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7KHVLV�SUHVHQWHG�LQ�SDUWLDO�IXOILOPHQW�RI�WKH�UHTXLUHPHQWV�IRU�WKH�GHJUHH�RI�
03KLO�LQ�+\SHUPHGLD�IRU�/DQJXDJH�/HDUQLQJ�DW�WKH�8QLYHUVLW\�RI�6WHOOHQERVFK�
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6XSHUYLVRU��0UV��5�2��GX�7RLW� � � � 'HFHPEHU������



'HFODUDWLRQ�
,�� WKH� XQGHUVLJQHG�� KHUHE\� GHFODUH� WKDW� WKH� ZRUN� FRQWDLQHG� LQ� WKLV�
WKHVLV� LV�P\� RZQ� RULJLQDO� ZRUN� DQG� WKDW� ,� KDYH� QRW� SUHYLRXVO\� LQ� LWV�
HQWLUHW\�RU�LQ�SDUW�VXEPLWWHG�LW�DW�DQ\�XQLYHUVLW\�IRU�D�GHJUHH��
6LJQDWXUH���� � �1HOLD�%X\V��
'DWH�����2NWREHU������



6XPPDU\�
7KLV� HPSLULFDO� VWXG\� LV� DQRWKHU� DGGLWLRQ� WR� WKH� H[SDQGLQJ� ERG\� RI�
UHVHDUFK� RQ� WKH� HIIHFW� RI� FRPSXWHU�EDVHG� UHDGLQJ� LQVWUXFWLRQ� RQ�
WHUWLDU\� VWXGHQWV� ZLWKLQ� WKH� 6RXWK� $IULFDQ� FRQWH[W�� � *URXQGHG� LQ� D�
VRXQG�WKHRUHWLFDO�IUDPHZRUN�DQG�LQIRUPHG�E\�SUDFWLFH��LW�LGHQWLILHV�WKH�
LPSRUWDQFH�RI�UHDGLQJ�DV�D�VNLOO�DQG�WKH�SRWHQWLDO�RI�QHZ�WHFKQRORJ\�WR�
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+LHUGLH�HPSLULHVH�VWXGLH�PDDN�µQ�E\GUDH�WRW�GLH�JURHLQGH�QDYRUVLQJ�RRU�
GLH� HIIHN� YDQ� UHNHQDDUJHVWHXQGH� OHHV�RQGHUULJ� RS� WHUVLrUH� VWXGHQWH�
ELQQH�GLH�6XLG�$IULNDDQVH�NRQWHNV���'LH�VWXGLH�VH�WHRUHWLHVH�EDVLV�ZRUG�
DDQJHYXO� GHXU� GLH� SUDNWLHVH� WRHSDVVLQJ� GDDUYDQ�� � 'LH� EHODQJULNKHLG�
YDQ� OHHV�DV� ¶Q�YDDUGLJKHLG�HQ�GLH�SRWHQVLDDO�YDQ�QXZH� WHJQRORJLH�RP�
OHHVYDDUGLJKHGH�WH�YHUEHWHU��ZRUG�EHVSUHHN���
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, ZRXOG�OLNH�WR�WKDQN�WKH�IROORZLQJ�LQGLYLGXDOV�ZLWKRXW�ZKRVH�FR�RSHUDWLRQ�WKLV�
SURMHFW�ZRXOG�KDYH�EHHQ�LPSRVVLEOH��
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• 0UV��$QQDPDULH�0RVWHUW��P\�PRWKHU��ZLWKRXW�ZKRVH�
HQFRXUDJHPHQW��ORYH�DQG�H[SHUW�JXLGDQFH�WKLV�VWXG\�ZRXOG�QRW�
KDYH�PDWHULDOL]HG��
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• 0UV��5�2��GX�7RLW��P\�VXSHUYLVRU��ZKRVH�GHGLFDWLRQ��IDLWK�DQG�

VHOIOHVV�VXSSRUW�LQVSLUHG�PH��
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• 2OLYHU�%UHWWVFKQHLGHU��IRU�LQYDOXDEOH�DGYLFH��VXSSRUW��ORYH�DQG�
UHPDUNDEOH�XQGHUVWDQGLQJ��
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• 0\ SDUHQWV��ZLWKRXW�ZKRVH�ILQDQFLDO�DVVLVWDQFH�DQG�FRQWLQXHG�

VXSSRUW��WKLV�VWXG\�ZRXOG�QRW�KDYH�EHHQ�SRVVLEOH��
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• 'U��0DUWLQ�.LGG��KHDG�VWDWLVWLFLDQ�RI�WKH�&HQWUH�IRU�6WDWLVWLFDO�
&RQVXOWDWLRQ�DW�WKH�8QLYHUVLW\�RI�6WHOOHQERVFK��IRU�FRQGXFWLQJ�WKH�
VWDWLVWLFDO�DQDO\VLV�DQG�KHOSLQJ�PH�WR�LQWHUSUHW�WKH�UHVXOWV��
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• $OO P\ IHOORZ�VWXGHQWV�DQG�SHRSOH�LQYROYHG�ZLWK�WKH�0SKLO�LQ�

+\SHUPHGLD�IRU�/DQJXDJH�/HDUQLQJ�FRXUVH��RQ�ZKRVH�DGYLFH�DQG�
LQIRUPHG�RSLQLRQV�,�FRXOG�FRXQW��
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• )LQDOO\��DOO�SUDLVH�EHORQJV�WR�*RG��IRU�JLYLQJ�PH�+LV�ORYH��VWUHQJWK�

DQG RPQLVFLHQW�JXLGDQFH��
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���3HUFHLYHG�1HHGV�
7KH�LQWURGXFWRU\�FKDSWHU�RI�WKLV�VWXG\�SUHVHQWV�D�GHVFULSWLRQ�RI�WKUHH�SHUFHLYHG�QHHGV�
WKDW� DUH� LQWHUUHODWHG�� 7KH� LQWHUUHODWHG� QHHGV� DUH� WKH� IROORZLQJ�� WKH� QHHG� IRU� DQ�
LQWHUDFWLYH� PXOWLPHGLD�� ZHE�EDVHG� SURJUDP�� WKH� QHHG� WR� LPSURYH� SURILFLHQF\� LQ�
VSHFLILF� UHDGLQJ� VNLOOV� IRU� (QJOLVK�� ILUVW�\HDU� XQLYHUVLW\� VWXGHQWV�� DQG� WKH� QHHG� IRU�
HPSLULFDO� VWXGLHV� WR� RIIHU� VFLHQWLILF� H[SORUDWLRQV� RI� WKH� LGHQWLILHG� QHHGV�� � 7KH� QHHGV�
DQDO\VLV�RI�WKH�WKUHH�LGHQWLILHG�QHHGV�LQIRUPV�WKH�VWUXFWXUH�RI�WKLV�VWXG\��
�
���� 7KH�QHHG�IRU�DQ�LQWHUDFWLYH��PXOWLPHGLD��ZHE�EDVHG�SURJUDP�

7KH� IDFH� RI� HGXFDWLRQ� LV� FKDQJLQJ� RQ� D� JOREDO� VFDOH�� ,QIRUPDWLRQ� DQG�
&RPPXQLFDWLRQ� 7HFKQRORJ\� �,&7�� LV� DW� WKH� FRUH� RI� WKLV� PHWDPRUSKRVLV�
�'HSDUWPHQW� RI� (GXFDWLRQ�� ����D��� 7KH� 1DWLRQDO� 'HSDUWPHQW� RI� (GXFDWLRQ�
KDV�SXEOLVKHG�D�'UDIW�:KLWH�3DSHU�RQ�H�(GXFDWLRQ� LQ�$XJXVW������ VXEWLWOHG�
³7UDQVIRUPLQJ� /HDUQLQJ� DQG� 7HDFKLQJ� WKURXJK� ,QIRUPDWLRQ� DQG�
&RPPXQLFDWLRQ� 7HFKQRORJLHV �́� LQ� UHFRJQLWLRQ� RI� WKLV� JOREDO� WUHQG�� 7KH� GUDIW�
SROLF\�KHUDOGV�WKH�XVH�RI�,&7V�DV�³D�NH\�IRU�WHDFKLQJ�DQG�OHDUQLQJ�LQ�WKH���VW�
FHQWXU\´��'HSDUWPHQW�RI�(GXFDWLRQ������D����

�
7KLV� HQWKXVLDVWLF� DSSURDFK� WR� WKH� LQWHJUDWLRQ� RI� FRPSXWHUV� LQ� HGXFDWLRQ�
VKRXOG� LQGHHG�EH�ZHOFRPHG��+RZHYHU�� WKH� LQKHUHQW� ULVN� LV� WR�VKLIW� WKH�PDLQ�
IRFXV� WR� WKH� WHFKQRORJLFDO� FKDOOHQJH�� LQVWHDG� RI� UHPDLQLQJ� IRFXVHG� RQ� WKH�
WUXH� JRDO�� HQKDQFHG� HGXFDWLRQ�� � 'HYHORSHUV� RI� FRPSXWHU�DVVLVWHG�
LQVWUXFWLRQDO� PDWHULDO� VKRXOG� KDYH� D� VRXQG� WKHRUHWLFDO� IRXQGDWLRQ� RI�
HGXFDWLRQ� RQ� ZKLFK� WR� EXLOG�� 7KLV� WKHRUHWLFDO� IRXQGDWLRQ� VKRXOG� WDNH� LQWR�
DFFRXQW� WKH� LQWHUGLVFLSOLQDU\� QDWXUH� RI� FRPSXWHU�DVVLVWHG� OHDUQLQJ��
LQFRUSRUDWLQJ� WKHRULHV� RI� ODQJXDJH� OHDUQLQJ� DQG� WHDFKLQJ� ZLWK� WKHRULHV� RI�
LQVWUXFWLRQDO�GHVLJQ�DQG�SV\FKRORJ\��/HY\������������

��
&KDSWHU���SUHVHQWV�WKH�WKHRUHWLFDO�IUDPHZRUN�RI�WKH�LQWHUDFWLYH��PXOWLPHGLD��
ZHE�EDVHG� SURJUDP� GHVLJQHG� IRU� WKLV� VWXG\� HQWLWOHG� ³3RZHU3OD\� ±� 5HDGLQJ�
WKH� LQWHUDFWLYH� ZD\ �́� 7KLV� FKDSWHU� LV� LQIRUPHG� E\� D� UHYLHZ� RI� OLWHUDWXUH� RQ�
UHOHYDQW� WKHRULHV�� 7KLV� FKDSWHU� DLPV� WR� FODULI\� WKH� H[WHQW� WR� ZKLFK�
FRQWULEXWLQJ�WKHRULHV�DUH�LQWHUOLQNHG��7KH�IRXQGDWLRQ�RI�WKLV�IUDPHZRUN�LV�WKH�



� ��
&RPPXQLFDWLYH� $SSURDFK� LQ� JHQHUDO� DQG� WKH� &RPPXQLFDWLYH� /DQJXDJH�
7HDFKLQJ� LQ� SDUWLFXODU�� 9DULRXV� DVSHFWV� RI� &RQVWUXFWLYLVW� DQG� &RJQLWLYH�
/HDUQLQJ� 7KHRULHV� DUH� DOVR� LQFOXGHG�� ,Q� DGGLWLRQ�� WKH� ILHOG� RI� &RPSXWHU�
$VVLVWHG�/DQJXDJH�/HDUQLQJ��&$//��FRQWULEXWHV�DQ�HVVHQWLDO�LQJUHGLHQW�WR�WKH�
SURJUDP�E\�PHDQV�RI�WKH�7XWRU�7RRO�IUDPHZRUN��/HY\��������������7KH�ILHOG�
RI� ,QVWUXFWLRQDO�'HVLJQ� SOD\V� DQ� LPSRUWDQW� UROH� LQ� LQFRUSRUDWLQJ� WKH� YDULRXV�
WKHRULHV� RI� ODQJXDJH� OHDUQLQJ� DQG� WHDFKLQJ� LQWR� D� ZRUNDEOH� SODQ� IRU� WKH�
DFWXDO�GHYHORSPHQW�RI�WKLV�SURJUDP��

�
���� 7KH�QHHG�WR�GHYHORS�SURILFLHQF\�LQ�VSHFLILF�UHDGLQJ�VNLOOV�IRU�(QJOLVK��

ILUVW�\HDU�XQLYHUVLW\�VWXGHQWV�
2QH�RI�WKH�NH\�IDFWRUV�RQ�ZKLFK�DFDGHPLF�VXFFHVV�LV�EDVHG��LV�UHDGLQJ�VNLOOV�
�6WU\GRP�� ������ 3UHWRULXV�� ������ FLWHG� LQ� 1HO�� 'UH\HU�� .RSSHU�� ����������
6RXWK�$IULFD¶V�'HSDUWPHQW�RI�(GXFDWLRQ�HFKRHV�WKLV�YLHZ�LQ�2XWFRPH���RI�WKH�
1DWLRQDO�&XUULFXOXP�6WDWHPHQW��JUDGHV��������RQ�/DQJXDJHV��³7KH�OHDUQHU�LV�
DEOH� WR� UHDG� DQG� YLHZ� IRU� XQGHUVWDQGLQJ� DQG� WR� HYDOXDWH� FULWLFDOO\� DQG�
UHVSRQG�WR�D�ZLGH�UDQJH�RI�WH[WV�́ ��+RZHYHU��UHFHQW�UHVHDUFK�KDV�VKRZQ�WKDW�
PDQ\� ILUVW�\HDU� XQLYHUVLW\� VWXGHQWV� EHJLQ� WKHLU� WHUWLDU\� HGXFDWLRQ� ZLWK� VXE�
VWDQGDUG� UHDGLQJ� FRPSUHKHQVLRQ� DELOLWLHV� �3HUNLQV�� ������ 6WU\GRP�� ������
'UH\HU��������9DQ�:\N�������FLWHG�LQ�1HO�HW�DO�������������7KLV�LPSOLHV�WKDW�
2XWFRPH� �� RI� WKH� 1DWLRQDO� &XUULFXOXP� 6WDWHPHQW� �E�� 'HSDUWPHQW� RI�
(GXFDWLRQ������ LV� FXUUHQWO\�QRW� UHDFKHG�� �7KHUHIRUH�� LI� WKH�VHFRQGDU\�VFKRRO�
FRQWH[W�KDV� IDLOHG� WR�SURGXFH�VNLOOHG� UHDGHUV�� WKH�RQXV� OLHV�ZLWK�XQLYHUVLWLHV�
WR� GHYHORS� DQG� LPSOHPHQW� LQVWUXFWLRQDO� SURJUDPV� WKDW� IDFLOLWDWH� UHDGLQJ�
FRPSUHKHQVLRQ�WKURXJK�WKH�H[SOLFLW�LQVWUXFWLRQ�RI�UHDGLQJ�VNLOOV��FI��3UHWRULXV��
�������
�
,Q�RUGHU�WR�GHYHORS� LQVWUXFWLRQDO�SURJUDPV�WKDW�DUH�DEOH�WR�HIIHFWLYHO\�WHDFK�
UHDGLQJ� VNLOOV�� D� VRXQG� WKHRUHWLFDO� NQRZOHGJH� LV� SDUDPRXQW�� � $� PRGHO� RI�
UHDGLQJ�IRUPV�DQ�LQWHJUDO�SDUW�RI�WKH�WKHRUHWLFDO�IUDPHZRUN�RI�WKLV�SURJUDP��
DQG�LV�LQFRUSRUDWHG�LQWR�&KDSWHU����
�

������ $Q�LQWHUDFWLYH��PXOWLPHGLD��ZHE�EDVHG�SURJUDP�WR�GHYHORS�
SURILFLHQF\�LQ�VSHFLILF�UHDGLQJ�VNLOOV�

7KH� SURJUDP� GHYHORSHG� E\� WKH� UHVHDUFKHU� HQGHDYRXUV� WR� FRPELQH� WKH�
HQRUPRXV�SRWHQWLDO�RI�,&7V�LQ�OHDUQLQJ�DQG�WHDFKLQJ��DQG�WKH�QHHG�WR�GHYHORS�
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SURILFLHQF\�LQ�VSHFLILF�UHDGLQJ�VNLOOV��&KDSWHU���GHVFULEHV�KRZ�WKH�WKHRUHWLFDO�
IUDPHZRUN� RXWOLQHG� LQ� &KDSWHU� �� LQIRUPV� WKH� SUDFWLFDO� FRPSRQHQW� RI�
GHYHORSLQJ�DQ�LQWHUDFWLYH��PXOWLPHGLD��ZHE�EDVHG�SURJUDP��0RUH�VSHFLILFDOO\��
WKLV� FKDSWHU� GHVFULEHV� WKH� H[WHQW� WR� ZKLFK� WKH� WKHRUHWLFDO� IUDPHZRUN�
LQIOXHQFHV�WKH�DFWXDO�SURJUDP�GHVLJQ��DV�ZHOO�DV�SURJUDP�FRQWHQW���,VVXHV�RI�
GHVLJQ� LQFOXGH� WKH� FKDUDFWHULVWLFV� RI� WKH� XVHU�LQWHUIDFH�� WKH� FKRLFH� RI�
PXOWLPHGLD�DQG� WKH�EDVLF�VWUXFWXUH�RI� WKH�SURJUDP��ZKHUHDV�FRQWHQW� LVVXHV�
GHDO� ZLWK� WKH� FKRLFH� DQG� GHYHORSPHQW� RI� LQVWUXFWLRQDO� PDWHULDOV�� VXFK� DV�
WH[WV�DQG�DFWLYLWLHV����
�

���� 7KH�QHHG�IRU�HPSLULFDO�VWXGLHV�WR�DGGUHVV�WKH�LGHQWLILHG�QHHGV��
7KHUH� VHHPV� WR� EH� LQWHUQDWLRQDO� FRQVHQVXV� WKDW� ³>W@KHUH� LV� UHODWLYHO\� OLWWOH�
UHVHDUFK� RQ� WKH� HIIHFW� RI� FRPSXWHU�DVVLVWHG� LQVWUXFWLRQ� RQ� UHDGLQJ�
LPSURYHPHQW´� �3HWHUVRQ�� %XUNH� 	� 6HJXUD�� ���������� � 0RUHRYHU�� YHU\� OLWWOH�
UHVHDUFK�VHHPV�WR�KDYH�EHHQ�GRQH�LQ�WKLV�ILHOG�LQ�WKH�6RXWK�$IULFDQ�FRQWH[W���
$� VWXG\� FRQGXFWHG� DW� WKH� 1RUWK�:HVW� 8QLYHUVLW\� HQWLWOHG� ³7HDFKLQJ� UHDGLQJ�
VWUDWHJLHV�DQG�UHDGLQJ�FRPSUHKHQVLRQ�ZLWKLQ�D�WHFKQRORJ\�HQKDQFHG�OHDUQLQJ�
HQYLURQPHQW´� �'UH\HU� 	� 1HO�� ���������� DSSHDUV� WR� EH� WKH� RQO\� FRPSOHWHG�
UHVHDUFK�UHOHYDQW�WR�WKLV�VWXG\����
�
7KH�QHHG� IRU� VSHFLILF� UHVHDUFK� LQ� WKLV� ILHOG�KDV�DOVR�EHHQ� UHFRJQL]HG�E\� WKH�
1DWLRQDO� 5HVHDUFK� )RXQGDWLRQ� �15)��� 7KH� 15)� ZHEVLWH� VWDWHV� WKDW� ³>W@KH�
VXFFHVVIXO�DFTXLVLWLRQ�RI�ODQJXDJH�DQG�OLWHUDF\�LQ�D�PXOWLOLQJXDO��PXOWLFXOWXUDO�
DQG� LQFUHDVLQJO\�JOREDOL]HG�� WHFKQRORJLFDOO\�GULYHQ�HQYLURQPHQW� LV� EHFRPLQJ�
PRUH�FULWLFDO�WR�HGXFDWLRQDO�DQG�ZRUNSODFH�VXFFHVV�LQ�6RXWK�$IULFD´��1DWLRQDO�
5HVHDUFK�)RXQGDWLRQ���������7KH�15)�KDV� VSHFLILHG���5HVHDUFK�7KHPHV� IRU�
³(GXFDWLRQ� DQG� WKH� &KDOOHQJH� IRU� &KDQJH �́� 2QH� RI� WKH� UHVHDUFK� WKHPHV��
5HVHDUFK� 7KHPH� ��� IRFXVHV� RQ� ³/DQJXDJH� ,VVXHV� DQG� /LWHUDF\´� �1DWLRQDO�
5HVHDUFK�)RXQGDWLRQ�����������
�

������ 3UREOHP�6WDWHPHQW�
7KH�SUREOHP�WR�EH�DGGUHVVHG�LQ�WKLV�VWXG\�LV�WKH�GHYHORSPHQW�RI�UHDGLQJ�VNLOO�
SURILFLHQF\�RI�(QJOLVK�ILUVW�\HDU�VWXGHQWV�DW�WKH�8QLYHUVLW\�RI�6WHOOHQERVFK��E\�
DVNLQJ�WKH�IROORZLQJ�TXHVWLRQ��
• � +RZ�GRHV� DQ� LQWHUDFWLYH��PXOWLPHGLD��ZHE�EDVHG�SURJUDP�DIIHFW� VWXGHQW�
SURILFLHQF\�LQ�VSHFLILF�UHDGLQJ�VNLOOV"�
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�

������ 3XUSRVH�RI�7KLV�6WXG\�
7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WZR�IROG��
)LUVWO\��WKH�DLP�LV�WR�GHYHORS�DQ�LQWHUDFWLYH��PXOWLPHGLD��ZHE�EDVHG�SURJUDP�
WKDW� ZLOO� GHYHORS� SURILFLHQF\� LQ� VSHFLILF� UHDGLQJ� VNLOOV� IRU� (QJOLVK� ILUVW�\HDU�
XQLYHUVLW\� VWXGHQWV�� � 6HFRQGO\�� WKLV� VWXG\� ZLOO� DLP� WR� GHWHUPLQH� LI� WKLV�
SURJUDP�KDV�VXFFHHGHG�LQ�LPSURYLQJ�WKH�VWXGHQWV¶�SURILFLHQF\�LQ�WKH�WDUJHWHG�
UHDGLQJ�VNLOOV�LQ�D�VWDWLVWLFDOO\��DV�ZHOO�DV�SUDFWLFDOO\�VLJQLILFDQW�ZD\��
�

������ +\SRWKHVLV�
$Q� LQWHUDFWLYH�� PXOWLPHGLD�� ZHE�EDVHG� SURJUDP� LPSURYHV� VWXGHQWV¶�
SURILFLHQF\� LQ� VSHFLILF� UHDGLQJ� VNLOOV� LQ� D� VWDWLVWLFDOO\�� DV� ZHOO� DV� SUDFWLFDOO\��
VLJQLILFDQW�ZD\����
�

������� 5HVHDUFK�0HWKRGRORJ\�DQG�'HVLJQ�
7KH�0L[HG�0HWKRGV�$SSURDFK�ZDV�FKRVHQ� IRU� WKLV�VWXG\�EHFDXVH� LW�SURYLGHV�
WKH�UHVHDUFKHU�ZLWK� WKH�VWUXFWXUH�RI�TXDQWLWDWLYH�UHVHDUFK�DQG� WKH� IOH[LELOLW\�
RI�TXDOLWDWLYH�HQTXLU\��7KLV�DSSURDFK�LV�EDVHG�RQ�SUDJPDWLF�DVVXPSWLRQV�WKDW�
HPSOR\�D�PL[HG�PHWKRGV�GHVLJQ�DV�VWUDWHJ\�RI�LQTXLU\��&UHVZHOO������������
�
7KH� TXDQWLWDWLYH� FRPSRQHQW� RI� WKLV� HPSLULFDO� VWXG\� ZLOO� IROORZ� D� TXDVL�
H[SHULPHQWDO�� QRQ�HTXLYDOHQW�� UHSHDWHG� PHDVXUHV� �SUH�� DQG� SRVW�WHVW���
H[SHULPHQWDO�FRQWURO�JURXS� GHVLJQ�� 7KLV� W\SH� RI� VWXG\� DOORZV� IRU� WKH�
LQYHVWLJDWLRQ�RI�WKH�ODQJXDJH�EHKDYLRXU�RI�JURXSV�XQGHU�FRQWUROOHG�FRQGLWLRQV�
�%URZQ�� ��������� 7KH� SDUWLFLSDQWV� LQ� WKLV� VWXG\� ZHUH� SDUW� RI� �� H[LVWLQJ�
(QJOLVK�����WXWRULDO�JURXSV��WDXJKW�E\�WKH�UHVHDUFKHU��7KLV�FDOOHG�IRU�D�TXDVL�
H[SHULPHQWDO�GHVLJQ��DOVR�WHUPHG�³D�QDWXUDOO\�RFFXUULQJ�JURXS�GHVLJQ �́�ZKLFK�
HQDEOHV� RQH� WR� FRPSDUH� WKH� PHDQ� SHUIRUPDQFHV� RI� JURXSV� WKDW� QRUPDOO\�
RFFXU��%URZQ�������������
�
7KH� WHUP� ³QRQ�HTXLYDOHQW´� UHIHUV� WR� WKH� VDPSOLQJ� SURFHGXUH� RI� WKH�
H[SHULPHQWDO� JURXS�� � 'XH� WR� FHUWDLQ� VSHFLILFDWLRQV� RI� WKH� 'HSDUWPHQW� RI�
(QJOLVK� DW� WKH� 8QLYHUVLW\� RI� 6WHOOHQERVFK�� D� FRPSOHWHO\� UDQGRP� VDPSOH� RI�
VWXGHQWV�FRXOG�QRW�EH�REWDLQHG�� �7KH�H[SHULPHQWDO�JURXS� WKHUHIRUH�VHOHFWHG�
WKHPVHOYHV�E\�YROXQWHHULQJ�WR�SDUWLFLSDWH� LQ�WKH�UHVHDUFK�SURMHFW��$�WRWDO�RI�
��� VWXGHQWV� WRRN� SDUW� LQ� WKH� VWXG\�� RI� ZKLFK� ��� YROXQWHHUHG� WR� EH� LQ� WKH�
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H[SHULPHQWDO� JURXS�� � 7KH� RWKHU� ��� VWXGHQWV� FRQVWLWXWHG� WKH� FRQWURO� JURXS���
7KHVH� VWXGHQWV� DUH� D� PL[WXUH� RI� ILUVW��� VHFRQG��� DQG� HYHQ� WKLUG�ODQJXDJH�
(QJOLVK�VSHDNHUV����
�
7KH�TXDOLWDWLYH�FRPSRQHQW�RI�WKLV�VWXG\�FRQVLVWV�RI�TXHVWLRQQDLUHV�FRPSOHWHG�
E\� WKH� H[SHULPHQWDO� JURXS�� � 7KH� TXHVWLRQQDLUH� FRQVLVWV� RI� RSHQ�HQGHG�
TXHVWLRQV��7KHVH�TXHVWLRQV�HQTXLUHG�DERXW�WKH�IROORZLQJ�WRSLFV��WKH�VWXGHQWV¶�
DWWLWXGH�WRZDUGV�WKH�SURJUDP��WKH�VXLWDELOLW\�RI�FRQWHQW��HDVH�RI�QDYLJDWLRQ��
SHGDJRJLFDO�YDOXH�RI�LQIRUPDWLRQ��HWF��
�
&KDSWHU� �� DLPV� WR� JLYH� D� GHWDLOHG� GHVFULSWLRQ� RI� WKH� UHVHDUFK� PHWKRG��
TXDQWLWDWLYH�DQG�TXDOLWDWLYH� LQVWUXPHQWDWLRQ�DQG�GDWD�FROOHFWLRQ�SURFHGXUHV���
,Q�&KDSWHU����WKH�UHVXOWV�RI�WKH�VWXG\�DUH�SURYLGHG��DQDO\]HG�DQG�GLVFXVVHG���
7KH� GLVFXVVLRQ� RI� WKH� GDWD� DQDO\VLV� ZLOO� EH� DLPHG� DW� H[SORULQJ� WKH�
LPSOLFDWLRQV� RI� WKLV� VWXG\� RQ� WKH� WHDFKLQJ� RI� UHDGLQJ� VNLOOV� WKURXJK� ,&7V���
&KDSWHU� �� FRQWDLQV� D� EULHI� FRQFOXVLRQ� DQG� UHFRPPHQGDWLRQV� IRU� IXUWKHU�
UHVHDUFK���
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���� ,QWURGXFWLRQ��
7KH�UHYLHZ�RI�OLWHUDWXUH�GLVFXVVHG�LQ�WKLV�FKDSWHU�LQFOXGHV�JHQHUDO�UHDGLQJ�RQ�
WKHRULHV�RI�OHDUQLQJ��WHDFKLQJ�DQG�UHDGLQJ��DV�ZHOO�DV�VSHFLILF�UHDGLQJV�RQ�WKH�
UROH� RI� WKH� FRPSXWHU� LQ� HGXFDWLRQ�� � (DFK� WKHRU\� FRQVWLWXWHV� DQ� LPSRUWDQW�
EXLOGLQJ� EORFN� LQ� WKH� WKHRUHWLFDO� IUDPHZRUN� DV� SUHVHQWHG� LQ� )LJXUH� ��� � 7KH�
SLOODUV�UHSUHVHQW�WKH�WKHRULHV�ZKLFK�FXOPLQDWH�LQ�WKH�SURJUDP��

�
)LJXUH����&RPSRQHQWV�RI�WKH�WKHRUHWLFDO�IUDPHZRUN������� 7KHRULHV�RQ�7HDFKLQJ�DQG�/HDUQLQJ��

�
������ 7KH�&RPPXQLFDWLYH�$SSURDFK�

7KH� EDVH� RI� WKH� SURJUDP¶V� WKHRUHWLFDO� IUDPHZRUN� LV� WKH� &RPPXQLFDWLYH�
$SSURDFK�� $W� WKH� KHDUW� RI� WKLV� DSSURDFK� LV� FRPPXQLFDWLRQ�� WKH� H[SUHVVLRQ��
LQWHUSUHWDWLRQ�DQG�QHJRWLDWLRQ�RI�PHDQLQJ��/HH�	�YDQ�3DWWHQ��������������$V�
VRFLDO� EHLQJV�� KXPDQV� QHHG� WR� FRPPXQLFDWH� YLD� ODQJXDJH� IRU� ERQGLQJ�
SXUSRVHV�� DV� ZHOO� DV� IRU� LQIRUPDWLRQDO�FRJQLWLYH� SXUSRVHV�� � 7KH�
³LQIRUPDWLRQDO�FRJQLWLYH� SXUSRVH� RI� FRPPXQLFDWLRQ´� PHDQV� WKDW� SHRSOH�
FRPPXQLFDWH�LQ�RUGHU�WR�REWDLQ�LQIRUPDWLRQ��XVXDOO\�WR�SHUIRUP�D�FHUWDLQ�WDVN�
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0RGHOV�
RI�

UHDGLQJ�
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�

&RPSXWHU�
$VVLVWHG�
/DQJXDJH�
/HDUQLQJ�
�&$//��

�
�

,QVWUXFWLRQDO�
'HVLJQ�

�
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�/HH� 	� YDQ� 3DWWHQ�� ����������� &RPPXQLFDWLRQ� IRU� LQIRUPDWLRQDO�FRJQLWLYH�
SXUSRVHV�LV�SDUDPRXQW��HVSHFLDOO\�DW�DQ�DFDGHPLF�OHYHO��
�6RPH� RI� WKH� WDVNV� WKDW� XQLYHUVLW\� VWXGHQWV� KDYH� WR� FRPSOHWH� LQFOXGH�
XQGHUVWDQGLQJ� WKH� RYHUDOO� FRQWHQW� RI� D� VXEMHFW�� GLVWLQJXLVKLQJ� PDLQ� SRLQWV�
IURP� VXSSRUWLQJ� GHWDLOV�� LGHQWLI\LQJ� DVVXPSWLRQV� DQG� LQWHQWLRQV�� DQDO\VLQJ�
WH[WV�� V\QWKHVLVLQJ� UHVSRQVHV�� DQG� HYDOXDWLQJ� D� ZLGH� UDQJH� RI� PDWHULDOV�
�%OXH�� ������ FLWHG� LQ� 1HO� HW� DO��� ���������� � &RPPXQLFDWLYH� FRPSHWHQFH� LV�
QHHGHG�WR�FRPPXQLFDWH�HIIHFWLYHO\�IRU�DQ\�SXUSRVH�RU�DW�DQ\�OHYHO���
�
7KH�&RPPXQLFDWLYH�$SSURDFK�IRFXVHV�RQ�WKH�GHYHORSPHQW�RI�FRPPXQLFDWLYH�
FRPSHWHQFH��ZKLFK�FRQVLVWV�RI�IRXU�XQGHUO\LQJ�FRPSHWHQFLHV��
• � *UDPPDWLFDO�FRPSHWHQFH�±�WKH�NQRZOHGJH�RI�WKH�VWUXFWXUH�DQG�IRUP�RI�

ODQJXDJH��
• � 'LVFRXUVH�FRPSHWHQFH�±�WKH�NQRZOHGJH�RI�WKH�UXOHV�RI�FRKHVLRQ�DQG�FRKHUHQFH�

DFURVV�VHQWHQFHV�DQG�XWWHUDQFHV��
• � 6RFLROLQJXLVWLF�FRPSHWHQFH�±�WKH�NQRZOHGJH�RI�WKH�UXOHV�RI�LQWHUDFWLRQ��

DSSURSULDWH�JUHHWLQJV��WDNLQJ�WXUQV��XVLQJ�ILUVW�QDPHV�DSSURSULDWHO\�HWF���
• � 6WUDWHJLF�FRPSHWHQFH�±�NQRZLQJ�KRZ�WR�PDNH�WKH�PRVW�RI�WKH�ODQJXDJH�WKDW�

RQH�KDV��HVSHFLDOO\�ZKHQ�LW�LV�µGHILFLHQW¶�� �/HH�	�YDQ�3DWWHQ������������
�
7KHVH� IRXU� FRPSHWHQFLHV� DOO� FRQWULEXWH� LQ� YDULRXV� GHJUHHV� WR� WKH� DELOLW\� WR�
FRPPXQLFDWH� HIIHFWLYHO\�� GHSHQGLQJ� RQ� WKH� SXUSRVH� IRU� FRPPXQLFDWLRQ���
&RPPXQLFDWLQJ� IRU� LQIRUPDWLRQDO�FRJQLWLYH� SXUSRVHV� PDLQO\� UHTXLUHV�
JUDPPDWLFDO� FRPSHWHQFH�� GLVFRXUVH� FRPSHWHQFH� DQG� VWUDWHJLF� FRPSHWHQFH���
+RZHYHU��VKRXOG�WKH�OHYHO�RI�HLWKHU�JUDPPDWLFDO�RU�GLVFRXUVH�FRPSHWHQFH�EH�
LQDGHTXDWH��D�KLJKHU�GHPDQG�ZLOO�EH�SODFHG�RQ�VWUDWHJLF�FRPSHWHQFH���,Q�DQ�
DWWHPSW�WR�IDFLOLWDWH�FRPPXQLFDWLRQ�IRU�LQIRUPDWLRQDO�FRJQLWLYH�SXUSRVHV��WKH�
SURJUDP�IRFXVHV�SULPDULO\�RQ�WKH�GHYHORSPHQW�RI�VWUDWHJLF�FRPSHWHQFH���7KH�
LPSRUWDQFH�RI�VWUDWHJLF�FRPSHWHQFH�LQ�ODQJXDJH�OHDUQLQJ�LV�DOVR�VXSSRUWHG�E\�
ERWK�&RJQLWLYH�DQG�&RQVWUXFWLYLVW�/HDUQLQJ�7KHRULHV��ZKLFK�YLHZ�OHDUQLQJ�DV�D�
SURFHVV�ZKLFK�LV�GULYHQ�E\�VWUDWHJLHV�WKDW�FDQ�DOVR�EH�DFTXLUHG�H[WHUQDOO\��FI��
:ROII���������

�
������ &RJQLWLYH�DQG�&RQVWUXFWLYLVW�/HDUQLQJ�7KHRULHV��

,Q� DGGLWLRQ� WR� FRPPXQLFDWLYH� FRPSHWHQFH�� &RJQLWLYH� DQG� &RQVWUXFWLYLVW�
OHDUQLQJ� WKHRULHV� DOVR� HPSKDVLVH� WKH� LPSRUWDQFH� RI� GHYHORSLQJ� OHDUQLQJ�
FRPSHWHQFH��FI��5�VFKRII����������,Q�RUGHU�WR�GHYHORS�OHDUQLQJ�FRPSHWHQFH�LW�



� ��
LV�QHFHVVDU\�WR�WDNH�LQWR�DFFRXQW�WKH�PXOWL�IDFHWHG�QDWXUH�RI�ERWK�&RJQLWLYH�
DQG�&RQVWUXFWLYLVW�/HDUQLQJ�7KHRULHV���7KH�IROORZLQJ�DVSHFWV�RI�&RJQLWLYH�DQG�
&RQVWUXFWLYLVW� /HDUQLQJ� 7KHRULHV� FRQWULEXWH� FRQVLGHUDEO\� WR� WKH� SURJUDP�
GHVLJQ�DQG�GHYHORSPHQW��
• � /HDUQLQJ�LV�DQ�DFWLYH�DQG�FROODERUDWLYH�SURFHVV�RI�NQRZOHGJH�FRQVWUXFWLRQ���

ERWK�LQFRPLQJ�VWLPXOL�DQG�DOUHDG\�DYDLODEOH�LQIRUPDWLRQ�IRUP�SDUW�RI�LW���
• � /HDUQLQJ�LV�DQ�DXWRQRPRXV�SURFHVV��WR�EH�UHJXODWHG�E\�WKH�OHDUQHUV¶�

H[SHFWDWLRQV��JRDOV��H[LVWLQJ�VFKHPD�DQG�LQWHQWLRQV����
• � /HDUQLQJ�LV�D�SURFHVV�RI�GLVFRYHU\�DQG�H[SHULPHQWDWLRQ�EDVHG�RQ�SUHYLRXV�

NQRZOHGJH�DQG�H[SHULHQFH���OHDUQLQJ�LV�FRQVWDQWO\�LQ�DQ�DUHD�RI�WHQVLRQ�
EHWZHHQ�IRUPXODWLQJ�DQG�WHVWLQJ�K\SRWKHVHV���

• � /HDUQLQJ�LV�D�SURFHVV�ZKLFK�PXVW�EH�VXSSRUWHG�E\�D�ULFK�OHDUQLQJ�HQYLURQPHQW�
URRWHG�LQ�UHDO�OLIH�DQG�DXWKHQWLF�VLWXDWLRQV���FI��5�VFKRII��������:ROII��������

�
7KHVH�GLIIHUHQW�DVSHFWV�RI�OHDUQLQJ�DQG�WKH�OHDUQLQJ�SURFHVV�QHFHVVLWDWH�WKDW�
FHUWDLQ� FKDQJHV� WDNH� SODFH� ZLWKLQ� WHDFKLQJ�� :ROOI� ������� VXJJHVWV� WKDW�
WHDFKLQJ�LQYROYHV��
• � 7KH�XVH�RI�DXWKHQWLF�PDWHULDO��WKH�XVH�RI�XQDEULGJHG�PDWHULDO�JLYHV�WKH�OHDUQHU�

PRUH�RSSRUWXQLW\�WR�FRQQHFW�KLV�KHU�NQRZOHGJH�ZLWK�QHZ�NQRZOHGJH���
• � 7KH�GHYHORSPHQW�RI�VNLOOV�DQG�NQRZOHGJH�ZKLFK�FDQ�EH�XVHG�LQ�UHDO�OLIH���
• � 7KH�FUHDWLRQ�RI�DQ�DXWRQRPRXV�DQG�FRPSOH[�OHDUQLQJ�HQYLURQPHQW�ZKLFK�

FRUUHVSRQGV�ZLWK�UHDOLW\���
• � 7KH�FRQVWUXFWLRQ�RI�DQ�DZDUHQHVV�RI�WKH�RZQ�NQRZOHGJH�FRQVWUXFWLRQ�SURFHVV���
• � 7KH�LQGHSHQGHQW�FKRLFH�DQG�XVH�RI�OHDUQLQJ�DQG�ZRUNLQJ�PHWKRGV�ZKLFK�

VXSSRUW�WKH�OHDUQLQJ�SURFHVV��SURPRWLQJ�OHDUQHU�DXWRQRP\���� �
�

5�VFKRII��������VWDWHG�WKDW�WKHUH�DUH�HYHQ�PRUH�FKDOOHQJHV�IDFLQJ�WHDFKLQJ�
VLQFH�WKH�GDZQ�RI�WKH�LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�DJH���+H�DFNQRZOHGJHV�
WKH� IDFW� WKDW� LQIRUPDWLRQ� LV� EHFRPLQJ� PRUH� ZLGHO\� DYDLODEOH� DQG� IUHHO\�
DFFHVVLEOH�WKDQ�HYHU�EHIRUH��EXW� LQIRUPDWLRQ�VWLOO�QHHGV�WR�EH�SURFHVVHG�DQG�
WUDQVIRUPHG�LQWR�NQRZOHGJH��$FFRUGLQJ�WR�5�VFKRII���������DFTXLULQJ�IDFWXDO�
NQRZOHGJH� DQG� XVLQJ� WKH� FRQYHQWLRQDO� VNLOOV� RI� DVVHPEOLQJ� DQG� VWRULQJ�
LQIRUPDWLRQ� ZLOO� QRW� VXIILFH� LQ� FHQWXULHV� WR� FRPH�� ³WKH� XOWLPDWH� DLP� RI�
WHDFKLQJ� DQG� OHDUQLQJ� ZLOO� EH� WR� DVVLVW� OHDUQHUV� LQ� WKHLU� QHHG� WR� GHYHORS�
VWUDWHJLHV�RI�NQRZOHGJH�UHWULHYDO��SURGXFWLRQ�DQG�GLVVHPLQDWLRQ�́ �
�
:ROII� ������� VXJJHVWV� WKDW� QHZ� WHFKQRORJLHV� FDQ� EH� XVHG� LQ� OHDUQLQJ� DQG�
WHDFKLQJ�LQ�WKH�IRUP�RI�FRJQLWLYH�WRROV�WKDW�HQDEOH�OHDUQHUV�WR�FRQVWUXFW�WKHLU�



� ��
RZQ� UHSUHVHQWDWLRQV� RI� NQRZOHGJH�� UDWKHU� WKDQ� DEVRUE� NQRZOHGJH�
UHSUHVHQWDWLRQV� SUHFRQFHLYHG� E\� RWKHUV�� � &RJQLWLYH� WRROV� DUH� PRVWO\�
DVVRFLDWHG� ZLWK� FRPSXWHU� SURJUDPV� VXFK� DV� FRQFRUGDQFHUV� DQG� ZRUG�
SURFHVVRUV� ZLWK� DGGHG� IHDWXUHV� VXFK� DV� GLFWLRQDULHV� DQG� VSHOO�FKHFNHUV���
+RZHYHU�� LQ� WKH� GHYHORSPHQW� RI� WKH� FRPSXWHU� SURJUDP� GHVFULEHG� LQ� WKLV�
VWXG\��WKH�PHUH�XVH�RI�WKH�FRPSXWHU�DV�D�FRJQLWLYH�WRRO�LV�QRW�VXIILFLHQW��GXH�
WR� WKH� QHHG� WR� LQVWUXFW� DQG� HYDOXDWH� VWXGHQWV� YLD� WKH� FRPSXWHU�� 7KH� 7XWRU�
7RRO�IUDPHZRUN�SURSRVHG�E\�0LFKDHO�/HY\��DQ�H[SHUW�LQ�WKH�ILHOG�RI�&RPSXWHU�
$VVLVWHG�/DQJXDJH�/HDUQLQJ��&$//���LV�H[SORUHG�WR�JLYH�WKH�FRPSXWHU�D�PRUH�
GLUHFWLYH�UROH�LQ�WHDFKLQJ���
�

������ &RPSXWHU�$VVLVWHG�/DQJXDJH�/HDUQLQJ��&$//���7KH�7XWRU�7RRO�
)UDPHZRUN�

7KH� LQWURGXFWLRQ� RI� FRPSXWHUV� LQ� HGXFDWLRQ� VHHPV� WR� KDYH� JHQHUDWHG� D�
FRQVLGHUDEOH�DPRXQW�RI� LQVHFXULW\�DERXW�WKH�UROH�RI� WKH� WHDFKHU�� WKH� OHDUQHU�
DQG� WKH�FRPSXWHU� LQ� WKH� WHDFKLQJ�SURFHVV�� �2QH�RI� WKH�PDMRU� FRQFHUQV�DQG�
PLVFRQFHSWLRQV�LQ�WKH�SDVW�ZDV�WKDW�WKH�FRPSXWHU�FRXOG�RQO\�DVVXPH�WKH�UROH�
RI�D� WXWRU�� �7KLV� UROH� LV� FKDUDFWHUL]HG�E\�³RQH�WR�RQH� LQWHUDFWLRQV�ZKHUH� WKH�
FRPSXWHU� HYDOXDWHV� WKH� VWXGHQW� LQSXW� DQG� WKHQ� SUHVHQWV� WKH� QHZ�PDWHULDO�
DFFRUGLQJO\´��/HY\���������������7KLV�PLVFRQFHSWLRQ�PD\�KDYH�FDXVHG�VRPH�
WHDFKHUV� WR� EHOLHYH� WKDW� WKH\� KDYH� DQ� HYHU�GLPLQLVKLQJ� UROH� WR� SOD\� LQ�
HGXFDWLRQ� �/HY\�� ������ ������������ +RZHYHU�� WKH� UHFHQW� GULYH� IRU� WKH�
LQWHJUDWLRQ� RI� FRPSXWHUV� LQ� HGXFDWLRQ� HQDEOHV� WHDFKHUV� WR� HQWHU� LQWR� D�
SURILWDEOH�SDUWQHUVKLS�ZLWK�&$//��0DVKLOH�	�3UHWRULXV����������
�
$FFRUGLQJ�WR�:DUVFKDXHU���������WKH�ZRUOG�LV�HQWHULQJ�D�QHZ�SKDVH�RI�&$//��
FDOOHG� ,QWHJUDWLYH� &$//�� 7KURXJK� WHFKQRORJLFDO� GHYHORSPHQWV� VXFK� DV�
PXOWLPHGLD� DQG� WKH� LQWHUQHW�� ,QWHJUDWLYH� &$//� DOORZV� WKH� FRPSXWHU� WR� EH�
XVHG�VLPXOWDQHRXVO\�DV�D�WXWRU�DQG�DV�D�WRRO��FI��:DUVFKDXHU�����������
�
,Q�RUGHU�WR�KDYH�D�FOHDUHU�XQGHUVWDQGLQJ�RI�WKH�YHUVDWLOLW\�RI�WKH�FRPSXWHU¶V�
UROH��LW� LV� LPSRUWDQW�WR�GHILQH�WKH�FRQFHSWV�RI�WKH�FRPSXWHU�DV�D�³WXWRU´�DQG�
DV� D� ³WRRO �́� � 7KH� SULQFLSDO� GLIIHUHQFH� EHWZHHQ� WKHVH� WZR� UROHV� IRU� WKH�
FRPSXWHU� LV� HYDOXDWLRQ�� � $V� D� WXWRU�� WKH� FRPSXWHU�PXVW� HYDOXDWH� VWXGHQWV��
7KH�FRPSXWHU�LV�SURJUDPPHG�WR�PDNH�HYDOXDWLYH�GHFLVLRQV��VXFK�DV�ZKHWKHU�
DQ� DQVZHU� LV� ULJKW� RU�ZURQJ��%DVHG� RQ� WKLV� HYDOXDWLRQ�� WKH� FRPSXWHU� FRXOG�



� ���
FKDQJH� WKH� RUGHU� RU� VWUXFWXUH� RI� WKH� FRQWHQW�� HVVHQWLDOO\� GLUHFWLQJ� WKH�
OHDUQLQJ� SURFHVV��:LWK� WKH� FRPSXWHU� SOD\LQJ� WKH� UROH�RI� D� WXWRU�� WKH� UROH�RI�
WKH� WHDFKHU� LV� D� YHU\�SHULSKHUDO� RQH��&RPSUHKHQVLYH� WXWRULQJ� V\VWHPV� VXFK�
DV�SURJUDPV�SURGXFHG�E\�5RVHWWD�6WRQH�LV�LQWHQGHG�WR�EH�XVHG�E\�LQGLYLGXDOV�
LQ� VHOI�DFFHVV�PRGH�� DQG� GRHV� QRW� HYHQ� UHTXLUH� WKH� SUHVHQFH� RI� D� WHDFKHU�
�/HY\������������:DUVFKDXHU���������
�
&RQWUDVWLQJO\�� WKH� WRRO� UROH� IRU� WKH�FRPSXWHU� LV�SURIRXQGO\�QHXWUDO�DQG�QRQ�
GLUHFWLYH�� 7KH� FRPSXWHU� IXQFWLRQV� DV� D� WRRO� ZKHQ� LW� DXJPHQWV� RU� LPSURYHV�
WKH� HIILFLHQF\� RI� WKH� VWXGHQW¶V� ZRUN�� 'XH� WR� WKH� IDFW� WKDW� WKH� FRPSXWHU�
SURJUDP� GRHV� QRW� JLYH� DQ\� JXLGDQFH�� WKH� WHDFKHU� SOD\V� D� FHQWUDO� UROH� LQ�
GLUHFWLQJ�WKH�VWXGHQWV�WR�XVH�WKH�SURJUDP�WR�LWV�IXOOHVW�FDSDFLW\��/HY\��������
������ 6RIWZDUH� VXFK� DV� 0LFURVRIW� :RUG� �ZRUG� SURFHVVRUV��� 2[IRUG¶V�
0LFUR&RQFRUG� �FRQFRUGDQFHU��� DQG� DOO� H�PDLO� SURJUDPV� DUH� YHU\� SRSXODU�
H[DPSOHV�RI�WKH�WRRO�UROH�IRU�WKH�FRPSXWHU����

�
,Q�FRPELQLQJ�WKH�IXQFWLRQDOLW\�RI�WKH�WZR�UROHV�RI�WKH�FRPSXWHU��D�K\EULG�UROH�
LV� FUHDWHG�� � 7KLV� K\EULG� EHWZHHQ� WKH� WXWRU� DQG� WRRO� UROH� IRU� WKH� FRPSXWHU�
HQDEOHV�WKH�GHYHORSHU�RI�OHDUQLQJ�VRIWZDUH�SDFNDJHV�WR�FUHDWH�SURJUDPV�WKDW�
KDYH�GLUHFWLYH�DQG�HYDOXDWLYH� FRPSRQHQWV�� DV�ZHOO� DV�QHXWUDO�� QRQ�GLUHFWLYH�
FRPSRQHQWV�� � ,Q� WKH� SURJUDP� GHYHORSHG� IRU� WKLV� VWXG\�� WKH� FRPSXWHU� LV� D�
WXWRU� ZKHQ� WKH� VWXGHQWV� KDYH� WR� FRPSOHWH� DQ� DFWLYLW\�� � $V� D� WXWRU�� WKH�
FRPSXWHU� GLUHFWV� WKH� OHDUQLQJ� SURFHVV� E\� JLYLQJ� FHUWDLQ� LQVWUXFWLRQV� DQG�E\�
HYDOXDWLQJ� WKH� VWXGHQW¶V� UHVSRQVHV� WR� HDFK� TXHVWLRQ�� 7KH� FRPSXWHU� LV� XVHG�
DV� D� WRRO� WR� H[SODLQ� GLIILFXOW� ZRUGV� DQG� FRQFHSWV� WKURXJKRXW� WKH� SURJUDP��
WKLV�LV�VLPLODU�WR�LQFRUSRUDWLQJ�D�GLFWLRQDU\�LQWR�WKH�SURJUDP���(PSOR\LQJ�WKH�
K\EULG�WXWRU�WRRO�UROH�IRU�FRPSXWHUV�HQVXUHV�WKH�RSWLPDO�XVH�RI�FRPSXWHUV�LQ�
HGXFDWLRQ����

�
$QRWKHU� ILHOG� WKDW� VXSSRUWV� XVLQJ� WKH� FRPSXWHU� WR� PD[LPXP� HIIHFW� LQ�
HGXFDWLRQ� LV� LQVWUXFWLRQDO� GHVLJQ� �,'��� ³7KH� VXFFHVVIXO� DSSOLFDWLRQ� RI� WKH�
FRPSXWHU� LQ� HGXFDWLRQ� LV� GLUHFWO\� GHSHQGHQW� XSRQ� LQVWUXFWLRQDO� GHVLJQ�
LQJHQXLW\� EDFNHG� E\� D� VROLG� IRXQGDWLRQ� LQ� OHDUQLQJ� WKHRU\� DQG� OHDUQHU�
UHVHDUFK´� �0HKO������ FLWHG� LQ� 'H� 9LOOLHUV�� ���������� ZKLFK� ³DLPV� WR� DSSO\�
RSWLPDO�PHWKRGV�WR�SURPRWH�NQRZOHGJH�DFTXLVLWLRQ�DQG�VNLOOV�LQ�OHDUQHUV �́�

�
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������ ,QVWUXFWLRQDO�'HVLJQ��

7KH�DLP�RI�FODVVLFDO�,QVWUXFWLRQDO�'HVLJQ�LV�WR�LPSOHPHQW�³RSWLPDO�PHWKRGV�WR�
SURPRWH�NQRZOHGJH�DFTXLVLWLRQ�DQG�VNLOOV�LQ�OHDUQHUV´��0HKO�������FLWHG�LQ�'H�
9LOOLHUV�� ���������� � 0RUHRYHU�� LW� RIIHUV� PRGHOV� DQG� PHWKRGRORJLHV� IRU�
³V\VWHPDWLF� GHVLJQ� DQG� GHYHORSPHQW� RI� LQVWUXFWLRQDO� PDWHULDOV�� DLPLQJ� WR�
PDNH� LQVWUXFWLRQ� PRUH� HIIHFWLYH�� HIILFLHQW� DQG� UHOHYDQW´� �'H� 9LOOLHUV��
���������� 2QH� RI� WKHVH� PRGHOV� WKDW� DUH� IUHTXHQWO\� XVHG� LQ� GHVLJQLQJ�
FRPSXWHU�EDVHG�LQVWUXFWLRQ�LV�FDOOHG�³,QVWUXFWLRQDO�6\VWHPV�'HVLJQ��,6'� �́�$�
W\SLFDO� ,6'�PRGHO� FRQVLVWV� RI� D� QXPEHU� RI� VWHSV�� RU� SKDVHV�� WKDW� IXQFWLRQ�
WRJHWKHU� LQ�D�F\FOLF� IDVKLRQ� �$�1LQH�VWHS�6\VWHPV�$SSURDFK� WR� ,QVWUXFWLRQDO�
'HVLJQ������������
�
'XH� WR� WKH� HFOHFWLF� QDWXUH� RI� FRPSXWHU� DVVLVWHG� OHDUQLQJ�� RQO\� FHUWDLQ�
FRQFHSWV� DQG� HOHPHQWV� RI� ,QVWUXFWLRQDO� 'HVLJQ� DQG� ,QVWUXFWLRQDO� 'HVLJQ� LV�
LQFRUSRUDWHG�LQWR�WKLV�VWXG\���7KH�ILHOG�RI�,QVWUXFWLRQDO�'HVLJQ�ZDV�FKRVHQ�WR�
SURYLGH�IOH[LEOH�JXLGHOLQHV�WR�WKLV�SURMHFW��QRW�WR�HVWDEOLVK�VWULFW�SDUDPHWHUV���
�
,Q� RUGHU� WR� IRFXV� RQ� GHYHORSLQJ� FRPSXWHU�EDVHG� LQVWUXFWLRQDO�PDWHULDO�� WKH�
GHVLJQ�SURFHVV�FRPSULVHV�WHQ�VWHSV�WKDW�DUH�LQWHUUHODWHG��$OWKRXJK�WKHVH�WHQ�
VWHSV� DUH� GHSLFWHG� DV� VHSDUDWH� HOHPHQWV� RI� WKH� GHVLJQ� SURFHVV�� WKH\�
LQWHUVHFW�� RYHUODS� DQG� LQWHUDFW� ZLWK� HDFK� RWKHU�� $� FRQVWDQW� HYDOXDWLRQ� DQG�
UHYLVLRQ�RI�LGHDV��FRQFHSWV�DQG�PDWHULDOV�DOVR�WDNHV�SODFH��PDNLQJ�WKH�ZKROH�
GHVLJQ� SURFHVV� QRQ�OLQHDU�� )LJXUH� �� GLVSOD\V� WKHVH� WHQ� VWHSV� LQYROYHG� LQ�
GHVLJQLQJ� FRPSXWHU�EDVHG� LQVWUXFWLRQDO� PDWHULDOV�� $� GHWDLOHG� GHVFULSWLRQ� RI�
HDFK� RI� WKHVH� VWHSV� LV� JLYHQ� LQ� $OHVVL� DQG� 7UROOLS¶V� ERRN�� &RPSXWHU�EDVHG�
LQVWUXFWLRQ�±�0HWKRGV�DQG�'HYHORSPHQW�����������������



� ���

�
)LJXUH����$����VWHS�PRGHO�IRU�WKH�GHYHORSPHQW�RI�FRPSXWHU�EDVHG�LQVWUXFWLRQDO�PDWHULDOV��
7KH� ILIWK� VWHS�� GHVLJQLQJ� WKH� DFWXDO� LQVWUXFWLRQ�� LV� D� FUXFLDO� IDFWRU�� � 7KH�
GHYHORSHU� KDV� WR� GHFLGH� RQ� WKH� DSSURSULDWH� WHDFKLQJ� PHWKRGRORJ\�� WKH�
DPRXQW�RI�XVHU�FRQWURO�� WKH�HOHPHQWV�RI� WKH�XVHU� LQWHUIDFH��HWF�� �$�GHWDLOHG�
GLVFXVVLRQ�RI�WKHVH�DVSHFWV�RI�WKH�FRPSXWHU�SURJUDP�GHYHORSHG�IRU�WKH�VWXG\�
ZLOO� EH� GLVFXVVHG� LQ�&KDSWHU� ��� � 6WHS� WKUHH� UHTXLUHV� WKH� GHYHORSHU� WR� OHDUQ�
WKH�FRQWHQW�RQ�ZKLFK�WKH�LQVWUXFWLRQDO�PDWHULDO�ZLOO�EH�EDVHG��EHFDXVH�³>\@RX�
FDQQRW�GHYHORS�HIIHFWLYH�LQVWUXFWLRQ�ZKLFK�FKDOOHQJHV�WKH�VWXGHQW�LQ�FUHDWLYH�
ZD\V� XQOHVV� \RX� EHFRPH� WKRURXJKO\� IDPLOLDU� ZLWK� WKH� FRQWHQW´� �$OHVVL� 	�
7UROOLS�������������+RZHYHU��WKLV�VWXG\�IHDWXUHV�WKH�LGHDO�VFHQDULR��ZKHUH�WKH�
GHVLJQHU�DQG�GHYHORSHU�LV�DOVR�WKH�FRQWHQW�H[SHUW���7KH�GHYHORSHU�LV�DOUHDG\�
WKRURXJKO\�IDPLOLDU�ZLWK�WKH�FRQWHQW�RI�WKH�SURJUDP��QDPHO\�UHDGLQJ�VNLOOV��$�
GLVFXVVLRQ� RI� PRGHOV� DQG� PHWKRGRORJLHV� DVVRFLDWHG� ZLWK� UHDGLQJ� VNLOOV� ZLOO�
IROORZ�LQ�WKH�ILQDO�VHFWLRQ�RI�WKLV�FKDSWHU����
�

���� 0RGHOV�RI�5HDGLQJ�
1RZDGD\V��UHDGLQJ�LV�PXFK�PRUH�WKDQ�D�UHFHSWLYH�VNLOO���,W�SURYLGHV�DFFHVV�WR�
YDVW� DPRXQWV� RI� LQIRUPDWLRQ� DQG� LV� FRQVLGHUHG� WR� EH� DQ� LQGLVSHQVDEOH�
OHDUQLQJ� WRRO� �3UHWRULXV���������)RU� WKH�SXUSRVH�RI� WKLV�VWXG\�� WKH�HPSKDVLV�
ZLOO� IDOO� RQ� UHDGLQJ� FRPSUHKHQVLRQ�� ³&RPSUHKHQVLRQ� UHIHUV� WR� WKH�
XQGHUVWDQGLQJ�SURFHVV�ZKHUHE\�PHDQLQJ�LV�DVVLJQHG�WR�WKH�WH[W�DV�D�ZKROH´�
�3UHWRULXV��������� �2YHU� WKH�SDVW����\HDUV��YDULRXV�PRGHOV�RI� UHDGLQJ�KDYH�
WULHG� WR� H[SODLQ� KRZ� UHDGHUV� DFFHVV� WKH� PHDQLQJ� RI� D� ZKROH� WH[W�� � ,Q� WKH�
SDVW�� WKHUH�ZDV� D� GLYLVLRQ� EHWZHHQ� ³ERWWRP�XS´� DQG� ³WRS�GRZQ´�PRGHOV� RI�

6WHS����/HDUQ�WKH�FRQWHQW�

6WHS����'HVLJQ�LQVWUXFWLRQ�

6WHS� ��� )ORZFKDUW� WKH� OHVVRQ� WR�GHWHUPLQH�VHTXHQFH�RI�HYHQWV�

6WHS����3URGXFH�VXSSRUWLQJ�PDWHULDOV�

6WHS�����(YDOXDWH�DQG�UHYLVH� 6WHS����*HQHUDWH�LGHDV�

6WHS����'HWHUPLQH�QHHGV�RI�VWXGHQWV�DQG�JRDOV�RI�OHVVRQ� 6WHS����&ROOHFW�UHVRXUFH�PDWHULDOV�

6WHS����6WRU\ERDUG�VFUHHQ�GLVSOD\V�RQ�SDSHU��6WHS����3URJUDP�OHVVRQ�



� ���
UHDGLQJ��ZKLFK� KDV� UHFHQWO\� EHHQ� LQWHJUDWHG� LQWR� WKH� ³LQWHUDFWLYH´�PRGHO� RI�
UHDGLQJ��0DFDUR������������������$�EULHI�GHVFULSWLRQ�RI�WKH�FKDUDFWHULVWLFV�RI�
HDFK�UHDGLQJ�PRGHO�IROORZV��
�
D�� %RWWRP�XS�PRGHO�� � 7KH� PRVW� LPSRUWDQW� FKDUDFWHULVWLF� RI� D� ERWWRP�XS�
PRGHO� LV� WKH� SHUFHSWLRQ� WKDW� WKH� UHDGHU� VLPSO\� GHFRGHV� WKH�PHVVDJH�WH[W��
ZKLFK� WKH� ZULWHU� KDV� HQFRGHG�� 7KLV� LPSOLHV� WKDW� WKHUH� LV� RQO\� D� VLQJOH��
UHVWULFWHG�PHDQLQJ� RI� WKH� WH[W� ZKLFK� LV� RQO\� GHWHUPLQHG� E\� WKH�ZULWHU�� 7KH�
UHDGHU�FDQ�DFFHVV�WKH�PHDQLQJ�RI�WKH�WH[W�E\�VLPSO\�GHFRGLQJ�WKH�PHVVDJH���
,W� DOVR� LPSOLHV� WKDW� WKH� GHFRGLQJ� SURFHVV� LV� OLPLWHG� WR� WKH� LGHQWLILFDWLRQ� RI�
OHWWHUV�� WKHQ� ZRUGV�� DQG� WKHQ� VHQWHQFHV� �0DFDUR�� ����������� 7KH� UHDGHU�
ZRXOG� UHO\� PRVWO\� RQ� KLV�KHU� JUDPPDWLFDO�� DQG� GLVFRXUVH� FRPSHWHQFH� WR�
QHJRWLDWH�PHDQLQJ���7KH�PDLQ�HPSKDVLV�LQ�D�ERWWRP�XS�PRGHO�ZRXOG�EH�WKH�
WH[W�LWVHOI��
E�� �7RS�GRZQ�PRGHO��7KLV�PRGHO�RI� UHDGLQJ�SODFHV� WKH�PDLQ�HPSKDVLV�RQ�
WKH� PHDQLQJ� RI� D� WH[W�� � 7KH� UHDGHU� FDQ� DFFHVV� WKLV� PHDQLQJ� E\� VDPSOLQJ�
ZRUGV�DQG�SKUDVHV��WKHQ�E\�SUHGLFWLQJ�DQG�LQIHUULQJ�WKH�XQGHUO\LQJ�PHDQLQJ���
7KLV� FDQ� RQO\� EH� DFKLHYHG� LI� WKH� UHDGHU¶V� H[LVWLQJ� VHPDQWLF�� SUDJPDWLF��
V\QWDFWLF� DQG� GLVFRXUVH� NQRZOHGJH� LV� DFWLYDWHG�� � 6HQWHQFHV�� SKUDVHV��
GLVFRXUVH� IHDWXUHV� DQG� JUDPPDWLFDO� VWUXFWXUHV� ZLOO� DFWLYDWH� WKH� UHDGHU¶V�
FRQWH[WXDO� NQRZOHGJH�� � ,Q� DGGLWLRQ�� SUHYLRXV� H[SHULHQFH� ZLWK� VLPLODU� IRUPV�
ZLOO� OHDG� WR� H[SHFWDWLRQV� DQG� SUHGLFWLRQV� RI� WKLQJV� WKDW� DUH� OLNHO\� WR� IROORZ�
�0DFDUR��������������
F�� � ,QWHUDFWLYH�PRGHO�� � 7KH� LQWHUDFWLYH�PRGHO� RI� UHDGLQJ� LV� FRQVLGHUHG�DV�
WKH�FXUUHQW�DQG�EHVW�H[SODQDWLRQ�RI�KRZ�PHDQLQJ�LV�H[WUDFWHG�IURP�WKH�WH[W��
,W� LV� D� FRPELQDWLRQ� RI� ERWK� WRS�GRZQ� DQG� ERWWRP�XS� VWUDWHJLHV�� � ,Q� WKLV�
PRGHO�� UHDGLQJ� LV� D� SURFHVV� ZKLFK� HPSOR\V� YDULRXV� NQRZOHGJH� VRXUFHV� WR�
DFFHVV� PHDQLQJ�� 7KLV� WDNHV� LQWR� DFFRXQW� WKH� IDFW� WKDW� PHDQLQJ� LV� QRW�
UHVWULFWHG�WR�WKH�WH[W�DORQH��EXW� LV�D�FR�FRQVWUXFWLRQ�RI�WKH�ZULWHU¶V�WH[W�DQG�
WKH� UHDGHU¶V� LQWHUSUHWDWLRQ�� � $FFHVVLQJ� PHDQLQJ� EHFRPHV� D� FRQWLQXRXV�
LQWHUDFWLRQ� EHWZHHQ� WKH� VXSHUILFLDO� VWUXFWXUH� RI� WKH� WH[W�� DQG� WKH� UHDGHU¶V�
NQRZOHGJH�RI�WKH�WRSLF���7KLV�PRGHO�DOORZV�WKH�UHDGHU�WR� LQIHU�PHDQLQJ��EXW�
DOVR� WR� FRQFHQWUDWH� RQ� LQGLYLGXDO� ZRUGV� WR� FRQILUP� K\SRWKHVHV� DQG�
FRQQHFWLRQV�� WKHUHE\� FUHDWLQJ� GLIIHUHQW� OHYHOV� RI� LQWHUSUHWDWLRQ�� � �0DFDUR��
�����������������



� ���
6LQFH� WKH� LQWHUDFWLYH� PRGHO� RI� UHDGLQJ� FDQ� EH� VHHQ� DV� D� FRPELQDWLRQ� RI�
ERWWRP�XS� DQG� WRS�GRZQ� PRGHOV�� WKH� UHDGLQJ� VNLOOV� DVVRFLDWHG� ZLWK� WKH�
HDUOLHU� PRGHOV� ZLOO� DOVR� EH� SDUW� RI� WKH� LQWHUDFWLYH� PRGHO� RI� UHDGLQJ�� )RU�
H[DPSOH�� ZRUG�LGHQWLILFDWLRQ� ZRXOG� EH� D� VNLOO� DVVRFLDWHG� ZLWK� D� ERWWRP�XS�
PRGHO�DQG�ZRXOG�EH�QHHGHG� IRU�VFDQQLQJ� WKH� WH[W� IRU�D�VSHFLILF�ZRUG�� �7KLV�
VNLOO�ZLOO�DOVR�EH� LPSHUDWLYH�WR�UHDGLQJ�D�WH[W�FORVHO\��*XHVVLQJ�WKH�PHDQLQJ�
RI� DQ� XQIDPLOLDU� ZRUG� ZRXOG� EH� DQ� H[DPSOH� RI� D� VNLOO� FRQQHFWHG� ZLWK� WRS�
GRZQ�PRGHOV� RI� UHDGLQJ�� � ,QIHUULQJ� WKH�PHDQLQJ�RI� DQ� XQNQRZQ�ZRUG� IURP�
WKH�FRQWH[W�RI�WKH�WH[W�ZRXOG�EH�KHOSIXO�LQ�VNLPPLQJ�D�WH[W�WR�JHW�WKH�JLVW�RI�
LW���7KLV�VNLOO�ZLOO�EH�LQYDOXDEOH�ZKHQ�D�VWXGHQW�LV�DVNHG�WR�FULWLFDOO\�DQDO\VH�D�
WH[W�� � 7KHUHIRUH�� WKH� HFOHFWLF� QDWXUH� RI� WKH� LQWHUDFWLYH� PRGHO� RI� UHDGLQJ�
PDNHV� LW� WKH� PRVW� DSSURSULDWH� PRGHO� IRU� WKLV� VWXG\�� VLQFH� LW� DOORZV� WKH�
SXUSRVH�IRU�UHDGLQJ��DV�ZHOO�DV�WKH�LQGLYLGXDO�UHDGHU��WR�GHWHUPLQH�ZKLFK�VNLOO�
WR�XVH�LQ�RUGHU�WR�QHJRWLDWH�PHDQLQJ����

������ 7KH�LQWHUUHODWLRQVKLS�RI�DSSURDFK��VWUDWHJ\�DQG�VNLOO�
:KLOH� FRQGXFWLQJ� D� VWXG\�RI� UHOHYDQW� OLWHUDWXUH�RQ� UHDGLQJ�� LW� FDPH� WR� OLJKW�
WKDW�WKHUH�DUH�GLVFUHSDQFLHV�DERXW�WKH�GHILQLWLRQV�RI�WKH�WHUPV�µUHDGLQJ�VNLOO¶�
DQG� µUHDGLQJ� VWUDWHJ\¶� �FI�� *UHOOHW�� ������ *RRGPDQ�� ������ 'UH\HU� 	� 1HO��
������� 7KH� &RPPXQLFDWLYH� $SSURDFK�� ZKLFK� VHUYHV� DV� WKH� XQGHUO\LQJ�
WKHRUHWLFDO� DSSURDFK� IRU� WKLV� VWXG\�� SURSRVHV� WKH� IROORZLQJ� LQWHUSUHWDWLRQ� RI�
µUHDGLQJ�VNLOO¶���

7KXV�� UHDGLQJ�DQG�XQGHUVWDQGLQJ� WKLV�SLHFH�RI� WH[W� LV�DQ�DFWLYLW\�ZKLFK�
WKH� UHDGHU� LV� DEOH� WR� SHUIRUP� EHFDXVH� KH� FDQ�� LQWHU� DOLD�� IROORZ�
UHODWLRQVKLSV� RI� WKRXJKW� EHWZHHQ� WKLV� VHQWHQFH� DQG� WKH� SUHFHGLQJ� DQG�
IROORZLQJ� RQHV�� � 0RUHRYHU�� KH� LV� HQDEOHG� WR� GR� WKLV� WKURXJK� KLV�
XQGHUVWDQGLQJ� RI� WKH� FRKHVLYH� IXQFWLRQ� RI� µWKXV¶�� LQGLFDWLQJ� WKDW� ZKDW�
IROORZV� LV� DQ� H[SODQDWRU\� DSSRVLWLRQ� WR� WKH� SUHYLRXV� VWDWHPHQW�� DQG�
µPRUHRYHU¶�� ZKLFK� LQGLFDWHV� WKDW� ZKDW� IROORZV� UHLQIRUFHV� WKH� SUHYLRXV�
VWDWHPHQW�� � 2QH� PD\� VD\� WKDW� WKH� UHDGHU� QHHGV� WR� EH� DEOH� WR�
µXQGHUVWDQG� UHODWLRQV�EHWZHHQ�SDUWV�RI�D� WH[W� WKURXJK� WKH�JUDPPDWLFDO�
FRKHVLRQ� GHYLFH� RI� ORJLFDO� FRQQHFWHUV¶� �D� ODQJXDJH� VNLOO�� LQ� RUGHU� WR�
XQGHUVWDQG�WKH�SDVVDJH��FRPPXQLFDWLYH�DFWLYLW\����

�0XQE\������������
�
7KHUHIRUH��WKH�WHUP�µUHDGLQJ�VNLOO¶�LV�XVHG�LQ�WKLV�VWXG\�WR�UHIHU�WR�WKH�VSHFLILF�
VNLOO� QHHGHG� E\� D� VWXGHQW� WR� SHUIRUP� D� FHUWDLQ� DFWLYLW\�� VXFK� DV� UHDGLQJ�
FRPSUHKHQVLRQ�� $� GHWDLOHG� GHVFULSWLRQ� RI� WKHVH� VNLOOV� ZLOO� EH� SURYLGHG� LQ�



� ���
&KDSWHU� ��� � 7KH� WHUP� µUHDGLQJ� VWUDWHJ\¶� UHIHUV� WR� WKH� DFWLRQ� WDNHQ� E\� WKH�
UHDGHU� WR�DLG� LQ� WKH�DFTXLVLWLRQ�RI�D� FHUWDLQ� VNLOO�� �$Q�H[DPSOH�RI�D� UHDGLQJ�
VWUDWHJ\�LV��³:KLOH�,�DP�UHDGLQJ��,�WU\�WR�GHWHUPLQH�WKH�PHDQLQJ�RI�XQNQRZQ�
ZRUGV� WKDW� VHHP� FULWLFDO� WR� WKH�PHDQLQJ� RI� WKH� WH[W´� �'UH\HU� 	�1HO�� ������
�����
�

������ 5HDGLQJ�6WUDWHJLHV�
$FFRUGLQJ� WR�*RRGPDQ����������� WKH�EDVLF� IXQFWLRQ�RI� UHDGLQJ� LV� WR� VHDUFK�
IRU� DQG� GHYHORS� PHDQLQJ�� � 6KH� GHVFULEHV� WKH� SURFHVV� RI� UHDGLQJ� LQ� WKH�
IROORZLQJ�ZD\��

5HDGLQJ� EHJLQV�ZKHQ�ZH� LQWHUDFW�ZLWK� DQ� DXWKRU� WKURXJK� WKH�PHGLXP�RI�
SULQWHG� PDWHULDO�� � :H� VHOHFW� WKH� DSSURSULDWH� ODQJXDJH� FXHV� QHHGHG� WR�
SUHGLFW�� � 7KHQ� EDVHG� XSRQ� RXU� ODQJXDJH� NQRZOHGJH� DQG� EDFNJURXQG�
H[SHULHQFH�� WKDW� LV�� RXU� VFKHPD� V\VWHP�� ZH� FRQILUP� RXU� SUHGLFWLRQV� E\�
FKHFNLQJ�WKH�V\QWDFWLF�DQG�VHPDQWLF�DFFHSWDELOLW\�RI�ZKDW�ZH�WKLQN�ZH�DUH�
UHDGLQJ�DJDLQVW�RXU�NQRZOHGJH�RI�ODQJXDJH�DQG�RI�WKH�ZRUOG���:H�LQWHJUDWH�
ZKDW� ZH� EHOLHYH� WR� EH� VLJQLILFDQW� LQWR� RXU� HVWDEOLVKHG� PHDQLQJ� V\VWHP���
7KLV� SURFHVV� RI� SUHGLFWLQJ�� FRQILUPLQJ�� DQG� LQWHJUDWLQJ� SURFHHGV�
FRQWLQXRXVO\�DQG�LQWHUDFWLYHO\��� � � � � �

�
7KLV� SURFHVV� RXWOLQHV� WKH� �� VWUDWHJLHV� QHHGHG� IRU� FRPSUHKHQVLRQ� WR� WDNH�
SODFH��SUHGLFW��FRQILUP��DQG� LQWHJUDWH�� �*RRGPDQ��������������JRHV�D�VWHS�
IXUWKHU� E\� RXWOLQLQJ� �� ODQJXDJH� V\VWHPV� WKDW� DUH� QHFHVVDU\� IRU� WKH�
GHYHORSPHQW�RI�WKH���VWUDWHJLHV���7KHVH�ODQJXDJH�V\VWHPV�DUH��
• � 7KH�*UDSKRSKRQLF�V\VWHP�±�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�VRXQGV�RI�WKH�

ODQJXDJH�DQG�LWV�ZULWWHQ�IRUP��
• � 7KH�6\QWDFWLF�V\VWHP�±�WKH�LQWHUUHODWLRQVKLS�RI�ZRUGV��VHQWHQFHV��DQG�

SDUDJUDSKV��,W�DOVR�LQFOXGHV�WKH�LQWHUUHODWLRQVKLSV�RI�ZRUG�RUGHU��WHQVH��
QXPEHU�DQG�JHQGHU��

• � 7KH�6\PDQWLF�V\VWHP�±�WKH�UHODWLRQVKLSV�ZLWKLQ�ODQJXDJH�WKDW�HVWDEOLVK�
PHDQLQJ�IRU�WKH�SHUVRQ���7KLV�LQYROYHV�DOO�SUHYLRXV�OHDUQLQJ�H[SHULHQFHV��
WKRXJKWV�DQG�NQRZOHGJH�DERXW�WKH�ZRUOG��� ��

�
7KH�UHODWLRQVKLS�EHWZHHQ�WKH���VWUDWHJLHV�DQG�ODQJXDJH�V\VWHPV�LV�LQGHHG�DQ�
LQWULFDWH�RQH���,I�DOO���ODQJXDJH�V\VWHPV�DUH�DYDLODEOH�WR�D�UHDGHU��KH�VKH�FDQ�
SUHGLFW� DQG� FRQILUP� ODQJXDJH� H[SHULHQFHV� EDVHG� RQ� JUDSKRSKRQLF� DQG�
V\QWDFWLF� LQIRUPDWLRQ�� � 7KH� UHDGHU� FDQ� WKHQ� JR� RQ� WR� PDNH� LQWHOOLJHQW�
SUHGLFWLRQV� DQG� FRQILUPDWLRQV�� EHFDXVH�KH�VKH�KDV� DFFHVV� WR� WKH� QHFHVVDU\�



� ���
VHPDQWLF� LQIRUPDWLRQ�� � )LQDOO\�� WKH� UHDGHU� FDQ� LQWHJUDWH� ZKDW� KH�VKH� LV�
UHDGLQJ� ZLWK� ZKDW� KH�VKH� DOUHDG\� NQRZV� LQ� RUGHU� WR� IXOO\� FRPSUHKHQG�
�*RRGPDQ�����������
�
(FKRLQJ� WKH� EHOLHI� WKDW� ³>U@HDGLQJ� FRPSUHKHQVLRQ� KDV� FRPH� WR� EH� WKH�
µHVVHQFH�RI�UHDGLQJ¶�´��'UH\HU�	�1HO�������������LW�KDV�EHFRPH�HVVHQWLDO�WKDW�
HGXFDWRUV�LQ�WKH���VW�FHQWXU\�PXVW�GHYHORS�³HIIHFWLYH�LQVWUXFWLRQDO�PHDQV�IRU�
WHDFKLQJ� UHDGLQJ� FRPSUHKHQVLRQ� DQG� UHDGLQJ� VWUDWHJ\� XVH´� �'UH\HU� 	� 1HO��
�����������7KH�SXUSRVH�RI� UHDGLQJ�VWUDWHJ\� LQVWUXFWLRQ�VKRXOG�EH� WR�³PDNH�
VWXGHQWV� FRQVFLRXVO\� DZDUH� RI� WKH� ODQJXDJH� DQG� WKRXJKW� FXHV� DYDLODEOH� WR�
WKHP� DV� UHDGHUV´� �*RRGPDQ�� ���������� 'XH� WR� WKH� KLJK� OHYHO� RI�
FRPSUHKHQVLRQ� WKDW� LV� UHTXLUHG� RI� XQLYHUVLW\� VWXGHQWV�� WKLV� VWXG\� RQO\�
IRFXVHV�RQ�WKH�VHPDQWLF�ODQJXDJH�V\VWHP�DQG�LQWHJUDWLRQ�UHDGLQJ�VWUDWHJLHV���
�
�

���� &RQFOXVLRQ�
'LVFXVVLRQV�LQ�WKLV�FKDSWHU�FOHDUO\�LQGLFDWH�WKDW�WKH�&RPPXQLFDWLYH�$SSURDFK�
IRUPV� WKH� IRXQGDWLRQ� RI� WKH� WKHRUHWLFDO� IUDPHZRUN�� � 7KH� RWKHU� ILHOGV� WKDW�
FRQWULEXWH� JUHDWO\� WR� WKH� WKHRUHWLFDO� IUDPHZRUN� DUH�� &RJQLWLYH� DQG�
&RQVWUXFWLYLVW� /HDUQLQJ� 7KHRULHV�� &RPSXWHU� $VVLVWHG� /DQJXDJH� /HDUQLQJ��
,QVWUXFWLRQDO�'HVLJQ�DQG�0RGHOV�RI�5HDGLQJ�� �$OO� WKH�ILHOGV� LQ�WKH�WKHRUHWLFDO�
IUDPHZRUN� LQIRUP� WKH� SUDFWLFDO� GHVLJQ� RI� WKH� SURJUDP�� ZKLFK� ZLOO� EH�
GLVFXVVHG�LQ�GHWDLO�LQ�&KDSWHU������
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���� ,QWURGXFWLRQ��
7KH� SUHYLRXV� FKDSWHU� KDV� GHVFULEHG� WKH� WKHRUHWLFDO� IUDPHZRUN�ZKLFK� IRUPV�
WKH� EDVH� RI� WKLV� VWXG\�� � 7KH� UROH� RI� D� WKHRUHWLFDO� IUDPHZRUN� LQ� D� SUDFWLFDO�
SURJUDP�FDQ�QHYHU�EH�XQGHUHVWLPDWHG��7KHRUHWLFDO�SULQFLSOHV�DFW�DV�SUDFWLFDO�
JXLGHOLQHV� WR� WKH� GHYHORSHU�� HQVXULQJ� WKDW� KH�VKH� LV� QRW� ³EOLQGO\� OHG� E\� WKH�
ODWHVW� WHFKQRORJLFDO� LQQRYDWLRQ´� �/HY\�� ����������� � +RZHYHU�� RQH� FDQQRW�
VLPSO\�WDNH�DQ\�UDQGRP�WKHRU\�DQG�KRSH�WR�DFKLHYH�VXFFHVV�LQ�WKH�SUDFWLFDO�
DSSOLFDWLRQ��)RU�WKHRU\�WR�EH�WUXO\�YDOXDEOH�DV�D�JXLGH��LW�PXVW�EH�VHQVLWLYH�WR�
WKH�FRQWH[W�RI�WKH�SURJUDP��&DUUROO��������FLWHG�LQ�/HY\��������������

�
7KH�SURJUDP�GHYHORSHG�IRU�WKLV�VWXG\�LV�VHW�ZLWKLQ�WKH�PDFUR�FRQWH[W�RI�WKH�
8QLYHUVLW\�RI�6WHOOHQERVFK��86���D�WHUWLDU\�HGXFDWLRQ�LQVWLWXWH�LQ�6RXWK�$IULFD��
7KH� PLFUR� FRQWH[W� RI� WKH� SURJUDP� FRQVLVWV� RI� ILUVW�\HDU� VWXGHQWV� LQ� WKH�
(QJOLVK� ���� �)DFW� 	� )LFWLRQ�� FRXUVH� RI� WKH� 'HSDUWPHQW� RI� (QJOLVK� DW� WKH�
)DFXOW\� RI� $UWV�� � 7KH� XQLTXH� FRQWH[W� RI� WKH� SURJUDP�� DV� ZHOO� DV� WKH�
VXSSRUWLQJ� WKHRUHWLFDO� IUDPHZRUN�� VWURQJO\� LQIOXHQFHV� WKH� WZR� PRVW�
LPSRUWDQW�SDUWV�RI�WKH�SURJUDP��FRQWHQW�DQG�WHFKQLFDO�GHVLJQ��7KLV�FKDSWHU�LV�
WKHUHIRUH� GLYLGHG� LQWR� WZR� PDMRU� VHFWLRQV�� QDPHO\� SURJUDP� FRQWHQW� DQG�
WHFKQLFDO�GHVLJQ��,Q�RUGHU�WR�IDFLOLWDWH�WKH�GLVFXVVLRQ��WKH�LQIOXHQFH�RI�WKHRU\�
DQG� FRQWH[W� LV� OLQNHG� ZLWK� WKH� ���VWHS� PRGHO� IRU� WKH� GHYHORSPHQW� RI�
FRPSXWHU�EDVHG�LQVWUXFWLRQDO�PDWHULDOV��SUHVHQWHG�LQ�&KDSWHU����FI�����������

�
���� 3URJUDP�&RQWHQW�

7KLV� VHFWLRQ� GHVFULEHV� WKH� H[WHQW� WR� ZKLFK� WKH� WKHRUHWLFDO� IUDPHZRUN� DQG�
FRQWH[W�LQIOXHQFHG�WKH�FRQWHQW�RI�WKH�SURJUDP���
�

������ 6WHS����'HWHUPLQH�1HHGV�RI�6WXGHQWV�DQG�*RDOV�RI�/HVVRQ�
,QVWLWXWLRQV� RI� KLJKHU� HGXFDWLRQ� LQ� 6RXWK� $IULFD� VXFK� DV� WKH� 8QLYHUVLW\� RI�
6WHOOHQERVFK� DWWUDFW� ILUVW� \HDU� VWXGHQWV� ZLWK� YDULRXV� OHYHOV� RI� VNLOOV� LQ� WKH�
DUHD� RI� UHDGLQJ��ZULWLQJ� DQG� FRPPXQLFDWLRQ� LQ� DQ� DFDGHPLF�PRGH�� � 7KLV� LV�
GXH� WR� WKH� IDFW� WKDW� SURVSHFWLYH� ILUVW�\HDU� VWXGHQWV� KDYH� GLIIHUHQW� VRFLDO��
HFRQRPLFDO�� FXOWXUDO� DQG� HGXFDWLRQDO� EDFNJURXQGV�� +RZHYHU�� DW� XQLYHUVLW\�
OHYHO�D�VWXGHQW¶V�XQGHUVWDQGLQJ�RI�PDWHULDO�DQG�WKH�PDQQHU� LQ�ZKLFK�KH�VKH�



� ���
SHUIRUPV� FHUWDLQ� WDVNV�� DUH� HYDOXDWHG� ZLWKRXW� FRQVLGHULQJ� WKHLU� GLIIHULQJ�
OHYHOV�RI�VNLOOV��1HO�HW�DO���������������
�
'XULQJ�WKH�UHVHDUFKHU¶V�WXWRULDO�VHVVLRQV�ZLWK�VWXGHQWV�� LW�EHFDPH�FOHDU�WKDW�
PRVW�VWXGHQWV�GLG�QRW�XQGHUVWDQG�ZKDW�WKH\�UHDG��QRU�GLG�WKH\�NQRZ�KRZ�WR�
UHDG� HIIHFWLYHO\�� 7KLV� ILQGLQJ� KDV� EHHQ� VXSSRUWHG� E\� YDULRXV� VWXGLHV�� ZKLFK�
IRXQG� WKDW� D� VLJQLILFDQW� QXPEHU� RI� XQLYHUVLW\� VWXGHQWV� FRPPHQFH� WKHLU�
VWXGLHV�ZLWK�OHVV�WKDQ�DGHTXDWH�UHDGLQJ�FRPSUHKHQVLRQ�DELOLWLHV�DQG�UHDGLQJ�
VWUDWHJ\�XVH� �3HUNLQV��������6WU\GRP��������'UH\HU��������9DQ�:\N�������
FLWHG�LQ�1HO�HW�DO�������������7KLV�GHILFLHQF\�LV�WUXO\�SUREOHPDWLF��VLQFH�PRVW�
WDVNV� DW� WHUWLDU\� OHYHO� DUH� RXWSXWV� RI� WKH� UHDGLQJ� SURFHVV�� VXFK� DV� ZULWLQJ�
DQDO\WLFDO�SDSHUV��RU�XQGHUVWDQGLQJ�WKH�FRQWHQW�RI�D�VXEMHFW�IRU�H[DPLQDWLRQ�
SXUSRVHV����
�
1XPHURXV�VWXGLHV�KDYH�VKRZQ�WKDW�WKH�H[SOLFLW�WHDFKLQJ�RI�UHDGLQJ�VWUDWHJLHV�
FDQ�EHQHILW� UHDGLQJ� FRPSUHKHQVLRQ� �FI��'UH\HU��1HO�� ������ 3UHWRULXV�� ������
1HO�� 'UH\HU� 	� .RSSHU�� ������� � 7KLV� ILQGLQJ� LV� LQ� VWHS� ZLWK� &RJQLWLYH� DQG�
&RQVWUXFWLYLVW�/HDUQLQJ�7KHRULHV��7KHVH�WKHRULHV�UHFRJQL]H�WKDW�³WKH�OHDUQLQJ�
SURFHVV� LV� GULYHQ�E\� VWUDWHJLHV� WKDW� FDQ�EH�DFTXLUHG�H[WHUQDOO\´� DQG�DLP� WR�
UDLVH� VWXGHQWV¶� DZDUHQHVV� RQ� FRPPXQLFDWLYH�� OLQJXLVWLF� DQG� VWUDWHJLF� OHYHOV�
�FI��:ROII��������5�VFKRII���������7KHUHIRUH�� WKH�VWXGHQWV�QHHG� µVRPHWKLQJ¶�
WKDW� H[SOLFLWO\� PDNHV� WKHP� DZDUH� RI� UHDGLQJ� VWUDWHJLHV�� � 7KH� JRDO� RI� WKH�
SURJUDP�GHYHORSHG� IRU� WKLV� VWXG\� LV� WR�EH� WKDW� µVRPHWKLQJ¶�ZKLFK�ZLOO�PDNH�
VWXGHQWV� DZDUH� RI� UHDGLQJ� VWUDWHJLHV�� DQG� LPSURYH� WKHLU� SURILFLHQF\� LQ�
UHDGLQJ�VWUDWHJLHV�DQG�VNLOOV����
�
)RU� WKH� SXUSRVH� RI� WKLV� VWXG\�� WKH� IRFXV� ZLOO� EH� RQ� SURPRWLQJ� LQWHJUDWLRQ��
ZKLFK� XWLOL]HV� WKH� VHPDQWLF� ODQJXDJH� V\VWHP�� DV� D� UHDGLQJ� VWUDWHJ\� �FI��
�������� � 7KH� VSHFLILF� UHDGLQJ� VNLOOV� WDUJHWHG� LQ� HDFK� JHQUH� RI� WH[W� ZHUH�
LGHQWLILHG� E\� XVLQJ� 0XQE\¶V� ³/DQJXDJH� 6NLOO� 6HOHFWRU´� �����������������
7KHVH�UHDGLQJ�VNLOOV� IRUPHG�WKH�FRUH�RI� WKH� µRXWFRPHV¶� WKDW�ZHUH�GHILQHG�DW�
WKH� EHJLQQLQJ� RI� HDFK� VHFWLRQ� RI� WKH� FRPSXWHU� SURJUDP�� � 7KH� UHODWLRQVKLS�
EHWZHHQ� WKH� SUHIHUUHG� UHDGLQJ� VWUDWHJ\�� WKH� JHQUH� RI� WH[W�� WKH� WDUJHWHG�
UHDGLQJ�VNLOO�DQG�WKH�VSHFLILF�RXWFRPHV�RI�WKH�VHFWLRQ�LV�VXPPDUL]HG�LQ�7DEOH�
���



� ���
7DEOH�����7KH�UHODWLRQVKLS�EHWZHHQ�SUHIHUUHG�UHDGLQJ�VWUDWHJ\��JHQUH��WDUJHWHG�UHDGLQJ�VNLOO�DQG�VSHFLILF�RXWFRPHV��

3UHIHUUHG�5HDGLQJ�6WUDWHJ\� *HQUH�RI�WH[W� 7DUJHWHG�5HDGLQJ�6NLOO� 6SHFLILF�2XWFRPHV�
6FDQQLQJ�WR�ORFDWH�VSHFLILFDOO\�UHTXLUHG�LQIRUPDWLRQ�RQ�D�VLQJOH�SRLQW��LQYROYLQJ�D�VLPSOH�VHDUFK��0XQE\������������1HZV�0HGLD� 5HFRJQL]LQJ�LQGLFDWRUV�LQ�GLVFRXUVH�IRU�DQWLFLSDWLQJ�DQ�REMHFWLRQ�RU�FRQWUDU\�YLHZ��0XQE\�����������

���$�ZRUNLQJ�NQRZOHGJH�RI�WKH�UHDGLQJ�VNLOO��6FDQQLQJ������$EOH�WR�GLVWLQJXLVK�IDFW�IURP�RSLQLRQ�LQ�QHZV�PHGLD�DUWLFOHV��

6KRUW�6WRULHV� 6HOHFWLYH�H[WUDFWLRQ�RI�UHOHYDQW�SRLQWV�IURP�D�WH[W��LQYROYLQJ�WKH�WDEXODWLRQ�RI�LQIRUPDWLRQ�IRU�FRPSDULVRQ�DQG�FRQWUDVW��0XQE\������������

���+DYH�D�EHWWHU�XQGHUVWDQGLQJ�RI�KRZ�WR�VHOHFWLYHO\�H[WUDFW�LQIRUPDWLRQ�IURP�D�WH[W������5HODWH�WKH�VHOHFWLYHO\�H[WUDFWHG�LQIRUPDWLRQ�WR�D�FHUWDLQ�TXHVWLRQ���LGHD���FRQFHSW������,GHQWLI\�GLIIHUHQW�SHUVSHFWLYHV�ZLWKLQ�D�WH[W������,GHQWLI\�GLIIHUHQW�DWWLWXGHV�H[SUHVVHG�LQ�D�WH[W���
'LVWLQJXLVKLQJ�WKH�PDLQ�LGHD�IURP�VXSSRUWLQJ�GHWDLOV��E\�GLIIHUHQWLDWLQJ�WKH�ZKROH�IURP�LWV�SDUWV��0XQE\������������3RHWU\� 8QGHUVWDQGLQJ�WKH�FRPPXQLFDWLYH�YDOXH��IXQFWLRQ��RI�VHQWHQFHV�DQG�XWWHUDQFHV�ZLWK�H[SOLFLW�LQGLFDWRUV��0XQE\������������

���'LVWLQJXLVK�EHWZHHQ�WKH�PDLQ�LGHD�DQG�LWV�VXSSRUWLQJ�GHWDLOV�PRUH�HDVLO\������&RPPHQW�RQ�WKH�WRQH�RI�D�SRHP�PRUH�DFFXUDWHO\��
8QGHUVWDQGLQJ�FRQFHSWXDO�PHDQLQJ��HVSHFLDOO\�UHVXOW��SXUSRVH�DQG�FRQWUDVW��0XQE\������������

7KH�VHPDQWLF�ODQJXDJH�V\VWHP�VKRXOG�VXSSRUW�LQWHJUDWLRQ�DV�D�UHDGLQJ�VWUDWHJ\�WKURXJKRXW�WKH�SURJUDP�����6HPDQWLF�ODQJXDJH�V\VWHP��5HDGHUV�VKRXOG�XVH�WKH�VHPDQWLF�ODQJXDJH�V\VWHP�WR�SUHGLFW�DQG�FRQILUP�K\SRWKHVHV���,QWHJUDWLRQ�6WUDWHJ\��5HDGHUV�LQWHJUDWH�ZKDW�WKH\�UHDG�ZLWK�WKHLU�H[LVWLQJ�ZRUOG�NQRZOHGJH�LQ�RUGHU�WR�IXOO\�FRPSUHKHQG���*RRGPDQ����������

7KH�1RYHO� 8QGHUVWDQGLQJ�WKH�FRPPXQLFDWLYH�YDOXH��IXQFWLRQ��RI�VHQWHQFHV�DQG�XWWHUDQFHV�ZLWKRXW�H[SOLFLW�LQGLFDWRUV��0XQE\������������

���+DYH�D�FOHDUHU�XQGHUVWDQGLQJ�RI�WKH�WHUP��SORW��������%H�DEOH�WR�LGHQWLI\��DQDO\]H�DQG�FRPPHQW�RQ�YDULRXV�W\SHV�RI�DUJXPHQWDWLYH�GLDORJXHV��
�
�



� ���
������ 6WHS����&ROOHFW�5HVRXUFH�0DWHULDOV�

7KLV� SURFHVV� HQWDLOV� FROOHFWLQJ� PDWHULDOV� ³UHOHYDQW� WR� VXEMHFW� PDWWHU��
LQVWUXFWLRQDO� GHYHORSPHQW� DQG� WKH� LQVWUXFWLRQDO� GHOLYHU\� V\VWHP´� �$OHVVL� 	�
7UROOLS�� ����������� &RQVLGHULQJ� WKH� IDFW� WKDW� WKLV� VHFWLRQ� GHDOV�PDLQO\�ZLWK�
WKH�FRQWHQW�RI�WKH�SURJUDP��WKLV�GLVFXVVLRQ�ZLOO�EH�OLPLWHG�WR�D�GHVFULSWLRQ�RI�
WKH� VXEMHFW� PDWWHU� UHVRXUFH� PDWHULDOV�� � 5HVRXUFH� PDWHULDOV� SHUWDLQLQJ� WR�
LQVWUXFWLRQDO� GHYHORSPHQW� DQG� WKH� LQVWUXFWLRQDO� GHOLYHU\� V\VWHP� ZLOO� EH�
GLVFXVVHG�LQ�VHFWLRQ�������RQ�WHFKQLFDO�GHVLJQ��
�
7KH�FKRLFH�RI�PDWHULDOV�XVHG� LQ�WKH�SURJUDP�ZDV�VWURQJO\� LQIOXHQFHG�E\�WKH�
&RPPXQLFDWLYH� $SSURDFK�� &RJQLWLYH� DQG� &RQVWUXFWLYLVW� /HDUQLQJ� 7KHRULHV��
DQG�0RGHOV�RI�5HDGLQJ��$OO�WKHVH�WKHRULHV�UHTXLUH�WKDW�OHDUQLQJ�EH�SXUSRVHIXO�
DQG�PHDQLQJIXO�� �/HDUQLQJ�FRXOG�HLWKHU� WDNH�SODFH� WR�SHUIRUP�D�FHUWDLQ� WDVN�
LQ�D�UHDO�OLIH�VLWXDWLRQ��RU�WR�FRPSUHKHQG�WKH�PHDQLQJ�RI�DQ�DFDGHPLF�DUWLFOH�
�FI�����������������/HDUQLQJ�FDQ�RQO\�EH�SXUSRVHIXO�DQG�PHDQLQJIXO�LI�LW�WDNHV�
SODFH�ZLWKLQ�D� FHUWDLQ� FRQWH[W�� � /LIH�SURYLGHV� WKH� VLWXDWLRQDO� FRQWH[WV�ZKLFK�
HQDEOHV� SHRSOH� WR� EXLOG� RQ� DQG� H[SDQG� WKH� VWUXFWXUHV� WKDW� RUJDQL]H� WKHLU�
H[SHULHQFHV��*RRGPDQ������������
�
&RPELQLQJ�WKH�LPSRUWDQFH�RI�FRQWH[W�ZLWK�WKH�FRQVWUXFWLYLVW�QRWLRQ�WKDW�RQO\�
WKDW� ZKLFK� FDQ� EH� FRQQHFWHG� ZLWK� DYDLODEOH� NQRZOHGJH� FDQ� EH� XQGHUVWRRG�
DQG� OHDUQW� �FI��:ROII�� ������� SURYLGLQJ� VWXGHQWV� ZLWK� D� FHUWDLQ� FRQWH[W� ZLOO�
HQKDQFH�WKH�VWXGHQW¶V�OHDUQLQJ�SURFHVV���$�VSHFLILF�FRQWH[W�LV�SURYLGHG�ZKLFK�
VKRXOG�WULJJHU�WKH�VWXGHQW¶V�H[LVWLQJ�ZRUOG�NQRZOHGJH�� �7KH�SURJUDP�XVHV�D�
FHQWUDO� WKHPH�� µSRZHU� SOD\¶� WR� SURYLGH� DQ� DSSURSULDWH�� FRKHUHQW� OHDUQLQJ�
FRQWH[W��7KH� WKHPH��DV�ZHOO� DV� WKH�JHQUH�RI� WH[W�� GHWHUPLQHG� WKH�FKRLFH�RI�
PDWHULDO����
�
7KH�(QJOLVK������)DFW�	�)LFWLRQ��FRXUVH�GHDOV�ZLWK�IRXU�JHQUHV�RI�WH[W�ZLWKLQ�
WKH� WXWRULDO� JURXSV� WKURXJKRXW� WKH� FRXUVH� RI� WKH� \HDU�� D�� 1HZV� 0HGLD� E��
6KRUW�6WRULHV�F��3RHWU\�DQG�G��7KH�1RYHO���7KH�WH[WV�FKRVHQ�IRU�HDFK�RI�WKHVH�
JHQUHV�DUH�WKHPDWLFDOO\� OLQNHG�HLWKHU�WR�WKH�HQWLUH�SKUDVH�µSRZHU�SOD\¶��RU�WR�
WKH�VHSDUDWH�ZRUGV�µSRZHU¶�DQG�µSOD\¶���,Q�NHHSLQJ�ZLWK�WKH�FRQVWUXFWLYLVW�FDOO�
IRU�³DXWKHQWLF�PDWHULDO �́�DOO� WKH�WH[WV�XVHG�LQ�WKH�SURJUDP�DUH�FRPSOHWH�DQG�
XQDEULGJHG��FI��:ROII���������$OO�WKH�SKRWRJUDSKV�DQG�RWKHU�YLVXDO�PDWHULDOV�



� ���
ZHUH�DOVR�FKRVHQ� WR�DFW� DV�FRQWH[WXDO� FOXHV� WR� WULJJHU� WKH� UHDGHU¶V� H[LVWLQJ�
NQRZOHGJH�DERXW�WKH�VXEMHFW����
�

������ 6WHS����/HDUQ�WKH�&RQWHQW�
,Q� WKHLU� ERRN�� &RPSXWHU�%DVHG� ,QVWUXFWLRQ� ±� 0HWKRGV� DQG� 'HYHORSPHQW��
$OHVVL�DQG�7UROOLS������������VWDWH�WKDW�LW�³LV�UDUH�IRU�WKH�GHVLJQHU�RI�D�OHVVRQ�
WR�EH�FRPSOHWHO\� IDPLOLDU�ZLWK� WKH�FRQWHQW� WR�EH� WDXJKW�́ � �7KLV�VWDWHPHQW� LV�
RQO\� SDUWLDOO\� DSSOLFDEOH� WR� WKH� GHYHORSHU� RI� WKLV� SURJUDP�� � %HIRUH� VWDUWLQJ�
WKLV� UHVHDUFK� SURMHFW�� WKH� UHVHDUFKHU�GHYHORSHU� KDG� D� IDLU� DPRXQW� RI�
NQRZOHGJH� DERXW� UHDGLQJ�� EXW� ZDV� FRPSOHWHO\� LJQRUDQW� RQ� WKH� VXEMHFW� RI�
UHDGLQJ� LQVWUXFWLRQ�� 7KH� SURFHVV� RI� ³OHDUQLQJ� WKH� FRQWHQW´� QHHGHG� E\� WKH�
GHYHORSHU�WR�HIIHFWLYHO\�GHVLJQ�WKLV�SURJUDP��ZDV�LQGHHG�D�UHZDUGLQJ�RQH��
�

������ 6WHS����*HQHUDWH�,GHDV�
,Q�WKH�FDVH�RI�WKLV�SURJUDP�WKH�JHQHUDWLRQ�RI�FUHDWLYH�LGHDV�RFFXUUHG�PRUH�RU�
OHVV� VLPXOWDQHRXVO\� ZLWK� 6WHS� �� �FROOHFWLQJ� UHVRXUFH� PDWHULDOV��� � ,W� ZDV�
QHFHVVDU\� WR� LGHQWLI\� WKH� FHQWUDO� WKHPH�� µSRZHU� SOD\¶� ILUVW�� EHIRUH� DQ\�
PDWHULDOV� FRXOG� EH� VHOHFWHG�� � 7KH� FHQWUDO� WKHPH�� LQ� FRQMXQFWLRQ� ZLWK� WKH�
FKRVHQ� WH[WV� DQG� RWKHU� PDWHULDOV�� JXLGHG� IXUWKHU� FUHDWLYH� WKRXJKWV�� � 7KH�
SURFHVV�RI� JHQHUDWLQJ� FUHDWLYH� LGHDV�FXOPLQDWHG� LQ�GLIIHUHQW� VXE� WKHPHV� IRU�
HDFK�JHQUH�RI�WH[W��ZKLFK�LV�SUHVHQWHG�LQ�7DEOH����



� ���
�

7DEOH�����$�GHVFULSWLRQ�RI�FHQWUDO�WKHPH�DQG�VXE�WKHPHV�ZLWKLQ�WKH�SURJUDP��
(OHPHQW� 7KHPH� 'HVFULSWLRQ�

3URJUDP��$V�D�ZKROH��

3RZHU�3OD\��FHQWUDO�WKHPH���'HILQLWLRQ��$Q�DJJUHVVLYH�DWWHPSW�WR�FRPSHO�DFFHSWDQFH��DJUHHPHQW�E\�WKH�FRQFHQWUDWLRQ�PDQLSXODWLRQ�RI�SRZHU���:RUG:HE�������

7KHUH�LV�D�FRQWLQXRXV�SRZHU�SOD\�EHWZHHQ�WKH�UHDGHU�DQG�WKH�WH[W��7KH�UHDGHU�DLPV�WR�XQGHUVWDQG�WKH�WH[W�IXOO\��ZKLOH�WKH�WH[W�KDV�WKH�SRZHU�WR�ZLWKKROG�WKH�UHDGHU�IURP�UHDFKLQJ�KLV�KHU�JRDO��7KH�UHDGHU�VKRXOG�VWULYH�WR�LQFUHDVH�KLV�SRZHU�RI�FRPSUHKHQVLRQ�WKURXJK�LPSURYLQJ�KLV�KHU�SURILFLHQF\�LQ�UHDGLQJ�VNLOOV��
1HZV�0HGLD� 7KH�2O\PSLF�*DPHV� 7KH�ZRUG�µJDPHV¶�LV�OLQNHG�ZLWK�µSOD\¶��DQG�WKHUH�LV�FHUWDLQO\�VRPH�µSRZHU�SOD\¶�DPRQJ�µSRZHUIXO¶�DWKOHWHV��

6KRUW�6WRULHV� &RQWH[W�RI�WKH�FKRVHQ�VKRUW�VWRU\��HQWLWOHG�³3RZHU �́�E\�-DFN�&RSH��

7KH�VWRU\�WDNHV�SODFH�GXULQJ�WKH�DXWXPQ�PRQWKV�RQ�D�IDUP�LQ�6RXWK�$IULFD��7KH�WLWOH�UHIHUV�WR�µHOHFWULFDO�SRZHU¶�RQ�D�OLWHUDO�OHYHO��DQG�WR�WKH�µSRZHU¶�RI�WKH�PDLQ�FKDUDFWHU�RQ�D�ILJXUDWLYH�OHYHO��
3RHWU\� :DU�3RHWU\� :DU�FRQVWLWXWHV�D�YHU\�REYLRXV�SRZHU�SOD\�EHWZHHQ�WKH�ILJKWLQJ�IDFWLRQV���,W�DOVR�HYRNHV�SRZHUIXO�HPRWLRQV�LQ�SHRSOH��
7KH�1RYHO� &RQWH[W�RI�QRYHO�³7KH�/RUG�RI�7KH�5LQJV�±�7KH�7ZR�7RZHUV �́�E\�-�5�5��7RONLHQ��

7KH�H[WUDFW�WDNHQ�IURP�WKH�QRYHO�IHDWXUHV�D�YHUEDO�µSRZHU�SOD\¶�EHWZHHQ�WZR�RI�WKH�PDLQ�FKDUDFWHUV�LQ�WKH�ERRN���
�

������ 6WHS����'HVLJQ�,QVWUXFWLRQ�
2QH� RI� WKH� LPSRUWDQW� GHFLVLRQV� LQ� WKLV� VWHS� RI� WKH� GHVLJQ� SURFHVV� LV� WKH�
LQVWUXFWLRQDO� PHWKRGRORJ\� WKDW� WKH� SURJUDP� LV� JRLQJ� WR� XWLOL]H�� � $OHVVL� DQG�
7UROOLS� ������������ LGHQWLI\� ILYH� PDLQ� PHWKRGV� RI� FRPSXWHU�EDVHG�
LQVWUXFWLRQ�� WXWRULDOV�� GULOOV�� VLPXODWLRQV�� JDPHV� DQG� WHVWV�� � 7KHVH�
PHWKRGRORJLHV� DOO� WDUJHW� GLIIHUHQW� SKDVHV� RI� WKH� LQVWUXFWLRQDO� SURFHVV�� EXW�
FDQ� EH� XVHG� FRQFXUUHQWO\� IRU�PD[LPXP� HIIHFW�� � 7KH� SURJUDP� GHYHORSHG� LQ�
WKLV� VWXG\� LV� LQWHQGHG� WR�SURYLGH�DQ�RSSRUWXQLW\� IRU� SUDFWLFH�� � $�PL[WXUH�RI�
WKH� IHDWXUHV� RI� WZR� LQVWUXFWLRQDO� PHWKRGRORJLHV� LV� SUHVHQW� LQ� WKH� SURJUDP��
WXWRULDOV�DQG�GULOOV��
�

�������� 7XWRULDOV�
$� 7XWRULDO� LV� DQ� LQVWUXFWLRQDO� PHWKRGRORJ\� HVSHFLDOO\� VXLWHG� WR� WKH�
SUHVHQWDWLRQ�RI�IDFWXDO� LQIRUPDWLRQ��WKH�OHDUQLQJ�RI�UXOHV�DQG�SULQFLSOHV��DQG�
WKH� OHDUQLQJ� RI� SUREOHP�VROYLQJ� VWUDWHJLHV� �*DJQH�� :DJHU� 	� 5RMDV�� �����
TXRWHG�LQ�$OHVVL�	�7UROOLS������������7KH�PDMRULW\�RI�HIIHFWLYH�WXWRULDOV�VKDUH�



� ���
WKH�VWUXFWXUH�GHVFULEHG�E\�$OHVVL�DQG�7UROOLS�������������ZKLFK�LV�RXWOLQHG�LQ�
)LJXUH����

�
)LJXUH����7KH�JHQHUDO�VWUXFWXUH�RI�DQ�HIIHFWLYH�WXWRULDO��

�������� D���7XWRULDOV�±�,QWURGXFWLRQ�DQG�3UHVHQWDWLRQ�RI�,QIRUPDWLRQ�
7KH�SURJUDP�GHYHORSHG�IRU�WKLV�VWXG\�JHQHUDOO\�IROORZV�WKLV�WXWRULDO�VWUXFWXUH��
(DFK� JHQUH� RI� WH[W� IRUPV� D� WXWRULDO� RQ� LWV� RZQ�� 7KH� LQWURGXFWRU\� SDJH�
GHVFULEHV� WKH� RXWFRPHV� RI� WKH� VHFWLRQ� DQG� WKH� VWXGHQW� FDQ� FKRRVH� WKH�
PDWHULDOV� WR� EH� SUHVHQWHG�� ,Q� WKH� WXWRULDO�� LW� LV� QHFHVVDU\� WR� GHWHUPLQH�
ZKHWKHU� WKH� PRGH� RI� SUHVHQWDWLRQ� LV� JRLQJ� WR� EH� D� VLQJOH� PHGLXP�� IRU�
H[DPSOH� WH[W�� RU� D� FRPELQDWLRQ� RI� GLIIHUHQW� PHGLD�� IRU� H[DPSOH� WH[W� DQG�
VRXQG���7KLV�LV�ODUJHO\�GHWHUPLQHG�E\�WKH�JRDO�RI�WKH�WXWRULDO�DQG�WKH�VXEMHFW���
'XH�WR�WKH�IDFW�WKDW�WKH�VXEMHFW�RI�WKH�SURJUDP�LV�UHDGLQJ��ZKLFK�LV�PDLQO\�D�
YLVXDO� DFWLYLW\�� WKH� PRGH� RI� SUHVHQWDWLRQ� LV� D� FRPELQDWLRQ� RI� WH[W� DQG�
JUDSKLFV��$OHVVL�	�7UROOLS������������7KH�VWXGHQWV�DUH�JLYHQ�D�FKRLFH�EHWZHHQ�
YDULRXV� WH[WV�DQG�D�SDJH� WKDW� FRQWDLQV� LQIRUPDWLRQ�RQ� WKH� WDUJHWHG� UHDGLQJ�
VNLOO�� ZKLFK� LV� WKHQ� SUDFWLFHG� LQ� YDULRXV� DFWLYLWLHV�� 7KH� FKRLFH� ZKLFK� WKH�
VWXGHQWV� KDYH� WR� GHWHUPLQH� WKHLU� RZQ� OHDUQLQJ� PDWHULDO� ZLWKLQ� D� VHFWLRQ�
SURPRWHV�OHDUQHU�DXWRQRP\��FI��:ROII�����������
�
$XWRQRPRXV� OHDUQHUV� VKDUH� RQH� YLWDO� FKDUDFWHULVWLF�� LQWULQVLF� PRWLYDWLRQ���
7KHVH� OHDUQHUV� DUH� QRW� PRWLYDWHG� WR� OHDUQ� E\� H[WHUQDO� UHZDUGV�� VXFK� DV�
SUL]HV�RU�PRQH\��EXW�E\�WKLQJV�ZLWKLQ�WKHPVHOYHV��$Q�HIIHFWLYH�WXWRULDO�VKRXOG�
SURYLGH� ³LQWULQVLF�PRWLYDWRUV´� WKDW�DUH� ³LQKHUHQW� WR� WKH� LQVWUXFWLRQ´� �/HSSHU��
������������FLWHG�LQ�$OHVVL�	�7UROOLS�������������7KH�PDLQ�LQWULQVLF�PRWLYDWRU�
XVHG�LQ�WKLV�SURJUDP��LV�³>H@PEHOOLVKPHQWV��VXFK�DV�YLVXDO�WHFKQLTXHV��>WKDW@�
LQFUHDVH� VWXGHQW� LQWHQVLW\� RI� ZRUN� DQG� DWWHQWLRQ� >DQG@� HQFRXUDJH� GHHSHU�
FRJQLWLYH�SURFHVVLQJ�́ ��/HSSHU�������������FLWHG�LQ�$OHVVL�	�7UROOLS�������������

&RQWLQXRXV�F\FOH��SUHVHQW��TXHVWLRQ��MXGJH�UHVSRQVH��IHHGEDFN�

3UHVHQW�,QIRUPDWLRQ� 4XHVWLRQ�DQG�5HVSRQVH�

-XGJH�5HVSRQVH��SURJUDP�HYDOXDWHV�WKH�VWXGHQW¶V�UHVSRQVH�)HHGEDFN�

&ORVLQJ���VXPPDU\�DQG�UHPDUNV�DUH�JLYHQ�DQG�WKH�VWXGHQW��RU�WKH�FRPSXWHU�WHUPLQDWHV�WKH�OHVVRQ��

,QWURGXFWRU\�6HFWLRQ����RXWOLQHV�WKH�RXWFRPHV�



� ���
7KH� IHDWXUHG� HPEHOOLVKPHQWV� LQ� WKH� SURJUDP� LQFOXGH�� ORJRV� DQG� KHDGLQJV�
ZKLFK�VXSSRUW�WKH�FRQWHQW��DQG�YLVXDO�WHFKQLTXHV�VXFK�DV�WKH�XVH�RI�JUDSKLFV�
DQG�FRORXU�WR�VXSSRUW�ERWK�WKH�FHQWUDO�DQG�WKH�VXE�WKHPHV��FI����������������
�
7KH� WKHPHV� XVHG� ZLWKLQ� WKH� SURJUDP� DOVR� DGG� WR� VWXGHQW� PRWLYDWLRQ���
$FFRUGLQJ�WR�.HOOHU��³UHOHYDQFH´�LV�D�NH\�IDFWRU�LQ�PRWLYDWLRQ��.HOOHU�	�6X]XNL��
������ FLWHG� LQ� $OHVVL� 	� 7UROOLS�� ���������� $� GLUHFW� ZD\� RI� LQFRUSRUDWLQJ�
UHOHYDQFH�LQWR�D�WXWRULDO�LV�WR�HQVXUH�WKDW�WKH�FRQWHQWV�DQG�DOO�RWKHU�PDWHULDOV�
DUH� LPSRUWDQW� DQG� LQWHUHVWLQJ� WR� WKH� VWXGHQW�� � 7KH� SURJUDP� GHYHORSHG� IRU�
WKLV� VWXG\� LQFRUSRUDWHV� UHOHYDQFH� E\� FRQVLGHULQJ� WKH� FRQWH[WV� RI� WKH�
VWXGHQWV��$�JOREDO�HYHQW�WKDW�ZDV�YHU\�UHOHYDQW�WR�WKHP�ZDV�WKH�PHGLD�K\SH�
DERXW� WKH�$WKHQV������2O\PSLF�*DPHV�� � 7KH� VKRUW� VWRU\�DSSHDOHG� WR� WKHP�
EHFDXVH�LW�LV�ZULWWHQ�E\�D�6RXWK�$IULFDQ�DXWKRU�DQG�LV�VHW�RQ�D�W\SLFDO�6RXWK�
$IULFDQ� IDUP�� � ,PDJHV� DQG� VWRULHV� RI� WKH�ZDU� LQ� ,UDT� DUH� VWLOO� IUHVK� LQ� WKHLU�
PLQGV��ZKLFK�PDGH� µZDU¶�DQ�DSSURSULDWH�WKHPH� IRU� WKH�SRHWU\�VHFWLRQ�� �7KH�
SRSXODULW\� RI� WKH� ILOPV� EDVHG� RQ� ³7KH� /RUG� RI� WKH� 5LQJV´� WULORJ\� E\� -�5�5��
7RONLHQ��ZDV�WDNHQ�LQWR�DFFRXQW�ZKHQ�VHOHFWLQJ�D�WH[W�IRU�WKH�QRYHO�VHFWLRQ����
�

�������� E���7XWRULDOV�±�4XHVWLRQ�DQG�5HVSRQVH�
2QH� RI� WKH�PRVW� EDVLF� ZD\V� WR� HQVXUH� LQWHUDFWLYLW\� LQ� D� SURJUDP� LV� WR� DVN�
TXHVWLRQV� ZKLFK� WKH� VWXGHQWV� PXVW� DQVZHU�� � $VNLQJ� TXHVWLRQV� DERXW� WKH�
SUHVHQWHG� LQIRUPDWLRQ� KDV� VHYHUDO� EHQHILWV� IRU� LQVWUXFWLRQ�� ³7KH\� NHHS� WKH�
VWXGHQW� DWWHQWLYH� WR� WKH� OHVVRQ�� SURYLGH� SUDFWLFH�� HQFRXUDJH� GHHSHU�
SURFHVVLQJ��DQG�DVVHV�KRZ�ZHOO�WKH�VWXGHQW�UHPHPEHUV�DQG�XQGHUVWDQGV�WKH�
LQIRUPDWLRQ´� �$OHVVL�	� 7UROOLS�� ���������� � ,Q� RUGHU� WR� SURYLGH� VWXGHQWV�ZLWK�
HQRXJK� RSSRUWXQLW\� WR� SUDFWLFH� WKHLU� QHZO\� DFTXLUHG� NQRZOHGJH�� FHUWDLQ�
IHDWXUHV�RI� WKH�VHFRQG� LQVWUXFWLRQDO�PHWKRGRORJ\��QDPHO\�GULOOV��DUH�XVHG� LQ�
WKH�SURJUDP�GHYHORSHG�IRU�WKLV�VWXG\��
�
7KH� SXUSRVH� RI� GULOOV� LV� WR� SURYLGH� VXIILFLHQW� SUDFWLFH�� ,Q� WXUQ�� SUDFWLFH�
HQKDQFHV�WKH�IOXHQF\�DQG�UHWHQWLRQ�RI�WKH�VWXGHQW¶V�QHZ�NQRZOHGJH��$OHVVL�	�
7UROOLS������������$�GULOO�DOORZV�WKH�VWXGHQW�WR�DQVZHU�PXOWLSOH�TXHVWLRQV�WKDW�
WDUJHW� WKH�VDPH�VNLOO�� �7KH�SURJUDP�IHDWXUHV�GULOOV� LQ� WKH� IRUP�RI� µDFWLYLWLHV¶�
RQ�HDFK�JHQUH�RI� WH[W�� � (DFK�DFWLYLW\� FRQVLVWV�RI�QXPHURXV�TXHVWLRQV�ZKLFK�
DLP� WR� GHYHORS� WKH� VWXGHQW¶V� SURILFLHQF\� LQ� WKH� XVH� RI� D� SDUWLFXODU� UHDGLQJ�
VNLOO��



� ���
7KH�ZRUG�µDFWLYLW\¶�ZDV�FKRVHQ�IRU�WZR�PDLQ�UHDVRQV���)LUVWO\��LW�UHLQIRUFHV�WKH�
LGHD�WKDW�UHDGLQJ�LV�DQ�DFWLYH�SURFHVV�ZKHUH�WKH�UHDGHU�DFWLYHO\�SDUWLFLSDWHV�
LQ�WKH�QHJRWLDWLRQ�RI�PHDQLQJ�DQG�FRQVWUXFWLRQ�RI�QHZ�NQRZOHGJH���6HFRQGO\��
LW� PRYHV� DZD\� IURP� FRQYHQWLRQDO� µHGXFDWLRQDO¶� WHUPV� VXFK� DV� µH[HUFLVH¶��
µSUDFWLFH¶�DQG�µZRUN�VKHHW¶��ZKLFK�PD\�DIIHFW�VWXGHQW�PRWLYDWLRQ���
�
6WXGHQW� PRWLYDWLRQ� LQ� DQVZHULQJ� TXHVWLRQV� LV� DOVR� LQIOXHQFHG� E\� KRZ�
PHDQLQJIXO� WKH� TXHVWLRQ� LV�� 7KH� VWXGHQW� PXVW� EH� DEOH� WR� VHH� WKDW� WKH�
TXHVWLRQ� KDV� D� SXUSRVH�� WKDW� KH�VKH� LV� EHQHILWLQJ� IURP� DQVZHULQJ� WKH�
TXHVWLRQ��$OHVVL�	�7UROOLS������������7KHUHIRUH�� LQ�RUGHU� WR�GHYHORS�HQWLFLQJ�
DFWLYLWLHV��³ZH�VKRXOG�YDU\� WKH�TXHVWLRQV�DQG� WKH�DFWLYLWLHV�DFFRUGLQJ� WR� WKH�
W\SH�RI�WH[W�VWXGLHG�DQG�WKH�SXUSRVH�LQ�UHDGLQJ�LW´��*UHOOHW������������,Q�WKLV�
SURJUDP�� WKH� GHYHORSPHQW� RI� SURILFLHQF\� LQ� D� VSHFLILF� UHDGLQJ� VNLOO� LV� WKH�
SXUSRVH� IRU� UHDGLQJ� WKH� WH[W�� 7KH� W\SH� RI� TXHVWLRQ� SRVHG� VKRXOG�
FRQVHTXHQWO\�VXSSRUW�WKH�GHYHORSPHQW�RI�WKH�WDUJHWHG�UHDGLQJ�VNLOO���
�
7KH� WZR� PDLQ� JURXSV� RI� TXHVWLRQ�W\SHV� ZLWKLQ� FRPSXWHU�EDVHG� LQVWUXFWLRQ�
DUH� DOWHUQDWH�UHVSRQVH� TXHVWLRQV� DQG� FRQVWUXFWHG�UHVSRQVH� TXHVWLRQV���
$OWHUQDWH�UHVSRQVH� TXHVWLRQV� UHTXLUH� WKH� VWXGHQW� WR� FKRRVH� WKH� FRUUHFW�
DQVZHU� IURP� D� SUHGHILQHG� OLVW� RI� RSWLRQV�� ZKHUHDV� FRQVWUXFWHG�UHVSRQVH�
TXHVWLRQV�DVN�WKH�VWXGHQW�WR�SURGXFH�DQ�DQVZHU��$OHVVL�	�7UROOLS������������
6HFWLRQ�������RQ�VWRU\ERDUGLQJ�GHVFULEHV�WKH�YDULRXV�TXHVWLRQ�W\SHV�XVHG�LQ�
WKH�SURJUDP���
�

�������� F��7XWRULDOV�±�-XGJLQJ�WKH�5HVSRQVH��)HHGEDFN�DQG�&ORVLQJ�
7KH�PDQQHU�LQ�ZKLFK�WKH�VWXGHQWV¶�UHVSRQVHV�ZHUH�MXGJHG�LQ�WKH�SURJUDP�LV�
FORVHO\� OLQNHG�ZLWK�WKH�GHVLJQ�SURFHVV�DQG�ZLOO�EH�GLVFXVVHG�LQ�VHFWLRQ�������
RQ�WHFKQLFDO�GHVLJQ���7KH�W\SH�RI� IHHGEDFN�JLYHQ�WR�WKH�VWXGHQWV¶�UHVSRQVHV�
LV�GHDOW�ZLWK�LQ�VHFWLRQ�������RQ�VWRU\ERDUGLQJ��,VVXHV�RQ�KRZ�DQG�ZKHQ�WKH�
WXWRULDO�HQGV�DUH�DOVR�FORVHO\�OLQNHG�ZLWK�WKH�GHVLJQ�SURFHVV�DQG�ZLOO�DOVR�EH�
GHDOW�ZLWK�LQ�VHFWLRQ��������
��

������ 6WHS����)ORZFKDUW�WKH�/HVVRQ�
)ORZFKDUWLQJ�LV�QHFHVVDU\�WR�GHWHUPLQH�WKH�VHTXHQFH�RI�HYHQWV�LQ�D�SURJUDP�
�$OHVVL�	�7UROOLS�������������,Q�RUGHU�WR�GR�WKLV�HIIHFWLYHO\��LVVXHV�RI�FRQWHQW�
DQG� GHVLJQ� VKRXOG� EH� FRQVLGHUHG� LQ� DQ� LQWHJUDWHG� IDVKLRQ�� � 7KHUHIRUH�� D�



� ���
GHVFULSWLRQ�RI� WKLV� VWHS� LQ� WKH�GHVLJQ�SURFHVV�ZLOO� IROORZ� LQ�VHFWLRQ�������RQ�
WHFKQLFDO�GHVLJQ��
�

������ 6WHS����6WRU\ERDUG�6FUHHQ�'LVSOD\V�RQ�3DSHU��
6WRU\ERDUGLQJ� LQYROYHV� WKH� SUHSDUDWLRQ� RI� WH[W�� JUDSKLFV� DQG� DQ\� RWKHU�
FRQWHQW� VR� WKDW� WKH\� ZLOO� ILW� LQWR� WKH� GLVSOD\� DUHD� RI� WKH� FRPSXWHU�� � 7KLV�
SURFHVV� WUDGLWLRQDOO\� LQYROYHV�PRUH� DVSHFWV�RI� GHVLJQ� WKDQ� FRQWHQW�� VXFK�DV�
VFUHHQ�OD\RXW���+RZHYHU��FRQWHQW�GRHV�LQIOXHQFH�WKH�VWRU\ERDUGLQJ�SURFHVV�LQ�
WZR�VLJQLILFDQW�ZD\V����
)LUVWO\��RQH�KDV�WR�FRQVLGHU�WKH�IDFW�WKDW�³>P@RVW�FRPSXWHU�GLVSOD\V�KROG�OHVV�
LQIRUPDWLRQ� WKDQ� D� SLHFH� RI� SDSHU´� �$OHVVL� 	� 7UROOLS�� ��������������
&RQVHTXHQWO\��WKH�DXWKHQWLF�WH[WV�XVHG�LQ�WKH�SURJUDP�KDG�WR�EH�GLYLGHG�LQWR�
³ORJLFDO� FKXQNV´� LQ� RUGHU� WR� ILW� RQWR� WKH� FRPSXWHU� VFUHHQ� �/\QFK�	�+RUWRQ��
��������:KHUH�SRVVLEOH��WKH�QHHG�IRU�WKH�UHDGHU�WR�VFUROO�LQ�RUGHU�WR�UHDG�WKH�
WH[W�ZDV�DYRLGHG���$OHVVL�DQG�7UROOLS�H[SODLQ�WKH�UHDVRQ�ZK\�VFUROOLQJ�VKRXOG�
EH�DYRLGHG���

0RVW� SHRSOH� ILQG� LW� KDUG� WR� UHDG� WH[W�ZKHQ� LW� LV� VFUROOLQJ�� � 6FUROOLQJ� LV�
GLVFRQFHUWLQJ�EHFDXVH�ZKHQ�WH[W� LV�PRYLQJ� LW� LV�KDUG�WR�GLVWLQJXLVK�WKH�
ERXQGDU\� EHWZHHQ� QHZ� LQIRUPDWLRQ� DQG� ROG�� � /DVWO\�� ZLWK� VFUROOLQJ��
LQIRUPDWLRQ�DW� WKH� WRS�RI� WKH�GLVSOD\�GLVDSSHDUV�DXWRPDWLFDOO\�ZLWK� WKH�
UHVXOW�WKDW�LPSRUWDQW�LQIRUPDWLRQ�LV�VRPHWLPHV�HUDVHG�XQLQWHQWLRQDOO\���
����������

�
6HFRQGO\�� 6WRU\ERDUGLQJ� LQYROYHV� WKH� ZULWLQJ� RI� FOHDU� DQG� XQDPELJXRXV�
LQVWUXFWLRQV��TXHVWLRQV�DQG� IHHGEDFN� �$OHVVL�	�7UROOLS��������������� � ,W�ZDV�
H[WUHPHO\� LPSRUWDQW� WR� FRQVLGHU� IRXU� IDFWRUV� LQ� WKH� GHYHORSPHQW� RI� WKH�
TXHVWLRQV�IRU�WKH�YDULRXV�DFWLYLWLHV�LQ�WKH�SURJUDP��
• � WKH�UHDGLQJ�VNLOO�WR�EH�GHYHORSHG��
• � WKH�FKDUDFWHULVWLFV�RI�YDULRXV�TXHVWLRQ�W\SHV��
• � ZKHWKHU�RU�QRW�WKH�TXHVWLRQ�W\SH�LV�DSSURSULDWH�WR�GHYHORS�WKH�SDUWLFXODU�
UHDGLQJ�VNLOO��DQG�

• � ZKHWKHU�RU�QRW�WKH�TXHVWLRQ�W\SHV�FDQ�EH�HIIHFWLYHO\�WUDQVIHUUHG�IURP�WKH�
SDSHU�WH[WERRN�WR�WKH�FRPSXWHU��

�
$IWHU� FDUHIXO� FRQVLGHUDWLRQ�� VL[� TXHVWLRQ�W\SHV� ZHUH� FKRVHQ�� 7KH� IXQFWLRQDO�
UHDVRQ� IRU� FKRRVLQJ� FHUWDLQ� W\SHV� RI� TXHVWLRQV� ZLOO� EH� GLVFXVVHG� LQ� VHFWLRQ�
������ RQ� WHFKQLFDO� GHVLJQ�� � 'XH� WR� D� UHODWLYHO\� ODUJH� QXPEHU� RI� PXOWLSOH�



� ���
FKRLFH� TXHVWLRQV� LQ� WKH� SURJUDP�� WKLV� TXHVWLRQ�W\SH� LV� GHVFULEHG� LQ� PRUH�
GHWDLO� WKDQ�WKH�RWKHUV�� �7KH�FKDUDFWHULVWLFV�RI� WKH�TXHVWLRQ�W\SHV�PHQWLRQHG�
LQ�7DEOH���ZHUH�WDNHQ�IURP�³'HYHORSLQJ�5HDGLQJ�6NLOOV�±�$�SUDFWLFDO�JXLGH�WR�
UHDGLQJ�FRPSUHKHQVLRQ�H[HUFLVHV´��*UHOOHW����������
�7DEOH����7KH�FKDUDFWHULVWLFV�RI�WKH�TXHVWLRQ�W\SHV�XVHG�LQ�WKLV�VWXG\��

4XHVWLRQ�W\SH� &KDUDFWHULVWLFV�

0XOWLSOH�&KRLFH�

'LIIHUHQW�IXQFWLRQV�����7KH�TXHVWLRQV�KHOS�WKH�VWXGHQW�WR�XQGHUVWDQG�
�� D�IDFW��RU�SLHFH�RI�LQIRUPDWLRQ�LQ�WKH�WH[W��
�� DQ�LPSOLHG�IDFW��
�� VRPH�PHDQLQJ�RU�LQWHUSUHWDWLRQ�WKDW�PXVW�EH�GHGXFHG�IURP�WKH�WH[W�������7KH�TXHVWLRQ�KHOSV�WKH�VWXGHQW�WR�
�� HYDOXDWH�WKH�WH[W�RQ�KLV�KHU�RZQ��

'LIIHUHQW�DLPV�7KH�TXHVWLRQ�DLPV�WR�
�� WHVW�FRPSUHKHQVLRQ��
�� H[SODLQ�RU�KHOS�XQGHUVWDQG�D�GLIILFXOW�ZRUG�SDVVDJH��
�� OHDG�WKH�VWXGHQW�WR�JR�EDFN�WR�WKH�WH[W�DQG�VFDQ�LW�FDUHIXOO\��
�� KHOS�WKH�VWXGHQW�WKLQN�DERXW�WKH�WH[W�DQG�PHQWDOO\�GLVFXVV�VHYHUDO�SRVVLELOLWLHV�RU�LQWHUSUHWDWLRQV��

'LIIHUHQW�IRFDO�SRLQWV�7KH�TXHVWLRQ�FDQ�EH�IRFXVHG�RQ�
�� D�ZRUG���
�� DQ�H[SUHVVLRQ��FODXVH�RU�SKUDVH��
�� RQH�RU�PDQ\�SDUDJUDSKV��RU�
�� WKH�HQWLUH�WH[W��

7UXH�)DOVH� 7KH�VWXGHQW�LV�JLYHQ���RSWLRQV�DQG�KH�VKH�PXVW�FKRRVH�WKH�FRUUHFW�RQH��,Q�RUGHU�WR�GR�WKLV��WKH�VWXGHQW�PXVW�FDUHIXOO\�FRQVLGHU�DOO�WKH�LQIRUPDWLRQ�DYDLODEOH�RQ�HYHU\�RSWLRQ��
0DWFKLQJ� 6WXGHQWV�DUH�DVNHG�WR�ILQG�WKH�OLQN�EHWZHHQ�RQH�FRQFHSW��ZRUG�RU�LPDJH�DQG�DQRWKHU���6WXGHQWV�KDYH�WR�JDWKHU�LQIRUPDWLRQ�RQ�ERWK��
&RPSOHWLRQ� 7KLV�LV�DOVR�NQRZQ�DV�D�³FOR]H´�H[HUFLVH���,W�GHYHORSV�FRPSUHKHQVLRQ�E\�GHOHWLQJ�WDUJHW�ZRUGV�IURP�D�WH[W���6WXGHQWV�KDYH�WR�WKLQN�DERXW�WKH�ZRUG�WKDW�ZRXOG�ILW�LQWR�WKH�FRQWH[W�RI�WKH�VHQWHQFH��
6KRUW�DQVZHU� 7KLV�TXHVWLRQ�W\SH�UHTXLUHV�VWXGHQWV�WR�W\SH�LQ�D�ZRUG��SKUDVH�RU�QXPEHU���7KLV�W\SH�RI�H[HUFLVH�PD\�GLUHFW�WKH�VWXGHQW�WR�UHDG�WKH�WH[W�DJDLQ�LQ�RUGHU�WR�W\SH�LQ�WKH�FRUUHFW�UHVSRQVH��
2SHQ�HQGHG� 7KLV�LV�WKH�LGHDO�TXHVWLRQ�WR�XVH�LI�WKHUH�LV�QRW�RQH�REYLRXV��FRUUHFW�DQVZHU�WR�D�TXHVWLRQ���7KLV�ZLOO�IRUFH�WKH�VWXGHQWV�WR�JR�EDFN�WR�WKH�WH[W�DQG�ORRN�IRU�VXSSRUWLYH�HYLGHQFH�IRU�WKHLU�DQVZHUV��

�
7KH� IRUPXODWLRQ� RI� D� TXHVWLRQ� VKRXOG� DOZD\V� EH� DFFRPSDQLHG� E\� WKH�
IRUPXODWLRQ� RI� SURSHU� IHHGEDFN�� 3UDFWLFH� ZLWKRXW� IHHGEDFN� LV� PHDQLQJOHVV��
WKH�VWXGHQW�GRHV�QRW�NQRZ�ZKHWKHU�KH�VKH�LV�PDNLQJ�SURJUHVV��ZKDW�KH�VKH�
LV� GRLQJ� ZURQJ�� DQG� ZKDW� FDQ� EH� GRQH� WR� PDNH� SURJUHVV�� � ,GHDOO\�� WKH�
IHHGEDFN� WR� VWXGHQW� UHVSRQVHV� VKRXOG� FRQVLVW� RI� ERWK� UHLQIRUFLQJ� IHHGEDFN�
DQG�FRUUHFWLYH�IHHGEDFN���5HLQIRUFLQJ�IHHGEDFN�UHFRJQL]HV�JRRG�SHUIRUPDQFH�
DQG�HQFRXUDJHV�FRQWLQXHG�HIIRUW��ZKLOH�FRUUHFWLYH�IHHGEDFN�WHOOV�WKH�VWXGHQW�
H[DFWO\� ZKDW� LV� ZURQJ� DQG� ZKDW� FDQ� EH� GRQH� WR� LPSURYH� SHUIRUPDQFH�



� ���
�1HZE\��6WHSLFK��/HKPDQ�	�5XVVHO�������������7KH�SURJUDP�HPSOR\V�PDLQO\�
UHLQIRUFLQJ� IHHGEDFN� IRU�TXHVWLRQV�ZLWK�D�VLQJOH�DQVZHU�� �*LYLQJ�DSSURSULDWH�
IHHGEDFN� WR� RSHQ�HQGHG� TXHVWLRQV� LV�PRUH� SUREOHPDWLF�� VLQFH� WKHUH� FDQ� EH�
PRUH�WKDQ�RQH�FRUUHFW�DQVZHU�� �,Q�WKH�FDVH�RI�DQ�RSHQ�HQGHG�TXHVWLRQ��WKH�
GHYHORSHU�FKRVH�WR�JLYH�QHXWUDO�IHHGEDFN�LQ�WKH�IRUP�RI�D�µVXJJHVWHG�DQVZHU¶���
�

������ 6WHS����3URJUDP�OHVVRQ�
7KLV� SKDVH� RI� WKH� GHVLJQ� SURFHVV� LQYROYHV� µWUDQVODWLQJ¶� DOO� \RXU� LGHDV��
UHVRXUFHV� DQG� SODQV� LQWR� D� SURGXFW� WKDW� VXLWV� WKH� FRPSXWHU�� � 7KH� ZRUG�
µWUDQVODWLQJ¶� LV� XVHG� LQVWHDG� RI� WKH� ZRUG� µWUDQVIHUULQJ¶�� EHFDXVH� RQH� FDQQRW�
VLPSO\�WUDQVIHU�LGHDV�DQG�FRQFHSWV�WKDW�ZRUN�RQ�SDSHU��WR�WKH�FRPSXWHU���7KH�
ILHOG� RI� &$//� GHVFULEHV� WKLV� UHODWLRQVKLS� DV� WKH� ³QRWLRQ� RI� µILW¶� EHWZHHQ� DQ�
DXWKRU¶V�SKLORVRSK\�RI�ODQJXDJH�WHDFKLQJ�DQG�OHDUQLQJ��DQG�WKH�FDSDELOLWLHV�RI�
WKH� WHFKQRORJ\´� �/HY\�� ����������� 7KH� FORVHU� WKH� µPDWFK¶� EHWZHHQ� WKH�
SURSHUWLHV�RI�WKH�PHGLXP��WKH�DWWULEXWHV�RI�WKH�XVHUV��DQG�WKH�ZD\�LQ�ZKLFK�LW�
LV� LPSOHPHQWHG� LQ� D� JLYHQ� FRQWH[W�� WKH� EHWWHU� �3HQQLQJWRQ� TXRWHG� LQ� /HY\��
�����������
�
$IWHU�FDUHIXO�FRQVLGHUDWLRQ��WKH�GHYHORSHU�FKRVH�WR�FUHDWH�WKH�SURJUDP�IRU�D�
K\SHUWH[W� HQYLURQPHQW�� � 7KH� UHDVRQ� IRU� WKH� FKRLFH� RI� K\SHUWH[W� RYHU� DQ�
DXWKRULQJ� WRRO��H�J��$XWKRUZDUH�� LV�XVHU�FRQWURO�� �$OWKRXJK�WKH�XVHU�ZLOO�QRW�
EH�SHUPLWWHG�WR�OLQN�LPPHGLDWHO\�WR�GLIIHUHQW�VHFWLRQV��KH�VKH�VKRXOG�EH�DEOH�
WR�URDP�IUHHO\�ZLWKLQ�D�JLYHQ�VHFWLRQ��7KLV�ZRXOG�RQO\�EH�WUXO\�SRVVLEOH� LQ�D�
K\SHUWH[W� VWUXFWXUH�� ³7KH� PDLQ� GLVWLQJXLVKLQJ� IHDWXUH� RI� K\SHUWH[W�
GRFXPHQWV�LV�WKDW�WKH\�DUH�QRQ�OLQHDU��WKH\�DOORZ�OLQNV�EHWZHHQ�SDUWV�RI�WKH�
GRFXPHQWDWLRQ�IRU�SXUSRVHV�VXFK�DV�H[SODQDWLRQ�DQG�H[SDQVLRQ��FRPPHQW�RU�
FULWLFLVP´� �5LWFKLH�� ������� � 2WKHU� DVSHFWV� DQG� LPSOLFDWLRQV� RI� K\SHUWH[W�ZLOO�
EH�GHDOW�ZLWK�LQ�VHFWLRQ�����RQ�WHFKQLFDO�GHVLJQ��
�

������ 6WHS����3URGXFH�VXSSRUWLQJ�PDWHULDOV�
)RU�FRPSXWHU�EDVHG�LQVWUXFWLRQ�WR�EH�XVHG�WR�LWV�IXOOHVW�FDSDFLW\�WKHUH�VKRXOG�
DW� OHDVW� EH� VRPH� VXSSRUWLQJ� PDWHULDOV�� � 7KHVH� PDWHULDOV� VKRXOG� JLYH� WKH�
XVHUV�FHUWDLQ�EDVLF�LQIRUPDWLRQ�DERXW�WKH�SURJUDP��ZLWKRXW�HYHQ�WXUQLQJ�RQ�D�
FRPSXWHU��$OHVVL�	�7UROOLS�������������7KH�VSHFLILF�FRQWH[W�RI� WKLV�SURJUDP��
WKH� 86� LQWUDQHW�� GRHV� QRW� UHTXLUH� WKH� GHYHORSPHQW� RI� SULQWHG� VXSSRUWLQJ�
PDWHULDOV��'HVSLWH�WKH�IDFW�WKDW�WKH�SURJUDP�ZLOO�QRW�EH�IRU�VDOH�WR�WKH�SXEOLF�



� ���
DV�D�VWDQG�DORQH�SURGXFW��RQH�W\SH�RI�DX[LOLDU\�PDWHULDO� LV� LQFRUSRUDWHG�LQWR�
WKLV�SURJUDP��6LQFH�WKH�SURJUDP� LV�GHYHORSHG�HVSHFLDOO\� IRU� WKH�VWXGHQWV��D�
PRGLILHG�YHUVLRQ�RI�D�VWXGHQW�PDQXDO�FDQ�EH�IRXQG�LQ�WKH�,QIR�VHFWLRQ�RI�WKH�
SURJUDP���7KLV�VHFWLRQ�SURYLGHV�LQIRUPDWLRQ�RQ�WKH�QDYLJDWLRQ��VWUXFWXUH�DQG�
FRQWHQW��
�

������� 6WHS�����(YDOXDWH�DQG�UHYLVH�
7KH� QDWXUH� RI� D� FRPSXWHU�EDVHG� LQVWUXFWLRQDO� SURJUDP� FDXVHV� LVVXHV� RI�
FRQWHQW�DQG�GHVLJQ�WR�EH� LQH[WULFDEO\� OLQNHG��7KHUHIRUH��WKH�SURJUDP�VKRXOG�
EH�HYDOXDWHG� DV� D�ZKROH�� � 7KH� IRUPDO� HYDOXDWLRQ�RI� WKH� SURJUDP�GHYHORSHG�
IRU�WKLV�VWXG\�LV�SUHVHQWHG�LQ�&KDSWHUV���DQG�����
�

���� 7HFKQLFDO�'HVLJQ�
7KLV� VHFWLRQ� GHVFULEHV� WKH� H[WHQW� WR� ZKLFK� WKH� WKHRUHWLFDO� IUDPHZRUN� DQG�
FRQWH[W�LQIOXHQFHG�WKH�GHVLJQ�RI�WKH�SURJUDP���
�

������ 6WHS����'HWHUPLQH�1HHGV�RI�6WXGHQWV�DQG�*RDOV�RI�/HVVRQ�
,Q�RUGHU�³WR�SURYLGH�VWXGHQWV�ZLWK� WKH�VNLOOV�DQG� LQVLJKWV�QHHGHG� WR�HQJDJH�
ZLWK�DQG� LQWHUSUHW�D�ZLGH�YDULHW\�RI� WH[WV�� LQFOXGLQJ� ILOP�DQG�RWKHU�PHGLD�´�
�'HSDUWPHQW� RI� (QJOLVK�� ������� WKH� (QJOLVK� 'HSDUWPHQW� DW� WKH� 86� KDV�
GHYHORSHG�D�UDQJH�RI�FRPSXWHU�EDVHG�SURJUDPV�DLPHG�DW�LPSURYLQJ�DVSHFWV�
VXFK� DV� DFDGHPLF� ZULWLQJ� VNLOOV�� WHQVHV�� YHUE�� FRQFRUG�� HWF�� � &RQWUDVWLQJO\��
OLWWOH� DWWHQWLRQ� KDV� EHHQ� SDLG� WR� WKH� UHDGLQJ� VNLOOV� RI� WKH� VWXGHQWV�� 1R�
FRPSXWHU�EDVHG�SURJUDP�WR�GHYHORS�UHDGLQJ�VNLOOV�DQG�VWUDWHJLHV�H[LVWV����
�
7KH� ODFN� RI� D� UHDGLQJ� VNLOOV� SURJUDP� LV� FRQWUDGLFWRU\� WR� VRPH� RI� WKH� NH\�
VSHFLILF�VNLOOV�DQG�RXWFRPHV�RI�WKH�(QJOLVK�����FRXUVH��
• � >WR@�GHYHORS�\RXU�DELOLW\�WR�UHDG�WH[WV�FULWLFDOO\�>RXWFRPH@�
• � FORVH��LQWHUDFWLYH�UHDGLQJ�RI�WH[WV�DQG�FRQWH[WV�>VNLOO@��

�(QJOLVK�'HSDUWPHQW��������
�
(YLGHQWO\��WKH�GHYHORSPHQW�RI�DQ�LQWHUDFWLYH��PXOWLPHGLD�SURJUDP�VSHFLILFDOO\�
DLPHG�DW� LPSURYLQJ�SURILFLHQF\� LQ�VSHFLILF�UHDGLQJ�VNLOOV�DQG�VWUDWHJLHV� LV�DQ�
DEVROXWH� QHFHVVLW\�� � 7KH� UHVHDUFK� UHVXOWV� RI� D� VWXG\� DW� WKH� 1RUWK� :HVW�
8QLYHUVLW\�VKRZHG�WKDW�VWXGHQWV�ZKR�UHFHLYHG�VWUDWHJLF�UHDGLQJ�LQVWUXFWLRQ�LQ�
D� WHFKQRORJ\�HQKDQFHG� HQYLURQPHQW� �H[SHULPHQWDO� JURXS��� VFRUHG�



� ���
VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�FRQWURO�JURXS�RQ�YDULRXV�UHDGLQJ�FRPSUHKHQVLRQ�
WHVWV� �FI�� 'UH\HU� 	� 1HO�� ������� � 7KHVH� SRVLWLYH� UHVXOWV� DW� WKH� 1RUWK� :HVW�
8QLYHUVLW\� LQGLFDWH� WKDW� WKH� UHDGLQJ� VNLOOV� RI� XQLYHUVLW\� VWXGHQWV� FDQ� EH�
LPSURYHG�� � 0RUHRYHU�� WKHVH� UHVXOWV� KDYH� SURYHG� WKDW� UHDGLQJ� VNLOOV� FDQ� EH�
LPSURYHG� HYHQ� PRUH� WKURXJK� WKH� HIIHFWLYH� XWLOL]DWLRQ� RI� WHFKQRORJ\���
+RZHYHU�� WKH� IDFW� WKDW� D� FRPSXWHU�EDVHG� UHDGLQJ� LQVWUXFWLRQ� SURJUDP� KDV�
EHHQ� VXFFHVVIXOO\� LPSOHPHQWHG� DW� WKH� 1RUWK�:HVW� 8QLYHUVLW\� KLJKOLJKWV� WKH�
ODFN� RI� DQG� QHHG� IRU� D� VLPLODU� SURJUDP� DW� WKH� 86�� 7KHUHIRUH�� WKH� SURJUDP�
GHYHORSHG�IRU�WKLV�VWXG\�LV�DQ�DWWHPSW�WR�DGGUHVV�WKDW�QHHG���
�
7KH� VXFFHVV� RI� VXFK� D� SURJUDP� ZLOO� DOVR� EH� GHWHUPLQHG� E\� WKH� H[WHQW� WR�
ZKLFK� LW�DGGUHVVHV�WKH�QHHGV�RI� LWV�PRVW� LPSRUWDQW�FOLHQW��WKH�VWXGHQW���7KH�
DYHUDJH� ILUVW�\HDU� XQLYHUVLW\� VWXGHQW� KDV� SUREDEO\� DOUHDG\� H[SHULHQFHG� WKH�
SRZHU� RI� WKH� LQWHUQHW�� H�PDLO� DQG� FRPSXWHUV�� 7KLV� DVVXPSWLRQ� LV� VXSSRUWHG�
E\� REVHUYDWLRQV� PDGH� E\� 0DUN� :DUVFKDXHU� �������� ³WKH� VLJQLILFDQFH� RI�
RQOLQH� FRPPXQLFDWLRQ� OLHV� QRW� LQ� LWV� VHSDUDWLRQ� IURP� WKH� UHDO� ZRUOG�� EXW�
UDWKHU�LQ�KRZ�LW�LV�LPSDFWLQJ�QHDUO\�HYHU\�VLQJOH�DVSHFW�RI�WKH�UHDO�ZRUOG �́�,Q�
RWKHU�ZRUGV�� WKH�ZRUOG�RI� FRPSXWHUV�DQG� WKH� LQWHUQHW� LV�EHFRPLQJ� WKH� µUHDO�
ZRUOG¶�� � 7KLV� FKDQJH� LQ� SHUFHSWLRQ� RI� ZKDW� FRQVWLWXWHV� WKH� µUHDO� ZRUOG¶�� KDV�
IDU�UHDFKLQJ�DQG�SRVLWLYH�LPSOLFDWLRQV�IRU�FRPSXWHU�EDVHG�LQVWUXFWLRQ��
�
7KH� XVH� RI� FRPSXWHUV� LQ� HGXFDWLRQ� FRXOG� QRZ� EHFRPH� VWDQGDUG� SUDFWLFH��
HVSHFLDOO\� LI� WKH� &RQVWUXFWLYLVW� /HDUQLQJ� 7KHRU\� LQIRUPV� HGXFDWLRQDO�
GHYHORSPHQW���$FFRUGLQJ�WR�WKLV�WKHRU\��³OHDUQLQJ�LV�D�SURFHVV�ZKLFK�PXVW�EH�
VXSSRUWHG� E\� D� ULFK� OHDUQLQJ� HQYLURQPHQW� URRWHG� LQ� UHDO� OLIH� DQG� DXWKHQWLF�
VLWXDWLRQV´� �5�VFKRII�� ������� � $V� ZH� KDYH� HVWDEOLVKHG�� WKH� FRPSXWHU� LV�
FHUWDLQO\� URRWHG� LQ� UHDO� OLIH� DQG� WKH� LQWHUQHW� SURYLGHV� DFFHVV� WR� D� YHU\� ULFK�
OHDUQLQJ�HQYLURQPHQW��
�
'XULQJ�WKH�FRQFHSWXDOL]DWLRQ�RI�WKLV�SURJUDP��WKH�GHYHORSHU�ZDV�LQVSLUHG�E\�
WKH�IROORZLQJ���
• � WKH�XQGHQLDEO\�SRVLWLYH�HIIHFW�RI�FRPSXWHU�EDVHG�LQVWUXFWLRQ�RQ�UHDGLQJ�
VNLOOV��DV�SURYHQ�E\�'UH\HU�DQG�1HO���������

• � WKH�RSSRUWXQLW\�WR�SURYLGH�VWXGHQWV�ZLWK�D�ULFK�OHDUQLQJ�HQYLURQPHQW�WKDW�
ILQDOO\�IRUPV�DQ�LQWHJUDO�SDUW�RI�WKHLU�µUHDO�ZRUOG¶���

�



� ���
7KHVH�REMHFWLYHV�DOVR�LQIRUPHG�WKH�XOWLPDWH�JRDO�RI�WKLV�SURJUDP���
WR� SURYLGH� VWXGHQWV� ZLWK� DQ� LQWHUDFWLYH�� PXOWLPHGLD�� ZHE�EDVHG� SURJUDP�
ZKLFK�GHYHORSV�WKHLU�SURILFLHQF\�LQ�VSHFLILF�UHDGLQJ�VNLOOV����
�

������ 6WHS����&ROOHFW�5HVRXUFH�0DWHULDOV�
7KH� FROOHFWLRQ� RI� UHVRXUFH�PDWHULDOV� UHOHYDQW� WR� VXEMHFW�PDWWHU� KDV� DOUHDG\�
EHHQ� GHDOW� ZLWK� LQ� VHFWLRQ� ������ RQ� FRQWHQW�� � 7KH� UHPDLQLQJ� WRSLFV� DUH�
LQVWUXFWLRQDO�GHYHORSPHQW�DQG�WKH�LQVWUXFWLRQDO�GHOLYHU\�V\VWHP���
�
&ROOHFWLQJ�UHVRXUFHV�RQ�LQVWUXFWLRQDO�GHYHORSPHQW�WRRN�SODFH�LQ�WKH�IRUP�RI�D�
WKHRUHWLFDO�OLWHUDWXUH�UHYLHZ�RI�,QVWUXFWLRQDO�'HVLJQ��ZKLFK�KDV�EHHQ�RXWOLQHG�
LQ� &KDSWHU� �� �FI�� �������� � 7ZR� LQWHJUDWHG� FRPSRQHQWV� RI� WKH� LQVWUXFWLRQDO�
GHOLYHU\� V\VWHP� ZHUH� WDNHQ� LQWR� DFFRXQW� GXULQJ� WKH� FROOHFWLRQ� RI� UHVRXUFH�
PDWHULDOV�� 7KH� SULPDU\� GHOLYHU\� PRGH� LV� WKH� FRPSXWHU�� $� K\SHUWH[W�
HQYLURQPHQW�� WKH� 86� LQWUDQHW�� LV� WKH� VHFRQGDU\� GHOLYHU\� PRGH�� 7KHUHIRUH��
DSSURSULDWH�VRIWZDUH�ZDV�QHFHVVDU\�WR�SURGXFH�JUDSKLFV��ODQJXDJH�H[HUFLVHV�
DQG� K\SHUWH[W� GRFXPHQWV�� *UDSKLFV� HGLWRUV� XVHG� LQFOXGH� 3DLQW� 6KRS� 3UR� ���
0DFURPHGLD� )LUHZRUNV� 0;� DQG� 0DFURPHGLD� )ODVK� 0;�� � 7KH� ODQJXDJH�
H[HUFLVHV� RI� WKH� 1HZV� 0HGLD� VHFWLRQ� ZHUH� FUHDWHG� ZLWK� +RW� 3RWDWRHV� Y����
ZKLOH� WKH�H[HUFLVHV�RI� WKH�RWKHU� VHFWLRQV�ZHUH� FRPSLOHG�ZLWK�D�0DFURPHGLD�
'UHDPZHDYHU� 0;� H[WHQVLRQ�� FDOOHG� &RXUVH%XLOGHU�� � 'UHDPZHDYHU� 0;� ZDV�
DOVR�WKH�SULPDU\�VRIWZDUH�SURJUDP�XVHG�WR�FUHDWH�WKH�K\SHUWH[WV�GRFXPHQWV���
�

������ 6WHS����/HDUQ�WKH�&RQWHQW�
7KH� WHFKQLFDO� GHVLJQ� RI� WKLV� SURJUDP� UHTXLUHV� D� IDLU� DPRXQW� RI� NQRZOHGJH�
DERXW�WKH�FKRVHQ�LQVWUXFWLRQDO�GHOLYHU\�V\VWHP�DQG�VRIWZDUH�SURJUDPV���7KH�
FRQWHQW�RI�DQ� LQWUDQHW� LV�QRW�GHVLJQHG�WR�EH�YLHZHG�E\�SHRSOH�RQ�WKH�:RUOG�
:LGH� :HE�� EXW� LV� H[FOXVLYHO\� IRU� SHRSOH� LQVLGH� D� FRPSDQ\�� LQVWLWXWLRQ� RU�
RUJDQL]DWLRQ�� �7KH� LQWUDQHW�RI�D�FRPSDQ\�XVHV�H[DFWO\� WKH�VDPH�WHFKQRORJ\�
DV� WKH� LQWHUQHW�� EXW� VLPSO\� RQ� D� PXFK� VPDOOHU� VFDOH�� � 7KH� HPSKDVLV� LQ�
LQWUDQHW�GHVLJQ�LV�QRW�RQ�DWWUDFWLQJ�XVHUV�WR�\RXU�VLWH��EXW�RQ�SURYLGLQJ�XVHIXO�
LQIRUPDWLRQ� DV� HIILFLHQWO\� DV� SRVVLEOH� �/\QFK� 	� +RUWRQ�� ������� � 7KH�
LPSOLFDWLRQV� RI� GHVLJQLQJ� IRU� DQ� LQWUDQHW� RQ� WKH� WHFKQLFDO� GHVLJQ� RI� WKH�
SURJUDP�ZLOO�EH�H[SODLQHG�LQ�VHFWLRQ��������
�



� ���
,Q� RUGHU� WR� GHVLJQ� K\SHUWH[W� GRFXPHQWV�� D� VRXQG� NQRZOHGJH� RI� +\SHUWH[W�
0DUN�XS�/DQJXDJH��+70/��LV�KLJKO\�EHQHILFLDO���([SHULHQFH�JDLQHG�LQ�WKH�XVH�
RI�+70/�E\�GHVLJQLQJ�RWKHU�ZHE�VLWHV�EHFDPH�LQYDOXDEOH���7KH�FRQWHQW�RI�WKH�
ILUVW� \HDU� RI� WKH� FRXUVH�� 03KLO� LQ� +\SHUPHGLD� IRU� /DQJXDJH� /HDUQLQJ�� DOVR�
SURYLGHG�D�VROLG�EDFNJURXQG�WR�ZRUN�ZLWK�DOO�WKH�VRIWZDUH�SURJUDPV�OLVWHG�LQ�
WKH�SUHYLRXV�VHFWLRQ��FI�����������
�

������ *HQHUDWH�,GHDV�
*HQHUDWLQJ�FUHDWLYH�LGHDV�IRU�WKH�WHFKQLFDO�GHVLJQ�RI�D�SURJUDP�FRXOG�EHFRPH�
SUREOHPDWLF�� � 2QH� LV� WHPSWHG� WR� IROORZ� WKH� FXUUHQW� WUHQGV� LQ� ZHE� GHVLJQ��
HYHQ�LI�LW�KDV�D�QHJDWLYH�LPSDFW�RQ�RQH¶V�VLWH���$�JRRG�H[DPSOH�RI�WKLV�LV�WKH�
HYHU�LQFUHDVLQJ�XVH�RI�FRQVWDQW�DQLPDWLRQ�RQ�ZHE�SDJHV���)RU�VRPH�W\SHV�RI�
ZHE� VLWHV�� IRU� H[DPSOH� WKRVH� GHYHORSHG� IRU� HQWHUWDLQPHQW� SXUSRVHV�� WKLV�
IHDWXUH� LV� TXLWH� DFFHSWDEOH� �/\QFK� 	� +RUWRQ�� ������� � +RZHYHU�� WKH� XVH� RI�
DQLPDWLRQ� RQ� ZHE� VLWHV� WKDW� DLP� WR� SURYLGH� LQIRUPDWLRQ� RU� WUDLQLQJ� VKRXOG�
FDUHIXOO\�FRQVLGHU�WKH�XVH�RI�DQLPDWLRQ��VLQFH� LW�KDV�WKH�SRWHQWLDO�WR�GLVWUDFW�
DQG�DQQR\�WKH�XVHU��7DNLQJ�LQWR�DFFRXQW�WKH�SRSXODULW\�RI�DQLPDWLRQ��DV�ZHOO�
DV� LWV�SLWIDOOV�� WKH�GHYHORSHU�GHFLGHG�WR� OLPLW�DQLPDWLRQ�WR�WKH�HQWU\�SDJH�RI�
WKH�SURJUDP���
�
2WKHU�FUHDWLYH�WKRXJKWV� WKDW� LQIOXHQFHG� WKH�WHFKQLFDO�GHVLJQ�RI� WKH�SURJUDP�
LQYROYH� WKH� ODQJXDJH� H[HUFLVHV� DQG� WKH� IHHGEDFN� RQ� TXHVWLRQV�� � 7KHVH�
DVSHFWV�ZLOO�EH�GHDOW�ZLWK�LQ�VHFWLRQ��������
�

������ 'HVLJQ�,QVWUXFWLRQ�
7KH� VHFWLRQ� HQWLWOHG� 3URJUDP� &RQWHQW� GLVFXVVHG� WKH� FRQWHQW� DVSHFWV� RI� WKH�
PDLQ�LQVWUXFWLRQDO�PHWKRGRORJLHV�XVHG�LQ�WKLV�SURJUDP��QDPHO\�WXWRULDOV�DQG�
GULOOV��FI�����������
�

�������� 7XWRULDOV�
7KH� DLP� RI� WKLV� VHFWLRQ� LV� WR� GHVFULEH� WKH� WHFKQLFDO� DVSHFWV� RI� WKH� PDLQ�
LQVWUXFWLRQDO� PHWKRGRORJ\� XVHG� LQ� WKLV� SURJUDP�� WXWRULDOV�� � ,Q� RUGHU� WR�
IDFLOLWDWH� GLVFXVVLRQ�� WKH� VDPH� VXE� KHDGLQJV� WKDW� DSSHDU� LQ� VHFWLRQ� ��������
ZLOO�EH�XVHG�KHUH��
�

�



� ���
�������� D���7XWRULDOV�±�,QWURGXFWLRQ�DQG�3UHVHQWDWLRQ�RI�,QIRUPDWLRQ�

2QH�RI�WKH�NH\�IXQFWLRQV�RI�WKH�LQIRUPDWLRQ�SUHVHQWDWLRQ�PRGH�LV�³VWLPXODWLQJ�
SULRU� NQRZOHGJH´� WR� IDFLOLWDWH� OHDUQLQJ� �$OHVVL� 	� 7UROOLS�� ���������� � $�
PXOWLPHGLD� SUHVHQWDWLRQ� PRGH� LV� LGHDOO\� VXLWHG� WR� WKLV� IXQFWLRQ�� 7KH� WHUP�
PXOWLPHGLD� UHIHUV� WR� ³WKH� LQWHJUDWLRQ� RI� WZR� RU� PRUH� W\SHV� RI� LQIRUPDWLRQ�
�WH[W�� LPDJHV��DXGLR��YLGHR��DQLPDWLRQ��HWF��� LQ�D�VLQJOH�DSSOLFDWLRQ��,&7�/7��
������� �7KH�WZR�PDLQ�W\SHV�RI� LQIRUPDWLRQ� LQWHJUDWHG� LQWR�WKLV�SURJUDP�DUH�
WH[W�DQG�JUDSKLFV���$OWKRXJK�DQLPDWLRQ�LV�SUHVHQW�RQ�WKH�HQWU\�SDJH��LW�GRHV�
QRW�IHDWXUH�LQ�WKH�UHVW�RI�WKH�SURJUDP�DQG�ZLOO�WKHUHIRUH�QRW�EH�LQFOXGHG����
�
7KH� EHQHILWV� RI� PXOWLPHGLD� LQ� WHDFKLQJ� UHDGLQJ� VWUDWHJLHV� DQG� VNLOOV� KDYH�
EHHQ�H[SORUHG�LQ�D�VWXG\�E\�'UH\HU�DQG�1HO���������

«WKH�VWXGHQWV¶�FRPSUHKHQVLRQ�RI�FRQWHQW�NQRZOHGJH�DQG�FRQFHSWV«ZDV�
IDFLOLWDWHG�WKURXJK�JUDSKLF�LOOXVWUDWLRQV�RQ�WKH�ZHE�SDJHV��ZKLFK�KHOSHG�
WR� FRQVROLGDWH� DQG� FRQFUHWL]H� DEVWUDFW� FRQWHQW�EDVHG� FRQFHSWV� E\�
HQFRXUDJLQJ�PXOWL�PRGDO� SURFHVVLQJ� RI� ERWK� YLVXDO� DQG� YHUEDO� FXHV� DV�
SUHVHQWHG� RQ� WKH� ,QWHUQHW� SDJH�� � 7KLV� DVSHFW� ZRXOG�� WKHUHIRUH�� KDYH�
DFFRPPRGDWHG�WKRVH�VWXGHQWV�ZLWK�D�YLVXDO�OHDUQLQJ�VW\OH�� �

�
7KLV�FRPELQDWLRQ�RI�PXOWLPHGLD�ZLWK�D�K\SHUWH[W�HQYLURQPHQW� LV�DOVR�NQRZQ�
DV�³K\SHUPHGLD �́��,Q�PRUH�SUHFLVH�WHUPV��K\SHUPHGLD�LV�³WKH�FRPELQDWLRQ�RI�
PXOWLPHGLD�DQG�K\SHUWH[W�ZKHUH�SLHFHV�RI� LQIRUPDWLRQ�SUHVHQWHG�LQ�PXOWLSOH�
PHGLD� DUH� FRQQHFWHG� E\� PHDQLQJIXO� OLQNV´� �&KULVWHQVHQ�� *LDPR�� -RQHV� 	�
6LPSVRQ��������
�

�������� E���7XWRULDOV�±�4XHVWLRQ�DQG�5HVSRQVH�
$VNLQJ� TXHVWLRQV� DERXW� WH[WV� RU� LQIRUPDWLRQ� LV� RQH� RI� WKH� PDLQ� ZD\V� RI�
LQFRUSRUDWLQJ�LQWHUDFWLYLW\�LQWR�D�SURJUDP��EHFDXVH�WKH�VWXGHQW�LV�LQWHUDFWLQJ�
ZLWK�WKH�FRPSXWHU��7KH�WHUP�³LQWHUDFWLYLW\´�LV�IUHTXHQWO\�XVHG��EXW�LW�UHPDLQV�
DQ�LOO�GHILQHG�FRQFHSW��HVSHFLDOO\�ZLWK�UHJDUGV�WR�FRPSXWHU�EDVHG�LQVWUXFWLRQ��
7KH�IROORZLQJ�YDULDEOHV�VKRXOG�EH�SUHVHQW�LQ�D�SURJUDP�LQ�RUGHU�WR�SURYLGH�D�
GHJUHH�RI�LQWHUDFWLYLW\���
• � ,PPHGLDF\�RI�UHVSRQVH�
• � 1RQ�VHTXHQWLDO�DFFHVV�RI�LQIRUPDWLRQ�
• � $GDSWDELOLW\�
• � )HHGEDFN�
�%RUVRRN�	�+LJJLQERWKDP�:KHDW��������



� ���
7KH�SURJUDP�GHYHORSHG�IRU�WKLV�VWXG\�IHDWXUHV�WKUHH�RI�WKH�IRXU�YDULDEOHV�RI�
LQWHUDFWLYLW\� PHQWLRQHG� DERYH�� � 7KH� UHVSRQVH� WR� VWXGHQWV¶� DQVZHUV� LV�
LPPHGLDWH�� WKH� K\SHUWH[W� VWUXFWXUH� SURYLGHV� QRQ�VHTXHQWLDO� DFFHVV� RI�
LQIRUPDWLRQ�� DQG� WKH� VWXGHQW¶V� UHFHLYH� IHHGEDFN� ZKHQ� WKH\� DQVZHU� D�
TXHVWLRQ�� �7KH�SURJUDP�GRHV�QRW� IHDWXUH�DGDSWDELOLW\�� VLQFH� LW�KDV�QRW�EHHQ�
SURJUDPPHG�WR�YDU\�WKH�LQVWUXFWLRQ��TXHVWLRQV�DQG�IHHGEDFN�DFFRUGLQJ�WR�WKH�
VWXGHQW¶V�LQGLYLGXDO�SHUIRUPDQFH��
�
7KH�PDLQ�TXHVWLRQ�W\SHV�XVHG� LQ�WKH�SURJUDP�KDYH�EHHQ�RXWOLQHG� LQ�VHFWLRQ�
������ �VHH�7DEOH����� �7KHVH�VL[�TXHVWLRQ�W\SHV�FDQ�EH�FDWHJRUL]HG�DV�HLWKHU�
DOWHUQDWH�UHVSRQVH� TXHVWLRQV�� RU� FRQVWUXFWHG�UHVSRQVH� TXHVWLRQV� �FI��
�����������0XOWLSOH�FKRLFH��WUXH�IDOVH��PDWFKLQJ�DQG�FRPSOHWLRQ�TXHVWLRQV�DUH�
DOO� DOWHUQDWH�UHVSRQVH� TXHVWLRQV�� � 7KHVH� W\SHV� RI� TXHVWLRQV� VXLWH� WKH�
FRPSXWHU� HQYLURQPHQW� YHU\� ZHOO� DQG� WKH\� DUH� HDV\� WR� PDQDJH� �$OHVVL� 	�
7UROOLS����������������6KRUW�DQVZHU�TXHVWLRQV�DQG�RSHQ�HQGHG�TXHVWLRQV�DUH�
H[DPSOHV� RI� FRQVWUXFWHG�UHVSRQVH� TXHVWLRQV�� � 6KRUW�DQVZHU� TXHVWLRQV� DOVR�
ZRUN�ZHOO�LQ�D�FRPSXWHU�HQYLURQPHQW��EXW�RSHQ�HQGHG�TXHVWLRQV�SUHVHQWHG�D�
ELW� RI� D� FKDOOHQJH� WR� WKH� GHYHORSHU� LQ� WHUPV� RI� UHVSRQVH� MXGJHPHQW� DQG�
IHHGEDFN���
�

�������� F��7XWRULDOV�±�-XGJLQJ�WKH�5HVSRQVH��)HHGEDFN�DQG�&ORVLQJ�
7KH� WHFKQLFDOLWLHV� LQYROYHG� LQ� MXGJLQJ� WKH� VWXGHQW¶V� UHVSRQVH� DQG� JLYLQJ�
IHHGEDFN�DUH�PRUH�UHOHYDQW�WR�VHFWLRQ�������RQ�SURJUDPPLQJ���7KH�QDWXUH�RI�
WKH� VHFRQGDU\� GHOLYHU\� PHGLXP�� WKH� 86� LQWUDQHW�� DQG� WKH� SURJUDP� LWVHOI�
VLPSOLILHV� WKH� FORVLQJ� RI� WKH� SURJUDP�� � 7KH� VWXGHQW� YLHZV� WKH� SURJUDP� LQ�
KLV�KHU�LQWHUQHW�EURZVHU�DQG�FDQ�FORVH�WKH�SURJUDP�DW�DQ\�SRLQW��1R�UHFRUGV�
RI� VWXGHQW� UHVSRQVHV� DUH� NHSW�� 7KH� IDFW� WKDW� WKH� SURJUDP� LV� PDLQO\� IRU�
SUDFWLFH��PHDQV� WKDW� WKH� VWXGHQW�FDQ� UHGR� WKH�DFWLYLWLHV�DV�RIWHQ�DV�KH�VKH�
ZLVKHV��
�

������ 6WHS����)ORZFKDUW�WKH�/HVVRQ�
'HWHUPLQLQJ�WKH�VHTXHQFH�RI�HYHQWV�LQ�D�K\SHUWH[W�SURJUDP�LV�FORVHO\�OLQNHG�
ZLWK�LVVXHV�RI�OHDUQHU�FRQWURO�DQG�QDYLJDWLRQ���
�

�
�
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�������� /HDUQHU�&RQWURO�DQG�1DYLJDWLRQ�

7KH�K\SHUWH[W�HQYLURQPHQW�RI�WKLV�SURJUDP�JLYHV�WKH�VWXGHQW�D�ODUJH�DPRXQW�
RI� FRQWURO� RYHU� WKH� VHTXHQFLQJ� RI� HYHQWV�� � 6WXGHQWV� DUH� QRW� JLYHQ� WRWDO�
FRQWURO� RYHU� WKH� FRQWHQW�� EHFDXVH� UHVHDUFK� VWXGLHV� KDYH� VKRZQ� WKDW�
³VWXGHQWV�GR�QRW�PDNH�JRRG�GHFLVLRQV�DQG� WKH�PRUH�FRQWURO� LV�JLYHQ� WR� WKH�
VWXGHQW�� WKH� PRUH� OHDUQLQJ� VXIIHUV´� �$OHVVL� 	� 7UROOLS�� ���������� 7KHUHIRUH��
WKH� GHYHORSHU� JXLGHV� WKH� VWXGHQW� HLWKHU� LPSOLFLWO\� �WKURXJK� LPDJHV�� RU�
H[SOLFLWO\��WKURXJK�LQVWUXFWLRQV����
�
7KH� HQWU\� SDJH� OHDGV� WKH� VWXGHQW� WR� WKH�PDLQ�PHQX� SDJH� RI� WKH� SURJUDP��
ZKHUH�KH�VKH�FDQ�FKRRVH�WKH�JHQUH�RI� WH[W�WR�EH�H[SORUHG���7KH�SRVLWLRQLQJ�
RI�PHQX� LWHPV� LPSOLFLWO\� LQGLFDWH� WKH� SUHIHUUHG� RUGHU�� 5HDG� WKH� µ,QIR¶� SDJH�
ILUVW��WKHQ�PRYH�VHTXHQWLDOO\�WKURXJK�WKH�JHQUHV��µ1HZV�0HGLD¶��µ6KRUW�6WRU\¶��
µ3RHWU\¶�DQG� µ1RYHO¶�� �7KHVH�JHQUHV�ZHUH�RUGHUHG�DFFRUGLQJ�WR�WKH�SHUFHLYHG�
OHYHO�RI�GLIILFXOW\�DQG�FRPSOH[LW\���
�
2QFH� VWXGHQWV� DUH� ZLWKLQ� D� FHUWDLQ� VHFWLRQ�� WKH\� HQFRXQWHU� D� PL[WXUH� RI�
H[SOLFLW� DQG� LPSOLFLW� JXLGHV�� � 7KH� µ+RPH¶� SDJH� RI� HDFK� VHFWLRQ� SURYLGHV�
H[SOLFLW� LQVWUXFWLRQV� DV� WR� ZKDW� WKH� VWXGHQW� VKRXOG� GR�� � 7KH� WH[WXDO�
LQIRUPDWLRQ�LV�UHLQIRUFHG�E\�WKH�RUGHU�RI�WKH�EXWWRQV�LQ�WKH�VWDWLF�QDYLJDWLRQ�
SDQHO�� � 7KLV� WHFKQLTXH� LV� DSSURYHG� E\� WKH�:HE� 6W\OH� *XLGH�� ³%\� SURYLGLQJ�
\RXU�RZQ�FRQVLVWHQW�DQG�SUHGLFWDEOH�VHW�RI�QDYLJDWLRQ�EXWWRQV��\RX�DOVR�JLYH�
WKH�XVHU�D�VHQVH�RI�\RXU�VLWH¶V�RUJDQL]DWLRQ�DQG�PDNH�WKH�ORJLF�DQG�RUGHU�RI�
\RXU� VLWH� YLVXDOO\� H[SOLFLW´� �/\QFK� 	� +RUWRQ�� ������� � )URP� WKLV� QDYLJDWLRQ�
SDQHO��WKH�VWXGHQW�FDQ�DFFHVV�DOO�WKH�LQIRUPDWLRQ�LQ�WKH�VHFWLRQ�E\�FOLFNLQJ�RQ�
WKH� DSSURSULDWH� EXWWRQ�� � 7KH� SUHVHQFH� RI� D� VWDWLF� QDYLJDWLRQ� SDQHO� QHJDWHV�
WKH�QHHG�IRU�D�SHUPDQHQW�µIRUZDUG¶�DQG�µEDFN¶�EXWWRQ��
�

������ 6WRU\ERDUG�'LVSOD\V�RQ�3DSHU�
:KHQ� GHVLJQLQJ� VFUHHQ� OD\RXW�� RQH� KDV� WR� FRQVLGHU� WKH� VFUHHQ� VL]H� RI� WKH�
SRWHQWLDO� XVHU�� � ,W� LV� KHUH� WKDW� WKH� VHFRQGDU\� GHOLYHU\� PHGLXP� RI� WKH�
SURJUDP��WKH�86�LQWUDQHW��SOD\V�DQ�HQRUPRXV�UROH���7KH�SURJUDP�LV�LQWHQGHG�
IRU�XVH� LQ�WKH�PXOWLPHGLD�FODVVURRPV�DQG�FRPSXWHU�XVDJH�DUHDV�RI�WKH�$UWV�
)DFXOW\�� 7KHVH� FODVVURRPV� DUH� DOO� HTXLSSHG� ZLWK� WKH� VDPH� FRPSXWHUV�� ZLWK�
WKH�VDPH�VWDQGDUG�DSSOLFDWLRQV�DQG�WKH�VDPH�VFUHHQ�UHVROXWLRQ�������[�����
SL[HOV���.QRZLQJ�WKH�H[DFW�VFUHHQ�UHVROXWLRQ�DQG�FDSDELOLWLHV�RI�WKH�SRWHQWLDO�



� ���
XVHU¶V�FRPSXWHU��LW�ZDV�SRVVLEOH�WR�GHVLJQ�LQ�DEVROXWH�PHDVXUHPHQWV��SL[HOV���
UDWKHU�WKDQ�UHODWLYH�SURSRUWLRQV��SHUFHQWDJHV����
�
%HLQJ�DEOH�WR�GHVLJQ�IRU�D�YHU\�VSHFLILF�VFUHHQ�VL]H�DOVR�PDGH� LW�SRVVLEOH�WR�
GHILQH� IXQFWLRQDO� DUHDV� RI� WKH� VFUHHQ�� � )XQFWLRQDO� DUHDV� LQYROYH� DOORFDWLQJ�
VSHFLILF� VHFWLRQV� RI� WKH� VFUHHQ� WR� VSHFLILF� SXUSRVHV�� VXFK� DV� GLUHFWLRQV��
LQIRUPDWLRQ�DQG�EXWWRQV��$OHVVL�	�7UROOLS�������������&RPELQLQJ�WKH�GHILQLWLRQ�
RI�IXQFWLRQDO�DUHDV�ZLWK�ZHE�GHVLJQ��WKH�GHYHORSHU�GHFLGHG�WR�XVH�IUDPHV�IRU�
VFUHHQ�OD\RXW�DQG�LQIRUPDWLRQ�SUHVHQWDWLRQ��7KH�VFUHHQ�LV�GLYLGHG�LQWR�WKUHH�
PDLQ�VHFWLRQV��WKH�WRS�SDQHO�UHPDLQV�VWDWLF�DQG�GLVSOD\V�WKH�ORJR�RI�WKH�WH[W�
JHQUH��WKH�OHIW�KDQG�SDQHO�FRQWDLQV�WKH�VWDWLF�QDYLJDWLRQ�SDQHO��DQG�WKH�UHVW�
RI�WKH�VFUHHQ�LV�XVHG�WR�SUHVHQW�WKH�WH[WV�DQG�DFWLYLWLHV��
�

������ 3URJUDP�WKH�/HVVRQ�
7KH�WHFKQLFDO�FRQVWUXFWLRQ�RI�WKLV�SURJUDP�GLG�QRW�UHTXLUH�WKH�NQRZOHGJH�RI�D�
VSHFLILF� SURJUDPPLQJ� ODQJXDJH� VXFK� DV� &��� RU� -DYD�� � +\SHUWH[W� 0DUN�XS�
/DQJXDJH�� RU� +70/�� ZDV� WKH� RQO\� µODQJXDJH¶� XVHG�� � 0DFURPHGLD¶V�
'UHDPZHDYHU�0;�VLJQLILFDQWO\�HQKDQFHG�WKH�SURFHVV�RI�GHVLJQ���1RW�RQO\�ZDV�
'UHDPZHDYHU�XVHG�LQ�WKH�FUHDWLRQ�RI�WKH�LQIRUPDWLRQ�SDJHV��EXW�LW�ZDV�XVHG�
WR�FRPSLOH�WKH�TXHVWLRQV�DQG�WKH�IHHGEDFN�DV�ZHOO�� �$OO� WKH�TXHVWLRQV� LQ�WKH�
6KRUW�6WRU\��3RHWU\�DQG�1RYHO� VHFWLRQ�ZHUH�FRPSLOHG�E\�XVLQJ�DQ�H[WHQVLRQ�
WR�'UHDPZHDYHU��WKH�&RXUVH%XLOGHU�6XLWH���
�
$OWKRXJK�WKH�&RXUVH%XLOGHU�6XLWH�PDNHV�LW�SRVVLEOH�WR�LQVHUW�D�ZLGH�YDULHW\�RI�
TXHVWLRQV�GLUHFWO\�RQWR�D�ZHE�SDJH�� LW� LV�PRUH�VXLWHG�WR�TXHVWLRQV�IRU�ZKLFK�
WKHUH� LV� RQO\� RQH� FRUUHFW� DQVZHU�� � ,Q� RUGHU� WR�PDNH� MXGJHPHQWV� DERXW� WKH�
VWXGHQW¶V�DQVZHU�� WKH�GHYHORSHU�RI� WKH�SURJUDP�PXVW�SUHGHILQH�WKH�DQVZHUV�
ZKHQ� EXLOGLQJ� WKH� TXHVWLRQ�� � &RXUVH%XLOGHU� LQWHUDFWLRQ� DOVR� DOORZV� \RX� WR�
FKDQJH� WKH� DSSHDUDQFH� RI� WKH� IHHGEDFN�� � 7KH� GHIDXOW� IHHGEDFN� LV� WKH�
0LFURVRIW� DOHUW� ER[�� ZKLFK� LV� QHLWKHU� DHVWKHWLFDOO\� SOHDVLQJ� QRU� LQIRUPDWLYH���
+RZHYHU��XVLQJ�WKH�FRPELQDWLRQ�RI�&RXUVH%XLOGHU�DQG�DQRWKHU�'UHDPZHDYHU�
H[WHQVLRQ��G+70/�7RROWLSV��WKH�GHYHORSHU�ZDV�DEOH�WR�FXVWRPL]H�WKH�IHHGEDFN�
IRU�HDFK�TXHVWLRQ���
�
7KH�XVH�RI�WKH�7RROWLS�H[WHQVLRQ�WR�'UHDPZHDYHU�DOVR�DOORZHG�WKH�GHYHORSHU�
WR�DQQRWDWH�RU�JORVV�WKH�PRUH�GLIILFXOW�ZRUGV�LQ�VRPH�RI�WKH�WH[W���$�VWXGHQW�
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FRXOG� VLPSO\� PRYH� KLV�KHU� FXUVRU� RYHU� WKH� ZRUG�� DQG� DQ� H[SODQDWLRQ� RU� D�
SLFWXUH� ZRXOG� DSSHDU�� 7KH� SUREOHP� ZLWK� DQ\� IRUP� RI� DQQRWDWLRQ� OLHV� LQ�
PDLQWDLQLQJ�WKH�DXWKHQWLFLW\�RI�WKH�WH[W���,I�RQH�ZRXOG�XVH�D�GLIIHUHQW�FRORXU��
RU�XQGHUOLQLQJ�WR�KLJKOLJKW�WKH�ZRUG��WKH�PHDQLQJ�RI�WKH�ZRUG�PLJKW�FKDQJH��
WKH� VWXGHQW� PLJKW� DVVRFLDWH� D� FRORXU� ZLWK� D� FHUWDLQ� PHDQLQJ�� RU� DQ�
XQGHUOLQHG� ZRUG� ZLWK� D� K\SHUOLQN�� � 7KHUHIRUH�� LQ� RUGHU� WR� PDLQWDLQ� WKH�
DXWKHQWLFLW\�RI� WKH� WH[W� DV�PXFK� DV� SRVVLEOH�� DQG�SURYLGH� VRPH�DVVLVWDQFH��
WKH�GHYHORSHU�GHFLGHG�WR�LWDOLFL]H�WKH�WH[W�WR�EH�JORVVHG��
�
7KH� TXHVWLRQV� RI� WKH� 1HZV�0HGLD� VHFWLRQ� ZHUH� FRPSLOHG� ZLWK� +RW� 3RWDWRHV�
Y���� �7KH�UHDVRQ� IRU� WKLV�DSSDUHQW� LQFRQVLVWHQF\� LV� WKDW�+RW�3RWDWRHV�VHHPV�
WR�EH�WKH�RQO\�SURJUDP�DEOH�WR�FUHDWH�D�FURVVZRUG�SX]]OH���,Q�DQ�DWWHPSW�WR�
DYRLG� LQFRQVLVWHQF\� ZLWKLQ� D� VHFWLRQ�� WKH� GHYHORSHU� GHFLGHG� WR� XVH� +RW�
3RWDWRHV�IRU�DOO�WKH�DFWLYLWLHV�LQ�WKH�1HZV�0HGLD�VHFWLRQ��
�

������ 3URGXFH�6XSSRUWLQJ�0DWHULDOV�
7KH�WHFKQLFDO�VSHFLILFDWLRQV�RI� WKLV�SURJUDP�DUH�RXWOLQHG� LQ�WKH�,QIR�VHFWLRQ��
)RU� VSHFLDO� YLHZLQJ� SXUSRVHV� L�H�� WR� YLHZ� WKH� SURJUDP� DV� D� VWDQG�DORQH�
DSSOLFDWLRQ��WKH�SURJUDP�LV�DOVR�SDFNDJHG�DV�D�&'�5RP���7KH�FRYHU�RI�WKH�&'�
FRQWDLQV�LQIRUPDWLRQ�DERXW�WKH�V\VWHP�UHTXLUHPHQWV��WHFKQLFDO�VSHFLILFDWLRQV�
DQG�VWDUWLQJ�SURFHGXUHV���
�

������� (YDOXDWH�DQG�UHYLVH�
,Q�HYHU\� LQVWUXFWLRQDO�GHVLJQ�SURFHVV��HYDOXDWLRQ�WDNHV�SODFH�WKURXJKRXW�WKH�
GHYHORSPHQW�RI�D�SURJUDP���+RZHYHU��D�IRUPDO�HYDOXDWLRQ�LV�QHFHVVDU\�DW�WKH�
HQG�WR�GHWHUPLQH�WKH�VXFFHVV�RI�D�SURJUDP���7ZR�HOHPHQWV�RI�D�SURJUDP�WKDW�
VKRXOG� EH� HYDOXDWHG� DUH�� WKH� SURJUDP¶V� YLVXDO� DSSHDO� DQG� LWV� LQVWUXFWLRQDO�
HIIHFWLYHQHVV� �$OHVVL� 	� 7UROOLS�� ����������� � 7KH� IRUPDO� HYDOXDWLRQ� RI� WKH�
SURJUDP�GHYHORSHG�IRU�WKLV�VWXG\�LV�SUHVHQWHG�LQ�&KDSWHUV���DQG����
�

���� &RQFOXVLRQ�
)URP�WKH�UDQJH�RI�WRSLFV�FRYHUHG�LQ�WKLV�FKDSWHU�� LW� LV�FOHDU�WKDW�WKH�SURFHVV�
RI�FUHDWLQJ�D�FRPSXWHU�EDVHG�LQVWUXFWLRQDO�SURJUDP�LV�DQ�H[WHQVLYH��LQWHQVLYH�
DQG� UHZDUGLQJ�RQH�� � 7KH�SURFHVV�DOVR� LQYROYHV� WKH�VXFFHVVIXO� LQWHJUDWLRQ�RI�
FRQWHQW�DQG� WHFKQLFDO�GHVLJQ� IDFWRUV�� �7KLV� LPSOLHV� WKDW�QHLWKHU� WKH�FRQWHQW��
QRU� WKH� WHFKQLFDO�GHVLJQ�RI�D�SURJUDP�VKRXOG�EH�RYHU�HPSKDVL]HG�� � ,Q� IDFW��
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WKH� PRVW� LPSRUWDQW� DVSHFW� RI� GHVLJQLQJ� D� FRPSXWHU�EDVHG� LQVWUXFWLRQDO�
SURJUDP�� LV� NQRZLQJ� \RXU� WDUJHW� DXGLHQFH�� ³WKH� JRDO� LV� WR� SURYLGH� IRU� WKH�
QHHGV� RI� DOO� \RXU� SRWHQWLDO� XVHUV�� DGDSWLQJ� :HE� WHFKQRORJ\� WR� WKHLU�
H[SHFWDWLRQV´��/\QFK�	�+RUWRQ���������
�
7KH�GHYHORSPHQW�SURFHVV�RI�WKH�SURJUDP�GHVFULEHG�LQ�&KDSWHU�7KUHH�ZLOO�EH�
IROORZHG�E\�D�IRUPDO�HYDOXDWLRQ�RI�WKH�SURJUDP
V�HIIHFWLYHQHVV�DV�D�WHDFKLQJ�
DLG�LQ�&KDSWHUV�)RXU�DQG�)LYH��
�
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���� ,QWURGXFWLRQ��
7KH� UHVHDUFK� FRPSRQHQW� RI� WKLV� SURMHFW� DLPV� WR� HPSLULFDOO\� LQYHVWLJDWH� WKH�
HIIHFW� RI� WKH� SURJUDP� GHVFULEHG� LQ� WKH� SUHYLRXV� FKDSWHU�� RQ� VWXGHQWV¶�
SURILFLHQF\� LQ� VSHFLILF� UHDGLQJ� VNLOOV�� � 7KLV� FKDSWHU� RXWOLQHV� WKH� VSHFLILF�
DSSURDFK�WR�UHVHDUFK��DV�ZHOO�DV�WKH�UHVHDUFK�PHWKRG�IROORZHG�LQ�WKLV�VWXG\���

�
���� 0L[HG�0HWKRGV�$SSURDFK�

7KH�PL[HG�PHWKRGV�DSSURDFK�WR�UHVHDUFK�LV�EDVHG�RQ�SUDJPDWLF�DVVXPSWLRQV�
WKDW� HPSOR\� D� PL[HG� PHWKRGV� GHVLJQ� DV� VWUDWHJ\� RI� LQTXLU\� �&UHVZHOO��
���������� 7KH� YDOXH� RI� WKLV� DSSURDFK� OLHV� LQ� LWV� FDSDELOLW\� WR� SURYLGH� WKH�
UHVHDUFKHU� ZLWK� WKH� VWUXFWXUH� RI� TXDQWLWDWLYH� UHVHDUFK� DQG� WKH� IOH[LELOLW\� RI�
TXDOLWDWLYH�LQTXLU\�ZLWKLQ�D�VLQJOH�VWXG\����
�

������ 6WUDWHJ\�RI�,QTXLU\�
$�VWUDWHJ\�RI� LQTXLU\�VHUYHV�DV� WKH�FRPSDVV� LQ�D�UHVHDUFK�GHVLJQ�� LW�GLUHFWV�
DOO� WKH� SURFHGXUHV� ZLWKLQ� WKH� GHVLJQ�� � $IWHU� FDUHIXO� FRQVLGHUDWLRQ� RI� WKH�
UHOHYDQW�FULWHULD�� WKH�&RQFXUUHQW�1HVWHG�6WUDWHJ\�HPHUJHG�DV�PRVW� VXLWDEOH�
�&UHVVZHOO�� ����������� � &KDUDFWHULVWLFDOO\�� WKLV� VWUDWHJ\� RI� LQTXLU\� RQO\� KDV�
RQH� GDWD� FROOHFWLRQ� SKDVH�� GXULQJ� ZKLFK� ERWK� TXDQWLWDWLYH� DQG� TXDOLWDWLYH�
GDWD� DUH� FROOHFWHG� VLPXOWDQHRXVO\�� 7KH� XQLTXH� IHDWXUH� RI� WKH� FRQFXUUHQW�
QHVWHG�VWUDWHJ\�LV�WKDW�LW�KDV�D�SUHGRPLQDQW�PHWKRG�WKDW�JXLGHV�WKH�SURMHFW���
�
,Q�WKLV�VWXG\��WKH�SUHGRPLQDQW�PHWKRG�LV�TXDQWLWDWLYH�H[SHULPHQWDWLRQ��ZKLOH�
WKH�TXDOLWDWLYH�PHWKRG�LV�HPEHGGHG�ZLWKLQ�WKH�TXDQWLWDWLYH�H[SHULPHQW���7KH�
TXDQWLWDWLYH� H[SHULPHQW� DLPHG� WR� GHWHUPLQH� LI� DQ� LQWHUDFWLYH�� PXOWLPHGLD�
ZHE�EDVHG�SURJUDP�KDG�D�SRVLWLYH�HIIHFW� RQ� WKH� UHDGLQJ� VNLOO� SURILFLHQF\�RI�
(QJOLVK� ILUVW�\HDU� XQLYHUVLW\� VWXGHQWV�� � 7KH� UHVHDUFK� PHWKRG� RI� WKH�
TXDQWLWDWLYH� H[SHULPHQW� FRQVWLWXWHV� WKH� JXLGLQJ� UHVHDUFK� PHWKRG� RI� WKLV�
VWXG\���6HFWLRQ�������GHVFULEHV�WKLV�JXLGLQJ�UHVHDUFK�PHWKRG�LQ�PRUH�GHWDLO���
,Q� RUGHU� WR� JLYH� PRUH� GHSWK� DQG� FRQWH[W� WR� WKH� TXDQWLWDWLYH� UHVXOWV�� D�
TXDOLWDWLYH� FRPSRQHQW� ZDV� LQWURGXFHG� LQ� WKH� IRUP� RI� DQ� HYDOXDWLRQ�
TXHVWLRQQDLUH�� � )LJXUH� �� SURYLGHV� D� GLDJUDPPDWLF� UHSUHVHQWDWLRQ� RI� WKH�
FRQFXUUHQW�QHVWHG�VWUDWHJ\�XVHG�LQ�WKLV�VWXG\���
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)LJXUH����$�GLDJUDPPDWLFDO�UHSUHVHQWDWLRQ�RI�WKH�&RQFXUUHQW�1HVWHG�6WUDWHJ\�XVHG�LQ�WKLV�VWXG\��
������� 5HVHDUFK�0HWKRG�

,Q� RUGHU� WR� GHWHUPLQH� LI� DQ� LQWHUDFWLYH�� PXOWLPHGLD�� ZHE�EDVHG� SURJUDP�
DIIHFWV� VWXGHQW� SURILFLHQF\� LQ� VSHFLILF� UHDGLQJ� VNLOOV� SRVLWLYHO\�� DQ�
H[SHULPHQWDO� PHWKRG� ZDV� FKRVHQ�� � 7KH� PDLQ� DLP� RI� WKH� H[SHULPHQWDO�
PHWKRG� RI� UHVHDUFK� LV� ³WR� WHVW� WKH� LPSDFW� RI� DQ� LQWHUYHQWLRQ´� �&UHVVZHOO��
����������� ZKLFK� ZRXOG� EH� WKH� SURJUDP� LQ� WKLV� FDVH�� � 7KH� H[SHULPHQWDO�
PHWKRG� RI� TXDQWLWDWLYH� UHVHDUFK� XVXDOO\� FRQVLVWV� RI� WKH� IROORZLQJ�
FRPSRQHQWV�� H[SHULPHQWDO� GHVLJQ�� SDUWLFLSDQWV�� YDULDEOHV�� LQVWUXPHQWDWLRQ��
GDWD� FROOHFWLRQ�� DQG� VWDWLVWLFDO� DQDO\VLV�� � 7KHVH� FRPSRQHQWV�� DORQJ� ZLWK� D�
FRPSRQHQW�RI�TXDOLWDWLYH�UHVHDUFK��ZLOO�EH�GHVFULEHG�LQ�WKH�UHPDLQGHU�RI�WKLV�
VHFWLRQ��
�

�������� ([SHULPHQWDO�'HVLJQ�
$� QRQ�HTXLYDOHQW�� UHSHDWHG� PHDVXUHV� �SUH� DQG� SRVW�WHVW��� H[SHULPHQWDO��
FRQWURO�JURXS� GHVLJQ�ZDV� XVHG� LQ� WKLV� VWXG\�� 7KH� UHVHDUFK� GHVLJQ� LV� TXDVL�
H[SHULPHQWDO��EHFDXVH�WKH�SDUWLFLSDQWV�EHORQJHG�WR�LQWDFW�JURXSV��FI����������
7KH� VHOHFWLRQ� RI� WKH� H[SHULPHQWDO�� DQG� FRQWURO� JURXS� FDQ� EH� GHVFULEHG� DV�
QRQ�UDQGRPL]HG� �FI�� ���������� %RWK� JURXSV� WDNH� WKH� SUH�WHVW� DQG� WKH� SRVW�
WHVW�� EXW� RQO\� WKH� H[SHULPHQWDO� JURXS� UHFHLYHV� WKH� LQVWUXFWLRQDO� WUHDWPHQW�
�&UHVVZHOO�������������
�

�������� 3DUWLFLSDQWV�
7KH� SDUWLFLSDQWV� FRQVLVWHG� RI� ILUVW�\HDU� VWXGHQWV� LQ� WKH� (QJOLVK� ���� �)DFW� 	�
)LFWLRQ�� FRXUVH� RI� WKH� 'HSDUWPHQW� RI� (QJOLVK� DW� WKH� 8QLYHUVLW\� RI�
6WHOOHQERVFK�� � 7KH� SDUWLFLSDQWV� IRUPHG� SDUW� RI� WZR� H[LVWLQJ� (QJOLVK� ����
WXWRULDO� JURXSV� WDXJKW� E\� WKH� UHVHDUFKHU�� 7KHVH� VWXGHQWV� DUH� D� PL[WXUH� RI�
ILUVW���VHFRQG���DQG�HYHQ�WKLUG�ODQJXDJH�(QJOLVK�VSHDNHUV����

4XDQWLWDWLYH�([SHULPHQW�
4XDOLWDWLYH�FRPSRQHQW�

$QDO\VLV�RI�UHVXOWV�
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'XH� WR� FHUWDLQ� VSHFLILFDWLRQV� RI� WKH� 'HSDUWPHQW� RI� (QJOLVK� D� FRPSOHWHO\�
UDQGRP� VDPSOH� RI� VWXGHQWV� FRXOG� QRW� EH� REWDLQHG�� � 7KHUHIRUH�� WKH�
H[SHULPHQWDO�JURXS�VHOHFWHG�WKHPVHOYHV�E\�YROXQWHHULQJ�WR�SDUWLFLSDWH�LQ�WKH�
UHVHDUFK�SURMHFW�� �$�WRWDO�RI����VWXGHQWV�WRRN�SDUW� LQ�WKH�VWXG\��RI�ZKLFK����
YROXQWHHUHG� WR� EH� LQ� WKH� H[SHULPHQWDO� JURXS�� � 7KH� RWKHU� ��� VWXGHQWV�
FRQVWLWXWHG�WKH�FRQWURO�JURXS���
�

�������� 9DULDEOHV�
7KH�LQGHSHQGHQW�YDULDEOH� LV�WKH�JURXS�LGHQWLI\LQJ�WKH�H[SHULPHQWDO��DQG�WKH�
FRQWURO� JURXS�� 7KH� WHUP� ³JURXS´� UHIHUV� WR� WKH� HOHPHQW� WKDW� GHWHUPLQHV�
ZKHWKHU� VWXGHQWV� ZHUH� LQ� WKH� H[SHULPHQWDO�� RU� WKH� FRQWURO� JURXS�� ,Q� WKLV�
VWXG\�� WKLV� HOHPHQW� ZDV� H[SRVXUH� WR� WKH� LQWHUYHQWLRQ�� RU� WUHDWPHQW�� ZKLFK�
ZDV�WKH�FRPSXWHU�SURJUDP�GHYHORSHG�IRU�WKLV�VWXG\��7KH�H[SHULPHQWDO�JURXS�
ZDV� H[SRVHG� WR� WKH� SURJUDP�� ZKLOH� WKH� FRQWURO� JURXS� ZDV� QRW�� ,Q� RWKHU�
ZRUGV�� WKH� FRPSXWHU� SURJUDP� GHYHORSHG� IRU� WKLV� VWXG\� LV� WKH� LQGHSHQGHQW�
YDULDEOH�� 7KH� GHSHQGDQW� YDULDEOHV� DUH� WKH� SUH�WHVW� DQG� SRVW�WHVW�
PHDVXUHPHQWV�RI�SURILFLHQF\�LQ�WKH�XVH�RI�VSHFLILF�UHDGLQJ�VNLOOV��
�

�������� ,QVWUXPHQWDWLRQ�
7KH�YDULRXV� LQVWUXPHQWV�DQG� LQVWUXFWLRQDO� WUHDWPHQWV�XVHG� LQ� WKLV�VWXG\�DUH�
OLVWHG�EHORZ��IROORZHG�E\�D�GHVFULSWLRQ�RI�HDFK��

�
4XDQWLWDWLYH�LQVWUXPHQWDWLRQ����

• � 7ZR�UHDGLQJ�FRPSUHKHQVLRQ�WHVWV�ZHUH�DGPLQLVWHUHG�WR�GHWHUPLQH�VWXGHQWV¶�
SURILFLHQF\�LQ�VSHFLILF�UHDGLQJ�VNLOOV��2QH�WHVW�ZDV�XVHG�DV�D�SUH�WHVW��ZKLOH�
WKH�VHFRQG�WHVW�ZDV�DGPLQLVWHUHG�DV�D�SRVW�WHVW���

�
'HVFULSWLRQ�� %RWK� UHDGLQJ� FRPSUHKHQVLRQ� WHVWV� ZHUH� FRPSLOHG� E\� WKH�
UHVHDUFKHU��7KH�WHVWV�FRQVLVWHG�RI��D�VHW�RI�WH[WV�WR�UHDG��IRXU�VHFWLRQV�EDVHG�
RQ�HDFK�JHQUH�RI�WH[W��DQG�RQH��WZR�RU�WKUHH�TXHVWLRQV�ZLWKLQ�HDFK�VHFWLRQ���
(DFK�TXHVWLRQ�ZDV�GHVLJQHG�WR�WHVW�D�VSHFLILF�UHDGLQJ�VNLOO���7KH�TXHVWLRQV�LQ�
ERWK� WHVWV�ZHUH�YHU\� VLPLODU� LQ� VW\OH� WR�HQVXUH� WKDW� WKH�VDPH� UHDGLQJ� VNLOOV�
ZHUH�WHVWHG�IRU���+RZHYHU��LQ�RUGHU�WR�FRQWURO�IRU�WKH�SUDFWLFH�HIIHFW��WKH�WHVWV�
ZHUH� QRW� LGHQWLFDO� �%URZQ�� ���������� � 7KH� WRWDO� VFRUH� RI� WKH� SUH�WHVW�
�$SSHQGLFHV�$��%�DQG�&���DQG�WKH�SRVW�WHVW��$SSHQGLFHV�'��(�DQG�)���ZDV����
SRLQWV��7KH�WLPH�DOORFDWHG�IRU�WKH�FRPSOHWLRQ�RI�WKH�WHVW�ZDV����PLQXWHV��7KH�



� ���
WRWDO�PDUN� IRU� WKH� WHVW�ZDV�XVHG� LQ� WKH�FDOFXODWLRQ�RI� WKH�GDWD�EHFDXVH� WKH�
SXUSRVH�RI� WKLV�VWXG\�ZDV�WR�WHVW�RYHUDOO�SURILFLHQF\� LQ�WKH�WDUJHWHG�UHDGLQJ�
VNLOOV��
�

,QVWUXFWLRQDO�7UHDWPHQW��
• � $Q�LQWHUDFWLYH��PXOWLPHGLD��ZHE�EDVHG�SURJUDP�ZDV�GHYHORSHG�DV�DQ�
LQVWUXFWLRQDO�WUHDWPHQW����

�
'HVFULSWLRQ��7KH�H[SHULPHQWDO�JURXS�UHFHLYHG�WKH�LQVWUXFWLRQDO�WUHDWPHQW�LQ�D�
PXOWL�PHGLD� FODVVURRP�� ZKHUH� HDFK� VWXGHQW� KDG� DFFHVV� WR� KLV�KHU� RZQ�
FRPSXWHU��(DFK� VWXGHQW�FRXOG�ZRUN�DW�KLV�KHU�RZQ�SDFH��$� WRWDO� RI���KRXUV�
ZLWKLQ� �� ZHHN� ZDV� VHW� DVLGH� IRU� WKH� LQVWUXFWLRQDO� WUHDWPHQW�� 7KH� VWXGHQWV�
ZRUNHG�LQGHSHQGHQWO\��WKHUHIRUH�VRPH�VWXGHQWV�ZRUNHG�WKURXJK�WKH�PDWHULDO�
IDVWHU� WKDQ� RWKHUV�� 7KH� DYHUDJH� WLPH� VSHQW� E\� VWXGHQWV� ZRUNLQJ� ZLWK� WKH�
SURJUDP��LV���KRXUV��7KH�WKHRUHWLFDO�EDVH�DQG�FKDUDFWHULVWLFV�RI�WKLV�SURJUDP�
FRQVWLWXWHV�WKH�FRQWHQW�RI�&KDSWHUV���	�����
�

4XDOLWDWLYH�LQVWUXPHQWDWLRQ���
• � $Q�HYDOXDWLRQ�TXHVWLRQQDLUH�RI�WKH�SURJUDP��LQVWUXFWLRQDO�WUHDWPHQW��ZDV�
GHYHORSHG�WR�GHWHUPLQH�KRZ�WKH�H[SHULPHQWDO�JURXS�SHUFHLYHG�WKH�HIIHFW�RI�
WKH�SURJUDP��

�
'HVFULSWLRQ�� 7KH� TXHVWLRQQDLUH� FRQVLVWHG� RI� RSHQ�HQGHG� TXHVWLRQV� ZKLFK�
ZHUH�LQWHQGHG�WR�HOLFLW�D�WUXWKIXO��SHUVRQDO�UHVSRQVH�IURP�WKH�VWXGHQW��7KHVH�
TXHVWLRQV� HQTXLUHG� DERXW� D� ZLGH� UDQJH� RI� WRSLFV�� WKH� VWXGHQWV¶� DWWLWXGH�
WRZDUGV� WKH� SURJUDP�� WKH� VXLWDELOLW\� RI� FRQWHQW�� HDVH� RI� QDYLJDWLRQ��
SHGDJRJLFDO� YDOXH� RI� LQIRUPDWLRQ�� HWF�� )RU� WKH� VDNH� RI� EUHYLW\�� WKH� RULJLQDO�
TXHVWLRQQDLUH� LV� QRW� LQFOXGHG�� EXW� WKH� VWXGHQWV¶� UHVSRQVHV� KDYH� EHHQ�
VXPPDUL]HG� LQ� $SSHQGL[� *�� 7KH� UHVHDUFKHU� VXSSRUWV� WKH� QRWLRQ� WKDW�
VXFFHVVIXO� UHVHDUFK� GHSHQGV� RQ� WKH� DELOLW\� RI� WKH� UHVHDUFKHU� ³WR� EH� KLJKO\�
LQYROYHG�LQ�WKH�DFWXDO�H[SHULHQFHV�RI�WKH�SDUWLFLSDQWV´��&UHVVZHOO��������������
�

�������� 'DWD�&ROOHFWLRQ�3URFHGXUH�
7ZR�W\SHV�RI�GDWD�ZHUH�FROOHFWHG�IRU�WKLV�VWXG\��TXDQWLWDWLYH�DQG�TXDOLWDWLYH���
7KH�WHVW�VFRUHV��SHUFHQWDJHV��RI�ERWK�JURXSV�RQ�ERWK�UHDGLQJ�FRPSUHKHQVLRQ�
WHVWV� FRQVWLWXWH� WKH�TXDQWLWDWLYH�GDWD�� �7KH�TXDOLWDWLYH�GDWD� LV� FRPSULVHG�RI�
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VWXGHQW� UHVSRQVHV� WR� RSHQ�HQGHG� TXHVWLRQV��'DWD� FROOHFWLRQ�ZDV� FRQGXFWHG�
E\�WKH�UHVHDUFKHU���7KH�SUH��DQG�SRVW�WHVW�ZHUH�ZULWWHQ����GD\V�DSDUW��XQGHU�
VWULFW� WHVW� FRQGLWLRQV�� � $OO� WKH� WHVWV� ZHUH� PDUNHG� E\� WKH� UHVHDUFKHU�� � 7KH�
HYDOXDWLRQ�TXHVWLRQQDLUH�ZDV�GLVWULEXWHG�LPPHGLDWHO\�DIWHU�WKH�FRPSOHWLRQ�RI�
WKH�LQVWUXFWLRQDO�WUHDWPHQW��DQG�UHWXUQHG�WR�WKH�UHVHDUFKHU�RQ�WKH�VDPH�GD\���
�

�������� 6WDWLVWLFDO�$QDO\VLV�
$� QRQ�HTXLYDOHQW�� UHSHDWHG� PHDVXUHV� �SUH�� DQG� SRVW�WHVW��� H[SHULPHQWDO��
FRQWURO�JURXS�GHVLJQ�ZDV�XVHG�LQ�WKLV�VWXG\��FI������������,Q�WKH�SUHVHQWDWLRQ�
DQG�GLVFXVVLRQ�RI�WKH�UHVXOWV�LQ�&KDSWHU����WKH�IROORZLQJ�LPSRUWDQW�VWDWLVWLFDO�
FRQFHSWV�DUH�XVHG��
�

�$OSKD�OHYHO��6LJQLILFDQFH�OHYHO��
7KH� DOSKD� OHYHO�� GHQRWHG� E\� �S��� UHSUHVHQWV� WKH� SUREDELOLW\� RI� HUURU� WKDW� LV�
LQYROYHG� LQ�DFFHSWLQJ�D� UHVXOW� DV�YDOLG�� 7KH�KLJKHU� WKH�S�OHYHO�� WKH� OHVV�RQH�
FDQ�EHOLHYH�WKDW�WKH�REVHUYHG�UHVXOW�EHWZHHQ�YDULDEOHV�LQ�D�VWXG\�LV�D�UHOLDEOH�
LQGLFDWRU� RI� WKH� UHODWLRQ� EHWZHHQ� WKH� UHVSHFWLYH� YDULDEOHV� LQ� WKH� JUHDWHU�
SRSXODWLRQ���,Q�ODQJXDJH�VWXGLHV��WKH�VLJQLILFDQFH�OHYHOV�RI��S��DUH�XVXDOO\�VHW�
DW��S��������RU��S���������7KHVH�YDOXHV�PHDQ�WKDW�WKH�SUREDELOLW\�LV�OHVV�WKDQ�
����S��������RU�����S��������WKDW�WKH�GLIIHUHQFH��LI�DQ\��ZLWKLQ�RU�EHWZHHQ�
JURXSV�RFFXUUHG�E\�FKDQFH�DORQH��%URZQ��������������
�

5HSHDWHG�0HDVXUHV�$QDO\VLV�RI�9DULDQFH��5$129$��
5$129$�LV�WKH�VWDWLVWLFDO�WHFKQLTXH�XVHG�WR�DQDO\VH�UHSHDWHG�PHDVXUHPHQWV�
RQ� WKH� VDPH� VXEMHFWV� RYHU� WLPH�� � ,W� LV� XVHG� WR� GHWHUPLQH� LI� WKHUH� DUH�
VLJQLILFDQW� GLIIHUHQFHV� LQ� WKH� DYHUDJHV� RI� WKH� PHDVXUHPHQWV� EHWZHHQ� WKH�
WLPH�SHULRGV��,I�WKHUH�DUH�RQO\���WLPH�SHULRGV��LW�FDQ�EH�OLNHQHG�WR�D�SDLUHG�W�
WHVW��ZKLFK�LV�FRPPRQO\�XVHG�LQ�ODQJXDJH�VWXGLHV��%URZQ�������������
�

(IIHFW�VL]H��
&RKHQ¶V�HIIHFW�VL]H��GHQRWHG�E\��G��ZDV�XVHG�WR�GHWHUPLQH�LI�WKHUH�ZHUH�DQ\�
SUDFWLFDOO\� VLJQLILFDQW� GLIIHUHQFHV� LQ� WKH� SDUWLFLSDQW¶V� SURILFLHQF\� LQ� VSHFLILF�
UHDGLQJ� VNLOOV�� � &RKHQ¶V� HIIHFW� VL]H� ZDV� XVHG� WR� GHWHUPLQH� WKH� GLIIHUHQFH�
EHWZHHQ� WKH� WZR� PHDQ� VFRUHV� RI� WKH� SUH�WHVW� DQG� SRVW�WHVW� RI� WKH�
H[SHULPHQWDO��DQG�WKH�FRQWURO�JURXS��&RKHQ�XVHV�WKH�IROORZLQJ�VFDOH�IRU�WKH�
�G��YDOXHV��
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�
(IIHFW�VL]HV�EHWZHHQ�JURXSV��

6PDOO�HIIHFW� G� �����0HGLXP�HIIHFW� G� �����/DUJH�HIIHFW� G� ������
�

���� &RQFOXVLRQ�
7KLV� FKDSWHU� RXWOLQHG� WKH� DSSURDFK� WR� UHVHDUFK�� WKH� FKRVHQ� LQVWUXFWLRQDO�
VWUDWHJ\��WKH�PHWKRG�RI�UHVHDUFK��DV�ZHOO�DV�WKH�H[SHULPHQWDO�GHVLJQ�XVHG�LQ�
WKLV� VWXG\�� � 7KH� PDLQ� VWDWLVWLFDO� WHUPV� ZHUH� EULHIO\� H[SODLQHG� LQ� RUGHU� WR�
IDFLOLWDWH�WKH�SUHVHQWDWLRQ�DQG�GLVFXVVLRQ�RI�UHVXOWV�LQ�&KDSWHU����
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���� ,QWURGXFWLRQ��
7KH� DLP� RI� WKLV� FKDSWHU� LV� WR� SUHVHQW� DQG� GLVFXVV� WKH� DQDO\VHG� GDWD� RI� WKH�
TXDVL�H[SHULPHQWDO� VWXG\�� � 7KLV� FKDSWHU� DOVR� DWWHPSWV� WR� DGGUHVV� WKH�
UHVHDUFK�TXHVWLRQ�IRUPXODWHG�LQ�FKDSWHU����
• � +RZ�GRHV�DQ�LQWHUDFWLYH��PXOWLPHGLD��ZHE�EDVHG�SURJUDP�DIIHFW�VWXGHQW�
SURILFLHQF\�LQ�VSHFLILF�UHDGLQJ�VNLOOV"�

�
���� 'HVFULSWLRQ�RI�5HVXOWV�%HWZHHQ�*URXSV�

7KH� DQVZHU� WR� WKH� UHVHDUFK� TXHVWLRQ� OLHV� LQ� WKH� DQDO\VLV� RI� WKH�PHDQ� WHVW�
VFRUHV� RI� WKH� H[SHULPHQWDO�� DQG� WKH� FRQWURO� JURXS� LQ� WKH� SUH�WHVW� DQG� WKH�
SRVW�WHVW�� � 7KUHH� GLIIHUHQW� WHVWV� ZHUH� FRQGXFWHG� WR� GHWHUPLQH� ZKHWKHU� WKH�
UHVXOWV�ZHUH�ERWK�VWDWLVWLFDOO\��DQG�SUDFWLFDOO\�VLJQLILFDQW����
• � $�UHSHDWHG�PHDVXUHV�$129$�ZDV�FRQGXFWHG�WR�GHWHUPLQH�LI�WKH�GLIIHUHQFHV�
LQ�WKH�PHDQ�SHUIRUPDQFH�RI�WKH�H[SHULPHQWDO�JURXS��ZKLFK�UHFHLYHG�WKH�
LQVWUXFWLRQDO�WUHDWPHQW��DQG�WKH�FRQWURO�JURXS�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW��

• � $�SRVW�KRF�%RQIHUURQL�WHVW�ZDV�XVHG�IRU�D�PRUH�LQ�GHSWK�DQDO\VLV�WR�SLQSRLQW�
ZKHUH�WKH�DFWXDO�GLIIHUHQFHV�RFFXUUHG���

• � �&RKHQ¶V�HIIHFW�VL]H�G�ZDV�XVHG�WR�LQGLFDWH�LI�WKH�GLIIHUHQFH�LQ�WKH�PHDQ�
SHUIRUPDQFH�ZDV�SUDFWLFDOO\�VLJQLILFDQW��7KH�LPSRUWDQFH�RI�FDOFXODWLQJ�
SUDFWLFDO�VLJQLILFDQFH�LQ�DGGLWLRQ�WR�VWDWLVWLFDO�VLJQLILFDQFH�LV�DGYRFDWHG�E\�
'UH\HU��������������

1RW� RQO\� GR� WKHVH� FRQFHSWV� JLYH� DQ� LQGLFDWLRQ� RI� WKH� VLJQLILFDQFH� RI� D�
SDUWLFXODU� UHODWLRQVKLS�� RU� GLIIHUHQFH�� EXW� LI� UHVHDUFKHUV�WHDFKHUV�
FRQVLGHU� DSSO\LQJ� WKH� ILQGLQJV� RI� D� SDUWLFXODU� VWXG\� WR� WKH� WHDFKLQJ� LQ�
WKHLU� FODVVURRPV�� LW� ZRXOG� EH� LPSRUWDQW� IRU� WKHP� WR� NQRZ� LI� WKH�
UHODWLRQVKLS��RU�GLIIHUHQFH��LV�DOVR�SUDFWLFDOO\�VLJQLILFDQW����������

�
������ 5HSHDWHG�0HDVXUHV�$129$�

$Q�DQDO\VLV�RI�WKH�PHDQ�WHVW�VFRUHV�RI�WKH�H[SHULPHQWDO��DQG�FRQWURO�JURXS�LV�
VXPPDUL]HG�LQ�)LJXUH������
�
�
�
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�)LJXUH����*UDSKLFDO�UHSUHVHQWDWLRQ�RI�WKH�UHSHDWHG�PHDVXUHV�$129$��
7KH�UHVXOWV�RI�WKH�UHSHDWHG�PHDVXUHV�$129$�LQGLFDWH�WKDW��
• � WKH�VWXGHQWV�LQ�WKH�H[SHULPHQWDO�JURXS�DQG�WKH�VWXGHQWV�LQ�WKH�FRQWURO�JURXS�
SHUIRUPHG�RQ�PRUH�RU�OHVV�WKH�VDPH�OHYHO�LQ�WKH�SUH�WHVW���

• � WKH�VWXGHQWV�LQ�WKH�H[SHULPHQWDO�JURXS�SHUIRUPHG�VWDWLVWLFDOO\�VLJQLILFDQWO\�
EHWWHU��S��������WKDQ�WKH�FRQWURO�JURXS�LQ�WKH�SRVW�WHVW��

�
������ %RQIHUURQL�7HVW�

7KLV� WHVW� ZDV� SHUIRUPHG� WR� YHULI\� WKH� LQWHUSUHWHG� UHVXOWV� RI� WKH� UHSHDWHG�
PHDVXUHV�$129$���7KH�%RQIHUURQL�WHVW�UHVXOWV�DUH�VXPPDUL]HG�LQ�7DEOH����
�
7DEOH����5HVXOWV�RI�WKH�%RQIHUURQL�WHVW��

�*URXS�	�7HVW� S�YDOXH��VLJQLILFDQFH�OHYHO��
([SHULPHQWDO�3UH�WHVW�YV��([SHULPHQWDO�3RVW�WHVW� �����
([SHULPHQWDO�3UH�WHVW�YV��&RQWURO�3UH�WHVW� �����
&RQWURO�3UH�WHVW�YV��&RQWURO�3RVW�WHVW� �����
([SHULPHQWDO�3RVW�WHVW�YV��&RQWURO�3RVW�WHVW� �����

/HYHO�RI�VWDWLVWLFDO�VLJQLILFDQFH���S�����
9HUWLFDO�EDUV�GHQRWH������FRQILGHQFH�LQWHUYDOV

�([SHULPHQWDO�JURXS
�&RQWURO�JURXS3UH�WHVW 3RVW�WHVW

&RPSDULVRQ�EHWZ HHQ�SUH��DQG�SRVW�WHVW�VFRUHV

��

��

��

��

��
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7KH� UHVXOWV� RI� WKH� %RQIHUURQL� WHVW� LQGLFDWH� WKDW� WKHUH� ZDV� QR� GLIIHUHQFH�
EHWZHHQ�WKH�WHVW�VFRUHV�RI�WKH�H[SHULPHQWDO�JURXS�DQG�WKH�FRQWURO�JURXS� LQ�
WKH� SUH�WHVW� �S ������ � 7KLV� FRXOG� VXJJHVW� WKDW� ERWK� JURXSV� KDG� WKH� VDPH�
OHYHO�RI�SURILFLHQF\�DW�WKH�EHJLQQLQJ�RI�WKH�VWXG\���7KH�UHVXOWV�DOVR�VKRZ�WKDW�
WKH�FRQWURO�JURXS�VWD\HG�RQ�WKH�VDPH�OHYHO�RI�SURILFLHQF\��VLQFH�WKHUH�ZDV�QR�
VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� WKHLU� SUH�� DQG� SRVW�WHVW� VFRUHV� �S ����� � ,Q�
FRQWUDVW�� WKH� H[SHULPHQWDO� JURXS¶V� SHUIRUPDQFH� LQ� WKH� SRVW�WHVW� ZDV�
VLJQLILFDQWO\�GLIIHUHQW�IURP�WKHLU�SUH�WHVW�VFRUH��S �������DV�ZHOO�DV�IURP�WKH�
SRVW�WHVW�VFRUH�RI�WKH�FRQWURO�JURXS��S ��������7KH�%RQIHURQQL�WHVW�LV�D�YHU\�
FRQVHUYDWLYH� WHVW�ZKLFK� VSHFLILHV� WKDW� WKH�S�YDOXH�RI� UHVXOWV� VKRXOG�EH�YHU\�
FORVH� WR��S�������� WKHUHIRUH�ERWK��S ������DQG��S ������DUH�FRQVLGHUHG� WR�
EH�VWDWLVWLFDOO\�VLJQLILFDQW��
�

������ &RKHQ¶V�HIIHFW�VL]H��
&RKHQ¶V� HIIHFW� VL]H� �G�� ZDV� XVHG� WR� LQGLFDWH� LI� WKH� GLIIHUHQFH� LQ� WKH� PHDQ�
SHUIRUPDQFHV�RI�WKH�WZR�JURXSV�ZDV�SUDFWLFDOO\�VLJQLILFDQW��7KH�UHVXOWV�RI�WKLV�
WHVW�DUH�VXPPDUL]HG�LQ�7DEOH����
7DEOH����/HYHO�RI�3UDFWLFDO�6LJQLILFDQFH�±�&RKHQ¶V�HIIHFW�VL]H�G��

7HVW� *URXS� (IIHFW�VL]H�G�
3UH�WHVW� ([SHULPHQWDO�YV�&RQWURO� �����
3RVW�WHVW� ([SHULPHQWDO�YV��&RQWURO� �����

�
7KH�VFDOH�IRU�WKH�G�YDOXHV�RI�(IIHFW�VL]HV�EHWZHHQ�JURXSV��
6PDOO�HIIHFW� � G� �����0HGLXP�HIIHFW� G� �����/DUJH�HIIHFW� � G� ������
7KH�WHVW�IRU�SUDFWLFDO�VLJQLILFDQFH�XVLQJ�&RKHQ¶V�HIIHFW�VL]H��G���FOHDUO\�VKRZV�
WKDW� WKH� GLIIHUHQFH� EHWZHHQ� WKH� SRVW�WHVW�PHDQ� VFRUHV� RI� WKH� H[SHULPHQWDO�
JURXS�DQG�WKH�FRQWURO�JURXS�LV�SUDFWLFDOO\�VLJQLILFDQW��G�!�������
�

����� 6XPPDU\�DQG�'HVFULSWLYH�$QDO\VLV�RI�(YDOXDWLRQ�4XHVWLRQQDLUH�
7KH�VWXGHQWV¶�UHVSRQVHV�WR�WKH�TXHVWLRQQDLUH�ZHUH�QRWHG�DQG�VXPPDUL]HG�LQ�
$33(1',;� *�� �:KHUH� WKHUH� ZDV� D� XQDQLPRXV� DQVZHU� DPRQJ� WKH� VWXGHQWV��
RQH�RU�WZR�ZRUGV�ZHUH�XVHG�IRU�D�GHVFULSWLRQ���:KHUH�WKH�UHVSRQVHV�GLIIHUHG��
WKH�PDMRU�WUHQG�ZDV�LGHQWLILHG�DQG�FRPPHQWHG�RQ���7KH�RYHUDOO�UHVSRQVH�WR�
WKH� SURJUDP� ZDV� H[WUHPHO\� SRVLWLYH�� DQG� PRVW� SDUWLFLSDQWV� LQGLFDWHG� WKDW�



� ���
WKH\� ZRXOG� HQMR\� UHDGLQJ� PRUH� LI� LW� ZDV� SUHVHQWHG� LQ� DQ� LQWHUDFWLYH��
PXOWLPHGLD��ZHE�HQYLURQPHQW���

�
���� 'LVFXVVLRQ�RI�6WDWLVWLFDO�5HVXOWV�

7KH� UHVXOWV� RI� WKLV� VWXG\� VHHP� WR� LQGLFDWH� WKDW� DQ� LQWHUDFWLYH�� PXOWLPHGLD��
ZHE�EDVHG� SURJUDP� KDV� D� SRVLWLYH� HIIHFW� RQ� WKH� SURILFLHQF\� RI� VWXGHQWV� LQ�
VSHFLILF�UHDGLQJ�VNLOOV���7KLV�SRVLWLYH�HIIHFW�ZDV�SURYHQ�WR�EH�ERWK�VWDWLVWLFDOO\�
VLJQLILFDQW��S���������DQG�SUDFWLFDOO\�VLJQLILFDQW��G�!��������7KH� ODUJH�HIIHFW�
VL]H� HVWDEOLVKHG� IRU� WKH� VWXGHQWV¶� SHUIRUPDQFH� EHWZHHQ� WKH� WZR� JURXSV��
VXJJHVW� WKDW� WHUWLDU\� LQVWLWXWLRQV� ZLOO� EH� ZHOO� DGYLVHG� WR� LQFRUSRUDWH�
FRPSXWHU�EDVHG�UHDGLQJ�VNLOO�LQVWUXFWLRQ�LQWR�WKHLU�FXUULFXOXP����
�
7KH�SRVLWLYH�UHVXOWV�RI�WKLV�VWXG\�FRXOG�KDYH�EHHQ�LQIOXHQFHG�E\�KLJK�VWXGHQW�
PRWLYDWLRQ� GXH� WR� WKH� VHOI�VHOHFWLRQ�YROXQWHHULQJ� RI� SDUWLFLSDQWV�� 7KH�
VWXGHQWV� ZKR� YROXQWHHUHG� WR� SDUWLFLSDWH�PLJKW� EH� LQKHUHQWO\�PRUH� RSHQ� WR�
OHDUQLQJ� DQG� PRUH� PRWLYDWHG� WR� VXFFHHG�� � 'HVSLWH� WKLV�� WKH� UHVXOWV� RI� WKH�
VWXG\�VHHP�WR�KDYH�HVWDEOLVKHG�D�SRVLWLYH�VKRUW�WHUP�HIIHFW�RI�DQ�LQWHUDFWLYH��
PXOWLPHGLD��ZHE�EDVHG�SURJUDP�RQ� VWXGHQWV¶� SURILFLHQF\� LQ� VSHFLILF� UHDGLQJ�
VNLOOV��DV�UHIOHFWHG�E\�WKH�SRVW�WHVW�VFRUHV��
�

���� &RQFOXVLRQ�
7KLV�HPSLULFDO�VWXG\�DLPHG�WR�DGGUHVV�WKH�QHHG�IRU�UHVHDUFK�RQ�WKH�HIIHFW�RI�
FRPSXWHU�EDVHG�LQVWUXFWLRQ�RQ�UHDGLQJ�LPSURYHPHQW��FI���������7KH�UHVXOWV�RI�
WKH�VWDWLVWLFDO�DQDO\VLV�VXSSRUWHG�WKH�K\SRWKHVLV�VWDWHG�LQ�&KDSWHU�����
• � $Q�LQWHUDFWLYH��PXOWLPHGLD��ZHE�EDVHG�SURJUDP�LPSURYHV�VWXGHQWV¶�
SURILFLHQF\�LQ�VSHFLILF�UHDGLQJ�VNLOOV�LQ�D�VWDWLVWLFDOO\��DV�ZHOO�DV�SUDFWLFDOO\��
VLJQLILFDQW�ZD\��FI����������

�
7KH� YDOXH� RI� WKLV� VWXG\� LV� HQKDQFHG� E\� WKH� PL[HG� PHWKRGV� DSSURDFK� WR�
UHVHDUFK��ZKLFK�DOORZHG�IRU�D�TXDOLWDWLYH�HOHPHQW�DV�ZHOO���7KH�LQFRUSRUDWLRQ�
RI� WKH�TXHVWLRQQDLUH�PDGH� LW�SRVVLEOH� WR� LQFRUSRUDWH� WKH�SHUVRQDO� UHVSRQVHV�
RI�WKH�WDUJHW�JURXS��WKH�VWXGHQWV��LQWR�WKH�UHVHDUFK�SURFHVV���7KH�LPSRUWDQFH�
RI� DFNQRZOHGJLQJ� LQSXW� IURP� WKH� WDUJHW� JURXS�� DV� ZHOO� DV� RWKHU�
UHFRPPHQGDWLRQV��ZLOO�EH�SXW�IRUZDUG�LQ�&KDSWHU�����
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���� ,QWURGXFWLRQ��
7KH� SXUSRVH� RI� WKLV� FKDSWHU� LV� WR� SURYLGH� FRQFOXVLYH� WKRXJKWV� DERXW� WKH�
UHVXOWV� RI� WKLV� VWXG\� DQG� LWV� LPSOLFDWLRQV� RQ� WKH� UROH� RI� FRPSXWHU�EDVHG�
UHDGLQJ� LQVWUXFWLRQ� LQ� KLJKHU� HGXFDWLRQ�� 5HFRPPHQGDWLRQV� IRU� IXWXUH�
UHVHDUFK�LQFOXGH�VSHFLILF�VXJJHVWLRQV�RQ�FRQWH[W�DQG�WKH�GHVLJQ�SURFHVV�DQG�
JHQHUDO�UHFRPPHQGDWLRQV���

�
���� +\SRWKHVLV�

:LWK� UHJDUG� WR� WKH� K\SRWKHVLV� SRVHG� DW� WKH� RXWVHW� RI� WKLV� VWXG\� �FI�� �������
WKH�IROORZLQJ�FRQFOXVLRQV�FDQ�EH�GUDZQ��
�
7KH� UHVXOWV� LQGLFDWH� WKDW� DQ� LQWHUDFWLYH�� PXOWLPHGLD� ZHE�EDVHG� FRPSXWHU�
SURJUDP� LPSURYHV� VWXGHQWV¶� SURILFLHQF\� LQ� VSHFLILF� UHDGLQJ� VNLOOV� LQ� D�
VWDWLVWLFDOO\� VLJQLILFDQWO\� �S� �� ������� DQG� SUDFWLFDOO\� VLJQLILFDQWO\� �G� !� �����
ZD\��7KHUHIRUH��LW�LV�SRVVLEOH�WR�DFFHSW�WKH�K\SRWKHVLV�SRVHG�LQ�VHFWLRQ�������
RI�&KDSWHU�����
�

������ ,PSOLFDWLRQV�RQ�FRPSXWHU�EDVHG�UHDGLQJ�LQVWUXFWLRQ�LQ�KLJKHU�
HGXFDWLRQ�

• � 7KH�DFFHSWDQFH�RI�WKH�K\SRWKHVLV�RI�WKLV�VWXG\�LV�IXUWKHU�SURRI�WKDW�WKH�
H[SOLFLW�WHDFKLQJ�RI�UHDGLQJ�VNLOOV�DQG�VWUDWHJLHV�YLD�WKH�FRPSXWHU�LV�
VXFFHVVIXO�LQ�D�KLJKHU�HGXFDWLRQ�HQYLURQPHQW��FI���������$Q�REVHUYDWLRQ�
PDGH�E\�3UHWRULXV��������GHVFULEHV�WKH�VLWXDWLRQ�FOHDUO\��³8QLYHUVLWLHV�QHHG�
WR�LPSOHPHQW�FRUH�LQVWUXFWLRQDO�SURJUDPPHV�LQ�UHDGLQJ��EHFDXVH�
LQGHSHQGHQW�OHDUQLQJ�FDQ�RQO\�WDNH�SODFH�ZKHQ�LQGHSHQGHQW�UHDGLQJ�RFFXUV�´��

�
���� 5HFRPPHQGDWLRQV�IRU�IXUWKHU�UHVHDUFK�
�
������ *HQHUDO�5HFRPPHQGDWLRQV��

(PSLULFDO� UHVHDUFK� VWXGLHV� ZKLFK� IRFXV� RQ� WKH� LPSDFW� RI� FRPSXWHU�EDVHG�
UHDGLQJ� LQVWUXFWLRQ� RQ� D� WHUWLDU\� OHYHO� DUH� IHZ� DQG� IDU� EHWZHHQ� �FI�� �������
&RQVLGHULQJ� WKH� LPSRUWDQFH� DQG� UHOHYDQFH� RI� WKH� LVVXH�� RQH� ZRQGHUV� ZK\�
WKHUH�VHHPV�WR�EH�VR� OLWWOH�UHVHDUFK�� �,VVXHV�RI� IXQGLQJ�� WHFKQLFDO�UHVRXUFHV�
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DQG�WLPH�FRXOG�DOO�EH�FRQWULEXWLQJ�IDFWRUV���:KDWHYHU�WKH�FDVH�PD\�EH��IXWXUH�
UHVHDUFK� VKRXOG� IRFXV� RQ� HVWDEOLVKLQJ� D� SHUPDQHQW� DQG� YLWDO� UROH� IRU�
FRPSXWHU�EDVHG�UHDGLQJ�LQVWUXFWLRQ�LQ�KLJKHU�HGXFDWLRQ�LQVWLWXWLRQV��
�

������ 6SHFLILF�5HFRPPHQGDWLRQV��&RQWH[W�
7KH� VXFFHVVIXO� LQWHJUDWLRQ� RI� FRPSXWHU�EDVHG� UHDGLQJ� LQVWUXFWLRQ� LQWR� WKH�
XQLYHUVLW\¶V� FXUULFXOXP� ZLOO� EH� GHWHUPLQHG� E\� WKH� VWXGHQWV¶� DWWLWXGH� WRZDUG�
WKH� LQVWUXFWLRQ�� � 7KLV� SUHVHQWV� D� FKDOOHQJH� IRU� GHYHORSHUV� DQG� UHVHDUFKHUV��
ZKR�KDYH�WR�ILQG�HTXLOLEULXP�EHWZHHQ�WKH�HGXFDWLRQDO�QHHG�RI�WKH�XQLYHUVLW\��
DQG� WKH� PRWLYDWLRQDO� QHHG� RI� WKH� VWXGHQWV�� � 5HVHDUFKHUV� �.HUQ�� :DUH� 	�
:DUVFKDXHU�� ���������� LGHQWLILHG� WKLV� FKDOOHQJH� LQ� WKH� SDSHU� &URVVLQJ�
)URQWLHUV��1HZ�'LUHFWLRQV�LQ�2QOLQH�3HGDJRJ\�DQG�5HVHDUFK���

7KH� IRFXV� ZHQW� EH\RQG� WKH� WH[WV� RI� RQOLQH� LQWHUDFWLRQ� WR� WKH� EURDGHU�
FRQWH[WXDO� G\QDPLFV� WKDW� VKDSHG� �DQG� ZHUH� VKDSHG� E\�� WKRVH� WH[WV���
7KLV� UHTXLUHG� D� VKLIW� IURP� SULPDULO\� TXDQWLWDWLYH� UHVHDUFK� PHWKRGV� WR�
SULQFLSDOO\�TXDOLWDWLYH�PHWKRGV�WKDW�DWWHPSWHG�WR�DFFRXQW�IRU�FODVVURRP�
FXOWXUHV�DV�ZHOO�DV�ODQJXDJH�XVH���
�

7KH� VWXG\� XQGHUWDNHQ� E\� WKH� UHVHDUFKHU� DLPHG� WR� HVWDEOLVK� WKH� VSHFLILF�
FRQWH[W� RI� WKH� WDUJHW� JURXS� E\� FKRRVLQJ� WKH� PL[HG� PHWKRG� DSSURDFK� WR�
UHVHDUFK� �FI�� ����� 7KH� LQVLJKW� JDLQHG� IURP� WKH� TXDOLWDWLYH� HYDOXDWLRQ�
TXHVWLRQQDLUH� LV� LQYDOXDEOH� GXH� WR� LWV� SRWHQWLDO� WR� LQIRUP� IXUWKHU� GHVLJQ� RU�
LPSOHPHQWDWLRQ� GHFLVLRQV�� � )XWXUH� UHVHDUFK� DQG� GHVLJQ� VKRXOG� WDS� WKLV�
UHVRXUFH� RI� LQIRUPDWLRQ�� � -XGJLQJ� E\� WKH� SRVLWLYH� UHVXOWV� RI� WKLV� SDUWLFXODU�
VWXG\�� LW� LV� WKHUHIRUH� UHFRPPHQGHG� WKDW� HYHU\� UHVHDUFK� RU� GHVLJQ� SURMHFW�
EHJLQ� ZLWK� DQ� LQWHQVLYH� QHHGV�DQDO\VLV� RI� WKH� WDUJHW� JURXS� DQG� WKH� XQLTXH�
FRQWH[W�RI�WKH�WDUJHW�JURXS����

�
���� &RQFOXVLRQ�

7KH�UHVXOW�RI�WKLV�VWXG\�LV�DQRWKHU�SRVLWLYH�DGGLWLRQ�WR�WKH�H[SDQGLQJ�ERG\�RI�
UHVHDUFK� RQ� WKH� HIIHFW� RI� FRPSXWHU�EDVHG� UHDGLQJ� LQVWUXFWLRQ� RQ� WHUWLDU\�
VWXGHQWV� ZLWKLQ� WKH� 6RXWK� $IULFDQ� FRQWH[W�� � *URXQGHG� LQ� D� WKHRUHWLFDO�
IUDPHZRUN� DQG� LQIRUPHG� E\� SUDFWLFH�� LW� FOHDUO\� LGHQWLILHV� WKH� LPSRUWDQFH� RI�
UHDGLQJ� DV� D� VNLOO� DQG� WKH� SRWHQWLDO� RI� QHZ� WHFKQRORJ\� WR� HQKDQFH� UHDGLQJ�
VNLOOV���
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�
����$�1LQH�VWHS�6\VWHPV�$SSURDFK�WR�,QVWUXFWLRQDO�'HVLJQ��������$YDLODEOH���

KWWS���LQIRZHE�PDJL�FRP�aEURDGE�VDW�KWPO��>���-XO\�����@�
�
����$OHVVL��6�0��	�7UROOLS��6�5��������&RPSXWHU�%DVHG�,QVWUXFWLRQ�±�0HWKRGV�DQG�

'HYHORSPHQW���QG�(GLWLRQ��1HZ�-HUVH\��3UHQWLFH�+DOO�,QF��
�
����%RUVRRN��7�.��	�+LJJDQERWKDP�:KHDW��1���������,QWHUDFWLYLW\���:KDW�,V�,W�DQG��

:KDW�&DQ�,W�'R�IRU�&RPSXWHU�%DVHG�,QVWUXFWLRQ��(GXFDWLRQDO�7HFKQRORJ\��
���������������

�
����%URZQ��-�'��������8QGHUVWDQGLQJ�5HVHDUFK�LQ�6HFRQG�/DQJXDJH�/HDUQLQJ�±�$�

WHDFKHU¶V�JXLGH�WR�VWDWLVWLFV�DQG�UHVHDUFK�GHVLJQ��&DPEULGJH��&DPEULGJH�
8QLYHUVLW\�3UHVV��

�
����&KULVWHQVHQ��0���*LDPR��0���-RQHV��7���6LPSVRQ��/���������8VLQJ�+\SHUPHGLD�WR�

WHDFK�DERXW�K\SHUPHGLD��(G�7HFK�5HYLHZ��$XWXPQ�:LQWHU���������
�
����&UHVVZHOO��-�:��������5HVHDUFK�'HVLJQ��4XDOLWDWLYH��4XDQWLWDWLYH�DQG�0L[HG�

0HWKRGV�$SSURDFKHV��8QLYHUVLW\�RI�1HEUDVND��6DJH�3XEOLFDWLRQV��
����'DYLHV�*���HG���,QIRUPDWLRQ�DQG�&RPPXQLFDWLRQV�7HFKQRORJ\�IRU�/DQJXDJH�7HDFKHUV��,&7�/7���6ORXJK��7KDPHV�9DOOH\�8QLYHUVLW\�>2QOLQH@��$YDLODEOH�IURP��KWWS���ZZZ�LFW�OW�RUJ�>$FFHVVHG����$XJXVW�����@��
����'H�9LOOLHUV��0�5��������(YDOXDWLRQ�RI�DQ�LQWHUDFWLYH�OHDUQLQJ�HQYLURQPHQW��WKHRU\�

DQG�SUDFWLFH���6RXWK�$IULFDQ�-RXUQDO�RI�+LJKHU�(GXFDWLRQ������������������
�
����'HSDUWPHQW�RI�(GXFDWLRQ������D��'UDIW�:KLWH�3DSHU�RQ�H�(GXFDWLRQ���

7UDQVIRUPLQJ�/HDUQLQJ�DQG�7HDFKLQJ�WKURXJK�,QIRUPDWLRQ�DQG�
&RPPXQLFDWLRQ�7HFKQRORJLHV��3UHWRULD��'HSDUWPHQW�RI�(GXFDWLRQ��

�
�����'HSDUWPHQW�RI�(GXFDWLRQ������E��1DWLRQDO�&XUULFXOXP�6WDWHPHQW�*UDGHV�������

�*HQHUDO���/DQJXDJHV�±�*HQHULF�)LUVW�$GGLWLRQDO�/DQJXDJH���3UHWRULD��
'HSDUWPHQW�RI�(GXFDWLRQ��

�
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�����'HSDUWPHQW�RI�(QJOLVK��8QLYHUVLW\�RI�6WHOOHQERVFK��������$YDLODEOH��

KWWS���DFDGHPLF�VXQ�DF�]D�HQJOLVK��>���)HEUXDU\�����@��
�
�����'UH\HU��&��	��1HO��&��������7HDFKLQJ�UHDGLQJ�VWUDWHJLHV�DQG�UHDGLQJ�

FRPSUHKHQVLRQ�ZLWKLQ�D�WHFKQRORJ\�HQKDQFHG�OHDUQLQJ�HQYLURQPHQW���
6\VWHP����������������

�
�����'UH\HU��&��������/HDUQHU�YDULDEOHV�DV�SUHGLFWRUV�RI�(6/�SURILFLHQF\��7KHVLV�

�'�3KLO���3RWFKHIVWURRP��38�IRU�&+(��
�
�����*RRGPDQ��<��	��%XUNH��&��������5HDGLQJ�6WUDWHJLHV���)RFXV�RQ�

&RPSUHKHQVLRQ��1HZ�<RUN��5LFKDUG�&��2ZHQ�3XEOLVKHUV�,QF��
�
�����*UHOOHW��)��������'HYHORSLQJ�5HDGLQJ�6NLOOV�±�$�SUDFWLFDO�JXLGH�WR�UHDGLQJ�

FRPSUHKHQVLRQ�H[HUFLVHV���&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV��
�
�����.HUQ��5���:DUH��3���	�:DUVFKDXHU��0���������&URVVLQJ�IURQWLHUV��1HZ�GLUHFWLRQV�

LQ�RQOLQH�SHGDJRJ\�DQG�UHVHDUFK���$QQXDO�UHYLHZ�RI�$SSOLHG�/LQJXLVWLFV��
������������

�
�����/HH��-�)��	�YDQ�3DWWHQ��%���������0DNLQJ�&RPPXQLFDWLYH�/DQJXDJH�7HDFKLQJ�

+DSSHQ�±�'LUHFWLRQV�IRU�/DQJXDJH�/HDUQLQJ�DQG�7HDFKLQJ��1HZ�-HUVH\��
0F*UDZ�+LOO�,QF��

�
�����/HY\��0��������&RPSXWHU�$VVLVWHG�/DQJXDJH�/HDUQLQJ�±�&RQWH[W�DQG�

&RQFHSWXDOL]DWLRQ��2[IRUG��&ODUHQGRQ�3UHVV��
�
�����/\QFK�	�+RUWRQ��������:HE�6W\OH�*XLGH���QG�HGLWLRQ��$YDLODEOH��

KWWS���ZZZ�ZHEVW\OHJXLGH�FRP���>���$SULO�����@�
�
�����0DFDUR��(UQHVWR��������7HDFKLQJ�DQG�/HDUQLQJ�D�6HFRQG�/DQJXDJH��D�5HYLHZ�

RI�5HFHQW�5HVHDUFK���/RQGRQ��&RQWLQXXP��
�
�����0DVKLOH��(�2��	�3UHWRULXV��)�-��������&KDOOHQJHV�RI�RQOLQH�HGXFDWLRQ�LQ�D�

GHYHORSLQJ�FRXQWU\��6RXWK�$IULFDQ�-RXUQDO�RI�+LJKHU�(GXFDWLRQ������������
�����

http://www.webstyleguide.com/
http://academic.sun.ac.za/english/
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�����0XQE\��-RKQ��������&RPPXQLFDWLYH�6\OODEXV�'HVLJQ�±�$�VRFLROLQJXLVWLF�PRGHO�

IRU�GHILQLQJ�WKH�FRQWHQW�RI�SXUSRVH�VSHFLILF�ODQJXDJH�SURJUDPPHV��
&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV���

�
�����1DWLRQDO�5HVHDUFK�)RXQGDWLRQ��������)RFXV�$UHDV��(GXFDWLRQ�DQG�WKH�

&KDOOHQJHV�IRU�&KDQJH���$YDLODEOH��
KWWS���ZZZ�QUI�DF�]D�IRFXVDUHDV�HGXFDWH�LQGH[�VWP��>���$SULO�����@��

�
�����1HO��&���'U\HU��&��	�.RSSHU��0��������$Q�DQDO\VLV�RI�WKH�UHDGLQJ�SURILOHV�RI�

ILUVW�\HDU�VWXGHQWV�DW�3RWFKHIVWURRP�8QLYHUVLW\��D�FURVV�VHFWLRQDO�VWXG\�
DQG�D�FDVH�VWXG\��6RXWK�$IULFDQ�-RXUQDO�RI�(GXFDWLRQ����������������

�
�����1HZE\��7�-���6WHSLFK��'�$���/HKPDQ��-�'��	�5XVVHOO��-�'��������,QVWUXFWLRQDO�

7HFKQRORJ\�IRU�7HDFKLQJ�DQG�/HDUQLQJ�±�'HVLJQLQJ�,QVWUXFWLRQ��,QWHJUDWLQJ�
&RPSXWHUV�DQG�8VLQJ�0XOWLPHGLD��1HZ�-HUVH\��3UHQWLFH�+DOO��

�
�����3HWHUVRQ��&�/���%XUNH��0�.��	�6HJXUD��'��������&RPSXWHU�%DVHG�3UDFWLFH�IRU�

'HYHORSPHQWDO�5HDGLQJ���0HGLXP�DQG�0HVVDJH��-RXUQDO�RI�'HYHORSPHQWDO�
(GXFDWLRQ���������6SULQJ��������

�
�����3UHWRULXV��(�-���������5HDGLQJ�DQG�WKH�8QLVD�VWXGHQW��LV�DFDGHPLF�SHUIRUPDQFH�

UHODWHG�WR�UHDGLQJ�DELOLW\"�3URJUHVVLR����������
�
�����5LWFKLH��,��������+\SHUWH[W�±�D�EULHI�RYHUYLHZ���.H\QRWH�DGGUHVV�GHOLYHUHG�DW�

+\SHUPHGLD�¶����3UHWRULD��0DUFK�������3XEOLVKHG���+\SHUPHGLD�¶����
3UHWRULD��������0DUFK�������

�
�����5�VFKRII��%HUQG��������&RQVWUXFWLRQ�RI�NQRZOHGJH�DV�WKH�EDVLV�RI�IRUHLJQ�

ODQJXDJH�OHDUQLQJ��$YDLODEOH��KWWS���ZZZ�XQL�
HVVHQ�GH�DQJOLVWLN�EHUQG�FRQVWUXFWLRQ�KWP�>���2FWREHU�����@��

�
�����:DUVFKDXHU��0��������7KH�GHDWK�RI�F\EHUVSDFH�DQG�WKH�UHELUWK�RI�&$//���

(QJOLVK�7HDFKHU¶V�-RXUQDO������������
�
�����:ROII��'LHWHU��������.RJQLWLRQVSV\FKRORJLVFKH�*UXQGODJHQ�QHXHU�$QVlW]H�LQ�GHU�

)UHPGVSUDFKHQGLGDNWLN��,QIR�'D)�����������������

http://www.uni-essen.de/anglistik/bernd/construction.htm
http://www.uni-essen.de/anglistik/bernd/construction.htm
http://www.nrf.ac.za/focusareas/educate/index.stm [2004
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��
������+DOI�EDNHG�6RIWZDUH�,QF��������+RW�3RWDWRHV�YHUVLRQ�����
�
����-DVF�6RIWZDUH��������3DLQW�6KRS�3UR�YHUVLRQ��������
�
����0DFURPHGLD�,QF��������'UHDPZHDYHU�0;��)ODVK�0;��)LUHZRUNV�0;��

&RXUVH%XLOGHU�IRU�'UHDPZHDYHU�0;��G+70/�7RROWLSV�IRU�'UHDPZHDYHU�0;��
��
�����:RUG:HE�YHUVLRQ������������3ULQFHWRQ�8QLYHUVLW\��
�
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��
)LJXUH����&RPSRQHQWV�RI�WKH�WKHRUHWLFDO�IUDPHZRUN� ��
)LJXUH����$����VWHS�PRGHO�IRU�WKH�GHYHORSPHQW�RI�FRPSXWHU�EDVHG�LQVWUXFWLRQDO�

PDWHULDOV� ���
7DEOH�����7KH�UHODWLRQVKLS�EHWZHHQ�SUHIHUUHG�UHDGLQJ�VWUDWHJ\��JHQUH��WDUJHWHG�

UHDGLQJ�VNLOO�DQG�VSHFLILF�RXWFRPHV� ���
7DEOH�����$�GHVFULSWLRQ�RI�FHQWUDO�WKHPH�DQG�VXE�WKHPHV�ZLWKLQ�WKH�SURJUDP� ���
)LJXUH����7KH�JHQHUDO�VWUXFWXUH�RI�DQ�HIIHFWLYH�WXWRULDO� ���
7DEOH����7KH�FKDUDFWHULVWLFV�RI�WKH�TXHVWLRQ�W\SHV�XVHG�LQ�WKLV�VWXG\� ���
)LJXUH����$�GLDJUDPPDWLFDO�UHSUHVHQWDWLRQ�RI�WKH�&RQFXUUHQW�1HVWHG�6WUDWHJ\�XVHG�LQ�

WKLV�VWXG\� ���
)LJXUH����*UDSKLFDO�UHSUHVHQWDWLRQ�RI�WKH�UHSHDWHG�PHDVXUHV�$129$� ���
7DEOH����5HVXOWV�RI�WKH�%RQIHUURQL�WHVW� ���
7DEOH����/HYHO�RI�3UDFWLFDO�6LJQLILFDQFH�±�&RKHQ¶V�HIIHFW�VL]H�G� ���
�
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3UH�7HVW�
�5HDGLQJ�&RPSUHKHQVLRQ�7HVW� (QJOLVK�������)DFW�	�)LFWLRQ� ���$XJXVW������

�1DPH�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB��6WXGHQW�QXPEHU�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�7RWDO�����PDUNV��6HFWLRQ�$���1HZV�0HGLD���4XHVWLRQ����6FDQ�WKURXJK�WKH�DUWLFOH�³6SRUWLQJ�LFRQV�WR�FDUU\�2O\PSLF�WRUFK�LQ�&DSH�UHOD\´�DQG�XVH�WKH�WH[W�WR�FRPSOHWH�WKH�FURVV�ZRUG�SX]]OH���&OXHV�DFURVV����� :KLFK�6RXWK�$IULFDQ�FRPSHWHG�LQ�WKH�KXUGOHV�ILQDO�RI�WKH������2O\PSLFV"����� *LYH�WKH�ILUVW�QDPH�RI�WKH�VZLPPHU�ZKR�ZRQ���JROG�PHGDOV�DW�WKH������&RPPRQZHDOWK�*DPHV����&OXHV�GRZQ����� *LYH�WKH�QLFNQDPH�RI�WKH�IRXU�WLPH�ZRUOG�ER[LQJ�FKDPSLRQ������ :KDW�LV�WKH�VXUQDPH�RI�D�WRUFKEHDUHU�ZKR�ZRQ�D�EURQ]H�PHGDO�LQ�$WODQWD"����� *LYH�WKH�ILUVW�QDPH�RI�D�WRUFKEHDUHU�ZKR�LV�D�IRUPHU�6SULQJERN������ :KR�LV�WKH�RQO\�6RXWK�$IULFDQ�WR�ZLQ�WZR�JROG�PHGDOV�DW�DQ�2O\PSLF�*DPHV"��� � >�@�

����
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4XHVWLRQ�����'HFLGH�ZKHWKHU�WKH�IROORZLQJ�VWDWHPHQWV�DUH�IDFW�RU�RSLQLRQ���,QGLFDWH�\RXU�FKRLFH�LQ�WKH�ER[�SURYLGHG����� *HUW�3RWJLHWHU�ZDV�WRR�\RXQJ�WR�KDQGOH�WKH�SUHVVXUH�RI�WKH�2O\PSLFV��WKDW�LV�ZK\�KH�GLG�QRW�VXFFHHG���� )DFW�� � 2SLQLRQ� ���� 7KH�IDFW�WKDW�)UDQFRLV�3LHQDDU�ZDV�WKH�6SULQJERN�FDSWDLQ�WKDW�OHG�6RXWK�$IULFD�WR�:RUOG�&XS�YLFWRU\�LQ�������PDNHV�KLP�WKH�RQO\�UXJE\�SOD\HU�ZRUWK\�RI�FDUU\LQJ�WKH�2O\PSLF�WRUFK���� )DFW� � 2SLQLRQ����� 3HQQ\�+H\QV�LV�D�6RXWK�$IULFDQ�VSRUW�KHUR�EHFDXVH�VKH�KDV�ZRQ�PDQ\�2O\PSLF�PHGDOV�DQG�KDV�EURNHQ�PDQ\�UHFRUGV���� )DFW�� � 2SLQLRQ����� 0DULDQQH�.ULHO�RQO\�ZRQ�WKH�RQH�2O\PSLF�PHGDO�EHFDXVH�VKH�ZDV�QRW�JRRG�HQRXJK�WR�ZLQ�PRUH��� )DFW�� � 2SLQLRQ�� � � � � � >�@��6HFWLRQ�%��6KRUW�6WRU\���4XHVWLRQ�����5HDG�WKURXJK�WKH�H[WUDFW��WH[W�LQ�EROG��DQG�LGHQWLI\�WKH���GLIIHUHQW�SHUVSHFWLYHV�UHOHYDQW�WR�JROG��WKH�WKHPH�RI�PDWHULDOLVP������ $XQW�6DO��BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
��� 'DG��BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
��� 0RWKHU��BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

>��[��� ��@�4XHVWLRQ�����&KRRVH�WKH�SHUVSHFWLYH�WKDW�\RX�DJUHH�ZLWK�PRVW���,QGLFDWH�DQG�EULHIO\�PRWLYDWH�\RXU�FKRLFH����0\�&KRLFH�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
0RWLYDWLRQ�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB� � � � � � � � � � � >�@��
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6HFWLRQ�&��3RHWU\��4XHVWLRQ�����:KDW�LV�WKH�PDLQ�LGHD�H[SUHVVHG�LQ�WKH�SRHP�³'XOFH�HW�'HFRUXP�HVW´�E\�:LOIUHG�2ZHQ"�&DUHIXOO\�FRQVLGHU�WKH�JLYHQ�RSWLRQV�DQG�LQGLFDWH�\RXU�FKRLFH�E\�FKHFNLQJ�WKH�ER[�QH[W�WR�WKH�RSWLRQ����� 6HHLQJ�VRPHRQH�GLH�LV�D�KRUULILF�H[SHULHQFH������ 'HDWK�LV�QRW�JODPRURXV��� ��� <RXQJ�SHRSOH�VKRXOG�QRW�WKLQN�WKDW�JRLQJ�WR�ZDU�IRU�RQH¶V�FRXQWU\�LV�JORULRXV���,W�LV�KXPLOLDWLQJ��GHELOLWDWLQJ�DQG�XQQHFHVVDU\���� ��� :DU�EULQJV�RXW�WKH�ZRUVW�LQ�SHRSOH�� � � � � � � � >�@��4XHVWLRQ�����:KDW�LV�WKH�DXWKRU¶V�WRQH�WKURXJKRXW�WKH�SRHP"�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
�4XHVWLRQ������4XRWH���ZRUGV�RU�SKUDVHV�IURP�WKH�SRHP�WR�VXSSRUW�\RXU�DQVZHU�JLYHQ�LQ������
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

>�@�6HFWLRQ�'��7KH�1RYHO��
5HDG�WKURXJK�WKH�H[WUDFW�IURP�-�5�5��7RONLHQ¶V�³7KH�/RUG�RI�WKH�5LQJV�±�7KH�7ZR�7RZHUV´�� �4XHVWLRQ�����:KLFK�RI�WKH�IROORZLQJ�WHUPV�GHVFULEHV�WKH�GLDORJXH�EHWZHHQ�)URGR�DQG�*ROOXP�WKH�EHVW"��,QGLFDWH�\RXU�DQVZHU�E\�FLUFOLQJ�WKH�FRUUHFW�OHWWHU��$�� (QWHUWDLQLQJ�FRQYHUVDWLRQ�%�� 4XHVWLRQ�DQG�$QVZHU�VHVVLRQ�&�� $�1HJRWLDWLRQ��'�� $Q�(GXFDWLRQDO�GLVFXVVLRQ� >�@�4XHVWLRQ����,Q�WKH�GLDORJXH�EHWZHHQ�)URGR�DQG�*ROOXP��FHUWDLQ�VHQWHQFH�W\SHV�DUH�XVHG���0DWFK�WKH�VHQWHQFH�W\SH�ZLWK�WKH�FRUUHFW�VHQWHQFH�IURP�WKH�H[WUDFW�E\�ZULWLQJ�WKH�QXPEHU�RI�WKH�VHQWHQFH�W\SH�LQ�WKH�VSDFH�SURYLGHG�QH[W�WR�WKH�VHQWHQFH�IURP�WKH�H[WUDFW���
6HQWHQFH�IURP�H[WUDFW� 1XPEHU�RI�VHQWHQFH�W\SH� 7\SH�RI�VHQWHQFH�
µQRW�XQOHVV¶���KH�SDXVHG�D�PRPHQW�LQ�WKRXJKW�±�µQRW�XQOHVV�WKHUH�LV�DQ\�SURPLVH�\RX�FDQ�PDNH�WKDW�,�FDQ�WUXVW�¶�

� ����&RPPDQG��

µ,W�ZLOO�KROG�\RX��%XW�LW�LV�PRUH�WUHDFKHURXV�WKDQ�\RX�DUH��,W�PD\�WZLVW�\RXU�ZRUGV��%H�ZDUH�¶� � ����&RQGLWLRQ�
µ'RZQ���GRZQ��¶�VDLG�)URGR��µ1RZ�VSHDN�\RXU�SURPLVH�¶� � ����:DUQLQJ��

>��[��� ��@�4XHVWLRQ�����:KR�GR�\RX�WKLQN�ZRQ�WKH�DUJXPHQW"�:ULWH�GRZQ�DQG�EULHIO\�PRWLYDWH�\RXU�DQVZHU��
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB>�@�
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3UH�WHVW�7H[WV�

5HDGLQJ�&RPSUHKHQVLRQ�7HVW�±�WH[WV�� (QJOLVK������)DFW�	�)LFWLRQ��� � ���$XJXVW�������6HFWLRQ�$��1HZV�0HGLD���
6SRUWLQJ�LFRQV�WR�FDUU\�2O\PSLF�WRUFK�LQ�&DSH�UHOD\��

%LJ�QDPHV�LQFOXGH�3RWJLHWHU��3LHQDDU��0DWODOD��5DGHEH��+HUPDQ��*LEEV�
�6HYHUDO�6RXWK�$IULFDQ�VSRUWV�KHURHV�RI�\HVWHU\HDU�DUH�DPRQJ�WKH�����WRUFKEHDUHUV�QDPHG�IRU�WKH�6RXWK�$IULFDQ�VWRS�RI�WKH������$WKHQV�2O\PSLF�7RUFK�5HOD\�LQ�&DSH�7RZQ�RQ�6DWXUGD\�-XQH������
7KH�KHURHV��ZLWK�WKH�H[FHSWLRQ�RI�OHJHQGDU\�WKUHH�WLPH�����\DUGV�KXUGOHV�ZRUOG�UHFRUG�KROGHU�*HUW�3RWJLHWHU��DOO�PDGH�WKHLU�PDUN�LQ�LQWHUQDWLRQDO�VSRUWLQJ�DUHQDV�GXULQJ�WKH�ODVW�GHFDGH���
3RWJLHWHU��DW�WKH�DJH�RI�����UHDFKHG�WKH�����\DUGV�KXUGOHV�ILQDO�DW�WKH�0HOERXUQH�2O\PSLF�*DPHV�LQ�������+H�IHOO�DW�WKH�ILQDO�KXUGOH�DQG�ILQLVKHG�VL[WK���
+H�EURNH�WKH�ZRUOG�UHFRUG�WKUHH�WLPHV�������VHFV�������VHFV�������VHFV��LQ�WKH�SHULRG�OHDGLQJ�XS�WR�WKH������5RPH�2O\PSLFV��%XW�D�FDU�DFFLGHQW�D�IHZ�ZHHNV�EHIRUH�WKH������2O\PSLFV�SXW�SDLG�WR�KLV�FDUHHU���
6RPH�RI�WKH�PRGHUQ�GD\�VSRUWV�LFRQV�ZKR�ZLOO�VKDUH�WKH�-XQH����OLPHOLJKW�ZLWK�WKH����\HDU�ROG�3RWJLHWHU�DUH�)UDQFRLV�3LHQDDU��IRUPHU�6SULQJERN�FDSWDLQ���-DFRE��%DE\�-DNH��0DWODOD��IRXU�WLPH�ZRUOG�ER[LQJ�FKDPSLRQ��DQG�VZLPPHU�3HQQ\�+H\QV��WKH�RQO\�6RXWK�$IULFDQ�WR�ZLQ�WZR�JROG�PHGDOV�DW�DQ�2O\PSLF�*DPHV���
3LHQDDU�VWLOO�HQMR\V�WKH�GLVWLQFWLRQ�RI�EHLQJ�WKH�RQO\�FDSWDLQ�WR�OHDG�6RXWK�$IULFD�WR�5XJE\�:RUOG�&XS�JORU\���LQ�WKHLU������WULXPSK�DW�(OOLV�3DUN���
0DWODOD�ZRQ�KLV�ZRUOG�WLWOH�LQ������ZKHQ�KH�OLIWHG�WKH�:%2�IO\ZHLJKW�WLWOH�LQ�*ODVJRZ��,Q������KH�UHWXUQHG�WR�*ODVJRZ��WKLV�WLPH�ZLQQLQJ�WKH�:%2�MXQLRU�IO\ZHLJKW�FURZQ��/DV�9HJDV������SURYLGHG�WKH�VWDJH�IRU�0DWODOD
V�QH[W�ZRUOG�FRQTXHVW�ZKHQ�KH�DQQH[HG�WKH�,%$�MXQLRU�IO\ZHLJKW�WLWOH���
0DWODOD�PDGH�LW�IRXU�ZRUOG�WLWOHV�LQ������ZKHQ�KH�ZRQ�WKH�:%8�MXQLRU�IO\ZHLJKW�WLWOH��6HYHQ�PRQWKV�ODWHU�KH�PDGH�D�VXFFHVVIXO�GHIHQFH��+H�LV�RQ�UHFRUG�DV�WKH�RQO\�6$�ER[HU�WR�ZLQ�IRXU�ZRUOG�FURZQV���
+H\QV�HVWDEOLVKHG�KHUVHOI�DV�RQH�RI�WKH�JUHDWHVW�EUHDVWVWURNH�VZLPPHUV�RI�DOO�WLPH�DIWHU�VWULNLQJ�JROG�DW�$WODQWD�LQ�������LQ�ERWK�WKH�����DQG����P�ILQDOV��:LWK�WKHVH�YLFWRULHV�+H\QV�VHW�D�QHZ�ZRUOG�UHFRUG�DQG�D�QHZ�2O\PSLF�UHFRUG�UHVSHFWLYHO\���
+H\QV�QHHGHG�WKUHH�PRUH�\HDUV�EHIRUH�VKH�FROODUHG�WKH����P�ZRUOG�UHFRUG�DV�ZHOO��7KLV�ZDV�DFKLHYHG�LQ�GUDPDWLF�IDVKLRQ�DW�D�/RV�$QJHOHV�PHHWLQJ�ZKHUH�VKH�EHWWHUHG�WKH�ZRUOG�PDUN�LQ�D�KHDW�DQG�ODWHU�LQ�WKH�ILQDO��RQ�WKH�VDPH�GD\��ZLWK�D�WLPH�RI�����������
$W�WKH�VDPH�PHHW�+H\QV�ZRQ�D����P�KHDW�LQ�����������D�ZRUOG�UHFRUG��7KH�IROORZLQJ�\HDU�VKH�VHW�D�QHZ�ZRUOG�PDUN�DW�����������KHU���WK�FDUHHU�ZRUOG�UHFRUG���
7ZR�RWKHU�ZRUOG�FODVV�DWKOHWHV�ZKR�ZLOO�IO\�WKH�IODJ�IRU�QDWLRQDO�VZLPPLQJ�DW�WKH�WRUFK�UHOD\�SURFHVVLRQ�DUH�0DULDQQH�.ULHO�����P�EDFNVWURNH�EURQ]H�PHGDOOLVW�DW�$WODQWD��DQG�1DWDOLH�GX�7RLW��ZKR�FRQWLQXHV�WR�UDNH�LQ�ZRUOGZLGH�DFFRODGHV�DIWHU�ZLQQLQJ�WZR�JROG�PHGDOV�DW�WKH������&RPPRQZHDOWK�*DPHV���
6SHFWDWRUV�OLQLQJ�WKH�UHOD\�URXWH�FDQ�H[SHFW�WR�KHDU�D�FKDQW�RI��5KRR���DV�IRUPHU�%DIDQD�%DIDQD�FDSWDLQ�/XFDV�5DGHEH�WDNHV�KLV�WXUQ�DW�FDUU\LQJ�WKH�IODPH���
2QH�RWKHU�VRFFHU�OXPLQDU\�ZLOO�EH�PXOWLPLOOLRQDLUH�3DWULFH�0RWVHSH��ZKR�PDGH�KHDGOLQHV�UHFHQWO\�DIWHU�SXUFKDVLQJ�WKH�7VLFKODV�IDPLO\
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ZLWKRXW�H[SOLFLW�LQGLFDWRUV@�
�
6HQWHQFH�IURP�H[WUDFW� 1XPEHU�RI�VHQWHQFH�

W\SH�
7\SH�RI�
VHQWHQFH�

µQRW�XQOHVV¶���KH�SDXVHG�D�PRPHQW�LQ�
WKRXJKW�±�µQRW�XQOHVV�WKHUH�LV�DQ\�SURPLVH�
\RX�FDQ�PDNH�WKDW�,�FDQ�WUXVW�¶�

���� ����&RQGLWLRQ�

µ,W�ZLOO�KROG�\RX��%XW�LW�LV�PRUH�WUHDFKHURXV�
WKDQ�\RX�DUH��,W�PD\�WZLVW�\RXU�ZRUGV��%H�
ZDUH�¶�

���� ����:DUQLQJ�

µ'RZQ���GRZQ��¶�VDLG�)URGR��µ1RZ�VSHDN�
\RXU�SURPLVH�¶�

���� ����&RPPDQG�

>��[��� ��@�
�

4XHVWLRQ�����:KR�GR�\RX�WKLQN�ZRQ�WKH�DUJXPHQW"�:ULWH�GRZQ�DQG�EULHIO\�PRWLYDWH�
\RXU�DQVZHU��
>6NLOO��8QGHUVWDQGLQJ�WKH�FRPPXQLFDWLYH�YDOXH��IXQFWLRQ��RI�VHQWHQFHV�DQG�XWWHUDQFHV�
ZLWKRXW�H[SOLFLW�LQGLFDWRUV@�
�
�*ROOXP�ZRQ�WKH�DUJXPHQW�EHFDXVH�)URGR�RUGHUHG�6DP�WR�WDNH�RII�WKH�URSH��
ZKLFK�LV�H[DFWO\�ZKDW�*ROOXP�ZDQWHG���
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BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
����'DG��BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
����0RWKHU��BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
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0RWLYDWLRQ�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
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��� ,V�6PpDJRO�UHDOO\�EHLQJ�KXUW�E\�WKH�URSH�ZKLFK�LV�ELQGLQJ�KLP"�
��� ,V�6PpDJRO�O\LQJ�WR�)URGR"�
��� :LOO�)URGR�WDNH�WKH�URSH�RII�6PpDJRO"�

>�@��4XHVWLRQ�����,Q�WKH�GLDORJXH�EHWZHHQ�)URGR�DQG�*ROOXP��ERWK�XVH�FHUWDLQ�DUJXPHQWDWLRQ�WHFKQLTXHV�WR�WU\�DQG�ZLQ�WKH�DUJXPHQW���7KHVH�WHFKQLTXHV�DUH�SDUWLFXODUO\�DSSDUHQW�LQ���VHQWHQFHV��ZKLFK�KDYH�EHHQ�PDUNHG�LQ�\RXU�WH[WV���,GHQWLI\�WKH�DUJXPHQWDWLRQ�WHFKQLTXH�DQG�WKH�VSHDNHU�ZKR�XVHV�LW��E\�ZULWLQJ�WKH�QXPEHU�RI�WKH�VHQWHQFH�LQ�WKH�DSSURSULDWH�FROXPQ��� $UJXPHQWDWLRQ�7HFKQLTXHV�
� $SSHDO�WR�SLW\� $SSHDO�WR�IRUFH� $SSHDO�WR�DXWKRULW\�
)URGR� � � �
*ROOXP� � � �
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�3RVW�WHVW�7H[WV�
5HDGLQJ�&RPSUHKHQVLRQ�7HVW�±�WH[WV�� (QJOLVK������)DFW�	�)LFWLRQ��� � ����$XJXVW�������6HFWLRQ�$��1HZV�0HGLD���

6SRUWLQJ�LFRQV�WR�FDUU\�2O\PSLF�WRUFK�LQ�&DSH�UHOD\��
%LJ�QDPHV�LQFOXGH�3RWJLHWHU��3LHQDDU��0DWODOD��5DGHEH��+HUPDQ��*LEEV�

�6HYHUDO�6RXWK�$IULFDQ�VSRUWV�KHURHV�RI�\HVWHU\HDU�DUH�DPRQJ�WKH�����WRUFKEHDUHUV�QDPHG�IRU�WKH�6RXWK�$IULFDQ�VWRS�RI�WKH������$WKHQV�2O\PSLF�7RUFK�5HOD\�LQ�&DSH�7RZQ�RQ�6DWXUGD\�-XQH������
7KH�KHURHV��ZLWK�WKH�H[FHSWLRQ�RI�OHJHQGDU\�WKUHH�WLPH�����\DUGV�KXUGOHV�ZRUOG�UHFRUG�KROGHU�*HUW�3RWJLHWHU��DOO�PDGH�WKHLU�PDUN�LQ�LQWHUQDWLRQDO�VSRUWLQJ�DUHQDV�GXULQJ�WKH�ODVW�GHFDGH���
3RWJLHWHU��DW�WKH�DJH�RI�����UHDFKHG�WKH�����\DUGV�KXUGOHV�ILQDO�DW�WKH�0HOERXUQH�2O\PSLF�*DPHV�LQ�������+H�IHOO�DW�WKH�ILQDO�KXUGOH�DQG�ILQLVKHG�VL[WK���
+H�EURNH�WKH�ZRUOG�UHFRUG�WKUHH�WLPHV�������VHFV�������VHFV�������VHFV��LQ�WKH�SHULRG�OHDGLQJ�XS�WR�WKH������5RPH�2O\PSLFV��%XW�D�FDU�DFFLGHQW�D�IHZ�ZHHNV�EHIRUH�WKH������2O\PSLFV�SXW�SDLG�WR�KLV�FDUHHU���
6RPH�RI�WKH�PRGHUQ�GD\�VSRUWV�LFRQV�ZKR�ZLOO�VKDUH�WKH�-XQH����OLPHOLJKW�ZLWK�WKH����\HDU�ROG�3RWJLHWHU�DUH�)UDQFRLV�3LHQDDU��IRUPHU�6SULQJERN�FDSWDLQ���-DFRE��%DE\�-DNH��0DWODOD��IRXU�WLPH�ZRUOG�ER[LQJ�FKDPSLRQ��DQG�VZLPPHU�3HQQ\�+H\QV��WKH�RQO\�6RXWK�$IULFDQ�WR�ZLQ�WZR�JROG�PHGDOV�DW�DQ�2O\PSLF�*DPHV���
3LHQDDU�VWLOO�HQMR\V�WKH�GLVWLQFWLRQ�RI�EHLQJ�WKH�RQO\�FDSWDLQ�WR�OHDG�6RXWK�$IULFD�WR�5XJE\�:RUOG�&XS�JORU\���LQ�WKHLU������WULXPSK�DW�(OOLV�3DUN���
0DWODOD�ZRQ�KLV�ZRUOG�WLWOH�LQ������ZKHQ�KH�OLIWHG�WKH�:%2�IO\ZHLJKW�WLWOH�LQ�*ODVJRZ��,Q������KH�UHWXUQHG�WR�*ODVJRZ��WKLV�WLPH�ZLQQLQJ�WKH�:%2�MXQLRU�IO\ZHLJKW�FURZQ��/DV�9HJDV������SURYLGHG�WKH�VWDJH�IRU�0DWODOD
V�QH[W�ZRUOG�FRQTXHVW�ZKHQ�KH�DQQH[HG�WKH�,%$�MXQLRU�IO\ZHLJKW�WLWOH���
0DWODOD�PDGH�LW�IRXU�ZRUOG�WLWOHV�LQ������ZKHQ�KH�ZRQ�WKH�:%8�MXQLRU�IO\ZHLJKW�WLWOH��6HYHQ�PRQWKV�ODWHU�KH�PDGH�D�VXFFHVVIXO�GHIHQFH��+H�LV�RQ�UHFRUG�DV�WKH�RQO\�6$�ER[HU�WR�ZLQ�IRXU�ZRUOG�FURZQV���
+H\QV�HVWDEOLVKHG�KHUVHOI�DV�RQH�RI�WKH�JUHDWHVW�EUHDVWVWURNH�VZLPPHUV�RI�DOO�WLPH�DIWHU�VWULNLQJ�JROG�DW�$WODQWD�LQ�������LQ�ERWK�WKH�����DQG����P�ILQDOV��:LWK�WKHVH�YLFWRULHV�+H\QV�VHW�D�QHZ�ZRUOG�UHFRUG�DQG�D�QHZ�2O\PSLF�UHFRUG�UHVSHFWLYHO\���
+H\QV�QHHGHG�WKUHH�PRUH�\HDUV�EHIRUH�VKH�FROODUHG�WKH����P�ZRUOG�UHFRUG�DV�ZHOO��7KLV�ZDV�DFKLHYHG�LQ�GUDPDWLF�IDVKLRQ�DW�D�/RV�$QJHOHV�PHHWLQJ�ZKHUH�VKH�EHWWHUHG�WKH�ZRUOG�PDUN�LQ�D�KHDW�DQG�ODWHU�LQ�WKH�ILQDO��RQ�WKH�VDPH�GD\��ZLWK�D�WLPH�RI�����������
$W�WKH�VDPH�PHHW�+H\QV�ZRQ�D����P�KHDW�LQ�����������D�ZRUOG�UHFRUG��7KH�IROORZLQJ�\HDU�VKH�VHW�D�QHZ�ZRUOG�PDUN�DW�����������KHU���WK�FDUHHU�ZRUOG�UHFRUG���
7ZR�RWKHU�ZRUOG�FODVV�DWKOHWHV�ZKR�ZLOO�IO\�WKH�IODJ�IRU�QDWLRQDO�VZLPPLQJ�DW�WKH�WRUFK�UHOD\�SURFHVVLRQ�DUH�0DULDQQH�.ULHO�����P�EDFNVWURNH�EURQ]H�PHGDOOLVW�DW�$WODQWD��DQG�1DWDOLH�GX�7RLW��ZKR�FRQWLQXHV�WR�UDNH�LQ�ZRUOGZLGH�DFFRODGHV�DIWHU�ZLQQLQJ�WZR�JROG�PHGDOV�DW�WKH������&RPPRQZHDOWK�*DPHV���
6SHFWDWRUV�OLQLQJ�WKH�UHOD\�URXWH�FDQ�H[SHFW�WR�KHDU�D�FKDQW�RI��5KRR���DV�IRUPHU�%DIDQD�%DIDQD�FDSWDLQ�/XFDV�5DGHEH�WDNHV�KLV�WXUQ�DW�FDUU\LQJ�WKH�IODPH���
2QH�RWKHU�VRFFHU�OXPLQDU\�ZLOO�EH�PXOWLPLOOLRQDLUH�3DWULFH�0RWVHSH��ZKR�PDGH�KHDGOLQHV�UHFHQWO\�DIWHU�SXUFKDVLQJ�WKH�7VLFKODV�IDPLO\
V�VWDNH�LQ�6XQGRZQV�WR�EHFRPH�WKH�VROH�RZQHU�RI�WKH�0DPHORGL�VRFFHU�FOXE���
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�KH�VDLG�� 
EHOLHYHG�WKDW�WKH�WHDUV�RI�WKH�VXQ�IHOO�LQ�JROGHQ�GURSV��7KH\�ZRUH�KXJH�JROGHQ�FLUFOHV�LQ�WKHLU�HDUV��MXVW�OLNH�WKH�ZRRGHQ�RQHV�WKH�1JXQL�QDWLYHV�ZHDU�LQ�6RXWK�$IULFD��
,I� \RX
UH� JRLQJ� WR� WHOO� NLGV� VRPHWKLQJ�� PDNH� VXUH� LW
V� XVHIXO�
� KH� VDLG�� +H� WROG� XV� WDOHV� RI� DQFLHQW�5RPDQ�JROG�PLQHV��+H�WDONHG�DERXW�JROG�OHDI�GHDWK�PDVNV��WKLQ�DV�JRVVDPHU��XVHG�E\�WKH�HDUO\�*UHHNV�DQG�VDLG�WKDW�JROG�ZDV�FLYLOLVHG��LW�ZDV�VRPHWKLQJ�WR�EHOLHYH�LQ��,W�KDG�FKDQJHG�KLV�OLIH��
,�GLGQ
W�PDNH�LW�ELJ�WKURXJK�IDLU\�VWRULHV��1RU�MD]]�IRU�WKDW�PDWWHU�
�KH�VDLG��$XQW� 6DO� ODXJKHG� DW� WKH� ZD\� P\� SDUHQWV� OLVWHQHG� WR� WKH� VRXQGV� RI� (OYLV� 3UHVOH\� DQG� WKH� (YHUO\�%URWKHUV��ZKHQ�WKHUH�ZDV�DOO�WKDW�JRLQJ�RQ�MXVW�DURXQG�WKH�FRUQHU��0\�SDUHQWV�ZHUHQ
W�LQWHUHVWHG�LQ�ZKDW�ZDV�JRLQJ�RQ�URXQG�WKH�FRUQHU��DQG�WROG�IULHQGV�WKDW�$XQW�6DO�KDG�D�EDVLF�SUREOHP�WKDW�PDGH�LW�QHFHVVDU\�IRU�KHU�WR�JR�LQWR�WKH�ZRUOG�RI�WKH�C1DWLYHV
��

6KH�EURXJKW�XV�*OHQ�0LOOHU�UHFRUGV�DQG�EOXHV�DQG�PDUDEL��WKH�VRXQGV�RI�WKH�VKHEHHQV��DQG�ZH
G�GDQFH�XQWLO�ZH�GURSSHG��,W�JDYH�PRWKHU�D�KHDGDFKH��VKH�ZRXOG�VD\��WKHQ�VKH
G�JR�DQG�OLH�GRZQ��2QFH�,�KHDUG�$XQW�6DO�VD\�WR�PRWKHU��C<RX�ZHUHQ
W�OLNH�WKLV�EHIRUH��6DUDK
��C:HOO�QRZ�,�DP�
�PRWKHU�VDLG��,�ZDV� DW� SULPDU\� VFKRRO�DW� WKH� WLPH�� DQG�P\�H[SHULHQFH�RI� WKH�ZRUOG�ZDV� OLPLWHG� WR�RXU�+RXJKWRQ�PDQVLRQ��RXU�PDQ\�VHUYDQWV�DQG�PRWKHU
V�JROGHQ�XQKDSSLQHVV��6KH�UHPDLQHG�SDVVLYH�DQG�LQHUW��LW�ZDV�DV�LI� VKH
G� EHHQ� DOFKHPLVHG� LQWR� VRPH� P\VWLFDO� VXEVWDQFH�� DQG� ZDV� QR� ORQJHU� ZLWK� XV�� 6KH� ORRNHG� LQWR�PLUURUV� IRU� D� ORQJ� WLPH� DQG� ,�ZRQGHUHG�ZKDW� VKH�ZDV� WKLQNLQJ�� LI� VKH�ZDV� WKLQNLQJ�� 6KH�ZDV� DOZD\V�DURXQG��EXW�,�PLVVHG�KHU���5HDG�±�6KRUW�6WRU\�&ROOHFWLRQ��&RPSLOHG�E\�5RE�*D\ODUG��������9DQ�6FKDLN�&RQWHQW�6ROXWLRQV��6WHOOHQERVFK��SDJH�����������������������
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ULQJ�OLNH�D�PDQ�LQ�ILUH�RU�OLPH��������'LP��WKURXJK�WKH�PLVW\�SDQHV�DQG�WKLFN�JUHHQ�OLJKW���$V�XQGHU�D�JUHHQ�VHD��,�VDZ�KLP�GURZQLQJ���� �,Q�DOO�P\�GUHDPV��EHIRUH�P\�KHOSOHVV�VLJKW���+H�SOXQJHV�DW�PH��JXWWHULQJ��FKRNLQJ��GURZQLQJ���,I�LQ�VRPH�VPRWKHULQJ�GUHDPV�\RX�WRR�FRXOG�SDFH�%HKLQG�WKH�ZDJRQ�WKDW�ZH�IOXQJ�KLP�LQ���$QG�ZDWFK�WKH�ZKLWH�H\HV�ZULWKLQJ�LQ�KLV�IDFH���+LV�KDQJLQJ�IDFH��OLNH�D�GHYLO
V�VLFN�RI�VLQ���,I�\RX�FRXOG�KHDU��DW�HYHU\�MROW��WKH�EORRG�&RPH�JDUJOLQJ�IURP�WKH�IURWK�FRUUXSWHG�OXQJV���2EVFHQH�DV�FDQFHU��ELWWHU�DV�WKH�FXG�2I�YLOH��LQFXUDEOH�VRUHV�RQ�LQQRFHQW�WRQJXHV���0\�IULHQG��\RX�ZRXOG�QRW�WHOO�ZLWK�VXFK�KLJK�]HVW�7R�FKLOGUHQ�DUGHQW�IRU�VRPH�GHVSHUDWH�JORU\���7KH�ROG�/LH��'XOFH�HW�GHFRUXP�HVW��3UR�SDWULD�PRUL����,W�LV�VZHHW�DQG�PHHW��ILWWLQJ��WR�GLH�IRU�RQH
V�FRXQWU\���E\�:LOIUHG�2ZHQ��
����������������
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3RVW�WHVW�0HPRUDQGXP�
�
7KH�UHDGLQJ�VNLOO�WDUJHWHG�LQ�HDFK�TXHVWLRQ�LV�JLYHQ�EHORZ�WKH�TXHVWLRQ�LQ�>VTXDUH�
EUDFNHWV@��7KH�FRUUHFW�DQVZHU�LV�GLVSOD\HG�LQ�EROG�IDFH�DQG�LQ��URXQG�EUDFNHWV���
7RWDO�WLPH�����PLQXWHV��
�
6HFWLRQ�$���1HZV�0HGLD��
�
4XHVWLRQ����
6FDQ�WKURXJK�WKH�DUWLFOH�RQ�WKH�2O\PSLF�WRUFK�UHOD\�DQG�XVH�WKH�WH[W�WR�FRPSOHWH�WKH�
FURVV�ZRUG�SX]]OH��
>6NLOO��6FDQQLQJ�WR�ORFDWH�VSHFLILFDOO\�UHTXLUHG�LQIRUPDWLRQ�RQ�D�VLQJOH�SRLQW��LQYROYLQJ�
D�VLPSOH�VHDUFK@�
�
&OXHV�DFURVV��

����:KHUH�GLG�3HQQ\�+H\QV�EUHDN�WKH����P�EUHDVWVWURNH�UHFRUG"��/RV�
$QJHOHV��

&OXHV�GRZQ��
�����,Q�ZKLFK�FLW\�GLG�ERWK�3HQQ\�+H\QV�DQG�0DULDQQH�.ULHO�ZLQ�2O\PSLF�0HGDOV"�

�$WODQWD��
�����:KHUH�ZLOO�WKH�2O\PSLF�7RUFK�DUULYH�RQ�WKH���WK�RI�-XQH�����"��&DSH�

7RZQ��
�����:KHUH�GLG�0DWODOD�ZLQ�WZR�ZRUOG�WLWOHV�LQ������DQG�����"��*ODVJRZ��
�����,Q�ZKLFK�FLW\�GLG�WKH������2O\PSLFV�WDNH�SODFH"��0HOERXUQH��
����,Q�ZKLFK�VWDGLXP�GLG�WKH�5XJE\�:RUOG�&XS�ILQDO�WDNH�SODFH�LQ�����"��(OOLV�

3DUN��
�
4XHVWLRQ�����'HFLGH�ZKHWKHU�WKH�IROORZLQJ�VWDWHPHQWV�DUH�IDFW�RU�RSLQLRQ���,QGLFDWH�
\RXU�FKRLFH�LQ�WKH�ER[�SURYLGHG��
>6NLOO��5HFRJQL]LQJ�LQGLFDWRUV�LQ�GLVFRXUVH�IRU�DQWLFLSDWLQJ�DQ�REMHFWLRQ�RU�FRQWUDU\�
YLHZ@�
�
��� 3RWJLHWHU¶V�FDU�DFFLGHQW�EHIRUH�WKH������2O\PSLFV�ZDV�D�FRQYHQLHQW�H[FXVH�QRW�
WR�FRPSHWH�LQ�WKH�*DPHV���2SLQLRQ��

��� 0DULDQQH�.ULHO�FDPH�WKLUG�LQ�WKH����P�EDFNVWURNH�LQ�$WODQWD���������)DFW��
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��� 7KH�QLFNQDPH�³%DE\�-DNH´�LV�LQDSSURSULDWH�EHFDXVH�LW�LPSOLHV�WKDW�0DWODOD�LV�
ZHDN���2SLQLRQ��

��� 3HQQ\�+H\QV�VKRXOG�EH�WKH�RQO\�VZLPPHU�WR�EH�D�WRUFKEHDUHU�VLQFH�VKH�ZDV�WKH�
RQO\�RQH�WR�ZLQ�D�JROG�PHGDO�LQ�WKH�2O\PSLFV���2SLQLRQ��

�
6HFWLRQ�%��6KRUW�6WRU\��
�
4XHVWLRQ�����5HDG�WKURXJK�WKH�H[WUDFW��WH[W�LQ�EROG��DQG�LGHQWLI\�WKH���GLIIHUHQW�
DWWLWXGHV�WKDW�$XQW�6DO��'DG�DQG�PRWKHU�KDG�WRZDUGV�WKH�FKLOGUHQ��
>6NLOO��6HOHFWLYH�H[WUDFWLRQ�RI�UHOHYDQW�SRLQWV�IURP�D�WH[W��LQYROYLQJ�WKH�WDEXODWLRQ�RI�
LQIRUPDWLRQ�IRU�FRPSDULVRQ�DQG�FRQWUDVW�@�
����$XQW�6DO���6KH�FDUHG�GHHSO\�IRU�WKH�FKLOGUHQ�DQG�ZDV�FRQFHUQHG�ZLWK�WKHLU�
KDSSLQHVV��
����'DG��+H�DOVR�FDUHG�IRU�WKH�FKLOGUHQ��EXW�RQ�DQ�LQWHOOHFWXDO�DQG�ILQDQFLDO�OHYHO��
+H�ZDV�HPRWLRQDOO\�GLVWDQW��
����0RWKHU���6KH�ZDV�WRR�DEVRUEHG�LQ�KHU�RZQ�ZRUOG�WR�SD\�PXFK�DWWHQWLRQ�WR�WKH�
FKLOGUHQ���2QH�FRXOG�HYHQ�VD\�WKDW�VKH�HPRWLRQDOO\�QHJOHFWHG�WKHP���
7KH�VWXGHQW¶V�DQVZHU�PXVW�FRQWDLQ��D�ZRUG�WKDW�GHVFULEHV�WKH�SHUVRQ¶V�
DWWLWXGH��L�H��VRPH�DVSHFW�RI�EHKDYLRXU�HPRWLRQ��,I�IXUWKHU�VXEVWDQWLDWLRQ�IURP�WKH�
WH[W�ZDV�JLYHQ��WKH�VWXGHQW�ZRXOG�UHFHLYH�WKH�IXOO���PDUNV��

�
>��[��� ��@�

4XHVWLRQ�����&KRRVH�WKH�DWWLWXGH�WKDW�\RX�ILQG�PRVW�DSSURSULDWH���,QGLFDWH�DQG�EULHIO\�
PRWLYDWH�\RXU�FKRLFH����
>6NLOO���6DPH�DV�4XHVWLRQ��@�
�
.H\�LGHDV�LQ�DQVZHU��7KH�UHDOL]DWLRQ�WKDW�DWWLWXGH�LV�PRUH�FORVHO\�DVVRFLDWHG�ZLWK�D�
SHUVRQ¶V�EHKDYLRXU�DQG�HPRWLRQ�WKDQ�KLV�KHU�WKRXJKWV���6WXGHQW�PXVW�EH�DEOH�WR�
VXEVWDQWLDWH�KLV�KHU�DQVZHU�IURP�WKH�WH[W��

�>�@�
6HFWLRQ�&��3RHWU\�
�
4XHVWLRQ�����7KH�PDLQ�LGHD�H[SUHVVHG�LQ�WKH�SRHP�³'XOFH�HW�'HFRUXP�HVW´�E\�:LOIUHG�
2ZHQ�LV���
<RXQJ�SHRSOH�VKRXOG�QRW�WKLQN�WKDW�JRLQJ�WR�ZDU�IRU�RQH¶V�FRXQWU\�LV�JORULRXV���,W�LV�
KXPLOLDWLQJ��GHELOLWDWLQJ�DQG�XQQHFHVVDU\��
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:KLFK�RI�WKH�IROORZLQJ�FRPELQDWLRQV�RI�SKUDVHV�ZRXOG�EH�WKH�EHVW�VXSSRUWLYH�HYLGHQFH�
IRU�WKH�PDLQ�LGHD"�
>6NLOO���'LVWLQJXLVKLQJ�WKH�PDLQ�LGHD�IURP�VXSSRUWLQJ�GHWDLOV��E\�GLIIHUHQWLDWLQJ�WKH�
ZKROH�IURP�LWV�SDUWV�@�
�
��� %HQW�GRXEOH��NQRFN�NQHHG��KDXQWLQJ�IODUHV��KRRWV�2I�WLUHG��RXWVWULSSHG�)LYH�
1LQHV��D�PDQ�LQ�ILUH�RU�OLPH��KHOSOHVV�VLJKW��OLNH�D�GHYLO¶V��VXFK�KLJK�]HVW��

��� OLNH�ROG�EHJJDUV��OLNH�KDJV��WR�FKLOGUHQ«GHVSHUDWH�JORU\��VWXPEOLQJ��$QG�
IORXQGHULQJ��JXWWHULQJ��FKRNLQJ��GURZQLQJ��WKH�ZDJRQ�WKDW�ZH�IOXQJ�KLP�LQ��+LV�
KDQJLQJ�IDFH��7KH�ROG�/LH���&RUUHFW�DQVZHU��

��� FXUVHG�WKURXJK�VOXGJH��WXUQHG�RXU�EDFNV��VRPHRQH�VWLOO�ZDV�\HOOLQJ��VRPH�
VPRWKHULQJ�GUHDPV��H\HV�ZULWKLQJ�LQ�KLV�IDFH��KHDU��DW�HYHU\�MROW�«��ELWWHU�DV�
WKH�FXG�2I�YLOH�«��0\�IULHQG��3UR�SDWULD�PRUL��

�
4XHVWLRQ�����$�PDMRU�SDUW�RI�WKH�DXWKRU¶V�VW\OH�LV�WR�VKRFN�WKH�UHDGHU���*LYH���
H[DPSOHV�RI�ZRUGV�SKUDVHV�WKDW�KDYH�D�VKRFNLQJ�HIIHFW��
>6NLOO���8QGHUVWDQGLQJ�WKH�FRPPXQLFDWLYH�YDOXH��IXQFWLRQ��RI�VHQWHQFHV�DQG�
XWWHUDQFHV�ZLWK�H[SOLFLW�LQGLFDWRUV�@�
�
�EORRG�VKRG��ZKLWH�H\HV�ZULWKLQJ�LQ�KLV�IDFH��OLNH�D�GHYLO¶V�VLFN�RI�VLQ��IURWK�
FRUUXSWHG�OXQJV��2EVFHQH�DV�FDQFHU��ELWWHU�DV�WKH�FXG�RI�YLOH�LQFXUDEOH�VRUHV�
RQ�LQQRFHQW�WRQJXHV��WR�FKLOGUHQ��7KH�ROG�/LH���
�
�
6HFWLRQ�'��7KH�1RYHO�
�
4XHVWLRQ�����5HDG�WKURXJK�WKH�H[WUDFW�IURP�-�5�5��7RONLHQ¶V�³7KH�/RUG�RI�WKH�5LQJV�±�
7KH�7ZR�7RZHUV´���:KLFK�RI�WKH�IROORZLQJ�TXHVWLRQV�EHVW�VXPPDUL]HV�WKH�SORW�RI�WKH�
H[WUDFW"�
>6NLOO��8QGHUVWDQGLQJ�FRQFHSWXDO�PHDQLQJ��HVSHFLDOO\�UHVXOW��SXUSRVH�DQG�FRQWUDVW@�
�
����:LOO�)URGR�VKRZ�6PpDJRO�WKH�5LQJ"�
����,V�*ROOXP�UHDOO\�EHLQJ�KXUW�E\�WKH�URSH�ZKLFK�LV�ELQGLQJ�KLP"�
����,V�*ROOXP�O\LQJ�WR�)URGR"�
����:LOO�)URGR�WDNH�WKH�URSH�RII"��&RUUHFW�DQVZHU��
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4XHVWLRQ�����,Q�WKH�GLDORJXH�EHWZHHQ�)URGR�DQG�*ROOXP��ERWK�XVH�FHUWDLQ�
DUJXPHQWDWLRQ�WHFKQLTXHV�WR�WU\�DQG�ZLQ�WKH�DUJXPHQW���,GHQWLI\�WKH�DUJXPHQWDWLRQ�
WHFKQLTXHV�XVHG�E\�ZULWLQJ�WKH�QXPEHU�RI�WKH�VHQWHQFH�LQ�WKH�DSSURSULDWH�FROXPQ��
>6NLOO��8QGHUVWDQGLQJ�WKH�FRPPXQLFDWLYH�YDOXH��IXQFWLRQ��RI�VHQWHQFHV�DQG�XWWHUDQFHV�
ZLWKRXW�H[SOLFLW�LQGLFDWRUV@�
�

$UJXPHQWDWLRQ�7HFKQLTXHV�
� $SSHDO�WR�SLW\� $SSHDO�WR�IRUFH� $SSHDO�WR�DXWKRULW\�
)URGR� � ���� ����
*ROOXP� ���� � �
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�

4XHVWLRQ�����:KDW�GR�)URGR�DQG�*ROOXP�KDYH�LQ�FRPPRQ"��4XRWH�RQH�VHQWHQFH�IURP�
WKH�H[WUDFW�WR�VXSSRUW�\RXU�DQVZHU��
>6NLOO��8QGHUVWDQGLQJ�FRQFHSWXDO�PHDQLQJ��HVSHFLDOO\�UHVXOW��SXUSRVH�DQG�FRQWUDVW@�
�
�7KH\�DUH�ERWK�GUDZQ�WR�DQG�ERXQG�E\�WKH�ULQJ���4XRWHV�WR�VXSSRUW��³2QH�
5LQJ�WR�UXOH�WKHP�DOO�DQG�LQ�WKH�'DUNQHVV�ELQG�WKHP´�RU�µ<HW�WKH�WZR�ZHUH�LQ�
VRPH�ZD\�DNLQ�DQG�QRW�DOLHQ��WKH\�FRXOG�UHDFK�RQH�DQRWKHU¶V�PLQGV���
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(YDOXDWLRQ�4XHVWLRQQDLUH�6XPPDU\�
$UHD�RI�4XHVWLRQLQJ� *HQUH�RI�7H[W�

&RQWHQW� 1HZV�0HGLD� 6KRUW�6WRU\� 3RHWU\� 1RYHO�
+RZ�GLG�\RX�ILQG�WKH�GLIILFXOW\�OHYHO�RI�WKH�WH[WV"�� (DV\� (DV\� 0RGHUDWHO\�'LIILFXOW� 'LIILFXOW�
'LG�\RX�ILQG�WKH�³5HDGLQJ�6NLOO�5HVRXUFH´�VHFWLRQV�LQIRUPDWLYH�±��GLG�\RX�OHDUQ�VRPHWKLQJ�QHZ�IURP�WKHP"� <HV�±�NH\ZRUGV�WR�LQGLFDWH�IDFW�RSLQLRQ��

<HV�±�WKH�GLIIHUHQFH�EHWZHHQ�SHUVSHFWLYH�DQG�DWWLWXGH��
<HV�±�KRZ�WR�GHVFULEH�WRQH�� <HV�±�GLIIHUHQW�NLQGV�RI�DUJXPHQWV��

:KHUH�WKH�TXHVWLRQV�LQ�WKH�YDULRXV�DFWLYLWLHV�FOHDU"� <HV� <HV� <HV� <HV�
+RZ�GLG�\RX�ILQG�WKH�GLIILFXOW\�OHYHO�RI�WKH�TXHVWLRQV"� (DV\� 5HODWLYHO\�HDV\� 'LIILFXOW� 0RGHUDWHO\�GLIILFXOW�
:HUH�WKH�LQVWUXFWLRQV�JLYHQ�FOHDU�DQG�HDV\�WR�IROORZ"� <HV� <HV� <HV� <HV�

'R�\RX�WKLQN�WKDW�WKH�IHHGEDFN�IRU�WKH�TXHVWLRQV�ZHUH�DSSURSULDWH"�
<HV�±�WKH�KLQWV�ZHUH�KHOSIXO�1R�±�WKH�VFRULQJ�HOHPHQW�FDQ�EH�GLVFRXUDJLQJ��

<HV� <HV� <HV�

:KHUH�WKH�RXWFRPHV�VWDWHG�DW�WKH�EHJLQQLQJ�RI�HDFK�VHFWLRQ�FOHDU���DQG�GR�\RX�WKLQN�WKH\�ZHUH�UHDFKHG"� <HV�

+DOI�RI�WKH�VWXGHQWV�IHOW�WKDW�DOO�RI�WKH�RXWFRPHV�ZHUH�UHDFKHG��7KH�RWKHU�IHOW�WKDW�WKHUH�ZHUH�RQH�RU�WZR�SRLQWV�WKDW�WKH\�GLG�QRW�XQGHUVWDQG��

<HV��EXW�VRPH�VWXGHQWV�LQGLFDWHG�WKDW�WKH\�QHHG�PRUH�SUDFWLFH�LQ�GHVFULELQJ�WKH�DXWKRU¶V�WRQH��DQG�VXSSRUWLQJ�LW�ZLWK�H[DPSOHV�IURP�WKH�WH[W���

7KH�PDMRULW\�RI�WKH�VWXGHQWV�IHOW�WKDW�DOO�WKH�RXWFRPHV�ZHUH�UHDFKHG��7ZR�VWXGHQWV�IHOW�WKDW�WKH�RXWFRPHV�ZHUH�QRW�UHDFKHG��

/D\RXW�
:KHQ�\RX�ORRN�DW�D�FRPSXWHU�VFUHHQ��ZKLFK�SDWK�GR�\RXU�H\HV�IROORZ"��6WXGHQWV�ZHUH�JLYHQ�DQ�H[DPSOH�ILJXUH�DQG�DVNHG�WR�GUDZ�D�VLPLODU�RQH��

7KLV�ZDV�DQ�LQWHUHVWLQJ�H[SHULPHQW���7KH�GUDZLQJV�RI�WKH�VWXGHQWV�DOO�LQGLFDWHG�D�GLIIHUHQW�VHTXHQFH�RI�YLHZLQJ�LQIRUPDWLRQ�RQ�D�VFUHHQ���7KLV�SRVHV�D�FKDOOHQJH�IRU�GHVLJQHUV��

$UH�WKH�EXWWRQV�VHW�RXW�LQ�WKH�OHIW�KDQG�FROXPQ�D�FOHDU�UHSUHVHQWDWLRQ��RI�WKH�FRQWHQW�WR�ZKLFK�WKH\�WDNH�\RX"� <HV� <HV� <HV� <HV�



� ���
'R�\RX�HYHU�IHHO�³ORVW´�RQ�D�SDJH"� 1R� 1R� 1R� 1R�

:DV�WKH�WH[W�HDV\�WR�UHDG"�±�&RPPHQW�RQ�WKH�VL]H�DQG�WKH�FRORXU"� <HV���FRORXUV�VXSSRUW�WKH�WKHPH��

<HV���FRORXUV�VXSSRUW�WKH�WKHPH���1R�±�RQH�VWXGHQW�KDG�D�QHJDWLYH�IHHOLQJ�WRZDUGV�EURZQ��GXH�WR�WKH�IDFW�WKDW�KHU�ROG�VFKRRO�XQLIRUP�ZDV�EURZQ��

<HV���FRORXUV�VXSSRUW�WKH�WKHPH� <HV�

:HUH�WKH�JUDSKLFV�DSSURSULDWH��GLG�WKH\�KHOS�LQ�³VHWWLQJ�WKH�VFHQH´"� <HV� <HV� <HV� <HV�
:HUH�WKH�FRORXUV�XVHG�LQ�HDFK�VHFWLRQ�DSSURSULDWH"� <HV� <HV� <HV� <HV�
7HFKQLFDO�)XQFWLRQDOLW\�
'LG�\RX�ILQG�WKDW�WKHUH�ZHUH�FHUWDLQ�OLQNV�WKDW�GLG�QRW�ZRUN���RU�LPDJHV�WKDW�GLG�QRW�DSSHDU"� 1R� 1R� 1R� 1R�
:KHUH�WKHUH�DQ\�RWKHU�VLJQLILFDQW�³JOLWFKHV´�LQ�WKH�SURJUDP�WKDW��\RX�ZRXOG�OLNH�WR�PHQWLRQ"� 1R� 1R� 1R� 1R�
*HQHUDO��
:KDW�IHDWXUH�ZRXOG�\RX�DGG�WR�WKH�SURJUDP�LI�\RX�FRXOG"� 6RPH�RI�WKH�VWXGHQWV�VXJJHVWHG�WKH�DGGLWLRQ�RI�VRXQG��
:KLFK�VHFWLRQ¶V�DFWLYLWLHV�GLG�\RX�HQMR\�WKH�PRVW"� 0RVW�VWXGHQWV�IRXQG�WKH�DFWLYLWLHV�LQ�WKH�6KRUW�6WRU\�VHFWLRQ�YHU\�HQMR\DEOH��7ZR�VWXGHQWV�SUHIHUUHG�WKH�3RHWU\�VHFWLRQ��ZKLOH�RQH�VWXGHQW�SUHIHUUHG�1HZV�0HGLD�
:KLFK�VHFWLRQ¶V�5HDGLQJ�5HVRXUFH�SDJH�GLG�\RX�ILQG�WKH��PRVW�LQIRUPDWLYH�DQG�KHOSIXO"� 7KH�3RHWU\�VHFWLRQ�ZDV�WKH�PRVW�SRSXODU�FKRLFH��IROORZHG�E\�WKH�1RYHO�VHFWLRQ��DQG�6KRUW�6WRU\�6HFWLRQ��
:RXOG�\RX�OLNH�D�SULQWHG�YHUVLRQ�RI�WKH�³5HDGLQJ�5HVRXUFH´��SDJHV"� $OO�WKH�VWXGHQWV�DJUHHG�WKDW�D�SULQWHG�YHUVLRQ�RI�WKH�UHVRXUFH�SDJHV�ZRXOG�EH�YHU\�KHOSIXO��
:RXOG�\RX�UHDG�PRUH�LI�D�JUHDWHU�DPRXQW�RI�\RXU�SUHVFULEHG��UHDGLQJ�ZDV�SUHVHQWHG�LQ�WKLV�ZD\"�

7KH�VWXGHQWV�ZHUH�XQDQLPRXV�LQ�WKHLU�SUHIHUHQFH�IRU�UHDGLQJ�LQ�WKH�PDQQHU�SURYLGHG�E\�WKH�SURJUDP���7KH\�VDLG�WKDW�LW�ZLOO�EH�PXFK�PRUH�³IXQ´�DQG�³LQWHUHVWLQJ´�LI�WKH\�FRXOG�UHDG�DOO�WKHLU�WH[WV�LQ�WKLV�ZD\��
'R�\RX�KDYH�DQ\�RWKHU�FRPPHQWV��VXJJHVWLRQV��SUREOHPV���DGYLFH�WKDW�\RX�ZDQW�WR�VKDUH�DERXW�WKLV�SURJUDP"�

7ZR�VWXGHQWV�FRPPHQWHG�RQ�WKH�FKRLFH�RI�UHDGLQJ�WH[WV��ILQGLQJ�WKHP�HLWKHU�WRR�GLIILFXOW�RU�WRR�HDV\���0RVW�VWXGHQWV�FRPPHQWHG�RQ�WKH�IHHGEDFN�IRU�WKH�TXHVWLRQV��VD\LQJ�WKDW�LW�PRWLYDWHG�WKHP�WR�GR�PRUH���$OO�WKH�VWXGHQWV�WKRURXJKO\�HQMR\HG�WKH�SURJUDP���
�
�
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