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$� WZR�\HDU� SURMHFW� WR� VWXG\� DQG� DVVHVV� WKH� XVH� RI
WHFKQRORJ\� WR� HQKDQFH� VWXGHQW� OHDUQLQJ� DQG
SHUIRUPDQFH� LV� GHVFULEHG�� 1HWZRUNHG� V\VWHPV� KDYH
EHHQ�HPSOR\HG� WR�JHQHUDWH�SHUVRQDOL]HG�DVVLJQPHQWV
DQG�WR�SURYLGH�LQVWDQW�IHHGEDFN�DQG�RQ�OLQH�DVVLVWDQFH
WR� VWXGHQWV��7UDGLWLRQDO� UHFLWDWLRQ� VHFWLRQV�KDYH�EHHQ
HOLPLQDWHG� DQG� WKHLU� UROH� ILOOHG� E\� QHWZRUNHG
DVVLVWDQFH�DQG�E\�D�FHQWUDOL]HG� OHDUQLQJ�FHQWHU�ZKHUH
WKH� 6RFUDWLF� PHWKRG� ZDV� XVHG� WR� SURPRWH
XQGHUVWDQGLQJ�� 3DUWLFLSDWRU\� H[HUFLVHV� DQG� TXL]]HV
GXULQJ� OHFWXUH� VHVVLRQV� ZHUH� XVHG� WR� IRVWHU� D� PRUH
DFWLYH� OHDUQLQJ� HQYLURQPHQW�� 7KLV� DSSURDFK� ZKLFK
LQFRUSRUDWHV� D� FRQVLGHUDEOH� XVH� RI� DV\QFKURQRXV
OHDUQLQJ�QHWZRUN�WHFKQRORJ\�FDQ�VLJQLILFDQWO\�LPSURYH
VWXGHQW�DFKLHYHPHQW�LQ�ODUJH�FODVVHV�
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$�SURMHFW�ZDV�LQLWLDWHG�LQ�WKH�)DOO�RI������WR�DVVHVV
WKH�GHJUHH�WR�ZKLFK�XVH�RI�WHFKQRORJLFDO�WRROV�FRXOG�KHOS�WR
HQKDQFH� VWXGHQW� VXFFHVV� LQ� D� ����VWXGHQW� FDOFXOXV�EDVHG
SK\VLFV� FRXUVH� IRU� HQJLQHHUV�� 7ZR� VRIWZDUH� WRROV
FRQVWLWXWHG� RXU� $V\QFKURQRXV� /HDUQLQJ� 1HWZRUN� �$/1��
2QH� ZDV� D� QHWZRUNHG� V\VWHP� WR� LPSOHPHQW� D� FRPSXWHU�
DVVLVWHG� SHUVRQDOL]HG� DSSURDFK� �&$3$�� IRU� DVVLJQPHQWV�

TXL]]HV��DQG�H[DPLQDWLRQV��7KH�VHFRQG��ZDV�D�FRQIHUHQFLQJ
DQG�EXOOHWLQ�ERDUG� V\VWHP�ZKLFK� DOORZHG� VWXGHQWV� WR�SRVW
DQG�DQVZHU�TXHVWLRQV� DQG� WR� LQWHUDFW�ZLWK� HDFK�RWKHU� DQG
ZLWK� WKH� LQVWUXFWLRQDO� VWDII�� 7KH� IUDFWLRQ� RI� VWXGHQWV
SHUIRUPLQJ� ZHOO� HQRXJK� WR� DFKLHYH� D� JUDGH� RI� ���� DQG
KLJKHU�ZDV�RXU�PHDVXUH�RI�VXFFHVV�ZLWK�����DV� WKH�KLJKHVW
SRVVLEOH� JUDGH�� 7KH� XVH� RI� WHFKQRORJ\� KDV� SHUPLWWHG� D
UHDOORFDWLRQ� RI� LQVWUXFWRUV·� DQG� WHDFKLQJ� DVVLVWDQWV·� WLPH�
VKLIWLQJ�LW�IURP�UHSHWLWLYH�MREV�VXFK�DV�JUDGLQJ�DQG�NHHSLQJ
UHFRUGV� WR� WDVNV� PRUH� GLUHFWO\� UHODWHG� WR� VWXGHQW
DFKLHYHPHQW��7KH� SURPSW� DQG� DFFXUDWH� IHHGEDFN� VWXGHQWV
UHFHLYH� VKRXOG� KHOS� SURPRWH� OHDUQLQJ� DQG� XQGHUVWDQGLQJ�
,QIRUPDWLRQ�RQ�VWXGHQWV·�SHUIRUPDQFH�LV�UHDGLO\�DYDLODEOH�WR
LQVWUXFWRUV�ZKR�FDQ�WKHQ�DGGUHVV�SUREOHP�DUHDV�LQ�D�WLPHO\
PDQQHU�
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,Q� 6SULQJ� ������ WKH� QHWZRUNHG� VRIWZDUH� V\VWHP
&$3$�ZDV�ILUVW�LPSOHPHQWHG�LQ�D�SK\VLFV�FRXUVH���� ��,W� LV�D
WRRO� IRU� LQVWUXFWRUV� WR� ZULWH� DQG� GLVWULEXWH� SULQWHG
SHUVRQDOL]HG� DVVLJQPHQWV�� TXL]]HV�� DQG� H[DPLQDWLRQV�� DQG
KDV� H[WHQVLYH� FRXUVH� PDQDJHPHQW� DQG� DQDO\VLV� IHDWXUHV�
6WXGHQWV� XVH� WKH� V\VWHP� HLWKHU� YLD� 97���� WHUPLQDO
HPXODWLRQ�RU�WKURXJK�WKH�:RUOG�:LGH�:HE��&$3$�IRFXVHV
RQ� ¶HQG� UHVXOW·� DFKLHYHPHQW� UDWKHU� WKDQ� RQ� WKH� VSHHG� RU
FRUUHFWQHVV� RI� DQ� LQLWLDO� UHVSRQVH�� WKHUHE\� HOLPLQDWLQJ
FRQWLQXDO� MXGJLQJ�DQG�UDQNLQJ�GXULQJ� WKH� OHDUQLQJ�SURFHVV�
7KHUH� ZDV� D� VLJQLILFDQW� LQFUHDVH� LQ� WKH� WLPH�RQ�WDVN� E\
VWXGHQWV�DQG��DW� WKH�VDPH�WLPH��D�UHPDUNDEO\�KLJK� OHYHO�RI
VWXGHQW�DFFHSWDQFH��

,Q� )DOO� ����� D� FRQIHUHQFLQJ� V\VWHP� ZDV
LPSOHPHQWHG� XVLQJ� )LUVW&ODVV70� VRIWZDUH�� DQG� XVHG� LQ
FRPELQDWLRQ� ZLWK� &$3$�� 7KH� FRXUVH� ZDV� RUJDQL]HG
ZLWKRXW� UHFLWDWLRQ� VHFWLRQV�� WKXV� UHGXFLQJ� VWDIILQJ
UHTXLUHPHQWV��7KH�WRWDO�VWDII�IRU�WKH�FRXUVH�ZDV�WZR�WKLUGV
WKDW�RI�SUHYLRXV�\HDUV��7KLV�VPDOOHU�VWDII�ZDV�VXIILFLHQW�IRU
WKH� $/1� DQG� IRU� WKH� 3K\VLFV� /HDUQLQJ� &HQWHU� ZKHUH
VWXGHQWV� FRXOG� REWDLQ� RQ�OLQH� DQG� IDFH�WR�IDFH� KHOS
UHVSHFWLYHO\��,Q�DGGLWLRQ�WR�VWLPXODWLQJ�VWXGHQWV� WR� LQWHUDFW
YLD�WKH�QHWZRUN��WKH�$/1�SURYLGHV� LQVWUXFWRUV�ZLWK�D�WRRO
WKDW� PXOWLSOLHV� WKHLU� HIIHFWLYHQHVV�� 'LVFXVVLRQV� RI� YDULRXV
WRSLFV�RU�DQVZHUV�WR�TXHVWLRQV�FDQ�UHDFK�DOO�VWXGHQWV�DW�DQ\
WLPH�RXWVLGH�FODVV�KRXUV��,Q�WKLV�LQLWLDO�XVH�RI�DQ�$/1��WKH
HPSKDVLV� ZDV� RQ� HVWDEOLVKLQJ� D� KLJKHU� VWDQGDUG� RI
DFKLHYHPHQW�IRU�D�JLYHQ�JUDGH�LQ�WKH�FRXUVH�



7KURXJK� WKH� XVH� RI� WHFKQRORJ\�� ZH� KRSHG� WR
RYHUFRPH� VRPH�RI� WKH� IDFWRUV� WKDW� FRQWULEXWH� WR� VWXGHQWV
QRW� DFKLHYLQJ� WKHLU� JRDOV�� 7KHVH� IDFWRUV� LQFOXGH�� GHILFLHQW
SUHSDUDWLRQ� DQG� D� ODFN� RI� DZDUHQHVV� WKHUHRI�
PLVFRQFHSWLRQV�� HVSHFLDOO\� LQ� SK\VLFV�� LQVXIILFLHQW
PDWKHPDWLFDO�SUREOHP�VROYLQJ�VNLOOV��H[FHVVLYHO\�GHPDQGLQJ
DQG�GLIILFXOW�FRXUVH�VFKHGXOHV��DQG�WKH�VWXGHQWV·�SHUFHSWLRQ
RI� WKH�TXDOLW\�RI�HGXFDWLRQ��� �$PRQJ�RWKHU�IDFWRUV� DUH� WKH
IHHOLQJ� WKDW� WKH\� DUH� IDOOLQJ�EHKLQG�� H[FHVVLYH�ZRUN� WR� SD\
WXLWLRQ�DQG�ELOOV��DQG�HPRWLRQDO�DQG�SK\VLFDO�ZHOO�EHLQJ��

,,,��352-(&7�'(6&5,37,21

7KH� NH\� HOHPHQWV� RI� WKH� SURMHFW� ZHUH� �D�� WR
LPSOHPHQW� DQ� DFWLYH� OHDUQLQJ� HQYLURQPHQW� ERWK� LQ� WKH
OHFWXUH� DQG� LQ� VWXGHQW� DVVLVWDQFH� SURYLGHG� YLD� $/1� DQG
SHUVRQDO�PHQWRULQJ�VHVVLRQV���E��WR�LGHQWLI\�VWXGHQWV�DW�ULVN
HDUO\� DQG� LPSOHPHQW�D�SURJUDP�WR�PHQWRU� WKRVH� VWXGHQWV�
DQG��F��WR�DVVHVV�WKH�LPSDFW�YDULRXV�FRPSRQHQWV�KDYH�KDG
RQ�VXFFHVV�UDWHV�
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)LJXUH����&RPSRQHQWV�RI�WKH�DFWLYH�OHDUQLQJ�HQYLURQPHQW�LQ
WKH�ODUJH�SK\VLFV�FRXUVH�

)LJXUH��� LOOXVWUDWHV�WKH�YDULRXV�FRPSRQHQWV�RI� WKH
FODVV�� 1HDUO\� KDOI� RI� WKH� WLPH� LQ� OHFWXUH� ZDV� GHYRWHG� WR
VWXGHQWV� EHLQJ� DFWLYHO\� LQYROYHG� LQ� WDVNV� UHODWHG� WR
XQGHUVWDQGLQJ� RI� EDVLF� SULQFLSOHV� DQG� LQ� GLVFXVVLQJ� WKHVH
LGHDV� ZLWK� QHLJKERULQJ� VWXGHQWV������� 7KH� JRDO� ZDV� WR
LPSURYH�FRQFHSWXDO�XQGHUVWDQGLQJ�ERWK�E\�GHPRQVWUDWLRQV
GHVLJQHG� WR� FRQWUDGLFW�PLVFRQFHSWLRQV� DQG� TXHVWLRQV� WKDW
VWLPXODWH�GLVFXVVLRQV�DPRQJ�VWXGHQWV� DQG�ZLWK� LQVWUXFWRUV
ERWK�RQ� WKH�$/1�DQG� LQ�SHUVRQ��5HFLWDWLRQ�VHFWLRQV�ZHUH
HOLPLQDWHG�� 7KH� $/1� DQG� WKH� SK\VLFV� OHDUQLQJ� FHQWHU
EHFDPH�WKH�PDMRU�PHWKRGV�RI�SURYLGLQJ�VWXGHQW�DVVLVWDQFH�
,Q�WKH�OHDUQLQJ�FHQWHU��WKH�6RFUDWLF�PHWKRG�ZDV�XVHG�E\�WKH
WHDFKLQJ�VWDII�ZKHQ�LQWHUDFWLQJ�ZLWK�VWXGHQWV�

$�ZHOO�HVWDEOLVKHG�SUREOHP�LQ�LQWURGXFWRU\
SK\VLFV� FRXUVHV� LV� WKH� WHQGHQF\�RI� VWXGHQWV� WR� UHDFK� IRU� D
IRUPXOD� DQG� WKHQ� ¶SOXJ� DQG� FKXJ·� WR� JHW� DQ� DQVZHU��� 7R

DGGUHVV� WKDW� SUREOHP� DQG� OHDG� VWXGHQWV� DZD\� IURP� WKLV
´SOXJ� LQ� WKH� IRUPXODµ� DSSURDFK� DERXW� RQH� WKLUG� RI� HYHU\
H[DP�� LQFOXGLQJ� WKH� ILQDO� H[DP�� GHDOW� ZLWK� FRQFHSWV� DQG
UHTXLUHG�QR�QXPHULFDO�FDOFXODWLRQV��)LJXUH��� LV�DQ�H[DPSOH
RI� VXFK� D� TXHVWLRQ�� ,W� GHDOV� ZLWK�%HUQRXOOL·V� SULQFLSOH� IRU
WKH�IORZ�RI�DQ�LGHDO�IOXLG�LQ�D�XQLIRUP�JUDYLWDWLRQDO�ILHOG�

��� >�SW@� 7KH� VLGH� YLHZ� RI� D� SLSH� LV� VKRZQ�� 7KH� SLSH
GLDPHWHU�LQFUHDVHV�DQG�WKHQ�UHPDLQV�FRQVWDQW��3L�LV�WKH
SUHVVXUH�� DQG� YL� LV� WKH� VSHHG� RI� D� QRQ�YLVFRXV
LQFRPSUHVVLEOH�IOXLG��DW�ORFDWLRQV�L� ���������
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1 

6HOHFW�*�*UHDWHU�WKDQ��/�/HVV�WKDQ��RU�(�(TXDO�WR���,I
WKH�ILUVW�LV�*�DQG�WKH�UHVW�DUH�/��PDUN�*//�
$��Y��LV�«��Y������������%��3��LV�«��3����������&��3��LV�«��3�

)LJXUH����&RQFHSWXDO�TXHVWLRQ�IURP�DQ�H[DPLQDWLRQ�

7KH� LPSRUWDQFH� RI� FRQFHSWXDO� XQGHUVWDQGLQJ� LV
LOOXVWUDWHG� LQ� )LJXUH� ��� ZKLFK� VKRZV� WKH� UHODWLRQVKLS
EHWZHHQ�VWXGHQW�SHUIRUPDQFH�RQ�FRQFHSWXDO�DQG�VWRU\�W\SH
QXPHULFDO�SUREOHPV�RQ�WKH�ILQDO�H[DPLQDWLRQ� LQ�)DOO������
7KH� FRUUHODWLRQ� EHWZHHQ� VFRUHV� RQ� FRQFHSWXDO� DQG
QXPHULFDO�TXHVWLRQV�LV�HDVLO\�VHHQ�
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Physics 183

Fall 1996

)LJXUH����)UHTXHQF\�GLVWULEXWLRQV�RI�VFRUHV�RQ�FRQFHSWXDO�TXHVWLRQV
DQG�VWRU\�W\SH�QXPHULFDO�SUREOHPV�RQ�WKH�ILQDO�H[DPLQDWLRQ�LQ�)DOO

�����

7KH� FRUUHODWLRQ� LQGH[� U�  � ����� LQGLFDWHV� D
VLJQLILFDQW� WHQGHQF\� IRU� VWXGHQWV� ZKR� SHUIRUPHG� ZHOO� RQ
RQH�W\SH�RI�TXHVWLRQ�WR�DOVR�SHUIRUP�ZHOO�RQ�WKH�RWKHU�W\SH
RI�TXHVWLRQ�

&$3$� LV� ZHOO� VXLWHG� IRU� FRQFHSWXDO� TXHVWLRQV
EHFDXVH� RI� WKH� WRROV� DQG� WHPSODWHV� DYDLODEOH� WR� IDFLOLWDWH



FRGLQJ� RI� WKHVH� SUREOHPV�� ,W� LV� LQ� WKLV� DUHD� WKDW� &$3$
GLIIHUV� PRVW� VLJQLILFDQWO\� IURP� RWKHU� DVVLJQPHQW
V\VWHPV��������������������� ([DPSOHV� RI� FRQFHSWXDO� SUREOHPV
ZKLFK�ZHUH� XVHG� LQ� DVVLJQPHQWV� LQ� )DOO� ¶��� DUH� VKRZQ� LQ
)LJXUHV���DQG���

7KH� SUREOHP� VKRZQ� LQ� )LJXUH� �� GHDOV� ZLWK
DFFHOHUDWHG�PRWLRQ�DQG�LQYROYHV�1HZWRQ·V�VHFRQG�ODZ��7KH
VWDWHPHQWV� IRFXV� RQ� WKH� FRQFHSW� RI� QHW� IRUFH� �DQG� QHW
WRUTXH�� RQ� D� ERG\� DQG� RQ� WKH� YHU\� PHDQLQJ� RI� D� ERG\
ZKLFK�� DV� WKH� KLQW� H[SODLQV�� FDQ� EH� D� VHW� RI� REMHFWV
FRQQHFWHG�E\�LQWHUQDO�IRUFHV���

���>�SW@�$�SXOOH\�ZLWK�PDVV�0S�DQG�D�UDGLXV�5S�LV�DWWDFKHG
WR�WKH�FHLOLQJ��LQ�D�XQLIRUP�JUDYLW\�ILHOG�J��DQG�URWDWHV�ZLWK
QR� IULFWLRQ� DERXW� LWV� SLYRW��0DVV�0�� LV� ODUJHU� WKDQ�PDVV
P���7���7��DQG�7��DUH�PDJQLWXGHV�RI�WKH�WHQVLRQV�� �6HOHFW
7�7UXH�� )�)DOVH�� *�*UHDWHU� WKDQ�� /�/HVV� WKDQ�� (�(TXDO
WR�� � ,I� WKH� ILUVW� LV�7�� WKH� VHFRQG�/� DQG� WKH� UHVW�(�� HQWHU
7/((((��
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$��7KH�FHQWHU�RI�PDVV�RI��P��0��0S
GRHV�QRW�DFFHOHUDWH�
%��P�J���LV�������7�

&��7KH�PDJQLWXGH�RI�WKH�DFFHOHUDWLRQ�RI
0��LV�������WKDW�RI�P�

'��7���LV�������7�

(��7�����7��LV�������7�

)��7��LV�������P�J�0�J�0SJ

)LJXUH����3UREOHP�WHVWLQJ�FRQFHSWXDO�XQGHUVWDQGLQJ�RI
1HZWRQ·V�6HFRQG�/DZ�

7KH� KLQW� DYDLODEOH� WR� VWXGHQWV� ZKHQ� WKH\� JHW� WKH
SUREOHP�ZURQJ�LV�

+,17�� This problem deals with Newton’s
second law for linear and for rotational
motion. Think about acceleration and the net
force on ‘a body’.  A ‘body’ can be a set of
objects connected by internal forces. Don’t
forget that the pulley has mass and therefore a

moment of inertia �
,Q� DGGLWLRQ� WR� WKH� KLQW�� VWXGHQWV� XVLQJ� D� EURZVHU

FDQ� YLHZ� D� VLPXODWLRQ� RI� WKH� PRWLRQ� WR� KHOS� WKHP
XQGHUVWDQG�WKDW�WKH�FHQWHU�RI�PDVV�RI�P���0��DQG�WKH�SXOOH\
DFFHOHUDWHV

)LJXUH� �� VKRZV� YHUVLRQV� RI� WKH� VDPH� FRQFHSWXDO
SUREOHP�IRU�WZR�VWXGHQWV�

��� >�SW@�$VWHURLGV�;��<��=� KDYH� HTXDO�PDVV� ����� NJ� HDFK��
7KH\�RUELW� DURXQG�D�SODQHW�ZLWK�0� �����[������ � NJ��7KH
RUELWV�DUH�LQ�WKH�SODQH�RI�WKH�SDSHU�DQG�DUH�GUDZQ�WR�VFDOH�

6HOHFW�*�*UHDWHU�WKDQ��/�/HVV�WKDQ��RU�(�(TXDO�WR�
$��7KH�DQJXODU�PRPHQWXP�RI�;�DW���LV������WKDW�DW���
%��$W����<·V�DQJXODU�YHORFLW\�LV������WKDW�DW���
&��7KH�SHULRG�RI�;�LV������WKDW�RI��=�
'��7KH�DQJXODU�YHORFLW\�RI�;�DW���LV������WKDW�DW���
(���;·V�DQJXODU�PRPHQWXP�LV������WKDW�RI�<�
)��7KH�SHULRG�RI�<�LV������WKDW�RI�;�
*��$W����<·V�DQJXODU�YHORFLW\�LV������WKDW�RI�;�

��� >�SW@�$VWHURLGV�;��<��=� KDYH� HTXDO�PDVV� ����� NJ� HDFK��
7KH\� RUELW� DURXQG� D� SODQHW�ZLWK�0�  � ���� [� ����� NJ�� 7KH
RUELWV�DUH�LQ�WKH�SODQH�RI�WKH�SDSHU�DQG�DUH�GUDZQ�WR�VFDOH�

6HOHFW�*�*UHDWHU�WKDQ��/�/HVV�WKDQ��RU�(�(TXDO�WR�
�$��7KH�SHULRG�RI�<�LV������WKDW�RI�;�
�%��$W����=·V�DQJXODU�YHORFLW\�LV������WKDW�RI�<�
�&��=·V�DQJXODU�PRPHQWXP�LV������WKDW�RI�<�
�'��7KH�SHULRG�RI��<�LV������WKDW�RI�=�
�(��$W����=·V�DQJXODU�YHORFLW\�LV������WKDW�DW���
�)��7KH�DQJXODU�PRPHQWXP�RI�<�DW���LV������WKDW�DW���
�*��7KH�DQJXODU�YHORFLW\�RI��<�DW���LV������WKDW�DW���

���)LJXUH����7ZR�YHUVLRQV�RI�WKH�VDPH�SUREOHP�IRU�GLIIHUHQW�VWXGHQWV�

7KH�QXPEHU�RI�SRVVLEOH�YHUVLRQV�RI�WKH�SUREOHP�LV
YHU\�ODUJH�EHFDXVH�RI�WKH�SHUPXWDWLRQV�RI�WKH� ODEHOV� LQ�WKH
ILJXUH�� 7KH� VWDWHPHQWV� DSSHDU� LQ� UDQGRP�RUGHU�� DQG� HDFK
PD\� SUHVHQW� VHYHUDO� ZD\V� RI� DGGUHVVLQJ� D� SDUWLFXODU



FRQFHSW�� 7KXV� VWXGHQWV� FROODERUDWLQJ� RQ� VXFK� SUREOHPV
PXVW� DFWLYHO\� GR� VR� E\� VWXG\LQJ� HDFK� RWKHU
V� GLDJUDPV� LQ
GHWDLO��UHVXOWLQJ�LQ�PXWXDOO\�EHQHILFLDO� OHDUQLQJ� LQWHUDFWLRQV�
6XFK� TXHVWLRQV� JHQHUDWH� FRQVLGHUDEOH� GLVFXVVLRQ� DPRQJ
VWXGHQWV�� :KHQ� WZR� VWXGHQWV� KHOS� HDFK� RWKHU�� WKH\� ERWK
OHDUQ� IURP� WKH� H[SHULHQFH�� � 6WXGHQWV� PXVW� WKHQ� FRPELQH
WKHLU� FRQFHSWXDO� XQGHUVWDQGLQJ� ZLWK� WKHLU� PDWKHPDWLFDO
VNLOOV�WR�VROYH�WKH�´VWRU\�W\SHµ�SUREOHPV��7KH�DQVZHU�NH\V
IRU�WKH�H[DPSOHV� LQ�)LJXUHV������DQG���DUH�JLYHQ�DW�HQG�RI
WKH�ELEOLRJUDSK\�

3UREOHPV� DQG� TXHVWLRQV� LQ� TXL]]HV� DQG� LQ
FODVVURRP� H[HUFLVHV� DOVR� HPSKDVL]HG� FRQFHSWV�� )LJXUH� �
VKRZV�D�VDPSOH�OHFWXUH�H[HUFLVH�XVHG�GXULQJ�)DOO������

$��6HOHFW�DOO�SRVVLEOH�DFWLRQV���)ULFWLRQDO�)RUFHV�FDQ

������6ORZ�D�ERG\�GRZQ
������,QFUHDVH�WKH�WHPSHUDWXUH�RI�D�ERG\
������$FFHOHUDWH�D�ERG\
������0DLQWDLQ�D�ERG\
V�YHORFLW\�FRQVWDQW
������.HHS�D�ERG\�VWDWLRQDU\
������0DNH�D�ERG\�PRYH�LQ�FLUFOH
������/LIW�D�ERG\

%��)RU�HDFK�VWDWHPHQW�ZKLFK�\RX�KDYH�VHOHFWHG��PDNH
D�GLDJUDP��RU�GHVFULEH��D�SUDFWLFDO�VLWXDWLRQ�IRU�ZKLFK�D
IULFWLRQDO�IRUFH�JLYHV�WKH�LQGLFDWHG�UHVXOW�

�����)LJXUH����([DPSOH�RI�D�FRQFHSWXDO�H[HUFLVH�GXULQJ�WKH�OHFWXUH�

,Q�WKDW�H[HUFLVH��RQO\�VWDWHPHQWV�������DQG���ZHUH
LQLWLDOO\�VHOHFWHG�E\�D�PDMRULW\�RI�WKH�VWXGHQWV�LQ�WKH�FODVV�DV
SRVVLEOH�DFWLRQV�HYHQ�WKRXJK�DOO�DUH�SRVVLEOH��2QFH�WKHVH
DFWLRQV�DUH�GLVFXVVHG�DQG�GHPRQVWUDWHG��WKH\�EHFRPH
¶REYLRXV·�

,9��$66(660(17

)DOO������ZDV�WKH�ILUVW�RI�WKH�IRXU�VHPHVWHUV�RI�WKH
SURMHFW�� 7KH� FRPSRQHQWV� RI� WKH� SODQ� IXOO\� LPSOHPHQWHG
ZHUH� WKH� FRQIHUHQFLQJ� DQG� EXOOHWLQ� ERDUG� V\VWHP�
SHUVRQDOL]HG� DVVLJQPHQWV�� TXL]]HV�� H[DPLQDWLRQV�
VXSSOHPHQWDU\�H[HUFLVHV��QXPHURXV�LQ�OHFWXUH�H[HUFLVHV�DQG
D�SUH�WHVW�DQG�SRVW�WHVW��WKH�´)RUFH�&RQFHSW�,QYHQWRU\µ�WR
PHDVXUH�WKH�VWXGHQWV·�XQGHUVWDQGLQJ�RI�IRUFH�DQG�PRWLRQ���
,GHQWLI\LQJ�VWXGHQWV�DW�ULVN��HVSHFLDOO\�HDUO\�LQ�WKH�VHPHVWHU�
DQG�DGYLVLQJ�WKHP�ZDV�QRW�GRQH�RQ�D�ODUJH�HQRXJK�VFDOH�WR
DVVHVV� LPSDFW��DV� VRIWZDUH� WR�GR�VR�HIILFLHQWO\�ZDV�QRW�\HW
UHDG\��7KLV��KRZHYHU��ZDV�GRQH�LQ�)DOO������

7DEOH� �� VKRZV� WKH� RUGLQDU\� FRUUHODWLRQV� DQG� WKH
SDUWLDO� FRUUHODWLRQV� FRQWUROOLQJ� IRU� SUH�WHVW� VFRUH� EHWZHHQ
WKH�ILQDO�H[DP�DQG�SHUIRUPDQFH�LQ�YDULRXV�FRPSRQHQWV�RI
WKH�FRXUVH�GXULQJ�)DOO������

7DEOH����2UGLQDU\�DQG�SDUWLDO�FRUUHODWLRQV�
,WHP 2UGLQDU\�U 3DUWLDO�U
+RPHZRUN�� ���� ����
4XL]�� ���� ����
6XSS��([�� ���� ����
0LGWHUPV�� ���� ����
��GD\V�DEVHQW ����� �����
3UH�WHVW�VFRUH ���� Q�D
3RVW�WHVW�VFRUH ���� ����

$OO� WKH� FRUUHODWLRQV� LQ� 7DEOH� �� DUH� VWDWLVWLFDOO\
VLJQLILFDQW�ZLWK�S� OHVV�WKDQ� ������7KH�RUGLQDU\�FRUUHODWLRQV
LQGLFDWH�WKDW�VWXGHQWV�ZKR�VFRUHG�KLJKHU�RQ�YDULRXV�DVSHFWV
RI� WKH� FRXUVH� WHQGHG� WR� VFRUH� KLJKHU� RQ� WKH� ILQDO� H[DP�
1RWDEO\�� WKRVH� ZKR� ZHUH� DEVHQW� PRUH� RIWHQ� WHQGHG� WR
SHUIRUP�ZRUVH�RQ�WKH�ILQDO��$WWHQGDQFH�ZDV�REWDLQHG�IURP
WKH� XQ�DQQRXQFHG� TXL]]HV� JLYHQ� GXULQJ� OHFWXUH�� 7KH
ILQGLQJV� LQ� WDEOH���DUH�QRW�XQH[SHFWHG������2QH� FDQ� H[SHFW
VWXGHQWV�ZKR�DUH�EULJKWHU�RU�ZKR�KDYH�PRUH�H[SHULHQFH�LQ
VFLHQFH�DQG�SK\VLFV�WR�VXFFHHG�PRUH�HDVLO\��DQG�SHUKDSV�WR
DWWHQG� FODVV� PRUH� UHJXODUO\��� 7KH� SDUWLDO� FRUUHODWLRQV
DGGUHVV� WKLV� DVSHFW� RI� WKH� GDWD� E\� H[DPLQLQJ� WKH
UHODWLRQVKLS� EHWZHHQ� ILQDO� H[DP� VFRUHV� DQG� WKH� RWKHU
YDULDEOHV� DIWHU� FRQWUROOLQJ� IRU� GLIIHUHQFHV� RQ� WKH� SUHWHVW�
7KDW�LV��WKH�SDUWLDO�FRUUHODWLRQ�EHWZHHQ�KRPHZRUN�DQG�ILQDO
H[DP� VFRUHV� LQGLFDWHV� WKDW� WKHUH� LV� D� VWURQJ� SRVLWLYH
UHODWLRQVKLS�EHWZHHQ�VXFFHVV�RQ�KRPHZRUN�DQG�VXFFHVV�RQ
WKH�ILQDO��DIWHU�DFFRXQWLQJ�IRU�GLIIHUHQFHV�RQ�WKH�SUHWHVW�

$OWKRXJK�WKH�XVH�RI�FRPSXWHU�HQWU\� IRU� VROXWLRQV
WR�DVVLJQPHQWV�ZDV�RSWLRQDO��HVVHQWLDOO\�DOO�VWXGHQWV�HOHFWHG
WR� GR� VR� IRU� WKH� REYLRXV� DGYDQWDJH� RI� FRUUHFWLQJ� HUURUV�
2QO\����RI�SDSHUV�ZHUH�WXUQHG�LQ�IRU�KDQG�JUDGLQJ�IRU�WKH
ILUVW� DVVLJQPHQW�� ��� IRU� WKH� VHFRQG�� DQG� QRQH� WKHUHDIWHU�
7KUHH� HYHQLQJV� HDFK� ZHHN� GXULQJ� WKH� VHPHVWHU�� VHQLRU
SK\VLFV� VWXGHQWV� SURYLGHG� DVVLVWDQFH� RQ�OLQH� YLD� WKH
QHWZRUN��$OO�VWXGHQWV�LQ�WKH�FRXUVH�ZHUH�JLYHQ�DQ�DFFRXQW
RQ�WKH�)LUVW&ODVV70�FRQIHUHQFLQJ�V\VWHP��$ERXW�KDOI������
RI� WKH� VWXGHQWV� XVHG� WKDW� V\VWHP� IRU� DVVLVWDQFH�� 7KXV
VWXGHQWV�HOHFWLQJ�WR�XVH� WKH�V\VWHP�UHSUHVHQW�VHOI�VHOHFWLRQ
LQ�WKH�XVH�RI�WKDW�WHFKQRORJ\��DQG�SHUIRUPDQFH�GLIIHUHQFHV
VKRZQ� EHORZ� PD\� VLPSO\� UHIOHFW� D� KLJKHU� OHYHO� RI
PRWLYDWLRQ�IRU�WKDW�JURXS��$V�VKRZQ�LQ�7DEOH����WKHUH�LV�D
PDUNHG�GLIIHUHQFH�LQ�SHUIRUPDQFH�IRU�WKHVH�VWXGHQWV�

���7DEOH����3HUIRUPDQFH�RI�VWXGHQWV�XVLQJ�WKH�FRQIHUHQFLQJ�DQG
EXOOHWLQ�ERDUG�V\VWHP�

)LQDO�H[DP ����
$VVLJQPHQWV ���
4XL]]HV ����
'D\V�DEVHQW ����

                                                          
* $�SDUWLDO�FRUUHODWLRQ�LV�D�FRUUHODWLRQ�EHWZHHQ�WZR�YDULDEOHV
DIWHU�UHPRYLQJ�IURP�WKHP�WKH�OLQHDU�UHODWLRQV�RI�DQRWKHU
YDULDEOH��LQ�WKLV�FDVH��SHUIRUPDQFH�RQ�WKH�SUHWHVW�



%\� XVLQJ� WKH� FRQIHUHQFLQJ� V\VWHP�� VWXGHQWV� ZHUH
DFWLYHO\� VHHNLQJ� WR� OHDUQ��:H� DOVR� KDYH� VRPH� HYLGHQFH� RI
WKH� SRVLWLYH� LPSDFW� RI� WKH� SHUVRQDO� KHOS� DYDLODEOH� WR
VWXGHQWV� LQ� WKH� SK\VLFV� OHDUQLQJ� FHQWHU��$QDO\VLV� EDVHG� RQ
VWXGHQW� UHVSRQVHV� LQ� )DOO� ����� LQGLFDWHV� WKDW� LW� ZDV� XVHG
PRUH� E\� VWXGHQWV� ZKRVH� VFKRODVWLF� UHFRUG� ZDV� EHORZ� WKH
DYHUDJH�IRU�WKH�FODVV��\HW�WKHLU�SHUIRUPDQFH�RQ�WKH�ILQDO�ZDV
YHU\�QHDU�WKH�FODVV�DYHUDJH�

���)LJXUH����'LVWULEXWLRQ�RI�JUDGHV�LQ�3K\VLFV�����IRU�WKH�SDVW
VL[�)DOO�VHPHVWHUV��7KH�ILUVW�JUDSK�LV�IRU�)DOO������������DQG
������ZKHUH�WKH�FRXUVH�ZDV�WDXJKW�LQ�WKH�WUDGLWLRQDO�IRUPDW�
7KH�VHFRQG�LV�IRU�)DOO�������ZLWK�WKH�LQLWLDO�LPSOHPHQWDWLRQ�RI
DQ�$/1��7KH�WKLUG�LV�IRU�)DOO������DQG�WKH�IRXUWK�IRU�)DOO
�����

7KH�JUDGH�GLVWULEXWLRQV� LQ�)LJXUH��� LQFOXGH�DOO� WKH
VWXGHQWV� VWLOO� RQ� WKH� FODVV� OLVW� DW� WKH� HQG� RI� WKH� VHPHVWHU�
7KH� ILUVW�JUDSK�FRUUHVSRQGV� WR� WKH� WUDGLWLRQDO�VW\OH� FRXUVH
FRQVLVWLQJ� RI� WZR� OHFWXUH� VHFWLRQV� ZLWK� WZR� SURIHVVRUV
OHFWXULQJ� DQG� VHYHUDO� RWKHU� SURIHVVRUV� LQ� WKH� UROH� RI
WHDFKLQJ� DVVLVWDQWV� OHDGLQJ� D� ODUJH� QXPEHU� RI� UHFLWDWLRQ
VHVVLRQV� RI� DSSUR[LPDWHO\� ��� VWXGHQWV�� 7KDW� GLVWULEXWLRQ

