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ABSTRACT 
�
,Q�D�SUHYLRXV�VWXG\��DOUHDG\�SXEOLVKHG��%UDJyV���������ZH�DQDO\]HG�WKH�FRUUHODWLRQ�EHWZHHQ�
WKH�8QLYHUVLW\�DFFHVV�PDUN� WR� WKH�HQJLQHHULQJ�VWXGLHV�ZLWK� WKH�JUDGHV�REWDLQHG� LQ�SURMHFW�
EDVHG� FRXUVHV� DQG� LQ� QRQ�SURMHFW�EDVHG� VWDQGDUG� FRXUVHV�� $� ORZHU� FRUUHODWLRQ� ZLWK� WKH�
FDSVWRQH�FRXUVH�SHUIRUPDQFH��5 ����� WKDQ� WKH�RQH�REWDLQHG�ZLWK� WKH�DYHUDJH�RI� WKH�RWKHU�
FRXUVHV��5 �����ZDV�REWDLQHG��3UREDEO\�DV�D�UHVXOW�RI�WKH�IDFW�WKDW�D�GLIIHUHQW�NLQG�RI�VNLOOV�DUH�
SURPRWHG�LQ�WKHVH�FRXUVHV��,Q�WKLV�SDSHU��ZH�KDYH�FKDQJHG�DQG�H[WHQGHG�WKH�VFRSH�RI�WKH�
FRUUHODWLRQ�VWXG\��:H�XVHG�DV�D�UHIHUHQFH�RI�WKH�VWXGHQWV¶�SHUIRUPDQFH�LQGH[�WKH�LQGLYLGXDO�
DYHUDJH�PDUNV�LQ�WKH��VW�\HDU�EDVLF�FRXUVHV��7KHQ�ZH�REWDLQHG�WKH�FRUUHODWLRQ�ZLWK�GLIIHUHQW�
FDWHJRULHV�RI�FRXUVHV�RI�RXU�HQJLQHHULQJ�SURJUDP��WKHRUHWLFDO�SUDFWLFDO��PDQGDWRU\�HOHFWLYH��E\�
GLVFLSOLQHV��DQG�WKH�3URMHFW�%DVHG�/HDUQLQJ��3%/��DQG�3URGXFW�'HYHORSPHQW�3URMHFW��3'3��
FRXUVHV��7KLV�LV��XVLQJ�LQWHUQDO�LQGLFDWRUV�LQVWHDG�RI�WKH�DFFHVV�PDUN��ZKLFK�KDV�DQ�H[WHUQDO�
RULJLQ��DQG�LPSURYLQJ�WKH�JUDQXODULW\�RI�WKH�VWXG\��:H�KDYH�DQDO\]HG�IRXU�FRQVHFXWLYH�FRKRUWV�
WKDW� KDYH� FRPSOHWHG� D� FRKHUHQW� VHW� RI� VXEMHFWV�� Q ���� VWXGHQWV�� :H� KDYH� FODVVLILHG� WKH�
VXEMHFWV� ���� FRXUVHV� SHU� VWXGHQW� LQ� DYHUDJH�� LQ� WKH� FDWHJRULHV� DIRUHPHQWLRQHG�� 7KH\� DUH�
FRPSDUHG�ZLWK� WKH�SHUIRUPDQFH� LQ� WZR�³FODVVLF´�3%/�FRXUVHV�DQG�D�FDSVWRQH�3'3�FRXUVH��
7KHUH� LV�DOVR�D� ILQDO�(QJLQHHULQJ�EDFKHORU� WKHVLV�ZKLFK� LV�XVXDOO\�SHUIRUPHG� LQGLYLGXDOO\� LQ�
FRPSDQLHV�RU�UHVHDUFK�ODEV��7KH�YHU\�DEULGJHG�UHVXOWV�RI�WKH�VWXG\�GLVSOD\�GLIIHUHQFHV�HYHQ�
KLJKHU�WKDW�WKH�RQHV�REWDLQHG�ZLWK�WKH�DFFHVV�PDUN��7KH�WKUHH�JURXSV�RI�QRQ�SURMHFW�VWDQGDUG�
FRXUVHV� VKRZ� D� KLJKHU� FRUUHODWLRQ� DPRQJ� WKHP� �5 ����� %DVLF� WR� 0DQGDWRU\�'LVFLSOLQDU\��
5 �����%DVLF�WR�(OHFWLYH�'LVFLSOLQDU\��WKDW�ZKHQ�FRPSDULQJ�WKH�%DVLF�FRXUVHV�ZLWK�WKH�3%/�
FRXUVHV��5 ������RU�ZLWK�WKH�FDSVWRQH�3'3�FRXUVH��D�YHU\�ZHDN�FRUUHODWLRQ�ZLWK�5 �������7KH�
FRPSOHWH�VHW�RI�FURVV�FRUUHODWLRQV�DPRQJ�WKH�FDWHJRULHV�LV�GLVSOD\HG�LQ�WKH�SDSHU���/LNH�LQ�WKH�
VWXG\�DERXW� WKH�FRUUHODWLRQ�ZLWK� WKH�DFFHVV�PDUN�� WKH�PDLQ�FRQFOXVLRQ� LV� WKH�HYLGHQFH� WKDW�
WKHUH�LV�D�UHPDUNDEOH�VHW�RI�VWXGHQWV�ZKLFK�KDYH�GLIILFXOWLHV�LQ�WKH�VWDQGDUG�FRXUVHV��ZLWK�D�
KLJKHU�DQDO\WLF�FRQWHQW�EXW�FDQ�SHUIRUP�YHU\�ZHOO�LQ�WKH�SURMHFW�EDVHG�FRXUVHV��7KHUHIRUH��D�
GLIIHUHQW�NLQG�RI�VNLOOV�DUH�SURPRWHG�LQ�WKHVH�FRXUVHV��7KLV�LV��LQ�RXU�RSLQLRQ��D�SRVLWLYH�UHVXOW�
EHFDXVH�WKHVH�VWXGHQWV�FDQ�ILQG�D�SODFH�WR�VWDQG�RXW��,W�HQKDQFHV�WKHLU�VHOI�FRQILGHQFH�DQG�
WKHLU�SHUFHSWLRQ�RI�D�SRWHQWLDOO\�JRRG�SHUIRUPDQFH�LQ�WKHLU�IXWXUH�FDUHHU��
�
�
KEYWORDS 
�
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INTRODUCTION 
 
3URMHFW�%DVHG� /HDUQLQJ� DQG�� VSHFLILFDOO\�� 3URGXFW� 'HYHORSPHQW� 3URMHFW� �3'3�� FDSVWRQH�
FRXUVHV�ZKHUH�VWXGHQW�WHDPV�GHYHORS�³UHDO´�SURMHFWV�XVLQJ�WKHLU�WKHRUHWLFDO�NQRZOHGJH�RQ�D�
V\VWHP�OHYHO��'\P����������+RIIPDQ���������DUH�FRQVLGHUHG�DPRQJ�WKH�PRUH�VXFFHVVIXO�WRROV�
WR�SURPRWH�WKH�SHUVRQDO��LQWHUSHUVRQDO�DQG�SURIHVVLRQDO�FRPSHWHQFHV�UHTXLUHG�E\�WKH�GLIIHUHQW�
DFFUHGLWDWLRQ�DJHQFLHV�DQG�ZRUOGZLGH� LQLWLDWLYHV� WKDW� KDYH�GHILQHG� OLVWV� RI� VNLOOV��7KH�&',2�
FRPPXQLW\�KDV�D� ORQJ�UHFRUG�RI�FDSVWRQH�SURMHFWV�ZLWK�H[WHUQDO�VWDNHKROGHUV��'HVLJQ�%XLOG�
SURMHFWV��&',2�VWDQGDUG����DUH�RQH�RI�WKH�PRVW�DFNQRZOHGJHG�ZD\V�RI�SURPRWLQJ�WKH�OHDUQLQJ�
RI�VNLOOV�RI�JURXSV������DQG���RI�&',2�V\OODEXV��&UDZOH\����������)URP�WKH�YHU\�EHJLQQLQJ�RI�
WKH� ,QLWLDWLYH�� WKHUH� KDYH� EHHQ� SDSHUV� GHVFULELQJ� WKH� FRRSHUDWLRQ� EHWZHHQ� DFDGHPLD� DQG�
LQGXVWU\��6XUJHQRU���������DOUHDG\�GHVFULEHG�WKH�LQYROYHPHQW�RI�LQGXVWU\�LQ�FDSVWRQH�SURMHFWV�
DW� 4XHHQ¶V� 8QLYHUVLW\� LQ� .LQJVWRQ�� &DQDGD�� %HUJOXQG� ������� DOVR� GHVFULEHV� D� �WK� \HDU�
PXOWLGLVFLSOLQDU\�FDSVWRQH�SURMHFW�ZLWK�LQGXVWU\�LQYROYHPHQW�FDUULHG�RXW�DW�&KDOPHUV��7KRPVRQ�
�������FRPSDUHV�WZR�SURMHFWV�SHUIRUPHG�DW�$VWRQ�8QLYHUVLW\�ZLWK�GLIIHUHQW�RSHQQHVV�GHJUHH�
LQ�WKH�VWDUWLQJ�EULHI�DQG�SURMHFW�IROORZ�XS��+DOOLQ��������GLVFXVVHV�WKH�UROH�RI�FXVWRPHUV�RI�ERWK�
WKH� LQGXVWU\� DQG� WKH� VWXGHQWV�� ZKLFK� KDYH� D� GLIIHUHQW� WLPH�SHUVSHFWLYH�� 0HMWRIW� �������
GLVFXVVHV�DERXW�WKH�GRXEOH�UROH�RI�,QGXVWU\�DV�HQDEOHU�RI�FROODERUDWLYH�SURMHFWV�DQG�UHFHLYHU�
RI�WKH�GHYHORSHG�UHVXOWV��0RUH�UHFHQW�UHIHUHQFHV�GHVFULEH�WKH�LQLWLDWLYH�WR�LQYROYH�VWDNHKROGHUV�
DW�SURJUDP� OHYHO�DW�'78� �1RUGIDON��������� WKH� UHYLHZ�RI�XQLYHUVLW\�,QGXVWU\�FROODERUDWLRQ� LQ�
(XURSH�DQG�$VLD��5RXYUDLV��������RU�WKH�XVH�RI�&RPPXQLWLHV�RI�3UDFWLFH�WR�JXLGH�DQG�VXSSRUW�
&DSVWRQH�VXSHUYLVLRQ��7RSSLQJ����������
�
7KHUH�DUH�HYLGHQFHV�IURP�REVHUYDWLRQ�E\�IDFXOW\�PHPEHUV�DQG�IURP�IHHGEDFN�IURP�VWXGHQWV�
WKDW� WKH�NLQG�RI�VNLOOV�SURPRWHG� LQ� WKHVH�FRXUVHV� UHTXLUH�D�GLIIHUHQW� OHDUQLQJ�DWWLWXGH��%HLQJ�
VXFFHVVIXO� LQ� DQDO\WLF� FRXUVHV� LV� QRW� D� JXDUDQWHH� IRU� VXFFHHGLQJ� LQ� H[SHULHQWLDO� FRXUVHV��
&RQYHUVHO\��VWXGHQWV�ZKLFK�DUH�QRW�VR�VXFFHVVIXO�LQ�DQDO\WLF�FRXUVHV�PD\�KDYH�DQ�RXWVWDQGLQJ�
SHUIRUPDQFH�� 6R�� WKH� UHVHDUFK� TXHVWLRQ� ZDV� WR� GHWHUPLQH� LI� WKH� JUDGHV� RI� WKH� LQGLYLGXDO�
VWXGHQWV� LQ� GLIIHUHQW� NLQG� RI� FRXUVHV� �WKHRUHWLFDO�� SUDFWLFDO�� PDQGDWRU\�� HOHFWLYH�� GLIIHUHQW�
GLVFLSOLQHV��3%/��3'3��ZRXOG�FRUUHODWH� LQ�D�GLIIHUHQW�ZD\�DPRQJ�WKHP��:H�WRRN�DV�SULPDU\�
YDULDEOH�WKH�JUDGH�RI��VW�\HDU�EDVLF�FRXUVHV��DOO�RI�WKHP�ZLWK�VWURQJ�DQDO\WLFDO�FRQWHQWV�DQG�
PHWKRGRORJ\�����
�
,Q�6SDLQ��DV�ZHOO�DV�LQ�RWKHU�(XURSHDQ�FRXQWULHV��WKH�VWXGHQWV�REWDLQ�D�8QLYHUVLW\�DFFHVV�PDUN�
E\�DYHUDJLQJ�WKH�JUDGHV�RI�WKH�WZR�ODVW�+LJK�6FKRRO�\HDUV�DQG�WKH�UHVXOW�RI�D�GLVFLSOLQH�RULHQWHG�
H[DP��ZKLFK�LV�SHUIRUPHG�QDWLRQZLGH��7KLV�DFFHVV�PDUN�LV�XVHG�WR�UDQN�DQG�VHOHFW�WKH�VWXGHQWV�
WKDW� LQWHQG� WR� HQUROO� D� JLYHQ� EDFKHORU� LQ� D� JLYHQ� LQVWLWXWLRQ�� ,Q� D� SUHYLRXV� VWXG\�� DOUHDG\�
SXEOLVKHG��%UDJyV���������ZH�DQDO\]HG�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�8QLYHUVLW\�DFFHVV�PDUN�WR�
WKH�HQJLQHHULQJ�VWXGLHV��D�XVXDO�D�SULRUL�VXFFHVV�HVWLPDWRU��ZLWK�WKH�JUDGHV�REWDLQHG�LQ�SURMHFW�
EDVHG�FRXUVHV�DQG�LQ�DOO�QRQ�SURMHFW�EDVHG�VWDQGDUG�FRXUVHV��7KH�UHVXOWV�GLVSOD\HG�D�ORZHU�
FRUUHODWLRQ� ZLWK� WKH� FDSVWRQH� FRXUVH� SHUIRUPDQFH� �5 ����� WKDQ� WKH� RQH� REWDLQHG�ZLWK� WKH�
DYHUDJH�RI�WKH�RWKHU�FRXUVHV��5 ������1RW�RQO\�WKH�FRUUHODWLRQ�ZLWK�WKH�DFFHVV�PDUN�LQ�WKH�3'3�
FDSVWRQH�SURMHFW�FRXUVHV�LV�ORZHU�EXW�WKH�SUHGLFWLRQ�LQWHUYDO�LV�DOVR�GLIIHUHQW��:KLOH�LW�LV�DOPRVW�
LPSRVVLEOH�WKDW�D�VWXGHQW�ZLWK�D�ORZ�DFFHVV�PDUN�REWDLQV�DQ�RXWVWDQGLQJ�DYHUDJH�PDUN�LQ�WKH�
EDFKHORU�DQG�YLFH�YHUVD��WKHUH�DUH�VWXGHQWV�ZLWK�D�ORZ�DFFHVV�PDUN�ZKLFK�KDYH�DQ�RXWVWDQGLQJ�
SHUIRUPDQFH� LQ� WKH�FDSVWRQH�SURMHFW��ZKLFK� LV� YHU\�JRRG� IRU� WKHLU� VHOI�FRQILGHQFH�DQG�VHOI�
HIILFDF\��DQG�WKLV�LV�SUREDEO\�D�UHVXOW�RI�WKH�IDFW�WKDW�D�GLIIHUHQW�NLQG�RI�VNLOOV�DUH�SURPRWHG�LQ�
WKHVH�FRXUVHV����
�
$V�D�UHVXOW�RI�WKLV�ILUVW�VWXG\��ZH�UHDOL]HG�WKH�QHHG�RI�GHWHUPLQLQJ�LI�WKLV�FRUUHODWLRQ�ZRXOG�EH�
VLPLODU�FRPSDULQJ�WKH�UHVXOWV�RI�GLIIHUHQW�FDWHJRULHV�RI�FRXUVHV�RI�RXU�HQJLQHHULQJ�SURJUDP�DQG�
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WKH�3%/�DQG�3'3�FRXUVHV��GHVLJQHG�DQG�LPSOHPHQWHG�DFFRUGLQJ�WR�WKH�&',2�6WDQGDUGV���
DQG� ��� 7KLV� LV�� XVLQJ� LQWHUQDO� LQGLFDWRUV� LQVWHDG� RI� WKH� DFFHVV� PDUN� DQG� LPSURYLQJ� WKH�
JUDQXODULW\� RI� WKH� VWXG\�� 7KH� DFDGHPLF� DFKLHYHPHQW� SUHYLRXV� WR� WKH� 8QLYHUVLW\� VWXGLHV� LV�
XVXDOO\� FRQVLGHUHG� D� JRRG� D� SULRUL� HVWLPDWRU� RI� DFDGHPLF� VXFFHVV� LQ� KLJKHU� HGXFDWLRQ��
1HZPDQ-)RUG�HW�DO�� ������� UHODWH� LW�ZLWK� WKH�VXFFHVV� LQ� WKH� ILUVW�\HDU�DWWDLQPHQW�DQG� LQ� WKH�
GURS�RXW�UDWH��3XWZDLQ�HW�DO���������VWXGLHG�LWV�HIIHFWV�LQ�DFDGHPLF�VHOI�HIILFDF\��7KH�XQLYHUVLW\�
DFFHVV�PDUN��KRZHYHU��FDQ�EH�ELDVHG�E\� WKH�NLQG�RI�VFKRRO� LQ�ZKLFK� WKH�VWXGHQWV�KDG� WKH�
VHFRQGDU\� HGXFDWLRQ�� 7KH� JUDGHV� RI� WKH� �VW� \HDU� FRXUVH� DUH�� KRZHYHU�� REWDLQHG� LQ� D�
KRPRJHQHRXV�ZD\��7KH�DLP�RI�WKLV�FRPPXQLFDWLRQ�LV�WR�SUHVHQW�WKH�UHVXOWV�RI�WKLV�DQDO\VLV��$�
VLPLODU�VWXG\��SHUIRUPHG�LQ�WKH�83&�$UFKLWHFWXUH�6FKRRO�ZDV�UHSRUWHG�E\�*DUFtD�(VFXGHUR�HW�
DO�� ��������ZKLFK� DOVR� UHYHDOHG� ORZ� FRUUHODWLRQ� EHWZHHQ� DQDO\WLF� VNLOOV� DQG� SHUIRUPDQFH� LQ�
SURMHFW�FRXUVHV�DQG�LGHQWLILHG�FOXVWHUV�RI�KRPRJHQHRXV�FRXUVHV�WKURXJK�FRUUHODWLRQ�RI�JUDGHV�
DV�UHVXOW��
�
METHODS 
 
7KH�SUHYLRXV�VWXG\��%UDJyV��������LQFOXGHG�WKH�VWXGHQWV�RI����DFDGHPLF�\HDUV��������������
$ORQJ� WKHVH�\HDUV�� WKHUH�ZHUH�VHYHUDO�VOLJKW�FKDQJHV� LQ� WKH�FXUULFXOD�� ,Q�RUGHU�RI�KDYLQJ�D�
FRKHUHQW�VHW�RI�FRXUVHV�WR�VWXG\�WKH�FURVV�FRUUHODWLRQV�DPRQJ�WKHP��ZH�KDYH�OLPLWHG�WKH�VFRSH�
LQ�WKH�VWXG\�ZH�DUH�UHSRUWLQJ�WR���DFDGHPLF�\HDUV������������WR������������:H�KDYH�LQFOXGHG�
RQO\�WKH�����VWXGHQWV�WKDW�KDYH�FRPSOHWHG�DOO�WKH�VDPH�FRXUVHV��H[FHSW�WKH�HOHFWLYHV��LQFOXGLQJ�
WKH�EDFKHORU�WKHVLV����
�
$VVXPLQJ� WKH� OLPLWDWLRQV� RI� WKH� LQGLYLGXDO� ILQDO� JUDGH� DV� D� YDOLG� PHWULF� WR� DVVHVV� WKH�
SHUIRUPDQFH�RI�WKH�VWXGHQW�LQ�D�VXEMHFW��ZH�KDYH�FKRVHQ�WKLV�SHUIRUPDQFH�LQGH[�IRU�WKLV�VWXG\�
EHFDXVH�RI�LWV�LQWHJUDWLYH�FKDUDFWHU�LQ�WKH�FDVH�RI�WKH�SURMHFW�EDVHG�FRXUVHV��3%/�DQG�3'3���
$FFRUGLQJ�WR�WKH�OHDUQLQJ�RXWFRPHV�RI�WKH�FRXUVH��WKH�SURMHFW�VXSHUYLVRUV�DVVLJQ�D�WHDP�PDUN��
ZKLFK�UHIOHFWV�WKH�DVVHVVPHQW�RI�WKH�SURFHVV��������3UHOLPLQDU\�DQG�&ULWLFDO�'HVLJQ�5HYLHZ��
WHDP�G\QDPLFV��DQG�WKH�ILQDO�UHVXOW��������6ROXWLRQ�7HFKQLFDO�3HUIRUPDQFH��%XVLQHVV�,GHD��
)LQDO�5HSRUW��)LQDO�3UHVHQWDWLRQ�DQG�9LGHR���7KH�LQGLYLGXDO�PDUNV�DUH�REWDLQHG�IURP�WKLV�WHDP�
PDUN� DIWHU� DSSO\LQJ� D� WULSOH� PRGXODWLRQ� ����� PD[��� 7KH� 6XSHUYLVRUV¶� $VVHVVPHQW� RI� WKH�
LQGLYLGXDO� SHUIRUPDQFH�� WKH� 7HDP� /HDGHU� DVVHVVPHQW� �EDWFK� RI� SRLQWV�� DQG� WKH� 3HHU�
$VVHVVPHQW�XVLQJ�D����FULWHULD�UXEULF���7KHUHIRUH��WKH�ILQDO�LQGLYLGXDO�PDUNV�DUH�TXLWH�LQWHJUDWLYH�
RI� VHYHUDO� DVSHFWV�� :H� KDYH� DQDO\]HG� IRXU� FRQVHFXWLYH� FRKRUWV� WKDW� KDYH� FRPSOHWHG� D�
FRKHUHQW�VHW�RI�VXEMHFWV��Q ����VWXGHQWV��:H�KDYH�FODVVLILHG� WKH�VXEMHFWV� ����FRXUVHV�SHU�
VWXGHQW�LQ�DYHUDJH��LQ�WKH�FDWHJRULHV�DIRUHPHQWLRQHG���
�
7KH� 7HOHFRPPXQLFDWLRQV� (QJLQHHULQJ� %DFKHORU� 3URJUDP� LV� GLVWULEXWHG� DORQJ� IRXU� \HDUV� ���
WHUPV�� DV� VKRZQ� LQ� 7DEOH� ��� ZKHUH� DOO� WKH� VXEMHFWV� DUH� GHSLFWHG�� 7R� DQDO\VH� WKH� UHODWHG�
EHKDYLRXU�EHWZHHQ�WKHVH�VXEMHFWV�DQG�WKH�3%/�DQG�3'3�RQHV��GLIIHUHQW�FODVVLILFDWLRQV�KDYH�
EHHQ� PDGH�� DFFRUGLQJ� WR� WKH� FRQWHQWV� DQG�RU� WKH� NLQG� RI� NQRZOHGJH� WKH\� FRQWDLQ�� 7KH�
SDUDPHWHU� WR� EH� FRUUHODWHG� LV� WKH� LQGLYLGXDO� DYHUDJH�PDUN� LQ� HDFK� RI� WKH� VXEMHFW¶V� JURXS��
$WWHQGLQJ� WR� WKLV�� WKUHH� GLIIHUHQW� FODVVLILFDWLRQV� KDYH� EHHQ� PDGH�� 7KH� ILUVW� RQH�� QDPHG�
&ODVVLILFDWLRQ����JURXSV�WKH�VXEMHFWV�ZKLFK�DUH�FRQVLGHUHG�%DVLF��FRQWDLQLQJ�DOO�WKH�ILUVW�\HDU�
VXEMHFWV��0DQGDWRU\��FRQWDLQLQJ�WKH�GLVFLSOLQDU\�VHFRQG��DQG�WKLUG�\HDU�PDQGDWRU\�VXEMHFWV��
DQG�(OHFWLYH��LQFOXGLQJ�RQO\�0DMRU�(OHFWLYH��FRQWDLQLQJ�SDUW�RI�WKH�WKLUG��DQG�IRXUWK�\HDU�RQHV��
7KH� VHFRQG� FODVVLILFDWLRQ�� &ODVVLILFDWLRQ� ��� FRQVLGHUV� LI� WKH� VXEMHFW� KDV� VFDUFH� SUDFWLFDO�
FRQWHQWV��DQG�WKHQ�LW�LV�FRQVLGHUHG�DV�7KHRUHWLFDO�RU�LI�LW�KDV�PHGLXP�WR�KLJK�SUDFWLFDO�FRQWHQWV��
DQG�WKHQ�LW�LV�PDUNHG�DV�3UDFWLFDO��$QG�ILQDOO\��&ODVVLILFDWLRQ����JURXSV�WKH�VXEMHFWV�LQ�WKH�RQHV�
WKDW�KDYH�KLJK�PDWK�DQG�RU�SK\VLFV�FRQWHQWV��QDPLQJ�WKHP�6FLHQFH��DQG�WKH�VXEMHFWV�UHODWHG�
WR�WKH�GLIIHUHQW�PDMRUV��LQ�(OHFWURQLFV��7HOHPDWLFV�1HWZRUNV��7HOHFRPPXQLFDWLRQ�6\VWHPV�DQG�
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$XGLRYLVXDO�6\VWHPV�DQG�6LJQDO�3URFHVVLQJ��,W�LV�LPSRUWDQW�WR�FODULI\�WKDW�DOPRVW�DOO�FRXUVHV�
LQFOXGHG�LQ�WKHVH�FDWHJRULHV��H[FHSW�WKH�3%/�DQG�3'3�RQHV��KDYH�D�KLJK�OHYHO�RI�DEVWUDFWLRQ�
DQG� LQFOXGH�PDWKHPDWLFDO� DQDO\VLV�PHWKRGV� ZKLFK� DUH� DVVHVVHG�� 7KH� WUDQVYHUVDO� HOHFWLYH�
FRXUVHV�ZKLFK�DUH�QRQ�GLVFLSOLQDU\��KDYH�EHHQ�H[FOXGHG��
�
)LJXUH���GLVSOD\V�DOO�WKLV�LQIRUPDWLRQ�DV�IROORZV��&ODVVLILFDWLRQ���LV�VKRZQ�PDUNLQJ�WKH�VXEMHFWV�
LQ� EODFN� VTXDUHV�� &ODVVLILFDWLRQ� �� LV� VKRZQ� E\�PDUNLQJ� 3� RQ� WKH� VXEMHFWV� WKDW� KDYH� EHHQ�
FRQVLGHUHG�DV�KLJKO\�3UDFWLFDO�DQG�ILQDOO\�&ODVVLILFDWLRQ���XVHV�WKH�VXEMHFW�FRORXU�WR�LQGLFDWH�
WKH�HVVHQFH�RI�WKH�VXEMHFWV��ZKHWKHU�WKH\�DUH�SXUH�VFLHQWLILF�EDVHG��PDWKHPDWLFV��SK\VLFV�LQ�
F\DQ� RQ�)LJXUH� ��� RU� WKH\� FRQWDLQ�PRUH� VSHFLILF� GLVFLSOLQDU\� NQRZOHGJH�� QDPHO\� UHODWHG� WR�
HOHFWURQLFV� �JUHHQ��� WHOHFRPPXQLFDWLRQV� V\VWHPV� �YLROHW��� WHOHPDWLFV�QHWZRUNV� �SLQN�� RU�
$XGLRYLVXDO� 6\VWHPV� DQG� 6LJQDO� 3URFHVVLQJ� �\HOORZ��� $OO� WKH� (OHFWLYH� EORFN� LV� FRORXUHG� LQ�
GLIIHUHQW�FRORXUV�DV�LW�ZLOO�GHSHQG�RQ�WKH�FKRVHQ�PDMRU�DQG�LQIRUPDWLRQ�DERXW�ZKHWKHU�WKH\�DUH�
WKHRUHWLFDO�RU�SUDFWLFDO�LV�QRW�GHSLFWHG�RQ�WKH�)LJXUH�IRU�WKH�VDNH�RI�FODULW\��7KH�VXEMHFWV�PDUNHG�
LQ�2UDQJH�DUH�WKH�3%/�DQG�3'3�RQHV��DQG�WKHUH�LV�DOZD\V�D�ILQDO�EDFKHORU�7KHVLV��7)*���,Q�
WKH�)LJXUH����WUDQVYHUVDO�HOHFWLYHV�DQG�SUDFWLFXP�DUH�DOVR�VKRZQ��DOWKRXJK�WKH\�KDYH�QRW�EHHQ�
FRQVLGHUHG�IRU�WKLV�VWXG\��
�
7DEOH����7HOHFRPPXQLFDWLRQV�(QJLQHHULQJ�%DFKHORU�3URJUDP�GHSLFWLQJ�WKH�GLIIHUHQW�JURXS�RI�
VXEMHFWV�FRQVLGHUHG�LQ�HDFK�FODVVLILFDWLRQ��1DPHO\��&ODVVLILFDWLRQ���GLVWLQJXLVK�WKH�VXEMHFWV�LQ�
EODFN�VTXDUHV��&ODVVLILFDWLRQ����PDUNLQJ�ZLWK�D�3�WKH�VXEMHFWV�WKDW�KDYH�EHHQ�FRQVLGHUHG�DV�
KLJKO\�3UDFWLFDO��&ODVVLILFDWLRQ����XVHV�WKH�VXEMHFW�FRORXU�WR�LQGLFDWH�WKH�HVVHQFH�RI�WKH�VXEMHFWV��
&\DQ��VFLHQWLILF�EDVHG��PDWKHPDWLFV��SK\VLFV���*UHHQ��(OHFWURQLFV��9LROHW��7HOHFRPPXQLFDWLRQ�
V\VWHPV��3LQN��7HOHPDWLFV�1HWZRUNV��<HOORZ��$XGLRYLVXDO�6\VWHPV�DQG�6LJQDO�SURFHVVLQJ��
�

Term Telecommunications Engineering Bachelor Program 

�%�
(OHFWLYH��

�
�3UDFWLFXP�

(OHFWLYH��
�

�3UDFWLFXP�

TFG (Bachelor Thesis) 

�$�
(OHFWLYH��

�
�3UDFWLFXP�

0DMRU�(OHFWLYH� 0DMRU�(OHFWLYH� PDP 

�%� 0DMRU�(OHFWLYH� 0DMRU�(OHFWLYH� 0DMRU�(OHFWLYH� 0DMRU�(OHFWLYH�
(FRQRP\�DQG�

0DQDJHPHQW��3��

�$�
0LFURSURFHVVRU�
6\VWHPV�'HVLJQ�

�3��

5DGLDWLRQ�DQG�
3URSDJDWLRQ�

'DWD�
7UDQVPLVVLRQ�

$XGLRYLVXDO�DQG�
FRPPXQLFDWLRQ�
VLJQDO�SURFHVVLQJ�

PBL 

�%� (OHFWURQLF�6\VWHPV�
�3��

(OHFWURPDJQHWLF�
ZDYHV�

7HOHPDWLF�
DSSOLFDWLRQV�DQG�

6HUYLFHV�

&RPPXQLFDWLRQ�
,QWURGXFWLRQ�

$XGLRYLVXDO�
3URFHVVLQJ�
,QWURGXFWLRQ�

�$� 'LJLWDO�'HVLJQ��3�� (OHFWURPDJQHWLVP� 6\VWHPV�DQG�
6LJQDOV�

6WDWLVWLFV�DQG�
3UREDELOLW\�

PBL 

�%� /LQHDU�&LUFXLWV�DQG�
6\VWHPV��3��

,QWURGXFWLRQ�WR�
7HOHPDWLF�1HWZRUNV�

2EMHFW�2ULHQWHG�
3URJUDPPLQJ��3��

7HOHFRPPXQLFDWLRQ
V�0DWKHPDWLFV�

9HFWRULDO�
&DOFXOXV��

�$� (OHFWURQLFV�
)XQGDPHQWDOV��3�� 3K\VLFV�)XQGDPHQWDOV� 3URJUDPPLQJ�

)XQGDPHQWDOV��3�� /LQHDU�$OJHEUD� &DOFXOXV�

�
)RU� HDFK� FRPELQDWLRQ�� WKH�3HDUVRQ¶V�5� FRUUHODWLRQ� FRHIILFLHQW�ZDV�REWDLQHG�DQG� WKH� OLQHDU�
UHJUHVVLRQ�EHWZHHQ�HDFK� LQGLFDWRU�DQG�WKH�DFFHVV�PDUN�ZDV�UHSUHVHQWHG�� LQFOXGLQJ�WKH�����
����SUHGLFWLRQ�LQWHUYDO�DURXQG�WKH�UHJUHVVLRQ�OLQH��7KH�DQDO\VLV�WRROV�ZH�XVHG�ZHUH�0DWODE�
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�7KH�0DWK:RUNV�� ,QF���1DWLFN��0DVVDFKXVHWWV��8QLWHG�6WDWHV��� DQG�6LJPD3ORW� ����� �6\VWDW�
6RIWZDUH��8.���
�
RESULTS 
�
&RUUHODWLRQ�EHWZHHQ� WKH�PDUNV�REWDLQHG� LQ� WKH�GLIIHUHQW� JURXSV�RI� VXEMHFWV�ZLWK� WKH�PDUNV�
REWDLQHG�LQ�3%/��3'3�DQG�WKH�7)*�KDV�EHHQ�PDGH�IRU�WKH�WKUHH�FODVVLILFDWLRQV��)LJXUH���VKRZV�
WKH�UHVXOWV�RI�WKH�FRUUHODWLRQ�PDWULFHV�IRU�WKH�WKUHH�FODVVLILFDWLRQV��
�

  

  
�

)LJXUH����&RUUHODWLRQ�PDSV�VKRZLQJ�WKH�PDUNV�FRUUHODWLRQ�FRHIILFLHQWV�RI�WKH�JURXSV�RI�
VXEMHFWV�ZLWK�3%/��3'3�DQG�7)*��LQ�WKUHH�FODVVLILFDWLRQV�����&ODVVLILFDWLRQ����XS�OHIW��%DVLF��
0DQGDWRU\�DQG�(OHFWLYH�VXEMHFWV�����&ODVVLILFDWLRQ����XS�ULJKW��3UDFWLFDO�DQG�7KHRUHWLFDO�

VXEMHFWV�����&ODVVLILFDWLRQ����ERWWRP�OHIW���6FLHQFH��(OHFWURQLFV��6\VWHPV��
7HOHPDWLFV�1HWZRUNV��$XGLRYLVXDO�6\VWHPV�DQG����ERWWRP�ULJKW��$OO�WKH�JURXSV�WRJHWKHU��1RWH�

WKDW�WKHUH�LV�V\PPHWU\�LQ�HDFK�RI�WKH�PDWULFHV��
�
7KH�ILUVW�FODVVLILFDWLRQ�VKRZV�WKDW�WKH�%DVLF�EORFN�RI�VXEMHFWV�LV�LQ�JRRG�DJUHHPHQW�ZLWK�WKH�
0DQGDWRU\�EORFN�DQG�LW� LV�DOVR�KLJKO\�FRUUHODWHG�ZLWK�WKH�(OHFWLYH�RQH��,Q�JHQHUDO��WKHUH�LV�D�
PRGHVW�FRUUHODWLRQ�RI�DQ\�RI�WKH�&ODVVLILFDWLRQ���JURXSV�ZLWK�3%/�VXEMHFWV�DQG�LW�LV�DOPRVW�QXOO�
ZLWK�3'3�DQG�7)*��
�

�
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&ODVVLILFDWLRQ� �� VKRZV� WKDW� SUDFWLFDO� DQG� WKHRUHWLFDO� VXEMHFW� JURXSV� DUH� KLJKO\� FRUUHODWHG�
DPRQJ�WKHP��VOLJKWO\�FRUUHODWHG�ZLWK�3%/�VXEMHFWV�DQG��DV�LQ�WKH�SUHYLRXV�FDVH��WKHUH�LV�D�YHU\�
ORZ�FRUUHODWLRQ�ZLWK�3'3�DQG�7)*��
�
&ODVVLILFDWLRQ���VKRZV�WKDW�WKHUH�DUH�VRPH�VXEMHFW�FDWHJRULHV�WKDW�DUH�PRUH�FRUUHODWHG�LQ�WHUPV�
RI� WKH� REWDLQHG� PDUNV�� ZLWK� WKH� VFLHQWLILF� RQHV�� OLNH� (OHFWURQLFV�� ZKHUHDV� RWKHUV�� OLNH�
$XGLRYLVXDO� 6\VWHPV� DQG� 6LJQDO� 3URFHVVLQJ� DUH� OHVV� UHODWHG�� (OHFWURQLFV� DQG�
7HOHPDWLFV�1HWZRUNV�VOLJKWO\�FRUUHODWH�ZLWK�3%/�VXEMHFWV�DQG��DV�LQ�WKH�SUHYLRXV�DQDO\VLV��QRQH�
RI�WKH�JURXSV�FRUUHODWH�ZLWK�3'3�QRU�7)*��
�
)LQDOO\��D� WRWDO�FRPSDULVRQ�RI� WKH�GLIIHUHQW�FODVVLILFDWLRQ� LV�VKRZQ��7DEOH���VKRZV�WKH�VDPH�
LQIRUPDWLRQ�WKDQ�)LJXUH������� LQ�RUGHU�WR�JLYH�DOO� WKH�H[DFW�GDWD�DQG�IDFLOLWDWH�D�³RQH�JODQFH´�
VXPPDU\��7KHUH�LV�DQ�LPSRUWDQW�UHPDUN�LQ�WKHVH�UHVXOWV��DV�VRPH�RI�WKH�VXEMHFW�JURXSV�LQFOXGH�
VKDUHG�VXEMHFWV��DQG�WKLV�ZLOO�DOWHU�WKH�UHVXOWV��WKLV�LV�WKH�FDVH�RI�%DVLF��6FLHQFH�DQG�7KHRUHWLFDO�
VXEMHFWV��DV�DQ�H[DPSOH��7KH�FRUUHODWLRQ�PDWUL[�VKRZV�KLJK�FRUUHODWLRQ�EHWZHHQ� WKH�PDUNV�
REWDLQHG�LQ�6FLHQFH��%DVLF��7KHRU\��3UDFWLFH��(OHFWURQLFV��7HOHPDWLFV�DQG�0DQGDWRU\�VXEMHFWV��
ZKHUHDV� WKHUH� LV� D� PHGLXP� WR� KLJK� FRUUHODWLRQ� EHWZHHQ� WKH� PDUNV� REWDLQHG� LQ� 7HOHFRP�
6\VWHPV��$XGLRYLVXDOV�DQG�(OHFWLYHV��$V�LQ�WKH�SUHYLRXV�UHVXOWV��WKHUH�LV�D�PHGLXP�FRUUHODWLRQ�
RI�PRVW� RI� WKH� VXEMHFW� JURXSV�ZLWK�3%/� VXEMHFWV��ZKLOH� WKH� FRUUHODWLRQ�ZLWK�3'3�DQG�7)*�
UHPDLQV�YHU\�ORZ��
�
7DEOH����&RUUHODWLRQ�5�YDOXHV�EHWZHHQ�DOO�WKH�GLIIHUHQW�FODVVLILFDWLRQV�DYHUDJH�PDUNV���
�

�
�
�
7R�KDYH�D�PRUH�YLVXDO�DQG�TXDQWLWDWLYH�LQIRUPDWLRQ��VRPH�RI�WKH�FRUUHODWLRQ�FRHIILFLHQWV�KDYH�
EHHQ�GLVSOD\HG�LQ�EDU�SORWV��)LJXUH���VKRZV�WKHVH�UHVXOWV��
�

R value Basic Science Theory Practise Electronics Telematics Mandatory Systems AudioV Elective PBL TFG PDP
Basic 1,00 0,92 0,90 0,90 0,86 0,86 0,84 0,74 0,69 0,69 0,59 0,30 0,26
Science 0,92 1,00 0,93 0,78 0,78 0,74 0,88 0,77 0,70 0,65 0,53 0,28 0,23
Theory 0,90 0,93 1,00 0,83 0,82 0,83 0,96 0,89 0,83 0,80 0,58 0,34 0,28
Practise 0,90 0,78 0,83 1,00 0,95 0,90 0,87 0,71 0,68 0,80 0,65 0,34 0,33
Electronics 0,86 0,78 0,82 0,95 1,00 0,79 0,86 0,70 0,64 0,76 0,60 0,34 0,26
Telematics 0,86 0,74 0,83 0,90 0,79 1,00 0,84 0,68 0,65 0,73 0,60 0,30 0,34
Mandatory 0,84 0,88 0,96 0,87 0,86 0,84 1,00 0,85 0,82 0,75 0,59 0,33 0,29
Systems 0,74 0,77 0,89 0,71 0,70 0,68 0,85 1,00 0,70 0,76 0,50 0,31 0,22
AudioV 0,69 0,70 0,83 0,68 0,64 0,65 0,82 0,70 1,00 0,69 0,49 0,30 0,30
Elective 0,69 0,65 0,80 0,80 0,76 0,73 0,75 0,76 0,69 1,00 0,59 0,38 0,34
PBL 0,59 0,53 0,58 0,65 0,60 0,60 0,59 0,50 0,49 0,59 1,00 0,31 0,30
TFG 0,30 0,28 0,34 0,34 0,34 0,30 0,33 0,31 0,30 0,38 0,31 1,00 0,21
PDP 0,26 0,23 0,28 0,33 0,26 0,34 0,29 0,22 0,30 0,34 0,30 0,21 1,00
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�

)LJXUH����&RUUHODWLRQ�FRHIILFLHQWV�RI�WKH�PDUNV�����%DVLF�VXEMHFWV�FRUUHODWHG�ZLWK�
&ODVVLILFDWLRQ����XS�OHIW�����3UDFWLFDO�VXEMHFWV�FRUUHODWHG�ZLWK�&ODVVLILFDWLRQ����XS�ULJKW�����
6FLHQFH�VXEMHFWV�FRUUHODWHG�ZLWK�&ODVVLILFDWLRQ����ERWWRP�OHIW��DQG����%DVLF�VXEMHFWV�

FRUUHODWHG�ZLWK�DOO�WKH�VXEMHFW�JURXSV��
�

$V� LW� FDQ�EH�REVHUYHG� LQ�)LJXUH���� WKH�PDUNV�REWDLQHG� LQ� WKH�%DVLF�JURXS�KLJKO\� FRUUHODWH�
�5 ������ZLWK�WKH�PDUNV�REWDLQHG�LQ�WKH�'LVFLSOLQDU\�0DQGDWRU\�JURXS��WKH�FRUUHODWLRQ�ZLWK�WKH�
(OHFWLYH�JURXS�LV�5 �����DQG�LW� LV�5 �����ZLWK�3%/�VXEMHFWV��7KH�FRUUHODWLRQ�ZLWK�3'3�DQG�
7)*�LV�5 �����DQG�������UHVSHFWLYHO\��7KH�SUDFWLFDO�VXEMHFWV¶�PDUNV�DUH�KLJKO\�FRUUHODWHG�ZLWK�
WKH� WKHRUHWLFDO� RQHV� �5 ������� ZKLOH� WKHLU� FRUUHODWLRQ� ZLWK� 3%/� VXEMHFW� PDUNV� LV� 5 ������
ZKHUHDV�WKH�FRUUHODWLRQ�ZLWK�3'3�DQG�7)*�PDUNV�LV�5 �����DQG�5 ������UHVSHFWLYHO\��)LQDOO\��
MXVW�FRPSDULQJ�WKH�6FLHQFH�UHODWHG�VXEMHFW�PDUNV�ZLWK�WKH�RWKHU�FRQWHQWV��WKH�KLJKHU�FRUUHODWLRQ�
LV� IRXQG� ZLWK� WKH� (OHFWURQLF� VXEMHFW� PDUNV� �5 ������� IROORZHG� E\� WKH� 7HOHFRPPXQLFDWLRQ�
6\VWHPV� VXEMHFW� PDUNV� �������� 7HOHPDWLFV�1HWZRUNV� �5 ������ DQG� 6LJQDO� 3URFHVVLQJ� DQG�
$XGLRYLVXDO� 6\VWHPV� �5 ������� 7KH� FRUUHODWLRQ� ZLWK� 3%/�� 3'3� DQG� 7)*� VXEMHFW�PDUNV� LV�
5 ������5 �����DQG�5 ������UHVSHFWLYHO\��7KH�ODVW�SDUW�RI�)LJXUH����DW�WKH�ERWWRP�ULJKW��VKRZV�
WKH�FRUUHODWLRQ�RI�WKH�%DVLF�VXEMHFW�PDUNV�ZLWK�DOO�WKH�RWKHU�FDWHJRULHV��7KH�EDU�SORW�KDV�EHHQ�
RUGHUHG�IRUP�KLJKHU�FRUUHODWLRQ�YDOXHV��5 �������WR�WKH�ORZHU�FRUUHODWLRQ�YDOXH���������REWDLQHG�
IRU�WKH�3'3�VXEMHFW��
�
,Q�RUGHU�WR�EHWWHU�LQWHUSUHW�WKHVH�FRUUHODWLRQV��WKH�IROORZLQJ�ILJXUHV�GLVSOD\�WKH�OLQHDU�UHJUHVVLRQ�
EHWZHHQ�WKH�LQGLYLGXDO�EDVLF�FRXUVHV¶�PDUNV��[�D[LV��DQG�WKH�RWKHU�JURXSV�LQGLYLGXDO�PDUNV��\�
D[LV���7KH�WKLFN�UHG�OLQHV�GLVSOD\�WKH�OLQHDU�UHJUHVVLRQ�OLQH�DQG�WKH�����FRQILGHQFH�LQWHUYDO�RI�
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WKH� UHJUHVVLRQ� ZKLOH� WKH� GDVKHG� UHG� OLQHV� LQGLFDWH� WKH� ���� ���� SUHGLFWLRQ� LQWHUYDO� RI� WKH�
LQGLFDWRU� LI� WKH�UHJUHVVLRQ� LV�XVHG�IRU� WKLV�SXUSRVH��$OO�JUDSKV�KDYH�WKH�VDPH�D[HV�VFDOH� LQ�
RUGHU�RI�PDNLQJ�HDVLHU�WKHLU�FRPSDULVRQ��

 

 �

�

� �
)LJXUH����&RUUHODWLRQ�%DVLF�FRXUVHV�PDUN�±�'LVFLSOLQDU\�0DQGDWRU\�FRXUVHV�PDUN��WRS��OHIW���
&RUUHODWLRQ�%DVLF�FRXUVHV�PDUN�±�'LVFLSOLQDU\�(OHFWLYH�FRXUVHV�PDUN��WRS�ULJKW���&RUUHODWLRQ�
%DVLF�FRXUVHV�PDUN�±�3%/�FRXUVHV�PDUN��GRZQ�OHIW��DQG�&RUUHODWLRQ�%DVLF�FRXUVHV�PDUN�±�

3'3�FRXUVH�PDUN��GRZQ��ULJKW���
�

$V�ZH�FDQ�VHH��LQ�DGGLWLRQ�RI�WKH�FRUUHODWLRQ�YDOXH��ZH�FDQ�REVHUYH�WKDW�WKH�SUREDELOLW\�WKDW�D�
JLYHQ� VWXGHQW� ZLWK� ORZ� DYHUDJH� PDUNV� LQ� WKH� EDVLF� FRXUVHV� UHDFKHV� JRRG� PDUNV� LQ� WKH�
GLVFLSOLQDU\�PDQGDWRU\�RU�HOHFWLYH�FRXUVHV�LV�DOPRVW�QXOO��DQG�YLFH�YHUVD��,W�LV�D�ELW�KLJKHU�LQ�WKH�
3%/� FRXUVHV�� ,Q� WKH� 3'3� FDSVWRQH� FRXUVH�� KRZHYHU�� WKHUH� DUH� D� ORW� RI� VWXGHQWV� ZLWK� ORZ�
SHUIRUPDQFH� LQ� WKH�EDVLF��PRUH�DQDO\WLFDO��FRXUVHV�ZKLFK�DUH�DEOH�RI�REWDLQLQJ�D�JRRG�DQG�
HYHQ�RXWVWDQGLQJ�PDUN��
�
DISCUSSION�
�
$V� H[SODLQHG� EHIRUH�� WKH� 7HOHFRPPXQLFDWLRQV� (QJLQHHULQJ� %DFKHORU� SURJUDP� LV� PRVWO\�
RULHQWHG� WR� DFTXLUH� GHHS� WKHRUHWLFDO� NQRZOHGJH� E\� PHDQV� RI� PDVWHU� FODVVHV� ZLWK� D� KLJK�
PDWKHPDWLFV�DQG�SK\VLFV�FRQWHQWV��0RVW�RI�WKH�VXEMHFWV�RI�WKH�SURJUDP��HYHQ�WKH�(OHFWLYH�DQG�
3UDFWLFDO� RQHV� DUH� EDVHG� RQ� WKLV� SKLORVRSK\�� 3%/� VXEMHFWV�� DOWKRXJK� SDUWLDOO\� JXLGHG�� DUH�
SURMHFW�EDVHG�DQG�PRVWO\�LQWHQGHG�WR�DFTXLUH�JHQHULF�VNLOOV��EXW�WKH�FKDOOHQJHV�DUH�GHILQHG�E\�
WKH�VXSHUYLVRUV�LQ�RUGHU�WR�DOVR�DFTXLUH�VRPH�VSHFLILF�GLVFLSOLQDU\�NQRZOHGJH��7KH�VWXGHQWV�
FDQ�LQWHUSUHW�WKHP�DV�D�SUDFWLFDO�FRXUVH�EXW�QRW�VR�GLIIHUHQW�WR�RWKHU�FRXUVHV�ZLWK�ODERUDWRU\�
DFWLYLWLHV��7KH\�DUH�LQWHQGHG�WR�EH�WUDLQLQJ�DFWLYLWLHV�WR�IDFH�WKH�3'3�FRXUVH�LQ�WKH�IRXUWK�\HDU��
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7KLV�3'3�FDSVWRQH�FRXUVH�LQFOXGHV�D�FRPSOHWH�SURGXFW�RU�VHUYLFH�GHYHORSPHQW�DQG�GHPDQGV�
YHU\�GLIIHUHQW�VNLOOV�WKDQ�WKH�RQHV�DVNHG�LQ�WKH�UHVW�RI�VXEMHFWV��7KLV�VXEMHFW�SURSRVHV�GLIIHUHQW�
SURMHFWV��GHILQHG�E\�WKH�LQGXVWU\�RU�RWKHU�H[WHUQDO�LQVWLWXWLRQV��7KH�VWXGHQWV�PDNH�JURXSV�RI���
WR����SHRSOH�WR�GHYHORS�WKH�FKRVHQ�SURMHFW�DQG�WKH\�KDYH�IUHHGRP�WR�FKRRVH�WKH�NLQG�RI�SURMHFW��
7KHUH�LV�VFDUFH�JXLGDQFH�LQ�WHUPV�RI�LGHQWLI\LQJ�WKH�UHDO�DQG�IHDVLEOH�JRDOV�RI�WKH�SURMHFW��WKH�
EHVW�ZD\�WR�VROYH�WKHP��KRZ�WR�IDFH�WKH�FKDOOHQJH�DQG�LGHQWLI\�ULVNV��DQG�GHYHORS�D�FRQWLQJHQF\�
SODQ��7KH\�DOVR�GLVWULEXWH�WKH�WLPH��DQG�FRRUGLQDWH�WKH�WDVNV�EHWZHHQ�WKH�WHDPPDWHV��6RPH�
RI�WKHVH�VNLOOV�KDYH�EHHQ�ZRUNHG�LQ�SUDFWLFDO�DQG�3%/�VXEMHFWV��%XW�WKLV�3'3�VXEMHFW�LV�WKH�ILUVW�
RQH�WKDW�IDFHV�DOO�WKHVH�FKDOOHQJHV��$W�WKH�VDPH�WLPH��LW�LV�WKH�ILUVW�WLPH�WKDW�WKH�VWXGHQWV�UHDOO\�
FKRRVH�WKH�FRQWHQWV�RI�WKH�FKDOOHQJH�DPRQJ������DOWHUQDWLYHV��DQG�WKLV�LV�KLJKO\�PRWLYDWLRQDO���
�
7KH�UHVXOWV�OHDG�WR�VRPH�LQWHUHVWLQJ�FRQFOXVLRQV��,W�LV�UHPDUNDEOH�WKH�KLJK�GHJUHH�RI�FRUUHODWLRQ�
RI�WKH�WKHRUHWLFDO�DQG�SUDFWLFDO�VXEMHFWV��$V�GHVFULEHG�EHIRUH��WKH�SURJUDP�RI�WKH�EDFKHORU�LV�
KLJKO\� GHPDQGLQJ� DQG� KDV� D� YHU\� WKHRUHWLF� RULHQWDWLRQ�� 6R�� HYHQ� WKH� VR�FDOOHG� SUDFWLFDO�
VXEMHFWV��DUH�LQ�IDFW�D�PL[WXUH�RI�WKHRU\�DQG�SUDFWLFH��DQG�HYHQ�WKH�SUDFWLFDO�SDUW��LQFOXGHV�GHHS�
FDOFXODWLRQV�DQG�PDQ\�WLPHV�ZULWWHQ�H[DPV�WR�VFRUH�IRU�WKLV�SDUW��,W�LV�DOVR�LQWHUHVWLQJ�WKDW�WKH�
JURXS�RI�VXEMHFWV�WKDW�VKRZ�D�EHVW�DJUHHPHQW�ZLWK�WKH�VFLHQFH�VXEMHFWV�DUH�WKH�(OHFWURQLFV�
RQHV��,W�KDV�EHHQ�REVHUYHG�D�KLJKO\�YRFDWLRQDO�SURILOH�LQ�WKHVH�VWXGHQWV��ZKR�XVXDOO\�ORRN�PRUH�
LQWR�WKH�SUDFWLFDO�DSSURDFK�RI�WKH�SUREOHPV��7KLV�VHHPV�VRPHKRZ�WR�FRUUHODWH�ZLWK�WKHLU�VFRUHV�
LQ�PDWKHPDWLFV�DQG�SK\VLFV�VXEMHFWV��
�
$V�IRU�WKH�FRUH�RI�WKLV�VWXG\��WKH�UHVXOWV�RI�FRUUHODWLQJ�WKH�DYHUDJH�PDUNV�REWDLQHG�LQ�DQ\�RI�WKH�
PDVWHU�FODVVHV�ZLWK�3%/�DQG�3'3�DUH�FOHDU��$OO�WKH�VXEMHFWV�JURXS�PDUNV�PLOGO\�FRUUHODWH�ZLWK�
3%/� VXEMHFWV�� EXW� QRQH� RI� WKHP� FRUUHODWHV� ZLWK� 3'3� LQ� D� VLJQLILFDQW� ZD\�� 7KH� SUDFWLFDO��
(OHFWURQLFV�DQG�7HOHFRPPXQLFDWLRQV�DQG�SURJUDPPLQJ�VXEMHFWV¶�PDUNV�FRUUHODWH�PRUH�WKDQ�
WKH�RWKHUV�ZLWK�3%/��EXW�DJDLQ��QR�FRUUHODWLRQ�ZLWK�3'3�LV�IRXQG�LQ�DQ\�DQDO\]HG�FDVH��$FWXDOO\��
3'3�GRHV�QRW�FRUUHODWH�ZLWK�DQ\�JURXS�RI�VXEMHFWV��QHLWKHU�ZLWK�3%/�QRU�WKH�7)*��$W�WKLV�SRLQW�
LW�LV�DOVR�UHPDUNDEOH�WKDW�QRQH�RI�WKH�JURXSV�FRUUHODWH�ZLWK�7)*��QRW�HYHQ�3%/�DQG�OHVV�RI�DOO�
RI� WKHP��3'3� VXEMHFW�� 7KLV� LV� DQ� XQH[SHFWHG� UHVXOW� RI� WKLV�ZRUN�� DQG� FRXOG� KDYH� DQ� HDV\�
H[SODQDWLRQ�� DV� WKH� 7)*� LV� D� VSHFLDO� SDUW� RI� WKH� SURJUDP��ZLWK� D� YHU\� GLIIHUHQW� VFRUH� DQG�
PHWKRGRORJLFDO�ZRUNLQJ� V\VWHP��7)*� LV� SHUIRUPHG� LQGLYLGXDOO\� DQG�� XVXDOO\�� LQ� DQ� H[WHUQDO�
FRPSDQ\�RU� LQ�D� UHVHDUFK� ODE�� ,W� XVXDOO\�JHWV�D�KLJK�PDUN��RQFH� WKH�REMHFWLYHV�KDYH�EHHQ�
UHDFKHG�DQG�WKH�UHVXOWV�DUH�FRUUHFWO\�UHSRUWHG��5HDFKLQJ�WKLV�SRLQW��WKH�GLVFXVVLRQ�VKRXOG�EH�
RULHQWHG�WR�ILQGLQJ�D�SRVVLEOH�H[SODQDWLRQ�IRU�WKH�REWDLQHG�UHVXOWV��/HW�XV�PRYH�WKHQ�WR�WKH�ZK\��
7KH�KLJKHU�FRUUHODWLRQ�RI�3%/�ZLWK�WKH�UHVW�RI�VXEMHFWV�ZRXOG�FRPH�IURP�WKH�PHWKRGRORJLFDO�
VLPLODULWLHV�WKDW�WKH\�VKDUH��7KH�JRDOV��VWHSV�DQG�GHDGOLQHV�DUH�FOHDU�DQG�SDUWLDOO\�JXLGHG��6R��
DV�D� ILUVW�DSSURDFK� WR�DFWLYH� OHDUQLQJ�� WKH�SHRSOH�ZLWK�QRW�VXIILFLHQW�VNLOOV� UHJDUGLQJ�SURMHFW�
GHYHORSPHQW��FDQ�VWLOO�ILQG�D�ZD\�WKURXJK�WKH�VXEMHFW��2Q�WKH�RWKHU�KDQG��3'3�DVNV�IRU�WKH�ILUVW�
WLPH�IRU�YHU\�VSHFLILF�VNLOOV��QRW�DVNHG�WLOO�QRZ��$QG�SHRSOH�WKDW�ZDV�IRUFHGO\�HPEHGGHG�LQVLGH�
WKH�PDVWHU�FODVV�PHWKRGRORJ\�LV�IRU�WKH�ILUVW�WLPH�DEOH�WR�GHYHORS�RWKHU�IUXLWIXO�TXDOLWLHV��7KH�
JURXS�ZRUNLQJ�RULHQWHG�SURMHFW�JLYHV�IUHHGRP�WR�ORFDWH�HYHU\�SHUVRQ�LQ�WKH�JURXS�LQ�WKHLU�PRVW�
HIILFLHQW� SRVLWLRQ�� DQG� WKH\� JUHDWO\� HQMR\� WKLV� QHZ� SDUDGLJP�� 7KLV� LV� VRPHWKLQJ� WKDW� LV�
FRPSOHWHO\�GLIIHUHQW�LQ�WKH�7)*�GHYHORSPHQW��$OWKRXJK�WKH�VWXGHQW�XVXDOO\�FKRVHV�WKH�FRQWHQWV�
RI� WKH�ZRUN�� WKDW�PRWLYDWHV� DQG� LV� YHU\�ZHOO� ILW� IRU� WKHP�� WKH�ZRUN� LV�PRVWO\� LQGLYLGXDO�� WKH�
PHWKRGRORJ\� LV� VHW� E\� WKH� DFWXDO� VXSHUYLVRU� DQG� WKH� UHVXOWV� RI� WKH� HYDOXDWLRQ� SURFHVV� DUH�
GHFLGHG�IRU�DQG�H[WHUQDO�FRPPLWWHH��ZKLFK�HYDOXDWHV�WKH�ZKROH�RI�WKH�7)*���
�
%HVLGHV��WKH�DQDO\VLV�RI�WKH�OLQHDU�UHJUHVVLRQ�EHWZHHQ�WKH�LQGLYLGXDO�EDVLF�FRXUVHV¶�PDUNV�ZLWK�
WKH�RWKHU�JURXS¶V�LQGLYLGXDO�PDUNV��0DQGDWRU\��(OHFWLYH��3%/�DQG�3'3��FOHDUO\�VKRZ�WKDW�WKHUH�
LV�D�UHOHYDQW�VHW�RI�VWXGHQWV�ZLWK�QRW�JRRG�SHUIRUPDQFH�LQ�WKH�EDVLF�VXEMHFWV�ZKLFK�JHW�UHDOO\�
KLJK�VFRUHV�LQ�3%/�DQG�HYHQ�PRUH�LQ�3'3��6RPHWKLQJ�VLPLODU�ZDV�REVHUYHG�LQ�RXU�SUHYLRXV�
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ZRUN��%UDJyV���������EXW�LQ�WKLV�ODWHU�FDVH��WKH�SULPDU\�YDULDEOH�ZDV�WKH�8QLYHUVLW\�DFFHVV�PDUN�
WR�WKH�HQJLQHHULQJ�VWXGLHV��,Q�WKLV�SUHYLRXV�VWXG\��KRZHYHU��WKHUH�ZDV�DOVR�D��PRUH�UHGXFHG��
VHW� RI� VWXGHQWV�ZLWK�KLJK�8QLYHUVLW\� DFFHVV�PDUN�ZKR�VKRZHG� ORZ�SHUIRUPDQFH� LQ�SURMHFW�
EDVHG�VXEMHFWV��,Q�WKLV�ZRUN��ZH�VKRZ�WKDW�VWXGHQWV�REWDLQLQJ�ORZ�PDUNV�LQ�EDVLF�VXEMHFWV�FDQ�
REWDLQ�YHU\�KLJK�VFRUHV�LQ�3%/�DQG�HYHQ�PRUH�LQ�3'3�VXEMHFWV�EXW�EULOOLDQW�VWXGHQWV�LQ�EDVLF�
DQDO\WLFDO�VXEMHFWV�DOVR�REWDLQ�KLJK�VFRUHV�LQ�3%/�DQG�3'3�VXEMHFWV��ZKLFK�LV�DOVR�DQ�H[FHOOHQW�
UHVXOW��,Q�RXU�RSLQLRQ��WKH�UHDVRQ�IRU�WKH�GLIIHUHQFH�ZLWK�WKH�SUHYLRXV�VWXG\�LV�WKH�SRVVLEOH�KLJKHU�
ELDV�LQ�WKH�DFFHVV�PDUN�WKDQ�LQ�WKH�LQWHUQDO�EDVLF�FRXUVHV�JUDGHV�DV�SHUIRUPDQFH�LQGH[��,W�LV�
DOVR�FOHDU�WKDW�WKHVH�SHUIRUPDQFH�LQGH[HV�GR�QRW�FRYHU�DOO�WKH�QHHGHG�VNLOOV�EXW�RQO\�WKH�DELOLW\�
WR�VXFFHHG�LQ�FRXUVHV�ZLWK�DQDO\WLFDO�FRQWHQWV�DQG�PHWKRGV������
�
:H�WKLQN�WKDW�WKHVH�UHVXOWV�DUH�YHU\�HQFRXUDJLQJ��DV�WKH\�FRQILUP�WKDW�3'3�VXEMHFWV�KHOS�WR�
H[SORLW� D� ZLGH� UDQJH� RI� VNLOOV� DQG� FDSDELOLWLHV�� DQG� VWXGHQWV� WKDW� DUH� QRW� H[FHOOHQW� LQ� WKH�
DQDO\WLFDO�PDVWHU� FODVV� VXEMHFWV�� FDQ�EULJKWO\� VXFFHHG� LQ�SURMHFW�EDVHG�VXEMHFWV� LQFUHDVLQJ�
WKHLU�VHOI�FRQILGHQFH�DQG�IXWXUH�VHOI�GHYHORSLQJ��$V�DQ�DFDGHPLF�LQVWLWXWLRQ��DQG�DV�D�VRFLHW\��
LW� LV� LPSRUWDQW� WR� ILQG� WKH� EHVW� ZD\� IRU� RXU� VWXGHQWV� WR� OHDUQ� DQG� UHDFK� WKHLU� PD[LPXP�
GHYHORSPHQW���
�
7KLV�ZRUNV�ZDQWV�WR�GHSLFW�WKH�HYLGHQFH�WKDW�3'3�VXEMHFWV�FOHDUO\�ZRUN�RQ�WKH�GHYHORSPHQW�
RI�GLIIHUHQW�VNLOOV�WKDQ�WKH�RQHV�REWDLQHG�LQ�UHJXODU��PDVWHU�FODVV�RULHQWHG�VXEMHFWV��:H�ZRXOG�
OLNH� WR�ZRUN�PRUH�RQ� WKH�H[SODQDWLRQ�RI� WKHVH� UHVXOWV��DV�PDQ\�TXHVWLRQV�DULVH� IURP� WKHVH�
UHVXOWV��,V�LW�SRVVLEOH�WR�FRQFOXGH�WKDW�WKLV�OHDUQLQJ�SURFHVV�LV�PRUH�LPSRUWDQW��RU��EHWWHU�WR�VD\��
FRPSOHPHQWDU\�� WR� WKH� RQH� EDVHG� RQO\� RQ�PDVWHU� FODVV� GHYHORSPHQW"�0DQ\�ZHOO�IRXQGHG�
UHVHDUFK�SRLQWV�LQ�WKLV�GLUHFWLRQ��HYHQ�FRQFOXGLQJ�WKDW�WKLV�LV�WKH�EHVW�SURFHGXUH�IRU�WKH�PRVW�
WDOHQWHG�VWXGHQWV��:LHPDQ����������3ULFH���������7KLV�LV�WKH�RWKHU�LPSRUWDQW�TXHVWLRQ��LV�LW�WKH�
EHVW�OHDUQLQJ�SURFHGXUH�IRU�DOO�VWXGHQWV�RU�RQO\�IRU�VRPH�RI�WKHP��DQG�LQ�WKLV�FDVH��ZKLFK�RQHV"�
1RW�DOO�VWXGHQW�SURILOHV�DUH�WKH�VDPH��QRU�WKH�FDSDELOLWLHV�RU�WKH�PRWLYDWLRQV��DQG��DOWKRXJK�LW�LV�
LPSRUWDQW�WKDW�DOO�WKH�VNLOOV�DUH�LQFOXGHG�LQ�WKH�OHDUQLQJ�SURFHVV��WXQLQJ�ZKLFK�RQHV�KDYH�WR�EH�
LQWURGXFHG��DQG�DW�ZKLFK�SDUW�RI�WKH�SURFHVV��PD\�EH�RI�SDUDPRXQW�LPSRUWDQFH��
�
:H�DFNQRZOHGJH� WKH� OLPLWDWLRQ�RI�XVLQJ�RQO\� WKH�JUDGHV�DV�SHUIRUPDQFH� LQGH[HV�DQG�KDYH�
DVNHG�IRU�DQ�LQWHUQDOO\�IXQGHG�SURMHFW�WR�PHDVXUH�WKH�VNLOOV�ZKLFK�DUH�LQWHQGHG�WR�EH�SURPRWHG�
LQ�WKH�3%/�DQG�3'3�FRXUVHV�LQ�D�PRUH�FRPSUHKHQVLYH�ZD\��7KHUH�LV�DOVR�D�3K'�WKHVLV�RQJRLQJ�
ZKLFK�ZLOO�SHUIRUP�PHDVXUHPHQWV�LQ�WKLV�GLUHFWLRQ��$V�D�UHVXOW�RI�WKH�IHHGEDFN�UHFHLYHG�IURP�
WKH� VWXGHQWV� DQG� RI� WKH� ILUVW� DIRUHPHQWLRQHG� VWXG\�� FRQILUPHG� E\� WKLV� RQH�� D� QHZ� HOHFWLYH�
LWLQHUDU\�ZDV�GHILQHG�ODVW�\HDU�LQ�WZR�RI�RXU�PDVWHUV�ZKLFK�DOORZV�WKH�VWXGHQWV�WR�FKRRVH�PRUH�
HOHFWLYHV�DURXQG�LQQRYDWLRQ�DQG�HQWUHSUHQHXUVKLS�LQVWHDG�RI�WHFKQRORJLFDO�RU�VFLHQWLILF�FRXUVHV��
7KHVH�FRXUVHV�DUH�PRVWO\�FKDOOHQJH�EDVHG��$�UHOHYDQW�LQVLJKW�RI�WKH�IHHGEDFN�ZDV�WKDW�WKHUH�
ZHUH�VWXGHQWV�ZKR�VDLG�WKDW�WKH\�GLVFRYHUHG�WKHLU�YRFDWLRQ�DERXW�WHFKQRORJ\�EDVHG�LQQRYDWLRQ�
LQ�WKH�3'3�FRXUVH���
�
CONCLUSIONS 
�
,Q� WKLV�ZRUN�D�GHWDLOHG�DQDO\VLV�FRPSDULQJ�WKH�VWXGHQW¶V�SHUIRUPDQFH� LQ� WKH�UHJXODU��PRVWO\�
DQDO\WLFDO� VXEMHFWV�DQG�SURMHFW�EDVHG�VXEMHFWV� �3%/�DQG�3'3�� LV� VKRZQ��7KH�DQDO\VLV�KDV�
EHHQ�PDGH�LQ�WKH�7HOHFRPPXQLFDWLRQV�(QJLQHHULQJ�%DFKHORU�3URJUDP��ZLWK�D�VDPSOH�RI�����
VWXGHQWV�FRUUHVSRQGLQJ� WR���FRKRUWV�ZKLFK�KDYH� IROORZHG� WKH�VDPH�FXUULFXOXP��&RUUHODWLRQ�
FDOFXODWLRQV�KDYH�EHHQ�PDGH�EHWZHHQ� WKH�DYHUDJH�PDUNV�REWDLQHG� LQ�EDVLF� VXEMHFWV��ZLWK�
PDLQO\�DQDO\WLFDO�FRQWHQWV��DQG�PDQGDWRU\�DQG�HOHFWLYH�VXEMHFWV��DOVR�ZLWK�PDLQO\�DQDO\WLFDO�
FRQWHQWV�� 2WKHU� VWXGLHV� KDYH� EHHQ� PDGH� FRUUHODWLQJ� 3%/� DQG� 3'3� SHUIRUPDQFH� ZLWK�
WKHRUHWLFDO�DQG�SUDFWLFDO�VXEMHFWV�DQG�DOVR�DPRQJ�WKH�GLIIHUHQW�GLVFLSOLQHV��$OO�VWXGLHV�VKRZ�
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WKDW�ZKHUHDV�EDVLF�VXEMHFWV�KLJKO\�FRUUHODWH�ZLWK�WKH�PDQGDWRU\�DQG�HOHFWLYH�RQHV��5 ������
DQG�������UHVSHFWLYHO\���WKH�FRUUHODWLRQ�ZLWK�3%/�GHFUHDVHV��5 ������DQG�YHU\�ORZ�FRUUHODWLRQ�
LV� IRXQG� EHWZHHQ� EDVLF� DQG� 3'3� VXEMHFWV� �5 ������� 6LPLODU� UHVXOWV� DUH� IRXQG� FRPSDULQJ�
GLIIHUHQW�GLVFLSOLQHV��ZKHUH�PRVW�RI�WKH�GLVFLSOLQHV�FRUUHODWH�ZLWK�WKH�EDVLF�RU�VFLHQFH�FRQWHQWV�
VXEMHFWV��5�UDQJLQJ�IURP������WR�������GHSHQGLQJ�RQ�WKH�GLVFLSOLQH���WKH�FRUUHODWLRQ�ZLWK�WKH�
3'3� VXEMHFW� LV�PLQLPXP� LQ� DOO� RI� WKHP��5HJUHVVLRQ� DQDO\VLV� EHWZHHQ� WKH� LQGLYLGXDO� EDVLF�
FRXUVHV¶�PDUNV�ZLWK�WKH�RWKHU�JURXS¶V� LQGLYLGXDO�PDUNV�DOVR�VXSSRUWV�WKDW�VWXGHQWV�ZLWK� ORZ�
PDUNV� LQ� EDVLF� DQDO\WLFDO� FRXUVHV�PD\� REWDLQ� KLJK� VFRUHV� LQ� 3'3� VXEMHFWV�� EXW� QRW� LQ� WKH�
DGYDQFHG�DQDO\WLFDO�FRXUVHV��ZKHUHDV�VWXGHQWV�ZLWK�KLJK�PDUNV�LQ�WKH�DQDO\WLFDO�FRXUVHV�ZRXOG�
DOVR� VXFFHHG� LQ� SURMHFW�EDVHG� VXEMHFWV��:H� WKLQN� WKDW� WKHVH� UHVXOWV� UHDVVXUH� WKH� QHHG� RI�
LQFOXGLQJ�WKDW�NLQG�RI�FRXUVHV�DV�WKH\�RSHQ�D�ZD\�IRU�DOO�WKH�VWXGHQWV�WR�IXOO\�GHYHORS�WKHLU�VNLOOV��
LQFUHDVLQJ� WKHLU� VHOI�FRQILGHQFH� WKXV� LQFUHDVLQJ� WKHLU� SHUFHSWLRQ� RI� D� SRWHQWLDOO\� JRRG�
SHUIRUPDQFH�LQ�WKHLU�IXWXUH�FDUHHU��

 
FINANCIAL SUPPORT ACKNOWLEDGEMENTS 
 
7KH�DXWKRUV�UHFHLYHG�QR�ILQDQFLDO�VXSSRUW�IRU�WKLV�ZRUN��
�
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�
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