDLUO\ FOHDU WR PH WKDW WKLV GRHV QRW ZRUN� .UDQW] LV ULJKW

ZKHQ KH SRLQWV RXW WKDW ?� � �WKHUH LV QR HYLGHQFH� � �WKDW D SHUVRQ ZKR LV XQDEOH WR

XVH WKH TXDGUDWLF IRUPXOD� E\ KDQG EXW FDQ GR VR ZLWK D PDFKLQH ZLOO ?� � �EH DEOH

LQVWHDG WR DQDO\]H FRQFHSWXDO SUREOHPV�� 0\ H[SHULHQFH VXJJHVWV WKDW FDOFXODWLQJ

GHULYDWLYHV LV KDUG IRU PDQ\ VWXGHQWV EXW XQGHUVWDQGLQJ GLmHUHQWLDWLRQ DV DQ RSHUDWRU

RQ IXQFWLRQV LV PXFK KDUGHU� 7KHUH LV VLPSO\ QR ZD\ DURXQG WKH SHGDJRJLFDO SUREOHP

WKDW ZH PXVW nQG ZD\ WR JHW RXU VWXGHQWV WR EH EHWWHU DW ERWK FDOFXODWLRQV DQG

�



FRQFHSWXDO XQGHUVWDQGLQJ�

, WKLQN� LQFLGHQWDOO\� WKHUH DUH ZD\V WR XVH WHFKQRORJ\ WR KHOS GR WKLV DQG WKHUH

DUH VHYHUDO UHIHUHQFHV JLYHQ E\ .UDQW] �IRU H[DPSOH� WKH SDSHU E\ +HLG DQG P\ RZQ�

MRLQW� ZRUN LQ FDOFXOXV ZLWK VHYHUDO RWKHUV��

$Q LPSRUWDQW SRLQW IRU WHDFKHUV ZKR SODQ WR WKLQN DERXW WKHLU VWXGHQWV
 ZRUN

ZLWK FDOFXODWLRQV DQG FRQFHSWXDO XQGHUVWDQGLQJ LV P\ REVHUYDWLRQ WKDW WKH VWURQJHVW

UHVLVWDQFH WR GH�HPSKDVL]LQJ FDOFXODWLRQV FDQ FRPH IURP WKH VWXGHQWV ZKR �ZLWK FRQ�

VLGHUDEOH MXVWLnFDWLRQ� IHHO H[WUHPHO\ LQVHFXUH ZKHQ DVNHG WR UHoHFW RQ FDOFXODWLRQV

WKH\ FDQ GR E\ KDQG RQO\ KDOWLQJO\� ,Q WKH FRQWH[W RI D WKHRU\ , ZRUN ZLWK� WKHUH KDV

WR EH D VWURQJ EDVH DELOLW\ WR SHUIRUP DFWLRQV �FDOFXODWLRQV� EHIRUH DQ LQGLYLGXDO LV

UHDG\ WR PRYH RQ WR WKLQNLQJ DERXW SURFHVVHV �UHoHFWLRQ RQ WKH DFWLRQV��

��� <HV� %DUELH� PDWK LV WRXJK�

, WKLQN .UDQW] LV ZURQJ ZKHQ KH VD\V� ?7KHUH LV QR WRSLF LQ WKH >FDOFXOXV@ FRXUVH WKDW

LV LQWULQVLFDOO\ GLpFXOW� :H PHUHO\ QHHG WR WUDLQ RXU VWXGHQWV WR GR LW�� $VLGH IURP

WKH IDFW WKDW KLV VHFRQG VHQWHQFH KHUH LV PRUH RI D IRFXV RQ DFWLRQV DV RSSRVHG WR

UHoHFWLRQ WKDQ , WKLQN ZLVH� , DP QRW VXUH ZKDW FRXOG SRVVLEO\ EH PHDQW E\ WKH WHUP

?LQWULQVLFDOO\ GLpFXOW�� *LYHQ DQ\ WRSLF �LQ FDOFXOXV RU DQ\ PDWKHPDWLFV VXEMHFW��

DQ\ VWXGHQWV� DQG DQ\ SRLQW LQ WKHLU GHYHORSPHQW� WKHUH ZLOO EH VRPH IRU ZKRP WKH

WRSLF LV KDUG DQG VRPH IRU ZKRP LW LV HDV\� %RWK P\ H[SHULHQFH DQG P\ UHVHDUFK

VXJJHVWV YHU\ VWURQJO\ WKDW WKH LGHD RI D IXQFWLRQ DV DQ REMHFW� VR WKDW WKH GHULYDWLYH

RI D IXQFWLRQ LV D IXQFWLRQ� RU WKH VROXWLRQ WR D SUREOHP FDQ EH D IXQFWLRQ� LV KDUG� ,W

ZDV KDUG IRU HQWLUH VRFLHWLHV DQG UHTXLUHG D ORQJ KLVWRULFDO GHYHORSPHQW� , WKLQN WKDW

DOPRVW HYHU\ERG\ KDV WR PDNH VRPH VHULRXV PHQWDO FKDQJHV WR PRYH IURP WKLQNLQJ RI D

IXQFWLRQ DV VRPHWKLQJ WKDW GRHV VRPHWKLQJ �SURFHVV� WR WKLQNLQJ RI LW DV VRPHWKLQJ WR

ZKLFK VRPHWKLQJ LV GRQH �DFWLRQ RQ DQ REMHFW�� :KDWHYHU WKH SKUDVH PHDQV� , WKLQN

WKDW GHYHORSLQJ WKH DELOLW\ WR XQGHUVWDQG D IXQFWLRQ DV DQ REMHFW LV ?LQWULQVLFDOO\

GLpFXOW��

��



7KH SRLQW LV LPSRUWDQW EHFDXVH ZH UHDOO\ KDYH WR GHFLGH� UHJDUGLQJ VXFK H[DPSOHV�

ZKHWKHU ZH FDQ JHW E\ ZLWK SHGDJRJ\ IRFXVHG RQ MXVW WUDLQLQJ RXU VWXGHQWV WR GR

LW� RU LI ZH KDYH WR GHYHORS VXEVWDQWLDO SHGDJRJLFDO VWUDWHJLHV WR KHOS RXU VWXGHQWV

RYHUFRPH D PDMRU REVWDFOH�

��� 6R ZKR
V ULJKW"

, PHDQ ZKR LV ULJKW LQ DOO FRQWURYHUVLHV DERXW KRZ SHRSOH OHDUQ DQG ZKDW WHDFKHUV

FDQ GR WR KHOS" , WKLQN .UDQW]
V DQVZHU WR WKLV TXHVWLRQ H[SUHVVHV WKH VLWXDWLRQ

H[TXLVLWHO\ LQ IRXU ZRUGV� ?)UDQNO\� ZH GRQ
W NQRZ��

%XW ZH KDG EHWWHU nQG RXW� , WKLQN WKDW UHVHDUFK LV RQH ZD\ WR GR VR� EXW ZH

FDQQRW H[SHFW WKH NLQG RI UHVHDUFK WKDW PDNHV D VPDOO QXPEHU RI VWXGLHV �RU HYHQ D

VLQJOH RQH� DQG DOORZV XV WR VD\ WKDW WKLV RU WKDW SHGDJRJLFDO DSSURDFK LV EHVW _ RU

HYHQ EHWWHU� 2XU GRPDLQ LV PXFK WRR GLpFXOW� FRPSDUHG IRU H[DPSOH� ZLWK PHGLFDO

UHVHDUFK DQG HYHQ WKHUH ZH KDYH H[WHQVLYH VWXGLHV RYHU ORQJ SHULRGV RI WLPH WKDW WHOO

XV WKLQJV OLNH WKDOLGRPLGH LV UHODWLYHO\ KDUPOHVV DQG ZDWFKLQJ DWRPLF H[SORVLRQV FDQ

EH GRQH ZLWK LPSXQLW\�

7KH NLQG RI UHVHDUFK ZH QHHG LV EDVLF� ORQJ WHUP DQG PXVW UHODWH WR WKHRUHWLFDO

DQDO\VHV LQ DGGLWLRQ WR WKH JDWKHULQJ RI GDWD� 5HVHDUFK FDQ EHJLQ WR WHOO XV D IHZ

WKLQJV� VXFK DV WKDW LW KHOSV VWXGHQWV XQGHUVWDQG DQG VXFFHHG ZLWK SURRIV E\ LQGXFWLRQ

LI WKH\ DUH DEOH WR WKLQN LQ WHUPV RI IXQFWLRQV ZKRVH GRPDLQV DUH WKH VHW RI SRVLWLYH

LQWHJHUV DQG ZKRVH UDQJHV DUH WKH VHW RI WZR ERROHDQ YDOXHV� %XW ZH QHHG WR LQWHJUDWH

WKLV UHVHDUFK JUDGXDOO\ DQG LQWHOOLJHQWO\ ZLWK RXU WHDFKLQJ DQG WKLV LV RQH UHDVRQ

, KRSH WKDW WKH oHGJLQJ nHOG RI UHVHDUFK LQ XQGHUJUDGXDWH PDWKHPDWLFV HGXFDWLRQ

EHFRPHV DFFHSWHG DV RQH RI WKH PDWKHPDWLFDO VFLHQFHV�

%XW UHVHDUFK ZLOO QRW EH HQRXJK� :H QHHG GLVFXVVLRQV RQ ZKLFK SHRSOH� QR PDWWHU

KRZ PXFK WKH\ GLVDJUHH DUH ZRUNLQJ WRJHWKHU WR nQG VROXWLRQV WR RXU HGXFDWLRQDO

SUREOHPV DQG QRW MXVW VFRUH SRLQWV Rm HDFK RWKHU� :H QHHG ZRUNLQJ WRJHWKHU LQ PRGHV

VXFK DV WKLV ERRN DQG LWV DSSHQGLFHV� ,QGHHG� RQH RI WKH PRVW LPSRUWDQW FRQWULEXWLRQV
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RI .UDQW]
V ERRN LV WKRVH IRXU ZRUGV DERYH� WRJHWKHU ZLWK WKH FOHDU WKUXVW RI GRLQJ

VRPHWKLQJ WR nQG RXW� 3HUKDSV KHUH LV D SODFH WR SRLQW RXW� DV , KDYH GRQH HOVHZKHUH�

WKDW 3LDJHW �ZKR LV D JUHDW UROH PRGHO IRU PH� KDELWXDOO\ GHDOW ZLWK PDMRU nJXUHV

ZKR GLVDJUHHG ZLWK KLP E\ LQYLWLQJ WKHP IRU D \HDU RU VR WR *HQHYD WR ZRUN WRJHWKHU

ZLWK KLP RQ D SURMHFW _ QRW WR GHFLGH ZKR LV ULJKW� EXW WR V\QWKHVL]H WKHLU RSSRVLQJ

YLHZV �WKH ERRN E\ %HWK DQG 3LDJHW OLVWHG LQ .UDQW]
V ELEOLRJUDSK\ LV RQH SURGXFW RI

WKLV FXVWRP�� $V IDU DV , FDQ WHOO� LQ WKH nHOG RI FROOHJLDWH PDWKHPDWLFV HGXFDWLRQ�

WKH RQO\ SHUVRQ ZKR KDV UHDOO\ GRQH DQ\WKLQJ WKDW HYHQ PRYHV LQ WKDW GLUHFWLRQ LV

.UDQW] LQ ZULWLQJ WKLV ERRN� LQ LQYLWLQJ WKHVH DSSHQGLFHV� DQG GLVFXVVLQJ ZLWK PDQ\

SHRSOH ZKDW DUH WKHLU REMHFWLRQV WR ZKDW KH LV ZULWLQJ�

� 7HDFKLQJ PHWKRGRORJLHV

7KURZ RXW WKH ROG DQG EULQJ LQ WKH QHZ� :HOO� SHUKDSV� EXW OHW
V EH FDUHIXO� , ZRXOG

OLNH WR WDON DERXW ZK\ , GRQ
W WKLQN WKH OHFWXUH PHWKRG LV D YHU\ JRRG LGHD� , ZRXOG

DOVR OLNH WR GHVFULEH VRPH SRVVLEOH DOWHUQDWLYHV� 7KLV EULQJV XS WKH TXHVWLRQ RI KRZ

WR GHFLGH ZKDW NLQG LI WHDFKLQJ RQH VKRXOG GR" +DYLQJ PDGH WKDW GHFLVLRQ� LW WXUQV

RXW WKDW WKH ZRUN LV QRW RYHU� LW KDV MXVW EHJXQ� /HDUQLQJ KRZ WR XVH D SDUWLFXODU

WHDFKLQJ PHWKRGRORJ\ LV QRW DXWRPDWLF� :H DOO ZHQW WKURXJK PDQ\ \HDUV �GHFDGHV

IRU VRPH RI XV�� EHLQJ VXEMHFWHG WR DQG XVLQJ ZKDW YHU\ URXJKO\ PLJKW EH FDOOHG D

WUDGLWLRQDO SHGDJRJ\� 6R ZH ZLOO EH SUHSDUHG WR XVH WKDW LI LW LV RXU FKRLFH� , KRSH

LW ZRQ
W EH� %XW WKDW PHDQV WKDW WKHUH LV D ORW RI ZRUN WR EH GRQH LQ GHYHORSLQJ WKH

DELOLW\ WR XVH D SHGDJRJLFDO VWUDWHJ\ RQ \RXU VWXGHQWV WKDW LV GLmHUHQW IURP ZKDW \RX

H[SHULHQFHG�

��� 'R OHFWXUHV ZRUN"

.UDQW] VD\V WKDW KH LV QRW UHDG\ WR JLYH XS RQ OHFWXUHV EHFDXVH�

?7KH\ KDYH ZRUNHG IRU WKRXVDQGV RI \HDUV� LQ PDQ\ GLmHUHQW VRFLHWLHV� DQG

LQ PDQ\ GLmHUHQW FRQWH[WV� $QG WKH\ KDYH ZRUNHG IRU PH��

��



,V WKLV UHDOO\ WUXH" )RUJHW DERXW ?ZRUNLQJ� IRU D PRPHQW� DQG OHW PH DVN LI

OHFWXULQJ DV ZH NQRZ LW KDV EHHQ KDSSHQLQJ IRU ?WKRXVDQGV RI \HDUV�� 'LG 6RFUDWHV

RU 3ODWR OHFWXUH" ,V WKLV ZKDW WKH PDWKHPDWLFDO PRQNV RI WKH 0LGGOH $JHV ZHUH

GRLQJ" :KDW ZDV )HUPDW
V FODVVURRP SUHVHQFH OLNH" :DV 1HZWRQ HmHFWLYH LQ KLV

SUHVHQWDWLRQV WR VWXGHQWV" +RZ ODUJH D FODVV VL]H GLG *DORLV KDYH WR GHDO ZLWK" :DV

OHFWXULQJ WKH ZD\ (XURSHDQ VWXGHQWV RI WKH ��WK DQG ��WK OHDUQHG PDWKHPDWLFV" 2U

PD\EH .UDQW] LV UHIHUULQJ WR WKRXVDQGV RI \HDUV RI OHFWXUHV RQ PDWKHPDWLFV LQ &KLQD"

, DP QRW DQ KLVWRULDQ DQG , GRQ
W NQRZ� )URP ZKDW OLWWOH , KDYH KHDUG� KRZHYHU� ,

WKLQN WKDW WKH SUDFWLFH RI OHFWXULQJ DV WKH PDLQ WHDFKLQJ PHWKRGRORJ\ IRU XQLYHUVLW\

PDWKHPDWLFV LV PXFK PRUH UHFHQW� , VXVSHFW WKDW LQVWHDG RI ?WKRXVDQGV RI \HDUV�� ZH

PD\ EH WDONLQJ DERXW KXQGUHGV RI \HDUV� RU SHUKDSV HYHQ GHFDGHV� :KDWHYHU LV WKH

H[WHQW WR ZKLFK OHFWXUHV KDYH ZRUNHG� DQG ZKDWHYHU LV PHDQW KHUH E\ ?ZRUN�� , DP

QRW VR VXUH WKHUH LV DQ H[WHQVLYH KLVWRU\ VXSSRUWLQJ WKLV SDUWLFXODU VWUDWHJ\�

:KDW FDQQRW EH GRXEWHG� RI FRXUVH� LV .UDQW]
V FODLP WKDW WKH\ KDYH ZRUNHG

IRU KLP� :HOO� VRPHWKLQJ ZRUNHG IRU .UDQW] DQG WKH PXOWLWXGH RI RWKHU VXFFHVVIXO

UHVHDUFK PDWKHPDWLFLDQV ZH KDYH SURGXFHG� OHW XV VD\ LQ WKLV FHQWXU\� ,W LV SRVVLEOH

WKDW IRU WKHVH SDUWLFXODU LQGLYLGXDOV� MXVW DERXW DQ\WKLQJ ZRXOG KDYH ZRUNHG �HYHQ

FRRSHUDWLYH OHDUQLQJ�� (YHQ WKH\ GLG OHDUQ PDWKHPDWLFV E\ DWWHQGLQJ OHFWXUHV� WKLV

FROOHFWLRQ RI LQGLYLGXDOV LV KDUGO\ W\SLFDO DQG FHUWDLQO\ QRW YHU\ UHSUHVHQWDWLYH RI

WKH VWXGHQW ERG\ ZH DUH ZRUNLQJ ZLWK LQ RXU VRFLHW\
V JUHDW H[SHULPHQW ZLWK PDVV

HGXFDWLRQ DW WKH SRVW�VHFRQGDU\ OHYHO�

:KDW GRHV VHHP FOHDU QRZ DQG IRU WKLV VWXGHQW ERG\ LV WKDW OHFWXULQJ LV QRW

ZRUNLQJ� 7KLV LV DWWHVWHG WR E\ UHSRUWV RI PLQXVFXOH DWWHQGDQFH DW WKH OHFWXUHV�

SRRU SHUIRUPDQFH LQ WHVWV EDVHG RQ WKRVH OHFWXUHV� GLVVDWLVIDFWLRQ RQ WKH SDUW RI

WHDFKHUV RI WKHVH VWXGHQWV LQ VXEVHTXHQW FRXUVHV �LQ PDWKHPDWLFV DQG FRXUVHV IRU

ZKLFK PDWKHPDWLFV LV D SUHUHTXLVLWH� DQG ZKDW VHHPV WR EH D GHFOLQH LQ WKH UDWH RI

VXFFHVVIXO FRPSOHWLRQ RI PDWKHPDWLFV FRXUVHV�

��



,I ZH FDQ DOO DJUHH WKDW WKLV SUREOHP H[LVWV� WKHUH DUH FHUWDLQO\ YHU\ GLmHUHQW YLHZV

DERXW LWV FDXVHV� DQG ZKDW WR GR DERXW LW� .UDQW] WDNHV WKH SRVLWLRQ WKDW OHFWXULQJ

ZRXOG EH VXpFLHQWO\ HmHFWLYH LI ZH ZHUH EHWWHU DW LW� , GLmHU ZLWK WKDW RQ SXUHO\

SHUVRQDO JURXQGV� , WKLQN , DP DQ H[FHOOHQW OHFWXUHU _ EXW , GRQ
W WKLQN P\ VWXGHQWV

JRW QHDUO\ DV PXFK RXW RI P\ OHFWXUH FRXUVHV DV WKH\ GR WRGD\ LQ P\ FRXUVHV ZKLFK

XVH RWKHU SHGDJRJLHV�

2WKHUV DUJXH WKDW LW LV WKH VWXGHQWV
 IDXOW� 7KH EDFNJURXQG WKH\ REWDLQHG LQ

KLJK VFKRRO �ZKHUH WKH\ ZHUH WDXJKW E\ WHDFKHUV WKDW DUH ODUJHO\ SURGXFWV RI OHFWXUH�

SHGDJRJ\� LV WRR ZHDN� RU WKHLU DWWLWXGHV DUH DOO ZURQJ� RU WKH FRQGLWLRQV XQGHU ZKLFK

ZH WHDFK DUH LQDGHTXDWH� %H DOO WKDW DV LW PD\� LI ZH KDYH D KXJH HQWHUSULVH �FROOHJLDWH

PDWKHPDWLFV HGXFDWLRQ� ZKLFK LV QRW ZRUNLQJ� WKHQ LW LV SUHWW\ XQOLNHO\ WKDW DOO RI

WKH IDXOW OLHV LQ SODFHV RWKHU WKDQ WKH PHWKRGV WHDFKHUV XVH LQ WKDW HQWHUSULVH� , WKLQN

WKDW DV PDWKHPDWLFLDQV ZH DUH UHVSRQVLEOH IRU ZRUNLQJ WR PDNH FKDQJHV LQ WKH RYHUDOO

V\VWHP WR KHOS GHDO ZLWK RXU SUREOHPV� EXW WKDW LV D ORQJ�WHUP RSHUDWLRQ� ,Q WKH

PHDQWLPH� ZH PXVW nJXUH RXW KRZ WR GR WKH EHVW ZH FDQ ZLWK WKH VWXGHQWV ZH KDYH

DQG WKH FRQGLWLRQV XQGHU ZKLFK ZH ZRUN� ,Q P\ YLHZ� WKDW PHDQV ZH PXVW ORRN IRU

DOWHUQDWLYHV WR WKH OHFWXUH PHWKRG�

��� :KDW DUH WKH DOWHUQDWLYHV WR WUDGLWLRQDO SHGDJRJLFDO PHWKRGV"

7KHUH LV D PXOWLWXGH RI QHZ SHGDJRJLFDO VWUDWHJLHV LQ FROOHJLDWH PDWKHPDWLFV HGXFDWLRQ

WKDW PDQ\ SHRSOH KDYH EHHQ GHYHORSLQJ DQG LPSOHPHQWLQJ RYHU WKH ODVW GHFDGH� 7KH\

LQFOXGH YDULRXV ZD\V LQ ZKLFK WHFKQRORJ\ FDQ EH XVHG� FRRSHUDWLYH OHDUQLQJ� UHSODFLQJ

VRPH OHFWXULQJ ZLWK PHWKRGV LQ ZKLFK VWXGHQWV DUH PRUH DFWLYH� ZULWLQJ� DQG WKH XVH

RI KLVWRU\�

,W ZRXOG EH YHU\ QLFH LI , FRXOG SRLQW WR D SODFH ZKHUH DOO RI WKHVH PHWKRGV DUH

GHVFULEHG� 1RZ LV WKH ZURQJ WLPH IRU WKLV� :H DUH WRR PXFK LQ D SHULRG RI QHZ

LGHDV� UHYLVLQJ nUVW DWWHPSWV� GLVFDUGLQJ VRPH DSSURDFKHV DQG SXUVXLQJ RWKHUV WKDW

VHHP PRUH SURPLVLQJ� .UDQW] JLYHV VRPH LQIRUPDWLRQ RQ ZKDW LV DYDLODEOH DQG 0$$

��



2Q/LQH LV DQRWKHU VRXUFH� %XW , DP DIUDLG WKDW WKH LQWHUHVWHG IDFXOW\ PHPEHU PXVW

GR D ORW RI GLJJLQJ LQ WKH OLEUDU\� UHDG SXEOLFDWLRQV RI WKH 0$$ DQG $06� DWWHQG

VHFWLRQDO DQG QDWLRQDO PHHWLQJV ZKHUH VRPH RI WKHVH DSSURDFKHV DUH GLVFXVVHG� DQG

JHQHUDOO\ EH RQ WKH ORRNRXW IRU QHZ LGHDV DV WKH\ HPHUJH DQG DUH UHSRUWHG�

7KHUH LV VRPH GLVFXVVLRQ DERYH LQ P\ VHFWLRQ RQ FRQVWUXFWLYLVP ZKHUH , WDON DERXW

VRPH RI WKH SHGDJRJLFDO DSSURDFKHV , KDYH EHHQ ZRUNLQJ ZLWK� 7KLV LV LQ WKH FRQWH[W

RI SHGDJRJ\ WKDW VXSSRUWV D FRQVWUXFWLYLVW YLHZ RI KRZ OHDUQLQJ WDNHV SODFH�

$W VRPH SRLQW LQ WKH IXWXUH� ZH ZLOO KDYH WR WKLQN DERXW SURGXFLQJ FRPSHQGLD RI

QHZ SHGDJRJLHV� $PRQJVW RWKHU LVVXHV WKLV ZLOO UDLVH LV WKH TXHVWLRQ RI HmHFWLYHQHVV�

:KDW GR ZH KDYH WR VD\ WR WKH ZRUNLQJ WHDFKHU DERXW WKH UHODWLYH HmHFWLYHQHVV RI

WKHVH QHZ PHWKRGV"

��� +RZ GRHV D WHDFKHU GHFLGH RQ ZKDW SHGDJRJLFDO DSSURDFK WR XVH"

7KHUH LV QRW D ORW WKDW FDQ EH VDLG DERXW WKLV WRGD\� $V , FRPPHQWHG HDUOLHU LQ

DJUHHPHQW ZLWK .UDQW]� ZH VLPSO\ GR QRW NQRZ KRZ WR GHFLGH ZLWK DQ\ JUHDW GHJUHH

RI FHUWDLQW\ RQ WKH HmHFWLYHQHVV RI D SDUWLFXODU WHDFKLQJ PHWKRG� ,W LV YHU\ PXFK

OLNH SDUHQWLQJ� 7KHUH DUH ORW
V RI YLHZV DQG PDQ\ WKLQJV WR UHDG� EXW LQ WKH HQG�

HDFK WHDFKHU� OLNH HDFK SDUHQW� PXVW GHFLGH DV EHVW KH RU VKH FDQ ZKDW SHGDJRJLFDO

DSSURDFKHV WR DGRSW�

, PXVW� KRZHYHU� LQVHUW D ZRUG RI FDXWLRQ KHUH� 6RPH SHRSOH PLJKW LQWHUSUHW WKH

SUHYLRXV SDUDJUDSK DV VWDWLQJ WKDW� IRU D JLYHQ WHDFKHU� ZKDWHYHU ?ZRUNV� IRU KHU RU

KLP LV WKH PHWKRG WKDW VKRXOG EH DGRSWHG� 7KH GDQJHU KHUH LV LQ UHVWULFWLQJ WKH

FRQFHUQ WR WKH WHDFKHU� $V .UDQW] SXWV LW� ?� � �ZH VKRXOG HDFK FKRRVH WKRVH PHWKRGV

WKDW ZRUN IRU XV DQG IRU RXU VWXGHQWV��

7KLV LV QRW VR HDV\ DV LW VRXQGV� $VLGH IURP WKH GLpFXOW\ LQ GHFLGLQJ ZKDW ZRUNV IRU

RXU VWXGHQWV� ZH PXVW DFNQRZOHGJH WKDW VRPHWLPHV� ZKDW ZRUNV EHVW IRU WKH WHDFKHU�

PD\ QRW ZRUN YHU\ ZHOO IRU WKH VWXGHQWV� 7R SXW LW H[WUHPHO\� WKH WHDFKHU ZKR IDFHV

WKH EODFNERDUG VSHDNV LQ D PRQRWRQH� ZULWHV RXW WKH WH[W RQ WKH ERDUG� ZRUNV D IHZ

��



LOOXVWUDWLYH H[HUFLVHV� DQG DVVLJQV KRPHZRUN� PD\ EH XVLQJ D PHWKRGRORJ\ WKDW ?ZRUNV

EHVW� IRU KHU RU KLP �LQ WKH VHQVH� IRU H[DPSOH� RI PLQLPL]LQJ WKH GLVWUDFWLRQV IURP

RWKHU LVVXHV LQ WKH WHDFKHU
V OLIH�� %XW , KRSH ZH FDQ DOO DJUHH WKDW WKLV LV QRW OLNHO\

WR EH DQ DSSURDFK WKDW ZRUNV YHU\ ZHOO� PXFK OHVV EHVW IRU WKH VWXGHQWV LQYROYHG� $W

WKH YHU\ OHDVW� LW LV QRW DW DOO FOHDU WKDW D WHDFKHU DORQH FDQ DOZD\V GHWHUPLQH KRZ

HmHFWLYH LV KHU RU KLV DSSURDFK WR WHDFKLQJ�

��� :KDW DERXW LPSOHPHQWLQJ D QHZ SHGDJRJ\"

+HUH� , DJUHH ZLWK .UDQW] WKDW� DV KDUG DV LW LV WR GHFLGH WR LPSOHPHQW D QHZ SHGD�

JRJLFDO DSSURDFK� WKLV LV RQO\ WKH EHJLQQLQJ� $V )LQNHO DQG 0RQN >�@ SRLQW RXW� LW LV

YHU\ GLpFXOW IRU D PDWKHPDWLFLDQ� ZLWK QR EDFNJURXQG LQ HGXFDWLRQDO PHWKRGRORJ\�

RQO\ WKH H[SHULHQFHV KH RU VKH KDG DV D VWXGHQW� DQG LQ VRPH FDVHV� ORQJ \HDUV RI

SUDFWLFH ZLWK D PHWKRG KH RU VKH KDV GHFLGHG WR UHSODFH� WR DFWXDOO\ FKDQJH WKH ZD\

KH RU VKH WHDFKHV�

)LUVW� RQH KDV WR PDNH WKH GHFLVLRQ� 7KHQ \RX QHHG WR OHDUQ DERXW WKH PHWKRG \RX

KDYH FKRVHQ WR LPSOHPHQW _ KRZ LW ZRUNV� ZKDW \RX FDQ XVH IURP SUHYLRXV PHWKRGV�

ZKDW FKDQJHV \RX QHHG WR PDNH� )RU PRVW SHRSOH� WKLV LV VWLOO QRW HQRXJK� <RX QHHG

VRPH NLQG RI PHQWRUHG H[SHULHQFH LQ DFWXDOO\ XVLQJ WKH QHZ PHWKRGRORJ\�

7KHUH DUH VRPH LQGLFDWLRQV WKDW PDWKHPDWLFV GHSDUWPHQWV DUH EHJLQQLQJ WR LQWUR�

GXFH FRXUVHV LQ SHGDJRJLFDO PHWKRGV IRU JUDGXDWH VWXGHQWV ZKR ZLOO KDYH D FDUHHU LQ

FROOHJH WHDFKLQJ� 7KHUH DUH DOVR D QXPEHU RI PLQL FRXUVHV DQG ZRUNVKRSV RUJDQL]HG

E\ WKH SURIHVVLRQDO VRFLHWLHV� .UDQW] KDV PHQWLRQHG 0$$
V 3URMHFW &/80( DQG� LQ

IDFW� 0$$ KDV D SURJUDP RI 3URIHVVLRQDO 'HYHORSPHQW� )LQDOO\� WKRVH RI XV ZRUNLQJ

LQ HGXFDWLRQDO UHIRUP SURGXFH D JUHDW GHDO RI ZULWWHQ PDWHULDO WKDW FDQ EH KHOSIXO

DQG .UDQW] KDV UHIHUUHG WR WKHVH�

$OO RI WKLV LV D JRRG VWDUW� EXW , DP DIUDLG LW LV VWLOO QRW HQRXJK WR PDNH V\VWHPLF

FKDQJH LQ WHDFKLQJ DQG OHDUQLQJ FROOHJLDWH PDWKHPDWLFV� , KRSH WKDW UHDGHUV RI WKLV

ERRN ZLOO QRW RQO\ SXUVXH WKH RSSRUWXQLWLHV IRU SURIHVVLRQDO GHYHORSPHQW WKDW GR

��



H[LVW� EXW DOVR ZLOO SXVK IRU DQ H[WHQVLRQ RI WKHVH DFWLYLWLHV WR D VXpFLHQW OHYHO�

� 7KH XVH RI WHFKQRORJ\ LQ PDWKHPDWLFV HGXFDWLRQ

7KH XVH �RU QRW� RI WHFKQRORJ\ LV RQH RI WKH PRVW FRQWURYHUVLDO LVVXHV LQ PDWKHPDWLFV

HGXFDWLRQ WRGD\� :H DSSHDU WR EH WRWDOO\ SRODUL]HG _ WKHUH DUH WKRVH IRU DQG WKRVH

DJDLQVW� 7R PH� WKLV LV FRPSOHWHO\ ULGLFXORXV EHFDXVH WKHUH DUH PDQ\ ZD\V LQ ZKLFK

WHFKQRORJ\ FDQ EH XVHG LQ PDWKHPDWLFV HGXFDWLRQ DQG , GLmHU ZLWK VRPH SHRSOH ZKR

DGYRFDWH VRPH RI WKRVH ZD\V DW OHDVW DV PXFK DV , GLVDJUHH ZLWK WKRVH ZKR DUH PRUH

RU OHVV DJDLQVW DQ\ VLJQLnFDQW XVH RI FRPSXWHUV�

)RU H[DPSOH� ERWK .UDQW] DQG , GHSUHFDWH ZKDW LV FDOOHG SURJUDPPHG OHDUQLQJ� RU

,QWHUDFWLYH 7XWRULQJ 6\VWHPV� .UDQW] ZRUULHV� FRUUHFWO\ LQ P\ YLHZ� WKDW VRPH RI WKHVH

V\VWHPV PD\ QRW SURYLGH HQRXJK RSSRUWXQLW\ IRU WKH VWXGHQW WR DVN TXHVWLRQV DQG

WKH WHDFKHU WR UHVSRQG� , DP DOVR FRQFHUQHG DERXW WKH ZD\V LQ ZKLFK WKHVH V\VWHPV

WU\ WR JHW VWXGHQWV WR WKLQN DERXW FRQFHSWV� , GR QRW EHOLHYH WKDW PDWKHPDWLFV FDQ

EH UHGXFHG WR D FROOHFWLRQ RI JRDOV DQG VXEJRDOV WRJHWKHU ZLWK QRW YHU\ ULFK ZD\V RI

FRQQHFWLQJ WKHP�

, DOVR KDYH D ORW RI FRQFHUQV DERXW WKH XVH RI WRGD\
V VRSKLVWLFDWHG FDOFXODWRUV� ,Q

HDUOLHU WLPHV� , GLG QRW KHDU VWXGHQWV VD\ WKDW WKH OLPLW RI D IXQFWLRQ DW D SRLQW LV WKH

YDOXH RI WKDW IXQFWLRQ DW D QHDUE\ SRLQW� ,V WKLV QHZ PLVFRQFHSWLRQ GXH WR FHUWDLQ

ZD\V LQ ZKLFK FDOFXODWRUV WHQG WR EH XVHG" , KDYH VLPLODU WURXEOHV ZLWK WKH JUDSKLQJ

FDSDELOLWLHV RI KDQG�KHOG FDOFXODWRUV EHFDXVH , WKLQN WKH\ FDQ IRFXV WKH VWXGHQWV


DWWHQWLRQ RQ WKH OHDVW LQWHUHVWLQJ H[DPSOHV� %XW WKLV SDUWLFXODU LVVXH ZLOO VRRQ JR

DZD\� +DQG�KHOG FRPSXWHUV DUH UDSLGO\ DSSURDFKLQJ WKH IXQFWLRQDOLW\ RI GHVN�WRS

FRPSXWHUV VR WKDW VRRQ ZH ZLOO KDYH WR ORRN IRU VRPHWKLQJ HOVH WR nJKW DERXW�

6R ZH KDYH WR WDON DERXW WKH ZD\V LQ ZKLFK WHFKQRORJ\ FDQ EH XVHG DQG , DOVR

ZDQW WR H[SODLQ WKH ZD\ , WKLQN LV WKH PRVW HmHFWLYH DQG ZK\�

��



��� :KDW DUH WKH GLmHUHQW ZD\V LQ ZKLFK WHFKQRORJ\ FDQ EH XVHG WR KHOS

VWXGHQWV OHDUQ PDWKHPDWLFV"

, KDYH ZULWWHQ HOVHZKHUH >�@ DERXW WKH GLmHUHQW ZD\V WKDW , WKLQN WHFKQRORJ\ FDQ

EH HmHFWLYH� 7KH\ DUH� URXJKO\� XVLQJ JUDSKLFV FDSDELOLWLHV WR VKRZ PDWKHPDWLFDO

SKHQRPHQD� XVLQJ WKH FRPSXWDWLRQDO DELOLWLHV RI D FRPSXWHU DOJHEUD V\VWHP WR GR

PDWKHPDWLFV� DQG XVLQJ WKH H[SUHVVLELOLW\ RI D SURJUDPPLQJ ODQJXDJH WR FRQVWUXFW

PDWKHPDWLFDO HQWLWLHV RQ WKH FRPSXWHU�

����� 8VLQJ WHFKQRORJ\ WR VKRZ PDWKHPDWLFV

7KHUH LV QR TXHVWLRQ WKDW ZH FDQ SURGXFH LQFUHGLEO\ ZRQGHUIXO SLFWXUHV RQ D VFUHHQ

XVLQJ WRGD\
V WHFKQRORJ\� 2Q WKH RQH KDQG� , WKLQN WKDW PDNHV PDQ\ PDWKHPDWLFDO

VLWXDWLRQV PRUH UHDO DQG DFFHVVLEOH WR VWXGHQWV _ DW OHDVW DV SKHQRPHQD WR EH H[�

SODLQHG� PDQLSXODWHG� DQG SHUKDSV XQGHUVWRRG� 7KLV FDQ EH YHU\ KHOSIXO EXW� LQ P\

YLHZ� HQWHULQJ DQ H[SUHVVLRQ� SUHVVLQJ EXWWRQV DQG ORRNLQJ DW D VFUHHQ� RU HYHQ PD�

QLSXODWLQJ WKH VFUHHQ ZLWK D PRXVH LV D OLWWOH WRR SDVVLYH LQ WHUPV RI WKH PDWKHPDWLFV

LQYROYHG LQ SURGXFLQJ WKH SLFWXUH�

7R WDNH D VLPSOH H[DPSOH� FRQVLGHU HQWHULQJ DQ H[SUHVVLRQ WKDW GHnQHV D IXQFWLRQ

DQG KDYLQJ WKH FRPSXWHU SURGXFH D JUDSK� 6XSSRVH HYHQ WKDW D WDEOH RI YDOXHV LV

SURGXFHG� DQG WKDW LW LV SRVVLEOH WR PDQLSXODWH RQH RU PRUH RI WKHVH ?UHSUHVHQWDWLRQV�

�H[SUHVVLRQ� SLFWXUH� WDEOH� DQG KDYH WKH RWKHUV FKDQJH FRUUHVSRQGLQJO\� (YHQ LQ

VXFK D VRSKLVWLFDWHG V\VWHP� , GR QRW VHH WKDW WKH VWXGHQW LV KHOSHG LQ DQ\ ZD\ WR

XQGHUVWDQG WKH FRQQHFWLRQ EHWZHHQ WKH YDULRXV SURFHVVHV RI SOXJJLQJ D QXPEHU LQWR

DQ H[SUHVVLRQ WR JHW D UHVXOW� ORRNLQJ GRZQ RQH FROXPQ RI D WDEOH IRU D QXPEHU WR

VHH ZKDW LV LQ WKH FRUUHVSRQGLQJ SODFH RQ WKH RWKHU FROXPQ� RU ORFDWLQJ D SRLQW RQ

WKH KRUL]RQWDO D[LV DQG VHHLQJ KRZ IDU XS \RX KDYH WR PRYH XQWLO \RX KLW WKH FXUYH�

&RQFHSWXDOO\ WKHVH DUH DOO WKH VDPH SURFHVV DQG LW LV YHU\ LPSRUWDQW IRU VWXGHQWV

WR XQGHUVWDQG WKDW� , DP QRW VXUH WKH\ GR� <HV� VWXGHQWV FDQ OHDUQ IURP VXFK

WHFKQRORJLFDO V\VWHPV WKDW LI \RX DGG D FRQVWDQW WR WKH H[SUHVVLRQ IRU WKH IXQFWLRQ

��



WKH JUDSK JRHV XS� %XW ZKDW LV LW WKDW KHOSV WKHP UHDOL]H WKDW WKH UHDVRQ LV WKDW \RX

DUH VWLOO FRPSXWLQJ WKH VDPH YDOXHV WR SODFH RQ WKH JUDSK� EXW QRZ HYHU\ DQVZHU \RX

JHW LV LQFUHDVHG E\ WKH FRQVWDQW� DQG WKDW PHDQV KLJKHU XS RQ WKH YHUWLFDO D[LV"

0\ FRQFOXVLRQ IURP DOO WKLV LV WKDW XVLQJ WHFKQRORJ\ WR VKRZ PDWKHPDWLFV WR VWX�

GHQWV FDQ EH KHOSIXO� EXW LW ZLOO EH PXFK PRUH HmHFWLYH LI XVHG LQ FRQMXQFWLRQ ZLWK

RWKHU DFWLYLWLHV�

����� 8VLQJ D FRPSXWHU DOJHEUD V\VWHP WR GR PDWKHPDWLFV

8VLQJ WKH SRZHU RI 0DSOH RU 0DWKHPDWLFD� VWXGHQWV FDQ OHDUQ WR SHUIRUP KLJKO\

VRSKLVWLFDWHG DQG SRZHUIXO DOJRULWKPV� 7KH LGHD LV WKDW PDNLQJ XVH RI PDWKHPDWLFV

LQ WKLV ZD\ LV JRLQJ WR KHOS WKH VWXGHQWV OHDUQ HOHPHQWDU\ YHUVLRQV RI WKH PDWKHPDWLFV

LQYROYHG� 3HUKDSV� EXW , DP QRW \HW FRQYLQFHG WKDW XVLQJ D FRPSXWHU DOJHEUD V\VWHP

WR GR DSSOLFDWLRQV WKDW LQYROYH 3DGuH DSSUR[LPDWLRQV RU 7FKHE\FKHm SRO\QRPLDOV LV

JRLQJ WR KHOS WKH nUVW \HDU FDOFXOXV VWXGHQW XQGHUVWDQG KRZ WR FRPSXWH WKH 0F/DXULQ

VHULHV H[SDQVLRQ RI VLQ [ DQG WKH LVVXHV WKDW DULVH ZKHQ \RX UHoHFW RQ ZKDW UHODWLRQVKLS

WKDW VHULHV KDV WR WKH VLQ IXQFWLRQ� ,W LV SRVVLEOH� EXW WKHUH LV DEVROXWHO\ QR HYLGHQFH LQ

IDYRU RI WKLV DSSURDFK _ HYHQ OHVV VR WKDQ HYLGHQFH IRU RWKHU FODLPV� ERWK WUDGLWLRQDO

DQG UHIRUP�

6RPH SHRSOH WDNH WKH YHU\ RSSRVLWH YLHZ RI XVLQJ D FRPSXWHU DOJHEUD V\VWHP WR

UHGXFH WKH WLPH DQG HmRUW VSHQW RQ OHDUQLQJ VWDQGDUG PDQLSXODWLRQV� 3OHDVH SD\ YHU\

FDUHIXO DWWHQWLRQ WR WKH IDFW WKDW , VDLG ?UHGXFH� DQG QRW HOLPLQDWH� 0\ UHPDUNV

HDUOLHU DERXW WKH LPSRUWDQFH RI FDOFXODWLRQV VWLOO VWDQG� :KDW , DP VD\LQJ LV WKDW ZH

FDQ XVH D FRPSXWHU DOJHEUD V\VWHP WR GR DV ZHOO RU EHWWHU WKDQ LQ WUDGLWLRQDO FODVVHV

_ LQ OHVV WLPH� +HUH WKHUH LV VRPH UHVHDUFK KHUH IRU H[DPSOH� WKH VWXG\ E\ .DWK\

+HLG >�@�

<HW DQRWKHU DSSURDFK LV WR XVH D FRPSXWHU DOJHEUD V\VWHP WR SURYLGH GDWD RQ

WKH EDVLV RI ZKLFK VWXGHQWV FDQ GLVFRYHU PDWKHPDWLFDO UHODWLRQVKLSV� )RU H[DPSOH�

EHIRUH WDONLQJ DW DOO DERXW WKH UXOHV IRU GLmHUHQWLDWLQJ FRPELQDWLRQV RI IXQFWLRQV� ,

��



DVN VWXGHQWV WR XVH 0DSOH WR FDOFXODWH DERXW D SDJH �FORVHO\ VSDFHG� , DGPLW� RI

GHULYDWLYHV RI HOHPHQWDU\ IXQFWLRQV XVLQJ 0DSOH� 7KHQ� LQ FODVV GLVFXVVLRQV� , FDQ

JHW PRVW VWXGHQWV WR LQYHQW WKH UXOHV IRU GHULYDWLYHV RI VXP� GLmHUHQFH� VFDODU PXOWLSOH�

PDQ\ ZLOO LQYHQW WKH SURGXFW UXOH� DQG D IHZ ZLOO FRPH XS ZLWK WKH FKDLQ UXOH�

2I FRXUVH DOO RI WKDW LV SUHOLPLQDU\ WR D FODVV GLVFXVVLRQ RI ZK\ WKHVH UXOHV KROG DQG

VRPH HOHPHQWDU\ SURRIV� %XW WKH FRPSXWHU ZRUN KHOSV WKHP XQGHUVWDQG WKHVH UXOHV

DQG DOVR VHHPV WR JHW WKHP UHDVRQDEO\ JRRG DW GRLQJ WKH PDQLSXODWLRQV E\ KDQG�

6R , WKLQN WKDW� OLNH YLVXDO HmHFWV� XVLQJ FRPSXWHUV WR GR PDWKHPDWLFV LV D JRRG

HGXFDWLRQDO VWUDWHJ\� %XW LW LV QRW WKH EHVW ZD\ WR XVH WHFKQRORJ\�

����� 8VLQJ D SURJUDPPLQJ ODQJXDJH WR FRQVWUXFW PDWKHPDWLFDO FRQFHSWV

/HW PH EHJLQ ZLWK WKH ELJJHVW REMHFWLRQ WR KDYLQJ VWXGHQWV ZULWH SURJUDPV LQ RUGHU

WR OHDUQ PDWKHPDWLFV� $ FRXSOH RI GHFDGHV DJR� WKLV ZDV D YHU\ SRSXODU LGHD DQG

WKHUH ZDV HYHQ D SURMHFW �, EHOLHYH LWV DFURQ\P ZDV &5,&,6$0� WR IRVWHU LW� 7KH

WURXEOH LV WKDW� LQ WKRVH GD\V� SURJUDPPLQJ ZDV GRQH LQ )2575$1 DQG WKHUH ZDV

VR PXFK H[WUD HmRUW LQ OHDUQLQJ WKH SURJUDPPLQJ ODQJXDJH� GHDOLQJ ZLWK EXJV DQG

RWKHU QRQ�PDWKHPDWLFDO LVVXHV WKDW DQ\ EHQHnW WKDW PLJKW DFFUXH ZDV FDQFHOHG RXW�

, WKLQN WKLV ZDV D YHU\ DFFXUDWH DVVHVVPHQW� %XW WKDW ZDV WKHQ DQG WKLV LV QRZ�

7KH V\QWD[ RI SURJUDPPLQJ ODQJXDJHV WRGD\ FDQ EH TXLWH VLPSOH DQG , KRSH WKDW P\

LOOXVWUDWLRQV LQ WKH VHFWLRQ DERYH RQ FRQVWUXFWLYLVP ZLOO VXJJHVW WR WKH UHDGHU WKDW

UDWKHU VRSKLVWLFDWHG SURJUDPV FDQ EH ZULWWHQ ZLWK OLWWOH V\QWDFWLFDO GLpFXOW\� ,Q IDFW�

P\ H[SHULHQFH ZLWK VWXGHQWV LV WKDW DOWKRXJK WKH\ FRQWLQXH WR FRPSODLQ WKDW WKH

V\QWD[ JLYHV WKHP GLpFXOW\� , nQG WKDW LQ MXVW DERXW HYHU\ FDVH WKH SUREOHP LV HLWKHU

D PDWKHPDWLFDO FRQFHSW WKDW LV QRW XQGHUVWRRG �OLNH D IXQFWLRQ UHWXUQLQJ D IXQFWLRQ�

RU KDV WR GR ZLWK YHU\ LQHpFLHQW ZRUN KDELWV DQG PHWKRGV RI RUJDQL]LQJ PDWHULDO�

0\ H[SHULHQFH RYHU WKH ODVW GHFDGH RU VR KDV EHHQ WKDW WKHUH DUH UHDVRQDEOH ZD\V

RI XVLQJ DQ DSSURSULDWH FRPSXWHU ODQJXDJH VR WKDW� LQ ZULWLQJ SURJUDPV� V\QWD[ DQG

V\VWHP LVVXHV DUH PLQLPL]HG DQG WKH IRFXV RI WKH VWXGHQWV FDQ EH DOPRVW HQWLUHO\ RQ

��



WKH PDWKHPDWLFV�

7KHUH DUH VHYHUDO UHSRUWV RI KRZ ZH JR DERXW WKLV DQG WKH UHDGHU FDQ FRQVXOW P\

:(% SDJH DW KWWS���ZZZ�FV�JVX�HGX�aHGG� IRU GHWDLOV� 2QH WKLQJ , FDQ VD\ KHUH LV

WKDW RXU DSSURDFK YHU\ PXFK PDNHV PDWKHPDWLFV D ODERUDWRU\ FRXUVH DQG� DV .UDQW]

VXJJHVWV� ZH KDYH WKH VWXGHQWV PHHW� FHUWDLQ GD\V RI WKH ZHHN� LQ D FRPSXWHU ODE

ZKHUH WKH\ ZRUN LQ FRRSHUDWLYH JURXSV RQ FRPSXWHU DFWLYLWLHV GHVLJQHG WR IRVWHU WKH

PHQWDO FRQVWUXFWLRQV ZH WKLQN WKH\ QHHG WR PDNH LQ RUGHU WR GHYHORS DQ XQGHUVWDQGLQJ

RI WKH PDWKHPDWLFV EHLQJ VWXGLHG� 2Q WKH RWKHU GD\V RI WKH ZHHN� WKH\ PHHW LQ D

FODVVURRP ZKHUH WKH FRPSXWHU DFWLYLWLHV DUH GLVFXVVHG DQG ZRUN LV IRFXVHG RQ XVLQJ

WKH PHQWDO FRQVWUXFWLRQV WKH\ PDGH LQ WKH FRPSXWHU ODE WR GHYHORS PDWKHPDWLFDO

XQGHUVWDQGLQJV�

��� :KLFK LV EHVW"

, WKLQN WKDW DOO WKUHH RI WKH DERYH ZD\V RI XVLQJ FRPSXWHUV DUH HmHFWLYH LQ YDULRXV

ZD\V� EXW , WKLQN WKDW RYHUDOO� WKH WKLUG LV PRUH HmHFWLYH WKDQ WKH RWKHU WZR� 7KH

PRVW HmHFWLYH� KRZHYHU� LV ZKHQ DOO WKUHH DSSURDFKHV DUH XVHG VR WKDW WKH VWXGHQW

FRQVWUXFWV PDWKHPDWLFDO FRQFHSWV RQ WKH FRPSXWHU DQG WKHQ XVHV WKHVH FRQVWUXFWV�

RU IDQF\ YHUVLRQV RI WKHP IRXQG LQ D FRPSXWHU DOJHEUD V\VWHP WR GR PDWKHPDWLFV DQG

WR SURGXFH YLVXDOL]DWLRQV RQ D FRPSXWHU VFUHHQ�

0\ DUJXPHQW IRU WKH HmHFWLYHQHVV RI ZULWLQJ SURJUDPV LQ OHDUQLQJ PDWKHPDWLFV LV

WZR�IROG� )LUVW RI DOO� LW UHODWHV WR WKH WKHRU\ LQ WKDW VSHFLnF PHQWDO FRQVWUXFWV VHHP

WR DULVH RXW nJXULQJ RXW KRZ WR SHUIRUP FHUWDLQ FRPSXWHU WDVNV� )RU H[DPSOH� LI

WKH VWXGHQW XQGHUVWDQGV D FHUWDLQ PDWKHPDWLFDO SURFHGXUH DV DQ DFWLRQ RU H[WHUQDOO\

GULYHQ DFWLYLW\� WKHQ DVNLQJ KHU RU KLP WR LPSOHPHQW WKH SURFHGXUH DV D FRPSXWHU

SURJUDP WHQGV WR OHDG KHU RU KLP WR LQWHULRUL]H WKLV DFWLRQ WR D SURFHVV� 0RUHRYHU� ,

NQRZ RI QR PRUH HmHFWLYH ZD\ RI OHDUQLQJ WR HQFDSVXODWH D SURFHVV WR DQ REMHFW WKDQ

LPSOHPHQWLQJ WKH SURFHVV DV D FRPSXWHU SURJUDP DQG WKHQ ZULWLQJ D SURJUDP WKDW

XVHV WKDW SURFHVV DV LQSXW DQG�RU RXWSXW� 7KXV ZULWLQJ D SURJUDP WKDW DFFHSWV WZR
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IXQFWLRQV� FRQVWUXFWV D SURJUDP LPSOHPHQWLQJ WKH FRPSRVLWLRQ RI WKRVH WZR IXQFWLRQV

DQG UHWXUQV WKLV SURJUDP DQG WKHQ DSSO\LQJ WKLV WRRO LQ YDULRXV VLWXDWLRQV KHOSV D

JUHDW GHDO LQ GHYHORSLQJ DQ XQGHUVWDQGLQJ RI IXQFWLRQV DV REMHFWV�

$JDLQ� WKHUH DUH UHSRUWV RI RXU UHVHDUFK LQ ZKLFK WKHVH HmHFWV DUH GHVFULEHG DQG

WKH\ FDQ EH IRXQG E\ FRQVXOWLQJ WKH DERYH :(% SDJH�

� $SSOLFDWLRQV DQG SHGDJRJ\

+HUH ZH FRPH WR DQ LVVXH RQ ZKLFK , GLmHU ZLWK P\ IHOORZ UHIRUPHUV _ DQG PDQ\

WUDGLWLRQDOLVWV DV ZHOO _ SHUKDSV PRUH WKDQ RQ DQ\ RWKHU LVVXH� /LNH .UDQW]� , IHHO

WKDW WKH ZURQJ NLQGV RI DSSOLFDWLRQV XVHG LQ WKH ZURQJ ZD\ FDQ SURYLGH GLVWUDFWLRQV

WR WKH PDWKHPDWLFDO LVVXHV RQ ZKLFK ZH ZDQW WKH VWXGHQWV WR IRFXV� .UDQW] UHIHUV WR

D SUREOHP DERXW WKH GHVWUXFWLRQ RI WUHHV LQ D WURSLFDO UDLQ IRUHVW DQG VXJJHVWV WKDW D

PXOWLWXGH RI GHWDLOV DERXW WKH VLWXDWLRQ WHQGV WR REVFXUH WKH IDFW WKDW ZKDW LV QHHGHG

KHUH LV WR FRQVWUXFW D IXQFWLRQ� WDNH LWV GHULYDWLYH� VHW LW HTXDO WR ]HUR DQG VROYH� ,

WKLQN KH LV ULJKW DQG GHWDLOV WKDW GLVWUDFW VKRXOG EH DYRLGHG� EXW , ZRXOG JR HYHQ

IXUWKHU�

2QH DUJXPHQW LV WKDW LV WKDW D ?UHDO�ZRUOG� FRQWH[W ZLOO PDNH WKH SUREOHP PRUH

LQWHUHVWLQJ IRU VWXGHQWV DQG PRWLYDWH WKHP WR XVH PRUH HQHUJ\ LQ GHDOLQJ ZLWK WKH

VLWXDWLRQ� 8QIRUWXQDWHO\� RQH�SHUVRQ
V UHDO ZRUOG LV DQRWKHU
V YDJXH DEVWUDFWLRQ� 7KLV

ZDV EURXJKW KRPH WR PH YHU\ VKDUSO\ DERXW �� \HDUV DJR ZKHQ , ZDV WHDFKLQJ �PRUH

RU OHVV WUDGLWLRQDOO\� D XQLW RQ SHUPXWDWLRQV DQG FRPELQDWLRQV� , DVNHG WKH VWXGHQWV

KRZ PDQ\ VWDUWLQJ OLQH�XSV FRXOG EH PDGH IURP D EDVNHWEDOO VTXDG ZLWK �� PHPEHUV�

, WKRXJKW , ZDV XVLQJ D ?UHDO�ZRUOG� H[DPSOH� EXW DIWHU FODVV D VWXGHQW DSSURDFKHG

PH DQG DVNHG KRZ PDQ\ SOD\HUV WKHUH ZHUH RQ D VWDUWLQJ OLQH�XS LQ EDVNHWEDOO� ,W LV

WUXH WKDW WKLV ZDV DW D ?KRFNH\ VFKRRO� DQG WKH VWXGHQW ZDV D ZRPDQ DW D WLPH ZKHQ

ZRPHQ ZHUH PRUH RU OHVV H[FOXGHG IURP EDVNHWEDOO� 1HYHUWKHOHVV� , UHDOL]HG WKDW DW

OHDVW IRU WKLV VWXGHQW� WKH DSSOLFDWLRQ ZDV QRW YHU\ KHOSIXO�

%XW HYHQ IRU VWXGHQWV ZKR GR nQG D SDUWLFXODU DSSOLFDWLRQ FRQWH[W LQWHUHVWLQJ� ,
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TXHVWLRQ ZKHWKHU WKH UHVXOWLQJ PRWLYDWLRQ UHDOO\ UHODWHV WR WKH PDWKHPDWLFV DV RS�

SRVHG WR WKH FRQWH[W _ ZKLFK FDQ WDNH WKHP DZD\ IURP WKH PDWKHPDWLFV� $W WKH

YHU\ OHDVW� , GR QRW nQG DQ\ H[DPSOHV DW DOO LQ WKH OLWHUDWXUH RI UHVHDUFK SURYLGLQJ

HYHQ D VXJJHVWLRQ WKDW XVLQJ FRQWH[WV WKDW DUH LQWHUHVWLQJ IRU VWXGHQWV KHOSV WKHP

XQGHUVWDQG WKH PDWKHPDWLFV WKDW ZH VHH LQ WKH FRQWH[W�

*LYHQ WKH ODFN RI LQIRUPDWLRQ WKDW DSSOLFDWLRQV DUH KHOSIXO DQG WKH FRQFHUQ WKDW

WKH VWXGHQW ZLOO PLVV WKH PDWKHPDWLFV LQ D FRQWH[W� RU HYHQ EH WXUQHG DZD\ IURP LW�

, WKLQN ZH VKRXOG VHULRXVO\ UHFRQVLGHU RXU HQWKXVLDVP IRU WKH XVH RI DSSOLFDWLRQV LQ

KHOSLQJ VWXGHQWV XQGHUVWDQG PDWKHPDWLFV�

� 6RPH VSHFLnF SHGDJRJLFDO LVVXHV

/HW PH FORVH ZLWK VRPH EULHI FRPPHQWV DERXW VHYHUDO LVVXHV WKDW DUH� LQ IDFW� PRUH

DW WKH KHDUW RI .UDQW]
V ERRN WKDQ SHUKDSV DUH WKH PDWWHUV , KDYH EHHQ GLVFXVVLQJ DW

�SUREDEO\ WRR PXFK� OHQJWK� ,Q VSLWH RI KLV YHU\ ODXGDWRU\ GHFLVLRQ WR UHODWH KLV ERRN

WR FXUUHQW LVVXHV RI WHDFKLQJ PHWKRGRORJ\� UHVHDUFK LQ OHDUQLQJ DQG FXUULFXOXP UHIRUP�

.UDQW] KDV ZULWWHQ D ERRN RQ KRZ WR WHDFK �WUDGLWLRQDOO\�� $V VXFK� KH SURYLGHV D

ORW RI XVHIXO VXJJHVWLRQV IRU EHJLQQHUV� DQG KH SUHVHQWV KLV YLHZV RQ MXVW DERXW HYHU\

HGXFDWLRQDO LVVXH RQH FDQ LPDJLQH� ,Q DGGLWLRQ� KH KDV SURYLGHG D IHZ RI XV ZLWK D

SODWIRUP RQ ZKLFK WR VWDWH RXU RZQ YLHZV RQ VRPH RI WKHVH WRSLFV� :KR FDQ UHVLVW

VXFK DQ LQYLWDWLRQ" , ZLOO WU\ WR EH EULHI�

%HJLQQLQJ ZLWK WKH PRVW LPSRUWDQW� OHW PH VD\ WKDW , DJUHH ZLWK .UDQW] FRPSOHWHO\

ZKHQ KH VD\V WKDW WKHUH LV QRWKLQJ HVVHQWLDOO\ ZURQJ ZLWK WKH FRQWHQW RI DQ\ VWDQGDUG

ORZHU�GLYLVLRQ PDWK FRXUVH� , KDYH D IHZ TXLEEOHV VXFK DV WRR PXFK HPSKDVLV RQ

WKH DQDO\WLF DV RSSRVHG WR WKH DOJHEUDLF DQG JHRPHWULF RU WKH LPSRUWDQFH RI DGGLQJ

FRXUVHV WKDW PDNH PDWKHPDWLFV D VHUYLFH FRXUVH QRW RQO\ IRU WKH SK\VLFDO VFLHQFHV� EXW

WKH VRFLDO DQG FRPSXWHU VFLHQFHV� %XW IRU WKH PRVW SDUW� , WKLQN ZH KDYH WKH FRQWHQW

DERXW ULJKW� 7KLV LV P\ EHOLHI DV D PDWKHPDWLFLDQ� , KDYH DOVR VXUYH\HG IDFXOW\ ZKR

WHDFK FRXUVHV IRU ZKLFK PDWKHPDWLFV LV D SUHUHTXLVLWH DQG WKH\ WHQG WR FRQnUP WKLV
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YLHZ� 3HUKDSV WKH PRVW WHOOLQJ DUJXPHQW LV WR WDNH D ORRN DW WKH UHIRUP WH[WERRNV

WKDW DUH HPHUJLQJ DQG QRWLFH WKDW WKH FRQWHQW LV QRW UHDOO\ YHU\ GLmHUHQW� $IWHU DOO� ,

DP WROG WKDW HYHQ WKH %DE\ORQLDQV DVNHG WKHLU VWXGHQWV DERXW WKH UDWH RI GHVFHQW RI

WKH WRS RI D ODGGHU OHDQLQJ DJDLQVW D EXLOGLQJ�

, WKLQN .UDQW] LV ULJKW WKDW VWXGHQWV DUH QRW UHDOO\ UHDG\ IRU IRUPDO SURRIV XQWLO

WKH\ KDYH FRPSOHWHG FDOFXOXV DQG DUH WDNLQJ RQH RI WKH WUDQVLWLRQ FRXUVHV WKDW KDYH

HPHUJHG LQ UHFHQW \HDUV� , WKLQN WKDW IRUFLQJ IRUPDOLVPV RQ VWXGHQWV WRR HDUO\ FDQ

FRQWULEXWH WR RXU VRFLHW\
V WXUQLQJ DZD\ IURP VWXG\LQJ PDWKHPDWLFV�

,Q P\ RSLQLRQ� .UDQW] LV WRR HYHQ�KDQGHG DERXW VR�FDOOHG REMHFWLYH H[DPLQDWLRQV

VXFK DV PXOWLSOH�FKRLFH� 1R H[DP LV UHDOO\ REMHFWLYH� (YHQ D PXOWLSOH FKRLFH H[DPL�

QDWLRQ PDNHV D VHOHFWLRQ RI PDWHULDO DQG ZKDW FRXOG EH PRUH VXEMHFWLYH WKDQ PDNLQJ

XS WKH LQFRUUHFW FKRLFHV RQ D PXOWLSOH FKRLFH H[DP" , WKLQN WKH RYHUZKHOPLQJ ZHLJKW

RI DUJXPHQWV IRU VXFK H[DPV LV WKH FRQYHQLHQFH RI WKH SHUVRQ ZKR JUDGHV WKH H[DP�

$ VLPLODU SRLQW FDQ EH PDGH IRU WLPHG H[DPV� :RXOG ZH UHDOO\ XVH WKHP LI LW ZHUH

QRW LQFRQYHQLHQW WR JLYH VWXGHQWV DV PXFK WLPH �ZLWKLQ UHDVRQ� DV WKH\ QHHG" 'R

ZH UHDOO\ ZDQW WR NQRZ RQO\ ZKDW WKH\ NQRZ VR ZHOO WKDW WKH\ KDYH LW RQ WKHLU nQ�

JHU WLSV DQG FDQ SURGXFH LW LQ KLJK�SUHVVXUH� HPRWLRQDOO\ WHQVH VLWXDWLRQV" 'RQ
W ZH

DOVR ZDQW WR NQRZ ZKDW WKH\ VD\ ZKHQ WKH\ KDYH D FKDQFH WR UHOD[ DQG UHoHFW RQ D

PDWKHPDWLFDO LVVXH"

, WKLQN .UDQW] LV YHU\ ZURQJ ZKHQ KH VD\V WKDW ?KDUG FRS\ WH[WERRNV� PRUH RU

OHVV RI WUDGLWLRQDO IRUP� ZRUN� 0\ �� \HDUV RI WHDFKLQJ H[SHULHQFH WHOOV PH WKDW

WUDGLWLRQDO WH[WERRNV DUH HVVHQWLDOO\ XQUHDG E\ VWXGHQWV ZKR XVH WKHP PDLQO\ WR nQG

WHPSODWH VROXWLRQV IRU SUREOHPV WKDW ZLOO EH DVVLJQHG IRU KRPHZRUN DQG JLYHQ RQ

WKH WHVW� 0RUHRYHU� , nQG WKDW WKH JUHDWHVW XQDQLPLW\ LQ DOO RI HGXFDWLRQ LV IRXQG

LQ WKH FRPPXQLW\
V UHDFWLRQ WR DQ\ DWWHPSW WR YDU\ IURP WKLV QRUP� 6XFK DWWHPSWV

DUH UHVLVWHG� LI QRW UHMHFWHG� E\ VWXGHQWV� SXEOLVKHUV� DQG WKH RYHUZKHOPLQJ PDMRULW\

RI IDFXOW\� 7KLV KDV EHHQ P\ H[SHULHQFH ZLWK WKH WH[WERRNV , KDYH ZULWWHQ WKDW

��



DUH GHVLJQHG WR VXSSRUW WKH LGHDV , KDYH H[SUHVVHG KHUH DQG , KHDU WKH VDPH VWRU\

IURP RWKHU ZULWHUV RI ?GLmHUHQW� WH[WERRNV� ,W VHHPV WR PH WKDW LI ZH DUH WR KDYH

UHDO LPSURYHPHQW LQ WHDFKLQJ DQG OHDUQLQJ PDWKHPDWLFV� HLWKHU WKLV VLWXDWLRQ KDV WR

FKDQJH� RU DOWHUQDWLYHV WR WH[WERRNV PXVW EH IRXQG�

7KHUH LV DQ RUWKRGR[\ DERXW FODVV VL]H QHDWO\ H[SUHVVHG E\ .UDQW] ZKR VD\V WKDW

?:H DOO NQRZ� GHHS LQ RXU JXWV� WKDW VPDOO FODVVHV DUH D PXFK PRUH HmHFWLYH YHQXH IRU

OHDUQLQJ WKDQ ODUJH FODVVHV�� , VRPHWLPHV ZRQGHU LI ZKDW ZH UHDOO\ NQRZ GHHS LQ RXU

JXWV LV KRZ WR FRXQW DQG WKH VDOXWDU\ HmHFW VPDOO FODVVHV ZLOO KDYH RQ WKH MRE PDUNHW�

, DP QRW VXUH ZH FDQ
W GR UHDOO\ ZRQGHUIXO WKLQJV ZLWK ODUJH FODVVHV� 3HUVRQDOO\� , IHHO

WKDW WKH PRVW HmHFWLYH WHDFKLQJ , KDYH HYHU GRQH ZDV ZLWK D FDOFXOXV FODVV LQ ZKLFK

WKHUH ZHUH �� VWXGHQWV� 1RW YHU\ ODUJH� EXW QRW H[DFWO\ VPDOO HLWKHU� 0\ SHUVRQDO

RSLQLRQ LV WKDW XVLQJ WKH PHWKRGV UHIHUUHG WR LQ WKLV HVVD\� , WKLQN ZH FRXOG OHDUQ WR

WHDFK PDWKHPDWLFV DV ZHOO WR FODVVHV RI ��� DV ��� ,QGHHG� FHUWDLQ JURXSV LQ )UDQFH

UHSRUW VXFFHVV ZLWK QHZ SHGDJRJLFDO VWUDWHJLHV WKH\ DUH XVLQJ LQ FODVVHV WKLV ODUJH >�@�

7KLV LV D ODUJHO\ XQH[DPLQHG LVVXH� 7KH UHVHDUFK LV� DW EHVW� PL[HG RQ WKH HmHFWV RI

FODVV VL]H RQ OHDUQLQJ� ,Q VSLWH RI WKH HFRQRPLFV RI WKH VLWXDWLRQ� , WKLQN ZH VKRXOG

WDNH D JRRG ORRN DW LW DQG VHH LI ZH FDQ nQG SHGDJRJLFDO VWUDWHJLHV WKDW DUH ERWK

OHDUQLQJ�HmHFWLYH DQG FRVW�HmHFWLYH�

:HOO� ZKDW EHWWHU WRSLF WR HQG WKHVH UDPEOLQJV ZLWK WKDQ WKH DXWKRULW\ RI WKH

WHDFKHU DQG ZKDW LV LWV VRXUFH� .UDQW] VXJJHVWV LW FRPHV IURP KRZ \RX GUHVV� IURP

PDLQWDLQLQJ D FHUWDLQ GLVWDQFH� DQG IURP QRW EHLQJ WRR FKXPP\ ZLWK WKH VWXGHQWV� ,

WKLQN KH KDV WKLV FRPSOHWHO\ ZURQJ� $XWKRULW\ LQ WHDFKLQJ DV LQ DQ\WKLQJ HOVH FRPHV

IURP D VWURQJ� VHFXUH NQRZOHGJH RI DQG VDWLVIDFWLRQ ZLWK ZKR \RX DUH DQG KRZ \RX

ZDQW WR EH� WR GUHVV� WR WDON DQG WR PRYH� 7KLV YDULHV ZLWK SHRSOH DQG WKH RQHV ZKR

JHW WKH PRVW UHVSHFW IURP WKHLU VWXGHQWV DUH WKH RQHV ZKR UHPDLQ FRPSOHWHO\ WUXH WR

WKHPVHOYHV� WKHLU QDWXUH DQG WKHLU SHUVRQDOLW\� , KDYH UXQ PDQ\ DFDGHPLF SURJUDPV

DQG RIWHQ , DP DVNHG DERXW D GUHVV FRGH� 0\ DQVZHU DOZD\V LV� \RX GUHVV WR SOHDVH

��



\RXUVHOI DQG DQ\RQH HOVH \RX IHHO OLNH SOHDVLQJ�

7KDQN \RX 6WHYH� IRU WKLV RSSRUWXQLW\ WR VSRXW Rm� /HW
V JHW D FXS RI FRmHH�
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