KDV� WKH� FODVVLFDO� EHOO� VKDSHG� FXUYH�� 2I� WKH� ����� VWXGHQWV
UHSUHVHQWHG������DFKLHYHG�D�JUDGH�RI�����RU�DERYH�

)DOO� ����� UHSUHVHQWHG� RXU� LQLWLDO� XVH� RI� $/1
WHFKQRORJ\� LQ� WKLV� FDOFXOXV� EDVHG� SK\VLFV� FRXUVH� 2XU
LPSOHPHQWDWLRQ� RI� WKH� )LUVW&ODVV70� FRQIHUHQFLQJ� V\VWHP
OHIW�PXFK�WR�EH�GHVLUHG�DQG�XVH�E\�VWXGHQWV�ZDV�TXLWH�VPDOO�
7KH� JUDGH� GLVWULEXWLRQ� WKDW� VHPHVWHU� VKRZV� D� PDUNHG
FKDQJH� IURP� WKH� EHOO� VKDSH� RI� SUHYLRXV� \HDUV�� $� KLJKHU
VWDQGDUG�ZDV�VHW�IRU�WKH�FRXUVH�UHODWLYH�WR�SUHYLRXV�\HDUV�E\
LQFUHDVLQJ� WKH� QXPEHU� RI� SUREOHPV� UHTXLULQJ� WKH� XVH� RI
FDOFXOXV�DQG�E\� LQFUHDVLQJ�WKH�QXPEHU�RI�SUREOHPV�ZKRVH
VROXWLRQV�UHTXLUHG�XQGHUVWDQGLQJ�WZR�RU�PRUH�FRQFHSWV� LQ
DVVLJQPHQWV� DQG� H[DPLQDWLRQV�� ,Q� VSLWH� RI� WKLV� KLJKHU
VWDQGDUG�� D� ODUJHU� IUDFWLRQ� RI� VWXGHQWV� DFKLHYHG� JUDGHV� RI
����RU�����WKDQ�LQ�SUHYLRXV�\HDUV��7KH�FKDQJH�LQ�GLVWULEXWLRQ
DSSHDUV� WR� EH� WKH� UHVXOW� RI� WKH� LQFUHDVHG� WLPH�RQ�WDVN�� RI
WKH�LQVWDQW�IHHGEDFN�SURYLGHG����������DQG�RI�WKH�RSSRUWXQLW\
WR�FRUUHFW�HUURUV��,Q�RUGHU�WR�OHDUQ��VWXGHQWV�QHHG�WR�NQRZ
ZKDW�WKH\�GRQ·W�NQRZ�

$ERXW�WKH�VDPH�SHUFHQWDJH�������RI�WKH�VWXGHQWV
LQ�)DOO������DFKLHYHG�D�JUDGH�RI�����RU�KLJKHU��7KLV�ZDV
VLPLODU�WR�SUHYLRXV�\HDUV��EXW�GXH�WR�WKH�PRUH�ULJRURXV
FRXUVH�VWDQGDUG�WKDW�JUDGH�UHSUHVHQWHG�D�KLJKHU
DFKLHYHPHQW�OHYHO�

7KH� WKLUG� JUDSK� LQ� )LJXUH� �� UHSUHVHQWV� )DOO� ����
JUDGHV�RQ�WKH�EDVLV�RI�WKH�VDPH�QXPHULFDO�VFRUHV�DV� LQ�WKH
)DOO� ¶���� ,QFUHDVHG� H[SHULHQFH� ZLWK� WKH� YDULRXV� WRROV� DQG
GLVFXVVLRQV�ZLWK� FROOHDJXHV� DW� RWKHU� LQVWLWXWLRQV� HQDEOHG� D
EHWWHU� LPSOHPHQWDWLRQ� WKDQ� LQ� WKH� SUHYLRXV� \HDU�� $OO� WKH
HOHPHQWV� RI� WKH� OHDUQLQJ� HQYLURQPHQW� VKRZQ� LQ� )LJXUH� �
ZHUH� LPSOHPHQWHG�� LQFOXGLQJ� OHFWXUH� H[HUFLVHV� DQG
VXSSOHPHQWDU\� DVVLJQPHQWV�� ,Q� RUGHU� WR�PLQLPL]H� ELDV� RQ
PHDVXUHG�VWXGHQW�SHUIRUPDQFH�RXWFRPH��D�IDFXOW\�PHPEHU
ZKR�ZDV�QRW�D�PHPEHU�RI�WKH�SURMHFW�WHDP�ZDV�UHVSRQVLEOH
IRU� WKH� H[DPLQDWLRQV� WR� PDLQWDLQ� WKH� VDPH� OHYHO� RI
GLIILFXOW\�� 7KDW� IDFXOW\� PHPEHU�� 3URI�� 1�� %LUJH� RI� WKH
GHSDUWPHQW� RI� 3K\VLFV� DQG� $VWURQRP\�� ZURWH� RU� VHOHFWHG
WKH�H[DPLQDWLRQ�TXHVWLRQV�XVHG��$�VLJQLILFDQW�LPSURYHPHQW
LQ�VWXGHQW�SHUIRUPDQFH�FDQ�EH�VHHQ�IURP�WKH�WKLUG�JUDSK�LQ
)LJXUH� ��� ����RI� WKH� VWXGHQWV� DFKLHYHG� D� JUDGH� RI� ���� RU
KLJKHU��,W�VKRXOG�QRW�EH�VXUSULVLQJ�WKDW�VXFK�WHFKQRORJ\�KDV
D� SRVLWLYH� LPSDFW������������ ,W� LPSOHPHQWV� HIIHFWLYHO\� DQG
HIILFLHQWO\� ZHOO� HVWDEOLVKHG� FRPSRQHQWV� RI� OHDUQLQJ�
IHHGEDFN�LV�JLYHQ�LPPHGLDWHO\��VWXGHQWV�FRUUHFW�WKHLU�ZRUN�
DQG� WKH\� DUH� JLYHQ� WKH� RSSRUWXQLW\� WR� VHHN� DQG� REWDLQ
DVVLVWDQFH�LQ�KLJKO\�IOH[LEOH�ZD\V�

,Q�)DOO������D�GLIIHUHQW�FRQIHUHQFLQJ�V\VWHP��$OWD�
9LVWD70�)RUXP����ZKLFK�RSHUDWHV�IURP�D�VWDQGDUG�EURZVHU
ZDV� XVHG�� 7KH� VWDWLVWLFDO� FRUUHODWLRQV� DQG� FRQFOXVLRQV
SUHVHQWHG� LQ�7DEOH���DUH�ZHOO� UHSURGXFHG��7KH������JUDGH
GLVWULEXWLRQ�� VKRZQ� LQ� WKH� ERWWRP� JUDSK� RI� )LJXUH� ��� LV
FRQVLVWHQW� ZLWK� WKDW� RI� ����� DQG� VKRZV� D� VLPLODUO\� KLJK
VXFFHVV�UDWH��L�H�������YV�����RI�VWXGHQWV�DFKLHYLQJ�D�JUDGH
RI�����RU�KLJKHU�



7KH� LPSURYHG� VWXGHQW� SHUIRUPDQFH� ZH� KDYH
REVHUYHG�LV�FRQVLVWHQW�ZLWK�UHVXOWV�LQ�DQRWKHU�SK\VLFV�FODVV
ZLWK� VLPLODU�XVH�RI� WHFKQRORJ\�ZKHUH� IRU� HTXLYDOHQW� OHYHOV
RI� GLIILFXOW\� PLG�WHUP� DQG� ILQDO� H[DP� VFRUHV� LPSURYHG
VXEVWDQWLDOO\�DV�VKRZQ�LQ�)LJXUH�����
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���)LJXUH����$YHUDJH�H[DPLQDWLRQ�VFRUHV�IRU�WKH�LQWURGXFWRU\�SK\VLFV
FODVV��/%6�����IRU�WKUHH�FRQVHFXWLYH�\HDUV�WDXJKW�E\�WKH�VDPH
LQVWUXFWRU��&$3$�ZDV�LQWURGXFHG�LQ������

$Q�XQH[SHFWHG�UHVXOW�ZDV�WKH�GHFUHDVH�LQ�WKH�¶GURS
RXW·� UDWH�ZKLFK�ZH� GHILQH� KHUH� DV� VWXGHQWV� ZKR� WRRN� WKH
ILUVW�KRXU�H[DP�HDUO\� LQ� WKH�VHPHVWHU�EXW�GLG�QRW� WDNH� WKH
ILQDO� H[DP� �1RW� WDNLQJ� WKH�ILQDO� UHVXOWV� LQ� D� ���� JUDGH��� ,Q
������ ��� RXW� RI� ���� VWXGHQWV� ¶GURSSHG� RXW·�� ZKLFK
UHSUHVHQWV� ����� RI� WKH� VWXGHQWV� LQ� WKH� FODVV�� LQ� ������ WKH
QXPEHU�ZDV����RXW�RI������������DQG�LQ�������WKH�QXPEHU
ZDV����RXW�RI������������

7KHVH� UHVXOWV� DUH� LQGHHG� HQFRXUDJLQJ�� DQG� DUH
VLPLODU�WR�WKH�SRVLWLYH�UHVXOWV�IRXQG�UHFHQWO\�LQ�DQ�HOHFWULFDO
HQJLQHHULQJ� FRXUVH� XVLQJ� VLPLODU� WHFKQLTXH�� L�H��� FRPSXWHU
GLDORJ� FRPELQHG� ZLWK� UDSLG� IHHGEDFN� IURP� DQ� RQ�OLQH
JUDGLQJ� V\VWHP����:H� DUH� QRZ� LQ� D� JRRG�SRVLWLRQ� WR� WXQH
DQG�UHILQH�RXW�WHFKQLTXHV�LQFOXGLQJ�LPSURYLQJ�WKH�SURJUDP
RI� HDUO\� LGHQWLILFDWLRQ� DQG� LQWHUDFWLRQ� ZLWK� PRWLYDWHG
VWXGHQWV� DW� ULVN�� 7KH� DVVHVVPHQW� DQG� HYDOXDWLRQ� RI� WKH
SURMHFW�VR�IDU�GRHV�QRW�DSSHDU�WR�EH�VWURQJO\�DIIHFWHG�E\�WKH
¶+DZWKRUQH�(IIHFW·�RU�VRPH�¶+DSS\�&RHIILFLHQW·�DVVRFLDWHG
ZLWK�WU\LQJ�QHZ�WKLQJV���

9��&21&/86,216

7KH� LQFUHDVH� LQ� VWXGHQWV� VXFFHHGLQJ� �a����
LQGLFDWHV� WKDW� WKH� SURMHFW� LV� KDYLQJ� D� VLJQLILFDQW� LPSDFW�
7HFKQRORJ\� LV� KHOSLQJ� WR� SURYLGH� VWXGHQWV� ZLWK� WKH
RSSRUWXQLW\� WR� H[FHO� ZKLFK� FDQ� EH� D� KLJKO\� PRWLYDWLQJ
IDFWRU����,Q�DQ�DFWLYH�OHDUQLQJ�HQYLURQPHQW��WHFKQRORJ\�KDV
KHOSHG� WR� LPSOHPHQW� VHYHUDO� ZHOO� GHPRQVWUDWHG
FRPSRQHQWV� RI� HIIHFWLYH� HGXFDWLRQ�� LPPHGLDWH� IHHGEDFN�
FRUUHFWLRQ� RI� PLVWDNHV�� DQG� KHOS� LQ� OHDUQLQJ� GLIILFXOW
PDWHULDO�� ,PSURYHPHQWV� LQ� WKH� WHFKQRORJLFDO� WRROV� DUH
XQGHUZD\�WR�UHGXFH�WKH�WLPH�DQG�HIIRUW�UHTXLUHG�WR�SUHSDUH

FRXUVH� PDWHULDOV� DQG� DGPLQLVWHU� ODUJH� FODVVHV� DQG� VKRXOG
WKXV�IDFLOLWDWH�DQG�HQFRXUDJH�WKHLU�DGRSWLRQV�

$&.12:/('*(0(176

7KH� $OIUHG� 3�� 6ORDQ� )RXQGDWLRQ� VXSSRUW� RI� WKLV
SURMHFW� LV� JUDWHIXOO\� DFNQRZOHGJHG�� :H� DUH� LQGHEWHG� WR
3URIHVVRU�'�$��.DVK\�RI�7H[DV�$�DQG�0�8QLYHUVLW\�IRU�WKH
VWDWLVWLFDO� DQDO\VLV� RI� WKH� LPSDFW� GDWD�� DQG� IRU� YDOXDEOH
GLVFXVVLRQ�DV�WR�WKH�LQWHUSUHWDWLRQ�RI�WKH�UHVXOWV�

5()(5(1&(6

��� .DVK\�� (��� 6KHUULOO�� %�0��� 7VDL�� <��� 7KDOHU�� '��
:HLQVKDQN��'��� (QJHOPDQQ��0���0RUULVVH\�� '�-��� ´&$3$�
$Q�,QWHJUDWHG�&RPSXWHU�$VVLVWHG�3HUVRQDOL]HG�$VVLJQPHQW
6\VWHP�µ�$PHULFDQ�-RXUQDO�RI�3K\VLFV��9RO������1R�������������
SS������������
6HH�DOVR�http://www.pa.msu.edu/educ/CAPA/
��� 7KRHQQHVVHQ�� 0��� +DUULVRQ�� 0�� ´&RPSXWHU�$VVLVWHG
$VVLJQPHQWV� LQ� D� /DUJH� 3K\VLFV� &ODVV�µ� &RPSXWHUV� DQG
(GXFDWLRQ��9RO������1R������������SS����������
��� )LUVW&ODVV70� LV� D� FRPPHUFLDO� SURGXFW� RI� 6RIW$UF�� ,QF�
0DUN��KDP��2QWDULR��&$�/�5��+��
��� &KHDWKDP��0��� ´6WXG\� RI� 8QGHUJUDGXDWH� 5HWHQWLRQ� $W
0LFKLJDQ� 6WDWH� 8QLYHUVLW\�µ� 5HSRUW� RI� WKH� ,QVWLWXWH� IRU
3XEOLF� 3ROLF\� DQG� 6RFLDO� 5HVHDUFK�� 0LFKLJDQ� 6WDWH
8QLYHUVLW\��'HFHPEHU������
���6RNRORII��'�5���´(QKDQFLQJ�3K\VLFV�/HDUQLQJ�LQ�/HFWXUH
ZLWK� ,QWHUDFWLYH��0LFUR�FRPSXWHU�%DVHG�'HPRQVWUDWLRQV�µ
%XOO��$P��3K\V��6RF���9RO������1R�������������S������
��� 9DQ+HXYHOHQ�� $��� ´2YHUYLHZ�� &DVH� 6WXG\� 3K\VLFV�µ
$PHULFDQ�-RXUQDO�RI�3K\VLFV��9RO������1R��������������SS������
����
��� 5HVQLFN�� /�%�� ´(GXFDWLRQ� DQG� /HDUQLQJ� WR� 7KLQN�µ
:DVKLQJWRQ��'&��1DWLRQDO�$FDGHP\�RI�6FLHQFHV�������
��� +HVWHQHV�� '��� ´7RZDUG� D� 0RGHOLQJ� 7KHRU\� RI� 3K\VLFV
,QVWUXFWLRQ�µ� $PHULFDQ� -RXUQDO� RI� 3K\VLFV�� 9RO�� ���� 1R�� ��
��������SS����������
��� 0HOOHPD�� 6�� 1LHGHUULWHU�� &�)��� 7KRPSVRQ�� +�%��� ´$
&RP�SXWHU�EDVHG� +RPHZRUN� 6\VWHP� ZLWK� ,QGLYLGXDO
3UREOHP� 6ROYLQJ� DQG� ,QVWUXFWRU� 'LDJQRVWLFV�µ� %XOO�� $P�
3K\V��6RF���9RO��������������S�������
����&KLX��&�%���0RRUH��&�)���´&HQWUDOL]HG�&RPSXWHU�6\VWHP
IRU�(QJLQHHULQJ�3K\VLFV�µ�0DQXDO��8�RI�7H[DV�DW�$XVWLQ�
���� /HZLV�� 5�$��� +DUSHU�� %�0��� :LOVRQ�� 0��� ´&RPSXWHU
$VVLJQPHQWV� DQG�3UREOHPV�&ODVVHV� IRU�3K\VLFV� 6WXGHQWV�µ
&RPSXWHUV�(GXF���9RO������1R�������������SS����������
���� $EERWW�� +��� ´3K\VLFV� +RPHZRUN�0DQDJHPHQW��8VLQJ
+\SHU&DUG� WR� *HQHUDWH� ,QGLYLGXDOL]HG� 3UREOHP� 6HWV�µ
&RPSXWHUV�LQ�3K\VLFV��9RO�����1R������������SS����������
����+XEOHU��$�:���$VVDG��$�0���´&\EHU3URI��$Q�,QWHOOLJHQW
+XPDQ�&RPSXWHU�,QWHUIDFH� IRU�$V\QFKURQRXV�:LGH�$UHD
7UDLQLQJ�DQG�7HDFKLQJ�µ�)RXUWK�,QWHUQDWLRQDO�:RUOG�:LGH



:HE� &RQIHUHQFH� 3URFHHGLQJV��:::� -RXUQDO�� 'HF� ������
��������SS����������
���� 2DNOH\�� %�� ,,��� ´$� YLUWXDO� FODVVURRP� DSSURDFK� WR
WHDFKLQJ� FLUFXLW� DQDO\VLVµ� ,(((� 7UDQVDFWLRQV� � RQ
(GXFDWLRQ���������������SS���������
����%URZQ��'�-���´0DOODUG��$V\QFKURQRXV�/HDUQLQJ�RQ� WKH
:HE�µ�http://www.cen.uiuc.edu/Mallard/
���� .DVK\�� (��� *DII�� 6�-��� 3DZOH\�� 1�+��� 6WUHWFK�� :�/��
:ROIH�� 6�/��� 0RUULVVH\�� '�-��� 7VDL�� <��� ´&RQFHSWXDO
4XHVWLRQ� LQ� &RPSXWHU�$VVLVWHG� $VVLJQPHQWV�µ� $PHULFDQ
-RXUQDO�RI�3K\VLFV��9RO������1R��������������SS������������
���� +HVWHQHV�� '��� :HOOV�� 0��� 6ZDFNKDPHU�� *��� ´)RUFH
&RQFHSW� ,QYHQWRU\�µ� 7KH� 3K\VLFV� 7HDFKHU�� 9RO�� ���� 1R�� ��
��������SS�����������1HZ�9HUVLRQV�DYDLODEOH�RQ�WKH�:::�
����5RPHU��'���´'R�6WXGHQWV�*R�WR�&ODVV"�6KRXOG�7KH\"�µ
-RXUQDO�RI�(FRQRPLF�3HUVSHFWLYHV��9RO�����1R�������������SS������
����
����6DVVHQUDWK��-�0���*DUHYLFK��&�0��´(IIHFW�RI�'LIIHUHQWLDO
)HHGEDFN�IURP�([DPLQDWLRQV�RQ�5HWHQWLRQ�DQG�7UDQVIHU�µ
UHSULQWHG�IURP��(GX��3V\FKRORJ\�������LQ�&XUUHQW�5HVHDUFK�RQ
,QVWUXFWLRQ�� 5�&�� $QGHUVRQ� HW� DO��� 3UHQWLFH� +DOO� �������� SS�
��������
����,OJHQ��'�5���)LVKHU��&�'���7D\ORU��0�6���´&RQVHTXHQFHV
RI� ,QGLYLGXDO� )HHGEDFN� RQ� %HKDYLRU� LQ� 2UJDQL]DWLRQV�µ
-RXUQDO�RI�$SSOLHG�3V\FKRORJ\��9RO������1R�������������SS������
����
����6DQVRQH��&��� ´$�4XHVWLRQ�RI�&RPSHWHQFH��7KH�(IIHFW
RI�&RPSHWHQFH�DQG�7DVN�)HHGEDFN�RQ�,QWULQVLF�,QWHUHVW�µ�-�
RI�3HUVRQDOLW\�DQG�6RFLDO�3V\FKRORJ\��9RO������1R�������������SS�
��������
����'DQLHOHZLF]��3���'HSDUWPHQW�RI�3K\VLFV�	�$VWURQRP\�
0LFKLJDQ�6WDWH�8QLYHUVLW\��SULYDWH�FRPPXQLFDWLRQ�
���� $OWD� 9LVWD70� � )RUXP��'LJLWDO� (TXLSPHQW� &RUSRUDWLRQ
http://altavista.software.digital.com/index.htm

���� %RUJ�� :�5��� *DOO�� 0�'��� ´&ULWLFDO� (YDOXDWLRQ� RI
5HVHDUFK�� LQ� (GXFDWLRQDO� 5HVHDUFK�µ� 'DYLG� 0FND\
&RPSDQ\���������S������
���� 7UHLVPDQ�� 8��� ´6WXG\LQJ� 6WXGHQWV� 6WXG\LQJ� &DOFXOXV�µ
7KH�&ROOHJH�0DWKHPDWLFV�-RXUQDO��9RO�������������S������

6ROXWLRQ�NH\�WR�FRQFHSWXDO�SUREOHPV�
)LJXUH����///
)LJXUH����)/(*//
)LJXUH����7RS�9HUVLRQ��((/*/(*
)LJXUH����%RWWRP�9HUVLRQ��/**(((/

(':,1�.$6+<
(GZLQ� .DVK\� LV� D� 8QLYHUVLW\� 'LVWLQJXLVKHG� 3URIHVVRU� DW
0LFKLJDQ� 6WDWH� 8QLYHUVLW\�� LQ� WKH� 'HSDUWPHQW� RI� 3K\VLFV
DQG�$VWURQRP\��+LV�PDLQ� UHVHDUFK�DFWLYLWLHV�KDYH�EHHQ� LQ
VSHFWURVFRS\��&RXORPE�HIIHFWV� DQG� WHPSHUDWXUH� LQ� DWRPLF
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