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$Q�HPSLULFDOO\�EDVHG��WXWRULDO�GLDORJXH�V\VWHP��GHVLJQ��
LPSOHPHQWDWLRQ�DQG�HYDOXDWLRQ�LQ�D�ILUVW�\HDU�KHDOWK�
VFLHQFHV�FRXUVH��
�
-HQQ\�0F'RQDOG� � ��
+LJKHU�(GXFDWLRQ�'HYHORSPHQW�&HQWUH��
8QLYHUVLW\�RI�2WDJR�
$OLVWDLU�.QRWW� � ��
'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH�
8QLYHUVLW\�RI�2WDJR�
6DUDK�6WHLQ� � ��
+LJKHU�(GXFDWLRQ�'HYHORSPHQW�&HQWUH��
8QLYHUVLW\�RI�2WDJR�
5LFKDUG�=HQJ� � ��
+LJKHU�(GXFDWLRQ�'HYHORSPHQW�&HQWUH��
8QLYHUVLW\�RI�2WDJR�
�

7KLV�SDSHU�SUHVHQWV�RQH�SRVVLEOH�DSSURDFK�WR�SURYLGLQJ�LQGLYLGXDOLVHG�DQG�LPPHGLDWH�IHHGEDFN�WR�
VWXGHQWV
�ZULWWHQ�UHVSRQVHV�WR�VKRUW�DQVZHU�TXHVWLRQV��7KH�FODVVURRP�FRQWH[W�IRU�WKLV�VWXG\�LV�D�
ODUJH�ILUVW�\HDU�XQGHUJUDGXDWH�KHDOWK�VFLHQFHV�FRXUVH��7KH�PRWLYDWLRQ�IRU�RXU�DSSURDFK�LV�
H[SODLQHG�WKURXJK�D�EULHI�KLVWRU\�RI�LQWHOOLJHQW�WXWRULQJ�V\VWHPV��WKH�SKLORVRSKLFDO�DQG�HGXFDWLRQDO�
SRVLWLRQV�ZKLFK�LQVSLUHG�WKHLU�GHYHORSPHQW�DQG�WKH�SUDFWLFDO�DQG�HSLVWHPRORJLFDO�LVVXHV�ZKLFK�
KDYH�ODUJHO\�SUHYHQWHG�WKHLU�XSWDNH�LQ�D�KLJKHU�HGXFDWLRQ�FRQWH[W���7KH�GHVLJQ�DQG��
LPSOHPHQWDWLRQ�RI�D�QHZ�HPSLULFDOO\�EDVHG�WXWRULDO�GLDORJXH�V\VWHP�LV�GHVFULEHG�DORQJ�ZLWK�WKH�
UHVXOWV�RI�LQ�FODVV�HYDOXDWLRQ�RI�WKH�QHZ�V\VWHP�ZLWK�����VWXGHQW�YROXQWHHUV���
�
.H\ZRUGV��7XWRULDO�'LDORJXH�6\VWHPV��1DWXUDO�/DQJXDJH�3URFHVVLQJ��)RUPDWLYH�)HHGEDFN��
�

,QWURGXFWLRQ�
�
,Q�ODUJH�XQGHUJUDGXDWH�FODVVHV��LW�LV�WLPH�FRQVXPLQJ��FRVWO\�DQG�VHOGRP�SUDFWLFDO�IRU�WKH�WHDFKHU�WR�SURYLGH�
VWXGHQWV�ZLWK�LQGLYLGXDOLVHG�IHHGEDFN�RQ�WKHLU�ZULWWHQ�UHVSRQVHV�WR�TXHVWLRQV��7\SLFDOO\��FRPSXWHU�EDVHG�
PDUNLQJ�RI�IRUPDWLYH�WHVWV�LV�XVHG�DV�DQ�DOWHUQDWLYH�DQG�H[DPSOHV�RI�WKLV�LQFOXGH�/HDUQLQJ�0DQDJHPHQW�6\VWHP�
�/06��EDVHG�PXOWLSOH�FKRLFH�TXL]]HV�RU�VLPLODU��7KH�FRRUGLQDWRU�RI�D�ODUJH�ILUVW�\HDU�KHDOWK�VFLHQFHV�FODVV�
�����������VWXGHQWV���DSSURDFKHG�WKH�UHVHDUFKHUV�IRU��VXJJHVWLRQV�DERXW�WKH�ZD\V�LQ�ZKLFK�WHFKQRORJLHV�PLJKW�
DVVLVW�VWXGHQWV�WR�SUDFWLFH�ZULWLQJ�DQVZHUV�WR�VKRUW�DQVZHU��RU�FRQVWUXFWHG�UHVSRQVH��TXHVWLRQV��$QHFGRWDOO\��
VWXGHQWV�W\SLFDOO\�SHUIRUPHG�SRRUO\�RQ�WKHVH�W\SHV�RI�TXHVWLRQV�LQ�WKH�ILQDO�H[DP�UHODWLYH�WR�WKH�PXOWLSOH�FKRLFH�
TXHVWLRQV��7KH�FRXUVH�FRRUGLQDWRU�K\SRWKHVLVHG�WKDW�WKLV�ZDV�GXH�WR�WKH�ODFN�RI�RSSRUWXQLW\�GXULQJ�WKH�FRXUVH�IRU�
VWXGHQWV�WR�SUDFWLFH�DQVZHULQJ�VXFK�TXHVWLRQV��WKHUH�ZHUH�VLPSO\�QRW�HQRXJK�WHDFKLQJ�VWDII�DYDLODEOH�WR�SURYLGH�
IRUPDWLYH�IHHGEDFN�RQ�DOO�WKH�VWXGHQW�UHVSRQVHV���,QWHOOLJHQW�WXWRULQJ�V\VWHPV��,76��ZKLFK�HPSOR\�QDWXUDO�
ODQJXDJH�DV�WKHLU�LQWHUIDFH��WXWRULDO�GLDORJXH�V\VWHPV��VHHPHG�WR�RIIHU�VRPH�SURPLVH�IRU�VXSSRUWLQJ�DQG�
HQKDQFLQJ�VWXGHQW�XQGHUVWDQGLQJ�RI�NH\�FRQFHSWV�LQ�WKH�FXUUHQW�FODVVURRP�FRQWH[W��7KH�DSSHDO�RI�WXWRULDO�
GLDORJXH�WR�ERWK�WHDFKHUV�DQG�UHVHDUFKHUV�ZDV�WKDW�IRUPDWLYH�TXHVWLRQV�DUH�HPEHGGHG�LQ�D�WXWRULDO�SODQ��WKH�
TXHVWLRQV�DULVH�LQ�D�PHDQLQJIXO�FRQWH[W�DQG�FRQFHSWV�DQG�LGHDV�DUH�OLQNHG�WRJHWKHU�LQ�D�FRKHUHQW�IRUP��
�
7KLV�SDSHU�EHJLQV�ZLWK�D�EULHI�KLVWRU\�RI�LQWHOOLJHQW�WXWRULQJ�V\VWHPV��WKH�SKLORVRSKLFDO�DQG�HGXFDWLRQDO�SRVLWLRQV�
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ZKLFK�LQVSLUHG�WKHLU�GHYHORSPHQW�DQG�WKH�SUDFWLFDO�DQG�HSLVWHPRORJLFDO�LVVXHV�ZKLFK�KDYH�ODUJHO\�SUHYHQWHG�
WKHLU�XSWDNH�LQ�D�KLJKHU�HGXFDWLRQ�FRQWH[W���7KLV�OHDGV�WR�WKH�PRWLYDWLRQ�IRU�WKH�FXUUHQW�UHVHDUFK�DQG�D�
GHVFULSWLRQ�RI�WKH�GHVLJQ�DQG��LPSOHPHQWDWLRQ�RI�D�QHZ�HPSLULFDOO\�EDVHG�WXWRULDO�GLDORJXH�V\VWHP��7KH�UHVXOWV�
RI�LQ�FODVV�HYDOXDWLRQ�RI�WKH�QHZ�V\VWHP�ZLWK�����ILUVW�\HDU�KHDOWK�VFLHQFHV�VWXGHQWV�DUH�SUHVHQWHG�DQG�WKH�SDSHU�
FRQFOXGHV�ZLWK�D�GLVFXVVLRQ�RI�WKHVH�UHVXOWV�DQG�RSSRUWXQLWLHV�IRU�RQJRLQJ�UHVHDUFK�DQG�GHYHORSPHQW��
�
,QWHOOLJHQW�WXWRULQJ�V\VWHPV��SDVW�DQG�SUHVHQW�
�
-DLPH�&DUERQHOO¶V�6FKRODU��&DUERQHOO��������LV�IUHTXHQWO\�FLWHG�DV�WKH�HDUOLHVW�LQWHOOLJHQW�WXWRU��VHH�IRU�H[DPSOH��
:RROI���������(YHQV�	�0LFKDHO���������3HD��������6KXWH�	�3VRWND���������6FKRODU�SURGXFHG�LQGLYLGXDOLVHG�
UHVSRQVHV�WR�W\SHG�VWXGHQW�VWDWHPHQWV�LQ�D�VSHFLILF�GRPDLQ��IRU�H[DPSOH��6RXWK�$PHULFDQ�JHRJUDSK\��XVLQJ�D�
VHPDQWLF�QHWZRUN��&DUERQHOO¶V�V\VWHP�SDUVHG�QDWXUDO�ODQJXDJH�LQSXW��WKDW�LV��LW�FRXOG�EUHDN�GRZQ�D�VHQWHQFH�LQWR�
LWV�FRPSRQHQW�SDUWV�DQG�DQDO\VH�WKH�V\QWDFWLF�UROH�RI�HDFK�SDUW��XVLQJ�D�V\VWHP�EDVHG�RQ�FDVH�JUDPPDU�
�)LOOPRUH���������6FKRODU�WKHQ�WUDQVODWHG�WKH�SDUVHG�LQSXW�LQWR�D�ORJLFDO�IRUP�IRU�SURFHVVLQJ�E\�D�VHPDQWLF�
QHWZRUN�DQG�JHQHUDWHG�WH[WXDO�RXWSXW�IURP�SUH�ZULWWHQ�WHPSODWHV�ZKLFK�PDWFKHG��VSHFLILF�ORJLFDO�RXWSXWV�IURP�
WKH�VHPDQWLF�QHWZRUN���
�
)URP�D�SKLORVRSKLFDO�VWDQGSRLQW��6FKRODU�FDQ�EH�WKRXJKW�RI�DV�WKH�SURWRW\SLFDO��UDWLRQDOLVW�LQVSLUHG�,76��7KH�
SUHYDLOLQJ�DSSURDFK�DGRSWHG�LQ�WKH�GHYHORSPHQW�RI�,76�XS�XQWLO�TXLWH�UHFHQWO\�KDV�EHHQ�ZLWKRXW�D�GRXEW��WKH�
UDWLRQDOLVW�RQH��%\�WKH�����V�DQG�WKURXJK�WR�WKH�SUHVHQW�GD\��WKH�JHQHUDO�DUFKLWHFWXUH�RI�,76�KDV�EHHQ�UHVROYHG�WR�
LQFOXGH�DW�OHDVW�VRPH�NLQG�RI�NQRZOHGJH�EDVH��ZKLFK�PLJKW�LQFOXGH�VLPXODWLRQV�RU�DQ�H[SHUW�V\VWHP��DQ�H[SHUW�
SUREOHP�VROYHU��WKHVH�WZR�WRJHWKHU�FRQVWLWXWLQJ�D�GRPDLQ�PRGHO���D�VWXGHQW�PRGHO��VRPH�NLQG�RI�WHDFKLQJ�PRGHO�
�(YHQV�	�0LFKDHO���������DXWKRULQJ�WRROV�WR�DOORZ�WHDFKHUV��DQG�LQ�SDUWLFXODU�WKRVH�ZLWKRXW�VSHFLDOLVW�
SURJUDPPLQJ�NQRZOHGJH��WR�FUHDWH�WKH�,76�LQ�FRQWH[W��VHH�0XUUD\���������DQG�LQFUHDVLQJO\��GLDORJXH�PRGXOHV�
WR�IDFLOLWDWH�WZR�ZD\�QDWXUDO�ODQJXDJH�FRPPXQLFDWLRQ���IRU�H[DPSOH��:K\��$WODV��9DQ/HKQ��HW�DO����������
&LUFVLP�7XWRU��(YHQV�	�0LFKDHO���������
�
6HYHUDO�LVVXHV�DULVH�IURP�WKH�UDWLRQDOLVW�DSSURDFK�WR�FUHDWLQJ�DQ�,76��)LUVW��,76�ZKLFK�XWLOLVH�GHHS�QDWXUDO�
ODQJXDJH�SURFHVVLQJ�WHFKQLTXHV��1/3���LQYROYLQJ�WKH�FUHDWLRQ�RI�GRPDLQ�VSHFLILF�JUDPPDUV��DUH�W\SLFDOO\�YHU\�
OLPLWHG�LQ�WKHLU�DELOLW\�WR�KDQGOH�ODQJXDJH�RXWVLGH�WKHLU�GRPDLQ�RI�µXQGHUVWDQGLQJ¶��-XUDIVN\�	�0DUWLQ���������
6HFRQG��WKH�GRPDLQ�RI�µNQRZOHGJH¶�UHSUHVHQWHG�E\�WKH�V\VWHP�QHHGV�WR�EH�PDSSHG�RXW�DQG�UHSUHVHQWHG�LQ�VRPH�
ZD\��7KLUG��VRPH�ZD\�RI�PRGHOLQJ�VWXGHQW�DQG�WXWRU�DFWLRQV�LV�XVXDOO\�UHTXLUHG��:RROI���������)LQDOO\��
VLJQLILFDQW�DQDO\WLFDO�HIIRUW�LV�UHTXLUHG�LQ�RUGHU�WR�EXLOG�DQ�,76�HYHQ�LQ�D�YHU\�UHVWULFWHG�GRPDLQ�DQG�HYHQ�LI�
DXWKRULQJ�WRROV�DUH�DYDLODEOH��0XUUD\���������
�
%\�FRQWUDVW��WKH�HPSLULFLVW�DSSURDFK�WR�EXLOGLQJ�DQ�,76�LQYROYHV�WDNLQJ�OLQJXLVWLF�LQSXW�IURP�WKH�WXWHH�DQG�
ORRNLQJ�XS�WKH�PRVW�DSSURSULDWH�OLQJXLVWLF�UHVSRQVH�EDVHG�RQ�HPSLULFDO�HYLGHQFH�DERXW�KRZ�WR�UHVSRQG��0DQQLQJ�
	�6FKXW]H��������FKDUDFWHULVH�WKH�HPSLULFLVW�µFDPS¶�DV�SULYLOHJLQJ�VHQVRU\�LQSXW�RYHU�PHQWDO�RUJDQLVDWLRQ�DQG�
FRQWUDVW�WKLV�WR�WKH�UDWLRQDOLVW�SRVLWLRQ�ZKLFK�HPSKDVLVHV�LQQDWH�PHQWDO�VWUXFWXUH�RYHU�VHQVRU\�LQSXW��6WDWLVWLFDO�
RU�VXUIDFH�EDVHG��1/3�WHFKQLTXHV�DUH�XVHG�WR�³XQGHUVWDQG´�VWXGHQW�LQSXW��6WDWLVWLFDO�1/3�WHFKQLTXHV�DUH�
LQFUHDVLQJO\�ILQGLQJ�XWLOLW\�LQ�SUDFWLFDO�DSSOLFDWLRQV�ZKHUH�WUDGLWLRQDO�1/3�PHWKRGV�IDLO��0DQQLQJ�	�6FK�W]H��
������DQG�DUH�UHODWLYHO\�VWUDLJKWIRUZDUG�WR�LQFRUSRUDWH�LQWR�QHZ�DSSOLFDWLRQV�XVLQJ�VWDQGDUG�1/3�OLEUDULHV��,Q�WKH�
ODVW�������\HDUV�VXUIDFH�EDVHG�GLDORJXH�V\VWHPV�RU�FRQYHUVDWLRQDO�DJHQWV�KDYH�EHJXQ�WR�DSSHDU�DQG�D�IHZ�,76�GR�
XVH�VXUIDFH�EDVHG�WHFKQLTXHV��IRU�H[DPSOH���$XWR�7XWRU��*UDHVVHU�HW�DO���������RU�D�FRPELQDWLRQ�RI�VXUIDFH�DQG�
GHHS�1/3���IRU�H[DPSOH���&DUPHO7&��5RVp�HW�DO����������IRU�QDWXUDO�ODQJXDJH�XQGHUVWDQGLQJ��+RZHYHU��HYHQ�
WKHVH�,76�VWLOO�UHWDLQ�GRPDLQ�DQG�VWXGHQW�PRGHOLQJ��,Q�D�³SXUH´�HPSLULFLVW�GHVLJQ��QR�FDOFXODWLRQV�RU�DVVXPSWLRQV�
VKRXOG�EH�PDGH�DERXW�HLWKHU�PHQWDO�RU�PDFKLQH�VWDWH��WKHUH�DUH�QR�UXOHV��,I�D�SDUWLFXODU�OLQJXLVWLF�SDWWHUQ�RU�
IHDWXUH�VHW�KDV�EHHQ�VHHQ�EHIRUH�WKHQ�WKH�PDFKLQH�VKRXOG�UHVSRQG�RQ�WKH�EDVLV�RI�D�NQRZQ�UHVSRQVH�WR�WKDW�
SDWWHUQ��LI�QRW��LW�PDNHV�QR�DVVXPSWLRQV�DQG�VLPSO\�VD\V��RU�W\SHV���µ,�GRQ¶W�NQRZ¶��
��
7KH�PRWLYDWLRQ�IRU�,76�
�
(YHQ�LI�UDUHO\�IRXQG�LQ�HGXFDWLRQDO�SUDFWLFH��,76�KDYH�SHUVLVWHG�LQ�WKH�UHVHDUFK�GRPDLQV�RI�FRJQLWLYH�VFLHQFH�DQG�
HGXFDWLRQDO�SV\FKRORJ\��,Q�ORRNLQJ�IRU�D�UHDVRQ�ZK\�WKLV�PLJKW�EH�WKH�FDVH��QR�UHYLHZHU�H[SORULQJ�WKH�,76�
OLWHUDWXUH�FRXOG�IDLO�WR�QRWLFH�WKH�LPSDFW�RI�%ORRP¶V������VWXG\�DQG�ZKDW�KDV�EHFRPH�NQRZQ�DV�WKH���VLJPD�
SUREOHP��7KH�%ORRP��������VWXG\�������FLWDWLRQV�DFFRUGLQJ�WR�*RRJOH�6FKRODU�DW�-XQH�����������FODLPHG�DQ�
HIIHFW�VL]H��(6��RI�����IRU�KXPDQ�µH[SHUW¶�WXWRULQJ�DQG�LV�UHJXODUO\�FLWHG�LQ�WKH�,76�OLWHUDWXUH�DQG�WH[WERRNV�QRW�
RQO\�DV�WKH�EHQFKPDUN�DJDLQVW�ZKLFK�PDFKLQH�WXWRUV�VKRXOG�EH�FRPSDUHG�EXW�DOVR�DV�WKH�UHDVRQ�ZK\�WKH�
SURYLVLRQ�RI�LQGLYLGXDOLVHG�VXSSRUW�LV�D�ZRUWK\�JRDO���)RU�H[DPSOH��:RROI��������(YHQV�	�0LFKDHO���������
+RZHYHU��VLPLODU�VWXGLHV�WR�%ORRP¶V�GHPRQVWUDWH�OHVV�LPSUHVVLYH�DQG�KLJKO\�YDULDEOH�HIIHFW�VL]HV��&RKHQ��.XOLN�
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	�.XOLN��������UHYLHZHG����VWXGLHV��IRXQG�DQ�DYHUDJH�HIIHFW�VL]H�RI������DQG�QRWHG�WKDW�WKH�VL]H�RI�WKH�HIIHFW�
YDULHG�ZLGHO\��WKH�ODUJHVW�EHLQJ������0RUH�UHFHQWO\��9DQ/HKQ��������IRXQG�DQ�DYHUDJH�HIIHFW�VL]H�RI������ZKHQ�
KH�UHYLHZHG����VWXGLHV�FRPSDULQJ�KXPDQ�WXWRULQJ�WR�QR�WXWRULQJ��(6�UDQJHG�IURP�������WR�������DQG�DQ�DYHUDJH�
HIIHFW�VL]H�RI������IRU�VWHS�EDVHG��,76��WXWRULQJ�FRPSDUHG�WR�QR�WXWRULQJ�����VWXGLHV�ZKHUH�(6�UDQJHG�IURP�������
WR��������,W�LV�QRW�WKDW�KXPDQ�WXWRUV�FDQQRW�EH�DV�HIIHFWLYH�DV�%ORRP�FODLPHG��LQ�D�IHZ�GRFXPHQWHG�LQVWDQFHV�WKH\�
KDYH�EHHQ��6LPLODUO\��LQ�VRPH�LQVWDQFHV��,76�KDYH�GHPRQVWUDWHG�ODUJH�HIIHFW�VL]HV�DQG�D�IHZ�DUH�XVHG��RU�KDYH�
EHHQ�XVHG��LQ�UHDO�FODVV�VHWWLQJV��+RZHYHU��RQ�WKH�EDVLV�RI�WKH�HYLGHQFH�DERYH�LW�LV�FOHDU�WKDW�ERWK�KXPDQ�WXWRUV�
DQG�,76�YDU\�ZLGHO\�LQ�WKHLU�HIIHFWV�DQG�WKH\�GR�QRW�FRQVLVWHQWO\�SURGXFH�VWURQJ�SRVLWLYH�HIIHFWV���
�
*LYHQ�WKH�ZLGH�YDULDELOLW\�LQ�UHSRUWHG�HIIHFW�VL]H��SHUKDSV�LW�LV�WLPH�WR�UHVLVW�WKH�UDWLRQDOLVW�XUJH�WR�EHQFKPDUN�
,76�DJDLQVW�KXPDQ�WXWRUV��7KH�IRFXV�FRXOG�XVHIXOO\�VKLIW�WR�GHOLQHDWLQJ�ZKLFK�WXWRULQJ�RU�WHDFKLQJ�SUDFWLFHV�RU�
FRQGLWLRQV�SURGXFH�WKH�JUHDWHVW�OHDUQLQJ�HIIHFWV��,QGHHG��WKHUH�DUH�DOUHDG\�D�QXPEHU�RI�UHVHDUFKHUV�ZKR�DUH�GRLQJ�
MXVW�WKLV��VHH�IRU�H[DPSOH��&KL��������9DQ/HKQ��-RUGDQ��	�/LWPDQ��������&KL��5R\��	�+DXVPDQQ���������,Q�D�
VLPLODU�YHLQ��7DPLP��%HUQDUG��%RURNKRYVNL��HW�DO���������KDYH�DUJXHG�WKDW�D�PRUH�QXDQFHG�DSSURDFK�ZRXOG�DOVR�
EH�KHOSIXO�LQ�VWXGLHV�ZKLFK�ORRN�DW�WKH�HIIHFW�RI�FRPSXWHU�DLGHG�LQVWUXFWLRQ��&$,��UDWKHU�WKDQ�FRQWLQXLQJ�
FRPSDULVRQV�EHWZHHQ�KXPDQ�DQG�DXWRPDWHG�HIIRUWV��
�
7KH�UHVSRQVH�RI�HGXFDWRUV�WR�,76�
�
$�VSHFLILF�DQG�LPSRUWDQW�REMHFWLRQ�IURP�HGXFDWRUV��DV�ZHOO�DV�IURP�VRPH�HGXFDWLRQDO�SV\FKRORJLVWV�DQG�VFKRODUV�
ZRUNLQJ�LQ�WKH�,76�GRPDLQ��UHODWHV�WR�WKH�XVH�RI�VWXGHQW�PRGHOV�LQ�,76��ZKHUH�WKH�VWHSV�WDNHQ�E\�WKH�VWXGHQW�WR�
VROYH�D�SUREOHP�DUH�FRPSDUHG�WR�WKRVH�XVHG�E\�DQ�H[SHUW�DQG�WKH�GHSDUWXUH�IURP�H[SHUW�VWHSV�RU�UXOHV�LV�PRGHOHG�
DV�HUURUV��/DXULOODUG��������SUHVHQWV�D�FRPSHOOLQJ�FDVH�IRU�DEDQGRQLQJ�PRGHOV�RI�VWXGHQW�HUURUV�DQG�DUJXHV�WKDW�
WHDFKLQJ�VKRXOG�PRYH�EH\RQG�WUHDWLQJ�SUREOHP�VROYLQJ�SURFHGXUHV�µDV�D�VHW�RI�XQLQWHUSUHWHG�UXOHV¶��6FDUGDPDOLD�
HW�DO���������VXJJHVW�WKDW�LW�LV�³QRW�WKH�FRPSXWHU�WKDW�VKRXOG�EH�GRLQJ�WKH�GLDJQRVLQJ��WKH�JRDO�VHWWLQJ�DQG�WKH�
SODQQLQJ��LW�LV�WKH�VWXGHQW´��S������$Q�HQWLUH�YROXPH�FRQWUDVWLQJ�WKH�³PRGHOHUV´�DQG�WKH�³QRQ�PRGHOHUV´�ZDV�
SXEOLVKHG�LQ�������/DMRLH�	�'HUU\����������
�
3HUKDSV�EHFDXVH�RI�WKHVH�GRXEWV�ZKLFK�ZHUH�UDLVHG�GXULQJ�WKH�����V�DQG�HDUO\�����V�DQG�SHUKDSV�EHFDXVH�DV�
SUHYLRXVO\�QRWHG�,76�VHOGRP�ILQG�XWLOLW\�LQ�HGXFDWLRQDO�SUDFWLFH��LW�LV�KDUG�WR�ILQG�PXFK�UHIHUHQFH�WR�,76�LQ�
PDLQVWUHDP�HGXFDWLRQDO�WHFKQRORJ\�OLWHUDWXUH��LQFOXGLQJ�LQ�WKH�DVFLOLWH�DQG�$-(7�DUFKLYHV��$V�5HHYHV�	�
+HGEHUJ��������SRLQW�RXW��³HYHQ�WKH�VWDXQFKHVW�SURSRQHQWV�«��RI��,76�PXVW�DFNQRZOHGJH�WKH�ODFN�RI�LPSDFW�
WKHVH�FRPSXWHU�DV�WXWRU�DSSOLFDWLRQV�KDYH�KDG�RQ�PDLQVWUHDP�HGXFDWLRQ�DQG�WUDLQLQJ´�S�����+RZHYHU��LI�WKH�
IRFXV�LV�VKLIWHG�WR�HGXFDWLRQDO�IHHGEDFN��RI�WKH�NLQG�WKDW�KXPDQ�WHDFKHUV�DQG�WXWRUV�SURYLGH��WKHQ�VHDUFKLQJ�WKH�
HGXFDWLRQDO�OLWHUDWXUH�SURYLGHV�D�JRRG�GHDO�RI�LQIRUPDWLRQ�ZKLFK�LV�UHOHYDQW�WR�WKH�GHVLJQ�RI�,76��
�
7KH�SRVLWLYH�EHQHILWV�RQ�VWXGHQW�SHUIRUPDQFH�RI��IRUPDWLYH�DVVHVVPHQW�KDYH�EHHQ�GHPRQVWUDWHG�LQ�FODVVURRP�
VWXGLHV�VLQFH�WKH�����V��)UHGHULNVHQ��������DQG�VLPLODU�SRVLWLYH�HIIHFWV�KDYH�EHHQ�GHPRQVWUDWHG�LQ�SV\FKRORJ\�
ODERUDWRU\�VWXGLHV�VLQFH�WKH�����V��0F'DQLHO�HW�DO����������7KH�ODUJH�VFDOH�PHWD�DQDO\VLV�RI�VWXGLHV�ZKLFK�
LQYHVWLJDWH�WKH�LPSDFW�RI�SUDFWLFH�WHVWV�RQ�VWXGHQW�RXWFRPHV�LQGLFDWH�WKDW�RQ�DYHUDJH��SUDFWLFH�DVVHVVPHQWV�
GXULQJ�D�FRXUVH�RI�VWXG\�GR�FRQIHU�DQ�DGYDQWDJH��%DQJHUW�'URZQV��.XOLN��.XOLN�	�0RUJDQ���������0RUH�
UHFHQWO\��D�PHWD�DQDO\WLF�HGXFDWLRQDO�VWXG\�WR�LGHQWLI\�WKH�NH\�PHGLDWRUV�RI�OHDUQLQJ�RXWFRPHV��IRXQG�WKDW�
IHHGEDFN�IURP�VWXGHQW�WR�WHDFKHU�DQG�IURP�WHDFKHU�WR�VWXGHQW��DUH�DPRQJ�WKH�WRS�UDQNHG�PHGLDWRUV��+DWWLH��
�������,Q�JHQHUDO��QRQ�JUDGHG�LQGLYLGXDOLVHG�IHHGEDFN�ZKLFK�DYRLGV�SHUVRQDO�FRPPHQW��LQFOXGLQJ�SUDLVH��DQG�
ZKLFK�KLJKOLJKWV�VWUDWHJLHV�IRU�LPSURYHPHQW��UHVXOWV�LQ�WKH�ODUJHVW�JDLQV��IRU�H[DPSOH��+DWWLH�	�7LPSHUOH\��
�������/LSQHYLFK�	�6PLWK��������6KXWH����������
�
7KH�PRWLYDWLRQ�DQG�WHDFKLQJ�FRQWH[W�IRU�WKLV�UHVHDUFK�
�
7KH�ILUVW�\HDU�KHDOWK�VFLHQFHV�FRXUVH�DW�WKH�8QLYHUVLW\�RI�2WDJR�LV�D�SUHUHTXLVLWH�IRU�HQWU\�LQWR�DOO�WKH�
SURIHVVLRQDO�KHDOWK�VFLHQFH�SURJUDPPHV��VXFK�DV�0HGLFLQH��'HQWLVWU\��3KDUPDF\��DQG�3K\VLRWKHUDS\��(QWU\�LQWR�
WKHVH�SURIHVVLRQDO�SURJUDPPHV�LV�KLJKO\�FRPSHWLWLYH�DQG�LV�GHSHQGHQW��DPRQJVW�RWKHU�WKLQJV��RQ�VWXGHQWV�
DFKLHYLQJ�H[FHOOHQW�JUDGHV�LQ�WKHLU��VW�\HDU�FRXUVHV���
�
7KH�SUREOHP�RI�SURYLGLQJ�LQGLYLGXDOLVHG�IHHGEDFN�WR�ODUJH�QXPEHUV�RI�VWXGHQWV�RQ�IUHH�WH[W�DQVZHUV�WR�
IRUPDWLYH�TXHVWLRQV�ZDV�D�NH\�PRWLYDWLQJ�IDFWRU�IRU�WKLV�UHVHDUFK��7HDFKLQJ�VWDII�LQYROYHG�LQ�WKH�FRXUVH�ZHUH�
NHHQ�WR�VXSSRUW�WKH�UHVHDUFK�DQG�D�ERQXV�ZDV�WKDW�WKHUH�ZDV�D�YHU\�ODUJH�FRKRUW�RI�KLJKO\�PRWLYDWHG�VWXGHQWV�
SRWHQWLDOO\�DYDLODEOH�HDFK�\HDU�WR�ZRUN�ZLWK�WKH�V\VWHP�GXULQJ�GHVLJQ��LPSOHPHQWDWLRQ�DQG�HYDOXDWLRQ��7KH�
VSHFLILF�GRPDLQ�VHOHFWHG�IRU�UHVHDUFKLQJ�DXWRPDWHG�WXWRULDO�GLDORJXH�ZDV�WKH�ILUVW�\HDU�XQGHUJUDGXDWH�VWXG\�RI�
WKH�KXPDQ�FDUGLRYDVFXODU�V\VWHP��LQ�SDUWLFXODU��FDUGLRYDVFXODU�KRPHRVWDVLV��7KHUH�ZHUH�WZR�UHDVRQV�IRU�WKLV�
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FKRLFH��)LUVWO\�WKH�GRPDLQ�ZDV�WKH�VDPH�DV�DW�OHDVW�RQH�RWKHU�QDWXUDO�ODQJXDJH�WXWRU��&LUFVLP�7XWRU��(YHQV�	�
0LFKDHO���������DOWKRXJK�SLWFKHG�DW�D�PRUH�LQWURGXFWRU\�OHYHO��7KLV�ZDV�KHOSIXO�LQ�WKDW�LW�SURYLGHG�VRPH�
FRQILGHQFH�WKDW�WKH�GRPDLQ�ZDV�VXLWDEOH�IRU�DXWRPDWHG�WXWRULDO�GLDORJXH��6HFRQGO\��LW�ZDV�D�GRPDLQ�IDPLOLDU�WR�
WKH�OHDG�UHVHDUFKHU�DQG�WKXV�REYLDWHG�WKH�QHHG�WR�ILQG�DGGLWLRQDO�VWDII�IRU�DXWKRULQJ�RI�WKH�WXWRULDO�TXHVWLRQV�DQG�
VFULSW���
�
*LYHQ�WKH�ODUJH�ERG\�RI�HYLGHQFH�IRU�WKH�EHQHILFLDO�HIIHFWV�RI�IRUPDWLYH�IHHGEDFN��JLYHQ�WKH�SUDFWLFDO�SUREOHPV�
DVVRFLDWHG�ZLWK�FXUUHQW�UDWLRQDOLVW�LQVSLUHG�,76��WKH�LVVXHV�DVVRFLDWHG�ZLWK�VWXGHQW�PRGHOLQJ��DQG�ILQDOO\��JLYHQ�
WKH�GHVLUH�E\�HGXFDWRUV�IRU�LQGLYLGXDOLVHG��LQWHQVLYH�DQG�UHOHYDQW�OHDUQLQJ�HQYLURQPHQWV��ZH�IHOW�LW�ZDV�ZRUWK�
DGRSWLQJ�DQ�HPSLULFLVW�DSSURDFK�WR�WKH�GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�D�QHZ�V\VWHP��7KH�V\VWHP�HPSKDVLVHV�
XWLOLW\�LQ�SUDFWLFH��QR�VWXGHQW�PRGHO�DQG�FDWHJRULVDWLRQ�RI�DFWXDO�VWXGHQW�UHVSRQVHV�DQG�LV�GHVFULEHG�LQ�WKH�QH[W�
VHFWLRQ���
�
$�QHZ�VXUIDFH�EDVHG�WXWRULDO�GLDORJXH�V\VWHP�
�
2YHUDOO�GHVLJQ�JRDOV�
�
7KH�QHZ�WXWRU�KDG�WR�EH�UHVSRQVLYH�DQG�SUDFWLFDO�LQ�D�UHDO�FODVV�VHWWLQJ��:LWK�WKLV�LQ�PLQG��WKH�EURDG�GHVLJQ�
VSHFLILFDWLRQ�IRU�WKH�QHZ�VXUIDFH�EDVHG�WXWRULDO�GLDORJXH�V\VWHP�ZDV�DV�IROORZV���
�
x����7KH�QDWXUDO�ODQJXDJH�XQGHUVWDQGLQJ��1/8��FRPSRQHQW�RI�WKH�QHZ�V\VWHP�UHOLHV�RQ�HPSLULFDO�RU�VWDWLVWLFDO�

1/3�WHFKQLTXHV�UDWKHU�WKDQ�GHHS�VHPDQWLF�1/3�WHFKQLTXHV��7KLV�FKRLFH��LQ�DGGLWLRQ�WR�VLWWLQJ�ZHOO�ZLWK�WKH�
HPSLULFLVW�SKLORVRSKLFDO�SRVLWLRQ�LV�DOVR�D�SUDJPDWLF�RQH��VWDWLVWLFDO�1/3�WHFKQLTXHV�ZKLFK�XWLOLVH�PDFKLQH�
OHDUQLQJ�DUH�LQFUHDVLQJO\�ILQGLQJ�XWLOLW\�LQ�SUDFWLFDO�DSSOLFDWLRQV�ZKHUH�WUDGLWLRQDO�1/3�PHWKRGV�IDLO��

x����7KH�QHZ�WXWRU�DEDQGRQV�WKH�LGHD�RI�H[SOLFLW�VWXGHQW�PRGHOV��SUH�RUGDLQHG�WHDFKLQJ�PRGHOV�DQG�DQ\�IRUPDO�RU�
ORJLFDO�UHSUHVHQWDWLRQ�RI�WKH�NQRZOHGJH�GRPDLQ��%XW��LW�GRHV�UHWDLQ�WKH�LGHD�RI�XQUHVWULFWHG�IUHH�WH[W�LQSXW�
IURP�WKH�VWXGHQW��7KH�IDPLO\�RI�GLDORJXH�V\VWHPV�RU�FRQYHUVDWLRQDO�DJHQWV�FORVHVW�WR�LW��DUH�WKRVH�LQVSLUHG�E\�
:HL]HQEDXP¶V�µSV\FKRWKHUDSLVW¶��(/,=$��:HL]HQEDXP���������7KHVH�GLDORJXH�V\VWHPV�RU�FRQYHUVDWLRQDO�
DJHQWV��ZKLFK�DUH�QRW�QHFHVVDULO\�GHVLJQHG�IRU�WXWRULQJ��WDNH�W\SHG�QDWXUDO�ODQJXDJH�LQSXW��DWWHPSW�WR�FODVVLI\�
WKH�LQSXW�EDVHG�RQ�HLWKHU�UHJXODU�H[SUHVVLRQ�PDWFKLQJ�RU�VXUIDFH�EDVHG�1/3�WHFKQLTXHV�DQG�JHQHUDWH�W\SHG�
RXWSXW�IURP�D�SUH�GHILQHG�VFULSW��

x����,GHDOO\��JLYHQ�WKH�GLIILFXOW\�DQG�H[SHQVH�RI�DXWKRULQJ��RU�FXVWRPLVLQJ�,76�IRU�VSHFLILF�FRQWH[WV��D�JHQHULF�
WXWRULDO�GLDORJXH�VWUXFWXUH�ZKLFK�LV�EDVHG�RQ�H[LVWLQJ�PRGHOV�RI�KXPDQ�GLDORJXH�VKRXOG�EH�GHVLJQHG�LQWR�WKH�
QHZ�V\VWHP�LQ�RUGHU�WKDW�LW�FDQ�EH�UHDGLO\�H[WHQGHG�RU�FXVWRPLVHG�LQ�WKH�IXWXUH��

�
3URWRW\SLQJ�DQG�GDWD�FROOHFWLRQ�
�
7KH�ILUVW�VWDJH�RI�WKH�SURMHFW�LQYROYHG�SURGXFLQJ�D�GHWDLOHG�VHW�RI�TXHVWLRQV�WR�SUREH�VWXGHQW�XQGHUVWDQGLQJ�RI�
NH\�HOHPHQWV�RI�WKH�WXWRULDO�GRPDLQ�DQG�HYDOXDWLQJ�WKHVH�TXHVWLRQV��LQ�WKH�IRUP�RI�D�VFULSWHG�GLDORJXH��ZLWK�
VWXGHQWV��7KH�7X7DON�GLDORJXH�HQJLQH�IURP�WKH�/HDUQLQJ�5HVHDUFK�DQG�'HYHORSPHQW�&HQWUH�DW�WKH�8QLYHUVLW\�RI�
3LWWVEXUJK��-RUGDQ��������ZDV�FKRVHQ�WR�SLORW�WKH�LQLWLDO�VFULSW�SULPDULO\�EHFDXVH�LW�ZDV��DW�WKH�WLPH��RQH�RI�WKH�
IHZ�UHDGLO\�DYDLODEOH�GRPDLQ�LQGHSHQGHQW�WXWRULDO�GLDORJXH�V\VWHPV�DQG�SURYLGHG�D�UHODWLYHO\�HDV\�ZD\�WR�DXWKRU�
GLDORJXHV�XVLQJ�RQO\�D�WH[W�HGLWRU���
�
4XHVWLRQV�IRU�WKH�LQLWLDO�FDUGLRYDVFXODU�KRPHRVWDVLV�WXWRULDO�VFULSW�ZHUH�GHYHORSHG�LQ�FORVH�FRQVXOWDWLRQ�ZLWK�
FRXUVH�WHDFKLQJ�VWDII�DQG�ZHUH�ZULWWHQ�XVLQJ�OHFWXUH�QRWHV��ODERUDWRU\�PDQXDOV�DQG�VHOI�GLUHFWHG�OHDUQLQJ�
PDWHULDO�IURP�WKH�FRXUVH�LWVHOI��$�SURWRW\SH�WXWRULDO�V\VWHP�EDVHG�RQ�WKH�VFULSW��DQG�ZKLFK�LQFOXGHG�µJXHVVHG¶�
VWXGHQW�DQVZHUV�WR�PDWFK�VWXGHQW�UHVSRQVHV�DJDLQVW��ZDV�UHOHDVHG�WR�VWXGHQWV�IRU�XVH�RQ�D�YROXQWDU\�EDVLV�DW�WKH�
EHJLQQLQJ�RI�WKHLU�PRGXOH�RQ�WKH�KXPDQ�FDUGLRYDVFXODU�V\VWHP������VWXGHQWV�DFFHVVHG�WKH�V\VWHP�GXULQJ�WKH�
FRXUVH�DQG�SURGXFHG�D�WRWDO�RI�����GLDORJXHV��VHYHUDO�VWXGHQWV�DFFHVVHG�WKH�GLDORJXH�PRUH�WKDQ�RQFH��+RZHYHU�
IURP�WKH�WRWDO�QXPEHU�RI�GLDORJXHV��RQO\�����GLDORJXHV�ZHUH�FRPSOHWHG�WKURXJK�WR�WKH�KDOI�ZD\�SRLQW�DQG�RQO\�
����GLDORJXHV�ZHUH�FRPSOHWHG�WR�WKH�HQG��$�KDQGIXO�RI�GLDORJXHV�ZHUH�LQWHUUXSWHG�EHFDXVH�RI�V\VWHP�UHODWHG�
SUREOHPV�EXW�WKH�PDMRULW\�WKDW�WHUPLQDWHG�EHIRUH�FRPSOHWLRQ�GLG�VR�EHFDXVH�EHFDXVH�WKH�VWXGHQWV�VLPSO\�HQGHG�
WKHLU�VHVVLRQ��)HHGEDFN�IURP�FRXUVH�WXWRUV�DQG�FRPPHQWV�IURP�WKH�VWXGHQWV�WKHPVHOYHV�VXSSRUWHG�UHVHDUFKHU�
LQXWLWLRQ�WKDW�SRRU�V\VWHP�XQGHUVWDQGLQJ�RI�VWXGHQW�GLDORJXH�FRQWULEXWLRQV�ZDV�SUREDEO\�D�NH\�UHDVRQ�IRU�WKH�
IDOO�RII�LQ�XVH��7KLV�ZDV�FRQILUPHG�ZKHQ�DFFXUDF\��SUHFLVLRQ�DQG�UHFDOO�PHDVXUHV�IRU�LQGLYLGXDO�TXHVWLRQV�ZHUH�
FDOFXODWHG��DSDUW�IURP�D�KDQGIXO�RI�HVVHQWLDOO\�\HV�QR�TXHVWLRQV�WKH�PDMRULW\�RI�WKHVH�PHWULFV�ZHUH�]HUR��
1HYHUWKHOHVV��WKH�H[HUFLVH�VHUYHG�LWV�SXUSRVH�LQ�FDSWXULQJ�D�ODUJH�TXDQWLW\�RI�VWXGHQW�UHVSRQVHV�WR�WXWRULDO�
TXHVWLRQV��7KHVH�ZHUH�WR�VHUYH�DV�WUDLQLQJ�GDWD�IRU�WKH�QH[W�VWDJH�RI�GHYHORSPHQW��
�
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&UHDWLQJ�WKH�GLDORJXH�DQG�EXLOGLQJ�WKH�QHZ�V\VWHP�
�
7KH�QH[W�VWDJH�RI�WKH�SURMHFW�LQYROYHG�FUHDWLQJ�FDWHJRULHV�RI�VWXGHQW�UHVSRQVHV�IURP�WKH�UHVSRQVHV�FROOHFWHG�
GXULQJ�VWDJH�RQH�LQ�RUGHU�WR�WUDLQ�VWDWLVWLFDO�PDFKLQH�OHDUQLQJ�FODVVLILHUV�WR�UHFRJQLVH�QHZ�VWXGHQW�UHVSRQVHV��,Q�
DGGLWLRQ��WKH�VFULSW�GHYHORSHG�LQ�WKH�ILUVW�VWDJH�ZDV�UHILQHG�LQ�RUGHU�WR�GHDO�DSSURSULDWHO\�ZLWK�WKH�QHZO\�FUHDWHG�
FDWHJRULHV�RI�UHVSRQVH��7KLV�SURFHVV�LV�GHVFULEHG�LQ�GHWDLO�HOVHZKHUH��0F'RQDOG��.QRWW�	�=HQJ��������EXW�
EURDGO\�SDUDOOHOV�PHWKRGV��ZKLFK�DUH�YHU\�IDPLOLDU�WR�HGXFDWLRQDO�UHVHDUFKHUV�XVLQJ�TXDOLWDWLYH�UHVHDUFK�
PHWKRGV���IRU�H[DPSOH��SKHQRPHQRJUDSK\��0DUWRQ�	�6DOMR��������IRU�LGHQWLI\LQJ�VWXGHQW�FRQFHSWLRQV�RU�WKH�
PHWKRGV�RI�FRQWHQW�DQDO\VLV��6WHPOHU����������7KLV�DSSURDFK�WR�FUHDWLQJ�FDWHJRULHV�RU�WKHPHV�IURP�VWXGHQW�
UHVSRQVHV��LV�IDU�OHVV�FRPPRQ�LQ�WKH�UHDOPV�RI�,76�GHYHORSPHQW��
�
7KH�RYHUDOO�DUFKLWHFWXUH�RI�WKH�QHZ�V\VWHP�UHYROYHV�DURXQG�D�GLDORJXH�PDQDJHU�ZKLFK�FRQVXOWV�D�KDQG�FUDIWHG�
VFULSW�LQ�RUGHU�WR�GLUHFW�WKH�GLDORJXH��7KH�GLDORJXH�PDQDJHU�LPSOHPHQWV�D�VLPSOH�ILQLWH�VWDWH�DUFKLWHFWXUH�ZLWK�D�
PLQLPDOLVW�UHSUHVHQWDWLRQ�RI�LQIRUPDWLRQ�VWDWH��7UDXP�	�/DUVRQ���������7KH�VFULSW�VWUXFWXUH�LV�ORRVHO\�EDVHG�RQ�
WKH�&RUH�	�$OOHQ��������GLDORJXH�FRGLQJ�VFKHPH�ZKHUH�HDFK�GLDORJXH�FRQWULEXWLRQ�QRGH�LV�GLYLGHG�LQWR�IRUZDUG�
DQG�EDFNZDUG�IXQFWLRQDO�OD\HUV��(DFK�FRQWULEXWLRQ�QRGH�LQ�WKH�VFULSW�FRQWDLQV�IRUZDUG�DQG�EDFNZDUG�HOHPHQWV�
DQG�HDFK�RI�WKHVH�FRQWDLQ�UHOHYDQW�GLDORJXH�DFWV�RU�GLUHFWLRQV�IRU�DFWLRQ��IRU�H[DPSOH��D�UHTXHVW�IRU�LQIRUPDWLRQ�
RU�D�GLUHFWLYH�WR�JR�WR�D�VSHFLILHG�FRQWULEXWLRQ�QRGH���7KH�VFULSW�LV�DQ�;0/�ILOH�ZKLFK�LV�GHILQHG�LQ�WKH�;0/�
VFKHPD�IRU�WKH�GLDORJXH�V\VWHP�DQG�ZKLFK�FRPSULVHV�D�VHULHV�RI�GLDORJXH�FRQWULEXWLRQ�QRGHV��7KLV�GHVLJQ�LV�
EDVHG�RQ�D�FRPELQDWLRQ�RI�SUDFWLFDO�DQG�WKHRUHWLFDO�FRQFHUQV��)LUVW��WKH�ILQLWH�VWDWH�DSSURDFK�LV�RQH�RI�WKH�
VLPSOHVW�GLDORJXH�PDQDJHPHQW�PRGHOV�WR�LPSOHPHQW�DQG�WKLV�ZDV�LPSRUWDQW�LQ�WHUPV�RI�GHYHORSLQJ�WKH�V\VWHP�
LQ�D�WLPHO\�PDQQHU�DQG�LQ�VXFK�D�ZD\�WKDW�LW�ZDV�UREXVW�HQRXJK�WR�XVH�ZLWK�D�ODUJH�FODVV�RI�VWXGHQWV��6HFRQG��WKH�
ILQLWH�VWDWH�DSSURDFK�LV�FRQVLVWHQW�ZLWK�WKH�GLUHFWHG�QDWXUH�RI�D�WXWRULDO�GLDORJXH�ZKHUH�WKH�GLDORJXH�SXUSRVH�LV�WR�
UHYLVH�D�VSHFLILF�DQG�ZHOO�GHILQHG�DUHD�RI�WKH�FXUULFXOXP��7KLUG��WKH�VLQJOH�LQLWLDWLYH�TXHVWLRQ�DVNLQJ�DSSURDFK�
SURYLGHV�DQ�RSSRUWXQLW\�IRU�VWXGHQWV�WR�SUDFWLFH�WDVNV�WKH\�DUH�H[SHFWHG�WR�FRPSOHWH�DV�SDUW�RI�WKHLU�IRUPDO�
VXPPDWLYH�DVVHVVPHQW���1RWH�WKDW�OLPLWHG�PL[HG�LQLWLDWLYH�DELOLW\�±�L�H��WKH�DELOLW\�IRU�VWXGHQWV�WR�DVN�TXHVWLRQV�±��
LV�EXLOW�LQWR�WKH�V\VWHP�EXW�WKLV�ZDV�QRW�HYDOXDWHG�DV�SDUW�RI�WKLV�UHVHDUFK���
�
7KH�GLDORJXH�PDQDJHU�SDVVHV�SUHSURFHVVHG�WH[W�LQSXW�IURP�WKH�VWXGHQW�WR�WKH�FODVVLILHU�PRGXOH�DQG�UHFHLYHV�EDFN�
WKH�UHVXOW�RI�FODVVLILFDWLRQ�ZKLFK�LV�HLWKHU�WKH�QDPH�RI�WKH�FODVV�FKRVHQ�IRU�WKH�FXUUHQW�GLDORJXH�FRQWH[W�RU�D�IODJ�
WKDW�FODVVLILFDWLRQ�IDLOHG���,QSXW�WH[W�LV�SUHSURFHVVHG�WR�LVRODWH�PHDQLQJIXO�ZRUGV�RU�WRNHQV�DQG�FRUUHFW�IRU�
VSHOOLQJ�HUURUV��LGHQWLI\�DEEUHYLDWLRQV�DQG�VR�RQ���7KH�GLDORJXH�PDQDJHU�WKHQ�FRQVXOWV�WKH�VFULSW�WR�GHWHUPLQH�
ZKDW�UHVSRQVH�WR�VHQG�EDFN�WR�WKH�VWXGHQW��%RWK�WKH�SUHSURFHVVRU�PRGXOH�DQG�WKH�FODVVILHU�PRGXOH�XWLOLVH�1/3�
OLEUDULHV�ZKLFK�DUH�DYDLODEOH�LQ�WKH�1DWXUDO�/DQJXDJH�7RRONLW��%LUG�HW�DO���������6SHFLILF�LPSOHPHQWDWLRQ�GHWDLOV�
DUH�GHVFULEHG�HOVHZKHUH��0F'RQDOG��.QRWW�	�=HQJ���������7KH�QH[W�VHFWLRQ�GHVFULEHV�KRZ�WKH�V\VWHP�ZRUNV�LQ�
SUDFWLFH��GHVFULEHV�WKH�W\SHV�RI�TXHVWLRQV�LQFOXGHG�LQ�WKH�SUHVHQW�GLDORJXH�VFULSW�DQG�EULHIO\�VXPPDULVHV�WKH�
UHVXOWV�RI�EHQFK�WHVWLQJ�WKH�V\VWHP�IRU�XQGHUVWDQGLQJ�RI�SUHYLRXVO\�XQVHHQ�LQSXW��
�
'LDORJXH�ZDON�WKURXJK��TXHVWLRQ�W\SHV�DQG�FODVVLILHU�SHUIRUPDQFH�
�
6WXGHQWV�FRQQHFW�WR�WKH�V\VWHP�YLD�D�VLPSOH�FKDW�VW\OH�ZHE�LQWHUIDFH��7KH�V\VWHP�W\SHV�RXW�VWDWHPHQWV�DQG�
TXHVWLRQV�DQG�WKH�VWXGHQW�UHVSRQGV�E\�W\SLQJ�LQWR�D�GLDORJXH�ER[��7KH�V\VWHP�DOZD\V�ZDLWV�IRU�D�VWXGHQW�
UHVSRQVH�EHIRUH�FRQWLQXLQJ��7KH�IROORZLQJ�LV�DQ�H[FHUSW�IURP�D�UHDO�GLDORJXH�VHVVLRQ�EHWZHHQ�WKH�V\VWHP�DQG�D�
VWXGHQW��7KH�H[FHUSW�EHJLQV�ZLWK�DQ�DVVHUWLRQ�IURP�WKH�WXWRU��

�
78725��6WURNH�9ROXPH��69��LV�WKH�YROXPH�RI�EORRG�HMHFWHG�IURP�WKH�KHDUW�ZLWK�HDFK�EHDW��7KH�
DYHUDJH�DGXOW�KHDUW�SXPSV�D�WRWDO�RI���OLWUHV�RI�EORRG�HDFK�PLQXWH��DQG�WKH�DYHUDJH�DGXOW�KHDUW�UDWH�
LV����EHDWV�PLQXWH��

7KH�WXWRU�WKHQ�DVNV�WKH�VWXGHQW�WR�SHUIRUP�DQ�DFWLRQ�ZKLFK�LV�GLUHFWO\�UHODWHG�WR�WKLV�LQIRUPDWLRQ��
78725��3OHDVH�FDOFXODWH�WKH�VWURNH�YROXPH�IRU�DQ�DYHUDJH�DGXOW��

7KH�VWXGHQW
V�LQLWLDO�UHVSRQVH�WR�WKLV�LV��
678'(17����������

7KH�VWXGHQW�KDV�QRW�LQFOXGHG�WKH�XQLWV�IRU�VWURNH�YROXPH�ZKLFK�HYHQ�WKRXJK�QRW�H[SOLFLWO\�UHTXHVWHG��KDYH�EHHQ�
PRGHOOHG�E\�WKH�WXWRU��7KH�WXWRU�UHFRJQLVHV�WKH�VWXGHQW
V�UHVSRQVH�LV�QXPHULFDOO\�FRUUHFW�DQG�UHVSRQGV�ZLWK�DQ�
DFNQRZOHGJHPHQW�RI�WKH�VWXGHQW�LQSXW�IROORZHG�E\�VRPH�VFDIIROGLQJ��

78725��2.��/RRNV�OLNH�\RX�KDYH�WKH�ULJKW�LGHD�EXW�\RX�KDYH�HLWKHU�IRUJRWWHQ�WR�JLYH�WKH�XQLWV�RU�
XVHG�WKH�LQFRUUHFW�XQLWV��5HPHPEHU�\RX�FDQ�ZRUN�RXW�WKH�FRUUHFW�XQLWV�WR�XVH�OLNH�WKLV��<RX�DUH�
JLYHQ�+5��EHDWV�PLQXWH��DQG�&2��O�PLQXWH���69� �&2�+5�ZKLFK�LV�O�PLQ�GLYLGHG�E\�EHDWV�PLQ� �
O�EHDW��)LQDOO\�GRQ¶W�IRUJHW�WR�PXOWLSO\�WKH�UHVXOW�E\������LQ�RUGHU�WR�FRQYHUW�O�EHDW�WR�POV�EHDW��

1H[W��WKH�WXWRU�DVNV�WKH�VWXGHQW�WR�WU\�DJDLQ�DQG�UHSHDWV�WKH�TXHVWLRQ��
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78725��7U\�DJDLQ��3OHDVH�FDOFXODWH�WKH�VWURNH�YROXPH�IRU�DQ�DYHUDJH�DGXOW��
7KLV�WLPH�WKH�VWXGHQW�UHVSRQGV�ZLWK�WKH�VDPH�DQVZHU�WKH\�SURGXFHG�WKH�ILUVW�WLPH�EXW�WKLV�WLPH�LQ�GHFLPDO�IRUP��

678'(17�������
2QFH�PRUH��WKH�WXWRU�UHFRJQLVHV�WKDW�WKH�XQLWV�DUH�PLVVLQJ�EXW�WKLV�WLPH�UHVSRQGV�VOLJKWO\�GLIIHUHQWO\��7KH�
SUREOHP�ZLWK�WKH�VWXGHQW
V�DQVZHU�LV�DJDLQ�VWDWHG�H[SOLFLWO\�EXW��GHWDLOHG�VFDIIROGLQJ�LV�QRW�LQFOXGHG�VLQFH�WKH�
WXWRU�DOVR�LQGLFDWHV�WKDW�WKH�SUREOHP�LV�WKH�VDPH�DV�WKH�VWXGHQW
V�SUHYLRXV�DWWHPSW��

78725��$JDLQ��ORRNV�OLNH�\RX�KDYH�WKH�ULJKW�LGHD�EXW�\RX�KDYH�HLWKHU�IRUJRWWHQ�WR�JLYH�WKH�XQLWV�RU�XVHG�
WKH�LQFRUUHFW�XQLWV���

$QG��RQFH�PRUH�WKH�WXWRU�UHSHDWV�WKH�TXHVWLRQ��
78725��7U\�DJDLQ��3OHDVH�FDOFXODWH�WKH�VWURNH�YROXPH�IRU�DQ�DYHUDJH�DGXOW��

7KLV�WLPH�WKH�VWXGHQW�SURYLGHV�WKH�FRUUHFW�DQVZHU�ZLWK�DSSURSULDWH�XQLWV��
678'(17�����PO�

7KH�WXWRU�SURYLGHV�SRVLWLYH�IHHGEDFN�EHIRUH�PRYLQJ�RQ�WR�WKH�QH[W�GLDORJXH�FRQWH[W��
78725��:HOO�GRQH��

�
7KLV�H[FHUSW�IURP�D�GLDORJXH�VHVVLRQ�LOOXVWUDWHV�WKUHH�LPSRUWDQW�IHDWXUHV�RI�WXWRULDO�GLDORJXH��)LUVW��WKH�VWXGHQW�LQ�
WKLV�VLWXDWLRQ�LV�QRW�LQLWLDOO\�UHVSRQGLQJ�GLUHFWO\�WR�WKH�IHHGEDFN�JLYHQ��,W�VHHPV�DV�WKRXJK�VRPH�RWKHU�WKLQNLQJ�LV�
JRLQJ�RQ�ZKLFK�UHVXOWV�LQ�WKH�VDPH�DQVZHU�EHLQJ�UHSHDWHG��EXW�MXVW�H[SUHVVHG�GLIIHUHQWO\��)HHGEDFN�KDV�WR�EH�
QRWLFHG�LQ�RUGHU�WR�EH�UHVSRQGHG�WR��6HFRQG��LI�WKH�GLDORJXH�LV�WR�EH�EHOLHYDEOH��WKH�WXWRU�KDV�WR�UHVSRQG�
DSSURSULDWHO\�ZKHUH�WKH�VDPH�TXHVWLRQ�LV�UHSHDWHG��7KLV�ILQHVVLQJ�LV�RQH�RI�WKH�IHDWXUHV�RI�KXPDQ�GLDORJXH�
ZKLFK�VHWV�LW�DSDUW�IURP�PDFKLQH�VSHDN��+XPDQV�W\SLFDOO\�ZLOO�QRW�MXVW�UHSHDW�WKH�VDPH�XWWHUDQFH�RYHU�DQG�RYHU��
QRU�VKRXOG�WKH�WXWRU��7KLV�IHDWXUH�LV�DFKLHYHG�WKURXJK�NHHSLQJ��WUDFN�RI�WKH�FXUUHQW�GLDORJXH�VWDWH���7KLUG��WKHUH�
DUH�PDQ\�ZD\V�WKDW�VWXGHQWV�PLJKW�H[SUHVV�WKH�DQVZHU�WR�WKLV�SDUWLFXODU�TXHVWLRQ�±�WKH�WXWRU�QHHGV�WR�EH�DEOH�WR�
UHFRJQLVH�PRVW��LI�QRW�DOO�RI�WKHP��LQ�RUGHU�WR�SURYLGH�DSSURSULDWH�IHHGEDFN��$QRWKHU�FRPPRQ�HUURU�LQ�WKLV�
GLDORJXH�FRQWH[W�IRU�H[DPSOH��ZDV�SUREOHPV�ZLWK�DOJHEUDLF�PDQLSXODWLRQ��7KH�IHHGEDFN�LI�WKLV�ZHUH�WKH�HUURU�LV�
GLIIHUHQW�EXW�WKH�WXWRU�DFWLRQ�LV�WKH�VDPH��WKH�VWXGHQW�LV�DVNHG�WR�WU\�DJDLQ��DQG�WKH�TXHVWLRQ�LV�UHSHDWHG��
�
7KHUH�DUH�WKUHH�EURDG�FDWHJRULHV�RI�TXHVWLRQ�W\SH�LQ�WKH�WXWRULDO�GLDORJXH�VFULSW��7KHVH�DUH�ELQDU\��PXOWL�SDUW�DQG�
RSHQ��,Q�EULHI��D�ELQDU\�TXHVWLRQ�UHTXLUHV�H[DFWO\�RQH�UHVSRQVH��XVXDOO\�MXVW�D�ZRUG�RU�WZR��DQG�WKH�UHVSRQVH�LV�
HLWKHU�WKHUH�RU�LW�LV�QRW��<HV�1R�TXHVWLRQV�DUH�JRRG�H[DPSOHV�RI�D�ELQDU\�W\SH�TXHVWLRQ��%\�FRQWUDVW��DQ�RSHQ�
TXHVWLRQ�LV�RQH�ZKLFK�UHTXLUHV�VRPH�NLQG�RI�GHYHORSPHQW�RI�LGHDV��IRU�H[DPSOH�PDNLQJ�DQ�LQIHUHQFH��MXVWLI\LQJ�
D�FKRLFH��DSSO\LQJ�D�SULQFLSOH��RU�DV�LQ�WKH�H[DPSOH�DERYH��SHUIRUPLQJ�D�FDOFXODWLRQ��,W�UHTXLUHV�PXFK�PRUH�WKDQ�
D�VLPSOH�\HV�RU�QR�UHVSRQVH�RU�UHVWDWHPHQW�RI�IDFWV��0XOWL�SDUW�TXHVWLRQV�DUH�WKRVH�ZKHUH�VHYHUDO�VSHFLILF�
FRPSRQHQWV�RU�IHDWXUHV�DUH�UHTXLUHG�LQ�WKH�UHVSRQVH��)RU�H[DPSOH��D�TXHVWLRQ�EHJLQQLQJ�ZLWK�µ/LVW���YDULDEOHV�����
��¶�LV�OLNHO\�WR�EH�D�PXOWL�SDUW�TXHVWLRQ���
�
,Q�DOO�WKHUH�DUH�����ZKDW�PLJKW�EH�WHUPHG��WRS�OHYHO�TXHVWLRQV�LQ�WKH�GLDORJXH�VFULSW��5HTXHVWV�WR�UHSHDW�TXHVWLRQV�
DQG�IDOO�EDFN�\HV�QR�TXHVWLRQV�ZKLFK�DUH�XVHG�ZKHUH�FODVVLILFDWLRQ�IDLOV��DUH�QRW�LQFOXGHG�LQ�WKLV�QXPEHU��,Q�
ODERUDWRU\�WHVWV�ZKLFK�ZHUH�FRQGXFWHG�EHIRUH�WKH�V\VWHP�ZDV�UHOHDVHG�WR�VWXGHQWV��WKH�DFFXUDF\�RQ�KHOG�RXW�
XQVHHQ�GDWD�IRU����WRS�OHYHO�TXHVWLRQ�FODVVLILHUV�UDQJHG�IURP������WR������ZLWK�WKH�PHGLDQ�YDOXH�DW�������2I�
WKHVH�FODVVLILHUV�����ZHUH�IRU�ELQDU\�W\SH�TXHVWLRQV�DQG�DV�PLJKW�EH�SUHGLFWHG��WKH�DFFXUDF\�IRU�UHFRJQLVLQJ�
SUHYLRXVO\�XQVHHQ�UHVSRQVHV�WR�WKHVH�WHQGHG�WR�EH�WRZDUGV�WKH�KLJKHU�HQG�RI�WKH�UDQJH��&RQYHUVHO\��WKH�DFFXUDF\�
RI�FODVVLILHUV�IRU�RSHQ�TXHVWLRQV��VXFK�DV��³:KDW�LV�WKH�SXOVH"´�RU�³&DQ�\RX�H[SODLQ�ZK\�\RX�FDQQRW�IHHO�D�SXOVH�
LQ�VRPHRQH
V�YHLQ"´��WHQGHG�WR�EH�DW�WKH�ORZHU�HQG�RI�WKH�UDQJH��LQ�WKLV�FDVH�������DQG������UHVSHFWLYHO\���7KH�
WKUHH�UHPDLQLQJ�WRS�OHYHO�TXHVWLRQV�ZHUH�PXOWL�SDUW�DQG�WKH�SHUIRUPDQFH�RI�FODVVLILHUV�IRU�WKHVH�LV�PHDVXUHG�
XVLQJ�D�GLIIHUHQW�PHWULF��0HDVXULQJ�$JUHHPHQW�RQ�6HW�YDOXHG�,WHPV�RU�0$6,�GLVWDQFH��ZKHUH���LQGLFDWHV�
FRPSOHWH�DJUHHPHQW�EHWZHHQ�WKH�FODVV�ODEHOV�DVVLJQHG�WR�WKH�UHIHUHQFH�DQG�KHOG�RXW�GDWD�VHWV�DQG���LQGLFDWHV�QR�
RYHUODS���3DVVRQHDX�����������0$6,�GLVWDQFH�IRU�WKHVH�FODVVLILHUV�UDQJHG�IURP������WR��������
�
:KLOH�WKHVH�³EHQFK�WHVW´�UHVXOWV�DUH�SURPLVLQJ�DQG�FRQVLVWHQW�ZLWK�UHVXOWV�XVLQJ�VXUIDFH�EDVHG�1/3�WHFKQLTXHV�
WR��UHFRJQLVH�UHVSRQVHV�WR�VKRUW�DQVZHU�TXHVWLRQV��VHH�IRU�H[DPSOH��%XWFKHU�	�-RUGDQ��������WKHUH�LV�URRP�IRU�
LPSURYHPHQW��1HYHUWKHOHVV��WKH�UHVXOWV�ZHUH�FRQYLQFLQJ�HQRXJK�WR�SURFHHG�ZLWK�DQ�LQ�FODVV�HYDOXDWLRQ�RI�WKH�
QHZ�WXWRULDO�GLDORJXH�V\VWHP��)XUWKHUPRUH�WKH�GHVLJQ�RI�WKH�GLDORJXH�PDQDJHU�ZDV�FRQVHUYDWLYH�LQ�WKDW�LW�DOZD\V�
SUHIHUUHG�DQ�³,�GRQ
W�XQGHUVWDQG�\RXU�DQVZHU´�UHVSRQVH�DQG�D�IDOO�EDFN�\HV�QR�TXHVWLRQ��ZKHUH�WKH�FRQILGHQFH�
OHYHO�RI�WKH�FODVVLILHU�UHVXOW�ZDV�GRXEWIXO��7KH�UHVXOWV�RI�WKH�LQ�FODVV�HYDOXDWLRQ�DUH�GHVFULEHG�LQ�WKH�QH[W�VHFWLRQ��
�
,Q�FODVV�HYDOXDWLRQ�
�
7KH�JRDOV�RI�HYDOXDWLQJ�WKH�WXWRULDO�GLDORJXH�V\VWHP�ZHUH�WZRIROG��ILUVW��WR�HYDOXDWH�WKH�V\VWHP�SHUIRUPDQFH�LQ�
WHUPV�RI�D��LWV�DELOLW\�WR�UHFRJQLVH�DQG�UHVSRQG�DSSURSULDWHO\�WR�VWXGHQW�LQSXW��DQG�E��WKH�VWXGHQW�H[SHULHQFH�RI�
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XVLQJ�WKH�WXWRU��VHFRQG��WR�IRUPDOO\�WHVW�D�VHW�RI�K\SRWKHVHV�LQYROYLQJ�VWXGHQW�XVH�RI�IUHH�WH[W�DQG�PHQX�EDVHG�
YHUVLRQV�RI�WKH�WXWRU��,Q�RUGHU�WR�WHVW�WKH�K\SRWKHVHV�D�PHQX�EDVHG�YHUVLRQ�RI�WKH�WXWRU�ZDV�FUHDWHG��7KLV�ZDV�
LGHQWLFDO�LQ�HYHU\�UHVSHFW�WR�WKH�IUHH�WH[W�YHUVLRQ�GHVFULEHG�LQ�WKLV�SDSHU�H[FHSW�WKDW�LQVWHDG�RI�W\SLQJ�WKHLU�
UHVSRQVHV�WR�TXHVWLRQV��VWXGHQWV�FKRVH�WKHLU�SUHIHUUHG�RSWLRQ�IURP�D�PHQX��7KH�PHQX�UHIOHFWHG�H[DFWO\�WKH�VDPH�
FODVVHV�RI�UHVSRQVH�WKDW�ZHUH�DYDLODEOH�WR�WKH�TXHVWLRQ�FODVVLILHUV�ZKLFK�ZHUH�XVHG�LQ�WKH�IUHH�WH[W�YHUVLRQ�RI�WKH�
V\VWHP��7KH�K\SRWKHVHV�ZH�WHVWHG�ZHUH���
�
��� (LWKHU�WXWRULDO�LQWHUYHQWLRQ��IUHH�WH[W�RU�PHQX�EDVHG��UHVXOWV�LQ�EHWWHU�SHUIRUPDQFH�RQ�D�SRVW�WHVW�WKDQ�QR�

LQWHUYHQWLRQ��
��� )UHH�WH[W�LQSXW�UHVXOWV�LQ�EHWWHU�SRVW�WHVW�SHUIRUPDQFH�RYHUDOO�WKDQ�0&4��EHFDXVH�FRQVWUXFWLRQ�RI�D�WH[WXDO�

UHVSRQVH�IURP�VFUDWFK�UHTXLUHV�ILUVW��UHFDOO�RI�WKH�UHOHYDQW�PDWHULDO�DQG�VHFRQG��DFWLYH�SURFHVVLQJ�RI�WKLV�
PDWHULDO��&RQVWUXFWLRQ�RI�UHVSRQVHV�VKRXOG�WKHUHIRUH�SURPRWH�UHWHQWLRQ�DQG�RU�XQGHUVWDQGLQJ�EHWWHU�WKDQ�
VLPSO\�VHOHFWLQJ�IURP�SUH�FRQVWUXFWHG�RSWLRQV��

��� )UHH�WH[W�WXWRULDOV�OHDG�WR�LQFUHDVHG�SHUIRUPDQFH�SDUWLFXODUO\�RQ�VKRUW�DQVZHU�TXHVWLRQV�EHFDXVH�RI�D�SUDFWLVH�
RU�WHVWLQJ�HIIHFW��

��� 0&4�WXWRULDOV�OHDG�WR�LQFUHDVHG�SHUIRUPDQFH�SDUWLFXODUO\�RQ�0&4�TXHVWLRQV��DOVR�EHFDXVH�RI�D�SUDFWLVH�RU�
WHVWLQJ�HIIHFW��

�
%DFNJURXQG�DQG�H[SHULPHQWDO�PHWKRG�
�
2QH�RI�WKH�UHVHDUFKHUV�DQG�WKH�OHFWXUHU�IRU�WKH�FDUGLRYDVFXODU�SK\VLRORJ\�VHFWLRQ�RI�WKH�FRXUVH�LQWURGXFHG�
VWXGHQWV�WR�WKH�H[SHULPHQW�DQG�WKH�GLDORJXH�V\VWHP�GXULQJ�WKH�ODVW�OHFWXUH�RQ�WKH�FDUGLRYDVFXODU�V\VWHP��$�
UHFRUGLQJ�RI�WKH�OHFWXUH�ZDV�DOVR�DYDLODEOH�IRU�VWXGHQWV�WR�DFFHVV�RQOLQH�IURP�WKH�IROORZLQJ�GD\��$�ZHE�SDJH�OLQN�
IRU�WKH�WXWRULDO�GLDORJXH�V\VWHP�ZDV�DOVR�SURYLGHG�WR�DOO�VWXGHQWV�YLD�WKH�FRXUVH�/06��3ULRU�WR�ORJJLQJ�LQ�WR�WKH�
WXWRULDO�GLDORJXH�V\VWHP�VWXGHQWV�FRXOG�UHDG�WKH�EDFNJURXQG�WR�WKH�UHVHDUFK�DQG�H[SHULPHQW��$FFHVV�WR�WKH�
WXWRULDO�GLDORJXH�V\VWHP�ZDV�WDNHQ�DV�FRQVHQW�WR�SDUWLFLSDWH�LQ�WKH�VWXG\��6WXGHQWV�FRXOG�ORJLQ�DQ\�WLPH�GXULQJ�D�
WKUHH�ZHHN�SHULRG�WKDW�EHJDQ�LPPHGLDWHO\�IROORZLQJ�WKH�OHFWXUH�LQ�ZKLFK�WKH�V\VWHP�DQG�LWV�HYDOXDWLRQ�ZDV�
LQWURGXFHG��7KH�WKUHH�ZHHN�SHULRG�FRLQFLGHG�ZLWK�WKH�ODERUDWRU\�DQG�VHOI�VWXG\�SHULRGV�DVVLJQHG�WR�WKH�
FDUGLRYDVFXODU�V\VWHP�DQG�HQGHG�RQ�WKH�GD\�RI�D�VXPPDWLYH�PXOWLSOH�FKRLFH�WHUPV�WHVW�GHVLJQHG�WR�H[DPLQH�
VWXGHQW�XQGHUVWDQGLQJ�RI�WKH�FDUGLRYDVFXODU�VHFWLRQ�RI�WKH�FRXUVH���
�
(YDOXDWLRQ�FULWHULD�
�
$SSURSULDWH�UHFRJQLWLRQ�DQG�UHVSRQVH�WR�IUHH�WH[W�VWXGHQW�LQSXW�ZDV�HYDOXDWHG�DW�WKH�FRQFOXVLRQ�RI�WKH�VWXG\��
3UHOLPLQDU\�UHVXOWV�DUH�UHSRUWHG�LQ�WKH�QH[W�VHFWLRQ�IRU�D�VPDOO�VDPSOH�RI�IRXU�FODVVLILHUV��7ZR�KXPDQ�PDUNHUV�
LQGHSHQGHQWO\�FODVVLILHG�D�VDPSOH�RI�����VWXGHQW�UHVSRQVHV�IRU�HDFK�RI�WKHVH�IRXU�FODVVLILHUV��0DUNHU�
FODVVLILFDWLRQ�ZDV�FKHFNHG�IRU�LQWHU�UDWHU�UHOLDELOLW\�DQG�FRPSDUHG�ZLWK�V\VWHP�FODVVLILFDWLRQ��
�
6WXGHQW�H[SHULHQFH�RI�WKH�V\VWHP�ZDV�HYDOXDWHG�WKURXJK�D�FRPELQDWLRQ�RI�VWXGHQW�XSWDNH�DQG�FRPSOHWLRQ�RI�WKH�
WXWRULDO�DQG�DGPLQLVWUDWLRQ�RI�D�VWXGHQW�H[SHULHQFH�TXHVWLRQQDLUH�ZKLFK�FRQVLVWHG�RI�VL[���SRLQW�/LNHUW�VFDOH�
TXHVWLRQV��D�VHFWLRQ�IRU�IUHH�WH[W�FRPPHQWV�DQG�RQH�\HV�QR�TXHVWLRQ��,Q�DGGLWLRQ��DQ\�XQVROLFLWHG�H�PDLO�
IHHGEDFN�IURP�VWXGHQWV�ZDV�UHFRUGHG��
�
,Q�RUGHU�WR�WHVW�WKH�K\SRWKHVHV�DQ�H[SHULPHQWDO�VWXG\�GHVLJQ�ZDV�XVHG��6WXGHQW�YROXQWHHUV�ZHUH�UDQGRPO\�
DVVLJQHG�WR�RQH�RI�WKUHH�FRQGLWLRQV��
�
��� $�IUHH�WH[W�FRQGLWLRQ�ZKHUH�VWXGHQWV�FRPSOHWH�D�SUH�WHVW��WKHQ�WKH�IUHH�WH[W�YHUVLRQ�RI�WKH�WXWRULDO�GLDORJXH��

DQG�FRQFOXGH�ZLWK�DQ�LPPHGLDWH�SRVW�WHVW��
��� D�PHQX�EDVHG�FRQGLWLRQ�ZKHUH�VWXGHQWV�FRPSOHWH�D�SUH�WHVW��WKHQ�WKH�PHQX�EDVHG�YHUVLRQ�RI�WKH�WXWRULDO�

GLDORJXH��IROORZHG�E\�DQ�LPPHGLDWH�SRVW�WHVW��RU�
��� D�FRQWURO�FRQGLWLRQ�ZKHUH�WKH\�VLPSO\�FRPSOHWH�SUH��DQG�SRVW�WHVWV��
�
3HUIRUPDQFH�LQ�HDFK�FRQGLWLRQ�ZDV�HYDOXDWHG�E\��
�
��� 1RUPDOLVHG�VFRUH�RQ�DQ�LPPHGLDWH�SRVW�WHVW��FRQGXFWHG�VWUDLJKW�DIWHU�WKH�LQWHUYHQWLRQ�RU�WKH�SUH�WHVW�IRU�WKH�

FRQWURO�JURXS��PLQXV�QRUPDOLVHG�VFRUH�RQ�SUH�WHVW��7KH�LPPHGLDWH�SRVW�WHVW�FRPSULVHG���0&4V�DQG���VKRUW�
DQVZHU�TXHVWLRQV��

��� 1RUPDOLVHG�VFRUH�RQ�D�GHOD\HG�SRVW�WHVW�FRPSULVLQJ���0&4V��VKRUW�DQVZHU�TXHVWLRQV�DQG�D�PLQL�HVVD\�
TXHVWLRQ�IURP�WKH�FDUGLRYDVFXODU�VHFWLRQ�RI�WKH�ILQDO�H[DPLQDWLRQ�IRU�WKH�FRXUVH��

�
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(YDOXDWLRQ�UHVXOWV�
�
2YHUDOO��GXULQJ�WKH�WKUHH�ZHHN�SHULRG�LQ�ZKLFK�LW�ZDV�DYDLODEOH�����VWXGHQWV�IURP�D�FODVV�RI������ORJJHG�LQWR�
WKH�H[SHULPHQWDO�V\VWHP��2I�WKHVH������VWXGHQWV�FRPSOHWHG�WKH�VHVVLRQ�WKURXJK�WR�WKH�HQG�RI�WKH�LPPHGLDWH�SRVW�
WHVW��+RZHYHU��DW�FRPSOHWLRQ�RI�WKH�VWXG\�DOO�VWXGHQW�GDWD�UHFRUGHG�E\�WKH�V\VWHP�DV�FRPSOHWH�ZDV�FKHFNHG��
)ROORZLQJ�WKLV�SURFHVV�����VWXGHQW�VHVVLRQV�ZHUH�UHPRYHG�IURP�WKH�DQDO\VLV�EHFDXVH�RI�ZHE�EURZVHU�RU�
FRQQHFWLRQ�WLPHRXW�LVVXHV��7KH�ILQDO�QXPEHU�RI�FRPSOHWLRQV�LQFOXGHG�LQ�WKH�DQDO\VLV�WKHUHIRUH�ZDV������7KH�
KLJKHVW�QXPEHU�RI�FRPSOHWLRQV�ZDV�����LQ�WKH�FRQWURO�FRQGLWLRQ��IROORZHG�E\�����LQ�WKH�PHQX�FRQGLWLRQ�DQG�����
LQ�WKH�IUHH�WH[W�FRQGLWLRQ��
�
:KLOH�EHQFK�WHVWLQJ�RI�FODVVLILHUV�\LHOGHG�SURPLVLQJ�UHVXOWV�DFURVV�DOO�WKUHH�W\SHV�RI�FODVVLILHU�TXHVWLRQ���RSHQ��
ELQDU\�DQG�PXOWL�SDUW���SUHOLPLQDU\�HYDOXDWLRQ�RI�IRXU�UHSUHVHQWDWLYH�FODVVLILHUV�XVHG�LQ�FODVV�VXJJHVWV�D�GUDPDWLF�
SHUIRUPDQFH�UHGXFWLRQ�IRU�DOO�EXW�WKH�ELQDU\�TXHVWLRQ�FODVVLILHUV��$FFXUDF\�IRU���RSHQ�TXHVWLRQ�FODVVLILHUV�
GURSSHG�IURP�����DQG�����RQ�EHQFK�WHVWLQJ�WR������DQG������LQ�FODVV�UHVSHFWLYHO\��%\�FRQWUDVW�DFFXUDF\�RQ�D�
ELQDU\�TXHVWLRQ�FODVVLILHU�GURSSHG�IURP�����RQ�EHQFK�WHVWLQJ�WR������LQ�FODVV��7KH�PXOWL�SDUW�TXHVWLRQ�FODVVLILHU�
DOVR�IDUHG�UDWKHU�SRRUO\�LQFUHDVLQJ�IURP�D�0$6,�GLVWDQFH�RI������RQ�EHQFK�WHVWLQJ�WR������LQ�FODVV��7KHUH�DUH�
VHYHUDO�SRVVLEOH�UHDVRQV�IRU�WKH�GURS�LQ�SHUIRUPDQFH��$Q�LPSRUWDQW�RQH�LV�WKDW�ZKLOH�WKH�FXUULFXOXP�UHPDLQHG�
HVVHQWLDOO\�WKH�VDPH�EHWZHHQ�WKH�FROOHFWLRQ�RI�WUDLQLQJ�GDWD�DQG�LWV�DSSOLFDWLRQ�LQ�WKH�WXWRULDO�GLDORJXH�V\VWHP��
DQ\�VXEWOH�FKDQJH�LQ�HPSKDVLV�IURP�WHDFKLQJ�VWDII�FRXOG�UHVXOW�LQ�D�GURS�LQ�FODVVLILHU�SHUIRUPDQFH��,Q�IDFW��WKHUH�
ZDV�RQH�FKDQJH�RI�OHFWXUHU�GXULQJ�WKLV�WLPH�DQG�WKLV�ZRXOG�KDYH�WKH�SRWHQWLDO�WR�LQWURGXFH�QHZ�ODQJXDJH��QHZ�
H[SUHVVLRQV�DQG�QHZ�HPSKDVLV�IRU�WKH�VWXGHQWV��7KH�UHGXFHG�SHUIRUPDQFH�RI�WKH�PXOWL�SDUW�TXHVWLRQ�FODVVLILHU�
ZDV�OLNHO\�GXH�WR�OLPLWHG�WUDLQLQJ�GDWD��WKH�PRUH�SDUWV�WR�D�TXHVWLRQ��WKH�PRUH�LW�LV�KHOSIXO�WR�KDYH�ODUJHU�GDWD�
VHWV��DQG�D�SRWHQWLDO�FODVV�LPEDODQFH�SUREOHP��VHH�IRU�H[DPSOH��-DSNRZLF]����������
�
1HYHUWKHOHVV��LQ�VSLWH�RI�WKH�GURS�LQ�SHUIRUPDQFH�RI�WKH�IUHH�WH[W�FODVVLIHUV��WKHUH�VHHPHG�WR�EH�OLWWOH�VXEMHFWLYH�
GLIIHUHQFH�DV�IDU�DV�WKH�VWXGHQWV�ZHUH�FRQFHUQHG�EHWZHHQ�WKH�IUHH�WH[W�DQG�PHQX�EDVHG�FRQGLWLRQV��$�WRWDO�RI�����
UHVSRQVHV�WR�D�VWXGHQW�H[SHULHQFH�TXHVWLRQQDLUH�ZHUH�UHFHLYHG������RI�WKH�WRWDO�QXPEHU�RI�VWXGHQWV�ZKR�ORJJHG�
LQ�WR�HLWKHU�WXWRULDO�FRQGLWLRQ���2I�WKHVH�UHVSRQVHV�����ZHUH�IURP�VWXGHQWV�ZKR�KDG�EHHQ�DVVLJQHG�WKH�IUHH�WH[W�
WXWRULDO�DQG����ZHUH�IURP�VWXGHQWV�DVVLJQHG�WR�WKH�PHQX�EDVHG�FRQGLWLRQ��7KLV�UHVSRQVH�UDWH�LV�FRQVLVWHQW�ZLWK�
ODUJH�FODVV�HYDOXDWLRQ�UHVSRQVH�UDWHV�SURFHVVHG�E\�WKH�(YDOXDWLRQV�8QLW�DW�WKH�8QLYHUVLW\�RI�2WDJR�EXW�DW�WKH�
ORZHU�HQG�RI�WKH�UDQJH��W\SLFDOO\����������7KH�PRVW�VWULNLQJ�IHDWXUH�RI�UHVSRQVHV�WR�WKH�TXHVWLRQQDLUH�ZDV�WKDW�
����RI�DOO�WKRVH�ZKR�UHVSRQGHG�LQGLFDWHG�WKDW�WKH\�ZRXOG�UHFRPPHQG�WKH�WXWRULDO�WR�RWKHU�VWXGHQWV��7KLV�IHHG��
EDFN�LV�FRQVLVWHQW�ZLWK�WKH�����FRPSOHWLRQ�UDWH�RI�WKRVH�ZKR�SDUWLFLSDWHG�LQ�WKH�HYDOXDWLRQ��WKH�����SRVLWLYH�
UDWLQJ�RI�WKH�WXWRULDO�DV�DQ�DLG�WR�OHDUQLQJ�DQG�WKH�����SRVLWLYH�UDWLQJ�RI�WKH�WXWRULDO�DV�D�UHYLVLRQ�WRRO��7KHUH�
ZHUH�D�WRWDO�RI����IUHH�WH[W�FRPPHQWV�SURYLGHG�RQ�WKH�TXHVWLRQQDLUH��(LJKW�UHVSRQVHV�UHODWHG�WR�UHDVRQV�IRU�QRQ�
FRPSOHWLRQ��7KUHH�RI�WKHVH�FLWHG�WHFKQLFDO�LVVXHV�DQG�WZR�VXJJHVWHG�HLWKHU�WKH�WXWRULDO�ZDV�WRR�ORQJ�RU�WKDW�WKH�
VWXGHQW�KDG�LQVXIILFLHQW�WLPH�WR�GHYRWH�WR�LW��2QH�VWXGHQW�QRWHG�WKDW�WKH\�GLG�QRW�ILQG�WKH�WXWRULDO�KHOSIXO�DQG�RQH�
IHOW�WKDW�WKH�WXWRU�GLG�QRW�SURSHUO\�XQGHUVWDQG�WKHLU�DQVZHUV��7KHUH�ZHUH����JHQHUDO�FRPPHQWV��7KHVH�ZHUH�
SUHGRPLQDQWO\�FRPSOLPHQWDU\�DQG�RU�SRVLWLYH�DERXW�WKH�WXWRULDO�������)LYH�IRXQG�WKH�WXWRU�IUXVWUDWLQJ�RU�IHOW�WKHLU�
UHVSRQVHV�ZHUH�SRRUO\�XQGHUVWRRG�E\�WKH�WXWRU��2WKHU�NH\�WKHPHV�IURP�VWXGHQW�VXJJHVWLRQV�DQG�FRPPHQWV�
LQFOXGHG��VXSSRUWLQJ�PHGLD��H�J��YLGHR��ZRXOG�EH�KHOSIXO�����7HFKQLFDO�LVVXHV�����0RUH�TXHVWLRQV�DQG�RU�PRUH�
GHSWK�WR�TXHVWLRQV�����7XWRU�TXHVWLRQV�KDUG�WR�XQGHUVWDQG�����7XWRULDO�SDWURQLVLQJ�����$EEUHYLDWLRQV�QRW�
H[SODLQHG�����7XWRULDO�WRR�ORQJ�ODFN�RI�WLPH������8QVROLFLWHG�IHHGEDFN�ZDV�UHFHLYHG�IURP���VWXGHQWV��7KHLU�
FRPPHQWV�ZHUH�ODUJHO\�SRVLWLYH�DQG�SURYLGHG�XVHIXO�YDOLGDWLRQ�RI�WKH�IHHGEDFN�VROLFLWHG�YLD�WKH�VWXGHQW�
HYDOXDWLRQ�TXHVWLRQQDLUH���
�
7KH�GHSHQGHQW�YDULDEOH�WR�WHVW�WKH�ILUVW�K\SRWKHVLV��ZKLFK�ZDV�WKDW�HLWKHU�WXWRULDO�FRQGLWLRQ�VKRXOG�UHVXOW�LQ�D�
SHUIRUPDQFH�JDLQ�RYHU�WKH�FRQWURO�FRQGLWLRQ��ZDV�WDNHQ�DV�WKH�GLIIHUHQFH�EHWZHHQ�SUH��DQG�SRVW�WHVW�SHUIRUPDQFH�
IRU�HDFK�VWXGHQW�ZLWK�WKH�SUH�WHVW�UHVXOW�VHUYLQJ�DV�D�FRPPRQ�EDVHOLQH�LQ�HDFK�FDVH��7KH�GLIIHUHQFHV�EHWZHHQ�SUH��
DQG�SRVW�WHVW�VFRUHV�ZHUH�QRUPDOO\�GLVWULEXWHG��$�EHWZHHQ�VXEMHFWV�$129$�JDYH�DQ�)�YDOXH�RI������DQG�D�SRVW�
KRF�7XNH\�PXOWLSOH�FRPSDULVRQ�RI�PHDQV�DW�����FRQILGHQFH�OHYHO�VKRZHG�D�VLJQLILFDQW�GLIIHUHQFH�ZKHQ�
FRPSDUHG�ZLWK�WKH�FRQWURO�IRU�WKH�PHQX�EDVHG�WXWRULDO�FRQGLWLRQ��S �������EXW�MXVW�RXWVLGH�VLJQLILFDQFH�IRU�WKH�
IUHH�WH[W�FRQGLWLRQ��S ��������2Q�WKLV�EDVLV��WKH�ILUVW�K\SRWKHVLV�LV�RQO\�VXSSRUWHG�IRU�WKH�PHQX�EDVHG�FRQGLWLRQ��
+RZHYHU��IXUWKHU�LQYHVWLJDWLRQ�UHYHDOHG�WKDW�VLJQLILFDQW�GLIIHUHQFHV�DW�WKH����OHYHO�EHWZHHQ�ERWK�FRQGLWLRQV�DQG�
WKH�FRQWURO�GLG�H[LVW�XS�XQWLO���GD\V�EHIRUH�WKH�HQG�RI�WKH�H[SHULPHQWDO�SHULRG��$W�WKLV�SRLQW�ODUJH�QXPEHUV�RI�
VWXGHQWV�RSWHG�WR�WDNH�SDUW�LQ�WKH�HYDOXDWLRQ�DQG�IRU�WKLV�JURXS�WKHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�
WXWRULDO�DQG�FRQWURO�FRQGLWLRQV��,Q�RWKHU�ZRUGV��VFRUHV�LQ�WKH�FRQWURO�JURXS�LQFUHDVHG�RQ�DYHUDJH�DV�VWXGHQWV�
VWXGLHG�WRZDUGV�WKH��WHUPV�WHVW�DQG�WKH�HIIHFW�RI�FRPSOHWLQJ�HLWKHU�WXWRULDO�ZKHQ�FRPELQHG�ZLWK�LQWHQVLYH�VWXG\�
FRQIHUV�QR�DGGLWLRQDO�DGYDQWDJH��/LQHDU�UHJUHVVLRQ�DQDO\VLV�RI�VFRUHV�LQ�HDFK�FRQGLWLRQ�FRQILUPHG�WKLV��S��������
IRU�ERWK�VORSH�DQG�LQWHUFHSW���
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�
1RQH�RI�WKH�UHPDLQLQJ�K\SRWKHVHV�ZDV�VXSSRUWHG��7KHUH�ZDV�QR�VXSSRUW�IRU�WKH�VHFRQG�K\SRWKHVLV�WKDW�IUHH�WH[W�
LQSXW�UHVXOWV�LQ�EHWWHU�SRVW�WHVW�SHUIRUPDQFH�RYHUDOO�WKDQ�PHQX�EDVHG�LQSXW��FRPSDULVRQ�EHWZHHQ�WKH�PHDQ�
VFRUHV�IRU�IUHH�WH[W�FRQGLWLRQ�DQG�PHQX�EDVHG�FRQGLWLRQ�ZDV�QRW�VLJQLILFDQW��S ��������7KHUH�ZDV�DOVR�QR�
GHPRQVWUDWHG�EHQHILW�IRU�IUHH�WH[W�WXWRULDOV�LPSURYLQJ�VFRUHV�RQ�IUHH�WH[W�TXHVWLRQV�LQ�WKH�LPPHGLDWH�SRVW�WHVW�
QRU�PXOWLSOH�FKRLFH�TXHVWLRQV�LPSURYLQJ�LPPHGLDWH�SRVW�WHVW�SHUIRUPDQFH�RQ�WKH�0&4V��)LQDOO\��ZKHQ�ORRNLQJ�
DW�WKH�UHVXOWV�RI�WKH�GHOD\HG�SRVW�WHVW��LQ�WKLV�FDVH��0&4��VKRUW�DQVZHU�DQG�PLQL�HVVD\�TXHVWLRQV�IURP�WKH�ILQDO�
H[DPLQDWLRQ��DSSUR[LPDWHO\���PRQWKV�ODWHU��D�EHWZHHQ�VXEMHFWV�$129$�JDYH�DQ�)�YDOXH�RI�������$�SRVW�KRF�
7XNH\�PXOWLSOH�FRPSDULVRQ�RI�PHDQV�DW�����FRQILGHQFH�OHYHO�VKRZHG�QR�VLJQLILFDQW�GLIIHUHQFH�ZKHQ�FRPSDUHG�
ZLWK�WKH�FRQWURO�IRU�HLWKHU�WKH�PHQX�EDVHG�WXWRULDO�FRQGLWLRQ��S ������RU�IRU�WKH�IUHH�WH[W�FRQGLWLRQ��S �������
�
2YHUDOO��WKH�PRVW�VWULNLQJ�UHVXOW�IURP�WKH�H[SHULPHQW�ZDV�WKH�ODFN�RI�GLIIHUHQFH�LQ�VWXGHQW�SHUIRUPDQFH�EHWZHHQ�
WKH�IUHH�WH[W�DQG�PHQX�EDVHG�JURXSV��7KLV�ILQGLQJ�LV�FRQVLVWHQW�ZLWK�VWXGLHV�ZKHUH�GLIIHUHQFHV�LQ�SHUIRUPDQFH�
EHWZHHQ�IUHH�WH[W�DQG�PHQX�VHOHFWLRQ�KDV�EHHQ�VSHFLILFDOO\�H[DPLQHG��&RUEHWW�HW�DO���������$OHYHQ�HW�DO����������
(LWKHU�RI�WKHVH�WXWRULDOV�KDV�D�FOHDU�SRVLWLYH�EHQHILW�RQ�LPPHGLDWH�SRVW�WHVW�VFRUHV�EXW�WKLV�HIIHFW�LV��SHUKDSV�
XQVXUSULVLQJO\��GLOXWHG�E\�DGGLWLRQDO�VWXG\�DV�VWXGHQWV�ZRUN�WRZDUGV�D�VXPPDWLYH�WHUPV�WHVW��7KHUH�ZDV�QR�
GLVFHUQLEOH�HIIHFW�RQ�GHOD\HG�SRVW�WHVW�EXW�JLYHQ�WKH�UHODWLYHO\�EULHI�QDWXUH�RI�WKH�LQWHUYHQWLRQ��LW�ZRXOG�KDYH�
EHHQ�UHPDUNDEOH�LQGHHG�WR�VHH�DQ�HIIHFW�DV�KLJKO\�PRWLYDWHG�VWXGHQWV�SUHSDUHG�WKHPVHOYHV�IRU�D�FULWLFDO�
H[DPLQDWLRQ���
�
$�IXWXUH�IRU�WXWRULDO�GLDORJXH�V\VWHPV�LQ�FRQWHPSRUDU\�HGXFDWLRQDO�VHWWLQJV"�
�
7KH�UHVXOWV�UHSRUWHG�KHUH�DUH�WKH�ILUVW�IURP�ZKDW�ZH�KRSH�ZLOO�EH�PDQ\�LQ�FODVV�VWXGLHV�FRQGXFWHG�XVLQJ�WKLV�
WXWRULDO�GLDORJXH�V\VWHP�DQG�RWKHUV�OLNH�LW��&HUWDLQO\�D�UHTXHVW�KDV�FRPH�WKLV�\HDU�IURP�WHDFKLQJ�VWDII�IRU�WKH�
FDUGLRYDVFXODU�KRPHRVWDVLV�WXWRULDO�WR�EH�PDGH�DYDLODEOH�DJDLQ��7KHUH�DUH�PDQ\�LVVXHV�WR�DGGUHVV�DQG�VRPH�RI�
WKHP�KDYH�EHHQ�WRXFKHG�RQ�LQ�WKLV�EULHI�SDSHU��6RPH�RI�WKHVH�DUH�WHFKQLFDO�EXW�WKH�SXUSRVH�RI�WKLV�SDSHU�LV�QRW�WR�
KLJKOLJKW�WKHVH��7KHUH�LV�URRP�WR�LPSURYH�WKH�ODQJXDJH�UHFRJQLWLRQ�RU�WH[W�FODVVLILFDWLRQ�SDUW�RI�WKH�V\VWHP�DQG�
SHUKDSV�WKLV�DORQH�PD\�UHVXOW�LQ�JUHDWHU�OHDUQLQJ�JDLQV�IURP�D�IUHH�WH[W�LQSXW�V\VWHP��$QRWKHU�NH\�LVVXH�LV�VHWWLQJ�
WKH�V\VWHP�XS�VR�WKDW�WHDFKLQJ�VWDII�WKHPVHOYHV�FDQ�FUHDWH�WKH�GLDORJXHV��%XW�SHUKDSV�PRVW�LPSRUWDQW�LV�WKH�
RSSRUWXQLW\�WR�DXWRPDWLFDOO\�FODVVLI\�VWXGHQW�FRQFHSWLRQV�RU�XQGHUVWDQGLQJV�RI�DVSHFWV�RI�WKH�FXUULFXOXP�VR�WKDW�
WHDFKHUV�FDQ�LGHQWLI\�ZKDW�WKHVH�DUH�DQG�WHDFK�GLUHFWO\�WR�WKHP��,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�WKLV�JHQHUDO�LGHD�LV�
DOVR�JDLQLQJ�SURPLQHQFH�WKURXJK�WKH�HPHUJLQJ�ILHOG�RI�OHDUQLQJ�DQDO\WLFV��
�
,Q�DGGLWLRQ�WR�WKH�SURYLVLRQ�RI�SUDFWLFH�DQG�ZKDW�LV��RQ�WKH�EDVLV�RI�WKLV�VWXG\��DQ�HQJDJLQJ�WRRO�IRU�VWXGHQWV��
WKHUH�LV�DOVR�WKH�RSSRUWXQLW\�WR�JLYH�WHDFKHUV�SUDFWLFH�DW�DVNLQJ�GHHSHU�DQG�PRUH�GLIILFXOW�TXHVWLRQV��ZULWLQJ�
TXHVWLRQV�DQG�SURYLGLQJ�IHHGEDFN�WR�TXHVWLRQV�ZKLFK�HQFRXUDJH�DQG�VXSSRUW�XQGHUVWDQGLQJ�UDWKHU�WKDQ�WKH�
VLPSOH�UHSHWLWLRQ�RI�IDFWV��$IWHU�WKH�IDFW�H[DPLQDWLRQ�RI�RXU�LPPHGLDWH�SRVW�WHVW�TXHVWLRQV��ZKLFK�ZHUH�SUHSDUHG�
LQ�FRQVXOWDWLRQ�ZLWK�WHDFKLQJ�VWDII��UHYHDOHG�WKDW�WKH\�DUJXDEO\�RQO\�WHVWHG�WKH�VXUIDFH�UHFDOO�RI�IDFWV��HYHQ�
WKRXJK�VRPH�ZHUH�RSHQ�HQGHG�TXHVWLRQV��7KLV�LV�D�ZHOO�GRFXPHQWHG�SUREOHP�ERWK�JOREDOO\��)UHGHULNVHQ��������
DQG�ORFDOO\��:DONHU�HW�DO���������DQG�IXWXUH�ZRUN�ZLOO�QHHG�WR�DGGUHVV�WKLV���
�
,Q�PDQ\�ODUJH�FODVVHV��DV�WKH�WHDFKLQJ�VWDII�ZKR�DSSURDFKHG�XV�VXJJHVWHG��LW�FDQ�EH�DOO�EXW�LPSRVVLEOH�WR�ILQG�
RSSRUWXQLWLHV�WR�SURYLGH�IHHGEDFN�WR�VKRUW�DQVZHU�TXHVWLRQV��H[FHSW�SHUKDSV�GXULQJ�WKH�ILQDO�H[DPLQDWLRQ�E\�
ZKLFK�WLPH�LW�LV�WRR�ODWH�IRU�PDQ\��7KURXJK�XVH�RI�V\VWHPV�OLNH�RXUV��QRW�RQO\�LV�WKHUH�WKH�RSSRUWXQLW\�WR�PDQDJH�
DQG�HYDOXDWH�ODUJH�TXDQWLWLHV�RI�TXHVWLRQ�DQG�UHVSRQVH�GDWD��LW�LV�SUHVHQWHG�DQG�PDQDJHG�LQ�D�FRKHUHQW�IRUP��7KH�
YHU\�QDWXUH�RI�D�WXWRULDO�GLDORJXH�GRHV�QRW�OHQG�LWVHOI�WR�WKH�PHUH�SUHVHQWDWLRQ�RI�LVRODWHG�IDFWV��LGHDV�DUH�
SUHVHQWHG�LQ�FRQWH[W�DQG�WKHUH�LV�DQ�LQWHUQDO�FRKHUHQFH���:H�KDYH�GHPRQVWUDWHG�LQ�WKLV�SDSHU�WKDW�WKHUH�LV�ERWK�D�
EHQHILW�WR�VWXGHQWV�DQG�DQ�DSSUHFLDWLRQ�IURP�VWXGHQWV�IRU�WKH�WZR�YHUVLRQV�RI�WKH�WXWRULDO�GLDORJXH�V\VWHP��IUHH�
WH[W�DQG�PHQX�EDVHG��,W�UHPDLQV�WR�EH�VHHQ�ZKHWKHU�WKHUH�ZLOO�EH�D�GLVFHUQLEOH�GLIIHUHQFH�EHWZHHQ�WKH�WZR��
�
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�
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