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$EVWUDFW� +HUH� ZH SUHVHQW WKH GHVLJQ DQG LPSOHPHQWDWLRQ RI WKH 3URVSHFWLYH *UDG�
XDWH 6WXGHQW :RUNVKRS �3*6:� LQ 2FHDQ 6FLHQFHV� D QHZ WHDFKLQJ YHQXH GHYHORSHG
ZLWKLQ WKH 8QLYHUVLW\ RI &DOLIRUQLD¶V &HQWHU IRU $GDSWLYH 2SWLFV �&I$2�� 7KH RQH�GD\
ZRUNVKRS LQWURGXFHG XQGHUJUDGXDWH DQG FRPPXQLW\ FROOHJH VWXGHQWV LQWHUHVWHG LQ SXU�
VXLQJ JUDGXDWH VFKRRO WR WKH I HOG RI RFHDQ VFLHQFHV WKURXJK D VHULHV RI LQTXLU\�EDVHG
DFWLYLWLHV� 7KURXJKRXW WKH DFWLYLW\ GHVLJQ SURFHVV� WZR LPSRUWDQW WKHPHV ZHUH HPSKD�
VL]HG� �� SK\VLFDO� FKHPLFDO� DQG ELRORJLFDO SURSHUWLHV DUH WLJKWO\ FRXSOHG LQ WKH RFHDQ�
�� RFHDQ VFLHQFHV LV D KLJKO\ LQWHU�GLVFLSOLQDU\ I HOG WKDW LQFOXGHV VFLHQWLVWV IURP GL�
YHUVH EDFNJURXQGV� :LWK WKHVH LGHDV LQ PLQG WKH ZRUNVKRS ZDV VSOLW LQWR WZR DFWLYLWLHV�
PRUQLQJ DQG DIWHUQRRQ� HDFK RI ZKLFK FRQFHQWUDWHG RQ WHDFKLQJ FHUWDLQ SURFHVV VNLOOV
WKRXJKW WR EH XVHIXO IRU SURVSHFWLYH JUDGXDWH VWXGHQWV� 7KH PRUQLQJ FRYHUHG GHQVLW\
DQG PL[LQJ LQ WKH RFHDQ DQG WKH DIWHUQRRQ ZDV IRFXVHG RQ SK\WRSODQNWRQ DQG KRZ
WKH\ H[SHULHQFH WKH RFHDQ DV D ORZ 5H\QROGV QXPEHU HQYLURQPHQW� $WWHQGHHV ZHUH LQ�
VWUXFWHG WR FRPSOHWH SUH� DQG SRVW�DFWLYLW\ TXHVWLRQQDLUHV� ZKLFK HQDEOHG DVVHVVPHQW RI
LQGLYLGXDO FRPSRQHQWV DQG WKH ZRUNVKRS DV D ZKROH� 5HVSRQVH ZDV YHU\ SRVLWLYH� VWX�
GHQWV JDLQHG NQRZOHGJH DERXW RFHDQ VFLHQFHV� VFLHQWLI F LQTXLU\� DQG JUDGXDWH VFKRRO LQ
JHQHUDO� DQG PRVW LPSRUWDQWO\ KDG IXQ YROXQWDULO\ SDUWLFLSDWLQJ LQ VFLHQFH RQ D 6XQGD\�

�� 9HQXH DQG $XGLHQFH

7KH 3URVSHFWLYH *UDGXDWH 6WXGHQW :RUNVKRS �3*6:� ZDV DQ LQTXLU\ DFWLYLW\ WDXJKW DV
D YHQXH IRU &I$2¶V 3URIHVVLRQDO 'HYHORSPHQW 3URJUDP �3'3�� GHVFULEHG LQ GHWDLO LQ
+XQWHU HW DO� ������ DQG +XQWHU HW DO� �WKLV YROXPH�� )XUWKHU� WKH 3*6: ZDV DSSHQGHG
WR DQRWKHU HYHQW DW 8& 6DQWD &UX]� WKH &DOLIRUQLD )RUXP IRU 'LYHUVLW\ LQ *UDGXDWH
(GXFDWLRQ� 3DUWLFLSDQWV IRU WKH 3*6: ZHUH SXOOHG IURP WKH ODUJHU 'LYHUVLW\ )RUXP
DXGLHQFH� HQDEOLQJ LW WR VHUYH DV D YHQXH IRU ERWK OHDUQLQJ DQG UHFUXLWPHQW� $OO VWX�
GHQWV SDUWLFLSDWLQJ LQ WKLV ZRUNVKRS ZHUH IURP WKH 67(0 I HOGV �6FLHQFH� 7HFKQRORJ\�
(QJLQHHULQJ� DQG 0DWKHPDWLFV� DQG WKHUHIRUH KDG VRPH SULRU VFLHQFH NQRZOHGJH� +DOI
RI WKH VWXGHQWV UHFUXLWHG WR WKH 3*6: DWWHQGHG WKH RFHDQ VFLHQFHV DFWLYLW\ GHVFULEHG
KHUH� WKH RWKHU KDOI SDUWLFLSDWHG LQ DQ LQTXLU\ DFWLYLW\ RQ I XLG G\QDPLFV� GHVFULEHG LQ
7UD[OHU HW DO� �WKLV LVVXH�� 7KHUH ZDV D ZLGH VSHFWUXP RI VWXGHQWV LQ WHUPV RI WKHLU SRVL�
WLRQ LQ KLJKHU HGXFDWLRQ� VSOLW DOPRVW HYHQO\ EHWZHHQ FRPPXQLW\ FROOHJH VWXGHQWV DQG
WKRVH IURP IRXU�\HDU XQLYHUVLWLHV� %DFNJURXQGV DQG H[SHULHQFH UDQJHG IURP \RXQJ YHW�
HUDQV VWDUWLQJ FROOHJH FDUHHUV WR ROGHU VWXGHQWV UHWXUQLQJ DIWHU D QXPEHU RI \HDUV LQ WKH
ZRUNIRUFH� 7KRVH DWWHQGLQJ XQLYHUVLWLHV KDG D YDULHW\ RI PDMRUV LQFOXGLQJ PDWKHPDWLFV�

���



��� -DFR[ DQG 3RZHUV

ELRORJ\� SK\VLFV� DQG FKHPLVWU\� .QRZLQJ WKLV GLYHUVLW\ DKHDG RI WLPH� WKH DFWLYLW\ ZDV
GHVLJQHG LQ VXFK D ZD\ WKDW VSHFLI F EDFNJURXQG NQRZOHGJH LQ RFHDQ VFLHQFHV ZDV QRW
UHTXLUHG� 6LQFH WKH 3*6: ZDV QRW D PDQGDWRU\ SDUW RI WKH 'LYHUVLW\ )RUXP DQG GLG
QRW TXDOLI\ IRU DQ\ FRXUVH UHTXLUHPHQWV� VWXGHQWV DWWHQGHG VROHO\ RI WKHLU RZQ LQWHUHVW�
7KH VHOI�VHOHFWLQJ RI WKH DXGLHQFH DOORZHG XV WR DVVXPH WKLV JURXS RI VWXGHQWV ZDV PR�
WLYDWHG WR OHDUQ DQG SDUWLFLSDWH LQ DFWLYLWLHV DLPHG DW EHWWHU XQGHUVWDQGLQJ WKH VFLHQWLI F
SURFHVV�

�� *RDOV

+DYLQJ D YHQXH ZKHUH VWXGHQWV DUH SUHVHQW GXH WR WKHLU LQGLYLGXDO LQWHUHVW LV D XQLTXH
RSSRUWXQLW\ ERWK IRU WKH VWXGHQWV DQG WKH DFWLYLW\ GHVLJQ WHDP� 7KLV VHWWLQJ DOORZHG
XV WKH IUHHGRP WR FRQFHQWUDWH RQ LQTXLU\ SURFHVV VNLOOV ZLWKRXW WKH SUHVVXUH WR FRYHU
VSHFLI F FRQWHQW WKDW FDQ FRQVWUDLQ W\SLFDO FODVV ZRUN� :KLOH FHUWDLQ FRQWHQW JRDOV ZHUH
HVWDEOLVKHG IRU RXU OHDUQHUV� RXU SULPDU\ IRFXV LQ GHVLJQLQJ WKHVH LQTXLU\ DFWLYLWLHV ZDV
WR LQWURGXFH VWXGHQWV WR VNLOOV QHFHVVDU\ WR EH D VXFFHVVIXO JUDGXDWH VWXGHQW�

)URP GLVFXVVLRQV ZLWKLQ RXU DFWLYLW\ GHVLJQ JURXS� ZKLFK FRQVLVWHG HQWLUHO\ RI
JUDGXDWH VWXGHQWV� ZH ZHUH DEOH WR VHWWOH RQ IRXU PDLQ LQTXLU\ SURFHVV VNLOOV WKDW ZH
ZLVKHG KDG EHHQ WDXJKW WR XV DQG ZHUH UDUHO\ LI HYHU VWUHVVHG LQ W\SLFDO VFLHQFH FODVVHV�

�� )RUP TXHVWLRQV DERXW REVHUYHG SKHQRPHQD

�� )RUP D K\SRWKHVLV IURP REVHUYDWLRQV

�� &RQWURO DQG PDQLSXODWH YDULDEOHV

�� 3UHVHQW I QGLQJV WR SHHUV

5HVHDUFKHUV JHQHUDOO\ EHFRPH LQWHUHVWHG LQ D SURMHFW GXH WR VRPH LPSUHVVLYH SKH�
QRPHQRQ WKH\ VHH RU UHDG DERXW� DQG DUH XQDEOH WR IXOO\ H[SODLQ� /HDUQLQJ KRZ WR
DVN LPSRUWDQW DQG LQYHVWLJDEOH TXHVWLRQV EDVHG RQ DQ REVHUYDWLRQ ZDV WKH I UVW SURFHVV
VNLOO ZH ZDQWHG RXU VWXGHQWV WR SUDFWLFH� $Q\RQH FDQ DVN� ³+RZ GLG WKDW KDSSHQ"´� EXW
DV D VFLHQWLVW \RX QHHG WR LQFOXGH ODQJXDJH WKDW DOORZV \RX WR IROORZ D SODQ WR DQVZHU
WKDW TXHVWLRQ� 7KLV DOVR WLHV LQ FORVHO\ ZLWK WKH VHFRQG SURFHVV VNLOO RI OHDUQLQJ WR IRU�
PXODWH D K\SRWKHVLV� 2QFH WKH VWXGHQW KDV EHHQ DEOH WR QDUURZ GRZQ ZKLFK TXHVWLRQV
DUH LPSRUWDQW WR XQGHUVWDQGLQJ VRPH SKHQRPHQRQ� WKH QH[W VWHS LV WR SURSRVH D K\SRWK�
HVLV WR H[SODLQ WKH REVHUYDWLRQ� :KLOH UHVHDUFKHUV IUHTXHQWO\ HPSOR\ WKHVH FRQFHSWV�
RIWHQ ZLWKRXW UHDOL]LQJ LW� VWXGHQWV UDUHO\ KDYH WKH RSSRUWXQLW\ WR SXW WKHVH VNLOOV LQWR
SUDFWLFH� %\ SUHVHQWLQJ WKH VWXGHQWV ZLWK SKHQRPHQD WKH\ ZHUH QRW IDPLOLDU ZLWK �RXU
DXGLHQFH JHQHUDOO\ KDG QR RFHDQ VFLHQFHV EDFNJURXQG� ZH KRSHG WR SURYLGH D IRUXP
IRU VWXGHQWV WR IRUPXODWH D UHVHDUFK TXHVWLRQ DQG GHYHORS D SUREDEOH K\SRWKHVLV�

,Q D W\SLFDO KLJK VFKRRO RU XQGHUJUDGXDWH VFLHQFH ODE VHWWLQJ� VWXGHQWV DUH JLYHQ D
VHW RI LQVWUXFWLRQV LQ RUGHU WR FRQGXFW DQ ³H[SHULPHQW´ DQG WKHQ DVNHG WR DQVZHU TXHV�
WLRQV EDVHG RQ ZKDW WKH\ ZHUH VXSSRVHG WR I QG KDG WKH\ IROORZHG WKRVH LQVWUXFWLRQV� ,Q
WKLV PRGHO� VWXGHQWV DUH QRW JLYHQ WKH FKDQFH WR IUHHO\ H[SORUH WKH REVHUYHG SKHQRPHQD
DQG WKHUHIRUH IHHO YHU\ OLWWOH RZQHUVKLS RYHU WKH H[SHULPHQW� $OORZLQJ VWXGHQWV WR GH�
YHORS WKHLU RZQ SDWK IURP WKH TXHVWLRQV DQG IRUPXODWH K\SRWKHVHV FDQ JLYH WKHP PRUH
RZQHUVKLS RYHU D SURMHFW DQG HQFRXUDJH WKHP WR LQYHVW PRUH HQHUJ\ LQWR OHDUQLQJ WKH
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LPSRUWDQW FRQFHSWV QHFHVVDU\ WR VROYH WKHLU SUREOHP� ,Q RXU GHVLJQ� ZH ZDQWHG VWX�
GHQWV WR OHDUQ KRZ WR FRQWURO DQG PDQLSXODWH YDULDEOHV VR WKH\ FRXOG FUHDWH WKHLU RZQ
H[SHULPHQWV WR EHWWHU HQDEOH WKH IHHOLQJ RI RZQHUVKLS RYHU WKHLU RZQ LGHDV� :H SUH�
VHQWHG WKH WRROV QHFHVVDU\ IRU VWXGHQWV WR H[SORUH DQ\ DYHQXH RI WKH SKHQRPHQD WKH\
ZHUH LQWHUHVWHG LQ� EXW WKHUH ZHUH QR GLUHFWLRQV RU ODE SURWRFROV� MXVW WKHLU RZQ LGHDV DV
D JXLGH�

7KH ODVW SURFHVV VNLOO RI SUHVHQWLQJ I QGLQJV WR \RXU SHHUV ZDV LQFOXGHG EHFDXVH
DV D VFLHQWLVW� FRPPXQLFDWLRQ RI \RXU ZRUN WR WKH EURDGHU VFLHQWLI F FRPPXQLW\ LV YLWDO
IRU WKH DGYDQFHPHQW RI DQ\ I HOG� 7KH DFW RI RUDOO\ GHIHQGLQJ \RXU UHVXOWV LQ IURQW
DQ DXGLHQFH EHFRPHV OHVV WHUULI\LQJ ZLWK SUDFWLFH� %\ UHTXLULQJ VWXGHQWV WR VWDQG XS
DQG EULHI \ H[SODLQ WKHLU UHVXOWV� WKH\ KDG D FKDQFH WR SUDFWLFH WKLV VNLOO VR LW PLJKW EH
VOLJKWO\ HDVLHU LQ WKH IXWXUH� $OVR� VLQFH VWXGHQWV FKRVH WR DQVZHU GLffHUHQW TXHVWLRQV
XVLQJ D YDULHW\ RI WRROV� ZH ZDQWHG HDFK VWXGHQW WR EH DEOH WR H[SODLQ WKHLU H[SHULPHQWDO
SURFHVV DQG UHVXOWV WR GHPRQVWUDWH WKHUH DUH PXOWLSOH ZD\V RI DSSURDFKLQJ WKH VDPH
LVVXH�

7KH FRQWHQW JRDOV IRU RXU ZRUNVKRS ZHUH FHQWHUHG DURXQG WKH LGHD WKDW RFHDQ
VFLHQFHV LV PXOWL�GLVFLSOLQDU\� ZLWK PXOWLSOH SURSHUWLHV LQ WKH RFHDQ WKDW DUH DOO WLJKWO\
OLQNHG� :LWK WKLV LQ PLQG� VHYHUDO VSHFLI F FRQWHQW JRDOV ZHUH VHW RXW IRU WKH OHDUQHUV WR
XOWLPDWHO\ XQGHUVWDQG�

�� 7KHUH DUH GLVWLQFW OD\HUV LQ WKH RFHDQ WKDW DUH GLffiFXOW WR PL[

�� 'HQVLW\ LV DffHFWHG E\ WHPSHUDWXUH DQG VDOLQLW\� FROG ZDWHU LV GHQVHU WKDQ ZDUP�
VDOW\ ZDWHU LV GHQVHU WKDQ IUHVK

�� 6PDOO RUJDQLVPV H[SHULHQFH WKH RFHDQ DV D ORZ 5H\QROGV QXPEHU HQYLURQPHQW

�� 6L]H� VKDSH� DQG RULHQWDWLRQ LQI XHQFH SODQNWRQ VLQNLQJ UDWHV

�� 3K\VLFDO� ELRORJLFDO� DQG FKHPLFDO SURSHUWLHV LQ WKH RFHDQ DUH WLJKWO\ FRXSOHG

7KH I UVW WZR DUH SK\VLFDO SURSHUWLHV WKDW JRYHUQ FHUWDLQ SURFHVVHV LQ WKH RFHDQ�
7KURXJKRXW WKH RFHDQ WKHUH DUH OD\HUV RI ZDWHU ZLWK GLffHUHQW GHQVLWLHV� DQG ZLWKRXW
VXEVWDQWLDO SK\VLFDO IRUFLQJ� WKHVH OD\HUV DUH UDUHO\ PL[HG� ,W LV LPSRUWDQW WR XQGHUVWDQG
WKHVH EDVLF SRLQWV DV SK\VLFDO SURSHUWLHV GHWHUPLQH WKH FKHPLFDO DQG ELRORJLFDO VWUXFWXUH
RI WKH RFHDQ� 7KRXJK RXU VWXGHQWV DOO KDG VRPH VFLHQFH EDFNJURXQG DQG SUREDEO\
XQGHUVWRRG GHQVLW\� ZH DVVXPHG WKH\ KDG QRW OHDUQHG DERXW GHQVLW\ LQ WKH FRQWH[W RI
RFHDQLF SURFHVVHV�

7KH QH[W WZR FRQWHQW JRDOV DUH IRFXVHG RQ XQGHUVWDQGLQJ KRZ ELRORJ\ LQ WKH RFHDQ
H[SHULHQFHV WKH SK\VLFDO HQYLURQPHQW� 9HU\ VPDOO SODQNWRQ LQ WKH VXUIDFH OD\HU RI WKH
RFHDQ H[SHULHQFH VHD ZDWHU DV D ORZ 5H\QROGV QXPEHU HQYLURQPHQW� ZKLFK PHDQV WR
WKHP LW IHHOV H[WUHPHO\ YLVFRXV� 2QFH VWXGHQWV XQGHUVWDQG WKLV FRQFHSW� WKH\ FDQ VWDUW
WR VHH KRZ GLffHUHQW PRUSKRORJLHV DQG RULHQWDWLRQV RI SODQNWRQ LQI XHQFH WKHLU DELOLW\
WR VWD\ HQWUDLQHG LQ WKH VXUIDFH OD\HU� /HDUQLQJ KRZ WKH ELRORJ\ LV DffHFWHG E\ SK\VLFDO
SURSHUWLHV KHOSV WR PRYH WRZDUG WKH ELJ SLFWXUH WKDW ZDV RXU I QDO FRQWHQW JRDO� +RZ
GR GLffHUHQW DUHDV RI VWXG\ �SK\VLFV� ELRORJ\� DQG FKHPLVWU\� LQI XHQFH HDFK RWKHU LQ WKH
RFHDQ"
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�� $FWLYLW\ 'HVFULSWLRQ

7KURXJKRXW WKH DFWLYLW\ GHVLJQ SURFHVV� WZR LPSRUWDQW WKHPHV ZHUH HPSKDVL]HG� ��
SK\VLFDO� FKHPLFDO� DQG ELRORJLFDO SURSHUWLHV LQ WKH RFHDQ DUH WLJKWO\ FRXSOHG� �� RFHDQ
VFLHQFHV LV D KLJKO\ LQWHU�GLVFLSOLQDU\ I HOG LQFOXGLQJ VFLHQWLVWV ZLWK YHU\ GLYHUVH EDFN�
JURXQGV� 7KH DFWLYLWLHV GHVFULEHG KHUH ZHUH GHYHORSHG VSHFLI FDOO\ WR WDUJHW WKHVH
WKHPHV DV ZHOO DV WKH VSHFLI F SURFHVV DQG FRQWHQW JRDOV RXWOLQHG SUHYLRXVO\� %HORZ
LV WKH VFKHGXOH IRU WKH HQWLUH RFHDQ VFLHQFHV VLGH RI WKH 3*6:�

7DEOH �� $FWLYLW\ 7LPHOLQH

$FWLYLW\ 7LPH

,QWURGXFWLRQ WR :RUNVKRS �� PLQ
,QWURGXFWLRQ WR 2FHDQ 6FLHQFHV �� PLQ
'HQVLW\ ,QTXLU\ �� PLQ
,FH &XEH ([SHULPHQW �� PLQ
'HVLJQLQJ 3ODQNWRQ �� PLQ
/XQFK �� PLQ
5H\QROGV 1XPEHU ,QTXLU\ �� PLQ
0L[LQJ 'HPR �� PLQ
'HSDUWPHQW 7DON �� PLQ
5HFHSWLRQ 2SHQ

:KLOH FHUWDLQ FRPSRQHQWV RI WKH ZRUNVKRS ZHUH DLPHG DW GLVFXVVLQJ JUDGXDWH
VFKRRO DQG WKH GLVFLSOLQH RI RFHDQ VFLHQFHV LQ JHQHUDO� EHORZ DUH GHVFULSWLRQV RI WKH
DFWXDO LQTXLU\ DFWLYLWLHV� 'HVLJQV IRU VRPH RI WKHVH DFWLYLWLHV ZHUH LQIRUPHG E\ .DUS�
%RVV HW DO� �������

���� 'HQVLW\ ,QTXLU\

7R VWDUW WKH I UVW LQTXLU\ DFWLYLW\� VWXGHQWV LQ JURXSV RI WZR WR WKUHH ZHUH JLYHQ WZR
IRDP FXSV� RQH ZLWK ZDUP IUHVK ZDWHU �FRORUHG UHG� DQG DQRWKHU ZLWK FROG VDOW\ ZDWHU
�FRORUHG EOXH�� 7KH\ ZHUH WROG HDFK FXS FRQWDLQHG ZDWHU� EXW ZHUH QRW WROG DQ\WKLQJ
DERXW WKH WHPSHUDWXUH RU VDOLQLW\ RI WKH ZDWHU� 7KH\ WKHQ SRNHG HDFK FXS ZLWK D SXVKSLQ
DQG DOORZHG WKHP WR GUDLQ VORZO\ LQWR FOHDU WDS ZDWHU LQ D FOHDU GLVK� IRUPLQJ WZR
GLVWLQFW OD\HUV �)LJXUH ���

7KLV ZDV I UVW TXLFNO\ GHPRQVWUDWHG E\ RQH IDFLOLWDWRU IRU VWXGHQWV WR ZDWFK� WKHQ
HDFK JURXS ZDV DEOH WR GR LW RQ WKHLU RZQ� $IWHU LQLWLDO REVHUYDWLRQV� VWXGHQWV ZHUH
JLYHQ DERXW �� PLQXWHV WR IRUPXODWH TXHVWLRQV DERXW ZK\ OD\HUV IRUPHG DQG EUDLQVWRUP
LGHDV DERXW ZKDW ZDV FDXVLQJ WKLV SKHQRPHQRQ� )DFLOLWDWRUV DVVLJQHG WR VSHFLI F JURXSV
DVNHG HDFK VWXGHQW DERXW WKHLU TXHVWLRQV DQG KRZ WKH\ PLJKW JR DERXW DQVZHULQJ WKHP�
6LQFH WLPH ZDV OLPLWHG� IDFLOLWDWRUV RQO\ VSHQW HQRXJK WLPH ZLWK HDFK JURXS WR GLVFHUQ
ZKHWKHU RU QRW WKH\ KDG GHYHORSHG D TXHVWLRQ WKDW ZDV LQYHVWLJDEOH LQ WKH WLPH DOORWWHG�
2QFH VWXGHQWV KDG D TXHVWLRQ LQ PLQG� WKH\ ZHUH SURYLGHG ZLWK D YDULHW\ RI LQVWUXPHQWV
WR WHVW WKHLU LGHDV� 5DWKHU WKDQ JLYLQJ HDFK JURXS VSHFLI F WRROV WKDW PD\ VKDSH WKHLU
LQYHVWLJDWLRQ� PDWHULDOV ZHUH PDGH DYDLODEOH DW WKH IURQW RI WKH URRP WR EH XVHG DV
GHVLUHG� 0DWHULDOV SURYLGHG LQFOXGH WDS ZDWHU� WKHUPRPHWHUV� VDOLQRPHWHUV� LFH� KRW
SODWHV� VDOW� OLWPXV SDSHU� DQG IRRG FRORULQJ� 7KURXJK IDFLOLWDWLRQ� VWXGHQWV ZHUH JXLGHG
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)LJXUH �� 6WDUWHU DFWLYLW\ IRU WKH GHQVLW\ LQTXLU\� 7ZR FXSV I OOHG ZLWK ZDWHU RI
GLffHUHQW GHQVLW\ DQG FRORU DUH SXQFWXUHG WR GUDLQ LQWR D FOHDU GLVK� IRUPLQJ WZR
GLVWLQFW OD\HUV� 3KRWR FRXUWHV\ RI 0HOLQGD 6LPPRQV�

WR LVRODWH DQG PDQLSXODWH FHUWDLQ YDULDEOHV ZKLOH FRQWUROOLQJ RWKHUV� ZRUNLQJ WRZDUG WKH
XQGHUVWDQGLQJ RI WHPSHUDWXUH DQG VDOLQLW\ HffHFWV RQ WKH GHQVLW\ RI ZDWHU� )ROORZLQJ WKH
DFWLYLW\� HDFK JURXS QRPLQDWHG D PHPEHU WR SUHVHQW WKHLU VWUDWHJLHV DQG I QGLQJV WR WKH
FODVV� :KLOH JURXSV JHQHUDOO\ FDPH WR WKH FRQFOXVLRQ WKDW WZR OD\HUV IRUPHG EHFDXVH
RI GHQVLW\ DQG WKDW WHPSHUDWXUH DQG VDOLQLW\ DffHFWHG WKDW GHQVLW\� WKHUH ZDV YHU\ OLWWOH
RYHUODS LQ WKH SDWKV WKDW HDFK JURXS WRRN WR JHW WKHUH�

���� ,FH &XEH ([SHULPHQW

%XLOGLQJ XSRQ NQRZOHGJH JDLQHG DERXW GHQVLW\ IURP WKH SUHYLRXV DFWLYLW\� VWXGHQWV
ZHUH DVNHG WR SUHGLFW WKH RXWFRPH RI D GLffHUHQW H[SHULPHQW� LI DQ LFH FXEH LV SODFHG
LQ D FXS RI VDOW ZDWHU DQG DQRWKHU LQ IUHVK ZDWHU� ZKLFK RQH ZLOO PHOW IDVWHU" 7KLV
H[SHULPHQW ZDV DLPHG DW DOORZLQJ VWXGHQWV WR SUDFWLFH IRUPLQJ D K\SRWKHVLV EDVHG RQ
NQRZOHGJH JDLQHG IURP WKH SUHYLRXV LQTXLU\� (DFK VWXGHQW ZDV JLYHQ D VLPSOH VHW�XS
RI RQH VPDOO FOHDU FXS I OOHG ZLWK VDOWZDWHU� RQH I OOHG ZLWK IUHVKZDWHU� DQG D FRORUHG LFH
FXEH WR GURS LQ HDFK� :KLOH WKH\ ZDWFKHG WR VHH ZKLFK RQH PHOWHG IDVWHU� IDFLOLWDWRUV
HQFRXUDJHG VWXGHQWV WR REVHUYH ZKDW KDSSHQHG DQG HYDOXDWH WKHLU K\SRWKHVHV� 6KRUWO\
DIWHU WKH EHJLQQLQJ RI WKH H[SHULPHQW LW EHFRPHV FOHDU WKDW WKH FXEH LQ IUHVK ZDWHU LV
PHOWLQJ IDVWHU� $W WKLV SRLQW� VWXGHQWV EHJDQ WR VKDUH ZLWK WKH UHVW RI WKH FODVV ZKDW WKH\
VDZ KDSSHQLQJ DQG WKRXJKWV DERXW ZK\� 7KH GLVFXVVLRQ ZDV JXLGHG E\ D IDFLOLWDWRU ZKR
VWHHUHG WKHP WR WKH FRUUHFW DQVZHU E\ VXJJHVWLQJ WKH\ WKLQN DERXW ZKDW ZDV OHDUQHG
HDUOLHU DERXW OD\HUV DQG GHQVLW\� 8OWLPDWHO\� VWXGHQWV UHDOL]H WKDW ZKHQ WKH IUHVK LFH
FXEH EHJLQV WR PHOW LQ VDOWZDWHU� LW IRUPV D OHQV RI PHOW ZDWHU WKDW UHVWV RQ WRS RI WKH
VDOWZDWHU GXH WR ORZHU GHQVLW\� 7KLV OHQV RI FROG IUHVK ZDWHU LQVXODWHV WKH LFH FXEH DQG
SUHYHQWV LW IURP PHOWLQJ DV IDVW DV WKH LFH FXEH LQ WKH IUHVK ZDWHU� ZKHUH WKH GHQVLW\
JUDGLHQWV DUH VPDOO DQG PL[LQJ RFFXUV WKURXJKRXW WKH FXS�

���� 5H\QROGV 1XPEHU ,QTXLU\

7KH DIWHUQRRQ LQTXLU\ ZDV GHVLJQHG WR LQFRUSRUDWH LGHDV DERXW ZKDW SK\VLFDO SURFHVVHV
DffHFW RUJDQLVPV OLYLQJ LQ WKH RFHDQ� VSHFLI FDOO\ SODQNWRQ� (DFK VWXGHQW ZDV JLYHQ
HTXDO DOLTXRWV RI FOD\ DQG DVNHG WR PDNH WZR FOD\ VKDSHV WR UHSUHVHQW SODQNWRQ� RQH
GHVLJQHG WR VLQN VORZO\ DQG RQH WR VLQN TXLFNO\� :RUNLQJ ZLWK WDOO F\OLQGHUV RI NDUR
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V\UXS WR VLPXODWH D ORZ 5H\QROGV QXPEHU HQYLURQPHQW �DV WKH RFHDQ IHHOV WR SODQNWRQ��
VWXGHQWV ZHUH FKDOOHQJHG WR H[SHULPHQW ZLWK WKHLU JURXSV¶ YDULRXV VKDSHV DQG WKHLU
RULHQWDWLRQ WR UHFRUG WKH IDVWHVW DQG VORZHVW SRVVLEOH VLQNLQJ UDWHV� $ ZRUNVKHHW ZDV
SURYLGHG IRU VWXGHQWV WR UHFRUG WLPHV DQG GUDZ WKHLU SK\WRSODQNWRQ� HQFRXUDJLQJ WKHP
WR QRWH SURSHUWLHV WKDW FRQWUROOHG VLQNLQJ UDWHV� 2QFH VWXGHQWV I JXUHG RXW WKH IDVWHVW
VKDSH LQ WKHLU JURXS� WKH\ ZHUH DEOH WR FKRRVH IURP SUH�PDGH VKDSHV WKDW ZHUH VSHFLI �
FDOO\ GHVLJQHG WR KDYH VORZ RU IDVW VLQNLQJ UDWHV� +RZHYHU� EHIRUH SLFNLQJ WKHVH VKDSHV�
WKH\ ZHUH DVNHG WR MXVWLI\ WKHLU VHOHFWLRQ EDVHG RQ SULRU REVHUYDWLRQV� $IWHU UHFRUGLQJ
UHVXOWV IURP WKLV QH[W URXQG RI WHVWV� VWXGHQWV ZURWH GRZQ WKH IDFWRUV FRQWUROOLQJ VLQNLQJ
LQ KLJKO\ YLVFRXV I XLGV RQ WKHLU ZRUNVKHHW� $W WKH HQG RI WKH LQTXLU\� IDFLOLWDWRUV KHOG D
³VLQN�Rff´ �)LJXUH �� RI WKH IDVWHVW DQG VORZHVW VKDSHV WR VHUYH DV D EDFNGURS WR GLVFXVV
LPSRUWDQW FRQWHQW UHODWHG WR WKH DFWLYLW\�

)LJXUH �� $ IDFLOLWDWRU SUHSDULQJ WR GURS WZR GLVWLQFW ³SK\WRSODQNWRQ´ LQWR KLJKO\
YLVFRXV NDUR V\UXS WR LQYHVWLJDWH KRZ WKHLU VKDSHV DffHFW VLQNLQJ UDWH� 3KRWR FRXUWHV\
RI 0HOLQGD 6LPPRQV�

���� 0L[LQJ 'HPR

7KH I QDO DFWLYLW\ RI WKH GD\ ZDV D GHPRQVWUDWLRQ GHVFULEHG LQ )UDQNV 	 )UDQNV �������
FKRVHQ WR V\QWKHVL]H WKH PDMRU FRQFHSWV LQWURGXFHG WKURXJKRXW WKH GD\� $ WDQN ZDV VHW
XS ZLWK WZR GLVWLQFW GHQVLW\ OD\HUV� ERWK FOHDU� 2QH HQG RI WKH WDQN ZDV WKHQ VHSDUDWHG
IURP WKH UHVW ZLWK D GLYLGHU� G\HG JUHHQ� DQG WKRURXJKO\ PL[HG� 8SRQ UHPRYLQJ WKH
GLYLGHU� WKH PHGLXP GHQVLW\ JUHHQ ZDWHU SURSDJDWHG VORZO\ DFURVV WKH WDQN EHWZHHQ WKH
WZR FOHDU OD\HUV� FOHDUO\ GHPRQVWUDWLQJ GHQVLW\ HffHFWV DQG LQ LQWHUIDFLDO ZDYH� :KHQ
WKH ZDYH KDG VHWWOHG� D WKUHH OD\HU V\VWHP ZDV SURGXFHG� WKH IUHVK VXUIDFH DQG VDOW\
ERWWRP VHSDUDWHG E\ D PRGHUDWH GHQVLW\ JUHHQ EDQG� 7KH WDQN ZDV SUHVHQWHG DV D JRRG
UHSUHVHQWDWLRQ RI WKH UHDO RFHDQ� ZLWK WKH ZHOO PL[HG VXUIDFH OD\HU VHSDUDWHG IURP WKH
GHHS RFHDQ E\ D VWURQJ GHQVLW\ JUDGLHQW� 1H[W� D IHZ GURSV RI G\H ZHUH SODFHG LQ
WKH VXUIDFH DQG ERWWRP OD\HUV� DQG D YROXQWHHU IURP WKH DXGLHQFH ZDV DVNHG WR DFW DV D
VWURQJ ZLQG VWRUP� EORZLQJ RYHU WKH ZDWHU¶V VXUIDFH� :KLOH WKH VXUIDFH OD\HU ZDV FOHDUO\
PL[HG XS ZLWK G\H GLVSHUVLQJ WKURXJKRXW� WKH ERWWRP OD\HU UHPDLQHG PRVWO\ XQWRXFKHG�
$JDLQ UHODWLQJ WR WKH UHDO RFHDQ� WKH GHPR ZDV XVHG WR VKRZ WKDW SK\WRSODQNWRQ WKDW
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QHHG WR UHPDLQ LQ WKH VXUIDFH ZKHUH WKHUH LV OLJKW FDQ VWUXJJOH GXH WR WKH GLffiFXOW\ RI
PL[LQJ QXWULHQWV XS IURP WKH GHHS RFHDQ� 3ULPDULO\� WKH GHPRQVWUDWLRQ ZDV LQWHQGHG
VHUYH DV D FHQWHUSLHFH WR HQJDJH WKH HQWLUH JURXS LQ D GLVFXVVLRQ DERXW VRPH LPSRUWDQW
SK\VLFDO� ELRORJLFDO� DQG FKHPLFDO SURFHVVHV FRQVWDQWO\ RFFXUULQJ LQ WKH RFHDQ�

�� )DFLOLWDWLRQ

7KH IDFLOLWDWLRQ �LQVWUXFWLRQ� RI WKLV DFWLYLW\ LV GHSHQGHQW VRPHZKDW RQ WKH QXPEHU RI
LQVWUXFWRUV DYDLODEOH� 2XU KLJK LQVWUXFWRU�WR�VWXGHQW UDWLR ������ DOORZHG IRU HDFK LQ�
VWUXFWRU WR IRFXV RQ MXVW RQH RU WZR JURXSV RI WZR WR WKUHH VWXGHQWV HDFK� ,Q DGGLWLRQ�
D ³I RDWHU´ ZDV DYDLODEOH WR NHHS WUDFN RI WLPH� JUDE VXSSOLHV� DQG JHQHUDOO\ KHOS WKLQJV
UXQ VPRRWKO\� 6XFK D ODUJH JURXS RI IDFLOLWDWRUV ZDV D OX[XU\ WKDW HQDEOHG XV WR NHHS D
FORVH H\H RQ WKH SURJUHVV RI VWXGHQWV WRZDUG WKH JRDOV ZH KDG VHW RXW IRU HDFK VHFWLRQ
RI WKH LQTXLU\�

7KH IDFLOLWDWLRQ SODQ GHYHORSHG IRU WKH ZRUNVKRS ZDV SXW WRJHWKHU ZLWK VHYHUDO
VSHFLI F LQWHQWLRQV� �L� WHDFK FHUWDLQ FRQWHQW LQ RFHDQRJUDSK\� �LL� SUHVHQW RFHDQRJUDSK\
DV DQ LQWHUGLVFLSOLQDU\ VFLHQFH LQFRUSRUDWLQJ GLYHUVH UHVHDUFK DUHDV� �LLL� KHOS VWXGHQWV
WR EHJLQ GHYHORSLQJ SURFHVV VNLOOV WKDW DUH LPSRUWDQW LQ JUDGXDWH VFKRRO DQG IXUWKHU LQ
VFLHQWLI F FDUHHUV� DQG �LY� SURYLGH FRQWH[W IRU ODERUDWRU\ H[SHULPHQWDWLRQ DQG KRZ LW
FDQ LQIRUP RXU NQRZOHGJH RI WKH UHDO ZRUOG�

���� 7HDFKLQJ &RQWHQW

:KLOH JHWWLQJ VSHFLI F RFHDQRJUDSK\ FRQWHQW DFURVV WR VWXGHQWV ZDV QRW WKH SULPDU\
JRDO RI WKH ZRUNVKRS� LW SURYLGHG D EDVLV IRU GHVLJQ DQG PRWLYDWHG HDFK DFWLYLW\� ,Q
WKH GHQVLW\ LQTXLU\� WKH IXQGDPHQWDO FRQWHQW ZDV VLPSOH� FROG ZDWHU LV GHQVHU WKDQ
ZDUP ZDWHU DQG VDOWZDWHU LV GHQVHU WKDQ IUHVKZDWHU� 7KHUH ZDV FRQFHUQ WKDW WKHVH
LGHDV ZHUH WRR VLPSOH DQG ZRXOG EH ZLGHO\ NQRZQ E\ VWXGHQWV� EXW WKDW WXUQHG RXW QRW
WR EH WKH FDVH DQG VWXGHQWV ZHUH HDVLO\ HQJDJHG� 7KHUH ZHUH D VXUSULVLQJ QXPEHU RI
SDUWLFLSDQWV ZKR ZHUH VLGHWUDFNHG E\ ZKDW ZH FRQVLGHUHG XQLPSRUWDQW GHWDLOV� 6RPH
EHFDPH LPPHGLDWHO\ IRFXVHG RQ WKH GLffHUHQW FRORUV RI ZDWHU� 7KHLU OLQH RI TXHVWLRQLQJ
ZHQW GRZQ WKH OLQHV RI ZK\ EOXH ZDWHU PD\ VLQN EHORZ UHG ZDWHU� UDWKHU WKDQ DVNLQJ
ZKDW HOVH PDNHV WKH EOXH DQG UHG ZDWHU GLffHUHQW� ,Q WKHVH FDVHV� VRPH DPRXQW RI
IUHH H[SORUDWLRQ ZDV LQLWLDOO\ DOORZHG EHIRUH SURELQJ TXHVWLRQV ZHUH XVHG WR VWHHU WKH
LQYHVWLJDWLRQ LQ WKH GHVLUHG GLUHFWLRQ� 2WKHU FRPPRQ PLVFRQFHSWLRQV KDG WR GR ZLWK
GHWDLOV RI WKH H[SHULPHQWDO VHWXS� :KDW HffHFW GR WKH URFNV LQ WKH IRDP FXSV KDYH"
�7KH\ ZHUH WKHUH VLPSO\ WR NHHS WKH FXS IURP I RDWLQJ DZD\�� :KDW LI WKH SLQKROH LQ
RQH FXS LV ODUJHU WKDQ WKH RWKHU" $JDLQ� GHSHQGLQJ RQ KRZ PXFK WLPH ZDV DYDLODEOH
LQ WKH DFWLYLW\� WKLV NLQG RI TXHVWLRQLQJ FRXOG HLWKHU EH DOORZHG IRU D ELW RU UHGLUHFWHG
WRZDUG GHVLUHG RXWFRPHV� ,I VWXGHQWV ZHUH WR UHDFK WKH GHVLUHG FRQWHQW JRDOV ZLWK WLPH
WR VSDUH� VRPH KLJKHU WLHU TXHVWLRQV ZHUH SUHSDUHG WR FKDOOHQJH WKHP� )RU H[DPSOH�
WKH\ FRXOG EH HQFRXUDJHG WR EH TXDQWLWDWLYH� KRZ PDQ\ JUDPV RI VDOW SURGXFH WKH VDPH
GHQVLW\ FKDQJH DV D �◦& WHPSHUDWXUH FKDQJH"

+\SRWKHVLV JHQHUDWLRQ IRU WKH LFH FXEH DFWLYLW\ LV DQ LQWHUHVWLQJ SURFHVV� 0RVW
SHRSOH �QRQ�VFLHQWLVWV DQG RFHDQRJUDSK\ 3K'V DOLNH� GR QRW FRPH XS ZLWK WKH RXWFRPH
DKHDG RI WLPH� (YHQ WKRXJK WKLV DFWLYLW\ IROORZHG GLUHFWO\ RQ WKH KHHOV RI WKH LQTXLU\
RQ GHQVLW\ OD\HUV� LW ZDV KDUG WR JHW VWXGHQWV WR UHODWH D QHZ SUREOHP WR ZKDW WKH\ KDG
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MXVW OHDUQHG DERXW GHQVLW\� 0RVW FRPPRQO\� SHRSOH LQYRNH WKHLU SULRU NQRZOHGJH DQG
FRPH WR WKH FRQFOXVLRQ WKDW WKH LFH FXEH ZLOO PHOW IDVWHU LQ VDOWZDWHU� HLWKHU EHFDXVH
WKH\ KDYH VHHQ VDOW SXW GRZQ RQ LF\ URDGV� RU EHFDXVH WKH\ NQRZ WKDW VDOWZDWHU KDV D
ORZHU IUHH]LQJ SRLQW WKDQ IUHVKZDWHU� 7KLV DFWLYLW\ SURYLGHV D QLFH EDVLV IRU LQWHUDFWLRQ
ZLWK WKH VWXGHQWV DV WKH LFH FXEHV PHOW VORZO\ DQG VKRZ YHU\ FOHDUO\ ZKDW LV KDSSHQLQJ�
7KH IDFLOLWDWRUV WKHQ KDYH WLPH WR SXOO REVHUYDWLRQV IURP WKH VWXGHQWV DQG FRQWUDVW WKHP
ZLWK SUHGLFWLRQV� QRWLQJ WKH IUHVKZDWHU OHQV IRUPLQJ RQ WRS RI WKH VDOWZDWHU ZKLOH PHOW
ZDWHU PL[HV WKRURXJKO\ WKURXJK WKH IUHVKZDWHU�

)RU WKH DIWHUQRRQ DFWLYLW\ RQ ORZ 5H\QROGV QXPEHU I RZ� D VOLJKWO\ GLffHUHQW DQJOH
ZDV WDNHQ RQ IDFLOLWDWLRQ� 6WXGHQWV ZHUH SURYLGHG D ZRUNVKHHW WR JXLGH WKHP WKURXJK
WKH DFWLYLW\ DQG WU\ WR IRUFH WKHP WR UHFRUG REVHUYDWLRQV� 7KLV VWUDWHJ\ SURGXFHG VRPH
VXFFHVV� KRZHYHU VWXGHQWV WHQGHG WR WU\ WR ZRUN DV TXLFNO\ DV SRVVLEOH WR SXVK WKURXJK
HDFK SRUWLRQ RI WKH DFWLYLW\ DQG RQ WR WKH QH[W WKLQJ� ,W EHFDPH LPSRUWDQW IRU IDFLOLWDWRUV
WR HQJDJH VWXGHQWV� WDNH D VWHS EDFN� DQG KDYH WKHP WKLQN LQ PRUH GHSWK DERXW ZKDW
WKH\ ZHUH GRLQJ DQG VHHLQJ�

���� 2FHDQRJUDSK\ DV DQ ,QWHUGLVFLSOLQDU\ 6FLHQFH

$ NH\ JRDO RI WKH RFHDQ VFLHQFHV ZRUNVKRS ZDV WR GLVSHO DQ\ WKRXJKWV WKDW DOO RFHDQRJ�
UDSKHUV KDYH XQGHUJUDGXDWH GHJUHHV LQ PDULQH ELRORJ\� ,Q IDFW� UHVHDUFK LQ RFHDQ VFL�
HQFHV UXQV WKH JDPXW RI VFLHQFH� IURP ELRORJ\ RI ODUJH PDULQH PDPPDOV WR WKHRUHWLFDO
I XLG G\QDPLFV� 'HPRQVWUDWLQJ WKLV IDFW LQ D ODERUDWRU\ ZDV D FKDOOHQJH� KRZHYHU WKH
JHQHUDO LGHD ZDV WR SUHVHQW SK\VLFDO RFHDQRJUDSK\ LQ WKH PRUQLQJ DFWLYLW\� FRPELQH
SK\VLFV DQG ELRORJ\ LQ WKH DIWHUQRRQ� DQG EULQJ SK\VLFV� ELRORJ\� DQG FKHPLVWU\ WR�
JHWKHU ZLWK D GHPR WR HQG WKH GD\� $ FRQFHUWHG HffRUW ZDV PDGH E\ WKH IDFLOLWDWRU
JLYLQJ WKH GHPR WR H[SOLFLWO\ UHODWH LW WR WKH UHDO RFHDQ� ZLWK D VXUIDFH OD\HU ZKHUH OLJKW
LV DYDLODEOH DQG SK\WRSODQNWRQ DUH FRQFHQWUDWHG� D GHHS� QXWULHQW�ULFK EXW GDUN OD\HU�
DQG D VWURQJ GHQVLW\ JUDGLHQW EHWZHHQ WKHP WKDW LQKLELWV PL[LQJ�

,Q D PRUH H[SOLFLW GHPRQVWUDWLRQ RI WKH LQWHUGLVFLSOLQDU\ QDWXUH RI RFHDQ VFLHQFHV�
D SUHVHQWDWLRQ ZDV JLYHQ DW WKH HQG RI WKH GD\ RI WKH GLffHUHQW ODEV SUHVHQW LQ WKH RFHDQ
VFLHQFHV GHSDUWPHQW DW 8& 6DQWD &UX]� ZKDW NLQG RI UHVHDUFK HDFK IRFXVHV RQ� DQG WKH
EDFNJURXQGV RI VRPH RI WKH SURIHVVRUV DQG JUDGXDWH VWXGHQWV�

���� 3URFHVV 6NLOOV

,Q D W\SLFDO KLJK VFKRRO RU XQGHUJUDGXDWH FODVVURRP� VFLHQFH LV QRW WDXJKW WKH ZD\ LW LV
SHUIRUPHG� 7HDFKLQJ WKURXJK LQTXLU\ LV LQWHQGHG WR UHPHG\ WKLV SUREOHP� DQG RXU DF�
WLYLW\ GHVLJQ ZDV QR H[FHSWLRQ� 7KH VSHFLI F SURFHVV JRDOV IRU WKLV ZRUNVKRS� IRUPLQJ
TXHVWLRQV DERXW REVHUYHG SKHQRPHQD� IRUPLQJ K\SRWKHVHV IURP REVHUYDWLRQV� FRQWURO�
OLQJ DQG PDQLSXODWLQJ YDULDEOHV� DQG SUHVHQWLQJ I QGLQJV WR SHHUV� ZHUH GHVFULEHG SUH�
YLRXVO\� +HUH ZH DUH FRQFHUQHG ZLWK KRZ WKHVH SURFHVV VNLOOV ZHUH HQFRXUDJHG GXULQJ
WKH DFWLYLW\� :KLOH VWXGHQWV IRUPHG TXHVWLRQV IURP REVHUYDWLRQV� WKH MRE RI WKH IDFLO�
LWDWRU ZDV WR LQWHUDFW ZLWK WKHP WR HYRNH VRPH WKRXJKW DERXW WKH TXHVWLRQ JHQHUDWLRQ
SURFHVV� :KDW DVVXPSWLRQV DUH \RX PDNLQJ E\ DVNLQJ WKDW TXHVWLRQ" 'R \RX KDYH WKH
WRROV \RX QHHG WR DQVZHU WKDW TXHVWLRQ" $W WKH VDPH WLPH� DOORZLQJ VWXGHQWV WR FRPH XS
ZLWK WKHLU RZQ TXHVWLRQV SURYLGHV RZQHUVKLS RYHU WKH LQYHVWLJDWLRQ DQG VKRXOG SURPRWH
D KLJKHU GHJUHH RI SDUWLFLSDWLRQ� 6LPLODUO\ LQ K\SRWKHVLV JHQHUDWLRQ� LW ZDV LPSRUWDQW WR
PDNH VWXGHQWV FRJQL]DQW RI ZK\ WKH\ WKRXJKW ZKDW WKH\ GLG DQG ZKDW MXVWLI FDWLRQV ZHUH
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EHLQJ XVHG LQ WKH SURFHVV� 7KH LGHD RI FKDQJLQJ MXVW RQH YDULDEOH DW D WLPH GXULQJ H[�
SHULPHQWDWLRQ LV VRPHWLPHV D GLffiFXOW RQH WR JHW DFURVV� $JDLQ� VLPSO\ DVNLQJ VWXGHQWV
IRU DQ H[SODQDWLRQ RI ZKDW WKH\ WKLQN LV JRLQJ RQ FDQ UHPHG\ WKLV� ,I PXOWLSOH YDULDEOHV
KDYH EHHQ FKDQJHG DQG D FRQFOXVLRQ ZDV GUDZQ DV D UHVXOW� WKHQ RQH FDQ SRVH WKH TXHV�
WLRQ� ³+RZ GR \RX NQRZ WKDW KDSSHQHG EHFDXVH RI $ DQG QRW %"´ 7KH VWXGHQW LV WKHQ
IRUFHG WR QDUURZ WKHLU IRFXV WR SURYLGH D FRQFUHWH DQVZHU� )LQDOO\� ZKLOH SUHVHQWLQJ WR
SHHUV FDQ EH D KDUURZLQJ H[SHULHQFH HVSHFLDOO\ IRU SHRSOH ZLWKRXW PXFK SUDFWLFH� LW LV
LPSHUDWLYH LQ VFLHQFH� $Q HffRUW ZDV PDGH IRU WKH SUHVHQWDWLRQ RI I QGLQJV WR EH DV ORZ
VWUHVV DV SRVVLEOH� ZLWK RQO\ RQH YROXQWHHU IURP HDFK JURXS KDYLQJ WR SUHVHQW� DQG QR
WLPH OLPLWV RU VHW IRUPDW�

���� &RQWH[W IRU /DERUDWRU\ ([SHULPHQWDWLRQ

7KURXJKRXW WKH ZRUNVKRS� VWXGHQWV ZHUH HQFRXUDJHG WR H[WUDSRODWH WKHLU I QGLQJV WR
LPSOLFDWLRQV IRU WKH RXWVLGH ZRUOG� 'XULQJ WKH LQWURGXFWLRQ DW WKH EHJLQQLQJ RI WKH
GD\� UHDO�ZRUOG RFHDQRJUDSK\ LVVXHV ZHUH SUHVHQWHG ZLWK WKH KRSH RI JLYLQJ VWXGHQWV
VRPHWKLQJ WDQJLEOH WR ODWFK RQ WR� 7RZDUG WKH HQG RI WKH GHQVLW\ LQTXLU\� ZKHQ D VROLG
XQGHUVWDQGLQJ RI WKH FRQWHQW KDG EHHQ DFKLHYHG� VWXGHQWV ZHUH SURYLGHG ZLWK VRPH
VFKHPDWLF I JXUHV GHVFULELQJ WKHUPRKDOLQH FLUFXODWLRQ LQ WKH RFHDQ� 7KH\ ZHUH HQFRXU�
DJHG WKHQ WR VHH KRZ WKH SKHQRPHQD REVHUYHG LQ VPDOO WUD\V RQ GHVNV DOVR RFFXU RQ D
JOREDO VFDOH LQ WKH RFHDQ� )LQDOO\� D VHULHV RI RFHDQRJUDSKLF LPDJHV ZDV SUHVHQWHG DW
WKH EHJLQQLQJ RI WKH GD\� DQG HDFK SHUVRQ ZDV DVNHG WR SLFN RQH WKDW LQWULJXHG WKHP� $W
WKH HQG RI WKH GD\ WKH\ ZHUH DVNHG WR ZULWH GRZQ VRPHWKLQJ WKH\ QRZ NQHZ DERXW ZKDW
ZDV KDSSHQLQJ LQ WKDW SLFWXUH� KRSHIXOO\ LQFRUSRUDWLQJ FRQWHQW OHDUQHG WKURXJKRXW WKH
GD\�

�� $VVHVVPHQW

7KH RFHDQ VFLHQFHV ZRUNVKRS ZDV GHVLJQHG DV D VWDQG�DORQH GD\ RI LQTXLU\� ZLWK WKH
JRDOV RI HQJDJLQJ VWXGHQWV LQ WKH VFLHQWLI F SURFHVV DQG LQWURGXFLQJ WKH I HOG RI RFHDQ
VFLHQFHV� 7KHUH ZDV QR IRUPDO JUDGH DVVLJQHG WR WKH VWXGHQWV� VR HffRUWV DW DVVHVVPHQW
ZHUH PDGH IRU WKH EHQHI W RI WKH DFWLYLW\ GHVLJQHUV DQG WR SUHSDUH IRU SRWHQWLDO LQFRU�
SRUDWLRQ RI WKH DFWLYLW\ LQWR D JUDGHG FRXUVH LQ WKH IXWXUH� $VVHVVPHQW WRRN VHYHUDO
IRUPV DQG ZDV LQWHQGHG WR WDUJHW QRW RQO\ WKH SRVW�DFWLYLW\ VWXGHQW XQGHUVWDQGLQJ RI
VSHFLI F FRQWHQW� EXW DOVR DQ\ FKDQJHV LQ WKHLU YLHZV RQ JUDGXDWH VFKRRO� VFLHQFH� DQG
ZKDW RFHDQ VFLHQFHV HQFRPSDVVHV�

(DFK FRPSRQHQW RI WKH DFWLYLW\ ZDV GHVLJQHG WR LOOXVWUDWH FHUWDLQ FRQWHQW JRDOV�
DQG WKH MRE RI IDFLOLWDWRUV ZDV WR KHOS VWXGHQWV UHDFK WKHVH FRQWHQW JRDOV� 7R WKDW HQG�
WKHUH ZDV D KHDY\ GHJUHH RI IRUPDWLYH DVVHVVPHQW HPSOR\HG GXULQJ IDFLOLWDWLRQ� 7KDW
LV� DVVHVVPHQW XVHG QRW WR JUDGH VWXGHQWV EXW WR HYDOXDWH WKHLU FXUUHQW XQGHUVWDQGLQJ
DQG EHWWHU JXLGH WKHP LQ WKH ULJKW GLUHFWLRQ� 6LQFH WKH ODUJH JURXS RI IDFLOLWDWRUV DO�
ORZHG FORVH LQWHUDFWLRQ ZLWK HDFK JURXS RI VWXGHQWV� IRUPDWLYH DVVHVVPHQW FRXOG EH
SHUIRUPHG WKURXJK FRQYHUVDWLRQ GXULQJ WKH DFWLYLW\� 6WXGHQWV ZHUH DVNHG WR H[SODLQ
ZKDW WKH\ KDG REVHUYHG� ZKDW WKH\ WKRXJKW ZDV JRLQJ RQ� DQG KRZ WKH\ ZHUH LQYHVWL�
JDWLQJ WKH SKHQRPHQRQ� 'HSHQGLQJ RQ WKH GHVLUHG RXWFRPHV RI WKH LQTXLU\� KRZ FORVH D
JURXS RI VWXGHQWV ZDV WR WKRVH RXWFRPHV� DQG WKH DYDLODEOH WLPH UHPDLQLQJ� IDFLOLWDWRUV
ZHUH DEOH WR VWHHU WKH LQYHVWLJDWLRQ DV PXFK RU DV OLWWOH DV QHHGHG� $GGLWLRQDOO\� GXULQJ
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WKH DIWHUQRRQ LQTXLU\ RQ ORZ 5H\QROGV QXPEHU I RZV� VWXGHQWV ZHUH SURYLGHG D ZRUN�
VKHHW WR I OO RXW DV WKH\ ZHQW� $W DQ\ WLPH� IDFLOLWDWRUV ZHUH DEOH WR FKHFN RQ ZKDW KDG
EHHQ ZULWWHQ E\ D JURXS� JLYLQJ DQRWKHU PHWKRG RI IRUPDWLYH DVVHVVPHQW LQ DGGLWLRQ WR
FRQYHUVLQJ ZLWK WKH VWXGHQWV�

0RUH IRUPDO VXPPDWLYH DVVHVVPHQW ZDV DWWHPSWHG ZLWK WKH XVH RI D JUDGLQJ UXEULF
IRU VSHFLI F RFHDQRJUDSK\ FRQWHQW� $GPLWWHGO\� WKLV DVSHFW RI WKH LQTXLU\ ZDV SUREDEO\
ZHDNHVW� 7KH JUDGLQJ UXEULF ZDV EDVHG RQ WKH DIWHUQRRQ DFWLYLW\ RQ SK\WRSODQNWRQ VLQN�
LQJ LQ ORZ 5H\QROGV QXPEHU I RZ� DQG ZDV LQWHQGHG WR JDXJH ZKHWKHU VWXGHQWV ZHUH
FRPSOHWHO\ Rff�WUDFN� KDG VRPH GHJUHH RI XQGHUVWDQGLQJ� RU KDG FRPSOHWHO\ PDVWHUHG
WKH FRQWHQW� 7KH PHDQV RI HYDOXDWLQJ VWXGHQWV EDVHG RQ WKH UXEULF ZDV QRW ZHOO HVWDE�
OLVKHG EHIRUHKDQG� WKRXJK WKHUH ZHUH VHYHUDO WRROV WR KHOS XV� SUH� DQG SRVW�DFWLYLW\
TXHVWLRQQDLUHV DQG D ZRUNVKHHW I OOHG RXW GXULQJ WKH DIWHUQRRQ LQTXLU\� 7KH TXHVWLRQ�
QDLUHV DGGUHVVHG WRSLFV UDQJLQJ IURP SURJUDPPDWLF JRDOV WR JHQHUDO TXHVWLRQV DERXW
JUDGXDWH VFKRRO WR VSHFLI F FRQWHQW HQFRXQWHUHG GXULQJ WKH LQTXLU\ DFWLYLWLHV� 7KH ZRUN�
VKHHW SURPSWHG VWXGHQWV WR UHFRUG ZKDW WKH\ VDZ GXULQJ WKHLU LQTXLU\� MXVWLI\ FHUWDLQ
GHFLVLRQV WKH\ PDGH� DQG K\SRWKHVL]H DERXW SRWHQWLDO RXWFRPHV� :KLOH YDOXDEOH LQIRU�
PDWLRQ ZDV JOHDQHG IURP WKH ZRUNVKHHW DQG TXHVWLRQQDLUHV IROORZLQJ WKH ZRUNVKRS� ZH
IRXQG WKDW QHLWKHU SURYLGHG WKH FRQFUHWH PDWHULDO UHTXLUHG WR DFFXUDWHO\ DVVHVV VWXGHQWV¶
OHDUQLQJ DFFRUGLQJ WR WKH JUDGLQJ UXEULF� ,Q D IXWXUH LWHUDWLRQ RI WKH DFWLYLW\ GHVLJQ� LW
ZRXOG EH YDOXDEOH WR PDNH VXUH ZH ZHUH OHIW ZLWK DGHTXDWH PDWHULDO WR DVVHVV VWXGHQWV
XSRQ FRPSOHWLRQ RI WKH ZRUNVKRS�

�� &RQFOXVLRQV DQG )XWXUH &RQVLGHUDWLRQV

$V DQ LQWURGXFWLRQ WR VFLHQWLI F UHVHDUFK IRU SRWHQWLDO JUDGXDWH VWXGHQWV� WKH 3*:6
UHFHLYHG H[WUHPHO\ SRVLWLYH IHHGEDFN DQG VHHPHG WR DFFRPSOLVK PRVW RI LWV JRDOV� $OO
WKUHH FRPSRQHQWV RI WKH LQTXLU\ HQJDJHG VWXGHQWV DQG ODUJHO\ FRQYH\HG WKH FRQWHQW
WKH\ ZHUH LQWHQGHG WR� 2XWVLGH RI WKH VFLHQWLI F FRQWHQW� WKH ZRUNVKRS SURYLGHG D VDIH
DQG ZHOFRPLQJ IRUXP IRU VWXGHQWV WR LQWHUDFW DQG EXLOG UDSSRUW ZLWK RWKHU VWXGHQWV LQ
VLPLODU VLWXDWLRQV WR WKHLU RZQ DV ZHOO DV FXUUHQW JUDGXDWH VWXGHQWV DQG IDFXOW\�

2Q WKH I LSVLGH� VRPH WKLQJV VKRXOG EH GRQH GLffHUHQWO\ LQ WKH IXWXUH� )LUVW� HYHU\�
WKLQJ WKDW ZLOO EH LQFOXGHG LQ WKH ZRUNVKRS VKRXOG EH SUDFWLFHG EHIRUHKDQG� ZLWK WHVW
VXEMHFWV� DV LW ZLOO EH RQ WKH GD\ RI WKH DFWXDO ZRUNVKRS� 7KHUH DUH GHWDLOV WKDW MXVW
FDQQRW RWKHUZLVH EH IRUHVHHQ DQG KHDGDFKHV FDQ EH DYRLGHG� 2Q D UHODWHG QRWH� QHDUO\
HYHU\WKLQJ WDNHV ORQJHU WKDQ H[SHFWHG� VR LW LV LPSRUWDQW WR VFKHGXOH LQ VRPH EXffHU WLPH
LQ FDVH FHUWDLQ FRPSRQHQWV UXQ RYHU VFKHGXOH� )LQDOO\� WKH DVVHVVPHQW FRPSRQHQW RI WKH
DFWLYLW\ QHHGV VRPH VHULRXV WKRXJKW IRU WKH IXWXUH� ,I TXHVWLRQQDLUHV DQG ZRUNVKHHWV DUH
WR EH XVHG IRU HYDOXDWLRQ� WKH\ QHHG WR EH FRQVWUXFWHG LQ D ZD\ WKDW HQVXUHV WKH QHFHV�
VDU\ PDWHULDO IRU JUDGLQJ ZLOO EH SURYLGHG� ,I DVVHVVPHQW LV WR EH GRQH PRUH SHUVRQDOO\�
EDVHG HLWKHU RQ LQWHUDFWLRQV ZLWK WKH VWXGHQWV ZKLOH H[SHULPHQWLQJ RU RQ WKH SUHVHQ�
WDWLRQ RI WKHLU I QGLQJV� LW QHHGV WR EH GRQH ULJKW DZD\� ZKLOH PHPRU\ RI LQGLYLGXDOV¶
XQGHUVWDQGLQJ LV IUHVK�

$FNQRZOHGJPHQWV� 7KLV PDWHULDO LV EDVHG XSRQ ZRUN VXSSRUWHG E\� WKH 1DWLRQDO
6FLHQFH )RXQGDWLRQ �16)� 6FLHQFH DQG 7HFKQRORJ\ &HQWHU SURJUDP WKURXJK WKH &HQ�
WHU IRU $GDSWLYH 2SWLFV� PDQDJHG E\ WKH 8QLYHUVLW\ RI &DOLIRUQLD DW 6DQWD &UX] �8&6&�
XQGHU FRRSHUDWLYH DJUHHPHQW $67��������� 16) '8(��������� 8&6& ,QVWLWXWH IRU



,QTXLU\ LQ 2FHDQ 6FLHQFHV ���

6FLHQWLVW 	 (QJLQHHU (GXFDWRUV� 8&6& *UDGXDWH 'LYLVLRQ� 8&6& $OOLDQFH IRU *UDGX�
DWH (GXFDWLRQ DQG WKH 3URIHVVRULDWH 3URJUDP� $OVR� 'RQ %DUG IURP WKH 8&6& 2FHDQ
6FLHQFHV GHSDUWPHQW ZDV LQVWUXPHQWDO LQ WKH VXFFHVV RI WKH 3*6:� )LQDOO\� WKH UHVW RI
WKH GHVLJQ DQG IDFLOLWDWLRQ WHDP� 1LQD $UQEHUJ� :HQG\ &RYHU� 0HOLQGD 6LPPRQV� DQG
$QQH 0HWHYLHU� ZHUH D SOHDVXUH WR ZRUN ZLWK�

5HIHUHQFHV

)UDQNV� 3�� 	 )UDQNV� 6� ����� 2FHDQRJUDSK\� ��� ���
+XQWHU� /�� 0HWHYLHU� $�� 6HDJURYHV� 6�� 3RUWHU� -�� 5DVFKNH� /�� .OXJHU�%HOO� %�� %URZQ� &��

-RQVVRQ� 3�� 	 $VK� '� ����� &XOWLYDWLQJ 6FLHQWLVW� DQG (QJLQHHU�(GXFDWRUV� 7KH &I$2
3URIHVVLRQDO 'HYHORSPHQW 3URJUDP� 85/ http://isee.ucsc.edu/participants/
programs/CfAO_Prof_Dev_Program.pdf

.DUS�%RVV� /�� %RVV� (�� :HOOHU� +�� /RIWLQ� -�� 	 $OEULJKW� -� ����� 7HDFKLQJ 3K\VLFDO &RQFHSWV
LQ 2FHDQRJUDSK\ �7KH 2FHDQRJUDSK\ 6RFLHW\�


