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$EVWUDFW

7KH� DUWLFOH� GLVFXVVHV� WKH� LQWHJUDWLYH� XVH� RI� 7HKQR�5� HGXFDWLRQDO� DQG� JDPLQJ�
WHFKQRORJ\�� 7KH� DXWKRUV� SUHVHQWHG� WKH� 7HFKQR�5� WHFKQRORJ\� IRU� WHDFKLQJ� IRUHLJQ�
ODQJXDJHV��ZKLFK�ZDV�VXEMHFWHG�WR�H[SHULPHQWDO�YHULILFDWLRQ�DQG�VKRZHG DQ�HIIHFWLYH�
UHVXOW�LQ�WKH�IRUPDWLRQ�RI�OLQJXLVWLF�DQG�VSHHFK�FRPSHWHQFLHV��([SHULPHQWDO�VWXGLHV�
FRQWLQXH�FXUUHQWO\�DQG�D�VHDUFK�LV�XQGHUZD\�IRU�WKH�DSSOLFDWLRQ�RI�WKLV�WHFKQRORJ\�LQ�
FRPELQDWLRQ� ZLWK� RWKHU� WHFKQRORJLHV�� LQ� SDUWLFXODU�� ZLWK� JDPLQJ� FRPSXWHU
WHFKQRORJLHV��7KH�DXWKRUV�GHYHORSHG�D�PHWKRGRORJ\�IRU� LQFOXGLQJ� WKH�JDPH� LQ� WKH�
SURFHVV�RI�7HFKQR�5� WHFKQRORJ\� DQG� FRQGXFWHG� H[SHULPHQWDO� WUDLQLQJ�RQ�(FRORJ\�
ZLWK�WKLUG�\HDU�VWXGHQWV�RI�WKH�,QVWLWXWH�RI�3KLORORJ\�DQG�,QWHUFXOWXUDO�&RPPXQLFDWLRQ�
RI� .D]DQ� )HGHUDO� 8QLYHUVLW\� XVLQJ� WKH� JDPH� � �/XF� HW� VRQ� H[DPHQ� G
pFRORJLH���
GHYHORSHG�E\�D�FR�DXWKRU�RI�WKLV�DUWLFOH��'XH�WR�WKH�IDFW�WKDW�WKH�H[SHULHQWLDO�WUDLQLQJ�
ZDV�DLPHG�DW�WKH�IRUPDWLRQ�RI�VSHHFK�FRPSHWHQFH�LQ�WKH�ILHOG�RI�OLVWHQLQJ��WKH�JDPH�
ZDV�GHYHORSHG�LQ DFFRUGDQFH�ZLWK�WKH�PHWKRGRORJ\�RI�WKH�IRUPDWLRQ�RI�WKH�DELOLW\�WR�
DXUDOO\� SHUFHLYH� IRUHLJQ� ODQJXDJH�� ,Q� SDUWLFXODU�� WKH� GHYHORSHG� JDPH� LQFOXGHG�
H[HUFLVHV�WR�XQGHUVWDQG�DXGLR�WH[WV�UHIOHFWLQJ�YDULRXV�VLWXDWLRQV�RI�FRPPXQLFDWLRQ�RQ�
WKH�WRSLF�RI��(FRORJ\��RQ�WKH�LVVXHV�RI��1DWXUDO�'LVDVWHUV����0XQLFLSDO�3ROLF\��&OHDQ�
&LW\����0HDVXUHV�WR�&RPEDW�8UEDQ�3ROOXWLRQ���7KH�UHVXOWV�RI�H[SHULPHQWDO�WUDLQLQJ�
VKRZHG�QRW�RQO\�D�KLJKHU�TXDOLW\�RI�WKH�IRUPHG�FRPSHWHQFLHV�EXW�DOVR�D�VLJQLILFDQW�
LQFUHDVH�LQ�HGXFDWLRQDO�PRWLYDWLRQ��7KH�UHVXOWV�REWDLQHG�GXULQJ�H[SHULPHQWDO�WUDLQLQJ�
DUH� WKH� EDVLV� IRU� FRQWLQXLQJ� VFLHQWLILF� UHVHDUFK� DW� WKH� OHYHO� RI� H[SHULPHQWV� XVLQJ�
PDWKHPDWLFDO� VWDWLVWLFV� PHWKRGV� WR� GHWHUPLQH� WKH� YDOLGLW\� RI� HPSLULFDOO\� REWDLQHG�
GDWD�

.H\ZRUGV� 7HFKQRORJ\��0HWKRGRORJ\��)RUHLJQ�/DQJXDJHV��(GXFDWLRQDO�&RPSXWHU�
�0RELOH��*DPH�

� 3OHDVH�FLWH�WKLV�SDSHU�DV�IROORZV�

9DVVLOLHYD�� 9� 1�� 	� 'UXJRY� $� 9� �������� ,QWHJUDWLYH� XVH� RI� ³7HFKQR�5´� UHPHGLDO�
WHFKQRORJ\� DQG� JDPLQJ� WHFKQRORJ\� LQ� WHDFKLQJ� IRUHLJQ ODQJXDJH� OLVWHQLQJ�� -RXUQDO� RI�
5HVHDUFK�LQ�$SSOLHG�/LQJXLVWLFV��� �63�� ��������

� .D]DQ�)HGHUDO�8QLYHUVLW\��PPHB9DVVLOLHYD#PDLO�UX
� .D]DQ�)HGHUDO�8QLYHUVLW\
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���,QWURGXFWLRQ

,Q�WKH�PRGHUQ�ZRUOG��WKH�HGXFDWLRQDO�VSDFH�LV�PDUNHG�E\�WKH�VHDUFK�IRU�QHZ�
ZD\V�RI�WHDFKLQJ�IRUHLJQ�ODQJXDJHV�DJDLQVW�WKH�EDFNJURXQG�RI�D�KXJH�IORZ�RI�PHGLD�
LQIRUPDWLRQ��0RVW�RI�WKH�UHVHDUFK�LQ�WKLV�DUHD�LV�UHODWHG�WR�WKH�FRPSXWHUL]DWLRQ�RI�WKH�
HGXFDWLRQDO�SURFHVV��DOWKRXJK�WKH�TXHVWLRQ�RI�WKH�TXDOLW\�RI�HGXFDWLRQ�ZDV�SRVHG�E\�
VFLHQWLVWV�LQ�D�EURDGHU�DVSHFW��$QWRQRYD�HW�DO���������

7RGD\��LQ�WKH�HUD�RI�LQIRUPDWL]DWLRQ��FKDUDFWHUL]HG�E\�WKH�LQWHQVLYH�XVH�RI�
LQIRUPDWLRQ� WHFKQRORJLHV� LQ� DOO� DUHDV� RI� VRFLHW\�� LQFOXGLQJ� WKH� HGXFDWLRQ� V\VWHP��
WHDFKLQJ� IRUHLJQ� ODQJXDJHV� ZLWKRXW� WKH� XVH� RI� PXOWLPHGLD� WHDFKLQJ� WRROV� LV�
XQLPDJLQDEOH�VLQFH�PXOWLPHGLD�LQIRUPDWLRQ�WUDQVIHU�KDV�JUHDW�SRWHQWLDO�LQ�WHUPV�RI�
GHYHORSLQJ�VNLOOV�DQG�DELOLWLHV�WKURXJK�LWV�VLPXOWDQHRXV�HIIHFW�RQ�VHYHUDO�FKDQQHOV�RI�
SHUFHSWLRQ�RI�LQIRUPDWLRQ��,Q�DGGLWLRQ��RSHQLQJ�XS�IXQGDPHQWDOO\�QHZ�RSSRUWXQLWLHV�
IRU� WHDFKHUV� RI� IRUHLJQ� ODQJXDJHV� LQ� RUJDQL]LQJ� WKH� HGXFDWLRQDO� SURFHVV�� WKH\� FDQ�
FRQWULEXWH� WR� WKH� GHYHORSPHQW� RI� VWXGHQWV
� FRPPXQLFDWLYH� FRPSHWHQFH� DW� D� QHZ��
KLJKHU�TXDOLW\�OHYHO��

,Q�SDUWLFXODU��ZH�FDQ�WDON�DERXW�WKH�XVH�RI�WKH�FRPSXWHU�RU�PRELOH�JDPLQJ�
DSSOLFDWLRQV�LQ�IRUHLJQ�ODQJXDJH�FODVVHV�WKDW�DUH�GHVLJQHG�QRW�WR�UHSODFH�WUDGLWLRQDO�
WHDFKLQJ� PDWHULDOV� EXW� WR� HIIHFWLYHO\� FRPSOHPHQW� WKH� SURFHVV� RI� DVVLPLODWLRQ��
FRQVROLGDWLRQ��SUDFWLFDO�DSSOLFDWLRQ�DQG�FRQWURO�RI�WKH�NQRZOHGJH��VNLOOV��DQG�DELOLWLHV�
WKDW�PDNH�XS�WKH�FRPPXQLFDWLYH�FRPSHWHQFLHV�

&XUUHQWO\�� ZH� KDYH� WKH� GHYHORSHG� DQG� NQRZQ� LQIRUPDWLRQ� DQG�
FRPPXQLFDWLRQ� WHFKQRORJ\� RI� :HE�TXHVW�� SRGFDVWLQJ� WHFKQRORJ\�� 7('� YLGHR�
FRQIHUHQFHV��DQG�YLGHR�EORJV��JDPH�WHFKQRORJ\��HYDOXDWLRQ�WHFKQRORJ\��:H�FDQ�DUJXH�
WKDW�QRQH�RI�WKH�WHFKQRORJLHV�LV�XQLYHUVDO��RQO\� WDUJHWHG�DSSOLFDWLRQ�UHODWHG�WR�JRDO�
VHWWLQJ� FDQ� EH� HIIHFWLYH�� ,QWHJUDWLYH� DSSOLFDWLRQ� RI� WHFKQRORJLHV� GHVHUYHV� VSHFLDO�
DWWHQWLRQ��:H�PDGH�DQ�DWWHPSW�WR�LQWHJUDWH�7HFKQR�5�DQG�JDPLQJ�WHFKQRORJ\�LQ�DQ�
LQWHJUDWHG�PDQQHU�

:H�VKDOO�EULHIO\�RXWOLQH�WKH�HVVHQFH�RI�RXU�FRUUHFWLYH�WHFKQRORJ\�� �7HFKQR�
5���7KH�ILUVW�SDUW�RI�WKH�DEEUHYLDWLRQ��7HFKQR��PHDQV��WHFKQRORJ\���WKH�VHFRQG�SDUW�
RI��3��LV�WKH�UHVXOW���7HFKQR�5��LV�LQWHQGHG�IRU�WKH�FRUUHFWLRQ�RI�VSHHFK�VNLOOV�DQG�
DELOLWLHV�WKDW�DUH�SDUW�RI�WKH�FRPPXQLFDWLYH�FRPSHWHQFH��7KH�WHFKQRORJ\�FRQVLVWV�RI�
HLJKW� EORFNV�� )RXU� EORFNV� UHODWH� WR� ODQJXDJH� FRPSHWHQFH� � YRFDEXODU\�� JUDPPDU��
SKRQHWLFV��VSHOOLQJ��WKH�VHFRQG�IRXU�EORFNV�UHODWH�WR�VSHHFK�FRPSHWHQFH� � VSHDNLQJ�
�H[SUHVVLRQ�RUDOH���OLVWHQLQJ��FRPSUpKHQVLRQ�RUDOH���UHDGLQJ��FRPSUpKHQVLRQ�pFULWH���
DQG�ZULWLQJ��H[SUHVVLRQ�pFULWH���2XU�VWXG\�ZDV�FRQGXFWHG�RQ�WKH�H[DPSOH�RI�WHDFKLQJ�
WKH� )UHQFK� ODQJXDJH�� $� V\VWHPDWLF� DQDO\VLV� RI� VWXGHQWV
� PLVWDNHV� LQ� OHDUQLQJ� WKH�
)UHQFK� ODQJXDJH� DOORZHG� XV� WR� ILQG� ZHDN� SRLQWV� LQ� OHDUQLQJ��:H� IRXQG WKDW� WKH�
ZHDNHVW�SRLQW�LV�WKH�LQGLFDWLYH�EDVLV�RI�WKH�VSHHFK�DFWLRQV�RI�WKH�WUDLQHHV��7KH\�GR�QRW�
VHH�WKH�FRPPRQDOLW\�RI�WKH�HGXFDWLRQDO�WDVNV�DVVLJQHG�WR�WKHP��WKH\�GRXEW�WKH�FKRLFH�
RI�WKH�FRUUHFW�DQVZHU��WKH\�GR�QRW�XQGHUVWDQG�WKH�QDWXUH�RI�WKH�HUURUV��7KH�WKHRUHWLFDO�
SODWIRUP� RI� WKH� 7HFKQR�5� WHFKQRORJ\� LV� WKH� WKHRU\� RI� WUDQVIHU�� WKH� WKHRU\� RI�



,QWHJUDWLYH�8VH�RI�³7HFKQR�5´�5HPHGLDO�7HFKQRORJ\�«�_����

LQWHUQDOL]DWLRQ�RI�PHQWDO�DFWLRQV�E\�3��,D��+DOSHULQ��WKH�WKHRU\�RI�PHWKRGV�RI�FRJQLWLYH�
DQG�SUDFWLFDO�DFWLYLW\�RI�WKH�.D]DQ�GLGDFWLF�VFKRRO��9DVLO\HYD�����������7KH�WKHRU\�RI�
WUDQVIHU� KHOSV� XV� ILQG�GLGDFWLF�ZD\V� OHDGLQJ� WR� VXFFHVVIXO� OHDUQLQJ��7KH� WKHRU\�E\�
+DOSHULQ� �WKH� WKLUG� W\SH� RI� WHDFKLQJ�� LV� EDVHG� RQ� JHQHUDOL]DWLRQV� WKDW� DOORZ�
WUDQVIHUULQJ� NQRZOHGJH�� VNLOOV�� DQG� DELOLWLHV� WR� WKH� VROXWLRQ� RI� QHZ� HGXFDWLRQDO�
SUREOHPV��7KH�WKLUG�SDUW�RI�WKH�PHWKRGRORJLFDO�EDVLV�RI�7HFKQR�5�LV�UHSUHVHQWHG�E\�
WKUHH� OHYHOV� RI� FRJQLWLYH�VSHHFK� LQGHSHQGHQFH� RI� VWXGHQWV� �FRS\LQJ�� UHSURGXFWLYH�
FUHDWLYH��DQG�FRQVWUXFWLYH�FUHDWLYH���7KH�PHWKRGRORJLFDO�EDVLV�RI�7HFKQR�5�ILQGV�LWV�
H[SUHVVLRQ�LQ�WKH�RSHUDWLRQDO�DVSHFW�DQG�LV�SUHVHQWHG�LQ�WKH�IROORZLQJ�VWDJHV�

x VWDWHPHQW�RI�WKH�HGXFDWLRQDO�SUREOHP��WHDFKHU��

x VWXG\�RI�WKH�LQGLFDWLYH�EDVLV�RI�VSHHFK�DFWLRQV��WHDFKHU�DQG�VWXGHQW��

x WUDLQLQJ�LQ�FRPSOHWLQJ�D�WDVN��IRU�VWXGHQWV�XQGHU�WKH�JXLGDQFH�RI�D
WHDFKHU��

x FRQWURO�WDVNV��VWXGHQW��

x GHWHUPLQDWLRQ� RI� WKH� OHYHO� RI� IRUPHG� FRPSHWHQFH� �VWXGHQW� DQG�
WHDFKHU��

:H� FRQGXFWHG� H[SHULPHQWDO� VWXGLHV� DQG� REWDLQHG� VWDWLVWLFDO� UHVXOWV� RI�
H[SHULPHQWDOO\�REWDLQHG�GDWD�RQ�VSHOOLQJ��JUDPPDU��UHDGLQJ�WHFKQLTXH��VSHDNLQJ DW�
VFKRRO�DQG�LQ�D�XQLYHUVLW\�XVLQJ�6WXGHQW
V�W�WHVW��,Q�DOO�H[SHULPHQWV�� WKH�7�FULWHULRQ�
VKRZHG�D�YDOXH�!����ZKLFK�LQGLFDWHV�WKH�HIIHFWLYHQHVV�RI�WKH�GHYHORSHG�WHFKQRORJ\�
�0DPDHYD�HW�DO���������9DVVLOLHYD�	�.X]PLQD��������.X]PLQD�(OHQD�HW�DO���������
6KHPFKXUHQNR�HW�DO����������

&RQWLQXLQJ� WKH�VHDUFK�IRU�HIIHFWLYH�ZD\V�RI�PDVWHULQJ� WKH�FRPPXQLFDWLYH�
FRPSHWHQFH� RI� VWXGHQWV�� ZH� DUH� WU\LQJ� WR� LQFRUSRUDWH� JDPLQJ� WHFKQRORJ\� LQWR� WKH�
7HFKQR�5� VWUXFWXUH� E\� WKH� H[DPSOH� RI� WKH� IRUPDWLRQ� RI� WKH� )UHQFK� ODQJXDJH� DQG�
OLVWHQLQJ�VNLOOV�

6LQFH�DQFLHQW�WLPHV��WKH�JDPH�DV�D�VSHFLDO�W\SH�RI�KXPDQ�DFWLYLW\�KDV�EHHQ�
GLVWLQJXLVKHG�E\�LWV�YHUVDWLOLW\�DQG�PXOWLIXQFWLRQDOLW\��

'HVSLWH�WKH�IDFW�WKDW�WKH�³HQWHUWDLQLQJ´�RULHQWDWLRQ�RI�WKH�JDPH�LV�ULJKWIXOO\�
FRQVLGHUHG� WR� EH� WKH� PDLQ� RQH�� WKLV� W\SH� RI� DFWLYLW\� FDQ� EH� IRFXVHG� RQ� WKH�
LPSOHPHQWDWLRQ�RI�RWKHU�IXQFWLRQV��FRPPXQLFDWLYH��VRFLDOL]LQJ��WKHUDSHXWLF��DQG�WKH�
IXQFWLRQ�RI�VHOI�IXOILOOPHQW��6HOHYNR��������

3HGDJRJLFDO� VFLHQFH� FRQVLGHUV� WKH� SKHQRPHQRQ� RI� WKH� JDPH� DV� D�ZD\� RI�
RUJDQL]LQJ�XSEULQJLQJ�DQG�WUDLQLQJ��DV�D�FRPSRQHQW�RI�SHGDJRJLFDO�FXOWXUH��VWXGLHV�
WKH�IRUPV�DQG�PHWKRGV�RI�RSWLPL]LQJ�WKH�JDPLQJ�DFWLYLW\�RI�WKH�PRGHUQ�JHQHUDWLRQ�
�0LNKDLOHQNR����������

7KH�PDLQ�GLIIHUHQFH�EHWZHHQ�DQ�HGXFDWLRQDO�JDPH�DQG�D�JDPH��LQ�JHQHUDO��
LV�WKH SUHVHQFH�RI�D�FOHDUO\�GHILQHG�SHGDJRJLFDO�WDVN�IRU�LWV�SDUWLFLSDQWV��DQG�WKH�HQWLUH�
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JDPH�SURFHVV�LV�DLPHG�DW�DFTXLULQJ�RU�LPSURYLQJ�NQRZOHGJH��VNLOOV��7KXV��ZLWKLQ�WKH�
IUDPHZRUN�RI�WKH�HGXFDWLRQDO�JDPH��D�QHZ�³VHULRXV´�DVSHFW�RI�DFWLYLW\�DSSHDUV��DORQJ�
ZLWK�WKH�WUDGLWLRQDO�³HQWHUWDLQLQJ´�DVSHFW�LQ�WKH�IUDPHZRUN�RI�LQWHJUDWLYH�WHDFKLQJ�RI�
OH[LFDO�DQG�OLVWHQLQJ�VNLOOV�LQ� WKH�SURFHVV�RI�WHDFKLQJ�D� IRUHLJQ�ODQJXDJH��6FKPROO��
������

&RPSXWHU� �PRELOH�� JDPHV� LQ� OHDUQLQJ� KHOS� WR� LQFUHDVH� WKH� DFWLYLW\� DQG�
HGXFDWLRQDO�PRWLYDWLRQ�RI�VWXGHQWV��:KLWWRQ���������$OVR��GXULQJ�WKH�JDPH�SURFHVV�
DQG� WKH� VWXGHQW¶V� DFWLYH� LQWHUDFWLRQ�ZLWK� WKH� GLJLWDO� HQYLURQPHQW�� SUHVHQWHG� LQ� WKH�
IRUP�RI�D�FRPSXWHU�RU�PRELOH�JDPH�DSSOLFDWLRQ��WKH�VWXGHQWV�GHYHORS�VNLOOV�LQ�ZRUNLQJ�
ZLWK�LQIRUPDWLRQ�WHFKQRORJLHV�

,Q�RXU�RSLQLRQ��WKH�PRVW�HIIHFWLYH�HGXFDWLRQDO�JDPLQJ�DSSOLFDWLRQV�DUH�VPDOO�
�SRLQW�DQG�FOLFN��TXHVWV��GLYLGHG�LQWR�VXEWRSLFV��VHPDQWLF�RU�IXQFWLRQDO��GHSHQGLQJ�
RQ�WKH�WDVNV�DVVLJQHG��DQG�XQLWHG�E\�D�FRPPRQ�SORW�DQG�PDLQ�JDPH�FKDUDFWHUV�

6XFK��TXHVWV��FDQ�FRYHU� LQGLYLGXDO�EORFNV�RI� WKH�FXUULFXOXP�RU� WKH�HQWLUH�
SURJUDP��SURYLGLQJ�WKLV�GLGDFWLF�WRRO�ZLWK�VXFK�FKDUDFWHULVWLFV�DV�LQWHJULW\��VWUXFWXUH��
DQG�FRQVLVWHQF\��

$Q�HGXFDWLRQDO��TXHVW��LV�D�FRPSOH[�V\VWHP�RI�WKH�LQWHUFRQQHFWHG�JDPH�DQG�
OHDUQLQJ� HOHPHQWV�� :H� KDYH� GHYHORSHG� DQ� HGXFDWLRQDO� JDPH� FDOOHG� �/XF� HW� VRQ�
H[DPHQ�G¶pFRORJLH���ZKLFK�LV�LQFOXGHG�LQ��7HFKQR�5��

���0HWKRGV

$V� WKH�PDLQ� UHVHDUFK�PHWKRG��ZH� FRQGXFWHG� H[SHULPHQWDO� WUDLQLQJ� DW� WKH�
,QVWLWXWH�RI�3KLORORJ\�DQG�,QWHUFXOWXUDO�&RPPXQLFDWLRQ�RI�.D]DQ�)HGHUDO�8QLYHUVLW\�
LQ� WKH� WKLUG�\HDU� VWXGHQWV� VWXG\LQJ� )UHQFK�� %HIRUH� SUHVHQWLQJ� WKH� UHVXOWV� RI� WKH�
WUDLQLQJ�� ZH� ZLOO� FKDUDFWHUL]H� RXU� JDPH� ³/XF� HW� VRQ� H[DPHQ� G¶pFRORJLH´�� 7KH�
FRPSRVLWLRQ�RI�WKH�JDPH�LQFOXGHV�WKH�IROORZLQJ�FRPSRQHQWV GHYHORSHG�E\�XV�

��� *DPH�&KDUDFWHUV
����� 7KH�PDLQ�FKDUDFWHU

/XF LV�D�XQLYHUVLW\�VWXGHQW�ZKR�KDV�SUREOHPV�ZLWK�KLV�VWXGLHV��LQ�SDUWLFXODU�
ZLWK� WKH�VXEMHFW�³(FRORJ\´��+H� LV� OD]\�EXW�NLQG��KRQHVW��DQG�GHFHQW��%HIRUH�GRLQJ�
DQ\WKLQJ��KH�QHHGV�VRPHRQH�WR�SXVK�KLP�WR�DFWLRQ��EXW�LI�KH�WDNHV�RQ�VRPHWKLQJ��KH�
GRHV�LW�ZHOO�

/XF LV�D�JDPH�FKDUDFWHU��WKDW�LV��WKH�VWXGHQW�LV�LQYLWHG�WR�FRPSOHWH�WKH�JDPH��
WU\LQJ�RQ�WKH�UROH�RI�WKLV�FKDUDFWHU�

����� 0LQRU�FKDUDFWHUV

x +DUU\ LV�/XF
V�FODVVPDWH�DQG�IULHQG��$�QDWLYH�RI�(QJODQG��KRZHYHU��
KH� LV� GLVWLQJXLVKHG� E\� KLV� DEVHQW�PLQGHGQHVV�� XQXVXDO� IRU� D�
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UHSUHVHQWDWLYH�RI�KLV�QDWLRQ��+H�DSSUHFLDWHV�IULHQGVKLS�ZLWK�/XF�DQG�
LV�WU\LQJ�LQ�HYHU\�SRVVLEOH�ZD\�WR�KHOS�KLP�ZLWK�KLV�SUREOHPV�ZLWK�
VWXGLHV��

x ,Q�WKH�JDPH��+DUU\�LV�D�JXLGH�FKDUDFWHU��WKDW�LV��PRVW�RI�WKH�JDPH�KH�
GLUHFWV�WKH�SOD\HU�WR�FRPSOHWH�WDVNV�

x -DFTXHV LV�/XF
V�FODVVPDWH��6LOHQW��UHVWUDLQHG�EXW�YHU\�UHVSRQVLEO\�
GHDOV� ZLWK� WKH� YDULRXV� WDVNV�� ZKLFK� PDNHV� ERWK� WHDFKHUV� DW� WKH�
XQLYHUVLW\� DQG� KLV� FODVVPDWHV� WUXVW� KLP� ZLWK� WKH� PRVW� LPSRUWDQW�
WDVNV�

,Q�WKH�JDPH��-DFTXHV�PHHWV�WKH�SOD\HU�DV�SDUW�RI�WKH�VHFRQG�WUDLQLQJ�H[HUFLVH��
GLUHFWLQJ�WKH�SOD\HU¶V�DFWLRQV�

����7KH�3ORW

7KH�SORW�LV�EDVHG�RQ�D�VPDOO�ILFWLRQDO�VWRU\�WKDW�KDSSHQHG�WR�/XF�GXULQJ�KLV�
VWXG\�DW�WKH�XQLYHUVLW\��2QH�GD\��UHWXUQLQJ�WR�WKH�KRVWHO�DIWHU�VFKRRO�DQG�GUHDPLQJ�RI�
KRZ�KH�ZRXOG�UHOD[�LQ�WKH�HYHQLQJ�SOD\LQJ�KLV�IDYRULWH�JDPH�FRQVROH��/XF�PHHWV KLV�
IULHQG�+DUU\��ZKR�FKDQJHV�DOO�KLV�GUHDPV�IRU�WKH�HYHQLQJ��)URP�WKH�FRQYHUVDWLRQ��/XF�
OHDUQV�WKDW�+DUU\�DQG�KLV�FODVVPDWHV�DUH�DZDUH�RI�/XF
V�SUREOHPV�ZLWK�(FRORJ\��WKH�
WKUHDW�RI�KLV�GLVPLVVDO��DQG�WKH�XSFRPLQJ�H[DP��,Q�WKLV�UHJDUG��DQG�NQRZLQJ�WKDW�/XF�
ZLOO�QRW�EH�SUHSDULQJ�IRU�WKH�H[DP��+DUU\�DQG�FODVVPDWHV�GHFLGH�WR�KHOS�/XF�E\�WDNLQJ�
WKH�JDPH�FRQWUROOHU�DQG�UHFKDUJLQJ�86%�FDEOH�IRU�D�ZKLOH��DJUHHLQJ�WR�UHWXUQ�WKHP�
RQO\�LI�/XF�GRHV�KRPHZRUN�DVVLJQPHQWV�LQ��(FRORJ\���+DYLQJ�IRXQG�RXW�DOO�WKLV��/XF�
KDV QR�FKRLFH�EXW�WR�DJUHH�WR�IXOILOO�WKH�UHTXLUHPHQWV�RI�+DUU\�DQG�FODVVPDWHV��DQG�DW�
WKH�VDPH�WLPH�WR�SURSHUO\�SUHSDUH�IRU�WKH�H[DP�LQ�(FRORJ\�

��� 'LDORJXHV
,Q�WKH�JDPH��GLDORJXHV�DUH�PDLQO\�UHSUHVHQWHG�E\�FRQYHUVDWLRQV�ZLWK�PLQRU�

FKDUDFWHUV��WKH�PDLQ�WDVN RI�ZKLFK�LV�WR�JXLGH�WKH�SOD\HU�DORQJ�WKH�SDWK�RI�WKH�JDPH��
UHYHDO� WKH� SORW� DQG� VHW� JRDOV� DQG� WDVNV� IRU� WKH� SOD\HU�� DV� ZHOO� DV� SURYLGH� WLSV� IRU�
FRPSOHWLQJ�WDVNV�LQKHUHQW� LQ� WKH��TXHVWV���$OO�GLDORJV�LQ�WKH�JDPH�DUH�FRPSLOHG�LQ�
)UHQFK�DQG�YRLFHG�E\�RQH�RI�WKH�DXWKRUV�RI�WKLV�VWXG\�

��� *UDSKLF�(OHPHQWV�DQG�$XGLR�$FFRPSDQLPHQW
������9LVXDO�GHVLJQ

$OO�WKH�FRPSRQHQWV�RI�WKH�YLVXDO�GHVLJQ�RI�WKH�JDPH��LQFOXGLQJ�EDFNJURXQG�
LPDJHV��LQ�JDPH�LWHPV�DQG�FKDUDFWHUV��DQLPDWLRQV�DQG�LQWHUIDFH�HOHPHQWV�DUH�PDGH�
E\�DQ�LQGHSHQGHQW�LOOXVWUDWRU�LQ�D�FDUWRRQ�VW\OH��
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������6RXQG
$OO�VRXQG�LQ�WKH�JDPH�FRQVLVWV�RI�

x EDFNJURXQG�PXVLF�IURP�&&0L[WHU��KWWS���FFPL[WHU�RUJ���XVHG�XQGHU�
WKH�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�1RQFRPPHUFLDO�OLFHQVH��ZKLFK�
JUDQWV�WKH�ULJKW�WR�IUHH�XVH�RI�WKH�ZRUN�IRU�QRQ�FRPPHUFLDO�SXUSRVHV�
DQG�SURYLGHG�WKDW�WKH�DXWKRU�LV�PHQWLRQHG�LQ�FUHGLWV�

x VRXQGV��LQFOXGLQJ�VRXQGV�RI�ZDONLQJ��RSHQLQJ�FORVLQJ�GRRUV��VRXQGV�
RI� FRPSOHWLQJ� D� WDVN�� HWF��� IURP� )UHH� 0XVLF� $UFKLYH�
�KWWS���IUHHPXVLFDUFKLYH�RUJ��DQG�)UHHVRXQG��KWWSV���IUHHVRXQG�RUJ��
XQGHU� WKH� VDPH� &UHDWLYH� &RPPRQV� $WWULEXWLRQ� 1RQFRPPHUFLDO�
OLFHQVH�DV�PHQWLRQHG�DERYH��

x DXGLR�UHFRUGLQJV�RI�WKH�YRLFH�RYHU�RI�GLDORJV�DQG�YDULRXV�UHSOLFDV�RI�
FKDUDFWHUV�LQ�)UHQFK�UHFRUGHG�E\�RQH�RI�WKH�DXWKRUV�RI�WKLV�VWXG\�

��� (GXFDWLRQDO�([HUFLVHV�$LPHG�DW�'HYHORSLQJ�9RFDEXODU\�DQG�/LVWHQLQJ�6NLOO
7KH�IROORZLQJ�HGXFDWLRQDO�ODQJXDJH�H[HUFLVHV�DUH�LQWHJUDWHG�LQWR�WKH�JDPH�

x $Q� H[HUFLVH� DLPHG� DW� GHYHORSLQJ� OH[LFDO� VNLOOV�� VHDUFKLQJ� IRU�
FRUUHVSRQGHQFHV�EHWZHHQ�WKH�WHUPV�RQ�WKH�WRSLF��HFRORJ\��DQG�WKHLU�
GHILQLWLRQV��7KLV�H[HUFLVH�ZDV�GHYHORSHG�E\�XV�DQG�LPSOHPHQWHG�LQ�
WKH� JDPH� WKURXJK� DQ� HQYLURQPHQWDO� SURMHFW� WKDW� ZDV� VHW� DV�
KRPHZRUN� IRU� /XF� DQG�+DUU\�� 7KLV� SURMHFW� LV� WR� FUHDWH� D� VSHFLDO�
ERDUG� WR� FRQWDLQ� �� GLIIHUHQW� WHUPV� RQ� WKH� WRSLF� RI� ³HFRORJ\´��
'HILQLWLRQV�DUH�DOUHDG\�ZULWWHQ�RQ�WKH�ERDUG��DQG�IRU�HDFK�RI�WKHP��
WKH�SOD\HU�QHHGV� WR�VXEVWLWXWH�D�FDUG�ZLWK� WKH�FRUUHVSRQGLQJ� WHUP��
$FFRUGLQJ�WR�WKH�SORW�RI�WKH�JDPH��+DUU\�ORVW�DOO�WKH�FDUGV��DQG�EHIRUH�
VWDUWLQJ� WKH�H[HUFLVH�� WKH�SOD\HU�QHHGV� WR�ILUVW� ILQG�DOO� WKH�FDUGV�DV�
SDUW�RI�H[SORULQJ�WKH�JDPH�ZRUOG�

x $Q�H[HUFLVH�DLPHG�DW GHYHORSLQJ�WKH�OLVWHQLQJ�DELOLW\�LQ�WKH�IRUP�RI�
OLVWHQLQJ� WR� DQ� DXGLR� WH[W� DQG� SHUIRUPLQJ� D� WHVW� IRU� D� JHQHUDO��
GHWDLOHG��DQG�FULWLFDO�XQGHUVWDQGLQJ�RI�WKH�VXEMHFW��7KLV�H[HUFLVH�LV�
WDNHQ�IURP�WKH�ZHEVLWH�RI�WKH�LQWHUQDWLRQDO�)UHQFK�UDGLR�� 5),��WKH�
FDWHJRU\� RI� HGXFDWLRQDO� PDWHULDOV� IRU� OHDUQLQJ� )UHQFK�

�KWWSV���VDYRLUV�UIL�IU�IU��� $OO� PDWHULDOV� UHODWHG� WR� WKLV� H[HUFLVH��
LQFOXGLQJ�DXGLR�UHFRUGLQJ��WHVW�WDVN��DQG�WUDQVFULSWLRQ��DUH�DYDLODEOH�
RQ� WKH� ZHEVLWH� DQG� DUH� LQWHQGHG� IRU� IUHH� XVH� IRU� HGXFDWLRQDO�
SXUSRVHV��,Q�WKH�JDPH��WKLV�H[HUFLVH�LV�SUHVHQWHG�LQ�WKH�IRUP�RI�/XF�
OLVWHQLQJ�WR�DQ�DXGLR�UHFRUGLQJ�RQ�D�WDSH�UHFRUGHU�DQG�SHUIRUPLQJ�D�
WHVW�WDVN�XVLQJ�D�VSHFLDO�LQ�JDPH�REMHFW�� D�SDSHU�VKHHW�ZLWK�WDVNV�DQG�
OLQHV�IRU�DQVZHUV�
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��� 7DVNV�7\SLFDO�RI�³4XHVWV´
6XFK�WDVNV�LQ�RXU�JDPH�LQFOXGH�WKH�WDVN�RI�VHDUFKLQJ�IRU�REMHFWV��FDUGV�ZLWK�

WHUPV�IRU�FRPSOHWLQJ�WKH�ILUVW�WUDLQLQJ�H[HUFLVH���DV�ZHOO�DV�WKH�WDVN�RI�IXOILOOLQJ�D�NH\�
PLVVLRQ�RI�WKH�JDPH��UHFHLYLQJ�D�JDPH�FRQWUROOHU�DQG�D�86%�FDEOH�DIWHU�SHUIRUPLQJ�
WKH�WUDLQLQJ�H[HUFLVHV�GHVFULEHG�DERYH�LQ�SDUDJUDSK����

��� 0HDQV�RI�&RQWURO�DQG�(YDOXDWLRQ
$Q�DXWRPDWHG�WRRO�LQWHJUDWHG�LQWR�WKH�JDPH�DW�WKH�OHYHO�RI�SURJUDP�FRGH�IRU�

FDOFXODWLQJ�WKH�FRUUHFW�DQG�LQFRUUHFW�DQVZHUV�PDGH�E\�VWXGHQWV�GXULQJ�WKH�LQ�JDPH
H[HUFLVHV�� DV� ZHOO� DV� WR� GHWHUPLQH� WKH� GLIILFXOWLHV� IRXQG� E\� VWXGHQWV� LQ� WKHLU�
LPSOHPHQWDWLRQ�

([SHULHQFHG� WUDLQLQJ� ZDV� FRQGXFWHG� LQ� YLYR�� 3ULRU� WR� WKH� H[SHULPHQWDO�
WUDLQLQJ�DW�WKH�XQLYHUVLW\��ZH�FRQGXFWHG�D�OHYHO�%��WHVW�WR�XQGHUVWDQG�WKH�DXGLR�WH[W�
RQ� WKH� WRSLF� ³(FRORJ\´�� :H� KDYH� FKRVHQ� FULWHULD� IRU� HYDOXDWLQJ� WKH� OHYHO� RI�
XQGHUVWDQGLQJ�RI�WKH�DXGLR�WH[W�

x JHQHUDO�FRPSUHKHQVLRQ�

x GHWDLOHG�FRPSUHKHQVLRQ�

x FULWLFDO�FRPSUHKHQVLRQ�

:H� JRW� WKH� IROORZLQJ� UHVXOWV�� $OO� VWXGHQWV� FRSHG� ZLWK� D� JHQHUDO�
XQGHUVWDQGLQJ� RI� WKH� WH[W�� D� GHWDLOHG� XQGHUVWDQGLQJ� RI� WKH� WH[W� FDXVHG� VRPH�
GLIILFXOWLHV�� QRW� DOO� VWXGHQWV� FRSHG� ZLWK� D� FULWLFDO� XQGHUVWDQGLQJ� RI� WKH� WH[W�� 7KH�
JHQHUDO�UHVXOWV�DUH�DV�IROORZV�

7RWDO�VWXGHQWV $�JHQHUDO�
FRPSUHKHQVLRQ�RI�
WKH�DXGLR�WH[W

$�GHWDLOHG�
FRPSUHKHQVLRQ�RI�
WKH�DXGLR�WH[W

&ULWLFDO�
FRPSUHKHQVLRQ�RI�
WKH�DXGLR�WH[W

�� �� � �

([SHULPHQWDO�OHDUQLQJ�LPSOLHG�WKH�XVH�RI�D�7HFKQR�5�LQWHJUDWHG�JDPH�

x 7KH�VWXGHQWV�KDG�WR�DXUDOO\�SHUFHLYH�WKH�WH[WV�RQ�WKH�WRSLF�³(FRORJ\´�
DQG�H[SUHVV�WKHLU�RZQ�RSLQLRQ�RQ�WKH�FRQWHQW�RI�WKH�WH[WV��

x 7KH�LQGLFDWLYH�IUDPHZRUN�LQFOXGHG�OH[LFDO�EORFNV�SUHVHQWHG�LQ�VSHHFK�
VDPSOHV� WKDW� FDQ� EH� XVHG� LQ� XQGHUVWDQGLQJ� VSHHFK� LQ� YDULRXV�
VLWXDWLRQV� RQ� WKH� WRSLF� �(FRORJ\��� 1DWXUDO� 'LVDVWHUV�� 0XQLFLSDO�
3ROLF\� �&OHDQ� &LW\��� 0HDVXUHV� WR� &RPEDW� 8UEDQ� 3ROOXWLRQ�� 7KH�
LQGLFDWLYH� EDVLV� RI� VSHHFK� DFWLRQV� ZDV� ZRUNHG� RXW� ZLWK� VWXGHQWV�
EHIRUH�WKH�VWDUW�RI�WKH�JDPH�
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x 7KH�WUDLQLQJ�ZDV�RUJDQL]HG�DV�D�JDPH�WKURXJK�WKH�XVH�RI�D�WUDLQLQJ�
FRPSXWHU��PRELOH��JDPH�DSSOLFDWLRQ��QDPHO\��RXU�JDPH��/XF�HW�VRQ�
H[DPHQ�G¶pFRORJLH��

x &RQWURO�ZDV�FDUULHG�RXW�LQ�WKH�IRUP�RI�OLVWHQLQJ�DFWLYLWLHV�

,W�LV�QRWHZRUWK\�WKDW��DV�D�FRQWURO��VWXGHQWV�ZHUH�RIIHUHG�WR�XQGHUVWDQG�WKH�
VDPH�DXGLR�WH[W�WKDW�ZDV�XVHG�DV�WKH�WHVW�SULRU�WR�H[SHULPHQWDO�WUDLQLQJ��

���5HVXOWV�DQG�'LVFXVVLRQ

7HVW�UHVXOWV�DIWHU�WKH�H[SHULPHQWDO�OHDUQLQJ�

7RWDO�VWXGHQWV $�JHQHUDO�
FRPSUHKHQVLRQ�RI�
WKH�DXGLR�WH[W

$�GHWDLOHG�
FRPSUHKHQVLRQ�RI�
WKH�DXGLR�WH[W

&ULWLFDO�
FRPSUHKHQVLRQ�RI�
WKH�DXGLR�WH[W

�� �� �� ��

2XU�H[SHULPHQWDO�OHDUQLQJ�EDVHG�RQ�WKH�LQWHJUDWLYH�DSSOLFDWLRQ�RI�7HFKQR�5�
DQG�JDPLQJ�WHFKQRORJ\�VKRZHG�D�SRVLWLYH�WUHQG�LQ� XQGHUVWDQGLQJ�WKH�DXGLR�WH[W�LQ�
)UHQFK��$OO�VWXGHQWV�FRSH�ZLWK�D�FRPPRQ�FRPSUHKHQVLRQ�RI�DQ�DXGLR�WH[W��ZKLOH�WKH�
UHVXOWV�RQ�D�GHWDLOHG�FRPSUHKHQVLRQ�RI�DXGLR�WH[W�KDYH�DOPRVW�GRXEOHG��$V�IRU�WKH�
OHYHO�RI�FULWLFDO�FRPSUHKHQVLRQ�RI�WKH�WH[W��WKH�UHVXOWV�KDYH�LPSURYHG�PRUH�WKDQ�WZLFH��
:H� EHOLHYH� WKDW� LPSURYLQJ� OLVWHQLQJ� RI� )UHQFK� VSHHFK� RFFXUUHG� GXH� WR� D� FOHDU�
LQGLFDWLYH�EDVLV�RI�VSHHFK�DFWLRQV��JDPH�OHDUQLQJ��DQG�DOVR�DV�D�UHVXOW�RI�LQFUHDVHG�
LQWHUHVW�LQ�GRLQJ�ZRUN�LQ�DQ�XQFRQYHQWLRQDO�IRUP�DQG�LQFUHDVLQJ�PRWLYDWLRQ�WR�OHDUQ�
D�IRUHLJQ�ODQJXDJH��7KH�PRWLYDWLRQDO�DVSHFW�RI�WKH�ZRUN�ZDV�H[SUHVVHG�LQ�LQFUHDVHG�
LQWHUHVW�LQ�FRPSOHWLQJ�WKH�WDVNV�DQG�LQ�WKH�GHVLUH�RI�VWXGHQWV�WR�DFKLHYH�WKH�UHVXOW��WKDW�
LV��WR�XQGHUVWDQG�WKH�OHYHO�%��DXGLR�WH[W�LQ�)UHQFK�

���6XPPDU\

$V�D�UHVXOW�RI�RXU�UHVHDUFK�RQ� WKH� LQWHJUDWLYH�XVH�RI� WHFKQRORJLHV��ZH�FDQ�
FRQFOXGH� WKDW� WKLV�DSSURDFK� LPSURYHV� WKH�TXDOLW\�RI� OHDUQLQJ� IRUHLJQ� ODQJXDJHV�� LQ�
SDUWLFXODU�� WKH� OHYHO�RI� VSHHFK�FRPSHWHQFH�RI� VWXGHQWV� LQ� WKH�DXUDO�SHUFHSWLRQ�RI�D�
IRUHLJQ�ODQJXDJH��$V�LW�ZDV�VKRZQ�LQ�WKH�DUWLFOH��ZH�FRQGXFWHG�D�ORW�RI�UHVHDUFK�RQ�
WKH�7HFKQR�5�WHFKQRORJ\�LQ�WKH�ILHOG�RI�VSHOOLQJ��JUDPPDU��YRFDEXODU\��ZKLFK�UHODWHV�
WR�WKH�IRUPDWLRQ�RI�WKH�ODQJXDJH�FRPSHWHQFH�RI�VWXGHQWV��DQG�LQ�WKH�ILHOG�RI�WHDFKLQJ�
VSHDNLQJ� DV� D� W\SH� RI� VSHHFK� DFWLYLW\�� ([SHULPHQWDOO\� REWDLQHG� GDWD�� VXEMHFWHG� WR�
VWDWLVWLFDO� HYDOXDWLRQ� E\� 6WXGHQW
V� W�WHVW�� VKRZHG� D� KLJK� OHYHO� RI� UHOLDELOLW\�� 2XU�
DWWHPSW�WR�LQWHJUDWH�7HFKQR�5�DQG�D�WUDLQLQJ�FRPSXWHU��PRELOH��JDPH�LQ�WKH�IRUP�RI�
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�TXHVW�� LQ� OLVWHQLQJ� KDV� VKRZQ� HQFRXUDJLQJ� UHVXOWV�� 7HFKQR�5� ZLWK� WKH� XVH� RI�
FRPSXWHU��PRELOH��JDPH�DSSOLFDWLRQV�KDV�VKRZQ�QRW�RQO\�D�KLJK�OHDUQLQJ�RXWFRPH�
EXW� DOVR� LQFUHDVHG�PRWLYDWLRQ� IRU� OHDUQLQJ� DQG� WKH� OHYHO� RI� NQRZOHGJH�RI� VNLOOV� LQ�
ZRUNLQJ�ZLWK�LQIRUPDWLRQ�DQG�FRPSXWHU�WHFKQRORJLHV��

���&RQFOXVLRQV

�� 7KH� LQWHJUDWHG� XVH� RI� WHDFKLQJ� WHFKQRORJLHV� KHOSV� WR� LPSURYH� WKH�
TXDOLW\� RI� WKH� IRUPDWLRQ� RI� WKH� FRPPXQLFDWLYH� FRPSHWHQFH� RI�
VWXGHQWV�

�� $� SURYHG� HIIHFWLYH� ZD\� LV� WR� XVH� HGXFDWLRQDO� FRPSXWHU� �PRELOH��
JDPH�DSSOLFDWLRQV���TXHVWV�� DV�SDUW�RI�FRUUHFWLYH�WHFKQRORJ\�

7KH�DXWKRUV�RI�WKLV�DUWLFOH�SODQ�WR�FRQGXFW�H[SHULPHQWDO�VWXGLHV�RQ�WKH�DERYH�
DSSURDFK�RQ� WKH�EDVLV� RI� WKH� XQLYHUVLW\� WRSLF�RI� WKH� IRUPDWLRQ�RI� VWXGHQWV
� VSHHFK�
FRPSHWHQFH�XVLQJ�PHWKRGV�RI�PDWKHPDWLFDO�VWDWLVWLFV��LQ�SDUWLFXODU��³6WXGHQW�W�WHVW´�
WR�GHWHUPLQH�WKH�YDOLGLW\�RI�HPSLULFDOO\�REWDLQHG�GDWD�

$FNQRZOHGJPHQWV

7KH�ZRUN� LV�SHUIRUPHG�DFFRUGLQJ� WR� WKH�5XVVLDQ�*RYHUQPHQW�3URJUDP�RI�
&RPSHWLWLYH�*URZWK�RI�.D]DQ�)HGHUDO�8QLYHUVLW\�

5HIHUHQFHV

$QWRQRYD��1��9���9DVVLOLHYD��9��1���	�.RQRQHQNR��0��9����������7KH�SUREOHP�RI�
TXDOLW\� RI� HGXFDWLRQ� LQ� IRUHLJQ� ODQJXDJH� WHDFKLQJ� -RXUQDO� RI� /DQJXDJH� DQG�
/LWHUDWXUH� ��������������

9DVLO\HYD�� 9�� 1�� ��������&RUUHFWLYH� WHFKQRORJ\� �7HFKQR�5�� LQ� )UHQFK� ODQJXDJH�
VWXG\��0RGHUQ� )UHQFK� ODQJXDJH� DQG� LQQRYDWLYH� WHFKQRORJLHV� RI� LWV� WHDFKLQJ��
0DWHULDOV�RI�WKH�,QWHUQDWLRQDO�6FLHQWLILF�6HPLQDU��0DUFK���������������(G��E\�
9�1��9DVLO\HYD��.D]DQ��+HWHU�

0DPDHYD��$��'���9DVVLOLHYD��9��1���1D]DURYD��*��,���*DOHHYD��*��,���	�/HEODQF��&��
��������7KH�H[SHULPHQWDO� UHVHDUFK�RI�³7HFKQR�5´� WHFKQRORJ\� LQ� WHDFKLQJ� WKH�
DVSHFW� RI� VSHDNLQJ� D� IRUHLJQ� ODQJXDJH� DV� D� W\SH� RI� YRFDO� DFWLYLW\� 5HYLVWD�
3XEOLFDQGR� �������������������

9DVVLOLHYD�� 9�� 1��� 	� .X]PLQD�� (�� .�� �������� 7KH� SHFXOLDULWLHV� RI� WKH� FRUUHFWLYH�
WHFKQRORJ\� ³7HFKQR±5´� LQ� WKH� IRUPDWLRQ� RI� IRUHLJQ� FRPPXQLFDWLYH�
FRPSHWHQFH� 0RGHUQ�-RXUQDO�RI�/DQJXDJH�7HDFKLQJ�0HWKRGV����������������

.X]PLQD�(OHQD��.���9DVVLOLHYD�9DOHQWLQD��1���	�*DOHHYD�*XOQDUD��,����������&pFLOH�
/HEODQF��3HFXOLDULWLHV�RI�7HFKQR�5�WHFKQRORJ\�GXULQJ�WHDFKLQJ�)UHQFK�ODQJXDJH�
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5XVVLD��6XPPHU�DQG�$XWXPQ������

JUDPPDULDQ� VNLOOV�� ,QWHUQDWLRQDO� -RXUQDO� RI� (QJLQHHULQJ� DQG� 7HFKQRORJ\�
�8$(����������������

6KHPFKXUHQNR�� 2�� 9��� 9DVVLOLHYD�� 9�� 1��� 9DOHHYD�� $�� )��� 0LQJD]RYD�� 5�� 5���
3RUFKQHYD��(��5����������)RUPDWLRQ�RI�VWXGHQWV�EDVLF�OLQJXLVWLF�LQ�WHDFKLQJ�WKH�
/DWLQ�ODQJXDJH��5HYLVWD�3XEOLFDQGR�����������������

6HOHYNR��*��.����������0RGHUQ�HGXFDWLRQDO�WHFKQRORJLHV��0RVFRZ��3XEOLF�(GXFDWLRQ�

0LNKDLOHQNR��7��0����������*DPH�WHFKQRORJLHV�DV�D�IRUP�RI�SHGDJRJLFDO�WHFKQLTXHV��
3HGDJRJ\�� 7UDGLWLRQV� DQG� LQQRYDWLRQV� ,Q 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO�
6FLHQWLILF� &RQIHUHQFH� �SS�� ���������� &KHO\DELQVN�� 'YD� NRPVRPROWVD�� 85/�
KWWSV���PROXFK�UX�FRQI�SHG�DUFKLYH�����������DFFHVVHG�GDWH��������������

6FKPROO��/����������/¶HPSORL�GHV�MHX[�GDQV�O¶HQVHLJQHPHQW�GHV�ODQJXHV�pWUDQJqUHV��
'X�WUDGLWLRQQHO�DX�QXPpULTXH��7KH�XVH�RI�JDPHV�LQ�IRUHLJQ�ODQJXDJH�WHDFKLQJ��
)URP� WUDGLWLRQDO� WR� GLJLWDO�� 6FLHQFHV� GX� MHX�� �� 85/��
KWWS���MRXUQDOV�RSHQHGLWLRQ�RUJ�VGM�����

:KLWWRQ�� 1�� �������� 7KH� SODFH� RI� JDPH�EDVHG� OHDUQLQJ� LQ� DQ� DJH� RI�
DXVWHULW\� (OHFWURQLF� -RXUQDO� RI� H�/HDUQLQJ� ������� �������� 85/��
KWWSV���VDYRLUV�UIL�IU�IU��DFFHVVHG�GDWH��������������


