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���,QWURGXFWLRQ

7KH� UDSLG�JURZWK� RI� LQIRUPDWLRQ� DQG� FRPPXQLFDWLRQ� WHFKQRORJLHV�PDNHV�
QHZ�GHPDQGV�RQ�WKH�HGXFDWLRQ�V\VWHP�ZKLFK�VKRXOG�SUHSDUH�WKH�\RXQJHU�JHQHUDWLRQ�
IRU� OLIH� DQG�SURIHVVLRQDO� DFWLYLWLHV� LQ� WKH� LQIRUPDWLRQ� VRFLHW\��7KHUHIRUH��D�PRGHUQ�
WHDFKHU� LV� IDFHG� ZLWK� WKH� WDVN� RI� WHDFKLQJ� VWXGHQWV� WKH� WHFKQRORJLHV� RI� FRJQLWLYH�
DFWLYLW\�WKDW�FRQWULEXWH�WR�WKH�IDVW�DQG�KLJK�TXDOLW\�SURFHVVLQJ�RI�WKH�LQIRUPDWLRQ�WKH\�
UHFHLYH��WKH�PDVWHULQJ�RI�QHZ�NQRZOHGJH�WKDW�WKH\�FRXOG�DSSO\�LQ�VROYLQJ�WKH�VHW�WDVNV�
�$NKPHGRYD������� 6ROHLPDQL�	�(VIDKDQL��������

,Q�PRGHUQ�FRQGLWLRQV��ZKHUH�WKHUH�LV�D�FRQVWDQW�GHFUHDVH�LQ�WKH�QXPEHU�RI�
KRXUV�IRU�OHFWXUHV�DQG�SUDFWLFDO�FODVVHV�OHDGLQJ�WR�SUHPDWXUH�OHDUQLQJ�RI�PDQ\�WRSLFV�
DQG�WKH�ODFN�RI�LQWHUGLVFLSOLQDU\�FRQQHFWLRQV��FRPSXWHU�WHFKQRORJLHV�FRQWULEXWH�WR�WKH�
HIIHFWLYH RUJDQL]DWLRQ�RI�WKH�HGXFDWLRQDO�SURFHVV��.KDELEXOOLQD��������.KDELEXOOLQD�
HW�DO����������

(IIHFWLYH� WUDLQLQJ� RI� IXWXUH� VSHFLDOLVWV� LQYROYHV� WKH� FRQVWUXFWLRQ� RI� DQ�
HGXFDWLRQDO� SURFHVV� EDVHG� RQ� D� VHW� RI� SHGDJRJLFDO� DSSURDFKHV� �LQWHJUDWLYH��
GLIIHUHQWLDWHG��VWXGHQW�FHQWUHG��DQG�DOVR�FRPSHWHQF\�EDVHG�DQG�YRFDWLRQDO�RULHQWHG���
ZKLFK�LV�LPSOHPHQWHG�LQ�WKH�H�OHDUQLQJ�SURFHVV��0DNOHWVRY�HW�DO����������

8VLQJ� FRPSXWHU�EDVHG� WHDFKLQJ� SURJUDPV� LQ� WKH� HGXFDWLRQDO� SURFHVV� QRW�
RQO\�FRQWULEXWHV�WR�WKH�PDVWHULQJ�RI�HGXFDWLRQDO�PDWHULDO�E\�VWXGHQWV��EXW�DOVR�DOORZV�
WKH�OHYHO�RI�LWV�PDVWHU\�WR�DVVHVV�IUHHLQJ�WHDFKHUV�IURP�URXWLQH�ZRUN��DQG�PD[LPL]LQJ�
WKHLU�WLPH�IRU�FUHDWLYH�DFWLYLW\��$NKPHGRYD�	�.KDELEXOOLQD��������

7KDQNV� WR� UHVHDUFK� LQ� WKH� ILHOG� RI� WKH� WKHRU\� DQG�SUDFWLFH�RI� SURIHVVLRQDO�
HGXFDWLRQ�RI�VXFK�VFKRODUV�DV�9�3��%HVSDONR��3�,��+DOSHULQ��7�,��*HUJH\��DV�ZHOO� DV�
ZRUNV� RQ� JHQHUDO� SHGDJRJLFDO� SUREOHPV� RI� LPSURYLQJ� HGXFDWLRQ� �%HW]�� ������
.KDELEXOOLQD�HW�DO���������0DNOHWVRY�	�.KDELEXOOLQD��������=DULSRYD�HW�DO����������LW�
EHFDPH�SRVVLEOH�WR�GHYHORS�LVVXHV�RQ�FRPSXWHUL]DWLRQ�RI�HGXFDWLRQ��7KLV�LV�D�ORJLFDO�
FRQWLQXDWLRQ� RI� WKH� LQWURGXFWLRQ� LQWR� WKH� HGXFDWLRQDO� SURFHVV� RI� FRPSXWHU�EDVHG�
WHDFKLQJ�SURJUDPV��WKH�GHYHORSPHQW�RI�ZKLFK�ZDV�FRQVLGHUHG�LQ�WKH�ZRUNV�RI�$�$��
$QGUHHY��/�,��'DOLQJHU��7V�7V��'RU]KLHY��9�0��0RQDNKRY��(�,��0DVKELWV�

7KH�IROORZLQJ�IHDWXUHV�RI�PRGHUQ�WHDFKLQJ�SURJUDPV�FDQ�EH�GLVWLQJXLVKHG��
KLJK�OHYHO�SDLG�WHDFKLQJ�SURJUDPV�DQG�IUHH�SURJUDPV�ZKLFK�PRVWO\�GXSOLFDWH�SULQWHG�
PDWHULDOV�RU�DUH�D�VLPSOH�SUHVHQWDWLRQ�RI�WKHRUHWLFDO�PDWHULDO�WKDW�LV�QRW�DGDSWHG�WR�WKH�
QHHGV�RI�D�SDUWLFXODU�GLVFLSOLQH��7KHUHIRUH��ZH�VHW�RXW�WR�DQDO\]H�WKH�H[LVWLQJ�WHDFKLQJ�
SURJUDPV� DQG� WR� GHYHORS� D� WHDFKLQJ� SURJUDP� ³*UDSKLF� 3KRWRVKRS� (GLWRU´� LQ� WKH�
'HOSKL�SURJUDPPLQJ�HQYLURQPHQW �9LOODORERV�������

$W�WKH�LQLWLDO�VWDJH�RI�WKH�VWXG\��WKH�WDVNV�RI�WUDLQLQJ�WKDW�ZHUH�VROYHG�XVLQJ�
FRPSXWHU�EDVHG� WHDFKLQJ� SURJUDPV� ZHUH� FRQVLGHUHG�� WDVNV� WR� FKHFN� WKH� OHYHO� RI�
DFTXLVLWLRQ�E\�VWXGHQWV�RI�NQRZOHGJH�DQG�VNLOOV��WDVNV�UHODWHG�WR�WKH�RUJDQL]DWLRQ�RI�
HGXFDWLRQDO�DFWLYLWLHV��WKH�WDVN�RI�SUHSDULQJ�HGXFDWLRQDO�PDWHULDO��'RU]KLHY��������
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$�FRPSDUDWLYH�DQDO\VLV�RI�VWXG\�PDWHULDOV�RQ�WKH�FRXUVH�RI�FRPSXWHU�VFLHQFH�
KDV�VKRZQ�WKDW�WKH�VFKRRO�SURJUDP�GRHV�QRW�LQYROYH�WKH�VWXG\�RI�WKH�JUDSKLFV�HGLWRU�
$GREH�3KRWRVKRS��8VXDOO\�� WKLV�VHFWLRQ�LV�LQWURGXFHG�DW�WKH�LQLWLDWLYH�RI�WKH�WHDFKHU�
�ZKHQ�VWXG\LQJ�JUDSKLF�HGLWRUV�IRU�WKH�GLVFLSOLQH�SURJUDP�RU�RSWLRQDO��DQG�LV�VWXGLHG�
RQ�WKH�EDVLV�RI�WKH�PDQXDOV�GHYHORSHG�E\�WKHP�

:H�VKDUH�WKH�RSLQLRQ�RI�6DNNXOLQD�DFFRUGLQJ�WR�ZKLFK�WKH�IRUPDWLRQ�RI�EDVLF�
FRPSHWHQFH�LQ�WKH�ILHOG�RI�FRPSXWHU�JUDSKLFV�LV�EDVHG�RQ�WKH�XVH�RI�D�OLPLWHG�QXPEHU�
RI�EDVLF�JUDSKLFV�HGLWRU�WRROV��6DNNXOLQD�	�5R]KLQD��������

���0HWKRGV

,W�VKRXOG�EH�QRWHG�WKDW�ZKHQ�VWXG\LQJ�FRPSXWHU�JUDSKLFV��DV�ZHOO�DV�ZRUNLQJ�
ZLWK�JUDSKLFV�HGLWRUV��LW�LV�DGYLVDEOH�WR�XVH�VXFK�WHDFKLQJ�PHWKRGV�WKDW�ZLOO�VWLPXODWH�
VWXGHQWV�WR�VWULYH�IRU�DQ�LQGHSHQGHQW�VWXG\�RI�WKH�PDWHULDO��7KH�PRVW�HIIHFWLYH�PHWKRG�
LV� WR� GLYLGH� D� FRPSOH[� DQG� YROXPLQRXV� WDVN� LQWR� VHYHUDO� VLPSOH� RQHV� ZLWK� D�
PDQGDWRU\�GLVFXVVLRQ�RI�WKH�UHVXOWV�RI�VROYLQJ�HDFK�WDVN��,W�LV�ZRUWKZKLOH�WR�LQWURGXFH�
D�VFRULQJ�DVVHVVPHQW�V\VWHP�DQG�UHIXVH�WR�LVVXH�VSHFLILF�UDWLQJV��LI�SRVVLEOH�

,W�LV�SRVVLEOH�WR�FRQWURO�WKH�PDVWHULQJ�RI�WKH�PDWHULDO�ZKHQ�VWXG\LQJ�JUDSKLF�
HGLWRUV� E\� SHUIRUPLQJ� FRQWURO� WDVNV� ZLWK� REWDLQLQJ� D� VSHFLILF� UHVXOW� �FUHDWLRQ� RI� D�
QHFHVVDU\�LPDJH��DQG�YDULRXV�FUHDWLYH�WDVNV�IRU�FUHDWLQJ�YDULRXV�SURMHFWV��/DSFKLN�HW�
DO���������

,Q�RXU�RSLQLRQ��WKH�DGGLWLRQDO�XVH�RI�FRPSXWHU�EDVHG�WHDFKLQJ�SURJUDPV�IRU�
WHDFKLQJ�ZRUN�ZLWK�JUDSKLFV�HGLWRUV�DOORZV�WHDFKHUV�

x WR�SURYLGH�DOO�WKH�FRPSRQHQWV�RI�WKH�HGXFDWLRQDO�SURFHVV��REWDLQLQJ�
LQIRUPDWLRQ�� SUDFWLFDO� H[HUFLVHV�� FHUWLILFDWLRQ� �PRQLWRULQJ� RI�
HGXFDWLRQDO�DFKLHYHPHQWV��

x H[SDQG� RSSRUWXQLWLHV� IRU� LQGHSHQGHQW� OHDUQLQJ�ZRUN� WKURXJK� WKH�
XVH�RI�DFWLYH�SUDJPDWLVW�IRUPV�RI�HGXFDWLRQ��LQWHUDFWLYLW\��

x JHW� WKH�RSSRUWXQLW\� IRU�PRUH� FRPSUHKHQVLYH� OHDUQLQJ�RXWVLGH� WKH�
FODVVURRP�

%DVHG� RQ� WKH� ,QWHUQHW� VRXUFHV� DQG� WH[WERRNV� WKDW� ZH� VHOHFWHG�� D�
PHWKRGRORJLFDO�PDWHULDO�ZDV�SUHSDUHG��FRQVLVWLQJ�RI�WKH�IROORZLQJ�LWHPV��3KRWRVKRS�
OHVVRQV��LQVSHFWLRQ�WHVWV��SURMHFW�ZRUN��YLGHR�OHVVRQV�

7KH�DXWKRUV�KDYH�HODERUDWHG�ODERUDWRU\�ZRUNV������ZLWK�GHWDLOHG�LQVWUXFWLRQV�
IRU�SHUIRUPLQJ�WDVNV����WHVWV�ZHUH�GHYHORSHG�IRU�LQWHUPHGLDWH�NQRZOHGJH�FRQWURO� )RU�
WKH� ILQDO� NQRZOHGJH� FRQWURO��D�FUHDWLYH�SURMHFW�ZRUN� ³&UHDWLQJ� D�6LWH�/D\RXW´�ZDV�
GHYHORSHG��GXULQJ� WKH� LPSOHPHQWDWLRQ� RI�ZKLFK� VWXGHQWV� VKRXOG�GHPRQVWUDWH�DOO�RI�
WKHLU� VNLOOV� DQG� DELOLWLHV� REWDLQHG� GXULQJ� WKH� SHUIRUPDQFH� RI� ODERUDWRU\� ZRUN�� ,Q�
DGGLWLRQ��WKH�WHDFKLQJ�SURJUDP�LQFOXGHG����YLGHR�WXWRULDOV�RQ�WKH�WKHPH�³3KRWR6KRS�
*UDSKLF�(GLWRU´�
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7KH� GHYHORSPHQW� RI� WKH� WUDLQLQJ� SURJUDP� ZDV� FDUULHG� RXW� LQ� WKH� 'HOSKL�
SURJUDPPLQJ�HQYLURQPHQW��7KH�SURJUDP�FRQVLVWV�RI�WKH�PDLQ�IRUP�DQG�D�SDVVZRUG�
UHTXHVW� IRUP�� 7KH� PDLQ� SURJUDP� PHQX� ORFDWHG� RQ� WKH� VFUHHQ� RI� WKH� PDLQ� IRUP�
LQFOXGHV� WKH� IROORZLQJ� LWHPV�� 3KRWRVKRS� WXWRULDOV�� LQVSHFWLRQ� WHVWV�� SURMHFW� ZRUN��
YLGHR� WXWRULDOV��$�SDVVZRUG� UHTXHVW� IRUP� LV� UHTXLUHG� WR�DFFHVV� D�SURMHFW�ZRUN� DQG�
LQVSHFWLRQ�WHVWV�

$W� WKH� ILUVW VWDJH�RI�ZRUNLQJ�ZLWK� WKH� WHDFKLQJ�SURJUDP�� VWXGHQWV�EHFRPH�
IDPLOLDU� ZLWK� WKH� WKHRU\�� )XUWKHU�� VWXGHQWV� PXVW� SHUIRUP� ODERUDWRU\� ZRUN� IRU� WKH�
IRUPDWLRQ�RI�WKHLU�SUDFWLFDO�VNLOOV��&RQWURO�WDVNV�DOORZ�D�WHDFKHU�WR�FRQWURO�WKH�FXUUHQW�
NQRZOHGJH� DV� D� VWXGHQW� SURJUHVVHV� WKURXJK� WKH� FRXUVH�� 8SRQ� FRPSOHWLRQ� RI� WKH�
WUDLQLQJ��VWXGHQWV�DUH�LQYLWHG�WR�SHUIRUP�FUHDWLYH�SURMHFW�ZRUN�RQ�SUHSDULQJ�WKH�VLWH�
OD\RXW��

���5HVXOWV

7R� WHVW� WKH� HIIHFWLYHQHVV� RI� WKH� XVH� RI� WKH� WHDFKLQJ� SURJUDP� ³3KRWRVKRS�
JUDSKLFV�HGLWRU´��WKH�SURJUDP�ZDV�WHVWHG�LQ�WKH�VWXG\�RI�WKH�&RPSXWHU�*UDSKLFV�DQG�
'HVLJQ�GLVFLSOLQH�E\�IXWXUH�WHDFKHUV�RI�SK\VLFV�DQG�FRPSXWHU�VFLHQFH�DW�WKH�,QVWLWXWH�
RI�3K\VLFV�RI�.)8��:LWK�WKH�KHOS�RI�WKH�WXWRULDO�HODERUDWHG��DQ�H[SHULPHQWDO�JURXS�
VWXGLHG�WKH�JUDSKLFV�HGLWRU�3KRWRVKRS��$V�WKH�PDWHULDO�ZDV�VWXGLHG��WKH�LQWHUPHGLDWH�
FRQWURO�RI�NQRZOHGJH�LQ�WKH�IRUP�RI�H[DPLQDWLRQV�ZDV�FDUULHG�RXW��7KH�ILQDO�FRQWURO�
RI�VWXGHQWV
�NQRZOHGJH�ZDV�FDUULHG�RXW�LQ�WKH�IRUP�RI�SURMHFW�ZRUN��2Q�WKH�EDVLV�RI�
WKH�FRQWURO�UHVXOWV�DQG�WKH�SURMHFW�ZRUNV��WKH�GHJUHH�RI�PDVWHULQJ�WKH�VWXGLHG�PDWHULDO�
ZDV�GHWHUPLQHG�

$IWHU� FRPSOHWLQJ� WKH� IXOO� FRXUVH� �3KRWRVKRS� *UDSKLFV� HGLWRU�� XVLQJ� WKH�
WHDFKLQJ� SURJUDP� D� VXUYH\� RI� VWXGHQWV� ZDV� FRQGXFWHG�� RQ� WKH� EDVLV� RI� ZKLFK� WKH�
VWDWLVWLFDO� SURFHVVLQJ� RI� WKH� DSSUDLVDO� UHVXOWV� ZDV� FDUULHG�RXW� DQG� WKH� 3HDUVRQ� DQG�
6SHDUPDQ�FRUUHODWLRQ�FRHIILFLHQWV�ZHUH�FDOFXODWHG�

6WDWLVWLFDO�SURFHVVLQJ�RI�WKH DSSUDLVDO�UHVXOWV�LV�SUHVHQWHG�LQ�7DEOH����

7DEOH���

0RGH 0HGLDQ $YHUDJH 'LVSHUVLRQ 6WDQGDUG�
GHYLDWLRQ

3URJUDP�LQWHUIDFH � � ����� ����� �����

&RQFLVHQHVV�RI�WKH�
PDWHULDO

� � ����� ����� �����

0DWHULDO�FRQWHQW � � ����� ����� �����

&RKHUHQFH�RI�PDWHULDO � � ����� ����� �����

6NLOO�WUDLQLQJ � � ����� ����� �����
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&RPSOH[LW\�RI�LQVSHFWLRQ�
WHVWV

� � ����� ����� �����

3URMHFW�ZRUN � � ����� ����� �����

6NLOO�PDWXULW\�GHJUHH� � � ����� ����� �����

&RPSDULQJ�WKH�SURJUDP�LQWHUIDFH�PRGH��WKH�FRKHUHQFH�RI�PDWHULDO��WKH�VNLOO�
WUDLQLQJ��WKH�FRPSOH[LW\�RI�LQVSHFWLRQ�WHVWV��WKH�SURMHFW�ZRUN��DQG�WKH�PDWXULW\�GHJUHH��
ZH FDQ�VD\�WKDW�VWXGHQWV�KDYH�PDUNHG�WKHVH�SDUDPHWHUV�ZLWK�D�KLJK�JUDGH�RI������7KH�
PHGLDQ�IRU�WKH�VDPH�SDUDPHWHUV�VKRZV�WKDW�WKH���WK�SHUFHQWLOH�UDQN�LV�DOVR�DW�D�KLJK�
OHYHO�

'LVSHUVLRQ�DQG�VWDQGDUG�GHYLDWLRQ�LQ�WKH�HYDOXDWLRQ�RI�WKH�FRKHUHQFH�RI�WKH�
PDWHULDO� DQG� VNLOO� WUDLQLQJ� DUH� ORZHU� WKDQ� IRU� RWKHU� SDUDPHWHUV�� 7KLV� PHDQV� WKDW�
VWXGHQWV
�VNLOOV�GLIIHU��7KH�UHDVRQ�IRU�WKLV�LV�WKDW�WKH�VWXGHQWV�ZRUNHG�LQGLYLGXDOO\�DQG�
GLG�QRW�GHSHQG�RQ�HDFK�RWKHU�ZKHQ�SHUIRUPLQJ�SUDFWLFDO�WDVNV�

$W�D�VLJQLILFDQFH�OHYHO�RI�������LQ�WKH�H[SHULPHQWDO�JURXS WKHUH�DUH�UHOLDEOH
UHODWLRQVKLSV�ZKLFK�GHSHQG�RQ�

� &RQWHQW �IRUPHG�VNLOOV�RI�ZRUNLQJ�ZLWK�WKH�JUDSKLFV�HGLWRU�U� ��������

� 3URJUDP�LQWHUIDFH �VHTXHQFH�U� ��������

$W�D�VLJQLILFDQFH�OHYHO�RI�������LQ�WKH�H[SHULPHQWDO�JURXS�WKHUH�DUH�UHOLDEOH�
UHODWLRQVKLSV�ZKLFK�GHSHQG�RQ�

� 6NLOO�WUDLQLQJ �SURMHFW�ZRUN� U� ��������FRPSOH[LW\�RI�LQVSHFWLRQ� WHVWV�U� �
�������

7KH�3HDUVRQ�FRUUHODWLRQ�DQDO\VLV�ZKLFK�GHWHUPLQHV�WKH�OHYHO�RI�PDVWHULQJ�WKH�
3KRWRVKRS�JUDSKLFV�HGLWRU�VKRZHG�WKDW�WKH�VNLOOV�GHYHORSHG�ZLWK� WKLV�HGLWRU�GHSHQG�
RQ� WKH� FRQWHQW� RI� WKH� PDWHULDO� EHLQJ� VWXGLHG�� DQG� WKH� FRKHUHQFH� RI� WKH� PDWHULDO�
SUHVHQWDWLRQ�GHSHQGV�RQ�WKH�SURJUDP�LQWHUIDFH��,W�ZDV�DOVR�IRXQG�WKDW�WKH�FRPSOH[LW\�
RI�WKH�SURMHFW�DQG�WHVW�ZRUNV�GHSHQG�RQ�WKH�GHYHORSPHQW�RI�SUDFWLFDO�VNLOOV�LQ�VWXG\LQJ�
WKLV�FRXUVH��

,Q�RUGHU�WR�GHWHUPLQH�WKH�QDWXUH�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�SDUDPHWHUV�
LGHQWLILHG�DERYH��6SHDUPDQ
V�UDQN�FRUUHODWLRQ�DQDO\VLV�ZDV�SHUIRUPHG��WKH�UHVXOWV�RI�
ZKLFK�DUH�SUHVHQWHG�LQ�7DEOH���

7DEOH���

&RUUHODWLRQ
6SHDUPDQ�FRHIILFLHQW�

3URJUDP�LQWHUIDFH &RKHUHQFH�RI�PDWHULDO ������

0DWHULDO�FRQWHQW 6NLOO�PDWXULW\ ����
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6NLOO�WUDLQLQJ &RPSOH[LW\�RI�
LQVSHFWLRQ�WHVWV

������

6NLOO�WUDLQLQJ &RPSOH[LW\�RI�SURMHFW�
ZRUN

������

&RPSOH[LW\�RI�LQVSHFWLRQ�
WHVWV

&RPSOH[LW\�RI�SURMHFW�
ZRUN

������

���'LVFXVVLRQ

%DVHG�RQ� WKH�FDOFXODWHG�6SHDUPDQ�FRUUHODWLRQ�UDQNLQJ� FRHIILFLHQWV�� LW�ZDV�
IRXQG�WKDW�

x WKH� SURJUDP� LQWHUIDFH� GLUHFWO\� GHSHQGV� RQ� WKH� VHTXHQFH� RI� WKH�
SUHVHQWHG�PDWHULDO�

x WKH�VNLOOV�IRUPHG�LQ�VWXGHQWV�GHSHQG�RQ�WKH�FRQWHQW�RI�WKH�PDWHULDO�
�WKH�PRUH�FRPSOHWH�DQG�GHWDLOHG�WKH�PDWHULDO�LV��WKH�KLJKHU�WKH�OHYHO�
RI�VNLOOV�IRUPHG��

x WKH�LPSOHPHQWDWLRQ�RI�SURMHFW�DQG�FRQWURO�ZRUNV�SRVHG�WURXEOHV�WR�
WKH� VWXGHQWV� ZKR� KDYH� QRW�PDVWHUHG� SUDFWLFDO� VNLOOV�� $W� WKH� VDPH�
WLPH�� DIWHU� H[HFXWLQJ� WKH� LQVSHFWLRQ� WHVWV�� WKH�PLVVLQJ� VNLOOV� ZHUH�
GHYHORSHG�� DQG� WKH� LPSOHPHQWDWLRQ� RI� SURMHFW� ZRUN� EHFDPH� OHVV�
GLIILFXOW�

8SRQ� FRPSOHWLRQ� RI� WKH� DSSUDLVDO� DQG� DQDO\]LQJ� WKH� UHVXOWV� RI� WKH�
H[SHULPHQW�� WKH� WHDFKLQJ� SURJUDP� ZDV� GHEXJJHG�� VSHOOLQJ� HUURUV� LQ� WKH� WH[W� RI�
ODERUDWRU\�ZRUNV�ZHUH�FRUUHFWHG��VHPDQWLF� HUURUV�ZHUH�FRUUHFWHG��L�H��HUURUV�GXULQJ�
WKH�H[HFXWLRQ�RI�WKH�SURJUDP��$W�WKH�UHTXHVW�RI�VWXGHQWV��QHZ�ODEV�ZHUH�DGGHG�

8SRQ�FRPSOHWLRQ�RI�WKH�DSSUDLVDO��WKH�VWXGHQWV�QRWHG�WKDW�

x FRPSDUHG�WR�WUDGLWLRQDO�PHWKRGV��VWXG\LQJ�WKH�FRXUVH�ZLWK�WKH�KHOS�
RI�WKH�WHDFKLQJ�SURJUDP�LV�PXFK�PRUH�LQWHUHVWLQJ�

x WKH�WHDFKLQJ�SURJUDP�LQWHUIDFH�DOORZV�VWXGHQWV� WR�TXLFNO\�DGDSW�WR�
ZRUN�ZLWK�LW�

x WKH�WHDFKLQJ�SURJUDP�FDQ�EH�XVHG�QRW�RQO\�LQ�WKH�FODVVURRP�EXW�DOVR�
GXULQJ�KRPHZRUN�

x WKH�SRVVLELOLW\�RI�PXOWLSOH�UHSHWLWLRQV�RI�WKH�PDWHULDO�ZLWK�WKH�KHOS�RI�
WKH�WHDFKLQJ�SURJUDP�LPSURYHV�WKH�OHDUQLQJ�TXDOLW\�DQG�OHYHO�



���_ 3URFHHGLQJV�RI� WKH��WK� ,QWHUQDWLRQDO�&RQIHUHQFH� RQ�$SSOLHG�/LQJXLVWLFV� ,VVXHV�� 6DLQW�3HWHUVEXUJ��
5XVVLD��6XPPHU�DQG�$XWXPQ������

���6XPPDU\

7KH� DXWKRUV� VXEVWDQWLDWHG� ZLWK� WKLV� SDSHU� WKH� HIIHFWLYHQHVV� RI� XVLQJ� WKH�
3KRWRVKRS�*UDSKLF�(GLWRU�SURJUDP� LQ� WKH�'HOSKL�SURJUDPPLQJ� HQYLURQPHQW�ZKHQ�
VWXG\LQJ� QDWXUDO� VFLHQFH� GLVFLSOLQHV�� ,W� LV� SURYHG� WKDW� WKH� XVH� RI� FRPSXWHU�EDVHG�
WHDFKLQJ�SURJUDPV�LQ�WKH�HGXFDWLRQDO�SURFHVV�FRQWULEXWHV�WR�WKH�DFTXLVLWLRQ�RI�GHHSHU�
DQG�KLJKHU�TXDOLW\�NQRZOHGJH�E\�VWXGHQWV��WKH�VDWLVIDFWLRQ�RI�WKHLU�LQGLYLGXDO�QHHGV�
DQG� WKH� GHYHORSPHQW� RI� FUHDWLYH�SRWHQWLDO�� WKH� IRUPDWLRQ� RI� VWXGHQWV
� PRWLYDWLRQDO�
UHDGLQHVV�WR�DSSO\�DFTXLUHG NQRZOHGJH�DQG�VNLOOV�LQ�UHDO�OLIH��

���&RQFOXVLRQ

7KH�VWXG\�VKRZHG�WKDW�WKH�XVH�RI�WKH�SURJUDP��*UDSKLF�(GLWRU�3KRWRVKRS��
LQ�WKH�'HOSKL�SURJUDPPLQJ�HQYLURQPHQW�LV�DSSURSULDWH�ZKHQ�VWXG\LQJ�WKH�LQGLYLGXDO�
EDVLF�VHFWLRQV�RI�IXWXUH�WHDFKHUV�RI�QDWXUDO�VFLHQFHV��

$FNQRZOHGJHPHQWV

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

5HIHUHQFHV

$NKPHGRYD��$��0����������7KH�XVH�RI�PRGHUQ�H�OHDUQLQJ� WRROV�LQ� WKH�HGXFDWLRQDO�
SURFHVV��6FLHQFH�7LPH���������������

$NKPHGRYD��$��0���	�.KDELEXOOLQD��*��=����������3UHSDUDWLRQ�RI�WHDFKHUV�LQ�SK\VLFV�
DQG� FRPSXWHU� VFLHQFH� WR� WKH� XVH� RI� HOHFWURQLF� WHDFKLQJ� DLGV��3URFHHGLQJV� RI�
,QVWLWXWH�RI�6RFLDO�DQG�+XPDQLVWLF�.QRZOHGJH�����������������

%HW]�� 1�� �������� &RQWULEXWLRQV� RI� VHOI�HIILFDF\� WKHRU\� WR� FDUHHU� FRXQVHOOLQJ�� D�
SHUVRQDO�SHUVSHFWLYH��1��%HW]��7KH�&DUHHU�'HYHORSPHQW�4XDUWHUO\����������±
����

'RU]KLHY��7V�7V����������'HYHORSPHQW�DQG�PHWKRGRORJLFDO�UHFRPPHQGDWLRQV�IRU�WKH�
XVH�RI�DQ�DXWRPDWHG�OHDUQLQJ�V\VWHP�IRU�GHVFULSWLYH�JHRPHWU\�LQ�WKH�HGXFDWLRQDO�
SURFHVV���8ODQ�8GH��96678�3XEOLVKLQJ�+RXVH�

.KDELEXOOLQD��*��=����������7KH�PDLQ�SUREOHPV�RI�XVLQJ�FRPSXWHU�WHFKQRORJ\�LQ�WKH�
WHDFKLQJ� RI�PDWKHPDWLFV� LQ�XQLYHUVLWLHV��.D]DQ�3HGDJRJLFDO�-RXUQDO����������
������

.KDELEXOOLQD��*��=���0DNOHWVRY��6��9���	�.KDLUXOOLQD��/��(����������$SSOLFDWLRQ�RI�
LQIRUPDWLRQ� WHFKQRORJLHV� WR� LPSURYH� WKH� TXDOLW\� RI� PDWKHPDWLFDO� WUDLQLQJ�
WHDFKHUV� RI� QDWXUDO�VFLHQFH� GLVFLSOLQHV�� ,QWHUQDWLRQDO� -RXUQDO� RI� (QJLQHHULQJ�
DQG�7HFKQRORJ\��8$(���������������
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.KDELEXOOLQD��*��=���6KLJDSRYD��(��'���	�5XVDQRYD��,��$����������7KH�'HYHORSPHQW�
RI�$FDGHPLF�0RELOLW\�RI�6WXGHQWV�RI�3HGDJRJLFDO�'HSDUWPHQWV�LQ�8QLYHUVLWLHV��
7KH�(XURSHDQ�3URFHHGLQJV�RI�6RFLDO�	�%HKDYLRXUDO�6FLHQFH�(S6%6������������

/DSFKLN��0��3���6HPDNLQ��,��*���+HQQHU��(��.���	�5DJXOLQD��0��,����������7KHRU\�DQG�
PHWKRGV�RI�WHDFKLQJ�FRPSXWHU�VFLHQFH��$�WH[WERRN���0RVFRZ���$FDGHP\��

0DNOHWVRY�� 6��9���	�.KDELEXOOLQD�� *�� =�� ��������(�OHDUQLQJ� PRGHO� IRU� EDFKHORUV��
VSHFLDOL]LQJ� LQ�0DWKHPDWLFV� DQG� ,7��7KH�(XURSHDQ�3URFHHGLQJV�RI� 6RFLDO�	�
%HKDYLRXUDO�6FLHQFH�(S6%6�������������

0DNOHWVRY��6��9���6WDUVKLQRYD��7��$���	�.KDELEXOOLQD��*��=����������)RUPDWLRQ�PRGHO�
RI� LQIRUPDWLRQ� FRPSHWHQFH� RI� EDFKHORUV� VSHFLDOL]LQJ� LQ� PDWKHPDWLFV� 	�
FRPSXWHU� VFLHQFHV�� -RXUQDO� RI� 2UJDQL]DWLRQDO� &XOWXUH� &RPPXQLFDWLRQV� DQG�
&RQIOLFW�����������������

6DNNXOLQD��<X��9���	�5R]KLQD��,��9����������&RPSXWHU�JUDSKLFV�DV�D�PHDQV�RI�IRUPLQJ�
SURIHVVLRQDO�FRPSHWHQFHV��3HGDJRJLFDO�(GXFDWLRQ�LQ�5XVVLD�����������

=DULSRYD�� ,�� 0��� $NKPHGRYD�� $�� 0��� 	� &KHUQRYD�� <�� $�� �������� 6HOHFWLQJ� DQG�
6WUXFWXULQJ� WHDFKLQJ� FRQWHQW� DOJRULWKP� IRU� SK\VLFDO� DQG� PDWKHPDWLFDO�
GLVFLSOLQHV��DLPHG�DW�VWXGHQWV¶�SURMHFW�WHFKQLFDO�FRPSHWHQFH�IRUPDWLRQ��5HYLHZ�
RI�(XURSHDQ�6WXGLHV�������������

6ROHLPDQL�� 0��� 	� (VIDKDQL�� 0�� .�� �������� 7KH� LPSDFW� RI� QHWZRUN� RI� VRFLDO�
UHODWLRQVKLSV� HIIHFWLYH� LQ� GUXJ� DGGLFWLRQ� DQG� FULPH� LQ� FRQQHFWLRQ�ZLWK� WKH� LW��
8&7�-RXUQDO�RI�6RFLDO�6FLHQFHV�DQG�+XPDQLWLHV�5HVHDUFK������������

9LOODORERV��-��9����������3ROLWLFV�DV�D�UHTXLUHPHQW��2Q�WKH�FRQFHSW�RI�+XPDQ�5LJKWV�
DQG�WKH�ULJKW�WR�DQ�DXWRELRJUDSK\�DV�DQ�HWKLFDO�FDWHJRU\��2SFLyQ��������������
���


